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FOREWORD

Suggestions on How to Read this Report

This report addresses both the lay person and the scientist. Each reader may have limited or

comprehensive interest in this report. We have tried to make it accessible to all without

compromising its scientific integrity. Following are directions advising each audienee on how
best to use this document.

1. Lay Person with Limited Interest. Read Part I, the Executive Summary, which

describes the Laboratory’s environmental monitoring operations and summarizes environmental
data for this year. Emphasis is on the significance of findings and environmental regulatory
compliance. A glossary is in the back.

2. Lay Person with Comprehensive Interest. Follow directions for the “Lay Person with
Limited Interest” given atxxe. Also, summaries of each section of the report are in boldface type
and precede the technical text. Read summaries of those sections that interest you. Further details
are in the text following each summary. Appendix A, Standards for Environmental Contaminants,
and Appendix F, Description of Technical Areas and Their Associated Programs, may also be
helpful.

3. Scientists with Limited Interest. Read Part I, the Executive Summary, to determine the
parts of the Laboratory’s environmental program that interest you. You may then read summaries
and technical details of these parts in the body of the report. Detailed data tables are in Ap
pendix G.

4. Scientists with Comprehensive Interest. Read Part I, the Executive Summary, which

describes the Laboratory’s environmental programs and summarizes environmental data for this
year. Read the boldface summaries that head each major subdivision of this report. Further

details are in the text and appendixes.

For further information about this report, contact the Los Alamos National Laboratory’s
Environmental Surveillance Group (HSE-8):

Environmental Surveillance Group (HSE-8)
Los Akunos National Laboratory
P.O. Box 1663
LOS Ahnos, NM 87545
Attn: Dr. Lars F. Soholt
Mail Stop K490
Commercial Telephone: (505) 667-5021
Federat Telephone Systcm: 843-5021
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ENVIRONMENTAL SURVEILLANCE AT

LOS ALAMOS DURING 1988

by

ENVIRONMENTAL SURVEILLANCE GROUP

ABSTRACT

This report describes the environmental surveillance program conducted by Los Alamo6
National Laboratory during 1988. Routine monitoring for radiation and radioactive or
chemical materials is conducted on the Laboratory site as well as in the surrounding region.
Monitoring results are used to determine compliance with appropriate standards and to
permit early identification of potentially undesirable trends. Results and interpretation of
data for 1988 cover: external penetrating radiation; quantities of airborne emissions and
liquid effluents; concentrations of chemicals and radionuclides in ambient air, surface and
ground waters municipal water supply, soils and sediments, and fmdstuffs; and environ-
mental compliance. Comparisons with appropriate standard%regulations, and background
levels provide the basis for concluding that environmental effects from Laboratory opera-
tions are insignif~ant and do not pose a threat to the public, Laboratory employees, or the
environment.
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A. Monitoring Operations

‘I%e Laboratory maintains

ENVIRONMENTAL SURVEILLANCE 19S8

\

L EXECUTIVE SUMMARY

an ongoing environ-
mental surveillance program as required by U.S. De-

partment of Energy (DOE) orders 5400.1 (“General
Environmental Protection Program: November 1988)
and 5484.1 (“Environmental Protection, Safety, and
Health Protection Information Reporting Require-
ments,” February 1981) (DOE 1988, 1981). The sur-
veillance program maintains routine monitoring for
radiation, radioactive materials, and hazardous chemi-
cal substances on the Laboratory site and in the
surrounding region. These activities document com-
pliance with appropriate standards, identifi trends,
provide information for the public, and contribute to
general environmental knowledge. Mom detailed, sup-
plemental environmental studies are carried out to de-

termine the extent of the potential problems, to provide
the basis for any remedial actions, and to provide fur-
ther information on surrounding environments. The
monitoring program also supports the Laboratory’s pol-
icy to protect the public, employees, and environment
from harm that could be caused by Laboratory activities
and to reduce environmental impacts to the greatest de-
gree practicable. Environmental monitoring informa-

tion complements data on specific releases, such as
those from radioactive liquid-waste treatment plants
and stacks at nuclear research facilities.

Monitoring and sampling locations for various types
of memuements are organized into three groups:

1. Regional stations are located within the five
counties surrounding Los Alamos County
(Fig. 1) at distances up to 80 km (50 mi) from
the Laboratory. They provide a basis for de-
termining conditions beyond the range of
potential influence from normal Laboratory
operations.

2. Perimeter stations are located within about
4 km (2.5 mi) of the Laboratory boundary, and
many are in residential and community areas.
They document conditions in areas regularly
occupied by the public and potentially affected
by Laboratory oprations.

3. On-site stations are within the Laboratory
boundary, and most are in areas accessible only
to employees during normal working hours.
They document environmental ecmditions at the
Laboratcuy where the public has limited access.

Samples of air particulate and gases, waters, soils,
sediments, and foodstuffs are routinely collected at
these stations for subsequent analyses (Table 1). Ex-
ternal penetrating radiation from cosmic, terrestrial, and
Laboratory sources is also measured.

Additional samples are collected and analyzed to
gain information about particular events, such as major
surface run-off events, nonroutine releases, or special
studies. More than 25000 analyses for chemical and
radioehemieal constituents were carried out for envi-
ronmental surveillance during 1988. Resulting data
were used for dose calculations, for comparisons with
standards and background levels, and for interpretation
of the relative risks assoeiatwl with Laboratory
operations.

B. Estimated Doses and Risks from Radiation Ex-
posure

1. Radiation Doses. Estimated individual radia-
tion doses to the public attributable to Laboratory
operations are compared with applicable standards in

this report. Doses are expressed as a percentage of
DOE’S Radiation Protection Standard (RPS). The RPS
is for doses from exposures excluding contributions
from natural background, falloutj and radioactive con-
sumer products. Estimated doses are those believed to
be potential doses to individuals under realistic condi-
tions of exposure.

Historically, estimated doses from Laborato~ oper-
ations have been less than 790 of the 500 mrern/yr stan-
dard that was in effect prior to 1985 (Fig. 2). These
doses have principally resulted from external radiation
from the Laboratory’s airborne releases. In 1985, DOE
issued interim guidelines that lowered its RPS to
100 mrern/yr (effective dose equivalent) from all
exposure pathways. In addition, exposure via the air

pathway is further limited to 25 mrem/yr (whole body)

3
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in accordance with requirements of the U.S. Envi-
ronmental Protection Agency (EPA) (Appendix A).

In 1988 the estimated maximum individual effective

doses were each 6.2 mrem, 6% of DOE’s 100-mrem/yr
standard for all pathways. Because this dose is princi-

pally due to external radiation from airborne activation
products, it is equal to the whole-body dose as weU and
is 24$40of the EPA’s 25-mrem standard for the air
pathway alone (Table G-l). This dose resulted mostly
from external radiation from short-lived airborne emis-
sions from a linear particle accelerator, the Los ALwnos
Meson Physics Facility (LAMPF).
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Table 1. Number of Sampling Locations

Typing of Monitoring Regional Perimeter On Site

External radiation 4 12 139
Air 3 11 12
Surface and ground waters’ 6 32 37
Soils and sediments 16 16 34
Foodstuffs 10 8 11

‘An additional 22 stations for the water supply and 33 special surface
and ground-water stations related to the Fenton Hill Geothermal
Program were also sampled and analyzed as part of the monitoring
program.

Another perspective is gained by comparing these about 2% of the 336 mrem received from background

estimated doses with the estimated effective dose at- radioactivity in Los Alamos during 1988.

tributable to background radiation. lle highest esti-
mated dose caused from Laboratory operations was 2. Risk Estimates. Estimates of the added risk of
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Fig. 2. Summary of estimated maximum individual and Laboratory boundary doses
(excluding eonhibutions from cosmic, terrestrial, and medieal diagnostic sources) from
Laboratory operations.
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comparing the signifkance of radiation exposures. In-
cremental eaneer risk to nxidents of Los Alarnos town-
site due to 1988 Laboratory operations was estimated
to be 1 chance in 83000000 (Table 2). This risk is
<0+5%of the 1 chance in 30000 cancer risk from natu-

ral background radiation and the 1 chance in 190000
risk from medical radiation.

The Labomtory’s potential contribution to cancer
risk is small when compared with overall cancer risks.
The overall lifetime risk in the UNted States of eon-

&acting some form of eaneer is 1 chance in 4. The life-
time risk of cancer mortality is 1 chance in 5.

C. External Penetrating Radiation

Levels of external penetrating radiation (including x
and gamma rays and charged-particle contributions
from cosmic, terrestrial, and manmade sources) in the
Los Mamas area are monitored with thermolumines-
cent dosimeters (TLDs) at 147 locations.

The TLD network monitoring radiation fmm air-
borne activation products released by LAMPF mea-
sured about 13+ 3 mrem/yT (excludes background radi-
ation from cosmic and terrestrial sources). This value
is essentially the same as measured in 1987 despite a
19% deerease in the release of airborne radioactivity by
LAMPF. This is probably due to the differences in
wind patterns between the 2 yr.

Radiation levels (including natural background radi-
ation from cosmic and terrestrial sources) are also mea-
sured at regional, perimeter, and on-site locations in the
environmental TLD network. Some measurements at
on-site stations were above background levels, as ex-
pected, reflecting ongoing research activities at or his-
torical releases fmm Laboratory facilities.

D.

87

Air Monitoring

Airborne radioactive emissions were monitored at
release points at the Laboratory. Total airborne

Table 2. Added Individual Lifetime Cancer Mortality Risks
Attributable to 1988 Radiation Exposure

Incremental Effective Added Risk
Dose Equivalent Used to an Individual of

in Risk Estimate Cancer Mortality
Expoaure Source (mrem) (chance)

AverageExposurefrom LabomtoryOpemtions
Los Alamos townsite 0.12 lin 83000000
White Reek area 0.07 lin 140000000

Natuml Radiation
Cosmic, terrestrial, self-irradiation, and radon exposur&

Los Alamos 336 lin 3oooob
White Rock 329 lin 300Wl

MedicalX Rays (DiagnosticProcedures)
Average whole-body exposure 53 lin 190000

‘An effective dose equivalent of 200 mrem was used to estimate the risk from inhaling ‘2Rn and its
transformation products.

me risks from natural radiation from nonradon sources were estimated to be 1 chance in 73000 in Los
Alamos and 1 chance in 77000 in White Rock. The risk of lung eaneer from radon exposure was
estimated to be 1 chance in 50000 for lmth locations. Risk estimates are derived from ICRP
Publication 26 and NCRP Report 93 (ICRP 1977 and NCRP 1987).
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emissions declined from 1987 (Table 3). This was
principally due to a 19% decrease in releases of air-
borne activation products from LAMPF. Tritium re-
leases increased due to increases at TAs-33 and -41.

Ambient air is routinely sampled for rntium, ura-
nium, plutonium, americium, and gross beta activity at
25 sampling stations. Measurements of radioactivity in
the air are compamd with concentration guides based
on DOE’s Derived Air Concentrations. l%ese guides
are eomwm-ations of radioactivity in air breathed con-
tinuously throughout the year that result in effective
doses equal to DOE’s RPS of 100 mrem/yr for off-site
areas (Derived Concentration Guides for uncontrolled

areas) and to the occupational RPS (see Appendix A)
for on-site areas (Derived Air Concentration guides for
controlled areas). Hereafter they are called guides for
on-site and off-site areas.

Only the Iritium air concentrations showed any
measurable impact from radionuclides due to Labora-
tory operations. Annual average concentrations of rn-
tium remained cO.1% of DOE’s guides at all stations
and posed no environmental or health problems in
1988. Annual avemge concentrations of longer-lived
mdionuclides in air were also cO.1% of the guides
during 1988.

Table 3. Comparison of 1987 and 1988 Releases of
Radionuclides from the Laboratory

Airborne Enu”sswns

Activity Released Ratio
Radionuclide Units 1987 1988 1988:1987

3H

32p

41~

Uranium
Plutonium
Gaseous mixed activation products
Mixed fission products
Particulatdvapor activation products

Total

Ci 3180 11OOO 3.5
pCi 48 57 1.2
Ci 232 264 1.1

~Ci 1080 559 0.5
pCi 73 72 1.0
Ci 150000 121000 0.8

~Ci 1290 1150 0.9
Ci 0.2 0.1 0.5

Ci 153412 132264 0.9

Liquid E#luents

Activity Released (mCi) Ratio
Radionuclide 1987 1988 1988:1987

3H

89,90sr

137(=s

234u

238,239,2%

241~

Other

Total

11OOOO 26000 0.2
65 81 1.2

8.1 31 3.8
1.6 0.8 0.5
4.6 4.3 0.9
3.6 3.7 1.0

610.5 48 0.1

110693 26169 0.2

7
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E. Water, Soi~ and Sediment Monitoring

Liquid effluents containing low levels of radioactiv-
ity were routinely released from one waste treatment

plant and one sanitary sewage lagoon system. The
dominant change from 1987 was a decrease in tritium
discharge from TA-50’s radioactive liquid-waste treat-
ment facility due to decreased concentrations in the re-
leased waters (Table 3).

Surface and ground waters are monitored to detect
potential dispersion of radionuclides from Laboratory
operations. only the surface and shallow ground wa-
ters in on-site liquid effluent release areas contained ra-
dioactivity in concentrations that are above natural ter-
restrial and worldwide fallout levels. These on-site
waters are not a source of industrial, agricultural, or
municipal water supplies. The radiochemical quality of
water from regional, perimeter, and on-site areas that
have received no direct discharge showed no significant
effects from Laboratory releases. Lack of a hydrologic
connection to the deep aquifer was confined by lack
of radioactive or chemical contamination in that
aquifer.

Measurements of radioactivity in samples of soils
and sediments provide data on less dirwt pathways of
exposure. These measurements are useful for under-
standing hydrological transport of radioactivity in inter-
mittent stream channels near low-level radioactive
waste management areas. On-site areas within Pueblo,
Los Alamos, and Mortandad canyons all had concen-
trations of radioactivity on sediments at levels slightly
higher than attributable to natural terrestrial sources or
worldwide fallout. The low levels of cesium, pluto-
nium, and strontium in Mortandad Canyon are due to
liquid effluents from a waste treatment plant, No
above-background radioactivity on sediments or in
water has been measured in Ioeations beyond the Labo-
ratory boundary in Mortandad Canyon. However,

small amounts of radioactivity on sediments in Pueblo
Canyon (from pre-1944 effluents) and Los Alamos
Canyon (from 1952 to current treated effluents) have
been transported to the Rio Grande. Theoretical esti-
mates, Confined by measurements, show the in-
cremental effect on Rio Grande sediments is in-
significant when compared with background concentra-

tions in soils and sediments.

Environmental monitoring is done at 1 active and
11 inactive waste management areas at the Laboratory.
The general public is excluded from these controlled-

accss sites. Surface run-off has transported some low-
level contamination from the active disposal area and
several of the inactive areas into controlled-aeeess
canyons. Le.aehate extraets (following EPA guidelines)
horn the surface contamination indicate the presenee of
no constituents in exeess of EPA criteria for hazardous
waste determination.

F. Foodstuffs Monitoring

Most fruit, vegetable, fish, bee, and honey samples
from regional and perimeter locations showed no ra-
dioactivity distinguishable from that attributable to nat-
ural sources or worldwide fallout. Some produce sam-
ples from on-site locations had slightly elevated tritium

concentrations at levels cl% of DOE’s guides for
tium in water (there are no concentration guides
produce).

G. Unplanned Releases

tri-
for

Two unplanned releases of radioactive or hazardous
materials occurred during 1988. Both involved the re-
lease of tritium from a tritium-handling facility at
TA-33. In each case, the resulting radiation dose to a
member of the public was estimatwl to be <1% of the

RPs.

1. February 22 Tritium Release at TA-33. On
February 22, 1988, 5800 Ci of tritium were released
from the tritium-handling facility at TA-33. The re-
lease was in the form of elemental tritium gas, and 1%
was assumed to be subsequently oxidized to tritiated
water. Air samples collected at six air-sampling sta-

tions were within their normal range and <0. 1% of the
DOE’s Derived Concentration Guide (DCG) for tritium
in off-site areas. The whole body is the organ receiving

the dose that is the largest fraction of its radiation limit.
The largest whole-body dose was calculated to be
0.18 mrem, which is 0.7% of the EPA’s radiation limit

of 25 mrem/yr to the whole body from the air pathway.

2. October 4 Tritium Release at TA-33. On
October 4, 1988, 200 Ci of elemental tritium gas were
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released at TA-33, and 1% of the tritium was assumed
to be subsequendy oxidized after released. Air samples
collected from the Laboratory’s routine air-sampling
network were within their normal range and were
<0. 1% of the DOE’s DCG for tritium. The whole body
is the organ receiving the dose that is the largest fnw-

tion of its radiation limit. The maximum whole-body
dose was calculated to be <0.1 mrem, or <0.4% of the
EPA’s 25-rnrem/yr (whole-body) radiation limit.

H. Environmental Compliance Activities

1. Resource Conservation and Recovery Act.
The Resouree Conservation and Recovery Act (RCRA)
regulates hazardous wastes from generation to ultimate
disposal. The EPA has transferred full authority (with
the exception of the Hazardous and Solid Waste
Amendment of 1984) for administering RCRA to New
Mexieo’s Environmental Improvement Division
(NMEID). In 1988, the Laboratory had numerous in-
teractions with NMEID and prepared documentation to
comply with RCRA requirements. One compliance and
one follow-up inspection were conducted during 1988.
Two Notices of Violations were issued. Four meetings
were held with the NMEID and onc with the EPA and
NMEID to discuss the draft hazardous waste permit
that is sehedukd for public hearing in early summer.
Two closure plans and additional information on a third
were submitted to the NMEID. The Laboratory has re-
vised RCRA Parts A and B permit applications, origi-
nally submitted in 1985. The latest revisions were

submitted November 1988.

2. Clean Water Act. Regulations under the Clean
Water Act set water quality standards and effluent lim-
itations. The two primary programs at the Laboratory

to comply with the Clean Water Act are the National
Pollutant Discharge Elimination System (NPDES) and
the Spill Prevention Control and Countermeasure
(SPCC) program.

The NPDES requires permits for nonradioactive
constituents at all point source discharges. A single
NPDES permit for the Laboratory authorizes liquid ef-
fluent discharges from 99 industrial outfalls and 9 san-
itary sewage treatment outfalls; the permit expires in
March 1991. The Laboratory was within limits set by
the NPDES permit in about 95 and 98% of the analyses

done on samples collected for compliance monitoring
at sanitary and industrial waste discharges, respectively.
Chronically noncompliant discharges are being up-
graded under an EPA/DOE Fedend Facility Compli-
ance Agreement

Another NPDES permit authorizes liquid effluent
discharge from the Fenton Hill Geothermal Project.
The permit for a single outfall was issued to regulate
the discharge of mineral-laden water from the recycle
loop of the geothermal wells.

The SPCC program provides guidance for spill pre-
vention, response, and cleanup of spills and requires

preparation of an SPCC Plan. The Laboratory has
many elements that are rtX@red in an SPCC plan and
has adopted a Laboratory-wide formal SPCC plan.
During 1988, engineering designs were prepared for the
provision of secondary containment structures at seven
existing sites with ma~r spill ~tential. All new con-
struction is designed and constructed to anticipate po-
tential spill problems.

3. National Environmental Policy Act (NEPA).
The LaboratoryEnvironmental Review Committee re-
views environmental documentation required by NEPA
regulations as well as identifies other environmental
items of eonccm to the Laboratory. An Environmental
Evaluations Coordinator helps prepare required DOE
documentation and identify other items requiring com-
mittee attention. Documentation is initiated with an
Action Description Memorandum, a brief environ-
mental evaluation to determine the need for NEPA

documentation. If required, an Environmental As-

sessment, or moredetailed evaluation, is prepared.
During 1988, the eommittce reviewed six Action De-
senption Memorandums and one Environmental
Assessment and forwarded this doeumentation to DOE.

4. Federal Clean Air Act and New Mexico Air
Quality Control Act. Regulations under these acts set
ambient air quality standards, require the permitting of
new sourecs, and set acceptable emission limits. Dur-
ing 1988, the Laboratory’s operations remained in com-
pliance with all federal and state air quality regulations.
In response to these regulations, the Laboratory per-
formed a wide variety of activities in 1988. Permit ap-
plications were prepared for new beryllium-pmecssing
operations at TA-3-35, the Low-Level Waste/Mixed

9
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Waste Incinerator, and the Dual-Access Radiographic
Hydrotest Facility. In June, the NMEID issued a per-
mit for construction and operation of a proposed solid-
waste-fd baler at TA-16. Information was provided
to the state on asbestos removal and disposal activities.
A Laboratory-wide survey of toxic air pollutants was
conducted and a data base was developed to cakulate
air emissions and to store information on usage, prod-
ucts, and wastes. To ensure compliance with state and
federal air quality requirements, ambient air and source
emissions monitoring were performed.

5. Safe Drinking Water Act. Municipal and
industrial water supply for the Laboratory and commu-
nity is from 16 deep wells and 1 gallery (collection
system fed by springs). The wells range in depth fmm
265 to 942 m (869 to 3090 ft). The chemical quality of
the water met EPA’s National Interim Primary
Drinking Water Standards (40 CFR 141) in 1988.

6. Federal Insecticide, Fungicide, and Ro-
denticide Act. The Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) requires registration of all
pesticides, restricts use of certain pesticides, recom-
mends standards for pesticide applicators, and regulates
disposal and transportation of pesticides. The Labora-
tory stores, uses, and discards pesticides in compliance
with this act.

7. National Historic Preservation Act. The
Laboratory’s Environmental Evaluation Coordination
and Quality Assurance programs provide protection as
mandated by law for the hundreds of archaeological

and historical resources heated on DOE land. Pursuant
to ftxleral regulations implementing See. 106 of the Na-
tional Historic preservation Act of 1966, as amended,
clearance for construction where no resourw will be af-
fected and mitigation of unavoidable adverse effects
from Laboratory activity is &tcrmined in consultation
with New Mexico’s State Histoneal Preservation
Office. During 1988, archaeologists performed 28 cul-
turd resource surveys, monitored 7 projects, fenced 1
site, and undertook adverse impact mitigation at 2 sites.

8. Threatened/Endangered Species and Flood-
plains/Wetlands Protection. The DOE and Labora-
tory must comply with the Endangered Speeics Act of

10

1973, as amended, and with Exczutive orders 11988,
Floodplain Management, and 11990, Pmteetion of
Wetlands Environmental Review Requirements. Three
Floodplains/Werlanda notifications were prepared for
publication in the Federu/ Regisler. Laboratorybiolo-
gists surveyed 17 proposed construction sites for poten-
tial impact. They identified no endangered or rare

species at these sites.

9. Comprehensive Environmental Response,
Compensation, and Liability Act. The Comprehen-
sive Environmental Response, Compensation, and Lia-
bility Act (CERCLA) of 1980 mandated cleanup of
toxic and hazardous contaminants at closed and aban-
doned hazardous waste sites. The Supcrfund Amend-
ments and Reauthorization Act (SARA) of 1986 exten-
sively amended CERCLA. Investigations and any re-
quired remedial actions at Los Alamos will be carried
out as part of DOE’s Environmental Restoration (ER)
Program. The program is evaluating all areas at the
Laboratory for possible contamination.

10. Toxic Substances Control Act. The Toxic

Substances Control Act (TSCA) regulates the manu-
facture, processing, distribution, USC,storage, and la-
beling of chemical substances, including polychlori-
nated biphenyls (PCBs). The Laboratory has EPA

authorization to dispose of PCB wastes at its radioac-
tive waste landfdl (Area G) and burn PCB contami-
nated wastes at its Controlled Air Incinerator
(99.9999% combustion efficiency). The Laboratory is
in compliance with EPA’s permit conditions for autho-
rizing on-site disposal of PCB contaminated wastes.

11. Emergency Planning and Community
Right-to-Know Act. Toxic-chemical-release reporting
requirements under Sec. 313 of Title 111of SARA of
1986 beeame effective in March 1988. The basic pur-
pose of this provision is to make available to the public
information about releases of certain toxic chemieals
that result from operations at covered facilities in their
community. Reports must be submitted annually to the
EPA and to the state in which the facility is Ioeated.
This new rule is in addition to other reporting require-
ments under SARA Title HI, which went into effect in
May 1987. According to 40 CFR, Sec. 372.22, the
Laboratory is not a covered facility under Sec. 313.
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However, DOE policy is that the Lai_matory will
comply with all Sec. 313 reporting requiremem.
Therefore, for the calendar year 1987, the Laboratory

reported environmental releases for nitric acid. l%is
was the only compound exceeding applicable threshold
amounts. Approximately 1500 kg (3300 lb) were re-
ported released as nonpoint air emissions 1100 kg
(2500 lb), as stack air emissions. The remaining
amounts of nitric acid wem either consumed in chemi-
cal reactions or were completely neutralized by sodium
hydroxide in waste-water treatment operations. Henee,
no other environmental rehases of nitric acid were

reported.

11

12. Underground Storage Tanks. In 1988, 25
underground storage tanks were removed from the
Laboratory. The majority of these ranks were installed
in the 1940s. Surveys after removal of the tanks re-
vealed that none of the tanks had ever leaked any re-
portable quantities. Soils contaminated with hydrocar-
bons were generally associated with overfilling of the
tanks. Contaminated soils were removed for disposal at
Am.a G in accordance with NMEID’s nxommended
procedures. It is the Laboratory’s policy to remove un-
dergmmd storage tanks when user groups determine
that the tanks are no longer needed. Such tanks will be
removed as funding permits.
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Il. INTRODUCTION TO THE LOS ALAMOS AREA

A. Geographic Setting

Los Alamos National Laboratoryand the associated
residentialareas of Los Alarms and White Rock are lo-
cated in Los Alarnos County, north-central New Mex-
ico, approximately 100 km (60 mi) NNE of Albu-
querque and 40 km (25 mi) NW of Santa Fe (Fig. 1).
The 11l-km2 (43-mi2) Laboratcq site and adjacent
communities are situated on Pajarito Plateau. The
plateau consists of a series of fingerlike mesas sepa-
rated by deep east-west--oriental canyons cut by inter-
mittent strarns (Fig. 3). Mesa tops range in elevation
from approximately 2400 m (7800 ft) on the flank of
the Jemez Mountains to about 1900 m (6200 ft) at their
eastern termination above the Rio Grande Valley.

All Los Alarms County and vicinity locations refer-

enced in this report are identified by the Laboratory
Cartesian coordinate system, which is based on U.S.
customary units of measurement. This system is stan-
dard throughout the Laboratory, but is independent of
the U.S. Geological Survey and New Mexico State Sur-

vey coordinate systems. The major coordinate markers
shown on the maps are at 3-km (10 000-ft) intervals.
For the purpose of this repo~ locations are reported to
the nearest 0.03 km (100 ft).

The DOE controls the area within the Laboratory
boundaries and has the option to completely resrnct
access.

B. Land Use

Most Laboratory and community developments are

confined to mesa tops (see the inside front cover). The
surrounding land is largely undeveloped, with large
tracts of land north, west, and south of the Laboratory
site being held by the Santa Fe National Forest, Bureau
of Land Management, Bandelier National Monumen4
General Services Administration, and Los Alarms
County (see the inside back cover). The San Ildefonso
Pueblo borders the Laboratory to the east.

Laboratory land is used for building sites, experi-
mental areas, waste disposal lecations, roads, and utility

Fig. 3. Topography of the Los Alarnos area.
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rights-of-way @lg. 4 and Appendix P). However, these Limited access by the public is allowed in certain
account for only a small fraction of the total land area. areas of the Laboratory reservation. An area north of
Most land provides isolation for seeurity and safety and Aneho Canyon between the Rio Grande and State
is a reserve for future structure locations. The Long- Road 4 is open to hikers, rafters, and hunters, but
Range Site-Development Plan (Engineering 1982) as- woodcutting and vehicles are prohibited. Portions of
sures adequate planning for the best possible future Mortandad and Pueblo canyons are also open to the
uses of availabk Laboramry lands. public. An archaeological site (Otowi Tract), northwest

SANTA FE

“(/-, ../
Fig. 4. Technical areas (TAs) of Los Alamos Nationat Laboratory in relation
to surrounding landholdings.

1
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of State Road 502 near the White Rock Y, is open to
the public subject to the restrictions of cultural resource
protection regulations.

C. Geology-Hydrology

Most of the fingerlike mesas in the Laboratoryarea
am found in Bandelier Tuff (Fig. 5). Ashfall, ashfall
pumice, and fiyolite tuff form the surface of Pajarito
Plateau. The tuff, mnging from nonweldcd to welded,
is over 300 m (1000 ft) thick in the western part of the

plateau and thins to about 80 m (260 ft) eastward above
the Rio Grande. It was deposited as a result of a major
eruption of a volcano in the Jemez Mountains about 1.1
to 1.4 million years ago.

The tuffs overlap onto older volcanics of the
Tschicoma Formation, which form the Jemez Moun-
tains. They are underlain by the conglomerate of the
Puye Formation (Fig. 5) in the central and eastern edge
along the Rio Grande. Chino Mesa basalts (Fig. 5) in-
terfinger with the conglomerate along the river. These

formations overtay the sediments of the Tesuque For-
mation (Fig. 5), which extends across the Rio Grande
Valley and is in exeess of 10MIm (3300 ft) thick.

