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EXECUTIVE SUMMARY 

This closure certification report summarizes the activities performed to meet closure requirements and 
demonstrate clean closure for two regulated hazardous waste management units: Material Disposal Area 
(MDA) P and the 387 Flash Pad. Both units are located within the Technical Area 16 (TA-16) Burning 
Ground, within the high explosives (HE) exclusion area at Los Alamos National Laboratory. MDA P is also 
identified as Solid Waste Management Unit (SWMU) 16-018 and the 387 Flash Pad as SWMU 16-010(b). 
Additionally, voluntary corrective action (VCA) activities were conducted simultaneously with the MDA P 
and 387 Flash Pad closure activities for a consolidated group of SWMUs, designated SWMU 16-016(c)
99, which is contiguous with MDA P and the 387 Flash Pad. SWMU 16-016(c)-99 includes the TA-16 
386 Flash Pad, a former barium nitrate pile, and a septic system [SWMU 16-010(a), SWMU 16-016(c), and 
SWMU 16-006(e), respectively]; these are sometimes referred to as the "Burning Ground North." The two 
hazardous waste management units and SWMU 16-016(c)-99 were combined for cleanup purposes and 
are referred to collectively in this report as the "MDA P Area." Field activities, including waste excavation, 
waste characterization, waste disposition, and the final demonstration of clean closure were conducted for 
the entire MDA P Area. 

Cleanup of the MDA P Area was conducted in two phases. Phase I activities included waste excavation, 
waste removal, segregation, staging, characterization, and disposal. The types and quantities of wastes 
generated during the excavation and removal activities at the MDA P Area are summarized in Table ES-1. 
Phase II activities included a detailed geophysical and geochemical study for characterization of the bed
rock fractures at the site, and post-removal confirmation sampling and analysis in support of the assess
ment of the potential for adverse effects to human health or the environment from residual chemical 
concentrations at the site. The risk assessment analysis is used as the basis for determining whether clean 
closure has been met for the regulated hazardous waste management units (MDA P and the 387 Flash 
Pad) and whether corrective action activities are complete at SWMU 16-016(c)-99. 

Table ES·1 


Quantities of Wastes Generated During MDA P Area Phase I Activities 


Quantity Unit Description 
21,506 yd;' Hazardous waste soils 

26,150 yd;i Industrial waste soils 

1111 yd;' Rock: decontaminated, used as riprap at TA-16 Burning Ground 

757 yd" Rock: released, used as riprap within MDA P footprint 

3200 yd;' Concrete debris: recycle and industrial waste 

2200 yd;' Metal debris: recycle and industrial waste 

3947 Ib Asbestos-containing material 

888 each Containers of unknown content 

95 each Miscellaneous metal objects 

441 Ib HE 

85 Ib Ash from burning HE 

500 Ib Ash and contaminated debris 

6706 Ib Barium nitrate pieces 

3240 Ib Radioactive lOW-level waste (LLW) 

5389 Ib Mixed waste 

219,545 gal. Decontamination water 

16,318 gal. Stormwater 

37 gal. Acetone 
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Table ES-1 (continued) 


Quantities of Wastes Generated During MDA P Area Phase I Activities 


Quantity Unit Description 
I bag Personal protective equipment 33 

Ib Waste aerosol cans 70 
Ib Soilltransmission oil 250 
Ib Miscellaneous laboratory trash 70 

This closure certification report provides all the details and supporting documentation required to demon~ 
strate that the clean closure performance standards for MDA P and the 387 Flash Pad and the no further 
action criterion for SWMU 16-016(c}~99 have been met. All waste removal and management activities 
were conducted in accordance with the approved closure plans, the VCA plan, and applicable regulations. 
All contaminated debris, soils. equipment, structures, and other wastes generated as a result of closurel 
remediation activities were properly characterized, managed, decontaminated, and/or disposed of. Only 
soils and tuff containing residual concentrations of hazardous constituents that are below levels that pose 
an unacceptable risk to human health or the environment are left in place at the MDA P Area. 

Confirmation sampling provided sufficient data for adequately characterizing the lateral and vertical extent 
of residual chemical concentrations at the site. Natural, physiographic boundaries have limited (and con
tinue to limit) the lateral extent of off-site transport. The residual concentrations of contaminants are con
centrated near, and within, the boundaries of the former SWMUs (the area of the excavation and removal 
activities) and there are general trends of decreasing concentrations laterally. There are clear trends of 
decreasing concentrations with depth. The residual contamination at the site is most prevalent in the near
surface (0-1 ft) soil and tuff. and residual concentrations of contaminants in soil samples below 4 ft and in 
tuff samples below 8 ft decrease to detection limits or levels below background. Additionally, the residual 
contamination at the site is primarily confined to tuff, indicating that excavation activities successfully 
removed contaminated soils from the site. 

The results of both the human health and ecological risk assessment analyses conclude that the remaining 
site soils and tuff that contain residual concentrations of hazardous constituents do not pose unacceptable 
current or potential future risk to human and ecological receptors. Data collected from borehole geophysi
cal and geochemical studies and the fracture characterization study indicate that there is no surface-to
groundwater pathway at the MDA P Area, and that future monitoring activities are not warranted. 
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Acronyms and Abbreviations 

List of Acronyms and Abbreviations 

95% UCL 
ACM 
AHERA 
amsl 
AOC 
bgs 
BH 
BMP 
BTEX 
BV 
CAS 
COC 
COPC 
COPEC 
cpm 
Cr+6 
CTDq 
CWDR 
DDT 
DOE 
DOT 
DU 
EES 
EM 
EPA 
EPT 
EOL 
ER 
ESA 
ESH 
ESL 
FTL 
FWO 
HASL 
HE 
HERMES 
HEWTF 
HI 
HMX 
HPAL 
HPF 
HO 
IS 
IWP 
LCS 
LLW 
MDA 

95% upper confidence limit of the mean 
asbestos-containing material 
Asbestos Hazard Emergency Response Act 
above mean sea level 
area of contamination 
below ground surface 
borehole 
Best Management Practice 
benzene, toluene, ethylbenzene, and xylene 
background value 
Chemical Abstract Service 
chain of custody 
chemical of potential concern 
chemical of potential ecological concern 
count(s) per minute 
hexavalent chromium 
community tolerance dominance quotient 
Chemical Waste Disposal Request 
dichlorodiphenyltrichloroethane 
US Department of Energy 
US Department of Transportation 
depleted uranium 
Earth and Environmental Science 
electromagnetic 
US Environmental Protection Agency 
Ephemeroptera, Plecoptera, and Trichoptera 
estimated quantitation limit 
Environmental Restoration 
Engineering and Sciences Applications 
Environmental Health & Safety 
ecological screening level 
Field Team Leader 
Facility Waste Operations 
Health and Safety Laboratory 
high explosives 
Hybrid rEmote Robotic Manipulation and Excavation System 
HE Wastewater Treatment Facility 
hazard index 
1,3,5,7 -tetranitro-l,3,5, 7 -tetrazacyclooctane 
Health Physics Analytical Laboratory 
heat-pulse flowmeter 
hazard quotient 
interim status 
Installation Work Plan 
laboratory control sample 
low-level waste 
Material Disposal Area 
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MOL 
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UTL upper tolerance limit 
VCA Voluntary Corrective Action 
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WCS Waste Control Specialists (company) 
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Glossary 

absorption - The penetration of substances into the bulk of a solid or liquid. 

adsorption - The surface retention of solid, liquid, or gas molecules, atoms, or ions by a solid or a liquid. 

alluvial - Relating to geologic deposits or features formed by running water. 

alluvial fan - A fan-shaped piedmont accumulation of alluvium. 

alluvium - Clay, silt, sand, and gravel transported by water and deposited on streambeds, flood plains, and alluvial 
fans. 

analysis - Includes physical analysis, chemical analysis, and knowledge-of-process determinations. (Laboratory 
Hazardous Waste Facility Permit) 

analyte - The element, nuclide, or ion a chemical analysis seeks to identify and/or quantify; the chemical constituent 
of interest. 

analytical method - A body of procedures and techniques for systematically performing an activity. 

any solid waste or hazardous waste into or on any land or water so that such solid waste or hazardous waste or any 
constituent thereof may enter the environment or be emitted into the air or discharged into any waters, including 
groundwaters. (40 CFR Part 260.10) 

aquifer - Body of permeable geologic material whose saturated portion is capable of readily yielding groundwater to 
wells. 

area of contamination - Discrete areas of generally dispersed contamination. 

as low as reasonably achievable (ALARA) - An approach to radiation protection to control or manage exposures 
(both individual and collective) to the work force and the general public. Also to control or manage releases of 
radioactive material to the environment as low as social, technical, economic, practical, and public-policy consid
erations permit. Used in this sense, ALARA is not a dose limit. 

ash-flow tuff - A tuff deposited by a hot, dense volcanic current. Ash-flow tuff can be either welded or nonwelded. 

assessment - (1) The act of reviewing, inspecting, testing, checking, conducting surveillance, auditing, or otherwise 
determining and documenting whether items, processes, or services meet specified requirements. (2) An evalu
ation process used to measure the performance or effectiveness of a system and its elements. In this document, 
assessment is an all-inclusive term used to denote any of the following: audit, performance evaluation, manage
ment system review, peer review, inspection, and surveillance. 

background data - Data that represent naturally occurring concentrations of inorganic constituents in a geological 
medium. The Laboratory's background data are derived from samples collected at locations that are either within 
or adjacent to the Laboratory. These locations (1) are representative of geological media found within Laboratory 
boundaries and (2) have not been affected by Laboratory operations. 

background level- Naturally occurring concentrations (levels) of an inorganic chemical and naturally occurring radio
nuclides in soil, sediment, and tuff. 

background sample - A sample collected from an area or site similar to the one being studied but located in an area 
known or thought to be free from constituents of concern. 

best management practice (BMP) - For facilities that manufacture, use, store, or discharge toxic or hazardous pollut
ants as defined by the 1977 Clean Water Act, a required program to control the potential spill or release of those 
materials to surface waters. (The Facts on File Dictionary of Environmental Science, edited by L. Harold Steven
son and Bruce Wyman) 

blank sample - Sample expected to have negligible or unmeasurable amounts of analytes. Results of blank sample 
analyses indicate whether field samples might have been contaminated during the sample collection, transport, 
storage, preparation, and analysis process. 

borehole logging - The process of making remote measurements of physical, chemical, or other parameters at multi
ple depths in a borehole. 
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borehole logging technical specifications (BLTSs) - Documents included in the site-specific Drilling Package that 
define the capabilities and data quality required of prospective logging contractors for a given Operable Unit (OU) 
or portion of an OU. 

certification - A signed statement attached to all reports required by permits and to other information requested by 
the administrative authority (AA), It ensures that a document and all its attachments were prepared under the 
direction or supervision of an authorized person in accordance with a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted; it carries significant penalties for known viola
tions [Permit Program, 27.11 (bHcHd)]. 

certification (of a lead assessor) - The act of determining, verifying, and attesting in writing that the qualifications of 
lead assessors comply with requirements. 

chemical analysis - Process used to measure one or more attributes of a sample in a clearly defined, controlled, sys
tematic manner. Often requires treating a sample chemically or physically before measurement. 

chemical interference A chemical or physical entity whose influence results in a decrease or increase in the 
response of an analytical method or other measurement system relative to the response obtained in the absence 
of the entity. 

chemical of concern - Chemical identified as a potential risk during a site-specific human-health or ecological risk 
assessment. 

chemical of potential concern (CO PC) - A chemical, detected at a site, that has the potential to adversely affect 
human receptors due to its concentration, distribution, and mechanism of toxicity. A CO PC remains a concern 
until exposure pathways and receptors are evaluated in a site-specific human health risk assessment. 

chemical of potential ecological concern (COPEC) - A chemical, detected at a site, that has the potential to adversely 
affect ecological receptors due to its concentration, distribution, and mechanism of toxicity. 

cleanup levels - Media-specific contaminant concentration levels that must be met by a selected corrective action. 
Cleanup levels are established by using criteria such as protection of human health and the environment; compli
ance with regulatory requirements; reduction of toxicity, mobility, or volume through treatment; long- and short
term effectiveness; implementability; cost; and public acceptance. 

collocated sample - One of two or more samples collected within close proximity of each other meant to represent 
the same immediate area. 

conceptual hydrogeologic model - Mathematical approximation of the occurrence, movement, and quality of ground
water in a given area and the relationship of that groundwater to the surface water, soil water, and geologic 
framework in that area. 

conceptual model - See site conceptual model. 

contaminant - Any chemical (including radionuclides) present in environmental media or on structural debris. 

continuing calibration - Combination of calibration blank and check standards used to determine if the instrument 
response to analyte concentration is within acceptable bounds relative to the initial calibration. A continuing cali
bration is performed every 12 hr of operation and establishes the 12-hr relative response factors on which quan
titations are based, thus verifying the satisfactory performance of an instrument on a day-to-day basis. The 
continuing calibration 12-hr period assumes that the gas chromatograph has not been shut down since the initial 
calibration. 

controlled area - Laboratory area to which access is controlled to protect individuals from exposure to radiation and! 
or hazardous materials. 

cutter head - An auger bit that is attached to the leading auger flight section and cuts a hole for the auger to follow. 
The bit may be either a coring head or a full-face bit. 

daily calibration - Combination of calibration blank and calibration standard; used to determine if the instrument 
response to analyte concentration is within acceptable bounds relative to the initial calibration. A daily calibration 
establishes the instrument response factors on which quantitations are based, thus verifying the satisfactory per
formance of an instrument on a day-to-day baSis. 
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data validation - Systematic process that applies a defined set of performance-based criteria to a body of data; may 
result in qualification of the data. The data validation process is performed independently of the analyticallabora
tory that generates the data set and occurs before conclusions are drawn from the data. The process may com
prise a standardized data review (routine data validation) and/or a problem-specific data review (focused data 
validation). 

data verification - Process of evaluating the completeness, correctness, consistency, and compliance of a laboratory 
data package against a specified standard or contract. 
Completeness means all required information is present-both hard copy and electronic. 
Correctness means the reported results are based on properly documented and correctly applied algorithms. 
Consistency means values are the same when they appear in different reports or are transcribed from one report 
to another. 
Compliance means the data pass numerical quality control (QC) tests based on parameters or limits specified in 
a contract or in an auxiliary document. 

detect - Sample result above the method detection level (MOL) reported by the laboratory. The laboratory reports the 
concentration of the analyte in the sample. 

detection limit - Minimum concentration that can be determined by a single measurement by an instrument; implies a 
specified statistical confidence that the analytical concentration is greater than zero. 

discharge - Accidental or intentional spilling, leaking, pumping, pouring, emitting, emptying, or dumping of hazardous 
waste into or on any land or water. (RCRA, 40 CFR 260.10) 

dose - Quantity of radiation that is absorbed, per unit of mass, by the body or by any portion of the body. 

ecological screening level (ESL) - An organism's exposure-response threshold for a given chemical constituent. The 
concentration of a substance in a particular medium corresponds to a hazard quotient (HQ) of 1.0 for a given 
organism below which no risk is indicated. 

environmental samples - Air, soil, water, or other media samples that are collected from streams, wells, and soils or 
other locations and are not expected to exhibit properties classified by the Department of Transportation (DOT) 
as hazardous. 

ephemeral- Said of a stream or spring that flows only during and immediately after periods of rainfall or snowmelt. 

ER data - Data derived as a result of samples that are collected and paid for by ER Project funding. 

estimated quantitation limit (EQL) - The lowest concentration that can be reliably achieved within specified limits of 
precision and accuracy during routine analytical-laboratory operating conditions. The low point on a calibration 
curve should reflect this quantitation limit. The EQL is not used to establish detection status. Sample estimated 
quantitation limits are highly matrix-dependent, and the specified estimated quantitation limits might not always 
be achievable. See the statement of work (SOW) for analytical services (RFP No. 9-XS1-Q42S7) for a more 
complete definition. 

evapotranspiration - The combined discharge of water from the earth's surface to the atmosphere by evaporation 
from lakes, streams, and soil surfaces, and by transpiration from plants. 

exposure pathway - Mode by which a receptor may be exposed to contaminants in environmental media (e.g., drink
ing water, ingesting food, or inhaling dust). 

fault A fracture, or zone of fractures, in rock along which there has been vertical or horizontal movement; adjacent 
rock layers or bodies are displaced. 

field duplicate (replicate) samples Two separate. independent samples taken from the same source that are col
lected in such a manner that they are collocated samples, equally representative of the sample matrix at a given 
location and time. 

field notebook - A field notebook is generally used to record activities performed in the field or to compile field data. 

filter pack - Sand, gravel, or glass beads that are uniform, clean, and well rounded that are placed in the annulus of 
the well, between the borehole wall and the well intake in order to prevent foreign material from entering through 
the well intake and to stabilize the formation. 
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grab sample - A specimen collected by a single application of a field sampling procedure to a target population (e.g., 
the surface soil from a single hole collected following the spade and scoop sampling procedure or a single air fil
ter left in the field for three months). 

graded approach - A management tool used to evaluate the importance and relative risk of an item, activity, or ser
vice in the working process. 

gravimetric moisture content - See water content. 

ground cover - The covering of naturally occurring soils by either natural or man-made mechanisms (e.g., grasses, 
pine needles, asphalt. concrete, etc.). 

groundwater - Water in a subsurface saturated zone; water beneath the regional water table. 

hazard index (HI) The sum of hazard quotients for multiple contaminants to which a receptor mis determined to be 

exposed, i.e., Hlj =LI Hajj' 

hazard quotient (Ha) The ratio of a calculated exposure (E) to or dose (D) from a given contaminant (I) to a given 
receptor mover a reference value (TRV) for contaminant (I) determined to be protective of receptor m, i.e., Hajj 

=Ejj [or DjjJTRVij. 

Hazardous and Solid Waste Amendments (HSWA) - The Hazardous and Solid Waste Amendments of 1984 (Public 
Law No. 98-616, 98 Stat. 3221), which amended the Resource Conservation and Recovery Act of 1976, 42 
U.S.C. § 6901 et seq. 

hazardous constituent - Those constituents listed in Appendix VIII to 40 CFR Part 261. 

hazardous waste - Any solid waste is generally a hazardous waste if it 
is not excluded from regulation as a hazardous waste, 
is listed in the regulations as a hazardous waste. 
exhibits any of the defined characteristics of hazardous waste (ignitability, corrosivity, reactivity, or toxicity), or 
is a mixture of solid waste and hazardous waste. 
See 40 CFR 261.3 for a complete definition of hazardous waste. 

HSWA module - Module VIII of the Laboratory's Hazardous Waste Facility Permit. This permit allows the Laboratory 
to operate as a treatment, storage, and disposal facility. 

human performance evaluation - Identifies those factors that influence task performance. 

hydraulic conductivity - The rate at which water moves through a medium in a unit of time under a unit hydraulic gra
dient through a unit area measured perpendicular to the direction of flow. 

hydraulic conductivity - The rate of fluid flow in gallons per day through a cross section of one square ft (gpdlft2) of a 
permeable medium under a unit hydraulic gradient at the prevailing temperature or at 16xC. It is a function of 
both the media and of the fluid flowing through it. Also known as the coefficient of permeability or Meinzer unit. 

hydraulic gradient - The rate of change of hydraulic head per unit of distance in the direction of groundwater flow. 

independent assessment - A planned and documented activity performed by individuals outside the ER Project to 
determine by investigation, examination, or evaluation of objective evidence the extent to which the ER Project 
quality program is being implemented. 

inductively coupled plasma mass spectroscopy (ICPMS) ICPMS is applicable to the determination of sub-mgll con
centrations of a large number of elements in water samples and in waste extracts or digests. When dissolved 
constituents are required, samples must be filtered and acid preserved before analYSis. No digestion is required 
before analysis for dissolved elements in water samples. The method measures ions produced by a radio-fre
quency inductively coupled plasma. Analyte species originating in a liquid are nebulized, and the resulting aero
sol transported by argon gas into the plasma torch. The ions produced are entrained in the plasma gas and 
introduced, by means of an interface, into a mass spectrometer. The ions produced in the plasma are sorted 
according to their mass-to-change ratios and quantified with a channel electron multiplier. 
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industrial-use scenario - Industrial use is the scenario in which current Laboratory operations continue. Any neces
sary remediation involves cleanup to standards designed to ensure a safe and healthy work environment for 
Laboratory workers. 

instrument performance check - Analysis of a chemical of known relative mass abundances that indicates how well a 
mass spectrometer is calibrated. 

interflow - A runoff process that involves lateral subsurface flow in the soil zone. 

interim measure - Short-term actions taken to respond to immediate threats to human health or to prevent damage or 
contaminant migration to the environment. 

intermittent stream - A stream that flows only in certain reaches due to losing and gaining characteristics of the chan
nel bed. 

interrupted stream - A stream whose flow is discontinuous due to man-made structures. 

laboratory control sample (LCS) - A known matrix that has been spiked with compound(s) representative of the tar
get analytes. The LCS is used to document laboratory performance. The acceptance criteria for LCSs are 
method specific. 

Laboratory data validation reason codes - The codes applied to the sample data by data validators who are indepen
dent of the contract laboratory which performed the sample analysis. Reason codes provide an in-depth and 
analysis-specific explanation for applying the qualifier with some description of the potential impact on the data 
use. For a complete list of data qualifiers applicable to any particular analytical suite, consult the appropriate ER 
Project standard operating procedure (ER-SOPs 15.01-15.06). 

laboratory duplicate sample - The portions of a sample taken from the same sample container, prepared for analysis 
and analyzed independently but under identical conditions; used to assess or demonstrate acceptable laboratory 
method precision at the time of analysis. Each duplicate sample is expected to be equally representative of the 
original material. Duplicate analyses also are performed to generate data, to determine the long-term precision of 
an analytical method on various matrices. 

laboratory notebook - A notebook generally used to record activities performed in the laboratory or to compile labora
tory data. 

leachate Any liquid, including any suspended components in the liquid, that has percolated through or drained from 
hazardous waste (40 CFR 260.10). 

migration - The movement of inorganiC and organic species through unsaturated or saturated materials. 

migration pathway - A route (e.g., a stream or subsurface flow path) that controls the potential movement of contam
inants to environmental receptors (plants, animals, humans). 

mitigation - (1) Avoiding an impact altogether by not taking a certain action or parts of an action. (2) Minimizing 
impacts by limiting the degree or magnitude of the action and its implementation. (3) Rectifying the impact by 
repairing, rehabilitating, or restoring the affected environment. (4) Reducing or eliminating the impact over time 
by preservation and maintenance operations during the life of the action. (5) Compensating for the impact by 
replacing or providing substitute resources or environments. 

nondetect - Sample result that is less than the MOL. The laboratory reports nondetects as undetected at the EQL. 

perched groundwater - Groundwater that lies above the regional water table and is separated from it by one or more 
unsaturated zones. 

percolation - Gravity flow of soil water through the pore spaces in soil or rock below the ground surface. 

perennial stream - A stream or reach that flows continuously throughout the year. 

performance-evaluation sample A sample of known composition with respect to selected analytes which, upon 
analysis, is expected to yield results that fall within a prescribed range. Performance-evaluation samples are 
selected to mimic as closely as possible those matrices representative of environmental samples from a particu
lar location. 
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permit modification - A request by either the permittee or the administrative authority to change to change a condition 
of the Laboratory's Hazardous Waste Facility Permit. 

polychlorinated biphenyls (PCBs) - Any chemical substance that is limited to the biphenyl molecule that has been 
chlorinated to varying degrees or any combination of substances which contains such substances. PCBs are col
orless, odorless compounds that are chemically, electrically, and thermally stable and have proven to be toxic to 
both humans and animals. 

porosity - The ratio of the volume of interstices in a soil or rock sample to its total volume expressed as a percentage 
or as a fraction. 

preliminary remediation goal (PRG) Acceptable exposure levels, protective of human health and the environment, 
that are used as a risk-based tool for evaluating remedial alternatives. 

quality assurance - All those planned and systematic actions necessary to provide adequate confidence that a facil
ity, structure, system, or component will perform satisfactorily in service. 

radiation Energy emitted in the form of rays or particles that are thrown off by disintegrating atoms. The rays or par
ticles emitted may consist of neutrons, positrons, alpha particles, beta particles, or gamma radiation. 

radioactive decay - (1) The process whereby radioactive materials undergo a change from one nuclide, element, or 
state to another, releasing radiation in the process. This action ultimately results in a decrease in the number of 
radioactive nuclei present in the sample. (2) The spontaneous transformation of one nuclide into a different 
nuclide or into a different isotope of the same nuclide accompanied by either the emission of particles from the 
nucleus, nuclear capture or ejection of orbital electrons, or fission. 

radioactive waste - Waste that has been determined to contain added (or concentrated naturally occurring radioac
tive material [NORM)) radioactive material or activation products by either monitoring or analysis, acceptable 
knowledge of both, or does not meet radiological release criteria. 

radio nuclide - A nuclide (species of atom) that exhibits radioactivity. 

RCRA facility assessment (RFA) - Usually the first step in the RCRA corrective action process, to identify potential 
and actual releases from solid waste management units and make preliminary determinations about releases, 
the need for corrective action, and stabilization measures. 

RCRA facility investigation (RFI) The investigation that determines if a release has occurred and the nature and 
extent of the contamination at a hazardous waste facility. The RFI is generally equivalent to the remedial investi
gation portion of the Comprehensive Environment Response, Compensation, and Liability Act (CERCLA) pro
cess. 

receptor - A person, plant, animal, or geographical location that is exposed to a chemical or physical agent released 
to the environment by human activities. 

recharge - The process by which water is added to the zone of saturation, either directly from the overlying unsatur
ated zone or indirectly by way of another material in the saturated zone. 

recreational-use scenario - A land use condition under which individuals may be exposed for a limited amount of time 
as a result of outdoor activities such as hiking, camping, hunting, and fishing. 

regional aquifer Geologic material(s) or unit(s) of regional extent whose saturated portion yields significant quanti
ties of water to wells, contains the regional zone of saturation, and is characterized by the regional water table or 
potentiometric surface. 

regulatory standard - Media-specific contaminant concentration levels of potential concern that are mandated by fed
eral or state legislation or regulation (e.g., the Safe Drinking Water Act, New Mexico Water Quality Control Com
mission regulations). 

release - Any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping, leaching, 
dumping, or disposing of hazardous waste or hazardous constituents into the environment (including the aban
donment or discarding of barrels, containers, and other closed receptacles that contain any hazardous wastes or 
hazardous constituents). 
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remediation - The process of reducing the concentration of a contaminant (or contaminants) in air, water, or soil 
media to a level that poses an acceptable risk to human health and the environment; the act of restoring a con
taminated area to a usable condition based on specified standards. 

representativeness - The degree to which data accurately and precisely represent a characteristic of a population or 
an environmental condition. 

request for supplemental information (RSI) A request issued to DOE and the Laboratory by the administrative 
authority which states that some aspect(s) of a plan or report does not meet their requirements. The ER Project 
must respond by providing additional information to address the identified issue or concern. 

request number - An identifying number assigned by the ER Project to a group of samples that are submitted for 
analysis. 

residential-use scenario - The standards for residential use are the most stringent of the three current- and future
use scenarios being considered by the ER Project and is the level of cleanup the EPA is currently specifying for 
SWMUs located off the Laboratory site and for those released for non-Laboratory use. 

Resource Conservation and Recovery Act (RCRA) - The Solid Waste Disposal Act as amended by the Resource 
Conservation and Recovery Act of 1976. (40 CFR 270.2) 

restricted area - Any area to which access is controlled by the licensee for purposes of protection of individuals from 
exposure to radiation and radioactive materials. "Restricted area" shall not include areas used as residential 
quarters, although a separate room or rooms in a residential building may be set apart as a restricted area (10 
CFR 60.2). 

risk -(2, quality assurance) The possibility, or degree of probability, of financiallfacility loss or personal/environmental 
injury due to a work-process weakness/failure. In this context, risk may relate to a negative impact on personnel, 
equipment, data, mission, schedule, credibility, function, cost, the environment, security, or quality. 

risk A measure of a negative or undesirable impact associated with an event. 

risk analysis - A qualitative evaluation to determine the probability and the potential consequences associated with 
noncompliance of documents or work activities. 

risk management - The integration of risk characterization with other nonscientific considerations specified in appli
cable statutes to make and justify regulatory decisions (RCRAICERCLA Update, June 1992). 

routine analysis - The analysiS categories of inorganics, metals, organics, radiochemistry, and high explosives as 
defined in the current contract laboratory statement of work. 

routine data validation Process of reviewing analytical data relative to quantitative routine acceptance criteria. The 
objective of routine data validation is two-fold: (1) to estimate the technical quality of the data relative to minimum 
national standards adopted by the ER Project, and (2) to indicate to data users the technical data quality at a 
gross level by assigning Laboratory qualifiers to environmental data whose quality indicators do not meet accep
tance criteria. 

runoff - The portion of the precipitation on a drainage area that is discharged from the area either by sheet flow or 

adjacent stream channels. 


run-on Surface water flowing onto an area as a result of runoff occurring higher up the slope. 

sample - A portion of a material (e.g., rock, soil, water, air), which, alone or in combination with other samples, is 
expected to be representative of the material or area from which it is taken. Samples are typically sent to a labo
ratory for analysis or inspection or are analyzed in the field. When referring to samples of environmental media, 
the term field sample may be used. 

sample matrix - In chemical analysis, that portion of a sample which is exclusive of the analytes of interest. Together, 
the matrix and analytes of interest form the sample. 

screening action level (SAL) Medium-specific concentration level for a chemical derived using conservative criteria 
below for which it is generally assumed that there is no potential for unacceptable risk to human health. The der
ivation of a SAL is based on conservative exposure and land-use assumptions. However, if an applicable regula
tory standard exists that is less than the value derived by risk-based computations, it will be used for the SAL. 
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screening assessment A process designed to determine whether contamination detected in a particular medium at 
a site may present a potentially unacceptable human-health and lor ecological risk. The assessment utilizes 
screening levels that are either human-health or ecologically based concentrations derived by using chemical
specific toxicity information and standardized exposure assumptions below which no additional actions are gen
erally warranted. 

sediment (1) A mass of fragmented inorganic solid that comes from the weathering of rock and is carried or 
dropped by air, water, gravity, orice; or a mass that is accumulated by any other natural agent and that forms in 
layers on the earth's surface such as sand. gravel. silt. mud, fill. or loess. (2) A solid material that is not in solution 
and either is distributed through the liquid or has settled out of the liquid. 

site characterization - Defining the pathways and methods of migration of the hazardous waste or constituents, 
including the media affected, the extent, direction and speed of the contaminants, complicating factors influenc
ing movement, concentration profiles, etc. (US Environmental Protection Agency, May 1994. "RCRA Corrective 
Action Plan, Final," Publication EPA-520/R-94/004, Office of Solid Waste and Emergency Response, Washing
ton, DC) 

site conceptual model - A qualitative or quantitative description of sources of contamination, environmental transport 
pathways for contamination, and biota that may be impacted by contamination (called receptors) and whose rela
tionships describe qualitatively or quantitatively the release of contamination from the sources, the movement of 
contamination along the pathways to the exposure pOints, and the uptake of contaminant by the receptors. 

Site-Specific Health and Safety Plan (SSHASP) - A health and safety plan that is specific to a site or ER-related field 
activity that has been approved by an ER health and safety representative. This document contains information 
specific to the project including scope of work, relevant history, descriptions of hazards by activity associated with 
the project site(s), and techniques for exposure mitigation (e.g., personal protective equipment [PPE)) and haz
ard mitigation. 

slope - A slope is a ratio of units of elevation change to units of horizontal change usually expressed in degrees. 

solid waste - Any garbage; refuse; sludge from a waste treatment plant, water-supply treatment plant, or air-pollu
tion-control facility; and other discarded material including solid, liquid, semisolid, or contained gaseous material 
resulting from industrial, commerCial, mining, and agricultural operations and from community activities. 

solid waste management unit (SWMU) - Any discernible unit at which solid wastes have been placed at any time, 
irrespective of whether the unit was intended for the management of solid or hazardous waste. Such units 
include any area at a facility at which solid wastes have been routinely and systematically released. This defini
tion includes regulated units (Le., landfills, surface impoundments, waste piles, and land treatment units) but 
does not include passive leakage or one-time spills from production areas and units in which wastes have not 
been managed (e.g., product-storage areas). 

spring - The site where groundwater discharges to the ground surface. 

surrogate compound or surrogate - An organic compound used in the analyses of9rganic target analytes that is sim
ilar in composition and behavior to target analytes but is not normally found in field samples. Surrogates are 
added to every blank and spike sample to evaluate the efficiency with which analytes are recovered during 
extraction and analysiS. 

target analyte - An element, chemical, or parameter, the concentration, mass, or magnitude of which is deSigned to 
be quantified by use of a particular test method. 

target analyte - Chemical or parameter, the concentration, mass or magnitude of which is designed to be quantified 
by use of a particular test method. 

technical area (TA) - The Laboratory established technical areas as administrative units for all its operations. There 
are currently 49 active TAs spread over 43 square miles. 

transport or transportation - The movement of a hazardous waste by air, rail, highway, or water. (40 CFR 260.10) 
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treatment - Any method, technique, or process, including elementary neutralization, designed to change the physical, 
chemical, or biological character or composition of any hazardous waste so as to neutralize such waste; recover 
energy or material resources from the waste; or so as to render such waste nonhazardous or less hazardous; 
safer to transport, store, or dispose of; or amenable for recovery or storage; or reduced in volume. 

treatment, storage, and disposal (TSO) facility An interim status or permitted facility in which hazardous waste is 
treated, stored, or disposed. 

tuff - A compacted deposit of volcanic ash and dust that contains rock and mineral fragments accumulated during an 
eruption. 

unconfined - Said of water in a saturated zone that is open to the atmosphere (that is, not beneath a confining bed or 
under artesian pressure). 

unique identifier - A word or code that aids in the ability to trace the history, application, or location of an activity, item, 
data, or sample using recorded documentation. For ER Project records, a unique identifier is an alphanumeric 
identifier assigned to a primary record, as defined in Section 2.4. 

unsaturated zone - The zone between the land surface and the regional water table and between perched zones of 
saturation. Generally, fluid pressure in this zone is less than atmospheric pressure, and some of the voids may 
contain air or other gases at atmospheric pressure. 

upper acceptance limit (UAL ) Highest limit that is acceptable, based on the quality control (OC) criteria for a spe
cific OC sample for a specific method. Any results greater than the UAL are qualified following this routine valida
tion procedure. 

US Department of Energy (OOE).- Federal agency that sponsors energy research and regulates nuclear materials 
for weapons production. 

US Environmental Protection Agency (EPA) Federal agency responsible for enforcing environmental laws. While 
state regulatory agencies may be authorized to administer some of this responsibility, the EPA retains oversight 
authority to ensure protection of human health and the environment. 

vadose zone The unsaturated zone. Portion of the subsurface above the regional water table in which pores are not 
fully saturated. 

verification - A test or tests, generally performed before and after logging in lieu of a calibration, to ascertain whether 
the logging system is operating properly. The verification differs from a calibration in that it does not provide 
updated system-calibration values. 

water table - The top of the regional saturated zone; the piezometric surface associated with an unconfined aquifer. 

watershed - The region drained by, or contributing waters to, a stream, lake or other body of water and separated 
from adjacent drainage areas by a divides such as a ridge or summit of high ground. 
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1.0 INTRODUCTION 

This closure certification report summarizes the activities performed to meet closure requirements and 
demonstrate clean closure for two regulated hazardous waste management units: Material Disposal Area 
(MDA) P and the 387 Flash Pad. Both units are located within the Technical Area (TA) 16 Burning Ground 
within the high explosives (HE) exclusion area at Los Alamos National Laboratory (the Laboratory) (Figure 
1.0-1). MDA P is also identified as Solid Waste Management Unit (SWMU) 16-018 and the 387 Flash Pad 
as SWMU 16-01 O(b). Voluntary corrective action (VCA) activities for a consolidated group of SWMUs, des
ignated SWMU 16-016(c)-99, which is contiguous with MDA P and the 387 Flash Pad, were conducted 
simultaneously with the MDA P and 387 Flash Pad closure activities. SWMU 16-016(c)-99 includes the 
TA-16-386 Flash Pad, a former barium nitrate pile, and a septic system [SWMU 16-010(a), SWMU 
16-016(c), and SWMU 16-006(e), respectively]; these are sometimes referred to as the "Burning Ground 
North." The two hazardous waste management units and SWMU 16-016(c)-99 were combined for cleanup 
purposes and collectively referred to as the "MDA P Area." Field activities, including waste excavation, 
waste characterization, waste disposition, and the final demonstration of clean closure are detailed in this 
report for the entire MDA P Area. 

TA-16 is located in the southwest corner of the Laboratory. TA-16 is bordered by Bandelier National Monu
ment along State Highway 4 to the south and the Santa Fe National Forest along State Highway 501 to the 
west. To the north and east, it is bordered by TAs-8, -9, -14, -15, and 49. TA-16 is fenced and posted along 
State Highway 4. Water Canyon, a 200-ft-deep ravine with steep walls, separates State Highway 4 from 
active sites at TA-16. Calion de Valle forms the northern border of TA-16. 

The location of each unit associated with the MDA P Area is shown in Plate 1 (see the end of this closure 
report) . Photograph 1.0-1 captures an aerial view of the site in 1997, immediately prior to the start of exca
vation and removal activities. 

Photograph 1.0-1. Aerial view of MDA P prior to excavation, 1997 
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Cleanup of the MDA P Area was conducted in two Phases. Phase I activities included waste excavation; 
waste removal; and waste segregation, staging, characterization, and disposal of materials from the 
MDA P Area. Phase II activities included a detailed geophysical and geochemical study for characteriza
tion of the bedrock fractures, and post-removal confirmation sampling and analysis in support of the 
assessment of the potential for adverse effects to human health or the environment from residual chemical 
concentrations at the site. 

The closure activities for MDA P and the 387 Flash Pad were performed in accordance with the closure 
plan for each unit, as reviewed and approved by the New Mexico Environment Department (NMED)-Haz
ardous Waste Bureau (formerly the Hazardous and Radioactive Materials Bureau). Cleanup activities at 
SWMU 16-016(c)-99 (the Burning Ground North) were performed in accordance with an approved VCA 
plan. The following documents delineate the specific closure and VCA completion requirements that are 
the basis of this closure certification report: 

MDA P closure plan, revision 0 (LANL 1995, 58713), approved by NMED on February 20, 
1997 

Notice of deficiency (NOD) on MDA P closure plan (NMED 1996, 57903) and response to 
NOD (LANL 1996, 54452) 

387 Flash Pad closure plan (LANL 1999, 63547), approved by NMED on April 28, 2000 

VCA plan for SWMU 16-016(c)-99, submitted as part of the sampling and analysis plan (SAP) 
for MDA P (LANL 1999,63546) and approved by NMED on July 7, 2001 

Response to request for supplemental information (RSI) for the MDA P SAP, and the VCA 
plan for SWMU 16-016(c)-99 (LANL 2000,67481) 

Closure plan modification request in December 2001 (LANL 2001, 73150), which did not 
receive NMED approval, and which was superseded by an approved revised closure plan 
modification request in May 2002 (LANL 2002, 73159), which consolidated the information 
and modifications indicated in LANL, August 2000 (67481); LANL, April 2001 (70272); and 
LANL, August 2001 (70252) 

1.1 Project and Report Objectives 

The Laboratory is a mUlti-disciplinary research facility owned by the US Department of Energy (DOE) and 
managed by the University of California . The Laboratory's Risk Reduction and Environmental Steward
ship-Remediation (RRES-R) Program (formerly the Environmental Restoration [ER] Project) is part of a 
national effort by the DOE to clean up sites and facilities formerly involved in weapons production. The pri
mary goal of the RRES-R Program is to ensure that the DOE's past weapons operations do not threaten 
human health and safety or the environment, currently or in the future. To achieve this objective at the 
MDA P Area, the RRES-R Program, with approval by the NMED, performed closure by waste and debris 
removal from the MDA P Area. 

The purpose of this closure certification report is to summarize the Phase I and Phase II closure activities 
conducted at the MDA P Area and demonstrate that the closure (MDA P and 387 Flash Pad) and correc
tive action [SWMU 16-016(c)-99] requirements for the MDA P Area have been achieved. This report dem
onstrates compliance with all applicable regulatory requirements (detailed in section 2.1), including an 
independent professional engineering closure certification, as required in 20.4.1.600 NMAC, 
Section 265.115. 
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1.2 Report Organization 

This final closure report is organized as follows: 

Section 1, Introduction, includes the closure report objectives, details the scope and activi
ties of Phase I, and describes the site, including the historical operations and the current site 
setting. 

Section 2, Performance of Closure, introduces the specific regulatory requirements for clo
sure of the MDA P Area, the strategy for combining the closure activities for the hazardous 
waste management units and the VCA for SWMU 16-016(c)-99, Phase I waste characteriza
tion and disposal activities, Phase II focused geophysical and geochemical study results, 
Phase II confirmation sampling and analysis, variances from the closure plans, an assessment 
of the potential impact to groundwater, and a summary of supporting documentation. 

Section 3, Risk Assessments for the MDA P Area, summarizes the human health and eco
logical risk assessments based on residual chemical concentrations measured in Phase II 
confirmation samples and presents the ecological risk analysis within the context of the eco
logical risk assessment for Canon de Valle . 

Section 4, Conclusions and Recommendations, provides a final set of conclusions and rec
ommendations for the MDA P Area based on analysis of the Phase II data and the supporting 
risk assessment results and summarizes the postclosure site restoration activities that have 
been performed, or are planned, for the MDA P Area. 

Section 5, Certifications, provides a Certification of Accuracy and the certifications required 
for each of the regulated hazardous waste management units, including the independent pro
fessional engineering closure certification, and the owner-operator closure certification. 

Section 6, References, provides the complete citations of references used in this report. 

Additional supporting documentation is provided, as follows: 

Annex I, VCA Completion Report for SWMU 16-016(c)-99, summarizes the completion of 
VCA requirements and demonstrates that the no further action (NFA) criterion has been met 
for SWMU 16-016(c)-99. 

Annex II, Material Disposal Area P Area: Phase I Closure Implementation Report, details 
the Phase I field activities at the MDA P Area, including excavation, waste removal, segrega
tion, staging, characterization, and disposal. 

Annex III, Bedrock Fracture Characterization at Material Disposal Area P Area: 
Phase II Closure Investigation Report, details the focused geophysical and geochemical 
study performed during Phase II activities. 

Appendix A, Human Health and Ecological Risk Assessments for the MDA P Area, pre
sents the human health and ecological risk assessments for the MDA P Area based on the 
Phase II confirmation sampling and analysis, including ecological study results performed in 
the Canon de Valle, as related to the MDA P Area ecological risk assessment. 

Appendix B, Confirmation Sample Database, provides an electronic copy of the approxi
mately 40,000 records of Phase II confirmation sample analytical results used to assess 
potential human health and ecological risks at the MDA P Area, including an analysis of the 
data quality and a summarization of the sampling commitments. 
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Appendix C, Site Photographs, provides a photographic summary of the MDA P Area prior 
to excavation, Phase I excavation activities, Phase II investigation and sampling activities, and 
the MDA P Area post-excavation site condition. 

Appendix D, Supporting Documentation/Correspondence, provides correspondence and 
documentation related to the variances summarized in section 2.4. 

Appendix E, MDA P Area, Phase II Confirmation Sampling, Chain-of-Custody Forms, 
contains copies of the chain-of-custody forms. 

1.3 Scope of Activities 

Key aspects of the closure implementation include preclosure activities; the health and safety plan devel
oped for the closure activities; radiological work permits; development of cleanup goals; excavation meth
ods; post-excavation demobilization and site stabilization; field data collection (including field surveys and 
field-screening techniques); waste segregation and staging methods; waste characterization; and waste 
disposition. Details of the Phase I activities are presented in section 2.2. Phase II activities, presented in 
section 2.2, included fracture characterization of the MDA P Area subsurface, drilling to investigate the 
subsurface geophysical and geochemical properties of the bedrock, and final confirmatory sampling to 
determine the nature and extent of residual contamination at the site. 

1.4 Historical Use and Activities atthe MDA P Area 

Documentation of the history of MDA P has been compiled as completely as possible in the Phase I 
Report (Annex II) and is based largely on the information in the MDA P closure plan (LANL 1995, 
58713.1), interviews with personnel familiar with the activities at the MDA P Area, the interpretation of his
torical vertical and oblique aerial photographs, and additional information gathered during the Phase I 
excavation activities. Other key supporting documents with historic information include the 387 Flash Pad 
closure plan (LANL 1999, 63547) and the sampling and analysis plan (SAP) (LANL 1999, 63546), which 
includes historic information related to SWMU 16-016(c)-99. 

Waste types related to historic operations at the MDA P Area are summarized in section 1.6 and provided 
in detail in section 2.2.2. Additionally, Annex I provides details of historic operations specific to SWMU 16
016(c)-99. 

1.4.1 MDA P 

The TA-16 burning ground was established circa 1950 on the southern margin of Canon de Valle. The use 
of MDA P, which was located directly north of the 387 Flash Pad prior to excavation, was directly related to 
the use of the 387 Flash Pad and to other HE operations and facilities at the burning ground. MDA P oper
ated from 1950 to 1984 as a landfill for rubble and debris generated by the burning of HE, HE-contami
nated equipment and material, vehicles, building materials, drums, containers, and trash. During the 
operational period of MDA P, many items were restricted from leaving the HE exclusion area of TA-16 due 
to safety protocols. As a result, most items known or suspected of being contaminated with HE residue 
were disposed of at MDA P. Residual materials from the burning and flashing operations within the TA-16 
Burning Ground were disposed of over the mesa edge, accumulating at the base and along the slope of 
the canyon wall. MDA P eventually expanded toward the canyon floor along the leading margins of the 
construction backfill. 

The majority of the historic disposal activities occurred in the east lobe of the MDA P, which was used con
tinuously during its more than 30 years of operation. Materials from the burning ground operations were 
disposed of over the leading edge of the east lobe and occasionally covered with soil. Photographs indi
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cate the lobe grew slowly and continuously throughout the operational period of the landfill. The leading 
edge of the east lobe migrated approximately 60 ft during the operation of MDA P. Disposed materials 
excavated at the east lobe included ashes and burned residues of HE compounds, HE-contaminated 
equipment and materials, barium nitrate compounds, miscellaneous containers from the 387 Flash Pad, 
including sands and soils from the sand filters and the floor of the 387 Flash Pad (Photograph 1.4-1). 
Although depleted uranium (DU) was detected in trace amounts in some of the soils and debris at MDA P, 
materials with potential DU contamination were typically not disposed of at MDA P. 

Episodic disposal occurred in the west lobe, which filled a small channel eroded into the southern canyon 
wall, and which was used primarily for the disposal of HE-contaminated construction debris. In the 1960s, 
several World War II-era wooden frame structures that housed the original facilities for HE research, 
development, and production at TA-16 were razed (Photograph 1.4-2). The west lobe received all noncom
bustible materials with residual HE from these deconstruction/demolition activities-as much as 1325 
dump truck loads (Photograph 1.4-3). Materials and debris included piping (water, sewer, steam, and pro
cess piping), electrical conduit, concrete (sidewalks, foundations, and sumps), asbestos tile, and miscella
neous soil and trash. Larger items from the 387 Flash Pad were also disposed of at the west lobe, 
including at least ten vehicles in the 1950s and 1960s that had been flashed for the removal of HE resi
dues and pushed over the lobe's edge. In the early 1970s, the rear apron of Building 260 was renovated 
and concrete from the demolition of sidewalks and sumps was added to the west lobe. Historic photo
graphs indicate that the west lobe increased in size only during periods of disposal between 1965 and 
1970. 

Photograph 1.4-1. East lobe of MDA P (waste and debris from adjacent burn pad operations) 
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Photograph 1.4-2. WW II-era HE-contaminated buildings being burned in place before 
disposal of remaining debris at MDA P (1960s) 

Photograph 1.4-3. West lobe of MDA P (debris from 1960s burning as well 
as concrete from 1970s deconstruction of Building 260) 
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1.4.2 387 Flash Pad 

The 387 Flash Pad operated from 1951 to 2000 as a treatment unit for the destruction of solid and scrap 
HE, HE-contaminated equipment and debris, and HE-contaminated combustible materials. Originally 
remote and heavily forested, the construction of the 387 Flash Pad required the cutting and clearing of 
trees and buming of the timber and slash. The ground surface was leveled and a substantial amount of 
backfill was brought in to provide a barren, roughly flat-lying area for the construction of the flash pad and 
a control building for the flash pad operations and tests. The backfill consisted of crushed Bandelier Tuff 
and large angular boulders upto 2 m across. The 100-x 100-ft pad area that was created was enclosed by 
an 8-ft chainlink fence (i.e., cyclone fence), originally installed in the 1950s. From 1951 to the late 1980s, 
the floor of the pad was soil; flash pad operations were conducted on the soil pad, which was overlain with 
sand. In the late 1980s to early 1990s, a 30- x 30-ft concrete base with 8-ft-high concrete shield reflector 
sidewalls to the north, east, and west was constructed for the flash pad operations. Operations at the flash 
pad were largely wood-fired , but kerosene or other fire accelerants were sometimes used. Burning opera
tions occasionally resulted in partial detonations and incomplete burns. Sands and residues from the oper
ations at the 387 Flash Pad were disposed of at MDA P. During the operational period of the flash pad, the 
dirt floor of the pad was excavated periodically and the contaminated soils were also disposed of at 
MDAP. 

During the Phase I excavation activities, a trench was discovered in the eastern portion of the 387 Flash 
Pad area. The trench , containing remnants of a 4-in.-diameter vitrified clay pipe (VCP), originated in the 
middle ofthe southern boundary, trended northeast and terminated approximately 20 ft east of the eastern 
boundary. Both ends of the pipe were crushed and there was no evidence of original source fittings or ter
mination outfall. The interior of the pipe was contaminated with HE, indicating that it was used in some 
capacity for operations at TA-16, though no infonnation was found to indicate specific uses of the pipe. 

1.4.3 SWMU 16-016(c)-99 

SWMU 16-016(c)-99 consisted of the TA-16 386 Flash Pad, a former barium nitrate pile, and a septic sys
tem. The 386 Flash Pad was built in 1951 as a burn pad, for operations similar to those conducted at the 
387 Flash Pad; however, no evidence could be found to indicate that the 386 Flash Pad was ever used as 
a burn pad for the treatment of HE-contaminated materials. Photographic evidence shows that the 386 
Flash Pad was used to store barium nitrate sometime during the 1950s, prior to which the barium nitrate 
pile was located to the north of the 386 Flash Pad. In 1998, a metal building was installed in the southeast 
corner of the area. The septic system was connected to Building 16-389 and was used for sanitary waste
water from 1963 through 1988; no evidence exists to indicate any other historic uses for the septic tank. 
During the excavation, no evidence of a leach field or drainfield was found. During Phase I preclosure 
activities, the northern fence ofthe 386 Flash Pad was moved southward by 50 ft to improve access. 

1.5 Site Description 

This section briefly introduces the environmental setting ofthe MDA P Area, with specific emphasis on sur
face water run-on and runoff and erosion control measures in place at the site. Specific details of the envi
ronmental setting, as relevant to the risk assessments performed for the demonstration of clean closure 
and corrective action, are provided in section 3.0 and Appendix A. 

1.5.1 General Site Setting 

The Laboratory is located in north-central New Mexico, approximately 60 mi northeast of Albuquerque and 
20 mi northwest of Santa Fe. The Laboratory site covers 43 square miles of the Pajarito Plateau, which 
consists of a series of finger-like mesas separated by deep canyons containing ephemeral, intermittent, 
and perennial streams generally oriented from west to east. The mesa tops of the Pajarito Plateau range in 
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elevation from approximately 6200 to 7800 ft above mean sea level (msl). The eastern portion of the pla
teau stands approximately 300 to 900 ft above the Rio Grande. 

The TA-16 Burning Ground is located within a broad topographic saddle on an east-trending mesa. The 
MDA P Area is on the north side of the burning ground within a small open watershed with no springs or 
other natural, perennial sources of water; the runoff from the site drains to a small tributary of Water Can
yon called Canon de Valle. The saddle runs between two topographic hills to the east and west and at its 
lowest point is at an elevation of approximately 7454 ft, approximately the mean elevation of TA-16. 

Currently, run-on is directed away from the site into two adjacent watersheds, using natural and engi
neered landscape features; the bar ditch along the north side ofthe access road leading from the west into 
the burning ground is diverted through a culvert to the drainage south of the saddle. Precipitation that falls 
within the watershed provides ephemeral runoff to two arroyos that serve as hydrologic boundaries on the 
east and west margins of the site. Overland flow from the former 387 Flash Pad in the northern portion of 
the site currently is diverted through a remnant of the MDA P run-on trench to the east arroyo. Direct pre
cipitation is the only potential source of surface water transport within the interior portion of the site. 

The current, post-excavation MDA P Area consists of two distinct zones: an "exposed tuff zone" and a "bio
logical zone." The biological zone consists of undisturbed or reclaimed areas (-5.1 acre of the nearly 9.25
acre site), which essentially border the main excavation area to the south, east, and west. The reclaimed 
areas within the former MDA P Area footprint have approximately 2 ft of topsoil, though the soils in some 
locations near the east and west perimeters of the site are as deep as approximately 5 ft. Undisturbed 
areas outside the MDA P Area footprint contain deeper soils (up to 5 ft on average). The exposed tuff zone 
consists of a single large and continuous area of exposed tuff (-4.25 acre of consolidated tuff or unconsol
idated tuff with large boulders) from which the topsoil was completely removed during the Phase I excava
tion activities. The current conditions promote runoff and inhibit infiltration. Photograph 1.5-1 shows the 
MDA P Area as excavation activities were being completed: the middle area of the site is the flat portion of 
the exposed tuff zone. In front ofthat is the unconsolidated tuff area that slopes steeply towards the Canon 
de Valle; the uppermost portion of the site is the now-restored and reseeded biological zone (shown in the 
photograph with soil piles in the right half of the biological zone). Photograph 1.5-2 is a October 2002 pho
tograph of the site, showing the restored/revegetated areas in green surrounding the exposed tuff zone; 
particularly evident is the slope transitioning from the biological zone to the exposed tuff zone (toward the 
left of the excavation area, adjacent to the forest boundary). Figure 1.5-1 shows the extent of the biological 
and exposed tuff zones and the boundaries of the units within the MDA P Area. 
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Photograph 1.5-1. Post-excavation condition of the MDA P Area, before stabilization and 
reseeding, 2001 

Photograph 1.5-2. Current condition ofthe MDA P Area, October 2002 
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1.5.2 MDA P 


..~ 	 The location of MDA P is entirely within the exposed tuff zone, the area from which all topsoil and uncon
solidated materials were removed during Phase I excavation activities. Runoff from precipitation that falls 
within MDA P generally is diverted to either the eastern or western arroyos that bound the site. Erosion 
from steep areas within the unconsolidated tuff area towards the northern boundary ofthe site that are 
subject to erosion (as evidenced during precipitation events that occurred during Phase I activities) has 
largely been mitigated by the implementation of best management practices (BMPs), including the placing 
of riprap and other erosion control features such as straw bales. 

1.5.3 387 Flash Pad 

The location ofthe 387 Flash Pad is isolated hydrologically from the downgradient portions ofthe MDA P 
Area. Runoff from precipitation received within the boundaries ofthe flash pad is largely diverted to the 
east drainage via a remnant of the east-west trending MDA P run-on trench. Sheet flow of surface water, 
as may occur during intense precipitation events, may breach the run-on trench; this run-on then would be 
diverted to the east and west arroyos along with the precipitation received within the boundaries of the 
former MDA P. Also, erosion from the steep areas in the lower portions of the arroyos has largely been mit
igated by the implementation of BMP erosion control features. 

1.5.4 SWMU 16-016(c)-99 

The boundaries of the 386 Flash Pad and the barium nitrate pad overlapped considerably, in part because 
a portion of the 386 Flash Pad was used to store the barium nitrate pile sometime after the flash pad was 
constructed. Runoff that results from precipitation received within both these areas flows downgradient 
towards Canon de Valle, and generally is diverted to the western arroyo, the steeper portions of which 
have BMP erosion-control features in place. Surface water runoff from the area where the septic tank was 
located is negligible because residual contamination associated with this former sanitary wastewater hold
ing tank is limited to the subsurface; however, runoff from precipitation falling in the small area of the 
former septic tank has the same fate as runoff from the 386 Flash Pad and the barium nitrate pile-down
gradient towards Canon de Valle and towards the western arroyo. 

1.6 Process Description 

This section provides a summary of hazardous waste operations conducted at the MDA P and 387 Flash 
Pad, a description of the US Environmental Protection Agency (EPA) Hazardous Waste Numbers associ
ated with operations and the waste quantities excavated and disposed of during Phase I activities. 
SWMU 16-016(c)-99 is not a regulated hazardous waste management unit. Accordingly, requirements for 
closure of a hazardous waste management facility do not apply to SWMU 16-016(c)-99 and a process 
description is not provided. However, because Phase I excavation activities were combined for SWMU 16
016(c)-99 and the other units at the MDA P Area, a summary of waste types and volumes is provided for 
the site as a whole. Details of the excavated waste are provided in section 2.2.18, Waste Characterization, 
and section 2.2.19, Waste Disposition. Additionally, detailed information on waste types and quantities is 
provided in Annex II. 

1.6.1 MDA P Hazardous Waste Operations 

The use of MDA P was directly related to the activities conducted at the 387 Flash Pad and to other HE 
operations and facilities at the burning ground. MDA P was used from 1950 to 1984 as a disposal area for 
rubble and debris generated by the burning of HE, HE-contaminated equipment and material, vehicles, 
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building materials, drums, containers, and trash. Additional information about the historic uses of MOA P is 
provided in section 1.4.1. 

Six EPA Hazardous Waste Numbers for characteristic wastes are identified for MOA P in the August 2002 
Part A permit application (LANL 2002, 73799): 0001 Ognitable), 0003 (reactive), 0005 (barium), 0006 
(cadmium), 0008 (lead), and 0030 (2,4-dinitrotoluene). These Hazardous Waste Numbers are consistent 
with the types of hazardous waste managed at the site during Phase I activities. 

1.6.2 Flash Pad 387 Hazardous Waste Operations 

The 387 Flash Pad operated from 1950 to 2000 as a treatment unit for solid and scrap HE and HE-contam
inated equipment and debris, and HE-contaminated combustible materials. The treatment consisted of 
open burning to remove the hazardous characteristic of reactivity. From 1950 to the late 1980s, the floor of 
the pad was soil and flash pad operations were conducted on the soil pad, which was overlain with sand. In 
the late 1980s to early 1990s, a 30- x 30-ft concrete base with concrete shield reflector sidewalls to the 
north, east, and west was constructed for the flash pad operations. Operations were largely wood-fired, but 
kerosene or other fire accelerants were sometimes used. During the operational years of the flash pad, 
sands and residues from the operations, as well as contaminated soils from the floor ofthe pad, were dis
posed of at MOA P. 

The estimated maximum weight of equipment and structures that could be treated at one time was 
40,000 Ib (the maximum capacity ofthe unit). Facility records indicated that the maximum weight of equip-
ment and structures treated at one time was 38,000 Ib, although most burns were considerably smaller. 
The total annual quantities of waste treated at the flash pad in 1997 and 1998 were 63,000 and 31,000 Ib, 
respectively. 

1.6.3 Waste Types and Volumes Excavated 

Wastes generated during the Phase I activities included large amounts of soil and debris, moderate vol
umes of storm and decontamination water, and small amounts of radioactive and mixed wastes, HE, bar
ium nitrate, containers with unknown contents, asbestos-containing material (ACM), personal protective 
equipment (PPE), and acetone. Table 1.6-1 summarizes the combined, estimated amounts of these 
wastes from within the entire MOA P Area. Section 2.2.18 su mmarizes the waste characterization methods 
and results and section 2.2.19 summarizes the waste disposition of the excavated materials. 

Table 1.6-1 


Summary of Quantities of Wastes Generated During the MDA P Area 

Phase I Activities 


Quantity Unit Description 

21,50~~3 Hazardous waste soils 

26,150 3 I ndustrial waste soils 

1111 yd3 Rock: decontaminated, used as riprap at TA-16 Burning Ground 

757 yd3 Rock: released, used as riprap within MDA P footprint 

3200 yd3 Concrete debris: recycle and industrial waste 

2200 yd3 Metal debris: recycle and industrial waste 

3947 Ib ACM 

888 each Containers of unknown content 

95 each ~:cellaneous metal objects 
441 

Ib = 
85 Ib Ash from burning HE 
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Table 1.6-1 (continued) 


Summary of Quantities of Wastes Generated During the MDA P Area 

Phase I Activities 


67061 b 

Ash and contaminated debris 

Barium nitrate pieces 

3240 Ib Radioactive low-level waste (LLW) 

5389 Ib Mixed waste 

219,545 gal. Decontamination water 

16.318 gal. Stormwater 

37 gal. Acetone 

33 bag PPE 
70 Ib Waste aerosol cans 

250 Ib Soil/transmission oil 

70 Ib Miscellaneous laboratory trash 

2.0 PERFORMANCE OF CLOSURE 

This section provides the basis for the closure certification, including the specific information needed to 
demonstrate that the closure activities have been performed in accordance with all applicable regulations 
and the requirements of the approved closure plans. The strategy for combining MDA P, the 387 Flash 
Pad, and SWMU 16-016(c)-99 for the purposes of conducting clean-up activities and confirmation sam
pling and analysis and the specific commitments made for the final closure report are detailed in section 
2.1. The Phase I activities are detailed in section 2.2. The Phase II focused investigations (i.e., fracture 
study and borehole geophysical and geochemical analyses) and confirmation sampling are detailed in sec
tion 2.3. Variances to the approved closure plans and the location of supporting documentation are pro
vided in section 2.4 and section 2.5, respectively. 

2.1 Closure Performance Standards 

2.1.1 Closure Strategy and Applicable Regulatory Requirements 

This section describes the rationale for combining MDA P, the 387 Flash Pad, and SWMU 16-016(c)-99 for 
the purposes of conducting clean closure/remediation activities; the applicable regulatory requirements; 
and the basis for demonstrating that the clean closure performance standards/remediation goals for these 
activities are met. 

2.1.1.1 Consolidation of the MDA P Area Units 

The two hazardous waste management units and the consolidated SWMU that comprise the MDA P Area 
were combined for cleanup purposes to enhance the efficiency of field operations for each site and 
because the risk-based approach used for demonstrating successful cleanup is appropriate for both clo
sure and corrective action. The decision process leading to the combining of the sites is described below. 

The approved closure plan for MDA P (LANl 1995, 58713.1) established that MDA P would undergo clo
sure by removal and decontamination in order to meet clean closure equivalency, pursuant to 20.4.1.900 
NMAC, Section 270.1 (c)(5) and (6), as well as satisfy the general facility closure requirements of 
20.4.1.600 NMAC, Section 265.111 (see section 2.1.1.2 of this report). In the approved closure plan, a 
strategy was proposed for comparing Phase II confirmatory sampling data to baseline levels of environ
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mental contamination attributable to sources adjacent to MDA P. This strategy was intended to distinguish 
between MDA P-related contamination and that which was attributable to nearby sites. 

After the MDA P closure plan was approved by NMED in 1997 and closure activities began, it became 
apparent that the MDA P closure activities were likely to affect the schedule of closure activities at the 387 
Flash Pad and remediation activities at SWMU 16-016(c)-99, which were proceeding with closure/remedi
ation simultaneously (LANL 1999, 63546). Because of the sites' proximity to one another and their similar 
characteristics, the Laboratory determined that combining the three activities would allow for more efficient 
use of resources, such as mobilization of field equipment. The Laboratory also concluded that confirmation 
sampling and assessment of human health and ecological impacts of the three sites together following the 
closure/remediation activities would be appropriate. Therefore, in February 1999, the Laboratory and 
NMED agreed that the sites adjacent to MDA P would be closed or remediated concurrently with MDA p, 
any residual contamination would be assessed concurrently, and they would be closed or remediated to a 
common cleanup standard (LANL 1999, 63546). This decision was made for two reasons: (1) the hazard
ous wastes and hazardous constituents within the sites were similar, and (2) the boundaries of the sites 
overlap. During discussions between the Laboratory and NMED concerning the MDA P SAP, it was agreed 
that 

• 	 two additional plans would be developed in conjunction with the MDA P SAP: a VCA plan for 
SWMU 16-016(c)-99, and a closure plan for the 387 Flash Pad. 

• 	 equipment from the ongoing closure operations at MDA P would remain mobilized at MDA P 
to clean up these additional sites. 

• 	 one set of operational PRGs would be developed to be applied to field screening during 
cleanup activities at all three sites. 

• 	 the scope of the MDA P SAP would be expanded to include a confirmation sampling plan for 
verifying that operational PRGs had been achieved for all three sites and demonstrating that 
post-cleanup residual contamination levels pose no unacceptable risk to human health or the 
environment (LANL 1999, 63546). 

Thus, the footprint of MDA P was expanded to include the 387 Flash Pad and SWMU 16-016(c)-99, 
referred to collectively in this report as the "MDA P Area." The applicable clean closure performance stan
dards/remediation goals and application of a common set of cleanup objectives for all three sites are dis
cussed in the following sections. 

2.1.1.2 Applicable Regulatory Requirements 

Three different cleanup objectives have been consolidated into the activities described in this report to 
achieve a common result. The common performance standard relies on risk assessment as a tool for 
determining whether residual levels of hazardous constituents pose potential unacceptable risk to human 
health or the environment. The first objective is clean closure of MDA P, a hazardous waste disposal unit. 
The second is clean closure of the 387 Flash Pad, a hazardous waste treatment unit. The third is comple
tion of a VCA for SWMU 16-016(c)-99, in order to demonstrate that the applicable criterion for NFA has 
been met. 

2.1.1.2.1 MDA P Clean Closure Performance Standard 

As provided in the approved closure plan (LANL 1995, 58713), the Laboratory proposed to clean close 
MDA P, a landfill subject to 20.4.1.600 NMAC, Section 265 interim status (IS) closure standards. Clean clo
sure would be accomplished through removal and decontamination and a clean closure equivalency dem
onstration, pursuant to 20.4.1.900 NMAC, Section 270.1 (c) (5) and (6). A clean closure equivalency 
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stration was believed to be necessary because MDA P is a landfill closing under Section 265 IS standards, 
and there is no clean closure perfonnance standard specific to landfills in the IS closure regulations. Also, 
for regulated units that received wastes after July 26, 1982, regulations require that at closure, they meet 
the more stringent standards of20.4.1.500 NMAC, Section 264 for permitted units. In the approved closure 
plan, the Laboratory proposed a clean closure equivalency demonstration by redefining the landfill as a 
waste pile, and meeting the clean closure performance standard for waste piles specified in 20.4.1.500 
NMAC, Part 264.258(a) (LANL 1995, 58713). The precedent for the equivalency demonstration is 
described in EPA Office of Solid Waste and Emergency Response Policy Directive 9476.00-18 (EPA 1989, 
73779), which states that 

EPA interprets its regulations to allow landfills from which wastes have been 
removed at closure to accomplish 'clean closure' and, if closed under 40 CFR Part 
265 standards, to allow an equivalency demonstration to be made under 40 CFR 
Section 270.1 (c)(5) and (6), through redefinition ofthe landfill as a waste pile, sur
face impoundment, or land treatment unit. It is most likely that the redefinition, or 
change in process, will be to a waste pile ... Clean closures or demonstrations of 
equivalency with clean closure are governed by the applicable Part 264 closure 
requirements (e.g., 40 CFR Section 264.258 for waste piles). 

In the NOD that was issued by NMED on the MDA P closure plan, NMED disagreed with the approach of 
redefining MDA P as a waste pile (NMED 1996, 57903). The following is an excerpt from the NOD: 

In response to DOEILANL redesignation of MDA P as a Waste Pile, NMED does 
not agree with the reasoning or references to Waste Pile in the closure plan ... 
MDA P is used as a disposal facility and a landfill ... After over 40 years of use as a 
"Material Disposal Area" DOE/LANL may not redesignate MDA P as a 'Waste 
Pile'. It is recommended that references to waste pile be adjusted accordingly. 

Under the provisions of 20 NMAC 4.1, Subpart IX, Subpart 901A, 'Owners and 
operators of surface impoundments, landfills, land treatment units, and waste pile 
units that receive wastes after July 26, 1982, ... must have post-closure permits, 
unless they demonstrate closure by removal as provided under Subpart 
270.1(c)(5) and (6).' NMED interprets this to mean MDA P may be closed by 
removal of waste. 

Thus, the objective of the MDA P closure, as stated by NMED, is to meet the closure by removal and 
decontamination provisions of 20.4.1.900 NMAC 270.1 (c)(5) and (6) without redefining the unit from a 
landfill to a waste pile. However, 270.1 (c)(5) still requires that closure by removal and decontamination 
meet the applicable process-specific 264 standards, which, in this case, would be the waste pile standard 
because there is not a clean closure standard for landfills. Therefore, although MDA P is no longer referred 
to as the "MDA P waste pile," the Laboratory intends to demonstrate clean closure using the performance 
standard for waste piles in 20.4.1.500 NMAC, 264.258(a). 

In addition to meeting the specific requirements for closure by removal and decontamination, the Labora
tory will demonstrate compliance with the general facility closure performance standard in 20.4.1.600 
NMAC, 265.111. The information in this report will demonstrate that MDA P has been closed in a manner 
that 

minimizes the need for further maintenance. 

controls, minimizes or eliminates, to the extent necessary to protect human health and the 
environment, post-closure escape of hazardous waste, hazardous constituents, leachate, con
taminated runoff, or hazardous waste decomposition products to ground or surface waters or 
to the atmosphere. 
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complies with the appropriate process-specific closure requirements of 40 CFR Part 264 or 
265 (as adopted by 20.4.1 NMAC 500 and 600, respectively). For MDA P, the appropriate 
requirement is 264.258(a), which states the following: 

At closure, the owner or operator must remove or decontaminate all 
waste residues, contaminated containment system components (liners, 
etc.), contaminated subsoils, and structures and equipment contaminated 
with waste and leachate, and manage them as hazardous waste unless 
261.3(d) of this chapter applies. 

EPA has clarified that "decontamination and removal" of "all waste residues,· as described in the closure 
performance standard, means removal of hazardous constituents derived from hazardous wastes that are 
present in the environment at or above levels that pose a potential unacceptable risk to human health or 
the environment (52 FR 8704, March 19, 1987; 53 FR 9844, March 28,1988). This concept, which sup
ports a risk-based approach to demonstrating clean closure, is discussed in Section 3 of this report. 

2.1.1.2.2 387 Flash Pad Clean Closure Performance Standard 

The closure plan for the 387 Flash Pad was prepared and submitted to NMED in August 1999 and was 
approved in April 2000 (LANL 1999, 63547). As stated in the approved closure plan, the objective ofthe 
387 Flash Pad closure was to meet the general facility closure performance standard in 20.4.1.600 NMAC, 
265.111, which states that the unit will be closed in a manner that: 

Minimizes the need for further maintenance; 

• Controls, minimizes or eliminates, to the extent necessary to protect human health and the 
environment, post-closure escape of hazardous waste, hazardous constituents,leachate, con
taminated runoff, or hazardous waste decomposition products to ground or surface waters or 
to the atmosphere; and 

.~ 

.J 

Complies with the appropriate process-specific closure requirements of 40 CFR Part 264 or 
265 (as adopted by 20.4.1 NMAC 500 and 600, respectively). For the 387 Flash Pad, the 
appropriate standard is 265.381, which states that: 

At closure, the owner or operator must remove all hazardous waste and 
hazardous waste residues (including, but not limited to, ash) from the 
thermal treatment process or equipment. 

As with the MDA P clean closure demonstration, "removal of all hazardous waste residues" has been clar
ified by EPA to mean all hazardous constituents at or above levels that pose a potential unacceptable risk 
to human health or the environment. 

2.1.1.2.3 SWMU 16-016(c)-99 VCA Objectives 

SWMU 16-016(c)-99 is not a regulated hazardous waste management unit, but is a SWMU and is, there
fore, subject to Resource Conservation and Recovery Act (RCRA)/Hazardous and Solid Waste Amend
ments corrective action requirements specified in 20.4.1.500 NMAC, Section 264.101 and in Module VIII of 
the Laboratory's Hazardous Waste Facility Permit. The VCA for this SWMU was completed in accordance 
with an approved VCA plan, which was included as an appendix to the MDA P SAP (LANL 1999, 63546). 
Based on the results of the coordinated activities described in this report, the VCA completion require
ments have been satisfied and SWMU 16-016(c)-99 is proposed for NFA based on Criterion 5, which 
states that the SWMU has been characterized or remediated in accordance with applicable state or federal 
regulations and that the available data indicate that chemicals of concern are either not present or are 
present at concentrations that pose no potential unacceptable risk to human or ecological receptors under 

January 2003 18 ER2002-0773 



MDA P Area Closure Certification Report 

projected future land use (NMED 1998, 57897). The risk-based approach used for demonstrating NFA is 
identical to the one used for demonstrating closure by removal. Because ofthe differences in program
matic requirements between corrective action and closure, a separate VCA completion report is provided 
as Annex I to this report. 

2.1.1.3 	 Basis for Compliance with the Clean Closure Performance Standards 
and Remediation Goals 

The Laboratory intends to demonstrate that the clean closure performance standards for MDA P and the 
387 Flash Pad and NFA criterion for SWMU 16-016(c)-99 have been met, based on the following key 
aspects of the closure activities: 

The contents ofMDA P, including waste residues and structures, were removed and/or decon
taminated, and disposed. All contaminated containment system components, contaminated 
subsoils, and structures and equipment contaminated with waste were removed and/or decon
taminated. Only soils and tuff containing residual levels of hazardous constituents that are 
below acceptable risk-based levels for human and ecological receptors are left in place. 

The 387 Flash Pad structure and potentially contaminated underlying material were removed. 
Decontamination of the debris associated with the concrete pad was conducted prior to dis
posal. All equipment and structures associated with closure operations were decontaminated, 
reclaimed, recycled, or disposed. Only soils and tuff containing residual levels of hazardous 
constituents that are below acceptable risk-based levels for human and ecological receptors 
are left in place. 

SWMU 16-016(c)-99 was characterized and remediated in accordance with the approved 
VCA plan and all applicable regulations. Only soils and tuff containing residual levels of haz
ardous constituents that are below acceptable risk-based levels for human and ecological 
receptors are left in place. 

Waste management was conducted in accordance with the approved closure plans, the VCA 
plan, and applicable regulations. All contaminated equipment, structures, soils, and other 
wastes generated as a result of closure/remediation activities were properly characterized, 
managed, decontaminated, and/or disposed. 

Confirmation sampling was conducted to provide sufficient data for the human health and eco
logical risk assessment. 

Data collected from borehole geophysical and geochemical studies, the fracture characteriza
tion study, and the confirmatory sampling indicate no surface-to-groundwater pathway at the 
MDAPArea. 

Risk assessment results demonstrate that the remaining soils and tuff at the site containing 
residual hazardous constituents pose no unacceptable potential risk to human and ecological 
receptors. The use of risk-based approaches during clean closure is consistent with EPA gUid
ance and policy directives that encourage coordination of cleanup requirements and eliminate 
duplication of effort {EPA 1998, 73777). It has been EPA's longstanding position that regulated 
units may be clean closed to protective, risk-based media cleanup standards; post-closure 
care is unnecessary if, after closure, no hazardous wastes or waste residues remain at the site 
of the unit above levels that present unacceptable risk to human health or the environment. 
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2.1.2 Closure Plan Requirements 

This section outlines the specific requirements for the closure certification report. as provided in the follow
ing two documents: 

• 	 MDA P closure plan, revision 0 (LANL 1995. 58713.1), approved by NMED on February 20, 
1997; and 

387 Flash Pad closure plan (LANL 1999. 63547). approved by NMED on April 28. 2000. 

None ofthe subsequent responses to RSls or closure plan modifications included changes to the contents 
of the closure report as originally submitted for both the MDA P and the 387 Flash Pad. 

2.1.2.1 MDA P Closure Plan (revision 0) 

Seventeen specific items to be included in the final closure report were outlined in section 7 of the closure 
plan (LANL 1995,58713.1). The locations of these items in this document are presented in this section. 

• 	 Independent Professional Engineering Certification and Owner/Operator Certification: section 
5.0. 

Variances from the approved closure plan and reasons for the variances: section 2.4. Noncon
formance report affecting data quality and documentation of corrective action implementation 
for nonconformances: section 2.4. 

• 	 Tabular summary of the Phase I analytical results: Appendix E to Annex II (also provided in full 
in electronic format). Tabular summary of the Phase" analytical results: Appendix B (also pro
vided in full in electronic format). 

Laboratory data analysis sheets: The laboratory analytical results are provided in full in elec
tronic format with Appendix B. 

A quality assurance (QA)/quality control (QC) statement on the adequacy of the analyses and 
the decontamination verification: section 2.2.18 (Phase I) and section 2.3.5.3.2 (Phase II). 

• 	 The location of supporting documentation (field log books, QA/QC documentation. and chain
of-custody records): section 2.5. 

Disposition and disposal location of all regulated and non regulated residuals: section 2.2.19 
and Appendix E to Annex" (also provided in full in electronic format). 

A certification of the accuracy of the report: section 5. 

• 	 Demonstration of equivalency with closure requirements under 20 NMAC 4.1. Part 264.228, in 
accordance with 20 NMAC 4.1. Part 270.1 (c)(5)Qi): section 2.1. 

Demonstration that groundwater contamination has not occurred and that EPA policy guid
ance requirements have been met: section 2.3.4.6. 

• 	 An evaluation of the Phase II confirmation analytical results: section 3 and Appendix A. 

• 	 A PRG comparison of the Phase II confirmation analytical results that exceeded screening 
action levels (SALs): section 3.3.1.1.1. 

Risk assessment results: section 3 and Appendix A. 


Development of risk-based cleanup levels: not required. 
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Phase III and Phase IV SAPs and analytical results, if additional sampling was necessary: not 
required. 

An evaluation of Phase IV confirmation results: not required. 

The approach for completing closure, including the demonstration of clean closure based on 
risk-assessment results: section 2.1.1 and section 3. 

2.1.2.2 387 Flash Pad Closure Plan 

Eight specific items to be included in the final closure report for the 387 Flash Pad were outlined in Section 
3.8 ofthe 387 Flash Pad Closure Plan (LANL 1999, 63547). The locations ofthese items in this document 
are presented in this section. 

Independent Professional Engineering Certification and Owner or Operator Certification: sec
tion 5. 

Variances from the approved closure plan and reasons for the variances: section 2.4. 

A summary of the confirmation sample analytical results: Appendix B (also provided in full, in 
electronic format). 

A QA/QC statement on analytical data validation and decontamination verification: section 
2.2.18 (Phase I) and section 2.3.5.3.2 (Phase II). 

An assessment of the Phase I data for the disposition of excavated materials: section 2.2.19 
and Appendix E to Annex II (also provided in full, in electronic format). 

An assessment ofthe Phase II data, as defined in the SAP (LANL 1999, 63546): section 3 and 
Appendix A. 

The storage or disposal location resulting from Phase I activities: section 2.2.19 and Appendix 
E to Annex II (also provided in full, in electronic format). 

A certification of the accuracy of the report: section 5. 

2.2 Phase I Activities 

2.2.1 Introduction 

Phase I activities at the MDA P Area included excavation, waste removal, segregation, staging, character
ization, and disposal, as detailed in this section. Additionally, all of the information regarding the Phase I 
activities is provided in Annex II. See also Plate 2, a map of the features discussed in this section, atthe 
end of this closure report. 

2.2.2 Preclosure Activities 

Prior to the start of excavation, a number of projects were completed to facilitate the planned Phase I activ
ities. These projects included surface screening surveys for barium and radiation, investigation of the dis
posal materials via test pits, and various construction and installation activities. 

Barium and surface radiation surveys were conducted in 1996. Barium surveys were performed using a 
field portable x-ray fluorescence (XRF) instrument (Spectrace Model 9000). Radiation surveys were 
performed using a beta-gamma and low energy gamma radiation meter (Eberline Model ESP-1). The bar
ium survey indicated that approximately one-third of 88 sampling locations within a 30- x 30-ft grid had bar
ium concentrations above 1000 mg/kg, with the highest concentrations at the east lobe. The radiation 
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surface screening survey indicated that gross beta-gamma radiation levels were at or slightly above local 
background levels of approximately 250 cpm measured by the instrument. The survey results were pub
lished as a map, provided and discussed in a letter report included in section A-2.0 of Appendix A to 
Annex II. 

."""" 
..J 

The materials segregation area, designed for waste segregation operations, was constructed in late 1996 
on the east side of MDA P. Also in late 1996, a materials decontamination pad, designed for the debris 
decontamination operations, was constructed on the upland area south of MDA P and directly east of the 
387 Flash Pad. In 1997, three runoff trenches with a total length of approximately 470 ft were constructed 
at the base of MDA P to collect stormwater runoff during Phase I activities; two trenches were constructed 
below the west lobe in the terrace materials and one was constructed below the east lobe in the bedrock. 
Construction of the east lobe trench required the construction of an access road, known as the East 
Access Road, along the upper east side of the project area. Construction drawings are included in section 
A-1.0 of Appendix A to Annex II. 

A series of test pits were excavated in 1997 prior to full-scale excavation to characterize the extent of the 
landfill boundaries and types and extent of debris, landfill soil cover, fill, and contamination in areas 
designed for access, haul roads, and excavation support. A surface radiation survey was conducted prior 
to excavation of the pits to determine ifthere was any indication ofthe presence of DU. The survey found 
no evidence of elevated radiation levels that could be attributed to surface or near-surface concentrations 
of DU O.e., the results were within the instrument's range of local background radiation levels of approxi
mately 250 cpm). 

The depths to bedrock, debris, and other soil horizons were observed in the six sets of pits that were exca
vated. The pit observations established a debris line, north of which the subsurface included landfill mate
rials, and south of which the subsurface was comprised of soil and rock backfill with only small amounts of 
scattered surface debris. Soil samples were collected in each of the pits, subjected to field-screening anal
yses for barium, gross beta and gamma activity, and HE and then submitted for laboratory analysis. Over
all, the patterns of contamination in the MDA P lobes were consistent with the historical information that 
ascribed most of the east lobe wastes to burning ground operations, and those of the west lobe to con
struction-related activities. The test pit results are summarized in section A-3.0 of Appendix A to Annex II. 

Other site preparations for the closure implementation activities included the installation of haul roads, 
staging pads, water tanks, office and support trailers, waste sorting areas, as well as mobilization of equip
ment for excavation, decontamination, safety, and communications. Plate 2 depicts the MDA P support 
area, as built. This section provides a summary of the pre-closure site preparations, which are provided in 
full in Annex II. 

The existing ramp from the landfill grade to the decontamination pad was widened and the 
slope reduced to ease access and to provide space for staging of some debris materials at the 
decontamination pad entrance. 

The eXisting earthen segregation pad was widened and lowered approximately 6 ft and a new 
liner was installed. 

The existing run-on trench was modified to enlarge the working areas. The upper far-western 
portion was backfilled completely and abandoned to allow the construction of an additional 
waste segregation pad. The central portion of the trench between the abandoned section and 
the decontamination pad ramp was filled with coarse river cobble to create a french drain 
immediately north of the 387 Flash Pad, allowing additional working space and ensuring the 
proper functioning of the run-on trench. 

January 2003 22 ER2002-0773 



MDA P Area Closure Certification Report 

• 	 A new haul road was constructed on the western side of MDA P to allow access to the lower 
slopes and the canyon bottom. 

• 	 A new West Access Road was constructed from the paved burning ground access road to the 
upper western project area. 

• 	 The northern fence of the 386 Flash Pad was moved southward to improve access. 

• 	 The decontamination pad was fitted with a hot water pressure washer system powered by pro
pane and capable of delivering 4.5 gal./min at a pressure of 4000 Ib per square inch. The hot 
water was deemed safer than steam for the operators, yet effective for removing contami
nants. The propane was also deemed safer to use than alternatives, and a 250-gal. propane 
tank was installed near the holding tanks, simplifying fuel storage and secondary containment. 

• 	 A personnel decontamination station was installed in the southwest corner of the decontami
nation pad that included a boot-wash facility, trashcans for PPE, and a radiological screening 
facility. The wash water drained directly into the decontamination pad for collection in the 
sump. 

• 	 Four new staging pads were constructed within the MDA P support area: one on the far west
ern project boundary was constructed for soil staging and loading; one on the far eastern 
project boundary was designed for staging of stormwater tanks; and two on either side of the 
decontamination pad were designed for large holding tanks for the decontamination water. 
Each pad was sloped to collect stormwater in an adjacent sump. All sumps were generally 
pumped when required and the water transferred to one of the large holding tanks at the 
decontamination pad. 

• 	 Five 21 ,OOO-gal. tanks were installed: three tanks at the decontamination pad for receiving 
decontamination water; one tank at the burning ground HE Wastewater Treatment Facility 
(HEWTF) for water containing HE above release limits; and one tank west of the 387 Flash 
Pad for water received from the fractionation tanks, which was below HE-release limits and 
was scheduled to be re-applied for dust control. 

• 	 A separate waste staging area was constructed approximately one mile west of the burning 
ground in an area known colloquially as the 90s Line. The vacant land and roads provided a 
suitable place to stage soils and debris that were designated as industrial wastes. Eventually, 
four staging pads were constructed at the 90s Line. Each pad was sloped to coliect stormwa
ter in the lowest corner of the pad. Support facilities included a generator, field office trailer and 
toilets, portable truck scales, storage trailers, and eventually a tall, modular building to allow 
trucks to drive through and seal their loads during inclement weather. 

• 	 The operating areas of the landfill were fitted with a series of empty storage trailers or conex 
boxes for the staging of field equipment, PPE, and to serve as fragmentation protection in the 
event of an accidental detonation during excavation. 

2.2.3 Site-Specific Health and Safety Plan 

The test pits results were used to develop the landfill excavation strategy and key features of the site-spe
cific health and safety plan (SSHASP), as summarized below. A copy of the SSHASP (including all attach
ments and modifications) is included with Annex II. 

• 	 Pieces of the HE compound PBX 9404, known to be especially sensitive to shock and acci
dental detonation. and as large as 5 in. across. were discovered in Test Pit No.5 in the east 
lobe. Based on this discovery, the area was classified as a "heterogeneous" soil sample area, 
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defined as an area containing randomly dispersed pieces of explosives that are not well mixed 
within a given sample volume and that cannot be reliably detected by soil analyses. Thus, it 
was determined that a remote excavator would be required. 

• 	 The central premise of the SSHASP during the remote excavation operations was that the site 
contained fragments of HE, not ordnance, and any accidental detonation would produce sec
ondary fragments, such as rocks and debris, but primary fragments such as shrapnel were not 
expected to be present. An explosive operations and safety protocols plan was compiled for 
determining personnel and explosive limits for the working areas and provided general guide
lines for the waste excavation and sorting operations. 

• 	 Other attachments to the SSHASP included an Asbestos Management Plan, a Contingency 
Plan for containers of unknown content, a guidance document for the operation of the remote 
excavator, and a fall protection plan. 

• 	 Some modifications to the SSHASP were required as the project proceeded to accommodate 
changes in respiratory protection and safeguards after the Cerro Grande Fire, among others. 

2.2.4 Radiological Work Permits 

The implementation and oversight of a radiation protection program was provided by the Laboratory's 
Health Physics Operations Group (HSR-1) during all waste excavation, segregationpand disposal activi
ties. A series of radiological work permits (RWPs) was used to monitor and control the work practices in 
accordance with the Laboratory's Radiation Protection Program. The MDA P exclusion zone, established 
for access control to a hazardous waste site, was posted and controlled as a Radiological Controlled Area 
(RCA). The RCA was established as a preventative measure in the event that radiologically contaminated 
debris was uncovered during the excavation activities, even though the radiological surface surveys indi
cated that radioactive contamination was not present at the site. Copies of the RWPs are included in the 
supplemental data volume to Annex II. 

2.2.5 Preliminary Remediation Goals 

PRGs were established as operational guidelines during excavation. Barium was established as the pri
mary index for removal activities for inorganic chemicals for the following reasons: barium contamination 
was ubiquitous across the MDA P Area; barium was assumed to be collocated with other inorganic chemi
cals; barium was likely to be at higher concentrations, and may have been more mobile, in the environment 
than other metals; and barium concentrations could be readily measured with a field XRF instrument. It 
was determined that the barium PRG of 5600 mg/kg presented in the closure plan would not meet the 
removal criterion for hazardous waste soils, I.e., soils for which a sample extract would fail the toxicity char
acteristic leaching procedure (TCLP) limit of 100 milligrams per liter (mg/L) for barium. Thus, the "20-times" 
rule (I.e., 20 x 100 mg/L =mglkg) for total barium concentration and TCLP was used as the operational 
PRG for field-screening determinations of suspected hazardous waste for staging purposes and for mak
ing determinations of whether sufficient materials had been excavated to reduce human health and eco
logical risks related to residual contamination at the MDA P Area. 

Other contaminants known to be ubiquitous across the MDA P Area were the HE compounds RDX and 
TNT. As with barium, RDX and TNT were measured in the excavated materials for assessing health and 
safety concerns during waste segregation operations and to determine whether sufficient material had 
been excavated and removed. RDX and TNT measurements were not as efficient or as timely as the XRF 
results, as soil samples had to be collected and processed for analysis by EPA Solid Waste 846 (SW-846) 
Methods 8510 and 8515. RDX was established as the operational index for removal activities for HE for 
the following reasons: RDX was found to be more prevalent than TNT; RDX has a higher toxicity than TNT 

January 2003 	 24 ER2002-0773 



MDA P Area Closure Certification Report 

(thus, removal based on RDX is based on a more restrictive standard and is more protective of human 
health than TNT); RDX was assumed to be collocated with other HE contamination; and RDX was likely to 
be at higher concentrations, and is more mobile in the environment, than other HE compounds. An opera
tional PRG of 16 mg/kg was used for RDX to determine if sufficient materials had been excavated and 
removed to address human health and ecological risk concerns. This value is consistent with the EPA 
Region 6 industrial PRG (EPA 1999, 64637). 

2.2.6 Excavation and Sample Tracking 

An excavation grid (the same as the 30- x 30-ft grid used for the 1996 barium survey performed prior to the 
initiation of Phase I activities) was established for tracking the progress of the excavation-small enough 
to be utilized for confirmation sampling during Phase II without having to create a different grid, and large 
enough to represent a measurable portion of MDA P. The barium survey grid and the excavation grid were 
offset by 15 ft, north and east, such that the centers of the survey grid cells represented the nodes of the 
excavation grid cells. Because the barium surface survey only covered the upper terrace of MDA P, the 
excavation grid was extended northward to cover the entire MDA P footprint. The excavation grid was 
labeled with A through /VI from south to north, and numbered 1 through 14 from west to east (Plate 2 of 
Annex 1/) . 

After completion of the MDA P excavation, the excavation grid was enlarged to the south and west of the 
Origin (established in the southwest corner from the survey benchmarks set during the barium surface sur
vey) to include areas of contaminated soils that existed beyond the borders of the MDA P debris/excava
tion areas, the 387 Flash Pad, and SWMU 16-016(c)-99 in the grid system, such that the sampling grid 
was superimposed precisely over the excavation grid. Added grid cells were 30 x 30 ft. Sample grid loca
tions were labeled with unique numbers from 1 to 792. Section C~.O of Annex 1/ provides a figure showing 
the initial excavation grid tracking system, overlaid by the confirmation sample grid tracking system. Figure 
1.5-1 shows the grid, including the numbering system, used in the confirmation sampling. 

2.2.7 Robotics System 

A computer-controlled, remotely-operated, 25 metric ton, hydraulic excavator was developed and 
deployed by Boissiere Engineering and Applied Robotics, Inc., to perform all initial excavation operations, 
in order to avoid placing personnel in direct contact with potential explosive hazards. The robotics system 
used was a Hybrid rEmote Robotic Manipulation and Excavation System (HERMES) designed and 
deployed by Boissiere Engineering and Applied Robotics, Inc., specifically for the remote excavation of 
MDA P. The HERMES consisted of a computer-controlled 62,OOO-lb tracked excavator coupled with a 
hydraulic manipulator arm mounted at the distal end of the excavator boom directly behind, and to the side 
of, the bucket. The HERMES configuration allowed the excavator to remotely conduct conventional exca
vation operations, such as removal of overburden and debris. The excavator was controlled remotely via 
multiple radio frequency (RF) communication channels. Multiple on-board cameras were used to facilitate 
remote operations including excavation and robot manipulation. The control room was initially installed in a 
corner of one of the field trailers. Because the robotic system required line of sight for the RF antennae, the 
control room was moved to a temporary trailer established in the East Access Road when the excavation 
reached the lower part of the west lobe. The control room was moved back to its initial location in the office 
trailer for excavation of the east lobe. 

Initial debris removal operations were conducted near the canyon floor in December 1998 and January 
1999 to test the system and establish the coordination efforts between the robotics system and the techni
cal personnel on the ground. 
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2.2.8 Remote Excavation Operations at M DA P 

Excavation of MDA P began on February 2, 1999, on the upper portion of the west lobe, followed by exca
vation of the east lobe (Photograph 2.2-1). Excavation operations were monitored by an explosives spe
cialist designated by the on-site contractor accompanying the robotics operator and observing operations 
on a video monitor in the control trailer. Benches were excavated across the lobes, providing working sur
faces for access down the slopes (Photograph 2.2-2). One of the west lobe benches proved problematic, 
as the rock was fractured and brecciated and collapsed after construction . Access to that area was limited 
to the margins of the collapse. At the base of the west lobe, debris was found to rest on unconsolidated, 
sandy deposits associated with the Calion de Valle streambed. Both western runoff interceptor trenches 
were removed for access to this portion of MDA P. Some debris materials were removed from the stre
ambed, but no excavation was performed in the stream. The excavation of the east lobe began in August 
2000 (Photograph 2.2-3) and was relatively uneventful. The lobe was entirely underlain by bedrock and the 
debris of the east lobe did not extend down the lower slopes, as had been the case with the west lobe. 1\10 
robotics excavation was necessary at the lower east lobe because detonable explosives debris was not 
identified (or encountered) in this area of the MDA P. The excavation extended southward until no addi
tional debris was encountered. 

Photograph 2.2-1. Remote excavation of MDA P contents, 1999 (view to east) 

January 2003 26 ER2oo2-0773 



MDA P Area Closure Certification Report 

Photograph 2.2-2. Excavation activities in the west lobe of M DA P, 1999 (view to south) 

Photograph 2.2-3. Excavation activities in the east lobe of MDA P, 2000 (view to south) 
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Excavation occurred in approximately 100 to 200 yd3 increments. Excavated materials were placed in a 
pile adjacent to the excavation. Excavation was suspended every 20 to 30 yd3 to allow personnel to 
inspect the materials to ensure that hazardous explosives materials were not overlooked by the remote 
excavator. Excavation operations were also suspended to allow additional inspections whenever the robot
ics operator or the explosives specialist observed suspicious items. After determining there was little dan
ger of a detonation from a large or suspicious object, the excavated materials were handled with 
conventional heavy equipment equipped with Lexan blast shields. Excavation events typically occurred 
once a week to allow for inspection and waste segregation of the excavated materials within the limited 
space for staging materials (Photograph 2.2-4). 

2.2.9 Interim Surveys 

After the debris excavation and prior to the start of the excavation of contaminated soils, an interim barium 
surface survey was conducted across the excavated portions of MDA P and the 387 Flash Pad in order to 
identify areas requiring additional excavation to achieve the operational barium PRG of 2000 mg/kg. 
Residual barium concentrations were measured using a field XRF instrument collected at the grid centers. 
Measurement activities designed to test for residual DU were performed using a beta-gamma radiation 
counter, providing the basis for the removal of RCA restrictions of large areas; no grids had activity mea
sured above the Laboratory background values (8Vs) after excavating, as confirmed by the Phase II sam
pling (LANL 1998, 59730). Grid cells with barium concentrations greater than the operational PRG of 
2000 mg/kg underwent additional excavation. HE concentrations in individual grid cells were not measured 
in this interim survey. Grid cells that met the barium operational PRG underwent a ''final release survey" to 
determine whether additional excavation was necessary (see section 2.2.15). 

Photograph 2.2-4. Example of excavated materials, shown during segregation process, 2000 
(view to northeast) 
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2.2.10 Contaminated Soil Excavation at MDA P 

At the completion of the removal of the MDA P contents via remote operations, excavation continued for 
the removal of contaminated soils (Le ., over-excavation) via conventional methods; this began August 13, 
2000 (Photograph 2.2-5) . Approximately 21,000 yd3 of contaminated soil and rock were excavated from 
MDA P. Soils were excavated in each grid cell in approximately 6-in. lifts, followed by an XRF survey. XRF 
measurements of barium concentrations were taken at five locations within a grid cell and then averaged. 
Material removal continued until the average value met the barium operational PRG of 2000 mg/kg. Once 
the barium operational PRG was met, a grab sample was collected near the grid center for HE field analy
sis. As with the barium screen, material removal continued until the operational PRG for RDX (16 mg/kg) 
was also met, at which time the excavation was deemed complete. The entire former MDA P footprint and 
the operational support areas were subjected to the field-screening process for barium and RDX to ensure 
that the extent of contamination had been defined and remediated to the operational PRGs. 

The soil excavation at MDA P began by removing the former waste sorting area, which was scraped to 
bedrock with a smooth-tipped bucket. The materials removed included the upper veneer of soil placed dur
ing the hand-sorting operations mixed with construction backfill and the burned forest layer from the test 
pits. 

In the southern part of the former hand-sorting area, a layer of mixed soil and debris (broken glass and 
containers, metal shards, and pieces of barium nitrate in an indurated soil matrix) approximately 12- to 18
in. thick was discovered. No residual HE was measured using the field test methods for RDX. Excavation 
continued in the area until no evidence of the layer or barium contamination by XRF field-screening was 
measured above the operational PRG. 

Photograph 2.2-5. Soil excavation (over-excavation) 

Manual excavations continued on the steep, lower slopes of the east lobe. The area below the east lobe 
runoff trench had a thin veneer of soil (a few inches or less) and unconsolidated deposits with elevated 

ER2002-0773 29 January 2003 



MDA P Area Closure Certification Report 

concentrations of barium (as determined during the XRF field screening process). This area was also 
scraped to bedrock with a smooth-tipped bucket. Temporary access ramps were installed for this removal 
and removed afterward. Unconsolidated materials on the lower west lobe were also excavated to bedrock 
using a smooth-tipped bucket, but the brecciated rock in this area left a veneer of rocky, surface debris; 
nearly all evidence of the access benches was removed. 

On the east part of the MDA P Area, the segregation pad was removed after it was discovered that some 
debris and contaminated soil extended under the pad from the west, the former east lobe. The clean back
fill that comprised the pad had barium concentrations below the operational PRG of 2000 mg/kg. The 
entire contents of the pad, approximately 5000 yd3, were removed and transported to the 90s Line, staged, 
and stabilized for use during reclamation . The original soils under the segregation pad were found to con
tain isolated areas of elevated barium concentrations and the entire area was scraped to bedrock with a 
smooth-tipped bucket. The asphalt-lined trench was removed and the drainage re-established along the 
original watercourse with riprap for sediment control. 

Other areas along the MDA P margins also were excavated to bedrock. The final release surveys 
extended from the landfill footprint southward to the 387 Flash Pad and staging areas, and eastward and 
westward along the haul roads to the other soil staging areas. 

2.2.11 Excavation atthe 387 Flash Pad 

Remote excavation operations started on the lower portions of the 387 Flash Pad and progressed south
ward . All initial excavation operations were performed by the HERMES system due to the potential pres
ence of HE, however, no buried HE was encountered. Minor amounts of metallic debris were scattered at 
the flash pad, some wholly or partially buried. Bedrock was encountered across the entire area. Some bed
rock was scraped with the excavator teeth to achieve the operational PRGs for barium and RDX. 

During excavation, a previously unknown trench was located in the eastern part of the area. The trench 
appeared to originate in the middle of the south boundary and trended northeasterly where it terminated 
approximately 20 ft east of the eastern boundary fence. The trench also contained remnants of a previ
ously unknown 4-in . VCP. Both ends ofthe pipe were crushed with no evidence of original source fittings or 
termination outfall. The VCP remnants were excavated and staged for waste sampling and characteriza
tion. 

The decontamination pad and the hand-sorting pad adjacent to the 387 Flash Pad concrete were demol
ished and staged for waste sampling. The soils under and adjacent to these pads were surveyed for bar
ium and HE . The soils adjacent to the decontamination pad, extending west to Flash Pad 387, were found 
to be contaminated with barium and HE, but the soils extending eastward from the decontamination pad 
were not. All excavated soils were staged for waste sampling and characterization . 

2.2.12 Excavation at SWMU 16-016(c)-99 

Most of the SWMU 16-016(c)-99 excavation was performed after the removal of MDA P and the 387 Flash 
Pad was complete (approximately August 2000 to March 2001). 

Excavation within the boundary of the barium nitrate pile included both remote and conventional means. 
Because part of the boundary of the barium nitrate pile extended down the western margin of MDA P, con
taminated materials in this area were excavated during the excavation of MDA P. No attempt was made to 
segregate or identify materials that were specifically related to migration of barium nitrate from the pile 
area. 
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Soils within the 386 Flash Pad were excavated and staged with soils from adjacent areas of the MDA P 
excavation. The extent of excavation is shown on Plate 3 of Annex 2. Field screening for barium was used 
to identify the extent of excavation. Surface soils and some bedrock materials were removed from within 
the flash pad. Discontinuous areas downgradient of the flash pad were removed. Barium contamination 
was not found to have penetrated the bedrock. Some residual bedrock contamination was identified in the 
drainage along the western margin of MDA P, but it was below the barium operational PRG of 2,000 mgt 
kg. The remaining areas of exposed soil within the 386 Flash Pad fence were screened for barium contam
ination. After excavation, a layer of soil and gravel was placed in the excavation within the current fence. 
Gravel was placed on the north side of the current fenceline as an erosion control measure. 

The septic tank and waste line were remediated in two stages (March 2001 and March 2002). In March 
2001, the waste line (4-in.-diameter VCP) was located and excavated from the tank to its endpoint. The 
pipe was empty and the connection with the tank had been plugged. The tank outlet was plugged and the 
waste line was taken out of service. Field-screening of the pipe interior indicated that no HE or barium con
tamination was present. The distal 10ft of the waste line was crushed pipe with no defined outfall. The 
metal top and riser of the tank were excavated to expose the tank itself, estimated to be a 100-gal. metal 
tank. A representative of NMED Field Operations Division inspected the tank and the tank was backfilled 
with clean soil to grade and left in place. A copy of the NMED inspector's form is included in section B-3.0 
of Annex II. The pipe inlet was plugged with a polyvinyl chloride pipe fitting and the water was turned off 
inside the building at the toilet to decommission the source. Soil surrounding the tank and the edges and 
interior portions of the tank were field-tested for HE and barium and found to be below operational PRGs 
for both. In March 2002, the tank and pipe were excavated, sampled, and removed completely. 

2.2.13 Additional Excavation 

Additional excavations were performed at all locations found to exceed the operational PRGs, based on 
Phase II analytical results. Fourteen sample locations were identified with concentrations of barium or RDX 
(or both) above the operational PRGs. Eight of the 14 locations contained bedrock outcrop that could not 
be easily excavated with the available equipment and six locations contained soil or other unconsolidated 
deposits that could be excavated further, including four grid cells with elevated barium concentrations and 
the upper and lower east drainages. The elevated barium concentrations resulted in the excavation of the 
upper east drainage (see section 2.2.14). A soil volume totaling approximately 80 yd3 was removed from 
grid cells 232, 268, 379, 670, and 742 before the operational PRGs were met, ending the additional exca
vation in these grid cells. 

2.2.14 East Drainage Excavation 

Confirmation samples collected from the upper east drainage (grid cell 314) indicated that barium was 
present above the operational PRG. Barium surveys with the XRF instrument indicated that barium con
centrations increased southward, upstream from grid cell 314 toward the road. Excavation was performed 
between September 10 and 14, 2001. Approximately 1000 yd3 of materials were removed. 

The removal was followed by another round of confirmation sampling, on the excavated area down the 
center of the drainage and along the drainage margins. The confirmation results and another field survey 

.- indicated that barium and RDX were still present above the operational PRGs; this directed additional 
excavation in the Upper East Drainage until surveys indicated the operational PRGs had been met. 

Confirmation samples identified isolated areas in the east and west sides of the drainage. To ensure the 
extent of contamination was investigated, the entire circumference of the upper reach of the east drainage 
was surveyed for barium with the XRF instrument at 5-ft intervals. Soils from areas identified by the XRF 
as having high barium concentrations were excavated and removed until barium and RDX concentrations 
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were below the operational PRGs. Approximately 300 yd3 of soil and rock were removed from the upper 
east drainage. 

A secondary survey of grid cells 670 and 742 in the lower east drainage was performed after the excava
tion of the upper east drainage revealed elevated levels of barium beneath surface materials. The entire 
length of the lower reach of the east drainage was investigated with the field XRF. While most of the sedi
ment in the lower east drainage met the barium operational PRG, elevated concentrations of barium were 
present in grid cells 670 and 742. Grid cell 670 was excavated with hand tools, due to the small volumes of 
sediments with elevated barium concentrations and the difficulty accessing that area of the drainage. Grid 
cell 742 was excavated by conventional techniques with heavy equipment. Approximately 24 yd3 of sedi
ment were removed from the lower east drainage. 

2.2.15 Final Surveys 

Upon completion of the excavation of contaminated soils, a final screening surface survey was conducted 
for residual barium and HE contamination, using a field XRF instrument for barium and a field test kit for 
HE. The final HE survey measured TNT, nitroamines, and HMX, in addition to RDX, to ensure that residual 
HE contamination was appropriately characterized and was addressed with additional excavation and 
removal , if necessary. These surveys were conducted at all grid cells that passed the interim survey (sec
tion 2.2.9) and those grid cells that received additional excavation (sections 2.2.13 and 2.2.14). The sur
veys were conducted across the excavated portions of the entire MDA P Area, as well as the field support 
areas, including the soil and water tank staging areas, decontamination pad, and haul roads. 

XRF measurements were performed at four locations within each grid and at the grid center, for an aver
age concentration of barium for each grid cell. An average barium concentration greater than the opera
tional PRG directed additional excavation, if such excavation was possible. Grab samples were collected 
from the grid centers for analysis of HE for those grid cells with an average barium concentration below the 
operational PRG HE analyses were performed using EPA SW-846 Method 8515 for nitroaromatics (e.g., 
TNT) followed by EPA SW-846 Method 8510 for RDX and HMX for those samples that met the PRG of 530 
mg/kg for TNT defined in the SAP (LANL 1999, 63546). The additional surveys (beyond barium and RDX) 
were performed to ensure that residual contamination had been characterized appropriately and removed, 
if necessary. Minor excavation was performed to remove TNT contamination above the PRG and, where 
feasible, some grid cells received additional excavation due to residual RDX contamination above the 
operational PRG. 

The results of the final screening survey identified grid cells that (1) contained bedrock outcrop that had 
been excavated as much as possible using the available technology and still contained measurable resid
ual barium and/or HE contamination, or (2) contained unconsolidated deposits consisting of fill or soil 
materials that met the operational PRGs for barium and HE, and could be left in place. Six test pits exca
vated in the unconsolidated deposits north, northeast, and northwest of the 387 Flash Pad were found to 
meet the operational PRGs for barium and RDX. Plate 2 of Annex 2 provides a map of the final survey 
results at the completion of Phase I. 

2.2.16 Demobilization and Site Sta bilization 

Demobilization activities included the removal of the staging area pads and the segregation pad con
structed for the materials management. The liner on the segregation pad was removed and the soil 
beneath the liner surveyed for contamination. No breaks in the liner were observed and no contamination 
was found. Because the entire pad had been constructed from imported fill , the pad was removed and the 
soils transported to the 90s Line and staged for potential re-use during site reclamation. These soils were 
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bermed and treated with a surfactant to control erosion and re-suspension . All other soil staging pads were 
excavated and the soils were disposed of. 

Upon completion of the excavation operations, the project area was stabilized for erosion and sediment 
control. The southern area of the site had a relatively thick veneer (1 to 2 m) of soil and fill materials. Some 
of these residual unconsolidated deposits were left in place and the slopes regraded to reduce erosion. 
Slopes on the western, eastern, and southern parts of the project area were re-seeded with a seed mixture 
containing fast-germinating grasses and annuals for longer-term stabilization. Steep slopes on the margins 
of the east drainage were seeded and covered with a coconut-straw matting provided by RRES-WQH (for
merly ESH-18). Boulders and rocks that had been staged during the Phase I excavation and removal activ
ities were used for riprap in areas requiring slope and sediment control. Along the western and eastern 
margins of MOA P, the drainages were lined with boulders. The lower, western drainage received a riprap
lined drainage for managing water from the adjacent watershed that impinged on the footprint of MOA P 
and made the West Access Road vu Inerable to erosion. Along the middle and lower reaches of the east 
drainage, riprap was installed to collect sediment from the unconsolidated deposits near the former decon
tamination pad. The east runoff trench was left, unlined, to also collect sediment from this area. The rem
nant of the former run-on trench just north of the former 387 Flash Pad was left to collect stormwater runoff 
and to distribute this to the lower east drainage. Plate 3 in Annex II depicts the site conditions at the con
clusion of the Phase I excavation and stabilization activities. 

2.2.17 Waste Segregation and Staging 

Waste segregation was performed for waste minimization, to facilitate proper waste characterization, and 
to meet the RCRA treatment, storage, and disposal (TSO) facility's waste acceptance criteria (WAC). Seg
regation operations included removing pieces of HE, barium nitrate, asbestos, metal and concrete debris, 
containers of unknown content, and a small amount of OU from soil. The process flow diagrams (section 
C-1.0 of Annex II) were followed, with the exception that no on-site treatment was performed. The entire 
contents of MOA P were subjected to this segregation process, examples of which are shown in Photo
graph 2.2-4, Photograph 2.2-6, and Photograph 2.2-7. No segregation was performed on soil excavated 
during the manual over-excavation portion. Soils excavated to achieve the operational PRGs did not con
tain debris and did not undergo the segregation process because these soils were assumed to be contam
inated with barium and HE. 

Waste staging areas were constructed within the area of contamination for contaminated soils, decontami
nation water, stormwater, and containers of unknown content. The staging area for contaminated soil was 
inadequate because the volume greatly exceeded initial expectations. As a result, the staging areas at the 
90s Line were used for suspected industrial waste soils and decontaminated debris. 

2.2.17.1 MDA P Soils Staging 

All soils were staged in 100 yd3 10ts and assigned a unique tracking number. Each staging pad was 
mapped with the position of each lot within the pad, and each lot was marked with a wooden stake with a 
unique lot number so it could be identified in the field . Each soil lot was marked using a wooden stake with 
the sample number, such that each soil lot had at least two markers from which they could be identified for 
characterization sampling and disposition. 

Soils that did not exceed the barium operational PRG were staged in 100 yd3 lots at the 90s Line Staging 
Area. Soils that exceeded the barium operational PRG were staged in 100 yd3 10ts within the area of con
tamination. Soil lots with elevated OU activity were isolated on Pad No. 13. All soil lots were treated with a 
surfactant to prevent resuspension and erosion. 
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Photograph 2.2-6. Example of metal and concrete debris, post-segregation, 1999 

Photograph 2.2-7. Debris staging at Staging Pads 1 and 2 at the 90s line (view to north) 

2.2.17.2 MDA P Decontamination Water Staging 

Decontamination water was staged in three 20,OOO-gal., single-walled, steel fractionation tanks designed 
to separate solids from liquids. These tanks (Fractanks 1, 2, and 3) were located on lined and bermed pads 
adjacent to the decontamination pad within the area of contamination and received decontamination water 
pumped from the decontamination pad sump. When a tank was full, a lot number was assigned to the tank 
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for tracking purposes and marked with a sign containing the lot number and sample numbers. As the 
batches of water were sampled and managed, the use of the three tanks was rotated as actively receiving 
water from the decontamination pad, awaiting sample results, or awaiting disposition. 

Two similar tanks were staged in the support area. One was staged at the HEwrF within the burning 
ground and one was staged immediately west of the 387 Flash Pad. The tank at the HEWrF received 
water from the decontamination pad tanks that could not be used for dust control and the tank adjacent to 
the 387 Flash Pad received water from the decontamination pad tanks that could be used for dust control. 

2.2.17.3 MDA P Debris Staging 

All debris materials were staged in 100 yd3 lots and assigned a unique tracking number. Each staging pad 
was mapped with the position of each lot within the pad, and each lot number was marked with either a 
wooden stake or spray paint so it could be identified in the field. Each debris lot was marked with the sam
ple number using spray paint, such that each debris lot had at least two markers from which it could be 
identified for characterization sampling and waste disposition purposes. 

All debris was staged at the decontamination pad and visually inspected for the presence of HE or other 
materials that needed to be removed prior. to decontamination. All debris was surveyed for surface radia
tion with a beta-gamma radiation instrument. Representative swipe samples for removable radioactive 
materials (i.e., smears) were collected and submitted to the Laboratory Health Physics Analytical Labora
tory (HPAL) for analysis. All materials that exhibited elevated levels of surface or removable radiation were 
segregated in the radioactive waste boxes and were not decontaminated. All other debris materials were 
decontaminated by high-pressure washing with hot water at the decontamination pad. Once decontami
nated, the debris was transferred to the 90s Line staging area where it was segregated into 100 yd3 lots of 
metal and concrete and assigned a unique lot number for tracking purposes. 

2.2.17.4 MDA P ACM Staging 

Staging of ACM was conducted within the area of contamination. Large items, including wrapped pipe and 
other debris removed from the landfill, were double-wrapped in accordance with EPA Asbestos Hazard 
Emergency Response Act (AHERA) regulations, and staged in a sealed box-trailer. Smaller items were 
double-wrapped and staged in 55-gal. drums. 

2.2.17.5 Staging of Other MDA P Wastes 

Other waste streams resulting from the waste sorting and segregation process included HE, barium 
nitrate, and radioactive (DU) materials. All these were staged within the area of contamination in contain
ers (5-gal. buckets, 55-gal. drums, or standard radioactive waste boxes), as appropriate. Each container 
was assigned a unique number for tracking purposes. 

Containers of unknown content were segregated during the waste sorting process. These typically con
sisted of bottles and jars of less than 100 mL with liquid and solid contents, unidentifiable metal objects, a 
couple of gas cylinders, and a few inert ordnance items. Containers were grouped by suspected contents, 
placed in 5-gal. buckets with an absorbent, and each group assigned a tracking number. 

2.2.17.6 . 387 Flash Pad Waste Staging 

The bin blocks that comprised the walls and floor of the 387 Flash Pad were surveyed for radiological con
tamination and were released from radiological control because no radiological contamination was mea
sured. The blocks were broken for ease of handling and transferred first to the decontamination pad for 
decontamination by pressure washing, then to the 90s Line staging area. One lot of concrete was created. 
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Water generated from the 387 Flash Pad decontamination activities was managed with the water gener
ated from the MDA P decontamination activities. 

Soils and bedrock excavated from the 387 Flash Pad were moved by front-end loader to the staging area. 
No other soils were staged at this pad during this time. Seven soil lots (approximately 100 yd3 each) and 
one small lot of concrete were generated. Each was assigned a unique tracking number. 

The fragments of the 4-in.-diameter VCP discovered in the trench in the eastern portion of the 387 Flash 
Pad Area tested positive for HE contamination. No bulk HE materials were observed. The pipe was staged 
on a wooded pallet and covered with plastic prior to being transferred to the TA-16-388 Flash Pad for ther
mal treatment of the residues. After treatment, the pipe materials were staged on a pallet and returned for 
disposal. 

2.2.17.7 SWMU 16-016(c)-99 Waste Staging 

Soils and debris were associated with the excavation of the soils from the former barium nitrate pile and 
septic tank. Soils were staged in 100 yd3 'ots for waste sampling. Soils mixed with the contents of the sep
tic tank were containerized at the time of the tank removal and staged at the excavation. Debris materials 
included the pipe materials and the debris from the tank removal. The pipe and debris were found to be 
free of HE and barium residues. 

2.2.17.8 Stormwater Staging 

. St-ormwater was staged in three 10,000-gal., single-walled, steel tanks with each tank devoted to one of the 
three runoff trenches. When a tank was full, a batch number was assigned to that tank of stormwater for 
tracking purposes. Each tank was filled only once during the Phase I excavation activities. 

2.2.17.9 Satellite and Less-than-90-Day Accumulation Areas 

Two satellite accumulation areas were established for the wastes generated at MDA P. The first was 
located at the sampling trailer (TA-16-653) in the MDA P support area and was used for waste ac;:etone 
generated by the HE field test kits. The second was located at the 90s Line for wastes generated from the 
processing of the containers of unknown content. 

Two less-than-90-day accumUlation areas were established for the MDA P closure. The first was at Build
ing 16-267 and was used for staging HE wastes destined to be burned and the residues from the HE burn
ing operations. The second area was established at the 90s Line and was used for roll-off containers of 
hazardous waste soils that had been moved from the area of contahlination. These soils were generated 
from either excess materials during the loading and shipping operations, or from one of the soil lots that 
had been staged at the 90s Line as a suspect industrial waste and subsequently identified through labora
tory analysis as a hazardous waste. Hazardous wastes were containerized the day the waste determina
tion was made. Two lots of soils were identified in this manner. 

2.2.18 Waste Characterization 

Waste characterization included sampling, analysis, data review, and waste determination. A sampling 
team from the Laboratory Solid Waste Regulatory Compliance (SWRC) Group (formerly ESH-19) and 
EES-15 tracked, sampled, and reviewed analytical results for all materials excavated from the MDA P 
Area, in accordance with procedures for sampling specified in the approved MDA P and 387 Flash Pad 
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closure plans (LANL 1995, 58713.1; LANL 1999, 63546) and the consolidated SWMU 16-016(c)-99 VCA 
plan (LANL 1999, 63546) . The data tracking system included the following information: 

date sampled, 

sample request number, 

sample identification number, 

sample media, 

analytical suite, 

data due date, and 

date analytical data received. 

Table 2.2-1 summarizes information about the samples (more than 600) that were collected for waste char
acterization during Phase I. Waste characterization sampling was conducted to characterize soil, tuff, 
debris (concrete and metal), containers of unknown content, stormwater, decontamination water, rinsate 
water and other liquids, and solids to ensure proper disposition of the segregated wastes. Sampling was 
conducted to satisfy the most stringent WAC of the respective receiving disposal facilities. Field screening 
methods for radiological materials, metals, and HE, as well as visual techniques, were employed to ensure 
safe sample handling and management. Summaries of the analytical requests for soil, debris, water, and 
sediments generated during the Phase I closure activities are provided in Appendix D to Annex II. These 
tables are archived by analytical request number; they serve as indexes for the analytical data results. 
Summaries of analytical results for soils, debris, and water-characterization samples collected during the 
Phase I closure activities are provided in Appendix E to Annex II (results are also provided in full, in elec
tronic format) . 

Waste determinations were made by the Waste Management Coordinator (WMC) assigned by the ER 
Project. The WMC reviewed the analytical results and other information available for each waste stream 
and determined the proper pathways for disposal. The WMC was responsible for compiling and submitting 
a WPF to the Laboratory FWO group at TA-54. The WPF included a description of the waste and all perti
nent characterization information, including analytical data. FWO reviewed and approved the WPF pack
age and assigned a unique number to each waste stream. Once the WPF was approved, the WMC 
compiled and submitted a CWDR to FWO for assignment of container and manifest tracking numbers. All 
containers received a unique container number. Once the container and manifest tracking numbers were 
obtained from FWO, shipping documents were compiled and the transportation and disposal scheduled. 

Wastes generated during the Phase I activities included large amounts of soil and debris, moderate vol
umes of storm and decontamination water, and small amounts of radioactive and mixed wastes, HE, bar
ium nitrate, containers with unknown contents, ACM, PPE, and acetone. Table 1.6-1 summarizes the 
combined, estimated amounts of these wastes from all units within the MDA P Area. 

Data Quality Assessment 

Data validation reports were generated for assessing data quality of all Phase I waste characterization 
sampling performed between August 9,2000 and January 3,2001 (Appendix F to Annex II) . For data 
based on samples collected prior to August 9,2000, data validation was performed for a subset (a mini
mum of 10%) of the total data collected considered representative of the waste characterization analyses 
conducted for the Phase I activities. The data review determined that the data are of good quality and suf
ficient for validating that the requirements of clean closure have been met. 
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Analysis (EPA SW·846 Method, 
except where otherwise noted) 

Waste soil/tuff 
Duplicate' 
Decontamination water 
Matrix spike) 

Background (soil and tuff) 
Baseline soil (staging area) 
Total samples, Phase I 

Table 2.2-1 


Summary of Phase I Samples and Analyses 


Reactive Cy.anidel Gamma Gross Alpha, 
Metalsa VOCsb SVOCsc SulfideCi,e Total Cyanidee,f HE+PETNg Spectroscopy Betali 

500 500 500 125 0 500 500 500 

25 25 25 7 0 25 25 25 

36 36 36 36 36 36 36 36 

25 25 25 7 0 25 25 25 

55 0 0 0 0 0 0 0 

10 10 10 10 10 10 10 10 


651 596 596 185 46 596 596 596 


Analysis (EPA SW·846 Method, Total Isotopic Organo·chlorine Chlorinated 
except where otherwise noted) Uranlumk Uranlum' Asbestosm Pesticides, PCBse,n Herbicides· pHe,o Dioxine,P Perchlorateq 

Waste soilltuff 52 437 500 125 125 125 125 0 
Duplicate 3 22 25 7 7 7 7 0 
Decontamination water 18 14 36 36 36 36 36 6 
Matrix spike) 3 22 25 7 7 7 7 0 
Background (soil and tuff) 0 0 0 0 0 0 0 0 
Baseline soil (staging area) 0 0 10 10 10 10 10 0 
Total samples, Phase I 76 495 596 185 185 185 185 6 
- Methods 3OO5A and 3050A were used for digestion of water and soil; 6020 is the analytical ~thod used for most total metals; Method 7740 is the analytical method used for total selenium, 

Methods 7470 and 7471 are the analytical methods used for total mercury; Method 1311 is the TCLP method used; other methods may have been used (e.g., Method 6010A and 7000A 
series methods), as described in section 4.6.1 of Annex II. 

b Method 8240A. Method 8260 may have been substituted for 8240A. 
c Methods 3520A and 3540A are extractio.n methods used for water and soil;. 8270A is the laboratory analytical method used. 
d Determination of reactive cyanide is described in SW-846, Chapter 7, Section 7.3.3; this determination included portions of Method 9010A; determination of reactive sulfide is described in 

section 7.3.4 of Annex U; this determination included portions of Method 9030A. 
e Soilltuff samples were taken from every fourth 1oo-yd3 batch of waste that was deposited. 
f Method 9011 was used for digestion of soil for cyanide analysis; Methods 901 OA and 9012A are the laboratory analytical methods used. 
g PETN =pentaerythrilol tetranitrate. Method 8330 (modified) was used for PETN. 
h Method 9310 was used for water samples; soill samples were measured using calibrated field instruments. 
i Duplicates were collected at a frequency of one per 20 soil or tuff samples, and one per 10 water samples. 
j Matrix spike samples were collected at a frequency of one per sample delivery group per matrix, with a maximum of 20 samples per delivery group. 
k Method 6020 was used for total uranium. 

I HASL = Health and Safety Laboratory method 300. 
m NIOSH = National Institute of Occupational Safety and Health Method 7400. 
n PCB = polychlorinated biphenyl. 
o Method 9020 was used for pH. 
p Method 8280 was used for dioxins. 

q Method 314 was used for perchlorate. 
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2.2.18.1 Soils and Debris (MDA P) 

One composite sample was collected from each 100 yd3 lot of waste soil, soil/tuff, and concrete. Each 
composite sample consisted of homogenized grab samples collected from throughout each lot at a mini
mum of 10 locations within each lot. Biased grab samples were collected from waste material that exhib
ited discoloration, elevated moisture content, elevated field screening results, or other evidence of 
potential contamination . The number of samples was also chosen to satisfy storage, disposal, and charac
terization requirements based upon best professional judgment concerning the heterogeneity of the waste 
piles. By employing systematic composite sampling combined with a judgment-based sampling regimen, 
the waste was effectively segregated into, and managed as, unique waste streams. 

Samples were collected according to ER Project standard operating procedures (SOPs) employing dis
crete clean stainless steel sampling equipment (i.e., bowls, scoops, pails, etc.) per sample location and 
sampling event. SOPs used in Phase I and Phase" sampling are listed in Table 2.2-2. Sample material 
was submitted to the Laboratory Sample Management Office and ER-certified external contract laborato
ries for analysis in accordance with EPA SW 846 Methods and the MDA P Closure Plan (LANL 1995, 

. 58713.1). 

Table 2.2-2 


Laboratory ER SOPs Used in the MDA P Area 

Phase I and Phase II Sampling 


SOP 
Identifier Title/Description 

1.01 General Instructions for Field Investigations 

1.02 Sample Container and Preservation 

1.03 Handling, Packaging and shipping of Samples 

1.04 Sample Control and Field Documentation 

1.05 R1 Field Quality Control Samples 

1.06 R2 Management of Environmental Restoration Project Wastes 

1.07 R1 Operational Guidelines for Taking Soil and Water Samples in 
Explosives Areas 

1.08 Field Decontamination of Drilling and Sampling Equipment 

1.10 R1 Waste Characterization 

1.12 RO Field Site Closeout Checklist 

2.01 RO Surface Water Site Assessments 

3.01 Land Surveying Procedures 

6.03 Sampling for Volatile Organics 

6.09 Spade and Scoop f>./Iethod for Collection of Soil Samples 

6.10 Hand Auger and Thin-Wall Tube Sampler 

6.13 R2 Surface Water Sampling 

6.15 R1 Coliwasa Samples for Liquids and Slurries 

6.19 R1 \lVeighted Bottle Samples for Liquids and Slurries in Tanks 

6.24 Sample Collection from Split-Spoon Samplers and Shelby Tube 
Samplers 

6.26 Core Barrel Sampling for Subsurface Earth Materials 

6.28 R1 Chip Sampling of Porous Surfaces 

6.29 Single-Stage Sampling for Surface Water Run-Off 

4.01 Drilling Methods and Drill Site Management 
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Table 2.2-2 (continued) 


Laboratory ER SOPs Used in the MDA P Area 

Phase I and Phase II Sampling 


SOP 
Identifier Title/Description 

4.04 General Borehole Logging 

10.01 R1 Screening for PCBs in Soils 

10.06 High Explosives Spot Test 

10.08 Operation of the Field Portable XRF Instrument 

10.10 Radiation Scoping Surveys 

10.11 Soil Sample Field Screening to meet Radioactive Sample Ship
ping Requirements 

12.02 Transportation, Receipt, and Admittance of Borehole Samples 
for the Sample Management Facility 

15.15 RO Sample Management Office Receiving and Shipping Analytical 
Samples 

Soil lots were analyzed for TCLP metals, VOCs, SVOCs, HE including PETN, radionuclides (isotopic ura
nium, gross alpha beta, and gamma spectroscopy), and asbestos. To satisfy the WAC of reCeiving facili
ties, one in four lots was also analyzed for reactive cyanide, reactive sulfide, organochlorine, pesticides, 
PCBs, dioxins/furans, chlorinated herbicides, and pH. 

Initial lots of steel and concrete debris were sampled in accordance with the rinsate sampling methodology 
described in the MDA P Closure Plan, which proved difficult and unrepresentative. The alternative treat
ment standards for hazardous debris specified in 20 NMAC 4.1, Subpart VIII (40 CFR 268.45) were used 
starting in April 1999. The standard states that debris that undergoes a physical extraction technology, 
such as high pressure steam and water sprays, has met the performance standard if treatment to a clean 
debris surface is obtained. 

Soils were determined to be either hazardous or non-hazardous wastes and EPA Hazardous Waste Num
bers for characteristic wastes were assigned accordingly. The non-hazardous waste soils are referred to 
as industrial wastes; 261 lots were identified as non-hazardous. The majority of the hazardous soil lots 
contained barium at concentrations that exceeded the TCLP limit of 100 mg/L. Eleven lots also contained 
lead, chromium, and 2,4-dinitrotoluene. Additionally, 7 lots contained DU at levels authorized by DOE to be 
within the limits of the operating permit of the receiving facility. 

All concrete debris lots were determined to be industrial wastes or recyclable materials. 

Most metallic scrap debris was determined to be nonhazardous and non-radioactive based on HE spot 
tests and radiological screening. Prior to May 2000, all metallic scrap debris was determined to be eligible 
for recycling. After that date, all metallic scrap debris was determined to be ineligible for recycling based on 
a DOE moratorium on such materials from an RCA. 

Samples of the mass of metallic lead were not submitted for bulk analYSis. Surface smears were collected 
and proved negative for removable surface contamination. However, because lead is a natural shielding 
mate'rial and could have been masking radioactive materials embedded in the interior of the mass, the lead 
mass was classified as mixed waste. 
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2.2.18.2 Containers of Unknown Content (MDA P) 

Containers of unknown content were sampled individually. Sealed containers were opened using a 
remote-control device within the MDA P area of contamination. The containers were then transferred to 
TA-59 for analysis. Solids and liquids were subjected to HAZCAT analysis for assignment. Fifty-five con
tainers were additionally submitted to an analytical laboratory for analysis because the contents could not 
be identified using the HAZCAT method. 

Results of the HAZCAT or laboratory analyses were used to assign the contents of each container to one 
of the following categories: non-hazardous solids, ignitable liquids, aqueous solutions, or organic acids. 
Two hundred containers were empty and were determined to be scrap or solid waste. Three hydraulic 
accumulators were drained of their oil and the cylinders determined to be scrap metal. Ninety-five metallic 
items were determined to be potential resource materials. 

Six items were determined to be too dangerous to handle or to sample appropriately. Five items were man
aged by the Laboratory Emergency Management and Response group and were destroyed with explosive 
charges in the area of contamination ; one item was destroyed with explosive charges at TA-49. The debris 
was determined to be scrap metal. 

2.2.18.3 HE and HE-Contaminated Debris (MDA P) 

HE was not sampled for laboratory analyses, but was identified as HE from its physical properties by 
trained explosive ordnance disposal personnel. A field test kit for HE was utilized for the rapid identification 
of unusual species of HE found in the excavated materials. Debris materials, consisting of wood or metallic 
debris that appeared to be visually contaminated with HE, were also sampled with the field test kit. Once 
the general physical properties were confirmed, visual identification of suspect HE materials was the sole 
method of identification. 

Ash generated from the burning of HE and HE-contaminated debris was containerized and submitted to 
SWRC Group for characterization. Representative samples were collected and submitted to an analytical 
laboratory for TCLP metals analysis. The ash was determined to be characteristic hazardous waste. 

2.2.18.4 Barium Nitrate (MDA P) 

Pieces of barium nitrate were segregated during the sorting process and were identified by physical 
inspection. One representative sample of the barium nitrate found at the site was collected and submitted 
for laboratory analysis. Pieces of barium nitrate were determined to be characteristic hazardous waste. 

2.2.18.5 Radioactive Materials (MDA P) 

One 55-gal. drum of mixed pieces of radioactive materials and soil was created by the sorting process. The 
radioactive materials were crumbly and could not be segregated. A representative sample of this material · 
was collected and analyzed for its radiological characteristics. The soil portion was known to contain ele
vated barium concentrations, so it was not sampled. A representative analysis from an associated soil was 
used to characterize the hazardous waste portion of the drummed material. The contents of the 55-gal. 
drum were determined to be mixed waste containing characteristic hazardous waste (barium contaminated 
soils) and DU. 

2.2.18.6 Asbestos-Containing Material (MDA P) 

ACM removed during the excavation was identified by an AHERA-certified asbestos inspector in accor
dance with the approved MDA P Closure Plan (LANL 1995, 58713.1). All ACM was inspected for radioac
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tivity by direct-reading field instruments to ensure that no radioactive materials were containerized with 
ACM. All ACM was determined to be free of hazardous and radioactive materials by a surface inspection. 
The bag filters used for filtering decontamination water were managed as ACM due to the potential for 
ACM fiber content in the water. 

2.2.18.7 Wastewater (All SWMUs) 

Wastewaters were generated as storm, decontamination, and rinsate waters and were collected in tanks 
(see sections 2.2.2 and 2.17.8). Rinse water samples (for information purposes only) were collected from 
each tank after they had served their purpose, had undergone thorough cleaning, and had been rinsed 
clean. 

All water samples were submitted and analyzed for TCLP metals, YOCs, SYOCs, total cyanide, HE includ
ing PETN, radionuclides (total uranium, radium-226, radium-228, gamma spectroscopy, gross alpha/beta), 
nitrates, sulfates, total dissolved solids, polyaromatic hydrocarbons (total naphthalene, monoethylnaphtha
lenes, benzo-a-pyrene), asbestos, organochlorine pesticides, PCBs, dioxins/furans, chlorinated herbi
cides, and pH. Analysis for perchlorate in rinsate and decontamination water samples was added to the 
analytical suite in 2001. 

Results of water sample analyses were compared to the surface water standards in 20 NMAC 6.1 (live
stock Watering and Wildlife Habitat) and the acceptance criteria of the HEWTF at TA-16 to determine 
whether stormwater and decontamination water could be reapplied as dust control. Some wastewaters 
passed the screen for reapplication, and others were classified as HE-contaminated water. 

2.2.18.8 PPE (All SWMUs) 

PPE consisted primarily of coveralls, gloves, booties, tape, and other miscellaneous supplies. Barium and 
HE were the primary suspect contaminants of PPE. PPE was not sampled directly, but was managed to 
minimize contamination and waste volume. PPE was characterized for hazardous constituents using the 
analytical results of the associated soil and debris samples, as appropriate. PPE that was not visibly soiled 
was managed as non-hazardous. Most PPE associated with the excavation and sorting activities was 
determined to be a non-hazardous waste. All PPE associated with handling radioactive materials were 
containerized at the end of each day with the materials involved. PPE utilized for the sealing of the hazard
ous waste soils in the tractor-trailers was included in the waste packages at the end of each day. PPE 
materials were not tracked or managed separately. 

2.2.18.9 Acetone (All SWMUs) 

Acetone was generated during the use of the HE field test kits. Acetone was used as a.solvent in the anal
ysis process. The acetone waste was not sampled, but was characterized by process knowledge as an F
listed, hazardous waste. 

2.2.18.10 387 Flash Pad Waste 

The soils and concrete lots from the 387 Flash Pad excavation were sampled in accordance with the clo
sure plan. A summary of the waste characterization samples collected from materials excavated from the 
387 Flash Pad is provided in section 1-2.0 of Appendix I to Annex II. The concrete was additionally sur
veyed for radiological and HE contamination after decontamination. No surface or bulk contamination was 
found in the concrete debris. All soils were determined to be hazardous waste. All concrete debris and the 
4-in. YCP were determined to be industrial waste. 
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2.2.18.11 SWMU 16-016(c)-99 Waste 

Soils generated from excavation of SWMU 16-016(c)-99 were subjected to the same sampling regime as 
the soils generated during the MDA P and 387 Flash Pad closure . Soils from SWMU 16-016(c)-99 were 
incorporated into those generated from the MDA P activities and were not sampled independently. No 
sampling was conducted on the debris other than tests for residual levels of HE and barium. The contents 
of the septic tank, including soils at the tank inlet and outlet, were sampled at the time of the tank removal. 
The sample results are included in section 0-2.0 of Annex II. The 4-in.-diameter VCP and tank remnants 
were disposed of as industrial wastes. Remnants of the metal tank were recycled. 

2.2.19 Waste Disposition 

Wastes streams generated during the MDA P Area Phase I activities were assigned one or more WPF 
numbers, and each container assigned one or more tracking numbers. Only natural rock was not consid
ered a waste and did not receive a WPF number. The disposal documentation records for all waste 
streams are filed by WPF number in the RRES-R Program RPF, located at 1900 Diamond Drive, Los Ala
mos, New Mexico, and provided electronically with Annex II. Each WPF includes a description of the waste 
and all pertinent characterization information, including analytical data. Upon approval of a WPF, the WMC 
compiled and submitted a CWDR to the Laboratory's FWO for assignment of container and manifest track
ing numbers. All containers received a unique container number. Shipping documents were compiled and 
the transportation and disposal scheduled upon receipt of the container and manifest tracking numbers 
from FWO. 

Documentation of the records related to waste disposition are available in the RPF. The following sections 
in Appendix G to Annex II provide summary tables of the lots, shipments dates, and documentation 
records for each shipment: 

G-1.0, Hazardous Soil Shipments to WCS, Andrews, Texas 

G-2.0, Industrial Soil Shipments to Rio Rancho, New Mexico 

G-3.0, Industrial Soil Shipments to Area J of Los Alamos National Laboratory 

G-4.0, Metal Debris Shipments to Recycle 

G-S.O, Metal Debris Shipments to Rio Rancho, New Mexico 

G-6.0, Concrete Debris Shipments to Recycle 

G-7.0, Concrete Debris Shipments to Rio Rancho, New Mexico 

G-8.0, Concrete "Soil" 0.e., crushed) Shipments to Area J of Los Alamos National Laboratory 

G-9.0, Disposition of Water Generated at MDA P 

G-10.0, Shipments of Miscellaneous Wastes 

G-11.0, Disposition of Containers of Unknown Contents 

2.2.19.1 Hazardous Soils 

Soils determined to be hazardous wastes were shipped directly from the staging area within the area of 
contamination to the receiving facility in Andrews, Texas, operated by WCS (Photograph 2.2-8). Shipments 
occurred in 20 yd3 end-dump tractor-trailer trucks in accordance with applicable US Department of Trans
portation (DOT) and New Mexico hazardous waste management regulations. 
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Photograph 2.2-8. Soil loading at the area of contamination, 2000 

Each truck was originally loaded to its approximately maximum legal weight to minimize costs. In the 
beginning of the shipping campaign, each truck was weighed, but the accuracy and temperature variations 
of the portables scales suggested the results were flawed. The hazardous soils were weighed for treat
ment and billing records at the receiving permitted facility. The net weights of the soils were recorded in 
tons to 2 decimal places. Each truck was loaded with approximately 18 yd3 of soil. The volume of hazard
ous waste soils was calculated by taking the total weight of soils, in tons as received at the facility, and 
dividing the result by an estimated, average bulk density of 1.2 tons/yd3 . 

2.2.19.2 Industrial Soils 

Soils determined to be industrial wastes were shipped directly from the staging areas at either the 90s Line 
or the area of contamination to the receiving facility in Rio Rancho, I\IM operated by Waste Management 
Inc., or to Laboratory Area J at TA-S4. Shipments occurred in 20 yd3 end-dump tractor-trailer trucks in 
accordance with applicable DOT and New Mexico solid waste management regulations . Each truck was 
loaded with approximately 18 yd3 of soil. The volume of industrial soils was estimated in accordance with 
the density factors determined from the hazardous soils, as described above. 

2.2.19.3 Debris 

Debris disposal included concrete and metallic debris; some lots were submitted for recycling. The majority 
of metallic debris was recycled at a facility in Espanola, NM operated by Gallegos Recycling, Inc. Twenty
one lots of metal debris were submitted for recycling prior to a DOE-imposed moratorium on recycling of 
metal debris from al/ RCA in June 2000. Because the MDA P exclusion zone included an RCA, all metal 
debris was prohibited from recycling after this date. One lot of miscellaneous metal debris was disposed of 
as industrial waste at the facility in Rio Rancho, operated by Waste Management, Inc. Because recycling is 
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not considered waste disposal, container numbers were not assigned to shipments of metallic debris to 
recycle. Container numbers were assigned to shipments sent to Rio Rancho, NM. 

Concrete debris was either recycled or disposed of as industrial wastes, the majority of concrete debris 
being the latter. Recycling requirements for concrete included no rebar due to the difficulty of separation 
during crushing. Separation of rebar from concrete debris was not feasible for the entire volume generated, 
as it was labor- and equipment-intensive. Shipments occurred directly from the staging areas at the 90s 
Line in 20-yd3 end-dump tractor-trailer trucks in accordance with applicable DOT regulations. Concrete 
suitable for recycle was submitted to a Santa Fe facility operated by Lafarge, Inc. Concrete debris deter
mined to be industrial wastes were shipped directly from the staging areas at either the 90s Line or the 
area of contamination to the receiving facility in Rio Rancho, operated by Waste Management, Inc., or to 
Area J at TA-54 of Los Alamos National Laboratory. 

The large mass of lead that was removed from the landfill weighed more than two tons. The lead mass was 
managed as a mixed waste. It was cut into manageable pieces with the excavator and drummed and sub
mitted to the Laboratory FWO for storage and transport to an authorized facility. 

Several metallic items of historic interest were staged within the area of contamination and later provided 
to Engineering and Sciences Applications (ESA) for management. 

2.2.19.4 Decontamination Water 

Decontamination water was disposed by either reapplication as dust control or was submitted for treatment 
to the TA-16 HEWTF at the burning ground. Six lots of decontamination water were re-applied as dust con
trol. Six lots were submitted for treatment at the HEWTF. All lots of decontamination water were filtered 
through a set of 50-,20-, and 5-micron Rosedale® bag filters to remove any asbestos fibers. 

2.2.19.5 Stormwater 

Three lots of stormwater were disposed by re-use as a dust control agent during excavation of MDA P. The 
water was filtered through a set of graded filters to a 5-micron finish filter during pumping to the holding 
tank. 

2.2.19.6 HE and Related Materials 

HE and HE-contaminated materials, including some soil and debris, were declared RCRA reactive waste 
(EPA Hazardous Waste Number 0003) and were placed either in the less-than-90-day accumulation area 
until treatment was arranged. or were treated immediately at the open burn unit at the burning ground. Ash 
generated by the treatment was placed in the less-than-90-day accumUlation area as 0005 characteristic 
waste until it was transported for storage at LANL's permitted storage facility. The ash waste from treat
ment was ultimately disposed of at the WCS permitted facility. Small quantities of soil contain HE were also 
treated and later disposed of at WCS. 

2.2.19.7 Barium Nitrate 

Barium nitrate was disposed at an off-site facility through the Laboratory FWO. 
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2.2.19.8 Radioactive Materials 

Low-level radioactive wastes were disposed of through the on-site facility at the Laboratory FWO. The 
mixed waste items were disposed at an off-site facility through the Laboratory FWO. 

2.2.19.9 Containers of Unknown Content 

Containers and vessels of unknown content were initially staged within the area of contamination until they 
were safely opened by the Laboratory-EMR hazardous response team in accordance with the SSHASP. 
After being opened by EMR, the containers were transported as samples for HAZCAT analysis at TA-59. 
Based on the results of the HAZCAT analysis, the containers were categorized and profiled as follows or 
were sent for further analysis: nonhazardous solid waste, nonhazardous aqueous liquids, nonhazardous 
organic liquids, ignitable liquids (Hazardous Waste Number 0001), organic acids (Hazardous Waste Num
ber 0002), lead-containing compounds (Hazardous Waste Number 0008), silver-containing compounds 
(Hazardous Waste Number 0011), or barium-containing compounds (Hazardous Waste Number 0005). 
The samples were then segregated and stored in a satellite accumulation area until transported to the Lab
oratory FWO permitted hazardous waste storage facility. Empty containers were considered solid waste 
and disposed of as such. Fifty-five containers with contents that could not be identified using the HAZCAT 
method were sent for laboratory analysis. Containers submitted to analytical laboratories were not returned 
due because the entire contents of the containers were utilized in the analysis process. 

2.2.19.10 ACM 

The bulk of the ACM were manifested and disposed of by direct shipment from MOA P to a licensed 
asbestos landfill in Mountainaire, NM operated by Keers Inc., of Albuquerque. Three shipments of bulk 
waste materials were shipped directly from MOA P to the Mountainaire facility and one shipment of 
drummed materials was submitted to the Laboratory FWO for disposal. 

2.2.19.11 PPE 

PPE was disposed of as radioactively contaminated materials, hazardous wastes, or nonhazardous solid 
wastes. All PPE associated with handling radioactive materials was put in containers at the end of each 
day with the materials involved. PPE used for sealing hazardous waste soils in the tractor-trailers was 
induded in the waste packages at the end of each day. This was not tracked or managed separately. PPE 
from daily excavation and sorting activities was segregated and managed as municipal trash and placed in 
the TA-16 Burning Ground dumpster for disposal at the Los Alamos County landfill as solid waste. 

2.2.19.12 Acetone 

Acetone was disposed of as an F-listed hazardous waste at an off-site facility through the Laboratory 
FWO. 

2.2.19.13 Miscellaneous Wastes 

Miscellaneous wastes include empty aerosol cans, laboratory trash generated by the ROX and TNT test
ing, and small amounts of soil contaminated with transmission oil from a broken hydraulic line. These 
materials were submitted to the Laboratory FWO for disposition. 
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2.2.20 Phase I Variances 

All of the operational variances and deviations associated with the Phase I closure implementation activi
ties for the MDA P were identified previously in a number of letters and/or Class I Closure Modification 
requests (see Table 2.4-1). Of particular importance is that all of the Phase I changes to the approved clo
sure plan for MDA P were incorporated into the NMED-approved May 2002 Request for Closure Plan Mod
ification (LANL 2002, 73159). Thus, in strict interpretation of this, all changes to the Phase I activities are 
no longer represented as deviations or variances. according to the definition of such changes in the MDA 
P closure plan (LANL 1995. 58713.1). Approved changes are divided into the following four categories: 
changes to the schedule; changes to the estimates of waste types and/or volumes; changes to the sam
pling plan; and changes to waste management practices. including decontamination. staging, and/or dis
posal. 

With the exception of MDA P closure plan changes that may have also impacted the closure implementa
tion of the 387 Flash Pad due to the overlap in closure activities, no additional changes were identified for 
the 387 Flash Pad closure implementation. 

2.3 Phase II Focused Investigations and Confirmation Sampling 

2.3.1 Introduction 

The Phase II activities conducted at the MDA P Area had three major components: exploratory drilling to 
investigate the subsurface geophysical and geochemical regime of the bedrock; fracture survey and map
ping to define the characteristics of the bedrock fractures at the site; and the final confirmation sampling 
and analysis. Each ofthese components of Phase II are detailed in this section. 

2.3.2 Exploratory Drilling 

A total of six exploratory boreholes were drilled at the MDA P Area in August 2001. The objectives of the 
drilling were to provide: 

• 	 Continuous core for sample material to investigate the potential for residual contamination in 
the bedrock; 

• 	 Continuous core for lithologic and fracture descriptions of the bedrock beneath the MDA P 
Area; 

• 	 Open boreholes for geophysical measurements; and 

Open boreholes to measure water levels. 

The investigation of residual contamination at depth was accomplished with the drilling of four boreholes in 
grid cells 516, 526, 554, and 557 (Plate 3). The original commitment was to drill four boreholes to approxi
mately 30 ft in grid cells that were determined to have the highest potential for residual contamination at 
depth. Subsequent discussions with Laboratory and NMED personnel (LANL 2001, 70272) identified two 
boreholes to be drilled to a target depth of 10ft below the level of the Calion de Valle stream in locations 
where local drainage may have concentrated contaminants (grid cells 526 and 557). An error in the eleva
tional survey, however, resulted in those two boreholes not reaching the target depth. Rather, the final 
depths of boreholes 526 and 557 were approximately 60 and 70 ft. respectively, approximately the level of 
the Calion de Valle stream elevation. The other two boreholes were drilled in grid cells 516 and 554 to 
approximate depths of 32 and 96 ft, respectively. Although boreholes 526 and 557 did not reach their tar
get depths, the four boreholes as a group met the objectives of defining the vertical extent of residual con
tamination, as discussed in section 3.2.4. 
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Boreholes 516 and 554 were drilled in the western portion of the MDA P Area footprint upon discovery of 
increased fracture density in that area, and served to characterize both the extent of contamination at 
depth and to investigate typical bedrock fracturing of the MDA P Area. Specifically, borehole 516 was 
drilled to examine the potential for successful coring within the fracture zone and borehole 554 was located 
adjacent to a potential fault of the fractured zone. 

Two additional boreholes were placed to investigate the bedrock fracture regime outside of the MDA P 
footprint. These boreholes, located in grid cells 257 and 273, were drilled to approximately 159 and 146 ft 
below the surface, respectively. The two locations were chosen to represent areas with the lowest potential 
for residual contamination at depth, to provide further evidence of whether there was contamination at 
depth below the MDA P Area. 

All boreholes were dry, with no water observed during or after drilling. All were abandoned in October 2001 
by filling with grout. 

2.3.2.1 Drilling Methods and Core Collection 

All boreholes were drilled with a trailer·mounted diamond·coring rig, using an NQ·sized coring bit and rods 
to drill 4-in . .diameter boreholes and recover 2.5-in.·diameter core. The rig was fitted with a compressed air 
system to facilitate cuttings removal. The system included a small water pump to introduce intermittent 
water sprays to reduce dust. An alcohol-based drilling foam was used in some boreholes to facilitate core 
recovery. 

Continuous core was not recovered from all boreholes to the total depths drilled. Boreholes 257 and 273 
yielded no core recovery below approximately 144 and 120 ft, respectively, though drilling in these bore
holes continued to the target depth of approximately 170 ft. It is .likely that the non-welded and unconsoli
dated nature of the rocks in these boreholes contributed to poor recovery. 

As core was retrieved from each borehole, it was boxed and labeled with the borehole number and depth 
of sample. Lithologic logs were created for each borehole to document depth, lithologic characteristics 
(estimates of pumice, lithic and crystal contents, crystal sizes and degree of welding), and natural and 
induced fracture characteristics (section A-2.0 of Annex III). A borehole summary log was compiled for 
each borehole (section A-1.0 of Annex III). A summary of the borehole lithology determined for each bore
hole is shown in Figure 2.3-1. 
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2.3.2.2 Field-Screening and Sampling 

Boxed cores were moved to an on-site storage facility for further investigation. Each core was visually 
examined for evidence of fractures and for obvious staining that might indicate residual contamination. 
Cores were screened for metals using a field XRF instrument and for radiological contaminants with a 
gross beta-gamma counter. Elevated concentrations of barium identified in shallow fractures were marked 
for laboratory analysis . The radiological readings indicated the cores could be released for general use . All 
field investigation data were recorded in logbooks. The logbooks and radiological release forms are 
included in Appendix A to Annex II. 

2.3.3 Geophysical Logging and Geochemistry Measurements 

Borehole geophysical information was collected to provide measurements of the physical properties of the 
rocks and the fluids within them. Interpretation of geophysical data can be used to identify characteristics 
of flow in fractured bedrock, including alteration of the rocks as a result of those flows . At the MDA P Area, 
the objectives of the geophysical investigation were to identify characteristics of the fracture flow system, 
including specific zones of moisture and magnitude of flow associated with fractures and rubble zones 
observed in cores. Table 2.3-1 lists the geochemical analyses and the geophysical logging that was per
formed for each borehole. The results are summarized in this section. Annex III provides the complete 
record of field boring logs (Appendix A, section A-1 .0), lithologic field logs (Appendix A, section A-2.0) , and 
summary plots of borehole geophysics (Appendix C). 

Table 2.3-1 


Summary of Geophysical Logging and Geochemical Analysis 

Performed for Each MDA P Area Borehole 


Borehole 
No. 257 

Borehole 
No. 273 

Borehole 
No. 516a 

Borehole 
No. 526 

Borehole 
No. 554 

Borehole 
No. 557 

Final depth of borehole (fI)o 158.7 145.8 32.0 59.4 96.5 69.5 

Geophysical Log Type 

Natural gamma x · x _c x x x 

Caliper x x - x X x 

Electromagnetic conductivity x x - x x x 

Neutron x x - x - x 

Heat pulse flowmeter x x - x x -
Optical televiewer x x - x x x 

Geochemical Analysis 

Anionsd - x - x x -
Cationse - x - x x -

. . 
a Borehole 516 was drilled to mvestlgate the viability of drilling In a fracture zone ; no geophyslcalloggmg or geochemical 


analyses were performed in this borehole . . 


b Final depth reflects depth of borehole which remained open for geophysical logging. 

c _ = Analysis not performed. 


d Anion suite includes bromide, chloride, fluoride, nitrate, nitrite, oxalate, phosphate, and sulfate . 


e Cation suite includes barium, calcium, magnesium, potassium, and sodium. 


Geochemistry analytical data were used to investigate whether borehole geochemistry (in particular, the 
presence of anions and cations) could be used to help interpret the geophysical results . The anion and cat
ion profiles of the boreholes are also summarized in this section. 
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2.3.3.1 Natural Gamma Measurements 

Natural gamma measurements used to determine naturally occurring radiation in minerals were made in 
dry, open boreholes using a Mount Sopris Instruments HLP-2375/5 Stratigraphic Gamma Probe, Serial No. 
2022. Instrument calibration was performed prior to each measurement, with a source of known radioactiv
ity. The natural gamma log is a continuous record of the natural radioactivity of the nearest 10 to 12 in. of 
borehole wall, which emanates from naturally occurring uranium, thorium, and potassium in the minerals of 
the formation. These gamma logs provide a measurement (recorded in counts per second) that is propor
tional to the concentrations of the naturally occurring radionuclides in the Bandelier Tuff. Units 3 and 4 of 
the Tshirege Member of the Bandelier Tuff contain higher-than-average concentrations of uranium and tho
rium, with some differences between the units. Potassium-40 occurs with all potassium-bearing minerals, 
including the potassium feldspar sanidine in the Bandelier Tuff. 

The natural gamma data collected in the boreholes provided the following information: 

Little to no changes in gamma activity from Unit 3 to 3T occur in any of the boreholes; and 

Relatively large variations in activity occur between Units 41 and 3T in boreholes 257 and 273. 
Increases in gamma activity at the 44-45 and 54-55 ft intervals correlate with lithologic 
changes from Unit 41 to 3T, and are interpreted to be changes in density from Unit 3T welding, 
not to residual radioactive contamination at depth. 

2.3.3.2 Caliper Measurements 

Caliper measurements used to determine borehole diameter were made in each dry, open borehole using 
a Mount Sopris Instruments CLP-2380 3-Aim Caliper Probe, Serial No. 2065, after the instrument was cal
ibrated in the shop using rings of known diameter. The caliper log is a continuous record of the average 
borehole diameter and can identify intervals where rough borehole walls or washouts could introduce large 
errors into measurements where log response is affected by borehole size. 

The caliper data collected in the boreholes provided the following information: 

Open borehole diameters ranged from 4 to over 8 in.; 

Borehole diameters in the nonwelded Unit 41 in 257 and 273 are generally larger than the 
welded tuffs and taper to the contact with Unit 3T. This enlargement is likely caused by drill 
steel whip in the softer formations; and 

Local enlargement of borehole diameters is apparent near fracture and rubble zones. The 
maximum diameters in boreholes 526, 554, and 557 in Unit 3 are associated with fractures at 
the 35-40 ft interval, and in boreholes 257 and 273 the diameters increase to more than 8 in. 
at 153 and 139 ft, respectively. The increased diameters of the latter two boreholes are attrib
uted to lithology (nonwelded tuff and interbedded pyroclastic surge deposits), rather than 
structural features. 

2.3.3.3 Electromagnetic Conductivity Measurements 

Electromagnetic (EM) conductivity is measured by a tool that records the conductivity of rocks by inducing 
a current flow. Instrument calibration was performed with a source of known conductivity. Induction mea
surements were made in dry, open boreholes using a Mount Sopris Instruments EMP-2493/EM-39 Induc
tion Conductivity Probe, Serial No. 2033. The depth of induction into the wall of the borehole is typically 
40 in. , with negligible borehole effects for boreholes with diameters less than 9 in. The EM log is a continu
ous record of the conductivity of the formation. 
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The EM conductivity data collected in the boreholes provided the following information: 

A high conductivity zone approximately 20 ft thick occurs in all boreholes somewhere within 
the 25- to 55-ft depth interval; 

Smaller, local zones of high conductivity also occur at shallower depths in boreholes 554 and 
557 and at deeper depths in boreholes 257, 273, and 554; and 

The conductivity changes are typically associated with changes in lithology from partially 
welded to welded tuff. · 

2.3.3.4 Neutron Log Measurements 

Neutron logs provide a continuous record of the reaction of the surrounding formation to bombardment by 
fast neutrons. Because hydrogen nuclei absorb and attenuate fast neutrons, this log is used principally as 
a measure of the water content of the formation. Thus, lower neutron counts correlate to higher water con
tent. Neutron log measurements were performed in boreholes 257,273,526, and 557, using a Mount 
Sopris Instruments LLP-2676 Neutron Logging Probe, Serial No. 2955. 

Neutron counts were generally higher in all boreholes near known fractures, rubble, and zones where core 
recovery was poor. While this may indicate areas of formation drying, neutron count data was not repro
ducible and is considered unreliable. The extreme, dry conditions of the boreholes were beyond the toler
ance limits of the measurement instrumentation; thus, definitive conclusions of moisture at depth cannot · 
be made based on the neutron logs. 

2.3.3.5 Heat-Pulse Flowmeter Measurements 

A heat-pulse flowmeter (HPF) log is a non-continuous record of vertical fluid movement within a borehole, 
which measures the flow properties of the boreholes and the fractures that intercept them. All HPF mea
surements were made in boreholes that were filled with water in order to induce fluid flow, using a Mount 
Sopris Instruments HP F-4293 Heat-Pulse Flowmeter Probe, Serial No. 2656. Instrument calibration is per
formed only after repairs to the probe and consists of calibration against known flow rates within a flow 
chamber. Boreholes 257, 273, 526, and 554 were measured with the HPF. Measurement intervals were 

. selected based on the observed fractures in the cores and flow at each interval and measurements were 
repeated until 2 or 3 measurements agreed within given tolerances. Flow rate was then averaged for each 
interval. 

The HPF data collected in the boreholes provided the following information: 

All flow directions measured were downward. 

Boreholes 257 and 273 could not be filled with water using the maximum output of the water 
truck; inlet flow was estimated to be approximately 10 gal.lmin, with no evidence that the bore
holes were filling. Flows greater than 10 gal.lmin were measured at the 7325 to 7330 ft eleva
tion interval, indicative of stratigraphic influences. 

Flow rates decreased with depth in boreholes 526 and 554, with flows in 526 decreasing more 
rapidly with depth than flows in 554. The flow measurements are consistent with observations 
of surface fractures that indicate an increase in fracture density and aperture from east to west 
across the MDA P Area footprint. The flow data indicate that the larger, more frequent frac
tures in the western area are capable of transmitting larger volumes of water to greater depths 
under saturated conditions. However, under the prevailing, natural unsaturated conditions, 
fractures with larger apertures or more densely fractured areas have higher air permeability, 
enhancing air movement and evaporation, not saturated flow. 
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2.3.3.6 Optical Televiewer Measurements 

Fracture orientations were measured using Optical Televiewer, and Advances Logic Technologies OBI-40 
Optical Televiewer Probe, Serial No. 2710. The optical televiewer measures both dip angle and direction of 
bedding and joint planes, as described fully in Annex III. The results of the optical televiewer were used to 
elucidate the subsurface fracture regime at the MDA P Area; the results of this investigation are provided in 
section 2.3.4 (Fracture Survey and Mapping). 

2.3.3.7 Borehole Geochemistry 

Samples were collected from boreholes 273,526, and 554 and analyzed for cations (sodium, magnesium, 
potassium, calcium, and barium) and anions (bromide, oxalate, chloride, fluoride, nitrite, nitrate, phos
phate, and sulfate) to investigate whether variations in the observed EM conductivity could be attributed to 
concentrations of ions through weathering or depositional processes. Core material samples were col
lected systematically along the length of each core, with biased sampling from selected fracture zones and 
subjected to drying, crushing and extraction with water. The resulting leachate was filtered and analyzed at 
a geochemistry laboratory at the Laboratory's EES-6 Group. The number of samples collected from bore
holes 273,526, and 554 were 19, 12, and 14, respectively. The borehole sampling and analysis is detailed 
in Annex III. 

Boreholes 526 and 554 exhibit similar distribution pattems for all anions, with the most significant trend 
being maximum anion concentrations at approximately 38 ft below the surface. Borehole 273 had chloride 
concentrations an order of magnitude higher than the other two boreholes at 62 ft below surface. This 
result was mirrored in the cation analysis, which showed cations generally decreasing with depth and max
imizing at 62 and 80 ft. With the exception of barium in borehole 526, all cation concentrations had similar 
patterns with depth. 

Because barium and nitrate are potential vadose zone contaminants at the MDA P Area, an additional 
investigation was conducted to estimate the potential impact of barium and nitrate in the MDA P subsur
face. Barium nitrate (Ba[N03h) is highly soluble, thus any significant flow of liquid water will dissociate the 
barium and nitrate, and the percolating water will cause relocation of the barium and nitrate to deeper parts 
of the vadose zone. When barium nitrate dissolves, the barium species in solution is dominantly Ba+2 , 

which tends to adsorb or form precipitates such as barium carbonate or barium sulfate (LANL 1998, 
59730). Conversely, the two nitrate molecules released when barium nitrate dissolves are highly mobile 

. anions (N03-). 

The barium profiles for boreholes 273 and 526 show little indication of deep transport of barium. Nearly all 
values are less than 1 mg/kg and these values are likely controlled by the concentrations of naturally 
occurring barium in the tuff. The 0.3-ft sample from borehole 526 does have a concentration that indicates 
some barium contamination . However, barium concentrations decrease below 2 ft to levels below tuff 
background, indicating minimal downward transport. Figure 2.3-2 shows the barium concentrations, with 
depth for all confirmation samples; sitewide concentrations below approximately 4 ft are near or below tuff 
background concentrations (LANL 1998, 59730). 

2.3.4 Fracture Survey and Mapping 

The objectives of the fracture characterization were to define the vertical and lateral variations in the fre
quency and distribution of fractures as they affect the potential to transmit water in the bedrock. The frac
tures were investigated by surface mapping, investigation of borehole cores, and in situ observations of 
fractures within the boreholes. The surface fractures are shown on Plate 3. 
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2.3.4.1 Surface Fracture Characterization 

Fracture mapping was conducted in August 2001. Eight traverse lines were established along the MDA P 
Area grid center markers: two east-west traverse lines on the gently sloping surface of non-welded Unit 41; 
three east-west traverse lines in Units 3 and 3T; and three north-south traverse lines orthogonal to the oth
ers. Grid center markers were used for location control of all traverse lines. Compressed air was used 
locally to clean the fracture exposures, although the thick veneer deposits on the steep, northern slope 
precluded this method for the three traverse lines in Units 3 and 3T. 

I n summary, the statistical analysis of the preferred directions, apertures, and fracture densities indicate 
that the fracture set, as a whole, has a statistically significant north-northwest preferred orientation of 
N15W±26°. Fracture dip angles vary from sub-horizontal to steep. Plate 3 provides a schematic represen
tation of the measured fractures. 

Fracture density and aperture size increase across the MDA P Area from east to west. Fracture density is 
greater in Units 3 and 3T than in Unit 41, and ranges from 20 to 40 fractures per 100 ft . Fracture apertures 
in Units 3 and 3T are as wide as 11 cm (in the west) . In Unit 41, apertures are generally 1 to 2 mm wide, 
though widths of approximately 50 mm were observed . The wider apertures in the west indicate post-cool
ing extension resulted in the opening of pre-existing fractures. Although no major faults are associated with 
the fracture zone, a small graben on the north side of Caflon de Valle appears to align with the zone of high 
aperture width and high fracture density. A minor fault, the presence of the graben, and elevated fracture 
density and enlarged apertures in Units 3 and 3T are attributed to deeper seated normal faulting in the 
western portion of the site. The fracture results indicate that differences also exist in hydraulic properties 
(and thus, the potential to transport water) from one side of the MDA P Area to the other. 

2.3.4.2 Fracture Characterization of Borehole Cores 

The six boreholes provided cores for the recording of fracture occurrence with depth. Cores were exam
ined using hand-specimen investigation methods for the presence and nature of natural fractures: fre
quency, dip, length, rubble zones, staining , and fracture-filling materials. The logging forms in section A-1.0 
of Appendix A to Annex III provide information on the borehole investigation. 

Natural fractures and rubble zones were observed in all borehole cores. These are commonly associated 
with welded units, although both are present in the partially welded Unit 41 and the upper, partially welded 
portion of Unit 3. Many fractures are high-angle, but subhorizontal fractures are commonplace in the upper 
portions of boreholes, likely due to weathering and unloading. 

Fracture coatings consist largely of clays and black manganese oxides. Bright colors of the clays may indi
cate that they were translocated from the surface. Clays tend to be darker, thicker, and more common 
towards the west of the MDA P Area than in the east. An apparent increase in clay thickness to the west 
may be attributable to sampling bias, as there are more, and deeper, boreholes in the west area, but the 
larger apertures on the west would allow transport of clay as suspended or colloidal particles, whereas the 
smaller apertures to the east would inhibit such transport. 

Fractures in the west area capable of conducting the largest volumes of water as measured with the HPF, 
however, appear to have weak clay and manganese oxide accumulations. This indicates that fractures 
with the greatest capacity to transmit water may be the youngest and may be due to tectonic opening or re
activation. 
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2.3.4.3 Fracture Characterization in Boreholes 

Orientations of fractures within the boreholes were measured using an Optical Televiewer, an Advances 
Logic Technologies OBI-40 Optical Televiewer Probe, Serial No. 2710. Optical borehole imaging indicates 
that the subsurface orientations of fractures in Units 3T and 41 are largely unchanged or shifted slightly 
eastward relative to surface measurements. The majority of the fractures measured in the boreholes were 
in Unit 3 due to its stratigraphic thickness. The subsurface fractures from Unit 3 are shifted slightly west
ward relative to the surface measurements, though this does not affect the overall results of the surface or 
subsurface fracture mapping. 

2.3.4.4 Summary of Geophysical and Geochemical Results 

Correlations of the lithological observations, fractures, geophysical logs, and geochemical data are sum
marized here for the two regions of the MDA P Area that have distinct fracture-related differences: the 
eastern region, as characterized by borehole 526 and the western region, as characterized by borehole 
554. Also summarized is borehole 273, which represents the characteristics of the fracture regime beneath 
the 387 Flash Pad at the watershed divide. The results are then interpreted within the context of subsur
face transport processes. 

2.3.4.4.1 Eastern Footprint-Data Summary 

Borehole 526 represents the characteristics of the fracture regime beneath the eastern portion of the 

MDA P Area. Figure 2.3-3 shows the combined geophysical and geochemical results for borehole 526. 

Borehole 526 was drilled to a depth of 59.4 ft (approximately the level of the Calion de Valle stream eleva

tion) from a beginning surface elevation of 7420 ft above msl. The borehole was dry during and after drill

ing. The stratigraphic data indicate that the underlying bedrock consists of a few feet of nonwelded Unit 41, 

10ft of welded Unit 3T, and 40 ft of the partially welded Unit 3 that grades to approximately 8 ft of the 

welded portion. Unit 41 thickens southward from borehole 526 due to topography. Fractures were observed 

throughout the core. Clay and manganese oxides in core fractures were largely absent, although clays at 

28 ft were commonly 5 mm thick. 


The HPF data indicate that fractures between the surface and 24 ft below surface contribute little to water 

flow within the borehole and fractures within a zone 40 to 45 ft below surface are the largest contributors to 

flow. The lower zone correlates strongly with high EM conductivity, maximum caliper radius, and maximum 

concentrations of anions and sodium cations. The high EM conductivity zone extends to a maximum depth 

of 54 ft, which coincides with an increase in welding of Unit 3 and minimal caliper, anion, and induced 

water flow measurements. 


2.3.4.4.2 Eastern Footprint-Data Interpretation 

Data from the eastern footprint of the MDA P Area indicate that an accumulation zone of soluble salts 
exists within the partially welded Unit 3 at 36 to 52 ft below ground surface, the bottom of which lies 
approximately 20 ft above the active stream channel. The accumulation zone is a result of the evaporation 
of percolated surface water that carried dissolved salts of nitrates and chlorides. Salts appear to have pen
etrated the Unit 3 rock matrix and affected some weathering, as indicated by the caliper data . High EM 
conductivity measurements, despite the nonconductivity of the accumulated salts, indicate that moisture 
must be present in the rock matrices. Occasional EM conductivity lows likely represent local areas of mois
ture paucity where drying is enhanced by larger fractures. Thus, salts may occur as aqueous solutions or 
precipitate minerals, depending on the actual moisture regime of the subsurface. 

