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Requirements of the Fiscal Year 1999 Contractual Performance Measures ar2 defined
in letter, T, Taglor and J. Canepa to T. Baca and D, Gurule, dated February 4, 1999,
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1,0 INTRODUCTION

Between 1945 and 1985, the Los Alamos National Laboratory {LANL or the Laboratory) disposed
radioactive and hazardous waste in material disposal areas (MDAs), which are currently under
investigation as solid waste management units (SWMUs) under the purview of the Laboratory's
Environmental Restoration (ER) Project. There are 26 MDAS located across the 43-square-mile
Laboratory campus. The MDAs have various inventories, including fiquids, sludges, solids, liquid and
volatile organic chemicals, nonnuclear oxplosives residues, and radioactive compounds, Disposal of
these wastes was In accordance with the practices at the time howaver, more protective regulations have
since been enacted to ensure that SWMUs do not pose unacceptable risks to human or ecological
recaptors, either now orin the future, At a national level, the Hazardous and Solid Waste Amendmaents
(HSWA) of the Resource Conservation and Recavary Act (RCRA) authorizes the US Environmenta!

" Protection Agency (EPA) to enforce corrective action for SWMUs, Locally, the New Mexico Hazardous
Waste Act provides this authority to the New Mexi¢o Environment Division (NMED).

The ER Project performs corrective actions at MDAs and other SWMUs according te the terms of Module
Vit of the Laboratory's hazardous waste permit (the “HSWA Module™), which was Issued to the
Laboratory by the NMED, The HSWA Module substantlally incorporates EPA's “Advance Notification of
Proposed Rulemaking; Corrective Actions for Releases From Selid Waste Management Facilities at

. Hazardous Waste Management Facllittes” (hereinattor referred to as Subpart S). Subpart S provides
guidance on a nationwide basis for addressing corrective action at SWMUs, deseribing graded
roquirements for RCRA facillty invastigations (RFIs), corrective measures studies (CMS), and corrective
measures implementation (CMI). The MDAs Core Document describes the process doveloped by the ER

 Project to complete the RCRA cerrective actions at MDAs,

In accordance with the ER Project’s integrated tachnical stratogy (LANL 1999, 63524), corrective actions
at MDAs will, in general, proceed based on the priority of the watershed aggrogate where each MDA
oxists. The exception 10 this generality is that the corrective action process at MDAs G, H, and L at
Technical Arga (TA) 54 will be initiated ahead of other activities in the Lower Pajarito aggregate of the
Pojarite watershed. The reason for initiating the corrective action process at MDAs G, H, and L ahead of
schedule (relative 1o aggregate priority) Is that MDA G plays an important role In the corroctive action
process for other MDAs, and that role is demonstrated using MDAs H and L as “test cases.”

1,1 Purpose

This document astablishes the process for completing corrective action at MDAS in accordance with
Subpart S. In general, RCRA corrective action incorporates RCRA facllity assessments, RFIs, CMSs, and
CMis. Invostigations have begun for most of the Laboratory's MDAs, with Phase | RFis complete at the
majority of the larger inventory sites. To evaluate RF! data in an objective, systematic, and costeffactive
manner, the ER Project will implement anew decision logic. Figure 1.1-1 shows this decislon logic; its
implementation Is discussed later in this document.

- ER Project personnel will use the declision logic to evaluate the adequacy of MDA-specific data,
assembled during Phase | RFI, to support conclusions regarding risk to human and ecological recoptors.
If existing data are inadequate to confidontly assess risk, researchers will use the decision logic to identity
what data are required durlng Phase !l RFI to Increase conlfidence In risk-based decisions. If existing data
are sufficiont to confidently assess risk, Phase Il investigations will not be ¢conducted and the decision
logle will Identify measures to onsure that the risk assoclated with an MDA s acceptable. '
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General framework of decislon loglc tor streamlining the corrective actlon

Figure 1,1-1.
process for Laboratory MDAs

Risk will be evaluated for both human and ecological receptors on multiple spatial and temporal scales.
To evaluate present-day risk, researchers will evaluate present-day contaminant nature and extent, and
current land-use patterns, To evaluate future risk to human and ecological receptors, subjact-matter
expens wiil calculate future contaminant nature and extont using fate and transport models, and will
consider multiple potontlal exposure pathways In cumulative risk assessments 1o bound possible
alternative future uses of an MDA and Its environs, They will also use fate and transport models to
avaluate the relative effectiveness of alternative corrective measures,
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12 Regulatory Framework

Under Subpart S, corrective actions are performed to minimize present-day anc tuture risks to human and
ecological receptors, Doclsions regarding corrective actions at Laboratory MDAs will be guided by the
'EPA standard target risk range stated in Subpart S: ‘

“EPA's risk reduction goal Is to reduce tha throat from carcinogenic contaminants such that, for
any medium, the excess risk of cancer to an Individual exposed over a lifetime generally falls
within a range from 10, . . to 10", For non-carcinogens, the hazard index should generally not
exceed one, Risk-based media cleanup standards are generally considered protective if they
achieve a level of risk which falls within 10 and 10% risk range.”

" “The Subpart S risk range is conservative relative to potentially applicable EPA and Department of Energy
(DOE) performance objectives for doses of radiation received from radioactive waste. These objectives
range from 15 to 100 mrem#yr,, a rigk of 3 x 10™to 2 x 10°, The EPA's Office of Solld Waste and
© Emergency Response document 9200.4-18, “Establishment of Cleanup Levels for CERCLA Sites with

. Radicactive Contarnination,” (EPA 1987, 58693) states the following:

“Cleanup should generally achigve a level of risk within the 10 to 10” carcinogenie risk range
based on the reasonable maximum exposure lor an individual. The cleanup levels to be specified
Include exposures trom all potentlal pathways, and through all media (e.g., sofl, ground water,
surlace water, sediment, air, structures, biota). As noted in previous policy, ‘the upper boundary
of the risk range s not a discrete line at 1 x 10, although EPA generally uses 1 x 10 in making
risk management decisions. A specific risk estimate around 10 may be considered acceptable If
Justifled based on site-specific conditions, . . I! a dose assessment is conducted at the site then
15 millirem per year (mrem/yr.) etfective dose equivalent (EDE) should generally be the maximum
dose limit for humans. This level equates to approximately 3 x 10 increased lifetime risk and is
consistent with levels genarally considered protective in ather governmantal actions, particularly
regulations and guidance developed by EPA In other radiation control programs.”

The goal of & 10* to 10 risk range Is consistent with the EPA's Clean Water Act, which limits of the dose
. frorm Intake of radioactivity In drinking water to 4 mremiyr,, and the national emissions standards for
-hazardous alr pollutants radionuclide regulations, which limit the dose from radioactivity in the air to 10

mram/yr,

A decision-logic based on risk rather than dose Is appropriate because MDAs containing hazardous,
radioactive, and/or mixed waste can be assessed and compared 1o each other using a common
framework, Further, the target risk range meats other potentially applicable regulatory standards,
Including the DOE standard for public radiation protection and the EPA Clean Water and Clean Alr Acts,
Finally, a risk-based approach is consistent with the “Risk-Based Decision Tree” from the “New Mexico
" Environment Department Mazardous and Radloactive Materials Bureau RCRA Permits Management
Program Document Requirement Guide” (NMED 1998, 57897),

To expedite corrective action for MDAs, the MDA Focus Area of the ER Project wil limit the corrective
measure alternatives considered to those that are both protective and practicable for & given site, and
then compare those altematives through cost-benetit analyses. In so doing, this document’s approach

adheres.to Subpart St
“The earliar in the corractive action process potential remedies can be identified, the more

oftectively information gathering can be focused, . . . For example, in situations where the
.contaminaﬂon being addressed involves a large mixed fill landfill, the remedial alternatives will
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likely involve physical and institutional controls, These alternatives should be identifled early,
enabling the facility owner/operator 10 tailor site characterization toward collaction ¢! information
necessary 1o support development of appropriate physical controls, . , . EPA advises program
implementers and facility ownears/oporators to focus corrective moasures studies on realistic
remedies and to tailor the scope and substance of studles 1o the extent, nature and complexity of
releases and contamination at any given facility, For example, some potential remedies should "
not be consldered because they arg simply implausible.”

Alternative corrective actions for MDAS must ensure that risks 10 human and ecological receptors are
acceptable, now and in the future, Specific points and times of comptliance wili be addressed with NMED
to efliciently reduce and manage risk across the Laboratory complex, Present-day risks pesed by MDAs
are generally low because of institutional controls and because contamination is burled below-ground.
Risks could increase in the future it natural hydrogeelogical processes or other disruptive events disperse
contamination; however, as long as contamination remains inaccessible to human or ecological receptors
risks will remain Jow. We can limit accessibility of contamination 10 human or acological recoptors by:

e removing some or all of the material within an MDA and dispesing the inventory elsewhere
= stabilizing the contamination within the MDA

e controlling accass 1o the MDA, and/or
monitoring environmental media 1o ensure that contamination transported away {rom an MDA

remains below acceptable risk thresholds

Excavation and off-site disposal may be a practical alternativo for MDAS that contain a small shallow
homogeneaus well-characterized inventory, Most MDAs contain large velumes of deeply buried
heterogeneous materials contaminated with a variety of constituents, making excavation ditficult or
impracticable and off-site disposal unlikely or virually impossible, For these MDAs, capping,
administrative controls, and long-term monitoring are likely to be the optimal corrective actions. This
approach Is consistent with Subpart S which states the foliowing:

*EPA oxpects 10 use a combination of methods {o.9., troatment, enginoaring and institutional
controls), as appropnate, t© achieve protection of human health and the environment, , . {with)
Institutional controls such as land use restrictions primarily 1o supplement angineeting
controls, ., . "

13  Scope

Tho RFIVCMS process for MDAs, expeditod through a quantitative decision legie, will be used for the
MDAs listed in Table 1.3-1, sited at the locations shown in Figure 1,31,

Those MDAs have waste disposed or otherwiso placed below-ground In excavated pits, trenches, shafts,
and cavities. Most of these sites, including those with the largest inventories of radioactive or hazardous
contaminants, are located on mosa tops, Even belore envirgnmental laws wore enacted to ensuro
groundwater protection, these mosa top locations wore chosen based on knowledge of favorable
hydrogeologic cenditions to prevent groundwater transport of contaminants, The scopo of this document
is to describe the MDAS that will be evaluated by a stroamlined RFI/CMS procoss, and to describe that

process.

The RF) phase of the RCRA corrective action process usos information o do the follewing:

e charactarize the nature and extent of any release(s) to alr, groundwater, surface water, or soil
e gvaluate the potential threat to human hoalth and to the environment

e davelop corrective measure proposals

1.4 ER19990061
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Table 1.3-1
Description of Laboratory MDAs and Anticipated Cleanup Plans
Anticipated Path 1o
MDA | TA PRS Description Current Status Completion
A 21 (21014 1.8-acre site containing two Phase | RF! suriace CMS/CMmt
50,000+gal, underground tanks and {nvestipation complete, RF|
3 pita ropart to be written
B 21 |08 G-acre site used primarily for solid Phase | RF1 fieid work CMS/CM|
waste disposal; amall section used for | complete, RF! report 1o be
chemical waste dispoant wiitten
c 50 ) 80009 7 pits ang 108 shatta within 11,8-acre | Phase | RFI fleld work CMS/ICM|
pite complete, RF report to be
written
o) 33 {33-003(0=0) | Two underground concrete chambem, | Performed Phase | and ! No further action (NFA)
experiments conducted in 1948 RFIin 3994 and 1506 rocommended In RFI Repon
containing high explosives, beryllium
E 33 | 33-00%a=e) | Underground chambar plus 6 wasto Pertormed Phase | Voluntary corrective
disposal pits, spen! projectiles, Investigation in 1996 measury (VEM) o include
uranium, berylliym evaluation of the capping
option {s planned
e 6 | 6-007(a) Ciassified trnsh was interred here Geophysica studies have CMS/CM!
during the late 15408 been completed but not
documented in a report
G 84 | 54-013(b}, 34 disposal pits, 174 disposal ahatts, | RFI report in progress CMS/CMI
84.014d({b,c, | and 4 transuranic wasto trenches
d), 34017, within a §5-acre site
34.018,
54019,
| 84.020
H |54 [84.004 D vertical shaftn within a 0.9-acre site | REI report in progreas CMS/ICM!
J 54 | 34.008 4 dispoan! pits and 2 gisposal shatts Closure under NMED Solld | Site closure by the faciiity,
within a 2.85-acre site Waste Rogulations In 1999 | ER is assuming NFA
K 33 | 33:002(0=e) | Saplic ank, sump, root drain, and Septic tank, Potential Sampling following DAD tor
outtall associatee with main site, Reloaae Site (PRS) PRS 33-002(s), NFA
coMtaminants (nciude ritium from 33-002(n), s plugged and i | proposed tor remalning
TAJ3 processing faciiity, scheduled for PRSs
cecontamination and
decommisaioning (D&D)
anhd (s therefore deferred.
Remalning PRSs are
broposed for NFA
L 84 | 84.001(n=0}, |7 chemical wasie disposal pit, 34 RF} Report in progroas CMS/ICMI
34.002, disposal shalts and J chemical waste
54-015(¢). disposal impoundments within a
54.008, 2.5-acre site
84.012(b),
84.009,
84.014(n),
54-015(1)
M 9 |9013 Surace trash diaposal site Expedited cleanup Eco and applicable or
completed in Fiscal Year retovant and appropriate
1098 roquiroments (ARARs)
assesumaent must be
completed before close out
N 15 | 15007(a) Construction and office debris RFl investipation could not | Phase 1! tequired to find and
reported to bu buried in shallow definitively iocate this MDA, | characterize
trenches <1 acre In slze
P 18 | 16018 HE bum ground residues disposed of | Phase | of clean closura in | RCRA clean closure
hero progress '
c 8 | 8.006(0=b) Naval guns and other metallic tragh Limited Phase | sampling Voluntary corrective action
was burled hero during the late 19408 | and geophysics complete.
No report writton
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Table 1.3-1 (continued)

August 1959

Anticipated Path to

MDA | TA PRS Description Current Status Completion

A 16 | 16019 World War | ara HE burn ground angd | Geophysics study VeMm
associated ME rosidues and trash on | completed, limited sampling
surince supgost high lovels of

contamination

S 11 | 11-00% HE degradation exporiment in Approved for doterred action | Complete
progross in QU 1082 work plan

T 21 | 21.016 (=€) | 3.5-acre site consisting of 4 liuid Phase | RF! floid work CMS/ICMI
wagte absorption beds, n wasio complate, RF! roport to be
siorage ared, and o sates of disposal | writien
ghata 10 dispose of wasies mixed with
cemaont

U 21 {21,017 (a=¢) | 1.0-acro site containing 2 absorption Phase | RFI tlelg work CMS/EMI
buas and assoclated sump compiete, RF! report to be

writton

v {91 1214018 (a=b) [ 1-ncro site conalning 3 liquid RFI Phase | completed and | CMS/CMI
nbsorption bads designed 1o dispone | repont submitted to NMED
the outflow trom & radionctive loundry | B/96
laciity

w a5 {35001 Two 4-in gismetor, 125 ft iong Proposed for NFA in 1! NFA proposal is accopted
stainiess sleel tubes suspanded QU1128 work plan, May this slto In complated
vertically inside 8-in dlameter corbone | 1992 (not HEWA)
steol.cased walls; aach tube Is {NFA Rationalo: institutional
backtilled under prossuro with nitrogen controls praclude relsnse 1
and (s cosled, it containg 180 ) of liquid the environment)
sodium reactor coolant contaminatod
with plutomiyn-239 and associated
flasion products

X as | as-002 Site of the Los Alamos Power Reacior | Proposod for NFAIn It NFA proposal is accepted
Experiment No, 2 (LAPRE II) reactor, | OU1129 Wark Plan, May this site is completed
whigh was buried in place aller It was | 1982 .
de¢ommissioned In 1959; the site was . Nota: This PRS la st in the
remedciated in 1891 as an ER inlerim (NFA Rationata: pormit
action recommended for NFA

because all roactoreralated
equipmeant and
*contominated a0lls ware
removed®).
Y a9 (38-001 (a andt | Canstruction, ofice, and firing site AFI repont completa with CMS/CMI 10 evaluato
b} debris buried In % shallow ttenches, RSI, stabilization in place vorsus
removal

Z 1% | 15007 (D) Approximately 2000 yd. of RF) report complete, VCM proposaed
construction debris and other dobris
trom firing slite activities, uranium
present,

AA 38 | 36001 Firng alte debris (butned and Phase | RFI repon denled VCM to ovalunting capping
unbumed) place in fronches by NMED, additonal and othar clennup options
approximately 13 # deep, and caverod | sampling required
2=3 11 ¢! aoi

AB 49 {49001 {a=g) | Multiple shats and chambaers at Phase | AF| tisid work for CMS/eMmt
dopihs batween 80 i and B0 f (18m | Area 2 completo; RFI teport
and 24 m), used for hydronuclear 10 bo written; interim
safety oxperiments from late 1850 to measyras (IM) and best
1661, total volume of contaminated managoment praclices for
tutf ostimated a! about 1,000,000 ! Aroa 2 comnlated 10/99; IM
{30,000 m¥), radioiogical inventory repont in progress
estimatod as 0.2 i uranium-235 and,

2450 C plutonium.238, solid lead
used a8 shielding tor axperiments
contained in the experimont chambers
as well as boryllum
1.6 ER18950061
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Atter 2 SWMU and its associated potentlal environmental and human hoalth risks are characterized, CMS
may be undertaken t0 evaluate allernative means of mitigating those risks. Whiie tailoring the RF| and
CMS to individual MPAs to streamline corrective actions, we established a technical framework that i

reflocts Subpart S:

*EPA centinues 1o emphasizo that the components of corrective action should not be viewad as
isolated steps in a linear process. . . . In the Agency's experience, it is generally mere eficient to
focus data collection on information needed to support an appropriate, Implementable remedy
than to attempt 10 complete separnte evaluations at each step. ... [TIhe earlier in the corractive
action process potential remedies can be identified, the more effectively information gathering

can be focused...."

The fact that contamination at MDAs Is in the subsurface and not readily accessible has important
implications in terms of site charactarization and dentification of viable remediation alternatives. Unless
they are thoughtfully designed, sampling and analysis programs Implemented to determine the nature
and extent of contamination will be costly and will not serve the purpose of mitigating potential risks,
Traditional risk assessment considers the contarminant concentrations, exposure pathways, and
consequances. The MDAs require similar considaerations but at time scales that extend 1000 yr, or more
into the future, A combination of modeling and sie characterization data will be used to define
contaminant noture and extent to support well-defined declsions in the corrective action pro¢ess.

The CMS will be streamlined by evaluating capping as a baseline or delault corrective action for MDAs,
All MDAs are prosently covered with evapotranspiration caps, the performance of which has been the
subject of extensive lield investigations and computer simulations, The existing cap wlll be modeled
during the risk assessment of the ARl The cap will be optimized during the CMS if the results of the RF)
indicate a necessity for it optimization. If the RF! or CMS risk assessments demonstrate that capping is
not a protective or practical final action, then alternatives (including excavation) will be considered. Where

significant inventory will be left in place after capping, a monitoring program will be deployed 1o assure
that the final cap design is etective,

The MDA focus area will assess the risk of alternative future land-use scenarios by using mathematica!
models that simulate procosses affecting contaminant mobility while considering a host of exposure
pathways that encompass potential resour¢es usaes, These models caiculate contaminant concentrations
in environmental media at various times and locations, which are usad to assoss the risk to human or
ecological receptors under assumed exposure scanarios, Thare are several generic computer modals
used at RCRA corrective action sites to calculate contaminant {ate and transport by way of surface water
and groundwater; two examples are MODFLOW and HELP', These generic models are adequate for
simple sites. Howaovor, site-spacific models may be required to accurately simulate fate and transpert in
natural settings which are more complex, The use of sitesspecific models (s consistent with Subpan $

which states the following:
-

“Site-spechic risk nssessments conducted at RCRA facllities . . . based on ., . . methods
developed expressly for application at specific sites or types of sites could result in more valld
and reliable characterizations of risks 10 human health and the environment.”

"HELP is currontly recognized as tho EPA's landfill cover design code and is adequate for most surface wator
balance calculations, but It does not address soll physics within a cover In a robust way, MODFLOW Is widely used
for groungwaler transpon calculations and could concoivable be usoed 1o handie many aspects of the groundwater

flow In the main aquifer, aithough tho roprosantation of complex stratigraphy is not the forte of this coda,

August 1999 18 ER159590061
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Site-specific models inform corrective action decisions for the Laboratory's MDAs because of the
complexity of the natural setting. The same models were used to simulate fate and transport of
" radiological contaminants at MDA G for the performance assaessment and composite analysls, required 10
domonstrate compliance with DOE waste requirements. The performance assessment and composite
analysls are also substantively equivalent to EPA risk assessments that support ER activities across the
- DOE complex and ensure that compliance with EPA standards for radiological protection of human health
" and the environment, The MDA G performance assessment and composite analysis are substantively
equivalent to the analyses required by the Nuclear Regulatory Commission to license low-level
radioactive waste disposal sitos under 10 CFR (Code of Federal Regulations) 61, Licensing
Requirements for Land Disposal of Radicactive Waste (e.g., the Chem-Nuclear disposal facility in South
Carolina). They are also similar to the analyses required by the EPA for licensing disposal facilities under
40 CFR 191, Environmental Radiation Protectlon Standards for Management and Dispesal of Spent
Nuciear Fuel, High-Level and Transuranic Radloactive Wastes (e.g., Waste Isolation Pllot Project tacility

in New Mexico and Yucca Mountain in Nevada).

The modeling framework developed, peer reviowed, and successtully Implemented for {ate and transport
calculations at MDA G will be used to assoss risk for other MDAs. Wherever possible, the MDA G results
will be used to indirectly model (by scaling) contaminant fate and transport, and risk, Declslon analysis will
be used to detormine If “scaling” of MDA G results is viable, orif an MDA must be modeled explicitly.

1.4 Document Qrganization

Section 2 of this document summarizes the state of knowledge regarding the MDAs at the Laboratory.
Sectlon 3 summarizes the natural foatures and events that affect the assessment of long-term risk of
MDAs, Section 4 dis¢usses (1) the results of severa! invastigations into the processes that may atioct
long-term risk and (2) our approach 10 risk assessment in corrective action, which uses the MDA G

performance assessment and composite analysis as a starting point. Section 5 integrates the Information
{rom preceding sections into a conceptual site model that will serve as the preliminary physical
.- conceptual model for all MDAs, Section 6 dascribes how the preliminary physical conceptual model and
risk-based decislon analysis will be used to complete the RF! for MDAg, Section 7 describes the

alternative approaches to CMS that may result from the RFL Finally, Section 8 discussas the reporting
format that the MDA Focus Area will follow in implementing the approach to ¢orrective actions described
In this document, Attachment A lists acronyms: Attachment B includes fact sheets for all the MDAs; and
‘Attachment C Is the report, “Lancflll Cover and Post-Closure Monitering Designs for Baseline Planning.”




2.0 MDA DESCRIPTIONS

This section presents our knowledge of the Los Alamos National Laboratory’s (the Laboratory's) material o
disposal areas (MDAs), Each MDA is briefly described and has a complete fact sheet included in "
Atiachment B, The detail of information avallable lor an MDA reflects its status in the corrective action R

process, MDA G which is the Laboratory's operating disposal facllity for low-level ragioactive solid waste
(LLW) is an Imponiant exception as it has been extensively assessed through environmental restoration

(ER) and waste management activities.

The locations of the Technical Araa (TA) 21 MDAs are shown in Figure 1,1-1 in Chapter 1 of this
document. An operational summary of all the MDAs is presented in Table 2.1-1,

‘There are 28 MDAs at the Laberatory, They aro designated with single letters from A to £ then double
letters AA, AB etc, Several of the MDAs are collocated, or assembled within a single TA, Those
collocated MDAs will be discussed first, then the unassembled MDAS will be discussed in aiphabetical

erder.

21 MDAsA,B, T, U,and Vat TA-21

TA-21, also known as DP Site, centars on DP Mesa immediately east-southcast of the Los Alamos
townsite at an elovation of 7140 ft (2142 m), The TA spans the boundary of the DP Canyon and the Los
Alamos Canyon watersheds. Groundwatar lies at a approximately 1150 f1 (345 m) deep. TA-21 has been
usod for both chomical research and plutonium and uranium metal production from 1945 to 1978, The
major industrial activity was related 10 uranium and plutonium refinement, which produced the groatest
valumg of waste at the TA-21 MDAs (Figure 2.1-1).

The TA-21 operable unit (OU) Resource Conservation and Recovery Act (RCRA) facility investigation
(RF!) work plan (LANL 1991, 7529) describes tho original approach to investigations imo contaminant
nature, extent, and risk charactarization, Mare racently, a ravised project pian was deveoloped for potential
reloase sites (PRSs) (including MDAs) at TA-21, primarily because portions of the site are being
considered for iranster {0 eithar Los Alamos county or San lidelonso Pueblo pursuant to Public Law

105-119.

211 MDAA

MDA A (PRS 21-014) occupies a 1.25-acre (0.5-ha) slte In the castern pertion of TA-21, Surface water
run-otf from this site enters DP Canyon, which is located within the Los Alamos Canyon watershed, This
sito was usod for waste disposal during two periods, 1945-1949 and 1968-1977. Botween 1944 and

1947, two shallow pits approximately 4 m (13 ft) deep received about 1020 m® (36,000 it°) of “solid wastes
with alpha contamination accompanied by small amounts of bata and gamma,” (Rogers 1977, 0216)
During this period, two underground storage tanks (the General's Tanks) wore installed o store a total of
49,000 gal. (186,200 1) of a sodium hydroxide solution which contained 334 g (0.7 Ib.) of plutonium-239 at
the time of emplacement (circa 1947}, The liquid from theso tanks was recovered, troated, and soiidified
in cement in 1975, The contaminated cemont rerained burled at MDA A for several years, but was
retriaved In the late 1980s and moved to Pit 29 at MDA G, In 1969, o 9-m- (30-t) deap pit wos axcavatod
at MDA A for the disposal of building debris contaminated by uranium-238, plutonium-238, and

plutonium-239 from domolition work at TA-21,
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Table 2,11
Operational Summary of the MDAs at the Laboratory
Date | Date Voiume | Area
MDA | From | To Disposal Unlts Inventory vd) | (acre)
A 1945 | 1977 | 2 undorground tonks, 3 pits Unclassiflod; solig, liquid: radioactive 8230 1.25
(LLW, TARUY)
B 1945 | 12148 | 2underground pits Unclassitied; solid, liquid; radloactive | 27,781 | 6.03
(LLW, TRU)
C 11948 [1974 |7 pits, 108 shatts Classltied”; solid, liquid: mixed® 100,837 | 123
D 1948 | 1952 |2 underground concroto Unciassitiod; solid; hazardous 310
chambers
E [1948 1052 |1 Undorground chambor, Classitied; solid; mixed, TSCA” v
6 pits
F 146 [ 12/52 | Several pits and ¢chambors Classilied; solid; radicactivo (LLW) U
G 1/87 | Opon | Numerous pits, shoits, Clossified; solid, lquid; mixed, TSCA | 420,000
tranchos
H 1/60 | 1968 |9 shalts Clossifiod; solid; mixed, TSCA U
J W61 | Open | == Unclaasified: solid; hazardous 85,000
K 1955 [ 12/80 | Soptic system, sumps, siphon | Unclassified: liquid; mixed 16,133
’ tank, drain flald
L 1959 | 12/85 |4 pits, 34 shatts Unclnssitiod; solld, liquid: mixed, U
TSCA
M 1948 | 1965 | Lanatil Unclassitied: solid 2408
N 162 | 1/65 Pit Unclassified: solid, liquid; mixed U
P 1850 | 1964 | Landtil Unclassitlod; solld: hazardous 13,000
Q 145 | 1/48 Burial ground Uncinasified; solid; hazarcous v
R 6/45 |{12/51 | Shallow burial ground Unclassitied; salld, liquid; mixed, ]
TSCA
S 1965 | Opon | Exporimental plot | Unclassified; solld: hazardous 40
T 1945 | 1867 | 4 absorption beds, soveral | Unclassitied; solid, liquid; radivactive U
‘ shaits (LLW, TRU)
U 1/45 | 12/68 | 2 absorption beds Unclassified; liquid, radicactive 667
' 1945 | 1961 | 3 absorption beds Unclasslfied: liquid: mixed 5556
w 1964 {1974 | 4 undorground tanks Unclnssitied; liguid: mixed 0.4
X 1959 | 1959 | Burled decommissioned Unciassified; solid; mixed U
. roaclor
Y 1673 118787 | 1pht Unclassiliod; solid, liquid; mixed, 4000
) TSCA
2 185 | 12/81 | Landfil Uncinssitied: Solid V]
AA | 1965 | 1989 | 2=4 trenchos Unclassified; solid; mixed U
AB 1959 [1961 | Numorous shafts and cavitios | Unclasaitiod; solid, liquid; mixed ar

% TRU » iransuranic waate.

b MDAa containing clasaified inventory aiso contnin unclassified inventory.
€ MDAs containing mixed Inveniary may Includo mixed LLW, mixea TRU, or both,

d TSCA » Toxie Substances Control Act,

® 1) » unknown,
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There is some discrepancy in the records about the number of pits on the east end o!f the site. An early
engineering drawing (LASL 1970, 24374) depicts tour; however, a later drawing (LASL 1945, 24448),
along with several reports and memos, refer to the existance of only two pits, A recent geophysical survey
of MDA A (Gerety et al. 1989, 6893) suggests the presence of only two pits on the east end of the site.

Additional information about the sequence of avents and data that pertain to MDA A can be found in
Table 16,8-1 of the TA-21 work plan (LANL 1991, 7529). MDA A Is a Hazardous and Solid Waste
Amendments (MSWA) solld waste management unit (SWMU) listed in Module VIII of the Laboratory's
RCRA permit. RFI activities cornpleted at MDA A include a Phase | surface Investigation completed in
accordance with the RFI work plan {(LANL 1991, 7529). The data from these investigations will be
evaluated in accordance with the mothodology described In this document. Activities completed at

MDA A are roferenced in a field summary report completed In 1994 and weekly status reports completed

In-1897

212 MDAB

MDA B (PRS 21-015} is an inactive disposal site lecated on DP Mesa just wost of the TA-21 fenced

boundary and south of commercial businesses on DP Road, Run-oft {rom this site enters the Los Alamos

Canyon watershed. The approximate area of the MDA Is 6 acres (2.4 ha) and It was operated from 1945

through 1948, The TA-21 work plan (LANL 1991, 7529). states that buried waste pits occupy about

4650 m? (5580 yd®) with an estimated volume of 21,240 m® (27,612 yd®) (LANL 1991, 7529). MDA B

* . consists of an unpaved, fenced, eastern area ond @ paved, fenced, wastern area, neither of which
contains any surface structuras. The number of trenches comprising MDA B Is unknown, A geophysical

survey conducted as part of the 1998 RFI to delineate the dimensions ¢f the tranches found the disposal

trenches to be approximately 15 ft (4.5 m) wide by 300 ft (S0 m) long by 12 ft (3.6 m) deep and uniined.

. The radiological Inventory Includes “plutonium, polonium, uranium, americium, curium, lanthanum, (and)
actinium,” (Rogers 1977, 0216) The disposal capacity of the pits is estimated to be about 21,000 m®
(760,000 %), The entire pit area Is estimated to contain no mora than 100 g (6,13 Ci) of plutonium-239.

In 1984, the unpaved portion of MDA B was resurfaced with a variaty of cover systems as a pilot study
conducted in support of the Department of Energy (DQE) National Low Level Waste Management
Prograrm. The prosent cover incorporates several variations of a nominal 3-ft-(1 m) thick crushed-tuft
cover, which is placed over the original crushed-tutf cover. Varlations include cobble and grave! bislogical
barriers betweoan the old and new covers, as well as shrub, grass, and gravel/muich surface treatments.
The 1otal cover of this portion of MDA B Is nominally 6.5-1t-(2 m) thick.

This PRS is a SWMU listed in Module Vil of the Laboratory's RCRA hazardous waste facllity permit (EPA
1990, 1585). RF! activities complated at MDA B include the following:

Phase | surface investigation was conducted at MDA B and associated drainages completed in
accordance with the TA-21 QU RFI work plan (LANL 1991, 7529).

Phase | subsurface sampling and analysis plan (SAP) RF| work plan revision was submitted to
the New Mexico Environment Department (NMED) in Septembaer 1998 (Envirenmental
Restoration Project 1998, 59506).

Request for supplemental informatlon (RS1) for Phase | subsurtace SAP was issued by NMED.
Response to RS was submitted to NMED in Fabruary 1999 (Environmental Restoration Project

1999, 62885.2).
« Phase | subsuriace investigation is on-going during 1999.
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The data from investigations of MDA B will be evaluated in accordance with the methodology described in 5
this document, g
o
233 MDAT By
»
MDA T (PRS 21-016) Includes 4 absorption beds and 62 shatts that received radioactively contaminated Il
liquid from the plutonium processing laboratories at TA-21 between 1945 and 1952, Run-oft from this site N

enmters DP Canyon, which is located within the Los Alamos Canyon watershed. In 1952, a liguid waste
treatment plant was installed to remove plutonium and other radionuclides from process wasiewater.
Thereafter, tho absorption beds received relatively small quantities of LLW untll 1967, when n new liquid
waste treatment process was initiated, Between 1968 and 1975, treated liquid waste was mixed with
cament pumped Into shafts at MDA T for disposal. After 1975, the cement paste was poured into
corrugated metal pipes, and retriovably placed at MDA T In 62 vertical shatts,

Approximately 18,300,000 gal. (69,540,000 I) of liquid waste was discharged to the MDA T adsorption
beds between 1945 and 1967, “As of January 1973, the absorption beds contained .. .10 Ci of
plutonium-239. . . As of July 1976, the disposal shatts contained 7 Cl of uranium-233, 47 Ci of
plutonium-238, 3,761 Cl of americlum-241, and 3 Ci of mixed fission produets.” (Rogers 1977, 0216) The
total volume of cement paste permanently disposod In shatts at MDA T was 122,500 t£ (36,750 md),

MDA T is a SWMU listed in Module VIIl of the Laboratory’s RCRA hazardous waste tacility permit, RF)
activities completed at MDA T include the following: '

o Phase | surface investigation conducted at MDA T and assoclated drainages was completed In

accordance with the TA«21 QU RFI work plan (LANL 1991, 7529).
e Phase | subsurface investigation SAP was submitted to NMED in the SAP for Group 21-016

(Envirenmental Restoration Projoct 1996, 54127),

e Phase | subsurface investigation completed.
ARSI on Phase | subsurlace SAP issuoed by NMED July 29, 1997 (NMED 1997, 56498).

e Response to RS,
The data from investigations of MDA T will be evaluated in accordance with the methodology described in
this document,

21.4 MDAU

MDA U [PRSs 21017 (a, b, and ¢)] is an Inactive disposal site located north of TAs-21-152 and =153 near
the eastorn end of TA-21. MDA U is a fence-onclosed area of approximately 0.2 acres (0,08 ha) and
contalns two absorption beds [PRSs 21-017(a) and (b)] and a distribution box [PRS 21-017(c)). Run-off
from this site enters DP Canyon, which Is located within the Los Alamos Canyon watershed. The
absorption beds, with a surtace area of approximately 1800 2 (162 m?) and an estimated volume of
about 18,000 1 (540 m?), wore used for subsurface disposal of radioactively contaminated liguid wastes
from 1948 10 1968 (LANL 1991, 7529), The distribution box [PRS 21-017(¢)] and distribution lines in
PRSs 21-017 (a and b) were removed in 1985,

This PRS Is a SWMU listed In Module VIII of the Laboratory's RCRA hazardous waste facility permit, RF|
activities completed at MDA U include the following:

e Phase | surface investigation was conducted In 1994 in accordance with the TA-21 OV RFI work

plan (LANL 1991, 7529).
» Additional Phase | surtace Investigation SAP was submitted to NMED in 1998,
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Phaso | subsurface SAP was submmod to NMED In the SAP for PRSs 21-017(a,b, and ¢) (LANL

. 1998, 62549).
. Phasolsubsuﬂaco RFI is ongoing at risk, 1999,

Y T'he data from lnvestlgatlons of MDA U will be evaluated In accordance with the methodology described in

3 this document

N 201.5-' MDA V

. MDAV [PHS 21-018(a)] Is an 0.88-acre (0.35-ha) site located southwest of the TA:21 fenced boundary.
MDA V consists of three absorption beds that occupy 15,000 1t and have a volume of 4250 m?
(5525 ya?). Surtace water run-off from this site enters the Los Alamos Canyon watershed. The absorption
- beds ware used from 1945 through 1961 for liquid waste disposal from a laundry facility at TA-21-20, The
. laundry facillty mainly washed clothing from uranium and plutonlum refinement operations.

Thls PFIS Is a SWMU listed In Modulo VIl of the Laboratory's RCRA hazardous waste facility permit, RFI
activities completed at MDA V include the following: , ,
' Phase | surface and subsuriace Investigation was concucted at MDA V and its associated
dralnages in 1994 and 1996 In accerdance with the TA-21 QU RF! work plan {LANL 1991, 7529).
RF! report recommending no further action (NFA) was submitted 1o NMED In 1996

"+ (Environmantal Restoration Project 1996, 54969).
Notice of Deficlency (NOD) on Phase | surface and subsurlace RFI report Issued by NMED,

‘Response to NOD. Bath are reported in-(LANL 1997, 63530),

' Rooontly; a nontraditional in situ vitritication cold test was performed near MDA V In early in 1959 to plan
" tovitrity a portion of one of the absorption beds (Environmental Restoration Project 1999, 63096).

The-data from investigations at MDA V will be evaluated in accordance with the methodology described In

i thls document.

2.2 MDAs G, H. J, and L at TA-54

* TA-54 Is located on Mesita del Buey and spans the boundary of the Cafiada del Buey and Pajarito

" Canyon watarshe4s, The elevation at TA-54 ranges from 6700 ft to 6800 # (2010 m to 2040 m). The
depth to groundwater below TA-54 ranges from 900 ft to 980 #t (270 m to 294 m), The major Industrial
.activity at TA-54 has been waste storage and disposal. The 45 SWMUs at TA-54 are organized within

“four MDAS (G, H,.J, and'L) and within three facliities located In the westemn part of TA-54 including TA-54

' . West, tormer radiation exposure and animal holding facilltles.

.. The locatlon ond approximate dimensions of MDAs G, H, J, and L ot TA-54 are shown in Figure 2.2-1,

.,.221 MDAG
MDA G is a 100-acre (40-ha) site that has served as the Laboratory's principal radioactive solid waste
storage and disposal site since the Laboratory's routine operations began there in 1959, The majority of
~ stormwater run-off from MDA G enters the Pajarito Canyon watershed and a much smaller portion drains
into Carada del Buey, which s located within the Mortandad Canyon watershed. MDA G will continue
- operating In-its current capacity for the foreseeable future, Disposal units (pits and shatts) containing
“waste disposed belore 1988 comprise HSWA SWMVU [PRS 54-013(b)-99] and are subject to corrective
action under the purview of the ER Project.
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From 1959 to 1970 nearly all of the Laboratory's solid radioactive waste was cisposed at MDA G, [t was

intarred into pits and inta linad and unlined shafts dug into the mesa, The depth of these pits and shatts s

. approximataly 60 ft (18 m). Layers of waste In pits have been backfilled with clean excavated materials
{crushed tff), and filled pits have been covered with at least 1 m (3 1) of crushed tutf and about 5 in,

(12 cm) of tapsoll, which has been re-vegetated with native grasses. Filled shafts have been capped with

crushed tutt, concrete, or both,

In 1971, the Laboratory began segregating radioactive waste into two categories ditterentinted by the
concentration of transuranic radicisctopes present in the waste, Since that time, TRU has been
retrigvably stored at MDA G, and only LLW has been permanently disposed. Since the implementation of
RCRHA In 1986, mixed LLW (i.e., LLW that also meets the definition of a RCRA listed or characteristic
hazardous waste) has been segregated from the LLW and stored above ground at MDA G, Thus, the
inventery of PRS 54-013(b)-99 Includes (In descending order of relative velume) LLW, solid TRU, solid

mixed TRU, and LLW.

As a MSWA SWMU, MDA G has undergone extensive investigation, a pormitted RCRA storage facility,
and an authorized DQE LLW disposat facility. There are known to be subsuriace vapor-phase plumes of
volatlle organic compounds (VOCs) and tritium, but no ather releases have been found In the subsuriace.

In 1997, the performance assessment and compesite analysis of LANL MDA G (Hollis et al, 1997, 63131)
was published te autherize continued LLW disposal pursuant to DOE requirements. An RFI report for
MDA G Is schoduled to be submitted to NMED in Fiscal Year (FY) 1999. The rigsk assessment performed
for the MDA G RF1 builds on the performance assessment and composite analysis, and (s the basis of the
technical approach for risk assessments parformed during the RFI and corrective measures study

process {or all of the Laboratory's MDAS,

222 MDAH

MDA H (PRS 54-004) Is a fenced 0.3-acre (0.12-ha) rectangular area measuring 200 tt by 70 #t ‘(60 m by
21 m) just Inside the western boundary of TA-54, Stormwater run-cff from this site enters the Pajarito

" Canyon watarshed. Nine shatts were used for the disposal of classiiied wastes trom 1960 to 1986, Eight
of the nine shalts are capped by a 3stt (1.m) layer of concrete and a 3-ft (1-m) layer of soll. Shatt 9 has a
locked steel plate as a cover. This shaft potentially containg a volume of 990 1 (30 m®) of hazardous
waste, The other elght shafts were & ft (1.8 m) In diamaeter and approximately 60 ft (18 m) in depth fora

. total disposal capacity of approximately 13,565 ft? (407 m®).

- Waste disposal logs show that nearly every shaft recelved the following materials: weapons components,
classified decumeants and papar, aluminum, plastic, stainless steel, rubbar, graphite shapes, weapon
mockups, depleted uranium scraps and classified shapes, tilm, prints and slides, classitied shapes
contaminaied with high explosives (HE), and graphito reactor fuel rods, In addition, RCRA hazardous

metals wore disposed In many of the shatts,

This PRS lé a SWMU listed in Module VIl of the Laboratory’'s RCRA hazardous waste facllity permit, RFI
activities completed at MDA H include a Phase | investigation conducted in accordance with RFI work
plan for QU 1148 (LANL 1992, 7669).

Phase | investigation dala will be evaluated in accordance with the methodology described in this
documaent, which will be Included in the RFI report for MDA M to be complated in FY 1999,
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223 MDAJ

Administratively controlled waste was disposed at MDA J (PRS 54-005) in a 2.65-acre (1.1-ha) site from o
1961 through 1998, Run-oft from this site enters Caflada del Buey, which is located within the Morandad v
Canyon watershed, The MDA consists of four pits and two shafts with an appreximate waste capacity of
2.6 mililon 1 (78,000 m?). Examples of agministratively controlied waste are classitled items such as o
safes with secured locks, objects with ¢lassitied shapes, scrap equipment, sand {rom barium sand o
treatment operations at MDA L., and empty containers, Historically, MDA J received waste that was

potantlially contaminated with trace quantities of nonreactive ME residuos, Other wastes Included

asbestos and residual amounts of hazardous wasto, Land farming also occurs at this site 10 bioromediate
petroleumn-contaminated solls from other Laboratory sites,

MDA J Is scheduled 1o be closoed in FY 1999 as a special waste landlill In accordance with the Now
Mexico solid wasta reguiations. Afterwards, we will propose that MDA J be removed from the HSWA
modulo of the Laboratory's RCRA oparating permit, under which the ER Projoct oporates,

224 MDAL

MDA L (PRS 54-006) Is & 2.58-acre (1.03<ha) site for disposing hazardous materials and liquid wastes
and the storage of gas cylinders, Run-off from this site enters Cafada del Buey, which s {ocated within
the Mortandad Canyen watershed. Since the implementation of RCRA in 1986, MDA L has been used in
ita present capacity for sterage of RCRA waste, PCB waste, and some mixed waste (Such as load
comtaminated with radiation), Early operations betwoon nbout 1959 and 1985 included disposing
¢chemical wastos within unlined plts and shalts gug Into the mosa, In 1986, much of the proviously used
surface area was covered with asphalt 10 support suriage structures.

PRS 54:006 is @ SWMU listed in Module VIl of the Laboratory's RCRA hazardous waste fagility pormit,
RFI activitios completed at MDA L include tho following:

o Installing multiple boreholes into the subsurtace around and beneath the disposal units, and
» Monitoring of a plume of VOCs, in accordance with a plan submitted to the Environmental
Protection Agency (EPA) (LANL 1993, 22430),

The data from these investigations will be evaluated in accordance with the mothodology doseribed in this
document, as the basis of the RF! report for MDA L completed In FY 1999 (In process).

23 MDAs D, E, and K at TA-33

TA-33, also known as Hot Point (HP) Site, Is located noar the southoast boundary of the Laboratory and
spans the boundary of the Chaquehui Canyon and Ancho Canyon watersheds. Within TA-33, elevation
rangos from 5300 ft to 6300 ft (1590 m to 1890 m) and depth to groundwater ranges from 760 10 910 K
(228 m o 273 m). In 1947 TA-33 was 0 tes! site for weapons using convantionai HE, uranium, and
beryllium, The oxperiments wore performod in underground chambers, on surface firing pads, and at
firing sitos equipped with large guns that fired projectiles into catcher berms, The weapons axperiments
coased in 1972, A high-pressuro tritium facility was operated at TA-33 from 1955 until late 1990.

The location and approximate dimensions of MDAs D, E, and K at TA-33 are shown in Figure 2.3-1,

ER19950081 2:9 August 1999




Matorlal Disposal Areas Core Document

JEAIFFN INOFIOD céw. A7
(vari) eaie esodsip eusieyy I

Asepunog ease eopnps)  TAY

peos parey 5&

peoiing  [7/)

SN 2T R e sl Tead s FIT T ]

T

(1'2'0) ee-vile syam jo suopesoy  -y-g°Z ainbyy

\\\.|

=

=—r _Ta\vy

PR

~,
N\,

\ G523

,'l‘,. ", .
f - ey - Ko P
DOUGEL QUUsLs b QUKILLY 000V L

h Y ‘\ \
0000v4 1

[52T

duouss 1949

1 oo0Ane +

T Va N




Malerial Disposal Areas Core Document

231 MDAD

MDA D [PRSs 33-003(a and b)] is located at approximately 6500-1t (5950 m) elevation on a mesa formed
by Ancho Canyon and White Rock Canyon, The depth to groundwater bencath MDA D s approximately
910 # (273 m), Run-oH trom this site may either drain 1 the Ancho Canyon watershed or directly Into
White Rock Canyon, MDA D consists of two underground chambers, TA-33-¢ and TA-33-6 [PRSs
33-003(a and b), respectively), used 1o test explosive devices, The chambers were constructed in 1948
and wero used for Initiator 1ests Involving polonium-210, milligram quantities of beryltium, and large
amounts of HE. Chamber TA-33+4 was used once in 1948 with no apparent rupture; Chamber TA-33-6
was used twice, once in December 1948 and again In April 1952. The se¢ond test destroyoed the
chamber. Debris from the detonation was ejocted through the elevater shalt and spread ovor the mesa, A
10-#-deep crater that formed around the charnber was later filled with the ojected debris and ¢overod with
uncontaminated soil,

The SWMUs at this MDA are listed in Module VIl of the Laberatory's RCRA hazardous waste fagllity
parmit, RFI activities completed at MDA D incluge the following:

o Phase | investigation was conducted in 1994 in accordance with the RFI werk plan for OU 1122

(LANL 1992, 7671).

e Additional investigntions were conducted in 1896 In accerdance with the revised SAP presented
in RFI Roport tor TA=33, PRSs 33-003(a), 33-004(a), 33-007(c), 33-009, 33-011(d), 33-013,
38-016, 33-017, and Revised SAPs for PRSs 33-003(b), 33-004(Kk), 33-008(b), C-33-001,
C-33-002 (LANL 1995, 50113).