Los Aktmos area surface water occurs primarily as
intermittent streams. Springs on flanks of the lemez
Mountains supply base flow into upper reaehe.s of some
canyons, but the amount is insufficient to maintain sur-
face flows across the Laboratory site before it is de-
pleted by evaporation, transpiration, and intlkration.
Run-off from heavy thunderstorms or heavy snowmelt
reaches the Rio Grandc several times a year in some
drainages. Effluents from sanitary sewage, industrial
waste treatment plants, and cooling-tower blowdown
are released to some canyons at rates sufllcient to
maintain surface flows for about 1.5 km (1 mi).

Ground water occurs in three modes in the Los
Alamos area: (1) water in shallow alluvium in canyons,
(2) perched water (a ground-water body above an imp-
ermeable layer that is separated from the underlying
main body of ground water by an unsaturated zone),

&
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Fi~. 5. Concer)tual illustration of mologic-hwirologic relationships in Los Alamos area.
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and (3) the main aquifer of the Los Alarms area
(Fig. 5).

Intermittent stream flows in canyons of the plateau
have de~sited alluvium that ranges fi-omless than 1 m
(3 ft) to as much as 30 m (100 ft) in thickness. The al-
luvium is quite permeable, in contrast to the underlying
volcanic tuff and sediments. Intermittent run-off in
canyons infdh’ates the alluvium until its downward
movement is impeded by the less permeable tuff and
volcanic sediment. ‘Ilis results in a shallow alluvial

ground-water body that moves downgradient within the
alluvium. As water in the alluvium moves down-
gradient, it is depleted by evapotranspiration and
movement into underlying volcanics (Purtymun 1977).

Perehed water occurs in conglomerate and basalts

beneath the alluvium in a limited area about 37 m
(120 ft) in the midreach of Pueblo Canyon and in a
second area about 45 to 60 m (150 to 200 ft) beneath
the surface in lower Pueblo and Los Alarnos canyons
near their confluence. The seeond area is mainly in

basrdts (Fig. 5) and has one discharge point at Basalt
Spring in Los Alamos Canyon.

The main aquifer of the Los Alarnos area is the only
aquifer in the area capable of serving as a municipal
water supply. The surftxc of the aquifer rises westward
from the Rio Grande within the Tesuque Formation into
the lower part of the Puye Formation beneath the cen-
tral and western part of the plateau. Depth of the
aquifer decrea.s from 360 m (1200 ft) along the we.st-
em margin of the plateau to about 180 m (600 fl) at the
eastern margin. The main aquifer is isolated from alhJ-
vial and perched waters by about 110 to 190 m (350 to

620 ft) of dry tuff and volcanic sediments. Thus, there
is littJe hydrologic connection or potential for recharge
to the main aquifer from alluvial or perehed water.

Water in the main aquifer is under water-table con-
ditions in the western and central part of the plateau and
under artesian conditions in the eastern part and along
the Rio Grande (Pwtymun 1974B). Major recharge to
the main aquifer is from the intermountain basin of the
Vanes Caldera in the Jcmez Mountains west of Los
Alarms. The water table in the caldera is near land sur-
face. The underlying lake sediment and volcanics are
highly permeable and recharge the aquifer through
Tschieoma Formation interflow brcccias (rock consist-
ing of sharp fragments embedded in a fine-graincd ma-
trix) and the Tesuque Formation. The Rio Grande re-

eeives ground-watw discharge from springs fed by the
main aquifer. l%e 18.5-km (11.5-mi) reach of the river
in White Reek Canyon between Otowi Bridge and the

mouth of Rito de Frijoles receives an estimated 5.3 to
6.8 x 1($ m3 (4300 to 5500 acre-ft) annually from the
aquifer.

D. Climatology

Los Alamos has a semiarid, temperate mountain cli-
mate. Average, annual precipitation is nearly 45 cm

(18 in). Precipitation was heavy during 1988, totaling
62 cm (24.3 in.). It was the fourth consecutive year
with precipitation at least 130% of normal. Forty pe-r-
eent of the annual precipitation normally occurs during
July and August from thundershowers. Rainfall was
heavy during the spring and summer of 1988. Winter
precipitation falls primarily as snow, with accumula-
tions of about 130 cm (51 in.) annually. Snowfall was
near normal during 1988.

Summers are generally sunny with moderate warm
days and cool nights. Maximum temperatures are usu-
ally below 32°C (!JO”F). Brief afternoon and evening
thundershowers are common, especially in July and
August. High altitude, light winds, clear skies, and dry

atmosphere allow night temperatures to drop below
15°C (59°F) after even the warmest day. Winter tem-
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 dmp
to near –18°C (O°F) or below. Many winter days are
clear with light winds, so strong sunshine can make
conditions comfortable even when air temperatures are
cold.

Snowstorms with accumulations exceeding 10 cm
(4 in.) are common in Los Alamos. Some storms can

be associated with strong winds, frigid air, and danger-
ous wind chills. No severe snowstorms occurred during
the year. The largest daily snowfall was 20 cm (8 in.).

Surfaec winds in Los Alamos often vary dramati-
cally with time-ofday and location Eecause of complex
terrain. With ligh~ large-scale winds and clear skies, a
distinct daily wind cycle often exists: a light south-
easterly to southerly upslope wind during the day and a
light westerly to northwesterly drainage wind during
the night. However, several miles to the east to-
ward the edge of Pajarito Plateau near the Rio Grande
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Valley, a different daily wind cycle is common: a
moderate southwesterly upvalley wind during the day
and either a light northwesterly to northerly drainage
wind or moderate southwesterly wind at night. On the
whole, the predominant winds are southerly to north-
westerly over western Los Alamos Coun~ and wuth-
westerly and northeasterly toward the Rio Grande Val-
ley. The year 1988 followed normal patterns in wind.

Historically, no tornadoes have been reported to

have touched down in Los Akunos County. Strong dust
devils can produce winds up to 35 nds (75 mph) at
isolated spots in the county, especially at lower eleva-
tions. Strong winds with gusts exceeding 27 m/s
(60 mph) are common and widespread during the
spring. A peak wind gust of 35 m/s (77 mph) was

reported at the East Gate station on November 20.
Lightning is very common over Pajarito Ptateau.

There are 58 thunderstorm days during an average year,
with most occurring during the summer. Lightning
protection is an important design factor for most facili-

ties at the Laboratory. Hail damage can also occur.
Hailstones with diameters up to 0.64 cm (0.25 in.) are
common, whereas 1.3-em (0.5-in.) -diam hailstones are
rare. A strong thunderstmn caused 5 cm (2 in.) of hail
mmrnulation at TA-59 on June 10.

The irregular terrain at Los Alamos affects the
atmosphere turbulence and dispersion, sometimes fa-
vorably and sometimes unfavorably. Enhanced disper-

sion promotes greater dilution of eontarninants released
into the atmosphere. The complex terrain and forests

create an aerodynamically rough surface, forcing in-
creased horizontal and vertical dispersion. Dispersion
generally decrease s at lower elevations where the ter-

rain beeomes smoother and less vegetated. The fre-
quent clear skies and Iight, large-scale winds cause
good vertieal, daytime dispersion, especially during the
warm season. Strong daytime heating during the sum-
mer can forte vertical mixing up to 1–2 km
(300&6000 ft) above ground level (AGL), but the gen-

emlly light winds are limited in diluting contaminants
horizontally.

Clear skies and light winds have a negative effect
on nighttime dispersion, causing strong, shallow sur-
face inversions to form. These inversions ean severely
restrict near-surface, verticat, and horizontal dispersion.
Inversions are especially strong during the winter.
Shallow drainage winds ean fill lower areas with cold

air, thereby creating deeper inversions, common toward
the valley (White Reek) on clear nights with light
winds. Canyons ean also limit dispersion by channel-
ing air flow. Strong, large-wale inversions during the
winter can limit vertieal mixing to under 1 km (3000 ft)
AGL.

Dispersion is generally the greatest during the
spring when winds are strongest. However, deep verti-
cal mixing is the greatest during the summer. Low-
level disprsion is generally the least during summer
and autumn when winds am light. Even though low-
level, winter dispersion is generally greater, intense sur-
hee inversions can cause the least-dispersive condi-
tions during the night and early morning.

The frequencies of atmospheric dispersive capabil-
ity are 52% unstable (A-C), 21% neutral (D), and 27%
unstable (E–F) during the winter at TA-59. The fre-
quencies are 44, 22, and 34%, respectively, during the
summer. These stability category frequencies are W
on vertical wind variations. Stability generally in-
creases (becomes less dispersive) toward the valley.

E Population Distribution

Los Alamos County has an estimated 1988 pop-
ulatim of approximately 19500 (based on the 1980
census adjusted for 1988). Two residential and related
commercial areas exist in the county @lg. 4). The Los
Alamos townsite (the original area of developmen~
now including residential areas known as the Eastern
W Western AretL North Community, Barranca
Mesa, and North Mesa) has an estimated population of
12200. The White Reek area (including the residential
areas of white Reek La Senda, and Pajarito Acres) has
about 7200 residents. About one-third of the people
employed in Los Atamos eommutc from other counties.
Population estimates for 1988 place about 203000 per-
sons within an 80-km (50-mi) radius of Los Alamos
(Table 4).

F. Programs at IAMAlamos National Laboratory

l’%eLaboratoryis administeredby the University of

California for the Department of Energy. The Lab
ratory’s environmental program, conducted by the
Environmental Sumeillance Group, is part of a contin-
uing investigation and documentation program.
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Table 4. 1988 Population Within 80 km of Los Alamosa*b

Kilometers from TA-53

Direction 1-2 2-4 4-8 8-15 15-20 20-30 3040 40-60 60-80

N

NE

E
ESE
SE
SSE

s
Ssw
Sw
Wsw

w

NNw

1 0
0 0
1 0
0 0

0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0

0 0
0 1540
0 561
0 619

—

o
0
0
0

79
0

7240
0

0
0
0
0

0
7000
1840

620

0 0
546 0

0 306
1840 1510

24 526
0 0
0 0
0 0

50 0
20 0
0 0
0 0

0 0
0 0
0 0
0 0

0
523

14800
2570

1080
277

0
0

293
751

0
289

0
0
0
0

1100
1670

974
2610

658
21900
50600

403

565
185
289
288

0
0
0
0

0
1730
1090
1150

0
1060
2310
4110

6240
7570
3820
2340

151
0

1390
61

355
213

3690
2190

1440
1470

7
90

()
30800

0
190

122
2830

0
60

aThis distribution represents the resident, non-work-force population with respect to the Los Alamos
Meson Physics Facility’s stack at TA-53. A slightly different distribution for Los Alamos County
townsites was used to model releases from the TA-2 stack, which is located closer to Los Alarnos.

~otal population within 80 km of Los Alamos is 203000.

Since its inception in 1943, the Laborato~’s pri-
mary mission has been nuclear weapons research and
development. Programs include weapons development,

magnetic and inertial fusion, nuclear fission, nuclear
safeguards and security, and laser isotope separation.
l%ere is also basic researeh in the areas of physics,
chemistry, and engineering that supports such pro-
grams. Researeh on peaceful uses of nuclear energy
has included space applications, power reactor pm
grams, radiobiology, and medicine. Major researeh
programs in elementary particle physics are carried out
at the Laboratory’s linear proton accelerator. Other
programs include applied photochemistry, astrophysics,
earth sciences, energy resxmrees, nuclear fuel safe-
guards, lasers, computer sciences, solar energy,
geothermal energy, biomedical and environmental re-
search, and nuclear waste management research. Ap-
pendix F summarizes aehvities at the Laboratory’s
32 active technical areas (TAs).

In August 1977, the Laboratory site, encompassing
111 km2 (43 mi2), was dedicated as a Nationrd Envi-
ronmental Researeh Park. The ultimate goal of pro-

grams associated with this regional facility is to encOur-
age environmental research that will conrnbute under-
standing of how people ean best live in balance with
nature while enjoying the benefits of technology. Park
resourees are available to individuals and organizations
outside of the Laboratory to facilitate self-supported re-
search on these subjects deemed compatible with the
Laboratory programmatic mission (DOE 1979).

A Final Environmental Impact Statement (DOE
1979) that assesses potential cumulative environmental
impacts associated with current, known futm, and
continuing activities at the Labomtory was completed
in 1979. The report provides environmental input for
deeisions regarding continuing ac~vities at the Labora-
tory. It also provides more detailed information on the
environment of the Los Alarms area

18
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Ill. RADIATION DOSES

Some incremental radiation doses (above those received from natural background, re-
suspended fallout and med~al and dental diagnostic procedures) are received by Los
Alamos County residents as a result of Laboratory operations. The largest estimated effec-
tive dose equivalent to a member of the public was about 6 mrem from all pathway% which
is 6% of the DOE’s Radiation Protection Standard of 100 mrendyr (all pathways). This dose
is principally due to airborne em”wions from the linear particle accelerator at the Los
Alamos Meson Physics Facility.

No significant exposure pathwaya are believed to exist for radioactivity released in
treated liquid-waste discharges. Most released radionuclides are retained in alluvial sedi-
ments within Laboratory boundaries. A small fkaction is transported off site in stream-
channel sediments during heavy run-off. Radionuclide concentrations in these sediments,
however, are only slightly above background Ievek. Other minor pathways include direct
radiation and foodstuffs.

The collective effective dose equivalent attributable to Laboratory operations received by
the population living within 80 km (50 mi) of the Laboratory was conservatively estimated to
be 2.2 person-rem during 1988. This is 4.01% of the 65000 person-rem collective effective
dose equivalent received by the same population from natural radiation sources and 0.02%
of the 11000 person-rem collective effective dose equivalent received from diagnostic medi-
cal procedures Nearly 90% of this dose, 1.9 person-rem, was received by persons living in
Los Alamos County. This dose is 0.03% of the 6500 person-rem received by the population
of Lus Ahunos County from background radiation and 0.2% of the 1000 person-rem from
diagnostic medical and dental procedures.

In 1988, the average added risk of cancer mortality to Los Alamos townsite residents was
1 chance in 83000000 from radiation from this year’s Laboratory operations; this is much
less than the 1 chancein30000 from background radiation. The EPA has estimated average
lifetime risk for overall cancer incidence as 1 chance in 4; for cancer mortality, 1 chance
in 5.

To evaluate compliance with EPA’s regulation 40 CFR Part 61, Subpart H, the maxi-
mum doses from airborne emissions from 1988 Laboratory operations were cakulated by
AIRDOS-EPAfRADRISK. The maximum whole-body and organ doses were 9 mrem (whole
body) and 11 mrem (testes). These doses were 37 and 15%, respectively, of EPA’s radiation
limit of 25 mrendyr (whole body) and 75 mrem/yr (any organ) from the air pathway. The
whole-body dose is sliihtly Klgher than the maximum effective dose equivalent cited above
because it was modeled rather than measured. AIRDOS-EPA tends to overestimate radia-
tion doses in the complex terrain around Los Alamos.

A. Background doses from background radiation and medical and den-
ral radiation.

The impact of environmental releases of radio- The DOE’s Radiation Protection Standard (RPS)
activity is evaluated by estimating doses rcceivcd by limits the effective dose equivalent to 100 mrem/yr for
the public from exposure to these releases. These doses all pathways of exposure (DOE 1985). The effective
are then compared with applicable standards and with dose equivalent is the hypothetical whole-body dose
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thatcarries the same risk of cancer or genetic disorders
as a given dose to a particular organ (see Glossary).
Using this dose, which was introduced by the Interna-
tional Commission on Radiological Protection (ICRP
1977), allows direct comparison of expsums to differ-
ent organs.

In aeeordanee with EPA regulations (40 CFR 61),
whole-body doses received through the air @hway are
limited to 25 mrerrdyr and individual organ doses ate
limited to 75 mrem/yr. The principal pathway of expo-
sure at Los Alamos has been through release of
radionuclides into the air, resulting in external rdation
doses to the whole body. Other pathways contribute fi-
nite but negligible doses. A detailed discussion of
standards is presented in Appendix A.

The exposure pathways considered for the Los
Alamos area are atmospheric transport of airborne ra-
dioactive emissions, hydrologic transport of treated liq-
uid effluents, food chains, and direct exposure to exter-
nal penetrating radiation. Exposure to radioactive ma-
terials or radiation in the environment was determined
by direct measurements of airborne and waterborne
contaminants, of contaminants in foodstuffs, and of
external penetrating radiation. Theoretical dose cal-
culations based on atmospheric dispersion modeling
were made for other airborne emissions present at lev-
els too low for measurement.

Doses were calculated from measured or derived
exposures using models based on the reeommendations
of the ICRP (Appendix D). These doses are summa-
rized in Table 5 for the most im~rtant exposure cate-
gories:

1.

2.

Maxhuun Boundary Dose, or “Fence-Post”
Dose Rate. This is the estimated maximum
dose to a hypothetical individual present at the
point on the Laboratory boundary where the
highest dose rate occurs. This dose does not
take into account shielding or occupancy and
does not rquire that an individual actually re-
ceive this dose.

Maximum Individual Dose. This is the esti-
mated maximum dose to an individual actually
residing in the off-site location where the high-
est dose rate occurs. It includes corrections for
shielding (for example, for bting inside a build-
ing) and occupancy (the fraction of the year
that the person is in the area).

3. Average Dose. This is the estimated average
dose to residents of Los Alamos and White
Rock.

4. Collective Effective Dose Eqw”valent. This is
an estimate of the collective effective dose
equivalent for the population within an 80-km
(50-mi) radius of the Laboratory.

The maximum bounday dose and the maximum
individual dose over the past 10 yr are summarized in
Fig. 2. Each year, more than 95% of the dose resulted
from airborne emissions of activation products from the
Los Alamos Meson Physics Facility (LAMPF).

‘fhe effcaive dose equivalent is taken to be the
same as the whole-body dose equivalent for whole-
body external radiation. The effective dose equivalent
for internal radiation is the weighted sum of the doses
to individual organs (see Glossa@.

All internal radiation doses (through inhalation or
ingestion) am 50-yr dose commitments (Appendix D).
This is the total dose received from intake of a radionu-
clide for 50 yr following intake.

In addition to compliance with dose standards,
which define an upper limit for doses to the public,
there is a concurrent commitment to limit radiation ex-
posure to individuals and population groups to levels as
low as reasonably achievable (ALARA). This policy is
followed at the Laboratory by applying strict controls

on airborne emissions, liquid effluents, and operations
not only to minimize doses to the public but also to
limit releases of radioactive materials to the envi-
ronment. Ambient monitoring deseribed in this report
documents the effectiveness of these controls.

B. Estimate of Radiation Doses

1. Maximum Individual Dose to a Member of
the Public from 1988 Laboratory Operations. The
maximum individual effective dose equivalent to a
memberof the public from 1988 Laboratoryoperations
is estimated to be 6.2 mrerrdyr. This is the total effec-
tive dose equivalent from all pathways. This dose is
6% of the DOE’s RPS of 100 mrern/yr effective dose
equivalent from all pathways.

The dose occurred at East Gate at the Laboratory
boundary north of LAMPF and was primarily due to
external penetrating radiation from air activation prod-
ucts released by the LAMPF accelerator. The dose is
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based on environmental measurement data discussed
below. Table 6 summarizes the maximum individual
effective dose equivalent and associated organ doses.

2. Doaea from Natural Background Radiation
and Medical and Dental Radiation. Effective dose
equivalents fmm natural background and from medical
and dental uses of radiation are estimated to provide a
comparison with doses resulting from Laboratory
operations. Doses from global fallout are only a small
fraction of these doses (<1%) and are not considerd
further here. Exposure to natural hwkground mdiarion
results principally in whole-body doses and in localized
doses to the lung and other organs. For convenience,
these doses are divided into those resulting ffom expo-
sure to radon and its decay products that mainly affect
the lung, and those from nonradon sourws that mainly
affwt the whole body.

As in the environmental surveillance report for
1987 (ESG 1988), estimates of background radiation
am baaed on a meent comprehensive report by the Na-
tional Council on Radiation Probxtion and Measure-
ments (NCRP 1987). The 1987 NCRP report contains
some minor differtmees from a 1975 NCRP report that
had k used in previous environmental surveillance
reports. These differences include using 20% (instead
of 10%) shielding by structures for high-energy cosmic
radiath and 30% (instead of 20%) self-shielding by

the body for terrestrial radiation. The 1987 NCRP doc-
ument also gives an effective dose equivalent for radon
exposure. These changes were used to obtain the most
current estimates of background radiation. This re-
sulted in some small differences from the procedure
used in surveillance reports prior to 1987 for de-
termining background doses.

Whole-body external dose is incurred from expo-
sure to cosmic rays and to external terrestrial radiation
from naturally occurring radioactivity in the earth’s sur-
face and from global fallout, Effective dose equiv-
alents fkom internal rdiation are due to radionuclides
&posited in the body through inhalation or ingestion.

Nonradon effective dose equivalents from back-
ground radiation vary each year depending on factors
such as snow cover and the solar cycle (Sec. IV). Esti-
mates of background from nonradm sources are based
on measured extema.1 radiation background levels of
115 mrem (Los Alarnos) and 109 mrem (White Reek)
due to irradiation from charged particles, x rays, and
gamma rays. These uneorrecti measured doses were
adjusted for shielding by nxiucing the cosmic-ray
component (60 mrem at Los Alarms, 52 mrem at White
Reek) by 20% to allow for shielding by structures and
by reducing the terrestrial component (55 mrem at Los
Alamos and 57 rnrem at White Rock) by 30% to allow
for sel&shielding by the body (NCRP 1987). To these

estimates, based on measurements, were added

Table 6. Maximum Individual Dose (mrendyr) at East Gate
from Laboratory Operations During 1988

Percentage of
Laboratory Radiation Protection Radiation Protection
Operation Standard Standard
(mrern/yr) (mreudyr) (%)

EffectiveDoseEquivalent 6.2 100 6.2

Organ:
Breast 6.7 5000 0.1
Lung 5.4 5000 0.1
Red MOW 5.5 5000 0.1
Bone surface 6.5 5000 0.1
Thyroid 6.7 5000 0.1
Testes 7.2 5000 0.1

ovaries 4.8 5000 0.1
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10 mrem at Los Alamos and 8 mrem at White Rock

from neutron cosmic radiation (20% shielding as-
sumed) and 40 mrem from internal radiation (NCRP
1987). The estimated whole-body dose from back-
ground, nonradon radiation is 136 mrem at Los Alamos
and 129 mrem at White Reek.

In addition to these nonradon doses, a second com-
ponent of background radiation is dose to the lung from
inhalation of ‘Rn and its deeay pmduets. ‘The‘2Rn

is produced by decay of 22ka, a member of the ura-
nium series, which is naturally present in the con-
struction materials in a building and in its underlying
soil. ‘Ile effeetive dose equivalent from exposure to
kkground ‘Rn and its decay products is taken to be
200 mrem/yr (NCRP 1987). This background estimate

may be revised if a nationwide study of background
levels of ‘2Rn and its decay products in homes is
undertaken as recommended by the NCRP (1984A,
1987).

The total effective dose equivalent to residents is
336 mrem/yr at Los Alamos and 329 mrem/yr at White
Reek (Table 5), or 136 mrern/yr (Los Alamos) and
129 mrem/yr (White Reek) from nonradon sources and
200 mrern/yr from radon (in both areas).

MedieaI and dental radiation in the United States
aecounta for an average effective dose equivalent,
per capim of 53 mrcm/yr (NCRP 1987). This esti-
mate includes doses from both x rays and radio-
pharmaceuticals.

3. Dose to Individuals from External Pen-
etrating Radiation from Airborne Emissions. The
thermoluminescent dosimeter (TLD) network at the

Laboratory boundary north of LAMPF indicatd a 12.7-
mrem increment above cosmic and terrestrial back-
ground radiation during 1988 (See. IV). This increment
is attributed to emission of air activation products from
LAMPF. Based on 30% shielding from being inside
buildings (NRC 1977), 30% self-shielding (NCRP
1987), and 100% occupancy, this 12.7-mrem increment
translates to an estimated 6.2-mrem whole-body dose to
an individual living along State Road 502 north of
LAMPF (Table G-l). This location north of LAMPF
has been the area where the highest boundary and
individual doses have been measured since the

dosimeter monitoring began. The 6.2 mrem is 25% of

EPA’s air emission standard of 25 mrem/yr for a mem-
ber of the public (Appendix A).

Because these doses are from external penetrating
radiation, all whole-body doses reported in this section
are numerically equal to effective dose equivalents.
Consequently, the doses are not only less than EPA’s
air pathway standard of 25 mrem/yr (whole body), but
they are also less than DOE’S RPS of 100 rnrem/yr
(effective dose equivalent).

A maximum on-site dose to a member of the public
from external penetrating radiation from all Laboratory
airborne emissions was estimated using a Gaussian dis-
persion meteorological model (Slade 1968). The esti-
mated maximum on-site dose was 0.001 mrem (whole
body) for 1988. This is 4.005% of the EPA’s 25-
mrem air pathway standard for protection of a member
of the public (Appendix A). This dose was calculated
(using credible worst-case conditions) for a person
spending 4 h at the Laborato~’s seienee museum, an
area readily accessible to the public.

Average dose to residents in Los Alamos townsite

attributable to Laboratory operations was 0.12 mrem to
the whole body. The corresponding dose to White
Rock residents was 0.07 mrem. The doses are 0.5%
and 0.03%, respectively, of EPA’s 25 mrem air path-
way standard. They were estimated using an air disper-
sion model, measured stack releases (Table G-2), and
1988 meteorological data. These doses were dominated

by external radiation from airborne releases at LAMPF.

4. Doses to Individuals from Inhalation of Air-
borne Emissions. The maximum individual doses at-
tributable to inhalation of airborne emissions (Ta-

ble G-1) are below the EPA air pathway standards for
whole-body doses, 25 rnrem/yr, and the limit for organ
dews, 75 mrem/yr (Appendix A).

Exposure to airborne 3H (as rntiated water vapor),
uranium, ‘8Pu, ‘9~~, and 24]Am were determined
by measurement (Sec. V. Correction for background
was made assuming that natural radioactivity and
worldwide fallout were represented by data horn the
three regional sampling stations at EspMol~ Pojoaque,
and Santa Fe. Doses were calculated using the proce-
dures described in Appendix D.

The highest effective dose equivalent was

0.03 mrem, or 0.03% of the DOE’S RPS of
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100 mrem/yr. ‘he inhalation dose that was the highest
percentage of the EPA’s air pathway standard was
0.22 mrem to the bone surfaeq this is 0.3% of the
75 mrem/yr standard for dose to any organ from the air
pathway.

Emissions of air activation products from LAMPF
resulted in negligible inhalation exposures.

All other atmospheric releases of radioactivity (Ta-
ble G-2) were evaluated by theoretical calculations.
All potential doses from these other releases were less
than the smallest ones presented in this seetion and thus
were considered insignificant.

5. Modeled Doses from Airborne Emi=ions.
For compliance with 40 CFR Part 61, Subpart H, the
EPA requires that radiation doses be determined with
the computer codes AIRDOS-EPA and RADRISK
(40 CFR 61). The AIRDOS-EPA code was run with
1988 meteorology data and radioactive emissions data
given in Table G-2 and RADRISK dose conversion
factors (70-yr commitment). As expected, more than
98% of the maximum individual dose resulted from
external exposure to the air activation products fmm
LAMPF. The maximum individual whole-body dose,
as determined by AIRDOS-EPA, was 9.1 mrem, cor-
rected to include shielding by buildings (30% reduc-
tion). This dose, which would occur in the ma just
north of LAMPF, is 37% of the EPA’s air pathway

standard of 25 mrdyr (whole body).
The maximum organ dose was calculated by AIR-

DOS-EPA to be 11 mrcm to the testes, or 15% of
EPA’s air pathway standard of 75 mrem/yr to any or-
gan. This dose would also occur in the area just north
of LAMPF. Of the 11 mrem, approximately 99% is
due to external penetrating radiation from LAMPF air
emissions and 1% from other Laboratory emissions.

6. Doses from Direct Penetrating Radiation. No
direet penetrating radiation from Laboratory operations
was deteaed by TLD monitoring in off-site areas. The
only off-site TLD measurements showing any effect
from Laboratory operations were those taken north of
LAMPF. ‘l%esewere due to airborne emissions and are
discussed above. On-site TLD measurements of ex-
ternal penetrating radiation reflected Laboratory oper-
ations and did not represent potential exposure to the
public except in the vicinity of TA- 18 on Pajarito Road.

Members of the public using the DOE-controlled road
passing by TA-18 would likely receive no more than
2 mresn/yr of direct gamma and neutron radiation,

which is 2% of the DOE’s 100 mrem/yr standard for
protection from exposure by all pathways (Ap
pmdix A). This value was based on 1988 field
measurements of gamma plus neutron dose rates using
TLDS.

‘l%eon-site TLD station (Station 24, Fig. 6) near the
northeastern Laboratory boundary recorded an above-
baekground dose of about 70 mrem. This mfleets direet
radiation from a localized accumulation of 137CSon
sediments transported from treated effluent released
from TA-21 prior to 1964. No one resides near this
location.

7. Doses to individuals from Treated Liquid Ef-
fluents. Treated liquid effluents do not flow beyond
the Laboratory boundary but are retained in alluvium of
the reeeiving canyons (Sec. VI). These treated ef-
fluents are monitored at their point of discharge and

their behavior in the alluvium of the canyons below
outfalls has been studied (Hakonson 1976A, 1976B,
and Purtymun 1971, 1974A).

Small quantities of radioactive contaminants trans-
ported during periods of heavy run-off have been mea-
sumd in canyon sediments beyond the Laboratory

boundary in Los Alamos Canyon. Calculations made
with radiological data from Acid, Pueblo, and Los
Alamos canyons (ESG 1981) indicate a minor exposure
pathway (eating liver from a steer that drinks water
from and grazes in lower Los Alamos Canyon) to man
from these canyon sediments. This pathway could P
tentially result in a maximum committed effective dose
equivalent of 0.1 mrem.