ER2002-0773 57 January 2003 



~ 
III 
::::J 
t:: 
III 

-< 
I\) 

8 
W 

01 
CD 

s: 
Surface Elevation 7412.9 ft. msl Borehole 526 ~ 

f EM Conductivity Anion Geochemistry Catior. GeochemistryGraphic Heat Pulse Flowmeter Caliper 

~~~~ rn 
I ! II I=:= ~ 

.- • -o-S( 

,94 .j, 

~ ~ I <- I ~ I~ . " 
It i~ .. 

, . ~ 

-0Geology (9pm-lt) (Inches) (mS) (mglkg) (mg/l<g) 
:l:

f>lP'l'fD J " ,0< .. ., 10 315 ., .., 45 A1~ ) . s , , , 0 20 XI 012. l " 5 61 1 " 0 11 12 11 .. 15 16 17 11 f! 20 21 12 Zl 2" 25 Cil• " 

'- •0 __ III _ .J:!n~__ 0.0 .. ' . 1- ~~ ...---... IX. 1 ? (') 
0
C/) 
t:: 

Unlt3T / \ I Cti 
Q 
~ 

10.0 

I ~ 
~ 
0 
IIIa:.~ 

I" 
::::J 

::0Unrt 3 Ii j 
~ 
0 
.~ 

.0 

~I I 
12.j, 

1.I.j,

J.:XlI J130.0 

I · ' /.1. I~ 

MHximum 
51,14 

Figure 2.3-3. Empirical correlation diagram for Borehole 526, east side of the MDA P footprint 

~ 

"'-.j 

(j 



MDA P Area Closure Certification Report 

The opening of the fractures at 36 ft below surface are interpreted to cause a reduction in water flow. The 
larger fractures serve as conduits of air flow, not of water flow, thus enhancing evaporation and the forma
tion of precipitates. It is likely that the evaporation is facilitated by the interconnection of the subsurface 
fractures with those exposed at outcrops along the south cliffs and benches of CaFlon de Valle. The sub
surface accumulation zone is interpreted to be the result of thousands of years of interaction of the frac
tured rock with the local climate. Larger fractures are conduits of evaporation while smaller fractures, 
microfractures, and rock pores are retention zones of residual moisture. Thus, the subsurface of the east
ern footprint contains historic signatures (both geochemical and geophysical) of drying conditions, not of 
subsurface water flow. 

2.3.4.4.3 Western Footprint-Data Summary 

Borehole 554 represents the characteristics of the fracture regime beneath the western portion of the 
MDA P Area. Figure 2.3-4 shows the combined geophysical and geochemical results for borehole 554. 
Borehole 554 was drilled to 96 ft below surface (approximately 36 ft below the level of the Canon de Valle 
stream elevation) from a beginning elevation of 7422 ft above msl. The borehole was dry during and after 
drilling . The stratigraphic data indicate that the underlying bedrock consists of a few feet of nonwelded Unit 
41,14 ft of welded Unit 3T, 34 ft of the partially welded Unit 3, and approximately 32 ft of welded Unit 3. Unit 
41 thickens southward from borehole 554 due to topography. In outcrop, Units 3 and 3T are locally 
intensely fractured and brecciated, with apertures 20 to 30 cm. Fractures were observed throughout the 
core. Clay accumulations were common and typically 1 to 4 mm thick. Manganese oxides were scarce, 
although a thick accumulation occurs intergrown with the foliated clays in the high-angle fracture at 76 ft 
below surface. 

The HPF data indicate that fractures above 35 ft below surface contribute little to water flow within the 
borehole and fractures within the zone 35 to 38 ft below surface are the largest contributors to flow. This 
lower zone correlates strongly with high EM conductivity, maximum caliper radius, and maximum concen
trations of anions. The high EM conductivity zone extends to a maximum depth of 50 ft where there is an 
increase in welding of Unit 3 and minimal caliper, anion, and water flow measurements. 

2.3.4.4.4 Western Footprint-Data Interpretation 

There is agreement in the results of the borehole geophysics studies of the west and east portions of the 
MDA P Area. The data from borehole 554 indicate that an accumulation zone of soluble salts exists within 
the partially welded Unit 3 at 35 to 49 ft below surface, the bottom of which lies approximately 20 ft above 
the active stream channel. Fracture zones, rubble zones, and/or lost recovery zones are associated with 
the extent of the accumulation zone, as with borehole 526. Apparent in borehole 554 are minor EM con
ductivity peaks in addition to the primary peak of EM conductivity within the zone at 35 to 49 ft below sur
face. Shallow anomalies were observed at 21 and 25 ft below surface and a deeper anomaly from 78 to 90 
ft below surface. The shallow anomalies do not appear to be associated with observed fractures or high 
concentrations of anions. In contrast, the deeper anomaly is associated with both fractures and high anion 
concentrations. Local low EM conductivity is associated with larger fractures across the zone of high EM 
conductivity, highlighting the association of small and large fractures. 

The similarities of the soluble salt accumulation zones (particularly the extent and degree of accumulations 
at approximately 35 to 50 ft below surface) beneath the east and west portions of the MDA P Area indicate 
that similar processes have been active over some period of geologic time. The similarities also indicate 
that the limiting factor is climate and annual preCipitation, not the relative ability to transmit water. Differ
ences between fracture densities and aperture size from one side of the MDA P Area to the other indicate 
that differences should exist in potential hydraulic conductivity, as evidenced by the thicker, more extensive 
clay accumulation in the west side fractures. As with the eastern footprint, the subsurface of the western 
footprint contains historic signatures of drying conditions, not of subsurface water flow. 

ER2002-0773 59 January 2003 



MDA P Area Closure Certification Report 

50.0 

.!12 -!

.19 -!
60.0 

__ 0 

__ NO. 

-0"" ..---.. 
All mg/I<g 

70.0 

00.0 +----+---+----t..-----+------+------------I 

Figure 2.3-4. Empirical correlation diagram for Borehole 554, west side of the MDA P footprint 
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2.3.4.4.5 387 Flash Pad-Data Summary 

Borehole 273 represents the characteristics of the fracture regime beneath the 387 Flash Pad at the water
shed divide. Figure 2.3-5 shows the combined geophysical and geochemical results for borehole 273. 
Borehole 273 was drilled to 145.8 ft below surface (approximately 80 ft below the level of the Canon de 
Valle stream elevation) from a beginning elevation of 7453 ft above msl. The borehole was dry during and 
after drilling . The stratigraphic data indicate that the underlying bedrock consists of 42 ft of nonwelded Unit 
41, approximately 9 ft of the densely welded Unit 3T, approximately 34 ft of poorly welded Unit 3, and 
approximately 35 ft of welded Unit 3 that grades to nonwelded Unit 3 with depth. Fractures were observed 
throughout the core. Clay accumulations were typically abundant, with the exception of the scarcity of clay 
at 48 ft below surface . Manganese oxides were few, although a thick accumulation occurs intergrown with 
the foliated clays in a high-angle fracture at 117 ft below surface. HPF measurements were not collected 
because of the influence of high flow rates at 125 ft below surface. 

High EM conductivity was measured in two zones: 35 to 45 ft below surface and 65 to 90 ft below surface. 
In contrast to boreholes 526 and 554, high zones of EM conductivity do not appear to correlate with caliper 
logs in the shallow zone, but do weakly correlate with the deeper area of high EM conductivity at 55 to 85 ft 
below surface. The shallower zone of high EM conductivity in borehole 273 is located across the welded 
contact of Units 41 and 3T, which is both overlain and underlain by fracture zones. Nitrate concentrations 
increase markedly across this interval, but other anions and cations do not accumulate at the 50 ft depth. 
The deeper zone of high EM conductivity occurs in the partially welded Unit 3. A fracture at 62 ft below sur
face contained many foliated to massive clays with few manganese oxide stains or clay intergrowths. Chlo
ride and all cations peaked at depths of 62 and 80 ft below surface. 

2.3.4.4.6 387 Flash Pad-Data Interpretation 

Borehole 273 data indicate that a broad zone of soluble salt accumulation is present from approximately 
35 to 90 ft below surface within the partially welded Unit 3. The upper portion of the zone has a small 
increase in nitrate concentrations. Much of the zone exhibits high chloride and sodium concentrations. 
Local low values of chloride and sodium at 61 and 74 ft below surface are correlated with either a fracture 
zone or lost core, respectively, similar to results in boreholes 526 and 554 at 45 ft below surface. As found 
with the other boreholes, the bottom of the zone is marked by the presence of welded tuff, indicating that 
the partially welded matrix is acting as an absorbent. Geochemistry data from the subsurface fractures are 
interpreted to cause a reduction in water flow, serving instead as conduits of air flow. The subsurface 
beneath the 387 Flash Pad also contains historic signatures of drying conditions, not of subsurface water 
flow. 

2.3.4.5 Conceptual Model of Bedrock Fracture Flow System 

The MDA P Area lies on the south rim of Canon de Valle in a transition zone where fracture density and 
aperture decrease from west to east. The site is underlain by Units 3 and 4 of the Bandelier Tuff. The par
tially to densely welded Units 3 and 3T form the cliffs and benches of the canyon walls, and the nonwelded 
Unit 41 forms the gentle slopes from the topographic bench southWard to the surface of the former 387 
Flash Pad at the watershed divide. 

The MDA P Area is located within a small, open watershed with no springs or other natural, perennial 
sources of water. Precipitation as snowfall or rainfall in the watershed provides ephemeral runoff to two 
arroyos that provide hydrologic boundaries on the east and west margins of the site. Additionally, a north
south trending man-made trench bisects the eastern exposed tuff region and diverts overland flow to the 
east arroyo. Direct precipitation is the only source of surface water transport within the interior portion of 
the site. Current conditions promote runoff and inhibit infiltration. 

ER2002-0773 61 January 2003 



50.0 

MDA P Area Closure Certification Report 

42.2' 

1Jnj13T 

51 ' 

0.0 

10.0 

20.0 

30.0 

Unit41 

40.0 

Unn 3 

60.0 

70.0 

80.0 

90.0 +-I;;;i!oI~--1 

100.0 +-~~--1 

110.0 -Hi'=:-:+-+ 

Figure 2.3-5. Empirical correlation diagram for Borehole 273, 387 Flash Pad, at the watershed divide 

January 2003 62 ER2oo2-0773 



MDA P Area Closure Certification Report 

The empirical data collected in the boreholes indicate a conceptual model of vadose zone transport that is 
dominated by infiltration of precipitation to bedrock (Figure 2.3-6). The unsaturated fracture flow system is 
dominated by downward vertical movement of surface precipitation and is largely mitigated by evaporation . 
A salt accumulation zone is apparent in all boreholes within 30 to 90 ft of the surface, which is above the 
stream level of Canon de Valle . The top of the accumulation zone represents the opening of the fracture 
system and the bottom of the zone represents a decrease in matrix porosity and an increase in welding. 
The accumulation zone is a signature of historical downward transport and represents the response of the 
fracture system to the semi-arid climate over thousands of years. Ultimately, the availability of water is the 
limiting factor of subsurface flow; thus, even though fractures in the western zone are capable of transmit
ting more water than the eastern fractures, there is little water in the semi-arid system for fracture flow to 
occur. 

The lack of water observed in all boreholes during or after drilling indicates that the saturated conditions 
along the Cai'ion de Valle stream do not extend laterally to produce a continuous perched water table 
beneath the MDA P Area (though saturated ribbons may be present, these were not encountered) . The 
removal of all surface soils and unconsolidated deposits has resulted in a reduction of the subsurface 
moisture regime and has increased drying of the subsurface bedrock under the MDA P Area . Surface flow 
is the only mechanism identified for the offsite transport of residual contamination from the MDA P Area. 
The effects of fracture flow are limited to subsurface effects and are also limited to the accumUlation zone. 
Residual contamination in the subsurface will be mobilized only if the current balance between percolation 
and evaporation is altered via a long-term change in surface water hydrology (e.g., climate change) or the 
creation of a perennial source of surface water input. 

2.3.4.6 Groundwater Assessment 

As provided in the NMED-approved MDA P closure plan (LANL 1995, 58713), this report provides the 
basis for demonstrating that a post-closure permit, including groundwater-monitoring requirements, is not 
required because 

the IVIDA P closure meets the standards for closure by removal or decontamination in 
20.4.1.500 NMAC, 264.258, in accordance with 20.4.1 .900 NMAC, 270.1 (c)(5)Oi); and 

the closure meets the provisions of EPA Policy Directive 9476.00-14 (EPA 1998, 73778), 
which provides the criteria by which a regulated unit may be clean-closed without a groundwa
ter monitoring system in place. The policy directive states that in addition to meeting the clo
sure standards prescribed in 40 CFR 270.1 (c)(5) and (6) (as adopted by 20.4.1.900 NMAC), 
the faci lity must also make a demonstration in accordance with applicable waiver require
ments found in Section 264.90(b)(4) (as adopted by 20.4.1.500 NMAC) . According to the pol
icy directive, clean-closing units need to show that the properties of the waste constituents, 
together with the geochemical environment of the site, show no potential for migration to 
groundwater during the active life and any post-closure care period. 

As detailed in other sections of this document, the Laboratory has met the closure by removal or decon
tamination standards set forth in 20.4.1.900 NMAC, 270.1 (c)(5) and (6) . The information in this section is 
intended to summarize how the MDA P closure meets the policy directive criteria and the applicable waiver 
requirements of 20.4.1 .500 NMAC, 264.90(b)(4). 

ER2002-0773 63 January 2003 



- - - -

Precipitation Evapotranspiration 

-~ 
8 

't... 

't... 

::J 
I-
~ 

8 
1.;;--

/ Matrix absorption • X<=> 
.Q Evaporation 

• I 

-?- - '- '- "- --

Qbt 

CJ Poorly welded 
.Q Infiltration 

CJ Welded X Fractures 

CJ Densely welded ..... Interflow 

---+ Runoff- Absorption 

D Percolation 

<=> Airflow-- Evaporation

• Chlorides 

• Sulfates 

A Nitrates 

S Local saturation 

Oal Alluvium 

(Not to scale; vertical 
exaggeration is 1.75:1) 

, 
, -<:...7 S I 

--'-d' o-S_ 9B;!. -V " S 

/' S S X S S 

s:fu
~ 
"1J~ 
):.

8 Ql 
IIIw 
~ 
C/) 

~ 
() 
CD 
~ 
:3; 
C') 

!!t o· 
::J 

~ 

~ 
0 
~ 

Q) 
.... 

Q) 
J>, I .... 

Q) 

'0 
c: 

~ 
(It ..Q 

Q 

CO 

~ Source: Shaw_Rev. lor MDA P Area Closure Cert~icalion Report : Annex III. Phase II: 012703 : cl 
I\)

2 Figure 2.3-6. Conceptual model of fracture flow in bedrock at MDA P 

"-J 

~ 

6 



MDA P Area Closure Certification Report 
----------------------------------------------~ 

MDA P is located within a small, open watershed with no springs or other natural, perennial sources of 
water. Therefore, overland flow from precipitation is the only potential mechanism for the transport of resid
ual surface contamination at MDA P. Ephemeral runoff is currently directed to two arroyos that provide 
hydrologic boundaries on the east and west margins of the site. Analytical results from confirmation sam
ples show that residual surface contamination is at concentrations that do not pose a potential unaccept
able current or future risk to human health and ecological receptors. Hence, all surface contaminant 
sources within MDA P that would be subject to erosion and surface transport have been removed from the 
site. 

The conceptual model of fracture flow at MDA P (see section 2.3.4.5), which is based on the empirical data 
derived from the Phase \I borehole geophysical and geochemical studies, is that the current conditions at 
the site promote runoff and inhibit infiltration. Percolation through the bedrock is likely dominated by frac
ture flow, while the vadose zone itself is unsaturated. The vertical migration of water and contaminants is 
mitigated by evaporation, and flow within the fractures is largely controlled by gravity and capillary forces. 
Residual contamination in the subsurface would only be mobilized if the current balance between percola
tion and evaporation were altered through a long-term change in surface water hydrology (e.g., resulting 
from climate change). The potential for future subsurface mobilization and transport of residual contami
nants has been mitigated at the site because of waste removal from MDA P during closure. The surface-to
groundwater pathway beneath the site is limited because the vadose zone properties inhibit alluvial water 
transport to lower zones beneath the site, including the regional aquifer (approximately 1200 ft below 
ground surface [bgs]). 

Runoff and infiltration are controlled by precipitation, soil storage capacity, and hydraulic conductivity. 
Annually, snowmelt is likely to be the dominant source of infiltration from precipitation, primarily due to low 
evapotranspiration rates during the colder months of the year. Although the deeper soils at the site have 
relatively high water storage capacity, such that water is held within the rooting zone of plants, this soil 
moisture is readily removed by plant and atmospheric evapotranspiration processes and is not a source for 
water infiltration to the subsurface. Also, even though the water storage capacity of the soils and colluvium 
on the gently sloping mesa top from the watershed divide toward the cliffs along Calion de Valle is rela
tively high, infiltration is inhibited by the barren outcrops and cliffs along Calion de Valle, and airflow in the 
fractures create drying conditions. Thus, infiltration and subsurface fracture flow is not of concern for the 
soils at the site with high water storage capacity. Fracture flow in the subsurface is initiated only if water is 
ponded on exposed bedrock or when the soil-bedrock interface reaches near-saturated conditions. The 
removal of all unconsolidated deposits across the interior of MDA P has eliminated ponded water sources 
at the surface. 

No water was encountered during or after drilling in any of the six boreholes drilled at MDA P. The lack of 
moisture in the boreholes rendered the neutron moisture measurements unusable because the extreme 
dry conditions of the boreholes were beyond the tolerar:lce limits of the measurement instrumentation. This 
lack of borehole water indicates that saturated conditions along the Calion de Valle stream do not extend 
laterally to produce a continuous perched water table beneath MDA P. MDA P lies on a geologic transition 
from a graben structure to the west and a bedrock promontory to the east. There is strong evidence that 
geologic features in MDA P differ from those in surrounding areas, such that perched water, found as 
ephemeral saturated "ribbons" in the subsurface west and southwest of MDA P (at approximately 100-200 
ft bgs, and manifest in SWSC, Burning Ground, and Martin Springs), is not present beneath MDA P. This 
conclusion is supported particularly by the lack of water encountered in Borehole 554. This borehole is 
located adjacent to a potential bounding fault where perched water would likely have been observed, were 
it present. Additionally, historical data collected at MDA P found no evidence of saturated conditions in the 
vadose zone beneath the site (LANL 1995, 58713). This includes five boreholes drilled in 1988 on and 
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around MDA P and nine shallow boreholes drilled along the north face of MDA P at the level of Canon de 
Valle. 

A salt accumulation zone is present in all boreholes within the 30~ to 90~ft depth interval This accumulation 
represents the long-term balance of matrix absorption and evaporation cycles and is a signature of histori~ 
cal downward transport that likely required thousands of years to develop. The accumulation zone is inter
preted to represent the response of the fracture system to the regional semi-arid climatic conditions driven 
by the most recent interglacial period, which has been in effect for 8000 to 12,000 yr. The accumulation 
zone provides evidence that transport to the subsurface has occurred, but that evaporative forces and the 
drying conditions of the vadose zone prevent deeper transport. Of particular importance is that the accu
mulation zone is entirely above the stream level of the Canon de Valle, indicating that subsurface transport 
to a saturated zone has not occurred. 

In summary, the removal of all surface soils and unconsolidated deposits from a large portion of MDA P 
has reduced the subsurface moisture regime and has increased drying of the subsurface bedrock under 
the MDA P footprint. Subsurface flow is dominated by gravity and capillary forces and residual contamina~ 
tion at depth is "trapped" in the accumulation zone, e.g., vertical migration of contaminants is not likely to 
occur below this zone. Ultimately, the availability of water is the limiting factor of subsurface flow; thus. 
although the western fractures are capable of transmitting more water than the eastern fractures, there is 
not enough water in the semi-arid system for such flow to occur. Residual contamination in the subsurface 
may bemobilized only if the current balance between percolation and evaporation is altered. 

The investigation of residual contamination at depth was performed in accordance with the NMED
approved MDA P closure plan (LANL 1995, 58713) and subsequent modifications. As described by EPA in 
OSWER Policy Directive No. 9476.00-18, soil sample results and vadose zone data may be used as a sur
rogate for groundwater sampling data in a hydrogeologic setting where the water table is located at signifi
cant depths from the surface to demonstrate no migration of contaminants from the soil. The MDA P 
closure plan committed to addressing this by defining the depth of contamination in the vadose zone using 
the Phase II confirmation sampling analytical results of near-surface soil and tuff samples and the deeper 
borehole core samples. Analytical results from confirmation samples do not show residual contamination 
at depth at concentrations that pose unacceptable current or potential future risk to human health and eco
logical receptors. Below approximately 4 ft. the concentrations of all contaminants identified for MDA P 
soils decrease to levels that are either non-detect or are at or below soil BVs (LANL 1998, 59730). Below 
approximately 8 ft. the concentrations of all contaminants identified for MDA P tuff decrease to levels that 
are either non-detect or are at or below tuff BVs (LANL 1998.59730). with the exception of a few inorganic 
chemical concentrations above BVs and a few detections of trace concentrations of RDX and HMX. A con
servative estimate of the depth of residual contamination at MDA P is 10ft for all chemicals. Additionally, 
the analysis of the confirmation samples at depth indicates that inorganic and organic chemicals deter
mined to be COPCs are not accumulating at elevated concentrations within the depth interval defined as 
an accumulation zone for the MDA P. 

Therefore. the analytical and geochemical data demonstrate that the potential for transport of residual con
tamination from MDA P to the regional aquifer is mitigated because 

the residual contamination at MDA P is confined to the upper 10 ft of the soil and tuff. 

the vadose zone properties beneath MDA P limit the potential subsurface transport of contam
inants to a depth no greater than the accumulation zone (30 to 90 ft bgs), 

the transport of residual contamination from MDA P in the surface soils and tuff to alluvial and 
perched systems outside the unit boundaries (e.g., in Canon de Valle) is limited by the lack of 
contaminants and viable surface and subsurface water transport mechanisms, and 
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the depth to the regional aquifer (approximately 1200 ft bgs) is well below the maximum extent 
of transport mechanisms from the surface or near-surface of MDA P. 

2.3.5 Confirmation Sampling 

Confirmation sampling within the MDA P Area was performed to provide a basis for determining the poten
tial risk to human and ecological receptors due to residual contamination remaining in the soil and tuff after 
the completion of the Phase I excavation and removal activities. Additional sampling included borehole 
sampling for the purposes of evaluating (1) the historical transport of contaminants through the bedrock 
underlying the MDA P Area, as determined by the sampling of cores for the same analytical suites as sam
pled in the surface soil and tuff and the sampling of borehole vapors; and (2) the potential for future trans
port through the vadose zone to groundwater, as determined by the focused geochemical and geophysical 
analysis of the boreholes, including the sampling for ionic species. 

This section details the methods used for sample collection, the rationale for the selection of confirmation 
sample locations, and the analytical suites sampled for in the confirmation samples. Data QA/QC mea
sures, as relevant to the determination of data adequacy and data accuracy are provided in detail in 
Attachment 2 to Appendix A. 

Results of Phase 1\ sampling and analyses, including the sampling of the boreholes, are detailed in the 
May 2002 NMED-approved closure plan modification (see Table 4-2 in LANL 2002, 73159) and are sum
marized in section 2.3.5.2.1. There are differences between the sampling indicated in Table 4-2 of the May 
2002 modification and the final sampling as of January 2003. These differences represent slight discrepan
cies in Table 4-2 (less than 6% of the total samples collected for any given analyte group) and changes in 
sampling due to the additional excavation performed in September 2001 which were not captured in Table 
4-2 of the May 2002 modification. Twelve samples were removed from the Phase II sample database 
because the locations from which these samples were taken were later excavated. Variances related to the 
Phase \I confirmation sampling are summarized in section 2.3.5.4 and 2.4. 

2.3.5.1 Sample Collection Methods 

Samples were collected in accordance with the SAP (LANL 1999, 63546). Approved ER Project SOPs 
were used for the locating of samples, sample collection, health and safety screening, sample shipping 
and storage, and maintenance of field records. Table 2.2-2 lists the SOPs that were used during the 
MDA P Area Phase \I confirmation sampling. 

2.3.5.2 Sample Locations and Depths 

2.3.5.2.1 Confirmation Samples 

Discrete grab samples were collected from the center of grid cells that were based on a 10- x 10-m grid 
system laid across the MDA P Area. Each grid cell was given a unique number, which was used to identify 
the confirmation sample locations. Confirmation samples were collected at surface (defined here as 0 to 
1 ft), subsurface (defined here as 2 to 3 ft), and deep subsurface (defined here as >3 ft) depths. A total of 
200 grid cells were sampled from depths of 0.5 to 78 ft. The grid used for sampling is shown on Figure 1.5
1. Phase \I sample locations are shown on Plate 4. Sampling was performed to provide sufficient data for 

the determination of clean closure. 


Additional sample locations beyond the original commitment in the SAP (LANL 1999, 63546) were 
selected using the following, tiered approach: 

grid cells with post-excavation RDX field-screening results exceeding 16 mglkg; 
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grid cells with post-excavation barium field-screening results exceeding 2000 mg/kg; and 

low-lying areas determined to have an increased potential for receiving deposition or areas 
with obvious deposition present. 

Worker health and safety concerns were associated with the sampling of locations with slopes that 
exceeded 30%. Some grid centers identified at locations with slopes in excess of 30% were offset to loca
tions within the given grid cells to areas with acceptable slopes «30%). However, if no acceptable slopes 
occurred within a given grid cell, the sampling location was offset to an unsampled grid cell in close prox
imity with appropriate slope conditions. For the majority of the pre-determined sample locations with slopes 
greater than 30%, acceptable slope conditions existed within the grid cells, such that sampling in a proxi
mal grid was not required. 

The grid locations of the samples identified for analysis of organic chemicals followed the selection proto
col outlined in LANL (2000,67481): grid cells for which Phase I analytical sample results exceeded either 
0.3 of the appropriate ecological screening levels (ESLs) or 0.1 of the appropriate human health SALs 
were also sampled in Phase II. 

The locations of the final Phase \I confirmation samples, as shown on Plate 4, were based on the original 
commitments made in the SAP (LANL 1999, 63546) and presented in revised Figure 2.1, "MOA P Phase" 
Confirmatory Sample Locations" (LANL 2000,67481); subsequent deviations to the sample locations were 
presented in a letter (LANL 2001, 70252) and were approved by the NMEO on May 30, 2002. Because of 
the NMEO's approval, changes to the sample locations indicated in the letter (LANL 2001, 70252) are not 
presented as deviations; rather, only sample location changes summarized in section 2.3.5.4 are consid
ered deviations to the approved Phase II sample locations. 

More than 300 unique location and depth combinations are included in the confirmation sample database 
because many of the 200 grid cells identified for confirmation sampling had samples collected from more 
than one depth. 

2.3.5.2.2 Borehole Samples 

As described in section 2.3.2.1, the investigation of residual contamination at depth was accomplished with 
the drilling offour boreholes in grid cells 516, 526, 554, and 557. A fifth borehole located in grid cell 273 
was drilled to 145.8 ft for the primary purpose of geologic logging; however, analytical data derived from 
the sampling of Borehole 273 were included in the risk analysis (0-5 ft only). along with the sample results 
from Boreholes 516, 526, 554, and 557. 

2.3.5.2.3 Baseline Samples 

The SAP (LANL 1999,63546) and May 2002 modification (LANL 2002,73150) detailed the collection of 
"baseline" samples to determine whether the Phase I activities may have introduced additional levels of 
residual contamination beyond the historic activities in the areas used for conducting Phase I activities 
(e.g., staging, decontamination, storage, and loading areas). However, the topsoil and unconsolidated 
materials in the majority of the staging areas were entirely removed during the Phase I activities. In other 
staging areas where removal was not complete, significant portions were excavated during Phase I and 
the remaining soil passed the field screening process. Thus. locations originally identified for baseline 
sampling were included within locations later considered for the Phase \I confirmation sampling, obviating 
the need to separate baseline locations from confirmation sample locations. 
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2.3.5.2.4 Sampling Across Strata 

The SAP (LANL 1999, 63546) defined a minimum number of sample locations based on "strata" (Le., 
unique areas of concern within the MDA P Area boundaries), for a total of 179 locations. The purpose of 
this original sample design was to provide for an appropriate number of samples for which potential risk to 
receptors within each stratum could be evaluated. It was then proposed that the results of each stratum be 
compared to determine an appropriate level of grouping and thus, spatial scale, of the final risk analysis. 
This approach to the risk analysis was obviated by the decision to screen for potential risk at the MDA P 
area with respect to the two, distinct regions of potential transport and receptor exposure remaining at the 
site after the completion of the Phase I excavation and removal activities, as agreed upon by the Labora
tory with the NMED and with EPA Region 6 personnel (LANL 2002, 73791). 

2.3.5.3 Sample Analytical Suite~ 

Table 2.3-2 presents the analytical suites, total number of confirmation samples in the May 2002 modifica
tion (LANL 2002, 73159), and total number of confirmation samples collected after all waste removal and 
sampling activities had been completed (January 2003). 

Table 2.3-2 


MDA P Area Phase II Confirmation Sample Summary: Analytical 

Suites and Total Number of Samples In Soil and Tuff 


Analyte Type 

Total Samples 
Reported in May 

2002 Closure Plan 
Modification· 

Final Tolal Soil and 
Tuff Samples· 
(as of January 

2003) 

Total Duplicates 
Reported in May 2002 

Closure Plan 
Modification 

Final Total 
Duplicates 

(as of January 
2003) 

TAL metals 311 290 34 29 

Hexavalent chromium 311 290 34 29 

Mercury 311 290 34 29 

Perchlorate 60 61 10 9 

Reactive cyanide 5 3 0 0 

Reactive sulfide 5 7 0 0 

Total Cyanide 5 0 0 0 

DioxinsiFurans 5 7 0 0 

Herbicides (chlorinated) 5 7 0 0 

HE 313 291 34 29 

PCBs 5 7 0 0 

Pesticides 
(organochlorine) 5 7 0 0 

SVOCs 313 276 34 29 

VOCs 23° 10 1 0 

Gamma spectroscopy 5 7 0 0 

Gross alpha/gross beta 5c 0 0 0 

Isotopic uranium 7 7 0 0 

Asbestos 5 7 0 0 

pH 5 7 0 0 
a Total of confirmation samples used In risk analYSIS: soli and tuff samples, borehole core samples, and baseline samples. 

b Includes 10 borehole voe vapor samples. 
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2.3.5.3.1 Borehole Samples 

Five boreholes were sampled for TAL metals. hexavalent chromium, mercury. perchlorate. HE, SVOGs, 
and VOGs, as summarized in Table 2.3-3. 

Table 2.3-3 


MDA P Area Phase II Borehole Sample Summary: Analytical Suites 

and Total Number of Samples 


Analyte 
Type 

Total Borehole Samples 
Reported in May 2002 

Closure Plan Modification 
Final Total Borehole Samples 

(as of January 2003) 

TAL metals 12 38 

Hexavalent 
chromium 

12 38 

Mercury 12 38 

Perchlorate 8 16 

HE 12 39 

SVOCs 8 24 

VOCs lOa 16° 
.. 

a VOCs referred to In May 2002 closure plan modification were for VOCs as 
vapors only and included two QAJQC samples. 

b Includes samples for VOCs collected from borehole cores (5) and VOCs as 
vapors (11, including 3 QAJQC samples). 

The results of the borehole VOG vapor sampling are included in this section, as additional information on 
potential contamination at depth. Eight borehole vapor samples from Boreholes 526, 554, and 557 were 
analyzed with SUMMA canisters for 62 VOG analytes. A minimum of two samples (plus one duplicate in 
Borehole 557) were collected from each borehole (as detailed in LANL 2001, 70252). The samples taken 
are summarized by depth in Table 2.3-4. 

Table 2.3-4 


VOC Vapor Samples in Boreholes, by Depth 


Location lOa Sample 10 
Sample Depth 

(tt) 
16-20526 0816-01-0268 26-28 

16-20526 0816-01-0267 44-46 

16-20554 0816-01-0283 37-39 

16-20554° 0816-01-0277 76-78 

16-20554° 0816-01-0284 76-78 

16-20557 0816-01-0270 18-20 

16-20557 (duplicate) 0816-01-0271 18-20 

16-20557 0816·01-0269 54·56 . .
a The final three digIts Identify the borehole . 

b Borehole 554 was sampled on two dates at the 76- to 78·ft depth inter
val. These are considered unique samples, not duplicates. 

Vapor sampling for VOGs was conducted on August 9 and October 10, 2001. Four types of QA samples 
were collected and analyzed, including duplicates: an equipment blank of zero grade air (zero grade air is 
a common term for air that is certified to be free from VOG contamination) or nitrogen drawn through the 
sampling apparatus in the working area; two field (atmospheric) blank samples; and a performance evalu-
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ation sample/calibration gas sample taken from a tank of a certified gas mixture. The SUMMA canister 
sampling was performed using EPA Method TO-14 (gas chromatography/mass spectrometry) (EPA 1999, 
70063) and collected according to LANL ER-SOP 6.31, "Sampling Atmospheric and Sub-Atmospheric Air 
Sampling," using a downhole straddle packer. Laboratory QA for EPA Method TO-14 includes internal 
standards, surrogates. replicates. blanks, laboratory control samples, and reference standards. Before the 
sampling was performed, each depth was purged and monitored with field instruments until carbon dioxide 
levels stabilized at values representative of subsurface pore-gas conditions. Soil vapor was collected from 
2-ft intervals of the borehole isolated by two, six-ft pneumatic packers. Soil vapor was first purged from the 
isolated zone with a 19-mm mercury vacuum until carbon dioxide concentrations stabilized to ensure for
mation airwas being screened. The SUMMA canister samples were then collected and submitted for VOC 
analysis. 

Table 2.3-5 summarizes the analytical data, including number of analyses, number of detections, maxi
mum and minimum values. Of the 62 VOCs included in the analysis, 24 VOCs were detected~ The 
detected VOC analytes are summarized in Table 2.3-6, by borehole and sample 10. 

Table 2.3-5 


Summary of voe Vapor Sample Analytical Results 


Number of Number of 
Analyte Analysesa Detects8 

Acetone 

Benzene 9 

9 t-+-t 
Benzyl chloride 9 0 

•Bromodichloromethane 0 

Bromoform 

9 
9 0 

Bromomethane 0 

IButadiene[1 ,3-] 

9 
0 


Butanol[1-] 


9 
9 0 


Butanone[2 -] 
 9 
~I Carbon disulfide 9 

! Carbon tetrachloride 5 


Chlorobenzene 


9 

9 0 


Chlorodibromomethane 
 9 0 


Chlorodifluoromethane 
 0 

ne 

9 

0 


Chloroform 


9 

3 


Chloromethane 


9 

9 0 


Cyclohexane 
 0 


Dibromoethane[1 ,2-] 
 0 


Dichloro-1,1 ,2,2-tetrafluoroethane[1 ,2-] 


9 

9 0 


Dichlorobenzene[1,2-] 
 0 


Dichlorobenzene[1,3-] 


9 
9 0 


Dichlorobenzene[1,4-] 
 09 

Concentration 
Ran~e 

(ppbv ,C) 

20-5200 

0.84-~ 
[0.84]-[ 

[3.40]-[70] 

[3.40]-[70] 

[0.84]-[18] 

[3.40]-[70] 

[8.40[-;3 
[3.40] 

[3.50]-[70] 

[0.84]-24 

[0.84]-[18] 

[3.40]-[70] 

[3.40]-[70] 

[0.84]-[18] 

[0.86]-[ 18] 

[0.84]-[18] 

[3.40]-[70] 

[0.84]-[18] 

[0.84]-[18] 

[0.84]-[18] 

[0.84]-[18] 

[0.84]-[18] 

Dichlorodifluoromethane 3 [0.84]-[18] 
• 

Dichloroethane[1 ,1-] [0.84]-[18]0R 
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Table 2.3-5 (continued) 


Summary of voe Vapor Sample Analytical Results 


Analyte 
Number of 
Analyses8 

Number of 
Detects8 

Concentration 
Ran~e 

(ppbv ,C) 

Dichloroethane[1,2-] 9 1 [0.84]-[18] 

Dichloroethene[1 ,1-] 9 0 [0.84]-[18] 

Dichloroethene[trans-1,2-] 9 0 [3.40]-[70] 

Dichloropropane[1,2-] 9 0 [0.84]-[18] 

Dichloropropene[cis-1,3-] 9 0 [0.84]-[18] 

Dichloropropene[trans-1,3-] 9 0 [0.84]-[18] 

Dioxane[1,4-] 9 0 [3.40]-[70] 

Ethanol 9 6 [3.40]-[70] 

Ethylbenzene 9 7 [0.88]-[18] 

Ethyltoluene[4-] 9 1 [3.40]-[70] 

Hexachlorobutadiene 9 0 [0.84]-[18] 

Hexane 9 0 [3.40]-[70] 

Hexanone[2-] 9 2 [3.40]-[70] 

Methanol 9 0 [84]-[1800] 

Methyl tert-butyl ether 9 0 [3.40]-[70] 

Methyl-2-pentanone[4-] 9 0 [3.40]-[70] 

Methylene chloride 9 1 [0.84]-48 

n-Heptane 9 0 [3.40]-[70] 

Propanol[2-] 9 4 [3.40]-2100 

Propylene 9 1 [3.40]-[70] 

Styrene 9 0 [0.84]-[18] 

Tetrachloroethane[1,1,2,2-] 9 0 [0.84]-[18] 

Tetrachloroethene 9 7 [0.88]-[18] 

Tetrahydrofuran 9 0 [3.40]-[70] 

Toluene 9 8 [0.88]-69 

Trichloro-1 ,2,2-trifluoro-ethane[1, 1,2-] 9 0 [0.84]-[18] 

Trichlorobenzene[1,2,4-] 9 0 [0.84]-[18] 

Trichloroethane[1 ,1,1-] 9 3 [0.84]-[18] 

Trichloroethane[1 ,1,2-] 9 0 [0.84]-[18] 

Trichloroethene 9 6 [0.86]-[18] 

Trichlorofluoromethane 9 3 [0.84]-[18] 

Trimethylbenzene[1,2,47] 9 7 [0.88]-[18] 

Trimethylbenzene[1,3,5-] 9 2 [0.86]-[18] 

Vinyl acetate 9 0 [3.40]-[70] 

Vinyl chloride 9 0 [0.84]-[18] 

Xylene[1,2-] 9 7 [0.88]-[18] 

Xylene[1 ,3-]+xylene[1 ,4-] 9 8 [0.88]-18 
a Field blanks and equipment blanks not Included. 


b ppbv =parts per billion by volume. 


C Brackets indicate a nondetect. 
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Table 2.3-6 


Detected VOCs in Borehole Vapor Samples 


Depth Sample Value 
Analyte Borehole Location SamplelD (ft) (ppbv) 

Acetone 526 0816-01-0268 26-28 300 

0816-01-0267 44-46 20 

554 0816-01-0283 37-39 29 

0816-0~~ 76-78 5200 

0816-01 76-78 180 

557 0816-01-0270 18-20 70 

0816-01-0271 18-20 45 

0816-01-0269 54-56 37 

Butanone[2-] 526 0816-01-0268 26-28 11 

554 0816-01-0283 37-39 68 

0816-01-0277 76-78 110 

0816-01-0284 76-78 79 

557 0816-01-0270 18-20 26 

0816-01-0271 18-20 20 

0816-01-0269 54-56 11 

Carbon Disulfide 526 0816-01-0268 26-28 51 

0816-01-0267 44-46 42 

554 0816-01-0283 37-39 3.60 

0816-01-0284 76-78 7.10 

557 0816-01-0270 18-20 12 

0816-01-0271 18-20 12 

0816-01-0269 54-56 36 

Carbon Tetrachloride 526 0816-01-0268 26-28 0.97 

0816-01-0267 44-46 1.5 

557 0816-01-0270 18-20 1.10 

0816-01-0271 18-20 0.97 

0816-01-0269 54-56 24 

Chloroform 554 0816-01-0283 37-39 1.20 

0816-01-0284 76-78 1.5 

557 0816-01-0269 54-56 2.40 

Dichlorodifluoromethane 526 0816-01-0268 26-28 4.5 

0816-01-0267 44-46 5.30 

557 0816-01-0269 54-56 1.30 

Dichloroethane[1.2-] 526 0816-01-0267 44-46 1 

Ethanol 526 0816-01-0268 26-28 7.20 

0816-01-0267 44-46 13 

554 0816-01-0284 76-78 3.8(J)a 

557 0816-01-0270 18-20 18 

0816-01-0271 18-20 9.70 

557 0816-01-0269 54-56 6.70 
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Table 2.3-6 (continued) 


Detected VOCs in Borehole Vapor Samples 


Depth Sample Value 
Analyte Borehole Location Sample 10 (ft) (ppbv) 

Ethyl benzene 526 0816-01-0268 26-28 1.20 

0816-01-0267 44-46 1.20 

554 0816-01-0283 37-39 3.40 

0816-01-0284 76-78 4.5 

557 0816-01-0270 18-20 1.60 

0816-01-0271 18-20 1.30 

0816-01-0269 54-56 1.20 

Ethyltoluene[4-] 554 0816-01-0284 76-78 I 6.10 

Hexanone[2-] 557 0816-01-0270 18-20 6 

0816-01-0271 18-20 6.40 

Methylene Chloride 526 0816-01-0267 44-46 48 

Propanol[2-] 526 0816-01-0268 26-28 320 

0816-01-0267 44-46 5 

554 0616-01-0277 76-78 2,100 

0816-01-0284 76-78 17 

Propylene 557 0816-01-0269 54-56 4.80 

Tetrach loroethene 526 0816-01-0268 26-28 2.20 

0816-01-0267 44-46 2.5 

554 0816-01-0283 37-39 1.20 

0816-01-0284 76-78 1.40 

557 0816-01-0270 18-20 3.40 

0816-01-0271 18-20 2.40 

0816-01-0269 54-56 1.90 

Toluene 526 6-01-0268 26-28 49 

816-01-0267 44-48 19 

554 0816-01-0283 37-39 9.40 

0816-01-0277 76-78 18 

0816-01-0284 76-78 10 

557 0816-01-0270 18-20 69 

0816-01-0271 18-20 60 

0816-01-0269 54-56 39 

Trichloroethane[1 ,1,1-] 526 0816-01-0268 26-28 3.10 

0816-01-0267 44-46 5.80 

557 0816-01-0269 54-56 2.30 

Trichloroethene 526 0816-01-0268 26-28 5.70 

0816-01-0267 44-46 11 

554 0816-01-0284 76-78 1.5 

557 0816-01-0270 18-20 7.40 

0816-01-0271 18-20 5.10 

0816-01-0269 54-56 4.40 
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Table 2.3-6 (continued) 


Detected VOCs in Borehole Vapor Samples 


I I Depth Sample Value 
Analyte Borehole Location SamplelD (tt) (ppbv) 

Trichlorofluoromethane 526 0816-01-0268 26-28 2.20 

0816-01-0267 44-46 2.60 

557 0816-01-0269 54-56 1.10 

Trimethylbenzene[1,2.4-] 526 0816-01-0268 26-28 2 

0816-01-0267 44-46 1.70 

554 0816-01-0283 37-39 3.60 

0816-01-0284 76-78 6.90 

557 0816-01-0270 18-20 2.90 

0816-01-0271 18-20 3 

0816-01-0269 54-56 2.10 

Trimethylbenzene[1,3,5-] 554 0816-01-0283 37-39 1.30 

0816-01-0284 76-78 2.20 

Xylene[1 ,2-] 526 0816-01-0268 26-28 2.20 

0816-01-0267 44-46 1.90 

554 0816-01-0283 37-39 7.20 

0816-01-0284 76-78 9.10 

557 0816-01-0270 18-20 2.60 

0816-01-0271 18-20 2.20 

0816-01-0269 54-56 2.10 

Xylene[1,3-]+xylene[1.4-] 526 0816-01-0268 26-28 5.30 

0816-01-0267 44-46 5 

554 0816-01-0283 37-39 14 

0816-01-0284 76-78 18 

557 0816-01-0270 18-20 6.60 

0816-01-0271 18-20 5.80 

0816-01-0269 54-56 5.5 
a J - estimated quantity. 

voc concentrations were generally detected in the ppbv range in each sample, with the exception of ace
tone and [2-]propanol, both detected in ppmv in sample 0816-01-0277. However, these two VOCs had 
substantially lower concentrations measured in the sample duplicate (0816-01-0284). Detected com
pounds included trichloroethene, tetrachloroethene, benzene, toluene, ethylbenzene, and xylene (BTEX) 
components, acetone, and Freons. Several compounds were detected in the QA samples, including 
butanone and [2-]propanol. 

Results of the borehole vapor sampling at MDA P indicate VOCs are present at very low concentrations in 
subsurface pore gas. The subsurface environment at MDA P is relatively dry «20% moisture by volume) 
with limited organic content. Additionally. the VOCs detected at the site have relatively high vapor pres
sures. Given these factors. it is likely that these VOCs are restricted to the vapor phase and are not indica
tors of contamination of soil or tuff. In the absence of liquid water and organic material, these VOCs would 
not be present at detectable concentrations sorbed onto the tuff matrix. 
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The compounds detected in the vapor phase at the MDA P Area are indicative of those commonly associ
ated with industrial waste. Furthermore, disposal and excavation activities at MDA P involved the use of 
heavy equipment, which likely introduced small amounts of petroleum products through exhaust and 
equipment leaks. Industrial waste was present on the surface for over fifty years at the site. Vapors from 
this material would have diffused into the underlying tuff at low concentrations and remain as residual pore 
gas contamination. Therefore, the vapor phase contaminants detected in pore gas in the boreholes at the 
MDA P Area are not unexpected and are consistent with known sources of contamination. VOCs as 
vapors in the boreholes are at trace levels and generally decrease with depth, indicating that contamina
tion at depth does not occur. 

2.3.5.3.2 Data Quality Assessment 

All data collected for the Phase II confirmation sampling were validated in accordance with the require
ments of the QA project plan (LANL 1996, 54609) and the Laboratory ER Project analytical services state
ment of work for contract laboratories (LANL 2000, 71233). Data QAlQC is detailed in Appendix B. 

The data review determined that the data are of good quality and are sufficient for validating the demon
stration of clean closure. 

2.3.5.4 Phase II Variances 

A few operational variances and deviations associated with the Phase II closure implementation activities 
for the MDA P Area were identified previously in a number of letters and/or Class I closure modification 
requests, as detailed in section 2.4 (see Table 2.4-1); these changes were incorporated il)to the NMED
approved May 2002 request for closure plan modificCition (LANL 2002, 73159). Thus, all changes to the 
Phase II activities covered by LANL 2002 (73159), are no longer represented as deviations or variances, 
according to the definition of such changes in the MDA P closure plan (LANL 1995, 58713). Approved 
Phase II changes include changes related to the borehole investigations and changes to the Phase II sam
pling plan. With the exception of MDA P closure plan changes that may have also impacted the closure 
implementation of the 387 Flash Pad due to the overlap in closure activities, no additional changes were 
identified for the 387 Flash Pad closure implementation. All changes that occurred in Phase II activities 
after May 2002 are considered variances that fall into one of two categories: (1) changes in sample loca
tions, and (2) changes in analytical sampling. 

2.3.5.4.1 Phase II Sample Location Changes 

There were a number of changes to the Phase II sample locations, as committed to in May 2002 (LANL 
2002. 73159) after the majority of the confirmation sampling activities had been completed (see Table 2.4
2). The changes to sampling locations included: additions, deletions, changes across grids, and changes 
within grids. The changes in sampling locations were primarily driven by (1) the commitment to sample in 
low-lying areas with increased potential for receiving deposition or in areas with obvious deposition occur
ring; and (2) the need to protect worker safety by avoiding steep slopes (>30%) during sampling. 

Overall, the net change in the sample locations was a positive variance; that is, more grid locations were 
sampled than committed to in May 2002: 10 locations were "deleted"; 41 locations (some with more than 
one sample per location) were "added", 8 of which were "moved" from previously identified locations. 
Thus, a total of 23 locations were added to the confirmatory sampling at the MDA P Area (41 additions - 8 
moved from previously identified locations - 10 deleted locations). Within-grid moves from the grid centers 
occurred at 8 locations. 
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2.3.5.4.2 Phase II Sample Changes in Laboratory Analyses 

The confirmation sampling by analytical suite, as committed to and as performed, is summarized in Table 
2.3-2 and Table 2.3-3. Table 2.3-2 shows the number of samples for some analytical suites (notably inor
ganic chemicals, HE, and SVOCs) is less than indicated in the May 2002 modification, while other chemi
cals have more samples than indicated in the May 2002 modification. However, the differences in the 
sample numbers from May 2002 to the preparation of this closure certification report represent slight dis
crepancies in Table 4-2 of the May 2002 modification (less than 6% of the total samples collected for any 
given analyte group) and changes in sampling due to the additional excavation and removal activities in 
the Eastern Drainage that occurred after May 2002. Samples in the Eastern Drainage area that were used 
as confirmation samples prior to May 2002 became Phase I characterization samples after May 2002 
because of the additional excavation and removal activities in the drainage. Overall, twelve samples were 
removed from the Phase II sample database because the locations from which these samples were taken 
were later excavated. Thus, a reduction in number of confirmation samples does not indicate a reduction in 
the ability to characterize the residual contamination at the MDA P Area because the sampling changes 
beyond May 2002 were driven by additional removal and sampling performed at the site as a result of the 
initial confirmation sample results. The changes in the numbers of confirmation samples taken at the 
MDA P Area do not affect the ability to evaluate risk and therefore, determine clean closure. 

2.4 Variances from NMED-Approved Closure Plans 

Variances to the NMED-approved closures plans for the MDA PArea and the 387 Flash Pad have been 
identified, as introduced in section 2.2.20 (Phase I) and section 2.3.5.4 (Phase II). Changes to the Phase I 
closure implementation activities are summarized in Table 2.4-1; all of the operational variances and devi
ations listed in Table 2.4-1 were previously identified in a number of letters and/or Class I Closure Modifica
tion requests. Of particular importance is that all of the Phase I changes to the approved closure plan for 
MDA P were incorporated into the NMED-approved May 2002 request for closure plan modification (LANL 
2002, 73159). Thus, all changes to the Phase I activities are no longer represented as deviations or vari
ances, according to the definition of such changes in the MDA P closure plan (LANL 1995, 58713). 
Approved Phase I changes are divided into the following four categories: changes to the schedule; 
changes to the estimates of waste types and/or volumes; changes to the sampling plan; and changes to 
waste management practices, including decontamination. staging, and/or disposal. 

Closure Plan Schedule. The schedule for closure implementation was extended to include 
additional time required for: remote handling of the detonable explosives debris at the MDA P; 
delays in excavation due to the Cerro Grande fire; and additional excavation required in the 
eastern portion of the site. which was discovered during the initial Phase II confirmation sam
pling. 

Waste Estimates. The estimates of waste from the debris excavation and removal activities 
were revised a number of times, as the Phase I activities progressed. 

Phase I Sampling. The procedures for the sampling, as delineated in the SAP (LANL 1999, 
63546) were revised as the closure implementation progressed, including the numbers of 
samples collected for waste characterization and disposition. 

Waste Management Procedures. Changes in various waste management procedures 
included changes promulgated in regulations and/or standards or the interpretation of such 
regulations and/or standards (e.g., the land treatment disposal standard for barium); sampling 
of decontamination rinsate water; and other treatment-related issues. 
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Table 2.4-1§ 

~ MDA P Closure Certification, Approved Closure Plan Changes to Phase I and Phase II Activities 
I\) 

g 
(,.) 

-.j 
co 

Closure 
Plan Related 

Section! Closure Plan Information, Closure Plan Information, Type of Corres-
Page As Submitted As Revised Change pondence 

Changes to the Closure Plan Schedule 
6.1.1.41 
6-7 

"An amendment to the Closure Plan will be submitted to the 
NMED whenever. .. a change occurs in the expected year of 
closure ... ~ 

"Unanticipated delays have been incurred due to the presence of 
detonable pieces of HE. It has been determined that closure will 
exceed the proposed 26 months to complete Phase I and 
Phase II. Phase I includes removing waste from the waste pile 
and was estimated to be 17 months from the time the Closure 
Plan was submitted. This time frame has already passed; there
fore a new closure plan schedule has been prepared and submit
ted to HRMB as a Class I Closure Plan Modification. Per their 
request, the new closure plan schedule completion date has 
been extended until September 2001." 

Class I July 22, 
closure 1998 let-
plan modi- te,.a 
fication to March 10,
schedule 1999 let

terb 

May 7, 
1999 let
ter 

I 

6.1.2.11 
6-9 

"For this project, an extension of the 90-day and 180-day clo
sure time frames will be necessary. Removal of wastes and 
completion of closure activities ... will require at least 20 
months if a risk assessment is not conducted," 

"If completion of final closure will take longer than 26 months 
from the time the closure plan is approved, the laboratory will 
submit a closure plan amendment..." 

6.1.2.2/ 
6-9 

6.2.7/6 "If a risk assessment is necessary but additional waste 
26 removal is not required, the total time to complete closure is 

estimated to be 26 months ... This schedule assumes no 
unanticipated delays." 

Figure 
6-2 

-

Estimated Project Schedule with no Risk Assessment. 
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~ Closure 
'I 
'I Plan
(,.) 

Sectionl 
Page 

--~ 

6.1.2.11 
6-9 & 6
10 

~ 

~ 
~ 
-< 
(,.) 

Type ofClosure Plan Information,Closure Plan Information, 
ChangeAs RevisedAs Submitted 

~--

Related 
Corres

pondence 

Figure 6-2, Estimated Project Schedule (Revision 1.0, May 
1999) 

Start Finish 
Begin operations 5113/96 5/13/96 
Preliminary construction 5/13/96 11127/98 
Excavate, decontaminate & sample 11/5197 4128/00 
Waste treatment (as needed) 711/99 4128100 
Phase II sampling 2/28/00 6/23/00 
Final closure report 413/00 11/30/00 
Reseed/replant vegetation 5122100 9m01 

"For this project, an extension of the 90-day and 180-day clo
sure time frames will be necessary. Removal of wastes and 
completion of closure activities as described in Sections 6.3.4, 
6.2.5, and 6.2.6 will extend until September 2001. This 
extended time frame is necessary because the Laboratory 
was unable to meet the original project schedule for waste 
removal due to safe operating process at the site having to be 
re-evaluated when detonable pieces of HE were observed 
during excavation. The extended time frame is also necessary 
because of the following factors: 

• the logistics of removing relatively large amounts of 
waste from a steep incline; 

• 	decontaminating waste in an area that is limited in 
size; and 

• weather conditions that cannot be predicted with any 
high degree of accuracy. 

For these reasons, the Laboratory requests that NMED 
approve the extended project schedule until September 2001 
for final closure. The antiCipated closure schedule is pre
sented in Section 6.2.7." 

Figure 6-2. Estimated Project Schedule (Revision 2.0, May 
2002) 

Start Finish 
Field work 11/5197 10/31/02 
16-006(e) septic tank removal 4/4/02 5/9/02 
Eco risk assessment 6/4/02 10/31/02 
Final closure report 3/4/02 1131/03 
Site restoration 5126/04 1113/04 

"For this project, an extension of the 90-day and 180-day closure 
time frames will be necessary. Removal of wastes and comple
tion of closure activities as described in Sections 6.3.4, 6.2.5, 
and 6.2.6 will extend until the end of January 2003. This 
extended time frame is necessary because the Laboratory was 
unable to meet the original project schedule for waste removal 
due to safe operating process at the site having to be re-evalu
ated when detonable pieces of HE were observed during exca
vation. The extended time frame is also necessary because of 
the following factors: 

• The Cerro Grande fire delayed completion of excavation; 
• The Phase II Sampling and Analysis Plan was submitted 

in August 1999, supplemental information was submitted 
on August 10, 2000, and on April 26, 2001, verbal 
approval was given on May 30, 2001, written approval 
was given on June 7,2001, and deviational changes to 
Phase II sampling and analysis plan were submitted on 
August 2, 2001; 

• 	During Phase II sampling, additional contamination was 
found and excavated from a small drainage on the east
ern edge of the site. 

For these reasons, the Laboratory requests that NMED approve 
the extended project schedule until January 2003 for final clo
sure. The antiCipated Closure schedule is presented in Section 
6.2.7." 
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-< 
~ Closure 

8 Plan 
Sectionl Closure Plan Information, Closure Plan Information, 

Page As Submitted As Revised 

6.1.2.21 "As indicated in Figure 6-2, removal of wastes and completion 
6-9 of closure activities will need to be extended until September 

2001. If completion of final closure activities will take longer 
than September 2001, the Laboratory will submit a closure 
plan amendment in accordance with 265.112(c)." 

Changes to the Closure Plan Waste Estimates 
1.1.3/ "Approximately 30.000 cubic yards (yd:.i) of debris will be 
1-8 excavated." 


4.1.3.1/ 
 "Based on the estimated waste pile volume {30.000 yd3) ...." 

4-3 

6.2.3/ "The MDA P waste pile contains an estimated 30,000 yd.l of 
0) 

6-19 waste and debris." o 

"".j 

(:3 

U As indicated in Figure 6-2, removal of wastes and completion of 
closure activities will need to be extended until January 2003. If 
completion of final closure activities will take longer than January 
2003, the laboratory will submit a closure plan amendment in 
accordance with 265.112(c)." 

a 
"After the submittal and approval of the original Closure Plan. it 
was discovered that the southern part of the morphologic feature 
of MDA P is composed of uncontaminated soils placed during 
the original construction of the burning grounds. Therefore. a 
large volume of clean fill that composes the morphologic feature 
of MDA P will not be removed, but will be sampled during the 
Phase II verification activities. The new estimated volume is 
16,500 cubic yards. This new volume has been reflected as a 
Class I Closure Plan Modification {May 7. 1999 letter)." 

e 

):, 

l:l 
):, 

ill 
IIIRelated 
QType of Corres- I 
~ Change pondence! t:: 
illClass I May 13, 
Qclosure 2002 let
3:.plan modi terd 
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closure 1998 let
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C Closure 
""I 
tj Plan 

Sectionl Closure Plan Information, Closure Plan Information, 
Page As Submitted As Revised 

1.1.3/ "To achieve closure. the entire waste pile. including hazard "To achieve closure, the entire waste pile, including hazardous 
1-8 ous and non-hazardous waste and soil, will be removed. and non-hazardous waste and soil, will be removed. Approxi-

Approximately 16,500 cubic yards (yd3) of debris and contam- mately 60,000* cubic yards (yd3) of debris and contaminated 
inated media will be excavated: 

4.1.3.1/ 	 "Based on the estimated volume of the waste-pile volume 
4.3 	 (16.500 yd3), a total of approximately 165 composite samples 

will be collected." 

Q) ..... 	 Table 4- Table 4-2, Summary of Samples and Analysis. provides the 
21 number of samples based on 16,500 yd3 of waste. 
4-17 

6.2.3/ 	 "The MDA P waste pile contains an estimated 16,500 yd3 of 
6-19 	 waste and debris. It is anticipated that 500 yd3 of excavated 

soil will require treatment. This estimate is based on profes
sional judgment and visual inspection of the waste pile." 

Changes to the Closure Plan Sampling 
4.1.3.1/ "Based on the estimated waste pile volume (30.000 yd3), a 
4-3 total of approximately 300 composite samples will be col

lected: 

Table 4- Summary of Samples and Analyses. 
2 

a; 
::l 

53 
-< 
§ 

media will be excavated. *52,187 cubic yards of media have 
been excavated and 55,093 cubic yards of waste were submitted 
for off-site disposal; 21,500 cubic yards of waste were hazard
ous." 

"Based on the estimated volume of the waste-pile and contami
nated media 60,000* cubic yards (yd3), a total of approximately 
500 composite samples will be collected. *52,187 cubic yards of 
media have been excavated and 55,093 cubic yards of waste 
were submitted for off-site disposal; 21,500 cubic yards of waste 
were hazardous: 

"Table 4-2, Summary of Samples and Analysis, was revised to 
provide the number of samples based on 60.000 yd3 of waste." 

"The MDA-P waste pile contains an estimated maximum volume 
of 60,000 yd3 of waste, debris, and contaminated media. It is 
estimated that 21 ,000 yd3 of excavated soil will require treatment 
and disposal as hazardous waste at a permitted, off-site facility." 

"The estimated number of soil samples to be collected during 
Phase I will be proportional to the reduced estimated volume of 
waste of 16,500 cubic yards (165 composite samples). The new 
estimated number of soil samples has been reflected as a Class 
I Closure Plan Modification, submitted with the May 7, 1999 let
terC. Duplicate, rinsate blank, and matrix spike samples were 
also adjusted to reflect the new estimate. (See new Table 4-2 
replacement page in the May 7, 1999IetterC)." 

Related 

Type of Corres-

Change pondence 


Class I May 13. 
closure 2002 let-
plan mOdi- terd 
fication of May 30,
waste 2002 let-
estimates ter 

~ 
'1J 
l> 

Class I July 22, 
closure 1998 let (lJ 

IIIplan modi- ter 
fication to May 7.
Phase I 1999 let ~ sampling terC Q 
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Closuret:5 
Planw 

Section' 
Page 

6.1.2.21 Not applicable. 
6-9 

SAP 
3.2/30 

~ SAP
2.2.3.21 
22 

April 
2001 
letter
pg.2 

SAP
2.2.3.2/ 
25 

~ 

April 
2001 
letter
pg. 3 
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Type ofClosure Plan Information, Closure Plan Information, 
ChangeAs Revised As Submitted 

"Two field split duplicates samples will be collected from the 
Closure Unit scale. One field split duplicate will be collected 
from the PRS Cluster scale. One field split duplicate sample 
will be collected from both the east and west Investigation 
Areas." 

..... the Closure Unit strata ... will be sampled on a 10 x 10 m 
grid by a discrete grab (soil) or auger (tuff) sample taken from 
the center of grid cells ... ." (August 1999 SApf) 

~grid cells identified for "center of the cell" sampling ... " (April 
26, 2001 letterh) 

"If the grid center identified for sampling ... " (April 26, 2001 let
terh) 

"... four boreholes will be drilled in Canon de Valle between 
MDA P and the watercourse ... " (August 1999 SApf) 

"The fourth borehole in this group will be located at the toe of 
the former landfill ... " (April 26. 2001 letterh) 

"The Phase" Sampling and Analysis Plan was submitted in 
August 1999. supplemental information was submitted on 
August 10, 2000. and on April 26. 2001, verbal approval was 
given on May 30, 2001, written approval was given on June 7, 
2001. and deviational changes to Phase II sampling and analysis 
plan were submitted on August 2, 2001." 

"The quality control samples will be collected at a ratio of 1 to 10 
field samples. The locations of the ac samples have been pre
selected to attempt to obtain positive results. The locations are 
chosen on the basis of existing field screening results obtained 
after completion of excavation." 

"The locations of field samples were locally adjusted from grid 
centers to coincide with drainages and low spots that may have 
concentrated contaminants." 

"The core hole planned for bedrock at the toe of the landfill was 
not drilled. After excavation. it was apparent that the exposed toe 
of the landfill consisted of terrace associated with the Canon de 
Valle stream bed. This terrace contained cobble and talus rock 
debris in a sand matrix. The exposed bedrock topography on the 
lower slopes did not allow the placement of a drill rig." 

Class I 
Closure 
plan modi
fication to 
Include 
SAP and 
changes 
to SAP 

Devia
tional 
change to 
SAP 

Devia
tional 
change to 
SAP 

Devia
tional 
change to 
SAP 

e

::6
\) 
)::. 

~ 
Related Q) 

Corres
pondence 

Q 
!il 
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May 13, 
2002 let
terd 

May 30. 
2002 let
ter 

August 
1999 SApf 

August 2, 
2001 let
ter9 

August 
1999 SApf 

April 26. 
2001 let
terh 

August 2. 
2001 let
ter9 

August 
1999 SApf 

April 26. 
2001 let
terh 
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2001 let
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Page 

SAP
2.2.3.21 
25 

April 
2001 
letter 
pg.3 

SAP
2.2.3.21 
25 

April 
CIl 
W 2001 

letter 
pg.3 

SAP
2.2.3.21 
25 

April 
2001 
letter 
pg.3 
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"The fourth borehole in this group will be located at the toe of 

Closure Plan Information, 
As Submitted 

Closure Plan Information, 
As Revised 

" ... four boreholes will be drilled in Canon de Valle between 
MDA P and the watercourse ... " (August 1999 SAPf) 

"Sampling along the exposed toe of the landfill consisted of four 
exploratory pits in the terrace materials. Two samples were coI
lected in each pit, one from the near surfaces and one from 
above the water table. The sampling parameters were consistentthe former landfill ... This boring will be sampled for continu
with the approved SAP. These samples were collected with theous core to approximately 25 ft depth (elevation approx. 7335 
objective to demonstrate that no contaminants migrated from theft mSI). The target depth represents the elevation of the 
landfilL"stream in Canon de Valle." (April 26, 2001 letterh) 

".. .four boreholes will be drilled in Canon de Valle between "The core hole panned for the former west lobe of the landfill was 
MDA P and the watercourse.. : (August 1999 SApf) not drilled. After completion of excavation, it was apparent that 

there were no hazardous wastes associated with this area of the"Three boreholes will be located beneath the upper footprint 
landfill and little potential for residual contaminants."of the landfill area.. ." The three grids with the greatest poten

tial for these conditions are 374, 486, and 489 beneath the 
western, middle, and eastern parts of the landfill, respec
tively." (April 26, 2001 letterh) 

" ... four boreholes will be drilled in Canon de Valle between "The two remaining planned core holes were drilled at grids 526 
MDA P and the watercourse .... (August 1999 SAPf) and 557. These are grids that existing field screening data indi

cated having the highest residual contaminant concentrations for "Three boreholes will be located beneath the upper footprint 
the landfill. There was topographic indication that these cellsof the landfill area... " The three grids with the greatest poten
were in locations where pre-landfill stream channels may havetial for these conditions are 374, 486, and 489 beoeath the 
concentrated contaminants." western, middle, and eastern parts of the landfill, respec

tively." (April 26, 2001 letterh) 

---_.

Type of 
Change 

Devia
tional 
Change to 
SAP 

Devia
tional 
Change to 
SAP 

Devia
tional 
Change to 
SAP 

Related 
Corres

pondence 

August 
1999 SApf 

April 26, 
2001 let
terh 

August 2, 
2001 let
ter9 

August 
1999 SApf 

April 26, 
2001 let
terh 

August 2, 
2001 let
ter9 

August 
1999 SApf 

April 26, 
2001 let
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2001 let
ter9 
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Closure 
Plan Related 

Sectionl Closure Plan Information, Closure Plan Information, Type of Corres-
Page As Submitted As Revised Change pondence 

SAP
2.2.3.2/ 
25 

April 
2001 
letter
pg.4 

" ... four boreholes will be drilled in Calion de Valle between 
MDA P and the watercourse to a depth of 20 ft ... " (August 
1999 SApf) 

"These boreholes will be sampled for continuous core to 
approximately 33 ft depth (elevation approx. 7416 ft msl). The 
target depth represents the top of the densely welded zone of 
the Bandelier Tuff beneath the landfill." (April 26, 2001 letterh) 

"To compensate for the 2 core holes eliminated, the 2 core holes 
at grids 526 and 557 were drilled to depths approximately 10-ff 
below the elevation of the Calion del Valle stream channel (-60 
ft each)." 

"Additional VOC samples were collected in the 2 core holes at 

Devia
tional 
Change to 
SAP 

August 
1999 SApf 

April 26, 
2001 let
terh 

August 2, 
2001 let
ter9 

---.- 
April 26, April "After sufficient time for any vapors resulting from drilling have Devia

2001 dissipated, a gas sample will be collected in each bore hole grids 526 and 557 in lieu of the samples planned for the 2 core tional 2001 let-
letter- and analyzed for volatiles." (April 26, 2001 letterh) holes eliminated. Two samples from 2 depths were collected Change to terh 

pg.3 from each. An atmospheric blank was also collected at each 
location." 

SAP 
August 2, 
2001 let
ter9 I 

Changes to the Closure Plan Waste Management Procedures 

1.1.311
8 

"The final rinsate from the debris will be sampled to demon
strate that any debris waste characteristics have been 
removed." 

"The original Closure Plan had conflicting language (Section 
1.1.3, Page 1-8, 3rd paragraph) with respect to treatment or veri
fication standard for hazardous debris currently contained in the 
approved Closure Plan per 20 NMAC 4.1, Subpart IX, 
268.45(a)(1). The HRMB required the Laboratory to submit a 
Class I Closure Plan Modification under 20 NMAC 4.1, Subpart 
V, 270.42, Appendix I (a)(2): correction of typographical errors 
(March 10, 1999Ietterb). The Laboratory submitted a Class I Clo
sure Plan Modification for the typographical error, in which the 
sampling of decon water language was removed and replaced 
with visual inspection language consistent with Chapter 4 of the 
Approved Closure Plan (May 7, 1999IetterC)." 

Class I 
Closure 
Plan Mod
ification to 
Decon
tamina
tion 
Procedure 

March 10, 
1999,let
terb 

May 7, 
1999,let
terC 

I 

Table 4
2 

6.3.2/6
28 

Summary of Samples and Analyses 

"If Appendix VIII constituents are not detected in the final rin
sate samples ... " 
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 Closure 


'I 
Plan~ 

Sectionl 
Page 

"The land disposal treatment standard for barium (7.6 mg/L) has 
Applica-
Not Not Applicable 

changed as of May 26,1998 (63 FR 28555). The HRMBhas 
ble given the Laboratory permission to use the EPA's newly promul· 

gated Phase IV LDR treatment standard of 21 mg/L in addition to 
identifying underlying hazardous constituents (UHCs) expected 
to be present in metal-bearing waste (OOD5-barium at 100 mg/L) 
(March 10, 1999Ietterb)." 

(Xl 
(Jl 

Table ~ 
4/ 
~13 

"Note (b) Because the HE was burned before disposal, 0003 "HE is currently managed as any reactive characteristic hazard-
and K044 waste is not expected to be present. If the waste ous waste (0003) and treated by Laboratory personnel at the 
exhibits the characteristic of reactivity due to explosivity, it will 387 Burn Pad. To the best of the Laboratory's knowledge, all 
be classified as 0003 and K044 waste." wastewater treatment sludge from the manufacturing and pro

cessing of explosives was burned to remove the characteristic 
(reactivity) for which it was listed (K044), thereby rendering it no 
longer listed per the mixture rule. Since detonable pieces of HE 
will be segregated from soil, the soil is not expected to be con
sidered a reactive characteristic hazardous waste." 
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Closure Plan Information, Closure Plan Information, Type of Corres· 
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Regula~ 
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Change 

July 22, 
1998,let· 
ter8 

Septem
ber 18, 
1998,let
teri 
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1998, 
letteri 

March 10, 
1999,let
terb 
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CP en 

Closure 
Plan 

Section/ 
Page 

Closure Plan Information, 
As Submitted 

Closure Plan Information, 
As Revised 

Type of 
Change 

-------

Regula
tory Inter
pretation 

Related 
Corres

pondence 

July 22, 
1995let
terS 

May 7, 
1999 let
terC 

6.2.6/ 
6-25 

"This segregation area will be used for temporary storage of 
soils/debris in rolloff boxes or other containers and temporary 
storage of liquids in drums." 

: 

"Decontamination liquid is currently stored in severaI20,OOO-gal-
Ion single walled steel tanks designed to fractionate solids from 
liquids. Stormwater is stored in three 10,OOO-galion single walled 
steel tanks (each devoted to a separate runoff trench). Unknown 
liquids are either containerized or are already in containers. 
These are stored on spill pallets within the area of contamination 
until they can be characterized. Soils (both non-hazardous and 
hazardous) are stored separately within the area of contamina
tion in 100 yd3 10ts. Small debris are staged in wire cage pallets 
to minimize handling. All liquids, soil, and debris removed from 
MDA P are stored in separate lined bermed pads.· 

6.2.6/ ·On-site treatment of contaminated soils or liquids will be con "During an AprilS, 1999 meeting with HRMB, ER Project person- Regula- May 20, 
6-24 ducted ... The treatment will occur in less than 90 days and is 

exempted from permit requirements as described in 20 NMAC 
4.1, Subpart V, Section 262.34. On-site treatment is expected 
to consist of stabilization of barium contaminated soils: 

nel discussed the possibility of finding F-listed constituents in soil 
or on debris removed from MDA P once excavation activities 
entered into the east lobe. Historically gasoline, kerosene, and 
solvents were used in an ignition train to start the burn process at 
the 387 Bum Pad and to keep the burn hot. In most cases, it is 
not possible for the Laboratory to determine whether the pres
ence of a hazardous constituent was a product of incomplete 
combustion or the result of disposal of residues from an F-listed 
solvent. HRMB has approved an approach whereby the Labora
tory will manage waste materials removed from MDA P as F-
listed wastes only when there is directly observable evidence 
that the waste at issue, i.e., soils or debris, were in contact with 
an F-listed source. All other soil and debris waste will undergo 
waste characterization to determine whether the waste is a char
acteristic hazardous waste." 
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pretation 

1999 let
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Closure 
Plan 

Sectionl 
Page 

Closure Plan Information, 
As Submitted 

Closure Plan Information, 
As Revised 

Type of 
Change 

Regula-

Related 
Corres· 
po~dence i 

Septem-Not Not Applicable "In a September 18, 1998 letter, HRMB stated that the sorting 
Applica pad and filtration system for on-site treatment of barium-contam tory Inter ber 18, 
ble inated soils shall meet the requirement for a temporary unit as pretation 1998 let-

defined in 20 NMAC 4.1, Subpart V, Section 264.533. Currently, te~ 
there are no intentions to treat barium-contaminated soils; there- Novem
fore the use of a filtration system will not be implemented. The ber 9, 
Laboratory believes that segregating pieces of HE from soil at 1998 let-
MDA P does not constitute treatment because it does not alter teri 
the chemical or physical characteristics of the waste streams 
generated (November 9, 1999 letter). The Laboratory is cur- March 10, 
rently following EPA guidance for management of remediation 1999 let-
waste in a document entitled "Management of Remediation ter" 
Waste Under RCRA" (EPA 530-F98-026 dated October 1998) Mayl,
that allows consolidation of hazardous waste within an area of 1999 let-
contamination without creating a new point of hazardous waste ter 
generation or triggering land disposal restrictions or minimum 
technology requirements." 

6.2.61 "The treatment tank used for soil stabilization will be within ·Currently, there are no intentions to treat barium-contaminated Variance July 22, 
6-25 this segregation area and bermed separately." soils; therefore there are no treatment tanks associated with soil to Phase I 1998 let-

stabilization for treatment of barium-contaminated soils within the Waste ters 
segregation area: Treat

ment Pro
cedures 

Novem
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1998 
letteri 
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Page 
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2.1.1.31 "A surface runon trench was installed in 1994 as a mecha
2-4 nism for erosion control that redirects rainwater and snowmelt 

around the waste pile and serves to limit infiltration of water 
into the waste pile." 

6.2.41 "Nearby, two 40- x 40-ft evaporation ponds will be constructed 
6-19 for the drying of treated soils." 

00 
00 

Closure Plan Information, 

As Revised 


"In March 1999, the Storm Water Pollution Prevention Plan for 
MDA P was updated to account for waste handling and manage
ment systems required at MDA P. As part of the new waste han
dling and management systems required for HE segregation, the 
west end of the trench has been filled with gravel to create a 
French drain. Stormwater will be redirected around the new 
hand-sorting pad into the French drain. The sorting pad contains 
its own water containment and collection system." 

"Since there will be no treatment of barium contaminated soils, 
the evaporation ponds have not been constructed. A HE hand-
sorting pad of similar dimensions has been utilized in the same 
location as the evaporation ponds." 

Type of 
Change 

Variance 
to Phase I 
Waste 
Handling 
Proce
dures 

Variance 
to Phase I 
Waste 
Treat
ment Pro
cedures 

Related 
Corres

pondence 

July 22, 
1998 let
ter3 

July 22, 
1998 let
ter3 

a July 22, 1998, letter from Julie Canepa and Theodore J. Taylor to Benito Garcia (LANL 1998, 59714) regarding potential operational deviations from the MDA P closure plan. 
b March 10, 1999, letter from Benito Garcia to Theodore Taylor and Dr. John C. Brown (NMED 1999, 63074), replying to the November 9, 1998, letter (LANL 1998, 62240) regarding 

the MDA P Closure Plan and correspondence related to operational deviations. 
c May 7, 1999, letter from Julie Canepa and Theodore J. Taylor to Benito Garcia (LANL 1994,63409) regarding submittal of class 1 closure plan modification for MDA P and response 

to comments contained in the March 10, 1999 letter from HRMB (NMED 1999,63074). 
d May 13, 2002, letter from Julie Canepa and Everett TrOllinger to John Young (LANL 2002,73159) regarding submittal of Revised Request for Class 1 Closure Plan Modification for 

Material Disposal Area (MDA) P. 
e May 30, 2002, letter from James Bearzi to John Brown and Everett Trollinger (NMED 2002, 73198), regarding Notice of Administrative Completeness and Approval of ReVised 

Request for Class 1 Closure Plan Modification for Material Disposal Area (MDA) P. 
f August 1999, sampling and analysis plan for MDA P (LANL 1999,63546). 
9 August 2, 2001, letter from Kenneth V. Bostick to John Young (LANL 2001, 70252) regarding deviations from the MDA P sampling and analysis plan. 
h April 26, 2001, letter from Julie A. Canepa and Theodore J. Taylor to John Young (LANL 2001, 70272) regarding additional information for MDA P Phase II confirmation sampling. 
I September 18, 1998, letter from Benito Garcia to Theodore J. Taylor and John C. Brown (NMED 1998,62559) regarding the requirement of a Class 2 modification for the potential 

operational deviations from the MDA P Closure Plan. 


j November, 9,1998, letter from Julie Canepa and Theodore J. Taylor to Benito Garcia (LANL 1998, 62240), responding to the September 18,1998, letter. 

k May 20, 1999, letter from Julia Canepa and Theodore J. Taylor to James Bearzi (LANL 1999, 63343) regarding MDA P waste determination strategy. 
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No other changes to the MDA P closure implementation procedures were identified during Phase I activi
ties. With the exception of MDA P closure plan changes that may have also impacted the closure imple
mentation of the 387 Flash Pad due to the overlap in closure activities, no additional changes (variations or 
deviations) were identified for the 387 Flash Pad closure implementation. 

Some of the changes to the Phase \I closure implementation activities were also incorporated into the 
I\IMED-approved May 2002 Request for Closure Plan Modification (LANL 2002, 73159). Thus, in strict 
interpretation of this, changes to the Phase \I activities included in the May 2002 modification are no longer 
represented as deviations or variances, according to the definition of such changes in the MDA P closure 
plan (LANL 1995, 58713). Approved changes to Phase II activities are divided into the following two cate
gories: 

Closure Plan Schedu/e--discussed above for Phase I changes. 

Phase 1/ Sampling-the procedures for the sampling, as delineated in the SAP (LANL 1999, 
63546) were revised as the closure implementation progressed, including the location of con
firmation samples (including boreholes), and changes in some of the analyses to be per
formed (e.g., the collection of VOC vapors in the boreholes). 

All changes that occurred in Phase \I activities after May 2002 are considered variances that fall into one of 
three categories: (1) changes in sample locations, (2) changes in analytical sampling, and (3) borehole 
drilling depths, as detailed in the remainder of this section. 

2.4.1 Phase II Sample Location Changes 

There were a number of changes to the Phase \I sample locations, as committed to in May 2002 (LANL 
2002, 73159) immediately prior to the start of confirmation sampling activities (Table 2.4-2). The changes 
to sampling locations included: additions, deletions, changes across grids, and changes within grids. The 
changes in sampling locations were primarily driven by (1) the commitment to sample in low-lying areas 
with increased potential for receiving deposition or in areas with obvious deposition occurring; and (2) the 
need to protect worker safety by avoiding steep slopes (>30%) during sampling. 

Table 2.4-2 


Phase II Sample Location Changes 


Grid 
Sample Depth 

(ft) Notes 
Deleted Phase /I Sample Locations 

83 0-1 -
119 0-1 
341 2-3 - i 

343 0-1 
378 0-1 - 
547 2-3 -
550 0-1 -
587 0-1 -
588 0-1 -
591 2-3 -
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Table 2.4-2 (continued) 


Phase II Sample location Changes 


Sample Depth 
(tt) NotesGrid 

Added Phase II Sample Locations 

196 
 0-1 

204 
 0-1 

205 
 0-1 
 -
205 
 0-1 

206 
 0-1 
 -

2060 
 0-1 

238 
 0-1 

239 
 0-11 

240 
 0-1 


i 
241 
 . 0-1 


0-1 

271 

242 


0-1 

271T 
 0-1


I 

276 
 0-1 
 -- I 

0-1 

278 


277E 
0-1 


278 
 0-1 

314 
 0-1 

340 
 0-1 

340 
 2-3 

344 
 3-4 


348 
 0-1 

373 
 0-1 

375 
 9-10 

376 
 0-1 


376A 
 0-1 

387 
 0-1 

413 
 0-1 

454 
 0-1 

624 
 0-1 

625 
 0-1 

625 
 2-3
I 

661T 2-3
I 


661T 6-7

I 


667 
 0-1 

I 669 
 0-1 -

670 
 0-1 

702 
 0-1 

702 
 2-3 
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Table 2.4-2 (continued) 


Phase \I Sample Location Changes 


I Sample Depth 
(ft) NotesI Grid 

iAdded Phase /I Sample Locations (continued) 

702T 0-1 


702T 
 4-5 


706 
 0-1 -
741 2-3 -
741 5-6 -

0-1742 -
742 2-3 -

IMoved Phase 1/ Sample Locations 

117 0-1 I Moved to 153 


153 
 0-1 ' Moved from 117 

274 0-1 Moved from grid center 

I 287 0-1 Moved from grid center 

316 0-1 Moved from grid center 

371 0-1 Moved from grid center 

403 0-1 Moved to 404 


404 
 0-1 Moved from 403 

410 0-1 Moved to 411 


411 
 0-1 Moved from 410 

416 0-1 Moved from 417 

417 0-1 Moved to 416 


473 
 0-1 Moved to 474 


474 
 0-0.5 Moved from 473 

514 0-1 Moved from grid center 

515 0-1 Moved from grid center 

528 0-1 ~ved from 564 

564 0-1 Moved to 528 


589 
 0-1 Moved to 590 


590 
 Moved from 589 

590 

0-1 

2-3 Moved from 589 

652 Moved from 688 

652 

0-0.5 

Moved from 688 

688 

2-3 

Moved to 652 


688 


0-0.5 

2-3 Moved to 652 

Overall, the net change in the sample locations represents a positive variance; that is, more grid locations 
were sampled than were committed to in May 2002: 10 locations were "deleted"; 41 locations (some with 
more than one sample per location) were "added," 8 of which were "moved" from previously identified loca
tions. Thus, a total of 23 locations were added to the confirmation sampling at the MDA P Area (41 addi
tions minus 8 moved from previously identified locations minus 10 deleted locations). Within-grid moves 
from the grid centers occurred at 6 locations. Overall, the variances in sample locations did not adversely 
impact the ability to evaluate risk due to residual contamination at the MDA P Area because the available 
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confirmation samples were sufficient to adequately assess the site. Therefore, the variances do not impact 
the demonstration of clean closure at the MDA P Area. 

2.4.2 Phase II Sample Changes in Laboratory Analyses 

The confirmation sampling by analytical suite, as committed to and as performed, is summarized in Table 
2.3~2 and Table 2.3-3. Table 2.3-2 shows the number of samples for some analytical suites (notably inor
ganic chemicals, HE, and SVOCs) is less than indicated in the May 2002 modification, while other chemi
cals have more samples than indicated in the May 2002 modification. The differences in the numbers from 
May 2002 to the preparation of this closure certification report are because of slight discrepancies in Table 
4-2 of the May 2002 modification (less than 6% of the total samples collected for any given analyte group) 
and changes in sampling due to the additional excavation and removal activities in the Eastern Drainage 
that occurred after May 2002. Samples in the Eastern Drainage area that were used as confirmation sam
ples prior to May 2002 became Phase I characterization samples after May 2002 because of the additional 
excavation and removal activities in the drainage. Twelve samples were removed from the Phase 1\ sample 
database because the locations from which these samples were taken were later excavated. Thus, a 
reduction in number of confirmation samples does not indicate a reduction in the ability to characterize the 
residual contamination at the MDA P Area because the sampling changes beyond May 2002 were driven 
by additional removal and sampling performed at the site as a result of the initial confirmation sample 
results. The changes in the numbers of confirmation samples taken at the MDA P Area do not adversely 
impact the ability to evaluate risk due to residual contamination at the MDA P Area because the changes in 
the confirmation sampling performed were a result of the additional excavation activities that occurred 
beyond May 2002. 

2.4.3 Phase 1\ Borehole Depth Changes 

An elevational survey resulted in two boreholes (526 and 557) that did not meet their target depths of 10 ft 
below the level of the Carion de Valle stream channel. Rather, the final depths of boreholes 526 and 557 
were approximately 60 and 70 ft, respectively, approximately the level of the Canon de Valle stream eleva
tion. These variances do not adversely impact the ability to determine the depth of residual contamination 
at the MDA P Area because the depth of contamination was limited to the upper 4 ft of soil and tuff, as 
detailed in Appendix A and section 3. 

2.5 Location of Supporting Documentation 

As committed to in the closure plan for MDA P, the location of the following, supporting documentation is to 
be provided to the NMED: field log books, QA/QC documentation, and chain-of-custody records. Field log 
books for the Phase I activities have been scanned and are provided electronically on CD #1 at the front of 
this report. Phase I and Phase II log books, QA/QC documentation, and chain-of-custody records are 
stored in the RRES-R Program's RPF (chain-of-custody forms are also provided as Appendix E to this clo
sure report). 

Additional documentation related to the Phase I disposal activities (industrial and hazardous) that is also 
stored in the RPF includes 

Disposal documentation records for all waste streams (by WPF number), 

Soil lots, 

Shipment dates, 

Bills of lading, 

January 2003 92 ER2002-0773 



MDA P Area Closure Certification Report 

• 	 Waste manifests, and 

• 	 Certificates of receipt. 

Phase I analytical data are provided electronically on CD #2 at the front of this report and are stored in the 
RRES-R Program RPF. 

Phase II analytical data are provided electronically on CD #3 at the front of this report and are stored in the 
RRES·R Program RPF. 

Log books for the 387 Flash Pad (from the 1980s) are in storage at the Burning Ground within TA·16. 

3.0 RISK ASSESSMENTS FOR THE MDA P AREA 

3.1 Introduction 

The human health and ecological risk assessments summarized in this section have been performed to 
document the final closure certification and corrective action activities at the MDA P Area. The risk assess
ment approach was delineated in the NMED-approved SAP for the MDA P Area units (LANL 1999, 63546). 
The analysis of the Phase II confirmation sample data in the context of potential human health and ecolog
ical risk is the focus of this section, the details of which are provided in Appendix A. 

Potential risks to both human and ecological receptors from residual contamination are evaluated for the 
MDA P Area. The screening assessments performed for the human and ecological receptors each consist 
of four components: scoping, screening evaluation, uncertainty analysis and/or problem formulation, and 
interpretation of results. The human health screening assessment was performed using the approach pre
sented in the "Installation Work Plan for Environmental Restoration Program" (LANL 1998, 62060) and in 
LANL (2002, 72639). The ecological screening assessment was performed using the methodology pre
sented in "Screening Level Ecological Risk Assessment Methods" (LANL 1999, 64783). For all inorganic 
and organic COPCs that do not pass the initial human health and ecological screening assessments, addi
tional analysis and evaluation is provided. 

3.2 Conceptual Site Model 

This section provides the framework for the conceptual model of COPC release, transport, and potential 
exposure to human and ecological receptors at the MDA P Area. Key elements of the conceptual model 
that are summarized include the following: 

• 	 Current site conditions; 

• 	 Past releases that are known, or are assumed, to have occurred at the MDA P Area; 

• 	 Identification of contaminated media based on past releases and transport mechanisms that 
previously operated at the site; 

• 	 Identification of contaminated media based on residual contamination and transport mecha
nisms that currently operate at the site; 

• 	 Identification of exposure pathways for potential human and ecological receptors to COPCs 
remaining within the MDA P Area footprint; and 

• 	 Identification of exposure pathways for potential ecological receptors due to current and his
toric transport of MDA P COPCs to Canon de Valle. 
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3.2.1 Current Site Conditions 

The current, post-excavation MDA P Area is comprised of two distinct zones: an "exposed tuff zone" and a 
"biological zone" (see Photograph 1 .5-1, Photograph 1.5-2, and Figure 1.5-1). 

The biological zone consists of undisturbed or reclaimed areas (-5.1 acre of the nearly 9.25-acre site), 
which essentially border the main excavation area to the south, east, and west. The reclaimed areas within 
the former MDA P Area footprint have approximately 2 ft of topsoil, though the soils in some locations near 
the east and west perimeters of the site are as deep as approximately 5 ft. The reclaimed areas have 
healthy plant communities that are composed primarily of grasses and ruderal species representative of 
successional or transitional areas. Undisturbed areas outside the MDA P Area footprint contain deeper 
soils (up to 5 ft on average) that support mature vegetation (including deeper rooted shrubs and trees that 
are typical of the Rocky Mountain montane mixed conifer vegetation type). Evidence of animal activity 
(tracks and scat of small and large mammals) was observed in the biological zone during a recent site visit 
(August 28, 2002; Appendix A). 

The exposed tuff zone consists of a single, large, and continuous area of exposed tuff (-4.25 ac of consol
idated tuff or unconsolidated tuff with large boulders) from which the topsoil was removed during the 
Phase I excavation activities. In contrast to the biological zone, the exposed tuff zone is largely bereft of 
plants and supports little to no animal activities such as foraging and burrowing. Each zone is considered 
separately in the risk assessment because of the large differences in transport mechanisms and receptor 
exposure pathways between the two zones. 

The former MDA P exists almost exclusively within the exposed tuff zone, though the very southern tip of 
the east lobe is within the biological zone. The former 387 Flash Pad exists within an area that has been 
restored and reseeded and lies entirely within the biological zone. The former consolidated SWMU 16
016(c)-99 exists within both the exposed tuff and biological zones. The boundaries of the biological and 
exposed tuff zones and the boundaries of the units within the MDA P Area are shown on Figure 1.5-1. 

3.2.2 Past Releases 

The primary mechanism of past releases of chemicals at the MpA P Area is related to the former material 
disposal operations conducted at the site. Contamination of surface soils and tuff at the site occurred 
through transport and disperSion from the contaminated debris and soil generated and accumulated during 
the operations at the MDA P Area. Additional releases likely occurred via leaching through the landfill con
tents and surface water runoff from the MDA P Area to the Canon de Valle stream channel, located down
gradient (north) of the MDA P Area. 

3.2.3 Contaminated Media-Past Releases 

Soil and tuff are the contaminated media within the boundaries of the MDA P Area associated with past 
releases. The majority of COPCs identified for both the exposed tuff and biological zones are in soil and 
tuff at depths less than 5 ft. Surface water does not currently exist at the site and excavation and removal 
activities resulted in the elimination of all potential near-saturated and ponded water sources at the sur
face, eliminating surface water as a medium of concern within the boundaries of the MDA P Area. Ground
water is also ruled out as a contaminated medium underneath the MDA P Area because contamination 
beneath the site does not extend to the depth of the regional aquifer (1200 ft), Phase II results also rule out 
the soil-to-groundwater pathway currently and in the future because this pathway would be complete only 
if the surface hydrology changed such that ponded water was available to provide a hydraulic head for 
moving contaminants to groundwater; this latter scenario is ruled out for the site because of the lack of 
potential surface water sources at the site. Past releases that may have occurred via surface water runoff 

January 2003 94 ER2002-0773 



MDA P Area Closure Certification Report 

from the MDA P Area to the downgradient Canon de Valle might have contributed to contamination of the 
sediments and surface water of the stream. 

3.2.4 Contaminated Media-Current Conditions 

The only contaminated media currently within the boundaries of the MDA P Area are soil and tuff, for which 
the residual contamination is largely limited to depths less than 5 ft. Likewise, neither surface water within 
the boundaries of the MDA P Area or groundwater beneath the MDA P Area are impacted by the residual 
contamination in the soil and tuff under current conditions. Currently, run-on is directed away from the site 
into two, adjacent watersheds, using natural and engineered landscape features. Runoff of precipitation 
that falls within the boundaries of the MDA P Area is generally diverted to the west and east of the site, into 
channels that terminate in Calion de Valle. Large precipitation events may cause breaching of the diver
sion channels and result in sheet flow across the surface of the site, terminating also in Canon de Valle. 

Potential transport from the exposed tuff zone differs from that of the biological zone and the impact of 
transport from each zone is considered separately in the risk screening evaluations. Surface soils have 
been removed from the exposed tuff zone, which has also been denuded of all mature, native vegetation. 
Because there are currently no areas for ponding or with near-saturated conditions within the exposed tuff 
zone, the current conditions promote runoff and inhibit infiltration. Also, because the residual contamina
tion is limited to the tuff, transport from the site is controlled primarily by the slow rate of weathering of the 
tuff. Thus, while movement of contaminants via runoff is the most important transport mechanism from the 
exposed tuff zone, the actual rate of transport is directly proportional to the rate of weathering of the tuff; 
the weathering process of the tuff is best described in the context of geologic time (thousands of years), 
indicating that off-site transfer is negligible. Exposure of receptors in Canon de Valle to residual contamina
tion from the exposed tuff zone in the near future, defined as 30 yr (LANL 1999, 63546) is also negligible. 

Remaining outside, and surrounding, the exposed tuff zone is the biological zone, which includes undis
turbed locations or previously disturbed locations that have been reseeded/reclaimed. The soils in the bio
logical zone are approximately 2 to 5 ft deep (though in some locations, soils may exceed 5 ft) and are 
inhabited by grasses and plants typical of successional or transitional areas that have been subjected to 
some kind of disturbance. Erosion of the topsoil that remains at the site within the biological zone has 
largely been mitigated by the implementation of BMPs by the Laboratory, including slope stabilization and 
erosion control measures. Transport of residual contamination from the biological zone to Canon de Valle 
is still possible through surface water runoff, though the presence of topsoil, plant cover, and the BMP fea
tures tends to promote infiltration of water within the surface soil over runoff, making runoff a minor trans
port pathway for the biological zone. 

Natural, physiographic boundaries (terrain constraints) limit the lateral extent of both past and future trans
port. The off-site transport of contaminants is constrained by drainage channels to the east and west of the 
site and the upgradient road to the south, such that all run-on and runoff is directed to Canon de Valle. 
Because the Phase II confirmation samples cover the majority of the MDA P Area, including locations 
beyond the historic and current natural boundaries of the site, the lateral extent of residual contamination 
related to the MDA P Area has been sufficiently defined; in other words, locations subject to potential con
tamination from either historic use or historic transport processes have been appropriately captured by the 
confirmation sampling. Additionally, because the depth of the confirmation sampling extends well below 
the residual contamination in the soil and tuff of the MDA P Area, the vertical extent of contamination has 
been sufficiently defined. 

ER2002-0773 95 January 2003 



MDA P Area Closure Certification Report 

3.2.5 Exposure Pathways-Human Receptors 

Potential, complete exposure pathways from COPCs in surface soil and tuff include inhalation of fugitive 
dust and direct exposure to soil and tuff via dermal contact or incidental ingestion. Potential exposure path
ways due to COPCs in subsurface soil and tuff would be complete only if contaminated soil or tuff were 
excavated and brought to the surface, in which case the potential exposure pathways would be similar to 
surface soil exposures. Weathering of tuff is the only viable natural process that may result in the exposure 
of receptors to COPCs in tuff; because of the slow rate of weathering expected for tuff, exposure to COPCs 
in this medium is negligible. However, this assessment assumes that a reasonable depth of exposure is 0 
to 5 ft in soil; for consistency, 5 ft is also assumed to be the depth of exposure for tuff. This is conservative 
because (1) COPCs in tuff will cause exposure only as weathering occurs, and (2) the highest COPC con
centrations are in samples within the top few feet of soil. Also, this is reasonable because the assumed 5
ft depth of exposure captures the average depth of soil and, thus, exposure to COPCs in soil at the site. 
Typically, potential risk to human receptors is determined based on exposure to COPCs in the top 10ft of 
soil. For the MDA P Area, the majority of the samples are in the top 5 ft and COPCs in samples below 5 ft 
are at lower concentrations. The exclusion of deeper samples results in a more conservative assessment 
because the representative site concentrations based on the shallower samples are not "diluted." 

Because no surface water currently exists at the site and excavation activities resulted in the elimination of 
all potential near-saturated and ponded water sources at the surface, potential human health exposure 
pathways due to surface water (dermal and ingestion) are incomplete and are not evaluated. Contamina
tion does not reach regional groundwater so there is no pathway. Likewise, groundwater is eliminated as a 
potentially contaminated medium underneath the MDA P Area because no surface-to-groundwater path
way exists. Thus, pathways to the regional aquifer, which is located approximately 1200 ft below the site, 
are incomplete and are not evaluated. 

3.2.6 Exposure Pathways-MDA P Area Ecological Receptors 

The exposed tuff zone currently contains surface anomalies (e.g., depressions or cracks in the tuff) that 
provide isolated and discontinuous microsites with a tendency to accrete fine materials/deposits that can 
become microhabitats for plants. Thus, some isolated plants can be found growing within the exposed tuff 
zone. Use of the exposed tuff zone for foraging or other activities is not expected by the animal receptors 
that may potentially inhabit areas proximal to the MDA P Area. 

As agreed upon by LANL with the NMED and EPA Region 6 (LANL 2002, 73791), the exposed tuff area of 
the site does not require a quantitative ecological risk assessment including generation and review of haz
ard quotients (Has). The "preferred approach is a qualitative ecological risk assessment" consisting of a 
written discussion documenting that the various exposure pathways are not complete in this area of the 
site. In summary, COPCs in the tuff are generally immobilized and become available to receptors only as a 
function of the slow rates of weathering of the tuff. Vegetation, though present in some microsites, is 
sparse and does not have contact with COPCs to the degree that population-level effects occur. Also, the 
vegetation is not present in sufficient quantities to result in substantial uptake through the food chain and it 
is unlikely that use or foraging by ecological receptors occurs because of the unsuitable habitat. Therefore, 
the contact that wildlife receptors might have with COPCs in the exposed tuff zone does not drive popula
tion-level effects in the wildlife receptors. Thus, there are no complete pathways in the exposed tuff zone 
and the exposure of receptors to COPCs in this zone is not evaluated quantitatively. 

The remaining area of the MDA P Area footprint, which is yet undisturbed or has been reseeded! 
reclaimed, currently supports grasses and plants that may be used as forage by ecological receptors. The· 
relatively shallow depth of the soil in the reclaimed footprint area (an average depth of approximately 2 ft, 
though as deep as approximately 5 ft in some locations near the east and west perimeters of the Site) pre-
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cludes deep-rooted plants and all but investigative burrowing activities by fossorial mammals (see Ecolog
ical Scoping Checklist, Attachment 1 to Appendix A). Complete exposure pathways for ecological 
receptors to COPCs in the surface soil and tuff in the biological zone include: uptake by plants; ingestion 
and dermal pathways for animal receptors; and potential food web transfer. This assessment assumes that 
a reasonable depth of exposure is 0 to 5 ft, regardless of the media type (soil or tuff). 

Undisturbed areas outside the MDA P Area footprint contain deeper soils (up to 5 ft and deeper) that sup
port mature vegetation (including deeper rooted shrubs and trees that are typical of the Rocky Mountain 
montane mixed conifer forest vegetation type). Habitat use by ecological receptors occurs in these outlying 
areas, including foraging, nesting, and the development of established burrow systems (vs. investigative 
bUrrows within the reclaimed portions of the MDA P footprint) by fossorial mammals. Complete exposure 
pathways for ecological receptors to COPCs in the surface soil and tuff in the biologically viable areas out
side the MDA P footprint include: uptake by plants, dermal and ingestion pathways for animal receptors, 
and potential food web transfer. This assessment assumes that a reasonable depth of exposure is 0 to 5 ft, 
regardless of the media type (soil or tuff), and that the exposure to COPCs in tuff is low because of the 
slow rate of the weathering of the tuff. The assessment of potential ecological risk to receptors in the outly
ing, undisturbed areas was combined with that for the biological zone within the MDA P footprint because 
of the similarity of COPCs and the exposure pathways for ecological receptors. 

As with the exposure pathways for human receptors, pathways related to the exposure of ecological recep
tors to COPCs in surface water at the ~ite are incomplete because no surface water currently exists at the 
site and excavation activities resulted in the elimination of all potential near-saturated and ponded water 
sources at the surface. Additionally, groundwater is eliminated as a potentially contaminated medium 
underneath the MDA P Area because no surface-to-groundwater pathway exists; thus, pathways to the 
regional aquifer, which is located approximately 1200 ft below the site, are incomplete for ecological recep
tors at the MDA P Area. 

3.2.7 Exposure Pathways-Canon de Valle Ecological Receptors 

Canon de Valle receptors may be exposed to MDA P Area COPCs from release and transport of contami
nants to the canyon. Historic releases to Canon de Valle from the MDA P Area include the off-site transport 
of COPCs via surface erosion and the potential leaching of water through the landfill contents to surface 
water and sediments. To the extent that contaminants were transported to the canyon from the MDA P 
Area prior to the source removal, the historic contaminant Signatures in the canyon from the MDA P Area 
may not correspond with residual COPC concentrations identified in the confirmation samples. In fact, con
taminants common to Canon de Valle and the MDA P Area are found at higher maximum concentrations in 
the canyon than the MDA P Area (see section 3.3.3). 

The MDA P Area is one of several historic contaminant sources to Canon de Valle and is not the dominant 
source. The 260 Outfall [SWMU 16-021 (c)-99] is identified as the dominant source of contaminants for the 
canyon (LANL 1998, 59891). Additionally, MDA R (SWMU 16-019) and the Silver Outfall (SWMU 16-020), 
up-canyon from the MDA P Area, are also contributors of contaminants to the canyon. The focused evalu
ation of potential ecological risk to aquatic and terrestrial receptors in Canon de Valle integrates the poten
tial effects of the multiple contaminant sources to canyon receptors, in addition to the effects from MDA P 
AreaCOPCs. 

3.3 Screening Assessment Summaries 

As detailed in Appendix A, the screening assessments were performed for all inorganiC COPCs that were 
determined to be greater than the background concentrations (LANL 1998, 59730) in the confirmation 
sample data sets for the biological and exposed tuff zones. Organic chemicals detected in more than 5% of 
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the confirmation samples (EPA 1989, 08021) were designated COPCs, and evaluated for potential risk to 
human and ecological receptors. No radionuclides were identified as COPCs for the MDA P Area based on 
a comparison of detected radionuclide activities to the Laboratory BVs. Table 3.3-1 provides a summary of 
the COPCs identified and the reasons for retaining or eliminating them. For the biological zone, the back
ground comparison divided the data into samples taken from soil and those taken from tuff because the 
BVs are matrix-specific. No such division was necessary for the samples collected from the exposed tuff 
zone because all samples are designated as tuff. The Phase II confirmation samples, as used in the risk 
assessments (i.e., biological vs. exposed tuff and soil matrix vs. tuff), are shown in Figure 3.3-1. The sam
ple locations on Figure 3.3-1 are shown in the center of the grids from which they were collected because 
the assumption in the sample collection methodology and the risk assessments is that the entire grid cell is 
represented/characterized by the within-grid composite samples. 

Table 3.3-1 


Results of Data Review for MDA P Area COPC Identification 


• 

Analyte 

Exposed 
Tuff 
Zone Result Rationale 

Inorganic Chemicals 

Aluminum _a XO X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests 

Antimony - X X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests 

Arsenic - - - Eliminated Eliminated from both zones because detected concen
trations did not exceed established BVs or were not sta
tistically different from background 

Barium X X X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests 

Beryllium - - X Retained Retained for exposed tuff zone because detected con
centrations exceeded established BVs and failed the 
statistical tests 

Cadmium - - - Eliminated Eliminated from both zones because detected concen
trations did not exceed established BVs or were not sta
tistically different from background 

Chromium - X X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests 

Cobalt X X X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests or had samples greater than the maximum BV 
by several factors 

Copper X X X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests 

Iron - X X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests 

January 2003 98 ER2002-0773 



MDA P Area Closure Certification Report 

Table 3.3-1 (continued) 


Results of Data Review for MDA P Area COPC Identification 


Analyte 

Biological 
Zone 

Exposed 
Tuff 
Zone Result RationaleSoil Tuff 

Lead X X X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests or had samples greater than the maximum BV 
by several factors 

Manganese - - - Eliminated Eliminated from both zones because detected concen
trations did not exceed established BVs or were not sta
tistically different from background 

Mercury - - X Retained Retained for exposed tuff zone because detected con
centrations exceeded established BVs and because 
there is no background data set for comparison 

Nickel - X X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests 

Perchlorate NOc NO X Retained Retained for exposed tuff zone because it was detected 
in seven samples and does not have an associated BV 

Selenium - X X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests 

Silver X - - Retained Retained for biological zone because detected concen
trations exceeded established BVs and because there 
is no background data set for comparison 

Thallium - - - Eliminated Eliminated from both zones because detected concen
trations did not exceed established BVs or were not sta
tistically different from background 

Vanadium - X X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests 

Zinc X - X Retained Retained for both zones because detected concentra
tions exceeded established BVs and failed the statisti
cal tests or had samples greater than the maximum BV 
by several factors 

Radionuclides 

Cesium-137 - NO Eliminated Eliminated from biological zone because detected con
centrations did not exceed established BVs 

Uranium-234 - - Eliminated Eliminated from both zones because detected concen
trations did not exceed established BVs 

Uranium-235 - - Eliminated Eliminated from both zones because detected concen
trations did not exceed established BVs 

Uranium-238 - - Eliminated Eliminated from both zones because detected concen
trations did not exceed established BVs 

Organic Chemicals 

Acetone X NO Retained Retained for biological zone because concentrations 
were detected in more than 5% of the samples 

Amino-2,6
dinitrotoluene[4-J 

X X Retained Retained for both zones because concentrations were 
detected in more than 5% of the samples 
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Table 3.3-1 (continued) 


Results of Data Review for MDA P Area COPC Identification 


I 
Biological 

Zone 

Analyte Soil ITuff 
iAmino-4,6 X 
idinitrotoluene[2-] 

Aroclor-1260 X 

i 

• Benzoic Acid -

1 Bis(2 X 
ethyl hexyl)phthalate 

Carbon Disulfide ND 

Di-n·butylphthalate ND 

DDT[4,4] X 

Dichlorobenzene[1,4-] 

-
Dinitrobenzene[1,3-] 

Dinitrotoluene[2,4-] -

Dinitrotoluene[2,6-] 

HMX X 

Methylnaphthalene[2-] -

. Nitrotoluene[3-] -

Nitrotoluene[4-] -

.RDX X 

I 
Tetryl -

i 

Toluene X 

T rinitrobenzene[ 1,3,5-] ND 

Trinitrobenzene[2,4 ,6-] X 

. . = Ellmmated as a COPC • 

Exposed 
Tuff 
Zone 

X 

ND 

ND 

X 

X 

-

ND 

ND 

-

-

-

X 

-

ND 

-

X 

-

X 

X 

X 

Result Rationale 
Retained Retained for both zones because concentrations were 

detected in more than 5% of the samples 

Retained Retained for biological zone because concentrations 
were detected in more than 5% of the samples 

Eliminated Eliminated from biological zone because concentrations 
were detected in less than 5% of the samples 

Retained Retained for both zones because concentrations were 
detected in more than 5% of the samples 

Retained Retained for exposed tuff zone because concentrations 
were detected in more than 5% of the samples 

Eliminated Eliminated from exposed tuff zone because concentra
tions were detected in less than 5% of the samples 

Retained Retained for biological zone because concentrations 
were detected in more than 5% of the samples 

Eliminated Eliminated from biological zone because concentrations 
were detected in less than 5% of the samples 

Eliminated Eliminated from both zones because concentrations 
were detected in less than 5% of the samples 

Eliminated Eliminated from both zones because concentrations 
were detected in less than 5% of the samples 

Eliminated Eliminated from both zones because concentrations 
were detected in less than 5% of the samples 

Retained Retained for both zones because concentrations were 
detected in more than 5% of the samples 

Eliminated Eliminated from both zones because concentrations 
were detected in less than 5% of the samples 

Eliminated Eliminated from biological zone because concentrations 
were detected in less than 5% of the samples 

Eliminated Eliminated from both zones because concentrations 
were detected in less than 5% of the samples 

Retained Retained for both zones because concentrations were 
detected in more than 5% of the samples 

Eliminated Eliminated from both zones because concentrations 
were detected in less than 5% of the samples 

Retained Retained for both zones because concentrations were 
detected in more than 5% of the samples 

Retained Retained for exposed tuff zone because concentrations 
were detected in more than 50

10 of the samples 

Retained Retained for both zones because concentrations were 
detected in more than 5% of the samples 

a _ 

b X =Retained as a COPC. 
C ND =100% nondetect within a given zone. 
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3.3.1 Human Health Screening Analysis 

The MDA P Area exists within the active, operational area of TA-16 and lies entirely on DOE land. The site 
is isolated from public access by a security fence and security checkpoints. Based on the current and pro
posed future land use, the site will remain under Laboratory control and wilt continue to be used for indus
trial purposes. Potential human exposure pathways include inhalation of airborne particles, incidental 
ingestion of surface soil or tuff, and dermal contact with surface soil or tuff (section 3.2). The potential on
site receptors for both current and future land use will continue to be Laboratory employees, including both 
industrial and recreational land uses. However, for this screening assessment, residential land use was 
assumed, to support closure certification and corrective action decisions. 

The screening assessment is a comparison of COPC concentrations with SALs. SALs were calculated 
based on the methodology provided in Appendix C of the approved IWP (LANL 1998, 62060) and LANL 
(2002, 72639). The methodology is based on guidance from EPA Region 6 and NMED (EPA 2001, 71466; 
NMED 2000,68554). The SALs used in the screening evaluation reflect a residential exposure scenario, 
assuming exposure for 24 hr/day for 350 days/year. The SAL comparison is presented separately for non
carcinogenic and carCinogenic chemicals. The SALs for noncarcinogens are based on a hazard quotient 
(HQ) of 1.0. SALs for carCinogens are based on a target cancer risk of 10-6. The comparison was based on 
the 95% upper confidence limit (UCL) of the mean concentration of each COPC, as measured in samples 
collected from 0 to 5 ft. The statistical evaluations are provided in Appendix A. If a chemical was a COPC 
for either zone (biological or exposed tuff), it was assumed to be a COPC for the entire MDA P Area. Thus, 
the data sets defining the 95% UCL concentrations for comparison to human health SALs include all sam
ple locations and both soil and tuff matrices, regardless of whether the samples were from the biological or 
exposed tuff zone. 

3.3.1.1 Screening Results 

Barium and iron were the only noncarcinogens for which the 95% UCL concentrations exceed the 0.1 SAL 
(Table 3.3-2). The sum of the ratio of each COPC (calculated as the 95% UCL concentration divided by the 
respective SAL, Le., the hazard index [HI]) was less than unity (0.8). This indicates that a potential human 
health hazard is not expected from exposure to co-located noncarCinogenic COPCs at the MDA P Area. 

None of the carcinogenic COPCs had a 95% UCL concentration above their respective SALs (Table 3.3
3). and were less than the NMED target risk level of 10.5 (NMED 2000, 68554). The cumulative cancer risk 
for the entire site was 6 x 10.7 . Therefore, exposure in the MDA P Area does not result in an unacceptable 
risk to human receptors. 

Table 3.3-2 


Comparison of Noncarcinogenic COPCs with SALs (0-5 ft) 


95% UCLa SAL 
Analyte (mglkg) (mglkg) 

Inorganic Chemicals 

Aluminum 6050 7400 74,000 
Antimony 0.41 3 30 
•Barium 534 520 5200 

0.83 15 150 
5.35 450 4500 

Copper 6.71 2800 
Iron 10,335 23,000 
Lead 9.67 400 
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Table 3.3-2 (continued) 


Comparison of Noncarcinogenic COPCs with SALs (0-5 ft) 


Analyte 
95% UCLa 
(mglkg) 

0.1 SAL 
(mglkg) 

SAL 
(mglkg) 

• Mercury 0.02 0.65 6.5 

iNickel 4.50 150 1500 

Perchlorate 0.03 0.78 7.8 

Selenium 0.25 38 380 

Silver 0.54 38 380 

• Vanadium 9.52 53 530 

Zinc 49.0 2300 23,000 

Organic Chemicals 

Acetone 0.10 160 1600 

Amino-2,6-dinitrotoluene[4-jC 0.15 6.1 61 

Amino-4,6-dinitrotoluene[2-]<: 0.16 6.1 61 

Aroclor-1260 0.034° 0.11 1.1 

Carbon disulfide 0.Q1 36 360 

HMX 0.95 310 3100 

Toluene 0.005 18 180 

Trinitrobenzene[1,3,5-] 0.14 180 1800 
a 95% UCL =95% upper confidence limit of the mean. 

b Values in bold indicate SAL or 0.1 SAL exceeded by 95% UCL. 
c 2,6-Dinitrotoluene SAL was used as a surrogate (EPA 2001, 71466). 

d Data set had <10 samples; 95% UCL could not be calculated; maximum value used. 

Table 3.3-3 

Comparison of Carcinogenic COPCs with SALs (0-5 ft) 

95% UCLa SAL 
Analyte (mglkg) (mglkg) 

Aroclor -1260 0.034° 0.22 

Bis(2-ethylhexyl)phthalate 0.20 35 

Chromium, total 5.28 210 

DDT[4,4'-] 0.0035° 1.7 

RDX 1.89 4.1 

Trinitrotoluene[2,4 ,6-] 0.14 16 
. . 

a 95% UCL = 95% upper confidence limit of the mean . 

b Data set had <10 samples; 95% UCL could not be calculated; 
maximum value used. 

An additional human health risk analysis was performed to account for potential exposure to a limited area 
of high COPC concentrations. A residential lot of 5400 ft2 (-600 m2) was used to represent the limited 
potential exposure area. A residential lot was selected for both the biological and exposed tuff zones to be 
consistent with the locations of high barium concentrations (the risk driver for the site). Figure 3.3-2 shows 
the barium contour (with locations of relatively high concentrations) and lot layouts for the additional 
human health risk analysis. The inorganic chemical concentrations were compared to the corresponding 
BVs for each residential lot. Inorganic chemicals less than the BVs were not evaluated for each lot. 
Organic chemicals that were not detected within a lot were not evaluated for that lot. 
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Among the noncarcinogenic COPCs in the biological zone residential lot, only barium had a 95% UCL con
centration greater than one-tenth the respective SAL but less than the SAL (Table 3.3-4), similar to the ini
tial screening results. The sum of the ratio of each COPC exposure calculated as the 95% UCL 
concentration divided by the respective SAL was less than unity (0.4), indicating that a human health haz
ard is not expected from exposure to co-located noncarcinogenic COPCs in the biological zone lot. 

One of the carcinogenic COPCs (RDX) had a 95% UCL concentration above the SAL (Table 3.3-5). The 
cumulative cancer risk from exposure to carcinogenic COPCs in the biological zone residential lot was 
approximately 4 x 10-6, which is less than NMED's target risk level of 10.5 (NMED 2000,68554). There
fore, the residential lot in the biological zone does not pose an unacceptable risk to human receptors. 

Table 3.3-4 


SAL Comparison to 95% UCL Concentrations of Noncarcinogens

Biological Zone: 5400 ft2 Residential Lot (0-5 ft) 


95% UCLa 0.1 SAL SAL 
(mglkg) (mglkg)Analyte (mglkg) 

Inorganic Chemicals 

5200 

Copper 

Barium 1584° 520 

280 2800 

Lead 

12.73 

40 400 

Selenium 

21.8 

3,8 380 

Silver 

0.31 

0.68 38 380 

Zinc 23,00058.6 2300 

Organic Chemicals 

Amino·2,6-dinitrotoluene[4-]C 6.1 61 

Amino-4,6-dinitrotoluene[2-]C 

0.51 

6.1 610.55 

310 3100HMX 8.03 
.a ' 95% UCL 95% upper confidence limit of the mean. 

b Values in bold indicate SAL or 0.1 SAL exceeded by 95% UCL. 
c 2,6-Dinitrotoluene SAL was used as a surrogate (EPA 2001,71466). 

Table 3.3-5 


SAL Comparison to 95% UCL Concentrations of Carcinogens

Biological Zone 5400 ft2 Residential Lot (0-5 ft) 


Analyte 
95% UCLa 
(mglkg) 

SAL 
(mglkg) 

Bis(2-ethylhexyl)phthalate 0.26 35 

RDX 17.P 4.4 

T rinitrotoluene[2,4,6-] 0.27 16 

a 95% UCL '" 95% upper confidence limit of the mean. 
b Values in bold indicate SAL exceeded by the 95% UCl. 

Among the noncarcinogenic COPCs in the exposed tuft zone residential lot, aluminum, barium, and iron 
had 95% UCL concentrations greater than one-tenth their respective SALs (Table 3.3-6). The sum of the 
ratio of each COPC exposure calculated as the 95% UCL concentration divided by the respective SAL also 
slightly exceeded unity (1.7). However, approximately one-half of this is due to iron, which is an essential 
nutrient. The iron 95% UCL concentration was also less than the maximum tuft background concentration 
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(19,500 mg/kg) and slightly above the tuff BV of 14,500 mg/kg. None of the noncarcinogenic COPCs 
exceeded the SAL at the 95% UCL concentration. 

RDX was the only carcinogenic COPC with a 95% UCL concentration above its respective SAL (Table 3.3
7). The cumulative cancer risk from exposure to carcinogenic COPCs for the exposed tuff zone residential 
lot was 1.2 x 10-6, which is less than NMED's target risk level of 10-5 (NMED 2000, 68554). Therefore, the 
residential lot for the exposed tuff zone does not pose an unacceptable risk to human receptors. 

Table 3.3-6 


SAL Comparison to 95% UCL Concentrations of Noncarcinogens In 

Exposed Tuff Zone, 5400 ft2 Residential Lot (0-5 ft) 


Analyte 
Aluminum 

Amino-2,6-dinitrotoluene[ 4-]0 

Amino-4,6-dinitrotoluene[2-jD 

Antimony 

Barium 

Beryllium 

Cobalt 

Copper 

HMX 
Iron 

Nickel 

Selenium 

Trinitrobenzene[1,3,5-] 

Vanadium 

Zinc 

95% UCL 
(mglkg) 
10,4158 

0.27 

0.34 

0.50 

3834 

1.75 

45.6 

6.9 

1.6 

16,404 

5.68 

0.49 

0.1 

14.4 

50.7 

SAL 
(mg/kg) 
74,000 

61 

61 

30 

5200 

150 

4500 

2800 

3100 

23,000 

1500 

380 

1800 

530 

23,000 

0.1 SAL 
(mglkg) 

7400 

6.1 

6.1 

3 

520 

15 

450 

280 

310 

2300 

150 

38 

180 

53 

2300 
a Values In bold indicate SAL or 0.1 SAL exceeded by 95% UCL. 

b 2,6.Dinitrotoluene SAL was used as a surrogate (EPA 2001, 71466). 


Table 3.3-7 


SAL Comparison to 95% UCL Concentrations of Carcinogens in 

Exposed Tuff Zone 5400 WResidential Lot (0-5 ft) 


Analyte 
95%UCL 
(mglkg) 

SAL 
(mglkg) 

Chromium 7.8 210 

RDX 5.638 4.4 

T rinitrotoluene[2,4 ,6-] 0.15 16 

a Values In bold indicate SAL exceeded by 95% UCL. 

3.3.1.1.1 PRG Comparison of SAL Exceedances 

The MDA P closure plan (LANL 1995, 58713) indicated that the closure certification report would provide a 
"PRG comparison of the Phase II grid confirmatory analytical results that exceeded SALs." The intent of 
this is to determine whether the operational PRGs had been met during Phase I excavation and removal 
activities, even if SALs were exceeded in some samples. Some samples exceeded the SALs of the two 
chemicals for which operational PRGs were used to determine cleanup levels during Phase I-barium and 
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RDX. The operational PRG of 2000 mg/kg for barium was exceeded in four grid cells (006, 232, 670, 742), 
and the operational PRG of 16 mg/kg for RDX was exceeded in three grid cells (232, 306, and 670). How
ever, the risk screening results presented indicate that residual concentrations of barium and RDX, both for 
the site as a whole and smaller areas with elevated barium or RDX concentrations, do not present a poten
tial unacceptable risk to human health. 

3.3.1.2 Uncertainty Analysis 

The analysis presented in the human health screening assessments is subject to varying degrees and 
kinds of uncertainty. Aspects of data evaluation and COPC identification, exposure assessment, toxicity 
assessment, and the additive approach all contribute to uncertainties in the risk assessment process. 

3.3.1.2.1 Data Evaluation and COPC Identification Process 

A primary uncertainty associated with the COPC identification process (as presented in Appendix A) is the 
possibility that a chemical may be inappropriately identified as a COPC. It is unlikely that inorganic chemi
cals were inappropriately excluded as COPCs because the only detected inorganic chemicals excluded 
were those determined to be less than the associated BV or those with data sets not significantly different 
than background. Aluminum and iron in the exposed tuff zone residential lot and iron in the site-wide com
parison had 95% UCL concentrations greater than 0.1 of the respective SAL, but less than the SAL. Con
centrations measured in soil and tuff at the MDA P Area for these two inorganic chemicals are not 
considered a concern for human health for two reasons: (1) the high values for these inorganic chemicals 
are in the tuff and are, thus, unavailable for exposure; and (2) the 95% UCL concentrations are within the 
range of soil and tuff background concentrations (LANL 1998, 59730), indicating that exposure to site-wide 
or residential lot concentrations is similar to background. Also, iron is an essential nutrient for which con
centrations in soil would need to be substantially higher than background before they become a concern to 
human health. Thus, HI values calculated for the whole area and the residential lots are primarily due to 
barium and are less than 1 .0. 

It is unlikely that organiC chemicals were inappropriately excluded as COPCs because the only detected 
organic chemicals not retained for analysis were those that were detected in less than 5% of the confirma
tion samples, per EPA guidance (EPA 1989, 08021). 

Uncertainties associated with the organic and inorganic chemical data include sampling errors, laboratory 
analysis errors, and data analysis errors. For the MDA P Area, these uncertainties are expected to have lit
tle effect on the results even though many detected concentrations of organic COPCs were qualified J, 
indicating that the values were less than EQLs and could only be estimated. 

3.3.1.2.2 Exposure Assessment 

Three main uncertainties were identified in the exposure assessment process: 

1. 	 Identification of Receptors. The human health screening evaluation is a conservative compari
son of the 95% UCL concentration with SALs based upon a residential land-use scenario. To 
the degree that actual activity patterns are not represented by those activities assumed by the 
residential land-use scenario, uncertainties are introduced in the assessment. Because the 
potentially exposed individual is an industrial worker, the screening assessment based on a 
residential scenario overestimates the exposure and, therefore, the potential hazard and risk 
to human receptors. If, however, future land use becomes residential, the assessment appro
priately addresses potential human health risks. 
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2. 	 Exposure Pathway Assumptions. A number of assumptions are made relative to exposure 
pathways, including: input parameters. whether or not a given pathway is complete, the actual 
media to which an individual may be exposed, and intake rates for different routes of expo
sure. In the absence of site-specific data. the exposure assumptions used were consistent 
with EPA-approved parameters and default values (EPA 2001, 71466). When several upper
bound values (as are found in EPA 2001, 71466) are combined to estimate exposure for any 
one pathway, the resulting risk can exceed the 99th percentile of "expected risk" and therefore, 
exceed (overestimate) the range of risk that may be reasonably expected. Also, the assump
tion that residual concentrations of chemicals in the tuff are available and cause exposure in 
the same manner as if they were in soil overestimates the potential risk to receptors. There
fore, the HI of 1.7 is an overestimation of the potential hazard at the site within the exposed tuff 
zone. 

3. 	 Derivation of Exposure Point Concentrations. Some uncertainty is introduced in the concentra
tion aggregation of data for estimating the representative COPC concentrations (95% UCL) at 
the site. Risk from a single location or area with relatively high COPC concentrations may be 
"diluted" by using a representative, site-wide value. This is considered the single, largest 
uncertainty that may result in the underestimation of potential risk to human receptors. Thus, 
an additional analysis based on locations with high concentrations of barium (the only COPC 
to exceed 0.1 SAL in both zones) was performed to address this uncertainty. The use of the 
95% UCL is intended to provide a protective, upper bound (e.g., conservative) on the average 
COPC concentration at the site, which is more likely to lead to an overestimation of the con
centration representative of average exposure to a COPC across the entire site. 

3.3.1.2.3 Toxicity Assessment 

The primary uncertainty associated with the SALs is related to the derivation of tOXicity values used in their 
calculation. EPA toxicity values (reference doses [RfDs] and slope factors [SFs]) were used to derive the 
SALs used in this risk screening assessment (EPA 2001, 70109; EPA 1997, 58968). Uncertainties were 
identified in three areas with respect to the toxicity values: (1) extrapolation from animals to humans, (2) 
extrapolation from one route of exposure to another route of exposure, and (3) individual variability in the 
human population. 

1. 	 Extrapolation from Animals to Humans. The SFs and RfDs are often determined based on 
extrapolation from animal data to humans, which may result in uncertainties in toxicity values 
because differences exist in chemical absorption, metabolism, excretion, and toxic responses 
between animals and humans. The EPA takes into account differences in body weight, surface 
area, and pharmacokinetic relationships between animals and humans to address these 
uncertainties in the dose-response relationship; however, conservatism is usually incorporated 
in each of these steps, resulting in the overestimation of potential risk. 

2. 	 Extrapolation from One Route of Exposure to Another Route of Exposure. The SFs and RfDs 
often contain extrapolations from one route of exposure to another that result in additional con
servatisms in the risk calculations. For example, an extrapolation from the oral route to the 
inhalation and/or the dermal route was used in this assessment (EPA 2001, 71466) and differ
ences between the two exposure pathways contribute to the uncertainty in the estimation of 
potential risk at this site. 

3. 	 Individual Variability in the Human Population. For noncarcinogenic effects, the degree of vari
ability in human physical characteristics is important both in determining the risks that can be 
expected at low exposures and in defining the no-observed-adverse-effect level (NOAEL). The 
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NOAEL uncertainty factor approach incorporates a 1 O-fold factor to reflect individual variability 
within the human population that can contribute to uncertainty in the risk assessment; this fac
tor of 10 is generally considered to result in a conservative estimate of risk to noncarcinogenic 
COPCs. 

3.3.1.2.4 Additive Approach 

For noncarcinogens, the effects of exposure to multiple chemicals are generally unknown and possible 
interactions could be synergistic or antagonistic, resulting in either an overestimation or underestimation of 
the potential risk. Additionally, RfDs used in the risk calculations typically are not based on the same end
pOints with respect to severity, effects, or target organs. Therefore, the potential for noncarcinogenic effects 
can be overestimated for individual COPCs that act by different mechanisms and on different target organs 
but are addressed additively. 

3.3.1.3 Interpretation of Results 

Overall, the uncertainties associated with the evaluation of human health risks to residual concentrations 
of COPCs in the soil and tuff of the MDA P Area overestimate potential risk to human receptors. A detailed 
analysis of risk due to exposure at locations with high concentrations of barium (the main risk driver at the 
site), indicate that there is no potential, unacceptable risk to human health in either the biological or 
exposed tuff zone. 

The noncarcinogenic HI values ranged from 0.8 (site-wide) to 1.7 (exposed tuff zone) based on 95% UCL 
concentrations; none of the individual COPCs exceeded an HQ of 1.0. Approximately half of the HI of 1.7 
(0.7) is due to iron, which is an essential nutrient and has a 95% UCL within the range of background con
centrations. In addition, COPCs in this lot are in the tuff, so exposure is unlikely; the HI for the exposed tuff 
zone residential lot overestimates the potential hazard to receptors. Given the uncertainties and the over
estimation of the hazard, the His for the site and for the residential lots do not exceed NMED's target HI of 
1.0 (NMED 2000, 68554) and do not pose a potential hazard to human health. 

Concentrations of carcinogenic COPCs were less than their respective SALs. The incremental excess can
cer risk ranged from 6 x 10-7 (site-wide risk) to 4 x 10-6 (residential lot risk). The risk levels are below the 
NMED target cancer risk level of 10-5 (NMED 2000, 68554). Therefore, the site as a whole and the resi
dentiallots within each zone do not pose a potential unacceptable risk to human health. 

3.3.2 Ecological Screening Analysis 

Because potentially complete exposure pathways exist for COPCs in the biological zone, the following 
eight terrestrial receptors were evaluated quantitatively in the ecological screening assessment for the bio
logical zone, representing several feeding guilds and trophic levels: 

• A plant, 

• Soil-dwelling invertebrates (represented by the earthworm), 

• Deer mouse (mammalian omnivore), 

• Vagrant shrew (mammalian insectivore), 

• Desert cottontail (mammalian herbivore), 

• Fox (mammalian carnivore), 
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• American robin (avian insectivore, omnivore, and herbivore), and 

• American kestrel (avian insectivore and carnivore); a surrogate for avian threatened and 
endangered (T&E) species. 

Of the terrestrial receptors evaluated, only the vagrant shrew is not expected to be of concern for the 

MDA P Area because it requires free water for survival-a medium that does not exist at the site and that 

has been eliminated from consideration as a potential exposure medium for the MDA P Area footprint. 

However, because the shrew represents the insectivorous feeding guild for mammals, which is not specifi

cally represented by any of the other terrestrial receptors, the shrew was retained for the MDA P Area 

screening assessment. 


As described in section 3.2.6, a quantitative analysis of ecological risk was not performed for the exposed 

tuff zone, as agreed upon with the NMED and EPA Region 6. The basis for this approach is that exposure 

pathways are incomplete in this area of the site. 


3.3.2.1 Screening Results 

The screening assessment is a comparison of 95% UCL concentrations with ESLs for each COPC, result
ing in a HO. The comparison was based on the 95% UCL of the mean concentration of each COPC identi
fied for the biological zone, as measured in soil and tuff samples taken from 0 to 5 ft. The higher the 
contaminant levels relative to the ESLs, the higher the potential risk to receptors; conversely, the higher the 
ESLs relative to the contaminant levels, the lower the potential risk to receptors. HOs greater than 0.3 are 
identified as chemicals of potential ecological concern (COPECs) requiring additional evaluation (LANL 
1999,64783). The hazard index (HI) is the sum of HOs; an HI greater than 1.0 is considered an indication 
of potential adverse impacts to a given receptor from exposure to multiple chemicals at a site. The HOtHI 
analysis is a conservative indication of potential adverse effects and is designed to minimize the potential 
of overlooking possible COPECs at the site (LANL 1999.64783). 

ESLs were obtained from the Laboratory's ECORISK database version 1.4 (LANL 2002, 72802.1), as pre
sented in Appendix A. All COPCs identified for the biological zone, with the exception of nickel and lead, 
required further evaluation because one or more HO exceeded 0.3 or because there was no ESL available 
for one or more of the receptors for a given COPC (Table 3.3-8). Nickel and lead were eliminated as 
COPECs because all receptors had an associated ESL and all HOs were less than 0.3. All other chemicals 
are discussed in detail below in the problem formulation. 
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Table 3.3-8 


HQ/HI Summary for COPCs in Biological Zone 


~ 
U - II) 

>. ;:) tJ) 

~;;'5, Cftj 
C <II 
c( :gd.,S. a: 

Inorganic Chemicals 

Antimony 4.l0E-Ol 8.20E+OOD 

Barium 6.56E+02 S.SSE+OO 

Chromium 5.95E+OO 2.48E+00 

Cobalt 4. 1 BE+OO 1.S7E+01 

Copper 7.60E+OO 7.S0E-01 

Iron 1.02E+04 -

Lead 1.04E+01 2.31E-02 

Nickel 4.65E+OO 2.33E-01 

Selenium 2.40E-01 2.40E+OO 

Silver 7.00E·01 1.40E+01 

Vanadium 1.02E+01 4.0SE+02 

Zinc 5.37E+01 5.37+00 

Organic Chemicals 

Acetone 1.40E-02 -
Amino-2.6-dinitrotoluene[4-1 1.S0E-01 2.25E-03 

Amino-4,6-dinitrotoluene[2-1 1.82E-Ol 2.2SE-03 

Aroclor-1260 6.1E-02° -
Bis(2-ethylhexyl)phthalate 2.00E-01 -
DDT{4,4'-1 7.9E·03° 2.14E-03 

HMX 1.33E+OO -
RDX 2.37E+OO 2.37E-02 

Toluene 3.30E-03 1.6SE-OS 

Trinitro-toluene[2.4,6-) l.S0E-Ol 2.57E-Ol 

HI 4.S4E+02 

95% UCL = 9S% upper confidence limit of the mean. 
b Value in bold indicates HQ > 0.3 or an HI > 1.0. 
e _ = ESL not available. 
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4.S0E+01 9.09E+00 S.97E-01 1.10E+01 

2.45E-02 2.92E-02 3.00E-04 2.30E-03 

- - - -
1.44E-01 1.04E-01 3.90E-03 2.0BE-02 

3.90E-03 2.90E-03 1.00E-04 4.90E·04 

1.20E-01 2.40E-02 1.70E-03 2.B6E-02 

3.6BE-02 2.33E-02 2.93E-04 7.03E·03 

2.00E+00 3.S4E·01 2.00E-02 4.SSE·01 

4.13E-01 2.56E-01 1.10E-02 B.14E-02 

3.33E-06 6.36E-06 2.50E-09 4.52E-OS 

- - - -
- - - -

7.09E-02 4.07E-03 2.77E-02 3.39E-02 

1.0SE-Ol 8.70E-03 1.18E-01 B.70E-02 
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As presented in Table 3.3-B, HI values for the terrestrial receptors range from 1.75 for the top carnivore 
American kestrel to 464 for the plant. Per EPA guidance (EPA 2000, 73306), aluminum "is identified as a 
COPC only at sites where the soil pH is less than 5.5." pH levels measured in confirmation samples from 
the MDA P Area range from 5.B to 7.4 in tuff and 6.B to 7.6 in soil, indicating that aluminum at the MDA P 
Area is unavailable to ecological receptors. With aluminum eliminated, barium and cobalt are the primary 
contributors to the HI values for each receptor, while vanadium and DDT[4,4] also contribute to the HI for 
some receptors. 

3.3.2.2 Problem Formulation 

This section provides an evaluation of the initial screening assessment results in the context of assump
tions and conservatisms used in the screening process, in order to determine whether or not the results 
are ecologically meaningful and if additional analysis is required beyond the screening assessment. Table 
3.3-B shows the COPCs that failed the initial screening. 

3.3.2.2.1 Inorganic COPCs 

A number of the Has determined for inorganic chemicals are not ecologically meaningful estimations of 
potential risk because the ESLs are below the soil and tuff BVs. Therefore, the HO/HI analysis was per
formed again after removing ESLs below the associated soil BV from the analysis (Table 3.3-9, see "NC" 
entries). All of the inorganic COPCs, except for barium, have seven or fewer detections in soil above the 
soil BV, indicating that the residual concentrations of inorganic chemicals in the biological zone are in the 
tuff and are inaccessible to receptors. In addition, the 95% UCL concentrations determined for all inorganic 
COPCs, except for barium, cobalt, and copper, are within the range of the background concentrations for 
soil and tuff, indicating that exposure to the representative site concentrations for inorganic COPCs is sim
ilar to background. As a result, the majority of the inorganic COPCs (except barium) are not retained as 
COPECs. 
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1.40E-02 - - 3.33E-07 3.33E-06 6.36E-06 2.50E-09 4.52E-OB 3.26E-03 3.6BE-03 3.78E-04 -
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Trinitrotoluene[2,4.6-) 1.80E-01 2.57E-01 2.57E-01 - - - - - 2.34E-03 3.40E-03 1.80E-03 1.l3E-05 

HI 2.BBE-01 4.49E-01 4.01E+OO 4.03E+OO 1.08E+OO 1.05E+OO 1.48E+OO 4.5BE-01 9.77E-01 4.76E-01 2.05E+OO 

&r 
e _ =ESL not available. 
d Bold indicates HQ > 0.3 or an HI > 1,0.~ e 95% UCL could not be calculated; maximum detection was used. 

~ 
8 

~ 

~ 
IJ 
),. 
(1; 
I:l) 

Q 
g 
t:: 
(1; 

Q 
~ ;:::;; 
~. 

6'
::J 
JJ 

-@l 

2. 



MDA P Area Closure Certification Report 

3.3.2.2.2 Organic COPECs 

Table 3.3-8 shows DDT[4,4'-] was the only organic chemical that failed the initial screening because of 
HOs greater than 0.3 (for the insectivorous and omnivorous robin and both kestrels). However, DDT[4,4'-] 
was detected in only one soil sample and had HOs of 3.0 or less, which are not expected to result in 
adverse population-level effects to the robin or kestrel. Therefore, DDT [4,4'-] is not retained as a COPEC 
for the biological zone. 

Three organic chemicals (acetone, Aroclor-1260, and bis[2-ethylhexyl]phthalate) had ESLs for most or all 
of the wildlife receptors and all HOs were less than 0.3. Furthermore, these COPCs were detected in only 
one sample (acetone and Aroclor-1260) or eight samples (bis[2-ethylhexyl]phthalate). Because of the low 
number of detected concentrations, these COPCs are not expected to drive adverse population-level 
effects. All detected concentrations for these COPCs were at or below the maximum EOLs, indicating that 
only trace concentrations are present at the site. Although there are no ESLs for these COPCs for plants 
and invertebrates, the plants at the site are healthy. Because these organic chemicals are infrequently 
detected at low concentrations, and HOs for receptors with ESLs are less than 0.3, acetone, Aroclor-1260, 
and bis[2-ethylhexyl]phthalate are not retained as COPECs. 

The remaining organic COPCs (amino-2,6-dinitrotoluene[4-], amino-4,6-dinitrotoluene[2-], HMX, RDX, tol
uene, trinitrotoluene[2,4,6-]) have mammalian ESLs, but are lacking ESLs for the avian receptors and may 
also lack an ESL for either the plant or invertebrate. All HOs for the mammalian receptors are less than 
0.3, and in many cases are at least an order of magnitude lower than 0.3; thus, there is no further evalua
tion warranted for the mammalian receptors. The plants observed at the site during a recent site visit 
(August 28,2002) appeared healthy and no observable adverse effects to the flora were noted, indicating 
that plants are not being adversely affected by residual concentrations of COPCs in the biological zone 
and that no additional evaluations are required for the plants. If a ten-fold uncertainty factor were applied to 
the available mammalian ESLs and used to estimate avian HOs, the resulting HOs would be less than 1.0 
for all avian receptors except for potential exposure to RDX, where the resulting HOs are greater than 1.0 
but less than 5.0. Lastly, except for RDX which was detected across the site in both soil and tuff, there are 
a limited number of detections of organic chemicals in soil, indicating that the residual concentrations of 
these organiC chemicals in the biological zone are in the tuff. Because of the low number of detected con
centrations in soil and given the time required for the weathering of the tuff to become an exposure 
medium for receptors, these organic chemicals in tuff are not expected to cause adverse population-level 
effects. 

3.3.2.2.3 Problem Formulation Summary 

The COPECs barium and RDX warrant further site-specific evaluation in an ecological risk assessment 
(Section 3.3.3). All other inorganic and organiC chemicals identified as COPCs are eliminated as COPECs 
for the MDA P Area. COPCs in the tuff are not of concern for the receptors at the MDA P Area or in Canon 
de Valle because the exposure pathways are incomplete. Future exposures to COPECs in tuff are directly 
related to the rate of weathering, which is slow and not likely to result in adverse ecological impacts. 

Barium is retained for additional assessment because HOs indicate potential risk to all ecological receptors 
except the kestrel top carnivore (the surrogate for avian T&E receptors). RDX is also recommended for 
additional analysis because the avian receptors lack ESLs and estimated HOs based on assumptions 
related to available mammalian ESLs indicate that the potential risk to avian receptors could not be defini· 
tively eliminated. 
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3.3.3 Ecological Assessment Summary 

The conceptual site model for the MDA P Area includes the potential for exposure to ecological receptors 
in Canon de Valle due to releases of contaminants from the MDA P Area (section 3.2). Historic releases to 
Canon de Valle from the MDA P Area include the off-site transport of COPCs via surface erosion and the 
potential leaching of water through the landfill contents to surface water and sediments. To the extent that 
contaminants were transported to the canyon from the MDA P Area prior to the source removal, the his
toric contaminant Signatures in the canyon from the MDA P Area may not correspond with residual COPC 
concentrations measured in the Phase II confirmation samples, though the primary contaminants (barium 
and HE compounds, including RDX) are common to both. Consequently. the ecological risk assessment of 
Canon de Valle in support of the MDA P Area closure certification and corrective action includes all the 
COPECs that were identified in the canyon. as summarized in section 3.3.3.1. 

The potential for adverse ecological effects to Canon de Valle receptors represents exposure from the his
toric loading of COPCs into the Canon de Valle system. The contaminant signatures and inventories are 
expected to be the worst-case condition because the MDA P Area has been excavated and other sources 
of contaminant discharges to the canyon have been eliminated/remediated. Because of the source 
removal/remediation activities, contaminant concentrations will decline and inventories will diSSipate with 
the continued influence of hydrologic processes in the canyon. thereby further decreasing potential ecolog
ical impacts from residual contamination at the MDA P Area. 

The ecological assessment considers terrestrial effects for the MDA P Area and aquatic and terrestrial 
effects in the canyon. The data used to support this assessment include: 

• Post-excavation Phase II confirmation sample data for the MDA P Area; 

• Sediment profile data collected in 1996 for the active channel in Canon de Valle; 

• Overbank samples collected for the fluvial geomorphology characterization in 1999; 

• Water samples collected from April 1994 to March 1999; 

• Small mammal population and contaminant body burden data collected in 2001; 

• Sediment toxicity test results collected in 2001; and 

• Synoptic benthic macro-invertebrate community data collected in 1996 and 1997. 

The data sources were subset to assess the MDA P area impacts where these data extend substantially 
beyond the area of influence for the MDA P Area or where the data show concentration trends in the can
yon that are not relevant to the MDA P Area. 

The MDA P Area is one of several historic contaminant sources to Canon de Valle and is not the dominant 
source. The 260 Outfall [SWMU 16-021 (c)-99] is the dominant source of contaminants for the canyon 
(LANL 1998, 59891). Additionally, MDA R (SWMU 16-019) and the Silver Outfall (SWMU 16-020), up-can
yon from the MDA P Area, are also contributors of contaminants. Figure 3.3-3 and Figure 3.3-4 show the 
down-canyon profile of barium concentrations for the overbank soils and the active channel sediments, 
including the location of the MDA P Area, down-gradient of the 260 Outfall. The zero distance is the loca
tion of the 260 Outfall. The overbank plot shows five locations with elevated concentrations of barium 
between the 260 Outfall and the MDA P Area. All the other overbank data show a lack of trend with loca
tion in the canyon. The active channel sediment plot includes a locally smoothed line fit to approximate and 
average barium concentration with location in the canyon. The active channel shows a barium concentra
tion decline below the MDA P Area. Both plots show higher barium concentrations up-gradient of the 
MDA P Area reach. These plots indicate that the MDA P Area has not been. nor currently is. a major con
tributor of barium to the canyon. Other COPCs have similar patterns. 
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The CO PC concentration patterns, as represented by the barium plots, indicate that ecological investiga
tions for adverse effects in Canon de Valle that include the reach below the MDA P Area are also useful for 
evaluating historic effects from the MDA P Area. 

3.3.3.1 Identification of COPECs for Canon de Valle Receptors 

The identification of Canon de Valle COPECs for terrestrial and aquatic receptors is described in Appendix 
A. In summary, 

• 	 Six COPECs were identified in overbank soils which exceed the ESLs for terrestrial receptors: 
barium, silver, lead, copper, HMX, and RDX. 

• 	 Six COPECs were identified in water which exceeded the ESLs for aquatic receptors: alumi
num, barium, cadmium, cobalt, manganese, and silver. 

• 	 Ten COPECs were identified in active channel sediments which exceeded the ESLs for 
aquatic receptors: barium, cobalt, copper, lead, silver, thallium, vanadium, di-n-butylphthalate, 
HMX, and RDX. 

3.3.3.2 Canon de Valle Field Studies Introduction 

The environmental values, or assessment endpoints, to be protected for Canon de Valle consist of features 
of the canyon relative to the surrounding landscape and the resident threatened species. Canon de Valle is 
one of many canyons incised into the Pajarito Plateau. This canyon has a perennial spring and an alluvial 
seep in the vicinity of the TA-16 facilities. The presence of water in the canyon is ecologically important to 
the viability of many species in this semi-arid environment. Additionally, the canyon supports a multi-lev
eled overstory of mixed conifer, aspen, and oak, with grasses and forbs on overbanks and terraces. The 
combination of perennial water and diverse vegetation make the canyon a relatively attractive location for 
endemic fauna. The Mexican spotted owl, a threatened species, has a nesting site down-canyon from the 
MDA P Area and is likely to hunt in the canyon. 

The following assessment endpoints were addressed in the focused Canon de Valle assessment: 

• 	 Community viability of small mammals as an indication of contaminant impacts upon maxi
mally exposed taxa across trophic levels and foraging guilds in the terrestrial environment. 

• 	 Contaminant concentrations in the food web as an indication of potential impacts to carni
vores, including the Mexican spotted owl, a resident threatened species in the canyon, below 
the MDA P Area. 

• 	 The capacity of the perennial reach of the canyon to support an aquatic community as an indi
cation of the extent to which contaminants have impaired sediment and water quality. 

The specific measures of effects used to assess small mammal community viability and food web contam
inant concentrations are 

• 	 Number of small mammal species, 

• 	 Population density estimates of small mammals, 

• 	 Reproductive status classes for each small mammal species, 

• 	 Small mammal body weights, and 

• 	 Small mammal contaminant body burdens. 
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The specific measures of effects used to assess the capacity of the canyon's aquatic system to support an 
aquatic community are 

• Number of benthic macro-invertebrate species, 

• Presence of sensitive species, 

• Benthic macro-invertebrate community metrics, 

• Chironomus tentans toxicity test survival. and 

• C. tentans toxicity test growth. 

3.3.3.3 Terrestrial Study 

Small mammal community is a practical choice for biota sampling for adverse terrestrial effects in Canon 
de Valle. Small mammals reside in the canyon year-round and the populations are sufficiently abundant to 
provide multiple individuals for population estimates and to determine the amounts of contaminants taken 
up and stored by individuals in their body tissues, i.e., contaminant body burdens. Additionally, small mam
mals are dominant prey species for the carnivores active in the canyon, including the Mexican spotted owl. 
Contaminant body burden data from small mammals provides the information necessary to make direct 
estimates of contaminant intake by carnivores, obviating most of the assumptions in contaminant transfer 
models. Small mammals were collected from Canon de Valle and Pajarito Canyon, the latter being a refer
ence (Le., uncontaminated) location. Pajarito Canyon was selected as the reference canyon based on its 
similarity to Canon de Valle with respect to topography, elevation, water presence and quantity, vegetation, 
and burn severity from the Cerro Grande Fire in 2000. Trapping was conducted during May 2001 and 
again in September to October 2001. The lines of evidence evaluated are number of species, body weight, 
reproductive status classes for each species, population density estimates, and contaminant body bur
dens. 

The trophic level of a small mammal species generally influences the rate of accumulation of contaminants 
relative to soil concentrations. Sample et al. (1998. 72726) found that bioaccumulation is highest in insecti
vores and lowest in herbivores. Three endpoint species under consideration are the mountain cottontail 
(an herbivore), the deer mouse (an omnivore), and the dusky shrew (an insectivore). Based upon home 
range, the potential for bioaccumulation, and prey size preferences of the Mexican spotted owl, the dusky 
shrew and deer mouse populations are best suited for assessing contaminant transfers to top carnivores. 
Given the propensity for higher body burdens, these species are also likely to elicit population responses 
to COPECs if such responses are occurring. If necessary, the differences in diet between the two mam
mals can be used to differentiate body burdens associated with trophic levels. Finally, the reproductive rate 
of these species is such that individuals removed for analysis will be quickly replaced within the popula
tions and negative consequences to the food chain from sampling are very unlikely. The body burden data 
are used to compare COPEC concentrations between Canon de Valle and the reference canyon and to 
estimate the dose of COPECs to the Mexican spotted owl. Individuals were sacrificed for body burden 
analysis and samples were submitted to the analytical laboratory for analysis of HE and TAL metals. The 
details of the calculated minimum detection limits for estimating risk relevant doses to the Mexican spotted 
owl are provided in "Canon de Valle Terrestrial Ecological Risk Assessment Pilot, Steps Four, Five and Six: 
Study Design and Implementation Plan" (Tardiff 2002, 73664). 

The terrestrial study data indicate that both the number of species (Table 3.3-10) and the population densi
ties (Table 3.3-11) of small mammals are greater in Canon de Valle than in the reference (i.e., uncontami· 
nated) site, Pajarito Canyon. The dusky shrew, selected as a study species, was not trapped on any of the 
field collectionltrapping dates. Additionally, Canon de Valle consistently had more reproductive status 
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classes than Pajarito Canyon (Table 3.3-10). These results indicate that the contaminant inventories in 
Canon de Valle are not adversely affecting the small mammal community. 

A comparison of body weights, by species, shows no differences between the canyons except for brush 
mice when the sexes are combined. However, this difference in weights is associated with a relatively large 
number of non-reproductive individuals in Canon de Valle and indicates that the brush mouse population in 
Canon de Valle is more active with regard to reproduction because Canon de Valle has more individuals 
transitioning from juvenile to reproductive status. 

Figure 3.3-5 shows box plots of deer mouse body burden data, with a cursor line representing the Mexican 
spotted owl ESL. The analysis of contaminant body burdens for small mammals show that the whole
mouse concentrations (of barium, copper, lead, silver, HMX, and RDX) are well below ESLs for the Mexi
can spotted owl. These data indicate that the contaminant inventories in Canon de Valle are not posing a 
food chain risk to the owl. 

3.3.3.4 Aquatic Study 

Synoptic benthic macro-invertebrate surveys and toxicity testing with Chironomus tentans were selected 
for assessing adverse effects in the Canon de Valle aquatic system. The study design is summarized 
below and fully described in "Canon de Valle Aquatic Ecological Risk Assessment Pilot, Steps Four, Five, 
and Six: Study Design and Implementation Plan" (Tardiff 2003, 73730). 

Biotic Survey 

Canon de Valle is somewhat limited in survey options for aquatic resources because it is a very small 
stream that does not support fish. The lack of fish is due to the perennial reach being disconnected from 
any larger body of water and its small dimensions (average width 50 cm, average depth 7 cm), and lack of 
sufficient pool cover to protect fish populations from freezing and drought. 

The benthic macro-invertebrate community is an appropriate option for a synoptic survey. The species in 
this community reside in or on sediments, are continually exposed to the contaminants in the water col
umn, and they feed on detritus and microorganisms. The consumption of microorganisms incorporates 
food chain effects into the macro-invertebrate exposures. This community was surveyed in 1996 and 1997 
and was shown to be well-developed in Canon de Valle (NMED 1999, 73769). These data are used to 
assess community effects in Canon de Valle relative to the reference stream reaches on the Pajarito Pla
teau. 

A synoptic survey of benthic macro-invertebrates was conducted for riffle habitat in Canon de Valle, 
Pajarito Canyon, Los Alamos Canyon, and Guaje Canyon. The latter three canyon reaches are reference 
streams. The lines of evidence evaluated are number of species, presence of sensitive species, and com
parisons of community metrics between the two canyons. Three taxa in the orders Ephemeroptera, Ple
coptera, and Trichoptera (EPT), generally considered to be sensitive to pollutants, were measured in the 
canyons. Their presence at a site indicates that if pollution is present, it is most likely at low levels. The 
second metric consists of the ratio of EPT to EPT plus the Chironomids. Chironomidae is one of the taxo
nomic families of true flies. They are typically tolerant of pollution-impacted conditions. If they dominate the 
assemblage of taxa for a site, then the site may warrant evaluation for pollution impacts. The third metric is 
the community tolerance dominance quotient (CTDq) from the biotic community index of Winget and Man
gum (1979). For the first two metrics, larger values indicate better site quality. For the CTDq, lower values 
indicated better site quality. 
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Table 3.3-11 


Deer Mouse Population Density Estimates by 

Trapping Grid and Season 


Spring 2001 Fall 2001 
I Location individuals/ha8 (±95% CI~ individuals/ha (±95% CI) 

Canon de Valle, Upper Grid 10.5 (4) NAc 

I Canon de Valle, Lower Grid 24 (9) 144 (66) 

Pajarito Canyon, Upper Grid 7.1 (3.8) 11.3 (7.5) 

Pajarito Canyon, Lower Grid 9.1 (4.1) 18.7 (8) 

ha -- hectare. 
b CI = confidence level. 

C NA = not applicable; population density not calculated because new capture data are nonlinear 
(5,4,8,6). See text for explanation. 

The benthic macro-invertebrate study results show that the total number of benthic macro-invertebrate 
taxa in Canon de Valle (33) is within the range of values for the three reference reaches (25 to 42): 
Pajarito, Guaje, and upper Los Alamos Canyons. Sensitive species are present in Canon de Valle, with the 
total number of sensitive species (EPT =6) being I,ower than in the reference reaches (EPT = 10, 16, and 
18) (Table 3.3-12). This result corresponds to the comparisons of community metrics for the reaches, sum
marized below. The EPA Rapid Bioassessment Protocol (EPA 1999, 73728) characterizes a community 
metric reference comparison of >79% as "full support" and a reference comparison of 70-79% as "full sup
port, impacts observed." The Canon de Valle community metric score of 81 % is slightly above the cut-off 
for impacted streams (79%) when compared to Pajarito Canyon, the most similar reference stream. There 
are two possible sources of these differences. First, the scraper community is substantially reduced in 
Canon de Valle primarily because of a lack of habitat to support that feeding strategy rather than contami
nant impacts. When the community metrics are summed without the scraper community metric, Canon de 
Valle has a community metric score of 90% relative to Pajarito Canyon. The second source of differences 
between Canon de Valle and the references reaches is stream size. Canon de Valle is the smallest of the 
streams and it is common for smaller streams to have fewer taxa. Thus, the difference in the community 
metric scores of Canon de Valle and Pajarito Canyon is not due to contaminants in Canon de Valle, but is 
attributed to the lack of habitat in Canon de Valle to support a scraper community and the smaller size of 
the stream. 

Toxicity Test 

Two general approaches are available for conducting toxicity tests: the use of water column test organisms 
or sediment-dwelling test organisms. Given the nature of the aquatic system in Canon de Valle, organisms 
that live in sediments are more representative of contaminant exposures to endemic biota than are water 
column organisms. 

The midge, C. tentans, is a tOXicity test organism that is well-documented for its toxic responses to contam
inants, widely used in toxiCity testing, and is reared from laboratory populations. Additionally, the genus 
Chironomus is present in Canon de Valle. A cursory literature review provided in ASTM (1995, 73729) indi
cates that the test species, C. tentans, was among the most sensitive of 24 species evaluated with Great 
Lakes sediments. In various studies, the midge tended to be less sensitive than Hya/el/a azteca for some 
metals and equivalent to or more sensitive than H. azteca for pesticides. A study by DeFoe and Ankley 
(1998, 73783) showed that the sensitivity of the C. tentans 1 O-day test is greatly increased by measuring 
growth in addition to survival. White a single species cannot represent the toxic responses for all the mem-
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bers of the community, C. tentans is related to the Canon de Valle aquatic community and appears to have 
contaminant sensitivities that can indicate whether adverse effects are present. 

Sediment samples were collected in Canon de Valle and Starmer's Gulch for toxicity testing with C. tentans 
using the EPA 10-day survival and growth protocol with daily static renewal using site water (EPA 2000, 
73776). The lines of evidence evaluated are survival and growth of the test organisms (Pacific Ecorisk 
2001, 73775). 

Table 3.3-12 

Sensitive Species Metrics for Canon de Valle Relative to Three 


Reference Sites 


I "'_" ..L .11. ?,; 
Los Alamos Canyon, 

13.0 Pajarito Canyon, 9.0 Guaje Canyon, 10.0 

EPT 6 18 10 16 

EPT/EPT + Chironomids 0.66 0.25 0.84 0.90 

CDTq 91.0 71.4 80.0 62.0 

CDTq =Community tolerance dominance quotient. 

EPT Ephemeroptera, plecoptera, and trichoptera. 


The sediment toxicity test results show that the Canon de Valle reach above MDA P is impacted relative to 
the reference site in Starmer's Gulch, but that the reach potentially influenced by the MDA P Area is not 
impacted (Table 3.3-13). Survival of the test organisms was higher below the MDA P Area (86.25% sur
vival) than above it (68.75% survival), relative to Starmer's Gulch (82.5% survival). Similarly, the compari
sons of larval growth showed impacts above the MDA P Area reach (mean ash-free dry weight of 0.38 mgl 
individual) but not below (mean ash-free dry weight of 0.4 mg/ individual), relative to Starmer's Gulch 
(mean ash-free dry weight of 0.44 mg/individual). 

Table 3.3-13 

Data Summaries of Sediment and 


Water Toxicity Testing with Chlronomus tentans 


Group Minimum 1st Quarter Median Mean 3rd Quarter Maximum 
Percent Survival Data Summaries 
Starting number is 10 individuals per replicate, with 8 replicates per site 

Starmer's Gulch 60 77.5 90 82.5 90 90 

Above MDAP 30 60.0 75 68.75 80 90 

BelowMDAP 70 80.0 90 86.25 90 100 

Growth Data Summaries 
Ash-free dry weight, mglindividual, based upon surviving individuals 

Starmer's Gulch 0.34 0.43 0.44 0.4356 0.46 0.52 

Above MDA P 0.34 0.35 0.37 0.3756 0.38 0.44 

BelowMDAP 0.35 0.37 0.39 0.3956 0.40 0.50 

3.3.3.5 MDA P Area and Canon de Valle COPC Concentration Comparisons 

Two COPECs in the MDA P Area biological zone soil were carried forward for ecological risk assessment: 
barium and RDX, both of which are present at elevated concentrations in the Canon de Valle soils and 
sediments. The ecological risk assessment approach for these contaminants in MDA P Area soils is to 
compare their concentrations to the Canon de Valle concentrations. The result of the ecological risk 
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assessment for Canon de Valle, presented above, is a determination of no adverse effects in the vicinity of 
the MDA P Area. If the COPEC concentrations for the MDA P Area footprint soils are less than, or not dif
ferent from, the Canon de Valle soils, then a determination of no adverse effects is supported for the 
MDA P Area soils. 

Contaminant concentration data for the MDA P Area soils were compared to Canon de Valle overbank 
soils and are presented in Table 3.3-14 and Table 3.3-15. All of the statistical comparisons between Canon 
de Valle and the MDA P Area are not Significant (p>0.05), except for aluminum and cadmium. Where the 
tests are not significant, the concentrations in the MDA P Area soils are equivalent to or less than the con
centrations in Canon de Valle. Aluminum in MDA P Area soils is higher than in the canyon soil. Per EPA 
guidance (EPA 2000, 73306) aluminum is a COPEC only for sites with a soil pH of less than 5.5. The pH 
range of the MDA P soils is 6.8 to 7.6. Based upon this criterion, aluminum is not a COPEC. Cadmium con
centrations are also higher for the MDA P soils than for Canon de Valle. Cadmium is eliminated from fur
ther consideration because 22 of the 23 detected values are less than the soil BV of 0.4 mg/kg (LANL 
1998, 59730). The single value that exceeds the BV is 1.4 mg/kg, which is within the range of background 
concentrations. 0.2 mg/kg to 2.6 mg/kg (LANL 1998, 59730). indicating that cadmium is unlikely to pose 
adverse population-level effects to ecological receptors. 

3.3.3.6 Uncertainty Analysis 

The major source of uncertainty associated with this assessment is that the terrestrial and sediment toxic
ity evaluations were conducted during a multi-year drought and within a year of the Cerro Grande Fire. 
Drought is one stressor and is likely to increase the potential of detecting an adverse effect that could be 
associated with contaminants. Fire effects often result in increased small mammal populations associated 
with increased ground vegetation. If contaminant uptake and food chain transfers were a source of popula
tion effects, then post-fire environments should increase the likelihood of detecting these effects. 

Ecological screening assessments are subject to uncertainties through the use of laboratory toxicology 
studies to develop "no effect" contaminant concentrations. Laboratory studies use chemical forms of con
taminants and exposure mechanisms that are often not representative when compared to environmental 
conditions. Additionally, laboratory studies are often conducted with single contaminants. The result of 
combinations of contaminants is largely unknown. The results presented for Canon de Valle are based 
upon field studies and laboratory toxicity stUdies with field-collected media from the canyon containing mul
tiple contaminants. This approach obviates the usual difficulties of extrapolating laboratory data to field set
tings. 

Another major uncertainty associated with this assessment is the adequacy of sample coverage to support 
descriptions of the contaminant signatures at the site. In this assessment, the MDA P Area soils in the bio
logical zone were characterized with 73 samples collected in a grid pattern and were often biased towards 
locations where contaminant concentrations were suspected of being elevated (e.g., locations that receive 
focused infiltration or runoff). The overbank soils sampled in Canon de Valle were collected as part of the 
geomorphic characterization of contaminants in the canyon and were biased towards areas likely to have 
elevated contaminant concentrations in order to conservatively characterize the canyon. The combination 
of these two data sets for this analysis provides an abundant basis for the conclusion of no adverse effects 
to the Canon de Valle or MDA P Area ecological receptors from residual COPC concentrations at the 

MDA P Area. 
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Table 3.3-14 


Data Summaries of Detected Values for MDA P Area Soils and 

Canon de Valle Overbank Soils 


MDA P Area Soils 

Barium 18.7 120 200.5 538.7 503 6630 70 

RDX 0.069 0.2625 0.73 3.176 2.125 37 36 

Aluminum 2630 5542 7305 7926 9750 19900 70 

Cadmium 0.04 0.0665 0.087 0.1545 0.12 1.4 23 

Cobalt 0.69 2.125 3.35 3.954 4.075 44.7 70 

Copper 0.68 3.9 5.1 7.373 8.275 36.8 70 
i 

HMX 0.118 0.5725 1.05 2.828 2.425 16 32 

Lead 3.8 8.325 10.45 12.18 13.87 61.5 70 

Manganese 30.9 179 225 257.6 298.8 1290 70 

Silver 0.099 0.165 0.73 2.146 1.5 15.8 15 

Vanadium 2.9 8.3 12.2 12.89 15.3 29.3 69 

Cation de Valle Overbank Soils 

Barium 184 4430 5620 9264 9575 37300 30 

RDX 0.16 0.32 0.49 0.8833 0.72 5.5 21 

Aluminum 3030 4312 5370 5316 6332 8880 30 

Cadmium 0.06 0.085 0.22 0.309 0.4075 1.1 10 

Cobalt 1.50 4.175 5.30 6.703 7.3 17.5 30 

Copper 3.30 14.3 24.55 26.53 29.4 139 30 

HMX 0.19 0.8 1.60 16.47 12 290 27 

Lead 7.60 28.18 36.30 35.59 44.50 65.9 30 

Manganese 75.2 278.8 341 341 378.50 980 30 

Silver 0.63 2.675 3.60 5.478 8.050 14.9 28 

Vanadium 8.90 11.98 14.3 14.35 15.7 21.2 30 

Detects I1st Quarter Median Mean 3rd Quarter MaximumMinimum 

I 

Table 3.3-15 


Statistical Comparisons of Canon de Valle COPECs to MDA P Area Solis 


COPEC Gehan Test p-value Quantile Test p-value 

Aluminum 0.00005 0.0021 

Barium 1.0 1.0 

Cadmium • 0.033 

Cobalt 1.0 1.0 

Copper 1.0 1.0 

HMX • 1.0 

Lead 1.0 1.0 

Manganese 1.0 1.0 

RDX • 1.0 

Silver • 1.0 

Vanadium 1.0 0.99 

! 

I 

I 


"Insufficent number of detects for the statistical test. 
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3.3.3.7 Ecological Assessment Conclusions 

The conclusions of the ecological risk assessment for the terrestrial and aquatic systems in Canon de Valle 
are that there is no empirical evidence of adverse effects associated with the MDA P Area. Both the terres
trial and aquatic studies indicate that ecological receptors in the canyon are not being adversely affected 
by contaminants in the soils and sediments of the canyon. Comparisons of the MDA P Area soil COPEC 
concentrations to Canon de Valle contaminant concentrations show that barium and RDX are not statisti
cally different between the two locations. The lack of adverse ecological effects in Canon de Valle from 
these contaminants is strong evidence that there are no effects due to these contaminants in the biological 
zone soils at the MDA P Area. The concentrations of other Canon de Valle COPECs in the MDA P Area 
soils do not pose a threat of adverse effects because they do not differ from (or are lower than) the over
bank soil concentrations for the canyon. This conclusion is valid for the MDA P Area soils in their present 
location and also in the event that they are transported into the canyon in the future because the current 
contaminant concentrations in the canyon exceed those that may be transported from the MDA P Area in 
the future. These lines of evidence indicate that residual contamination from the MDA P Area does not 
pose a threat to the environment. 

3.3.4 Human Health Assessment Summary 

A detailed human health risk analysis was not required for the MDA P Area because the screening results 
indicate that there are no unacceptable potential human health risks due to the residual concentrations of 
COPCs in soil and tuff at the MDA P Area. 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

4.1 Interpretation of Risk Assessment Results 

The analysis of potential human health risk from the MDA P Area COPCs provides strong evidence that 
there are no adverse effects from residual concentrations of COPCs. Multiple conservatisms were used in 
the human health risk assessment that, in combination, lead to overestimations of potential risk, rather 
than underestimations. The key assumption/uncertainty that may have resulted in an underestimation of 
potential risk was the use of site-wide COPC concentrations (95% UCLs) to evaluate risk. However, a 
detailed analysis of potential risk from exposure at locations representing residential lots with high concen
trations of barium (the main risk driver for human health at the site) did not change the initial results based 
on side-wide concentrations-that there are no adverse effects to human receptors from residual concen
trations of COPCs at the MDA P Area. 

The analysis of potential ecological risk from the MDA P Area COPCs initially identified two COPECs 
requiring further evaluation: barium and RDX. Results of the Canon de Valle ecological assessment study 
were used to provide this additional evaluation of potential risk. Comparisons of the COPEC concentra
tions remaining in soils at the MDA P Area to those measured in the Canon de Valle found that concentra
tions of barium and RDX are not statistically different between the two areas. Therefore, because the 
Canon de Valle study found no evidence of adverse ecological effects in the canyon from barium or RDX, 
no adverse ecological effects are expected for ecological receptors exposed to barium or RDX within the 
MDA P Area soils. The results of the ecological risk assessment apply to both curr~nt and future condi· 
tions; potential future risks are expected to continue to decline with time, as the residual concentrations of 
COPCs at the MDA P Area also decline with time. 

In summary, the human health and ecological risk assessments indicate that there are no potential risks 
from residual COPC concentrations measured at the MDA P Area under either current or potential future 
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conditions. No further analysis is indicated for either human or ecological receptors. Additionally, mitiga
tions and/or monitoring of potential transport of COPCs from the MDA P are not warranted. 

Therefore, the risk assessment results provide a sufficient basis for concluding that further investigation of 
MDA P Area COPCs is not required because (1) the lateral and vertical extent have been adequately 
defined in the confirmation sampling; (2) the confirmation analytical results indicate there is no potential 
risk for human or ecological receptors from residual concentrations of chemicals in the soil and tuff at the 
MDA P Area; (3) the Canon de Valle risk assessment results indicate that there is no potential risk to eco
logical receptors from historic contaminant transport to the canyon; and (4) the COPC concentrations at 
the MDA P Area will decrease with time, reducing potential future risk to receptors exposed to residual 
concentrations of COPCs at the MDA P Area. 

4.2 Final Conclusions 

The basis for demonstrating clean closure and NFA for the MDA P Area units [MDA P, 387 Flash Pad, and 
consolidated SWMU 16-016(c)-99) is detailed in section 2.0 (Performance of Closure) and centers on the 
following key aspects of the closure activities: 

• 	 The contents of MDA P, including waste residues and structures, were removed and/or decon
taminated, and disposed of in accordance with all applicable procedures, plans, and regula
tions. All contaminated containment system components, contaminated subsoils, and 
structures and equipment contaminated with waste were removed and/or decontaminated. All 
equipment and structures associated with closure operations were decontaminated, 
reclaimed, recycled, or disposed. Only soils and tuff containing residual levels of hazardous 
constituents determined to pose no current or future risk to human or ecological receptors 
have been left in place. 

• 	 The 387 Flash Pad structure and potentially contaminated underlying material were removed 
and/or decontaminated, and disposed of in accordance with all applicable procedures, plans, 
and regulations. All contaminated containment system components, contaminated subsoils, 
and structures and equipment contaminated with waste were removed and/or decontami
nated. All equipment and structures associated with closure operations were decontaminated, 
reclaimed, recycled, or disposed. Only soils and tuff containing residual levels of hazardous 
constituents determined to pose no current or future risk to human or ecological receptors 
have been left in place. 

• 	 SWMU 16-016(c)-99 was characterized and remediated in accordance with the approved 
VCA plan and all applicable regulations. Only soils and tuff containing residual levels of haz
ardous constituents determined to pose no current or future risk to human or ecological recep
tors have been left in place. 

• 	 Waste management was conducted in accordance with the approved closure plans, the VCA 
plan, and applicable regulations. All contaminated equipment, structures, soils, and other 
wastes generated as a result of closure/remediation activities were properly characterized, 
managed, decontaminated, and/or disposed. 

• 	 Confirmation sampling results were used to demonstrate that the operational PRGs were suc
cessful in guiding soil and debris removal activities at the MDA P Area; for the isolated loca
tions that have residual concentrations of barium or RDX above the operational PRGs, the risk 
assessment results indicate there is no current or future risk to human or ecological receptors 
from the residual concentrations that have been left in place. 
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• Confirmation sampling provided sufficient data for the human health and ecological risk 
assessments. The confirmation data adequately determined the horizontal extent of residual 
COPC concentrations at the site, as the sampling extended beyond the boundaries of excava
tion and beyond the natural hydrologic barriers that limit potential horizontal transport to the 
area between the east and west drainages. The confirmation data adequately determined the 
vertical extent of COPC concentrations in the subsurface soils and tuff at the site, as adequate 
data at depth were taken to conclude that only residual levels of COPC concentrations exist at 
depth and the majority of the depth sample results were either not detected or were detected 
at concentrations below established BVs and/or acceptable risk levels. 

• Data collected from borehole geophysical and geochemical studies and the fracture character
ization study indicate that there is no surface-to-groundwater pathway currently operating at 
the MDA P Area, including the boreholes drilled along the MDA P unit boundary. 

• Risk assessment results demonstrate that the remaining soils and tuff at the site containing 
residual hazardous constituents pose no unacceptable current or potential future risk to 
human and ecological receptors. 

Together, these factors satisfy the general facility closure performance standards for MDA P and the 387 
Flash Pad (20.4.1.600 NMAC, 265.115); the closure performance standard for removal and decontamina
tion [20.4.1.900 NMAC, 270.1 (c)(5)]; the closure equivalency demonstration and unit-specific closure per
formance standard for MDA P [20.4.1.900 NMAC, 270.1 (c)(6) and 20.4.1.500 NMAC, 264.258(a)]; and the 
unit-specific closure performance standard for the 387 Flash Pad (20.4.1.600 NMAC, 265.381). Therefore, 
the Laboratory submits that clean closure at the MDA P Area has been achieved, and that further remedi
ation or monitoring is not warranted. Additionally, these factors satisfy the NFA criterion for SWMU 16
016(c)-99, which requires that the SWMU has been characterized or remediated in accordance with appli
cable state or federal regulations and that the available data indicate that chemicals of concern are either 
not present or are present at concentrations that pose no potential unacceptable risk to human or ecologi
cal receptors under projected future land use. 

4.3 Site Restoration 

4.3.1 Current Status 

Some interim stabilization and revegetation of the site was performed when field activities were completed 
in the spring of 2002. This occurred primarily along the interface with undisturbed areas on the eastern, 
southern and western boundaries of the site. Extensive contouring was also accomplished in the east 
drainage excavation. Matting, in conjunction with straw wattles and bales, was used to stabilize soil in 
these areas. These areas were then planted using a grass seed mixture recommended by the U. S. Forest 
Service (and used to reclaim areas damaged by the Cerro Grande Fire). 

A rip rap-armored trench was constructed along the western edge of the site to divert run-on from the adja
cent hillside that had been burned off during the Cerro Grande Fire. Existing run-on trenches along the 
eastern edge of the site are still in place, although the liners were removed as part of the final site clean up. 
Straw bales and wattles control erosion in areas that have not yet been reclaimed. These areas are man
aged per the MDA P and S-Site Storm Water Pollution Prevention Plans. 

4.3.2 Planned Restoration 

The planned site restoration may include the addition of clean backfill and topsoil on the relatively flat 
«30% slope) area of exposed bedrock that was previously beneath the east and west lobes of MDA P. 
Approximately 5000 yd3 of backfill has been staged for this purpose. After contouring, the soil will be stab i-
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lized using matting and the area will be planted with the grass seed mixture described above. Gamble oak, 
New Mexico locus, and other native shrubs and forbs have already begun to establish themselves here. 

The northern portion of the site is too steep to reclaim and will be left, as is. This area will resemble the 
adjoining cliff faces, and the corresponding elevations across the Canon de Valle stream channel. 

The MDA P Area is in a buffer zone for the Mexican spotted owl. Fieldwork can not begin in this location 
until a nesting survey for this species has been completed in the spring of 2003. Site restoration is sched
ule to be completed in the summer of 2003. 

5.0 CERTIFICATIONS 

The following pages provide the certifications acknowledging that the closure activities for the MDA P and 
the 387 Flash Pad have been performed in accordance with the approved closure plans. Also provided is a 
Certification of Accuracy, attesting that the information in this report for all three sites is true, accurate, and 
complete. 
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5.1 Independent Registered Professional Engineer's Certification 

Closure Certification - MDA P 

This certification was prepared in accordance with generally accepted professional engineering principles 
and practice pursuant to the requirements of 20.4.1 600 NMAC, Section 265.115, for an independent reg
istered P.E. certification. These services have been performed with the care and skill ordinarily exercised 
by members of the profession practicing under similar conditions at the same time and in the same or in a 
similar locality. We make no other warranty either expressed or implied. The finding and certification are 
based on reviewing the contents, and implementation of, the following documents: 

• 	 Material Disposal Area P closure plan, revision 0 (LANL 1995, 58713), approved by NMED on 
February 20, 1997; and 

• 	 Revised closure plan modification request (LANL 2002,73159), approved by NMED on May 
30,2002. 

With the signature and seal below, I certify that, except for the variances presented in section 2.4, the clo
sure of the TA-16 Material Disposal Area P was conducted substantially in accordance with the NMED
approved closure plan and associated modification. The information presented in this report is, to the best 
of my knowledge and belief, true, accurate, and complete. 

With the signature and seal below, I also certify that, in my best professional opinion, the closure by waste 
removal and decontamination has minimized the potential for migration of contaminated surface water run
off via infiltration from the TA-16 Material Disposal Area P to the regional aquifer. 

Respectfully, 


Shaw Environmental, Inc. 


P. Scott den Baars, RE. 

New Mexico Registered Professional Engineer No. 10653 

Expires: December 31, 2003 

Date: \'/~llb3 
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Closure Certification - 387 Flash Pad 

This certification was prepared in accordance with generally accepted professional engineering principles 
and practice pursuant to the requirements of 20.4.1.600 NMAC, Section 265.115, for an independent reg
istered P.E. certification. These services have been performed with the care and skill ordinarily exercised 
by members of the profession practicing under similar conditions at the same time and in the same or in a 
similar locality. We make no other warranty either expressed or implied. The finding and certification are 
based on reviewing the contents, and implementation of, the following document: 

• 	 387 Flash Pad closure plan (LANL 1999, 63547), approved by NMED on July 7, 2002; and 

• 	 Revised closure plan modification request (LANL 2002, 73159), approved by NMED on May 
30,2002. 

With the signature and seal below, I certify that, except for the variances presented in section 2.4, the clo
sure of the TA-16 387 Flash Pad was conducted substantially in accordance with the NMED-approved clo
sure plan and associated modification. The information presented in this report is, to the best of my 
knowledge and belief, true, accurate, and complete. 

Respectfully, 


Shaw Environmental, Inc. 


R Scott den Baars, RE. 

New Mexico Registered Professional Engineer No. 10653 

EXPffes:D~embfr31'2003 

Date: l-DIL~2 
f 
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5.2 Owner/Operator Certification 

I certify under penalty of law that this document and all attachments were prepared under my direction or 
supervision according to a system designed to assure that qualified personnel properly gather and evalu
ate the information submitted. Based on my inquiry of the person or persons who manage the system, or 
those persons directly responsible for gathering the information, the information submitted is, to the best of 
my knowledge and belief, true, accurate, and complete. I am aware that there are significant penalties for 
submitting false information, including the possibility of fine and imprisonment for knowing violations. 

Document title: 

Material Disposal Area P Area Closure Certification Report: 

Material Disposal Area P. 387 Flash Pad, and SWMU 16-016(c)-99 


Beverly A. Ramsey, Division Leader 
Risk Reduction and Environmental Stewardship Division 
Los Alamos National Laboratory 
Operator 

Name: 

Los lamos Site Office 
US Department of Energy 
Owner 
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1.0 INTRODUCTION 

The human health and ecological risk assessment analyses detailed in this appendix have been performed 
to support the Final Closure Certification of the Solid Waste Management Units (SWMUs) associated 
with the Material Disposal Area (MDA) P. The MDA P Area is comprised of the following areas of 
concern within Los Alamos National Laboratory's (LANL's) Technical Area (TA)-16 Burning Grounds 
High Explosives (HE) Exclusion Area: MDA P Waste Pile (SWMU 16-018), the TA-16-387 Flash Pad 
(SWMU 16-016[b]), the TA-16-386 Flash Pad (SWMU 16-01O[a]), a former barium nitrate pile (SWMU 
16-016[c)), and an operational septic tank (SWMU 16-006[e]). The first two SWMUs are designated 
Resource Conservation and Recovery Act Interim Storage units, for which closure requirements must be 
demonstrated. The latter 3 SWMUs are consolidated into a single SWMU, designated SWMU 16-016(c)
99 (LANL 1999,63546) and sometimes referred to as the Burning Grounds North, and are being 
investigated under LANL's Voluntary Corrective Action (VCA) program. Excavation and clean-up 
activities (Phase I) for all SWMUs within the MDA P Area were conducted simultaneously; likewise, the 
risk assessments supporting closure and corrective action of the various SWMUs are also being 
conducted collectively. This approach was delineated in the New Mexico Environment Department 
(NMED)- approved Sampling and Analysis Plan (SAP) for the MDA P Area (LANL 1999,63546). 
Confirmation sampling activities were conducted as part ofthe MDA P Area Phase II investigation. The 
detailed analysis of the Phase II sample data in the context of potential human health and ecological risk 
is the focus of this appendix. 

Potential adverse effects to both human health and ecological receptors are evaluated for the residual 
contamination at the MDA P Area. The screening assessments performed for the human and ecological 
receptors consist of four components: scoping, screening evaluation, problem formulation, and 
interpretation of results. The human health screening assessment was performed using the approach 
presented in the Installation Work Plan (IWP) (LANL 1998,62060) and LANL (2002, 72639). The 
ecological screening assessment was performed using the methodology documented in "Screening Level 
Ecological Risk Assessment Methods" (LANL 1999,64783). For all inorganic and organic chemicals of 
potential concern (COPCs) that do not pass the initial human health and ecological screening 
assessments, additional analysis and evaluation is provided. 

This appendix is organized as follows: 

• 	 Section 1, Introduction: describes the objectives of, and approach to, the human health 
and ecological risk assessments following Phase I excavation and clean-up activities and 
Phase II confirmation sampling and analysis. 

• 	 Section 2, Environmental Setting: describes the general setting, geology, groundwater 
and surface water, meteorology and climate, biology, and current site conditions of the 
MDAPArea. 

• 	 Section 3, Confirmation Data Analysis: provides a detailed evaluation of the Phase II 
confirmation data, including the screening of site COPC concentrations against established 
LANL-wide background values (BVs). 

• 	 Section 4, Site Screening Assessments: provides the screening of the potential human 
health and ecological risks to residual concentrations of chemicals at the MDA P Area. 

• 	 Section 5, Ecological Risk Assessment for Canon de Valle: details the Canon de Valle 
risk assessment, with an emphasis on the potential risk to Canon de Valle ecological 
receptors due to the historical and potential future transport of COPCs to the canyon from 
the MDA P Area. 

• 	 Section 6, References: lists the complete citations of references used in this appendix. 
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Additional supporting documentation is provided as Attachments: 

• 	 Attachment 1, Ecological Scoping Checklist: provides details of the general site setting, 
ecology, and surface hydrology, as observed during a site visit, August 28, 2002. 

• 	 Attachment 2, Statistical Calculations, Analyses, and Plots: provides documentation 
related to the statistical analyses performed for supporting the risk assessment process and 
conclusions. 

2.0 ENVIRONMENTAL SETTING 

This section briefly introduces the environmental setting of the MDA P Area, including a summary of the 
geology, groundwater and surface water, meteorology and climate, biology, and current post-excavation 
condition of the site. 

2.1 General Site Setting 

LANL is a 43 square mile facility located in north-central New Mexico, approximately 60 miles 
northeast of Albuquerque and 20 miles northwest of Santa Fe. LANL lies on the Pajarito Plateau, which 
consists of fingerlike mesas separated by deep canyons that contain ephemeral and intermittent streams 
generally oriented west to east. The mesa tops of the Pajarito Plateau range in elevation from 
approximately 6,200-7,800 feet above mean sea level. The eastern portion of the plateau stands 
approximately 300-900 feet above the Rio Grande River. 

The MDA P Area is located at the LANL TA-16 Burning Grounds, within the HE Exclusion Area 
(Figure 2.1-1). The individual SWMUs at the MDA P Area are shown in Figure 2.1-2. The TA-16 
Burning Grounds are located within a broad topographic saddle on an east-trending mesa. The MDA P 
Area is located on the north side of the Burning Grounds within a small, open watershed that drains to a 
small tributary of Water Canyon called Canon de Valle. The saddle runs between two topographic hills 
to the east and west and at its lowest point is at an elevation of approximately 7,450 feet. T A-16 is 
located entirely on land operated by the U.S. Department of Energy (DOE) and is isolated from public 
access by security fencing and security checkpoints. 

2.2 Geology 

Major eruptions in the Jemez Mountains and the surrounding area occurred about 1.2 to 1.6 million years 
ago and this volcanism is reflected in the geology of the Pajarito Plateau. Pertinent stratigraphic units 
(from youngest to oldest) are: the Bandelier Tuff, Puye Conglomerate, and Precambrian basement rocks 
(Broxton et at 2002, 72640). Bandelier Tuff, which includes ash fall, ash fall pumice, and rhyolite tuff, 
forms most of the finger-like mesas and ranges from more than I,OOO-feet thick in the western part of the 
plateau to approximately 260 feet in the eastern plateau. The Bandelier Tuff is an ignimbrite sequence 
formed by widespread deposition and consolidation of ash flows, pyroclastic material, and includes 
welded tuff and non-welded but recrystallized ash flows. The degree of welding in the Bandelier Tuff 
increases westward across the plateau. Greater welding in the tuff reduces the porosity and capillary size 
of the pores and is likely a strong influence on transmissivity properties. The Puye Conglomerate is 
composed offanglomerate that is interbedded with volcanic deposits. At TA-16, the Bandelier Tuffis 
unsaturated and is approximately 844 feet thick; the Puye Conglomerate is more than 1090 feet thick; and 
the thickness of the Precambrian rocks is unknown (Broxton et al. 2002, 72640). 

The Phase II activities included a focused geophysical and geochemical study for characterizing the 
surface and subsurface fractures at the site. The following measurements were taken in a series of 
boreholes drilled at the site: natural gamma levels, borehole diameters, electromagnetic conductivity, 
neutron logs, heat-pulse flowmeter (HPF), and borehole imaging. The study results indicate that the west 
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side of the MDA P footprint displays the following features: a series of small faults, a small graben, 
elevated fracture density and larger apertures in Bandelier Tuff Units 3 and 3T. The eastside has fewer 
fractures and overall smaller apertures. HPF data has demonstrated that fractures in the westside are 
capable of transmitting larger volumes of water to the subsurface under saturated conditions than 
fractures in the eastside, though saturated conditions are not presented in the MDA P Area, as discussed 
in Section 2.3. 

2.3 Groundwater 

Groundwater flow through the unsaturated fractured rock is affected by lithologic and structural 
characteristics, including porosity, degree of welding, density and fracture apertures, infiltration, 
percolation, precipitation, evaporation, and runoff. The only aquifer of the Pajarito Plateau capable of 
supplying municipal or industrial water lies in the Santa Fe Group and Puye Formation. The regional 
aquifer at the MDA P Area is approximately 1200 feet below the surface. Findings of the MDA P Phase 
II focused geochemical study indicate that continuous saturated conditions, as are observed along the 
Canon de Valle stream, do not extend laterally to produce a continuous, perched water table beneath the 
MDA P Area. The Phase II focused study findings also show the fracture systems in the eastside do not 
appear to be capable of conducting water to the subsurface. The fractures in the westside, however, are 
capable of transmitting water only under saturated conditions. In the unsaturated conditions that are 
prevalent in this area, the fractures serve to enhance air movement and, thus, evaporation of water that 
may infiltrate from the surface. Surface-to-groundwater hydrologic connection will only be possible if, in 
the future, saturated conditions from a perennial source of water exist to alter the current balance 
between percolation and evaporation in the subsurface. 

2.4 Surface Water 
There are no perennial water sources within the MDA P watershed. Currently, run-on is directed away 
from the site into two, adjacent watersheds, using natural and engineered landscape features; the bar 
ditch along the north side of the access road leading from the west into the Burning Grounds is diverted 
through a culvert to the drainage south of the saddle. Runoff of precipitation that falls within the 
boundaries of the MDA P Area is generally diverted to the west and east of the site, into 
channels/ephemeral drainages that ultimately terminate in Canon de Valle; overland flow from the 
former 387 Flash Pad in the northern portion of the site is currently diverted through a remnant of the 
MDA P run-on trench to an ephemeral drainage east of the landfill footprint. Large precipitation events 
may cause breaching of the diversion channels and result in significant sheet flow across the surface of 
the site, ultimately terminating in Canon de Valle. Canon de Valle is fed continuously from upstream 
springs and has perennial flow across the "reach" (the canyon area directly downgradient) of the MDA P 
Area. 

2.5 Meteorology and Climate 

The Los Alamos area has a temperate mountain climate with four distinct seasons. Generally, spring is 
dry and windy, summer begins warm and dry through June and is followed by a 2-month rainy season. 
The fall weather is cooler and drier than the summer. During the winter, snow covers the ground for 
approximately two months. The dry atmosphere promotes rapid nighttime cooling near the ground. 
Summer daytime temperatures range from 21 to 31°C (70 to 88°F) and 10 to 15°C (50 to 59°F) during the 
nighttime; winter daytime temperatures range from 1 to lOOC (30 to 50°F) and -9 to -4°C (15 to 25°F) 
during the nighttime (LANL 1999,64783). The average annual precipitation is 48 centimeters (em) (19 
inches [in.]), which includes both rain and water equivalent of frozen precipitation, generally distributed 
as snowfall. Due to the eastward slope of the Pajarito Plateau terrain, a large east-to-west gradient in 
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precipitation exists across the plateau; the eastern flanks of the Jemez Mountains can receive up to 13 cm 
(5.1 in.) more precipitation annually than the western portions of the plateau. 

2.6 Biology 
This section provides a summary of the biota at LANL, as presented in "Screening Level Ecological Risk 
Assessment Methods" (LANL 1999,64783), which can be consulted for additional information. 

The mean elevation at T A-16 is approximately 7450 feet and the overstory vegetative cover type is a 
mixed conifer forest, specifically Rocky Mountain montane mixed conifer forest. Mixed conifer forests 
are typically found between 6,900 and 10,500 feet in elevation, are blended with ponderosa pine 
communities, and may extend to lower elevations on north-facing canyon slopes. Douglas fir and white 
fir (Abies concolor) are the typical overs tory dominant tree species in mixed conifer forests. Limber pine 
(Pinus flexilis) can also be found in mixed conifer forests, particularly on rocky ridgelines. 

Understory vegetation includes shrub species such as, big sagebrush (Artemisia tridentata), wax currant 
(Ribes cerceum), four-wing saltbush (Atriplex canescens), currant (Ribes sp.), and mountain mahogany 
(Cercocarpus betuloides). Other common understory plants are blue grama grass (Boute/oua gracilis), 
prickly pear cactus (Opuntia spp.), snake weed (Gutie rrezia microcephaLa and Gutierrezia sarothrae), 
pinque (Hymenoxys richardsonii), wild chrysanthemum (Bahia dissecta), leafy golden aster (Chrysopsis 
filiosa), purple horned-toothed moss (Ceraladon purpureus), several lichen species, three-awn grass 
(Aristida spp.), bottlebrush squirreJtail (Sf tan ion hystrix), bluegrass (Poa spp.), and false tarragon 
(Artemisia dracunculus). 

A variety of fauna, including insects, reptiles, mammals, and birds inhabit the area. Harvester ants are the 
most abundant insects. Commonly found reptiles include fence lizards (Sceloporous undulates), Plateau 
striped whiptails (Cnemidophorus veLux), gopher snakes (Pituophis melanoleucus), and garter snakes 
(Thamnophilis elegans). Mammals inhabiting the LANL area include bobcat (Lynx rufus baileyi), 
mountain lion (Felis conc%r), mule deer (Odocoileus hemionus), elk (Cervus elaphus neisoni), black 
bear (Ursus americanus amb/yceps), coyote (Canis latrans), fox (Urocyon cinereoargenteus scottii), and 
a number of rodent species. A wide variety of bird species, such as raptors and songbirds, are found at 
LANL. The Mexican spotted owl (Strix occidentalis Lucida) is a threatened species resident in Canon de 
Valle, downgradient of the MDA P Area. 

2.7 Current Site Conditions 
The current, post-excavation MDA P Area is comprised of two distinct zones: an "exposed tuff zone" 
and a "biological zone" (Photographs 2.7-1, 2.7-2, and Figure 2.7-1). Photograph 2.7-1 shows the MDA P 
Area as excavation activities were being completed: the middle area of the site is the flat portion of the 
exposed tuff zone, in front of which is the unconsolidated tuff area that slopes steeply towards the Canon 
de Valle; the uppermost portion of the site is the now-restored and reseeded area called the biological 
zone (shown in the photograph with soil piles in the right half of the site). Pho~ograph 2.7-2 is a recent 
(October 2002) photograph of the site, showing the restoredlrevegetated areas in green surrounding the 
exposed tuff zone; particularly evident is the steep slope transitioning from the biological zone (towards 
the left of the excavation area, adjacent to the forest boundary), Figure 2.7-1 shows the SWMU 
boundaries and the extent of the biological and exposed tuff zones within the MDA P Area. Additional 
photographs of the current site condition are provided in Appendix C of this Final Closure Certification 
Report. 

The biological zone consists of undisturbed or reclaimed areas (-5.1 acres of the nearly 9.25 acre site), 
which essentially border the main excavation area to the south, east, and west. The reclaimed areas 
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within the MDA P Area have approximately 2 feet of topsoil, though the soils in some locations near the 
east and west perimeters of the site can be as deep as approximately 5 feet. The reclaimed areas have 
thriving plant communities that are composed primarily of grasses and rudera] species representative of 
successional or transitional areas. Undisturbed areas outside the MDA P Area footprint contain deeper 
soils (up to 5 feet on average, with deeper soils possible) that support mature vegetation (including 
deeper rooted shrubs and trees that are typic a] of the Rocky Mountain montane mixed conifer vegetation 
type). Evidence of animal activity (tracks and scat of small and large mammals) was observed in the 
biological zone during a recent site visit (August 28,2002; see Ecological Checklist, Attachment 1). 

The exposed tuff zone consists of a single, large, and continuous area of exposed tuff (-4.25 acres of 
consolidated tuff or unconsolidated tuff with large boulders) from which the topsoil was removed during 
the Phase I excavation activities. In contrast to the biologica] zone, the exposed tuff zone is largely bereft 
of plants and supports little or no animal activity. Each zone is considered separately in the risk 
assessment analysis because of the large differences in transport mechanisms and receptor exposure 
pathways between the two zones. 

3.0 CONFIRMATION DATA ANALYSIS 

3. 1 Introduction 

Analytical suites included in the Phase II confirmation samples that are relevant to the risk assessment 
analyses include: target analyte list (TAL) metals (herein referred to as inorganics); organic chemicals 
(HE compounds; semivolatile organic compounds [SVOCs]; volatile organic compounds [VOCs]; 
dioxins/furans; herbicides; pesticides; polychlorinated biphenyls [PCBs]); and radionuclides 
(cesium-137, uranium-234, uranium-235, and uranium-238). Table 3.1-1 summarizes the total number of 
Phase II confirmation samples used in the risk assessments by ana]yte group, including the division of 
samples into the biological and exposed tuff zone. The total number of Phase II confirmation samples 
collected for each analytical suite is summarized in Section 2.3.5 of the Final Closure Certification 
Report. The data quality analysis of the Phase II confirmation samples, including a description of data 
qualifiers pertinent to the confirmation samples used in the risk assessment analyses, is provided in 
Appendix B of this report. 

Samples from the biological zone are categorized as "soil" or "tuff' in the data evaluation. The 
designation of the matrix type, as determined at the time of sampling, was retained, with the exception 
that samples designated as "fil1" are treated as "soil." All samples from the exposed tuff zone are treated 
as "tuff," regardless of the matrix type designated by the sampling team at the time of sample collection; 
this decision was made after the site visit by the risk assessment team (August 28, 2002), during which it 
was observed that the fine material that remains at the exposed tuff zone (apparent in surface anomalies, 
e.g., depressions or cracks in the tuff, that provide isolated and discontinuous microsites with a tendency 
to accrete fine materials/deposits) is unconsolidated tuff. This approach was agreed upon by LANL with 
the NMED and EPA Region 6 (LANL 2002, 73791). 

A site map showing the locations of all Phase II final confirmation samples, the sample location grid, the 
extent of the bio]ogical and exposed tuff zones, and other features of the MDA PArea is provided as 
Figure 3.1-1. The biological zone inc1udes all samples outside of the contiguous exposed tuff zone area. 

3.2 Evaluation of Oats 

This section summarizes the comparison of the confirmation samples at the MDA P Area to LANL BV s 
for inorganics and radionuclides (LANL 1998, 59730). Also provided is a presentation of the organic 
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chemicals detected in confirmation samples at the MDA P Area. The statistical analyses and calculations 
used in this assessment are detailed in Attachment 2. 

3.2.1 Inorganic Chemical Comparison with Background 
Biological Zone-- Soil 

Ten of the 21 inorganic chemicals sampled for in the biological zone soil exceeded their respective BVs: 
antimony, barium, cadmium, chromium, cobalt, copper, lead, manganese, silver, and zinc. Table 3.2.1-1 
summarizes the inorganic analytical data for the biological zone, including frequency of detection, range 
of concentrations measured in the confirmation samples, and a comparison of the concentrations of each 
analyte to the BVs determined for LANL soil (LANL 1998,59730). Only 19 inorganic chemicals are 

listed in Table 3.2.1-1; because hexavalent chromium (Cr6+) and perchlorate were not detected in any of 
the confirmation samples taken in the biological zone soil and were eliminated as COPCs. Essential 
macro-nutrients, such as calcium, magnesium, potassium, and sodium are not used to determine potential 
risk to receptors. 

Box-and-whisker plots in Attachment 2 to this appendix (Figures B-1 through B-19) show the 
distribution of the background data sets relative to the distributions of the confirmation sample data sets. 
The box-and-whisker plots provide for a qualitative, visual comparison that can be used to clearly 
identify the following four cases: 

I) 	 Inorganic chemical concentrations in the confirmation samples that are all below the BV 
(e.g., aluminum in soil; Attachment 2, Figure B-Ia). These inorganic chemicals are 
eliminated as COPCs based on the data comparisons; 

2) 	 Confirmation samples with inorganic chemical concentrations that exceed the BV and/or 
the maximum concentrations of the background data sets (e.g., aluminum in tuff; 
Attachment 2, Figure B-Ia). These inorganic chemicals were preliminarily identified as 
COPCs based on the data comparisons; 

3) 	 Chemicals with median concentrations and/or data ranges that appear to be similar 
between the confirmation and background data sets, and the BV is exceeded by some 
confirmation samples (e.g., lead in soil; Attachment 2, Figure B-l1a). These chemicals 
were preliminarily identified as COPCs; and 

4) 	 Chemicals with median concentrations and/or data ranges that are dissimilar between the 
confirmation and background data sets (e.g., barium in soil and tuff; Attachment 2, Figure 
B-4a). 

Two statistical tests were used to determine whether the 10 inorganic chemicals preliminarily identified 
as COPCs in soil (Table 3.2.1-1) could be eliminated because the confirmation data sets are not 
statistically different from the background data sets. 

The statistical tests used were a Wilcoxon Rank Sum (WRS) Test and a quantile test for comparisons of 
the distributions. Details of these statistical tests, including assumptions and methodology, are provided 
in Attachment 2. The WRS Test is a non parametric distribution test of the hypothesis that samples within 
two data sets were taken from distributions with the same medians, i.e., it tests whether the background 
data and the confirmation data are similar. The quantile analysis is a nonparametric distribution 
evaluation of the differences in the upper tails of the distributions, i.e., it tests whether the upper end of 
the confirmation data set is similar to the upper end of the background data set. By using two tests, a 
COPC that fails the WRS Test because of a limited number of relatively high concentrations when 
compared to background, may pass the quantile test and be eliminated as a COPC for the site. The 
quantile test can also be used to determine whether a data set with a low median relative to background 
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and some exceedances of the BY is statistically different from the background data set. The quantile test 
is useful for detecting differences in the upper tails of the two data sets (in other words, to identify areas 
of elevated concentrations at a site). The two distributions within a test are assumed to possess the same 
variance. The quantile test is a test of the null hypothesis that the site data are not different from the 
background data, with respect to the upper tails of the distributions. One disadvantages of the quantile 
test is that it is not sensitive to the magnitude of the outliers (Le., cadmium and zinc passed the quantile 
test with a single high concentration relative to background). 

Inorganics were eliminated as COPCs for the following reasons: 

• 	 The maximum concentration in the confirmation samples was less than the corresponding 
BY. 

• 	 The distribution comparison passed for both the WRS and quantile test; 
• 	 The analyte failed the WRS test due to the fact that the site median was statistically 

different than background but was at a lower concentration and the distribution passed the 
quantile test; and 

• 	 The analyte passed the WRS test but failed the quantile test due to a very limited number 
of detection(s) greater than the BY. 

Results of the WRS statistical comparisons of the 10 inorganic chemicals preliminarily identified as 
COPCs in soil (Table 3.2.1-1) are presented in Table 3.2.1-2. A significance level (p-value) of 0.05 was 
used to determine differences in the data sets; a p-value >0.05 indicates the data sets are not statistically 
different at a 95% confidence level. Two COPCs for the biologica) zone soil (copper and zinc) had 
distributions of the confirmation sample data sets that were not significantly different than the 
background data sets. The box-and-whisker plot comparisons support these results; for copper and zinc, 
which passed the WRS Test, the medians of the confirmation and the background data sets are quite 
similar (Attachment 2, Figures B-9a and B-19a, respectively). Results of the subsequent quantile 
distribution comparisons are presented in Table 3.2.1-3. Of the 10 inorganic chemicals, 8 passed the 
quantile test for the biological zone soil (antimony, cadmium, chromium, cobalt, lead, manganese, 
thallium, and zinc). The box-and-whisker plot comparisons indicate that there are limited numbers of 
concentrations detected above the BYs and the upper tails of the distributions are similar to those of the 
background data sets (Attachment 2, Figures B-2a, B-6a, B-7a, B-8a, B-11a, B-12a, and B-17a, 
respectively). The results of the biological zone soil distribution comparison are summarized in 
Table 3.2.1-4. Note that silver could not be eliminated as a COPC based on the distribution comparison 
tests because a soil background data set for silver is not available. Thus, three inorganic chemicals were 
retained as soil COPCs for the biological zone based on the statistical analyses: barium, copper, and 
silver. Cobalt, lead, and zinc were retained as COPCs in the biological zone, regardless of the outcome of 
the statistical analyses, because they had one or more samples that exceeded soil or tuff background 
concentrations by several factors or more. 

Table 3.2.1-5 presents the analytical results for all soil samples with detected inorganic chemical 
concentrations or detection limits exceeding BYs for the biological zone. Figures showing grid locations 
with samples greater than background were generated for the entire MDA P Area for all inorganic 
chemicals detected above background and are discussed in the context of the nature and extent of 
residual concentrations of chemicals at the MDA P Area (Section 3.3). ' 

Biological Zone-Tuff 

Sixteen of the 20 inorganic chemicals sampled for in the biological zone tuff exceeded their respective 
BYs: aluminum, antimony, arsenic, barium, beryllium, chromium, cobalt, copper, iron, lead, nickel, 
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selenium, silver, thallium, vanadium, and zinc. Table 3.2.1-1 summarizes the inorganic analytical data for 
the biological zone tuff, including frequency of detection, range of concentrations measured in the 
confirmation samples, and comparison of the concentrations of each analyte to the BVs determined for 

LANL tuff (LANL 1998, 59730). Cr+6 was not detected in any of the confirmation samples and is not 
listed in Table 3.2.1-1. Perchlorate was not sampled for in tuff. Essential macro-nutrients, such as 
calcium, magnesium, and potassium, are not used to determine potential risk to receptors. 

Box-and-whisker plots in Attachment 2 (Figures B-1 through B-19) show the distributions of the 
background data sets relative to the distributions of the confirmation sample data sets. As with the soil 
confirmation samples, two statistical tests were performed to determine whether the 16 inorganic 
chemicals preliminarily identified as COPCs in tuff could be eliminated because the confirmation data 
sets were not statistically different from the background data sets. 

Results of the WRS distribution comparisons of the 16 inorganic chemicals preliminarily identified as 
COPCs in tuff are presented in Table 3.2.1-2. Of the 16 inorganic chemicals, four COPCs for the 
biological tuff zone (arsenic, beryllium, lead, and zinc) had distributions of the confirmation sample data 
sets that were not significantly different from the background data sets. The box-and-whisker plot 
comparisons for arsenic, beryllium, lead, and zinc (Attachment 2, Figures B-3a, B-5a, B-l1a, and B19a, 
respectively) support these results, as the medians of the confirmation data sets and the background data 
sets are quite similar. Results of the quantile distribution comparisons of the 16 inorganic chemicals are 
presented in Table 3.2.1-3. Of the 16 inorganic chemicals, 9 were eliminated as COPCs for the biological 
zone tuff, based on the quantile test (arsenic, beryllium, chromium, cobalt, iron, silver, thallium, 
vanadium, and zinc). The box-and-whisker plots support these conclusions, as iron, silver, and thallium 
have a limited number of concentrations above the BVs and the upper tails of the distributions are similar 
to those of the background data sets (Attachment 2, Figures B-lOa, B-16a, and B-17a, respectively). 
Thus, eleven inorganic chemicals were retained as COPCs for the biological zone tuff: aluminum, 
antimony, barium, chromium, cobalt, copper, iron, lead, nickel, selenium, and vanadium. The results of 
the biological zone distribution comparison are summarized in Table 3.2.1-4. Cobalt, lead, and zinc were 
retained as COPCs in the biological zone, regardless of the outcome of the statistical analyses, because 
they had one or more samples that exceeded soil or tuff background concentrations by several factors or 
more. 

Table 3.2.1-5 presents the analytical results for all tuff samples with detected inorganic chemical 
concentrations or detection limits exceeding BVs for the biological zone. Figures showing grid locations 
with samples greater than background were generated for the entire MDA P Area for all inorganic 
chemicals detected above background and are discussed in the context of the nature and extent of 
residual concentrations of chemicals at the MDA P Area (Section 3.3). 

Exposed TuffZone 

Nineteen of the 21 inorganic chemicals sampled for in the exposed tuff zone exceeded their respective 
BVs for tuff: aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, iron, 
lead, manganese, mercury, nickel, selenium, silver, thaHium, vanadium, and zinc. Additionally, 
perchlorate, which was analyzed for in 33 samples does not have an associated BV and was retained as a 

COPC because it was detected in seven samples. Cr+6 was eliminated as a COPC because it was not 
detected. Table 3.2.1-6 summarizes the inorganic analytical data for the exposed tuff zone, including 
frequency of detection, range of concentrations measured in the confirmation samples, and comparison of 
the concentrations of each analyte to the BVs determined for tuff (LANL 1998,59730). 
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Box-and-whisker plots in Attachment 2 (Figures B-1 through B-19) show the distributions of the 
background data sets relative to the distributions of the confirmation sample data sets. As with the 
confirmation samples in the biological zone, two statistical tests were performed to determine whether 
the 19 inorganic chemicals above BV s could be eliminated because the confirmation data sets were not 
statistically different from the background data sets. 

Results of the WRS Test distribution comparisons of the 19 inorganic chemicals preliminarily identified 
as COPCs in the exposed tuff zone are presented in Table 3.2.1-7. Of the 19 inorganic chemicals, two 
COPCs for the exposed tuff zone (arsenic and lead) had distributions of the confirmation sample data sets 
that were not significantly different from the background data sets. The box-and-whisker plot 
comparisons support these results; for arsenic and lead, which were removed based on the WRS Test, the 
medians of the confirmation and the background data sets are quite similar (Attachment 2, Figures B-3b 
and B-llb, respectively). Results of the subsequent quantile distribution comparisons of the 19 inorganic 
chemicals are presented in Table 3.2.1-8. Of these 19 inorganics, 6 could be eliminated as COPCs for the 
exposed tuff zone. For the inorganic chemicals eliminated as COPCs based on the quantile comparison, 
there are a limited number of concentrations above the BV s and the upper tails of the distributions are 
similar to those of the background data sets (Attachment 2, Figures B-6b, B-12b, B-16b, B-17b, and 
B-19b, respectively). Thus, 15 inorganic chemicals were retained as COPCs for the exposed tuff zone: 
aluminum, antimony, barium, beryllium, chromium, cobalt, copper, iron, lead, mercury, nickel, selenium, 
vanadium, and zinc; perchlorate was also retained as a COPC because it was detected and lacks a BV. 
The results of the exposed tuff zone distribution comparison are summarized in Table 3.2.1-9. 

Table 3.2.1-10 presents the analytical results for all samples with detected inorganic chemical 
concentrations or detection limits exceeding BV s in the exposed tuff zone. Figures showing grid 
locations with samples greater than background were generated for the entire MDA P Area for all 
inorganic chemicals detected above background and are discussed in the context of the nature and extent 
of residual concentrations of chemicals at the MDA P Area (Section 3.3). 

3.2.2 Radionuclide Comparison with Background Values 

Biological Zone-Soil 

Four radionuclides that might be associated with historical operations at the MDA P Area were detected 
in the soil samples from the biological zone, for which 3 to 5 samples were taken: cesium-137, uranium
234, uranium-235, and uranium-238. However, none of these were detected at activities exceeding the 
soil BVs or fallout values (LANL 1998,59730). Table 3.2.2-1 summarizes the radiochemical analytical 
data, including frequency of detection, established BVs, and range of activities measured in the 
confirmation samples for all detected radionucIides. 

Biological Zone-Tuff 

No radionuclides were sampled for in the biological zone tuff. 

Exposed Tuff Zone 

Three radionucIides that might be associated with historical operations at the MDA P Area were detected 
in the tuff samples from the exposed tuff zone: uranium-234, uranium-235, and uranium-238. However, 
none of these radionucIides were detected at activities exceeding the soil BVs. Table 3.2.2-2 summarizes 
the radiochemical analytical data, including frequency of detection, established BVs, and range of 
activities measured in the confirmation samples for all detected radionucIides. 
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3.2.3 Evaluation of Organic Chemicals 
Organic chemicals do not have background data for soil or tuff. The identification of organic COPCs is 
based upon whether a chemical is detected or not in the confirmation samples and does not require that 
the samples be separated by media type. Thus, all confirmation samples from the biological zone were 
grouped together for determining organic COPCs. Organic chemicals that were detected in less than 5% 
of the confirmation samples were eliminated as COPCs, per U.S. Environmental Protection Agency 
(EPA) guidance (EPA 1989,08021). 

Biological Zone 

Nineteen organic chemicals were detected in one or more of the biological zone samples. However, 9 of 
these were detected in less than 5% of the samples and were eliminated as COPCs (EPA 1989,08021); 
the remaining 10 organic chemicals were retained as COPCs for the biological zone: acetone, amino-2,6
dinitrotoluene[4-], amino-4,6-dinitrotoluene[2-J, Aroclor-1260, bis(2-ethylhexyl)phthalate, DDT[4,4'-J 
(dichlorodiphenyltrichloroethane), HMX (l,3,5,7-tetranitro-1,3,5,7-tetrazacyclooctane), RDX (1,3,5
trinitro-1 ,3,5-triazacyclohexane), toluene, and trinitrotoluene[2,4,6-J. Table 3.2.3-1 summarizes the 
organic analytical data, including frequency of detection, range of concentrations measured in the 
confirmation samples, and the maximum estimated quantitation limits (EQLs) for all detected organic 
chemicals. Samples with detected concentrations for the 10 organic COPCs are summarized in Table. 
3.2.3-2. Figures showing grid locations with detections of organic chemicals retained as COPCs were 
generated for the entire MDA P Area and are discussed in the context of the nature and extent of residual 
concentrations of chemicals at the MDA P Area (Section 3.3). 

Exposed Tuff Zone 

Sixteen organic chemicals were detected in one or more of the exposed tuff zone samples. However, 7 of 
the organic chemicals were detected in less than 5% ofthe samples and were eliminated as COPCs (EPA 
1989, 08021); the remaining 9 organic chemicals were retained as COPCs for the exposed tuff zone: 
amino-2,6-dinitrotoluene[ 4-J, amino-4,6-dinitrotoluene[2-], bis(2-ethylhexyl)phthalate, carbon disulfide, 
HMX, RDX, toluene, trinitrobenzene[1,3,5-J, and trinitrotoluene[2,4,6-]. Table 3.2.3-3 summarizes the 
organic analytical data, including frequency of detection, range of concentrations measured in the 
confirmation samples, and the maximum EQLs for all detected organic chemicals. Samples with detected 
concentrations for the 9 organic COPCs are summarized in Table 3.2.3-4. Figures showing grid locations 
with detections of organic chemicals retained as COPCs were generated for the entire MDA P Area and 
are discussed in the context of the nature and extent of residual concentrations of chemicals at the 
MDA P Area (Section 3.3). 

3.2.4 Summary of COPCs for the MDA P Area 

The COPCs identified for the MDA P Area, for both the biological zone and the exposed tuff zone, are 
summarized in Table 3.2.4-1. The inorganic chemicals are categorized by matrix type for the biological 
zone because the BVs used to determine copes are matrix-specific. 

A total of 16 inorganic chemicals were retained as COPCs for further evaluation for the MDA P Area. 
Six inorganic chemicals were identified as COPCs for the biological zone soil (barium, cobalt, copper, 
lead, silver, and zinc). Twelve inorganic chemicals were identified as COPCs for the biological zone tuff 
(aluminum, antimony, barium, chromium, cobalt, copper, iron, lead, nickel, selenium, vanadium, and 
zinc). Fifteen inorganic chemicals were identified as COPCs for the exposed tuff zone (aluminum, 
antimony, barium, beryllium, chromium, cobalt, copper, iron, lead, mercury, nickel, perchlorate, 
selenium, vanadium, and zinc). 
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A total of 12 organic chemicals were retained as COPCs for further evaluation for the MDA P Area. Ten 
organic chemicals were identified as COPCs for the biological zone (acetone, amino-2,6
dinitrotoluene[4-], amino-4,6-dinitrotoluene[2-], Aroclor-1260, bis(2-ethylhexyl)phthalate, DDT[4,4'-], 
HMX, RDX, toluene, and trinitrotoluene[2,4,6-D. Nine organic chemicals were identified as COPCs for 
the exposed tuff zone (amino-2,6-dinitrotoluene[4-], amino-4,6-dinitrotoluene[2-], bis(2
ethylhexyl)phthalate, carbon disulfide, HMX, RDX, toluene, trinitrobenzene[ 1,3,5-], and 
trinitrotoluene[2,4,6-D. 

No radionuclides were identified as COPCs for the MDA P Area. 

3.3 Conceptual Site Model 

This section provides the framework for the conceptual model of COPC release. transport, and potential 
exposure to human and ecological receptors that may be impacted by residual contamination at the 
MDA P Area. Key elements of the conceptual model that are summarized include the following: 

• 	 Current site conditions; 
• 	 Past releases that are known, or are assumed, to have occurred at the MDA P Area; 
• 	 Identification of contaminated media based on past releases and transport mechanisms that 

previously operated at the site; 
• 	 Identification of contaminated media based on residual contamination and transport 

mechanisms that currently operate at the site; 
• 	 Identification of exposure pathways for potential human and ecological receptors to 

COPCs remaining within the MDA P Area footprint; and 
• 	 Identification of exposure pathways for potential ecological receptors due to current and 

historical transport of MDA P COPCs to Canon de Valle. 

Past Releases 

The primary mechanism of past releases of chemicals at the MDA P Area is related to the former 
material disposal operations conducted at the site. Contamination of surface soils and tuff occurred 
through transport and dispersion from the contaminated debris and soil generated and accumulated 
during the operations at the MDA P Area. Additional releases likely occurred via leaching through the 
landfill contents and surface water runoff from the MDA P Area to the Canon de Valle channel, located 
down gradient of the MDA P Area. 

Contaminated Media-Past Releases 

Soil and tuff are the contaminated media within the boundaries of the MDA P Area associated with past 
releases. The majority of COPCs identified for both the exposed tuff and biological zones are in soil and 
tuff at depths less than 5 feet. Surface water does not currently exist at the site and excavation and 
removal activities resulted in the elimination of all potential near-saturated and ponded water sources at 
the surface, eliminating surface water as a medium of concern within the boundaries of the MDA P Area. 
Groundwater is also ruled out as a potentially contaminated medium underneath the MDA P Area and 
contamination beneath the site does not extend to the depth of the regional aquifer (1200 feet). This is 
consistent with the findings of the Phase II focused geochemical study. which indicate that saturated 
conditions, as are observed along the Canon de Valle stream, do not extend laterally to produce a 
continuous perched water table beneath the MDA P Area (Annex III of this Final Closure Certification 
Report). Also, the depth to the regional aquifer (1200 feet) precludes deep transport of residual 
contamination near the surface under unsaturated conditions. The soil-to-groundwater pathway would be 
complete only if the surface hydrology changed such that ponded water was available to provide a 
hydraulic head for moving contaminants to groundwater; this scenario is ruled out for the site because of 
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the lack of potential surface water sources at the site. Past releases that may have occurred via surface 
water runoff from the MDA P Area to the down grad ient Canon de Valle might have contributed to 
contamination of the sediments and surface water of the stream. 

Contaminated Media-Current Conditions 

As described for past releases, the only contaminated media currently within the boundaries of the 
MDA P Area are soil and tuff, for which the residual contamination is largely limited to depths less than 
5 feet. Surface water within the boundaries of the MDA P Area and groundwater beneath the MDA P 
Area are not impacted by the residual contamination in the soil and tuff under current conditions. 
Currently, run-on is directed away from the site into two, adjacent watersheds, using natural and 
engineered landscape features. Runoff of precipitation that falls within the boundaries of the MDA P 
Area is generally diverted to the west and east of the site, into channds that terminate in Canon de Valle. 
Large precipitation events may cause breaching of the diversion channels and result in sheet flow across 
the surface of the site, terminating in the Canon de Valle. 

Potential transport from the exposed tuff zone differs from that of the biological zone and the impact of 
transport from each zone is considered separately in the risk screening evaluations. Surface soils have 
been removed from the exposed tuff zone, which has also been denuded of all mature, native vegetation. 
Because there are currently no areas for ponding or with near-saturated conditions within the exposed 
tuff zone, the current conditions promote runoff and inhibit infiltration. Also, because the residual 
contamination is limited to the tuff, transport from the site is controlled primarily by the extremely slow 
rate of weathering of the tuff. Thus, while movement of contaminants via runoff is the most important 
transport mechanism from the exposed tuff zone, the actual rate of transport is directly proportional to 
the rate of weathering of the tuff; the weathering process of the tuff is best described in the context of 
geologic time (WOOs of years), indicating that off-site transfer is negligible. Exposure ofreceptors in 
Canon de Valle to residual contamination from the exposed tuff zone is also negligible. 

Outside, and surrounding, the exposed tuff zone is the biological zone, which includes undisturbed 
locations or previously disturbed locations that have been reseeded/reclaimed. The soils in the biological 
zone are approximately 2 to 5 feet deep (though in some locations, soils may exceed 5 feet) and are 
inhabited by grasses and plants typical of successional or transitional areas that have been subjected to 
some kind of disturbance. Erosion of the topsoil that remains at the site within the biological zone has 
been mitigated by the implementation of Best Management Practices (BMPs), including slope 
stabilization and erosion control measures. Transport of residual contamination from the biological zone 
to Canon de Valle is still possible through surface water runoff, though the presence of topsoil, plant 
cover, and the BMP features tend to promote infiltration of water within the surface soil. making runoff a 
minor transport pathway for the biological zone. 

Natural, physiographic boundaries (terrain constraints) limit the lateral extent of both past and future 
transport. The off-site transport of contaminants is constrained by drainage channels to the east and west 
of the site and the' up-gradient road to the south, such that ·all run-on and runoff is directed to Canon de 
Valle. Because the Phase II confirmation samples cover the majority of the MDA P Area, including 
locations beyond the historic and current natural boundaries of the site. the lateral extent of residual 
contamination related to the MDA P Area has been sufficiently defined; in other words. locations subject 
to potential contamination from either historic use or transport processes have been appropriately 
captured by the confirmation sampling. Additionally. because the depth of the confirmation sampling 
extends well below the residual contamination in the soil and tuff. the vertical extent of contamination 
has been sufficiently defined; in other words. locations subject to potential contamination from either 
historic use or historic transport processes have been captured by the confirmation sampling. The 
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ecological impacts due to the transport of COPCs to the canyon are evaluated in a focused risk 
assessment for Canon de Valle receptors (Section 5.0). 

Exposure Pathways-Human Receptors 

Potential, complete exposure pathways from COPCs in surface soil and tuff include inhalation of fugitive 
dust and direct exposure to soil and tuff via dermal contact or incidental ingestion. Potential exposure 
pathways due to COPCs in subsurface soil and tuff would be complete only if contamlnated soil or tuff 
were excavated and brought to the surface, in which case the potential exposure pathways would be 
similar to surface soil exposures. Weathering of tuff is the only viable natural process that may result in 
the exposure of receptors to COPCs in tuff; because of the slow rate of weathering expected for tuff, 
exposure to COPCs in tuff is negligible. This assessment assumes that a reasonable depth of exposure is 
oto 5 feet in soil; for consistency, 5 feet is also assumed to be the depth of exposure for tuff. This is 
conservative because 1) COPCs in tuff will cause exposure only as weathering occurs, and 2) the highest 
COPC concentrations are in samples within the top few feet of soil. Also, this is reasonable because the 
assumed 5-foot depth of exposure captures the average depth of soil and, thus, exposure to COPCs in soil 
at the site. Typically, potential risk to human receptors is determined based on exposure to COPCs in the 
top 10 feet of soil. For the MDA P Area, the majority of the samples are in the top 5 feet and those few 
COPCs below 5 feet are at lower concentrations. Thus, the exclusion of deeper samples results in a more 
conservative assessment because the 95% UCL concentrations based on the samples within the 0- to 5
foot interval are not "diluted" by the lower concentrations of the deeper samples. 

Because no surface water currently exists at the site and excavation activities resulted in the elimination 
of all potential near-saturated and ponded water sources at the surface, potential human health exposure 
pathways due to surface water (dermal and ingestion) are incomplete and are not evaluated. Likewise, 
groundwater is ruled out as a potentially contaminated medium underneath the MDA P Area because no 
surface-to-groundwater pathways exist. Thus, pathways to the regional aquifer, which is located 
approximately 1,200 feet below the site, are incomplete are not evaluated. 

Exposure Pathways-Ecological Receptors 

The exposed tuff zone currently contains surface anomalies (e.g., depressions or cracks in the tuff) that 
provide isolated and discontinuous microsites with a tendency to accrete fine materials/deposits that can 
become microhabitats for plants. Thus, some isolated plants are growing within the exposed tuff zone. 
Use of the exposed tuff zone for foraging or other activities is not expected by animal receptors that may 
potentially inhabit areas proximal to the MDA P Area. This assessment assumes that a reasonable depth 
of exposure is 0 to 5 feet. As with the human health exposure, this is conservative because the highest 
COPC concentrations are in samples within the top few feet of soil and reasonable because this captures 
the average depth of soil and, thus, exposure to soil at the site. Exposure of ecological receptors to 
COPCs in tuff is expected to be mlnor because of the slow rate of the weathering of the tuff. 

The remaining area of the MDA P Area footprint, which is yet undisturbed or has been 
reseeded/reclaimed, currently supports grasses and plants that may be used as forage items by ecological 
receptors. The shallow depth of the soil in the reclaimed footprint area(an average depth of 
approximately 2 feet, though as deep as approximately 5 feet in some locations near the east and west 
perimeters of the site) precludes deep-rooted plants and all but investigative burrowing activities by 
fossorial mammals, as detailed in the Ecological Scoping Checldist (Attachment I). Complete exposure 
pathways for ecological receptors to COPCs in the surface soil and tuff in the biological zone include: 
uptake by plants; dermal and ingestion pathways for animal receptors; and potential food web transfer 
because of dermal and ingestion uptake by animal receptors. As discussed previously, this assessment 
assumes that a reasonable depth of exposure is 0 to 5 feet, regardless of the media type (soil or tuff). 
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Undisturbed areas outside the MDA P Area footprint contain deeper soils (up to 5 feet and deeper) that 
supports mature vegetation (including deeper rooted shrubs and trees that are typical of the Rocky 
Mountain montane mixed conifer forest vegetation type). Significant habitat use by ecological receptors 
can be expected in these outlying areas, including foraging, nesting, and the development of established 
burrow systems (vs. investigative burrows within the reclaimed portions of the MDA P footprint) by 
fossorial mammals. Complete exposure pathways for ecological receptors to COPCs in the surface soil 
and tuff in the biologically viable areas outside the MDA P footprint include: uptake by plants and 
dermal and ingestion pathways for animal receptors; and potential food web transfer because of dermal 
and ingestion uptake by animal receptors. This assessment assumes that a reasonable depth of exposure is 
oto 5 feet, regardless of the media type (soil or tuff) and the exposure to COPCs in tuff is low because of 
the slow rate of the weathering of the tuff. The assessment of potential ecological risk to receptors in the 
outlying, undisturbed areas was combined with that for the biological zone within the MDA P footprint 
because of the similarity of the exposure pathways for ecological receptors and the site-related COPCs. 

As with the exposure pathways for human receptors, pathways related to the exposure of ecological 
receptors to COPCs in surface water at the site are incomplete because no surface water currently exists 
at the site and excavation activities resulted in the elimination of all potential near-saturated and ponded 
water sources at the surface. Additionally, groundwater is ruled out as a potentially contaminated 
medium underneath the MDA P Area; thus, pathways to the regional aquifer, which is located 
approximately 1,200 feet below the site, are incomplete for ecological receptors at the MDA P Area. 

3.4 Nature and Extent of Contamination 
Figures with detailed information on the location of inorganic chemicals detected above background 
(Figures 3.3.2-1 through 3.3.2-13) and detected organic chemicals (Figures 3.3-14 through 3.3.2-19) are 
provided for those chemicals with more than 10 samples to be plotted as a pictoral description of the 
extent of residual contamination at the MDA P Area. These figures indicate whether a given sample was 
from the biological or exposed tuff zone, as well as the matrix type and depth of that sample. Sample 
locations are identified by Sample Identification numbers and concentrations for each sample are 
provided in tabular form on each figure. Samples mapped in the figures sometimes appear to be clusters. 
However, because the sample grids are 30 feet to a side, the actual degree of "clustering" may be 
misleading on a given figure; in other words, what appear as clusters may actually be isolated locations 
with concentrations higher than the BV, due to the scale of the sample grid. If a particular analyte had 50 
or more sample locations to be displayed, the concentrations are not shown in a table on the figure, but 
are provided instead as contours. Because the majority of the inorganic chemical concentrations greater 
than BVs and detected organic chemical concentrations were in the upper surface (0 to 5 feet) of the soil 
and tuff at the site, all analytical data from 0 to 1 foot were contoured to display the surface 
concentrations for a given COPe. Contouring was done using Surfer 7.02 software (Surfer 2002, 73768); 
the default griding method was used (Kriging) and the contours were highly smoothed. The contour 
intervals were adjusted to fit the grid size of the Phase II sample locations. 

The confirmation data adequately determined the horizontal extent of residual COPC concentrations at 
the site, as the sampling extended beyond the boundaries of excavation and beyond the natural 
hydrologic barriers that limit potential horizontal transport to the area between the east and west 
drainages. 

Inorganic Chemicals 

Each of the inorganic COPCs appears to have a unique spatial pattern of the locations that exceed BVs. 
Some inorganic COPCs appear to be wide-spread and others are very limited in the extent of residual 
contamination at the site; some COPCs appear to be clustered, while others have what appear to be 
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random distributions. In general, the residual concentrations of inorganic chemicals are concentrated 
near, and within, the boundaries of the former SWMUs (the area ofthe excavation and removal 
activities) and therefore, there are generally decreasing trends laterally. Note that the observed trends in 
the lateral extent of residual contamination may be more an artifact of the extensive excavation activities 
performed at the site than historic transport of contaminants from the landfill contents to the soil and tuff. 

Organic Chemicals 

In contrast to the inorganic COPCs, the organic COPCs appear to have spatial patterns of locations with 
detections that are closely related to the previous site-related activities at the MDA P Area. Some organic 
COPCs are more ubiquitous than others, but most tend to follow a pattern that can be explained by the 
historical site uses of the MDA P Area. In general, the residual concentrations of organic chemicals are 
concentrated near, and within, the boundaries of the former SWMUs (the area of the excavation and 
removal activities) and therefore, there are generally decreasing trends laterally. Note that the observed 
trends in the lateral extent of residual contamination may be more an artifact of the extensive excavation 
activities performed at the site than historic transport of contaminants from the landfill contents to the 
soil and tuff. 

3.5 Depth of Contamination 

The investigation of residual contamination at depth was accomplished with the drilling of four boreholes 
in grid cells 516, 526, 554, and 557. The original commitment was to drill four boreholes to 
approximately 30 feet in grid cells that were determined to have the highest potential for residual 
contamination at depth. Subsequent discussions with LANL and NMED personnel determined that two 
boreholes would be drilled in locations where local drainage may have concentrated contaminants '(grid 
cells 526 and 557) to a target depth of 10 feet below the level of the Canon de Valle stream; an error in 
the elevational survey resulted in the two boreholes not reaching the target depth and the final depths of 
boreholes 526 and 557 reached the approximate elevation of the Canon de Valle stream. The remaining 
two boreholes were drilled in grid cells 516 and 554 to depths of 32 and 100 feet, respectively. Although 
boreholes 526 and 557 did not reach their target depths, the four boreholes, as a group, met the objectives 
of defining the extent of residual contamination at depth because the vertical extent could be defined by 
the deep subsurface sampling analytical results. A fifth borehole located in grid cell 273 was drilled to 
170 feet for the primary purpose of geologic logging; analytical data derived from the sampling of 
borehole 273 were included in the analysis of contamination at depth. 

The main purpose of the Phase II confirmation samples collected at depth was to identify whether 
potential site-related COPC concentrations decrease with depth. All COPCs identified for the biological 
and exposed tuff zones (Table 3.2.4-1) are examined with respect to the distribution of concentrations 
with depth (Attachment 2, Figures B-20 through B-47). Figures of the inorganic chemical concentrations 
with depth (Figures B-20 through B-35) show data for both zones, with no additional detail on whether 
an individual data point is from tuff or soil or whether it is a detection or a detection limit (such 
information is available in the box-and-whisker plots in Attachment 2 to this appendix). Figures of the 
organic chemical concentrations with depth (Figures B-36 through B-47) do not distinguish between the 
two zones, but do indicate whether a given data point is a detection or a detection limit. 

The confirmation data adequately determined the vertical extent of CO PC concentrations in the 
subsurface soils and tuff at the site, as adequate data at depth were taken to conclude that only residual 
levels of COPC concentrations exist at depth and the majority of the depth sample results were either not 
detected or were detected at concentrations below established BVs. 
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Inorganic Chemicals 

The majority of the inorganics identified as COPCs for the biological zone were due to exceedances of 
BVs for tuff. With very few exceptions, the soil and tuff samples exceeding the BVs in the biologicai 
zone and the samples exceeding BVs in the exposed tuff zone were taken between the surface and 4 feet. 
In general, below 4 feet, the concentrations decrease to background. 

Organic Chemicals 

In contrast to the inorganic COPCs, the organics were identified as COPCs due to detections in both soil 
and tuff, with three exceptions: Aroclor-1260, DDT[4,4'-J, and toluene were retained as COPCs based on 
detection in a single soil sample. With few exceptions, all organic detections are from samples taken 
between the surface and 4 feet. Beyond this, the majority of organic COPCs are not detected and the 
isolated detections that do occur are at or below the maximum EQL, indicating that residual site-related 
concentrations of organic COPCs do not exist at depth. 

4.0 SITE SCREENING ASSESSMENTS 

4. 1 Introduction 

Potential adverse effects to both human and ecological receptors are evaluated for the residual 
contamination at the MDA P Area. The human health screening assessment was performed according to 
the approach in the NMED-approved IWP (LANL 1998, 62060) and LANL (2002, 72639). The 
ecological screening assessment was performed in accordance with the methodology presented in 
"Screening Level Ecological Risk Assessment Methods" (LANL 1999,64783). 

4.2 Human Health Screening Assessment 

A human health screening assessment was used to determine if concentrations of COPCs defined in 
Section 3.2 might result in potential unacceptable risk to human receptors. 

4.2.1 Scoping 

The MDA P Area exists within the active, operational area ofTA-16 and lies entirely on DOE land. The 
site is isolated from public access by a security fence and security checkpoints. Based on the current and 
proposed future land use, the site will remain under LANL control and will continue to be used for 
industrial purposes. Potential human exposure pathways include inhalation of airborne particles or 
vapors, incidental ingestion of surface soil or tuff, and dermal contact with surface soil or tuff (Section 
3.3.1). The potential on-site receptors for both current and future land use will continue to be LANL 
employees, including both industrial and recreational land uses. However, this screening assessment 
assumed residential land use to support closure certification and corrective action decisions. 

4.2.2 Screening Evaluation 

The screening assessment is a comparison of COPC concentrations with screening action levels (SALs). 
The comparison was based on the 95% upper confidence limit (95% VCL) of the mean concentration of 
each COPC at MDA P, as presented in the approved SAP (LANL 1999, 6354(». If a chemical was a 
COPC for either zone (biological and exposed tuff), it was assumed to be a COPC for the entire MDA P 
Area. The derivation and calculation of the 95% VCL values is described in Attachment 2. This 
assessment assumes a 0- to 5-foot depth of exposure in soil and tuff. 

Summary statistics for the COPCs identified at the MDA P Areaare presented in Tables 4.2.2-1 (human 
health) and 4.2.2-2 (ecological screening). 
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Even though land use at the site is industrial, the SALs used in the screening evaluation reflect a 
residential exposure scenario, assuming exposure for 24 hours/day for 350 days/year (NMED 2000, 
68554; EPA 2001, 71466). The SAL comparison is presented separately for noncarcinogenic and 
carcinogenic chemicals. The SALs for noncarcinogens are based on a hazard quotient (HQ) of 1.0; SALs 
for carcinogens are based on a target cancer risk of 10,6. The 95% VCL concentration of each COPC was 
compared to its corresponding SAL for carcinogens, and 0,1 the SAL for noncarcinogens. The SAL 
comparisons are presented in Table 4.2.2-3 (noncarcinogens) and Table 4.2.2-4 (carcinogens). 

The noncarcinogens identified in the data review (Section 3.2) were aluminum, antimony, barium, 
beryllium, cobalt, copper, iron, lead, mercury, nickel, perchlorate, selenium, silver, vanadium, zinc, 
acetone, Aroclor-1260, amino-2,6-dinitrotol uene[ 4-], amino-4,6-dinitrotol uene[2-], carbon disulfide, 
HMX, toluene, and trinitrobenzene[1,3,5-]. Among the noncarcinogenic COPCs, only barium and iron 
had a 95% UCL of the mean concentration greater than one-tenth the respective SAL (Table 4.2.2-3). 
The sum of the ratio of each COPC exposure calculated as the 95% UCL concentration divided by the 
respective SAL (i.e., the hazard index [Hl]) was less than unity (0.8). This indicates that a human health 
hazard is not expected from exposure to co-located noncarcinogenic COPCs. 

The carcinogens identified in the data review (Section 3.2) were Aroclor-1260, bis(2
ethylhexyl)phthalate, chromium, DDT[4,4' -], RDX, and trinitrotoluene[2,4,6-]. None of the carcinogenic 
COPCs had a 95% UCL concentration above the respective SAL (Table 4.2.2-4), and were less than the 

NMED target risk level of 10-5 (NMED 2000, 68554). The cumulative cancer risk for the entire site was 

6xlO-7. Therefore, exposure in the MDA P Area does not result in an unacceptable risk to human 
receptors. 

4.2.3 Additional Human Health Risk Analysis 

An additional human health risk analysis was performed to accounrfor potential exposure to a limited 
area of elevated COPC concentrations. A residential lot of 5400 square feet (-600 square meters) was 
used to represent the limited potential exposure area. A residential lot was selected for both the 
biological and exposed tuff zones to be consistent with the locations ofhigh barium concentrations (see 
Figure 4.2.3-1), because barium was the primary risk driver for both zones. For the biological zone, a 
single high detection of barium in grid 189 was measured. The barium concentration in this grid was 
6,630 mg/kg, which results in an HQ of 1.3. However this barium concentration was within the range of 
the other concentration evaluated in the residential lots. In addition, there were a limited number of 
analytical samples within the area of this grid. Therefore, grid 189 was not evaluated as a potential 
residential lot. There is some residual HE left on site (primarily RDX and HMX). However, because 
concentrations for the HE COPCs are below the SALs when evaluating MDA P as a whole, the 
additional analysis focused on barium as the primary COPC for human health. Although the screening 
analysis determined iron to be a potential risk driver, iron is an essential nutrient and is not expected to 
create toxicity concerns unless the site concentrations are substantially higher than background; because 
the 95% UCL concentrations of 10,349 milligrams per kilogram (mg/kg) are within the range of 
background data (maximum of 19,500 mg/kg), exposure to iron at the MDA P Area IS similar to 
background. Figure 4.2.3-1 shows the barium contour (with locations of relatively high concentrations) 
and lot layout for the additional human health risk analysis. The lots do not perfectly overlay the contours 
due to a couple of factors: 

• The available analytical data within the grids, and 
• The magnitude of the barium concentrations of the nearby grids. 
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In general, an effort was made to maximize the number of grids with confirmation samples and high 
barium concentrations. 

The inorganic chemical concentrations were compared to the corresponding BV for each residential lot. 
Inorganic chemicals that were not greater than the BVs were not evaluated for each lot. Organics that 
were undetected within a lot were also not evaluated. The calculation of the 95 % VCL concentration 
was identical to the methodology summarized in Attachment 2. Summary statistics for the data sets used 
for the COPCs identified in the two residential lots are presented in Tables 4.2.3-1 and 4.2.3-2. 

Among the noncarcinogenic COPCs in the biological zone residential lot, only barium had a 95% VCL 
concentration greater than one-tenth the respective SAL but less than the SAL (Table 4.2.3-3), similar to 
the initial screening results. The sum of the ratio of each COPC exposure calculated as the 95% VCL 
concentration divided by the respective SAL was less than unity (0.4), indicating that a human health 
hazard is not expected from exposure to co-located noncarcinogenic COPCs in the biological zone lot. 

Only RDX had a 95% VCL concentration slightly above the SAL (Table 4.2.3-4). The cumulative excess 
cancer risk from exposure to carcinogenic COPCs in the biological zone residential lot was 

approximately 4xlO-6, which is less than NMED's target risk level of 10-5 (NMED 2000,68554). 
Therefore, the residential lot in the biological zone does not pose an unacceptable risk to human 
receptors. 

Among the noncarcinogenic COPCs in the exposed tuff zone residential lot, only aluminum, barium, and 
iron had 95% DCL concentrations greater than one-tenth their respective SALs (Table 4.2.3-5). The sum 
of the ratio of each COPC exposure calculated as the 95% DCL concentration divided by the respective 
SAL also slightly exceeded unity (1.7). However, approximately 112 of this is due to iron, which is an 
essential nutrient and is similar to background (95% DCL is less than maximum background 
concentration of 19,500 mg/kg (LANL 1998,59730). None ofthe noncarcinogenic COPCs exceeded the 
SAL for the 95% DCL concentration. 

RDX was the only carcinogenic COPC with a 95% DCL concentration slightly above its respective SAL 
(Table 4.2.3-6). The cumulative cancer risk from exposure to carcinogenic COPCs for the residential lot 

in the exposed tuff zone was approximately 1.2xlO-6, which is less than NMEb's target risk level of 

10-5 (NMED 2000, 68554). Therefore, the residential lot for the exposed tuff zone does not pose an 
unacceptable risk to human receptors. 

Evaluation of the residential lots did not change the area-wide results of the screening assessment, 
although the noncarcinogenic risk increased slightly within the exposed tuff zone lot (from 0.8 to 1.7). 
Therefore, the site as a whole and the residential lots within each zone do not pose apotential hazard to 
human health, even with the conservative exposure assumptions used. 

4.2.4 Uncertainty Analysis 
The analysis presented in this human health screening assessment is subject to varying degrees and kinds 
of uncertainty. Aspects of data evaluation and COPC identification, exposure assessment, toxicity 
assessment, and the additive approach all contribute to uncertainties in the risk assessment process. 

4.2.4.1 Data Evaluation and COPC Identification Process 
A primary uncertainty associated with the CO PC identification process is the possibility that a chemical 
may be inappropriately identified as a COpe. It is unlikely that inorganic chemicals were inappropriately 
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excluded as COPCs because the only detected inorganic chemicals excluded were those determined to be 
below the associated BV or those with data sets not significantly different than background. Aluminum 
and iron in the exposed tuff zone residential lot and iron in the site-wide comparison had 95% UCL 
concentrations greater than 0.1 of the respective SAL, but less than the SAL. Concentration measured in 
soil and tuff at the MDA P Area for these two inorganic chemicals are not considered a concern for 
human health for two reasons: 1) the high values for these inorganic chemicals are in the tuff and are, 
thus, unavailable for exposure; and 2) the 95% UCL concentrations are within the range of soil and tuff 
background concentrations (LANL 1998,59730), indicating that exposure to site-wide or residential lot 
concentrations is similar to background. Also, iron is an essential nutrient for which concentrations in 
soil would need to be substantially higher than background before they become a concern to human 
health. Thus, HI values calculated for the whole area and the residential lots are primarily due to barium 
and are less than 1.0. 

It is unlikely that organic chemicals were inappropriately excluded as COPCs because the only detected 
organic chemicals not retained for analysis were those that were detected in less than 5% of the 
confirmation samples. 

Uncertainties associated with the inorganic and organic chemical data include sampling errors, laboratory 
analysis errors, and data analysis errors. For the MDA P Area, these uncertainties are expected to have 
little effect on the results even though many detected concentrations of organic COPCs were qualified J, 
indicating that the values were less than EQLs and could only be estimated. 

4.2.4.2 Exposure Assessment 
Three main uncertainties were identified in the exposure assessment process. 

1) 	 Identification ofReceptors. The human health screening evaluation is a conservative comparison 
of the 95% UCL concentration with SALs based upon a residential land-use scenario. To the 
degree that actual activity patterns are not represented by those activities assumed by the 
residential land-use scenario, uncertainties are introduced in the assessment. Because the 
potentially exposed individual is an industrial worker, the screening assessment based on a 
residential scenario overestimates the exposure and, therefore, the potential hazard and risk to 
human receptors. The same is true if the receptor is a recreational user (e.g., hiker, jogger, etc.). 
If, however, future land use becomes residential, the assessment appropriately addresses potential 
human health risks. 

2) 	 Exposure Pathway Assumptions. A number of assumptions are made relative to exposure 
pathways, including: input parameters, whether or not a given pathway is complete, the 
contaminated media to which an individual may be exposed, and intake rates for different routes 
of exposure. In the absence of site-specific data, the exposure assumptions used were consistent 
with EPA-approved parameters and default values (EPA 2001, 71466). When several upper
bound values (as are found in EPA 2001, 71466) are combined to estimate exposure for anyone 
pathway, the resulting risk can exceed the 99th percentile of "expected risk" and therefore, 
exceed (overestimate) the range of risk that may be reasonably expected. Also, the assumption 
that residual concentrations of chemicals in the tuff are available and cause exposure in the same 
manner as if they were in soil overestimates the potential risk to receptors. Therefore, the HI of 
1.7 is an overestimation of the potential hazard at the site within the exposed tuff zone. 

3) 	 Derivation ofExposure Point Concentrations. Some uncertainty is introduced in the 
concentration aggregation of data for estimating the representative COPC concentrations (95% 
UCL) at the site. Risk from a single location or area with relatively high COPC concentrations 
may be "diluted" by using a representative, site-wide value. Thus, an additional analysis based on 
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locations of high concentrations of barium (the only COPC to exceed 0.1 SAL in both zones) was 
performed to address this uncertainty. The use of the 95% UCL is intended to provide a 
protective, upper bound (e.g., conservative) on the average COPC concentration at the site, 
which is more likely to lead to an overestimation of the concentration representative of average 
exposure to a COPC across the entire site. 

4.2.4.3 Toxicity Assessment 
The primary uncertainty associated with the SALs is related to the derivation of toxicity values used in 
their calculation. EPA toxicity values (reference doses [RIDs] and slope factors [SFsJ) were used to 
derive the SALs used in this risk screening assessment (EPA 200 1, 701 09; EPA 1997, 58968). 
Uncertainties were identified in three areas with respect to the toxicity values: 1) extrapolation from 
animals to humans, 2) extrapolation from one route of exposure to another route of exposure, and 3) 
individual variability in the human population. 

1) 	 Extrapolation from Animals to Humans. The SFs and RIDs are often determined based on 
extrapolation from animal data to humans, which may result in uncertainties in toxicity values 
because differences exist in chemical absorption, metabolism, excretion, and toxic responses 
between animals and humans. The EPA takes into account differences in body weight, surface 
area, and pharmacokinetic relationships between animals and humans to address these 
uncertainties in the dose-response relationship; however, conservatism is usually incorporated in 
each of these steps, resulting in the overestimation of potential risk. 

2) 	 Extrapolationfrom One Route of Exposure to Another Route.of Exposure. The SFs and RIDs 
often contain extrapolations from one route of exposure to another that result in additional 
conservatisms in the risk calculations. For example, an extrapolation from the oral route to the 
inhalation and/or the dermal route was used in this assessment (EPA 2001, 71446) and 
differences between the two exposure pathways contribute to the uncertainty in the estimation of 
potential risk at this site. 

3) 	 Individual Variability in the Human Population. For noncarcinogenic effects, the degree of 
variability in human physical characteristics is important both in determining the risks that can be 
expected at low exposures and in defining the no-observed-adverse-effect level (NOAEL). The 
NOAEL uncertainty factor approach incorporates a lO-fold factor to reflect individual variability 
within the human population that can contribute to uncertainty in the risk assessment; this factor 
of 10 is generally considered to result in a conservative estimate of risk to noncarcinogenic 
copes. 

4.2.4.4 Additive Approach 
For noncarcinogens, the effects of exposure to multiple chemicals are generally unknown and possible 
interactions could be synergistic or antagonistic, resulting in either an overestimation or underestimation 
of the potential risk. Additionally, RIDs used in the risk calculations typically are not based on the same 
endpoints with respect to severity, effects, or target organs. Therefore, the potential for noncarcinogenic 
effects can be overestimated for individual COPCs that act by different mechanisms and on different 
target organs but are addressed additively. 

4.2.5 Interpretation of Results 
Overall, the uncertainties associated with the evaluation of human health risks to residual concentrations 
of COPCs in the soil and tuff of the MDA P Area overestimate potential risk to human receptors. A 
detailed analysis of risk due to exposure at locations with high concentrations of barium (the main risk ' 
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driver at the site) indicate that there is no potential, unacceptable risk to human health in either the 
biological or exposed tuff zone. 

The noncarcinogenic HI values ranged from 0.8 (site-wide) to 1.7 (exposed tuff zone) based on 95% 
VCL concentrations; none of the individual COPCs exceeded a HQ of 1.0. Approximately half of the HI 
of 1.7 (0.7) is due to iron, which is an essential nutrient and has a 95% VCL within the range of 
background concentrations. In addition, COPCs in this lot are in the tuff so exposure is unlikely; the HI 
for the exposed tuff zone residential lot overestimates the potential hazard to receptors. Given the 
uncertainties and the overestimation of the hazard, the HIs for the site and for the residential lots do not 
exceed NMED's target HI of 1.0 (NMED 2000, 68554) and do not pose a potential hazard to human 
health. 

Concentrations of carcinogenic COPCs were less than their respective SALs. The incremental excess 
cancer risk ranged from 6x 10-7 (site-wide) to 4x 10-6 (residential lot). The risk levels are below the 
NMED target cancer risk level of 10-6 (NMED 2000, 68554). Therefore, the site as a whole and the 
residential lots within each zone do not pose a potential unacceptable risk to human health. 

4.3 Ecological Screening Assessment 

The footprint ofthe MDA P Area is located on the TA-16 mesa and canyon slope directly adjacent to, 
and south of, Canon de Valle in the vicinity of a perennial reach of the stream channel within the canyon. 
The Conceptual Site Model (Section 3.3.1) indicates that the primary transport of COPCs from the MDA 
P Area to the canyon occurs via hydrologic processes and potentially affects the canyon's terrestrial and 
aquatic habitats. Thus, the assessment of potential ecological risk is designed to evaluate potential risk to 
receptors from residual COPC concentrations at the MDA P Area as well as potential risk to ecological 
receptors in the Canon de Valle. 

The assessment of ecological risk for the MDA P Area is composed of the scoping evaluation, which 
defines the focus of the screening assessment. The screening assessment assesses potential risk to 
ecological receptors at the MDA P Area based on residual COPC concentrations measured in the Phase II 
confirmation samples. The screening assessment concludes with a problem formulation, which evaluates 
constituents of potential ecological concern (COPECs) identified in the screening evaluation based on 
site-specific information and an analysis of the screening results within the context of established 
background concentrations. The third part of the assessment is a focused ecological risk assessment of 
the COPECs carried forward from the problem formulation that evaluates adverse effects in Canon de 
Valle from historic contaminant transport into the canyon to both aquatic and terrestrial receptors. The 
focused evaluation iritegrates the effects of the multiple contaminant sources to canyon receptors, in 
addition to the effects from MDA P Area COPCs. 

4.3.1 Scoping 

The scoping evaluation provides the ecological framework for the screening assessment. Scoping 
establishes the breadth and focus of the ecological screening process and is based on the ecological 
scoping checklist (Attachment I) and the Conceptual Site Model (Section 3.3.1). 

An ecological scoping checklist (Attachment 1 of this appendix) was completed prior to the start of the 
assessment of potential risk to ecological receptors at the MDA PArea. A site visit (August 28, 2002) 
was conducted in conjunction with the completion of the ecological scoping checklist. One of the 
objectives of the visit was to confirm that the risk assessment approach, which was defined prior to the 
Phase I excavation, was reasonable for the post-excavation conditions (LANL 1999, 64783). 
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As described in Section 3.3.1 (Conceptual Site Model), the MDA P Area is composed of two distinct 
zones: 1) an exposed tuff zone that is largely bereft of plants and for which little or no evidence of animal 
activity was observed during the site visit, and 2) a biological zone that has topsoil and is populated by 
either successional/transitional plant species (grasses and herbaceous plants and forbs) in the areas 
disturbed during the Phase I excavation or mature, native vegetation typical of the Rocky Mountain 
mixed conifer vegetative type in the undisturbed areas of the MDA P Area. Evidence that the biological 
zone is used by both small mammals (e.g., soil mounding by burrowing mammals) and large mammals 
(e.g., tracks and scat) was noted during the site visit. 

As agreed upon by LANL with the NMED and EPA Region 6 (LANL 2002, 73791), the "exposed tuff 
area of the site doesn't need a quantitative ecological risk assessment including generation and review of 
hazard quotients" and the "preferred approach is a qualitative ecological risk assessment" consisting of a 
written discussion documenting that the various exposure pathways are not complete in this area of the 
site. COPCs in the tuff are generally immobile and become available to receptors only as a function of 
the slow rates of weathering of the tuff. Vegetation, though present in some microsites, is sparse and not 
expected to have contact with COPCs to the degree that population-level effects would occur from this 
limited exposure to COPCs in the exposed tuff zone. Also, the vegetation is not present in sufficient 
quantities to result in uptake through the food chain combined with the unlikely scenario of use or 
foraging by ecological receptors because of the unsuitable habitat. Therefore, the contact that wildlife 
receptors might have with COPCs in the exposed tuff zone does not drive population-level effects in the 
wildlife receptors. Thus, the exposure of receptors to COPCs in the exposed tuff zone is not evaluated 
quantitatively in this assessment. 

Because potentially complete pathways exist for exposure to COPCs in the biological zone, the following 
terrestrial receptors were evaluated quantitatively in this screening assessment for the biological zone, 
representing several feeding guilds and trophic levels: 

• 	 plants, 
• 	 soil-dwelling invertebrates (represented by the earthworm), 
• 	 deer mouse (mammalian omnivore), 
• 	 vagrant shrew (mammalian insectivore), 
• 	 desert cottontail (mammalian herbivore), 
• 	 fox (mammalian carnivore), 
• 	 American robin (avian insectivore, omnivore, and herbivore), and 
• 	 American kestrel (avian insectivore and carnivore); surrogate for avian threatened and 

endangered (T &E) species. 

Of the terrestrial receptors being evaluated, only the vagrant shrew is not expected to be of concern for 
the MDA P Area because it requires free water for survival-a medium that does not exist at the site and 
that has been eliminated from consideration as a potential exposure medium for the MDA P Area 
footprint. However, because the shrew represents the insectivorous feeding guild for mammals, which is 
not specifically represented by any of the other terrestrial receptors, the shrew was retained and evaluated 
in the MDA P Area screening assessment. 

4.3.2 Screening Evaluation 
The ecological screening evaluation identifies COPECs and is based primarily on the comparison of 
representative COPC concentrations (95% VCL concentrations) at the site to ecological screening levels 
(ESLs). This comparison is summarized in the calculation of HQs for each COPC and screening receptor. 
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The hazard quotient (HQ) is defined as the ratio of the representative contaminant concentration in the 
exposure medium being investigated to the dose that has been determined to be potentially acceptable to 
a given ecological receptor. The higher the contaminant levels relative to the ESLs, the higher the 
potential risk to receptors; conversely, the higher the ESLs relative to the contaminant levels, the lower 
the potential risk to receptors. HQs greater than 0.3 are identified as COPECs requiring additional 
evaluation (LANL 1999, 64783). The HI is the sum of HQs; an HI greater than 1.0 is considered an 
indication of potential adverse impacts to a given receptor from exposure to multiple chemicals at a site. 
Additionally, chemicals without associated ESLs are retained as COPECs and require further evaluation. 
The HQ/HI analysis is a conservative indication of potential adverse effects and is designed to minimize 
the potential of overlooking possible COPECs at the site. 

The calculation of representative COPC concentrations is presented in Attachment 2. ESLs were 
obtained from LANL's ECORISK database version 1.4 (LANL 2002, 72802), as presented in Table 
4.3.2-1. 

HQ Summary for Ecological Screening Assessment 

All COPCs identified for the biological zone, with the exception of lead and nickel, were identified as 
chemicals requiring further evaluation because one or more HQ exceeded 0.3 or because there was no 
ESL available for one or more of the receptors for a given COPC (Table 4.3.2-2). Nickel and lead were 
eliminated as COPECs because all receptors had an associated ESL and all HQs were less than 0.3. All 
other chemicals are discussed in detail below in the Problem Formulation. 

As presented in Table 4.3.2-2, HI values for the terrestrial receptors range from 1.75 for the top carnivore 
American kestrel to 464 for the plant. Per EPA guidance (EPA 2000, 73306), aluminum "is identified as 
a COPC only at sites where the soil pH is less than 5.5." pH levels measured in confirmation samples 
form the MDA P Area range from 5.8 to 7.4 in tuff and 6.8 to 7.6 in soil, indicating that aluminum at the 
MDA P Area is unavailable to ecological receptors. With aluminum eliminated, barium and cobalt are 
the largest contributors to the HI values for each receptor, while vanadium and DDT[4,4'-] also 
contribute to the HI for some receptors. 

4.3.3 Problem Formulation 
This section provides an evaluation of the screening assessment results in the context of assumptions and 
conservatisms used in the screening process, in order to detennine whether or not the results are 
ecologically meaningful and if additional analysis is required. Table 4.3.2-2 shows the COPCs that failed 
the screening against ESLs. 

Inorganic COPCs 

A number of the HQs determined for inorganic COPCs are not meaningful estimations of potential risk 
because the ESLs are below the soil and tuff BV s. In addition, the 95% UCL concentrations, detennined 
for all the inorganic COPCs except for barium, copper, and cobalt, are within the range of the 
background data sets for soil, indicating that the exposure of receptors to the representative site 
concentrations of inorganic chemicals is similar to background. Thus, the HQIHI analysis was performed 
a second time after removing ESLs below the associated soil BV from the analysis (Table 4.3.2-3, see 
"NC" entries). The majority of the inorganic COPCs (except antimony, barium, and cobalt) are 
eliminated as COPECs because the elevated HQs were based on ESLs that were less than BVs. 
Furthermore, all of the inorganic COPCs (except for barium) have 7 or fewer detections in soil above the 
soil BV, indicating that the residual concentrations of inorganic chemicals in the biological zone are in 
the tuff and are unavailable to receptors. As a result, the majority of the inorganic COPCs (except 
barium) are not retained as COPECs. 
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COPC concentrations in tuff are eliminated from further consideration because the contaminants are 
absorbed into the porous rock matrix. Exposure pathways to receptors are incomplete. Plant exposure to 
COPes in tuff is limited to the fractures near the surface, which does not produce sufficient biomass to 
support an herbivore population. Consequently, the contaminants in tuff are unavailable to receptors and 
cannot cause adverse population-level effects. Although weathering of the tuff will eventually release 
these contaminants, the COPC concentrations will be similar to or less than the soil concentrations. 

Organic COPCs 

Table 4.3.2-2 shows DDT[4,4' -] was the only organic COPC that failed the screen because of an HQ 
greater than 0.3 (for the insectivorous and omnivorous robin and both kestrels). However, DDT[4,4'-] 
was detected in only one soil sample and had HQs of 3.0 or less, which are not expected to result in 
adverse population-level effects to the robin or kestrel. Therefore, DDT[4,4' -] is eliminated as a COPEC. 

Three organic COPes (acetone, Aroclor-1260, and bis[2-ethylhexyl]phthalate) had ESLs for most or all 
of the wildlife receptors and all HQs were less than 0.3. Furthermore, these COPes were detected in only 
one sample (acetone and Aroclor-1260) or 8 samples (bis[2-ethylhexyl]phthalate). Because of the low 
numbers of detected concentrations, these COPCs are not expected to cause adverse population-level 
effects. All detected concentrations measured for these COPCs were at or below the maximum EQLs, 
indicating that only trace concentrations are present at the site. Although there are no ESLs for these 
COPCs for plants and invertebrates, the plants at the site are healthy. Because these organic chemicals 
are infrequently detected at low concentrations, and HQs for receptors with ESLs are less than 0.3, 
acetone, Aroclor-1260, and bis(2-ethylhexyl)phthalate are not retained as COPECs. 

The remaining organic chemicals (amino-2,6-dinitrotoluene[ 4-], amino-4,6-dinitrotoluene[2-], HMX, 
RDX, toluene, and trinitrotoluene[2,4,6-]) have mammalian ESLs, but are lacking ESLs for the avian 
receptors and may also lack an ESL for either the plant or invertebrate. All HQs for the mammalian 
receptors are less than 0.3, and in many cases are at least an order of magnitude lower than 0.3; thus, 
there is no further evaluation warranted for the mammalian receptors. The plants observed at the site are 
healthy and no observable adverse effects to the flora were noted during the August 28, 2002, site visit, 
indicating that plants are not being adversely affected by residual concentrations of COPCs in the 
biological zone and that no additional evaluations are required for the plants. If a ten-fold uncertainty 
factor were applied to the available mammalian ESLs and used to estimate avian HQs, then depending on 
the surrogate ESL used for a given receptor/COPC combination, the resulting HQs would be less than 1.0 
for all avian receptors except for RDX, where the resulting HQs are greater than 1.0 but less than 5.0. 
Lastly, except for RDX that was detected across the site in both soil and tuff, there are infrequent 
detections of organic chemicals in soil, indicating that the residual concentrations of these organic 
chemicals in the biological zone are in the tuff. Because of the low number of detected concentrations in 
soil and given the time required for the weathering of the tuff to become an exposure medium for 
receptors, these organic COPCs (except for RDX) in tuff are not expected to cause adverse population
level effects. 

4.3.3.1 Problem Statement for the Ecological Risk Assessment 

The COPECs barium and RDX warrant further site-specific evaluation in an ecological risk assessment. 
All other inorganic and organic analytes are eliminated as COPECs for the MDA P Area. COPCs in the 
tuff are not of concern for the receptors at the MDA P Area or in Canon de Valle because the exposure 
pathways are incomplete. Future exposures to COPCs in the tuff are directly related to the rate of 
weathering, which is slow and not likely to result in adverse ecological impacts. 

AU1·03IWPILAN:leXl 838319.01.0301/3110312:04 PM24 



Barium is retained for additional analysis because HQs based on the representative site concentration 
indicated potential risk to all ecological receptors except the kestrel top carnivore (the surrogate for avian 
T&E receptors). RDX is also recommended for additional analysis because the avian receptors lack ESLs 
and estimated HQs based on assumptions related to available mammalian ESLs indicated that potential 
risk to avian receptors could not be definitively eliminated. 

5.0 ECOLOGICAL RISK ASSESSMENT FOR THE MDA P AREA 

5.1 Introduction 

The ecological risk assessment was performed to address the two COPECs that could not be eliminated 
from the screening analysis for the MDA P Area: barium and RDX. This assessment uses the results of 
the Canon de Valle ecological risk assessment to address the potential adverse effects from these 
COPECs. This section includes a revisit of the conceptual site model developed for the screening 
assessment, a summary of the Canon de Valle study results as they relate to the transport of barium and 
RDX to the canyon and the subsequent exposure of both aquatic and terrestrial receptors, and an 
interpretation of the results. 

5.2 Conceptual Site Model 

5.2.1 Historic Transport From the MDA P Area 

As presented in Section 3.3.1, the conceptual site model for t~e MDA P Area includes the potential for 
exposure to ecological receptors in Canon de Valle due to releases of contaminants from the MDA P 
Area. Historic releases to Canon de Valle from the MDA P Area include the off-site transport ofCOPCs 
via surface erosion and the potentialleaching of water through the landfill contents to surface water and 
sediments. To the extent that contaminants were transported to thecanyon from the MDA P Area prior to . 

the source removal, the historic contaminant signatures in the canyon from the MDA P Area may not 
correspond with residual COPC concentrations identified in the Phase II confirmation samples, though 
the primary contaminants (barium and HE compounds, including RDX) are common to both. 
Consequently, the ecological risk assessment of Canon de Valle in support of the MDA P Area closure 
certification and corrective action includes all the COPECs that were identified in the canyon, including 
barium and RDX. 

The MDA P Area is one of several historic contaminant sources to Canon de Valle and is not the 
dominant source. The 260 Outfall (SWMU 16-02l[c]-99) is identified as the dominant source of 
contaminants for the canyon (Phase II RFI for Potential Release Site 16-021 [c]). Additionally, MDA-R 
(SWMU 16-019) and the Silver Outfall (SWMU 16-020), up-canyon from the MDA P Area are 
contributors of contaminants to the canyon. Figures 5.2.1-1 and 5.2.1-2 show the down-canyon profile of 
barium concentrations for the overbank soils and the active channel sediments. The location of the MDA 
P Area is also shown for each plot. The zero distance is the location of the 260 Outfall. The overbank 
plot shows five relatively high barium concentrations between the 260 Outfall and the MDA P Area. All 
the other overbank data show a lack of trend with location in the canyon. The active channel sediment 
plot includes a locally smoothed line fit to approximate and average barium concentration with location 
in the canyon. The active channel shows a general barium concentration decline below the MDA P Area. 
Both plots show higher barium concentrations up-gradient of the MDA P Area. These plots support the 
assertion that the MDA P Area has not been nor currently is a major contributor of barium to the canyon. 
Other COPCs have similar patterns. 

The COPC concentration patterns, as represented by the barium plots, indicate that ecological 
investigations for adverse effects in Canon de Valle that include the MDA P Area reach are also useful 
for evaluating historic effects from the MDA P Area. 
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The current adverse ecological effects determined for the Canon de Valle receptors represent risk from 
the historic loading of COPECs into the Canon de Valle system. These present-day contaminant 
signatures and inventories are expected to be the worst-case condition because the MDA P Area has been 
excavated and other sources of contaminant discharges to the canyon have been eliminated. With time, 
concentrations will decline and inventories will dissipate with the continued influence of hydrologic 
processes in the canyon. Because of the historic transport of COPECs to the canyon, the conceptual site 
model for the MDA P Area is expanded to include potential ecological receptors associated with the both 
the terrestrial and aquatic systems of Canon de Valle. 

5.2.2 Canon de Valle Conceptual Site Model 
Effluent discharges from TA-16, including the 260 Outfall (SWMU 16-021(c)-99), silver outfall (SWMU 
16-020), Building 16-540 (steam plant), roof drains, and parking lot runoff all served to augment the 
surface flow in Canon de Valle and to transport contaminants into the natural systems of the canyon. 
Data from media samples collected in the canyon show HE and metals, especially barium, to be present 
in surface water, alluvial groundwater, soils and sediments. 

With the elimination of discharges from the 260 Outfall in November 1996 and the steam plant in 
January 1997, the aquatic regime of the canyon is receding to pre-laboratory conditions. During the 
drought of year 2000 Burning Ground Spring (up-gradient 'of the MDA P Area) continued to flow but the 
rest of the canyon was mostly dry. Flow from SWSC Spring (also up-gradient of the MDA P Area) 
ceased in the fall of 2001 and has yet to recover as of this writing. It is unknown whether the loss of flow 
in SWSC Spring is because of the drought or because the spring was induced by 260 Outfall effluent. 

A geomorphic survey and map has been completed for 2500 meters (m) of the canyon from the silver 
outfall (SWMU 16-020) to below the MDA P Area. The canyon bottom averages 23 m in width over the 
mapped reach and generally intersects a cliff-forming unit of the Bandelier tuff to the north and a 
colluvial slope to the south. This is characteristic of many east-west trending canyons of the Pajarito 
Plateau. The distinction between soil and sediment in this report is a matter of location relative to the 
active channel of the canyon. Sediment refers to material in the active channel of the canyon, while soil 
refers to overbank and floodplain sediment deposits as well as the terraces, fans, and colluvial slopes. 
Soil samples collected as part of the geomorphic investigation were analyzed for metals and HE. 

The overbanks that are influenced by contaminant transport and deposition average 6 m in width and 
consist of sorted fine materiaL The highest concentrations of COPECs are in units that have been 
deposited since LANL commenced operations. The geomorphic mapping approach distinguishes two 
overbank units and a floodplain unit that has been impacted by LANL contaminants. Theyare designated 
as c2 and c3 for the overbanks andJ] for the floodplain. The active channel is poorly sorted indicating 
that transport in the system tends to occur under higher energy and short duration events. These events do 
not provide conditions that sort the transported material into deposits with different particle sizes. The 
balance of the canyon bottom area, nominally 75%, is made up of Quaternary terraces. These features are 
abandoned by channel incision and no longer experience flood flows. The distribution of contaminant 
concentrations across the geomorphic feature types is presented in Figure 5.2.2-1. 

Vegetation in the canyon from the silver outfall to Peter Seep (up-gradient of the MDA P Area) consists 
largely of a closed canopy mixed conifer stand. Ground vegetation in this reach is sparse. Vegetation 
over the next kilometer is a mosaic of closed canopy areas with sparse ground cover and open canopy 
areas with dense grasses and forbs. The reach that bounds the toe of the MDA P Area is open and densely 
vegetated with groundcover. Other locations up canyon that are similar to this reach are the SWSC cut, 
and Burning Ground Spring. About 100 m below the MDA P Area, the overstory vegetation opens up and 
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the canyon bottom widens, resulting in dense groundcover and understory vegetation dominated .by 
Gambel Oak. The overbanks that are heavily vegetated with grasses and forbs are effectively armored 
against erosive forces during flood flows. 

The problem formulation phase of the ecological risk assessment pilot for Canon de Valle identified 
potential adverse impacts to aquatic, riparian and terrestrial systems in the canyon, as discussed further in 
Section 5.3. 

5.3 Ecological Risk Assessment Approach 

The footprint of the MDA P Area is located on the TA-16 mesa and canyon slope directly adjacent to, 
and south of, Canon de Valle in the vicinity of a perennial reach of the stream within the canyon. The 
Conceptual Site Model (Section 3.3.1) indicates that the primary transport of COPCs from the MDA P 
1\rea to the canyon occurs via hydrologic processes and potentially affects the canyon's terrestrial and 
aquatic habitats. Thus. the assessment of potential ecological risk is designed to evaluate risk to receptors 
from residual COPC concentrations at the MDA P Area as well as risk to ecological receptors in the 
Canon de Valle. 

As discussed in Section 4.3, the ecological risk assessment for the MDA P Area is composed of three 
elements. The first and second elements define the scope of the assessment and assess potential 
ecological risk to COPC concentrations remaining within the MDA P Area boundaries. The third element 
is the focus of this section, which is comprised of a focused ecological risk assessment of the COPECs 
carried forward from the problem formulation in steps one and two that evaluates adverse effects in 
Canon de Valle from historic contaminant transport into the canyon to both aquatic and terrestrial 
receptors. This focused evaluation integrates the effects of the multiple contaminant sources to canyon 
receptors, in addition to the effects from MDA P Area COPCs. 

The remainder of this section defines the scope of the assessment ofCanon de Valle receptors relati,ve to 
MDA P Area COPCs and summarizes previous Canon de Valle assessment results in order to provide the 
framework for the additional assessment activities performed in Canon de Valle that are being used to 
support the Closure Certification of the MDA P Area. 

5.3.1 Scope of the Assessment 

The areal extent of this assessment includes the footprint of the former the MDA P Area and the 
terrestrial and aquatic habitats in Canon de Valle that could be affected by historic (orfuture) 
contaminant transport from the MDA P Area. The assessment considers terrestrial effects for the former 
facility and aquatic and terrestrial effects in the canyon. The data used to support this assessment are: 

• Post-excavation Phase II confirmation sample data for the MDA P Area; 
• Sediment profile data collected in 1996 for the active channel in Canon de Valle; 
• Overbank samples collected for the fluvial geomorphology characterization in 1999; 
• Water samples collected from April 1994 to March 1999; 
• Small mammal popUlation and contaminant body burden data collected in 2001; 
• Sediment toxicity testing results collected in 2001; and 
• Synoptic benthic macro-invertebrate community data collected in 1996 and 1997. 

The data sources were subset to assess the MDA P Area impacts where these data extend substantially 
beyond the area of influence for the MDA P Area or where the data show concentration trends in the 
canyon that are not relevant to this facility. 
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5.3.2 Canon de Valle Problem Formulation Results Summary 

The problem formulation phase of the ecological risk assessment for Canon de Valle identified potential 
adverse impacts to aquatic, riparian and terrestrial systems in the canyon. The results of that analysis are 
summarized in Table 5.3.2-1. The natural resources investigations to collect evidence of adverse effects 
are described in "Canon de Valle Terrestrial Ecological Risk Assessment Pilot, Steps Four and Five: 
Study Design and Implementation Plan" (Tardiff 2002, 73764) and "Canon de Valle Aquatic Ecological 
Risk Assessment Pilot, ERA-S Steps Four and Five: Study Design and Implementation Plan" (Tardiff 
2003, 73730). 

The screening ecological risk assessment methodology developed for LANL (LANL, 1999,64783) was 
used to identify COPECs for the Cafton de Valle, as was done for the MDA P Area terrestrial receptors. 
The initial risk assessment screen compared measured COPC concentrations (in soil, water, and 
sediment) to receptor-specific ESLs to determine HQs for Canon de Valle receptors (Tables 5.3.2-1, 
5.3.2-2, and 5.3.2-3). HQs are provided for the minimum, maximum, and the 95% VCL median 
concentrations for detected values. The VCL on the median is used instead of the VCL on the mean 
because it better represents the middle of the data when the data are highly skewed or there are non
detects. The three HQs for each COPEC are an indication of the extent to which the site data exceed a 
given ESL. 

5.3.2.1 Terrestrial System 
The problem formulation assessment identified six COPECs in' overbank soils that exceed the screening 
ESLs: barium, silver, lead, copper, HMX, and RDX. Summary information for HQs with minimum, 
maximum and the 95% VCL median concentrations are provided in Table 5.3.2-1. This table shows that 
copper and lead have a full complement of eleven screening values; barium and silver are missing the 
invertebrate endpoint: RDX is missing six endpoints; and HMX is missing seven endpoints. Endpoints 
are missing because toxicology studies have not been included in LANL's Ecorisk database for these 
contaminants.' In some cases, such as avian endpoints for HMX and RDX, extensive searches of the 
literature have yet to identify relevant studies. This is consistent with Talmage et al. (1999,63021), 
which states that no subchronic or chronic feeding studies of HE compounds were found for avian 
species. 

Table 5.3.2-2 shows great variability in the extent to which the COPECs exceed screening values. A 
single screening endpoint value was exceeded by the maximum RDX concentration with an HQ of 1.1. 
An HQ of 1.1 would typically be acceptable and the COPEC dropped from further consideration. RDX is 
carried forward because of the large number of unavailable screening values. In contrast to RDX, all 
barium screening endpoint values were exceeded by the maximum concentration and four of those 
endpoint values were exceeded by the minimum concentration. The highest HQ for barium is'1 ,600. 

5.3.2.2 Aquatic System 

The problem formulation assessment identified six COPECs in water and ten COPECs in sediment that 
exceed screening ESLs (LANL 2000, 67822.1). The details of the COPEC comparisons to ESLs are 
provided in Table 5.3.2-3 for water and Table 5.3.2-4 for sediments. The water COPECs are aluminum, 
barium, cadmium, cobalt, manganese, and silver. Each of the water COPECs has the full complement of 
nine screening endpoints. The sediment COPECs are barium, cobalt, copper, lead, silver, thallium, 
vanadium, di-n-butylphthalate (DNBP), HMX, and RDX. The sedimentCOPECs are missing 8 of the 
possible 30 COPEC:endpoint pairs. The three COPECs in common for water and sediment are bari~m, 
cobalt, and silver. HMX and RDX are included as COPECs for active channel sediment because ESLs 
are not available for the swallow and aquatic community. 
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The screening value exceedances for cadmium, cobalt, manganese, and silver in water are associated 
with generic aquatic community criteria (LANL 2000, 67822). These criteria originate from a variety of 
sources including laboratory toxicity studies (60 FR 56; and 20.6.4 NMAC "Standards for Interstate and 
Intrastate Surface Waters"). The aquatic community endpoint is designed to be protective of the resource, 
not predictive of potential adverse effects. Hence, they are conservative values based upon species 
assemblages that do not necessarily populate the canyon aquatic system. The screening value 
exceedances for aluminum and barium include the aquatic community endpoint and mammalian wildlife 
drinking water pathway. The wildlife drinking water exceedances for aluminum are associated with 
alluvial groundwater and range in HQ from 1 to 2.2, based on the 95 % UCL median concentration. The 
barium wildlife drinking water exceedances are associated with surface water and alluvial water and 
range in HQs from 1.3 to 2.7, also based on the 95% UCL median concentration. Given the assumptions, 
uncertainties, and conservatisms built into the drinking water pathway these HQs are not different from 
the screening values. 

The sediment endpoint exceedances include the generic sediment community endpoint, the little brown 
bat, and the violet-green swallow. The bat and swallow endpoints for sediment are based upon wildlife 
models where exposure of the receptor to contaminants in sediments occurs through ingestion of 
emergent aquatic insects. The sediment aquatic community endpoint is derived from a variety of studies 
including freshwater and marine sediments and organisms. These studies may not be relevant to Canon 
de Valle. However, they are useful as general indicators of contaminant concentrations that warrant 
further consideration. 

5.3.2.3 Conclusions from the Problem Formulation 

The potential for adverse effects to the terrestrial system from barium and HMX in soil is indicated by 
the large HQs for the concentrations of these contaminants. The lack of screening information regarding 
HMX and RDX for the avian and invertebrate endpoints leaves a gap in the information for making risk
based decisions regarding residual concentrations of site-specific COPCs. 

The screening assessment results for the aquatic system show large HQs for contaminants in water and 
sediment associated the aquatic community, and for bat and swallow via the emergent insect pathway. 
Additionally, the lack of screening values for RDX and HMX in sediments leaves questions regarding the 
potential effects of these two contaminants that are present in the canyon system. The bat and swallow 
results require considerations of the extent to which populations of these receptors can be supported by 
the emergent insects from the canyon. Given the limited extent of these resources, it is very unlikely that 
adverse effects to bats or insectivorous birds are realized. 

The possible terrestrial effects from barium and HMX, the generic aquatic community results, and the 
lack of information for HE in terrestrial and aquatic receptors indicates that an empirical study to assess 
adverse effects in Canon de Valle is needed. 

5.4 Assessment Endpoints 

The environmental values, or assessment endpoints, to be protected for Canon de Valle and the MDA P 
Area consist of features of the canyon relative to the surrounding landscape and the resident threatened 
species. Canon de Valle is one of many canyons incised into the Pajarito Plateau. This canyon has a.· 
perennial spring and an alluvial seep in the vicinity of the T A-16 facilities~ The presence of water in the 
canyon is ecologically important to the viability of many species in this semi-arid environment. 
AdditionalIy, the canyon supports a multi-leveled overstory of mixed conifer, aspen and oak with grasses 
and forbs on overbanks and terraces. The combination of pereimial water and diverse vegetation make 
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the canyon a relatively attractive location for endemic fauna. The Mexican spotted owl has a nesting site 
down-canyon from the MDA P Area and is likely to hunt in the canyon. 

Specific assessment endpoints that were addressed with measures of effects are: 

• 	 Community viability of small mammals as an indication of contaminant impacts upon 
maximally exposed taxa across trophic levels and foraging guilds in the terrestrial 
environment. 

• 	 Contaminant concentrations in the food web as an indication of potential impacts to 
carnivores including the Mexican spotted owl, a resident threatened species in the canyon. 

• 	 The capacity of the perennial reach of the canyon to support an aquatic community as an 
indication of the extent to which contaminants have impaired sediment and water quality. 

5.4.1 Terrestrial Study Design 

The screening ecological risk assessment methodology uses eleven terrestrial biotic screening endpoints. 
They are kestrel as carnivore, kestrel as omnivore, robin as herbivore, robin as omnivore, robin as 
insectivore, desert cottontail, deer mouse, fox, shrew, soil invertebrate, and plant. The rationale for 
selecting the small mammal community for assessing adverse effects in Canon de Valle is summarized 
below and fully described in "Canon de Valle Terrestrial Ecological Risk Assessment Pilot, Steps Four, 
Five and Six: Study Design and Implementation Plan" (Tardiff 2002, 73764). 

Small mammal community is a practical choice for biota sampling for adverse terrestrial effects in Canon 
de Valle. Small mammals reside in the canyon year-around and the popUlations are sufficiently abundant 
to provide multiple individuals for population estimates and to determine the amounts of contaminants 
taken up and stored by individuals in their body tissues through soil ingestion and food web transfers, 
i.e., contaminant body burdens. Additionally, small mammals are a dominant prey species for the 
carnivores active in the canyon, including the Mexican spotted owl. Contaminant body burden data from 
small mammals provides the information necessary to make direct estimates of contaminant intake by 
carnivores, obviating most of the assumptions in contaminant transfer models. 

The trophic level of a small mammal species generally influences the rate of accumulation of 
contaminants relative to soil concentrations. Sample, et al. (1998, 72726) found that bioaccumulation is 
highest in insectivores and lowest in herbivores. Three endpoint species under consideration are: 
mountain cottontail (an herbivore), deer mouse (an omnivore), and dusky shrew (an insectivore). Based 
upon home range, the potential for bioaccumulation, and prey size preferences of the Mexican spotted 
owl, the dusky shrew and deer mouse popUlations are best suited for assessing contaminant transfers to 
top carnivores. Given the propensity for higher body burdens, these species are also likely to elicit 
population responses to COPECs if such responses are occurring. If necessary, the differences in diet 
between the two mammals can be used to differentiate body burdens associated with trophic levels. 
Finally, the reproductive rate of these species is such that individuals removed for analysis will be 
quickly replaced within the popUlations and negative consequences to the food chain from sampling are 
very unlikely. 

5.4. 1. 1 Terrestrial Measures of Effects 

Small mammal community metrics and body burdens were collected for Canon de Valle and Pajarito 
Canyon, the latter being a reference (i.e., uncontaminated) location. The lines of evidence evaluated are 
number of species, body weight, reproductive status classes for each species, population density 
estimates, and contaminant body burdens. 
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5.4.1.2 Field Study Synopsis 

Small Mammal Population Estimates 

Small mammal trapping arrays were established in Canon de Valle and Pajarito Canyon. Trapping was 
conducted during May 2001 and again in September to October 2001. Pajarito Canyon was selected as 
the reference canyon based on its similarity to Canon de Valle with respect to topography, elevation, 
water presence and quantity, vegetation, and burn severity from the Cerro Grande fire in 2000. Each 
array for a canyon consisted of two 5-by-20 grids with ten-m spacing between traps. Each grid had a 
footprint of 40 m x 190 m. The two grids were separated by a minimum of 100 m to prevent trapping 
competition for individuals. Two Sherman live traps were located at each of 80 (4 x 20) intersections. 
The line of traps closest to the creek had a pitfall trap paired with a Sherman live trap at each intersection 
(l x 20). The double trap configuration at each grid node was used to equalize the trapping effort 
between the locations adjacent to the creek where pitfall traps and live traps were combined with grid 
locations away from the creek. This was necessary for generating population estimates that are unbiased 
for location. 

The trap lines followed the lay of the land using the stream channel as the baseline. The live traps were 
baited to attract herbivores and omnivores. Insectivores, such as shrews, typically do not respond to bait 
but are usually caught in pitfall traps. In the late afternoon, Sherman traps were opened and baited. Bait 
was a mixture of peanut butter and sweet feed (molasses coated horse feed). Pitfall traps were also 
opened in the afternoon. The traps were checked early in the morning. Traps that had not been tripped by 
animals were then closed and all tripped traps were collected for animal processing. 

Animals collected on nights 1 through 3 were weighed and measured (body length, tail length, hind foot 
length, and ear length). Sex and species were determined. Reproductive status was recorded, and the trap 
number was noted. The animals were also ear tagged and then released. Animal characteristics were 
recorded only on the first day of capture for each individual. Each day trap number and ear tag numbers 
were recorded for all animals captured or recaptured. After the fourth night of trapping, all information 
on new captures was recorded and any recaptures were noted. The dusky shrew, selected as a study 
species, was not trapped on any of the field collection/trapping dates. Because of the low number of 
captures in the spring, all species but deer mice (Peromyscus maniculatus) were released. During spring 
sampling, blood samples (from the interorbital region) for Hantavirus screening were obtained from deer 
mice only. In the fall, blood samples from brush mice (Peromyscus boylli), deer mice, and wood rats 
(Neotoma mexicana) were obtained for Hantavirus screening. All other species were released after 
capture. The University of New Mexico (UNM) Medical School performed all of the screening. All 
target species were euthanized on the last day of trapping during each trapping session. Only animals that 
screened negative for Hantavirus were analyzed for contaminants. 

Population densities were estimated using Leslie's regression method (Seber 1982, 72730) applied to 
each grid where daily total numbers of captures were plotted against the cumulative daily captures. 
Confidence intervals were calculated at 95% using the general method (Seber 1982,72730). Mean 
percent daily capture rates were calculated and compared to 1993 data where similar sites were trapped 
(Raymer and Biggs 1994,56038). Species composition of each canyon was determined as well as a 
comparison of sex ratios, reproductive stages, and mean weights. Parametric and nonparametric analysis 
of variance were performed on weights to test for differences between the grids. However, because of the 
low capture numbers and the differences in the amount of captures within the four grids, the statistical 
results are primarily descriptive. 
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Body Burden Analysis 

On the final night of live trapping, individuals of the relevant species were sacrificed for body burden 
analysis. Blood samples were collected from all specimens and screened for Hantavirus by UNM in 
accordance with their standard operating procedures for this analysis. Negative Hantavirus screening 
results are necessary prior to shipping the whole body samples to the analytical laboratory for body 
burden analysis. Each sample submitted for chemical analysis of whole body burden had a live weight of 
15 grams (g) or more to-provide sufficient material for analysis. The body burden data are used to 
compare COPEC concentrations between Canon de Valle and the reference canyon and to estimate the 
-dose of COPECs to the Mexican spotted owl. 

Samples were submitted to the analytical laboratory for the analysis of HE and TAL metals. The details 
of the calculated minimum detection limits for estimating risk relevant doses to the Mexican spotted owl 
are provided in "Canon de Valle Terrestrial Ecological Risk Assessment Pilot Steps Four, Five and Six: 
Study Design and Implementation Plan" (Tardiff 2002, 73764). 

5.4.2 Aquatic Study DeSign 

The screening ecological risk assessment methodology for aquatic systems uses twelve biotic screening 
endpoints. They are generic aquatic community; generic sediment community; drinking water exposure 
pathway for kestrel, robin, swallow, bat, cottontail, deer mouse, shrew, fox; and emergent aquatic insect 
prey pathway for bat and swallow. 

5.4.2.1 Aquatic Measures of Effects 
Synoptic benthic macro-invertebrate surveys and toxicity testing with Chironomus tentans were selected 
for assessing adverse effects in the Canon de Valle aquatic system. The study design is summarized 
below and fully described in "Canon de Valle Aquatic Ecological Risk Assessment Pilot, Steps Four, 
Five and Six: Study Design and Implementation Plan" (Tardiff 2003, 73730). 

Biotic Survey 

Canon de Valle is somewhat limited in survey options for aquatic resources because it is a very small 
stream that does not support fish. The lack of fish is due to the perennial reach being disconnected from 
any larger body of water and its small dimensions (average width 50 cm, average depth 7 cm), and lack 
of sufficient pool cover to protect fish populations from freezing and drought. 

The benthic macro-invertebrate community is an appropriate option for a synoptic survey. The species in 
this community reside in or on sediments, are continually exposed to the contaminants in the water 
column, and they feed on detritus and microorganisms. The consumption of microorganisms incorporates 
food chain effects into the macro-invertebrate exposures. This community was surveyed in 1996 and 
1997 and was shown to be well-developed in Canon de Valle (NMED 1999,737(9). These data are used 
to assess community effects in Canon de Valle relative to the reference stream reaches on the Pajarito 
Plateau. 

A synoptic survey of benthic macro-invertebrates was conducted for riffle habitat in Canon de Valle, 
Pajarito Canyon, Los Alamos Canyon, and Guaje Canyon. The latter three canyon reaches are reference 
streams. The lines of evidence evaluated are number of species, presence of sensitive species, and 
comparisons of community metrics between the two canyons. 
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Toxicity Test 

Two general approaches are available for conducting toxicity tests: the use of water column test 
organisms or sediment-dwelling test organisms. Given the nature of the aquatic system in Canon de 
Valle, organisms that live in sediments are more representative of contaminant exposures to endemic 
biota than are water column organisms. 

The midge, C. tentans, is a toxicity test organism that is well-documented for its toxic responses to 
contaminants, widely used in toxicity testing, and is reared from laboratory populations. Additionally, the 
genus Chironomus is present in Canon de Valle. A cursory literature review provided in ASTM (1995, 
73729) indicates that the test species, C. tentans, was among the most sensitive of 24 species evaluated 
with Great Lakes sediments. In various studies, the midge tended to be less sensitive than the amphipod 
Hyalella azteca for some metals and equivalent to or more sensitive than H. azteca for pesticides. A 
study by DeFoe and Ankley (1998, 73783) showed that the sensitivity of the C. ten tans lO-day test is 
greatly increased by measuring growth in addition to survival. While a single species cannot represent the 
toxic responses for all the members of the community, C. telllallS is related to the Canon de Valle aquatic 
community and appears to have contaminant sensitivities that can indicate whether adverse effects are 
present. 

Sediment samples were collected in Canon de Valle and Starmer's Gulch for toxicity testing with C. 
tentans using the EPA 10-day survival and growth protocol with daily static renewal using site water 
(EPA 2000, 73776). The lines of evidence evaluated are surviv.al and growth of the test organisms 
(Pacific Ecorisk 2001, 73775). 

5.4.2.2 Field Study Synopsis 

Benthic Macro-invertebrate Survey 

Benthic macro-invertebrate samples were collected in Canon de Valle below the MDA P Area using a 

modified Hess sampler (EPA 1999, 73728). The samples were preserved in the field and sorted in a 

laboratory by NMED personnel. Similar samples were collected in Los Alamos Canyon above the 

reservoir, Guaje Canyon, and Pajarito Canyon. All sampling was conducted in 1996 and 1997, prior to 

the Cerro Grande fire. Taxonomic identifications were provided by J. Jacobi, with chironomid 

identifications provided by D. McGuire. Data for number of species, species densities and relative 

abundances were used to calculate comparative community metrics. A summary of the metric 

comparisons between Canon de Valle and Los Alamos Canyon are provided in (NMED 1999, 73769). 

The comparisons to upper Guaje Canyon and upper Pajarito Canyon are documented in NMED 

presentation materials regarding macro-invertebrates (Ford-Schinid 1998, 73772). 


Toxicity Testing 


Toxicity testing with C. tentans was conducted in accordance with the EPA Protocol 100.2 (EPA 2000, 

73776). Survival and growth was measured for each of the eight replicates for each site and control. 

Three sets of sediment and water samples were collected for this assessment. Two locations were above 

and below the reach of Canon de Valle that bounds the MDA P Area and the third loc~tion, Starmer's 
Gulch, is a reference location. The testing protocol starts with ten third instar larvae in each exposure 
vessel and exposes them to the site sediments for 10 days. The overlying water in the test vessels is 
replaced each day. Site water and sediment was used for each location in order to incorporate any 
toxicity associated with either media in the test results. At the completion of the test, the number of 
surviving larvae are counted for each replicate and the surviving larvae are dried, ashed, and the ash-free 
dry weight is determined. Ash-free weight is a better indicator of growth because it removes that 
component of larval weight due to gut contents. This is especially important when the amount of organic 
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matter in sediment samples differs among the sites. Highly organic sediments have a lower specific 
gravity than mineral sediments, resulting in a downward bias in dry-weight based growth for larvae from 
organic sediments. 

5.5 Field Study Results 

5.5.1 Terrestrial Measures of Effects 

Five measures of effects were described in the study design section. They are 

• Number of small mammal species, 
• Population density estimates, 
• Reproductive status classes for each species, 
• Body weights, and 

5.5.1. 1 Number of Small Mammal Species and Density Estimates 

The spring trapping was conducted from May 21 through May 24,2001 in Canon de Valle and Pajarito 
Canyon. Two species were captured in both canyons: deer mouse and Montane vole (Microtus 
montanus). The numbers of individuals for each species, by canyon were 21 deer mice and 4 Montane 
voles in Canon de Valle and 8 deer mice and 1 Montane vole for Pajarito Canyon. 

The autumn small mammal trapping was conducted from September 25 through September 28, 200 1. 
This campaign produced five species in Canon de Valle and three species in Pajarito Canyon for the 
same trapping effort as the spring campaign. The species, numbers of individuals and reproductive status 
classes for the spring and fall are provided in Table 5.5.1-1.· 

Population densities for deer mice were estimated for each trapping grid in both canyons. The results are 
presented in Table 5.5.1-2. Densities were estimated using Leslie's regression method (Seber 1982, 
72730) applied to each grid where daily total numbers of captures were plotted against the cumulative 
daily captures. Confidence intervals were calculated at 95% using the general method (Seber 1982, 
72730). Low capture numbers and some trapping mortality resulted in violating some of the assumptions 
for the density estimation technique. Consequently, the results may be biased high. However, the density 
estimates are meaningful for relative comparisons among the trapping grids. 

A population density estimate is not provided for the upper trapping grid in Canon de Valle for the 
autumn data. The new-capture numbers for deer mice for that period and grid are 5, 4, 8, and 6 
individuals for each of the four nights. Density estimation techniques assume that there are a finite 
number of individuals in a small mammal population and consequently the number of new captures 
(individuals not previously caught and tagged) each night will decline over the trapping period. If 
trapping were to continue for a sufficient number of nights, eventually all individuals would be caught at 
least once and no new captures would be possible. This assumption necessarily depends upon no 
recruitment of individuals from outside the population area, and a trapping period duration that is not 
impacted by births or mortality. The higher numbers of new-captures on the third and fourth trapping 
nights produce a nonsensical density estimate with the Leslie regression technique; other estimation 
methods would produce similar results. 

5.5.1.2 Reproductive Status Classes 

The seven reproductive status classes used in this investigation are juvenile female, juvenile male, 
pregnant female, lactating female, non-reproductive female, non-scrotal male and scrotal male. Table 
5.5.1-1 presents reproductive status classes for each of the species collected in the spring and fall 
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trapping campaigns. Canon de Valle had six reproductive classes in the spring and seven classes in the 
fall. Pajarito Canyon had three reproductive classes in the spring and six classes in the fall. The lower 
number of reproductive classes in Pajarito Canyon correspond with the lower number of individuals 
caught in that canyon. 

5.5.1.3 Body Weights 

Body weights of new captures were collected during the trapping campaigns. These data were used to 
determine whether there are differences in body weights that might be associated with contaminants in 
Canon de Valle. For each species, the data were categorized by canyon of origin and sex of the 
individuals. Sex was used as a category to identify systematic sex-linked differences in weight that could 
mask differences due to contaminants if the sexes were combined. Weight data were investigated for deer 
mice in the spring and fall, and for brush mice and wood rats in the fall. Other species either had 
insufficient numbers for both canyons or were captured in only one canyon. 

Data summaries for small mammal weights, by species and sex, and statistical testing results are 
presented in Tables 5.5.1-3(a, b). Juvenile weights were excluded from these summaries and statistical 
analyses because weight is one of many ways in which juveniles are unstable. Two statistical methods 
were used for each data set. The Kruskal-Wallis is a nonparametric test for comparing multiple groups of 
data using ranks. The results of this test are robust against the data not being normally distributed or the 
variances being unequal. The result of a parametric analysis of variance is also provided. The four data 
sets (Canon de Valle males, Canon de Valle females, Pajarito Canyon males, and Pajarito Canyon 
females) showed no differences in body weights between the canyons or sexes. The results are presented 
as "Four Groups" in Tables 5.5.1-3(a, b). Testing of the four groups is not shown for the wood rat data 
because of insufficient sample numbers. 

The data were also assembled into two groups, Canon de Valle and Pajarito Canyon, with the sexes 
combined. These results are presented in Table 5.5.1-3b as "Two Groups" in the statistical testing results 
for each species. All of these comparisons are not significant, with the exception of the Kruskal-Wallis 
test for the brush mouse weights. In this case, the Kruskal-Wallis test has a p-value of 0.024 and the 
analysis of variance has a p-value of 0.074. Figure 5.5.1-1 shows the weight data for the brush mouse, by 
canyon, sex and reproductive status. 

All the brush mouse body weights are within normal weight ranges for this species. The lower weights in 
Canon de Valle are associated with the non-reproductive females and the non-scrotal males. These two 
classes are individuals in transition between the juvenile class and the sexually mature adult classes. In 
both cases, the individuals have the pelage of adults but have yet to become sexually mature. These two 
classes characteristically .show large variations in body weight, depending upon where individuals are in 
their maturation. A change in pelage and the onset of adult status typically occurs by the time an 
individual weighs approximately 11 g. Brush mouse adults frequently weigh over 20 g, as seen in Figure 
5.5.1-1. Because the differences in weight between the canyons are due to differences in transitional 
reproductive status classes, the statistical difference is not biologically meaningful. 

5.5.1.4 Contaminant Body Burdens 

Six deer mice were collected in each of Canon de Valle and Pajarito Canyon for contaminant body 
burden analysis during the spring 2001 trapping campaign. The analyses were conducted on whole
mouse subsampJes in order to represent the dose to the Mexican spotted owl. Each mouse was analyzed 
for TAL metals and HE. 
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5.5.1.5 Estimated ESLs for the Mexican Spotted Owl 

The NOAEL concentrations for the Mexican spotted owl were developed for each of the six terrestrial 
COPECs. For ecological risk screening, the NOAEL is used as the ESL. Toxicity reference values 
(TRVs) were used for each of the chemicals for avian or mammalian carnivore receptors. The TRV is the 
dose in rrrilligrams (mg) of the chemical in food or water per kilogram (kg) of receptor body weight per 
day (mg/kg-d) that results in a NOAEL. The TRVs are obtained from laboratory studies and require 
scaling equations in order to apply the information to other receptors such as wildlife. Avian TRVs were 
used for the metals. As noted earlier, avian toxicity studies for HE have not been published. 
Consequently, mammalian TRVs were used to develop HE NOAELs for the owl. 

Two factors, in addition to TRVs, are necessary for calculating Mexican spotted owl NOAELs: body 
weight and rate of food consumption. The Mexican spotted owl's average body weight is 600 g, 
(Dunning 1993, 73795). An estimated daily food consumption rate was developed using two approaches. 
A daily food consumption rate of 42 g for a 600 g bird was computed using the Nagy equation for "all 
birds" (Nagy 1987,62782), as provided in the Wildlife Exposure Factors Handbook (EPA 1993,59384). 
This value has a food dry weight per live bird body weight basis. 

The Wildlife Exposure Factors Handbook (EPA 1993,59384) also provides life history information, 
including daily food intake rates, for four raptors. They are kestrel, red-tail hawk, osprey, and bald eagle. 
A regression of food consumption rate versus body weight for these species provides an intake estimate 
of 0.2 body weight per day for the owl. The value of 0.2 is equivalent to a consumption rate of 120 g per 
day for a 600 g owl. This value has a food fresh weight per live bird body weight basis. The ratio of 42 g 
dry weight to 120 g fresh weight (0.35) closely approximates the typical factor of 0.3 for converting fresh 
weight to dry weight. The 120 g fresh weight value is used to calculate required quantitation limits 
because it relates directly to the owl consumption rate. Table 5.5.1-4 provides the TRVs and the 
calculated NOAELs for each of the COPECs. 

Figure 5.5.1-2 shows boxplots of the deer mouse body burden data, by COPEC, for each canyon. Each 
plot also has a cursor line that represents the Mexican spotted owl ESL. The data are presented as filled 
symbols for detects and open symbols for non-detects. All of the Canon de Valle data are below their 
respective ESLs. All the HE results were non-detects. Barium showed elevated values relative to Pajarito 
Canyon with the highest value being 24 mg/kg, which is below the Mexican spotted owl ESL of 63 
mg/kg. Two lead values from Pajarito Canyon exceeded the ESL; there are no apparent problems with 
the laboratory data and the reason for these high values has not been deteimined. 

5.5.2 Aquatic Measures of Effects 

Five measures of effects were described in the study design section. They are 

• Number of benthic macro-invertebrate species. 
• Presence of sensitive species, 
• Benthic macro-invertebrate community metrics, 
• C. tentans toxicity test survival, and 
• C. ten tans toxicity test growth. 

5.5.2.1 Number of Benthic Macro·invertebrate Species 

Thirty-three taxa of benthic fauna were col1ected in Canon de Valle. Most of the taxa were identified to 
species. Some of the dipterans could only be identified to genus. Pajarito Canyon, the most similar 
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reference site to Canon de Valle, had 25 taxa, upper Los Alamos Canyon had 42 taxa, and Guaje Canyon 
had 26 taxa. 

5.5.2.2 Presence of Sensitive Species 

Three metrics are available to assess sensitive species. One is the number of taxa in the orders 
Ephemeroptera, Plecoptera, and Trichoptera (EPT). These orders are generally considered to be sensitive 
to pollutants and their presence at a site indicates that if pollution is present, it is most likely at low 
levels. The second metric consists of the ratio of EPT to EPT plus the Chironomids. Chironomidae is one 
of the taxonomic families of true flies. They are typically tolerant of pollution-impacted conditions. If 
they dominate the assemblage of taxa for a site, then the site warrants evaluation for pollution impacts. 
The third metric is the community tolerance dominance quotient (CTDq) from the biotic community 
index of Winget and Mangum (1979). For the first two metrics, larger values indicate better site quality. 
For the CTDq, lower values indicated better site quality. 

Table 5.5.2-1 presents the values of these metrics for Canon de Valle and each of the three reference 
sites. 

5.5.2.3 Benthic macro-invertebrate community metrics 
A total of eleven community metrics were computed by Ralph Ford-Schmid with NMED-OB to assess 
the benthic macro-invertebrate community quality of Canon de Valle relative to reference sites. Using 
Pajarito Canyon as the reference site, Canon de Valle had a relative score of 81 %. Comparisons to upper 
Los Alamos and Guaje Canyons were 70% and 73%, respectively. These values generally indicate little 
or no impact of pollutants to the benthic invertebrate community structure. The EPA Rapid 
Bioassessment Protocol (EPA 1999, 73728) characterizes a reference comparison of >79% as "full 
support" and a reference comparison of 70-79% as "full support, impacts observed." 

Two sources of community variability that these metrics do not control for are the relative size of the 
streams and the availability of fauna to colonize the sites. Canon de Valle is the smal1est of the streams 
and would be expected to have a smaller invertebrate community. Additionally, all of these streams are 
headwater, or first order, streams. First order streams are generally known for large variations in their 
species assemblages. The primary reason ascribed to this phenomenon is the reduced availability of 
colonizing species. An additional challenge to colonizing headwater streams with invertebrates on the 
Pajarito Plateau is that all of these streams are disconnected from the Rio Grande. 

An evaluation of the eleven metrics that are aggregated to support the inter-stream comparisons shows 
that Canon de Valle has very low numbers of taxa in the scraper feeding guild relative to the other 
streams. The feeding strategy for this guild is to harvest ("scrape") periphytic algae and associated 
organisms from mineral and organic surfaces. The character ofthe Canon de Valle streambed is unsorted 
coarse to fine sand with areas of emergent vegetation and higher concentrations of clays, silts and organic 
matter. Larger stable surfaces that could support the propagation of periphytic films are largely lacking in 
this stream. There may be insufficient energy in the stream flow to scour finer materials and to establish 
cobble-dominated riffles. When the community index is aggregated without the scraper community score, 
(ten metrics instead of eleven), Canon de Valle scores 90% relative to Pajarito Canyon, 78.6% relative to 
upper Los Alamos Canyon and 81.5% relative to Guaje Canyon. These values indicate that the presence 
of contaminants in Canon de Valle is not causing a displacement in the benthic macro-invertebrate 
community structure. 
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5.5.2.4 C. tentans Toxicity Test 

Site sampling to support toxicity testing was conducted on September 21,2001. The data discussed in 
this section are a subset of the data generated by the sampling and testing campaign for the Canon de 
Valle assessment. The three locations used to support this assessment are above the MDA P Area and 
below Burning Ground Spring, 80 m below the MDA P Area, and the Starmer's Gulch reference site. 

The toxicity testing laboratory conducted two additional sets of replicates to support the data 
interpretation. A laboratory control, using standard reference sediment and laboratory water, was 
provided to assess any impacts associated with the laboratory environment or materials and a reference 
toxicant test was performed to ascertain whether the test organisms responded to toxicants in a 
predictable manner. The full data report contains these results (Pacific Ecorisk 2001, 73775). 

Survival 

The sediment and site water from Starmer's Gulch had 82.5 % survival for the eight replicates. This is 
the uncontaminated reference site. The site above the MDA P Area had 68.75 % survival and the site 
below the MDA P Area had 86.25 % survival. Statistical analysis was performed to compare the sites 
using two statistical methods. The WRS Test is a nonparametric method that is not influenced by unequal 
variances or skew in the data. When the data depart from normality and equal variances the WRS .Test is 
better able to discriminate differences than the Student's t test. The Student's t test was also conducted to 
assess any differences in interpretation of the data that could be attributed to the choice of test. The 
results and data summaries are presented in Table 5.5.2-2(a, b). The testing site above the MDA P Area 
is significantly different from the reference site and the site below the MDA P Area is not different from 
the reference site. These results indicate that Canon de Valle is impacted relative to the reference site, but 
that the MDA P Area is not a contributor to that impact. 

Growth 

The growth data from the toxicity test show that there is some response to site conditions associated with 
Canon de Valle relative to Starmer's Gulch. The mean ash-free dry weight for Starmer's Gulch is 0.44 
mglindividual. The mean weights for above the MDA P Area and below the MDA P Area are 0.38 
mg/individual and 0.4 mg/individual, respectively. Consistent with the survival results, growth of 
individuals above the MDA P Area was more impacted than the growth of individuals below the MDA P 
Area. Statistical analyses of these data were performed in the same manner as described for the survival 
data. The results are presented in Table 5.5.2-2(a, b) along with data summaries. Starmer's Gulch, the 
reference site, is statistically different from the site above the MDA P Area. The site below the MDA P 
Area is not statistically different from Starmer's Gulch. Based upon these results, there is a Canon de 
Valle induced impact to the growth measurement endpoint relative to Starmer's Gulch. The difference in 
growth response between the sites above and below the MDA P Area indicates that the MDA P Area is 
not contributing to this impact. 

5.6 Canon de Valle Risk Characterization 

Information has been presented to evaluate potential ecological risks to the terrestrial and aquatic systems 
in Canon de Valle. The terrestrial lines of evidence compare small mammal populations and contaminant 
body burdens between Canon de Valle and upper Pajarito Canyon (a reference site). The aquatic lines of 
evidence are derived from two data sources. One is a comparison benthic macro-invertebrate 
communities between Canon de Valle and three reference canyons. The other data source is sediment 
toxicity testing with C. tentans for samples collected above and below the MDA P Area and the reference 
location in Starmer's Gulch. 
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5.6.1 Terrestrial Assessment 

The terrestrial results show that the number of species and the population densities are both greater in 
Canon de Valle than in the reference site. Additionally, Canon de Valle consistently had more 
reproductive status classes than Pajarito Canyon. This evidence indicates that the contaminant 
inventories in Canon de Valle are not adversely affecting the small mammal community. 

A comparison of body weights, by species, shows no differences between the canyons except for brush 
mice when the sexes are combined. As shown in Figure 5.5.1-1 and described in the text, this difference 
in weights is associated with a relatively large number of non-reproductive individuals in Canon de 
Valle. The difference in weights actually indicates the brush mouse population in Canon de Valle is more 
active with regard to reproduction because the canyon has more individuals transitioning from juvenile to 
reproductive status. 

The analysis of contaminant body burdens for small mammals show that the whole-mouse concentrations 
are well below ESLs for the Mexican spotted owl. These data indicate that the contaminant inventories in 
Canon de Valle are not posing a food chain risk to the owl. 

5.6.2 Aquatic Assessment 
The benthic macro-invertebrate lines of evidence show that the total number of benthic macro
invertebrate taxa in Canon de Valle (33) is within the range of values for the three reference reaches (25 
to 42). Sensitive species are present in the canyon, with the total number of sensitive species being lower 
than in the reference reaches. This result corresponds to the comparisons of community metrics for the 
reaches, summarized below. The Canon de Valle score of 81 % is slightly above the cut-offfor impacted 
streams (79%) when compared to Pajarito Canyon, the most similar reference stream. There are two 
possible sources of these differences. First, the scraper community is substantially reduced in Canon de 
Valle. The primary reason is probably a lack of habitat to support that feeding strategy. When the 
community metrics are summed without the scraper community metric, Canon de Valle scores 90% 
relative to Pajarito Canyon. The second source of differences between Canon de Valle and the references 
reaches is stream size. Canon de Valle is the smallest of the streams. It is common for smaller streams to 
have fewer taxa. Thus, the difference in the community metric scores of Canon de Vane and Pajarito 
Canyon is not due to contaminants in Canon de Valle, but is attributed to the lack of habitat in Canon de 
Valle to support a scraper community and the smaller size of the stream. 

The sediment toxicity testing lines of evidence show that Canon de Valle is impacted relative to the 
reference site in Starmer's Gulch, but that the reach potentially influenced by the MDA P Area is not 
contributing to that impact. Survival for the test organisms was higher below the MDA P Area than 
above it. Similarly, the comparisons of larval growth showed impacts above the MDA P Area reach but 
not below. 

5.6.3 Conclusions 

The conclusions of the ecological risk assessment for the terrestrial and aquatic systems in Canon de 
Valle are that while the contaminant concentrations in the canyon exceed ESLs for both systems, there is 
no empirical evidence of adverse effects associated with the MDA P Area. These lines of evidence, in 
combination with the overall appearance of the canyon, indicate that mitigations and/or monitoring are 
not warranted in the vicinity of the MDA P Area. 
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5.6.4 Uncertainty Analysis 

The major source of uncertainty associated with this assessment is that the terrestrial and sediment 
toxicity evaluations were conducted during a multi-year drought and within a year of the Cerro Grande 
fire. The results of the investigations may differ during wetter periods, but the poten~ial impacts of 
contaminants in the environment are not likely to be increased. Individual and population effects are 
typically the consequence of multiple stressors. Drought is one stressor and is likely to increase the 
potential of detecting an adverse effect that could be associated with contaminants. Fire effects often 
result in increased small mammal populations associated with increased ground vegetation. If 
contaminant uptake and food chain transfers were a source of population effects, then post-fire 
environments should increase the likelihood of these effects. 

Ecological screening assessments are subject to uncertainties through the use of laboratory toxicology 
studies to develop no effects contaminant concentrations. Laboratory studies use chemical forms of 
contaminants and exposure mechanisms that are often conservative when compared to environmental 
conditions. Additionally, laboratory studies are often conducted with single contaminants. The result of 
combinations of contaminants is largely unknown. The results presented for Canon de Valle are based 
upon field studies and laboratory toxicity studies with field-collected media from the canyon containing 
multiple contaminants. This approach obviates the usual difficulties of extrapolating laboratory data to 
field settings. 

The calculations of exposure concentrations for the Mexican spotted owl for RDX and HMX were based 
upon mammal TRVs. This is because data were not available in the literature for avian exposures to these 
COPCs. The Department of the Army has very recently pubiished results of exposure studies for RDX 
and HMX using Northern Bobwhite quail (Colinus virginiallus) (Salis and Holdsworth 2001, 73780; 
USACHPPM 2001, 73781). The TRV for RDX is 8.7 mg/kg-d. This value is in good agreement with the 
rat TRV of 10 mg/kg-d, indicating that the calculated Mexican spotted owl ESL for RDX is 
representative. A similar study was conducted for HMX. No TRV is published because exposure ofquail 
to HMX did not result in mortality or morbidity in sub-chronic studies with doses up to ·10,000 mg/kg 
HMX in food. These results indicate that the mouse TRV of 75 mg/kg-d is a conservative proxy for avian 
effects and protective of the Mexican spotted ow I. 

Another uncertainty associated with this assessment is the adequacy of sample coverage to support 
descriptions of the contaminant signatures at a site. In this particular assessment, the MDA P soils were 
characterized with 46 samples collected in a grid pattern. The overbank soils sample in Canon de Valle 
were collected as part of the geomorphic characterization of contaminants in the canyon. These latter 
samples were biased towards areas likely to have high contaminant concentrations in order to 
conservatively characterize the canyon. The combination of these two data sets for this analysis provides 
a strong basis for the conclusion of no adverse effects to the Canon de Valle receptors from residual 
COPC concentrations at the MDA P Area. 

5.7 	 Comparisons of COPEC Concentrations for the MDA P Area to Canon de Valle 

Soils 

Two COPECs in MDA P Area biological zone soil were carried forward for ecological risk assessment. 
They are barium and RDX. Both of these contaminants are present in the Canon de Valle soils. The 
ecological risk assessment approach for these contaminants in the MDA P Area soils is to compare their 
concentrations to the Canon de Valle concentrations. The results of the ecological risk assessment for 
Canon de Valle, presented above, is a determination of no adverse effects in the vicinity of the MDA P 
Area. If the COPEC concentrations for the MDA P Area footprints soils are less than, or not different 
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from, the Canon de Valle soils, then the determination of no adverse effects is supported for the MDA P 

Area soils. 


Contaminant concentration data for the MDA P Area soils were compared to Canon de Valle overbank 
soils using a Gehan test for differences between medians and a Quantile test for differences in the upper 
20% of the data values. The combination of these two tests evaluates the differences in the centers of the 

. data and the highest concentrations of the data. Data summaries for barium and RDX are presented in 
Table 5.7-1, along with the data for other COPECs in Canon de Valle. Statistical comparisons for all the 
Canon de Valle COPECs were performed in order to assess the consequences of soil transport from the 
MDA P Area footprint to the canyon. The results of the comparisons are presented in Table 5.7-2. . 

All ofthe statistical comparisons between Canon de Valle and the MDA P Area in Table 5.7-2 are not 
significant, except for aluminum and cadmium. Where the tests are not significant, the concentrations in 
the MDA P Area soils are equivalent to or less than the concentrations in Canon de Valle. The maximum 
concentration of barium (the main risk driver for the MDA P Area) is much lower (6980 mg/kg) than the 
maximum concentration measured in the canyon (37,300 mg/kg). Aluminum in MDA P Area soils is 
higher than in the canyon soil. Per EPA guidance (EPA 2000, 73306) aluminum is a COPEC only for 
sites with a soil pH of less than 5.5 because of pH values greater than 5.5, aluminum is unavailable. The 
pH range of the MDA P soils is 6.8 to 7.6. Based upon this criterion, aluminum is eliminated from further 
consideration. Cadmium concentrations are also higher for the MDA P soils that for Canon de Valle. 
Cadmium is eliminated from further consideration because 22 of the 23 detected values are less than the 
soil BV of 0.4 mg/kg (LANL 1998, 59730). The single value that exceeds the BVis 1.4 mg/kg, which is 
within the range of background concentrations (LANL 1998,59730), indicating that cadmium is unlikely 
to cause a population-level effect to ecological receptors. 

5.7. 1 .Risk Characterization 
Comparisons of the MDA P Area soil COPEC concentrations to Canon de Valle contaminant 
concentrations show that the COPECs barium and RDX are not different between the two locations. The 
lack of adverse effects in Canon de Valle from these contaminants is strong evidence that there are no 
effects due to these contaminants in the MDA P Area soils of the biological zone. This conclusion is 
valid for the MDA P Area soils in their present location and also in the event that they are transported 
into the canyon in the future. The concentrations of other Canon de Valle COPECs in the MDA P Area 
soils do not pose a threat of adverse effects because they are not different from the overbank soil 
concentrations for the canyon. 

5.7.2 Conclusions 
Based upon this assessment, further actions to mitigate/monitor contaminant concentrations in the 
MDA P Area soils are not warranted. There are no impacts to ecological receptors due to residual 
concentrations of chemicals in soil and tuff at the MDA P Area. 
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Table 3.1-1 

Summary of MDA P Area Phase II Confirmation Samples Used in the Risk Assessment 


Analyte Group 

Number of Samples 

Biological Zone Exposed Tuff Zone 

Inorganic Chemicals 
TAL Metals 143 146 
Chromium (VI) 143 146 
Mercury 143 146 
Perchlorate 27 33 i 
Organic Chemicals 
VOCs 5 5 
SVOCs 138 137 
PCBs 3 4 
HE 144 143 
Dioxins/Furans 3 4 
Pesticides 3 4 
Herbicides 3 4 
Radionuclides 
Gamma Spec. 3 4 
Uranium Isotopes 3 4 
Other 
pH 3 4 
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Table 3.2.1-1 

Frequency of Detected Inorganic Chemicals Above Background-Biological Zone 


Analyte I Media I~m~er of 
Number Concentration BV Frequency Frequency of 

of Range (mg/kg) (mg/kg) of Detects Nondetects
• na yses Detects above BV above BV 

Aluminum Soil 70 70 2,630 to 19,900 29,900 0170 0/70 

Aluminum Tuff 73 73 766 to 32,700 7,340 6173 0173 

Antimony Soil 70 17 [0.091 to 2.90 0.83 1/70 23/70 

Antimony Tuff 73 3 [0.14] to 1.20 0.5 1173 41173 

Arsenic Soil 70 65 [0.12] to 4.80 8.17 0170 0170 

Arsenic Tuff 73 61 [0.12] to 3.80 2.79 4/73 0173 

Barium = Soil 70 70 18.7 to 6,630 295 27170 0170 
! Barium Tuff 73 73 9.30 to 2,920 46 45173 0/73 

Beryllium Soil 70 70 0.27 to 1.80 1.83 0170 0/70 

Beryllium Tuff 73 73 0.23 to 1.90 1.21 7173 0173 

Cadmium Soil 70 23 [0.01] to 1.40 0.4 1170 4170 

Cadmium Tuff 73 33 [0.02] to 0.80 1.63 0173 0173 

Chromium Soil 70 69 1.6 to 39.4 19.3 1170 0170 

• Chromium Tuff 73 69 0.51 to 15.6 7.14 8/73 0/73 

Cobalt Soil 70 70 0.690 to 44.7 8.64 3170 0170 

Cobalt Tuff 73 70 0.41 to 41.3 3.14 9/73 0173 

Copper Soil 70 70 0.68 to 36.8 14.7 6/70 0/70 

Copper ff 73 73 0.004 to 32.4 4.66 19173 0173 

Iron Soil 70 70 4,580 to 19,900 21,500 0170 0170 

I Iron Tuff 73 73 6.47 to 22,500 14,500 4173 0/73 

Lead Soil 70 70 3.80 to 61.5 22.3 5170 0/70 

Lead Tuff 73 73 1 .25 to 24.20 11.2 8173 0/73 
I Manganese Soil 70 70 30.90 to 1 ,290 671 1/70 0170 

i Manganese Tuff 73 73 44.7 to 456 482 0173 0173 
Mercury Soil 70 35 [0.2] to 0.07 0.1 0/70 0170 

Mercury Tuff 73 14 [0.0028] to 0.0610 0.1 0173 0173 

Nickel Soil 70 68 [1 .3] to 10.5 15.4 0170 0170 

Nickel Tuff 73 62 0.79 to 12.6 6.58 8173 0173 

Selenium Soil 70 33 [0.10] to 0.480 1.52 0170 0170 

Selenium Tuff 73 48 0.13 to 0.74 0.3 21173 2173 

Silver Soil 70 15 [0.019] to 15.8 1 6170 3170 

Silver Tuff 73 15 [0.0351 to 4.60 1 2173 1173 

Thallium Soil 70 30 [0.0130] to [1.2] 0.73 0170 3170 

Thallium Tuff 73 25 [0.012] to 1.2 1.1 1173 1173 

Vanadium Soil 70 69 [0.380] to 29.3 36.6 0170 0/70 

Vanadium Tuff 73 70 0.0038 to 26.4 17 2173 0173 

Refer to footnotes at end of table. 
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Table 3.2.1-1 (Concluded) 

Frequency of Detected Inorganic Chemicals Above Background-Biological Zone 


Analyte Media Number of 
Analyses 

Number 
of 

Detects 

Concentration 
Range (mg/kg) 

BV 
(mg/kg) 

Frequency 
of Detects 
above BV 

Frequency of 
Nondetects 
above BV 

Zinc Soil 70 66 [9.41 to 912 48.8 7170 0170 
Zinc Tuff 73 73 0.027 to 150 63.5 2173 0/73 

BV = Background value. 
COPC Chemical of potential concern. 
mglkg Milligram(s) per kilogram. 
[ ] = Non-detect. 
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Table 3.2.1-2 
Wilcoxon Rank Sum Test Distribution Comparison Results of Inorganics with Maximum Values 

Greater than Background: Confirmation Data Sets VS. Background Data Sets-Biological Zone 


i 

Valid N for I Valid N for Adjusted I I' T IAnalyte Media Background I MDA P Data 
p-Levela Pass Fall esta 

Data Set Set 

Aluminum Tuff 62 73 0.000 Fail 

Antimony Soil 135 70 0.000 Fail 
Antimony Tuff 63 73 0.000 Fail 

Arsenic Tuff 63 73 0.753 Pass 

Barium Soil 173 70 I 0.000 Fail 
Barium Tuff 62 73 0.000 Fail 

Beryllium Tuff 63 73 0.263 Pass 

Cadmium Soil 39 70 0.000 Fail 
Chromium i Soil 173 70 0.000 Fail 

Chromium Tuff 63 73 0.000 Fail 

Cobalt Soil 131 70 0.000 Fail 
Cobalt Tuff 11 73 0.005 Fail 
Copper Soil 174 70 0.405 Pass 

,-'" 

i 

i 

Copper Tuff 63 73 0.000 Fail 

Iron Tuff 63 73 0.000 Fail 
Lead Soil 173 70 0.017 Fail 

Lead Tuff 62 73 0.691 Pass 
Manganese Soil 173 70 0.000 Fail 

Nickel Tuff 62 73 0.000 Fail 

Selenium Tuff 14 73 0.000 Fail 

Silver Soil -- -- -- --
Silver Tuff 63 73 0.000 Fail 

Thallium Soil 173 70 0.000 Fail 
Thallium Tuff 63 73 0.000 Fail 

Vanadium Tuff 63 73 0.001 Fail 

Zinc Soil 172 70 0.945 Pass 

Zinc Tuff 63 73 0.743 Pass 

ap-Level:?: 0.05 = Pass, indicating the distributions are not statistically different at the 95% confidence 

level. 
MDA P =Material Disposal Area P. 
N = Number of samples. 

= Background data set not available. 
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Table 3.2.1-3 

Quantile Test Results for Soil and Tuff-Biological Zone 


Valid N for Valid N for Pass/Fail
Analyte Media Background MDA P Data Table ka Observed k 

Testb 
Data Set Set 

Aluminum Tuff 62 73 5 6 Fail 
Antimony Soil 135 70 5 1 Pass 
Antimony Tuff 63 73 5 43 Fail 
Arsenic Tuff 63 73 5 0 Pass 
Barium Soil 173 70 5 20 Fail 

Barium Tuff 62 73 5 45 t-- Fail 
Beryllium Tuff ---t 63 73 5 1 Pass 
Cadmium Soil 39 70 5 0 Pass 

Chromium Soil 173 70 5 1 Pass 
Chromium Tuff 63 73 5 1 Pass 

Cobalt Soil 131 70 5 3 Pass 
Cobalt Tuff 11 73 19 9 Pass 
Copper Soil 173 70 5 6 Fail 
Copper Tuff 63 73 5 14 Fail 

Iron Tuff 63 73 5 1 Pass 
Lead Soil 173 70 5 2 Pass 
Lead Tuff 62 73 5 8 Fail 

Manganese Soil 173 70 5 1 Pass 
Nickel Tuff 62 73 5 8 Fail 

Selenium Tuff 14 73 15 55 Fail 
Silver Soil -- -- -- -- --
Silver Tuff 63 73 5 1 Pass 

Thallium Soil 173 70 5 3 Pass 
Thallium Tuff 63 73 5 0 Pass 

Vanadium Tuff 63 73 5 1 Pass 
Zinc Soil 172 70 5 2 Pass 
Zinc Tuff 63 73 5 2 Pass 

! 

aEPA 1994. 

bPass = Quantile test determined the background and MDA P data set distribution upper tails are not 

different. 

k = Exceedance of site data. 

N =Number of samples. 


=Background data set not available. 
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Table 3.2.1-4 

Background Test Matrix Table - Biological Zone 


I Analyle 
I 

I Above/Below Wilcoxon Rank I Quantile
Media Sum COPC?

BV 
Pass/Fail 

Pass/Fail 

: Aluminum Soil Below .. -. No 

L Aluminum Tuff Above Fail Fail Yes 

I Antimony Soil Above Fail Pass Noa 
Antimony Tuff Above I Fail Fail Yes 
Arsenic Soil Below .- -.. No 

I Arsenic Tuff Above Pass Pass I No 
I Barium Soil Above Fail Fail Yes 
I Barium Tuff Above Fail Fail Yes 

Beryllium Soil Below --. .- No 
Beryllium Tuff Above Pass Pass No 
Cadmium Soil Above Fail Pass Noa 

Cadmium Tuff Below -- .- No 

l Chromium Soil I . Above Fail Pass Noa 
Chromium L Tuff Above Fail Pass i Yes 

Cobalt Soil Above Fail Pass 
I Noa 

Cobalt Tuff Above Fail Pass Yes 
Copper Soil Above Pass Fail Yes 
Copper Tuff Above Fail Fail Yes 

Iron Soil Below ._. .. No 

i Iron Tuff I Above Fail Pass Yes 

i Lead Soil Above Fail Pass Noa 
Lead Tuff Above Pass Fail Yes 

Manganese Soil Above Fail Pass Noa 
Manganese Tuff Below .. -- No 

Nickel Soil L Below ._ ... No 

I Nickel I Tuff Above Fail Fail Yes 

I Selenium Soil Below ... .-. No 

I Selenium Tuff Above Fail Fail Yes 

I Silver Soil Above NA NA Yese 
Silver Tuff Above Fail Pass NOb 

I Thallium Soil Above Fail Pass Noa 

Thallium Tuff Above Fail Pass Noa 
Vanadium Soil Below _.. .- No 
Vanadium Tuff Above . Fail Pass Yes 

Zinc Soil Above Pass Pass No 
Zinc Tuff Above Pass Pass No 

I 

I 

I 

aWRS failed due to the fact that the site median was statistically less than the background median. 

bOne hit greater than maximum background. 

CBackground data set unavailable for statistical comparison tests. 


=Statistical analysis not required because BV was not exceeded. 
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Table 3.2.1-5 

Inorganic COPCs: Samples Greater than Background-Biological Zone 


Sample 
Analyte Location ID Sample ID Concentration Media Depth (tt) 

(mg/kg) 

Aluminum 16-20195 0816-01-0206 8,540 Tuff 2-3 
Aluminum 16-20323 0816-01-0039 10,200 Tuff 2-3 

0816-01-0072 13,300 Tuff 0-1 
0816-01-0027 14,400 Tuff 0-1 

Aluminum 16-20223 0816-01-0083 17,400 Tuff 2-3 
Aluminum 16-20223 0816-01-0082 32,700 Tuff 0-0.5 
Antimony 16-20323 0816-01-0040 0.80 (UJ) Tuff 0-0.5 
Antimony 16-20376 0816-01-0232 0.82 (U) Tuff 0-1 

~ 
16-20598 0816-01-0265 0.85 (UJ) Tuff 0-1 
16-20706 0816-01-0323 0.86 (U) Tuff 0-1 
16-20306 0816-01-0033 0.86 (U) Tuff 0-1 

Antimo~ 16-20511 0816-01-0100 0.87 (UJ) Tuff 0-1 
Antimon 16-20307 0816-01-0034 0.87 (U) Tuff 0-1 
Antimony 16-20598 0816-01-0266 0.88 (UJ) Tuff 2-3 
Antimony 16-20237 0816-01-0037 0.88 (U) Tuff 0-1 
Antimony 16-20323 0816-01-0039 0.89 (UJ) Tuff 2-3 
Antimony 16-20457 0816-01-0226 0.90 (UJ) Tuff 0-1 
Antimony 16-20334 0816-01-0235 0.91 (UJ Tuff 0-1 
Antimony 16-20195 0816-01-0206 0.92 (U) Tuff 2-3 
Antimony 16-20223 0816-01-0083 0.93 (UJ Tuff 2-3 
Antimony 16-20305 0816-01-0035 0.94 (I Tuff 0-1 
Antimony 16-20457 0816-01-0227 0.95 (U) Tuff 24-36 
Antimony 16-20274 0816-01-0029 0.96 (U) Tuff 0-1 
Antimony 16-20223 0816-01-0082 0.97 (UJ) Tuff 0-0.5 
Antimon 16-20295 0816-01-0072 0.97 (UJ) Tuff 0-1 
Antimon 16-20419 0816-01-0244 0.98 (UJ) Tuff 0-1 

16-20528 0816-01-0190 0.98 (U) Tuff 0-1 
16-20273 0816-01-0032 0.99 (U) Tuff 2-3 

Antimony 16-20189 0816-01-0247 1.00 (UJ) Tuff 2-3 
Antimony 16-20198 0816-01-0114 1.00 (UJ) Tuff 0-1 

~ 
16-20234 0816-01-0115 1.00 (UJ) Tuff 0-1 
16-20269 0816-01-0061 1.00 (U) Tuff 0-1 

Antimony 16-20269 0816-01-0062 1.00 (U) Tuff 2-3 
Antimony 16-20273 0816-01-0031 1.00 (U) Tuff 0-1 
Antimony 16-20287 0816-01-0028 1.00 (U) Tuff 0-1 
Antimony 16-20330 0816-01-0110 1.00 (UJ) Tuff 0-1 
Antimony 16-20330 0816-01-0111 1.00 (UJ) Tuff 2-3 

Antimony ~0333 0816-01-0091 1~ Tuff 0-1 
Antimony 0333 0816-01-0093 1. Tuff 2-3 

Refer to footnotes at end of table. 
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Table 3.2.1-5 (Continued) 

Inorganic COPCs: Samples Greater than Background-Biological Zone 


, I Sample 
Analyte Location 10 Sample 10 . Concentration Media Depth (ft) 

(mglkg) 

Antimony 16-20415 0816-01-0245 1.00 (UJ) Tuff 0-1 
Antimony 16-20416 0816-01-0246 1.00 (UJ) Tuff 0-1 

Antimony 16-20418 0816-01-0242 1.00 (UJ) Tuff 0-1 

Antimony 16-20418 0816-01-0243 1.00 (UJ) Tuff 2-3 
Antimony 16-20105 0816-01-0027 1.1 (Ut Tuff 0-1 

I Antimony 16-20121 0816-01-0097 1.1 (U) Tuff 0-1 
I Antimony 16-20389 0816-01-0030 1.1 (U) Tuff 0-1 
I Antimony 16-20193 0816-01-0059 1.10(U) Tuff 0-1 

Antimony 16-20421 0816-01-0217 1.2 (J) Tuff 0-1 
Barium 16-20330 0816-01-0110 52 Tuff 0-1 
Barium 16-20105 0816-01-0027 52.6 Tuff 0-1 

Barium 16-20295 0816-01-0072 54.6 (J-) Tuff 0-1 
Barium 16-20195 0816-01 -0206 69.8 Tuff 2-3 
Barium 16-20270 0816-01-0138 71.1 Tuff 2-3 
Barium 16-20242 RE16-02-44951 81.2 Tuff 0-1 
Barium 16-20528 0816-01-0190 84 Tuff 0-1 
Barium 16-20274 0816-01-0029 85.7 Tuff 0-1 
Barium 16-20277 RE16-02-44953 105 Tuff 0-1 

i Barium 16-20278 RE16-02-44944 113 Tuff 0-1 

I Barium 16-20598 0816-01-0265 116 Tuff 0-1 
I Barium 16-20269 0816-01-0061 123 Tuff 0-1 
I Barium 16-20205 RE16-02-44945 136 Tuff 0-1 

Barium 16-20205 RE16-02-44946 136 Tuff 0-1 

Barium 16-20323 0816-01-0039 158 Tuff 2-3 
Barium 16-20223 0816-01-0083 161 (J-) Tuff 2-3 
Barium 16-20386 0816-01-0360 196 Tuff 0-1 

Barium 16-20323 0816-01-0040 201 (J) Tuff 0-0.5 

Barium 16-20234 0816-01-0115 263 Tuff 0-1 
Barium 16-20197 0816-01-0120 264 Tuff 0-1 

Barium 16-20692 0816-01-0086 266 (J-) Tuff 0-1 

I Barium 16-20271 0816-01-0140 274 Tuff 0-1 
I 

Barium 16-20223 0816-01-0082 280 (J-) Tuff 0-0.5 

Barium 16-20198 0816-01-0114 326 Tuff 0-1 i 
Barium 16-20334 0816-01-0235 335 Tuff 0-1 

I Barium 16-20278 0816-01-0359 342 Tuff 0-1 
I Barium 16-20270 0816-01-0136 376 Tuff 0-1 
I 

Barium 16-20706 0816-01-0323 384 Tuff 0-1 

Barium 16-20307 0816-01-0034 428 Tuff 0-1 

Barium 16-20276 RE16-02-44952 439 Tuff 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-5 (Continued) 

Inorganic COPCs: Samples Greater than Background-Biological Zone 


I 
Sample 

Analyte Location 10 Sample 10 Concentration Media Depth (ft) 
(mg/kg) 

Barium 16-20206 RE16-02-44950 463 Tuff 0-1 

ium 16-20305 0816-01-0035 606 Tuff 0-1 

Barium 16 0816-01-0122 640 Tuff 2-3 

Barium 16 0816-01-0226 652 Tuff 0-1 

Barium 16-20233 0816-01-0121 674 Tuff 0-1 

Barium 16-20419 0816-01-0244 686 (J) Tuff 0-1 
Barium 16-20418 0816-01-0243 840 (J) Tuff 2-3 

Barium 16-20418 0816-01-0242 996 (J) Tuff 0-1 

Barium 16-20241 0816-01-0357 1,030 Tuff 0-1 

• 
Barium 16-20189 0816-01-0147 1,040 Tuff 0-1 

~ 16-20189 0816-01-0148 1,160 Tuff 2-3 

16-20599 RE16-02-45443 1,170 (J-) Tuff 0-1 
Barium 16-20196 0816-01-0130 1,250 Tuff 0-1 
Barium 1-0033 Tuff 0-1 
Barium 16 1-0247 Tuff 2-3 
Barium 16-20670 RE16-02-45436 Tuff 0-1 
Barium 16-20002 0816-01-0294 310 Soil ("1.0.5 

Barium 16-20694 0816-01-0253 323 Soil 2-3 
Barium 16-20195 0816-01-0205 335 (J) Soil 0-1 
Barium 16-20262 0816-01-0105 354 Soil 0-1 
Barium 16-20268 RE16-02-45437 358 (J-) Soil 0-1 
Barium 16-20191 0816-01-0046 394 Soil 0-1 

Barium 16 0816-01-0187 398 (J+) Soil 2-3 
Barium 16 816-01-0047 473 Soil 0-1 
Barium 16-20694 0816-01-0058 473 Soil 0-1 
Barium 16-20376 0816-01-0164 513 (J+) Soil 0-1 

Barium 16-20238 RE16-02-44948 527 Soil 0-1 
Barium 16-20004 0816-01-0293 558 Soil 0-0.5 

Barium 16-20348 0816-01-0214 588 Soil 0-1 
Barium 16-20314 0816-01-0354 651 Soil 0-1 
Barium 16-20304 0816-01-0036 696 Soil 0-1 

Barium 16-20153 0816-01-0262 789 (J+) Soil 0-1 

Barium 16-20265 0816-01-0107 921 Soil 0-1 

Barium +-16-20342 0816-01-0180 983 Soil 0-1 

Barium 16-20340 0816-01-0176 H,060 Soil 2-3 

Barium 16-20549 0816-01-0215 ,320 Soil 0-1 
Barium 16-20742 RE16-02-45442 1,540 (J-) Soil 2-3 

Barium 16-20351 0816-01-0050 1,540 Soil 0-1 

Barium 16-20387 0816-01-0161 1,730 Soil 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-5 (Continued) 

Inorganic COPCs: Samples Greater than Background-Biological Zone 


I 
Sample 

Analyte Location 10 Sample 10 Concentration Media Depth (tt) 
(mg/kg) 

Barium 16-20240 0816-01-0352 1,700 Soil 0-1 

Barium I 16-20742 RE16-02-45439 I 2,750 (J:1 Soil 0-1 

Barium 16-20232 RE16-02-45438 3,850 (J-) Soil 0-1 

Barium 16-20006 0816-01-0289 6.630 I Soil 0-0.5 

I Chromium 16-20457 0816-01-0226 7.3 (J) Tuff 0-1 

Chromium 16-20670 RE16-02-45436 . 7.5 Tuff 0-1 

r-Chromium 16-20105 0816-01-0027 7.9 Tuff 0-1 

Chromium 16-20121 0816-01-0097 8.2 Tuff 0-1 

Chromium 16-20223 0816-01-0083 10 Tuff 2-3 

Chromium 16-20376 0816-01-0232 I 
~. 

10.1 (J) Tuff 0-1 

Chromium 16-20295 0816-01-0072 12.1 Tuff 0-1 

Chromium L 16-20223 0816-01-0082 15.6 Tuff 0-0.5 

Cobalt i 16-20189 0816-01-0247 3.3 (J) Tuff 2-3 

Cobalt i 16-20599 RE16-02-45443 3.7 Tuff 0-1 

Cobalt I 16-20457 0816-01-0226 3.7 (J) Tuff 0-1 

Cobalt 16-20223 0816-01-0082 4.1 (J) Tuff 0-0.5 

Cobalt 16-20105 0816-01-0027 4.4 (J) Tuff 0-1 

Cobalt 16-20205 RE16-02-44945 5.6 (J-) Tuff 0-1 

Cobalt 16-20205 i RE16-02-44946 5.9 (J-t Tuff 0-1 

Cobalt 16-20204 RE16-02-44943 21.7 (J-) Tuff 0-1 
I Cobalt 16-20242 RE16-02-44951 41.3 (J-) Tuff 0-1 

I Copper 16-20273 RE16-02-46406 5.0 (J) Tuff 42.4-42.9 

Copper 16-20189 0816-01-0148 5.2 Tuff 2-3 

Copper 16-20323 0816-01-0039 5.4 Tuff 2-3 

Copper 16-20242 RE16-02-44951 5.5 Tuff 0-1 

Copper 16-20233 0816-01-0122 5.7 Tuff 2-3 

Copper 16-20223 0816-01-0083 6.7 Tuff 2-3 

Copper 16-20295 0816-01-0072 7.4 Tuff 0-1 
I 

I Copper 16-20599 RE16-02-45443 8.5 Tuff 0-1 

Copper 16-20305 0816-01-0035 10.4 Tuff 0-1 

Copper 16-20223 0816-01-0082 10.5 Tuff 0-0.5 I 

, Copper 16-20196 0816-01-0130 11.2 Tuff 0-1 

Copper 16-20274 0816-01-0029 16.2 Tuff 0-1 

Copper 16-20306 0816-01-0033 19.4 Tuff 0-1 

Copper 16-20376 0816-01-0232 22.2 Tuff 0-1 

Copper 16-20105 0816-01-0027 22.8 Tuff 0-1 

Copper 16-20670 RE16-02-45436 i 23.4 Tuff 0-1 

Copper 16-20307 0816-01-0034 25.5 Tuff 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-5 (Continued) 

Inorganic COPCs: Samples Greater than Background-Biological Zone 


Sample 
Analyte Location ID Sample ID Concentration Media Depth (tt) 

(mg/kg) 

Copper 16-20334 0816-01-0235 25.6 Tuff 0-1 
Copper 16-20237 0816-01-0037 32.4 Tuff 0-1 i 

Copper 16-20694 0816-01-0253 18.8 Soil 2-3 
Copper 16-20387 0816-01-0161 20.70 Soil 0-1 
Copper 16-20340 0816-01-0176 21.8 (J) Soil 2-3 

Copper 16-20232 RE16-02-45438 28.9 Soil 0-1 
Copper 16-20124 0816-01-0063 29.40 Soil 0-1 

Copper I 16-20304 0816-01-0036 36.80 Soil 0-1 
Iron 16-20105 0816-01-0027 15,300 Tuff 0-1 
Iron 16-20223 0816-01-0083 16,900 Tuff 2-3 
Iron 16-20295 0816-01-0072 17,200 Tuff 0-1 
Iron 16-20223 0816-01-0082 I 22,500 Tuff 0-0.5 
Lead 16-20273 0816-01-0032 13.20 Tuff 2-3 
Lead 16-20196 0816-01-0130 13.50 Tuff 0-1 
Lead 16-20274 0816-01-0029 19.40 Tuff 0-1 
Lead 16-20223 0816-01-0082 19.70 Tuff 0-0.5 
Lead 16-20306 0816-01-0033 22.20 Tuff 0.:1 

Lead 16-20237 0816-01-0037 23.50 Tuff 0-1 
Lead 16-20670 RE16-02-45436 24.10 Tuff 0-1 
Lead 16-20105 0816-01-0027 24.20 Tuff 0-1 
Nickel ~ 0816-01-0029 7.2 Tuff 0-1 
Nickel -203 0816-01-0034 7.3 Tuff 0-1 
Nickel 16-20223 0816-01-0083 8.3 Tuff 2-3 
Nickel 16-20376 0816-01-0232 8.8 Tuff 0-1 
Nickel 16-20237 0816-01-0037 8.9 Tuff 0-1 
Nickel 16-20105 0816-01-0027 10.3 Tuff 0-1 
Nickel 16-20295 0816-01-0072 11.3 Tuff 0-1 
Nickel 16-20223 0816-01-0082 12.6 Tuff 0-0.5 
lenium 16-20323 0816-01-0039 0.32 (U) Tuff 2-3 

Selenium 16-20273· RE16-02-45791 0.33 Tuff 0.9-1.7 
Selenium 16-20277 RE16-02-44953 0.33 Tuff 0-1 
Selenium 16-20278 RE16-02-44944 0.33 Tuff 0-1 
Selenium 16-20269 0816-01-0061 0.33 (U) Tuff 0-1 

Selenium 16-20306 0816-01-0033 0.34 (J) Tuff 0-1 
Selenium 16-20241 0816-01-0357 0.35 Tuff 0-1 
Selenium 16-20189 0816-01-0247 0.35 (J-) Tuff 2-3 
Selenium 16-20457 0816-01-0227 0.35 (J-) Tuff 24-36 
Selenium 16-20237 0816-01-0037 0.37 (J) Tuff 0-1 
Selenium 16-20389 0816-01-0030 0.37 (J) Tuff 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-5 (Concluded) 

Inorganic COPCs: Samples Greater than Background-Biological Zone 


I I ~ Sample 

I 
Analyte Location 10 Sample 10 I Concentration 

! (mg/kg) ! 

Media Depth (tt) 

~Ienium 16-20334 0816-01-0235 0.41 (J~-,--)-+__T_u_f_f_--1___0_-1__-1 

. Selenium~--+_....:..1.=..6--=2c.::..0.:..;;.12::..c1_-t-c.::..08::..c1;..:6,-,-0:....:1_-0:....:0::.;;;9....:..7-+-_....:..0:....:.4....:..4...);(J;:;.LI)_-+___T;..:u....:..ff__+-_--"'-0-....:..1_-----i 
Selenium 16-20274 0816-01-0029 0.44 (J) Tuff 0-1 

Selenium 16-20287 0816-01-0028 0.46(J) Tuff 0-1 

I Selenium 16-20376 0816-01-0232 i 0.47 (J-L Tuff 0-1 

Selenium 16-20598 0816-01-0265 0.48 (J-) Tuff 0-1 

I Selenium L 16-20528 0816-01-0190 I 0.50 (J-) I Tuff 0-1_--: 

[Selenium 16-20457 0816-01-0226 0.53 (J-) Tuff 0-1 

Selenium 16-20305 0816-01-0035 0.54 (J) Tuff 0-1 

Selenium 16-20233 0816-01-0121 0.64 (J) Tuff I 0-1 
Selenium 16-20273 0816-01-0032 0.74 Tuff 2-3 

I Selenium 16-20307 0816-01-0034 I 0.74 Tuff 0-1 

Silver I 16-20348 0816-01-0214 1.1 (Ut Soil 0-1 

I Silver 16-20549 0816-01-0215 1.1 (U) Soil 0-1 

Silver 16-20240 0816-01-0352 1.1 0 l Soil 0-1 

Silver 16-20232 RE16-02-45438 1.60 Soil 0-1 
Silver 16-20742 RE16-02-45439 7.80 Soil 0-1 

r---~~--+-~~~--~-~~~~~----~~-~--~~-~r----

I--_S:::..:i.:.:,lv..::.;er:....--_+--_1.:..,:6;..:-2::..;0::...=5.;;;;.6.=..6_-l-"0::...=8.c:-16=--.;;;;.0-'-1-....:..0:::.21.:..;;.3~_~1.2( U) Soil 0-1 
'Silver 16-20351 0816-01-0050 1.5 Soil 0-1 

Silver 16-20387 0816-01-0161 1.5 Soil 0-1 

Silver 16-20742 RE16-02-45442 15.8 Soil 2-3 

Vanadium 16-20223 0816-01-0083 18.2 Tuff L 2-3 

Vanadium 16-20223 0816-01-0082 26.4 Tuff 0-0.5 
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Table 3.2.1-6 

Frequency of Detected Inorganic Chemicals Above Background-Exposed Tuff Zone 


I 

I 

I 

I 

Number of Number of Concentration BV
Analyte 

Analyses Detects Range (mg/kg) (mg/kg) 

Aluminum I 146 146 656 to 28100 7,340 

Antimony 146 22 [0.02] to 2.70 

~Arsenic 146 120 rO.111 to 7.20 
Barium 146 145 5.20 to 6,980 46 

BerYIliUm~ 146 146 0.25 to 3.30 1.21 

Cadmium 146 65 [0.015] to 5.70 1.63 
Chromium 146 145 0.32 to 18.70 7.14 

Cobalt 146 144 0.35 to 151.00 3.14 
Copper 146 144 rO.941 to 34.00 4.66 

Iron 146 146 4,130 to 20,600 14,500 

Lead 146 146 1.20 to 144.00 11.2 

Manganese 146 145 103.00 to 842.00 482 

Mercury 146 30 [0.0028] to 0.22 0.1 

Nickel 146 132 0.78 to 13.20 6.58 
Perchlorate 33 7 [0.007] to [0.73] --
Selenium 146 88 0.12 to 1.40 0.3 

Silver 146 22 [0.04] to 1.80 1 

Thallium 146 46 [0.012] to 1.40 1.1 

Vanadium 146 140 [0.38] to 36.70 17 

Zinc 146 146 23.10 to 118.0 63.5 

Frequency of Frequency of I 
Detects above Nondetects 

Bva above BV 

26/146 .0/146 

3/146 97/146 
16/146 01146 
79/146 01146 
26/146 0/146 

2/146 0/146 
23/146 01146 

53/146 0/146 

57/146 01146 
12/146 01146 
23/146 01146 
11/146 01146 

1/146 1/146 

18/146 01146 
7/33 0/33 

45/146 =11146 

5/146 6/146 

3/146 4/146 
15/146 0/146 

8/146 0/146 

aFor analytes with no BV, all detects are counted as being above the BV. 
= No BV available. 

[ ] Non-detect. 
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Table 3.2.1-7 
Wilcoxon Rank Sum Test Distribution Comparison Results of Inorganics with Maximum Values 


Greater than Background: Confirmation Data Sets VS. Background Data Sets-Exposed Tuff 

Zone 


I 

i 

I 
i 

I 

j 

I 

Analyte 
I Valid N for IValid N for MDA P 

Adjusted p-Levela I Pass/Fail Testa• Background Data . D t S t 
i Set I a a e 

I 
Aluminum 62 146 0.000 Fail 

Antimony 63 146 0.000 Fail 

Arsenic 63 146 0.433 Pass 

Barium 62 146 0.000 Fail 
Beryllium ! 63 146 0.000 Fail 

Cadmium 14 146 0.000 Fail 
Chromium 63 147 0.000 Fail 

ICobalt 11 146 0.000 Fail 

Copper 63 146 0.000 Fail .=J 
Iron 63 146 0.000 Fail 
Lead I 62 146 0.136 Pass 

Manganese 63 146 0.000 Fail 

Mercury -- -- -- --
Nickel 62 146 0.000 Fail 

Perchlorate -- -- -- --
Selenium 14 146 0.000 Fail 

Silver 63 146 0.000 Fail 
Thallium 63 146 0.000 Fail 

Vanadium 63 146 0.000 Fail 

Zinc 63 146 0.006 Fail 

ap-Level 3 0.05 =Pass, indicating the distributions are not statistically different at the 95% confidence 

level. 

N =Number of samples. 


Background data set not available. 
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Table 3.2.1-8 

Quantile Test Results for Exposed Tuff Zone 


Valid N for I Valid N for 
Analyte Background Table ka Actual k Pass/Fail Testb 

Data Set 
MDA P Data Set 

Aluminum 62 146 6 21 Fail 

Antimony 77 146 5 106 Fail 
Arsenic 63 146 6 4 Pass 
Barium 62 146 6 78 Fail 

Beryllium 62 146 6 10 Fail 
Cadmium 14 146 19 2 Pass 
Chromium 63 146 6 3,30 Fail 

Cobalt 11 146 19 53 Fail 
Copper 63 146 6 33 Fail 

Iron 63 146 6 1,12 Fail 

~ 62 146 6 13 Fail 

63 146 6 1 Pass 
Mercury -- -- -- -- --
Nickel 62 146 6 16 Fail 

Perchlorate -- -- -- -- --
Selenium 14 146 19 113 Fail 

Silver 63 146 6 0 Pass 
Thallium 63 146 6 0 Pass 

Vanadium 63 146 6 6,31 Fail 

Zinc 63 146 6 5 Pass 

aEPA 1994. 

bPass =Quantile test determined the background and MDA P data set distribution upper tails are not 

different. 

k =Exceedance of site data. 

N = Number of samples. 


= Background data set not available. 
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Table 3.2.1-9 

Background Test Matrix Table - Exposed Tuff Zone 


I 
I 

I 
I 

I 

I Above/Below BV 
Wilcoxon Rank 

Quantile copc?1Analyte Sum 
Pass/Fail

Pass/Fail 
Aluminum Above Fail I Fail Yes 
Antimony Above Fail 1 Fail Yes 
Arsenic Above Pass I Pass I No 
Barium Above I Fail Fail Yes 

Beryllium Above I Fail Fail Yes 
Cadmium Above I Fail Pass Noa 
Chromium Above Fail Fail Yes 

Cobalt Above Fail Fail Yes 
Copper Above Fail Fail Yes 

Iron Above Fail Fail Yes 
Lead Above Pass Fail Yes 

Manganese I Above Fail Pass NOb 
Mercury Above NA NA Yes 
Nickel I Above Fail Fail Yes 

Perchlorate NA NA NA Yes 
Selenium Above Fail Fail Yes 

Silver Above Fail Pass Noa 
Thallium Above Fail Pass Noa 

Vanadium Above Fail Fail Yes 
Zinc Above Fail I Pass Yesc 

I 

I 

. i 

aWRS failed due to the fact that the site median was statistically less than the background median. 

bOne hit greater than maximum background. 

cZinc was carried forward as a CO PC because the WRS failed due to the site median exceeding that for 

background. 

NA =Background data set or BV not available. 
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Table 3.2.1-10 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


I I Sample 
Analyte Location 10 Sample 10 Concentration Oepth (tt) 

(mg/kg) 

Aluminum 16-20490 0816-01-0198 7,560 0-1 

Aluminum 16-20667 0816-01-0197 7,610 0-1 

Aluminum 16-20695 0816-01-0048 7,870 0-1 

Aluminum 16-20513 ~6-01-0096 8,350 0-1 

Aluminum 16-20628 0816-01-0332 8,370 0-1 

Aluminum 16-20698 0816-01-0071 8,450 0-1 

Aluminum 16-20702 0816-01-0074 9,020 0-1 

Aluminum 16-20658 0816-01-0209 9,190 0-1 
Aluminum 16-20441 0816-01-0129 9,740 0-1 

Aluminum 16-20702 0816-01-0076 9,780 2-3 
Aluminum 16-20660 0816-01-0193 9,910 0-1 
Aluminum 16-20622 0816-01-0211 10,400 0-1 I 

Aluminum 16-20474 0816-01-0069 10,400 2-3 

Aluminum 16-20404 0816-01-0128 10,400 0-1 
Aluminum 16-20454 0816-01-0307 10,600 0-1 

Aluminum 16-20375 0816-01-0178 11,000 7-8 
Aluminum 16-20337 0816-01-0170 11,800 0-1 
Aluminum 16-20474 0816-01-0067 12,100 0-0.5 
Aluminum 16-20444 0816-01-0231 12,700 0-1 
Aluminum 16-20373 0816-01-0304 13,400 0-1 
Aluminum 16-20337 0816-01-0171 13,500 4-5 
Aluminum 16-20491 0816-01-0194 13,500 0-1 

Aluminum 16-20375 0816-01-0177 15,200 5-6 
Aluminum 16-20592 0816-01-0248 16,800 0-1 
Aluminum 16-20370 0816-01-0237 17,400 0-1 

Aluminum 16-20337 0816-01-0172 28,100 5-6 
Antimony 16-20491 0816-01-0194 0.52 (J) 0-1 

Antimony 16-20526 0816-01-0324 0.79 (U) 37.3-38.3 
Antimony 16-20526 0816-01-0325 0.79 (U) 27.3-28.3 
Antimony 16-20526 0816-01-0326 0.79 (U) 53.5-54.5 
Antimony 16-20557 0816-01-0327 0.79 (U) 18.7-19.6 

Antimony 16-20557 0816-01-0329 0.79 (U) 52.6-53.6 
Antimony 16-20557 0816-01-0334 0.79 (U) 11.7-12.6 

Antimony 16-20557 0816-01-0333 0.79 (U) 36.7-37.4 

Antimony 16-20557 0816-01-0328 0.80 (U) 66-67 
I Antimony 16-20557 0816-01-0299 0.83 (U) 2-3 

Antimony 16-20595 0816-01-0263 0.83 (UJ) 0-1 

Antimony 16-20596 0816-01-0259 0.83 (UJ) 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


Sample 
Analyte Location 10 Sample 10 Concentration Depth (ft) 

(mg/kg) 
I 

Antimony 16-20373 0816-01-0234 0.83 (U) 0-1 I 
I Antimony 16-20374 0816-01-0233 0.83 (U) 0-1 I 

I Antimony 16-20513 0816-01 -0096 0.83 (UJ) 0-1 

Antimony 16-20553 0816-01-0300 0.85 (U) 0-1 

Antimony 16-20557 0816-01-0298 0.85 (U) 0-1 

Antimony 16-20557 0816-01-0302 0.85 (U) 0-1 
I Antimony 16-20557 0816-01-0303 0.85 (U) i 2-3 

I Antimony 16-20664 0816-01-0309 0.85 (U) 0-1 

I .Antimony I 16-20335 0816-01-0236 0.85 (UJ) 0-1 

, .Antimony 16-20630 I 0816-01-0330 0.85 (U) 0-1 
r- Antimony 16-20661 0816-01-0251 0.85 (UJ) 2-3 
I Antimony 16-20665 0816-01-0261 0.85 (U) 0-1 

Antimony 16-20562 0816-01-0088 0.86 (UJ) 2-3 

Antimony 16-20662 0816-01-0313 0.86 (U) 0-1 

Antimony 16-20444 0816-01-0231 0.86(U) 0-1 

Antimony 16-20700 081 6-01-0049 0.87 (UJ) 0-1 

Antimony 16-20514 0816-01-0103 0.87 (UJ) I 0-1 

L Antimony 16-20561 0816-01-0098 0.87 {UJ) 0-1 

. Antimony 16-20562 0816-01-0087 0.87 (UJ) 0-1 

I 
Antimonl 16-20591 0816-01-0318 I 0.87 (U) 0-1 

Antimony 16-20372 0816-01-0230 0.87 (U) 0-1 

I Antimony 16-20667 0816-01-0197 0.87 (U) 0-1 

Antimony 16-20699 0816-01-0057 0.88 (UJ) 0-1 

Antimony 16-20558 0816-01-0102 0.88 (UJ) 0-1 

I Antimony 16-20663 0816-01-0311 0.88 (U) 0-1 

Antimony 16-20736 0816-01-0090 0.88 (UJ) 0-1 

Antimony 16-20527 0816-01-0191 0.88 (U) 0-1 

Antimony 16-20592 0816-01-0248 0.88 (UJ) 0-1 
I 

Antimony 16-20632 0816-01-0308 0.88 (U) 0-1 

Antimony 16-20702 0816-01-0255 0.88 (UJ) 0-1 

Antimony I 16-20702 0816-01-0257 0.88 (UJ) 4-5 

Antimony 16-20590 0816-01-0316 0.89 (U) 0-1 

Antimony 16-20626 0816-01-0312 0.89 (U) 0-1 

Antimony 16-20662 0816-01-0314 0.89 (U) 2-3 

Antimony 16-20370 0816-01-0237 0.89 (UJ) 0-1 
I Antimony 16-20696 0816-01-0066 0.90 (U) 0-1 

Antimony 16-20551 0816-01-0306 0.90 (U) 0-1 

I Antimony 16-20590 0816-01-0317 0.90 (U) 2-3 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


Analyte Location 10 Sample 10 
Sample 

Concentration 
(mg/kg) 

Depth (tt) 

Antimony 16-20624 0816-01-0322 0.90 (U) 0-1 

Antimony 16-20625 0816-01-0321 0.90 (U) 2-3 

Antimony 16-20669 0816-01-0315 0.90 (U) 0-1 

Antimony 16-20702 0816-01-0076 0.90 (UJ) 2-3 

Antimony 16-20442 0816-01-0228 0.90 (U) 0-1 

Antimony 16-20477 0816-01-0095 0.90 (UJ) 0-1 

Antimony 16-20555 0816-01-0101 0.91 (UJ) 0-1 

Antimony 16-20629 0816-01-0319 0.91 (U) 0-1 

Antimony 16-20698 0816-01-0071 0.91 (UJ) 0-1 

Antimony 16-20702 0816-01-0074 0.91 (UJ) 0-1 

Antimony 16-20741 0816-01-0250 0.91 (U) 2-3 

Antimony 16-20695 0816-01-0048 0.92 (UJ) 0-1 

Antimony 16-20697 0816-01-0051 0.92 (UJ) 0-1 

Antimony 16-20515 0816-01-0104 0.92 (UJ) 0-1 

Antimony 16-20517 0816-01-0099 0.92 (UJ) 0-1 

Antimony 16-20661 0816-01-0252 0.92 (UJ) 6-7 

Antimony 16-20474 0816-01-0069 0.93 (U) 2-3 

Antimony 16-20516 0816-01-0295 0.93 (U) 0-1 

Antimony 16-20516 081 6-01 -0112 0.93 (UJ) 0-1 

Antimony 16-20371 0816-01-0229 0.93 (U) 0-1 

Antimony 16-20474 0816-01-0067 0.94 (U) 0-0.5 

Antimony 16-20446 0816-01-0203 0.94 (U) 0-1 

Antimony 16-20489 0816-01-0200 0.94 (U) 2-3 

Antimony 16-20525 0816-01-0189 0.94 (U) 0-1 

Antimony 16-20484 0816-01-0201 0.95 (U) 0-1 

Antimony 16-20625 0816-01-0320 0.96 (U) 0-1 

Antimony 16-20453 0816-01-0223 0.96 (U) 0-1 

Antimony 16-20446 0816-01-0204 0.97 (U) 2-3 

Antimony 16-20454 0816cO1-0307 0.97 (U) 0-1 

Antimony 16-20455 0816-01-0207 0.97 (U) 0-1 

Antimony 16-20408 0816-01-0238 0.98 (UJ) 0-1 

Antimony 16-20449 0816-01-0219 0.98 (U) 0-1 

Antimony 16-20485 0816-01-0202 0.98 (U) 0-1 

Antimony 16-20489 0816-01-0199 0.98 (U) 0-1 

Antimony 16-20490 0816-01-0192 0.98 (U) 0-1 

Antimony 16-20490 0816-01-0198 0.98 (U) 0-1 

Antimony 16-20414 0816-01-0221 0.99 (U) 0-1 

Antimony 16-20447 0816-01-0220 0.99 (U) 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


Sample 

Analyte I Location 10 
 Sample 10 Concentration I Depth (It) 

(mg/kg)i 

Antimony 16-20479 0816-01-0113 0.99 (UJ) 0-1 

I 
 I1.00 (U)16-20413 0816-01-0305 0-1Antimon~ 
i 

I Antimony 
 16-20373 0816-01-0304 1.00 (U) 0-1 

Antimony 16-20409 0816-01-0239 ! 1.00 (UJ) 0-1 ! 

Antimony 0816-01-0241 1.00 (UJ) 0-1 

Antimony 

16-20411 
0-116-20451 0816-01-0224 1.00 (Ul, 

Antimony 0816-01-0222 1.00 (U) 0-1

I Antimony 


16-20452 
16-20586 0816-01-0208 1.10 (Ul 0-1 

Antimony 0816-01-0209 1.20 (U) 0-1 
Antimony 

16-20658 
0-1 

Antimony 
16-20413 0816-01-0216 1.30 (Ul 
16-20628 0816-01-0332 1.4 0-1 


I Antimony 
 2.7 (J-) 5-60816-01-024916-20741 
Barium 0816-01-0252 6-7 


I Barium 

16-20661 47.6I 
16-20478 0816-01-0152 50.3 2-3 	 i 

I0816-01-0212 0-1i 

I 
Barium 16-20486 57.2 

I Barium 0816-01-0049 0-1 
Barium 

16-20700 59.1 
0816-01-0191 0-1 

Barium 
16-20527 60.5 

0-1 
Barium 

16-20585 0816-01-0132 68.9 
0-1 

Barium i 16-20595 ! 0816-01-0263 
16-20444 0816-01-0231 71.3: 

0-1 
Barium 

74.7 
0-1 

Barium 

0816-01-0304 76.116-20373 
7-8 

Barium 

16-20375 0816-01-0178 94.3 
0816-01-0087 106(J-) 0-1 

0-1 
16-20562 

0816-01-0154Barium 16-20487 112 

Barium 


I 
0-1 


I 

0816-01-0057 12416-20699 
0816-01-0170 0-1 

Barium 

Barium 16-20337 131 
0816-01-0193 0-116-20660 140 

Barium 16-20474 0816-01-0069 2-3 
Barium 

152I 

0816-01-0172 5-6 
Barium 

16-20337 155 
0-1 

Barium 
0816-01-021116-20622 159 
0816-01-0104 0-1 

Barium 
16-20515 163 

0816-01-0251 171 2-3 
Barium 

16-20661 
0-10816-01-0237 179 (J) 16-20370 
0-1 

Barium 

16-20696 0816-01-0066 191Barium 
0-1 

Barium 

0816-01-0048 19216-20695 
16-20474 0816-01-0067 200 0-0.5 

Barium 212 (J-) 16-20702 0816-01-0076 2-3 

Barium 0816-01-0209 0-116-20658 231 

Refer to footnotes at end of table. 
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Table 3.2.1-1 0 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


Sample 
Analyte Location 10 Sample 10 Concentration Depth (ft) 

(mg/kg) 

Barium 16-20702 0816-01-0257 261 4-5 

Barium 16-20557 0816-01-0299 277 (J+) 2-3 
I Barium 16-20375 0816-01-0177 280 5-6 

Barium 16-20523 0816-01-0165 285 0-1 
Barium 16-20557 081 6-01-0303 295 2-3 
Barium 16-20404 0816-01-0128 297 0-1 
Barium 16-20559 0816-01-0118 315 0-1 
Barium 16-20586 0816-01-0208 336 0-1 
Barium 16-20667 0816-01-0197 374 (J+) 0-1 i 

Barium 16-20479 0816-01-0113 387 0-1 
! Barium 16-20557 0816-01-0333 406 36.7-37.4 

Barium 16-20629 0816-01-0319 408 (J+) 0-1 
Barium 16-20526 0816-01-0326 413 53.5-54.5 
Barium 16-20337 0816-01-0171 413 4-5 
Barium 16-20441 0816-01-0129 415 0-1 
Barium 16-20697 0816-01-0051 441 0-1 
Barium 16-20478 0816-01-0151 445 0-1 
Barium 16-20698 0816-01-0071 446 (J-) 0-1 
Barium 16-20557 0816-01-0298 487 (J+) 0-1 
Barium 16-20558 0816-01-0102 489 0-1 
Barium 16-20736 0816-01-0090 493 0-1 
Barium 16-20488 0816-01-0157 544 0-1 
Barium 16-20557 0816-01-0302 552 0-1 

i Barium 16-20560 0816-01-0141 571 0-1 
. 

Barium 16-20741 0816-01-0250 582 2-3 i 

Barium 16-20524 0816-01-0159 587 0-1 
Barium 16-20561 0816-01-0098 646 0-1 I 

Barium 16-20702 0816-01-0074 682 (J-) 0-1 i 

Barium 16-20557 0816-01-0327 715 18.7-19.6 
Barium 16-20557 0816-01-0334 773 11.7-12.6 
Barium 16-20335 0816-01-0236 860 (J) 0-1 I 
Barium 16-20489 0816-01-0199 865 0-1 
Barium 16-20489 0816-01-0200 880 2-3 . 
Barium 16-20455 0816-01-0207 1,100 0-1 
Barium 16-20741 0816-01-0249 1,110 5-6 I 

Barium 16-20477 0816-01-0095 1,200 0-1 i 

Barium 16-20454 0816-01-0218 1,240 0-1 
Barium 16-20453 0816-01-0223 1,240 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


!=yte I 
Sample 

Location 10 Sample 10 Concentration Depth (ft) 
I (mg/kg) 

Barium I 16-20513 0816-01-0096 1,390 0-1 

Barium 16-20628 0816-01-0332 1,430 (J+) 0-1 

Barium 16-20522 0816-01-0160 1,480 0-1 

Barium 16-20702 
I 

0816-01-0255 1,590 0-1I 

Barium 16-20490 0816-01-0192 1,720 0-1 

Barium 16-20525 
I 

0816-01-0189 I 1,790 0-1 

i Barium 16-20526 0816-01-0195 1,800 0-1 
! Barium 16-20442 0816-01-0228 1,900 0-1 

Barium 16-20490 0816-01-0198 1,980 0-1 

Barium 16-20371 0816-01-0229 2,060 0-1 
I 

Barium 
I 

16-20551 0816-01-0306 2,110 0-1 

I iI Barium 16-20630 0816-01-0330 2,120 (J+) 0-1
! 

Barium 16-20592 I 0816-01-0248 2,430 0-1 
Barium 16-20491 0816-01-0194 2,980 0-1 i 
Barium 16-20454 0816-01-0307 6,980 0-1 I 

Beryllium 16-20526 0816-01-0325 L 1.3 27.3-28.3 

Beryllium 16-20702 0816-01-0076 1.3 2-3 

Beryllium 16-20446 0816-01-0203 : 1.3 0-1 
Beryllium 16-20592 0816-01-0248 1.3 0-1 

Beryllium 16-20337 0816-01-0172 1.4 5-6 

Beryllium 16-20454 0816-01-0307 1.4 0-1 

Beryllium 16-20490 0816-01-0198 1.4 0-1 
Beryllium 16-20518 0816-01-0126 1.4 0-1 
Beryllium 16-20520 0816-01-0123 1.4 0-1 
Beryllium 16-20526 0816-01-0195 1.4 0-1 

I Beryllium 16-20526 0816-01-0196 1.4 2-3 

Beryllium 16-20371 0816-01-0229 1.6 0-1 

Beryllium 16-20478 0816-01-0151 1.6 0-1 

Beryllium 16-20490 0816-01-0192 1.7 0-1 
Beryllium 16-20521 0816-01-0124 1.7 0-1 

Beryllium 16-20516 0816-01-0295 1.8 0-1 

Beryllium 16-20486 0816-01-0212 1.9 0-1---
Beryllium 16-20516 0816-01-0112 1.9 0-1 

Beryllium 16-20491 0816-01-0194 2.0 0-1 

Beryllium I 16-20519 0816-01-0158 2.0 0-1 

Beryllium 16-20560 0816-01-0141 2.2 0-1 

Beryllium : 16-20370 0816-01-0237 2.4 0-1 

Beryllium 16-20482 0816-01-0155 2.4 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


Sample 
Analyte Location 10 Sample 10 Concentration Depth (ft) 

(mg/kg) 

Beryllium 16-20444 0816-01-0231 3.1 0-1 

Beryllium 16-20481 0816-01-0149 3.1 0-1 

Beryllium 16-20373 0816-01-0304 3.3 0-1 

Chromium 16-20375 0816-01-0178 7.3 (J) 7-8 

Chromium 16-20371 0816-01-0229 7.5 (J) 0-1 

Chromium 16-20658 0816-01-0209 7.6 0-1 

Chromium 16-20441 0816-01-0129 7.9 0-1 

Chromium 16-20444 0816-01-0231 8.0 (J) 0-1 

Chromium 16-20698 0816-01-0071 8.0 0-1 

Chromium 0816-01-0069 = 8.1 2-3 

Chromium 1'" ,.""",." 0816-01-0332 8.1 0-1 

Chromium 16-20622 0816-01-0211 8.2 0-1 

Chromium 16-20337 0816-01-0170 8.5 (J) 0-1 

Chromium 16-20700 0816-01-0049 8.9 0-1 

Chromium 16-20491 0816-01-0194 9.1 0-1 

Chromium 16-20370 0816-01-0237 9.2 0-1 

Chromium 16-20474 0816-01-0067 9.3 0-0.5 
Chromium 16-20490 0816-01-0198 9.3 0-1 

F§ 16-20486 0816-01-0212 9.5 0-1 

16-20375 0816-01-0177 10.1 (J) 5-6 

16-20337 0816-01-0171 10.4 (J) 4-5 

Chromium 16-20592 0816-01-0248 10.8 0-1 

Chromium 16-20413 0816-01-0305 11.9 0-1 

Chromium 16-20373 0816-01-0304 14.4 0-1 

Chromium 16-20736 0816-01-0090 17.4 0-1 

Chromium 16-20337 0816-01-0172 18.7 (J) 5-6 

Cobalt 16-20478 0816-01-0152 3.2 (J) 2-3 

Cobalt 16-20474 0816-01-0069 3.5 (J) 2-3 

Cobalt 16-20557 0816-01-0302 3.5 (J) 0-1 

Cobalt 16-20453 0816-01-0223 3.5 (J) 0-1 

Cobalt 16-20526 0816-01-0195 3.5 (J) 0-1 

Cobalt 16-20700 0816-01-0049 3.6 (J) 0-1 

Cobalt 16-20525 0816-01-0189 3.6 (J) 0-1 

Cobalt 16-20665 0816-01-0261 3.6 (J) 0-1 

Cobalt 16-20441 0816-01-0129 3.7 (J) 0-1 

Cobalt 16-20697 0816-01-0051 3.7 (J) 0-1 

Cobalt 16-20669 0816-01-0315 3.7 (J) 0-1 

Cobalt 16-20477 0816-01-0095 3.7 (J) 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


Sample I 
Analyte Location 10 Sample 10 Concentration Depth (ft) 

(mg/kg) 

i Cobalt 16-20699 0816-01-0057 3.8 (J) 0-1 

Cobalt 16-20702 0816-01-0257 3.8 (J) 4-5 

Cobalt 16-20736 0816-01-0090 3.9 (J) 0-1 

Cobalt 16-20413 i 0816-01-0305 4.0 (J) 0-1\-----.. 

I 4.0 (J) Cobalt 16-20490 0816-01-0192 0-1 

Cobalt 16-20741 0816-01-0249 4.0 (J) 5-6 

L Cobalt 16-20658 0816-01-0209 4.1 (J) 0-1 
I Cobalt 16-20696 0816-01-0066 4.1 (J) 0-1 i 

Cobalt 16-20375 0816-01-0177 4.1 (J) 5-6 ! 

I Cobalt 16-20695 0816-01-0048 4.2 (J) 0-1 

I Cobalt 16-20661 0816-01-0252 4.2 (J) 6-7 
! Cobalt 16-20741 0816-01-0250 4.2 (J) 2-3 

Cobalt 16-20486 0816-01-0212 4.5 (J) 0-1 

Cobalt 16-20660 0816-01-0193 4.7 (J) 0-1 

Cobalt 16-20375 0816-01-0178 4.7 (J) 7-8 

Cobalt 16-20698 0816-01-0071 4.8 (J) 0-1 

Cobalt 16-20513 0816-01-0096 ·4.9 (J) 0-1 

I Cobalt 16-20442 0816-01-0228 5.0 (Jl 0-1 
! Cobalt 16-20661 0816-01-0251 5.1 (J) 2-3 

Cobalt 16-20702 0816-01-0074 5.1 (J) 0-1 

Cobalt 16-20371 0816-01-0229 5.3 (J) 0-1 
, Cobalt 16-20491 0816-01-0194 5.3 (J) 0-1 , 

Cobalt 16-20337 0816-01-0172 5.4 (J) 5-6 

Cobalt 16-20702 0816-01-0255 5.5 (J) 0-1 

Cobalt 16-20474 0816-01-0067 5.8(J) 0-0.5 i 

Cobalt 16-20551 0816-01-0306 5.8 0-1 

Cobalt 16-20337 0816-01-0170 5.9 (J) 0-1 

Cobalt 16-20490 0816-01-0198 5.9 (J) 0-1 

Cobalt 16-20702 0816-01-0076 6.1 2-3 

Cobalt 16-20622 0816-01-0211 6.4 0-1 
I Cobalt 16-20628 0816-01-0332 6.5 0-1 

Cobalt 16-20630 0816-01-0330 6.6 0-1 ! 

Cobalt 16-20337 0816-01-0171 7.2 (J) 4-5 

Cobalt 16-20373 0816-01-0304 8.1 0-1 

Cobalt 16-20592 0816-01-0248 8.2 0-1 

Cobalt 16-20664 0816-01-0309 8.5 0-1 

Cobalt 16-20629 0816-01-0319 10.5 0-1 

Cobalt 16-20404 0816-01-0128 11.0 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


Sample 
Analyte LocationlD Sample ID Concentration Depth (tt) 

(mglkg) 

Cobalt 16-20625 0816-01-0320 30.2 0-1 

Cobalt 16-20662 0816-01-0314 66.8 2-3 

Cobalt 16-20454 0816-01-0307 151 0-1 

Copper 16-20524 0816-01-0159 4.8 0-1 

Copper 16-20696 0816-01-0066 4.9 0-1 

Copper 16-20560 0816-01-0141 4.9 0-1 
Copper 16-20490 0816-01-0192 4.9 0-1 

Copper 16-20441 0816-01-0129 5.0 0-1 

~ 
0816-01-0307 5.0 0-1 

0816-01-0208 5.1 0-1 

Copper 0816-01-0112 5.2 (J) 0-1 

Copper 16-20695 0816-01-0048 5.2 0-1 
Copper I 16-20702 0816-01-0257 5.2 4-5 

Copper 16-20518 0816-01-0126 5.5 0-1 
Copper 16-20481 0816-01-0149 5.6 0-1 

Copper 16-20667 5!j 5.6 0-1 
Copper 16-20622 5.8 0-1 
Copper 16-20702 5.9 2-3 
Copper 16-20404 0816-01-0128 5.9 0-1 

Copper 16-20482 0816-01-0155 5.9 0-1 
Copper 16-20490 0816-01-0198 5.9 0-1 

Copper 16-20486 0816-01-0212 6.0 0-1 
Copper 16-20516 0816-01-0295 6.0 0-1 

Copper 16-20371 0816-01-0229 6.0 0-1 
(""nnor 16-20658 0816-01-0209 6.1 0-1 

Copper 16-20736 0816-01-0090 6.1 0-1 

Copper 16-20373 0816-01-0304 6.1 0-1 
" I 16-20474 0816-01-0069 6.4 2-3 
Copper 16-20660 0816-01-0193 6.4 0-1 
Copper 16-20520 0816-01-0123 6.5 0-1 

Copper 16-20702 0816-01-0255 6.5 0-1 
Copper 16-20408 0816-01-0238 6.6 0-1 
Copper 16-20477 0816-01-0095 6.8 0-1 

Copper 16-20372 0816-01-~~ 7.0 0-1 

Copper 16-20491 0816-01-0194 7.1 0-1 
Copper 16-20474 0816-01-0067 7.2 0-0.5 

Copper 16-20698 0816-01-0071 7.2 0-1 

Copper 16-20702 0816-01-0074 7.2 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


I Sample I I 
Analyte Location 10 Sample 10 Concentration Depth (ft) 

I (mglkg) 
I Copper 16-20454 0816-01-0218 7.4 0-1 
I" Copper 16-20526 0816-01-0326 7.8 53.5-54.5 I 

Copper 16-20526 0816-01-0324 7.9 37.3-38.3 

Copper 16-20375 0816-01-0177 8.0 (J) 5-6 

Co~per 16-20526 0816-01-0325 8.1 27.3-28.3 

Copper 16-20741 0816-01-0249 8.1 5-6 

Copper 16-20697 0816-01-0051 8.5 0-1 

Copper 16-20513 0816-01-0096 8.6 0-1 

Copper 16-20526 0816-01-0195 8.7 0-1 

I 

C()pper 16-20337 0816-01-0171 9.0 (J) 4-5 

Copper 16-20337 0816-01-0172 10.8 (J) 5-6 

i Copper 16-20551 0816-01-0306 12.0 0-1 

I Copper i 16-20444 0816-01-0231 12.2 0-1 

i Copper 16-20557 0816-01-0327 13.0 18.7-19.6 

Copper 16-20630 0816-01-0330 15.2 0-1 

Copper 16-20592 0816-01~0248 17.4 0-1 

Copper 16-20374 0816-01-0233 20.5 0-1 

Copper 16-20373 0816-01-0234 24.2 0-1 

Copper 16-20335 0816-01-0236 24.4 0-1 

Copper 16-20370 0816-01-0237 29.5 0-1 

Copper 16·20442 0816-01-0228 32.3 0-1 

Copper 16-20628 0816-01-0332 34.0 0-1 

Iron 16-20486 0816-01-0212 14,600 0-1 

Iron 16-20592 0816-01-0248 14,800 0-1 
I Iron 16-20413 0816-01-0305 14,900 0-1 

Iron 16-20375 0816-01-0177 15,300 (J) 5-6 

Iron 16-20370 0816-01-0237 15,800 0-1 

Iron 16-20337 0816-01-0172 16,100 (J) 5-6 

Iron 16-20337 0816-01-0170 16,300 (J) 0-1 

Iron 16-20373 0816-01-0304 17,900 0-1 

Iron 16-20491 0816-01-0194 17,900 0-1 

Iron 16-20490 0816-01-0192 18,100 0-1 

Iron 16-20454 0816-01-0307 19,000 0-1 

i Iron 16-20490 0816-01-0198 20,600 0-1 

i Lead 16-20702 0816-01-0255 11.6 0-1 

i Lead 16-20702 0816-01-0076 11.6 2-3 
Lead 16-20661 0816-01-0251 12.0 2-3 
Lead 16-20488 0816-01-0157 12.4 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


Sample 
Analyte Location 10 Sample 10 Concentration Depth (ft) 

(mg/kg) 

Lead 16-20702 0816-01-0074 12.5 0-1 
Lead 16-20551 081 6-01 -0306 12.6 0-1 
Lead 16-20697 0816-01-0051 12.8 0-1 ! 

Lead 16-20474 0816-01-0067 13.5 0-0.5 I 
Lead 16-20337 0816-01-0172 13.7 5-6 
Lead 16-20404 0816-01-0128 13.8 0-1 
Lead 16-20337 0816-01-0170 16.9 0-1 I 
Lead 16-20477 0816-01-0095 18.3 0-1 
Lead 16-20486 0816-01-0212 . 19.0 0-1 
Lead 16-20662 0816-01-0314 20.4 2-3 
Lead 16-20741 0816-01-0249 20.6 5-6 
Lead 16-20630 0816-01-0330 21.3 0-1 
Lead 16-20662 0816-01-0313 22.4 0-1 
Lead 16-20337 0816-01-0171 22.9 4-5 
Lead 16-20736 0816-01-0090 25.4 0-1 

i Lead 16-20592 0816-01-0248 26.5 0-1 
Lead 16-20513 0816-01-0096 33.3 0-1 
Lead 16-20628 0816-01-0332 38.9 0-1 
Lead 16-20474 0816-01-0069 144 2-3 

Mercury 16-20665 0816-01-0261 0.18 (U) 0-1 
Mercury 16-20628 0816-01-0332 0.22 0-1 
Nickel 16-20454 0816-01-0307 6.6 0-1 
Nickel 16-20491 0816-01-0194 6.6 0-1 
Nickel 16-20404 0816-01-0128 7.2 0-1 
Nickel 16-20337 0816-01-0171 7.3 4-5 
Nickel 16-20622 0816-01-0211 7.4 0-1 
Nickel 16-20698 0816-01-0071 7.5 0-1 
Nickel 16-20486 0816-01-0212 8.2 0-1 
Nickel 16-20474 0816-01-0069 8.4 2-3 
Nickel 16-20474 0816-01-0067 8.5 0-0.5 
Nickel 16-20490 0816-01-0198 8.7 0-1 

i Nickel 16-20375 0816-01-0177 8.8 5-6 
Nickel 16-20335 0816-01-0236 8.8 0-1 
Nickel 16-20373 0816-01-0304 9.1 0-1 i 

Nickel 16-20592 0816-01-0248 9.3 0-1 
Nickel 16-20702 0816-01-0076 10.5 2-3 

Nickel 16-20370 081 6-01-0237 11.2 0-1 

I Nickel 16-20628 0816-01-0332 12.5 0-1 ! 

Nickel 16-20337 0816-01-0172 13.2 5-6 I 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


I I 
Sample 

IAnalyte LocationlD Sample ID Concentration Depth (ft) 

I I (mg/kg) 

Perchlorate I 16-20478 0816-01-0151 0.04JJ) 0-1 

Perchlorate 1 16-20557 0816-01-0333 I 0.06 (J) 36.7-37.4 I 
Perchlorate 16-20557 0816-01-0327 I 0.06 (J) 18.7-19.6 

Perchlorate 16-20526 0816-01-0324 0.06(J) 37.3-38.3 

Perchlorate 16-20557 0816-01-0329 0.08 (J) 52.6-53.6~ 
Perchlorate 16-20373 I 0816-01-0304 0.23 (J-) 0-1 

IPerchlorate L 16-20413 I 0816-01-0305 0.24 (J-) 0-1 

Selenium 16-20526 L 0816-01-0324 0.31 (J-t 37.3-38.3 

Selenium 16-20562 0816-01-0087 I 0.31 (J-) 0-1 

L Selenium 16-20662 0816-01-0314 0.31 (J) 2-3 
I Selenium ! 16-20516 0816-01-0335 0.32 (J) 29.2-29.9 

I Selenium I 16-20413 0816-01-0216 0.32 (J) 0-1 

! Selenium 16-20372 I 0816-01-0230 0.32 (J-) 0-1 
r---' 

Selenium 16-20491 I 0816-01-0194 0.33 (Jl 0-1 I 
Selenium 16-20441 I 0816-01-0129 I 0.34 (J) 0-1 

Selenium 16-20526 0816-01-0325 0.34 (J-) 27.3-28.3 

Selenium 16-20551 0816-01-0306 0.34 (J-) 0-1 

t 
Selenium I 16-20554 0816-01-0338 0.35 (J) 76.1-76.8 

Selenium I 16-20371 0816-01-0229 0.35(J-) 0-1 

Selenium 16-20408 0816-01-0238 0.35 (J-) 0-1 

Selenium 16-20695 0816-01-0048 0.36 (J-) 0-1 

Selenium 16-20520 I 0816-01-0123 0.36 (J) 0-1 

Selenium 16-20404 I 0816-01-0128 0.37 (J) 0-1 

Selenium 16-20484 : 0816-01-0201 0.37 (J-) 0-1 

Selenium 16-20741 0816-01-0249 0.37 (J-). 5-6 

Selenium 16-20554 0816-01-0351 0.38 (J) 19.7-20.3 

Selenium 16-20337 0816-01-0170 0.39 (J) 0-1 

Selenium 16-20553 0816-01-0300 0.39 (J-t 0-1 

Selenium 16-20451 0816-01-0224 0.39 (J-) 0-1 

Selenium 16-20452 0816-01-0222 0.39 (J-) 0-1 

Selenium 16-20455 0816-01-0207 0.39 (J-) 0-1 

Selenium 16-20373 0816-01-0234 0.40 (J-) 0-1 

Selenium 16-20561 0816-01-0098 0.41 (J-) 0-1 

Selenium 16-20595 0816-01-0263 0.42 (J-) 0-1 

Selenium 16-20449 0816-01-0219 0.43 (J-) 0-1 

Selenium 16-20337 0816-01-0172 0.44 (J-) 5-6 
, Selenium 16-20453 0816-01-0223 0.44 (J-) 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Continued) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


I 
I Sample 

IAnalyte LocationlD Sample ID Concentration Depth (ft) 

I (mg/kg) 

Selenium 16-20702 ~257 0.45 (J-) 4-5 

Selenium 16-20335 236 0.46 (J-) 0-1 

Selenium 16-20413 305 0.47 (J-) 0-1 

Selenium 16-20557 0816-01-0303 0.52 (J-) 2-3 

Selenium 16-20414 0816-01-0221 0.53 (J-) 0-1 

Selenium 16-20558 0816-01-0102 0.54 (J-) 0-1 

Selenium 16-20562 0816-01-0088 0.54 (J-) 2-3 

Selenium 16-20442 0816-01-0228 0.54 (J-) 0-1 

Selenium 16-20454 0816-01-0307 0.54 (J-) 0-1 

Selenium 16-20586 0816-01-0208 0.55 (U) 0-1 

Selenium 16-20444 0816-01-0231 0.58 (J-) 0-1 

Selenium 16-20515 0816-01-0104 0.59 0-1 

Selenium 16-204~-0220 0.67 (J-) 0-1 

Selenium 16-2051 0816-01-0112 0.70 0-1 

• 

Selenium 16-20409 -0239 0.75 (J-) 0-1 

Selenium 16-20373 0816-01-0304 1.40 (J 0-1 

Vanadium 16-20661 0816-01-0251 17.2 2-3 

Vanadium 16-20375 0816-01-0178 17.7 {. 7-8 

Vanadium 16-20491 0816-01-0194 18.0 0-1 

Vanadium 16-20702 0816-01-0074 18.1 0-1 

Vanadium 16-20474 0816-01-0067 19.4 0-0.5 

• 

Vanadium 16-20702 0816-01-0076 20.2 2-3 

Vanadium 16-20628 0816-01-0332 20.3 0-1 

I Vanadium 16-20404 0816-01-0128 20.4 0-1 

Vanadium 16-203 1-0177 20.9 (J-) 5-6 

Vanadium 16-203 1-0304 21.9 0~1 

Vanadium 16-206?? -0211 22.2 0-1 

Vanadium 16-20337 0816-01-0171 23.2 (J-) 4-5 

Vanadium 16-20337 0816-01-0170 24.7 (J-) 0-1 

Vanadium 16-20592 0816-01-0248 24.7 0-1 

Vanadium 16-20337 0816-01-0172 36.7 5-6 
Zinc 16-20736 0816-01-0090 65.00 0-1 
Zinc 16-20519 0816-01-0158 65.10 0-1 
Zinc 16-20413 0816-01-0305 65.60 0-1 
Zinc 16-20491 0816-01-0194 66.10 0-1 

Refer to footnotes at end of table. 
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Table 3.2.1-10 (Concluded) 

Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


SampleI I
Analyte location 10 
 Sample 10 
 Concentration Depth (ft) I 

i
(mg/kg) 

Zinc 16-20453 
 0816-01-0223 70.70 0-1 I 

16-20478 
 0816-01-0152 2-3 I
Zinc 85.10 

0816-01-0198 0-1 I
Zinc 16-20490 
 89.00 
Zinc 0816-01-0332 118.00 0-1 I
16-20628 
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Table 3.2.2-1 

Detected Radiological Analytes: Comparison to Background-Biological Zone 


Number Number Concentration BV Frequency of Detects 
Analyte Media of of Range (pCi/g) Above BV or Fallout 

Analyses Detects (pCi/g) Value 

Cesium-137 Soil 3 1.65 0/3 

• Uranium-234 Soil 3 2.59 0/3 

Soil 5 0.20 0/5 

Uranium-238 Soil 3 2.29 0/3 
[ ] =Non-detect. 
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Table 3.2.2-2 

Detected Radiological Analytes: Comparison to Background-Exposed Tuff Zone 


Concentration Background or Frequency of I
Number of Number ofAnalyte Detects Above BV .Range Fallout Value Analyses Detects (pCi/g) (pCi/g) or Fallout Value 
i 


I Uranium-234 0.45 to 0.714 
 4 
 1.98 0/4 
Uranium-235 [-0.27] to 0.068 2
8 
 0.09 0/8 I 

Uranium-238 4 
 0.374 to 0.514 
 1.93 0/4 

[] ;::; Non-detect. 
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Table 3.2.3-1 

Frequency of Detected Organics-Biological Zone 


Analyte Number of 
Analyses 

Number of 
Detects 

Concentration 
Range (mg/kg) 

Frequency of 
Detection (%) 

EQl (mg/kg) 

Acetone 5 1 0.014 to [0.026] 20.0 0.03 
Amino-2,6

dinitrotoluene[4-] 144 17 0.063 to 0.980 11.8 0.77 
Amino-4,6

dinitrotoluene[2-] 144 19 0.044 to 1.10 13.2 0.36 

Aroclor-1260 3 1 [0.039] to 0.061 33.3 0.04 

Benzoic Acida 138 3 0.1 to [2.3] 2.2 2.30 

Bis(2-ethylhexyl)phthalate 138 8 0.110 to [0.470] 5.8 0.47 

DDT[4,4'-] 3 1 [0.002] to 0.0079 33.3 0.002 

Dichlorobenzene[1,4-]a 143 1 0.001 to [0.470] 0.7 0.47 

Dinitrobenzene[1,3-]a 144 3 0.046 to [1 .40] 2.1 1.40 

Dinitrotoluene[2,4-]a 281 1 [0.08] to [1.40] 0.4 1.40 

Dinitrotoluene[2,6-]a 281 2 [0.08] to [1.40] 0.7 1.40 

HMX 144 56 [0.08] to 16.0 38.9 0.36 

Methylnaphthalene[2-]a 138 1 0.040 to [0.470] 0.7 0.47 

Nitrotoluene[3-]a 144 1 [0.080] to [1.40] 0.7 1.40 
Nitrotoluene[4_]a 144 1 [0.080] to [1 .40] 0.7 1.40 

RDX 144 76 0.069 to 37.00 52.8 0.36 
Tetryla 143 1 [0.080] to [1.40] 0.7 1.40 

Toluene 5 1 0.001 to [0.007] 20.0 0.01 

Trinitrotoluene[2,4,6-] 144 12 0.034 to 1 .20 8.3 0.77 
[ ] =Non-detect. 

a Detected in less than 5% of the samples eliminated as a COPC. 
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Table 3.2.3-2 

Organic COPCs: Samples with Detections-Biological Zone 


Sample IAnalyte Location 10 Sample 10 Concentration Media Depth (ft) 
(mg/kg) 

I 

Acetone 16-20004 0816-01-0293 0.014 (J) Soil 0-0.5 

Amino-2,6-dinitrotoluene[4-] 16-20376 0816-01-0164 0.063 (J) Soil 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20300 0816-01-0187 0.069 (J) Soil 2-3 

I Amino-2 ,6-dinitrotoluene[ 4-] 16-20348 0816-01-0214 0.110 (J) i Soil 0-1 

• Amino-2,6-dinitrotoluene[4-]. 16-20304 0816-01-0036 0.160 (J) Soil 0-1 

Amino-2,6-dinitrotoluene[4-J 16-20694 0816-01-0058 0.230 (J) Soil 0-1 

Amino-2,6-dinitrotoluene[4-1 16-20342 I 0816-01-0180 0.290 Soil 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20387 ! 0816-01-0161 0.420 Soil 0-1 

. Amino-2,6-dinitrotoluene[ 4-] 16-20268 RE16-02-45437 0.088 (J) Soil I 0-1 

I Amino-2,6-dinitrotoluene[4-1 16-20742 RE16-02-45442 0.150 (J) Soil 2-3 

Amino-2,6-dinitrotoluene[4-1 16-20148 0816-01-0073 0.150 (J) Tuff I 0-0.5 

Amino-2,6-dinitrotoluene[4 16-20195 0816-01-0205 0.150(J) Tuff 0-1 

Am ino-2,6-dinitrotoluene[4-] 16-20196 0816-01-0130 0.300 Tuff 0-1 
Amino-2,6-dinitrotoluene[ 4-] 16-20306 0816-01-0033 0.620 Tuff 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20232 RE16-02-45438 0.840 (J) Tuff 0-1 

Amino-2,6-dinitrotoluene[4-1 16-20232 I RE16-02-45438 0.980 Tuff 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20340 0816-01-0176 0.071 (J) Tuff 2-3 

Amino-2,6-dinitrotoluene[4-] 16-20599 RE16-02-45443 0.110 (J) Tuff 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20268 RE16-02-45437 0.074 (J) I Soil 0-1 
iAmino-4,6-dinitrotoluene[2-1 16-20742 RE16-02-45442 0.100 (J) Soil 2-3 

I Amino-4,6-dinitrotoluene[2-J 16-20301 0816-01-0188 0.044 (J) Soil 0-1 : 
Amino-4,6-dinitrotoluene[2-] 16-20239 0816-01-0168 0.066 (J) Soil 0-1 ! 

Amino-4,S-dinitrotoluene[2-] 16-20304 081S-01-0036 0.120 (J) Soil 0-1 

i Amino-4,S-dinitrotoluene[2-] 16-20348 0816-01-0214 0.130 (Jl Soil 0-1 I 

iAmino-4,6-dinitrotoluene[2-] 1S-20694 0816-01-0058 0.210(J) Soil 0-1 

!Amino-4,S-dinitrotoluene[2-] 16-20387 0816-01-01S1 0.320 Soil 0-1 

IAmino-4,S-dinitrotoluene[2-] 16-20376 081S-01-0164 0.700 Soil 0-1 

iAm ino-4,S-dinitrotoluene[2-1 16-20599 RE 16-02-45443 0.087 (J) Tuff 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20148 0816-01-0073 0.110 (Jl Tuff 0-0.5 

Amino-4,6-dinitrotoluene[2-] 16-20670 RE16-02-45436 0.190 (J) Tuff 0-1 

I Amino-4,6-dinitrotoluene[2-] 16-20340 0816-01-0174 0.190(J) Tuff 0-1 

Amino-4,S-dinitrotoluene[2-] 16-20670 RE16-02-4543S 0.200 (J) Tuff 0-1 

I Amino-4,S-dinitrotoluene[2-] 16-20742 RE16-02-45439 0.290 Tuff 0-1 

I Amino-4,S-dinitrotoluene[2-] 16-20196 0816-01-0130 0.300 Tuff 0-1 

Amino-4,S-dinitrotoluene[2-] 16-20306 081S-01-0033 0.820 Tuff 0-1 

Amino-4,S-dinitrotoluene[2-] 16-20232 RE16-02-45438 0.920 (J) Tuff 0-1 

Amino-4,S-dinitrotoluene[2-] 16-20232 RE1S-02-45438 1.100 Tuff 0-1 

Refer to footnotes at end of table. 
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Table 3.2.3-2 (Continued) 

Organic COPCs: Samples with Detections-Biological Zone 


Sample 
Analyte Location 10 Sample 10 Concentration Media Depth (ft) 

(mglkg) 

Aroclor-1260 16-20316 0816-01-0293 0.061 Soil 0-0.5 

• Bis(2-ethylhexyl)phthalate 16-20300 0816-01-0187 0.170 (J) Soil 2-3 

Bis(2-ethylhexyl)phthalate 16-20549 0816-01-0215 0.210 (J) Soil 0-1 I 

Bis(2-ethylhexyl)phthalate 16-20314 0816-01-0354 0.160 (J) Tuff 0-1 I 

Bis(2-ethylhexyl)phthalate 16-20670 RE16-02-45436 0.110 (J) Tuff 0-1 I 

Bis(2-ethylhexyl)phthalate 16-20742 RE16-02-45439 0.120 (J) Tuff 0-1 I 

BlsJ2-ett}ylhexyl)phthalate 16-20196 0816-01-0130 0.160(J) Tuff 0-1 I 

Bis(2-ethylhexyl)phthalate 16-20233 0816-01-0121 0.210 (J) Tuff 0-1 

I Bis(2-ethylhexyl)phthalate 16-20232 RE16-02-45438 0.280 (J) Tuff 0-1 

DDT[4,4'-J 16-20316 0816-01-0293 0.008 Soil 0-0.5 

HMX 16-20742 RE 16-02-45442 0.610 I Soil 2-3 

HMX 16-20268 RE16-02-45437 1.400 Soil 0-1 I 

HMX 16-20153 0816-01-0262 0.118 Soil 0-1 I 

HMX 16-20265 0816-01-0107 0.190 (J) Soil 0-1 I 

HMX 16-20193 0816-01-0059 0.290 (J) Soil 0-1 

HMX 16-20566 I 0816-01-0213 0.290 (J) Soil 0-1 

HMX 16-20189 0816-01-0289 0.340 Soil 0-0.5 

HMX 16-20342 0816-01-0182 0.420 Soil 2-3 

HMX 16-20301 0816-01-0188 0.550 Soil 0-1 
HMX 16-20344 0816-01-0184 0.580 Soil 0-1 I 
HMX 16-20344 0816-01-0185 0.620 Soil 3-4 i 
HMX 16-20694 0816-01-0058 0.650 Soil 0-1 I 

I HMX 16-20263 0816-01-0106 0.860 Soil 0-1I 

HMX 16-20262 0816-01-0105 1.000 Soil 0-1 I 
HMX 16-20239 0816-01-0168 1.100 Soil 0-1 

HMX 16-20304 0816-01-0036 1.600 (J-) Soil 0-1 

HMX 16-20348 0816-01-0214 1.700 Soil 0-1 

HMX 16-20342 0816-01-0180 4.600 Soil 0-1 

HMX 16-20004 0816-01-0293 5.700 Soil 0-0.5 

I HMX 16-20351 0816-01-0050 5.700 Soil 0-1 

HMX 16-20124 0816-01-0063 7.700 (J) Soil 0-1 I 

HMX 16-20387 0816-01-0161 10.000 Soil 0-1 J 
HMX 16-20376 0816-01-0164 2.000 Soil 0-1 

HMX 16-20240 0816-01-0352 0.180 (J) Tuff 0-1 

HMX 16-20706 0816-01-0323 0.260 Tuff 0-1 

HMX 16-20599 R E 16-02-45443 0.310 Tuff 0-1 I 
HMX 16-20598 0816-01-0266 0.390 Tuff 2-3 

HMX 16-20598 0816-01-0265 0.448 Tuff 0-1 

Refer to footnotes at end of table. 

AU1-03/IN P/LAN:tables.doc Page 2 of 6 838319.01.031/30/034:14 PM 



Table 3.2.3-2 (Continued) 

Organic COPCs: Samples with Detections-Biological Zone 


Sample 
Analyte Location 10 Sample 10 Concentration Media Depth (ft) 

(mg/kg) 

I HMX 16-20205 RE16-02-44945 0.620 Tuff 0-1 

HMX 16-20205 RE16-02-44946 . 0.660 Tuff 0-1 

HMX 16-20692 0816-01-0086 0.710 Tuff 0-1 

HMX 16-20314 0816-01-0354 2.400 Tuff 0-1 
I HMX 16-20694 0816-01-0253 0.120 Tuff 2-3 r- HMX 16-20476 0816-01-0134 0.150 (J) Tuff 0-1 

HMX 16-20271 0816-01-0140 0.190 (J) Tuff 0-1 

! HMX 16-20270 0816-01-0138 0.200 (J) Tuff 2-3 
I HMX 16-20334 0816-01-0235 0.200 (J) Tuff 0-1I 

HMX 16-20197 0816-01-0120 0.280 (J) I Tuff 0-1 
HMX 16-20333 0816-01-0091 0.320 (J) Tuff 0-1 . 

I HMX 16-20305 0816-01-0035 0.350 (J-l ! Tuff 0-1 
. HMX 16-20233 0816-01-0121 0.410 ! Tuff 0-1 

I HMX 16-20419 0816-01-0244 0.450 Tuff 0-1 

I HMX 16-20269 0816-01-0061 0.510 Tuff 0-1 

HMX 16-20270 0816-01-0136 0.610 Tuff 0-1 
HMX 16-20418 0816-01-0243 0.670 Tuff 2-3 
HMX 16-20418 0816-01-0242 0.790 Tuff 0-1 
HMX 16-20340 0816-01-0174 0.860 Tuff 0-1 
HMX 16-20195 I 0816-01-0205 I 1.800 Tuff 0-1 

HMX 16-20742 RE16-02-45439 2.200 Tuff 0-1 

HMX 16-20148 0816-01-0073 2.500 Tuff 0-0.5 

I HMX 16-20670 RE16-02-45436 5.000 Tuff 0-1 
HMX 16-20670 RE16-02-45436 5.100 Tuff 0-1 
HMX 16-20196 0816-01-0130 5.800 Tuff 0-1 
HMX 16-20306 0816-01-0033 10.000 (J-) Tuff 0-1 

HMX 16-20232 RE16-02-45438 16.000 Tuff 0-1 

HMX 16-20232 RE16-02-45438 16.000 Tuff 0-1 

RDX 16-20742 RE16-02-45442 0.110(J) Soil 2-3 

RDX 16-20268 RE16-02-45437 2.900 Soil 0-1 

RDX 16-20549 0816-01-0215 0.069 (J) Soil 0-1 

RDX 16-20566 0816-01-0213 0.100 (J) Soil 0-1 

RDX 16-20191 0816-01-0046 0.120 (J) Soil 0-1 

RDX 16-20300 0816-01-0186 0.180 (J! Soil 0-1 

RDX 16-20006 0816-01-0289 0.280 Soil 0-0.5 

RDX 16-20579 i 0816-01-0065 0.300 Soil 0-1 

RDX 16-20694 0816-01-0058 0.490 Soil 0-1 

Refer to footnotes at end of table. 
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Table 3.2.3-2 (Continued) 

Organic COPCs: Samples with Detections-Biological Zone 


I I Sample I 
Analyte LocationlD Sample ID Concentration Media Depth (ft) ! 

i I 

(mglkg) 

RDX 16-20342 0816-01-0182 0.530 Soil 2-3 

RDX 16-20344 0816-01-0185 0.570 Soil 3-4 

RDX 16-20344 0816-01-0184 0.720 Soil 0-1 
RDX 16-20004 0816-01-0293 0.740 Soil 0-0.5 

RDX 16-20239 0816-01-0168 0.860 Soil 0-1 
I 

RDX 16-20193 0816-01-0059 0.970 (J) Soil 0-1 I 
RDX 16-20263 0816-01-0106 1.300 Soil 0-1 i 

RDX 16-20351 0816-01-0050 1.600 Soil 0-1 

RDX 16-20262 0816-01-0105 1.800 Soil 0-1 

RDX 16-20304 0816-01-0036 1.900 Soil 0-1 

RDX 16-20301 0816-01-0188 2.200 Soil 0-1 

RDX 16-20387 0816-01-0161 2.200 Soil 0-1 

RDX 16-20348 0816-01-0214 2.600 Soil 0-1 

RDX 16-20342 0816-01-0180 5.900 Soil 0-1 

RDX 16-20376 0816-01-0164 2.100 Soil 0-1 

I RDX 16-20340 0816-01-0176 0.094 (J) Tuff 2-3 

RDX 16-20314 0816-01-0361 0.140 (J) Tuff 0-1 

RDX 16-20599 RE16-02-45443 0.210 (J) Tuff 0-1 
RDX 16-20654 0816-01-0085 0.210 (J) Tuff 2-3 I 

RDX 16-20386 0816-01-0360 0.330 Tuff 0-1 ! 

RDX 16-20240 0816-01-0352 0.490 Tuff 0-1 

RDX 16-20238 RE16-02-44948 0.560 Tuff 0-1 I 

RDX 16-20706 0816-01-0323 0.768 Tuff 0-1 
RDX 16-20278 0816-01-0359 0.950 Tuff 0-1 

RDX 16-20598 0816-01-0266 1.250 Tuff 2-3 

RDX 16-20598 0816-01-0265 1.800 Tuff 0-1 
RDX 16-20241 0816-01-0357 2.300 Tuff 0-1 

RDX 16-20205 RE16-02-44945 3.000 Tuff 0-1 I 
RDX 16-20205 RE16-02-44946 3.200 Tuff 0-1 I 
RDX 16-20314 0816-01-0354 3.600 Tuff 0-1 I 
RDX 16-20547 0816-01-0133 0.084 (J) Tuff 0-1 : 
RDX 16-20274 0816-01-0029 0.100 (J) Tuff 0-1 I 

RDX 16-20189 0816-01-0247 0.120 (J) Tuff 2-3 I 

RDX 16-20233 0816-01-0122 0.140 (J) Tuff 2-3 
I 

I 

RDX 16-20476 0816-01-0134 0.140 (J) Tuff 0-1 
I 

I RDX 16-20307 0816-01-0034 0.150 (J) Tuff 0-1 

I RDX 16-20195 0816-01-0206 0.160 (J) Tuff 2-3 

Refer to footnotes at end of table. 
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Table 3.2.3~2 (Continued) 

Organic COPCs: Samples with Detections-Biological Zone 


I Sample 
Analyte Location 10 Sample 10 Concentration Media Depth (ft) 

(mg/kg) 

RDX 16-20270 0816-01-0138 0.160lJl Tuff 2-3 
RDX 16-20416 0816-01-0246 0.170 (J) Tuff 0-1 
RDX i 16-20694 0816-01-0253 0.205 Tuff 2-3 
RDX 16-20389 0816-01-0030 0.310 (Jl Tuff 0-1 

RDX 16-20333 0816-01-0091 0.320 Tuff 0-1 
RDX 16-20340 0816-01-0174 0.370 Tuff 0-1 

i RDX 16-20415 0816-01-0245 0.460 Tuff 0-1 

~RDX 16-20270 0816-01-0136 0.490 Tuff 0-1 
RDX 16-20233 0816-01-0121 i 0.530 Tuff 0-1 
RDX 16-20234 0816-01-0115 0.540 Tuff 0-1 

~ 
RDX 16-20269 0816-01-0062 I 0.570 (J) I Tuff 2-3 
RDX 16-20334 0816-01-0235 0.810 Tuff 0-1 
RDX 16-20419 0816-01-0244 1.100 Tuff I 0-1 

I RDX 16-20148 0816-01-0073 1.300 Tuff 0-0.5 

~ RDX 16-20305 0816-01-0035 1.300 Tuff 0-1 
RDX 16-20198 0816-01-0114 1.400 Tuff 0-1 
RDX 16-20197 0816-01-0120 1.600 I Tuff I 0-1 
RDX 16-20269 0816-01-0061 1.800 (J) Tuff 0-1 
RDX 16-20271 0816-01-0140 1.800 Tuff 0-1 

: RDX 16-20195 0816-01-0205 2.100 Tuff 0-1 
RDX 16-20295 0816-01-0072 2.300 Tuff 0-1 

1 RDX 16-20742 RE16-02-45439 2.700 Tuff 0-1 
RDX 16-20418 0816-01-0243 3.900 Tuff 2-3 
RDX 16-20418 0816-01-0242 4.600 Tuff 0-1 
RDX 16-20196 0816-01-0130 7.400 Tuff 0-1 
RDX 16-20670 RE16-02-45436 18.000 Tuff 0-1 

RDX 16-20670 RE16-02-45436 19.000 Tuff 0-1 

RDX 16-20306 0816-01-0033 22.000 Tuff 0-1 
RDX 16-20232 RE 16-02-45438 36.000 Tuff 0-1 

RDX 16-20232 RE16-02-45438 37.000 Tuff 0-1 
Toluene 16-20004 0816-01-0293 0.001 (J) Soil 0-0.5 

Trinitrotoluene[2,4,6~] 16-20348 I 0816-01-0214 0.034 (J) Soil 0-1 

T rinitrotoluene[2,4,6-] 16-20304 0816-01-0036 0.086 (Jl Soil 0-1 

Trinitrotoluene[2,4,6-] 16-20204 0816-01-0168 0.140 Soil 0-1 

Trinitrotoluene[2,4,6-1 16-20387 0816-01-0161 0.270 Soil 0-1 

Trinitrotoluene[2,4,6-] 16-20004 0816-01-0293 0.300 Soil 0-0.5 
Trinitrotoluene[24,6-1 16-20198 0816-01-0114 0.067 (J) Tuff 0-1 

Refer to footnotes at end of table. 
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Table 3.2.3-2 (Concluded) 

Organic COPCs: Samples with Detections-Biological Zone 


Sample 
Analyte Location 10 Sample 10 Concentration 

(mg/kg) 
~~~~~~~~~~1~6~-2~0~19~5~~0~81~6~-0~1~-0~2~t-~ 

