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1.1 Introduction 

This Quality Assurance Project Plan is being prepared in ac
cordance with us Department of Energy's (DOE) Order 5700.6A 

("Quality Assurance," Auqust 1981). The purpose of the plan is 
to identify procedures for water, soil and sediment sampling and 
processing, for data reduction, and for ensuring the accuracy c: 
the conclusions drawn from this monitoring program. The conten~ 
of the plan conforms with the requirements of DOE report 
DOE/EH/XXXX ("DOE Requirements for Radiological Effluent Moni"::::--' 
ing and Environmental surveillance," Draft 1986), and us Envi:-:::-:-r 
mental Protection Agency (EPA) report EPA-600-83-004 ("Interi::~ 

Guidelines and Specifications for Preparing Quality Assurance 

Project Plans," February 1983). 

."': ........ 

.. ·,.... 
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3.1 Routine surveillance 
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Los Alamos National Laboratory (LANL) maintains an ongoing 
environmental surveillance program as required by US Department 
of Energy (DOE) Orders 5484.1 ("Environmental Protection, Safety, 
and Health Protection Information Reporting Requirements," Febru- ' 
ary 1981) and 5480.1A ("Requirements for Radiation Protection, 11 

April 1981). Routine monitoring for radiation, radioactive mate
rials, and chemical substances on the Laboratory site and in the 
surrounding region documents compliance with appropriate stan-
dards, identifies undesirable trends, provides information for 
the public and contributes to general environmental knowledge. 
If an undesirable trend is discovered, more detailed environmen
tal studies are carried out to determine the extent of the prob
lem and to provide the basis for specific remedial actions. The 
monitoring program also supports the Laboratory's policies to 
protect the public, employees, and environment from harm that 
could be caused by Laboratory activities and to reduce negative 
environmental impacts to the.greatest degree practicab~e. 

This project presents Quality Assurance for monitoring 
radiochemical and chemical quality of water from Regional, 
Perimeter, and onsite stations. The section also includes 
radiochemical quality of soil and sediments. 

Routine surveillance and sampling locations for various 
types of measurements are organized into three groups: 
(1) Regional stations are located within the five counties sur
rounding Los Alamos County (Fig. 1) at distances up to ao km (50 
mi) from the Laboratory. They provide a basis for determining 
conditions beyond the range of potential influence from Labora
tory operations. (2) Perimeter stations are located within 4 k~ 

(2.5 mi) of the Laboratory boundary, and many are in residential 

~ ...... 
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and community areas. They document conditions in areas regularly 
occupied by the public and potentially affected by Laboratory op
erations. (3) Onsite stations are within the Laboratory bound
ary, and most are in areas accessible only to employees during 
normal working hours. They document environmental conditions at 
the Laboratory where the public has limited access. 

3.2 water supply surveillance 

The Federal Safe Drinking Water Act (42 u.s.c. JOOf et 
seq.), as amended, requires adoption of national drinking water 
regulations as part of the effort to protect the quality of the 
Nation's drinking water. The EPA is responsible for the adminis
tration of the Act as has promulgated National Interim Primary 
Drinking Water regulations. Although EPA is designated by laws 
as the administrator of the Act, assignment of responsibilities 
to a state is permitted and "primacy" for administration and en
forcement of the federal drinking water regulations has been ap
proved for New Mexico. 

The state administers and enforces the drinking water_ .. ;-e
quirements through regulations adopted by the New Mexico Environ
mental Improvement Board (EIB) and implemented by New Mexico's 
Environmental Improvement Edition (EID). During 1985, chemical 
quality reports regarding trihalomethane and inorganic chemical 
concentrations in the Laboratory's water supply were submitted to 
New Mexico's EID pursuant to EIB regulations. Municipal and in
dustrial water supply tor the Laboratory .easily met the EIB regu
lations. 

The water.supply surveillance also include documentation of 
hydrologic characteristics of the main aquifer in the supply 
wells and the well fields. The documentation is to ensure of 
continuing historical record and provide quidance tor management 
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of water resources and long-range planning for the water supply 
system. 

This report also presents the Quality control Assurance of 

monitoring the radiochemical and chemical quality of water from 
supply wells, gallery, and hydrologic characteristics of wells 
and gallery in the distribution system. 

_..,.._ ... 



4. PROJECT ORGANIZATION 
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The following presents an outline of the Los Alamos National 
Laboratory from the director to personnel engaged in the monitor
ing. 

Director's Office 

s. Hecker, Director 

A. Tiedman, Environmental Compliance Management Office 

Health, Safety, and Environment Division 

J. Aragon, Division Leader 

w. Hansen, Associate Division Leader, Environment 

T. Gunderson, Group Leader, Environmental Surveillance 
Group, HSE-8 

T. Buhl, Associate Group Leader, Environmental surveil

lance Group, HSE-8 
_ ......... 

w. D. Purtymun, Staff Member, HSE-8 

M. N. Maes, Technician, HSE-8 

' 
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Representative sampling locations have been chosen to moni
tor the effects of the Laboratory's operation on surface ~nd 
ground water, soil, and sediments in offsite locations (Regional 
and Perimeter stations) and onsite locations (none effluent and 
effluent release areas). 

As to completeness, all sample results are reported. If 
outliers occur, they are either explained or station or stations 
resampled to confirm or reject outlier analyses. Completeness 
and accuracy can not be established without a continuous sample 
of the entire system; however, the sampling schedule (time of 
collection) has been established to encompass the two extremes in 
the hydrologic conditions, spring and fall. 

The quality assessment objective is to provide control in 
preparing quality, accurate, conformity of data to evaluate the 
Laboratory's impact on the hydrologic environment. This is ac
complished by documentation of methods of collection, analyses 
data reduction, interpretation, and reporting. 
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6. SAMPLIXG PROCEDURES 

6.1 R9utine surveillance (Selection, Location, and Description) 

Station selection and location are based on waste disposal 
location and geohydrology up and down gradient from the point of 
effluent discharge. Major means of transport is hydrological, 
principally in surface water, sheet erosion of soil, and runoff 
as suspended sediments or bedload. The physiographic setting of 
the Laboratory is presented in Appendix A. The geology and hy
drology discussed in Appendix A is the basis for the selection 
and location of monito~ing stations. A list of reports dealing 
with the geohydrology of the area and disposal systems which fac
tor into location of monitoring stations. are found in Appendix B. 

6.2 Water supply surveillance (Selection, Location, and 
Description) 

Well location and spacing was developed to insure a maximu~ 
water supply from each individual well and well fie.ld. The loca
tion of the wells were developed upon the best possible geohydro
logic information at the time the well was located. spacing be
tween wells was developed to insure minimum effect on the aquifer 
as the wells were being pumped. Reports that are related to well 
locations and development of water supply are found in Appendix 
c. All wells are sampled in the surveillance program. 

Pan Aa World Services, Inc., Utilities Department is the 
utility support contractor to the Los Alamos National Laboratory. 
Pan Am maintains and operates the water supply system. Water is 
pumped from wells through distribution lines, and lifted by 
booster pumps through chlorination stations into reservoirs for 
storage and distribution to the community and Laboratory areas. 
Water from the gallery flows by gravity through microfilter and 
chlorination stations and is pumped into one of the system reser
voirs for distribution. The Utilities Department maintains 
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monthly records of hours of operation on each well, along with 
records of daily and monthly production. Monthly average non
pumping and pumping water levels are computed from air-line pres-: 
sure or transducer data recorded continuously at each well. 
These data provide input for calculating pumping rates, drawdown f. 

(difference between nonpumping and pumping water levels), and 
other well-field statistics that are included in this report. 

Hydrologic characteristics of wells, well fields, and 
gallery that furnishes water to Los Alamos is compiled annually. 
The reports are published as Laboratory reports (Appendix D) . 

r ., 

The reports (Appendix D) also contains annual pumping and pro
duction information for each supply well and the gallery for the [ 
period of record which extends back to the life of the well. 

6.3 Past surveillance History 

The past monitoring history is an important factor in Qual
ity Control. Long periods of record from a station establish 
particular radiochemical and/or chemical type of water, soil, or 
sediment. Any derivation from that type indicates l.~.~a change 
related to outside influences or 2) problems in sample collec
tion, preparation or analyses. In either case the sample will 
have to be recollected and analyzed to see if change is real or 
if collection and analyses is the problem. 

Los Alamos has a record of radiochemical and chemical data 
that extends back to 1949. The series of reports presenting this· 
data are found in Appendix E. Many of the stations reported data 
have remained at the same location since they were established. 

6.4 surveillance station Locations 

The most effective monitoring net has evolved over the year 
with the collection data. stations are located to provide back
ground data, the most effective locations to intercept any 
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contamination from the Laboratory, and data required by state a~d 
federal agencies. 

6.4.1 surface and Ground water 

A discussion of the surface water, ground water, soil, and 
sediment stations with reference to purpose, location, and geohy
drology is found in Appendix F. They are documented according t~ 
location, water from regional, perimeter, onsite and water suppl]' 
station. 

6.4.2 Soil and Sediments 

The soil and sediment stations are also located to provide 
background data and to intercept and follow any contamination re
lated to Laboratory operations. Location-and description of sta
tion is found in Appendix G. The documentation is also based on 
location, regional, perimeter, onsite, and reservoir sediment 
stations. 

6.4.3 Miscellaneous Investiqationa 

Transport of radionuclides and chemicals in storm, ·runoff are 
monitored in waste disposal areas (TA-54, solid waste disposal 
area; Pueblo and Los Alamos Canyon, industrial liquid effluent 
release area). The monitoring is performed to determine the con
centrations of contaminates and if contaminates are being carried 
from these waste areas. Description and location of stations are 
found in Appendix H. 

6.4.4 ••~er supply 

Water supply at Los Alamos is from 17 wells located in three 
well fields and a gallery (spring) on the flanks of the mountain 
west of Los Alamos. Water from these sources are for municipal 
and industrial use. A small amount of water from two reservoirs 
furnishes is used for irrigation of lawns at Laboratory or County 
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buildings. Locations and descriptions of supply wells and test 
wells completed into the main aquifer and found in Appendix I. 

The main aquifer is the only aquifer in the area capable of 
municipal and industrial supply. Supply wells and test wells are 
used to monitor any effect the Laboratory 1 s operation may have on;·· 

the main aquifer. 

6.5 sample collection Methods 

6.5.1 water samples 

Surface and ground water sampling stations are grouped by 
location (regional, perimeter, onsite) and hydrologic similarity. r 

& 
Water samples are taken once or twice a year. Samples from wells" 
are collected after sufficient pumpage or bailing to ensure that 
the sampling is representative of the aquifer. Spring samples 
(ground water) are collected at the discharge point. 

Storm runoff samples are collected about 6 em above the 
stream channel. The runoff sample collected above the channel 
contains suspended sediments which are in some cases.,....analyzed for·· 
radionuclides or chemical constituents. 

6.5.2 soil saaplea 

The soil sampling procedure is used to taka surface compos- '
ite samples. Soils samples are collected by taking 5 plugs, 75 
mm (3.0 in.) in diameter and 50 mm (2.0 in.) deep from a 10 m 
square. Plugs of soil are taken from the four corners and one in 
the center. The five plugs are combined to form a composite sam
ple for radiochemical analysis. 

6.5.3 Sediment saaple• 

Sediment samples are collected from dune buildup behind 
boulders in the main channels of flowing streams. samples fran 
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the beds of intermittently flowing streams are collected in the 
main channel. The samples are collected to a depth of about 4 c~ 

across the main channel of a intermittent stream. The samples 
are placed in a polyethene zip lock bag. 

Suspended sediments are collected in runoff sample 4 em 
above the channel along with water to be analyzed for specific 
constituents or suspended sediment concentrations. 

6.6 sample containers 

This section deals with sample bottle or container prepara
tion, and analyses requirements. 

6.6.1 Radiochemical 

The water samples are collected in 4-L (for radiochemical) 
polyethylene bottles. The 4-l bottles are acidified in the field 
with 5 ml of concentrated nitric acid and returned to the labora
tory within a few hours of sample collection for filtration 
through a 0.45-~m pore membrane filter. The filtrate portion of 
the samples then are prepared by chemist for analyses. 

. .... 
Storm runoff samples are analyzed for radionuclides·' in solu

tion and in suspended sediments. The samples are filtered 
through a 0.45-~ m filter. Solution is defined as filtrate pass
ing through the filter, while suspended sediment is defined as 
the residue on the filter. 

6.6.2 Cheaical (inorqanic) 

Water samples are collected in a 1-t polyethylene bottle for 
routine chemical analyses. For mercury analyses,. the sample is 
collected in a 0.5-f polyethylene bottle with 40 ml of nitrate 
acid and 25 mg of potassium dichromate added. The samples are 
returned to the laboratory within 4 to 6 hours and filtered 
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through 0.45-~m pore membrane filters. The chemist then com
pletes preparation of the filtrate for analyses. 

Soil and sediment samples for inorganic analyses are placed 
in a polyethyene zip lock bag. 

'·'·3 Chemical (orqanic) 

Water samples are semivolatile organic analyses are col
lected in a 1-1 glass bottle with a teflon seal cap. Water sa~
ples for volatile organic analyses are taken in a special 50 ml 
bottle with teflon cap so that water can be extracted with a hy
podermic needle. Bottles are filled so that there is no air 
spaces between fluid and cap. 

Soil and sediment samples for semivolatile analyses are col
lected in a wide mouth 1-l glass bottle with a teflon seal cap. 
They are filled so that no air space occurs between soil or sect:
ments and cap. 

All samples for organic analyses are placed·· in an ice chest 
at collection for transport and receiving at the ana~¥tical labo
ratory. The temperature is 1 to 2°c. 

The analyses requested depends on the location of the area 
monitored. 

,.7.1 .. dioch .. ical 

Water from reqional, perimeter, onsite, and water supply 
(wells and distribution) are analyzed for 13 7cs, 238pu, 
239 , 240Pu, total 3H, and gross gamma activity. Water samples 
from former and active effluent release areas may also be ana
lyzed for 241Am and 90sr. 
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Soil and sediments from regional, ·perimeter, and onsite sta
tions are analyzed for 137cs, 238 Pu, 239 , 240 Pu, total U, and 
gross gamma. Water from soil samples is extracted and analyzed 
for 3H. In addition, sediments from former and active effluent 
release areas may be analyzed for 241Am and 90sr. 

Water samples from supply wells and distribution are ana
lyzed for gross alpha and gross beta radioactivity as well as 
226Ra if necessary. 

The frequency of water sample collection and analyses is 
twice during the years from the regional, perimeter, onsite, and 
water supply stations. Soil and sediment samples are collected 
annually. 

6.7.2 Chemical Cinorqanic) 

Routine chemical analyses are performed on all water samples 
from the regional, perimeter, onsite, and water supply stations. 
Routine analyses are for sixteen parameters: 

ca Cl 

Mg F 

K N 

Na TDS (total dissolved solids) 

Total hardness 

pH 

p Specific conductance 
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Water supply from wells and distribution systems are ana
lyzed tor the parameters requlated by the federal Primary Drink
inq Water Standards (USEPA 1976, see Appendix J for standards). 

Aq F 

As Hq 

Ba N 

Cd Pb 

Cr Se 

Water supply from the wells and distribution systems are 
also analyzed for the parameters requlated by the Federal· Sec

ondary Drinkinq Water Standards (USEPA 1979, see Appendix J for 
' ... ~ ... 

standards). 

Cl 

cu Zn 

Fe TDS (total dissolved solids) 

Mn pH 

The standards require collection and analyses for primary 

and secondary standards once every three years. As the supply 

i. 

r 
l 

n 
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wells and distribution serve as part of the monitoring network cf 
station, sample collection and analyses are performed annually. 

6.7.3 Chemical (organic water) 

Chemical organic analyses are performed for volatile and 
semivolatile organics. Type of organic analyses varies from the 
129 priority pollutants as described by the USEPA to specific 
herbicides, pesticides, polychlorinated biphenols, and various 
oils and solvents. These samples are collected as deemed neces
sary. There are no USEPA standards. The presence of organics in 
any concentration above limits of detection may be classes as a 
toxic concentration (see Appendix K for Limits of Detection). 

6.7.4 Chemical (soil an4 sediments) 

Soil and sediment samples may be collected for metal ion 
analyses and organic analyses.. Metal ions may include: 

As Ni 

Ba Be 

Cd Cy 

cr 

Pb N 

Se pH 

Ag 
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Organic analyses of soil and sediments range from volatile 
to semivolatile organic compounds, the 129 priority pollutants, 
individual herbicides, pesticides, PCB, oils or solvents. 
Samples are collected to monitor specific operations within the 

laboratory (see Appendix J for standards for soil and sediments). 
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Collection of samples for chemical and radiochemical analy
ses follow a set procedure to ensure proper sample collection, 
documentation, submittal for chemical analyses, and posting of 
analytical results. 

7.1 Pre-samplinq conference 

Before sample collection, the schedule and procedures to be 
followed are discussed with the chemist or chemists involved wit~ 
doing the analyses. 

The discussion includes: 

Number and type of samples. 

Type. of analyses and required limits of detection. 

Proper sample containers. 

Preparation of sa~ple containers with preservative, if 
needed. -~··· 

sample schedule to ensure minimum holding time of anal
yses to comply with EPA criteria. 

7.2 Documentation and Chain ot cuatody 

The HSE-9 Chemistry Group issues to the collector a block of 
sample numbers (i.e., 86.0071) with individual numbers assigned 
by the collector to individual stations. These sample numbers 
follow the sample from collection through analyses and posting of 
individual results. 

Each number is assigned to a particular sample and is en
tered into the collector's loq book. After the sample is col
lected, the date, time, temperature (if water), other pertinent 
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information, and remarks are entered opposite sample number and 
station previously listed in the log book. 

The sample container contains station name, sample number, 
date, and preservative, if added. 

After sample is collected, it is delivered to the HSE-9 sec
tion leader. The section leader took part in the preliminary 
discussion before sample collection. The section leader makes 
out a request form entitled "HSE-9 Analytical Chemical Request ... 
The form is numbered. This request form number is entered in the 
collector's loq book opposite sample numbers submitted along with 
the date delivered to chemist. The Analytical Request form 
serves as an informal "Chain of CUstody" tor the samples. 

The analytical request form contains the following informa
tion related to ownership and sample proqram (l) requestor {i.e., 
sample collector), (2) proqram code, (3) sample owner {i.e., pro
gram manager), {4) data, and (5) total number of samples. The 
second part of the request form contains (1) sample number or 
numbers, (2) matrix (i.e., water), (3) type of analyses (i.e., 
specific radionuclide and/Or chemical constituent), (4) 'technique 
(i.e., analytical method to be used tor individual constituents), 
(5) analyst (i.e., ch .. ist to perform analyses), (6) priority of 
sample or samples, and (7) remarks. one copy of the form goes to 
the collector tor his tile and the other copies follow the sam
ple. The analytical results from HSE-9 are returned to the sam
ple collector through computer printout "keyed" to sample number. 

Th• collector post the data accordinq to sample number, lo
cation (regional·; perimeter, etc.) and station on a recap table 
{rouqh). The tabla is typed, (finished) tor inclusion as an ap
pendix for the surveillance report. Data from the table is used 
to compile a recap tabla for the report. 
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Examples of the collectors loq book, HSE-9 Analytical Che~:
cal Request Form, HSE-9 analyses results, recap table (rough), 
table (finished) and recap table used in report is found in Ap
pendix L. 
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Equipment used in routine collection of water, soils, and 
sediments requires no calibration. Discharge from supply wells 
is metered, meters are checked when anomolies occur. Water lev
els in supply wells are monitored either by air-lines or trans
ducers. They are calibrated (measured with electric probes or 
engineers tape) when installed. They are checked and recali
brated if anomolies of water levels are reported. 

~ .. , 



9. ANALYTICAL PROCEDOUS 

Revision No. _ _.o.__ __ 
Revision Date 11 :}.~ ,,, 
Page 25 of I~ 1 

Radiochemical and chemical analyses are performed by HSE-9 
(Chemistry Group). A description of analytical procedures, meth
ods used, and limit of detection for radionuclides and chemicals 
are presented in Appendix K. 

_ ....... 
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10. DATA REDUCTION, VALIDATION, AND REPORTING 

Analytical results from HSE-9 (Chemistry) section are com
piled into tables according to (l) location (regional, perirnete~, 

or onsite): (2) matrix (water, soil, or sediment): and (3) loca
tion (ascending gradient in hydrologic system). 

Data is then reduced to produce each section a minimum max:
mum, and mean value with one standard deviation. Maximum values 
are compared to standards, i.e. DOE concentration guides for ra
dioactivity in controlled (onsite) and uncontrolled (offsite) ar
eas or federal drinking water standards. 

Soil and sediment data is reduced similarly and the results 
are compared to regional values compiled over a previous five 
year period. 

Anomolies in analytical results are evaluated to possible 
cause, health effects, or if necessary reevaluation of analytica: 
results by resampling and analyses. 