8. Doses to Individuals from Ingestion of Food-
stuffs. Data from sampling of produce, fish, and honey
during 1988 (Sec. VII) wem used to estimate doses re-

eeived from eating these foodstuffs. All calculated ef-
feetive dose equivalents are 0.1% or less of the DOE’s
100 mrem/yr standard (Appendix A).

Fruit and vegetable samples were analyzed for six
mdionuclides (3H, 137Cs, total uranium, 238Pu, and
‘9*2%). Maximum committed effective dose equiv-

alent that would result from ingesting one quarter of an
annual consumption of fruits and vegetables (160 kg)
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from the off-site locations was 0.05 mrem. This dose is
0.05% of the DOE’s RI% for protecting members of the
public (Appendix A).

Ingestion of produce collected on site is not a
significant expxure pathway because of the small
amount of edible material, low radionuelide concentra-
tions, and limited aeeess to these foodstuffs.

Fish samples were analyzed for 137CS, natural
uranium, ‘8Pu, and ‘9~~. Radionuclide con-
centitions in fish from Cochiti Reservoir, the sampling

kxation downstream from the Laboratory, are com-
pared with coneenrrations in fish taken from upstream.
The maximum effective dose equivalent to an individ-
ual eating 21 kg of fish from Cechiti Reservoir is
0.03 mrem, which is 0.03% of DOE’s 100-mrem
standard (DOE 1985). Maximum organ dose is
0.3 mrem to bone surface.

Trace amounts of radionuclides were found in
honey. The maximum effective dose equivalent one
would get from eating 5 kg of this honey, if it were
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made available for consumption, would be 0.01 trwem,
which is 0.01% of DOE’s 100-mnm standard.

9. Collecthe Effective Dose Equivalent The
1988 population collective effeetive dose equivalent
attributable to Laboratory operations to persons living
within 80 km (50 mi) of the Laboratory was calculated
to be 2.2 person-mm. This dose is 4.01% of the
65000 person-rem exposure from natural tdcground
radiation and 0.02% of the 11000 person-rem exposure
from medical radiation (Table 7). The 1988 collective
whole-body dose equivalent is also 2.2 person-rem.
This is because the dose is dominated by extend
whole-body radiation from LAMPF emissions. Whole-
body doses received from external radiation equal total
effeetive doses.

‘he collective dose from Laboratory operations was
calculated from measured radionuclide emission rates
(Table G-2), atmospheric modeling using measured
meteorological data for 1988, and population data
based on the 1980 Bureau of Census count adjusted to
1988 (Table 4 and Appendix D).

‘Ile collective dose from natural background radi-
ation was calculated using the background radiation

levels given above. The dose to the W-km population
from medial and dental mdiation was calculatcxl using
a mean annual dose of 53 mmm per capita. The popu-
lation distribution in Table 4 was used in both these cal-
culations to obtain the total collective dose.

Also shown in Table 7 is the collective effective
dose equivalent in Los Alamos County from IAmratory
operations, natural background radiation, and medical
and dental radiation. Approximately 90% of the total
collective dose from Laboratory operations is to LQS
Alamos County residents. This dose is 0.03% of the
collective effeetive dose equivalent from bxkground
and 0.2% of the collective dose from medical and den-
tal mdiation, respectively.

Population centers outside of Los Alamos County

are farther away, so dispersion, dilution, and decay in
transit (particularly for 1lC, 13N, 140, 150, and 41Ar)
reduee the collective dose to less than 10% of the total.
The collective dose to residents outside of Los Alamos
County and within 80 km (50 mi) of the Laboratory is
0.001% of the dose ftom natural background radiation
and 0.003% of the dose from mcdieal and dental
radiation.

Table 7. Estimated Collective Effective Dose
Equivalents (person-rem) During 1988

Los Alamos County 80-km Region
Exposure Mechanism (19 400 persons) (203 000 persons)’

Total due to Laboratory releases 1.9t’ 2.2

Natural background
Nonradon 2600 25000
Radon 3900 41000

Total due to natural sources of radiation 6500 65000

Diagnostic medical exposures (-53 mrem/Yr/IXrmn)c 1000 11OOO

aIncludes doses reported for Los Alamos County.

bCalculations are based on TLD measurements. They include a 30q0 reduction in cosmic
radiation ffom shielding by structures and a 30910reduction in tcrrestial radiation from
se~-shieldmg by the body.

cRefcrence NCRP (1987).
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C. Risk to an Individual from Laboratory Releases

1. Estimating Risk. Risk estimates of possible
health effeets from radiation doses to the public result-
ing from Laboratory operations have been made to pro-
vide perspective in interpreting these radiation doses.
These calculations, however, may overestimate xtual
risk for low-LET (linear energy transfer) radiation. The
National Council on Radiation Protection and Mea-
surements (lJCRP 1975A) has warned that “risk esti-

mates for radiogenic cancers at low doses and low dose
rates derived on the basis of linear (proportional) ex-
trapolation from the rising portions of the dose in-
cidence curve at high doses and high dose
rates. . . cannot be expected to provide realistic esti-
mates of the actual risks from low-level, Iow-LET
radiation, and have such a high probability of overesti-
mating the actual risk as to be of only marginal value, if
any, for purposes of realistic risk-benefit evaluation.”

Low-LET radiation, which includes gamma mys, is
the principal type of environmental radiation resulting
from Laboratory operations. Estimated doses from

high-LET radiation, such as neutron or alpha particle
radiation, are less than 3% of estimated low-LET radi-
ation doses. Consequently, risk estimates in this report
may overestimate the true risks.

The ICRP (1977) estimated that the total risk of
cancer mortality from uniform, whole-body radiation
for individuals is 0.0001 per rem, that is, there is
1 chance in 10 000 that an individual exposed to
1000 mrem (1 rem) of whole-lmdy radiation would de-
velop a fatal cancer during his lifetime due to that expo-

sure. This same risk factor applies to the risk of cancer
mortality per rem of effeetive dose equivalent. In

developing risk estimates, the ICRP (1977) has warned
that “radiation risk estimates should be used only with
great caution and with explicit recognition of the possi-
bility that the actual risk at low doses may be lower
than that implied by a deliberately cautious assumption
of proportionality.”

2. Risk from Natural Background Radiation
and Medical and Dental Radiation. During 1988,

persons living in Los Alamos and White Reek reeeivcd
an average effective dose equivalent of 136 and
129 mrem, respectively, of nonradon (principally to the
whole body) radiation from natural sources (including

cosmic, terrestrial, and self-irradiation sources with al-
lowances for shielding and cosmic neutron exposure).
Thus the added cancer mortality risk attributable to

natural, whole-body radiation in 1988 was 1 chance in
73000 in Los Alamos and 1 chance in 77000 in White
Reek.

Natural background radiation also includes ex-
posure to the lung from 2ZRn and its decay products
(see above), in addition to exposure to whole-body ra-
diation. This exposure to the lung also carries a chance
of cancer mortality due to natural radiation sources that
was not included in the estimate for whole-body radia-
tion. For the background effective dose equivalent of
200 mrem/yr, the added risk due to exposure to natural
~z~ and is d~ay producw k 1 chance in 50000.

The total cancer mortality risk from natural back-
ground radiation is 1 chance in 30000 for Los Alamos
and White Reek residents (Table 2). The additional
risk of cancer mortality from exposure to medical and
dental radiation is 1 chance in 190000.

3. Risk from Laboratory Operations. The risks
calculated above from natural background radiation and
medical and dental radiation can be compared with the
incremental risk due to radiation from Labomtory
operations. The average doses to individuals in Los
Alamos and White Rock because of 1988 Laboratory
activities were 0.12 mrem and 0.07 mrem, respectively.
These doses are estimated to add lifetime risks of about
1 chance in 83000000 in Los Alamos and 1 chance in
140000000 in White Rock to an individual’s risk of

cancer mortality (Table 2). These risks are <0.1 !10 of
the risk attributed to exposure to natural background ra-
diation or to medieal and dental radiation.

For Americans the average lifetime risk is a 1 in 4
chance of contracting a cancer and a 1 in 5 chance of
dying of cancer (EPA 1979A). The Los Alamos incre-
mental dose attributable to Laboratory operations is
equivalent to the additional exposure from cosmic rays
a person would get from flying in a commercial jet air-
craft for 33 min.

The exposure from Laboratory operations to Los
Alamos County residents is well within variations in
exposure of these people to natural cosmic and terres-
trial sources and global fallou~ For example, amount
of snow cover and position in the solar sunspot cycle
ean account for a lo-mrem variation from year to yar.
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IV. MEASUREMENT OF EXTERNAL PENETRATING RADIATION

Levels of external penetrating radiation (including x and gamma rays and charged-
particle contributions from cosmic, terrestrial, and manmade sources) are monitored in the
Los Alamos area with thermoluminescent dosimeters. The only boundary or perimeter
measurements showing an effect attributable to Laboratory operation were those from do-
simeters located north of the Los Alamoa Meson Physics Facility (a linear particle accelera-
tor). They showed an above-background radiation measurement of about 13 * 3 mrem in
1988. This is essentially the same aa the dose measured in 1987. Some on-site measurements
were above background Ievelsj aa expected, reflecting research activities and waate manage-
ment operations at the Laboratory.

A. Background

Natural external penetrating radiation comes from
terrestrial and coismic sources. The natural terrestrial
component results from decay of ‘K and of radion-
uclides in the decay chains of ‘2Th, ‘5U, and ‘*U.
Natural terrestrial radiation in the Los Alarms mea is
highly variable with time and location. During any
year, external radiation levels can vary 15 to 25% at
any location because of changes in soil moisture and

snow cover (NCRP 1975B). There is also spatial
variation bwause of different soil and reek types in the
area (ESG 1978).

The eosrnic source of natural ionizing radiation
incrase.s with elevation beeause of reduced shielding
by the atmosphere. At sea level, it produces measure-
ments between 25 and 30 mrendyr. Los Alamos, with a
mean elevation of about 2.2 km (1.4 mi), receives

about 60 mrem/yr from the cosmic eompcment. How-
ever, the regional locations range in elevation from
about 1.7 km (1.1 mi) at Espaiiola to 2.7 km (1.7 mi) at
Fenton Hill, resulting in a corresponding range between
45 and 90 mrem/yr for the cosmic component. The
co8mic component can vmy about *5% because of
solar modulations (NCRP 1975B).

Fluctuations in natural ionizing radiation make it
difficult to detect an increase in radiation levels from
manmade sources. This is especially true when the size

of the increase is small relative to the magnitude of
natural fluctuations. Therefore, to measure contribu-

tions to external mdiation from operation of the Los

Alamos Meson Physics Facility (LAMPF), two arrays
of 48 thermoluminescent dosimeters (’I’LDs)each have
been deployed near LAMPF and in background areas.

Levels of external penetrating radiation (including
x and gamma rays and charged-particle contributions
ffom cosmic, terreshial, and manmade sources) in the
Los Alamos area are measured with TLDs deployed in
three independent networks. These networks are used
to measure radiation levels at (1) the Laboratory and

regional areas, (2) the Laboratory boundary north of
LAMPF, and (3) low-level radioactive waste manage-
ment areas

B. Environmental TLD Network

The environmental network consists of 40 stations
divided into 3 groups. The regional group consists of
four locations, 28 to 44 km (17 to 27 mi) from the Lab-
oratory boundary in the neighboring communities of
Espafiola, Pojoaque, and Santa Fe, as well as the Fenton
Hill Site 30 km (19 mi) west of Los Alamos. The off-
site perimeter group consists of 12 stations within 4 km
(2.5 mi) of the boundary. Within the Laboratory,
24 locations comprise the on-site group (Fig. 6). Ik-
tads of methodology for this network are found in
Appendix B.

Annual averages of groups tended to be slightly
higher in 1988 than in 1987 (Fig. 7). Regional and
perimeter stations showed no statistically discernible
increase in radiation levels atrnbutable to Laboratory
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Fig. 7. llermolumineseent dosimeter (TLD) measurements (includes contributions from
cosmic, terrestrial, and Laboratory radiation sources).

operations (Table G-3). Annual measurements at off-
site stations ranged from 79 to 143 mrem.

Some comparisons provide a useful perspective for
evaluating these measurements. For instance, the

average person in the United States reeeives about
53 mrem/yr from medical diagnostic procedures
(NCRP 198’7). The DOE’s RPS is 100 mrem/yr, effee-
tive dose received from all pathways, and the dose
reeeived via air is restricted by EPA’s standard of
25 mrem/yr (whole body) (Appendix A). These values
are in addition to those from normal background, cxm-
sumer products, and medical sources. The standards
apply to locations of maximum probable exposure to an
individual in an off-site, uncontrolled area.

C. Los Alamos Meson Physics Facility (LAMPF)
TLD Network

This network monitors external radiation from air-
borne activation products (gases, particles, and vapors)

30

released by LAMPF, TA-53. The prevailing Winds are
from the south and southwest (Sec. II). Twelve TLD
sites are hxated downwind at the Laboratory boundary
north of LAMPF along 800 m (0.5 mi) of canyon nm.
Twelve background TLD sites are about 9 km (5.5 mi)
tiom the facility along a canyon rim near the southern

boundary of the Laboratory @lg. 6). This background
location is not influenced by any Laboratory external

radiation sources.
The TLDs at the 24 sites are changed each calendm

quarter, or sooner if LAMPF’s operating schedule indi-
cates (start-up or shutdown of the accelerator for ex-
tended periods midway in a calendar quarter). The
radiation mearnmment (above background) for this net-
work was about 13 * 3 mrem for 1988. This value is

obtained by subtracting the annual measurement at the
background sites from the annual measurement at the
Laboratory’s boundary north of LAMPF (Appendix B).
This year’s measurement is essentially the same as the
value measured in 1987 (Hg. 2).
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D. TLD Network for Low-Level Radioactive Waste
Management Areas

This network of 92 locations monitors radiation lev-
els at 1 wtive and 11 inactive low-level radioactive
waste management areas. These waste management ar-
eas are controlled-aeeess areas and are not accessible to
the gcmeral public. Active and inactive waste areas are
monitoral for external penetrating radiation with arrays

of TLDs (Table 8). Averages at all waste management
sites were higher than the average for the perimeter net-
work. However, the range of values at most sites
largely overlapped those found at perimeter and re-
gional stations (Tables 8 and G-3). ‘Ile extremes at
Area G (the active radioactive waste area) and Area T
(an inactive waste area) have been noted in previous
years. These data reflect the results of past and present
radioactive waste management activities.

Table 8. Doses (mrem) Measured by TLDs at
On-Site Waste Areas During 1988

Number
Area of TLDs Mean Minimum Maximum

A
B
c
E
F
G
T
u
v
w
x
AB

5
14
10
4
4

27
7
4
4
2
1

10

118
124
124
129
131
161
140
123
125
140
118
120

110
118
119
119
122
129
115
119
115
142
—

109

127
132
130
135
155
305
250
127
134
137
—

136
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V. AIR MONITORING

Airborne radioactive emissions were monitored at 87 Laboratory release points. The
largest airborne release was 121000 Ci of short-lived (2- to 20-min half-lives) air-activation
products from the Los A1amos Meson Physics Facility (LAMPF) during its operation from
June 8 through October 5,1988. Air is routinely sampled at several locations on site, along
the Laboratory perimeter, and in distant areas that serve as regional background stations.
Atmospheric concentrations of tritium, uranium, plutonium, americium, and gross beta are
measured. The highest measured and 1988 annual average concentrations of these radioac-
tive materiak were much less than the 0.1% of concentrations that would result in DOE’s
Radiation Protection Standards being exceeded.

A. Airborne Radioactivity

1. Introduction. The sampling network for air-
borne radioactivity consists of 25 continuously operat-
ing air-sampling stations (see Appendix B for a com-
plete description of sampling procedures). The regional
monitoring stations, 28 to 44 km (18 to 28 mi) from the
Laboratory, are Iocatcd at Espaflola, Pojoaque, and
Santa Fe (Table G-4). The results from these stations
are used as reference points for determining regional
background levels of atmospheric radioactivity. The
10 perimeter stations are within 4 km (2.5 mi) of the
Laboratory boundary, and 12 on-site stations are within
the Laboratory boundary (Fig. 8, Table G4).

Natural atmospheric and fallout radioactivity levels
fluctuate and affect measurements made with the Lab

ratory’s air-sampling program. Worldwide background
airborne radioactivity is largely composed of fallout
from past atmospheric nuclear weapons tests, natural

radioactive constituents from the decay chains of tho-
rium and uranium attached to dust particles, and mate-
rials resulting from interactions with cosmic radiation
(for example, natural tritiated water vapor produced by
interactions of cosmic radiation and stable water).
Background radioactivity concentrations in the atmos-
phere are summarized in Table G-5 and are useful in
interpreting the air-sampling data.

Particulate matter in the atmosphere is primarily

caused by the resuspension of soil that is dependent on
current meteorological conditions. Windy, dry days
can increase the soil resuspension, whereas precipita-

tion (rain or snow) can wash out particulate matter in
the atmosphere. Consequently, there are often large
daily and seasonal fluctuations in airborne radioactivity
concentrations caused by changing meteorological con-
ditions.

2. Airborne Emissions. Radioactive airborne
emissions are monitored at 87 Laboratory discharge
stacks. These emissions consist primarily of filtered
exhausts from glove boxes, experimental facilities,
operational facilities (such as liquid-waste treatment
plants), a nuclear research reactor, and a linear particle

accelerator at Los Alamos Meson Physics Facility
(LAMPF). The emissions receive appropriate treat-
ment before discharge, such as filtmtion for particulate

and catalytic conversion and adsorption for activation
gases. The quantities of airborne radioactivity released
depend on the type of research activities and can vary
markedly from year to year (Figs. 9–1 1).

During 1988, the most significant releases were
from LAMPF. The amount released for the entire year

was 121000 Ci of air-activation products (gases, par-
ticulate, and vapxs) (Tables 3 and G-2). The princi-
pal airborne activation products (half-lives in parenthe-
ses) were llC (20 rein), 13N (10 rein), 140 (71 s), 150
(123 S), 41Ar (1.83 h), lWAU(4.1 h), and 195Hg(9.5 h).
Over 95% of the radioactivity was from the *lC, 13N,
140, and 150 radioisotopes, and, therefore, this radio-
activity declines very rapidly.

Airborne tritium emissions increased by a factor of
3.5, from 3180 Ci in 1987 to 11000 Ci in 1988
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Fig. 8. Air sampler locations on or near the Laboratory site.

Table 3). This was principally due to increases in
tritium releases at TA-33 and TA41.

In addition to releases from faeilitks, some depleted

uranium (uranium consisting primarily of ‘W) is dis-

persed by experiments that use conventional high
explosives. About 298 kg (657 lb) of depleted uranium
were used in such experiments in 1988 (Table G-6).
This mass contains about 0.14 Ci of radioactivity.
Most of the debris from these experiments is deposited
on the ground in the vicinity of the ftig sites. Limited

experimental data indicate that no more than about 10%
of the depleted uranium becomes akborne. Dispersion
calculations indicate that resulting airborne concentra-

tions are in the same range as that attributable to the
natural abundance of uranium resuspended in dust par-
ticles originating from the earth’s crust.

l%e EPA limits radiation doses from airborne radio-
active emissions to 25 rnrem/yr (whole body) and
75 mrem/yr (any single organ) under the auspices of

the National Emission Standards for Hazardous Air
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Fig. 11. Airborne activation product emissions (principally 1°C, 1‘C, 13N, 16N, 140,150, 41Ar)
from LAMPF, the Los Alamos Meson Physics Facility (TA-53).

Pollutants (EPA 1985). As discussed in See. III, the
maximum individual doses caused by Laboratory op-
erations during 1988, which resulted from releases of
air-activation products at LAMPF, were 6.2 mrem to
the whole body and 7.2 mrem to the testes. These
doses were 25% of the EPA limit of 25 mrem/yr to the
whole body and 10% of the EPA limit of 75 mrendyr to
any organ.

3. Gross Beta Radioactivity. Gross beta analyses
help in evaluating geneml radiological air quality. Fig-
ure 12 shows gross beta concentrations at a regional
sampling location (Espafiola, Station 1) about 30 km
(19 mi) from the Laboratory and at an on-site sampling
Ioeation (TA-59, OH-l).

4. Tritium. In 1988, the regional mean (2.5
x 1W12 ~Ci/mL) was statistically signifkantly lower
than the perimeter annual mean (11.5 x 10-12 pCi/mL)
and the on-site annual mean (23.9 x 10-*2 pCi/mL)
(Table G-7). This reflects the slight impact of Labora-

tory operations. The TA-2 (Station 25) and TA-33
(Station 24) annual means of 78.0 x 10_12 and 57.8
x 10_lz pCi/mL, respectively, were the two highest an-

nual means measured in 1988. Both of these stations
are located within the Lakratory boundary near areas
where tritium is used in operations. These tritium
concentrations are 4.1 % of the concentration guides
for tritium in air, based on DOE’s Derived Air Con-
centrations for controlled areas (Appendix A).

5. Plutonium and Americium. Of the 98 air-
sample analyses performed in 1988 for 238Pu, only
7 were above the minimum detectable limit of 2.0
x 10_ls ~Ci/mL. The highest concentration wan-red at
TA-2 (17.4 * 3.8 x 10_18 ~Ci/mL) and represents
4.1% of DOE’s Derived Air Concentration guides for
‘8PU in controlled areas, 3 x 10-12 pCi/mL (Ap

23*Pu analyses are notpendix A). The results of the
tabulated in this report because of the large number of
results below minimum detectable activity.
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The 1988 annual means for 2392% conmntratiOns

in air for the regional (0.8 x 10_18~Ci/mL), perimeter
(0.8 x 10_18~Ci/mL), and on-site (4.1 x 10_18pCi/mL)
stations were all <0. 1% of the derived guides for con-
trolled or uncontrolled areas (Appendix A).

Meawd concentrations of ZLll~ were all 4).1 ~0

of the derived guides for controlled and uncontrolled
areas (Appendix A).

The detailed results are given in Tables G-8 and

G-9.

6. Uranium. Because uranium is a naturally

oeeurring radionuclide in soil, it is found in airborne
soil particles that have been resuspended by wind or
mechanical forces (for example, vehicle or construction
activity). As a resul~ uranium concentrations in air are
heavily dependent on the immediate environment of the
air-sampling station. Those stations with relatively
higher annual averages or maximums are in dusty ar-

eas, where a higher tilter dust loading accounts for
colleet.ion of more natural uranium from resuspendtxl
soil particles.

The 1988 annual means were regional, 159 pg/m3;
perimeter, 56 pg/m3; and on site, 62 pg/m3 (Ta-
ble G-10). All measured annual means were <0. 1% of
the concentration guides for uranium in controlled and
uncontrolled areas (Appendix A). No effects attribu-
table to Laboratory operations were observed.

B. Nonradioactive Chemicals in Ambient Air

1. Air Quality

a. Acid Precipitatwn. The Laboratory operates
a wet deposition monitoring station located at Bandelier
National Monument. This station is part of the
National Atmospheric Deposition Program @JADP)
network. The NADP is an independently operated
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network of monitoring stations located throughout the
United States that are designed to measure regional
deposition rates. The samples, which are collected fol-
lowing standardized procedures, are chemically char-
acterized by the NADP Central Analytical Laboratory.
The sampling resul~ are presented in Sec. IX.

b. Ambient Air Monitoring. Because the Los
Alarms area is remote from large metropolitan areas

and major sources of air pollution, extensive monitor-
ing for nonradioactive air pollutants has not been con-
ducted. At .presen~ total suspended particulate (TSP)
matter is measured at two sites in the vicinity of the
Labcmtory by the New Mexico Air Quality Bureau.
Measurements are made once every 6 days at a sile on
West Road in Los Alarnos and at the sewage treatment
plant in White Rock. TSP levels memured at these
sites, as well as the applicable standards, arc reported in
Table 9. The TSP ambient air quality standards were
met in both Los Alamos and White Reek.

In 1988, the Laboratory restarted the ambient air
monitoring station south of TA49 adjacent to BaI]-
delier National Monument. In 1989, fully quality-

assured data will be colleeted for TSP matter, ozone,
PMIO @articles with an aerodynamic diameter
<I() pm), sulfur dioxide, and nitrogen dioxide.

2. Airborne Emi..sions. Several sources at the
Laboratory emit air pollutants that arc regulated under
ambient air quality standards or state-imposed emission
limits. The emissicns from these sources are dcscribcd
below.

a. Beryllium Operations. Beryllium machining
operations are located in shop 4 at TA-3-39, in shop 13

at TA-3- 102, the beryllium shop at TA-35-213, and the
beryllium-processing facility atTA-3-141. Exhaust air
from eaeh of these operations passes through air-pollu-

tion control equipment before exiting from a stack. A
bag-house filter is used to control emissions from
shop 4. The other opemtions use HEPA (high-
efficiency particle-attenuation) filters to control
emissions, with a removal eftlcicney of more than
99.95%. Soume trots have demonstrated that all
beryllium operations meet the emission limits
established by the New Mcxico air quality permits. In
1988, the Laboratory submitted a permit application for
additional beryllium-processing operations at TA-3-35.

b. S(eam Plants and Power Plant. Fuel
consumption and emission estimates for the steam
plants and the TA-3 power plant are reported in
Table G-11. These plants am a source of particulate
matter, oxides of nitrogen (NOx), carbon monoxide, and
hydrocarbons. The NOX emissions from the TA-3
power plant were estimated based on boiler exhaust gas
measurements. Exhaust gas measurements also indi-
cated that sulfur oxides (SOX)in the exhaust gases are
below minimum dctcetablc levels. EPA emission fac-
tors were used in making the other emission estimates
(EPA 1984). Tbc decrease in emissions fmm 1987 to
1988 rcfleets the drop in fuel consumption, mainly at

the TA-3 power plan~ The Wcstcm Arc~ steam plant,
usd M a standby plant, was operated only 1 month
during 1988. Tbc emissions from these plants are quite
low, posing no threat of violating ambient air quality
standards.

c. Asphalt Plant. Annual production figures
and estimates of the particulate matter emissions from

Table 9. Particulate Matter Air Quality @g/m3)

State Ambient
Air Quality Standards Measurements

Type Maximum Allowed Los Alamos White Rock

24-h average 150 58 (43)’ 83 (67)a

Annual geometric mean 60 21.8 23.6

aHighest (second highest).
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Asphalt Plant Particulate Matter Emissions

Production Emissions
(ton/yr) (Iblyr)

1987 8083 269
1988 7389 246

the asphalt concrete plant are found in Table 10. A
multicyclone cleaner and a wet scrubber are used to
clean the exhaust gas stream before it is released into
the atmosphere. The particulate matter emissions from
the plant decreased from 1987 to 1988 Iwcause of a de-
crease in production. There has been a substantial de-
crease in asphalt productkm since 1985 t!eeause most of
the asphalt used at Los Alamos since then has been
purchased from outside vendors. The particulate matter
emissions estimate was based on stack testing data
(Kramer 1977) and production data.

d. Burm”ng and Detonatwn of Explosives.
During 1988, a total of 15201 kg (33 513 lb) of high-
explosive wastes were disposed of by open burning at
the TA-16 burn ground. Burning the explosives m-

resultingin emissions of oxides of nitrogen, particulate
matter, carbon monoxide, and hydrocarbons. Estimates
of emissions resulting fmm this burning are reported in
Table 11. The emissions were 17% lower than those
for 1987. These estimates were made by using data
from experimental work carried out by Mason and
Hanger-Silas Mason Co., Inc. (MHSM 1976).

Dynamic experiments using conventional explo-
sives are routinely conducted in certain test areas at the
Latx)mtory. In some experiments these explosives

contain toxic metals including uranium, beryUium, and

lead. Estimates of emissions from this activity are
shown in Table G-6. Uranium and lead emissions more
than doubled beryllium emissions remained constant

from 1987 to 1988.
Estimates of average concmtrations of these

toxic metals downwind from the detomtions have
shown that ambient air quality impacts are likely to be
4.1% of the applicable standards. These estimates are
based on information concerning the proportion of ma-
terial aerosolized, limited field experiments involving
aircraft sampling, and the amounts of toxic metals used
in the experiments.

e. Lead-Pouring Facility. A lead-pouring fa-
cility for producing lead castings is located at TA-3-38.
Approximately 7055 kg (15 554 lb) of lead were poured
during 1988. This facility emits particulate matter con-
taining lead. The maximum amount of lead poured per
quarter was about 3300 kg (7300 lb), which took place
during the second quarter. The estimated 1988 annual
TSP emissions from this facility were 3.1 kg (6.8 lb);
the maximum quarterly TSP emissions were 1.5 kg
(3.2 lb). The estimated annual and maximum quarterly
emissions of lead were 0.68 and 0.33 kg (1.5 and
0.73 lb), respectively. ‘I%e emission estimates were
based on the amounts of lead poured and an EPA
emission factor for lead-casting operations (EPA 1984).

Table 11. Estimated Air Pollutant Emisskms from the
Open Burning of Waste Explosives (kg)

Pollutant 1987 1988

Oxides of nitrogen 556 459

Particulate 331 274

Carbon monoxide 143 119

Hydrocarbons 2 2
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Both the national and New Mexico ambient air
quality standards for lead are 1.5 j.@n3 averaged over
a calendar quarter. Air dispersion procedures meom-
mended by the EPA (EPA 1986) were used to estimate
the maximum quarterly average lead concentmtions
caused by emissions from the lead-pouring facility.
These procedures provide conservative eoncenrration
estimates. The maximum quarterly concentration for
1988 was estimated to be 0.021 ~g/m3, approximately
1% of the standard.