The data trom investigations of MDA D will bo evaluated in accordance with the methedology described in
this document.

232 MDAE

MDA E [PRSs 33-001(a~0)] sits on mesa near a point formed by Chaguehui Canyon and one of its
ributaries, MDA E is located at approximately 6500-ft (1950 m) elevation, The depth to groundwater
beneath MDA E Is approximately 760 ft (228 m), Run-off from this site enters the Chagquehul Canyon
watershed, MDA E operatod botween 1948 and 1955 for disposal of gun-type Initiators and debris, Test
materlal contaminated with polonium-210 was carried to the open pits, The first structure was
underground chamber No, 3, TA-33-29, which was completed in February 1950 and used for a single
experiment in April 1950, The explogive experiment in the chamber did not breach the surface. Beginning
in 1951, South Site was used for gun-type and implosion studies. A Los Alamos Scientitic Laboratory
Imernal memo (Meyer 1962, 6741) referring to contaminated disposal Area E, TA-33 states that “Area E
at TA-33 has been used as a storage area and for burial of low-level radioactive contaminated
aquipment.” A report by the US Geological Survey (Abrahams 1963, 8149) states that the area contains
soveral hundred kilograms of depleted uranium, The curie contents of pits 1 and 2 are reported as 240 Cl
and 60 Ci, respectively, and descriptions of the contents of pits 1 and 2 indicate the prosence of
hazardous waste (Rogers 1877, 0218). No infermation is available on pits 5 and 6; TA-33 personnel
indicate that thase trenches were not used and were filled and compacted in 1963.

Tho SWMUs at this MDA are listed in Module VIII of the Laboratery's RCRA hazardous wasto facility
permit, No RFI activities have been completed at MDA E to date. A locused RFI will be developed for
MDA E in accordance with the methodology described in this document,

ER 19990061 2-1 August 1999

£ "‘*}

LI




Material Disposal Areas Core Document

233 MDAK

MDA K [PRSs 33-002(a=0)] is a 1,0-acre (0.4-ha) site located within TA-33 on a mesa at an approximate
alevation of 6500 ft (1950 m), The depth to groundwater beneath MDA K is approximately 820 tt (246 m),
Run-off from this site enters the Chaquehul Canyen watershed, MDA K recaived liquid effluent from the
high=pressure tritium facllity (VA-33-86) that operated at from 1955 untll 1990, This facility housed
equipment used to transfer tritium from farge tanks to smaller tanks that were transported to various
Laboratory locations Occaslonally the building was used for other activities; lor example, a uranium
fluldized bed assembly was constructed in 1860, After the TA-33-86 tritium facility operations ¢eased in
1990, all equipment was remeved from the bullding. The building and assoclated structures are
scheduled for decontamination and decommissioning in 1999, MDA K contains consotidated PRSs
33-002(a-e). PRS 33-002(a) Is the soptic tank and drain field, PRSs 33-002(b and ¢) are sumps (dry
walls), PRS 33-002(d) is a cooling water outtall, and PRS 33-002(e) Is a roof drain outfall,

The SWMUs at this MDA are listed in Module VIl of the Laboratory's RCRA hazardous waste facllity
permit. RF! activities completed at MDA K include the following:
Phase | invaestigation conducted at PRSs 33-002(a and b) in 1993 In accordance with the RF!

work plan lor QU 1122 (LANL 1992, 7671).
Phase | investigations and Phase 1l SAPs for PRSs 33-002(a and b) are prosented In the RFI

roport for MDA K, PRSs 33-002(a,b,¢,d,e) (Environmental Restoration Project 1995, 50113).
PRSs 33-002(b and ¢) were recormmended fcr NFA {or human heatth in the NFA report for PRSs
33-002(b,¢), 33-003(b), 33-004(k), 33-006(a}, 33-008(a,b), 33-011(d), 33013, 33-017
{Environmental Restoration Project 1997, 57021).

PRS 33-002(d and ¢) ware recommended for NFA in the RFI report for MDA K, PRSs
33-002(a,b,¢,d,0) (Environmental Resioration Project 1995, 50113).

RF! data for MDA K will be evaluated in accordance with the methodology described in this decument,

24 MDAs N and Z at TA=15

TA-15 is locoted on Threemile Mesa at an clevation of approximately 7200 tt (2160 m). The depth to
groundwater below TA15 |3 approximatoly 1200 #t(36C m). Threemile Mesa Is divided by Potrille Canyon
into two smaller tinger mesas: Mesita do) Patrillo and PHERMEX mesa, which have served as firing site
arens. TA-15 Is bound to the north by Threemile Canyon and to the south by Water Canyon. TA-15
principal activities have centered on the development and testing of HE.

The location and approximate dimensions of MDAs N and Z at TA-15 are shown in Figure 2.4-1.

24,1 MDAN

MDA N [PRS 15-007()] is ot approximatoly 7280+t (2184-m) olovation, The depth to groundwater
beneath MDA N is appreximately 1170 ft (351 m). Run-off from MDA N enters Potrillo Canyon, which is
located In the Water Canyon watorshad, MDA N was opened In 1962, Although no Information is
available about its closing, a 1965 aorial photograph suggests that it was closed before then. MDA N s
described in the 1990 SWMU report as & pit containing the remnants of several structures from R Site,
the TA-15 firing sito that had been exposed to either explosives or chemical contamination, MDA N also
may have contained rubble from buildings TA-15-07, TA-15-1 and others; however, little is known about
"the materials or activitios that may have occurred in these buildings. No ather information is avallable on
debris deposited in the MDA, The pit Is covered and revegetated, The RFI work plan for OU 1086 (LANL
1993, 20946) identities mercury, thorium, and photographic solutions as potential contaminants.
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The SWMU at this MDA is listed in Module VII of the Laboratory's RCRA hazardous waste facility permit,
RF1 activitias complated at MDA N include o Phase | investigation conducted in accordance with the RFI
work plan for QU 1086 (LANL 1992, 14583), which was not successful In locating this MDA through

~ geophysical or sampling etforts,
~ MDA N will be evaluated in accordance with the methodology doscribed in this document.

242 MDAZ

MDA Z [PRS 15-007(b)] Is located at TA-15 south of the side road leading to TA-15-233. MDA Z s
located at an elevation of approximately 7220 ft (2166 m). The depth 1o groundwater below MDA Z is
approximately 1200 ft (350 m). Run-off from this site enters the Cafion de Valle watershed. MDA Z was
. used batween 1965 and 1981 for the dispoesal of construction debris, including pleces of cement und
rebar of varlous sizes, used concrete bags, steel blast mats from tests at PHERMEX, and other debris,
Pioces of partially burned wood are visiblo, The landtill Is roughly rectangular and measures
approximately 200 ft by 50 ft (60 m by 15 m), Waste appears to have been placed in a naturally occurring
deprassion; concrate filledt sancbags are visible, which were probably plled as a retalning wall, and other
dabris was probably filled in behind It. One face grades to native soll, while the other Is oxposed and
stands approximately 15 ft (4.5 m) high. Most of the debris on the expesed face is not covered with soll
and Is exposed 10 wind, rain, and snowmelt. Contaminants at the site Include metals from wire, blast
mats, VOCs and/or semivolatile organic compounds {rom charred wood, road and construction debris,
and radioactive substances (e.g. from the blost mats). Chunks of uranium are visible at this site,

The SWMU at this MDA Is listed in Module Vill of the Laboratory's RCRA harardous wasto facility permit,
There have been ne RFI activities comploted at MDA Z, MDA Z may be evaluated In accordance with the

methodology described in this document.

" 25 - MDAs P and R at TA-16

TA-16, known as S Site, Is located within the northwestorn portion of the Laboratory at an elevation
ranging from 7000 ft to 7500 ft (2100 m to 2250 m). The average depth to groundwater beneath the
~ MDAs Is approximately 1200 tt (360 m), TA-16 is located within the Caion De Valle watershed.
-Operations at TA-16 focus on the production of HE and include casting, pressing, and machining of HE;
assembly of explosive test devices; fabrication of plastic components; developrment of new materials; and
' nondestructive examination, TA-16 has been used since the oarly 1940s and has recently had a

high-pressure tritium facliity installed.
The location and approximate dimensions of MDAs P and R at TA-16 are shown In Figure 2,5-1,

251 MDAP

MDA P (PRS 16-018) Is a 1.4-acre (0.6-ha) Industrial landflil at TA-16 near the south rim of Cafton de
Valle. MDA P is locatad at an elevation of approximately 7500 ft (2250 m), The depth 10 groundwater
. beneath MDA P I3 approximately 1150 #t (345 m), Run-off from MDA P enters the Cafion De Valle

. watershed. MDA P contains wastes from the synthesls, processing, and testing of HE and residual

* barlum-contaminated sands from HE incingration; from the TA-16 photo development process; from the
residues of the buming of HE-contaminated equipment; and from the demolition of the S Site World War
. Il complex. MDA P also contains construction debris such as large timbers, concrete rubble, and pipes,

- and non-construction debris such as flasks, bottles, monicians' tables, and other items used for the

* assembly of HE components,
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Before the early 19508 when MDA P was designatod a disposal area for S Site wastes, the area served
as a detonator burning ground, Lead azide and thalllum azide detonators were used during this time and
are assumed 10 have been burned at the site, ME disposal activities at MDA P started in the early 1950s
and ceased In 1984, Waste disposal was initiated at the western end of the landfill and proceeded
oastward, The landfill was used to dispose from buming HE-contaminated materials, Much of the old

S Site complex was demolished in the 1960s, and most of the *flashed” residues of these demolition

aqtlvltles were disposed in MDA P,

The MDA P landfill was closed as a RCRA unit in FY 1999; therefore, MDA P will not be evaluated in
accordance with the methedology doscribed in this document.

252 MDAR

MDA R (PRS 16-019) Is a historic HE burning ground and assoclated canyen side disposal area locatod
at TA-16, MDA R Is an 11.5-acre (4,6+-ha) site located on the mesa's edge on the south side of Cadon de
Valie, and runoff from the site enters the Cafion De Valle watershed, MDA R |s located at an elevation of
approximately 7500 ft (2250 m), The depth to groundwater baneath MDA R is approximately 1240 ft

(372 m). MDA R was an active disposal unit from 1945 untit 1951, when the modern-day TA-16 buming
ground was completed. MDA R occuples an area of 600 tt by 900 tt (180 m by 27Q m), although it is likely
that tho actual contaminated aroa much smallor,

Likely constituents at MDA R (based on analogy with the modern burning ground and MDA P) are HE,
including chunk HE and barium, There are signiticant amounts of debrls along tha north side of MDA R, A
geophysical survey at MDA R suggests that the depth of waste at MDA R is shallow,

The SWMU at this MDA Is llsted in Module VI of the Laberatory's RCRA hazardous waste facllity permit,
RF! activities completed at MDA R include the following:
Phase | investigation was conducted In accordance with the RFI work plan for OU 1082 (LANL

1993, 39940),
« Waoakly status repons prepared in 1997,

MDA R may be evaluated in accordange with the methodology described in this document,

2.6 MDAs W and X at TA-35

TA-35, which Is also known as Ten Site Laboratory, is located at an elevation of approximataly 7000 #t
(2100 m) on a finger mesa between Mortandad Canyon and Ten Slte Canyon, focated within the
Mortondad Canyon watershed, The depth to groundwater beneath TA3S is approximately 1200 &t

{360 m). TA-35 [s currently used for safeguard studies, [aser research and development, and other
experimental research. At TA-35's MDAs past waste disposal includes source preparation, radionuclide
exporimentation, and nuciear lissian reactor devaiopment.

The location and approximate dimensions of MDAs W and X at TA-35 are shown In Figure 2,61,
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261 MDAW

MDA W (PRS 35-001) consists of two 4-in.-(10-crm-) dlameter, 125-1t (38-m) long stainless steel tubes
suspanded vortically inside 8-In,~(20-¢rm=) diameter carbon-steel-cased wells, Each tube, which has been
backiited with nitrogen under pressure and sealed, contains 150 | (39 gal.) of liquid sodium roactor
coolant contaminated with plutonium and assoclated fission products. MDA W s capped with concrete
and sits on the southemn edge of Ten Site Masa abeve Ten Site Canyon, There are no stormwater run-off
concerns or any potential for erosion of the cap. Therelore, this site poses no impact on the Ten Site

" Canyon watershed. The depth to groundwater from the bottom of the carbon-steel-cased wells is around
1000 ft (300 m). MDA W was recommended for NFA In tho addendum to the OU 1129 RFi work plan
(Pratt 1994, 43475, p. 6-6) on the basls that no evidence of a release exists, the presont engineering
controls-preciude any migration ¢f contaminants to the environment; assessment and remediation options
pose a greater threat to human health and the environment than leaving the site as is; and the site will be
maintained under perpetual Institutional control. There are no administrative controls regarding access 10

- - the site,
MDA W will not be evaluated In accordance with the methedology desctibed in this document,

262 MDAX

MDA X (PRS 35-002) is the former site of the reacior from the Los Alamos Power Reactor Experiment
Ne. 2 (LAPRE-Il), which was buried in place after It was decommissioned in 1959, MDA X was iocated
near the southeast cormer of building TA-35-2 on the south side of Ten Site Mesa at an elgvation of
approximately 7000 tt (2100 m), The depth to groundwater below the former location of MDA X is
opproximatety 1160 #t (348 m), MDA X was remediated in 1991 as an interim action. MDA X was
recommended for NFA i the Addendum to the QU 1129 RFI Work Plan (Pratt 1994, 43475, p. 6-7)
because all reactor-ralated equipment and contaminated solls weare ramoved, Afterwards, soll was
sampled 1o confirm the removal of all constituents of concem Including radionuclides and hazardous
chernicals, There are no administrative contrels regarding access to the site.

MDA X will not be evaluated In accordance with the mathodology described in this document.

27 MDA CatTA-50

The MDA C landill at TA-50 (PRS 50-009) was established in May 1948 as replacement for MDA B at
TA-21, MDA C s located at the head of Ten Site Canyon at an elevation of approximately 7200 ft
(2667 m). Figure 2.7-1 shows the layout of MDA C at TA-50,

The depth to groundwater below MDA C is approximately 1175 ft (353 m) and run-off from this site enters
Ten Site Canyon, which is located In the Mortandad Canyon watershed. MDA Cis an 11.8-acre (4.7-ha)
slte onclosed by a fence. Radioactive and hazardous waste was disposed In seven pits and 108 shatts at
MDA C between 1948 and 1965, The average depth of the MDA C disposal pits was 20 ft (6 m), and the
average depth ot shatls was about 16 ft (4.8 m). The pits were filled betwoon 1948 and 1959, and the
shatts were filled between 1958 and 1965, Limited information about waste disposals after 1954 was
recorded in log books. The total radiological inventory estimates of MDA C are 196 Cl in pits and 49,483
Clin shafts (Rogers 1977, 0216). This estimate includes 28 Cl of uranium (uranium-233, -234, -235, 236,
and +238); 49,136 Ci of casium-137; 31 Ci of strontium-90; 26 Ci of plutonium-239; 149 Ci of
amaricium-241; 50 Cl of mixed fission products; and 200 Ci of mixed activation products.
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" A chronology of the major events pertinent to MDA C Is presented in Table 2:9 of the RFI work plan for
- QU 1147, There Is list of interred contaminants taken from site !ogbooks in Table 2+10 of the RF! work

plan for OU 1147 (LANL 1992, 7672).

The SWMU at this MDA Is listed In Module VIl of the Laboratory's RCRA hazardous waste facility permit,
RF! activities comploted at MDA C Include the following:
Phase | surface investigation was ¢onducted In 1993 in accordance with the RFI work plan for QU

1147 (LANL 1992, 7672).
Phase | subsurface investigation was conducted from 1994 through 1996 in accordance with the

RFI work plan for QU 1147 (LANL 1992, 7672).
The data from these Investigations will be evaluated in accordance with the methodology described in this

. ~ document.

28 MDAFatTA-6

MDA F [PRS 6-007(a)] consists of two tenced areas located at TA-6 on Twomile Mesa north of Twomile
Mesa Road and south of the southwast fork of Twomile Canyen, Figure 2.8+1 shows the layout of MDA F

at TA-6.

‘MDA F sits at an elevation of approximately 7460 tt (2238 m). The depth 1o groundwater below MDA F is
approximately 1275 ft (383 m). Run-off from this site enters the southwest fork of Twomile Canyon, which
Is located within the Pajarito Canyon watershed. In 1945, defective oxplosive lenses manutactured for
use In the Fat Man implosion weapon were destroyed in this area by detonation. Some of these lenses
' contalned Baratol, which contains barfum and trinitrotoluene (TNT). In 1946, a plt was excavated to
dispose large classitied objects that could not be easily cut. Tho objects wore buried to protect thelr
“classlifleation. In 1947, another pit was axcavated to dispose ather classified materlal, Two large disturbed
"argas, which may be these two pits, are visible on 1954 aerlal photographs. From 1949 through 1951,
work orders were written for thrae smaller pits to be used for occasional disposal, The locations and
_contents of these pits are unknown, From 1950 to 1952, three shatts were drilled to dispose spark gaps
. cantaining srnall amounts of ceslum=137. None of these disposals corrolates with job and work orders in
. the archives. The three shatts are probably inside of a smaller fence at MDA F. The areas Inside the
- fences at MDA F have been continually monitored for radioactivity since 1581 as part of the Los Alamos
 environmental survelllance program. No readings above background have been observed,

RF1 Phase | sampling was conducted in July 1994 in accordance with the RF! work plan for QU
1111 (LANL 1993, 26068).

A voluntary corrective action (VCA) was implemented in August 1995 as described in the VCA

completion report for PRS 06-007(f) (Environmental Restoration Project 1996, 54330). This site

was restored by recontouring and reseading with native grasses. A formal request for EPA

concurrence to remove PRS 6-007(f) from the HSWA module was prosented in the VCA report,

MDA F will not be avaluated in accordance with the methedology described in this document.

-

2.9 Locatlon of MDA M at TA-9

" MDA M (PRS 05-013) is located at an elevation of 7500 tt (2250 m) on Pajarito Mesa southwest of
- Pajarite Canyon. Figure 2.9-1 shows the layout of MDA M at TA-9.
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The depth to groundwater below MDA M is approximately 1220 ft (366 m), Run-off trem MDA M drains
northeastward to Pajarito Canyon and southward 10 a tributary informally known as Starmer Guich, which
Is located within the Pajarito Canyon watershed. Metal and debris, generated during the remeoval of Old
Anchor Sites (East and West) and during the construction of the prosent TA-8 and TA«9 facllities
(1948-65), have been flashed and deposited over the surface of this 3-acre area, Nonhazardous waste
trom the construction of other sites within the Laboratory was alse dumped here from 1960 to 1965,

RFI activities at MDA M include the following:

e An expediled cleanup (EC) was performed at MDA M as described in the “Expedited Cleanup
Plan for Selld Waste Management Unit 9-013” (Environmental Restoration Project 1895, 47257).

« Phase ! of the EC was conducted between Navamber 1995 and March 1996 (Environmental
Restoration Project 1996 62053; Environmantal Restoration Project 1997, 56936),

o Phase ll of the EC is planned to confirm that ¢cleanup action levels established in the Phase | RF!
are still appropriate, Additiona! site excavations and sampling will be done for confirmation,

MDA M will not bo evaluated in accordance with the methodology described In this document,

210 MDA QatTA-8

MDA Q Is located at TA-8 west of Anchor Ranch Roac and south of TA-8-21 (Dynamic Experimentation
Division Office) in an area known as the TA-8 Gun-Firing site, Figure 2,10-1 shows the layout ot MDA Q

at TA-8,

MDA Q is a 0.2-acre (0.01-ha) site located at an elevation of 7600 ft (2280 m) on Pajarite Mesa within the
Pajarito Canyon watershed. The depth to groundwater below MDA Q is approximately 1200 ft (360 m),
The Gun-Firing Sita consists of PRS 8-002, an experimental firing site 1or specially designed naval guns
for developing the Little Boy weapon, Two concrete anchor pads for the gun mounts and two target sand
butts still remain on the ground surface. A burial ground for the naval guns, called MDA Q, is listed as
PRS 8-006(a) and 8-006(b), PRS 8-006(b) was originally thought 1o be a second wasta MDA associated
with the firing site, but has since been determined to bo the same site as PRS 8-:006(a). The Gun-Firing
Shte was active only during World War I, and the buria) at MDA Q was conducted in 1946, MDA Q
occupies an irregularly shaped rectangular area with dimensions of approximately 270 tt by 260 ft (81 m
by 78 m), We believe that there has not been disposal at MDA Q since 1946,

The SWMUs at this MDA are listed in Module VIIf of the Laboratory's RCRA hazardous waste facility
parmit, RFI activities including radiological and geophysical survays were conducted at MDA Q in
November 1993,

MDA Q may be eveluated in accordance with the methodology described in this document.

211 MDA SatTA-11

MDA S (PRS 11-009) is a fenced, active exporimental plot at TA-11 measuring approximately 10 ft by
10 1t (3 m by 3 m) and located within the Water Canyan watershed. Figure 2.11-1 shows the layout of
MDA S at TA-11,

MDA $ sits at an elevation of approximately 7300 ft (2190 m). The depth 1o groundwater beiow MDA S is
approximately 1160 ft (348 m). The area is used to study the etfect of soll and weather on the
decomposition of explosives, The araa, which slopes 1o the southwest, Is woll vegelated with grasses and
weods, locust shrubs, and two small ponderosa pings. The surrounding area is covered with ponderosa
pines and no drainage intersects the site.

ER19980061 2-23 August 1998
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Expariments to datermine the persistance of explosives in soll near the drop tower complex at TA-11
(where the sensitivity of ME is studied) were Initiated in March 1965. Some expariments are still active,

having less than 80 g (0.18 Ib.) of HE in their inventory.

The SWML! at this MDA is listed In Module VII! of the Laboratory's RCRA hazardous waste facllity permit,
. 'No RFI activities have been completed at MDA S, MDA S may be evaluated In accordance with the
mathodology described in this document,

212 MDAY at TA<39

. Figure 2,12-1 shows MDA Y [PRS 33-001(b)}, which Is located at an elevation of 6400 ft (1920 m) within
". Ancho Canyon. The depth to groundwater below MDA Y is approximately 580 tt (177 m).

s Run-off from this slté dlra{:tly enters Ancho Canyon. MDA Y was one of several pits at TA-39 used for
- disposing waste consisting primarily of debrls from firing site experiments, empty chemical containers,
and office waste, MDA Y was the first disposal pit at TA-39 and was used from 1973 untll approximately

11976, when pit 2 was put In usa.

The SWMU at this MDA Is listed In Module VIl of the Laboratery's RCRA hazardous waste faclilty permit,
Activities completed at MDA 'Y are reported in these documents:

“AF] Report for Potantial Release Sites at TA-39 39-001(a, b) 39-004(a-6) 35-008"
(Environmental Restoration Project 1997, 55633)

*Reoquest for Supplemental Information for RCRA Facillty Investigation Report for Potentlal
Release Sites at TA-39: 39-001(a&b), 39-004(a-e) and 39-008" (NMED 1997, 56705)
“Extension Request for Resubmission of the TA-39 RFI Report for PRSs 39-001(a and b),

_ 39-004(a-@), and 39-008" (LANL 1998, 59905)
. MDAY may be avaluated In-accordance with the mathodology described in this document.

. 213 MDA AA at TA-36

MDA AA (PRS 36-001) i3 located at an elevation of approximately 6700 #t (2010 m) within Potrillo
Canyon, which Is located within the Water Canyon watershed. The depth to groundwater below MDA AA
Is approximately 770 ft (231 m). The first MDA AA tranch was dug in mid-1960s to bum and dispose
debris and sand from the firing sites. The oxact number of trenches is unknown; however, information
"from two sources indicates that there are from two to four tranches (LANL 1990, 54733). Figure 2,131

. shows the layout of MDA AA at TA-36.

" The trenches provided safety and administrative controls for explosives and for materials possibly
contaminated with explosives; they also reduced the volume of firing site debris. The last active trench on
~ the south side of MDA AA was closed May 12, 1989 In accordance with New Mexico solid waste

- regulations, After the last trench was filled with burned debris and covered with clean sofl, the entire MDA
- . AAtrench area was graded to lessen the potential of stormwater run-on and run-off that would erode the

. slte and impact the Water Canyon watarshed, Combustible firing site debris, such as wood, Is still bumed
on'the surface of a permitted burn area 100-300 tt (30-90 m) west of MDA, AA,
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The SWMU at this MDA is listed in Module VIil of the Laboratory's RCRA hazardous waste facility permit,
RF! activities completed at MDA AA are reporied in these decuments:

= “RFI Repon for Potential Rolease Sites at TA-36 36-001, 36-004(d) Skunk Works and Burn Pits,
36-006" (Environmental Restoration Project 1996, 54733)
» “Denial of RCRA Facility Investigation Report at TA-36 Petentlai Rolease Sites (PRSs) 36-001,
36-004(d), and 36-006 Dated June 21, 1996 LANL NM 0890010515" (NMED 1997, 56667) s
o “Intorim Action Completion Report for Potential Roloase Site at TA-36 36-001" (Environmental
Restoration Project 1996, 54892)
« ‘“Approval of Intarim Action Completion Ropert for Potential Release Slte ot TA-36 36-001 MDA
AA Dated July 1996 EPA #INMOBI0010515 (NMED 1997, 56305)
« “Roguost for Extension for Submittal of New/Revised RFI Report PRSs 36-001, 36-004(d), and
36-006 at TA-36" (Environmental Restoration Project 1998, 56927)
» “Extension Request for Phase I Sampling and Analysls Plan SAP Addressing Deficiencies In the
TA-36 RF! Report for PRSs 36-001, 36-004(d), and 36-006 (Former QU 1130 FU 2)"
(Environmental Restoration Project 1998, 59900)

L MDA AA will be evaluatod in accordance with the methodology described in this document,

2,14 MDA AB at TA-49

MDA AB [PRS 49-001(a-g)] Is located at an elevation of 7200 ft (2160 m) on Frijcles Mesa within the
Ancho Canyon watorshed. The dopth to groundwater bolow MDA AB is approximately 1120 it (336 m).

MDA AB was the location of the hydronuclear and related experimonts performed {rom late 1959 to mid-
1961 that deposited virtually all the contaminants that are expected at TA-49, MDA AB and TA-49 have
had very few other uses. The oxperiments were conductied 10 nssess salety of the storage and
transportation of nuclear weapons components. The axperiments were conducted in multiple shafts and
chambers at depths between 60 !t and 80 1 (18 m 1o 24 m), The total volume of contaminated tulf has
been estimatod at about 1,000,000 #” (30,000 m?), The radiological inventory has been estimated as
0.2 Cl uranium-235 and 2,450 Ci plutonium-239, with some fission an activation products also likely to
be present. Solid lead used as shielding as well as small amounts of beryllium are aiso contained in the
experiment chambars, The experimental shafts were installed In tour different areas in what are now,
roughly, the corners of MDA AB. The areas were numbered 1 through 4 with Aren 2 being subdivided into
areas 2A anc 2B. Figure 2,14-1 shows the layout of MDA AB at TA-48,

In 1961, the surface over the shafts In Area 2 was covered with a clay/gravel layer overlain with asphalt to
stabilize residual surface contamination, This pavement was removed in 1999 as part of an Interim
moasure (M) of the RFI 10 protect the site Irom subsuriace moisture which resulls trom surtace water
ponding, run-on, and inhibited evapotranspiration. That IM was completed by installing a clean, crushed-
1wt cap containing a wirg-mesh layer to inhibit burrowing animals. it was covered with native grasses to
pramote transpiration of meisture and inhibit erosion, and gravel also to inhiblt erosion,

ER19990061 2:29 Augus! 1999
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The SWMUs at this MDA are listed in Module VIl of the Laberatory's RCRA hazardous waste facility
permit, RFI activities comploted at MDA AB include the foliowing:
Phase | investigation was conducted in 1994 in accordance with the RFl work plan for QU 1144

(LANL 1992, 7670).
A plan for stabllization activities was presented in the “Stabllization Plan for Implementing Interim

Measures and Best Management Practices at Potential Relonse Sites 48-001(b, ¢, d, and g)"

(Environmental Restoration Project 1998, 59166).
The stabilization plan receivod an RSI (NMED 1998, 59899) and then a NOD on the response te

the RSI (NMED 1998, 62663); responses were developed to both (Environmental Restoration

Project 1998, 62040; Environmental Restoration Project 1998, 62813).
Bost management practicos (BMPs) wara performed at PRSs 48-001(b, ¢, d, and g) as described

in the BMP completion report (Environmental Restoration Project 1999, 63041). Activities
included construction and stabilization of a diversion channel; installation of a siit fence;
down-gradient channe! stabilization; removal of a power pole; and placement of straw bales In the

up-gradient run-off channel,
Subsequent RF activities at MDA AB will be developed in accordance with the methodology doscriboed in
this document,
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3.0 ENVIRONMENTAL SETTING >

Los Alamos National Laboratory (the Laboratory) is located on the Pajarito Plateau in north central New '
Mexico, The 43 mi® (112 km?) plateau slopes gently to the cast-southeast botween the Jomez Mountains L
on the wost and the broad Grande Valiey on the oast which runs north to south, Elevations range from .
7600 to 6300 f1 (2317 to 1920 m) above mean sea level, The local roliof of the plateau consists of east-
southeast-trending canyons and mesas, This section of the document describes the natural features and ‘,lf'w'
svents of the roglon, focussing on those that may impact the release or transport of contaminants from
material disposal areas (MDAs) around the Laboratory, Since most MDAs are focated on mesa tops, the
emphasis of the hydrology summary is an mesas, rather than canyons,

31 Climate

The Paojarito Plateau has a temperate semiarid mountain climate, Spring is typically windy and dry.
Summer begins with warm, usually dry conditions in June, followed by a two-month rainy season In July
and August. The ralny season ends In autumn when the climate becomes drior, cooler, and calmer, and
winters are genarally mild with occasional winter storms, General information about the climate of the
Laboratory area Is provided in the annua!l environmental survaillance reports (e.g., Environmental
Survellianco Program 1958, 55904) and in Chapter 2 of tha Environmental Restoration (ER) Projoct's
installation work plan (IWI?) (LANL 1986, 55574). Bowen {1990, 6399) provides dotailed data
compilations and extensive statistical summaries including projected probablilties for climate In the Los

Alamos area,

Metoorological variables at the Laboratory are mensured at five towers on the Pajarito Plateau. Four of
the lowers are located on mesas and one tower is located in Los Alamos Canyon. Local and tegienal
topographical features significantly influence the local meteorology of the Laboratory (Baars et al. 1998,

£3896).

3.,1.1  Temperature

The elevation of the Pajarito Plateau is the primary influence of tomperature; the plateau is cooler in the
summer than the surrourding low-lying tlesert. In the evenings and at night, cool air sinks off the plateau
and flows down the canyons; thus, nighttime temperatures on the mesas aro often warmer than in the
canyons and at lower elevations, The general lack of moisture in the atmosphere alse influences
tomperature. With less moisture, there i4 less cloud cover, which allows a signiticant amount of solar
heating during the daytime and radiative coeling during the nighttime, This heating and cooling causes a
wide range of daily temperaturos, The averages range is 13°C (LANL 1988, 59904).

3.1.2 Preclpitation

The average annual precipitation, from rainfall and the water equivalent from frozen procipitation, is

47.6 cm (18.7 in.). However, the annual total fluctuates considerably from year o year, with the standarg
deviation of the fluctuation being 12,2 ¢m (4,8 in.). The lowest rocorded annual precipitation is 17.3 em
(6.8 In,) and the highest Is 77.1 cm (30.3 in.). The maximum precipitation recorded for a 24-h period is
8.8 cm (3.5 in,) and the maximum for a15-minute period is 2,3 em (0.9 In.). The eastern portion of the
plateau often receives 13 ¢m (5.1 in.) lass annual precipltation than the west-central portion of the
plateau, About 36% of the annual precipitation falls during the July/August rainy season,

Winter precipitation oceurs mostly as snow, The snow s typically dry: 20 units of snow are equivalent to
1 unlt of water. The annual snowliall averages 150 ¢m (59 in.) but from year to year the amount of snow Is

August 1999
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quite variable, The standard deviation of annual snowfall is 71 ¢m (28 in.). The highest recorded snowtall
for one season is 389 cm (153 In.), and the highest recorded snawfall for a 24-h period is 56 cm (22 in.).
In o typical winter there are 14 days during which snowtall exceeds 2.6 ¢m (1 in.) and 4 days of snowtall
oxcooding 10.2 ¢m (4 In.). The most extreme single-storm snowlall on record is 122 em (4 k).

Rolative humidity varies considerably dally, but monthly averages vary little during the year, Relative
humidity ranges from 39% In June to 56% in December, and averages 51% over the entire year. Absolute
humidity ranges from 2.4 g of water/m? of air in January to 8.7 g/m? in July and August, when moist
subtropical air invades the region during the rainy season. Fog in the Pojarito Plateau area is very rare,

occurring less than five times a year on average,

3,13 Winds

Wind conditions on the Pajarito Plateau are generally light, and the average annual wind spead Is 2.5 mvs
(5.5 mim). Mowaver, the windy season from mid-March to early June sustains wind speeds exceeding
4 m/s (8.8 mi/) 20% of the time durlng the day and the dally maximum wind gust exceeds 14 mys (31
mim) about 20% of the time. The highest wind gust on record is 343.4 m/s (77 miM). Tornadoes have not

touched the ground in the Pajarito Plateau area; however, funnel clouds have been observed in Los
Alamos and Santa Fe Countles,

Winds over the Pojarito Plateau show considerable spatial structure and temporal variability, During
sunny, light-wind days, an upsiope flow greatest along the western margin ¢f the plateau usually develops
over the plateau In the morning. By midday a southerly flow usually prevalls over the entire piateau.

The prevailing nighttime winds over the western portion of the plateau are west=southwesterly to
northwasterly. These nightlime westerlios result from cold air drainage off the Jemez Mountains and the
Pajarito plateau; the drainage layer is typically 50 m (165 ft) deep in the vicinity of Technical Area (TA) 6.
At stations farther from the mountains, the nighttime dlrection Is more variable but usually has a rolatively
strong westerly component. Just abave the drainage layor, the prevailing nighttime flow is usually

southwestarly.
Qbservations made at meteorolegical statlons in canyons show that atmospheric flow there s quite

ditiarant from flow over the mesas. Duting the nighttime, cold alr flows down the canyons about 76% of
the time. This gravity flow Is steady and continues for an hour or two after sunrise when it abruptly ceases

and is followed by an unsteady up-canyon flow for a couple of hours.

3.1.4  Solarirradlance

Solar irrndiance measurements show that Los Alamos raceives more than 75% of possible sunshine
annuatly, (Possible sunshine is defined as the amount recelved when the sky Is cloud-free.) During most
of the year, when there is no snow on the ground, about 80% of this incoming solar energy is absorbed at
the ground surlace. About half of this absorbed shortwave energy is offset by longwave radiation to
space, The remainder of the radiant energy, called the net all-wave radiation, Is dissipated inte the soll,
into the lower layer of the atmosphere, and avaporates water from the solf and plants
(evapotranspiration). Preliminary analyses suggest that monthly tota! avapotranspiration reaches a
- maximum of 7.4 cm (2.9 in.) In July, Monthly totals during January and February are about 0.8 em
(0.3 in.). It appears that evapotranspiration equals approximately 90% of the annual precipitation.
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MDA-Speciflic Climate

The varlations in local climate across the plateau and between individual MCAs are primarily intluenced
by an MDA's location, The western third of the laboratory property is typically wetter and more temperate
than the rost of the Laboratory. Typically, mesas are sunnigr and have stronger winds than the canyons
or slopes. Therelore, an MDA's location determines the wind velocities, temperature variability,
precipitation, and solar irradiance there, The combination of these local paramaters establish an
evapotranspiration potential, A summary of local climate data for the MDAs as measured at the nearost
Laboratory meteorological station Is presented in Table 3.1-1.

Table 3.1-1
Summary of MDA Climate Data
Distance Teﬁav;;:agtzra Short
Closest | from MDA to . Wave
Met | Met Statien (<) Precipltation | Winds | Irrodiance | Evapotranspiration

MDA | Locatlon | Station {ml.) Min | Max {indyr.) (nvs) | (MJIm)) Potential
A Mosa TA-53 1.2 4,36 |16.58 15.97 2.9 18.94 High

B Meosa TA53 1.8 4,36 |16.58 15.97 2.9 18,04 High

C |Mosa TA8 1.2 1,77 1503 19.69 249 18.87 High

D [Mosa TA-54 ar 0.99 |17.58 14,57 2,74 19,23 High

E Mosa TA54 4.1 088 |[17.58 14.57 274 19.23 High

F Slope TA6 0.4 1.77 | 15.03 19.69 249 18,87 Medlum
G Measa TAs54 1.0 099 [17.58 14,57 2.74 19,23 High

H Mosa TA54 2,6 080 17,58 14.57 274 19.23 High

® Slope TA-54 3.5 0.98 |17.58 14,57 2,74 18,23 High

L Masa TA54 1.8 0.99 [17.58 14.57 2,74 19,23 Low

M Slopo TA-6 1.2 1.77 | 15.03 19.69 2,49 18,87 Modium
N | Slopo TA-6 1.4 177 11503 19.89 2,49 18,87 Modium
P Slopo TA6 1.1 1.77 11508 19.69 2.49 18,87 Modium
Q Slopo TAG 1.6 1.77 (15,03 19.69 2,48 18,87 Madium
R Slope TA-6 1.5 1.77 {15.03 19.69 249 18.87 Meodium
S Slope TA-G 1.7 177 115,03 18.09 2.49 18.87 Medlum
T Moga TA-53 1.3 436 |16.58 15,97 2.9 18.94 High

U  |{Mesa TA-53 1.1 4,38 [16.58 15.87 2.9 18,94 High

Y Mesa TA=53 1.2 43¢ |16.58 15.67 2.9 18,94 High

W | Mosa TA6 1.6 1.77 15,03 19.69 249 18,87 Migh

X | Slope TA6 1.6 1.77 115,03 19,69 2,49 18.87 Modium
Y Canyon | TA-49 2.2 3.44 (1618 18,68 241 19.14 Low

A Mosa TAE 1.9 1.77 [ 15.03 19,60 2.49 18.87 High
AA | Canyon | TA54 1.8 0.99 [17.58 14.57 274 19.23 Low

AB | Mosa TA49 07 344 |1618 18,68 2.41 19,14 High
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32  Geology

Discussions of the regional geclogic setting of the Pajarito Plateau are presented in Griggs (1 964, 8795);
the IWP.(LANL 1996, 55574); the Mydrogeclegic Workplan (LANL 1996, 55430): and, most recently, the
" Core Document for Canyons Investigations (LANL 1997, 55622, p. 3-6).

* The surface distribution of bedrock geolegic units in the Pajarito Plateuu area Is shown on geologic maps
that have been prepared by Griggs (1964, 8795):. Smith et al. (1970, 9752); Purtymun and Kenneady
(1971,.4798); Vaniman and Wohletz (1990, 21589); Rogers (1595, 54419); Dethler (1997, 49843); and
* others. The subsurface geology has been investigated with a number of deep boreholes including the test
"~ wells (TW-well), deep test holes (DT-holes) municipal supply wells (LA-wells, O-wells, and G-wells) (.9.,
" Purtymun 1995, 45344), and more recently by the reglonal aquifer characterization holes (R-wolls) that
- are dascribed in the Hydrogaologlc Workplan (LANL 1996, 55430),

The prlncipal bedrock units in the Pajarito Plateau area consist of the following, in ascending order:

" » - Sonta Fe Group: 4=21 Ma (Manley 1979, 11714)

e Puye Formation: 1.7—4 Ma (Turbaville et al. 1989, 21587; Spell et al. 1990, 21586) and
interstratified volcanic rocks including the Tschicoma Formation on the west: (2.53-6.7 Ma)
(Gardner and Goff 1984, 44021; WoldeGabriel et al. 1996, 54427) and basalts of the Cerros dol

" Rio voleanic fleld on the east: (2-3 Ma) (Gardner and Gotf 1984, 44021).
 Otowl Member of the Bandeller Tutf: ca 1.61 Ma (Izett and Obradovich 1994, 48817), tephras and
voleaniclastic sediments of the Cerro Toledo Interval (Broxton and Reneau 1995, 49726, p, 11)
Tshirege Member of the Bandeller Tutl: ca 1.22 Ma (Izett and Obradevich 1994, 48817; Spell ot

. al, 1990 21586)
o FIgure 3. 2-1 shows the gonemll..ed stratigraphy of the Pajarito Plateau. Figure 3.2:2 shows a generalized
* grossssection from west to east across the plateau,

‘3.2.1 'Santa Fe Group

" Based on borehole lithological and gaophysical logs, Purtymun (1995, 45344, p. 4) informally divided the
Santa Fe Group into three tormations, which are (In ascending order) the Tesuque Formation, the

Chamita Formation, and & coarse-grained upper facles.

The Tesuque and Chamita Formations are terrostrial sedimentary deposits that filled the Espaficla Basin

of the Rlo Grande during subsidence In late Tortlary time. The coarse-grained upper facies of the Santa

Fe Group was deposited in a late Miocene trough 3- to 4- mi- {4,8- to 6.4- km) wide and 7-to 8- mi-

(11-to 13- km) long that extended northeastward beneath the Pajarito Plateau (see Figure 2-4.in the

hydrogeelogic work plan [LANL 1996, §5430)), This trough Is filled with up to 1500 ft (approximately

450 m) of gravels, cobbles, and boulders derived from the Jemez volcanic fleld and with velcanic,

. metamorphlie, and.sedimentary rocks derived from highlands o the north and east. The trough Is partly
‘coincident with low-gravity anomalies that Ferguson et al. (1995, 56018) interpreted as a sediment-filled

" graben on the western side of the Espafiola basin of the Rio Grande rift. The eastern side of this trough

cresses Cafiada del Buey near state road NM4, The western margin of the trough Is not well constrained

. but may be located in the western portion of the Laboratory.
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3.2.1.1 Tesuque Formation

The Tesuque Formation primarily consists of poorly consolidated, light pinkish brown, siity sandstonae,
siltstone, and claystone (Cooper et al. 1965, 8582, p. 59). The sandstones are predominately fine- to
medium-grained, and the sand grains are subrounded to well rounded, The Tesugue Formation also
contains Interbedded gravel and conglomarate beds and basalt flows In the eastem part of the Pajarito
Plateau.

3.2.1.2 Chamita Formation

The Chamita Formation is simllar in appearance to the Tosuque Formation but reponedly contalns a
larger proportion of voicanic and granitic clasts in its gravel layers (Galusha and Blick 1971, 21526, p. 71)
and Paleozolc limestone cobbles In its conglomerate layers (Dethier and Manley 1985, 21508). The
Chamita Formation contains lithelogically distinct quartzitic gravels {(Galusha and Blick 1971, 21526,

p. 71). Upper layers of the Chamita Formation may contain cobbles of Jemez volcanic rocks, primarily
andesitos and dacltes, However, because of simllarities of appearance, obvious time overlaps, and
interfingering relations, ditferentiation of the Chamita Formation from the coarse-grained upper facles of
the Santa Fe Group is often difficult, particularly in borehole investigations, The coarse-grained upper
facles of the Santa Fe Group may be a facles variation of the Chamita Formation,

3.2.1.3 Coarse-Gralned Upper Facles of the Santa Fe Group

The coarse-grained upper faclas of the Santa Fo Group is composed of a mixture of voleanic debris from
the Slerra de los Valles and arkosic and granitic debris from the highlands to the north and east of the
Pajarito Plateau. Purtymun (1995, 45344, p, 6) called this distinclive group of coarse-grained sediments
ot the top of the Santa Fe Group the *Chaquehul Formation,” The name “Chaquehul Formation” as
related to Santa Fe Group sediments is a potentially confusing designation because the type section ot
the “Chaquehul Formation” In Chaquehul Canyon is much younger than the coarse-grained upper facies
of the Santa Fe Group Identitied In boreholes on the Pajarito Pialgau, The *Chaquehuil Fermation”
constitutes quarizite clast-bearing maar deposits of the Cerres del Rio volcanic tield, in PM-3 the upper
coarse-grained facles consists of medium- to coarse-grained sandstone, conglomerate, and siitstone
(Purtyrnun 1967, 11829, p. 9), Because of the high permeability charactaristics of this facles, it is an
impontant aquifer for the dovelopment of high-yield, low-drawdown municipal and industrial water supply

wolls on the Pajarito Plateau,

The deep boraholes in the eastemn part of the Pojarito Plateau encountared basaltic lava flows that are
interbadded with the sedimentary deposits of the upper Santa Fe Group, These basalts range In
thickness from 30480 ft (9.1-146 m). They genorally are described as dark gray and dense, but red
vesicular zones are also present (Cooper et al, 1965, 8582, p. €0; Purtymun 1967, 11829, p. 9; Purtymun
1995, 45344, p, 263),

3.2.2 Puye Formation, Tschicoma Formation, and Cerros del Rio Basalts

The Puye Formation Is mostly a fanglomerate deposit generally consisting of poorly soried boulders,
cobbles, and coarse sands. At PM-3 the clasts are composed of dacite, rhyolite, and iragments of basalt
and pumice (Purlymun 1967, 11828, p. 8). At TW-8 in Mortandad Canyon, the fanglomerate consists
predominately o! fine- 10 coarse-grained sands and interbedded clay, silt, and gravel (Baitz et al. 1963,
8402, Figure 4). The lower langlomerate includes more than 95 # (29 m) of light tan to light gray tuf and
tutfaceous sand.
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The lower Puye Formation includes coarse sand and bouider deposits interproted to ropreasent an axial

. facles deposit of the ancestral Rio Grande as described by Manley (1976, 57673) and Dethier (1997,

49843), The axlal facles depesit was previously (Informally) called the “Totavi Lentli” of Griggs (1964,

8795). This deposit Is composed of grave! and boulders of dacite, rhyolite, and quartzite (Purtymun 1967,

-11828, p. 9). The thickness of tho axial facies daposit varies from 40=70 tt (12=21 m) (Purtymun 1995,

45344, pp. 275~277). The axial facies deposit intarfingers with the fanglomerates of the Puye Formation
and basaltic rocks of the Carros del Rio volcanic fleld in White Rock Canyon.,

" Beneath the eastem pért of the Pajarite Plateau, a sequence of brown and gray basaitic lava flows split

" the Puye Formation Into the main lower part and a thin upper part (Purtymun 1995, 45344, pp, 275-277).
" In some areas, these basalls are prosent baneath the Guaje Pumice Bed, although variable thickness ot
‘fanglomerate facies may be present above the basaits, The basalts are stratigraphically equivalent 1o the

basaltic rocks of the Cerros del Rio voleanic fleld and probably represent an extanslon of that voicanic

© field beneam the Pajarito Plateau,

Dacltic volcanic rocks, presumably representing the distal edge of a Tschicoma Formatlon lava flow, were
“encountered beneath the Bandeller Tutf in borehole SHB-1 (located west of TA-55). The dacite flow
-appears 10 occupy a similar stratigraphic position within the Puye Formation, as do the basalts. Similar

dacile fiows may underiie the upper and micdie sections of Sandia Canyon, This may indicate that the

volcanic flows in the Puye Formation do not extend laterally baneath the entire Pajarite Plateau,

" The top of the raglonal zona of saturation beneath the Pajarito Plataau is usually encountared within the
fanglomerate facies of the Puye Formation and the associated Interbedded basalts.