Hydrologic data relate~ to the supply wells is compiled ove~ ...... 
and reported annually. Trends or anomolies if they occur are in- c 

vestigated and causes determined and reported. 

Radiochemical and chemical data from regional, perimeter, 
onsite, water supply, and miscellaneous study stations is re
ported in the annual environmental surveillance report (see Ap
pendix E). Hydrologic characteristics of supply wells, well 
fields, 9allery, and distribution are reported annually in the 
water supply tor Loa Alamos (see Appendix C). 

As an example, summary ot the annual surveillance report for 
1985 is found in Appendix M while a summary of the Water supply 

report is included as Appendix N. 
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Internal quality control checks on the radiochemical and 
chemical analyses are maintained by HSE-9 (Chemistry Group) . In
formal checks are maintained by HSE-8 Surveillance Operation Sec
tion by comparison of analytical results to previous results. If 
anomolies occur, they are investigating to determine the cause. 

In the same manner all hydrologic data received from Pan A~ 
World Services is informally reviewed and if anomolies occur, 
cause of anomaly is determined. 

The annual surveillance report is reviewed internally within 
the HSE-8 Group, HSE Division Office, and Department of Energy 
offices in Los Alamos and Albuquerque. 

The annual water supply report is reviewed internally by the 
group, the Division Office, the Laboratory Engineering Division 
Office,_ Pan Am World Services Engineering Section, and Los Ala~~s 
Department of Energy Engineering Section. 

The review of the annual surveillance and water suppiy re
ports provide internal quality control checks for the programs. 



Revision No. 0 
-~---

Revision Date II (' .~ '· 
Page 28 of 14 1 

12. PERFORMANCE AND AUDIT SYSTEMS 

Periodically, Department of Enerqy representatives provide 
onsite review of monitoring activities, quality assurance, and 
accountability related to the surveillance and water supply pro
grams. 

~ . .. 
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13. PREVZ!ft'ATIVE MAINTENANCE 

Revision No. _ _,.o~-
Revision Date II , , .. 
Page :9 of 141 

sampling procedures and equipment to be used are discussed, 
equipment evaluated, and additional supplies obtained prior to 

field work. Pumps on test wells are inspected and maintained by 

the Laboratory's ENG-4 Group. Pumps on supply wells and at 
booster stations are maintained by Pan Am World Services. Any 
anomaly of well performance or pumps on wells as determined by 
HSE-8 by evaluation of hydrologic data are discussed with Pan A~. 
The rehabilitation or repair, if necessary, will be scheduled, if 
possible, to~ period of low demand for water supply. 
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14. SPZCIPIC ROUTINE PROCEDURES USED TO ASSESS DATA PRECISION, 
ACCURACY, AND COMPLETENESS 

As discussed previously as to radiochemical and chemical 
analyses, quality control is maintained by HSE-9 (Chemistry 
Group). The sample locations are chosen by best available hydrc-: 
logic and geologic data to assess possible transport of contami
nants. Results of analyses are reviewed to evaluate transport 
and health effects if contaminants have moved and are present. 
The interpretation of the data is based on qeohydraulic condi
tions as well as past accumulation of data at each station. 

Thus the specific routine procedures used to access data 
precision, accuracy, and completeness is not a procedure dis
cussed in a formal since but is a built in informal evaluation 
that has been in use for years. 

. ...... _ .... 



15. CORRECTIVE ACTION 
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Corrective action may become necessary when unexplained 
anomalies occur in the radiochemical, chemical, or hydrologic 
data. The action may consist or resample and analyses of sam
ples, recalibration of airline or transducers or in the case of 
well failure examination of the casing with a down hole TV cam
era. 

As new radiochemical, chemical, or hydrologic data becomes 
available it may become necessary to relocate sampling stations 
to obtain the best possible data to evaluate the Laboratory's op
eration in relation to release, disposal, or storage of wastes . 

' 
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There are no formal Quality Assurance reports to management; 
however, informal reports in the form of the "Environmental 
Surveillance at Los Alamos" (ESG 1986) and "Water Supply at 
Los Alamos" (Purtymun 1986) are submitted annually. Other forms 
of informal reports, not necessary quality assurance, are memos 
and conferences with section leaders, qroup, and division person
nel or Pan Am personnel when problems do occur in general moni
toring and wata~ supply studies • 

. · 
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PHYSIOGRAPHIC SETTING OF THE LOS ALAMOS NATIONAL LABORATORY 

A. Geographic Setting 

Los Alamos National Laboratory and the associated residential areas ol 

Los .-\l:lmos and White Rock are located in Los Alamos County, nonh.:cntr::ll 

\'ew \-texico, approximately 100 km (60 mi) NNE of Albuque.rque and 40 km 125m:, 

\'W of Santa Fe (Fig. I). The Ill km2 (43 mi 2) Laboratory site and adjaccn r 

communities are situated on Pajarito Plateau. The plateau consists of a series of 

iinger-like mesas separated by deep east-west oriented canyons cut by intermittent 

streams (fig. 2). Mesa tops range in ele.vation from approximately 2400 m (7800 ft) on 

the flank of the Jemez Mountains to about 'uoo ni©(6200 ft) at their eastern 

rcrmin:1tion above the Rio Grande valley. 

All Los Alamos County and vicinity locations referenced in this report are 

identified by the Laboratory cartesian coordinate system, which is based upon L'S 

Customary units of measurement. This system is standard throughout the Laboraror:,. 

but is independent of the US Geological Survey and New Mexico State Surve:.: coord i

nate systems. The major coordinate markers shown on the maps are at 30~8 h:m 

I 10.000 ft) intervals. and, for the purpose of this report, locations are re._P.orted to the 
: '-:"~ 

nearest 0.30 km (1000 ft). The DOE controls the area within the Laboratory boundary 

and has the option to completely restrict access. This control can be instituted if nec

essary. 

B. Land Use 
' 

Most Laboratory land is used for building sites, test areas, waste disposal locJ

tions. roads, and utility rights-of-way (fig. 3). However, these account for only :1 

small fraction of the total land area. Most land provides isolation for security and 

s:tfety and is a reserve for future structure locations. The Long Range Site Develop

ment Plan assures adequate planning for the best possible future uses of available 

Laboratory lands. 

A·l 
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Limited access by the public is allowed in certain areas of the Laborator~ 

reservation. An area north of Ancho Canyon between the Rio Grande and State Road 

-l is open to hikers. rafters, and hunters, but woodcutting and vehicles are prohibited. 

Portions of Mortandad and Pueblo Canyons are also open to the public. An Jrch:lco

logic site (Otowi Tract) northwest of State Road 4 at the White Rock "Y" is open to 

the public subject to restrictions of cultural resource protection regulations. 

C. Geology-Hydrology 

Most of the finger-like mesas in the Laboratory area are formed in Bandelier 

Tuff (Fig. 4). Ashfall, ashfall pumice, and rhyolite tuff from the surface of Pajarito 

Plateau. The tuff ranges from nonwelded to welded and is in excess of 300 m ( !000 

ft) thick in the western part of Pajarito Plateau and thins to about 80 m (:260 ft) to

ward the east above the Rio Grande. It was deposited as a result of a major eruption 

of a volcano in the Jemez Mountains to the west about 1.1 to 1.4 million years ago. 

The tuffs lap onto older volcanics of the Tschicoma Formation, which form the 

Jemez Mountains along the western edge of the plateau. They are underlain by the 

conglomerate of the Puye Formation (Fig. 4) in the central and eastern edge along the 

Rio Grande. Chino Mesa basalts interfinger with the conglomerate along the ri' cr. 

These formations overlie the siltstone/sandstone Tesuque Formation (Fig. 4), which c.x

tends across the Rio Grande valley and is in excess of 1000 m (3300 ft) thick .. ,-~ 

Los Alamos area surface water is primarily in intermittent streams. Springs on 

flanks of the Jemez Mountains supply base flow into upper reaches of some canyons. 

but the amount is insufficient to maintain surface flows across the Laboratory site 

before it is depleted by evaporation, transpiration, and filtration. Runoff from he:1 \ y 

thunderstorms or heavy snowmelt reaches the Rio Grande several times a year. Efflu

ents from sanitary sewage, industrial waste treatment plants, and cooling tower blow

down are released to some canyons at rates sufficient to maintain surface flows for 

about 1.5 km (I mi). 

Groundwater occurs in three modes in the Los Alamos area: (I) water in shal

low alluvium in canyons, (2) perche~ water (a groundwater body above an imperme

able layer that is separated from an underlying main body of groundwater by an un

saturated zone), and (3) the main aquifer of the Los Alamos area (Fig. 4). 
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Intermittent stream flows in canyons of the Plateau have deposited alluvtum 

that r:1nges from less than 1 m (3 ft) to as much as 30 m ( 100 ft) in thickness. The 

lllu\ ium is quite permeable, in contrast to the underlying volcanic tuff and sediments_ 

fntermittent runoff in canyons infiltrates the alluvium until its downward movement 

is impeded by the less permeable tuff and volcanic sediment. This results in a shallow 

alluvial groundwater body that moves downgradient in ti:, .llluvium. As water in the 

::1lluvium moves downgradient, it is depleted by evapotranspiration and movement into 

underlying volcanics. 

Perched water occurs in a limited area about 40 m (120 ft) beneath the rnid

re::tch of Pueblo Canyon and in a second area about SO to 70 m ( 150 to :oo ft) beneath 

the surface in lower Pueblo and Los Alamos Canyons near their confluence. The sec

ond area is mainly in basalts (Fig. 5) and has one discharge point at Basalt Springs in 

Los Alamos Canyon. 

The main aquifer of the Los Alamos area is the only aquifer in the area capa

ble of serving as a municipal water supply. The surface of the aquifer rises westward 

from the Rio Grande within the Tesuque Formation into the lower part of the Puye 

Formation beneath the central and western part of the plateau. Depth to the aquifer 

decreases from 360 m (1200 ft) along the western margin of the plateau to about 180 

m (600 ft) at the eastern margin. The main aquifer is isolated from alluvial wltcr 

and perched water by about 110 to 190 m (350 to 620 ft) of dry tuff and.-'!,.olcanic sed

iments. Thus, there is no hydrologic connection or potential for recharge to the main 

::1quifer from alluvial or perched water. 

Water in the main aquifer is under water table conditions in the western and " 

central part of the Plateau and under artesian conditions in the eastern part and along 

the Rio Grande. The major recharge area to the main aquifer is from the intermoun- r -

t:lin basin of the Valles Caldera in the Jemez Mountains west of Los Alamos. The wa-

ter t:lble in the caldera is near land surface. The underlying lake sediment ::tnd \·ol-

c:lnics are highly permeable and recharge the aquifer throuah Tschicoma Formation 

interflow breccias (rock consistina of sharp fraaments embedded in a fine-grained m::t-

trix) and the Tesuque Formation. The Rio Grande receives around water discharge 

from springs fed by the main aquifer. The 18.4 km (11.5 mi) reach of the river in 
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White Rock Canyon between Otowi Bridge and t he ·6.8 x 103 m3 (4300 to 5500 lcre

fe:t) annually from the aquifer. 

D. Climatology 

Los Alamos has a semiarid. temperate mountain climate. Average, annual pre

cipitation is nearly 45 em (18 in.). Forty per cent of the annual precipitation occurs 

during July and August due to thundershowers. The rest of the precipitation is from 

winter storms moving through New Mexico. Winter precipitation falls primarily as 

snow, with accumulations of about 130 em (51 in.) annually. 

Summers are aeoerally s\HUly with moderately warm days and cool nights. 

Yfax.imum temperercs tU::C''USually below 32°C (90°F). Brief afternoon and evening 

thundershowers are common; especially in July and ~uaust. High altitude, light 

winds, clear skies, and dry atmosphere allow !ig.ltt temperatures to drop below 16°C 

(60°F) after even the warmest days. Winter tC~peratures typically range from about 

-9 to -4°C (15 to 25°F) during the night and from -1 to 10°C (30 to 50°F) during the 

day. Occasionally, temperatures drop to near -18°C (0°F) or below. Many winter days 

are clear with light winds, so strong sunshine can make conditions quite comfortlble 

even when air temperatures are cold. Snowstorms with accumulations exceeding l 0 

em ( 4 in.) are common in Los Alamos. 

-·~ .... 

F. Population Distribution 

Los Alamos County has an estimated 1985 population of approximately 19.:00 

(based on the 1980 census adjusted for 1985). Two residential and related commercial 

areas exist in the county (Fig. 3). The Los Alamos townsit"e, the original area of de

velopment (and now including residential areas known as the Eastern Area, and West

ern Area, North Community, Barranca Mesa, and North Mesa), has an estimated pop

ulation of 12,050. The White Rock area (including the residential areas of white 

Rock, La Senda, and Pajarito Acres) has about 7160 residents. About one-third o( 

those employed in Los Alamos commute from other counties. Population estimates for 

1985 place about 170,000 people within an 80 km (50 mi) radius of Los Alamos. 
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The Laboratory is administered by the University of California for the De

partment of Energy. The Laboratory's environmental program, conducted by the En

vironmental Surveillance Group, is part of a continuing investigation and documenta

tion program. 

Since its inception in 1943, the Laboratory's primary mission has been nuclear 

weapons and research and development. Programs include weapons development. 

magnetic and inertial fusion, nuclear fission, nuclear safeguards and security, and 

laser isotope separation. There is also basic research in the areas of physics, chem

istry, and engineering that support such programs. Research on peaceful uses of nu

clear energy has included space applications, power reactor programs, radiobiology, 

and medicine. Other programs include applied photochemistry, astrophysics, earth sci

ences, energy resources, nuclear fuel safeguards, lasers, computer sciences, solar en

ergy, geothermal energy, biomedical and environmental research, and nuclear waste 

management research. Table I summarizes activities at the Laboratory's 32 active 

Technical areas (T As). 

In August 1977, the Laboratory site, encompassing Ill km2 (43 mi 2), was dedi

c:ued as a National Environmental Research Park. The ultimate goal of programs as

sociated with this regional facility is to encourage environmental resea~~h that w i !I 

contribute understanding of how man can best live in balance with nature while en

joying the benefits of technology. Park resources are available to individuals and or

ganiz:1tions outside of the Laboratory to facilitate self-supported research on these 

subjects deemed compatible with the Laboratory programmatic mission. 

A Final Environmental Impact Statement that assesses potential cumulative en

vironmental impacts associated with current, known future, and continuing activities 

at the Laboratory was completed in 1979. The report provides environmental input 

for decisions regardina continuina activities at the Laboratory. It also provides de

tailed information on the environment of the Los Alamos area. 

Source: Environmental Surveillance at Los Alamos during 1985, Los Alamos 

National Laboratory report LA-10721-ENV ( 1986). 
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Table I 

DESCRIPTIO !'iS OF TECHNICAL AREAS AND THEIR ASSOCIATED PROGRAMS 

Locations of the 32 active technical areas (T A) 
operated by the Laboratory are shown in Fia. 4. The 
main proarams conducted at each are listed in this 
appendix. 

TA-2, Orrwr• Sit.: Omep West Reactor, an 8 
mqawatt nuclear research reactor, is located here. It 
serves as a research tool in providina a source of 
neutrons for fundamental studies in nuclear physics 
and associated fields. 

TA-J, So11tll Ma• Sit.: In this main technical 
area of the Laboratory is the Administration Buildina 
that contains the Director's office and administrative 
offices and laboratories for several divisions. Other 
buildinas house the Central Computina Facility, Ad· 
ministration offices. Materials Depanment, the sci· 
ence museum. Chemistry and Materials Science Lab
oratories, Physics Laboratories, technical shops, 
cryoaencis laboratories, a Van de Graaf accelerator, 
and cafeteria. 

TA-6, Two Mik M11• Sit1: This is one of three 
sites (TA-22 and T A-40 are the other two sites) used 
in development of special detonaton for initiation of 
hiah explosive systems. Fundamental and applied 
research in suppon of this activity includes investiaa· 
tion of phenomena associated with initiation of hiah 
explosives, and research in rapid shock-induced reac
tions with shock tubes. 

TA-l, GT Sit1 (or A11dor Sit• Wut): This is a 
nondestructive testina site operated as a service fa
cility for the entire Laboratory. It maintains capabil· 
ity in all modem nondestructive testina techniques 
for ensurina quality of material, ranaina from test 
weapon componeDts to checkina ofhiah pressure dies 
and molds. Principd tools include radioaraphic tech
niques (~·ray 1'DIICb'iDes to 1 million volts, a 24-MeV 
betatron). radiOKiive isotopes, ultrasonic testina, 
penetrant testina. and electromaanetic methods. 

TA-9, A11dor Sit1 Ear: At this site, fabrication 
feasibility and physical propenies of explosives are 
explored. New orpnic compounds are investipted 
for possible use as explosives. Storqe and stability 
problems are also studied. 

A·6 

TA·ll, K-Sit.: Facilities are located here for test
ina explosive components and systems under a 
variety of extreme physical environments. The facili· 
ties are arranaed so testina may be controlled and 
observed remotely, and so that devices contammg 
explosives or radioactive materials, as well as those 
containina nonhazardous materials, may be tested. 

TA.-U, Q·Sltc This firina site is used for runnmg 
various tests on relatively small explosive charges 
and for frqment impact tests. 

TA·lJ, •·Sit•: This is the home of 
PHERMEX-a multiple cavity electron accelerator 
capable of producina a very Jarae flux of x-rays for 
cenain weapons development problems and tests. 
This site is also used for the investiption of weapon 
fur.ctionina and weapon system behavior in non
nuclear tests. principally by electronic recordmg 
means. 

TA.-16, S·Sitc Investiptions at this site include 
development. enpneerina desian. pilot manufacture. 
environmental testina. and stockpile production 
liaison for nuclear weapon WJthead systems. Devel
opment and testina of hiah" explosives. plastics and 
adhesives, and process developmeru..j"r manufacture 
of items usina these and other matenals are ac
complished in extensive facilities. 

TA.-11, hi•rito l.Uorwtory Sitt: The fundamen
tal behavior of nuclear chain reactions with simple. 
low-power reacton called .. critical assemblies" 1s 
studied here. Experiments are operated by remote 
control and observed by closed circuit television. The 
machines are housed in buildinas known as "kivas" 
and are used primarily to provide a controlled means 
of assemblina a critical amount of fiss1onable 
materials. This is done to study the effects of vanous 
shapes, sizes. and c:onfiaurations. These machtnes are 
also used as source of fission neutrons in large quan
tities for experimental purposes. 

TA.-JJ, D'·Sitc This site has two primary re
search areas, DP West and DP East. DP West 1s 
concerned with chemistry research. DP East 1s the 
hi&h temperature chemistry and tntium site. 
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1 A-22, 1D Sit.: See T A-6. 
1A-28, Mt~~c:.i•• ArN "A": Explosives storqe 

area. 
1A-JJ, HP-Sit.: A major hiah-pressure tritium 

handlina facility is located here. Laboratory and of· 
fice space for Geosciences Division related to the Hot 
Dry Rock Geothermal Project are also here. 

1A-JS, 1•• Sit.: Nuclear safquards research and 
development, which is conducted here, is concerned 
with techniques for nondestructive detection, identi· 
fication, and analysis of fissionable isotopes. Re
search in reactor safety and laser fusion is also done 
here. 

1 A-36, K11pp11 Sit•: Various explosive 
phenomena, such as detonation velocity, are in
vestigated here. 

TA-37, Mt~~t~:iu _,.,. "C": Explosives storqe 
area. 

1.4-39, A~~elul C1111yo• Sit.: Nonnuclear weapon 
behavior is studied here, primarily by photoaraphic 
techniques. Investigations are also made into various 
phenomenoloaic::al aspectS of explosives, interaction 
of explosives, and explosions with other materials. 

1A·40, DF-Sit.: See T A-6. 
1A·41, W-Sitc Personnel at this site are enpaed 

primarily in enaineerina desian and development of 
nuclear components, includina fabrications and 
evaluation of test materials for weapons. 

1A·4J, Hwt• R~• Ldtlrwtory: The Biomect
ical Research Group docs research here in cellular 
radiobioloar, molecular radiobiolOI)', biophysics, 
mammalian radiobiolo~r. and mammalian 
metabolism. A lai'Je medical library, special counters 
used to measure radioactivity in humans and 
animals, and animal quaners for dop, mice and 
monkeys are also located in this buildiq. 

1 A-46, W .4·Sltc Here, applied photochemistry, 
which includes dnelopment of technolOI)' for laser 
isotope separaaioa, and laser-enhancement of chemi· 
cal processes, is investipted. Solar eneqy research, 
panicularly in tbe area of passive solar heatin1 for 
residences, is done. 

1.4-48, Rtulioclulftutry Site Laboratory scientists 
and technicians at this site study nuclear propenies of 
radioactive materials by usina analytical and physical 
chemistry. Measurements of radioactive substances 
are made and .. hot cells,. are used for remote han
dlina of radioactive materials. 