3. VKlbility. In cooperation with the Laboratory,
the National Park Service established a visibility mon-

40

itoring site on Labomtory property. The site is located
near Bandelier National Monumen~ an area where visi-
bility is considered an integral part of the Monument’s
attraction. The overall purpose of this national program
is to characterize long-cange visibility in and around the
National Parks and Monuments. Although the Park
Service has not yet published the data for 1988, the
preliminary data indicate that typical visibility in this

area is quite high, approaching the theoretical limit
based on atmospheric scattering. ‘l%eextensive forest
fwes in the western United States greatly reduced visi-
bility on several days during the summer of 1988.



LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL SURVEILLANCE 1908

VI. WATER, SOILS, AND SEDIMENTS MONITORING

Surface and ground waters, soilsj and sediments were sampled and analyzed to monitor
dispersion of radionuclidea and chemicals from Laboratory operations. Radionuclide and
chemical concentrations of water from areas where there has been no direct releaae of
treated effluents evidenced no observable effects due to Laboratory operations. The chemi-
eal quality of surface waters from areas with no effluent release varied with seasonal
fluctuations. Water in on-site areas where treated effluent has been released contained ra-
dionuclides below DOE’s concentration guides. The quality of water in these release areaa
reflected some impact of Laboratory operations but these waters are confined within the
Laboratory boundary and are not a source of municipal, industrial, or agricultural water
supply.

Most regional and perimeter soil and sediment stations contained radioactivity at or near
background levels. Concentrations that did exceed background were low and were not con-
sidered significant. Sediments from areas where treated discharges have been released con-
tained radionuclides in excess of background. Concentrations of plutonium in sediments
from regional reservoirs on the Rio Chama and Rio Grande reflected worldwide fallout.

A. Effluent Quality

In the past, treated liquid effluents containing low
levels of radioactivity have been released from the

central liquid waste treatment plant (TA-50), a smaller
plant serving laboratories at TA-21, and a sanitary

sewage lagoon system serving LAMPF (TA-53)
(Tables 3, G-12, G-13, and Figs. 9, 10, and 13). In
1988, there were no releases from TA-21.

The total activity released in 1988 (ea. 32 Ci) was

29% of that released in 1987 (ea. 110 Ci) (Table 3).
Release of *37CSfrom TA-50 increased fourfold be-
cause of cleanup activities at the TA-3-29 hot cells
(Table G-12). Effluents from TA-50 are discharged
into the normally dry stream channel in Mortandad

Canyon, where surface flow has not passed beyond the
Labomtory’s boundary since before the plant began
operation in 1963.

Concentrations found in the TA-53 lagoon effluent
in 1988 were lower than those found in 1987 for all
radionuclides (Table G-13). The source of the
radioactivity was activated nuclides in water from the

beam-stop cooling systems. The volume discharged
from the lagoons decreased substantially in 1988.

Discharge from the lagoons sinks into the alluvium of
Los Alamos Canyon within the Laboratory’s boundary.

As discussed in subsequent sections, concentrations
of radionuelides in water decrease from the point of
discharge. Effluent radionuclides have not been &-
tected beyond the Laboratory boundary in Mortandad
Canyon. Although effluent radionuclides do oeeur off
site in Los Alamos Canyon, the concentrations remain
4.1 % of DOE’s guides for off-site waters. Thus, these

effluent discharges do not pose a threat to the general
public or the environmen~

B. Radiochemical and Chemical Quality of Sur-
face and Ground Waters

1. Background. Surface and ground waters from
regional, perimeter, and on-site stations are monitored
to provide routine surveillance of Laboratory operations
(Figs. 14 and 15, Table G-14). If a sample from a
particular station was not taken this year, it was because
the station was dry, a water pump was broken, or the
wells were down for repairs. Concentrations of ra-
dionuclides in water samples are compared with guides
derived from DOE’S Radiation Protection Standard
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Fig. 13. Summary of strontium and cesium liquid effluent releases.
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(RPS) (Appendix A). Concentration guides do not
account for concentrating mechanisms that may exist in
environmental media. Consequently, other media, such
as sediments, soils, and foodstuffs, are also monitored
(see subsequent seetions).

Routine chemical analyses of water samples have
been carried out for many constituents over a number
of years. Although surface and shallow ground waters
are not a source of municipal or industrial water supply,
results of these analyses are compared with EPA
drinking water standards, as these are the most re-
strictive related to water use.

2. Regional Stations. Regional surface water
samples were eolhxted within 75 km (47 mi) of the
Laboratory from six stations on the Rio Grande, Rio
Chama, and Jemez River (Fig. 14). The six sampling
stations were located at U.S. Geological Survey gaging
stations. These waters provided baseline data for radio-
chemieal and chemieal analyses in areas beyond the
Laboratory boundary. Stations on the Rio Grande were
at Embudo, Otowi, Coehiti, and Bemalillo. The Rio
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Fig. 15. Surface and ground-water sampling locations on and near the Laboratory site.

Grande at Otowi, just east of Los Alamos, has a
drainage area of 37000 km2 (14 300 mi2) in southern
Colorado and northern New Mexico. Discharge for the
period of record (1895-1905 and 1909-1986) has
ranged from a minimum of 1.7 m3/s (60 ft3/s) in 1902
to691 m3/s (24 400 ft3/s) in 1920. The discharge for
water year 1987 (October 1986 to September 1987)
ranged from 22 m3/s (780 ft3/s) in J~Y to 279 m3/s
(9850 ft3/s) in May (USGS 1988).

43

The Rio Chama is a tributary to the Rio Grande up-
stream from Los Akunos (Fig. 14). At Chamita on the
Rio Chama, the drainage area above the station is
8143 km2 (3143 mi2) in northern New Mexico with a
small area in southern Colorado. Since 1971, some
flow has resulted from transmountain diversion water
horn the San Juan drainage. Flow at the Chamita gage
is governed by release from several reservoirs. Dis-
charge at Chamita during water year 1987 ranged from
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1.3 m3/s (46 ft3/s) in January to 88 m3/s (3100 ft3/s) in
April.

The station at Jemez on the Jemez River dmins an

area of the Jemez Mountains west of Los Alarnos. The
Fenton Hill Hot Dry Rock Geothermal Facility (TA-57)
is located within this drainage. The drainage area is

small, about 1220 km2 (471 mi2). During water year
1987, discharge ranged from 0.62 m3/s (22 ft3/s) in
September to 56 m3/s (1960 ft3/s) in April. The river is
a tributary to the Rio Grande downstream from Los
Alamos.

Surface waters from the Rio Grande, Rio Chama,
and Jemez River are used for irrigation of crops in the
valleys both upstream and downstream from Los
Alamos. Water horn these rivers is part of recreational

areas on state and federal lands.

a. Radiochem’cal Analyses. Surface water
samples from regional stations were collected in Febru-
ary and September 1988. Cesium, plutonium, tritium,
and total uranium activity levels in these waters were
low (Tables 12 and G-15). Samples collected down-
gradient from the Laboratory showed no effect from the
Laboratory’s operation. Sampling results from 1988

exhibited no major differences from 1987’s. Maximum
concentrations of radioactivity in regional surface water
samples were well below DOE’s concentration guides
for off-site areas.

b. Stable Chemical Anulyses. Surface water
samples from regional stations were colleeted in March
1988. Maximum concentrations in regional water sam-
ples were well below drinking water standards (Tables
13 and G-16). There were some variations from previ-
ous years’ results. These fluctuations result from

chemie.al changes that occur with variations in dis-
charges at the sampling stations. This is normal, and no
inference can be made that the water quality at these
stations is deteriorating.

3. Perimeter Stations. Perimeter stations within
4 km (2.5 mi) of Los Alarms included surface water
stations at Los Alarnos Reservoir, Guaje Canyon, Fri-
joles Canyon, and three springs (La Mesita, Indian,and
Sacred springs). Other perimeter stations were in

White Rock Canyon along the Rio Grande just east of
the Laboratory. Included in this group were stations at

23 springs, 3 streams, and a sanitary effluent release
area (Fig. 15 and Table G-14).

Los Alamos Reservoir, in upper Los Alamos

Canyon on the flanks of the mountains west of I-m
Alamos, has a capacity of 51 (M3Om3 (41 acre-ft) and a
drainage area of 16.6 krn2 (6.4 mi2) above the intake.
The reservoir is used for storage and recreation. Water
flows by gravity through about 10.2 km (6.4 mi) of wa-
ter lines for irrigation of lawns and shrubs at the Labo-
ratory’s Health Researeh Laboratory (TA43), the Los
Alamos High School, and the University of New
Mexico’s Los Alamos Branch.

The station in Guaje Canyon is below Guaje Reser-
voir. Guaje Reservoir in upper Guaje Canyon has a ca-
pacity of 0.9x 1($ 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 rather than storage, as
flow in the canyon is maintained by perennial springs.
Water flows by gravity through 9.0 km (5.6 mi) of wa-
ter lines for irrigation of lawns and shrubs at Los
Alarnos Middle School and Guaje Pines Cemetery. The
stream and reservoir are also used for recreation.

The water lines from Guaje and Los Alamos reser-
voirs are not a part of the municipal or industrial water
supply at Los Alarms. They are owned by DOE and
operated by Pan Am World Services. Diversion for ir-
rigation is usually from May through October.

Surface flow in Frijoles Canyon was sampled at
Ban&lier National Monument Headquarters. Flow in
the canyon is from spring discharge in the upper reach
of the canyon. Flow deereases as the stream crosses
Pajarito Plateau because of seepage and evapotran-
spiration losses. The drainage area above the monu-

ment headquarters is about 45 km2 (17 mi2) (l%rtymun
1980A).

h Mesita Spring is east of the Rio Grande, whereas
Indian and Sacred springs are west of the river in lower
Los Alarnos Canyon. These springs discharge from
faults in the siltstones and sandstones of the Tesuque
Formation and from small seep areas. Total discharge
at each spring is probably less than 1 L/s (0.3 gal./s).

Perimeter stations in White Reck Canyon are com-
posed of four groups of springs. The springs discharge
from the main aquifer. l%ree groups (Groups I, II, and
III) have similar, aquifer-related chemical quality. Wa-

ter from these springs is from the main aquifer beneath
the Pajarito Plateau (Purtymun 1980B). Chemieal



Table 12 Maximum Concentrations of RedimnXivity in Surke ad Ground Waters from Off-Site and On-Site Stations

Number of 3H *CS Total Uranhun 238~ 239*

Statkma (l(@ uCUmL) (l@ uCVmL) O.tdL) (10+ uCtimL) (l@ uC1/mL)

Ana~tkal LMls of DetecU@n 0.7 40 1.0 O.(XW 0.03

O&Site Swims (Unconlmlled Areas):
Derived concentration guide (DCO)a 8CKI 400

0.017 (0.012)

ml

0.013 (0.010)145 (69) bRegional 6

Perimeter
Adjwxmt 6
White Rd 25

0.5 (0.3) 4 (1)

1.2(0.3)
0.8 (0.3)

145 (63)
101 (79)

4 (1)
13 (1)

O.(X)9(0.013)
0.026 (0.014)

0.019 (0.010)
0.032 (0.015)

Q&Sb Swim Group Summary
Maximum eancenaation
Maximum cmcemration as pcentage of DCG

0.8
<1

145
5

13
2

0.026
<1

0.019
<1

On-site Stadons (Contmlkd Aws):
NwlTluent Release Areas

GroundWata (main aquifer) 6
Surke wata 3
Obsenfation wells (Pajarito Canyon) 3

Effluent Release Areas
Acid-Pueblo Canyons 7
DP-I..a A.bnm &lyOIU$ 6
Sandia Canyon 3
MorfandadctUl)KHl 7

-0.1 (0.3)
-0.5 (0.3)
-0.5 (0.3)

32 (60)
-62 (54)
-30 (55)

2 (1)
2 (1)
1 (1)

0.019 (0.013)
0.024 (0.014)
0.020 (0.014)

0.027 (0.013)
0.006 (0.cm)
0.016 (0.008)

0.2 (0.3)
1.1 (0.4)

-0.5 (0.3)
490 (50)

14 (53)
92 (62)
68 (61)

1(K)(63)

1 (1)
2 (1)
1 (1)
6 (1)

0.015 (0.012)
0.002 (0.004)
O.cm (0.011)
1.38 (0.135)

0.339 (0.038)
0.010 (0.txn)
0.012 (0.010)
5.70 (0.238)

On-Sik Stalbn GIVUP Summary
Ma%imumculcemation 4W (50) 1~ (63) 6.1 1.38 (o. 135) 5.70 (0.238)

‘See &qumdix A.
-ting uncertaintyis in parentheses.
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Table 13. Maximum Chemieal Concentrations in Surface and Ground Waters
from Regional and Perimeter Stations (mg/L)

Number of
Stations Ca Na Cl F N TDS

Regwnal SfWions
Rio Chama
Rio Grande
Jemez River

Perimeter S&7ti@ns
SurfaceWater
spMgs
White Rock Canyon

Group I
Group II
Group III
Group IV
streams
Sanitary Effluent

Dri”nkingWater Standard
(for comparison @3PA1976])

quality of Spring 3B
tions in the aquifer
volcanics.

1
4
1

3
3

9
9
2
1
3
1

45
37
17

6
20

33
24
24
32
20
26

—

(Group IV) reflects k-d condi-
diseharging through a fault in

Three streams that flow into the Rio Grande were
also sampled. Streams in Pajarito and Ancho canyons
are fed from Group I springs. The stream in Frijoles
Canyon at the Rio Gmnde is fed by a spring on the
flanks of the mountains west of Pajarito 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.

Detailed results of radioehemical and stable chem-
ieal analyses of samples collected from the perimeter
stations are shown in Tables G-17 through G-21.

a. Radiochemz”cal Analyses. Cesium, pluto-
nium, tritium, and total uranium activity for samples
collected at perimeter stations were low and well below
DOE’s concentration guides for off-site areas (Tables
12, G-17, and G-18).

24
24
9

6
20

17
21
60

139
13
76

—

6
9
9

3
12

7
8
4
4
5
4

250

0.3
0.5
0.3

0.2
0.6

0.7
0.6
1.2
1.1
0.5

14

4.0

<0.2 268
0.3 228
0.2 98

0.8 99
0.7 172

1.4 198
5.7 173
0.9 230

4.2 496
0.6 173
7.8 389

10 500

b. Stable Chemical Analyses. Maximum chem-
ical concentrations in samples from the perimeter sta-
tions were within drinking water standards including
waters (sanitary effluent) from Mortandad Canyon at
the Rio Grande (Tables 13, G-19, and G-20). Table
G-21 presents results for 68 elements in water from
springs and streams in White Rock Canyon. The result-
ing values were either low or undetectable. These
results provide a baseline for future sampling. Con-
centrations in water samples from the 16 springs and
3 streams in White Reek Canyon were also within
drinking water standards.

4. On-Site Stations. On-site sampling stations are
grouped by location: (1) those that are not in effluent
release areas (noneffluent release areas) and (2) those
that are in areas receiving or that have received treated
industrial effluents (effluent release areas) @lg. 15,
Table G-14).

a. Noneffhtent Release Areas. On-site, non-

effluent sampling stations consist of seven dap test
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wells, threesurface water sources, and three new, shal-
low obsawtion wells. The deep test wells are com-
pleted into the main aquifer.

Test Wells 1 and 2 are in the lower and middle
reaches of Pueblo Canyon. Depths to the top of the
main aquifer are 181 and 231 m (594 and 758 ft),
respectively. The pump in Test Well 2 was removed
for repairs in 1988 and the well was not sampled. Test
Well 3 is in the midreaeh of Los Alamos Canyon with a

depth of 228 m (748 ft) to the top of the main aquifer.
Test Wells DT-5A, DT-9, and DT-10 are at the south-
ern edge of the Laboratmy. Depths to the top of the
main aquifer are 359, 306, and 332 m (1180, 1006, and
1090 ft), respectively. Test Well 8 is in the midreaeh of
Mortandad Canyon. ‘Ile top of the main aquifer here

lies at about 295 m (968 ft) below the surface.
These test wells me constructed to seal out all water

above the main aquifer. The wells monitor for potential
effcds that the Laboratory’s operation may have on
water quality in the main aquifer.

Surface water samples are collcctcd in Cailada del
Buey and Pajarito and Water canyons downstream from
technieal areas to monitor the quality of run-off from
these sites.

Three shallow observation wells were drilled in
1985 and cased through the alluvium (thickness about
4 m [12 ft]) in Pajarito Canyon (Fig. 15 and Table

G-14). Water in the alluvium is perched on the under-
lying tuff and is reeharged t.tuough storm run-off. ‘Ihe
observation wells were constructed to determine if
technical areas in the canyon or adjacent mesas were
affecting the quality of shallow ground water.

Radiochemical concentrations from surface and

ground water sourecs showed no effects from Labora-
tory operations (Tables 12 and G-22). Concentrations
of tritium, eesium, and plutonium were at or below
limits of detection.

Stable chemical quality of ground water from the
test wells into the main aquifer reflected Ioeal condi-
tions of the aquifer around the well (Tables 14, G-23,
and G-24). Quality of surface water and of observation
wells in Pajarito Canyon varied slightly. The effect, if
any, was small, and probably was the result of natural
seasonal fluctuations. Maximum concentrations of

chemical ecmstituents in the on-site surfaces and
ground-water samples were within drinking water stan-
dards, execpt for lead from Test Well 8 (0.060 mg/L);

ground water in Pajarito Canyon contained manganese
in excess of 0.05 mg/L. Surface water and shallow
ground water in Pajarito Canyon contained iron in
exeess of 0.3 mg/L. The total dissolved solids in
surface water from Pajarito Canyon exceeded standards
(Table G-23).

b. E&7uentRelease Areas. On-site etlluent xe-
lease areas are canyons that reeeive or have received

treated industrial or sanitary effluents. These include
DP-Los Alarnos, Sandi% and Mortandad canyons. Also
included is Acid-Pueblo Canyon, which is a former re-
lease area for industrial effluents. Acid-Pueblo Canyon
nxeived untreated and treated industrial effluents,
which contained residual radionuclidcs, from 1944 to
1964 (ESG 1981). The canyon also receives treated
sanitary effluents from the Los Alamos County treat-
ment plains in the upper and middle reaches of Pueblo
Canyon. Sanitary effluents form some perennial flow
in the canyon, but do not reach the confluence with Los
Alamos Canyon except during storm or snowmelt run-
off.

Water occurs seasonally in the alluvium dependent
on the volume of surface flow from sanitary effluents
and storm run-off. Hamilton Bend Spring discharges
from alluvium in the lower rcaeh of Pueblo Canyon and
is dry part of the year. The primary sampling stations

are surface water stations at Acid Weir, Pueblo 1,
Pueblo 2, and Pueblo 3 (Table G-14). Two other sam-
pling stations are loeatcd in the middle reach (Test Well
T-2A) and lower reaeh (Test Well T-1A) of Pueblo

Canyon. Test Well T-2A (drilled to a depth of 40.5 m
[133 ft]) penetrates the alluvium and Bandelier Tuff

and is eomplctcd into the Puye conglomerate. Aquifer
tests indicated that the perched aquifer is of limited ex-
tent. Water-level measurements over a period of time
indicate that the perched aquifer is hydrologically con-
ncctcd to the stream in Pueblo Canyon. Perched water
in the basaltic reeks is sampled from Test Well 1A and
Basalt Spring, further eastward in lower Los Alamos
Canyon. Rceharge to the perched aquifer in the basalt
occurs near Hamilton Bend Spring. Travel time from
the recharge area near Hamilton Bend Spring to Test
Well 1A is estimated to be 1 to 2 months, with another
2 to 3 months to reach Basalt Spring.

DP-Los Alamos Canyon has received treated indus-
trial effluents, which contain some radionuclides and
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Tabk 14. Maximum Chcmkal Conuntrntkms io On-Site Surface and Grmmd Waters

Maximum Concentration Group Summuy

Observatk)ll Maximum
Test Welk SUrfmx? Wdb Maximum Cancentrarhm m a

Stanclard# (Marn Aquifer) Water (Pajarito canyon) Clmmntmfknl Percenta& of Swwwd

Number of Stations

Chemical consli@enls (mglL)
4?
As
Ba
Cd
Cr
F
N
Pb
se
a
Cu
Fe
lvln
sod
Zn
‘IDS

0.05
0.05
1.0
0.01
0.05
4.0

10
0.05
0.01

250
Lo
0.3
0.05

250
5.0

m

6

4.001
0.003
0.078

CO.CK)l
O.(X)4
0.6
6.0
O.(MO
O.a.)1

31
0.024
0.20
0.007

23
0.989

278

3

4.CU)l
0.011
0.360

4.001
0.002
1.1

4.2
O.a)l
O.m

174
0.010
4.7

CO.053
9
0.054

743

3

CO.(M1
0.024
0.513

4.(K)1
0.012
0.7

42
0.010
0.004

58
0.108

32
10.1
3
0.147

464

WSEPA pirnary and secodmy drinking wtir stmdads areusedfor compariscmonly. Wsratkms
are Mused fm the industrial or municipal water supply.

am
0.024
0513

d.a)l
0.012
1.1
6.0
O.m
O.(XM

174
0.108

32
10.1
9
0.989

743

Q
48
51
<1
u
2a
a

120
40
70
11

10700
mm

2
20

148
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some sanitary effluents from treatment plants atTA-21.
Treated industrial effluents have been released into the
canyon since 1952. During 1988, there were no liquid
discharges from TA-21. In the upper reaches of Los
Alarms Canyon (above Station LAO-l), there are oc-
casional releases of cooling water fmm the research re-
actor at TA-2. Los Alamos Canyon also receives dis-
charge from the lagoons at LAMPF (TA-53). On the
flanks of the mountains, Los Alamos Reservoir im-
pounds run-off fmm snowmelt and rainfall. Stream
flow from this impoundment into the canyon is inter-
mittent, dependent on precipitation to cause run-off to
reach the Laboratory boundary at State Road 4.

Infdtration of treated effluents and natural run-off
from the stream channel maintains a shallow body of
water in the alluvium of Los Alamos Canyon. Water
levels are highest in late spring from snowmelt run-off
and in late summer fmm thundershowers. Water levels
decline during the winter and early summer, as storm
run+ff is at a minimum. Sampling stations consist of
two surface water stations in DP Canyon and six obser-
vation wells completed into alluvium (about 66 m
[20 ft] thick) in Los Alarnos Canyon (Table G-14).

Sandia Canyon has a small drainage area that heads
on Pajarito Plateau in TA-3. The canyon reeeives
cooling tower blowdown from the TA-3 power plant
and treated sanitary effluents from TA-3. Treated ef-
fluents from a sanitary treatment plant forma perennial
stream in a short reach of the upper canyon. Only dur-
ing heavy summer thundershowers in the drainage area
does stream flow reach the Laboratory boundary at
State Road 4. Two monitoring wells in the lower can-
yon just west of State Road 4 indicated no Perchd
water in the alluvium in this area. There are three
surfaee-water sampling stations in the rach of the
canyon that contains peremial flow (Table G-14).

Mortandad Canyon has a small drainage area that

also heads in TA-3. Industrial liquid wastes containing
radionuclidcs are colleeted and processed at the indus-
trial waste rrcatrnent plant at TA-50. After treatment
that removes most of the radioactivity, the effluents are
released into Motidad Canyon. Veloeity of water
movement in the perehed aquifer ranges from 18 m/day

(59 ft/&y) in the upper reach to about 2 m/day
(7 ft/day) in the lower reach (Purtymun 1974C, 1983).
The top of the main aquifer is about 290 m (950 ft) be-
low the perched aquifer. Hydrologic studies in the

canyon began in 1960. Since that time, there has been
no surface flow beyond the Laboratory’s boundary be-
eause the small drainage area in the upper part of the
canyon results in limited run-off and a thick section of
unsaturated alluvium in the lower canyon allows rapid
infdtration and storage of run-off when it does occur.
Monitoring stations in the canyon are one surface water
station (Gaging Station 1, GS- 1) and six ob.semation
wells completed into the shallow alluvial aquifer. At
times, wells in the lower reaeh of the canyon are dry.

Acid-Pueblo, DP-Los Alamos, Mortandad, and
Sandia canyons all contained surface and shallow
ground waters with measurable amounts of radioac-
tivity (Table G-25). Radionuclide concentrations from
lreated effluents decreased downgradient in the canyon
because of dilution and adsorption of radionuclides on
alluvial sediments. Surface and shallow ground waters
in these canyons are not a source of municipal, in-
dustrial, or agricultural supply. Only during periods of
heavy precipitation or snowmelt would waters from
Acid-Pueblo, DP-Los Alamos, or Sandia canyons ex-
tend beyond Laboratory boundaries and reach the Rio
Grande. In Mortandad Canyon there has been no sur-
face run-off to the Laboratory’s boundary since hydro-
logic studies were initiated in 1960. This was 3 years
before the treatment plant at TA-50 began releasing
ircated effluents into the canyon (Purtymun 1983).

Stable chemical quality of effluents varied from
canyon to canyon (Table G-26). Concentrations of ni-
trates, lead, chlorides, iron, manganese, zinc, and total
dissolved solids have exeeeded the standards as a result
of effluents released into some of the canyons (Tables
15 and G-27). Relatively high nitrate concentrations

were found in waters from Mortandad Canyon, which
receives the largest volume of industrial effluents
(l%rtymun 1977). Though the concentrations of some
chemical constituents in the waters of these canyons
were high when eomparcd with drinking water
standards (Table 15), these on-site surface and shallow
ground waters are not a source of municipal, industrial,
or agricultural supply.

Maximum chemied concentrations occurred in wa-
ter samples taken near treated effluent outfalls (Tables
G-26 and G-27). Chemical quality of the water im-
proved downgradient fmm the outfalls. Surface flows
in Acid-Pueblo and DP-Los Alamos canyons reach the
Rio Grande only during spring snowmelt or heavy
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Table 15. Maximum Chemical Concentrations in Water from On-Site Effluent-Release Areaa

Group Summary

Maximum Concentration Maximum
Acid-Pueblo DP-I.msAlamos Sandia Mortandad Maximum Concentration as a

Standardsa Canyons Canyons Canyon Canyon Concentration Percent of Standard

Number of Stations 7 6 3 8

Chemical Constituents (mg/L)
Ag 0.05 4.001 4.001 <0.001 4.001 <0.001 <2
As 0.05 0.016 0.017 0.014 0.004 0.017 34
Ba 1.0 0.167 0.169 0.111 0.288 0.288 29
Cd 0.01 <0.001 Co.ool 0.002 4.001 0.002 20
Cr 0.05 0.014 o.a)3 0.015 0.016 0.016 32

w F 4.0 1.3 2.7 1.2 2.9 2.9 72

I

N
Pb
Se
cl
Cu
Fe
Mn
sod
Zn
TIM

10
0.05
0.01

250
1.0
0.3
0.05

250
5.0

500

5.7
0.109
0.001

262
0.037
5.4
1.52

29
12.8

517

1.5
0.006
0.002

175
0.016
0.87
0.165

23
0.009

481

5.2
0.046
0.001

125
0.058
1.17
0.213

101
0.295

456

123
0.007
0.002

38
0.014
1.1
0.308

50
0.026

1086

*USEPA primary and secondary drinkingwater smmtards are used for comparison only. These waters
are not a source of industrial or municipal water supply.

123
0.109
0.002

262
0.058
5.4
1.52

50
12.8

1086

1230
218

20
104

6
1800
3040

20
256
217
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summer thunderstorms. Them has been no surface run-
off to Laboratory boundaries recorded in Mortandad
Canyon since 1960, when observations began.

5. Monitoring Quality of Water Supply System.
The main aquifer is the only aquifer in the area capable
of municipal and industrial water supply (See. II).
Water far the Laboratory and community is supplied
from 17 deep wells in 3 well fields and 1 gallery. The

well fields are on Pajarito Plateau and in canyons east
of the Laboratory (Fig. 16). Seven test wells are also
completed into the main aquifer.

The LQSAlamos well field comprises five produc-
ing wells and one standby well. Well LA-6 is on stand-
by status, to be used only in case of emergency. Water
from Well LA-6 contains excessive amounts of natural
arsenic (up to 0.200 mg/L) that cannot be rcducrd to
acceptable limits by mixing it in the distribution

Wloo o EIOO E200 E300 E400 E500 E690
I I I I I I I

. 9AJ&c44h\ ,---
\. 4-’’”

I ‘w
GUAJE RESERVOIR —.

LEGEND

o SUPPLY WELL
e GALLERY

● OBSERVATION WELL

❑ DISTRl~TION STATI(

Fig. 16. Locations of reservoirs, well fields, supply wells, and gallery water supply.
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system (Purtymun 1977). Wells in the field range in
depth from 265 to 610 m (870 to 2000 ft). Movement
of water in the upper 411 m (1350 ft) of the main
aquifer in this area is eastward at about 6 m}yr
(20 ft/yr) (Purtymun 1984). Wells in the field were
inoperative for part of 1988, and no samples were
collected.

The Gua~ well field is composed of seven pro-
ducing wells. Wells in the field range in depth from
463 to 610 m (1520 to 2000 ft), Movement in water in
the upper 430 m (1410 ft) of the aquifer is southeastw-
ard at about 11 m/yr (36 Wyr) (Purtymun 1984).

The Pajarito well field is composed of five wefls
that range in depth from 701 to 942 m (2300 tQ
3090 ft). Movement of water in the upper 535 m
(1750 ft) of the aquifer k eastward at 29 mhfr
(85 ft/yr).