16-20232 RE16-02-454 
16-20232 RE16-02-45438 0.450 

16-20670 RE16-02-45436 0.550 
16-20742 RE16-02-45439 1.200 

16-20306 0816-01-0033 1.200 

Media Depth (ft) 

Tuff 0-1 
Tuff 0-1 

Tuff 
Tuff 
Tuff 
Tuff 

0-1 

0-1 
0-1 

0-1 

COPC = Chemical of potential concern. 

ft = Foot (feet). 

ID = Identification. 

J = Estimation. 

J- =Estimation with a low bias. 

mg/kg =Milligram(s) per kilogram. 
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Table 3.2.3-3 

Frequency of Detected Organics-Exposed Tuff Zone 


Number of Number Concentration 
Frequency 

Analyte 
Analyses of Detects Range (mg/kg) of Detection EaL (mg/kg) 

(%) 

: Amino-2,6-dinitrotoluene[4-] 143 20 0.049 to 0.550 I 14.0 0.330 
Amino-4,6-dinitrotoluene[2-] 143 23 i [2.5E-07] to 0.882 I 16.1 0.330 

i Bis(2-ethylhexyl)phthalate 137 I 7 0.08 to 0.620 5.1 0.430 
Carbon Disulfide 5 I 1 [0.005] to 0.010 20.0 0.006 

Di-n-butylphthalate 137 1 0.130 to [0.430] 0.7 0.430 
Dinitrobenzene[1,3-] 143 1 0.044 to [0.330] 0.7 0.330 

I Dinitrotoluene[2,4-1 280 2 0.036 to[0.430] I 0.7 0.430 
Dinitrotoluene[2,6-] 280 1 [0.080] to [0.430] 0.4 0.430 

HMX 143 76 10.080}to 5.740 53.1 I 0.330 
Methylnaphthalene[2-] 137 1 0.058 to [0.430] 0.7 0.430 

Nitrotoluene[4-] 143 1 [0.080] to [0.330] 0.7 0.330 I 

RDX 143 107 0.054 to 10.80 I 74.8 0.320 
Tetry! 143 1 I lO.081 to [0.3301 0.7 0.330 

Toluene 5 2 0.001 to (0.026] 40.0 0.026 
Trinitrobenzene[1,3,S-] 143 8 0.047 to 0.360 5.6 0.330 

I Trinitrotoluene[2,4,6-l . 143 10 0.029 to 0.480 7.0 0.330 
[ ] ::: Non-detect. 
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Table 3.2.3-4 

Organic COPCs: Samples with Detections-Exposed Tuff Zone 


Sample 
Analyte LocationlD Sample ID Concentration Depth (ft) 

(mg/kg) 

Amino-2,6-dinitrotoluene[4-1 16-20696 0816-01-0066 0.049 (J) 0-1 

Amino-2,6-di nitrotoluene[4-] 16-20526 0816-01-0196 0.054 (J) 2-3 

Amino-2,6-dinitrotoluene[4-] 16-20337 0816-01-0172 0.055 (J) 5-6 

Amino-2,6-dinitrotoluene[4-] 16-20695 0816-01-0048 0.078 (J) 0-1 

Amino-2,6-dinitrotoluene[4-J 16-20524 0816-01-0159 0.094 (J) 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20586 0816-01-0208 0.096 (J) 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20491 0816-01-0194 0.099 {J} 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20375 0816-01-0178 0.11 (J) 7-8 

Amino-2,6-dinitrotoluene[4-] 16-20490 0816-01-0192 0.14 (J) 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20526 0816-01-0195 0.16 (J) 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20454 0816-01-0218 0.23 (J) 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20661 0816-01-0251 0.09 2-3 

Amino-2,6-dinitrotoluene[4-1 16-20628 0816-01-0332 0.09 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20741 0816-01-0250 0.11 2-3 

Amino-2,6-dinitrotoluene[4-] 16-20551 0816-01-0306 0.12 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20630 0816-01-0330 0.16 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20741 0816-01-0249 0.20 5-6 

Am ino-2,6-dinitrotoluene[ 4-] 16-20702 0816-01-0255 0.31 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20592 0816-01-0248 0.44 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20454 0816-01-0307 0.55 0-1 

Am ino-4,6-dinitrotoluene[2-] 16-20526 0816-01-0196 0.042 (J) 2-3 

Amino-4,6-dinitrotoluene[2-1 16-20337 0816-01-0171 0.048 (J) 4-5 

Amino-4,6-dinitrotoluene[2-] 16-20526 0816-01-0325 0.048 (J) 27.3-28.3 

Amino-4,6-dinitrotoluene[2-] 16-20337 0816-01-0172 0.054 (J) 5-6 

Amino-4,6-dinitrotoluene[2-1 16-20489 0816-01-0199 0.056 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20695 0816-01-0048 0.057 (J) 0-1 

i Amino-4,6-dinitrotoluene[2-] 16-20526 0816-01-0324 0.061 (J) 37.3-38.3 

Am ino-4, 6-di nitrotol uene[2-1 16-20404 0816-01-0128 0.062 (J) 0-1 i 

Amino-4,6-dinitrotoluene[2-] 16-20524 0816-01-0159 0.071 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20586 0816-01-0208 0.080 (J) 0-1 

Amino-4,6-dinitrotoluene[2-1 16-20490 0816-01-0192 0.082 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20491 0816-01-0194 0.087 (J) 0-1 

Am ino-4,6-dinitrotoluene[2-] 16-20526 0816-01-0195 0.17 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20454 0816-01-0218 0.18 (J) 0-1 

Am ino-4 ,6-di nitrotol uene[2 -] 16-20628 0816-01-0332 0.08 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20551 0816-01-0306 0.09 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20741 0816-01-0250 0.11 2-3 
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Table 3.2.3-4 (Continued) 

Organic COPCs: Samples with Detections-Exposed Tuff Zone 


Sample 
Analyte Location 10 Sample 10 Concentration Depth (ft) 

I 
(mglkg) 

Am ino-4,6-dinitrotoluene[2-) 16-20630 0816-01-0330 0.18 0-1 I 

I Am ino-4,6-dinitrotoluene[2-] 16-20741 0816-01-0249 0.20 5-6 

Amino-4,6-dinitrotoluene[2-] 16-20702 0816-01-0255 0.36 0-1 

! Amino-4,6-dinitrotoluene[2-] 16-20592 0816-01-0248 0.52 0-1 

I Amino-4,6-dinitrotoluene[2-] 16-20337 0816-01-0170 0.81 0-1 

L Amino-4,6-dinitrotoluene[2-] 16-20454 0816-01-0307 0.88 ! 0-1 

I Bis(2-ethylhexyl)phthalate 16-20477 0816-01-0095 0.080 (J) 0-1 

Bis(2-ethylhexyl)phthalate 16-20404 0816-01-0128 0.099 (J) 0-1 
I Bis{2-eth~lhexyl)phthalate 16-20630 I 0816-01-0330 I 0.100 (J) 0-1 

Bis(2-ethylhexyl)phthalate 16-20558 0816-01-0102 0.110 (J) 0-1 I 

~(2-eth1::lheX1::l)l2hthalate 16-20551 0816-01-0306 0.120(J) I 0-1 I 
Bis{2-ethylhexyl}phthalate 16-20702 0816-01-0255 

I 

0.53 I 0-1 

I Bis(2-ethylhexyl}phthalate 16-20513 0816-01-0096 0.62 0-1 

I Carbon Disulfide 16-20557 0816-01-0299 0.0098(J) 2-3 

HMX 16-20526 0816-01-0326 . 0.24 (J-) 53.5-54.5 

HMX 16-20526 0816-01-0324 0.5 (J-) 37.3-38.3 

HMX I 16-20526 i 0816-01-0325 0.55 (J-) 27.3-28.3 

HMX 16-20441 0816-01-0129 0.100 (Jt 0-1 

HMX 16-20408 I 0816-01-0238 0.19 (J) 0-1 

HMX 16-20557 0816-01-0299 0.20 (J) 2-3 

HMX 16-20560 0816-01-0142 0.21 (J) 2-3 

HMX 16-20559 0816-01-0119 0.24 (J) 2-3 

HMX 16-20486 0816-01-0212 0.24 (J) 0-1 

HMX 16-20375 0816-01-0177 0.26 (J) 5-6 

HMX 16-20490 0816-01-0192 0.27 (J) 0-1 

HMX 16-20663 0816-01-0311 0.09 0-1 

HMX 16-20625 0816-01-0320 0.13 0-1 
I HMX 16-20669 0816-01-0315 0.14 0-1 
I HMX 16-20662 0816-01-0314 0.22 2-3 
I HMX 16-20625 0816-01-0321 0.24 2-3 

HMX 16-20591 0816-01-0318 I 0.24 0-1 

: HMX 16-20665 0816-01-0261 I 0.25 0-1 

HMX 16-20596 0816-01-0259 0.27 0-1 

HMX 16-20557 0816-01-0302 0.28 0-1 

HMX 16-20374 0816-01-0233 0.28 0-1 

HMX 16-20557 0816-01-0298 0.29 0-1 

l HMX 16-20624 0816-01-0322 0.29 0-1 

HMX 16-20517 0816-01-0099 0.30 0-1 

AU1-03lWP/LAN:tables.doc Page 2 of 7 838319.01.031/30/034:14 PM 



Table 3.2.3-4 (Continued) 

Organic COPCs: Samples with Detections-Exposed Tuff Zone 


Sample 
Analyte Location 10 Sample 10 Concentration Depth (ft) 

(mg/kg) 

HMX 16-20557 0816-01-0303 0.30 2-3 i 

HMX 16-20661 0816-01-0251 0.30 2-3 

HMX 16-20590 0816-01-0317 0.33 2-3 

HMX 16-20478 0816-01-0151 0.33 0-1 
HMX 16-20487 0816-01-0154 0.33 0-1 

HMX 16-20523 0816-01-0165 0.33 0-1 

HMX 16-20558 0816-01-0102 0.33 0-1 

HMX 16-20490 0816-01-0198 0.36 0-1 

HMX 16-20559 0816-01-0118 0.36 0-1 
i HMX 16-20702 0816-01-0257 0.36 4-5 

HMX 16-20527 0816-01-0191 0.39 0-1 

HMX 16-20595 0816-01-0263 0.39 0-1 
HMX 16-20560 0816-01-0141 0.40 0-1 
HMX 16-20662 0816-01-0313 0.43 0-1 
HMX R6-20489 0816-01-0199 0.46 0-1 
HMX 16-20586 0816-01-0208 0.46 0-1 
HMX 16-20590 0816-01-0316 0.48 0-1 

HMX 16-20477 0816-01-0095 0.48 0-1 
HMX 16-20524 0816-01-0159 0.49 0-1 I 
HMX 16-20561 0816-01-0098 0.50 0-1 
HMX 16-20632 0816-01-0308 0.51 0-1 ! 