1.4-50, Wat1 M.,.,.., Sit.: Personnel at this 
site have responsib:lity for treatina and disposing of 
most industrial liquid waste received from Labora
tory technical areas, for development of improved 
methods of solid waste treatment, and for contain
ment of radioactivity removed by treatment. Radio
active liquid waste is piped to this site for treatment 
from many of the technical areas. 

1.4-51, .411MMJ E.vo,.,. F«illty: Here. animals 
are exposed to nonradioactive toxic materials to 
determine · bioloaic::al effects of hi&h and low ex
posures. 

1.4-52, lt~«tor Dnlltll"""t Sit.: A wide variety 
of activities related to nuclear reactor performance 
and safety are done here. 

1.4-53, Mat~• P•yJia F~~&ility: The Los Alamos 
Meson Physics Facility (LAMPF), a linear panicle 
accelerator, is used to conduct research in the areas of 
basic physics, cancer treatment, material studies, and 
isotope production. 

1.4·54, Watl DlqtMI.$itc This is a disposal 
area for solid radioactive and toxic wastes. 

1 .4·55, ,.,.;, Proeali•l ~Utia: Process
ina of plutonium and research in plutonium 
metallur"JY are done here. 

1.4-57, Fat011 HiU Site This is the location of the 
Laboratory's Hot Dry Rock aeothermal project. Here 
scientisu are studyina the possibility of producina 
eneqy by circulatiq water throu&h hot, dry rock 
located hundreds of meters below the earth•s surface. 
The water is heated and then brouaht to the surface to 
drive electric aenerators. 

1.4-SI, 1wt~ MU. Mac. Undeveloped technical 
area. 

1.4·51, Ckt:tqtltillul BaltA Sit.: Oc::cupational 
health and environmental science activities are con
ducted here. 
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Fig. I. Regional location at Los Alamos. 
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Fig. :. Topography of the Los Alamos area. 
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LIST OF GEOLOGIC, HYDROLOGIC, AND WASTE DISPOSAL REPORTS 

OF THE LOS ALAMOS AREA 

J. H. Abrahams, J. E. Weir, and W. D. Purtymun, "Distribution of Moisture in Soil and 

Near-Surface Tuff on the Pajarito Plateau, Los Alamos County, ~ew .\fexi..:o .. 

t:.S. Geol. Survey Prof. Paper 424-D, p. D 142 • D 145 ( 1961 ). 

J. H. Abrahams, E. H. Baltz, and W. D. Purtymun, "Movement of Perched Groundw:ltcr 

in Alluvium Near Los Alamos, New Mexico," U.S. Geol. Survey Prof. Paper 

450-B ( 1962). 

E. H. Baltz , J. H. Abrahams, and W. D. Purtymun, "Preliminary Report on the Geology 

and Hydrology of Mortandad Canyon Near Los Alamos, New Mexico. With 

Reference to Disposal of Liquid Low-level Radioactive Waste," U.S. Geol. Sur

vey open-file report ( 1962). 

\\'. D. Purtymun, "The Distribution of Moisture in the Soil and Underlying Tuff J t 

Technical Area 49, Frijoles Mesa, Los Alamos County, New Mexico," L'.S. Gcol. 

Survey open-file report ( 1962). 

1. E. Weir and W. D. Purtymun, "Geology and Hydrology of Technical Area 4~.,:.Frijoles 

Mesa, Los Alamos County, New Mexico," U.S. Geol. Survey open-file report 

( 1962). 

1. H. Abrahams, "Physical Properties and Movement of Water in the Bandelier Tuff. 

Los Alamos and Santa Fe Counties, New Mexico," U.S. Geol. Survey open-file 

report (1963). 

C. S. Conover, C. V. Theis, and R. L. Griggs, "Geology and Hydrology of the VJI!c 

Grande and Valle Toledo, Sandoval County, New Mexico," U.S. Geol. Sur\ c~ 

Water-Supply Paper 1619-Y (1963). 

F. C. Koopman and W. D. Purtymun, "Hydrologic Characteristics of the Tshircge \tcm

ber of the Bandelier Tuff with Reference to the Injection of Treated Low-lc\·cl 

Radioactive Liquids," U.S. Geol. Survey open-file report (1964). 
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DESCRIPTION AND LOCATION OF SURFACE AND GROUNDWATER 

SUR VEIL LANCE STATIONS 

I. St;RFACE AND GROUNDWATER 

A. Introduction 

Surface and groundwaters from regional, perimeter, and onsite stations :ue 

monitored to provide routine surveillance of Laboratory operations (Figs. 1 and :. 

Table I). If a sample from a particular station was not taken this year, it was bec::1use 

the station was dry or a water pump was broken. Concentrations of radionuclides in 

water samples are compared with concentration guides derived from DOE's RadiJtion 

Protection Standard (RPS) (Table II). Regional and perimeter stations are in Uncon

trolled Areas (RPS), while onsite stations arc within Controlled Areas occupationJl 

(RPSs). Concentration guides do not account for concentrating mechanisms that m::1y 

exist in environmental media. Consequently, other media such as sediments Jnd soils 

Jre also monitored (see discussion in subsequent sections). 

Routine chemical analyses of water samples arc done for ma·ny of the con

stituents. These analyses have been -done for a number of years and are an"'cxcellent 

screening tool to detect changes in the chemical quality of water from a single source. 

A subset of five of these chemical constituents is compared with drinking water st:ln· 

d:uds. 

II. REGIONAL STATIONS 

Reaioaal surface water samples were collected within 75 km (47 mi) of the 

L:l.bor:ltory rrem 6 stations on the Rio Grande, Rio Chama, and Jemez River (Fig. I). 

The six sampling stations were located at US Geological Survey Gaging Stations. 

These waters provided baseline data for radiochemical and chemical analyses in ::1re:1s 

beyond the Laboratory boundary. Stations on the Rio Grande were: Embudo, Otowi, 

Cochiti, and Bernalillo. The Rio Grande at Otowi, just east of Los Alamos, has :1 

drainage area of 37,040 km2 ( 14,300 mi2) in southern Colorado and northern New 

Mexico. Discharge for the period of record (1895-1905, 1909·1984) has ranged from ::1 
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mm1mum of 1.7 m3;sec (60 ft 3/sec) in 1902 to 691 m3;sec (24,400 ft3/sec) in 1920. 

The discharge for water year 1984 ranged from 9.7 m3 /sec (340 ft 3 /sec) on October :-:

to 277m3/sec (9770 ft3/sec) on May 17 (USGS 1985). 

The Rio Chama is tributary to the Rio Grande north of Los Alamos (Fig. 1 ). 
"' At Chamita on the Rio Chama, the drainage area above the station is 8143 km- (31-n 

... 
mi"") in northern New Mexico and a small part in southern Colorado. Since 197!, some 

flow has resulted from transmountain diversion water from the San Juan DrainJ.ge. 

Flow at the gage is governed by release from several reservoirs. Discharge at ChamitJ. 

during water year 1984 ranged from 0.99 m3;sec (35 ft 3;sec) in July to 137 m3/sec 

(4840 ft 3 /sec) in June. 

The station at Jemez on the Jemez River drains an area of the Jemez Moun

tains west of Los Alamos. The drainage area is small, about 1220 km2 ( 4 71 m i: ). 

During the water year 1984, the discharge ranged from 0.31 m3/sec ( 11 ft3/sec) in De

cember to 10 m3 ;sec (350 ft 3;sec) in April. The river is tributary to the Rio Grande 

below Los Alamos. 

Surface waters from the Rio Grande, Rio Chama, and Jemez River are used for 

irrigation of crops in the river valley both upstream and d~wnstream from Los 

Alamos. Water from these rivers is part of recreational areas on state. and fedcrJ.l 

lands. 
. ..-. .... 

III. PERIMETER STATIONS 

Perimeter stations within 4 km of Los Alamos included surface water stations 

at Los Alamos Reservoir, Guaje Canyon, and Frijoles Canyon and three springs sta· 

tions (La Mesita, Indian, and Sacred Springs). Other perimeter stations were in White 

Rock Canyon alona the Rio Grande just east of the Laboratory. Included in this 

group were stations at 22 sprinas. 3 streams, and a sanitary effluent rele:lSe (Fig. 3 

and Table I). 

Los Alamos Reservoir in upper Los Alamos Canyon on the flanks of the moun

tains, west of Los Alamos, has a capacity of 51 x 103 m3 (41 acre·ft) and a drainage 

area of 16.6 km2 (6.4 mi2) above the intake. The reservoir is used for storage :tnd 

recreation. Water flows by gravity through about 10.2 km (6.4 mi) of water lines for 
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irrigation of lawns and shrubs at the Laboratory's Health Research Building, the Los 

Alamos High School, and University of New Mexico's Los Alamos Branch. 

The station in Guaje Canyon is below Guaje Reservoir. Guaje Reservoir in 

upper Guaje Canyon has a capacity of 0.9 x 103 m3 (0.7 acre-ft) and a drainage area 

above the intake of about 14.5 km2 (5.6 mi2). The reservoir is used for diversion 

r:uher than storage as flow in the canyon is maintained by perennial springs. Water 

flows by gravity through 9.0 km (5.6 mi) of water lines for irrigation of lawns and 

shrubs at Los Alamos Middle School and Guaje Pines Cemetery. The stream and 

reservoir are also used for recreation. 

The waterlines from Guaje and Los Alamos Reservoirs are not a part of the 

municipal or industrial water supply at Los Alamos. They are owned by DOE and op

erated by Zia Company. Diversion for irrigation is usually from May through Octo

ber. 

Surface flow in Frijoles Canyon was sampled at Bandelier National Park 

Headquarters. Flow in the canyon is from spring discharge in the upper reach of the 

canyon. The discharge decreases as it crosses Pajarito Plateau because of seepage and 

evapotranspiration losses. The drainage area above the Park Headquarters is about ~5 

km2 ( 17 mi2) (Purtymun 1980A). 

La Mesita Springs is east of the Rio Grande, while. Indian and Sacr.e:dSprings 

are west of the river in lower Los Alamos Canyon. The springs discharge from faults 

in the siltstones and sandstones of the Tesuque Formation and form small seep areas. 

total discharge at each spring is probably less than 1 L/sec (0.25 gal/sec). 

Perimeter stations in White Rock Canyon are composed of four groups of 

springs. T._ spriDIS discharac from the main aquifer. Three groups (Group I, II, and 

III) have silliiiar aquifer-related chemical quality. Water from these springs is p:ut of 

the main aqtifer beneath the Pajarito Plateau (Purtymun 1980B). Chemical quality of 

Spring 3B (Group IV) reflects local conditions in the aquifer discharging through a 

f:1ult in volcanics. 
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Part of the heavy runoff in the Rio Grande· in 1985 was stored in Cochiti 

Reservoir. In September, when the springs were sampled, six springs were below the 

reservoir level. 

Three streams that flow to the Rio Grande were also sampled. Streams in Pl· 

jarito and Ancho Canyons are fed from Group I springs. The stream in Frijoles 

Canyori at the Rio Grande is fed by a spring on the flanks of the mountains west of 

Pajari to Plateau and flows through Bandelier National Monument to the Rio Grande. 

Treated sanitary effluent from the community of White Rock was also sampled 

in Mortandad Canyon at its confluence with the Rio Grande. The perimeter springs, 

streams, and sanitary effluents, as well as the Rio Grande, are not sources of munici

pal water supply downstream from Los Alamos. 

IV. ONSITE STATIONS 

Onsite sampling stations are grouped according to those that are not located in 

effluent release areas (noneffluent release areas) and those that are located in :HeJs 

receiving or that have received treated industrial effluents (Fig. 2, Table 1). 

A. Onsite Noneffluent Release Areas 

Onsite noneffluent sampling stations consist of five deep test wells, three sur

face water sources, and three new, shallow observation wells. The five deep test wells 

are completed into the main aquifer. 

Test Wells 1 and 2 are in the lower and midreach of Pueblo Canyon. Depths ro 

the top of the main aquifer are 181 to 231 m (594 and 758 ft), respectively. Test Well 

3 is in the midreach of Los Alamos Canyon with a depth of 228 m (748 ft) to the top 

of the main aquifer. These wells are in canyons that have received (Pueblo Canyon) 

or are now receiving (Los Alamos Canyon) industrial effluents. Test Wells DT-5A and 

DT-10 are at the southern edge of the Laboratory. Depths to the top of the main 

aquifer are 359 and 332 m (1180 and 1090 ft), respectively. Test Well 8 is in rhe 

midreach of Mortandad Canyon, an area that receives industrial effluents. The top of 

the aquifer lies at about 295 m (968 ft). These test wells are constructed to seal out 
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all water above the main aquifer. The wells monitor any possible effect that the Lab· 

oratory's operations may have on water quality int he main aquifer. 

Surface water samples were collected in Canada del Suey and Pajarito and Wa

ter canyons below technical areas to monitor releases of cooling water and/or sanit:try · 

effluents. Surface water in these canyons also includes runoff from snowmelt and 

seasonal precipitation. 

Three shallow observation wells were drilled in 1985 and cased through the 

alluvium (thickness about 4 m ( 12 ft) in Pajarito Canyon (Fig. 2 and Table I). Water 

in the alluvium is perched on the underlying tuff and is recharged through storm 

runoff. The observation wells were constructed to determine if technical areas in the 

canyon or adjacent mesas were affecting the quality of shallow groundwater. 

Groundwaters from test wells and surface water sources were not a source of 

municipal, industrial, or irrigation supply. 

B. Onsite Effluent Release Areas 

Onsite effluent release areas are canyons that receive or have received tre:Hed 

industrial or sanitary effluents. These are DP-Los Alamos, Sandia~ and Mort::tndad 

c::tnyons. Also included is Acid-PueQlo Canyon, which is a former release area- for in-.... 
dustrial effluents. Acid-Pueblo Canyon received untreated and treated ind·ustrial ef-

fluents that contained residual amounts of radioactivity from 1944 to 1964. The 

canyon also receives treated sanitary effluents from the Los Alamos County treatment 

plants in the upper and middle reaches of Pueblo Canyon. Sanitary effluents form 

some perennial flow in the canyon but do not reach State Road 4 (ESG 198.1 ). 

W:uer occurs seasonally in the alluvium dependent on the volume of surface 

flow from sanitary effluents and storm runoff. Three observation wells in the allu

vium of Pueblo Canyon were not used as part of the monitoring network because they 

were dry most of the year. Hamilton Bend Springs discharges from alluvium in the 

lower reach of Pueblo Canyon and is dry part of the year. The primary sampling sta· 

tions are surface water stations at Acid Weir, Pueblo 1, Pueblo 2, and Pueblo 3. Other 

sampling stations are Test Well T-2A [drilled to a depth of 40.5 m (133 ft)], which 
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penetrates the alluvium and Bandelier Tuff and is completed into the Puye Conglom

erate). Aquifer tests indicated the perched aquifer is of limited extent. Water level 

measurements over a period of time indicate the perched aquifer is hydrologically 

connected to the stream in Pueblo Canyon. 

Perched water in the basaltic rocks occurs in Test Well lA in Lower Pueblo 

Canyon and Basalt Springs east in lower Los Alamos Canyon. Recharge to the perched 

aquifer in the basalt occurs ncar Hamilton Bend Springs and is mainly sanitary efflu

ents from the Bayo Treatment Plant near Hamilton Bend Springs. Travel time from 

the recharge area near Hamilton Bend Spring to Test Well lA is estimated to be 1 to : 

months and another 2 to 3 months to Basalt Springs. 

DP-Los Alamos Canyon receives treated industrial ~ffluents that contain some 

radionuclides and some sanitary effluents from treatment plants at TA-21. Industrial 

effluents have been released into the canyon since 1952. In the upper reaches of Los 

Alamos Canyon (above Station lao·l), there are occasional releases of cooling water 

from the research reactor at TA-2. On the flanks of the mountains, Los Alamos 

Reservoir impounds runoff form snowmelt and rainfall. Stream flow from this im

poundment into the canyon is intermittent, dependent on precipitation to ca~.~.tc runoff 

to reach the Laboratory boundary at State Road 4. Infiltration of effluents and natu· 

ral runoff maintains a shallow body of water in the alluvium of Los Alamos Canyon. c. 

Water levels are highest in late spring from snowmelt runoff and late summer from 

thundershowers. Water levels decline durin& the winter and early summer as natural 

storm runoff is at a minimum. Sampling stations consist of two surface water stations 

in DP Canyon and six observations wells completed into alluvium (about 6 m (:0 ft) 

thick] in Los Alamos Canyon (Table 1). 

Sandia Canyon has a small drainage area that heads on Pajarito Plateau in T A· 

3. The canyon receives cooling tower blowdown from the T A-3 power plant and some 

treated sanitary effluents from TA-3 facilities. Effluents from a sanitary treatment 

plant form a perennial stream in a short reach of the upper canyon. Only during 

heavy summer thundershowers in the drainage area does stream flow reach the La bo

ra tory boundary at State Road 4. Two monitoring holes in the lower canyon just west 

of State Road 4 indicated no perched water in the alluvium in this area. There arc 
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three surface water sampling stations in the reach of the canyon that cont::~.in peren-. 
nil! flow (Table I). 

Mortandld Canyon has a small drainage area that heads on the western edge of 

Pajarito Plateau. Industrial liquid wastes containing radionuclides are collected and 

processed at the Industrial Waste Treatment Plant at TA-50. After treatment rh::lt 

removes most of the radioactivity, the effluents are released into Mortandad Canyon. 

Release of effluents from TA·SO and wastes of the Laboratory. Velocity of wJter 

movement in the perched aquifer ranges from 18 m/day (59 ft/day) in the upper 

reach to about 2 m/day (7 ft/day) in the lower reach (Purtymun 1974c, 1983a). The 

top of the main aquifer is about 290 m (9SO ft) below the perched aquifer. Hy

drologic studies in the canyon began in 1960. Since that time, there has been no sur

face flow beyond the Laboratory boundary from the small drainage area of the 

canyon and thick sections of unsaturated alluvium. Monitorina stations rn the canyon 

are one surface water station (Gaaing Station 1, GS·l) attd six observation wells com· 

pleted into the shallow alluvial aquifer. The wells in the lower reach of the canyon 

are dry. 

surface flows in Acid-Pueblo and DP·Los Alamos canyons re~ch the. Rio 

Grande only durina sprina snowmelt or heavy summer thunderstorms~: There has been 

no surface runoff to Laboratory ·boundaries recorded in Mortandad C~~on since 

1960, when hydroloaic observations beaan. 

Y. WATER SUPPLY AND DISTRIBUTION 

The main aquifer is the only aquifer in the area capable of municipal and in· 

dustrial water supply. Water for the Laboratory and community is supplied from 16 

deep weiW"l well fields and 1 aallery. The well fields are on Pajarito Plateau :1nd 

in canyo4,;,.ur of the Laboratory (fia. 3). The sallery is west of the Laboratory on 

the flanks ""if the mouatains. Locations of supply wells and sallery are found in T::~.ble 
I. Production from the wells and aallery for 1985 was 6.1 x 109 L (1.6 x 109 gal). 

The Los Alamos well field is composed of five producint wells and one 

standby well. 
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Well LA-6 is on standby status, to be used only in case of emergency. Water 

from Well LA-6 contains excessive amounts of natural arsenic (up to 0.:00 mg; L) that 

cannot be reduced to acceptable limits by mixing in the distribution system (Purtymun 

19ii). Wells in the field range in depth from 265 to 600 m (869 to 2000 ft). \-1ove

ment of water in the upper 411 m (1350 ft) of the main aquifer in this area is eJst

ward at about 6 m/yr (20 ft/yr) (Purtymun 1984). 

The Guaje well field is composed of seven producing wells. Wells in the field 

range indepth from 463 to 610 m (1530 to 2000 ft). Movement of water in the upper 

430 m (1410 ft) of the aquifer is southeastward at about 11 m/yr (36 ft/yr) (Purtymun 

1984). 

The Pajarito well field is composed of five wells,of which four were producing 

in 1985. Well PM-5, a new well, has not been placed in service at this time. Wells 

range in depth from 701 to 942 m (2300 to 3090 ft). Movement of water in the upper 

535 m ( 1750 ft) of the aquifer is eastward at 29 m/yr (85 ft/yr). 

B. Gallery 

The Water Canyon gallery ccillec:ts spring disc:harae from a percfffd water zone 

in the volcanics on the flanks of the mountains west of Los Alamos and Pajariro 

Plateau (Fia. 3). The canyon supplies a small but important part of the production 

with use of very little eneray. 

c. Qjstribution ' 

All water comprisina the municipal and industrial supply is pumped from 

wells, piped throuah transmission lines.and lifted by booster pumps into reservoirs for 

distribution to the community and Laboratory. Water from the gallery flows by grav

ity through a microfilter station and is pumped into one of the reservoirs for distrtbu

tion. All supply water is chlorinated prior to enterina the distribution system. 