Water for drinking and industrial use is also ob-
tained from a well at the Laboratory’s experirncntaf
geothermal site (Fenton Hill, TA-57) about 45 km
(28 mi) west of Los Alamos. The well is about 133 m
(436 ftj deep, completed in volcanics.

All water comprising the mumcipaf and industrial
supply is pumped from wells, piped through trans-
mission lines, and lif’d by booster pumps into reser-
voirs for distribution to the communil.y and Laboratory.
Water from the gallery flows by gravity through a mi-
crofilter station and is pumped into onc of the rtxer-
voirs for distribution. All supply waler is chlorinated
prior to entrring the distribution system.

Walter in the distribution sys~enis was sampled at
five community and Laboratory locations (fire sta-
tions), 13andelicr National Monumen~ and l%nton Hill
(Fig. 16, Table G-14). For rcsulLs from routine
surveillance monitoring, federal and state standards
(Appendix A) are used only for comparison. Sampling
confirm ing compliance wilh federal and state drinking
water standards is discussed in WC. VI1l.E.

a. Radioactivity in Mum”cipal and Industrial
Waler Supply. The maximum radioactivity concentra-
tions found in the supply (wells and gaflery) and distri-

bution (including Fenton Hill) systems are below the
EPA’s drhking wamr standards (Tables 16 and G-28).

b. Stable Chemical Quality of Municipal and
Industrial Waler Supply. The chemical quality of water

from wells and the distribution systems is within EPA’s
primary and secondary standards for all but one parame-
ter (Tables 17, G-29, and G-30). Iron at one station
in the distribution system was 117% of the standard
(Table G-29).

The quality of water ffom the wells varied with lo-
cal conditions within the same aquifer (Tables G-29
and G-30). Water quality depends on well depth,
lithology of the aquifer adjacent to the well, and yield

from beds within the aquifer.

6. Traasport of Radicmuclides in Surface Run-
Off. The major transportof radionuclides from can-
yons that have received treated, low-level radioactive
effluent.. is by surface run-off. Radionuclides in the
effluent...may become adsorbed or attached to sediment
particles in the stream channels. Concentrations of ra-
dioactivity in the alluvium is highest near the treated ef-
fluent outfafl and decreases in concentration down-
gradient in the canyon as the sediments and radio-
nuclides arc transported and dispersed by other treated
industrial effluents, sanitary effluents, and surfaec run-
off.

Surface run-off occurs in two modes: (1) spring
snowmeh run-off occurs over a long period of time
(days) at a low discharge rate and sediment load; (2)
summer run-off from thunderstorms occurs over a short
prtiod of time (hours) at a high di.seharge rate and

sediment load.
A spring snowmclt and three summer samples of

run-off were analyzed for plutonium in solution and
suspended sediments. Radioactivity in solution is dc-
fmed at that in filtrate that passes through a 0.45-m
pore-size filter; radioactivity in suspended sediments is

defined as ‘&tin residue retained by the fihcr.
The summer run-off samples were collectti at three

stations around Area 2 at TA-49. These contained only
background levels in solution and suspension (Ta-
ble 18j. The single sample of snowmclt run-off was
collected in Los Alarnos Canyon at State Route 4. This

sample also contained no measurable plutonium in
solution. However, atxwe-background levels were

found in suspended sediments. This canyon has re-

ceived low-level radioactive effluents in the past. The
plutonium on the sediments represents either adsorption
by soil particulatcs of soluble plutonium in the effluents
or ion exchange with effluent Particulatcs.
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Table 16. Mnximum Concentrations of Rdoactivity in Water km Supply WdbI and Dbtributiou System

Total
Number of 3H 137c~ uranium 339* GrmmAIpha GrmwBeta

Stations (10+ pCi/mL) (l@ IJCiMJ (@J (l@ pCilmL) (l@ I.LCUmL) (l@ ILChL) (l@ IJCikL)

Analytical limits of detectitm

Maximum cencemtmtion
level (MCL)’

supply wells (I-m Alamos)

Distribution (LQSAlarms)

Disuibution (Fenton Hill)

0.7 40

20 2(XI

10 -0.6
(<l)’ (:)

6 -0.8 135
(<1) (68)

1 —

(;

1.0

MO@

2
(<1)

:<1)
2
(<1)

0.009

15

0.009
(cl)

0.032
<1

O.(NY7
<1

0.03

15

O.(IZ4
(<1)

0.016
(<1)

0.014
(<1)

3 3

15 —

7.8
/;3)

7 6.8
(64)

aEPA (1976).
bIcRP-(197fi.
Tereemge of EPA’s MCL is in parenthes, this usage is for comparison only.
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Table 17. Maximum Chemical Concentration in Water from Supply Wells and Distribution System

Supply Percentage of Distribution Percentage of
Standarda Wells Standard System Standard

Number of Stations

Chemical Constituents (mglL)
Primary

Ag 0.05
As 0.05
Ba 1.0
Cd 0.01
Cr 0.05
F 4.0
Hg 0.002
N03 (N) 10
Pb 0.05
Se 0.01

Seeondary
cl 250
Cu 1.0
Fe 0.3
Mn 0.05
sod 250
Zn 5.0
TDs 500

10

4.001
0.034
0.086

<0.001
0.006
0.8

-dN3002
0.6
0.007
0.001

7
0.104
0.042
o.cK12
6
0.081

230

aUSEPA primary and secondary drinking water standards are
used for comparison only,

7. Organic Analyses of Surface and Ground
Water. Surface and ground-water samples were col-
leeted from 10 stations representing water from 4 test
wells in the main aquifer, a perched aquifer, an obser-
vation well, a spring, and 4 surface-water sampling sta-
tions (Fig. 15, Table G-14). All the samples were ana-
lyzed for 65 volatile compounds, 68 semivolatile com-
pounds, 13 pesticide compounds, 4 herbicide com-
pounds, and polychlorinated biphenyls (PCBs). The
limits of quantifwation (LO@ for the volatile and semi-
volatile compounds, herbicides, pesticides, and PCBS
are given in Appendix C. Only compounds that ex-
ceeded the L@ are discuss@ these compounds am
also listed in Table 19.

‘d
68
9

<lo
12
20

<lo
6

14

10

3
10
14
4
2
2

46

a.
tions was

7

0.002
0.011
0.105

4.001
0.006
0.6

<0.0002
0.5
0.002
0.001

30
0.033
0.350
0.001
9
0.230

279

4
22
11

<lo
12
15

<lo
5
4

10

12

3
117

2
4
5

56

Volafile Coqrxwtds. Water from the 10 sta-
rmalyzed for 65 volatile eompounti, how-

ever, only 3 stations had water samples containing
compounds that exceeded the LOQ.

The water from test well DT-10 completed in the
main aquifer contained acetone at a concentration of
777 * 233 pg/L (LOQ 2 vg/L) and styrene at 202 *
61 pg/L (IQ 2 I@L). The water from the well was
resampled. Three additionrd samples colleeted from the
well contained no organic compounds; thus the initial
sample must have been eontaminat.ed when colleeted.

The volatile compound naphthalene was re-
ported in samples from two surface-water stations.
Water from Caikida del Buey contained naphthalene at
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Table 18. Plutonium in Solution and Suspended Sediments in Storm Run-Off a

Technical Area TA-49

Summer Run-Offb Station 2 Station 3 Station 5

Soludon (10_9pLMnL)
238~ 0.008 (0.01 1) -0.008 (0.01 1) 0.020 (0.012)
2392% 0.024 (0.01 1) 0.015(0.011) -0.004 (0.009)

SuspendedSediments(pCilg)
238~ -0.003 (0.01 1) 0.017 (0.003) 0.001 (0.001)
239* 0.071 (0.019) 0.704 (0.031) 0.008 (0.002)

Los Alamos Canyon
Snowmelt Run-Off c Station at SR-4

SoMon (10_9pCilmL)
238~ 0.000 (0.010)
239J~ 0.004 (0.015)

SuspendedSediments(pCilg)
238~ 0.894(0.179)
239J~ 2.43 (0.2%)

Gunting uncertainty is in parentheses.
bSummer run-off, August 10, 1988, TA-49.
CSnowmelt xun-off, April 21, 1988, Los Alarms Canyon.

a concentration of 5.3 t 1.5 I.@+ and water from Pa-
jarito Canyon had a concentration of 8.4 t 2.5 w/L
The naphthalene found in the two surface-water sta-
tions was in trace amounts and near the LOQ of
2.0 ~@L.

b. Semivolatiie Cmnpounds. Water from the

10 stations was analyzed for 68 semivolatde com-
pounds. Only the water from test well DT-10 contained
a compound above the LOQ. The test well contained
benzyl alcohol at a concentration of 14 + 2.8 I.@L

(IQ 10 @I-). Three additional samples collexted at

a later date from the well contained
compounds.

c. Pesticides. Water from the
analyzed for 13 pesticide compounds.

no semivolatile

10 stations was
Trace amounts

of pesticide compounds were detected in water fmm a
perched zone in a test well and from a surface-water
station (Table 19). Water from the test well TW- 1A
had a concentration of endrin of 0.10 * 0.02 pg/L
(LOQ 0.05 ~g/L). Water from SCS- 1 contained
lindane at 0.26 * 0.05 pg/L LOQ 0.01 pg/L), hepta-
chlor at 0.09 * 0.02 @L (IQ 0.01 pg/L), and



Table 19. Summary of Organic Compound Analyses from Surface and Ground-Water Maths

Depth to
Location Depth Water Organic Compounds

No.a (ft) (ft) Volatile Semivolatile Pesticides Herbicides PCBS

Number of Compounds Analyzed 65 68 13 4 1

Test Wells
Main Aquifer

Tw-1 39 593 642 g; (o) (o) (o) (o)
TW-3 41 815 750 (o) (o) (o) (o)
DT-9 44 1501 1006 (o) (o) (o) (o) (o)
DT-10 45 1409 1085 (2) (1) (o) (o) (o)

Wm TW-lAC 54 225 183 (o) (o) (o) (1) (o)

observation Well (Alluvium)
PCO-1 (Pajarito Canyon) 102 12 4.5 (o) (o) (o) (o) (o)

Basalt Springs 56 — — (0) (0) (0) (1] (0)

Surface Water
SCS-1 (Sandia Canyon) 65 — — (o) (o) (3) (1) (o)
Cailada del Buey 46 — — (1) (o) (o) (1) (o)
Pajarito 47 — — (1) (o) (o) (o) (o)

‘See Fig. 15 and Table G-14 for location.
bNumbers in parentheses indicate number of organic compounds detected.

Water perehed in basalt above main aquifer.
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dkktrin at 0.07 * 0.01 @ (-LOQ0.04 @L). The
eal!clmtratkmaoftbefour pestkkk?arqm=tcd intk
surf= wateTwerelow, nearthe LOQifp’e.aeminthe
Wate$tllese mmmraticma arenota health cxeawiron-
mental hazard

d. Herbicides. Water bom the 10 statiom was
analyzed fbr 4 bcrbiei& compoda. l&e amotmta of
herbieicies wcxcfound intheprebalwatex in atest
well, qnillg, and two Surfwe-watex Statials.

Water fium m WWJlTW-lA ecmrained he k-
bkitk 2,43-T wirh a eomxmhation of 0.3 * O.(M@
(LOQo.2@), and Baaaltspring e0ntakd 2,4,5-T
with a cone-enlration of 0.4 * 0.1 @. Surfke water
at SCS-1 also contained 2,4$-T, witi a c-cnmmtration
of 3.4*02 @L.

Water from Catladadel Buey eonrained the hesbi-
cide 2,4-D with a txmemtration of 0.8 * O.(E pg/L
(LOQ 02 ~).

The hexbicide ameenirations detected at the four
amtionawereiow, nearthe LCIQ,and mayor may not
betWmiiy-tinthcwater. Iftheyarepresen4
tky do - repmsenl a health or environmental
pubiean.

e. Pol@%tied Bipknyls. Water from the
10 stations was analyzed for polychlminated biphenyls
(PCBs). The resuits of ai.i Ik tiy= showed that

eoneenbations were below the limits of quantiftion
Ofo.1 pg/L.

c. Radioactivity in Sala and sediments

1. Background hvels of Radioactivity in Soiis
and !kdimenk Sampies were routinely cd.iected and
analyzed for radionueiideaborn regional stations from
1974 thr(wgh 1986 (puftyrnun 1987). ThCyW~ used

to establish tnckground levels of 3H, ‘WCS, total
uranium, %%, and ’92% in soils and sediments
(Tabic 20). Average coneenuaticms plus twice the
standard &viation were used to establish the upper
limits of the backgroundcuneentrations. Sampie9 wese
eoiiected hwn 5 regional soil stations and 10 regional
sediment stations (’Tabie G-31). Conemmtions of ra-
dionueli&a in miis and sediments iiom swim regional
statians were meaaumdin 1988. Reds of the anaiy-
- are presented in Tabics 20 and G-32. Background

cuneentraticmahave varied slightly due to changes in
mudyticaibaekgmlmds m poeedum.a Wer th yeara.

W Awndix B for deamiptien of methods for
collection of soii and sediment samples.

2. Perimeter Soils and sediments. Six perinwter
soil stations were suunpiedwithin 4 km (2.5 mi) of the
bbmtory. Ten SdiJIWntS@tXMl m the bboratq

_ ~ ~ heamittent streams that CrOSS* R.
jaritoplateau W_ti -pkli ~lga. 17 and 18). Tiw
peximelersoil and sedimemtsampling statkns are listed
in Tabk G-31 and detailed amdytieai results are found
in Tabie G-33.

Analyses of the paimcla soil wnples indicated
thatkkground coneemhationawem slightly exceeded
for 137CS,total uranium,and ‘9+.

Analyses of sedinmls from lhe 10 puimeter sta-
Iias ideated that concentrations of moat nMkmu-
ciides were at or below background (T’able20).

3. @t-Site SoM and Sediments. (h-site soil
samples were eoiieeted fran 10 stations within the
Idoratory hmdarim. On-site -ems were eoi-
iected from 24 stations within areas that have received
treatedliquid effhm (Table G-31, Figs. 17 and 18).

(hc.entrstions of Iritium, 137CS, ‘Sfi and
‘9% in soil samples excxxde.dregional bdcground

levels in several of the on-site soil staions. The con-
centrations are iow and reficct no health or environ-
mental problem ~ables 20 and G-34).

Three canyons meived m are nx-eiving -
low-level radiomtive effium~ Acid-Pueblo, DP-Lcm
Alamos, and Mcmandd canyons. The ecmeentrations
of radionueli&s in these canyons exceeded regional
hekground levels (Table 20). The ecmeentratima in
sediments of Pueblo and DP-Los Aiarnoa canyons dc-
ereaae bwngnxiient as the miionueiidea are dispxwi
and mixed with urmntaminated sediments (T’able
G-34). The C.01’lC@ll~tiOllS in Mortandd also decrease
dmvngrdient in the canyon; howevez, the eon-
ccnhations at the hboratory boundary do not indicate
any hanaprt to this point or beyond The tio-
nueiides in these canyons arc derived from low-level
mdimctive effkm released fmrn the treatment plants.
The concentrations are low and pose no heairh a envi-
ronmental problems.
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Table 2& Maximum Concentrations of Radionuclidea in Soil and Sediments

Number of 3H 137c~ Total Uranium mm 239-

Stations (10+ pCi/mL) (pci/g) W(3) (pcilg) (pci/g)

Analytical Lim”ts of Detection

Soil:
Background (1974-1986)’

Regional stations
Perimeter stations
On-site star-ions

Sediments:
Background (1974-1986)’

Regional stations
Perimeter stations

On-Site Effluent Release Areas:
Acid–Pueblo Canyons
DP–Lcn Alamos Canyons
Mortandad Canyon

5

7
6

10

10

7
17

6
11
7

0.7

7.2

0.0 (0)b
0.9 (o)
7.8 (1)

—

—

—
—
—

‘~+ 2s of (97.5 percentile value) backgroundanalyses for soil and sediments
(Purtymun1987).

Wumber in parenthesesindicates numberof stations exceeding the 97.5 percentile
backgroundvalue.

0.1

1.09

1.4 (1)
1.4 (2)
1.4 (1)

0.44

0.17 (o)
0.45 (1)

0.35 (o)
5.9 (7)

43.0 (4)

0.3

3.4

3.5 (1)
5.9 (3)
6.2 (0)

4.4

4.4 (o)
5.0 (2)

3.8 (0)
12.0 (3)
4.8 (1)

0.CK13

0.005

0.014 (1)
0.003 (o)
0.164 (1)

0.006

0.008 (1)
0.(X)3(o)

0.052 (1)
0.112 (8)
8.78 (4)

0.002

0.025

0.019 (o)
0.026 (1)
0.103 (3)

0.023

0.004 (o)
0.010 (o)

12.4 (4)
0.669 (lo)

33.5 (4)
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Fig. 17. Soil sampling locations on and near the Laboratorysite.

4. Sediments in Regional Reservoirs. Reservoir
sediments were collected from three stations in Abiquiu
Reservoir on the Rio Charnaand three stations in Co-
chiti Reservoir on the Rio Grande south of LOSAlamos
(Fig. 19). Except for the sample taken from lower Co-
chiti, the samples were analyzed for 238Pu and
239~40PUusing 1 kg (2 lb, dry weight) samples (100
times the usual mass used for analyses) of sediments.
Analysis of the sample from lower Cochiti used only
0.1 kg because part of the sample was lost, The large
samples increase the sensitivity of the plutonium analy -

59

ses, which is necessary to effectively evaluate back-
ground plutonium concentrations in fallout from atmos-
pheric tests. Normal sample sizes were used for ana-
lyzing for ~r and total uranium.

Concentrations of radionuclides were within the
range of regional background levels (T’able 21). The
distribution of plutonium was similar to that from sam-
ples collected in previous years (1979, 1982, 1984,
1985, 1986, and 1987) when plutonium in Cochiti was
consistent y higher than that in Abiquiu reservoir.
Sediments in Cochiti Reservoir contain a higher
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Fig. 18. Sediment sampling locations on and near the Laboratory site.

fraction of finer particles and organic materials than do
sediments fmm Abiquiu. These features enhance the

capacity of the sediment to adsorb plutonium and other
metal ions. The difference does not appear to be at-
rnbutable to Laboratory operations. With one exeep-
tion the ratios of 239~~u to 23*Pu in the Coehiti
-ents do not differ signifkantly from the ratio
characteristic of worldwide fallout, and is about the
same as that found in sediment at Abiquiu Reservoir.
The sample from middle Coehiti had a ratio far lower
than expected. This is probably an analytical artifact
because past results have conformed with the expecta-
tion of a ratio consistent with natural fallout. Future

routine monitoring will seek to confm this interpreta-
tion. The plutonium concentrations in sediments from
the two reservoirs are low, within the range of world-
wide fallout and are not a health or environmental
eoneem.

5. Transport of Radionuclides in sediments and
Run-Off from an Active Waste Management Area
(Area TA-54). Radionuclides transported by surface
run-off have an affinity for attachment to sdment par-
ticles by ion exchange or adsorption. Thus, radionu-
clides in surface run-off tend to .coneentrate in sedi-
ments. Nine sampling stations were established in
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Fig. 19. Special regional sediment
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Table 21. Radiochemical Analyses of Sediment from Reservoirs on the Rio Chama and Rio Grandea

Total Uranium 238h 239*~ ‘Sr
(1.@O (pci/g) (pci/g) (pci/g)

Abiqui.u Reservoir
upper 2.9 (0.3) O.0001 (0.0002) 0.0047 (0.0002) -0.21 (0.08)
Middle 2.9 (0.3) 0.0004 (0.0001) 0.0100 (0.0004) -0.04 (0.09)
Lower 3.4 (0.4) O.OWM(0.0000) 0.(K)76(0.0003) -0.18 (0.09)

surny8y [i(s)]
3.1 (0.3) 0.0003 (0.0002) 0.0074 (0.0026) -0.14 (0.09)

1987 3.6 (0.3) 0.0002 (0.0001) 0.0038 (0.0031) -0.04 (0.50)

Cochiti Reservoir
2.8 (0.3) 0.0007 (0.0001) 0.0124 (0.0005) 0.05 (0.06)
3.7 (0.4) 0.0041 (0.0005) 0.0148 (0.0013) -0.04 (0.06)
3.9 (0.4) 0.0003 (0.0001) 0.0090 (0.0006) -0.07 (0.06)

Upper
Middle
Lowe+

Summary [~(s)
1988
1987

3.5 (0.6) 0.0017 (0.0021) 0.0121 (0.0029) -0.02 (0.06)
3.8 (0.0) 0.0008 (0.0007) 0.0175 (0.0138) 0.06 (0.03)

‘Samples were collected in June 1988; counting uncertainty is in parentheses.
bSample mass= 0.1 kg; other samples had a mass of 1 kg.
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Radiochemical Analyses of Sediments at Area TA-54
that Exceed Background Concentrations

137C5 238fi 239,240~

(pci/g) (pci/g) (pci/g)

Background 0.44 0.006 0.023

Station Number: a
2 0.47 — —
4 . 0.015 0.163
5 — 0.013 0.120
7 0.74 0.343 0.493
8 — 0.017 —
9 — 0.416 —

‘As shown in Fig. 20.
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V1l. FOODSTUFFS MONITORING

Moat produce, f~h, and honey samples collected near the Laboratory showed no influ-
ence from Laboratory operations. Some on-site samples contained slightly elevated levels of
tritium and uranium. Concentrations of radionuclides in foodstuffs contributed only a
minute fraction of the Laboratory’s contribution to individual and population doses received
by the public.

A. Background

Produce, garden soil, fish, and honey have been rou-

tinely sampled to monitor for potential radioactivity
from Laboratory operations. Produce and honey col-
lected in the Espafiola Valley and f~h collceted at
Abiquiu Reservoir are not affcctcd by Laboratory oper-
ations (13g. 21). These regional sampling locations are
upstream from the confluence of the Rio Grande and
intermittent streams that cross the Laboratory land.
They are also sufficiently distant horn the Laboratory
as to be unaffected by airborne emissions (Sec. V).

& Heron Res.

&El Vado TIERRA AMARILLA #

LOS ALAMOS
LABORATORY

* Cochiti Res.

~ p:;;:

% PEfiA

f,BLANCA 1 1 I
o km 30

% PRODUCE SAMPLING LOCATION

& FISH SAMPLING LOCATION

Fig. 21. Fish and produce sampling locations.

Consequently, these regional areas are used as back-
ground sampling locations for the foodstuffs sampling

P-.

B. Produce

Data in Table G44 summarize produce sample re-
sults for 3H (in tissue water), 137CS,23*Pu, 239’2~,
and total uranium. Sampling and preparation methods
are deseribed in Appendix B.

Concentrations of 137CS,238Pu,and total uranium in
produce from regional, perimeter, and on-site sampling
locations were statistically indistinguishable (one-way
analysis of variance at the 9570 confidence level). Sig-
nificantly higher levels of 3H and ‘9’2~ were found
in on-site produce than in produce from some other
sites. One sample of chile from White Reek contained
quite high concentrations of 23*PU(0.9 * 0.04 Pcvg)
and 239~*u (0.08 * 0.008 pCi/g). Since other sam-
ples from the same garden did not show these extremes,

these results were probably processing or analytical
anomalies and were not included in Table G-36.

Elevated radionuclide levels in on-site samples are

probably the result of Laboratory operations. However,
on-site produce is not a regular component of the diet
of either Laboratory employees or the general public.
The Laboratory contributions to doses received in pro-
duce consumption pose no threat to the health and safe-
ty of the general public (SW. III).

C. Fish

Fish were sampled in two reservoirs @lg. 21).
Abiquiu Reservoir is upstream from the Laboratory on
the Rio Charna and serves as a background sampling
location. Cediti Reservoir could potentially be af-
fected by Laboratory effluents because it is downstream
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from the Laboratory on the Rio Grande. Sampling pro-
cedures are described in Appendix B. Edible tissue was
radiochemically analyzed in ffi species for 137CS,
238~, 2.3%2%, ad toti uranium.

Results for fish are presented in Table G-37. For

137CS,238Pu, and ‘92%, no differences wete appar-
ent (student’s t-test, 95% confidence level) between the
upstream and downstream samples for either f~h
species. Thus, significantly higher concentrations of
plutonium in Cochiti sedimenrs (Table 21) were not
reflected in the food chain. In some previous years,
higher levels of *37CShad been obstmwd in f~h up-

stream. AS in previous years, uranium levels within

Wloo o EIOO E200

spies exhibited distinct patterns. Body burdens in
bottom-feeding cattish tended to be higher IIIan those
found in crappie. Uranium levels wem sigmikam.ly
higher in Cochiti f~h, although the difference remained
low (6 @g).

The data indicate that Laboratory operations do not

result in signifkant doses to the geneml public
consuming f~h from Cochiti Reservoir (Sec. III).

D. Honey

The honeybee hive locations are listed in Table

G-38 and shown on the map in Fig. 22. None of rhe

E300 E400 E500 E600
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Fig. 22. Locations of beehives. 1
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honey produced by the hives in Los Alamos County is reflect activities that are ongoing at the Laboratory.
available for consumption. The most recent data There are several high results fkom the hives at regional
(1987) for bees and honey are shown in Tables G-39 stations that do not reflect Laboratory operations.
and G40. Radionuclide data were within the variation ‘fhese results may be artifacts of counting statistics.
exhibited in previous years. Some activation products Moat results on- and off-site were within the counting
wem elevated at TA-53 (LAMPF). Tritium coneentra- uncertainty of the analytical systems.

These resultstions are elevated at several on-site hives.
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Vlll. ENVIRONMENTAL COMPLIANCE

In accordance with the policy of the Department of Energy, the Laboratory complies
with federal and state environmental requirements. These requirements address handling,
transpo@ release, and disposal of hazardous materials as well as protection of ecological,
archawlogical, historica~ atmospheric, and aquatic resources. The Laboratory is currently
applying for federal and state permits for operating hazardous waste treatment and storage
areas as well as renewing a permit for discharge of Iiiuid effluents. Numerous meetings
have been held with the New Mexico Environmental Improvement Division and the United
States Environmental Protection Agency negotiating the terms of the draft hazardous waste
permit that is scheduled for public hearing this summer. The permit will be either issued or
denied by November. The Laboratory was in compliance with treated liquid discharge
permit limits in 95 and 98% of monitoring analyses from sanitary and industrial effluent
outfam respectively. Sanitary waste treatment facilities are currently Wing upgraded to
improve compliance. All airborne releases were well within regulatory Iimita during 1988.
A total of 130 asbestos-removal jobs were carried out during the year, and appropriate
notifkation was provided to state regulatom Concentrations of constituents in the drinking
water distribution system remained within federal water supply standarda. The Laboratory
evaluated 119 activities for compliance with cultural resource requirements. During 1988,
7 documents were prepared to ensure environmental compliance of new Laboratory
activities.

A. Resource Conservation and Recovery Act
(RCRA)

1. Background. The Remuree Conservation and

Recovery Act (RCRA) (as amended by the Hazarclous
and Solid Waste Amendments of 1984 ~SWA]) man-
dates a comprehensive program to regulate hazardous
wastes from generation to ultimate disposal. Major em-
phasis of the amendments is to reduce hazardous waste
volume and toxicity and to minimize land disposal of
hazardous waste. Major requirements under HSWA

that impact waste handling at the Laboratory are pre-
sented in Table 23.

The EPA has granted New Mexico RCRA autb
rization tmnsferring regulatory control of hazadous
wastes to the state’s Environmental Improvement Divi-

sion (NMEID). State authority for hazardous waste
regulation is t.lwHazardous Waste Act and Hazardous
Waste Management Regulation (HWMR). However,
NMEID has not yet obtained authorization for imple-

menting the 1984 RCRA amendments. The srate adopt-
ed new regulations that use the federal codification.
Although this modification will make the state regula-

tions more consistent with the federal regulations and
easier to interpret, there will still be some confusion be-
eause only those federal regulations in effect on July 1,
1987, were adopted.

The Laboratory produces a wide variety of haz-
ardous wastes. Small volumes of all chemicals listed
under 40 CFR 261.33 could occur at the Laboratory as
a result of ongoing researeh. Prwess wastes are gener-
ated from ongoing manufacturing operations that sup-
port meareh, such as liquid wastes from circuit board
preparation and lithium hydride scrap from metal ma-
chining. Although they occur in larger volumes than

discarded laboratory chemicals, proms wastes are few
in number, well defined, and not acutely toxic. High-
explosive (HE) wastes include small pieces of explo-
sives and contaminated sludges and liquids that are
thermally treated on site.
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Table 23. Major Regulatory Requirements of the Hazardous and
Solid Waste Amendments of 1984 Impacting Waste Management

at LQSAlamoa National Laboratory

The Hazardous and Solid Waste Amendments of 1984

●

●

●

●

●

●

●

●

2. Permit

prohibit placement of bulk liquids, containerized liquid hazardous waste, or free bulk or
free liquids, even with absorbents, in Iandfdls.

prohibit landfill disposal of certain waste and requhe that the EPA review all listed
wastes to determine their suitability for land disposal.

establish minimum technology requirements for landfills to include double liners and
leak detection.

r@re EPA to establish minimum technology requirements for underground tanks.

require that generators of manifested wastes certify that they have minimized the volume
and toxicity of wastes to the degree economically feasible.

require that the operators of landfills or surface impoundments certify that a ground-
water monitoring program is in place or a waiver demonstrattxl by November 8, 1985,
with failure to do so resulting in loss of interim status on November 23, 1985.

require that federal installations submit an inventory of hazardous waste facilities by
January 31,1986.

requite the preparation by August 8, 1985, of a health assessment for landfills and
surface impoundments seeking a Part B permit.