3.2.3 Otowl Member of the Bandelier Tuff

The Otow! Member is a nonwolded, poorly consolidated ignimbrite sheet composed of stacked ash-flow
units. These units are composed of purice laplill supported by a matrix of ash and crystal fragments, The
Qtowl Member varies In reported thickness from 184=465 1t (56=-142 m). The deposits of the Otowl
Member beneath upper Sandia and middie Mortandad Canyon (near TW-8 and EGH-LA-1) are among

" the thickest on the. Palarito Plateau from deposition In a pre-Bandelier Tult paleovalley (see Figure 5 In
Broxton and Reneau 1996 [55429, p. 330)). The paleovalley containing the thick Otowi Member
sediments continues southward across the Pajarito Plateau,

" The basal part of the Otowi Member includos the Guaje Pumice Bed, which (s a sequence of well.
stratifled pumice-fall and ash-fall deposits. The Guaje Pumice Bed typically is 30- to 35- tt= (9.1~ 10.7-m)
' -thick beneath the Pajarito Pfateau (27 {8 m] at PM-2),

N - 5 3.2.4 Tephras and Volcaniclastic Sediments of the Cerro Toledo Interval

.. Tephms and vo!canlclastlc sediments of the Cerro Toledo Interval is an informal narme glven to a complex
. 'sequence of epiclastic sediments and tephras of mixed provenance (Broxton and Reneau 1995, 49726,
p.11). This unit includes well-stratified tutfaceous sandstones and siltstones, primary ash-fall and

..’ pumice-tall deposlts, and dacite-rich gravel and boulder deposits. The Cerro Toledo deposits, which vary

: f in thickness from 0 to more than 100 tt (30 m), likely were deposited episodically with unevenly distributed
local deposits. Some sediments were deposited in drainage channels developed on top of the Otowl
. Member before deposition of the Tshirege Member, Other blanket-type fallout deposits were deposited

- across the plateau, including on paleatopographic drainage divides. Erosion and possible redeposition of

 the Carro Toledo interval sediments and possibly the underlying Otowi Member occurred In places betore
. deposition of the Tshirage Qbt 1 unit, which may have contriduted to locally variable thickness. The Cerro
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Toledo intarval is approximately 140-f1s(43 m) thick in SHB-1 (Gardnor ot ol 1993, 12582, p, 9) and
approximately 80-1t-(24 m) thick in borenole 35-2028 located in Ten Site Canyon (Environmental .
Restoration Project 1996, 54422, p, 2-3).

32,5 Tshirege Member of the Bandelier Tuff

The Tshirege Member is a multiple-flow ignimbrite sheet that forms the prominent ¢litts and mesas of the o
Pajarito Plateau. The Tshirege Member includes & number of subunits that can be recognized based on
differences in physical and weathering properties. This document foliews the nomenclature of Broxton

and Renoau (1995, 48726, p. 8), which was adopted as a standard by the ER Project,

Subunits of the Tshirege Member

e The Tsankawl Pumice Bed (Qbtt) Is the basal pumico fallout deposit of the Tshirege Momnber,
This pumice bed typically is 1~ 1o 3+11-(0.30- 10 0.81-m) thick In this part of the Laboratory. Itis
composed of angular to subangular clast-supported pumice lapilli up 1o 2.4 in. (6 ¢m) in diamoter,

o Qbt 1g is the lowermost unit in the thick ignimbrite sheet that makes up most of the Tshirege
Member. Qbt 1g Is a porous, nonwelded, pooarly sorted, vitric ignimbrite, It is poorly indurated but
nonetheless forms stoep ¢litfs because a rosistant bench near the top of the unit forms a
protective cap ovar the softer underlying 1wt Qbt 1g underlies most of the mesas and is oxposed
in canyon walls on the Pajarito Platoau,

« Qbt1vis aserles of ciltte and slope-forming outcrops composed of porous, nanwalded, devitrified
ignimbrite, (Al units above Qbt 1g are vapor-phase-altered and devitritied,) The base of the unitis
a thin, horizontal zone of preferential woathering that marks the abrupt transition from vitrle tuffs
below 1o devitrified tufls above; his feature forms a mappable marker herizon on canyon walls In
portions of middle and lower Sandia Canyon. The lower part of Qbt 1v is a resistant orange brown
colonmade tut (Qbt 1v-¢) that lorms a distinctive Jow cliff characterized by columnar jointing, The
colonnade tulf is overlain by a distinctive white band of slope-forming tuffs, Qbt 1v is exposed in
canycn walls and is present beneath portions of canyon lloors.

« Qbt 2 lorms a distinctive, medium-brown, vertical clif-forming unit that stands out in marked
contrast to the slopa-forming, lighter-colored tulfs above and below, This unit is devitrifiod,
relativaly highly welded, and lorms the steep, narrow canyon walls In the central and castern
porticns of the Pajarito Plateau and underlies canyon floors in the central and western portions of
the plateau, Qbt 2 forms a resistant caprock on mesa tops in the eastern portion of the Pajarito
Plateau and Is the mesa caprock at Mesita del Buey and at many of the MDAs,

« QObt3is a nonwelided to partially welded, devitrified ignimbrite. The basal part of Qbt 3 consists of
a soft, nonwelded tuff that forms a broad gently sloping bench on top of Qbt 2 in canyon wall
exposuras and on the broad canyon floors in the central part of the Pajarito Plateau. The upper
part of Qbt 3 Is a partially welded tuff that forms tho caprock of mesas in the central part of the
Pajarito Plateau, such as at TA-50 and the town of Los Alamos, This unit is more densely welded
to the west and locally contzins apparent horizontal bedding and/or fracturing.

o Qbt<is apartially 10 densely welded ignimbrite characterized by small, sparse pumices and
numerous Intercalated surge deposits, This unit is exposed on mesa tops on the western part of
the Fajarito Plateau such as at TA-3. Some of the mos! densely welded areas occur on the
westarn margin of the Laberatory.

The majority of MDAs are located within the upper units of the Tshirege Member of the Bandelior Tutf, A
summary of local geclogy present at the MDAs is presented in Table 3,2-1.
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Table 3.2-1
Summary of MDA Loca! Geology
Stratigraphie Unit Geohydrologic
Depth
Disposal | Disposal
Bottom | Botlom Fracture

MDA Surface Unit () Unit Devitriflcation | Welding | Induration | Qccurrence
A Tshiroge Momber, Unit3 | 30 Unit3 Devitritied Non Slipht Rare
B Tahirage Member, Unit3 | 18,5 Unit3 Dovitrifiod | Non Slight Rare
c Tshirege Momber, Unit3 | 20 Unit 3 Dovitritled Nen Slight Raro
D Tahitoge Member, Unit2 | 48 Unit 2 Dovitrifiod Slight Strong Many
E Tshirege Momper, Unit2 | 48 Unit 2 Dovitritied Slight Strong Many
F £l Cajole/Alluvial fan <20 Unit4 Devitritlod Non Slight Raro
G Tahiroge Mombar, Unit2 | 60-70 | Unittv Dovitrifled | Slight Strong Many
H Tshirope Member, Unit2 | 60 Unit 1v{u) | Dovitdtled Slight Strong Many
K Tshiroge Mamber, Unit3 | 8 Unit3 Dovitritied Non Stight Rare
L Tshirege Mombor, Unit2 | 65 Unit 1v(u) | Davitdlled Slight Strong Many
M El Cajeto/Unit 4 n/a* Unita Dovitrilied Norvmod | Norn/mod Raro/many
N El Cajote/Unit & <20 Unit 4 Dovitrifiod Nor/med | Nervmod Rare/many
P Unit 4/Unit.3 na Unit4 Devitrtiod Mod/non | Modsslight | Many/mod
Q Alluvial tarn/El Cajote <20 El Cajote Daovitrifled Non Slight Rare
R Alluvial tan/Unit 4 na Unit4 Devitrifled | Non/mod | Norvmod | Rare/many
S Alluvial fan/Unit 4 <10 Unitd Dovitrifled Non/mod | Norvmod Raro/many
T Tshirogo Momber, Unit3 | GO Unit3 Devitritiod Nen Slight Rare
U Tahiroge Membor, Unitd | 13 Unit3 Deovltritlod Non Slight Rare
\ Tshirege Member, Unitd | 10 Unit 3 Deovitritied Non Slight Raro
w Tshiroge Member, Unit3 | 135 Unit 3 Dovitrilied Non Slight Rare
X Tshirege Mombor, Unit3 | 35 Unit 3 Davilrifled Non Slight Rare
Y AlluviumyUnit 1p 12=15 | Unit1g Vitrie Nownon | Norvslight Rara/some
Z El Cajete/Unit 4 10 Unit4 Devitntiod Non/mod | Mod/strong | Raro/many
AA Colluvium/Unit 1g <20 Unit 1g Vitrie Non/non | Nor/slight | Rare/some
AB Tshirege Member, Unit4 | 65-80 | Unitd Dovitrifled Mod Strong Many
Area 4

*n/a = not applicable (MDA Is a surface unit),

d.2.6

Geologlcal Structure -

Subunits of the Tshirege Member dip gently southeastward on the Pojarito Plateau. The southuwastward
dip of these tutts probably is the primary Initial dip, mainly resulting from the burial of a southeast-dipping
paleotopographic surface and thinning of subunits away from the volcanic source to the west,

The palectopegraphy of the pre-Tshirege surface may strongly influence the direction of possible
groundwater flow and contaminant migration in subsurface units beneath MDAs, Sediments of the Cerro
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Toledo interval are present beneath the Tshirege Member of the Bandelior Tull, Available data from test i
wells and borzhole drilling on the Pajarito Plateau, especlally data from the Pajarito Mesa municipal i
supply well field and at TA-54, help define this paleotopographic surtace. The oxisting data indicate that a o
Cerro Toledo-age drainage systom fikely heads on the flanks of the Sierra da los Valles in the area of the };.;'
headwaters of Los Alamos Canyon. The channel system appears 1o trend to the southoast and crossos ;
obliquely benpaih the Pajarito Plateau and continues sou'heastward to south of the White Rock basalt o
high (Broxton and Reneau 1996, 55429, p. 331). Dacite boulders In the Cerro Toledo interval are :
exposad in lower Water Canyon east of state road NM4, which indicates the presence of a large channel
systom withir: the Cerro Toledo interval, Similar volcanic boulders in the Cerro Toledo interval have also
bean encountared in boreholes SHB-1 and 35-2028 (im Ton Site Canyon) and sutcrop in lower Sandla
Canyon near PM-1, The dacite boulders in lower Sandia Canyon may reprasent a separate channel
system withiri the Cerro Toledo interval that may head in the upper roaches of the modern Rendija
Canyon watarshed (Broxton and Reneau 1996, 55429, p. 331).

Paleotopogrephy of the pre-Qtowi surlace may aiso influence the flow direction of potential perched
groundwater beneath MDAs, A significant zone of intermediate porched zone groundwater occurs in the
Guaje Pumice Bed approximately 300 ft (91 m} baneath Los Alarnos Canyon. This Intermediate porched
zone groundwater contains clevated concentrations of tritium (Broxton et al, 1995, 50121, p. 97), which
are declining over time, suggesting the passage of a tritiated groundwater plume (Longmire et al, 1996,
54168, p. 4713). Although this perched groundwater has been found only in the area beneath Los Alamos
Canyon, structure contour maps suggest that the gradient of the perching layer changes from eastward to
southward noar TA-21 and that water confined to this zone may move down gradient along the axis of a
largo pre-Otowi paleodrainage toward the south (Broxton and Reneau 1996, 55429, p, 329; Davis et al.
1996, 55446, p. 54). The location of the axis of this paleodrainage cannot be constrained procisely, but
the avallable data suggest that the axis cresses beneath Sandia Canyon near TA-53 and crosses Mesita
del Buey near water supply well PM-4, Groundwater infiltrating to and potentially perching in the Guaje
Pumice Bed trom Los Alamos Canyon could tend to migrate toward the axis of this paleodrainage and
thon flow toward the south or southwest beneath Sandla Canyon and Cafiada del Buey.,

Faults and fracturgs may play a role as inflltration pathways if they become saturated beneath MDAs and
beneath canyon floors, A complex zone of faulting associated with the southern part of the Rendija
Canyon fault zone Is exposed at the Los Alamos County landlilt and crosses the middle part of the
Pajarito Platpau (Gardner et al, 1999, 63492, p. 20), The Guaje Mountain tault is prasent north of the
town of Los Alamos and could also extend southward onto the Laboratory but the location of the southern
end of this fault is not certain. Numerous small-displacoment faults have also been documented at TA-54
on Mosha del Buey (Roneau et al, 1998, 63135, 63497) and likely oceur in other areas.

3.3 Hydrology

Pursuant to "he Laboratory's Hydrogeolegic Workplan (LANL 1998, 59599), the hydrology of the Pajarito
Plateau Is discussed as it applies to masas and canyons, Mosas are genorolly devoid of waler, both on
the surface and within the rock forming the mesa, Canyons are either wot or dry; tha wot canyons contain
continuous stroams and may contain groundwater In the canyon bottom alluvium. Dry canyons have only
occaslonal stream flow and lack alluvial groundwater. Intermediate perched groundwater in known 1o
exist in several locations, and the regional aquifer water table is found at depths of about 600-1,200

(200-360 m) beneath the Plateau.
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3.3.1  Surface Water

Rivers and streams located within 80 km (53 mi) of the Laboratory inglude the Rio Grande and its

tributarles including the Chama, Qjo Caliente, Santa Cruz, Nambe, and Tesuque rivers to the north and

east; the Jemez River and San Antonio creeks to the west; and the Santa Fe and Galisteo rivers to the

south, The Rio Grande recelves all surface water drainage trom the Pajrito Plateau. Resarvoirs within
.80 km (50 mi) Include the Cochitl, Abiquiu, Santa Cruz, and Jemez.,

-Desplte the dramatic erosional topography of the Pajarito Piateau that resulted irom greater surface flows
in tho past, only a few straams currently flow yearsround; most fiow only after heavy rains and snowmait,
Run-off from heavy raintall and snowmelt reaches the Rio Grande several times a year in some

dralnages. :

Springs occur at elevations between 2,400~ and 2,700-m (7,900- and 8,900-1t) on the eastern slopes of
the Jemexz Mountains and supply water to the upper reaches of several major canyons. These springs
discharge at rates from 7-530 I/min (1.8=140 galJ/m), which Is Insutficient to maintain surtaco flow for
more than the upper third of the canyons before it is depicted by avaporation to the atmosphere and
infiltration Into the underlying alluvium. On the mesas, water flows only as stormwater and snowmelt run-
off. As a result of run-oft, surface erosion occurs, typically as shallow sheat erosion on the relatively flat
parts of the mesa, or by local established erosion channels during sustained storm runsoff,

Run-off from summer storms reachas a maxirmum In-less than 2 hours and lasts less than 24 hours. In
contrast, run-off from spring snowmelt oceurs over a period of several weeks at a low discharge rate. The
amount of eroded material transported in run-off waters Is generally higher in summer rainfall events than

‘during snowmelt,

Flooding of the MDAS Is not a major concern due 1o most being located on mesas. Excoptions to this are
MDA 'Y and MDA AA, which are in canyons. At MDA G, temporary ponding within disposal pits has
occurred. Stormwater likely flows at a number of paints along the perimeter of each MDA, Stormwater
run-on at some MDAs has been stabilized by ditches or other BMPs, for example, MDA G and MDA AB,
A summary of surface water conditions at the MDAs Is presented In Table 3.3-1.

332 Groundwater

- Groundwater In the Laboratory area occurs as shallow alluvial groundwater in canyons, perched zones
baneath some canyons and along the Jemez Mountains within the Bandeiler Tutf, the Cerros del Rio
Basalt, and the upper part of tha Puye Formation, and in the reglonal aquiler. The regional aqulter is the
only source capable of sorving municipal and industrial water needs.

.Alluvial groundwater in canyons is investigated according to the Core Document for Canyons
Investigations (LANL 1997, §5622). Perched Intermeciate groundwater and the regional aquifer are
undergoing continuous characterization via the Monitoring Well Installation Project, which implements the
Laboratary's Hydrogeologic Workplan, Table 3.3-2 lists the regional aquifer wells (planned and existing)
In relation 1o the MDA, It also identifies any water supply wells downgradient from any MDA,
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Table 3.3-1
Summary o! MDA Surface Water Conditions
| Depth to
Run-on Run-oft Erosion Matrix EMPs In Quttall in Regional Water
Potentlal® Potential® Score Place MDA )
A None High 50 No No 1230
B Sligm High 56 No No 1300
o None High 60 Ne No 1175
D Stight High 17 No No 910
E None High 22 No No 760
F Modorale Modorate 40 Ne No 1275
G None High 60 Yos No 900
H None Modorato 60 Ne No 980
K Moderate Modarato 51 Ne Yos 820
L None High 60 | Yos Yoz 840
M Modorato Moderate 68 Yos No 1220
N Modorato Moderate 28 No No 1170
P | Modorata High 65 Yos No 1150
Q Modorato Moderate a9 No Ne 1200
R Moderate High 53 No Yos 1240
S Moderale Modoraie No scoro No Yos 1160
T Neno High 57 Yos No 1240
L Slight High 47 Yos No 1220
Y Slight High No score Yos No 1260
w Modorate High No score No No 1170
b4 Slight Stight NO score No Ne 1160
Y Hign Modornto 85 No No 590
Z Slight Modornte 58 No No 1200
AA | High | Modarate 43 Yos No 770
AB | Modorate | High ag Yos No 1120

* Run-on/of potentiol scale (none, slight, moderate, and high) Is derived lram general siope and MDA position rolative 10 mesa clifi,
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Table 3.3-2
Existing and Planned Water Monltoring and Supply Wells in Relation to the MDAs
MDA Upgradient R-Wells Downgradient R-Wells Downgradlent Supply Wells
A R-7 R-8, R-9 0-1, 04, PM3
"B R-6 R-7, R:8 O-1, Q4, PM-3
c R-17 R-13, R-14, R-15 PM=1, PMa3, PM.5
D R31,R32 - -—
E R-31 - —_
F R-24 R-18 PM-1, PM:2, PM:3, PM«4, PM.5
G R-20, R-21 R22 —
H R-19 R12 C-1, PM:
K R-31 R-32 _
L R.28, R-30 — -_— ‘
M R-24 R-18 PMe1, PM-2, PM-3, PM4, PM:5
‘N R-25 R-20, R:21 PM-1, PM.2, PM4
P R25 R-20, R-21, R-27 PM:2
Q R-24 R.25 PM:1, PM:2, PM.3, PM, PM.5
R R.24 R-18, R-20 PM.2
S R-24, R:26 R:27, R=30 PM.2
T A7 R<8, R-9 O1, 04, PM3
U R-7 R-8, R-9 -1, O-d4, PM-3
v R-6 R-7, R-8 O-1, O-4, PM3
w R7T R-13, R-14, R-15 PM-1, PM.3, PM-5
X R-17 Ra13, R-14, R«15 PM:1, PM:3, PM:5
Y A-30 R.31, R.22 —_—
Z R-27 R-28 PM-2
AA . [R-28 R«22 Neone
AB R-26 R:28, R-30 None

~ *Adash in the lable means 1o welis,

3.3.21  Alluvial Groundwater

_Ephemeral streamflows In the canyons of the Palarito Plateau have depesited alluvium that iocally may
be up to 100-f1-(30 m) thick and typically more permeable than the underlying volcanic tuit and sediments.
Ephemeral run-off In some canyons Inflltrates the alluvium untit downward movement is impeded by the
less permeable underlying strata which results in a buildup of shaliow alluvial groundwater, In addition to
the alluvium, In some cases rolativoly thin zones of shallow groundwater can also be contained in the

“weathered tuf or some other unit immediately underlying the alluvium. Depletion by evapotranspiration

* and movement into the underlying rocks limit the horizontal and vertical extent of the aliuvial groundwater
(Purtymun et al. 1977, 5704), Lateral flow of the alluvial groundwater is in an easterly, down-canyeon
direction. Tracer studies in Mortandad Canyon have shown that the velocity of water ranges from about
60 f/day (18 m/day) in the upper reach to about 7 {t/day (2 m/day) in the lower reach of the canyon
(Purtymun 1995, 45344), Similar tosts are taking place in DP Canyon in fiscal year 1998,
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3.3.22 intermediate Perched Zone Groundwater

Perched groundwater is known to exist beneath several canyons in the eastern portion of the Laboratory,
along tho eastern flanks of the Jemez Mountains west of the Laboratory, and beneath the mesas and
canyons at S Sito (TA-16), located in the southwostern part ol the Laboratory near the Jemez Mountains,
Parched grounidwatar 20nes possibly exist beneath other canyons in the south and contral portions of the
Laboratory. As planned, the Laboratory's monitaring well imstaliation program is providing new data
regarding intermediate perchod water zones beneath the Laboratory, the Interprotations of which aro
integrated into the Hydrogeologic Workplan with annua! updates.

3.3.23 Reglonal Agqulfer

Figure 3.3-1 chows the surface contours of the regional aquifer, from which flow directions can be
infarred, The ligure identitios the wolls whero!rom most of the Information on the figure is derived.

The hydraulic gradient or slope of the regional aguifer water table ranges from 0.011-0.015, At MDA G,
the llow rate has been estimatod al 29 muyeer (95 ft/yoar) using data from the Pajarito well field. This rate
is an average over the thickness of the aquifer interceptad by the well screens,

The regional bquiter of the Los Alamos area is the only aquifer capable of large-seale municipal water
supply (Purtymun 1984, 6513). In 1989, water for the Laboratory, the communities of Los Alamos and
Whito Rock, iind Bandofler National Monument was supplied tram 11 deep welis in 3 well flelds, The
wells are locutod on tho Pajarito Plateau and in Los Alamos and Gunjo canyons east of tho platoau,
Municipal and industrial water supply pump volume during 1697 was 1.29 billion gal, (4.9 billion 1), Yields
from indlvidua! wells ranged trom about 1751400 gal./min (6655320 I/min) (Stoker et al, 1992, 12017),
Purtymun (1184, 6513) summarized the hydraulic charactoristics of the aquifer as determined during
aquifer tosts and during periods of production of supply wells and test holes.

The surlace o1 tho rogional aguiter rises westward from the Rio Grande within tho Santa Fo Group into
the lower part of the Puye Formation beneath the central and western pan of the Pajarito Platoaw, The
depths of groundwater below the mesa tops range from about 1200 t (360 m) along the wesiarn margin
of the plateay 1o about 600 11 (180 m) at the eastern margin, The regional aquiter is separated from the
afluvial groundwater and intermediate perched zone groundwater by 350 to 620 ft (100- to 200-m) of twtt,
basalt, and sediments (Environmontal Protection Group 1993, 23249). The rogional aquifer exhibits
arteslan conditions in the castarn part along the Rie Grande (Purtymun 1984, 6513). Continuously
recorded water level moasurements collectod In test wells since fall, 1992 indicate that, throughout the
plateay, the regional aquifer responds to barometric and earth tide cflocts in the manner typical of

contined aquifers,

3.3.3 Hydrologic Characteristics of Geologic Units Hosting MDAs

Typically, most of the units of the Tshirege Member, which form the mesas and slopes on the Plateau,
are very dry and do not readily transmit molsture. However, relatively thin subunits such as pumice falls,
surge beds, and the Colonnade Tutf demonstrate elevated moisture contents and enhanced fluid-flow
properties, Most of the pores in the tuff are small enough to be of capillary size, and hold water against
gravity by surtace tension forces, Moisture content Is generally more variable near the top of the mesa
than in the central portions as a result of variations in temperature, humidity, and evapotranspiration,
Vegetation is very cflective at removing moisture near the surtace by transpiration, During the summer
rainy season when rainfall is highest, near-surface moisture contont is variable due to the efects of
nigher rates of evaporation and of transpiration by vegetation, which flourishes during this time.
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This section focuses on the characteristics of the vadose zone beneath MDAS that are most relevant to
modeling centaminant transport. A great deal of information Is needed to first conceptualize and then
model molsiure flow and contaminant transport In the vadose zone, The necessary information includes
basic properties of the geologic strata (e.g., porasity, density, fracture patterns, and mineralogy), which
can be accuratoly measured, and complicated rolationships describing how fluids move through the rock
(e.g., maisture content, matric suction, and hydraulic conductivity), which are difficult to establish with
cantainty in rock with very low moisture content, Te support the development of conceptual and
mathematical models for flow and transport in the vadose 2one, a number of tield, laboratery, and
analytical siudios have bean performed,

Table 3.3-3 summarizes measurements, observations, and Interpretations of geohydrologic properties of
the various stratigraphic units in the generalized stratigraphic ¢olumn (see Figure 3.2-1), The properties
listed in tho table are the following:

» Bulk Density, the mass of rock per unit volume of rock (g/ce)

« Mean Porosity, the ratio of the air-filled volume 10 the total volume of the rock (%)

e Moun Volumetric Moisture, the rallo of the water volume 1o the total volume of the roek (%)

» Saturation, the ratio of the poro volume containing water to the total porosity (%)

« Saturated Hydraulic Conductivity (Ksat), the rate at which molsture moves through rock under the
influence of gravity whon the rock is fully saturated (em/sec)

e Gravimetric Meisture Cantent

= Inguration

» Fracture provalence

These data are obtained from either intact tutf (e.g., lracture spacing), from direct measuroments ot rock
samples from MDA G (e.g., density), or from experiments performed on rock samples (e.g., Ksat ),

Since 24 of the 28 MDAS are located on mesa tops or hillsides, the recharge rate beneath the mesa top is
perhaps the most important parameter in modeling the subsurfage transpeort of contaminants from the
MDAs. Recharge largely controls the minimum time required for contamination 10 be transported from any
MDA through the vadose zone(s), and possible intercalated perched water zonas, inta the regional
aqulfer, where it may load to exposures of the general public, The recharge through the undisturbed
vadose zone is complex and is complicated further at any MDA by man-made disturbances associated

with waste management activities.

Characteristic curves are relationships required to model unsaturated liquid flow through rock. They
include moisture retention curves that describe the energy-state or tension of pore water in wtf, and the
hydraulic conductivity of the rock, The moisture tension curve of a material Is the relationship between
suction within the matrix and the volumetric water contont (i.e., the volume of water contained in a volume
of tuff) for a porous material, Hydraulic conductivity is simply the rate at which water can travel through a
sample of rock or soil under the influgnce of gravity. In general, sells and rock have higher hydraulic
conductivity when more moisture I8 present, the maximum occurs whan the material is fully saturated with
water, and is called the saturated hydraulic conductivity,

Unsaturated hydraulic conductivity curves for stratigraphic unit mesa subsurfaces are plotted in Figure
3.3-2, The data plotted on the graph are obtained in experiments conducted on small samples of rock
recovered from borehole cores, Measurements hydraulic conductivity are made as water is added to the
sample.
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- Table 3.3-3
Summary of Average Geohydrologic Properties Arranged by Stratigraphie Unit
Stratigraphic Units/Subunits ] Hydraulic Properties® Geohydrologic Characteristics®
£~ 2 "w
5 > 2F 5 3 2
9 L - 3 82 Y . K
3 %% | 2 /% |¥: |5 | 35. 85| 3 3
o od = So 29w S g8 .5 - 5 l‘.’
23 22 2 | 5% |28%| 22| 345 [3rE w
: S5 1205 |33 (% |57 (8 | F | 3
] 3 3 a :
4 N/AP Strong Many
K] N/A Nonslight | Rare
2{w) 2,12 | Mederalo | Many
2 1.37 457 2.57 57 1437X10*
2() 1.24 | Strong Many
pLY(TH) 1.03 | Siight Moderate
1v(u) 1.24 87 | 1.89 | 37 [148X10¢ |
1viy,) 1.79 | Non Nohe
1v(e) 1v(¢) 1.18 483 | 10.88 | 21.3 (167X 10" | 511 |Mocorale |Modorate
1g(u)h 577 | Moderate | Modorate
10 115 46,2 8.94 169 |1.88 X 10¥
1g 583 [Non None
Tsankawi Tsankawi 10.80 |Modorato | Rare
. 112 47,3 14.0 303 [8.65X10¢
Corro Tolode | Cerro Toledo 8.49 | Slight Raro

* From Table 3, Appendix 20, MDA G performance assesamant (Hollia et al, 1997, 63131),

® rom MDA L and MDA G RF1 boreholes.

€ Stratigraphic nomenclature follows Broxion and Renoau (1995, 49726).

d Stratigraphic subunits from MOA L and MDA G RFI borohole logging.

® Qualitative induration (hardneas) scalo is nen « nonincurated, siight = sfightly Induratod, modetate » maderntely inturated,
sirong = strongly indurated.

t Qualitntive fracture scalo is NoNe = ot present, rare » few present, modernly = noMe Preasnt, many = tracturos abundant,

O Not yot avaliable (under publication),

"Subunlt 1p{u) includen the upper indurated and iron«rich porticn.

At the mesa top MDAs, volumetric moisture contont varigs betwoen about two and 14 percent. The
charactaristic curves are very steop at low moisture contents, Indicating that {or a unit increase in water,
there Is a large Increase in hydraulic conductivity. The slope of the conductivity curves generally level out
wheon molsture content reaches about seven percent, The relatively flat portion of the curves Indicate that
hydraulic conductivity remain constant over a wide range of molisture content, between about 10 and 30
percent. At molsture content greater than about 34 percent, the conductivity curves again become very
steep. Note that this is an artificially high moisture content obtained under experimental conditions. Such
high moisture content would only occur in the Laboratory regien if there weare a major climatic change.




Matarial Disposal Aroas Core Document

i Y T T T v .= Y 1
‘!I 104 ;
B 10 M
1 o 3
A - .
vt i
LI 1
: v 10! :‘.
} |0Io M
: lonll ; ::
h ]
] 10 { 1
3 ot L , R . h|
60 0 10 20 30 40 50 60
0 {vol %)
¥ ! i i Mk ] 1
10% L. } :
i "
10 r "n 3
. \
o ] !
- . ~
o 1 g ;
10”2 1 E 1
2 1o 1S :
1001 N N
10-!3 ' :: ]
10-10 F L ;:
3 1
m-u [ Y A i 3 ]0-2: L " N A . " h|
10 0 30 40 50 60 0 v 20 30 a0 S0 &
0 (vol %) 0 (vol %)

Figure 3.3-2.  Representative unsaturated hydraullc conductivity curves for the upper subunits
of the Bandelier Tuff comprising the vadose zone beneath mesas
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Taken as a group, the hydraulic conductivity curves and tension curvas are very similar among the
geologic units, with one exception: the Tsankawl/Cerro Toledo intarval graph. The Tsankawl/Cerro
Toledo Interval characteristic curves show & much greater spread than the others. This reflects the highly .
varied size of the pore spaces in the rock as compared o other units, In general, the curves indicate that .
the Tsankawi/Carro Toledo Interval may conduct water more readily than the other units of the Bandelier .

Tuff, Curves like these arc often used as a basls for mathematical models for unsaturated fiow. To do ',{
this, the curves must be translated info mathematical equations. One popular "curve-fitting function” is the ,";.
van Genuchien formulation, The van Genuchten method requiras three variables, &, N, and 0r to be -

ovaluated 1o fit the curve 10 the moasured data, The van Genuchten parameters o and N are important

derived hydraulic properties for modeling molsture tlow in unsaturated materials. In general, matarials

with relativoly high values ¢f a can hold more water with less suction, while materials with relatively targe

values of N may undergo large changes in moisture content with small changes in suction, The rasidual
molisture content, Or, represents the lowest molsture content at which flow wlll occur in the van Gonuchlen

tormulation. Residual moisture is not well defined in arid regions where molsture may be transported in
the vapor phase rather than the liquid phase,

Measurement on core samples show that the surge beds at the base of Unit 2 have relatively high
capillary suction and low hydraullc pressure. The intarpretation of these measurements s thit molsture is
being drawn towards the surge beds from above and below. The driving force tor this movement may be
evaporation alded by alr movement aleng the fractures within these units or along the more permeable
surge beds found at tho base of Unit 2, Similar surge beds are found at the Unit 3/4 interface, also; less is
known about the air parmeabillty there,

3.4 Ecology

The ecological setting of each MDA is importam in modeling the potantial for transpon and uptake of
radioactivity tor soveral reasons. Animals maoy butrow inte disposat units, disturbing the ¢evor and
axcavaling contaminated material, Plants can interlere with facility performanc¢e by growing roots into
disposal units, Incorporating radioactivity that may contaminate surface solt when plants defeliote. Plants
con olso enhance facility performance, in two ways, First, thay provide surface cover that reduces orosion
of disposal unit covers, and second, they remove moistura from the soil that might otherwise porcolate

into disposal units.

3.4 Local Plants

The plants and animals native to the Los Alamos region are diverse, partly because of the large elpvation
gradient betweon the Rio Grande (1500 m above sea level) and the Jemez Mountains (2,100 m above
sea level) and also because of the canyon and mesa tarrain, Locally, the vegetation on Mesita del Bugy is
dominated by the Pifon-Juniper Series of the Great Basin Coniter Woodland, One-seed juniper and pifion
pines are the dominant tree species In undisturbed areas, Common shrub species include big sagebrush
(Aremisia tridentata), wax currant (Ribos cerceum), four-wing salt bush (Atriplex canescens), currant
(Ribes sp.), and mountain mahogany (Cercocarpus betuloides).

Biuo grama grass (Bouteloua gracilis), eryp-togamic solt crust, and prickly poar cactus (Opuntia spp.) are
the most common tow-growing (understory) plants on the mesa top. Other common understory plants
include snake weed (Gutiarrezia microcephala and Gutlerrezia sarothrae), pinque (Mymenoxys
richardsenti), wild chrysanthemum (Bahia dissecta), leaty golden aster (Chrysopsis filiosa), purple horned-
loothed moss (Ceratadon purpureus), several lichen spegcias, threc-lawn grass (Aristida spp.), bottlebrush
squirreltail (Sltanion hystrix), bluograss (Poa spp.), false tarragon (Artemisia dracunculus), and a species

of Mammalaria cactus,
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A representative list of average measured rooting depths for native plants is presanted In Table 3.4-1,

Table 3.4+1
Plant Species Common to the Pajarito Platcau and Mcasured Rooting Depths
Specles Common Name Root Depth (m)
Quorcus app, Cak 0.80
Gutiorrezia sarolhrao Snakowood | 1.00
Ribas cereum Wax Currant | 1.00
Falugla paradoxa Apache Plume ! 1.00
Rhus trlobata Squawberry 1.60
Atriplox canascons Saltbush 0.80
Chrysothamnus nousogsus Chamisa 1.50
Artemisia tridontnta Sagoebrush 1.50
Juniperus monosperma One-Seod Juniper 0.60
Pinus pondersesa Pongerosa Pine 1.30
Boutoloua graciils Blue Grama 0.50
Corcocamus mentanus Mountain Mahoguny 0.40
Hallanthus petiolarus Wiid Sunfliower 0.40
Opuntla polycanthn Cactus 0.20
Yueen angustitolia Yucca 0.10

In a study of 21 specios of plants common at the Laboratory, roots were found o be most abundant in the
upper 2 m (6.4 1) of soil, Roots of Chamisa, apache plume, oak, pifion pine and one-seed juniper were
found at depths greater than 2 m (6.6 ft), the biomass of plant roots was greatest In the upper 2 m (6.6 1)

of the soll surface.

As a result of MDA operations, many of the native understory plants are being replaced by exotic
species. Rocently disturbed areas support plants such as goosefoot (Chenopodium fremontii},
tumbleweed (Saisola kall), cutleat evening primrose (Qencthera caespitosa), common sunflower
(Hellanthus anuus), and other colonizing species. Vegetation used to cover some of the MDAs include
native grass specles (e.9., blue grama), which provide dense ground cover and have short roots,
protecting against erosion, while maximizing transpiration of water.

3.4.2 Local Animals

Insacts, reptiles, mammals, and birds Inhabit the Laboratory region. Marvester ants are the maost
abundant insect, while common reptiles include fence lizards (Sceloporous undulatus), Plateau striped
whiptails (Cnemidophorus velux), gopher snakes (Pituophis melancleucus), and ganer snakos
(Thamnophills elegans). Many mammals Inhabit the Pajarito Plateau, including rodents, mule daer, elk,
. biack bear, mountain lien, bebeat, fox, and coyote, all of which pass through the MDA G vicinity at least
occasionally, The plateau supports a wide variety of bird species. In addition to a range of songbirds, a
variety of nesting and migrating raptors have been identified in less-disturbed areas of the canyons,
Burrowing animals are common 1o the mesa tops across the Plateau, Table 3.4-2 lists the Indigenous
burrowing animals and their average burrow depths.
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Table 3.4-2
Indigenous Burrowing (Fessorial) Animal Species and thelr Average Measured Burrow Depths
Specles or Taxon Common Name Burrow Depth (m)

Pogonomyrmox spp, Harvestor Ant 3.0
Gopheropus pelyphemus Gophor loreise 0.75
Tarrapono carolina : Box luntle 0.1

Blarina brevicauvdota Shorttailed shrow 0.5
Scalopus aguaticus Moio 0.6
Microtus ochrogaster Pralrio volo 0.2
Poromyscus gossypinus Cotton mouso 0.75
Qchrotomys nuttoll Goldon mouse 0.13
Porognathus parvus Peocket mouse 1.4
Thomomys taipoides Pocket pophor <3
Dipedomys ordii Kangaroo rat o7
Cynomys leucurus Prairie dog 1.83
Paromyscus maniculatus | Door mouse <2
Marmota monax | Woodchuck 1.5

Ecological characteristics of MDAS relevant 1o the assessment of risk include wetlands, vegetation,
animals, and threatened and ondangered specias, These features are listed in Table 3.4-3 for each MDA,

3.5  Geography and Demography

The population distribution and current and potential land-use at or near the MDAs Is summarized in this
section,

3.5.1 . Population Distribution

The projected population of Los Alamos County in 1994 was approxirately 18,200, Two rosidential and
associaled commarclal aroas oxist in the county: Los Alamos with a population of 11,400, and White
Rock with & population of 6,800, White Rock borders the Laboratory boundary 10 the east, Other major
rosidential population centers within an 80 km (53 mi) radius of the Laboratory include Espaficla to the
northeast and Santa Fe 1o the southeast, Santa Fe, with a population of about 80,000, Is expected to
remain the major urban center of the region, In all, approximately 224,000 persons live within an 80 km

(53 mi) radius of the Laboratory,

3,52 Uscs of Adjacent Lands

Ownership of land surrounding the Laboratery is indicated in Figure 3.5-1, State and lederal government
agencles and local Indlan tribes control land surrounding Los Alamas County, Of these, three federal
agencles (i.¢., Bureau of Indlan Afairs, U.S, Forest Service, and Bureau of Land Management) control
the majority of land in the area. The Santa Fe National Forast comprises 634,486 hectaros (1,567,181
acres) of land in several counties. The Espariola District of the Santa Fe National Forost includes 142,521
hectares (352,170 acres) that border DOE land to the northwes! and southeast,
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Table 3.4-3
Summary of MDA Ecolegical Features
Area of
MDA Watershed/Canyon Wellands Ecozone* Environmental Interest
A DP No P Care
B Los Alamos No PJi P Core
c Tan Slte No P Coratutter
D Rio Grande No PJ Core/butar
E Chaquehui No J Corobutier
F Two Mile No P No
] Pajarite, Cafadn del Buey No P No
H Pojarito No P Ne
K Chaguehui Yos J Coro/butter
L Cafada del Buey No P No
M Pajariio No P No
N Cafion de Vallo Ne¢ P Bufter
P Cafon do Valle Yos P Butfer
Q Pajarito No P No
R Cafon de Vallo Yos P No
S Waler No P No
T oP No P | Coro
U DP No P P Core
v Los Alamos Ne P Core
w Tan Sile No P P Core
X Ten Site Ne PJ; P Coro
Y North Ancho Ne Oy P-J. Buttor
Z Cafon de Valie No P P Buttor
AA Potrille No P P No
AB Ancho No P-JiP Bulier

*Pu ponderosa, P~/ = pifonsjuniper, PyJ;P » transition zone, Cyn = canyon setting, J = junipot/aavannah

The Bandelier National Monument berders the southwest portion of the Laboratory complex and is

managed by the National Park Service. The monument Includes 12,950 hectares (32,000 acres) of land,

9,308 hectares (23,000 acras) of which are designated wildemess, All access routes 1o the monument pass
- through or along the Laboratory property. Thirteen Native American Pueblos are located within 80 km

(53 mi) of the Laboratery. Each is governed by its own tribal government with technical and administrative

assistance from the Bureau of Indian Affairs, The San lidefonso Pueblo owns a trlangular piece of land that

directly borders MDA G within Cafada del Buey to the north of the facility. The total area owned by the
Pueblo Is 10,600 hectares {26,182 acres). In addition to hunting wlidlife {or ieod, Pueblo people also harvest
the frult of piton and juniper trees indigenous to the area. Hunting and gathering activities occur on the land
directly adjacent 1o Mosita dol Buey. A summary of MDA demography Is presented in Table 3.5-1.
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Table 3,51
Summary of MDA Demography
Distance 10 Distance 10 Distance to
Residentlal Area Puebio Boundary Bandelier National Monument

MDA TA (mi) (mi) (ml)
A 21 0.4 1.4 4.7

B 21 0.2 1.8 41

c 50 1.3 1.2 2.6
o} 33 1.8 3.9 1.5
E 33 2.6 4.4 0.4

F 06 1.3 2.8 { 2.2
G 54 1.1 0.2 <R

H 54 2.8 0.3 2.0
J 54 a7 0.3 3.

K 33 26 3.6 0.5
L 54 1.9 0.3 3.0
M co 1.7 3.6 25
N 15 2.5 1.8 1.4
P 16 2.2 3.1 | 1.2
Q 08 2.0 4.0 1.7
R 16 2.3 3.6 1.2
) 11 3.0 a.0 0.6
T 21 04 1.4 4.2
U 21 0.6 1.4 i 4.3
v 2 0.4 1.5 4.1
w as 1.4 0.9 2.9
X 35 1.3 0.9 | 29
Y 39 2.1 2.5 i 0.8
Z 15 2.9 2.0 1.0
AA 36 1.9 0.9 2.4
AB 49 4.1 2.6 0.5

Within Los Alamos County, vacant land dominates all categories of land use, accounting for 49 percent of
the area. Recraational use of accessible lands Is pravalent, including hiking, rock climbing, and skilng.

Agricultural activitios in the vicinity ¢! the Laboratory have been doclining for the past several decades
and are no longer considered an important economic activity In terms of cash income to area residents.
Livestock (primarlly cattle) provide nearly 75 percent of the cash revenue from farm commodities in the
raglon; crops (Including hay, corn, chile, and apples) provide the temaining 25 percent. Small farms
rarmaln an important means of supplemental income and domestic food in the northern New Mexico
reglon. The San lidefonso Pueblo grows crops for domestic consumption and some local marketing,
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Among the crops grown are corm, chile, squash, beans, and tomatoes. The following points summarize
local agricultural activity:

e A small percentage of fand (1 10 2 percent) is used for growing crops.
Hay, corn, and chile are the most common crops in Los Alamos, Rie Arriba, and Santa Fe

counties, .
o Most of the agricultural acreage Is Irrigated.
Surface water lrrigation is much more common than groundwater Irrigation in Sandoval and Rie
Arriba Counties; the opposite is true in Santa Fe County,

« Livestock density is low (1 per 300 acres),

All cattle are range fed in northorn New Mexico, livestock torage primarily on native short-grass species.
Much of the land now occupled by the Laboratory was historically used lor grazing, The people of the
Pueblos in the reglon also graze livestock on their lands near the Laboratory, and numerous private land
owners in rural areas keep small numbers of livestock on land that surrounds Los Alamos County,
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4,0 SPECIAL STUDIES RELATED TO MDA PERFORMANCE

‘The ability of material disposal areas (MDAs) to contain near-subsurface contaminants for long periods of
time dopends upon interrelated surface and subsuriace processes, To model MDAS as a system and 10
pradict how contaminants might be released from (or can be contained within) MDAS over long periods of
time depends upon aur undersianding of these processes. Section 3 of this document describes the
natural setting ¢f the Pajarito Plateau, locusing on features and events of the environment in the
undisturbed condition {l.e., in the absence of MDAS) that aftect the periormance of MDAs, This section
discusses (in 4.1 through 4.3) several historical field experiments performed to characterize surface and
subsuriace processes under disturbed conditions (i.e., In the presence of MDAS) that are relevant to the
performance of MDAs and then (in 4.4) describes a modeled simulation of the perlormance of MDA G.
Many, but not all, of the tield experiments summarized below were performed at Technical Area (TA) 54
{on Mesita dol Buey), where MDA G is located. Some were performed directly in suppont of the
development of the MDA G perlormance assessment (PA) model. Nonetheless, all of the information is
important to consider in developing a general preliminary conceptual model for MDAs at the Laberatory,
which is the subject of Section 5 of this document,

4,1  Contaminant Transport

Sovoral investigations have been periormed 10 assass the presence of contaminants in the viginity of
disposal units at several MDAs, These investigations have Involved the installation of vertical, horizontal,
and angled boreholes, and the sampling of borehole core and pore gas to characterize the nature and
extent of contaminants associated with MDAs, including volatile organic compounds (VOCs), semivolatile
organic compouncs, dissolved, or sorbed organic and inorganic compounds, other hazardous chemicals,
and radiological constituents, This section describes the historical investigotions and presents a summary
of the results of the investigations as they relate to understanding contaminant transport associated with

MDAs,

4,11  Radionuclide Transport beneath Pits at MDA G

In 1976 core samples were collected trom {lve horizontal borenoles drilled beneath Pit 1 at MDA G from
Pajarito Canyon into the Tshirege Member of the Bandelier Tutl, Pit 1 at MDA G was cappod in 1966, The
core samples were analyzed for tritium, strontium-90, ceslum-137, piutonium-238, piutonium-239/240,
and americium-241. Tho rosults of the analyses showed that tritium was measured above detection limits
but no other radionuclides ware detected above dotection limits (Purtymun 1878, 5728).

In 1995, three sub-horizontal boreholes were drilled from the floor of the newly-excavated Pit 38 into the
subsurface just beneath previously-filled Pits 36 and 37 (Pugtisi and Vold 1995, 63894), Core samples
were retrieved from the boreholes at the intervals shown in Table 4,1-1, They were analyzed for
radiological and hazardous contaminants, melsture content, matric potential, and geotechnical properties,

Table 4,1-1
Frequency of Core Samples from Morizontal Borcholes beneath Pits 36 and 37 at MDA G
Borehele Sample interval Total Samples
1 21t 35
2 21 42
3 5t 31
ER19990061 4.1 August 1999
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. The results of the analysas showed that vapor-phase tritium and ethyl acetate were detected in the
samples, tritium at levels slightly above background, and ethy! acetate slightly above detection limits, No

inorganic contaminants wore dotected,

4,12  Tritium Transport around Disposal Shafts at MDA G

In 1970, an investigation into the movement of tritlum in the subsurlace at MDA G was underiaken
(Purtymun 1973, 4975). Fourteon test boreholes were drilled in the vicinity of the disposal shafts to
investigate the movement of tritium through the tuff units, The boreholes were 50-ft-(15 m) deep and ware
spaced within about 100 ft (30 m) of the tritium disposal shatts, As a result of drilling the test boreholes, it
was determined that inflitration of natural molsture from the surface had penetrated to a depth of about
10t (3.5 m). The moisture content in the upper 10.tt (3,5-m) interval varied from 3 10 8% by weight,
whereas the molisture content of the tutf from 10 to 50 ft (3.5 to 1§ m) varied from 0.4 10 about 3% by
welght. The movement of tritium [n the drier zone at depth was primarily by ditiusion in the vapor phase,

The rasults of the investigation into the movemaent of tritium in the subsurtace showed that the major
movemant of tritium teok place along tractures in the Wit and along a contact zone betwean two tull ashe
flow units, Tritium also moved through the ash-flow tut! matrix but at a roduced rate, The surge-bed
contact between ash-flow units contained higher porosity and permeability due to the presence of
abundant pumice fragments and reworked tut! fragments along tha contact line. The tritiated moisture
profarantially migrated along the contact zone, which served as a source for secondary movement of the
tritiated moisture into the upper and lower ash-flow units along the contact 2one, Because the ash flow
contact zone provides increased lateral (sub-horlzontal) movement of the tritinted moisture, the contact
zone oHectively slowed the vertical migration of tritiated moisture deeper into the subsuriace (Purtymun

1973, 4975). .