HMX 16-20452 0816-01 -0222 0.54 0-1 
HMX 16-20455 0816-01-0207 0.54 0-1 
HMX 16-20489 0816-01-0200 0.54 2-3 
HMX 16-20526 0816-01-0196 0.54 2-3 
HMX 16-20372 0816-01-0230 0.60 0-1 

HMX 16-20525 0816-01-0189 0.61 0-1 
HMX 16-20453 0816-01-0223 0.65 0-1 
HMX 16-20697 0816-01-0051 0.66 0-1 
HMX 16-20695 0816-01-0048 . 0.68 0-1 
HMX 16-20626 0816-01-0312 0.69 0-1 

HMX 16-20404 0816-01-0128 0.74 0-1 
HMX 16-20702 0816-01-0076 0.79 2-3 

HMX 16-20736 0816-01-0090 0.79 0-1 
HMX 16-20698 0816-01-0071 0.81 0-1 
HMX 16-20629 0816-01-0319 0.84 0-1 
HMX 16-20337 0816-01-0170 0.92 0-1 
HMX 16-20522 0816-01-0160 0.98 0-1 
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Table 3.2.3-4 (Continued) 

Organic COPCs: Samples with Detections-Exposed Tuff Zone 


! 
\ 

Sample 
Analyte Location 10 Sample 10 Concentration Depth (ft) 

I (mglkg) 

HMX 16-20667 0816-01-0197 i 1.15 0-1 

HMX 16-20337 0816-01-0172 1.20 5-6 

I HMX 16-20454 0816-01-0218 1.20 0-1 
i HMX 16-20491 0816-01-0194 1.30 0-1I
i HMX 16-20337 0816-01-0171 1.60 4-5 
! HMX 16-20630 0816-01-0330 1.63 0-1 

HMX 16-20526 0816-01-0195 1.70 0-1 

HMX 16-20454 0816-01-0307 2.23 0-1 

HMX 16-20592 0816-01-0248 2.30 0-1 

HMX 16-20628 0816-01-0332 2.98 0-1 

HMX 16-20702 0816-01-0255 3.14 0-1 

I HMX I 16-20741 0816-01-0250 3.28 2-3 
! HMX 16-20741 0816-01-0249 3.71 5-6 

HMX 16-20551 0816-01-0306 5.74 0-1 

RDX 16-20519 0816-01-0158 0.054 (J) 0-1 

RDX 16-20516 0816-01-0112 0.061 (J) 0-1 

RDX 16-20413 0816-01-0216 0.066 (J) 0-1 
I RDX 16-20698 0816-01-0071 0.075 (J) 0-1 

I RDX 16-20520 0816-01-0123 0.085 (J) 0-1 
! RDX 16-20484 0816-01-0201 0.087 (J) 0-1 
! RDX 16-20518 0816-01-0126 0.091 (J) 0-1 

RDX 16-20658 0816-01-0209 0.091 (J) 0-1 

RDX 16-20554 0816-01-0145 0.093 (J) 2-3 

i RDX 16-20441 0816-01-0129 0.099 (J) 0-1 

RDX 16-20337 0816-01-0170 0.10 (J) 0-1 

I RDX 16-20479 0816-01-0113 0.11 (J) 0-1 

RDX 16-20586 0816-01-0208 0.11 (J) 0-1 

RDX 16-20660 0816-01-0193 0.11 (J) 0-1 

RDX 16-20700 0816-01-0049 0.11 (J) 0-1 

i RDX 16-20444 0816-01-0231 0.12 (J) 0-1 

RDX 16-20696 0816-01-0066 0.12 (J) 0-1 

RDX 16-20449 0816-01-0219 0.13 (J) 0-1 
! RDX 16-20451 0816-01-0224 0.13 (J) 0-1 

RDX 16-20375 0816-01-0179 0.14 (J) 9-10 

RDX 16-20486 0816-01-0212 0.14 (J) 0-1 

RDX 16-20554 0816-01-0143 0.24 (J) 0-1 

RDX 16-20624 0816-01-0322 0.14 0-1 

RDX 16-20665 0816-01-0261 0.14 0-1 
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Table 3.2.3-4 (Continued) 

Organic COPCs: Samples with Detections-Exposed Tuff Zone 


Sample 
Analyte Location 10 Sample 10 Concentration Depth (tt) 

(mg/kg) 

RDX 16-20669 0816-01-0315 0.16 0-1 
RDX 16-20413 0816-01-0305 0.27 0-1 

RDX 16-20662 0816-01-0314 0.31 2-3 
RDX 16-20662 0816-01-0313 0.36 0-1 
RDX 16-20697 0816-01-0051 0.36 0-1 

RDX 16-20442 0816-01-0228 0.42 0-1 
RDX 16-20375 0816-01-0177 0.43 5-6 
RDX 16-20478 0816-01-0151 0.44 0-1 

i RDX 16-20625 0816-01-0320 0.44 0-1 

RDX 16-20513 0816-01-0096 0.46 0-1 

RDX 16-20514 0816-01-0103 0.46 0-1 

RDX 16-20517 0816-01-0099 0.46 i 0-1 
RDX 16-20474 0816-01-0067 0.50 0-0.5 
RDX 16-20626 0816-01-0312 0.57 0-1 
RDX 16-20562 0816-01-0087 0.60 0-1 

! RDX 16-20562 0816-01-0088 0.60 2-3 
RDX 16-20524 0816-01-0159 0.61 0-1 
RDX 16-20447 0816-01-0220 0.66 0-1 
RDX 16-20555 0816-01-0101 0.70 0-1 
RDX 16-20404 0816-01-0128 0.75 0-1 
RDX 16-20560 0816-01-0142 0.78 2-3 

RDX 16-20373 0816-01-0234 0.80 0-1 
RDX 16-20477 0816-01-0095 0.83 0-1 
RDX 16-20515 0816-01-0104 0.87 0-1 i 

RDX 16-20595 0816-01-0263 0.88 0-1 
RDX 16-20490 0816-01-0192 0.92 0-1 

RDX 16-20561 0816-01-0098 0.96 0-1 
, 

RDX 16-20625 0816-01-0321 1.03 2-3 
RDX 16-20702 0816-01-0076 1.10 2-3 

I RDX 16-20695 0816-01-0048 1.10 0-1 

RDX 16-20596 0816-01-0259 1.14 0-1 
RDX 16-20741 0816-01-0250 1.15 2-3 
RDX 16-20371 0816-01-0229 1.20 0-1 

RDX 16-20455 0816-01-0207 1.20 0-1 

RDX 16-20527 0816-01-0191 1.20 0-1 

RDX 16-20661 0816-01-0251 1.24 2-3 
RDX 16-20337 0816-01-0171 1.30 4-5 
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Table 3.2.3-4 (Continued) 

Organic COPCs: Samples with Detections-Exposed Tuff Zone 


Sample 
Analyte location 10 Sample 10 Concentration Depth (ft) 

(mg/kg) 

RDX 16-20337 0816-01-0172 1.30 5-6 

I RDX i 16-20372 0816-01-0230 1.40 0-1 

I 
RDX I 16-20523 0816-01-0165 1.40 0-1I 

RDX 16-20741 0816-01-0249 1.44 5-6 
RDX 16-20629 0816-01-0319 1.56 0-1 

I RDX 16-20490 0816-01-0198 1.60 0-1 
r- RDX 16-20559 0816-01-0119 1.60 2-3 
I RDX 16-20667 0816-01-0197 1.62 0-1 

l RDX 16-20521 0816-01-0124 1.70 0-1 
RDX 16-20408 l 0816-01-0238 1.80 0-1 

I RDX 16-20487 0816-01-0154 1.80 0-1 i 
RDX 16-20560 0816-01-0141 1.80 I 0-1 
RDX 16-20632 0816-01-0308 1.80 0-1 
RDX I 16-20525 0816-01-0189 1.90 ! 0-1 
RDX 16-20558 0816-01-0102 1.90 0-1 
RDX 16-20628 0816-01-0332 i 1.99 0-1 I 

RDX 16-20557 I 0816-01-0299 I 
2.00 2-3 

~. RDX 16-20489 0816-01-0199 I 2.10 0-1 
RDX 16-20591 I 0816-01-0318 2.12 0-1 
RDX 16-20590 0816-01-0316 2.13 0-1 
RDX 16-20590 I 0816-01-0317 2.26 2-3 
RDX 16-20488 0816-01-0157 2.30 0-1 
RDX 16-20702 0816-01-0257 2.47 4-5 

RDX 16-20557 0816-01-0334 2.50 11.7-12.6 
RDX 16-20452 0816-01-0222 2.60 0-1 
RDX 16-20559 0816-01-0118 2.70 0-1 
RDX 16-20374 0816-01-0233 2.80 0-1 

I RDX 16-20526 0816-01-0326 2.80 53.5-54.5 
RDX 16-20702 0816-01-0255 2.92 0-1 
RDX 16-20491 0816-01-0194 3.00 0-1 

RDX 16-20489 0816-01-0200 3.30 2-3 
RDX 16-20630 0816-01-0330 3.46 0-1 

RDX 16-20557 0816-01-0303 3.51 2-3 

RDX 16-20526 0816-01-0196 3.90 2-3 
RDX 16-20557 0816-01-0327 3.90 18.7-19.6 

RDX 16-20453 0816-01-0223 4.00 0-1 

RDX 16-20454 0816-01-0218 4.00 0-1 
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Table 3.2.3-4 (Concluded) 

Organic COPCs: Samples with Detections-Exposed Tuff Zone 


Sample I 
Analyte Location 10 Sample 10 Concentration Depth (tt) 

(mglkg) 

RDX 16-20526 0816-01-0325 4.30 27.3-28.3 

RDX 16-20557 0816-01-0298 4.50 0-1 

RDX 16-20557 0816-01-0302 4.68 0-1 

RDX 16-20526 0816-01-0324 4.80 37.3-38.3 i 
RDX 16-20522 0816-01-0160 6.20 0-1 

RDX 16-20454 0816-01-0307 7.06 0-1 
RDX 16-20551 0816-01-0306 7.37 0-1 

RDX 16-20526 0816-01-0195 8.30 0-1 i 
RDX 16-20592 0816-01-0248 10.80 I 0-1 I 

Toluene 16-20557 0816-01-0299 0.00059 (J) 2-3 I 
Toluene 16-20557 0816-01-0298 0.00072 (J) 0-1 I 

I Trinitrobenzenej1,3,5-1 16-20557 0816-01-0328 0.047 (J) 66-67 

I Trinitrobenzene[1,3,5-] 16-20522 0816-01-0160 0.052 (J) 0-1 

Trinitrobenzenef1,3,5-] 16-20557 0816-01-0334 0.088 (J) 11.7-12.6 
Trinitrobenzene[1,3,5-] 16-20557 0816-01-0329 0.12iJ) 52.6-53.6 
Trinitrobenzene[1,3,5-] 16-20557 0816-01-0327 0.13(J) 18.7-19.6 
Trinitrobenzenej1,3,5-] 16-20557 0816-01 -0333 0.14 (J) 36.7-37.4 
Trinitrobenzene[1,3,5-] 16-20337 0816-01-0170 0.17 (J) 0-1 
Trinitrobenzene[1.3,5-] 16-20526 0816-01-0195 0.36 0-1 

~ 

Trinitrotoluener2,4,6::l 16-20526 0816-01-0196 0.029JJ) 2-3 

Trinitrotoluene[2,4,6-] 16-20491 0816-01-0194 0.031 (J) 0-1 

Trinitrotoluener2,4,6-1 16-20557 0816-01 -0334 0.041 (J) 11.7-12.6 
Trinitrotoluene[2,4,6-] 16-20337 0816-01-0172 0.043 (J) 5-6 

Trinitrotoluene[2,4,6-1 16-20586 0816-01-0208 0.078 (J) 0-1 

Trinitrotol uene[2,4. 6-] 16-20454 0816-01-0218 0.079JJ} 0-1 

T rinitrotoluene[2,4,6-] 16-20551 0816-01-0306 0.12 0-1 
Trinitrotoluene[2,4,6-] 16-20592 0816-01-0248 0.13 0-1 
Trinitrotoluene[2,4.6-] 16-20702 0816-01-0255 0.16 0-1 

T rinitrotoluene[2,4, 6-] 16-20526 0816-01-0195 0.48 0-1 
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Table 3.2.4-1 

Results of Data Review 


Analyte 
I Biological 
i Zone 

Soil Tuff 
Inorganic Chemicals 
Aluminum -- X 

Antimony -- X 

Arsenic -- --

Barium X X 

I 
Beryllium -- --

Cadmium -- --

Chromium -- X 

Cobalt X X 

Copper X X 

Iron -- X 

Lead X X 

Manganese -- --

Exposed 
Tuff Result Rationale 
Zone 

X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed the statistical tests 

X Retained Retained for both zones because detected 
concentrations exceeded established BVs 

--Tinated and failed the statistical tests 
~.---

Eliminated from both zones because 
detected concentrations did not exceed 
established BVs or were not statistically 
different from background 

X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed the statistical tests 

X Retained Retained for exposed tuff zone because 
detected concentrations exceeded 
established BVs and failed the statistical 

I tests 
-- Eliminated Eliminated from both zones because 

detected concentrations did not exceed 
established BVs or were not statistically 

• different from background 
X Retained Retained for both zones because detected 

concentrations exceeded established BVs 
and failed the statistical tests 

X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed the statistical tests or had 
samples greater than the maximum BV 
value by several factors 

X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed the statistical tests 

X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed the statistical tests 

X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed the statistical tests or had 
samples greater than the maximum BV 
value by several factors 

-- Eliminated Eliminated from both zones because 
detected concentrations did not exceed 
established BVs or were not statistically 
different from background 

Refer to footnotes at end of table. 
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Table 3.2.4-1 (Continued) 

Results of Data Review 


Biological Exposed 
Analyte Zone Tuff Result Rationale 

Soil Tuff Zone 
Mercury -- -- X Retained Retained for exposed tuff zone because 

detected concentrations exceeded 
established BVs and because there is no 
background data set for comparison 

I Nickel -- X X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed the statistical tests 

Perchlorate NO NO X Retained Retained for exposed tuff zone because it 
was detected in seven samples and does 
not have an associated BV 

Selenium -- X X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed the statistical tests 

I Silver X .- -- Retained Retained for biological zone because 
there is no soil background data set for 
comparison 

. Thallium -- -- -- Eliminated Eliminated from both zones because 
detected concentrations did not exceed 
established BVs or were not statistically 
different from background 

Vanadium -- X X Retained Retained for both zones because detected I 
concentrations exceeded established BVs 
and failed the statistical tests 

Zinc X X X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed the statistical tests or had 
samples greater than maximum BV by 
several factors 

Radionuclides 
Cesium-137 -- NO Eliminated Eliminated from biological zone because 

detected concentrations did not exceed 
established BVs 

Uranium-234 -- -- Eliminated Eliminated from both zones because 
detected concentrations did not exceed 
established BVs 

I Uranium-235 -- -- Eliminated Eliminated from both zones because 
detected concentrations did not exceed 
established BVs 

Uranium-238 -- -- Eliminated Eliminated from both zones because 
detected concentrations did not exceed 
established BVs 

. Organic Chemicals 
X NO Retained Retained for biological zone because 

concentrations were detected in more than 
5% of the samples 

i Acetone 

Refer to footnotes at end of table. 
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Table 3.2.4-1 (Continued) 

Results of Data Review 


I 
Biological 

Analyte Zone 
SOil.l Tuff 

Amino-2,6 X 
din itrotol uene[ 4-J 

Amino-4,6

I 
X 

dinitrotoluene(2-) 

Aroclor-1260 X 

Benzoic Acid --

~ X 
. ethylhexyl}phthalate 
I 

Carbon Disulfide NO 

Oi-n-butylphthalate NO 

DOT(4,4J X 

Dichlorobenzene[1,4-J --

Dinitrobenzene[1,3-) ---

Oinitrotoluene[ 2,4-J --
I 

Oinitrotoluene[2,6-) --

HMX X 

Methylnaphthalene[2-] --

Nitrotoluene[3-J --

Refer to footnotes at end of table. 
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Exposed 
Tuff Result Rationale 
Zone 

X Retained Retained for both zones because 
concentrations were detected in more than I 
5% of the samples 

X Retained Retained for both zones because I 
concentrations were detected in more than I 

I 5% of the samples 
NO Retained IRetained for biological zone because I 

. concentrations were detected in more than 
5% of the samples 

NO Eliminated Eliminated from biological zone because 
concentrations were detected in less than I 

I 
5% of the samples 

X Retained Retained for both zones because 
concentrations were detected in more than 
5% of the sam (:lIes 

X Retained Retained for exposed tuff zone because 
concentrations were detected in more than 
5% of the samples 

-- Eliminated Eliminated from exposed tuff zone 
because concentrations were detected in 
less than 5% of the samples 

NO Retained Retained for biological zone because 
concentrations were detected in more than 
5% of the samples 

NO Eliminated Eliminated from biological zone because 
concentrations were detected in less than 
5% of the samples 

-- Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of the samples 

-- Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of the samples 

-- Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of the samples 

X Retained Retained for both zones because 
concentrations were detected in more than . 
5% of the samples 

-- Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of the samples 

NO Eliminated Eliminated from biological zone because 
concentrations were detected in less than 
5% of the samQles 
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Table 3.2.4-1 (Concluded) 
Results of Data Review 

Analyte 
Biological 

Zone 
Exposed 

Tuff 
Zone 

Result Rationale 
Soil I Tuff 

Nitrotoluene[4-] -- -- Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of the samples 

ROX X X Retained Retained for both zones because 
concentrations were detected in more than 
5% of the samples 

I Tetryl -- -- Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of the samples 

Toluene X X Retained Retained for both zones because 
i 

concentrations were detected in more than I 

5% of the samples 
Trinitrobenzene[1,3,5-j NO X Retained Retained for exposed tuff zone because 

concentrations were detected in more than 
5% of the samples 

T rinitrotoluene[2,4,6-j X X Retained Retained for both zones because 
concentrations were detected in more than 
5% of the samples 

NO = 100% non-detect within a given zone. 
X Retained as a COPC. 

= Eliminated as a COPC. 

;J;
',r 
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» Table 4.2.2-1 S 
Summary Statistics for the MDA P Area COPCs Used for the Human Health Risk Screening Assessment 
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Analyte 

Inorganic Chemicals 
Aluminum 
Antimony 
Barium 
Beryllium 
Chromium 
Cobalt 
COlWer 
Iron 
Lead 
Mercury 
Nickel 
Perchlorate 
Selenium 
Silver 
Vanadium 
Zinc 
Organic Chemicals 
Acetone 
Amino-2,6-dinitrotoluene[4-] 
Amino-4,6-din itrotoluene[2-] 
Aroclor-1260 
Bis(2-ethylhexyl)phthalate 
Carbon Disulfide 
00T[4,4'-] 
HMX 
ROX 
lToluene 
Trinitrobenzene[l,3,5-] 
Irrinitrotoluene[2,4,6-] 

Number of Distribution 
Analyses Type 

259 Non-Parametric 
259 Non-Parametric 
259 Non-Parametric 
259 Non-Parametric 
259 Non-Parametric 
259 Non-Parametric 
259 Non-Parametric 
259 LO\:jnormal 
259 Non-Parametric 
259 Non-Parametric 
259 Lognormal 
51 Non-Parametric 
259 Non-Parametric 
259 Non-Parametric 
259 Non-Parametric 
259 Non-Parametric 

10 Non-Parametric 
262 Non-Parametric 
262 Non-Parametric 

7 Non-Parametric 
259 Non-Parametric 

5 Non-Parametric 
7 Non-Parametric 

262 Non-Parametric 
262 Non-Parametric 
10 Lognormal 

262 Non-Parametric 
262 Non-Parametric 

95% UCL =95% upper confidence limit of the mean. 

Minimum 
Concentration 

(mg/kg) 

803 
0.046 
3.05 
0.23 
0.22 
0.27 
0.47 

4,050 
1.2 

0.001 
0.65 

0.004 
0.05 
0.001 
0.19 
4.7 

0.012 
0.04 

1.25E-07 
0.018 
0.08 
0.003 

0.0009 
0.04 
0.04 

0.0006 
0.04 
0.03 -- 

Maximum Mean Standard 
Concentration Concentration Deviation 95% UCL (mg/kg) 

(mg/kg) (mglkg) (mg/kg) 
~-~ 

32,700 5,634 4,090 6,049 
2.9 0.390 0.229 0.414 

6,980 452 821 535 
3.3 0.786 0.472 0.834 

-~ 

39.4 4.90 3.6 5.25 
151 4.21 10.9 5.34 
36.8 6.1 6.39 6.71 

22,500 10,044 2,944 10,335 
144 8.52 11.2 9.67 
0.22 0.018 0.018 0.02 
12.6 4.12 2.41 4.5 

0.075 0.025 0.Q17 0.029 
1.4 0.23 0.16 0.25 

15.8 0.42 1.13 0.54 
29.3 8.90 6.11 9.52 
912 43.3 58.2 49.0 

0.215 0.06 0.08 0.1 
0.98 0.15 0.09 0.15 
1.1 0.15 0.12 0.16 

0.06 0.025 0.016 0.034 
0.62 0.19 0.04 0.2 
0.01 0.004 0.003 0.006 

0.008 0.002 0.003 0.003 
16 0.75 1.9 0.95 
37 1.47 3.97 1.89 

0.013 0.003 0.004 0.008 
0.7 0.13 0.06 0.14 

"---- --",~.£ - - 0.14 0.11 0.16 
~- -_...... _



Table 4.2.2-2s:» 

i Summary Statistics for the Biological Zone COPCs Used for the Ecological Risk Screening Assessment 
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~ 95% UCL = 95% upper confidence limit of the mean. 

i NA = Not applicable. 


------

Analyte 

Inorganic Chemicals 
Aluminum 
Antimony 
Barium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Nickel 
Selenium 
Silver 
Vanadium 
Organic Chemicals 
Acetone 
Amino-2,6-dinitrotoluene[4-] 
~mino-4,6-dinitrotoluene[2-1 

Argclo-,":1260 
Bis(2-ethylhexyl)phthalate 
DDT[4,41 
HMX 
RDX 
Toluene 
Trinitrotoluene[2,4,6-] 

Number of 
Analyses 

137 
137 
137 
137 
137 
137 
137 
137 
137 
137 
137 
137 

5 
139 
139 
3a 

136 
3a 

139 
139 
5 

139 

---

Distribution 
Minimum 

Type Concentration 
(mg/kg) 

Lognormal 1,340 
Non-param etric 0.046 

Lognormal 9.7 
Lognormal 0.520 

Non-parametric 0.27 
Non-parametric 0.680 

Lognormal 4,050 
Non-parametric 1.5 

Lognormal 0.650 
Non-parametric 0.050 
Non-parametric 0.01 
Non-parametric 0.19 

Normal 0.012 
Non-r:>arametric 0.04 
Non-parametric 0.04 

NA 0.020 
Non-parametric 0.110 

-------

NA 0.001 
Non-parametric 0.040 
Non-parametric 0.040 
Non-parametric 0.001 
Non-parametric 0.034 

aToo few observations to calculate 95% UCL or standard deviation. 

Maximum Mean Standard 
Concentration Concentration Deviation 

(mg/kg) (m~/kg) (mg/kg} 

----- -----

32,700 6,321 4,-447 
2.90 0.3716 0.28 

6,630 443 786 
-------

39.4 5.37 3.98 
---- ----

44.7 3.42 5.39 
36.8 6.64 6.87 

-------

22,500 9,814 2,999---- -------

61.5 9.36 7.5 
12.6 4.19 2.47 
0.74 0.22 0.13 

--------

15.8 0.49 1.53 
29.3 9.27 6.39 

--------

0.014 0.013 0.00096 
0.98 0.16 0.11 
1.1 0.16 0.13 

-------

0.061 0.34 NA 
0.28 0.19 0.019 

0.008 0.001 NA 
-----

16 0.98 2.48 
37 1.65 5.18 

0.003 0.003 0.001 
1.2 0.17 0.14 

95% UCL 
(mg/kg) 

7,014 
0.410 
656 
5.95 
4.18 
7.60 

_10,226 
10.4 
4.65 
0.24 
0.70 
10.2 

0.014 
0.18 
0.18 

0.061 
0.20 

0.0079 
1.33 
2.37 

0.0033 
0.18---

-c 
~ 
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Table 4.2.2-3 
Comparison of Noncarcinogenic COPCs with SALs (0-5 feet) 

Anal~te I 95% UCL (mg/kg) 0.1 SAL (mglkg) 
Inorganic Chemicals 

Aluminum 6,050 

I Antimony 0.41 

I Barium i 534 
Beryllium 0.83 

. 

Cobalt 5.35 
Copper 6.71 

,.---..' 
Iron 10,335 
Lead 9.67 

Mercury 0.02 
Nickel 4.50 I 

L Perchlorate 0.03 

I Selenium 0.25 
I Silver 0.54 

F Vanadium 9.52 
Zinc 49.0 

Organic Chemicals 
Acetone 0.10 

Amino-2,6-dinitrotoluene[4-]a 0.15 
Amino-4,6-dinitrotoluene[2-1a 0.16 

I Aroclor-1260 0.034b 
I Carbon Disulfide 0.01 

HMX 0.95 
Toluene 0.005 

Trinitrobenzene[1,3,5-] 0.14 

7,400 
3 

520 
15 

450 
280 

2,300 
40 
2.3 
150 
0.78 
38 
38 
53 

2,300 

160 
6.1 
6.1 

0.11 
36 
310 
18 
180 

: 

SAL (mglkg) 
I 

74,000 =J 
30 

5,200 
150 

4,500 
2,800 
23,000 

400 
23 

1,500 
7.8 
380 
380 
530 

23,000 

1,600 
61 
61 
1.1 
360 I 

3,100 
180 

1,800 

Values in bold indicate SAL or 0.1 SAL exceeded by 95% UCL. 

a2.6-Dinitrotoluene was used as a surrogate SAL (EPA 2001, 71466). 

bData set had <10 samples. 95% UCL could not be calculated. Maximum value used. 

95% UCL:;.: 95% upper confidence limit of the mean. 
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Table 4.2.2-4 

Comparison of Carcinogenic COPCs with SALs (0-5 feet) 


Analyte 95% UCL (mg/kg) SAL (mglkg) 
Aroclor-1260 0.034a 0.22 

Bis(2-ethylhexyl)phthalate 0.20 35 
Chromium 5.28 210 
DDT[4,4'-] 0.0035a 1.7 

RDX 1.89 4.4 
T rinitrotoluene[2,4,6-] 0.14 16 

aData set had <10 samples. 95% UCL could not be calculated. Maximum value used. 
95% UCL 95% upper confidence limit of the mean. 
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» Table 4.2.3-1 S 
Summary Statistics for the Biological Zone 5,400 ft2 Residential Lot COPCs 
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Minimum 
Number of Distribution Concentration 

Analyte Analyses Type (mglkg) 
Inorganic Chemicals 

Aluminum NAa NA NA 
-

Antimony NAa NA NA 
Barium 8 Lognormal 16.9 

Beryllium NAa NA NA 
Chromium NAa NA NA 

Cobalt NAa NA NA 
Copper 8 Lognormal 0.96 

Iron NAa NA NA 
Lead 8 Lognormal 2.9 

Mercury NAa NA NA 
Nickel NAa NA NA 

Perchlorate NAb NA NA 
Selenium 8 Non-parametric 0.12 

Silver 8 Non-parametric 0.09 
Vanadium NAa NA NA 

Zinc 8 Lognormal 17.6 
Organic Chemicals 

-

Acetone NAb NA NA 
Amino-2,6-dinitrotoluene[4-] 9 Non-parametric 0.088 
Amino-4,6-dinitrotoluene[2-] 9 Non-parametric 0.074 
Bis{2-ethylhexyl)phthalate 8 Lognormal 0.16 

Carbon Disulfide NAb NA NA 
DDT[4,4'-] NAb NA NA 

HMX 9 Lognormal 0.16 
RDX 9 Lognormal 0.14 

Toluene. NAb NA NA 
Trinitrobenzene[1,3,5-] NAb NA NA 

"--
Trinitrotoluene[2,4,6-] -~--- , NOI"1-I~~uametric "--

0.145 

aMaximum concentration less then the UTL Tuff background concentration. 
b100% non-detect. 
95% UCL = 95% upper confidence limit of the mean. 

Maximum Mean 
Concentration Concentration 

(mg/kg) (mg/kg) 
-

~ -

NA NA 
NA NA 

3,850 897 
NA NA 
NA NA 
NA NA 

28.9 7.8 
NA NA 

30.3 8.69 
NA NA 
NA NA 

NA NA 
0.64 0.22 
1.6 0.42 
NA NA 

90.5 38.3 

-

NA NA 
0.98 0.33 
1.1 0.35 

0.28 0.21 
NA NA 
NA NA 
16 4.52 
37 9.77 
NA NA 
NA NA 

0.45 0.21 

Standard 
Deviation 95%UCL 
(mg/kg) (mglkg) 

NA NA 
NA NA 

1,255 1,584 
NA NA 
NA NA 
NA NA 

9.03 12.7 

NA NA 
9.4 21.8 
NA NA 

~ -

NA NA 
NA NA 

0.17 0.31 
0.48 0.69 

NA NA 
22.5 58.6 

NA NA 
0.33 0.51 
0.38 0.55 
0.03 0.23 

NA NA 

NA NA 
6.74 8.03 
15.3 17.7 
NA NA 

NA NA 
0.12 0.27 
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l> 	 Table 4.2.3-2 S 
Summary Statistics for the Exposed Tuff Zone 5,400 ft2 Residential Lot 
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-",. 	 aMaximum concentration less then the UTL Tuff background concentration. 
-0s: 	 b100% non-detect. 


95% UCL = 95% upper confidence limit of the mean. 

NA = Not applicable. 


Analyte 
Number of 
Analyses 

Distribution 
Type 

Minimum 
Concentration 

(mg/kg) 

Maximum 
Concentration 

(mglkg) 

Mean 
Concentration 

(mglkg) 

Standard 
Deviation 
(mglkg) 

95% UCL 
(mglkg) 

Inorganic Chemicals 
Aluminum 9 Lognormal 2,230 13,500 5,397 4,177 10,415 
Antimony 9 Non-parametric 0.34 0.52 0.47 0.05 0.5 
Barium 9 LO~Jnormal 865 6,980 2,109 1,944 3,834 

Beryllium 9 Lognormal 0.43 2 1.04 0.59 1.75 
Chromium 9 Lognormal 2.2 9.3 5.01 2.69 7.75 , 

Cobalt 9 Non-parametric 2.1 151 20 49.1 45.6 
Copper 9 Lognormal 1.8 7.4 4.57 1.99 6.85 

Iron 9 Non-parametric 9,730 20,600 13,970 4,740 16,404 
Lead NAa NA NA 11.2 NA NA NA 

Mercury NAa NA NA 0.063 NA NA NA 

Nickel 9 Lognormal 0.8 8.7 4.39 2.51 5.68 
Perchlorate NAb NA NA 0.73 NA NA NA 

Selenium 9 Lognormal 0.125 0.54 0.28 0.15 0.49 
Vanadium 9 Lognormal 5.4 18 9.82 4.73 14.4 

Zinc 9 Lognormal 18.15 66.1 36.3 15.0 50.7 
Organic Chemicals 

Acetone NAb NA NA NA NA NA NA 

Amino-2,6-din itrotol uene[4-] 9 Non-parametric 0.099 0.55 0.2 0.14 0.27 
Amino-4,6-dinitrotoluene[2-] 9 Non-parametric 0.056 0.88 0.21 0.26 0.34 

Aroclor-1260 NAb NA NA NA NA NA NA 

Bis(2-ethylhexyl)phthalate NAb NA NA NA NA NA NA 

Carbon Disulfide NAb NA NA NA NA NA NA 

DDT[4,4'-] NAb NA NA NA NA NA NA 

HMX 9 Lognormal 0.27 2.23 0.84 0,63 1.59 
RDX 9 Lognormal 0.92 7.06 3.02 1.9 5,63 

Toluene NAb NA NA NA NA NA NA 
Trinitrobenzene[1,3,5-] NAb NA NA NA NA NA NA 
Trinitrotoluene[2,4,6-] 9 Non-parametric 0.03 0.16 0.12 0.05 0.15 



Table 4.2.3-3 

SAL Comparison to 95% UCL Concentrations of Noncarcinogens


Biological Zone: 5,400 ft2 Residential Lot (0-5 feet) 


r 
Analyte 

95%UCL 
(mg/kg)

._. 

0.1 SAL 
(mg/kg) 

SAL I(mg/kg) 
\lnOrganiC Chemicals 

I Barium 

I Co~eer 

I Lead 
I Selenium 
I Silver 
I Zinc 
[Organic Chemicals 

I Am ino-2,6-dinitrotoluene( 4-Ja 
I Amino-4,6-dinitrotoluene[2-ja 

I HMX 

1,584 
12.73 
21.8 
0.31 
0.68 
58.6 

0.51 
0.55 
8.03 

520 
280 
40 
38 
38 

2,300 

6.1 
6.1 
310 

5,200 
2,800 
400 
380 
380 

23,000 

61 
61 

3,100 

I 
I 

Values in bold indicate SAL or 0.1 SAL exceeded by 95% UCL. 
a2.6-0initrotoluene was used as a surrogate SAL (EPA 2001,71466). 
95%) UCL =95% upper confidence limit of the mean. 
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Table 4.2.3-4 

SAL Comparison to 95% UCL Concentrations of Carcinogens


Biological Zone: 5,400 ft2 Residential Lot (0-5 feet) 


Analyte 
95% UCL 
(mg/kg) 

SAL (mg/kg) 

Bis(2-ethvlhexvl)phthalate 0.26 35 
RDX 17.7 4.4 

Trinitrotoluene[2,4,6-] 0.27 16 

Values in bold indicate SAL exceeded by the 95% UCL. 
95% UCL =95% upper confidence limit of the mean. 
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Table 4.2.3-5 

SAL Comparison to 95% UCL Concentrations of Noncarcinogens


Exposed Tuff Zone: 5,400 ft2 Residential Lot (0-5 feet) 


, 
. 95'''10 UCL 0.1 SAL SAL

Analyte (mg/kg) (mglkg) (mg/kg)I I ! 
:Inorganic Chemicals 

Aluminum I 10,415 7,400 74,000 

Antimony 0.50 3 30 
Barium 3,834 520 5,200 

I Beryllium 1.75 15 I 150 

I Cobalt I 
I 
I 

450 4,50045.6 
ICopper 6.9 280 2,800 

I 
Iron i 16,404 I 2,300I 23,000 

i Nickel 150 1,5005.68 
! Selenium 380.49 380 
I 

Vanadium 14.4 53 530 

Zinc 2,30050.7 23,000 I 
I 

jOrganic Chemicals I 

I 

I 

Amino-2,6-dinitrotoluene[4-)a I 0.27 6.1 61 
Amino-4,6-dinitrotoluene[2-1a 0.34 6.1 61 

HMX 1.6 310 3,100 

L . Trinitrobenzene[1 ,3,5-] 0.1 180 1,800 

Values in bold indicate SAL or 0.1 SAL exceeded by 95% UCL. 
a2,6-0initrotoluene was used as a surrogate SAL (EPA 2001,71466). 
95% UCL =95% upper confidence limit of the mean. 
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Table 4.2.3-6 

SAL Comparison to 95% UCL Concentrations of Carcinogens-Exposed Tuff Zone: 


5,400 ft2 Residential Lot (0-5 feet) 


Analyte 
95% UCL 
(mg/kg) 

SAL 
(mg/kg) 

Chromium 7.8 210 
RDX 5.63 4.4 

Trinitrotoluene[2,4,6-] 0.15 16 

Values in bold indicate SAL exceeded by the 95% UCL. 
95% UCL 95% upper confidence limit of the mean. 
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» Table 4.3.2-1 S 

~ 
ESLs for the MDA P Area Receptors for COPCs in the Biological Zone 

(mglkg) 
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Inorganic Chemicals 
Antimony 
Barium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 
Nickel 

Selenium 
Silver 

Vanadium 
Zinc 

Organic Chemicals 
Acetone 

Amino-2,6-dinitrotoluene[4
Amino-4,6-dinitrotoluene[2

Aroclor-1260 
Bis(2-ethylhexyl)phthalate 

DDT[4,4'-1 
HMX 
RDX 

Toluene 
T rinitrotoluene[2,4,6-1 

=No ESL established. 

-C 
ClI 

it 

0.05 
100 
2.4 

0.25 
10 
--

450 
20 
0.1 

0.05 
0.025 

10 

--
80 
80 
--
--
3.7 
--

100 
200 
0.7 

II) ...... - i 
II)

II) - --- .. l!! - l!! -.~ l!! t::!ClI... cO CO CO l!!~ 0 II) "C 0.0 .- > .- > .- > '::11» II) C 
II) .0 . .0 ._ .0 ._ "iii 8 .:: l/! 0t: ot) o C 0.0 l/! e'

11),.. C II) .. C 11);::
II) a: II) a:e a:Q) ~'-"la ~II)'" Co> l/! 

0 :t: _ClI 
0.E c 0 cO 

'-" '-" '-" c-

- -

-- -- -- -- -- -- 6.2 

-- 230 380 1,000 46,000 1,700 34 
1.4 460 550 680 13,000 5,300 8,000 

-- 0.051 0.093 0.46 6 0.38 5 
13 390 310 260 22,000 3,300 300 
-- -- -- -- -- -- --

2000 55 72 100 2,700 500 930 
100 980 1,200 1,600 38,000 9,700 7,900 
7.7 1.1 2 10 140 8.4 55 
-- 14 19 30 2,400 100 0.52 
-- 2.8 5.1 28 510 21 790 

350 97 130 210 4,900 660 1,100 

-

-- 42,000 4,200 2,200 5,600,000 310,000 4.3 

-- -- -- -- -- -- 5.8 
-- -- -- -- -- -- 8.4 
-- 0.44 0.86 15 2.2 1.8 660 
-- 1 1.9 23 1.7 2.3 3,600 
-- 0.0026 0.0052 0.12 0.0092 0.0093 200 

500 -- -- -- -- -- 51 
500 -- -- -- -- -- 11 

-- -- -- -- -- -- 160 
0.7 -- -- -- -- -- 77 

II) 
l/! ><-:::I C 3: 00 E l!! u.:E Cl,c "C.. 
al ~cn II)

a: 
C 

1 0.57 97 
4.5 2.4 420 

2,100 700 18,000 
0.19 0.091 10 
170 170 8,900 
-- -- --

220 100 4,600 
2,100 900 31,000 

1.9 0.91 110 
0.14 0.091 14 
20 9.6 1,500 

840,000 710,000 1,800,000 

3.8 37 --
3.6 5.7 930 
5.3 8.3 1,300 
10 5 32 
61 30 64 

I2.1 1 4.6 
43 260 37,000 
9.2 33 4,900 
73 70 12,000 
53 100 16,000 
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s Table 4.3.2-2 
HQ/HI Summary for COPCs in Biological Zone ~ 
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> 1/1
DI ~c-

Inorganic Chemicals 
Antimony 4.10E-Ol 8.20E+OO .-. -" 
Barium 6.S6E+02 S.SSE+OO --- 2.S0E+OO 

Chromium S.9SE+OO 2.48E+OO 4.2SE+OO 1.29E-02 
Cobalt 4.1BE+OO 1.S7E+01 --- 8.20E+01 
Copper 7.60E+00 7.S0E-01 S.8SE-01 1.96E-02 

Iron 1.02E+04 --- -_. -.-
lead 1.04E+Ol 2.31E-02 S.20E·03 1.89E-Ol 

Nickel 4.6SE+OO 2.33E-Ol 4.6SE-02 4.70E-03 
Selenium 2.40E-Ol 2.40E+OO 3.12E-02 2.1BE-Ol 

Silver 7.00E-01 1.40E+01 --- S.OOE-02 
Vanadium 1.02E+01 4.08E+02 ._. 3.64E+OO 

Zinc S.37E+01 5.37E+OO 1.S4E-Ol S.S4E..Q1 
Organic Chemicals 

Acetone 1.40E-02 ..- ._- 3.33E-07 
Amino-2.6-

dinitrotoluene[ 4-] 1.80E-Ol 2.2SE-03 ._. ---
Amino-4,6-

dinitrotoluene[2-] 1.82E-Ol 2.2BE-03 .-- ---
Aroclor-1260 6.1 E-02 a --- --- 1.39E-Ol 

Bis(2-ethylhexyl) 
phthalate 2.00E-Ol --- --- 2.00E-Ol 
DDT[4,4'-] 7.9E-03 a 2.14E-03 --- 3.04E+oO 

HMX 1.33E+OO --- 2.66E-03 ---
RDX 2.37E+OO 2.37E·02 4.74E-03 ---

Toluene 3.30E-03 1.6SE-OS _.- ---
Trinitro-

toluene[2,4,6-] 1.80E-Ol 2.S7E-Ol 2.S7E-Ol ---
HI 4.S4E+02 S.34E+OO 9.29E+01 

Value in Bold indicates HQ > 0.3 or an HI > 1.0. 

a9S% UCl could not be calculated; maximum detection was used. 
=ESl not available. 

~ cu 
OJ OJ ~OJ ---_.!!! cu... ... 0 ...c 0 co ""0 cu" ... .- > .- > !::cugn ._ n ._ ::;.2!:

o c on cu c 1/1 E'-
a::e a::'" ...... cu ... c 

lIi::CU'"cu - 111 
_ 111 

e. e. ~o cO 
lIi:: ::::-

... ..- ._- ---
1.73E+OO S.SSE-01 1.43E-02 3.8SE-01 
1.0BE-02 8.BOE-03 S.00E-04 1.10E-03 
4.S0E+01 9.09E+OO S.97E-01 1.10E+01 
2.4SE-02 2.92E-02 3.00E-04 2.30E-03 

--- --- --- .--
1.44E-Ol 1.04E-Ol 3.90E-03 2.08E-02 
3.90E-03 2.90E-03 1.00E-04 4.90E·04 
1.20E-Ol 2.40E-02 1.70E-03 2.86E-02 
3.68E-02 2.33E-02 2.93E-04 7.03E-03 
2.00E+OO 3.64E..Q1 2.00E-02 4.86E-01 
4.13E-01 2.S6E-01 1.10E·02 8.14E-02 

3.33E-06 6.36E-06 2.S0E-09 4.S2E-08 

--- --- ..- _.-

--- --- --- ---
7.09E-02 4.07E-03 2.77E-02 3.39E-02 

1.0SE-Ol 8.70E-03 1.1BE-Ol 8.70E-02 
1.S2E+OO 6.S8E-02 8.S9E-01 8.49E-01 

-_. --- --- ---
--- --- --- ---
--- --- ._. ---

--- --- --- ---
S.11E+01 1.06E+01 1.7SE+OO 1.30E+01 

cu 
t::~ 

1/1 - ><::::s 
c == 0 cu c 0 111 cu u. 

1/1 0 :2: ..... 
DI.c "cu:;: ... 
~<n cuCo cu a::0 cu

C 

6.61E-02 4.14E-01 7.19E-01 4.20E-03 
1.93E+01 1.4SE+02 2.73E+02 1.SSE+OO 
7.00E-04 2.BOE-03 B.SOE-03 3.00E-04 
8.3SE-01 2.20E+01 4.S9E+01 4.18E-01 
2.S3E-02 4.47E-02 4.47E-02 9.00E-04 

--- --- --- ---
1.12E-02 4.73E-02 1.04E-Ol 2.30E-03 
S.91 E-04 2.20E-03 S.19E-03 2.00E-04 
4.40E-03 1.26E-01 2.64E-Ol 2.20E-03 
1.3SE+OO S.OOE+OO 7.S9E+OO S.OOE-02 
1.29E-02 S.10E-01 1.0SE+OO 6.78E-03 
4.89E-02 6.40E-OS 7.S7E·OS 2.99E-OS 

3.26E-03 3.6BE-03 3.78E-04 ._. 

3.10E-02 S.00E-02 3.16E-02 1.94E-041 

2.17E-02 3.43E-02 2.19E-02 1.40E-04 
9.24E-OS 6.10E-03 1.22E-02 1.91E-03 

S.S6E-OS 3.28E-03 6.67E-03 3.13E-03 
3.9SE-OS 3.76E·03 7.90E-03 1.72E-03 
2.61E-02 3.09E-02 S.12E-03 3.S9E-OS 
2.16E-Ol 2.S8E-Ol 7.18E-02 4.82E-04 
2.06E-OS 4.S2E-OS 4.71 E-OS 2.7SE-07 

2.34E-03 3.40E-03 1.80E-03 1.13E-OS 
2.19E+01 1.74E+02 3.29E+02 2.0SE+OO 
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S Table 4.3.2-3 

HQ/HI Summary of COPCs With Elimination of ESLs Less than Background-Biological Zone ~ 
~ CII .-.. .-.. .-.. CII 

CII o .-.. ... .-..... ... e CII °CII _.!!! CII t:'SCII e s::: 0 
... 0 ... 

>. ... s::: 0 s::: 0 CII 'C ... 
95% UCL, 0-5 s::: ,c .- > .- > . > .... 0 

.::: CII g CII c: 
1; m CII ,c',;; ,c ._ ,c ._ '-'> 

1/1 0
ft (mg/kg) ii: t: o u o s::: o,c ~·c 1/1 s·

CII=:c: a:CII a:s a::u 
CII ... c: 

-< CII 1/1 - ... !ll::CII"" 00> Q. :::t: I/Im ... m 0.5 g ClIO gO'-' !II:: 
---  --~-- - - .
Inorganic Chemicals 

- ._  -

Antimony 4.10E-01 NC -- -- -- -- ... -- 6.61E-02 
Barium 6.56E+02 NC --. NC 1.72E+00 S.56E-01 1.43E-02 3.8SE-01 NC 

Chromium 5.95E+OO NC NC 1.29E-02 1.0BE-02 8.75E-03 4.S8E-04 1.12E·03 7,44E-04 
Cobalt 4.18E+OO NC --. NC NC NC NC NC NC 
Copper 7.60E+OO NC NC 1.95E-02 2,4SE-02 2.92E-02 3.45E-04 2.30E-03 2.53E-02 

Iron 1.02E+04 -- _.. --. ._ -- ..  -- -_. 
Selenium 2.40E·01 NC 3.12E·02 NC 1.20E-01 2.40E-02 1.74E-03 2.86E-02 4.36E-03 

Silver 7.00E-01 NC -- S.00E-02 3.6BE-02 2.33E-02 2.92E-04 7.00E-03 NC 
Vanadium 1.02E+01 NC -- NC NC NC 2.00E-02 NC 1.29E-02 

Zinc S.37E+01 NC 1.S4E-01 5.54E-01 4.13E-01
---'-- 

2.56E-01 1.10E-02 B.14E-02 4.B9E-02 

.-- 

Acetone 1.40E-02 .- -- 3.33E-07 3.33E-06 6.36E-06 2.S0E-09 4.52E-OB 3.26E-03 
Amino-2,6-dinitrotoluene[4-] 1.80E-01 2.2SE-03 -- --. -- -- -- -- 3.10E-02 

-

Amino-4,6-dinitrotoluene[2-] 1.82E-01 2.2BE-03 -- -- ..  -- -- -- 2.17E-02 
Aroclor-1260 6.1E-02a -- .- 1.39E-01 7.09E-02 4.07E-03 2.77E-02 3.39E-02 9.24E-OS 

Bis(2-ethylhexyl)phthalate 2.00E-01 -- -- 2.00E-01 1.0SE-01 8.70E-03 1.18E-01 8.70E-02 S.S6E-OS 
DDT[44'-] 7.9E-03 a 2.14E-03 -- 3.04E+OO 1.52E+OO 6.S8E-02 8.59E-01 8.49E-01 3.9SE-OS 

HMX 1.33E+OO -- 2.66E-03 -- -- -- -- -- 2.61E-02 
RDX 2.37E+OO 2.37E-02 4.74E-03 -. .. ..  -- -- 2.1SE-01 

Toluene 3.30E-03 1.65E-OS _.. -- -" ... -- -- 2.06E-OS 
Trinitrotoluene[2,4,6-] 1.80E·01 2.S7E-01 2.S7E-01 -- -- -- -- --. 2.34E-03 

HI 2.BBE-01 4.49E-01 4.01 E+OO 4.03E+00 1.08E+OO 1.05E+00 1.48E+00 4.S8E-01 

Bold indicates HQ :> 0.3 or an HI :> 1.0. 
a 9S% UCL could not be calculated; maximum detection was used. 
NC = HQ not calculated because the ESL is < the BV . 

=ESL not available. 

---- 

- r-'-

CII 
1/1 ><::l ... 

s::: := 00 e e u..:!E tn.s:: 'C... 
~(/) CIICII a:CII 

0 

4.14E-01 NC 4.27E-03 
NC NC 1.5SE+OO 

2.83E-03 a.SOE-03 3.31E-04 
NC NC 4.18E"()1 

4.47E-02 4.47E-02 8.54E-04 
-- --. --

1.26E-01 2.64E-01 2.1BE-03 
NC NC S.00E-02 
NC NC 6.80E-03 

6.40E-OS 7.57E-OS 2.99E-OS 

3.6BE-03 3.78E-04 --
5.00E-02 3.16E-02 1.94E-04 
3,43E-02 2.19E-02 1.40E-04 
6.10E-03 1.22E-02 1.91 E-03 
3.28E-03 6.67E-03 3.13E-03-- 
3.76E-03 7.90E-03 1.72E·03 
3.09E-02 S.12E-03 3.S9E-OS 
2.3BE·01 7.1BE-02 4.B4E-04 
4.52E-OS 4.71E-OS 2.7SE-07 
3.40E-03 1.BOE-03 1.13E·OS 
9.77E"()1 4.76E-01 2.05E+OO 

=2 
~ z 
fit 
Q: 
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b. 
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iJ 
Q) 

cal 

Organic Chemicals a 
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OIl 
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~ Table 5.3.2-1 
~ Summary of Step 3: Problem Formulation 
~ 
~ COPECs and Receptors, by Media 
iii 
0- Unfiltered Water Data Used for Assessment 
m Guild suffixes: h - herbivore; 0 - omnivore; i-insectivore; f - flesh '"c. 
g 

"'C 
Dl 

<0 
(l) 

s. 

!Xl c.u 
!Xl 

~ 
<0 

" 
~ " 
c.u 

~ aGeneric aquatic community, "Final Water Quality Guidance for the Great Lakes System; Final Rule," or from New Mexico water quality standards. 

~ c.u 
f: 
~ 

"'C
s: 

COPEC 
Inorganics 

Aluminum 

Barium 

Surface Water 

aquatic community 

aquatic communitya 

Springs 

aquatic community 

aquatic community 

Alluvial Water 

aquatic community, 
shrew, deer mouse, 

bat, fox 
aquatic community 

Sediment 

Bkgnd 

Soil 

cottontail, kestrel, 
plant, fox, kestrel-f 

Bkgnd, plant 
robin-h, robin-o 

plant, robin-h, robin
0, robin-i 

deer mouse, 
cottontail, shrew 

deer mouse 

Cadmium 
Cobalt 
Copper 

Lead 
Manganese 

Silver 

Thallium 
Vanadium 

Organics 
Di-n-butyl phthalate 

HMX 

RDX 

aquatic community 
aquatic community 

aquatic community 

aquatic community 
aquatic community 

aquatic community 
aquatic community 

aquatic community 
aquatic community 

aquatic community 
aquatic community 

Bkgnd 
aquatic community 
aquatic community 

aquatic community, 
swallow 

bat 
Bkgnd 

swallow 
bat 

bat 
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~ Table 5.3.2-2 
Summaries of Soil Hazard Quotients for COPECs that Exceed One or More Screening Values ~ z s-

O" ro 
'" b. 
g 

~ 

Minimum 
Barium 

Maximum MedUCL 
7.9 
NA 
150. 

Minimum 
Copper 

Maximum MedUCL 
0.28 
2.2 

0.074 

Minimum 
0.38 

0.076 
0.097 

Lead 
Maximum 

3.3 
0.66 
0.84 

MedUCL 
2.2 
0.44 
0.56 
0.66 

-

Plant 
Invert 
Robini 

0.18 
NA 
3.4 

37. 
NA 

690. 

0.033 
0.25 

0.0087 

1.4 
11. 

0.37 
Robinip 2.1 420. 90. 0.016 

~ -

0.66 0.13 0.12 1.0 
Robinp 
Kestrel 
Kestrelf 

Cottontail 
Mouse 
Shrew 

Fox 

0.80 
0.46 

0.018 
0.59 
4.4 
8.0 

0.050 

160. 
93. 
3.7 

120. 
890. 
1600. 

10. 

34. 
20. 
0.79 
26. 
190. 
340. 
2.1 

0.024 
0.001 

0.00021 
0.022 
0.033 
0.021 

0.00049 

0.99 
0.043 

0.0087 
0.93 
1.4 

0.87 
0.02 

0.20 
0.0088 
0.0018 

0.19 
0.28 
0.18 

0.0042 

0.13 
0.0078 
0.0040 
0.010 
0.016 
0.027 

0.0013 

1.2 
0.068 
0.035 
0.088 
0.14 
0.24 

0.011 
~ -

0.77 
0.045 
0.023 
0.058 
0.093 
0.16 

0.0074 

cal 

a 

~ 
(0 

8 
~ 

~ 

~ 
~ 
~ 

, 

Silver 
Minimum Maximum 

Plant 3.2 74. 
Invert NA NA 
Robini 0.22 5.3 
Robinip 0.48 11. 
Robin~ 0.71 17. 
Kestrel 0.027 0.65 
Kestrelf 0.0048 0.11 

Cottontail 0.0035 0.083 
Mouse 0.0048 0.11 
Shrew 0.0025 0.060 

Fox 0.000057 0.0014 

Bolded values exceed criteria. 
NA =Criteria not available. 

MedUCL Minimum 
36. NA 
NA NA 
2.6 NA 
5.6 NA 
8.2 NA 

0.32 NA 
0.056 NA 
0.041 0.17 
0.056 0.19 
0.029 0.019 

0.00074 0.000086 ~ __0.1;! ~ ~ ---....-

HMX RDX 
Maximum MedUCL Minimum Maximum 

NA NA 0.0016 0.055 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

260. 11. 0.026 0.90 
290. 12. 0.031 1.1 
29. 1.2 0.007 0.24 

_Q.gQ5~ _~ _ ~ Q&OQO~L_ __0~QQ11__ 

MedUCL 
0.0072 

NA 
NA 
NA 
NA 
NA 
NA 

0.12 
0.14 

0.031 
0.00014 

il 
~ 

Diet suffixes on receptor names: i-invertebrate; p - plant; f - flesh. :s:: 
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~ Table 5.3.2-3 
~ Summaries of Drinking Water Pathway Hazard Quotients for COPEC Detected Values that Exceed One or More Screening Values 
z 
Et 
g: 
<!l 

'"a. g 

Aluminum Barium Cadmium 
Minimum Maximum MedianUCL Minimum Maximum MedianUCL Minimum Maximum MedianUCL. 

Aqcomma 0.14 1000. 15. 26. 4600. 820. 1.50 35. 8.0 
Bat 0.0010 7.6 0.11 0.030 5.3 0.94 0.000035 0.00084 0.00019 

Cottontail 0.00064 4.8 0.070 0.018 3.2 0.56 0.000022 0.00052 0.00012 
Mouse 0.0012 9.1 0.13 0.035 6.2 1.1 0.000042 0.00100 0.00023 

Fox 0.00055 4.1 0.06 0.016 2.8 0.50 0.000020 0.00047 0.00011 
Shrew 0.0014 11. 0.15 0.041 7.2 1.3 0.000050 0.00120 0.00027 
Kestrel 0.000013 0.10 0.0015 0.00013 0.023 0.0041 0.000018 0.00043 0.00010 
Robin 0.000016 0.12 0.0017 0.00015 0.027 0.0048 0.000022 0.00052 0.00012 

Swallow 0.000027 0.20 0.0030 0.00026 0.046 0.0082 0.000037 0.00088 0.00020 

"tl 

III 


<lj! 

o 
~.~~ ~-:>,..:-

-' .;::. 

~,--, 
tv
W' -. 
s. Bolded values exceed criteria. 

~". , .....:.., aGeneric Aquatic Community. 

Cobalt Manganese Silver 
Minimum Maximum MedianUCL Minimum Maximum MedianUCL Minimum Maximum MedianUCL 

Aqcomma 0.18 5.9 2.2 0.021 54. 1.3 2.5 20. 8.1 
Bat 0.0045 0.15 0.054 6.3E-06 0.016 0.00039 0.0074 0.060 0.024 

Cottontail 0.0027 0.088 0.032 3.8E-06 0.0096 0.00023 0.0044 0.036 0.014 
Mouse 0.0054 0.18 0.065 7.4E-06 0.019 0.00045 0.0089 0.072 0.029 

Fox 0.0023 0.077 0.028 3.3E-06 0.0085 0.00020 0.0039 0.031 0.013 
Shrew 0.0061 0.20 0.073 8.9E-06 0.023 0.00055 0.010 0.081 0.033 
Kestrel 0.0034 0.11 0.041 3.6E-07 0.00092 0.000022 0.000020 0.000016 0.000064 
Robin 0.0039 0.13 0.046 4.1 E-07 0.0011 0.000025 0.000023 0.00019 0.000076 

Swallow 0.0066 0.22 0.079 7.4E-07 0.0019 0.000045 0.000040 0.00033 0.00013 
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~ Table 5.3.2-4 
Summaries of Sediment Hazard Quotients for COPEC Detected Values that Exceed One or More Screening Values 

6i 
2: 
5l 
~ 

1J 
(Q '" (1) 

Barium 
~--

Minimum Maximum 

Bata 1.9 4800 

SwalloW> 0.019 47 

AqCommC 0.13 330 

Silver 

Minimum Maximum 

Bata 2.3 130 

Swallowb 0.014 0.76 

AqCommC 0.28 15 

Median 
UCL 

Minimum 

no 9.2 

7.5 15 

53 NAd 

Median 
Minimum

UCL 
-

30 0.68 

0.18 NA 

3.6 NA 

Cobalt Copper Lead 
-

Median Median
Maximum 

UCL 
Minimum Maximum 

UCL 
Minimum Maximum 

200 52 0.0070 0.33 0.053 0.019 0.64 

320 85 0.0029 0.14 0.022 0.Q35 1.2 

NA NA 0.075 3.6 0.57 0.11 3.8 

Thallium Vanadium DI-n-butylphthalate 

Maximum 
Median 

Minimum Maximum 
Median 

Minimum Maximum
UCL UCL 

-

16 5.9 0.041 4.2 1.3 0.000076 0.0059 
-

NA NA 0.13 13 4.0 0.54 42 

NA NA NA NA NA 0.012 0.91 

Median 
UCL 

0.12 

0.21 

0.68 

Median 
UCL 

0.0015 
-

10 

0.23 

a HMX RDX 

Minimum Maximum Median 
UCL 

Minimum Maximum 
Median 

UCL 

Ba~ 0.0027 0.49 0.055 0.0046 0.95 0.051 

SwalloW> NA NA NA NA NA NA 

AqQol11mc NA -_.... --
NA NA 

- -
NA NA NA 

Bolded values exceed criteria. 
~ aEmergent insect ingestion pathway. 
~ bEmergent insect ingestion pathway. 
<0 

cGeneric sediment insect community. ~ 
b dScreening ESL not available. 
eM 
o NA = Criteria not available. ... 
(;) 

~ 
eM 

~ .... 
~ 

1J 
!: 
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0ro 
UJ 

0. 
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-----

Canon de Valle 
Deer Mousea 

Montane Voleb 

Totals 
Pajarito Canyon 
Deer Mouse 
Montane Vole 
Totals 

§ aperomyscus manicu/atus. 
~ bMicrotus montanus. 
~ Cperomyscus boy/ii. 
~ dPeromyscus truei. 

eReithrodontomys mega/otis. 
Weotoma mexicana. 

Non- Non-
Juvenile Juvenile Pregnant Lactating Scrotal

Reproducti ScrotalFemale Male Female Female Male
ve Female Male 

-------- ______L __ 

Spring 2001 

-----------

2 1 2 3 5 8 
1 3 

2 1 3 3 8 8 
----------

2 2 4 
-----------

1 
2 2 5 

Totals 

--------

21 
4 

25 

8 
1 
9 

Table 5.5.1-1 

Canon de Valle Small Mammal Trapping Results for Spring and Fall 2001 


Number of Individuals by Species and Reproductive Status 


Fall 2001 
Canon de Valle 

g, 

0> 
(.) 
0> 
(.) ..... 
co 
~ 
o 
(.) 

o ..... 
(3 

Deer Mouse 
Brush Mousec 

Pinion Moused 
Western Harvest Mousee 

Wood Ratf 
Totals 
Pajarito Canyon 
Deer Mouse 
Brush Mouse 
Wood Rat 
Totals 

6 3 3 6 5 2 
1 1 7 8 

1 
2 2 2 1 2 3 

4 
8 5 3 5 16 20 2 

2 2 1 . 5 6 
-------.------

1 
1 1 3 2 1 

1 1 1 
2 3 3 8 9 3 

25 
17 
1 

12 
4 

59 

17 
8 
3 
28 



Table 5.5.1-2 

Deer Mouse Population Density Estimates by Trapping Grid and Season 


, 
Location 

Spring 2001 
individuals/ha (±95% CI) 

Fall 2001 
individuals/ha (±95% CI) 

Canon de Valle, Upper Grid 10.5(41 NAa 
Canon de Valle, Lower Grid 24 (9) 144 (66) 
Pajarito Can~on, Upper Grid 7.1 (3.8) 11.3 (7.5) 
Pajarito Canyon, Lower Grid 9.1 (4.1) 18.7 (8) 

aPopulation density not calculated because new capture data are non-linear (5,4,8,6). See text for 
explanation. 
CI :::; Confidence level. 
ha :::; Hectare. 
NA :::; Not applicable. 

I 
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Table 5.5.1-3a 

Small Mammal Weights, Spring and Fall 2001 


Data Summaries and Statistical Testing for Differences Between 

Canyons and Sexes within a Species 


Group (n) Min. 1st atr. Median Mean 
Spring 2001 Deer Mouse Data Summary 
CdV Males (13) 13.5 15.00 

. CdV Females (6) 15.0 17.25 
Pajarito Males (6) 16.0 18.25 

• Pajarito Females (2) 17.0 17.75 
Fall 2001 Deer Mouse Data Summary 
CdV Males (7) 15.0 15.50 

• CdV Females (9) 13.0 19.00 
Pajarito Males (7) 14.5 15.55 
Pajarito Female$ (8) 14.5 16.50 
Fall 2001 Brush Mouse Data Summary 
CdV Males (8) 14 15.0 
CdV Females (9) 12 14.5 

i Pajarito Males (3) 18 18.5 
• Pajarito Females (5) 19 19.0 

Fall 2001 Wood Rat Data Summary 
CdV Males (4) 130 130 
Pajarito Males (2) 92 111 
Pajarito Females (1) 130 I 130 

16.00 
18.25 
19.50 
18.50 

16.5 
21.0 
19.0 
18.0 

17.25 
14.80 
19.00 
20.00 

138 
130 
130 

17.77 
18.58 
20.17 
18.50 

16.93 
19.50 
17.66 
18.06 

17.75 
16.64 
18.83 
20.10 

139 
130 
130 

3rd atr. 

20.00 
19.62 
20.00 
19.25 

17.5 
22.0 
19.5 
19.5 

18.62 
18.00 
19.25 
20.50 

147 
149 
130 

Max. ! 

! 

25 
23 
28 
20 

21 
22 
20 
22 

25.0 
24.0 ! 

19.5 i 

22.0 ! 

150 
168 
130 

Max. == Maximum. 
Min. == Minimum. 
Qtr. =Quarter. 

.'"
, 
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Kruskal-Wallis Rank Sum Test 
P-Value . 

ANOVA P-Value 

Four groups Two groups Four groups Two groups 
Spring 2001 Deer Mouse 0.60 0.24 0.60 0.24 
Fall 2001 Deer Mouse 0.23 0.55 0.29 0.62 
Fall 2001 Brush Mouse 0.11 0.024 0.27 0.074 
Fall 2001 Wood Rat -- 0.71 -- 0.66 

Table S.S.1-3b 

Small. Mammal Weights, Spring and Fall 2001 


Statistical Testing for Differences Between 

Canyons and Sexes within a Species 


! 


ANOVA ::;; Analysis of variance. 

= Test could not be run due to lack of CdV females. 


I 
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Table 5.5.1-4 

TRVs for Top Carnivore Receptors and ESLs for Whole Small Mammals Associated with Canon 


de Valle COPECs 


ICOPEC TRV, mglkg-d 
Lab Study 
Organism 

Risk Screening 
Receptor 

Mexican 
Spotted Owl 
ESL, mgjkg 

Barium 12.6 Chicken Kestrel 63 
Lead 5.1 Kestrel Kestrel 25 

i Silver 5.4 Turkey Kestrel 27 
COjlper 47 Chicken Kestrel 235 
HMX 75 Mouse Fox 375 
RDX 10 Rat Fox 50 

The NOAEL calculation is as follows: 
Dose, mg for NOAELowl =TRV x 0.6 kg Owl Body Weight 

NOAEL mg/kg owl (Dose /120 g/d Owl Intake Rate) x 1000 g/kg 
ESL= NOAEL 

NOAEL No-observed-adverse-effect level. 
TRV ::= Toxicity Reference Value. 
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Table 5.5.2-1 

Sensitive Species Metrics for Canon de Valle Relative to Three Reference Sites 


I Canon de Valle 
(2.6)a 

Los Alamos 
Canyon (13.0) 

Pajarito Canyon 
(9.0) 

Guaje Canyon 
110.0) 

EPT 6 18 10 16 
EPTJEPT + 
Chironomids 

0.66 0.25 0.84 0.90 

CDTq 91.0 71.4 80.0 62.0 

aNumbers in parentheses indicate miles upstream from the mouth of the canyon. 

CDTq ;:;: Community tolerance dominance quotient. 

EPT ;:;: Ephemeroptera, plecoptera, and trichoptera. 
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Table S.S.2-2a 

Data Summaries of Sediment and 


Water Toxicity Testing with Chironomus ten tans 


Group Min. 1st atr. Median Mean 3rd atr. Max. 
Percent Survival Data Summaries 
Starting number is 10 individuals per replicate, with 8 replicates per site 
Starmer's Gulch = 60 77.5 90 82.5 90 90 
Above MDA P 30 60.0 75 68.75 80 90 I 

Below MDA P 70 80.0 90 86.25 90 100 
Growth Data Summaries 
Ash-free dry weight, mg/individual, based upon surviving individuals 
Starmer's Gulch 0.34 0.43 0.44 0.4356 0.46 0.52 

• Above MDA P 0.34 0.35 0.37 0.3756 0.38 0.44 
Below MDA P 0.35 0.37 0.39 0.3956 0.40 0.50 
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Table 5.5.2-2b 

Statistical Evaluations of Sediment and 


Water Toxicity Testing with Chironomus tentans 

Pairwise Comparisons Using Wilcoxon Rank Sum Test and Student's t Test 


Survival 
Starmar's Gulch Above MDA P Below MDA P 


Starmer's Gulch 
 Wilcoxon, p=O.08 I Wilcoxon, p=O.64 
Student's t, p=O.10 ' Student's t, p=O.49 

tj Wilcoxon, p=O.03 
Student's t, e=O.01 

Above MDA P t Wilcoxon, p=O.03 ] --
Student's t, ~=O.O3

IBelow MDA P Wilcoxon, p=O.10 'i\t;UJ<.UIl p=O.27 --
Student's t, p=O.10 Student's t, p=O.28 

Growth 
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Table 5.7~1 


Data Summaries of Detected Values for MDA P Area Soils and Canon de Valle Overbank Soils 


Min. 1st Qtr. Median Mean 3rd Qtr. Max. Detects I 
MDA P Area Soils I 

Barium 18.7 120 200.5 538.7 503 6630 70 I 

RDX 0.069 0.2625 0.73 3.176 2.125 37 36 i 
Aluminum 2630 5542 7305 7926 9750 19900 70 
Cadmium 0.04 0.0665 0.087 0.1545 0.12 1.4 23 
Cobalt 0.69 2.125 3.35 3.954 4.075 44.7 70 
Copper 0.68 3.9 5.1 7.373 8.275 36.8 70 
HMX 0.118 0.5725 1.05 2.828 2.425 16 32 

! Lead 3.8 8.325 10.45 12.18 13.87 61.5 70 
Manj1anese 30.9 179 225 257.6 298.8 1290 70 

! Silver 0.099 0.165 0.73 2.146 1.5 15.8 15 
Vanadium 2.9 8.3 12.2 12.89 15.3 29.3 69 
Canon de Valle Overbank Soils i 

I 

! 
i Barium 184 4430 5620 9264 9575 37300 30 

RDX 0.16 0.32 0.49 0.8833 0.72 5.5 21 
Aluminum 3030 4312 5370 5316 6332 8880 30 j 
Cadmium 0.06 0.085 0.22 0.309 0.4075 1.1 10 
Cobalt 1.50 4.175 5.30 6.703 7.3 17.5 30 ! 

Copper 3.30 14.3 24.55 26.53 29.4 139 30 
HMX 0.19 0.8 1.60 16.47 12 290 27 I 
Lead 7.60 28.18 36.30 35.59 44.50 65.9 30 I 
Manganese 75.2 278.8 341 341 378.50 980 30 I 

Silver 
. Vanadium 

0.63 
8.90 

2.675 
11.98 

3.60 
14.3 

5.478 
14.35 

8.050 
15.7 

14.9 
21.2 

28 
30 

I 
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Table 5.7-2 

Statistical Comparisons of Canon de Valle COPECs to MDA P Area Soils 


Quantile Test p-value COPEC Gehan Test E!-value 
Aluminum 0.000049 0.0021 
Barium 1.0 1.0 

*Cadmium 0.033 
Cobalt 1.0 1.0 
Copper 1.0 1.0 

* 1.0HMX 
Lead 1.0 1.0 

IManganese 1.0 1.0 
*RDX 1.0 
*• Silver 1.0 

Vanadium 1.0 0.99 

*Insufficient number of detects for the statistical test. 
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Figure 5.2.1-1. Down-canyon Profile of 

Barium Concentrations for the Overbank Soils 
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Figure 5.2.1-2. Down-canyon Profile of 

Barium Concentrations for the Active Channel Sediments 
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Figure 5.2.2-1 

COPEC Concentrations by Geomorphic Feature 

Sample sizes: c2 = 10; c3 =12; f1 =6; lowc3 =2 
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Figure 5.5.1-2 

Figure 3. Deer Mouse Contaminant Body Burdens 

Numbers above data groups are detects (solid symbol) 


and nondetects (open symbol) 
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Figure 5.5.1-2 

Figure 3. Deer Mouse Contaminant Body Burdens 

Numbers above data groups are detects (solid symbol) 


and nondetects (open symbol) 
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Attachnlent 1 to Appendix A 


Ecological Scoping Checklist 




Risk Assessments for the MDA P Area 

1.0 ECOLOGICAL SCOPING CHECKLIST 

1.1 MDA P Area 

Part A-Scoping Documentation 

Site ID MDAPArea 

Form of site releases (solid, The primary mechanism of release at the MDA P Area is related to the 
liquid, vapor). Describe all former material disposal operations (leaching of contaminants from debris 
relevant known or suspected and soil at the site). Solid material and debris comprise the majority of the 
mechanisms of release (spills, site releases associated with the former MDA P (SWMU 16-018), the 387 

i dumping, material disposal, Flash Pad [SWMU 16-016(b)], and the consolidated SWMU 16-016(c)-99, 
i outfall, explosive testing, etc.) which is comprised of the TA-16-386 Flash Pad, a former barium nitrate 
and describe potential areas of pile, and septic tank [SWMU 16-010(a), SWMU 16-016(c), and SWMU 16
release. Reference locations on 006(e), respectivelY]. Regardless of the release mechanism, the potentially 
a map as appropriate. contaminated media at the site include surface and subsurface soil and 

tuff. 
i List of Primary Impacted Media Surface soll- X Residual COPC concentrations have been measured in 
(Indicate all that apply.) surface soil and tuff remaining at the site. 

Surface water/sediment  X Transport to the Canon de Valle, which is 
downgradient of the MDA P Area, may have impacted surface water and 
sediment within the canyon. 

FIMAD vegetation class based 
on Arcview vegetation 
coverage 
(Indicate all that apply.) 

Subsurface - X Residual COPC concentrations have been measured in 
the subsurface soil and tuff of the site. 

Groundwater 

Other explain-
Water-
Bare Ground/Unvegetated - X 
Spruce/fir/aspenlmixed conifer - X (Rocky Mountain Montane) 

Ponderosa pine 
Pinon juniper/juniper savannah 

Grassland/shrubland - X (stabilized areas of the MDA P Area) 
Developed X (in the surrounding TA-16 High Explosives [HE] Exclusion 
Area) 

Undisturbed habitat proximal to the MDA P Area (beyond the Phase I 
excavation area) is Rocky Mountain Montane mixed conifer forest. The 
MDA P Area footprint (the area of removal activities), however, has been 
heavily disturbed, including the deforestation and denuding of all mature, 
native vegetation, and to a large extent, the removal of surface soilltopsoil 
at the site . 

. Slope stabilization operations included the seeding (with native grasses) of 
i some steeply sloped areas with surface soil remaining that were 
determined to be highly prone to erosion. Additionally, the approximate 
southern third of the area was reclaimed after the Phase I excavation was 
completed. Reclamation activities included: the filling of excavated areas 
with soil that was from the site but which met the pre-determined soil clean
up criteria; stabilization (if needed); and reseeding. Grasses and ruderal 
plants, typical of disturbed areas, currently inhabit the stabilized and 
reclaimed seeded 
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MDA P Closure Certification Report 

I Is T&E Habitat Present? Habitats suitable for T&E species have not been identified at the MDA P I 
I If applicable, list species Area. Occupancy within Canon de Valle, downgradient of the MDA P Area, I 

• known or suspected to use the by the Mexican spotted owl (a threatened species) has been confirmed . 
site for b reeding or f0C'-ra=!lg~ii=ng~.•,--~(LA:;;:--:.::N-,,-,L=--:..;19::;.::9:...=8-'c:'5;:;.;9::;.::8:...=9-;;-1)<;.. --==-:-:c-:-:"":"-:-::-----:-:=-=-;;;;:--:-------,~__:_::__:7~:__:-__l 
Provide list, of Neighboringl 
Contiguousl Up-gradient sites, 
includes a brief summary of 
COPCs and the form of 
releases for relevant sites and 
reference a map as appropriate. 
(Use this information to 
evaluate the need to aggregate 

I sites for screening.) 
Surface Water Erosion 
Potential Information 
Summarize information from 
SOP-2.01, including the runoff 
subscore (maximum of 46); 
terminal point of surface water 
transport; slope; and surface 
water run-on sources. 

The aggregation of the SWMUs at the MDA P Area, as listed in the first 
question of Part A of this Scoping Checklist, was agreed upon prior to the 
completion of this checklist. (Details of this aggregation can be found in 
LANL 1999,63546). 

'---___________-I.....\/;.:,.:a::.;.l1;.;;;:e"'-.___. ..___--' 

Part B-Site Visit Documentation 

I 

Receptor Information: 

Vegetative cover within the MDA P Area footprint is less than 30%. The 
terminal point for surface water runoff is Canon de Valle, directly 
downgradient of the MDA P Area. Up-gradient slopes directly adjacent to 
the M DA P Area are on the top of the mesa on which TA-16 is located and 
average less than 30%. The elevation of the MDA P Area decreases 
significantly from the southernmost portion of the site near the road (with 
slopes generally less than 10%) to the area adjacent to the Canon de Valle 
(steep slopes in excess of 30%). Currently, run-on is directed away from 
the site into adjacent (but different) watersheds, using natural and 
engineered landscape features. Runoff is generally diverted to the west 
and east ofthe site, into channels that terminate in Canon de Valle. Erosion 
of the topsoil that remains at the site (in the Biological Zone) has largely 
been mitigated by the implementation of BMPs, including slope 
stabilization and erosion control measures. The erosion potential was 
determined to be 69.3 in 1997 (prior to completion of excavation), with the 
majority of this (35) due to runoff which terminates in the Canon de Valle. 

The topography of the MDA P Area footprint is relatively isolated. Run-on 
i from areas at higher elevations than the footprint is controlled by natural or 
·engineered landscape features. Note that the terminal point of runoff from 
the footprint is the downgradient Canon de Valle, which receives runoff 
from a number of upgradient sources that also terminate in the Canon de 

Estimate cover Relative vegetative cover (high, medium, low, none) = 

Exposed Tuff Zone: Low to none. Mature vegetation has been removed 

from the site, as a result of the excavation activities. 


Biological Zone: Low to medium. The vegetative cover in the reclaimed 

areas consists of grasses and ruderal plants typical of disturbed areas. 

The vegetative cover in the undisturbed areas consists of native, Rocky 

Mountain Montane mixed conifer forest habitat. 


Relative wetland cover (high, medium, low, none) = None. 

Relative structures/asphalt, etc. (high, medium, low, none) =None. 
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Risk Assessments for the MDA P Area 

Field notes on the FIMAD 
vegetation class to assist in 
ground-truthing the Arcview 
information 

Exposed Tuff Zone: Mature vegetation has been removed from this portion 
of the site, as a result of the excavation activities. 

Biological Zone: The vegetative cover in the reclaimed areas consists of 
grasses and ruderal plants typical of disturbed areas and is consistent with 
the FIMAD grassland/shrubland vegetation class. The vegetative cover in 
the undisturbed areas consists of native, Rocky Mountain Montane mixed 
conifer forest habitat. 

The vegetation description provided here was confirmed during a site visit, 
August 28, 2002. 

Field notes on T&E Habitat, if 
applicable. Consider the need 
for a site visit by a T&E subject 
matter expert to support the 
use of the site by T&E 
receptors. 

Occupancy by the Mexican spotted owl has been confirmed in an area of 
Carion de Valle that is downgradient of the reach of the ca nyon that 
receives runoff from the MDA P Area footprint (LANL 1998, 59891). The 
MDA P Area itself-due to the heavy disturbance caused by the 
excavation activities, the lack of surface soil across much of the site, the 
denuding of mature native vegetation,and the surface exposure of much 
of the site to the underlying tuff-does not currently provide viable habitat 
that can support mature vegetation or habitat for T&E animals. However, 
potential foraging by ecological receptors may occur at the site. 

The habitat type was confirmed in a site visit, Auaust 28 2002. 
Are ecological receptors 
present at the site? 
(yes/no/uncertain) 
Describe the general types of 
receptors present at the site 
(terrestrial and aquatic), and 
make notes on the quality of 
habitat present at the site. 

Exposed Tuff Zone: Yes. Mature vegetation has been removed from the 
site, as a result of the excavation activities. Surface anomalies and cracks 
in the tuff tend to accrete fine materials/deposits that can become suitable 
microhabitats for plants. Thus, some isolated, opportunistic plants are 
found in the Exposed Tuff Zone. Evidence of animal receptors (as was 
found in the biological inclusion zone) was not observed in the Exposed 
Tuff Zone, though limited visiting (e.g., travel across this portion of the site) 
may occur. The "habitat" in this area is of poor quality and foraging by 
animals can be excluded for this portion of the site. 

Biological Zone: Yes. The vegetative cover in the reclaimed areas consists 
of grasses and ruderal plants typical of disturbed areas; though 
successional/transitional, the plants appeared healthy and the habitat 
quality of the reclaimed areas appeared sufficient for supporting significant 
foraging by animals. The vegetative cover in the adjacent, undisturbed 
areas consists of native, Rocky Mountain Montane mixed conifer forest 
habitat, which did not appear to differ in quality from more distal areas of 
similar habitat. Pollinating insects were observed (most likely small bees). 
Evidence of small mammal use was noted during the site visit (August 28, 
2002), including mounding of soil (assumed to be caused by foraging or 
burrowing activities). Also, elk tracks and fecal deposits were noted during 
the site visit. 
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Contaminant Transport Information: 

Surface water transport Vegetative cover within the entire MDA P Area footprint is less than 30%. 
Field notes on the erosion The terminal point for surface water runoff is Cal'ion de Valle, directly 
potential, including a ! downgradient ofthe MDA P Area. Up-gradient slopes directly adjacent to 
discussion of the terminal the MDA P Area are on the top of the mesa on which TA-16 is located and 
point of surface water average less than 30%. The elevation of the MDA P Area decreases 
transport (if applicable). • significantly from the southernmost portion of the site near the road (with 

slopes generally less than 10%) to the area adjacent to the Canon de Valle 
(steep slopes in excess of 30%). Currently, run-on is directed away from 
the site into adjacent (but different) watersheds, using natural and 
engineered landscape features. Runoff is generally diverted to the west 
and east of the site, into channels that terminate in Cal'ion de Valle. 
Erosion of the topSOil that remains at the site has largely been mitigated by 
the implementation of BMPs, including slope stabilization and erosion 
control measures. 

Are there any off-site transport Surface Water: Yes. Run-on is directed away from the site into adjacent 
pathways (surface water, air, (but different) watersheds, using natural and engineered landscape 

or groundwater)? 
 features. Run-on is estimated to be low. Runoff is generally diverted to the 
(yes/no/uncertain) west and east of the Site, into channels that terminate in Canon de Valle. 
Provide explanation Runoff is expected to be in direct proportion to the amount and intensity of 

precipitation at the site. 

Air: Yes. Transport of COPECs via dust may occur. 

Groundwater: No. The low, average precipitation at the site and the 250+ 
meter (850+ feet) depth to groundwater (LANL 1995,58713) preclude the 
pathway to groundwater, Le., evapotranspiration rates far exceed 
infiltration rates. Additionally, a focused geochemical study of the site 
provides evidence that saturated conditions, as are found along the Cation 
de Valle stream, do not extend laterally to produce a perched water table 
beneath the MDA P Area (see Annex III to this closure report). 

Interim action needed to limit No. Off-site transport of the topsoil remaining at the MDA P Area has 

off-site transport? 
 largely been mitigated by the implementation of BMPs, including 

(yes/no/uncertain) 
 revegetation, slope stabilization, and erosion control measures. 

Provide explanation/ 

recommendation to project 


I leag for IA SMDP. 

Ecological Effects Information: 

Physical Disturbance 
(Provide list of major types of 
disturbances, including 
erosion and construction 

• activities, review historical 
. aerial photos where 
appropriate.) 
Are there obvious ecological 

I effects? 
• (yes/no/uncertain) 
Provide explanation and 
apparent cause (e.g., 

I contamination, physical 
disturbance, other). 

Disturbances associated with the excavation of the MDA P Area dominate 
the site. The site has been heavily disturbed, including the deforestation 
and denuding of all mature, native vegetation, and to a large extent, the 
removal of surface soil at the site. 

Yes. Disturbances associated with the excavation of the MDA P Area 
dominate the site. The site has been heavily disturbed, including the 
deforestation and denuding of all mature, native vegetation, and to a large 
extent, the removal of surface soil at the site. Adverse effects of residual 
contamination at the site were not observed during the site visit (August 
28, 2002); in contrast, the vegetation appeared to be healthy. 
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Interim action needed to limit 
apparent ecological effects? 
(yes/no/uncertain) 
Provide explanation and 
recommendations to mitigate 
apparent exposure pathways 
to project lead for IA SMDP. 

No. 

ExposureITransport Pathways: 

If there are no complete exposure pathwavs to ecological receptors onsite and no transport pathways 
to offsite receptors, the remainder of the checklist should not be completed. Stop here and provide 
additional explanation/justification for proposing an ecological No Further Action recommendation (if 
needed). At a minimum, the potential for future transport should include likelihood that future 
construction activities could make contamination more available for exposure or transport. 

Not<:ip licable. 

Part C-Ecological Pathways Conceptual Exposure Model 

Question A: 

Could soil contaminants reach receptors via vapors? 

Volatility of the hazardous substance (volatile chemicals generally have Henry's Law constant 
>10-5 atm-me/mol and molecular weight <200 g/mol). 

Answer (likely/unlikely/uncertain): Unlikely. 

Provide explanation: Two volatile organic compounds (VOCs) were detected in confirmation samples 
taken from the Biological Zone: acetone and toluene. Potential exposure to these VOCs is not expected to 
cause adverse ecological effects because only one sample had detections of these COPCs and the detec
tions were at very low concentrations (below associated EQLs). 

Question B: 

Could the soli contaminants reach receptors through fugitive dust carried in air? 

Soil contamination would have to be on the actual surface of the soil to become available for dust. 

In the case of dust exposures to burrowing animals, the contamination would have to occur in the 
depth interval where these burrows occur. 

Answer (likely/unlikely/uncertain): Likely. 

Provide explanation: COPCs at the MDA P Area have been identified in samples taken from surface soil 
and tuff. Dust exposure to COPCs in tuff is expected to be a minor pathway to all potential ecological 
receptors due to the weathering that must occur to the tuff prior to exposure- weathering which is best 
described in terms of geologic time. Dust exposure to burrowing animals may occur if residual 
contamination occurs in the same depth interval as the burrows. However, the current conditions of the site 
largely preclude the development of burrowing animal populations, for three reasons: first, the tuff itself 
cannot be developed as a burrow; second, the soil that remains at the site within the Biological Zone is 
generally shallow « 5 feet); and third, suitable habitat proximal to the MDA P area is likely to be preferred 
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by potential ecological receptors. Thus, while containing small areas/microhabitats with soil suitable for 
burrow development, the site as a whole has less-than-prime habitat and though individual burrows may 
exist, entire breeding populations of burrowing animals are not anticipated to use the site. 

Question C: 

Can contaminated soil be transported to aquatic ecological communities (use SOP-2.01 runoff 
score and terminal point of surface water runoff to help answer this question)? 

If the SOP-2.01 runoff score* for each SWMU included in the site is equal to zero, this suggests that 
erosion at the site is not a transport pathway. (* Note that the runoff score is not the entire erosion 
potential score, rather it is a subtotal of this score with a maximum value of 46 points). 

If erosion is a transport pathway, evaluate the terminal point to see if aquatic receptors could be 
affected by contamination from this site. 

Answer (likely/unlikely/uncertain): Likely. 

Provide explanation: Erosion is expected to be the primary transport mechanism for COPCs from the 
MDA Area. The detailed geochemical study of the MDA P Area concludes that the current conditions 
promote runoff, which is consistent with the erosion runoff score of 35, that was determined in 1997 for the 
site prior to the completion of the excavation activities. There are potential ecological receptors at the 
terminal point of transport, downgradient in the Cation de Valle. 

Question p: 

Is contaminated groundwater potentially available to biological receptors through seeps or springs 
or shallow groundwater? 

Known or suspected presence of contaminants in groundwater. 

The potential for contaminants to migrate via groundwater and discharge into habitats and/or 
surface waters. 

Contaminants may be taken up by terrestrial and rooted aquatic plants whose roots are in contact 
with groundwater present within the root zone (-1 m depth). 

Terrestrial wildlife receptors generally will not contact groundwater unless it is discharged to the 
surface. 

Answer (likely/unlikely/uncertain): Unlikely. 

Provide explanation: There are no seeps or springs in the MDA P Area and depth to groundwater is 
approximately 850 feet below ground surface (bgs). Additionally, a focused geochemical study of the site 
provides evidence that saturated conditions, as are found along the Canon de Valle stream, do not extend 
laterally to produce a perched water table beneath the MDA P Area (see Annex III to this closure report). 

Question E: 

Is infiltration/percolation from contaminated subsurface material a viable transport and exposure 
pathway? 

Suspected ability of contaminants to migrate to groundwater. 
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The potential for contaminants to migrate via groundwater and discharge into habitats and/or 
surface waters. 

Contaminants may be taken up by terrestrial and rooted aquatic plants whose roots are In contact 
with groundwater present within the root zone (-1 m depth). 

Terrestrial wildlife receptors generally will not contact groundwater unless it is discharged to the 
surface. 

Answer (likely/unlikely/uncertain): Unlikely. 

Provide explanation: Due to the low annual regional precipitation and the depth to groundwater 
(approximately 850 feet bgs), contaminant transport to the aquifer is unlikely. Additionally, a focused 
geochemical study of the site provides evidence that saturated conditions, as are found along the Canon 
de Valle stream, do not extend laterally to produce a perched water table beneath the MDA P Area (see 
Annex III to this closure report). 

Question F: 

Might erosion or mass wasting events be a potential release mechanism for contaminants from 

subsurface materials or perched aquifers to the surface? 


"rhis question is only applicable to release sites located on or near the mesa edge. 


Consider the erodability of surficial material and the geologic processes of canyon/mesa edges. 


Answer (likely/unlikely/uncertain): Unlikely. 


Provide explanation: Erosion is the primary transport mechanism of COPCs from the MDA P Area. 

However, the transport rates of COPCs are directly linked to the slow rate of weathering of the tuff, which is 
not likely related to mass wasting. The MDA P Area is not located on or near a mesa edge. 

Question G: 


Could airborne contaminants interact with receptors through respiration of vapors? 


Contaminants must be present as volatiles in the air. 


Consider the importance of inhalation of vapors for burrowing animals. 


Foliar uptake of organic vapors is typically not a significant exposure pathway. 


Provide quantification of exposure pathway (O=no pathway, 1 =unlikely pathway, 2=minor pathway, 

3=major pathway): 


Terrestrial Plants: 1 


Terrestrial Animals: 1 


Provide explanation: While exposure may be possible to burrowing animals in the deeper soils remaining 

at the site, VOCs were detected in only one confirmation sample within the Biological Zone at 
concentrations below the associated EQLs. 
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Question H: 

Could airborne contaminants interact with plants through deposition of particulates or with 
animals through inhalation offugitive dust? 

Contaminants must be present as particulates in the air or as dust for this exposure pathway to be 
complete. 

Exposure via inhalation of fugitive dust is particularly applicable to ground-dwelling species that 
would be exposed to dust disturbed by their foraging or burrowing activities or by wind movement. 

Provide quantification of exposure pathway (O=no pathway, 1=unlikeJy pathway, 2=minor pathway, 
3=major pathway): 

Terrestrial Plants: 2 

Terrestrial Animals: 2 

Provide explanation: Limited exposure is expected to burrowing animals that may disturb surface soils in 
the search for the limited areas at the site with deeper soils remaining. Also, while some foraging may 
occur by surface-dwelling species, the lack of suitable habitat within much of the MDA P Area likely 
renders portions of the site more as a traffic "corridor" for wildlife (for which only incidental exposure to 
COPCs is expected) than as appropriate habitat for significant burrowing or foraging activities. Dust 
exposure to COPCs in tuff is expected to be a minor pathway to all potential ecological receptors (plants 
and wildlife) due to the weathering that must occur to the tuff prior to exposure-weathering which is best 
described in terms of geologic time. Dust exposure to burrowing animals may occur if residual 
contamination occurs in the same depth interval as the burrows. However. the current conditions of the site 
largely preclude the development of burrowing animal populations, for three reasons: first, the tuff itself 
cannot be developed as a burrow; second, the soil that remains at the site within the Biological Zone is 
generally shallow « 5 feet); and third, suitable habitat proximal to the MDA P area is likely to be preferred 
by potential ecological receptors. Thus, while containing small areas/microhabitats with soil suitable for 
burrow development, the site as a whole has less-than-prime habitat and though individual burrows may 
occur, entire breeding populations of burrowing animals are not anticipated to use the site. 

Question I: 

Could contaminants interact with plants through root uptake or rain splash from surficial soils? 

Contaminants in bulk soil may partition into soil solution, making them available to roots. 

Exposure of terrestrial plants to contaminants present In particulates deposited on leaf and stem 
surfaces by rain striking contaminated soils (i.e., rain splash). 

Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway, 
3=major pathway): 

Terrestrial Plants: 2 

Provide explanation: Residual contaminants in soil could be taken up through plant roots. However, 
vegetative ground cover at the site is limited to undisturbed areas and reclaimed areas in the Biological 
Zone. Plants are not expected to be exposed to residual contamination that may be present in the Exposed 
Tuff Zone at concentrations capable of causing population-level effects. Exposure to COPCs in tuff is 
expected to be a minor pathway due to the weathering that must occur to the tuff prior to exposure. 
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Question J: 

Could contaminants interact with receptors through food web transport from surficial soils? 

The chemicals may bioaccumulate in animals. 

Animals may ingest contaminated food items. 

Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway, 
3=major pathway): 

Terrestrial Animals: 2 

Provide explanation: The following bioaccumulators (as defined by the EPA's Persistent Bioaccumulative 
and Toxic Chemical Program) were detected in confirmatory samples taken from the biological zone of the 
MDA P Area: Aroclor-1260 and DDT [4,4]. However, these COPCs were detected in one sample and at 
very low concentrations. 

Question K: 

Could contaminants interact with receptors via incidental ingestion of surficial soils? 

Incidental ingestion of contaminated soil could occur while animals grub for food resident in the 
soil, feed on plant matter covered with contaminated soil or while grooming themselves clean of 
soil. 

Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway, 
3=major pathway): 

Terrestrial Animals: 2 

Provide explanation: While some foraging may occur by surface-dwelling species, the lack of suitable 
habitat within much of the MDA P Area likely renders portions of the site more as a traffic "corridor" for 
wildlife (for which only incidental exposure to COPCs is expected) than as appropriate habitat for 
significant burrowing or foraging activities. Dust exposure to COPCs in tuff is expected to be a minor 
pathway to all potential ecological receptors (plants and wildlife) due to the weathering that must occur to 
the tuff prior to exposure-weathering which is best described in terms of geologic time. 

Question L: 

Could contaminants interact with receptors through dermal contact with surficial soils? 

Significant exposure via dermal contact would generally be limited to organic contaminants that 
are lipophilic and can cross epidermal barriers. 

Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway, 
3=major pathway): 

Terrestrial Animals: 1 

Provide explanation: While this is a potential pathway for burrowing insects and animals, significant 
exposure via burrowing is considered unlikely. As detailed in the answer to Question H, the current 
conditions of the site largely preclude burrowing and the development of burrowing animal populations. 
Additionally, the primary organic COPCs identified for the MDA P Area are not lipophilic nor can they cross 
epidermal barriers. 
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Question M: 


Could contaminants interact with plants or animals through external irradiation? 


External irradiation effects are most relevant for gamma emitting radionuclides. 


Burial of contamination attenuates radiological exposure. 


Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway, 

3=major pathway): 


Terrestrial Plants: 0 


Terrestrial Animals: 0 


Provide explanation: Radiological COPCs were not identified in the MDA P Area Phase II confirmation 

sampling. 


Question N: 


Could contaminants interact with plants through direct uptake from water and sediment or 
sediment rain splash? 

Contaminants may be taken-up by terrestrial plants whose roots are in contact with surface waters. 

Terrestrial plants may be exposed to particulates deposited on leaf and stem surfaces by rain 
striking contaminated sediments (i.e., rain splash) in an area that is only periodically inundated 
with water. 

Contaminants in sediment may partition into soil solution, making them available to roots. 

Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway, 
3=major pathway): 

Terrestrial Plants: 0 

Provide explanation: There is no surface water or aquatic habitat within the MDA P Area. Potential risk to 
ecological receptors within Canon de Valle (the terminal point of off-site transport of COPECs from the 
MDA P Area) is being evaluated separately from the analysis of potential risk to terrestrial receptors within 
the MDA P Area. 

Question OJ 


Could contaminants interact with receptors through food web transport from water and sediment? 


The chemicals may bioconcentrate in food items. 


Animals may ingest contaminated food items. 


Provide quantification of exposure pathway (O=no pathway. 1=unlikely pathway, 2=minor pathway, 

3=maJor pathway): 


Terrestrial Animals: 0 


Provide explanation: There is no surface water or aquatic habitat within the MDA P Area. Potential risk to 

ecological receptors within Canon de Valle (the terminal point of off-site transport of COPECs from the 
MDA P Area) is being evaluated separate from the analysis of potential risk to terrestrial receptors at the 
MDA PArea. 
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Qyestion P: 


Could contaminants interact with receptors via ingestion of water and suspended sediments? 


If sediments are present in an area that is only periodically inundated with water, terrestrial 

receptors may incidentally ingest sediments. 


Terrestrial receptors may ingest water-borne contaminants if contaminated surface waters are 

used as a drinking water source. 


Provide quantification of exposure pathway (O=no pathway. 1=unlikely pathway, 2=minor pathway, 

3=major pathway): 


Terrestrial Animals: 0 


Provide explanation: No surface waters are present within the MDA P Area. Potential risk to ecological 

receptors within Canon de Valle (the terminal point of off-site transport of COPECs from the MDA P Area) 

is being evaluated separate from the analysis of potential risk to terrestrial receptors at the MDA P Area. 


Qyestion Q: 


Could contaminants interact with receptors through dermal contact with water and sediment? 


If sediments are present in an area that is only periodically inundated with water, terrestrial species 

may be dermally exposed during dry periods. 


Terrestrial organisms may be dermally exposed to water-borne contaminants as a result of wading 

or swimming in contaminated waters. 


Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway, 

3=major pathway): 


Terrestrial Animals: 0 


Provide explanation: No surface water is present within the MDA P Area. Potential risk to ecological 

receptors within Canon de Valle (the terminal point of off-site transport of COPECs from the MDA P Area) 

is being evaluated separate from the analysis of potential risk to terrestrial receptors at the MDA P Area. 


Qyestion R: 


Could contaminants interact with plants or animals through external irradiation? 


External irradiation effects are most relevant for gamma emitting radionuclides. 


Burial of contamination attenuates radiological exposure. 


Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway, 

3=major pathway): 


Terrestrial Plants: 0 


Terrestrial Animals: 0 


Provide explanation: Radiological COPCs were not identified in the MDA P Area Phase II confirmation 

samples. 
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Question S: 

Could contaminants bioconcentrate in free floating aquatic, attached aquatic plants, or emergent 
vegetation? 

Aquatic plants are in direct contact with water. 

Contaminants in sediment may partition into pore water, making them available to submerged 
roots. 

Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway, 
3=major pathway): 

Aquatic Plants/Emergent Vegetation: 0 

Provide explanation: There is no surface water or aquatic habitat within the MDA P Area. Potential risk to 
ecological receptors within Canon de Valle (the terminal paint of off-site transport of COPECs from the 
MDA P Area) is being evaluated separate from the analysis of potential risk to terrestrial receptors at the 
MDA PArea. 

Question T: 


Could contaminants bioconcentrate in sedimentary or water column organisms? 


Aquatic receptors may actively or incidentally ingest sediment while foraging. 


Aquatic receptors may be directly exposed to contaminated sediments or may be exposed to 

contaminants through osmotic exchange, respiration, or ventilation of sediment pore waters. 


Aquatic receptors may be exposed through osmotic exchange, respiration, or ventilation of 

surface waters. 


Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway. 

3=major pathway): 


Aquatic Animals: 0 


Provide explanation: There is no surface water or aquatic habitat within the MDA P Area. Potential risk to 

ecological receptors within Canon de Valle (the terminal point of off-site transport of COPECs from the 
MDA P Area) is being evaluated separate from the analysis of potential risk to terrestrial receptors at the 
MDA PArea. 

Question U; 


Could contaminants bioaccumulate in sedimentary or water column organisms? 


Lipophilic organic contaminants and some metals may concentrate in an organism's tissues 


Ingestion of contaminated food Items may result In contaminant bloaccumulation through the food 

web. 


Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway, 

3=major pathway): 


Aquatic Animals: 0 
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Provide explanation: There is no surface water or aquatic habitat within the MDA P Area. Potential risk to 
ecological receptors within Canon de Valle (the terminal point of off-site transport of COPECs from the 
MDA P Area) is being evaluated separate from the analysis of potential risk to terrestrial receptors at the 
MDA P Area. 

Question V: 


Could contaminants interact with aquatic plants or animals through external irradiation? 


External irradiation effects are most relevant for gamma emitting radionuclides. 


The water column acts to absorb radiation, thus external irradiation is typically more important for 

sediment dwelling organisms. 

Provide quantification of exposure pathway (O=no pathway, 1=unlikely pathway, 2=minor pathway, 
3=major pathway): 

Aquatic Plants: 0 

Aquatic Animals: 0 

Provide explanation: Radiological COPCs were not identified in the MDA P Area Phase II confirmation 
sampling. 
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NOTE: 
Letters In circles referto 
questions on the Scoping 
Checklist 

Ecological Scoping Checklist: MDA P Area 

Terrestrial Receptors 


Ecological Pathways Conceptual Exposure Model: Post·Excavatlon Site Conditions 
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NOTE: 
Letters in circles refer to 
questions on the Scoplng

Ecological Scoping Checklist: MDA P Area Checklist 
Aquatic Receptors 

Ecological Pathways Conceptual Exposure Model: Post-Excavation Site Conditions 

Primary Primary Secondary Primary 
Contaminant Transport Contaminant Exposure Aquatic Receptors 

Media Mechanism Media Pathway 

Surface 
Surface runoff, Plants AnimalsSoil 
erosion, mass 


wasting 


Groundwater 

Surface 
Water/Sediment 

Springs/Seeps 

Surface 
Water 

Sediment 
Bioconcentration 

Bioaccumulation 

r----I:~ External Gamma 

Subsurface 
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Signatures and certifications: 


Checklist completed by (provide name, organization and phone number): 


Organization: Inc. 

Phone number: 505-262-8936 

Date Completed: 

Verification by a member of ER Project Ecological Risk Task Team (provide name, organization and 
phone number): 

Name (printed): Richard Mirenda 

Name (Signature)Q~~ 
Organization: RRES-R 

Phone number: 505-665-6953 
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Statistical Calculations, Analyses, and Plots 




Risk Assessments for the MDA P Area 

1.0 INTRODUCTION 

This attachment describes the statistical tests and analyses used to evaluate the residual concentrations of 
COPCs relative to background, the initial step in the risk assessment process for the MDA P Area. Also 
provided are a number of plots created to support the background analyses and the evaluation of residual 
COPC concentrations at the MDA P Area. 

2.0 WILCOXON·RANK SUM TEST 

The Wilcoxon-Rank Sum (WRS) test is a nonparametric distributional test to determine if the distributions 
have the same medians at some allowable confidence. Nonparametric tests rank the data and indicate 
whether the rank ordering of the data shows differences between the data sets. The advantages of a non
parametric test are that it is valid with any shape of distribution and that it is less sensitive to the presence 
of nondetects and the assumed values assigned to them. A parametric test is slightly more powerful than a 
nonparametric test for normally distributed data, but a non parametric test may be more powerful for non
normally distributed data (EPA 1994 [EPAl230/R-94/004]; US Navy 1999,73786). The use of nonparamet
ric tests for all distributions eliminates the need for distribution testing and thereby minimizes the level of 
effort involved in statistical analysis. 

The WRS test permits a moderate number of nondetect values, and can be used even if the nondetects 
are present in only one of the two data sets (Gilbert 1987, 56179). The WRS test compares two data sets 
of size nand m (n > m), and tests the null hypothesis that the samples were drawn from populations with 
distributions having the same medians. To perform the test, the two sets of observations are pooled and 
arranged in order from smallest to largest. Each observation is assigned a rank; that is, the smallest is 
ranked 1, the next largest is ranked 2, and so on up to the largest observation, which is ranked (n + m). If 
ties occur between or within samples, each one is assigned the midrank. Next, the sum of the ranks of 
smaller data set m is calculated. Then the test statistic Z is determined, 

W - m (m + n + 1 )/2z 
~mn (m +n +1 )/12 

where: 

w = Sum of the ranks of the smaller data set 


m = Number of data points in smaller group 


n = Number of data points in larger group. 


This test statistic Z is used to find the two-sided significance. For instance, if the test statistic yields a prob
ability of a Type I error (p-Ievel) less than 0.05, then there is a statistically significant difference between 
the medians at the 95% confidence level. A Type I error involves rejecting the null hypothesis when it is 
true. If the p-Ievel is greater than 0.05, then there is no reasonable justification to reject the null hypothesis 
at the 95% confidence level. It can therefore be concluded that the medians of the two data sets are similar 
and can be assumed to be drawn from the same population. 

If the p-Ievel is less than 0.05, it is concluded that the medians of the two distributions are significantly dif
ferent at the 95% confidence level. This can occur if the site data are shifted higher or lower than the back
ground data. If the site data are shifted higher relative to background, then contamination may be 
indicated. If the p-Ievel is greater than 0.05, then pervasive site contamination is not suspected. The back
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ground threshold comparison was performed in parallel with the WRS test to determine if localized areas 
have significantly higher levels of residual contamination than the site as a Whole.::::> 

3.0 QUANTILE TEST 

The quantile test has been recommended in conjunction with the WRS Test (Hardin and Gilbert 1993, 
73773; EPA 1994 [EPAl230/R-94/004]; O'Brien and Gilbert 1997,73770; US Navy 1999, 7378S; EPA 2000 
[EPAISOO/R-96/084]). The quantile test is useful for detecting differences in the upper tails of the two data 
sets (in other words, to identify areas of elevated concentrations at a site), as opposed to a shift in the 
medians. As with the WRS test, the two distributions are assumed to possess the same variance. The 
quantile test is a test of the null hypothesis that the site data are not different from the background data, 
with respect to the upper tails of the distributions. Disadvantages of the quantile test are that it is not sensi
tive to the magnitude of the outliers and that it assumes that either systematic or simple random sampling 
was employed. Large numbers of site and background samples may be required for the test to have suffi
cient power to detect differences between the two distributions. The test will lose power if the highest site 
and background measurements include nondetects. 

The quantile testing procedure is as follows (EPA 1994 [EPAl230/R-94/004]): 

Specify the required Type I error rate (0.05 for the MDA P Area) and then select the corre
sponding table. 

Enter m and n (the number of background and MDA P Area samples, respectively) into the 
selected table to find the values of r (reference or background area) and k (MDA P Area) 

needed for the quantile test. 

If the table has no value of rand k for the corresponding values of m and n, enter the closest 

values of m and n into the table (in this case, the a level in the table will not apply to the actual 
values of m and n). 

Put the combined m + n (N) measurements in order, from smallest to largest. 

• 	 Count the number, k, of the measurements from the MDA P Area that are greater than the 
largest background value. 

• 	 If the observed k is greater than or equal to the tabled value of k, then reject the null hypothe
sis and conclude that the MDA P Area is not similar to background for that COPC at the pro
posed a (Le., the COPC is retained for further analysis). 

4.0 STATISTICAL EVALUATION OF COPCs AT MDA P AREA 

For the ecological screening evaluation, only COPCs identified for the biological zone are included in the 
analysis; thus, the 95% UCL is designed to represent the "average" exposure concentration in the upper 
5 ft of soil and tuff in the biological zone. For the human health screening evaluation, COPCs identified for 
both zones are included in the analysis; thus, the 95% UCL is designed to represent the average exposure 
concentration in the upper 5 ft of soil and tuff across the entire site (analytical data from both zones were 
combined after the COPCs in each zone were determined). 
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All confirmation sample data were sorted by habitat zone (Le., biological and exposed tuff zones) for each 
of the evaluated COPCs. Data sets for the three chemical classes being evaluated were generated as fol
lows: 

• 	 For inorganic or radiological COPCs that exceeded BVs in one of the two habitat zones, the 

data set created for the 95% UCL concentration included confirmation sample data from the 

assumed depth of exposure: 0 to 5 ft. For radionuclides associated with atmospheric fallout, 

there is no BV for tuff; in these cases, a detected value was treated as an exceedance of a BV. 

For organic COPCs, a detected value was treated as evidence that a particular organic COPC 

is site-related. As with inorganics and radionuclides, the data set created for the 95% UCL 

concentration included confirmation sample data from the assumed depth of exposure (0 to 

5 ft) and was limited to the biological zone for the ecological screening assessment but 
included analytical data from both zones for the human health screening assessment. 

4.1 Distribution Tests 

The distribution tests described in this section were performed using ProUCL (Lockheed Martin 2002, 
73767) software to determine the parametrics and subsequent representative 95% UCL concentrations for 
each MDA P Area COPC. ProUCL tests the normality or log normality of the data set using the three differ
ent procedures described below. The program tests normality or lognormality at three different levels of 
significance (0.01. 0.05, and 0.1). This section summarizes the ProUCL distribution analyses, the details of 
which can be found in the cited references (see section 6 of the main body of this report). 

4.1.1 Quantile-Quantile (Q-Q) Plot 

This is a simple graphical procedure to test for approximate normality or log normality of a data distribution 
(Hoaglin et al. 1983, 72721). A linear pattern displayed by the bulk of the data indicates approximate nor
mality or lognormality of the data distribution. For example, a high value (e.g., 0.95 or greater) for the cor
relation coefficient of the linear pattern indicates approximate normality (or log normality) of the data set 
under study. For this graphical analysis, the observations that are well separated from the linear pattern 
displayed by the bulk data represent the outlying observations. The graphical a-a plot test is accompanied 
by other, more powerful tests: the Shapiro-Wilk W test and the Lilliefors test. ProUCL always performs the 
graphical a-a plot test on raw data as well as on standardized data. 

4.1.2 Shapiro-Wilk W Test 

This is a powerful test and is often used to test the normality or lognormality of the data distribution under 
study (Gilbert 1987, 56179). ProUCL performs this test for samples of size 50 or smaller. Based upon the 
selected level of Significance and the computed test statistic, ProUCL also informs the user if the data are 
normally (or lognormally) distributed. ProUCL then derives the 95% UCL concentration, based on the para
metric test results. 

4.1.3 Lilliefors Test 

This test is particularly useful for data sets of larger size (Dudewicz and Misra, 1988). ProUCL performs 
this test for samples of sizes up to 1000. Based upon the selected level of significance and the computed 
test statistic, ProUCL also informs the user if the data are normally (or lognormally) distributed. ProUCL 
then derives the 95% UCL concentration, based on the parametric test results. 
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4.1.4 Summary of Results 

The results ofthe distribution test are summarized in Table A-4.2-1 for the COPCs of concern for the 
human health screening assessment and Table A-4.2-2 for the biological zone COPCs of concern for the 
ecological screening assessment (tables are in the main text of Appendix A). The tables include number of 
analyses, distribution type, minimum concentration, maximum concentration, mean concentration, stan
dard deviation, and 95% UCL concentration for all MDA P Area COPCs that were carried forward from the 
background comparison. 

4.2 Methods for Computing a 95% UCL Concentration 

ProUCL computes a (1-0.) 100% UCL of the population mean using a possible ten procedures. The follow
ing four procedures were used to derive 95% UCL concentrations for the MDA P Area COPCs (depending 
upon the distribution test results): 

1. 	 Student's t-statistic-assumes normality or approximate normality, 

2. 	 Land's H-statistic-assumes lognormality. 

3. 	 Chebyshev Theorem using the minimum variance unbiased estimates (MVUE) of the param
eters of a lognormal distribution (denoted by Chebyshev [MVUE]}-assumes lognormality, 
and 

4. 	 Standard bootstrap procedure-a non-parametric procedure. 

4.2.1 95% UCL Concentration Based Upon Student's t-Statlstic 

The widely used Student's t-statistic is given by: 

I 

where x and Sx are, respectively, the sample mean and sample standard deviation obtained using raw 
data. Ifthe data are a random sample from a normal population with mean Pi' and standard deviation ai' 
then the distribution of this statistic is the Student's t distribution with n-1 degrees of freedom; t{XI n-1 is the 
upper a. quantile of the Student's t distribution with n-1 degrees of freedom. 

A (1-a) 100% UCL ofthe population mean Pi is given by: 

ueL = x + la,n-! S:x: /.In. 

For a normally distributed population (when the skewness is about 0), the Student's t-statistic provides the 
best way of computing a 95% UCL concentration. However, for even mildly to moderately skewed data 
sets (e.g., when 0' starts approaching and exceeding 0.5), the 95% UCL concentration may not provide the 
desired coverage to the population mean, which is especially true when the sample size is smaller than 
20-25 (Singh et al. 2000) and which worsens for higher values of the sd, 0', or its estimate, Sy. 
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4.2.2 95% UCL Concentration Based Upon the H-Statistic (H-UCL) 
.~. 

The one-sided (1-a) 100% UCL for the mean, /11' of a lognormal distribution as derived by Land (1971. 
73774; 1975) is given as follows: 

UCL=exp( Y+O.5s;+SyHl.al.J(n-I») 

where: 

exp = 	 Base of the natural log 

y = 	 Mean of the transformed data 

Sy = 	 Standard deviation of the transformed data 

H = 	 H-statistic 

n = 	 Number of samples. 

Tables of H-statistic values can be found in Land (1975) and also in Gilbert (1987,56179). Theoretically, 
when the population is lognormal, Land (1971, 73774) showed that the UCL given by the equation above 
possesses optimal properties and is the uniformly most accurate unbiased confidence limit. However. 
results based on the H-statistic can be misleading, especially when the data set consists of outliers or is a 
mixture from two or more distributions (Singh et af. 1997,65241; 1999). Even a minor increase in the stan
dard deviation, SY' drastically inflates the MVUE of /11 and the associated H-UCL. The presence of low as 
well as high data values increases the standard deviation. SY' which in tum inflates the H-UCL. Further

,.. 	 more, it is observed (Singh et al. 2000) that for smaller sample sizes (smaller than 15-25), and for values 
of S approaching 1.0 and higher (for moderately skewed to highly skewed data sets), that the using H-sta
tistic to determine a UCL results in impractical and unacceptably large UCL values. 

4.2.3 95% UCL Concentration of a Lognormal Population Based Upon the 

Chebyshev Theorem (Using the MVUE of Mean and Its Standard Error) 


The program ProUCL uses the MVUEs of lognormal mean and sd to compute a UCL [denoted by 
(1-a) 100% Chebyshev (MVUE)] of the population mean of a lognormal population. In general, if /11 is an 
unknown mean, (J1 is an estimate, and a({J1) is an estimate of the standard error of {J1. then the following 
equation: 

will give a (1-a) 100% UCL for /11. which tends to be conservative, butthis is not assured. For example. for 
a log normally distributed data set, a 95% Chebyshev (MVUE) UCL of the mean (with a = 0.05) can be 
obtained using the following equation: 

where the parameters are summarized above. Thus, for lognormally distributed data sets, ProUCL uses 
the above equation to compute a (1-a) 100% Chebyshev (MVUE) UCL of mean . 

..... . 
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4.2.4 95% UCL Concentration Based Upon Standard Bootstrap Procedure 

Bootstrap procedures as discussed by Efron (1981; 1982.73771) are nonparametric statistical techniques 

which can be used to reduce the bias of point estimate and construct approximate confidence intervals for 

parameters. such as the population mean. These two procedures require no assumptions regarding the 

statistical distribution (e.g .• normal or lognormal) for the underlying population and can be applied to a vari

ety of situations, no matter how complicated. 


Let x1. x2, ...• xn be a random sample of size n from a population with an unknown parameter. B(e.g., 

B = f.1t), and let ~be an estimate of B, which is a function of all n observations. For example, the 

parameter acould be the population mean, and a reasonable choice for the estimate. ~. might be the sam

ple mean. X. Another choice for ~is the MVUE of a mean of a lognormal population. especially when deal

ing with lognormal data sets. 


In the bootstrap procedure, repeated samples of size n are drawn. with replacement. from a given set of 

observations. The process is repeated a large number of times (e.g .• 2000), and an estimate, ~i ,of Bis 

computed each time. The estimates thus obtained are used in tum to compute an estimate of the standard 

error of B. A descrie.tion of the bootstrap method, illustrated by application to the population mean. f.11, and 

the sample mean, x, is given as follows: 


Step 1. 	 Let (xn. xi2• ... , xin) represent the ;th sample of size n, with replaceme!}t from the original data 

set (X1. x2• ...• xn). Then compute the sample mean and denote it by Xi' 

Step 2. 	 Perform Step 1 independen~y "!. timesJe.g.• 1000-2000), each time calculating a new estimate. 
Denote those estimates by x1. x2• ...• xn. The bootstrap estimate of the population mean is the 

arithmetic mean. xB o~the N estimates Xi : ; = 1. 2, ...• N. The bootstrap estimate of the standard 
error of the estimate, x. is given by: 

~ 1 ~( )2
(is;;:;' N-lf;; Xi-XS • 

If some parameter, B(say, a population median), other than the mean is of concern, with an associated 
estimate (e.g .• the sample median), then the same steps described above could be applied with the 
parameter~nd its estimate used in place of f.11 and X. Specifically, the estimate. ~ it would be computed. 
instead of Xi. for each of the N bootstrap samples. The general bootstrap estimate, denoted by BB. is the 
arithmetic mean of the N estimates. The difference, Ba.- 3, provides an estimate of the bias of the esti
mate. ~, and the bootstrap estimate of the standard error of ~is 
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The (1-a) 100% standard bootstrap UCL for ~ is given by 

UCL= e+ Za 8B' 

ProUCL computes the standard bootstrap 95% UCL concentration by us~g the population arithmetic 
mean and sample arithmetic mean, given respectively by 111 and 111 and x. The 95% UCL concentration 
obtained using the standard bootstrap procedure is quite similar to the 95% UCL concentration obtained 
using the Student's t-statistic and, as such, does not adequately adjust for skewness. 

4.3 Data Plots 

This section summarizes the data plots created for the MOA P Area data analysis, as presented in 
section 3.3 of the associated appendix. 

4.3.1 Box-and-Whisker Comparison Plots 

The box plot is a quick and robust graphical method recommended by the US Environmental Protection 
Agency (EPA) for visualizing and comparing two or more groups of data (EPA 1992 [EPA/530/R-93/003]). 
These plots provide a summary view of the entire data set, including the overall location and degree of 
symmetry. The box encloses the central 50% of the data points so that the top of the box represents the 
75th percentile and the bottom of the box represents the 25th percentile. The small box within the larger 
box represents the median of the data set. The upper whisker extends outward from the box to either 1.5 
times the interquartile distance (100) (i.e., range between 25th and 75th percentiles) or to the maximum 
point, whichever is larger. The lower whisker extends either 1.5 times the 100 or to the minimum point, 
whichever is smaller. Values outside the whiskers are shown as 0 or *, representing distinct points for 
either outliers (above 1.5 times the 100) or extreme values (above 3 times the 100). Nondetect results are 
set equal to the reporting limit for plotting purposes. 

For each inorganic chemical, box plots of site and background data are placed side by side to visually com
pare the distributions and qualitatively determine whether the data sets are similar or distinct. In addition, 
the individual detected concentrations and (detection limits for nondetected samples) are summarized for 
the site data. As described previously, the WRS test may indicate that the medians of the site and back
ground data sets are significantly different. Examination of the box plots will confirm whether that difference 
is caused by site data that are shifted higher or lower relative to background. Figures 8-1a through 8-19a 
show the box plots for all metals with available background data for the biological zone. Figures 8-1 b 
through 8-19b show the box plots for all metals with available background data for the exposed tuff zone. 

4.3.2 Plots of Concentrations by Depth 

All COPCs identified for the biological and exposed tuff zones are examined with respect to the distribution 
of concentrations with depth. Figures of inorganic chemicals with depth (Figures 8-20 through 8-35) show 
data for both zones, with no additional detail about whether an individual data point is from tuff or soil or 
whether it is a detection (such information is available in the box-and-whisker plots summarized above). 
Figures of organic chemicals with depth (Figures 8-36 through 8-47) do not distinguish between the two 
zones, but do indicate whether a given data point is a detection. 
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Box-and-Whisker Background Comparison for Aluminum in the Biological Zone 
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Box-and-Whisker Background Comparison for Aluminum in the Exposed Tuff Zone 
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Figure B-2a 


Box-and-Whisker Background Comparison for Antimony in the Biological Zone 
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Box-and-Whisker Background Comparison for Antimony in the Exposed Tuff Zone 
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Box-and-Whisker Background Comparison for Arsenic in the Biological lone 
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Box-and-Whisker Background Comparison for Arsenic in the Exposed Tuff lone 
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Box-and-Whisker Background Comparison for Barium in the Biological Zone 
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Box-and--Whisker Background Comparison for Barium in the Exposed Tuff Zone 
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Figure B-5a 


Box-and-Whisker Background Comparison for Beryllium in the Biological Zone 
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Box-and-Whisker Background Comparison for Beryllium in the Exposed Tuff Zone 
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Figure B-6a 


Box-and-Whisker Background Comparison for Cadmium in the Biological Zone 
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Box-and-Whisker Background Comparison for Cadmium in the Exposed Tuff Zone 
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Figure B-7a 


Box-and-Whisker Background Comparison for Chromium in the Biological Zone 
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Box-and-Whisker Background Comparison for Chromium in the Exposed Tuff Zone 
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Box-and-Whisker Background Comparison for Cobalt in the Biological Zone 
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Box-and-Whisker Background Comparison for Cobalt in the Exposed Tuff Zone 
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Bo x-and-Whisker Background Comparison for Copper in the Biological Zone 
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Box-and-Whisker Background Comparison for Copper in the Exposed Tuff Zone 
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Figure B-10a 


Box-and-Whisker Background Comparison for Iron in the Biological Zone 
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Box-and-Whisker Background Comparison for Iron In the Exposed Tuff Zone 
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Figure B-ll a 


Box-and-Whisker Background Comparison for Lead in the Biological Zone 
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Figure B-12b 

Box-and-Whisker Background Comparison for Manganese in the Exposed Tuff Zone 
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Figure B-13a 


Box-and-Whisker Background Comparison for Mercury in the Biological Zone 
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Risk Assessments for the MDA P Area 

Figure B-14a 


Box-and-Whisker Background Comparison for l\Jickel in the Biological Zone 
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Box-and-Whisker Background Comparison for Nickel in the Exposed Tuff Zone 
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MDA P Area Closure Certification Report 

Figure B-15a 


Box-and-Whisker Background Comparison for Selenium in the Biological Zone 
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Box-and-Whisker Background Comparison for Selenium in the Exposed Tuff Zone 
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Risk Assessments for the MDA P Area 

Figure B-16a 


Box-and-Whisker Background Comparison for Silver in the Biological Zone 
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Box-and-Whisker Background Comparison for Silver in the Exposed Tuff Zone 
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Figure B-17a 


Box-and-Whisker Background Comparison for Thallium in the Biological Zone 
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Box-and-Whisker Background Comparison for Thallium in the Exposed Tuff Zone 
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Figure B-18a 

Box-and-Whisker Background Comparison for Vanadium in the Biological Zone 
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Box-and-Whisker Background Comparison for Vanadium in the Exposed Tuff Zone 
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Figure B-19a 

Box-and-Whisker Background Comparison for Zinc in the Biological Zone 
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Box-and-Whisker Background Comparison for Zinc in the Exposed Tuff Zone 
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Figure B-29 

Mercury Concentrations with Depth 
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Nickel Concentrations with Depth 
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Selenium Concentrations with Depth 
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Silver Concentrations with Depth 
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Vanadium Concentrations with Depth 
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Figure 8-39 

Aroclor-1260 Concentrations with Depth 
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Bis(2-ethylhexyl)phthalate Concentrations with Depth 
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Confirmation Sample Database 

8-1.0 SUMMARY OF PHASE II CONFIRMATION SAMPLING 

This appendix summarizes the analytical results obtained from the Phase II confirmation sampling at 
MDA P. This summary includes a description of the analytical methods used to assess potential residual 
contamination at the MDA P area, including the number of samples collected for chemical analysis, the 
data validation procedures used during the data quality assessment, and the associated qualifiers 
assigned to the analytical results. Because of the large number of MDA P area Phase II confirmation sam
ples, validation results and qualifiers are not provided for individual samples. 

Table B-1.0-1 presents the analytical suites and total number of samples taken during this investigation, as 
committed to in the closure plan modification in May 2002 (LANL 2002, 73159). Table 8-1.0-2 presents the 
confirmation samples, by analytical suites, collected for the boreholes. There are differences between the 
sampling indicated in Table 4-2 of the May 2002 modification and the final sampling as of January 2003. 
These differences represent slight discrepancies in Table 4-2 (less than 6% of the total samples collected 
for any given analyte group due to counting inaccuracies) and changes in sampling due to the additional 
excavation performed in September 2001 which were not captured in Table 4-2 of the May 2002 modifica
tion. Twelve samples were removed from the Phase II sample database because the locations from which 
these samples were collected were later excavated. 

Table 8-1.0-1 


MDA P Area Phase II Confirmation Sample Summary: Analytical Suites 

and Total Number of Samples in Soil and Tuff 


Analyte Type 

Total Samples 
Reported in May 

2002 Closure 
Plan 

Modification' 

ActualTotal 
Samplesa 

(as of May 
2002) 

Final Total Soil and 
Tuff Samplesa 

(as of January 
2003) 

Total Duplicates 
Reported in May 

2002 Closure 
Plan 

Modification 

Actual Total 
Duplicates 

(as of May 2002) 

Final Total 
Duplicates 

(as of 
January 2003) 

TAL metals 311 309 289 34 32 30 

Hexavalent 
chromium 

311 309 289 34 32 30 

Mercury 311 309 289 34 32 30 

Perchlorate 60 60 60 10 10 10 

Reactive 
cyanide 

5 7 3 0 0 0 

Reactive 
sulfide 

5 7 7 0 0 0 

Total cyanide 5 7 3 0 0 0 

Dioxins/turans 5 7 7 0 0 0 

Herbicides 
(chlorinated) 

5 7 10 0 0 0 

HE 313 317 287 34 32 30 

PCBs 5 7 7 0 0 0 

Pesticides 
( organochlori 
ne) 

5 7 7 0 0 0 

SVOCs 313 295 275 34 32 30 

VOCs 23° 13 20 1 0 1 

Gamma 
spectroscopy 

5 7 7 0 0 0 
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Confirmation Sample Database 

ical suites. Data entry into the final confirmation sample database that was used for the assessment of risk 
and for the closure certification of the MDA P Area followed the procedures outlined in the ER Project desk 
instruction (DI) LANL-ER-DI-4.28, Rev. 0, Quality Assurance Checklist for Preparation of Data Sets from 
the ER Project Technical Database. 

LCSs, method blanks, matrix spike samples, field duplicate samples, interference check samples, and 
serial dilution samples were used to assess the accuracy and precision of inorganic and organic chemical 
analyses. Each of these QA/QC sample types is defined in the ER Project analytical services SOW (LANL 

·2000, 71233.1) and described briefly below. 

LCSs are used to monitor the overall performance of each step during the analysis, including sample 
digestion. Analytical results for the samples were qualified if individual LCS recoveries were outside the 
75-125% range specified in the national functional guidelines (NFGs) (EPA 1994, 48639). According to 
NFGs, results less than five times the method blank result are qualified as not detected (U). 

The accuracy of chemical analyses is also assessed with matrix spike samples. A matrix spike sample is 
designed to provide information about the effect of each sample matrix on the sample preparation proce
dures and analytical technique. The spike sample recoveries should be within the acceptance criteria 
range of 75-125%, according to LANL-ER-SOP-15.05, Routine Validation of Inorganic Data. 

Analyzing field duplicate samples assesses the precision of inorganic chemical analyses. All relative per
cent differences (RPDs) between the sample and the field duplicate should be ±35%, according to LANL
ER-SOP-15.05, and in accordance with the MDA P Area SAP (LANL 1999, 63546). . 

The data review determined that the data are of good quality and are sufficient for validating the demon
stration of clean closure. 

8-3.0 INORGANIC CHEMICAL ANALYSES 

A total of 319 samples were collected and analyzed for TAL metals during the MDA P Area Phase II confir
mation sampling. The inorganic analysis methods for this data set are provided with the data in the data
base that can be found on CD #3 at the front of this report. The qualifiers that were assigned to inorganic 
analytes based on data validation are defined in Table B-7.0-1. 

8-4.0 ORGANIC CHEMICAL ANALYSES 

A total of 320 samples were collected for organic chemical analyses during the MDA P Area Phase II con
firmation sampling. These samples were analyzed for HE (320 samples), SVOCs (305 samples), VOCs 
(10 samples), dioxins/furans (7 samples), herbicides (7 samples), PCBs (7 samples), and pesticides 
(7 samples) (Table B-1.0-1). Data validation was performed to ensure that all QC procedures were fol
lowed, as required by the ER Project analytical services SOW (LANL 1995, 49738). The qualifiers that 
were assigned to organic analytes based on the data validation are defined in Table B-7.0-1. One trip blank 
sample was submitted for VOC analysis with each sample shipment. 

8-5.0 RADIOCHEMICAL ANALYSES 

A total of seven samples were analyzed for radionuclides using the methods provided with the data in the 
database that can be found on CD #3 at the front of this report. 

Radionuclides with reported values lower than the minimum detectable activity were qualified as non de
tected (U). In addition, each radionuclide result was compared with the corresponding 1-sigma total propa
gated uncertainty (TPU). If the result was not greater than three times TPU, it was qualified as 
nondetected (U). 

ER2002-0773 8-5 January 2003 
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Confirmation Sample Database 

debris have sample IDs as follows, using RE16-02-45436 as an example: RE16 refers to TA-16, 02 indi
cates the year in which the sample was collected (in this case, 2002), and the final three digits of 45436 
indicate that the sample was collected in Grid Number 436. 

Table 8-8.0-1 


Description of Phase II Confirmation Sample Database Fields 


Field Name Description 

ANALYSIS_DATE The date (and time, if available) of analysis of this aliquot of the sample, as 
reported by the analytical laboratory. 

ANALYTE_CODE The code for the analyte, assigned by the Laboratory. In the case of organic 
compounds, it is the CAS number. In the case of radionuclides, elements, or 
inorganic compounds, it is the chemical symbol. In the case of non-chemical 
analytes, it is an abbreviation of the analyte name. 

ANALYTE_NAME The name of the analyte that corresponds to the CAS number, chemical symbol, 
or property measured. (This field maps to ANALYTE_CODE_DESC in 
FIMAD.EDD_ANALYTE_CODE_LlST.) 

ANALYTICAL_SU ITE The analytical method, as reported by the analytical laboratory, that was used to 
analyze the sample. This field may include the method source (e.g., SW-846) and 
method number (e.g., 601 DB), or it may include the analytical laboratory's internal 
standard operating procedure. 

ANYL_METH_CODE The technique used to analyze the sample, as reported by the analytical 
laboratory. 

BEGIN_DEPTH The top of the depth interval sampled. (This field maps to TOP _DEPTH in 
DATADM.SAMPLE_DETAIL.) 

COLLECTION_DATE The date and time during which this sample was obtained. (This field maps to 
START _DATE_TIME in DATADM.SAMPLE_DETAIL.) 

COMPOS_ TYPE_CODE A code associated with a valid composite type for a sample. See 
LUT _COMPOS_TYPE for a list of allowed values. 

DEPTH_UNITS The unit of measure in which the depth is presented. (This field maps to 
DEPTH_UOM in DATADM.SAMPLE_DETAIL.) 

DEPTH The depth interval in which the sample was taken. 

DILUTION_FACTOR The overall dilution of this sample aliquot, as reported by the analytical laboratory. 
A value of 1 should correspond to nominal conditions for the method. Values 
greater than 1 indicate that the sample aliquot was diluted for analysis. Values less 
than 1 indicate that the sample aliquot was concentrated for analysis. 

DLC Decision level concentration 

END_DEPTH The bottom of the depth interval sampled. (This field maps to BOnOM_DEPTH 
in DATADM.SAMPLE_DETAIL.) 

EXCAV_FLAG A flag that indicates whether the environmental medium from which the sample 
was collected has since been excavated. The possible values are Yes, No, and 
Null. 

FIELD_PREP The sample preparation that is done in the field prior to sending the sample to an 
analytical laboratory. See LUT _FLD_PREP for a list of possible values. (This field 
maps to FLD_PREP _CODE in DATADM.SAMPLE_HDR.) 

FIELD_QC_ TYPE_CODE A code associated with a QC sample type submitted by the sampling 
organization. See LUT _FLD_QC_ TYPE for a list of possible values. A NULL value 
represents a non-QC sample. 

FLD_MATRIX_CODE A code associated with the sample matrix, as perceived by the field person. See 
LUT _FLD_MATRIX for a list of possible values. 

FU4_QUAL This field indicates the qualifier that was assigned by the analytical laboratory. 

ER2002-0773 B-7 January 2003 
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Table 8-8.0-1 (continued) 


Description of Phase II Confirmation Sample Database Fields 


Field Name Description 
MEDIA_CODE An alias for EVAL_CLASS_CODE, indicating the environmental media that will be 

compared to background. 

PERCENT_MOISTURE The percentage of a sample that is composed of water, as reported by the 
analytical laboratory. The percentage of moisture may be listed in this field or it 
may be listed as an individual analyte with the result listed in the SAMPLE_VALUE 
field. 

RFI_REASON_CODE A code that identifies the reason a qualifier was assigned to an analytical result. 

SAMPLE_ID A unique sample identifier assigned by Laboratory speCification. The SAMPLE_ID 
format varies, depending upon the Laboratory sampling organization that was 
responsible for collecting the sample. 

SAMPLE_TECH_CODE A code associated with the sample analytical method, as reported by the 
analytical laboratory. 

SAMPLE_TYPE_CODE A code associated with the type of sample for which analytical results are being 
provided, as reported by the analytical laboratory. 

SAMPLE_USG_CODE A code that indicates the purpose for which a sample was obtained and analyzed. 
See LUT _SAMPLE_USG for a list of codes. 

SAMPLE_VALUE The reportable result for the analyte, as received from the analytical laboratory. 
(This field maps to RESULT in FIMAD.ANYL.) 

SEQ_NUM A unique sequence number that provides a primary key to the FIMAD.ANYL 
database table. 

SHIPPING_DATE The date the sample was shipped to the analytical laboratory. 

STD_REPORTlNG_UNITS The standard unit of measure assigned by the Laboratory, calculated from an 
algorithm chosen by the apparent appropriateness of the unit for the matrix and 
analyte for the record. 

PRS The acronym for potential release site; a spatial and/or regulatory definition for a 
potentially contaminated area. 

PRS_ORDER Sorting field for PRS. 

QUANT_LMT The quantitation limit. 

REQUEST _NUM An identifier, assigned by the Laboratory, used to designate a group of samples 
that were submitted to the analytical laboratory for analysis at the same time. 

RFLCLASS An identifier, assigned by the Laboratory, used for gross grouping of analytical 
data by RAD, ORGANIC, and INORGANIC. 

STD_SAMPLE_VALUE A value that is obtained by the Laboratory performing calculations on the result 
reported by the analytical laboratory to convert the value from the reporting units 
to standardized units, to allow comparison between analytical records using a 
standard unit of measure. (This field maps to STD_RESULT In FIMAD.ANYL.) 

STD_UNCERTAINTY A value that is obtained by the Laboratory performing calculations on the 
uncertainty reported by the analytical laboratory to convert the value from the 
reporting units to standardized units, to allow comparison between analytical 
records using a standard unit of measure. 

TEXT_RESULT Free text comments about an analytical result, provided by the analytical 
laboratory. 

UNCERTAINTY The uncertainty associated with a sample value, as reported by the analytical 
laboratory. For radionuclide results received since April 1995, the uncertainty 
value is the 1-sigma TPU associated with the measurement. 

URI A sequence number which provides a primary key for the table. 
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Site Photographs 

The following pages contain thumbnails of site-related photographs. The same images can be viewed, with 
captions, on CD #3 included at the front of this report. Using a web browser, choose Open from the File 
menu and select the file named Photos. htm from the ER2002_0773_App_C folder on CD #3. 
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MDAP 2001-10-02 MDAP 2001-10- 03 MDAP 2001-10-03a 

The following table pairs the file name of each photograph with its caption. 

Photograph File Name Caption 
MDAP 1965-12-31 .JPG Southem view of MDA P, demolition derbies exposed 

MDAP 1966-12-3UPG Demolition of TA-16 building, resulting debris deposited in MDA P 

MDAP 1966-12-31a.JPG Dump trucks moving debris from TA-16 demolition sites to MDA P 

MDAP 19S7-12-31.JPG Aerial view of MDA P, looking south 

MDAP 1996-01-31.JPG Visible debris on north face of MDA P, looking toward west lobe of landfill 

MDAP 1996-01-31a.JPG Visible debris on north face of MDA P 

MDAP 1996-01-31b.JPG Visible debris at bottom of west lobe of MDA P, initial point of removal activities 

MDAP 1996-03-01.JPG Visible debris on north face of MDA P 

M DAP 1 996-0S-09 .JPG Drainage and base of storage pad on east side of MDA P 

MDAP 1996-0S-16.JPG MDA P from across Canon de Valle 

MDAP 1996-0S-16a.JPG Temporary storage of MDA P debris; material has been washed, characterized, and moved 
to 90s Line storage site 

MDAP 1996-0S-27.JPG Southem view of MDA P debris from across Canon de Valle 

MDAP 1996-0S-30.JPG MDA P from across Canon de Valle 

MDAP 1996-0S-30a.JPG North face of MDA P; boundary of east and west lobes visible 

MDAP 1996-09-16.JPG MDA P from across Canon de Valle; beginning of site preparation; storage connex visible 
in background 

MDAP 1996-09-16a.JPG MDA P from across Canon de Valle; beginning of site preparation; storage connex visible 
in background 

MDAP 1996-09-23.JPG MDA P from across Canon de Valle; beginning of site preparation; storage connex visible 
in background 

MDAP 1996-10-16.JPG MDA P from across Canon de Valle, looking southeast 

M DAP 1996-10-30.J PG MDA P from across Canon de Valle, looking southeast, winter 

MDAP 1996-10-30a.JPG MDA P from across Canon de Valle, looking southeast, winter 

MDAP 1996-11-15.JPG Construction of MDA P decontamination pad; 2 x S redwood boards support grates 

MDAP 1997-09-16.JPG Construction of runoff catch trench at base of east lobe, MDA P 

MDAP 1997-09-16a.JPG Construction of runoff catch trench at base of east lobe, MDA P 

MDAP 1997-09-2S.JPG Construction of runoff catch trench at base of east lobe, MDA P 

MDAP 1997-11 .JPG Excavation of initial characterization trenches at west lobe, MDA P 

MDAP 1997-11-19.JPG Using field instrumentation to characterize test trenches at west lobe, MDA P 

MDAP 1997-11-21.JPG Excavator used for initial test trenches located at west lobe, MDA P 

MDAP 1997-11a.JPG Demolition debris at base of MDA P 

MDAP 1995-0S-1S.,IPG Remote excavation system and lead robotics engineer 

MDAP 1995-0S-1Sa.JPG Remote excavation system 

MDAP 1 99S-1 0-01 .JPG Assembly of material sorting system 

MDAP 1995-11-13.JPG Identification of materials removed from MDA P 
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Site Photographs 

Photograph File Name Caption 
MDAP 1998-11-13a.JPG Initial location of robot excavator control trailer for remote excavation of lower portion of 

west lobe, MDA P 

MDAP 1998-11-13b.JPG Robot excavator control console 

MDAP 1998-11-13c.JPG Material decontamination operations at MDA P decontamination pad 

MDAP 1998-11-13d.JPG Placement of blast protection barriers 

MDAP 1998-11-13e.JPG Removal of cleaned excavation debris from decontamination pad 

MDAP 1998-11-13f.JPG Personnel blast protection shield 

MDAP 1998-11-13g.JPG Laboratory Hazardous Material Emergency Response Team 

MDAP 1998-12.JPG Excavation of initial characterization trenches at west lobe , MDA P 

MDAP 1998-12-03.JPG Excavation of clean soil at southern boundary of MDA P 

MDAP 1998-12-03a.JPG Excavation debris on decontamination pad 

MDAP 1998-12-17.JPG Material separation equipment in clean soil borrow pit at southern boundary of MDA P 

MDAP 1998-12-17a.JPG Temporary storage of cleaned excavation debris at 90s Line 

MDAP 1999-03-17.JPG Pipe decontamination activities at MDA P 

MDAP 1999-03-17a.JPG Removal of top layer of west lobe, MDA P 

MDAP 1999-03-24.JPG Soil sorting and removal 

MDAP 1999-03-30.JPG Concrete size-reduction activities at 90s Line 

M DAP 1999-03-31 .J PG Application of soil cement to temporary stockpile 

MDAP 1999-03-31a.JPG Loading scrap steel for disposal off-site 

MDAP 1999-04.JPG Landfill debris staged at 90s Line temporary storage site 

MDAP 1999-04-29.JPG Landfill debris staged at 90s Line temporary storage site 

MDAP 1999-04-30.JPG Remote excavator staged at east-west lobe boundary 

MDAP 1999-04-30a.JPG Excavation debris being staged on MDA P decontamination pad 

MDAP 1999-04-30b.J PG Transport truck weighing in before trip to Waste Control Specialists disposal site 

MDAP 1999-04-30c.JPG Removal of decontamination pad grates for soil removal 

MDAP 1999-04-30d.JPG Loading soil at west end of MDA P for transport to temporary storage 

MDAP 1999-04-30e.JPG Level C characterization activities 

MDAP 1999-04-30f.JPG MDA P debris decontamination activities 

MDAP 1999-04-30g.JPG Loading cleaned debris for transport to temporary storage 

MDAP 1999-04-30h.JPG Debris cleaning, prior to removal 

MDAP 1999-04-30i..IPG HE soil sorting on the MDA P soil lay-down area 

MDAP 1999-04-30j.JPG HE soil sorting on the MDA P soil lay-down area 

MDAP 1999-04a.JPG Soil staging at 90s Line 

MDAP 1999-06-01.JPG Soil sorting and removal equipment used at MDA P 

MDAP 1999-06-01 a.JPG North face of west lobe, MDA P, looking south 

MDAP 1999-06-03.JPG Manual soil staging activities at MDA P 

MDAP 1999-06-14.JPG Barium nitrate chunks found at MDA P 

MDAP 1999-06-14a.JPG West lobe. MDA P, after significant removal activities 

MDAP 1999-06-14b.JPG Example of positive HE test for TNT 

M DAP 1999-06-14c.J PG Soil removal activities at MDA P, looking south 

MDAP 1999-06-14d.JPG North face of MDA P from bottom of Canon de Valle 

M DAP 1999-08-12.J PG Multiple excavators used to move "safe" material up from and out of MDA P landfill 

MDAP 1999-08-12a.JPG Multiple excavators used to move "safe" material up from and out of MDA P landfill 

MDAP 1999-08-13.JPG Remote excavation system in operation at west lobe of MDA P, looking east 

M DAP 1999-08-13a.JPG Remote excavation system in operation at west lobe of MDA P, looking east 

MDAP 1999-08-13b.JPG Remote excavation system in operation at west lobe of MDA P, looking east 
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MDAP 1999-08-13c.JPG Remote excavation system in operation at west lobe of MDA P, looking up from bottom of 

Canon de Valle, east 

MDAP 1999-08-16.JPG Remains of multiple trucks found at MDA P 

MDAP 1999-09-01 .JPG MDA P site, 50% of west lobe removed 

M DAP 1999-09-01 a.J PG North face of MDA P during soil removal activities 

MDAP 1999-09-12.JPG Remains of one of twelve trucks removed from MDA P 

MDAP 1999-09-14.JPG Soil removal activities at west lobe, MDA P 

MDAP 1999-09-21 .JPG Large elk herds were abundant around the MDA P site 

MDAP 1999-09-21 a.JPG MDA P landfill, much of west lobe removed; material lay-down area and remote excavation 
systems are visible 

MDAP 1999-10-12.JPG Remote excavator in operation at west lobe, MDA P, looking west 

MDAP 1999-11-01.JPG Concrete pad for material sorting operations, southwest of MDA P 

MDAP 1999-11-05.,IPG Remote excavator in operation on the North Face of MDA P 

M DAP 1999-11-05a.J PG Robot excavator control trailer set up for excavation of lower north face , MDA P 

MDAP 1999-11-22.JPG MDA P excavation debris 

MDAP 1999-11-28.JPG MDA P soils staging area 

MDAP 1999-11-29.JPG MDA P decontamination pad 

MDAP 2000-02-02.JPG MDA P, facing west, most of west lobe completed 

MDAP 2000-02-13 .JPG Staging trucks to receive soil for transport to Waste Control Specialists 

MDAP 2000-03-31 .JPG Placing liners in soil transport trucks at 90s Line 

MDAP 2000-03-31a.JPG Staging trucks to receive soil for transport to Waste Control SpeCialists 

MDAP 2000-04-05.JPG North face of MDA P, after removal of contaminated material 

MDAP 2000-04-05a.JPG North face of MDA P, after removal of contaminated material 

MDAP 2000-04-05b.JPG North face of MDA P, after removal of contaminated material 

MDAP 2000-04-05c.JPG Soil removal activities at east lobe, MDA P 

MDAP 2000-04-05d.JPG North face of MDA P, after removal of contaminated material 

MDAP 2000-04-05e.JPG North face of MDA P, after removal of contaminated material 

MDAP 2000-04-05UPG Excavation of east lobe, MDA P, looking west from robot control room site 

MDAP 2000-04-05g.JPG Overview of MDA P site; excavation of east lobe in progress 

MDAP 2000-05-30 .JPG Burn damage from Cerro Grande Fire, east of MDA P 

MDAP 2000-05-30a.JPG Burn damage from Cerro Grande Fire, southwest of MDA P 

MDAP 2000-05-30b.JPG Burn damage from Cerro Grande Fire, along access road to MDA P 

MDAP 2000-05-30c.JPG Burn damage from Cerro Grande Fire, TA-2 

MDAP 2000-05-30d.JPG Temporary soil stockpile at 90s Line 

MDAP 2000-07-10.JPG MDA P after remediation, looking west 

MDAP 2000-07-10a.JPG MDA P after remediation, looking southwest 

MDAP 2000-08-14.JPG Northern view of MDA P across old burn pad, after soil removal 

MDAP 2000-08-14b.JPG Top view of MDA P after remediation, looking north 

MDAP 2001-04-10 .JPG West view of lower half of MDA P after remediation 

MDAP 2001-04-10a.JPG East view MDA P after remediation 

MDAP 2001-04-10b.JPG MDA P after remediation 

MDAP 2001-04-10c.JPG MDA P after remediation 

MDAP 2001-05-07.JPG Cerro Grande Fire damage near MDA P 

MDAP 2001-05-07a.JPG Cerro Grande Fire damage near MDA P 

MDAP 2001-05-07b.JPG Cerro Grande Fire damage near MDA P 

MDAP 2001-06-05 .JPG Geophysical drill rig in operation at west lobe, MDA P 
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Photograph File Name Caption 
MDAP 2001-06-19.JPG Geophysical drill rig in operation at west lobe, MDA P 

MDAP 2001-06-25 .JPG Geophysical drill rig in operation at west lobe, MDA P 

MDAP 2001-07-10.JPG Placement of BMPs along north face of MDA P 

MDAP 2001-07-10a.JPG Soil sampling activities along bottom of Canon de Valle 

MDAP 2001-07-20 .JPG Soil sampling activities along bottom of Canon de Valle 

MDAP 2001-07-27.JPG Core samples in bedrock at MDA P 

MDAP 2001-07-27a.JPG Core sampling crew on west lobe, MDA P 

MDAP 2001-07-27b.,IPG Core sampling crew on west lobe, MDA P 

MDAP 2001-07-28.JPG Core sampling crew on west lobe , MDA P 

MDAP 2001-08-09 .JPG MDA P hydrologic characterization 

MDAP 2001-08-09a.JPG MDA P hydrologic characterization 

MDAP 2001-08-27 .JPG Site reconstruction 

MDAP 2001-08-29 .JPG MDA P core samples 

MDAP 2001-08-29a.JPG Retrieval of MDA P core samples 

MDAP 2001-08-30.JPG MDA P geophysical drilling activities 

MDAP 2001-09-13 .JPG MDA P hydrologic characterization 

MDAP 2001-09-13a .JPG MDA P hydrologic characterization 

MDAP 2001-09-13b.JPG MDA P soil characterization with an XRF detector 

MDAP 2001-09-28.JPG Temporary soil storage 

MDAP 2001-10-02.JPG Soil sampling activities at MDA P 

MDAP 2001-10-03.JPG Well logging at MDA P 

MDAP 2001-10-03a .JPG MDA P sample hole 

ER2002-0773 C-13 January 2003 































































































AppendixD 


Supporting Documentation/Correspondence 




Supporting Documentation 

This appendix contains copies of correspondence (and related documents) sent between the Laboratory 
and the New Mexico Environment Department (NMED) related to the closure activities at MDA P (SWMU 
16-018) and the 387 Flash Pad [SWMU 16-010(b)] and to the cleanup of consolidated SWMU 16-016(c)
99. Collectively, these SWMUs are referred to as the "MDA P Area." Each document includes information 
relevant to one or more decisions that have been made regarding the closure and clean-up activities at the 
MDA PArea. 

All correspondence is included in its complete form, with the exception of the August 10, 2000, letter from 
the Laboratory to NMED, which is missing Table 2 and Figure 2.1. The color rows in Table 2 and the large 
format of Figure 2.1 rendered these portions of the letter unreproducible; however, complete versions of all 
the documents in this appendix are retained at the RPF for the Risk Reduction and Environmental Stew
ardship-Remediation Program. The documents are part of the permanent record regarding the MDA P 
Area closure and cleanup activities. 

The remainder of this appendix is attached electronically to all copies of the closure certification report (see 
CD #3, included at the front of this report). A few copies of the report include photocopies of the documen
tation and correspondence as well as the electronic version. 
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MDA PArea, 

Phase II Confirmation Sampling, 


Chain-oj-Custody Forms 




Chain-of-Custody Forms 

E-1.0 OVERVIEW 

Chain-of-custody (COC) forms were used during the collection of Phase II confirmation samples to docu
ment sample collection information (e.g., date, time, and sample medium); track the transfer of samples 
between personnel; and track shipment to, and receipt of, samples by the respective analytical laborato
ries. 

All copies of a COC form must accompany the sample(s) to the Laboratory's Sample Management Office 
(SMO). The Field Team Leader (FTL), or FTL designee, is responsible for ensuring (1) delivery of the sam
ples to the SMO, and (2) the completeness and accuracy of the form. Upon delivery to the SMO, the FTL 
or FTL designee signs the relinquished by block and an SMO representative signs the received by block, 
along with the date and time. All copies of a given COC form require signatures, unless carbon paper or 
"no carbon required" paper was used. After the acknowledgement and receipt of samples by SMO, the 
FTL or FTL designee retains the third (pink) copy for the sampling team's records. The original (top or 
white) copy is kept with the samples, and the second (yellow) copy is forwarded to the RRES-R RPF by the 
SMO. Any individual accepting custody of a sample or set of samples is required to verify that all contain
ers identified on the COC form are contained in the package(s) being accepted, as acknowledged by a sig
nature on the COC form. COC forms are retained at the RPF as part of the permanent record of field 
sampling activities. 

E-2.0 NOTATIONS 

Prior to the SMO 1.2.3 release (deployed October 1,2002), an application defect existed during the gener
ation and printing of the COC records. Under certain conditions, extra pages were printed so that the total 
number of pages reported at the top of the form might inaccurately represent the actual number of pages. 

The following notations for the COC forms listed below were found to be valid. All documentation is 
attached and complete, the only error is in the actual numbering of pages. 

eoe eoe DATE COMMENTS 

1082-01-0077 06/27101 Should have been numbered "Page x of 4" 

1082-01-0078 06/28/01 Should have been numbered "Page x of 4" 

1082-01-0090 06/29/01 Should have been numbered "Page 1 of 1" 

1082-01-0081 06/29/01 Should have been numbered "Page x of 4" 

5772 (Event 202) 03/20102 Should have been numbered "Page x of 9" 

6902 (Event 242) 04/04/02 Should have been numbered "Page x of 3" 

12552 (Event 462) 05/14/02 Should have been numbered "Page x of 4" 

24582 (Event 742) 06/28/02 Should have been numbered "Page x of 5" 

The COC forms make up the remainder of this appendix. Some copies of this report have been distributed 
with photocopies of the forms as well as an electronic version on CD; other copies of the report include 
only the electronic version on CD (see CD #2 included with this report). 

Note: Some samples on the COC forms were subsequently excavated due to 
areas of elevated contaminant concentration and are not reflected in the Phase 
II confirmation sample database provided in Appendix B (see CD #3 included at 
the front of this report). 
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Annex I 

Voluntary Corrective Action 
Completion Report for 
Solid Waste Management Unit 16-016(c)-99 
at Technical Area 16 



CERTIFICATION 

CERTIFICATION BY THE ENVIRONMENTAL RESTORATION (ER) PRO ..IECT 
TECHNICAL REPRESENTATIVES 

Document Title: Voluntary Corrective Action Completion Report for Solid Waste 

Management Unit 16-016(c) - 99 at TA-16 


I certify under penalty of law that these documents and all attachments were prepared 
under my direction or supervision in accordance with a system designed to assure 
that qualified personnel properly gathered and evaluated the information submitted. 
Based on my inquiry of the person or persons who manage the system, or those 
persons directly responsible for gathering the information, the information submitted 
is, to the best of my knowledge and belief, true, accurate, and complete. I am aware 
that there are significant penalties for submitting false information, including the 
possibility of f e and' risonment for knowing violation. 

Name: Date: 
David Mcinroy, Acti g Pr gram Manager / I 
Remediation Program 
Los Alamos National Laboratory 

or 

Date: 
Beverly A. Ramsey, Division Leader 
Risk Reduction and Environmental Stewardship Division 
Los Alamos National Laboratory 

Date: \ .-~ \ 0)
-.:.------

Everett Trollinger, Project M nager 
Environmental Restoration Program 
Department Of Energy/Los Alamos Site Office 

or 
Date: _______ 

Herman LeDoux, 
Assistant Area Manager of 
Environmental Projects 
Department Of Energy/Los Alamos Site Operations 

1', 
4 Los Alamos 

", A ,\!,\' 

Printed on Recycled Paper 



Disclaimer 

This document contains data regarding radioactive wastes, 
the management of which is regulated under the Atomic 

Energy Act and specifically excluded from regulation under 
the Resource Conservation and Recovery Act and the New 
Mexico Hazardous Waste Act. These data are provided to 
the New Mexico Environment Department for information 

purposes only_ 



EXECUTIVE SUMMARY 

This voluntary corrective action (VCA) completion report addresses the characterization and remediation 
of Solid Waste Management Unit (SWMU) 16-016(c)-99 in Technical Area (TA) 16 at Los Alamos 
National Laboratory (the Laboratory). SWMU 16-016(c)-99 is listed in Module VIII of the Laboratory's 
Hazardous Waste Facility Permit. SWMU 16-016(c)-99 is a consolidated unit consisting of the following 
three former SWIVlUs: 16-010(a), the TA-16-386 Flash Pad; 16-016(c), a former barium nitrate pile; and 
16-006(e), a septic tank system. 

VCA activities and assessments were integrated with clean closure of two regulated waste management 
sites, Material Disposal Area (MDA) P (SWMU 16-018) and the 387 Flash Pad [SWMU 16-010(b)]. The 
VCA for SWMU 16-016(c)-99 involved removing contaminated soil and the septic tank (including piping 
associated with the tank), collecting confirmation samples, assessing potential risks to human health and 
the environment, and interim stabilization and revegetation. VCA sampling results, which are combined 
with the confirmation sample results for MDA P and the 387 Flash Pad, confirmed that the extent of 
contamination for the entire area was defined and residual contaminant concentrations at the site pose no 
unacceptable risk to human or ecological receptors under current and projected future land use. 

Based on the results of the VCA, SWMU 16-016(c)-99 (also called SWMU 16-016(c)-99) is proposed for 
no further action (NFA) under Criterion 5 (Table ES-1). This criterion states that the SWMU has been 
characterized or remediated in accordance with applicable state or federal regulations and that available 
data indicate that chemicals of concern either are not present or are present at concentrations that pose 
no potential unacceptable risk to human or ecological receptors under projected future land use. 

Table ES-1 

Summary of Proposed Actions 


SWMU 
Number 

SWMU 
Description HSWAa 

Radionuclide 
Componentb 

Proposed 
Action 

Rationale for 
Recommendation 

16-016(c)-99 Burning ground Yes Yes NFA, 
Criterion 5c 

The site has been characterized and 
the available data indicate that 
contaminants pose no potential 
unacceptable risk to human and 
ecological receptors. 

a Indicates whether the site is listed in the Hazardous and Solid Waste Amendments (HSWA) Module VIII of the Laboratory's 
Hazardous Waste Facility Permit (EPA 1990, 01585). 

b Indicates whether the site has a radionuclide component. 

c NFA criteria are listed in Section II.B.4.a.(4).(b) of NMED's Resource Conservation and Recovery Act permits management 
program documents requirement guide (NMED 1998, 57897). 

References 

EPA (US Environmental Protection Agency), April 10, 1990. Module VIII of RCRA Permit No. 
NM089001 0515, EPA Region VI, issued to Los Alamos National Laboratory, Los Alamos, New Mexico, 
effective May 23, 1990, EPA Region VI, Hazardous Waste Management Division, Dallas, Texas. (EPA 
1990, 01585) 

NMED (New Mexico Environment Department), 1998. "RPMP Document Requirement Guide," Hazardous 
and Radioactive Materials Bureau, RCRA Permits Management Program, Santa Fe, New Mexico. (NMED 
1998, 57897) 
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1.0 INTRODUCTION 

Los Alamos National Laboratory (the Laboratory) is a multidisciplinary research facility owned by the 
US Department of Energy (DOE) and managed by the University of California. The Laboratory is located 
in north-central New Mexico approximately 60 mi northeast of Albuquerque and 20 mi northwest of 
Santa Fe. The Laboratory site covers 43 mi2 of the Pajarito Plateau, which consists of a series of 
finger-like mesas separated by deep canyons. These canyons contain ephemeral and intermittent streams 
that run from west to east. Mesa tops range in elevation between approximately 200 ft and 7800 ft. 

The Laboratory's Risk Reduction and Environmental Stewardship-Remediation Division (RRES-R) 
Program, formerly known as the Environmental Restoration (ER) Project, is involved in a national DOE 
effort to clean up facilities that had been involved in weapons production. The goal of RRES-R Program is 
to ensure that DOE's past operations do not threaten human or environmental health and safety in and 
around Los Alamos County. To achieve that goal, RRES-R is investigating sites that potentially are 
contaminated by past Laboratory operations. 

Solid Waste Management Unit (SWMU) 16-016(c)-99, also known as Potential Release Site 16-016(c)
99, is located in Technical Area (TA) 16 at the Laboratory. SWMU 16-016(c)-99 is listed in Module VIII of 
the Laboratory's Hazardous Waste Facility Permit ID# NM089001 0515-1 issued to the Laboratory by the 
US Environmental Protection Agency (EPA) on May 23, 1990, and modified on May 19, 1994 (EPA 1990, 
01585; EPA 1994,44146). 

This voluntary corrective action (VCA) completion report addresses the characterization and remediation 
of SWMU 16-016(c)-99 (Figure 1.0-1), a consolidation of three SWMUs: 

• TA-16 386 Flash Pad, SWMU 16-010(a); 

• former barium nitrate pile, SWMU 16-016(c); and 

• septic system, SWMU 16-006(e). 

SWMU 16-016(c)-99 is contiguous with two regulated waste management units: Material Disposal Area 
(MDA) P (SWMU 16-018) and the 387 Flash Pad [SWMU 16-010(b)]. Collectively, SWMU 16-016(c)-99, 
SWMU 16-018, and SWMU 16-01 O(b) are referred to as the "MDA P Area." VCA activities for SWMU 
16-016(c)-99 were conducted simultaneously with the closure activities of MDA P and the 387 Flash Pad 
to enhance the efficiency of field operations and because a risk-based approach for demonstrating 
successful cleanup is appropriate for both closure and corrective action. The decision process leading to 
combining the sites is described below. 

After the New Mexico Environment Department (NMED) approved the closure plan in 1997 and closure 
activities began, it became apparent that MDA P closure activities would affect the schedule of closure 
activities at the 387 Flash Pad and remediation activities at SWMU 16-016(c)-99, which were proceeding 
with closure/remediation simultaneously (LANL 1999, 63546). Because of the sites' proximity to one 
another and their similar characteristics, the Laboratory determined that combining the three activities 
would allow more efficient use of resources, such as mobilization of field equipment. The Laboratory also 
concluded that combining confirmation sampling and assessment of human health and ecological impacts 
of the three SWMUs following the closure/remediation activities would be appropriate. Because of the 
Similarity of the hazardous wastes and hazardous constituents within the SWMUs and the overlapping 
boundaries of the sites, the Laboratory and NMED agreed that the sites adjacent to MDA P would be 
closed or remediated concurrently with MDA P, any residual contamination would be assessed 
concurrently, and all sites in the MDA P Area would be closed or remediated to a common cleanup 
standard (LANL 1999, 63546). 
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The Laboratory and NMED agreed to the following concerning the MDA P sampling and analysis plan 
(SAP). 

• 	 Two additional plans would be developed in conjunction with the MDA P SAP: a YCA plan for 
SWMU 16-016(c)-99 and a closure plan for the 387 Flash Pad. 

• 	 Equipment from the ongoing closure operations at MDA P would remain mobilized at MDA P to 
cleanup these additional sites. 

• 	 One set of operational preliminary remediation goals (pRGs) would be developed for field 

screening during cleanup activities at the sites. 


• 	 The scope of the MDA P SAP would be expanded to include a confirmation sampling plan to 
verify that operational PRGs had been achieved for all three sites and to demonstrate that post
cleanup residual contamination levels pose no unacceptable risk to human health or the 
environment (LANL 1999, 63546). 

Thus, the footprint of MDA P was expanded to include the 387 Flash Pad and SWMU 16-016(c)-99. 

The YCA for SWMU 16-016(c)-99 was conducted in accordance with the requirements of the Resource 
Conservation and Recovery Act (RCRA) and the New Mexico Hazardous Waste Act and adhered to the 
VCA Plan for Remediation of Consolidated SWMU 16-016(c)-99 (LANL 1999, 63546). The objectives of 
this YCA were to 

• 	 determine the nature and extent of soil contamination; 

• 	 perform remedial actions; and 

• 	 collect postremedial confirmation samples. 

Section 2 of this report discusses the site'description and operational history, remedial activities, 
analytical results for soil samples, and human health and ecological risk assessments. Section 3 
describes site waste management activities. References are listed in Section 4. Appendix A contains a list 
of acronyms, a glossary of terms, and a metric-to-English units conversion table. Appendix B presents the 
surface water assessment erosion matrix for SWMU 16-016(c)-99. Appendix C contains supplemental 
information related to the risk assessments. Other relevant information regarding cleanup and 
confirmation activities at the MDA P Area are included as appendices and annexes to the MDA P Area 
final closure certification report, to which this YCA completion report is also appended. 
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2.0 SWMU 16-016(C)-99 

2.1 Site Description and Operational History 

TA-16 is a high-explosives (HE) research, development, and testing capabilities facility. The HE exclusion 
area contains an area known as the TA-16 Burning Ground. SWMU 16-016(c)-99, the subject of this VCA 
completion report, is regulated under the corrective action portion (Module VIII) of the Laboratory's 
Hazardous Waste Facility permit and was created by the consolidation of three former SWMUs (Figure 
1.0-1): 

• SWMU 16-010(a), TA-16 386 Flash Pad; 

• SW MU 16-016(c), the former barium nitrate pile; and 

• SWMU 16-006(e), a septic tank system. 

Former SWMU 16-010(a) is the former TA-16 386 HE Flash Pad. It was constructed in 1951, and is 
located approximately 150 ft southwest of the 387 Flash Pad. The 386 Flash Pad historically was used 
to store equipment and materials, not for treatment or flashing operations. Originally, it was constructed 
in a manner identical to the 387 Flash Pad, with a dirt floor situated within a 100 x 100-ft area enclosed 
by an 8-ft-high chain link fence. In 1998, a metal building was installed in the southeast corner of the 
area. In 1999, as part of the MDA P closure activities, the area was halved and the northern section of 
fence was relocated 50 ft to the south, resulting in an enclosed area of 50 x 100 ft. This allowed heavy 
truck access through the area to support waste shipments from MDA P Area excavation and removal 
activities. 

The barium nitrate pile [SWMU 16-016(c)] was located in the west-central area of the 386 Flash Pad. The 
VCA plan states that the barium nitrate pile probably was located within the confines of the 386 Flash Pad 
in the late 1960s, but had been removed by the early 1970s (LANL 1999,63546). The SWMU boundary 
extends around the suspected former location of the barium nitrate pile and northward, where surface 
runoff may have transported contamination down the drainage. Barium nitrate was used in the production 
of baratol from the 1950s through the 1960s. The approximately 0.85-ac footprint for the barium pile was 
removed in the early 1970s. The former SWMU was located on a steep, north-facing slope at the head of 
a small drainage channel into Canon de Valle. 

Former SWMU 16-006(e) was an active, 100-gal. steel septic tank that was part of a sanitary facility 
constructed in 1963 (LANL 1995,58713). It was located east of structure 16-389 and its associated leach 
field. The septic system included a drainfield, outfall, and associated piping that served a control shelter 
for a burning ground (structure 16-389). The water closet, lavatory. and floor drain in the control shelter 
discharged to the septic tank. Structure 16-389 generally was occupied only during burning ground 
operations, wh ich occurred one to two days a week from the 1950s to 1984. In 1987, the Laboratory 
obtained a sanitary waste permit for the septic tank from Los Alamos County. However, the tank outfall 
was plugged in 1988. A 4-in.-diameter vitrified clay pipe (VCP) was plugged and abandoned at the tank 
end. During excavation, no evidence was found of a leach field or drainfield associated with the septic 
system. 
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2.2 Previous Activities 

2.2.1 Previous Investigations 

The results of the previous investigations summarized in this section can be found in the VCA plan (LANL 
1999, 63546). 

In March 1995, initial sampling was conducted at the former barium nitrate pile [SWMU 16-016(c)]. A 
field-randomized, 20-ft grid, which also extended over the area of former SWMU 16-01 O(a), was used 
to collect barium, HE, and radiation field-screening data. Surface-soil samples were collected from the 
five areas with the highest barium readings and submitted for laboratory analysis. The drainage channel 
also was field-screened for barium, HE, and radiation at groups of 3 points every 30 ft down gradient for 
a distance of 210ft; beyond 210ft, surface samples were collected at 30-ft intervals from the center of 
the drainage to Canon de Valle (a distance of 150 ft). A total of 18 samples collected from the grid and 
drainage transect were submitted for laboratory analysis, which showed several inorganic chemicals, 
particularly barium and lead, at elevated concentrations. Results also showed elevated concentrations 
of polycyclic aromatic hydrocarbons (PAHs), HE, and total uranium. In 1998, potential contaminant 
migration from SWMU 16-016(c) was minimized by the installation of best management practice (BMP) 
erosion-control features, such as runon diversion, a vegetative buffer strip, regrading, and straw-bale 
barriers. 

In September 1995, the septic tank [SWMU 16-006(e)] was sampled as part of a survey for radioactivity 
in Laboratory septic tanks (LANL 1997, 63133). Liquid and sludge samples were collected and 
analyzed for gross alpha, gross beta, gross gamma, and tritium. No elevated radioactivity was found in 
the tank. In addition, the ER Project drilled two boreholes at the proximal and distal ends of the septic 
system: one borehole near the septic system (location 16-1335) was drilled to 9 ft; the second borehole, 
approximately 75 ft down the drainline from the septic tank (location 16-1339), was drilled to 4.5 ft. The 
two boreholes were field-screened for HE and three samples indicated elevated HE (the 1- to 2-ft 
interval in both boreholes and the 3.5- to 4.5-ft interval at location 16-1339). As a result of the field 
screening, four samples were submitted for laboratory analysis for HE, semivolatile organic compounds 
(SVOCs), volatile organic compounds (VOCs), metals, and gamma-emitting radionuclides). No elevated 
chemical concentrations or activities were detected by the laboratory analyses. In 1998, the contents of 
the tank were analyzed and determined to meet the waste acceptance criteria (WAC) of the Sanitary 
Wastewater System Consolidation (SWSC) plant. The contents of the tank were removed and disposed 
of at the Laboratory's SWSC plant. Analytical results of the tank's contents and the exterior of the tank 
support the conclusion that the tank received only sanitary wastewater during its operational life (LANL 
1999, 63132). 

The ER Project conducted a RCRA facility investigation (RFI) at SWMU 16-01 O(a) in 1995. Thirty 
samples from thirty locations were field-screened for HE and inorganic chemicals. Based on the field 
screening, four samples were collected from areas with the highest barium concentrations and were 
submitted for laboratory analysis. Barium concentrations were highest in surface samples collected near 
the former barium nitrate storage pile [SWMU 16-016(c)]. The RFI recommended no further action (NFA) 
at SWMU 16-01 O(a) and recommended that the barium should be investigated and remediated as part of 
SWMU 16-016(c) (LANL 1997, 62539). 
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2.2.2 Preliminary Conceptual Model 

The VCA plan for SWMU 16-016(c)-99 included a preliminary conceptual model of the transport and 
exposure pathways for the SWMU (LANL 1999, 63546). Most of SWMU 16-016(c)-99 was located in an 
area of steep drainages. Potential contamination was expected to be in shallow surface soils, which may 
have been transported by surface water runoff in the downgradient direction of the drainage. The 
assumptions of transport were based on data collected during RFI sampling of SWMU 16-016(c)-99 in 
March 1995 and on the surface water site assessment that determined an erosion matrix score of 72 for 
SWMU 16-016(c) (LANL 1999,63546). 

The primary mechanisms available for off-site transport of contaminants from surface soils and tuff within 
the SWMU were determined to be (1) occasional dissolution and transport via surface water runoff from 
snowmelt and rainfall (potentially reaching the Canon de Valle stream channel), (2) soil erosion, and (3) 
wind dispersion (LAN L 1999, 63546). 

Potentially complete exposure pathways for both human and ecological receptors included in the VCA 
plan are incidental soil ingestion, dermal contact, and inhalation of particulates and dust. Additionally, 
food-web uptake and transfer was listed in the VCA plan preliminary conceptual model as a mechanism 
for exposure to ecological receptors. 

2.3 Remedial Activities 

2.3.1 VCA Investigative and Remediation Activities 

PRGs were established as operational guidelines during waste and soil excavation at the MDA P Area. 
Barium contamination was known to be ubiquitous at the MDA P Area; therefore barium was established 
as the index to guide removal activities for inorganic chemicals. As an index, barium was assumed to be 
co-located with other inorganic chemical contamination, probably was more concentrated, and may have 
been more mobile in the environment than other metals. Barium concentrations also could be measured 
easily with a field x-ray fluorescence (XRF) instrument. The approved MDA P closure plan presented a 
PRG for barium of 5600 mg/kg (LANL 1995, 58713); later it was determined that this PRG could not meet 
the removal criterion for hazardous waste soils, Le., soils for which a sample extract would fail the toxicity 
characteristic leaching procedure (TCLP) limit of 100 mg/L for barium. Thus, it was determined that the 
H20-times" rule for total barium concentration and TCLP would serve as the most appropriate screening 
level, and 2000 mg/kg total barium (Le., 20 x 100 mg/L TCLP limit) was used as the operational field
screening PRG to determine suspected hazardous waste for staging purposes and to determine if 
sufficient materials had been excavated and removed. 

Other contaminants known to be ubiquitous across the MDA P Area were the HE compounds 
cyclotrimethylenetrinitramine (RDX) and trinitrotoluene (TNT). As with barium, RDX and TNT were 
measured in the excavated materials to assess health and safety concerns during waste segregation 
operations and to determine whether sufficient material had been excavated and removed. RDX and TNT 
measurements were not as efficient or as timely as the XRF results, as soil samples had to be collected 
and processed for analysis by EPA SW-846 Methods 8510 and 8515. RDX was established as the 
operational index for removal activities for HE because (1) it was found to be more prevalent than TNT; 
(2) it has a higher toxiCity than TNT (thus, removal based on RDX is a more restrictive standard and is 
more protective of human health than TNT); (3) RDX was assumed to be co-located with other HE 
contamination; and (4) RDX was likely to be at higher concentrations, and is more mobile in the 
environment, than other HE compounds. An operational PRG of 16 Illg/kg was used for RDX to determine 

January 2003 6 ER2002-0773 



Phase I Closure Implementation Report 

if sufficient materials had been excavated and removed to address human health and ecological risk 
concerns. This value is consistent with the EPA Region 6 industrial PRG (EPA 1999, 64637). 

The VCA plan described how former SWMUs 16-01 O(a) and 16-016(c) would be remediated and field
screened to direct the removal of contaminated soils (LANL 1999, 63546). The VCA plan also included 
collecting two samples from within the tank of the former septic tank [SWMU 16-006(e)] to confirm that it 
had received only sanitary waste, and to further support the previous recommendation to remove former 
SWMU 16-006(e) from Module VIII of the Laboratory's Hazardous Waste Facility permit (EPA 1990, 
01585; EPA 1994, 44146). 

Excavation of the area within the SWMU 16-016(c) boundary included both remote and conventional 
means. Because part of the SWMU boundary extends down the western margin of MDA P, contaminated 
materials in this area were excavated during both removal with robotic equipment and subsequent 
excavation of contaminated materials. No attempt was made to segregate or identify materials that were 
related specifically to barium nitrate migration from the pile area. Most SWMU 16-016(c)-99 excavation 
was performed after removal activities at MDA P were complete (circa August 2000 to March 2001). 

Soils within the footprint of the 386 Flash Pad and the barium nitrate pile were excavated and staged with 
soils from adjacent areas used for support of the MDA P closure. The extent of the excavation is shown 
on Plate 3 in Annex II of this final closure certification report. Field-screening for barium, using a field XRF 
instrument, was used as an indicator for the limit of excavation. The extent of barium contamination was 
discontinuous downgradient of the former barium nitrate pile location within the 386 Flash Pad. Surface 
soils and some bedrock materials were removed from within the flash pad, and only spotty areas of 
barium contamination were found downgradient. Contamination did not penetrate the bedrock. Some 
residual bedrock contamination was recognized in the drainage along the western margin of MDA P, but it 
was below the barium operational PRG of 2000 mg/kg. After excavation activities were complete, a layer 
of soil and gravel was placed in the excavation within the current fence to allow operations to continue. 
Gravel was placed on the north side of the current fence line as an erosion-control agent. As of January 
2003, the 386 Flash Pad area remains in use for equipment staging only. 

The septic tank and waste line were addressed on two separate occasions (March 2001 and March 
2002). In March 2001, the waste line (4-in. diameter VCP) was located and excavated from the tank to its 
endpoint. The pipe was empty and the connection with the tank had been plugged. The tank outlet was 
plugged and the waste line became inactive. Field-screening the pipe interior indicated no HE or barium 
contamination was present. The distal 10ft of the waste line was crushed pipe with no defined outfall. 
The metal top and riser of the tank were excavated to expose the tank itself, estimated to be a 100-gal. 
metal tank. A representative of NMED Field Operations Division inspected the tank and the tank was 
backfilled to grade with clean soil. A copy of the NMED inspector's form is included in Appendix B.3 of 
Annex II of the MDA P Area final closure certification report, to which this VCA completion report is 
appended. The pipe inlet was plugged with a polyvinyl chloride (PVC) pipe fitting and the water was 
turned off inside the building at the toilet. Soil surrounding the tank and interior portions of the tank were 
tested for HE and barium and found to be below operational PRGs for both. In March 2002, the tank and 
pipe were excavated, sampled, and removed completely. 

Confirmation sampling (Phase II) activities were conducted as part of the MDA P Area investigation. 
Postexcavation activities for the MDA P Area resulted in two distinct zones: an "exposed tuff" zone and a 
"biological" zone. Therefore, confirmatory samples collected from the biological zone have both soil and 
tuff matrices, while the exposed tuff zone has only a tuff component. Table 2.3-1 lists the total number of 
confirmation samples (by analyte and by zone) obtained during Phase II activities. Samples for SWMU 
16-016(c)-99 are not specified in Table 2.3-1 because the risk assessments supporting closure were 
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performed for the entire MDA P Area; though not listed in the table, samples were collected from 26 
locations in SWMU 16-016(c)-99. Figure 2.3-1 shows confirmation sample locations, including the matrix 
type of each sample and the boundaries of the biological and exposed tuff zones. Appendix B of the MDA 
P Area final closure certification report contains the analytical results, data quality analyses, and a 
description of data qualifiers pertinent to the confirmation samples used in the risk assessment analyses. 

Table 2.3-1 

MDA P Area Phase II Confirmation Samples 


Analyte Group 

Inorganic Chemicals 

TAL metals 

Chromium (VI) 

Number of Samples 

Biological Zone Exposed Tuff Zone 

144 146 

144 146 

Mercury 144 146 

Perchlorate 28 33 

Organic Chemicals 

VOCs 5 5 

SVOCs 139 137 

PCBs 3 4 
• 

HE 144 147 

Dioxins/furans 3 4 

Pesticides 3 4 

Herbicides 3 4 

Radionuclides 

Gamma spectroscopy 3 4 

Uranium isotopes 3 4 

Other 

pH 3 4 

2.3.2 Data Review for VCA Samples 

This section compares confirmation samples from the MDA P Area to Laboratory background values 
(BVs) for inorganic chemicals and radionuclides (LANL 1998, 59730). The samples collected within the 
SWMU 16-016(c)-99 are not evaluated separately from the entire confirmation data collected within the 
MDA P Area. For the biological zone, background comparisons are divided into samples collected from 
soil and those collected from tuff because the BVs are matrix-specific. No such division was necessary for 
the background comparisons of samples collected from the exposed tuff zone because all samples are 
designated as tuff. This section also presents the organic chemicals detected in confirmation samples at 
the MDA P Area. 
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In addition to the comparison of inorganic chemicals with their respective BVs, two statistical tests 
(Wilcoxon Rank Sum [WRS] and quantile tests) were used to determine whether the inorganic chemicals 
were statistically different from the background data sets (LANL 1998, 59596). The WRS test is a 
non parametric distribution test of the hypothesis that samples within two data sets were taken from 
distributions with the same medians; it tests whether background data and confirmation data are similar. 
The quantile analysis is a non parametric distribution evaluation of differences in the upper tails of the 
distributions; it tests whether the upper end of the confirmation data set is similar to the upper end of the 
background data set, which would indicate that significant residual contamination above background does 
not exist for a given analyte and that analyte can be considered similar to background concentrations. 
Inorganic chemicals were eliminated as contaminants of potential concern (COPCs) for the following 
reasons: 

• 	 the maximum concentration in the confirmation samples was less than the corresponding BV; 

• 	 the distribution comparison passed both the WRS and quantile test; 

• 	 the analyte failed the WRS test because the site median was statistically different from 
background but was at a lower concentration and the distribution passed the quantile test; 

• 	 the analyte failed the WRS test because of the very limited number of detections greater than BV 
and the distribution passed the quantile test; and 

• 	 the analyte passed the WRS test but failed the quantile test because of the very limited number of 
detections greater than BV. 

Details of these statistical tests, including assumptions, methodology, and test result values, are provided 
in Attachment 2 of Appendix A of the MDA P Area final closure certification report. 

2.3.2.1 Inorganic Chemical Comparison with Background 

2.3.2.1.1 Biological Zone 

For the soil matrix of the biological zone, 10 of 21 inorganic chemicals were detected above their 
respective BVs: antimony, barium, cadmium, chromium, cobalt, copper, lead, manganese, silver, and zinc 
(Table 2.3-2); hexavalent chromium and perchlorate were not detected in any samples and are not 
presented in Table 2.3-2. For the tuff matrix of the biological zone, 16 of 20 inorganic chemicals were 
detected above their respective BVs: aluminum, antimony, arsenic, barium, beryllium, chromium, cobalt, 
copper, iron, lead, nickel, selenium, silver, thallium, vanadium, and zinc (Table 2.3-2); hexavalent 
chromium was not detected in any samples and perchlorate was not sampled for in tuff, so neither is 
presented in Table 2.3-2. 

Table 2.3-3 lists the results of the WRS and quantile statistical comparisons. For soil, two inorganic 
chemicals (barium and copper) detected above the soil BVs were statistically different from (greater than) 
background. Silver was retained as a COPC in soil because no background data set is available and it 
was detected above the BV. In addition, cobalt, lead, and zinc were retained as COPCs in the biological 
zone because they had concentrations in one or more samples that exceeded soil or tuff background 
concentrations by several factors or more. For tuff, 11 of 16 inorganic chemicals detected above the tuff 
BVs were statistically different from (greater than) background: aluminum, antimony, barium, chromium, 
cobalt, copper, iron, lead, nickel, selenium, and vanadium. 
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Table 2.3-2 

Frequency of Detected Inorganic Chemicals above Background-Biological Zone 


Analyte Media 

Number 
of 

Analyses 

Number 
of 

Detects 

Concentration 
Rangea 

(mg/kg) 
BV 

(mg/kg) 

Frequency of 
Detects above 

BV 

Frequency of 
Nondetects 
above BV 

Aluminum Soil 70 70 2,630 to 19,900 29,900 0/70 0/70 

Aluminum Tuff 73 73 766 to 32,700 7,340 6/73 0/73 

Antimony Soil 70 17 [0.09] to 2.90 0.83 1/70 23/70 

Antimony Tuff 73 3 [0.14] to 1.20 0.5 1/73 41/73 

Arsenic Soil 70 65 [0.12] to 4.80 8.17 0/70 0/70 

Arsenic Tuff 73 61 [0.12] to 3.80 2.79 4/73 0/73 

Barium Soil 70 70 18.7 to 6,630 295 27/70 0/70 

Barium Tuff 73 73 9.30 to 2,920 46 45/73 0/73 

Beryllium Soil 70 70 0.27 to 1.80 1.83 0/70 0/70 

Beryllium Tuff 73 73 0.23 to 1.90 1.21 7/73 0/73 

Cadmium Soil 70 23 [0.01] to 1.40 0.4 1/70 4/70 

Cadmium Tuff 73 33 [0.02] to 0.80 1.63 0/73 0/73 

Chromium Soil 70 69 1.6 to 39.4 19.3 1/70 0/70 

Chromium Tuff 73 69 0.51 to 15.6 7.14 8/73 0/73 

Cobalt Soil 70 70 0.690 to 44.7 8.64 3/70 0/70 

Cobalt Tuff 73 70 0.41t041.3 3.14 9/73 0/73 

Copper Soil 70 70 0.68 to 36.8 14.7 6/70 0/70 

Copper Tuff 73 73 0.004 to 32.4 4.66 19/73 0/73 

Iron Soil 70 70 4,580 to 19,900 21,500 0/70 0/70 

Iron Tuff 73 73 6.47 to 22,500 14,500 4/73 0/73 

Lead Soil 70 70 3.80 to 61.5 22.3 5/70 0/70 

Lead Tuff 73 73 1.25 to 24.20 11.2 8/73 0/73 

Manganese Soil 70 70 30.90 to 1,290 671 1/70 0/70 

Manganese Tuff 73 73 44.7 to 456 482 0/73 0/73 

Mercury Soil 70 35 [0.2] to 0.07 0.1 0/70 0/70 

Mercury Tuff 73 14 [0.0028] to 0.0610 0.1 0/73 0/73 

Nickel Soil 70 68 [1.3] to 10.5 15.4 0/70 0/70 

Nickel Tuff 73 62 0.79 to 12.6 6.58 8/73 0/73 

Selenium Soil 70 33 [0.10] to 0.480 1.52 0/70 0/70 

Selenium Tuff 73 48 0.13 to 0.74 0.3 21/73 2/73 

Silver Soil 70 15 [0.019] to 15.8 1 6/70 3/70 

Silver Tuff 73 15 [0.035] to 4.60 1 2/73 1/73 

Thallium Soil 70 30 [0.0130] to [1.2] 0.73 0/70 3/70 

Thallium Tuff 73 25 [0.012] to 1.2 1.1 1/73 1/73 

Vanadium Soil 70 69 [0.380] to 29.3 36.6 0/70 0/70 

Vanadium Tuff 73 70 [0.380] to 26.4 17 2/73 0/73 

Zinc Soil 70 66 [9.4] to 912 48.8 7/70 0/70 

Zinc Tuff 73 73 0.027 to 150 63.5 2/73 0/73 

a [ 1 = Not detected. 
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Table 2.3-3 

Background Test Matrix-~iological Zone 


Analyte Media 
Above/Below 

BV 
WRS Test 
Pass/Fail 

Quantile 
Pass/Fail COPC? 

Aluminum Soil Below a 
- - No 

Aluminum Tuff Above Fail Fail Yes 

Antimony Soil Above Fail Pass NOD 

Antimony Tuff Above Fail Fail Yes 

Arsenic Soil Below - - No 

Arsenic Tuff Above Pass Pass No 

Barium Soil Above Fail Fail Yes 

Barium Tuff Above Fail Fail Yes 

Beryllium Soil Below - - No 

Beryllium Tuff Above Pass Pass No 

Cadmium Soil Above Fail Pass NoD 

Cadmium Tuff Below - - No 

Chromium Soil Above Fail Pass NOD 

Chromium Tuff Above Fail Pass Yes 

Cobalt Soil Above Fail Pass NOD 

Cobalt Tuff Above Fail Pass Yes 

Copper Soil Above Pass Fail Yes 

Copper Tuff Above Fail Fail Yes 

Iron Soil Below - - No 

Iron Tuff Above Fail Pass Yes 

Lead Soil Above Fail Pass NOb 

Lead Tuff Above Pass Fail Yes 

Manganese Soil Above Fail Pass NOb 

Manganese Tuff Below - - No 

Nickel Soil Below - - No 

Nickel Tuff Above Fail Fail Yes 

Selenium Soil Below - - No 

Selenium Tuff Above Fail Fail Yes 

Silver Soil Above NAc NA Yeso 

Silver Tuff Above Fail Pass Noe 

Thallium Soil Above Fail Pass NOb 

Thallium Tuff Above Fail Pass NOb 

Vanadium Soil Below - - No 

Vanadium Tuff Above Fail Pass Yes 

Zinc Soil Above Pass Pass No 

Zinc Tuff Above Pass Pass No 

a Statistical analysis not required because BV was not exceeded. 


b WRS failed because the site median was statistically less than the background median. 


C NA =Background data set or BV not available. 


d Detected chemical, but no background data set is available for statistical comparison tests. 


e One hit greater than maximum background. 
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Table C-1 in Appendix C lists all MDA P Area biological zone samples that show inorganic chemical 
concentrations above BVs ; samples collected from SWMU 16-016(c)-99 highlighted. Seven inorganic 
chemicals had samples with concentrations above background within the boundary of SWMU 16-016(c)-99 
(number of samples greater than the BV in parentheses): antimony (3), barium (12), chromium (1), cobalt 
(1), copper (2), selenium (2), and silver (1). Several inorganic chemicals also had detection limits above 
one or both BVs: antimony, cadmium, selenium, silver, and thallium. Of these, only antimony and silver had 
detection limits greater than the associated BV within SWMU 16-016(c)-99. With the exception of barium, 
cobalt, copper, and selenium, the concentrations of inorganic chemicals detected above BVs within the 
SWMU 16-016(c)-99 were within the range of the background data sets (LANL 1998, 59730). 

2.3.2.1.2 Exposed Tuff Zone 

For the exposed tuff zone, 19 of the 21 inorganic chemicals sampled for were detected above their 
respective BVs: aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, 
iron, lead, manganese, mercury, nickel, selenium, silver, thallium, vanadium, and zinc (Table 2.3-4); 
hexavalent chromium was not detected in any samples and is not presented in Table 2.3-4. Additionally, 
perchlorate, which was analyzed for in 33 samples from the exposed tuff zone and does not have an 
associated BV, was detected in seven samples. 

Table 2.3-4 

Frequency of Detected Inorganic Chemicals above Background-Exposed Tuff Zone 


Analyte 
Number of 
Analyses 

Number of 
Detects 

Concentration 
Rangea 

(mg/kg) 
BV 

(mg/kg) 

Frequency of 1 Frequency of 
Detects Nondetects 

above BVb above BV 

Aluminum 146 146 656 to 28,100 7,340 26/146 01146 

Antimony 146 22 [0.02] to 2.70 0.5 3/146 97/146 

Arsenic 146 120 [0.11] to 7.20 2.79 16/146 01146 

Barium 146 145 5.20 to 6,980 46 79/146 01146 

Beryllium 146 146 0.25 to 3.30 1.21 26/146 01146 

Cadmium 146 65 [0.015] to 5.70 1.63 21146 0/146 

Chromium 146 145 0.32 to 18.70 7.14 23/146 01146 

Cobalt 146 144 0.35 to 151.00 3.14 53/146 01146 

Copper 146 144 [0.94] to 34.00 4.66 57/146 01146 

Iron 146 146 4,130 to 20,600 14,500 12/146 01146 

Lead 146 146 1.20 to 144.00 11.2 23/146 01146 

Manganese 146 145 103.00 to 842.00 482 11/146 01146 

Mercury 146 30 [0.0028] to 0.22 0.1 1/146 1/146 

Nickel 146 
1 
132 0.78 to 13.20 6.58 18/146 01146 

Perchlorate 33 7 [0.007] to [0.73] c 
- 7/33 0/146 

Selenium 146 
1 

88 0.12 to 1.40 0.3 45/146 11146 

Silver 146 [0.04] to 1.80 1 5/146 6/146 

Thallium 146 [0.012] to 1.40 1.1 3/146 4/146 

Vanadium [0.38] to 36.70 17 15/146 01146 

Zinc 23.10 to 118.0 63.5 8/146 0/146 
a [ I = Not detected. 


b For analytes with no BV, all detects are counted as above BV. 


e _ =No BV available. 
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The WRS and quantile statistical comparisons found that 15 of 19 inorganic chemicals detected above 
the tuff BVs were statistically different from (greater than) background: aluminum, antimony, barium, 
beryllium, chromium, cobalt, copper, iron, lead, mercury, nickel, perchlorate, selenium, vanadium, and 
zinc (Table 2.3-5). 

Table 2.3-5 

Background Test Matrix-Exposed Tuff Zone 


Analyte 
Above/Below 

BV 
WRS Test 
Pass/Fail 

Quantile 
Pass/Fail COPC? 

Aluminum Above Fail Fail Yes 

Antimony Above Fail Fail Yes 

Arsenic Above Pass Pass No 

Barium Above Fail Fail Yes 

Beryllium Above Fail Fail Yes 

Cadmium Above Fail Pass Noa 

Chromium Above Fail Fail Yes 

Cobalt Above Fail Fail Yes 

Copper Above Fail Fail Yes 

Iron Above Fail Fail Yes 

Lead Above Pass Fail Yes 

Manganese Above Fail Pass NOb 

Mercury Above NA
c 

NA Yesd 

Nickel Above Fail Fail Yes 

Perchlorate NA NA NA Yes
d 

Selenium Above Fail Fail Yes 

Silver Above Fail Pass Noa 

Thallium Above Fail Pass No
a 

Vanadium Above Fail Fail Yes 

Zinc Above Fail Pass Yese 

a WRS failed because site median was statistically less than background median. 


b One hit greater than maximum background. 


c NA =Background data set or BV not available. 


d Detected chemical, but no background data set, is available for statistical comparison tests. 


e Zinc carried forward as a cope because W RS failed because site median exceeded that for background. 


Table C-2 in Appendix C lists all MDA P Area exposed tuff zone samples with inorganic chemical 
concentrations above BVs; samples from SWMU 16-016(c)-99 are highlighted. Twelve inorganic 
chemicals had samples with concentrations above background within SWMU 16-016(c)-99 (number of 
samples greater than the BV in parentheses): aluminum (5), antimony (7), barium (10), beryllium (2), 
chromium (5), cobalt (7), copper (9), iron (1), lead (2), nickel (3), selenium (4), and vanadium (1). 
Antimony had detection limits greater than the associated BV but was not detected at SWMU 
16-016(c)-99. Except for chromium and iron, all inorganic chemicals that failed the background screen 
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were detected within SWMU 16-016(c)-99 at concentrations greater than the range of the background 
data sets. 

2.3.2.2 Radionuclide Comparison with Background or Fallout Values 

Four radionuclide chemicals attributable to historical operations at MOA P were detected in the soil 
samples from the biological zone and three were detected in the exposed tuff zone. However, none of 
these radionuclide chemicals exceeded its respective background or fallout values (Table 2.3-6). 

Table 2.3-6 

Frequency of Detected Radionuclides above Background/Faliout


Biological and Exposed Tuff Zones 


Number Number Concentration BV or Fallout I Frequency of 
of of Rangei Value Detects above BV 

Analyte Zone Medium Analyses Detects (pCi/g) (pCi/g) i or Fallout Value 

Cesium-137b Be Soil 3 1 [-0.020] to 0.550 1.65 0/3 

Uranium-234 B Soil 3 3 0.480 to 0.730 2.59 0/3 

Uranium-234 ~4 4 0.45 to 0.71 1.98 0/4 

Uranium-235 B 5 2 [-0.630] to [0.310] 0.20 0/5 

Uranium-235 ET Tuff 8 2 [-0.27] to 0.068 0.09 0/8 

Uranium-238 B Soil 3 3 0.510100.850 ~ 0/3 

Uranium-238 ET Tuff 4 4 0.374 to 0.51 . 0/4 

a [ 1 = Not detected. 


b Not detected in the exposed tuff zone. 


c Biological zone 

d 

Exposed tuff zone. 

The tuff matrix of the biological zone was not sampled for radionuclides. 

2.3.2.3 Evaluation of Organic Chemicals 

Nineteen organic chemicals were detected in the biological zone. However, 9 organic chemicals were 
detected in less than 5% of the samples and were eliminated from further consideration as COPCs: 
benzoic acid, dichlorobenzene[1 ,4-], dinitrobenzene[1,3-], dinitrotoluene[2,4-], dinitrotoluene[2,6-], 
methylnaphthalene[2-], nitrotoluene[3-], nitrotoluene[4-], and tetryl (EPA 1989, 08021). The remaining 10 
detected organic chemicals were retained as COPCs: acetone, amino-2,6-dinitrotoluene[4-], amino-4,6
dinitrotoluene[2-], Aroclor-1260, bis(2-ethylhexyl)phthalate, 00T[4,4'-] (dichlorodiphenyltrichloroethane), 
HMX, ROX, toluene, and trinitrotoluene[2,4,6-] (Table 2.3-7). 

All biological zone samples with detected organic chemicals are provided in Table C-3 in Appendix C; 
samples from SWMU 16-016(c)-99 are highlighted. Five organic chemicals were detected within SWMU 
16-016(c)-99 (number of detections in parentheses): amino-2,6-dinitrotoluene[4-] (2); amino-4,6
dinitrotoluene[2-] (2); bis(2-ethylhexyl)phthalate (2); HMX (9); and ROX (11). 
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Table 2.3-7 

Frequency of Detected Organic Chemicals-Biological Zone 


Analyte 

Number 
of 

Analyses 

Number 
of 

Detects 

Concentration 
Range'! 
(mg/kg) 

Frequency of 
Detection 

(%) 
EQLb 

(mg/kg) 

Acetone 5 1 0.014 to [0.026] 20.0 0.03 

Amino-2,6-dinitrotoluene[4-] 144 17 0.063 to 0.980 11.8 0.77 

Amino-4,6-dinitrotoluene[2-] 144 19 0.044 to 1.10 13.2 0.36 

Aroclor-1260 3 1 [0.039] to 0.061 33.3 0.04 

Benzoic acid
c 138 3 0.1 to [2.3] 2.2 2.30 

Bis(2-ethylhexyl)phthalate 138 8 0.110 to [0.470] 5.8 0.47 

DDT[4,4'-] 3 1 [0.002] to 0.0079 33.3 0.002 

• Dichlorobenzene[l,4-]c 143 1 0.001 to [00470] 0.7 0047 

Dinitrobenzene[1,3-t 144 3 0.046 to [1040] 2.1 lAO 

Dinitrotoluene[2,4-t 281 1 [0.08] to [1.40] 004 lAO 

Dinitrotoluene[2,6-]c 281 2 [0.08] to [lAO] 0.7 lAO 

HMX 144 56 [0.08] to 16.0 38.9 0.36 

Methylnaphthalene[2-]c 138 1 0.040 to [00470] 0.7 0047 

Nitrotoluene[3-]c 144 1 [0.080] to [lAO] 0.7 lAO 

Nitrotoluene[4-]c 144 1 [0.080] to [lAO] 0.7 lAO 

144 76 0.069 to 37.00 52.B 0.36 
c 143 1 [O.OBO] to [lAO] 0.7 lAO 

5 1 0.001 to [0.007] 20.0 0.01 

ne[2,4,6-] 144 12 0.034 to 1.20 B.3 0.77 

a !1 Not detected. 


b EQl Estimated quantitation limit. 


c Detected in less than 5% of the samples and eliminated as a COPC. 


Sixteen organic chemicals were detected in the exposed tuff zone. However, 7 organic chemicals were 
detected in less than 5% of the samples and were eliminated from further consideration as COPCs (di-n
butylphthalate; dinitrobenzene[1 ,3-]; dinitrotoluene[2,4-]; dinitrotoluene[2,6-]; methylnaphthalene[2-]; 
nitrotoluene[4-]; and tetryl) (EPA 1989, 08021). The remaining 9 organic chemicals were retained as 
COPCs: amino-2,6-dinitrotoluene[4-]; amino-4,6-dinitrotoluene[2-]; bis(2-ethylhexyl)phthalate; carbon 
disulfide; HMX; RDX; toluene; trinitrotoluene [1,3,5-]; and trinitrotoluene[2,4,6-] (Table 2.3-8). 

Table C-4 in Appendix C lists all exposed tuff zone samples with detected organic chemicals; samples 
from SWMU 16-016(c)-99 are highlighted. Three organic chemicals were detected within SWMU 
16-016(c)-99 (number of detections in parentheses): bis(2-ethylhexyl)phthalate (2), HMX (2), and RDX (6). 

2.3.2.4 Summary of COPCs 

Table 2.3-9 lists the COPCs identified for the MDA P Area, for both the biological zone and the exposed 
tuff zone. Inorganic chemicals are presented by matrix type for the biological zone because the screen 
against BVs that was used to determine COPCs is matrix-specific. 
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Table 2.3-8 

Frequency of Detected Organic Chemicals-Exposed Tuff Zone 


Analyte 

Number 
of 

Analyses 

Number 
of 

Detects 

Concentration 
Rangea 

(mg/kg) 

Frequency 
of Detection 

(%) 
EQLb 

(mglkg) 

Ami no-2 ,6-dinitrotoluene[ 4-] 143 20 0.049 to 0.550 14.0 0.330 

Amino-4,6-dinitrotoluene[2-] 143 23 [2.5E-07] to 0.882 16.1 

Bis(2-ethylhexyl)phthalate 137 7 0.08 to 0.620 5.1 10.430 

Carbon disulfide 5 1 O 0.006 

Di-n-butylphthalateC 137 1 [~0.130to [0.430] 

O. 

0.036 to [0.430] 

0.430 

Dinitrobenzene[1,3-]c 143 1 .7 

.7 

0.330 

Dinitrotoluene[2,4-]c 280 2 0.430 

Dinitrotoluene[2,6-]e 280 1 [0.080] to [0.430] 0.4 0.430 

HMX 143 76 [0.080] to 5.740 53.1 0.330 

Methylnaphthalene[2-]c 137 1 0.058 to [0.430] 0.7 0.430 

Nitrotoluene[4-]c 143 1 [0.080] to [0.330] 0.7 0.330 

RDX 143 107 0.054 to 10.80 74.8 0.320 

TetrylC 143 1 [0.081 to [0.3301 0.7 0.330 

Toluene 5 2 0.001 to [0.026] 40.0 0.026 

Trinitrobenzene[1,3,5-] 143 8 0.047 to 0.360 5.6 0.330 

143 10 0.029 to 0.480 7.0 0.330 

a [ J Not detected, 

b EQL Estimated quantitation limit. 

c Detected in less than 5% of the samples and eliminated as a COPC. 
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Table 2.3-9 

Results of Data Review 


Biological Zone 

Analyte ......... lUll 

Inorganic Chemicals 

Aluminum 
a Xb 

Antimony X 

Arsenic -

Barium X X 

Beryllium -

Cadmium -

Chromium X 

Cobalt X X 

Copper X X 

Iron - X 

Lead X X 

Exposed 
Tuff Zone Result 

X Retained 

X Retained 

Eliminated 

X Retained 

X Retained 

Eliminated 

X Retained 

X Retained 

X Retained 

X Retained 

X Retained 

Rationale 

Retained for both zones because detected 
concentrations exceeded established BVs 
and failed statistical tests. 

i Retained for both zones because detected 
concentrations exceeded established BVs 
and failed statistical tests. 

Eliminated from both zones because 
detected concentrations did not exceed 
established BVs or were not statistically 
different from background. 

Retained for both zones because detected 
concentrations exceeded established BVs 
and failed statistical tests 

Retained for exposed tuff zone because 
detected concentrations exceeded 
established BVs and failed statistical tests. 

Eliminated from both zones because 
detected concentrations did not exceed 
established BVs or were not statistically 
different from background. 

Retained for both zones because detected 
concentrations exceeded established BVs 
and failed statistical tests. 

Retained for both zones because detected 
concentrations exceeded established BVs 
and failed statistical tests or had samples 
greater than maximum BV by several 
factors. 

Retained for both zones because detected 
concentrations exceeded established BVs 
and failed statistical tests. 

Retained for exposed tuff zone because 
detected concentrations exceeded 
established BVs and failed statistical tests. 

Retained for both zones because detected 
concentrations exceeded established BVs 
and failed statistical tests or had samples 
greater than maximum BV by several 
factors. 
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Table 2.3-9 (continued) 

Analyte 

Biological Zone 

Exposed 
Tuff Zone Result RationaleSoil Tuff 

Manganese - - - Eliminated Eliminated from both zones because 
detected concentrations did not exceed 
established BVs or were not statistically 
different from background. 

Mercury - - X Retained Retained for exposed tuff zone because 
detected concentrations exceeded 
established BVs and because there is no 
background data set for comparison. 

Nickel - X X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed statistical tests. 

Perchlorate NOc NO X Retained Retained for exposed tuff zone because it 
was detected in seven samples and does 
not have an associated BV. 

Selenium - X X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed statistical tests. 

Silver X - - Retained Retained for biological zone because 
detected concentrations exceeded 
established BVs and because there is no 
background data set for comparison. 

Thallium - - - Eliminated Eliminated from both zones because 
detected concentrations did not exceed 
established BVs or were not statistically 
different from background. 

Vanadium - X X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed statistical tests. 

Zinc X - X Retained Retained for both zones because detected 
concentrations exceeded established BVs 
and failed statistical tests or had samples 
greater than the maximum background 
value by several factors. 

Radionuclides 

Cesium-137 - NO Eliminated Eliminated from biological zone because 
detected concentrations did not exceed 
established BVs. 

Uranium-234 - - Eliminated Eliminated from both zones because 
detected concentrations did not exceed 
established BVs. 

Uranium-235 - - Eliminated Eliminated from both zones because 
detected concentrations did not exceed 
established BVs. 
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Table 2.3-9 (continued) 

Biological Zone 

• Exposed 
Analyte Soil Tuff Tuff Zone Result Rationale 

Uranium-238 - - Eliminated Eliminated from both zones because 
detected concentrations did not exceed 
established BVs. 

• Organic Chemicals 

Acetone X ND Retained Retained for biological zone because 
concentrations were detected in more than 
5% of samples. 

Amino-2,6 X X Retained Retained for both zones because 

dinitrotoluene[4-J concentrations were detected in more than 
5% of samples. 

Amino-4,6 X X Retained Retained for both zones because 
dinitrotoluene[2-J concentrations were detected in more than 

5% of the samples 

Aroclor-1260 X ND Retained Retained for biological zone because 
concentrations were detected in more than 
5% of samples. 

Benzoic acid - ND Eliminated Eliminated from biological zone because 
concentrations were detected in less than 
5% of samples. 

Bis(2 X X Retained Retained for both zones because 
ethylhexyl)phthalate concentrations were detected in more than 

5% of the samples. 

Carbon disulfide ND X Retained Retained for exposed tuff zone because 
concentrations were detected in more than 
5% of samples. 

Di-n-butylphthalate NO - Eliminated Eliminated from exposed tuff zone because 
concentrations were detected in less than 
5% of samples. 

DDT[4A] X ND Retained Retained for biological zone because 
concentrations were detected in more than 
5% of the samples 

Dichlorobenzene[1 A-] - ND Eliminated Eliminated from biological zone because 
concentrations were detected in less than 
5% of samples. 

Dinitrobenzene[1,3-] - - Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of samples. 

Dinitrotoluene[2A-] - - Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of samples. 
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Table 2.3-9 (continued) 

Analyte 

Biological Zone 

Exposed 
Tuff Zone Result RationaleSoil Tuff 

Dinitrotoluene[2,6-] - - Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of samples. 

HMX X X Retained Retained for both zones because 
concentrations were detected in more than 
5% of the samples. 

Methylnaphthalene[2-] - - Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of the samples. 

Nitrotoluene[3-] - ND Eliminated Eliminated from biological zone because 
concentrations were detected in less than 
5% of samples. 