Application. The Los Alamos Area
Office of DOE has submitted both Part A and Part B
applications under RCRA and the Hazardous Waste Act
for the Laboratory (Table 24). In response to changes
in waste handling, comments from NMEID, and
changes in regulations, DOE submitted revised applica-
tions in November 1988.

Land filling of hazardous wastes was discontinued in
1985, and existing landtllls will be closed once NMEID

approves closure plans. All facilities listed in Table
G-41 as having interim status, but not included in the
Part B application, must be closed before the appli-
cation is approved.

3. Area P Landfill and Surface Impoundment.
The Area P landtlll and surface impoundment are lo-
cated in a remote area of the notieastern section of

TA-16, adjacent to burning pads. The landfill was used
from the early 1950s until about 1982 to dispose of De-
contaminated materials. The surfau impoundment re-

eeived filtered liquid extraet from HE-contaminated
waste water associated with activities at structures 401
and 406. Both sites received soluble barium nitrate,
which is considered hazardous because it is under the
criteria of EPA’s Extraction Procedure for toxicity
characteristics. Neither site was included in the Labo-
mtory’s original or updated RCRA Pat B permit
applications, but both are listed in the Part A applica-
tion. The Laboratory chose to separately close each of
these sites under interim status standards (40 CFR 265).
Appropriate closure and post<losure plans were
submitted to NMEID in 1985, and both plans are
awaiting final approval. Area P is expected to be
closed in FY 9Q the surface inqmundmen~ in FY 89.

70 /



a.-

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL SURVEILLANCE 1988

i!
‘3

E!

.4
0

..-
0

Q
w“
?i
!2

71

c
0.-
.5
.,4

n



LOS ALAMOS NATIONAL LABORATORY
/ ENVIRONMENTAL SURVEILLANCE 1988 \

A modified landfill closure and Post-dosum pkan
was prepared for submittal to the NMEID in late 1987.
ModMeations were neeessary because the Iandfiil will

eventually be subjeet to permit standards under 40 CFR
264 once the NMEID issues the Laboratory its RCRA
permit. Furthermore, HSE-8 desired to establish a
30-yr post-closure ground-water monitoring plan that
would be consistent with regard to monitoring parame-
ters and would fulfdl requirements under both interim
and permit standards. To this en~ HSE-8 personnel
constructed nine ground-water monitoring wells and
five neutron moisture-access monitoring wells. To
date, no recoverable amounts of ground water have
been observd, average unsaturated gravimernc

bore-hole moisture contents range from 2 to 24%.
Based on these and other hydrogeologic dam
information on a ground-water monitoring waiver was
requested from the NMEID in December 1987.

The closure plan for the surface impoundment was

dMPPrOVd by NMEID pmling further data from the
Lalxxmory. In response to this action, the Laboratory

supplied funk data and awaits NMEID final approval.
All of the impoundment’s waste water was completely
removed in 1987 and shipped off site for f~ treatment
and disposal. In addition, the surface impoundment’s
synthetic membrane underliner was completely re-
moved. No eontarninated subbase soils were detected

after this action. This “clean” closure approach dictates
that interim status standards be followed because it will
occur prior to the issuance of a RCRA permit. Further-
more, this clean closure does not require the typical

30-yr, post-closure care rw@rements for in-place clo-
sure. The same proms could not be used for the land-
fdl bemuse explosion hamrds may preclude landfiil
excavations.

4. Other RCRA Activities. Areas L and G, lo-
cattxlat TA-54 on Mesita del Buey, have been used for
disposal of hazardous WtLStt?S and are subject to RCRA
regulation. Information on a ground-water monitoring
waivex for both Area L and Area G has bum submitled

to the NMEID. Vadose zone (pan.ially saturated zone
above the water table) monitoring beneath the landfills
and perehed-water monitoring in the adjacent canyons
are being conducted. Quarterly reports of the pore gas
sampling and perehed-water analysis have been sub-
mitted to the NMEID.

Table GA 1 lists several storage areas and seven
miscellaneous units currently under interim status but
for which a Part B permit is not being sought. TA-3-
102, used to store drummed lithium hydride scrap, was
closed under interim status in 1988 and reopend as a
@-day storage area. TA-22-24 and TA-40-2 were
magazines used for storage of HE wastes. These were
closed to waste storage in 1988 and were replaced by
other satellite storage units. The TA-40 scrap deto-
nation pit used for destroying scrap high explosives has
been closed to waste detonation. Closure will be ac-
complished in FY 89. All scrap generated will be han-
dled at other detonation sites included in the Part B
application. Closure plans for this facility have been
submitted to NMEID.

A controlled-air incinerator with interim status for
treating hazardous waste is located at TA-50-37. A
trial burn was conducted in October 1986. The raw
data were submitted to the NMEID in December 1986
and a final report for the test burn was submitted on
March 5, 1987. These data and the report will support

the Laboratory’s application for a hazardous waste
permit for this facility. The permit is expeeted to be is-

SUd by fall 1989.
In June 1988, the NMEID conducted a Notice of

Violation (NOV) compliance inspection (Table 25); no
findings were issued. In August 1988, EPA/NMEID

conducted a joint hazardous waste compliance inspec-
tion (Tables 25 and G-42). Violations were noted and
an NOV was issued in November 1988. A response to
the NOV was sent to the NMEID in January 1989 and
was found adequate by that agency. The EPA was the
lead agency for this inspection.

B. Clean Water Act

1. Laboratory Liquid Waste Discharge Permits.
The primary goal of the Clean Water Act (33 U.S.C.
446 et seq.) is to restore and maintain the chemieal,
physical, and biological integrity of the nation’s waters.
The act established the National Pollutant Discharge
Elimination System (NPDES) that requires permitting
all point source effluent discharges to the nation’s wa-
ters. The permit establishes specific chemical, physi-
cal, and biological criteria that an effluent must meet
prior to discharge. The DOE has two NPDES permits,
one for Laboratory facilities in Los Alamos and one for
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Table 25. Environmental Inspections Conducted at the Laboratory in 1988

Day Purpose Performing Agency

August 8-12 Hazardous waste management New Mexico’s Environmental Improve-
inspection ment Division (NMEID) and the U.S.

Environmental Protection Agency (EPA)

my 2-June 24 Environmental survey DOE Headquarters
field sampling

April 7 NPDES compliance evaluation EPA
inspection, main twhnieal area

June 21 Notice of violation (NOV) compliance NMEID
inspection

August 8 Hamrdous waste compliance
Inspection

October 27 Inspection of underground
injection wells

November 21 Inspection of spill-control
facilities at TA-35

the hot dry rock geothermal facility, heated 50 km
(30 mi) west of Los Alamos in the Jemez Mountains
(Table 24). Both permits are issued and enforeed by
EPA Region VI, Dallas, Texas. However, through a
federal/state agreement and grant, NMEID perfatns

compliance monitoring and reporting as agents for
EPA.

The NPDES permit in effeet for the Laboratory in
1988 (NMO028355) was reissued May 29, 1987 and
will expire March 1, 1991. As of Deeember 31, 1988,
the permit regulates 99 industrial outfalls and 9 sanitary
outfalls (Table G-43). Each outfall represents a sam-

pling station for permit eomplianw monitoring.
The Laboratory forwarded two NPDES permit

modification requests to DOE for transmittal to EPA
during 1988. The fwst request (March 30, 1988) pro-
vided EPA with information regarding outfall 051 (TA-

50-1), specifically emphasizing the potential for
irdluent to the treatment plant to contain waste water
from the controlled-air incinerator and the chemical
batch-treatment plant. The modification request also

attempted to correct an error in the permit limitations

EPA/NMEID

NMEID

NMEID

associated with outfall 09S (TA-53 sanitary waste-
water plant). The wxond modification request (July 25,
1988) addressed the addition of four new outfalls, the

reactivation of one outfall, corrections regarding two
existing outfalls, and the elimination of two outfalls.

Weekly sampling results are tabulated in a dis-
charge monitoring report (DMR) and submitted through
DOE to EPA and NMEID on a monthly basis. Devia-
tions from NPDES permit limitations are also explained

SCTM@Y to EPA and NMEID with the monthly sub-
mittal (Tables G-44 through G46). During 1988, 95.2
and 98.5% of monitoring analyses complied with
NPDES limits at sanitary and industrial outfalls, re-
spectively (Fig. 23).

2. Federal Facility Compliance Agreement. The
Federal Facility Compliance Agreement (FFCA) be-
tween EPA and DOE/Los Alamos Area Office (LAAO)
contains interim effluent limitations and a schedule of
compliance for several outfalls and outfall categories
that had experienced frequent noncompliance with the
NPDES permit limitations (Tables G47 and G-48).
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Fig. 23. 1988 Summary of Clan Water Act Compliance, NPDES Permit NMO028353.

‘llroughout 1988, required FFCA quarterly pogrcsa
reports reflected that the Laboratmy was well ahead of
schedule in meeting final compliance milestones. On
October 8, 1988, DOE/LAAO reported that all compli-
ance milestones had btxm completed and requested that
the FFCA be amended to allow for treatment system
modifications on outfalk 09S (TA-53); 04S (TA-18),
Category 02A (Boiler Blowdown); and Category 05A
(High Explosives). The FFCA amendments were
pending EPA approval at the end of 1988.

3. Clean Water Act Inspections The EPA con-
ducted one inspection under the Clean Water Act in
1988 (Table 25). An EPA Compliance Evaluation In-
spection (CEI) was conducted on April 7, 1988. l%e
EPA inspector complimented the L.abomtory’s nxord-
keeping and self-monitoring program for its complete-
ness, aecuraey, and level of detail, although several mi-
nor compliance discrepancies were noted. Regarding
these discrepancies, a Notice of Def~iency was re-
ceived from EPA regarding three minor permit compli-
ance problems. These were corrected immediately and
a letter to that effect was sent to EPA on April 29,
1988.

4. Administrative Order. On August 30, 1988,
EPA Region VI issutxi an Administrative Order (AO)

to DOE regarding NPDES Permit NMO028355. The
AO was based on self-monitoring reports submitted by
the Laboratory that identified a number of individual
parameter violations occurring at outfalls during 1987
and 1988. DOE/LAAO responded to the AO in a sub-
mittal to EPA dated October 6, 1988.

5. Fenton Hill Geothermal Project NPDES
Permit. ‘Ihe NPDES permit for the Fenton Hill
Geothermal project was issued to regulate the discharge
of mineral-laden water from the recycle loop of
the gcxXhermal weUs (Table 24). NPDES permit
NMW28576 was issued October 15, 1979, with an ex-
piration &te of June 30, 1983. Although the Labora-
tory applied for permit renewal more than 180 days
prior to the expiration date, through 1986 EPA Re-
gion VI had not acted upon the application. Therefore,
the existing permit was administratively continued until
supplanted by a new permit.

On April 15,1987, EPA requested an updated appli-
cation for the permit in order to reflect present con-
ditions at the site, and DOE submitted an application
package on May 20, 1987. Subsequently, on Septem-
ber 25, 1987, EPA issued a proposed permit for com-
ment and state certification (pursuant to Sec. 401,
33 U.S.C. 466 et seq.). The proposed permit included
effluent monitoring and reporting requirements for
flow, pH, and phenols.

Because proposed NPDES permits are subject to
state review and certification, a meeting was held with
the NMEID and New Mexico Oil Conservation Divi-
sion (NMOCD) to discuss the proposed permit and the
environmental concerns of the state agencies. Subse-
quent to the meeting, a site inspection was held at Fen-
ton Hill on November 9, 1987, to review the discharge
location(s), inspect treatment systems, sample the waste
water, and survey the drainage system affected by the
discharge. On December 29, 1987, an information
package containing a description of all water and waste
water piping and storage at the site was mailed by
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DOE/LAAO to the state ageneies. State certification
was granted by NMEID on January 8, 1988, with no
additional state-imposed permit conditions. Issuance of
the final NPDES permit was anticipated during the fmt
quarter of 1988. However, the final permit was not is-
sued by EPA during 1988 and, therefore, the discharge
continues to be regulated by the original permit. EPA
has not stated any reason(s) for the delay in fti permit
issuance.

‘he original Fenton Hill NPDES permit regulates a
single outfall. The daily monitoring requirements for
the outfall during discharge include arsenic, tin,
cadmium, fluoride, lithium, pH, and flow. Concentra-
tions for each of these parameters are to be reported.
However, only the parameter pH has a limi~ that is, it
must be within the range of 6.0 to 9.0 standard units.
The proposed Fenton Hill NPDES permit also will
regulate the same single outfall. The daily monitoring
requhements for the outfall during discharge will
inelude flow, pH, and phenols.

6. Spill Prevention Control and Countermea-
sure (SPCC) Plan. The WCC plan addresses facilities
improvements (for example, dikes, berms, or other see-

ondary spill-containment measures), operational proce-
dures, and mechanisms for reporting of hazardous sub-
stances and oil spills to the appropriate managerial and
reguklt.oty authorities. The plan complements existing
Administrative Requirements in the Laboratory’s
Health and Safety Manual for accidental oil and chemi-
cal spills and environmental protection. Its goal is to
minimize off-site oil and hazardous chemical dis-

charges and to provide a spill-response system.
During 1988, Title I engineering designs were initi-

ated on seven individual spill-control projects, consist-
ing primarily of providing secondary containment

around existing storage tanks. Title II design and con-
stmetion are anticipated to take place during 1989.
Meanwhile, spill prevention and control training lec-
tures were given to more than a dozen operating groups
Laboratory-wide. In addition, spill-response equipment
was purchased and distributed to numerous operating
groups.

7. Sanitary Waste-Water System Consolidation.
The TA-3 waste-water treatmentplant and many of the

75

other existing sanitary waste-water treatment facilities
at the Laboratory are over 30 yr old and do not con-
sistently meet NPDES permit requirements. The cost
of operation of these facilities has increased over the
years due to maintenance and replacement of old
equipment and other factors. In 1985, the Laboratory
initiated the Sanitary Waste-Water Systems Con-
solidation (SWSC) project to rcplaee most of these
facilities and to provide an area-wide waste-water

treatment system. The proposed SWSC project will be
designed to meet current discharge requirements and
reduce operation and maintenance costs. The waste-
water collection system additions for the project will
include approximately 15630 m (51280 ft) of gravity
sewer line, four canyon crossings using suspension
bridges, three lift stations, and approximately 4070 m
(13 350 ft) of force main.

The new waste-water treatment plant will be loeatcd
near TAA6 and will use the extended aeration process.
The proposed plant will include preliminary treatment
works, flow equalization facilities, an aeration basin,

two secondary clarifiers, and facilities for disinfection
of effluent. Effluent from the treatment plant will be
reused for cooling water at the TA-3 power plant and
for other nonpotable uses. Excess effluent will be

discharged to Caflada del Buey un&r a ncw NPDES
permit.

Upon completion, the proposed SWSC project will
replaee 8 waste-water treatment plants and approxi-
mately 35 septic tank systems currently maintained by
the Laboratory. The proposed SWSC project will pr~
tide a modem treatment facility for meeting NPDES
permit requirements and will eliminate noncomplying
discharges. The project will also reduce operation and
maintenance costs associated with operating the exist-
ing treatment plants and maintaining the existing septic
tank systems. Also, the number of discharge points re-
quiring sampling, testing, and reporting will be re-
duced. In addition, a study is now being conducted to
determine the feasibility of replaeing the TA-53 la-
goons by expanding the SWSC project.

The final design criteria for the SWSC project have
been approved, and the consulting engineer selected for
the project is now under contract. The engineer will be
completing Title I planning for the project during 1989.
Construction is scheduled to be completed in 1992.
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8. TA-53 Waste-Water Treatment System Mod-
ifications Effluent from the TA-53 sanitary waste-
water treatment system on occasion had exceeded
NPDES permit limitations for the parametem of total
suspended solids and pH. Additionally, beeause the ef-
fluent &w contains low-level radioactivity (@lady
trit.iurn), compliance with the DOE concentration
guidelines for radioactivity is paramount. Therefore,
during 1988 an engineering study was initiated to eon-
ceptualhz treatment system modifications in order
to enhanee waste-water treatment and environmental

-ti~.
Segregation and separatehandlingof the radioactive

and sanitary waste waters were determined to provide
the most timely and east-effective alternative. Ra-
dioactive waste water was recommended to be confined
to an existing Hypalon-lined l-acre pond sufficiently
sized to ensure total evaporation. The remaining two
l-acre ponds could perform faeuhative treatment of the

sanitary waste water. Selective wintertime discharge
for algae eontml and effluent acidification for pH con-

trol were recommended as an acceptable low-eat
method of achieving NPDES compliance. During 1988

the emeeptual designs were completed to accomplish
the segregation. Detailed engineering design was also
completed, with conshuetion of the modifk.ations tar-
geted to begin early in 1989.

9. Septie Tank System Survey and Registration.
During 1988, a survey of all septic tank systems at the

I@oratory was updated and 75 systems were found to
be in operation or under design. Eight of these systems
were new facilities and were registered with the
NMEID District II Offke, which serves as the review-
ing authority for septic tank systems at the Laboratory
under the New Mexico Liquid Waste Disposal
Regulations.

In addition, new leaeh fields were installed at time
existing systems in order to prevent effluent from sur-
facing. Five septic tank systems that receive limited

flow were plugged and converted into holding tanks to
eliminate any potential overflows. Approximately 35
of the existing septic tank systems at the Laboratory are
scheduled to be teplaeed in 1992 by collection lines
discharging to the proposed SWSC project.

10. Boiler Btcnvdown Improvements (NPDES
Category 02A). The steam plant bested at TA-16-
540 was studied during 1988 to determine the cause and
solution for a chronic pH control problem on the boiler
blowdown discharge. ‘l%e installation of a carbon
dioxide eductor on the steam plant blowdown pipeline
to neutralize the pH was recommended The design
was performed for a passive system, using waste car-
bon dioxide from the plant’s gas stacks and waste en-

ergy in the blowdown to drive a mixing eductor to ac-
complish the pH shift. The passive system was in-
stalled and it demonsuated the technology could per-
form the pH shift. However, because the boiler plant is

operated in an oxygen-rich combustion mode, insuffi-
cient percentage-by-volume concentrations of carbon
dioxide were present to meet the pH neutralization
range of 6 to 9 standardunits. Therefore, a gas-cylin-
der carbon dioxide injection system was added to boost
the delivery of carbon dioxide. me eornbined systems
assure pH levels in compliance with the NPDES permit.

11. Espaiida Valley and Pojoaque Valley
Waste-Water Master Plan. During 1988, a group of
local and tribal governments rmd other organizations
joined together to form a steering committee to help
cxmtrcdpollution of the ground water in the Espafiola
and Pojoaque Valley areas originating from septic tank
systems and other sources. The Laboratory was invited
to join the steering committee and has provided techni-
cal assistance to the committee during the preparation
of a waste-water master plan.

The purpose of the master plan is to identify areas
affected by ground-water pollution in the study area
and to recommend alternative waste-water treatment
methods and management options that could be used to
eonml ground-water pollution. The master plan is de-
signed rmprovide specific recommendations for pollu-
tion conrrol for local areas in the study area and to lay
out a long-term strategy for waste-water rrearnent on a
regional basis.

The waste-water master plan is sehedukxi to be

eomplti by mid-1989. The steering committee is
presently working to initiate a water supply master plan
for the Espafiola and Pojoaque Valley areas to develop
a regional ptan for improving domestic water quality
and water supply systems in the study area.
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12. TA-9 Sanitary and Industrial Mapping.
During 1988 existing sanitary and industrial sewer
piping at TA-9 was investigated and mapped. This
project was undertake to complement the Laboratoxy-
wide Sanitary WasteWater System Consolidation
(SWSC) Project, as inadequate as-built mapping ex-
isted for TA-9. In addition, cross-connections between
high-explosive outfalls, treated cooling-water outfalls,

and sanitary waste water were investigated. A dye
study procedure was implemented to investigate eross-
cormeetiotts and a plane survey of manhole and outfall
locations was performed. A scale map of the technieal
area was produced showing the existing layouts of the
sanitaryand industrial sewer systems and showing pre-
cise manhole locations and elevations based on the
plane survey. Three sanitary waste-water septic tanks
were discovered in need of rehabilitation; such con-
struction will take place during 1989.

C. National Environmental Policy Act (NEPA)

The National Environmental Policy Act of 1969 re-
quires that federal ageneies evaluate proposed actions
for their potential environmental impacts. Unless cate-

gorically excluded under provisions of DOE’s imple-
menting guidelines (DOE 1987), initial compliance
takes the form of an Action Description Memorandum
(ADM). The ADM provides a brief description of the
proposed action and indicates potential environmental
issues, permits, and approvals. It serves as a basis for

determining the level of NEPA documentation, if any,
required for further evaluation of environmental issues.
This documentation may, as requested by the DOE,
consist of either an Environmental Assessment (EA) or
an Environmental Impact Statement (EIS). A Labora-
tory Environmental Evaluation Coordinator (EEC) as-
sists project and health/safety personnel to prepare the
appropriate documentation for transmittal to DOE. The
Laboratory Environmental Review Committee (LERC)
reviews NEPA-associated documentation for relevant
Laboratory issues.

The EEC reviews Laboratory projects relative to
DOE’s NEPA requirements and initiates Health, Safety,
and Environmental (HSE) Division review of those
projects not clearly excluded from NEPA. The HSE
review process identifies general environmental, health,
and safety requirements by means of an HSE Project

Review Committee. The committee evaluated over 80
projects during 1988. Of these, 15 were determined to
require ADMs. The LERC reviewed six ADMs and
one EA during 1988 (T’ableG49).

D. Federal Clean Air Act and New Mexico Air
Quality Control Act

1. Federal Regulations. The following federal re-
quirements, except for radioactive emissions, have been
adopted by the state of New Mexico as part of its State
Implementation Plan. However, if New Mexieo does
not enforec these federal requirements, the EPA retains
the prerogative to do so.

a. National Emisswns Standards for Hazardous
Air Pollutants (NESHAP). This regulation sets re-
porting, permitting, emissions control, disposal, stack
testing, and other requirements for specifkl operations
involving hazardous air pollutants. New Mexico’s EID
has responsibility for administering these regulations
exeept those governing radionuclides. Laboratory OP
erations that are regulatal by NESHAP include radio-
nuclide handling, asbestos disposal and removal, and
beryllium machining.

The EPA has promulgated regulations for con-

trol of airborne radionuelide releases from DOE facili-
ties (40 CFR 61, Subpart H). Since 1985, DOE and its
contractors have been subject to EPA’s radionuclide
air-emissions limits for exposure of the general public
via the air pathway (DOE 1985). Laboratory operations
arc in eomplia.nce with these standards (Sec. III).

During 1988, DOE and the Laboratory sub-
mitted an application to the EPA for construction of

the Dual Axis Radiographic Hydrotest Facility and the
Low-Level-Waste/Mixed-Waste Incinerator, as re-
quird under 40 CFR Part 61, Subpart H. Both these
applications were approved in 1988 by the EPA.

Notification, emission control, and disposal re-

quirements for operations involving the removal of fri-
able asbestos are specified under the NESHAP regula-
tions (Subpart M). The NMEID requires that asbestos-
disposal certification forms be tilled out and submitted
bcfom every large asbestos-removal job and that an an-
nual one be submitted for all small renovation jobs.
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During 1988, a total of 130 asbestos jobs, in-
volving the mnoval of 1416 m (4(M5 fl) of asbmtos
materials on pipe and 1% m2 (21 14 ft2) on other fheil-
ity components, were performed by Pan Am World
Serviees. ‘Iheaejobs involved the disposd of 257 m3
(9075 f~) of asbestos+ontaminated wastes. Asbestos
wasteaare disposed of at TA-54 in accordance with re-
quired disposal praetiees. Five disposal certifkation
forms, including the annual notification for the small

disposal jobs, were submitted to the NMEID during
1988. Also submitted were seven not.ifieations of as-
bestos mxnoval, including the annual notitleation for
small renovation jobs. In 1988, 52% of the asbestos
removed, including 46.9% of the asbestos removed
from pipe, involved small renovation jobs that required

no job-speeif~ notif~ation to the state.
The beryllium NESHAP includes notification,

emission limit, and stack performance testing requ~
menta for beryllium sources. The four beryllium faeili-
tiea at the Labomtory operate under state air quality
permits containing these requirements. The Laboratory

applied for a permit for a fifth beryllium-pmeessing op-
eration to be located in TA-3-35. The four permitted
beryllium opemtions were inspected by NMEID during
the fnt qumter of 1988. No notices of violations were
issued.

b. National and New Mm-co Ambient Air Qual-
ity Stan&rds. Federal and state ambient air quality
standards are shown in Table 26. The New Mexieo
standards are generally more stringent than the national
standards. Based on available monitoring data and
modeling, Laboratory emissions have not exceeded

federal or state standards. The ozone monitor operated
by the Ldor@ry has shown instances when the state
ozone standard has been exeeeded. However, exeeedcd
standards are probably caused by ozone that is trans-
ported from heavily populated and/or industrialimd
areas.

Regulated polhItants that are emitted by Labo-
ratory sources include sulfur dioxide, particulate matter,
carbon monoxide, nitrogen dioxide, lead, beryllium,
heavy metals, and nonmethane hydroearbons. Labora-
tory sources that emit these pollutants include beryl-
lium machining and processing operations, the TA-3
power plant, steam plants, the asphalt plan~ the lead-
pouring facility, and operations involving the burning

and detonation of high explosives and the burning of
explosive-contaminated wastes (see Sec. V).

c. Prevention of Significant Deterioration
(PSD). The PSD regulations have stringent require-
ments (preconstruction review, permitting, best avail-
able eontml technology for emissions, air quality in-
crements that must not be exceeded, visibility protec-
tion requirements, and air quality monitoring) for the

construction of any new major stationary source or
major modif~ation located near a Class I Area, such as
Bandelier National Monument’s Wilderness Area To
date, DOE and the Laboratoryhave not been subject to
PSD regulations.

d. New Source Performance Standards (NSPS).
The NSPS apply to 72 source categories. Its provisions
include emission standards, notification, and emission-
testing procedures and repting and emission-monitor-
ing requirements. DOE and the Laboratory have not
been subject to NSPS.

2. State Regulations

a. Air Quality Control Regulatwn (AQCR) 301.
Under this regulation, open burning of explosive mate-
rials is permitted when transport to other facilities may
be dangerous. DOE and the Laboratory are permitted

to burn waste explosives and explosive-contaminated
wastes. Burning of waste explosives is done at the
TA-16 burn ground. Other wastes that are potentially
contaminated with small amounts of explosives are
burned in a two-stage incinerator.

b. AQCR 501. The AQCR 501 sets emission
standards according to process rate and requires the
control of fugitive emissions from asphalt-processing
equipment. The asphalt concrete plant operated by Pan
Am World Services is subjeet to this regulation. This
plant is old, subject to leaking, and is inspected annu-

ally. During the annual inspection, leaks causing fugi-
tive emissions were discovered and repaired.

The asphalt plant meets the stack-emission stan-
dard for particulate as specified in this regulation. The
plant, which has a 75 00@kg/h (75-tordh) capacity, is
required to meet an emission limit of 16 kg (35 lb) of
particulate matter per hour. A stack test of the asphalt
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Table 26. National and New Mexico Ambient Air Quality Standards

Averaging Federal
Pollutant Time Units New Mexico Primary S@mndary

Sulfur dioxide

Total suspended
particulate matter

PMIO

Carbon monoxide

Ozone

Nitrogen dioxide

Lead

Beryllium

Asbestos

Heavy metals
(total combined)

Nonmethane
hydrocarbons

Annual arithmetic mean
24 h’

3 ha

Annual geometric mean
30 &ys

7 days
24 ha

Annual arithmetic mean
24 h

8 ha
1 ha

1 hb

Annual arithmetic mean
24 ha

Calendar quarter

30 days

30 days

30 days

3h

PPm
PPm
PPm

~g/m3
pg/m3
pg/m3
pg/m3

@m3
pg/m3

ppm

PPm

ppm

PPm
PP

pg/m3

p.g/m3

pg/m3

p.g/m3

ppm

0.02
0.10

60
90

110
150

8.7
13.1

0.06

0.05
0.10

0.01

0.01

10

0.19

0.03
0.14

50
150

9
35

0.12

0.053

1.5

50
150

0.05

0.12

0.053

1.5

‘Maximum concentration not to be exceeded more than once per year.

-e standard is attained when the expected number of days per calendar year
with maximum hourly average concentrations above the limit is S1.

plant in 1977 indicated an average emission rate of
0.8 kg/h (1.8 lb/h) and a maximum rate of 1.0 kg/h
(2.2 lb/h) over three tests (Kramer 1977). Although the
plant is old and not required to meet NSPS stack-
emission limits for asphalt plants, it meets these
standards (Kramer 1977).
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c. AQCR 604. The AQCR 604 requires gas-
burning equipment built before January 10, 1973, to
meet an emission standard for NOX of 0.3 lb/l@ Btu
when natural-gas consumption exceeds 1012 Btu/yr/-
unit. The TA-3 power pIant’s boilers have the potential
to operate at heat inputs that exceed the 1012 Btu/yr/-
unit but have not been operated beyond this limit.
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lltus, these boilers have not been subject to this reg-
ulation. The TA-3 power plant meets the emission start-
dard, although it is not m@red to do so. The emission

standard is equivalent to a flue gas concentration of
248 ppm. The TA-3 boilers meet the standad with
measured flue gas concentrations of 15 to 22 ppm.

d. AQCR 702. The AQCR 702 requires the per-
mitting of any new or modified source if it exceeds a
given emissions rate and is not addressed by other
regulations. When new Laboratory emission sources or
modifications to existing sources are planned, an air-
pollution regulatory compliance review is carried out.
This review evaluates the steps to be followed to com-
ply with state and federal air pollution regulations. As

part of the permitting process, NMEID reviews new or
modified sources for compliance with all state and fed-
eral air-pollution regulations.