Water in the distribution systems was sampled at five community and laborJ· 

tory locations (fire stations), Bandelier National monument, and Fenton Hill (Fig. 3 
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and Table I}. Tltough federal and state standards require analyses every 3 years. the 

Laboratory performs the analyses on an annual basis (Table III). 

REFERENCES 

DOE 1986: Department of Energy, "DOE-Derived Concentration Guides for Drinking 

Water and Breathing Air Contaminated with Radionuc1ides by Members of the Public 

[sic]," attachment to memorandum from R. J. Stern, Director, Office of EnvironmentJ.I 

Guidance, U.S. Department of Energy (February 28, 1986). 

ESG 1981: Environmental Surveillance Group, "Radiological Survey of the Site of J. 

Former Radioactive Liquid Waste Treatment plant (TA·4S) and the Effluent Receiv

ing Areas of Acid, Pueblo, and Los alamos Canyons, Los Alamos, New Mexico, Final 

Report," Los Alamos National Laboratory report LA·8890·ENV /US Department of En

ergy report DOE/EV ·OOOS/30 (May 1981). 

EPA 1976: Environmental Protection Aaency, "National Interim Primary Drinking 

Water Regulations," US Environmental Protection Aaency report EPA-570/9-70-003 

(1976) and 40 CFR 141. 

EPA 1979: Environmental Protection Aaency, "National Secondary ,.Drinking Water 

Regulations," Federal Reaister 44(1~) (July 19, 1979). 

EPA 1980: Environmental Protection Aaency, "Part 261-·Identification and Listing of 

Hazardous Waste. Table l··Maximum Concentration of Contaminants for Characteris· 

tics of EP Toxicity,• Federal Reaister 45:33122 (May 19, 1980). 

Purtymun 1974: W. D. Purtymun, "Dispersion and Movement of Tritium in a Shallow 

Aquifer i'~rtandad Canyon," Los Alamos Scientific Laboratory report LA-5716-MS 

(Septem~l1-i) . 
. 

Purtymun 1977: W. D. Purtymun. "Hydroloaic Characteristics of the Los Alamos Well 

Field with Reference to the Occurrence of Arsenic in Well LA-6; Los Alamos Scien· 

tific La bora tory report LA· 70 12-MS ( 1977). 

Purtymun 1980A: W. D. Purtymun and H. Adams, "Geohydroloay of Bandelier na

tional Monument," Los Alamos Scientific Laboratory report LA·8461·MS (July 1980). 

F-9 



Revision No._~o.__ __ _ 
Revision Oa te l l · , · 
Page 66 of 141 

Purtymun 1980B:_ W. D. Purtymun, R. J. Peters, and J. W. Owens, "Geohydrology at 

White Rock Canyon of the Rio Grande from Otowi to Frijoles Canyon," Los Al:lmos 

Scientific Laboratory report LA-8635-MS (December 1980). 

Purtymun 1984: W. D. Purtymun, "Hydrologic Characteristics of the Main Aquifer in 

the Los Alamos Area: Development of Ground Water Supplies," Los Alamos ::\ation:J.l 

Laboratory report LA-9957-MS (January 1984). 

CSGS 1985: U.S. Geological Survey, "Water Resource Data for New Mexico Water ye:J.r 

1984," U.S. Geological Survey water data report NM-84·1 (1985). 

_ ... 

F-10 



Revision ~o. _ _.:O.__ __ _ 
Revision Date ll 0; .,,. 
Page 67 of 141 

Fig. 1. Regional surface water, sediment, and soil sampling locations. 
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Fig. 2. Surface and groundwater sampling locations on or near the Laboratory site. 
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Table I. Location of Surface and Groundwater Sampling Stations 

J..adftiM Lrl!lllcae 
• • 

N-5 1-W Mal' 
sea.- c ........ c ....... 0. ......... T%2!• 

.,._..s.-.wa~~r 
Rio Chama at Cbamita 36-clS' 106-cl7' sw 
Rio Gtucle at Embudo J6•ll' 105.51' SW 
Rio Grande at Otowi 35.52' 106-ol' sw 
Rio Grande at Cochiti 35.37' 106.19' sw 
Rio Grande at BeruliUo 35.17' 106.36' SW 
Jemez River 35.40' 106 .... ' sw 

,....._SC.dr• 
Los AJamosllaervoir NlOS W090 1 SW 
GuajeCuyoa NJOO . ElOO I sw 
Frijoles SliO EliO 9 SW 
La Mesita Spriq NOlO ES50 10 GWD 
SamdSpriq N170 ~ 11 GWD 
I.Ddiul Spriq N140 530 ll GWD 

W\ite lock c.,. 
G...., I 
SudiaSpriq 5030 E410 13, SWR 
Spriq3 5110 E450 ~·~ SWR 
Spnq3A SilO E..,.S IS SWR 
Spriq3M 5140 E...O 16 SWR 
Spriq4 5170 EllO 11 SWR 
Spriq4A 5150 E39S II SWR 
Spriq5 SllO E390 19 SWR 
SpriqSAA Sl..O E360 20 SWR 
ADcbo Spnq 5210 ElOS · ll SW'It 

GNQD 
SpnqSA 5230 E390 ll SWR 
Spriq6 SJQO E330 23 SWR 
Spriq6A 5310 EltO 24 ·SWR 
Spriq7 5330 El95 25 SWR 
Spriql 5335 Ell5 26 SWR 
Sprma SA 5315. EliO 27 SWR 
Spriq9 5270 £210 . 21 SWR. 
Spriq9A 53~ El65 29 SW'Il 
DoeSpriq 5320 El50 30 SW'Il 
Spriq 10 5370 EllO 31 SWJt 

:~.Regional surface water sampling locations in Fig. 1, Perimeter, White Rock C:~.nyon. 
Onsite. and Effluent Release Area sampling locations in Fig. 2, water supply and dis-
tribution. Fig. 3. 

bsw =surface water. GWD • deep or main aquifer, GWS • shallow or alluvial :~.quifer. 
SWR • spring at White Rock Canyon, and D • water supply distribution system. 

(, 
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Table I (cont) 

LadftMie l.alllitwlt ... .. 
N..S E-W Ma' 

Scatloll Caordiutt CoeNiutt D!!tpadolr' Type• 

~loctCuyoa 
G...., Ill 
5priDI1 NO.O E520 32 SWR 
Spriq2 NOl.S ESO.S 33 SWR 

G,..,rv 
5priD&lB Sl.SO E465 SWR 

sen... 
Pajanto 5180 E410 35 SWR 
AAcho 5295 EJ.tO 36 SWR 
FrijoJes 5365 E235 37 SWR 

SuJeary EftiiiHI 
Morwadad 5070 E410 38 SWR 

O....ScadoM 
Tell WeU 1 N070 E34S 39 GWD 
Tell WeU 2 Nl20 E150 40 GWD 
Tell Well 3 NOSO £215 41 GWD 
Test Well DT·SA 5110 E090 42 GWD 
Test Well I N03S £170 43 GWD 
Test WeU DT-9 5155 E140 .. GWO 
Test WeU DT-10 5120 E125 45 GWO 
CaUda del Buey NOlO E150 46 SW 
Pajarito 5060 E21S 41 sw 
Wa~er Canyon at Beta S090 E090 ... SW 

..,.,... Caayoa (0..) 
PCO.l 5054 Elll 102 GWS 
PC0-2 5081 El.SS 103 GWS 
PC0-3 5091 El93 104 GWS 

Ul .. t ....... A.-
Aa.&·,_... C.,.. 

Acid Weir NUS E070 49 5W 
Pueblo I N130 £080 so SW 
Pueblo 2 NllO ElSS 51 SW 
Pueblo 3 NOIS EllS 52 5W 
Hamilton Bead 5priap NllO El50 53 5 
TestWeU lA N070 EllS 54 GWS 
Test WeU lA Nl20 El40 ss GWS 
Bualt5priq 

' "' 
N065 E39S S6 5 
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Table I (cont) 

I.adftllle , ........ 
• • N..S Z.W~ 1 Ma, 

StadM c ......... c~ P::!rdW T~ 

DP·IM Aleen Cu,.a 
DPS-1 N090 E160 S1 SW 
OPS-4 NOlO ElOO ,. sw 
LAO.C NOI5 £070 S9 GWS 
LAO. I NOlO E120 60 GWS 
LA0-2 NOlO EllO 61 GWS 
LA0-3 NOlO mo 62 GWS 
LA0-4 N070 El45 63 GWS 

t. LA0-4.5 N065 El70 64 GWS 

Sullacu,.. r ·.~~ 
~ ' 

SCS.l NOlO E040 65 SW t•. 
SCS.l N060 E140 66 sw 
SCS.3 N0 50 EllS 67 sw t~ ~.' 

M...-.c..,_ 
OS. I N040 EIOO 61 SW 
MC0-3 N040 EllO 69 GWS 
Mc:o-4 N035 El50 70 GWS 
MC0.5 NOlO !160 71 GWS 
MC0-6 NOlO !175 72 GWS 
MC0.7 N025 !110 73 QWS 
MC0.1.5 NOlO !190 .. ,.. GWS 
MCO-I 

w ... ...., ... ~ 
IMAie rrW.Uf'lllll 

WeUU·II Nll5 alO 76 GWD 
WeUU·l Nll5 !505 77 GWD 
WeUU·l NllO !490 71 GWD ·~ . 

WeQU... N010 !405 19 GWD 
Wtii.A-5 N07' !435 80 GWD 
Wtlt.A-6 NI05 £465 81 GWD 

~ ....... 
WeUG-1 N190 DIS 12 GWD 
WeUG-IA Nl97 . !310 13 OWD 
WeiJG-2 N~ El65 14 GWD 
WeUO-l N215 !350 .• ., GWD 
WeUG-4 N213 !315 16 GWD 
WeUG-5 Nlll El95 17 GWD 
WeUG-6 N215 El10 .. OWD 
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Table I (cont) 

Ladft!U t ...... 

• • N-5 J:.W Ma, 
Scadoll CooNJMce CooNillace O.ipadW Tm• 

hJarito WtU FleW 
WeUPM-1 NOlO EJOS 19 GWD 
WeU PM·2 S055 E202 90 GWD 
WeU PM-3 NO.O E255 91 GWD 
WeUPM~ SOlO E205 92 GWD 
WeUPM-5 NOU E1" 93 GWD 
Water Canyoa Gallery 5040 W125 ~ GWD 
f"Jte StatiOD 1 NOlO EOU 95 0 
Fire StatiOD 2 N100 E120 96 0 
f"Jte StatiOD 3 SOlS E375 97 0 
Fire StatiOD .. Nll5 E070 91 0 
Fire Statioll 5 SOlO W065 99 0 
Balldelier Natioul MoDumeul Head.quanen 5270 E190 100 0 
Featoll Hill (T A-57) 35.53' 106·.t0' 101 0 
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Table II. DOE's Derived Concentration Guides (DCG) for Uncontrolled Are:1s 
and Concentration Guides (CG) for Controlled Areas (jJ.Ci/mL)3 

(Radiation Protection Standards) 

DCC. fer CGsf• 
u ... crou.~ .v.u c ......... .u.s 

N.:JWt Air Warer AJr Warer 

,H 1 x ur' 2 X to-J 5 X 10""4 l X 10""1 

'Be 5X lo-' l X to-J I X 10""4 5 x 10-z 
"Sr 3 X to-10 2 X to-5 3 X to-' 3 X 10..,. 
tas~ 9 X to-11 I X 10""4 I X to-' I X to-' 
mcs • x to-•• 3 X 10""4 1 X lo-' 4XI~ 
u.u 9 X to-•• 5 X to-1 I X to-10 lXI~ 
usu 1 x to-u 6X ur' 1 x ur•• I XI~ 
ueu 1 X to-U 6 X to-7 7 X to-11 2 X to-5 

UIP\a 3 x to-•• 4X to-7 2 X to-11 I X IQ""4 
Utpu• 2 X to-•• 3 X to-7 2 X to-11 lXI~ :-,. 2 x to-•• 3 X to-7 2 X to-11 I X IQ""4 
UIAm 2 x to-•• 6 X to-' 6 X to- 12 lXI~ 

(PI/ml) (mlfl) (PI/ml) (ml/2) 

U. natunt I X t<r' 8 X to-1 2 X llr' 6x to•• 

aGuides for uncontrolled areas are based upon DOE's Radiation Protection. Standard 
(RPS) for the general public (DOE 1986); those for controlled areas are based upon o..:
cup:ltional RPSs from DOE Order 5480.1, Chapter XI. Guides apply to concentrations 
in excess of that occurring naturalty or due to fallout. , ... 

bGuides for 239Pu and 90sr are the most appropriate to use for gross alpha and gross 
beta. respectively. 

cone curie of natural uranium is equivalent to 3000 kg of natural uranium. There
fore. uranium ~~sses may be converted to DOE's "uranium special curie" by multiply
ing by 3.3 x 10· ,.,.Ci/pg. 
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Contamiaaat 

Arsenic 
Banum 
Cadmium 
Chrom1um 
Lead 
Mercury 
Selenium 
Silver 

-source: Reference A9. 

A3. U.S. Department of Enei'JY, "Radiation Stan
dards for the Protection of the Public in the 
Vic1n1ty of DOE Facilities," memorandum from 
William A. Vau&han. Assistant Secretary for 
Environment. Safety, and Health, U.S. Depart
ment of Enei'JY (Auaust S, 1985). 

A4. t:.S. Environmental Protection Aaency, ''Na
uonal Emtssion Standard for Radionuclide 
Em1ssions from Department of Enei'JY Facili
ues," Code ofFederal ReauJations. Title 40. Part 
61, Subpart H ( l98S). 

. 4.S. U.S. Department of EnerJY, ''DOE-Derived 
Concentration Ouicles for Drinkiftl Water and 
Breathlftl Air Contaminated with Radio
nuclides by Memben of the Public [sic)." attach· 
ment to memorandum from R. J. Stem. Direc· 
tor. Office of Environmental Guidance. U.S. 
Department ofEneraY (february 28, 1986). 

J-5 

Criteria 
Coaceanao. 

(!1!1/2) 

s.o 
100.0 

1.0 
1.0 
s.o 
0.2 
1.0 
s.o 

A6. Federal Radiation Council. "Background ~ate
nal for the Development of Radiauon Protec
tion Standards." Federal Radiauon Protecuon 
Council report No. I ( 1960). 

A7. US Environmental Protection Aaency. "~a
tiona! Interim Primary Dnnkina Water Regula
tions," US Environmental Proiecuon Agency 
report EPA-570/9-70.003 (1976) and 40 CFR 
141. 

AI. US Environmental Protection Aaency, "N'a
tional SecoDdary Orinkiftl Water Reaulauons ... 
Federal Repster 44( 140) (July 19, 1979). 

A9. Environmental Protection Aaency. ··Part 
261-ldentification and listina of hazardous 
wute. Table 1-Maximum concentrauon of 
contaminants for charac:tensuc:s of EP tox1c1 ty ... 
Federal Repster 45: 33122 (May 19. I980). 
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I...,...UC OenUcaJ 
C oncaminanr 

MCL 
(1111/f) 

MCL 
Q+Ci/llli) 

A& 
As 
Ba 
Cd 
Cr 
p 

Prt_,Stuard 

0.05 'l'Cs 200X 10~ 
ISX 10~ 
20X 10-. 
ISX 10~ 
ISX 10~ 

Ha 
N03 
Pb 
Se 

0.05 
1.0 
0.010 
0.05 
2.0 
0.002 

45 
0.05 
0.01 

Gross alpba11 

lH 
lliPu 

lltpu 

SecoMary SCudaNs 

C2 
Cu 
Fe 
Mn 
so. 
Zn 
TOS 
pH 

'Source: References A 7 and AI. 

250 
1.0 
0.3 
0.05 

250 
5.0 

500 
6.5. 8.5 

"See text for discu111on of application of lfOSS alpha MCL and 1'011 alpba screeninalevel of 
5 X I o-t ~~oCi/mf. . 
•Based on &DDual averqe of the muimum daily air temperature of 14.6 to 17.7•c. 

..:" ..... 

Radioactivity in drinkina water is reauJated by 
EPA rqulauons conwned in 40 CFR. 141."' These 
rqulauons provide th~t combined Z»Ra and uaRa 
may not exceed S x 1 o-' J.'Ci/mf. Orou alpha ac
uvity (inc:ludina u.Ra. but excludinc radon and 
uranium) may not exceed 1' X lo-' J.'Ci/mf. A 
scree nina l~ af S x 1 o-' J.'Ci/mf is established to 
detenn1ne wt1en analysis specificaUy for radium 
1sotopes 1s ..._ry. In this repon. plutonium con
centrations are compared with the JI'OIS alpha stan· 
dard for dnnkin1 water (Table A·l). For manmade 
beta and photon emutin1 radionuc:lides. drinkin1 
water concentrations are hmited to concentrations 
that would result tn doses not exceediDI 4 mrem/yr, 
calculated ac:c:ordina to a spec:ttied procedure. 

The EPA"9 established msntmum concentrations 
of cenain contaminants 1n a water extract from 
wastes for destanauon of these wastes as hazardous 

by reason of toxicity. The Extraction Procedure (EP) 
must follow StepS outlined by EPA in 40 CFR :61. 
Appendix II. In this repon. the EP toxicity min1mum 
concentrations (Table A-4) are used to compare to 
concentrations ot selected constituents in extracts 
from the Laboratory's active waste areas. 

UFEilENCES 

AI. U.S. Department of Enef'IY, "Committed Dose 
Equivalent Tables for U.S. Oepanment of 
EneriY Population Dose Calculations ... 
prepared by J.P. Corley, Ed. for the U.S. Depart
ment ofEnei'IY (draft. 1985). 

A2. International Commission on RadiologJcal 
Protec:Uon, .. Repon of the Task Group on Refer· 
enc:e Man," ICRP Publication 23 ( 1975). 
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APPE:'IIDIX J 

ST ANDA.R.DS FOR ENVIRONMENTAL CONTAMINANTS 

Throuahout this report. concentrations of radioac
tive and chem1cal contamuwns in au and water 
samples are compared Wlth pertinent standards and 
guidelines in reaulations of federal and state qenc:ies. 
Comparable standards for soils. sediments. and food
stuffs are not avallable. Yboratory operations are 
conducted in accordance with directives and 
procedures reprclina compliance with environmen
tal standards. These directives are contained in DOE 
Order S480.1A (Environmental Protection. Safeey, 
and Health Protection Proaram for DOE Operations) 
Chapter XI ( Requiremenu for Radiation Protec
tion); DOE Order S484.1 (Environmental Radiation 
Protection. Safety, and Health ProtectioD Informa
tion Reponina Requiremenu), Chapter Ill (Eftluent 
and Environmental Monitorina Protram Require
ments); and DOE Order S480.4 (Environmental 
Protection. Safety, and Health Protection Standards). 
All of these DOE orden are in the process of beiq 
revised. and. althoup draft orden bave been 
prepared. they have not been finaJized. 

The DOE resulates radiation exposure to the pub
lic and the worker by limitina tbe radiatioD dose that 
can be received. Because some radionuclides remain 
in the body and result in exposure lODI after intake, 
DOE requires consideratioD of the dole commitment 
caused by inhalatioD. iqestioD. or abior1Jtion of such 
radionuclides. This iDvolves intepatiq tbe dole re
ceived from l'ldionuclicles over a staDdarcl period of 
time. For this repon. SO-year dole commiunenu 
were calculated usiq dose f'Kun from Reference 
A 1. The dose factors adopcecl by DOE are baed on 
the recommendations of Publication lO of tbe Inter· 
nauonal Commiaioe OD Radio&op:al Protection 
(ICRP).~ ThOll ~acton usecl in this repon are 
presented in APIIIIIdix 0. 

In 198S. DOE adol*d interim limiu that lowered 
its Radiation ProtectioD Standard (RPS) for mem
ben of the aenera.t public, in acconiaace with EPA 
reaulations outlined in 40 CfR. 61. u.-. Table A·llisu 
currently applicable RPSs for operations al the Labo
ratory. Concentrations of radionuclides that are 

measured at onsite stations are compared with 
DOE's Concentration Guides (CGs) for ControUeii 
Areas as listed in Chapter XI. DOE Order 5480.1 
(Table A-2). Offsite measurements are compared 
with DOE's Derived Concentration Guides ( DCGs) 
for U neon trolled Areas. based upon a revtsed RPS 
for the aenera.l public of 100 mrem/yr effecu ve dose 
equivalent. .u These DCG1 represent the smallest esu
macecl concentrations in wa~eror au. taken in con
tinuously for a period of SO yean. that Wlil result tn 
annual effective dose equivalenu equal to the RPS of 
100 mrem. The new RPSs and the information 1n 
Reference Al are based on recommendations of the 
ICRP. the recommendations of EPA's 40 CFR 61. 
and the National Commission on Radiation Protec
tion and Measurements (NCRP). ALAJ.M 

The DCG for airbome radioactivity is the concen
tration that. ifinbaled continuously. will result in an 
eft'ective dose equivalent equal to the DOE's RPS of 
100 mremtyear for all pathways. .u The effecu ve dose 
equivalent is the hypothetical whole body dose that 
would mull in the same risk of radiatton-tnduced 
cancer or aenetic disorder as a Jiven exposure. The 
effective dose is the sum of the indivtdual orpn 
doses. weiabtecl to account for the senJitivtty of each 
orpn to radiation-incluced damqe. The wetahtlng 
!acton are lakeD from the recommendations of the 
ICRP. The eft'ective dose equivalent includes dose 
fiom both intemal ancl external exposure. 