Nitrotoluene[4-] - - Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of samples. 

RDX X X Retained Retained for both zones because 
concentrations were detected in more than 
5% of samples. 

Tetryl - - Eliminated Eliminated from both zones because 
concentrations were detected in less than 
5% of samples. 

Toluene X X Retained Retained for both zones because 
concentrations were detected in more than 
5% of the samples. 

Trinitrobenzene[1,3,5-] ND X Retained Retained for exposed tuff zone because 
concentrations were detected in more than 
5% of samples. 

Trinitrotoluene[2,4,6-] X X Retained Retained for both zones because 
concentrations were detected in more than 
5% of the samples. 

a _ =Eliminated as a COPC. 


b X = Retained as a COPC. 


c NO =100% not detected within a given zone. 


A total of 16 inorganic chemicals were retained as COPCs. Six inorganic chemicals were identified as 
COPCs for the biological zone soil (barium, cobalt, copper, lead, silver, and zinc). Eleven inorganic 
chemicals were identified as COPCs for the biological zone tuff (aluminum, antimony, barium, chromium, 
cobalt, copper, lead, iron, nickel, selenium, and vanadium). Fifteen inorganic chemicals were identified as 
COPCs for the exposed tuff zone (aluminum, antimony, barium, beryllium, chromium, cobalt, copper, iron, 
lead, mercury, nickel, perchlorate, selenium, vanadium, and zinc). 
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A total of 12 organic chemicals were retained as COPCs for further evaluation. Ten organic chemicals 
were identified as COPCs for the biological zone (acetone; amino-2,6-dinitrotoluene[4-]; amino-4,6
dinitrotoluene[2-]; Aroclor-1260; bis(2-ethylhexyl)phthalate; DDT[4,4'-; HMX; RDX; toluene; and 
trinitrotoluene[2,4,6-]). Nine organic chemicals were identified as COPCs for the exposed tuff zone 
(amino-2,6-dinitrotoluene[4-]; amino-4,6-dinitrotoluene[2-]; bis(2-ethylhexyl)phthalate; carbon disulfide; 
HMX; RDX; toluene; trinitrobenzene[1,3,5-]; and trinitrotoluene[2,4,6-]). 

No radionuclides were identified as COPCs for the MDA P Area. 

2.3.3 Revised Site Conceptual Model 

The current, postexcavation MDA P Area is composed of two distinct zones: an exposed tuff zone and a 
biological zone. Photograph 2.3-1 shows the MDA P Area as excavation activities were being completed: 
the middle area of the site is the flat portion of the exposed tuff zone, in front of which is the 
unconsolidated tuff area that slopes steeply towards the Canon de Valle. The uppermost portion of the 
site is the now-restored and reseeded biological zone. The biological zone consists of undisturbed or 
reclaimed areas (approximately 5.1 ac of the nearly 9.25-ac site), which border the main excavation area 
to the south, east, and west. The reclaimed areas within the former MDA P Area footprint have 
approximately 2 ft of topsoil, though the soils in some locations near the east and west perimeters of the 
site can be as deep as approximately 5 ft. The reclaimed areas have thriving plant communities that are 
composed primarily of grasses and ruderal species representative of successional or transitional areas. 
Undisturbed areas outside the MDA P Area footprint contain deeper soils (up to 5 ft on average, with 
deeper soils possible) that support mature vegetation (including deeper-rooted shrubs and trees typical of 
the Rocky Mountain montane mixed-conifer vegetation type). Evidence of animal activity (tracks and scat 
of small and large mammals) was observed in the biological zone during an August 2002 site visit. 

Photograph 2.3-1. Condition of MDA P Area after Phase I activities 
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The exposed tuff zone consists of a single large and continuous area of exposed tuff (approximately 
4.25 ac of consolidated tuff or unconsolidated tuff with large boulders) from which the topsoil was 
removed during Phase I excavation activities. In contrast to the biological zone, the exposed tuff zone is 
largely bereft of plants and supports littlp, to no animal activity. 

SWMU 16-016(c)-99 exists within both the exposed tuff and biological zones. The boundaries of the 
biological and exposed tuff zones and the boundaries of all SWMUs within the MDA P Area are shown on 
Figure 2.3-2. The transport and exposure models used for the MDA P Area apply to SWMU 16-016(c)-99. 

2.3.3.1 Contaminated Media-Current Conditions 

Contaminated media within the boundaries of the MDA P Area [including SWMU 16-016(c)-99] are soil and 
tuff, for which residual contamination largely is limited to depths less than 5 ft. Neither surface water within 
the boundaries of the MDA P Area or groundwater beneath the MDA P Area is impacted by residual 
contamination in the soil and tuff under current conditions. Currently, runon is directed away from the site 
into two adjacent drainages, using natural and engineered landscape features. Precipitation runoff that falls 
within the boundaries of the MDA P Area generally is diverted west and east of the site, into channels that 
ultimately terminate in Canon de Valle. Runoff from large precipitation events may breach the diversion 
channels and result in sheet flow across the surface of the site, terminating also in Canon de Valle. 

Potential transport from the exposed tuff zone differs from that of the biological zone. Surface soils have 
been removed from the exposed tuff zone, which also has been denuded of all mature, native vegetation. 
Because there are no areas for ponding or near-saturated conditions within the exposed tuff zone, current 
conditions promote runoff and inhibit infiltration. Also, because the residual contamination is limited to tuff, 
transport from the site is primarily controlled by the tuff's slow weathering process. Thus, while movement 
of contaminants by runoff is the most important transport mechanism from the exposed tuff zone, the 
actual rate of transport is directly proportional to the rate of the tuff's weathering. The tuff weathering 
process is best described in the context of geologic time (thousands of years), indicating that off-site 
transfer is negligible for receptor exposure in Canon de Valle to residual contamination in the exposed tuff 
zone in the near-term future, defined as 30 yr (LANL 1999, 63546). 

Outside and surrounding the exposed tuff zone is the biological zone, which includes undisturbed 
locations or previously disturbed locations that have been reseeded/reclaimed. Soils in the biological 
zone are approximately 2 to 5 ft deep (though in some locations, soils may exceed 5 ft) and are largely 
inhabited by grasses and plants typical of successional or transitional areas that have been subjected to 
some kind of disturbance. Erosion of topsoil that remains within the biological zone largely has been 
mitigated by the implementation of Laboratory BMPs, including slope stabilization and erosion-control 
measures. Transport of residual contamination from the biological zone to Canon de Valle is still possible 
through surface water runoff, though the presence of topsoil, plant cover, and BMP features tend to 
promote water infiltration within the surface soil over runoff, making runoff a minor transport pathway for 
the biological zone. 

Natural, physiographic boundaries (terrain constraints) limit the lateral extent of both past and future 
transport. As described above, off-site contaminant transport is constrained by drainage channels east 
and west of the site and the upgradient road to the south, such that all runon and runoff is directed 
downgradient to Canon de Valle. Potential ecological impacts caused by the transport of COPCs to the 
canyon were evaluated in a risk assessment for Canon de Valle (Section 2.4.1.2). 
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Figure 2.3-2. Boundaries of the biological and exposed tuff zones and SWMUs at the MDA P Area 
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2.3.3.2 Exposure Pathways-Human Receptors 

Potential, complete exposure pathways due to COPCs in surface soil and tuff include inhalation of fugitive 
dust and direct exposure to soil and tuff by dermal contact or incidental ingestion. Potential exposure 
pathways due to COPCs in subsurface soil and tuff would be complete only if contaminated soil or tuff 
were excavated and brought to the surface, in which case the potential exposure pathways would be 
similar to surface soil exposures. Tuff weathering is the only viable natural process that may result in the 
exposure of receptors to COPCs in tuff; due to the slow rate of weathering expected for tuff, exposure to 
COPCs in this medium is considered negligible. However, this assessment conservatively assumes that a 
reasonable depth of exposure is 0 to 5 ft in soil; for consistency among the exposure scenarios, 5 ft also 
is assumed to be the depth of exposure for tuff. This is conservative because (1) COPCs in tuff will cause 
exposure only as weathering occurs; and (2) the highest COPC concentrations are in samples within the 
top few feet of soil. Also, this is reasonable because the assumed 5-ft depth of exposure captures the 
average depth of soil and, thus, exposure to COPCs in soil at the site. Potential risk to human receptors 
typically is based on exposure to COPCs in the top 10ft of soil. For the MDA P Area, most samples were 
collected from the top 5 ft and the few collected below 5 ft show lower concentrations. Excluding these 
deeper samples results in a more conservative assessment because the representative site 
concentrations based on the shallower samples are not "diluted." 

Because no surface water currently exists at the site and excavation activities eliminated all potential 
near-saturated and ponded water sources at the surface, potential human health exposure pathways due 
to surface water (dermal and ingestion) are incomplete and are not evaluated. Likewise, groundwater is 
eliminated as a potentially contaminated medium underneath the MDA P Area because no surface-to
groundwater pathway exists; thus, pathways to the regional aquifer, which is located approximately 
1200 ft below the site, are incomplete for human receptors at the MDA P Area. 

2.3.3.3 Exposure Pathways-MDA P Area Ecological Receptors 

The exposed tuff zone currently contains surface anomalies (e.g., depressions or cracks in the tuff) that 
provide isolated and discontinuous microsites that tend to accrete fine materials/deposits that can 
become microhabitats for plants. Thus, some isolated plants can be found growing within the exposed tuff 
zone. Use of the exposed tuff zone for foraging or other activities is not expected from the animal 
receptors that potentially may inhabit areas near the MDA P Area. 

As agreed to by the Laboratory with the NMED and EPA Region 6 (LANL 2002, 73791), the exposed tuff 
area of the site does not require a quantitative ecological risk assessment, including generation and 
review of hazard quotients (HQs). The "preferred approach is a qualitative ecological risk assessment" 
consisting of a written discussion documenting that the various exposure pathways are not complete in 
this area of the site (LANL 2002, 73791). COPCs in the tuff generally are immobilized and become 
available to receptors only as a function of the slow tuff weathering process. Vegetation, though present 
in some microsites, is sparse and does not make contact with COPCs to the degree that population-level 
effects occur. Also, vegetation is not present in sufficient quantities to result in significant uptake through 
the food chain and it is unlikely that use or foraging by ecological receptors occurs because of the 
unsuitable habitat. Therefore, the contact that wildlife receptors might have with COPCs in the exposed 
tuff zone does not drive population-level effects in the wildlife receptors. There are no complete pathways 
in the exposed tuff zone and the exposure of receptors to COPCs in this zone is not evaluated 
quantitatively. 

The remaining area of the MDA P Area footprint, which is not undisturbed or has been 
reseeded/reclaimed, currently supports grasses and plants that may be used as forage by ecological 
receptors. The relatively shallow depth of the soil in the reclaimed footprint area (an average depth of 
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approximately 2 ft, though as deep as approximately 5 ft in some locations near the east and west 
perimeters of the site) precludes deep-rooted plants and all but investigative burrowing activities by 
fossorial mammals (see Ecological Scoping Checklist, Appendix A, Attachment 1). Complete exposure 
pathways for ecological receptors to COPCs in the surface soil and tuff in the biological zone include 
uptake by plants; ingestion pathways for animal receptors; and potential food-web transfer due to 
ingestion uptake by animal receptors. This assessment conservatively assumes that a reasonable depth 
of exposure is 0 to 5 ft, regardless of media type (soil or tuff). Note that the near-term exposure (30 yr) of 
ecological receptors to COPCs in tuff is low because of the tuff's slow weathering process. 

Undisturbed areas outside the MDA P Area footprint contain deeper soils (up to 5 ft and deeper) that 
support mature vegetation (including deeper-rooted shrubs and trees that are typical of the Rocky 
Mountain montane mixed-conifer, forest vegetation type). Habitat use by ecological receptors occurs in 
these outlying areas, including foraging, nesting, and the development of established burrow systems 
(compared with investigative burrows within the reclaimed portions of the MDA P footprint) by fossorial 
mammals. Complete exposure pathways for ecological receptors to COPCs in the surface soil and tuff 
that are in the biologically viable areas outside the MDA P footprint include uptake by plants and ingestion 
pathways for animal receptors and potential food-web transfer due to ingestion uptake by animal 
receptors. This assessment conservatively assumes that a reasonable depth of exposure is 0 to 5 ft, 
regardless of the media type (soil or tuff) and the exposure to COPCs in tuff is low due to the slow rate of 
tuff weathering. The assessment of potential ecological risk to receptors in the outlying, undisturbed 
areas was combined with that for the biological zone within the MDA P footprint because of the similarity 
of COPCs and the exposure pathways for ecological receptors. 

As with the exposure pathways for human receptors, pathways related to the exposure of ecological 
receptors to COPCs in surface water at the site are incomplete because no surface water currently exists 
there and excavation activities eliminated all potential near-saturated and ponded water sources at the 
surface. Additionally, groundwater is eliminated as a potentially contaminated medium underneath the 
MDA P Area because no sUrface-to-groundwater pathway exists; thus, pathways to the regional aquifer, 
which is located approximately 1200 ft below the site, are incomplete for ecological receptors at the 
MDA PArea. 

2.3.3.4 Exposure Pathways-Canon de Valle Ecological Receptors 

Canon de Valle receptors may be exposed to MDA P Area COPCs by the release and transport of 
contaminants to the canyon. Historic releases to Canon de Valle from the MDA P Area include the off-site 
transport of COPCs by surface erosion and the potential leaching of water through the landfill contents to 
surface water and sediments. To the extent that contaminants were transported to the canyon from the 
MDA P Area before source removal, historical contaminant Signatures in the canyon from the MDA P 
Area may not correspond with residual COPC concentrations identified in confirmation samples. In fact, 
contaminants common to Canon de Valle and the MDA P Area are found at higher maximum 
concentrations in the canyon than at the MDA P Area. 

The MDA P Area is one of several historical contaminant sources for Canon de Valle but is not the 
dominant source. The 260 Outfall [SWMU 16-021 (c)-99] is identified as the dominant contaminant source 
for the canyon (LANL 1998, 59891). Additionally, MDA R (SWMU 16-019) and the Silver Outfall (SWMU 
16-020), up-canyon from the MDA P Area, also contributed contaminants. The focused evaluation of 
potential ecological risk to aquatic and terrestrial receptors in Canon de Valle integrates the potential 
effects of multiple contaminant sources to canyon receptors, in addition to the effects from MDA P Area 
COPCs. Appendix A of the final MDA P Area final closure certification report contains the complete risk 
assessment analyses. 
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2.3.3.5 Nature and Extent of Contamination 

The only contaminated media currently within the boundaries of the MDA P Area are soil and tuff, for 
which residual contamination is largely limited to depths of less than 5 ft. Neither surface water within the 
MDA P Area boundaries nor groundwater beneath the MDA P Area is impacted by the residual 
contamination in the soil and tuff under current conditions . 

. Confirmation samples were collected at surface (defined here as 0 to 1 ft), subsurface (defined here as 2 
to 3 ft), and deep subsurface (defined here as greater than 3 tt) depths. A total of 200 grid cells were 
sampled from depths of 0.5 to 78 ft. A total of 332 unique location and depth combinations are included in 
the confirmation sample database because samples were collected from more than one depth in many of 
the 200 grid cells identified for confirmation sampling. Figure 2.3-1 shows Phase 11 sample locations. 
Sampling was conducted to provide sufficient data for the determination of clean closure and corrective 
action. Twenty-six locations were sampled within the boundary of SWMU 16-016(c)-99. 

Confirmation data adequately determined the lateral extent of residual COPC concentrations at the site, 
as the sampling extended beyond the excavation boundaries and beyond the natural hydrologic barriers 
that limit potential lateral transport to the area between the east and west drainages. Thus, the lateral 
extent of contamination is bounded by the drainages. Generally, the residual CO PC concentrations are 
near to and within the former SWMU boundaries (the area of the excavation and removal activities), 
which results in generally decreasing lateral trends. Note that the observed trends in the lateral extent of 
residual contamination may be more an artifact of extensive excavation activities at the site than historical 
contaminant transport from the SWMUs to the soil and tuff. 

The investigation of residual contamination at depth was accomplished by drilling four boreholes in grid 
cells 516,526,554, and 557. The original commitment was to drill four boreholes to approximately 30 ft in 
grid cells determined to have the highest potential for residual contamination at depth. Subsequent 
discussions between the Laboratory and NMED determined that two boreholes would be drilled in 
locations where local drainage may have concentrated contaminants (grid cells 526 and 557) to a target 
depth of 10 ft below the level of the Canon de Valle stream. An error in the elevational survey resulted in 
the two boreholes not reaching target depth and the final depths of boreholes 526 and 557 reached the 
approximate elevation of the Canon de Valle stream. The remaining two boreholes were drilled in grid 
cells 516 and 554 to depths of 32 and 100 ft, respectively. Although boreholes 526 and 557 did not reach 
their target depths, the risk analysis concluded that the four boreholes, as a group, met the objectives of 
defining the extent of residual contamination at depth (Appendix A of the MDA P Area final closure 
certification report). Because the depth of confirmation sampling in the boreholes extended well below 
residual contamination in the MDA P Area soil and tuff, the vertical extent of contamination has been 
defined. A fifth borehole located in grid cell 273 was drilled to 170 ft, primarily for geologic logging; 
analytical data derived from sampling borehole 273 (0- to 5-ft samples only) were included in the risk 
analysis. 

Confirmation data determined the vertical extent of COPC concentrations in subsurface soils and tuff at 
the site, because data collected at depth were adequate to conclude that only residual COPC 
concentrations exist at depth (greater than 5 tt). All COPC concentrations decreased with depth across 
the site and most depth sample results were not detected or were detected at concentrations within the 
range of background or estimated quantitation limits (EQLs), providing strong evidence that residual 
contamination does not exist at depth. 

2.3.3.6 Environmental Fate 

Environmental fate and transport of the residual contamination in the soils and tuff at the MDA P Area are 
discussed in Sections 2.3.3.1 through 2.3.3.4. 
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2.4 Site Assessments 

The human health and ecological risk assessment analyses summarized in this section were performed 
to support closure certification and corrective action activities at MDA P Area SWMUs. Just as excavation 
and cleanup activities for the MDA P Area SWMUs were conducted simultaneously, the risk assessments 
for the SWMUs within the MDA P Area were conducted collectively. This approach was delineated in the 
NMED-approved SAP for the MDA P Area (LANL 1999, 63546). This section summarizes the analysis of 
the Phase II confirmation sample data in the context of potential human health and ecological risk 
associated with residual contamination identified in samples from the MDA P Area. Details are provided in 
Appendix A of the MDA P Area final closure certification report. 

Potential risk to both human and ecological receptors was evaluated for residual contamination at the 
MDA P Area. Each screening assessment conducted for human and ecological receptors has four 
components: scoping. screening evaluation, uncertainty analysis and/or problem formulation, and 
interpretation of results. The human health screening assessment was conducted using the approach 
outlined in the NMED-approved installation work plan (lWP) (LANL 1998, 62060) and the human health 
risk-based screening methodology (LANL 2002, 72639). The ecological screening assessment was 
performed using the methodology outlined in "Screening Level Ecological Risk Assessment Methods" 
(LANL 1999.64783). Additional analysis and evaluation was conducted for all inorganic and organic 
COPCs that did not pass the initial human health and ecological screening assessments. 

2.4.1 Screening Assessments 

Screening assessments were conducted for all inorganic chemicals that were determined greater than 
background concentrations in the confirmation sample data sets for the biological and exposed tuff zones 
(LANL 1998, 59730). Organic chemicals detected in more than 5% of the confirmation samples were 
designated as COPCs, for which potential risk to human and ecological receptors was evaluated. No 
radionuclides were identified as COPCs for the MDA P Area. Table 2.3-9 lists the COPCs retained in the 
biological and exposed tuff zones. 

The current postexcavation MDA P Area is composed of two distinct zones: an exposed tuff zone and a 
biological zone. SWMU 16-016(c)-99 contains both the exposed tuff and biological zones within its 
boundaries (Figure 2.3-2). The exposed tuff zone was denuded of all mature, native vegetation during 
Phase I excavation activities and all surface soils were removed. The exposed tuff zone, largely bereft of 
plants and uninhabitable by wildlife receptors, was evaluated qualitatively in the ecological screening 
assessment, per agreement with the NMED and EPA Region 6 (LANL 2002, 73791). The biological zone 
includes undisturbed or previously disturbed locations that have been reseeded/reclaimed and was 
evaluated quantitatively in the ecological screening assessment, using COPC concentrations measured 
in soil and tuff from Oto 5 ft. The human health screening assessment quantitatively evaluated residual 
contamination in both zones, also using COPC concentrations measured in soil and tuff from 0 to 5 ft. 

2.4.1.1 Human Health 

(a) Scoping 

As discussed in Section 1.0, SWMU 16-016(c)-99 exists within the boundaries of the MDA P Area and 
within the active, operational area of TA-16. The site lies entirely on DOE land and is isolated from public 
access by a security fence and security checkpoints. Based on current and proposed future land use, the 
site will remain under Laboratory control and continue to be used for industrial purposes, with potential 
on-site receptors being Laboratory workers. However, for this screening assessment, residential land use 
was assumed in order to support closure certification and corrective action decisions. 
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Potential human exposure pathways include inhalation of airborne particles or vapors, incidental ingestion 
of surface soil or tuff, and dermal contact with surface soil or tuff. Because no surface water currently 
exists at the site and excavation activities eliminated all potential near-saturated and ponded water 
sources at the surface, potential exposure pathways due to surface water (dermal and ingestion) are 
incomplete and are not evaluated. Additionally, perched groundwater has not been encountered beneath 
the site and pathways to the regional aquifer, which is located approximately 1200 ft below the site, are 
incomplete. Therefore, all potential pathways to groundwater are not evaluated. 

(b) Screening Evaluation 

The screening assessment compared COPC concentrations with screening action levels (SALs). The 
comparison was based on the 95% upper confidence limit (95% upper confidence limit [UCL]) of the 
mean concentration of each COPC at the MDA P Area, as measured in samples collected from 0 to 5 ft. 
When a chemical was a COPC for either zone (biological or exposed tuff), it was assumed to be a COPC 
for the entire MDA P Area. Thus, the data sets defining the 95% UCL concentrations for comparison to 
SALs include all sample locations and both soil and tuff matrices, regardless of whether the samples were 
from the biological or exposed tuff zone. 

SALs were calculated based on the methodology provided in Appendix C of the approved IWP (LANL 
1998, 62060) and the human health risk-based screening methodology (LANL 2002, 72639). The 
methodology is based on guidance from EPA Region 6 and NMED (EPA 2001,71466; NMED 2000, 
68554). SALs used in the screening evaluation reflect a residential exposure scenario, assuming 
exposure for 24 hr/day for 350 days/yr. The SAL comparison is presented separately for noncarcinogenic 
chemicals and carcinogenic chemicals. SALs for noncarcinogens are based on an HQ of 1.0; SALs for 
carcinogens are based on a target cancer risk of 10.6

. Table 2.4-1 compares noncarcinogenic COPCS 
with SALs and Table 2.4-2 compares carcinogenic COPCS with SALs. 

Barium and iron were the only noncarcinogens for which 95% UCL concentrations exceed the 0.1 SAL 
but were less than SALs (Table 2.4-1). The sum of the ratio of each COPC (calculated as the 95% UCL 
concentration divided by the respective SAL, i.e., the hazard index [HI]) was less than unity (0.8). This 
indicates that a human health hazard is not expected from exposure to co-located noncarcinogenic 
COPCs at the MDA P Area. 

. . 
None of the carcinogenic COPCs had a 95% UCL concentration above their respective SALs (Table 
2.4-2), and were less than the NMED target risk level of 10.5 (NMED 2000, 68554). The cumulative cancer 
risk was 6x10·7

. Thus, exposure in the MDA P Area does not result in an unacceptable risk to human 
receptors. 

An additional human health risk analysis was conducted to account for potential exposure to a limited 
area of high CO PC concentrations. A residential lot of 5400 fe was assumed to represent the potential 
exposure area. A residential lot was selected for both the biological and exposed tuff zones to be 
consistent with the locations of high barium concentrations (the risk driver for the site; see Figure 2.4-1). 
Inorganic chemical concentrations were compared to the corresponding BV for each residential lot. 
Inorganic chemicals greater than background were evaluated for each lot. Organic chemicals that were 
not detected within a lot were not evaluated for that lot. 

Among the noncarcinogenic COPCs in the biological zone lot, only barium had a 95% UCL concentration 
greater than one-tenth the respective SAL, but less than the SAL (Table 2.4-3), similar to the initial 
screening results. The sum of the ratio of each COPC calculated as the 95% UCL concentration divided 
by the respective SAL was less than unity (0.4), indicating that a human health hazard is not expected 
from exposure to co-located noncarcinogenic COPCs in the biological zone residential lot. 
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Table 2.4-1 

Comparison of Noncarcinogenic COPCs with SALs, 0- to 5-ft Depth 


Analyte 
95% UCL 
(mg/kg) 

0.1 SAL 
(mg/kg) 

SAL 
(mg/kg) 

Aluminum 6,060 7,400 74,000 

Antimony 0.41 3 30 

Barium 534
a 

520 5,200 

Beryllium 0.83 15 150 

Cobalt 5.35 450 4,500 

Copper 6.71 280 2,800 

Iron 10,335 2,300 23,000 

Lead 9.67 40 400 

Mercury 0.02 2.3 23 

Nickel 4.50 150 1,500 

Perchlorate 0.03 0.78 7.8 

Selenium 0.25 38 380 

Silver 0.54 38 380 

Vanadium 9.52 53 530 

Zinc 49.0 2,300 23,000 

Acetone 0.10 160 1,600 

Amino-2,6-dinitrotoluene[4-]D 0.15 6.1 61 

Amino-4,6-dinitrotoluene[2-f 0.16 6.1 61 

Aroclor-1260 0.034c 
0.11 1.1 

Carbon disulfide 0.01 36 360 

HMX 0.95 310 3,100 

Toluene 0.005 18 180 

Trinitrobenzene[1,3,5-] 0.14 180 1,800 

a Values in bold indicate SAL or 0.1 SAL exceeded by 95% UCL. 


b 2,6-dinitrotoluene SAL was used as a surrogate (EPA 2001, 71466). 


c Data set had less than 10 samples; 95% UCL could not be calculated; maximum value used. 


Table 2.4-2 

Comparison of Carcinogenic COPCs with SALs, 0- to 5-ft Depth 


Analyte 
95% UCL 
(mg/kg) 

SAL 
(mg/kg) 

Aroclor-1260 0.034
a 

0.22 

Bis(2-ethylhexyl)phthalate 0.20 35 

Chromium 5.28 210 

DDT[4,4] 0.0035a 
1.7 

RDX 1.89 4.4 

Trinitrotoluene[2,4,6-] 0.14 16 

a Data set had less than 10 samples; 95% UCL could not be calculated; maximum value used. 
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Figure 2.4-1. Residential lots (5400 ft2) in the biological and exposed tuff zones 
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Table 2.4-3 


SAL Comparison to 95% UCL Noncarcinogen Concentrations

Biological Zone: 5400 ft2 Residential Lot, 0- to 5-ft Depth 


Analyte 
95% UCL 
(mg/kg) 

0.1 SAL 
(mg/kg) 

SAL 
(mg/kg) 

Barium 1,584
a 520 5,200 

Copper 12.73 280 2,800 

Lead 21.8 40 400 

Selenium 0.31 38 380 

Silver 0.68 38 380 

Zinc 58.6 2,300 23,000 

Amino-2,6-dinitrotoluene[4-1b 
0.51 6.1 61 

Amino-4,6-dinitrotoluene[2-1b 
0.55 6.1 61 

HMX 8.03 310 3,100 

a Value in bold indicates SAL or 0.1 SAL exceeded by 95% UCL. 
b . . 2,6-dlnltrotoluene SAL was used as a surrogate (EPA 2001,71466). 

One carcinogenic COPC (RDX) had a 95% UCL concentration above its SAL (Table 2.4-4). The 
cumulative cancer risk from exposure to carcinogenic COPCs in the biological zone residential lot was 
4x10·6

, which is less than NMED's target risk level of 10.5 (NMED 2000, 68554). Therefore, the residential 
lot for the biological zone does not pose an unacceptable risk to human health. 

Table 2.4-4 


SAL Comparison to 95% UCL Carcinogen Concentrations

Biological Zone: 5400 ft2 Residential Lot, 0- to 5-ft Depth 


Analyte 
95% UCL 
(mg/kg) 

SAL 
(mg/kg) 

Bis(2-ethylhexyl)phthalate 0.26 35 

RDX 17.7a 
4.4 

Trinitrotoluene[2,4,6-1 0.27 16 

a Value in bold indicates SAL exceeded by 95% UCL. 

Among the noncarcinogenic COPCs in the exposed tuff zone residential lot, aluminum, barium, and iron 
showed 95% UCL concentrations greater than one-tenth their respective SALs (Table 2.4-5). The sum of 
the ratio of each COPC exposure calculated as the 95% UCL concentration divided by the respective 
SAL slightly exceeded unity (1.7). However, approximately one-half of this is due to iron, an essential 
nutrient. The iron 95% UCL concentration also was less than the maximum tuff background concentration 
(19,500 mg/kg) and slightly above the tuff BV (14,500 mg/kg) (LANL 1998, 59730). 
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Table 2.4-5 

SAL Comparison to 95% UCL Noncarcinogen Concentrations


Exposed Tuff Zone: 5400 fe Residential Lot, 0- to 5-ft Depth 


Analyte 
95%UCL 
(mg/kg) 

0.1 SAL 
(mg/kg) 

SAL 
(mg/kg) 

Aluminum 10,415a 7,400 74,000 

Antimony 0.50 3 30 

Barium 3,834 520 5,200 

Beryllium 1.75 15 150 

Cobalt 45.6 450 i 4,500 

Copper 6.9 280 2,800 

Iron 16,404 2,300 23,000 

Nickel 5.68 150 1,500 

Selenium 0.49 38 380 

ium 14.4 53 530 

Zinc 50.7 2,300 23,000 

Amino-2,6-dinitrotoluene[4-]b 0.27 6.1 61 

Amino-4 ,6-dinitrotoluene[2-]b 

HMX 

0.34 

1.6 

6.1 

310 

61 

3,100 I 
Trinitrobenzene[1,3,5-] 0.1 180 1,800 

a Values in bold indicate SAL or 0.1 SAL exceeded by 95% UCL. 


b 2,6-Dinitrotoluene SAL was used as a surrogate (EPA 2001, 71466). 


One carcinogenic COPC (RDX) had a 95% UCL concentration above its respective SAL (Table 2.4-6). 
The cumulative cancer risk from exposure to carcinogenic COPCs in the exposed tuff zone residential lot 
was 1.2 x 10'6, which is less than NMED's target risk level of 10.5 (NMED 2000, 68554). Therefore, the 
residential lot for the exposed tuff zone poses no unacceptable risk to human health. 

Table 2.4-6 

SAL Comparison to 95% UCL Carcinogenic Concentrations

Exposed Tuff Zone: 5400 ft2 Residential Lot, 0- to 5-ft Depth 


Analyte 
95% UCL 
(mg/kg) 

SAL 
(mg/kg) 

Chromium 7.8 210 

I RDX 5.63a 4.4 

T rinitrotoluene[2,4, 6-] 0.15 16 

a Value in bold indicates SAL or 0.1 SAL exceeded by 95% UCL. 
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(c) Uncertainty Analysis 

The analysis presented in this human health screening assessment is subject to varying degrees and 
kinds of uncertainty. Aspects of data evaluation and COPC identification, exposure assessment, toxicity 
assessment, and the additive approach all contribute to uncertainties in the risk assessment process. 

Data Evaluation and COPC Identification Process 

A primary uncertainty associated with the COPC identification process is the possibility that a chemical 
may be inappropriately identified as a COPC. It is unlikely that inorganic chemicals were inappropriately 
excluded as COPCs because the only detected inorganic chemicals excluded were those determined to 
be below the associated BV or those with data sets not significantly different than background (see 
Appendix A of the MDA P closure report). Aluminum and iron in the exposed tuff zone residential lot and 
iron in the sitewide comparison had 95% UCL concentrations greater that 0.1 the respective SAL, but less 
than the SAL. Concentrations measured in soil and tuff at the MDA P Area for these two metals are not 
considered a concern for human health for two reasons: (1) the high values for these metals are in the tuff 
and therefore are unavailable for exposure and (2) the 95% UCL concentrations of aluminum and iron 
across the site and within the residential lots are within the range of soil and tuff background 
concentrations (LANL 1998, 59730), indicating that exposure to sitewide or residential lot concentrations 
is similar to background. Additionally, iron is an essential nutrient; concentrations in soil would need to be 
substantially higher than background before iron became a concern to human health. Thus, the HI values 
calculated for the entire area and the residential lots are due primarily to barium and are less than 1.0. 

It is unlikely that organic chemicals were inappropriately excluded as COPCs because the only detected 
organic chemicals not retained for analysis were those that were detected in less than 5% of the 
confirmation samples. 

Uncertainties associated with inorganic and organic chemical data include sampling errors, laboratory 
analysis errors, and data analysis errors. For the MDA P Area, these uncertainties are expected to have 
little effect on results even though many detected concentrations of organic COPCs were qualified J, 
indicating that the values were less than EQLs and could only be estimated. 

Exposure Assessment 

Three main uncertainties were identified in the exposure assessment process. 

1. 	 Identification of Receptors. The human health screening evaluation is a conservative comparison 
of the 95% UCL concentration with SALs based upon a residential land-use scenario. To the 
degree that activity patterns are not represented by activities assumed by the residential land-use 
scenario, uncertainties are introduced in the assessment. If a potentially exposed individual is an 
industrial worker, a screening assessment based on a residential scenario overestimates 
exposure and, therefore, potential hazard and risk to human receptors. The same is true if the 
receptor is a recreational user (e.g., hiker, jogger, etc.). If, however, future land use becomes 
residential, this assessment appropriately addresses potential human health risks. 

2. 	 Exposure Pathway Assumptions. Several assumptions are made relative to exposure pathways, 
including input parameters, whether or not a given pathway is complete, the contaminated media 
to which an individual may be exposed, and intake rates for different exposure routes. In the 
absence of site-specific data, the exposure assumptions used were consistent with EPA
approved parameters and default values (EPA 2001,71466). When several upper-bound values 
(as in EPA 2001, 71466) are combined to estimate exposure for anyone pathway, the resulting 
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risk can exceed the 99th percentile of expected risk and therefore, exceed (overestimate) the 
range of risk that reasonably may be expected. Also, the assumption that residual concentrations 
of COPCs in the tuff are readily available and may result in exposure in the same manner as in 
soil overestimates the potential risk to COPCs in tuff. Therefore, the HI of 1.7 is an overestimation 
of potential hazard to humans at the site. 

3. 	 Derivation of Exposure Point Concentrations. Some uncertainty is introduced in the aggregation 
of data for estimating representative COPC concentrations (95% UCL) at a site. Risk from a 
Single location or area with relatively high COPC concentrations may be diluted by using a 
representative, sitewide value. This is considered the Single, largest uncertainty that may result in 
the underestimation of potential risk to human receptors. Therefore, smaller residential lots were 
analyzed to address this uncertainty. The use of the 95% UCL is intended to provide a protective, 
upper bound (i.e., conservative) on the average COPC concentration at the site, which likely will 
lead to an overestimation of exposure concentration. The maximum barium concentration of 
6630 mg/kg from within the boundary of SWMU 16-016(c)-99 results in an HQ of 1.3. This barium 
concentration is within the range of barium concentrations measured in the residential lots and 
results in an HQ approximately twice the maximum residential lot HQ (0.7) for barium based on 
the 95% UCL. The resulting HI for SWMU 16-016(c)-99, using the maximum COPC 
concentrations (2.2) within the SWMU boundary, is only slightly greater than the maximum HI for 
the residential lots (1.7). Therefore, the 95% UCLs for the entire area and for the residential lots 
provides a reasonable estimate of exposure and only slightly underestimates the risk from local, 
elevated concentrations of COPCs. 

Toxicity Assessment 

The primary uncertainty associated with the SALs is related to the derivation of toxicity values used in 
their calculation. EPA toxicity values (reference doses [RfDs] and slope factors [SFs]) were used to derive 
the SALs used in this risk screening assessment (EPA 2001,70109; EPA 1997, 58968). Uncertainties 
were identified in three areas with respect to toxicity values: (1) extrapolation from animals to humans, 
(2) extrapolation from one route of exposure to another route of exposure, and (3) individual variability in 
the human population. 

1. 	 Extrapolation from Animals to Humans. SFs and RfDs often are based on extrapolation from 
animal data to humans, which may result in uncertainties in toxicity values because differences 
exist in chemical absorption, metabolism, excretion, and toxic responses between animals and 
humans. The EPA takes into account differences in body weight, surface area, and 
pharmacokinetic relationships between animals and humans to address these uncertainties in the 
dose-response relationship; however, conservatism is usually incorporated in each of these 
steps, resulting in the overestimation of potential risk. 

2. 	 Extrapolation from One Route of Exposure to Another Route of Exposure. The SFs and RfDs 
often contain extrapolations from one route of exposure to another that result in additional 
conservatisms in the risk calculations. For example, an extrapolation from the oral route to the 
inhalation and/or the dermal route was used in this assessment (EPA 2001, 71466) and 
differences between the two exposure pathways contribute uncertainty in the estimation of 
potential risk at this site. 

3. 	 Individual Variability in the Human Population. For noncarcinogenic effects, the degree of 
variability in human physical characteristics is important both in determining risks that can be 
expected at low exposures and in defining the no-observed-adverse-effect level (NOAEL). The 
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NOAEL uncertainty factor approach incorporates a 10-fold factor to reflect individual variability 
within the human population that can contribute to uncertainty in the risk assessment; this factor 
of 10 generally results in a conservative estimate of risk to noncarcinogenic COPCs. 

Additive Approach 

For noncarcinogens, the effects of exposure to multiple chemicals are generally unknown and possible 
interactions could be synergistic or antagonistic, resulting either in overestimation or underestimation of 
potential risk. Additionally, RfDs used in risk calculations typically are not based on the same endpOints 
with respect to severity, effects, or target organs. Therefore, the potential for noncarcinogenic effects can 
be overestimated for individual COPCs that act by different mechanisms and on different target organs 
but are addressed additively. 

Interpretation of Results 

Overall, the uncertainties associated with the evaluation of human health risks from residual 
concentrations of COPCs in the soil and tuff of the MDA P Area overestimate potential risk to human 
receptors. Human health risks and hazards from potential exposure of residents to COPCs in surface soil 
and tuff are below levels of concern, both within the residential lots and across the site. Results from the 
evaluation of the residential lots did not change the results of the initial screening assessment. 

Noncarcinogenic HI values ranged from 0.8 (sitewide) to 1.7 (exposed tuff zone) based on 95% UCL 
concentrations; none of the individual COPCs exceeded an HQ of 1.0. Approximately half the HI of 1.7 
(0.7) is due to iron, which is an essential nutrient and has a 95% UCL within the range of background 
concentrations. In addition, COPCs in this lot are in the tuff, making exposure unlikely; the HI for the 
exposed tuff zone residential lot overestimates the potential hazard to receptors. Given the uncertainties 
and the overestimation of hazard, the His for the site and for the residential lots do not exceed NMED's 
target HI of 1.0 (NMED 2000,68554) and do not pose a potential hazard to human health. 

Concentrations of carcinogenic COPCs were less than their respective SALs. The incremental excess 
cancer risk ranged from 6 x 10.7 (sitewide risk) to 4 x 10.6 (residential lot risk). These risk levels are below 
the NMED target cancer risk level of 10.5 (NMED 2000, 68554). Therefore, the site as a whole and the 
residential lots within each zone pose no potential unacceptable risk to human health. 

2.4.1.2 Ecological 

(a) Scoping 

A scoping evaluation is the framework for an initial screening assessment and establishes the breadth 
and focus of the ecological screening process. Scoping and screening analyses are based on the 
ecological scoping checklist (Appendix A, Attachment 1) and the conceptual site model presented in 
Section 2.3.3. The ecological scoping checklist was completed prior to the start of the assessment of 
potential risk to ecological receptors at the MDA P Area. An August 28, 2002, site visit was conducted in 
conjunction with the completion of the ecological scoping checklist. One objective of the site visit was to 
confirm that the risk assessment approach, which was defined before Phase I excavation, was 
appropriate for postexcavation conditions (LANL 1999, 63546). 

As described in Section 2.3.3, the MDA P Area is composed of two distinct zones: (1) an exposed tuff 
zone that is largely bereft of plants and for which little evidence of animal activity was observed during the 
site visit, and (2) a biological zone that has topsoil and is populated by either successional/transitional 
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plant species (grasses and herbaceous plants and forbs) in the areas disturbed during the Phase I 
excavation or mature, native vegetation typical of the Rocky Mountain mixed-conifer vegetative type in 
the undisturbed parts of the MDA P Area. Evidence that the biological zone of the MDA P Area is used by 
both small mammals (e.g., soil mounding by burrowing mammals) and large mammals (e.g., tracks and 
scat) was noted during the site visit. 

As agreed to by the Laboratory with NMED and EPA Region 6 (LANL 2002, 73791), the "exposed tuff 
area of the site doesn't need a quantitative ecological risk assessment including generation and review of 
hazard quotients" and the "preferred approach is a qualitative ecological risk assessment" consisting of a 
written discussion documenting that the various exposure pathways are not complete in this area of the 
site. This discussion is provided in Section 2.3.3 (Revised Site Conceptual Model). In summary, COPCs 
in the tuff generally are immobilized and become available to receptors only as a function of the slow rate 
of the tuff weathering process. Though present in some microsites, vegetation is sparse and does not 
make contact with COPCs to the degree that population-level effects would be driven by this limited 
exposure to COPCs in the exposed tuff zone. Also, because the vegetation is not present in quantities 
sufficient to result in substantial uptake through the food chain and use by ecological receptors is unlikely, 
the contact that wildlife receptors might have with COPCs in the exposed tuff zone does not drive 
population-level effects in the wildlife receptors. Thus, receptor exposure to COPCs in the exposed tuff 
zone is not evaluated quantitatively in this assessment. 

Because potentially complete exposure pathways exist for COPCs in the biological zone, the following 
terrestrial receptors were evaluated quantitatively in the ecological screening assessment for the 
biological zone. These receptors represent several feeding guilds and trophic levels: 

• 	 plants, 

• 	 soil-dwelling invertebrates (represented by the earthworm), 

• 	 deer mouse (mammalian omnivore), 

• 	 vagrant shrew (mammalian insectivore). 

• 	 desert cottontail (mammalian herbivore), 

• 	 fox (mammalian carnivore), 

• 	 American robin (avian insectivore, omnivore, and herbivore), and 

• 	 American kestrel (avian insectivore and carnivore). which is a surrogate for avian threatened and 
endangered (T&E) species. 

Of the terrestrial receptors evaluated, only the vagrant shrew is not expected to be of concern for the 
MDA P Area because it requires free water for survival-a medium that does not exist at the site and that 
has been eliminated from consideration as a potential exposure medium for the MDA P Area footprint. 
However. because the shrew represents the insectivorous feeding guild for mammals, which is not 
specifically represented by any other terrestrial receptor, the shrew was retained for the MDA P Area 
screening assessment. 

(b) Screening Evaluation 

The ecological screening assessment is designed to identify chemicals of potential ecological concern 
(COPECs) by comparing the 95% UCL concentration for each chemical to ecological screening levels 
(ESLs). The higher the contaminant levels relative to the ESLs, the higher the potential risk to receptors; 
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conversely, the higher the ESLs relative to the contaminant levels, the lower the potential risk to 
receptors. The 95% UCL concentration calculations are in Appendix A of the MDA P final closure 
certification report; the ESLs were obtained from the Laboratory's ECORISK database, version 1.4 (LANL 
2002, 72802). The comparison of 95% UCLs and ESLs is summarized in the calculation of HOs for all 
COPCs and all appropriate screening receptors. The HO is defined as the ratio of the ESL to the 
representative contaminant concentration in the exposure medium being investigated. Chemicals with 
HOs greater than 0.3 are identified as COPECs that require additional evaluation (LANL 1999, 64783). 
The HI is the sum of HOs. An HI greater than 1.0 is considered an indication of potential adverse impacts 
to a given receptor from exposure to multiple chemicals at a site. The HO/HI analysis is a conservative 
indication of potential adverse effects and is designed to minimize the potential for overlooking possible 
COPECs at the site. 

In this assessment, representative soil concentrations (95% UCL of the mean) of COPCs identified in the 
biological zone (as measured in soil and tuff samples taken from 0 to 5 ft) and ESLs (Table C-5, 
Appendix C) were used to calculate an HO for each COPC (Table 2.4-7). Based on this comparison, 
nickel and lead were eliminated as COPECs because all receptors had an associated ESL and all HOs 
were less than 0.3. All other chemicals are discussed in detail in the remainder of this section. 

H I values for the terrestrial receptors range from 1.75 for the top carnivore American kestrel to 464 for the 
plant (see Table 2.4-7). Aluminum is eliminated as a COPEC because it is not expected to be 
bioavailable within the soil or tuff of the biological zone. EPA guidance states that aluminum "is identified 
as a COPC only at sites where the soil pH is less than 5.5" (EPA 2000,73306). The pH levels measured 
in confirmation samples from the MDA P Area range from 5.8 to 7.4 in tuff and 6.8 to 7.6 in soil, indicating 
that aluminum at the MDA P Area is unavailable to ecological receptors. With aluminum eliminated, 
barium and cobalt are the primary contributors to the HI values for each receptor, while vanadium and 
DDT[4,4'-] also contribute to the HI for some receptors. 

Several HOs calculated for inorganic chemicals are not ecologically meaningful estimations of potential 
risk because the ESLs are below the associated soil and tuff BVs. Therefore, another HO/HI analysis was 
performed after ESLs that were below the associated soil BV were removed from the analysis (Table 
2.4-8, see "NC" entries). All inorganic COPCs except barium showed 7 or less than 7 detected soil 
concentrations above the soil BV, indicating that residual concentrations of inorganic chemicals in the 
biological zone are in the tuff and therefore are unavailable to receptors. In addition, the 95% UCL 
concentrations determined for all inorganic COPCs except barium, cobalt, and copper are within the 
range of background concentrations for soil and tuff. This indicates that exposure to representative site 
concentrations for inorganic COPCs is similar to background. As a result, most inorganic COPCs (except 
barium) are not retained as COPECs. 

Table 2.4-7 shows that DDT[4,4'-] was the only organic chemical that failed the initial screen because of 
HOs greater than 0.3 (for the insectivorous and omnivorous robin and both kestrels). However, DDT[4,4'-] 
was detected in only one soil sample and had HOs of 3.0 or less, which are not expected to result in 
adverse population-level effects to the robin or kestrel. Therefore, DDT[4,4'-] is not retained as a COPEC 
for the biological zone. 
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Three organic chemicals (acetone, Aroclor-1260, and bis[2-ethylhexyl]phthalate) had ESLs for most or all 
wildlife receptors and all Has were less than 0.3. Furthermore, these COPCs were detected. in only one 
sample (acetone and Aroclor-1260) or eight samples (bis[2-ethylhexyl]phthalate). Due to the low number 
of detected concentrations, these COPCs are not expected to drive adverse population-level effects. All 
detected concentrations for these COPCs were at or below the maximum EOLs, indicating that only trace 
concentrations are present at the site. Although there are no plant and invertebrate ESLs for these 
COPCs, the plants at the site are healthy. Because these organic chemicals are detected infrequently at 
low concentrations and the Has for receptors with ESLs are less than 0.3, acetone, Aroclor-1260, and 
bis[2-ethylhexyl]phthalate are not retained as COPECs. 

The remaining organic chemicals (amino-2,6-dinitrotoluene[4-], amino-4,6-dinitrotoluene[2-], HMX, RDX, 
toluene, and trinitrotoluene[2,4,6-]) have mammalian ESLs. However, these organic chemicals lack ESLs 
for the avian receptors and also may lack an ESL for either the plant or invertebrate. All Has for the 
mammalian receptors are less than 0.3, and in many cases are at least an order of magnitude lower than 
0.3; thus, no further evaluation is warranted for mammalian receptors. Plants observed at the site during 
an August 28, 2002, site visit appeared healthy and no observable adverse effects to the flora were 
noted, indicating that plants are not adversely affected by residual concentrations of COPCs in the 
biological zone and that no additional evaluations are required for the plants. If a 10-fold uncertainty factor 
were applied to the available mammalian ESLs and used to estimate avian Has (depending on the 
surrogate ESL used for a given receptor/CO PC combination), the resulting Has would be less than 1.0 
for all avian receptors. The exception is potential exposure to RDX, where the resulting Has are greater 
than 1.0 but less than 5.0. Lastly, except for RDX that was detected across the site in both soil and tuff, 
there are a limited number of detections of organic chemicals in soil, indicating that the residual 
concentrations of these organics in the biological zone are in the tuff. Due to the small number of 
detected samples in soil and given the time required for the weathering tuff to become an exposure 
medium for receptors, these organic chemicals in tuff are not expected to cause adverse population-level 
effects. 

Except for barium and RDX, all inorganic and organic chemicals are eliminated as COPECs. The 
COPECs in the tuff are not of concern for the receptors at the MDA P Area or in Canon de Valle because 
exposure pathways are incomplete. Future exposures to COPECs in the tuff are directly related to the 
rate of weathering, which is slow and not likely to result in ecological impacts. 

Barium and RDX warrant further site-specific evaluation in an ecological risk assessment. Barium is 
retained for additional assessment because Has indicate potential risk to all ecological receptors, except 
the kestrel top carnivore (the surrogate for avian T&E receptors). RDX is also recommended for additional 
analysis because the avian receptors lack ESLs and estimated Has based on assumptions related to 
available mammalian ESLs indicate that the potential risk to avian receptors could not be definitively 
eliminated. 

(c) Canon de Valle Ecological Risk Assessment 

The conceptual site model for the MDA P Area includes the potential for exposure to ecological receptors 
in Canon de Valle due to releases of contaminants from the MDA P Area. Historic releases to Canon de 
Valle from the MDA P Area include the off-site transport of COPCs by surface erosion and the potential 
leaching of water through the landfill contents to surface water and sediments. To the extent that 
contaminants were transported to the canyon from the MDA P Area before source removal, the historical 
contaminant signatures in the canyon from the MDA P Area may not correspond with residual COPC 
concentrations measured in Phase II confirmation samples, though the primary contaminants (barium and 
RDX) are common to both. Consequently, the ecological risk assessment of Canon de Valle in support of 
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the MDA P Area closure certification and corrective action includes all COPECs that were identified in the 
canyon. 

The potential for adverse ecological effects to Canon de Valle receptors represents exposure from 
historical loading of COPCs into the Canon de Valle system. Contaminant Signatures and inventories are 
expected to be the worst-case condition because the MDA P Area has been excavated and other sources 
of contaminant discharges to the canyon have been eliminated/remediated. Because of source 
removal/remediation activities, contaminant concentrations will decline and inventories will dissipate with 
the continued influence of hydrologic processes in the canyon, thereby further decreasing any potential 
ecological impacts from residual contamination at the MDA P Area. 

The ecological risk assessment considers terrestrial effects for the MDA P Area and aquatic and 
terrestrial effects in the canyon. The data used to support this assessment include 

• postexcavation Phase II confirmation sample data for the MDA P Area; 

• sediment profile data collected in 1996 for the active channel in Canon de Valle; 

• overbank samples collected for the fluvial geomorphology characterization in 1999; 

• water samples collected from April 1994 to March 1999; 

• small-mammal population and contaminant body-burden data collected in 2001; 

• sediment toxicity test results collected in 2001; and 

• synoptic benthic macro-invertebrate community data collected in 1996 and 1997. 

Data sources were subset to assess the MDA P Area impacts where these data extend substantially 
beyond the area of influence for the MDA P Area or where the data show concentration trends in the 
canyon that are not relevant to the MDA P Area. 

The MDA P Area is one of several historical contaminant sources to Canon de Valle and is not the 
dominant source. The 260 Outfall [SWMU 16-021 (c)-99] is identified as the dominant source of 
contaminants for the canyon. Additionally, MDA R (SWMU 16-019) and the Silver Outfall (SWMU 
16-020), up-canyon from the MDA P Area also are contaminant contributors. Figures 2.4-2 and 2.4-3 
show the down-canyon profile of barium concentrations for overbank soils and active channel sediments, 
including the location of the MDA P Area, downgradient of the 260 Outfall. The zero distance is the 
location of the 260 Outfall. The overbank plot shows five locations with elevated barium concentrations 
between the 260 Outfall and the MDA P Area. All other overbank data show a lack of trend with location 
in the canyon. The active channel sediment plot includes a locally smoothed line fit to approximate an 
average barium concentration with location in the canyon. The active channel shows a barium 
concentration decline below the MDA P Area. Both plots show higher barium concentrations upgradient of 
the MDA P Area reach. These plots indicate the MDA P Area has not been nor currently is a major 
contributor of barium to the canyon. Other COPCs have similar patterns. 

The COPC concentration patterns, as represented by the barium plots, indicate that ecological 
investigations for adverse effects in Canon de Valle that include the reach below the MDA P Area are 
also useful for evaluating historic effects from the MDA P Area. 
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Canon de Valle COPECs 

The identification of Canon de Valle COPECs for terrestrial and aquatic receptors is described in 
Appendix A of the MDA P Area final closure certification report. In summary, 

• 	 six COPECs were identified in overbank soils that exceed ESLs for terrestrial receptors: barium, 
silver, lead, copper, HMX, and RDX; 

• 	 six COPECs were identified in water that exceeded ESLs for aquatic receptors: aluminum, 
barium, cadmium, cobalt, manganese, and silver; and 

• 	 ten COPECs were identified in active channel sediments that exceeded ESLs for aquatic 
receptors: barium, cobalt, copper, lead, silver, thallium, vanadium, di-n-butylphthalate, HMX, and 
RDX. 

Canon de Valle Field Studies-Introduction 

The environmental values (assessment endpoints) to be protected for Canon de Valle are the canyon 
features that are relative to the surrounding landscape and the resident threatened species. Canon de 
Valle is one of many canyons incised into the Pajarito Plateau. This canyon has a perennial spring and an 
alluvial seep in the vicinity of the T A-16 facilities. The presence of water in the canyon is ecologically 
important to the viability of many species in this semiarid environment. Additionally, the canyon supports 
a multileveled overstory of mixed conifer, aspen, and oak with grasses and forbs on overbanks and 
terraces. The combination of perennial water and diverse vegetation make the canyon a relatively 
attractive location for endemic fauna. The Mexican spotted owl, a threatened species, has a nesting site 
down-canyon from the MDA P Area and is likely to hunt in the canyon. 

Assessment endpoints that were addressed in the focused Canon de Valle assessment are 

• 	 community viability of small mammals as an indication of contaminant impacts upon maximally 
exposed taxa across trophic levels and foraging guilds in the terrestrial environment; 

• 	 contaminant concentrations in the food web as an indication of potential impacts to carnivores, 
including the Mexican spotted owl, a resident threatened species in the canyon; and 

• 	 the capacity of the perennial reach of the canyon to support an aquatic community as an 

indication of the extent to which contaminants have impaired sediment and water quality. 


Specific measures of effects used to assess terrestrial small mammal community viability and food web 
contaminant concentrations are 

• 	 number of small-mammal species, 

• 	 population density estimates of small mammals, 

• 	 reproductive status classes for each small mammal species, 

• 	 small-mammal body weights, and 

• 	 small-mammal contaminant body burdens. 

Specific measures of effects used to assess the capacity of the canyon's aquatic system to support an 
aquatic community are 

• 	 number of benthic macro-invertebrate species, 

• 	 presence of sensitive species, 
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• benthic macro-invertebrate community metrics, 

• Chironomus tentans toxicity test survival, and 

• C. tentans toxicity test growth. 

Canon de Valle Field Studies-Terrestrial Assessment 

The small mammal community is a practical choice for biota sampling for adverse terrestrial effects in 
Canon de Valle. Small mammals reside in the canyon year-round and the populations are sufficiently 
abundant to provide multiple individuals for population estimates and to determine the amounts of 
contaminants taken up and stored by individuals in their body tissues (I.e., contaminant body burden). 
Additionally, small mammals are a dominant prey species for the carnivores active in the canyon, 
including the Mexican spotted owl. Contaminant body-burden data from small mammals provides the 
information necessary to make direct estimates of contaminant intake by carnivores, obviating most 
assumptions in contaminant transfer models. Small mammals were collected from Canon de Valle and 
Pajarito Canyon, Pajarito Canyon being a reference (I.e., uncontaminated) location. Pajarito Canyon was 
selected as the reference canyon based on its similarity to Canon de Valle with respect to topography, 
elevation, water presence and quantity, vegetation, and burn severity from the Cerro Grande fire in 2000. 
Trapping was conducted during May 2001 and again from September to October 2001. The lines of 
evidence evaluated are number of species, body weight, reproductive status classes for each species, 
population density estimates, and contaminant body burden. 

The trophic level of a small-mammal species generally influences the accumulation rate of contaminants 
relative to soil concentrations. Sample et al. (1998, 72726) found that bioaccumulation is highest in 
insectivores and lowest in herbivores. Three endpoint species under consideration are the mountain 
cottontail (a herbivore). the deer mouse (an omnivore), and the dusky shrew (an insectivore). Based upon 
home range, the potential for bioaccumulation, and prey size preferences of the Mexican spotted owl, the 
dusky shrew and deer mouse populations are best suited for assessing contaminant transfers to top 
carnivores. Given the propensity for higher body burdens, these species also are likely to elicit population 
responses to COPECs if such responses are occurring. If necessary, the differences in diet between the 
two small mammals can be used to differentiate body burdens associated with trophic levels. Finally, the 
reproductive rate of these species is such that individuals removed for analysis will be replaced quickly 
within the popuiations and negative consequences to the food chain from sampling are very unlikely. 

Body burden data are used to compare COPEC concentrations between Canon de Valle and the 
reference canyon and to estimate the dose of COPECs to the Mexican spotted owl. Individuals were 
sacrificed for body-burden analysis and samples were submitted to the analytical laboratory for analysis 
of HE and target analyte list (TAL) metals. The details of the calculated minimum detection limits for 
estimating risk relevant doses to the Mexican spotted owl are provided in "Canon de Valle Terrestrial 
Ecological Risk Assessment Pilot Steps Four, Five and Six: Study DeSign and Implementation Plan" 
(Tardiff 2002, 73764). 

The terrestrial study data indicate that both the number of species (Table 2.4-9) and the population 
densities (Table 2.4-10) of small mammals are greater in Canon de Valle than in the reference (I.e., 
uncontaminated) site. Pajarito Canyon. The dusky shrew, selected as a study species, was not trapped 
on any of the field collection/trapping dates. Additionally, Canon de Valle consistently had more 
reproductive status classes than Pajarito Canyon (Table 2.4-9). These results indicate that the 
contaminant inventories in Canon de Valle do not adversely affect the small mammal community. 
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~ Canon de Valle Small Mammal Trapping Results for Spring and Fall 2001 
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Table 2.4-10 


Deer Mouse Population Density Estimates by Trapping Grid and Season 


Location 

Spring 2001 
individualslha 

(±95% Cia) 

Fall 2001 
individualslha 

(:1:95% CI) 

I 

Canon de Valle, upper grid 10.5 (4) NAb 

Canon de Valle, lower grid 24 (9) 144 (66) 

Pajarito Canyon, upper grid 7.1 (3.8) 11.3 (7.5) 

Pajarito Canyon, lower grid 9.1 (4.1) 18.7(8) 

a CI '" Confidence level. 


b NA =Not applicable-population density not calculated because new capture data are nonlinear (5,4,8,6). 


A comparison of body weights, by species, shows no differences between the canyons except for brush 
mice when the sexes are combined. However, this difference in weights is associated with a relatively 
large number of nonreproductive individuals in Canon de Valle and indicates that the brush mouse 
population in Canon de Valle is more active with regard to reproduction because the Canon de Valle has 
more individuals transitioning from juvenile to reproductive status. 

Figure 2.4-4 shows boxplots of deer mouse body burden data, with a cursor line representing the 
Mexican spotted owl ESL The analysis of contaminant body burdens for small mammals show that the 
whole-mouse concentrations (of barium, copper, lead, silver, HMX, and RDX) are well below ESLs for the 
Mexican spotted owl. These data indicate that contaminant inventories in Canon de Valle are not posing a 
potential risk to the owl through the food chain. 

Canon de Valle Field Studies-Aquatic Assessment 

Synoptic benthic macro-invertebrate surveys and toxicity testing with C. tentans were selected for 
assessing adverse effects in the Canon de Valle aquatic system. 

Biotic Survey 

Canon de Valle is somewhat limited in survey options for aquatic resources because it contains only a 
very small stream that does not support fish. The lack of fish is due to the perennial reach's being 
disconnected from any larger body of water, its small dimensions (average width 50 cm, average depth 
7 cm), and lack of sufficient pool cover to protect fish populations from freezing and drought. 

The benthic macro-invertebrate community is an appropriate option for a synoptic survey. The species in 
this community reside in or on sediments, are continually exposed to contaminants in the water column, 
and feed on detritus and microorganisms. The consumption of microorganisms incorporates food-chain 
effects into the macro-invertebrate exposures. This community was surveyed in 1996 and 1997 and was 
shown to be well developed in Canon de Valle (NMED 1999. 73769). These data are used to assess 
community effects in Canon de Valle relative to the reference stream reaches on the Pajarito Plateau. 

January 2003 50 ER2002-0773 



-- --

Phase I Closure Implementation Report 

0 
\0 

on 
-'" 
~ 
E 

0 
0 
C "7 

.;;; 

'" iii.., 
u =0 
U 0 

N 

0 

c 
00 

0 
\0 

O(j 

-'" 
~ 
E 
C.s: 0 

e "7 

c 
u '" =0 u co 

N 

0 

0 
0 
'7 

00 8 
-'" 
~ '" 
E 
.: 

0'E
0 

0 

N 
C 
V 
u = 8 c co 

0 

Barium 

Owl ESL 

~ 

[J 
...-+--. 

ct:J 
.......:....-.. 


60 60 
CdV Pajarilo 

Lead 

Owl ESL 

0
~ .......:....-.. 


60 60 
Cdv Pajarito 

HMX 

Owl ESL 

~ ~ 

06 06 
CdV Pajarito 

on 

"'" ~ 
E 
C ,g 

c ~ .., 
u =0 
U 

O(j 

-'" 
~ 
E 
C 
.g 
E = 
u '" = 8 

Ol) 

-'" 
~ 
E 
.: 
.g 
E 
C 
v 
u 
c 
0 

U 

0 
V"\ 

N 


0 
0 
N 

0 
V"\ 

0 
0 

0 
V"\ 

0 

0 
M 

V"\ 
N 

0 
N 

V"\ 

0 

V"\ 

0 

;;;; 

:;; 

0 
M 

0 
f'\ 

0 

0 

Copper 

Owl ESL 

......... ......... 

60 60 
CdV Pajarilo 

Silver 

Owl ESL 

t-++-t t-++-t 

33 15 
CdV Pajarito 

RDX 

OwlESL 

~ 
~c:::t:J ~ 

06 06 
CdV Pajarito 

Numbers above data groups are detects (solid symbol) and nondetects (open symbol) 

Figure 2.4-4. Deer mouse contaminant body burdens 
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A synoptic survey of benthic macro-invertebrates was conducted for riffle habitat in Canon de Valle, 
Pajarito Canyon, Los Alamos Canyon, and Guaje Canyon. The latter three canyon reaches are reference 
streams. The lines of evidence evaluated are number of species, presence of sensitive species, and 
comparisons of community metrics between the two canyons. Three taxa in the orders Ephemeroptera, 
Plecoptera, and Trichoptera (EPT), generally considered sensitive to pollutants, were measured in the 
canyons. Their presence at a site indicates that if pollution is present, it is most likely at low levels. The 
second metric consists of the ratio of EPT to EPT plus the chironomids. Chironomidae is a taxonomic 
family of true flies. They typically tolerate pollution-impacted conditions. If they dominate the assemblage 
of taxa for a site, the site may warrant evaluation for pollution impacts. The third metric is the community 
tolerance dominance quotient (CTDq) from the biotic community index of Winget and Mangum (1979). 
For the first two metrics, larger values indicate better site quality. For the CTDq, lower values indicated 
better site quality. 

The benthic macro-invertebrate study results show that the total number of benthic macro-invertebrate 
taxa in Canon de Valle (33) is within the range of values for the three reference reaches (25 to 42): 
Pajarito, Guaje, and upper Los Alamos Canyons. Sensitive species are present in Canon de Valle, with 
the total number of sensitive species (EPT = 6) being lower than in the reference reaches (EPT =10, 16, 
and 18) (Table 2.4-11). This result corresponds to the comparisons of community metrics, summarized 
below. The EPA rapid bioassessment protocol (EPA 1999, 73728) characterizes a community metric 
reference comparison of greater than 79% as "full support" and a reference comparison of 70 to 79% as 
"full support, impacts observed." The Canon de Valle community metric score of 81% is slightly above the 
cut-off for impacted streams (79%) when compared to Pajarito Canyon, the most similar reference 
stream. There are two possible sources of these differences. First, the scraper community is substantially 
reduced in Canon de Valle primarily due to lack of habitat to support that feeding strategy (Le., not related 
to contaminant impacts). When the community metrics are summed without the scraper community 
metric, Canon de Valle has a community metric score of 90% relative to Pajarito Canyon. The second 
source of differences between Canon de Valle and the references reaches is stream size. Canon de Valle 
is the smallest of the streams and smaller streams commonly have fewer taxa. Thus, the difference in the 
community metric scores of Canon de Valle and Pajarito Canyon is not due to contaminants in Canon de 
Valle, but is attributed to the lack of habitat in Canon de Valle to support a scraper community and the 
smaller size of the stream. 

Table 2.4-11 


Sensitive Species Metrics for Canon de Valle Relative to Three Reference Sites 


Canon de Valle 
(2.6)a 

los Alamos Canyon 
(13.0) 

Pajarito Canyon 
(9.0) 

Guaje Canyon 
(10.0) 

EPTb 6 18 10 16 

EPT/EPT + Chironomids 0.66 0.25 0.84 0.90 

CDTqc 91.0 71.4 80.0 62.0 

a Miles upstream from mouth of canyon. 

bEPT '" Ephemeroptera, plecoptera, and trichoptera. 

cCOTq '" Community tolerance dominance quotient. 
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Toxicity Test 

Two general approaches are available for conducting toxicity tests: the use of water column test 
organisms or sediment-dwelling test organisms. Given the nature of the aquatic system in Canon de 
Valle, organisms that live in sediments are more representative of contaminant exposures to endemic 
biota than are water column organisms. 

The midge, C. ten tans, is a toxicity test organism that is well documented for its toxic responses to 
contaminants; it is widely used in toxicity testing and is raised from laboratory populations. Additionally, 
the genus Chironomus is present in Canon de Valle. A cursory literature review provided in ASTM (1995, 
73729) indicates that the test species, C. fentans, was among the most sensitive of 24 species evaluated 
with Great Lakes sediments. In various studies, the midge tended to be less sensitive than Hyalel/a 
azteca for some metals and equivalent to or more sensitive than H. azteca for pesticides. A study by 
DeFoe and Ankley (1998, 73783) showed that the sensitivity of the C. tentans 1O-day test is greatly 
increased by measuring growth in addition to survival. While a single species cannot represent the toxic 
responses for all the members of the community, C. tentans is related to the Canon de Valle aquatic 
community and appears to have contaminant sensitivities that can indicate the presence of adverse 
effects. 

Sediment samples were collected in Canon de Valle and Starmer's Gulch for tOXicity testing with 
C. tentans using the EPA 1 O-day survival and growth protocol (EPA 2000, 73776) with daily static 
renewal using site water. The lines of evidence evaluated are survival and growth of the test organisms 
and are supported by analytical data for sediment and water samples collected concurrently with the 
media for toxicity testing (Pacific Ecorisk 2001, 73775). 

The sediment toxicity test results show that the Canon de Valle reach above MDA P is impacted relative 
to the reference site in Starmer's Gulch, but that the reach potentially influenced by the MDA P Area is 
not impacted (Table 2.4-12). Survival of the test organisms was higher below the MDA P Area (86.25% 
survival) than above it (68.75% survival) relative to Starmer's Gulch (82.5% survival). Similarly, the 
comparisons of larval growth showed impacts above the MDA P Area reach (mean ash-free dry weight of 
0.38 mg/individual) but not below (mean ash-free dry weight of 0.4 mg/individual) relative to Starmer's 
Gulch (mean ash-free dry weight of 0.44 mg/individual). 

Table 2.4-12 

Sediment and Water Toxicity Testing with Chironomus tentans 


Group Minimum 1st Quarter Median Mean 3rd Quarter Maximum 

Percent Survival Data Summariesa 

Starmer's Gulch 60 77.5 90 82.5 90 90 

Above MDA P 30 60.0 75 68.75 80 90 

Below MDA P 70 80.0 90 86.25 90 100 

Growth Data Summariesb 

Starmer's Gulch 0.34 0.43 0.44 0.4356 0.46 0.52 

Above MDA P 0.34 0.35 0.37 0.3756 0.38 0.44 

Below MDA P 0.35 0.37 0.39 0.3956 0.40 0.50 

a Starting number is 10 individuals per replicate, with 8 replicates per site. 

b Ash-free dry weight, mg/individual, based upon surviving individuals. 
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MDA P Area and Canon de Valle COPC Concentration Comparisons 

Two COPECs in the MDA P Area biological zone soil were carried forward for ecological risk assessment: 
barium and RDX, both of which are present at elevated concentrations in the Canon de Valle soils and 
sediments. The ecological risk assessment approach for these contaminants in MDA P Area soils is to 
compare their concentrations to the Canon de Valle concentrations. The result of the ecological risk 
assessment for Canon de Valle is a determination of no adverse effects in the vicinity of the MDA P Area. 
If the COPEC concentrations for the MDA P Area footprint soils are less than or not different from the 
Canon de Valle soils, a determination of no adverse effects is supported for the MDA P Area soils. 

Contaminant concentration data for the MDA P Area soils were compared to Canon de Valle overbank 
soils and are presented in Tables 2.4-13 and 2.4-14. All statistical comparisons between Canon de Valle 
and the MDA P Area are not significant (p>0.05), except for aluminum and cadmium. Where the tests are 
not significant, the concentrations in the MDA P Area soils are equivalent to or less than the 
concentrations in Canon de Valle. Aluminum in MDA P Area soils is higher than in canyon soil. Per EPA 
guidance (EPA 2000. 73306) aluminum is a COPEC only for sites with a soil pH of less than 5.5. The pH 
range of the MDA P soils is 6.8 to 7.6. Based upon this criterion, aluminum is not a COPEC. Cadmium 
concentrations also are higher for the MDA P Area soils than for Canon de Valle. Cadmium is eliminated 
as a COPEC because 22 of the 23 detected values are less than the soil BV of 0.4 mg/kg (LANL 1998, 
59730). The single value that exceeds the BV is 1.4 mg/kg, which is within the range of soil background 
data, 0.2 mg/kg to 2.6 mg/kg, indicating that cadmium is unlikely to pose adverse population-level effects 
to ecological receptors (LANL 1998, 59730). 

(d) Uncertainty Analysis 

The uncertainty analysis is presented in detail in Appendix A of the MDA P Area final closure certification 
report. 

The major uncertainty in the Canon de Valle risk assessment is that terrestrial and sediment toxicity 
evaluations were conducted during a multiyear drought and within a year of the Cerro Grande fire. 
Drought is one stressor and is likely to increase the potential of detecting an adverse effect that could be 
associated with contaminants. Fire effects often result in increased small-mammal populations associated 
with increased ground vegetation. If contaminant uptake and food chain transfers were a source of 
population effects, postfire environments shouid increase the likelihood of detecting these effects. 

The use of laboratory toxicology studies to develop no-effects contaminant concentrations introduces 
uncertainties in the risk assessment. Laboratory studies use chemical forms of contaminants and exposure 
mechanisms that often are not representative when compared to environmental conditions. Additionally, 
laboratory studies often are conducted with single contaminants. The result of combinations of 
contaminants is largely unknown. The results presented for Canon de Valle are based on field studies and 
laboratory toxicity studies with field-collected media from the canyon containing multiple contaminants. 
This approach obviates the usual difficulties of extrapolating laboratory data to field settings. 

The adequacy of sample coverage to support characterization of the contaminant signatures at a site is 
another major source of uncertainty. In this assessment, MDA P Area soils in the biological zone were 
characterized with 73 samples collected in a grid pattern and often were biased towards locations where 
contaminant concentrations were suspected of being elevated (e.g., locations that receive focused 
infiltration or runoff). To conservatively characterize the canyon, the overbank soils sampled in Canon de 
Valle were collected as part of the geomorphic characterization of contaminants in the canyon and were 
biased towards areas likely to have high contaminant concentrations. The combination of these two data 
sets for this analysis provides a sound basis for the conclusion of no adverse effects to the Canon de 
Valle or MDA P Area ecological receptors from residual CO PC concentrations at the MDA P Area. 
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Table 2.4-13 

Detected Values for MDA P Area Soils and Canon de Valle Overbank Soils 


inimum 1st Quarter Median Mean 3rd Quarter Maximum Detects 

I MDA P Area Soils 

Barium 18.7 120 200.5 538.7 503 6630 70 

iRDX 0.069 0.2625 0.73 3.176 2.125 37 36 

Aluminum 2630 5542 7305 7926 9750 19900 70 

Cadmium .04 0.0665 0.087 0.1'" .... 0.12 1.4 23 

• Cobalt 0.69 2.125 3.35 3.954 4.075 44.7 70 

Copper 0.68 3.9 5.1 7.373 8.275 36.8 70 

IHMX 0.118 0.5725 1.05 28 2.425 16 32 

• Lead 3.8 8.325 10.45 12.18 13.87 61.5 I 70 

i Manganese 30.9 179 225 257.6 298.8 1290 70 

I Silver 0.099 0.165 0.73 2.146 1.5 15.8 15 

Vanadium 2.9 8.3 12.2 12.89 15.3 29.3 69 

i Canon de Valle Overbank Soils 

• Barium 

IRDX 

184 

0.16 

4430 

0.32 

5620 

0.49 

9264 

0.8833 

9575 

0.72 

37300 

5.5 

30 

21 

Aluminum 3030 4312 5370 5316 6332 8880 30 

Cadmium 0.06 0.085 0.22 0.309 0.4075 1.1 10 

Cobalt 1.50 4.175 5.30 6.703 7.3 17.5 30 

Copper 3.30 14.3 24.55 26.53 29.4 139 30 

HMX 0.19 0.8 1.60 16.47 12 290 27 

• Lead 7.60 28.18 36.30 35.59 44.50 65.9 30 

Manganese 75.2 278.8 341 341 378.50 980 30 

i Silver 0.63 2.675 3.60 5.478 8.050 14.9 28 

Vanadium 8.90 11.98 14.3 14.35 15.7 21.2 30 

Table 2.4-14 

Statistical Comparisons of Canon de Valle COPECs to MDA P Area Soils 


COPEC Gehan Test p-value Quantile Test p-value 
Aluminum 0.00005 0.0021 

Barium 1.0 1.0 

Cadmium a 0.033 

Cobalt 1.0 1.0 

Copper 1.0 1.0 

HMX a 1.0 

Lead 1.0 1.0 

Manganese 1.0 1.0 

RDX 
a 1.0 

Silver a 1.0 

Vanadium 1.0 0.99 

a Insufficient number of detects for the statistical test. 
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(e) Interpretation 

The conclusion of the ecological risk assessment for the terrestrial and aquatic systems in Canon de 
Valle is that no empirical evidence of adverse effects is associated with the MDA P Area. Both the 
terrestrial and aquatic studies indicate that ecological receptors in the canyon are not adversely affected 
by contaminants in the canyon soils and sediments. Comparisons of the MDA P Area soil COPEC 
concentrations to Canon de Valle contaminant concentrations show that barium and RDX are not 
statistically different between the two locations. The lack of adverse ecological effects in Canon de Valle 
from these contaminants is strong evidence that there are no effects due to these contaminants in the 
biological zone soils at the MDA P Area. The concentrations of other Canon de Valle COPECs in the 
MDA P Area soils do not pose a threat of adverse effects because they do not differ from (or are lower 
than) the overbank soil concentrations for the canyon. This conclusion is valid for MDA P Area soils in 
their present location and also if they are transported into the canyon in the future because current 
contaminant concentrations in the canyon exceed those that may be transported from the MDA P Area in 
the future. These lines of evidence indicate that residual contamination from the MDA P Area does not 
pose a threat to the environment. 

2.4.2 Other Applicable Assessments 

2.4.2.1 Surface Water Assessments 

The RRES-R Program has developed a procedure to assess sediment transport and erosion concerns at 
individual SWMUs. It provides a basis for prioritizing and scheduling actions to control the erosion of 
potentially contaminated soils at specific SWMUs. The procedure is a two-part evaluation. Part A is a 
compilation of existing analytical data for the SWMU, site maps, and knowledge-of-process information. 
Part B is an assessment of the erosion/sediment transport potential at a SWMU. Erosion potential is rated 
numerically from 1 to 100 using a matrix system. SWMUs that score below 40 have low erosion potential; 
those that score from 40 to 60 have medium erosion potential; and those that score above 60 have high 
erosion potential. Surface water assessments were conducted individually for SWMUs 16-006(e), 
16-01 O(a), and 16-016(c) (Appendix B). 

The assessment for 16-006(e), completed on March 26, 2001, resulted in an erosion matrix score of 8.8. 
The assessment found no debris in any nearby watercourse. There are no wetlands or springs in the 
vicinity of SWMU 16-006(e). The nearest spring is Burning Ground Spring, located approximately 1500 ft 
upgradient of SWMU 16-006(e). There are no man-made or natural hydraulic structures or features that 
might affect the hydrology of the site. Therefore, the results of the surface water assessment indicated 
little potential for contaminant transport by means of surface water or sediment. 

The surface water assessment for 16-01 O(a), completed on July 25, 1997, resulted in an erosion matrix 
score of 38.4. The assessment found no debris in any nearby watercourse. There are no wetlands or 
springs in the vicinity of SWMU 16-01 O(a). The nearest spring is Burning Ground Spring, located 
approximately 1500 ft upgradient of SWMU 16-01 O(a). However, some natural hydraulic structures or 
features are indicative of and conducive to runoff at the site. Therefore, the results of the surface water 
assessment indicated a low potential for contaminant transport by means of surface water or sediment. 

The surface water assessment for 16-016(c), completed on January 12, 1998, resulted in an erosion 
matrix score of 72. The assessment found no debris in any nearby watercourse. There are no wetlands or 
springs in the vicinity of SWMU 16-016(c). The nearest spring is Burning Ground Spring, located 
approximately 1500 ft upgradient of SWMU 16-016(c}. However, some natural hydraulic structures or 
features are indicative of and conducive to runoff at the site. Therefore, the results of the surface water 
assessment indicated a high potential for contaminant transport by means of surface water or sediment. 
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As part of the VCA, SWMU 16-016(c)-99 was regraded and reseeded. A BMP in the form of 
biodegradable jute matting was put in place to prevent runoff from the site until vegetation from reseeding 
is established. The BMP has been and will continue to be monitored and maintained until final restoration 
activities at the MDA P Area are complete. 

After completion of the Phase I activities, the MDA P Area was stabilized for erosion and sediment 
control. The MDA P landfill footprint consisted of scraped bedrock surfaces with locally thin veneer of 
unconsolidated deposits of soil and rock debris. The area south of the landfill had a relatively thick veneer 
(1 to 2 m) of soil and fill materials. Some of these residual unconsolidated deposits were left in place and 
the slopes reduced to minimize the erosion hazard. Slopes on the western, eastern, and southern parts of 
the project area were reseeded with a mixture containing both fast-germinating grasses and annuals for 
longer-term stabilization. The steeper slopes on the margins of the east drainage were seeded and 
covered with coconut-straw. 

Boulders and rocks were used for riprap in areas that required slope and sediment control. Along the 
western and eastern margins of the former MDA P footprint, the drainages were lined with boulders. The 
lower, western drainage especially received a riprap-lined drainage for water from the adjacent watershed 
that impinged on the former landfill footprint. West Access Road was vulnerable to erosion from this 
source. Along the middle and lower reaches of the east drainage, riprap was installed to collect sediment 
from the unconsolidated depOSits near the former decontamination pad. The east runoff trench was left, 
unlined, to also collect sediment from this area. The remnant of the former runon trench just north of the 
former 387 Flash Pad was left to collect runoff water and to distribute it to the lower east drainage. 

2.4.2.2 Groundwater Assessment 

MDA P is located within a small, open watershed with no springs or other natural, perennial sources of 
water. Therefore, overland flow from precipitation is the only potential mechanism for the transport of 
residual surface contamination at MDA P. Ephemeral runoff currently is directed to two arroyos that 
provide hydrologic boundaries on the east and west margins of the site. Analytical results from 
confirmation samples show that residual surface contamination is at concentrations that pose no potential 
unacceptable current or future risk to human health and ecological receptors. Hence, all surface 
contaminant sources within MDA P that would be subject to erosion and surface transport have been 
removed from the site. 

The conceptual model of fracture flow at MDA P, based on empirical data derived from the Phase II 
borehole geophysical and geochemical studies, is that current conditions at the site promote runoff and 
inhibit infiltration. Percolation through the bedrock likely is dominated by fracture flow, while the vadose 
zone itself is unsaturated. Vertical migration of water and contaminants is mitigated by evaporation, and 
flow within the fractures is controlled largely by gravity and capillary forces. Residual contamination in the 
subsurface would be mobilized only if the current balance between percolation and evaporation is altered 
through a long-term change in surface water hydrology (e.g., resulting from a climate change). The 
potential for future subsurface mobilization and transport of residual contaminants has been mitigated at 
the site because of waste removal from MDA P during closure. The surface-to-groundwater pathway 
beneath the site is limited because vadose zone properties inhibit alluvial water transport to lower zones 
beneath the site, including the regional aquifer (approximately 1200 ft below ground surface [bgsJ). 

Runoff and infiltration are controlled by preCipitation, soil storage capacity, and hydraulic conductivity. 
Annually, snowmelt likely will be the dominant source of infiltration from precipitation, primarily due to low 
evapotranspiration rates during the colder months of the year. Although the deeper soils at the site have 
relatively high water-storage capacity, such that water is held within the rooting zone of plants, this soil 
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moisture is removed readily by plant and atmospheric evapotranspiration processes and is not a source 
of water infiltration to the subsurface. Also, the relatively high water-storage capacity of the soils and 
colluvium on the gently sloping mesa top, from the watershed divide toward the cliffs along Canon de 
Valle, inhibits infiltration by the barren outcrops and cliffs along Canon de Valle. Airflow in the fractures 
creates drying conditions. Thus, infiltration and subsurface fracture flow is not of concern for the soils at 
the site that have high water-storage capacity. Fracture flow in the subsurface is initiated only if water 
ponds on exposed bedrock or when the soil-bedrock interface reaches near-saturated conditions. The 
removal of all unconsolidated deposits across the interior of MDA P has eliminated ponded water sources 
at the surface. 

No water was encountered during or after drilling in any of the six boreholes drilled at MDA P. The lack of 
moisture in the boreholes rendered the neutron moisture measurements unusable because the extreme, 
dry conditions of the boreholes were beyond the tolerance limits of the measurement instrumentation. 
This lack of borehole water indicates that saturated conditions along the Canon de Valle stream do not 
extend laterally to produce a continuous, perched water table beneath MDA P. MDA P lies on a geologic 
transition from a graben structure to the west and a bedrock promontory to the east. There is strong 
evidence that geologic features in MDA P differ from those in surrounding areas, such that perched water, 
found as ephemeral, saturated ribbons in the subsurface west and southwest of MDA P (at approximately 
100 to 200 ft bgs, and manifest in SWSC, Burning Ground, and Martin Springs), is not present beneath 
MDA P. This conclusion is supported particularly by the lack of water encountered in borehole 554. This 
borehole is located adjacent to a potential bounding fault where perched water likely would have been 
observed, if it were present. Additionally, historical data collected at MDA P show no evidence of 
saturated conditions in the vadose zone beneath the site (LANL 1995, 58713). This includes 5 boreholes 
drilled in 1988 on and around MDA P and 9 shallow boreholes drilled along the north face of MDA P at 
the level of Canon de Valle. 

A salt accumulation zone is present in all boreholes within the 30- to 90-ft depth interval. This 
accumulation represents the long-term balance of matrix absorption and evaporation cycles and is a 
signature of historical downward transport that likely required thousands of years to develop. The 
accumulation zone is interpreted to represent the response of the fracture system to the regional, 
semiarid climatic conditions driven by the most recent interglacial period, which has been in effect for 
8000 to 12,000 yr. The accumulation zone provides evidence that transport to the subsurface has 
occurred, but that evaporative forces and the drying conditions of the vadose zone prevent deeper 
transport. Of particular importance is that the accumulation zone is entirely above the Canon de Valle 
stream level, indicating that subsurface transport to a saturated zone has not occurred. 

In summary, the removal of all surface soils and unconsolidated deposits from a large portion of MDA P 
has reduced the subsurface moisture regime and has increased drying of the subsurface bedrock under 
the MDA P footprint. Subsurface flow is dominated by gravity and capillary forces and residual 
contamination at depth is trapped in the accumUlation zone (I.e., vertical migration of contaminants likely 
will not occur below this zone). Ultimately, the availability of water is the limiting factor of subsurface flow; 
thus, although the western fractures are capable of transmitting more water than the eastern fractures, 
there is not enough water in the semiarid system for such flow to occur. Residual contamination in the 
subsurface may be mobilized only if the current balance between percolation and evaporation is altered. 

Analytical results from confirmation samples do not show residual contamination at depth at 
concentrations that pose unacceptable current or potential future risk to human health and ecological 
receptors. Below approximately 4 ft, the concentrations of all contaminants identified for MDA P soils 
decrease to levels that are either not detected or are at or below soil BVs (LANL 1998, 59730). Below 
approximately 8 ft, the concentrations of all contaminants identified for MDA P tuff decrease to levels that 
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are either not detected or are at or below tuff BVs (LANL 1998, 59730), with the exception of a few 
inorganic chemical concentrations above BVs and a few detections of trace concentrations of RDX and 
HMX. A conservative estimate of the depth of residual contamination at MDA P is 10 ft for all chemicals. 
Additionally, analysis of confirmation samples at depth indicates that inorganic and organic chemicals 
determined to be COPCs are not accumulating at elevated concentrations within the depth interval 
defined as an accumulation zone for MDA P. 

Therefore, the analytical and geochemical data demonstrate that the potential for transport of residual 
contamination from MDA P to the regional aquifer is mitigated because 

• 	 residual contamination at MDA P is confined to the upper 10 ft of the soil and tuff, 

• 	 vadose zone properties beneath MDA P limit the potential subsurface contaminant transport to a 
depth no greater than the accumulation zone (30 to 90 ft bgs), 

• 	 transport of residual contamination from MDA P in surface soils and tuff to alluvial and perched 
systems outside the unit boundaries (e.g., in Canon de Valle) is limited by the lack of 
contaminants and viable surface and subsurface water transport mechanisms, and 

• 	 depth to the regional aquifer (approximately 1200 ft bgs) is well below the maximum extent of 
transport mechanisms from the surface or near-surface of MDA P. 

2.5 Conclusions and Recommendations 

The VCA for SWMU 16-016(c)-99 consisted of removing contaminated soil, collecting confirmation 
samples, and performing interim stabilization and revegetation. This VCA completion report 

• 	 documents all cleanup activities and sampling results; 

• 	 demonstrates that the nature and extent of contamination for SWMU 16-016(c)-99 has been 
defined; and 

• 	 confirms that residual concentrations of COPCs pose no potential unacceptable risk to human 
and ecological receptors under current and projected future land use. 

Therefore, the Laboratory RRES-R Program recommends NFA for SWMU 16-016(c)-99 based on 
Criterion 5. This criterion states that the SWMU has been characterized or remediated in accordance with 
applicable state and/or federal regulations and that available data indicate that chemicals of concern 
either are not present or are present at concentrations that pose no potential unacceptable human health 
or ecological risk under projected future land use (NMED 1998, 57897). 

3.0 WASTE MANAGEMENT 

Waste generated during soil excavation from the former barium nitrate pile and septic tank includes soils 
and debris. Soils from the excavation of contaminated areas were staged in 100-yd3 lots for waste 
sampling. No effort was made to segregate soils from the SWMU 16-016(c)-99 sites from other MDA P 
support areas being excavated (e.g., soil staging pads and road cover). Soils mixed with the contents of 
the septic tank were containerized when the tank was removed, and staged at the excavation. The debris 
generated includes pipe materials and debris from the tank removal. 

Soils generated from excavating SWMU 16-016(c)-99 sites were subjected to the same sampling regime 
as all soils generated during the MDA P closure. Generated soils were incorporated into those generated 
from the MDA P activities and were not sampled independently. No sampling was conducted on the 
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debris other than field-screening tests for residual levels of HE and barium. The contents of the septic 
tank, as well soils at the tank inlet and outlet, were sampled at the time of the tank's removal. 

Soil generated from excavating SWMU 16-016(c)-99 sites were disposed of through the system 
developed for the MDA P closure. No attempt was made to distinguish soils from the SWMU 16-016(c)-99 
areas from those of MDA P. Soils mixed with the tank contents and under the tank were found to be 
nonhazardous and nonregulated, respectively, and were returned to the excavation. 

The debris generated was found to be nonhazardous by the HE spot tests and barium XRF analyses. The 
fragments of the 4-in.-diameter VCP and tank remnants were disposed of as industrial waste. The 
materials were included in soil shipments to the receiving facility in Rio Rancho, New Mexico, operated by 
Waste Management, Inc. and are included in the soil shipment documentation. The remnants of the metal 
tank were turned over to the Laboratory's Engineering Sciences and Applications for recycling. 
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APPENDIX A TO ANNEX I ACRONYMS, GLOSSARY, AND METRIC CONVERSION TABLE 

A-l.0 Acronyms 

bgs 

BMP 

BV 

COPC 

COPEC 

CTDq 

DOE 

EPA 

EPT 

EOL 

ER 

ESL 

HE 

HI 

HO 

IWP 

MDA 

NFA 

NMED 

NOAEL 

RCRA 

RfD 

RFI 

RRES-R 

PAH 

PRG 

PRS 

PVC 

RDX 

SAL 

SAP 

SF 

ER2002-0773 

below ground surface 

best management practice 

background value 

chemical of potential concern 

chemical of potential ecological concern 

community tolerance dominance quotient 

US Department of Energy 

US Environmental Protection Agency 

Ephemeroptera, Plecoptera, and Trichoptera 

estimated quantitation limit 

Environmental Restoration 

ecological screening level 

high explosive 

hazard index 

hazard quotient 

Installation Work Plan 

material disposal area 

no further action 

New Mexico Environment Department 

no-observed-adverse-effect level 

Resource Conservation and Recovery Act 

reference dose 

RCRA facility investigation 

Risk Reduction and Environmental Stewardship Division-Remediation 

polycyclic aromatic hydrocarbon 

preliminary remediation goal 

potential release site 

polyvinyl chloride 

cyclotrimethylenetrinitramine 

screening action level 

sampling and analysis plan 

slope factor 
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SVOC semivolatile organic compound 

SWMU solid waste management unit 

T&E threatened and endangered 

T A technical area 

TAL target analyte list 

TCLP toxicity characteristic leaching procedure 

TNT trinitrotoluene 

UCL upper confidence limit 

VCA voluntary corrective action 

VCP vitrified clay pipe 

VOC volatile organic compound 

WAC waste acceptance criteria 

WRS Wilcoxon Rank Sum 

XRF x-ray fluorescence 

A-2.0 Glossary 

abandonment - The plugging of a well or borehole in such a manner as to preclude migration of surface 
runoff or ground water along the length of the well. 

aquifer - Body of permeable geologic material whose saturated portion is capable of readily yielding 
groundwater to wells. 

area of contamination - Discrete areas of generally dispersed contamination. 

background level- Naturally occurring concentrations (levels) of an inorganic chemical and naturally 
occurring radionuclides in soil, sediment, and tuff. 

best management practices (BMPs) - For facilities that manufacture, use, store, or discharge toxic or 
hazardous pollutants as defined by the 1977 Clean Water Act, a required program to control the 
potential spill or release of those materials to surface waters. (The Facts on File Dictionary of 
Environmental Science, edited by L. Harold Stevenson and Bruce Wyman) 

chemical of concern - Chemical identified as a potential risk during a site-specific human-health or 
ecological risk assessment. 

chemical of potential concern (COPC) A chemical, detected at a site, that has the potential to 
adversely affect human receptors due to its concentration, distribution, and mechanism of toxicity. A 
COPC remains a concern until exposure pathways and receptors are evaluated in a site-specific 
human health risk assessment. 

chemical of potential ecological concern (COPEC) A chemical, detected at a site, that has the potential 
to adversely affect ecological receptors due to its concentration, distribution, and mechanism of 
toxicity. 
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ecological screening level (ESL) - An organism's exposure-response threshold for a given chemical 
constituent. The concentration of a substance in a particular medium corresponds to a hazard 
quotient (HQ) of 1.0 for a given organism below which no risk is indicated. 

Hazardous and Solid Waste Amendments (HSWA) - The Hazardous and Solid Waste Amendments of 
1984 (Public Law No. 98-616, 98 Stat. 3221), which amended the Resource Conservation and 
Recovery Act of 1976, 42 U.S.C. § 6901 et seq. 

hazardous waste - Any solid waste is generally a hazardous waste if it 
is not excluded from regulation as a hazardous waste, 
is listed in the regulations as a hazardous waste, 
exhibits any of the defined characteristics of hazardous waste (ignitability, corrosivity, reactivity, or 
toxicity), or 
is a mixture of solid waste and hazardous waste. 

See 40 CFR 261.3 for a complete definition of hazardous waste. 

industrial-use scenario - Industrial use is the scenario in which current Laboratory operations continue. 
Any necessary remediation involves cleanup to standards designed to ensure a safe and healthy 
work environment for Laboratory workers. 

no further action (NFA) - A recommendation that not further investigation or remediation is warranted 
based on specific criteria. 

preliminary remediation goal (PRG) Acceptable exposure levels, protective of human health and the 
environment, that are used as a risk-based tool for evaluating remedial alternatives. 

release Any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping, 
leaching, dumping, or disposing of hazardous waste or hazardous constituents into the environment 
(including the abandonment or discarding of barrels, containers, and other closed receptacles that 
contain any hazardous wastes or hazardous constituents). 

request number - An identifying number assigned by the ER Project to a group of samples that are 
submitted for analysis. 

residential-use scenario - The standards for residential use are the most stringent of the three current
and future-use scenarios being considered by the ER Project and is the level of cleanup the EPA is 
currently specifying for SWMUs located off the Laboratory site and for those released for non
Laboratory use. 

runoff The portion of the precipitation on a drainage area that is discharged from the area either by 
sheet flow or adjacent stream channels. 

screening action level (SAL) - Medium-specific concentration level for a chemical derived using 
conservative criteria below for which it is generally assumed that there is no potential for 
unacceptable risk to human health. The derivation of a SAL is based on conservative exposure and 
land-use assumptions. However, if an applicable regulatory standard exists that is less than the 
value derived by risk-based computations, it will be used for the SAL. 

sediment - (1) A mass of fragmented inorganic solid that comes from the weathering of rock and is 
carried or dropped by air, water, gravity, or ice; or a mass that is accumulated by any other natural 
agent and that forms in layers on the earth's surface such as sand, gravel, silt, mud, fill, or loess. 
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(2) A solid material that is not in solution and either is distributed through the liquid or has settled out 
of the liquid. 

technical area (TA) The Laboratory established technical areas as administrative units for all its 
operations. There are currently 49 active TAs spread over 43 square miles. 

tuff - A compacted deposit of volcanic ash and dust that contains rock and mineral fragments 
accumulated during an eruption. 

A-3.0 Metric to US Customary Units 

Multiply SI (Metric) Unit by To Obtain US Customary Unit 

kilometers (km) 0.622 miles (mi) 

kilometers (km) 3281 feet (ft) 

meters (m) 3.281 feet (ft) 

meters (m) 39.37 inches (in.) 

centimeters (cm) 

centimeters (cm) 

0.03281 

0.394 

feet (ft) 

inches On.) 
i 

millimeters (mm) 0.0394 inches (in.) 

micrometers or microns (pm) 0.0000394 inches (in.) 

square kilometers (km2 
) 0.3861 square miles (mi2) 

hectares (ha) 2.5 acres 

square meters (m2) 10.764 square feet (ft2) 

cubic meters (m3) 35.31 cubic feet (ft3) 

kilograms (kg) 2.2046 pounds (Ib) 

grams (g) 0.0353 ounces (oz) 

grams per cubic centimeter (g/cm3) 62.422 pounds per cubic foot (lb/ft3) 

milligrams per kilogram (mg/kg) 1 parts per million (ppm) 

micrograms per gram (pg/g) 1 parts per million (ppm) 

liters (L) 0.26 gallons (gaL) 

milligrams per liter (mg/L) 1 parts per million (ppm) 

degrees Celsius rC) 9/5 + 32 degrees Fahrenheit (OF) 
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Los Alamos National Laboratory Surface Water Assessment 
Environment, Safety & Health Division Erosion Matrix for PRS 16-006(e) ESH·18 Water Quality & Hydrology Group 

CRITERIA EVALUATED 

Site Setting (43) 

On mesa top 

Within bench of canyon 

Within the canyon floodplain but not watercourse 

Within bottom of canyon channel in watercourse 

Estimated % ground and canopy CO\er 

Slope 

Surface Water Factors.Run.aff (46) 

Visible e'o1dence of runoff discharging? (Yes/No) 

Where does runoff terminate? 

Has runoff caused 'o1sible erosion? (Yes/No) 

Surface Water Factors.Run.an (11) 

Structures ad\ersely affecting run-on (Yes/No) 

Current operations ad\ersely impacting (Yes/No) 

Natural drainages onto site (Yes/No) 

"Select either structures or natural drainages. 

MAX. POSSIBLE EROSION MATRIX SCORE: 

Value 

1 

4 

13 

17 

13 

13 

5 

19 

22 

7* 

4 

7* 

100 

Erosion/Sediment Transport Potential 

Low Medium High Calculated 

0.1 0.5 1.0 Score 

1.0 
f--

Defined based on topographic setting 

>75% 25-75% <25% 6.5 

0-10% 10-30% >30% 1.3 

If no, score of 0 for runoff section. 0.0 

If yes, score 5 and proceed with section. 

Other Bench Setting Drainage/W etland 0.0 

Sheet Rill Gully 0.0 

If no, score as O. If yes, calculate as appropriate. 

If yes, score as 7. If no, score as O. 0.0 

If yes, score as 4. If no, score as O. 0.0 

If yes, score as 7. If no, score as O. 0.0 

Total Score 
B.B 
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Los Alamos National laboratory Part B: paQe 2 of 4 
SURFACE WATER 
SITE ASSESSMENT 

SITE INFORMATION 

10) PRS Number 16-006(e) lb) Structure Number I 16-389 I 1c) FMU Number 
'-------' 

2. Date/Time (M/D/Y H:M am/pm) 

SITE SETTING (check all that apply) 

3. @ On meso top (a). o In the canyon floor, but not In on established channel Cc) 

o Within a bench of a canyon (b). o Within established channel In the canyon floor Cd). 

!EXPlanatiOn: Behind (east side of) retention wall for bldg. TA-16-389 

4. Estimated ground and/or canopy cover at site: (deciduous leaves, pine needles, rocks, vegetation, 
trees, 

(a) 
(illustration) 

(b)i x x x x I 
x x x x x 

(c) 

Estimated %ofground/canopy cov 0 0% to 25% @ 25%t075% o 75% to 100% 

5. Steepest slope at the area Impacted: 
(a) 

c 
@ Less than 10% o 10%t030% o 30% and greater 

RUNOFF FACTORS 

6. Is there visible evidence of runoff discharging from site? If yes, answer a) - c) below: 

6a) Is runoff channelized? It yes, des crib o Man-made channel. 0 Natural channel. 
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RUNOFF FACTORS, CONT'D 

6b) Where does evidence of runoff terminate? 

o Drainage or wetland (name) Icanon de Valle 

o Within bench of canyon setting (name) 

o Other (i.e., retention pond, meadow, mesa top) 

YIN 

~ 6c) Has runoff caused visible erosion at the site? If yes, explain below: 0 Sheet 0 Rill 0 Gully 

RUN-ON FACTORS 

Please rate the potential for storm water to run on to this site: (Check EITHER 1/7 or 1/9) 

o ~ 7. Are structures (I.e., buildings, roof drains, parking lots. storm drains) creating run-on to the site? 

[""................"'... 


V·~ 8. Are current operations (I.e .. fire hydrants. NPDES outfalls) adversely impacting run-on to the site? 

~ 9. Are natural drainage patterns directing stormwater onto site? 

ASSESSMENT FINDING: 

~ 10. Based on the above criteria and the assessment of this site, does soli erosion 
potenHai exist? (REFER TO EROSION POTENTIAL MATRIX.) 

Beguln, Krlstl 

11. Signature of Water QualityIHydrology Representative 


Initials of Independent reviewer. 

--- Check here when Information is entered In database: ~ 

__......___---~--------------------------.J 
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16-006(e)... page 4 of 4 

This page is for ESH-18 notes, recommendations, and photos. 

YIN 
12. a) 0 	 @ Is there visible trash/debris on the site? 

b) 	0 @ Is there visible trash/debris In a watercourse? 


~V."...." .... BMPs: 


o 0 	 Are BMPs being properly maintained? If no. describe In "Other Internal Notes." 

o 0 Are BMPs effectively keeping sediment In place and reducing erosion potential? 

OTHER INTERNAL NOTES: 
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Los Alamos National Laboratory Surface Water Assessment 
Environment, Safety & Health Division 
ESH-18 Water Quality & Hydrology Group Erosion Matrix for PRS 16-01 O(a) 

CRITERIA EVALUATED 

Site Setting (43) 

On mesa top 

Within bench of canyon 

Within the canyon floodplain but not watercourse 

Within bottom of canyon channel in watercourse 

Estimated % ground and canopy cowr 

Slope 

Surface Water Factors-Run-off (46) 

Visible evidence of runoff discharging? (Yes/No) 

Where does runoff terminate? 

Has runoff caused visible erosion? (Yes/No) 

Surface Water Factors-Run-on (11) 

Structures adwrsely affecting run-on (Yes/No) 

CUrrent operations adwrsely impacting (Yes/No) 

Natural drainages onto site (Yes/No) 

'Select either structures or natural drainages. 

MAX. POSSIBLE EROSION MATRIX SCORE: 

Value 

1 

4 

13 

17 

13 

13 

5 

19 

22 

7* 

4 

7* 

100 

Erosion/Sediment Transport Potential 

Low Medium High Calculated 
0.1 0.5 1.0 Score 

1.0 

Defined based on topographic setting 

>75% 25-75% <25% 13.0 

0-10% 10-30% >30% 6.5 

If no, score of 0 for runoff section. 5.0 

If yes, score 5 and proceed with section. 

Other Bench Setting Drainage/W etland 1.9 

Sheet Rill Gully 11.0 

If no, score as O. If yes, calculate as appropriate. 

If yes, score as 7. If no, score as O. 0.0 

If yes, score as 4. If no, score as O. 0.0 

If yes, score as 7. If no, score as O. 0.0 

Total Score 38.4 

Report Printed 1115/2002 12:26:29 PM. 
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SURFACE WATER 
SITE ASSESSMENT 

SITE INFORMAnON 

1a) PRS Number 16-010(a) lb) Structure Number lc) FMU Number,--I___-' 

~-----" 

2. Date/Time (M/D/Y H:M am/pm) 

SITE SETTING (check all that apply) 

3. @ On meso top (0). 	 o In the canyon rloor, but not in on established channel (c) 

o Within a bench of a canyon (b). o Within established channel In the canyon floor (d). 

South of MDA-P

4. 	 Estimated ground and/or canopy cover at site: (deciduous leaves. pine needles, rocks, vegetation, 
trees. 

(a) (c)(b)! x 	 x x x I
(illustration) xxxx x, 

Estimated %ofground/canopy cov @ 0% to 25% o 25%t075% o 75% to 100% 

Sparse vegetative cover. rPIOnatiOn: 

\ 

5. Steepest slope at the area impacted: 
(b) 

~ 
@ W%t030% o 30% and greater 

RUNOFF FACTORS 

YIN 
~ D 	6. Is there visible evidence of runoff discharging from site? If yes, answer a) - c) below: 

60) Is runoff channelized? If yes. describ o Man-made channel. @ Natural channel. 

Explanation: Erosion particular1y noticeable along the fence line west of 16-010(a). 
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RUNOFF FACTORS, CONT'D 

6b) Where does evidence of runoff terminate? 

o Drainage or wetland (name) ICanon de Valle 

o Within bench of canyon seHing (name) 


(!) Other (i.e., retention pond, meadow, mesa top) IAsphalt swale and road bed 


Explanation: Majority of run-off from this site follows road bed down to Canyon de Valle. 


YIN 
~ 0 6c) Has runoff caused visible erosion at the site? If yes, explain below: 0 Sheet (!) Rill 0 Gully 

I Explanation: 

i 

RUN-ON FACTORS 

Please rate the potential for storm water to Nn on to this site: (Check EITHER #7 or #9) 

o ~ 7. Are structures (i.e .. buildings, roof drains, parking lots, storm drains) creating run-on to the site? 

Explanation: 

o ~ 8. Are current operations (I.e .. fire hydrants, NPDES outfalls) adversely impacting run-on to the site? 

Are natural drainage patterns directing storm water onto site? 

".""u" • .n FINDING: 

Based on the above criteria and the assessment of this site, does soil erosion 
potential exist? (REFER TO EROSION POTENTIAL MATRIX.) 

R. Reynolds 

'''nlncnu... of Water Quality/Hydrology Representative 

of Independent reviewer. 
Check here when Information Is entered In database: ~ 
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This page is for ESH-18 notes, recommendations, and photos. 

YIN 
12. a) 0 C!l Is there visible trash/debris on the site? 

b) 0 C!l Is there visible trash/debris In a watercourse? 

BMPs: 

Are BMPs being properly maintained? If no, describe In "Other Internal Notes." 

Are BMPs effectively keeping sediment in place and reducing erosion potential? 

OTHER INTERNAL NOTES: 
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Los Alamos National Laboratory Surface Water Assessment 
Environment, Safety & Health Division Erosion Matrix for PRS 16-016(c} ESH·18 Water Quality & Hydrology Group 

CRITERIA EVALUATED 

Site Setting (43) 

Onrn~satop 

Within bench of canyon 

Within the canyon floodplain but not watercourse 

Within bottom of canyon channel in watercourse 

Estimated % ground and canopy cover 

Slope 

Surface Water Factors-Run-off (46) 

Visible e\1dence of runoff discharging? (Yes/No) 

Where does runoff terminate? 

Has runoff caused \1sible erosion? (Yes/No) 

Surface Water Factors-Run-on (11) 

Structures adversely affecting run-on (Yes/No) 

Current operations adversely impacting (Yes/No) 

Natural drainages onto site (Yes/No) 

*Select either structures or natural drainages. 

MAX. POSSIBLE EROSION MATRIX SCORE: 

Value 

1 

4 

13 

17 

13 

13 

5 

19 

22 

7* 

4 

7* 

100 

Erosion/Sediment Transport Potential 

low Medium High Calculated 

0.1 0.5 1.0 Score 
I 

i 

Defined based on topographic setting 4.0 

>75% 25-75% <25% 13.0 

0-10% 10-30% >30% 13.0 

If no, score of 0 for runoff section. 5.0 

If yes, score 5 and proceed with section. 

Other Bench Setting DrainageIW etland 19.0 

Sheet Rill Gully 11.0 

If no, score as O. If yes, calculate as appropriate. 

If yes, score as 7. If no, score as O. 0.0 

If yes, score 'as 4. If no, score as O. 0.0 

If yes, score as 7. If no, score as O. 7.0 

Total Score 
72** 

•• Indicates BMPs in place. Erosion potential without BMPs may be greater. 
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SITE INFORMATION 

1a) PRS Number lc) FMU Number I ER 

SITE SETTING (check all that apply) 

3. (!) On meso top (0). 

(!) Within a bench of a canyon (b). 

o In the canyon floor, but not in on established channel (c) 

o Within established channel In the canyon floor (d). 

Los Alamos National Laboratory Part B: paQe 2 of 4 
SURFACE WATER 
SI'rE ASSESSMENT 

Explanation: PRS below flash pad area and west of MDA P. MDA P western access road passes through site 
towards Canon de Valle 

4. Estimated ground and/or canopy cover at site: (deciduous leaves, pine needles, rocks, vegetation, 
trees, 

(a) 
(illustration) 

(b) I x x x x I 
x x x x x 

(c) 

Estimated % ofground/canopy cov (!) 0% to 25% o 25%t075% 

5. Steepest slope at the area impacted: 
(a) 

(b) 

r ===-=======o Less than 10% o 10% to 30% (!) 30% and greater 

RUNOFF FACTORS 

YIN 
~ 0 	 6. Is there visible evidence of runoff discharging from site? If yes, answer a) - c) below: 

6a) Is runoff channelized? If yes, descrlb (!) Man-made channel. . 0 Natural channel. 
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RUNOFF FACTORS, CONT'D 

6b) Where does evidence of runoff terminate? 

® Drainage or wetland (name) Canon de Valle 

o Within bench of canyon setting (name) I'--_-;:========~I______ 
o Other (i.e., retention pond, meadow, mesa top) I 
""........,...:i,,". Wash outs along road discharge into the canyon bottom. 


YIN 

~ 0 6c) Has runoff caused viSible erosion at the site? If yes, explain below: Sheet ® Rill 0 Gully 

•Explanation: Left hand side of road starting to wash out. Sheet flow at midway point. 

RUN-ON FACTORS 

Please rate the potential for storm water to run on to this site: (Check EITHER #7 or #9) 

~ 7. Are structures (I.e .. buildings, roof drains, parking lots, storm drains) creating run-on to the site? 

~ 8. Are current operations {I.e .. fire hydrants. NPDES outfalls) adversely Impacting run-on to the Site? 

... 

~ 9. Are natural drainage patterns directing stormwater onto site? 

Explanation: Natural conveyance of SW rUn-off directed down middle of site. 

ASSESSMENT FINDING: 

10. Based on the above criteria and the assessment of this site, does soli erosion 
potential exist? (REFER TO EROSION POTENTIAL MATRIX.) 

R. Reynolds 

11. Signature of Water QualityIHydrology Representative 

Initials of Independent reviewer. 
Check here when information Is entered In database: ~ 
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This page is for ESH-18 notes, recommendations, and photos. 

v I N 
12. a) 0 (!) Is there visible trash/debris on the site? 

b) 0 (!) Is there visible trash/debris In a watercourse? 

Description of existing BMPs: 
Site regrading has been performed to direct flow away from landfill. Outlet protection is provided at all upslope culverts, 
run-on diversion extends across the upper portion of site to direct flows always from landfill, straw bale barriers and 
vegetative buffers exist along the western access road. 

o 0 Are BMPs being properly maintained? If no. describe In "Other Internal Notes." 

o 0 Are BMPs effectively keeping sediment in place and reducing erosion potential? 

OTHER INTERNAL NOTES: 
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Appendix C to Annex I 


Supplemental Risk Assessment Information 




Table C-1 

Inorganic COPCs: Samples Greater than Background-Biological Zone 


Location Sample Sample Concentration Depth 
Analyte 10 10 (mg/kg) Media (ft) 

Aluminum 16-20195 0816-01-0206 8,540 Tuff 2-3 

Aluminum 16-20323 0816-01-0039 10,200 Tuff 2-3 

Aluminum 16-20295 0816-01-0072 13,300 Tuff 0-1 

! Aluminum 16-20105 0816-01-0027 14,400 Tuff 0-1 

Aluminum 16-20223 0816-01-0083 17,400 2-3 

Aluminum 16-20223 0816-01-0082 32,700 Tuff 0-0.5 

Antimony 16-20323 0816-01-0040 0.80 (UJ) Tuff 0-0.5 

Antimony 16-20376 0816-01-0232 0.82 (U) Tuff 0-1 

Antimony 16-20598 0816-01-0265 0.85 (UJ) Tuff 0-1 

• Antimony 16-20706 0816-01-0323 0.86 (U) Tuff 0-1 

Antimony 16-20306 0816-01-0033 0.86 (U) Tuff 0-1 

Antimony 16-20511 0816-01-0100 0.87 (UJ) Tuff 0-1 

Antimony 16-20307 0816-01-0034 0.87 (U) Tuff 0-1 

! Antimony 16-20598 0816-01-0266 0.88 (UJ) Tuff 2-3 

Antimony 16-20237 0816-01-0037 0.88 (U) Tuff 0-1 

Antimony 16-20323 0816-01-0039 0.89 (UJ) Tuff 2-3 

Antimony 16-20457 0816-01-0226 0.90 (UJ) Tuff 0-1 

Antimony 16-20334 

~ 
0.91 (UJ) Tuff 0-1 

Antimony 16-20195 0.92 (U) Tuff 2-3 

Antimony 16-20223 0816-01-0083 0.93 (UJ) Tuff 2-3 

Antimony 16-20305 0816-01-0035 Tuff o 1 

• Antimony 16-20457 0816-01-0227 0.95 (U) Tuff 124-36 

• Antimony 16-20274 0816-01-0029 0.96 (U) Tuff 0-1 

Antimony 16-20223 0816-01-0082 0.97 (UJ) Tuff 0-0.5 

Antimony 16-20295 0816-01 -0072 0.97 (UJ) Tuff 0-1 

Antimony 16-20419 0816-01-0244 0.98 (UJ) Tuff 0-1 

Antimony 16-20528 0816-01-0190 0.98 (U) Tuff 0-1 

Antimony 16-20273 0816-01-0032 0.99 (U) Tuff 2-3 

Antimony 16-20189 0816-01-0247 1.00 (UJ) Tuff 2-3 

Antimony 16-20198 0816-01-0114 1.00 (UJ) Tuff 0-1 i 

Antimony 16-20234 0816-01-0115 1.00 (UJ) Tuff 0-1 

Antimony 16-20269 0816-01-0061 1.00 (U) Tuff 0-1 

Antimony 16-20269 0816-01-0062 1.00 (U) Tuff 2-3 

Antimony 16-20273 0816-01-0031 1.00 (U) Tuff 0-1 

Antimony 16-20287 0816-01-0028 1.00 (U) Tuff 0-1 

Antimony 16-20330 0816-01-0110 1.00 (UJ) Tuff 0-1 

Antimony 16-20330 0816-01-0111 1.00 (UJ) Tuff 2-3 
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Table C-1 (continued) 

Location Sample Sample Concentration Depth 
Analyte 10 10 (mg/kg) Media (It) 

Antimony 16-20333 0816-01-0091 1.00 (UJ) Tuff 0-1 

! Antimony 20333 0816-01-0093 1.00 (UJ) Tuff 2-3 

Antimony 16-20415 0816-01-0245 1.00 (UJ) Tuff 0-1 

Antimony 16-20416 0816-01-0246 1.00 (UJ) Tuff 0-1 

I Antimony 16-20418 0816-01-0242 1.00 (UJ) Tuff 0-1 

Antimony 16-20418 0816-01-0243 1.00 (UJ) Tuff 2-3 

Antimony 16-20105 0816-01-0027 1.1 (U) Tuff 0-1 

I Antimony 16-20121 0816-01-0097 1.1 (U) Tuff 0-1 

Antimony 16-20389 0816-01-0030 1.1 (U) Tuff 0-1 

i Antimony 16-20193 0816-01-0059 1.10 (U) Tuff 0-1 

• Antimony 16-20421 0816-01-0217 1.2 (J) Tuff 0-1 

I Barium 16-20330 0816-01-0110 52 Tuff 0-1 

• Barium 16-20105 0816-01-0027 52.6 Tuff 0-1 ! 

! Barium 16-20295 0816-01-0072 54.6 (J-) Tuff 0-1 

Barium 16-20195 0816-01-0206 69.8 Tuff 2-3 

• Barium 16-20270 0816-01-0138 71.1 . Tuff 2-3 

Barium 16-20242 RE16-02-44951 81.2 Tuff 0-1 

Barium 16-20528 0816-01-0190 84 Tuff 0-1 

Barium 16-20274 0816-01-0029 85.7 Tuff 0-1 

Barium 16-20277 RE16-02-44953 105 Tuff 0-1 

Barium 16-20278 RE16-02-44944 113 Tuff 0-1 

Barium 16-20598 0816-01-0265 116 Tuff 0-1 

Barium 16-20269 0816-01-0061 123 Tuff 0-1 

Barium 16-20205 RE16-02-44945 136 Tuff 0-1 

• Barium *20205 RE16-02-44946 136 Tuff 0-1 

I Barium 20323 0816-01-0039 158 Tuff 2-3 

I Barium 16-20223 0816-01-0083 161 (J-) Tuff 2-3 

Barium 16-20386 0816-01-0360 196 Tuff 0-1 

Barium 16-20323 0816-01-0040 201 (J) Tuff 0-0.5 

• Barium 16-20234 0816-01-0115 263 Tuff 0-1 

Barium 16-20197 0816-01-0120 264 Tuff 0-1 

Barium 16-20692 0816-01-0086 266 (J-) Tuff 0-1 

! Barium 16-20271 0816-01-0140 274 ,Tuff 0-1 

Barium 16-20223 0816-01-0082 280 (J-) Tuff 0-0.5 

Barium 16-20198 0816-01-0114 326 Tuff 0-1 

Barium 16-20334 0816-01-0235 335 Tuff 0-1 

Barium 16-20278 0816-01-0359 342 Tuff 0-1 

Barium 16-20270 0816-01-0136 376 Tuff 0-1 
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Table C-1 (continued) 

Location Sample Sample Concentration I Depth 
Analyte ID ID (mglkg) Media (tt) 

Barium 16-20706 0816-01-0323 384 Tuff 0-1 

Barium 16-20307 0816-01-0034 428 Tuff 0-1 

I Barium 16-20276 RE16-02-44952 439 Tuff 0-1 

Barium 16-20206 RE16-02-44950 463 Tuff 0-1 

Barium 16-20305 0816-01-0035 606 Tuff 0-1 

Barium 16-20233 0816-01-0122 640 Tuff 2-3 

Barium 16-20457 0816-01-0226 652 Tuff 0-1 

Barium 16-20233 0816-01-0121 674 Tuff 0-1 

i Barium 16-20419 0816-01-0244 686 (J) Tuff 0-1 

Barium 16-20418 0816-01-0243 840 (J) Tuff 2-3 

Barium 16-20418 0816-01-0242 996 (J) Tuff 0-1 

I Barium 16-20241 0816-01-0357 1,030 Tuff 0-1 

Barium 16-20189 0816-01-0147 1,040 Tuff 0-1 I 

Barium 16-20189 0816-01-0148 1,160 Tuff 2-3 

Barium 16-20599 RE16-02-45443 1,170 (J-) Tuff 0-1 

Barium 16-20196 0816-01-0130 1,250 Tuff 0-1 

Barium 16-20306 0816-01-0033 1,310 Tuff 0-1 

I Barium 16-20189 0816-01-0247 1,400 (J) Tuff 2-3 

Barium 16-20670 RE 16-02-45436 2,920 (J-) Tuff 0-1 

i Barium 16-20002 0816-01-0294 310 Soil 0-0.5 

Barium 16-20694 0816-01-0253 323 Soil 2-3 

Barium 16-20195 0816-01-0205 335 (J) Soil 0-1 

Barium 16-20262 0816-01-0105 354 Soil 0-1 

Barium 16-20268 RE16-02-45437 358 (J-) Soil 0-1 

Barium 16-20191 0816-01-0046 394 Soil 0-1 

Barium 16-20300 0816-01-0187 398 (J+) Soil 2-3 

I Barium 16-20174 0816-01-0047 473 Soil 0-1 

: Barium 16-20694 0816-01-0058 473 Soil 0-1 

i Barium 16-20376 0816-01-0164 513 (J+) Soil 0-1 

I Barium 16-20238 RE 16-02 -44948 527 Soil 0-1 

Barium 16-20316 0816-01-0293 558 Soil 0-0.5 i 

Barium 16-20348 0816-01-0214 588 Soil 0-1 

Barium 16-20314 0816-01-0354 651 Soil 0-1 

Barium 16-20304 0816-01-0036 696 Soil 0-1 

Barium 16-20153 0816-01-0262 789 (J+) Soil .,' 0-1 ' 

Barium 16-20265 "'. 0816-01-0107 921 , Soil 0-1 

Barium 16-20342 0816-01-0180 983 Soil 0-1 i 

Barium 16-20340 0816-01-0176 1,060 Soil 2-3 
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Table C-1 (continued) 

Location Sample Sample Concentration I Depth 

I Analyte 10 10 (mglkg) Media (ft) 

: Barium 16-20549 0816-01-0215 1,320 Soil 0-1 I 

! Barium 16-20742 RE 16-02-45442 1,540 (J.) Soil 2-3 

Barium 16-20351 0816-01-0050 1,540 Soil 0-1 

I Barium 16-20387 0816-01-0161 1,730 Soil 0-1 

• Barium 16-20240 0816-01-0352 1,700 Soil 0-1 

Barium ~42 RE16-02-45439 2,750 (J-) Soil 0-1 

Barium 32 RE16-02-45438 3,850 (J-) Soil 0-1 

Barium 16-20189 0816-01-0289 6,630 Soil 0-0.5 

Chromium 16-20457 0816-01-0226 7.3 (J) Tuff 0-1 

Chromium 16-20670 RE16-02-45436 i 7.5 Tuff 0-1 

i Chromium 16-20105 0816-01-0027 7.9 Tuff 0-1 

Chromium 16-20121 0816-01-0097 8.2 Tuff 0-1 

Chromium 16·20223 0816-01-0083 10 Tuff -3 

Chromium 16-20376 0816-01-0232 10.1 (J) Tuff 

i Chromium 16-20295 0816-01-0072 12.1 Tuff 0-1 

Chromium 16-20223 0816-01-0082 15.6 Tuff 0-0.5 

Cobalt 16-20189 0816-01-0247 3.3 (J) Tuff 2-3 

Cobalt 16-20599 RE16-02-45443 3.7 Tuff 0-1 

: Cobalt ! 16-20457 0816-01-0226 3.7 (J) Tuff 0-1 

Cobalt 16-20223 0816-01-0082 4.1 (J) Tuff 0-0.5 

Cobalt 16-20105 0816-01-0027 4.4 (J) Tuff 0-1 

: Cobalt 16-20205 RE16-02-44945 5.6 (J-) Tuff 0-1 

Cobalt 16-20205 RE16-02-44946 5.9 (J-) Tuff 0-1 

Cobalt 16-20204 RE16-02-44943 21.7 (J-) Tuff 0-1 

Cobalt 16-20242 RE16-02-44951 41.3 (J-) Tuff 0-1 

• Copper 16-20273 RE16-02-46406 5.0 (J) Tuff 42.4-42.9 

i Copper 16-20189 0816-01-0148 5.2 Tuff 2-3 

Copper 16-20323 0816-01-0039 5.4 Tuff 2-3 

! Copper 16-20242 RE16-02-44951 5.5 Tuff 0-1 

· Copper 16-20233 0816-01-0122 5.7 Tuff 2-3 
: 
Copper 16-20223 0816-01-0083 6.7 Tuff 2-3 

! Copper 16-20295 0816-01-0072 7.4 Tuff 0-1 
: 

Copper 16-20599 RE 16-02-45443 8.5 Tuff 0-1 

Copper 16-20305 0816-01-0035 10.4 Tuff 0-1 

Copper 16-20223 0816-01-0082 10.5 Tuff 0-0.5 

Copper 16-20196 0816-01-0130 11.2 Tuff 0-1 

Copper 16-20274 0816-01-0029 16.2 Tuff 0-1 

Copper 16-20306 0816-01-0033 19.4 Tuff 0-1 
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Table C-1 (continued) 

Location Sample Sample Concentration Depth 
Analyte 10 10 (mg/kg) Media (ft) 

Copper 16-20376 0816-01·0232 22.2 Tuff 0-1 

Copper 16·20105 0816-01-0027 22.8 Tuff 0-1 

Copper 16-20670 RE16-02-45436 23.4 Tuff 0-1 

• Copper 16-20307 0816-01-0034 25.5 Tuff 0-1 

Copper 16-20334 0816-01-0235 25.6 Tuff 0-1 

Copper 16-20237 0816-01-0037 32.4 Tuff 0-1 

Copper 16-20694 0816-01-0253 18.8 Soil 2-3 

Copper 16-20387 0816-01-0161 20.70 Soil 0-1 

Copper 16-20340 0816-01-0176 21.8 (J) Soil 2-3 

Copper 16-20232 RE16-02-45438 28.9 Soil 0-1 

Copper 16-20124 0816-01-0063 29.40 Soil 0-1 

Copper 16-20304 0816-01-0036 36.80 Soil 0-1 

Iron 16-20105 0816-01-0027 15,300 Tuff 0-1 

Iron 16-20223 0816-01-0083 16,900 Tuff 2-3 

Iron 16-20295 0816-01-0072 17,200 Tuff 0-1 

Iron 16-20223 0816-01-0082 22,500 Tuff 0-0.5 

Lead 16-20273 0816-01-0032 13.20 Tuff 

Lead 16-20196 0816-01·0130 13.50 Tuff 0-1 

• Lead 16-20274 0816-01-0029 19.40 Tuff 0-1 

I Lead 16-20223 0816-01-0082 19.70 Tuff 0-0.5 

Lead 16-20306 0816-01-0033 22.20 Tuff 0-1 

i Lead 16-20237 0816-01-0037 23.50 Tuff 0-1 

• Lead 16-20670 RE 16-02-45436 24.10 Tuff 0-1 

Lead 16-20105 0816-01-0027 24.20 Tuff 0-1 

Nickel 16-20274 0816-01-0029 7.2 Tuff 0-1 

Nickel 16-20307 0816-01-0034 7.3 Tuff 0-1 

Nickel 16-20223 0816-01-0083 8.3 Tuff 2-3 

Nickel 16-20376 0816-01-0232 8.8 Tuff 0-1 

Nickel 16-20237 0816-01·0037 8.9 Tuff 0-1 

Nickel 16·20105 0816-01-0027 10.3 Tuff 0-1 

I 16-20295 0816·01·0072 11.3 Tuff 0-1 

Nickel 16-20223 0816-01-0082 12.6 Tuff 0-0.5 

Selenium 16-20323 0816-01-0039 0.32 (U) TTuff 2-3 

Selenium 16-20273 RE16-02-45791 0.33 Tuff 0.9-1.7 

Selenium 16-20277 RE16-02-44953 0.33 Tuff 0-1 

Selenium 16-20278 RE16·02-44944 0.33 Tuff 0-1 

Selenium 16-20269 0816-01-0061 0.33 (U) Tuff 0-1 

Selenium 16-20306 0816-01-0033 0.34 (J) Tuff 0-1 
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Table C-1 (continued) 

Location Sample Sample Concentration I Depth 
Analyte 10 10 (mg/kg) Media (Jt) 

Selenium 16-20241 0816-01-0357 0.35 Tuff 0-1 

• Selenium 16-20189 0816-01-0247 0.35 (J-) Tuff 2--3 

Selenium 16·20457 0816-01-0227 0.35 (J-) Tuff 24-36 

Selenium 16·20237 0816-01-0037 0.37 (J) Tuff 0-1 

Selenium 16-20389 0816-01-0030 0.37 (J) Tuff 0-1 

Selenium 16-20334 0816-01·0235 0.41 (J-) Tuff 0-1 

• Selenium 16-20121 0816-01·0097 0.44 (J) Tuff 0-1 

Selenium 16·20274 0816-01-0029 0.44 (J) Tuff 0-1 

! Selenium 16-20287 0816-01-0028 0.46 (J) Tuff 

Selenium 16-20376 0816-01-0232 0.47 (J-) Tuff 0-1 

• Selenium 16-20598 0816-01 -0265 0.48 (J-) Tuff 0-1 

~ 
16-20528 0816-01-0190 0.50 (J-) Tuff 0-1 

16-20457 0816-01-0226 0.53 (J-) Tuff 0-1 

Selenium 16-20305 0816-01-0035 0.54 (J) Tuff 0-1 

Selenium 16-20233 0816-01-0121 0.64 (J) Tuff 0-1 

Selenium 16-20273 0816-01-0032 0.74 Tuff 2-3 

Selenium 16-20307 0816-01-0034 0.74 Tuff 0-1 

Silver 16-20348 0816-01-0214 1.1 (U) Soil 10-1 

Silver 16-20549 0816-01-0215 1.1 (U) Soil 0-1 

Silver 16-20240 0816-01-0352 1.10 Soil 0-1 

Silver 16-20232 RE16-02-45438 1.60 Soil 0-1 

Silver 16·20742 RE16-02-45439 7.80 Soil 0-1 

Silver 16-20566 13 1.2 (U) Soil o 1 

§ver 16-20351 50 1.5 Soil o 1 

Silver 16-20387 10816-01-0161 1.5 Soil 0-1 

Silver 16-20742 RE16-02-45442 15.8 Soil 2-3 

Vanadium 16-20223 0816-01-0083 18.2 Tuff 

Vanadium 16-20223 0816-01-0082 26.4 Tuff 

Note: Shaded cells indicate samples from SWMU 16-016(c)-99. 
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Table C~2 


Inorganic COPCs: Samples Greater than Background-Exposed Tuff Zone 


i Location Sample Sample Concentration Depth 
Analyte 10 10 (mg/kg) (ft) 

Aluminum 16-20490 0816-01-0198 7,560 0-1 

Aluminum 16-20667 0816-01-0197 7,610 1 0- 1 

Aluminum 16-20695 0816-01-0048 7,870 0-1 

Aluminum 16-20513 0816-01-0096 8,350 0-1 

Aluminum 16-20628 0816-01-0332 8,370 0-1 

Aluminum 16-20698 0816-01-0071 8,450 0-1 

Aluminum ,v·L.vI02 0816-01-0074 9,020 0-1 

Aluminum 16-20658 0816-01-0209 9,190 0-1 

Aluminum 16-20441 0816-01-0129 9,740 0-1 

Aluminum 16-20702 0816-01-0076 9,780 2-3 

Aluminum 16-20660 0816-01-0193 9,910 10-1 

Aluminum 16-20622 0816-01-0211 10,400 0-1 

Aluminum 16-20474 0816-01-0069 10,400 2-3 

Aluminum 16-20404 0816-01-0128 10,400 0-1 

Aluminum 54 0816-01-0307 10,600 ~1 
Aluminum 16-20375 0816-01-0178 11,000 7-8 

i Aluminum 16-20337 0816-01-0170 11,800 0-1 

Aluminum 16-20474 0816-01-0067 12,100 0-0.5 

i Aluminum 16-20444 0816-01-0231 12,700 0-1 

I Aluminum 0816-01-0304 13,400 o 1 

• Aluminum 16-20337 0816-01-0171 13,500 4-5 

Aluminum 16-20491 0816-01-0194 13,500 0-1 

I Aluminum 16-20375 0816-01-0177 15,200 5-6 

! Aluminum 16-20592 0816-01-0248 16,800 0-1 

Aluminum 16-20370 0816-01-0237 17,400 0-1 

Aluminum 16-20337 0816-01-0172 28,100 5-6 

Antimony 16-20491 0816-01-0194 0.52 (J) 0-1 

Antimony 0816-01-0324 0.79 (U) 37.3-38.3 

Antimony 16-20526 0816-01-0325 0.79 (U) 27.3-28.3 

Antimony 16-20526 0816-01-0326 

Antimony 16-20557 0816-01-0327 0.79 (U) 18.7-19.6 

Antimony 16-20557 0816-01-0329 0.79 (U) 52.6-53.6 

Antimony 16-20557 0816-01-0334 0.79 (U) 11.7-12.6 

Antimony 16-20557 0816-01-0333 0.79 (U) 36.7-37.4 

Antimony 557 0816-01-0328 0.80 (U) 66-67 

Antimony 16-20557 0816-01-0299 0.83 (U) 2-3 

Antimony 16-20595 0816-01-0263 0.83 (UJ) 0-1 
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Table C-2 (continued) 

Location Sample Sample Concentration Depth 
AnaJyte 10 10 (mg/kg) (ft) 

Antimony 16-20596 0816-01-0259 0.83 (UJ) tEAntimony 16-20373 0816-01-0234 0.83 (U) 

• Antimony 16-20374 0816-01-0233 0.83 (U) 0-1 

Antimony 16-20513 0816-01-0096 0.83 (UJ) 0-1 

Antimony 16-20553 0816-01-0300 0.85 (U) 0-1 

Antimony 16-20557 0816-01-0298 0.85 (U) 0-1 

Antimony 16-20557 0816-01-0302 0.85 (U) 0-1 

Antimony 16-20557 0816-01-0303 0.85 (U) 2-3 

Antimony 16-20664 0816-01-0309 0.85 (U) 0-1 

Antimony 16-20335 0816-01-0236 0.85 (UJ) 0-1 

Antimony 0 0816-01-0330 0.85 (U) o 1 

• Antimony 16-20661 0816-01-0251 0.85 (UJ) 2-3 

Antimony 16-20665 0816-01-0261 0.85 (U) 0-1 

Antimony 16-20562 0816-01-0088 0.86 (UJ) 2-3 

Antimony 16-20662 0816-01-0313 0.86 (U) 0-1 

Antimony 16-20444 0816-01-0231 0.86 (U) 0-1 

Antimony 16-20700 0816-01-0049 0.87 (UJ) 0-1 

Antimony 16-20514 0816-01-0103 0.87 (UJ) 0-1 

Antimony 16-20561 0816-01-0098 0.87 (UJ) 

Antimony 16-20562 0816-01-0087 0.87 (UJ) 0-1 

• Antimony 16-20591 0816-01-0318 0.87 (U) 0-1 

Antimony 16-20372 0816-01-0230 0.87 (U) 0-1 

Antimony 16-20667 0816-01-0197 0.87 (U) 0-1 ; 

Antimony 16-20699 
--I---

0816-01-0057 0.88 (UJ) 0-1 

Antimony 16-20558 0816-01-0102 0.88 (UJ) 0-1 

Antimony 16-20663 0816-01-0311 0.88 (U) 0-1 

Antimony 16-20736 0816-01-0090 0.88 (UJ) 0-1 

Antimony 16-20527 0816-01-0191 0.88 (U) 0-1 

16-20592 0816-01-0248 0.88 (UJ) 0-1 

Antimony 16-20632 0816-01-0308 0.88 (U) 0-1 

Antimony 16-20702 0816-01-0255 0.88 (UJ) 0-1 

Antimony 16-20702 0816-01-0257 0.88 (UJ) 4-5 

Antimony 16-20590 0816-01-0316 0.89 (U) 0-1 

Antimony 16-20626 0816-01-0312 0.89 (U) 0-1 

Antimony 16-20662 0816-01-0314 0.89 (U) 2-3 

Antimony 16-20370 0816-01-0237 0.89 (UJ) 0-1 

Antimony 16-20696 0816-01-0066 0.90 (U) 0-1 

Antimony 16-20551 0816-01-0306 0.90 (U) 10-1 

Antimony 16-20590 0816-01-0317 0.90 (U) 2-3 
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Table C-2 (continued) 

Location Sample Sample Concentration Depth 
Analyte 10 10 (mg/kg) (ft) 

Antimony 16-20624 0816-01-0322 0.90 (U) 0-1 

Antimony 16-20625 0816-01-0321 0.90(U) 2-3 

Antimony 16-20669 0816·01-0315 0.90 (U) 0-1 

Antimony 16-20702 0816-01-0076 0.90 (UJ) 2-3 

Antimony 16-20442 0816-01-0228 0.90 (U) 0-1 

Antimony 16-20477 0816-01-0095 jo.oo(U:J) 0-1 

Antimony 16-20555 0816-01-0101 0.91 (UJ) 0-1 

Antimony 16-20629 (\Q1 &::J\1-0319 0.91 (U) o 1 

Antimony 16-20698 0816-01-0071 0.91 (UJ) 0-1 

Antimony 16-20702 0816-01-0074 0.91 (UJ) 0-1 

Antimony 0816-01-0250 0.91 (U) 2-3 

Antimony 0816-01-0048 0.92 (UJ) 0-1 

Antimony 16-20697 0816-01-0051 0.92 (UJ) 0-1 

Antimony 16-20515 0816-01-0104 0.92 (UJ) 0-1 

Antimony 16-20517 0816-01-0099 0.92 (UJ) 0-1 

Antimony 16-20661 0816-01-0252 0.92 (UJ) 6-7 

Antimony 16-20474 0816-01-0069 0.93 (U) 2-3 

Antimony 16-20516 0816-01-0295 0.93 (U) 0-1 

Antimony 16-20516 0816-01-0112 0.93 (UJ) 0-1 

Antimony 16-20371 0816-01-0229 0.93 (U) 0-1 

Antimony 16-20474 0816-01-0067 0.94 (U) 0-0.5 

Antimony 16-20446 0816-01-0203 0.94 (U) 

Antimony 16-20489 0816-01-0200 0.94 (U) 

Antimony 16-20525 0816-01-0189 0.94 (U) 0-1 

Antimony 16-20484 0816-01-0201 0.95 (U) 0-1 

Antimony 16-20625 0816-01-0320 0.96 (U) 0-1 

Antimony 16-20453 0816-01-0223 0.96 (U) 0-1 

Antimony 16-20446 0816-01-0204 0.97 (U) 2-3 

Antimony 16-20454 0816-01-0307 0.97 (U) 0-1 

Antimony 0816-01-0207 0.97 (U) 0-1 

Antimony 0816-01-0238 0.98 (UJ) 0-1 

Antimony 16-20449 0816-01-0219 0.98 (U) 0-1 

Antimony ~ 0.98 (U) 0-1 

Antimony 16-20489 0816-01-0199 0.98 (U) 0-1 

Antimony 16-20490 0816-01-0192 0.98 (U) 0-1 

Antimony 16-20490 0816-01-0198 0.98 (U) 0-1 

Antimony 20414 0816-01·0221 0.99 (U) 0-1 

Antimony 16-20447 0816-01-0220 0.99 (U) 0-1 

Antimony 16-20479 0816-01-0113 0.99 (UJ) 0-1 
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Table C-2 (continued) 

Location Sample Sample Concentration Depth 
Analyte 10 10 (mg/kg) (ft) 

Antimony 16-20413 0816-01-0305 1.00 (U) 0-1 

Antimony 16·20373 0816-01-0304 1.00 (U) 0-1 

• Antimony 16-20409 0816-01-0239 1.00 (UJ) 0-1 

i Antimony 16-20411 0816-01-0241 1.00 (UJ) 0-1 

. Antimony 16-20451 0816-01-0224 1.00 (U) 0-1 

Antimony 16·20452 0816-01-0222 1.00 (U) 0-1 

Antimony 16-20586 0816·01-0208 1.10(U) 0-1 

Antimony 16·20658 0816·01-0209 1.20 (U) 0-1 

Antimony 16-20413 0816-01-0216 1.30 (U) 0-1 

Antimony 16-20628 0816-01-0332 1.4 0-1 

Antimony 16-20741 0816-01·0249 2.7 (J-) 5-6 

Barium 16-20661 0816-01-0252 47.6 6-7 

Barium 16-20478 0816-01-0152 50.3 2-3 

Barium 16-20486 0816-01-0212 57.2 0-1 

Barium 16·20700 1OB16 59.1 o 1 

Barium 16-20527 0816-01-0191 60.5 0-1 

Barium 16-20585 0816-01-0132 68.9 0-1 

Barium 16-20444 0816-01·0231 71.3 0-1 

Barium 16·20595 0816-01-0263 74.7 0-1 

• Barium 16-20373 0816-01-0304 76.1 0-1 

Barium 16-20375 0816-01-0178 94.3 7-8 

Barium 16-20562 0816-01-0087 106 (J-) 0-1 

Barium 16-20487 0816-01-0154 112 0-1 

Barium 16-20699 0816-01-0057 124 0-1 

Barium 16-20337 0816-01-0170 131 0-1 

• Barium 16-20660 0816-01-0193 140 0-1 

• Barium 16-20474 0816-01-0069 152 2-3 

Barium 16-20337 0816-01-0172 155 5-6 

Barium 16-20622 0816-01-0211 159 0-1 

Barium 16-20515 0816-01-0104 163 0-1 

Barium 16-20661 0816-01-0251 171 2-3 

Barium 16-20370 0816-01-0237 179 (J) 0-1 

Barium 16-20696 0816-01·0066 191 0-1 

Barium 16-20695 0816-01-0048 192 0-1 

Barium 16·20474 0816-01·0067 200 0-0.5 

~ 16·20702 0816-01·0076 212 (J-) 2-3 

Barium 16-20658 0816-01-0209 231 0-1 

Barium 16-20702 0816-01-0257 261 4-5 

Barium 16-20557 0816-01-0299 277 (J+) 2-3 
• 
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Table C-2 (continued) 

Location Sample Sample Concentration Depth 
Analyte ID ID (mglkg) (H) 

Barium 16-20375 0816-01-0177 280 5-6 

Barium 16-20523 0816-01-0165 285 0-1 

Barium 16-20557 0816-01-0303 295 2-3 

Barium 16-20404 0816-01-0128 297 0-1 

Barium 16-20559 0816-01-0118 315 0-1 

Barium 16-20586 0816-01-0208 336 0-1 

Barium 16-20667 0816-01-0197 374 (J+) 0-1 

Barium 

~ 
0816-01-0113 387 0-1 

Barium 0816-01-0333 406 36.7-37.4 

Barium 16-20629 0816-01-0319 408 (J+) 0-1 

Barium 16-20526 0816-01-0326 413 53.5-54.5 

Barium 16-20337 0816-01-0171 413 4-5 

Barium 16-20441 0816-01-0129 415 0-1 

Barium 16-20697 0816-01-0051 441 0-1 

Barium 16-20478 0816-01-0151 445 0-1 

Barium 16-20698 0816-01-0071 446 (J-) 0-1 

Barium 16-20557 0816-01-0298 487 (J+) 0-1 

Barium 16-20558 0816-01-0102 489 0-1 

Barium 16-20736 0816-01-0090 493 0-1 

Barium 16-20488 0816-01-0157 544 

Barium 16-20557 0816-01-0302 552 

Barium 16-20560 0816-01-0141 571 

Barium 16-20741 0816-01-0250 582 2-3 

Barium 16-20524 0816-01-0159 587 0-1 

Barium 16-20561 0816-01-0098 646 0-1 

16-20702 0816-01-0074 682 (J-) 0-1 

16-20557 0816-01-0327 715 18.7 19.6 

Barium 16-20557 0816-01-0334 773 11.7-12.6 

Barium 

1160 20489 

0816-01-0236 860 (J) .' Q-,.1 

Barium 0816-01-0199 865 0-1 

Barium ~ 0816-01-0200 880 2-3 

Barium 16-20455 0816-01-0207 1,100 0-1 

Barium 16-20741 0816-01-0249 1,110 5-6 

Barium 16--20477 0816-01-0095 1,200 0-1. 

Barium 16-20454 0816-01-0218 1,240 0-1 

Barium 16-20453 0816-01-0223 1,240 0-1 

Barium 16--20513 0816--01-0096 1,390 ../ ': 

Barium 16-20628 0816-01-0332 1,430 (J+) 0-1 

Barium 16-20522 0816-01-0160 1,480 0-1 
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Table C-2 (continued) 

Location Sample Sample Concentration Depth 
Analyte ID 10 (mg/kg) (ft) 

Barium 16-20702 0816-01-0255 1,590 0-1 

Barium 16-20490 0816-01-0192 1,720 0-1 

Barium 16-20525 0816-01-0189 1,790 0-1 

Barium 16-20526 0816-01-0195 1,800 0-1 

Barium 16-20442 0816-01-0228 1,900 0-1 

Barium 16-20490 0816-01-0198 1,980 0-1 

Barium 16-20371 0816-01-0229 2,060 0-1 

Barium 16-20551 0816-01-0306 2,110 0-1 

Barium 16-20630 0816-01-0330 2,120 (J+) 0-1 

Barium 16-20592 0816-01-0248 2,430 0-1 

Barium 16-20491 0816-01-0194 2,980 0-1 

Barium 16-20454 0816-01-0307 6,980 0-1 

I Beryllium 16-20526 0816-01-0325 1.3 27.3-28.3 

Beryllium 16-20702 0816-01-0076 1.3 2-3 

Beryllium 16-20446 0816-01-0203 1.3 0-1 

Beryllium 16-20592 0816-01-0248 1.3 0-1 

Beryllium 16-20337 0816-01-0172 1.4 5-6 

Beryllium 16-20454 0816-01-0307 1.4 0-1 

Beryllium 16-20490 0816-01-0198 1.4 0-1 

Beryllium 16-20518 0816-01-0126 1.4 0-1 

• Beryllium 16-20520 0816-01-0123 1.4 0-1 

Beryllium 16-20526 0816-01-0195 1.4 0-1 
• 

Beryllium 16-20526 0816-01-0196 1.4 2-3 

Beryllium 16-20371 0816-01-0229 1.6 0-1 

Beryllium 16-20478 0816-01-0151 1.6 0-1 

Beryllium 16-20490 0816-01-0192 1.7 0-1 
• 

Beryllium 16-20521 0816-01-0124 1.7 0-1 

Beryllium 16-20516 0816-01-0295 1.8 0-1 

Beryllium 16-20486 0816-01-0212 1.9 0-1 

Beryllium 16-20516 0816-01-0112 1.9 0-1 

Beryllium 16-20491 0816-01-0194 2.0 0-1 

Beryllium 16-20519 0816-01-0158 2.0 0-1 

Beryllium 16-20560 0816-01-0141 2.2 0-1 

Beryllium 16-20370 0816-01-0237 2.4 0-1 

Beryllium 16-20482 0816-01-0155 2.4 0-1 

Beryllium 16-20444 0816-01-0231 3.1 0-1 

Beryllium 16-20481 0816-01-0149 3.1 0-1 

Beryllium 16-20373 0816-01-0304 3.3 0-1 

Chromium 16-20375 0816-01-0178 7.3 (J) 7-8 

January 2003 C-12 ER2002-0773 



Phase I Closure '~"'~rn~n 

Table C-2 (continued) 

Location Sample Sample Concentration Oeptn 
Analyte 10 10 (mg/kg) (ft) 

Chromium 16-20371 0816-01-0229 7.5 (J) 0-1 

Chromium 16-20658 0816-01-0209 7.6 0-1 

Chromium 16-20441 0816-01-0129 7.9 0-1 

Chromium 16-20444 0816-01-0231 8.0 (J) 0-1 

Chromium 16-20698 0816-01-0071 8.0 0-1 

Chromium 16-20474 0816-01-0069 8.1 2-3 

Chromium 16-20628 0816-01-0332 8.1 0-1 

Chromium 16-20622 0816-01-0211 8.2 0-1 

Chromium 16-20337 0816-01-0170 8.5 (J) 0-1 

Chromium 16-20700 0816-01-0049 8.9 0-1 

Chromium 16-20491 0816-01-0194 9.1 0-1 

Chromium 16-20370 0816-01-0237 9.2 0-1 

Chromium 16-20474 0816-01-0067 9.3 0-0.5 

Chromium 16-20490 0816-01-0198 9.3 0-1 

Chromium 16-20486 0816-01-0212 9.5 0-1 

Chromium 16-20375 0816-01-0177 ~ 5-6 

Chromium 16-20337 0816-01-0171 10.4 (J) 4-5 

Chromium 16-20592 0816-01-0248 10.8 0-1 

Chromium 16-20413 0816-01-0305 11.9 0-1 

Chromium 16-20373 0816-01-0304 14.4 0-1 

Chromium 16-20736 0816-01-0090 17.4 0-1 

Chromium 16-20337 0816-01-0172 18.7 (J) 5-6 

Cobalt 16-20478 0816-01-0152 3.2 (J) 2-3 

Cobalt 16-20474 0816-01-0069 3.5 (J) 2-3 

Cobalt 16-20557 0816-01-0302 3.5 (J) 0-1 

Cobalt 16-20453 0816-01-0223 3.5 (J) 0-1 

Cobalt 16-20526 0816-01-0195 3.5 (J) 0-1 

Cobalt 16-20700 0816-01-0049 3.6 (J) 0-1 

Cobalt 16-20525 0816-01-0189 3.6 (J) 0-1 

Cobalt 16-20665 0816-01-0261 3.6 (J) 0-1 

Cobalt 16-20441 0816-01-0129 3.7 (J) 0-1 

Cobalt 16-20697 0816-01-0051 3.7 (J) 0-1 

Cobalt 16-20669 0816-01-0315 3.7 (J) 0-1 

Cobalt 16-20477 0816-01-0095 3;7 (J) 0-1 

Cobalt 16-20699 0816-01-0057 3.8 (J) 0-1 

Cobalt 16-20702 0816-01-0257 3.8 (J) 4-5 

Cobalt 16-20736 0816-01-0090 3.9 (J) 0-1 

Cobalt 16-20413 0816-01-0305 4.0 (J) 0-1 

Cobalt 16-20490 0816-01-0192 4.0 (J) 0-1 
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Table C-2 (continued) 

Analyte 
Location 

10 
Sample 

10 
Sample Concentration 

(mg/kg) 
Depth 

(tt) 

Cobalt 16-20741 0816-01-0249 4.0 (J) 5-6 

Cobalt 16-20658 0816-01-0209 4.1 (J) 0-1 

Cobalt 16-20696 0816-01-0066 4.1 (J) 0-1 

Cobalt 16-20375 0816-01-0177 4.1 (J) 5-6 

Cobalt 16-20695 0816-01-0048 4.2 (J) 0-1 

Cobalt 16-20661 0816-01-0252 4.2 (J) 6-7 

Cobalt 16-20741 0816-01-0250 4.2 (J) 2-3 

Cobalt 16-20486 0816-01-0212 4.5 (J) 0-1 

Cobalt 16-20660 0816-01-0193 4.7 (J) 0-1 

Cobalt 16-20375 0816-01-0178 4.7 (J) 7-8 

Cobalt 16-20698 0816-01-0071 4.8 (J) 0-1 

Cobalt 16-20513 0816-01-0096 4.9 (J) 0-1 

Cobalt 16-20442 0816-01-0228 5.0 (J) 0-1 

Cobalt 16-20661 0816-01-0251 5.1 (J) 2-3 

Cobalt 16-20702 0816-01-0074 5.1 (J) 0-1 

Cobalt 16-20371 0816-01-0229 5.3 (J) 0-1 

Cobalt 16-20491 0816-01-0194 5.3 (J) 0-1 

Cobalt 16-20337 0816-01-0172 5.4 (J) 5-6 

Cobalt 16-20702 0816-01-0255 5.5 (J) 0-1 

Cobalt 16-20474 0816-01-0067 5.8 (J) 0-0.5 

Cobalt 16-20551 0816-01-0306 5.8 0-1 

Cobalt 16-20337 0816-01-0170 5.9 (J) 0-1 

Cobalt 16-20490 0816-01-0198 5.9 (J) 0-1 

Cobalt 16-20702 0816-01-0076 6.1 2-3 

Cobalt 16-20622 0816-01-0211 6.4 0-1 

Cobalt 16-20628 0816-01-0332 6.5 0-1 

Cobalt 16-20630 0816-01-0330 6.6 0-1 

Cobalt 16-20337 0816-01-0171 7.2 (J) 4-5 

Cobalt 16-20373 0816-01-0304 8.1 0-1 

Cobalt 16-20592 0816-01-0248 8.2 0-1 

Cobalt 16-20664 0816-01-0309 8.5 0-1 

Cobalt 16-20629 0816-01-0319 10.5 0-1 

Cobalt 16-20404 0816-01-0128 11.0 0-1 

Cobalt 16-20625 0816-01-0320 30.2 0-1 

Cobalt 16-20662 0816-01-0314 66.8 2-3 

Cobalt 16-20454 0816-01-0307 151 0-1 

Copper 16-20524 0816-01-0159 4.8 0-1 

Copper 16-20696 0816-01-0066 4.9 0-1 

Copper 16-20560 0816-01-0141 4.9 0-1 
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Table C-2 (continued) 

Location Sample Sample Concentration Depth 
Analyte 10 10 (mg/kg) (ft) 

Copper 16-20490 10816-01-0192 4.9 0-1 

Copper 0816-01-0129 5.0 0-1 

Copper 16-20454 ~ 5.0 0-1 

Copper 16-20586 5.1 0-1 

Copper 16-20516 0816-01-0112 5.2 (J) 0-1 

Copper 16-20695 0816-01-0048 5.2 0-1 

Copper 16-20702 0816-01-0257 5.2 4-5 

Copper 16-20518 0816-01-0126 5.5 0-1 

Copper 16-20481 0816-01-0149 5.6 0-1 

Copper ~ 0816-01-0197 5.6 0-1 

Copper 0816-01-0211 5.8 0-1 

Copper 16-20702 0816-01-0076 5.9 2-3 

Copper 16-20404 0816-01-0128 5.9 0-1 

Copper 16-20482 0816-01-0155 5.9 0-1 

Copper 16-20490 0816-01-0198 5.9 0-1 

Copper 16-20486 0816-01-0212 6.0 0-1 

Copper 16-20516 0816-01-0295 6.0 0-1 

Copper 16-20371 0816-01-0229 6.0 0-1 

~ 16-20658 0816-01-0209 6.1 0-1 

16-20736 0816-01-0090 6.1 0-1 

Copper 16-20373 0816-01-0304 6.1 0-1 

Copper 16-20474 0816-01-0069 6.4 2-3 

Copper 16-20660 0816-01-0193 6.4 0-1 

Copper 16-20520 0816-01-0123 6.5 0-1 

Copper 16-20702 0816-01-0255 6.5 0-1 

Copper 16-20408 0816-01-0238 6.6 0-1 

Copper 16-20477 0816-01-0095 6.8 0-1 

Copper 16-20372 0816-01-0230 7.0 0-1 

Copper 16-20491 0816-01-0194 7.1 0-1 

Copper 16-20474 0816-01-0067 7.2 0-0.5 

Copper 16-20698 0816-01-0071 7.2 10-1 

Copper 16-20702 0816-01-0074 * 0-1 

Copper 16-20454 0816-01-0218 0-1 

Copper 16-20526 0816-01-0326 7.8 53.5-54.5 

Copper 16-20526 0816-01-0324 7.9 37.3-38.3 

Copper 16-20375 0816-01-0177 8.0 (J) 5-6 

Copper 16-20526 0816-01-0325 8.1 27.3-28.3 

Copper 16-20741 0816-01-0249 8.1 5-6 

Copper 16-20697 0816-01-0051 8.5 0-1 
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Table C-2 (continued) 

Analyte 
Location 

10 
Sample 

10 
Sample Conce 

(mg/kg) 
"'epth 

(ft) 

Copper 16-20513 0816-01-0096 8.6 

Copper 16-20526 0816-01-0195 8.7 

Copper 16-20337 0816-01-0171 9.0 (J) 4-5 

Copper 0816-01-0172 10.8 (J) 5-6 

Copper 16-20551 0816-01-0306 12.0 0-1 

Copper 16-20444 0816-01-0231 12.2 0-1 

Copper 16-20557 0816-01-0327 13.0 18.7-19.6 

Copper 0816-01-0330 15.2 0-1 

Copper 0816-01-0248 17.4 0-1 

Copper 16-20374 0816-01-0233 20.5 0-1 

Copper 16-20373 0816-01 -0234 24.2 0-1 

Copper 16-20335 0816-01-0236 24.4 0-1 

Copper 16-20370 0816-01-0237 29.5 0-1 

Copper 16-20442 0816-01-0228 32.3 0-1 

Copper 16-20628 0816-01-0332 34.0 0-1 

Iron 16-20486 0816-01-0212 14,600 0-1 

Iron 16-20592 0816-01-0248 14,800 0-1 

Iron 16-20413 0816-01-0305 14,900 0-1 

Iron 16-20375 0816-01-0177 15,300 (J) 

Iron 16-20370 0816-01-0237 15,800 

Iron 16-20337 0816-01-0172 16,100 (J) 

Iron 16-20337 0816-01-0170 16,300 (J) 

Iron 16-20373 0816-01-0304 17,900 

Iron 16-20491 0816-01-0194 17,900 0-1 

Iron 16-20490 0816-01-0192 18,100 0-1 

Iron 16-20454 0816-01-0307 19,000 0-1 

Iron 16-20490 0816-01-0198 20,600 0-1 

Lead 

Lead 16-20702 

0816-01-0255 

0816-01-0076 

11.6 

11.6 

0-1 

2-3 

Lead 16-20661 0816-01-0251 12.0 2-3 

Lead 16-20488 0816-01-0157 12.4 0-1 

Lead 16-20702 0816-01-0074 12.5 0-1 

Lead 16-20551 0816-01-0306 12.6 0-1 

Lead 16-20697 0816-01-0051 12.8 0-1 

• Lead 16-20474 0816-01-0067 13.5 0-0.5 

• Lead 16-20337 0816-01-0172 13.7 5-6 

Lead 16-20404 0816-01-0128 13.8 0-1 

i Lead 16-20337 0816-01-0170 16.9 0-1 

Lead 16-20477 0816-01-0095 18.3 0-1 
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Table C-2 (continued) 

I 

Location Sample Sample Concentration Depth 
Analyte 10 10 (mglkg) (ft) 

. Lead 16-20486 0816-01-0212 19.0 0-1 

Lead 16-20662 0816-01-0314 20.4 2-3 

Lead 16-20741 0816-01-0249 20.6 5-6 

Lead 16·20630 0816-01-0330 21.3 0-1 

Lead 16-20662 0816-01-0313 22.4 0-1 

Lead 16-20337 0816-01-0171 22.9 4-5 

Lead 16-20736 0816-01-0090 25.4 0-1 

16-20592 0816-01-0248 26.5 0-1 

16-20513 0816-01-0096 33.3 0-1 

Lead 16-20628 0816-01-0332 38.9 0-1 

Lead 16-20474 0816-01-0069 144 2-3 

Mercury 16-20665 0816-01-0261 0.18 (U) 0-1 

Mercury 16-20628 0816-01-0332 0.22 0-1 

Nickel 16-20454 0816-01-0307 6.6 0-1 

Nickel 16-20491 0816-01-0194 6.6 0-1 

Nickel 16-20404 0816-01-0128 7.2 0-1 

Nickel 16-20337 0816-01-0171 7.3 

Nickel 16-20622 0816-01-0211 7.4 0-1 

Nickel 16-20698 0816-01-0071 7.5 0-1 

Nickel 16-20486 0816-01-0212 8.2 0-1 

Nickel 16-20474 081 6-01-0069 8.4 2-3 

Nickel 16-20474 0816-01-0067 8.5 0-0.5 

Nickel 16·20490 0816·01-0198 8.7 0-1 

Nickel 16-20375 0816-01-0177 8.8 5-6 

Nickel 16·20335 0816-01-0236 8.8 0-1 

I 16-20373 0816-01-0304 9.1 0-1 

Nickel 16-20592 0816-01-0248 9.3 0-1 

Nickel 16-20702 0816-01-0076 10.5 2-3 

Nickel 16-20370 0816-01-0237 11.2 0-1 

Nickel ~628 0816-01-0332 12.5 0-1 

Nickel 0337 0816-01-0172 13.2 5-6 

Perchlorate 116-20478 0816-01-0151 0.04 (J) 0-1 

Perchlorate 16-20557 0816-01-0333 0.06 (J) 36.7-37.4 

Perchlorate 16-20557 0816-01-0327 18.7-19.6 

Perchlorate 16-20526 0816-01-0324 37.3-38.3 

Perchlorate 16-20557 0816-01-0329 52.6-53.6 

Perchlorate 16·20373 0816-01-0304 0-1 

Perchlorate 16-20413 0816-01-0305 0.24 (J-) 0-1 

Selenium 16-20526 0816-01-0324 0.31 (J-) 37.3-38.3 
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Table C-2 (continued) 

Location Sample Sample Concentration Depth 
Analyte ID ID (mglkg) (ft) 

Selenium 16-20562 0816-01-0087 0.31 (J-) 0-1 

Selenium 16-20662 0816-01-0314 0.31 (J) 2-3 

Selenium 16-20516 0816-01-0335 0.32 (J) 29.2-29.9 

Selenium I':) 0816-01-0216 0.32 (J) o 1 

Selenium 16-20372 0816-01-0230 0.32 (J-) 0-1 

Selenium 16-20491 0816-01-0194 0.33 (J) 0-1 

Selenium 16-20441 0816-01-0129 0.34 (J) 0-1 

Selenium 16-20526 0816-01-0325 0.34 (J-) 27.3-28.3 

Selenium 16-20551 0816-01-0306 0.34 (J-) 1 

Selenium 16-20554 0816-01-0338 0.35 (J) 76.8 

• Selenium 16-20371 0816-01-0229 0.35 (J-) 0-1 

Selenium 16-20408 0816-01-0238 0.35 (J-) 0-1 

Selenium 695 0816-01-0048 0.36 (J-) 0-1 

Selenium -20520 0816-01-0123 0.36 (J) 0-1 

Selenium 16-20404 0816-01-0128 0.37 (J) 0-1 

Selenium 16-20484 0816-01-0201 0.37 (J-) 0-1 

Selenium 16-20741 0816-01-0249 0.37 (J-) 5-6 

Selenium 16-20554 0816-01-0351 0.38 (J) 19.7-20.3 

Selenium 16-20337 0816-01-0170 0.39 (J) 0-1 

Selenium 16-20553 0816-01-0300 0.39 (J-) 0-1 

Selenium 16-20451 0816-01-0224 0.39 (J-) 0-1 

Selenium 16-20452 0816-01-0222 0.39 (J-) 0-1 

Selenium 16-20455 0816-01-0207 0.39 (J-) 0-1 

Selenium 16-20373 0816-01-0234 0.40 (J-) 0-1 
-. 

Selenium 16-20561 0816-01-0098 0.41 (J-) 0-1 

Selenium 16-20595 0816-01-0263 0.42 (J-) 0-1 

Selenium 16-20449 0816-01-0219 0.43 (J-) 0-1 

Selenium 16-20337 0816-01-0172 0.44 (J-) 5-6 

Selenium 16-20453 0816-01-0223 0.44 (J-) 0-1 

Selenium 16-20702 0816-01-0257 0.45 (J-) 4-5 

Selenium 16-20335 0816-01-0236 0.46 (J-) 0-1 

Selenium 16-20413 0816-01-0305 0.47 (J-) 0-1 

Selenium 16-20557 0816-01-0303 0.52 (J-) 2-3 

Selenium 16-20414 0816-01-0221 0.53 (J-) 0-1 

Selenium 16-20558 0816-01-0102 0.54 (J-) 0-1 

Selenium 16-20562 0816-01-0088 0.54 (J-) 2-3 

Selenium 16-20442 0816-01-0228 0.54 (J-) 0-1. 

Selenium 0816-01-0307 0.54 (J-) 0-1 

Selenium 86 0816-01-0208 0.55 (U) 0-1 
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Table C-2 (continued) 

Location Sample Sample Concentration 
Analyte 10 10 (mglkg) (ft) 

Selenium 16-20444 0816-01-0231 0.58 (J-) 0-1 

Selenium 16-20515 0816-01-0104 0.59 0-1 

i Selenium 16-20447 0816-01-0220 0.67 (J-) 0-1 

Selenium 0816-01-0112 o 1 

Selenium 0816-01-0239 0.75 (J-) o 1 

Selenium 16-20373 0816-01-0304 1.40 (J-) 0-1 

i Vanadium 16-20661 0816-01-0251 17.2 2-3 

Vanadium 16-20375 0816-01-0178 17.7 (J-) 7-8 

• Vanadium 16-20491 0816-01-0194 18.0 ~ 
Vanadium 16-20702 0816-01-0074 18.1 0-1 

Vanadium 16-20474 0816-01-0067 19.4 0-0.5 

Vanadium 16-20702 0816-01-0076 20.2 2-3 

m 16-20628 0816-01-0332 20.3 0-1 

• Vanadium 16-20404 0816-01-0128 20.4 0-1 

Vanadium 16-20375 0816-01-0177 20.9 (J-) 15-6 

Vanadium 16-20373 0816-01-0304 21.9 0-1 

Vanadium 16-20622 0816-01-0211 22.2 0-1 

Vanadium 16-20337 0816-01-0171 23.2 (J-) 4-5 

Vanadium 16-20337 0816-01-0170 24.7 (J-) 0-1 

Vanadium 16-20592 0816-01-0248 24.7 0-1 

• Vanadium 16-20337 0816-01-0172 36.7 5-6 

• Zinc 
16-20736 0816-01-0090 65.00 0-1 

IZinc 16-20519 0816-01-0158 65.10 0-1 

Zinc 16-20413 0816-01-0305 65.60 0-1 

Zinc 16-20491 0816-01-0194 66.10 0-1 

Zinc 16-20453 0816-01-0223 70.70 0-1 

Zinc 16-20478 0816-01-0152 85.10 

$Zinc 16-20490 0816-01-0198 89.00 

Zinc 16-20628 0816-01-0332 118.00 

Note: Shaded cells indicate samples from SWMU 16-016(c)-99. 
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Table C-3 

Organic COPCs: Samples with Detections-Biological Zone 


Location Sample Sample Concentration Depth 
Analyte 10 10 (mg/kg) Media (tt) 

Acetone 16-20316 0816-01-0293 0.014 (J) Soil 0-0.5 

Amino-2,6-dinitrotoluene[4-] 16-20376 0816-01-0164 0.063 (J) Soil 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20300 0816-01-0187 0.069 (J) Soil 2-3 

Amino-2,6-dinitrotoluene[ 4-] 16-20348 0816-01-0214 0.110(J) Soil 0-1 

Amino-2.6-dinitrotoluene[4-] 16-20304 0816-01-0036 0.160 (J) Soil 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20694 0816-01-0058 0.230 (J) Soil 0-1 

nitrotoluene[ 4-] 16-20342 0816-01-0180 0.290 Soil o 1 

Amino-2.6-dinitrotoluene[ 4-] 16-20387 0816-01-0161 0.420 Soil 0-1 

Amino-2.6-dinitrotoluene[ 4-] 16-20268 RE16-02-45437 0.088 (J) Soil 0-1 

Amino-2.6-dinitrotoluene[4-] 16-20742 RE16-02-45442 0.150 (J) Soil 2-3 

Amino-2.6-d~ 16-20148 0816-01-0073 0.150 (J) Tuff 0-0.5 

Amino-2.6-dinitrotoluene[4-] 16-20195 16-01-0205 I0.150 (J) Tuff 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20196 0816-01-0130 0.300 ~ff 0-1 

Amino-2.6-dinitrotoluene[4-] 16-20306 0816-01-0033 0.620 Tuff 0-1 

Amino-2.6-d 6-20232 RE16-02-45438 0.840 (J) Tuff 0-1 

Amino-2,6-d' . 6-20232 RE16-02-45438 0.980 Tuff 0-1 

Amino-2.6-dinitrotoluene[4-] 16-20340 0816-01-0176 0.071 (J) ~2~Amino-2,6-dinitrotoluene[4-] 16-20599 RE16-02-45443 0.110(J) 0-1 

Amino-4.6-din itrotoluene[2-] 16-20268 RE16-02-45437 0.074 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20742 RE16-02-45442 0.100 (J) Soil I .... .., 

Amino-4,6-dinitrotoluene[2-] 16-20301 0816-01-0188 0.044 (J) Soil 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20239 0816-01-0168 0.066 (J) Soil 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20304 0816-01 -0036 0.120 (J) Soil 0-1 

Amino-4.6-dinitrotoluene[2-] 16-20348 0816-01-0214 0.130(J) Soil 0-1 

Amin0-4.6-dinitrotoluene[2-] 16-20694 0816-01-0058 0.210 (J) Soil 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20387 0816-01-0161 0.320 Soil 0-1 

[2-] 16-20376 0816-01-0164 0.700 Soil 0-1 

[2-] 16-20599 RE16-02-45443 0.087 (J) Tuff 0-1 

2-] 16-20148 0816-01-0073 0.110 (J) Tuff o 0.5 

Amino-4.6-dinitrotoluene[2-] 16-20670 RE 16-02-45436 0.190 (J) Tuff 0-1 

Amino-4,6-dinitrotoluene[2-) 16-20340 0816-01-0174 0.190 (J) Tuff 0-1 

Amino-4.6-dinitrotoluene[2-) 16-20670 RE16-02-45436 ) Tuff 0-1 

Amino-4,6-dinitrotoluene[2-) 16-20742 RE16-02-45439 0.290 Tuff 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20196 0816-01-0130 0.300 Tuff 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20306 0816-01-0033 0.820 Tuff 0-1 

Amino-4.6-dinitrotoluene[2-] 16-20232 RE16-02-45438 0.920 (J) Tuff 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20232 RE16-02·45438 1.100 Tuff 0-1 
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Table C-3 (continued) 

II 

location Sample Sample Concentration Oepth 
Analyte 10 10 (mg/kg) Media (ft) 

I Aroclor-1260 16-20316 0816-01-0293 0.061 Soil E5 

Bis(2-ethylhexyl)phthalate 16-20300 0816-01-0187 0.170 (J) Soil 

Bis(2-ethylhexyl)phthalate 16-20549 t0016-01.0215 0.210 (J) Soil 0-1 

I Bis(2-ethylhexyl)phthalale 16-20314 0816-01-0354 0.160 (J) Tuff 0-1 

• Bis(2-ethylhexyl)phthalate 16-20670 RE16-02-45436 0.110 (J) Tuff 0-1 

! Bis(2-elhylhexyl)phthalate 16-20742 RE16-02-45439 0.120 (J) Tuff 0-1 

. Bis(2-elhylhexyl)phthalate 16-20196 0816-01-0130 0.160 (J) Tuff 0-1 

I Bis(2-ethylhexyl)phlhalale 16-20233 0816-01-0121 0.210 (J) Tuff 0-1 

I Bis(2-ethylhexyl)phthalate 16-20232 RE16-02-45438 0.280 (J) Tuff 0-1 

! DDT[4,4'-] 16-20316 0816-01-0293 0.008 Soil 0-0.5 

HMX 16-20742 RE16-02-45442 0.610 Soil 2-3 

HMX 16-20268 RE16-02-45437 1.400 Soil 0-1 

HMX 16-20153 0816-01-0262 0.118 Soil 0-1 

HMX 16-20265 0816-01-0107 0.190 (J) Soil 0-1 

HMX 16-20193 0816-01-0059 0.290 (J) Soil 0-1 

HMX 16-20566 0816-01-0213 0.290 (J) Soil 0-1 

HMX 9 0816-01-0289 0.340 Soil 0-0.5 

HMX 16-20342 0816-01-0182 Soil 2-3 

~~ 
16-20301 0816-01-0188 0.550 So!! 0-1 

16-20344 0816-01-0184 0.580 Soil 0-1 

HMX 16-20344 -01-0185 0.620 Soil 3-4 

HMX 16-20694 . 0816-01-0058 0.650 SOil·." ....• Dc1 
HMX 16-20263. 0816-01-0106 0.860 ...... ' SOIl' Dcl 
HMX 16-20262 0816-01-0105 1.000 

....... 

SOH . 0-1 

HMX 16-20239 0816-01-0168 1.100 Soil 0-1 

HMX 16-20304 0816-01-0036 1.600 (J-) Soil 0-1 

HMX 16-20348 0816-01-0214 1.700 Soil 0-1 

HMX 16-20342 0816-01-0180 

S~ 
Soil 0-1 

HMX 16-20316 0816-01-0293 Soil 0-0.5 

HMX 16-20351 0816-01-0050 5.700 Soil 0-1 

HMX 16-20124 0816-01-0063 7.700 (J) Soil 0-1 

HMX 16-20387 0816-01-0161 10.000 Soil 0-1 

HMX 16-20376 0816-01-0164 2.000 Soil 0-1 

HMX 16-20240 0816-01-0352 0.180 (J) Tuff 0-1 

HMX 16-20706 0816-01-0323 0.260 Tuff 1 

HMX 16-20599 RE16-02-45443 0.310 Tuff 1 

HMX 16-20598 0816-01-0266 0.390 Tuff 3 

HMX 16-20598 0816-01-0265 0.448 Tuff 0-1 

HMX 16-20205 REl6-02-44945 0.620 Tuff 0-1 
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Table C-3 (continued) 

location Samp pie Concentration Depth 
Analyte 10 10 (mglkg) Media (ft) 

HMX 16-20205 RE 16-02-44946 0.660 Tuff 0-1 

HMX 16-20692 0816-01-0086 0.710 Tuff 1 

HMX 16-20314 0816-01-0354 2.400 1 

HMX 16-20694 0816·01-0253 0.120 Tuff 2-3 

HMX 16-20476 0816-01-0134 0.150(J) Tuff 0-1 

HMX 0816-01 (J) Tuff 0-1 

HMX 0 0816-01 ) -3 

., HMX 16-20334 0816-01 ) 1 

HMX 16-20197 0816-01-0120 0.280 (J) 0-1 

HMX 16-20333 0816-01-0091 0.320 (J) Tuff 0-1 

HMX 16-20305 0816-01-0035 0.350 (J-) Tuff 0-1 

HMX 16-20233 0816-01-0121 0.410 Tuff 0-1 

HMX 116-20419 0816-01-0244 0.450 Tuff 0-1 

!HMX ~269 0816-01-0061 0.510 Tuff 0-1 

HMX 270 0816-01-0136 0.610 Tuff 0-1 

HMX 16-20418 0816-01-0243 0.670 Tuff 2-3 

HMX 16-20418 0816-01-0242 0.790 Tuff 0-1 

HMX 16-20340 0816-01-0174 0.860 Tuff 0-1 

HMX 16-20195 0816-01-0205 1.800 0-1 

16-20742 RE 16-02-45439 2.200 0-1 

16-20148 0816-01-0073 2.500 Tuff 0-0.5 

16-20670 RE16-02-45436 5.000 Tuff 0-1 

16-20670 RE 16-02-45436 5.100 Tuff 0-1 

HMX 16-20196 0816-01-0130 5.800 Tuff 0-1 
-

HMX 16-20306 0816-01-0033 10.000 (J-) Tuff 0-1 

HMX 16-20232 RE16-02-45438 16.000 Tuff 0-1 

HMX 16-20232 RE16-02-45438 16.000 Tuff 0-1 

RDX 16-20742 RE16-02-45442 0.110(J) Soil 2-3 

RDX 16-20268 RE16-02-45437 2.900 Soil 0-1 

RDX 16-20549 0816-01-0215 0.069 (J) Soil 0-1 

IRDX 16-20566 0816-01-0213 0.100 (J) Soil 0-1 

RDX !16·20191 0816-01-0046 0.120(J) Soil 0-1 .. 

RDX 16-20300 0816-0 0.180 (J) Soi! 
, 0.:.1 

RDX 16·20189 0816-01-0289 0.280 Soil . • 0:-0.5 

RDX 16-20579 0816-01-0065 0.300 Soil 0-1 

RDX 16-20694 0816-01-0058 0.490 Soil 0-1 

RDX 16-20342 0816-01-0182 0.530 Soil 2-3 

RDX 16-20344 0816-01-0185 0.570 Soil 3-4 

RDX 16-20344 0816-01-0184 0.720 Soil 0-1 
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Table C-3 (continued) 

Location Sample Sample Concentration Depth 
Analyte 10 10 (mg/kg) Media (ft) 

RDX 16-20316 0816-01-0293 0.740 Soil 0-0.5 

RDX 16-20239 0816-01-0168 0.860 Soil 0-1 

RDX 16-20193 0816-01-0059 0.970 (J) Soil 0-1 

RDX 16-20263 0816-01-0106 1.300 Soil 0-1 

RDX 16-20351 0816-01-0050 1.600 Soil 0-1 

RDX 16-20262 0816-01-0105 1.800 Soil 0-1 

RDX 16-20304 6-01-0036 1.900 Soil 0-1 

RDX 16-20301 0816-01-0188 2.200 Soil 0-1 

RDX 16-20387 0816-01-0161 2.200 Soil 0-1 

RDX 16-20348 0816-01-0214 2.600 Soil 0-1 

RDX 16·20342 0816-01-0180 5.900 Soil 0-1 

RDX 16-20376 0816-01-0164 2.100 Soil 0-1 

:RDX 16-20340 0816-01-0176 0.094 (J) Tuff 2-3 

RDX 16-20314 0816-01-0361 0.140(J) Tuff 0-1 

RDX 16-20599 RE16-02-45443 0.210(J) Tuff 0-1 

RDX 16-20654 0816-01-0085 0.210 (J) Tuff 

RDX 16-20386 0816-01-0360 0.330 Tuff 0-1 

RDX 16-20240 0816-01-0352 0.490 Tuff 0-1 

RDX 16-20238 RE16-02-44948 0.560 Tuff 0-1 

RDX 16-20706 0816-01-0323 0.768 Tuff 0-1 

RDX 16-20278 0816-01-0359 0.950 Tuff 0-1 

RDX 16-20598 0816-01-0266 1.250 Tuff 2-3 

:RDX 16-20598 0816-01-0265 1.800 Tuff 0-1 

RDX 16-20241 0816-01-0357 2.300 Tuff 0-1 

RDX 16-20205 RE16-02-44945 3.000 Tuff 0-1 

RDX 16-20205 RE16-02-44946 3.200 Tuff 0-1 

RDX 16-20314 0816-01-0354 13.600 Tuff 0-1 

RDX 16-20547 0816-01-0133 0.084 (J) Tuff 0-1 

RDX 16-20274 0816-01-0029 0.100 (J) Tuff 

RDX 16-20189 0816-01-0247 0.120(J) Tuff 2-3 

IRDX 16-20233 0816-01-0122 0.140 (J) Tuff 2-3 

~ 
16-20476 0816-01-0134 0.140(J) Tuff 0-1 

16-20307 0816-01-0034 0.150 (J) Tuff 0-1 

RDX 16-20195 0816-01-0206 0.160 (J) Tuff 2-3 ! 

RDX 16-20270 0816-01-0138 0.160(J) Tuff 2-3 

RDX 16-20416 0816-01-0246 0.170(J) ITuff 0-1 

RDX 16-20694 . 0816-01-0253 0.205 TUH~ 
RDX 16-20389 0816-01-0030 0.310 (J) Tuff 

RDX 16-20333 0816-01-0091 0.320 Tuff 0-1 
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Table C-3 (continued) 

Analyte 
Location 

ID 
Sample 

ID 
Sample Concentration 

(mg/kg) Media 
Depth 

(tt) 

RDX 16-20340 0816-01-0174 0.370 Tuff 0-1 

RDX 16-20415 0816-01-0245 0.460 Tuff 0-1 

RDX 16-20270 0816-01-0136 0.490 Tuff 0-1 

RDX 16-20233 0816-01-0121 0.530 Tuff 0-1 

RDX 16-20234 0816-01-0115 0.540 Tuff 0-1 

RDX 16-20269 0816-01-0062 0.570 (J) Tuff 2-3 

RDX 16-20334 0816-01-0235 0.810 Tuff 0-1 

RDX 16-20419 0816-01-0244 1.100 Tuff 0-1 

RDX 16-20148 0816-01-0073 1.300 Tuff 0-0.5 

RDX 16-20305 0816-01 -0035 1.300 Tuff 0-1 

RDX 16-20198 0816-01-0114 1.400 Tuff 0-1 

RDX 16-20197 0816-01-0120 1.600 Tuff 0-1 

RDX 16-20269 0816-01-0061 1.800 (J) Tuff 0-1 

RDX 16-20271 0816-01-0140 1.800 Tuff 0-1 

RDX 16-20195 081 6-01 -0205 2.100 Tuff 0-1 

RDX 16-20295 0816-01-0072 2.300 Tuff 0-1 

RDX 16-20742 RE16-02-45439 2.700 Tuff 0-1 

RDX 16-20418 0816-01-0243 3.900 Tuff 2-3 

RDX 16-20418 0816-01-0242 4.600 Tuff 0-1 

RDX 16-20196 0816-01-0130 7.400 Tuff 0-1 

RDX 16-20670 RE16-02-45436 18.000 Tuff 0-1 

RDX 16-20670 RE 16-02-45436 19.000 Tuff 0-1 

RDX 16-20306 0816-01-0033 22.000 Tuff 0-1 

RDX 16-20232 RE 16-02-45438 36.000 Tuff 0-1 

RDX 16-20232 RE16-02-45438 37.000 Tuff 0-1 

Toluene 16-20316 0816-01-0293 0.001 (J) Soil 0-0.5 

Trinitrotoluene[2,4,6-] 16-20348 0816-01-0214 0.034 (J) Soil 0-1 

Trinitrotoluene[2,4,6-] 16-20304 0816-01-0036 0.086 (J) Soil 0-1 

Trinitrotoluene[2,4,6-] 16-20204 0816-01-0168 0.140 Soil 0-1 

Trinitrotoluene[2,4,6-] 16-20387 0816-01-0161 0.270 Soil 0-1 

Trinitrotoluene[2,4,6-] 16-20316 0816-01-0293 0.300 Soil 0-0.5 

Trinitrotoluene[2,4,6-] 16-20198 0816-01-0114 0.067 (J) Tuff 0-1 

Trinitrotoluene[2,4,6-] 16-20195 0816-01-0205 0.087 (J) Tuff 0-1 

Trinitrotoluene[2,4,6-] 16-20232 RE16-02-45438 0.380 (J) Tuff 0-1 

Trinitrotoluene[2,4,6-] 16-20232 RE16-02-45438 0.450 Tuff 0-1 

Trinitrotoluene[2,4,6-] 16-20670 RE16-02-45436 0.550 Tuff 0-1 

Trinitrotoluene[2,4,6-] 16-20742 RE16-02-45439 1.200 Tuff 0-1 

T rinitrotoluene[2,4,6-] 16-20306 0816-01 -0033 1.200 Tuff 0-1 

Note: Shaded cells indicate samples from SWMU 16-016(c)-99. 
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TableC-4 

Organic COPCs: Samples with Detections-Exposed Tuff Zone 


Location Sample 1 Sample Concentration Depth 
Analyte 10 10 (mg/kg) (tt) 

• Amino-2,6-dinitrotoluene[4-] 16-20696 0816-01-0066 0.049 (J) 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20526 0816-01·0196 0.054 (J) 2-3 

Amino-2,6-dinitrotoluene[4-] 16-20337 0816-01-0172 0.055 (J) 5-6 

Amino-2,6-dinitrotoJuene[4-] 16·20695 0816-01-0048 0.078 (J) 0-1 
• Amino-2,6-dinitrotoluene[4-] 16-20524 0816-01-0159 0.094 (J) 0-1 

Amino-2,6-dinitrotoluene[ 4-] 16-20586 0816-01-0208 0.096 (J) 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20491 0816-01-0194 0.099 (J) 0-1 

Amino-2,6-dinitrotoluene[4-J 16-20375 0816-01-0178 0.11 (J) 7-8 

i Amino-2,6-dinitrotoluene[4-] 16·20490 0816-01-0192 0.14(J) 0-1 

Amino-2,6-dinitrotoluene[4-J 16-20526 0816-01-0195 0.16 (J) 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20454 0816-01-0218 0.23 (J) 0-1 

Amino-2,6-dinitrotoluene[4-J 16-20661 0816-01-0251 0.09 2-3 

Amino-2,6-dinitrotoluene[4-J 16-20628 0816-01-0332 0.09 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20741 0816-01-0250 0.11 2-3 

Amino-2 ,6-dinitrotoluene[ 4-] 16-20551 0816-01-0306 0.12 0-1 

Amino-2,6-dinitrotoluene[4-] 16-20630 0816-01-0330 0.16 0-1 

i Amino-2,6-dinitrotoluene[4-] 16-20741 0816-01-0249 0.20 5-6 

• Amino-2,6-dinitrotoluene[4-] 16-20702 0816-01-0255 0.31 0-1 

I Amino-2,6-dinitrotoluene[4-] 16-20592 0816-01-0248 0.44 0-1 

i Amino-2,6-dinitrotoluene[4-] 16-20454 0816-01-0307 0.55 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20526 0816-01-0196 0.042 (J) 

Amino-4,6-dinitrotoluene[2-] 16-20337 0816-01-0171 0.048 (J) 4-5 

Amino-4,6-dinitrotoluene[2-] 16-20526 0816-01-0325 0.048 (J) 27.3-28.3 

Amino-4,6-dinitrotoluene[2-] 16-20337 0816-01-0172 0.054 (J) 5-6 
I 

Amino-4,6-dinitrotoluene[2-J 16-20489 0816-01-0199 0.056 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20695 0816-01-0048 0.057 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 116-20526 0816-01-0324 0.061 (J) 37.3-38.3 

Amino-4,6-dinitrotoluene[2-] 116-20404 0816-01-0128 0.062 (J) 0-1 

Amino-4,6-dinitrotoluene[2-J 16-20524 0816-01-0159 0.071 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20586 0816-01-0208 0.080 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20490 0816-01-0192 0.082 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20491 0816-01-0194 0.087 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20526 0816-01-0195 0.17 (J) 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20454 0816-01-0218 0.18 (J) 0-1 

Amino-4 ,6-dinitrotoluene[2-] 16-20628 0816-01-0332 0.08 0-1 

Amino-4,6-dinitrotoluene[2-] 16-20551 0816-01-0306 0.09 0-1 
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Table C-4 (continued) 

Sample 
location Sample Concentration Depth 

Analyte 10 10 (mglkg) (ft) 

Amino-4.6-dinitrotoluene[2-] 16-20741 0816-01-0250 0.11 2-3 

Amino-4.6-dinitrotoluene[2-] 16-20630 0816-01-0330 0.18 0-1 

Amino-4.6-dinitrotoluene[2-] 16-20741 0816-01-0249 0.20 5-6 

Amino-4.6-dinitrotoluene[2-] 16-20702 0816-01-0255 0.36 0-1 

Amino-4.6-dinitrotoluene[2-] 16-20592 0816-01-0248 0.52 0-1 

Amino-4.6-dinitrotoluene[2-] 16-20337 0816-01-0170 0.81 0-1 

Amino-4.6-dinitrotoluene[2-] 16-20454 0816-01-0307 0.88 0-1 

Bis(2-ethylhexyl)phthalate 16-20477 0816-01-0095 0.080 (J) 0-1 

Bis(2-ethylhexyl)phthalate 16-20404 0816-01-0128 0.099 (J) 0-1 

Bis(2-ethylhexyl)phthalate 16-20630 0816-01-0330 0.100 (J) 0-1 

Bis(2-ethylhexyl)phthalate 16-20558 0816-01-0102 0.110(J) 0-1 

Bis(2-ethylhexyl)phthalate 16-20551 0816-01-0306 0.120 (J) 

Bis(2-ethylhexyl)phthalate 16-20702 0816-01-0255 0.53 

Bis(2-ethylhexyl)phthalate 16-20513 0816-01-0096 0.62 

Carbon Disulfide 16-20557 0816-01-0299 0.0098 (J) 

HMX 16-20526 0816-01-0326 0.24 (J-) 53.5--54.5 

HMX 16-20526 0816-01-0324 0.5 (J-) 37.3-38.3 

HMX 16-20526 0816-01-0325 0.55 (J-) 27.3-28.3 

HMX 16-20441 0816-01-0129 0.100 (J) 0-1 

HMX 16-20408 0816-01-0238 0.19(J) 0-1 

HMX 16-20557 0816-01-0299 0.20 (J) 2-3 

16-20560 0816-01-0142 0.21 (J) 2-3 

16-20559 0816-01-0119 0.24 (J) 2-3 

16-20486 0816-01-0212 0.24 (J) 0-1 

16-20375 0816-01-0177 0.26 (J) 5-6 

HMX 16-20490 0816-01-0192 0.27 (J) 0-1 

HMX 16-20663 0816-01-0311 0.09 0-1 

HMX 16-20625 0816-01-0320 0.13 0-1 

HMX 16-20669 0816-01-0315 0.14 0-1 

~ 
16-20662 0816-01-0314 0.22 2-3 

16-20625 0816-01-0321 0.24 2-3 

16-20591 0816-01-0318 0.24 0-1 

S 16-20665 0816-01-0261 0.25 tE16-20596 0816-01-0259 .0.27 

HMX 16-20557 0816-01-0302 0.28 10-1 

HMX 16-20374 0816-01-0233 0.28 0-1 

HMX 16-20557 0816-01-0298 0.29 0-1 
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Table C·4 (continued) 

Sample I 
Location Sample Concentration Depth 

Analyte 10 10 (mg/kg) (ft) I 
HMX 16-20624 0816-01-0322 0.29 0-1 

IHMX 16-20517 0816-01-0099 0.30 0-1 

IHMX 16-20557 0816-01-0303 0.30 2-3 

HMX 16-20661 0816-01-0251 0.30 2-3 

HMX 16-20590 0816-01-0317 0.33 2-3 

HMX 16-20478 0816-01-0151 0.33 0-1 

IHMX 16-20487 0816-01·0154 0.33 0-1 

HMX 16-20523 0816-01-0165 0.33 0-1 

HMX 16-20558 0816-01-0102 0.33 0-1 

HMX 16-20490 0816-01-0198 0.36 0-1 

HMX 16-20559 0816·01-0118 0.36 0-1 

HMX 16-20702 0816-01-0257 0.36 4-5 

HMX 16-20527 0816·01-0191 0.39 0-1 

HMX 16-20595 0816-01·0263 0.39 0-1 

HMX 16-20560 0816·01-0141 0.40 0-1 I 
HMX 16-20662 0816-01-0313 0.43 0-1 

HMX 16-20489 0816-01-0199 0.46 0-1 

HMX 16-20586 0816-01-0208 0.46 0-1 

HMX 16-20590 0816-01-0316 0.48 0-1 

IHMX 16-20477 0816-01-0095 0.48 0-1 

HMX 16-20524 0816-01-0159 0.49 0-1 

lHMX 16-20561 0816-01-0098 0.50 ! 0-1 

.HMX 16-20632 0816-01-0308 0.51 0-1 

HMX 16-20452 0816-01-0222 0.54 0-1 

HMX 16-20455 0816-01-0207 0.54 0-1 

HMX 16-20489 0816-01-0200 0.54 2-3 

i HMX 16-20526 0816-01-0196 0.54 2-3 

IHMX 16-20372 0816-01-0230 0.60 10-1 

HMX 16-20525 0816-01-0189 0.61 0-1 

HMX 16·20453 0816-01-0223 0.65 0-1 

IHMX 16-20697 0816-01-0051 0.66 0-1 

HMX 16-20695 0816-01-0048 0.68 0-1 
I HMX 16-20626 0816-01-0312 0.69 0-1 

HMX 16-20404 0816-01-0128 0.74 0-1 

HMX 16-20702 0816-01-0076 0.79 2-3 

HMX 16-20736 0816-01-0090 0.79 0-1 

HMX 16-20698 0816-01-0071 0.81 0-1 
I 
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Table C-4 (continued) 

Sample 
Location Sample Concentration Depth 

Analyte 10 10 (mg/kg) (ft) 

HMX 16-20629 0816-01-0319 0.84 0-1 

HMX 16-20337 0816-01-0170 10.92 0-1 

HMX 16-20522 0816-01-0160 0.98 0-1 

HMX 16-20667 0816-01-0197 1.15 0-1 

HMX 16-20337 0816-01-0172 1.20 5-6 

HMX 16-20454 0816-01-0218 1.20 0-1 

HMX 16-20491 0816-01-0194 1.30 0-1 

HMX 16-20337 0816-01-0171 1.60 4-5 

HMX 16-20630 0816-01-0330 1.63 0-1 

HMX 16-20526 0816-01-0195 1.70 0-1 

HMX 16-20454 0816-01-0307 2.23 0-1 

HMX 16-20592 0816-01-0248 2.30 0-1 

HMX 16-20628 0816-01-0332 2.98 0-1 

HMX 16-20702 0816-01-0255 3.14 0-1 

HMX 16-20741 0816-01-0250 3.28 2-3 

HMX 16-20741 0816-01-0249 3.71 5-6 

HMX 16-20551 0816-01·0306 5.74 0-1 

RDX 16-20519 0816-01-0158 0.054 (J) 0-1 

RDX 16-20516 0816-01-0112 0.061 (J) 0-1 

RDX 16-20413 0816-01-0216 0.066 (J) 0-1 

RDX 16-20698 0816-01-0071 0.075 (J) 0-1 

RDX 16-20520 0816-01-0123 0.085 (J) 0-1 

RDX 16-20484 0816-01-0201 0.087 (J) 0-1 

RDX 16-20518 0816-01-0126 0-1 

RDX 16-20658 0816-01-0209 J) 0-1 

RDX 16-20554 0816-01-0145 0.093 (J) 2-3 

RDX 16-20441 0816-01-0129 0.099 (J) 0-1 

RDX 16-20337 0816-01·0170 0.10 (J) 0-1 

RDX 16-20479 0816-01-0113 0.11 (J) 0-1 

RDX 16·20586 0816-01·0208 0.11 (J) 0-1 

RDX 16-20660 0816-01·0193 0.11 (J) 0-1 

RDX 16-20700 0816-01·0049 0.11 (J) 0-1 

RDX 16-20444 0816-01-0231 0.12 (J) 0-1 

RDX 16-20696 0816-01·0066 0.12 (J) 0-1 

RDX 16-20449 0816-01-0219 ~J) 0-1 

RDX 16-20451 0816-01-0224 3 (J) 0-1 

RDX 16-20375 0816-01-0179 J) 9-10 

January 2003 C-28 ER2002-0773 



Phase I Closure Implementation Report 

Table C-4 (continued) 

Analyte 
Location 

ID 

I Sample 
Sample Concentration 

ID (mg/kg) 
Depth 

(H) 

·RDX 16-20486 0816-01-0212 0.14(J) 0-1 

RDX 16-20554 0816-01-0143 0.24 (J) 0-1 

RDX 16-20624 0816-01-0322 0.14 0-1 

I RDX 16-20665 0816-01-0261 0.14 0-1 

RDX 16-20669 0816-01-0315 0.16 0-1 

RDX 16-20413 0816-01-0305 0.27 0-1 

RDX 16-20662 0816-01-0314 0.31 2-3 

RDX 16-20662 0816-01-0313 0.36 0-1 

RDX 16-20697 0816-01-0051 0.36 0-1 

RDX 16-20442 0816-01-0228 0.42 0-1 

RDX 16-20375 0816-01-0177 0.43 5-6 

RDX 16-20478 0816-01-0151 0.44 0-1 

RDX 16-20625 0816-01-0320 0.44 0-1 

RDX 16-20513 0816-01-0096 0.46 0-1 

RDX 16-20514 0816-01-0103 0.46 0-1 

RDX 16-20517 0816-01-0099 0.46 0-1 

.RDX 16-20474 0816-01-0067 0.50 10-0.5 

IRDX 16-20626 0816-01-0312 0.57 0-1 

RDX 16-20562 0816-01-0087 0.60 0-1 

!RDX 16-20562 0816-01-0088 0.60 2-3 

IRDX 16-20524 0816-01-0159 0.61 0-1 

i 
RDX 16-20447 0816-01-0220 0.66 0-1 

RDX 16-20555 0816-01-0101 0.70 0-1 

1RDX 16-20404 0816-01-0128 0.75 0-1 

i RDX 16-20560 0816-01-0142 0.78 2-3 

·RDX 16-20373 0816-01-0234 0.80 0-1 

IRDX 16-20477 0816-01-0095 0.83 0-1 

RDX 16-20515 0816-01-0104 0.87 0-1 

RDX 16-20595 0816-01-0263 0.88 0-1 

RDX 16-20490 0816-01-0192 0.92 0-1 

RDX 116-20561 0816-01-0098 0.96 0-1 

RDX 116-20625 0816-01-0321 1.03 2-3 

RDX 16-20702 0816-01-0076 1.10 2-3 

RDX 16-20695 0816-01-0048 1.10 0-1 

RDX 16-20596 0816-01-0259 1.14 0-1 

RDX 16-20741 0816-01-0250 1.15 2-3 

RDX 16-20371 0816-01-0229 1.20 0-1 
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Table C-4 (continued) 

Sample 
Location Sample Concentration Depth 

Analyte 10 10 (mglkg) (ft) 

RDX 16-20455 0816-01-0207 1.20 0-1 

RDX 16-20527 0816-01-0191 1.20 (}-1 

RDX 16-20661 0816-01-0251 1.24 2-3 

RDX 16-20337 0816-01-0171 1.30 4-5 

RDX 16-20337 0816-01-0172 1.30 5-6 

:RDX 16-20372 0816-01-0230 1.40 0-1 

RDX 16-20523 0816-01-0165 1.40 0-1 

!RDX 16-20741 0816-01-0249 1.44 5-6 

RDX 16-20629 0816-01-0319 1.56 0~1 

RDX 16-20490 0816-01-0198 1.60 0-1 

RDX 16-20559 0816-01-0119 1.60 2-3 

RDX 16-20667 0816-01-0197 1.62 0-1 

RDX 16-20521 0816-01-0124 1.70 0~1 

IRDX 16-20408 0816-01-0238 1.80 0-1 

RDX 16-20487 0816-01-0154 1.80 0-1 

RDX 16-20560 0816-01-0141 1.80 0-1 

RDX 16-20632 0816-01-0308 1.80 (}-1 

RDX 16-20525 0816-01-0189 1.90 0~1 

RDX 16-20558 0816-01-0102 1.90 0-1 

RDX 16-20628 0816-01-0332 1.99 (}-1 

RDX 16-20557 0816-01-0299 2.00 2-3 

RDX 16-20489 0816-01-0199 2.10 0-1 

RDX 16-20591 0816-01·0318 2.12 (}-1 

RDX 16-20590 0816·01·0316 2.13 (}-1 

RDX 16-20590 0816·01-0317 2.26 2-3 ! 