In September 1988, the New Mexico Environ-
mental Improvement Board (NMEIB) adopted revi-
sions to Am Quality Control Regulation 702 Permits
that require new sources of toxic air pollutants to obtain
an air quality permit. More than 500 toxic air pollu-
tants are now regulated by these changes. A permit is
required if the construction of a toxic air pollutant
source is started after December 31, 1988, and if the
potential emission rate (at maximum capacity and
without air pollution control equipment) is greater than
the minimum specified by the regulation.

In 1988, the Laborato~ obtained an air quality
construction permit for a steam production facility
consisting of two solid-waste-find boilers and two gas-
fwcd auxiliary boilers. This facility will replaee the

TA-16 steam plant. It will burn county and Laboratory
refuse as well as natural gas and will generate stcarn for
TA-16. Meteorological dispersion modeling of emitted
substances demonstrated that impacts on the local air
quality, including impacts at Bandelier National Monu-
men~ are negligible.

The need to obtain an air quality permit before
starting construction of the planned spedd nuclear
materials (SNM) R&D building was evaluated. A stack
test was conducted at the plutonium facility in August
to measure emissions from processes that will be
moved to the SNM R&D building. To estimate total

uncontrolled emissions from the ptanncd building, the
stack test results were eombhted with processing in-

formation and the emission inventory estimates for pro-
cesses to be moved from the CMR building. ‘he re-
sults clearly indicate that a permit is not neeessary for
the planned SNM R&D building.

e. AQCR 752. ‘his regulation required a one-
time registration of all mum-s emitting toxic air pollu-
tants in amounts in excess of a specified annual emis-
sion limit. Complying with this regulation required the

Laboratory to estimate emissions for more than
500 chemicals. To calculate these emissions, a
computerized data base has been developed that in-
cludes usage, products, and wastes for caeh regulated
chemical. The results of this study are summarized in
Table G-50, where the annual air emissions are ranked
in pounds per year. In general, air emissions are quite
small. Only one chemical, lithium hydride from the
TA-3 machining shop, exceeded the limit and thus
required registration with the state.

E. Safe Drinking Water Act (Municipal and Indus-
trial Water Supplies)

1. Background. The federal Safe Drinking Water
Act (SDWA) (42 U.S.C. 300f et seq.), as amended, re-
quires the adoption of national drinking water regula-
tions as part of the effort to protect the quality of
drinking water in the United States. The EPA is respon-
sible for the administration of the act and has promul-
gated National Interim Primary Drinking Water regula-
tions. Although EPA is designated by law as the ad-
ministrator of the ACLassignment of responsibdities to
a state is permitted, and primacy for administration and
enfomement of federal drinking water regulations has
been approved for New Mexieo. The state of New
Mexico administers and enforees the drinking water re-
quirements through regulations adopted by the NMEIB
and implemented by the NMEID. Municipal and in-
dustrial water supplies for the Laboratory and commu-
nity met the regulations during 1988.

2. Total Trihalomethane Monitoring of Water
Supply System. During 1988, a total of 20 samples
were collected at 5 sites throughout the Laboratory and
community distribution systems and tested for total tri-
halomethane. After samples were collected by HSE-8,
they were shipped to the Scientific Laboratory Division
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Table 27. Total Trihalomethane Concentration (mg/L)
in Water Supply and Distribution Systems

1st Quarter 2d Quarter 3d Quarter 4th Quarter

Las AlaInos Airport <0.004 4.004 <0.004 <0.004
White Rock Fire Station CO.004 <0.006 <0.004 <0.OW
North Community Fire Station 4.004 -dM)04 4.004 4.004
S-Site Fire Station 0.021 <0.004 CO.(K)S <0.004
Barranea Mesa Fire Station 4.004 <0.004 <0.004 4.004

Nofe: EPA maximum contaminant level= 0.10 mg/L.

(SLD) for total trihalomethane analyses. All analytical
results were found to be in compliance with New Mex-
ieo’s Regulations Governing Water Supplies and the

SDWA (Table 27). Analytical results were reported to
the NMEID by SLD.

3. Inorganic Chemical Monitoring of Water
Supply System. The Laboratoryand community water

supply was sampled at one location in the drinking
water distribution system for inorganic chemical analy-
ses required by New Mexico’s Regulations Governing
Water Supplies and the SDWA. Samples were col-
leeted by HSE-8 and shipped to SLD for inorganic
analysis. Analytical results were found to be in compli-

ance with state and federal regulations (Table 28). The
SLD reported ~tdyt.id reds to NMEID.

4. Radidogical Monitoring of Water Supply
System. The Laboratoryand community water supply
was sampled at one location in the drinking water dis-
tribution system for radiological analyses as required
by New Mexico’s regulations. Samples wexe collected
by HSE-8 and shipped to SLD for radiological analy-
ses. Analytical results were found to be in compliance
with state and federal regulations (Table 29).

5. Organic Contaminant Monitoring of Water
Supply System. In 1988 the Laboratory and

Table 28. Inorganic Chemical Concentrations (mg/L)
in Water Supply and Distribution Systems

Distribution System EPA Maximum
(Laa Alamos) Contaminant Level

Nitrate
Fluoride
Arsenic
Barium
Cadmium
Chromium

Mereury
Selenium
Silver

0.44
0.29

CQ.005
d. 1
<0.001

0.006
<0.01
<0.0005
4.005
4.001

10
4.0
0.05
1
0.010
0.05
0.05
0.002
0.01
0.05
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Table 29. Radioactivity (pCi/L) in Water Supply
and Distribution Systems

Detection
Analyses Value Uncertainty Limit

Gross A@Itao
With ‘lAm reference 0.60 0.30 0.60
With natural uranium reference 0.80 0.30 0.60

GrossBeta
With 137Csreference 3.20 0.60 1.10
With ‘Sr/ WY reference 3.40 0.60 1.10

%PA gross alpha maximum contaminant level = 15 mg/L.

community water supply was sampled at all operating
water supply sources (14 wellheads and one infiihation
gallery) for 8 regulatd and 51 unregulated organic
contaminants. This sampling is required by the 1986
amendments to the SDWA. Sarnplcs were collaled by
HSE-8 and NMEID and shipped to SLD where samples
were composite and analyzed for organic contami-
nants. Analytical results show that no organic con-
taminationwas deteeted.

6. Microbiological Contaminant Monitoring of
Water Supply. In 1988 over 500 samples were col-
lected throughout the Laboratory and community water
supply and disrnbution systems and were analyzed for
microbiological contamination. Samples are exarnincd
for the presence of eoliforrn and noneoliform bacteria
Samples are ccdlected by and analyses are performed by
Pan Am World Serviees under contract to the Labora-
tory. Analytical results are in compliance with state
and federal regulations.

F. Federal Insecticide, Fungicide, and Rodenticide
Act

The Federal Insecticide, Fungicide, and Rodenticide
Act (FIFRA) requires registration of all pesticides, re-
stricts use of certain pesticides, recommends standards
for pesticide applicators, and regulates disposal and
transportation of pesticides. A pesticide is defined as
any substance intended to preven6 destroy, repel, or

mitigate pests. The Laboratory’s contractor, Pan Am
World Services, stores, uses, and discards pesticides in
compliance with the provisions of FIFRA. A Labora-
tory pest-control policy was established in June 1984 to
establish procedures and identify suitable pesticides for
eontrcd of plant and animal pests. Anything outside the
scope of the policy must be approved by the Pest Con-
trol Oversight Commit@. No unusual events associ-
ated with compliance occurred during 1988. No in-
spections of the Laboratory’s pesticide operations or
facilities were conducted in 1988.

G. National Historic Preservation Act

As rt@red by Sec. 106 of the National Historic
Preservation Act of 1966, as implemented by 36 CFR
800, “Protection of Historic Properties,” Laboratory
undertakings are evaluated in consultation with the
State Historic Preservation Officer for possible effects
to historic and prehistoric resources. During 1988,
Laboratory archaeologists evaluated 119 undertakings,
conducted 46 field surveys, and recorded 21 archaeo-
logical sites. As a result of Laboratory ixtivities, 51

sites were monitored, 4 sites were fenced, and 1 site
was test excavated. In compliance with 36 CFR 79,
“Curation of Federally Owned and Administered Ar-
chaeological Collections,” an inventory of artifacts
collected from DOE land was initiated. Atifacts, in-
cluding those from the Romero Cabin project, were cu-
rati at the Museum of New Mexico.
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H. Endangered!l’hreatened/Protected Species and
Floodplaina/Wetlands Protection

The DOE and Laboratory must comply with the En-
kmgered Species Act of 1973, as amended, and with
Executive orders 11988, Floodplain lkfanagemen~ and
11900, Protection of Wetlands Environmental Review
Requirements. The floodplain/wetkmd assessments
iveredone for portions of Los Alamos, Mortandad, and
4ncho canyons. Notifications of Involvement and

$tatements of Findings were submitted to the Depart-
ment of Energy for publication in the Fe&ral Regisler
Forthe Materials Scienee Laboratory (TA-3) Utilities
Restoration in Los Alamos Canyon and a revised siting
~fthe Pulsed Power Assembly Building (TA-39). Lab-
mtory biologists surveyed 27 proposed construction
sites for potential impact, Biologists identified no en-
tigered, threatened, or rare animal or plant species at
those sites.

J. Toxic Substances Control Act (TSCA)

The TSCA (15 U.S.C. et seq.) establishes a list of

toxic chemicals for which the manufacturing, use, stor-
age, handling, and disposal are regulated. This is ac-
complished by requiring premanufacturing notification

1

1. Comprehensive Environmental Response, Com-
pensation, and Liability Act (CERCLA)

The Comprehensive Environmental Response,

Compensation, and Liability Act (CERCLA) of 1980
and the Superfund Amendments and Reauthorization
Act (SARA) of 1986 mandate cleanup of toxic and haz-
ardous contaminants at closed and abandoned haz-
ardous waste sites. The CERCLA/SARA-related action
at about 500 potentiat release sites at the Laboratory are
being addressed under the DOE’s Environmental
Restoration (ER) Program.

The DOE Albuquerque Operations Office (AL) es-

tablished their ER Program Technical Support Office at
the Laboratory to assist in overall program management
and to have principal responsibility for carrying out re-
medial investigatiordfeasibility study activities for the
eight AL installations, including Los Alamos. The
Laboratory witl be responsible for carrying out any re-
medial design and remedial action determined neces-
sary as the program progresses.

fornew chemicals, testing of new or existing chemicals
suspected of presenting unreasonable risk to human
health or the environmen~ and eontml of chemicals
found to pose an unreasonable risk. No inspections of
the Laboratory’s TSCA activities took place in 1988.

l%e Code of Federal Regulations (40 CFR 761)
contains the regulations applicable to polychlorinated
biphenyls (PCBs). This part appIies to all persons who
manufacture, process, distribute in eommeree, use, or

dispose of PCBS or PCB items. Substances that are reg-
ulated by this mle include, but are not limited to, di-
electric fluids, contaminated solvents, oils, waste oils,
heat transfer fluids, hydraulic fluids, paints, sludges,
slurries, dredge spoils, soils, and materials contami-
nated as a result of spills. Most of the provisions of the
regulations apply to PCBS only if they are present in
concentrations above a speeifkd level. For example,
the regulations regarding storage and disposal of PCBS
generally apply to materials at PCB concentrations of
50 parts per million (ppm) and above. At the Labora-
tory, materials with >500 ppm PCBS are transported off
site for treatment and disposal.

During 1988, efforts have continued toward re-
moval and disposal of PCB-containing equipment from
the Laboratory. There have been 34632 kg (76 349 lb)
of PCB-containing oil, 2289 capacitors (170531 kg
[375 950 lb]), 33 transformers (15 605 kg [34 402 lb]),
and 2432 kg (5361 lb) of PCB debris sent off site for
disposal. Additionally, 406915 kg (897 078 lb) of
PCB-contaminated soil, debris, and equipment have
been disposed of at Area G, and 11 transformers are
undergoing a process that will render them PCB-free
after completion of a 20month retrofill cycle. Over the
past 6 months, an intensive effort has been made to re-
pair all of the leaking transformers requiring daily in-
spection. At the present time, only two transformers
are “leakers” and these are scheduled to be removed.

K. Emergency Planning and Community Right-to-
KnOWAct

Toxic-chemical-release reporting requirements un-
der Sec. 313 of Titte III of SARA became effective on
March 17, 1988. The foeus of this new rule is the
toxic-chemieal-release inventory provision. This pro-
vision requires owners and operators of covered fa-
cilities (facilities that manufacture, import, process, or
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otherwise use a listed chemieal) to report annually their
releases of such chemieals into any environmental
medium. The pupae of this provision is to make in-
formation about rekases of tOXiC chemieals publicly
available. Reports must be submitted annually to the
EPA and to the state in which the covered facility is 10
cated. ‘f%isnew mle is in addition to other reporting
requhemenrs under SARA Thle III, which went into
effect in May 1987.

Under Sec. 313, a covered facility is one (1) that has
10 or more full-time employeex (2) that has a primary
Standard Industrial Classification (SIC) code between
20 and 39; and (3) that exeeeds an applicable manu-
facture, proms, or use threshold, For manufacturing
or processing, these use thresholds vary by year. In
1987 it was 34000 kg (75 000 lb), in 1988 it was
23000 kg (50 000 lb), and in 1989 and thereafter it was
11 (MOkg (25 000 lb). For toxic chemicals used for
other purposes, the threshold for all years was 4500 kg
(10 000 lb). For each listed toxic chemical that exeeeds
the threshol~ the covered fxility must report the

amount of chemieal that was released to the air, water,
and soil media for the applicable year. Other environ-
mental release categories include underground injeetion
and transfers of listed toxic chemieals off site to Pub-
licly Owned Treatment Works (POTWs) or to other

treatment and disposal locations.
According to 40 CFR, Sec. 372.22, the Laboratory

is not a covered facility under See. 313. However,

DOE policy is that the Laboratory will comply with all
Sec. 313 reporting requirements. Therefore, for the
calendar year 1987, the Laborato~ reported environ-
mental releases for nitric acid. This was the only com-

pound exceeding applicable threshold amounts rng-
gering the reporting requirement that was not otherwise
exempted under 40 CFR, See. 372.38.

The fmt reporting date under Sec. 313 was for the
year 1987. Approximately 91000 kg (200000 lb) of
nitric acid was used at Los Alamos during 1987. Of

this amount approximately 1517 kg (3346 lb) were re-
leased as nonpoint air emissions, and 1150 kg (2535 lb)
were released as stack air emissions. The remaining
amounts of nitric acid were either used up in chemical
reactions or were completely neutralized by sodium hy-
droxide in waste-water treatment operations. Hence, no
other environmental releases of Ntric acid were
reported.

L. Underground Storage Tanks (USTS)

Subtitle I of the Haxardous and Solid Waste
Amendments to RCRA has broadened the scope of
underground tank regulations. Previously, only Sub-
title C of RCRA regulated underground tanks that con-
tained hazardous waste. Subtitle I now brings under-
ground tanks that contain regulated substances under
RCRA control. Fti EPA regulations pertaining to
th~ tanks were published in the Federal Register
(53 F.R. 37082) on September 23, 1988, and beeame
effective Deeember 22, 1988.

The EPA has delegated full ~gulatory authority to
individual states, requiring that the state’s regulations
must be no less stringent than EPA’s. ‘II’@state of New
Mexico promulgated its regulations for USTS on

September 12, 1988, and they became effeetive Octo-
ber 12, 1988. The state regulations cover tank registra-
tion and fees, release reporting, technical standards,
financial responsibility (insurance), and installer
certification.

The one part of the state’s regulations that has not
yet been finalized addresses corrective actions to clean
up leaks or spills from USTS. Issues pertaining to these
actions are expected to come before the NMEIB at a
public hearing in late spring 1989. In response to these
requirements, HSE-8 has been working closely with the
Fxilities Engineering Division to design a vault or sec-

ondary containment system for future USTS. This type
of system would exempt these tanks from the
regulations pertaining to USTS and would relieve any
environmental concerns.

In 1988, 25 abandoned tanks or tanks in need of
being upgraded were removed throughout the Labora-
tory. These tanks included the 15 tanks from the aban-
doned tank farm on DP road north of TA-21, 3 from the
old western steam plan~ 3 from TA-35, 1 from TA-21,
1 next to the old incinerator building (TA-O-1123),
latthe Los Alamosairpo~ andlbcated neara
Laboratory-operated building at Kirtland Air Force
Base, Albuquerque. A summary of the tanks is shown
in Table 30.

The majority of these tanks were installed in the
mid- 1940s. The tanks were ranked for removal ae-
eording to age, tank size, and overall environmental
eoneerns. Residual fuels in these tanks were pumped
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Summary of Underground Petroleum Storage Tanks
Removed at Los Alamos

Tank Size Substance Year
(gal.) Stored Removed

A-3-318
TA647
TA-8-60
TA-8-61
TA-15-52
TA-15-274
TA-16-16
TA-16-1%
TA-52-12
TA4-195-5
TA-O-1O51-1
TA-O-1O51-2
TA-O-1O51-3
TA-O-1123-1
TA-21-3
TA-21-ATF-1
TA-21-ATF-2
TA-21-ATF-3
TA-21-ATF-4
TA-21-ATF-5
TA-21-ATF-6
TA-21-ATF-7
TA-21-ATF-8
TA-21-ATF-9
TA-21-ATF-1O
TA-21-ATF-I 1
TA-21-ATF- 12
TA-21-ATF-13
TA-21-ATF-14
TA-21-ATF-17
TA-35-18
TA-35-19
TA-35-20
KAFB-9014-1

5000
2000
2000
2000
6000

218
1000
4000

400
300

144%
1496
2938
5000

150
21000
21500
26000
22000

5500
3000
2500
5500

25000
25000
38000
38000
36000
26500
49000

4000
5000
5000
2000

out and sold to a recycling fm in Albuquerque after
being tested to verify their chemieal composition.

When the tank and all of its associated piping had

been removed, investigations were conducted to deter-
mine whether the tank had ever leaked. It was found
that none of the 25 tanks removed in 1988 had ever
leaked any reportable quantity of produet. Soils con-

Diesel
Diesel
Diesel
Diesel
Diesel

tided gasoline
Diesel

Lea&xi gasoline
Diesel

Leaded gasoline
Fuel oil
Fuel oil
Fuel oil
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel

Kerosene
Leaded gasoline

Diesel
Diesel
Diesel

Leaded gasoline
Kerosene

Diesel
Diesel

Ixaded gasoline
Diesel
Diesel
Diesel

Leaded gasoline

1987
1987
1987
1987
1987
1987
1987
1987
1987
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988

taminated with hydrocarbons wem usually associated
with overtlling the tanks. These soils were removed
and disposed of in a landfill at Area G in accordance
with NMEID’s rwommended procedures. Once the
tank was removed it was decontaminated and sold as
Scrap steel.
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It is the Laboratmy’s policy to remove USTS when
user groups determine they are no longer a neeessary
part of the group’s mission. It is expected that a few
tanks a year ecmld fall into this category. To relieve the
Laboratory of future liabdities, these tanks will be re-
moved as the funding permits.

In October 1988, seven tanks were tested to see if
they were tight, This brings the total to 32 tanks tested
at the Laboratory. Two of the tanks tested this year
failed previous tests. ‘l’heproblems were corrected and

they tested tight the seared time. The other five tanks
tested thisyearwere atthe Pan Amtank&rm. There-
sulta for these tanks are still outstanding. This type of
testing is a useful tool to help set priorities for future
tank upgrades or removal.

M. Health, Safety, and Environmental Appraisal
of Laboratory Operations and Facilities

Labcxatorypolicy requires line management to es-
tablish an effeetive health, safety, and envirnnmenral
(IKE) protection program. These programs must be
appraised periodically to evaluate their effectiveness.
‘Ihe HSE Division began an appraisal program in
November 1987, and over the next 3 years it will per-
form operational and fwility appraisals of the HSE
programs of all Divisions. Appraisal teams m com-
prised of one representative eaeh from the Safety
(HSE-3), Industrial Hygiene (I-NE-5), Waste Manage-
ment (HSE-7), and Environmental Surveillance
(HSE-8) groups. The responsibility of HSE-8 is to de-
termine the effectiveness of divisional and facilities

programs for ensuring compliance with applicable Lab-
oratory policy, DOE orders and gui&lines, federal and
state regulations, and prudent management practices for
protection of the environment and the general public.
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Group HSE-8’S appraisal includes evaluations of air
emissions, liquid effluents, toxic substances USC,waste
management practices, and archaeological/cultural re-

sources protection as applicable. The Group also eval-
uates whether the operation or facility is in accord with

applicable environmental documentation such as an
EIS, EA, ADM, or completed HSE Preliminary Project
Questionnaire. The group takes the oppcxtunity during
the appmisal to inform operations and facilities of

potential environmental problems and of the availa-
bility of support from the group for addressing these
problems.

N. Engineering Quality Assurance

The Laboratory has a Quality Assurance program
(Facilities 1983) for engineering, eonstruetion, moditl-

cation, installation, and maintenance of DOE facilities.
The puqoae of the program is to minimize the chance
of deficiencies in construction; to improve the cost ef-
fectiveness of facility design, eonstruetion, and opera-

tion; and to proteet the environment. A major goal of
engineering quality assurance is to ensure operational
compliance with all applicable environmental regula-
tions. The quality assurance program is implemented
from inception of design through completion of con-
struction by a project team approach. The project team
consists of individuals from the DOE’s program divi-
sion, the DOE’s Albuquerque Operations and Los
Alamos Area Offkes, the Laboratory’s operating
group(s), and the Laboratory’s Facility Engineering
Division, design conmtor, inspection organization,
and construction enntractor. Each proposed project is
reviewed by personnel from the Environmental Surveil-
Ianee Group (HSE-8) to ensure that environmental in-
tegrity is maintained.
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IX. ENVIRONMENTAL SUPPORT ACTIVITIES

In addition to environmental surveillance and compliance activities, the Laboratory
carried out a number of related environmental activities. Selected studies are briefly de-
scribed below. Many of these are ongoing and provide information for surveillance and
compliance activities at the Laboratory.

A. Meteorological Monitoring (Brent Bowen, Jean
Dewart, William Olsen, I-Li Chen, and Kathy
Derouin)

1. Weather Summary. Los Alarnos received
heavy precipitation for the fourth consecutive year,
with 62 cm (24.3 in.) of water equivalent falling during
1988. Heavy rains during April through September
were responsible for the heavy annual precipitation.
Snowfall totaled 125 cm (49.3 in.), near normal, and
less than 28% of 1987’s record amual snowfall. Heavy
rain fell in June, nearly 4 times the normal amount.
Summer (June-August) was the third wettest on record.
Haze was common during the first part of September,
resulting from forest fires in the northern Rockies

(including Yellowstone). The year as a whole had

slightly cooler than normal temperatures. The annual
summary is shown in Fig. 24; other data are shown in
Tables G-51 through G-54.

The strong southern storm track that gave Los
Alarnos over 91 cm (36 in.) of snow during Daember
1987 continued through January 1988. Snowfall to-

taled 16.0 in., including 20 cm (8.0 in.) on the 18th.
Several Arctic air masses and heavy snow cover during
the month kept temperatures well below (2.3°C [4.2”FI)
normal. The low temperature fell below –12°C (lO°F)
on eight dates. It was only the fourth January on record
with heavy snow cover (210 cm [4 in.]) for the entire
month. The weather pattern changed in early February

as a large high-pressure ridge fornd over western
North America. This system kept storms well to the
north and allowed mild temperatures. Precipitation to-
taled only 0.50 cm (0.20 in.); snowfall totaled 4.6 cm
(1.8 in.). An extensive deck of cirrus clouds gave Los
Alamos and much of northern New Mexico a rare opti-

cal display on the 25th. Ice crystals in the clouds
refracted and reflected the sun’s rays into mrely seen
optical phenomena.

As is often the case, intense storms gave Los
Alamos winds and snow during March. One storm
dropped 19 cm (7.5 in.) of snow on the 17th and
brought raord cold temperatures. The temperature
reached only –l°C (30°F) on the 17th, a record low for
that date, and then fell to a record low of -13°C (9”F)
the next morning., Record high temperatures occurred
just 2 days later, 18°C (64°F) on the 20th and 18°C
(65°F) on the 21st. A storm on the 24th produced
strong winds, with peak gusts reaching 27 m/s
(62 mph). The very warm weather continued through
the 30th, with a balmy 21°C (70°F) on the 27th. An-
other storm dropped 20 cm (8.0 in.) of snow on the
31st.

Wet weather continued in April with precipitation
totaling 4.4 cm (1.75 in.), over twice the normal
amount. Much of the monthly precipitation came from
a storm on the 16th that dropped 3.1 cm (1.22 in.) of
rain. Weather was dry and abnormally warm during the
fust half of May. The temperature reached 27°C (80°F)
on four dates (13th-16th), including 28°C (82°F) on the
15th. A high-pressure system over the central and
southeastern United States kept those areas abnormally
dry, but transported Gulf of Mexico moisture north-
westward toward New Mexico, causing an unusually
early monscmn season. Nearly 4.4 cm (1.75 in.) of rain
fell during the 16th-20th alone. The drought over the
United States intensified, but the monsoon circulation
became unusually strong during June. The heavy rain
of 11.1 cm (4.36 in.) during the month made it the
fourth wettest June on record. A locally heavy

thunderstorm on the 10th dropped 5.2 cm (2.05 in.) of
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1988 WEATHER SUMMARY, LOS ALAMOS, NM
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Fig. 24. Summaryof 1988 weather in Los Alamos (TA-59).

rain and 5 cm (2 in.) of hail at TA-59. The 2-h rainfall
of 4.6 cm (1.80 in.) equaled a 25-yr rainfall event.
Rainfall remained heavy during July and August, total-
ing 12.0 cm (4.71 in.) duringJuly, which is nearly 50%
above normal. Another 11.6 cm (4.56 in.) (slightly
above normal) fell during August. The heavy rains
during summer (June-August) gave LQS AIamos its
third wettest summer on record.

The monsoon pattern broke up during September,

but two unusually strong storm systems moved through
the southern Rockies and dumped heavy rain. The fwst

of the storms dropped 5.7 cm (2.25 in.) of rain during
the 1lth-13th. Another storm produced 2.5 cm
(1.01 in.) of rain during the 21st-23d. September was

the seventh consecutive month with above-normal pre-
cipitation. Earlier in the month, haze caused by the
transport of smoke from the northern Rockies’ exten-
sive forest fwes redueed visibility and created spectac-
ular suMses and sunsets during the 6th-10th.

A strong high-pressure system formed over the
.westem United States during (ktober, giving Los
Alamos dry and warm weather. The only measurable

88 /



LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL SURVEILLANCE 1908

precipitation fell as rain (1.4 cm [0.54 in.]) during the
5th-7th. Windy and quite dry conditions prevailed
during November. Numerous intense storms traveled
west to east across the central Rockies, causing heavy
snows as close as the Colorado-New Mexico border.
However, Los Alarms primarily received clouds and
winds, with only light snows. Strong winds produced a
peak gust of 27 M/s (60 mph) on the 15th at TA-59, and
a peak gust of 34 m/s (77 mph) was reported at the East
Gate station on November 20. The storm track re-
mained slightly north of New Mexico during Deeem-
ber, keeping the precipitation and snowfall well below
normal.

1

4

2. Wind Roses. The 1988 surface wind speed and
direetion measured from three sites at Los Alamos are
plotted in wind roses for day, nigh~ and total hours
(Figs. 25 through 27). A wind rose is a circle with lines

extending from the center representing the direction
j?om which the wind blows. The length of each line is

proportional to the flequency of the wind speed interval
from that particular direction. Each direction is one of
16 primary compass points (N, NNE, ete.) and is cen-

tered on a 22.50-wide sector of the circle. The fre-
quency of the calm winds, defined as those having
speeds less than 0.5 M/s (1.1 mph), is given in the cir-
cle’s center. Day and night are defined by the times of
sunrise and sunset.

— ROADS \

L .._
LAB BOUNDARY \, ~o,o

UP ‘

SCALE I ‘-+-
0

Fig. 25. Daytime wind roses at Laboratorystations during 1988. Surface winds(11 m AGL) are
representedat TA-50 (upper left) clockwise to East Gate, Area G, and Bandelier. l%e TA-50,
92-m AGL wind rose is displaced to the upper ngh~ with an arrow pointing toward TA-50.
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Fig. 26. Nighttime wind roses at Laboratory stations during 1988. Surface winds(11 m AGL) are
represented at TA-50 (upper left) clockwise to East Gate, Area G, and Bandelier. The TA-50,
92-m AGL wind rose is displaced to the upper righ~ with an arrow pointing toward TA-50.

The wind roses represent winds at TA-50 (2216 m

above sea level or ASL [7270 ft]), Bandelier (2146 m
ASL [7040 ft]), East Gate (2140 m ASL [7019 ft]), and
Area G (2039 m ASL [6688 ft]). Surface winds were
measured at a height of about 11 m (36 ft) at the four
sites and an upper level wind rose is shown for the
91-m (300-ft) level at TA-50. Data reeovery exceeded
99% at all sites.