Around tho disposal shatts at MDA G, the tritiated moisture in the tuff assumed the shape of an irregular
lens, clongated along the ash-flow unit contact zone. Because the tritium was generally at depths greater
than 10 1t (3.5 m), which is the extent of penetration ol natural surlace meisture, there was virtually no
moisture available in the tull units ot depth to lurther mobilize the tritlated moisture into deeper units, This
investigation suggests that tritinted molsture migrated through the ash-flow tutt units to the surlace where
avaporation from the soil and transpiration from plants released the tritium to the atmosphere (Purtymun

1973, 4975).

41,3 VOC Transportat MDA L and MDA G

Site characterizotion Investigations performed at TA:54 by the Environmantal Survelllance Group (now
ESH-18) beginning in 1985 and later by the Environmental Restoration (ER) Project revealed a vapor
plume of VQCs beneath MDA L (Kear! at al 1986, 8414; Koar! 1986, 15368; Purtymun 1995, 45344,

p. 185). Since discovery of the vapor plumo, the site has been monitored on a quarterly basis (NMED
1989, 11737). The major constituent of the MDA L subsurface vapor plume Is 1,1,1-trichloroethane
(TCA). The source of the plume I8 a series of vertical shatts, where containarized and non-containerized
chemical wastes were disposed. Quarterly monitoring involves analyzing samples of pore gas collected
from 29 boreholes, each of which containg several sampling ports at ditterent depths. Monitering results
show that the maximumn TCA concentration occurs at depths between 120 ft and 200 1t (36 m to 60 m).
Racent sampling during 1998 showed that TCA vaper Is not prosent at depths greater than 380 ft

{115 m). Estimates of contaminant volume based on the results of analyzing pore gas samples suggest
that the plume contains less than 1000 kg (454 Ib.) of organic vapors. Analysis of more than 170 core
samples oblained from drilling 18 boreholes within and around MDA L indicated that the rock matrix does

not contaln liquid or sorbed VOCs.
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The subsurtace vapor plume behaves as though it came from one or more original roleases at MDA L,
with little or no release of contaminants continuing at present, The congentration of grganic vapors is a
maximum beneath MDA L and decreases to nearly zero 500 1t (156 m) from the shte, Since 1981, the
maximum congentration of organic vapors has decreased while the edges o the vapor plume have
expanded slowly, The total contaminant inventory of the vaper plume is decreasing as the VOCs
blodegrade and diffuse to the atmasphere,

The characteristics of the MDA L TCA vapor plume (¢.g., low and decreasing contaminant
concentrations, slow dittusion rates) do not indicate a need lor remediation, However, the presence of
open boraholos provided an opportunity o Investigate passive and active plume extraction methods, The
results of the existing studies indicate that the natural (passive) flow of air through the Bandelier Tuff Is
sufficient to attenuate the TCA vapor plume.

4,1.4  Plutonium Migration from MDA T

Multiple investigations into the subsurtace radionuclide mevement beneath MDA T have been conducted
from 1953 to the 1990s. A description of the Investigations Is prosented in the work plan for TA-21 (LANL
1991, 7529) and a summary of the investigations Is provided below.

in 1953 live boreholas were drilled In the vicinity of the absorption beds to depths ranging from 131020 1t
{1,7 10 6 m). Two of the boreholes were drilled between the absorption beds, one of the boreholes was a
slant borehole into absorption bed no, 1, and two uf tha boraholes were drilled into absorption beds nos. 1
and 2. The tulf betwoon absorption beds did not contaln plutenium concentrations groater than 2 pCl/g
but the surface soil between beds 1 and 3 contained 32 pCi/g plutonium and 4 pCi/g ot a depth of 1 #,
The slan! borehole drilled into bed no, 1 contained 15 pCifg at the surlace and the intervening tufl
between the surface and absorption bed contained 1 10 4 pClig plutenium; when the borehole intersected
the abserption bed, plutonium concentrations within the bed were 205 pCifg to 686 pCi/g. Sampies from
the borehole drilled vertically into abserption bed na, 1 contained the highest concentrations of plutonium,
wherg from 2. to 3-H-depth (0.6- to 0.9-m), up to 20,730 pCi/g was present, Concantrations of piutonium
in absorption bed no. 1 docreased with depth 10 less than 11 pCi/g from 18-t 20-H-depth, Tho subsurace
samples from the horehole drilled into absorption bed no. 2 contained significantly lower plutonium
cancantrations, which were a maximum of 1550 pCl/g at a depth of 4 ft. At the bottom of this borehole
(15-f-dopth}, the samples contained 1090 pCilg plutornium {LANL 1991, 7529),

In 1659 a caisson was constructed adjacent to the northeast corner of absorption bed ne. 1 to investigate
the distribution of subsurtace plutonium associated with the absorption bed. The caisson was 30 ft (9 m)
daep, 6 ft (2 m) wide, and 12 ft (4 m) long. Horizontal holes were constructed from the caisson Into the
center of the absorplion bed and instrumented for the measurement of moisture content and gross alpha
activity. The highost alpha activity was coincident with the highest moisture content, which was at a depth
of 12 10 14 1t (3.6 t0 4.3 M) whare up to 2094 counts per minute (cpm) per dry gram of material were
measured, At the 28-11.(8.5 m) depth near the bottom of the caisson, bereholas into the absorption bed
measured a maximum of 156 cpm per dry gram of material. The rosults of the investigation indicated that
alpha activity (plutonium) had moved Into the tuf (LANL 1991, 7529).

In 1960 an investigation into the characteristics of Infiltration of water into absarption bed no. 1 was
inltiated, Raw wastewater containing radionuglides from TA-21 was discharged te the absorption bed for
26 days in July 1960 at an approximate rate of 8000 gpd (30.3 m%/a), for a total volume of approximately
200,000 gat, (760 m?), For 38 days In August and September 1960, tap water was discharged to the
absorption bed at an approximate rate of 6500 gpd (24.6 m/d) for a total volume of about 250,000 gal.
(950 m?) of water. Alter the wastewater and the tap water was discharged to the absorption bed, six
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boraholes were drilled around the poriphery of the absorption bed to study the distribution of moisture in
the subsurlace. The boreholes ranged in depths from 76 10 99 1t (23 to 30 m). Cuttings samples collected
from the boreholes were measured for alpha actlvity; the highest alpha activity was {rom depths of 30 to
45.11 (9 to 17 m) In a borehole drilled at an angle through the absorption bed. The boreholes were cased
with PVC pipe and Installed as moisture access tubes to measure the amount of molisture in the
absorption bed and in the surrounding tutt (LANL 1991, 7529).

In 1961 the Inflitration investigation at absorption bed no. 1 at MDA T continued. For 33 days from June to
August 1961, raw radioactive liquid wastos were discharged to the absorption bed at a rate of 6400 gpd
(24.2 m¥d), for a total volume of approximately 210,000 gal. (800 m®). Similar to the Infiitration tests
periormed in 1960, the discharge of wastewater was followed by a continuous discharge of tap water to
the absorption bed for 25 days at a rate of 7100 gpd (26.9 m%/d) for a {otal volume of about 177,500 gal.
(672 m°) of tap water. The molsture clistribution in the absorption bed and in the tult around the absomtion
" bed was moniiored using the six moisture access tubes that were installed in 1960 around the absorption
bed, In 1961, molsture profiles of the moisture access tubes were obtained in March, April, June, July
(twice), and August {twice), which provided time-series maisture profiles about the absorption bed and the

surrounding tuff,

The results of the investigation showed that the moisture content in the tutl in three holes around the
central and western end of the absorption bed ingreased slightly from about 10 to 30 (3 to & m) depth
and also from depths of 45 to 50 ft (14 to 15 m). Analysis of six timg-series moisture profiles of these
three holes indicated that the absorption bed had a high infiltration capacity and that significant amounts
of watar did not move laterally to the south, wast, or north from the absorption bed Into the tulf, However,
three other boreholes at the northeastorn side of the absorption bed contained variable melsture curves
through time, A hole at the northeast corner of the absorption bad that extended at an anglo beneath the
eastern end of the bed showed a relatively brief time interval of Increased moisture content from 5 to 20 ft
(1.5 t0 6 m) depth and another transiont moisture pulse from 50 to 60 ft (15 to 18 m) depth. The time
serias moisture proflles of another angle hole rorth of the absorption bed that did not extend beneath the
. bed showad an Increase in molisture content from 30 to 50 11 (9 to 15 m) that persisted through the

© measuring interval of the investigation, suggesting that some molisture had moved into the adjacent tuft
norih of the abserption bed, An angle borehole adjacent to the north side of the abseorption beg and drilled
" beneath the east-central portion of the bad showed a signiticant increase In molisture content from depths
. of 10 to 60 t (3 to 18 m) which correlates to the area of tuff directly beneath the absorption bed. The time
serigs molsture curves show that from 40 to 60 ft (12 to 18 m) in this hole the molsture decayed away
after cessation of discharge of water to the bed but the maistura content from 100 40 ft (3t0 12 m)
remalned high. The rosults of the investigation showed that moisture was moving out of the absorption
bed and suggested that water may perch and move laterally in preferred zones within the tuff anc/or may
move away from the absorption bed along proforred zones such as fractures in the tutf (LANL 1991,

7329).

In 1974 a borehole was cored to a depth of 14 #t (4.3 m) into absorption bed no, 3. Samples of the core
were collected {from aach 0.5-1t (15-cm) interval and analyzed for americium-241 and plutonium-239/240.
The results of the analyses showed that plutonium concentrations were as high as 790 pClg in the top

1 11 (0.3 m) of tha absorption bed. Below this level, the concentrations of plutonium were significantly
lower, and generally less than 100 pCi/g oxcapt at 4.5 tt (1.4 m) and 13.5 1t {4.1 m) where concentrations
of plutonium were over 200 pCUA, In the tuff beneath the absorption bed, from 6 to 11-#t (1.8 t0 3.3-m)
depth, the piutonium concentrations decroased from around 80 pCl/g to loss than 10 pCl/g, showing the
absorbing capacity.of the tuff for plutonium (LANL 1991, 7529), The increase in concentration of
plutonium-239/240 at 13.5 ft (4.1 m) suggost that the source of the contaminants at depth may be from
lateral movement of contaminants in the tutf, pessibly from absorption bed no, 1. Similar o the
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subsurface distribution of plutonium, high concentrations of americium-241 wore present in the uppor 1 ft
(0.3 m) of the absorption bed, where concentrations wera as high as 23 pCi/g. Beneath this zong, LY
concentrations of americium-214 in absorption bed no. 3 were generally less than 10 pCl/g except in the -
depth interval 8,510 10 1t (2.6 to 3 m) where americium-241 concentrations ranged trom 18 to 24 pClig. N
This interval is within the bodrock tutt 2.5 t6 4 1t (0.8 to 1.2 m) below the floor of the absorption bed, .

in 1978 four boreholes were drilled into absorption beds ne. 1 and no, 2 at MDA T (two heles in each
bed). Each of the holes was cored to a depth of 100 ft (30 m) and samples of the core were coflected
from each 6-in.-(15 cm) interval and analyzed for moisture content, plutonium, and americium-241 (LANL
1991, 7529, p. 16-105: Nyhan et al. 1984, 6529), The moisture content in absorption bed no. 1 and in the
underlying tuff was 25 o 28% (by weight) from depths of 6 £t (2 m) down to about 20 ft (7 m); these .
moisture contents approached saturated conditions, The source of the moisture was attributed to the
water infiltration experiments that were conducted in 1980 and 1961, Below a depth of 20 1t (7 m)
moisture contents were generally below 10% (by weight) except that one of the boreholes in absorption ;
bed no, 1 encountered nearly saturated conditions at depths of 30to 351 (9 to 11 m) and at 78 to 80 #t ,
(24 to 25 m). Tho meisture content of absorption bed ne, 2 and the underlying tuft was significantly less
than associnied with abserption bed no., 1, The highest moisture content ancountered bengath bad no. 2
was about 20% (by waight) at a depth of 8 10 10 11 (2.5 10 3 m), which is in the tutf directly bolow the
absorption bed, Beneath a depth of 15 11 (5 m) below bed no. 2 the molisture contont was generally less
than 7% (by weight) except that in one hole alevated moisture (10 18% by weight) was prosent from 55- to
601t (17- to 19-m ) depth. Some of the high moaisture zones in the tulf were correlated to unit boundarios
with the Bandelier Tuff (Nyhan et al, 1984, 6529),

The plutonium congentrations in the tuff beneath the absorption beds were found 1o correlate with the
moisture contont, Beneath absorption bed no, 1 plutonium was measured in concentrations as high as
30,000 pCi/g and greater than 1000 pCl/g down 1o a depth of 40 1t (12 m) and below that depth in
concentrations of around 100 pCl/g to a depth of 90 ft (27 m), Below 50 h beneath absorption bed no. 1,
the concentrations of plutonium generally decreased to below the detection limit of 30 pCi/g, Beneath
absorption bed no. 2 the congentration of plutonium was as high as 10,000 pCi/g for about 3 #t (1 m),
below which the concentrations decreased rapicly to 100 10 200 pClig from a depth of 13 ft (4 m) down to
a depth of 20 1t (6 m), below which the plutonium concentrations were below the detection limit of 20

pCi/g (Nyhan et al, 1984, 6529).

In an effort to understand the moisture and radionuctide distributions beneath MDA T, an investigation
inta the hydraulic properties of the tulf was initiated by a bench-scala experiment on Mesita del Buey.,
Water was added to a 3« by 3- by 3-it (0.91- by 0.91- by 0,91-m) pit in the tuff for 230 days, sirilar to the
1961 Investigation at MDA T. Moisture in the tuff was monitored 10 a depth of 36 ft (11 m). The results of
the investigation showed that the moisture dralned from the tuff after about 286 days, suggesting that
most of the moisture and radionuclide movement bengath MDA T probably took place within a year or so
after the infiltration studies were completed in 1961, Ater redistribution of the meisturs in the tutl and
concurront reduction In hydraulic saturation, the unsaturated cenduetivity benoath MDA T in 1962 was
probably several orders of magnitude less than atter the inflltration experiments, which significantly
slowad moisture and radionuclide movemant (Nyhan ot al. 1984, 6528).

The results of the histerical subsuriace investigations at MDA T indicate that movement of plutonium and

americium has occurred to depths of at least 100 1t (30 m) beneath the disposal pits, However, the total
vertical and horizontal extent of contamination at the site have net been determined (LANL 1991, 7529),

In 1984 and 1986 two soil sampling surveys were conducted at MDA T to determine the oxtent of
radionuclide concentrations In near-surlace solls. Both sampling avents lollowad excavation and removal
of somo of the disposal units from MDA T to MDA G in 1984 and 1988 (Nyhan and Drennon 1993, 23248,
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p. 3). In 1984 soil samples ware collected from 30 sample sites arranged on a grid at 20-m Intervals;
surtace and subsuriace soil samples were collected from three depths: 010 1 cm, 11010 cm, and 10to
30 ¢m. The samples collected in 1984 were analyzed for tritium, plulonium-238, and plutonium-239.
Plutonium 238 concentrations ranged from 0,01 1o 1 pCl/g and plutoniums239 concentrations ranged from
10 to 100 pCirg. The highest plutonium concentrations were in the western portion of MDA T, above the
former site of the corrugated metal pipe lined shalts that were removed 10 MDA G (Nyhan and Drennon

1999, 23248, pp. 27, 41).

In 1986 surface soil samples wore callected from 71 samplo sites on a grid patern spaced at
10-m-intervals; the samples were collected trom one dapth only, 0-5 ¢m. These samples were analyzed
for plutonium-238, plutonium-239/240, and americlum-241. The results of the investigation in 1986
showod an area of elevated plutonium and americium concentrations in the soll that extended from
southwest to northeast across the westermn end of the disposal shatts, Plutonium-238 concentrations
ranged up to 35 pClig and plutonium-239/240 concentrations ware as high as 70 pCl/g. Americium-241
concentrations ranged up to 260 pClig In the soll samples {Nyhan and Drennon 1993, 23248, p. 41 LANL

- 1991, 7529).
4,15 Summary of the resuits of Contominant Transport Investigations

" In the general context of MDA perfermance as It relates to vadose one transport, the results of historical
investigations suggest the following:

Aqueous-phase transport of contaminants is minimal under normal unsaturated conditions.
o Ditfusion of volatile contaminants Is significant under normal saturation conditions.
o ' Both aqueous- ang vapor-phase transport are controlled by high air permoeability zones (Iragtured

units and surge bads) within the mesa.

4.2 Vadose Zone Mydrologle Characterization

This section summarizes information compiled from various ER and non-ER sources daseribing the
. hydrological properties and procasses that impact subsurface transport of contaminants at MDAs. The
information relates to the Impact of disturbances to the natural system (described In Section 3) due to

MDA operations.

42,1 Injection Well Tests

In the mid-1980s, field tests were performed to measure the rate of liquid water flow through the Tshirege
Mambar of the Bandalier Tutf under a varlety of saturated and unsaturated conditions, Water was injected
- - under controlled hydraulic-head conditions into a vertical borehele (injection wall), and melsture content
" . was measured at various times In a series of vertical boreholes ditferentially spaced around the injection
well, Several injection tests ware conducted to simulate ditferent condltions of potential seepage from
undarground pits orshafts at MDAs on mesas around the Laboratory (Purtymun et al. 1988, 6880).

~ One test was conductad using an injection well with a 10-kt (3+1t) Injection zone and seven-observation

holes to monitor the movement of 335,000 gal, (1360 m?) of water that was injected into the twH at a
constant head but at a resulting gradually declining rate over 89 days. This injection test resulted in a
poar-shaped cloud of moisture (called a nephol, which is Greek for ‘cloud’) that reached a depth of 210 ft
(64 m) and had a total diameter of about 120 #t (36 m) (Purtymun et al, 1989, 6880).

During Injoction of water into the tuff, the movement of water was inltially dominated by capillary tlow,
which can be restrictive enough to limit the injection rate. Atter injoction of a sutficient volume of fluids, the
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saturation of the tuff increases around the injection site and locally, saturated flow conditions can prevail, A
which is primarily driven by gravity and supplemented by capillary flow around the edge of the locallzed iy
saturated zone, As more water is injecled, the nophol expands and the unsaturated hydraulic conductivity
at the fringes of the nephol increase as the meisture content incraases. HMowever, as the surface aren of ¥
the naphol fringe increases, there i5 a resulting increase in flow resistance, which also restricts the overall .

rate of injection (Purtymun et al, 1988, 6880).

A subsequent test was conducted to determine the etlect of intarmittont discharges of fluids into the
injaction well, Due 10 changing hydraulic conductivity of the tuff under differont saturation conditions, the
amount of !luid that the tuff is able to accept and dissipate vuries. It was found that intermittent releases of
fluid may Increase the total volume of fiuid that can be injected. The primary movement of moisture in the
nephol was downward beneath the injection well, At the end of the test peried, the nophol extended to a
depth of 220 it (87 m) below surlace and had a diameter of about 80 1 (24 m) (Purtymun ot al, 1988,

6880).

The results of the fluid injection tests indicated that the hydrologic characteristics of the unsaturated tult
can retain or arrest the movement of water-soluble contaminants originating from the liquid or solid
wastes stored in the tult such as at an MDA, A nearty continuous and sutficiently adequate water source
would have 10 be avallable beforo wator-soluble contaminants could be rapidly mobilized to completely
penetrate the thicknoss of the unsaturated tutf, and no such water supply is mormally at disposal sites
such as the MDAs, An irregular or seasonally fluctuating water source could also be sufficient to
potantially moblilize water-soluble contaminants, but the migration rate of o seasonally fluctuating water
source would be slower than I the water source was continuous (Purtymun ot al. 1988, 6880).

Afier injoction of water Into the tull over an 89-day injection tost, the size of the molsture cloud or nephol
suspended In the tutl continued to expand for an adeitional 200 days, The expansion of the meisture
plume caused the moisture content of the center of the nephol to decline, thereby reducing the ralative
hydraulic condugtivity of the unsaturoted wif and reducing tho rate of movement of the water, When
gquilibrium of moisture conditions in the tutt is reached, the movement of any water-5oluble contaminants
ceases and any contaminants would remain suspended in the W as long as no additional moisture
enters tho system to disturb the dynamic equilibrivm (Purtymun ot al, 1989, 6880).

4,22 Natural Tracer Analyses

Natural tracers are constituents found in the environment that serve as an Indicator of centain condltions,
ovents, or processas, Natural tracers used to infar information about moisture In the vadose zone include
chloride, oxygen-18, and deuterium, All aro conatituents prosent in precipitation in rolatively constant
amounts. All are present, then, in vadose-zone pore water, which Is derived from precipitation. i no
precipitation were lost 1o ovaporation and transpiration, then the concentration of the tracers in pore water
could be expoctod to be equal to the consentration in precipitation, Convarsely, the relative concentration
of ‘racers in pore water compared with tha amount expected based on pracipitation records ¢can be used
to infer such things as recharge rates, age of water, and the eccurrence of evaperation. Two natural
tracer analyses were performed in FY 1995 to support the development of a concaptual model of vadoses
zone hydrology at MDA G (Newman 1996, 59372). Similar analyses were subsequently perlormed on
core rotrioved from TA-49 (near MDA AB) (Newman 1997, 59371}, TA-21 (near MDAs A, B, T, U, V), and
TA-16 (near MDAs R and P). The results of the MDA G analysis are summarized here, which are
generally representative of the analysas performed at the ather sites.
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Chiorlde

Pore water was oxtracted (gravimetrically) from core samples collected trom various depths within the
. Masita del Buey subsurface. Using standard methodologies, pore-water chioride concentrations wore
-moasured and compared 10 thaoratical meteoritic water chioride concentrations (l.e., the concentration of
- chloride accumulated In precipitation aver time). The ratic of measurad to thecretical concentrations is
used to estimate the amount of pore water evaporated, the age of pore water, and the time required for
pore water to reach specliic depths, provided that the following assumptions are valid.

Chloride is deposited solaly from the atmosphere in relatively constant amounts aver time,

o Chloride dissolved In water is carried vertically downward through the vadose zone.

e Chloride uptake by plants Is very small,

e There are ne sinks or sourcas of watar other than surface precipitation.
If thase assumptions are valid, It may be inferred that the downward flux of water is relatively constant in
regions where chloride concentrations are uniform. The magnitude of the downward molsture flux is high
in regions where chicride concentrations are low relative to background levels, while fluxes will be low in
reglons characterized by relatively high chioride concentrations.

The results ¢f the study showed a steady Increase in chloride concentration to a cepth of about 15 m

(50 1). The oxtramely high chloride concentrations indicate a low liquid flux rate and/or a sink for water.
The chloride “bulge” is a characteristic of every boreholo examined at MDA G, and it is very unlikely that
the high concentrations are the result of climate change. Instead, the concentration of chioride is
assumed to be tha result of evaporative processes within the mesa, The near-surface and deep-mesa
fluxes are high relative to the mid-mesa flux, intarred flux rates are on the order of a 2 to 3 mmvyr. (0.08 to
0.1 Infyr.) In the shallow and deep zones and ara 0.03 to 0.8 mm/yr. (0.001 to 0.03 Infyr.) in the
intermediate zono. Within the mig-mesa region, cumulative chloride increnses faster than cumulative
water, indicating that water Is being iost {rom the system at that locatlon (Noewman 1996, 59372),

To provide another estimate of recharge, the time required tar the total amount of chloride in the core to
accumulate was calculated, Chioride accumulation ages can be interproted as the length time that water
has boeon in the masa. The accumutation ages for chiorido In the MDA G cores wera calculated to ba
betwoen 2,000 and 17,000 yoars, Though uncertainties associated with ostimates of chioride input and
ovaperation introduce arrars into these age estimates, the values used are judged to be conservative.
Estimated ages are expected to be greater than actual ages, and in all cases suggest that water
movement through Meslta del Buey is slow (Newman 1896, 59372),

Stable [sotopes

The naturally occurring stable isotopes of oxygen and hydregen (oxygen-18 and hydrogen-2) that, as
constituents of water, are useful Indicators of avapeoration. The comparative abundances of oxygens-18 10
oxygen-16, and hydrogen-2 (deutorium, D) to hydrogen-1, are relatively constant in precipitation,
Howaver, since both oxygen-18 and hydrogen-2 are “hoavier” than the more abundant isotopes (oxygen-

16 and hydrogen-1}, they do not evaporate as readily.

The relative abundances of these two haavy isotopes comparaed with the more prominent isotopes are
designatad "§"™ O" and *$D." Pore water was extracted using vacuum distillation from core samples from
borehole 541117 at MDA G. Results were compared with the chicride profiles to tast the deep-
evaporation hypothesis, Indicating that the lighter isotopes had bean evaporated at depths much greater
than could be influencad by surface evaporation. Surlace evaporation etfects are limited to the shallowest
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110 2 m (3,310 6.6 1); the presence of hoavy waters at depths of 5 m (16 ft) and dooper is strong
evidence that thete is an evaporative sink at intermediate depths in the mesa (Newman 1996, 59372),

42,3 MDA G In Situ Meisture Monitoring

Moisture content is am extremely important parameoter in assessing contaminamt fate and transport in
unsaturated lractured, porous medig, such as the Bandelier Tutl, Moisture content within dispesal units is
cirectly related to the leachate concentrations and contaminant release rate (i.c., the agueous-phase
source term), and moisture content beneath disposal units is directly related to the rate at which
contaminants may be transported through the subsuriace.

Pit 1 and Pit2 Covers

In 1973, neutron-probe moistura measurements werg obtained at MDA G {from holes augered into the
covers over Pit 1 and Pit 2, which were closed in 1967 ang 1963, respectively. Molsture content varied
botween 12% and 17% by volume in the Pit 1 cover and between 4 and 8% in the Pit 2 cover. In all
measuremaents, peak water concentrations oceurred at copths of 2 m (6,6 1), and docreased betwoan
2 mand 3 m {6.6 ft and 10 f1), The variation in moisture contonts obsorvod betwoon the pits was
tontatively atiributed to varlations in soil conductivity &r difteronces in suraco slope.

Pit 37 Inventory

The volumetric moistura content within Pit 37 has been measured periodically for several years,
Measuramonts are obtained using a neutron probe inserted into a vertical PVC pipe installed in the center
of the pit. Pit 37 Is oxpocted 1o have moisture contents in excess of most pits at MDA G because it has
baer open for a relatively long period of time. While most pits are excavated, filled, and covered within
two to four years, Pit 37 has been receiving wasto since 1990, and has still not yet been ¢overed. Multiplo
measurements from Pit 37 show a maximum moisture content of about 11% by veolume, with a mean of

about 8%.

Vertical Boreholes

Neutron-probe measurements of moisture within the subsuriace at MDA G consistently show three
moisturg-content zones. The proflles generally have a zene between 8- and 23-m (25- and 75-11) dopths
where volumoelric moisture content is 0,5% to 2.0%, with higher moisture contents above and below.
Estimatos of flux rates through this low moisture content region, based on unsaturated hydraulic
conductlvity ostimates, are negligible, Water pressure profiles estimated beneath the mesa using
hydrautic propenties from cores suggest liquid water movas towards tho base of Tshirege Unit 2, a dopth
of about 15 m (50 1t} from above and below,

Horlzomal Bercholes

In 1992 the five horizomtal boraholes that were drilled in 1876 beneath Pit 1 at MDA G were reentered
and moisture measurements were oblained using a neutron probe, Volumetric moisture content values
beneath the pits were in the range of 110 4%, and were generally 1 10 2% higher beneath the pit than
moisture levols away from the pit, These measurements suggest that pit excavation might have a small
effect on moisture contents beneath the pits,

Volumetric moisture content in over 100 core samplas from the ofi-horizontal boreholos drilled in 1995
bengath Pits 37 and 36 ot MDA G measured between 0.2% and 15%, with an average of about 5%. The

ER19990061 4-9 August 1999

wAs

vy
.




Matorial Disposal Areas Coro Documont

maximum molsture content (15%) was measured in a single sampie, 100 1t (30 m) beneath Pit 36. This
single maximum was bounded by measurements of 10% within 5-#t (1,5-m) intervals, and 8% within 10-%
(3.m) intervals. All of the measurements fall within the same “plateau” reglon of the unsaturated hydraulic
condugtivity curve shown previously in Figure 3,3-2, indleating that moisture maves at the same rate
despite maasured differences in moisture content.

4,3  Surface Processes and’Cap Performance

Under tha sponsorship of the US Department of Energy (DOE), US Nuclear Regulatory Commission,
Environmental Protection Agency (EPA), Air Ferce, and Navy, the Environmental Science Group at the
Laboratory has performed studies and demonstrations on landfill surlace ¢overs and processes that atfect
landflll performance for nearly two decades. The guiding principles for landlill cover design projects are to
reduce risks 1o human health and the environment and 10 reduce costs associated with post-closure
monitoring nnd maintenance. The domonstrations and studies are grouped into three gengral categories:

e materiols and thelr arrangemaents for landfill covers
= procosses that atfect long-tarm perfermance of the landfill
= post-closure monitoring to moasure landtill performance

Although supperting national Intorests, the studies have focused on optimal designs for arid climates.
They leature robust caplilary barriers that are not subject to desiccation and cracking. Processes that
affect long-tarm integrity have been Investigated, including intrusion by animals and vegetation,
subsidence, surface erosion, vegetation astablishment and succession, and climate. Instruments that
measure water content to determine covar parformance and landlill response have been tested, as have

automated data colliection techniques,

Los Alamos Experimental Engineered Teost Facility

Between 1981 and 1988, a field research and davelopment program funded by the DOE and performed
at the Laboratory developed and evaluated tachnology 1o address shallowsland barrier probiems in arid
anvironments. The objectivas of the program were to devalop and fleld-test:

e blointrusion barriers (biobarriers)
e systems for ground and surtace water managemont

Field exparimants wer installed within an 8.6-ha (21-acre) plot of land designated the “LANL
Experimental Enginaered Tast Facllity (EETF)." A plant root intrusion stucly was conducted In lysimaters
contalning various combinations of vegotation, soil, and barrier material. Conditions were optimize: for
rapid plant growth to produce maximum root penetration. Stable caslum, which is absorbed by piant roots
and transiocated to above-ground plant tissues, was applied beneath each cover profile as a simulated
wasto. Samples of vegotation ware analyzed using neutron activation of cosium at various times through

the experiment.
Cobble, gravel, and clay were tastod as biocbarrier components in the following designs:

topsoll underlain by 30, 60, and 90 ¢m (12, 24, and 36 In.) crushed tuft (control)
topsoll underlain by 15, 30, and 45 e¢m (6, 12, and 18 in.) bentonite clay

topsoll underlain by 30, 60, and 90 ¢m (12, 24, and 36 in,) cobble

topsoit underiain by 30, 60, and 90 ¢m (12, 24, and 36 in,) cobble/gravel mixture

Resuits showed that ¢rushed tlf offers llitle protection against root intrusion, while the clay, cobble, and
cobblo/grave! barriers were very offective, Increasing barrler thickness greatly improved the performance
of each system; maximum thickness generally reduced root intrusion to less than 20% of the control piot.
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An animal intrusion barrier experimant was conducted by lilling metal culverts with crushed-tulf back!ill

and 90 ¢m of each of the four barriars described above, A single pocket gopher (Thomomya bottac) was e
maintained in cach culvert and allowed o construct a burrow system within the cover profile over a petiod =)
ol 4 months. At the ond of tho study perlod, the gophers werg removed and thair tunnal systems were o

injocted with an expanding polyurethane foam to provide a cast of the tunnel system. The tunnel case -
was exposod by excavation 1o provide a quallitative evaluation of intruslion barrier effectiveness, g

Results of the gopher Intrusion experiment demonstrated that cobble, cobble/gravel, and clay were
equally aftective in preventing animal intrusion with depth, The crushed-tuff barrier, however, was readily

usad for tunneling,

In assessing the overall effectiveness of the clay, cobble, and cebblae/gravel biobarriors, It was dotermined
that the clay was less useful in that it is subject ta dasiceation, shrinkage, and crocking in the semi-arld
environment of the Laboratory. Additionally, cobble, althoeugh effective in preventing animal burrowing,
may not be a viable long-tarm plant intrusion barrier because of the potential for interpenotration of soil
imo the rocks, which would support root growth, Thus, the ¢obble/gravel barriar was'judged most effective
at minimizing both plant and animal penetration,

Two moisture-barrier field experiments ware conducted in the Laboratory EETF, consisting of 3-me(10-fte)
diameter by 6-m (19-ft) deep caissons, One was filled with tuff ovarlying grave! (control), and the other
was fillod with a tuff-bentonite (2%) mix overlying sand. The tutl-bentonite interface was sloped at 10% to
provide additional information on the “wick effect® of the finer tuH-hontonite mixture: Percolating liquid will
penetrate the coarser sand only after the finer tut-bentonite layer nears saturation; at unsaturated
conditions, moisture will move laterally along the Interface. Soil moisture determinations ware performed
using neutron moisture gauges. Meosurements ware made gvery 30 em (12 in.) across the entire width of
gach caisson, Soll water tension was determined with a tensiometer,

Results indicate that a capillary barrier made of crushed Wit and clay would work effectivoly over a
relatively wide range 0! soil moistures in the field, providing protection 1o underlying wastes In varying
moisture conditions. Use of local tuff with low amounts of added bentonite appeared to be very promising
in greatly decreasing hydraulic conductivity without showing any of the mechanical impairments of clay
mentioned above, Furthermere, results suggested that the wick phenomenon of unsaturated flow s
potortially usetul in the design of capillary barriers,

Los Alamos Integrated Tost Plot Experiments

The Los Alamos Integrated Test Plot (ITP) was installed in 1984 to lest and demonstrate, on a lorge-seale
and long-term, design features Including the followlng:

e soil aroslon
e subsidence
e blointrusion
o caplllary barrlers

The ITP compared water balance and biologica! intrusion on a conventional control plot (compacted
crushed twif) and an englneared design, which incorporated the best available knowledge on methods to
control erosion, subsidence, percolation, and biological intrusion, Two 3 by 10+.m (10- by 33-H}
demonstration plots for each of the two cover designs were instailed at the Laboratory EETF, Each was
instrumented to measure run-oft, soil water storage, and seepage.

The technology for soll erosion control on both covor dosigns was a 60% to 70% grave) muich and a
vegetative cover of native grassos (Bouteloua gracilis and Agrepyron smilthii). The dominant downnill
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slope was limited to 0.5% to limit run-off, Subsidence in the test plots was minimized by optimally
cornpacting each layer of soil placed in the plot. The control cover consisted of 15 ¢m (6 in.) of topsoll
over 76 ¢m (30 in,) of crushed twit, The engineered design featured 71 cm (28 in.) of topsoll over a 46-cm
(18-in.) gravel capillary barrier at a 5% slope to provide for soil water storage and to divert vertical flow; a

91.cm (36-in.) cobbie biobarrier; and crushed tuff,

The experiments moasured root Intrusion and water balance (precipitation, leachato production, and soil
moisture) to assess cover performance. To measure root intrusion and lenchate production, ceslum
iodide was applied to the crushed tuff layer in each plot. Beoing Immobile in soil but readily assimilated by
plant roots, ceslum In plant tissue Indicated root penetration through the cover, The highly moblle iodide
sarved as o hydrolegic tracer In leachate water sample collected at the bottom of the calssons.

Alter the Initial 3-year phase of this study, results shewaed that the engineared design had four distinet
advantages over the control cover, First, the layering sequance resuits in a caplliary barrier that generally
retains woter in the upper tine-grained layer, making it more avallable for avapotranspiration, Second, the
biobarrier keops plant roots from growing through the cover, Third, water retained in the upper layer
supports enhanced root mass near the surface, which Increases transpiration and Improves the sl
erosion protection provided by vegetation, Fourth, percolation from snowmelt (when evapotranspirative
losses are small) that penetrates into the ¢oarse layars can be diverted by drains emplaced in this layer.

Erosion Control Study

To study the water balance and erosional behavior of several cover conditions, a 15- by 63-m (50 by

200 tt) simulated tranch cap of the conventional control design was constructed at the EETF: over this,
eight surlace troatments weare applied. Each tost plot had a slope of 7%. The plots were subjected to
simulated rainfall to generate intlitration, run-oft, and erosion, The surface treatment criteria were selected
10 support the devolopment of the Universal Soit Loss Equation. There were four surtace variations
Investipated:

Bare soii treatment; not tilled and loft bare;

Plant treatment: tilled and seaded with native grasses;

Gravel treatment: gravel over the bare soll; and
o Gravel and plant treatment: seeded and graveled,

Results of this study are summarized as follows:

Tho disking progess usod to prepare the plant treatment plot resulted in an oponing and
loosening of the soil and decreased the occurrence of extensive cracks observed on the bare soil

plot.
The gravel treatment dramatically reduced soll erosion but increased inflitration by reducing

evaporation,
The gravel and plant treatment exhibited decreased water content beneath the cap due to

transpiration from the vegetation,

Protective Barrier Landfll! Cover Demonstration

The Protective Barrier Land!ill Cover Demonstration examinad the hydrologic pertormance of four
dittoront angineered landfill cover designs with downhill siopes of 5, 10, 15, and 25. Over a period ot 44
months, field measurements of seepage, precipitation, interflow, run-aH, evaporation, and soll-water
contont were collected to quantity the performance of the enginecred barriors as a tunction of slope

length,
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The lour designs were the following: o
= Conventional design (control):15-cm (6-in.) loam over 76-¢m (30-In.) crushed tutf over 30-em {‘,‘-"
(12+in,} gravel e

o EPA design: 61-cm (24-in.) loam over 30-cm (12+in,) sand over 61-cm (24-in.) clay-tuft over
30-¢m {12-In.) gravel )

» Loam capillary barrier design: 61-cm (24-in.) loam over 76-cm (30-in.) fine sand over 30-cm i
(12-in,) gravel >

o Clay-loam capillary barrigr design: 81-cm (24 in.) clay-loam over 76-cm (30-in.) fine sand over
30-cm (12-in,) medium gravol
The ultimate objective of this on-going study Is to optimize a design for a specific slope that minimizes
run-off and seepage and maximizes intertiow and evaperation (and transpiration, although the field plots
aro not vagetatod). Signllicant resuits of the study are the following:

e The maximum amount of seepage occurred In the Conveontionol Design at 5%, reaching a
maximum of 10% of the precipitation with the 5% slope.

e Noseapage was observed on the Clay-Losm Capillary Barrier Design at 10, 1€, and 25% slopes,

» Fiold plots with larger slopes had more evaporation generally resulting in loss stress to the
underlying layers,

44 MDA G PA and Composite Analysis

The DOE radioactive waste disposal sites are managed, in part, based on whether the sites were active
betore or after the Issuance of DOE Ordor 5820.2A (September 25, 1988). DOE Qrder 5820.2A roquires
a radiological PA to demonstrate and document the safety basis for disposal sites accapting low-level
radioactive waste (LLW) atter September 25, 1988, The order defers radioactive waste disposal sites
used belore that date 1o either Comprehensive Environmental Response, Compensation, and Liabllity Act
(CERCLA) or Resourca Conservation and Recovery Act (RCRA) corrective action, with the lattor applying
at the Laboratory. To ensure that the cumulative radiological impact of all radioactive waste disposals will
not adversely impact human health or the environment for future generations, a composite analysis (CA)

is also required by the DOE,

Tho PA Is reguired 10 determine it LLW generated sinco September 26, 1988 has beon, and will continue
1o bo, disposed at MDA G in a manner that will not result in radiation dosas to the public that oxceed
performance objectives speclfied by the DOE, In a complementary fashion, the CA Is used to evaiuate
options for ensuring that exposures from all radioactive waste disposed of at MDA G wlll not excoed
specified limits in the future, The CA Is also meant to influgnce corrective actions at ER sites,

The PA/CA for MDA G is equivaient to a baseling human-health risk assessment for radiolegical
constituents, evaluating environmontal fate, transport, and human-health risk consequence of
radioactivity disposed there, Consistent with DOE guidance, the all-pathways, all-sources risk analysis
covers a time peried of 1,000 years post closure.

The performance objectives for the PA that are comparable 10 RCRA and CERCLA risk assessment
requiroments are the following:

= Maximum effective dose equivalent of 25 mrem/yr. to any member of the public resulting from
oxtornal exposure and ¢oncentrations of radioactive material released into surface water,

groundwater, soll, plants, and animals,
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e Maximum effective dose equivalent of 10 mremAyr. to any member of the public from
concantrations of radicactive material released to tho atmosphere (excluding raden) trom Arca G

and all other facliities at the Laboratory.

Maximum otfective dose equivalent of 4 mremdyr. to any member of the public trom the
consumption of drinking water drawn from wells outside ¢f the land-use boundary.

- The performance objactive for the CA is the DOE primary annual dose limit of 100 mrem/yr.

The results of the PA/CA are compared 1o thelr assoclated performance measure In Table 4,441,

Table 4.4-1

Summary Results of the MDA G PA/CA
Inveniory Analysis Location Calculated Peak Dose | Performance Objective*
PA Alr pathway Cahada dal Buey: 6.6x10° mremuyr, 10 mromiyr,
CA All pathways Cafadn del Buey 5.8 mrom/yr, 30 to 100 mremiyr.
PA Groundwater protection | White Rock 3.5x10® mromiyr, 4 mrem/yr.
, ' Pajarito Canyon
PA All pathways White Rock 1.0x10* mromayr, 25 mrom/yr,
‘ Pajarito Canyon
CA | Allpathways White Rock * 7.2x10° mranvyr, 30 1o 100 mrenmvyr,
: ‘ Pajarito Canyon

*Performance objective represents the maximum projected axposure from all relenses at the Laboratory,

- 440 MDA G Conceptual Exposure Model

Like risk nssessments performed under RCRA, PAs and CAs required for DOE LLW disposal sites are

based on a concoptual site exposure model, which Is a three-cimensional picture of what is known or

suspacted about the contaminant sources, relgases, fate and fransport, and potentlal receptors, The

. conceptual model for MDAS Is shown in Figure 4.4-1,This conceptual model Is based on an extensive
body of information derived from historical site-specific investigntions at MDAS, including those

. summarized above in this section,

The solid arrows on the figure emanating from the mesa surlace and vegetation reprosent the movement
of water as a liquid (stralght arrows) and as a vapor (serpentine arrows), Liquid water generally moves
‘downward Into the bedrock formatiens (i.e., Infiltrates), while water vapor generally remains static within
the Bandalier Tutf or moves upward and outward through the rmesa top and the mesa sides (i.e.,

ovaporates) and up through vegetation (i.e., transpires).

On the conceptual model, striﬂght and serpentine arrows represent contaminant migration trom the
source terms {i.0., releases from disposal units), The straight arrows represent movement of leachate
percolating through the disposal units. The serpentine arrows dopict releases of contaminants Into the air,

elther as gases or as dust particles. The original source term for resuspended particulates invoives
processes that lead to deposition of contarinants at the surtace, Including erosion and intrusion by plants

- and animals,
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- A'source release combined with air or water can transport contaminants away from the disposal site to
. locations where It might be accessed by human or ecological receptors. Contaminant tmnspon
L mechanlsms Identified by open arrows on the figure are the following:
Leachate transported downward by gravlty and other natural forces (e.9., vapor pressure, water
pressure) through the bedrock beneath the disposal units In the diraction of the regional aquifer
« . Gas-phase releases and resuspanded particulates transported in air to downwind receptors
« Deposition of contaminants on the surface resulting from bictic translocation and erosion

. transported off the mesa by stormwater run-off

;-E'J'(pasure pathways ¢an Include one or more source terms and transport media, For example,
. eontaminants in water (elther shaliow groundwater or surlace water) can be assimiiated by plants;
" resuspended radloactivlty In air can be deposlted on plants; and contaminants In surlace solls can be

b ,splashad onto plants.

i 4 4.2 Groundwaler Pathway Analysis

: The groundwater pathway analysis used In the MDA G PA/CA Is based en a sequence of events selected
© as a worst'case, most conservative scenario. This sequence of events I3 as follows:
Radionuclides are leached by water parcolating through disposal units at MDA G

« Contaminants in leachate are transported vertically downward through the vadose zone to the
. regional aquifer or laterally to alluvial groundwater In Pajarito Canyon, from where contaminants

may be transported downward to the regional aquiter
Radlonuglide contaminants may be diluted and transported within the mglonal aguifer 10 Jocations

down gradient of MDA G
Individuals at off-site locations may receive doses as a result of using contaminated water drawn

‘from the regional agulfer for drinking, crop Irrigation, and watering animals

‘It Is important.to note that the conceptual groundwater migration pathway at MDA G does not appear to

. nctually oceur but was modeled as a possible occurrence to obtain a conservative result for modeling

. purposes. The lateral transport mechanism 1o the sides of the mesa and into the adjacent canyon alluvial
-gystern has no basis (n reality, but was Included as a concoptual fast-path of groundwater contaminant

"transport to the regional aquiter.

. The maximum annual groundwater-pathway dose calculated during the 1000-yr compliance period in the
* MDA G CA was 1.2 x 10 mrem at the downgradient receptor location, Carbon-14 was responsible tor
"most of this dose, with technetium=99, and lodine=129 also contributing. Even when worst~case bounds
on the uncertainties In the groundwater analysis were considered, doses were five orders of magnitude

~ below EPA's 4-mrem/yr threshold (LANL 1997, §3131).
The lérgest uncortainues in the conceptual groundwater contaminant migration pathway analysis were In

. the following:

the total invontory of non-sorblng. longslived radionuclides
the Infiitration rate through the disposal units

the parcolation rate of leachate through the vadose zono
the factors atfecting dilution in the reglonal aguifer
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4.3  Alr Pathway Analysis

The air pathway analysis 0: MDA G is based on the following assumptions:

e Radionuclides are brought to the surlace ol MDA G by plants and animals penetrating into the
disposal units and by gaseous radionuclides diffusing upward and outward to the ground surace,
Contaminants in solls are resuspended in the air above the disposal unit and together with
gaseous radionuclides aro transported to an oftsite receptor by the prevaliing winds,

An Individual receives doses from the inhalation of airborne particulates and gases, ingestion of
contaminated f00d erops, and external radiation from airborne radienuclides and contaminated
soils,

The resulting maximum air-pathway dose projecied for the MDA G CA was 5.5 mrem per yoor at ihe polnt
of maximum exposure in the adjacent canyon, Cafiada de! Buey, The radionuclidges responsible {or the
vast majority o! the air-pethway dose were actinides from the oldest waste. The model used for biotic
transiogation assumes a maximum burrowing depth of 2 m (6.6 1t) based on site-specilic data and
assumaes that burrowing animals readily sxcavale wasto contaminated with actinides, This is a
conservative depth based on information indicating that the largest amount of the plutonium-bearing
waste In that portion of the inventory is dewalered siudge that is buried at depths of three meters or more

(1997, 63131).
The largest uncertainties in the air pathway analysis were assoclated with the following parameters:

e animal burrew depth
o !otal actinide inventory and concantration
¢ the extont of channeling of winds into Cafoada del Buoy.