For CKb radionuclide, the DCG was calculated by 

IXG • RPS/(BR · IXF) ' 

wbere, RPS • 0.1 rem/year. the DOE Radiation 
Prolection Standarcl. .u 

J-1 

BR • 8.400 X 10' mf/year. the breath1n1 
~le for the standard man . ..u and 

DCF •the dose convenion factor pvina the 
effecuve dose tn rem/IJ.Ci tnhaled. "' 1 
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-------~ ·--
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De~at!ICGIII......,., IMO IMO IMO "" , ... "'. 19~ ~ 
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,.,., __ 
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0...11 ...... LS%) ''" 
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Yo- L.twel I'IIICI-....... IMO.JM! l~ltl2 I~ I"' r· 
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_, -J ~ 
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;; . 
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Drl-'llff'll 10 •o •• 
s.J'oc ~~· ID~~Lf'll 2 2l 16 
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Cllc!IIICII fill&,, 
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,. 
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"'• II ll II J~ .. '9 

co, ' 0 0 0 

MCO, 22 .. II II• I!! 

so. <I 2 I 
Cl l I ) ;·1 

I,_:, 

F 0.2 <0.2 O.J 0.1 ,; . 
... o, 1.1 u <01 09 
TOS n 112 12• 1'0 :! ~ 

"- II JS 12 100 IOC· 

s-tlc .... -- , ....... , to ISO uo 2CID ... . ' 
'" u ... u I I ~ 6 . ...._.. 
r_.,_,...,.l o.o.u UaO.I o.laU 1.1. 0. 2l • 0 ~ 

T-I"Pl ., ,., ., •• ae 

'"- ........ 
IV._ ......... ,_....,_.,,.. .. 
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Pljlt'ito Field 

PM· I PN·2 P'l.f ~ P\f 4 , .. , . 
Dttt of C omplcuon 196.5 1965 1966 19!1 l Q~: 

b>·tuon of L.SO rru 6S20 6715 6640 6;:o ·o~~ 

Cons~t~~c:uon 

Dcprn drilled 1 1\ l 2501 2600 2~!= 29~0 :::o 
Dept !I compittiHI 1 fll 2499 2300 23!2 21"! )09) 

Diameter 1'" )II 12 14 14 16 16 

W aetr LA'·cls 
Oa:r 1912 1912 1982 196: JQ~: 

0tpr11 belo" L.SO (rtJ 741 174 76~ ~~- I.J!' 

Ell\ tuon ~ fo 5772 .5141 ,.~. !~":! !@~-

W 11er Level Fluctuauon• 
Pmod 1yr1 196!·191Z 1966-1912 196!·1912 1911·1912 
Chan1r 1f:1 -2 .... -19 
4nnyal rate 1fl')'rJ ~.1 -.2.1 -l.l .. 6' 

4QIIIftr 
Format•on QTp·Tsf OT~Tsf QTp·Tsf QTo-Tsf o:~ '!"\:· 
Sat~.trattd lll•c:llncu 1ftl 17~ I 1426 1190 II::' 1e~: 

Y•cld 
Oatr 1912 1912 19!: 19&: ~-~= 
lhtt 1101'1'11 519 1316 1•0: 14 -~ ! :: ~ 

·Dra•do•·n 1f11 22 60 23 •o , .. 
SCJec•lic capac:rty lapm'ftl 26.1 23.1 60.9 36@ ~ . 
Transm•n•vuy (II'CI· ftl !5000 40 000 320 000 44 000 10 000 
F 111d ,ocm, .. m af llm'lltatnhty ~aJ:Id:f't: J ]I ll P9 ;4 ~ ~ 

Prodyc!lon , ........ 
Pr~•Od 1) r1 196.5·1912 1966-1912 1961·1912 19@2 
P~.tmpaJC (Jot aal.) 1.593 .5163 3471 ~6 

Q~.tatit~ oi W atlf 
Daet J-11·11 J-11-11 3·18·11 I· HI ~ J ~: 

Cllcm•cal 1ma ll 
s.o2 " II II •• @A 
Ca 21 I 2~ 9 IJ 

MJ 6.9 J.J u 3 4 

""• II 10 II II :J 

co! 0 0 0 0 0 
HCOJ 1 .. ., 141 10 '~ so. ' J 

., • 10 
Cl 4 ' 10 2 4 

F O.J o.J o .• 0.3 0 J 
NOl l.O <0.1 I. I 2 8 
TOS 212 1.0 216 16! 2! J 

Hard tO J6 90 36 ~= 
SDeCJriC con411.:tlllcc t11m11o1 260 llO 250 120 190 
pH 1.0 7.1 1.3 1.2 12 

-~· Total uraNum 4111' l) Uto.l 0.0 t 0.1 10 t 01 0.1 t 0.1 21 1 c ~ 
T lmJII'Illlrt ~ 'Fl 11 " 

11 69 "J 

aweu wu ,......, ... 111 1956; daa.., ...... ill 1M ........ ,......._~ It ia leclll4 
ISO ft SW o( well 1.A II. 
0Wells "•" niiO dlft'INIII ........., ... fJI CUIIII: i.a.. 12 (650ft) 10 rwa: ll·ta . ._., 10 650ft. dMII 
IO·tft. cllii'MIIr to complluli ...,. otwell. 

Nou: QTII • Pvye Caqlollllrm; T~ • r....- , ___ 
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CO!IISTJlUcnON ANI) HYDROLOCiiC DATA FOR 1'UT AND STOCK WELLS 

T• WtUs 

N'· I 1"W·2 TW·! 'N-4 TVo ~A 

Date of Complruon 1950 ,,., ,,.9 1950 1960 

r--' 
Eie¥auCIII fli LSD (ft) 6310 ... , 662! 7l•! 1 I•! 

Consuucvon 
~ dnllrd It'll .. 2 719 II! 120! 1121 

DetM COIIIpjNG (ft) .. 2 119 II! uo~ 18:1 
Dtamner (Ill.) I I 10 6 I 

V.' 1111 levels 
Date 19SI 1951 If 51 19!1 1964 

Dtllth bllo• 1.50 en) 593 760 1!0 1166 ~~-~ 

EliW~ (ft) !713 Sll! 517! 6019 596" 

V.'atrd.t\fl Fluct~nons f'' ',· 
Penod 196().196• ~ ,' 

~ 

ChiiiJtS 1ft) .... II:· 

Annual tilt (ft!yr 1 ~· 
Aqu1ftr 

Formauons QTp QTp QTp Tt QTtl Tsf 

S11ura1td IIUeanns lfll ., 29 6.5 39 ~J 

l'ltld 
Date 1951 1951 19! I 1951 1960 

Rate lll'!!'l' 2.• 6.1 6.6 2.1 .. , 
Ora.,Cio•·n lfll 319 u 1!.0 u I• : 

S~~~Calic c:~lt) (Jpm'ftl <0.1 1.0 0.! 0.6 ~ . 
Tranllftllll¥'11) (llld'ftl 200. ,., 1100 1!0 .• II 000 

Fltiel c:otn'w:~~m of ..,_Uil&l) (Dd.'ft1) • z•• 120 19 
.. ,. 

Qualll\ of Water 
Date 2·21-11 9·1'7·11 3·ll·ll 6-1·6! 9·16 II 

Chtlftlcal ("" ll 
StO: •• " .. .. 
c. ., ll ,, 10 @ ... 1.1 3.1 6.0 ! :.~ 

Na 12 9 ll 20 II 

co, 0 0 0 0 0 r• 

HCOs 121 '79 10. '70 6! 

so. 3 3 3 I 

Cl 1 3 • l 2 

F o.• 0.5 o .• <O• 0: 

NOt l .• 6.2 ••• o .• 39 
TDS 220 uo ... 163 12• 
Hardnett Ill 51 .. ., Jl 
SlltCifiC CGMuaUce (lllllilo) 320 150 ItO uo 120 
pH 1.0 1.0 7.9 7.9 7.9 

JlaGIOCIIttftiCal 

T 0111 llt-UIII \Ill ,, 6.1 * 1.2 0.1 * 0.1 0.1 * 0.1 0.5 * 0.! 00 z 0 8 

T """""IIUrt ( • F) '70 71 ,. 10 70 
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c""••ue~-
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""-~ 
0...11-UD(ftl 211 .lOS HZ .164 )16 ., lU 

a..-'"' ,.,, HIO llOl ,,. !144 lllO lll2 
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,., ..... 1,,, 

"" 1 .. % 
.. ,.1 .. % 19511 .. 2 "'l·"n "" I"Z "" 1"2 

I'Noltnz 

c~.,..'"' -ll 
_., -9) _., -2t ~I -1 

4-.1 ••• "''''' 
-U -1.4 -2.t -U -49 -il -44 --forl'ft.M- Ttl Trl Trl T!l( T!l( Trl Tsf 

S..w- lllca- (Ill 17ll ll14 ~~· lUI ll44 1)., q•z 

y ..... 
o ... 1M2 ltU IHZ 1 .. 2 IHZ 1911 rqsz 
,. ... , ...... 1 )I) 505 41t ll9 

,., l22 111 

Dr••-1111 1., 4l 41 Ill .. : 15 II 

Spec.roc •-•' 1111111/111 " 12.0 10.1 2.1 I l "' ) l 

r, ... - •••• , 111111t1u llCIII II ODD u CliO 7500 " 5110 12 000 6)00 

CDOIY'oc- of,., ....... , (11111/ftl) 7.0 t.l ., 
'J II J I 1 • 1 

l'rndiOCI-
PPfN'ld 1~rt lt50 I .. Z lt54 1 .. 1 ltSII'IIZ 1951 1 .. 1 "" 1 .. % 

I'll rqn I 'I' l 10112 
, .... _. I 100 ,.,, 2JI6 2tll 2504 2014 1201 27,4 tV.. I 

c:;.jr ~ ... 

Gl Gl4 Gl Gl G4 G l a• -------- -----
Quoho• nl •otor -· nooe 221110 2 2- 110 2 21 110 2 2- 110 2 21 10 -· 2 2t ~ l l4 110 

( ~ ....... 1""''' 
~.oz lfl ,. ,. ,. lZ .... "' I" a 10 ~ • 12 14 " ~~ .... 0~ Ol Btl I l 2' .11 I • 

"'• 2J 2ft ,,. II ,. II ll 
rn, 0 0 0 0 (I 0 0 
IIC0 0 M 1%4 lUi .. .. .. •• sn, • • 4 4 
(I l 2 l 2 2 
F 05 05 01 OJ 02 02 0 2 
N0 1 2 I 2 I It u 2' H I I 
rn~ 112 1.14 222 144 150 lfll 1"0 
Herd""l M .10 z• Jll .. ~· !• 

~,_.r .. ,_,811C, ~~~-· IJO 20D 2110 .100 160 1.'0 200 
pH . ) .. • 5 I J 12 • 2 .. 
·~· T1u4f "''""'"' lullll I 0• 0.1 0"1•01 "'•01 o•. 0.1 I 0 • 01 0 •• Ill 24-01 

To"'""'"'"" '. Fl 711 .. IS u " Tl IJ 
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CONST11UCT10N "NO M\'DIIOl.OOIC D"T" P'o. WUU IN LOS "LAWOI. 
GU.Uf~ 4NO I'.UAAITO Fill OS 

u.. ... ._,. ... 

LA 1• LA II LA2 LA J LA 4 LA 5 LA ( 
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Ellw- ttl UD 1111 "l' ,.. 
56!0 5610 '"' !140 l'70! 

c--
""""'~lftl 1001 %2!6 111 "0 ' JOlt lOI• ~lO 
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Co ' 7 10 ... I o• 02 n2 0.2 02 ~! 
~. • 2! !0 .10 10 10 '" co, 0 n 0 0 0 0 n ( 
HC"O, "' )10 116 .. 1111 140 210 
~o, 10 J1 I] ' l ! .. 
Cl II " II l 2 2 '0 
F u l! I Z 05 o• o• ·~ "ffJ II 2..1 u H 2ft 2 ·' ! ' T,.. ,,. 

I"' 112 '10 1 .. • •• 
H ...... 22 Ill 141 z• z• 1fl I I 
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APPENDIX I 

DESCRIPTION AND LOCATION OF SUPPLY WELLS AND TEST WELLS CO\t

PLETED INTO THE MAIN AQUIFER 

Location of wells completed into the main aquifer are shown on Figure l-1. 

H~ drologic characteristics of the main aquifer are shown in Figures I-2 through I-6. 

Chemical characteristics are shown on Figures I-7 and I-8. Proposed location for addi

tional supply wells are shown on Figure 1-9. Construction and hydrologic data for 

wells in the Los Alamos, Guaje, and Pajarito Well Fields is presented on Table I-I. 

The construction and hydrologic data for the test and stock wells is shown on Table 

I-II while hydrologic data for springs that discharge from the main aquifer in \Vhite 

Rock Canyon are shown on Table I-III. 

These figures and tables are taken from the report "Hydrologic Characteristics 

of the .\1ain Aquifer in the Los Alamos Area, Development of Ground Water Sup

plies" (LA-9957-MS). 
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Fig. 3. Surface water gaging station in Area G (TA-54) and sediment sampling stl· 
tions adjacent to Area G. 
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Fig. 2. Locations of surface runoff sampling stations at State Road 4 (SR--n 
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Fig. I. Special regional sediment sampling locations. 
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Minimum Concentrations of Inorganic Contaminants for Meeting EPA's Extraction 
Procedure Toxicity Characteristic for Hazardous Waste 

Contaminant 

Anenic 
Banum 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

Criteria 
Coac:eacradoa 

(milO 

s.o 
100.0 

1.0 
1.0 
s.o 
0.2 
1.0 
s.o 

Source: Environmental Protection Agency, 
"Part 261-·ldentification and listing of 
hazardous waste. Table 1--Maximum con· 
centration of contaminants for character· 
istics of EP toxicity," Federal Register 
45:33122 (May 19, 1980). 
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\" TRA~SPORT OF CHEMICALS IN SEDIMENTS FROM AREAS G A:--:D l 

Inorganic chemicals also have an affinity to attach to sediment or soil and are 

also subject to transport in storm runoff. The main chemical disposal and storage is 

at Area L. on the mesa at T A·54 about I km west of Area G. 

Stations at Area G were sampled {4,5,6 combined and sampled as one--a road 

culvert) with one station added in Canada del Buey in the channel about 300 m below 

Area L (Fig. 3). All surface runoff from Area L is in Canada del Buey. Sediment 

samples are analyzed for a number of inorganics (Table l). Eight constituents ha \ e 

limits set for EP toxic concentrations, while the remaining five constituents and pH 

h:1ve no limits but were analyzed as the others. 

. .. 
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HI. TRA~SPORT OF RADIONUCLIDES IN SURFACE RUN OFF 

The major transport of radionuclides from canyons have been recei \ ed or Jrc 

now rc.:eiving treated low-level radioactive effluents is by surface runoff (solution 

J.nd sediments). Radionuclides in the effluents become adsorbed or attached to sedi· 

ment particles in the stream channels. Concentration of radioactivity in the lllu\ ium 

is highest near the effluent outfall and decreases in concentration downgradient in 

the canyon as the sediments and radionuclides are transported and dispersed by other 

industrial effluents, sanitary effluents, and surface runoff. 

Surface runoff occurs in two modes. Spring snowmelt runoff occurs O\·er :1 

long period of time (days) at a low discharge rate and sediment load. Summer runoff 

from thunderstorms occurs over a short period of time (hours) at a high discharge rJte 

Jnd sediment load. 

Samples of runoff were collected and analyzed for radionuclides in solution 

and suspended sediments. Radioactivity in solution is defined as the filtrate passing 

through a 0.45 ~ pore-size filter, whereas radioactivity in suspended sediments is de· 

fined as the residue on the filter. The solution was analyzed for 238Pu, 239
•
240 Pu. 1nd 

L'. and suspended sediments were analyzed for 238Pu and 239•240Pu. 

Samples of snowmelt and summer runoff were collected in Los Alamos Canyon 

at State Road 4 (SR·4) and at the R.lo Grande. Also sampled at SR·4 were P.~oteblo and 

Gunje canyons, which are tributary to Los Alamos Canyon. Samples were also col· 

lccted at Pajarito and Water canyons at SR·4 and on the Rio Grande above Otowi 

t Fig. :.). 

IV. RADIONUCLIDE TRANSPORT IN SEDIMENTS AND RUNOFF AT AREA G 

Radionuclides transported by surface runoff have an affinity for attachment 

to sediment particles by ion exchange or adsorption. Thus, radionuclides in surface 

runoff tend to concentrate on sediments in stream channels. Nine sampling stations 

were established in 1982 outside the perimeter fence at Area G to monitor any possi· 

ble transport of radionuclides by storm runoff (fig. 3). These stations are sampled 

annually. Area G is a storage and disposal area for solid radioactive wastes. 
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DESCRIPTION AND LOCATION OF MISCELLANEOUS 

SURVEILLANCE STATIONS 

I. r:--.:TRODUCTION 

Special Sampling stations are used to evaluate the certain aspects of the L:tbo· 

rJtory effect on the environment. This special sampling includes collection of reser· 

'oir sediments upstream and downstream from Los Alamos. 

Ocher factors evaluated are transport of radionuclides in summer or snowmelt 

runoff in disposal area and monitoring the possible transport of radionuclides :tnd 

chemicals from radioactive and chemical solid waste disposal areas. 

II. SEDIMENTS IN REGIONAL RESERVOIRS 

The reservoir s~diments were collected from- Heron, El Vado, and Abiquiu 

Resen·oirs on the Rio Chama. Drainage occurs along the Continental Divide in south· 

ern Colorado and northern New Mexico, northwest of Los Alamos. Sediments wer;: 

slmplcd from Cochiti Reservoir, which is on the Rio Grande, below the conflucn-:;; 

with Rio Chama, and south of Los Alamos (Fig. 1). 

Three samples were taken from each reservoir. Sediments were cofitcted in the 

upper, middle, and lower (near dam) parts of the reservoirs. A boat and Eckm:tn 

dredge were used to collect bottom samples to a depth of about 6 em (: in.). Samples 

were collected in water depths ranging from 6 to 20 m (0 to 65 ft). The sedimen rs 

.:onsisted of fine-grained silts, clays, and some organic material (there were consider· > 

ably more organic materials in sediments from Cochiti Reservoir than from the other 

reservoirs). The samples were analyzed only for 231Pu and 23~· 240Pu. Analyses for pi u· 

conium were performed in 1 kg (2 lb) samples (100 times the usual m:tss used for :tnJI· 

yses) of reservoir sediments. These large samples increase the sensitivity of the pluto· 

nium analyses, which is necessary to effectively evaluate background plutonium .:on· 

centrations in f:tllout from atmospheric nuclear tests. 

H·l 
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Table II (cont) 

Ladhlde 01' Loqitllde or Map 
Stadoa N-5Coonl £.-WCoonl DesipadoaA 

MortalldM Ca.ayoa 
Monandad near CMR N060 E036 39 
Morundad west of GS.1 N045 E095 40 
Monandad at GS.1 N040 E10S 41 
Monandad at MC0-5 N035 E1SS 42 
Monandad at MCO-7 N02S E190 43 
Monandad at MC0-9 N030 EllS 44 
Monandad at MC0-13 NO IS E2SO 45 

RetiouJSoila 
Rio Chama at Chamita 36.0.5' 106"07' 

Embudo 36.12' to.s·sa' 
Otowi 3s•s2' 106"08' 
Near Santa Cruz 3s·s9' 1os·s4' w\ ' 
Cochiti 35.37' 106.19' l~' ' 

Bernalillo 3.5.17' 106.36' L 
Jemez 3.5·40' 106.44' 

~:'\' 

Perimeter S.U. 
Sportsman's Club N240 E21.S S1 
North Mesa Nl34 El68 52 
TA-8 N060 W01S 53 
TA-49 5165 EO IS S4 
White Rock (east) NOSI E218 SS. 
Tsanuwi NOlO E310 56 

O.iteS.U. .,kA-.. 