RDX 16-20488 0816·01-0157 2.30 (}-1 

RDX 16·20702 0816-01·0257 2.47 4~5 I 
RDX 16·20557 0816-01·0334 2.50 11.7-12.6 

RDX 16-20452 0816·01·0222 2.60 (}-1 i 

RDX 16-20559 0816·01-0118 2.70 0~1 

RDX 16·20374 0816-01·0233 2.80 0-1 

RDX 16·20526 0816-01·0326 2.80 53.5-54.5 

RDX 16·20702 0816-01-0255 2.92 0-1 

RDX 16·20491 0816-01·0194 3.00 0-1 

RDX 16-20489 0816·01-0200 3.30 2-3 

RDX 16-20630 0816-01-0330 3.46 (}-1 

RDX 16·20557 0816-01-0303 3.51 2-3 
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Table C-4 (continued) 

I 
I Sample 

I 
I 

Location Sample Concentration Depth 
Analyte ID ID (mglkg) (ft) 

RDX 16-20526 0816-01-0196 3.90 2-3 

RDX 16-20557 0816-01-0327 3.90 18.7-19.6 

RDX 16-20453 0816-01-0223 4.00 0-1 

i RDX 16-20454 0816-01-0218 4.00 0-1 

IRDX 16-20526 0816-01-0325 4.30 27.3-28.3 

RDX 16-20557 0816-01-0298 4.50 0-1 

RDX 16-20557 0816-01-0302 4.68 0-1 

i RDX 16-20526 0816-01-0324 4.80 37.3-38.3 

RDX 16-20522 0816-01-0160 6.20 0-1 

RDX 16-20454 0816-01-0307 7.06 0-1 

RDX 16-20551 0816-01-0306 7.37 0-1 

!RDX 16-20526 0816-01-0195 8.30 0-1 

RDX 16-20592 0816-01-0248 10.80 0-1 

Toluene ~0557 0816-01-0299 0.00059 (J) 2-3 

Toluene 0557 0816-01-0298 0.00072 (J) 0-1 

Trinitrobenzene[1,3,5-] 16-20557 0816-01-0328 0.047 (J) 66-67 

• Trinitrobenzene[l ,3,5-] 16-20522 0816-01-0160 0.052 (J) 0-1 

Trinitrobenzene[l,3,5-] 16-20557 0816-01-0334 0.088 (J) 11.7-12.6 

Trinitrobenzene[1,3,5-] 16-20557 0816-01-0329 0.12(J) 52.6-53.6 

Trinitrobenzene[1,3,5-] 16-20557 0816-01-0327 0.13 (J) 18.7-19.6 

Trinitrobenzene[1,3,5-] 16-20557 0816-01-0333 0.14 (J) 36.7-37.4 

i Trinitrobenzene[l ,3,5-] 16-20337 0816-01-0170 0.17 (J) 0-1 

Trinitrobenzene[1,3,5-] 16-20526 0816-01-0195 0.36 0-1 ! 

I Trinitrotoluene[2,4,6-] 16-20526 0816-01-0196 0.029 (J) 2-3 

i Trinitrotoluene[2,4,6-j 16-20491 0816-01-0194 0.031 (J) 0-1 

Trinitrotoluene[2,4,6-] 16-20557 0816-01-0334 0.041 (J) 11.7-12.6 

Trinitrotoluene[2,4,6-] 16-20337 0816-01-0172 0.043 (J) 

~ Trinitrotoluene[2,4,6-] 16-20586 0816-01-0208 0.078 (J) 

Trinitrotoluene[2,4,6-] 16-20454 0816-01-0218 0.079 (J) 0-1 

Trinitrotoluene[2,4,6-] 16-20551 0816-01-0306 0.12 0-1 

Trinitrotoluene[2,4,6-] 16-20592 0816-01-0248 0.13 0-1 

Trinitrotoluene[2,4,6-] 16-20702 0816-01-0255 0.16 0-1 

T rinitrotoluene[2,4,6-] 16-20526 0816-01-0195 0.48 0-1 

Note: Shaded cells indicate samples from SWMU 16-016(c}-99. 
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Table C-S 

ESLs for MDA P Area Receptors for COPCs in the Biological Zone 
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Barium 100 230 380 1,000 I 46,000 I 1,700 34 4.5 2.4 420 

Chromium 2.4 1.4 460 550 680 I 13,000 I 5,300 8,000 2,100 700 18,000 

Cobalt 0.25 0.051 0.093 0.46 6 0.38 5 0.19 I 0.091 I 10 

Copper 10 13 390 310 260 22,000 3,300 300 170 I 170 I 8,900 

Iron 

Lead 450 1 2000 

Nickel 20 

Selenium 0.1 7.7 

Silver 0.05 

Vanadium 0.025 

Zinc 10 350 

Organic Chemicals 

Acetone 

IAmino-2,A-riinitrntnlw:mAI4-1 80 

Amino-4.6 .J:_:. luene[2-] 80 

Aroclor-1260 

Bis(2-ethylhexyl)phthalate 

DDT[4,4'-] 3.7 

HMX 500 

RDX 100 500 

Toluene 200 

Trinitrotoluene[2,4,6-] 0.7 0.7 

Note: Results reported in milligrams per kilogram. 
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1.1 2 10 

14 19 30 

2.8 5.1 28 
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a _ := No ESL established. 
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Disclaimer 

This document contains data regarding radioactive wastes, 
the management of which is regulated under the Atomic 

Energy Act and specifically excluded from regulation under 
the Resource Conservation and Recovery Act and the New 
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process disclosed, or represent that its use would not infringe privately owned rights. Reference herein to 
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EXECUTIVE SUMMARY 

This report documents the field implementation activities conducted at Material Disposal Area P (MDA P) 
and the 387 Flash Pad, and voluntary corrective action (VCA) at aQjacent sites known collectively as Solid 
Waste Management Unit (SWMU) 16-016(c)-99. The sites are located at the Los Alamos National Labora
tory Technical Area (TA) 16 Burning Ground, within the high explosives (HE) exclusion area. They are 
referred to collectively as the MDA P Area. MDA P and the 387 Flash Pad are hazardous waste manage
ment units subject to closure; SWMU 16-016(c)-99 is subject to corrective action. The sites are a contigu
ous group with overlapping boundaries and similar characteristics. Therefore, the VCA and closures were 
integrated to promote efficient and effective field operations in order to achieve a common cleanup goal. 

The field activities at MDA P, the 387 Flash Pad, and SWMU 16-016(c)-99 included excavation, waste 
removal, segregation, staging, characterization, and disposal. These activities, collectively known as 
Phase I, are documented in this report. A summary of the quantities of waste generated during Phase I 
activities are presented in Table ES-1 : 

Table ES-1 


Quantities of Wastes Generated during Phase I Activities 


Quantity Unit Description 
yd;$21,506 Hazardous waste soils 


26,150 
 yd;5 Industrial waste soils 

1,111 Rock, decontaminated, used as riprap at TA-16 Buming Ground 

757 yd Rock, released, used as riprap within MDA P footprint 


3,200 
 yd3 Concrete debriS, recycle and industrial wastes 


2,200 
 yd3 Metal debris, recycle and industrial waste 


3,947 
 I estos-containing materials 

each888 Containers of unknown content 


95 
 each Miscellaneous metal objects 


441 
 HE 


85 


Ib 

Ash from burning HE 


500 


Ib 

Ib Ash and contaminated debris 


6,706 
 Ib IUC" lUI nitrate pieces 


3,240 
 Ib Radioactive wastes-low level waste (LLW) 


5,389 
 Ib Mixed waste 


219,545 
 gal. Decontamination water 


16,318 
 gal. Stormwater 


37 
 gal. Acetone 


33 
 bag 

2~ 
Personal protective equipment 


Ib 
 Waste aerosol cans 

Soil/transmission oil 


70 


Ib 

Miscellaneous laboratory trash Ib 

Fieldwork at MDA P was conducted in accordance with the MDA P closure plan (LANL 1995, 58713) 
approved by the NMED on February 20,1997, with the exception of variances that have been documented 
in Appendix B of this document. Fieldwork at the 387 Flash Pad was conducted in accordance with the 
closure plan for the 16-387 Flash Pad (LANL 1999, 63547), approved by the New Mexico Environment 
Department (NMED) on April 28, 2000 (NMED 2000, 66866). Fieldwork at SWMU 16-016(c)-99 was 
conducted in accordance with the sampling and analysis plan (SAP) for MDA P (LANL 1999, 63546), 
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which was approved by NMED on June 7,2001 (NMED 2001, 70925). The SAP incorporates the VCA 
plan for SWMU 16-016(c)-99. 
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wells. 

area of contamination (AOC) - Discrete areas of generally dispersed contamination. 

background level - Naturally occurring concentrations (levels) of an inorganic chemical and naturally occurring radio
nuclides in soil, sediment, and tuff. 

best management practices (BMPs) - For facilities that manufacture, use, store, or discharge toxic or hazardous pol
lutants as defined by the 1977 Clean Water Act, a required program to control the potential spill or release of 
those materials to surface waters. (The Facts on File Dictionary of Environmental Science, edited by L. Harold 
Stevenson and Bruce Wyman) 

chemical of concern - Chemical identified as a potential risk during a site-specific human-health or ecological risk 
assessment. 
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human receptors due to its concentration, distribution, and mechanism of toxicity. A COPC remains a concern 
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chemical of potential ecological concern (COPEC) - A chemical, detected at a site, that has the potential to adversely 
affect ecological receptors due to its concentration, distribution, and mechanism of toxicity. 

Hazardous and Solid Waste Amendments (HSWA) The Hazardous and Solid Waste Amendments of 1984 (Public 
Law No. 98-616, 98 Stat. 3221), which amended the Resource Conservation and Recovery Act of 1976, 42 
U.S.C. § 6901 et seq. 

hazardous waste - Any solid waste is generally a hazardous waste if it 
is not excluded from regulation as a hazardous waste, 
is listed in the regulations as a hazardous waste, 
exhibits any of the defined characteristics of hazardous waste (ignitability, corrosivity, reactivity, or toxicity), or 
is a mixture of solid waste and hazardous waste. 
See 40 CFR 261.3 for a complete definition of hazardous waste. 

industrial-use scenario -Industrial use is the scenario in which current Laboratory operations continue. Any neces
sary remediation involves cleanup to standards designed to ensure a safe and healthy work environment for 
Laboratory workers. 

release Any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting, escaping, leaching, 
dumping, or disposing of hazardous waste or hazardous constituents into the environment (including the aban
donment or discarding of barrels, containers, and other closed receptacles that contain any hazardous wastes or 
hazardous constituents). 

request number An identifying number assigned by the ER Project to a group of samples that are submitted for 
analysis. 

residential-use scenario - The standards for residential use are the most stringent of the three current- and future
use scenarios being considered by the ER Project and is the level of cleanup the EPA is currently specifying for 
SWMUs located off the Laboratory site and for those released for non-Laboratory use. 

screening action level (SAL) - Medium-specific concentration level for a chemical derived using conservative criteria 
below for which it is generally assumed that there is no potential for unacceptable risk to human health. The der
ivation of a SAL is based on conservative exposure and land-use assumptions. However, if an applicable regula
tory standard exists that is less than the value derived by risk-based computations, it will be used for the SAL. 

technical area (TA) - The Laboratory established technical areas as administrative units for all its operations. There 
are currently 49 active TAs spread over 43 square miles. 

tuff - A compacted deposit of volcanic ash and dust that contains rock and mineral fragments accumulated during an 
eruption. 
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1.0 INTRODUCTION 

1.1 Purpose and Scope 

This report documents the field implementation activities conducted at Material Disposal Area (MDA) P 
and the 387 Flash Pad, and voluntary corrective action (VCA) at adjacent sites known collectively as Solid 
Waste Management Unit (SWMU) 16-016(c)-99 (Figure 1.1-1 and Figure 1.1-2). The sites are located at 
the Los Alamos National Laboratory (the Laboratory) Technical Area (TA) 16 Burning Ground, within the 
high explosives (HE) exclusion area. They are referred to collectively as the MDA P Area . The sites are a 
contiguous group with overlapping boundaries and similar characteristics . Thus, the VCA and closures 
were integrated to promote efficient and effective field operations and to achieve a common cleanup goal. 
The decision to consolidate the fieldwork at these sites was agreed upon during discussions between the 
Laboratory Risk Reduction and Environmental Stewardship Division-Remediation (RRES-R) Program (for
merly the Environmental Restoration [ER] Project) and in the New Mexico Environment Department 
(NMED) Hazardous Waste Bureau (HWB) (formerly the Hazardous and Radioactive Materials Bureau 
[HRMB]). 

Field activities at MDA P, the 387 Flash Pad, and SWMU 16-016(c)-99 (Figure 1.1-2) included excavation, 
waste removal, segregation, staging, characterization, and disposal. These activities, collectively known as 
Phase I, are documented in this report. 

Fieldwork at MDA P was conducted in accordance with the MDA P closure plan (LANL 1995, 58713) 
approved by NMED on February 20, 1997, with the exception of variances that have been documented in 
Appendix B of this document and in the closure certification report. Fieldwork at the 387 Flash Pad was 
conducted in accordance with the closure plan for the TA-16-387 Flash Pad (LANL 1999b, 63547), 
approved by the NMED on April 28, 2000 (NMED 2000,66866) . Fieldwork at SWMU 16-016(c)-99 was 
conducted in accordance with the sampling and analysis plan (SAP) for MDA P (LANL 1999a, 63546) , 
approved by NMED on June 7,2001 (NMED 2001 , 70925). The SAP incorporates the VCA plan for SWMU 
16-016(c)-99. 

1.2 Unit Descriptions 

1.2.1 General 

MDA P is located directly north of Flash Pad 387 at the TA-16 Burning Ground (Figure 1.1-2 and Photo
graph 1.2-1) . The use of MDA P is directly linked to the history and use of this flash pad, as well as other 
HE facilities at the burning ground. The history has been compiled for this report from documentation in the 
MDA P closure plan, as well as personnel interviews, interpretation of vertical and oblique aerial photos, 
and interior exposures of the excavations. 

The burning ground was established at its present location circa 1950 on the southern margin of Canon de 
Valle, a tributary of Water Canyon. Originally, the area was remote and heavily forested. To construct the 
flash pad, however, the trees were cut and the slash and timber were burned in a central location. The 
ground was leveled and a significant amount of backfill was brought in to provide a barren, relatively flat 
area on which to construct the flash pad and its control building. The backfill consisted of crushed Bande
lier Tuff matrix with angular boulders up to 2 m across. The placement of the backfill resulted in a lobate 
mesa of dirt that extended northward from Flash Pad 387. The larger, west lobe infilled a small recess 
eroded into the southern canyon wall. A smaller, east lobe rested directly on an exposed, resistant ledge of 
the lower slopes of the canyon. 
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Figure 1.1-2. Locations of MDA P, the 387 Flash Pad, and SWMU 16-016(c)-99 
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Photograph 1.2-1. MDA P and 387 Flash Pad before closure activities, 1996 (view to south) 

Some evidence exists that small-scale burning and disposal activities took place prior to the construction of 
the area in its present configuration. During excavation, a thin, indurated layer of burned and mixed debris 
was identified overlying the older soil and exposed bedrock that was locally overlain by a mixed layer of 
partially burned tree trunks, slash, and charcoal in a sandy soil matrix. Both layers were overlain by the 
thick sequence of backfill material. 

The construction of the burning ground was thought to be closely related to the construction of Building 
260 from 1949 to 1950. During that timeframe, MDA R, located directly north of Building 260, was used as 
a burning ground and associated disposal site. rvlDA R was active during and immediately after World 
War II. When construction began on Building 260, the destruction of HE at MDA R was discontinued for 
safety reasons . A small-scale burning operation was established at the burning ground in order to continue 
mission-critical operations. Spoils from the foundation excavations were transported the short distance to 
the burning ground and disposed of at the edge of the canyon. This backfill covered materials from interim 
activities. At the completion of the backfill activities, Flash Pads 386 and 387 and Building 390 were estab
lished at the burning ground using the newly cleared and leveled ground. A firebreak was cleared around 
the area, and the burning ground in its current configuration was in operation. 

1.2.2 Material Disposal Area P 

MDA P is a disposal unit subject to Resource Confrimation and Recovery Act (RCRA) interim status clo
sure standards, and it is also designated SWMU 16-018 (LANL, 1995,58713). From 1950 until 1984, 
MDA P operated as a landfill for rubble and debris generated by the burning of HE, HE-contaminated 
equipment and material, vehicles, building materials, drums, containers, and trash. During the 1950s 
through 1984, few items were allowed to leave the HE exclusion area, so most materials suspected of hav
ing HE residue were disposed of at MDA P. Burning operations were conducted at burn and flash facilities 
within the burning ground. Residual materials were pushed over the edge of the mesa and allowed to 
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accumulate at the base and up the slope. The landfill then aggraded over time toward the canyon floor 
along the leading margins of the construction backfill. 

Throughout its history, the east lobe of MDA P was the most active portion of the landfill. Material from the 
burning ground was disposed over the leading edge of the east lobe and occasionally covered with soil. 
Photographic evidence indicates that the lobe grew very slowly, but continuously. The leading edge 
aggraded approximately 60 ft over the entire period of use. The disposed of wastes included ashes and the 
burned residues of HE compounds, HE-contaminated equipment and materials, barium nitrate com
pounds, miscellaneous containers from the 387 Flash Pad, as well as sands and soils from the sand filters 
and the floor of Flash Pad 387. Residual levels of depleted uranium indicate that, although present, these 
materials were largely segregated from wastes disposed of at MDA P. 

Use of the west lobe was episodic . In 1968, the Laboratory razed several World War II-era buildings at TA
16. These were wood-frame structures that housed the original HE research, development, and production 
facilities. All noncombustible residual materials were trucked to the west lobe of MDA P for disposal. Lim
ited records indicate that 1325 dump truck loads were involved (LANL 1995. 58713). The materials dis
posed of included water, sewer, steam, and process piping; electrical conduit ; concrete sidewalks; 
foundations and sumps; asbestos tile; and miscellaneous soil and trash . In addition, in the early 1970s, the 
rear apron of Building 260 was replaced and the old, broken concrete sidewalks and sumps were disposed 
of at the western lobe of MDA P. Larger items that had been treated at Flash Pad 387 also appear to have 
been dumped on the west lobe. At least 10 vehicles were flashed (Le., burned to remove HE residues) in 
the 1950s and 1960s, and then pushed over the edge. Except during the periods noted between 1965 and 
1975, the west lobe annual volume appears constant. 

1.2.3 Flash Pad 387 

Flash Pad 387 operated from 1951 until 2000 as a treatment unit for the destruction of HE and HE-contam
inated equipment and debris. The flash pad operated as a treatment unit and is subject to RCRA interim 
status closure standards. It is deSignated SWMU 16-01 O(b) (LANL 1999, 63547). At closure, the pad was a 
concrete structure consisting of a base pad (30 x 30 ft) with an 8-ft-high shield reflector wall around the 
western, northern, and eastern sides. It was situated within a 100- x 1 OO-ft area enclosed by an 8-ft high 
chainlink fence. The fence is bel ieved to have been installed in 1951 , but the concrete bin blocks were not 
installed until the late 1980s. The floor of the pad was predominantly soil throughout most of its usage. A 
layer of sand was laid across the floor and the materials to be flashed were placed on top of the sand layer. 
Flash Pad 387 was largely wood-fired, but kerosene and other accelerants also were used historically. The 
pad received solid and scrap HE, HE-contaminated equipment and debris, and HE-contaminated combus
tibles. Burning these materials occasionally resulted in partial detonations and incomplete burns. The 
sands were removed with the residues disposed of within MDA P. Occasionally, the dirt floor was exca
vated and fresh backfill was installed to provide a clean surface. The contaminated soils were also dis
posed of at MDA P. 

During excavation , a previously unknown trench was located immediately east of the unit. The trench 
appeared to originate in the middle of the south boundary and trended northeasterly where it terminated 
approximately 20 ft east of the eastern boundary fence. The trench contained remnants of a 4-in.-diameter 
vitrified-clay pipe (VCP). Both ends of the pipe were crushed with no evidence of original source fittings or 
termination outfall. The interior of the pipe was contaminated with HE. 

1.2.4 SWMU 16-016(c)-99 

The sites known collectively as SWMU 16-016(c)-99 consist of the 386 Flash Pad [SWMU 16-01 O(a)], the 
former barium nitrate pile [SWMU 16-016(c)], and the septic tank and drain field [SWMU 16-006(e)]. These 
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SWMUs were consolidated during a 1998 Laboratory audit, and now are called consolidated 
SWMU 16-016(c)-99 (LANL 1998, 62060). 

Flash Pad 386 is located approximately 150 ft southwest of Flash Pad 387. Flash Pad 386 was con
structed in 1951, concurrent with Flash Pad 387. Flash Pad 386 historically was used more for storage of 
equipment and materials than for treatment or flashing operations. Originally, it was constructed in a man
ner identical to the 387 Flash Pad, with a dirt floor situated within a 100- x 100-ft area enclosed by an 
8-ft-high chain link fence. In 1998, a metal building was installed in the southeast corner of the area. In 
1999, as part of the MDA P closure activities, the area was cut in half and the northern section of fence 
was relocated to the south, resulting in an enclosed area of 50 x 100 ft. This was done to allow heavy truck 
access through the area to support waste shipments during MDA P closure. 

The barium pile was located in the west-central area of the 386 Flash Pad. The VCA plan (LANL 1999, 
63546) states that the barium pile was probably located within the confines of the 386 Flash Pad in the late 
1960s, but had been removed by the early 1970s. TheSWMU boundary extends around the suspected 
location of the pile and northward, where surface migration may have caused contamination down the 
drainage. 

The septic tank and drain field consisted of a steel septic tank located immediately east of Building 389, 
and its associated leach field. The tank and ancillary equipment were installed in 1963 as a sanitary facility 
(LANL 1995, 63546). The tank outfall was also plugged in 1988. During the excavation, no evidence of a 
leach field or drain field associated with the tank was found. A 4-in.-diameter VCP was plugged and left in 
place at the tank end. The termination of the pipe was crushed with no indications of the location or 
existence of an outfall or drain field. The interior of the pipe was not contaminated with HE. 

1.3 Pre-mobilization Activities 

1.3.1 General 

Prior to the start of closure/remediation activities at the MDA P Area, several non intrusive projects were 
completed that enhanced Phase I closure performance. These projects included construction and surface 
contamination level surveys described in the following sections. 

1.3.2 Segregation Pad 

In late 1996, a materials segregation area was constructed on the east side of the MDA P landfill (Plate 1). 
The area was designed for required waste segregation operations within the MDA P boundary during 
Phase I closure implementation. The area consisted of a compacted earth pad, liner, and erosion control 
barriers . Some waste was removed from the western side of the pad and stoGkpiled on the landfill. Approx
imately 5000 yd3 of clean backfill soil was imported for the construction. A 40-mm high-density polyethyl
ene (HDPE) liner was installed and covered by a layer of compacted, imported soil approximately 8- to 
12-in. thick. The completed elevation of the area was 7434 ft with a berm that extended approximately 2 
additional ft. The base of the compacted earthen slopes was protected by a line of straw bales. An asphalt
lined trench was constructed around the east side and tied to the existing MDA P runon trench. A construc
tion drawing of the segregation area is included in Appendix A-1 of this Annex. The geometry of this pad 
was modified before landfill closure began. The segregation pad was later modified by Roy F. Weston, Inc., 
prior to remediation and was used for debris and soil staging; it was later known as Pad 11 . 
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1.3.3 Decontamination Pad 

In late 1996, a materials decontamination pad was constructed on the upland area south of MDA P and 
directly east of the 387 Flash Pad (Plate 1). The decontamination pad was designed for the debris decon
tamination operations required during Phase I closure implementation. The pad consisted of a 40 x 40 ft, 
5000 Ib psi concrete pad with integral curbing , drainage, and sump. The concrete was placed over a com
pacted earthen base and HDPE liner. The finished grade of the pad was approximately equivalent to the 
adjacent roadway. The catch basin , or sump, had a total capacity of 180 gal. A 20- x 80-ft compacted 
earthen ramp was constructed on the north side to allow access from the landfill area. A 24-in.-wide culvert 
was installed in the ramp where it crossed the existing MDA P runon trench. The decontamination pad was 
completed with a set of steel grates on the floor and a steel fence, tarps, and gates on the perimeter. A 
construction drawing of the decontamination pad is included in Appendix A-1. 

1.3.4 Runoff Trenches 

In 1997, a series of runoff trenches were constructed at the base of the MDA P landfill (Plate 1). The 
trenches were designed to collect stormwater runoff during Phase I closure implementation. Three 
trenches were constructed, two below the west lobe in the terrace materials, and one below the east lobe 
in the bedrock for a total length of approximately 470 ft. The trenches were approximately 3- to 4-ft deep, 
6- to 8-ft wide, and lined with 40-mm HDPE. Construction of the runoff trench below the east lobe of 
MDA P required constructing an access road along the upper east side of the project area. A construction 
drawing of the runoff trenches is included in Appendix A-1. This road, known as the East Access Road, 
remained largely unmodified throughout Phase I and Phase II activities. 

1.3.5 Surface Barium Survey 

In 1996, Laboratory personnel conducted a surface survey for barium contamination and surface radiation 
on the upper terrace of MOA P and the area where the segregation area was to be constructed (see 
Appendix A-2 of this annex) . A 30 x 30 ft grid was established that contained 88 sampling points. A field 
portable x-ray fluorescence (XRF) instrument (Spectrace Model 9000) was used for the barium analyses 
and beta-gamma and low energy gamma radiation meters (Eberline Model ESP-1) were used for the radi
ation surveys. The results of the survey indicated that roughly one-third of the sample locations tested 
exhibited barium concentrations above 1000 ppm. The highest barium concentrations were measured on 
the east lobe of the landfill. The radiation measurements indicated that beta-gamma levels were at, or 
slightly above, Laboratory background values (BVs) . The letter report is included in Appendix A-2 of this 
annex. 

1.3.6 Hand-Sorting Pad 

In 1998, a concrete pad was constructed west of the 387 Flash Pad to provide a surface for the hand-sort
ing operations. The pad consisted of a 40- x 60-ft, 3500 psi concrete pad with integral curbing, drainage, 
and sump. The concrete was placed over a compacted earthen base and HOPE liner. The sump had a 
total capacity of approximately 180 gal. A 20- x 20-ft compacted earthen ramp was constructed on the west 
side to allow equipment access to the soil staging area. Originally, this pad was planned to contain a hop
per and conveyor system, but the system was never placed into operation. This concrete pad was used to 
stage contaminated soils within the area of contamination and was called Pad 12 (Plate 1). 

ER2002-0773 11-7 January 2003 



MDA P Area Closure Certification Report 

2.0 MDA P CLOSURE IMPLEMENTATION 

2.1 General 

Weston, under subcontract to the Laboratory ER Project, began work in 1997 to implement the approved 
MDA P closure plan. Weston was given the tasks of removal, segregation, decontamination, and disposal 
of the landfill contents, as well as project coordination. Personnel from Laboratory organizations provided 
support services, including waste sampling and analyses and waste determinations. Table 2.1-1 lists the 
milestones (and their dates) achieved during the project. During the latter portion of the MDA P fieldwork, 
the closure of Flash Pad 387 and remediation of SWMU 16-016(c)-99 were added as tasks . These two 
additional activities are described in Sections 11 and 12 of this Annex. 

Table 2.1-1 


MDA P Closure Phase I Milestones 


Contract Award 8/26/97 

SSHASP Approval 10/29/97 

Test Pit Mobilization 11/12197 

Test Pit Demobilization 12/08/97 

Phase I Mobilization 7/13/98 

Phase I Demobilization 2122102 

Remote Excavation Start 212/99 

Remote Excavation Finish 6/30/00 

Non-remote Excavation Start 8/07/00 

Non-Remote Excavation Finish 3/20/02 

Waste Disposal Start (Industrial) 3/29/99 

Waste Disposal Finish (Industrial) 6/15/01 

Waste Disposal Start (Hazardous) 9/03/99 

Waste Disposal Finish (Hazardous) 3/24/02 

2.2 Closure Plan Deviations 

Closure operations at MDA P resulted in modifications and additions to the activities described in the 
approved closure plan. A record of deviations for Phase I activities is included in Appendix B-1. Appendix 
B-2 provides the correspondence relating to closure plan deviations and variances. To provide a complete 
record of the closure, the deviations are divided into three specific categories. 

• 	 Regulatory changes-Deviations based on new NMED regulations that directly affect opera
tions and cleanup goals established at the time the MDA P closure plan was approved in 
1997. 

• 	 Regulatory interpretations-Deviations based on requested clarification from NMED on regu
latory issues that affect MDA P operations that were not clearly defined or discussed in the 
approved MDA P closure plan . 

• 	 Variances-Deviations as a r9sult of direct MDA P operations that have changed or have been 
added since the closure plan was approved by NMED in 1997. Variances included modifica
tions to operational activities required to enhance safety and accommodate waste manage
ment activities. For example, the site layout was modified to allow 100-ft buffer areas for safe 
operating distances, which allowed for potential detonation overpressures between concurrent 
waste management operations, including waste segregation, sorting, and decontamination. 
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2.3 Test Pits 

A series of test pits were excavated to provide data to characterize the depth and extent of landfill bound
aries prior to full-scale excavation. The test pits were designed to provide information concerning the true 
extent of the landfill boundaries, types and extent of debris, types and extent of landfill soil cover and fill, 
and types and extent of contamination in areas designed for access, haul roads, and excavation support. A 
surface radiation survey was conducted prior to excavation of the pits to determine if there was any indica
tion of the presence of depleted uranium (DU). The closure plan indicates that DU was a component of 
waste burned at the 387 Flash Pad, but that it was removed before the materials were disposed of in 
MDA P. The results of the surface survey indicated that there was no evidence of elevated radiation levels 
that could be attributed to surface or near-surface DU concentrations. 

Six pits were excavated in November and December 1997. These were oriented radially from the 387 
Flash Pad (Appendix A-3). Excavation at each test pit was initiated approximately 75 ft south of the leading 
edge of the slope and then proceeded north, but halted when debris or landfill material was exposed. 
Excavation at each pit then proceeded south to the target location. Depths to bedrock, debris, and other 
soil horizons were observed. Soil samples were collected in each pit, subjected to field analyses for bar
ium, beta and gamma activity, and HE. Each sample was then submitted for laboratory analysis. 

Physical observations in the pits indicated that the landfill debris was generally restricted to the outer mar
gins of the landfill outline. A general line was established, called the debris line (Plate 1). North of the 
debris line the landfill materials comprised the subsurface materials, and south of the debris line the sub
surface was composed of soil and rock backfill with only minor scattered surface debris. At the southern 
part of Test Pit 4, a layer of burned forest debris was found to underlie the soil backfill. The burned layer 
was observed to lie on the older forest soil layer. The test pits did not intersect the buried landfill debris 
beneath the burned forest layer that was later found during landfill excavation. 

The results of the field screening and laboratory analyses (Appendix A-3) indicated the general trend of 
contamination across the landfill. The west lobe was contaminated with barium along the western margin 
and locally near the debris line, but backfill was generally not contaminated. This pattern was consistent 
with contaminant migration from the barium pile [SWMU 16-016(c)] along the drainage. Much of the west 
lobe appeared to be free of barium. The burned forest layer was not contaminated. Locally, pieces of fria
ble and non-friable asbestos were observed along with concrete and other construction debris. Within the 
east lobe, the extent of contamination appeared to exceed the initial estimates by an order of magnitude, 
as the entire east lobe appeared to be uniformly contaminated with barium and pieces of HE. The general 
trend of contamination was consistent with the working model of the landfill that ascribed most of the east 
lobe to wastes from the burning ground operations, but the morphology of the west lobe was due to con
struction backfill with a mantle of construction demolition debris. 

2.4 Site-Specific Health and Safety Plan 

The results from the test pits were used to develop the landfill excavation strategy and the site-specific 
health and safety plan (SSHASP)(LANL 1997, 58623). First, pieces of HE known as PBX 9404, as large as 
5 in. in diameter, were discovered in Test Pit No. 5 in the eastern lobe of MDA P. PBX 9404 is an explosive 
compound that is known to be especially sensitive to shock and accidental detonation. As a result of this 
discovery, the premise (based on existing historical information) that the landfill contained only explosive 
residues was not valid, and the area was classified by the operating group as a "heterogeneous soil sam
ple area" (LANL 1997, 58623). A heterogeneous soil sample area is an area that contains randomly dis
persed pieces of explosives that are not well mixed in a sample volume and that cannot be detected 
reliably by soil analyses. The explosive pieces may be in large chunks or in small pieces, and may be on 
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the surface or buried. The excavation of this area required the use of a remote excavator. The remote 
excavator also performed all initial landfill excavation operations. 

Second, the central premise of the SSHASP during the remote excavation operations was that the site 
contained fragments of HE, not ordnance. Because this area of the Laboratory is used as a research and 
development facility for explosive compounds, any accidental detonation was expected to produce sec
ondary fragments, such as rocks and debris, but primary fragments such as shrapnel were not expected to 
be present. An explosive operations and safety protocols plan was compiled in accordance with the US 
Department of Energy (DOE) explosive safety manual. The protocols plan determined personnel and 
explosive limits for the working areas, and provided general guidelines for the waste excavation and sort
ing operations. The protocols plan is included as an appendix to the SSHASP. 

Other attachments to the SSHASP included an asbestos management plan, contingency plan for contain
ers of unknown content, and a guidance document for the operation of the Hybrid rEmote Robotic Manipu
lator and Excavation System (HERMES). A copy of the SSHASP and modifications are at the Records 
Processing Facility (RPF). Modifications to the SSHASP were required as the project proceeded, to 
accommodate changes in respiratory protection and safeguards, including the Cerro Grande fire . 

2.5 Site Preparations 

Site preparations for the MDA P Area closure/remediation activities included installing haul roads, staging 
pads, water tanks, office and support trailers, and waste sorting areas, as well as mobilizing equipment for 
excavation, decontamination, safety, and communication. Plate 1 is a map of the MDA P support area, as 
built. Facilities for runon and runoff controls, waste segregation, and debris decontamination were provided 
at the start of Phase I closure implementation . 

The existing ramp from the landfill grade to the decontamination pad was widened and the slope reduced 
using on-site materials. A borrow pit was excavated in the southern part of the landfill area that was deter
mined to meet the preliminary remediation goals (PRGs) (see Section 2.7 of this Annex) during the test pit 
sampling. The ramp from the landfill grade to the decontamination pad was widened and lengthened to 
reduce the grade. The grade was reduced to ease access and to provide space for staging some debris 
materials at the decontamination pad entrance. 

The existing earthen segregation pad (Pad 11) was widened and lowered approximately 6 ft and a new 
liner was installed. Approximately 170 ft of 24-in.-wide culvert was installed along the asphalt-lined trench 
to provide the space for the wider pad. Additional clean backfill soil was purchased from an off-site vendor 
to complete the soil cover, and a cap of compacted, crushed gravel was installed for protection from traffic. 

The existing runon trench was modified to enlarge the working areas. Approximately 40 ft of 24-in.-wide 
culvert was installed below the ramp to the decontamination pad. The upper far-western portion was back
filled completely and abandoned to allow the construction of an additional waste segregation pad. The cen
tral portion of the trench between the abandoned section and the decontamination pad ramp was filled with 
coarse river cobble to create a French drain immediately north of the 387 Flash Pad, which created work
ing space, yet allowed the runon trench to function properly. 

A new haul road was constructed on the western side of the MDA P landfill to allow access to the lower 
slopes and the canyon bottom. An existing road on the west side was deemed too steep for light equip
ment to negotiate safely and was abandoned. The new haul road actually followed an older trail nearly par
allel to the one abandoned. A new West Access Road was constructed from the paved burning ground 
access road to the upper western project area. The northern fence of the 386 Flash Pad was moved south 
to improve the access (i.e., 386 Flash Pad was reduced in area from 100 x 100 ft to 50 x 100 ft). All roads 
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were topped with crushed road-base gravel and compacted to withstand use by heavy equipment and trac
tor-trailer trucks. 

The decontamination pad was fitted with a hot-water pressure-washer system, which was entirely powered 
by propane. The system delivered 4.5 gal./min at a pressure of 4000 psi. The hot water was deemed safer 
than steam for the operators, yet effective for removing contaminants. The propane was also deemed safer 
to use than alternatives, and a 250-gal. propane tank was installed near the holding tanks to simplify fuel 
storage and secondary containment. A personnel decontamination station was installed in the southwest 
corner of the decontamination pad that included a boot-wash facility, trash cans for personal protective 
equipment (PPE), and a radiological screening facility. The wash water drained directly into the decontam
ination pad for collection in the sump. 

Four new staging pads were constructed within the MDA P support area. A new pad on the far western 
project boundary was constructed for soil staging and loading, a new pad on the far eastern project bound
ary was designed for staging stormwater tanks, and two new pads on either side of the decontamination 
pad were designed and constructed for large holding tanks for the decontamination water. Five 21 ,OOO-gai. 
tanks were installed. Three of the tanks at the decontamination pad were for decontamination water, pend
ing sample results. A fourth tank was located at the burning ground HE Wastewater Treatment Facility 
(HEWTF) for water containing HE above release limits and barium less than 1.2 mg/L after filtration. A fifth 
tank was located west of the 387 Flash Pad for water scheduled to be re-applied for dust control; the fifth 
tank was not placed on a lined pad. All staging pads consisted of a compacted earthen base with marginal 
berms, a 40-mm HDPE liner with a soil cover 6- to 12-in. thick, and a cap of compacted, crushed gravel for 
protection from traffic. The berms were constructed of soil from the base of the pad, but the soil covers and 
gravel caps were constructed with materials from an off-site commercial source. 

Each pad was sloped to collect stormwater in an adjacent sump. Sumps were constructed by either install
ing coarse gravel as the base layer in the lowest corner of the pad, or connecting the pad through a drain
age to a lined earthen sump. All sumps were generally pumped when required and the water transferred to 
one of the large holding tanks at the decontamination pad. Due to space limitations, all waste segregation 
pads and the eastern tank pad, as well as the postexcavation 387 Flash Pad, were eventually used for soil 
staging. 

A separate waste staging area was constructed approximately one mile west of the burning ground in an 
area known colloquially as the 90s Line. A group of older buildings with the designations Building 91,92, 
etc., had once occupied the area. The vacant land and roads provided a suitable place to stage soils and 
debris that were designated as industrial wastes. Eventually, four staging pads were constructed at the 90s 
Line. Each of the pads consisted of compacted earthen base with marginal berms, a 40-mm, HDPE liner 
with a soil cover 6- to 12-in. thick, and a cap of compacted, crushed gravel for protection from traffic. The 
berms were constructed of the local soils, but the soil covers and gravel caps were constructed with mate
rials from a commercial source. Each pad was sloped to collect stormwater in the lowest corner of the pad. 
The perimeter roads were refurbished with a layer of crushed gravel and compacted to withstand heavy 
equipment and truck traffic. Support facilities included a generator, field office trailer and toilets, portable 
truck scales, storage trailers, and eventually a tall, modular building to allow trucks to drive through and 
seal their loads during inclement weather. 

The operating areas of the landfill were fitted with a series of empty storage trailers or conex boxes. These 
were placed where site personnel could use them to stage field equipment and PPE. They also served as 
fragmentation protection in the event of an accidental detonation in the landfill area during excavation. The 
premise of the SSHASP during the remote excavation operations was that the site contained fragments of 
HE, not ordnance. A detonation would have produced secondary fragments such as rocks and debris, but 
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primary fragments such as shrapnel would not be present. No detonations ever occurred as a result of clo
sure activities of MDA P. 

No changes were made to the existing runoff control trenches. One trench had been constructed directly 
below the east lobe of the MDA P landfill in the welded tuff bedrock. Two additional trenches had been 
constructed directly below the west lobe of the landfill in the canyon sediments. The western trenches were 
eventually removed to allow access to the debris in the canyon bottom and the stream channel. 

2.6 Radiological Work Permits 

Due to the potential presence of radioactive materials in the MDA P landfill, Laboratory ESH-1 personnel 
provided radiation protection program implementation and oversight during all waste excavation, segrega
tion, and disposal activities. An ESH-1 radiological control technician (RCT) compiled and implemented a 
series of radiological work permits (RWP) to monitor and control work practices in accordance with the 
Laboratory Radiation Protection Program. The MDA P exclusion zone, established for access control to a 
hazardous waste site, was posted and controlled as a radiological controlled area (RCA). All personnel 
entering the area were required to read and comply with the requirements of the RWPs. Copies of the 
RWPs are stored at the RPF. 

2.7 Preliminary Remediation Goals for Field Screening 

PRGs were established as operational guidelines during waste and soil excavation. Barium contamination 
was known to be ubiquitous at MDA P and adjacent areas; therefore barium was established as the indica
tor index to guide the removal activities. As an index, barium was thought to be collocated with other inor
ganic contamination, was probably more concentrated, and may have been more mobile in the 
environment than other metals. The concentration of barium could also be easily measured with a field 
XRF instrument. The approved closure plan (LANL 1995, 58713) presented a screening action level (SAL) 
for barium of 5600 mg/kg. However, to ensure that all hazardous waste soils would be removed (i .e., soil 
for which a sample extract would fail the toxicity characteristic leaching procedure [TCLP] limit of 100 mg/L 
for barium), a more conservative PRG than the current SAL would be required. It was decided that the 
"20-times" rule for total metal concentration and for TCLP (100 mg/L for barium) would serve as the most 
appropriate screening level. Therefore, a PRG of 2000 mg/kg total barium was used as the operational 
goal for field screening soils to determine suspected hazardous waste for staging purposes and to deter
mine if sufficient materials had been excavated and removed. 

In addition to barium, the other most common contaminants at MDA P were thought to be the HE com
pounds cyclotrimethylenetrinitramine (RDX) and trinitrotoluene (TNT). RDX and TNT measurements were 
performed for both health and safety determinations during waste segregation operations, and to deter
mine if sufficient material had been excavated and removed. The HE measurements were not as efficient 
or as timely as the XRF measurements, as soil samples had to be collected and processed for analysis by 
SW-846 Methods 8510 and 8515. It was found that RDX was more prevalent than TNT, and has a higher 
toxicity and lower SAL, so RDX was established as the operational index for HE compounds. As an index, 
RDX was thought to be collocated with other HE contamination, was probably more concentrated, and was 
probably more mobile in the environment than other HE compounds. The approved closure plan (LANL 
1995, 58713) presented a SAL of 64 mg/kg for RDX. However, a PRG of 16 mg/kg for RDX was used as 
the operational goal for field-screening soils to determine if sufficient material had been excavated and 
removed. This value is consistent with the US Environmental Protection Agency (EPA) Region 6 PRGs. 

January 2003 11-12 ER2002-0773 



Phase I Closure Implementation Reporl 

3.0 EXCAVATION 

3.1 General 

As a result of the observations in the test pits (i.e., pieces of HE as large as 5 in. across), the SSHASP was 
revised to require the use of a remotely operated excavator for all initial excavation operations. When the 
landfill contents had been completely removed, excavation activities were continued to remove contami
nated soils. The closure plan referred to these activities as "over-excavation." Since the excavation opera
tions did not involve mixed landfill debris in a heterogeneous area, the excavations were performed with a 
conventional, tracked excavator equipped with a Lexan blast shield. Table 3.1-1 lists the landfill materials 
excavated for disposal and segregation during the closure implementation. 

Table 3.1-1 


Estimated Volume of Material Excavated at MDA P 


Date 
Soil 
(yd3) 

Debris 
(yd3) 

Rock 
(yd3) 

Subtotal 
(yd3) 

12/1/1999-6/30/2000 24,387 5,727 1,111 31,225 

8/7/200-3/30/2001 20,205 NA 757 20,962 

9/10/2001-9/14/2001 1,000 NA NA 1,000 

1/14/2002-3/20/2002 350 NA NA 350 

Total 53,537 

3.2 Robotics System 

As part of the SSHASP requirements for excavation in a heterogeneous area and to mitigate the dangers 
of a detonation, Boissiere Engineering and Applied Robotics (BEAR), Inc., developed and deployed a 
computer-controlled, remotely operated 25-metric-ton hydraulic excavator for all initial excavation opera
tions. BEAR Inc. developed and deployed a HERMES specifically for remote excavation at NlDA P. The 
HERMES used at MDA P consisted of a computer-controlled 62,OOO-lb tracked excavator coupled with a 
hydraulic manipulator. The manipulator arm was mounted at the distal end of the excavator boom directly 
behind and to the side of the bucket. This configuration allowed the excavator to remotely accomplish con
ventional excavation operations, such as removal of overburden and debris in the MDA P landfill. The ver
satility and dexterity of the robotic manipulator allowed HERMES to address any sensitive objects once 
they were uncovered without placing personnel in direct contact with the hazard. The excavator was con
trolled from a remote operator console, which receives and transmits data to and from the system via mUl
tiple radio frequency (RF) communication channels . Multiple on-board cameras were used to facilitate 
remote operations, including excavation and robot manipulation. 

In the unstructured environment of the landfill, complete autonomous excavation was not feasible as with 
robotic systems at other facilities. The robot operator motion commands were combined with several other 
sensory inputs (e.g., pressure and attitude) to produce motion input to the on-board trajectory control sys
tem of the excavator. Eight levels of error correction and detection were used to monitor and correct the 
HERMES during operation. Interference from external radiation sources (probably an unidentified radio 
signal) were erratic and minor. The control room was initially installed in a corner of one of the field trailers . 
This configuration worked well for much of the project. The robotic system required line-of-sight for the RF 
antennas, and when the excavation reached the lower part of the west lobe, the control room was moved 
to a temporary trailer established in the East Access Road. For the excavation of the east lobe, the control 
room was moved back to its initial location in the office trailer. 
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3.3 Remote Excavation Operations 

The remote excavation operations started on the lower western portions of the MDA P landfill. Initial debris 
removal operations were conducted near the canyon floor in December 1998 and January 1999 to test the 
system and establish the coordination efforts between the robotics system and technical personnel on the 
ground. The actual excavation of the landfill materials began on February 2, 1999, on the upper portion of 
the west lobe. All initial excavation operations were performed by the HERMES system. 

A series of six benches were excavated across the western lobe, each terminating at approximately the 
boundary with the eastern lobe. Photograph 3.3-1 shows the operating area during remediation a"ctivities 
and the upper three benches. The benches provided working surfaces for access down the slope of the 
west lobe. This excavation approach permitted working from the least contaminated areas in the west lobe 
to the most contaminated areas in the east lobe. One bench proved problematic, as the rock was fractured 
and brecciated and collapsed after construction. Access to that area was limited to the margins of the col
lapse. At the base of the west lobe, the debris was found to rest on unconsolidated, sandy deposits associ
ated with the Canon de Valle streambed. Both western runoff interceptor trenches were removed for 
access. Some debris materials were removed from the streambed, but no real in-stream excavation was 
performed or required by the MDA P SAP. 

Once the entire west lobe had been removed, the excavation operations moved to the east lobe. A series 
of four benches were excavated, each extending across the entire width of the east lobe of MDA P (Photo
graph 3.3-2). The excavation of the east lobe was relatively uneventful. The lobe was entirely underlain by 
bedrock. The debris of the east lobe did not extend down the lower slopes, as had been the case with the 
west lobe. No robotics excavation was performed on the lower east lobe. The excavation was extended 
southward until no evidence of landfill was encountered. 

Photograph 3.3-1. Excavation activities in west lobe of MDA P, 1999 (view to south) 
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Photograph 3.3-2. Excavation activities in east lobe of MDA P, 2000 (view to south) 

Excavation occurred in approximately 100- to 200-yd3 increments. The excavated materials were placed in 
a pile adjacent to the excavation. The excavation operation was monitored by an explosives specialist that 
accompanied the robotics operator and observed the operation on the video monitor in the control trailer. 
The excavation was also terminated every 20 to 30 yd3 to allow personnel to walk out and inspect the 
materials to ensure that dangerous materials were not overlooked. If the robotics operator observed or the 
monitor showed suspicious items, the excavation operation was terminated to allow additional inspections. 
Once the field inspectors agreed that there was little danger of detonation from a large object, the exca
vated materials were handled with conventional heavy equipment equipped with Lexan blast shields. 
Excavation of the landfill typically occurred once a week. The excavated materials required inspection and 
waste segregation, and there was little space for staging materials. Once the excavated materials were 
segregated and staged for waste management, the excavation sequence was repeated. 

3.4 Contaminated Soil Excavation 

When the landfill contents were completely removed, excavation activities continued to remove contami
nated soils (i.e., over-excavation). Approximately 21,000 yd3 of contaminated soil and rock were exca
vated by conventional methods to remove residual contamination that surrounded the MDA P landfill. 
None of these soil materials underwent the segregation process. 

Soils were excavated in each 30- x 30-ft grid cel! in approximately 6-in . lifts. The grid cel! was then sur
veyed with the XRF instrument. Five locations were measured for barium concentration and the measure
ments were averaged. If the area did not meet the PRG for barium, additional materials were removed. If 
the area did meet the PRG, a grab sample was collected near the grid center for HE field analysis. If the 
area did not meet the PRG for RDX, additional soil or rock excavation was attempted. If the area did meet 
the criteria, excavation in the cell was deemed complete. The entire MDA P Area was subjected to this 
technique to ensure that the area of contamination was defined and remediated to established PRGs. 
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Excavation of the contaminated soils and rock began August 13, 2000, after removal activities at the 387 
Flash Pad were complete (see Section 11 .0). Excavations for the contaminated soil within the landfill foot
print began by removing the former laydown area (Pad 15). The area was scraped to bedrock with a 
smooth-tipped bucket. 

In the southern part of the former hand-sorting area, evidence of older debris was discovered. A layer of 
mixed soil and landfill debris was found to underlie the burned forest layer. The landfill materials consisted 
of broken glass and containers, metal shards and debris, and pieces of barium nitrate in an indurated soil 
matrix, approximately 12- to 18-in. thick. Unlike the loose overlying materials, the landfill layer had the con
sistency of an adobe brick. No evidence of pieces of HE was observed. Excavation of the landfill layer indi
cated that it covered an irregular area approximately 100 ft in diameter. Excavation continued in the area 
until no evidence of the layer or barium contamination by XRF field-screening was observed. The underly
ing bedrock and the overlying burned forest layer yielded barium levels near background or below the 
PRG. 

Excavations continued manually on the steep, lower slopes of the east lobe. The area below the east lobe 
runoff trench possessed only a thin veneer of soil and unconsolidated deposits. The area had not been 
excavated during the robotics excavation activities, as no landfill materials were present in the area. The 
area did exhibit elevated concentrations of barium during the interim survey and nearly all areas were 
excavated to bedrock. Heavy equipment access to the area was arduous, as the rock consisted of compe
tent outcrop. The area was scraped to bedrock with a smooth-tipped bucket. Removal was accomplished 
by very experienced personnel working on steep, rocky slopes. Temporary access ramps were installed 
and removed afterward. 

Unconsolidated materials on the lower west lobe were also excavated to bedrock, and nearly all evidence 
of the access benches was removed . Excavation was accomplished by very experienced personnel work
ing on steep, rocky slopes. Temporary access ramps were installed and removed afterward. Access to part 
of the lower west lobe was very limited where the bench had collapsed. The bedrock was fractured and 
brecciated, so that locally very steep slopes existed to create a bowl effect. The area was scraped to bed
rock with a smooth-tipped bucket, but the brecciated rock left a veneer of rocky, surface debris. 

On the east part of the landfill area, the segregation pad was removed, as it was found that some debris 
and contaminated soil extended under the pad from the west, the former east lobe. The clean backfill that 
comprised the pad was locally surveyed for barium contamination and found to be clean. The entire con
tents of the pad, approximately 5000 yd3, were removed and transported to the 90s Line, staged, and sta
bilized for use during reclamation . Because the soils under the segregation pad were found to contain 
isolated areas of elevated barium, the entire area was scraped to bedrock with a smooth-tipped bucket. In 
the area, the asphalt-lined trench was removed, and the drainage re-established along the original water
course with riprap for sediment control. 

Other areas along the margins of the landfill were also excavated to bedrock. The final release surveys 
extended from the landfill footprint south to the 387 Flash Pad and staging areas, and east and west along 
the haul roads to the other soil staging areas. 

The decontamination pad (Section 1.3.3) and the hand-sorting pad (Section 1.3.6 of this annex to the 
MDA P closure report) were demolished and staged for waste sampling. The soils under and adjacent to 
these pads were surveyed for barium and HE contamination . The soils adjacent to the decontamination 
pad, extending west to Flash Pad 387, were found to be contaminated; however, the soils extending east 
from the decontamination pad were not. All excavated soils were staged for waste sampling and character
ization. A trench with remnants of a 4-in . diameter vep was found to extend northeast from the 387 Flash 
Pad to the western boundary of the decontamination pad liner. Only fragments of the pipe were found near 
the terminus, and it could not be determined where or how the pipe was originally terminated. 
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3.5 Localized Excavations 

At the completion of Phase I excavation activities, Phase II confirmation samples were collected in accor
dance with the SAP. The results of these sampling efforts indicated that 14 sample locations exhibited con
centrations of barium or RDX above the PRGs of 2000 ppm and 16 ppm, respectively. Eight of the fourteen 
locations contained bedrock outcrop that could not be easily excavated with available equipment. Six loca
tions were identified that contained soil or other unconsolidated deposits that could be additionally exca
vated. The highest concentration of barium was 18,600 ppm at grid cell 314 (Plate 2). Investigation of this 
area resulted in the excavation of the upper east drainage. The remaining locations were investigated and 
an additional 50 yd3 were collectively removed from grid cells 232, 268, 379, 670, and 742. A secondary 
survey of grid cells 670 and 742 in the lower east drainage was performed after the excavation of the upper 
east drainage revealed elevated levels of barium beneath surface materials. The entire length of the lower 
reach of the east drainage was investigated with the field XRF. Most sediment in the lower east drainage 
was found to meet the PRGs, but small lenses of sediment were present that exhibited elevated barium 
concentrations. Sediment lenses within grid cell 670 were excavated with hand tools, due to the small vol
umes and difficult access. Grid cell 742 was excavated by conventional techniques with heavy equipment. 
Approximately 24 yd3 of sediment were collectively removed from the lower east drainage. 

The remaining localized areas of elevated contamination at grid cells 232, 268, and 379 were investigated 
for barium contamination using the field XRF. Approximately 30 yd3 were collectively removed from grid 
cells 232 and 379. Elevated concentrations of barium were not confirmed at grid cell 268. 

3.6 Upper East Drainage Excavation 

At the completion of Phase I excavation activities, Phase II confirmation sampling in grid cell 314 indicated 
elevated barium in the undisturbed drainage east of the 387 Flash Pad. This area, now referred to as the 
upper east drainage, had not been excavated prior to this time because there was no indication of contam
ination. There were no records of disposal or contamination, and the final surveys at MDA P, the 387 Flash 
Pad, and support areas did not indicate that contamination extended into this area. Thus, the confirmation 
sampling within the area of contamination had resulted in identification of additional, previously unknown 
contamination . 

An initial survey of the area using the XRF instrument indicated that barium concentrations increased 
southward, upstream from grid cell 314 toward the road. An intense thunderstorm had apparently exposed 
barium materials that had been buried under clean cover. The area was excavated between September 10 
and 14,2001, with approximately 1000 yd3 of materials removed. The excavated soils were staged on Pad 
17, and sampled for waste characterization. Nine of the ten lots generated proved to be hazardous waste. 
However, all the soil lots were shipped for hazardous waste treatment and disposal at a permitted treat
ment, storage, and disposal (TSD) facility. 

Confirmation sampling was conducted on the excavated area down the center of the drainage and along 
the margins. Four confirmation sample results indicated that barium and RDX contamination were still 
present. An additional survey of the area for barium with the XRF instrument indicated that a small area of 
bedrock in the southern wall was still contaminated. It was found that the barium contamination was high
est in the bedrock in grid cell 205 and appeared to extend under the unconsolidated materials to the west, 
but was spotty and not continuous. To expose the rock, cover materials were removed and staged. The 
exposed areas were surveyed with the XRF instrument until the barium concentrations appeared to drop to 
background. Spot tests for HE contamination in the bedrock indicated that after excavation, the concentra
tions of RDX were below 16 ppm . To ensure that no areas of elevated contamination were buried in the 
unconsolidated cover, additional materials were removed and staged so that a broader area could be 
investigated. No other areas of elevated contamination were found on the western side of the drainage. 
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The other areas of elevated contamination indicated by the confirmation samples in the east and west 
walls of the excavation appeared isolated and difficult to relocate. To ensure that the extent of the residual 
contamination was investigated, the entire circumference of the upper reach of the east drainage was sur
veyed with the XRF instrument at 5-ft intervals. Two areas of elevated contamination were located along 
the eastern margin of the drainage. Each of the these areas was excavated as appropriate. Examination of 
the excavation indicated that barium contamination was greater 12 in. below the surface. At each area, 
contamination concentrations increased with depth, but appeared to stop at the bedrock interface. Approx
imately 300 yd3 of soil and rock that contained elevated barium concentrations were excavated and 
removed until barium concentrations were below the PRG. These materials were disposed of as hazard
ous waste soils. Field tests for barium and HE in the remaining soil and rock indicated that residual con
centrations of barium and RDX were below 2000 and 16 ppm, respectively. 

3.7 Excavation Tracking 

An excavation grid was established to track the progress of the excavation. The 30- x 30-ft grid used dur
ing the 1996 surface barium survey was selected as the basis for the excavation grid. This size was small 
enough that the grid could be used for confirmation or verification sampling during Phase II without having 
to create a different grid, and large enough to represent a measurable portion of the landfill area. The cen
ter point of each excavation grid was selected as a sampling node from the barium survey (i.e., the barium 
survey grid and the excavation grid were offset by 15 ft north and east). This method, in addition to the test 
pits, provided a sample result and an initial indication of contamination levels in many of the grids prior to 
excavation. Since the barium surface survey only covered the upper terrace of MDA P, the excavation grid 
was extended north to cover the entire landfill footprint. The grid origin was established in the southwest 
corner from the survey benchmarks set during the barium surface survey (see Section 1.3.5 of this Annex 
to the MDA P closure report). The original excavation grid was labeled A through M from south to north 
and numbered 1 through 14 from west to east (also see the excavation grid tracking table in 
Appendix C-4 of this closure report). 

After completion of the landfill excavation, the grid was enlarged to include areas south and west of the 
original excavation grid so that areas of contaminated soils, the 387 Flash Pad, and the SWMU 16-016(c)
99 VCA could be included in the grid system (see Plate 2). The origin of this sampling grid was established 
in the far southwest corner of the MDA P project area, but projected into and on top of the original excava
tion grid. The resulting sampling grid system exactly superimposed over the excavation grid and the grid 
first established for the barium surface survey. The sampling nodes for the barium surface survey comprise 
the center of the new sampling grid. The enlarged grid system required that each grid cell be individually 
numbered to simplify the location identifier and eliminate negative or redundant grid numbers. After com
pletion of the interim survey, all grid locations were labeled as unique numbers from 1 to 792 (Plate 2). This 
grid system also was used for the confirmation sampling efforts of Phase II. Appendix C-4 is a table that 
correlates the original excavation grid tracking system and the confirmation sample grid tracking system. 

The general locations of the origins of soils and debris were recorded as part of the materials staging 
described in Section 6 of this annex to the MDA P closure report. Grid cell notations follow the conventions 
described above (i.e., all grid locations during landfill removal are denoted by a letter/number combination, 
and all grid locations during contaminated-soil removal are denoted by a unique number). 

3.8 Interim Contamination Survey 

Prior to the start of the excavation of contaminated soils, a preliminary surface survey was conducted 
across the excavated footprints of MDA P and the 387 Flash Pad for residual barium and uranium contam
ination. The objective of the interim survey was to identify areas that required additional excavation to 
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achieve the cleanup criteria identified in the SAP. The interim survey was not designed or implemented to 
achieve final remediat ion confirmation. 

Residual barium concentrations were measured by a field XRF instrument. Uranium activities were mea
sured by a beta/gamma radiation counter. The activity measurements provided the basis for the release of 
the area from requirements established by the Laboratory Radiation Protection Program. This was 
required due to the occurrence of elevated DU concentrations in the excavated landfill materials. The ele
vated DU activity required postings and area exclusion requirements. As a result of these surveys, post
ings could be removed from large areas. XRF measurements were collected at the grid center. When a 
barium concentration in a grid cell exceeded the 2000 ppm PRG for barium, the grid cell was scheduled for 
additional excavation. No grids were found to have radioactivity above background after excavation. 

The HE concentrations in individual grid cells were not measured in this interim survey. Grid cells that 
exceeded barium cleanup PRGs required additional excavation without this test. Grid cells that met the 
PRGs underwent a final release survey. 

3.9 Final Contamination Surveys 

When contaminated soils were completely excavated, a final surface survey was conducted in the area of 
contamination for residual barium and HE contamination. Residual barium concentrations were measured 
by a field XRF instrument. HE concentrations were measured by a' field-test kit. These surveys were con 
ducted at grid cells that passed the interim survey, and grid cells that received additional excavation. The 
objective was to determine if each grid cell met the cleanup criteria identified in the SAP, and to identify 
wh ich cells did not. The surveys were conducted across the excavated footprints of MDA P, the 387 Flash 
Pad, the areas included in SWMU 16-016(c)-99, and the field support areas, including the soil and water
tank staging areas, decontamination pad, and haul roads. 

XRF measurements were performed at four points and at the grid center and then averaged. If the average 
concentration of barium in the grid cell exceeded 2000 ppm, additional excavation was performed, if possi
ble from an operational standpoint. If the average barium concentration in the grid cell met the PRG, a grab 
sample was collected from the grid center for HE analysis. 

Semiquantitative HE analyses were performed using SW-846 Method 8515 for nitroaromatics (e.g ., TNT) 
and Method 8510 for RDX and nitroamines. These methods are EPA SW-846-approved and -proposed 
methodologies, respectively. Areas contaminated with TNT could generally be identified by a red-brown 
stain. However, the stain did not indicate that contamination was present above cleanup goals (EPA 
Region 6 PRGs). It was discovered very early in the project that RDX contamination was widespread 
across the MDA P Area and could not be identified without testing . Some grid cells received additional 
excavation due to residual RDX contamination . 

The results of the final survey were grid cells that contained bedrock outcrop that was excavated to the 
maximum depth possible with available technology, or unconsolidated deposits consisting of fill or soil 
materials that appeared to test clean and were left in place. Six test pits were excavated in the unconsoli
dated deposits northwest, north, and northeast of the 387 Flash Pad and found to meet remediation goals 
for barium and HE. Some residual barium and HE contamination was expected in the bedrock. Plate 2 is a 
map of the final survey results at the completion of Phase I. 
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4.0 DEMOBILIZATION AND SITE STABILIZATION 

4.1 Removal of Soil Staging Areas 

Demobilization consisted of removing of the staging area pads and segregation pad constructed for mate
rials management. The liner on the segregation pad was removed and the soil beneath the liner was sur
veyed for contamination. No breaks in the liner were observed and no contamination was found. Since the 
entire pad had been constructed from imported fill, the pad was removed and the soils were transported to 
the 90s Line and staged for re-use during site reclamation. These soils were bermed and treated with a 
surfactant (Soil Sement) to control erosion and resuspension. Soil Sement is a product by Mid-West Indus
trial Supply Company in Cleveland, Ohio. Approximately 5000 yd3 of clean fill are staged at the 90s Line 
(as of this writing). All other soil was staged in 100 yd3 lots for sampling and management. 

4.2 Site Stabilization 

After excavation operations were complete, the project area was stabilized for erosion and sediment con
trol. The MDA P landfill footprint consisted of scraped bedrock surfaces with locally thin veneers of uncon
solidated deposits of soil and rock debris. The area south of the landfill had a relatively thick veneer (1 to 
2 m) of soil and fill materials. Some of these residual unconsolidated deposits were left in place and the 
slopes were graded to reduce potential.erosion. Slopes on the western, eastern, and southern parts of the 
project area were reseeded with a mixture containing both fast-germinating grasses and annuals for 
longer-term stabilization. The steeper slopes on the margins of the east drainage were seeded and cov
ered with a coconut-straw matting provided by ESH-18. 

Boulders and rocks that had been staged within the MDA P exclusion zone were used for riprap in areas 
that required slope and sediment control. Along the western and eastern margins of the former MDA P 
footprint, the drainages were lined with boulders. The lower, western drainage especially received a riprap
lined drainage for water from the adjacent watershed that impinged on the former landfill footprint. The 
West Access Road was vulnerable to erosion from this source. Along the middle and lower reaches of the 
east drainage, riprap was installed to collect sediment from the unconsolidated deposits near the former 
decontamination pad. Additionally, the east runoff trench was left in place and unlined to collect sediment 
from this area. The remnant of the former runon trench just north of the former 387 Flash Pad was left to 
collect runoff water and to distribute it to the lower east drainage. Plate 3 depicts site conditions at the con
clusion of the Phase I excavation and stabilization activities. 

5.0 WASTE SEGREGATION 

5.1 General 

Waste segregation was performed for waste minimization to facilitate proper waste characterization and to 
meet the RCRA TSD facility waste acceptance criteria (WAC). Segregation operations included removing 
pieces of HE, barium nitrate, asbestos, metal and concrete debris, containers of unknown content, and 
radioactive materials from soil. The segregation process followed the flow diagrams shown in 
Appendix C-1 , except that no on-site treatment was performed. The entire contents of the landfill were sub
jected to this segregation process. A concrete sorting pad with a conveyor system was planned and 
assembled, but was not implemented due to technical difficulties. The closure plan originally assumed that 
the landfill consisted largely of debris with small quantities of soil materials. At completion of the robotic 
excavation, only 6300 yd3 of debris were removed and the remaining 24,000 yd3 of excavated landfill 
material had to undergo sorting and waste segregation. No segregation was performed on soil excavated 
during manual over-excavation. 
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The sorting process confirmed the trend of barium contamination observed in the test pits. Although each 
laydown was field-screened for barium concentrations and segregated appropriately, broader trends were 
identified. Results of field-screening soils from the west lobe generally indicated barium concentrations of 
less than 2000 mg/kg. As the excavation neared the materials in the east lobe, barium concentrations 
appeared to increase. Barium concentrations measured by analytical chemistry in east lobe soils were the 
highest from the MDA P landfill. The east lobe soils also exhibited higher background radiation levels, as 
measured by field instruments. 

Soils excavated to achieve the PRGs did not undergo the segregation process. All soils excavated during 
this activity were assumed to be contaminated with barium and HE. These soils did not contain the debris 
associated with the landfill excavations. 

5.2 Process Description 

After robotic excavation, the materials were moved to the upper bench of the landfill. Large pieces of 
debris (e.g ., concrete) were segregated immediately and moved to the decontamination pad. Mixed mate
rials were passed through a static screen. Material larger than 8 in. dropped to the front of the device, 
whereas mixed materials dropped through the screen . The larger materials were transferred to the decon
tamination pad, and the mixed materials were staged for hand sorting. 

Hand sorting was conducted at an area constructed on the fla t, upper terrace south of the debris line. The 
mixed materials from the static screen were placed in a thin layer on the ground by a wheel loader, and 
then inspected by a technical team (Photograph 5.2-1) . The team consisted of HE specialists , a chemist, 
radiation technicians, and laborers. Pieces of HE, barium nitrate, asbestos, containers of unknown content, 
metal debris, and radioactive materials were removed from the soils. The HE, barium nitrate, asbestos, 
containers of unknown content, and radioactive materials were identified by their physical characteristics . 
Suspect HE and barium nitrate were subjected to spot testing using the HE spot test kit (LANL-ER-SOP 
10.06, "HE Spot Test Kit, " Rev. 3) . Radioactive materials were identified by a Geiger-Mueller pancake 
instrument, as well as the bright colors of the oxidized materials. Metal debris was transferred to the 
decontamination pad . Pieces of HE, barium nitrate, asbestos, and radioactive materials were containerized 
near the sorting area. During the sorting process, the soils were screened for barium and other heavy met
als concentrations by field XRF instrumentation. 
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Photograph 5.2-1. Waste segregation and sorting activities at MDA P, 1999 (view to south) 

6.0 WASTE STAGING 

6.1 General 

Staging of wastes removed from the MDA P landfill segregation processes required increasing space as 
the project progressed. Waste staging areas were constructed within the area of contamination for contam
inated soils, decontamination water, stormwater, and containers of unknown content. Holding tanks for the 
decontamination water, stormwater, and the area reserved for containers of unknown content proved to be 
adequate; however, the staging area for contaminated soil was inadequate because the volume greatly 
exceeded initial expectations. As a result, the 90s Line staging areas were used for suspected industrial 
waste soils and decontaminated debris (Figure 6.1-1). Appendix C-2 provides a summary table of all soil 
and debris wastes generated during the excavation of MDA P and staged at the 90s Line or within the area 
of contamination. 

January 2003 11-22 ER2002-0773 



Phase I Closure Implementation Report 

S-SITE 

rs:s:s:s:ITl 	 Structure 

Drainage channel 

Paved road 


Dirt road 
 I 
/ / Fence § II 

1O-It contour N /1 
;;; / 

~___ 1763000 

o 	 <lDO--,~ 

FEET 
Coordinates are NMSP NAD·83 

Source: FIMAD Gl097S8, 053101 _Aev, SWMU Apt, 073101, A. Kron_Aev, MDA P Phase I Closure Implementation Apt, 111902, lef 

Figure 6.1-1. Staging areas (Pads 1 through 4) at the 90s Line staging area 
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6.2 Soils 

All soils were staged in 1 00-yd3 lots and assigned a unique tracking number. Each staging pad was 
mapped with the position of each lot within the pad, and each lot was marked with a wooden stake with a 
unique lot number so it could be identified in the field. During each sampling event, each soil lot was 
marked with a wooden stake with the sample number, so that each soil lot had at least two markers from 
which it could be identified. Temporary staging area maps were compiled and used for relocation and iden
tification of each soil lot. 

Soils that were identified not to exceed the screening levels for barium during the sorting and segregation 
process were staged in 100-yd3 lots at the 90s Line staging area. Three pads (Pads 1, 2, and 4) were ded
icated to soils that were tentatively identified by field screening to be industrial waste (Figure 6.2-1). Waste 
characterization sampling was performed to determine waste type and disposition. All soils transferred to 
the 90s Line as suspect industrial waste were excavated from the west lobe. 

Soils that exceeded screening levels for barium during the sorting and segregation process were staged in 
100-yd3 lots within the area of contamination. Pad 10 was initially constructed for these soils. As the vol
ume of potentially hazardous waste soils increased, the segregation pad (Pad 11), the former hand sorting 
pad (Pad 12), the stormwater staging pad, and the former 387 Flash Pad (Pad 14) were also used for stag
ing soils within the area of contamination. All soils from the over-excavation activities were staged on Pads 
15 and 16. Pads 15 and 16 were located at the former waste sorting area (I.e., the laydown area) as that 
process was no longer required . All soils excavated during over-excavation activities were assumed to be 
potentially hazardous wastes. 

Soil lots with elevated DU concentrations were isolated on Pad 12. This pad had a concrete base with inte
gral curb and sump. A liner was placed in the pad and soil lots were staged in the pad, until shipped for dis
posal. 

Each soil lot was treated with a commercial surfactant (Soil Sement) to prevent resuspension and erosion. 
The surfactant, often treated with a green dye to aid visual recognition, was a water soluble, biodegrad
able, nontoxic material mixed with water for spray application. 
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Photograph 6.2-1. Soil staging at Pads 1 and 2 at the 90s Line, 1999 (view to north) 

6.3 Decontamination Water Staging 

Decontamination water was staged in three 20,OOO-gal., single-walled, steel fractionation tanks designed 
to separate solids from liquids. These tanks were located on lined and bermed pads constructed adjacent 
to the decontamination pad within the area of contamination. The three tanks received decontamination 
water pumped from the sump in the decontamination pad. When a tank was full, a lot number was 
assigned to the tank for tracking purposes. Each tank of water was marked (lot number and sample num
bers) for identification purposes. As their contents were sampled and managed, the use of the three tanks 
was rotated: actively receiving water from the decontamination pad, awaiting sample results, or awaiting 
disposition. 

Two similar tanks were located at other locations in the support area. A fourth tank was located immedi
ately west of 387 Flash Pad. This tank was used as a reservoir for water for dust control and was not 
placed on a lined pad. This tank received water pumped from one of the three tanks at the decontamina
tion pad; waste determination results indicated when the water could be used for dust control. Much more 
water was required for dust control than could be supplied by re-used decontamination water, so this tank 
was filled from a local fire hydrant through a temporary hose. 

A fifth tank of similar construction was located at the HEWTF within the burning ground. This tank was 
installed to receive water pumped from one of the three tanks at the decontamination pad, if sampling 
results indicated that the water could not be used for dust control. 

6.4 Stormwater Staging 

Stormwater was staged in three new 1 O,OOO-gal., single-walled, steel tanks; each tank was dedicated to 
one of the three runoffrunoff trenches. These tanks were located on a lined and bermed pad. When the 
tank was full, a batch number was assigned to that tank of stormwater for tracking purposes. Each tank 
was filled only once. 
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6.5 Debris Staging 

Debris from the excavation and waste segregation processes at MDA P included metal and concrete 
,debris. All debris materials were staged in 1 00-yd3 lots (Photograph 6.5-1) and assigned a unique tracking 
number. Each staging pad was mapped with the position of each lot within the pad, and each lot identifica
tion number was marked with a wooden stake or spray paint so it could be identified in the field. During 
each sampling event, each debris lot was spray painted with the sample number, so that each debris lot 
had at least two markers for identification. Temporary staging area maps were compiled and used to relo
cate and identify. 

All debris was staged at the decontamination pad and visually inspected for the presence of HE or other 
materials that needed to be removed prior to decontamination. All debris was subjected to a surface radia
tion survey with a beta-gamma radiation instrument. Representative swipe samples for removable radioac
tive materials (i.e., smears) were collected and submitted to the Laboratory health physics analytical 
laboratory (HPAL) for analysis. All materials that exhibited elevated levels of surface or removable radia
tion were segregated into the radioactive waste boxes and were not decontaminated. All other debris 
materials were subjected to decontamination by high-pressure washing with hot water at the decontamina
tion pad (Photograph 6.5-2). Once decontaminated, all debris was transferred to Pad 3 at the 90s Line. At 
the staging area, debris was segregated into 100-yd3 lots of metal and concrete. Each lot was assigned a 
unique lot number for tracking purposes. Each lot then received another representative swipe sampling for 
removable radioactive materials before the lot was released for disposal or recycle. No metal was recycled 
after implementation of the DOE moratorium that prohibited shipment of metal from a radiological con
trolled area (DOE 2000, 73792). 

Photograph 6.5-1. Debris staging at Pad 3, 90s Line, 1999 (view to north) 
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Photograph 6.5-2. Personnel and debris at the decontamination pad, 1999 

6.6 Asbestos Containing Material 

Asbestos-containing materials (ACM) were staged within the area of contamination. Large items, including 
wrapped pipe and other debris removed from the landfill, were double wrapped in accordance with the 
U.S. EPA Asbestos Hazard Emergency Response Act (AHERA) regulations, and staged in a sealed box
trailer. Smaller items were double wrapped and staged in 55-gal. drums. 

6.7 Staging Other Wastes 

Other waste streams resulting from the waste sorting and segregation process included HE, barium 
nitrate, and radioactive materials. All of these were staged within the area of contamination in containers 
consisting of 5-gal. buckets, 55-gal. drums, or standard radioactive waste boxes, as appropriate. The 
drums and buckets were placed on pallets for ease of staging and movement by forklift. Buckets with HE 
were staged near the sorting pad in a designated area. Once the bucket reached the 10-lb limit, the mate
rials were either moved to a separate less than 90-day accumulation area, or transferred to the Engineer
ing and Sciences Applications (ESA) operating group for treatment at the interim status open burn unit. 
The radioactive waste boxes were staged in an isolated area of the pad constructed for containers of 
unknown content and posted as a radiation area. Each of the containers was assigned a unique number 
for tracking purposes. Appendix C-3 the miscellaneous wastes generated during the excavation of MDA P 
and staged at the 90s Line or within the area of contamination. 

Containers of unknown content were segregated during the waste-sorting process. These typically con
sisted of bottles and jars of less than 1 OO-mL-volume with liquid and solid contents, unidentifiable metal 
objects, a couple of gas cylinders, and a few inert ordnance items. These objects were staged at the pad 
constructed for this purpose (Plate 1). The staging pad consisted of a lined area with spill pallets and two 
storage trailers. Containers were grouped by suspected contents, placed in 5-gal. buckets with an absor
bent, and each group assigned a tracking number. 
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6.8 Less-Than-90-Day and Satellite Accumulation Areas 

Two satellite accumulation areas were established for the wastes generated at MDA P. The first was 
located at the sampling trailer (trailer 16-653) in the MDA P support area. This area was for the waste ace
tone generated by the HE field test kits. The second was located at the 90s Line for wastes generated from 
processing containers of unknown content. 

Two less-than-90-day accumulation areas were established for the MDA P closure. The first was at Build
ing 267. This area was used for staging HE wastes destined to be burned, as well as residues from the HE 
burning operations. The second area was established at the 90s Line. This area was used for roll-off con
tainers of hazardous waste soils that had been moved from the area of contamination. These soils were 
generated from either excess materials during the loading and shipping operations, or from one of the soil 
lots that had been staged at the 90s Line as suspect industrial waste and subsequently identified through 
laboratory analysis as hazardous waste. The hazardous wastes were containerized the day the waste 
determination was made. Only two lots of soils were identified in this manner. 

7.0 WASTE CHARACTERIZATION 

7.1 General 

Waste characterization included sampling, analysis, data review, and waste determination. These activities 
were conducted by a dedicated team of Laboratory personnel from the Solid Waste Regulatory Compli
ance (RRES-SWRC) Group (formerly ESH-19). The team was assigned to track, sample, and reviewana
lytical results for all materials excavated from the MDA P landfill in accordance with procedures for 
sampling specified in SW-846 method, the Laboratory ER Project standard operating procedures (SOPs), 
and the approved closure plan (LANL 1995, 58713). The data tracking system included the following infor
mation: 

• date sampled, 

• sample request number, 

• sample identification number, 

• sample media, 

• analytical suite, 

• data due date, and 

• date analytical data received . 

Table 7.1-1 provides a summary of the total number of samples collected for waste characterization during 
Phase I of the MDA P closure. Appendix D of this annex provides summaries of the analytical requests for 
soil , debris, water, and sediments generated during the Phase I closure activities. These tables serve as 
indexes to the analytical data results, as these are archived by analytical request number. Appendix E of 
this Annex provides summaries of analytical results of soils, debris and water characterization samples 
collected during the Phase I closure activities. The sample collection logs and supporting documentation 
are on file in the RRES-R Program RPF. 
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7.2 Waste Sampling of Soils and Debris 

Waste characterization sampling was conducted to characterize soil, tuff, debris (concrete and metal), con

tainers of unknown content, stormwater, decontamination water, rinsate water and other liquids, and solids 

to ensure the proper disposition of the segregated wastes. Sampling was also conducted to satisfy the 

most stringent WAC of the respective receiving disposal facilities. Additionally, field-screening methods for 

radiological materials, metals, HE, and visual techniques were employed to ensure safe sample handling 

and management. A total of over 600 samples, including soil, water, and concrete debris, were collected 

during MDA P Phase I investigations. Table 7.1-1 summarizes the number of samples collected and the 

requested analytes. 


One composite sample was collected from each 100-yd3 lot of waste soil, soil/tuff, and concrete. Each 

composite sample consisted of homogenized grab samples collected from a minimum of 10 locations 

within each lot. Sufficient sample material was collected from each grab sample to ensure adequate sam

ple volume for the prescribed analyses. A larger number of grab samples (i.e., >10) could have resulted in 

excessive dilution of contaminant concentrations. Biased grab samples were collected from waste material 

that exhibited discoloration, elevated moisture content, elevated field screening results or other evidence 

of potential contamination. Grab samples were also collected from throughout the respective 100 yd3 lots 

to ensure adequate distribution and representation of waste material and to provide data that are represen

tative and of sufficient quality. The number of samples was also chosen to satisfy storage, disposal, and 

characterization requirements based upon best professional judgment concerning the heterogeneity of the 

waste piles. By employing systematic composite sampling combined with a judgment-based sampling reg- ' .. 

imen, the waste was effectively segregated into and managed as unique waste streams. 


All samples were collected according to ER Project SOPs employing discrete clean stainless steel sam
pling equipment (i.e., bowls, scoops, pails, etc.) per sample location and sampling event. Sample material·:) 

was submitted to the Laboratory Sample Management Office (SMO) and ER-certified external contract lab
oratories for analysis in accordance with EPA SW-846 Method and the MDA P closure plan (LANL 1995, 

58713). 


All 1 00-yd3 soil/ots were analyzed for TCLP metals, volatile organic compounds (VOCs), semivolatile 

organic compounds (SVOCs), HE including pentaerythritol tetranitrate (PETN), radionuclides (isotopic ura

nium [495], total uranium [76], gross alpha beta, and gamma spectroscopy), and asbestos. One in four lots 

were additionally analyzed for reactive cyanide, reactive sulfide, organochlorine, pesticides, polychlori

nated biphenyls (PCBs), dioxin, chlorinated herbicides, and pH. To satisfy the waste acceptance criteria of 

receiving facilities. 


Only the initial lots of steel and concrete debris were sampled for waste characterization in accordance 

with the rinsate sampling methodology described in the MDA P closure plan. This methodology proved dif

ficult and unrepresentative. The Laboratory chose to invoke the alternative treatment standards for hazard

ous debris specified in 20.4.1.800 NMAC, which adopts 40 CFR 268.45. This standard states that debris 

that undergoes a physical extraction technology, such as high-pressure steam and water sprays, has met 

the performance standard if treatment to a clean debris surface is obtained. Starting in April 1999, sam

pling of all concrete lots changed from the rinsate methodology to bulk sampling. Representative samples 

of each concrete lot were collected and composited. The bulk samples were submitted for the suite of ana

Iytes listed in Table 7.1-1. 


Quality Assurance Assessment 

A representative sampling of the data collected for waste characterization of soils was assessed for quality 
beginning with data collected between August 9, 2000 and January 3,2001 (Appendix F of this annex). 
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This validation report is considered representative of the waste characterization analyses conducted for 
'~> 	 the MDA P Phase I activities. The report includes assessment of analyses for dioxins, herbicides, HE, 

PCBs, pesticides, SVOCs, VOCs, inorganic metals, reactive cyanide and sulfide, isotopic uranium, and 
other radionuclides. 

7.3 Sampling of Wastewater 

Wastewaters were generated as storm, decontamination, and rinsate waters. Stormwater samples were 
collected from the three 10,000-gal. storage tanks. Decontamination water samples were collected from 
the three 20,000-gal. storage tanks adjacent to the decontamination pad. Rinse water samples were col
lected from each of these tanks after they had served their purpose, had undergone thorough cleaning, 
and had been rinsed clean. The tank rinse water samples were collected for information purposes only. 

All water samples were submitted and analyzed for TCLP metals (total analyses), VOCs, SVOCs, total 
cyanide, HE including PETN, radionuclides (total uranium, radium-226, radium-228, gamma spectroscopy, 
gross alpha/beta), nitrates, sulfates, total dissolved solids, poJyaromatic hydrocarbons (total naphthalene, 
monoethylnaphthalenes, benzo-a-pyrene), asbestos, organochlorine pesticides, PCBs, dioxin, chlorinated 
herbicides, and pH. Perchlorate analysis in rinsate and decontamination water samples was added to the 
analytical suite in 2001 per agreement with NMED. Table 7.1-1 also summarizes the water samples col
lected during the Phase I activities. 

7.4 Sampling of Containers of Unknown Content 

Containers of unknown content were sampled individually. Sealed containers were opened using a 
remote-control device within the MDA P area of contamination. The containers were then transported as 
samples to TA-59 for analysis by ESH-19. Solids and liquids were subjected to a hazardous categorization 
technique, also known as HAZCAT, for aSSignment. Fifty-five items were additionally submitted to an ana
Jyticallaboratory for analysis. 

Six items were determined to be too dangerous to handle or to sample appropriately. These six items were 
managed by the Laboratory Emergency Management and Response (EM&R) group. Five were destroyed 
with explosive charges in the area of contamination and one was destroyed at TA-49. 

7.5 HE and HE-Contaminated Debris 

HEs were not sampled for laboratory analyses, but were identified as HE from their physical properties by 
trained explosives ordnance disposal (EOD) personnel. A field test kit for HE, devised by the Laboratory 
Materials Dynamics Group (DX-2) and commercial kits (I.e., D-TEK) were utilized for the rapid identifica
tion of unusual species of HE found in the excavated materials. Once the general physical properties were 
confirmed, visual identification of suspect HE materials was the sole method of identification. 

Debris materials, consisting of wood or metallic debris that visually appeared to be contaminated with HE, 
were spot tested with the HE spot test kit. The test kit was designed by Laboratory DX-2 as a quick method 
to identify explosives in field environments. This kit utilizes a series of reagents on a sample collected on a 
filter paper. Color changes represent positive identification of residual HE materials (LANL-ER-SOP 
10.06). 

7.6 Ash from Burning High Explosives 

The ash from the burning of HE and HE-contaminated debris was containerized, managed within a less
than-90-day accumulation area, and sampled by ESH-19 personnel. The samples were submitted to a 
local laboratory for TCLP metals analysis. 
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7.7 Barium Nitrate Pieces 

Pieces of barium nitrate were segregated during the sorting process. The physical characteristics were 
used to identify these pieces, along with negative results of the HE spot test kit (LANL-ER-SOP 10.06). 
One representative sample of the materials was collected and submitted for laboratory analysis. 

7.8 Radioactive Material 

All soils and debris materials received an initial screening examination for radioactive materials by direct
reading instruments. Debris materials received additional examination for removable surface contamina
tion using surface smears submitted to a Laboratory HPAL count laboratory. All samples of soil and con
crete lots were submitted to an off-site laboratory for gamma spectroscopy and total uranium analyses. 
After July 1999, all samples of soil and concrete were additionally submitted for isotopic uranium to identify 
specific radionuclides. 

One 55-gal. drum with pieces of radioactive materials and soil was created by the sorting process. The 
radioactive materials were crumbly and could not be segregated. A representative sample of this material 
was collected and analyzed for its radiological characteristics. The soil portion was known to contain high 
barium concentrations, so the laboratory results for associated soil lots were used for characterization. A 
representative analysis from an associated soil was used to characterize the hazardous waste portion of 
the drummed material. 

7.9 Asbestos-Containing Material 

ACMs removed during the excavation were not sampled or analyzed, but were identified by an AHERA-
certified asbestos inspector in accordance with the approved MDA P closure plan (LANL 1995, 58713). 
Typical samples of materials in the landfill were identified positively as ACM during the initial test pits inves
tigation in 1997. All ACM was inspected for radioactivity by direct-reading field instruments to ensure that 
no radioactive materials were containerized with ACM. The bag filters used for filtering decontamination 
water were managed as ACM due to the potential for ACM fiber content in the water. 

~ 

.....J 

7.10 Personal Protective Equipment 

PPE consisted primarily of coveralls, gloves, booties, tape, and other miscellaneous related supplies. The 
potential contaminants were expected to consist of HE residues and barium. PPE was not sampled 
directly, but was managed to minimize contamination and waste volume. Sampling and analysis of PPE 
waste from remediation activities was not feasible due to its heterogeneous nature. PPE was character
ized for hazardous constituents using the analytical results of the associated soil and debris samples, as 
appropriate. PPE that was not visibly soiled was managed as nonhazardous. If the PPE came into contact 
with radioactively contaminated materials, the PPE was segregated, bagged, and containerized with the 
corresponding materials. 

7.11 Acetone 

Acetone was generated from the use of field test kits for identifying the high explosives RDX and TNT by 
EPA SW-846 Methods 8510 and 8515, respectively. Acetone was used as a solvent in the analysis pro
cess. The waste acetone was not sampled, but it was characterized by process knowledge. 
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8.0 WASTE DETERMINATION 

8.1 General 

Waste determinations were made by the waste management coordinator (WMC) assigned by the ER 
Project. The WMC reviewed the analytical results and other information available for each waste stream 
and determined the proper pathways for disposal. The WMC was responsible for compiling and submitting 
a waste profile form (WPF) to the Laboratory Facility Waste Operations (FWO) Group at TA-S4. The WPF 
included a description of the waste and all pertinent characterization information, including analytical data. 
FWO reviewed and approved the WPF package and assigned a unique number to each waste stream. 
Once the WPF was approved, the WMC compiled and submitted a chemical waste disposal request 
(CWDR) to FWO for assignmen.t of container and manifest tracking numbers. All containers received a 
unique container number. Once the container and manifest tracking numbers were obtained from FWO, 
shipping documents were compiled and the transportation and disposal scheduled. 

8.2 Soils 

The largest waste stream volume from the MDA P removal was soil. Soils were determined to be hazard
ous or nonhazardous wastes based on analytical results, and EPA hazardous waste numbers for charac
teristic wastes were assigned accordingly. No waste soils were determined to contain listed wastes, as no 
specific F-listed sources were determined to be in contact with the soils (LANL 1999, 63343). The nonhaz
ardous waste soils are considered industrial wastes and are referred to as such in this report. 

The majority of soil lots that were determined to be hazardous wastes contained barium at concentrations 
that exceeded the EPA toxicity characteristic limit of 100 mg/L. Eleven lots contained lead, chromium, and 
2-4, dinitrotoluene, in addition to barium. Seven lots additionally contained elevated DU levels at limits 
authorized by DOE to be within the limits of the operating permit of the receiving facility; 61 soil lots were 
determined to be industrial wastes. 

8.3 Debris 

Classification of concrete debris followed the same convention as soils, but no hazardous concrete debris 
lots were identified by sample results. All concrete debris lots were determined to be industrial wastes or 
recyclable materials. 

Most metallic scrap debris was determined to be nonhazardous and nonradioactive based on HE spot 
tests and radiological screening. Prior to May 2000, all metallic scrap debris was determined to be eligible 
for recycling. After that date, all metallic scrap debris was determined to be ineligible for recycling based on 
the DOE moratorium on such materials from an RCA (DOE 2000, 73792). 

Samples of the mass of metallic lead were not submitted for bulk analysis. Since the lead served as a nat
ural shielding device, the mass could have been very heterogeneous, and a representative sample was 
not possible. Surface smears were collected and proved negative for removable surface contamination. 
The mass of metallic lead was determined to be a mixed waste. The lead itself was determined to not be 
recyclable due to the possible presence of embedded materials. 

8.4 Wastewaters 

Storm- and decontamination waters were determined to meet the release criteria for reapplication as dust 
control, or were classified as HE-contaminated water. Results of water sample analyses were compared to 
20 NMAC 6.1 (Livestock Watering and Wildlife Habitat) water standards and the acceptance criteria of the 
HEWTF at TA-16. 
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8.5 Containers of Unknown Content 

Results of the hazardous categorization techniques or laboratory analyses were used to assign the con
tents of each container to one of the categories of nonhazardous solids, ignitable liquids, aqueous solu
tions, and organic acids. Two hundred items were determined to be empty and were determined to be 
scrap or solid waste. The scrap metal from six items destroyed by Laboratory EM&R were determined to 
be scrap metal. Three hydraulic accumulators were drained of their oil and the cylinders were determined 
to be scrap metal. Ninety-five metallic items were determined to be potential resource materials and were 
returned to the ESA operating group at TA-16. 

8.6 Ash from Destruction of High Explosives 

Ash from destruction of HE and HE-contaminated debris was determined to be characteristic hazardous 
waste based on laboratory analytical results. 

8.7 Barium Nitrate 

Pieces of barium nitrate were determined to be characteristic hazardous waste based on laboratory analyt
ical results. 

8.8 Radioactive Material 

The characteristics of radioactive materials were determined from the results of direct reading instruments 

and the results of swipe samples submitted to the Laboratory HPAL. 


A 55-gal. drum containing an admixture of soils and crumbly pieces of radioactive materials was deter
mined to be a mixed waste containing characteristic hazardous waste (barium contaminated soils) and DU. .:) 

The hazardous waste determination was based on a representative analysis of associated soils. The activ
ity level of the radioactive component was based on analytical results from the Laboratory HPAL. 


A large mass of metallic lead with embedded debris was managed as a mixed waste due to the inability to 

characterize the radiological characteristics. Lead is a natural shielding material and could have been 

masking radioactive materials embedded in the interior of the mass. A surface smear sample of the mass 

indicated that the surface was clean; however, as a conservative assumption, the lead mass was assumed 

to be radiologically contaminated. 


8.9 Asbestos-Containing Material 

Asbestos materials consisted of friable asbestos and ACM. The characterization of these materials was 
made by an on-site AHERA-certified asbestos inspector. All ACM was determined to be free of hazardous 
and radioactive materials by a surface inspection. 

8.10 Personal Protective Equipment 

PPE was characterized by association with contaminated soils and debris. Most PPE associated with the 
excavation and sorting activities was determined to be a nonhazardous waste. All PPE associated with 
handling radioactive materials was containerized at the end of each day with the materials involved. PPE 
utilized for sealing the hazardous waste soils in the tractor-trailers was included in the waste packages at 
the end of each day. These materials were not tracked or managed separately. 
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8.11 Acetone 

Acetone was determined to be an F-listed, hazardous waste based on process knowledge. The acetone 
was generated as part of a solvent solution process for the semi-quantitative analysis of HE materials 
using EPA SW-846 Methods 8510 and 8515. 

9.0 WASTE DISPOSAL 

9.1 General 

Wastes generated during the MDA P closure and SWMU 16-016(c)-99 VCA included large volumes of soil 

and debris, moderate volumes of storm and decontamination water, and small volumes of radioactive and 

mixed wastes, HE, barium nitrate, containers with unknown contents, ACM, PPE, and acetone. 

Table 9.1-1 summarizes the estimated volumes of these wastes for the project. All of these waste streams 

were assigned one or more WPF numbers, and each container was assigned one or more tracking num

bers. Only natural rock was not considered a waste and did not receive a WPF number. The disposal doc

umentation records for all waste streams are filed in the RPF by WPF number. 


Table 9.1-1 


Quantities of Wastes Generated from MDA P and SWMU 16-016(c)-99 


Quantity I Unit Description 
21,506 yd<! Hazardous waste soils 

26,150 yd<! Industrial waste soils 

1111 yd<! Rock, decontaminated, used as riprap at TA-16 Burning Ground 

757 yd3 Rock, released, used as riprap within MDA P footprint 

3200 yd3 Concrete debris, recycle and industrial wastes 

2200 yd<! Metal debris, recycle and industrial waste 

3947 Ib Asbestos-containing materials 

888 each Containers of unknown content 

95 each Misc. metal objects 

441 Ib High explosives (HE) 

85 Ib Ash from burning HE 

500 Ib Ash and contaminated debris 

6706 Ib Barium Nitrate pieces 

3240 Ib Radioactive wastes-low-level waste (LLW) 

5389 Ib Mixed waste 

219,545 gal. Decontamination water 

16,318 gal. Stormwater 

37 gal. Acetone 

33 bag Personal protective equipment (PPE) 

70 Ib Waste aerosol cans 

250 Ib Soill1ransmission oil 

70 Ib Miscellaneous laboratory trash 

9.2 Hazardous Soils 

Soils determined to be hazardous wastes were shipped directly from the staging area within the area of 
contamination into 20-yd3 end-dump tractor-trailer trucks (Photograph 9.2-1) and shipped directly offsite to 
the RCRA TSD facility in Andrews, Texas, operated by Waste Control Specialists (WCS) LLC. Shipments 
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occurred in accordance with applicable US Department of Transportation (DOT) and the New Mexico state .~.. 
hazardous waste management regulations. Waste soils were contained in a sealed inner liner within the ..J 
trailer, and the trailer was sealed with a weatherproof cover. Prior to shipment, each truck was inspected 
for compliance with DOT regulations and placarded. The bulk of the soils shipped exhibited the hazardous 
waste characteristic for barium, EPA hazardous waste number 0005. However, some soils also were char
acteristic for lead (0008), cadmium (0006), and 2,4-dinitrotoluene (0030), in addition to the barium. Seven 
hundred yd3 of soil contaminated with barium and low-level radioactive constituents were accepted under 
an authorized limits exemption at WCS and therefore classified only as hazardous waste. Appendix G-1 
contains a summary table of the soil lots, shipment dates, and documentation records for each shipment. 
Complete copies of these records are available in the RPF. 

Each truck was originally loaded to its approximately maximum legal weight to minimize costs. In the 
beginning of the shipping campaign, each truck was weighed, but the accuracy and temperature variations 
of the portable scales suggested the results were flawed. The hazardous soils were weighed for treatment 
and billing records at the receiving permitted facility. The net weights of the soils were recorded in tons to 2 
decimal places. This accuracy allowed the actual quantity of soils to be calculated more accurately than 
the on-site methods allowed. Hence, each truck was loaded with approximately 18-yd3 of soil. The esti
mates of the actual volumes of soil shipped from the project required adjustments for the inaccuracies in 
field measurements. The volume of hazardous waste soil was calculated by taking the total weight of soils, 
in tons as received at the facility, and dividing the result by an estimated, average bulk density of 1.2 tons 
yd3. 

The estimated bulk density of 1.2 tons per cubic yard was evaluated by comparing the estimated, average 
bulk density per load. Each trucks was loaded in a similar manner; each was loaded with approximately 18 
yd3, as measured with a front-end loader. If 18 yd3 per truck is assumed, the total weight of soil received by 
the facility, divided by the total number of trucks, yields an average bulk density of 1.18 tons per yd3. If an 
average bulk density of 1.2 tons per yd3 is assumed, a similar calculation yields an average load volume of 
17.74 yd3 per truck. The results of these calculations indicate that the average bulk density assumption of 
1.2 tons per yd3 is within the margin of measurable error. 

Photograph 9.2-1. Soil loading at the area of contamination, 2000 
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9.3 Industrial Soils 

Soils determined to be industrial wastes were shipped directly from the staging areas at either the 90s Une 
or the area of contamination to the receiving facility in Rio Rancho, New Mexico, operated by Waste Man
agement Inc., or to Laboratory Area J at TA-S4. Shipments occurred in 20-yd3 end-dump tractor-trailer 
trucks in accordance with applicable DOT and New Mexico state solid waste management regulations. 
Due to weight limitations, each truck was loaded with approximately 18 yd3 of soil. Appendices G-2 and 
G-3 provide summary tables of the soil lots, shipment dates, and documentation records for each shipment 
to Rio Rancho and Laboratory Area J, respectively. Complete copies of these records are available in the 
RRES·R Program RPF. The volume of industrial soils was estimated in accordance with the density factors 
determined from the hazardous soils, as described above. 

9.4 Debris 

Debris disposal included concrete and metallic debris; some lots were submitted for recycling. The majority 
of metallic debris was recycled at a facility in Espanola, New Mexico operated by Gallegos Recycling, Inc. 
Twenty-one lots of metal debris were submitted for recycling (Photograph 9.4-1). In June 2000, the DOE 
imposed a moratorium on recycling metal debris from all RCAs (DOE 2000,73792). Since the MDA P 
exclusion zone included an RCA, all metal debris was prohibited from recycling after this date. One lot of 
miscellaneous metal debris was disposed of as industrial waste at the facility in Rio Rancho, operated by 
Waste Management, Inc. Appendices G-4 and G-S provide summary tables of metallic debris shipments 
sent to recycle and disposal. Since recycling is not considered waste disposal, container numbers were not 
assigned to shipments of metallic debris to recycle. Container numbers were assigned to shipments going 
to Rio Rancho, New Mexico. 

, , 

Photograph 9.4-1. Loading recyclable metals at 90s Line, 1999 

Concrete debris was either recycled or disposed of as industrial wastes, the majority of materials being the 
latter. The recycle requirements for concrete included no rebar due to the difficulty of separation during 
crushing. Separation of rebar from concrete debris was not feasible for the entire volume generated, as it 
was labor- and equipment-intensive. Shipments occurred directly from the staging areas at the 90s Une in 
20-yd3 end-dump tractor-trailer trucks in accordance with applicable DOT regulations. Concrete suitable 
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for recycle was submitted to a Santa Fe, New Mexico, facility operated by Lafarge, Inc. Appendix G-6 pro
vides a summary table of concrete debris shipments to recycle. Concrete debris determined to be indus
trial wastes were shipped directly from the staging areas at either the 90s Line or the area of contamination 
to the receiving facility in Rio Rancho, operated by Waste Management, Inc., or to Laboratory Area J at 
TA-54. Appendices G-7 and G-B provide summary tables of concrete debris shipments to disposal at Rio 
Rancho or Laboratory Area J, respectively. 

A large mass of lead was removed from the landfill and staged at the decontamination pad. This mass of 
metallic lead was essentially contained in one large piece that weighed over two tons. The mass consisted 
of metallic lead that had been molten with embedded pieces of other metallic debris. Since it was not pos
sible to determine what other materials, including potentially radioactive materials, may have been part of 
the waste form, the mass was managed as a mixed waste. The large mass was cut into manageable 
pieces with the excavator, drummed and transported to the Laboratory's permitted storage facility where it 
was stored until it was transported to an authorized facility. 

Several metallic items were staged within the area of contamination and determined by ESA personnel to 
be of historic interest. These objects were returned to ESA-FM for management. 

9.5 Decontamination Water 

Decontamination water was disposed of by reapplication as dust control or it was sent for treatment at the 
TA-16 HEWTF at the burning ground. Six lots of decontamination water were reapplied as dust control. Six 
lots were submitted for treatment at the HEWTF. All lots of decontamination water were filtered through a 
set of Rosedale bag filters to remove the asbestos fibers. The filter train consisted of 50-, 20-, and 
5-micron filters in accordance with standard practices. Appendix G-9 summarizes the volumes and dis
posal option for each lot of decontamination water. 

9.6 Stormwater 

Three lots of stormwater were disposed by re-use as a dust control agent during excavation of the MDA P 
landfill. The water was filtered through a set of graded filters to 5-micron finish filter during pumping to the 
holding tank. Appendix G-9 summarizes the volumes and disposal option for each lot of stormwater. 

9.7 HE and Related Materials 

HE and HE-contaminated materials found during the screening process, including some soil and debris, 
were declared RCRA reactive waste (EPA hazardous waste number D003) and either placed in the less 
than 90-day accumulation area established in Building 16-267 until treatment could be arranged, or given 
directly to the ESA division representative for immediate treatment at the interim status open-burn unit. 
Ash from the treatment of HE and HE-contaminated material was accepted back from ESA and placed in 
the less than 90-day accumulation area as D005 characteristic waste until it was transported for storage at 
the Laboratory's permitted storage facility and ultimately disposed of at the WCS-permitted facility. Small 
quantities of soil containing HE were also treated and later disposed of at WCS. Appendix G-10 summa
rizes the quantities and documentation records for these wastes. 

9.8 Barium Nitrate 

Barium nitrate was accumulated during the screening process in a 55-gal. steel drum within the area of 
contamination. When the drum was filled, it was transferred to the less than 90-day accumulation area in 
Building 16-267 where it was managed as D005 characteristic waste. This waste was then transported to 
the Laboratory's permitted storage facility. The barium nitrate was disposed at an off-site facility as deter
mined by the Laboratory's FWO Solid Waste Operations (SWO) Group, which contracts with a number of :) 
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disposal facilities. Documentation on the final disposition of these wastes is maintained with this group. 
Appendix G-10 summarizes the quantities and documentation records for this waste stream. 

9.9 Radioactive Material 

Radioactive wastes or contaminated debris was accumulated during the screening process and placed in 
containers appropriate for the size of the waste. The predominant radioactive nuclide encountered was 
uranium. In order to determine what activities of uranium constituted a waste, a formal determination for 
upper tolerance limits (UTLs) was needed. This determination was based on a formula that incorporates 
information from Appendix E of the V Site completion report, which delineates a TA-16 specific UTL for 
uranium, and UTL values delineated in the following document developed by the ER Project: "Inorganic 
and Radionuclide Background Data for Soils, Canyon Sediments and Bandelier Tuff at Los Alamos 
National Laboratory" (LANL 1998, 59730). Based on this determination, radioactive wastes were stored 
within the area of contamination and sent for disposal at TA-54 Area G. Mixed wastes were transported to 
the Laboratory's permitted storage facility. The ultimate disposition of the mixed wastes was determined by 
FWO-SWO. Documentation on the final disposition of these wastes is maintained with this group. Appen
dix G-1 0 summarizes the quantities and documentation records for this waste stream. 

9.10 Containers of Unknown Content 

Containers and vessels of unknown content, ranging in size from approximately one ounce to one gaL, 
recovered during excavation and screening activities were initially staged within the area of contamination 
until they were safely opened by the Laboratory-EM&R hazardous materials response team as per the 
SSHASP. After being opened by EM&R, the containers were transported as samples to TA-59 for HAZCAT 
analysis. Based on the results of the HAZCAT analysis, the containers were either characterized and pro
filed or were sent for further analysis. Samples that were not sent for analysis were segregated based on 
the characterization and stored in a satellite accumulation area until transported to the Laboratory's permit
ted storage facility. The ultimate disposition of these wastes was determined by FWO-SWO. Empty con
tainers were considered solid waste and disposed of as such. Containers sent for analysis were not 
returned due to the fact that the small quantities in the containers were used in the analysis. Table 9.10-1 
summarizes the categories of waste, WPF, the EPA hazardous waste number (if applicable), the CWDR, 
and the number of containers disposed of under the category. 
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Table 9.10-1 

Disposition of Containers of Unknown Contents 

Hazardous WPF CWDR No. of 
Category Waste Number Number Number Containers 

Nonhazardous solids N/A 32142 3009749 48 
3010137 68 
3011376 109 
3012270 1 

30442 3007915 1 
30443 " 1 ! 

30440 " 1 
29964 3007363 1 
29966 " 1 
29932 " 1 
29963 " 1 
2996; " 1 
29962 " 1 
29968 " 1 
29930 " 1 
31003 3008290 1 
30238 3007578 1 
30235 " 1 
31315 3008485 1 
29931 3007362 1 
29969 " 1 
29974 " 1 
29971 " 1 
29970 " 1 
29972 " 1 

Aqueous solutions N/A 32138 3011376 17 
29929 3007363 1 
31314 3008485 1 
31317 " 1 

Organic liquids N/A 32139 3009737 23 
3010139 8 
3011376 33 

30454 3007915 1 
29912 3007362 1 

: Organic acid D002 32157 3011376 5 

31004 3008290 1 

I 31001 " 
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Table 9.10-1 (continued) 


Disposition of Containers of Unknown Contents 


Category 
Hazardous 

Waste Number 
WPF 

Number 
CWDR 
N 

No. of 
Containers 

Ignitable liquids 0001 32150 3012270 1 
3010138 6 
3011376 15 

31000 3008290 1 
31002 " 1 
29973 3007362 1 

Lead compounds 0008 33770 3012270 16 
30236 3007578 1 

Silver compounds 0011 30237 30~~ 1 
Barium compounds 0005 31316 300 1 

30441 3007912 2 
Unknowns sent for analysis N/A N/A N/A 130 
Empty containers N/A N/A N/A 333 

9.11 Asbestos-Containing Material 

The bulk of the ACM was manifested and disposed of by direct shipment from MOA P to a licensed asbes
tos landfill in Mountainaire, New Mexico, operated by Keers Inc., of Albuquerque, New Mexico. Three ship
ments of bulk waste materials were shipped directly from MOA P to the Mountainaire facility and one 
shipment of drummed materials was submitted to the Laboratory FWO for disposal. Appendix G-10 sum
marizes the quantities and documentation records for this waste stream. The NMEO tracking number is 
028.84126.049. 

9.12 Personal Protective Equipment 

PPE was disposed of as radioactively contaminated materials, hazardous wastes, or nonhazardous solid 
wastes. All PPE associated with handling radioactive materials were containerized at the end of each day 
with the materials involved. PPE utilized for the sealing of the hazardous waste soils in the tractor-trailers 
was included in the waste packages at the end of each day. These were not tracked or managed sepa
rately. PPE from the daily excavation and sorting activities was segregated and managed as nonhazard
ous solid waste and were placed in the TA-16 Burning Ground dumpster for disposal at the Los Alamos 
County landfill as solid waste. 

9.13 Acetone 

Acetone was generated from the HE spot testing process at the MOA P site field laboratory. Oaily accumu

lations were placed in a container in the satellite accumulation area established for this waste stream. This 

waste was characterized as F003, 0001 by knowledge of process and transported to the Laboratory per

mitted storage facility. The ultimate disposition of this waste was determined by FWO-SWO. Acetone was 

disposed of as an F-listed hazardous waste at an off-site facility through the Laboratory FWO. 

Appendix G-10 summarizes the quantities and documentation records for this waste stream. 


9.14 Miscellaneous Wastes 

Miscellaneous wastes include waste aerosol cans (0003), laboratory trash (0001, F003) generated by the 
HE testing in the field laboratory, and media contaminated with spilled transmission oil. These waste 
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streams were profiled and sent to the Laboratory RCRA-permitted storage facility. The ultimate disposition .~ 

of these wastes was determined by FWO-SWO. Documentation on the final disposition of these wastes isJ 
maintained with this group. 

10.0 WELL ABANDONMENT 

As part of the Phase I implementation of the MDA P Area closure, 12 observation wells or vadose zone 
monitoring well access casings were abandoned in-place or entirely removed as part of the excavations. 
Nine observation wells were located at the toe of the slope along the stream terrace below MDA P. These 
were installed in 1987 as part of the initial MDA P groundwater investigations. All were known to be dry 
(Brown et al. 1988, 6871; Mclin 1989, 11718). All of these wells consisted of 2-in. diameter casings with 
slotted screens. Seven of these were abandoned by filling with bentonite pellets or complete excavation, 
and removing the surface casings. One had been abandoned at the time of drilling. Of the original nine 
observations wells, only P-1 remains intact as shown on Plate 3. 

Three aluminum well casings located to the south and west of the MDA P footprint were abandoned by fill
ing with bentonite pellets and removing the surface casings. The depths of these three casings varied from 
79 to 92 ft. None was reportedly screened, but had sealed casings to monitor vadose zone moisture with 
neutron instrumentation (Brown et al. 1988; Mclin 1989, 11718). Four similar casings located within the 
landfill footprint were abandoned by complete removal during the landfill excavation. The depth of these 
four casings was approximately 30 ft. Only well P-18 had casing that extended approximately 6 ft into the 
bedrock and was exposed after complete excavation of the landfill and contaminated soil. This casing was 
filled with bentonite pellets. Two other observation wells, known as test holes P-O and P-12, were not dis
turbed. These two wells are located in the adjacent watershed, south of MDA P. They were not located for 
this project and are still intact. 

Appendix H contains a summary table of available completion data and the disposition of all observation 
wells in the vicinity of MDA P. The locations of these wells and test holes are shown on Plate 3. 

11.0 387 FLASH PAD CLOSURE IMPLEMENTATION 

11.1 General 

In 2000, Weston was contracted to implement the approved 387 Flash Pad closure plan. Weston was 
given the task of removing, segregating, decontaminating, and disposing of the waste materials associated 
with the unit, as well as the project coordination. Personnel from Laboratory organizations provided sup
port services that included waste sampling and analyses and waste determinations. Table 11 .1-1 lists the 
milestones achieved during the project. 

Table 11.1-1 

387 Flash Pad Closure Phase I Milestones 

Initial survey of debris /05/2000 

Removal and decontamination of debris 07/07/2000 

Excavation start 07/07/2000 

Excavation finish 07/14/2000 

Ship hazardous wastes, start 09/06/2000 

Ship hazardous wastes, finish 09/18/2000 

Ship industrial wastes, start 12114/2000 

Ship industrial wastes, finish 12114/2000 
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11.2 Unit Description 

Flash Pad 387 is designated SWMU 16-01 O(b) (LANL 1999b. 63547). At the time of closure. the pad was a 
concrete structure consisting of a base pad (30 x 30 ft) and shield reflector walls around the western. 
northern, and eastern sides. It was situated within a 100- x 100-ft area enclosed by an 8-ft high cyclone 
(Le., chainlink) fence on all four sides. A detailed description of the site is provided in Section 1 of this 
report. 

11.3 Preexcavation Activities 

Prior to the start of activities associated with the 387 Flash Pad closure, the decontamination pad used in 
the MDA P closure was cleared of all debris, and soil staging Pad 11 was cleared of all other soils. No 
other mobilization or preparatory activities were required. The MDA P SSHASP included all tasks required 
for the closure implementation. The chainlink fences on the west, north, and east sides were removed for 
access. The fence on the south side was temporarily retained to restrict access at the road. 

11.4 Closure Plan Deviations 

Closure operations at the 387 Flash Pad did not result in any modifications or additions to the described 
activities in the approved closure plan (LANL 1999b, 63547). 

11.5 Excavation 

The remote excavation operations started on the lower portions of the 387 Flash Pad and worked south
ward. All initial excavation operations were performed by the HERMES system due to the potential pres
ence of HE. No buried HE was encountered. Very minor quantities of metallic debris were found to be 
scattered around the site, some wholly or partially buried. The highest contamination readings by field 
screening were found on the eastern side that extended beyond the fenceline. Bedrock was encountered 
across the entire area. Some bedrock was scraped with the excavator teeth to achieve the PRGs. 

During excavation, a previously unknown trench was located in the eastern part of the area. The trench 
appeared to originate in the middle of the south boundary and trended northeasterly where it terminated 
approximately 20 ft east of the eastern boundary fence. The trench contained remnants of a 4-in. VCP. 
Both ends of the pipe were crushed with no evidence of original source fittings or termination outfall. The 
interior of the pipe was contaminated with HE. 

11.6 Waste Segregation and Staging 

The bin blocks that comprised the walls and floor of the 387 Flash Pad were surveyed for radiological con
tamination, and were released from radiological control. The blocks were broken for ease of handling and 
transferred to the decontamination pad for decontamination by pressure washing. The concrete was then 
transferred to the 90s Line staging area. One lot of concrete was created. Water generated from the 
decontamination of the debris was not segregated, but was managed with other water generated from 
decontamination activities associated with the closure of MDA P. 

Soils and bedrock excavated from the 387 Flash Pad were moved by front-end loader to the staging area 
at Pad 13. No other soils were staged at this pad during this time. Seven soil lots of approximately 100 yd3 

each, and one small lot of concrete were generated. Each was assigned a unique tracking number. The 
one lot of concrete debris was stage on Pad 3. Appendix 1-1 provides a summary of wastes staged from 
the closure activities of the 387 Flash Pad. 
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The fragments of the 4-in. diameter VCP were tested for HE contamination and found to be positive for ~ 

residues. 1\10 bulk HE materials were observed. The pipe was staged on a wood pallet and covered with ,...,..,I 
plastic. The pipe was transferred to the 388 Flash Pad for thermal treatment of the residues. After treat
ment, the pipe materials were staged on a pallet and returned to Weston for management (see 
Section 11 .8). 

11.7 Waste Characterization 

The soils and concrete lots were sampled in accordance with the closure plan. Appendix 1-2 provides a 
summary of the waste characterization samples collected from materials excavated from the 387 Flash 
Pad. The concrete was additionally surveyed for radiological and HE contamination after decontamination. 
No surface contamination or bulk contamination was found in the concrete debris. 

11.8 Waste Disposal 

All soils were determined to be hazardous wastes. Appendix 1-3 provides summaries of the analytical 
results of the waste characterization samples. All soils were shipped directly from the staging area within 
the area of contamination to a RCRA-permitted TSD facility in Andrews, Texas, operated by WCS. Ship
ments occurred in 20-yd3 end-dump tractor-trailer trucks in accordance with applicable DOT and the New 
Mexico state solid waste management regulations. Due to weight limitations, each truck was loaded with 
approximately 18 yd3 of soil. A 10-mm polypropylene inner liner provided a seal. The trucks were tarped 
and placarded appropriately. Appendix 1-4 contains a summary table of the soil lots, shipment dates, and 
waste manifest, certificate of receipt, and disposal forms from the facility for each shipment. Complete cop
ies of these records are available in the RRES-R Program RPF. 

The concrete lots were determined to be industrial wastes. Concrete debris was shipped directly from the 
staging areas at the 90s Line to the receiving facility in Rio Rancho, New Mexico, operated by Waste Man
agement Inc. Shipments occurred in 20-yd3 end-dump tractor-trailer trucks in accordance with applicable 
DOT and New Mexico state solid waste management regulations. Due to weight limitations, each truck 
was loaded with approximately 18-yd3 of soil. Appendix G contains a summary table of the soil lots, ship
ment dates, and bill of lading records for each shipment. Complete copies of these records are available in 
the RRES-R Program RPF. 

The fragments of the 4-in. VCP were disposed of as industrial waste. The materials were included in soil 
shipments to the receiving facility in Rio Rancho, New Mexico, operated by Waste Management, Inc., and 
are included in the soil shipment documentation. 

12.0 VOLUNTARY CORRECTIVE ACTION FOR SWMU 16-016(C)-99 

As part of the contract modification for the 387 Flash Pad, Weston was contracted to implement the 
approved VCA plan for remediation of consolidated SWMU 16-016(c)-99. The VCA plan was included as 
Attachment 3 in the MDA P SAP (LANL 1999, 63546). Consolidated SWMU 16-016 (c) -99 consists of 
three SWMUs that were originally listed in Table A of Module VIII of the Laboratory Hazardous Waste 
Facility Permit: 

• TA-16 386 Flash Pad, SWMU 16-01 O(a); 

• the former barium nitrate pile, SWMU 16-016(c); and 

• septic tank, SWMU 16-006(e). 

Descriptions of these SWMUs are provided in Section 1.2.4 of this document. 

January 2003 11-44 ER2002-0773 



Phase I Closure Implementation Report 

12.1 Excavation 

Excavation of the area within the SWMU 16-016(c) boundary included both remote and conventional 
means. Since part of the SWMU boundary extends down the western margin of MDA P, contaminated 
materials in this area were excavated during both landfill removal with the robotic equipment and subse
quent manual excavation of contaminated materials. No attempt was made to segregate or identify materi
als that were specifically related to migration of barium nitrate from the pile area. Most of the excavation for 
SWMU 16-016(c)-99 was performed during the excavation of contaminated materials after removal of the 
landfill was complete (circa August 2000 to March 2001). 

The soils within the footprint of the 386 Flash Pad were excavated and staged with soils from adjacent 
areas used for support of the MDA P closure. Access to the interior of the fenced area was coordinated 
with personnel from ESA-FM, as the area was operational. The extent of the excavation is shown on 
Plate 3. Field screening for barium, using a field XRF instrument, was used as an indicator for the limit of 
excavation. The extent of barium contamination was not found to be continuous downgradient of the loca
tion of the former pile within the 386 Flash Pad. Surface soils and some bedrock materials were removed 
from within the flash pad, and only spotty areas were found downgradient. Contamination was not found to 
have penetrated the bedrock. Some residual bedrock contamination was recognized in the drainage along 
the western margin of MDA P landfill, but it was below the PRG of 2000 ppm barium. 

The remaining areas within the 386 Flash Pad fence were spot-checked for contamination, but this was 
hampered by a new building that now occupies the southeast corner of the area. After the excavation activ
ities were complete, a layer of soil and gravel was placed in the excavation within the current fence to allow 
operations to continue. Gravel was placed on the north side of the current fenceline as an erosion control 
agent. At this writing, the 386 Flash Pad remains in use for equipment staging only. 

The septic tank and waste line were addressed on two separate occasions. First, the waste line was 
located and excavated from the tank to its endpoint. The connection with the tank was found to have been 
abandoned. The tank outlet was plugged and the waste line was left in place. The waste line itself con
sisted of 4-in.-diameter VCP that contained no residual sediment or HE or barium contamination, as deter
mined by field screening. The endpoint of the tank was found to consist of crushed pipe with no defined 
outfall. The last approximately 10ft of the waste line consisted of crushed pipe pieces. The area where the 
pipe may have day lighted was not evident. 

In March 2001, Weston assisted ESA personnel with the backfilling of the septiC tank. The metal top and 
riser of the tank were excavated to expose the tank itself, estimated to be a 100-gal. metal tank. A repre
sentative of NMED Field Operations Division inspected the tank, and the tank was backfilled with clean soil 
to grade. A copy of the inspector's form is included in Appendix B-3. The pipe inlet was plugged with a 
polyvinyl chloride (PVC) pipe fitting. The water was turned off inside the building at the toilet, so that the 
source was decommissioned. The soils surrounding the tank, and the edges and interior portions of the 
tank were spot tested for HE and barium and found to be negative. In March 2002, the tank was excavated 
and removed completely by Weston. 

12.2 Waste Segregation and Staging 

Waste generated during the excavation of the soils from the former barium pile and septic tank includes 
soils and debris. Soils from the excavation of contaminated areas were staged in 100-yd3 lots for waste 
sampling. No effort was made to segregate soils from the SWMU 16-016(c)-99 sites from other areas 
being excavated as part of the MDA P support areas, include soils staging pads and roads cover. Soils 
mixed with the contents of the septic tank were containerized at the time of the tank removal and staged at 
the excavation. 
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The debris generated includes the pipe materials and the debris from the tank removal. The pipe and ."""'\ 
debris was inspected by a representative from ESA and found to be free of HE residues. Spot tests for bar- ,,.,.,! 
ium residues were also negative. 

12.3 Waste Characterization 

Soils generated from excavation of the SWMU 16-016(c)-99 sites were subjected to the same sampling 
regime as all soils generated during the MDA P closure (see Section 7.2). Generated soils were incorpo
rated into those generated from the MDA P activities and were not sampled independently. No sampling 
was conducted on the debris other than tests for residual levels of HE and barium. The contents of the sep
tic tank, as well soils at the tank inlet and outlet, were sampled at the time of the tank removal. The sample 
request summaries are included in Appendix D-2. 

12.4 Waste Disposal 

Soil generated from excavation of the SWMU 16-016(c)-99 sites were disposed of through the system 
developed for the MDA P closure. No attempt was made to distinguish the disposal of soils from the 
SWMU 16-016(c)-99 areas from those from MDA P. Disposal of soils from MDA P is described in 
Sections 9.2 and 9.3. Soils mixed with the tank contents and under the tank were found to be nonhazard
ous and nonregulated, respectively, and were returned to the excavation. 

The debris generated was found to be nonhazardous by the HE and barium spot tests. The fragments of 
the 4-in. diameter VCP and tank remnants were disposed as industrial waste. The materials were included 
in soil shipments to the receiving facility in Rio Rancho, New Mexico, operated by Waste Management, Inc. 
and are included in the soil shipment documentation. The remnants of the metal tank were turned over to 
personnel from ESA-FM for recycling. ~ 
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A-1 Construction Drawings of Support Facilities 1996 -1997 
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,...... See DETAIL It. 
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See DETAIL B 
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,.-~-..

Remove 12- of exiltlno lgrade under IIgreootlon 

/ 
Straw Boles (narrow line) ,..- w/Rebar (or similar) 
anchora, 2 per bole 
around segregation area 

Prapoled asphalt -7
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NOTES: 

1. 	 Remove slumps and slosh. Temporarily stockpile stumps on poly and cover on top of waste pile until 


sampling and analysis is completed. Dispose of stumps and slosh at Los Alamos County Landfill after 

sampling. Sampling and analysis will be perfamed by others. 	 . 

2. 	 Remove top 12- of soil under se re ati . Jacen -P waste pile. 
. , pi e I on wasle pi e elope. 

3. 	 Install fill to 12" below top design elevation and build berm (1.25:1 slopes). Compact to 95~ (modified

proctor). Compaction tests will be performed by others.- . .. . 


4. 	 Install 80-mil HOPE liner (or equivalent) extend over berm, anchor and splice .per manufoct~rers directions. 
Suggested Sources: 	Watersaver Company, Inc., P.O. Box 164651 Denver, CO 802161. Ph. {303} 289-1818. 

Environmental Uners, Inc., 2009 N. Industnal Rd., Cortez. CO 01321. Ph. (800) 821-0531. 
(or approved equal) 

5. 	 Install remaining 12- of compacted soil over BO-mil tiner. 
6. 	 Inst9n c:pproxii'nately.2 in. .thick ospholt diversion ditch (tie to existing -ditch). Approx. dimensions: 8 ft. wide 

-x 1 -1S-deep. 
I 7. Install straw bole silt fence (narrow line) with 2 rebar anchors per bole. 

SCALE: 
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Hone I APR 8, 1tla 
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" 

JREV 0 
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"- Catch Basin 8' lC 2' lC 1.5' OP (180 gal capacIty)

lined with SO-mil HOPE liner 
(cover with Steel GratinQ) 
see Detail A, sheet 4 ot 5 

'-- Fibertex GeotextJle Fabric. Grode 400 
over slob/under BO-mll liner 
(extend over curb and romps) 

- eO-mil HOPE liner 

"

over Geotexlile Fabric/under steel vroting
(extend over curb and ramps) 

- Steel Grating on wood support 
see sheel J of S 
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~ 
5/8- COX plywood under

15'-0" REF 

2~. 
-tread 
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--- ,_,b4l-0·1Z under nor 
area 
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r 3: 1 slope compacted Curb 
(as 0 

i 

wlil be 6' high ot corners end S' high d 
(all around) result of slab s!ope) 

r---~-'~"----~~ 42' REf 	 / DETA.iL A ,. high x 3' wide 

Ccmpocted Earth Berm Compacted Foll 0\ 2' __ --...( , 


orelmd} 
 .. 
\ 

'-"-'-'~"---45'it45'xt Exco'Votion--'--- 

NOTE: SLOPE SLAB AS SHOWN (CUH8 SHOULD REM,AJN 

SECTION A-A6- curb 

42' REF 2" REF 
~f;)yeled Grode --, 

-',", 

:1 -1-=--=-_
4S'X45',.Z· Excavation 

t 	

-' 
NO rE: SLOPE SLAB AS SHOWN (CURe S+iOULD RDJ.I.jN 	 Exlend Geote:xliic f ab6c 

pod end BO-rna HOPE 
liner over curb ond romp 
(both sides) 

Steel Grattng over wood Steel Grotim; over wood support, sec sheet 3 01 5 
see sheet J of 5 

SECTiON 8-8 

1 Geotextile fabric and SO-mil HDPE liner 
6" COffe. Slab wiI 

I WWroX6-W2.9xW2.9 
Basini 2 (top/bottom) 

wid!! Curb (011 

~~;)f--$ BO-mil liner 
boH¢1'T\ ur .. excavation 


6· -'-- ';. 

fr-- -,:'t

. i:r"" 
Extend BO-m;l liner 
over berm on!! anchor per 
manufacturers directionsNOTE; HOPE riner at bottom 01 eotch 	 I REV ojaround)balin end over curb. 

DETAIL A 	 DECONTAMINATION PAD 
SCALE: ,". 5' 	 $CALE: ," • 10' APR t. 1tl" 4 Of' :5 

Extend BO~mil liner 
under' romp over .berm and anchor 

per manufacturers dlr!lctions. 

DETAIL B 
SCALE: 1·;:: 5' 

MDA-P 

http:RDJ.I.jN


, NOTES: 


1. Remove and dispose of designated section of existing asphalt roadway (see sheet 1 of 5). 

2. 	 Level Pad area, elCcavate approlC. 45 ft x 45 ft to a depth of 2 ft. below grade (compact bottom of excavation). 
3. 	 Construct approx. a 3 ft wide x 1 It high compGctld earth_ berm around excavation.-

'4 	 Install eO-mil HOPE Ifner (~r equivalent) at bottom of excavation, extend over berm, splice and anchor per 

manufacturers directions. 

Recommended Sources: Watersaver Co, Inc., P.O. Box 16465, Denver, CO 80202, Ph (800) 525-4424) or 


Environmental U'nerP, Inc., 2009 N. Industrial Rd., Cortez, CO 8132'1, Ph. {BOO 821-0531. 
{or approved equal} 

5. 	 Replace two and one-half feet of compacted soil (95" modified proctor) in two 15 in. lifts and slope to 

accomodate designated slab slopes. Also slope back at 3 to 1 )from tne edge of the decon pad. (Base elevation 

of decon pad should be approlClmately 6 in. above leveled grade 


6. 	 Two compaction tests will be required for each lift. Compaction tests will be peformed by others. 

7. 	 Install roadway (compacted base course per New Mexi5(o Highway standards) on north ang south sides of qecon

pad. Provide and install 24 in. diameter culvert {CMP} in existing asphalt lined droinge {see sheet 1 of 5}. 


8. 	 Form and _pour slab with catch basin, curb and access rampi using 5000psi concrete. Reinforce slab with two 

layers of ox6-W2.9xW2.9 welded wire fabric. Place first layer of reInforcement 2 in. below the tap of the slab 

and the second layer 2 in, up from the bottom of the slob (based on CRSI design handbook "Slabs on Ground" 

600-800 psf uniform load). Smooth trowel finish on exterior surfaces. 


9. 	 Provide concrete botch tickets for approval prior to placing concrete. Concrete tests will be performed by others. 

10. 	 After ade~l.{ate curing time of concrete p'a~, install a layer of Fibertex (or ap'proved equal) Geotextile fabric 

(grade 400) and another layer of 80-mll lor eguivolentJ HOPE liner aver entire pod, inside catch basin and over 

curb and ramps. Splice and anchor liner and fabric per manufacturers directions. 


11. 	 Install steel grate ponel. {2'-3' wide )C 20' long},

Specifjcgtion; zpart No.: Hol.p-4-166; 4If x 3/8w Bearing Bars on 1-3/16" center. with load banding and 

cross rods lOP bottom on .... centers, or approved equar.

Recommended Sources: Peterson Company. 4949 Cororado Blvd., Denver... CO 60215. Phone 303-388-6322 or 

t,4cNichals Co., P.O. Box 30300. Tampa, Fl 336.;,0-3300. Phone 800-237-3820. 
. (or approved e~ual)

Provide approximately a 4-6 In. gap between the curb and the grating and apP'roximately 1-2 in. between panels.
Separate steel grating from 60-mil liner under tread area usinq ol6 In. COX plywood stieets. Separate grating 
from 80-mil liner unCier non-tread area using 1x4s placed to lacditate drainage and spaced at approximately 

.12 in. O.C.. This will help the liner from being damaged by the steel grating. 

12. 	 Install metal pipe fenc;ing. Place 12ft fence panels in corners (6 req'd). Plac,e a 16 ft. fence panel in the 

center on each side ~4 req'd). Two of the 16 ft.J)anels will serve as entrance exit ~tes. 

Recommended Source: Nathan's, 1'10 Bellas Ln, Espanola. NM 67532. Ph. 505-753-7299 (or approved equal). 


13. 	 Provide & attach tarps {splash curtain} to fence panels using stretch (Bungee) type cords. 
, 	 \ 

14. 	 Provide and install a 20-mil liner (tarplng) to cover p-ad during precipitation events. Precipitation cover will I"'!"'!!'""""!"'" 
overlay. grating and will not require supports. Uner will extend 
beyonet pod. Provide filled sandbags to hold cover. MDA-P 

, 15. Install fencing around deeo" p-ad area using 6 ft. steel posts on 	 DECONTAMINATION PAD
24 ft. centers with two stranas of smooth twisted wire. 

SCAlE: NON! APR 8. 1816 !5 OF 5 
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~~~~~------------------------, 

rTop of trench to remain a 
constant elevation~.20_fL 
I •• illiengtn)~-- ~--

Bottom trench elevation 
may vary ±.50 ft. 

15' min 	 Existing Grade 
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 ...,; 
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\"- Existing Fence " 
~ 	See Trench Detail 

(sheet 5 of 6) 
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l 
r Top of trench to remain a constant elevation 
! ±.20 ft. (full length) 
i 
I 

I 

/ rBottom trench elevation moy vary ±.SO ft. 
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f-.....- mini 
EL. 1370 --_., ----~------_r_---+-- 7

1 . I I J7368 ,.. 

l! /-----. 
' • • ~ 

;:: 1
{ I I ,C'\..,\;~ ..".. _ .. 7362 - -----

7360 

7358 .. .--" ----
II II ~" 


7356 --I II I T _7J/XYjo;.Yj 
7354 --

7352 -~ 


7350~ Jk-.-:- ),~~ 

~:: ___ ~7__ ;~~_ 
\ 

\ "- See Trench Detail (Sheet 5 af 6)
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Top of trench to remain crcoiisront efe'volion 
±.20 ft (full length of trench) 

r Bottom trench elevation may vary :1::.50 ft. 
I" 

Existing Grade 

.,~.~-__f".........~n----f"--·~ '~-r""'"' '~'¥--._=_ "_.~_'_" __ '~~'A
EL. 7414 ------ 
7412 ---·-----~·->--..-----~--~»,-~··>f- --..--··I·>,>,,-~-,-··~ 
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7408 ----- 

1405 


7404 
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-+~~ 

--.-----~~1400 


1398\. 

1~6 LW \ 
1394 " 

~ See Trench Detail 
(sheet 5 of 6) 
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1 

NOTES: 
All work in the MD(A-P area, except( T)A(SK 5 (Access Rood), will require 40 hour Hazardous 
Waste Operations 29 CFR 1910.120 e 8)) training and compliance. 

2. 	 Subcontractor sholl provide a full time working superintendent. 
3. 	 Subcontractor shot! provide and install all materials depicted on drawings. 
4. 	 Subcontractor shall be responsible for providing clean equipment prior to job start and or 

decontamination of equipment after job end. 	 . 
5. 	 Subcontractor shall be resp'onsible for providing containers and containerizing all 

decontamination liquids and solids. 
6. 	 Subcontractor shall be resp'onsibe for removing all slash/firewood in the area. Firewood 

sholl be stacked south of the MDA":"P southern boundary fence as directed by the project 
manager. 

7. 	 Subcontractor shall clear. level ond compact areas where trenches are to be constructed. 
8. 	 All excovated soil shall be stockpiled on the MOA-P waste pile and covered as required

each night os directed by the project manager. 	 . 
9. 	 Subcontractor sholl be responsible for removing/rep-lacing portion of existing MDA-P 

boundary fence. where necessary. in order to maintain a '5 roadway widtti. 
O. 	 HOPE liner s~oll. be eq,!Jal to or greater than 36 mil thickness and sholl be installed per ! 

manufacturer s instructions. . i 
All work sholl be in compliance with the Site specific Health and Safety Plan (SSHASP) and 
SSHASP modifications, Work Plan. and TA- 16 Site Specific Training. 	

1\ 

2. 	 All djr'!"ensions and locations are approximate and may change as a result of field 

conditions. 
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A-2 Results of Surface Barium Survey 1996 



Los Alamos TalUS: Ken Bostick I J495L) 
Thru. . Bill Kopp I K490 P 'K..NATIONAL LABORATORY 
FromlMS. Albert Dye I K490 Jr-...

memorandum PhoneIFAX:. 7-4715n-5224 /\,Y 
Wal. Site Studl .. Team Daa: September 25. 1996 
ESH·19. K490 

SUBJECT: Field Surveys at MDA-P 

Field surveys using a portable XAF spectrometer (metals). an ESP·1 meter 
(beta/gamma) and a Violinist III meter (low energy gamma) were conducted at MDA-P 
from July 3 to 15, 1996 by the ESH-19 Waste Site Studies Team. Elevated total barium 
in surface soils on the top of MDA-P and in the adjacent staging area east was detected 
at levels above 1000 ppm in roughly one third of the 88 grid locations. Other metals 
detected less frequently than barium included lead, silver cadmium mercury and 
antimony. Radiation measurements of the surface soils included some beta/gamma 
measurements slightly above LANL background values. 

Land Surveying 

The surveys covered the top. relatively level, surface of MDA·P. The coordinates for a 
30 X 30 foot grid over MDA-P were calculated using a surveying computer software 
program. Control pOints were established using a GPS receiver system. The grid was 
then staked out using a total station thedolite. The grid points are shown in Figure 1. 

XRF Survey 

A portable Spectrace 9000 XRF spectrometer with the "Soils U, Th and Ag" application 
was used to take in-situ measurements at 64 grid pOints on the top surface of MDA·P. 
The ground surface at each grid point was smoothed and flattened using a stainless 
steel scoop. any gravel or vegetation was removed and a 60 second count ( for each of 
the 3 sources) was taken. The measurement data were stored in the unit and 
downloaded into a laptop computer at the ESH-19 offices. During the field survey. the 
staging area immediately to the east of MDA-P was found to be under construction. 
The ground surface had been cleared of vegetation and was ready to be backfilled. An 
approximate 25 X 25 foot grid was estimated, grid coordinates were land surveyed and 
XAF measurements were taken at 24 grid points prior to the area being backfilled. 

Background for the XAF survey was established by calculating the standard deviation 
of 10 measurements of a teflon plug using the count time given above. The minimum 
detection limit (MOL) is set at 3 times the standard deviation of the mean of the 
background measurements. The minimum quantitation limit (Mal) is set at 10 times 
the standard deviation of the mean background measurement. Any results less than 



the MOL are reported as ·nd- (not detected). Any results equal to or greater than the 
MOL. but less than the Mal are qualified with a -J- and are estimated values. Results 
equal to or greater than the Mal are reported as is. 

The results are shown in the attached table 1. Iso-concentration contours for barium 
are shown in figure 2 and on the attached FIMAD map. As can be noted. elevated 
barium levels were found in the surface soils with highest levels in the eastem -lobe" of 
MDA-P. Barium ranged from < 400 ppm to 27.000 ppm with a mean of 2200 ppm. 
Elevated levels of cadmium and silver were detected at the southwest corner of MDA·P 
(Grid point 500) and elevated antimony. lead and mercury levels were found at the 
north rim of MDA-P (Grid point 581). Point 500 was next to a steel fence post and 
there were strands of wire (possibly galvanized) on the ground, which may have 
Influenced the measurement. Point 581 was In a pile of ashes, broken glass and metal 
debris. The difference in the matrix material found at this grid point may have also 
influenced the reported metals concentrations. The XRF data at this time should be 
considered as qualitative data. Nevertheless. the XRF spectrometer should prove to be 
a useful tool for quickly determining elevated metals. particularly barium. during the 
closure activities at MDA-P. 

Rad Survey 

Violinist and ESP-1 measurements were taken at each of the grid pOints over MDA-P. 
Violinist measurements were also taken at the center of each of the grid cells. These 
results are shown in Tables 2 and 3. A background Violinist survey at MDA-P has not 
been performed. However, the Violinist measurements taken at the MDA-P grid appear 
to be within background levels found at other technical areas at LANL. For the 
beta/gamma survey, the background leveis at lANl using the ESP-1 meters average 
around 250 cpm. Beta/gamma levels slightly above the LANl average background 
were measured in the eastern and northern sections of MDA-P. A follow-up 
beta/gamma survey of the grid points will be conducted in the near future. 

AD 

cc 	 Dave Mcinroy, EMlER, MS M992 
Richard Rometo. ESH-19. MS K490 
Roy Bohn. EMlER. MS M992. M992 (Added 10/4196) 
Kathleen Naranjo. MS M992. M992 (Added 1014196) 
RPF. MS M707 
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B·1 Summary of MDA P Closure Plan Deviations 



B.1 SUMMARY OFMDA·P CLOSURE PLAN DEVIA TlONS 

Regulatory Changes 

• 	 The land disposal treatment standard for barium (7.6 mg/L) changed May 26, 1998 (63 FR 
28555). The HRMB gave LANL permission to use the EPA's newly promulgated Phase IV 
LDR treatment standard of 21 mglL in addition to identifying underlying hazardous 
constituents (UHes) expected to be present in metal-bearing waste (D005-barium at 100 
mg/L) (NMED, 1999). 

Reg u latory Interpretations 

Table 3-4/page 3-13 of approved closure plan (LANL, 1995) 

"Note (b). Because the HE was burned before disposal, D003 and K044 waste is not 
expected to be present. If the waste exhibits the characteristic of reactivity due to 
explosivity, it will be classified as D003 and K044 waste." 

• 	 HE is currently managed as reactive characteristic hazardous waste (D003) and treated by 
Laboratory personnel at the 387 Bum Pad. To the best of the Laboratory's knowledge, all 
wastewater treatment sludge from the manufacturing and processing of explosives was 
burned to remove the characteristic (reactivity) for which it was listed (K044), thereby 
rendering it no longer listed per the mixture rule (LANL, 1998a). Since detonable pieces of 
HE will be segregated from soil, the soil is not expected to be considered a reactive 
characteristic hazardous waste. 

6.2.6/page 6-25 of approved closure plan (LANL, 1995) 

"This segregation area will be used for temporary storage of soils/debris in rolloff boxes 
or other containers and temporary storage of liquids in drums." 

• 	 Decontamination liquid is currently stored in several 20,000-gallon single-walled steel tanks 
designed to fractionate solids from liquids (LANL, 1999a). Storm water is stored in three 
10,000-gallon single-walled steel tanks (each devoted to a separate run-off trench). 
Unknown liquids are either containerized or are already in containers and are stored on spill 
pallets within the area of contamination until they can be characterized (LANL, 1999a). 
Soils (both non-hazardous and hazardous) are stored separately within the area of 
contamination in 100 yd3 lots. Small debris is staged in wire cage pallets to minimize 
handling. All liquids, soil, and debris removed from MDA-P are stored in separate lined 
bermed pads (LANL, 1999a). 

6.2.6/page 6-24 of approved closure plan (LANL, 1995) 

"On-site treatment of contaminated soils or liquids will be conducted... The treatment 
will occur in less than 90 days and is exempted from permit requirements as described 
in 20 NMAC 4.1, Section 262.34. On-site treatment is expected to consist of 
stabilization of barium-contaminated soils." 



• 	 During an April 8, 1999 meeting with HRMB, LANL ER Project personnel discussed the 
possibility of finding F-listed constituents in soil or on debris removed from MDA-P once 
excavation activities entered into the east lobe. Historically, gasoline, kerosene, and solvents 
were used in an ignition train to start the bum process at the 387 Bum Pad and to keep the 
bum hot (LANL, 1999b). In most cases, it is not possible for LANL to determine whether 
the presence of a hazardous constituent was a product of incomplete combustion or the result 
of disposal of residues from an F-listed solvent. HRMB has approved an approach whereby 
LANL will manage waste materials removed from MDA-P as F-listed wastes only when 
there is directly observable evidence that the waste at issue (i.e., soils or debris) was in 
contact with an F-listed source. All other soil and debris waste will undergo waste 
characterization to determine whether the waste is a characteristic hazardous waste (LANL, 
I 999b). 

• 	 In a September 18, 1998 letter, HRMB stated that the sorting pad and filtration system for 
on-site treatment of barium-contaminated soils shall meet the requirement for a temporary 
unit as defined in 20 NMAC 4.1, Subpart V, Section 264.533 (NMED, 1998). Currently, 
there are no intentions to treat barium-contaminated soils; therefore, the use of a filtration 
system will not be implemented. LANL believes that segregating pieces of HE from soil at 
MDA-P dos not constitute treatment because it does not alter the chemical or physical 
characteristics of the waste streams generated (LANL, 1998b). LANL is currently following 
EPA guidance contained in a document entitled "Management of Remediation Waste Under 
RCRA" that allows consolidation of hazardous waste within an area of contamination 
without creating a new point of hazardous waste generation or triggering land disposal 
restrictions or minimum technology requirements (EPA, 1998). 

Variances 

6.2.6/page 6-25 of approved closure plan (LANL, 1995) 

"The treatment tank used for soil stabilization will be within this segregation area and 
separately bermed." 

Currently, there are no intentions to treat barium-contaminated soils; therefore, there are no 
treatment tanks associated with soil stabilization for treatment of barium-contaminated soils 
within the segregation area. 

2.1.1.3/page 2a4 of approved closure plan (LANL, 1995) 

"A surface run-on control trench was installed in 1994 as a mechanism for erosion 
control (Figure 2-3). This trench redirects rainwater and snowmelt around the waste 
pile. This trench also serves to limit infiltration of water into the waste pile .... " 

• 	 In March .1999, the Storm Water Pollution Prevention Plan for MDA-P was updated to 
account for waste handling and management systems required at MDA-P. As part of the 
new waste handling and management systems required for HE segregation, the west end of 
the trench has been filled with gravel to create a French drain (LANL, 1998a). Storm water 



will be redirected around the new hand-sorting pad into the French drain. The sorting pad 
contains its own water containment and collection system. 

6.2.4/page 6-19 of approved closure plan (LANL, 1995) 

"Nearby, two 40-ft by 40-ft evaporation ponds will be constructed for the drying of 
treated soils." 

• 	 Because there will be no treatment of barium-contaminated soils, the evaporation ponds have 
not been constructed. An HE hand-sorting pad of similar dimensions has been utilized in the 
same location as the evaporation ponds (LANL, 1998a). 

b 
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, 	 Erw,ronmefllaJ RestorallOfl Prefect. MS M992 

LOS Alamos, New MexIco 87545 

SOS·667-080BlFAX 505-665-1747 


Date: July 22, 1998 
Refer to: EMIER:98-232 

Mr. Benito Garcia 
NMED-HRMB 
P.O. Box 26110 

Santa Fe, NM 87502 


SUBJECT: 	POTENTIAL OPERATIONAL DEVIATIONS FROM THE MDA P 
CLOSURE PLAN 

Dear Mr. Garcia: 

The purpose of this letter is to outline potential operational deviations from the 
approved Closure Plan that may occur during waste removal activities at Material 
Disposal Area (MDA) P, and to follow-up as requested during the meeting with 
representatives of the Hazardous and Radioactive Materials Bureau on June 17, 1998, 
at which these potential operational deviations were discussed. 

In November of 1997, detonable pieces of high explosives (HE) were discovered 
during the excavation of test pits into MDA P. The presence of these detonable pieces 
of HE has caused a schedule delay in the implementation of the approved Closure 
Plan in order to re-evaluate all safe operating practices. Depending on whether a risk 
assessment will be required, Los Alamos National Laboratory mayor may not exceed 
the 24 to 26 months allowed to complete closure activities as depicted in Figures 6-2 
and 6-3 of the approved Closure Plan. 

The following operational activities have been modified or added to accommodate 

either safety or waste management issues. 


• 	 The site layout has been modified to allow 100-ft buffer areas for safe operating 

distances (to allow for potential detonation over-pressures) between waste 

management operations that will proceed concurrently. Waste management 

operations include excavation, segregation, sorting. decontamination, and 

treatment. Portable blast shields will be in place to protect personnel from 

secondary fragments. 


A hand-sorting pad will be constructed west of the interim status 387 Bum Pad. It 
will consist of a curbed, concrete pad with a water collection sump, under1ain by an 
appropriate liner. S pace restrictions require that the pad be built on or near 
over1apping solid waste management units adjacent to MDA P [16-016{c) and 
16"() 1 O(b}]. 
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• 	 Water from decontamination and sorting operations will be reused by recycling it 
through a filtration system. This system will consist of a skid-mounted filter system 
plumbed to fractionation and holding tanks installed in a bermed area lined for 
secondary containment. Filters generated as a result of this process will be 
managed as listed hazardous waste (K045). 

• 	 Residues resulting from generator treatment of barium contaminated soils will be 
sampled and analyzed for proper waste management. The approved Closure Plan 
generally specifies that sampling and analysis will be done for proper disposition of 
waste. but does not contain definitive language for residues from onsite treatment. 

The land disposal treatment standard for barium has changed as of May 26. 1998 
(63 FR 28555). Because barium contaminated soil will be stabilized onsite. the 
Laboratory requests a determination of whether it should use the updated 
treatment standard for industrial hazardous waste or whether it could use the new 
soil treatment standard of a 90% reduction of the concentration of hazardous 
constituents. capped at 10 times the universal treatment standard. 

• 	 Detonable pieces of HE will be segregated from soils by trained. experienced 
personnel. The HE will be managed as characteristic hazardous waste (0003) and 
treated by Laboratory personnel at the interim status 387 Bum Pad. Generated soil 
will not be considered listed hazardous waste (K044) because, to the best of our 
knowledge. all wastewater treatment sludge from the manufacturing and 
processing of explosives was burned to remove the characteristic (reactivity) for 
which it was listed; thereby rendering it no longer listed per the mixture rule. Since 
detonable pieces of HE will be segregated from soil, the soil will not be considered 
a reactive characteristic hazardous waste (0003). 

• 	 A large volume of clean fin that composes the morphologic feature of MDA P will 
not be removed, but will be sampled during the. Phase " verification activities. The 
entire south em part of the morphologic feature of MDA P is composed of 
apparently uncontaminated soils placed during the Original construction of the 
burning grounds in 1950. Waste disposal occurred over the leading edge of the 
soils and aggregated over time. 

The estimated number of soil samples to be collected during Phase I will be 

proportional to the reduced estimated volume of waste to be excavated. 

segregated and managed. 


• 	 The schedule for project completion is currently unknown. but may require a plan 
modification if it deviates from the original schedule specified in Figures 6-2 and 6
3 of the approved Closure Plan. 

A table was developed outlining the existing sections of the approved Closure Plan 
and the potential deviations from the plan. This table is enclosed as requested during 
the meeting. The Laboratory is in the process of implementing closure activities; 
therefore. we request your concurrence that all potential deviations may be 
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documented in the Closure Certification Report as operational deviations (unless the 
"Potential Deviation" column specifies that modification of the Closure Plan is required 
by July 31. 1998). We are also requesting your assistance with detennining the 
appropriate land disposal treatment standard for barium contaminated soil, as 
mentioned above. 

If you wish to further discuss the subject of this letter, please contact Dave Mcinroy at 
(505) 667-0819 or Joe Mose at (505) 667-5808. 

Sincerely, 

1;J..:,.f~ ~\~s~ 
JUlii Canepa. Program Manager Theodore J. Taylor, Program Manager 
EMlER DOEILAAO 

JClTTIHW/dm 

Enclosure: TA-16 MDA P Closure Plan Deviation Review 

Cy: K. Bostick, EES-15, MS J495 
J. Elvinger, ESH-19. MS K490 
T. Grieggs. ESH-19, MS M992 
H. Haynes, LAAO, MS A316 
D. Mcinroy, EMlER. MS M992 
R. Michelotti, CST-7. MS E525 
V. Rhodes, EMlER, MS M992 
T. Taylor. LAAO, MS A316 
R. Dinwiddie, NMED-HRMB 
M. Leavitt, NMEO-GWQB 
J. Par1<er, NMEO-HRMB 
G. Saums, NMEO-SWQB 
S. Yanicak. NMED-AIP, MS J993 

EMlER File (CT #C084). MS M992 

EMlER File, MS M992 

RPF, MS M707 




Technical Area 16 MDA P Closure Plan Deviation Review 

Subsection / PaJc Closure Plan Lan~agc Potential Deviation' 
1.1.3/ 1·9 After che waste malerials are Because of the presence ofhighly 

removed and ~taminated, the welded rufTWlderlying MDA P, 
underlying soil will be over over excavation of two feet will 
excavated... the approximate be attempted, as necessary, but 
depth of chis over excavation is may not be possible due to 
expected to be two feet geologic conditions. There are 

two units of the Bandelier TufT 
6.2.4/6-21 Excavation will continue until underlying MDA P. The upper 

che closure standards are thought part of MDA P rests on Wlwelded 
to have been reached. This over Nfftbat excavates easily; the 
excavation is estimated to be lower part rests on hjghly welded 
approximately 2 ft deep. Nffthat forms a very resistant 

ledge and is very difficult to 
excavate. 

2.1.1.3124 A surface run--on trench was As part of the waste handling and 
installed in 1994 as a mechanism management systems required. 
for erosion control [that] redirects the west end ofthe In:.DCb will be 
rainwater and snowmelt around filled with gnsvcl to create a 
the waste pile [and) serves to French drain. Water will be 
limit infiltration ofwater into the redirected around the new 
waste pile. band-sorting pad into the French 

drain. The sorting pad will have 
its own water containment and 
collection SYStem. 

Table 34/3·13 Note (b) Because the HE was Detonable pieces ofHE were 
burned before disposa1. D003 and observed durins the excavation of 
K044 waste is not expected to be test pits. All detonable pieces of 
present If the waste exhibits the HE will be separated from soil by 
c:baracteristic of n:ac:rivity due to band,. thcreby; soil is not 
cxplosivity, it will be classified expected to exhibit the 
as DOOJ and K044 wastc. cbaracteristic ofreaetivity. The 

pieces of HE will be managed as 
chIIracteristic hazardous waste 
(DOOJ) and treated by LANL 
personnel at tbe interim status 
387 Bum Pad. Pieces of 
detonable HE are not considered 
sludge, therefore, K044 will not 
IlOPIY. 

4.1.2 '4-3 BaseJine levels will be Baseline levels for the newly 
established for the soil at the top established baud sorting IUd 
ofthe mesa in tbe approximate genc:nstor treatment area wiD be 
location ofthc cJosure waste established by collCding 
handlingf management areas ... additioaal samples in IICCOI"daDcc: 
baseline levels will be cst&blished with the Closure Plan to 
by collecting 10 samples from delineate contamination generated 
locations distributed over the ... from closun: activities fn:m 
area existing contamination within the 

adjacent SWMUs. 
4.1.3.1/4-3 Based on the estimlted waste pile Because the estimated waste 

volume (30,000 ycr1. a total of volume has been revised to 
approximately 300 composite (11,000 yd1 

), the number of 
samples will be collected. samples to be collected will be 

lJfOPOrtional to the revised 

Potential deviations from the approved Closure Plan wiD be doc:wnented in the Oosure 
Certification Report unless otherwise specified. 

EM/ER.:9&-232a 
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estimate (e.g., a total of 
approximately 110 composite 
samples will be collected). 

4.2.2/4-6 If sample analysis indicates that 
contamination levels are above 
the preremoval baseline U11..s, 
contamination will be removed, 
and resampling will occur until 
preexisting baseline levels are 
reached. 

Because the hand soning pad and 
the genentor treatment area will 
overlap SWMUs. the areas will 
be sampled and decontaminated 
asrequ~d. 

6.1.1.4/6-7 An amendment to the Closure 
Plan wiU be submitted to the 
NMED whenever... a change 
occurs in the expected year of 
closure... 

The presence ofdetonable pieces 
of HE bas caused a schedule delay 
in the implementation of the 
approved Closure Plan in order to 
~ all safe operating 
practices. Ifa change ofthe 
expeded year ofclosure occurs. 
an amendment to the Closure 
Plan will be submitted. 

6.1.2.2 1 6-9 Ifcompletion offmal closure wiD 
take longer than 26 months from 
the time the closure plan is 
approved, the Laboratory will 
submit a closure plan 
amendment... 

Unanticipated delays have been 
incurred due to the presence of 
detonable pieces ofHE. Jfit is 
determined that closure will 
exceed. the schedules provided in 
Figw-es 6-2 and 6-3 of the 

6.2.716-26 
Ifa risk assessment is necessary 
but additional waste removal is 
not required. the total time to 
complete closure is estimated to 
be 26 months•.. This schedule 
assumes no unanticipated delays. 

approved Closure Plan, a plan 
amendment will be submitted. 

6.2.416-19 Nearby, two 4O-ft by 40-ft 
evaporation ponds will be 
constructed for the drying of 
treated soils 

The evaporation ponds will not 
be utilized, but will be replaced 

I by. HE band-soning pad of 
similar dimensions. The band-
sorting pad will be located west 
of the 387 Bum Pad and will 
overUp SWMUs 16-0I6(c) and 
I 6-0 16(b) 

6.2.616-25 Jf the treatability study is 
conducted ensile, the NMED 
Director will be notified in 
writing ... 

A treatability study will be 
c:ondudcd by an off-site 
laboratory. Current NMED 
regulatory requirements do aot 
spec:ify notific:aboo for off-site 
treatability studies. 

EMIER:91-232a 
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6.2.6 I 6-25 This segregation area will be 
used for temporary storage of 
soils/debris in rolloffboxes or 
ocher containers and temporary' 
stor.:lge of liquids in drums 

The segregation area will be used 
for staging of debris. L>lrge 
debris will not be staged in 
containers. small debris will be 
staged in wire cage pallets to 
minimize handling. Liquids will 
be staged in a separate area wichin 
MDA P. 

6.2.6 i 6-25 The treatment tank used for soil 
stabilization will be within this 
segregation area and bermed 
separatelv 

The treatment system used for 
soil stabil i:rJ'ltion will be located 
in a separate area 10 the southwest 
ofMDA P 

EMIER.:98-2J2a 
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rl:T£/t IIACCIOItE 
UDaAlf 

September 18, 1998 

Mr. Theodore Tsy1or, Proaram M:mngcr 
Los AJamos Area Office 
Department ofEneraY 
52835· Slreet, MS A100 
Los Alamos. New Mexico 875~ 

Certified MaD 

Rc!uJ'll Rc('~fpt Requuted 


r---··--- I B..:cc.-".·:·,. ::'j' i...:I '·P,Pt= 

l::::.:t_~====:J 
Dr•.JohD C. Browne. Director 
Loa AJamos Nutfonll Laboratory 
P. O. box J663t MSAJOO 
Los Alamos, New Mexico 87545 

Re: Rcqulrc:!mcnt for Clasl 2 r~rmit !\foJinulloD for the Pot~ntial OpcratloDal Devla!joDl 
frOID the "mA P Clolure Pia. 

Dcar Mr. Todd and Dr. Browne: 

This lener is in rc~ponse 10 Los Alamos N:JtionalLAbomoryt. (LANI}.) com:spondcnce dated 
July 22. 1998 (EM/ER:98·232), reaudina the POICDtial Operational Dcv5atJcma fiom the MeA P 
Closure Plan. Class 2 Permit Modifications requirements and tedmfcaJ issues BriM, from the 
contents ofLANL'. tetla' arc addressecJ beJow. 

The cbanSes to the c10sure pion described :ue a raub ofunexpected eventl occuninl duri.. 
closme ofthe site. Accordjna to 20 NMAC 4.1, subpart IX. 40 CPR 270.42, Appcnc:Ux I· D, 
Closure a Class 2 Pennit Modification is required for "Chanaa in approved clol'U1'C pllD 
lcsu1tinl fi'om uncxpec:tcd events OClC\IJ'1ins durin, partial or fmll cJosure, unlea othc:::rwiae 
specified in thi. Appendix.· Fur1hennore. the nccesaJt)' for. temporary un1trcquIra • Class 2 
permit modificatjcm. Therefore, LANL shaJJ submit the cbsnacs II • 0_2 Permit 
Modification request. 

:~; Based OD the proposed c::hanics in LANL's July 22, 1998 Jetter, the foJlowina technical issua 
Ji.~~ shall be addressed in the Class 2 Permit ModificatioD n:queIL 

J. All proposed ChMiCS 10 the c:1osure plan to include hip explosive (HE) handJiDl 



., 
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processes shall be clarified using process flow disgnms and narrative summaries that 
illustrate and describe all y."aS1e streams and their ultimate disposal. 

2. 	 Urrto-date figures illustrating the proposed new processes shall be included. 

3. 	 The fi1tration system and sorting pad shall meet the requirements for temporary un.iu as 
defIDed in 20 NMAC 4.1, 40 eFR 264.5S3 - temporat)' units, and 40 CFR. 270.42 
Appendix I.D.3.e· requirements for a Class 2 permit modificatiOD. 

4. 	 The state ofNew Mexico has not adopted the new land disposal requirements (LOR's) 
and therefore the more conservative concentration for barium stiJ) apply. 

S. 	 lftbe proposed band-sorting pad is constructed over aD cxistina potential release site tbc:a 
using this area for baseline sampJina is not acceptable. 

6. 	 LANL shall include waste analysis pJunS (WAP'.) for aU waste streamI including mtcra 
:md soil generated from the sortinl operation. A W AP may not be necessary for the decon 
w:lter used ill steam cleanina the debris ifaU LOR rcquin:mc:n1S for debris aJternative 
treatment standBldS are meL These WAP's shal1 include sampJIna for underlyina 
constituents and radioactivity. 

7. 	 Closure pe.rform::mec stand:uds ofSALt, or risk based cJcilQ up JevdJ shaJl be met. If 
limited cxcavation ofibc tuff is proposed. additional samp1ina sbaU be proposed where 
contamination is below SAL's or risk based clem up levels is left In place. 

8. 	 LANL shaD provide an adequ:ne wnpJina and anaJysi, pJm wblch addressa depth ( C.I. 
every 2 feet), tocation, and pcfc:ent.:!ae of fb1I suite anaJ)'sia. 10 conftrm 1hc identified 
dean fiD area. This samplina and analysis shall be pc.Jfonncd III Phue J. If 
contamination is found above the performance S1And31ds 1he n:movaJ procedure shall be 
dc:sc:ribed. Rather than perform a detailed samplina ond analysis plm ofthe dean fiU It 
may be economically beneficial for LANL to choose to remove the clean filJ and dispose 
ofappropriately. 

NMED suggest that DOEILANL work closely \\ith NMED AlP staffin prcparin& the class 2 
permit modification request to ensure that the level ofdetail of the ~ is adequate. 

DOEILANL must submit a class 2 permit modification request which addrlles the Items Ustccl 
above within sixty (60) calcndU' daya ofreccipt ofthis 1ener. 
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Q 
.. 

ShouJd you have:my questions regarding this lener, please contact me or Mr. John KicHng, 

HRMB's Lk"'lL Facility Manager, at (505) 827-] 558. 
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Date November 9, 1998 
Refer to. EMIER:98-442 

Mr. Benito J. Garcia 
HRMB-NMED 
P.O. Box 26110 
Santa Fe, New Mexico 87502 

SUBJECT: 	 RESONSE TO SEPTEMBER 18, 1998, LETTER FROM HRMB AND 
SUBSEQUENT MEETING REGARDING THE REQUIREMENT FOR A 
CLASS 2 MODIFICATION FOR THE POTENTIAL OPERATIONAL 
DEVIATIONS FROM THE MDA-P CLOSURE PLAN 

Dear Mr. Garcia: 

The purpose of this letter is to provide the Hazardous and Radioactive Materials Bureau 
(HRMB) additional information on the technical issues identified in the letter to Los 
Alamos National Laboratory dated September 18, 1998, from HRMB. In addition. this 
letter provides a summary of the meeting held with representatives of the HRMB and 
the Department of Energy (DOE) Oversight Bureau on October 5, 1998, and includes 
additional information. as requested by HRMB after the meeting. This information is 
included as Enclosure 1. Further, the Laboratory requests concurrence in writing that 
substituting the alternative treatment standard for hazardous debris for the verification 
standard currently contained in the approved Closure Plan does not constitute a 
modification of the plan. 

The September 18. 1998. letter from HRMB indicates that the changes specified in the 
Laboratory's letter dated July 22, 1998, regarding potential operational deviations from 
the Material Disposal Area P (MDA-P) Closure Plan were considered "unexpected 
events occurring during closure of the site." HRMB appears to be referring to safety 
and waste management operational issues regarding detonatable pieces of high 
explosive (HE) to be remediated within the MDA-P Area of Contamination (AOC). 
Although the size and concentration of detonatable pieces of HE prompted changes 
regarding operational safety, these changes have not altered the Laboratory's ability to 
meet the closure performance standard. The Laboratory believes that finding 
detonatable pieces of HE within the AOC was not unexpected as the following 
language in the approved Closure Plan explicitly refers to the presence of HE at the 
site. The plan states "One safety officer, employed by the contractor, will be 
responsible for general safety. The second safety officer, employed by Laboratory 
Technical Area (TA) 16 operations. will be responsible for evaluation of any HE 
{emphasis added] contamination in the excavated materia!." 

An EQual Opportunity Employer/OperllMJd by the Uniwrslty of CalIfomiII 
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Further, Section 6.1.1.4 of the approved Closure Plan indicates that "No changes in unit 
operating plans or design are expected that would require amendment of the closure 
plan." This section also describes an unexpected event as something that "would 
include the discovery of hazardous waste or mixed-waste residuals that cannot be 
removed or decontaminated to meet the closure performance standard or additional 
excavation and sampling that may be required (e.g., removing contaminants in cracks 
or fractures)." Finally, Table H-8 of the approved Closure Plan in Appendix H lists 
specific HE analytes relative to Method 8330 which will be used for verification sampling 
of waste generated during closure activities. In summary, the Laboratory concludes 
that there is ample language in the approved Closure Plan to support the proposition 
that the presence of HE in the AOC was not an "unexpected" event. Thus, the 
Laboratory believes that a class 2 modification of the approved Closure Plan is not 
required and consequently, should not be submitted. 

The Laboratory does recognize that any change in the schedules provided in Figures 
6-2 and 6-3 of the approved Closure Plan would require an amendment to the plan 
pursuant to 20 NMAC 4.1, Subpart VI, [40 CFR 265.112] and Section 6.1.2.2 of the 
approved Closure Plan. 

As indicated by Lee Winn of HRMB, in the October 7, 1998, telephone conversation, it 
does not appear that the Laboratory is required to submit a Class 2 modification of the 
approved Closure Plan. 

If you desire to discuss the subject of this letter, please contact Dave Mcinroy at (505) 
667-0819 or Joe Mose at (505) 667-5808. 

Enclosures: Response to Technical Issues 
Flow Diagrams 
MDA-P Site Map 
Waste Analysis Plan for Barium-Contaminated Soil 
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Responses to specific technical issues raised in the letter from HRMB dated 
September 18,1998 are addressed below. To facilitate review of this response. the 
wording on technical issues in HRMB's September 18, 1998, letter is included verbatim 
in italics. The laboratory's response follows each HRMB comment. 

RESPONSE TO TECHNICAL ISSUES 

All proposed changes to the closure plan to include high explosive (HE) handling 
processes shall be clarified using process flow diagrams and narrative 
summaries that illustrate and describe a/l waste streams and their ultimate 
disposal. 

Although process flow diagrams of waste management operations were not required in 
the approved Closure Plan, the following are included as Enclosure 2 for your 
information. 

• Excavation Process Flow 
• Process Flow for Soils 
• Process Flow for Debris 

The laboratory previously provided this information during a presentation on 
June 17, 1998, prior to submittal of our July 22, 1998, letter. laboratory representatives 
also escorted a representative from the DOE Oversight Bureau of New Mexico 
Environmental Department (NMEO) through the site on September 2, 1998. to view the 
area and an updated map of the site first hand. 

2. 	 Up to date figures illustrating the proposed new processes shall be included. 

The only "new process" proposed in our July 22.1998, letter was the proposal to 
reclaim decontamination water and water generated during waste management 
operations within the AOC, such as excavation de-watering and run-off(collected in 
sumps) from staged soil or debris. However, due to operational considerations, the 
reclamation of decontamination water and the use of a filtration system associated with 
that process will not be implemented. Hence, no new processes are being proposed. 

Waste segregation (i.e., segregating detonable pieces of HE from soil within MDA-P is 
not considered treatment: it is segregation. The Federal Register dated March 8, 1990 
(55FR, 8759) indicates that if RCRA standards were applied to each movement of 
waste already in a unit, ..... virtually no operational activities could occur at any ReRA 
land disposal unit containing hazardous waste without pretreatment of any waste 
disturbed by the operation: clearty an infeasible approach." Waste segregation is a 
common practice at RCRA corrective action sites and is necessary to facilitate final 
disposition of generated waste streams from these sites (i.e., to meet the receiving 
facility's waste acceptance criteria). 

3. 	 The filtration system and sorting pad shall meet the requirements for temporary 
units as defined in 20 NMAC 4.1, 40 CFR 264.553-temporary units, and 40 CFR 
270.42 Appendix I.D.3.e-requirements for a Class 2 permit modification. 



As previously stated, the reclamation of decontamination water and the use of a 
filtration system associated with that process will not be implemented. 

The sorting pad is contained within the AOC at MOA-P and is shown in the map 
provided as Enclosure 3. The Laboratory believes that the process of segregating 
pieces of HE from soil excavated at MOA-P clearly does not constitute treatment 
because it does not alter the chemical or physical characteristics of the waste streams 
generated (e.g., detonable pieces of HE retain their chemical and physical composition 
and contaminated soil retains its chemical and physical composition). These waste 
streams must be segregated because they are subject to different treatment standards 
and will be managed at different facilities. Environmental Protection Agency (EPA) 
policy allows repositioning of waste within the AOe without being considered newly 
generated and thus, the waste is not regulated as stored hazardous waste. In addition, 
Section 6.2.4 of the approved Closure Plan allows for segregation of waste materials. 
The excavation process flow diagram is provided in Enclosure 2. The Laboratory will 
not be operating a temporary unit to treat or store hazardous remediation waste and so 
a class 2 modification to the approved Closure Plan is not needed. 

4. 	 The state ofNew Mexico has not adopted the new land disposal requirements 
(WR's) and therefore the more conservative concentration for barium still apply. 

The Laboratory originally raised the subject of Land Disposal Restriction (LOR) 
treatment standards because the standard for barium recently changed as of 
May 26,1998, (63 FR. 28555) and the Laboratory is proposing to conduct generator 
treatment of barium contaminated soil excavated from MDA-P. As part of the newly 
promulgated Phase IV LOR treatment standards, EPA re-evaluated available treatment 
performance data from wastes containing Significant concentrations of barium. (The 
barium concentration in soil proposed for generator treatment at MDA-P ranges from 
100 to 2,500 mg/L.) As a result, EPA changed the barium treatment standard from 7.6 
mg/L to 21 mg/L because it "better reflects the diversity of metal-containing waste 
streams and their treatment." In addition, the Phase IV LOR treatment standards added 
the requirement to identify underlying hazardous constituents (UHCs) reasonably 
expected to be present in metal-bearing wastes. Phase IV indicates that "the more 
stringent HSWA portion of this rule will become effective at the same time in all states." 

HRMB has indicated that the Laboratory is required to comply with the "more 
conservative concentration for barium". Although the treatment standard for barium in 
20 NMAC 4.1, Subpart VIII is 7.6 mg/L (which is more conservative than Phase IV), it is 
also less stringent than Phase IV because it does not require the identification of UHCs 
for metal-bearing waste. To further complicate the issue, the Laboratory's site-wide 
background for barium in soil is 295 mglkg. Thus, it would be exceedingly difficult for 
the Laboratory to meet the LOR treatment standard of 7.6 mg/L for native 
uncontaminated soil. 

Since the Laboratory cannot meet HRMB's LOR treatment standard of 7.6 mg/L, we are 
requesting HRMB's use of discretionary authority to invoke a "no longer contained in" 
determination that would essentially adopt EPA's newly promulgated treatment standard 
of 21 mg/L and UHCs. That is, soil treated to meet the Phase IV LOR treatment 
standard of 21 mg/L and UHCs would be determined to no longer contain the 
characteristic hazardous waste (D005-barium at 100mg/L). This option would allow the 



Laboratory to manage the waste as New Mexico special waste and meet off-site waste 
acceptance criteria and the federal regulatory requirement without compromising 
protection of human health or the environment. An example of EPA codifying the 
"contained in rule" for characteristic hazardous waste is provided at 40 CFR 261.3(f) 
which allows the Regional Administrator to determine when the debris is no longer 
contaminated with hazardous waste. 

5. 	 If the proposed hand-sorting pad is constructed over an existing potential release 
site then using this area for baseline sampling is not acceptable. 

The intent of sampling any contaminated location (Le., those areas that overlap existing 
SWMUs) was simply to determine whether the closure activities to be conducted at . 
MOA-P affected the area, above or beyond existing contamination derived from nearby 
Laboratory operations that are not related to MOA-P (refer to section 4.1.2 of the 
approved Closure Plan). 

6. 	 LANL shall include waste analysis plans (WAP's) for all waste streams including 
filters and soil generated from the sorting operation. A WAP may not be 
necessary for the decon water used in steam cleaning the debris if a/l LDR 
requirements for debris altemative treatment standards are met. These WAP's 
shall include sampling for underlying constituents and radioactivity. 

The approved Closure Plan does not require waste analysis plans for aU waste streams 
generated as part of closure activities at MOA-P. Uncontaminated soil is not considered 
a solid waste in the sense of being abandoned, recycled, or inherently waste-like as 
those terms are defined in the regulations, but rather is an environmental medium. EPA 
policy interprets its regulations to require that environmental media which contains 
hazardous waste must be managed as hazardous waste. Soil segregated as part of the 
excavation process will be field screened for volatile organiC compounds, radionuclides. 
asbestos, barium and quantitatively analyzed for HE using approved or proposed SW
846 methodologies including 8515 for nitroaromatics [TNT and nitroamines] and 8510 
for ROX. NOTE: Method 8510 is a proposed SW-846 method that may not be approved 
until spring of 1999. These qualitative and quantitative screening techniques will be 
utilized to initially segregate hazardous waste soil (0005 and/or 0003) from non
hazardous waste soil. Segregated soil is not expected to be considered an explosive 
characteristic hazardous waste (0003): however. initial quantitative screening and fixed 
laboratory analysis (Method 8330) will confirm this determination. All stained soil will be 
segregated and managed separately. 

A WAP is provided as Enclosure 4 in accordance with 20 NMAC 4.1. Subpart VIII [40 
CFR 268.7(a)(5)] for generator treatment of barium-contaminated soil. The WAP 
includes language on waste generating activities, describes the waste to be treated in a 
less-that-9O-day accumUlation area, describes the treatment process, and includes 
verification sampling and analysis to ensure that the treated waste meets LOR 
standards. WAPs should not be required for generated waste excavated from MOA-P 
unless subsequent treatment will be conducted, as in the case of barium-contaminated 
soil. 

The Laboratory concurs that a WAP would not be required if the Laboratory chose to 
invoke the alternative treatment standards for hazardous debris specified in 20 NMAC 



4.1, Subpart VIII, [40 CFR 268.45]. However, the Laboratory requests concurrence in 
writing that substituting this alternative treatment standard for the verification standard 
currently contained in the approved Closure Plan for debris does not constitute a 
modification of the plan. 

7. 	 Closure performance standards of SAL's or risk based clean up levels shall be 
met. If limited excavation of the tuff is proposed, additional sampling shall be 
proposed where contamination is below SAL's or risk based Clean up levels is 
left in place. 

The Laboratory will meet the closure performance standards as specified in the 
approved Closure Plan. Section 6.2.4 of the approved Closure Plan states "After the 
waste pile is removed, excavation will continue into the underlying subsoils and tuff . 
... Excavation will continue until the closure standards are thought to have been 
reached. This over excavation is estimated to be approximately 2 ft deep .... Some 
areas will be excavated to different depths than others." The Laboratory did not 
propose limited excavation of tuff, but rather indicated that the presence of highly 
welded tuff underlying MDA-P may make "over excavation" of the tuff difficult. Further, 
the Laboratory included a description of "clean fill" in the July 22, 1998, letter to identify 
fill materials used during the initial construction of the 387 Bum Pad. The morphology 
of MDA-P cannot simply be viewed as the extent of the waste pile, therefore, our 
description was meant to inform HRMB of the revision of the conceptual model. 

As agreed in the meeting on October 5, 1998, verification that the MDA-P closure 
performance standard has been met pursuant to the approved Closure Plan is part of 
Phase 2 and will be negotiated through future meetings with HRMB, as appropriate. 
The approved Closure Plan states "The Laboratory will obtain NMED approval for the 
number and location of boreholes to be used to define the vertical extent of 
contamination. " 

8. 	 LANL shall provide an adequate sampling and analysis plan which addresses 
depth (e.g. every 2 feet), location, and percentage of full suite analYSis, to 
confirm .the identified clean fill area. This sampling and analysis shall be 
performed in Phase I. "contamination is found above the performance 
standards the removal procedure shall be described. Rather than perform a 
detailed sampling and analysis plan of the clean fill it may be economically 
beneficial for LANL to choose to remove the clean fill and dispose of 
appropriately. 

Determination of whether the closure performance standard has been met is a Phase 2 
activity that will be conducted in accordance with section 4.2.1 of the approved Closure 
Plan. The Laboratory has previously indicated that there is a large volume of clean fill 
that composes the morphologic feature of MDA-P. Once all debris and obviously 
contaminated soil or tuff has been removed from MDAP, confirmatory samples will be 
collected from the exposed surface and downslope from the former waste pile to assess 
whether the concentrations of the remaining soil (i.e. the "clean fiU") and tuff are below 
acceptable levels and the closure performance standard has been met. 

The Laboratory believes that the approved Closure Plan adequately covers sampling 
and analysis of the "clean fill"; therefore, an additional sampling and analysis plan will 



not be submitted, and the sampling and analysis will not be performed in Phase 1. 
Section 1.1.2 of the approved Closure Plan outlines a contingent approach that may be 
followed if any remaining Appendix VIII constituent concentrations equal or exceed the 
criteria specified in the plan that allows soil and or tuff to be left in place. The 
Laboratory will address any Phase 2 issues, as appropriate, through future meetings 
with HRMB. 

During a telephone conversation on October 7. 1998, with the Laboratory 
representative, Holly Wheeler-Benson and Lee Winn of HRMB, additional information 
was requested by Ms. Winn on behatf of HRMB. The following issues raised by Ms. 
Winn are addressed in the Laboratory's response to the September 18, 1998, letter from 
HRMB provided in the text above. 

• 	 Provide a response to items #1 and 2 in the September 18, 1998 letter from HRMB. 
• 	 Reiterate that a change in schedule regarding closure activities at MDA-P would 

require modification of the approved Closure Plan. 
• 	 Indicate how the Laboratory knows that segregated soil would not be explosive 

characteristic hazardous waste (0003). 

The following additional issues raised by Lee Winn are address below 

• 	 Provide clarification regarding generator treatment. Indicate when the Iess-than-90
day start date begins. 
Indicate how the clean and treated soil and debris waste will be containerized at the 
staging area(s). 

• 	 Discuss de-watering of barium contaminated soil (presumably during generator 
treatment). 

• 	 Include characterization information regarding process waste streams generated. 
• 	 Indicated how barium sands will be managed. 

Generator treatment will occur at Staging Area 1 identified in Figure 2-4 of the approved 
Closure Plan in accordance with 20 NMAC 4.1, Subpart V, [40 CFR 264, Subpart I]. 
Atthough the approved Closure Plan indicates that on-site treatment of contaminated 
soils will be conducted in tanks meeting the requirements of 20 NMAC 4.1, Subpart V 
[40 CFR 264.192 through 264.199] it goes on to describe the treatment process as 
follows: "The soil will be loaded into a hopper and placed in a mixer. It is expected that 
12-yd3 batches will be mixed using mix equipment similar to a Maxon Paddle Mixer or 
possibly a 1 O_yd3 cement mixer truck. The mixer will be placed in a secondary 
containment system consisting of an 80-mil HOPE liner with 4-in. curbing made of 
wood. The equipment will be supported with a concrete pad.· This deSCription of the 
mix equipment fits the definition of a container, as it is a portable device, rather than a 
tank meeting 40 CFR 264.192 through 264.199 standards. The less-than-9O-day start 
date for generator treatment of barium-contaminated soil at a less-than-9O-day 
accumulation area will begin when the waste leaves the AOC, which is currently 
designated as the "exclusion zone boundary" on the map provided as Enclosure 3. The 
Laboratory will remove all debris and obviously contaminated soil associated with 
operations at MOA-P as part of Phase I, even if it is found outside of the exclusion zone 
boundary identified in Enclosure 3. Additional information regarding the proposed 



generator treatment of barium contaminated soils is included in the Laboratory's 
response to #6 above and in Enclosure 4. 

Non-hazardous waste soil, treated formerly characteristic hazardous waste, and debris 
will be staged on a aD-mil high-density polyethylene (HPDE) liner overlain by a 
protective layer of soil and gravel and bermed to contain any liquids. Non-hazardous 
waste soil and treated formerly characteristic hazardous waste will be covered with a 
tarp or other appropriate cover until verification sampling results are received and the 
waste is placed in dump trucks for off-site disposal. 

At the point when these waste streams a re staged outside of the AOC (for 
non-hazardous waste soil and debris) and after generator treatment of 
barium-contaminated soil, the waste would be considered "solid waste" pursuant to 20 
NMAC 9.1, Section 105BV. Non-hazardous waste soil and debris staged outside of the 
AOC is considered "construction and demolition debris" pursuant to 20 NMAC 9.1, 
Section 105.T and does not require containerization. On October 27,1998. Alex Puglisi 
of the Hazardous and Solid Waste Group contacted Charles Hules of the Solid Waste 
Bureau requesting a determination of whether treated formerly characteristic hazardous 
waste could be staged on a HPDE liner overlain by a protective layer of material, 
bermed to contain liquids and covered with a tarp or other appropriate cover. Mr. Hules 
indicated that the Laboratory could use provisions similar to those provided for 
petroleum contaminated soil to stage this waste stream prior to off-site disposal, 
provided that it was protective of the environment and the public health. welfare and 
safety and provided that it could not be discharged to surface water and would not be 
disbursed into the air (thus, the cover). 

Section 6.2.6 of the approved Closure Plan indicates the treated barium-contaminated 
soil is expected to produce a moisture-free stabilized soil that will pass the paint filter 
test. Both treatment equipment and the treated formerly characteristic hazardous waste 
soil will be covered with tarps or other appropriate cover to prevent storm-water 
infiltration. Treatment and subsequent staging of the treated soil will be on a HPDE 
liner overlain by a protective layer of soil and bermed to contain water. Generator 
treatment of barium contaminated soil is described in the Waste Analysis Plan provided 
as Enclosure 4. 

Process waste such as sludge or sedimentation generated from storage of 
decontamination water or storm-water will be characterized once it is generated. 
Decontamination water will be collected. sampled, and analyzed as specmed in 
Sections 4.3.1 and 4.7.1 of the approved Closure Plan. As specified in Section 6.2.6 of 
the approved Closure Plan, water run-off will be collected, sampled. and analyzed for 
the waste constituents present in the waste pile as discussed in Section 4.7.1. All 
process waste streams will be managed based on sampling results. 

Any residues from previously burned barium sands, historically disposed within 
MDA-P, would not be discemable from other soil. 
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Enclosure 4 Waste Analysis Plan for Barium-Containment Soil 
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Introduction 

This waste analysis plan (WAP) presents information on the chemical and physical nature 
of waste soils to be treated at Los Alamos National Laboratory's (LANL) Technical Area 
16 (fA-I 6), Material Disposal Area P (MDA-P). This plan is designed to fulfill the 
requirements listed in Title 20 of the New Mexico Administrative Code. Chapter 4, Part 1 
(20 NMAC 4.1), Subpart VITI and 40 CFR 268.7 (a) (5). These regulations specify that a 
generator treating prohibited waste in tanks or containers must develop and follow a 
written plan as regulated under 20 NMAC 4.1, Subpart mand 40 CFR 262.34. 

The MDA-P at TA-16 was operated as a disposal site for rubble and debris from 1950 to 
1984. The majority ofdisposed materials consisted ofresidues and noncombustible 
debris resulting from burning high explosives (HE) and HE -contaminated equipment, 
building materials, and other trash. After burning, the material was pushed over the edge 
of the south wall ofCanon de Valle. This accumulated material is the waste pile 
undergoin! remediation. It is currently estimated that MDA-P contains 11,000 cubic 
yards (yd ) ofwaste materials, including soil and debris. All waste materials will be 
removed in their entirety in accordance with the Closure Plan approved by the New 
Mexico Environment Department in February of 1997. 

The waste to be treated in a <9O-day area will be composed primarily of soil 
contaminated with barium and potentially contaminated with debris less than 60 
millimeters (mm) and residual HE compounds. Debris will consist ofnative rock,. 
concrete, wood, metal, and friable or non-friable asbestos. Treatment will be 
accomplished using the best-demonstrated available technology (BDA T) for barium 
contaminated soil. The waste analysis information described in this W AP is specific to 
the generator treatment requirements for the waste soil generated and treated at MDA·P. 
Specific waste analysis requirements include the following: 

• 	 identification ofhazardous or mixed waste under management, based on detailed 
chemical analyses ofrepresentative samples (note - no radiological contamination 
has been detected to date); 

• 	 pre- and post-treatment waste characterization; 

infonnation necessary to treat the waste in accordance with 40 CFR 268.7 <a> (5); 
and 

• 	 verification ofcompliance with treatment objectives. 

Waste Analysis PIID 4..doc 2 	 11102'98 



Waste Generating Activity 

The soil wastc will be generated during closure activities at MDA-P. All materials in 
.MDA-P will be excavated and screened to remove debris >6-inches in diameter. Debris 
greater than 6-inches in diameter will be decontaminated according thc approved Closure 
Plan. Soils and residual debris <6 inches in diameter will be transponed via conveyor to 
a soning area where all visible pieces ofHE will be segregated by hand by trained. 
professional technicians. The soils will then be field screened for volatile organic 
compounds, radionuclides, asbestos, and quantitatively analyzed for HE and barium. The 
HE screen wiH comply with SW-846 methodologies 8515 and 8510 (proposed) for 
nitroaromatics, e.g., TNT, and nitramines, e.g., RDX, respectively. The barium screen 
will use a portable X-ray fluorescence (XRF) instrument. Any visible staining or other 
physical characteristics will be noted and the suspect soils segregated and sampled per 
the Closure Plan. 

The fieJd screening and XRF results will constitute the pre-treatment characterization of 
total bariwn concentration to determine which soils will be treated in a <90 day 
accumulation area. A correlation analysis established from analyses ofbarium 
contaminated soils from .MDA-P, indicates that a total barium concentration of3,400 
pans per million (ppm) is approximately equivalent to 100 milligrams per liter (mgIL) of 
soluble barium as determined by the Toxic Leaching Characteristic Procedure (TCLP). 
For treatment purposes, soils containing more than 2,000 ppm oftotal barium by XRF 
(the maximum uncenainty ofthe XRF instrument is::!: 100 ppm) will be separated for 
treatment. All soHs will be segregated and staged in lined, bermed areas fOT treatment and 
subsequent sampling and verification analysis. Soil containing less than 2,000 ppm of 
total bariwn by XRF will be stockpiled nearby and managed as solid waste. Other soils 
suspected ofbeing contaminated, based on results offield screening will be segregated 
and staged in a lined, benned area. Final disposition ofall soils will depend on 
verification analyses. 

Description of Waste 

It is anticipated that approximately 3,000 yd 3 ofsoil will be excavated from MDA-P that 
exhibits the toxicity characteristic fOT barium (EPA hazardous waste code 00(5). Results 
of test pit sampling ofMDA-P conducted in December 1997 indicated that barium 
concentrations in soil range from 10 to 2,300 mgIL by TCLP analysis. Laboratory 
analyses of samples collected from the test pits indicate that no underlying hazardous 
constituents (UHC) are present in concentrations that exceed the Universal Treatment 
Standards (Federal Register 28SSS May 26, 1998; CFR Pan 268.48). These results are 
consistent with prior sampling and analyses reponed in the Closure Plan. Therefore, 
UHCs are not reasonably expected to be present in soils designated for treatment. These 
barium-contaminated soils are anticipated to consist ofJIE residue « 1% by weight), 
fragments ofnon-friable asbestos, metal, concrete. woocl. and native rock, and barium 
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contamination that ranges from 100 to 2,500 mgIL. 

Soil Treatment Processes 

The selected treatment process for the barium-contaminated soil is stabilization of the 
barium by a dry treatment method. This will be accomplished by the addition and mixmg 
of a reagent consisting ofportland cement and calcium sulfate to the soil. A treatability 
study will be conducted on various concentrations ofbarium contaminated soils to find 
the optimum ratio ofreagent to soil for treatment. The treatment process will consist of 
the following steps. 

The soil will be screened with an XRF instrument to determine the barium 
concentration in the soil. Based on the XRF measurements, the barium-contaminated 
soils will be grouped into one ofthree groups. Groups I, n and m will contain total 
barium concentrations up to 10,000,30,000 and 60,000 pp~ respectively. 

2. 	 All barium-contaminated soil will be transported to the treatment area by a wheel 
loader. Within this lined and benned area, the soil will be screened to remove all 
debris and rocks >60 mm. The rocks and debris will follow the standard path of other 
debris from MDA-P. Soil stabilization treatment will take place in a trailer-mounted, 
auger-type mixer designed for soil mixing in distinct batches. Barium-contaminated 
soil and the appropriate amount ofreagent will be placed into the equipment and 
thoroughly mixed. Treatment Groups I, II and ill will be mixed with stabilization 
reagent of approximately 2 percent, 4 percent, and 6 percent reagent by weight, 
respectively. 

3. 	 After mixing, the material will be removed and transponed to a lined, benned staging 
area, placed in 100 cubic yard lots, and covered or sprayed with a surface stabilizer to 
prevent infiltration, runoff, and resuspension. Each lot ofsoil will be assigned a 
unique identifier number and labeled for management purposes. 

4. 	 Each lot of treated soil will be sampled for verification of the treatment process. 

Analyses will comply with specifications described below. 


S. 	 Upon receipt ofthe analytical data, a waste determination will be made for each lot of 
barium-contaminated soil. If the treated soils meet the treatment objectives, the lot of 
soil will be shipped offsite to an approved disposal facility. Treatment objectives will 
comply with treatment standards for hazardous wastes (40 CFR Part 26.40) as set 
forth in the Land Disposal Restrictions Phase IV: Final Rule Promulgating Treatment 
Standards for Metal Wastes and Mineral Processing Wastes (Federal Register 28555 
May 26, 1998). 

The site-specific health and safety plan (SSHASP) prepared for the MDA-P Closure 
includes tasks associated with generator treatment ofbarium -contaminated soils. The 
SSHASP evaluates all potential hazards to human health and the environment and 
describes mitigating measures to minimize or eliminate these hazards. All personnel 
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involved in the treatment activity will be trained in the SSHASP and a site safety officer 
will oversee treatment activity operations. 

Waste Sampling and Analysis 

Each 100 cubic yard lot of treated soil will be sampled and analyzed to determine that the 
wastes meet final land disposal restrictions and the waste acceptance criteria of the 
receiving facility. Sampling will be conducted by LANL, ESH-19 personnel and 
conducted according to LANL standard operating proced1D"CS to ensure that a 
representative sample is collected. Each 100 cubic yard lot will be sampled and analyzed 
for TCLP, HE, radionuclides, and asbestos. The first and each subsequent fourth 100 
cubic yard lot will be sampled for pH, flashpoint, free liquids, total volatile organic 
compounds, semi-volatile compounds, reactive cyanide and sulfide, organochlorine 
pesticides, polychlorinated biphenyls (PCBs), dioxin, and chlorinated herbicides. An 
accredited laboratory under contract to LANL will perform all anaJyses. 

Waste Certification 

When it has been determined that the treated soils meet UTSs (Federal Register 28555 
May 26, 1998) for land disposal, the treated, essentially decharacterized waste soils will 
be shipped offsite to a landfill permitted to accept such special wastes. It is anticipated 
that most treated soils will go to the Waste Management Industrial Services Inc.• facility 
at Rio Rancho, New Mexico. This facility can accept special wastes with non-friable 
asbestos, as well as friable asbestos less than 1 percenL Iffriable asbestos exceeds 1 
percent, a disposal facility in Arizona may be used. Treated soils that do not meet the 
urs may be shipped to a facility in California permitted to accept such wastes. Shipping 
manifests with analytical results will be provided for the transporter ofthe waste material 
to be submitted to the disposal facility. 

A notice and certification will be prepared with information required under 20 NMAC 
4.1, Subpart VUl, and 40 CFR 268.7 (a) (3) for the initial shipment of waste sent for land 
disposal. Subsequent shipments will include sample documentation and unique manifest 
numbers for each shipment ofwaste. A one-time notification and certification to the 
New Mexico Environmental Department will be submitted by the end of the calendar 
year. This submittal will include information specified in 20 NMAC 4.1, Subpart VITI, 
and 40 CFR268.9 (d). 

All anaJytica1 results completed in suppon ofsuccessful treatment of the waste and for 
LDR notification and certification will be retained in the project operating record and 
copies presented to the appropriate LANL Group. 
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CertJned MaD 
Return Receipt Requested 

March 10, 1998 

Mr. Theodore Taylor, Prcglllm Manager 	 Dr. John C. Browne, Oirec:tar 
Los Alamos Area Oftk::e 	 Los Alamos National LaboratOl)' 
Oepa~ntofEne~ 	 P. O. box 1653, MS A100 
528 35" Street. MS A31e 	 Los Alamos, New Mexico 87546 
Los Alamos, New Mexico 87544 

R.: 	 Reply to the DOEllANL November 9, 1998 (EMlER:98-442) letter regarding the MDA..p 
Closure Plan and correspondence related to operation devlado... 

Dear Mr. Taylor and Dr. Browne: 

The Hazardous and Radioactlve Materials Bureau (HRMB) has reviewed the DOEllANl November a, 
1998 (EMIER:98-442) letter regarding the MOA-P Closure Plan modffiCGtion clariftcatfons and provJdea 
comments In Attachment A 

Based on review of OOEn..ANL's reply to comments, the Closure Plan requires a Class I pel"d 
modification for these operational deviations. The specifics for the modification are deRneated In 
general comment number 1 of the attachment The New Mexico Hazardous Waste Fees (20 NMAC 
4.2) section 201.6· Permft and Closure Plan Modification Fees specifieS every facmty whIch requests a 
Class I modification for which prior written approval by NMEO Is required by .040 CFR 270.042(a) (2) 
fmcorporated Into 20 NMAC 4.1.900) shall pay the basic f~e for Class I modification set forth In Table 
2.4. For a Class I modification the Basic Fee is $1000. Based on HRMS's current understanding oftN 
proposed operational deviations, OOE'JL6.Nl has d~scribed four (4) changes resulting In a Class I 
modifications with a total associated fee of $1,000. 

Furthermore, aD comments In Attachment A which do not require a permit modification shal be 
addressed as a reply tQ this correspondence. 

Should you have any questions regarding this letter, please contact me at (505) 827- 1567 extension 
1015 or Mr. John Kienng, HRMS's LANL Facility Manager, at (505) 827-1558 extension 1012. 

Sincerely. . 

~~ 

L Hazardous and Radioactive Materials Bureau 

BJG:1w 

http:OOE'JL6.Nl


Lot AlaInOll National L.aboratoIJ 
NM0890010511 

Mlrc:h 10, 1911 
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CC wi attachments: 
J. Canepa, LANL EMlER, MS M992 
J. Davis, NMED SWQ8 
S. Dinwiddie NMED HRM8 
J. Ellvinger, LANL ESH-19, MS K490 
M. Johansen. DOE LAAO, MS A318 
J. KieRng, NMED HRM8 

L VVinn, NMED HRM8 

M. Kirsch, LANL EMlER. MS M992 
S. Kruse, NMED HRMB 
H. LeDoux. DOE LAAO, MSA318 
D. Mcinroy, LANL EMlER, MS M992 
D. Nelefgh, EPA. 6PD-N 
J. Parker, NMED DOE 08 
J. Plum, DOE LAAO, MS A318 
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AnACHMENTA 

COMMENTS ON DOElLANL NOVEMBER 9, 1998 (EMlER;98-442) LEITER 


TA -16,MDAP 


GENERAL COMMENTS: 

1. 	 11/9/98 letter Paragraph 2, p.g.1; "'The September 18, 1998, letter from HRM8 Indicates that 
the changes specified in the Laboratory's letter dated July 22; 1998, regarding poten .... 
operational deviations from the material Disposal area P (MOA-P) Closure Plan were considered 
unexpected events occurring during closure of the sHe. HRMB appears to be referring to safe~ 
and waste management operatlonallssues regardIng detonatable pieces of hIgh exploslv .. 
(HE) to be remediated within the MOA-P Area of contamination (AOe).

1119/98 letter Paragraph 1, plge 2: -Further. Section 6.1.1.4 of the appmved Closure Plan 
indicates that -No changes In unit operating plans or design are expected [emphasis added] that 
would require amendment of the closure plan.. This section also describes an unexpected 
event as something that "Would include the dIscovery of hazardous waste or mtxed-wastll 
residuals that cannot be removed or decontaminated to meet the closure performance standard 
or additional excavation and sampling that may be required (e.g •• removing contaminants In 
cracks or fracturea).

HRMB RESPONSE TO DOElLANL 11/9/9' LETTER: 

NMED concurs that these operational deviatJons were not unexpected events. The reference to an 

unexpected event is an example not II definition. However, NMED sees a number ofchllnges in the plan 

which require modification. They BIB 8S follows: 


a} The treatment or verification stllndard for the hazardous debris currently contained in IhfI 

approved Closure Pllln per 40 CFR 268.45(8)(1). Tllble 1(A)(1)(e) anows for high pressure 

steam lind water sprays to remove hazardous contaminants from debris surfaCBs or to I8moV. 

contaminated debris surface laye,... The allematlve treatment standard Is for Lend Disposal 

Restrictions (LDR) consequently, II waste determlnatJonldlsposallssue and dQflS not affect the 

closure of the unit but how the removed waste is decontaminated, classified. and disposed. 

Therefore. because this LDR treatment standard Is part ofRCRA regu/atJon for hazllrdous debris 

it will not constitute a modificallon ofthe plan. However, the sampling ofthe decon water 

ContraolCts the standllrd In section sbt. This typographical errormust be cJlllifjed and wll require 

a class I perm" moeJificatJon -reference 20 NMAC 4.1 sectJon 270.42, Appendix I (a)(2): 

correction of typographical emn. 


b) 	 not meeting the apPlOved closure schedule w/lhout the Secretary's applOvaJ [Reference bunet 
numberseven on page two ofDOEA.ANL's July 22. 1998 EMlER:9B-232, potential operational 
deviaUons from the MDA P Closure Plan. The schedule for project completion Is currentty 
unknown, but may require II plan modificatIon if It deviates from the original schedule specified 
In Figures 6-2 and 6-3 of the approved Closure Plan.] 