4.4.4 Surface Water Pathways Analysis

The surtace water pathway nnalysls Is bosed on the 1ollowing assumptions:

Radionuclides are brought to tha surface of MDA G by plant uptakeo with plant roots growing into
the waste and animals burrowing into the waste,

Contaminants in solls are transportod from the mesa 1op 1o the fioor of the adjacent canyon by
stormwater run-off.

Moblle (seluble) contaminants are transporied vertically downward inte the alluvial groundwater,
and thon 1o the reglonal aguiter,

An individual receives doses as a result of exposure 1o conlaminated seils and of using
contaminated waler drawn Irom the regional aquiter 1or drinking, 1ar ¢rop Irrigation, and for

walering animals.

The maximum surface water pathways dose calculated during the 1000-yr compliance peried of the CA
was 7.2 x 10 mrem/yr. The majority of the dose was attributed 10 inhalation of resuspended
contaminated sediments and ingestion ¢f vegetables contaminated with sediment (by way of rain splash),
Imporiant radionuclides were plutonium-239, silver-106m, and americium-241 brought 1o the sutface of
the disposal site by burrowing animals, Assumptions about the distribution of actinides in the disposal
unlts, discussed previously with respect 1o the air-pathway analysis, are expacted 10 result In conservative
dose projections for the surface water pathway (LANL 1997, 63131),
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The primary uncertaintios in the surface water pathways analysis are associated with the following
parametars:

e animal burrow gepth
» total actinide Inventory and concentration
« the amount of sediment transponted in stormwater.

4.4.5 Al Pathways Analysis

The rosults for the all pathways analysis were compared against a perlormanco objective o 25 mrem/yr,
for the MDA G PA, Locations for projected doses included the recoptor location near the nearby town of
White Rock before the end ¢! Institutional control and the recoptor locations 100 m (330 ) east-southeast
of MDA G, and in the adjacent canyon thereaher. No significant exposures were found to occur at the
location near White Rock. The peak dose projected {or the receptor 100 m (330 1) east-southeast of
MDA G was 2.0 x 10" mrem, While this Is 60 % greater than the dose for the groundwater pathway
analysis, It is still a small fraction of the performance objective. Larger cosos ware calculated for the
adjacent canyon receptor, The maximum dose during the 1,000-year compliance petiod was 1.0 x 10
mrem, which Is a factor of 250,000 loss than the performance objective (LANL 1997, 63131),




50 CONCEPTUAL MODEL FOR MATERIAL DISPOSAL AREAS

One of the goals of the material disposal areas (MDAs) core document is 1o provide a consistent
approach to the development of conceptual models for MDAS based on the conceptual mode! for the
MDA G performance assessment (PA)/composite analysis (CA) described in Section 4.4 of this
document. Thoso site-specific conceptual models will be used as the basls for risk assessment In the
Resource Conservation and Recovery Act (RCRA) facllity investigation (RFI) and corrective measures
study (CMS) process for MDAs. This section describes the systematic approach that will be followed to
develop conceptual models for the Laboratory's MDAs based on the MDA G conceptual model. The
process allows the MDA G conceptual physical model to be adapted as necessary to accommodate the
significant features, events, and processes (FEPS) at other MDAs, which were described in Sections 2

and 3.

5.1  Systematle Approach to Developing Conceptual Models for Other MDAS

The systematic approach to MDA conceptual model development makes use of recommendations of the
BIOMQVS It working group on referonce biospheres (Davis et al, 1999, 63521). This is a technical
working group of the biospheric model validation study (BIOMOVS), an international cooperative program
composed of 160 organizations from 31 countries supported by the Atomic Energy Control Board,
Canada; Atomic Energy of Canada Limited; Centro de Investigaciones Energeticas Medioamblantales
and Tecnologicas, Spain; Emprese Nacional de Residuos Radioactives, Spain; (Davis et al, 1999, 63521,
pp. 118-119). Tho reference biospheres working group has advanced a methodology tor developing
conceptual models for solid radioactive waste and hazardous waste gisposal sites. The recommendod
mothodology was applied within an Electric Power Research Institute total systems PA of Yucea
Mountain (Watkins at al, 1999, 63523).

The approach proposed by the Environmental Restoration Project is a site-specific application of the
methodology recommended by the reference biospheres working group (van Doip ot al, 1899, 63522,
p. 227), It consists of these stops:

» Develop o baseline model of the long-term conditions ¢f a geologic waste repository, The MDA G
basoling risk assessment (i.e., PA/CA expandod to include all contaminant sourcos) will sarve
this function (LANL 19967 6313%),

« Daovelop a FEP list for the MDA under consideration, using & generic International FEP as a point
of relargnce (van Deorp et al, 1999, 63522, p, 232).

« Scroen the FEP list against the baseline model,

» Develop a relational FEP list specific to tho MDA under consideration by [dentitying refationships
betwoan FEPs, This relational FEP list is the basls for the conceptual model,

» Implement the concoptual model using computer codes.

For the purposes of the MDAs Core Document, “leaturos” are static conditions (such as inventery,
geology, hydrology, and climate). “Events” and “processes” are naturally dynamic (such as groundwater

recharge and orosion), naturally episodic (such as storn water runot), or the result of human dacisions

(such as land use),

511 Basellne Mode!

The MDA G PA/CA, described in detail In Section 4.4, was performed 10 demonstrata the long-term
(greater than 1000 years) efectivoness of the operational cover installed over disposal units at that she,
In order to evaluate the effectiveness of this remedy in maintaining radiclogical doses below the
performance measuras a conceptual mode! was developed defining the exposure pathways, By design,
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the MDA G PA/CA considers only radiological constituents, but it can bo adapted to consider hazardous
constituonts because the PA/CA evaluatas enviranmental transport and exposure pathways that are
applicable to both radioactive and hazardous chernicals.

In completing the RF| for MDA G, the detailed all-pathways modeling conducted for the MDA G PA/CA
wlll be expanded to estimate luture cumulative risks irom all sources and all pathways to all receptors, In
expanding the PA/CA analysis for the purposes of RCRA risk assessment, the following will occur.

Hazardous canstituents n the MDA G Inventory will be added to the PA/CA inventory,
Risk trom axposure to hazardous constituents transported away from dispesal units at MDA G will

be calculated.

This expanded analysis (Including both hazardous and radioactive constituents) will be the baseline risk
assessment for MDA G. it is anticipated that the results of this risk assessmant will lead to a
recommendation for a streamiined CMS for MDA G. The CMS lor MDA G will use the baseline risk
assassmant to support a recommandation of capping as the tinal remedy for the site, with a long-term

_ monltoring plan to ensure affectiveness. Upon approval of the MDA G CMS this remedial altamative will
be evaluated as part of the CMS and may become the prosumptive reredy for other MDAs. That
evaluation will be carrled out in a methodical fashion using the quantitative decision analysis described in
Section 6 of this document, MDA G Is proposed as the standard for evaluating other MDAs for two
raasons. First, environmental and facility conditions at MDA G are well characterized and are likely to
represent a conservative conceptual site model that will bound risks posed by most other MDAs, Second,
the significant investment in detailed risk modeling has already been made for the MDA G PA/CA, and

the analysis has passed extensive technical and regulatory review,

The MDA G PA/CA forms a preliminary basis for understanding the potentially important characteristics of
an MDA, which can be summarized {or each environmental transpert pathways Included in the model,

For the groundwater pathway
total inventory of non-sorbing, long-lived radienuctides (a feature)

waste form (a feature)

infittration rate through the disposal units (a process)

percelation rate of leachate through the vadose zone (a procass)
1actors affecting dilution in the reglonal agquifer (processes and events)

uses of Impacted water supply (events)

For the air pathway

animal burrow depth (an event)

waste form (a leature)

total actinide inventory and concontration (a feature and an event)
aflect of canyons channeling (o procoss)

rosourco and land use In impacted araa (events)

For the surtace water pathway

animal burrow depth (an event)

waste form {a process)
tolal actinide Inventory ang concentration (a feature and an avent)

sediment transport characteristics (faatures and processes)
resource and land use In impacted area (avents)

e @ ¥ o o
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51.2 Generic FEP List R

An FEP list is a way 10 subdivide a complex gystem (in this case, an MDA) into its compenents (such as -
inventory and hydrology), which are more easlly analyzed, both conceptually and analytically (Watkins et i
al. 1999, 63523, p. 358). Generally a process Is used to relate features and events to each other. For
oxample, three important features of a conceptual mode! for an MDA could be the MDA inventory, the
vadose zone, and the regional supply aquifer, The processes by which those features are connected as a e
systom include leachate production and vadose 2one transpor.

The generic FEP list shown herc Is cross-referenced to Information summarized in provious sections of
this docurnent.

Features

e MDA type, Soction 2 (e.g,, Table 2.1-7)
e Inventory charactaristics, Section 2 (0.9.. Toble 2.1-1)
e Static natural setting, Sectlon 3 (e.g.,, Tables 3.1-1)

Events and Processes

e Dynamic natural setting, Sectlon 3 (e.g.. Table 3,3+1)
« Man-made setting and impacts, Section 3
e Resource and land use, Soctlan 3 (.g., Table 3.5-1)

8.1.3 Relational FEP Lists

A rolationa! FEP list Is & way 10 reconstruct the environmenial fate and transport system that has been
deconstructed in developing the FEP list. The relational FEP list connect the teatures of the fate and
transport system through ovents and processes. The BIOMOVS |l working group recommends various
mothods for geveloping relational FEP fists (van Dorp ot al, 1999, 63522). The mothod used here Is called
the revorse method, which has been most often applied, In the reverse method, an MDA's FEP Is compared
1o MDA G's FEP to idontify relationships batween them that might affect the perdermance of tho MDA,

The rolational FEP list Is used to categorize FEPs in ong of three calegories:

o demonstrated or judged to have significant impact
» demonstrated or judged to have insignificant impact
* poorly undersiood,

52 Decislon Rules

521  Application

The blosphere modeling methodology can be applied to MDA conceptual mode! development by using a
generic FEP list and a reverse approach in which the list of relevant FEPs is mapped against the

conceptual mode! developed for MDA G.

Diosphere modeling includes inherent benetits such as:

« {ne resultant audit trail and documentation that facilitates the detailed examination of all steps in a

site-specilic assessment
the reduction of ditterences in slte-specitic models and help identitying a better understanding of

the diteronces
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The methodology requires the justification of all aspects of the mode! structure and application to assess
all sources of uncertainty, Using & standardized mathodology reduces the unresolved ditferences that
occur batween ditferant models, A kay recommendation Is that sito-specific assessments should not be
undertaken by one incividual using only one medel but should be a multidisciplinary etfort with ditferent

approaches and technigues used 1o confim results.

Eftectively documenting the audit trail and assessing the sources of uncertainty will support the
determination whether the presumptive remedy will apply,




6.0 RFIAPPROACH

The purpose of the Resourco Conservation and Recovery Act facility investigation (RFI) is to evaluate
risks to human and ecological receptors posed by contamination In the environment, When so warranted
It will identify and (in the case of interim measures (IMs], voluntary corrective actions (VCAS), or voluntary
corrective measures [VCMs)) implement actions 10 minimize those risks, Factors that contribute to risk
from an material disposal are (MDA) are the foliowing:

type and amount of toxic chemicals (including radionuclides) in the inventory

concentrations of those chemicals in environmental media

duration, tfrequency, and Imensity of exposure of a receptor to chemicals in environmental media
toxicological or radiological effects that a chemical has on the receptor

Imminent risk of MDAS can be determined by present-ciay nature and extent data, but potential future risk
¢an only be extrapolated by using late and transport modeling to calculate future nature and extent.
Present-day risk associated with MDAS is low because contarminants are inaccessiblo 1o recoptors.
However, future risk may be greater due to the abundance of persistent, toxic contaminants and their
potentlal mobilization. The complexity in the RFI assessmant accounts for the potential fer contaminants
in the geosphere (where thay present little or no risk) to be transporied into the biosphare (where they
potentially present signliicant risk), The approach to completing the RFI process for MDAS takes their
characteristic complaxity into account, as doscribed in this soction,

6.1 Decision Framework

Declsion analysis is the basls for completing corrective actions and RFls for MDAs, Decision analysis
integrates docision definition and decision-making “tools,” which are applied to decision making and
uncerainty rasolution, Doclsions are defined betore data are assessed so that dala are assessed
appropriately. Decisions in the RFI need to be made regarding the following quostions:

« |5 contarnination prosent in the biosphere now? (nature and extent delinoation)

It contamination is present in the biosphere now, do concentrations axceed risk or regulatory

thresholds currently? (scregning assessment) -

» It contamination in the biosphere exceods risk or regulatory thresholds currently, what is the
optimal means of reducing the risk and achieving compliance? (IM, VCA, VCM plan)

e |s contamination likely to be transported by environmental processes into the biosphere in the

future? (conceptual site modol development)

e i contamination [s likely to be transported into the biosphere, are concentrations likely to excood
risk or regulatory thrasholds in the future? (fate, transport, and exposure modeling)

» Ifinthe fuiure comtamination is transported into the biosphere will it excoeed risk or regulatory
thresholds? What are the alternativos for reducing {uture risk and ensuring compliance?
(corractive maasures study (CMS] plan)

Decision rules ensure that each decision in the analytical framework is made contidently (Figure 1.1-1 is
repeatod horo as Figure 6.1-1 tor direct referenco).

Decision rules are bullt around action levels, and specily uncertainties that are elthor acceptable or
unaccoptable in dota used to suppert a decision, Examples of action lovels include screening action
levels (SALS), background values (BVs), and minimum concentration limits. Examples of decision rules
include standard deviation, upper confidence interval, and upper tolerance level (UTL). Together, these
particular action levels and decision rules are used 10 assess analytical laboratory results (and inherent
uncertainties) in the contoxt of imminent risk,
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Evaluate Site Data

v

Pertorm Regulatory Analysis

- (Subpart S Applies)

Unaccoptable Undelormined
Stablilze Prasent-aay Collect Nescad Data
Risk?
Acceplable
Undetermined
. Acceptable Future Risk?
Maintain & Monitor Calloct Needed Data
Unaccepiable
Evaluate Proposed Corroctive Action
Containment Risk
Conipin, Control, Less Than Excavate, Charactorize,
Moniter Tranaport, Dispose
Excavation Risk?

General framework of the decision logic for streamiining the corrective action

Figure 6,1-1,
process 1or Los Alames National Laboratory MDA

6.2 Decision Rules

Docision rules are used to assess the adequacy and sulficlency of both analytical data and modeling
results (and inharant uncertainties) to confidently evaluate tuture risks. There will be no action taken on

- an MDA if it has an acceptable cumulative future risk, taking Into account the concentrations of all
contaminants in all environmental media that have a potential 1o Impact a commen receptor. Decision
rules allow for high uncertainty in data and/or modeling results where projected future risk is far below the
actlon lavel, but require lower uncertainty where projected future risk Is near the action level, Sensitivity
and uncertainty analyses will be performed on the baseline model (MDA G) to develop decision rules
ragarding the adequacy and sufficiency of data used to develop relational features, events, and

" processes (FEPs) for each MDA,
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The baseline mode! is subject to errors because of uncertainties in the generic FEP list used 1o dovelop
the conceptual model, uncertainties in mathematical geosphere and biosphere models, and uncertainties
in data used o impiement those models, The sensitivity of the projected risk (the oction threshold) to
these uncertaintios will be the basis of decision rules, Onee these declsion rules are developod around
the baseline mode! FEPs, they will be used o examine the etlect of uncertainties In the relational FEPs

developed {or othor MDAs.

Two alternative approacnes will be considered as tools lor sensitivity and unceriainty analyses. Both will
be used to devolop decision rules for the baseline model, The approach used to examine the otfects of
uncertalnties information from other MDAs will depend, in pan, upon the magnitude of the risk posed by
the MDAs being evaluated. If the risk posed by a given site is expected 1o be small, a deterministic, or
bounding, approach to ovaluating the impacts of uncertainty may be appropriate. In this approach, the
assumptions and data used to mode! a site are chosen conservatively to yield projected risks that can
reasonably be expected to bound actual risks at the MDA, The rasult Is an overstaloment of the impact of
the associated unceraintigs, providing confidence that the MDA will perform at least as well as projected,

The deterministic approach to uncertainty analysis is best applied to sites that pose littla risk to human
health and the environment, This [s because these sites will still be capable of complying with regulatery
requirements despite the fact that the risks are overstated, Uncertalnties associated with sites posing
potontially signiticant risks will need to be evalunted using more sophisticated techniques. In recognition
of this, probabilistic analyses will bo used 10 evaluate the impact of uncanaintles at some of the MDAs,

Probabillstic uncertainty analysis is generally used to address uncertaintios inherent in the model-input
parameters. Distributions describing the variability of the parameters are developed for model endpeints
such as contaminant concentrations or risks. These model endpoint distributions can then be used to
astimate the probabilities of the MDA exceeding pertinent regulatory criteria, The probabilistic analysis
provides a more complete understanding of the actual uncertainties inherent in the modeling compared to
the deterministic approach, However, such analyses generally require exiensive information about the
site, Depending upon how they are implemanted, probabilistic analyses may cost considernbly more 0

conduct,

As indicated in Figure 6.1-1, data are needed at sevoral steps in the MDAs Core document decision
framework, Information may be needed to support RF! decisions about nature and extent of
contamination, selection of appropriate remedial options within the context of the CMS, and the
establishment and operation of long-term monitoring systems. Because data should bo collected only if
the information will signiticantly reduce the uncertainty in the decisions 1o be made (e.9., decisions about
present.day or future tisks, appropriate remedial options, and monitoring system configurations), a
value-of-information analysis should be conducted,

Probabllistic uncertainty analysis, in conjunction with information about mode! sensitivitles to parameter
variations, provides Insight into the importance of parameters relative to the decislons being made, As
such, they lend themselves to value-of-information analysis. Deterministic analyses of uncentainty provide
little information on the relative iImponance of parameters, limiting attemp!s 10 establish the value of
collecting specitic data, It a deterministic uncertainty analysis was performed for a site that exceeds
regulatory throsholds, consideration should be given to the comparative costs of conducting a
probabilistic analysis and taking action at the site.

6.3 Contaminant Naturc and Extent Delineation
When comploting an RFl for an MDA, the nature and extent of contaminants in accessible environmental
modia are measured by sampling and analyzing lor decreasing concentration fronds, and comparing
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analytical results against applicable chemical BVs, In general, this applies to ambient alr, surlace soll, and
noar-subsuriace soil, alluvium, and sediment givan that the majority of MDA inventory is below ground

ond inaccessible,

The nature of inaccessible, haterogeneous MDA inventories is estimated or bounded using a balance o!
data and modeling. Models ara used to evaluate the adequacy and suticlency of existing inventory data

" 10 confidently evaluate potential risk, and to identify data gaps where datn are inadequate to confidently
assess risk. The oxtent of potential.contamination within inaccessible madia will be, in general, bounded
by sampling and analyzing geologic media outside of the disposal unit boundaries, ensuring that
contaminant concentrations thero are aither ot BVs or below risk-significant thresholds,

MDA RF! samples will be collected in accordance with the most recent rovisiens of ER Project standard
operating procedures. Analyte lists, estimated quantitation limits, required quality control procedures, and
the acceptance criteria ara found in the 1995 ER Project analytical services statement of work (LANL
1995, 49738) or the version that Is current when the RF! is implemented. -

6.4  Screening Evaluation

Sources for data to be used in the RFI include not anly analytical results from ER fleld campaligns, but
also survelllance, monitoring, and site characterization data {rom the following:

e EES-1 (geclogy and hydrology}

e ESH-17 {regional air)

« ESH-18 (surlace water, surlace sadiment, intermediate and regional aquifer groundwater)
o ESH-20 (ecology) .

These data are used to the relational FEP list (which forms the basls of the conceptual site expesure
mode!, as discussed in Section 5 of this document), The RFI process requires the evaluation of conditions
at an MDA that pose an immediate risk to human health and the environment. For accessible
contaminated media, screening evaluations are pertermed after contaminant nature and extent have

bean delineated. Figure 6.4+1 shows the decision framework for this step in the RFI for MDA,

Existing screening methods will be used to identity contaminants of concem in the context of human and
~acological risk (LANL 1998, 55574; Ryti et al. 1999, 63303).

When evaluating conditions at an MDA in the contaxt of present-day risk, it Is also important 10 consider
factors that may exacerbate future risk, The ER Project has procedures {or ovaluating imminent present-
day risks. If present-cay risks or the potential for exacerbating futute risks prove to be unocceptable, it
may be necessary 10 initiate slte stabilization. The rationale for site stabilization is provided in the
Environmenital Protection Agency’s (EPA's) stabilization initiative,

“The goal of the Stabilization Initiative is te increase the rate of corrective actions by focusing on
near-trm activities to control or abate threats to human health and the environment and prevent
or minimize the further spread of contamination. . . . Controlling exposures or the migration of a
release may stabilize a tacility, but does not necessarily mean that a facillty is complately cloaned
up. At some stabllized facilities, contamination Is still present and additional Investigations or
remediation may be required. . . . Stabilization activities should be a component of, or at least

consistent with, final remedies.”
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Figure 6,4-1. Initial data review and screening In the RF! process

Stabilization of a site may be necessary if, for example, contaminant concentrations in surtace soll pose
imminent threat to persons working in or otharwise accessing the arca. Alternatively, stabilization may be
required If conditions at an MDA have a potentlal for increasing rotes of contaminant release and
anvironmenial transport in the future, An aceurate evaluation of conditicns such as these requires an
understanding of site processes, The conceptual model described through the relational FEP list (seo
Section 5 of this decument) will be used to determine the need for stabllization on the basis of future
contaminant transport potential, Regardiess of the cause tor a stabilization action, activities will be
conducted in @ manner that is consistent with the Iikely final remody.

6.5 Fate and Transport Modeling and Future Risk Assessment

Itis the intent of the MDA focus area to use the fate and transpert modeling conducted for MDA G PA/CA
(described In Section 4.4 of this document) 1o assess future risks posed by the Les Alamos National
Laboratory MDAs, without having to directly model each MDA, A quantitative decision analysiy approach
proviges such efficiencies in the risk-assessment process without compromising the ¢redibllity of that
process. The declsion {ramework, shown In Figure 6.5-1, allows lor comparisons of contaminant transport
pathways, as well as extrapolations of potential future risk by avaluating MDA-specilic data in the context
of data and modeling from MDA G,

Evaluating potential future human or ecological risks associated with a given MDA is fundamentaily
ditterent than estimating presont-day risks. Unlike the evaluation of present-day risks, future risks cannot
be determined in real time, using current condltions as an indicater, Instead, fate and transport models
are used 10 estimate potential rates of contaminant reloase and transporn from the disposal facllity and
any subsequent impacts on human health and the environment. Projected risks 10 humans and the
onvitonment are compared 10 regulatory risk criterla; the results of the comparison will be In the corrective
oction process to identity eftective remediation strategles.
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The docision analysis uses quantitative decision rules, formulated through the EPA data quallty objective
process and sensitlvity and uncertainty analyses, to evaluate data from an MDA to determine the

following:

. the applicability of the baseline conceptual modet for MDAs, considering each
contaminanttransport/receptor pathway individually by developing a rolational FEP list
the adequacy of site-specific data to confidently extrapolate potential future risk at the MDA in

question using the MDA G analysis

>

Evaluate MDA Data

Insulicient Dala

Evaiuate Detalled | NO Pathways
F Same as MDA Collect Noeded Data

r— _ Pothways G

MDA G Yo
Analysls Yoo
Adequate?
No . Insutficient Data
Scale MDA G Yeon MDA G Raaults
Resuits Applicable? Collect Needed Data

‘No

> Mode! MDA Explicitly

Acceptable

Projucted
Future Risk?

Qoveiop CMS Plan

Mainain & Monitor
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In summary, for assessments of future risk supporting the RF! tor MDAs are the following:

= Fato and transport models will be used, directly or indirectly (i.¢.. scaled), 10 projact contaminant

extant as a function of time in surlace soils, surface water, groundwater, and air, ovor a period of

several thousand years.,

Calculated contaminant concentrations will be used to assess risk to human and ecological

receptors using standard exposure scenarios as a peint of daparture; tailored exposure scenarios

will be evaluated if site-specifi¢ information supports them.

Baselino risk assessments will be performed under the *ne action” assumption (l.e., current

conditions) 10 determine the naed 1o evaluate corrective measures.

« It rosults of the risk assessment confidently suggest an unacceptable risk, then a reassessment

will be conducted te evaluale the presumptive remedy.

If risk assessments confidently indicate low risk, then no additional or minimat “landscape” actions

will be proposed.

« Models will be used 1o Identily the source term(s), transport pathway(s), and exposure route(s)
contributing most significantly to the culculated risk,

« For MDAs contalning multiple disposal units, modals will be used 10 differentiate units based on
their retative contribution to total rik,

This process or approach wili result in either: (1) a presumed remedial alternative (focused CMS or
perhaps successiul negotiations with the New Mexico Environmont Depanment resulting in a decision to
procoed directly to corrective measures implementation [CMI]) or (2) the need for the collaction af
addhional site data (Phase || RF!), The outcome depends on site specilic conditiens and the quality and
quantity of the infermation about the subject MDA, the comparability between that MDA and MDA G, and

the risk projected for the MDA,

6.6 Foeusod Phase Hl RFI

We will be implemont the following approach:

« Borehole location and number will be optimized using models te calculate the maximum axtent of
contarminant migration basod on site-specific conditions.

e Boreholes will be drilled to bound the extent of contamination,

Geophysics will be used to ensure that boreholes will not intercep! disposal units,

Dirpctionally drilled horizontal boreholes and/or angled boreholes will be drilled to maximize the

coverage beneath an MDA, where appropriate,

« Core, cuttings, and moisture-protected core samples may be collected.

Most analytical suitos will contain analyses for contaminants of concern, molsture content, and

various hydrologic properties (e.g., bulk dansity, saturatea hydraulic condugtivity); other data will

be gathered to perform analyses such as moelsture retention curves and analyses for stable

isotopes may be conducted.

For MDAs whoso Inventory is heteroganeous solid materials, characterization of the nature of
cortarnination will not be accomplished through direct sampling within a disposal unit, since
reprosentative samples cannot be assurod and invasive sampling would likoly pose an unacceptable
thront 10 site workers and the publie. Coring within the boundary of an MDA disposal unit may be
considered if that MDA was used lor ¢isposal of liquid constituonts,
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7.0 MATERIAL DISPOSAL AREA CORRECTIVE MEASURES PROCESS

The purpese of the Rosource Conservation and Recovery Act (RCRA) fagility invastigation (RF!) is 1o
deline the nature and extent of coptaminant releases, The BFI will result in either a recommendation tor
no further action or & recommendation 1o procead to the corrective measures study (CMS)/corrective
reasuros implementation (CMI) phases of the RCRA corractive action process. Based on the rasuits of
the RF), the CMS will ovoluate olternative corrective measures and identity the optimal one based in part
on protectiveness, practicality, acceplability, and cost, Based on tha rasuits of the CMS, the CMI
gstabllshes how the selected corrective measure will be completed. The recommendation to proceed to
CMS/CM! is typically, but not always, based on the results of the RF} indicating a exceedance of some
pro-established action level, The action level proposed for materia! disposal area (MDAs) is unacceptable
risk, with the rigk threshold being determined jointlly by Environmental Restoration (ER) Projoct managers,
our Department of Energy (DOE) ¢ounterparts, regulators, and other stakeholders who follow guidelines
established by the Environmental Protection Agency (EPA).

This chapter of this report supplements, but does not supplant, the basic requiramants of the traditional
CMS/CMI approach outlined In the HMazardous and Solld Waste Amendments of 1984 (HSWA) Module of
the Los Alamos National Laboratory's ( the Luboratory's) RCRA permilt, This chapter is speciflc to RCRA
corractive measures for MDAs, and does not address emergency response actions, voluntary corrective
actions, or best managarent practices undenaken as normal *housekeeping” by the ER Project,

The traditional RFI/CMS/CMI process {8 summarized below, as a point of departure for six alternate
strategios that the ER Project anticipates based on thae approach described in Chapters 3, 4, and 5 of this
document, While this chapter describos an approach 10 corrective measure planning and implemantation,
the ER Project recognizos that each MDA is uniquo and that the final corrective actions for MDA will be
developed jointly with DOE and New Mexico Environment Department (NMED). In addltion, the schedule
for implementing corrective actions at MDAs will be consistent with the ER Project's integratod technical

strategy.

7.1 Traditiena! Strategy: RFl = CMS <> CMI

The traditional strategy includes the completion of the RFI process in accordance with the requirements
outlined in the HSWA module of the RCRA permit, as well as the annotated outlines and report formats
agreed upon with NMED and DOE. The assumption in this strategy is that the RFI roport recommends
CMS/CMI for the site. To simplify the regulatory and technical process, Subpart S advocates limiting the
CMS to renlistic options: “The CMS does not necessarily have to address all potential remed!es for every
corroctive action, EPA advises program Implementors and facility owners/operators to focus corrective
measures studies on realistie remedies and to tailor the scope and substance ¢f studlos 1o the extent,
nature and complexity of releases anc contamination at any given facility, For example, some potential
romedies should not be consldered because they are simply implausible.”

The CMS consists o six stages: ldentification, scraening, devalopment, evaluation justification, and
recommendation, Tho scope and substance of the study should be tailored to lit the comploxity of the
situation. Based an RFI conclusions and CMS objoctives, the Laboratory will identify, screen, and develop
all reasonable alternatives for removal, containment, and/or treatment. The Laboratory will uso standard
engineering practices to determine which allernatives appear most suitable for the site. Technologios can
be combined to form the overall corrective action altarnatives, The identilied alternatives are then
screened to eliminate those that may not prove feasible to implemant, aro unlikely to perform
satistactortly, or do not achieve corrective action objective(s) within a reasonable time period. This
screening locuses on site, waste, and technology characteristics, The remaining alternatives aro further
doveloped which may Include laboratory or benchsscale testing for new technolagies.
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Each allernative that passed the initial screening is evaluated against technical, environmental, human
health, and institutional concems. The first phase of avaluation consists of the 1ollowing threshold criteria;
(1) protecting overalt hurman health and the environment (2) attainment of media cleanup standards

(3) controlled source(s) of releases and (4) compliance with standards for management of wastes, The
remedies that meet the thrashold criterla are then further evaluated using various balancing eriteria to
Identity the remody that provides the best relative combination of attributes. The five balancing criteria
are: (1) long-torm reliabllity and etfectiveness {2) reduction of toxicity, mobility or volume of wastes

(3) short-term etfectiveness (4) implementabiiity and (5) cost. The detalled evaluation will result in a
decision on the preferred remedial alternative. The Laboratory will justity and recommend a corrective
measure alternative based on the above criteria and document It In the CMS report,

Alternatives should be protective of human health and the environment, and maintain protection over
time. In meeting this remedial goal, EPA has learned that certain combinations of site-specitic conditions
can be agdrossed by similar approaches. These approaches include the following:

The use of treatment 10 address principal threats pesed by a slte whenever practicable and costs

ctective, “bias for treatment,”
Directly treating the principal threats (i.e., contaminants) at a site whenever It Is practicable and

cost-gtfective

Using enginearing controls (such as containment) on contaminated media (for which treatment is
impracticable) that ¢an be reliably contained while posing relatively iow longsterm threats

Using a combination of technologios, as appropriate 10 achiove protection of human health and

the environmant
Using institutional controls such as land use restrictions to supplement engineering controls as

appropriate for short- and long-term management
Using innovative technology when such technology offers the potential for suparior pertormance

or implementability or lowar costs

Returning usable groundwatars 1o their maximum beneficlal uses wherever practicable
Remediating contaminated solls as necessary 1o prevent or limit direct exposure of human and
environmental receptors and to prevent the transter of contaminants 10 othar media

The ER Project anticipates that the traditional CMS approach of evaluating a number of remedial
alternatives for MDA sites would only be appropriate in a limited number of situations inclucing the

following:
The first CMS to be performed on an MDA site {probably Technical Area [TA)] 54, Aroa G)
“High risk" sltos which have large waste volumes and associated contamination, and for which
saveral troatment technologies could be applied to achieve varying degrees of effectiveness
Contaminant problems for which several different approaches are practicable
Sites for which Innovative technolegies may be viable

Table 7.1-1 identifies MDA sites that may be candidates tor tha traditional approach to the corrective
moasures process (e.9., MDAs B, F, G, M, L, T, V, and Y). However, every attempt will be made to
streamline the process. At this time no forma! negotiations or discussions have been initiated with the
administrative authority (AA) and Table 7.1-1 is just a tool representing options.

7.2  Alternate Strategy 1: RFI/IM = CMS => CMI

Alternate strategy 1 is identical to the tracitional strategy with the exception that before the completion of
the RFI phase some type of interim measure (IM) Is identified. This IM will be implerented to increase
stabllity of an unstable site, reduce an immediate threat to human heaith or the environment, prevent
future releases from a site, or reduce a source term at the site.
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Table 7.1+1 2

Potentlal Corrective Actlon Approaches tor MDA Sites

T Afternate | Alternate | Altornate | Altemate | Alternate | Alternate | CMSICMI ,i-f'f

MDA Traditional 1 2 3 4 5 6 not required "‘L

A X = ~ X X X - o’ -

B X - — -— - - - n/o :".l'."

c X -~ - X - - X n/a -
D X -~ -— - - - — X
E N R N T N I x
K X - - X - — - wa
G X - — —_ — - X na
H X - - -— - - X n/a
K X — —_ — — — — X
L X — -— - - -—_ X na
") X - - - - - - X
N X — - - - - . X
P | X | - - - —_ - - X
Q X | - —_ - - - — X
R X | - - - - _ - X
5 X - - - —- — - X
T X — X X — —_— ~— e
9] X - X X -— na
v X ~ — - X X - Wa
w X ~ - - - - | - X
X X - —_ - - — - X
Y X — — X — o —— wa
Z X - -— -~ ~— — X
AA X - - - - - - X
AB X X —_ - - | X - na

#rnage altornatives are not being considered for thia MDA,
v n/a = not applicable,

This strategy appears 10 be more onerous than the traditional approach, However, it is based on the
Superfund accelerated cleanup medel (SACM) guidance published by the EPA, Office of Solld Waste and
Emergency Response (EPA 1992, 63529). The basis of SACM Is an approach that fosters immodiate
action at a sile at the same time that studies are being conducted. The AA in conjunction with DOE and
the Laboratory will decide whether a slte requires early action, long-term action, or a combination of both.
In this strategy any early actions required to correct immediate probiems at a site will be Implemented
while the site is under investigation, Ideally, this strategy should take ne longer than the traditional
method because you are parforming the IM during the RFi phase.
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Table 7.1-1 identifies MDA sitos that may be candidates lor this alternative approach to the corrective
measuras process (0.9., MDA AB). At this time, the Laboratory has not identitied additional MDAs for

which oarly actions are needed.

7.3  Alternate Strategy 2: RF1 < IM = CMS - CM!

Alternate strategy 2 Is Identical to the traditional strategy with the exception that upon completion of the
RFI phase an (M Is identified and implemented before moving to the CMS phase.

Table 7.1+1 identifios MDA sltes that may be candidates for this alternative approach to the corractive
measures process (e.9. MDA T), The RFI for this site Is ongoing and thare Is a possibllity that there couid
be a recommendation for an interim action betore the final action,

7.4  Alternate Strategy 3: RFl = Streamlined CMS - CM)

Alternate stratogy 3 Is identical to the traditional stratagy with the exception of using a streamlined CMS
approach. In keeping with the goals of this decument, the ER Project anticipates that there will be sites for
which the Implementing agency will allow a streamlined approach to remedy selaction, enabling the site
10 mova from RF! to CMI more rapidly. This section dascribes the streamlined CMS process for MDAs

shown to have an unaccoptable future risk,

In cases whore EPA has identified a presumptive ramedy, the purpose of the CMS will be to confirm that
tha presumptive ramedy s approptiate to site-specific condltions, The EPA's prasumptive remedy
approach Is a key element of the streamiined CMS procoss. Presumptive remedies are proferred
ramedial technologies for common cotegories of sites. These ramedies are typically based on historic
patterns of romedy solection and on scientili and engineering evaluation of performance data on
technology implementation. Presumptive remodies should be used 10 tocus the RFI, simplity evatuation of
alternativas In the CMS, and Influence remedy selection in the CMI, This process Is expected 1o ensure
the consistent selection of remedial actions and reduce cost and time reguired 1o cleanup similar sites,

The Laboratory proposes to use presumptive remedies ot certain shes (e.g., landfiils), so long as site-
specific conditions indicate that a prosumptive remedy is appropriate. Tha presumptive remedy process
will, to the extent possible, rely on oxisting data, use a streamlined risk assessment approach, and
imcorporate a focused CMS that enly analyzes the appropriate compenents of the presumptive remedy
and the no-action alternative. The assumption of this Cere document is thot capping and monitoring will
be selected as the prefarred alternative resulting from the streamlined CMS process using the
presumptive remedy approach, This assumption is based on the fesults of the MDA G ccmposlte
analysis, and long-term fleid studies at the Laboratory. A description of the generic capping and
monitering design is included in Attachment C.

The streamlined CMS approach will be reflected in a decision by the implementing agency to evaluate
only a limited number of remedial alternatives, The ER Project anticipates that the streamlined or highly
focused approach may be appropriate in the following types of situations:

“Low rtisk® sites whore environmental problemns are rolatively small, and releases represent

minimal exposure concems.
Sltes with stroightforward remedial solutions. For seme contamination problems, standard-

onginearing solutions can be applied that have provan effective in similar situations. This option

includes presumptive remedies.
Shes which can be scaled to TA-54, Aroa G for which the remedial alternative has already been

approved.

Joul w RV TaTaTatu V-3 0




Matarial Disposal Araas Coro Documont

Table 7.1-1 identities MDA sites that may be candidates for this alternative approach o the corrective
measuros process (0.0, MDAs A, C, F, T, and Y),

7.5  Alternate Strategy 4: RFl = CM|

Alternate strategy 4 Is the case whare you proceed directly from RFI to CMil and de not implement
CMS. In cases where the Laboratory is using performance standards or a similar approach to corrective
moasures, the AA should not require submission or approval of a formal CMS plan or Report, EPA
continues to emphasize that it doos not want studies 10 be undertaken simply tor the purpase of
completing a perceivod step In a percelved process. It is anticipated that after successtul complation of
the traditional strategy on complex MDA sites that the AA will allow the Laboratory 1o proceed diractly
from RF! to CMI on less complex MDA sitas whero the presumptive remedy approach would be used to

recornmend capping and monitoring,

Table 7.1-1 identifios MDA sitas that may be candidates lor this alternative approach 1o the corrective
measures process (6.9, MDAs A, U, and V).

7.6  Altermate Strotegy 5: RFI/CMS => CMI

Alternate strategy 5 is designed to integrate the CMS with the site characterization or RFI process. In this
strategy, the ER Project anticipates that a remedial alternative is obvious, but not necessarily a
presumptive remedy or a remedy that has been used at the Laboratory MDA sltes. In this strategy, the
Laboratory will negetiate with the AA during the RFI to incorporate the necessary pioces of the CMS so
as not to require a separate study. The final report resulting trom this etfornt will include the required
information from both the RF! and CMS phases,

Table 7.1-1 identities MDA sites that moay be candidates 1or this alternative appreach to the corractive
measures process (0.9, MDAs A, U, V, and AB).

7.7  Alternate Strategy 6: RFI =» CMS <> Condlitional Remedy

Alternate strategy 6 is Identical to the traditional strategy with the oxception of using a condltional remedy.
Conditional remodies are not final remecies because they do not necessarily meet all standards included

in proposed 40 CFR 264,525(a), Conditional remedies may be appropriate for facilities that contain a mix

of active and inactive units where it is difficult or iImpassible to distinguish Influences. The ER Project may
propose a conditional remedy for such MDA sites provided that the conditional remedy do the following:

» Protects human hoalth and the environment based on current axposures
e Achioves conservative media cleanup standards or levels (e.g., maximum concentration levels)

boyoend the lacliity boundary
e Prevents further significant degradation of the environmental media through treatment and/or

enginaering methods
= Includes institutional or other controls necessary 10 prevent significant exposures (Including doed

rostrictions)
» Includas continued monitoring to determine whether further significant degradation occurs

e Complies with standards for managoment of wastes

Table 7.1-1 identifies MDA sites that may be candidates for this alternative approach 1o the corrective
moasures process (8.g., MDAs C, G, H, and L), These MDAs were identified because they have ongoing

operations,
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8.0 REPORTING

The purpose of the corrective measures study (CMS) Is to identity and evaluate alternative corrective
© actions 1o cleanup contaminant releases from solid waste management units such as Los Alamos

" National Laboratory's { the Laboratary's) materlal disposal areas (MDAs), Given that the MDAs generally
contain relatively large volumes of contaminated materials, the scope and requirements of the CMS need
1o be balanced with the expeditious Inltiation of remedias and timely restoration of contaminated sites,
The documents required tor the CMS are 2 CMS plan and CMS final repont,

The documents required for the corrective measures implementation (CMI) are a conceptual design,
oparation and maintenance (O&M) plan, intermediate design plans and specifications, final design plans
and spocifications, construction work plan, construction completion repert, corrective measure complation
report, health and safety plan, public invelvernent plan, and prograss reports. If the Laboratory can justity
to the administrative authority (AA), that a ptan and/or rapont, or pertions thereol, ate not needed in a
given situation, then the AA may waive that requirament, This strategy of streamlining the CM! will be

negotiated during the planning of the CMS.,
Each report or plan developed during the corrective action process establishes the foundation for
subsequent planning and documentation. Document reviews provide the primary method tor Department

of Energy (DOE) and New Mexico Environment Department (NMED) ovarsight of the process. As such, it
s Important to plan for the review process and to focus the reviews 1o manage limited resources and

optimize the value of decuments.

8.1 RF! Work Plan

There are no lurther Resource Conservation and Rocovery Act (RCRA) facillty investigation (RF!) work
plans anticipated for MDA sites.

8.2 RFlReport

RFI reports will follow the requirements outlined in the Hazardous and Solid Waste Amendments of 1584
{HSWA) module of the RCRA permit, as well as tho annotated outiine and report format agreed upon with

DOE and NMED.

8.3 Sampling and Analysis Plans

Following the annotated sampling and analysis plan (SAP) outline the following sections will be prepared
for pach potentlal release site (PRS) or group of PRSs: characterization and setting, site description,

oparational history, waste characteristics, invastigatory approach, exlisting data, conceptual model, nature
and extent of contamination, contaminant fate and transport, data gops, sampling activitles, contaminant
source, media charactarization, Quality assuranca/quality control, field activitles, and project management
sections. Included as part of the SAP preparation is the compllation of the reference set library, data
tables In the NMED agreed format, and the electronic data deliverable, as well as production (Including

tabies, figures, and maps) and editing of the document.
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34 CMS Work Plan

‘The Environmental Restoration (ER) Project will submit a dratt CMS plan to the AA within 90 calendar
days from the notitication of the requirement to conduct a CMS. The CMS plan will include the foliowing:

o site-specific description of the overall purpose of the CMS

» description of tha corrective measure objectives, including proposed target media cleanup
standards and points of compliance or a description of how risk assessment will be preformed

o description of the specilic corrective measure technologies and/or alternativos which will be

studied

description of the general approach to Investigating and evaluating potential corrective measuras

detoiled description of any proposed pilo! studies

proposed outline for the CMS Report

description of overall project management

The requirements of the National Environmental Policy Act will be integrated into the RCRA corrective
measures process. The CMS plan will be used to trigger a determination of whether an environmental
assessment is required, and it so, CMS roports can serve that function, In the event that a full
environmental impact stalement is required, the CMS report servos as o support docurment for that offort,

85 CMS Report

The CMS will be implemented ne later than 15 calendar days after the Laboratory has received written
approval from the AA lor the CMS plan, and in accordange with the schedule specified in the plan, Within
60 calendar days of the completion of the CMS, the Laboratory will submit a CMS report. The CMS report

will document the results of the study and will include the following elements:

purpose
description of current conditions

medlia cleanup standards
identitication, screening, and development of corrective measure alternatives

evaluation of final corractive measuro alternative
recornmendation for final ¢orrective measure alternative
public Involvernant plan

8.6 CMS Progress Reports

Monthly progress reports will be prepared during the CMS and submitted to the AA, These reports will, at
a minimum, include the following: '

e adescription and estimate of the parcentage of the CMS completed
» summary of all findings during the report perlod

» summary of all changes made in the CMS during the reporting period
summary of contacts made with representatives of the local community, public Interest groups,
and state government during the reporting period

« summary of all contacts made regarding accoss to off-site property

» summary of all problems encountered during the reporting period

e aclions being taken to corract problems

o changes in relevant personnel during the reporting period

« projected work for the next reporting perlod

« copies of daily reports, inspection roports, gata, etc,
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8.7 Siatement of Basis/Permit Madification

The AA approves the CMS report and its preferred romedial alternative. The AA then prepares
statament of basis and permit modification that provide a briet summary of all alternatives studied in the
detalled analysis phase of the RFI/CMS, highlighting all the key factors that led to the identification of the
proposed remedy. The SB and permit medification are submitted for public comment, The AA prepares a
response to the public commants betore the CMI phase ls implemented,

8.8 - CMI Design

The corrective measure design establishes the size, scope, and character of the project, It detalls and
addresses the technical requiroments of the corroctive measure, The design begins with conceptual

* design and ends with the completion of a detalled set of engineering plans and specllications. The
concaeptual design Is used to achieve consensus on the significant aspects of the design approach.

" ‘The conceptual dasign package will be developed and include the following:

purpese
cotrective measures abjectives

conceptual model of contaminant migration
description of corrective measures

project management

project schedule

design criteria

design basis

waste management practices

required permits

identltication of unresolved data needs

long-ioad procurement considerations
appendixes (e.g. design data, equations, sampie calculations, elc.), as identitied

* o 9

P 2 * 2 9 s 0 e

A concoptual design will be prepared that clearly describes the size, shape, form, and contont of the
proposed corrective measure, tha key elaments that are needed, the designers vision of the corrective
measure in the form of conceptual drawings and schematics, and the procedures and schedule for

_implementation.

The intermediate design plans and specifications shall be based on the conceptual design but with more
detall, The draft O&M plan and the construction work plan shall be submitied to the regulatory authority
simultaneously with the intermediate design package. The draft intermadiate design package must
Include drawings and specifications needed to construct the corrective measure. General correlation
batween drawings and technical specifications is a basic requirement, Some of the elements required

may be the following:

» general site plans

dotailed design drawings

piping and instrumentation diagrams

axcavation and earthwork drawings

equipment lists

site preparation and fleld work standards

« proliminary specifications for equipment and material

e 0 0 .
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The construction work plan shall document the overall management strategy and include the following:

» construction quallty assurance procedures

e procedures to address changes o the design or specifications

» Identification of ingpections, hold points, and reports

» identification of protoco! and coordination of field oversight and ingpections
* emergency procedures

« decontamination ang decommissioning plan, If applicable

+ Ccostestimate
» schodule for constructing the gcorrective measure

The O&M plan shall outline procedures for performing operations, long torm maintenance and monitoring
of the corrective measure, At a minimum, the O&M plan will in¢lude the following:

* project management
s system doscription

» persennel tralning

* start-up procedures

» Q&M procedures

« replacement schedule for equipment

* waoste management plans

« sampling and analysis activitles

e gorreclive measure completion criteria

» procedures to address system breakdowns and operational problems
» data management and documentation requirements

The final design plans and specitications must be sutticient 10 be included in a roquest for proposal, The
iinal O&M pian and construction plan shall be submitted simultaneously with the final design package.