TA-21 N09S E140 S7 
East ofT A-.53 NOS I E218 58 
TA-SO N03S E09S S9 
Two Mile Mesa N02S E030 SIO 
East ofTA-S4 5080 E29S S11 
R-Site Road East 5042 El03 Si2 
Portillo Drive 506.5 El9S S13. "· 

5-Site SOlS W02S Sl4 
Near Tat Well DT-9 51 SO El40 SIS f", 

Nt~tTA-33 S24S E22.5 Sl6 

.lSoil sampling locations in Figs. 1 and 2, sediment sampling locations in Fig. I ::1nd ~ 
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Table II 

Locations of Soil and Sediment Sampling Stations 

Ladftldeor I.Aqir.Hor Map 
Stadoe N..SCoonl E-WCoord Desipadoa• 

lllloul S.U...tl 
Cbamita 36"05' 106"07' 
Embudo 36"12' 105"58' 
Otowi 35"52' 106"08' 
Sandia 5060 E490 
Pajarito 5185 E410 
ADdlo 5305 E33.5 
Frijoles 5375 E23.5 
Cochiti 3.5"37' 106"19' 
BenWillo 3.5"17' 106"36' 
Jemez River 35"40' 106.44' 

Ptrt..ter S.U..atl 
Guaje at 5R-4 Nl3.5 E480 12 
Bayoat 5R-4 NlOO E45.5 13 
Sandia at 5R-4 N02.5 EllS 14 
Monandad at SR-4 5030 - EJSO 1.5 
Cdada del Buey at SR-4 5090 El60 16 
Pajarito at SR-4 5105 E320 17 
Potrillo at SR-4 5145 E29S 18 
Water at SR-4 5170 E260 19 
ADdlo at SR-4 S2SS E2SO 20 
Frijoles at National Monument Hadquanen 5280 EI8S 21 

Em .. t ........ Ana s.u-u 
Adlil ........ Caayoa 

Acid Weir Nl25 E070 "22 
Pueblo 1 Nl30 E08S 23 
Pueblo 2 Nl20 El4S 24 
Hamilton Bead Spriq N10.5 E25.5 25 
Pueblo 3 N090 E31.5 26 
Pueblo at SR-4 N070 ElSO 21 

DP·lAI.U...Caa,_ 
OPS-1 N090 El60 28 
0~ N07S E205 29 
Los Allmolat Bridie N09S E020 30 
Los Allmolat LAO-I NOlO El20 31 
Los Ah=Giat GS.I N07S E200 32 
Los Allmalat LA0-3 N07S E21S 33 
Los Alamos at lA()..4.5 N06S E270 34 
Los Alamos at SR-4 N06.5 E35.5 3S 
Los Alamos at Totavi N06S E40S 36 
Los Alamos at LA·2 Nl25 E510 37 
Los Alamos at Otowi NlOO ES60 38 

G·5 



Revision :\o. 0 _.....__ __ _ 
Revision Dare I 1 

.....-....---~-
Page 79 of !~I 

Table I 

Background or Control Levels for Comparison of Radiochemical 
Results for Environmental Surveillance Analyses 

1+21 

Soil 
,.,res pCI/g !.18 
•Pu pCi/g 0.005 
ZII.Mpu pCi/g 0.038 
lOSt pCi/g O.A 
Total u Jl,g/g 3.5 
Gross Gamma countstmin/g e.e 
Tritium 10""4J&Ci/mf 7.1 

Sedlrneftta ......... 

'uca pCi/g 0.52 
Zllpu pCi{g 0.002 
•.J.apu pCi{g 0.011 
"Sr pCI{g 1.15 
Total U l'g/g ,_. 
Grots Gamma countt/min/g 1.1 

G-4 
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Onsite soil samples were collected from 10 stations within the LaborJtory 

boundaries. Onsite sediment samples were collected from 21 stations within liquid ef

l'lucnr release areas (Table II, Figs. 2 and 3). 

Sediment samples from stations in Acid-Pueblo, DP-Los Alamos. and \1orrJndad 

.:::~nyons have radionuclide concentrations· above background levels. These cJnyons 

h:n e received or are now receiving treated industrial effluents containing trJ.:::: 

:tmounrs of radioactivity. 

Acid-Pueblo Canyon received effluents from about 1944 through 1964. The 

nujor radionuclide released in treated effluents inito Acid-Pueblo Canyon wJs 
239,240Pu. 

DP-Los Alamos and Mortandad canyons are now receiving treated industrial 

effluents. Major radionuclides above background levels collected from DP-Los Alamos 

Canyon Are 137Cs, 231Pu, 23i·
240Pu, iaSr, total uranium 3H and gross gamma. The 

I:J.rgest concentrations occur in DP Canyon, which received effluent, and below th;; 

junction of DP Canyon into Los Alamos Canyon. Concentrations decreased from the 

outfJil downgradient in the canyon. 

There were seven sediment stations in Mortandad Canyon. All shows some rJ· .. ~ ... 
dioaccive contamination. Major contaminants in sediments were 238Pu a.nd 239 ·~ 40 Pu. 
All contamination in Mortandad Canyon was within the Laboratory boundary as there 

has been no surface flow to the boundary since the first release of effluents into the 

can yon in 1963. 

In the canyons that receive or have received treated radioactive wastes, concen

tra cions decrease downgradient in the canyon. Radionuclides are adsorbed or a cra.:hed 

to sediment particles in the canyon stream channels (Purtymun 1971, 1974a). This rc· 

duces the amount of radionuclides available to be in solution. Radionuclide concen

trJtiOns are generally highest near the points of effluent discharge and dccre:1sc 

downstream as sediments and radionuclides are dispersed by surface runoff. 
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DESCRIPTION AND LOCATION OF SOIL AND SEDIME~T 

SURVEILLANCE STATIONS 

I. BACKGROUND LEVELS OF RADIOACTIVITY IN SOIL AND SEDI~1E:'-:TS 

Routine samples collected and analyzed for radionuclides from Regional StJ

tions from 1978 through 1985 (Purtymun 1986c) were used to establish background 

le' els of 137Cs, 238Pu, 23g•240Pu, 90Sr, total U, 3H, and gross gamma radioacti' i ty 1 n 

soils and sediments (Table I). Average concentrations plus twice the standard de' t:t

tion (x + 2s) were used to establish the upper limits of the background concentr:ltions. 

The number of analyses used to establish background ranged from 115 (90Sr) to ~0 

1 
13 iCsJ for soils and 9 (90Sr) to 30 (137Cs, 238Pu, and 239•240Pu) for sediments. Samples 

were collected from five regional soil stations and four regional sediment stations. 

Loc::t tion of soil and sediment sampling stations are found in Table II. 

II. REGIONAL SOILS AND SEDIMENTS 

Regional soil and sediment samples were collected in the same general loc:ltlons 

::~s the regional water samples (Figs. 1, 2 and 3). Additional regional sediment samples 

were collected from the Rio Grande and tributary streams entering the Rio Grande 

!'rom Otowi Bridge to Cochiti Reservoir (Fig. 3). The locations are listed in . ..Table If. 

Soil samples were collected for seven stations and analyzed for six types of radioacti'

ity. Sediments were collected from 15 regional sediment stations and analyzed for 5 

c:. pes of radioactivity. 

Ill. PERIMETER SOILS AND SEDIMENTS 

Six perimeter soil stations were sampled within 4 km (2.5 mi) of the LaborJ

cory. ~inc sediment stations near the Laboratory's boundary and on intermittent 

streams that cross Pajarito Plateau were sampled. Perimeter soil and sediment sam

pling stations are listed in Table I and Figs. 2 and 3). 
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AI 
AI .. 
as 
Cr 
p 
Ha 
NO, 
Pb 
Se 

Cl 
Cu 
Fe 
MD 
so. 
ZD 
TDS 
pH 
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Table IIL Maximum Contaminant Level (MCL) in Water Supply 
for Inorganic Chemicals and Radiochemicals3 

MCL 
(slf) 

.,..., StaMan1 

0.05 
0.05 
1.0 
0.010 
0.05 . 
2.0 
0.002 

.. 5 
0.05 
0.01 

250 
l.O 
0.3 
0.05 

250 
5.0 

500 
6.5-I.S 

.... ..., ..... 
c-.·•·•• 

MCL 
WCI/af) 

200 X 10"" 
ux 10"" 
lOX 10""' 
l5 X 10"" 
l5 X Ia-" 

_.,.o! .... 

3 Source: References EPA 1976 and EPA 1979. 

bsec text for d~scussion of application of gross alpha MCL and gross alpha screening 
level of 5 x 10· 1o4Ci/mL. 

ceased on annual average of the maximum daily air temperature of 14.6 to 17. 7°C. 

F·19 
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APPENDIX K 

A~AL YTICAL CHEMISTRY METHODOLOGY 

l~TROOl:CTIO~ 

All analytical chemistry is provided by Group 
HSE-9. 

A. Radioactive Constituents 

Environmental samples are routinely analyzed for 
the followtna radioactive consutuents: aross alpha. 
aross beta.. aross pmma. isotoptc plutonium, 
americium, uranium, cesium. tnuum, and stron
tium. The detailed procedures have been published 
in this appendix in previous years. CL.o Occasionally 
other rad1onuchdes from specific sources are de
termined: 'Be. uNa, .,K. ''Cr. *~Co, "Zn, 13Rb. 101Ru, 
':MCs. ·~ "lEu. ,,.Eu. and mRa. All but mRa are 
determined by pmma-ray spectrometry on larp 
Ge(Li) detecton. Oependina upon the concentration 
and matnx. u•Ra is measured by emanation° or by 
aamma-ray spectrometry of its lt•ai decay produc:t. ca 
L'ranium isotopic rauos (mU;2l1U) are measured by 
neutron activauon analysis where precisions of ±5.,. 
are adequate. c' More prectse work requ1res mass 
spectrometry. 

B. Stable Consdtuenu 

A number of analytical methods are used for vari
ous stable Isotopes. The choice of method is based on 
many critena. indudina the operational state of the 
Instruments. ume limitations. expected concenua
uons in samples. quanuty of sample available. sam
ple matnx. and Environmental Protection A&ency 
( EP.o\) reaulauons. 

Instrumental techniques available include neutron 
acuvauon. atomsc absorpuon. ion chromatoaraphy, 
color spectrophotomeuy (manual and automated), 
potentiometry, and combustion analysis. Standard 
chemical methods are also used for many of the 
common water quality tests. Atomic absorption 
capab1lit1es include flame. furnace. mercury cold 
vapor. and hydnde aeneration. as well as flame emis
ston spectophotometry. The methods used and refer-

ences for determinauon of various chemtcal cons tit· 
uents are summanzed in Table C-1. 

C. Orp.aic Consdtaeau 

Environmental samples are analyzed for orgamc 
compounds primanly by followina EPA's analyucal 
methods. These methods include 601 (puraeab!e 
halocarbons). 602 (puraeable aromatics). 604 
(phenols), 606 (phthalate esten), 608 (orpnochlonne 
pesticides and PCB's), 609 (nnroaromaucs), 610 
(polynuclear aromatic hydrocarbons). 612 
(chlorinated hyclrocarbons). 624 (puraeables by gas 
cbromatosraphy/mass spectrometry [GC/MSJ). and 
62.5 (semivolatiles by GC/MS). For samples in a sol1d 
matnx. comparable methods found with1n EP~'s 
document SW-846 are used. Some EPA methods are 
adapted to 11ke advantaae of available instrumenta· 
tion and state-of-the-an techniques. All meth<Xis are 
supponed by documented rec:ovenes. standard 
curves. and quality assurance samples. 

lnsuumenation available for orpnic analyses tn· 
elude ps chromatosraphy with flame 1ontzauon. 
electron capture, nitrosen-phosphorous and mass 
spectrometer detecuon; hilh perfo911ance liqu1d 
chromatOIJ'Ipby with refractive index and uv-v1s1ble 
detection; infrared spectrometry; and uv-visible spec· 
tromeuy. Techniques used for sample preparauon 
are soxhlet extraction. liquid-liquid extracuon. 
lcudema danish concentration. column separauon. 
beaclsPKt and purae-and·trap. The methods used for 
analyses in 198.5 alone with references are shown tn 

Table C·2. Tables C·3 throuch C-8 show compounds 
determined by these methods and representauve 
mirumum detection limits. 

D. AuiJ*al CU.isay Quliry E•aludon Pro
ana 

1. la1rtMIIICtloa. Control samples are analyzed tn 
conjunction wnh the normal analytical chemtstry 
workload. Such samples consist of several aeneral 
types: calibration standards, reqent blanks. process 

K·1 
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Staltlt CondhleJits Meas.- Rtltrtaces 

St.anc:Wd Chemical Methods Total Alkalinity, Hardness. 
50]1• 5041• TDS. Conducu
vny, COD 

C6 

Color SpectrOphotometry 

Neutron Activation 
Instrumentai ThennaJ 

Instrumental EpatbennaJ 

Thermal NeutrOn upture 
Gamma Ray 

Radiochemical 

Delayed NeutrOn Assay 

Atomic: Absofl)tion 

Ion ChrotratOII'Ipby 

Pot en uomtu'ic: 

Combusuon 

Corrostvny 

Ianitability 

AlHomated Colonmeuy 

NO;: PO: Si. Pb. Ti. B 

AJ. Sb. As. Ia. Br. U. Ce. Cs. 
C1. Cr. Co. Oy, Eu. Au. Hf. In. I. 
Fe. La. Lu. Ma, Mn. K. Rb. Sm. 
Sc. Se. Na. Sr. S. Ta. Tb, Th. 
Ti, W, V, Yb. Zn 

C6 

C7, 12. 13. 14, IS 

AJ. Sb, As. Ia. Br. Cs. Cr. F. Ga. C7, 9. 16. 17. 18. 19, 20.21 
Au. In. I, La. Ma. Mn. Mo. Ni. K. 
Sm. Se, Si. Na. Sr. Th, Ti, W, U. Zn. 
Zr 

AJ. B. u, Cd. C. Gd. H. Fe, C7. 22. 23, 24. 25. 26. 27. 28. 29 
Ma. N, P. K. Si. Na. S. Ti 

Sb. As. Cu. Au. Jr. Ha. Mo. 0s. CS. 6, 7. 30. 31. 32, 33. 34. 3S. 36 
Pd. Pt. Ru. Se. At. Te. Th. W. U. 37, 38. 51 
La. Ce. Pr. Nd. Sm. Eu. Gd. Tb. Oy. 
Ho. Er. Yb. Lu.n'utu•u. ZliPu, 
llfPu 

U C7, 8, 10, II. 39. 4().-

Sb. As. Ia. Be. Bi. Cd. U. Cr. C6. 41. 43. 44, 45. 46. 47, 
Co, Cu. Ga.la. Fe. Pb, Li, Ma. 48, 52 • .S3. 54 
Ma. Ha. Mo. Ni, K. Se. Si. Ale Na. 
Sr. Te, n Sa, Ti. V, Zn. AJ 

F'", cr. Br-. NOi, NOj C49 
50;2, PO;J 

r, NH: pH, Br-, Clz (tow) CSO. CSS 
Clz (free) 

C. N. H. S. Tow Orpnic Urban C29. C62. C63 

C56,C.S7 

cs6. c.sa 

CN-. NH;PO;,, NO;: CS9. C60. C62. C6 
NOi, a-. COD. TKN 

K-: 
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Anabte \tacrix 

Volaulesl water 

soli 

air 

EP Tolticay soil 

PCB's water 
sod 
oal 

'GC · Gas Chromatop-aphy 
PT • Pui'JC·Ind· Trap 
EC • Electron Capture 
F1 • Flame Ionization 
MS • Mass Spectrometry 

\tecll«M 

601 

602 
8010 

8020 

1310.8080, 
81SO 

606 
8080 
IH 320 

blanks. matrix blanks. duplicates. and standard refer
ence materials. Analysis of control samples fill two 
needs in the analytical work. Fint. they provide 
qualJty control over analyticaJ procedures so that 
problems that miaht occur can be identified and 
corrected. Secondly, data obtained from analysis of 
control samples permit evaluation of the capabilities 
of a pantcular analytical technique for determination 
of a &iven element or constituent under a certain set 
of ctrcumstances. The former fwu:tion is anaJytscal 
quality control; the latter is quality usuruce. 

No attempt is made to conceal the identity of 
conuol samples fromlhe analyst. They are submitted 
to the laboratory atNplar interVals and analyzed in 
assoc1auon wnh ocblr samples; lbat is. they are not 
handled as a unique set of samples. We feel it would 
be difficult for analysts to pve the samples special 
attention. even 1f they are so inclined. We endeavor 
to n.&n at least 1 OCIIt of stable constituent analyses and 
selected radioactive constituent analyses as quality 
assurance samples usina the materials descnbed 
above. A detailed descnption of our Quality As
surance proaram and a complete listina of our annual 
results have been published.cuc' 

Tecllai!_. References 

PT/GC/EC C64 
PT/GC/Fl C6S 
PT/GC/Fl C64.C6S 
PT/GC/Fl C64 
PT/GC/Fl C6S 
PT/GC/Fl C66 
PT/GC/MS C6S 

GC;EC C66 

GC/EC C64 
GC/EC C66 
GC;EC C6S 

l. RadkNlctbe Consdftllnrs. Quality control and 
quality assurance samples for radioacuve consut· 
uenu are obtained from outside qencies as well as 
prepared internally. The Quality Assurince Dn·ISlon 
of the Environmental Monitorina Systems La bora· 
tory (EPA-Las Veps) provides water. foodstuff. 
and air filter standards for analysis of aross alpha. 
aross be1a. JH, ~taco. "Zn. "'Sr, '01Ru. ')ICs. '1'Cs. 
mRa. and ut.l40pu as pan of an onaoana laboratory 
intercomparison prosram. They also distnbute refer· 
ence soil samples that have been characterized for 
Z-lJU, mu. lZITh. Z»fh. lllTh, 121Ra. UIRa. and :10Pb. 
The National Bureau of Standards (NBS) provtdes 
two sod and sediment Standard RefeP.nce Matenals 
(SRM) for envtronmental radioactivity. These SRMs 
are certified for taco, "'Sr. mcs. 1211ta. 1»t'h. :liPu. 
ut.l40pu, u• Am, and several other nuclides. The 
DOE's Environmental Measuremenu Laboratory 
also provides quality assurance samples. 

Soil, rock. and ore samples obtasned from the 
Canadian Oeolotical Survey (CQSl are used for 
quality assurance of· uranium and thonum de· 
terminations in silicate matrices. Our own "m· 
house'' standards are prepared by addina known 
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TaW. C-3. Voiadles Dettftlliaed by EPA MttM.I 601 

Compoucl 

Chloromethane 
Bromomethane 
Oichlorodlfluoromethane 
Vinyl chlonde 
Chloroethane 
Methylene chloride 
Tnchlorotluoromethane 
1.1-0ichloroethene 
trans- 1.2-0ichloroethene 
Chloroform 
I. 2-0ichloroethane 
1.1.1-Trichloroethene 
Carbon tetrachlonde 
Bromodichloromethane 
1.2-0ichloropropane 
trans- 1,3. -Otchloropropane 
T richloroetbene 
Oibromochlorometbane 
1.1.2-Tnchloroetllane 
Cis- l.~ichloropropene 
2-Chloroetbylvtnyl etber 
Bromoform 
1.1.2.2· Tetrachloroethene 
Tetrachloroethene 
Chlorobenzene 
I.J.. Oichlorobenzene 
1.2-Otchlorobenzene 
1.4-0tchlorobenzene 

Representad•t 
Dettetioa Umiu. !+aJr 

s 
10 
8 

1.5 
20 
10 
s 

.5 
10 
1.5 

10 
20 
20 
12 

.5 

.5 
5 

'Column 60 m X 0.2.5 mm SPB-.5 f\ased silica capillary, 
usin& purp and trap method. Detec:Uon limit is caJculated 
from 1ntereept of cxlmW caJibrauon aarve UllDII Flame 
lonizauon Oetec1or. 

quantities ailiquid NBS radioactivity SRMs to blank 
matnc ma1tfials. 

3. Staltle C..-....a. Quality assurance for the 
stable constituent analysis prop-am is mainwned by 
analys1s of cenified or well<haracterized environ· 
mental matenals. The NBS bas a Jarae set of Silicate. 
water, and bloloJical SRMs. The EPA distributes 
m1neral analysis and trace analysis water standards. 
Rock and soil reference matenals have been obtained 
from the CGS and the United States Oeo1Qiical 
Survey (USGS). Details of this proaram have also 
been published. C'7' 
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Table C~. Voiadlts Dettrmiatd by EPA ~etbod 602 

COGIJ!O!!d 

Benzene 
Toluene 
Ethyl benzene 
Chlorobenzcne 
I. 4-0tchlorobenzene 
I, J..Dichlorobenzene 
1.2-Dichlorobenzene 

Representati•e 
Detection umits ... aw 

5 
5 
8 

1.2 
5 
5 
5 

'Column: 60 m x 0.2.5 mm fused silica captllary. us1r.g 
Purat·and-trap metbod. Oetecuon limn ts calcuiated 
from intercept of extemal cahbrluon c1.u·ve us1ng a 
Flame loniZ&tion Oeteetor. ).., . 

t" -~ 

~ .: 

The analytical quality conuol procram for a spec1- ~·: 
fie bau:h of samples is the combination of many"',, 
facton. these include the .. fit of the calibrauon ... > · 
instrUment drift. calibration of the instrument and:ori_ 
reqents. recovery for SRMs. and precision of results. 
In addition. there is a PfOIJ'I111 for evaluauon of the~ 
quality of results for an individual water sampie.:-1 

These individual water sample quality rauos are the 
sum of the milliequivale~n (meq) canons to the sum . 
of meq anions. the meq hardness to the sum of meq: 
ea•z and Ma•2, the observed ~tal dissolved solids 
(TDS) to the sum of solids. the observed conducuvuy. 
to the sum of contributina conducuvmes. as well as> 
the two ratios obtained by muluplyina (0.0 1) x (con,~ 
ductivity) ancl dividina by the meq canons. and the 
meqanions. 