It appears that there will be no way DOEA..ANL will be able to meet the time requirements for 
removal and ~ure 115 specirl8d In the Closure Plan. The Clo8uffJ Pllln proposes 26 montha 
(with risk assessment) to complete Phase I and Phase 11 of the Closure Plan. Phase IlncJud8ll 
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removing waste from the waste pi1e and was estimated to be 17 months frem the time the 
Closure Plan was submitted. Ifgiven additional time and having the 17 month time clock begin 
after Closure Plan approval which occurred on February 20, 1997, phase I should have been 
completed by July 20, 199a To complete final closure activll/es/n accordance with the 
Closure Plan a 26 month time from the time ofClosure Plan approval (February 20, 1997) would 
be on April 20, 1999. Tha faciJiry has missed the removal date ofJuly 20, 1998 and. 
modiflCBtlon to the Closure Plan will be required for the new schedule. This wiI require a class I 
permit modification -reference 20 NMAC 4.1 section 270.42, Appendix I (d)(1)(b): changes in the 
dosut8 schedule for any unit changes in the fmal dosure schedule for the facility, or extension 
of the dosure period. WIth prior approval of the Directat'. . 

c) proposIng fewer samples than the approved Closure Plan [Reference bunet number five on pa(Jfl 
two ofDOEILANL's July 22, 1998 EMlER:9B-232, potential operational deviations from the MDA 
P Closure Plan- A large volume of clean faD that composes the morphologic feature of MOA P 
wm not be removed, but wm be sampled during the Phase II verfbUon actJvJUea. The entire 
southem part of the morphologic feature of MOA P Is composed of apparently uncontaminated 
!;oils placed during the Original constructfon of the burning grounds In 1950. Waste disposal 
occurred over the leading edge of the soDa and aggregated over time. and bullet number 6 on 
page fINO -The estimated number of soD samples to be conected during Phase I Wll be 
proportfonaJ to the reduced esUmated volume of waste to be excavated, segregated and 
~nagedJ 

The closure plan defines the amount ofsamplIng ofwaste as a percel'!tage of 100 yd' batchea 
based on an estImated volume ofapproximately 30.000 yd' (reference paf1fl4-3 ofepproved 
Closure Plan). Because the original estimated proposed volume has changed this operational 
deviation will require e penni modirlCBtJon. This will require a class I perrn/l modificatIon .. 
reference 20 NMAC 4.1 sectlon 270.42, Appendix I (d)(1)(a): changes in the estImate aI 
maximum extent ofoperatIons ofmaximum Inventory of waste on-site at any time during the 
active life of the facil1ly. with prior approval 01 the Director. Furlhermot8, HRM~ emphasize.: 

1) that Ibced analytical sampnng will sUI/ be performed prior to waste being removed 
from the soil before excavation orafter if has been removed to the top of the meA 
(Page +3 • 4-4 ofapproved Cbsure Plan). and 

2) thet fIXed analytical sampnng wilt still be performed prior to waste being removed 
from the area ofconcem (AOC) (reference sectlon 6.3.2 Management ofGenerated 
Waste. page 6-28 01 the approved Closure Plan. 

d) 	 apparent proposed treatment ofo.ther waste than from the MDA-P waste pile as specified In the 
approved Closure Plan (section 6.2.6). for example waste or soils from the proposed VCA PRS 
16-016(c). Thla will require a class I perm1l modiflCBtion -reference 20 NMAC 4.1 section 270.42
Appendbc I (d}(1)(a): changes in the estimate ofmaximum extent ofoperations 01maximum 
inventory 01 waste OIrSJ1e at any time during the active hYe of the facUlty. wllh prior approval aI 
the DiredDt'. 

Furthermore, DOEA..ANI.. may choose to perform the confirmation porlion 01 the VCA plan dudng 
phase 2 of the approved Closure Plan aftar the HE sorllng pad Is t8moved because 8 porllon ~ 
the PRS Is undemeath the HE sorting pad and wil not achieve NFA until this portion Ia 
investigated. . 
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RESPONSE TO TECHNICAL ISSUES IN DOElLANL 1119198 LETTER: 

1. 	 HRMS original Issue: All proposed changes to the Closure Plan to include high explosive (HE) 

handling processes shan be clarified using process now diagrams and narrative summaries that 

171ustrate and descflbe all waste streams and their ulUmate disposlll. 


HRMB RESPONSE TO DOElLANL 11/9/9B LE7TER: 

Response acceptable to HRM& 

2. 	 HRMS original Issue: Up to date Ogures illustrating the proposed newprocesses shaD be 

included. 


HRMB RESPONSE TO DOEILANL 11/9/9B LETrER: 

Response acceptabla to HRM& 

3. 	 HRMB original Issue: The filtration system and sorting pad shaD meet the requirements for 
temporary units as defined In 20 NMAC 4.1, 40 CFR 264.553 • temporary units, and 40 CFR 
270.42 Appendix I.D.3.e· requirements for a Class 2 pennll modification. 

HRMB RESPONSE TO DOEILANL 11/9J9B LETTER: 

Response acceptable to HRM& 

4. 	 HRMB original Issue: The state ofNew Mexico has not adopted the new land disposal 
requirements (LDR's) and there~ore the more conservative concentration for barium still applies. 

Reference bullet number two on page two of DOEn..ANl's July 22,1998 EMlER:9a..232, potential 
operationaJ deviations from the MDA P Closure Plan·"The land disposal treatment standard for 
barium has changed as of May 28. 1998 (63 FR 28555). Because bartum contaminated soD wII 
be stabiraed onsite, the Laboratory requests a determination of whether It should use the updated 
treatment standard for industrial hazardous waste or whether it could use the new soD treatment 
standard of a 90% reduction of the concentration of hazardous con~utuents capped at 10 tlma 
the universal treatment standard.

HRMB RESPONSE TO DOEILANL 111919BLETTER: 

Tha NMED wOlapprove a new regulatory dustar that Indudes tha new land disposal treatment 
standard for barium this Spring. Therefore, HRMB will allow the early adopUon ofthis standard for 
barium. Allowing tha standard to be adopted a few months earfTar wOlin no way be lesa 
protective ofhuman health and the environment However, for the barium waste being treated 
during removal oftha waste pHe DOElLANL must use the new soH treatmant standard for 
industrial hazardous wasta, for contamInated environmental media (l.e. tull, soil). During Phasa " 
the new environmental media treatment standard Is app/lcable. 

PIIge S "". 
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5. 	 HRMB original Issue: If the proposed hand.sorting pad is constructed over an existing potential 

release site then using this area for baseline sampling is not a~eptabJe. 


HRMB RESPONSE TO DOElLANL 11/9/98 LETTER: 

Response acceptable to HRMB. 

6. 	 HRMB original Issue: LANL shaH Include waste analysis plans (VVAP's) for all waste strea". 

including filters and son generated from the sorting operaUon. A WAP may not be necessary for 

the decon water used in steam cleanIng the debris if aU LDR requirements for debris altematlwt 

treatment standards are met These WAP's shaH Include sampDng for underlying constituents 

and radioactivity. 


HRMB RESPONSE TO DOElLANL 11/9/98 LETTER: 

Response acceptable to HRMB. 

7. 	 HRMB original Issue: Closure performance standards of SAL's or risk based clean up leve. 
shaD be met If limited excavation of the tuffIs proposed, additJopa/ sampRng shall be proposed 
where contaminaUon Is below SAL's or risk based clean up levels Is leff In place. 

HRMB RESPONSE TO DOElLANL 1119198 LETTER;. 

It Is understood that the MDA-P verifIcaUon ofclosure performance standards Is part ofPhase 2 
and will be negoUated through further meetings WJlh HRMB. However since over excavaUon at 
the welded tuffmay not be possible. DOEILANL shaD Tenect this In the Phase 2 sampRng and 
analysis, as well as posSIble alternative remediation strategies for the welded tuff. to meet the 
closure performance stsndanl. 

8. 	 HRMB original Issue: LANL shall provide an adequate sampOng and analysis plan which 
addresses depth (e.g. every' 2 feet), location, andpercentage of fun sulta analysis, to confirm the 
identified clean fill area. This sampRng and analysis shoH be performed In Phase I. " 
contamination is found aboWt the performance standards the removal procedure shaD be 
descnbed. Rather than perform B detailed sampling and analysis plan of tha clean fill It may be 
economically beneficial for LANL to choose to remove the clean fiR and dispose of appropriately. 

HRMB RESPONSE TO DOEILANL 1119198 LETTER: 

nseems that the sampling descn"bed In tha approved Closure Plan mada no provision for -clean 
fi1r and wiJ/ not adequately verify that the -clean fill" was not actually contaminated wasta and patt 
of the waste p17a. It Is acceptable to NMED to propose a new sampRng and analysis (S & A) plan 
to characterize the -clean fill" in Phase 2. The new S & A plan should provida a sampDng location 
map with proposed sampRng points and Include sampling at different depths rather than Just the 
top 12 Inches. nIs understood that some of the -clean fi1r was moved to the top of the mesa and 
used to build the treatment pads. The new S & A plan for the -clean flll'shouid Include that 
portion which was moved to the mesa top. 

".ge 8 al7. 
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HRMS TELEPHONE CONVERSATlON COMMENTS NOT ADDRESSED ABOVE: 

Provide clarification regarding generator treatmEnt Indicate when the less-than-9O-day start date 
beglnL 

Indicate how the clean and treated soD and debris waste wnJ be ~ontainerized at the staging 
areaC.). 

Olscuss de-watering of barium contaminated soli (presumably during generator treatment). 

Include characterization information regardlng process waste streams generated. 

Indicate how barium sands wW be managed. 

HRMB RESPONSE TO DOEILANL 11/9/9. LETTER: 

Regarding the SO-day start date, there Is no time Omll to treat the waste except for the scheduled dosure. 
However. once treatment ofa specifIC batch begins that batch must be treated to meet LDR standard$, or 
Ifnot treated to LDR, must be removed to a RCRA pennltted storage facility wllhtn 90 days form the first 
time the batch Is treated. 

All other responses acceptable to HRMa. 

HRMS fURntER CLARlflCATlONS REQUESTED: 

9. 	 Reference first row oftabl. on page six of OOEILANL's July 22.1998 EMlER:98-232, potential 
operational deviations from the MOA P Closure Plan. DOEA..ANL. shaD clarify what kind at 
containers the soils and Oquids will be stsged in. Container storage ;s required pursuant to the 
approved Closure PlIIIL . 

10. 	 DOE!LAM.. shall describe the procedure to track waste: which quad rent each waste pile came 
from. wast. PJ7es, each batch oftreated waste, & containers. '-ANI.. shan also descnbe how the 
waste characteri2atlon dala will be mans{}ed to sssure the 90 day requirement Is met. 

Page 7 017. 
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Date. May 20, 1999 
Refer to: EMlER:99-132 

Mr. James Bearzi 
NMED-HRMB 
P.O. Box 26110 
Santa Fe, NM 87502 

SUBJECT: MOA P WASTE OETERMINA TION STRATEGY 

Dear Mr. Bearzi: 

The Los Alamos National Laboratory Environmental Restoration (ER) Project would like 
to thank your staff for taking the time to meet with ER Project and Department of Energy 
(DOE) staff on April 8, 1999 to discuss a waste characterization issue regarding 
Material Disposal Area (MDA) P. The purpose of this letter is to provide our 
understanding of the agreement that was reached at the meeting regarding an 
approach to characterizing waste that could be viewed as having F-listed constituents, 
but that may not have actually come from F-listed waste sources. 

During the April 8, 1999 meeting, ER Project personnel discussed the possibility of 
finding F-listed constituents in soil or on debris removed from MDA P once excavation 
activities entered into the east lobe. Historically gasoline, kerosene, and solvents were 
used in an ignition train to start the bum process at the Technical Area 16-387 bum pad 
and to keep the bum hot. It most cases, it is not possible for the Laboratory to 
determine whether the presence of a hazardous constituent from a sample analyzed for 
waste characterization purposes was a product of incomplete combustion or the result 
of the disposal of residues from an F-listed solvent. In light of this uncertainty, it is our 
understanding that the Hazardous and Radioactive Materials Bureau (HRMB) has 
approved an approach whereby the Laboratory will manage waste materials removed 
from MDA P as F-listed wastes only when there is directly observable evidence that the 
wastes at issue, i.e., soils or debris, were in contact with an F-Iisted source. Such 
evidence would typically include indications of contact with a spent solvent container, 
drum, or rags. All other soil and debris wastes will undergo a waste characterization to 
determine whether the waste is a characteristic hazardous waste, and, if so, this waste 
will be managed appropriately as a hazardous waste. 

We understand that the approach we agreed upon is consistent with Environmental 
Protection Agency (EPA) guidance identified in Management of Remediation Waste 
Under RCRA (EPA530-F-98-026) which states ''Where a facility owner/operator makes 
a good faith effort to determine if a material is a listed hazardous waste but cannot 
make such a determination because documentation regarding a source of 
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contamination, contaminant, or waste is unavailable or inconclusive, EPA has stated 
that one may assume the source, contaminant or waste is not listed hazardous waste 
and, therefore, provided the material in question does not exhibit a characteristic 
hazardous waste, RCRA requirements do not apply." A footnote to this guidance further 
states "Listing determinations are often particularly difficult in the remedial context 
because the listings are generally identified by the sources of the hazardous waste 
rather than the concentrations of various hazardous constituents; therefore, analytical 
testing alone, without information on a waste's source, will not generally produce 
information that will conclusively indicate whether a given waste is a listed hazardous 
waste." 

The EPA affirms in 50 FR 53316, December 31, 1985, that the threshold level (10% or 
more by volume for solvent mixtures) promulgated in that particular federal register is 
not based on heaHh criteria, but rather on typical use patterns. Consequently, the EPA 
is not applying the threshold to all waste (including remediation waste) that may contain 
one or more of the solvents. 

The ER Project is proceeding with the excavation of MDA P and is presently 
implementing the approach that we have agreed upon and that is described in this 
letter. Please let us know if you have any concerns regarding our understanding and 
implementation of this approach. Contact persons for this matter are Dave Mcinroy at 
(505) 667-0819 or Joe Mose at (505) 667-5808. 

Sincerely, 

!I~~.~-
JUlie~~ Canepa, Program Manager 
LANUER Project 

JCIlT/HWBI ev 

Cy: K. Bostick. EES-15. MS J495 
M. Buksa, EMlER, MS M992 
J. Canepa. EMlER. MS M992 
B. Criswell, R.F Weston, MS M992 
S. Den-Baars. IT Corp., MS K490 
M. Ebinger, EES-15, MS J495 
J. Ellvinger, ESH-19, MS K490 
T. George, EMlER. MS M992 
T. Grieggs, ESH-19, MS M992 
H. Haynes. LAAO, MS A316 
D. Hickmott, EES-1. MS 0462 
J. Kieling, NMED-HRMB 
M. Kirsch, EMlER, MS M992 
M. Leavitt. NMED-GWQB 

Sincerely, 

~o'~ It. '11~ 
~eod~re J. Taylor, Program Manager 


DOEILAAO 


D. Mcinroy. EMlER. MS M992 
J. Mose, DOElLAAO. MS A316 
W. Neff, CST-7, MS M992 
J. Parker, NMED-HRMB 
J. Rochelle, LC-GL, MS A187 
G. Saums, NMED-SWQB 
T. Taylor, LAAO, MS A316 
S. Veenis, EMlER ESH-18. MS M992 
H. Wheeler-Benson, EMIERESH-19, MS M992 
S. Yanicak, NMED-AIP, MS J993 

EMlER File, MS M992 

RPF. MS M707 

Tracker RM 604. MS M992 




B-3 On-Site Liquid Waste System Inspection 
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ENVIRONMENT DEPARTMENT 

FIELD OPERATIONS OIVlSION 


ONSITE LIQUID WASTE SYSTEM INSPECTION 


=============================================================================================== 

1. 	 BUILDING SEWER 
i._ 	Coned Size and MaIeriaI 
t. . ReQuired CIeanou&s Fresent. Installed CooedIy & 10 F"1fIish Grade 
C,. Pipe aI Coned Graat ( 118' k> 1"'· per fool) 

2. 	 PRETREATMENT-
a._ Type:._____~---__--_ 
t,_ Installed as per PIa1s or Ma1ufadutw'slnsttuc:tian! 
C._ 	0Iher:._______________ 

3. 	 SEPTIC TANK I SEC./TERT. TREATMENT UNIT 
1we: -+ 0 Conc:rete oPIasticIf"tbergNIII 0 SeclTert.. Treatmenl UniI 
a._ l.ocaIed • per Site P\a't 
b._ 	Conect SelbaciE 

TInk Cenified; CooedIy Labeled 
Tri Corredty Oriented. LM &Depth Below Gna 

l,_ Boaom d Outlet Pipe 'Z' l...ower than 8oaom d Inlet PipE 
f, Inlet I 0uIIet Pipes Sealed & WMII1ight
G·__ Inlet I Outlet BaftIe or lee wiItIl.egs Eldencing 1'Z'..MinImum Below 

Uquid Level: Outlet Filler Installed If RequirM 
t•.. _~ Tri &FIttings Corredty VftId 

• ConcreIe TanIt: Coated & MaIeriaI Coned OR Type VConerete 
Outlet Pipe Coned Size & Mant. Correct Gna 

10.'_ Manholes Con8dIy Sized & L.ocIIId 
1.-- Manhole Risers aI c..om.ct ~ Diameter, Coated & l.idf 
m, Tri Correctly BacKfilled Ind Covnd; FbergIaa I Plastic T.. 

Ins1aIIed per Mwdacknr's InIIU'uctkI\s 
Adva'lced Treaunent Unillnstalled per Malufac:ture(s Instructions 
W_ T~ T811 Reqund: D P-. 0 Fail
Ohr._________________________~ 

4. SURGE, PUMP AND HOLDING TANKS 
Type:-+ oSurgen.. OPumpTri OHclclingTri 0 Claw_ 
1._ Coned Size 
b.. • InIetIOuIIet Sealed ConecIIy 
C" • Pump(s) Switches & AJarms Present Ind Installed Corredty 
ct. • Manholes. Risers. UdI Correct Mel w..T91I 

5. 	 TEE OR DISTRIBUTION BOX 
iO 	 Pipe To and From Tee or '0" box 4' Diameter 
b 	 Tee Level; Correct 1ype: Oriented Corredly 

'd' Box Level and on Concrete Slab or Stable Soil 
'[1 Box Inlel Baffled and l' Above 0uHets 

e,_ '0' Box Outlets at Same Height ; Flow Equal 10 Outlets 
! Tee or '0' Located a Min. of 5' From Disposal F"1eId
9_'_ 	Othet': ______________ 

6. DISPOSAL TRENCH OR BED 
Type:-+ OTrencn : Chamber 0 Beet o SeepagePll(.)ClOIber. 
a._ Scil1ypeConec::l: 1"...,__________ 

li.~ Oearcra ~ GI'OO'ld W_ orUniting Layer Coned 

J/~ (j ()'f, /663 - tIA 5" 1<-'f9 1 
..... i ....f ~7" ,,-t'I , 

C._ TAIflCh I Bed Sized Corredty: 

Oimensiona: Trenchl Bedl...;....____-:----
Number: Chamber! Seepage Pit(s),____ 
Ohr.1~ ~__________ 

d._ ComIct SeCbDs 
1:. Excavation • Conec::I GlIde 
f. • Spacing 8etwM1 Trenc:nes or Beds CcmId 
,._ Smea1Id Soils Not Present on 1rendl or Bed 
t•._ Aggregate Correa Type, SiD, CIeaJl MIt Amcu11 
j" 	 Coned ~ d AggreQaIIe AbcM n Below Pipe 
I. l..ines On ComIct Gna~ k) '1' d fiI per 100' 
k,_ Pipe Cored Size * •• Mi1irrun DilmIw &Type 
1._ AggregaI Correctly Covered wiIh Approved Malarial 
m___ 	 Ohr.____________________ 

For Seepage PIta: 
i. 	 . Top aMr. Underside Cooec:Iy Coaled &Exta1ds k) Natural 

GnuId 
t, . 00mecI aMf1 COYeIed with mininun 'Z' CIOnCf1!te exlencing £" 

beyandpitwal 
C._ -&ick or block laid end to end with ~ tigtl joint~ -.. 
Q._ Side waI inial pnlpeI1y ventec! 
6._ InIeIIouIIet fiIlin9s propeI1y sealed wiItI cement 
For Other DIIpoAI Methods: 
a,_ Type:;_________---- 
ti._ Installed per P\anI or Manufaclurer's InIVudions 
C,. . 	 0Iher::_____________________ 

Commen1Sl VIOlations:,______________ 

o Continued on attached Sheet(s) 

o 	Installation Approved 

C 	 Installation Approved w/conditionl 
(See CommentslViolations) 

o 	Installation Not Approved 
(See CommentsNiolations) /," 

Inspector's SignaturQ.;:q::... 2t-!«Ii
A· ___ 

/7 / -,. . 
/tL_~ c::I 

-?h4/[;) / .... 

c 



be inspected. Such notification shall be given not less than forty-eight 
t48} hours before the work is to be inspected [10-15-97J. 

2. system components shall be properly identified as to 
manufacturer and shall meet all specifications specified 1n this Subpart. 
Septic tanks, holding tanks (vaults) or other primax:y treatment systems sha~~ 
have the rated capacity. the registration number and the year of manufacture 
permanently marked on the unit. [10-lS-97l 

B. T••t1.J:ag 

1. The Department may require septic tanks or other primary 
components to be filled with water to flow line prior to inspection by the 
Department. If required by the Department, all seams or joints shall be left 
exposed (except the bottom) and the t:ank shall remain watertight for a period 
not less than twenty-four hour•• [10-15-97] 

2. The Department may require a flow test be performed through the 
system to the point of effluent disposal. All lines and components shall be 
watert.ight. capacit'.1es. required air space, and fittings shal~ meet the 
requirements of this Subpart. [lO-15-97] 

409 • ABJ«)B:tC TJUCA'l'III:Ift' SY8'l"JD1S 

Alternative on-site liquid waste systems employing aerobic treatment may be 
substituted for conventional septie tanks provided the permi t applieant 
demonstrates that the proposed system will meet the requirements of Section 
306. whether its aeration system is operating or not. [10-1S-97] 

1. Every abandoned building sewer~ or part thereof, shall be plugged 
or capped utilizing a cap or plug prescribed by the Uniform Plumbing Code 
within five (5) feet of the propert'.y lin•• [10-15-971 

2. EVery cesspool, holding tank, septic tank, seepage pit or other 
liquid waste treatment unit which has been abandoned or has otherwise been 
discontinued from furt'.her use or to which no waste or building sewer from a 
plumbing fixture is connect'.ed, shall have the liquid waste pumped therefrom 
and properly disposed. The empty liquid wa..te tr.atment unit shall be 
completely filled with earth, sand, gravel, concrete, or other approved 
material. [10-l5-971 

3. The top cover or arch over the cesspool, holding tank, septic tank, 
seepage pit or other liquid wa.te ~reatment unit shall be removed before 
filling and the filling shall not:. extend above the top of the vertical 
portions of t:.he sidewall. or above the level of any outlet pipe until 
inspection or authorizat'.ion by the Department.. After such inspection or 
authorization, the c:e.'Pool", holdi.ng tank, septie tank. s ••page pit or other 
liqUid waste treatment. unit shall be filled to the level of the top of the 
ground. [10-15-971 

20 NMAC 7.3 54 

http:holdi.ng
http:connect'.ed


ESH-l&-t 1 505 667 5734:a~ 41 4 


~. Where disposal facilities are abandoned consequent to connecc1ng 
any premises with a public sewer, the permittee making the connection shall 
fill all abandoned facilities as required by the Department within 30 days 
from the time of connection. [10-15-97] . 

500. 

ss20 NMAC' 7.3 



Appendix C to Annex II 




C-1 Segregation Process Flow Diagrams 
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C-2 Summary Table of Wastes from MDA P Excavation 



Soil Sampled from MDA-P 

LANLSAMPLEGENERAL DATE STAGED GRID 
LOTID No. TYPE OPENED SIZE LOCATION LOCATION ID# DATE 

SL-SC-012999-0001 Soil 01/29/99 100 Pad1 02 99-1017 02/03/99 

SL-SC-020299-0002 Soil 02/02/99 100 Pad 1 02 99-1021 02/04/99 

SL-SC-020399-0003 Soil 02/03/99 100 Pad 1 C2 99- 1016 02103199 

SL-SC-020399-0004 Soil 02/03/99 100 Pad 1 C2 99-1020 02/04/99 

02/04/99 .SL-SC-020499-000S Soil 02/04/99 100 Pad 1 02 99-1022 

SL-AF-021999-0001 Soil 02/19/99 100 Pad 2 E2 99-1028 02/22/99 

SL-AF-021999-0002 Soil 10002/19/99 Pad 2 02/22/99E2 99-1027 

SL-AF-021999-0003 Soil 02/19/99 100 Pad 2 E2 99-1026 02/22/99 

SL-AF-021999-0004 Soil 02/19/99 100 Pad 2 E2 99-1029 02/22/99 

SL-SC-021999-0006 Soil 02/19/99 Pad 1 02/22/99100 01,02 99·1023 

SL-AF-022399-000S Soil 02/23/99 100 Pad 2 E2 02/24/9999-1030 

Soil 02/24/99SL-AF-022399-0006 02/23/99 100 Pad 2 E2 99- 1031 

SL-AF-022699-0007 02/26/99 100 Pad 2 E2 99-1034 03/16/99Soil 

99-1035 03/16/99SL-AF-022699-0008 Soil 02/26/99 100 Pad 2 E2 

Soil Pad 2 99-1036 03/16/99SL -AF -022699-0009 02/26/99 100 E2 

02 99-1048 03/08/99SL-AF-030399-0010 Soil 03/03/99 100 Pad 2 

02 99-1047 03/08/99SL-AF-030499-0011 Soil 03/04/99 100 Pad 2 

02 99-1046 03108/99SL-AF-038599-0012 Soil 03/08/99 100 Pad 2 

03/18/99Pad 2 99-1052SL-AF-030999-0013 Soil 03/09/99 100 02 

99-1053 03/18/9903/16/99 Pad 2 E1SL-AF-031699-0014 Soil 100 

03/18/9902,E2 99-1058Soil 03/16/99 100 Pad 2 SL-AF-031699-001S 

03/18/9999-105503/16/99 Pad 2 02,E2SL -AF-031699-00 16 Soil 100 
, 



GENERAL DATE STAGED GRID LANLSAMPLE 
LOTID No. TYPE OPENED SIZE LOCATION LOCATION ID# DATE_. 

SL-AF-031799-0017 Soil 03/17/99 100 Pad 2 E3 99-1054 03/18/99 

SL-AF-032299-0018 Soil 03/22/99 100 Pad 2 E2 99-1059 03/24/99---
SL-AF-032399-0019 Soil 03/23/99 100 Pad 2 E1,E3 99-1060 03/24/99 

SL-AF-032499-0020 Soil 03/24/99 100 Pad 2 E1,E3 99-1064 03/29/99 

SL-AF-032699-0021 Soil 03/26/99 100 Pad 1 E1,E3 99-1069 03/31/99 

SL-AF-032999-0022 Soil 03/29/99 100 Pad 1 E2 99-1071 03/31/99 

SL-AF-033099-0023 Soil 03/30/99 100 Pad 1 F5,F4 99-1070 03/31/99 

SL-AF-033099-0024 Soil 03/30/99 100 Pad 1 F5,F4 99-1068 03/31/99 

SL-AF-033099-0025 Soil 03/30/99 100 Pad 1 F5,F4 99-1072 03/31/99 

SL-AF-033199-0026 Soil 03/31/99 100 Pad 1 F1,F2 99-1076 04/07/99 
--

SL-AF-040199-0027 Soil 04/01/99 100 Pad 1 F2,F3 99-1075 04/07/99 

SL-AF-040699-0028 Soil 04/06/99 100 Pad 1 F2 99- 1077 04/07/99 

SL-AF-040699-0029 Soil 04106/99 100 Pad 1 F2 99-1081 04/14/99 

SL-AF-041299-0030 Soil 04/12/99 100 Pad 4 F3 99-1082 04/14/99 

SL-AF-041299-0031 Soil 04/12/99 100 Pad 4 F3 99-1083 04/14/99 

SL-AF-041399-0032 Soil 04/13/99 100 Pad 4 F2, F3 99-1084 04/14/99 
-

SL-AF-041399-0033 Soil 04/13/99 100 Pad 4 F2,F3 99-1088 04/14/99 
-

SL-AF-041599-0034 Soil 04/15/99 100 Pad 4 E3, F3 99-1090 04/21/99 

SL-AF-041699-0035 Soil 04/16/99 100 Pad 4 E3, F3 99- 1091 04/21/99 

SL-AF -041699-0036 Soil 04/16/99 100 Pad 4 E3,F3 99- 1092 04/21/99 

SL-AF-042099-0037 Soil 04/20/99 100 Pad 2 E2 99-1089 04/21/99 

SL-AF -042199-0038 Soil 04/21/99 100 Pad 2 E1,E2 99-1096 04/22/99 

SL-AF-042399-0039 Soil 04/23/99 100 Pad 4 G3,G4 99- 1097 04/26/99 
'--------.-.~-.- .. ~ - ~__ ~L ...... -_._....... - ~-.-...... -



GENERAL DATE STAGED GRID LANL SAMPLE 
LOT 10 No. TYPE OPENED SIZE LOCATION LOCATION 10# DATE 

SL-AF-OS0399-0040 Soil OS/03/99 100 Pad 4 G4 99- 1101 05/05/99 

SL-AF-050399-0041 Soil OS/03/99 100 Pad 4 G4 99- 1102 05105199 

SL-AF-050499-0042 Soil 05/04/99 100 Pad 2 G6 99- 1099 05105199 

SL-AF-050599-0043 Soil 05/05/99 100 Pad4 G4 99- 1100 05105199 

SL-AF-050799-0044 Soil OS/07/99 100 Pad 2 GS 99- 1103 05/10/99 

SL-AF-051199-004S Soil OS/11/99 100 Pad 2 G4, GS 99-1104 05/12/99 

SL-AF-051299-0046 Soil OS/12/99 100 Pad 2 G4, GS 99- 1105 05/13/99 

SL-AF-051899-0047 Soil OS/18/99 100 Pad 2 G5, G6 99- 1107 05/18/99 

SL-AF-060399-0048 Soil 06/03/99 100 Pad 2 G5 99- 1111 06/07/99 • 

SL-AF-060799-0049 Soil 06/07/99 100 Pad2 G5 99- 1130 06/08/99 

SL -B-060899-1 050 Soil 06/08/99 100 Pad 10 G5 99- 1112 06/08/99 

SL-B-060899-1051 Soil 06/08/99 100 Pad 10 G5 99- 1113 06/08/99 

SL-B-060899-1052 Soil 06/08/99 100 Pad 10 G5 99-1114 06/08/99 

SL-B-060899-1053 Soil 06/08199 100 Pad 10 G5 99- 1115 06/08/99 

SL-B-060899-1054 Soil 06/08/99 100 Pad 10 G5 99- 1116 06/08/99 

SL -B-060899-1 055 Soil 06/08/99 100 Pad 10 G5 99- 1117 06/08/99 

SL -B-060899-1 056 Soil 06/08/99 100 Pad 10 G5 99-1118 06/08/99 

SL-B-060899-10S7 Soil 06/08/99 100 Pad 10 G5 99- 1119 06/08/99 

SL-B-060899-1058 Soil 06/08/99 100 Pad 10 GS 99- 1122 06/09/99 

SL -B-060899-1 059 Soil 06/08/99 100 Pad 10 GS 99- 1123 06109/99 

SL -B-060899-1 060 Soil 06/08/99 100 Pad 10 G5 99- 1124 06/09/99 

SL-B-060899-1061 Soil 06/08/99 100 Pad 10 G5 99- 1125 06/09199 

SL-B-060899-1062 Soil 06/08/99 100 Pad 10 G5 99-1126 06109199 
--



GENERAL DATE STAGED GRID LANLSAMPLE 
LOT 10 No. TYPE OPENED SIZE LOCATION LOCATION 10# DATE 

SL-B-OS0899-10S3 Soil OS/08/99 100 Pad 10 G5 99· 1127 06/09/99 

SL-B-OS0899-1 OS4 Soil 06/08/99 100 Pad 10 G5 99· 1128 06/09/99 

SL-B-060899-1065 Soil 06/08/99 100 Pad 10 G5 99-1129 06/09/99 

SL-B-OS1499-1066 Soil OS/14/99 100 Pad 10 E3,F3 99- 1133 06/14/99 

SL-B-OS1499-10S7 Soil OS/14/99 100 Pad 10 E3, F3 99-1134 06/14/99 

SL-B-OS1499-10S8 Soil OS/14/99 100 Pad 10 E3, F3 99-1135 06/14/99 

SL-B-062399-10S9 Soil OS/23/99 100 Pad 10 GS 99· 1137 06/23/99 

SL-B-OS2399-1070 Soil OS/23/99 100 Pad 10 GS 99·1138 06/23/99 
~~~ ~--

~-~-

SL-B-OS2399-1071 Soil OS/23/99 100 Pad 10 GS 99·1139 06/23/99 

SL-B-OS2899-1072 Soil OS/28/99 100 Pad 10 GS 99-1140 06/30/99 
---

SL-B-OS2899-1073 Soil OS128/99 100 Pad 10 GS 99-1142 06/30/99 

SL-B-OS2899-1 074 Soil OS/28/99 100 Pad 10 GS 99- 1141 06/30/99 

SL-B-070799-1075 Soil 07/07/99 100 Pad 10 G9, E9 99·1147 07/08/99 

SL-B-070799-107S Soil 07/07/99 100 Pad 10 G9, E9 99· 1148 07/08/99 
--~ 

SL -B-070799-1 077 Soil 07/07/99 100 Pad 10 G9,E9 99- 1149 07/08/99 

SL-B-070799-1078 Soil 07/07/99 100 Pad 10 F1 99- 1150 07/08/99 

SL-AF-071999-0081 Soil 07/19/99 100 Pad 1 G4 99·1154 07/20/99 

SL-AF-071999-0082 Soil 07/19/99 100 Pad 3 G5 99- 1168 07/22/99 

SL-AF-071999-0083 Soil 07/19/99 100 Pad 1 G5 99·1155 07/20/99 

SL-B-071999-1079 Soil 07/19/99 100 Pad 10 G4 99- 1152 07/20/99 

SL-B-071999-1080 Soil 07/19/99 100 Pad 10 G4 99-1153 07/20/99 

SL-B-071999-1084 Soil 07/19/99 100 Pad 10 G5 99- 1156 07/20/99 
--- -----~ 

SL-AF-072199-0085 Soil 07/21/99 100 Pad 2 G5, H5 99-1173 07/29/99 
--~ ~---'---



LOT 10 No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 
LANL SAMPLE 

10# DATE 

SL-B-072199-1086 Soil 07/21/99 100 Pad 10 GS, G6, HS 99-1169 07/28/99 

SL-B-072699-1087 Soil 07/26/99 100 Pad 10 G6 99-1170 07/28/99 

SL-B-072699-1088 Soil 07/26/99 100 Pad 10 G6 99-1171 07/28/99 

SL-AF-072799-0090 Soil 07/27/99 100 Pad 1 G8, H8 99-1174 07/29/99 

SL-B-072799-1089 Soil 07/27/99 100 Pad 10 G8, H8 99- 1172 07/28/99 

SL-B-072999-i091 Soil 07/27/99 100 Pad 10 G8, H8 99-1177 08/02/99 

SL-B-072999-i092 Soil 07/27/99 100 Pad 10 G8, H8 99- 1178 08/02/99 

SL-B-072999-1093 Soil 07/27/99 100 Pad 10 G8, H8 99-1179 08/02/99 

SL -B-080999-1 094 Soil 08/09/99 100 Pad 10 F1, F2, G2 99-118211184 08/11199 

SL-AF-081099-009S Soil 08/10/99 100 Pad 10 F1, F2, G2 99-1183/1185 08/11/99 

SL-AF-081199-0096 Soil 08/11/99 100 Pad 1 F1,2,G2,G8-9 99-1320 08/17/99 

SL-B-081299-1097 Soil 08/12/99 100 Pad 10 F1, F2, G2 99-1323 08/17/99 

SL-AF-081699-0099 Soil 08/16/99 100 Pad 1 F3, G2, G3 99- 1321 08/17/99 

SL-AF-081699-0i00 Soil 08/16/99 100 Pad 1 F3, G2, G3 99-1322 08/17/99 

SL-B-08i699-1098 Soil 08/16/99 100 Pad 10 F3, G2, G3 99-1324 08/17/99 

SL-AF-081799-0101 Soil 08/17/99 100 Pad 1 F3, G2, G3 99-1325 08/19/99 

SL-AF-081799-0102 Soil 08/17/99 100 Pad 1 F3, G2, G3 99-1326 08/19/99 

SL-AF-081899-0103 Soil 08/18/99 100 Pad 2 F3, G2, G3 99-1328 08/23/99 

SL-AF-081899-0104 Soil 08/18/99 100 Pad 2 F3, G2. G3 99-1329 08/23/99 

SL-AF-082099-0105 Soil 08/20/99 100 Pad 2 F3, G2, G3 99-1330 08/23/99 

SL-B-082499-1106 Soil 08/24/99 100 Pad 12 F1-F3,G1-G3 99-1331 08/26/99 

SL-B-082499-1107 Soil 08/24/99 100 Pad 12 GS-G7,HS-H7 99-1332 08/26/99 

SL-B-082S98-1108 Soil 08/25/99 100 Pad 12 H6-H8,G8 99-1333 08/26/99 



LOTIO No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 
LANLSAMPLE 

10# DATE 

SL-B-OB2699-1109 Soil OB126/99 100 Pad 12 H6-HB,GB 99-1337 08/31/99 

SL-AF-OB2799-0110 Soil OBI27/99 100 Pad 2 E2,F2,F3 99-1338 08/31/99 

SL-B-083099-1111 Soil OBI30/99 100 Pad 12 H6-H8 99-1340 09/07/99 

SL-B-083199-1112 Soil OB/31 199 100 Pad 12 F10,E9,10,H6-H8 99-1342 09/07/99 

SL-B-090199-1113 Soil 09/01199 100 Pad 12 F10, G10 99-1343 09/07/99 

SL-B-090299-1114 Soil 09/02/99 100 Pad 12 F10, G10 99-1344 09/07/99 

SL-B-090399-1115 Soil 09/03/99 100 Pad 12 F10, G10 99-1355 09/13/99 

SL -B-090799-1116 Soil 09/07/99 100 Pad 12 F10, G10 99-1356 09/13/99 

SL-B-090899-1117 Soil 09/08/99 100 Pad 12 F9, G9 99-1357 09/13/99 

SL-B-090999-1118 Soil 09/09/99 100 Pad 12 F9, G9 99- 1358 09/13/99 

SL-AF-091499-0119 Soil 09/14/99 100 Pad 4 G3,4,H4,5 99-1360 09/22/99 

SL-AF-092199-0120 Soil 09/21/99 100 Pad 4 G3,4,H4,5,G9,F9 99-1364 09/27/99 

SL-AF-092199-0122 Soil 09/21/99 100 Pad 1 G1-G3,H315-b4 99- 1361 09/22/99 

SL-AF-092199-0123 Soil 09/21/99 100 Pad 1 G1-G3,H315-b4 99-1362 09/22/99 

SL-B-092199-1121 Soil 09/21/99 100 Pad 12 G3,4,H4,515-b4 99-136311372 09/22199 

SL-AF-092299-0124 Soil 09/22/99 100 Pad 2 G1-G3,H3 15-b4 99-1365 09/27/99 

SL-AF-092299-0125 Soil 09/22/99 100 Pad 2 H315-b4 99-1366 09/27/99 

SL-AF-092499-0126 Soil 09/24/99 100 Pad 2 H315-b4 99-1373 10/04/99 

SL-AF-092899-0127 Soil 09/28/99 100 Pad 4 b2,b3 W cleanup 99-1374 10/04/99 

SL-B-092B99-1128 Soil 0912BI99 100 Pad 12 b2,b3 E cleanup 99-1368 10/04/99 

SL-B-092999-1129 Soil 09/29/99 100 Pad 12 b2,b3 E cleanup 99-1369 10/04/99 

SL-B-093099-1130 Soil 09/30/99 100 Pad 12 b2,b3 E cleanup 99-1370 10/04/99 

SL-B-100499-1131 Soil 10/04/99 100 Pad 12 b2,b3 E cleanup 99-1371 10/04/99 



LOT 10 No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 

--

STAGED 
LOCATION 

GRID 
LOCATION 

LANL SAMPLE 

10# DATE 

SL·B-100499·1132 Soil 10/04/99 100 Pad 12 H4.HS.IS bSlev 6 99-1378 10/06/99 

SL-B·100699-1133 Soil 10106/99 100 Pad 12 H4.HS.IS bS lev 6 
--

99-1379 10/06/99
1----

SL-B~100699-1134 Soil 10/06/99 100 Pad 12 H4.HS.IS bSlev 6 
--------

99·1381/1015 10/12/99 

SL-B-100699-113S Soil 10/06/99 100 Pad 12 H4.HS.IS bS lev 6 
--

99-1382 10/12/99 

SL-B-100B99-1136 Soil 10/0B/99 100 Pad 10 H4.HS.IS bS lev 6 99-1383 10/12/99 

SL-AF-101299-0137 Soil 10/12/99 100 Pad 4 w lobe bench 2-S 99-1389 10/20/99 

SL-AF-101299-013B Soil 10/12/99 100 Pad 4 w lobe bench 2-S 
--

99-1390/1391 10/20/99 

SL-B·101299-1139 Soil 10/12/99 100 Pad 12 w lobe bench 2-S 99-1384 10/20/99 

SL-B-101299-1140 Soil 10/12/99 100 Pad 12 w lobe bench 2-S 99-1385 10/20/99 

SL-B-101399-1141 Soil 10/13/99 100 Pad 12 w lobe bench 2·S 99-1386 10/20/99 
----

SL-B-101499-1142 Soil 10/14/99 100 Pad 12 w lobe bench 2-S 99·1387/1388 10/20/99 

SL·B-101499-1143 Soil 10/14/99 100 Pad 10 w lobe bench 2-S 99-1393 10/25/99 

SL-B·101999·1144 Soil 10/19/99 100 Pad 10 H6·B.16-B 99·1394 10/25/99 

SL-B-102099-114S Soil 10/20/99 100 Pad 10 H6-B.16-B 99·1395 10/25/99 

SL-B-102099-1146 Soil 10/20/99 100 Pad 10 H6-B.16-B 99-1396 10/25/99 

SL-B-102199-1147 Soil 10/21/99 100 Pad 10 H6-B.16-B 99-1397 10/25/99 

SL-B-102199-114B Soil 10/21/99 100 Pad 10 H6-B.16-8 99·1398 10/25/99 

SL-AF-1 02699-01 S1 
--

Soil 10/26/99 100 Pad 4 H7.B.17.B 99-1403 11/01/99 

SL-B-102699-1149 Soil 10126/99 100 Pad 10 H7.B.17.B 99·1399 11/01/99 

SL-B-102699-11S0 Soil 10/26/99 100 Pad 10 H7.B.17.B 
--

99·1400 11/01/99 

SL-B-102799-11S2 Soil 10/27/99 100 Pad 10 H7.B.17.B 99- 1401 11101/99 

SL-AF-102999-01S3 Soil 10/29/99 100 Pad 1 H7.B.17.B 99-1402 11/01/99 

SL-B·102999-1154 Soil 10/29/99 100 Pad 10 H7.B.17.B 
--

99-1404 11/03/99 
--



LOT 10 No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 

LANL SAMPLE 

10# DATE 

SL-8-110199-1155 Soil 11/01/99 100 Pad 10 H3,4,13,4 99-1405 11/03/99 

SL-8-110299-1156 Soil 11/02/99 100 Pad 13 H3,4,13,4 99-1407 11/08/99 

SL-8-110299-1157 Soil 11/02/99 100 Pad 13 H3,4,13,4 99- 1408 11/08/99 

SL-8-110499-1158 Soil 11/04/99 100 Pad 13 H3,4,13,4 99- 1409 11/08/99 

SL-AF-110999-0159 Soil 11/09/99 100 Pad 1 12,3,4,5 99- 1413 11/15/99 

SL-8-110999-1160 Soil 11/09/99 100 Pad 13 12,3,4,5 99- 1410 11/15/99 

SL -8-111199-1161 Soil 11/11/99 100 Pad 10 12,3,4,5 99-1411 11/15/99 

SL-8-111199-1162 Soil 11/11/99 100 Pad 10 12,3,4,5 99- 1412 11/15/99 

SL-8-111699-1163 Soil 11/16/99 100 Pad 10 12,3,4,5 99- 1421 11/17/99 

SL-AF-111999-0165 Soil 11/19/99 100 Pad 1 13,4,5;J3,4,5,6 99-1428 11/23/99 

SL-8-111999-1164 Soil 11/19/99 100 Pad 10 13,4,5;J3,4,5,6 99-1426/ 1427 11/23/99 I 
I 

i 

SL-AF-113099-0166 Soil 11/30/99 100 Pad 1 13,4,5;J3,4,5,6 99- 1431 12/06/99 I 

SL-AF-120199-0167 Soil 12/01/99 100 Pad 2 13,4,5;J3,4,5,6 99-1432 12/06/99 

SL-AF-120299-0169 Soil 12/02/99 100 Pad 2 13,4,5;J3,4,5,6 99- 1433 12/06/99 

SL-8-120299-1168 Soil 12/02/99 100 Pad 10 13,4,5;J3,4,5,6 99- 1430 12/06/99 

SL-AF-120799-0170 Soil 12/07/99 100 Pad 2 13,4,5;J3,4,5,6 99- 1437 12/13/99 

SL-AF-120799-0175 Soil 12/07/99 

SL-AF-120999-0172 Soil 12/09/99 100 Pad 2 13,4,5;J3,4,5,6 99- 1438 12/13/99 

SL-8-120999-1171 Soil 12/09/99 100 Pad 10 13,4,5;J3,4,5,6 99- 1439 12/13/99 

12/20/99SL-8-121699-1173 Soil 12/16/99 100 Pad 10 13,4,5;J3,4,5,6 99- 1442 

SL-8-121699-1174 Soil 12/16/99 100 Pad 10 13,4,5;J3,4,5,6 99- 1443 12/20/99 

SL-8-121799-1175 Soil 12/1799 100 Pad 10 13,4,5;J3,4,5,6 00-1000 01/05/00 

12/20/99SL-AF-122099-0176 Soil 12/20/99 100 Pad 2 13,4,5;J3,4,5,6 99- 1441 



LOT 10 No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 
LANLSAMPLE 

10# DATE 

SL-8-122199-1177 Soil .12/21/99 100 13,4,5;J3,4,5,6 00-1002 01/05/00 

SL-8-122299-1178 Soil 12/22/99 100 13,4,5;J3,4,5,6 00- 1001 01/05/00 

SL-8-010700-1179 Soil 01107/00 100 E11 ,E12,E13 (Start of East Lobe) 00-1005 01110/00 

SL-8-010700-1180 Soil 01/07/00 100 E11, E12, E13 00-1006 01/12/00 

SL-8-011100-1181 Soil 01/11/00 100 E11, E12, E13 00-1007 01/12/00 

SL-8-011800-1182 Soil 01/18/00 100 E11,E12,E13 00-1010 11/18/00 

SL-8-011800-1183 Soil 01/18/00 100 E11, E12, E13 00-1011 11/18/00 

SL-8-011800-1184 Soil 01118/00 100 E10, E11 00-1012 01/24/00 

01/24/00SL-8-011900-1185 Soil 01/19/00 100 E10, E11 00-1013 

SL-8-012000-1186 Soil 01120/00 100 011,012, E11, E12 00- 1014 01/24/00 

SL-8-012500-1187 Soil 01/25/00 100 011,012, E11, E12 00-1016 01/31/00 

SL-8-012700-1188 Soil 01/27/00 100 012,013 00-1017 01/31/00 

SL-8-013100-1189 Soil 01/31100 100 012, 013 00- 1018 02107/00 

SL-8-020100-1190 Soil 02/01/00 100 012,013 00- 1019 02/07/00 

SL-8-020300-1191 Soil 02/03/00 100 09,010 
----

00-1020/1021 02107/00 

SL-8-020700-1192 Soil 02/07/00 100 09,010 00-1022 02114/00 

SL-8-021000-1193 Soil 02/10/00 100 09,E9 00- 1023 02/14/00 

SL-8-021100-1194 Soil 02/11100 100 09,E9 00-1024 02/16/00 

SL-8-021500-1195 Soil 02/15/00 100 09,13, 14;E9, 13, 14; 
C13,14 

00-1025 02128/00 

SL-8-021700-1196 Soil 02/17/00 100 09,13, 14;E9, 13,14; 
C13,14 

00-1026 02/28/00 

SL-8-021800-1197 Soil 02/18/00 100 09,13, 14;E9, 13, 14; 
C13,14 

---

00-1027 02/28/00 

-



LOT ID No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 
LANLSAMPLE 

10# DATE 

SL-8-022300-119B Soil 02/23/00 100 09,13,14;E9,13,14; C13,14 00-1028 03/01/00 

SL-8-022BOO-1199 Soil 02/2BI00 100 C13, 14;013,14 00-1029 03/01/00 

SL-8-022900-1200 Soil 02/29/00 100 C13, 14;013,14 00- 1031 03/06/00 

SL-8-030300-1201 Soil 03/03/00 100 011,012,013 00-1032 03/06/00 

SL-8-030BOO-1202 Soil 03/0BI00 100 011,012,013 00-1033 03/08/00 

SL-8-030BOO-1203 Soil 03/0BI00 100 Pad 10 011,012, 013 00-1036 03/13/00 

SL-8-031000-1204 Soil 03/10/00 100 Pad 10 011,012,013 00-1037 03/15/00 

SL-8-031400-1205 Soil 03/14/00 100 Pad 10 011,012,013 00-1038 03/15/00 

SL-8-031600-1206 Soil 03/16/00 100 Pad 10 F10, G10, F12, G12 00-1039 03/27/00 

SL-8-0321 00-1207 Soil 03/24/00 100 Pad 10 F10, G10, F12, G12 00-1040 03/27/00 

SL-8-032BOO-120B Soil 03/28/00 100 Pad 10 E9 - E14, F9 -F14 00-1048 03/29/00 

SL-8-032BOO-1209 Soil 03/28/00 100 Pad 10 E9 - E14, F9 -F14 00-1049 03/29/00 

SL-8-033100-1210 Soil 03/31/00 100 Pad 10 E9 - E14, F9 -F14 00-1052 04/03/00 

SL-8-040500-1211 Soil 04/05/00 100 Pad 10 E9 - E14, F9 -F14 00-1055/1056 04/10/00 

SL-8-040500-1212 Soil 04/05/00 100 Pad 10 E9 - E14, F9 -F14 00-1057 04/10/00 

SL-8-040700-1213 Soil 04/07/00 100 Pad 10 E9 - E14, F9 -F14 00-1061/1074 04/17/00 

04/17/00SL-8-041 000-1214 Soil 04/10/00 100 Pad 10 C13,14;013,14; E13,14 00-1062 

SL-8- 041300-1215 Soil 04/13/00 100 Pad 10 C13,14;013,14; E13,14 00-1063 04/17/00 

SL-8-041400-1216 Soil 04/14/00 100 Pad 10 C13,14;013,14; E13,14 00-1066 04/19/00 

SL-8-041900-1217 Soil 04/19/00 100 Pad 10 C13,14;013,14; E13,14 00-1069 04/24/00 

SL-8-042100-121B Soil 04/21/00 100 Pad 10 C13, 14;013, 14; E13,14 00-1070/1076 04126/00 

SL-8-042500-1219 Soil 04/25/00 100 Pad 10 C13,14;013,14; E13,14 00-1071 05/01/00 

SL-8-042600-1220 Soil 04/26/00 100 Pad 10 C13, 14;013,14; E13,14 00-1072 05/03/00 



LOTIO No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 

----

GRID 
LOCATION 

LANLSAMPLE 

10# DATE 

SL-B-042700-1221 Soil 04/27/00 100 Pad 10 C13,14;013,14; E13,14 00-1073 05/03/00 

SL-B-OS0200-1222 Soil 05/02/00 100 Pad 10 011-13; E11-13 00-1079 06/07/00 

SL-B-050500-1223 Soil 05/05/00 100 Pad 10 011~ 13; E11-13 00- 1080 06/07/00 

SL-B-060600-1224 Soil 06/06/00 100 Pad 11 011-13; E11-13 00-1081 06/21/00 

SL-B-060BOO-1225 Soil 06/0BI00 100 Pad 11 011-13; E11-13 00- 1082 06/21/00 

SL-B-060900-1226 Soil 06/09/00 100 Pad 11 011-13; E11-13 00- 1083 06/21/00 

SL -B-061300-1227 Soil 06/13/00 100 Pad 11 EB - 14; FB -14 00- 1084 06/21/00 

SL-B-061S00-122B Soil 06/15/00 100 Pad 11 EB - 14; FB -14 00- 1085 06/21/00 

SL-B-061600-1229 Soil 06/16/00 100 Pad 11 EB - 14; FB -14 00-1086 06/21100 

SL -B-062000-1230 Soil 06/20/00 100 Pad 11 EB - 14; FB -14 00-1087 06/27/00 

SL-B-062300-1231 Soil 06/23/00 100 Pad 11 E8· 14; FB -14 00-1088/1089 06127/00 

SL -B-062600-1232 Soil 06/27/00 100 Pad 11 EB - 14; FB -14 00-1090/1119 06127/00 

SL-B-062700-1233 Soil 06/27/00 100 Pad 11 010 -13, E10 ·13, F10 -13 00- 1106 07/05/00 

SL-B-062800-1234 Soil 06/28/00 100 Pad 11 010 -13, E10 ·13, F10 - 13 00-1107/1133 07/05/00 

SL -B-062900-1235 Soil 06/29/00 100 Pad 11 010 -13, E10 -13, F10 -13 00-1109 07/10/00 

SL-B-080200-1243 Soil OBI02/00 

OBI03/00 

100 

100 

Pad 10 

Pad 10 

599, 59B, 66B, 631 

598,631-634,668,667,669 

00-1124 

00-1125 

08/09/00 
--------

08/09/00
-------

08109100 

SL-B-OB0300-1244 Soil 

SL-B-080300-1245 Soil 08/03/00 100 Pad 10 598,631·634,668,667,669 00- 1126 

SL-B-080700-1246 Soil 08/07/00 100 Pad 10 598,631-634,668,667,669 00-1127 08/09/00 

SL-B-080700-1247 Soil 08/07/00 100 Pad 10 598,631-634,668,667,669 00-1128 08/09/00 

SL -B-080800-124B Soil 08/08/00 100 Pad 10 597,598,631-634 00-1129 08/09/00 

SL -B-080800-1249 Soil 08/0BI00 100 Pad 10 597,598,631-634 00- 1130 08/14/00 

08/14/00SL -B-081 000-1250 
---_._._.. ..._ 

Soil 
-

OB/10/00 100 Pad 10 594,596,597,629,630 00-1131 



LOT 10 No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 
LANLSAMPLE 

10# DATE 

SL-8-081100-1251 Soil 08/11/00 100 Pad 10 562,563,566,567,591,602,603, 00-1132 08/14/00 

SL-8-081400-1252 Soil 08/14/00 100 Pad 10 592,593,594,629,630,665, 00-1134 08/16100 

SL-8-081400-1253 Soil 08/14/00 100 Pad 10 520-522,590,591,627, 00-1135 08/16/00 

SL-8-081500-1254 Soil 08/15/00 100 Pad 10 561,564,595,596,654,657,660,663,6 
64, 

00-1136 08/16/00 

SL-8-081500-1255 Soil 08/15/00 100 Pad 10 561,564,595,596,654,657,660,663,6 
64, 

00-1137 08/16/00 

SL -8-081500-1256 Soil 08/15/00 100 Pad 10 561,564,595,596,654,657,660,663,6 
64, 

00-1138 08/16/00 

SL-8-081700-1257 Soil 08/17/00 100 Pad 10 554,556,557,595-597,631,632, 00-1139 08/21/00 

SL-8-081700-1258 Soil 08/17/00 100 Pad 10 554,556,557,595-597,631,632, 00-1140 08/21/00 

SL-8-081700-1259 Soil 08/17/00 100 Pad 10 554,556,557,595-597,631,632, 00- 1141 08/21/00 

SL -8-082100-1260 Soil 08/21/00 100 Pad 10 554,556,557,595-597,631,632, 00- 1185 09/13/00 

SL-8-082100-1261 Soil 08/21/00 100 Pad 12 376,487,523 00-1142 08/23/00 

SL-8-0821 00-1262 Soil 08/21/00 100 Pad 12 376,487,523 00-1143 08/23/00 

SL-8-082200-1263 Soil 08/22/00 100 Pad 12 372 - 375, 408 - 410 00-1144 08/23/00 

SL-8-082200-1264 Soil 08/22/00 100 Pad 12 372 - 375, 408 - 410 00-1145 08/23/00 

08/23/00SL -8-082200-1265 Soil 08/22/00 100 Pad 12 372 - 375, 408 - 410 00-1146 

SL-8-082200-1266 Soil 08/22/00 100 Pad 12 372 - 375, 408 - 410 00-1147 08/28/00 

SL-8-082300-1267 Soil 08/23/00 100 Pad 12 372 - 375, 408 - 410 00-1148 08/28/00 

SL-8-082300-1268 Soil 08123/00 100 Pad 12 372 - 375, 408 - 410 00-1149 08/28/00 

SL-8-082400-1269 Soil 08/24/00 100 Pad 14 372 - 375, 408 - 410 00-1150 08/28/00 

08/28/00 

08/28/00 

SL -8-082400-1270 Soil 08/24/00 100 Pad 14 372 - 375,408 - 410 00-1151 

SL-8-082400-1271 Soil 08/24/00 100 Pad 14 411-414 00-1152 



GENERAL DATE STAGED GRID LANLSAMPLE 
LOTIO No. TYPE OPENED SIZE LOCATION LOCATION 10# DATE 

SL-B-082400-1272 Soil 08124/00 100 Pad 14 411-414 00-1153 OS/2S/00 

SL-B-082400-1273 Soil 08/24/00 100 Pad 14 411 -414 00-1154 OS/2S/00 

SL-B-082500-1274 Soil 08/25/00 100 Pad 14 409 00-1155/1241 OS/2S/00 

SL-B-082800-1275 Soil 08/28/00 100 Pad 14 409,410,443,444,445 00-1156 OS/30/00 

SL-B-082800-1276 Soil 08/28/00 100 Pad 14 409,410,443,444,445 00-1157 OS/30/00 

SL-B-082800-1277 Soil 08/28/00 100 Pad 14 409,410,443,444,445 00-115S OS/30/00 

SL-B-082900-1278 Soil 08/29/00 100 Pad 14 443,444,445 00-1159 OS/30/00 

SL -B-082900-1279 Soil 08/29/00 100 Pad 14 443,444,445 00-1160 OS/30/00 

SL-B-082900-1280 Soil 08/29/00 100 Pad 14 443,444,445 00-1161 OS/30/00 

SL-B-082900-1281 Soil 08129100 100 Pad 14 443,444,445 00-1162 OS/30/00 

SL-B-083000-1282 Soil 08/30100 100 Pad 14 445,446,447 00-1163 09/06/00 

SL-B-083000-1283 Soil 08/30100 100 Pad 14 445,446,447 00-1164 09/06/00 

SL-B-083000-1284 Soil 08/30100 100 Pad 14 445,446,447 00- 1165 09/06/00 

SL-B-083000-1285 Soil 08/30100 100 Pad 14 445,446,447 00-1166 09/06/00 

SL-B-0831 00-1286 Soil 08/31/00 100 Pad 14 446,447 00-1167 09/06/00 

SL-B-090500-1287 Soil 09/05/00 100 Pad 14 479,480,481 00-116S 09/06/00 
-

SL-B-090500-1288 Soil 09/05/00 100 Pad 14 479,480,481 00-1169 09/06/00 

SL-B-090500-1289 Soil 09/05/00 100 Pad 14 479,480,481 00-1170 09/06/00 

SL-B-090500-1290 Soil 09/05100 100 Pad 14 479,480,481 00-1171 09/06/00 

SL-B-090600-1291 Soil 09/06/00 100 Pad 15 408 - 412 00- 11S0 09/11/00 

SL -B-090600-1292 Soil 09/06/00 100 Pad 15 408 - 412 00-1179 09/11/00 

SL-B-090600-1293 Soil 09/06/00 100 Pad 14 408 - 412 00-1172 09/11/00 

SL-B-090700-1294 Soil 09/07/00 100 Pad 15 408 - 412; 444 - 447 00-117S 09/11/00 



---- ,----------------

GENERAL DATE STAGED GRID LANL SAMPLE 
LOTIO No. TYPE OPENED SIZE LOCATION LOCATION 10# DATE 

SL-8-090700-1295 Soil 09/07/00 100 Pad 15 408 - 412; 444 - 447 00-1177 09/11/00 

SL-8-090700-1296 Soil 09/07/00 100 Pad 15 408 - 412; 444 - 447 00- 1176 09/11/00 

SL-8-090700-1297 Soil 09107/00 100 Pad 15 408 - 412; 444 - 447 00-1175 09/11100 

SL-8-090700-1298 Soil 09107/00 100 Pad 15 408 - 412; 444 - 447 00-1174 09/11100 

SL-8-090700-1299 Soil 09/07/00 100 Pad 15 408 - 412; 444 - 447 00- 1173 09/11/00 

SL-8-090700-1300 Soil 09/07/00 100 Pad 14 408 - 412; 444 - 447 00-1181 09/11/00 

SL-8-090700-1301 Soil 09/07/00 100 Pad 14 408 - 412; 444 - 447 00- 1182 09/11/00 
----

SL-8-090700-1302 Soil 09/07/00 100 Pad 14 408 - 412; 444 - 447 00- 1183 09111100 

SL-8-091100-1303 Soil 09/11100 100 Pad 15 448,449 00-1184 09113100 

SL-8-091100-1304 Soil 09/11/00 100 Pad 15 448,449 00-1186 09/13/00 

SL-8-091200-1305 Soil 09/12/00 100 Pad 15 447 - 449,483,519 00-1187 09113/00 

SL -8-091200-1306 Soil 09/12/00 100 Pad 15 447 - 449. 483, 519 00-1188 09113100 

SL-8-091200-1307 Soil 09/12/00 100 Pad 15 447 - 449,483,519 00-1189 09113100 

SL-8-091200-1308 Soil 09112/00 100 Pad 15 447 - 449,483,519 00-1190 09/13/00 

SL-8-091200-1309 Soil 09/12/00 100 Pad 14 447 - 449, 483, 519 00-1192 09/13100 

SL-8-091200-1310 Soil 09/12/00 100 Pad 14 447 -449, 483,519 00-1193 09113/00 
------

SL-8-091300-1311 Soil 09/13/00 100 Pad 15 447 - 449.483,519 00-1194 09118/00 

SL-8-091300-1312 Soil 09/13/00 100 Pad 15 447 - 449,483,519 00-1196 09/18/00 

SL-8-091300-1313 Soil 09/13/00 100 Pad 15 447 - 449,483,519 00-1197 09/18100 
------

SL-8-091500-1314 Soil 09/15/00 100 Pad 15 447 - 449,483,519 - 00-1195 09/18/00
-

SL-8-091800-1315 Soil 09/18/00 100 Pad 14 447 - 449,483,519 00-1198 09120/00 

SL-8-091900-1316 Soil 09/19/00 100 Pad 15 629,665-668,704,705 00- 1199 09/20/00 

SL-8-0921 00-1317 Soil 09/21/00 100 Pad 15 629,665 - 668,704,705 00-1201 09/25/00 



LOT 10 No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 
LANLSAMPLE 

10# DATE 

SL-8-0921 00-1318 Soil 09/21/00 100 Pad 15 629,665-668,704,705 00-1202 09/25/00 

SL-8-092200-1319 Soil 09/22/00 100 Pad 15 629,665 - 668,704,705 00-1203 09/25/00 

SL-8-092200-1320 Soil 09/22/00 100 Pad 15 629, 665 - 668, 704, 705 00-1204 09/25/00 

SL-8-092500-1321 Soil 09/25/00 100 Pad 15 629, 665 - 668, 704, 705 00-1211 09/27/00 

SL -8-092600-1322 Soil 09/26/00 100 Pad 15 739 - 742 00- 1212 09/27/00 

SL-8-092600-1323 Soil 09/26/00 100 Pad 15 739 -742 00- 1213 09/27/00 

SL-8-092600-1324 Soil 09/26/00 100 Pad 15 739 - 742 00-1214 09/27/00 

SL-8-092600-1325 Soil 09/26/00 100 Pad 15 739 - 742 00- 1215 09/27/00 

SL-8-092700-1326 Soil 09/27/00 100 Pad 15 737, 738, 701 00- 1216 10/04100 

SL-8-092700-1327 Soil 09/27/00 100 Pad 15 737,738,701 00- 1217 10/04/00 

SL-8-092900-1328 Soil 09/29/00 100 Pad 15 737, 738, 701 00-1218 10/04/00 

SL-8-092900-1329 Soil 09/29/00 100 Pad 15 737, 738, 701 00- 1219 10/04/00 

SL-8-092900-1330 Soil 09/29/00 100 Pad 15 737, 738, 701 00-1220 10/04/00 

SL-8-100200-1331 Soil 10102/00 100 Pad 15 450-451,490,588,589 00- 1221 10/04/00 

S L -8-1 00200-1332 Soil 10102/00 100 Pad 15 450 - 451,490,588,589 00-1222 10/04/00 

SL-8-100200-1333 Soil 10102/00 100 Pad 15 450 - 451, 490, 588, 589 00-1223 10/04/00 

SL-8-100200-1334 Soil 10102/00 100 Pad 15 551 - 553, 588 00-1224 10/04/00 

SL-8-100200-1335 Soil 10102/00 100 Pad 15 551 - 553, 588 00-1238/0002 10/16/00 

SL-8-100200-1336 Soil 10102/00 100 Pad 15 551 - 553, 588 00-1239 10/16/00 

SL-8-100300-1337 Soil 10103/00 100 Pad 15 450 - 451 00-1235 10/11/00 

SL-8-100300-1338 Soil 10103/00 100 Pad 15 551 - 553, 588 00-1225 10/04/00 

SL-8-100300-1339 Soil 10103/00 100 Pad 15 551 -553, 588 00-1226 10/04/00 

SL-8-100400-1340 Soil 10/04/00 100 Pad 15 452,487,488,524 00-1227 10/11/00 



GENERAL DATE STAGED GRID LANLSAMPLE 
------------

LOTIO No. TYPE OPENED SIZE LOCATION LOCATION 10# DATE 

SL-B-100400-1341 Soil 10/04/00 100 Pad 15 531,552,587,588 00- 1231 10/11/00 

SL-B-100400-1342 Soil 10104/00 100 Pad 15 531,552,587,588 00-1230 10/11/00 

SL-B-100400-1343 Soil 10/04/00 100 Pad 15 531,552,587,588 00-1233 10/11/00 

SL-B-100400-1344 Soil 10/04/00 100 Pad 15 531,552,587,588 00-1232 10/11/00 

SL-B-100500-1345 Soil 10/05/00 100 Pad 15 550,551,586,587 00- 1236 10/11/00 

SL-B-100500-1346 Soil 10105/00 100 Pad 15 550,551,586,587 . 00-1237 10/11/00 

SL-B-100500-1347 Soil 10/05/00 100 Pad 15 550,551,586,587 00-1234 10/11/00 

SL-B-100600-1348 Soil 10/06/00 100 Pad 15 550,551,586,587 00-1228 10/11100 

SL-B-100600-1349 Soil 10/06/00 100 Pad 15 550,551,586,587 00-1229 10/11/00 

SL-B-101600-1350 Soil 10/16/00 100 Pad 15 550,551,586,587 00- 1240 10/18/00 

SL-B-103000-1351 Soil 10/30/00 100 Pad 14 419,455,593 00-1242 11/01/00 

SL-B-1031 00-1352 Soil 10/31/00 100 Pad 14 421 - 423; 456 - 459 00- 1243 11/01/00 

SL-B-1 031 00-1353 Soil 10/31/00 100 Pad 14 421 - 423; 456 - 459 00-1244 11/01/00 

SL-B-1 031 00-1354 Soil 10/31/00 100 Pad 14 421 - 423; 456 - 459 00-1245 11/01/00 

SL-B-103100-1355 Soil 10/31/00 100 Pad 14 421 - 423; 456 - 459 00-1246 11/01/00 . 

SL-B-11 01 00-1356 Soil 11/01/00 100 Pad 14 386, 387, 350, 351 00-1253 11/06/00 

SL-B-11 0100-1357 Soil 11101100 100 Pad 14 386,387,350,351 00- 1254 11/06/00 
-----

SL-B-110200-1358 Soil 11/02/00 100 Pad 14 417 - 421,381 - 383 00-1255 11/06/00 

SL-B-11 0200-1359 Soil 11/02/00 100 Pad 15 417 - 421,381 - 383 00-1247 11/06/00 

SL-B-110200-1360 Soil 11/02/00 100 Pad 15 417 - 421,381 - 383 00-1248 11/06/00 

SL-B-110200-1361 Soil 11/02/00 100 Pad 15 417 - 421,381 - 383 00-1249 11/06/00 

SL-B-110200-1362 Soil 11/02100 100 Pad 15 417 - 421,381 - 383 00-1250 1~/06/00 I 

SL-B-110200-1363 Soil 11/02/00 100 Pad 15 417-421,381-383 00- 1251 11/06/00 
'--



LOTIO No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 
LANLSAMPLE 

10# DATE 

SL-B-110200-1364 Soil 11/02/00 100 Pad 15 417-421.381-383 00-1252 11/06/00 

SL-B-11 0800-1365 Soil 11/08/00 100 Pad 15 417 - 421.381 - 383 00-1256 11/13/00 

SL-B-110800-1366 Soil 11/08/00 100 Pad 15 417 - 421.381 - 383 00- 1257 11/13/00 

SL-B-110900-1367 Soil 11/09/00 100 Pad 15 413.414.520 00-1258 11/13/00 

SL-B-110900-1368 Soil 11/09/00 100 Pad 15 413.414.520 00-1259 11/13/00 

SL-B-110900-1369 Soil 11/09/00 100 Pad 15 413.414.520 00- 1260 11/13/00 

SL-B-110900-1370 Soil 11/09/00 100 Pad 15 413.414.520 00- 1261 11/13/00 ' 

SL-B-111300-1371 Soil 11/13/00 100 Pad 16 520 - 522 00-1262 11/15/00 

SL-B-111300-1372 Soil 11/13/00 100 Pad 16 520 - 522 00-1263 11/15/00 

SL-B-111400-1373 Soil 11/14/00 100 Pad 16 520 - 522 00-1264 11/15/00 I 

SL-B-111400-1374 Soil 11/14/00 100 Pad 16 520 - 522 00-1265 11/15/00 

SL-B-111400-1375 Soil 11/14/00 100 Pad 16 520 - 522 00-1266 11/15/00 

SL-B-111400-1376 Soil 11/14/00 100 Pad 16 484 -486 00-1267 11/15/00 

SL-B-111500-1377 Soil 11/15/00 100 Pad 16 484 - 486 00-1275 11/28/00 

SL-B-111500-1378 Soil 11/15/00 100 Pad 16 484 -486 00-1268 11/28/00 

SL-B-111500-1379 Soil 11/15/00 100 Pad 16 484 - 486 00- 1269 11/28/00 

SL-B-111600-1380 Soil 11/16/00 100 Pad 16 484 - 486 00-1270 11/28/00 

SL-B-111600-1381 Soil 11/16/00 100 Pad 16 484 - 486 00- 1271 11/28/00 

SL-B-111700-1382 Soil 11/17/00 100 Pad 16 484 - 486 00- 1272 11/28/00 

SL-B-112000-1383 Soil 11/20/00 100 Pad 16 484 - 486; 448 - 453 00- 1273 11/28/00 

SL -B-112000-1384 Soil 11/20/00 100 Pad 16 484 - 486; 448 - 453 00-1274 11/28/00 

SL-B-112100-1385 Soil 11/21100 100 Pad 16 484 - 486; 448 - 453 00-1276 11/28/00 

SL-B-112100-1386 Soil 11/21/00 100 Pad 16 484 - 486; 448 - 453 00-1277 11/28/00 



GENERAL DATE STAGED GRID LANLSAMPLE 
LOTID No. TYPE OPENED SIZE LOCATION LOCATION ID# DATE 

SL-B-112100-1387 Soil 11121/00 100 Pad 16 484 - 486; 448 - 453 00-1278 11/28/00 

SL-B-112700-1388 Soil 11/27/00 100 Pad 16 484 - 486; 448 - 453 00-1279 11/29/00 

SL-B-112700-1389 Soil 11127/00 100 Pad 16 484 - 486; 448 - 453 00·1280 11/29/00 

SL -B-112800-1390 Soil 11/28/00 100 Pad 16 377,379,380,413,449 00· 1281 11/29/00 

SL-B-112800-1391 Soil 11/28/00 100 Pad 16 377,379,380,413,449 00-1282 11/29/00 

SL·B·112800-1392 Soil 11/28/00 100 Pad 15 377,379,380,413,449 00·1283 11/29/00 

SL-B-112800-1393 Soil 11/28/00 100 Pad 15 377,379,380,413,449 00-1284 11/29/00 

SL-B-112900-1394 Soil 11/29/00 100 Pad 15 377,379,380,413,449 00-1286 12/04/00 

SL-B-112900-1395 Soil 11/29/00 100 Pad 15 377,379,380,413,449 00-1287 12/04/00 

SL-B-112900-1396 Soil 11/29/00 100 Pad 15 377,379,380,413,449 00-1288 12104/00 

SL-B-113000-1397 Soil 11/30/00 100 Pad 15 378,414 -417,450 00-1289 12/04/00 

SL-B-113000-1398 Soil 11/30/00 100 Pad 16 378,414 - 417,450 00-1290 12/04/00 

SL -B-113000-1399 Soil 11/30/00 100 Pad 16 378,414 - 417,450 00-1291 12/04/00 

SL-B-113000-1400 Soil 11/30/00 100 Pad 16 378,414 - 417,450 00-1292 12/04/00 

SL-B-113000-1401 Soil 11/30/00 100 Pad 16 378,414 - 417,450 00-1293 12/04/00 

SL-B-021601-1402 Soil 02/16/01 100 Pad 12 513,514,515 01- 0003 02/21/01 

SL-B-021901-1403 Soil 02/19/01 100 Pad 12 516 - 519,554 01· 0004 02121101 

SL-B-030501·1404 Soil 03/05/01 100 Pad 12 222,223,258,259 01· 0005 03/12/01 

SL-B-030501-1405 Soil 03/05/01 100 Pad 12 222,223,258,259 01· 0006 03/12/01 

SL-B-030601·1406 Soil 03/06/01 100 Pad 12 260, 261 01· 0007 03/12/01 

SL·B·030901-1407 Soil 03/09/01 100 Pad 12 221,222,257 01- 0008 03/12/01 

SL -B-031401-1408 Soil 03/14/01 100 Pad 12 334335370371406407442477 01- 0009 04/02/01 

I478513 
'-



LOTIO No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 
LANL SAMPLE 

10# DATE 

SL-8-031501-1409 Soil 03/15/01 100 Pad 12 334335370371 406407442477 
478513 

01-0010 04/02/01 

SL-8-031501-1410 Soil 03/15/01 100 Pad 12 334335370371 406407442477 
478513 

01- 0011 04/02/01 

SL-8-031501-1411 Soil 03/15/01 100 Pad 12 334, 335, 338 - 340 01- 0012 04/02/01 

SL-8-032101-1412 Soil 03/21/01 100 Pad 12 334, 335, 338 - 340 01- 0013 04/02/01 

SL-8-032101-1413 Soil 03/21/01 100 Pad 12 334, 335, 338 - 340 01- 0014 04/02/01 

SL-8-032101-1414 Soil 03/21/01 100 Pad 12 334, 335, 338 - 340 01- 0015 04/02/01 

SL-8-032201-1415 Soil 03/22/01 100 Pad 12 333,334,299,370 01- 0017 04/04/01 

SL-8-032201-1416 Soil 03/22/01 100 Pad 12 333,334,299,370 01- 0018 04/04/01 

SL-8-032601-1417 Soil 03/26/01 100 Pad 12 274,275, 308 - 312, 340 - 348 01- 0019 04/04/01 

SL-8-032601-1418 Soil 03/26/01 100 Pad 12 274,275, 308 - 312, 340 - 348 01- 0020 04/04/01 

SL-8-032601-1419 Soil 03/26/01 100 Pad 12 274,275, 308 - 312, 340 - 348 01- 0021 04/04/01 

SL-8-032601-1420 Soil 03/26/01 100 Pad 12 274,275,308 - 312,340 - 348 01- 0022 04/04/01 

SL-8-032601-1421 Soil 03/26/01 100 Pad 12 274,275,308 - 312,340 - 348 01- 0023 04/04/01 

SL-8-032801-1422 Soil 03/28/01 100 Pad 12 313 - 315 (222,221?) 01- 0024 04/04/01 

SL-8-032801-1423 Soil 03/28/01 100 Pad 12 313 - 315 (222,221?) 01- 0025 04/04/01 

SL-8-091401-1500 Soil 09/14/01 100 Pad 17 205,206,241,242,277,278,314 01- 0341 09/18/01 

SL-8-091401-1501 Soil 09/14/01 100 Pad 17 205,206,241,242,277,278,314 

205,206,241,242,277,278,314 

01- 0342 09/18/01 

01-0343 09/18/01SL-8-091401-1502 Soil 09/14/01 100 Pad 17 

SL-8-091401-1503 Soil 09/14/01 100 Pad 17 205,206,241,242,277,278,314 01- 0344 09/18/01 

SL-8-091401-1504 Soil 09/14/01 100 Pad 17 205,206,241,242,277,278,314 01- 0345 09/18/01 

SL-8-091401-1505 Soil 09/14/01 100 Pad 17 205,206,241,242,277,278,314 01- 0346 09/18/01 

SL-8-091401-1506 Soil 09/14/01 100 Pad 17 205,206,241,242,277,278,314 01- 0347 09/18/01 



LOT ID No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 

LANL SAMPLE 

ID# DATE 

! 

SL-B-091401-1507 Soil 09/14/01 100 Pad 17 205,206,241,242,277,278,314 01·0348 09/18/01 

SL-B-091401-1508 Soil 09/14/01 100 Pad 17 205,206,241,242,277,278,314 01· 0349 09/18/01 

SL-B-091401-1509 Soil 09/14/01 100 Pad 17 205,206,241,242,277,278,314 01· 0350 09/18/01 

SL-B-012902-1510 Soil 01/29/02 100 Pad 17 205,206,277 ,278 01· 0362 11/13/01 

SL-B-021802-1511 Soil 02/18/02 100 Pad 17 205,206,277 ,278 01· 0355 11/13/01 

SL-B-021802-1512 Soil 02118102 100 Pad 17 205,206,277.278 01-0353/0356 11/13/01 

SL-B-032002-1513 Soil 03/20102 60 Pad 17 232,268,379,670.742 01-02101 
01· 01671 
01-03311 
01· 0089 

7/12/2001, 
7/912001, 
8/1/2001, 
6/26/2001 



LOT ID No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 
LANLSAMPLE 

ID# DATE 

DB-C-111798-0001 Concrete 11/17/98 100 Pad 3 Temp 98- 0075 

98- 0076 

11/23/98 

DB-C-120198-0002 Concrete 12/01/98 100 Pad 3 Temp 12/03/98 

DB-C-120198-0003 

DB-C-012999-0004 

Concrete 12/01/98 100 Pad 3 Temp 98-0077 12/03/98 
--

02/04/99Concrete 01/29/99 100 Pad 3 D2 99-1205 

DB-C-020299-0005 Concrete 02/02/99 100 Pad 3 D2 99-1201 02/03/99 
----

02/03/99DB-C-020299-0006 Concrete 02/02/99 100 Pad 3 C2 99-1202 

DB-C-020399-0007 Concrete 02/03/99 100 Pad 3 D2 99-1203 02/03/99 

DB-C-030899-0008 Concrete 03/08/99 100 Pad 3 D2 99-1051 03/08/99 

DB-C-033199-0009 Concrete 03/31/99 100 Pad 3 F1,F3 99-1078 04/07/99 
r---

DB-C-041299-00 1 0 Concrete 04/12/99 100 Pad 3 F3 99-1085 04/14/99 

DB-C-042299-0011 Concrete 04/22/99 100 Pad 3 G3 99-1098 04/26/99 

05/18/99DB-C-051399-0012 Concrete 05/13/99 100 Pad 3 G5 99- 1108 

DB-C-052099-0013 Concrete OS/20/99 100 Pad 3 G5 99· 1110 05/27/99 

DB-C-060899-0014 Concrete 06/08199 100 Pad 3 G5 99·1131 06/08/99 

07/06/99DB-C-063099-00 15 Concrete 06/30/99 100 Pad 3 G7 99-1146 
!- ----

DB-C-071299-0016 Concrete 07/12/99 100 Pad 3 Fl, F2 99-1151 07/14/99 

DB-C-072799-0017 Concrete 07/27/99 100 Pad 3 G8, H8 99-1176 07/29/99 

DB-C-080999·0018 Concrete 08/09/99 100 Pad 3 F1, F2, G2 99-1181 08/11/99 
. 

DB-C-081899-00 19 Concrete 08/18/99 100 Pad 4 F3, G2, G3 99-1327 08/19/99 

DB-C-082699-0020 Concrete 08/26/99 100 Pad4 H6-H8,G8 99-1339 08/31/99 I 

DB-C-090999-0021 Concrete 09109199 100 Pad 4 F9, G9 99-1359 09/13/99 
I 

DB-C-092499-0022 Concrete 09/24/99 100 Pad 3 H315-b4 99- 1367 09/27/99 
I 

DB-C-100599-0023 
--

Concrete 10/05/99 
-

100 Pad 3 H4,H5,15 b5 lev 6 99-1380 10/06/99 
i 



LOTIDNo. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 

LANLSAMPLE 

ID# DATE 

DB-C-101999-0024 Concrete 10/19/99 100 Pad 3 H6-8,16-8 99-1392 10/20/99 

DB-C-110399-0025 Concrete 11/03/99 100 Pad 3 H3,4,13,4 99-1406 11/03/99 

DB-C-111699-0026 Concrete 11/16/99 100 Pad 3 12,3,4,5 99-1429 11/23/99 

DB-C-113099-0027 Concrete 11/30/99 100 Pad 3 J3,4,5;J3,4,5,6 99-1434 12/06/99 

DB-C-122099-0028 Concrete 12/20/99 100 Pad 4 13,4,5;J3,4,5,6 99-1440 12/20/99 

DB-C-032400-0029 Concrete 03/24/00 100 Pad 3 E9 - E14, F9 -F14 00-1047 03/27/00 i 

DB-C-010201-0031 Concrete 01/02/00 -150 Pad 12 Concrete pad-part of 
pad 12 

01- 0001 
, 

01/02/01 

DB-C-0321 01-0032 

-

Concrete 03/21/01 -80 Pad 12 Concrete from Decon 
Pad 

01- 0016 04/02/01 



LOTIO No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 
LANLSAMPLE 

10# DATE 

08-S-112498-0001 Steel 11/24/98 100 Pad 3 Temp 98-74 11/23/98 

08-S-020299-0002 Steel 02/02/99 100 Pad 3 C2 99- 1204 02/03/99 

08-S-032999-0003 Steel 03/29/99 100 Pad 3 E1,E3 NA NA 

08-S-041299-0004 Steel 04/12/99 100 Pad 3 F3 NA NA 

08-S-043099-000S Steel 04/30/99 100 Pad 3 GS, G6 NA NA 

08-S-063099-0008 Steel 06/30/99 100 Pad 3 G7 NA NA 

08-S-070299-0009 Steel 07/02/99 100 Pad 3 G7, G8 NA NA 

08-S-072199-0010 Steel 07/21/99 100 Pad 3 GS, G6, HS NA NA 

08-S-081099-0011 Steel 08/10/99 100 Pad 3 F1,F2,G2 NA NA 

08-S-083099-0012 Steel 08/30/99 100 Pad 3 H6-H8 NA NA 

08-S-091499-0013 Steel 09/14/99 100 Pad 3 G3,4,H4,S NA NA 

08-S-1 0 1S99-00 14 Steel 10/1S/99 100 Pad 3 w lobe bench 2-S NA NA 

08-S-111999-001S Steel 11/19/99 100 Pad 3 12,3,4,S NA NA 

08-S-01 0600-00 16 Steel 01/06/00 100 Pad 3 13,4,S;J3,4,S,6 NA NA 

08-S-020200-0018 Steel 02/02/00 100 Pad 3 09,010, E9,E10 NA NA 
I 

08-S-031000-0019 Steel 03/10/00 100 Pad 3 011,012,013 NA NA 

08-S-040700-0020 Steel 04/07/00 100 Pad 3 E9 - E14, F9 -F14 NA NA 

08-S-060S00-0021 Steel 06/0S/00 100 Pad 11 011-13; E11-13 NA 

08-S-071400-0022 Steel 07/14/00 200 Pad 3 010 -13, E10 -13, 
F10-13 

NA NA 



LOT 10 No. 

FRAC2-022100 . 

FRAC1-042100 

FRAC3-070500 

SUMP060401 

GENERAL 
TYPE 

Sediment 

Sediment 

Sediment 

Sediment 

DATE 
OPENED 

02/21/00 

06/05/00 

07/05/00 

06/04/01 

SIZE 

-20 

STAGED 
LOCATION 

Frac 2 

Frac 1 

Frac 3 

insitu 

GRID LOCATION 

NA 

NA 

NA 

Composite from Pad No. 
10 sumps 

LANL SAMPLE 

10# DATE 

00-1030 03/01/00 

00-1078 06/05/00 

00-1108 07/05/00 

01- 26 06/04/01 



LOTIO No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 

LANLSAMPLE 

10# DATE 

TREN1-120998-01 Storm water 12/09/98 9,588 Tank01 NA 98-78 12/15/98 

TREN2-121598-01 Storm water 12/15/98 5,810 Tank02 NA 98-79 12/16/98 

TREN3-121698-01 Storm water 12/16/98 950 Tank03 NA 98- 80 12/16/98 

FRAC1-121898-01 Water 12/18/98 14,700 Frac 1 NA 98· 81 12/18/98 

FRAC2-030899-01 Water 03/08/99 18,270 Frac 2 D2 99- 1206 03/08/99 

FRAC1-032999-02 Water 03/29/99 19,824 Frac 1 E1,E3 99- 1207 03/29/99 

FRAC3-042399-01 Water 04/23/99 17,010 Frac3 99·1211 04/26/99 

FRAC2-050599-02 Water 05/05/99 18,900 Frac2 NA 99· 1212 05/06/99 

FRAC1-060199-03 Water 06/01199 18,900 Frac 1 NA 99- 1213 06/02/99 

FRAC3-061899-02 Water 06/18/99 18,480 Frac3 G6 99· 1218 06/24/99 

FRAC2-071599-03 Water 07/15/99 18,691 Frac2 99-1220 07/15/99 

FRAC1-080999-04 Water 08/09/99 19,320 Frac 1 NA 99-1222 08/11/99 

FRAC3-092199-03 Water 09/21/99 18,900 Frac 3 NA 99·1223 09/22199 

FRAC2·112299-04 Water 11/22/99 19,530 Frac2 99·1229 11/22/99 

FRAC 1-042100-05 Water 04/21/00 17,020 Frac 1 NA 00- 10671 
1068 

04/24/00 



LOTIO No. 
GENERAL 

TYPE 
DATE 

OPENED SIZE 
STAGED 

LOCATION 
GRID 

LOCATION 

LANLSAMPLE 

10# DATE 

SL-B-070700-1236 Soil 07/07/00 100 Pad 13 196-199,232-235, 
268-271,304-307 

00-1110 07/12/00 

SL-B-070700-1237 Soil 07/07/00 100 Pad 13 196-199,232-235, 
268-271,304-307 

00- 1111 07/12/00 

SL-B-070700-1238 Soil 07/07/00 100 Pad 13 196-199,232-235, 
268-271,304-307 

00 1112 07/12/00 

SL-B-070700-1239 Soil 07/07/00 100 Pad 13 196-199,232-235, 
268-271,304-307 

00 1113 07/12100 

SL-B-070700-1240 Soil 07/07/00 100 Pad 13 196-199,232-235, 
268-271,304-307 

00 1114 07/12/00 
i 

SL-B-070700-1241 Soil 07/07/00 100 Pad 13 196-199,232-235, 
268-271,304-307 

00 1115 07/12/00 

SL-B-070700-1242 Soil 07/07/00 100 Pad 13 196-199,232-235, 
268-271,304-307 

00 1116 07/12/00 

OB-C-070700-0030 Concrete 07/07/00 100 Pad 3 010 - 13, E10 -13, 
F10 - 13 

00 1118 07/17/00 



C-3 Summary of Miscellaneous Wastes from MDA P Excavation 



Summary - Miscellaneous - Wastes Staged at MDA-P 

BARCODEI RELEASE 
TYPE CONTAINER TRACKING 10 DESCRIPTION RELEASED TO DATE 

Gas Cylinder 5 Gal Bucket N/A lecture bottle size gas cylinder with valve EM&R 07/21/00 

Unknown Chem 5 Gal Bucket UNK-051899-0025 50ml 9 vial, clear liquid + crystals EM&R 06/18/99 

Unknown Chem 5 Gal Bucket UNK-092399-0029 50 ml 9 vial liq and crystals EM&R 10/04199 

Unknown Metal 5 Gal Bucket UNK-041699-0020 3"pipe, closed EM&R 05/18/99 
Object 

---

Unknown Metal 5 Gal Bucket UNK-042399-0021 3/4" 1.5' steel pipe, inlet/outlet both ends EM&R 05/18/99 
Object 

Unknown Metal 5 Gal Bucket UNK-042899-0022 enclosed 'pipe' 2.5' long 3" dia EM&R 05/18/99 
Object 

Explosives 55 Gal Drum 2054821 10 Ibs.HE, contaminated sOil,burlap bags ESA-FM 05/27/99 

Explosives 5 Gal Bucket 2054822 10 Ibs.HE, contaminated soil,burlap bags ESA-FM 05/27/99 

Explosives 5 Gal Bucket 2054823 10 Ibs.HE, contaminated soil,burlap bags ESA-FM 05/27/99 

Explosives 5 Gal Bucket 2054824 10 Ibs.HE, contaminated soil, burlap bags ESA-FM 05/27/99 
---

Explosives 5 Gal Bucket N/A 5 Ibs. of HE, Boracitol ESA-FM 06/03/99 

Explosives 5 Gal Bucket N/A 5 Ibs. of HE, misc. ESA-FM 07/26/99 • 

Explosives 5 Gal Bucket N/A 5lbs. of HE, misc. ESA-FM 07/26/99 

Explosives 5 Gal Bucket N/A 5 Ibs. of HE, misc. ESA-FM 07/26/99 

Explosives 5 Gal Bucket 2054825 15 Ibs. TNT,RDXlHMX,Boracitol - #1 ESA-FM 09/01199
--

Explosives 5 Gal Bucket 2054825 10 Ibs. TNT,RDXlHMX,Boracitol- #2 ESA-FM 09/01199 

Explosives 5 Gal Bucket 2054825 8lbs. TNT,RDXlHMX,Boracitol, Ba - #3 ESA-FM 09/01199 

Explosives 5 Gal Bucket 2054825 151bs. TNT,RDXlHMX,Boracitol- #4 ESA-FM 09/01199 

Explosives 5 Gal Bucket 2054825 20 Ibs. suspect HMXlRDX - #5 ESA-FM 09/01/99 
, 

Explosives 5 Gal Bucket 2054825 20 Ibs. TNT,RDX/HMX, rags - #6 ESA-FM 09/01/99 
, . 



BARCODEI RELEASE 
TYPE CONTAINER TRACKING 10 DESCRIPTION RELEASED TO DATE 

Explosives 5 Gal Bucket 2054825 10 Ibs. TNT, Boracitol - #7 ESA-FM 09/01/99 

Explosives 5 Gal Bucket 2054825 25 Ibs. TNT,RDXlHMX,Boracitol - #8 ESA-FM 09/01199 

Explosives 5 Gal Bucket 2054826 10 Ibs. RDXlHMX, TNT, Boracitol ESA-FM 10/27/99 

Explosives 5 Gal Bucket 2054827 10 Ibs. RDXlHMX, TNT, boracitol ESA-FM 10/27/99 

Explosives 5 Gal Bucket 2054828 6 Ibs. RDXlHMX, TNT, boracitol ESA-FM 10/27/99 

Explosives 5 Gal Bucket 2054832 10 Ibs. of HE, misc. ESA-FM 01/13/00 

Explosives 5 Gal Bucket 2054845 10 Ibs. of HE, misc. ESA-FM 01/20100 

Explosives 5 Gal Bucket 2054841 10 Ibs. of HE. misc. ESA-FM 01/26/00 

Explosives 5 Gal Bucket 2054849 10 Ibs. of HE. misc. ESA-FM 02/10100 

Explosives 5 Gal Bucket 2054839 10 Ibs. of HE, misc. ESA-FM 02/22/00 

Explosives 5 Gal Bucket 2054843 10 Ibs. of HE, misc. ESA-FM 02/22/00 

Explosives 5 Gal Bucket 2054840 10 Ibs. of HE. misc. ESA-FM 02/24/00 

Explosives 5 Gal Bucket 2054836 10 Ibs. of HE, misc. ESA-FM 02/29/00 

Explosives 5 Gal Bucket 2169871 10 Ibs. of HE, misc. ESA-FM 03/08/00 

Explosives 5 Gal Bucket 2169898 10 Ibs. of HE, misc. ESA-FM 03/23/00 

Explosives 5 Gal Bucket 2054837 10 Ibs. of HE, misc. ESA-FM 03/23/00 

Explosives 5 Gal Bucket WP 31189 20 Ibs. RDXlHMX, TNT and Boracitol ESA-FM 03/24/00 

Explosives 5 Gal Bucket 2169899 10 Ibs. of HE, misc. ESA-FM 04/24/00 

Explosives 5 Gal Bucket 2169873 10 Ibs. of HE, misc. ESA-FM 06/15/00 

Explosives 5 Gal Bucket 2169879 10 Ibs. of HE, misc. ESA-FM 07/10100 

Explosives 5 Gal Bucket 2169881 4 Ibs. of HE, misc. ESA-FM 07/17/00 

Explosives 5 Gal Bucket 2169895 4 Ibs. of HE, misc. ESA-FM 12/21/00 

Ordnance Item 5 Gal Bucket N/A fuse or detonator ESA-FM 03/24/00 

Ordnance Item 5 Gal Bucket N/A 155 mm empty projectile ESA-FM 01/27/00 



BARCODEI RELEASE 
TYPE CONTAINER TRACKING 10 DESCRIPTION RELEASED TO DATE 

Ordnance Item 5 Gal Bucket N/A 75 mm empty projectile ESA-FM 07107/99 

Metal Object N/A B006657 7 various sized metal objects ESA-WMM 01/25/00 

Metal Object N/A A005347 13 pieces of misc. metal ESA-WMM 02/23/00 

Metal Object N/A A005313 1A005348 13 misc. metal objects ESA-WMM 03/02/00 

Metal Object N/A A005306 1 misc. metal object ESA-WMM 03/30/00 I 
Metal Object N/A A005338 1A005340 26 misc. metal objects ESA-WMM 03/30/00 I 
Metal Object N/A BOO4406 12 misc. metal objects ESA-WMM 04/25/00 

Metal Object N/A B006664 10 misc. metal objects ESA-WMM 06/06/00 

Metal Object N/A B004955 10 misc. metal objects ESA-WMM 06/29/00 I 
PPE Drum Liner A014603 18 bags of used PPE Municipal Waste 12/02/99 

PPE Drum Liner 26571 15 bags of used PPE Municipal Waste 01/25/00 

Barium Nitrate 55 Gal Drum N/A 250 Ibs. of barium nitrate +1- soil WM 07/19/99 

Barium Nitrate 55 Gal Drum N/A 250 Ibs. of barium nitrate +1- soil WM 07/19/99 

Barium Nitrate 55 Gal Drum N/A 250 Ibs. of barium nitrate +1- soil WM 07119199 

Barium Nitrate 55 Gal Drum N/A 250 Ibs. of barium nitrate +1- soil WM 07/19/99 

Barium Nitrate 55 Gal Drum N/A 250 Ibs. of barium nitrate +1- soil WM 07/19/99 

Barium Nitrate 55 Gal Drum N/A 250 Ibs. of barium nitrate +1- soil WM 07/19/99 

Barium Nitrate 55 Gal Drum N/A 250 Ibs. of barium nitrate +1- soil WM 07/19/99 

Barium Nitrate 55 Gal Drum N/A 250 Ibs. of barium nitrate +1- soil WM 07/19/99 

Barium Nitrate 55 Gal Drum 300899-001 250 Ibs. of barium nitrate +1- soil WM 10/19/99 

Barium Nitrate 55 Gal Drum 070999-001 250 Ibs. of barium nitrate +1- soil WM 10/19/99 

Barium Nitrate 55 Gal Drum 091099-001 250 Ibs. of barium nitrate +1- soil WM 10/19/99 

Barium Nitrate 55 Gal Drum 2054831 250 Ibs. of barium nitrate +/- soil WM 01/13/00 

Barium Nitrate 55 Gal Drum 2054844 200 Ibs. of barium nitrate +1- soil WM 01/20100 



BARCODEI RELEASE 
TYPE CONTAINER TRACKINGID DESCRIPTION RELEASED TO DATE 

Barium Nitrate 55 Gal Drum 2054842 300 Ibs. of barium nitrate +1- soil WM 02/10100 

Barium Nitrate 55 Gal Drum 2054833 300 Ibs. of barium nitrate +1- soil WM 03/29/00 

Barium Nitrate 55 Gal Drum N/A 80 Ibs. of barium nitrate +1- soil WM 03/29/00 

Barium Nitrate 55 Gal Drum 2054834 300 Ibs. of barium nitrate +1- soil WM 04/05/00 

Barium Nitrate 55 Gal Drum 2169900 300 Ibs. of barium nitrate +1- soil WM 04/25/00 

Barium Nitrate 55 Gal Drum 2169872 300 Ibs. of barium nitrate +1- soil WM 06/02/00 

Barium Nitrate 55 Gal Drum 2169874 300 Ibs. of barium nitrate +1- soil WM 06/20100 

Barium Nitrate 55 Gal Drum 2169875 300 Ibs. of barium nitrate +1- soil WM 06/20100 

Barium Nitrate 55 Gal Drum 2169987 300 Ibs. of barium nitrate +1- soil WM 06/20100 

Barium Nitrate 55 Gal Drum 2169876 300 Ibs. of barium nitrate +1- soil WM 06/27/00 

Barium Nitrate 55 Gal Drum 2169877 300 Ibs. of barium nitrate +1- soil WM 06/29/00 

Misc. Haz Waste 55 Gal Drum N/A 5001bs. Lead WM 02/09/00 

Misc. Haz Waste 55 Gal Drum N/A 5001bs. Lead WM 02/09/00 

Misc. Haz Waste 55 Gal Drum N/A 5001bs. Lead WM 02/09/00
--

Misc. Haz Waste 55 Gal Drum N/A 5001bs. Lead WM 02/09/00 

Misc. Haz Waste 55 Gal Drum N/A 5001bs. Lead WM 02/09/00 

Misc. Haz Waste 55 Gal Drum N/A 200 lb. Mixed waste{Ba, soil, DU, ) WM 03/08/00 

Misc. Rad Waste B-12 B013351 12170065 B-12 full of metal debris, det cable, DU WM 11/22/99 

Misc. Rad Waste B-25 2173037 Gray cable wire, pipe, plastic debris, DU WM 07/06/00 

Misc. Rad Waste B-25 A006564 400 Ibs PPE ,debris contaminated w/DU WM 05/01/01 

Misc. Rad Waste 55 Gal Drum 2175035 Plastic debris, PPE, DU WM 07/06/00 

Misc. Haz Waste 55 Gal Drum Cotton water filters, Asbestos WM 07/06/00 
I"---- ... 



C-4 Excavation Grid Tracking System Table 



766 

M-1 

767 

M-2 

768 

M-3 

769 

M-4 

770 

M-5 

771 

M-6 

772 

M-7 

773 

M-8 

774 

M-9 

775 

M-10 

776 

M-11 

777 

M-12 

778 

M-13 

730 

L-1 

731 

L-2 

732 

L-3 

733 

L-4 

734 

L-5 

735 

L-6 

736 

L-7 

737 

L-8 

738 

L-9 

739 

L-10 

740 

L-11 

741 

L-12 

742 

L-13 

694 

K-1 

695 

K-2 

696 

K-3 

697 

K-4 
698 

K-5 

699 

K-6 

700 

K-7 

701 

K-8 

702 

K-9 

703 

K-10 

704 

K-11 

705 

K-12 

706 

K-13 

658 

J-1 

659 

J-2 

660 

J-3 

661 

J-4 

662 

J-5 

663 

J-6 

664 

J-7 

665 

J-8 

667 

J-9 

668 

J-10 

669 

J-11 

670 

J-12 

671 

J-13 

622 

1-1 

623 

1-2 

624 

1-3 

625 

1-4 

626 

1-5 

627 

1-6 

628 

1-7 

629 

1-8 

630 

1-9 

631 

1-10 

632 

1-11 

633 

1-12 

634 

1-13 

586 

H-1 

587 

H-2 

588 

H-3 

589 
H-4 

590 
H-5 

591 

H-6 

592 

H-7 

593 
H-8 

594 

H-9 

595 
H-10 

596 
H-11 

597 
H-12 

598 
H-13 

599 
H-14 

550 
G-1 

551 
G-2 

552 
G-3 

553 
G-4 

554 
G-5 

555 
G-6 

556 
G-7 

557 
G-8 

558 
G-9 

559 
G-10 

560 
G-11 

561 
G-12 

562 
G-13 

563 
G-14 

514 

F-1 

515 

F-2 

516 

F-3 

517 

F-4 
518 

F-5 

519 

F-6 

520 
F-7 

521 
F-8 

522 

F-9 

523 
F-10 

524 

F-11 

525 

F-12 

526 
F-13 

527 

F-14 

478 
E-1 

479 

E-2 

480 

E-3 

481 
E-4 

482 
E-5 

483 
E-6 

484 

E-7 

485 

E-8 

486 
E-9 

487 
E-10 

488 

E-11 

489 
E-12 

490 
E-13 

491 
E-14 

442 

0-1 

443 

0-2 
444 

0-3 

445 

D-4 

446 

0-5 

447 

0-6 

448 

0-7 

449 

D-8 

450 
0-9 

451 
0-10 

452 

0-11 

453 

0-12 

454 

0-13 

455 
0-14 

406 
C-1 

407 

C-2 
408 

C-3 
409 

C-4 
410 

C-5 

411 

C-6 

412 
C-7 

413 
C-8 

414 
C-9 

415 
C-10 

416 
C-11 

417 
C-12 

418 
C-13 

419 

C-14 

370 

8-1 

371 
8-2 

372 

8-3 

373 
B-4 

374 
8-5 

375 

8-6 

376 

8-7 

377 
B-8 

378 
8-9 

379 
8-10 

380 
8-11 

381 
8-12 

382 
8-13 

383 
8-14 

334 
A-1 

335 
A-2 

336 
A-3 

337 
A-4 

338 
A-5 

339 
A-6 

340 
A-7 

341 
A-8 

342 
A-9 

343 
A-10 

344 
A-11 

345 
A-12 

346 
A-13 

347 
A-14 

lNfi Confirmation sample grid tracking 
system 

X-# Initial excavation grid tracking systemE:J



Appendix D to Annex II 

Sample Request Summaries 










































































































































































































































































































































































































































































































Sample 10 Analyte Name Analyte Method Result RESULT UNIT 
10816-00-1110 IBarium ISW-846:6010B 1 3040001UGlL 
e~~..!~-00:'~_~~~._.__e.j.U_-_23_5__._.__e_~e~_PA_:~~.:!_____._ .0.25!p-;:;:C-:-:Vg::.-...___ 
0816-00-1110 U-238 'EPA:90U ,-0.06:pCilg 
'oifi6::-00-Tf10····--··Uranrum:234-·-·--HAsC.:soo~SOU----·-"·--Q."s·pCiig-·----

0816:0o~Tro---'-~"'niai1ium:238 -··'------;·HASCsooTs5u---··""'--0.73, pCVg 

---,"-" . , •.~,.,-.'-"""-'-" '" " _v_ -~."--'-~Tpe'n.ta~erythriiol""'-"'-""'"'''' ',~'",""'-'~~'-'--," ... ·___ ....~·"'_v ~_.,'__~ _____~~_._~v.".""_"'_.,,~_. ."'",q~....... " __ ~_,_._.''''v'''v____ .. _~_y· ~-: 


0816-00-1110 ,tetranitrateSW-846:8330 985; UG/KG 
0816-00-fff(r-··----RbY·-----------·SW:84iE83~-·--····--·4100;UG/KG-::..---
-b816~o6:Fi10" ':Amlrlo-o"NT's' SW~846':8330""--"'---- ···420TUG7R(r..----··~····· 
'0816-00:ffiO·---···-,t·iMX---···----:sW:846:833O-'-""-'''-''-51001 UGT~--
'OS·fi3=-OO=-n11----·.BalfurTi"---'~'-'sW~846:oof6B--"-":-18760oTDG/L-------: 
'0816:-o6:1Tff'~--··;U:2-:f5--·-~--·-;EPA:OOTI------·- -0.37: pCvg----· 
;0818:06:-ffir··-'·-;O~238·-···············--·;EPA:90T.f-· .•.- ..... _.,........ "'o'AIPtlTg--'"~-.'-'-"-'. 
·0816-oo-11{r·-····--Uranium:234-~·SL-300:rsoc:r----~-0]3jpcv-g-----.. 
10816-00-1111 --~--~'''TJranIum:238---·HASL:-300:ISOU 0.82: pCVg ----. 
--~"------~--rPentaerYthritOl'~-~--~--··_~'_~AM__- ~-----; 

0816-00-1111 'tetranitrate 'SW-846:8330 995!UG/KG 
:0816:00..111 r---''''---'''- RDX-~-~--fSW:-846:83·30~--·' 79001 UG/KG ----, 
. 0816-00=111T-'--"AminoDf;jTOS"""--"SW-84€ES33O- .._----4-500:UG/KG -----. 

'0816:00~fff1"""""iHMX ....··..··_- .. ·--·SVr:S46:8330············_,· """sfoo;UGiRG--"'-'-'-'" 

·0816-oo-1112-·--'Barium··---··--SW-:846:6010B---~ 1noooju~--~-': 


:·i:i816-6O-1112··-·--..U=235----·......:·EPA:901-.1----··-~41tPCi79
i0816-00.. 1112--·-~-'-;U-238 -~-~EPA:9(ff:1------"-~~:O.411pCilg -----,.'1 

\-----______ "_"'~_~·t·..- _______,·_..,_'o-w~__-.---~---...1.!.-.----___ 
0816-00-1112 'Uranium-234 1HASL-300:ISOU 0.64jpCi/g . 
:O8~6-O0-11 ~~.__". _~Uranium-238 :HASL:~~g_~ou =__f 0.851 pCilg 

: Pentaerythritol 
0816-00-1112 : tetranitrate :SW-846:8330 985! UGlKG 
!0816~OO-1112-----TRDX :SW-846;8330-- _ 7100~UG/KG 

r0816-OQ:fffj--- iUranium-234 '"THASL:300:ISOU -r 
~816-00-1113 toranrum-238 :HASL-300:ISOU 

: Pentaerythritol 
10816-00-1113 Itetranitrate 'SW-846:8330 966iUGlKG 

---:;--=l~;-7--'---

:0816~-0~O~-1~1713:---~iR=0~X~-----~:~SW~-84~6:~8330~=~----r---8~3~00~I~U~GI~KT.G~----~ 

~816-00-1113 lAmino oNf$-\SW-846:8330 ~~__~ 
'0816-00-1113 'HMX ~SW-846:8330 57oo1UGlKG ' 
~0-1114 IBarium :SW-846:6010B i 158000IUG/L l 

!0816-00-1114 !Uranium-234 'HASL-300:ISOU i 0.81pCi/g I 
;os1e:oO-fH4'·"--lUranium-238 "--iHASL-30t:ilS0U-----·..--0:7¥vg-----· 

iPentaerythritol l 

~~~1.?~.0-1 .~1~_.~~J.!=t~.':'!!..ra!!.___"_'.~~:~~6:8~~_____..;.._._~~5l UG:~G_____J, 
0816-00-1114 'ROX lSW-846:8330 l 180001UGlKG 1 

lOs16-00-1114 iAmino ONrs rsw:B'46:8330 490! UG/KG 
i0816-00-1114 lHMX ISW-846:833O: 61 oojUGlKG 
:0816-00-1'115 --- !Barium !SW-846:6010B :3550001UGlL , 
~:-60-1115'"--- 'Uranium-234 ri=IASL-300:-IS-O-U--"--;---0-.63jpCV9 -----1 
10816-00-1115 IUranium-238 !HASL-300:ISOU : 0.7;pCi/g ; 
f- "lPentaerythritol ----;-.. I 
)0816-00-1115 !tetranitrate iSW-846:8330 971iUG/KG 
f08f6-oo-1115 !ROX ;SW-846:8330 -----: 6300::-i!":":Uc::G/7.K-=-=G:--------i 
~·078=--1""'6-:-O.-::0-c-1-,1·.,..15..........---+iAmino ONrs [SW-846:8330 870iUGlKG 

10816-00-1115 IHMX SW-846:833O GlKG,.-=-:-;---_.
:0816-00-1116 ~~fBarium SW-846:6010B 
t0816·~-00=-.-1~1716~-~i~U~rn-n~iu-m~-2~34~----.H~A~S~L~-3~O~0~:IS~O~U~· 
10816-00-1116 ~ranium-238 HASL-300:ISOU 
! l 

~o8Ta::-00-fH2"~-!Amino DNT'S---iSW-846:a330--~--5roDG7KG-----·· 

;0816..00-111"2 ~HMX fSW-846:83SO----'-590 UG/KG 
r081s:-06~ri3...-..-:Barium------·SW-:846:OOiOB---.."T-155""00:=:+·'·'-"'-;:----·------' 





































































































































































































































































































































































































































j-rr:--~
~

~
7i1

\J

\ -,.- -~
-~

. '(
c

V
\

~c

yQ
) 0

f./f.l::~
(.1 0°

-
- 

'"" 
-;::. 

~
o 

Q
 

aD
'-" 

~
 

-1-'-"0 
I 

..J 
~

6'
~

] 
a 

°9 
- I J.t.-~

~
_. 

,

( t
1rn' (/) 

c; 
- 

~
r~

~
 ~~~

~
f~

-B~JT1 
~

£~
 g~

 ~
&

\,,~
 

~
 ~

 
>

- 
~

 
(II 

f' 
n ~

 
~

.rt1
- 

' 
~

 
~

 
«:;?r ' 

~
 

~
 

<
 

"t'

I ~
8 

'Y
~

) 
. 

~
 

~
 

-~
 

..t\~
~

. ~
 rI' 

,~
 

'1"D
~

 
~

..D
 

" 
. 

n
,fC

' 0 
. 

~
 

-r!i.fcJff 
U

}~
 

<
t:>

:; 
!,., 

I 
'I 

of 
P

:i! 
~

J,... 
<

C
 

.D
~

. 
~

 ~
U

) 
U r

~
 

~
 

tA
 

t 
'%

 
.

<
J.-':8 

J' 
( 

~

~

0' 0
~

~..t-O
~

0~-0

<
'

-tg

2,~

Q~~

0 ~
 0

'~
"w

~
",8~

- 
~

-_.~

'I

t&
-

~
1_~

'"i~
~

~
-~

r
O

 
~

~
.I:'

V
~

 
~

 
£J 

~
 

f~
 

~
 

~

~
t/\!!.D

 
~

G
T

I 
6T

 
rr:

~
(

~
 

- 
r 

~
 

~
 

f(: 
~

,~
 

,- 
-

j 
, 

.' 
(1\ 

l/f 
U

\ 
(\ 

,..(') 
<

t
:z1 

r 
~

 
- 

at)'." 
- 

r 
~

 
~

 
C

~
 

~
(') 

0 
0.,0 

0 
t\ 

""""0,;' 
C

X
)~

 
1.J" 

n 
I" 

J 
(\

p 
'" 

~
 

~
 

~
 

~
r~

 
0 

.?o 
¥ 

cI\ 
~

 
J 

~
 

~
 

..e,
(

~
 

~
 

~
 

j 
11 

~
 

J 
.~

 
~l

f~
~

t 
~

~
~

tt" 
. 

~
~

 
~

C
'1~

 
J 

~
!.'t"3 

t.! 
~

I 
r 

f.t 
t,f 

f. 
4w

a;::;7 
, 

! 
..0 

15 
~

 
~

 
~

 
,,> 

~
 

.J 
1:} 

~
 

~
 

ft. 
P

 
t 

"""; 
-;::$

~
 

~
 

! 
. 

~
 

J\ 
..0 

~
 

t 
~

 
ti' 

'6 
: 

t 
~

 
~( 

w
 

~
. 

} 
~

 
()

, 
~

 
')-D

C
 

"r 
~

~
~

 
~

'. 
r 

P
 

()\~
~

1 
i'~

~
'A

,,1

\
"&

~~ 
~ 

~ 
' 

rn 
~--l 

~ 
~ 

J,

'IO
~

' 
.. 

~
 

. 
- 

,i 
V

\ 
§ 

t 
G

 
I 

~
 

~

I
.6 

, 
t 

4~
 

~

! 
; 

~ 
l-;-, 

. 
l' 

,~
 

~

~"0

M-~

Q
1



"
{.

.§
t

~

..

c~

'" 
-

~
~

0
0 0 ~

- 
-

V
\)

J 
00

 
G

 
o~

o
§

J:
 

~
 

oQ
 -i

t 
-J

' 
...

J t5
' ~

 
.

'""
" 

G
 

~
 

\A
 

.t'
 

- 
~

1>
 

c 
V

\ 
-:

..
- 

--
. 

- 
t, 

0 
0 

--
~

~
-~

-.
.o

~
 ~

 r~
 ~~

, p
 ~

. e
 ~

.l.
~

 ! ~
 ~

 ~
r?

 ~
 W

 ~
 r~

~
~

::8
§,

3 
~

1'
~

 
- ~ 

tJ
 ~ ~

 r
; 
~

~
 ~

 ~ 
).

. 
~

 
} 

~
 '

~
 

r\
 

I.J
1 - 

(1
1 

~
 

("
 

.3
 -

'- 
~

I p
, ~

~
 

~
 

e:
J;

.,o
 
~

 ,9 
f(

l!'
""

O
' 

~
J

~
 

rJ
J 
~

 ~
%

-'"
 

;!;
 r~

 -' 
-D

 ::i
>

 
,/'

I 
! 

~
 

~
 ~

 
- (A

 .
.f'

I ~
";

~
~

 
~

- Z
1~

~
~

t.j
~

~
"

rJ
j~

Z
't7

.a
.;

r Q
:,V

1)
 

t)
 

. 
v'

~
 

iP
a!

? 
~

 ~ 
~

 ~
('O

I
~

: 
~

<
: 

l()
;#

 
b:

:g
 
~

~
~

~
~

 t ~
~

#'
 

:-
b.

 
'

~
 ~

 ~
 {

:; 
~

, 
~

 
c1

 ~
 -

', 
~

 "
" ~

 r
 ~

:l:
 

:

1/
"1

 
~

\
;o

:IJ
L'

' 
-

~
I 

.
" 

I
--

~
,

t/I
 

.
. 

oA
 

' 
,

, 
I. 

V
' 

, 
'

1,
 

.:

0 ..D - V
1

~
 

0-
 

00
00

~
 ~

 
c4

~
 
6'

~

,J
,-

 ~!J
C

.&
.)

. 
~

 ~
 

rr
 

~
 ('

 
,l\

 ~
 

"'"
 -

D
..n

 
1 

(/
I::

 
'"A

: 
~

.5
. 

cA
 

_0
'\ 

~
 

~
 

,

I 
+

~
f' 

C
I1

 
V

i 
r

~
~
t

.! 
.1

\
~

V
I 

,.
F

~
 

J:
 

-
f

~
~

 
S

o"
 

7

V
~

 
of

. 
-r

. 
~

 
-j 

~
 

r 
~

 
~

 
~

 I
A

 
";

:£

~
 

',I
I 

~
~

. 
~

~
 

J~
1'

" 
~

~
~

~
 

~
~

 
!)

l 
Z

 (
 

- ~
 f' 

0 
;t.

. 
-#

 p
, 

) 
~

 .
\ 
~

 ~ 
~

. i
 

P
r 

11
-l.

 
~

 
(J

i1
 

Y
V

 
f 

~
~

 
-

- 
~

\{
 

~
t 

~
~

~
 

~
f 

tJ
. 

§f
, 

~
~

 
~

f> ~
--

 
--

-

to i. ~ 'l:
-



~.c n

J
\ ~

..Q
~

~
~

~
V

)~
 ~J

-
-- 

\1\

~
~

 
~

~
-G

Lo--o--o
oJ&

.)-

>
~

~

I 
-' 

W

~
 ~

. ~
 V

1 
III ~

 ~
 ~

 ~
 ~

 rn t ~
 2~

8m
3~

~
 f[~

:":'-"'+
-~

..D
O

U
 )8:C

~
 

",A
s 

w
-,o 

~
,..,~

~
 

o~
'f 

~
~

 
-4)- 

<
. 

~

~
~

 
9.) 

~
G

~

,,~
 

~
 

~
,

~
- 

r-""6 ~ ~
 

if ('L '" "Q
 

a rr:: -+
 5

j 
q.J 

~
+

~
 

£ 
()

~
tA

 
0 

..D
~

(?J I 
z.O

 
e

P
f.IJ} ~

 
£IJ q 1;:;

e-f!! 
-I-.r

~
 

b

- 
~

 
C

J 
~

 
0 

- 
~

O
'O

O

. 
<

. 
~

.g
\A

I 
~

 
-~

 
~

c;3
'ft. 

r ([0 
- 

(' 
f' 

(t
Z

:z:.~
 

~
O

%
~

~
 

r 
' 

a 
~

~
,\.

0 0 
0 

~
 () g 17 g f J

~
 () ~

 
"2 ~

 
~

~
 

-=
 ~

 ~
 -J ~

 .1 ;" 
~

 f 
r- ~

Jo ;r~
 

:p~
 

~
 

0 
~

 
0 

. 
U

 O
"O}}'

b- i ~
(\ 

,,- 
,. 

~
 ~

 
\)

, 
~

 
0 

0' ~
:::f>

~
 

,b 'J ;o"'a 
~

 
fA

 
,n :! J

.
f

"'3 
rJ,,-,~

 
~

 
J'

~
~

~
r4~

lg
L

I'l~
J 

. . 
d' 

~
 

?, 4- ~
 

£
~

... ~
 

0r
.A

. ~
 

C
:.- 

.~
 

?;to
D

 
r 

~
. 

c 
C

 
0 

~
 

-.; II 
" . ~

'8 ~ o~
 

~
 ~

. ~
 0' 

j, 
~

 ~
 

t, 
~

 t ~ ~
 ~

 
V

I' 
P

 1

"'" a T- 
<

::J'".;I:J 
~

 ~
\

'$ '"b ~
 

~
 r., @

 I; 
-t: ~

 '1 
'1 

O
r.

) J~
 ~ 

~
 I t' ~

 
~

} 
~

 ~
 

~
 ~

 r; ~
 1

fr 
~

 
b 

~
 

i ~
~

 
j ~

, 
]

-..t:
-~

:.c



t
:/

5<
Q

4 (

,.

--c£V
al/(

- 
I 

~
~

. 
. --"""'-'-'

atJ
-- 

~
 

v-:V
 

~
-- 

~

W
P

- 
.' 

--:=
I'

~
w

 
0()J 

: 
LA

 
Q

'1'\f 
IA

tJ,,-{"'- 
0 

"'ba.D
 

~
 

~
 i 

l' 
\ 

\ 
\

~
o:1fiJ:t.~

t
(/J

f~
~;;;'~Pz.'%.'Z.

p.p...D'"6'j; 
A- 

~o~oO

1
(' 

0 
..':1>

:1::>
 

~
1.>

 
U

 
~

 
~

 
'

~
 ~

 ~
 t~

 
IJ 0'1 t;f1 

.~
1 

l., 
}~

nt 
d,.'>

, 
C

fG
P

Q
tJ~

. 
I

I 
:lj.t~

,.~
~

~
 

,

t 
~

 ,- ~
: 

~
 hi

I 
~

. 
-,9 ~~

 
r 

'-
'C

;2--
~

P
 

",
~

 
~

 
':

l)) 
,

r-O
Jt1)t\

0'<
 

~
&

'1.r 
I.

~
~

~
 ~

' --~~
a

~
£

oP

-
--~
~

a 0
() 

O
..J 

C
O

.o~
~

 
.J 

- 
6"'6"'0

'" 
~

 
0 

~
-~

~

~
r~

~
~

i[~
 ~ W

I.~
 ~~

 i lli~
 ij~

~
~

 ~~
 ~

;~
'~

~
J 

t/) 
t 

1 
, 

\ 
t 

W
r 

I ~
 (( 

I P
 

t ~
 ~

~
~

 ~ 
~

 ]
~

~
~

~
~

.o 5~
~

 ~
 ~

~
o~

&
 tJ~

 J 
~

1 ii! 
4 

otic)

~
C

fJ 
J 090 

:t:>
::r>

.:p 
-cr t

,.. 
+

--0° 
,9~

~
 

1>
~

 Q
, 

tA
 pf 

~
~

 ~
: 

~
 

J\ i
G

-fu 
~

 0"'0
~

"0 
~

 
. 

. 
6 

t,. 
~

 
f 

f 
~

 h.P
c::::oo

..D
 

~
i5'""O

 
tf~

 
o! 

,j.. ~
~

 
~

, 
.b1

~
~

 
~

.J,..3 
tJ 

- ~
 

~
 

~
~

.~
 ~ ~

 ~
 ~

"l 
;t

~
(7jU

J 
..0 

() 
~

 
b-O

...D
 

0 
~

 
. 

~
!

i1
o

t k;~
--C

I\"- 
..(') 

o_~
',:g ~

 
' 

0 
~

 iJfi
t 

G
I\ 

-.r 
k1 

(g
l

- 
~

 ~
 

I

~
~

b~
 

r 
I, 

~
 

. ~
 

l.,I 
8 1=

7 
:

I~
 

. 
J 

~
 

~
 

"C
 

a~
"J/- 

~
 

, 
J 

'

J

V.JD

~
,.(

~



~

{3
0

0 
C

>
 

0 
-0 

0- 
O

~
.D

 
.J 

..J 
"'" 

'" 
'"

),.? 
cD

 '" 
- 

V
\ 

(!' 
-0 - 

w
'

--- 
~

 
'6~

~
_~

__V
I 

O
'~

~
-~

-~
~

~
O

O
(t\.;s"'c},~

(fIQ
O

ftl;-m
uJ

f
"'!

~
 

1P
~

.'1" 
~

 
-;

. ~
 .R&

- ~
 ~

 :'!6' ~
 

~
 ~

 ~
 i ~

 ~
 1 ~

 ~
 

f ~
 " , ~

 
F

 
P

", 
V

J ~
 

~
 ~

~
 ~

 . ' 
;;;>

 a-Z
\1

3 i r' 
( 

0 
-' - ,t 

r ~
 

.: 7" 
.' ~

 c}, 
1 1:}1'!

! 
co-. 

'cF
 

.D
c-a 

~
~

'" 
~

 
"'~

 
~

~
C

{? 
\J ~

 
lO

LL ~
 

.l' 
Q

 
~

 t 
J.J rn - J 

'"t
~

 
[

rl\ -:J ~
;t 0 

\ 
.~

 11 ~
 p~

 ~
 ~

 5 a ~
'" 

~
 ~

 ~
 ~

.; ~
 ~

 ~
 

vv~
r,~

"'t) 
.:p~

dr'O
~

~
:p- 

~
,/I 

j 
"'rP

 
Jl

~
 

(\ o~
 

~
 61 

~
 

"" 
0

1
~l

J\ l::1 J 
t

? 
~

 
~

 
'3 

.c, 
1; p 

~
 

~
 ('

f
t!' 

} 
ft. f~

 
l8t,,"O

 
t 

~
. 

; 
1:- 

.D
 

~
 

+
 

-~
 

'
8

~
 

i" 
~

 
~

 
-1?~

 
~

'A
 

w
 0 

B
 ~

 <
" 0 

'J 
oJ 

f 'd!~
 ~

 3 
P

 ~
-

! 1, 
~

 --, 
- r ~

 o~
 

r/I f) 
~

 ' ~
::..i ~

 - 
1

I
'" 

(j'~
 

~
~

r 
~

rj 
.~

o~
)~

, 
,

~
 

c...,' 
r" 

.,
8 

J

- 
- 

-j 
B

 
u 

'0
~

 
cJ'\ 

~
 ~

 
\4 

1.) 
<

1\ ~
:' 

~
 

0 
\J\ 

~
~

'i

pv\",(J\ 
0 

C
 

~
c5r~

 
~

 
~

 
'Jl-

. 
,.D

.D
.o 

..0 H
 

'" - t' 
~

:.--

.r
'-00 

~
\'c.t'..,..:.t\l

bO
--D

~
()zzc;(' 

* 
. 

j~
\JO

'Z
Z

:Z
: 

~
 

.

~
w

~
~

cjj~
J~

~
r

'~
~

~
 

~
O

~
oc 

~
o~

a~
rp~

,~
 

)\ 
p 

O
... 

A
'"'7 

~
 9! 

,,~
~- ~

 
0 

~
 ~

 ". 
'?)~

 
:]) 

~
 

1>
 ';f!J.f

b 
1.>

 " 
~

 
do / 

~
 

.:t.o
~

.. 
l"\ ~

 
..,..,..' 

'0 
""

, 
~

 
..&

\ 
V

 
~

~
"O

i,- 
'" 

1 
f'..D

 
~

 
~

 
~

j 
~

 
~

 
1

~
 ~

~
 

o..s 
~

 ~
 4- 

-' 
~

 +
 ~

 
0

f
" 

J
1 

'1 1 
~

 
~

,. ~
 S

 
u) ~

 
~

 ~
 

~
 

I 
I 

1 17
ft'1 .D

 1\ ~
 

~
. 

~
 

1 ~
 ~

 
1/1 r: 

I
f 1E

 ~
-f 

r 
~

_.::8 ~
 

~
 

r, ~
 

! 
~

'c1J:.
of- 

tA
~

~
\/1~

J
~

~
,...o1

V
) ..~

 
}..) 

B
 

P
 

,..0 .br
J

J 0_; 
.

J 
~

 
O

~
.I 

I 
.I\~

I.
-"-'tb

r,r

~



~ Q

-0-\J\

(
-'

20f)J0

00 
000

~
L~

~
-~

 
__&

M
 .t6'"

~
 t ~"'P

~
~

r~
~

 ~ 5 ~
rr~

j ~ ~
~

 ~
~

 ~
 ~

 ~
 (~

h~
~

! r~
t.; -" 

. 
J c!i 3H

d;.j) '- M
w

 0. "" 0 f;, 
~

 
C

} ::t: ~
 ~

 i\" 1~
: ~~

G
~

,,-t-'J,..;p 
0 

~
~

 
U

' Jt1 ~
J

r\
. 

:-if"t'b 
~

 
~

'r.o"C
l1Ji 

11

~
 ~

~
~

if 
I;>

 ~
~

 z: ai
o.. 

D
" 3 

11 ~
 1 r 

~
 ~

.J ~
~o\ ~

 
l'~

bf,1
~

~
:J;: 

~
j f

o ~
~

.¥>
~

 
-0 

8 
g (' 

("
i~

 
~

 
-{t. 

!~
c:I7~:J

\ 
i 

6'£' 
0 

: 
l 

0 
-0 

If' ~
.. 

"T
 ~

 
~

. ~
 

-:g,? 
b;Jl' 

~
~

" 
*~

:j 
~

~
~

 
rD

 
~

 ~
 

'-# ~
~

2 f ~
 - 

,...
,

f 
! Ib N

 
,

0. 
D

 
0- 

~
* 

I 
~

~
 

I
. 

~
 

c;-f'~
 

0, ~
 

~
~

u - 1j -f1 ~
:t) 

~
 

p
C

I\'
~

~
 

~
 

~
 

i>
$~

J,)~
8~

f
' 

, 
,.) 

D
ed21.,A

 
.

~
 

. 
-&

- 
~

..a 
~

 
.e, 

-, -
:0 

..t 
~

 
~

~
 

! 
..3'

- 
-- 

-

~
~

~
~

 
V

} 0 
-'

, 
--- 

' 
If

~
 ~

f~
.~

~
~

~
~

~
f(-~

-~
~

~
~t

('\H
38-O

-~
 <

~
3

~
 

J 
. r'-"~

'

~
~

~
~

~
~

~
'z; 

¥,r~
~

\
-0' ~

£ 
-..J 0 ~

:r>
 j

h
0" 0

D
' 

V
J 

:
f~

 
fJ ~ 

t- 
'fj~

 
r

rJ"~
 

+
 .! 

:2 J 
~

 ~
 e

9 rl 
D

 
~

,. 
~

 'D
'. '&

.;;-+
 

~
. 

'.0 ~
 0..3 1:-

0:
~

 £. 
lii 

~
~

 ~tli
I 

r 
,:r . 

'!

0.JW

().oJ

~

.?-0'
~..J

8

-B

()Ht'~



...:-

\/1-V
\

-l:lA
1

a

-=0oJ:
D

""\ 
tc

~

<
.6 

0 
C

 
Q

 
D

~
\)t)

,J 
~

 
:J 

.:l ~
~

~
~

 
rl~

~
- 

_,2_0 
--~

 
_11i~

~
~

~
 

~

11! ~~
~

2i~
' J~

~
~

e ~
~

 ~
 "f;~

 ~
It~

ljr
£C

A
*t~

f
~

 _C
'A

 
14 j 

~
 Q

 
t 

l" 
- 

~
 

~
 

~
 

' 
(' 

~
 

-j 
C

,~
 

~
 

. 
~

d 
u ~

 
J 

(,) 
1\' 

; ~
 ~

 
.

~
~

t~
~

g'Z
'~

 ~ f 
~

J 
~

 
~

~
 

I~
~

~
(~

~
~

~
~

-0 ~
w

b, 
o~

 
~

.:5.. ~ 
(.'.) ~

 
~

 
~

 
'~

f ~
 

{" f 
B

 
{' 

~
 

t 
J' 

J 
C

j

~
 

""6 
~

 D
 

~
 ~ 

~
 

,G
 

~
 

.A
. P

 - 
~

 
f ~

 
0

<
..A

~
iJ~

 
' 

'-~
 

~
 

~
 

3tjo13 
I~

~
;~

~
' ~

'I'i 
~

.
~

b JIF
 

1 t 
rI 

f ~
 I i.e,.~

 ~ 
'f t~

 
I

~
~

 
~

 
;-i' 

~
'

~
 

1 
-;:

.-

.-+
0.; 

"-
i 

. 
-.;J

C
""-, 

- 
-

~
~

 
~

 
~

~
 

- 
- 

&

~
 ~~

~
 

~
 ~~

ff~
~

 
~

~
g1 

~
,rr 

~
ff~

 
~

,~
 

~
~

~
~

 
'P

 .~~
.J 

0\ 
t.; P. 
~

b
,~

 ~ ~-f~ .. "dJ-o£J 
~

 p -D
 

~
-b 
~

 ~
.,.~

-..n.~
;;g 

~
a\ 
'0 
'0 
.f:fI" 3 '. ~. 

-, -D'C
' 

_° 
~

 "fA
? 

~
V

!~
 

~
~

vJ 
I "1""1 
~

 {/'-D
~

 
~

~
V

\«U
J~

j
~

 c i.J 
I ~lDI FA

 
"I ~ ~ J,. 
+

 ~~
~

 ...n' 
I 

-' r: ~ it" 
~

.. 
pi

.., ~ ~ I ~ I. ~ 'J(;f- 
?:o 
" . ~ ~ uJ 
~

 ! ° ~
i.1: ~ ~ ! ~ [1" 

.~~
 ~ I ~ j ~ ~ ~ L~

- ~. 
.. ., r ' rQ

 
I ~~l/J 
'" ~-

~
; 

.' l "T
: 

V
\ '"

, 
I 

I 
' 

_° 
or 

~
i\-:;!'.' 

, "",1J.Jj' 
0'

r".r-tJ-'!1 
;. ~ I,:; 
I: , ~!!



~

Q
't )

~

-- '0
-'"

"
iJ

-
V

\V
1

'0
 

~
 

1 
I 

C
j 

O
G

D
'O

- 
;o

J 
J 

~
 

.6
'""

,,~
0"

, 
0"

 
14

. 
. 

(/
\ 

h 
9J

 
- 

0 
."

.,
III

 
t/1

 
V

I 
J 

' 
"1

' 
--

 
0 

'" 
0'

 
'6

- 
."

 
~

--
-~

-~
--

 
"

~
~

~
 

U
 

~
 
C

,1
 t 

..:
0 

i 
~

 1
 I 

J 
~

 ~
 ~

 t
 

,::
'~

 
~

 
~

 
~

 ~
J

0 
G

'~
:t'

 
go

. 
~

's
f. 

~
~

 ~
 ~

 r
 

'1
 
~

 
. 

b

d:
Lf

J 
r'-

 
.3

 
~

~
0 

(.
J 

4:
 

- 
~

 
'*

 
~

 
/ 

'" 
I 

-

~
 

~
z"

r-
fb

~
 

-;
t3

 
f'"

 
~

~
~

 
t1

~
 

I 
g.

! 
~ r

£i
 f,cA

 
~

~
~

~
;o

-b
Q

.J
rJ

- 
0 

1 
. 

-'J
~

 
'6

.:g
-t

f"
 m

 
~

 
t~

~
 

~
g(

)

"'"
 

10
 

~
 

Q
O

'(J
J 

"'"
",

,1
:'~

x 
~

~
 '

! 
. ~

,..
J-

 
()

J 
(f

- 
-L

0 
~

, ~
 ~

 :it
 i 

~
 ~

f
~

 £
/t'

 
9 

rJ
 

~
 ~ 

~~
6'

 
,.1

 
' 

V
' 

I 
, 

I 
:f 

.
~

" 
:I;

 
"5

" 
6"

" 
~

"v
>

'Ir
'j.

c~
 

'i.
 

N
 

V
I 

W
' 

.

'd
:?

~
 

'""
" 

j.
~

~
 ~

 
~

~
 

i 
~

 
p

J~
 

~
 ~

8 
~

 
...

c 
:t;

""
 u

J-
-'"

 
(0

 ~
 " t

/)
 ;:f

,' ~
 

A
.. ~

 
- 

~
 ~

 ~
 \

i

..1
 

s 
C

J 
~

(.
A

 J.
J ~

\:/
1 

3:
::S

 
3 

1
\1

1 
~

 
r/

- 
- 

()
:)

 
r.

 
,)

-l:
:..

()
.

.J 3

- ~

0 " gt

~ - d

i-' ~
,.. --
-

. 
'..

""
 

(~
 

I 
. 

I"
""

, 
~

. 
- I 

--
 

..

. 
I:'

; 
~

 
- 

,
-~

-~
--

 
~

--
~

,-
--

 
--

r'-
- 

--
- 

-~
- 

~
~

- 
~

-'=
)-

--
, 
r~

,.t
't~

~
tJ

JJ
~

'J
~ Rg~

~
 t)
~

~
~

t, 
~

P
' ~

w
 9

.:>
:-

z"
 ~

. 
f,E

 
1 

~
B

 j 
1\

"

(/
 -

-'G
t:J

~
~

~
 

:=
..G

 ~
 ~

 .0.
 

'1
q'

C
- 

~
 ~

 0/
 . 

~
 ~ 

--
~

.. 
..,

L'
.:-

l\ 
t-

) 
cf

 [ 
:

at
(/

t 
\I)

!/J
 

'!,
)' 

tt~
 ~

 P. 
'p

 &
' 

("
 

'

l~
; 

, 
1 
rr

~
1-

£ )O
J 
,ll

!, 
~

 '/J"
G

r<
;: 

::8
 (

j 
iI1

~
 

~
 

=
\/1

 
;t,

 0
 I

"P
 

,-
- 

R
::>

 b
'

:' 
~

~+
.
11

~
 

t
,I 

t"
" 

~
 

~
 

-
I~

Q
o 

,'-
 

.~
/. 

~
O

~
};

-'.
..l

 
V

I)
.' 

, 
~

 
.

I ~
 ~

 ~
,..

-)
 '. 

. 
,~

: 
. 

; 
. 

W
 

~
~

I 
..:

- .l:
. ..

t 
I

Q
\A

 
~

 
'

V
'-

~
 'A

.I 
,



0 ...
D

0 '" .6
'

tY
i

(;
/1 v- ~

D -J ~

'" 
T ~ r

..=
..

()
 
0:

 
,0

 
~

 
0 

()
 

0 
~

 
0

~
 

-1
 

,.J
..J

 
C

O
' 

v,
",

8~ 
o.

t. 
~

 
0 

U
t 

.6
' ~

fA
 

G
 

\A
 

0 
'0

1 
~

 
u.

)
- 

--
 

0-
 

,-
 

~
O
§

'! 
J1

1~
cA

()i.l ~
~

~
 ~

 ~f
cl

\ 
t 'E

i 
tl~

 'l
'j 

II 
£$

 ~
1 

£
~: - 

~
 tI

1~
 ~
 ~

J 
~

 If>
3~

 
H

 !
 (

:J
 'j 

::E
 

~
 ~

J 
~~

,,~
 - 

r 
.c

.-
 ~
 

A
. 

~
 

~
 
-.

 
~

 p
 3

 !
, 

.D

- 
.-
~

(\
 
t 

~
 

~
 

~
 
~

 
'" 

J 
j\.

 
~

 Ct 
~

- 
-

- 
~

 
F

 
~

 <
j' 

~
 ~

 
~

 ~
 

j 
- ~

 
~

(t

~
 

t ~
 0 

z:
: 

'%
 'Z

 ~
 

~
 :

S
 ~

 
~

 
j 

'"f
 

1;
, 

"f
J 

A
 

~
 

~
 

- ..
f 

p,
0 
a 

c 
c 

~
 

~
 

6"
. 

v 
0.

 
0 

~
 

P
- 

1\
' f'

 ~
 ~ 

, -
 1 ~

~
 

'. 
(;

fY
i""

"~
 

"C
 

, 
0 

~
 ~

 
~

 
,.:

1.
, 

f 
~

{
~

 
f 

':I
o~

 
'P

~
 

, 
s:

!!D
 ~

 
. ~

 r,
 'P'

 ~
'f 

~
 

'J
~

. 
~

i 
f 
t'

f:8
~

 1
 

,P
o'

 
~

~
c<

r~
.f.

. 
\A

J~
" 

b 
fl

/ 
~

.4
- 

1 
~

~
 

.tg
~

lf\
~

~
~

 ~ 
~

f'l
l!~

 
I 

.

I ~
 

0 
~

,J
 

~
~

 8 
~

 
~

 
~

 r 
' 

~
 ~ 

r

1 
j 

~
 

\ 
r-

1

~
 

~
 

. 
I 

.. 
ri!

 
~

~
fg

 f
i 

~
 g

 r 
G

I7
r

,.~
 

(\
 

jj9
 

-b
"'~

 
f' 

~
/0

- 
'\ 

jj 
J 

j 
1 

.

- V
?

\It

-~ 0

() ~
 

~
--

 
-

.. 
c;

~
, 

~
- 

-r
- 

. -
 

,-
-~

- 
C

/J
 

~
 

'.D

!"
 

., 
.-

 J(
 
-r

 
r 

l 
r 

~
 

i
~

 
- 

. 
'!f

J 
(V

 
rv

 
- 

- 
z 

z;
 'Z

 
c!

i ~

~
? 

~
,' 

f2
O

J t 
t'-

1 
%

 ~
 t

 £
 
~

 \ 
rf

c;
tJ

 
c4

: 
r

F
~

~
 

r.
 

~
 ?

ht
J,

 c
 [ 

i 
~

 
j..

11
 

-f
3~

~
t;;

J

;~
? 

i~
" 

r)
 

I 
-I

I 
~

 t 
i1

1"
.&

.
::2

~
.b

 
~

 
- 

:
f

b 
r

~
c/

JC
/)

I 
- 

i 
I 

- 
,.;

~
, I-

"J
..-

' 
\ 

! 
: 

' 
: 

.
I"

. 
i. 

: 
' 

.: 
i. 

j 
!

~

L'
oj --



p ~
 

Q
 

()
 

~
 

Q
 

0 
~

~
~

.b
.

0 
c;

(':
1;

;L
' 

t1
J 

. 
~

 
8-

01
-"

'--
-~

- 
~

--
u~

Q
--

-1
fI-

 
- 

- 
--

 
o-

__
L-

 
:' 

--
-'~

-~
~

~
.:b

f}
~

~
;~

 fB
y~

et
Jt

~
'f 

t~
 ~
f/;

~
~

~
 

C
I1

J 
j 

...
D

,..
. 
~

 *
1~

. 
cA

 
~

Q
 ~

~
 ~

 
t 

~
 

~
 

~
 

J 
~

 
~

~
.L

,D
l1

' 
~

 
11

1.
.(

') 
cI

1'
 

,~
!L

 
~

 
. 

' 
~

,j-
~

)~
 

C
1"

.:a
-!

::8
?;

'n
 

r-
 

. 
~

 
] 

7T
"' 

§'
 

1 
,?

;s
-~

 
I 

'"'
b 

1.
" 

~
~

..D
v 

7f
\ 

~
 

T
 

cA
 

>

lIf
~

 
0 

g 
0 

J 
C

I\ 
~

\ 
J 

1j
 

} 
i 

1;
'.

.~

- ~
 

-
- 

A
-.

' 
6'

.
-J

 
V

I_
-

C
D

 
(.

,1
 

--
D

 -r
 I

)
11

'- 
~

 
- 

tJ
~

""
2 

~

$ 
'jf

t;-
p~

~
d:

P
~

~
;;~

 
~ r~

~
~

 t
;$

: 
~

 f'
~

 r;:;
'r 

0 
~

~

;f~
Q

i~
, 
f p,

 f:
 

b}
..)

~
[

bo
 

,r
t"

' 
3"

 ti
"

~
' 

T
 J

. 
~

 
. j.

 
~

 1
-

q 
.R

~
""

""
'

~ ~



- 
-

\11 
..t:

~
 

- 
\j,~

~
 

}-j b 
t c 

,..' r 
H

:J 
P

 
,

I 
. 

~
~

 
-~

i'for;;-;:~
~

5$2+
9>

O
Z

~
'z;~

,*'!()2:Z
Z

:

I ~
 ~ 

' d : ~ 
i ~

 ~
 f\ ~

~
tJ;~

 
~

 ~
 of 1: ;;!3 b ~

 ~
 i ~

 ~
t1&

ct ~
. ~

~
.

~
v ri~

,9\, 
r ff

£~
j

r
gr

§, ~ 
~

 
r ;.- 

s 
,-04-" 

I 
'rJ:...a. 

. ~
st 1. ~

 
t? 

.-0 
$ 

:; 
tJ 

'I 
~

. ~
 

...n 
()) 

I' 
.

~
 

- 
. 

d, ~
 

'0) 
c.l)C

::Y
 I 

I' 
'P

A
 o~

d:~
£ "i.P

; ~
t~

 ~
d~

 (1 t,f ~
 

~
 (..1)~

 I 
I ,\ rw

 
r"".

~
\"lttr~

 
!f~

rl".:-'t~
l, 

. 
I 

r 
'11 

~
 

.~

-~V
\

--""

J~00
-'L'-::-

J~

~'lr

"::5~-'"-n

-.-~
-q\"a)
0fQ~

Jj30~
~

- 
.

b

~

t--'
c,"1

, 
---~

 
-

: 
~

.~
X

t:~
~

~
r vA

,Q
~

W
~

~
(1>

cA
~

 
E

 ~
~

~
 ~

 ~
 r ~

~
 ~

~
~

, 
'F

JJ~
'~

~
~

 
S

 ~
~

g 
1. ~

J"ff 
tk~

' ~
J 1r~

'
ft~

 f'a-r:' -z; -z;~
 ~

 
~

J 
c:: c ~

 z 
p!\,.. 

l\ 
rt of -4 ~

~
 

v~
 

0 
-cf 

C
1 

C
 ~

 
0 

~
 

,..] 
0 

""

~
f ~

 
;0- Q

 T
 

i
~~

 
~

~
-c1; ~ ~

 ~ J
cA

 
jlJ ~

 l 
. j 

~
 0 

) 
r 

b ~
~

~
Q

 
p 

~
 

~
 

+
-

I 
\ 

J 
r- 

11 
t:7J 

'2..l'

~
 

J 
.p~

". 
~

 
£1 ~ 

II {~
~

 
t

~
 

!
..,..) 

",,O



~ ~

-.-t.

~

2uJ
\.It --"-

~
-~

- 
f

-0 
~

 
-

. ~
 ~,~

E
 ~~

~
--1~

k (t-~
 Y

 
E

 +
; 

~
 g

/'"\~
 f>

')i
~

,J. h.o 
\ ~

 y'i
\~

 
{J 

~
 

Q
I\ I

~
. 

t 
r~

;:rJ 
~

 
"

t\
i

~
. 

t. 
~

I 
~

 ',Q
 \ f}""" I ~ . 

'..J'I
? 

G
 ~

.6 
(If J,-'f;

. 
'" 

r

~8

, -
()~

/) 
i !

. r

~
 

~ ~
 

~
.t>

'" 
'C

""~
w

 
~

-..t:
\.1\°,

-~
 

.V
\ 

v,

t1iE
:~

(\\J'c:~
~

~
~

~
.::'o

[ 
r ~

 6 r\ 
~

~
! 

j
~

 t.ef\ ~
 

I 
'E

 ,. ~
 ~

r:ft
~

~
~

-
I'bfbT

i~
~

:
, ~

~
I

r

.- 
'i~

l,c~
-1 ~

 
10

? ~
 

~
~

' 
I 

~
~

 
.

a

~
~

~
~

~

to:
=

--



~8

-..t: 
~

0 
l..a~

" 
- 

O
- 

I~
 

~
-i

~
~

 
2'~

~
 

~
~

~
~

~
 

~
 

V
 

~
l' 

~
# 

g
-1- - +

~
;-,9 

0"0 
o:!t- ~

 ~
o :p$~

 
~

 () 
t2 

t: 
~

 f~
 

'p 
~

! 
0. ~

. 
\;J~

~
.P

1>
~

--4~
 

P
l 

t 
°o.:p~

j 
~

C
I)~

(\~
p

,,() 
~

 
,)" 

0 
~

 ~
 t4" 

~
 

~
 

~
~

 
,

t;;.s 
~

 
J oS

 
. I 

~
.~

 
D

 
. 

i,., 
jJ

~
V

~
~

 
' 

,t~
 

:; 
r; 

- 
,::;, 

~
 fff,l

\ 
\ 

\', 
' 

1 
: 

'I!:.c... 
fj,

00
'1 i 

-- 
.t:

'" 
--~

-- 
- 

- 
r

&
~

 
~

~
~

m
~

~
~

 
~

~
?~

5g4 
~

o~
~

z~
 

'~
~

~
.~

~
 

J~
~

l~
a 

~
 ~

~
o~

p~
w

~
 

*Q
~

~
~

~
~

 ' ~
~

~
~

f L'~
 

. ~
~

i~~r
~

 
o~

 ~
 

::9 f
f

R
 

8 ~
w

~
 ~

 ~~
t+

 t ~
 $ ~

t >
 

~
 c r~

 3 
(~

 
- ~

~
~

 
~

 ~
 I' 

-1::J J-O
-O

~
 

,ri1" 
i~

 
0 

~
~

~
. 

.,.rd'~
ta.

~
 

b l;, 
,

f
::t ~ 

.s J - ' 
~

 
r' 

61
o..s 

C
1 ~ 

~
 

! I. 
~

 eJ ~ J J~
 

~
~

 ~
 

L,
r;, 

¥. 
I 

~
 J I 

' 
~

 ~
 

t § ~
 t 

.t
~

I
r 

- 
I 

. 
§ c 

~
~

 
~

f 
~

 
.0.. 

f.Q
~

J 
'

0~ ~-tI
~~\A

0...J

~

0'~\/\

~.0~

~
 

00

£~
t

.It 
0' '"

t'-'
C

D



r~

~

.~r

~:7

--~G
'

-8g

. 
. 

. 
- 

- 
- 

- 
--. 

.
-- - 

-- -- 
- ,

. 
. 

- 
. 

~
 

~
i 

0 
~

 
~

 
0' 

...1
80 

~
 

~
~

~
~

~
 

0 
d' 

. O
L/18 

~
C

/ 
- 

- 
--

. 
-'---'---~

- 
-} 

~
- 

.c
~

 H
~

~
~

 
~

~
~

 ~
~

r; f~
~

!? 
~

 ~
l

f~
 ~

~
~

~
E

~
.t1:::I>

f..Q
(i: ri .. fi ~

 ~
 <

 
>

 <
. ?t:>

<
. j 

&
. 3 

V
I 

c.A
 ~

' 
'~

cA
 (5 

~
 

:1
-

f
.r- 

~
 

~
 

~
 

~
 

~
. 

~
 

~
 

i 
'.( 

~
 F

- ~
 

~
. ~

 
~

 
'E

:

\ 
f 

r, 
I 

, 
*~

.~
 

~
~

~
~

 
9t-~

 
(\ 

~
 

~
 

~
s:-C

:t 
~

?'bce)~
z; 

~
" 

7'" 
~

. 
(/1 

tt: 
~

 
1"") 

:i...o 
~

 
~

~
 

,~
t~

9 
gt 

~
 

~
j\)~

 
~

 ~
~

 
, 

~
 

~
 

<
A

 
{A

-fi)1 
:f~

&
.

r
,. 

J 
~

°::J>
~

 
~

 
~

:g~
 

~
 

~
~

 
~

 ~
.l~

 
h'-a~

 
~

'f
, 

. 
t,df~

"",~
,~

 
bcl1'c:,T

~
~

i", 
;~

;:f.~
~

~
 

-,~
--

I 
~

4-;f 
! 

~
 

4 J
- 

f-"1'7.fL: 
e 

f?Q
r~

e~
,. 

1}:j' 
c... 

lA
' 

~
 

1!~
,. 

~
 

~
t~

~
 

(A
JF

 
h 

I

~
 

~
": 

,~
' 

~
 

~
 

~
 

f>
 

.. 
~

~
\.J,) 

~
 

~
 

b

Jf;\ 
I 

V
) 

~
~

t 
~

 
~

"f;;'~
 

r 
tL

~
 

r- 
i 

l1- 
.. 2J 

~
 

\...; l' 
~

 
I 

. -.t~
tjJ 

I 
:"

- 
-- 

\J\ ~
 

-

.' 
,.-~

~
~

.~
~

~
~

~
~

~
r..n

~
 (t,-) 3 q ~

 E
J ~

 
<

~
tA

..
",Q

.c 
'0 '0 

c7 
-

~
:J>

:r>
:D

f~
t::7 

~
~

+
3 

~
E

f
() 

't=
'p

~
 

V
]~

,... 
0- 

-- 
J'I

~
-~

t~( .s.t.. (')
er





0 
0 

0 
~

ov()
.J 

" 
"V

,",O
b

--
i

=
___a~

__~
~

_--~
. 

b 9~
~

~
 ~

[) 
o.~

 .:t'~
 

~
 

2 
~

 f;} (J\ 
'" 

i 
~

 
~

.1 
uJ. 

..D

~
.t8 ~~

~
 i 

~
~

.3 
~

! 
~

 ~
 

~
 r ~

 
~

=
 ~

~
 ~

lJ' 
~

f~
C

A
;r 

~
...D

. 
-~

J
~

~
""6'~

~
'B

ifA
~

~
l:"~

(\P
~

,!
/J 

' 
~

 
~

~
( 

"~
~

 
.t 

~
 

b ~
 

, 'J
(;. 

.-' 
Z

 
%

 
't: 

t' 
l' 

,() 
z 

'2 ~
 

' 
A

.. ~
 

f\ ~
~

 
~

 
. 

fJ 
- 

A
 

f' 
~

~
 

~
 

-; 
~

 
i..t:: 

~
 

,.9 
"0 ~

 
C

1 
rz 

~
 

~
'~

 
~

 
f 

~
 

-!.. 
~

 
~

 
(\ 

~
 

~
 

~
 ~

 
(\ 

l\ J O
f

'v' 
(). 

,t.t 
b -. 

~
 :p 

'cJ 
~

 J f 
.::! 

.. 
1'7 

~
 J 

L ~
 

- 
C

/ 
~

~
 ~

 
~

 . ~
 

- ~
 

~
..l\

r
~

t
lJ\ 

~
 

B
 

~
 

~
 

e)
r

f 
~

 
c.s' 

""" 
aJ:: 

'r

, 
~

 ~
 

~
 

~
 

'1 
r 

"'!I.: 
~

 
C

}J~
 ~

~
 

? 
~

 \T
\ 

f 
.1'=

 
~

 
' 

.0 ~
 

t.;l\ 
~

 
~

 f 
171 ~

 ~
 

~
 F

 ~
:') 

t7

q. 
~

 ~
t

' J 
0 

~
 ~

 3 ~
 

~
 9-- ~ 1 

R
.. 

§ ~
 

'6 
~

 
G

""- 
~

 
.t,: ~

f
r 

C
' ~

 
r/) 

.:Dt
~

 ~
 

I 
~

 
r. 

f\ 
i':I 

~
 

.4;'-0
~

 
'" 

--" 
~

 
~

 
~

 
- 

3 
"6 

1.1-: 
I

;0 f1 
- 

~
 t 

~
 

~
 C

t' 3 
! 

I.

T
 

r 
~

'~
~

 
B

 'L1. ~
J 

f 
J 

j1 
~

,~'r

~
j)=

-.t'..E
:

0 
c\lt 

I 
.t

. 
'" 

- . 
,

0 
-- 

o. 
0- - 

- 
- 

~

~
 ~

 ~
 m

 (f 
~

1 ~
 $ 9 

~
 ~

 ~
 ~

 ~
 ~

 ~
 ~

 ii~
 ~

~
 ~

 ~
 ~

 ~
 ? 'Jh' 

f~
 

~
:!J

r tf-l):f 
~

 ~
 ~

 r?-~
 ~

~
 c;. ~

 "11H
 111 11; 

i ~
 11F

-11 ij~
 r 

i 
I~

..J ~
~

 
~

,.o a.? v 
":t.

f'\ 
..:0 r., -l:: #: 

~
.$.1i 

~

oJi~
-1::<

 
~

 ~
t &

 f~
6 ~

~
 ~

--7 fr
fo'" 0 ~

~
~

7 
~

- 
,~

~
'5..D

£ 
'!. 

(:J 
~

 
:'If,. 

~
, 

.1
"f. 

~
l...r 

? -<
'~

~
 

~
f!'r::i 

~
 .~

?) 
J 

~
1,.0 

~
w

~
"b,4-' 

..;.t) 
",4- 

~
~

~
i~

)~
, 

!~
~

A
 

~
 (;:) 

~
.Q

c 3~
 ~

 
~

~
 ~

.w
 fF

 
I ~

 
~

 j 
.Jo~

 
.~

' ~
 . ~

 
U

\ ~
~

 ~
 

\ 61 -f~
 

g 't;i 
'I) f 

~
 

j 
~

 . 
-

\ 
f 

r 
D

~
 

?

"5

-0~

--0'"

0.Dg

~a

,§b"'~,

0.9J
J\

(\~

't





11~ y-~

.,

-6"-
..t:
(1

at

-- 
--

",",c.) 
- - 

0 
' 

'
~

.l:: 
.!..-' 

.£ 
.I 

r 
-

O
v'\ 

""O
 

V
i 

-.t::-

~
 

t~
~

 
' 

~
 

~
.o 

~

: ~
 1 -.t~

 ,.D
~

 o~
g 

, 
&

~
 0 j~

~
~

 
fo-2 

of

,~
o\Q

" 
~

 
~

 
",,:t: 

~
,' 

b 
~

I:B

I "'t) 
-=

 \) 
, 

'F
)f .,.. 

..:::. 
~

 
- . 

+
 

~
f: 

~
~

 
i""""~

 
~

" 
~

, 
~

t
~

 
I' 

' 
C

J\ 
~

ti1
J 

rI1 .
~

tA
l' 

,"!,
I

L
I 

tP
 

I 
.A

' 
,,(/)

-0
r 

'. 
. I

\J~

f~
 

";J 
~

 
~

~
 

O
~

<
t2

,---~
-~

._~
 

~
--~

~
-8~

~
--- 

'. 
~

- 
~

~
_.:9~

:!

~
 ~

tf
't?@fl

~
 ~

~
~

~
~

ft
H

C
/)"t;;f>

~
 

~
~

,
~

i 
q 

~
. 

(t<
7 

~
 

, p ;c; ~
..0 

.'~
' 

(do-. 
~

'l'.~
 

() 
, 

--
...,1) 

;+
- 

g U
 

~
~

 
-'fr 

- 
C

J 
~

 ~

. -! 
E

;7t 
~

.~
 

~
. 

. j 
li"lt, 

4- 
{xJ.~

~
() 

~
~

~
~

~
 ~~

~
 

p 
it" 

3 .:t~
'~

O
 

~
 

()(.1)o~
 ~

~
~

s 
..J\j~

.c
;i)."'J<

 
~

 
. 

..t 
~

 
~

 
~

~
 

~
 

a'~
 

~
.t- 

~
 

i

U
 

~
~

V
"

~
...0 

. 
\.IJ 13 \..., 

~
..,0 

7t 
.

j
J 

. 
~

J 
J 

:tJ: 
'

I 
~

-s

-a~0

0
: l

.~
E



t) 
2. 

0 
o~

~
g

.c 
I

~
..J 

..J 
"o~

. 
~

 
. 

- 
() 

I

: 
j 

8 
, 

- 
- 

' " 
-~

- 
~

o~
o_~

~
~

:r ~ 1rI~
r~

~
~

-1}i~
~8-:i~

 
~

 ~
 £ ~

f r j
~

~
 

~
U

 
...0 

~
 

~
 

J ~
 It 

J r 
1 r 

~
 

~
 - ~

 
I 

~
 D

;, 
~

W
L 

cJF
l't 

t 
:p~

(\ 
C

~
~

~
!::: 

JJ
~

~
 r;~

~
 ("Ia..D f~

~
 ~6i ~

~
 ~

 
T

r; 
J.~

 &
 ~

 ~
 ~

; ~
 

~
 

'~[
~

~
,g~

-:o O
C

>
~

1>
~

~
~

~
' 

-%
~

W
-'f'~

t1\ 
"o(})~

+
>

 
~

 
j 

~
 

() "0 
i 

1. <
. 

if 
r. 

p'V
' ff 

. ~
-~

 ( t 
f..4 

! t.ff
8 

"\- j 
I 

j1t 
rrr-=

 
<

\11 ~
~

 ~
 ~

""r 
J -- ~

G
 

0/ ~
 

S
{~

I. 
. 

l' 
~

~
 ~

 
' 

~

...ct
~

o 
'"~

 
C

i 
.&

.,.£:1
:~

 
.. 

~
 ro 

~
 

fb_. 
&

- 
Z

-"( 
J 

p 
§ P

:v~
 tO

o(]
~

 
~

 \ 
~

 b 
-"""'. 

O
<

r 
~

 ,. -G
 ~

\l\ 
V

\ 
l/\r 

f

~C
A

 
..t-

O
- 

,
- 

- 
JJ

~
j~

~
tt~ J~ -;~

~
~

~
rT

~
~

~
~

r1tW
:t

r1 V
JJi~

j) f ()'- 
11M

 U
 r~

O
 

~
3lJ

~
() 

~
""C

 
11 

~
 

-2. 
JJ 

l3

~
 

I c:r
~

 
r'\-:O

.::1>
 

J:. ~ Q
, t! 0 ~

 ~
. 

..J: C
 

Q
"" 

~
 

~
 

~
 

bD
 

\;,) 
, 

~
+

 .I 
~

 
-, 

\ 
~

 
(~

 
JJ ~

 
: 

~
 

~
~

 
~

 
3 

(It 
. 

'I 1- 
£ 

~
 

z; ,.. ~
' 

! 
t7 ~

 
~

 
t 

~

() 
~

 
§"'. 

~
~

 
D

 
...0 

j 
1 

II 
O

\\J 
;:s ~

IJ!J 
\ 

-O
} 

~
 /;:J

j ~
 

~
 

j D
 

\1 
!:- ..J\ 

~
 0 

~
. 

! 
~

 E
 

-- 
~

 ~
 O

J 
0 

I,
I

.,. 
~

. 
J'

~
 

- ~
 

C
 

r- 
~

/o' 
,... 

0 
, 

0 
t;!

.' 
Jf:. 

.l ~
. 

1"\ '" 
i i' 

I 
I 

~
 

fri, L
V

 
\ 

~
 

:1. 
~

F
r:, 

!I, 
~

J. 
r 

:0-. 
~

.
'1

!~
I

1,
111

/i 
I 

,
i. 

I 
. 

.": 
'- 

j 
J

11
' 

;. 
I' 

I' 
- .

'-- 
0 

1 
I 

;; 
: 

t-

- -
JJ""
~

o

000~
Q~0

-Q-n

~
 

0

(X
),-4

~
8

~~



~
 

0 
~

- 
~

 
8, 

-' 
~

 
- 

- 
..f

._~
 

-.- 
--~

~
 

~
--~

~
---~

~
 

- 
-- 

-- 
,t;:

~~
~

 
J

t
1" 

\~
-~

.t'O
 

~
(C

"'
n. 

14- 
6" 

- 
~

 
1\ 

tJ 
('" - 

;\ 
~

""""l:
#

'1T
' 

.D
I\(}\.!.."'.Q

~
C

)"Z
:~

c 
. 

LJ 
Z

 
It 

.o"'tJ\' 
. 

~

,.. 
'2 

~
 

~
 

--?~
r 

vi 
J 

~
4 

~
~

,.. ~
 

I 
:j:{ 

j 
,916 

~
 

.'C
. 

~
 <

' ~
 

; 
G

 
~

 
~

 
- 

I 
p-

I
~

 r'O
 

,.,..., 
$" 

I. 
I

t
;1 

~
~

_\ 
~

 
d 

-~
1.a

I: 
. 

u- 
b~

 
'.1 

'=
, 

I.
,./ 

\l} fr 
.E

o, 
. 

.ij ~
 

\ ~
 ~

 r (J1
J t 

~
 r. 

~
 g ~

 § .

/ 
- 

t 
.e 

~
J 

!.

s~
0.J0

0-I0tl'~,f

O
'~

oo
,",6'~

"
U

\).)-~
V

)lI1'"

1 ,tMr
~co:





- 
'-

rI1U
\.:::t: 

-
C

{i~
 

~
 

~
~

"'\- 
-- 

- 
-~

-- 
- 

- 
U

\ 
-t

"'l!..J:: 
Q

) ~
 

(
f'[

" 
'# 

'.Jm
~

 
~

Q
J 

c:z 
t- 

~
c,~

'Z
 

9J 
-.~

f~
t~

~
6~

~
~

~
~~

a~
ii~

gi~
~

t 
~

o~
~

~
~

~
 

~
 

~
~

 
~

'" 
az- 

~ ~
~

(~
 

'

. ~
~

 
4--:3 

~~r 
~

 ~
 

. 
..() 

-C
, 

'l 
~

 
r 

-u

~
t4o 

...D
 

,c~
~

 
~

 
~

~
I

~
 

,?q.;1
"" 

~
 

.I 
;,.t 

~
 

' 
""';? 

, 
I 

I! 
lIJ

:.t.: 
'7T

"

It;
~

fl 
c:9 

1 
I

r
~

 
J 

.r: 
I

II1I
,

-n 
~

 
'

t.1 
r::-.. 

-r 
~

 
I 

~
t

'" 
i 

,. 
C

J

...cs~
 

~
 

v 
10 

I 
~

r
]-1-. 

('- 
V

I 
~

fn
I

t 
r 

I 
I 

)~

w
, 

~
 

rl 
I~

', 
~

 
r,

'6' 
~

 
\/'i

l/)

2~

I 
-

0
I 

--- 
~

 
-~

- 
0

w
~

p 
V

 
<

).>
!'-c- 

0 
~

..J 
D

O
~

. _.T
!JP

-$-- 
~

~
Q

__L~
 

~
- 

- 
'tR

 
~

 ~
 

f
91 

~
. 

---~
~

 
-~

._- 
~

 - - 
. 

1...1 0 
- (A

.

.t 
~

 
I 

~
C

/1 
("f) 

~
~

~
 

~
p 

~

,~
 ~

 
~

~
 

~
 

~
 

E
 ~

 - £ fir 
C

' - J ~
 

~
 ~

 
., 1r~

~
i ~

 
"'5 ~

 
~

 
~

 
{) 

<
'r- J ~

 8 .t' m
iL ~

 ~
 

~
 

~
 J

~
 

r.tt:)C
iI~

 
~

 
oQ

~
-~

r
. 

r 
{

(/] ~
 

c 
~

~
 ~

, u 1 
")"". 

(j-°"" 
~

 1 ~
.,. 

r t 
"'f

1 W
 :t. ~

 k 
j-~

 t1 
-0- 

I 
(') v ~ 

~
 u 

~
 ~

 ~
I 

U
\ 

. 
V

1C
R

~
-b' 

I
\1/ 

~
. 

f~
.f 

1 
1

~
r

~0lJ1

~-40'"

._~

Jf)

t



! 
;

ii
P

I , .
, ..
~

 
I

I(F
 

.

'r

~

0.""\J\
a

-;~

~
\)f

~
 

3
t~

 
~o

0
v\ 

\/1
--- 

- 
- 

..,~
. 

-..'

"'i: 
Ql

k>
1")~

 
~

 (') 
G

 n 
:i ~

 V
\.r

~
 f\ 

~
 

1'\ ! n v"\f
v'~

£: 3 ~
 !' 

cJ1 !.' 
LA

 P
 .0

r; 
b--""~

 
~

G
'. 

~
 ~

 
.:.. ~J

~
 @

"';f1 
-l 

~
 

~
 

-~
 

~
 l " b 

~
~n..~

 ~
 

>
' ., 

~
 

o,'-H
 

~
 

'f. ~
 - 

>
 

too' J ~
 

..:-J
~ r

""
~

) 
(' " ~

,Q
 I 

:! 
~

 
.' 

/0: 
~

 
'1 ~

 ' 
,. 

"-

~
~

l
f 

~
 

(\ 
~

 
c 

,., 
to 

10 
C

" 
'--, 

A
. 

'"f(: 
~

;6 
- .

~
~

',t'(\'-' 
-m

- 
0-

. ~ 1; ~
 

~ t' 
:;:-~

 r. '5 ~
 

"Z
 : 

~
 ~

 ~
 ~

 
~

 ~
 

,!; n .f F
 ~

 ~
 

v ~
~

~
 - ~

 ~
 

.; ~
_c ~

 
:D

 ~
 -; i ~

 ,,~
 0 

.I. 
'II 

). 
.t- E

 
~

 $ ~
 '" - J iJ Q

~
. - ~

 
.:!E

 \A
 

111 
I~

 
- <rJ 

~
 ~

 I 
.:.. 

~
 

J1
~

..1' 1" ~
..!\ 

~;jfrf.c 
,; 

~
 

-g ~
 ~

 
~

 
.r

~
" 

td 
I 

~
 

-f
I"f

I 
'" 

0 ~
~

 
, 

Q
:;;;. 

~
 

0 
I 

~
 

~
 

D
U

d::if'
()

T
v'.;; 

a 
~

 
~

 
0 

D
 

I 
~

 
"E

 0 
~

 
..~

-~
('~

-::,; 
" 

0" 
t.1°~

 
~

 
~

~
~

caT
(5,. O

r 
...n 

~
 

I. 
1~

.Jt 
O

f 
~

~
~

 
~

 
-

"b ~
 v 

(' . - 
~

 
,. 

.4" 
v 

~
 }i

~
 I ~

 ~
::: 7'

~
~

;;.{ r~
~

~
. 

~
 

~
 

§: 
: ~

 
i.. f P

 ~
 ~ 

t:J
'. ~

 
~

 
~

 N
 

- 
~

"' 
~

 
dl. 

E
 

8 ..i 
~

~
f;'" 

r-- 
~

 
. r 

~
 

6" 
~

 
,4 

. 
I\.- 

,p..

v1 
~

 
~

 
~

c.o
~

; 
1, 

j
r- 

; 
.

I
i., 

I 
, 

~
 

',! 
,,-

~
.

r!; 
~:]

O
O

~
~

.J:.
-l~

6'o~
O

tJt,.)
o

~
G

II\Q
' 

..b
-D

t~
fr

G
'"~

~
~

~
V

\-



-~
- 

'. 
.:::-

~
- 

- 
.--~

--- 
,

: 
J 

~
~

 
t:; 

'* 
~

 
~

9;zZ
~

-t 
650 

~
 

"C
 

1: 
q,.C

>
~

zt:tJ: 
-

\j 
?: ff~t

~
 0 

~~
~

 
. 

I S
 $f~t

('1.-';0 
1~

"\J 
.:0 

. 
..1).," 

')' 
.() 

- 
~ 

~
 

..0 
~

c 
b'~

) 
I 

'f:;/ 
""'~

 
'6'" 

. 
Q

~
 

~
 

Q
o 

t7) 
. 

'1<
A

 
'Z

,4 
::jt 

~

~
 

o~
1

I \ 
t?, 

'
~

! 
...tl "1 t- 

j 
" 

' - 
~

! 
8"-' 

, 
~

 
II 

.--tJ..j
r, ~

., :!1 
I 

I 
":5: l'

~
, 

I 
I

~
o 

'r 
~

0' 
t 

~
V

\ 
- 

G
'. 

"
- 

~

0"_a

-..I:'
.c:
0

--<
5

..0 
D

I~
~

r
\~

( -..e-
-0 -0'fA

-r'I 
()

!,1~
~

r'

~
(~

,~
 

..t.
.tI 

.:
J..,) 

-'

- 
C

2 
-~

: ~
 ~

 ~
 ~

 1! ~
 ~

 -p:;;f~
 

~
 ;;? p~

~
~

"'li'lijrT
~

~
~

~
g ~ rf

~
 /) t ~

 ~
~

1.J ~
 j -J ! 

H
 '5 ~

 
-C

I - ~
 jJ,.Q

4 J ~
 ~

~
 

3 i ~
).3" a -t\ 

~
 J ~

 {~
, 6

~
oc 

G
 

r 
~

 
(\ 

~
~~

 
-.# ~

 
C

t- 
('"

-.~
 

0 
0 

~
 

9>
 z ~

 ~
., 

~
 

2. 
"t; 

1', 
'r 

<
>

 
c,

~
~

~
 

~
~

 
~

c 
~

"=
-~

 
1-LrR

2g ~ ~
~

 ~
 

I ~
 

~
 z 

~
':J

-' 
-;4:

~
 ~

 
.. 

0-0 
- 

I.t: 
~

 
f)!J 

, 
~

 ~
 ~

 9' ~
 0 

,0 - 
( 

)
rJ 

- 
&

.7~
I

6t:'~
"'"6 

; 
~tf

"ra 
""~

~
~

r
- 

D
 "0 

I 
..J.' 

,..,.- 
.",. - 

t'
~

 
~

) 
1;(; 

\ 
p 

J 
I 

-.i' 
~

 
',' 

'~
"~

 
C

s-
...(') 

~
o 

::8"~
} 

. 
F

"O
'i 

,V
1 

~
~

~
...o 

~
 

11 
I ~

I
D

;'
I

~
 

~
 ~

 3 
I 

I -
i

r [E
.n. 

~~
~

. 
(\ 

'I 
., 

;j 
~

 
!\

~
 

I 
~

 
~

I,...n 
I 

.9
-<

"
(

I 
. 

I~

H
i 

[Y
 

~
'I 

!~
, 

. 
;

/
,. 

.

~
.,.. i 

f 
i 

~
 

~
 

c:, 
r- 

. 
. 

t.
1 ~

'"fc; 
.\

1
~

. 
C

f' 
I 

~
 

. ~
 

1! "; 1'0I
~

 
i~

 
. ~

\71 
I 

Ii 
\7\ 

6 
~

-.J~

-lJJ

~ -00V
\

\!

-w~

Q
1



. ~..{~
--y-

=
.-.~

'",,':;~
..

~
~\'- 

~

0-J6

~
~

V
i:--

--\.n(J\

. 
-~

-~
 

i
. 

~
 ' 

~
cA

 
(? ~

~
~

.
3S

"' 
l:>

~
1- 

~
 

~
o~

J
I ~

 
r_p

-0 
I 

1--
...0
rJ, 

~
O

Ill)

~
2J 

I~
 

~

"(tq 
C

7
-X

 
"Z

, ~
o

~
r"t) 

~E
::::>

.:;

~
~

D
,~

- 
()

W
 

,.0 
00 

G
 

D
C

a
~

 
6" 

oa..J 
~

 
o~

,"J:

&
 ~

 ~
 ~

 f rg: ~
1W

 ~-~
-b-~

"\1;~
~

 ~-~
 ~

 r -S
- 

~
 ~

 
~

 ~
r;J" ~

 
~

~
 J ~

 '!"" ~
 £--u 

1 ~
 ~

 ~
 V

I 
V

1 J tIj ~
 h r 

t 1
g ~

f;t 
rrO

G
! r~

1 ~
 ~

~
~

 ~
~

 
~

~
 

-jJ 
~

 A
 ~

~
 

...t::. 
n. ~

 j 
~

 ~
 -tJ} 

cA
 

~
 

\~
 

-c; § 
5" ~

 ~
 ~

~
 

-0 
...n ~

 
I'() ~

 
(/'\ 

~
 " 

:5 . 
~

 
f;1

~
~

~
~

w
.l' 

£~
 ~

£~
 ~

i: 1 ~
 ~

 ~
 ~

 
f"f 

'j'.J~
~

~
~

o 
fIO

' 
~

 .1 ffi: ~
 

) 
I i 

~
 

E
 P

 ,
~

IT
 ~

 
r, ~

~
: 'if ' ; ~

 ~
 ~

 11 
~

 ;ro~
1 I-j'

~
 4 

JO
f 

f) ~
..c r-J.j J r r 

.1 
I 

~
 I

~
 

J.
~



T

'~
!

0 
Q

,
.Q

 
<

..IJ

(.) 
C

J
0 

- 
.

~
--, 

-- 
-Q

~
ii1~

~
~

 ---C
;-i- 

J 
(IJ--~

~
~

~
-!"})~

-' ~
 J 

:-

~
.'1£)]~

~
>

 
~

 ~
 ~

::r?l~
{ fi~

J ~"1>
~

 r~
 f~

 fIf
I' 

.. 
"' 

~
 3_~

 
0)' 

(2
J

~
 

A
J,,'

O
fch 

~
Q

J 
~

 
c-~

t) 
~

 
(', 

f':\
[~

 
~

~
 

-z:~
 :J\.~

b:e? -; 
~

 j,~
?6 

ij ~
 

f 
rn ~

 1 
~

 ~
t

It>
 

~
~

 ~
b 

1:: ~
-b- 

O
~

,-1" 
I 

() 
1:::

t
~

 
'i>

 ~
 

0" 
~

t'" 
?o o~

~
 

I~
<

[;D
' 

l::~
 f(?~

 
0f~

 
,$i

r ~
 J 

"f...J'lr
'f 

~
 

,£? 
~

 
...{) ~

~
 -t 

0 
~

 
I ~t

"
.' r ~

 
0:5 

J.~
 

..0 '{I V
 

~
 

..() 
- 

-:::tJ; 
~

 
-"

4"'(:) 
-:f! 

J 
~

I' 
0' 

.D
 

~
 f.f 

,~

~
 

! 
L:: 

~
~

 
r- 

-:!.~
 

I r~
 J:

~
 

~
 

..t>
1,r1) 

~
 

v 
I 

oQ
~

 
crt 61 

'" 
p") . '# co'O

~
 1

r- 
~

 
~

 
~

C
>

 
~

~
~

~
Jr 

v1 
. 

, 
)~

o~..J 
t1 

..t

o~

!J-')Jv\

0 ~
 0' 

0

,J~
~

8-t:
~

Q
~

- 
- 

~,
J 

..0
C

~
..D

, 
~

~
 

~
'~IJIrt~









r i 
(i'

 .
 "-

~ E

~

a (» V
'

~ J -'.

0 -0 V (A

~

0 
()

..J
 

..J

~
' 

8

--
- 

- ~ 
- 

-
,"

",
" 

6'
"c

J1
 

~
 

..t

-~
y,

~
- 

--
. 

~
--

~
!~

~
 

t
. 

(6
~

~
C

I'\
~

~
C

~
m

~
 

no
~

Ir
JC

A
~

~

£;
 ~ ~

 p.:F-
I 
~

 ~':
:!:

 J 
g)

 ; 
%

 !J
 ;J

 ~
_a

.~
-P

 
(\

 
. 

~
r6

~
\-

\' 
7f

~
 9'

~
.c

: 
"8

 
~

 ~
 

~
'~

c 
~

 
~

.:J
..:

&
('\

 
I 
")

; f 
..p

. j 
I! 

~
 . 

~
 ~

 . 
i f

jJ
f 

.

tA
l 
~~

~
 '\ 

: "
I ~

 -~
 t

 J
 

p 
~

&
 ~ 

II
' 

I 
I 
JJ

0
~r=:$

 ~
r 

f
r

I
I 

~
 

j,
. 

.:.
 

. 
~

~
 

~
't'

"' 
J1

't 
-,

r-
~

()
'

(~
~

 
r.

l 
I 

~
 

I 
...

t)

,c
f:~

 
' 

:..
 

I,;
 
~

,&
 

. 
~

if)
 

.,~
 

"T
,,~

.. 
~

 
~

--

0 
C

>
 

0'
 

0 
00

0
..D

, 
J 

...
J 

J 
~

~
~

~
 

_a
~

__
~

 
~

.J
:: 

~
 

-C
;f:

~
 

~
 

,,)
)

"0
1 

J1
:fJ

1 
' 

~
 

" 
C

!!f
. 

~
~

 
~

 
~

~

~
 

, C
 

r;
(:

:;f
=

. 
(1

1 
~

 ~
~

 \ ~
 

fS
~

Jf
; ~

 
()

J 
Ih

~
 

V
 "b

 
Q

J 
1 

".
$ 

:-
i-°

 
JI

~
.t~

 
~

. 
I

~
".

# 
; 

~
u 

\ 
I 

C
r

~
~

I
~~

~
~

 
~

 
k;

 rf
f 

~
~

, 
.' 

~
~

 ~
 

"b
 b

 
,e

- 
1 

f.A
..c

 
~

 
' 

;
I 

O
f 

~
.

L1
1

~ ~ Q





t?

'1

---
~

(1<
oA

_6~
~

-'t~

/
-..t
~

- 
--~

--~
 

- 
J:::

-- 
--~

--- 
- ._~

- 
-.

cS
:::>

 
i'.::;) 

~ t
~

: 
. ~

:-A
 

~
0\ 

. 
1) 

b 
\.(

~
 ~

 C
,.f ~

 ~
 

\ ~
 

'. .".~
 

9J 0 
~

 ~
 

.

"', 
~

( 
c: £ 

Q
I 

~
, 

';:-/- ~
~

- 
'fJ~

 
tJ 

rr~
. 

(b ~
 ""r ") 

C
A

 ' 
.,. <

t- 1

\/10 
-

~
.o 

.

,...S
'\~

 
=

:: 
-1'

i 
'1 

r 
'. 

~

~
 

c

. 
- 

=
 

\) 
0 

~
 

Q
 

0 
t 

~
~

~
..JJ 

-..0 
~

 
.1..J..J 

.l 
"'

~
()' 

-~
 

\) 
~

 
cA

 
.J' 

w
,.; 

- 
~

 
2 

..t-

O
 

o~
. 

0 
'1 

~
 

"" 
V

\ 
\) ~

- 
"f_~

 
~

'k 
y 

~
 

~
 

~
.." 

~
~

~
 

i 
~

 
~

t 
$~

~ ~
m

~
t 

.::3rr:~
~

; 
~

~
~

D
 

. 
~

 
.73' 

~
 

r""'tlJ~
 

f\ 
~

 
~

~
 ~

 
~

~
 

\ 
f 

~
 ~

 
~

 
- 

~
? ~

~
} 

~
 r 

I~
 

r 
";:J 

(it 
0 

~

2 o~
~

~
 

...b 
'1 

~
 

" 
g- 

~
 t 

'1 ~
 

I 
~

' 
' ()

q~
 

", 
\..>

 o1~
 - 

O
\~

~
' 

~
~

 
~

 tA
 ~

 
'

S
"...J 

,
l

! 
W

 rJ f~
) 

--,., 
'2: 

~
t.1J.'ij 

~
 ~

Iii 
~

1J
l~

 ~
 ~

 § f 
~

 ~ 
~

 
~

 
t 

-t ~
 ,

~
. :;-.

~
 

J 
~

. ~
 

~
 \i1 ~

 
V

\
J

:D
' 

-.:;
, 

J~
 

J 
, 

~

r2('~









~

~ ¥.)
,lO

~
~

o 
a 

0
f"":'J..1 

:.1 
.-4

.1J~
, 

0 
8 

'

()'1 
~

]: 
~

\
~

 
~

 ~
 ~

.i ~
l 

s ~
"'" 

~
~

 ~
~

. 
',. ~

 ~
~

 
~

~
 

\!::/ 
1~

 
!c 

('I ~
 ~

 i ~
 

~
 

~
 ~

 
~

 
'it ~

.~
 

. 
-z: ~

'Z
 

.,L) 
.2.:>

*. 
4' 

~
 

.:E
J

~
. 

f; 
Q

 ~
~

~
...o 

~
~

 ~
 

§r
- 

'-f
-1>

,?,~
'~

 
'ij)' 

e 
Q

~
~

P
JI~

 
\A

 
"b

cJ. 
~

.Z
'...D

~
(' 

,y 
tJ\:;1) 

, I
~

 
') 

1: 
~

[, 
,R

G
'

1 
ro~

 
' 

'-' 
~

 
r

I 
I... . 'l 

~
 ~

 f
. .;. 

(J1 b 
g \:.1'\ j

:~
 

~
 

,

-C
/\

~

~t/\
~

,S
\

<
.. ',-

~~

-~
'd)

- ~
11

J

C
)~

()
G

"G
"~

~
Q

..)-'6~
1J1\4--0I'

.,I)
I 

-.n

-.z:
~

.t" 
:

--- 
-- 

---~
--- 

. 
I

ff~
~

fJj'jff~
~

§~
~

 
ft~

j~
D

~
f~

~
~

~
f 

1
\

.4t:~~
 

!. 
# 

. ~
 

.4J- r1
\ I ~

 Q
J 0 l. 

~
 

~
t

- 
1 

.\ ~
~

-
fj-' 

~
 

~
 

.',.2:: 
~

()2Z
 

f~
 

~
J

~
~

O
 

t~
 

J~
~

~
.g~

.t:..&
 

bj..$~
~

 
1G

~ f1
~

.;r.:R
~

u fY
 

0 
b~~

~m
:8 

4 
b' 

' 
~

~
~

~
 

~
 

~
 

C
I\ 

~
 

H
'q... 

-t7'

4aJ' 
- 

1~
'j' 

,~
>

 
J!~

, 
f)

Q
 

- 
-:! ~~() 

" 
~t

" ~
 

[I 
a 

.) i.
,\ 

. 
, 

~
 

. 
'r; 

0 
0""", 

~
.;..- 

~

fo~
 

?~
 

I 
~

l~
 

~
 ~

 
~

~
'f

~
~

\ 
-~

 
T

"' 
(:) 

.,
~

 
.=

..,t 
~

"""

()J

, {'(l.1\

~
~

~

\ J

r 
"I"'. -

.





-"-
","'6' 

- 
-

I' . \ ~
 

...t..t 
..t-

V
" 

~
 

ft. 
.

~
() 

- 
- 

V
\ 

~
 

1,6

) 
~

 
(.=

' 
~

~
.. 

- G
" - 

G
 

1 ~
 

t;. 
H

I

[, ~
6!i~

 ~
I~

\
\&

\
\ ~

~
~

 
..; ~

 ~\.\-
~

 
$..t:: 

.A
 

l 
'." 

~
 

\ 
~

 
T

 - 
.

7-Z
~

""l"qt\ II, ~
 

j~
6~

~
...o}) 

£~
9'8~

t5
I;5 

6 ~
 -z::~

~
 -t). 

::r>
~

A
:>

:::R
r~

,:i\' 
Q

..::p ~
~

 
' 

c: 
c ~

.~
~

 
" -b 

. 
C

l~
 

c::f. 
G

 ~
 

-Z
"5 

~
 

\ "( 
~

 
1 

! t.1.." 
~

 ~
 

I 
;D

'-
.!J ~

 
.,.. .-' 

~
n 

~
 

I 
'r' 

W
 ~ i~

 
c 

&
" 

',fb'\:>
(~

 
I'b !I 

j 
~

 
I.,)' 

~
 

. -~
 

t- 
"1 

1

~
. 

:+
 

V
\ 

. Q
j

1,*'1 
i!:'~

'~
P

. 
- 

I 
e:>

 
!. 

~
 

- 
" 

'S
~

 
".

~
 

~
 

~
 

~
 

~
 

,3
V

\ 
0 

-" 
..t' 

~
 

&
r--- 

- 
-- 

l A
 

vl./
-, 

1 
--

~
 

~
 

~
~

41\ 
7'" I:: 

D
<

... ~ 
C

 ~
...t:: ~

 
.' 

..:J.. 
cA

, 
it- 

~
 

(") 
&

 
' 

f'

~
 

T
~

~
i~

~
 ~

 
~

 
-! 

" (\ m
-cr~

 ~
 r 

~
. 

:I~
f' 

~
j~

 
~

~
 

Z
' W

 
' t ~

;'1 ~
 r !;{~

T
 

d7(5-V
<

Y
J

~
t'- 

-O
cA

~
~

 
~

 ~
 

1:1 
~

, r;-'f~
~

f,P
 

r ~
.~

~
~

 
2)- 

Q
j~

. 
, ~

 
I 

~
 

"; 
.~

 g ~
 ~

.~
 ~

 
. 

~
.~

 'lt~
I.' 

\ 
p~

e~
l ~

 
~

. 
f 

'] 
O

rf.~
 

-1!:~
~

'.J: 
E

 
-'\)

~
-9, 

~
~

"'f 
:.~

j 
I 

~
 

cO
 

I 
f' J;"",~

;g 
(v""""'"

~
 . 

-D
~

. 
~

 
';t 

]1 ~
 

~
 i' 

! 
Q

 
J ~

 Q
 ~

p.. 
1 &

 0- 
, ~

 J 
J ~

 ~
 

~
 

I' 
II O

? ~
 ~

 ~
 .J:: :!~

~
~

 
"f':' ~

 
l ~

 
~

 ~
 ~

 
jl'~

! 
f ~

 ~
 '

~
 

\ 
~

 
'} ~

 j::B
 

'

-~-a -5
D.D~

D
O

 C

~
~

~
~

~
~

~
~

-t)
-t\

\t

~



IP

C
o ~~D

O
C

 
O

Q
\)

~
~

 
~

 
b 

~
"fj~

~
 

~
 

-- 
~

-~
-~

J

u. 
~

 
" 

0
r:"" 

9' 
1 

0- 
I 

<
.'

~
 

,-, 
~

 
- 

~
 

f' 
]'5;:" 

~
 

1'0

.~
~

 i;r.'~
 

\ 
\ ~

 ,) 
}. 

\ 
I 

. 
: 

~
 

\.., ~
 

\.V
 rn 

(' 
-."\

'r)fi 
- 

~
 

r- 
6':" 

~
 

:..J~
,-~

 
~

~

,~
~

~
Q

,~
(}2::'Z

:.t;
~

~
.C

>
5~

~
LJtC

 
f~

"'"()':F
(')~

~
 

j
fO

-c 
00('5 

V
O

'$:l:>
~

1
~

""f\~
 

~
..(')~

-D
O

-
c5 £ 8 ~

 
)

~
'$. 

:p ~
 

~
 

~
 

. 
. 

i!J' 
Q

'
3~

['D
~

 
M

~
 

..0 -O
~

 
~

 
I '0 

I 
-0. 

-; 
<

L>
 

~
 

~
\ -:&

 p\
J 

...J)..D
 

~
 

~
 

-0'( 
IV

 
A

 
. 

~

~
 

(.J) ~
 

~
 

,(, 
II 3 

~
 ,3 ~

 6 t ~
 ~

 
~

 ~
 

~
~

 
b;b 

I 
I 

c...P
~

~
 

~
d1 

()! 
()

. 
.b! 

~
! 

~
~

.I ~ b 
'

~
 

'j 
{'~

~
! 

~
,1 

i 
( 

,-p-
- 

I

0
--.\) 

..0
<

J\ 
. 

~
 

-
:V

i 
- 

. 
D

{;1- 
-

1 
-

"
cA

 - 
ciI - ""0

~
 f~

J~
§

ttT
~

-ft 
,

. ~
 ;~

, 
~

 ,(
1 

~
~

 
:,

I-w
o..

~
~

t~~0(\
.to
~

p~

Q
,3

-"'"
l/\o

'?

(1~

--:-, 
j ~

 Is"!, r
~

 
~

 ~
 ffJ' 6

(6~
 

. :t>
ct

rI 
,~

O
~

 -L 
I 

I ~
t

J' 
,~

-

000-
6't6'

, 
~

~
~

..t
:'4 

't-) 
~

 
~

J
' 

~
 

~
~

 
f~

, 
~

~
,J)

elf;

00I-'

1



",-~

1.,~ l

~

\..N
~

C
~

V
( 

0
~

V
\-I(a..s

~

--~
 

i).)

~
t~

 
- 

/ 
~

Z
 

(jJf
~

 
<

".j ~~
~

2' 
0- 

cAf
~

 ? ""t, ~ 
'0..0 

. 0 
g ~

 >
 

~
~

.,1") 
~

 
o? 

%
 ~

 
'Z

 
,

::1>
 

~
g 

~
:7>

-D
 

£ 
: 

.b 
~

 
"C

 
~

-T
7g~

:L:'
. 

"0 
~

 
.) 

I, ~
 

~
 

4-""'" 
w

~
 

'>
'

~
 

~
 

~
 

' 
3 

V
), 

-o,.J 
'~

~
.

i 
31:E

 
.--~

~
, 

I. 
,~

~
~

, 
~

, 
,~

~
 

I 
~

~
 

I 
II,. 

. 
~

 
;jt~ ~

7 
~

 
:?, 

,

(/1 
.~

~
, 

-
~

 
tr1 

.
i 

~
 

r 
. 

'A
.

v'1 
I ~ "" 

I 
"':

I ~
 

'-.11 
'1--

- 
I:::'" 

~
,

-

~

-0~

()..P

~--C
'

V
\

ft'Jq~
 21~

!~
U

l1:'-~
 

~
q~

~
Q

£~
~

~
jrr

I 
. ~

 
~

 r 
I J) 

J '#~
 ~ 

~
.,.e"" 

~
f ~

 \ \~
 

\ 
lot:!. ~

1 ~
 C

 
~

"6 
~

 2 
~

 
~

 ft:J 
- 

;~
 ~

 ~
 '5 -&

 0 ~
 

'C
' 

~
 

~

J)...o 
""'-C

) 
J 

~
 ~

\ 
~

 ~
 i 

7.: 
" 

t-J,
\

"'t>
 

t 
...1')ft

/) ~t
n 

'0' 
) 

-, 
c7) 

'b 
i

e
~

 
\,of 

~
 

~
~

 
~

 
! 

I

_c11 
" 

£>
 

3 O
fJr--. 

: 
J!

J 
~

~. r 
I 

~
f 

I 
~

'f

! 
I 

~
 

~
I 

-+
\

~
 

~
I 

I 
I 

~
1

' 
I ~

 
~

 ~
,

I 
- 

1.-1t
. 

- 
, 

.;.s
i 

-"
- 

;

,

I

C
)

..0

-fJ

.~



>
 f:

!" ,c.'

~
(

-d

a..t'
J.J
~

- 
- 

\)
0 

3 
..J') 

g 
U

:-\
0 

0 
~

 
w

 
.

-- 
.- 

.-~
 

~
 

I n 
1:

v' 
I

~ n
[) 

-"llil 
~

 
rt1J (1'1 ~

 n -t-:rn ~
 '" 

<
i-'fl

$
~

 ~
 . ~

~
~

) 
.l. 

1I1 
() ~

 
:i' .:i

~
 

~
 ~

j
B6" ~

~
 ~

 3 ~
 ~

~
~

L.;JII;~
 

~
 

:;f~
 ~

 ~
 ~

;t, 
~

~
 

.~
~

 8;)i
r 

<
' 

J 
7:' 

~
 

c:. 
;;;;..8-C

.L'.. 
~

 
~

 
~

~
 ~

~
~

 
s ~

 
~

-1'

[)\ 
\P

 
c.A

~
6o()O

 
~

I
I C

 
z::. ~

 
I' 

<
 

~
:§ 

--' 
~

 
.r- 

..r:: 
p () z.. ~

 
.

::R
. 

~
 

~
 

g~
'e:Ir~

' 
£ ~

o::£ ~
 

': 
'~

~
~

(/1 
T

7
t'l 

't 
,,~

~
, 

J 
' V

) 
1 r- 

\y 
C

 
9-' 

-(..1"\ 
J 

..L~
 

~
~

 
C

 
I 

I 
~

,
r ~

, 
() ~

 
~

 
Q

.,
r;;~'1~" 

J 
.

-) 
1 

"'5 
oi~

F
: 

~
 

~
1 .! 

I 
" 

j 
: 

I 
~

 
.6 " ~

 
~

 
.,.

~
 

I 
J 

'. 
' '£$~

~
£~

~
 

'I 
~

 
..: 'I 

'I ~
 

I"" p~
 ~

 
I..?

0 
,'" 

0' 
D

 0 
() 0 

-~

~
 

~
 

.I 
...j 

It
~ ~

\j\~
- 

C
/} 

"" , 0.1 
~

 
2. 

- .
"" 

- ~
 

. '-A
 

01 
~

- 
--- 

,- 
- 

- 0 
~

, 
v--l4-Q

- 
-t

)r) ~
 

~
 

~
 . 

() ~
~

 
~

 
1T

'V
 (/) 

~
 

"O
J 

..:0

~
. 

~
 

b 
# 

'f 
~

9s 
~

.5- ~

I", 
~

 
J 

s9 
z:~

~
~

 
--oC

)m
 

uJtJ"
C

 
I 

..z. 
- 

c::; 
0 ~

 gO
'O

' 
j 

6"', 
'61 ..0

~
 

~
~

 
::1s:..::r:>

 
r I" 

~
 ~

 
V

')r
85 ~ 

~
 

'0 eJ 
..:::g~~

'e! 
I ~

,' 
~

., 
I 

~
 

!I - 
.

f
~

 L ~
 ~

~
J ~

 ~
, 

.~
 

~
 

- '
J~

 
0 

(
8

r 
~

 
n

V
l 

" 
~

 
I 

~
:$ 

I 
.~

 
c 

j 
~

 
{LW

 
l..l

--. 
, 

,-, 
'/} 

;j 
a 

,,;$ 
b 

~
 

t..f
i 

j 
~

 
~

 
,I 

I 
1 

...n;1 
" 

~
 

~
 

~
W

 
rl 

"! 
~

tR
P

'I~
-4- 

I 
fr\1 

~
 

'~
o~

,.t;.' 
~

~
 

I[ ~
 &

.. r 
I 

,. 
!" 

~
 

' 
t.1 .g 

~
 

(;?
- 

6. 
.~

. 
1 

~
 

£
- 

~

i.j.h~

~~"'1l

1,\[i)

-0
.?o
\J\
0

0-
..J

(;i

1

('\ ~

(X
)

C
1



~ ~
Ij;fi

-'- ..t - 0

~

- ",
.a

'6

- 
()

0 
...

l

-b V
\(

.J
\

l
",

' 
- 

.
~

 
- 

-
~

 ~
 

g

~
P

rr
f-

 ~
~

~
~

;-
ij~

~
r-

f;%>~
-[

- 
~

 
~

~
~

~
~

-d
'"J

~
p 

3 
f~

) 
~

..!
/:;

t~
~

 
~

 
~

':1
 t 

O
t 

~
fc~

 
}

'). 
U

} 
~

'J
1~

;r
;

R
~

~
tit

f 
r~

:-
C

~
1 

~
 

...
 

('

J;
'~

1 
,~

 
~

 
t~

 
~

'""
 

~
~

~
 

~
~

 (
J"

t 
0 

0 
~

 
~

 
0 

y 
.

~
 =

-d
..c

:::
J 

V
1 

1-
 

.>
' 

~
 

0 
~

- 
~

 
..0

~
b 

~
lI)

 
~

 
("

'I 
"t

' 
. 

~
-

ft
'-.

>
 

@

~
 

~
--

 
~

'
~

tl~
!

.&
~

8 
I 

~
£ 

~
 ~

bS
f)

' 
':;

ft\
 

0
- 

~
 

~
 

y 
) 

""
C

~
. 

~
 

f 
.A

 
V

 
(\

 
i

~
 'iJ

~
 

n 
~

 
cf

4 
9 

r 
(\

- 
~

 
/0

 
'6

 
¥

~
Jr

;{
!:f

t 
. 

~
.'~

 
I'

~
&

r:
- 

~
r

; 
E

~
f~

~
 

~
.I 

- 
~

' 
-\

\
" 

T
~

 
C

;' 
V

\

~

--
' 

-
! 

i

f
r:

 J

19
.

~
t_.

 
--

~
9,

)J
i

.tw .t 
1

I \

~
 

~
 

00
0

\\ 
0 

1;
 ~

f)

"li
)~

£~
R

E
O

~
~

{f
' 

\(
\~

f~
tt1

::r
,:J

>
...

o
j 

rc
 

f.;
:!'

 >
; , 

~
 

.0
 ~

 :
r 

...
!J

~
 V

, 
~

 r
-g

;-
~

~
~

 
~

,1
 

.l'
 

~
~

~
P

t
""

 
. 
~

 
~

 t 
.>

'to
' (j 
c

fL ~
 
~

 't
., 

.¥
. 
~

 LP
 

I~
II"

 
..

/:
L'

 -
' 

~
 

n 
~

""
 

(f
'"

bf
r(

) 
~

 
~

 -L
 
::s

1(
;1

(1
 

( 
,.+

-L
:r

:>
r-

T
n

a 
{ 

I 
.J

...
I'~

~
 C))

 
uJ

~
C

I~
 ,

:-
0

~
 

~
 

~
 (

/\ 
"-

""
 

I

'r\
'r~

~
d'

 
.

~
~

\ 
r 

0
J 

~
!

"f
' 

I 
e

(,
..1

 t?
t 

I 
I

~

~

? .i- ..c-f ~

".
..

...

~
~

 
~

~
-~

~
~

~
-r

:e
~

-n
-Y

'
.~

~
!~

~
~

 5 r
't!

-iJ
~

~
~

~~... 
r~

Ig
~

~
 1

(
::B

: 
&

 ~
 

r;
: 

~
 

(\
)
!\

C
 

1-
0

( 
~

f
.#

-;
fJ

 
,! 

~
]

c4
- 

~
 ~

 
.~

 
\ 

i

J 
} 

J.
 

~
 ~

 
. v

. 
1 

~
 'f

J 
,.;

. 
\b

- 
J

U
1N

I
~

 0
- ~

 
-,

 
.D

. 
C

-
O

"Z
'2

~
 

\ 
~
f

\ 
.C

' Q
 

~
 

0 
r:

;:'
J

i '
0 g

 j. 
~

 ~
~" 

7"
" 
? 
-c"-' "Z

. 
"2

'; ~
~

'~
 ':1 

~
 

~
-

..Q
 

( 
v

0
. 
~

 
~

 
,1

 
~

 
~

'

...
,D

. 
:"

 
,'.

a 
~

 
~

~
 

~
 ~

 
(J

 
..§

-J
o:

 
I, 

'tJ
1"

, 
' 

, 
Y

~
 

I 
~

 
\ 

"'"
 

'
3

'
f

r 
I

, 
. 

I
I 

, 
r,

 
II

i,l
 

t!,
 

. 
I

Q
:,
r

I! 
I, 

r 
'

0"
0'

~
 

'I
~

 
1

~







rt
_r-
~

; 
. 

~
?a 

3 
S

 3~
~

~
b(:; 

I 
O

~
".C

o 
,£ 

w
~

~
8~

- 
--~

 
~

-~
~

--~
- 

. 
-" 

~
~

o- 
~

~
~

Q
J9

~
~

 ~
 ~

 ~
 

~
 ~

m
 '1 p) <

I1l'lIJ ~
 ~

 r~
 

~
"i) ~

 
('\ctJ!:>

. 
::8

J~
~

:- j 
~

 ~
,!~

 E~
 1J~

~
 1j ~

~
~

~
~

~
~

~
~

~
 

f
\

, 
~

 
~

 <
r 

Q
 ~

 ~
~

 ~
 

-;J? ~
 ~

. , 
" 

(!\ 
~

 
d1 

0' ~
 

'p 
{\ 

(..A
J 

j

i/:) 
~

 °:t>
 ~

~
 ~ r

o 
Q

 ~
 ~

 ~
 ~

 . ~
 (.,.1 

~
 

~
"'M

J('~
. 

,-
§ P

-o 
,...0 tj: ~

 ~ 
-t:l 

~
 

--v 
~

~
~

~
?f 

"
"'~

 
'~

~
'I 

+
~

 
,~

 
Q

,b 
.,.J)T

fV
~

 
u~

~
 

b
\);) 

.R
J 

~
 

i; 
j\ J ~

 ~
 

J 
' ?} ..a ~

~
~

~
 

"0
~

. 
~

 
" 

~
 ,f g I 

I 
,~

. ~
 ~

~
 , 

~
 

~
(j ~

 ~, ~
!

f 
"J:;:, 

L 
r 

I~
 

~
-- 

, 
~

1~
~

~
1

,
I ~

 
~

 
'm

'" 
!I 

I"" 
~

~
~

 
~

 '1 ~
~

f 
' 

.,

~
 

~
 

~
 

r", 
:~

. 
l~

- 
-; 

,~
_~

C
~

1

--~

"-
r'\'§: 

---
, w

 q 
t 

I 
~

, ~
"::t 

Q
t

-V
\'1 

-' 
tA

<
.A

\J\ 
I'

r 
~

 l' .1~
l~

 
~

~
~

 
~

&
-' 

t) 
C

.,"S
£ 

r ~
o g

~
1 

~t
,. ~

 G
 ~

 -c, 2;-i; 
C

\ 
0

O. ~
r.

a 
~

. 
~

o'O
o.:J 

D
 

cr-
,.. 

0 oD
~

 ~
.b~

 
P

~
. 

~
\/) 

,..:.()
4

"'6
~

 
P

 
~

f 
'I J~

f 
~

' 
I 

i ~
~

 
~

 o"J"

~
t 

e; 
't..~

 
'" 

I 
~

;!.lC
 

~
g

~
 

6:0. 
l r- 

.:. j . ~
 [\ 

i 
r

. . 
"~

 
l (.

-~()\
cJ

0~~



- 
. 

I 
-(f)

r-~
 

I- 
i 

W
) 

.

0" 
' 

--
l'I\.,A

J 
'.. 

0 
0 

-

~
O

_Q
- 

- 
--- 

1>
, 

~
;:'r9 

~
 ~

~
~

~
!W

~
rff~

-O
t- 

b 
.# 

~
 t 

~
\"\. ~

 
I 

~
 

1 
£- 

~
 

.sf

~
 

~
(\ 

l 
~

 
d

t~
~

~
\oA

 
. 

~
~

 
I 

c/)

1 
t 

I. 
..(\G

P

,

-~\.1\

~
;;; -r

t 
~

-

.~

, 
v

- 
0 

..-:>
' 

00 
0- 

...1
0 

.:.J\ 
~

 
-J...I 

rJ 
~

() 
~

 
. - 

~
C

IJ 
0 

\1
~

 
~

 
J1'-- 

.~
-_.P

'--iD
~

-i- 
£J\ 

- 
~

~
 

~
 q 

~
. 

. 
\ 

~
-

~
E

'« ftf~
~

 ~
lff1 r-J~

-;~
~

'~
ll 
~

li~
f ~

~
 j!

I' 
(11 

J 
fE

 
~

 
&

~
 ~

 ~
 ~

 
=

 Ir ~
 

~
 ~

~
 

tJ\ ~
 

..D
\

1. 
~

 ~
~

 ~
J ~

 lS
"

~
 

"C
,C

/1 
- 

, 
~

 ~
 

V
 

~
 

...I') 
J 

~
 

~
-1'

;'t/'il
W$ ~

 
~

~
'-z:. 

P
 

.~
 

f>
:, 

D
 

:f>t
I 

J11 t I~
 [~

~
~

~
~

~
~

 
g.C

?' ~
~

 ~.~
~

 
c 

. ~
 °C

JO
 ~ijtJ 

. t:. 
,~

8~
 \~

 
*- f 

"', 
~

r:::J 
z:,r 

~
 

S
l: 

~
"""t) 

(/\ 
,",ot 

N
~

~
G

-1 
~

 
"'{)' 

C
lJ 

~
 

Q
.- ~

 
. 

- 
~

 
-t'l

~
 ~

 ~
 ~

- 
~

 
"\]: 

~
~

,,5' 
..o.'S

 
0 

w
 

~
-D

 
~

 
1;j: 

0 
1'":'~

 
~

 
l -

! 
~

 
~

 '9 
1>

 ~
~

 
i=

>
 

(\.. r 
\ 

.t '
~

 
~

 
...0 

'~
I' 

"t:J 
'. ':'=

>
 

.

.~
 

.~
 

'. 
~

 
1 

~

O
'o~

(),
Q

~
_b~

C
.I1,.,-O

,
\/\O

~
O

~
.- 

toO
. 

.. 
-- 

. 
..1\

1- 
-





5~
0..c 

000' 
I 

q 
O

O
~

..t:: 
::o.::J 

..J"", 
6'b'

,0 
0"'" 

tJ- 
(J\

~
 

-- __~
--V

1-.L1___~
__-~

--- 
-~

- 
- 

- 
~

 
(11 0' 

b

~
~

~
~

cr~
~

~
~

~
 

~
~

j~
~

t ~
£~

t~
~

~
r ~H

~
~

~
~

~
 '9 - 

~
 R

 ~ B
 ..D

 IJ 3 ~
 ~

 ~
 ~

 ~
 ' ~

~
. . . .' 

k t f 
~

 
~

, 
r 

t 
f

jf.bP
 

~
~

!~
.:::~

t~
 

..e~
' 

v~
)' 

~
 

~
 

c/1 
11\/ 

cA
~

 
r 

'1 ~
~

 t:'t 
~

 
' 

0 
~

. 
a 0 

\ 
t 

1 
1 

~
~

 
~

 
A

 
-r 

~
()

:J ~
 ~

 ~
 - 

~
 

' 
'~

g 
f 

. 
~

~
, 

_. ~
-

,c:::g 
: 

t2, 
6' 

..l 
'* 

~
 

#,

I 
~

 
--0 

- r ~
\.)..£' 

.1::4
I

'ci'f 
I 

~
 

1--J~
~

-
~

 
I, 

- . 
(\ - 

~
 ' ~

 
' 

"'0 r:::J

~
 

~
 

'1 
~

 
,

--- 
- 

-- 
~

 
- 

- 
-:z:. 

~
 

~
~

uJ 
- 

d
~

 
-- 

=
 

0 
D

-- 
- 

~
a 

~
 

- 
. ~

~
 ~

 
- 

-- 
- 

- - 8 
-. 

- 
~

 
. ~

~
cA

 
~

? 
. 

i"'f 
(/') 

C
A

 
c!JC

!}(I1 
C

/)

t 
'~

a.s: ~
\

,~
~

 
~

 
t 

. ~
 . 

t
# 

~
 

~
 

'-~
' 

\~
 

(.A
)

~
 C

J\? 
'" 

~
-\I' 

z'l'c.. 
-L ,~

~
~

~
 ~

~
~

 
%

S
~

. 
~

~
~

~
"t 

b~
 

g~
g~

~
 

~
~

~
~

~
-o 8~

~
.~

G
~

I~
~

: b-S
: b~

 ~
 ~

 ~
 

P
- 

...0 ~
=

~
C

A
~

?t~
 

~
9;:';.J,!.

""") 3"'~
 ~

:::t 
t7 

'r- ~ 
I ~ 

~
 ~

 
- V

1- ,R
j...R

? 
' ~

 
~

 ~
. 1 ~

 0. ~
 

-
,

D
3 

,~
 

~
 ~

,uJ~
~

 ;Z
 .~

 
}'

J 
,:3 ~ I 

~
., 

b 
~

 
~

,{'I 
- 

'b

::r 
1 

~
 

~
 

.6I-~
 

r 
~

, 
01

.. 
JJ

()p



~
'~
:

w-V
\ ~
~

r-,

.
~

--;"'-"'
0

""- 
0 

~
 

\) 
0 

O
~

D
\.>

JJ-
~

0(\ 
;J 

~
..1 

f1'\).b'
~

q;~
..t 

l" 
~

 
s::; 

(.)o
8

~
\1\ 

O
llt 

~
 

0 
\l\ 

U
1 

~
- 

~
 

-~
 

~
~

 
v 

V
I-' 

vI 
- 

-.1

"1-1.dm
!m

~
'R

~
fI

~
~

r~
~

t
* 

~
~

 
t~

~
~

i~
~

! 
£!

~
tI1~

 
~

j 
~

 
~

 
<

. 
~

 
~

 ~
 

:..rJ-o 
-<

 
} 

~
 

-+
1a'1 

;=
f. ~

 
~

 
.. 

(' 
f' 

P
 

<
: 

""f

, 
oP

 
a 

, 
---

~
~

~
R

~
 

V
I 

~
"f(r 

~
?\'" 

<
..~

.

-#:$ 
.. ~

/1 
J., 

ffi" 
'1 

~
 f"\)

1 ~
 f&

\
J

~
 

...!:.It
~

 
~

 ~
 

~
 

~
1 ~

'4j 
-' 

0 -O
\~

1 
<

l1 
':E

. 
C

o 
7'" 

'~
,.t) 

..,A
 

,.. ~
 J-!\ 

~
 -- ') \..,..'J""

~
 

O
z- 

z.\ 
~

 
~

 
~

o 
~

 
. 

O
J

-f) 
=

0 
j.,.) 

s;" 
. 

'4 6: 
:I: C

/) 
::if ~

~
 

~
 

3' 
~

 
~

 
~

 
~

 
t» 

~
 

~
 

J 
~

~
 .,.\ '3 

~
 

J!
0 ~

 , ~
 0

I
-I 

~
1 

A
~

)
.~

~
I' 

I 
C

~
1~

 
6""

I
I

D
'?:>

 
to 

fI 
i 

.g ~
 f 

".t: 
I

f'" ~
 

(. 
"" 

n? 
1 . J'!! 

~

-. 
~

 
(V

\\,..~

-

()

(f lfo, C~

,





~, ,1

D~
(J1

- 
.-- 

-- 
~

'" 
~

 
Z

?Z
U

1<
 

£. 
~

~
 

o-~
 

\~
~

~
~

~
3 

tIi'cc1 
'I 

-, 
(")

1 , - ~
 

I I 
. b~

 ~
 1 ~

 
-:J 3 ~

 
1

~
t~r 

I! 
II 

~
 

~
 

1"'-
'j' 

~
 

f' 
I

I
it 

- 
J

I 
J

~

-~0-
V

\

~-a

g 
C

1 
0 

I 
00 

0

'6) 
- 

~
 

~
 

~
6B

~
"-,- 

od
~

i'.~
 r r.Q

v~
~

2~
~

j~
~

~
t: 
~

~
~~

' 
P

~
H

(Jljf~
J"~

; 
"i)?o 

3 
.z:...)<~~ 

-l' 
/\n 

.' 
<

:
cf 

~
 

~
 

e 
,1i.:-"/t: 

J 
(\

It1 
~

.., 
~

 
z 

z;<
!' 

~
 

I ~
 

- 
"C

-t\

, a. 
~

cA
(' fj~

 
~

 
~

 
'~

~
f 

1'jl-,-0' 
1.

-~
2J. 

~
~

""'3 
~

~
jL~

 
&

'k1-ff: 
~

~
~

(1\ ~
"j 

~
Q

5r) 
~

 
3 

~
 

~
~

 
~

~
~

 
~

 
~

(~
~

~
, 

~
 

~
 

.Q
 ~

1"~
.11 ~

 4~
: fa ~

 
~

 ~
 

'r 
I 

, 
~

 
, ~

 """ ~
 g 1 t

e, 
J (01 ~

 
~

', 
' 

8 
""

.cr 
; 

i_~
".

~

=
'--=
)JJJ~

bC
)

C
1~

'-'

~-"'-11

00

it'0<
1'1

50\D ~tO
O

0

---~
-- 

- 
-~

 
A

.
-'- 

- 
":; 

- 
-',' 

" 
--: 

-

.

.

Q01

,

}
j.c~



/

lf1 / /

-~

- 
-

"f~
~

 
~

 
~

'l1

. 
r-,~

 
(:1 

- 
,

\
\

~
 

- J 
~

($~
~

. f 
.'~

 
.-t- 

- ~
rt

J
i' 

f 
~

t)Z
~

~
~

~
, 

,~
()4Z

 
~

~
 

~
b~

;r>
~

~
~

'Q
:>

 
0- 

o~
o'::j' 

~
 

- 
..JJ 

0
, 

D
~

.:t>
','j>

 
f"~

 
I 

f9 
F

P
 ~

 
~

 
~

 J 
_I 

I D
1' 

", (>
\.\ ~

 
.1 

! 
Q

 
I 

LJ.' 
~

I 
)~

 
~

 
~

 
0" 

"J , j

~
~

 
~

1~
 

: 
r.,f

~
 

I 
I

r 
" 

\

~.0.t:~

r').
0

~
~

~
~

V
 

.,..1r;'6"

. 
~

 
~

 
8 ~

 0 
t{l-

;fJ 5 
cJ.~

 ro~
 

9. _lo J:;t ~
 

'f 
~

~
 ~

 
~

 ~
 ' 

1C
 

1\ ~
 

~
 ~

~
I 

- 
1 H

, 
!L ~

# ",-f..; ~
 

~
 t1lf\' ~ 

~
.9J ~~

 ~
 

eJ eJ t.

~
~

~
 

~
t~

~
~

~
~

~
!~

~
 ~

 ~
~

~
T

~
 

s ~
~

,)I~
~

~
~

 
, 

. ~ o-,}) ~
 

---1 
~

 
f..A

 Q
J C)J b:i, 

~
 \ 

~
 i 

" 
' ~

 1 P
 

.t,
r;;;-o 

m
~

; ~
 'if(J 6~

 tl vJ t 
~

 
C

.A
 ~

 lI1 fA
': 

~
 

~
.&

. ~
 ~

!
~

irg 
rA

 ~
~

)-~
 ,,~

~
~

~
 ~

 r ~
~

:-; :~
~

 ~ ,~
 ~

' 
(:::>

.~
 

~
 

t. 
~

~
~

~
~

~
. 

' 
f ijr, 

(3



~'.a ..
p

r

\

-0V
1

0 
~

O
 

Q
 

oG
O

~
~

 
~

.J 
:) 

,,",~
o~

-- 
-- 

~
 

~
 ~

-- 
~

~
\-1 

o_~

~
w

~
~

r~
~

 
~

~
~

,'iJ;J~
~

~
 

~
:~

 
~

 i ~
 ~

 ~
 ~

~
~

 
j 

::

(Jt 
) 

~
 

~
 

~
,.b 

- 
E

-/f, 
, 

~
 

9 
~

-~
'i\ 

,,"F
" 

~
 

!::: 
~

 ~
 

~

'P
) 

-J 
1" 

P
 

£ 
" 

n 
"f..J 

lt1 
~

I 
~

11.!~
 

~
C

? 
~

~
'7

~
* 

~
 

~
1 

~
y~

~
Q

~
~

Q
~

~
 

~
 

~
~

 
l.,n 

), 
,It. 

~
-"'~

 
~

J
l.A

' 
~

O
I\"'5 

.c- 
~

~
 

- 
cA

 
f" 

r 
,,~

~

~
 

~
~

i..o 
(I) 

;s-
§

U
 

_I' 
~

-M
=

~
.. 

e.J
~

' 
~

 
~

 
~

 
O

J

. 
r-J..o 

'\"" 
. K

 
.,0 

? 
J 

~
 

,J 
~

 
~

 
~

 
~

 
Q

O
)~

 
~

 
([):.t"'«' 

,t 
.:oo.~

.;. 
~

 
' 

fb 
...0". 

o 
0 

°t 
~

 
' 

- 
U

 
I

~
~

. 
.f

- g 
n 

~
 

J 
U

\ '(J 
, 

"r
I

. 
~

 
~

l!' 
(,~

 
-=

 
~

 
~

~
 

p~
~

 
:t, 

;;

f- 
1~

, 
. 

fA
 

a 
~

t 
e 

. 
~

I

~~
()\

0.J~0

I
-- 

-! 
-

- 
- 

!
~

~
 

~
 ~

 
~

 
'~

 
[-~

 
:

I ~
~

 ~
~

1!~
~

tf'<
t~

-., 
f~

~
!it-f:8

~
 

~
 ~

 ~
 ~

 1 
~

 
3 

~
 

~
.~

 
W

,) ~
~

~
~

~
 

~
 

~
~

 
e. 

t~
~

! j ~
 

? 
(/){;('j ~

 8i~
~

 J"p;.
! C

1c;1 
'6;t 't o~

 
t;~

 
[)

&
~

,. ~
:::,-.-{, ~

:;.



~

-
0

0- 
0 

0 
o-o~

i.:I 
~

; 
D

O
 

oc1 
,,('~

<
J\

V
\ 

&
. 

W
~

 
uJ 

~
 

t-;t 
I

- 
~

 
~

-~
. 

~
--~

-, 
~

 
'-~

~
-~

--K
-~

'~
,,+

~

~
~

~
rf~

~
~

;&
w

~
rrJ~

~
~

w
££tf-l~

~
ij

~
C

!I~
'f:::B

~
 

~
 ~

~
 

-l: 
? ~

 
<

 
. 

1 
~

 
. 

" 
""\ ~

 
~

 f 
'k1 E

 ~
.~

 
0 

~
 ~

 
~

J 
.F

 
-:;: 

c 
~

 
~

 
~

 
- 

~
':-- 

~
'\) 

~
 

~
 j

~
 

~
~

 
. 

.Q
J 

~
 IJ~

 
l 

..JI r 
cA

 
c..,?tJ 

t 
'! 

1~

) 
1- 

~
 

",lfb 
~

+
,Q

 
j~

- 
~

 
l 

11\ 
-f:2'S

 
~

~
O

 Q
 

~
 

6' 
~

.J 
. T

()1w
 

')J 
(i1)?? 

a~
 

..II, 
r-

~
 

~
 ~

 .D
~

l'~
 

-
f' 

~
 

::r:.~
 'f; of 

I ~
r

C
 

! 
I

~
t

~
 ~

 ., , J - r: 
"'!. ('f1 13 (':r..:.t: 

J

G
) ~

 sf:
h

~
. 

'1 
ft3 

8 ~
~

 
f 

c.. 
- . 

}' 
'" 

j 
t

; 
-.

""tI'-',
~~~0v, -..I::

~0

0-.J8
~V

\

-'- 
- 

-
~

~
 

~
 

~
-J:j 

-- 
--- 

- 
--- 

--- 
--

~
.If~

 i t- 
. i~

~
 ~

tJ\ i
~~

~
t~

 
t 

~
~

~
~

~
~

~
 

. 
~

C
5

~
~

~
..r) 

, 
'<

 
~

~
...; 

J {11 
. 