8.9 CMI Plan

The CMI Plan will inctude the following:

» final design package (Including O&M plan and construction work plan),

+ health and salely plan
s public involvement plan

8,10 Construction Completion Report

This purpose of this repert Is 10 document the completion of the construction phase of the CMI, In the
case whero long-term monitoring and maintenance is required after the construction phase, it is assumed
that the ER Project will perform all activities through the CMI construction completion report, At that time
the site will be transterred to Facllity and Waste Qperations (FWQ) Division or Environment, Safety, and
Heaith (ESH) Division for long-term Q&M and monitoring activities at the concluslon of which they will
prepare the CMI completion report for submiital to the AA,

There are no RCRA corrective action regulations that require the preparation of a CMI construction
complation report. It will be developed 1o ensure that the construction phase of the CM Is comploted in
accordance with plans ond specifications and ensure this information is documented and passed afong to

FM/ESH for inclusion In the CMI completion report at a later date.
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The CM! construction completion report will include the following:

Description of the actual construction of the CM
Summaries of construction inspections including resolution ¢! findings
Results of any accaptance testing
Summary of construction costs and schedule
Description of any changes 1o the design and updated drawings
- Data collected during the construction phase
Documentation that the plans and perlormance standards have been met
Dascription of any changos identitied for the O&M plan (including long-term monitoring, it

applicable)
-Schedule for CMI completion report and any interim status reports required by the AA,

* 0 0 0 9 0 s

. 811 Corrective Measure Completion Report

'Remedios shall be considored compiete when the AA determines the following:

‘Compliance with all media ¢leanup standards as specitied in the permit have been achieved,
- aceording 1o the requiraments of 40 CFR 264.525(e)
" All actions required to control the source(s) of contamination have been satisfled; and
- Procedures specified for removal, Decontamination, closure, or post-closure care of units,
' equipment, devices, or structures required to implement the remedy have been complied with,

Upon completion of the ramedy, the Laboratory shall submit to the AA, by registered mall, a reques! for
termination of the corrective action schedula of compliance according to procedures for a Class il
madification, The request will include a cortification that the remedy has been completed in accordance

with requirements and must be signed by the Laboratery and by an independent profassienal who Is

[ 3

" skilled In the appropriate technical discipline,

8.12° CMI Progress Reports

Monthly progress reperts will be prepared during the corrective measure design, construction and Q&M
_phases of the project and submitted 1o the AA. These reports will, at a minimum, Include the following:

a description of significant activities and work completed during the reporting period
summary of system effectiveness '

summary of all findings

summary of all contacts with representatives of the local community, public interest groups or
State govarnment during the reporting period

summary of all problems encountered during the reporting period

.actions being taken to correct problems

changes In personnel during the reporting period

projected work for the next reporting period

the resulls of any sampling or other data generated during the reporting period
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Acronyms and Abbreviations







administrative authority

ARAR applicable or relevant and appropriate reguirement
BMP best managemant practice e
BV background value ,
CA composite analysis :
CERCLA Comprenhensive Environmental Response, Compensation, and Liability Act .
CFR Code of Federal Regulations
cmi corroctive measures iImplementation
CMS corroctive measures study
D&b decontamination and decommisaloning
DOE US Depariment of Energy
EC expodited ¢cloanup
EETF Experimental Engineored Toest Facility
EPA US Environmentaf Protection Agoncy
ER environmental restorntion
ESH Environment, Safety, and Heaith (Dlvision)
FEP features, ovents, and processes
FWO Facility and Waste Oparationg (Division)
FY flscal year
HE high explosives
HP Hot Polnt (site)
HSWA Hazardous and Solid Waste Amendments of 1584
IM intorim measure
Laboratory Los Alamos National Laberatary
LANL Los Alamos National Laboratory
LAPRE Los Alamos Power Reactor Experiment
LLW low-lovel waste
MDA material disposal area
NFA no further action
NMED New Mexico Environment Department (New Mexico Environmental improvement Division
before 1991)
NOD notice of deficlency
&M operation and maintenance
ou operable unit
PA porformance assessment
PRS potentlal release site
RCRA Resource Conservation and Recovery Act

RCRA facllity investigation
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Material Disposal Areas Coro Document

RSI request for supplementol Information
SACM Superund accelerated cloanup model
SAL screening action level

SAP sampling and analysls plan

svoC saemivolatile organic compound
SWMU solid waste management unit

TA © technical area

TCA trichioroethane

TNT trinitrotoluene

TRU transuranic

TSCA Toxic Substances Contrel Act

VCA voluntary ¢orrective action

vCM voluntary corrective moasure

voeC volatile erganic compound
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Acronyms

MDA
Material tisposal aren

PRS
Potential release site

RFl

Resourco Conservatlon and
Recovery Act facillty
inveostigation

VCA
Veluntary corroctivo aetion

Lot 10QQ

Site Description

Mutcrial Disposal Arca (MDA) F, Potential Release Site (PRS) 6-007(n)-99,
consists of two fenced arcas located wt Technical Aren 6 on Twomile Mesa north
of Twomile Mesa Road and south of the southwest fork of Twomile Canyon,
MDA F sits ot an elevation of approximately 7460 ft (2238 m). The depth to
groundwater below MDA F is approximately 1275 feet (383 m). Runoff from this
site enters the southwest fork of Twomile Canyon, which is located within the
Pajurito Canyon watershed, In 1945, defective explosive lenses manufactured for
usc in the Fat Man implosion weapon were destroyed in this area by detonation,
Some of these Ienses contained Baratol, which contains barium and TNT. In
1946, n pit was excavated for the disposal of large classified objects that could
not casily be destroyed by cutting, The objects were buried to protect their
classificntion. In 1947, another pit was excavated for the disposal of classified
material, Two large disturbed arcas, which may be these two pits, are visible on
1954 acrial photographs, From 1949 through 1951, work orders were written for
three smaller pits w be used for occasional disposal. The locations and contents
of these pits are unknown, From 1950 to 1952, three shafts were drilled to
dispose of spark gaps containing small amounts of cesium«137. Nonc of these
disposals correlate with job and work orders found in the archives, The three
shufts are probably in the area of the smaller fence at MDA F. The areas inside
the fences at MDA F have been monitored {or radioactivity on a continuing basis
since 1981 as part of the Los Alamos Environmental Surveillance Program. No
reudings above background have been observed.

Resource Conservation and Recovery Act
Facility Investigation Status

A Resource Conservation and Recovery Act facility investigation (RTT) Phase |
sumpling was conducted in July 1994 in nccordance with the “RF] Work Plan for
Operable Unit 1111."

A voluntary carrective action (VCA) was implemented in August 1995 as
described in the *Voluntary Corrective Action Completion Report for Potential
Release Site 06-007(1)." Site restoration consisted of recontouring und reseeding
the site with native grasses. A formal request for Environmental Protection
Ageney concurrence to remove PRS 6-007(f) from the Hazardous and Solid
Waste Amendments of 1984 module was presented in the VCA report,

Surface Water Assessment
Watershed: Pajarito Canyon

Erosion Matrix Scorg: Not determined
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Acronyms

MDA
Matorinl gisposal area

PRS
Potential rolease slie

TA
Technical aroa

Anm;ﬂf 1999

Site Description

Material Disposal Arca (MDA) Q, Potentinl Release Site (PRS) 8-006(a) is
focated ot Technical Arca (TA) 8 west of Anchor Ranch Road and south of
Building TA-8-2] (the DX Division Office) in an area known as the TA-3
Gun-Firing sitc. MDA Q is 4 0.2-ncre site located at an elevation of 7600 ft (2280
m) on Pajurito Mesa within the Pajarito Canyon watershed, The depth to
groundwater below MDA Q is approximately 1200 ft (360 m). The GuneFiring
Site consists of PRS 8-002, un experimental firing site for speciully designed
naval ;uns used in developing the Little Boy weapon. Two concrete anchor pads
for the pun mounts and two target sand butts still remain on the ground surface.
A burial ground for the naval guns culled MDA Q is listed as PRS 8-006(n) und
8-006(b). PRS 8-006(b) was originally thought 10 be a second waste material
disposal area assogiated with the gun-firing site but has since been determined to
be the same site as PRS 8-006(x). The Gun-Firing Site was active only during
World War 11, and the burial at MDA Q was conducted in 1946, MDA Q
occupies an irrcgularly shaped rectangular aren with dimensions of
approximately 270 ft by 260 ft (81 m by 78 m), MDA Q is not believed to have
been used for any other disposal since 1946,

The solid waste management units at this MDA are listed in Module V111 of the
Laboratory's Resource Conservation and Reeovery Act (RCRA) Hazardous
Waste Facility Permit,

RCRA Facility investigation Status

Radiological and geophysical surveys were conducted in November 1993,

Surface Water Assessment
Watershed: Pajurito Canyon

Erosion Matrix Score: Not determined
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EC
Expeditod cleanup

MDA
Matorial disposal area

PRS
Potentlal reloaso site

Auoust 1999

Site Description

Material Disposal Area (MDA) M (Potential Release Site 09-013) is locuted at un
clevation of 7500 ft (2250 m) on Pajarito Mesa and southwest of Pajarito
Canyon, The depth to groundwater below MDA M is approximately 1220 1
(366 m). Runoff from MDA M drains northcastward to Pajarito Canyon and
southward to a tributary informally known as Starmer Gulch, which is located
within the Pajarito Canvon watershed. Metal and debris, generated during the
removal of Old Anchor Sites Eust and West nnd the construction of the new and
present TA-8 and TA-9 facilitics (1948-65), huve been flashed and deposited
over the surfuce of this 3-acre arca. Nonhazardous waste from the construction of
other sites within the Laboratory was also dumped here from 1960 1o 1965,

Resource Conservation and Recovery Act
Facility Investigation Status

An cxpedited ¢leanup (EC) was performed ut MDA M as described in the
“Expedited Cleanup Plan for Solid Waste Management Unit 9-013.”

Phuse 1 of the EC was conducted between November 1995 and March 1996,

Phase 11 of the EC is plonned to consist of the evaluation of the confirmatory
sampling results to determine if the cleunup action Jevels established bused on the
Phase ] Resource Conservation and Recovery Act facility investigation dat are
still appropriate, followed by additional site excavation and subscquent round(s)
of confirmatory sumplie collection,

Surface Water Assessment
Watershed: Pajarito Canyon

Erosion Matrix Score: 56

Best Management Practices: An carth berm and silt fence were installed in
August 1996,
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High explosives

MDA
Matarial disposal area

RCRA
Rosourse Consorvation and

Recovery Act
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Tochnizal aroa
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Site Description

Material Disposal Arca (MDA) 8 (Potential Release Site 11-009) is a fenced,
sctive experimental plot at Technical Area (TA) 11, It measures approximately
10t by 10 ft (3 m by 3 m) and is Jocated north of Water Canyon, MDA § sits al
an clevation of approximately 7300 f1 (2190 m), The depth to groundwater below
MDA § is approximately 1160 fect (348 m). The urea is used to study the cifect
of soil and weather on the decomposition of explosives. The area, which slopes to
the southwest, is well vegelaled with prasses and weeds, locust shrubs, and twe
small ponderosa pines. The general area is covered with ponderosa pines, and no

drainage intersects the site.

The studies conducted (and in some cases are still angoing) were initiated in
March 1965 10 determine the persistence of explosives in soil in the arca of the
drop 1ower complex at TA-11 where the sensitivity of high explosives (HE) is
studied, The studies continue with & maximum inventory of less than 80 g
{0.18 1b.) of HE remaining in the experimental plot.

The solid wuste management unit ot this MDA is listed in Module VIII of the

Loborutory’s Resource Conservation und Recovery Act (RCRA) Hazardous
Waste Facility Permit.

RCRA Facility Investigation Status

No RCRA facility investigation activities have been completed ut MDA S,

Surface Water Assessment

Walershed: Water Canyon

Erosion Matrix Score: Not determined
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ouv
Qporable unit

MDA
Malorial disposal aroa

PRS
Polontiai roloase site

ACRA
Rosource Consarvation and

Rocovoary Act

RFI
RCRA tacility investigation

SwhMu
Salld waste managemon!
unit

TA
Tachnical area

Anunuat 1999

Site Description

Technical Area (TA) 15 is located on Threemile Mesa at an elevation of
approximately 7200 1t (2160 m), The depth to groundwater beneath TA-15 is
upproximately 1200 ft (360 m). Threemile Mesn is divided by Potrillo Canyon
into two smaller finger mesas: Mesita del Potrillo and PHERMEX Mesa, which
have served as firing site areas, TA-15 is bound to the north by Threemile
Canyon and to the south by Water Canyon.

Material Disposal Area N

Material Disposal Aren (MDA) N, Potentiul Release Site (PRS) 15-007(a) is
located at an clevation of approximately 7280 feet (2184 m). The depth to
groundwater beneath MDA N is spproximutely 1170 feet (351 m). RunofT from
MDA N enters Potrillo Canyon, which is located in the Water Canyon watershed,
MDA N was opened in 1962; ulthough no information is available about its
closing. A 1965 nerinl photograph suggests that it was closed before 1965,
MDA N is described in the 1990 solid waste management unit (SWMU) report as
i pit containing the remnants of several structures from the TA«1S firing site, also
designuted as R-Site, The site hnd been cxposcd o explosives or chemical
comamination, MDA N also may have contained rubble from buildings
TA-15-07, TA-15-1, and others; however, little is kKnown about the materials or
uctivities thut may have oceurred in the buildings, No other information is
available on debris deposited in the MDA, The pit is described as covered and
revegetated, The Resource Conservation and Recovery Act (RCRA) facility
investigation (RFI) work plan for Operable Unit (OU) 1086 identifies mercury,
thorium, and photographic solutions as potential contaminants.

The SWMU at this MDA is listed in Module VIIT of the Laboratory's RCRA
Hazardous Waste Facility Permit.

AFI Status

A Phase [ investigation was conducted in accordance with the RF1 work plan for
QU 1086; the investigation was not successful in locating this MDA through

geophysical or sampling cfforts,

Surface Water Assessment
Watershed: Water Canyon

Erosion Matrix Score; 3.6

MDA Z

MDA Z, PRS 15-007(b) is located at TA-15 south of the side road leading to
TA-15:233. MDA Z is located at an elevation of approximately 7220 11 (2166 m)
with o depth 1o groundwater uround 1200 ft (360 m). Runoff from this site enters
the Caiton de Valle watershed, MDA Z was used between 1965 and 1981 for the
disposal of construction debris, including pieces of cement and rebur of various
sizes, used concrete bags, steel blast mats {rom tests at PHERMEX, and other
debris. Pieces of partially burned wood are visible, The landfill is roughly
rectangular and measures approximately 200 ft by 50 ft (60 m by |5 m), Waste
appears to have been pluaced in u naturally occurring depression, Concrete-filled
sundbags ure visible; they were probably piled as a retaining wall, and other
debris may have been filled in behind it, One face grades to native soil, while the




other is exposed and stands approximately 15 ft (4.5 m)
high. Most of the debris on the exposed face is not covered
with soil and is cxposed to wind, rain, and snowmelt.
Contaminants at the site include metals from wire and blast
mats, volntile organic compounds and/or semivolutile
*_organic compounds from charred wood, road and
construction debdris, snd rodioactive substances (e,g.. from
the blast mats), Visible chunks of uranium ure present at

the site,

The SWMU at this MDA is listed in Module VIII of the
Laboratory's RCRA Hazardous Waste Facility Permit,

RF! Status

No RF] nctivities have been completed at MDA Z,
Surface Water Assessment

Watershed: Cahon del Valle

Erosion Matrix Score: 40.2
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High explosives

MDA
Malorial disposal aroa
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Potential reluase site
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Rocovery Act
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Technicol area
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Site Desg¢ription

Technical Arcu (TA) 16, known as S-Site, is logated within the northwestern
portion of the Laboratory at un clevation ranging from 7000 {t to 7500 11 (2100 m
to 2250 m). The average depth to groundwater beneath the material disposal
arcas (MDAs) is approximately 1200 f1 (360 m). TA-16 is located within the
Cafon de Valle watershed, Operations nt TA-16 tocus on the production of high
explosives and include casting, pressing, and muchining of high explosives (HE);
assembly of explosive test devices: fabrication of plastic components:
development of new materials; #nd nondestructive examination. TA-16 has been
in use since the early 1940s and is still nctive with the recent installation of a
highspressure tritium fucility,

MDA P

MDA P (Potential Release Site [PRS] 16-018) is a 1.4-a¢re industrinl landfill
tocuted at TA-16 near the south rim of Canon de Valle, MDA P is located at an
clevation of approximately 7500 ft (2250 m), The depth to groundwater beneath
MDA P is approximately 1150 {t (345 m), Runotf from MDA P enters the Canon
de Valle watershed, MDA P contains wastes {from the synthesis, processing, and
testing of ME and residual barium-contuminated sands from HE incineration;
from the TA-16 photo development process; from the residues of the burning of
HE-contaminated equipment; and from the demelition of the S-Site World War 11
complex, MDA P also contains construction debris, such as large timbers,
concrete rubble, and pipes, and nonconstruction debris, such as flasks, bottles,
morticians' tables, and other items used in the formulation, processing, and

assembly of HE components.

Before being designated as o disposal area for 8-Site wastes in the early 1950s,
the area that currently is MDA P served as a detonator burning ground, Both lead
azide and thallium azide detonators were used during this time and are assumed
to have been burned at the site, ME disposal activities at MDA P started in the
carly 19505 and ccased in 1984, Waste disposal activities were initinted at the
western end of the landfill and procecded castward, The landfill was used to
dispose of residues resulting from the burning of HE-contaminated materials,
Much of the old S-Site complex was demolished in the 1960s, and most of the
flashed residues of these demolition activities were disposed of in MDA P.

RCRA Facllity Investigation Status

The MDA P landfiit was closed as a Resaurce Conservation and Recovery Act
(RCRA) unit in Fiscal Year 1999,

Surface Water Assessment

Watershed: Cafion de Valle

Erosion Matrix Score: 69.3

Best Management Practices: Asphalt/concrete repaving, plastic covering,

permanent seeding, and a straw Bale barrier were installed in September 1996; an
cunth berm, sediment trap, und silt fence were installed in Scptember 1998,




MDA R

MDA R (PRS 16-019) is a historic HE-burning ground and
associated canyonsside disposul area located at TA-16,
MDA R is an ] 1.5-acre site located on the mesa edge on
the south side of Canon de Valle, and runoff from the site
enters the Canon de Valle watershed. MDA R is located at
un ¢levation of approximately 7500 ft (2250 m). The depth
to groundwater bencath MDA R is approximately 1240 fi
(372 m). MDA R was an octive disposal unit from 1945
until 1951, when the modern-day TA-16 burning ground
was completed. MDA R occupies an area of 600 ft by 900
ft (180 m by 270 m), although the actunl contaminated arca
is Jikely to be much smaller.

Likely constituents at MDA R (based on annlogy with the
modern burning ground and MDA P) are HE, including
chunk HE, and barium, Significunt amounts of debris are
located along the north side of MDA R, A geophysical
survey at MDA R suggests thut the waste depth is shallow,

The solid waste management unit at this MDA is listed in
Module VIII of the Laboratory’'s RCRA Hazardous Waste
Facility Permit,

RCRA Facility Investigation Status

- A Phase ] investigation was conducted in nccordance with
RCRA facility investigntion work plan for Operable Unit
1082, Weekly status reports were prepared in 1997,

Surface Water Assessment

Watershed: Cafion de Valle

Erosion Matrix Score: 83
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BMP
Bost management practico

MDA
Matorial dispesal area

NMED
Now Moxico Envirgnment
Doparimont

NQOD
Netice of daficiency

NTISV
Nontraditional In situ vitritication

PRS

Potontinl roloase site
RCRA

Resourco Consorvation and
Rocovery ACl

RF1

RCRA tacllity invostigation
RSI

Reques! for supplementa)
information

SAP

Sampling angd analysis plan

TA
Tochnical aroa
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Site Description

Technical Area (TA) 21, also known as DP Site, centers on DP Mesa
immediutely cast-southeast of the Los Alamos townsite at an elevation of 7140 {1
(2142 m). Runoff from TA-2]) druins to Los Alamos Canyon and DP Canyon,
which are located within the Los Alamos Canyon watershed, Groundwater lies at
a depth of approximately 1150 ft (345 m), TA«21 has been used for both
chemical research and plutonivm metal production from 1945 to 1978, The major
industria) activity was related to plutonium refinement so the major waste
disposal uctivities were plutonium reluted as well, Material disposal arcas
(MDAs) located at TA-21 include MDA A, MDA B, MDA T, MDA U, and
MDA V; these MDAs are all listed as Hazardous and Solid Waste Amendments
of 1984 solid waste manugement units in Module VIII of the Laborutory's
Resource Conservation and Recovery Act (RCRA) permit,

MDA A

MDA A (Polential Release Site [PRS] 21.014) is o 1.25-n¢re site that was used
tor waste disposal during two periods: 1945-1949 und 1969-1977, Between 1944
and 1947, two shallow pits that were about 13 1t {4 m) deep were used 10 dispose
of about 36,000 * (1020 m™ of “solid wustes with nlpha contaminntion
uccompanied by small amounts of beta and gamma,” During this same period,
two underground storage tanks (the General's Tanks) were installed to store a
tota) of 49,000 gal, of u sodium hydroxide solution containing 334 g of plutonium
=239 at the time of emplacement (ciren 1947). The liquid {rom these tanks was
recovered, treated, and solidified in cement in 1975, The contaminated cement
wus buried at MDA A for several years but was retrieved in the late 1980s and
moved to Pit 29 ut MDA G. In 1969, a 30-ft- (3-m-) deep pit was excavated at
MDA A for the disposul of building dcbris contaminated by uranium-233,
plutonium-238, and plutonium-239 from demolition work at TA.21. Remediation
of the site cap wiis conducted in 1985 and 1987,

RCRA Facility Investigation Status

A Phase 1 surface investigation was completed in 1994 in accordance with the
TA-21 operable unit RCRA facility investigation (RFI) work plan,

Surface Water Assessment
Watershed: Los Alamos Canyon
Erosion Matrix Score: Not determined

Best Management Practices (BMPs): Remediation of the site cap was conducted
in 1985 and 1987,

MDA B

MDA B (PRS 21-015) is an inactive disposal site located on DP Mesa just west
of the fenced area of TA.21 and south of commercial businesses on DP Road.
MDA B operated from 1945 through 1948, The approximate area of the MDA is
6 acres; the TA+21 work plan states that buried waste pits occupy about 5580 yd?
(4650 m*) with an estimated volume of 27,612 yd” (21,240 m?), MDA B consists
of two areas: an unpaved fenced eastern area and o paved, fenced western area,
neither of which has any surface structures, The number of trenches in MDA B is
unknown, The disposal trenches were reported to be approximately 18 ft wide by

'
o
"

oy,




300 ft long by 12 {t deep, and they were not lined. A
geophysical survey was conducted as part of the 1998 RF1
1o delincate the dimensions of the trenches.

The radiological inventory includes “plutonium, polonium,
uranium, americium, curium, lanthanum, [and] actinium,”
The disposal capacity of the pits is estimated to be about
760,000 £ (21,000 m’). The entire pit area is estimated to
_contain no more than 6,13 Ci (100 g) of plutonium-239,

In 1984, the unpaved portion of MDA B was resurfuced
with a variety of cover systems during a pilot study
conducted in support of the Nationa! Low Level Waste
Munagement Program and the Environmental Protection
Agency's Land Pollution Control Division, Contaminant
Branch. Its present state incorporates several variations of a
nominal 3«ftthick crushed-tuff cover, which is placed over
the original crushed-tutf cover. Varintions include cobble
and gravel biobarriers between the old and new covers, as
well as shrub, grass, and gravel mulch surface treatments,
The total cover thickness an this portion of MDA B is

nominally 6.5 ft.

RFi Status

A'Phase I surfuce investigation was conducted at MDA B
and associated drainages und completed in accordance with
the TA-2! operable unit RFI work plan.

A Phase I subsurface sampling and analysis plan (SAP)

RF1 work plan revision was submitted to New Mexico’

Environment Depariment (NMED) in September 1998,

A request for supplemental information (RSI) for Phase I
subsurfuce SAP was issued by NMED.

A response to RSI was submitted to NMED in February
1999,

A Phase 1 subsurface investigation is on-going during
1999,

Datn summary and SAP addendum will be submitted to
NMED by September 1999,

. Surface Water Assessment

Watershed: Los Alamos Canyon

Erosion Matrix Score: 17.9

MDAT

MDA T (PRS 21-016) includes four absorption beds and
62 shafts where rndioactively contaminated liquid waste

. from the plutonium-processing laboratories at TA-21 was

disposed of between 1945 and 1952, Stormwater runoff
from this site enters the DP Canyon watershed. In 1952, a

liquid waste treatment plant was installed to remove
plutonium and other radionuclides. Thereafter, the
absorption beds received relatively small quantities of
LLW until 1967 when a new liquid waste treatment process
was initiated, Between 1968 and 1975, treated liquid waste
was mixed with cement pumped into shafts at MDA T for
disposal, After 1975, the cement paste was poured into
corrugated metal pipes and retrievably buried at MDA T,
There were 62 shafts at MDA T used for the permanent
disposal of cementstreated liquid waste.

Approximately 18,300,000 gal. of liquid waste was
disposed of in the MDA T absorption beds between 1945
und 1967. As of January 1973, the absorption beds
contained 10 Ci of plutonium-239. As of July 1976, the
disposal shafts contained 7 Ci of uranium.233, 47 Ci of
plutonium.238, 3761 Ci of americium-241, and 3 Ci of
mixed fission product, The total volume of cement paste
permunently disposed of in the shafts at MDA T was
122,500 ft°,

RF! Status

A Phase | surface investigation conducted at MDA T and
associnted drainuges was completed in accordance with the
TA21 operable unit RFI work plan.

A Phase 1 subsurfoce investigation SAP was submitted to0
NMED in the SAP for Group 21-016,

A Phase I subsurface investigation was completed at risk,

An RSI on Phuse 1 subsurface SAP issued by NMED July
29, 1997,

A response to the RSI was sent to NMED, but there is no
record of it in the RPF yet,

Surface Water Assessment
Watershed: DP Canyon
Erosion Matrix Score: 54,

BMPs installed in September 1996 include a run-on
diversion and straw bale barrier,

MDA U

MDA U [PRSs 21017 (a,b, and ¢)] is an inactive disposal
site located north of buildings TA-21-152 and «153 at
TA-21 on DP Mesa; the MDA is fenced on all sides.
MDA U covers an aren of approximately 0.2 acres (1200
m?) and contains two absorption beds [PRSs 21-017(a) and
(1)), Stormwater runoff from this site enters the DP Canyon
watershed. The TA-21 work plan states that the absorption
beds were used for subsurface disposal of radionctively
contaminated liquid wastes from 1948 to 1968, and as




constructed, the two absorption beds had a surface arca of
approximately 1800 ft with an estimated volume of about
18,000 £, An associated distribution box, TA-2] 164 [PRS
21-017(c)), was locusted between the two beds. The
distribution box nnd nssociated distribution lines in PRSs
21-017(x and b) were removed in 1985,

BFi Status

A Phase 1 surfoce investigation was conducted in 1994 in
accordance with the TA-21 Opernble Unit RF1 Work Plun,

An additional Phase I surface investigation SAP was
submitted to NMED in 1998,

A Phase 1 surfuce RF1 was completed in 1998,

A Phase 1 subsurface SAP was submitted to NMED in the
Sampling and Analysis Plan for Polential Release Sites
21'017(a.b| Xlnd C).

A Phase I subsurface RF1 was ongoing ot risk, 1999

Surface Water Assessment
Watershed: DP Canyon

Erosion Mutrix Score: 8.8

BMPs installed in January 1990 include o run-on diversion
and o swale,

MDAV

MDA V [PRS 21-018(n)) is 0.88-acre site at TA-21, which
contains three absorption beds that occupy 15,000 1 and
have a volume capacity of 4250 m’, Stormwater runoff
from this site enters the LA Canyon watershed, The
absorption beds were used for liquid wasic disposal from o
Jaundry operation at building TA-21-20 and were in
continuous use from October 1945 to 1961, The lsundry
facility mainly processcd clothing from plutonium
refinement operations, but other processes and wuste
streams may have used the absorption beds for disposal,

A nontraditional in situ vitrification (NTISV) cold test was
performed ncar MDAV in carly in 1999 in preparation of a
plan to vitrify u portion of onc of the absorption beds.
Results of the cold test have not been finalized,

RF! Status

A Phasc 1 surfnce and subsurface investigation was
conducted nt MDA V and its associated drainages in 1994
and 1996 in accordance with the TA-2! Operable Unit RF]
Work Plan,

Mareh 1904

An RF1 report rccommending NFA was submitted 1o
NMED in 1996,

A notice of deficiency (NOD) on Phase 1 surface and
subsurface RFI report issucd by NMED and response to
NQD are reported in a 1997 Laboratory memorandum

(EM/ER.:97-295).
Surface Water Assessment
Watershed: Los Alamos Canyon

Erosion Matrix Score: 18.1

— e
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Site Description

Technical Area (TA) 33, also known as Hot Point Site, is located near the
southeist boundary ¢f the Laboratory and spans the boundary of the Chaquehui
Canyon and Ancho Canyon watersheds. Within TA-33, clevation ranges from
5300 ft o 6300 ft (1590 m to 1890 m) and depth to groundwater ranges between
760 ft and $10 £t (228 m und 273 m), TA-33 was created in 1947 as a test site for
weupons experiments using conventional high explosives, uranium, and
beryllium, The experiments were performed in underground chambers, on
surface firing puds, and at firing sites equipped with large guns that fired
projectiles into catcher berms. The weapons experiments ceased in 1972, A highe
pressure tritium facility was operated at TA33 from 1955 until late 1990,

MDA D

Materinl Disposal Arca (MDA) D, Potential Release Sites (PRSs) 33-003(a and
b). is located at an elevation of approximately 6500 ft (1950 m) on a mesa
formed by Ancho Canyon and White Rock Canyon. The depth to groundwater
beneath MDA D is approaimately 910 ft (273 m). Runoff from this site may
either drain to the Ancho Canyon watershed or dircetly into White Rock Canyon,
MDA D consists of two underground chambers, TA-33-4 and TA-33.6 [PRSs
33.003(a and b), respectively), which were used to test explosive devices, The
chambers were constructed in 1948 and were used for initiator tests involving
polonium-210, milligram quantities of beryllium, and large amounts of high
explosives, Chamber TA«33.4 was used once in 1948 with no apparent rupture;
Chumber TA-33-6 was used twice, once in December 1948 and agnin in April
1952, The sccond test destroved the chamber, Debris from the detonation was
cjected through the elevator shaft and spread over the mesa. A 10-ft-deep crater
that formed around the chumber was later filled with the gjected debris and
covered with uncontaminated soil,

The solid waste management units (SWMUS) at this MDA arc listed in Module
VIII of the Laboratory's Resource Conservation and Recovery Act (RCRA)
Huzardous Waste Fucility Permit,

RCRA Facllity Investigation Status

A Phase ] investipation was conducted in 1994 in accordance with the RCRA
fucility investigation (RF1) work plan for Operable Unit 1122

An additional investigation was conducted in 1996 in accardance with the revised
sumpling and analysis plan (SAP) presented in the “RF1 Report fer TA-33, PRSs
33.003(u), 33.0247m), 33-007(c), 33-009, 33-011{d), 33-013, 33-016, 33-017,"

and revised SAPs for PRSs 33-003(b), 33-004(k), 33-008(b), C.33.001,
C-33-002.

Surface Water Assessment
Walershed: Ancho Conyon

Erosion Matrix Score: Not determined




MDA E

MDA E [PRSs 33-001(a=c)] lies on a point formed by
. Chaquehui Canvon and one of ity tributaries, MDA E is
locuted on a mesa at an elevation of approximately 6500 {t
{1950 m). The depth to groundwater beneath MDA E is
approximately 760 feet (228 m), Runoff from this site
enters the Chaquehui Canvon watershed. MDA E was
operated between 1948 and 1955 to dispose of gun-type
initintors and debris, Test material contaminated with
polonium-210 was carried to the open pits, The first
structure at South Site was underground chamber No, 3,
TA-33-29, which was completed in February 1950 and
~ used for a single experiment in April 1950, The explosive
experiment in the chumber did not breach the surface,
Beginning in 1951, South Site was used for gunstype and
implosion studies. A Los Alamos Scientific Laboratory
‘internal memorandum referring to contaminated disposal
Arca E, TA-33 states that “Area E at TA-33 has been used
as n storage arca and for burial of lowlevel radionctive
contaminated equipment,” A report by the US Geological
Survey states that the aren contains several hundred
kilograms of depleted uranium. Exact curie contents of pits
1 and 2 are reported as 240 Ci snd 60 Ci, respectively,
Bricf descriptions of the contents of pits 3 and 4 implicate
the presence of hazardous waste (GI can of beryllium dust
immersed in kerosene). No information is available on pits
$ and 6; South Site personnel indicate that these trenches
. were not used and were filled and compugcted in 1963,

. The SWMUs at this MDA are listed in Moduje V11 of the
Laboratory's RCRA Hazardous Waste Facility Permit,

RF| Status
No RF] octivities have been completed at MDA E,

.. Surface Water Assessment

Watershed: Chaquehui Canyon

Erosion Matrix Score: Ranges between 35 and 40.2 for the
five PRSs in MDA E

MDA K

MDA K [PRSs 33:002¢o=¢)] is a 1.0-acre site located on n
mesa at an approximate ¢levation of 6500 ft (1950 m), The

depth to groundwater beneath MDA K is approximutely
820 ft (246 m). Runoff {rom this site enters the Chaquehui
Cunyon watershed. MDA K received liquid effluent from
the high-pressure tritium facility (TA-33-86) thut operated
at TA-33 from 1955 until 1990. This facility housed
equipment used 1o transfer tritium from large transportation
tanks to smaller vessels for use at various Laboratory
locations. The building was occasionally used for other
activities; for example, o uranium fluidized bed assembly
was constructed in 1960. After the TA-33-86 tritium
focility operations cecosed in 1990, nll equipment was
removed from the building. The building and associated
structures are scheduled for decontaminution and
decommissioning in 1999, MDA K contains consoliduted
PRSs 33-002(a=c). PRS 33-002(u) is the septic tank and
drain field, PRSs 33.002(b and ¢) are sumps (dry wells),
PRS 33-002¢d) is o cooling water outfall, and PRS
33-002(¢) is a roof drain outfall.

The SWMUs at this MDA are listed in Module VIII of the
Laboratory's RCRA Hazardous Waste Facility Permit,

RF! Status

A Phase 1 investigation was ¢onducted at PRSs 33.002(s
and b) in 1993 in accordance with the RF1 work plan for

Operable Unit 1122,

Phase 1 investigations and Phose II SAPs for PRSs
33-002(a and b) ure presented in “RF1 Report for MDA K,

PRSs 33-002(u.bcde).”

PRSs 33.002(band ¢) were recommended for no further
action (NFA) for human health in “NFA Report for PRSs
32.002(b.c), 33-003(b). 33.004(k), 33-006(a), 33-008(a,b),
33-011(d), 33-013, 33.017."

PRS 33-002(d and ¢) were recommended for NFA in “RE]
Report for MDA K, PRSs 33-002(a,b,c,d.c).”

Surface Water Assessment

Watershed: Chaquehui Canyon

Erosion Matrix Score: Ranges between 3.6 and 26,2 for the
five PRSs in MDA X
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Site Description

Technical Area (TA) 35, which is also known as Ten Site Laboratory, is logated
at an clevation of upproximately 7000 feet (2100 m) on a finger mesa between
Mortandad Canyon and Ten Site Canyon, which is located within the Mortandad
Canyon watershed, The depth to groundwater beneath TA-35 is approximately
1200 11 (360 m), TA-35 is currently used for safeguard studies, lnser nescarch and
development, and other experimental research. Past operations at TA-35 related
to waste disposal at its materinl disposal areas (MDASs) includes source
preparation, radionuclide experimentation. and nuclear fission reactor
development,

MDA W

MDA W, Polential Release Site (PRS) 35-001, consists of two dein,- (10-cm-)
dinmeter, 125-1t (38 m-) long stainless steel tubes suspended vertically inside
8.in.- (20.cm-) dinmeter carbonesicel-cased wells, Each tube, which is backfilled
under pressure with nitrogen and is sealed, contains 150 1 (39 g:l.) of liguid
sodium reactor coolant conaminated with plutonium und associated fission
products, MDA W iy cupped with concrete und sits on the southern edge of Ten
Site Mesa above Ten Site Canyon, There are no stormwater runofi’ concerns ar
any potential for crosion of the cup. Therefore, this sitc poses no impact on the
Ten Site Canyon watershed, The depth to groundwater from the bottom of the
carbon-steel-cased wells is around 1000 ft (300 m), There are no administrative
conttols regarding access (o the site,

Resource Conservation and Recovery Act
Facillty Investigation Status

MDA W was recommended for no further action (NFA) in "Addendum to the
OU 1129 RF1 Work Plan” on the basis thut no gvidence of o relense exists. The
cnginecred controls presently in place preclude any migration of contaminants o
the environment. Assessment and remediation options pose a greater threat t©
human health and the environment than leaving the site as is, and the site will be
muintained under perpetual institutional ¢ontrol,

Surface Water Assessment
Watershed: Mortandad Canyon

Erosion Matnix Score: Not determined

MDA X

MDA X (PRS 35.002) is the former site of the Los Alamos Power Reactor
Experiment No, 2 (LAPRE-11) renctor, which was buried in place after it was
decommissioned in 1959, MDA X was located near the southeast corner of
Building TA«35-2 on the south side of Ten Site Mesa at an clevation of
approximately 7000 ft (2100 m). The depth to groundwater below the former
Jocation of MDA X is approximately 1160 ft (348 m), MDA X was remediated in
1991 as an interim action. There are no administrative controls regarding access
10 the site.




Resource Conservation and Recovery Act
Facility Investigation Status

MDA X was recommended for NFA in the “Addendum to
the OU 1120 RF1 Work Plan" because all reaclor-related
equipment and contaminated’ soils were removed,
Confirmatory soil sampling was conducted to verify the

"removal of all constituents of concern including
radionuclides and hazardous chemicals.

Surface Water Assessment

. Watershed: Moruandad Canyon

_ Erosion Matrix Score: Not determined
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Site Deseription

Material Disposal Area (MDA) AA (Potential Release Site 36-001) is located at
an elevation of approaimately 6700 1 (2010 m) within Potrillo Canyon, which is
Jocated within the Water Canyon watershed. The depth 1o groundwater below
MDA AA is upproximately 770 {1 (231 m), The first MDA AA trench was dug in
mid-1960s to burn nnd dispose of debris and sand from the firing sites, The exact
number of trenches is unknown; however, information from two sources
indicates that there are from two to four trenches, The trenches provided safety
und sdministrative controls for explosives and for muterials possibly
contaminated with explosives; they also provided a way of reducing the volume
of firing site debris, The last active trench on the south side of MDA AA was
closed May 12, 1989, in accordance with New Mexico solid waste regulations,
After the last trench was filled with burned debris and covered with clean soil,
the cntire MDA AA trench area was graded 1o lessen the potential of stormwater
runeon and runoff to crode the site und impact the Water Canyon watershed,
Combustible firing site debris, such as wood, is still burned on the surtace of o
permittcd burn area 100 ft to 300 1 (30 m to 90 m) west of the MDA,

The solid waste management unit at this MDA is listed in Module VIII of the
Laboratory's Resource Conservation and Recovery Act (RCRA) Hazardous
Wasie Fncility Permit,

RCRA Facility Investigation Status

MDA AA was reported in the “RF] Report for Potential Release Sites at TA-36
36.001, 36-004(d) Skunk Works and Burn Pits, 36-006."

The New Mexico Environment Department (NMED) issued a letter of denial for
the RCRA facility investigation (RF1} report.

An inlerim action was ¢onducted in May 1996 that addressed numerous erosion
channels draining the site. Wire mesh and cobbles were placed in three crosion
channels at the southern trench area thut posed an immediate threat to the
integrity of the trench soil cover. Remaining supplies and cobbles were used to
puck additional trenches, The interim action report was approved by NMED,

L.os Alamos National Laboratory requested cxtensions for the resubmission of

the RF1 report in November 1997 and for the submission of the Phuse 11 sumpling
and analysis plan in August 1998,

Surface Water Assessment
Watershed: Water Canyon
Erosion Matrix Score: 45.7

Best Management Practices: A silt fence and straw bale barrier were installed in
July 1996,
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Site Description

Maicrial Disposal Arca (MIDA) Y [Potential Release Site 39-001 (b)) is Jocated at
an elevation of 6400 fI (1920 m) within Ancho Canvon. The depth to
groundwater below MDA Y is approximately $90 ft (177 m). Runoff from this
site directly enters Ancho Canyon. MDA'Y was one of several pits at TA-39 used
for disposal of wasie consisting primarily of debris from firing site experiments,
emplty chemical containers, aind office waste, MDA'Y was the first disposal pit at
Technical Area 39 and was in use from 1973 until approximately 1976, when pit
2 was put into use,

The solid waste management unit at this MDA is listed in Module V111 of the
Laboratory's Resource Conservation and Recovery Act (RCRA) Muzardous
Waste Facility Permit.

RCRA Faclility Investigation Status

MDA Y was proposed for no further action in the “RFI Report for Polential
Releise Sites at TA.39 39.001(a and b), 39-004(a-¢), 39-008."

The New Mexico Environment Department issued a request for supplemental
information for the RCRA fagility investigation (RFT) report in November 1997,

Los Alnmos National Luboratory requesied an extension for resubmission of the
RF] report in August {998,

Surface Water Assessment
Watershed: Ancho Canyon

Erosion Matrix Score: Not determined
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Site Description

Material Disposal Area (MDA) AB, Potential Release Site (PRS) 49-001(a=g) is
located at an clevation of 7200 feet (2160 m) on Frijoles Mesa within the Ancho
Canvon watershed. The depth to groundwater below MDA AB is approximately

1120 1 (336 m).

MDA ADB was the location of the hydronuclear and related experiments
performed from late 1959 to mid-1961 that deposited virtunlly all the
contaminants that are expected to exist ot TA-49, Very little other use has been
made of MDA AB and TA-49, The experiments were conducted to assess safety
concerns relnted to the storage and transportation of nuclear weapens
components, The experiments were conducted in multiple shafts and chambers at
depths between 60 ft and 80 ft (18 m to 24 m), The total volume of contaminated
tuff has been estimated at about 1,000,000 f° (30,000 m®), The radiological
inventory has been estimated as 0.2 Ci of uranium-235 and 2450 Ci of
plutonium.239, with some fission and activation products also likely to be
present, Solid lead used as shiclding for the experiments is also contained in the
experiment chambers as well as small amounts of beryllium, The experimental
shafty were installed in four different urens in what are now, roughly, the corners
of MDA AB. The areas were numbered | through 4 with Area 2 being funrther
subdivided into areus 2A and 2B,

In 1961, the surfuce over the shafts in Arca 2 was covered with a clny-gravel
layer overlain with asphalt 10 stabilize residun! surface contamination. This
surfuce pavement was removed in 1998 as part of an interim measure undertaken
as part of the Resource Conservation and Recovery Act (RCRA) fucility
investipation (RF1) to stabilize the site against subsurface moisture resulting from
surfuce water ponding, run-on, and inhibited evapotranspiration, That interim
measure was completed with the installation of a clean, crushed-tuff cap
containing a wire-mesh layer to inhibit intrusion by burrowing animals and
covered with native grasses to promote transpiration of moisture and inhibit
crosion and pravel to further inhibit crosion.

The solid waste munagement units ot this MDA are listed in Module V111 of the
Luboratory's RCRA Hazardous Waste Fagility Permit,

RF| Status

A Phase I investigation was conducted in 1994 in accordance with “"RF1 Work
Plan for Operable Unit | 144."

A plan for stabilization activitics was presented in the “Stabilization Plan for
Implementing Interim Measures and Best Management Practices at Polential
Release Sites 49-001(b, ¢, d, and g)."

The stabilization plan received a request for supplemental information (RSI) and
then a notice of deficiency on the response to the RSL: responses were developed
10 both,

Best manugement practices (BMPs) were performed at PREs 49-001(b,c,d, and g)
us deseribed in the BMP completion report. Activities included construction and
stabilization of a diversion chonnel; installation of 4 silt fence: downgradient
channel stabilization; removal of a power pole; and placement of straw bales in
the upgradient runoff channel.




Surface Water Assessment

Watershed: Ancho Canyon

Erosion Matrix Score: 59.2 [PRS 45-001(g)]

BMPs: Run-on diversions, silt fences, straw bale barriers,
velocity dissipation devices, and asphnlt/concrete repaving
were instafledin June 1998.
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Slte Description

Material Disposul Area (MDA) C landfill at Technical Area {TA) 50 (Potentinl
Release Site 50-009] was established in May 1948 as u replacement for MDA B
at TA<21, MDA C is Jocated at the head of Ten Site Conyon at an elevation of
approximately 7200 ft (2667 m). The depth to groundwater below MDA C is
upproximately 1375 feet (353 m) and runoff from this site enters Ten Site
Canyon, which is located in the Mortandad Canyon watershed, MDA C is o
fence-enclosed 11.8-ucre site, Radiouctive und hazardous waste was disposed of
in seven pits and 08 shafts at MDA C between 1948 and 1965, The average
depth of the MDA C disposal pits was 20 ft (6 m), while the average depth of the
shafts was spproximately 16 ft (4.8 m). The pits were filled between 1948 and
1959, und the shafts were filled between 1958 and 1965, Logbooks were used 1o
record limited information about waste disposals after 1954, Estimates of the
total radiological inventory ot MDA C are 196 Ci in pits and 49,483 Ci in shafts,
This estimate includes 28 Ci of uranium (i, ursnium233, uranium-234,
uranium-235, uranium-236, and uranium-238); 49,136 Ci of cesium-137; 31 Ci
of strontium-90; 26 Ci of plutonium-239; 149 Ci of amercium-241; 50 Ci of
mixed fission products; and 200 Ci of mixed sctivation products,

A chronology of the major events pertinent to MDA C is presented in Tuble 2.9
and a list of interred contaminants (based an site logbooks) is in Table 2+10 of the
Resource Conservation and Recovery Act (RCRA) facility investigation (RFI)
work plan for Operable Unit 1147 (LA-UR-92-969),

The solid waste management unit at this MDA is listed in Module VIIT of the
Laboratory's RCRA Hazardous Waste Facility Permit,

RF! Status

A Phase 1 surface investigation was conducted in 1993 in accordance with the
“RF1 Work Plan for Operable Unit 1147."

A Phase 1 subsurface investigation was conducted between 1994 and 1996 in
accordance with the “RFI Work Plan for Qperable Unit 1147."