~ llldlcatDn el Accaruy aad Precision. Accuracy" 
is the dep'ee of difference between averqe test result~ 
and uue results. when the latter are known or as·: 
sumed. Precision is the dearee of mutual agreement 
amona replicate measurements (frequently assessed 
by calculatsna the standard deviauon of a set oi dat.a 
points). Accuracy and precisson are evaluated frorr: 
results of analysis of reference matenals. These re
sults are normalized to the known quanuty 1n the 
reference matenal to permit companson among ref: 

· erence matena.ls of similar matnx contammg d1i~ 
ferent concentrations of the analyte: 

K-~ 

Reponed Quantity 
Known Quanuty 



Table C-5. Voiadles Oete,...... lly SW-M Mt~ 1010 

Corapollftd 

Bts ( 1<hloroethoxy)methane 
Btst Z<hlonsopropy >ether 
Bromobenzene 
Bromodtchloromethane 
Bromoform 

Carbon tetrachlonde 
Chloracetaldeh yc1e 
Chlorobenzene 
Chloroethane 
Chloroform 

1-Chlorohexane 
2-Chloroethyl vinyl ether 
Chloromethane 
Chlorotoluene 
Dtbromochloromethane 

Dtbromomethane 
1.2-Dichlorobenzene 
1.3-Dichlorobenzene 
1.4-0tchlorobenzene 
Dtchlorodifluoromethane 

1.1-0lchloroethane 
1.2·Dtchloroethane 
1.1-0lchloroethylene 
trans- 1.2·Dtchloroethylene 
Dtchloromethane 

1.2-Dichloropropane 
trans- 1.3-Dichloropropylene 
1.1.2.2· Tetrachloroethane 
1.1.1.1-Tetrachloroethane 
Tetrachloroethylene 

1.1.1· T nchloroethane 
1.1.2-Tnc:hloroethane 
Trichloroethylene 
Trichloronuoromethane 
T nc:hloropropane 
Vinyl chlonde 

RepnseatadYt 
Detecrion UIIUts !~:+lfklt 

2292 
1042 
1042 

2083 

1250 

1042 

1042 

521 
521 
521 

1042 
833 

521 
521 

521 

2083 

2083 

1563 
1527 
.Sll 

'Column: 60 m x 0.32 mm SPB-5 fUsed silica capillary,usina 
methanohc paruuon w1tn purp-anct-uap. Detea1on limn 11 

calculated from tntertept of external calibrauon c:urve 1&11111 
a Aame Ionwuon Detector. 

A meah value (R) for all normalized analyses of 1 

Jiven type is calculated as follows for a liven matrix 
type ( N is total number of analytical determinations): 
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Table C-'. Voladltl DttlriDiiiM lly SW~ 'fttb~ of 
1020 

Compollftd 

Benzene 
Chlorobenzene 
1,4-0ichlorobenzene 
1.3-Dichlorobenzene 
1.2-0lchlorobenzene 
Toluene 
Ethyl Benzene 
Xylenes 

Represeatath•e 
Detec11on limits I ~tlfkat 

S21 
1:!50 

5:!1 
S21 
521 
521 
833 

'Column: 60 m x 0.32 mm SPB-5 fused silica captllarv. 
usina methanolic partition w1th purae-and-trap. Detection 
limit is calculi~ fiom intertept of cxtema.l cahbrauon 
curve IISlDI a flame lonizauon Detector. 

I.r 
R• -'. 

N 

The sunda.rd deviation (s) of R is calculated assum
ina a normal distribution of the populauon of 
analytlal determinations (N): 

.. ;-;:;;:::;; 
I • v ('N'::T) . 

~ 

These calculated values are pmented in Table 
C-9. The mean value of R is a measure of the 
accuracy of 1 procedure. Values of R p-eater than 
unity indicate a positive bias and values less than 
unity 1 neplive bias in the analysis. 

The SWlda.rd deviation is a measure of precision. 
Precision is a funcuon of the concentrauon of 
analyte; that is. u the absolute concentrauon ap
proaches the limit of detection. preclSion de
teriora~es. For insunce, the precision for some 1H 
determinations is quite larp because many standards 
approached the limits of detection of a measurement. 
We are lttemptina to address this issue by caJculauna 
a new quality asswance parameter: 

I ~.- ~ I < v' <S~ + <S,f 

where ~. and ~ are the experimentally determmed 
and certified/consensus mean elemental concentra
tions. respectively. The StandS, parameten are the 
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standard deviations associated with ~. and ~ ~
spectively. An analys&s Wlll be considered under con
U'Ol when tbls condition is satisfied for a cena&n 
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element in a pven matrix. Details on this approach · 
are presen~ed elsewhere.~' 

Data on analytical detection limits are in Table 
C-10. 

Yule C-7. Veladles Dete,...._. iD AJr 

Iii( 2<bloroethoxy )methane 
Bil(2<bloroisopropyl )etber 
Benzene 
Bromo benzene 
Bromocticblorome~e 
Bromoform 

Carbon tetriChloride 
Chloruewdehyde 
Chlorobenzene 
Chloroethane 
Chloroform 

l.chloroheune 
2.chloroethyl vtnyl ether 
Chloromethane 
Chi oro toluene 
Dlbromocbioromethane 

Dibromomethane 
1.2-0icbJorobenzene 
1.2-0icbJorobenzene 
I. 4-0icbJorobenzene 
DicbJorocWluoromet.baae 

.. ,. .... d .. 
Dectcdea u.ua war 

1.0 

1.0 

3.0 

'60 m x O.lj 1M.' SPB-5 ftated silica capi)lary. CoUection 
on cbarcoa! udlw. clesorpUon with carbon disulfide. Oetea· 
ion lim& t a caleWatld ftoam intercept o( ataul calibnlion 
curves IWftl mass sptCU'Ometer detlclioD. 

1.1-0icbloraet.bane 
J,l•OicbJOroeUwlt 
1.1-0icbloroetbylene 
tr&DI-1,2·0icbloroethyleae 
OicbJoromethue 

l,2·0icbloropropane 
tr&D~-l.J.Oicbloropropyleae 
Ethylbeazeae 
1,1.2.2· T tU'IChloroethalle 
1,1,1.2· Tetracbloroe~e 
Teuachloroetbyleae 

Toluene 
I, J ,1· TrichloroeU1ane 
1,1,2· T ricbJoroethane 
TrichloroedlyleDe 
Tricblorofiuoromethane 
Tricbloropropue 

Vinyl chloride 
Xylenes 

K-6 

Represeruari •t 

Detection Limns !coat 

.. _ .. 

1.0 

0.8 
3.0 

1.0 
3.0 

1.1 

\f.'·'' ,, 
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Table C-1. EP Toddty OrpaJc Coata•'•"U 

C oncaminut 

Endnn ( 1.2.3.4.10.!0.Hexachloro-l 
7-epoxy-1,4.4a.,.6, 7.8.b-«tahydro-1 

4-endo, endo-,, a.dsmetbanoaphthaJene) 

Lindane ( 1.2.3.4. 5.6-
Heuchlorocyc:lohe:une. pmma isomer) 

Methoxychlor ( 1.1.1-Tnchloro-2.2-bis 
(~methoxphenyl)elhane) 

Toxaphene ICtoHtoCla. Technical 
chlonnated camphene. 67-6~ 
chlonne) 

2.4-0 (2,4-0ic:hlorophenoxyaceuc acid) 

2.4.'· TP (Silvex) (2.4.5-
Trichlorophenoxyproptonic ICld) 

Maxim-
COIICtllndcNI 

(milt) 

0.02 

0.4 

10.0 

0.5 

10.0 

1.0 

• .,....tad•• 
DettcUoa uaaiu (llll/'r 

0.006 

0.0002 

0.004 

0.020 

0.016 

0.005 

'Column: 30m x 0.32 mm SP~5 fused silica capillary. Detection limit is cakulated f'rom OC 
response besna equal to rour umes the OC bacqround noase usana an elecu'oa capture deteetor. 

' 
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Taltle C-9. 1915 S••IUIY ofCV Ratto ror Staltlt Ele•au ucl 
Selec:tH ladioc~••ica.l AMJyMt lty Maaix 

Silicate Warer Blol!p!J Air Filter llllk ~aterials 

Atoclor 1260 !.13(1) 0.87 ± 0.08 (7) 

Atoclor t2S4 0.98 12) 

Atoclor 1262 0.9S ± 0.04 13) 

Atoclor 1242 0.94±0.16(5) 

Gasobne 0. 71 ± 0.07 (3) 

AI 1.04 ± 0.20 (35) 

A! 1.22 ± 0.21 (9) 
Alpha 1.11 ± 0.30 (38) 0.91 ±0.15 (19) 

l4'Am 1.19 ± 0.30 (7) 1.17 ± 0.03 (3) 1.02 ± 0.10 (8) 

As 1.01 ± 0.08 (42) 0.99 ± 0.1. (17) 

Ba 0.99 ± 0.12(30) 1.12 ± 0.21 (8) 

Be 1.01 ± 0.10 (3) 1.01 = 0.03 ( 10) 0. 96 = 0.09 (8) .. 

'Be 0.88 (2) 

Beta 1.04 ± 0.20 (36) 0.85 ± 0.15 (19) 

lr 1.09 = 0.07 (8) 

~ 0.99±0.04(13) 

Cd 0.98±0.10(5) 1.01 ±0.11 (~) t.26 ± o.•t OJ> 
C1 0.96 ± 0.1. (66) 1.03 ± 0.0& <•> 

fr~\:; 

Co 0. 97 ± 0.03 (7) 
eaco 0.91 = 0.30 (7} 1.07(1) 

Cood 1.00 ± 0.04 (12) 
Cr 1.02 ± 0.13 (25) 0.98 ± 0.15 (28) 
"tCr 1.69: 0.40 (6) 
Cs 0. 99 ± 0.01 (23) 0.9. ± 0.10 (7) 
llol(:s 1.10 ± 0.20 (18) 
Jl'Cs 1.01 ± 0.09 (67) 1.01 ± 0.1' (67) 1.01 ±0.12(13) 0.86 (2) 

Cu 0.98 ± 0.06 (41) 1.24 ± 0.26 (8) .. '! ..... 

F 1.08 ± 0.22 (104) 
Fe 1.02 ± 0.0& <•3> 
Gamma 0.95 ± 0.06 (26) 1.10 ± 0.07 <•2> 
lH 0.,. ± 0.20 (171) 
Hard 0.98 ± 0.06 (7) 
Ha 1.21 ± 0.13 (3) 0.98 ± 0.15 (SI} 0.99 ± 0.07 (I) 
Ill I 0.71 ±0.35(6) . ., 

K 1.01 ± 0.02 (9) 
40J<. 1.12±0.12(3) 
l..i 0.71 :0.13<•> 
Ma 1.0 I ± 0.05 ( 11) 0. 90 ± 0.05 (8) 
Mn 1.00:0.10 (35) 
,..MD 1.02::0.01 <•> O.S.(2) 

Na 1.00 ± 0.04 ( 18) 1.03 (2) 
Ni 1.06±0.12(13) 1.02 ± 0.07 (8) 
NO,-N 1.02:: 0.08 (83) 
p 1.00 ± 0.13 (6) 
Pb 0. 97 ± 0.10 ( 17) 0.99 ± 0.07 (74) 
pH 1.00 ± 0.01 (5) 
lliJau 0.93 ± 0.02 (7) 0.93 ± 0.01 (3) 0.88 ± 0.08 ( 12) 
Ut.l~ 1.00 ± 0.07 (27) 0.91 ± 0.07 (16) 0.96 ± 0.04 (7) o.93:: o.1o o•> 
U6R,a 0.,. ± 0.03 (II) 
1a.Ru 1.72 ± 0.90 (6) 
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Silic::lte Water BlolosicaJ Air Filter Balk "•teriaJs 

s 0.99 j: 0.06 (174) 
Sc 1.0 I ~ 0.03 (27) 0. 93::: 0.10 (23) 1.04 j: 0.07 (8) 
Se 0.91 = 0.09 (41) 
Si 1.11 ± o.o8 <8> 
so. o.96::: o.o8 (67) 
Sr 0. 98 ::: 0.04 (9) 
tOsr 1.17 ± 1.36 (9) o.86 ± o.o8 < 19> 1.05 ::: 0.24 (15) 
TOS 1.01 :::0.09 ( 18) 
Th 0. 97 ::: 0.07 ( 40) 
Ti 1.02%0.18(8) 
Tot AJk 1.00 = 0.02 (12) 
u 0. 99 ::: 0.05 ( 172) 0.94:::0.06 (50) 1.02::!: 0.11 (40) 0. 95 ::!: 0.03 (20) 
mu;mu 0.98 (2) 
Zn 1.04%0.10(41) 
61Zn 1.22 = 0.25 (6) 

TIAIIIC·II • .,._.. Uala fir ,uu,_ liT,,_. htlll ••-' Sui-
Dltecrioll A,_x-...S..• c- UJaiC ,.,._ , ... _.w.._. n. c--.a. 

AJrs-,te 
Tnu~ 3 ml "' llllll I X 10"''1 ~o~C11mf 
!JIPu 2.0 x Ia' ml ax tO'• ·~ x lo-•• "''' mt 
l,.l~ 2.0 x Ia' mJ ax tO'• Jx to-·•~o~u•mt 
:<~,m 2.0 x Ia' m1 ax tO'• 2x to·••JIIC,imt 
Ciroualpba 6.5 x le>J ml 100 maa • x to-•• ~o~Ci/ml 
Cirou be&a 6.5 x le>J rnJ IOOmua • )( to-·• "''' ml 
t..'rutiUil 2.0 x tO' mJ 60• I lll/lftJ 

1 detayed neuii'Oill 

Waws...ll 
1 X to•' ~ACI/ml Tnu"m o.oos t "'llllll 

•l'Cs O.H sx tO'• • x 10-t ~o~Citml 
lJIPu O.H ax tO'• 9 X 10"'1 ~o~C1iml 
uu.,. O.H ax tO*• 3 X to•u 1o1C11ml 
z··~ O.H ax tO'• 2 X 1()"''0 1o1C1:mt 
c;,.. .... 0.91 IOOmua 3 x IO ... ~ACilml 
c;,.. .... 091 IOOmaa 3 X IO.,.~o~CI/ml 
t.: ..... 0.025 t "'* I lloll 
~~ Dllltraal 

Seii!Mif6t 
Tnt1"m lq $0mia 0.003 pCi/a 
· 1'Cs tOO a 5X 10** 10"' pCI/a 
lliPu to a ax tO*• 0.003 pe,,a 
ll'l~ tO a ax tO*• 0.002 pCt/a 
:••4.m to a ax tO*• 0.01 pe,,a 
Ciroualpba :a 100 lftlll t.• "'''a 
GroubiU 2& IOOmua 

l.l "'''' t:rant"m :a !0• 0.03 ... ~. 
1 Oela~ed neucroaJ 

K-9 



Cl. Environmental Surveillance Group, .. Environ· 
mental Surveillance at Los Alamos Ourin1 
1979, •• Los Alamos Scientific uboratory re
pon LA-8200-ENV (April 1980). 

C2. Environmental Surveillance Group, ''Environ
mental Surveillance at Los Alamos Ourina 
1980," Los Alamos Nauonal uboratory repon 
LA-8810-ENY (Apnl1981). 

C3. J. H. Harley, Ed. ( 1972 annual supplements). 
Environmental Measurements ubol!'atory 
Procedures Manual HASL-300. 

C4. E. S. Gladney, W. Eberhardt. and R. J. l'eters, 
.. The Oeterminauon of Radium-226 in 
CCRMP Reference Samples by Independent 
Nuclear Methods," Geostandards Newsletter 
6, S-6 ( 1982). 

CS. E. S. Gladney, 0. R. Perrin, and R. J. Peters, 
"The Oeterm1nation of U-235/U-238 Rauo 1n 
Natural Waters by Chelex-100 Ion Exchanae 
and Neutron Activauon Analysis.·· Anal. 
Chem. 55:976-977 ( 1983). 

C6. American Public Health Association, 
American Water Works Association, and the 
Water Pollution Control Federation. Standard 
Mnhods fo' th' E:cami111Zlio" of Warn a11d 
Wa.st~ate,, 1 Sth edition ( 1980). 

C7. E. S. Gladney, 0. B. Cunis..O. R. Perrin .. l W. 
Owens. and W. E. Gooe. ''Nuclear Techniques 
for the Chemical Analysis of Environmental 
Materials." Los Alamos National Labonory 
repon LA-8192-MS ( 1980). 

C8. E. S. Gladney. J. W. Owens. and J. W. Stamer, 
.. Simull.lneous Determination of Uranium and 
Thorium in Ores by lnsuumen&aJ Epilhermal 
Neumm Activation Analysis." Anal. Chim 
Acta 1 ... 121 ( 1979). 

C9. £. S. Gladney, 0. R. Perrin. J. P. Balqna. and 
C. L. Warner. "Evaluation of a Boron Filtered 
Epithermal Neutron Irradiation Facility," 
Anal. Chem. 52,2128 (1980). 

C 10. S. A. Amiel, .. Analytical Applications of De
layed Neutron Emission in Fissionable Ele
ments," Aoal. Chem. ~. 1683 ( 1962). 

Revision So. _ _.!J __ _ 
Revision Date 1 i ' , 
Page 1;2of l~l 

Cll. E. S. Gladney, W. K. Hensley. and ~- M. 
Minor, "Comparison of Three Techniques for 
the Measurement of Depleted L'ran1um m 
Soils," Anal. Chem. 50.652 (1978). 

Cl2. G. E. Gordon. K. Randle. G. G. Goles. J. B. 
Corliss, M. H. Beeson. and S. S. Oxley. "In-. 
stnJmentaJ Activation Analysis of Standard 
Rocks wtth Hiah Resolution y-Ray Detectors.·· 
Geoc:him. et Cosmoc:h1m. Acta Jl. 369 ( 1968 l. 

Cl3. R. Dams. J. A. Robbins. K. A. Rahn. and J. w. • 
Winchester, "NondestnJctive Neutron Activa
tion Analysis of Air Polhnion Parucula tes ... r 

Anal. Chem ... l. 861 ( 1970). ' 

Cl4. B. Salbu, E. Steinnes, and A. C. Pappas. "Multi·. 
element Neutron Activauon of Fresh Water • 
Usina Oe(Li) Gamma Spectrometry, .. Anal. 1 ' 

Chem ... ,, 1011 (197S). 
~ i 

Cl S. Q. R. Van der Linden. F. DeC one. and J. ~ : 
Hoste, "Activation Analysis of BloloiJcal 
Materials with Ruthenium as a Mulu-Isotoplq'-i 
Comparator,•• Anal. Chim. Acta '71. 263 ( 1974\ .. 

C16. E. Steinnes. "Epithermal Neutron Acuvauon 
Analysis of GeoiQiicaJ Materials." tn Ac:11a· 
tio11 A111Ziysis i11 G~htmlSlry and C:s· 
moch,misrry. A. 0. Brumfelt and E. Stemnes. 
Eds.. UNIVERSITETSFORLAGET. Oslo.' 
Norway, pp. 113-128 (1971). 

~:~ -·· 
C17. E. S. Gladney, 1.. E. Wanaen. and R. D.· 

Aquilar. "Comparison ofThree Techmques for: 
Rapid Determinatio of Sr i Soils and V egeta-: 
tion." Anal. I.An. 10, I 083 (1977). 

CIS. L. E. Wanaen and E. S. Gladney. "Oetermma-~ 
lion of As and Qa in Stanard Matenals by 
Instrumental and Epithermal Neutron Acuva-•· 
lion Analysis;• Anal. Chim. Acta 96. :- l 
(1978). 

Cl9. E. S. Gladney. J. W. Owens. M. l. Marple. and 
0. L. Dreesen. "A Companson of Thermal and 
Epilhermal Neutron Activauon for the \ieas
urement ofSe 1n Veptation," Anal. Lett. All. 
1001 (1978). 

k.-10 



C20. E. S. Gladney and D. R. Pemn. "Quantitative 
Analys1s of Silicates by Instrumental 
Epithermal Neutron Activation Usin1 (n,p) 
Reacuons ... Anal. Chem. 51. 2297 ( 1979). 