, 
.:s..P

 
,-

--1~
- 

)0- ,:.. ~
 

I 
f<

j

O
J ~

W
 

{ 
- 

.~
~

r 
~

.. ff 
~

k~
~

~
}

\. ~
~

 
. '. ~

 
~

 ~
 

;Jo

I &
t~

?r: il \~
 

E
-~

1(1

~~
'>

~

~. ,t."n

;r, !
~~



~
1"1\

1 Jl: ~f (] 
0

..0-0
C

11..t:
V

\\A

-

.:-~
~

-r-~

f

~

--- 
- ~

~
 

~
 

- 
- i 

- 
-

~
 

\:1.,., 
Q

i(\ ~
m

 (L1~
 

E
" 

£ ~
 

~
. 

c( 
rq

Ji' f.~
~

~
~

~
 j ~

 
"f.A

"~
 ;~

f
..z 

*1 
- "'i

\':JI.¥ 
J t 

! ~
 'ff1~

~
-.r ()'

l ~
-- 

~
fC

{1~
 

I~
/ 

qt:G
 

~
~

 
~

f"\1 
~

~
p

~
 

~
 "" ~

 
\;...,,/ 

~
 

..Q
.l\ 

~
 

) 
...0 u:

Q
.,n 

<
.A

 
~

 
('b 

~
 

~
 

N
~

 
~

~
[

, 
;p tj 

~
 

lI\ ~
 

n--l"'-.. 
b? 

rC
 - 

c.J ~
 Q

(\

l.1 
~

 
~

 
(7) 

IX
) 

~
 

"J ~
 

~

'" 
~

. 
ib 

~
 

I 
Q

".I'I 
~

..J~
"". 

~
I""""

1 
!:e f 

.
)

I 
I 

~
, 

j~
 r:i: 

p n' ~
 h

G
\' 

~
 

"5 
I 

II 
~

 
~

 
It:

~
 

- 
~

-~
~

~
 

f'

--.,

v -r

-
~

41

it

, 
<

J;'
v

, £ d~
jJ~

~
ff;ig~

tfC
.-1v.~

~
~

(I\1~

I';'!!/ 
~

C
1~

~
.

{. 
I 

()~
~

~
~

 
~

~
~

~
4 

t;'C
J

q I~
g B

~
~

 
0, '$!.i~

 
~

...o 
~

~
 

~
 

r;.~

T
 ~

I 
:P

;'$ ~
 

, &
 

~
 

w
 

) 
::s

C
, 

~
 

I 
I 

(;1 
-- 

,Q
;:>

,'~
 

I 
'Q

;'
j'~

 
,b 

e
...o:s'~

 
,~

~
 

'$',J'
,!~

J, 
I 

!' 
j 

0

fo~
..R

:) 
L 

~
 

~

,~
 

. 
. 

I '. 
~

.~
 

~
(i'\ ~

~
:

-6'"
~

~
~00n """""--*\/')

-0

04cIJ'
0

0,.oJ

~

.l:~Q-J-V
I,,~ 3-0 -~.c-

o

0-
j

(

~
 

l,
-~

. ~
 .!>

:3: --.i

j5~
.~

~
~

E
 

~
 

~

~

t5" 
-~

;:r~
~

\}C
)\)

-6' -b I;;

~
G

R
 

~b-D

--'..1,";::

~
~

.-c,..J
-\J\

f)E
...J'

~~ ,

~







~ /

~ :-
.::

s:
::>

~ uJ V
)

-0 0 
..0

80

- ~
fY

0 00 - 0

~
]~

~
~

~
 ~i
:g

-~
-f

j~
~

 -
p-

, (f
 N

i~
~- .

'( 
-?

 CI1

~
~

61
 

? 
r~

 ¥
 t

:~
 ~

~
 t: 

fIr
 

~
 ,,"

 
.; 

i~
~

 *
 ~

 
-"

"'b
~

 P
: :

tS
" 

~
 ~ 

~
 0

 ~
rt

 
~

~
 

~
 ~

~
 -;"'"

 
~

 
'C

; ~
tj 

~
 (j

J

~
 

~
;t~

 v
l~

~
f!'

:~
~

f~
~

.£
t

~
 

(J
Jf

 
\1

)1
 

,.t
\ 

p~
 

11
'. 

~
..J

f~
r 

'!\
 ~

 ~
 "f

 
1 

+
':t

i' 
'~

 \.
 $

 b
 

-)
-?

;f)

a;
 

~
 ~

" 
::t

=
~

 ~
~

~
cr

 
., 

r 
1.

::t
. 

}~0- ~

5 c:
a

. ~
~

~
 

- 
0 

0'
 

~
O

'-~
 

' 
~

~
~

. 
to

',.
 

Q
J 

~
 

-J
 

- 8
_l

J1
 

V
I 

..t
_-

-~
- 

-'b
~

 
a_

_j
~

~
 

fi-
Q

-Q
-~

tff
1~

~
~

~
~

Jr
tr

J~
j 

~
C

A
~

 ~
l

~
~

~
~

~
. 

~
-~

~
 

~
~

,~
 

!.!
r~

~
 

~
't'

r\
:~

~
~

rt
~

 
~

~
~

'o
 

}'1
f)

'!(
')~

' 
dr

3 
:\

";
':~

 
; £

 ~
~

 
.t.

t 
Q

\~
 

.~

if 
I

~
~

f' 
1~

::8
;!j

:
,~

 
r 

t 
~

~
-J

~
 

f 
~

,J
..J

 
f 

b
~

~
 

~
 

, ~
 -

:tE
 

"' 
jr 

i~
jr

~
 

.~
-_

. 
-~

--
 

~
-I

 
"-

"'-
-T

.-
-"

--
-

~ ~~ t/1

t r 
- 

~
--

~
-"

 
-

G
'\)

 "
66

"g
~

b-
Q

~
~

--
~

--
- ~

, ~I~ ~ - ~

! ~ R
 -.

-:
-

~
.;.

.J

r t









/ /
/'

~

-

~
.~

..:: =
~

- 
- 

- 
- 

-
~

.' 
V

\ 
v 

~
 

~
~

 
vi 

r-\ 
0

0 
c 

v

~
~

~
~

.f, 
ft

~

~
 

. 
~

O ~
\) 

~
 

oo~
~

 
I.7tI 

~
 

~
 

~
 

~
 

9J 
...1' 

.~
 

~
 ~

! 
~

~
 

~
 

6""0 
w

 
\.A

\ 
tJ 

o.t:: 
b\J\~

 
:a

ll(!l.l 
f 

~
~

'i\" 
\ 

I 
~

\r1, 
'( 

~
~

~
\ 

r:t~
 r~

 
~

~
 ~

 ..,,~
 ~

; ~
 tj1~

~
 

I 
~

-jJ' 
~

~J
~

 , tJ
C

) 
~

~
 

e'" e. ~
 :0 

~
 

~
"G

 
,( 

(\ t: ~
 

. f 
"'\"

. 
'--B

 
1 ~

 
l, 

t"'" ~
 *"'i..' ~

 ~
 ~

 t ~
t f

W
o 1?~

!.3. 
~

 ' ~
 ~

 
~

 
I ,",It' ~

f::0(1 
~

~
'"'t>

,- 
.

-f'" i . 
(' V

I I;: ~
 O

! 
..J' 

s \It '" 
r

; .': 
~

 
j 

'->
 ~ 

..J 2 0' ~
 ~

 ~
 ~

, 
,~

~
 

':S
 

~
 1+

 1

'V
1 

f 
j 

, 
~

~ip~:i:. 
--1

~
, -.':~









- 
0 

,,~

~
 

~
:;.. 

~
t 

~
 

\.)c.J(.1JU
 

~
o-!.

~
 

r "'~
~

O
~

 
::1:2 

~
r~

 
~

 ~ ~
-..

~
I 

-r::~
 

o..::i 
~

v 
~

 
~

 
-0

-t' 
"1- 

~
 

~
 

1 
<

:: 
~

~
 

C
 

W
 

A
 ~

 
~

 
C

;

~
 

.i 
~

 ~
 

~
 

6::~
~

-~
 

~
:Q

 
- 

-" 
( 

~
, 

, 
. 

(\

~
 ~

C
1: 

c/1:g -E
 

~
I 

~
 

tJ 
(\ 

.r r~
 

~
G

1~
 s 

0 ~
3

!J~
~

 
d 

~
 

rcA
~

1~
r6 

~
 

r 
~

.I6Jt"

\' 
" 

1 
1 

~
 

(l 
~

 
' "'.s 

J ~
 

~
 ~

 ~
 ~

 
cA

 Z
 ~

 ~
~

 
~

 
. 

':2 ~
 

~

~
~

I
-'\Z

'z; 
~

'tJ1'
I

v~
 

e 
g ~

~
~

 
~

 
~

~
~

 ~
 

'.\:t 
IoA

lO
O

 
* 

tJ 
II 

V
..4'~

' 
~

 ~
~

 
~

 
'. 

,~
w

:f>
::p 

'¥.~
W

'~
 

J 
0

- 
c - 

- 
- 

-[,7-

-0wV
\

1



~

~
~)

- ---

~
~-rc~

-~

.

0
0' 

0 
\ 

0
0 

00 
-I,J 

V
 

0°"
oil 

O
J'-1 

c1' 
'-.? 

\J 
~

 
'~

8
~

C
J\ 

V
\<

6' 
~

 
\J\ 

0 
.t. 

E
t'1-

cl~
-a:---~

 
l ~

~
~

~
~

rg~
W

~
~

~
~

~
 

jii
Q

 
O

'~
 

~
~

 .:1,W
J!~

cft 
-0 ~

~
 ~

;~
~

~
~

£t; i\ 
~

 ~

~
 

£. 
~

 
f5" 

..~
~

 
JtJ 

\1' 
\

\ 
' 

,..,7t1"':f 
ctJ

t 
f 

():z 
cA

<
. 

~
. 

~
 

,~
~

 
~

 
"1

~
1~

~
 

~
 

'I 
~

f'1 ~
~

~
}~

~
~

~
pg~

\~
 

j 
I 

. -, 
.l~

 
o~

 
' 

, , ~
'~

 
'

.JJ 
Q

 
).r: 

~
 

.

tl. 
. 

\ 
. 

1 E
Z

 
~

-~
t 

~
.} 

g-

~

-6' 
-=

r:-
u.} 

..t
...c- 

C
J 

0,...
0 

0 
~

-- 
'

,..., "(~
~

i~
1 ~,~

~
'~

~
~

1
~

 
~

 
J

\f 
~

~
 ,"f3 r'l1 \ 

ii:r 
\ 

~
~

 
'~

r 
, ~

j~
:z 

~
~

f' 
.--" 

z- 
t

, 
~

 
:I,>

:J::>
=

::f>
 

0

~
 w

~
 

I ij, 
~

 
. 

J 
,O

 ~
~

 
, y 

~
 

' 
-c;1.(\ 

0

[. 
-a..O

i 
!I\ 

I~
 

'\ e:5~
~

'reT
) 'f~

 
! 

: 
I 

~
~

~
 r 

. 
',: 

,I 
~

 ili: tl

-~-1

-fJ-J..A



~
c"

--

I.

: 
~

'I 
- 

- 
.~

~
~

- 
-

g" 
-

---~
- 

-" 
- 

--:.- 
Q

 
--- 

~
 

1f)- -61

~
J~

::; 
~

 
'i

\t
p 

£ i-: 
1 f, g- 

j 
Q

&
~

 
8 

'" 
~

 
~

 '<
. 

~
 

l' ~
 Q

 ~. ~
 ~ ~ ~

 ~
 f:'

t ~
 

. 
\ 

\') ~
 ~

 
~

 ~
 

S
' 

~
 J 

~
 .0 

~
 

3 ~

", 
. 

..ttJ 
-' 

-0...0' 
'1 

r 
-~ 

~
 

~
~

 
~

.. 
I 

...0.-1\ 
(1

i~
 

,~
I.b 

f, 
.

I 
I' 

() 
,}.I 

, 
" 

,.~
 

~
. 

7
J. 

f 
I 

I 
.I,~

 
II' 

-~
 

- 
bl

'"
I

" 
I 

g
.,j 

. 
v

~



I~00 
0 

00 
0 

~
 

g 
~

 
0

-o..o.D
 

~
~

 
~

[.t. 
~

 
6'

~
 "" 

g 
; - ~

~
-:-~

- ~
 

6 
-~

--~
- 

-\ -+
 -1. - 

-

n~
~

-(C
;;-({j m

~
m

 ~ ~
~

...;.J.. f 
fb

~
~

 ~
:r ~[\ 

~
 r 9..) q" t) r

~
 ~

 ~
 9 ~

 
~

 
&

 ~
 

~
 

9- 
0 

~
, d' 

""0 ~
 ~

- 
~

 ~
 ~

 
~

 '5 ~
[;J-""'\~

 
~

 3? -J)l- 
1 

g rt- 
~

 J r D
 ~

 ~
~

~
 ~

 ~
,

~
 r .t:

\'! 
.l

.=
#- ~

 ~
 

- . 
f p ~

 E
 n m

 ~
 ! 

I 
» 

1

~
 ! r 

\ 
~

 r 
d ~

 ~ ~
 1 Q

..., 
"::E

 l ~
 ~

~
~

«'- 6" 
'Z

: 
,.P

 
E

-trl [ 
) [] 

, ~
 C

I't ~
 ~

 
~

 
r- ~

~
~

 
~

sS
~

 
'\ 

~
.\ '~

iJE
~

~
~

..i~
~

 
~

u~
C

I\ ~
 ~

 . 
~

I
E

, 
~

...D
 

<
1>

 
~l

'" 
~

 ~
 ~

 
0/ 

~
.d

-l/t 
.b3~

 
(.-1 ~ 

) 
~

..J\ ~
1 ~

 
~

 
rfJ ~

 
~

 J ~
 

~
~

 
:-0,. 

" 
fJ~

 
~

.()~
~

-C
 

~
~

 
\, 

~
 

~
~

 
~

..o~
,~

~
(~

~
.D

-
3 

p.;...;J.1
\

~
~

 
1 ~

 
"'~

. 
U

 , 
~

 
? 

~
 

. 
c 

r~
~

 
:bg~

. 
,.t ,:r. 

" 
~

 r 
.Q

 t'
tl~

 
,I. 

.. fr 
1 

l<
t

~
~

~

~
- 

~

t~
,f; 

-
~

 - 
C

-1
~

\). 
a 

(A
I 

r;:
~

V
, 

-- 
~

 
.!..

- 
~

~
>

 g;,m
 l /1\ ~~~

~
 

.'£
C

' , 
1 8 ~ ~

 
~

 3"E
 ~

~
 

~
I

tA
 

~
 

\b

~
~

!~
~

~
 

~
j.t::;;l

~
~

 
tJ 1 ~

 
I

~
} 

, ~
~

J
1[' 

\ ' ~
pl

I 
I

..I,

~

O
O

~
6"6" 

"
~

~
 

.L

--,V
J P .Q

 .::8
~

2~

~
t

:3r~l
~

~



"\- i

--~
-

g~

(

- 
-

-- 
-

b~
\)\ 

0
rJl~

..r; 
""

0\1\
O

~
 

. 
- 

~
--

-~
 

~
 

;;~
 ~

 (->
i~

b 
r- 

..;..'
~

 . rA
 a '

I'") 
J 

vI

; 
~

~
 

S
-+

--
~

 
~

~
 

0, 
.

- 
-"p 

~
 f, ~

. 
~

f
70 

I~
 

.(""

t1

-~
'~
~~

 
l~

2~
~

Q
 -'1"\ ~

 ~
 11)!- 

\

I~
;.~

\~
I t

'\ ~
.~w

 
-

t~
~~. 

'J

~

~

-

s~\

{)1\/\
~

'E

1"

r. . .
9 ~

 cs-\}JW

*.,.. 
"V

t
'dA

 
.[\P

-
~

 
i,~

'i 
Q

ft:~

0 
:: 

. 
~

..~
 

0: 
...!..

-. 
~

~
~

~
- 

--- 
(j;:'

;C
J~

j rrr,~
i\" ~Jf ;s"~

~
i~

~
5~

~
- ~

<
. 

~
,~

~
 

.grJ 
~

 J 
j 

r

!~
 

I tJ.I ,1~
 

l~
 

~
 t

( 
~

:;p,.~
~

'tt~ffi
~

 C
ro 

,1\
~

 
,I ~

'~
. 

t;f ~ 
""' 

J
:;:(\>

 ~
,! 

I; 
C

 l,) )J 
:1 ~ ". . t 

8 -u?r
'~

 J 
! 3 

, j I r c1)--P
l ~ l' 

r7 . 
0 ~

 
.

'4 
~

 
~

p 
~

 
~

 
j 

7O
b

) ~
I 

I 
\ i 

I 
t 

10 ~
t 

t 
E

~
 j~

~n

Q
Q

O

'~
8~

~
 

::i

lA
;f>

~
.h

:~
.D

I 
"C

\
. 

,..

'-S

- 
()

0 
.D

 ~
g 

IJ 
~

-

~
--lI1--~

- 
V

} -' -L-1 
1 

,:

~
 J ~

f £1 ~
 ) 

~
 ~

~
;r~

~
 

~
oof};LT

"~
 ~( ~

 -~
 

~
~

 ~
 ~ -rL1,D

 
..

~
t!: ~

~
L' 

'§~
()'\G

>
 - ~

 3~
 

~
~

 
. ~

 
~

 (" 2 ~
 ~

">
:2 

fQ
IJ 

n.
. 

~
 I 

.t:' r ~
 

~
-~

...&
:. '$ ~

 
,..

~
#' 

.P
--b 

()J 
1'=

 
,

.3: 
~

 ) jt: 
r 

~
 ..J: 

l}3

(' 
0 

~
,. 

"w
 

~
 "1 ~

 
- - 

~
~

 J',J 
~

~
 

! 
.





~,..(")

0

()c/J 
C

1' 
0 

\) 
("I

L/1 
04 

..,J..J 
~

0 
- 

tI1 
F

A
 

g

~
~

 ~ 
8 ~-y 

'3 ~
 

. 1.~
.' ~

j 
, ~

 
!:::.c. .t;

~
 

.~
~

 
. 

~
 

~
 

~
 rE

)fr 
r 

'r; 
('

\ 
) 

co; 
t 

~
 A

I 'f 
\ ~

 
1 

~
 

- I ~
 ~

 ~
 v ~

 j ~
 ~

! 
K

 I?)v;1

~
 

\~
, 

r 
01 -p , 

<
.A

1 
cJl 

V
 

~

:!1>
 

~
p 

J <
 

~
1

8 \ mt
.1~

 
. 0 

. 
~

 P
"-o 

~
 , 

~
 bg 

/:J;; 
1#1. ~

 
l"~

~
~

. 
'. A

 
,~

~
 

~
 

'.1° 
t'- , .:t:,~

 
f 

f"

>
~

 
i'A

I 
JJ~

~ ~6" 
~

 
.,./ 

I' 
~

.t:

~
 

- 
...,... " 

' 
~

 -
.~

 
~

 
f 

1 
'1 

I 
f 

~
8\:.; ~

~
,r 

'. 
P

t ~
 

#, 
I 

t ( 
. 

~
j 

~
 

~
 

~
-

2~

,

-.
000'
~

O
"'p;~

V
-O

1G
;

~
~

__i
A

.. 
'i1

- 
"-" - 

---

1:: p'" ~
 ~

 ~
 (';\~

~
~

~
O

~
~

~
1J

~
 .$~

.::po ~
 ~

~
 

~
~

I~
~

 I, 
~

,~
';O

S
 

I I 
) 

~

-





-,

c:
:I<

1

w LI
'\

~

() .D ~

--
r -

d 
C

. 
0 

0.
 
0

a 
~

 
.J

 
»-

".
.6

' Q
' 0

. 
0 

G
 

~
\)

Q
~

 ' 
'-1

 
0 

-,
.(

.A
~

~
- 

~
qJ

r]
11

-~
j~

:~
~

l t r
{lf

:l ~
 [!

 t r
 ~~

 dE
 
~

 ~
 £ 

- ~
 J

 3
 ~

~
!~

, IJ 
C

".
 
(J

;' 
~

 'f>
 

~
 t~

 a-" 
~

 &
t ~

 
~

~
 l7

i 3
 i1

JH
 

1 
f 

0\
 ~

 ~
 ~ 

~
~

 "9
--

d ~
 f;

 
I 

'.'
 

~
 ~

. 
r6

 ~
--

; Jo
) r

 
~

 \o
~

~
1~

 ~
f>

 (0 
;+

~
 

P
 v.

f; 
~

 f
:..

'- i 
::t

.:>
' 

9
- 

c)
, ~

 .
fc

.s
bD

. r 
(A

 
7.

 '8
 7

 ~
 

P
(;

C
I1

 +
 

~
 t"1

 ,:
t 

1 
I 

g

"'Q
 ~

 
~

 8
, "

 
,~

~
 

7t
[

~
 

-:
D

-

~
 

~
 ~ 

f 
It 

~
__

_l
~

_i
 

j 
~

~
--

 
r-

-~
~

~
~

--
~

::_
~

" 
\)

 
\)

J:
:..

o 
~

 
o~

-~
 

fD
 

..c
 

- 
C

"'~
;.p

!j 
~

T
t-

~
- 

V
' 

0 
0 

d'
~

,"
" 

~
O

 ~
\~

s 
~

~
 ~

p-
-~~-

:;;
;-

~
~

;-
~

; 
=

""
1L

 I
M

- 
..,

 
r ,

-0

H
 

n 
'r'

) 
'1

~
"

G
~

iJ
]"

 
Q

7'
:~

. 
~

 
t 

., 
,

-S
\' 

...
' 

a 
'" 

i
: 

- 
..J

\ 
f;'

 
~

~
m

 !. 
- c

 
0 

~
~

\4
 

'1
 U

' 
,5

 (
. 

~
fV

\)

'1
 (

~
-,

 'I
W

 
:fJ

 
~

flO
! 

~
.J

'~
1r

P
)"

'f
t" ~

,3
 

~
 !#

-~
~

F
cA

 ~
,t"

"-
}' &

 
pi

 
...

" i 
i""

~
 ~

 
,}

 ,
~

 
~

I-
 

.1
 ~

 -
 a

 
f

f 
t 

~
1 

(/
I 

;

~
~

~
~

,
-

r

~ ~
,

c.
;.. .~



n~~

'00~

-.c-

~- - 
~

~
i 9

~-
~~

 C
 ()~

~
 

~

I~
 9 ~

~Jt1 k f: ~
 

~
4 

-; 
""'\' 

q . 
')f vJ 

, 
J ~

>
~

~
~

~
~

 
- 

~
.. 

I 
I 

'

..., 
J 

"'=
"'

. 
;..J~

~
O

 
.~

 
. 

f 
rlrb(

"00- 
~

, 
-ita,

v.J ~
 

~
 

rs-(i;t 
3 t-..o~

 ~
J 

J 
~

1.?1 
<

1.im
:'1o-l:: 

~
 

'::::p~
"

rr 
v' 

(S
)~

. 
'T

- ~
 

~
 

~
~

 
~

 '
I 

E
r 

':f:7: 
~

 ~
1 

~
 

,/\ (' 
~

 ~
 

~
. 

~
) 

5 -0 
~

r; 
i ~

'!( 
. 

-. ' 
3 

; '~
. 

b 
~

~
~

~
l;IC

--j~o~

0~~
"' 02..J..c

~
(

.5B

~~

-~Q
..>

vt

0 
(}(10

-- 
~

 
- 

-- 
- 

-~
_L__~

(~
l~

,~
$rf(;~

~
~

~
~

J~
J 

~
~

~
3~

 ~ J:B
.~

~
f!ei~

~
 C

!1~
 ~

 ~

r 
5:)/:. ~

 
\!::/ ,

~
 ~

 
\

J
O~

 
...0 ~

 ~
 ~

1 ~
 

~
 )P

o~
r) ~

, 
, 

T
- 

.::I
~

 
- 

Q
'l: 

'Z
':E

 
)f1 

'" 
-

~
t

o {:::t- =
P

b 
1~

 
'

~~
,)' 

~
! ~

 
( ~

r..:;
11

.D
.--n 

~
 

C
lJ) 

~
 

.u 
1.) J 

~
 

,..c--;...;n! 
.

" 
" 

~
 

~
 ~

 
I! 

() - 
G

:-.J:: 
~

 - ~
 

r
I

:r 1(, r 
J::; 

I 
. 

~
 

-0 
~

:$ 
..t. r , ~

~
R

:I 
/ 

1 
,... Q

\
,I 

1 
'1,:!: 

G
'

%
l

. 11
t

~
d 

I 
-C

' 
t 

~
 

- 
~

 
~

~
~

 
1 

~
~

' 
L' 

r 
~

~
 

V
\

~
r 

I 
\1 :""" 

I 
(\"') 

~
~

. {
~

 
"I 

~
~

.. 
cq 

-' 
. 

!>
'-

" 
.. 

. 
, 

~
.,

~1, j~
~

0.G
-

..lL

f)41-

'=
--'

1."-'







~

...p

- 
- 

0.

~
 

~
 

~
 

! 
~

-,J
0 

0 
o~

1 ~
 ~

 
~

 II r 
i ~

 ~ ~
 

1 ~
 \ 

1: ~ j
\

: 
\ - ~ ~~

 
.

l' 
1~

 
\)~

~
~

~
 

noo 
\ 

o,-,l...J 
...J 

~
. C

' 
"0 

~
 .,:) .J 

'f!e 'e Z
 

\ 
C

) 
~

. 
l .

~
..o 

~
 

~
 

.0-0,0 
O

~
:i 

-0
...0 

" 
I 

'E
 

'1"t1~
..o~

 
~

 
~

00 
f~

 ft-
\f 

; 
I 

'G
)J I' 

i 
(j)~

~
 

I 
-J~

~
~

r 
.() 

I 
I' 

~
 

I 
'00 

~
~

0 
() 

00' 
0 

000
D

J. 
~

 
:;J 

~
 

-J 
~

~
°.J-

- C
- 

--- 
(/1 

~
- 

~
--~

- 
- 

~
~

.J 
-

;li~
~

r~
~

J~
~

~
~

~
~

~
~

~
j.~

~
~

J:~
 

~
~

~
 

,-
rcr; 

~
 l 

~
 ~

 
- ~

 
~

 
~

 ~
 

j 
t 

' ~
 I 

' 
,. - 

~
 

'6?: 
%

 c-

~
~

 b1 fl ~
 

~
~

~
 

j 
~

~
 

$9;;~
~

6'~
 

~
r 

~
 

I D
 

~
 

-

<
..o1l';J 

(~
o"" 

.2 
:.:f.;Jr\1- 

~
 

7T
'"c 

rj-f\

i: 
, 

,.,r. ~
 

. 
"'-;:g 

C
I\ I G

 ~
 

:4J:. 
; 

~
 ~

 t: 
'

M
 

::::: 
~

.~
 

- 
8-~

 
..t 

'I 
r

~
 

I 
11 

) ~
~

 
~

 
I 

#,g.

-







---~~~ -:= --~ -~~-=:~-- ~ ~ =~--~: ~~-~

~ =:'~~~ .~~ ~~~~-:=:::-.~~:~ -~. ~"'"-::-~~=;."'~-;-~~~
~.-~".,.









":f\

l

-- 
---~

--- 
-

-
~

~
C

' 
e-

t:).) 
- 

- 
<

5 
- 

,0

~
-~

- 
~

 
~

 ~
 

_cP
 

~
-~

[\l.3"rn (/J f 
"" J 

(;1 0 W
 0 m

 ~ 
cJ) 

cA
 v I 

tf) 
';

- 
~

 
'C

I1
I

~
 t6 

~
 ~

) i
f 

,#C
b 

~
 

=
I~

 
~

 
1fJ 

.;lIar-
&

 
x 

f 
~

~
 

( 
~

 
c~

0 
-6"~

 
0 

~
...o 

b~
~

~
...o<

 
l;J

O
. z z:. 

Z
'.:n' 

,
V

J5
fi

~
 

~
~

/D
 

0 
I 

. 
, 

c)1 
n 

(,;

~
$.:p~

. 
I 

I 
.-- 

\', 
"!" 

""'\) ~
o

~
 

I II;' 
I 

I. 
j 

)~
 ~

j~
~

!
"5 

I 
~

 
i 

I 
rr~

"'"-~
fv 

\'. 
~

!. 
P

"Jl-
~

 
O

ft "" 
~

ap0\A

j~~
 .

~
-;:; 

..2 0 
~

 
Q

 
0 

0 0 ()

' 
~

-~
 

- 
-~

,~
~

~
--~

 
~

 _1_- 
~

_i- 
~

[~

c, f
0 

<
. 

~
 

~
~

. 
I 

C
'\o 

f 
<

~
. 

1';;;\ 
, 

- r" 
t- 

." 
~

 
f- 6 

i'
~

 
~

 
(" 

~
 

(J 
?<

 
v~

.. 
<

 
-;l 

L~
J- 

f: 
~

 
~

 
tl

\. 
,.J 

- 
'1' ~

 
~

 r 
~

 
f"&

 
7'" 

.'S

~
"::2'~

 
~

 
Jtj) 

'e5 
.-. -

~
J 

~
Z

::~
~

-O
 

-0 
I' 

J -p; 
,-.\ ~

 ~
 

~
 

~
D

~
~

~
ct;7 

-c 
'd 

J::I~
~

 
I 

7

l 
1 

l

)

I:)~..

~.C
-



,

- ..c
-C

'

58(:
'1

 
ao

 
~

 
0'

 
00

~
- 

8 
~

-L
~

-;
-~

~
~

 
1,

J ..
J 

" 
6:

' 
0 

~
 

r 
'""

" 
- 

C
!1

::t
' 

"0
'-1

-!
:::

 
~

 
0 

(t
1 

~
O

l.
.D

~
ft 

rr
;r

!~
~

' 
1~

i <t ~
 ~ 

~
 

b 
~

()
J 

~
 

~
 
~

 
.5

~
! 

J 
}f

cf
.v

~
f)

V
V

y

if
s 

~
: 

I ~
~

:. 
I:

~
~

~
),

 
. 

~
v;

'1
.' 

, 
. 

. 
I 

~
 

1"
I 

:' 
f

,
~

 
~

\'\
ji:

:C
: 

- 
~

 
~

 
~

~
 

d~
 

d 
- 

W
 

\1
\ 

I 
8

~
 

~
~

1~
)~

\~
g-

-~
i}~

~
;~

Ir
i:j

~
 

- 
i - 

- -
 

~
 - 

- 
- 
~

~
~

 
I 
~

 
~

i 
~

~
 

;."
:1

;

) 
::;

,~
 

'i.
::d

 
~

 
g-

~
t

:~
~

~
 

~
 

...
a

. 
!»

 
~

~
 

&
 

.

. "
. 

-,
 

~

~

~ J c.
.,





j

-~6".r)"-'()

~

-g~

- 
--

lJJ, 
' 

1)

l1-- 
a 

-..J

~
 .JJ ti\ 

<
c1 .(t 'C

17~
I~

 
~

 t)
I 

~
o~

'rF
~

g.,) 
otJ 

t.1~
'1 

, 
r-.:j)

,~
 

t~
tI) 

0 ~

.J::l1\1

I: 
'~

. 
8 

~
1

i 
~

I
~

~
 

I 
r"""~

'Y
' 

-' 
! 

.to ~
 

.r 
~

0 
Q

 
0 

\) 
0 

o. 
0 

0' 
0' 0' 

0
.:>

0 
01 

~
 

Q
O

...).J 
~

 
~

 
'" 

,"i'~
J

~
 

~
 

~
 

O
l"~

 
~

 ~
 ~

 
v';\~

~
~

~
Y

~
r-;~

~
~

?31J1~
~

R
~

~
r:£-~

 
-; ~

~
li~

' 
f 

j 
D

j~
 

'~
'~

~
'~

~
~

'~
J~

@
 

'"'0':'- ~
 

f' 
" 

; ~
~

~
,:~

 
t 

~
 

p 
~

 
~

~
!:::~

 
~

 r"&

~
~

.j, 
\ 

~
 

Q
) 

~
 

,,'3 
-3 ""'~

 
~

'
~

~
~

~
 ~

.f} 
2:: ~

 
~

![
9~

~
i ~

 
~

 8 
I 

~f
- 

t"'\ ft ~
~

) 
I 

, 
,"'0 l b ~

$ij~
' 

O
.:p 

~
~

 ~ ~
 

.~
J 

f,~
 ~

ec§J"g
:>

 
~

 ~ 
. 

~
 

"'D
 

cI1~
.c, O

f' 
-1 

~
,,!j:L 

--b

~
~

~
 

. 
',':: 

f. 
,-..o~

 
~

 ~
 

7(:: / § I
~

 
~

 1, 
~

 ~
 

~
~

~
~

;t~
!~

.~
;;~

:::::'~
) 

I 
. 

.t 
le"'~

-f\
--~
J

~ ,-'~





- 
- 

I
~

 
c,.J 

~
~

 
~

8
. 

rA
t 

-
V

V
 

--
: 

0' 
l.I\O

 
- 

l1\

i 
~

- ~
 

\ ~
t 

~
 i, ~

 ~
 

~
 ~

 ~
 y 

~
 ~

 ~
 ~

 ~
<

\
rr ~

 r
&

<
I'F

 
~

'J-:;}.)~
 

~
.:.o..o 

D
't)~

~
{,)~

 
~

C
/JO

b 
~

 
t.t)~

~
~

i 
il 

W
 

'~
 

G
':.;.,t:; 

,I 
I 

,J:.

~
 

06' 
, 

~

'I' 
J,t:;1r.., 

. 
1.

w~

~

'\ -0-)

~

-tJ..c0

0-

~

Q~

1
I

-0r-\j\

~

("'t
I P

I

U
O

r
e 

-.L.

~(X
i

C
Ij

D
oG

 
0 

Q
 

0 
G

vO
..0

e(1 
I..J 

ft'"or:-
""'- 

0' 
m

 
~

~
8

-J
- 

~
 0 

\1\ 
\/t-.-~

~
-~

-~
~

 1m
 

10 Il\ .f" rnc..A
 

lIJ ~
'a D

 ~
~

 
~

 ~
- rt!~

't! 0 (?, 
~

 fJ
I7>

r:O
1 

)J~
 ~

 ~
~

 t r;~
~

 ~
 ~

~
 'W

 bf..~
~

6t;(/1i "1'" ~

"/ 
I 

'\f 
t: 

~
 Lj};'-" 

~
 

~
 t?J

;.1' 
-Jf~

 
~

I~
"'~

~
~

 
rbO

- 
~

~
~

~
r 

'~
s-G

~
' 

~
~

~
'~

~
~

i~
F

 
v

,-.t::J"r J 
. I...t. r 

g f~
 t 

I 
ol 

~
~

'i 
(\g 

~
\. 

. 
'~J

~t 
~

 ~
~

.ft~
~

~r' ~
~

 r&
 I

: 
~

 
1~,

,4. \A
~

 
~

P
L 

~
,.,.. (I \A

 .§
?J' ,~

 
J



-C
T

~

of

9~

~ t

,..-'
~

9! 
-

_:t 
-

. 
'v\ 

\1\
. 

r~
~

 -- 
- 

- ~
<

t~
 

7r-~
 

- ~
~

~
s~

~
~

~
~

~
~

~
 

~
~

 
r~[ 

~
p 

:.p.~
9 

:-.!f 
':J".,.. 

0 
-..(')

~
 .,..J 

'5' ~
 

~
 

L' ~
 

'- ~
 i -G

 
r"-

t~
 ' ~

 
f 

"to ~
 

~
 

..,. (' 
(:2 't 

""'t>
 

: 
!.~

:'>
(') &

 ~
~

 f 
I() ~

 
~

 "
~

~
~

~
F

~
U

 
.f 

.

~
 )J 

~
 9 cfl , 

.~
~

~
' 

\

~
r't 

~
 

T
~

 -"" 
-

~

~
 

0, 
0- 

9
- 

foJ 
,..J

0 
~

 
~

 
~

 
00 

0

~
 ),a-1~~ ~

~
£{t.j~

-W
 

u 4~
 

-
t

I'!)~
~

~
-:- 

-r-m
O

 
&

 ~
 8 i

~~
t 

~
 n 

4- - ~
 

,~
 

~
 b d 

~
9

4
.~

.o 
,Q

 ~
3

~
 

C
J 

i"~
 

A
 

(~
 

1\ 
r:- 

fA
 

,.. 
.,. 

,
R

L 
'fj 

,6.~
t\." 

c. 
' . 

!. ~
 

.0
:3' 

~
 

..c 
'" 

-~
 

. 
~

 
...0

,~
 ~' 

' . 
~

 
~

 (\ ~
) 

~
.g '5" 

(/) r; ~
 

' 
~

y 
~

 
~

 - 
~

 -., 
~

 
btJ I( v 

. 
~

 
e

i 
1 

. ~
 

. , ~
 

t 
~

~
 'i I c.:i{ 

:!- ~
 

~
 V

\ "1 ~
 V

il

..,.

~





~. -~.--~ ~

I ~ 0 ~ ~ 0 0 0'0 OD-
...t . ~ - V ~ ,J ()"'5"'~ I

'l/l ~ 00 v1 0 ,\ ~'d~
-- ~--~vl-L.1)

{~~n~ ~~.. ,I ~-U fJ ~ ~ ~' (t;1 [;~~ (.11 ~ ~ ~

~~~~~~~~ 'f~A.~ ~ i1r ~ ~~ ,*~W 3
~~.- ::t!::ft f:; f : tr ~ rrf f (' ~. ~ -

~ ~!P~~~~ f ;%; ~%lt ~ ~, o,?:t
.J)..,f):")-() ~~ \)oj ~~' I~ :r~

0 -lJ- , L., f \ ~ 0- 615 ~. ~
i .' I , ( tJ ~ b ~ {b' I ~..7'c ~ J ~

. ~ ~ . ...Jt1.:£ '" \.J~ p ~ ;(T
i ~ :3 -Q . ' 6' ~ J ~ . ~ I .::, ,

: ~ ri" ~ , ~ y ~ ~ ~Ci"'D ~ P
) () c"'?\" 0-
,;~; . "0 ~c~ ~~ ~ bC;

~ ~:2. .3 J 1 ) J ., \..-1. -torI ,

- - -.

, t

~ ~

~
-,i
,

I~
;.2
10

~

:;:~
ff

f c'
r f

1)
a
't

~ ~~.:5'~ -r:} ~ a
GI.J ~\7; 8 ,\1 ~ o...t 0 ~

!;;l 0 v: \..I ~ 0 - 0 V\_~

c~Gfp()J ~J{dJk~ ('

1,Q,~~t~~ rt~~~~ ~~
~~~~ '::i>~~~ 'ti. q.J"

j-b~t.1~~~(/l~d ~6f ~""'" ~
iii. v

, v,J' ~ V') .'-5:

J \J t ) ~ ~ ..t: l..1 \.IJ vJ ? .~~
, ,0 'o~-

; ~ijj;!-~, ~ ;I;~
~f7~~~ ~ J:t-g1 , P

t-OWt -a ~ =- J-
;?i ~ ". ,.. '1.../.::

~ ' ~ ":: '7 I

.,

~

~
t (

~
"

~-
)

t
~ (~.





p n.

=
~

~

~
~

~
:~

 
-

~
-'\

J
D

~
, 

. 
.

: 
~

~
,<

£t
{~

~
~

 
~

~
'":

~
: 

~
~

~
~

 
~

~
! 

t-
1 

~
'4

1.
 

I 
!

"' 
1'

i 
~

 
' 

'

~
~

~
C

~
O

: 
~

'r.
:\

t..
1~

'~
~

~
 

~
 

' 
'.

,J
I 

W
 

..o
~

D
' 5

 
!t4

-~
'2

:

'J
:~

.c
;~

~
~

cc
,~

~
g

a-
~

 
~

 
+

 
t 

.~

~
 

~
R

' 
I 

'rV

, 
'

~

- 
- 

""
 

\"
i 

\}
 

of
\)

 
0'

 
~

p~

,-
--

 
~

~
~

~
jlJ

-c
:-

~
 

=
-~

j~
 

-~
j--

~
!Z

. 
f 

Ll
)f

; 
c!

)~
~

 
~

 
8 

- 
H

C
A

 
r 

'.0

~
~

 
t~

 
f 

~
.D

.
f

- 
s.

 
~

.3
 

f 
3

. 
:r

 
()

' 
* 

.t'
 

V
'j

-.
 -

 
~

 
. --,

r 
~

 ~
 ~
 

]~
. 

~
'tl

llc
/)

~
~

 
- 

~
 

~

~
~

Jj
~

~
 

~
 

ft 
~

F
l 

, 
~

 o~
 ~

 
~

Jl
f 

~
.,

~
 

l' 
~

I.o
\ 

q.
., i 

I

, 
it 

A
rt

-!
 

j~
f

f0

Q P - 'b
',"

""
~

~
-~

-.t~ t-~ ~
J



, 
-

~
' 

C
' 

. 
0 

~
 

g
0 

P
, 

; 
~

 
.J

-Q
 

0 
vJ 

- 
0

D
--,-~

~
- 

- 
: 

.-

;).~
;t 

9g ~
"R

f rfj:;jrJ;»~
£j£~

 
~

 
<

g? ~
&

p 
- E

~
 

r Q
~

 
(11--0 

t 
n 

.i~
~

~
 -'- ~

 
~

~
(r, 

- 
~

~
,.. 

J~
J 

.) 
~

, 
, 

,l 
t 

J 
~

i 
~

 
' !";J;~

 
'!

'\1' 
1- 

d 
~

 
. ~

~
 

- 
~

,y

.\ 
c:J 

If 
~

 
~

 
~

~
 

~
 ~

f~
 

~
 

.f

i
£ 

~
 

.'~
'6"" c 

E
;l~

 
<

:. ~
. 

:t
~

~
 

~
 

~
 ~

 
~

<
=

;jl
~

, 
~

 f 
qc--b6'

"\
P

~
 

.rs;o' 
#J 

~
~

~
 

~
 

'

~

~
~O

b
rv 

U

"""

, 
. 

l7 
' 

00°
" 

: 
.'...1 

\: 
.: 

&
: '" " 0

,., 
, 

. 
: 

p-oc(J
- 

--. 
-~

 
- 

-- 
-- 

-6 - 
-- 

-~
- 

~
--~

~
-- 

~
 Y

1 0 
J

. 
~

!""' 
. t ~

 
G

1 b t ~
 ~

 ~ ~
 ~

, 
r:g u') $ 

;1>
~

'"'~
; 

j ! ~
 ~

J~
r~

 
1 '~

~
~

f.
: 

~
 

~
 

qt 
~

~
 I' 

t;,~
; 

[.,: 
e,.

1 
9 .1 ;, 1- . ' : 

: 
. ~

 'ti 
'" 

~
 ~

~
if 

. 
I~

~
' 

::
~

 
) 

.
'"' 

i
,:

~
. 

.,. 
I 

I

. 
. 

, 
~

..~

-

.

000
t.c-:g'O

f/
'4 

£/La 
(}J

-- 
,

..0

.0,0..0

, 
~

,

~
 

'5. ~
 

-1

~
~3 

/i;:)Q
D

 
~

 
~

r 
'I' 

n

-
C

.t11tJ .

~.\ -
-, 

"'1

~
~

&

~



r ~ k
1

~

-

.
0

0
0

;
Q

.1
 

~
aO

' 
, 

I 
V

-
-:

 
: 

n'
l 

i 
~

.:J
I; 

I
, 

I 
I 

IN
' 

I 
~

" 
, 

'
I

'
1'

- 
: 

" 
P

O
, 

I 
,

0.(1
,. 

'I 
'" 

-

0
. 

~

i 
I 

I 
I, 

00
&

.;.
 

'. 
. 

- 
1

; 
I

p~ ~
![,

! 
~

 
.

.r
~

 
-

~
q.

..~
~

'~
,~ ~
~

.~
~

-~

r :'C
~

--
-:

--
I-

- 1.)' 
, 

'

~
 

~

J:
l~

~
~

~
~

 ~
I 

<
~

~
I 
~

 ()
(1

 04
 

!

0"
 

t>
o 

~
:

~
,~

~
:::

J
~' 

~

v1
~

-?
.o

1)
C

I\~
~

 
i

~
-lJ

- 
r

~
 \

~
 /

~
';-

~
 ~~

-J
I
~

' ~
~

I~
I 

I
,I 

. 
,i 

JI
. 

, 
~

 
! 

i

,

~
1i n ~ -E

~ ~ ~ t







C
)4~ ;

"'"

J

~-V
1

.l>

~
.8

roc!
I 

()
...D

(/1 I
t 

..0'
...0

. ff~
iI



-- 
~

 
v\ ~

 
; 

;: 
=

 
'i 

'J- ~

~
. 

a (I 
'6' 

~
 

~
 

't 
;1 ~

?'~
.f~

gf£.5~3r; prr ?&
t ;Jr;; .fJ~)' L~

~
 ftP

o~
$ 

O
+

~
':~

. 
~

)~
cb 

9t- j., 
- ,i"'\,.. 

0 ~
~

 'tt' 
$ 

(} 
~

 
,.. "+

'~
.P

 
..It 

<
 

~
.=

. f ..,. (f (" 
(',n 

p t~
iJ1"

%
"t>

 
e' -a 

.:; .fo ~ i rr (; tfi 
~

 
~

 
,.. ~

,~
 ~

 
\,. ~

 r ")(» 
":f:<

 Q
, 

7" 
fI ~

 r~
 ti 

111 , ~
 

<
:J

~
 [ ~

~
/~

 
~

 ctb 
f. 

~
T

 
~

~
 

~
~

 
l+

 -.1 #1.~
-;: 

""" 
.:'?...~

"'"t" ~
 

I r; 
~

 
;r .oS

 
~

 - ~
 6 ~

; 
~

 f ~
 

~
 ~

 ~
;. 

tr;f r; 
:;; f 

;;!-

~
 -i fJD

~
~ ~~

~
) 

,. ~
?J:4 ~

f, C
'kJ.~

~
 ~

' .3 1 ~
: .{;.t~

O
'-i ., ~

 
" 

"""'-' 
~

pr;
C

n 
C

A
J 

u 
-r 

~
 

I) 
tc/rt~

""&
r; 

. 
- 

(W
 

~
 

. 
Q

I 
ro 

-(\ 
,,~

~
 

rb - 
I 

- 
-r 

t"j 
\ 

a ~
 

, f!.. 
ti:7 

.to
~

 a p ~ 
. ~ t: 

j 
T

T
.:! ~

 (}J, 
-f v ~

 \-' 
..D

 ~
. 

". ~
 

- 
~

 
-.C

?.~
 

~
J 

f ~
 

~
..L' 

I) 
,. 

(1) 
.

~
 ~

, 
~

I
~

 
67, 

~
 

. ~
/

. ~
 m

~
it,~

 
- 

-:. 
Q

~
 

. 
-: 

", 
/~

 
"!o/ 

"If'" 
~

-V
 

'0 
"'J 

~
 

v, 
E

' 
0 

~
.

1
v..,.c 

('" 
'...,I 

T
 

~
 

"..J~: 
. 

.0' 
. ""'r"" 

I"'" 
I 

i ~ 
-

v41 
. 

- 
<

.:.
-

-

~













.,.-; ~
 i-

I 
. '4fi
'?

I ~
I

/

-.--
1"'"
4"
¥ /-,

-..J~
:: 

if, 
~

 
~

 
ct. - 

-
-V

I 
0 

..t 
1""()1 

W
O

L-1.l:::. 
\/1 

fi' 
- 

'a~
o 

\/'f

,.-J 
'9" 

~
 

~
 

- 
p 

; 
C

JtQ
 

~
s-J=

. . 
~

 
"£ 

:0" 
I 

Q
, r r ~ 

~
 ~

 t.? 
~

 
~

 
~

~
 

~
-b 

~
~

 
~

~
~

 iif ~
 

.{l-cA
 

~
 ~

:f 
£ ~

 ~
"

r~
tI\ 

r-- --~
.;1 

I 
~

"t5 
btU

t
~~

C
 

""'G
 ') rt\ 

(t
" 

r ~
'~

r-~
 

/0.' 
j,- 

f; - 
T

 
(.A

a 
Jab' 

G
' c, ~

 .. r ~ 9 
~

~
 ~

 
C

; 
p. 

n
" 

~
cL\~

 
Q

 
." 

f 
~

~
 

0;;: 
~

 
f,

i 
I 

e.~
~

1 
~

f 
I t

?;b,9
~

~
 

~
 

~
 

J[
- 

~
 - 

...fi 
. ~

 
""..17""' 

~
 

Y
 

.G
 

9<
 

.:.::.

I 
.. 

..~
.(" 

I 
~

 
~

-r 
U

 1%
1 

J'" 
.'"

~
')0 

- 
- 

- 
- 

0 
Q

O
'J""

0 
Q

.a 
.l).t\.oa,.t

--~
--~

 
~

 
~

--~
-- 

~
~

&
- 

3.~
-_J 

_t~
-~

; 
~

-~
-~

-~

~
f!

.p.~
. F; ~ ~

 7\ 
E

. V
 f 

,tJ ~
 ~ :;A

) ~~
~

1i ';'p.~
fP

~
 ~

 1>
 " ; 

-
f

r 
~

O
 

"". 
oO

~
 

"1 
-f,l 

1rl-~
~

<
"

J)!1 
~

 
~

 
(A

 ~ 
~

 f\..r 
~

 -~
 

b - - .~
() 

~
 0( 

,,~
 

oO
oi 

~
 

~
 ~

1.~

~
 

'iJ:tt 
nl 

-.tI"\j~
 

(11"
~

 
11" . ~

 ~
 i 

~
 I 

L~
 

~
 

~
 W

.J 
.J,- 

. ~
 ~

~
 

1::: I r; 
~

 
~

 
i 

<
i r 

... 
1 ~ 

t ~
 

-.A

r 
!O

a 
~

~

-c;J

~
-V
I

\i;;

; 4

. 
~..0
-J~0

,.,~~





;'1','-
.

-~
~

V
t

~

?

c 
- 

~
 .

"- 
ii 

'.4 
~

. 
,to . 

~
 - 

- - - 
- 

~
 ~

 
~

~
' 

tj . 
Q

:,. ~
 ',~

.,Y
' ,. 

~
 ;5 

~
~

 
~

 
l~

 
- 

0 
.t 

tJJ - ~
-- 

-- 
-, 

-~
 

~
 

c-~
-~

- 
~

 
~

~
~

~
~

~
 

-~
 1l\-.9~

-; 
('oi m

 ~
~i

f~
) 

~
':" Y

 (:' 
.-0 r) ~

 
~

 .")? 
171 Q... r' l i ?~

;;p ~ (jJ ~ ~
JP

" 
~

 
~

 rt ('. 
. \J.l'~

 
,. 

+
 1 

~
 

~
 

~
 

It 
,. ~

 
~

 
°r..,c 

(t: 
(':' "') v Q

- F
 

,?

~
 ~

 
'...t' 

~
 

. '.h ~ ~
 

[, 
i ; t 

~
 ~

 ~
 £ f. ~

 ~
 S

 :!. 
(, 

(,,' ~
 

. 3 
-( 

. ~
~

t l 
~

~
"~

i.I j" 
~

 ~
2--~

 ~
 ~

 1 d-ftt\' ~ ~
~

.=
~

r~
 ~ 

( 
I

~
 ;:. 

~
.,. 

- 
... t v 

c t 
If1 

:::c ~
~

 t 8 c: 
f11 lA

 0 
(0' 

~
- - ~ '" ~

~

, , 
. 

r ~
 ~

 'It_" 
,.." 

~
 

c 
:I:: r; 

, 
'iJ

t 
-;t? 

I~
~

![ 
~

~
~

"ti'C
- 

~
~

f~
J 

~
 

~
" 

- ~
 

I ~{
- . ~ 

~
:=

1- 
g- ~

 ~
 ~

 ~
 . 

~
v 

I v 
0 

J 
J '

~
lJ6 b, ~

 I ~
J' 

"J ~
i' 

y,' ~
tJ,':;:J, 

~
 

T
 ~

 ? '. z~
.. ( ~

~
':t" 

~
 (" 

- 
! C

 
~

,. "l -. -" 
-,:V

'b 
c. '" vi <

..J 
I!"t

11 
~

 
": 

~
 

~
 ~

 
r 

I 
~

~
 

I,

(

---
..J"""
-cJ1~
~

O
\f'

tt>
P

JJ1-
~

.,.~
-;-

9-'1 
rr 

:0

f 
~

 
'

~
Q

 
rf 

j

4.>
4~

~;1£
-~G

o

~
f'"

.:s~,-6'

~1 '0

~r
I 

-"-",

~
 

:. -'T
"

--r

" 
".

1'..1- -. L'"' rf). ;
~

 
t.

.:.~
g 

~

D~
AVfi~~Q. ~

























~
 

u.; 
-- 

0000
J;: 

~
 

~
~

;:)40(\-J.j
\/f 

C
J1 

(3 
0 

~
 

- 
01 ~

 E
~

 
_v~

O
 

C
l1~

, 
.- 

~
 

<
:y\ 

t 
. 

?f)

~
~~rr 

~
 

b' 
~

 }f.~
 

r;- 
]r~

~
 

~
 ~

 
'if

~
 

~
t. 

9 
rJ:~

 
.J P

!!:t. 
'"', 

ff ~
 ff 

~
.t [~

 ~
 

~
 ~

. ~
 J 

- 
~

 
- 

. (

"'" ~ t
, 

~
 \- 

V
1

~
~

 
J>

 
-.., 

; 
~

~
 

~
 -:t-'il2.,;J. 

r"\ ~
 

I 
~

 
.

~
 

' t 
-" \'- 

~
. 

U
 .I ~

 
U

~
,>

c:::. 
r,.;. 

., 
i 

P
,.. 

~

'::)/ 
i 

l~
~

~
 

~
.~

~
 

Q
 ( 

o? - 
.~

 n 
,J

("I 
- 

7"" 
~

 
'"\ 

- 
/0

A
".) 

)-I;i 
'1 0 ~

 :s1; 
~

l 
'U

~
~

 
l-tJ

--il(,J
~

8

'[;- 
-=

 
0 

0 
000

~
 

., 
~

 
~

g 
'0 __~

~
__i~

.~
~

-+
0 

.-~
- 

. 
-. 

-- 
.- 

~
 

--~
~

---:- 
..0

~
 

.~
 

~
 

'O
~

cA
 

I' 
'ih 

~
 - 

~
 

,.Ie~

t 
c 

r.A
 tf)° 0 

. 
r" ; c n 

11} 
~

 ~
 

g 
~

-
a1 

I f
.1)::1>

 
(' 

c -;. j 
(/\ n , 

~
 

r
~

~
~

 ~
 

0 
q-, 

~f~
 

r ~
 n 1>

 ~
 ~

 
- .~

 ~
>

-. 
f 

-~
 

0 
';...I..~

 
~

~
*~

::6.p
! A

1
C

LO
 

v1 
~

 
o:tl 

.'
. 

""'( 
--+

'" 
~

.J
~

 
m

 
-. 

'=
=

r~
 

0 
vi 

'

~
 

~
 

8 
T

' 
;"R

 -~
 ~

, 
.:. 

~
 

-";, 
I

~
 

.t., 
i,o 

~
! 

~
 

.' 
't~

I~
 

~
 

Q
 

9L 
1

r~
 

I 
~

 
I .~

, 
~

r 
~

 
I

1 
~

 
. 

1\" 
J

g-U
1

0

'~
:F

-b .s-

fIt

- 
~

--
,.) 

i. 
~

J 
'/J

~
~

 
r.:- 1'1

~
~

 
't' 

J..1~
0,4

0
-

.,. 
.

v <
.;s 

~
 

'.) 0:-
(tJ F

.-V
) 

@
~

i?f<
 bT

 f 
l' 

.G
 "'f

~
/1 

&
, I

-e~
 

!
I ~

 l 
'

l

~k?t
-



P ""
:::

::
..

-r
-

'K
:"

'

'::
:::

:;:
::1

..

~

f~ ~

~

'~

,G
'

~- tJ
1

Y

~
ft

, ..J
.J

(;
"

~
o~ O
ll1

~

~
;E

'~
~

~
w

 
0 
~

t j 
~

 cfJ i:
i' 

~
! ~ ~~

 ~
 ~
 ,. ~ f j
 ~
 0-
 

~
 ~
 1>

, ~
 ~
 -c
 

p C
 ~
 .'o

Q
-(

\ ~I
 

&
;2

 
.~

~
 

~
 

~
~

 
~

f
.G

f:.
 

~
..g

~
 

~
 ') r~

~
 

. ~
~

- ,)
 ~t
 

~
 rr
Jo

.~
~

 
';t

 
~

 --
 

- I ~
 n.
"1

~
 

't J
o 2

I2
f 

~
~

 
1.

 
~

 ~
 tI1

_:
g-

'p
c 

f; I t
~

~
j 

a-
'f/

W
 o.

f::
' )

, 
rs

 
.

T
""

' 
tV

r§
,)

 
r~ ~
.. ,

(.
/I - 0

i,f
- ~

- W ..t 0

- 
- 

- 
- 

0 
r\

 
("

I
0

~
 

Q
--

-;
::-

:-
 

-0
 

00
 

co
..o

 
V

;V
 

\.]

k~
~

 
8 

~
 

-o
ct

 
b 

8 
t5

 
~

~
 

g~
- 

~
 

. 
- 

~
 

~
 

--
 

-~
 

~
 

0 
- 

- 
--

~
 r

 
~

.; 
~

~
 

rr
:-

 
~

 
f~

 
~

 
J 
~

t 
~

 
~

~
 

~
£1

~
 

~
 

~
-:

J]
 

~
~

g>
3

, 
f)

;;~
 

r 
{~

 
f.E

K
lo1

~
~

~
it-

:; 
~

t 
~

 
~

 
~

 ~
~

".
.J

-t
 
~

 
' 

./ 
,l-

" 
P

 
(' 

~
 

"1
, 

'" 
.1

 
if-

 
'fP

 -
J,

 
~

 ~
. 

I 
0 

~
 .

.:r
>

cI
' 

.e
 
:l 

"T
 

r 
~

. 
I 

c.
i1

' 
~

1 
~

 
-lI

C
A

'O
r

. 
I 

c.
I1

 
~

 
J 

~
 

-.
C

 
~

~
 

#~
 

~
.!-

9:
~

 
~

I'p
~

 
~

 
"'f

 
j),

II~
~

 
F

t-
° 

v.
~

 
1~

 
r 

f.~
~

 
1

~
T

j:'
i' 

~
 

~
~

f 
4-

P
 

~
'i~

1
I

~
rli

 
r!

11
~

' 
~

 
I 
'!f

~
~

~
~

,1
I 

b'
1 

I 
C

 
I 

+
 

'0
" 

rl-
 

l.l
I)

 
~

 
t>

 
J

i 
1 

()
 

%
...

r-
 

f 
f 

~
.



~
7

- 
- 

- -
,;,J6' 

w
 

~
&

~
 - 

\11

'-- 
-4- 

~
--- 

-- 
--~

 
~

". 
,

W
W

~
 

t} 
j'frJif ~

~
 '(f' 

~
, 

! 4 
(:1:lf'

~
~

~
r 

'~
~

' 
~

~
f~

~
(J 

f 
fJ 

g

i~
. 

. 
. 

f!;
I 

g-
I

I

0.0
~

oO

~
B





c!fJ£

9~

\6"-

~
~

}

U
1

-..t.

~
, ~

-~

- -_.
"""~

-
~

O
..l"

y!:y)'V
'\

0'6'

-(].t:a

,0-0<
.1

09.J
0' D

() 
D

ooO
~

§ 
~

.19J8.p
--bI\~

- 
-- 

~
 b:!1_a_~

-..t

t
o:) C

' c:c 
I 

(i i. 
~

 
.J>

..b
(j) ~

~
£ 

';t; ~! 
1/0()

~
 f-v 

~
. 

"'0 ~
 

f4J;tl

t1 ,i 
'jr- C

i\ 
['rf~1

'~
~

. 
~

 ~
 ~

; 
Q

.f
~

~
11 

C
'~

 
~

 
,r

i ~
~

 ~
 

~
 ~

( 
~

..,JI-fp

~
~

~
F

I- 
~

J. 
t 

[
..f:~

ijl.U
~

I~
 

I 
j

i.:o ~
 

---
r 

~
 

15"

-Q-C
J

"-=
"11. 

" 
-

-v--~

1:1

000

t~
- 

-- 
. 

-- 
~

.- 
- 

--0

tttt(,;. 
~

-t ;fr ~
~

f i£f~
i,E

 g? $ E
~

 £~
~

..<
J~

 
~

f~
i~

 
i~

~
~

 f~
ft~

~
n 

fA
r/! 

~
 t~

 ~
.::::~

~
~

 ll.~
"- 

(\~
 

-it 
. 

I 
~

r-' 
~

 
f;;' 

0 
"C

m
r>

 
~

s- 
~

~
 

~
 

v" 
;:. ~

 
, 

~
 

V
) 

~
 

~

U
LE

 
1t J - 

J 
~

 ~
 

I v" [ 
~

 
r: 

~
 i r 3 ~

 
~

 $L
. 

v' 
~

'f}op 
~

 
00" 

I 
(::::J

}l
P

\ tf 
, 

t'f) 'Z
 

0<
1 ~

~
 

i 
o$""'D

 
_0 

~
 

Q
; 

~
 

..!' 
r

, 
..:t. 

.l1. ~
 

~
 

¥ 
C

L ~
 - ~

 
c;,p 

.-=
 ~

 
s:# 

S
-O

C
S

- 
..

br g: 
""f- V

' 
cA

 
;s;- 

~
 

(/) ~
 

ri 
G

 ...n;r;\J 
~

 
v1'j' .

\ 
~

~
r.r 

t~
1 

J:.~
 

..f'!
W

~
~

 ~
 ~

 
~

<
:J:? 

V
l ~

 
~

-
~

~
~

~
o 

~
 

~
 

r' 
..Q

:;:::
'$ 

r~
 

v1 
~

 
~

 
~

 
~

t 
~

 
.19 /~

.W

- 
-

.:cJ.)~
O

,tO

-U
'V

l



~ /

"")

/

-<

I

--uJ-
8-~

oc.oo£
-"...I)o()A

~
~

~
 

~
 

~
~

~
~

--D

t1rt 
"'V

I 
~

 
~

 
e,

~
~

 
J 

,-p ~
~

~
'r ~

~
6ft!,"'T

;:~
0- ~ 

. ~
 r "t>

 ,lC
tt 

6' t~
~

I 
~

~
. 

j 
ta 

t"-!'l

. 
~

 c::::Q

-~'6J

-l.1C
I\

t.I1

:::. 
-=

. 
C

' 
0 

0 
~

oo 
Q

1t; 
~

 
-0"8 

~
 

.,g~
~

~
\.1\- 

- 
- - 

-- 
- 

- - - 
. 

- 
- - ~

 ~
 - 

-' 
- 

8 
.0 

.p

~
 

f~
" 

~
 

- 
~

 ~
.f. 

J. 't:L\,~
~

 ~
' 

c.I) 
J "'P

~
~

 
(\ ~

, 
~

~
. 

r ~
oJ'~

a~
~

~
~

J 
(() ~

f~
.

1
&

- 
~

 ~
 \ j 

0 j 
:y ,.~

~
 

« 
-0 

~
~

I 
30 

0

1. r 
1 

:.9 
' 

. 
~

 ~l ~
 ~ ~

 ? 4 
~

) ~
 ~

~
~

 ~
I 

~
} 

~
 

~
 Jot.

" 
j lIJ

,::.



~

- 
- 

- -
'"\7\ 

~
 

;iJ 
\.,J 

uJ 
1JiJ

--lA
-- 

_~
L -- - 

- ~
-p -~

~
(jJ~

~
 

~
 ~

_f1"t5- 
. - - L -~

 -~
 

-);- ~

1 
I 'f &

. 
_8

' 
E

,:t
E

f1';. 
(,;""\L! 

t~
~

~
 

1J 
.""\)~

. 
r" 

- 
A

 
"t 

v 
4

Jt
£II 

v4 
I 

- 
- 

F
"--{ij 

I 
t/1 

- 
0 

v

~
 

1 
£"' 

~
 

1..Q
! j 

~
 ~

 
C

 
I ~

 
C

A
4 ~

~
 

t1 
p 

r 
~

 
'(1 ::s} £ 

Q
 

.;:;..
.'Y

 
r 

~
 

~
 

~
5.sl~

 
IJw

 
J 

1 
~

~
 

~
 

~
1

,.,...! f(:?; 9.: # 
~

f { 
. 

-: g 
~

~
,.f- 

kr 
"i!:; 

;i~
~

 
..' 

r

'* 
J" ~

~
 

I 
1]: I'. 

r r 
.

c

} r0,;

~~

et&

'-j

~
~:/

" 
~

~
l

j

\

t

-o~
0-0-0

-~
..t

.U
l 

-- 
~

.'.J'~
p.t

~
gt -b~

~

I 
~

()..l)

r)

--.l:.t~

~
~

5

000
oI04

g
..D

 
~

- 
'

(A
V

\ 
-

"n
11.

tf

--- 
..0I-

ft
- 

. 
fA

 '
.(l. -' (to'";pt' 

~

Q
 ~

...r

---~





~
-- 

0 
- 

- 
'V

i 
'l::; 

uJ\JJO
 

..0 
O

O
O

()O
,('" 

8 
C

I1..t 
t:: 

~
 

.l" ~
 

u>
 

d' \ 
-::! o(f ~ 

~
 

~
. 

~
~

--~
---~

--~
-~

 
- -~

 
~

-~
-~

-~
. 

---~
--~

-~
~

Q
-- 

f
I'r¥d~

~
 f f !

1f? 
-t;t 

~
~

 fr~
 e~

 e }
Ott~ ~~

])r;; f ~
IT

,
~~

t
"" 

~
C

!. 
1. 

1\1.Q
. c' 

\A
I ~

, 
P

 
if 

e J,
,. 

\ 
~

 
'"'r/J 

"Ie.D
.I\C

 
~

~
' 

c-..o 
W

I? 
~

 cA
 

rA
t ~

 
J"] -.1 

~
 

~
 

E
-

'. 
~

(~
 

5:.Jrof, 
fA

 
c 

~
 

i 
.$ 

J

~
 

r 
~

g
~

 
r-; 

9-~
, 

cA
 f. 

f 
zt -: 

f 
~

 
r 

- 
f 

,-'t; 
~

1J.f 
47'<

 
r-,.,6=

 
~

,o 
~

 
~

 
"I 

f1 
C

A
 ~ 

';1:0 
[; 

. 
~

I 
cf,::1[; ~

..t 
~

~
.:) 

f 
~

~
. 

~
f 

\i 
~

 
~

 
~

 
"t.

d-=
 r 

~
~

 
t 

~
 

f~
6 

~
 

~
 ~

 t~
 

~
 

C
J't;;l

'Itt 
J 

-$: 
il7J 

(. 
iJi)" 

f 
i 

~
 

c..j,. 
~

~

-'r7
V

\

-00~

&
,,\r 
~

)"
()'\.9-
D~
V

~
'\ 

,11

f\I-.,.
. 

f"'
'"'1

- --
.j 

..6"6'~
j)

- g---~
- 

-~~

111~
 r-6~

~
t'~

:r~

~
d~

~
If~"

,..
" /"

~



~

-
~

y08
~

 
F

 
~

 
~

 
~

£ 
9

~
 

-~
- 

-. 
_B

_- 
- 

- 
-Q

--_W
_- 

-~
~

-- 
---~

 
~

t>
 

r-~
 

(/1 
-Q

 
~

 
E

 ~
, 

,,~
~

~
 

~
~

&
1 

~
 

£ E
!E

~
j i 

~
g t6~

 ~
1 

~
c;..6 r 

..D

~
 

. 
£ 

~
 

..f! 
i+

-" 
' 

I" P
t~

.r-~
$"'" 

"1 r- 
~

. 
~

 £ 
p c:A

~
 f 

~
-b 

U
o>

O
Q

~
'f;t-r f1.:gL11J 

--- 
r.~

 -.Ie) 
u 

~
 ~ 

~
 .

I ~
~

t 
~

 ~
 

1l1 1-.~
. 

I ! ~
 -0 ~

 ~
 

~
r 

(/t

. 'f 
t 

~
.Q

:. 
~

. 
.1, 
J r' 

4. 
eJ,.~

"P
. 

f 
c.,

~
 ~

 i 
~

 
~

 
'0' c2' 

~
 

~
~

 ~ -.\
C

llJ\D
 

~
 

LIY
, 

~
 

0 
~

 
'0 

..b:O
~

ct
l~

-K
F

;f!ffl~
~

 
f ~

~
~

-rj'~
 

-j,~
 . ~-

I +
 

"0 ~
 ij~

~
 f~

 ~
t: 

~
ft(l~

~
] 

~
 tF

iirx ..0
~

.a ~
 <

-+
Jf~

=
~

ct~
 ~

.4X
o~

, 
~

U
~

~
~

~
:--' 

.s ~
f f} ~

c/J~
W

f "5;t ij 
~

 ,;.itt~
oQ

'6 
~

 
~

~
 

~
 

f~
Q

~
~

}9'~
 

01 ~
~

 i 
~

 -51;) 
r 

; 
~

. 
~

~
~

 
" -n

, 
'/0 

.







/
//

/0 0(
1

V
1

--
-~

~ pr
r-

c/
);

z:
-

'" 
~

 Q
.

z,
 

~
.:p

>
<

J .::
t:>

//

0 00 ffJ

~

()
-~

" 
~

 
~

 
s 

0 
0-

. 
-~

 
fA

 
V

\ 
.L

: 
~

 
) 

0 
{}

 0
-

f f 
~

~
lf ~

$~
~

r~
~~-~. 

--:JJQ---~~~ 
0:

. 
,. 

P
 .:f

>
 6'
""

 
'-.

, 
\It

 P
 ~"

 
f 7

 
--

 
,

- 
, 

. 
.~

ff-
Jf

ff"
'~

' 
r;

 
0-

 I
 

-'(
) 

~
 

(/
)t

 
!R

J

~
~

 
r.

., 
~

 0'
 9

' e
J'

 
'),

 
~

 ~
 ~
~

 fA ~
 ! ~

 
t' 

'it
 ~

.,.
. 

. 
~

f~
' 

~
 "

 
vJ

 
r 

0-
 

~

~
 

~
 

f 
t 

f 
"c

t;>
 

~
 J

 lA
 ~

~
 

J 
A

" I
, 

f 
f 

. t~
-l

,T
' 

t; 
~

~
.P

J .t
 

J'
\

":
'" 

c/
l 

, 
J-

'

- - ~
~

oC
t..

'
~

"'\ ~
~

.~
 

fS
 ff::t

:>
 

O
4.

P
~

 
~

p.
~

~
 .>

 
00

 
} 

a 
i' 

t 
l/1

 r
J-

 ~
3 

F
: 

dG
~

~
 ~

 
p 

~
't!

 '~
I 

c 
~

 
~

 4-
 
;j-

~
~

i j 
~

r 
~

I ~
 .

 ~
 { 

!:"
i~

 
t 

t 
t 

~
cf

 
C

¥f
t 

'.;
~

 r 
"0

 f 
'If

 
~

 ~
 

~
 '

'~
 

~
t

l
~

~
b 

, 
~

 , 
I 

I 
~

 ~
'

I 
~

'fJ
'

.\t
 

~
 J'

.

- 1
. 

~

~

-

~
o v1

~

~
1,

{) .J 0 tI' &
f

r+
-.

J 1

!j~
~ .!.

b

t f

~



b~

- 
0 

O
~

O
~

 
' 

" 
,o

..~
(U

 
~

 
- 

- 
~

0 
...

 
~

 
c,

A
oc

,o
- 

--
-~

--
- 

t

'~
fr

1-
~

+
.J

\f.
fw

nb
~

t(
)i~

~
~

 ! .
 ~
 ~
 j 
J 0

 0
 r 

t 
~

 ~ I
i' 

..,
. 

~
 
~

 't
, !,

 ~

~
b'

- 
1 

~
 ~

- 
:1

 
~

 ~
 ~

 f 
. 
i. 

~
 
0

J
6~

"'f
:f.

p!
~

 
~

w
 I

~
 E

.
- 

~
~

6)
 

0 
'-.

J1
)

-'.
 

I
~

~
 

~
 

-t
oJ

" 
..6

J 
IV

.. 
""

'-,
I 

V
 

~
~

;. 
I 

~
,..

" 
""

i::
~

 
o~

""
" 

~
~

 
'~

;

~
 

~
~ 'J

- ~ 0 0'
~

=
~

iJ
e>

JJ
0 

0 
()

0 -l ~

'"0
 

C
1 

0 
0 

0 
o~

 
0 

0 
O

'o
c~

o
0 

..D
 

-0
 

~
 

O
Q

 
~

 
00 8

...
J.

..a
 6

' 
t' 

0 
~

0 
iJ

 
B

 
~

 
~

 
,\1

\ 
~

 
rn

 ~
_o

_~
- ~

1 
."

 
uJ

 
C

A
) 
&

 ~ 
uJ

 f?
 

~
 0

 
01

 ~
 ~

, 
~

 
~

J 
~

 
+

.,

~
 

f1
[~

c:
fJ

~
~

'~
 

~
~

 ~
~

~
 
~

 fc
1~

 I 
~

~
 

~
 "

'!.
'

,~
 fi

 ~ 
~

(»
~

~
~

:p
 c

t-
 

~
ft!

/;~
-~

~
~

-u
til

~
 

~
..j

J 
f/)

 
p 

C
 

J 
~

 f\
 
~

~
"

~
 

f\.
. 

-:
I; 

f, 
v 

f 
>

 j.
 -

 
~

 - T
 j 

" 
f 

~
 "$

 ':
("

(.
1\

- 
. 

-r
-"

' 
~

 
! 

tA
 

~
 ~fJJ

 
~

 
~

 
~

 f&..1
 uJ

ri 
cI

I 
~

 i 
~

 ~
~

p"
 

77
' 

oq
~

..J
£t

 
t; 

fA
 

I.f
. 

pI
; 

~
~

 
u 
:.~

' !
~

 
. ~

 
,. 
t~

 
~

o 
! ~

 ~
:'

g 
\ 

,I 
t 

p~
 ~

 ~
 ~

 i 
t>

~

Jh
 

.:i
: 

- 
~

 'g
- 

T
, 

0"
 f\ 

.:8
 

I

(,
 

'it
 

i 
"I

r ~





? .\

~

).»>

n~

-
- 

~
 

O
O

G6t}~
 

.v
~

-0 
~

&
r

vI 
-),.; 

~
.D

-~
-~

» 
V

I 
8d

-;- ~
~

~
 -&r

=
- &

~
 

~
 ~

 ~
-~

~
:;:---

t
~

 
-~

--:a: 
fi1 

(;cr 
C

d 
G

'\ 
(A

 
;:t;>

-'
~

 
~

 
0 ~

 "1 
\J1 

0 
0 

..J 
- 

(J- e ~
 

o.:() 
~

 
-:;: ~

~
, 

(J' 
,billP

 
<

; 
1

S
 

" 
~

 ~
 

(1)1 ~
 vJ O

Q
 - 

JJ 
C

J 1 ~
 

00 
'j' 

([-T
o 

~
 

II 
£-,1 

r,; 
<

 ~

~
 

,r" 
I' 

fA
 

'P
 

rl-b(A
!:l, 

~
O

 ~~
 ~

A
f 

~

~
 

~
 .~

 
(f>

 
5 i, 

j 
f: ~

 I: ~
 

&
:~

 
u 1 a~

.e' 
f 

3 
~

 ( 
1.,

.. 4 
~

 
7! 

{' 
\/1 

...t 
~

 
}J 

0- 
~

 
. 

~
 

61\ ~
 

'i 
't,~

-<

,~
IJ~

 
~

~
 

~
 

f ~
1 

C
A

 
~

.q.~
 

~
 r 

f d
g~

~
f

,. 
=

I!t"" 
a ~

.:f ~
~

 ~
 r

~
, 

Q
 

r 
~

 
f,- 

4 
:1

cf) 
~

~
 

ct 
~

 °It I ~
 ' If

t'i. 
~

 
\ 

I 
f

~
i:' 

F

--1::
lI\

:'17

-C1::
\/I-~

- 
.

-~
~

" 
~

 ~
~

 
~

~
 

~
~

.:. ~
t

~
. 

W
 

(:/1 V
; 

(/\' 
.,...

~
'6' E

; 
~

 
0' 

~
 

cfi l-
t

. . ~
 ~

 8q - 
J,.) 

.:S
1 ..f'"')

, 
'I 

-0 
0/

~
 

I 
\ 

'~
f::y,1 

~
~

p,~

~
 %

t~
 ~

t II flt{\ 
~

 
.

cfJ 
,~

~
' 

~
Q

-~
 ~

~
tg- 

')..~
[",~

'O
+

f~
C

1 f}
~

f ~
 

")J r 
)..J ~

 
t.>

 ~
c 

,.. 'f'
,.. 

1"j
}" 

., 
~

1 
r-(-,;

'-
- 

-
r!:,a' ~

 ~
 ~

~
 ~

 
~

I'

:(j'}j j 
1 ~

 U
G

' 
-:'1

~
~

~
.l:- 

~
 ~

V
1~

~
 

B
'j~

,
~

 
~

 
J..)~

~

9J~l/\ n'-

~-.



--
 -

 
- 

Q
 

0 
.n

\)
oo

.=
;:

"2
 

t; 
~

 
0 

0 
0(

\ 
fA

 
v 

'" 
6'

""
 

:.
~

 
~

 8
 

~
 

IA
 

~
-~

~
 

-_
. 

--
.:-

 
-.

 
~

--
,C

J '
B

~
 ~

rm~
~

 
cJ

J~
~

~
~

~
~

1J
":

rJ
'

f
~

~
 

~
~

 
~

~
 

_o
j:)

lA
f..

:$
>

f;

~
~

'P
""

'-t
Y

7~
 

("
"~

V
'o

o 
J"

f'~
 

'l\
 

' 
f 

f' 
I.

r
~

 
'" 

~
 

'tn
 

-b
f

0 
~

 '
r' 

04
 -

..I
J 

~
, ~

~
.1

 
:D

- 
)"

" 
"-

.;D
,

~
~"(

"'1
 

G
 

,3
' 

- 
. 

0 
'j;

-U
" 

- 
:: 

oJ
 

. 
e'

tt?
 

~
 

-t
) 

-0
-0

 
" 

(\
 

'" 
1~

~,s 
IJ

l ~
.!J

 -
9r

o 
p 

~
f 

It 
,..

l- 
t 

, 
~

 
' Q

).
!. 

.
J

~
~

?
~

~
~

 
--

 
F

 
~

-,
,(

f\-
U

) 
-,

,"
. 

n 
,;-

 -
f

-~
 

p
~

[!
~

 
'r-

 
~

,./
 

"'0
 

~
 

t'"
-P

~
 

~
 

p-

~
F

 
\(

.3
 

tc
 

a 
~

 
~

~
A

.. 
f1

t&
ct

::{
i!;

-r
 

)-
-n

0
h~

 
cJ

~
 

()
m

§'
 

P
 

t1
 

~
 

;.4
. 

~
 

c"
 

l-1
 

[,f
\J

 
:; 

~
't;

~
!

~
.J

f;1
~

~
i~

~
~

g~
£~

~
~

~
 

~
't1

"
I]:

J 
~

a 
..J

~
~

or
~

 
\.,

1~
-"

~
.i"

~
3 

~
.Q

 
t. 

i 
-~

ql
JW

 
I

~
~

f/I
""

5~
~

~
O

f(
'~

fj-
~

~
~

~
~

ti1
 

I 
~

~
 

~
 

' 
£ 

..0
 

~
:..

l 
2 

0 
~

, 
..t

~
 

c:
. 

~
~

~
 

V
\ 

~
::c

:c
 

E
r 

( 
-D

'~
fc

 
;~

1
.t.

 
. 

~ t
E

4 
3 

I 
.."

 
V

1.
\1

J 
I.:

;, 
'to

'

. 
" 

-D
 

V
\ 

-J
 

. 
C

I 
(.

,

j
- 

_.
 

--
-.

 
~

 
-~

. 
- 

--
-

\

~

~
 

Q
 
~

7
. 

~
 

-1
U

1V

- 
-<

6'
 

- 
~

~
'{t

 
~

" 
~

~
 ~

 ~
 f 

".

~
~

 -,-
.g

 }~
-f

~
 i 

rw
. 

Q
.1

:"
"

i
I"

P
~

iff
}>

, 
~

t 
:.,

" 
t. 

. 
.~e -'L

.

,





(J ..0 
. 

I 
' 

00 °=
~

~
-~

 
, 

=
--_! 

---;0 
- ~

~
-=

 
' 

-~
 

~
~

~
~

 
~

 
.

( 
") ~

 ~
 

t 
'" ~

 
.'~

 
cJ) ~

 
. ~

 - ~
"}\. 

m!
<

j ~
~

 'S
 

l' z. 
I ~

~
 

-0 
I ~

 It' 
.' 

('\ ~
 - 

7" 
~

 
r

~
 

~
 

p 
IT

' 
&

.J 
~

I 
0 - 

o.t' 
(). 

~
 

r 
~

~
 ~

 1 cr ~
'f;pJl: 

-D
~

-q ". 
'Z

1.Q
 ~

i '1 
~

' 
t'(I1 

~
 tJ'z.~

{(Jt: 
), 

- ~
 ~f' 

~
 ';j 

. # 
1 ~

 ~
 fA

 
.. ~

 
8" 1 r (' ~

 ~
 

.

~
 ~

8~
 I~

' 
t 

~
 ~

i 
r' J ~

~
 ~

$ ~
~

~
Lt,,?

f t j 
~

! ~
 

~
 

-ot-',I 
-G

 
..! ~

 ~
 'J 

i\ 
. 

~
 'f j { 

'"'"

~
,~

 ~
 !I,' 

~
 ~

 
~

 
," ~

 ~
.. 

~
 

fa 
~

~
 

~
~

 
"~

 
I'- 

i. 
r 

) G
' 

g~
-

t 
.! ,'9 

~
 

j

0 
()

,t'iJ)

~
~

0..D""

-~

Q-v,0

C
'

~

-0-
b'~

:~

. ~
~

tC
A

 ~ r~
ijJ!1~

~
V

i~
~

. 
'p' g * ~

 b .e'" 
. - 

(/) ~

~
.e'~

""fE
tn 

~
~

-t\?q:tk~
k

1 § E
:.~

, . ~
 ~

 ~
 u ~

 
. ~

 
'

o~
 

~
 

£ 
P

 
""0"" 

~
. 

~
l"~

J:>
 a 

~
 ~

 
'E

 
~

~
 

~
 ~

 . 
. 

~

~
1'1~

~
c 

3, 
\) 

.

~
 

r;;- 
C

'~
 

t~
 

'.

. ti dfr~
} 

~
~

~
~

~
 

'.

~
1 f 

. f~
~

.t.r
::))
-







"\00
"

-t
:-

~
£w

(.
J 

~

..D
~

::j
'=

1
~

}}
-}

is
,' 

j' 
i 

O
f ';:
:

0

- ~ ~

11

- 1: '6
' 1

- ...
,l - \Ii

-f ~ , t;'

--
 

. 
-

tit
 

~
 

; 
"';

: 
:'f

 
~

 
.::

;r
 

I 
9J

-;
:.

V
1 

(I
}:

 
'- 

I 
I 

- 
Q

 
~

 
.~

 
~

 :
 

cA
 

~
"o

o.
.J

1I
1 

J 
...

; 
0 

0 
~

 
--

~
~

~
!~

~
:~

~
1~

~
f~

~
~

 
~

--
- 

~
 p

 ~
 g

~
' t~

"'6
"'.

.J
I:i

~
()

 
lA

 
~

 
(5

'?
P

d 
-C

D
-

- 
_?

 
~

...
t:~

{\
 

rr
: 

f5
 

. 
-

fi
- 

1 
,to

 
'1

 
! 

(/
\ 

09
 t

J 
~

r 
(\

 
P

,. 
~

 ~
 ~

~
~

~
~

 
'&

~
~

~
cA
~4

~
"c

}\
_~
t~

-1
' 

~
3 

~
 

~
.-

" 
or

" 
" 

"-
",

V
c 

A
.

(A
 "') 

\/)
 

flS
' 

r 
L,

D
 ~

 
fW

~
 

,~
~

~
.w

~
J f 

J~
- 

. 
j 

~
~

=
 

I')
 

I, 
0 

0 
0 

0 
0 

~
V

I 
t 

~
 

ti 
: 

~
 

~
 

~
 

~
 ~

 
£ 

g
- 

- 
~

-~
--

 
- 

g 
0 

--
 

~
~

- 
~

 
--

0 
- 

&
 ~-

-~
 

~
--

~
 r

f~
 

~
.~

£~
F

! [
0
t~

m
1 

r~
J!

:;;
r:

pr
'tJ

t~
r-

:c
ff f

Y
oE

» 
rt

 
~

".
 

~
!

' 
~

 
j 

(/
1-

 
f 

""
 

~
 

"'0
 

tE
 

~ ~
rf

t
.Q

 
p 

~
T

 
~

 
i1

!-
 " 

"0
 

~
 

"' 
" 

- 
v 

}-
 

j 
-"

 
'f'

 
'$

 
~

\:"
'.~

 
f 

~
,

Q
-"

 
f.o

J 
[I 

P
 

~
 "\

. 
V

\ 
=

"b
! 

~
 

"'.
a.

~
 

'~
 

'" 
~

 
~

 
~

 
~

 
:..

 
C

' 
""

 
~

 
~

 
\/)

 
U

' 
~

't 
rJ

 
~

 
t;;

~
 

~
 

-,
J:

;. 
b'

('"
.' 

~
 

~
 

-.
, 

S
" 

&
 

. 
.y

~
J.

f6
~tg

 *
~

 
G

' ~
~

;~
:I:

! 
~

 ~
 ~

 ~
ql

 
~

 ~
~

 t
 

1"
~

 ~
~

 ~
~

 
~

 
. 

&
?l

 
~

 
~

 r
-J

" 
.f 

~
 "

 C
# 

[, 
- 

.::
: "

 
~

O
 

J 
.;:

, ~
 ;

 
~

 
$,

 ~
 

6 
~

 
;+

 r
;J

:~
 ~

 ~
 i

 
~

 ~
 ~

 1
$ 

)"
 

I"
 

- 
- i 

'{t
 

I ~

ff?
',m

ib
 

l 
t/ 

'1
~

 
(;

{ ~
 £

; ;
s-

 ~
 

~
 1

 ~
 f

 
~

~
 

~
? 

,..
.&

\ 
I

,.t
 ~

 
(!

;-
It 

ill
 

Y
1c

 
p 

P
 .

J 
j,.

 
S

'..
t' ~

°l
 

r 
~

 
0 

D
~

 
r-

.:-
6'

t 
1 

J 
. 

,. 
fA

 
;J



1 ~

-

-
" lit

>
c 

~ 0 .D ~

- - U -t
' "" -

0- ~ ~

--
 

D
 

G
 

0 
o-

~
C

J
~

tI"
 

04
 

00
 

r;
- 

,,~
~

~
z 

()
} 

~
 

t:>
.-

~
-

0'
" 

\/1
 

0.
 ~

 
"O

O
O

~
- 

--
 

- 
-.

 
--

- 
--

- 
--

 
,

-:
~

 
il~

,i
ffl

 
~

-~
J~

f 
~

J e
D

 ::f
 ~

~
(1

'""
 

~
 
~

-d
~

b 
tb

~
 

' 
I~

~
!

&
-~

,F
 

r~
! 

!'~
(l>

~
f.t

 
~

 ~
 ~

~
~

 ~
 J

J
p"

 J 
'0

 r:
 , t

 ~ r"
"-

. 
1\

 
l1

 
~

 ~
 1

 ~
 ~

 ~
 t

I: 
l 

~
 CA

 
,. 

~
~

 f ~
 r.

.~
 .I

t 7
 

'0
 r

t~
~

~
rp

'~
'c

f3
~

~
~

~
~

flf
~

~
Q

~
 

p 
~

 
I 

\1
 
~

~
 ~ 

1 
~

 
.. 
~

. '-6
I 
rll

J{
! 

~
,1

'~
~

~
f"

 
~

R
~

.
~

~
 

~
"J

 ~
 

~
 
~

 
t ~

~
 £

""
 rl

~
 j

 ~
~

J
rJ 

' .
g 

l
I 
t 

..r
 ~ 

:t-
! 

. 
~

 
\ 

~
, 

...
1.

 
1

I'Q
 

C
 

(J
-P

 
'--

.>
 ~

 - w
 ~

r 
~

 
V

 
~

r'\
 

~
\I'

~
~

 
~

.; 
;r

. 
p 

i'~
 

f 
J

0 ~ ..J (J

0 .o
J

I..
)

l/1

~
- ) 

,

;II
~ "g

"'?

'-
=

=
 

\)
 

0 
0-

 
I 

I 
. 

~
~

Q
.~

, 
i.>

~
-D

 
. 

~
 

f'
V

-o
 

~
 

-l 
j' 

G
':.

0 
'""

 
.t 

.J
 

-J
 

~
o8

~
p 

.. 
~

~
 

fd
t 

-(
\, 

r,
; 

~
. 

-

~
 

~
~

 
~

 
~

~
 

-8
tf~

f~
;-

~
~

 
(b

rr
: 

~
~

=
~

p 
~~

~
p 

ct
 

f~
e:

?~
 

~
 ~

ac
; 
f~

 ~ 
f. 

.~
cI

1

F
~

: 
I~

~
 

'tC
J(

I1
~

T
~

,;,
~

~
;~

T
~

F
'I"

't)
 

.~
~

 ~ 
~

 ~
 

E
 

~
 f

 j
 

~
 
~

 ~
 . t.

 
~

 ~
u.

 ~
cA

 
I

. 
',.

. 
~

 ~
 

~
 

fI'
 

r 
.e

- 
P

 ~
 

~
 ~

 
04

 
3t

 
~

 
f. ~

 
J

I 
1~

 ~
 i}

 
t 

T
 

; 
rt

 
~

 
~

 ~
 ~

 p 
. 
&

~
 -

t7
 
~

 
~

 ~
 

t1
 

~
 , 

(\
 
~

--
b 

..s
 

J 
J



~
--

~j

~

1~
t:'

f
j 

.~
~c'.;,--

"('\lI\

?

-()
-o.D

 
() 

0 
~

a
-uU

\ 
-D

 
l' 

~
 

00.00 
00'-

~
_~

_V
l- 

---~
~

 
() 

V
\ 

04 ..J ~
 -J .J 

~
 6' ,.

~
 p) 1'0 

~
n;s 

(;\~
 

~
 r ~

 f1~
 1-"1 

~
 -11 - ~ ~

 lJIJ- - 
U

\ ~ ~
-. 

,0 
~

 ~
 

,'. 
U

S
 

~
.Q

~
 

0 ~
 ro ~

 ~
 g, t 

~
 ~

.:pC
1;!( <.A

., 
~

.J- ~
 r&

,. 
~

 z: Z
 

: 
(\ ~

 1 ~
 

. 
~

 ~
 

~
 .' 

(' 
J 3:

~
 ~

 ,(, ~
 

P
 D

 tJ 
J '? 

1.. 
~

 
cD

 
rp- if 

~

~
'f~

'C
J'~

' 
t'\ 

~
t~

¥,o~
~

r 
b~

~
~

,J... 
'B

iJ~
 ~

0
r 

.~
 

~
). 

~
 

15 G
"" ~

 
.IV

 
- 

~
r -v 

oo,.4J. . 
" 

2.>
 -- 1>

 IfJ 
V

I 
IA

 
t) 

- ;s

! 
ft. 

0 
IA

 ~
.. ~ ~

 ~
 ~

 ~
 i 

g 
~

,~
 ~

-t 
l,'\' ~

 
~

 
0 I 

,~
~

~
 

~
 ~

 '! 
" 

I 
I 

P
u 

G
' fit 

~
 <

 
C

I1 ~
' 

t.JI 
W

 ro ~ 
l' 

' 
" 

,.

~
, 

..t~
?~

 
~

d 
~

 
~

JS
"~

' 
~

~
,..J

t"i' 
It~

, 
r; 

r;:J
t6 

C
J 

n" 
'tL

~
 

~
' 

;J, 
..LL

~

~

-3~.3..
,""D





,~
~

~
~

~
i'!'i-.l

-- 
~

 
O

Q
-O

O
 

~
 

~
- ~

 
-"'. 

-; 
oO

G
O

I:l(t. 
.oJ 

-
(/\ ~

~
 

- 
0' 

W
 \) - 

~
 

" 
uJ

~
~

 
~

 
J\ "'" '" 

v 
u

~
1i1> t~

"~
~

~
 '~

/t:-~t1-~
~

-~
 .f

() ;ri~
 e~

11\~
 

.~
~

 
.

P
.' 

..J-"\:tl 
~

- 
~

 
~

I'O
. 

~
 

~
I 

~
-E

',,' 
t 

'6 
f~

 ,
~

 
t..,-..r 

~
 

ft 
"'., 

-J
~

 
~

.. 
I 

t 
~

 
p 

- 
,} 

'(;. 
- 

~
 

oJ ~
 

~
 

14 ~
 

~

~
 

..('~
~

 
f, 

~
"t 

' 
E

 fr5»~
 

i.<
l 

~
11.!." 

~
r,

~
 

"-\ 
0 O

"ct: 
- 

- t 
Ii 

- 
~

 
-' 

it 
r 

'1

~
~

 
'" 

a 
0 

fA
 "'t>

 
~

 
~

} 
. 

-) 
~

J" 
~

 
II 

F
 

~
:O

J 
~

 v 
,.

~
 , 

- 
tA

 ~
 ~

~
:E

 
f 

~
J

C
 

, ~
 S

 ~
 

a 
0 ~

 
,,~

 
-

f~
~

~
~

~
O

 
c1- 

';t 
~

; 
~

 
~

 f 
~

, 
1v1\ 

'" 
}J r tl 

~
~

v" r - ~
 

Z
'" 

~
~

 r 
Q

 
ta 

f", 
~

;.. 
t.s 

I;' ~
 ~

 
'!") 

1tM
 [)

f' t
' 

. 
~

 
~

 
~

 
"tJ 

~
 

~
 ~

. 
~

 
0 ~

 
.9- 

r 
"' 

~
. 

. 
I,.L 

~
 

~
 1 

:L. 
~

 "'. 
r 

." 
- 

~
 

r ~
 

, 
\) 

(
)' 

. 
~

q 
..l.rlr;t 

~
 

~
?t, 

: I 
~

~
 A

 
f.:t-"'" 

.a 
~

~
. 

,F
' ~ r 

'
~

 
~

 
,.)

~
 

I 
l!,

't. 
i:~

 
-;-

I
~

 
r

§c 
C

"f. 
~

"0. 
,.

~
 

)

.p 
~

~
C

7~
t~

~
l 

.l
~ 0'0"0

°'U
"'6'~

p
~

J.J-O
;"

8~
o~

~
,q



~

"::> ,~
", 

.. 
~

--

.I~

C
l

--,,~~
'b>

~
~

~
"'t' 

? 
if

I-'~
 

~
v- 

o~
"'fr~

~
t, rr"' j 

~
 

~
~

 ~
 ~

 f,
~

q~
~

 ~
~

..t 00' 
..Ii. r

~
~

t~
~

 
J' 

i.

I 
J,. 

tt-
a 

to 
1\

:I~
W

~
 

~
.

r'I 
.:..o!:)O~ ri:

r 
.6

. ~
 r.!'~

.~
;

- 
~

- 
- 

&
""" 

t;. 
9>

 
(} 

C
 

\) 
0000

V
( 

U
 

. 
- 

-"(). ; 
-J 

~
 

" 0... 6' D
- 

rA
 

." 
a 

'" 
F

 
~

 
f/1 ~

 - a -
~

-- 
- 

...J 
() a J)

~ 
~'~fI}2=

r
~

~
,' 

q~
~

~
~

 
- 

-~~ 
~~~~ 

I 
~(.,1n- 

~ 
.

g 
0 

.,...J 
~ 

~&~f"" 
b 

Q' 
,~ 

t; 
':tJ

W
1 

i 
C(J 

to'

- 
~

~
'$ C

?

r
.1-

)
,1 

f, 
t 

T, 
~ 

'" 
= 

JT1 
b 

0' 
~ 

tn 
~ 

.. 
j 

~ 
\

fa 
..0 

)' 
)' 

'I} 
I 

-- 
I 

~~ 
- 

, 
..c 

(/\ 
0 

t 
.l:, 

0 
g, 

t 
"0

,. 
Q, 

E 
:r.r~'.-.J' 

~ 
ffr;--1'~ 

~ 
j 

1 
~ 

n 
'6' 

':G 
~ 

~ 
~i

~ 
m 

:; 
. 

,. 
rn 

& 
3' 

J 
t 

'g' 
[, 

~ 
~ 

3 
~ 

c 
{f~ 

t!'

i
~ 

~, 
\,.,i 

Z-~ 
'i'

o
..D 

16 
~ 

1 
~ 

. 
a- 

~ 
8 

~ 
~ 

f 
~ 

q;.ft

J 
; 

v 
~ 

~ 
) 

U 
~(A' 

~ 
CS1 

'rJ 
...,J\ 

CJ

~
 

(, 
~

! 
I!>

 
C

A
 

~
 

,it 
, ~ 

J 
, 

1 - f- 
\A

I ~
 

~
 ~

~
 

-.'1 
J 

~
 

~
 

p 
0 

Ii1
,tj 

.. 
~

t
\A~~z:.. 

~. 
,{ 

I 
. 

. 
C';

- 
-- 

- 
~

 
~

 
- 

~
 

- 
-..,.,...:. 

--



r

-- 
-

§
- 

- 
,

- 
-,.,J 

C
1' 

0 
'~

v' 
J 

~
.J; 

-,-..,g 
~

 
.oJ 

.0 
C

>
Q

C
i-

, .\ 
iJ 

- 
Q

, v, 
0 

- -;;, ~
 

..t: 
..t 

...J "'" 6' 
0\0 IJ

V
' 

--O
~

 
~

- 
- 

-, 
(j 

~
 

0 
.lJ 

U
't ~

 
I

lit 
g 

---~
T

:(
m

~
-~

:o~
r

G
 ~

_. ~
..J

m
~

a 
C

 
1'"\ '" r"D

 n ()~
 ,;. 

11\ 
'JJ 93 - 

I

~
 ? ~

~
~

 
~

~
~

 ~
 

;1. 
-:=

.1 
~

-': 
,,0' 

l'-.- 
-oC

6J~
 ~ ~

"'0 
" P

 
J 

f' - 
~

 t v 
~

 £ - 
T

C
' A

 ~
~

 
"'t:>

 E
 ~

 
~

.!--~
. 

S
b 

, 
I 

,oS
 - e: 

~
4-" 

\...J ~
 - 

(\ ~
 'Q

 
'* !- crc. C

 ~
J' 

~
 

C
' 

o.,D
 

~
 

f\ 
~

 0 
~

 
V

1~
 

~
 

~
., 

~
f

~. ~
<

I1l 
6 ~

'5 ~
 

t1"~
7 

~
..!. 

~
 

~
 

1 ~
"61; (/)V

'~
~

 
g

~
rII ~~

~
 

(/I 
. 

->
:1:' 

f. 
t:; 

~
 

~f
, 

1. 
"'i\ IJl ~

 "\' ~
 

Q
j 

"'5" b 
~

S
::((J 

~
01 

8 ~
 

. 
~

 ~
 ~

 
~

 
~

.:... 
~

 r." 
I. J ~

 ~
.:::r 

~
 

.S
J' 

-'
\

£ ~
. f=

 c 9 
~

 r 
'"t- 

~
 Q

 
0 

0 
::r:J"'-"b~

,
J

~
!' 

~
(A

 
~

 , 
t 

\ -r
~

 oJ '\ 
fi. 

,,~
~

:! 
~

 
~

. 
~

n
V

I
~

fb
~

6 
"..t: 

1\ 
~

 
~

 
..,

0
..1)" 

I...l
- 

~
 

r 
~

~
 

~
~

""'...J
r

V
,!,.. 

,
i:>

 
C

I\ 0/ ~
S

 
I

\
\J 

t ~
 

r}' 
~

(...O
 

~
~

~
fi~

 
Q

 
j 

\:~
' 

: 
r 

~
.ti-'f1l' 

...;.
~

c:I~
 

r 
\: 

t 
~

 
.t:; 

~
 

It- O
--::t

~
# C

/\cr- 
,t 

: 
~

 
~

 
.t:, ().) 

rJ 
:- ~

 
':-' 

A
O

:;r 
~

 
I 

" I 
~

- \,1\ 
~

 
~

 
~

 
~

 
8 

O
)Q

~
f"" 

-. 
i 

I 
~

 
~

 """" 
t'-'.~

 
0 .:i::fiJ 

~

\~
 

3} 
~

\-:;) 
~

~
~

 
~

E
::

\~
r:

-::>

~
r:, t,.)
~

.v \Ie
0 

-'-
-- 

- 
9(

. 
-- 

..J

~
~

.t~
]'{!fJt t~ ~

 m
~

~
 ~

 
r- ~

 (11 w
 ,~

 'J - ~
~

(.4 
~

~
o 

..0 ~
 

~
-\ 

~
 ~ "f) 

"'" ~
 ~ ~

 t 
1 

1 '~
J

1t1 ~
- ~J~

 r~
~

 ~
 

\A
_b- 

i
IIf 

lo4) v\ V
 

'" ~
 

'A
:, 

(}

1 
'f ~

j.,t,:!?~
1; 1

I r)}f~
 

, 
~

. ~
Il:o~

!::t 
~

 Jr:
L/1 

..;;:J ...t;.
)

~
I 

'i 
I 

-

~
.t;/.t 

.

~

-""-a



I 
t.1J 

I, 
~

I

V
\ 

,-",,'

i1~
~

~
~

9 ]3~
~

~
T

 :fJi;;r;; U
 ~

 G
'::f~

~
~

 
-

~
 .It. 0 

arc .4'" 0- (t~
. 

~
 Z

 
j 

'! ~
 to , r, 

(\ 
(J. 

~
 ~

 't 1: G
 P

 ! 
1.

'"{, JJ: 
(1. 

~
 [\ ~

 
eO

 
b 

~
 IJ 

. 
:Q

;.
I - ~

 ~
 

J' 
' 

\t 
~

z: 
~

 --g 
.:s t ~

 'P
 J ~

 
b ~

 0 
\) 

~
 l 

t ~
 E

~
j 5-J ~

~
.?-~

 
~

1 ,:ft; p~
; f~

 i ~
j i 2 ~

 r~
J 6~

 t
F

~
 ~

~
 

&
.c.j 

~
 

~
 ~

5 ~
'f; 

' ~
 ~

 J~
 -1 i 

'\A
I 

~
 r~

 ~
~

W
 

/'".
. A ~ 

~
 

4'>
 I ~

 
'(l>

 )t J.' ~
rc ~

 ~
 ; 1 

\A
 ~ : ~

 
f 

~
 

r
~

 ~
 

~
, 

~
 ", rt: 

-' 
~

 
fd' 

$ 
. . . 'i::2 

'1 
-

,s>
 

ft 
(5J 

-; 
I ~

 
~

 
"tb ' 

.~
 J 8 I 

~
 ~

 ~
 l ' 

I 
~

&
 ~

 
f t;" 

~
.,. 

~
 ~

 
g. 

fA
. 1 ~

.Q
 r 

&
. -

~
~

,.. 
\ 

~
jP

 
~

l
'{f 

~
J 

D
-":3

- 
'"g# 

t~
, 

.rr 
'

- 
~

I",;

-I.)J
-0

~'"

-0004
(J..t'
,n 'II

(]-1~

-..

~
~

~

b\/\

t:;1 
,-

O
toA

Jt1V
>

t rrfr

-'-

v~~
U

J
M

~

()
O

O
Q

-
&

,6'b'A
!

~
~

-o.o
~

U
\D

O
~

0000
..::J-J6'6'-
c}J--o~

--- 
D

_-~
~

-~
t~

!fi'
f-. 

.Q
 ~

~
~

';r>
~

,.L.. -c 
r\ 

-I- 
3" ~

 - 
3,

- 
~

 
~

 ~
A

 ~
1'":ft 

f * 
[of 

!..at 
~

 
~

 -;i

: 
~

W
 

b 
r; 

v' ~
.

Ir
.~

 ~.:p f 
.r

~
jt>

 
1j

~
t 

.~
(\~ 

..;,'-
,5 f1;- 

1.

J





j!
~

 
1

t-\II

"')

.l;
~~

. 
\., 

- 
~

- 
. 

,-
~

p f] ~
~

~
 

6 ~E
 'j:-t..~

 1:? <
,t,~

 c~
~

-R
~

-':;~
 

\~
~

-~
1~

~
1

~
.c 

':!) ~ ~
c;.r

~
 

~
.b 

, ~
 """'" "'" -: ~

 ~
~

 ~
 ,. ~

 
, ~

,..,.\- 
~

 ~
~

. ~
 

r.I ~
"'. l" 

.. 
. 

~
 

:JI;f - I-t~
r 

..'. 
~

. 
. 

.. 
:.,.S

"'-~
 ~

r"-.~
f 

~
 

. 
~

!\ 
p. 

j r 
4

~
 

n
L

~
 

w
 

- 
. 

"""'"' 
. 

p_u
~

 
~

 
~

 
V

'\,\" 
. 

J 
~

 
U

 0 
i 

J, 
.~

 
.

~
 

t ~
~

11 
~

.I' ~
 

.~
 l\".t>

4"~
~

1.f:? 
~

 
lfl-

'I 
I 

'oJ 
~

 f ~
 pr~

 - 
I 

. 
? m

 g 
-*

~
 r 

~
 ", 

\I, 
~

 
./

f
-r""2

f' 
n',.

r
~

 ,... 
. 

"" 
8-nJ~

~
 

" 
~

~
 

-~
 

a 
- 

~
:., 

~
 

Z
l 

~
 

" 
~.t~

t 
'" 

~
 

G
o 

~
'\ 

I 
0;,-:,.1 

..1 
ro~

 
-.. 

~
 

E
 

~
 

\A
' 

~

~
c 

- 
I 

/" 
r""

"" 
,

I
~

 ", 
q r 

m
 

i)" 
1).

~
 

:D
r

- 
...,

,"'" ~
 

I 
~

 (" 
--

~
 

. () 
I 

~
 

.. 
'C

o
""\ \.\ 

, 
"-. i " 

~
 

r. "-: .f
t

~
..;:J 

~
 

? V
\ .('.J 

I (' 
.' 

.A
..J}

~
 

A
'

~
 

~
 ~

 
'" '\. 

0 
,'" ~

~
 -f.. ~

8
\

~
 

,. ~
 

t 
~

 ~
.D

~
 

0' 
&

 
~

, 
~

~
~

 
t- 

A
 

v 
':! .

~
~

 
r 

~
.~

~

~"-'
r)

J

-1:-
c..
'"

')

"",1 ~ 
-

~
~

~
~

 
~

 fg.

~
~

PJ

-.,jJ
~n

(':

~

--' - 
-

.'-6"'~
 

~
~

~
 

0 
~

'1- 
-ft:t:I~

, 
~

 !- ~
 

&
4 

.c" ~
 ~

 £I1,..,t \II jJ.!- 
"'t::I c 

? "'Q
 . ! ~

 ~
 t

~
~

~
 

4.- 
1:; ~

""J_,c

~
 

Q
 

'"' 
'ft 

..r. 
Q

o - 0. 
0' 

~
 

~
 

~
. 

~
~

a ~
. . ~- 

v 
~

 
J. - d~

...nT
 

-e. 
. v 

'" 
(... $- ~

~
-6t 

E
 

I' 
-;/ 

~
~

 
~

 c \::- 
~

'0 
~

 ~
 ~

 
V

\ 
~

 
I/} v1 ~

 ~
 

'.:!:>
-I:>

 
E

cl~
~

 
f 

~
 

(/1 1 ~ \ 
~

 if~
""~

 
9- f

) ~
r-b 

1.J 
$" 

V
\~

 
,r 

I!
- 

~
. 

~
~

'
~

'
I 

I
n, 

, 
..J""'! 

- 
: 

r -
'.::) ~

 
~

-1 J 
r 

I 
..

0. 
I 'f q, 'i r 1 

"'it 
£ f; 

~
 ?

~
 

'j:'fj, 
~

Q
~

 
. ~

~
it.f.t~

~
 

-Q
:;;A

~
~

c;i~
 t~

J
II' 

J ~
 ~

 G
:>

~
 ~

 
8 ~

~
 

'"tz. 
~

. 
1 ~

'r.r.f'~
 ~

 ~
t

,,~
~

 
V

 
~

 
'$~

'

J. 
! 

~

f~
NP'~ ~

z 
~

z'9
oo~

~
~ 

- 
.::t>;!:) 

r

\

t
-

- 
...

: 
\'

I. 
,...

I 
~".~;""

""
--

~,P~

-





(J

)

)

~

(.

~
~

,/

w

.:j 
:::J 

,-;; 
,.~

~
--

0
@

 ~
 

0
"" 

\ 
V

I 
~

 
~

 
"""- 

6'
.t 

cA
 ("U

 
t.v ~

 
-.C

; 
~

 ~
.()'

8
-

_.-V
JJL]j;;j 

V
t~

~
~

~
 

--~
 

~
J~

~
 p? i ~

 g. ~
 

~
 ~

 
~

 
\J\

V
r3 rI~

 i&
~

 ttf~
~

~
1i 

~
t~

 ~
--v~

~
 

J' 
~

~
 

~
J ~

~
-

cf" ~
 

;!...J ~
 ~

? ~
 

i!;' 
; ~

 ~
 ¥\ ~

1 f
J.:;r~

~
~

 )~
 t~

9 ~
t

q 
('\::if t 

I "'1 
J.J 

~
 t

i ~
~

 
I~

 
B

 
~

I~
 .--6 

, ~
 

~
p 

~
,. - -
r\6'
b~

"°

'"

~~

()f,.

~~
 

-
:0::::

-~
o 

0
\.n=

..J 
6'-

~
 

P
4- 
Q

~
~

~
 

~
- 

~
 (i ~

 ~
 ~ ~

 jj--(;I ~
b~

%
 r~

ilC
A

 ~
 ~

~
 

'5 r:tJ: {j~
~

rP
~

J
0' 

~
n

, e-, 
u.

} , r
: ~

"'"111::::::-7







-

~
!jj;;

~
pPLJ

<
I

~c/

--f\jl Y
"=

a~
cG

~-

0.D~

0~c
O

()~

~
r:9-

! 
~

 
-~

 
:0,- 

-- 00 
t?

~
 

~
~

~
j~

J~
(}-~

(/t ~~
f~

~
~

 
"~

?;~
£ ~

 
C

A
 

~
~

-,
~

 
't!)~

 F
 ~

 
'" 

I 
~

;::l

~
~

 
~

~
"'f 

o-U
 D

j_~
 

~
'tJ

~
.~

 
"'T

.-I1[ 
5"1

r
. 

~
 

?t 
\ 14 

' 
I

l

. 
\" 

v
- 

. 
I

- 
-- 

-.I

~
~

---~
~

--- 
0 

---

. 
. t ~

 
~

 
f 

~
 i 

j 
i 

~
 ft 

~
-

tf... 
J') 

f 
~

 
r: 

t 
1; 

~
 ~

 ~
~

 '&
 

'f!;-y 
~

 
-, 

aJ' 
~

:.n.-'9

.(;1 
f 

-(5 
P

7 
tt

3rt!., 
.P

 ~
~

 r 
~

~
O

J ~
 

~
A

 
~

:» -h ~
 

0 
C

S
"" 

()
1 ~

 
t, 

.,..- 
L.cr 

~
- Q

 ~
 ~

.,.I'J 
~

 
.,..

~
U

~
 

f 
~

',
F

8" 
.0-

I 
.

~
-0 '

o.r::..
I;;£





/00 
-

0 
,_. 

-.-

t1 ~ j i 
A

- < 
u ~

 
,'.i 

to] ~
 ~

 
f1 rr. 

-u s;' p, I ~
 ~

 1'.
..D

 
°1~

1 
f::' 

~
 

f/~
 ~

 
::: 

~
 t 

6 
~

 '"'-it) 
~

. ~
9J~

c}- (/)~
 

~
.G

' 
$'I m

 
, ;. ~

~
 ~

~
 CJ1 i a 0,.-- 

&
O

 ~
_. \ ~

c}, 
~

.Q
) 

1'}..J 
C

A
"'b 
"=

>
~

 ie 
(' 

6- n - C
A

 ~

,
Y

jD'1 
. 

":~
rfJ 

}!r
~

 rf 
~

 
~

 
"! 

. 
tA

 
~

 ~
':'~

~
 

rl 
1 

~
 

~
 1.0- 

!L, 
~

 (S
"" 

f.

rI1 ( 
~

~
 

cI\ 
~

 
...a 

~
 

~
 

0 "]: 
~

..f
--e 

,... ~I ~
 

~
 

D
I1 a- 

(\ ~
 

,- 
LJ.. "i ~

 
V

~
 

1 ~
~

 
1 J;:. ~

 
~

 
() 

.~
 

~
J:t 

f,f 
~

 
'r 

l 
r~

~
/)[0,DC

I\
V

\

0-1~
\1LA

,--
u>

~
-

~
~

~

--
- 

. 
~

 
I

-1 
~

()
i...l-

~
 ~

 
- 

-_L 
~

 - 
-- 

- 
-- 

--' 
. 

~
~

"

- 
. 

-0 
- 

1Jl~
 .J:: 

~
 

b~
 

~
 ~

'3>

t 
1~

?i1 
.Q

 
It-' 1 A

>
~

\ ~
' 

~
, 

~
~

 ~
~

~
 

~
 

1 Q
1 

M
 

J'~
r el'J
l

f 
I 

~
 E

 
~

}
' j~

j 
?, 

Q
 

.
I 

I 
j.

I 
.

, 
I 

'--

0-i-&
A

dF
;J,.t

~
~~I\

0.J0(JI

9..()
D

t:)Q
 0 ,-

f.o6"'-1
ell;:; 

g 
~

I

Q
C

jO
~

b'
8

1

i)- 
of

(/1\1\ 
j 0tb

I

.-I;'





~

-6'()JlA

-~
 

m
oJ 

~
1-

0 
~

 
~

T
'

- 
_.J/1 

~
, 

. ~
~

.&
 

t' ~
 r !~

 
0:-\ ~

 fr ~
..D

1'~
(>

t 
~

~
 

-~
~

~
E

i
~

1.~
 ~

 ~
 ~

~
 ~ ~

~
;'~

 ~ (t'
~

 
t1::oo~

~
 p' 

~
 

~
 ~

~
.

~
...J~

 
'1 

~
f./' 

~
~

I,~
,

~
 

.0 ~ 
g '!? 

"') ~~
 

P
;

T
 

~
~

 
l,) 

)5 
) 

,.

v. 
~

 
-1 

a 
~

qJ 
~

r\. 
0 

oC
)

~
- 

- 
"5 

v 
00 

6',6'
0 

- 
C

X
) 

- 
-

'...l:. 
~

 
0 

v 
D

 
Q

.)- 
.!...

, 
5 

..oJ 
U

\'-" 
~

. 
t 

4c 
~

 
&

-b~
"}T

'\ 
4

cA
'(j1r/}-O

 
4 

'~
1- 

~
r

.%
. 

~
 D

' ~ c9J 
f=

 
I 

" ~
 ~

 
e 

~
 ~

 
~

C
).J 

\,1 
I. 

~
 

E
 

a:- 
.e

, 
- 

if 
~

 
f 

I

---

~



,..: 
", 

.

H
~

~
.

E
~

(,.IJ

ct.

~t}' rAf~-f..

, 
~

~
- 

-'",..

""'t>

-/~
 

O
J'

I 
I 

~
~

~
.~

 ,
.~

q.~
'

,

--<
J,

0.D9;

(:.

1'-.
.-"

,
)tv J j-

~
.

/T
J l' 

f
u'-

[11

O
w

"- ~, 
'-"

$~r

0 
0 

.
I

.. 
!:i3 

-J 
-J 

.::

B
 

.a 
~

 
- ~

 
- ~

:- 
i

15 
:-'f

,0) n rJ) IJC
.A

1 t.A
 f: -: :J 

I
(, 

r. 
;:f. 

. 
J 

1»/-" ~
 

~
.~

 Q
l~

~
.f

C
) 

0 
- t1' 

r-- 
. ~

 
,- 

~
'r:: 

~
 J

.r z; ~., 
9 

- .f 
~

 
' I " 

;, ~
 t ] 

.,,- 7 ~
.~

., ~
 ~

, ~
1'" 

'[ 
-0- 

~
 - 

.1f A
,. 

1 j ~
t 'fp,F

~
 ~

~
 

: 
~

-e, 
~

 ~
,~

 [f~
~

- f1X
 

- 
~

 '6"f.p~
~

\.; 
,1?"" P

 ~
 

~
 

~
 ci-J - }-1Il 

a- ~
 

.1'."3 ~
 0

,J 
0. a: 

0 ~
"'" 

~
 

(b 'C
7~

 ~
.,. 

~
 ,~

etg 
~

. ~
 ~

, ; 
~

 
~

 
~

]
e a".t~

, 
rr~

 
7r 

a
r; 

T
 ~

 ~
 ~

 tf: ~
 

It- o-~
~

 
- 

... -J
j 

C
/'"O

 
~

..t: ~
 tN

 .
~

 
U

J 
I ~

~
. 

~
 

~
 

~
tt 

p. 
'~

IJo.o ~
~

 
E

t
~

. 
~

 i ~
ft 

b 
~

'""C
)

I

0-1
O

'~
~

l
t- 

-
<

;.I1cJ1 
~-0-P

~

~
rJ.

~



~

-
~

 
~

 
000

~
--f:t--~

- 
S

 - J m
-r;; -- 

- 
~

 ~
 

0' ~
 ~

 ""I.

~
! :!Jfn~

 ~
 p 

g ¥ '\" ~ --)~
i:r: fi~

~
 q \)\ -- ~

)- ~
~

~
~

~
Q

.~;- - 
t')I"

1\
l'f]

~
;

"\
1- ~

 
r:;-v" 

~
 

C
I\ 

--~
j~

 
~

} 
_1 

?~
 

;'f 
~

 
a-o. 

U
 ~

 ~
 5

~
~

! 
. §1~

J{\~
 

~
~

)I 
"'i ~

 ~
;d;m

 f 
.4-F

tt
~

~
 

,~
*[~

, 
:r ~

 
r ~

~
rl.rc' i

::f 
~

 
jJ 

' 
I

ifJ}~
C

;()
~

"
cr- 

c;J
~

 
f-Jti~

C
f1'~

~
 

~
 

~
 

'.!L
i. 

t:1] 
~

 ~
 %

 ~ 
-- 

c 
- \ 

.-c-
~

 
J 

it 
. 

'\' 
( 

,1

~- 
.

~
~

."e. 
'"

-
~

 
\1\ 

.t' 
(1\ 

lJ:I

D
.!~

c:,.~
~

~
U

I-6'"...1

r

~
~

~
0-0"\1"

~
(\

':;;1'1~

t! ~

--6'6'" 
-

())V
 

J\
0° 

.t~

po. ~
 

" .' 
.-:; ~

.,l)
,.

~
 

f~
~

 
P

$~
1:-~

t
~

 (q:
;.0 . 

I
I~I~-

-o-J

_J-

~



r

.1;;>

~

1 ., 0~--

.. 
-.

4-~
~

I. 
(,...) 

<
oai 

~

f
cJJ-w

 
U

J 
o...;;n

-P
'w

 
,

. 
tf=

~

0f,-J..-'\ i
0;g-
~

~
- 

1::.

?fJf~
:i

--
---

~
 

~
~

~

~
 

a ~
~

 ~
 0 r+

". 
r' 

- ! 
. - 

~
 

E
~

 
'. 

.;;~
£ 

~
ctc;'( 

~
, 

~
 

rf-.-:. 
~

 f if", 
~

C
;Ij 

01

~
 - \ 

@
. 

';.., 
-- ~

~
 

'rb1P
! =?' i 

0(/ 
t?

! 
-::L-{ 

~
 

~
~

~
~

 t...D
 ~

1J 
~

, 
~

£
~

 f~
 

~
 

i~
'V

) 
~

 
~

~
I 

t 
r II 

.

I 
~

 
. 

("~
 

r 
~

!
~

-.

~
 

J 
~

 
~

 
.t 

" 
}" 

i

,

.,

~

I 
!!J 

~
 

~
 

9 
~

O
Q

- -- -- --- - 
- 

~
---~

~
-i~

... 
8_- 

p~
~

- - 
. . 

_1'rJ: 
(\ 0 

", 
() 

~
 

0 
- ~

~
 t 

~
I:'O

 
tA

 V
'1 r 'vJ,G

- W
 7 

A
~

 
' 

' ~
 e: j 

s.

<
A

 
t.A

 
~

 
0 

\ 
.3 ~

fJ:] 
:'" 

-:!. .
~

~
 

\ cA
 

T
 M

 't~
~

. 
~

.o-£ ~
-:-~

 '. 
: 

\ :D
~

j~
-'t>

 ~
'-

-j::z:Z
~

 
V

1~
 <

b~
~

 
D

~
 oct~

 
'.::0 Q

 tf
J ~

H
C

/ trzZ
 (() 

(1 
~

\. U
 

m
" If' } ~

 
j 

';! 
'f!; 

I ~
~

.:::]:>
 ~

 ~
 ~

 
~

) 
~

 ~
 ~

 i ~
 l- ~

 ~
 ~

 r.
0 

~
 

~
 

~
 

,-' 
It

"'('I 
G

I1 
,v~

.c 
~

 
0 

it)

~
 

t 
i 

,~

-=
--1



\

0'~,00\
V

t
\0

\.. ~~~C
o

..oj:-
~

t~V
\

"t'"\f\

~r-~

-cn
fS

-
~m-c.C

D
;

"~~A,... -J~'&
'

I~'GQ
.

m<,. 
.

\7

cn
rO

'
:Jm,-I~0'-

~
;;.~

..l' 
- 

"

~
_A

,"8--.a. M
o.~

+
--

~
if. 

~

1-U
I

'U
IC.C
o

'-IIn

m
",'"
-'\-
0. 

-.
~

 
l

~
~~(),
~

. 
.

c.
..,.
,.-

"
-0

-QC
D

"
~-Zm3.C

D
;~mi"a~Z:::J

..

~

':'::»G
)~

"'U
-. 

- 
C

II 
0 

-.

Q
C

"Q
 

0
IC

IIC
-'<

~
-.D

-»"T
1C

1

:i3~
~

~
-'C

D
C

lO
IC

II.D
-

C
~

. 
cn 

-
Q

 
n 

- 
00

C
IIC

D
 A

I 
0

Q
- 

cn~
Z

 
-

~
"'C

-
~

A
I~

~
~

!'
-A

I
Q

'<

ZmcnC~C
D

~Q0--,~lt

~
 

",,-
t

~
.~

 
~

t/\ 
0

'" 
V

\ 
~

 
'--,c.. 

~
 

tt\ 
~

 ~
~

r-l.:: 
C

';' 
,,"0-

!-t 
~

 
~

 
~

~
 

t~
~

of- 
..,# 

"'~V' 
.. 

~
 

.~
, 

'" 
~

 
~

 
f\ 

~
 

or 
~

~
 

,.-.~
 

-. 
, 

1""" 
~

[' 
-tr-c.'otE

.
!'. 

.. 
U

 
2... ~ 

~
 

L'
g 

\A
 

"'. 
~

[
~

 
~

 
r"

Y
' 

II 
- 

.f-
" 

~
 

~
J'"\-

"C
\

c
T,

~
""'"

0-.Q~{)
;--~

 
I 

~
'-.I 

F
a.

-'"-. 
.p 

I 
"\-

1
t" 

\" 
'-: - 

-. 
S

o 
';J

~
t

v 
:t;""'\

~
 

0 
C

'

g-'6~
~

~
:t1""\~

- 
~

 
r- 

"t""'t; 
0 

~
+

-

)~
 

~
orr-'"1-~

O
-~

O
.. 

J.. 
E

.. 
~

"... 
0 

-. 
~

~
~

 
~

. 
~

 
+

 
~

 
~

 
r 

~
 

~
~

 
~

-;~
r-o 

(' 
~

 
~

Q
,r 

p"""'. 
r 

~
A

 ~
 

'\ '1"\ t 
~

 
'\

r"- 
~

t 
?-

,..

















\.:\

~

~
 

'-"-

~
 

'
\

~
~~~
 ~

\

~
~

)~
, 

<
I ~f'cr )~.J- "J\

~~-;~~
\J.~

~
~~

"'(""\ 
~

r" 
.

]I\.
~

.. .

~
~

i 
~

.
~

 ~
~

 ~, "'.

"".:::::-. 
~

 
~

 
~

 
IJ-

~
 

~
 

%
~

 
~

 
~

 
~

 
~

~
'

r
~

"t'~
 

,-~
 

., 
~

'\ 
~

 
~

~
 

~
~

 ~
 -; l~

, 
s:.~

 
~

 ~
 

~
 

~
 

"-". 
- 

~
 

I

~
~

(' 
;;- 1'\ ~

:;\~
 

\~
? 

~
-"'" 

~
 

~
~

~
"'f 

~
 ~

 
"\ ~

 
i' 

~
 

~
 - 

"':-\ 
~

 
~

 
~

~
 

~
~

- 
~

 
~

 ~
 

~
 

R
 

' \
\1\ 

t' 
':-\ 

~
~

) 
~

 
I~

.~
, 1 

~
 

~
 j 

~
 

~
 

~
 

~
-~

 
'" 

~
 

~
 

V
'\

~
~

 
~

 
~

~
~

~
 

n
~

,
~

 
~

 
:"f-. 

~
 

\_' 
'"

tf; 
--- 

0 
~

 
"

~
- ~

 
C

" !~
I 

..~
 

'\\\ ~
t~

J 
~

~
, 

(' 
"1\ ~

~
\ ~

 
~

 
~

 ~
 ~

~
 ~

t 
~

 ~
~

~
~

~
 

~
j\~

 
'f

$~
 ~

 
_:~

!;\ 
-- 

~
'\\\~~

- i'..~
~

 
~

" 
' 

«0 
~

 
~

'
~

 
~

 
-- c.' - ~ 

~
 

~
 

~
 ~

- 
s::"'- 

-R
: -- 

--
J 

J

(~~

(\
~

~
 x

. 
~

 
'"N

i~
~

~

~
* 

~
r'T

~

J

~
!-~

~
.~

~
~

u
-~

 
~

 7"
.t~

 
~

 
~

 
~

 
~

-r:
~

 
,~

r 
~

 
~

.? 1~~
~ ~
~

~
,~

\
\,,-.t.

"'- ~
J5

.:£~~\)to
J

\.

J)
"'\ 

.

~
~

)
1\1~

rj---i t

\c::Lf
~

~
~

'i 
2' j'

,

..J...~

~
\$~

~

~
~

~
~

g-:
~

-~
--r-r-

--~
~

=
=

c;-~
-,

~
'f\.A

 ~
.



































/
:;y

:

~

/
/ ~

~ ~ ~
, 

'

~
h'

i~
f~

~
~

~
\~

'\~ ~
I \1

\
'. '\ '1

'\

(1
 

'--
,

~
~

~ ~
 

I
\~ f~ ~
 6

\
~

 
~

.~
 ~

~

? l

I rf
~

f5
:.\

~
1 

.~
~

.



































































0 ~ I 0 0\ V
1

\0 ~ to ~
r- l't
'

11
~

~ ~
,';

I t
\. ~

~ l-~ ~

'c
n

1-
-

,g I~ 1m r[

I
~ & -i 1.
0;

4.
) e ~ I \..

t'
, 13

 
.

~

I~ i I\A~ d-
-

~
.

~ -~ "" ~
\ . ~ ~ ~I~ G ,- I~ iG I~

r- 0 0- 0 0 ~ z C
o

3 0- C
D

~

~
l

~
t

t ~ .;. , ~ t~ }\
.

"t
J 

"t
J

...
 

...
0 

0 m n - Z c: 3 go m :-
-,

- Q ii' a z D
)

3 ~

~ 'V m 0 ~ 'a ~ Z ... -

:-
 

~
 

G
) 

~
 

~
~

-~
O

'"
E

C
'o

,<
o

W
I 

C
 

- 
'0

\-
;.D

. 
~

 
~

 
C

D
I~

 
C

3
c 

~
~

C
D

 
c'

<
",

,
"'C

D
C

D
O

.D
C

_.
 

cn
 

-

O
n-

..
,~

 
C

D
 

~
 

0
10

- 
cn

 =
Z

 
-

7~
-

~
~

=
-"

'n
I 

~
~

.
-~ 0'

<
Z m cn C ~ C

D
~ 0 Q

<
.,

1 ~

~ ~ -(
' ~
~

~
~

&
,~

~
.3

- 
t-

-~ ~~

\~ .I" c.
.,. ". - .







/

;(::.

'"~
:

\)0
r"'

""""~
~

~
~

'\ ~
 

~
 ~

.~
 

~
."

/' 
~

.~
~

. 
~

 "'. 
~

 ~
,~

 
~

 
.~

'

~~~
~.-1'

~~~

~
I

~
 '-;;;/-

~~'" ~I::.

'{ 
~

~
~

~
~

;

'-~~c'

~
~(:) ~

\. 
'C

'

r:---~
 ~

~
1~

~
,\k~

l"~
'-~

~
 

~
f,

~
~

--tl~
~

-

~d
~

 
~

~
~~

~~ ~1
l~

 }
,l~~~ ..

t~
 ~

~
~

}

























~

/
/

~~
~

iq;,~
~

~
: 

o;fZ
'~

!- 
- ~

~
~

~
,~

'-.i~
t 

"
'\,)) ~

 -~
 

- 
~

~
 

--~
0 

-. 
-fA

-- - 
\-~

~
- 

.
- ~

~
-~

 
.~

~
~

-l~

~
 

\-

";.- 
'""'r-

~~1
-"(" 

- 
~

 
. 

~
~

". 
~

 
.

~
~

~
 ~1 

~
 

-}t-~~

~
 ~

~
,

-~
~

---~
i 

-~
~

-
~

 
~

--
-~

~
-~
 

I ~
.~

.
~

~

~
t.

,-

~
. 

,-~
 ~

 
'-

-1~
~

%
-1

t~
-r

-f-)---
~

=
~

.,.~

-t.~

~
~

 
--

~~
'!'t

5'~
-

~
l

~
 

-

:-_~
- 

-

"",'
~

 
~

 
.

~
~~
--J~

"">
<

:~
, 

~
 

~
 

'-

\ 
~

\ 
,~

 
~

. 
(' 

\N
 

~
. 

(\ 
-~

 
'""

~
~ 

Ii 
l 

" 
N

 
'>

. - 
,t 

~- 
-

~
~

-- 
~

""I~







,





















~

U
J

a- t c ~ !I:

~

Q
 

~
~

=
~

~
.. 

2g
'0

~
c

a.
 

-c
- 

'a
z 

..a
~

:,"
'

~
 

:~
3~

~
. 

~
.a

',c
..

C
=

. 
- 

~

O
n-

..

~
._

C
0-

 
-=

Z
 

-
i

~
:=

 
.~

n ~
.

-~
C

 
--

a 
0'

<

j 
: c i I Ii 

I
i 

:I
E

 f
Ii 

.

r 
(I

I

§ 
I I

Ili
f

f
J 

~
 

~
 w

" 
i.

~
 

~
 

i 
I , M ~~ C

') a ~ 8 ~





\

\,N

~

,~
l \.

"" 
'\. 

\\~
 

\.' 
:;

'- 
,\" 

\t
~

:\}!.
~

 
"

~
.. 

1:, 
\I 

,...
\\

,t
\

"\ 
~

. 
.!'

'\ 
;\) 

, 
,

c 
! 

~
 

... 
r\.' 

r 
~

'\ 
"

t.., 
~

 
..'" 

i\l
\) 

~
!'\ 

t~
.. 

c ~
~

~
'\

~
\. 

.

~
 

t\ 
~

 
j . 

\ 
~

 \ 
\ ~

 ~
.\ 

~
:'\

~
.; l\\~

~
~~

~
.~

~
 ~

 t i{ ~
\~

J ~r 
~~

"~
") 

~
 ~ ; ~

~
 

~
 

'-I 
l\

~
 

~
,~

 
~

-j' 
~

 
,,~

1. 
~

) 
f' 

~
I 

'\ 
~

,
;'}.,-" 

i 
~

 
~

~
 

,~
~

 
'i~

-\~
 

~
 

?'-.1/ 
~

) 
:"f..~

~

~
'ii-:~ ~.~

~
~

~
 ,~

~
 ~

 ~
;"I 

\ )~
..li ~

~
~

\~
I ~ i~

~
~

~
~

!~
 

,~
 

~ ~
>

r"( 
f\~

 
~

~
.- 

If 
~

. 
~

,...~
'~

 
~

4~
.N

 ~
~

~
~

't~
~ ~

~i
~

~
 

~
 ~

~
~

I' ~
 

~
,~

 '\~
~

1l
\ 

~
~

' 
~

. \ 
~

'\. }
~

 
-

~
' ~

 - 
.,~

'~
'~

1 
~ t

\ 
I 

'- 
-~

 
~

\ 
~

"'t 
I 

_.,~
~

~
&

 ~
 

~
 t 

\ 
\\...? 

\ 
. '}.. 

\,~
, 

- 
~

 
~

 
"~

 
~

~
~

 
~

 
\D

i 
-, 

"~
 ~

 ~
 

" 
\ 

. 
I: 

,~
 

~
~

~
z"~

 
°.. 

f 
~

 . ~l~
"j 

~
~

.~
~

;
~'-: 

~
:

\
\...~

 
~

- ", 
" 

1" t
," 

,,~
 

'- ~
 

~
,

~
"-' 

'-~
" 

:\:~
"/

~
~

 
" 

\. 
\: 

~
~

 
\ 

"~
'"\

~
 

rJ. 
' 

'l 
~

 
-' 

',\';.. 
'.. 

~
\ 

'.
~

f,:;
f- -:~

\. 
r!, ~

 I ~
 r~

 
~

 
I~

 
q 

\ 
~

.: 
~

; '\~
 

~
 

t\ \. 
\

'~
 

~
 I 

\ 
. 

~
 ~

 ~
 

~
 

-\\. 
~

~
 ~

 
(" 

(" 
,', ~

t~
' 

':; ~
~

 
~

 
'

~
~

I-~
~

~
I:\ 

~
 'Il ~

 
~

 
\ 

i 
~

.. 
.." 

\ 
\ 

~

\
:~

 
- c,;' 

~
:::::.~

,.~\. 
tJ ~

 ~
l 

~ t
~

~c
i"t., ~

 ~
 

. ~
 ~

 
~

 
~

~
~

~
I' 

~
 

'" 
\.\.

~
'I' 

:~
 

'\ 
~

~
..' 

. 
,~

 
.. 

~
\\ 

'~
~

; 
-~

,,~
:\, 

~
. 

. 
~

 
~

~
 

~
 

~
 

~
~

: 
(\I 

;~
 

c, 
~

 
'

;--- 
~

 
~

 
~

t." 
~

 
~

 
( 

,,\ 
~

 
'. 

I:
\~ \

~
... 

.. 
' 

~
,..

'--. 
~

 
~

 
" 

..
~

. 
'.

f
"' 

'.'" 
-n:.. 

-
~

 
=

-1'\-;:1 
\.'\ 

'._'~
~

'" 
.

~
 

; 
.. 

- 
\ 

-
., 

- 
..~

., 
--. \

"..
, 

- 
.:.- c 

\.. 
, 

".

. 
~

~
 

:~
\~

 
':,- 

~
(.,~

 
~

' 
~

 t 
\~

-
" 

- 
~

 
~

 
.II

\
" 

' ., 
.

. 
" 

~
'\) 

\ 
~

 
.~

 
:

~
 

~
 

~
 

'-~
 ~

:(~
~

9~
 

~
 

.

~
 ~ 

~
 

~
, 

~
 

N
l ~

 ~
 

~
\ ~

 \\ ~
 ~

 
-l.. 

,~

! 
~

 :~
{~

 
~

 ~
 

~
~

 t~
'l ~

 ~
: ~

~
~

~
 l~

~
~

:~
~

,{.t~
 

9.1 
..~

~
\~

~
. ~

~
 

\l)""fl:", 
~

~
~

.
, 

r ,~
 

~
 

~
 ~

 
~

 
'c' ~ 

~
,\\ 

~
 . l. ~

~
 

\;J, 
~

, ~
'- 

f' 
~

 
'"' ~

 ~
 . 

'4} 
~

, 
~

 
~

 .l 
.. 

\.":-

, 
'~

 
'~

 
~

 
~

,~
 

- 
I 

~
 

~
 t 

~
 

\.'
,~

~
 

~
 ~

, ~ 
l 

~
 

'. 
~

 
\ 

v~
~

. ~
~

~
 f 

~
 \- \j ~

 ':f 
" 

~
-) ~

\ ~
 1 ~

,. 
! ~

i.:
. \

~~
l 

,~
h. 

'~
,~

~
:' 

~
 :~

l,,~
~

~
 

§',," ~
 tJ~

: '""~
~

.~
?~

,,~
't\1 

~
 

~
 

~
l ~

 
~

 ~
 

r'\. ~
 

~
 

~
 

u 
.1 

~
~

, 
~

 ~
\.)J~

~
. 

-j 
~

 
~

 
~

" 
~

 
~

 
\\~

~
1.~

 
7 ~

 ~
 7'~

 ~
~

 ~
 

~
::

J
~

~
~

 
t\ ,t 

~
~

~
 ~

 
~

 
~

 
- 

~
t 

~
 

~
!' 

I
t\.

~~
 

. 
~

 "\ 
~

 
' ~

 ~
 ~

~
 

~
'\

'( 
~

~
~

. 
?_':I~

)
~

lt
~

~
 

:.~
.' 

'";: 
-:"'-"" 

. ~
\,

~
 'J.;.~

"
\

,.,
~

:... 
\~

. 
~

'.. 
" 

...
.\. 

. 
, 

. 
~

 
() 

"'!-
~

 
K

 
~

 
~

 
~

 
~

 ..~
'\ 

~
 

~
 

~
 ~

t~
~

 
f' 

\"'V
 

T
 

t 
p~

'.,.

,'(\

~

c{":\

~
 

r\-
. 

'I \
. 

\ .

l': 
~

~
~~'~r 

~...

.\

~
,~

~c\51 ~
\

..~,
,~

.,;
~

.\~
~

~
'~

 
'"*

\~~
~~
{j

,



~
--

-~
~

~
 ~

~
i~

~
~

 .

~
~

 ~
~

' ~

~
~

 ~
 

~
J)

~
~

 ~
~

 ~
~

 
~

 
t,

~
 

:-
.

t
,~

~ ~ " ~ 0.
.

'- ~ ~

~ ~ II a

~
~

~
~

 
~

 
~

,
\ ,

 
\, 

'\
~

 
" 

tu
~

 
!\)

 
~

~ I,
--

~

~ ~
~

;
~

~ ~
~

~

~
 

~
~

:)
~

~
~

~
~

 
~

 
a 

e:

~
 

~
 ~

\ 
~

~
, 

~

~
\~

 
I~

~
4~

 
).

. 
;



?N ~'--
'-.

, 
"-

~
~

1 
~

 ~
~

1 ~
~

~
{,.l.'~

~
'.~t,~

\
4

~
~

'r 
\ 

.\ ~
~~

\ ~
 ~

 
d~

~
" 

~
'~

J~
I ~{~

'~
 

~
~

 
!\ -~

""~
..

\ 
~

s 
C

:" 
~

. 
~

, 
~

 
~

 ~
 r

" 
~

{I~
' 

~
\<

::..~
 t.' 

i. 
. ~

 ~~
 ~

 
I

'
~~

 
.f1 '"'\)11 ~ 

~
 1. 

~
,

\
k

~
 

('., .
~

. 
'" 

~
": ~

 \ 
~

 '~
\\~

:, 
~

. ~
\ ~

..,. ~' ~
 

l! 
~

1' 
" 

~
 

I
~

 
~

, .,
, 

~

~

\;

,
~

\ ~"~~
. 

~
~

 
'I.K

 
c;cc 

c.
~

,1: 
,.°,:: 

.,
I.-;.. 

~
 

~
 

' 
. 

-

~
 

&
.,..~

 
. k~

~
~

 
~

 ~
",(r; 

'\ ~
 

~
 

~
.. 1~

~
 

~
~

" ~
 

~
 

~
 

\ 
~

! 
~

 r~
~

' ~
 i ~

 
~

~
 

~
 

? 
. ~

 t~
~

 t ~
 :

.~
 ~

 ~
\ 

~
 

I 
, 14 

~
 f'~

~
 

','" 
~

 ~
 

r~
 ~

~
~

 
~

 
"5 ~

f 
~

r~
 ~~

' 
~q

~
~

V
~

~
\' 

~
~

( ~
~

~
~

~
.' 

,~
~

~
 

It.; 
t\- 

t" 
~

 
~

r 
..)..' 

~
 

~
~

t' 
~

 
~

 
t 

'i~
 

~
 

r. 
~

. 
'~

.
~

?~
 

t"
~~ 

~
 

to ~ 
~

 
~

 
~

 
'~

 
~

 
~

~,j, ~
 ~

~- ~
 

.

~
~

 
P

" ~ 
~

 
r 1 

1-- 
'Z~

r () 
.t\

.~
 

;";' 
~

' 
-., 

~
 

"~

~
 

\(

~.~ ,

~

\."t. .~~

\~
 

~
~

~

'

,-/

~
~

.

~
~

. 
~

(
~

 
$'

~
 ,J

~~
t, ti---"'"

,v\
" . .~

,
"""'

'...".w
~

"
L

,



\ \ \. \

\" \ \ \ \ \

\ .
 

, 
\e

.
r~

 k~
 t_

\I~
 t.~

 ~

. 
t 
~

((
 \.

 ~
~

 t ~ 
. 

~
 
hi

 
r ~

 
""

t 
t
t" 3

~
 ~
~

~
 

~
1,

~
 ~,

 
(')

 -~
 

~
. 

'\ 
f 

~
 

.
~

 
~

~
, 

~
 G

~
 ~

1>
~

r 
~

~
\..

~
~

 t
{ 

\..
~~

 ,
~

, 
~t'1 

Q
1

,r
~

~
 

~
 

~
!\ 

II 
~

.
x 

~
~

~
}"

t-
.. 

~
~

U
~

h 
t 

\ 1
 \

 I
. 

,. -
~

 
\~

',-
I

~
~

~
::t

::
'\

, 
~ ~

" 
~

~

,,-
\y

, ~
\~

'~
 

~

~
. 

._
"~

t1
 

~
. 

(
~

.
~'-

'; 
I.

~
. 

5 
.

. 
. 

I~
"'-

~
 

\\N
.. 

~
~

 
I ~

~

( 
~

~
 

~
~

l\~
 

4.
~

 
~

 
\

V
~

 
~

 
~

\\ 
~

\ " 
~

~ I l~ .. ~
\

~

-
~

 
~

~
~

-1
jl 

:.

~
~

~1' 
~

t t
~

 
>

 
~

. 
~

 t
\ 

. 
,

'\~
 

f 
~

 
.'

:..
., 
~

 ~
 

':\
 'i

 
"'-

.~
 

l' 
J 

~
 

~

tl
~

: 
\t"

"~
 

1'
:

~
~

 
,~

,
~

t \ 
,-

' 
~

~
~

~
. 

~
 

.

~
 r4

~
~

 ~
~

- ~
 ~

~
,~

 ¥
"

.f' \ ~ ~ ,.~

~ ~ . 
I ~

~
 

~
~

t')
<

D
~

 
~

 ~

. 
~

,
~

 
I

~
~

rY
)

k~

\~
~

~
 't

, 
~

~
\\ 

'\~
'\.

\

~
~

~
~

--
 

~
 

a 
~

~

'""
 ~

J'
 ~

 ~ 
~

 
~

\~
~

kr
 ~

 .
 ~

~
'~

~
 I~

 ~
\. 

~
~

\ 
f 

' 
. 

.~
~

 ~
 ~

I-
.. ~
 ~

 
~

 ~
 ~

 ~
( ~

"f
)f

 ~
 

:'\
'" 

~
 ~

. I
 ~

 
"l 

. ~
 

~
~

~
 ~

~
~

 
\{

 I
 c:

l~
~

 ~
 

I ~
 

I~

. \
 

(~
~

l
J

~
\ 

~
 

~ ~

~0:
 t f\ V
\~ ,~ , , (J
.;

\)

~



'"
'-"

""'"
'"""'"

"'"

~
 

t\ \1
<

 ~
 

'.IJ ~
 

rJJ 
C

I-+
, ~

~
 

~
 i 

l\ 
'-" 

"-"'" "-"'- 
~

~
 

,~
~

 
~

J ,~
 

~
 ~

 ~
 

~
 fI1~

 ~
~

~
' 

)t ~
 ~

 ~
 

f J ~
~

 
\~

 
~

~
 

~
 

t"'~
 

~
 ~

 
1\

J 
~

 ~
~

~
l,~

 ~
~

~f\
~

\, ~
:q;~

1~
 

~
 ~

I

~
 

~
.>

~
,'( ,.

~
~

\1- 
( 

I 
I 

,..
.~

, 
, 

~
 

\ 
l, 

'
\' 

{J 
~

 ~
J}\~

 
~

':
;~

 'i~
 .~

~
I l: 

~
,\(

~
~

~
~

~
'1 ~ 

~
~

 ~
~

~
,k 

~
~

,-t 
. 

~
 '\ 

~
 \

'" 
}

~
" 

. ~
l.l 

I 
,i

~~
\

.i. 
I

, 
,

~
~

Q
.' c~

,'

( ~
 'l~

J
~

'~
~

i 
r-

~
 

"
-; 

\

~
 

~
\y 

,7.
" ,~

 
" 

~
\\ 

~
 

c7 
~

~
} 

~
 

~
 \} i r ~

 ~
 ~

 ~
 ~

~
 

~
 ~

 
\ 

\ ~
 

~
' 

C
l~

 ~
~

 
J 

~
 

,., 
\ 

a to.
I~

 
~

~
 

~
 

~
 ~

 
~

~
 t

~
 

"~
 

I 
)

~
" \.:::.../ fA, 

~
 

~
 

(
~

 t 
.1. ~

 \{\ 
t 

.

i 
,,<

 j

, 
, ,~

~
 "* 

'

i- 
~

 ('\\

f,~
i

~'.~

~
~'" ~

~
~

~
1~
~

.



"'\
\.~

"
\

\\

\

,4..r~
) ~

.
~

~~

\--'

~
-r:;::-

~
" '. ~

\i'S
'~

\ 
~

~
~

~

.~
~

 ~
'.~

 ~ 1"~
, 

J~
<

}J

~ ~
\

~~\"\.1
~i~,~
 

~

~
rI~-4J

~
\

0\

-k~
~

 
~

A

~
 

~
~

. 
I

I ~
"'t( ~

~
~.

~~~

ii~

fr



~ ,\\:\\\\\\ ,\.,\""

\. ,,
,"

'",
'-

'""r ,"
...""""

\
\

~v

~
~

~
, 

~
. 

.~
. 

.~
~

 
~

~
 

. 
. 

. 
~

. 
~

I ~
 ~

 ~
 

(\
~

~
~

 . ~
 t' ~

~~
V

J ~
 ~

 
4..\ ~

 
~

 
I 

')."': 4\~
 

~
IJ, ~

 
~

~
 ~

 
~

 
~

 ~
 ~

 ~ 
,

J ' 
'- 

~
~

 
~

 
\ 

~
.' Q

J 
I 

I 
,""

:~
~

 
~

 ~
.,

f
~

)\?' ( 
,

1~
 

~
~

't 
~

 I.. 
.~

~
(' 

~
~

 
"

~
1 

~
~

~
' 

~
I~

 
,~

~
"~

{?'~
 

. t
~

 i-..!../ 
f. 

'~
~

~
;t~

 
\,

. 
'-- 

~
 

~
 

~
~

~
 

'" 
~

 
\\i

~
 

,J t 
~

 
~

 ~
~

 
t) ~

~...:~

. 
- 

A
-' 

. 
- 

.-

~
lI

t {.t~
I

},~
'. 

f I

~
~

~
~

~
...Jj0\

" 
\\ 

\\'\

~
W

S
J\\;)

~
 

.~
 

.V
\.~

t;-~
 

.

""-

, 
"

~
'

'"

.~t ~
 

"

~"tYJ~

-

'\ 
'

~~C
oi'1 .:::;;

-lJ



~ ~
 

~
 

1
,~

 
' 

~ ~

~
~

~
(~

 ~
~

~
 

b~
 

:
~

~
~

'i~
 

'..
 ~

~
\1

 
~

 
I. 

~
"

~
 ~

 
~

(
\ 

~
 

\~
J

.
~

~
 

.

J
,

1
'- 

'

~

~
\

\.,
.;" r"
, l

~
""

"l;
;'V

-

"'\
,

:~
\ ~

~
~

\
~

~
l

~
' ~

~
~

~
.l

l~
l . 

Li ,~ t \

~ , '" ~

~
~

-~
.~

. 
~

"

\ 
fJ

J
, 

I 
~

\',

~
. 

~
~

~
~

~

~
 

t 
f,"

'I ~
~

~
~

~
. 

~
~

~
~

~
~

~
~

'i' . ~~ 
~

 ~
" 

4J
 

I,
I, 

()
--

 
~

 
0'

~
 

~
.

~
t 

~
 

~
 
! ~

 
,.0

~
E

 
I~

 I
 ; ~

 & 
. ~

 ~

~
 t 

r 
(/

\ 
\ 

;~

) 
~

 ~
 

) 
~

~
 ~

 
~

t 
l~

' 
I 

$'
~

 
.-

\~
 

,~
 

~
~

or
J~

\' 
! f 

j:i
-.

~
t

- ~







I, 
~

 I
!~

~

~
~

. 
-

~
t ~

~

I

~
,,:

'
~

:
~

.
~

:
;

1
:

~
,:\

:,
~

~
:,

I
I

'~
':'

:
1

;
~

i"
i:~

. 
i 

i 
:

~., 
:::

 
:1

1
1

'
IlL

' 
1 

I~
' 

,."
 

I
" 

I
t~

 
: 

. 
, 

I
f

-
,

Ii!
!; 

Ii'
--

;'-
: 

~
-_

:-
"t

""
 

~
. 

I' 
i 

--
;-

-~
 

:-
-

~
~' ~

; 
: 
~

~
~

f'~
~

'~
.;

\: 
'~

 
~

\~
:I 

~
f

~
'

"J
.:i

\t
~

!~
~

~
Ii

~
~

~
1'

"~
 ~

 ~
 

' 
~

I 
W

 1
""

\ 
I,.

,
~

"~
IW

 
:

i 
j,!

,:
I

i 
~

1'
\1

~
' 

it 
I 

'
~

 
'

11
,~

 i 
~

 
: 

I

I
I 

,i
I

' 
, I

I. 
:'

: 
I 

I

~! 
~

~
J~

~;
M

,: 
I: 

!"
 ~!

-l'
 

I

I. 
I 

!'o
LJ

 'f
A

 
I 1

'\ 
i

~
 

: 
i 
I 

~
' 
~

 
I

~
t 

i

~1
~~ 

~
~'
~!

~
~

' 
I 

I 
: 

I_
~

! 
. 

I
~

 
: 

I 
.

~
II

~
~

~
i 

I 
I' 

\~
"

.
I\. 

I 
"G

' I
 

, 
j 

t\ 
.

~
 

J'
I 

., 
, 

, 
't-

,' 
~

 
~

~

~

., ~
. ,

"
"-

 
:

:!~

~
-I

~
 

i

~
'

P
 i

~ . I ~ ~

~ ~ ~ ~ ~
:! 

I
I I 

.

I I I
...

 
I I !

I

I

i 
' 

"-
'- 

.

['' ~
, 

~
I

,
I 

. 
I' i

, 
! , I

-!

c ~
, i~ ~
~~

~
~

l~
jJ ~
~ ~
I~

l~
~.~ i

~

i~ i~
. -l.

i

~
~

~
~

I \



\

\ \ \ \ \ "
\

"- ~ . I ~ 0

~ &
0, ~

~ UJ ~~
~ , V
.' '"

~ , ~ " .u

1\
 

~
t 

t 
-

~
 

. 
.' 

~
~

~
 

' 
~

~
~

 
,i 

~
~

1\
t)

~
 

""
"'e

;~
~

~
 

~
~

~
~

I 
~

v;
g 

~
 

0 
~

 
'

~
~

 
I~

~
~

~
 

;s
 ~

V
'

f:;
] 

~

1

~
 

~
r- 

I 
~

 
,~

- 
'

r
-=

--
~

-

~
 

l/\
, 

,I 
\ 

, 
"~

 
~

~
 ~

 
'l"

\ 
.)

 
~

 ~ 
. 

~
 i~

 
'

~
 

* 
i 

~
 ~

 ~
 
~

 ~
~

 
\ 

~
J

f ,1
 

~
 ~

 ~
~

 
; t-

 ,l J
: ~

. 
~

r 
~

,

.~
 

~
 ~

 lU
! 

~
,. 

!}
t 

1 
~

'j
~

~
~

~
~

~
~

~
. 

~

."
1J

 ~
 

~
 ~

 
~

~ " ~ 0

~
r \.

;\
\ 

,'\

-~
- 

~
~ ~

~
~ ~ ~ ~

~

:.;

I

C



\.\
\

\\\\\
\\.

, 
"t,

~ ~
~. I \ I

~
~

J,

$
f~

'~, ,,
~"~

 
>

.~
 

~
 ~

~
" 

~
 t.

~
 

(. ~
 

\.A
J 

'cA
I

,
"

\
\) 

\.~
 

~
~

\\'1~
,\\.,\1 

\" 
\'\'\'~

~

t', 
9J \\~

, 
U

\V
 

Q
 ~

,~
 

"~
O

J
~

~
 ~

~
 ~

~
() 

l'\O
~

~
 

~
~

U
j~

~,

1 ,,'~
 

.t" 
(

~
 

LtJ 9'" 
~

 ~
 

0c.J 
~

~
 

V
\~

 W
 9J ~

~
s

~
';t 

t
\~

 
~

. 
~

 
~

~
 

~ t~
'x. ~ ~, ,~

~~

~tt'I'q:;
c:.,~

~~\"'()

~
 

~
~

 ~
 

,~

~
~

~
~

 ~
~

~
~

~
 ~

ti' 
~

l
~

 
\ ~

 I 
~

~
 

~ ~
~

~
 

~
,~

i", 
\

l 
fJ\ ~ 

(..~

f~
 

r' 
~

1 
t 

J,

~, \Q
J

~

"O
J

II()()

~
~

~
:~

'. 
" 

,. 
,,'\

,~
 

~
'

~
 

\>
\ \,,'\ 

~
 

'"

'\)\U
~

 
.{J~

'

~
~

~
~

 
tf\ 

"'I

\~
 'L ~~

~
 ~ 

\ l t
",~

) ~ 
(\() 

~

~
.~

 
~

 
~

 
~

 
,. ~ 

.

. 
1'11- 

tJ

~
f~

~
 

-

t.:~O".~
~~r



 LOGBOOK # ISSUE DATE RETURN DATE ISSUED TO: 
1 524 09/08/97 November 1997 Shafer, Steve 
2 529 10/07/97 December 1997 McManus, Steve 
3 530 09/08/97 

Reissued 11/17/99 
Used only 2 Pages 
September 2000 

Tim Gotto 
Blakemore, Jody / EOD 

4 532 11/03/97 March 1999 Dodd, Craig  
5 533 11/03/97 

Reissued 03/11/99 
Used only 1 page 

August 1999 
Arlene Alvarez 
Dodd, Craig 

6 534 07/13/98 August 1998 Edwards, George  
7 535 07/28/98 February 1999 Morgan III, Charles / EOD 
8 536 08/31/98 June 1999 Stoopes, Gary 
9 537 08/31/98 May 1999 Ross, Larry  

10 538 08/31/98 December 1998 Stoopes, Gary 
11 539 09/24/98 June 1999 Edwards, George 
12 546 07/17/98 September 1998 Gotto, Tim  
13 550 10/29/98 August 1999 Stoopes, Gary 
14 551 01/05/00 March 2001 McManus, Steve 
15 552 09/21/98 March 1999 McManus, Steve 
16 553 06/15/99 January 2000 Spengler, Diane 
17 554 06/21/99 February 2000 Gray, Fred  
18 555 06/23/99 January 2000 Morrison, Robert  
19 557 08/10/99 November 1999 Dodd, Craig 
20 558 08/26/99 April 2000 Stoopes, Gary 
21 559 11/04/99 February 2000 Dodd, Craig 
22 560 01/26/00 September 2000 Spengler, Diane 
23 561 02/14/00 October 2000 Gray, Fred 
24 562 04/21/00 December 2000 Stoopes, Gary 
25 563 02/23/00 June 2000 Dodd, Craig 
26 564 04/25/00 December 2000 Ish, Jessie  
27 565 12/14/00 August 2001 Stoopes, Gary 
28 566 04/25/00 June 2001 Gray, Fred 
29 567 Fire Log 

05/07/2000 
May 2000 Gray, Fred 

30 568 09/20/00 March 2001 Spengler, Diane 
31 571 12/12/00 March 2001 Dodd, Craig 
32 572 12/12/00 August 2001 Spengler, Diane 
33 573 03/02/01 September 2001 Spengler, Diane 
34 575 06/07/01 April 2002 Gray, Fred 
35 576 08/02/01 October 2001 Stoopes, Gary 
36 577 01/21/02 March 2002 Spengler, Diane 
37 580 04/02/02 April 2002 Gray, Fred 
38 NA 11/9/98 July 2000 BEAR, INC. 

Peter Boissiere 
 



 



~ -. 
fn

fa 
C

~
 

C
D

m
 

a..
-c

~

cnC
O~Q
)

-c~.cD
:

fit 
-

c 
C

D
C

D
 

-
C

o 
fit

~
 

~
0 

C
D

.. 
~

r-0D0-
00~Zc30-~...

"U
 

"U
-. 

-.
0 

0
'"i' 

(D
'

.9.- 
.9.-

~
 

z
m

 
C

~
 

3
m

 
go

~
 

~
~

 
..

~
~

('" 
.

,C
: 

c:,.J

~
~- 

C
V

\ 
~

E
 

C
)

~
~

I,

\

, :t>
~

"C
:.~m

\~
"a~Z,:j

Q(i.
~-zQ

)
31ft

~.,(~

")~

-=
>

G
)~

"O
W

I - 
cn 0 

..

~
C

'O
,<

O
W

I 
C

 
- 

"C
- 

"T
1~

m
.g>

. 
~

:~
3~

,<
~

"~
~

o
,g..
C

-. 
cn 

...
O

n-..
cn~

A
lO

O
' 

cn ~
Z

 
.

,"0-
~

A
I~

m
..n

...,~
.

-~_A
I

0'<ZmcnC~~m00

~

~c.c.-,~cncn

\\~

;1~
~

~
~

f'i>
 

-0 ~
 ... ~

~
 ~

~
 

~
 

i ~
 ~

~
, 

~
.~

 
..,

')~
 

~
~

~
r

~
 

"t-~
N

~

~
~

,s.~
1

~
 

~
..,~

IJ
('" 

~
~

 
~

r~
f

~
~

~
~

 
Q

..,

o,Q
~

~
~

(D
 

(l- 
-I

.ob~
-;"

~
~

.t. 
~

 ~
£ 

~
 

+
, 

,

(. 
.t,,;t-

,.. 
~

~
 

-

J...t\~
 

'i~
~

J ~
 ("1- r 

S
o



~

~
r

~
""

"<
.

""
t.~ Q

.
-"~ . . ~ ~ '"

\J
\

0 t:. ,it
:

~ ~

~
~ C

;> ~ ~- Q
-

'"'
, 

t
~

 
~

~
 

t
-~ ~ ,f U
 

~
. 

~

..'
i'~

.,J
 ~ 0

~
 

~
""

 
-+

-
. 

~
.

C
o 

)-
~

 
(

-.
.\'

r 
~ ~ r

rl"
\

~ f\ '" ~~
~ ""
<

" ~ ~ ~
f , t

~ " f\ ~ ~

'- ~ 1\ rO . .t~ -l~
~

~
 

3,
~

 
~

"'"
 

'\ V
I

~ -- ~

..v

~

~ ).

(\ ~ ,.. , 
'

~ ,{
'

~

J.
.}

-
-~

 
0

~
 

~
1 

~

~
f

..t
.

"'C
t"

~

~
r

~
 

C
-

. 
-

...
,..

.,
~

 
~ " ~ n ~ " 

I
,S

)

























~

I I

~

\~ ~ -( + C
'

0
g>

r ,.~
 

\~
,~

-S
. 

.

~ 'I J' t'\

-

&
'

~ '\.
~

~
r ~ \'\

~
 

O
f

\ 
,\

~

""
h

() 1

- ~ C
o

~ ~
 

..

~
 

~
 

(

(\
 

...
,..

~
1 

~
 

.t'
"

~t;
 

~
 

~

" 
}

~
p -

 
-

~ ~ ,1 1; cL , ('\ ~ ~ " .{ " ~ ~ t ~j~
~- 

~
-

:-
,\~

 ~
 

~
~

 
~

' .
. 

r
~

 
..,

 
~

~

~
~

~
~

 
~

I
"t

\ 
~

 \
\

~

..

~
~

~
\

~

s.
A

~
~

 
~

 
0

~
,

to
.:;

)-
r~

"'!
\

-I
 

~
 

?<
 

C
o.

 
t,

"t
 

-+
- 

""
 

(\
 

\1
\

, 
)"

 
--

r 
'v

 - 
,.

. '.
 

~
 

\1
'

~
~

J 
~

1
0 

~
)"

~
~

. 
f\ 

}

()
 

~
i""

~
~

o
""

) 
~

 
1"

-
J.

 
",

,"
"

C
"\

-f
l~

\)
0 

""
t..

. 
~

 
C

o.

S
 

~
, 
t 

',i
t"

A
 

~
~

 
1\

~
1

~
,~

'
:_

-~
~

~
~

r;
:.. f 

.
.. - ~

~ T

~ .$
. r { ~

~ ~
.~ ~

. 
}

~
-_

l''o
f-

-
a

~

'-

~ ~ ""
"

~

~
\~

1
~ ~ ~

.
... ,. ~ ~ (\







w
~

\~
 }\~

 t;;~
\~

\\\~
" 

~
 

\ 
A

~
 

(. 
\

~
~

r-. 
\"-~

~
 

ror~
-

C
o ~

 
t 

~
 

~
 ~

 
T

 
-t 

~

~
 r 

(' 
('\ 

~
I 

i 
f 

~
 

~
 

~
 

~
lj- ~

 --1 
i-.it 

'"'\- 
~

 
~

 
~

~
 

'" 
~

 
~

,ttr 
~

 
1 

$. 
('

:t 
~

"' 
~

(\ 
'"-.Q

 ~ 
., 

.
~- 

<
..

<
:) ~::,. 

f'
8"', 

~
 

.b.,
~

 
~

 
~

 
~

C
"'" 

,,( 
),

~
"", 

~
 

-, 
\.

~
 

~
 

't: 
~

f\ 
if'"

"t') 
,~

 
~

a 
~

 
~

 
~

I 
\

,t..40- 
1-,.0 

,-
~

 
~

 
-- 

'"
~

 
~

 
~

 
-1

(\~
 

it
fC

\

} " 
A

A
~

-
;...~

-

t\~ttt

t i ~
\~

 ~
\Il ~ \~

t 
Ci

'"1- ~
 

~
 

s 
19':j

~
~

 
f 

~
~

 
~

~
J 

(t.
f

~
 

~
i~

~
 

A
' 

('\""

"'i'; 
'T

' 
?o

t~
 

ti 
i

r. 
5'"~

 
~

'-~
 

~
~

 
~

 
.

~
 

J. 
'" 

..1

~
 

f\ 
\

s.,,~
~

 
~

 
C

o
:to- ~

 
'" 

1-
1"" 

~
 

(\

~
 

F
-..-'c{'

~
J

~~...
..

"(\0}.

{J0~

~
~cJ

~
 

;-
~

~t

~
l~

~
 

~()~~(\r=
1

V
' ~~ r!;-~

\
~

~
~

 
\

~
ce. 

~
"f'"r~

 
-~

(t)~
~

~, 
~

~
~

 
~

 
~

 
~

, ~
~

 
U

'. ~
 

t(\
~

 
-I;..

JI~~.r
"-b
'-'"~~" 

.
~

~~

'?\)

~\1\
t..C~

...

~(\
1

~
~

 " 
~

 
) 

""

~
~~
~

~
~

~
.f

J
~

 -, ~
~

 ~
 

),
'\t>

 
(\

'O
~

 
~

~
 

~
J 

J
:>

,~
~

 
\~)t

~



~

!::
- c

!l \
 ~

r(
 ~ 

~
\~

~
 
f. 

~
.,~

~
 

~
,..

1 
~

 
~

 
~

~
;t-

 
""

",
",

' 
~

 
~

 
c.

 
~

 
v

.J
 

-£
0 

-0
 
~

 X
 ~

 ~---
.(

0 
-t

":
"~

-' 
("

'

~
 

s.
° 

~
a.

: 
r 
~

 
-I

>
""

8'
\1

' 
~

.~
?~

 
1-

"
.L

b 
~

 
~

'c
' 

) 
~

~
 

~
 

~
~

~
 

., 
""

~
 

i 
!,

~
 

..-
~

 
~

n 
.,.

~
 

~
~

t
'(f

l

-.
'< .~ ~ t(j\ -t + C

"'~ C
o

(\

~ ;

\:;
g'::

")
~

~
 

~
~

 
}

]t-
~

 
~

. 
+

--

~
 

0
c.

~
-f

a

\~ \~
\~ ~ ~ ~

<
""

'"
0 ~

~
\~

1
()

 
..Q

 
0\ -.

.
V

\ 
D

" ~
 

~
,. 

~
, ~

 ~

~
~

- ~ Q 1"

~
III

~
 

~
,

~
V

\r
('

-t
r:

~
~

 
~

 
(\

 
n

t 
-+

--
 \l 

~
I

~
r 

t

B
~

~
t 

Q
~

~
r 

~
(\

~
1 

=
-'1

':"
~

 
(' 

,/
~

~
 

J

, 
~

~
 

~
L"

,

~

" .1 (';
L0' ~

i~
1

...
c ~





ff~
 ~

a. 
C

-to.

--
~

 ~
 ~

t
""1

]~
~

\
a'

\
'!: 

(~
- 

-\ 
~

 
'"

n!
c 

~
,

,. 
P

,- 
. .

~
 

!;-:-~

611!~
~

t:»o 
~

o
. y~

 J~

~
~

}J
Q

 ~
 

'f
1 

-I
f 

-t>
 

~

"""2 
~

0, 
~

~
~

 
J

'r;~
 

~
~

~
 

~
(\ 

0 
, 

~
 

~

,

, f'(\t{\""'1+(\,

~
()

~
~

- ~
- ~

,- 
'" 

(\.

"-~
~

. 
~

-, 
~

"" 
-\

t\ 
V

"

-

\t'"..t

Wt~""-,+
--

t\.

~~ ~(\

~
\~

0 
~

V
\

~
~~
, 

\\It
\1\ 

,~

t:;r f 
~

~
~~
~

~(\ 
&

'
~

 
~

~
 

'"\

~~()r:»,
\r. ~

~~\
)~

~
~

 
~

'I~
~

, 
~

 
-I 

~
 

~
 

~
~

 
n 

v 
~

T
 

~
 

1;' 
'1 

fb

~
 p~

 ~
 ~

' t 
J 

U
\

~
 ~ ~

-I 
-t 

(
,,~

 
C

o,..."
~

 ~
. 

(' 
_I")

~
 

1'\ 
\J\ ,.

<
~

~
C

 
--J 

1J)
~

clf"~
 

:pi 
ii-

~
.. 

6'" 
,~

: 
r;.,~

 
~

 
1'.(;'

.r ~
 

-'c 
~

 
'-f 

,D
~

~
 

~
 

(t
~

 
~

 
~

~
 

V
\ 

~
(\~

(\ 
'I 

- 
~

 b
~

 
~

-t
"1- 

f\ 
i 

~

(\-..
c'~

 
0::::

1- 
~

 
~

 
t-\

~
 

f\.A
-I 

c. 
"<

)
() 

~
 

~
s. 

.

\~
\~

 t ~\~
 ~

 ~
&

' o\~
') 

~
 

-g 
~

I 
~

~
~

 
~

~
 

.S
o

(.~
 

r-. ~
 

~

t\~
~

--~
~

 
'"

-.( 
~

~
 

~
c-.Q

. 
. 

~
~

 
- r 

S
o~

, 
~

 
~

~
~

 
~

, 
~

 i
{\ 

~
 

t 
~

 
\.

~
 

,
t 

~
f 

~
:i

~
 

to 
-I' 

~
~

 
"'i~

 
~

 
\

~
 

f\_~
,

~
 

~
 

~
 

-~
 

~

f 
~

fi 
U

,
'i 

~
 

f' 
~

 
~

'\ 
\ 

0 
~

1 
f,t 

~
"1" 

~
 

~
 

~~
~

0 
""t>

 
~

~
 

C
'"" 

(J
., 

r 
~

~
 

~
 

~
~

(t 
,;.'

~{~
~

~
"(\~
 

,
~~

 ~
P

- .t

f\ ~
J~

 '
~

 
-, 

0
1 

}
~

~
 

~
 

()
~

 
~

 
~

\J-n+
~

 
O

X
 .,

\) 
~

 
~

~
~

('\
~

- ~
 

t
~

 
-,

f' 
~

 
"'t-

X
 

-:; 
'F-

,+
~

2
~

 
~

 
()--

~
 

~
~

('\ 
"" 

~

l~
f, 

l

~
 

~
\\~

)~
~

 
(=

t ~
 

~
~

 
.,

$ 
vJ

~~
 

"i'"
r"' 

~
., 

..
~

 
~

f\ 
~

~"<
..~-"\I

~
 

[I
-. 

~
"t~'" 

b

I~l' 
..

f 
3,

r



















~

\~
\"f

t-~..c:
(\-C.0 ~~ "1--,

~

~
~~ - 

-.
c 

~
"~, ,
""+

00
1'\~,-4-
r:;
"

"t~. t'I;..r-

\-\~
"

\~
 

~
 ~

 ~
 ~

 ~
 ~

~
~

 
1

~
 

.~
 

~
 

J ~
 

-, ~
 

~
 

~
{ 

~
'-:r..

,r: 
-- 

c- 
(1 <

' '"'<
 '\ 

~
 

.0-
" 

~
 

':t- J 
-- 

\.A
I 

\of 
~

. 
(t 

S
~

. 
.'" 

~
 

~

~
 

('\ 
~

I 
~

 
(Ib 

~

. 
S

"" 
:-:;--~

 
(

.). 
" 

f' 
-- 

r 
--

~
 

1"-""'" 
~

~
 

"('X
 

~
-, 

'- 
~

, ""\ 
,. 

""

~
 

~
~

C
\ 

(l- 
'"

--- 
\'1-\(, 

.
~

' 
i 

~
'" 

~
 

(
\;. 

~
~

.. 
to

-" 
t 

~
 

r
'" 

"~
..J 

---~
-

~
- 

l' 
" 

"
~

 
6~

~
F

 
~

"1- 
""~

" 
-, 

" 
1'

!
~

 
0

:::::::. 
"., 

0,.

.~
\~L~~~~~

\
\), 

't>
 ~

 N
 ~

,~
~

 ~
 ~

 ~
li ~

I~
 

"-

c 
I 

" 
-

""'- 
Q

)"'P
~

 
"'""0 

,. 
~

 
~

c 
J 

'" 
~

,~
.

J 
+

--. 0 
. 

f\ 
~

... 
V

' 
"'t\:!;t~

tit 
-~

 
(~

-.. 
~

 ~
"""- 

,,(\ 
-oJ . 

,
. 

. 
~

 
'\ 

"'
- 

s"t 
~

~
 

00 
..- 

:\
V

 
1-~

, 
~

'"" 
C

l\rl 
~

~
 

-t i 
~

~
 

,~
-.:::

-- 
r 

f\ t 
~

 ~
. 

,,1--- 
"tt

~
 

~
 

C
"f, ~

t'-P
- 

~
..o.01

..'"-.~

- f'\ 
~

, 
~

, 
~

 
r-

~
 

\:
f\ 

Q
.

r 
~

 
~

-~
~

~
--:::..~

 
~

,t 
~

~
,

'" 
~

-, 
~

--it 
~

'- 
,~

'X~(.f'b

r",~C
,

1

t~}~

r\~} 
~

~
-~

-
, 

_I
\. 

~
"I 

~
.\

~
V

\~
A

 
.

~
 .., 

0'.,.

""'(. 
~

~
~". 
~

~
~"

~
 

~M~~

,

























~0 
""t

c 
-~

 
0-

(\~
C

L

{)-~
p

+
, 

'<
C

 
\

-J-

~
~

::j...
~

~
~

~
 

~
--<

-,to
~

~
~

'"
V

\0~
I

~
~

~

("",t("\ ~-I~(0

\~(\r

"1-
~""'*-
,.

'" 
'"

~
, 

~
f\ 

'I 
,I

-
~

' 
,--

~
 

~V
'

\t'*
~(\~C

o

('

~
t ~)~

~
 

}i~

~
'-:;r~

-~
 +

 l 
~

-

i-rt-c2
~

\) 
~

 
}'

A
 

~
. 

-Q
 

~
 

("t\

f 
~

, 
~

~
 

-
)

P
- 

~
..

"f" 
~

~
-, 

J
§; 

$ ",\A
 

~

.;:.r~+

)f\ 
~

 
~

0"" 
-t'" 

~
 

~
. 

I
~

"\ 
'~

1- 
"" 

~
-,...7
I.

~
\'-"")

C
A

,t""f-

~
('" ~~ t-'-..

~~
,

c("b

:7f::)

~~ tt;; 
)~, 

~

I 
,-)~~{'0-
.E

o

C

~
~(b 

W

~

~
~

1 ~

~-,~~,a:::

'}~~~
~

~~






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