Surface Water Assessment

Watershed: Mortandad Canyon

LErosion Matrix Score: Not determined
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Site Description

Technical Area (TA) 54 is located on Mesita del Buey and spuns the boundary of
the Canada del Buey and Pajurito Canyon watersheds. TA-54 ranges in clevation
between 6700 and 6800 {t with a depth to groundwater ranging between 900 and
980 fi. The major industrinl activity a1 TA-54 hus been wasie storage and
disposal. The 45 solid waste management units (SWMUs) in TA-54 ure
organized within four material disposal arcas (MDAs) (G, H. J, and L) and three
facilitics located in the western part of the TA including TA-54 West, a former
radiution exposure facility and a former animal-holding facility, ‘

MDA G

MDA G at TA-54 is a 100-ucre site that has served as the Laboratory’s principal
radionctive solid waste storage and disposal site since routine operations began in
1959. The mujority of stormwater runoff from MDA G enters the Pajarito
Canyon watcrshed with a much smaller portion draining into Cadada del Buey,
which is located within the Mortandad Canyon watershed, MDA G will continue
operating in its current capacity for the foresecuble future. Disposal units (pits
and shaits) containing waste disposed before 1988 compose Hazardous and Solid
Waste Amendments of 1984 (HSWA) SWMU, Potcential Release Site (PRS)
54-013(b)-99, and are subject to corrective action under the purview of the
Environmental Restoration (ER) Project.

Between 1959 and 1970 (inclusive), nearly all of the Laboratoty's solid
radiosctive waste was disposed at MDA G. The disposal method consisted of
interring the waste in pits and in lined and unlined shafts excavated into the mesa.
The depth of these pits and shafts is upproximately 60 ft (18 m). Layers of waste
in pits have been buckfilled with clean cxcavated materials (crushed tuff), und
filled pits have been covered with at least 3 ft (1 m) of crushed tuff and about 5
in. (12 em) of topsoil, which has been revegetated with native grasses. Filled
shafts have been capped with either ¢rushed tuff or concrete or both,

In 1971, the Luboratory began segregating radionctive waste into two catcgories
depending on the concentration of transuranic radioisolopes present in the waste.
Sinee thut time, transuranic waste (TR has been retrievably stored at MDA G,
and only low.level solid radioactive waste has been permanently disposed of.
Since the implementation of Resource Conservation and Recovery Act (RCRA)
in 1986, mixed low-level solid radioactive waste {i.¢., low-level solid radioactive
waste that also meets the definition of a RCRA-listed or characteristic hazardous
waste) has been scgregated from the low-level solid radicuctive waste and stored
above ground at MDA G. Thus, the inventory of PRS 54.013(b)-99 includes (in
descending order of relative volume) low-level solid radioactive waste, solid
TRU waste, solid mixed TRU waste, and low-level solid radiouctive waste,

RCRA Faciiity Investigation Status

MDA G has undergone extensive investigation as a HSWA SWMU, a permitted
RCRA storage facility, and an authorized Department of Energy (DOE) low-level
solid radioactive waste disposal facility, There are known to be subsurface vapor.
phase plumes of volatile organic compounds and tritium, but no other releases
have been found in the subsurfuce.

In 1997, the performance assessment and composite analysis of Los Alamos
Nationa! Laboratory MDA G was published as the authorization basis {or
continued low-level solid radicactive waste disposal authorization pursuant to
DOE requirements. An RCRA facility investigation (RFT) report for MDA G is




- scheduled to be submitted to the New Mexico Environment
Depurtment in Fiscal Year 1699,

Surtface Water Assessment
Watershed: Pajarito Canyon
Erosion Matrix Score: Not determined

Best Management Practices: A silt fence associated with
- TRU pad 2 was installed.in January 1995,

MDA H

MDA H at TA-54 (PRS 54-004) is a fenced 0.3-acre
rectangular area measuring 200 ft by 70 ft (60 m by 21 m)
just inside the western boundary of TA-54, Stormwater
runoff from this site enters the Pajarito Canyon watershed.
Nine shafts were used for the disposal of classified wastes
from 1960 to 1986. Eight of the nine shafts are capped by a
3-ft (1-m) luyer of concrete and n 3-ft (1-m) layer of soil.
Shaft number 9 has a locked steel plate as a cover, This
shaft is also known to contain a potential volume of 990 fr’
(30 m”) of hazardous waste. The other eight shafts were 6 ft
(1.8 m) in dinmeter and approximately 60 ft (18 m) in
depth for a total disposal capacity of approximately 13,565

12 (407 m),

Waste disposal logs show that nearly every shaft received
the following materinls: weupons components, classified
" documents and paper, aluminum, plastic, stainless steel,
rubber, praphite shapes, weapon mockups, depleted
uranium scraps and classified shapes, film, prints and
slides, cInssified shapes contaminated with high explosives
(HE), and graphite reactor fuel rods, In addition, RCRA
hazardous metals were disposed of in tany shafts,

This PRS iz a SWMU listed in Module VIII of the
Laboratory's RCRA Hazardous Waste Facility Permit.

RF! Statu;

A Phase [ investigation was conducted in accordance with
“RITT Work Plan for Operable Unit 1148."

Surface WaterAssessﬁoenr
* Watershed: Pajarito Canyon

~ Erosion Matrix Score: Not determined

MDA J

MDA J at TA.54 {PRS 54-005) is a 2.65-acre site that was
used for the disposal of administratively controlled waste
~ from 1961 through 1998. Runoff from this site enters
~:.  Cofada de! Buey, located within the Mortandad Canyon

watershed. The MDA consists of four pits and two shatts
with an approximate waste capacity of 2.6 million v’
(78,000 m*). Exumples of administratively controlled waste
are classified items such as safes with secured locks,
objects with clussified shapes, scrap equipment, treated
sands {rom barium sund trentment operations at MDA L,
and empty containers, Historically, MDA J received waste
that was potentially contaminated with trace quantities of
nonreactive HE residues. Other wastes included asbestos
and residual amounts of huzardous waste. Land farming
ulso occurs at this site to bioremediate petroleum-

contaminated soils.

£F1 Status

MDA ] is scheduled to be closed in accordance with the
New Mexico Solid Waste Regulations as a special waste
landfill in Fiscal Year 1999. Following closure, MDA
will be proposed for removal from the HSWA module of
the Laboratory's RCRA operuting permit, under which the
ER Project operates.

Surface Water Assessment
Watershed: Pajarito Canyon and Mortandnd Chnyon

Erosion Matrix Score: Not determined

MDA L

MDA L (PRS 54-006) is a 2.38.acre site used for the
disposal of hazardous materiuls and liquid wastes and the
storage of gas cylinders. Runoff from this site enters
Cafada del Buey, located within the Mortundad Canyon
watershed, Since the implementation of RCRA in 1986,
MDA L hux been used in its present capucity as o storage
site for RCRA waste, polychlorinated bipheny! waste, and
some mixed waste (such as lend contaminated with
radiation), Early operations occurring between about 1959
and 1985 included disposal of chemical wastes within
unlined pits and shafts excavated into the mesa. In 1986,
much of the previously used surface aren was covered with
asphalt to support surfoce structures. PRS 54-006 is a
SWMU listed in Module V11 of the Laboratory's RCRA

hazardous waste facility permit.
RFI Status

Multiple boreholes around and beneath the disposal units
have been installed und volatile organic compound plume
monitoring has been conducted in sccordance with a plan
submitted to the Environmental Protection Agency in 1986,
Surface Water Assessment

Watershed: Mortandad Canyon

Erosion Matrix Score: Not determined.
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LANDFILL COVER AND POST.CLOSURE MONITORING DESIGNS FOR
BASELINE PLANNING

Abstract

Two alternative landfill covers are proposed for a Materials Disposal Arca (MDA) using
an Integrated Risk-Based Approach For Landfill Cover Design (Figure 1) that also takes into
account the hvdrologic conditions and contaminant source term at the MDA, The Crushed Tuff-
Biointrusion Land{ill Cover will gencrally be used for MDA at dry sites with pre-existing slopes
of about 5% and with low human and ccologica! risk, where the relative importance of risks is:
biointrusion > erosion > seepage/interflow, The Capillary-Biointrusion Landfill Cover will be
used for MDA at sites that are wetter than the previous sites and/or that have higher potential
human and ecological risk, where the relative importance of risks is: biointrusion 2
seepage/interflow > crosion. We have field performance data to send to NMED, EPA, and DOE
to support the performance of both of these landfill cover designs from the Protective Barrier
Landfill Cover Demonstration plots, from other ficld studies of engincered covers tested at the
pilot scale and on actual waste sites, and from natural analog studies in Ponderosa Pine forests

and Pinyon-Juniper woodlands.

Buried Waste

Y ™ L N4 M
Plant Burrowing Soil Sediment Seepage,
Uptake Animals Erosion Transport interflow
Biointrusion Erosion Seepage
Pathway Pathway Pathway
Risk Analysis

1 |

Landfill Cover Design

Figure 1. Integrated Risk-Based Approach For Landfill Cover Design,
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A. Introduction
An Integrated Risk-Based Approach For Landfill Cover Design (Figure 1) is used to

develop conceptual landfill cover designs, Based on previous risk assessment studies of MDAs
(Gallegos et al,, 1975; Gallegos and Johnson, 1976; Hanson and Rodgers, 1983; Walker ct al.,
1981; Wheeler et al,, 1977) and the Performunce Assessment and Composite Analysis for Los
Alamos National Laboratory Material Disposal Area G (Hollis et al,, 1997), three primary risk
pathways of concern for covers are considered: biointrusion, crosion, and seepage. The options
agsociated with mitigating each risk pathway (e.g., options/tools for biointrusion risk pathway
that might include gravel, fence for gophers, ete.) are then discussed, as well as the problems
associated with each option, and a recommended approach, This analysis, along with results of
pravious applied research on engineered covers, on covers emplaced at actua] waste sites, and
natural analog studies, rasults in proposed landfill cover designs. Since the ER Project hus not
completed site characterization, modeling, and risk assessment at each MDA, important
assumptions made in generating these conceptual landfill cover designs are given herein.

[}

B.. Scope of Study
Although current Environmental Restoration Project activities are limited to only a few

MDA, there are scveral other PRSs where landfill covers and post-closure monitoring either
will or might be required in the remediation of the site, This study was performed to support a
specific request to provide technical justification for designs of landfill covers and post-closure
monitoring systems to be used at LANL MDAs, More specifically, these cover designs are
intended to apply to MDAS such as those at LANL Technical Areas 21, 54, 50/51, and 49.
Given the Environmental Science Group’s experimental and natural analog surface processes
pilot studies data and available applied research data for semiarid sites, these are the cover
designs suggested for use at LANL MDAs. This document serves as the technical basis for the
Environmental Restoration (ER) Project landfill cover cost estimates for MDAS.

C. Genceral Assumptions Made in Developing Designs

The conceptual designs in this document are based on the best available data at this time,
Assumptions made in developing the conceptual designs are given below. As more detailed site
characterization occurs at the MDAS, and as our understanding of surface processes improves,
the assumptions and/or conceptual designs may need to be revised. 1f an MDA does not match

the assumptions below, it will need to be reassessed.

The following are general assumptions made in this document:

e Itisassumed that the proposed cover designs herein are placed directly on the waste, Covers
may currently be in place on some MDAs, and this may affect final cover design for a given
MDA. However, this will necd to be assessed on a case by case basis,

Ideally, one would apply a formal, site-specific risk assessment to a given MDA, using site
characterization data (defining nature and extent of contamination) and modeling, evaluate
all of the remediation options to reduce the risk, and then evaluate the most cost-effective
remediation option to reduce this risk, This formal process was not within the scope of this
document and is currently still in various stages of completion within the ER Project for
various sites, These MDA-specific analyses may result in modifications to the conceptual
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designs proposed herein; however, the conceptual designs herein are assumed to be
reasonable for the majority of MDA at this time,

e This document provides information on monitoring to determinc if the engincered landfill
cover design is performing to design expectations. It does not provide information on
monitoring for contaminant migration below the landfill cover.

o Itis assumed that institutional controls (or ultimate transfer to the institutional surveillance
program) will maintain the covers, as they will be employed. This means a grass-gravel
mulch cover will be maintained on the landfill, and that growth of woody vegetation and any
succession changes will be prevented.

e The time frame over which the cover or monitoring cquipment must last is unknown,
Natural materials arc used in the Jandfil] cover design to maximize the cover's design life,
No assumptions are made with regard to possible replacement time frames for cither cover
components or monitoring cquipment. The cover design provides some redundancy in terms
of important risk pathway concerns (c.g., multiple layers of different materials) which should
help mitigate this issue,

o Itis assumed that the landfill cover reduces the total external radiation dose to any potcmml
receptors on the landfill surfuce to an acceptable level,

D. Previous Assessments of Risk at LANL MDAs

(1) Early Risk Studies

Scveral risk analyses have been made between 1975 and 1983 of a number of natural
phenomena which could result in the release of plutonium from radioactive wastes buried at the
Los Alamos National Laboratory (Gallegos ct al,, 1975; Gallegos and Johnson, 1976; Hanson
and Rodgers, 1983; Walker et al,, 1981; Wheeler ct al,, 1977). Background information
concerning the history and practice of radicactive waste disposal at LANL is provided in these
modeling studies, The potential impact of buried radioactive wastes on the environment is
addressed through the mechanisms and rates by which the radionuclides can enter the
environment, Only mechanisms independent of human activiry are considered and are divided
into two classcs, acute and chronic. The acute release mechanisms considered are carthquakes,
meteorite impacts, and tomadoes wh:ch have been typified (Wheeler et ai., 1977) by low
occurrence probabilities (10 to 10°7/yr), The chronic mechanisms that have been considered are
release through uptake by plant roots, exposure by soil crosion, and transport by soil water,
which we will cover in this report in the next three subsections.

The rates of uptake by plant roots, soil erosion and transport by soil water are low, but
may result in radionuclide release over long time periods. The analysis of uptake by plant roots
was made using an cnvironmental model, BIOTRAN and BIOTRAN.2 (Gallegos et al., 1980).

Some of the conclusions reached in these studies can be summarized as:
* For scvera] simulations a pit at MDA-G was assumed to have a uniform plutonium
concentration of 10 nCi/g, covered by a 1.5-m-thick horizen of clean backfilled soil. The only
means for radionuclide relcase considered in these scenarios is uptake by plant roots, with

transfer to aboveground biomass and subsequent movement to the surface soils via humus decay.
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* In simulations of a Pinyon-Juniper woodland over MDA-G, topsoil concentrations increased
to about 8 fCi/g after 5000 yr. Thus, the plutonium concentration in the soil directly over the
burial grounds may be expected to about double, over that period of time, due to plant root
penetration of the waste,

* The erosion rate for the mesa tops has been estimated using the age of the volcanic tuff as
determined by radiodating, and the estimated original thickness of the ash flow. On this basis,
the vertical erosion rate at MDA-G has been estimated as 2.2 er/1000 yr (Wheeler et al,, 1977)
* Determination of the width and age of canyon systems leads to an estimated lateral erosion rate
of 10 cm/1000 yr. '

" = The two preceding crosional processes will expose the surface of buried waste material in
approximately 50 000 yr; during the following 100 000 yr, approximately 2 m of waste will be
removed, at which time lateral erosion of the mesas will expose the wastes in the trenches closcst

" to the canyon rim.
» Plutonium concentrations, as cstimated for the preceding 50,000 yr period, are above levels
currently used as contamination guidelines, and, by present practice, would require some form of
area control,
* An estimated water movement rate of 1.2 cm/yr was used in many of these simulations, with a
plutonium migration rate of 2 x 10 cm/yr.
« In effect, these calculations indicate that plutonium will not migrate from its present location
within the waste pits on a time scale that is long compared with the 24,000 yr half-life of
plutonium,

(2) Performance Assessment and Composite Analysis for MDA-G

The source term for the Composite Analysis (CA) included the Performance Assessment
(PA) inventory, plus waste disposed of before September 26,1988 at MDA-G (Hollis et al,,
1997). The performance objective for the CA is a maximum dosc of 100 mrem/yr to a future
member of the public from all exposure pathways, The results of the CA are qualitatively similar
to the results of the PA, with air-pathway doses associated with the biotic-intrusion source term
being dominant. Cumulative air pathway doses were calculated in Cailada del Buey and White
Rock, and cumulative all-pathway doses were projected at the location of maximum groundwater
concentration downgradient of MDA-G and in Pajarito Canyon.

Since this PA was written so eloquently, we decided that three quotations from the PA
would suffice to communicate information pertaining to the biointrusion, seepage/interflow, and
erosion risk pathways:

(1) “Two mechanisms of release were considered in the source-term modeling for the
air pathway analysis: the diffusion of radicactive gases from waste, and the resuspension
of contamination transported to the surface by plants and burrowing animals. Potentially
important uncertainties.in the air-pathway source term analyses are discussed below.

Potentially important sources of uncertainty in the biotic intrusion source release model
 relate to whether plants or animals are responsible for the translocation. For the radioactinides
© responsible for the majority of the air-pathway dose, burrowing animals were the primary
transport vectors. As modeled, the projected releases of radioactivity due to the intrusion of
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animals depend upon the burrow distributions and the densitics of the burrows at the site, The
source-relcase model was based on a burrow distribution representative of the pocket mouse. The
burrow characteristics of this species were used to estimate those of the deer mouse, a species of
small mammal commonly observad at MDA G. Burrow densities used in the model were
consistent with densities observed for deer mice, In the base case, the depth of burrowing was 2
m (6.6 £1), with 10 percent of the burrows assumed to occur below a depth of 1 m (3.3 ft). Deeper
and more cxtensive burrowing examined as an extreme case resulted in contamination levels
almost 3 times greater than the base case.” (from scction 4.3.2.1, Air Pathway)

(2)  "Inthe groundwater protection anulysis, radioactivity dissolved from the surface of waste
into water percolating through the disposal units was transported both vertically and laterally
through the vadose zone. Radioactivity transported vertically followed a straight-down path into
the regional aquifer, while radioactivity transport-cd laterally was instantancously rinsed from
the mesa edge into the alluvial system into the canyon and then transported down to the regional
aquifer. Once reaching the regional aquifer, the vertically-transported radioactivity was
transported within the saturated zone to a downgradient receptor well; laterally-transported
radioactivity was assumed 1o be accessed by a supply well directly beneath the Pajarito Canyon
receptor location, Important factors in evaluating compliance with the groundwater protection
performance objective relate to the time required for radioactivity to reach the receptor well, and
the concentration of radioactivity at the location of the receptor well.

Radionuclide truvel time is a function of the groundwater ravel time, the sorption
behavior of the contaminants, and the degree of dilution that occurs in the regional aquifer.
Uncertaintics in sorption are not imporiant, since none of the radionuclides contributing to the
drinking-water dose were sorbed within the vadose zone, Uncertainties in groundwater travel
time, or recharge, and aquifer dilution are recognized and have an effect on the groundwater
pathway analysis.

Groundwater travel times in the unsaturated zone are proportional to the amount of water
percolating through the disposal site and to the hydraulic conductivities and moisture retention
characteristics of the vadose zone, As reported in Appendix 3g, groundwater travel times were
affected by only about 25 percent to uncertain-tics in hydraulic conductivity. Larger differences
were found when extreme flow fields were considered. To bound the uncertainty in the base-case
flow field, a set of high-flow and Jow-flow boundary conditions were considered in the vadose
zone transport calculations. The high-flow case modeled infiltration rates of 10 mm/year (0.4
in/year) atop Mesita del Buey, § mm/yr (0.2 in/year) in Cafiada del Buey, and 100 mm/year (0.2
and 4 in/ycar) in Pajarito Canyon; the low-flow case modeled rates of 1, 1, and 20 mm/year
(0.04, 0.04, and 0.8 in/year) at the top of the mesa, in Cafiada del Buey, and in Pajarito Canyon,
respectivelv. The high-flow casc resulted in carlier and larger fluxes to the regional aquifer for
both lateral and vertical transport, whilc the low-flow case resulted in later and smaller fluxes,
Compared with the base-case peak flux at 2,500 ycars and 600 years for vertical and lateral-then-
vertical groundwater flux to the suturated zone, breakthrough occurred at about 1,000 and 300
years, respectively.

Groundwater simulations indicate that the total mass of contamination exiting the sides of
the mesa over 10,000 years is approximately 30 percent of the mass discharged to the aquifer,
Based on these results, doses received by the receptor located cast-southeast of Area G would be
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no more than 30 percent greater if all contamination were transported vertically to the regional
aquifer.”” (From section 4.3.3.2, Groundwater Protection)

(3)  “The uncertaintics discussed above for the groundwater pathway analysis apply to ail-
pathway environmental transport. In addition, uncertaintics in sediment transport of surface
contamination into Pajarito Canyon alse apply, as do uncertainties in factors related to
contamination of foodstuffs due to radionuclides present in irrigation water,

The mean erosion rate of 4.0 x 107 m/year (1.3 x 10 fi/year) calculated in a surface-
water balance model was used to transport contamination from the surface of Mesita del Buey

. into Pajarito Canyon in the all-pathways analysis. This crosion rate has a standard deviation of

about 1 x 10" m/ year (3.3 x 10" ft/year), and a maximum value of almost 5 x 10°* m/year (1.6 x
10~ f/year). Based on these statistics, the actual erosion rate would be expected to
fall within an order of magnitude of the mean rate, Hence, doses to the canyon resident
would increase by 10 times or less due to errors in the crosion rate estimate.

Radioactivity transported into the canyons by surface runoff was assumed to uniformly
disperse over an arca that is equivalent to the area of contamination on the mesa, In actuality,

relatively high contaminant concentrations are expected to occur in Jocal depressions where

surface runoff collects, while little or no contamination may occur in other areas. Though the
actual distribution of contamination across the landscape will influence the projected exposures
for the canyon resident, it is not readily projected. Consequently, the error introduced by this
source of uncertainty was not considered further in the sensitivity and uncertainty analysis.

The contamination transported to the canyon floor was assumed to be mixed to a depth of
15 cm (6 in) over the resident’s entire lot. This depth is expected to be reasonable for the
individual's garden, but may overestimate the mixing depth over the remainder of the lot and
therefore, radionuclide concentrations in surface soil. Under worst-case conditions, however,
reduced mixing depths will result in no more than a ten-fold increase in the projected doses.

The food crops considered in the all-pathways analysis were assumed to be contaminated
by radioactivity deposited on plant surfaces during irrigation, as a result of rainsplash, and by
root uptake of contamination in water reaching the ground, All radicactivity deposited on plants
was assumed to be transferred to the edible portions of leafy vegetables grown by the resident,
while 10 percent of the activity deposited on protected produce, fruit, and grain was assumed to
be assimilated into the edible portion. Moderate increases in the translocation factor for protected
produce, fruit, and grain will have limited impacts on the projected ingestion doses, given the
small contribution that contarination deposited directly on the plants makes to the peak
projected doses. For example, a five-fold increase in the translocation factor for non-leafy

‘vegetables results in food pathway doses that are about 20 percent greater than those projected

for the nominal case. The amount of radioactivity initially retained by a plant during irrigation
and the rate at which it is weathered from plant surfaces are not easily quantified. The fraction of
activity initially retained will depend largely upon the rate at which water is applied to the crops
and the morphology of the plants, The rate of weathering will vary with meteorological
conditions at the site and characteristics of the food crops. While the magnitude of the error
introduced by these uncertainties is unknown, it is not expected to be significant.

_'The root uptake pathway was the more significant of the three, accounting for more than
85 percent of the dose projected for the food ingestion pathway, The soil concentrations of “C,
%Te, and ' 1 due 10 irrigation are expected to be overestimated by the models used in the dose
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assessment, A soil buildup time of 15 years was assumed to apply to all radionuclides in
irrigation water, Whilc accounting for build-up may be appropriate for radionuclides that sorb to
soils, these highly mobile radionuclides will tend to be transported downward with water
percolating through the garden, As the contamination is rinsed from the soils, it will become
unavailable for root uptake by plants, Under these conditions, the plant radionuclide
concentrations of "“C and ®Te would be 19 and 16 percent, respectively, of the projected values,
Concentrations of **1 would be about 80 percent of the modeled values.

The uptake factors used in the dose assessment for "“C und **Tc both exceed 1.0,
indicating plant radionuclide concentrations exceeding those observed in soils, Moderately
higher uptake factors for these radionuclides (e.g.. 2 times the nominal values) would result in
food pathway doses that arc almost 2 times higher than projected. However, these higher doses
would increase the peak scenario doses by less than 20 percent, The uptake factors for =1 would
need to increase by 100 times or more to have significant cffects on the peak.

The plant radionuclide concentrations resulting from the assimilation of radioactivity
directly from the irrigation water are a function of the amount of watcr applied to the crops, crop
yiclds, the plant translocation factor, the fraction of the radioactivity deposited on the plant that
is initially retained, and the rate at which radioactivity deposited on plant surfaces is removed
due to weathering. The amount of water that was assumed 1o be applied to the crops is based on
informatior. for the greater Los Alamos arca and, as such, is expected to reasonably approximate
the amount of water applicd 1o food crops, While rates of water application could vary for short
periods, the total amount of water applied to the crops over the course of a growing season is not
expected to change substantially,” (from section 4.3.3.3, All Pathways)

E. Major Risk Pathways
From the studics of the assessment of risk discussed in the previous section, we decided

to evaluate the biointrusion, crosion, and scepage/interflow risk pathways,

(1) Biointruston Pathway

Although vegetation is important in controlling crosion and percolation (Hakonson et al,,
1984), deep-rooted plants can access buried radionuclides and bring them to the surface of the
site (Wenzel et al,, 1987). Radionuclides in plant tissue can be transported through the food chain
to man by herbivores or nectar-collecting organisms such as honeybees. At Los Alamos, New
Mexico, one of the pathways of tritium transport away from a controlled low-[evel waste site is
via the soil moisture/plant nectar/honeybee/honey pathway (Hakonson and Bostick, 1976);
however, radiation doses to humans who might consume this honey are very small, Likewise,
tumbleweeds growing on low-level waste sites arc effective in wansporting Sr-90 to the ground

surface at Manford, Washington (Klepper, et al,, 1979).

The role of animal burrowing in mobilizing buried waste is generally unknown. A limited
data basc (Hakonson, ct al., 1982; O'Farrell and Gilbert, 1975; Winsor and Whicker, 1980;
Arthur and Markham, 1983) demonstrates that burrowing animals can transport radionuclides
vertically in the soil profile and may also influence water balance and erosion by changing the
physical characteristics (i.e. porosity, water holding capacity) of surface and subsurface soils,
Trench covers are disturbed soil systems, often loosely compacted, and are easily invaded by
plants and animals. Burrowing animals use the void spaces left after trench backfilling as natural
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tunnels and nesting sites (Connolly and Landstrom,1969; Arthur and Markham, 1983; Hakonson
et al., 1999).

Burrowing activities by animals play an important role in chemical cycling in the soil
profile. The vertical transport of Fe, Se, Al, Ca, Mg, U, Ra, and Th from deep soil layers to the
surface by the mechanical action of rodents (Abaturov,1972; Maslov, et al,, 1967) has given rise
to the statement that burrowing rodents serve as nutrient pumps that bring materials to the soil

surface for weathering (Chew,1974;Chew,1976). As mentioned before, soil and chemicals
brought to the surface arc more readily available for resuspension and transport into biological

pathways by physical processes.

It is important to prevent buricd waste from reaching the ground surface, Radionuclides
buried below the ground surface can be absorbed by plant roots and deposited in sboveground
plant tissue. However, when the radionuclides are present on the soil surface, as is the case at
several waste sites, physical resuspension of soil particles (especially the clays) by wind and
water can deposit contaminated soil particles on plant surfaces (i.c., leaves, stems, and fruiting
bodies; Dreicer, et al., 1984). Field studics (Watters, et al., 1980; Hakonson and Nyhan, 1980)
with plutonium, as well as other radionuclides show that for every picocurie taken up through
plant roots, at least 10 (and often 100 to 1000) picocuries can be deposited in association with
soil particles on foliage surfaces. Of course, most herbivores consume those radionuclides
whether they are on or in the plant. Even in humans, who usually wash vegetables before
consumption, as much as 50% of the radionuclide intake from consuming certain garden
vegetables may be from very small soil particles, such as clays, that are not removed from crop
surfaces by standard household food washing procedures (White, et al., 1981).

The results of a study at MDA-B also offer insight into the biointrusion pathway relate to
plant succession and the overall impact of time on biointrusion processes. This landfill that had
been covered with about 90 em of topsoil and had been closed for 34 years, when it was found to
have a number of tree and shrub species growing on the cover, with some trees rooting directly
into waste material (Wenzel et al., 1987). Pocket gophers had also exposed waste material.
While MDA-B (closed in 1948) did not include the liner and cover technology required today, its
condition shows that a variety of woody, deep-rooted species can be expected to appear on
landfill covers within 30 years. The cover design chosen may influence the relative proportions
of herbaceous plants, shallow-rooted woody plants, and deeper-rooted woody plants that will
~ coexist at a site (Breshears and Barnes, 1999), which are likely to differ in ability to penetrate

landfill covers (Reynolds, 1990).

While plants can mobilize buried waste, they also play an extremely important role in
water balance. In arid/semiarid climates, plants may transpire from 65-100% of the annual
precipitation (Saxton, 1982; Federer, 1975). This means that very little soil water may be
_ available for percolation below the root zone. While tree and shrub roots particularly may pose a
. threat to the integrity of landfill covers, many woody evergreen species also are able to remove

~ soil water throughout the year. For example, many of the landfill sites at Los Alamos are
situated within pifion-jusiper (Pinus edulis~Juniperus monosperma) woodlands, Both of these
both P, edulis and J. monosperma transpire throughout the winter (Breshears, 1993), when a
10




significant proportion of the annual precipitation at Los Alamos occurs and {luctuating .
temperatures can result in saturated soils as a result of snowmelt. The senescent herbaceous e
species cannot remove this excess soil water, but P. edulis and J, monosperma can help dry the N
topsoil during this period and prevent saturated conditions that could lead to seepage through the »
cover. Thus, thesc woody species can help minimize scepage through buried waste.

The duta from these studies have helped us conceptualize the long-term performance of
landfill covers in semiarid regions, The performance of a landfill cover is dependent on both the
engineering factors that form the basis of the initial cover and the environmental factors that
affect the cover through time, With time, we cxpect an increasc in the relative importance of
environmental factors in determining cover performance, while the relative importance of
engineering factors should decrease, as discussed by Suter et al, (1993). The exact shape of the
curves will of course depend on the cover design and local climate. For a conventional design at
Los Alamos, we can estimate some time points along the curve, Initial conditions are for cover
performance are presented by Nyhan ct al, (1990), demonstrating that the covers remained intact
over in the first three years following installation, Nyhan et al. (1990), however, did note the
important influence of plant community composition on water balance, as have others (c.g.,
Anderson ¢t al,, 1993; Nyhan et al,, 1998). The results of the current ITP study (Davenport et al,
1999) indicate that the landfill covers largely remained intact after more than a decade, although
there was certainly evidence of landfill-cover deterioration (e.g., high infiltration due to animal
burrowing). The study of Wenzel et al, (1987) on a similar cover design at Los Alamos shows
breakdown of the cover und dominance of environmental processes in determining landfill-cover
performance in less than 35 years. As studies of landfill-cover performance for periods of a
century or longer are lacking, we have been conducting studies of environmental in "natural®
ecosystems; these studics serve as long-term analogues for landfill performance, at which time
we expect environmental processes will largely determine landfill cover.,

Although burrowing animnals can gain access and transport waste to the ground surface,
less obvious infractions with the cover and trench back{ill may be of greater importance, For
example, pocket gophers inhabiting a low-level waste site at Los Alamos cxcavated about 12,000
kg of soil per ha from a trench cover during a l-year period (Hakonson et al,, 1982).
Displaccment of that amount of soil ereated about 8 m® of void space in the cover or about 2800
m of tunnel system. In the case of the field studics of the Integrated Test Plots (1TP), a single
pocket gopher burrow increased the infiltration capacity of a cover by nearly an order of
magnitude, and moved ponded water (analogous to an intense thunderstorm or rapid snowmelt)
rapidly into the installed cover. QOther work at this site has shown that pocket gophers can
increase infiltration rates by 200-300% (Hakonson, 1998). Pocket gophers and other small
mammals can displace large amounts of soil (Cox, 1990; Spencer et al., 1985; Hakonson et al,,
1982; Miclke, 1977), translocating it to the soil surface (Gonzales et al., 1995; Arthur et al,,
1987: O'Farrel and Gilbert, 1975; Schumun and Whicker, 1986; Winsor and Whicker 1980).
Therefore biobarriers, such as our gravel and cobble layers or gravel incorporated into the
topsoil, may be cssential to even the short-term success of any cover design. Soil disturbance of a
similar or greater magnitude, caused by burrowing animals, has been documented in many parts
of the Western US (Gunderson, 1976; Ellison, 1946; Thorpe, 1949; Hoover, 1971),
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Our studies of "natural" ecosystems have yielded many important insights into the
performance of lundfill-covers over periods of decades, centuries, or longer and associated
potential problems. Here we highlight three examples. Runoff in semiarid woodlands may be
low when vegetation cover is high (Wilcox, 1994), but rapid changes in vegetation in response to
climate can greatly increase crosion rates (Wilcox et al., 1996; Davenport et al,, 1998; Allen and
Breshears, 1998). Tree roots penetrating clay layers can generate large amounts of interflow
(subsurface lateral flow of water—Wilcox, et al. 1997; Newman et al.; 1998), which can affect
landfill performance substantially (Wilcox and Breshears, 1997). The proportions of herbaceous
and woody plants have an important effect on spatial variability in fluxes of water and energy
(Breshears et al., 1997b, 1998), and these proportions can be influenced by landfill cover designs
factors that influence the vertical distribution of soil moisture (Martens et al,, 1997; Breshears et
al,, 1997a; Breshears and Barnes 1999). Collectively these studies highlight the importance of
integrating an understanding of basic environmental processes with engineering factors into
landfill-cover design. In conclusion, the results that we report here provide an important step in
extending the evaluation of landfill covers from the first initial years to periods of decades or
longer over which landfill covers must perform to minimize risks to human health and the

environment.

Tunnel systems created by pocket gophers in Colorado have been shown to increase rates

of water infiltration (by decreasing soil bulk density) into the soil profile by a factor of two over
similar but undisturbed profiles (Grant, 1974; Hanson and Morris, 1968). Compared with
undisturbed vegetated soil surfaces, soil cast to the surface by burrowing activity may be subject

to accelerated erosion (Ellison, 1946).

Burrowing animals may greatly alter the integrity of engineered, multilayered soil
profiles by penetrating through such profiles and/or by vertically displacing the layers. In native
ranges, under high population densities pocket gophers are estimated to turn over 15% to 22% of

the soil ncar the surface in a single year (Thorpe, 1949; Hoover, 1971).

Operating experience at the 11 LLW sites in the United States suggests that many of the
short term problems that relate to radionuclide transport often do not involve ground water and
invariably involve interactions that occur with the trench cap, Those interactions, which involve
both water and biota, are not well understood, particularly the role that plants and animals play in
modifying water balance in the cap and the importance of biological intrusion into the waste as a

‘radionuclide transport pathway. Few comprehensive, long-term pathway analyses have been
attempted to determine the relative importance of subsurface and surtace processes in
transporting LLW to man, Under a home farm scenario, where a family living on an abandoned
low-leve] waste site at Savannah River Laboratory derived most of their food and water from the
site, model calculations suggest that uptake of Sr-90 by cereal grains provided the most
significant, albeit very low, dose to the family (King,1982).

The potential significance of the biological transport of buried waste in contributing to
human exposure to radiation was further explored for both arid and humid site conditions
(McKengzie, et al,, 1982; McKenzie et al,, 1984) and compared with dose estimates based on
several human intrusion scenarios as established by the US Nuclear Regulatory Commission
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(USNRC, 1981), Results of the simulation study demonstrated that biological transport
processes involving both plants and burrowing animals resulted in human exposures 100 years
after site closure that were about 50% of those calculated for the human intrusion scenarios,
Despite the uncertainties associated with the dose estimates {for all of the scenarios, the study
suggested that dismissal of biological transport as a significant contributing factor in radiation
exposures to humans is unsupportable with current knowledge.

2) Erosion Pathway

Watershed crosion is described in terms of processes occurring on upland areas, in small
stream channels, and over entire watersheds, A basie source document for these concepts is a
book entitled The Fluvial System (Schumm, 1977). An idealized fluvial system is described as
consisting of Zone J—the drainage basin as a sediment and runoff source, Zone 2—~—the main
river channels as a transfer component, and Zone 3-~—the alluvial fans, deltas, ete., as zones of
deposition, Further elaboration on these concepts is given by Schumm ( 1977) and in an
American Socicty of Civil Engincers Task Committee Report (ASCE , 1982). The emphasis
here is on Schumm's Zone 1 as further divided into upland arcas and small stream channels,
Considered together, they form the watershed, Because of the engineered features of SLB
systems, usual design and construction techniques place SLB fucilities in upland areas, which are
configured to minimize surface runoff flow concentration and the resulting channel erosion,
Therefore, discussions herein are limited to upland areas that are subject 10 overland flow and

interrill and rill crosion processes.

Sediment yicld from upland areas is simply the final and net result of detachment,
transport, and deposition processes oceurring from the watershed divide to the point of interest
where sediment yield information is needed. Depending on the seale of investigation and
definition of the problem, this point of interest can be a position on a hillslope, a property
boundary at a SLB site, the edge of a farm ficld, delivery point to a stream channel, or some
other location dependent on topography. Therefore, erosion control technology, designed to
reduce soil Joss or sediment yield from a given aren, must account for and manage the processes

of detachment, transport, and deposition,

Scientific planning for surface and subsurface water management at the SLB site requires
knowledge of the relationships between those factors that cause a loss of soil and water,
Controlled studics on field plots and small watersheds have supplied much valuable information
regarding these complex factor interrelationships, mostly from the agricultural community. The
greatest benefit from this research can be realized only when the findings from the agricultural
and nuclear communities are converted to sound practice on the numerous waste disposal areas
throughout the US. Specific guidelines are needed for sclecting the control practices best suited
to the particular necds of each SLB site, and we are suggesting the use of the Universal Soil Loss
Equation for the determination of long-term annual average crosion for these purposes.

(2) Unijversal Soil Loss Equation and Rainfall Simulator Studies

Our studies (Nyhan and Lane, 1986) investigated the water balance and erosional
behavior of Shallow Land Burial (SLB) trench caps for several cover conditions. Plots were
established at the Los Alamos Experimental Engincered Test Facility (EETF) and were subjected
13




to simulated rainfall to generate infiltration, runoff, and erosion, The effects of antecedent soil
" water content were evaluated, and the soil erodibility factor, K, and the cover management

factor, C, of the Universal Soil Loss Equation (USLE) were estimated for our trench cap
configuration, The USLE is written as:

A = RLSKCP Eq. 1

Where: - :
A is the computed loss per unit area, expressed in the units selected for K and for the period

selected for R (in practice, these are usually so selected that they compute A in tons per acre per
year, but other units can be selected);

R, the rainfall factor, is the number of rainfall erosion index units plus a factor for runoff from
snowmelt or applied water where such runoff is significant;

L, the slope-length factor, is the ratio of soil loss from the ficld slope length to that from a 72.6-ft

length under identical conditions;
S, the slope-steepness factor, is the ratio of soil loss from the field slope gradient to that from a

9% slope under otherwise identical conditions;

K, the soil crodibility factor, is the soil loss rate per erosion index unit for a specified soil as
measured on a unit plot, which is defined as a 72.6-ft length of uniform 9% slope continuously in
clean-tilled fallow;

C, the cover management factor, the ratio of soil loss from an area with specified cover and
management to that from an identical area in tilled continuous fallow; and

P, the support practice factor, is the ratio of soil [oss with a support practice like contouring,
strip-cropping, or terracing to that with straight-row farming up and down the slope.

A 15- by 63-m simulated trench cap was constructed at the EETF (DePoorter, 1981) to
closely match trench caps used for shallow land burial at Los Alamos (Warren, 1980). The
configuration of this trench cap consisted of a 15-cm layer of backfilled Huckroy series topsoil,
which had been stockpiled at the site, underlain by a 90-cm layer of crushed Bandelier tuff
backfill that was classified as belonging to geologic mapping unit 3 (Rogers,1977). Both layers
were installed with dominant downhill slopes of 7%. We compared the hydrologic behavior of
this highly disturbed system with an adjacent undisturbed soil profile that had natural cover.

The criteria for erosion plot selection were based on the requirements set forth during the
original development of the USLE on rangeland (Wischmeier and Smith, 1978) and on the
constraints of the rainfall simulator (Simanton and Renard 1982). The cight experimental plots
on the simulated trench cap and the two natural plots were each 3.1- by 1l-m, with the long axis
parallel to the slope. Each plot pair on the trench cap was constructed on centers located 17 m
apart and with metal plot borders as described previously (Simanton and Renard, 1982). Runoff

_from the plots was collected in troughs, which diverted the runoff into a runoff-mecasuring {lume
with an FW.] water-level recorder that measured continuous stage height,

- Rainfall simulators, such as the one used in this study, are useful to determine USLE
parameters for a rapidly changing soil surface such as that found on trench caps covering waste
materials. Rainfall simulators have been used extensively to collect soil erodibility data, to
measure the effect of ecropping and tillage on soil erosion, and to determine the effects of various
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soil treatments on soil crosion (Alberts ct al., 1980; Foster et al.,1968; Laflen,1982; Meyer et al,,
1972; Wischmeier and Mannering, 1969,Wischmeicr et al,, 1971). The rainfall simulator 1sed
in this study was a trailer-mounted rotating boom simulator capable of applying either 60 r.r 120
mm h* of water (Swanson,1965), producing drop-size distributions and impact velocities similar
to those of natural rainfall (Swanson 1979), and rainfall energies at about 80% of those of natural

rainfall,

Three treatments were imposed on the cight plots on the trench cap in 1982 (Nyhan et al,,
1984). Two plots received an up- and downslope disking (cultivated treatment). Both standard
tilled plots were comparable, except for lengthened slope, to the 22.1-m USLE unit plot of
continuous tilled fallow (used to determine the USLE soil eradibility factor), Two other plots
were not tilled and also had no vegetative cover (bare soil treatment). To determine the influence
of vegetation on soil crosion, four plots were seeded with barley.

The hydrograph and sedigraph measurements generated during simulated rain events
demonstrated that antecedent soil water content of the surfuce soils significantly affected
infiltration and erosion rates for all erosion plots. Valucs of apparent run-off/ precipitation ratios
were much lower on the plots with nutural cover (0.26-0,65) thun plots on the highly disturbed
trench cap (0.82-0.99). Although ratios as high as 0.99 may be influenced by measurement
crrors, these ratios are higher on the disturbed plots. Soil losses from the plots were influenced
more by variations in sediment concentrations than by discharge rates. Variation in soil loss
between replicated plot treatments was less on the trench cap plots ( 14-23%) than on the natural
plots (39%). Soil loss from the plots with natural cover was about 2% of that from the cultivated
plots on the trench cup, and the soil loss from plots with the bare soil and barley cover treatments
on the trench cap had 66 und 33%, respectively, less soil loss than did the cultivated plots,

The soil erodibility K factor and soil loss ratios for the cover management C factor of the
USLE were quantified from the soil loss data, An average K value of 0.085 Mg ha h ha" !
mm” was estimated from our cultivated plot data, with a CV of 16%. Soil loss ratio values for
the barley plots on the trench cup were about 20 times larger than corresponding soil loss ratios

for the natural plots,

Four treatments were imposed on the cight erosion plots by the end of July 1983. Asin
1982, two plots received a new up- and downslope disking (cultivated treatment). Both standard
tilled plots were thus again comparable to the standard USLE plot used to determine the soil
crodibility factor, A second year's data were collected on the two plots that were not tilled and
had no vegetative cover (bare soil treatment), To determine the influence of partial gravel covers
on soil erosion, two plots were prepared as the bare soil treatment and they then received a gravel
(<13 mm diameter) cover at an application rate of 60 VA (gravel cover treatment), The influence
of partial gravel covers plus vegetation on soil erosion was determined on two plots that were
first seeded with Western Wheatgrass and then received the same gravel application rate as the
gravel cover treatment (gravel and plant cover treatment),

We calculated estimates of the USLE cover management factor, which reflect the soil
Joss ratio from a plot with certain amounts of gravel and/or plant cover to the corresponding loss
15




from the clean-tilled, unprotected soil of a unit plot. Soil loss ratios ranged from 0.040 to 0.050
for the trench cap plots with gravel cover and from 0.016 to 0.048 for the plots with a cover of
gravel plus wheatgrass. Gravel cover cstimates ranged from 70 to 75%, with the young, small
wheatgrass plants contributing very little additional cover in the two plots with the gravel plus

wheatgrass cover.

These soil Joss ratio values are gencrally slightly lower than standard soil loss ratios
observed in other field studies for gravel and mulch covers with this amount of ground cover
(Wischmeier and Smith,1978; Meyer et al,, 1972), Data from Wischmeier and Smith (1978)
indicate that soil loss ratios equal to about 0,10 to 0,15 would be expected for the amount of
ground cover we abserved, A similar study of stone mulches on construction sites in Indiana also
resulted in high soil loss ratio values relative to this amount of plant cover Meyer et al,, 1972).
However, the explanation for our small soil loss ratio values lies in the fact that, even with the
low landslope (7%) on our crosion plots relative to much larger landslope values on erosion plots
in other field studies, our unprotected, highly erosive trench cap soil had larger soil loss rates
than unprotected soil surfaces in other studies, Thus, any amount of plant or gravel cover would
reduce the amount of soil loss from our trench ¢ap plots even more than from less erodible soils

in other field studies.

We also found that although the partial gravel cover treatment dramatically reduced the
amount of soil erosion from the simulated trench cap, this treatment also increased the amount of

precipitation that infiltrated the trench cap during the rain simulator runs,

(b) Pilot Studies on Soil Erosion
Runoff occurred throughout the year on the unvegetated Protective Barrier Landfill

Cover Demonstration plots as a result of snowmelt and thunderstorm activity (Nyhan et al.,
1997). Only 18% of the tota] runoff between 1992-1994 came from snowmelt events, with §2%
of the runoff generated on the study plots being generated during summer thunderstorms, On an
individual precipitation basis, no consistent relationship was detected between slope and runoff
for cither the clay loam topsoil or the loam topsoil, because of the large spatial and temporal
variation in runoff observed for both of these soils. For example, the largest daily runoff
observed during our field study (1.34 em) occurred on the Conventional Design with the 25%
slope during a record-breaking 3.56-cm precipitation event on August 27, 1993; on this same
day, the Conventional Design plots with slopes of §, 10, and 15% exhibited 1.03, 0.91, and 0,78
¢m of runoff, respectively, However, for the entire period between 1991 and mid-1995, runoff
did increase with increasing slope for each of the designs and runoff generally accounted for
about 2-3% of the precipitation losses across all of the plots studied.

The-DOE ER Project compared the performance of several different surface covers at
MDA-B in Los Alamos, as summarized in Nyhan et al, (1998). Two versions of a conventional
landfill design, consisting of only a layer of topsoil seeded with grasses, were compared with an
improved cover containing a biobarrier designed to minimize plant and animal intrusion and to
minimize infiltration of water into the underlying wastes, The conventional covers varied in
.. depth, and both conventional and improved designs had different combinations of vegetation

" (grass verses shrub) and gravel mulch (no mulch verses muleh). These weatments were applied
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to each of 12 plots and water balance parameters were measured from March 1987 through June
1995, resulting in the longest-term study of water balance on a remediated site.