C21. E. S. Gladney and 0. R. Perrin. ''Determina
tion of Bromine in Biolo1Jcal. Soil, and Ge~ 
lo11cal Standard Reference Materials by In· 
strumental Epithermal Neutron Activatioa 
Analysis. .. Anal. Chem. 51. 20 1.S (1979). 

C22. E. S. Gladney, E. T.Jumey, and 0. B. Cunis. 
"Nondestructive Determination of Boron and 
Cadmium in Environmental Materials by 
Thermal Neutron Prompt Gamma-Ray Spec· 
trometry," Anal. Chem. 41,2139 (1976). 

C23. E. T.Jumey, 0. B. Cunis, and E. S. Gladney, 
''Nondestructive Determination of Sulfur in 
Environmental Matenals by Thermal Neutron 
Prompt Gamma-Ray Specttoscopy," Anal. 
Chem. 49, 1741 ( 1977). 

C24. E. S. Gladney, D. B. Cunis. and E. T. Jumey, 
"Multielement Analysis of Major and Minor 
Elements by Thermal Neutron Capture 
Gamma-Ray Spectrometry," 1. Radioanal. 
Chem. 46, 299 ( 1978). 

C2.S. D. B. Cunis. E. S. Gladney. and E. T. Jumey, 
"Potenual Interference in the Determination of 
Sulfur by Thermal Neutron Induced Prompt 
Gamma-Ray Spectrometry," Anal. Chem. 51, 
l.S8 ( 1979). 

C26. E. S. Gladney, D. B. Cunis. IDd E. T. Jumey, 
''Simultaneous Detennmatioa of NitropD. 
Carbon. and HydropD UliDa Thermal Neu· 
tron Prompt Gamma-Ray Specuomeuy," 
Anal. Chim. Acta 111, 339 ( 1979). 

C27. E. S. GladDiy, .. A Literature Survey ofChemi· 
cal Analysis~ Thermal Neuuon Induced Capo 
ture Gamma-Ray Specuomeuy,'' Los Alamos 
National Labonory repon U-1028-MS (Sept 
1979). 

C28. M. P. Failey, D. L Andmon. W. H. Zoller, G. 
E. Gordon. and R. M. Lindsuom, "Neutron 
Capture Prompt Gamma-Ray Activation Anal· 
ys1s for Multielement Determination in Com· 
plex Samples," Anal. Chem. 51, 2209 ( 1979). 

Revision :-.:o._....._0 __ _ 
Rev is ion Da tc t ; . " 
Page 1:3 of 1~1 

C29. T. G. Schofield. E. S. Gladney. F. R. Miera. and 
P. E. Trujillo, "Comparative Oeterm1nauon of 
Urban. NitrQ~Cn. and Hydraaen zn Envtron
mental Standard Reference Matenals b .. · In
strumental Combustion Analysis and Th~rmal 
Neutron Capture Gamma Ray Spectrometry ... 
Anal. Lett AIJ, 7S ( 1980). 

CJO. E. S. Gladney and H. L Rook. ''Oeterminauon 
ofTellurium and Urantum zn Environmental 
Materials." Anal. Chem. 47, 1 S.S4 ( 1975). 

CJI. E. S. Gladney, J. W. Owens. and J. W. Starner. 
"The Determination of Uranium in ~atural 
Waten by Neutron Acuvat1on Analysts." Anal. 
Chem. 41. 973 ( 1976). 

C32. E. S. Gladney, ••copper Determination in Stan
dard Materials Usina Neutron Acuvauon and 
Srafion NMRR Anion Exchanae Resm." Anal. 
Chim. Acta 91, 3.S3 ( 1977). 

C33. E. S. Gladney, ••Determination of As. Sb. ~o. 
Th. and W in Silicales by Thermal Neutron 
Activation and lnorpnic: Ion Exchanae ... Anal. 
Lett All, 429 ( 1978). 

C34. E. S. Gladney and J. W. Owens. "Oetermzna
tion of As. W, and Sb in Natural Waters by 
NeutroD Activation and lnorpmc Ion Ex
chanp," Anal. Chem. 41. 2220 ( 1976). 

.......... 

CJS. R. A. Nadkarni and G. H. Morrison. .. De
termination of the Noble Metals in Geo1o11cal 
Materials by Neutron Activauoa Analym.'' 
Anal. Chem. •· 232 ( 1974). 

C36. R. A. Nadkami and G. H. Morrison. .. De
termination of Molybdenum by Neutron Ac
tivatioa and Snfion NMRR Ion Exchanae 
Resin Sepuatioa." Anal. Chem. 50, 294 ( 1978). 

C37. R. A. Nadkami and G. H. Morrison. "De
termination of Silver in rocks by Neutron Ac
tivatiOD Analysis," Anal. Chem. 47, ::s.s 
(1975). 

C31. D. K.nab and E. S. Gladney, "Determination of 
Selenium in Environmental Matenals by ~eu
troD Activation aDd Iaorpnic Ion Exhcnaae. ·• 
Anal. Chem. 52, 125 ( 1910). 

K-11 



C39. E. S. Gladney. D. R. Perrin, W. K. Hensley, and 
M. E. Bunker. ··uran1um Content of2S Silicate 
Standard Matena!s," Geostandards Newsletter 
4, 243 ( 1980). 

C40. E. S. Gladney, D. R. Perrin, and W. K. Hensley, 
''Determination ofUranium in NBS Bioloaic:al 
Standard Reference Materials by Delayed Neu· 
tron Assay," J. Radioanal. Chem. 59, 249 
( 1980). 

C4l. Perkin-Elmer Corporation. "Analytical Meth· 
ods Usina the HGA Graphite Furnace," 
Perkin-Elmer, Norwalk. Connecticut ( 1977). 

C42. R. D. Ediaer, "Atomic Absorption Analysis 
wtth the Graphite Furnace Usina Matrix Modi· 
fication," Atomic Absorption Newslett. 1~. 127 
(1975). 

C43. J. W. Owens and E. S. Gladney, ••Determina· 
uon of Beryllium in Environmental Materials 
by Flameless Atomic Absorption Spec· 
trometry,'' Atom1c Absorption Newslett. 15,95 
( 1976). 

C44. J. W. Owens and E. S. Gladney, ••tithium 
Metaborate Fusion and the Determination of 
Trace Metals in Fly Ash by Flameless Atomic 
Absorption," Atomic Absorption Newslett. 15, 
9S (1976). 

C4S. J. W. Owens and E. S. Gladney, .. The De· 
termination of Arsenic in Natural Waten by 
Flame less Atomic Absorption," Atomic 
Absorpuon NewsJen. 15, 47 (1976). 

C46. E. S. Gladney, .. Matrix Modific:ation for me 
Determinauon of Bi by F1ameless Atomic 
Absorptioa.'' Atomic Absorption NewsJett. 16. 
114 (1917). 

C47. E. S. Gladney and J. W. Owens. "Oetermina· 
uon of Ha Usinaa Carrier-Free Combustion 
Separauon and flameless Atomic Absorp
uon ... Anal. Chim. Acta 90, 271 ( 1977). 

C48. E. S. Gladney, J. W. Owens. and 0. R. Perrin • 
.. The Determination of Mercury in Environ· 
mental Matenals." Los Alamos National Labo
ratory repon LA-7865-MS (June 1979). 

Revision :-.:o. ;) 
-~---

Revision Date 11 <·.~ ... 
Page 124 of 1..11 

C49. F. C. Smith and R. A. Wetzel. ''OJ)eration and 
Maintenance Manual for Otonex Model 1 0 and 
Model 14 Ion Chromatoaraphs," D1onex 
Corp., Sunnyvale, California ( 1978). 

CSO. American Society for Testina and Matenals. 
1977 AnnWQ/ Book of ASTM Standards: Part 
JJ: Waur. ASTM, Philadelphia. Pennsylvania 
( 1977). 

CS 1. E. S. Gladney and 0. Knab. "Determination of 
13 Rare Eanh Elements in Geological 
Materials via Thermal and Epithermal !'leu
tron Activation with Pre-irradiation Chem1cal 
Separation, .. (in preparation). 

C52. F. J. Fernandez. M. M. Beaty, and W. B. 
Barnett. ··use of L'Vov Platform for Furnace 
Atomic Absorption Applications,'' Atomic 
Spectroscopy 2, 16 ( 1981 ). 

CS3. T. C. Rains. M. S. Epstein. and S. R. 
Koinyohann, ··Atomic Absorption Spec
troscopy," American Chem1cal Society-A ~ 
SbonCoune. 

cs~. c. R. Parker. ··water Analysis by AtOmiC Spec
troscopy,'' Varian Techtron Ltd. Spnngvale. 
Australia ( 1972). 

C$5. D. K.nab. •• An lnvestiptioJlPf the Analysis of 
Environmental Samples for -Fluonde" (m prep
aration). 

C56. Code of federal Rqulations. Protection of En
vironmenl40 Pans 190-399, Office of the Fed
eral Reaisler. National Archives and Record 
Service, General Services Adm1n1strauon 
(1913). 

CS1. NACE Standard TM-01-67, "Laboratory Cor
rosion Testina of Metals for the Process In
dustries.'' National Assoaauon of Corros10n 
En&ineen. Houston. Texas ( 1972). 

CSI. ASTM Method 093· 77 or 093-80. Amen can 
Society for Tesuna Matenals. Phlladelphta. Pa. 

K-12 

'_;,: 



C59. Methods for Chemical Analysis of Water and 
Waste, EnvlJ'onmental Monttorinl and Sup
pan Laboratory, Office of Research and Devel- · 
opment. U.S. Environmental Protecuon 
Aaency, Cinctnnau. Ohio ( 1983). 

C60. Industrial Methods for Technician Auto 
Analyzer II. Techntcon lndustnal Systems.· 
Tarrytown. NY (1977-1982). 

61. M. C. Williams. "Automated Method for the 
Determinauon ofCyan1de" (in preparauon). 

C62. B. B. Bernard and D. L Vann. ''Model 700: 
Total Orpntc Carbon Analyzer Operatin& 
Procedures and Servtce Manual.·· OIC Corp. 
(1984). 

C63. N. W. Bower, E. S. Gladney, and R. W. Feren
bau&h. ·"Critical Comparison of X-Ray Fluore
scence and Combustion-Infrared Methods for 
the Determination of Sulfur in Bioloaical 
Matrices;· Analyst, 110: (in press. 1985). 

C64. Federal Resister, Pan III (Dec. 3, 1979). 

C65. M. A. Gautier and E. S. Gladney, "Health and 
Environmental Chemtstry at Los Alamos: 
Analytical Methods. Sample and Data Manap
ment," LA-10300 (in press. 1985). 

C66. USEPA. "Test Methods for Evaluatin& Solid 
Waste: Physical/Chemical Methods,'' SW-846 
Second Edition (July 1982). 

C67. E. S. Gladney, J. W. Owens. T. C. GUDdenon. 
and W. E. Goode, "Quality AsiW"'Dce for Envi
ronmental analytical Chemistry: 1976-1979," 
Los Alamos Scientific Laboratory repon 
LA-8 7 JO.MS ( 1911 ). 

C68. E. S. GladBey, W. E. Goode. D. R. Perrin. and 
C. E. Burns. .. Quality AsaW"'Dce for Environ-

Source: 

Revision '-io._~o __ _ 
Revision O:ltc l 1 ·· · 
Page !25 of t~ l 

mental Analytical Chemistry: 1980." Los .~!a
mos· National Laboratory repon LA-8966-MS 
(1981). 

C69. E. S. Gladney, C. E. Bums. D. R. Perrin. and R. 
D. Robinson. "Quality Assurance for Envtron
mentaJ Analytical Chemistry: 1981." Los Ala
mos National Laboratory repon LA-9579-MS 
( 1982). 

C70. E. S. Gladney, C. E. Bums. D. R. Perrin. R. D. 
Robinson. and D. K.nab, "Quality Assurance 
for Environmenw Analytical Chemistry: 
1982," Los Alamos NauonaJ Laboratory repon 
LA-9950-MS ( 1984). 

C7l. E. S. Gladney, D. R. Perrin. and W. E. Goode. 
"Quality Assurance for Environmental 
Analytical Chemistry at Los Alamos. .. Proceed
inp of the 4th DOE Environmental Protect1on 
Information Meetina. Denver, Co .. Dec. 7-9, 
1982, CONf-821215, pp. 107-118 (1983). 

C72. E. S. Gladney, C. E. Burns. D. R. Perrin, R. D. 
Robinson. and N. A. Raybold. ··Quality As
surance for Environmental Analytical 
Chemistry: 1983, .. Los Alamos National Labo
ratory repon LA·l 0 115-MS ( 1984 ). 

C73. M.A. Gautier. E. S. Gladney. and D. R. Pemn. 
"Quality Assurance for Health,....tnd Envtron
mentaJ Chemistry. 1984,.. LOs Alamos Na
tional Laboratory repon LA-10508-MS ( 1985). 

C74. M.A. Gautier. E. S. Gladney, and B. O'Malley, 
.. Quality Assunnce for Health and Envtron
mentaJ Chemistry. 198S. Los Alamos Nauonal 
Laboratory repon (in press). 

C75. R. D. Robinson. D. K.nab, and D. R. Perrin. 
..An Individual Water Sample Quality As
surance Protram:· Los Alamos National Labo
ratory repon LA-1016.3-MS ( 198S). 

"Environmental Surveill3nce at Los Al:1mos During 1985," Los Al3mos Nation3l 
LJbor::uory report LA-107Zl·ENV (1986) 

K-13 



Revision No. 0 --"-----Re sion Dace ! ! ,- ~ 

Page I26of 14! 

APPENDIX L 

EXAMPLES OF DOCt;MENTATION 

Examples of documentation of samples collected from analyses to completion 

are presented in the following pages of Appendix J. These examples (stations in 

onsitc effluent release areas; Acid-Pueblo and DP·Los Alamos Canyon) were prep:Hcd 

for the routine surveillance report 1985 (LA·I07:1-ENV). 
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~='••• 1 
***************************************· 

H S E - 9 AN A 1 .. Y r 1: CAL. R E S U L. T S 
PU-238 2~-~un-19RS WDP 

•************************************** 
SAI'tPLE REQ CD"•LOTI~ 
NU"IfER NUI't RESULT UNCERTAINTY UNITS Dj~~TE ,- ~ 

95.0~10~ o.01ll o.oo .. PCI/1. ~ 
04526 - 6/24/J 

85.0~106 04526 o.oooo 0.0100 PC Ill. 6/24/85 
85.0~10? 04526 - 0.004? 0.0123 PC IlL 6/24/8., 
85.0:!14? 04538 0.0069 0.0069 PCI/L 
85.0:!148 045J~ - 0.0054 0.0122 F'CI/L 
85.02149 04532 0.0105 0.0149 F'CI/L 
95.02150 04532 o.oooo 0.0100 PCI/L 

\rc~ 85.021~1 04532 - 0.0041 0.0012 PCI/L 
85.021~2 045.32 - 0. 0041 0.00?4 PC IlL v,., f'.l 85.02156 04535 o. 1020 0.0214 PCI/L 
85.02157 04535 0.0678 0. 0181 F'CI/L 6/24185 \J \ ,. ... \ 
85.02158 04535 - 0.0045 0.0019 PCI/L 6/24/85 
85.0~159 o.oo88 o.ooaa F'CI/L 6/24/~-~ 045JS -
85.02160 04535 0.0153 0 .ous PCI/L 612o4/85 
85.02161. 04535 o.o132 O.Qlo46 PC IlL 6/24185 
85.02:!00 0 ... 526 - o.oo51 0.0114 PCI/L 6/24/ 

THESE DATA l'tEET ESTABLISHED HS£9 GROUP QUALITY ASSURANCE STANDARDS 

1~1 l/f .. 
-----~-~--~~~~~--------SECTION LEADER QUALITY ASSURANCE OFFICER 
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APPENDIX M 

WATER, SOIL, AND SEDIMENT SURVEILLANCE ( 1985) 

Liquid effluents containing lew levels of radioactivity were routinely released 

from two waste treatment plants and one sanitary sewage lagoon system. Concentra

tions at all three discharge points were well below the DOE's Concentration Guides 

for Controlled Areas. The only noticeable trends were lower radionuclide concentra

tions in LAMPF (T A-53) effluent and an increase in tritium discharge from T A-50. 

This decrease was due to redesign of LAMPF and altered operations. The source ot' 

the increased tritium discharge is unknown. 

Surface and groundwaters are monitored to detect potential dispersion of rJ

dionuclides from Laboratory operations. Only the surface and shallow ground waters 

in onsite liquid effluent release areas contain radioactivity in concentrations that He 

above natural terrestrial and worldwide fallout leveis. These concentrations are in

significant fractions of DOE's Concentration Guides. These onsite waters are nor a 

source of industrial, agricultural, or municipal water supplies. The r:ldiochemic::tl 

quality of water from regional, perimeter, water supply, and onsite areas (where no 

effluents are or have been released) show no significant effects fr()m Laboratory re

le:lses. 
... -. .. 

The potable water supply met all applicable EPA radiochemical and chemical 

standards. The intesrity of geological formations protectins the deep ground water 

aquifer was confirmed by lack of any measurements indicative of radioactive or 

chemical contamination in municipal water supply sources due to Laboratory opera

tions. 

Me:uurements of radioactivity in samples of soils and sediments provide dJ ra 

on less direct pathways of exposure. Measurements of radioactivity in soils and sedi

ments are also useful for monitoring and understanding hydrologic:ll transport of ra

dioactivity that occurs in intermittent stream channels in and adjacent to low-lc,el 

radioactive waste management areas. Pueblo, Los alamos, and Mortandad Canyons a II 

M·l 
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have concentrations of radioactivity on sediments at levels higher than those :lt· 

tributable to natural terrestrial sources or worldwide fallout. The low levels of ce

sium. plutonium, and strontium in Mortandad Canyon are from treated liquid efflu· 

ents from a waste treatment plant. No radioactivity on sediments or in water has 

been measured in sampling locations beyond the Laboratory boundary in Mort:lnd:J.d 

Canyon. However, small amounts of radioactivity on sediments in Pueblo Canyon 

(from pre-1964 effluents) and upper los Alamos Canyon (from 1952 to current treated 

effluents) have probably been transported during runoff events to the Rio Grande. 

Theoretical estimates, confirmed by measurements, show the incremental effect on Rio 

grande sediments from this transported radioactivity is insignificant when compared 

with concentrations of radioactivity in soils and sediments attributable to worldwide 

fallout and natural sources. 

Examples of documentation of samples collected from analyses to completion 

are presented in the following pages of Appendix J. These examples (stations in on· 

site effluent rele:ue areas; Acid-Pueblo and DP-Los Alamos Canyon) were prepared 

for the routine surveillance report 1985 (LA-10721-ENV). 

REFERENCES 

"Environmental Surveillance at Los Alamos During 1985," Los Alamos ·National Labo· 

raton· report LA-10721-ENV (1986) •. 
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Table 3. C0111,.,;.. el J* Ull 191! ~ ........ rn. tile Ltllontory 
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llp llCi 33 53 1.6 
"Ar Ci 33S 390 1.2 
Ill [ llCi 73 146 2.0 
u llCi I 20S 728 0.6 
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APPE!'iD[X ='i 

SC:'vt.'.fAR Y OF WATER SL'PPL Y FOR !985 

Well field operltions during 1985 were satisfactory with municip::~! Jnd ind:..s

tri::~l supply consisting of 1587 ~ 106 gal from wells in three well fields Jnd 37 '( t·~- 0 

gll from the gallery in Water Canyon. About 1.8 lt 106 gal of water from GuJjc 

Reservoir and 0.9 lt 106 gal from Los Alamos Reservoir were used for irrigltion: thu; 

the total water use in 1985 was about 1628 lt 106 gal. Primary and secondary .;hemi

ca1 quality of water in the distribution system is in compliance with federal rcgulJ

tions. 

Pump:tge has not been excessive. Projected water demand can be h:tndled 

through increased operation of the wells in the three well fields. Water-level flu:tul

t ions (recovery and declines) are as anticipated with current pumpage. The declines 

have not been excessive. Water levels have risen (PM·2) where pumpage hls decrelse:: 

Pumping rate :tnd specific capacities have remained fairly constant for the past ie\~ 

ye1rs. showing very little deterioration of wells or pumping equipment. Based on ::11; 

data. no recommendations are necessary for specific well rehabilitation. Recomme:1-
. -

dations are that future operations be c:uried out as in the past ye:u. Hydr.Q.iogi; dl:l 

.:ollccted as in 198.5 should continue with an annual evaluation prepared Jt rhe beg::1-

ning of 1987. 

REFERE~CE 

"Water Supply at Los Alamos During 198S," Los Alamos National Laborltory report ! in 
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