Several analyses of the MDA-B runoff data collected (Barnes ct al., 1986; Barnes and
Rodgers, 1987, 1988: Barnes and Warren, 1988; Lopez ct ul., 1988, 1989) and soil erosion data
(LANL, 1991) have been performed (Nyhan et al,, 1998). A preliminary analysis of the runoffl
data from the MDA-B plots was performed with the idea that the decreases in runoff with time
were due to increases in vegetative cover, This analysis did not take into account the occurrence
of cryptogams, which started to appear on the soil surfaces of many of the plots in 1987, about 3
years after the plots were emplaced at the site, Since this effect was not quantified, the
percentage of ground cover (with or without cryptogams) for cach of the 12 plots was plotted as
a function of annual runoff for each of the years where both types of data were available (1988,
1989, 1990, and 1994), This analysis did not show a very good relationship between these two
variables for our field study because the amounts of runoff generated during the 3.62-year cvent
were so Jarge that the influence of ground cover was not an important factor for 1988,

Taking the 1988 runoff and ground cover data out of the comparisons, the data was
regraphed and presented in Figure 2, Ground cover was found to be significantly related to
annual runoff, in spite of the fact that other fuctors influencing runoff, such as slope, were not
taken into account (Fig. 2). Almost 61% of the variance in runoff was described by a model
describing a power relationship between em of runoff und percent ground cover, with a standard
error only 2.22 cm of runoff, This model predicts that as ground cover is increased from 30 to
90%, annual runoff is reduced from 8.8 to 0.98 cm, almost a 9-fold decrease!

Several interesting observations can be made relative to the influcnce of the gravel
treatment on the plots (Figures 3, 4). The gravel mulch increased the plant cover on our study
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Figure 3. Grass and shrub cover on MDA-B study plots with the Shrub/gravel and
Shrub/bare treatments from 1987 to 1954,
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Table 1. Average grass and shrub cover for Shrub and Grass Treatment Plots with and ’~

without gravel mulch at MDA-B. 0
VEra nss cover {2 Average shrub cover (%) ;_"

Plot With gravel No gravel With gravel No gravel J
Location mulch muleh mulch mulch i

Shru ) ) 8

East 24.8 16.4 22.1 17.2
Center 21.9 18.2 29.9 20.6
West 221 143 4] 8

Average: 23.1 16.3 254 21.2

18s treq lots

East 41.0 29.7 0.7 0.1
Center 45.1 49.9 0.3 0.1
Waest a7 286 9 41

Average: 40.2 36.1 1.6 1.4

plots: the shrub and grass cover cstimates were averaged over time and are presented for cach of
the ficld plots in Table 1 to further illustrate this point, On the plots where shrubs were added
(Shrub/gravel and Shrub/bare treatments), plots receiving no gravel mulch averaged 21.2% shrub
cover, while plots with gravel had a 20% larger percent cover of shrubs (Table 1). However, the
influence of gravel mulch was even more pronounced on the grass cover on these plots, where
the average grass cover on the plots with no gravel was 16.3%, comparcd with a 42% increase in
percent grass cover due to gravel mulch. Similar results were observed with grass cover on the
plots where only grass was added to the plots, except for the plots in the center location (Table

1).

(3) Secpage Pathway
Historically, repositories have been plagued by problems of trench-cover instability,

which result in seepage into the wastes bencath the Jandfill cover, These problems have resulted
from poor drainage of trench-cover areas, unstable waste forms that collapse by weathering and
overburden pressure, and desiceation and cracking of trench-cover material. Other processes
cnhancing seepage production include weathering and biointrusion of plant roots and burrowing
animals, Whereas collapse features will presumably decrcase in frequency over time, weathering
and biointrusion will be u long-term, continuing process causing progressive deterioration of the
landfill cover to inhibit seepage with time (Bedinger, 1989).

Seepage in most natural systems and waste repositories is a water balance factor that is
largely determined by climate. The quantity and scasonal distribution of precipitation and
cvapotranspiration directly influence the infiltration of water into a repository, as well as the
contact of soil moisture with the waste and the flow of water for transporting wastes. Climate
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o gcncra]ly affects the thickness of the umaturatcd zone, stream density, and consequently the
distance a repository can be located from the ground-water-discharge point (Bedinger, 1989).

" Thus, areas of great aridity, such as Bearty, Nevada, are normally considered to be well suited for

‘waste disposal, compured with more humid arcas, such as Barnwell, South Carolina.

: Consider a comparison of the climatology and site hydrology of Beatty, Barawell, and
Los Alamos. Beatty reccives 4.5 in of annual precipitation, has a 131,200 ft distance to ground-
- water discharge with an associated ground-water travel time of 500-1000 years, and exhibits a

. “recharge rate of 0.0016 in/yr (Nichols, 1985; Bedinger et al, 1984). Barnwell has 46.1 in of

. annual precipitation, a 1083 ft distance to ground-water discharge which can be achicved in only
_ 50 years, and exhibits a recharge rate of 15,0 m/yr (Cahill, 1982; Dennehy and McMahon, 1985)
_ - In compurison, the mean annual precipitation in Los Alamos over the last 65 years is. 18.1 in,
decreasing significantly with distance from the Jemez Mountains east to the Rio Grande.

Idcnlly. selection of a plant cover in combination with an optimal topsoil configuration

 (slope, soil type, soil dcpth) would serve as a primary component of the cap in controlling
* secpage and root penctration, while the undcrlymg gravel biointrusion barrier could function as a
secondary barrier to these processes. The importance of carefully selecting the plant cover can be
inferred from modclmg studies (Nyhan and Lane, 198"), which show that annual percolation

" below the rooting zone of native grasses in arid sites is very low and is often far'less than 10% of
. the long=term average annual prccxpxtanon In-contrast, cvnpomspxranon may account for at

" least 90% of the annual precipitation, Thus, oaly a slight increase in plant trampxratxon may

complctcly prccludc the occurrence of seepage.

- Studics were pcrformcd at Area B to examine the effects of different plant covers on soil
moisture in order to select optimum species or species mixes for optimal evapotranspiration
(Rodgers et al;, 1985; Nyhan et al,, 1998). These studies showed that doubling the percent shrub
" (rubber mbbxtbrush) plus grass cover from 25 to 50% on these landfill covers increased the

- cvapotanspiration obscrved from 1987 through 1995 by 28% (Nyhan et al, 1998). As shrub

~ cover increased from 0.13 to 23%, natural increases in soil water inventory in deep tuff layers
© oceurring in the'winter and spring decreased from 5.73 to 1,19 em.

F. Risk Management Options and Recommendations

(1) Biointrusion Pathway
~ .(a) Approaches To Limit Biointrusion
Desirable features of a biointrusion barrier system include:
* cffective minimizing of plant root and burrowing animal intrusion into
the soil profile and into buried wastes,
- = remaining serviccable over the lifetime of the site,
= no adverse effect on other processes affecting waste site integrity
(e.g., crosion or percolation), and
= cost effectiveness.




Several approaches have been suggested to reduce the biointrusion potential at waste 2
disposal sites, Most of those approaches rely on physical or chemical barriers to prevent plant
roots and/or burrowing animals from accessing the waste. Examples of physical barrier systems
include natural geologic materials such as rocks or manmade barrier materials such as hypalon -
sheeting or asphalt emulsions, Chemical barrier systems include the usc of biotoxins, ‘.

Past studies with manmade physical and chemical intrusion barriers lead to questions
about the serviceable life of such materials under ficld conditions. One analysis suggests that
materials such as asphalt, hypalon, and conerete huve a ficld life of no more than 25 years
(Pertusa,1980).

The persistence of herbicides, in general. is not sufficiently long to control vegetation
over scveral decades unless frequent applications are made. Additionally, chemotoxins may
adversely affect plant cover and, indirectly, plant transpiration. In arid ccosystems, 65-100% of
the annual precipitation may be transpired by plants back to the atmosphere. Soil water that is
not transpired to the atmosphere is available for subsurface transport. However, experiments
with polymer beads, which slowly release root growth inhibitors, appear promising for
preventing plant root intrusion (Burton, et al,, 1982).

Los Alamos studies on biointrusion barriers emphasized the use of soil and rock because
these materials are long lived in the environment, they are relatively inexpensive, and
preliminary experiments on their performance had already been conducted by colleagues at
Battelle Pacific Northwest Laboratory (Cline, et al,, 1980). Qur work extended that of Cline
(Cline, et al., 1980) using carcfully designed field experiments and computer modcling,

Based on the results of the small, intermediate, and ficld-scale studies, with their
attendant Jimitations, Hakonson (1986) concludes the following:

* The gravelcobble intrusion barrier, although not 100% effective, did reduce uptake of a
cesium tracer by plants by factors of about 3 to 8 over the conventional soil/tuff design at several
different scales under suboptimum design configurations and extreme moisture inputs,

* Qualitative obscrvations indicate that the gravel/cobblc barrier design prevents
burrowing through the trench cap by pocket gophers, although the long-term impact of such
activities on soil movement into the gravel and on soil bulk density as it influences percolation is
unknown,

*» Pereolation of water through a soil/rock design may be greater than for a soil/tuff design
under upper extreme moisture additions or when topsoil depths are suboptimal for storage of
infiltration (MDA-G).

* Under ficld-scale conditions and natural precipitation at Los Alamos, the soil/rock
design appears to impede percolation with a corresponding reduction in the moisture content of
backflll under the trench cap,

* Snowmelt, rather than rainfall, places more stress on the cap relative to percolation.

The Integrated Test Plot study was aiso performed at the Los Alamos EETF to determine
water balance relationships on two landfill cover designs, one of which contained a gravel/cobble
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biointrusion barrier Nyhan et al., 1990). This data sct vielded similar conclusions to those of
Hakonson (1986) relative to the biointrusion of the gravel/cobble layer.

(b) Bicintrusion Control Recommendations

In terms of the overall waste management approach to biointrusion, we refer to the risk
analysis performed as low as reasonably achievable (ALARA) subscction of the MDA-G PA
(Hollis et al., 1997):

“Any of several options that would decrease the potential for biotic intrusion into
disposal units at MDA G would substantially reduce the collective air-pathway doses in both
Cafiada del Buey and in White Rock, Among these options are a thicker cover and active
maintenance of the site to climinate the potential for biotic intrusion, The passive solution is
attractive for several reasons. The estimated cost for 250,000 m 3 of crushed tuff (40 acres, 1 m

thick) is $1,500,000. This cost would be augmented by the cost to prepare the existing covers, to
~ emplace the new covers, to recontour the surface, and to revegetate the new ¢over. Even so, it
may be ALARA to emplace an additional 1 m of crushed tuff over the closed disposal units.
However, before such a decision is made, it is prudent to evaluate the results of the sensitivity
and uncertainty analysis and to refine the air pathway analysis accordingly.

The results of the sensitivity and uncertainty analysis show that projected air pathway
doses are sensitive to the actinide inventory extrapolated for the period 1957 through 1971, That
inventory is expected to be grossly overestimated. A more thorough characterization of the pre
1971 inventory is warranted if the results are going to be used as a basis for the closure plan, The
air-pathway doses are also sensitive to the extent of biotic intrusion and subsequent translocation.
In the biotic transiocation model, actinides are extracted by deer mice ruther than plants. No
material will be excavated by deer mice if their burrows do not penetrate through the ¢over and
into the waste, Assuming a 1 m (3.3 ft) cover and a 2 m (6.6 ) burrowing depth, contamination
will be translocated to the surface. The radionuclide content of the material will not likely be
what was modeled, which assumed a homogeneous mix and distribution of all radionuclides
contained in a given disposal unit. Certain records for the pre-1971 inventory suggest that much
of the more highly contaminated plutonium waste is buried at the bottom of pits, thereby making
it unavailable for extraction from the top-most lift. Again, a mere careful consideration of the
pre-1971 inventory is warranted before any decision is made on the basis of this analysis,”

One of the more serious limitations of the biointrusion studies is related to the time
dimension, Virtually all of the data from a particular study (lysimeters) span as little as 6 months
to a maximurn of about 31 months (Area G). On time scales of 100-250 years, as are required
for low-level waste isolation, those short-term observations and conclusions on biointrusion
barrier performance are subject to several shortcomings, including the possible effects of

* plant succession, and particularly larger growth forms such as trees and shrubs;

= full root development of perennial species that may require several years;

* topsoil interpenetration into the rock barrier material; and

* subsidence of barrier integrity.

Because existing vegetation is destroyed during the construction of a low-level waste site,’
the final trench cap, upon closeout of the site, usually provides an excellent medium for the
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establishment of invader plant species because these species are adapted to growth in a highly
disturbed soil. Despite vigorous attempts to establish a plant cover, natural seed sources present
in the cap soil or seeds arriving from surrounding arcus will become established on the gite with
time. Those plants may eventually dominate the plant cover given the lack of intensive
management, For example, in 1983, a mixture of trees, shrubs, forbs, and grasses, none of which
had been seeded into the site, covered Area B (which was closed in 1947), Rooting depths of the
species growing on MDA.-B could vary, based upon a survey of the literature (Foxx et al., 1984),
from § ¢m to about 610 cm depending on species and physical characteristics of the site. Of
course, our studies have not examined root intrusion by any of the larger growth forms, although
alfulfa is typically one of the deepest rooting plants (Foxx et al,, 1984), with records of root
penetration to 4200 cm. However, many specics including alfalfa require several years to
develop mature root systems so that observation periods of less than two years are not likely to
be adequate to determine long-term barricr performance under ficld conditions.

Final recommendations on the use of biointrusion barriers at an MDA are based on the
answers 1o two questions relative to the use of soil-gravel/cobble cap designs:

1. Do sufficient supporting data exist to indicate that the soil/rock system reduces

biointrusion and, possibly, percolation?

2. What is the optimum configuration for arid site conditions?

The answer to the first question is & qualified “yes” based on short-term data obtained
under both intermediate- and field-scale conditions and under extreme and average precipitation
regimes, Bascd on the experiments at MDA-G and in the caissons at EETF, where pereolation
was encouraged through intentional suboptimal design or enhanced precipitation, uptake of
cesium was reduced by a factor of at least 2.5 and by as much as a factor of nearly 10

(Hakonson, 1986).

A cap design incorporating an optimum mix of the physical and biological features
described above would also serve to reduce plant root intrusion through the cap by confining
water and roots to the cap. Ideally, cap soil depth would be sufficiently large to store all (ata
specified probubility level) precipitation infiltrating into the cap where it would then be available

10 complete loss by evapotranspiration.

It is especially important that the cap thickness be governed by the scason during which
soil moisture storage capacity is most nceded, For exaraple, our studies suggest that cap
thickness should be based on snowmelt sources of infiltration. HMowever, an optimum cap
configuration may not be feasible due to the lack or scarcity of a “best” soil. Likewisc, the lack
of information on rooting distribution and water-usc efficiency of species selected for
revegetation limits our ability to select species that exploit the added moisture stored in the
thicker cap profile. In cither case, inadequate moisture storage capacity or less than optimum
evapotranspiration losses of soil water can result in percolation below the root zone into deeper
regions of the site. Unfortunately, using decper-rooted plant species to revegetate the site
presents potential problems with biointrusion and transport of waste to the surface of the site.
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That, perhaps, is where the soil/rock intrusion barrier design may offer some advantage
over the conventional soil cap design for arid sites. A relatively thin layer (60-100cm) of topsoil
over at least 100 cm of gravel and cobble not only reduced root intrusion, but also at the same
_ time appeared to retard percolation through the cap, Although many questions remain

concerning the long-term field performance of the soil/rock cap design, the experience we have
gained through field studies and modeling is encouraging with respect to design for semiarid and
arid sites. Although we did not evaluate the soil/rock cap design for humid site conditions, the
experiments in the caissons at the EETF, which received large inputs of water approximating
humid site conditions, suggest that failure of the soil/rock cap design can lead to greater
percolation than would be experienced from a conventional soil cap design, However, topsoil
depths of 60 cm used in the caisson experiments were not optimized for storage capacity for the

upper extreme precipitation regime used in the experiment,

(2) Erosion pathway

(a) Applications of Erosion Control Technologies

To compute the USLE-predicted average annual soil loss from a particular SLB, the first
step is to refer to the tables, charts, and techniques discussed in Nyhan and Lane (1986), and
sclect the values of - K, LS, C, and P that apply to the specific conditions at that field site. In
evaluating both the K and C factors for the SLB site, the site operator should contact both the
soil test laboratory at the local land-grunt universiry and the Natural Resource Conservation
Service of the US Department of Agriculture. These two organizations will give the site operator
information on local soils, how to collect representative samples of the trench cap soil to a depth
of 6 in., and provide soil assays and site evaluations so that the K and C factors can be

successfully estimated.

Next the site operator must select a tolerable soil loss. The term “soil loss tolerance”
denotes the maximum amount of 50il erosion that will permit the SLB trench cap to maintain its
integrity over the projected life of the SLB site, This term was originally used to designate the
maximum amount of erosion that would permit a high level of crop productivity to be sustained
economically and indefinitely (Wischmeier and Smith, 1978). In cither case, when erosion is to
be limited by a predetermined tolerance, T, the term, A, in the USLE is replaced by T.

The US Environmental Protection Agency (EPA) recommends using a value of 2
tons/acre/year for SLB landfill covers (US EPA, 1989), However, in evaluating the long-term
impact of soil erosion on SLB trench caps, these T values may be rcasonable, especially since it
is necessary to make assumptions about rates of soil formation, most of which have not been
proven by rescarch, However, Wight and Lovely (1982) point out that rangeland in arid and
semiarid climates are inherently more fragile than eastern croplands, and are characterized as
having slow soil formation processes. They also indicated that even small increases in soil losses
on rangeland can initiate aceelerated soil erosion trends, because soil losses are accompanied by

reduced production of protective vegetation.




(b) Erosion Control Recommendations
We recommend adopting the EPA’s guideline for waste sites of 2 tons/acre/yvear, and

emplacing a 70% cover of gravel on the lundfill cover, However, an crosion control program
should be developed for a SLB site by considering two rewritten versions of the USLE, with the
term A in the cquation replaced by the soil loss tolerance term T

LS = T/RKCP (Eq.2)

CP = T/RKLS (Eq. 3)
Use of Eq (3) involves selecting various slope steepness and length fractures for the new SLB
trench cap. Substituting the SLB site values of the fixed USLE factors in Eq (3) and solving for
CP gives the maximum value that the product, CP, may assume under the specificd ficld
conditions, With no supporting practices, P = 1, and the most intensive plant cover plant that can
be safely used on the field is one for which C just cquals this value. When a supporting practice
like contouring or stripcropping is added, the computed value of T/RKLS is divided by the
practice factor, P, 10 obtain the maximum permissible cover and management factor value,
Terracing increases the value of T/RKLS by decreasing the value L or LS.,

Thus, by this procedure a site.operator lists all the alternative plant cover and
management combinations that would control erosion at an aceeptable level, Study of this list
will show how an crosion control program can be improved and increase SLB site performance.
In addition, the site operator should set up a program for long-term monitoring of' the C factor,
once selection of all the USLE factors has been made for the SLB site. This crosion control
program should ensure that normal plant succession and soil formation processes allow the site
10 meet the selected tolerable soil losscs from the surface of the trench cap over the lifetime of

the site,

In addition, technology exists (Nyhan and Lane, 1984) for determining optimum cap soil
configurations by combining physical features of the cap (i.e., soil type, soil thickness, surface
slope, and management practice) with plant cover to minimize erosion and percolation, The
modeling technology can be used at any site when certain parameters for the site are known
(Nyhan and Lane, 1982). Other models besides the CREAMS model used in this study, such as
the HELP and HYDRUS, can also be used for these purposes.

(2) Seepage pathway
(a) Approaches to Limit Secpage

Engincered barriers placed in landfill covers usually consist of hydraulic barriers and
capillary barricrs, but biointrusion barriers can also limit scepage. The standard RCRA cap
contains o hydraulic barrier, which is basically a low-permeability bed that retards the flow of
water, In contrast, an effective capillary barrier allows infiltrating water to enter it's fine-grained
bed (sand or fine sand) but not the underlying coarse-grained bed (gravel), promoting interflow
at the interface of these two beds for a limited distance. Our examples of rock biointrusion
barriers limiting seepage, in contrast to the hydrology of hydraulic and capillary barriers, really
represents more of a layered-soil hydrologic case,




1. Rock Biointrusion Barriers

The ITP study was also performed at the Los Alamos EETF to determine water balance
relationships on two landfill cover designs, onc of which contained a gravel/cobble biointrusion
barrier (Nyhan et al,, 1990). A study of four landfill cover designs at MDA-B also involved both
determinations of water balance relationships and a gravel/cobble biointrusion barrier (Nyhan et
al.,, 1998). In both of these field studies, the water content in the tuff beneath a landfill cover
design containing a rock biointrusion barrier was significantly lower with time compared with
the tuff beneath a landfill cover design not containing a biointrusion or engineered barrier. In the
ITP study, seepage measurements were also collected to show that there was less seepage in the
plots containing the rock biointrusion barrier in the profile than in the plots with no rock barrier;
measurements of interflow occurring at the interface between the soil and the gravel were also
made in the plots containing the rock biointrusion barrier (Nyhan et al., 1990).

2. Hydraulic Barriers
Only three field studies testing the water balance relationships of hydraulic barriers such

as found in the RCRA cap have been performed. The {irst was a study performed by the
Environmental Science Group at Hill Air Force Base in Layton, Utah (Warren et al,, 1996). The
second study involved the EPA design in the Protective Barrier Landfill Cover Demonstration

~ funded by the ER Project from 1991 through 1998 at TA-51 (Nyhan et al., 1997), The third
study involved a RCRA cover tested at Sandia National Laboratories (Dwyer, 1998).

EPA-sponsored studies revealed that a large percentage of landfills utilizing a hydraulic
barrier have failed (US EPA, 1988). Similar experiences in northern Germany have lead to
designs where a capillary barrier is emplaced beneath a RCRA cap to handle the seepage through
the RCRA cap (Melchoir et al,, 1990). In fact, our own ER Project studies of natural systems at
the Ponderosa site have shown that Ponderosa roots can penetrate a hydraulic barrier in the ficld

resulting in seepage occurring along the roots.

3. Capillary Barriers .

Capillary barriers have recently been recognized as an acceptable alternative final landfill
cover design (US EPA, 1989), but very few field studies of their performance have been
performed. Since 1991 we have been evaluating how two capillary barrier designs function as
slope and slope length vary at the Protective Barrier Landfill Cover Demonstration (Nyhan et al,,
1997). Field data from this experiment has shown that capillary barrier performance is a
function of interactive water balance processes, which are traditionally ignored (Nyhan et al.,
1993). Sandia National Laboratories also has evaluated a landfill cover design containing a
capillary barrier, referred to as the Anisotropic Barrier (Dwyer, 1998).

Ross (1990) derived an analvtical expression to estimate the diversion capacity and
maximum cffective lengths of capillary barriers, which was later generalized by Steenhuis et al.
(1991) and Ross (1991). The maximum effective length (L) is calculated from the saturated
hydraulic conductivity (K,) of the fine-grained upper layer of the capillary barrier, the angle of
the slope (9), the steady flux of water entering the fine-grained upper layer of the capillary
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barrier (¢), and the fitting purameter (&) describing the quasi-lincar approximation of the slope of
the conductivity vs, tension curve as:

L<[K,tan 9]/ [q @] (Eq.4)

Using the results of the moisture retention characteristics determined in the laboratory,
the parameter ¢ in Equation 4 can be determined by fitting the relative conductivity-soil water
tension curve obtained from the RETC analysis (van Genuchten et al,, 1991) for the fine-textured
layer in a capillary barrier, i.e,, for the fine sand layer of the capillary barriers used in the
Protective Barrier Landfill Cover plots (Nyhan et al,, 1990).

As long as the pressure at the interface between the fine and coarse-textured soils in
capillary barriers remains negative, water infiltrating the fine-grained layer will not cross the
interface (resulting in seepage) and will be diverted horizontally (resulting in interflow). Thus,
when a capillary barrier experiment is performed (Tables 2, 3), measurements of both the
amounts of scepage and interflow that occur (Melchior ct al., 1990; Wohnlich, 1991; von der
Hude, 1991; O'Donnell et al,, 1992; Jelinek and Mock, 1993; von der HMude et al,, 1993; Warren
et al., 1996) yield more direct quantitative information than just measuring changes in either soil
water tension or volumetric water content in the soil layers in and around the capillary barrier
(Rancon, 1980; Abecle and DePoorter, 1984, Cartwright et al,, 1987; Miyazaki, 1988; Nyhan,

1989; Kung, 1990; Khire et al., 1995).

Laboratory studies (Table 2) and ficld experiments (Table 3) have shown that capillary
barriers can effectively divert water infiltrating the soil, However, most of the capillary barrier
studics performed in the laboratory, except for the studies of von der Hude (1991) and von der
Hude et al, (1993), were confined to slope lengths less than 2 m (Table 2). These laboratory
studies were generally performed in a controlled environment, involved experimental designs
with single additions of water, and were characterized by a high concentration of hydrologic
sensors that collected data at frequent sampling intervals, Although the field studies (Table 3)
had slope lengths up to 55 m (Jelinek and Mock, 1993), they were gencerally conducted with a
small concentration of hydrologic sensors that collected data infrequently in an environment
characterized by large spatial and temporal variation,

Another important difference between the experiments performed in the laboratory and
the field involves the slope of the capillary barriers. Whereas the slope of the capillary barrier is
usually a variable in the laboratory studies (Table 2), ficld experiments have usually been
performed at a single, uniform slope (Table 3), The exception to this observation is the test bed

at the Am Stempel Landfill (Jelinck and Mock, 1993) that has a compound slope varying from

17 t0 29%.




o © Table2. Lahoratory studies of cﬁpillary barriers.

Description of capillary barrier

: Description Slope Fine-grained Coarse-gralned ﬂm____a_a_s_sﬂg
Referonce of length Slope (%) upper layer fower layer interflow Seepage
apparatus {m)
Miyazaki (1988) Lab targe box: 16 27% Masa sandy Joam Dried, cut plant pieces, no yés
: 1.6 miong, 0.2 mwide {50 cm thick) 3 cm thick
Labsmallbox 0.5m 05 00,27, Masasandyloam Gravel: 2-5 mm diam, no yes
long, 0.3 mwide and 70% (12 cm thick) 3 cm thick
Wohnlich (1991} Lab glass tank: 1.19m 1.19 43% Ottawa coarse sand:  Gravel. 5-25 mm diam, yes yeés
long, 0.43 m wide with 0.59-0.84 mmdiam, 15cmthick
aheightof 060 m 30 om thick
43,68 Mortarsand: 0.1-20  Gravel: 525 mm diam, yes yes
and 86% mmdiam, 30 cmthick 15 om thick
43% HIIAFB sand: 0.1-1.0 Gravel: 525 mm diam, yes yes
mm diam, 30 cm thick 15 cmithick
von der Hude Lab test flume: 80 m 80 0-58%  Fine sand, Coarse sand, yes yes
{1991) andvon . bong, 0 2 mwide 40 cm thick 30 cm thick
der Hude and

Mock (1893)




Table 3. Field studies of capillary barriers.

Slope Description of capillary barrier
_ length Fine-grained Coarse-grained Flow measured
Reference Location {m) Slope{‘4) upperlayer lower layer Interflow Seepage
Rancon {1980} Experimenlat trench 13 70.0%  Fine sand: <0 2 mm Gravel: 1.0-1.5 em diam, no no
at Saint-Paullez- diam, 136 cm thick 175 em thick
Durance, France
Abecle and Caisson (3-m-diam, a0 15%  Sity sand: <2mm Gravel: 1.0-2.5 cm diam, no no
DePoorler 1 m deep) at diam, 115 cm thick 70 cm thick
{1984) Los Alamos, NM
Cartwrightetal.  Four field plols, 15 5% Tiskilwa loam or Peoria  Grave): 5-9 mm diam, no yes
{1987) Sheffield, IL loess (silt), 61 or 31 cm 30 or 61 cmthick
thick
Nyhan (1989) Caisson {(3-m-diam, 20 10%  Ottawa coarse sand: Gravel: 1.0-2.5 cm diam, no yes
6 mdeep) al 0.59- 0.84 mm diam, 70 cm thick
Los Alamos, NM 14 m thick
Kung (1990) Potato field plot in 36 Unknoan Interbeddad glacial Interbedded glacial no no
Central Sand Area outwash deposits cutwash deposits
of Wisconsin
Mekhioretal.  Georgswerder landfil, 50 20% Fine sand, Coarse sand and fine yes yes
(1990) Hamburg, Germany 60 cm thick gravel, 25 em thick
(S3 design)
ODonneltetal. Lysimeter with conductive 21 20%  Medium sand: 0.21-0.30 Gravel: 1.9 cmdiam, yes yes
(1992) layer design, mm diam, 46 cmthick  10-15 cm thick
Beltsville, MD
Jelinek and Am Stempel landfill 5m 171029% Fine sand, Coarse sand, yes yes
Mock {1993) test plot, Marburg, 40 cm thick 30 cm thick
Germany )
Khire et al. Landfil with capillary 18 38%  Clayey silttopsod, Sand: 0.1-1.0 mm diam, no yes
(1995) barrier plol at East 15 cm thick 75 cm thick
Wenalchee, WA
Warren et al. Field plots in 10 40%  Sandyloam, Gravel: < 1.0 cm diam, yes yes
{1996) Ogden, UT 150 om thick 30 cm thick




- In the 7 years of our field study at the Protective Barrier Landfill Cover Demonstration, a
4-year and 10-year event occurred in terms of precipitation inputs to stress the landfill covers
‘(Nyhan et al.,. 1990). When using a capillary barrier as the engineered barrier, our field srudies
-show that thc topsoil used above the engineered barrier does make a difference. A loam topsoil

. with a saturated conduetivity of 1.2 x 107 cmy/'s allowed precipitation-to be added too quickly to
. the capillary barrier, resulting in multiple barrier failures (seepage production) along the slope
"length, especially when the Jandfill design (Loam Capillary Barrier Design) had a slope of only

. 5%. If the topsoil consisted of a finer-textured soil, such as a clny loam with a saturated
~ conductivity 02,5 x 10" ¢my/s, then capillary barrier fajlures in the landfill design were limited
to slope lengths of 7.68-9.70 m and only on plots with a slope of §%.

(b) Scepage Control Recommendations

: We have recently discovered that a gravel layer beneath a landfill cover consisting of

topsoil underiain by crushed tuff can perform two very important hydrologic functions. The
gravel layer, which is-an effective biointrusion barrier, can effectively slow down the downward
transport of water in this profile (see subsection 1 in subsection F3a above), allowing more water
" 10 beavailable for deep evaporation in soil profiles containing topsoi} and erushed tuff, In
© . addition, soil water infiltrating this cover from snowmelt collects in the crushed tuff above the

- gravel, and is transported horizontally in interflow above the grave] layer. Between the enbanced

" evaporation and the interflow that is produced, only a small amount of scepage occurs through

this design.

. When the topsoil used in a capillary barrier design consists of a clay loam, the capillary
barrier can perform satisfactorily to eliminate seepage from occurring (Nyhan et al., 1993, 1997).

. However, the slope of the capillary barrier needs to be 10% or larger for this to happen

© . effectively; seepage does occur at the bottom of a 10-m long plot when the slope is only 5%.

(4) Summary of Recommendations for Landfill Cover Designs

. Although most of the recommendations from each of the risk pathway subsections listed
ubove in this section can simply be summarized here, some of the recommendations end up
being competing recommendations, This is not surprising upon consideration of the water
.balance equation (Equation 5), and simple hydrologic relationships. Table 4 represeats an
attempt to analyze a few of these factors by examining the waste management options to reduce
risks associated with biointrusion, erosion and seepage and the problems associated with these
management options. For example, small slopes would have a tendency to favor low crosion,
but would faver seepage (Table 4). We also tried to bring out a point made by Hakonson (1988)
that biointrusion barriers have not been ficld-tested using larger life forms such as shrubs and

trees.

: However, we do know that gravel biointrusion barriers are effective in reducing
~ biointrusion and that they can enhance deep evaporation in landfill covers consisting of
overlying layers of soil and crushed tff as well as helping to divert inﬁltrutmg saowmelt
" horizontally. Thus, such a configuration could be used on an MDA in a relatively dry climate
‘where only a small amount of seepage might be generated and the engineered barrier (in this
. case, the gravel layer) used did not have to be as efficient as either a hydraulic barrier or a
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Table 4. Summary of Waste Management Options for Waste Sites

Biointrusion Associated Associated Seepage-interiflow  Associated
Options Problems Erosion Options  Problems Options Problems
Fencing Keeps out Low (5%%) Limited crosion Mid-highlandfill  Conflicis with low
gophers, not landfill cover control cover slope slopes for erosion
plants slope
Gravel layer Unknown Partial gravel Allows infiltration, Rock biointrusion  Limited seepage
performance cover reduces evaporation, | layer conlrol, unknown
with shrubs and not permanent hydrologic effects
trees with plant roots
Geotextile layer  Limited High plant cover  Increased Capillary Barrier  Unknown
biointrusion . biointrusion, not hydrologic effects
permanent with plant roots
Soil compaction  Limited Hydraulic barrier  Unknown
and thickness biointrusion hydrologic effects
with plant roots
Interflow trench May be no
interflow




capillary barrier in reducing seepage through the landfill cover. In contrast, this approach would
. not work for a wetter MDA site, where increased seepage and interflow would be a larger

o ‘4problcm.

- We alsoknow from many studies that partial gravel layers can reduce soil loss by overan
order of magnitude, so that this will be a good recommendation at all MDA sites, Any effects

' " related to increased infiltration and reduced evaporation will be offset by increased plant biomass

with time (Nyhan et al., 1998), which will augment the erosion control provided by the initial
pnrnnl gravel cover,

-G Dcs:gns for Landfill Covers

@ Overvu.w of Landfill Cover Designs
We are proposing that two alternative landfill covers be uﬂcd for an MDA depending on

the hydrologic conditions and contaminant source term at the MDA, in light of the preceding
consideration of the risk pathways and their associated management. The Crushed Tuff-
~ Biointrusion Landfill Cover (Figure 5) is proposed for use for MDAs at dry sites with pre-

: cxxstmg slopes of about 5§%.and with low human and ecological risk, where the relative

- importance of risks is: biointrusion > crosion > seepage/interflow, An example of a site where
this landfil] cover ¢ould be used might be MDA-G, The Capillary-Biointrusion Landfill Cover
(Figure 6) is proposed for MDAs at sites that are wetter than the previous sites and/or that have
" . higher potential human and ecological risk, where the relative importance of risks is: biointrusion
- . 2 scepage/interflow > ¢erosion, An example of a site where this landfill cover could be used

- might be at an MDA closer to the Jemez Mountains that might receive larger amounts of

* precipitation than MDAs located on the castern portions of the Laboratory.

" Ficeld performance data are available for NMED, EPA, and DOE to support the performance of

" both of these landfil] cover designs from several sources: the Protective Barrier Landfill Cover

. Demonstration plots, field studies of engincercd covers tested at the pilot scale and on actual
~'waste sites, and natural analog studics in Ponderosa Pine forests and Pinyon-Juniper woodlands.

.-* Wejust performed a study for the ER Project where the water balance performance of the

Crushed Tuff-Biointrusion Landfill Cover was summarized for the time period between 1591
. through 1997 (Breshears, 1999).

. 2) Specific Landfill Cover Design Details
- Information is presented on the materials needed for the landfill covers, the procedures

© ' for compacting the soil layers of the cover, the'structures to control run-on, runoff, and interflow,
and the post-closure monitoring systems to be installed.

(a) Materials Needed for Landfill Covers
Figures 1 and 2 show the arrangement and depths of the various soils to be used in the

3




Vegetaion with Partial
Gravel Surface Treatment

..--W \ \".\' \-'\Iiﬂ\? mv.m

"‘,’l"'th rf IT'
‘ I

- bnv“ '“, P

. ‘(ﬂ t":!{:‘i l‘;]}l'.u'rdi’_c

—An—.,l.-..-.._a..;....;..‘.-m

Figure S. Crushed Tuff-Biointrusion Landfill Cover (5% slope).
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" Figure 6. Capillary-Biointrusion Landfill Cover (10% slope).
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two landfill covers. We are assuming that the slopes of the soil layers in these two designs are
parallel and that these two designs will be installed with 5% and 10% slopes for the Crushed
Tuff-Biointrusion Landf{ill Cover (Figure §) and the Capillary-Biointrusion Landfill Cover
(Figure 6), respectively. More site-specific engincered designs will deal with slope and other
topographic features at a later date.

Descriptions of all of the materials to be purchased follows, described from the top of the
final cover to the bottom, but not including the components of the post-closure monitoring
system, which are described in the following section.

Some of the soil materials can be obtained locally, such as the tff and the clay loam
topsoil, which might be stockpiled at a few MDAS; some of the current waste sitc operators have
taken our recommendation to scrap the topsoil off of the site when initially installing a landfill,
However, the rest of the materials cannot be obtained locally for two reasons: (a) materials with
acceptable specifications are not available in any of the MDA or borrow areas around the
county, and (b) they cannot be transported from one area to another within the Laboratory,
because of the potential for spreading contamination around the Laboratory. Thus, if acceptable
soil materials could be found within a Laboratory area, expensive characterization of these
backfill materials would have to be performed to prove they were not contaminated, which
would not be time or cost-cffective,

Material required:

(1) Vegetation with partial gravel surface treatment
The vegetative treatment will consist of applying a mixture of grasses (native to
the clevation of the specific MDA) to the topsoil. We will then apply a 70%
surface cover of medium gravel (8.0- to 25-mm diam) to control soil watcr
crosion until the vegetative stand gets established.

(2) Loam topsoil
The loam topsoil consists of a 2:1:1 (V:V:V) mixture of topsoil (cither a loam or
a clay loam), sand, and aged sawdust (<9,5-mm diam), as can be commonly
purchased in bulk at several local landscaping firms.

(3) Crushed tuff
The tuff is obtained from JCI, who mine it south of the truck route ncar TA-53,
crush it with heavy equipment, and then bring it to their asphalt batch plant
(recently-cleaned). When the crushed tuff is sent through the plant it is both
screened (0.125-inch diameter) and dried, and water is added to the tuff before it
is delivered to the site as a material at known water content for optimum
compaction.

(4) High-permeability geotextile
A high conductivity MIRAF] geotextile is used to keep fine particles out of the
underlying soil or gravel layer, and to maintain a sharp interface between soil
layers, We have used a 600X brand geotextile with a conductivity of 0.024 m/s
obtained from MIRAFI, El Toro, CA for the last 20 years.
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(5) Mecdium gravel
This gravel (8.0~ to 25-mm diam) can be obtained at local sand, gravel, and
cement plants.

(6) Clay loam topsoil
The clay loam is mapped as the Hackroy clay loam in the soil survey of the

county, and is usually screened through a _-inch sereen before using.

(7) Fine sand '
A sand and gravel company in Albuquerque made the fine sand (0.05-0.425 mm
diam) with a sand classifying/blending tank system (Portee Kolberg Division,
Yankton, SD).

(8) Opcrational cover and wastes
This layer corresponds to the current soil surface to be covered,

Table § presents the saturated conductivity of each of the soils materials described above
for additional materials specifications. We are currently not sure of the exact quality control
variances on these saturated conductivity values; this is a subject for further study and needs the
input of a good engineering firm with expericnce in this field. Part of the answer to this question
is dependant on the packing densitics of these materials in the field, as covered in the next
subsection; the reason for this, of course, is that soil compaction and saturated hydraulic

- conductivity are directly correlated.

(b) Procedures for Compacting Landfill Cover Layers
The top of the operational cover and the new landfill cover should be compacted just as if

a Laboratory building were to be built on the surface in terms of compaction. This is done to
prevent massive settlement and subsidence of the new landfill cover. All of the soil materials
used in cach landfill cover design except the medium gravel (Figures 5 and 6) will be compacted
in 1-f=layers, except for the 0.5-ft-thick loam topsoil. Laboratory compaction tests will be

~ performed on the sands using Standard Test Methods for Maximum Index Density of Soils Using
a Vibratory Table (ASTM, 1979; Test Method D4253-83) and on the other soils using the
Modified Proctor Method (ASTM, 1979; Test Method D1557).

To determine how many Proctor determinations should be performed on each type of soil

material emplaced in the cover, we suggest the following procedure be followed, After the first
layer of each type of soil material is added to the new cover at the MDA and compacted, a set of

Table 5. Hvdroloric data for soils materials.

Soil description Saturated conductivity (cm/s)
Loam topsoil 5.7 %103
Hackroy clay loam 25x 104
Fine sand 12x 102
Crushed mff S2x 10

2.0

Medium gravel




24 Proctor measurements of soil water content and bulk density will be collected over the depth
of the newly-placed layer cvery 6 ft down the length of the layer applied at the MDA, A
semivariogram analysis of this data will be performed, which might show, for example, that only
5 Proctor determinations are necessary to characterize the compaction of each layer of the same
type of soil. The Joam surface luyer and the clay loam surface layer will be compacted to
averages of 87% (CV = 3.6%) and 92% (CV = 3,3%) of the maximum dry unit weight from
standard Proctor compaction, respectively, Average values for the fine sand and crushed wff
will be 96 and 90%, respectively; with acceptable CV's ranging from 1.5 to 2.7%.

H. Designs for Post-closure Monitoring Systems

The designs of the engincered structures and post-closure monitoring systems cach
specific MDA will have to be tailored according to the needs of each site. For example, an
engineering structure to control runoff, run-on, and interflow (the horizontal flow of water within
the natural soil or landfill cover) entering and leaving the site may nced to be built around the
site. This engincered structure must be designed to the size and specific location of each MDA,
since each MDA will have a unique area contributing run-on, for example,

Post-closure Monitoring Systems will be installed in and around the new landfill cover
and in borcholes located through and bencath the MDAs, if available. We will only address
water balance monitoring within the new landfill cover and tff water monitoring beneath the
waste site in this report, and not monitoring for contaminants. In terms of landfill cover
monitoring, we arc suggesting solving the water balance cquation (Equation 5) using an
automated data acquisition system, due to the episodic nature of the water balance parameters.
We will do this to show that we reduced seepage (S) and diverted and measured interflow (1) and
runoff (R) within and on top of the landfill cover, while measuring the change in soil water
inventory (AS) and precipitation (P), and determining evapotranspiration (ET) by difference, as
summarized in Equation §:

AS=P-ET-R-S-1 (Eq. 5)

We suggest that before the new landfill cover is constructed over the current, newly-
compacted operational cover, 5-6 seepage collection strips (about 2-ft wide) be laid out over
cach acre of the current surface (sec Figures 5 and 6). These strips will contain HDPE floors and
sides, and will function as French drains made to collect water percolating vertically through all
of the soil layers in each landfill cover design. This will allow us to say how much water
percolates into the underlying wastes at each site, i.e, = the effectivencss of the landfill cover
design in diverting infiltrating water,

One of the benefits of several of the pilot studics on lundfill covers is that gravel
biointrusion barriers were found to promote interflow (Hakonson, 1986; Nyhan ct al., 1993,
1997). Thus, interflow will be generated within each cover as a result of water accumulating and
being transported horizontally at either the interface of the crushed tuff and the gravel (Crushed
Tuff-Biointrusion Landfil] Cover) or within the capillary barrier at the bottom of the fine sand
layer (Capillary-Biointrusion Landfill Cover). The objective will be to maximize interflow so as
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to minimize seepage, so we will claim successful diversion of known amounts of water every
spring as snowmelt penetrates the landfill cover. This water has to be diverted away from the
cover and the MDA anyway, and measurements of interflow can be used to support landfill

cover performance standurds.

Runoff from the entire site is similar to intcrflow in that it has to be diverted and carried
away from the entire MDA cover, so this also can be measured, as well as precipitation and
snowfall at the'site. Thus, only changes in soil water content necd to be determined to solve the
water balance equation, since ET is determined by difference.

Flows of seepuge (if there is any), interflow, and runoff will be measured with pressure
ransducers in temporary holding tanks that will be emplaced below-ground, outside of the
landfill area, and in a flow collection system. The pressure transducers will be connected to data
loggers that will measure these three flows and automatically empty the holding tanks. Since
these data loggers will be automated, we will be able to monitor daily episodic events and solve
the water balance equation on a daily basis if necessary, Since these flows will be temporarily
stored in holding tanks, we can also sample these flows for contaminants, and in the case of

runoff, for sediment concentrations.

The final part of this Post-closure Monitoring System will consist of Time Domain
Reflectometry (TDR) waveguide pairs installed in the cover which will be used to determine soil
water content to estimate AS term of the water balance equation. Thesc will also be connected to
a data logger, which will automatically collect soil water content data as frequently as is
necessary. We are proposing to install waveguide pairs at 12 sampling locations per acre and
emplace one waveguide puir for every foot of depth in the landfill cover at each location (sce
summary in Table 6). Current studies are in progress to further evaluate more preciscly how
many sampling locations will be necessary to evaluate this imporiant water balance parameter.
However, this sampling location density is much lower than that used on the Protective Barrier

"Landfill Cover Demonstration plots (4 locations per 100 square ft), and is similar to (1) the
sampling densities for ncutron probe access tubes proposcd by the Environmental Restoration
Project at Sandia National Laboratories for their Mixed Waste Landfill and (2) the cight
monitoring cells equipped with TDR at mixed waste cell U3ax/bl located in Area 3 of the

Nevada Test Site,

_ In addition to the measurements of volumetric water content collected within the landfill
cover (Table 6), we might have an opportunity to measure the water content of tuff beneath an
MDA. Exactly how rud where these measurements are collected will be dependent upon site
characterization data and contaminants present at the MDA, However, if boreholes have been
drilled beneath the site, they could either be instrumented with TDR or equipped to receive a
neutron moisture probe 10 monitor soil moisture migration beneath the waste site. If TDR is
used in these sampling locations, one TDR every 10 ft beneath the MDA should suffice.
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Table 6. Number of soil moisturs samples collected for each landfill cover desigm,
Number of depths  Total number of soil

Landfill cover Number of sampling  sampled/sampling moisture samples

desigm locations per acre location __per acre
Crushed Tuff-
Biointrusion Cover 12 3 36
Capillary-
Biointrusion Cover 12 5 60
1. Summary

After delincating several general assumptions, two alternative landfill covers are
proposed for an MDA using an Integrated Risk-Based Approach For Landfill Cover Design. An
analysis of previous assessments of risk at LANL and the Performance Assessment and
Composite Analysis for MDA-G demonstrated that biointrusion, crosion, and seepage/interflow
risk pathways should be of prime importance., Technology developed concerning these three
major risk pathways was evaluated using results of studies from the Protective Barrier Landfill
Cover Demonstration plots, from other ficld studies of engineered covers tested at the pilot seale
and on actual waste sites, and from natural analog studies in Ponderosa Pine forests and Pinyon-
Juniper woodlands. Various options to manage these risk pathways were also evaluated and
final recommendations on how to best manage these were made, and were used to support the

final two landfill cover designs.

The results of this analysis were that the Crushed Tuff-Biointrusion Landfill Cover will
generally be uscd for MDA at dry sites and with low human and ecological risk, where the
reiative importance of risks is: biointrusion > eresion > seepage/interflow, The Capillary-
Biointrusion Landfill Cover will be used for MDAS at sites that are wetter than the previous sites
and/or that have higher potential human and ecological risk, where the relative importance of
risks is: biointrusion 2 seepage/interflow > erosion, Speeific details for the soil materials needed
for these two designs are given for cost estimation purposes (current baseline planning for the
ER Project), as well as procedures for compacting the landfill cover layers.

Finally, designs for post-closure monitoring of the landfill covers and for tuff water
monitoring beneath the MDA are proposed. In terms of landfill cover monitoring, we are
suggesting solving the water balance equation using an automated data acquisition system, due to
the episodic nature of the water balance parameters, Post-closure monitoring instrumentation
and sampling location densities are proposed for the water balance parameters to be measured at
cach MDA remediated,
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