Surface winds at Los Alarms are generally ligh~
with an average sped of 3 m/s (7 mph). Wind speeds
greater than 5 m/s (11 mph) occurred with frequencies
ranging from 12% at TA-50 to 21% at East Gate.
Many of the strong winds eccurred during the spring.
Over 38% of surface winds at all sites were less than
2.5 m/s (5.5 mph). The average wind speed increases

to over 4 m/s (9 mph) at 91 m (300 ft). Wind speeds
greater than 5 m/s (11 mph) occurred 35?10of the time,
and speeds less than 2.5 m/s (5.5 mph) occurred 31?Oof
the time at the higher level.

Distribution of winds varies with site, height above
ground, and time of day, primarily because of the ter-
rain features found at Los Alarnos. On days with sun-
shine and light Iarge-scale winds, a deep, thermally
driven upslope wind develops over the Pajarito Plateau.
Note the high frequency of SE through S winds during
the day at TA-50 (both levels) and East Gate (Fig. 25).
Upslope winds are generally light, less than 3 m/s
(7 mph). Winds become more SSW and S at Bandelier
and Area G (that is, at lower elevations). The winds
here are more affected by the Rio Grande Valley than
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Fig. 27. Total wind roses at Laboratory stations during 1988. Surface winds(11 m AGL) are
represented at TA-50 (upper left) clockwise to East Gate, Area G, and Bandelier. The TA-50,
92-m AGL wind rose is displaced to the upper righ~ with an arrow pointing toward TA-50.

by the plateau. Channeling of regional-scale winds by
the valley contributes to the high frequency of SSW
and NNE or NE winds. In addition, a thermally driven
up-valley wind probably causes some of the SSW
winds under 3 m/s (7 mph) at Area G.

Winds display a reversal during the night. A shal-
low drainage wind often forms and flows down the
plateau on clear nights with light large-scale winds.
These winds are generally less than 4.5 m/s (9 mph).
Surface wind peaks from the NW through W are evi-
dent at TA-50, whereas the drainage wind at Bandelier
and Area G are evenly distributed from the WNW
through the N. Downslope winds are much less fre-
quent at East Gate. The TA-50 wind rose at 91 m

(300 ft) shows dramatically different winds from those
at the surface, with valley-channeled winds dominating.
A high frequency of winds are up-valley (SW and

SSW) and down-valley (N through NE). Note that less-
frequent chameled winds also occur at the other sites
during the night.

3. Precipitation Summary. Los Alamos precipita-
tion was heavy during 1988, with as much as 62 cm
(24.3 in.) falling at TA-59 and more than 56 cm
(22 in.) falling at S-Site and North Community. Fig-
ure 28 shows precipitation analyses for the summer
(June-August) and the entire year. Monthly precipita-
tion totals are presented in Table G-52. Heavy spring
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Fig. 28. Summer (June-August) and annual precipitation during 1988 (in inches).

and summer rainfalls were responsible for pushing
1988 precipitation totals to at least 20% above normal
at all sites except S-Site and North Community. The
final 3 months of 1988 were quite dry. Note that the
TA-59 area had maximum summer rainfall and annual
precipitation: several heavy thunderstorms during June

92

and July dropped locally heavy rains at TA-59. Pre-
cipitation was generally the highest in the northwest
part of Los Alarnos County, near the mountains and at
the highest part of the Pajarito Plateau. Precipitation
generally decreased with decreasing elevation and in-
creasing distance ilom the Jemez Mountains.

/
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, Environmental Studies at the Pueblo of San
Ildefonso (W. D. Purtymun, Max Maes, and

Jane Wells [BIA])

To investigate the potential impacts of Laboratory
perationson lands belonging to San Ildefonso Pueblo
he Pueblo), the Department of Energy entered into a
!emorandum of Understanding with the Pueblo and
LeBureau of Indian Affairs (BIA) to conduct environ-
mentalsampling on Pueblo land. During 1987, water,
]il, and sediment samples were collected (Purtymun
988B). Splits of these samples were taken and ana-
rzed by the BIA. The results of these and later data

~llected on the Pueblo will be compiled in a joint re-
Drt by the BIA and the Laboratory.

In 1988, the informal agreement was for the LabDra-

try to collect and analyze water from 5 stations east
d west of the Rio Grande (station 2, New Community
en; station 3, Pajarito Well; station 8, Holladay Well;

station 9, East-Side Artesian Well; and station 10,
West-Side Artesian Well) and sediments horn 4 sta-
tions in Mortandad Canyon (Fig. 29). Two extra

sediment amdyses from Mortandad taken as part of the
routine monitoring effort are included in the sediment
section to present a full profile of the distribution of ra-
dionuclides in Mortandad Canyon.

1. Ground Water. Radiochemical analyses in
1988 of ground water from stations 2, 8, and 9 in-
dicated no significant change from the analyses that
were performed on wells at those locations in 1987

(Table 31). The gross alpha activity from station 10
decreased from 22 x lti p.Ci/L to 8 x lb j.tCi/L,
whereas the gross alpha xtivity in water from station 3
increased from 10x 10+ pCi/L to 22 x 10+ ~Ci/mL.

The gross alpha =tivity in water from station 3 was
22x lb ~Ci/mL. As detailed in Purtymun (1988B),
the gross alpha activity in this area is due to uranium
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Fig. 29. Ground-wata and sediment stations on Pueblo de San Ildefonso land.



Table 31. Radiochemical Quality of Ground Water from Wells, Pueblo of San Ildefonso

Total Gross Gross
3H 137(=~ Uranium 238m 239,+ Alpha Beta

Station and Well (10+ uCi/mL) (10-9 wCi/mL) @g/L) (10-9 ~Ci/mL) (10-9 ~Ci/mL) (10-9 uCi/mL) (10-7 u.Ci/mL)

,
2 New Community Well -0.3 (0.3) 4 (54)
3 Pajarito Well -0.3 (0.3) -2 (53)
8 Halladay Well -0.1 (0.3) -51 (70)
9 East-Side Artesian Well -0.2 (0.3) 65 (54)

10 West-Side Artesian Well 0.2 (0.3) -11 (53)

Summary
m Maximum concentration 0.2 65
A

Standarda 20 200
Maximum as a

percentage of standard 1 33
Limits of detection 0.3 40

aUSEPA standard, used for comparison only (EPA 1976).
bllx-ived Concentration Guide, Appendix A.

23 (2) O.000 (0.010)
14 (2) 0.015 (0.011)
2.5 (0.2) O.000 (0.010)
7.3 (0.7) 0.034 (0.019)

23 (2) 0.034 (0.021)

23 0.034
6 Xldb 15

1 <1
1 0.009

0.000 (0.000)
0.014 (0.011)
0.005 (0.013)
0.015 (0.011)
0.014 (0.013)

0.015
15

<1
0.03

11 (3.0)
22 (6.0)

2.1 (0.9)
10 (3.0)
8.0 (2.0)

22
15

146
0.1

1.3 (0.4)
3.1 (0.5)

-0.2 (0.4)
0.7 (0.4)
2.0 (0.5)

—
—

—
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and not radium. Subtracting the activity due to uranium
yields 12 x ld pCi/mL, which is less than the EPA

drinking water standard (used for comparison only) that
excludes activity from radon and uranium.

There was no significant change in the chemical
quality of the ground water from stations 2,8,9, and 10
from the 1987 data to the 1988 data (Table 32). There
was a significant increase in 10 chemical concentra-
tions in the water at station 3 when a comparison was
made of the 1987 data with the 1988 data (Table 33).
The increase of the chemical constituents could be due
to a seasonal change (data were taken during heavy
production in late summer 1987 and during light
production in December 1988) and could indicate a
temporary lowering of water levels in poor-quality wa-
ter-bearing beds or it could indicate that cumulative ef-
fects from continuous production have caused a perma-
nent lowering of water IeveIs in betterquality water-
bearing beds. Additional sampling and analyses will be
rapired to determine the cause of the anomaly in the
quality of water from station 3.

The chloride (250 mg/L) and fluoride (4.0 mg/L)
standards were exceeded in water at station 10 with
concentrations of 383 and 7.0 mg/L, respectively. The
total dissolved solids standard (500 mg/L) was ex-
ceeded with concentrations of 1091 mg/L at station 3
and 1053 mg/L at station 10. Other chemical con-
stituents in water from stations 3 and 10 and from the
other three stations were at or below the standards.

2. Sediments. The industrial waste treatment
plant at TA-50 releases treated effluent into the upper
reaches of Mortandad Canyon. The effluen6 containing

traces of radionuelides, infiltrates into the underlying
alluvium, forming an aquifer of limited extent perched
on the underlying tuff in the upper- and midreaehes of
the canyon within Laboratory boundaries. A large
amount of the radionuclides in the effluent when first
released as surface flow is adsorbed or attached to the

sediments in the stream channel; thus the only means of
transport would ke in surface run-off. Mortandad

Canyon heads on the Pajarito Plateau and has a small
drainage area. The alluvium thickens in the middle and
lower reaches of the canyon. The small drainage area
and the thick section of unsaturated alluvium in the
middle reach of the canyon has retained all the run-off
since 1960 when hydrologic studies began in the

canyon. There has been no run-off or transport of ra-
dionuclides from the Laboratory.

During 1988, sediments were collected and ana-
lyzed for radionuclides from seven sediment stations,
one west of the Laboratory and Pueblo boundaries and
six within the Pueblo (Fig. 29 and Table 34). The
analytical results of samples from the stations are com-
pared with regional background of samples that were
collected from flowing streams and rivers.

The 2392% concentrations at station A-5
(0.05 1 pCi/g) exceeded the regional background
(0.023 pCi/g) by a factor of about 2. The station is lo-
cated within the Laboratory boundaries.

The eesium concentration exceeded the background

(0.44 pCi/g) at stations A-5 (0.58 PCtig) and A-6
(0.73 pCi/g). Sediments are more like soils at these
stations because of a lack of run-off to winnow out the
silts and clay-size particles in the alluvium. If the
concentrations are compared with the background for
soils (1.09 pCi/g), the concentrations at stations A-5
and A-6 would be within the levels from worldwide
fallout. The concentrations at the two stations are simi-
lar to those reported with the 1987 data.

The concentrations of the radionuclides in the sedi-
ments in Mortandad Canyon during the 1988 study
indicated no transport of contaminants from the LabI3
ratory onto the Pueblo.

C. Environmental Monitoring at the Fenton Hill
Site (William Purtymun, Roger Ferenbaugh,
Max Mae%and Mary Williams [HSE-9])

The Laboratory is cumently evaluating the feasi-
bility of extracting thermal energy horn the hot dry
rock geothermal reservoir at the Fenton Hill Geother-
mal Site (TA-57). The site is located about 45 km
(28 mi) west of Los Alarms on the southern edge of the
Vanes Caldera. The hot dry reek energy concept in-
volves drilling two deep holes, connecting these holes
by hydraulic fracturing, and bringing thermal energy to
the surface by circulating water through the system.
Environmental monitoring is performed adjacent to
the site to assess any impacts from the geothermal
operations.

The chemical quality of surface and ground waters
in the vicinity of TA-57 (Fig. 30) has been determined
for use in geohydrologic and environmental studies.



Table 32. Chemical Quality of Ground Water from Wells, Pueblo of San Ildefonso (mg/L)
Summary

Maximum
Station 2 Station 3 Station 8 Station 9 Station 10 Concentration

New Community Pajarito HaUaday East-Side West-Side Maximum aa a Percentage
Constituent Standarda Well Well Well Artesian Well Artesian WeU Concentration of Standard

Chemical
Ag
As
Ba
Cd
Cr
F
Hg
N
Pb
c1
Cu
Mn
S04
Zn
TDs
pH (no units)
Si02
Ca
Mg
K
Na
C03
HC03
P
Total hardness
Conductivity @ho)

Miscellaneous
Ni
Be

0.05
0.05
1.0
0.01
0.05
4.0
0.002

10
0.05

250
1.0
0.05

250
5.0

500
—
—
.
—
—
—
—
—
—
—
—

—
—

4.MI1
0.003
o.a)6

<0.001
0.008
0.2

4.0002
2
0.001
9
0.003

<0.001
37

0.013
263

8.5
37

5
0.2

<0.1
72

7
174
CO.2
15

450

0.005
<0.001

4.001
0.005
0.118

Co.ool
O.w
1.1

<0.m
<1

0.002
247

0.024
0.W6

57
0.180

1091
7.7

59
62

6.5
4.7

292
0

567
<0.2

188
1900

0.005
<0.001

<0.001
0.006
0.037

4.001
0.008
0.7

<0.0002
<1
<0.CN31

5
0.001

<0.001
15
o.m7

143
8.4

40
4

Co.1
0.7

40
2

84
<0.2
12

210

<0.001
4.001

Co.ool
0.006
0.002

<0.001
O.(X)8
0.9

CO.0002
2

Co.ool
4

<0.001
<0.001
18
0.001

187
8.7

66
3
0.2
0.6

66
7

155
<0.2
10

345

4.001
Co.ool

<0.001
0.012
0.042

Co.ool
0.003
7.0

<0.0002
<1
Co.ool

383
0.001
0.016

81
0.015

1053
8.5

28
3
0.7
1.6

281
8

338
4.2
37

1920

0.007
<0.001

<0.001
0.012
0.118

4.001
0.009
7.0

<0.0002
2
O.(n)z

383
0.024
0.016

81
0.180

1091

2
24
12
10
18

175
10
20
4

153
2

32
32
4

218
—
—
.
—
—
.
—
—
—
—
—

L
‘Primary and secondary drinking water standards, used for comparison (EPA 1976, 1979). Samples were collected December 4 and 12,1988.
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Table 33. Comparison of Chemical Quality of Water from Station 3
(Pajarito Well) from 1987 to 1988

Percentage
of Increase

Parametersa 1987 1988 1987 to 1988

cl
S04
TDs
Ca
Mg
K
Na
HC03
Total hardness
Specific conductance (yrnho)
Gross alpha (10_7 pCi/mL)
Total uranium (p.g/L)

79
28

506
34

2.6
3.3

160
291

%
900

10
8.4

247
57

1091
62
6.5
4.7

292
567
188

19CMI
22
14

312
204
216
182
250
142
183
195
1%
211
220
167

aUnits are mg/L, except as noted.

Table 34. Radiochemical Analyses of Sediments from
Mortandad Canyon, December 4,1988

137c~
Gross

Total Uranium Z38fi 239J40fi Gamma
Station Location (pci/g) WI!) (pcug) (pci/g) (Countdmin/g)

A-5 Laboratory
A-6 San Ildefonso
A-7 San Ildefonso
A-8 San Ildefonso
A-9a San Ildefonso
A-10 San Ildefonso
A-11’ San Ildefonso

Background
Sediments (1974-86)
Soils (1974-86)

0.58 (0.13)
0.73 (0.16)
0.04 (0.09)
0.14(0.11)
0.21 (0.09)
0.03 (0.09)

-0.02 (o. 10)

0.44
1.09

2.2 (0.2)
1.7 (0.2)
2.6 (0.3)
4.5 (0.5)
2.9 (0.3)
1.9 (0.02)
1.7 (0.2)

4.4
3.4

0.001 (0.001)
0.CK12(0.001)
0.001 (0.001)
0.001 (0.001)
0.001 (0.001)

-0.001 (0.001)
0.001 (0.001)

0.006
0.005

0.051 (0.005)
0.015 (0.003)
0.012 (0.002)
0.004 (0.001)
0.(X34(0.001)
0.001 (0.001)
0.001 (0.001)

0.023
0.025

aSarnples were collectal at A-9 in Mortandad Canyon at State Road 4 on April 20, 1988 and
at A-11 in Mortandad Canyon at the Rio Grande on October 18, 1988.

2.2 (0.4)
0.9 (0.4)
2.4 (0.4)
4.6 (0.6)
4.5 (0.7)
1.0 (0.4)
1.2 (0.4)

7.9
6.6
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Fig. 30. Sampling stations for surface and ground water near the Fenton Hill
Site (TA-57).

These water-quality studies began before construction are (1) sodium and chloride, (2) calcium and bi-

and testing of the hot dry rock system (Purtymun carbonate, (3) calcium and sulfate, and (4) sodium and

1974D). The most recent samples were colleeted in bicarbonate. Ground-water stations (five mineral and

November 1988. hot springs, one well, and five springs) are also grouped

Surface water stations (13, located on the Jemez according to predominant ions. These ions are

River, the Rio Guadrdupe, and their tributaries) are di- (1) sodium and chloride, (2) calcium and bicarbonate,

vialed into four general groups W on the predomi- and (3) sodium and bicarbonate (Table 35).

nant ions and TDS (Table 35). The predominant ions
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Table 35. Quality of Surface and Ground Waters at Fenton Hill Geothermal Site, November 1988
(Concentrations in mg/L)

Surface Water

Na Cl TDS

Ground Water

Na Cl TDS

SodiumChloridk
Redondo Cresk (U) 7 7 76
Jemez River (R) 61 78 334
Jemez River (S) 69 92 382

Na HCOI TDS

Sodium Chloride
Location JF-1 (hot spring) 590 758 2370
Location JF-5 (hot spring) 1300 1610 4350

Ca HCOZ TDS

Calcium Bicarbonate
San Antonio Creek (N) 14 67 98
Rio Cebolla (T) 10 72 170
Rio Guadalupe (Q) 12 172 2(K-)
Lake Fork 1 (LF-1) 10 59 104
Lake Fork 2 (LF-2) 15 99 142
Lake Fork 3 (LF-3) 12 54 144
Lake Fork 4 (Ll%) 13 72 146

Ca S04 TDS

Cakium Sufate
Sulphur Creek (V) 76 254 446
Sulphur Creek (F) 25 85 182

Na HCOZ TDS

Sodium Bicarbonate
Jemez River (J) 15 56 146

Calcium Bicarbonate
FH- 1 (supply well) 90 142 366

mt-
20

Location 39 (spring) 14 39 198
<(n
g~
~z
mO
Zcn

$$

Na HCOa TDS

Sodium Bkarbonate
JS-2, 3 (spring) 18 82 208
JS-4, 5 (spring) 16 69 98
Location 4 (spring) 16 55 92
Location 31 (spring) 12 55 181
RV-2 (hot spring) 24 46 108
RV-4 (hot spring) 53 108 186
RV-5 (hot spring) 21 72 206

Note: See Fig. 30 for sampling locations. One sample was taken at each location.
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There were no significant changes in the chemical
quality of surface and ground water at the individual
stations from previous years (Purtymun 1988A).

D. Distribution of Radionuclides in Water and
Sediment In and Adjacent to Sediment Traps in
Mortandad Canyon (Donald VanEtten, Wllliarn
Purtymun, Max Mae%and Richard Peters
[HSE-9])

Trace amounts of radionuclides remaining in ef-
fluent are released from the treatment plant at TA-50
into the adj~ent Mortandad Canyon (Table G-12). The
effluent reeharges a shallow body of ground water in
the alluvium. The radionuclides in the effluent are ad-
sorbed or bound to the sediments in the channel, re-
ducing the amount found in the water of the shallow
aquifer. This shallow aquifer is of limitti extent and
lies within the Laboratory boundary.

The sediments and radionuclides in the stream
channel alluvium are subject to transport by additional
releases of effluent or by storm run-off. The small

drainage area of the canyon and the ability of the thick
section of unsaturated alluvium to store the run-off has
prevented transport to the Laboratory boundary. To
confine the surface run-off and contaminants within
Laboratory boundaries, a series of sediment traps has
been installed in the canyon since early 1970. The
traps range from gravel-filled galleries to stilling basins
that contain suspended solids as well as bed sediment
(alluvium).

Several large thunderstorm run-off events occurred
in early June that filled the three sediment traps in

the lower reach of Mortandad Canyon to capacity. The
berm of trap 3 was breached and about 38 m3
(10 000 gal.) of the run-off was lost downgradient from
the sediment traps. The end of the flow terminated

about 100 m (330 fi) east of the lower trap.
Sediment samples were collected from trap 1 (clay

to fme sand and sand to coarse sand) and from locations
east of the breach at 10-, 35-, 70-, and 85-m intervals.
As expected, the fine sediments in trap 1 contained
larger coneemtrations of radionuclides than did the
coarse sediments in the trap or sediments below the
breach. The concentrations of the various radionuclides
varied considerabley and indicated no particular trend or
correlation of concentration levels with distance from

the trap (Table 36). The breach in trap 3 was repaired;
at the same time, trap 1 was enlarged.

Storm run-off in the traps on October 13, 1988, was
sampled along with water from several shallow wells in
the alluvium. The 13%3 concentrations were near or
below the detection limits and did not show any partic-
ular trends. The 137CSwas found in decreasing con-
centrations in the three traps and was present in water
ftom observation well MCO-5. Although considerable

concentrations were found in the rraps, the 137CSin the
shallow ground water at MCO-6 and in wells adjacent
and below the traps at MCO-7 and -7.5 was below lim-
its of detection (“fable 37). The concentrations of 57C0
were detectable in rhe traps but not in the shallow

aquifer. Concentrations of ‘Co were detectable in
water from the traps and in the shallow aquifer. Con-
centrations of 75Se were detectable in the traps only.

The absen~ of ‘37CS,57C0, and 75Se in the shallow
aquifer, while present in the sediment traps, may indi-
cate slow rates of tmvel in the alluvial aquifer or, more
likely, adsorption or attiwhment of the nuclide to the
fine sediments in the stream channel and in the alluvial
aquifer. Additional studies are in progress on the dis-
tribution of radionuelidea in the shallow aquifer adja-
cent to the sediment traps.

E. National Atmoapherie Deposition Program
(NADP) Network Station (David Nochumson
and Michael TrujilJo)

Group HSE-8 operates a wet deposition station that
is part of the NADP network. The station is located
at the Bandelier National Monument. Annual and quar-
terly deposition ratea for 1988 are presented in Table
G-55.

The deposition rates for the various ionic species
vary widely and are somewhat dependent on precipita-
tion. The highest deposition rates usually coincide with
high precipitation. The lowest rates normally occur in

the winter, probably reflecting the decrease in wind-
blown dust. The ions in the minwater are from both
nearby and distant anthropogenic and natural sources.
High nitrate and sulfate deposition may be caused by
anthropogenic sources such as motor vehicles, copper
smelters, and power plants.

The natural pH of rainfall, without anthropogenic
contributions, is unknown. Because of the contribution



Table 36. Radiochemical Analyses of SewlimentaIn and Below Sediment Trap%June 20,1988

238~ 239* ~lAm 75se 134c~ 137c~ 57C0 ~co
Station and Well (pci/g) (pci/g) (pci/g) (pci/g) (pci/g) (pci/g) (pctig) (pcifg)

SedimentTmv 1
Clay to fro-esand 10.6 (0.420) 33.3 (1.24) 7.7 (1.2) 7.22 (10.9) 0.784 (0.158) 72.6 (10.9) 40.1 (6.03) 5.78 (0.889)
Sand to coarse sand 1.82 (0.103) 8.38 (0.359) 0.18 (0.03) 1.22 (0.236) 0.205 (0.1 19) 13.1 (1.98) 1.16 (0.284) 0.489 (0.176)

mr
Zo

Washout Below Sediment Trap 3
<w

10 m 0.183 (0.024) 0.492 (0.042) 5.8 (0.83) 1.48 (0.243) 0.053 (0.092) 2.53 (0.397) 0.808 (0.176)
~?

0.732 (O.172) ~ ~
35 m 1.14 (0.085) 2.78 (0.152) 0.18 (0.03) 1.83 (0.300) 0.067 (0.1 15) 7.41 (1.13) 1.% (0.379) 0.148 (0.144) ~ ~
70 m 4.12 (0.193) 9.87 (0.408) 7.3 (1.1) 0.470 (0.145) 0.167 (0.1 15) 38.3 (5.77) 5.53 (0.185) 0.815 (0.184) ~ ~
85 m 2.02 (0.1 15) 3.87 (0.189) 0.18 (0.03) 0.185 (0.130) 0.043 (0.102) 14.0 (2.1 1) 0.819 (0.239) ~0.116 (0.136) ~ ~

2P
!?!l-

~~
m~
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Table 37. Radiochemical Analyses of Water in Sediment Traps and
Observation Wela October 13,1988

134c~ 137(’1~ 57C0 ~co 75cJe

(pCI/L) (pCi/L) (pCi/L) (pci/L) (pCi/L)

SedimentTmps
1
2
3

Observation Well%
IUCO-5
IUCO-6
h4co-7
MCO-7.5

-3.9 (52) 330 (83)
9.4 (89) 550 (1 10)
3.5 (54) 680 (120)

-113 (79) 180 (73)
-28 (50) -2 (54)
-19 (74) 20 (62)
-57 (57) 21 (57)

from entrained alkaline soil particles in the southwest,
natural pH maybe higher than 5.6, the pH of rainwater
in equilibrium with atmospheric carbon dioxide. Some

studies indicate that there may be an inverse Aation-
ship between elevation and pH effect that lowers the pH
of samples measured in the fwld For the latest quarter,
all field measurements were below 5.6, possibly indi-

180 (58) 456 (109) 320 (56)
163 (67) 82 (110) 380 (76)
313 (70) 444 (110) 480 (80)

52 (55) 151 (110) -3 (41)
2.9 (39) 390 (110) 4 (26)

42 (56) 184 (103) 22 (50)
49 (48) 345 (110) 60 (29)

eating contributions from acidic species other than car-
bon dioxide.

The NADP conducted an audit of the Bandelier site

this year. The audit provided the NADP with an up-
dated evaluation of the. site. The physical characteris-
tics of the site and its operation were examined. Except
for a few minor equipment flaws, the operation of the
station was in compliance with NADP guidelines.
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APPENDIX A

STANDARDS FOR ENVIRONMENTAL CONTAMINANTS

Throughout this report, concentrations of ra-
dioactive and chemieal constituents in air and water
samples are compared with pertinent standards and
guidelines in regulations of federal and state agencies.
No comparable standards for soils, sediments, and
foodstuffs are available. Laboratory operations are
conducted in accordance with directives for compliance
with environmental standards. These directives are
contained in DOE Orders 5400 (General Environmental
Program), 5480.1 (Environmental Protection, Safety,
and Hcahh Protection Standards), and 5480.11 (Re-
quirements for Radiation Protection for Occupational
Workers); and DOE Order 5484.1 (Environmental Ra-
diation Protection, Safety, and Health Protection
Information Reporting Requirements), Chap. 111
(Effluent and Environmental Monitoring Program Re-
quirements). All of these DOE orders are being or have
been recently revised.

The DOE regulates radiation exposure to the public
and the worker by limiting the radiation dose that can
be reeeivcd. Because some radionuclides remain in the
body and result in exposure long after intake, DOE re-
quires considemtion of the dose commitment caused by
inhalation, ingestion, or absorption of such radionu-
elides. This involves integrating the dose received

from radionuclides over a standard period of time. For
this report, 50-yr dose commitments were calculated
using dose factors from Refs. Al and A2. The dose
factors adopted by DOE are based on the recommendat-
ions of Publication 30 of the International Commission
on Radiological Pmteetion (ICRP).A3 Those factors
used in this report are presented in Appendix D.

In 1985, DOE adopted interim limits that lowered
its Radiation Protection Standard (RPS) for members of

“ ‘4 Table A-1 (Ref. A5) lists cur-the general pubhc.
rerttly applicable RPS for operations at the Laboratory.

Off-site measurements are compared with DOE’s De-
rived Concentration Guides (DCGS) for uncontrolled
areas, based upon a revised RPS for the general public
of 100 mrem/yr effective dose equivalent (Table

A-2).*6 These DCGS represent the smallest estimated

corteentrations in water or air, taken in continuously for
a period of 50 yr, that will result in annual effective
dose equivalents equal to the RPS of 100 mrem. The
new RPSS and the information in Ref. Al are based on
recommendations of the ICRP and of the National
Commission on Radiation protection and Measure-
ments (NCRP).A3*A41A6

The effective dose equivalent is the hypothetical
whole-body dose that would result in the same risk of
radiation-induced cancer or genetic disorder as a given
exposure to an individual organ. The effeetive dose is
the sum of the individual organ doses, weighted to ac-
count for the sensitivity of each organ to radiation-in-
ducw.1damage. The weighting factors are taken from
the recommendations of the ICRP. The effective dose
equivalent includes dose from both internal and exter-
nal exposure.

Radionuclide concentrations in air and water in un-
controlled areas measured by the Laboratory’s surveil-
kmee program are compared to DCGS in this report. In
addition to the 100 mrem/yr effective dose RPS, ex-
posures from the air pathway are also limited by the
EPA’s standard of 25 mrem/yr (whole body) and

75 mrem/yr (any organ) cable A-1).*5 To demon-
strate compliance with these standards, doses from the
air pathway are compared directly with the EPA dose
limits.

For chemical constituents in drhdcing water, stan-
dards have been promulgated by the EPA and adopted
by the New Mexico Environmental Improvement Divi-
sion (Table A-3). The EPA’s primary Maximum
Contaminant Level (MCL) is the maximum permissible
level of a contaminant in water that is delivered to the
outlet of the ultimate user of a public water system.A7
The EPA’s secondary water standards control contami-

nants in drinking water that primarily affect esthetic
qualities associated with public acceptance of drinking
water.A* At considerably higher concentrations of

these contaminants, health implications may arise.
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Table A-1. DOE Radiation Protection Standarda for
External and Internal Exposures

Exposure of Any Member of the Pubklca

Effective Dose Equivalentb at
Point of Maximum Probable Exmsure

AUPathways
Oeeasional annual’ exposure
prolonged annual’ exposure

No individual organ shall receive an annual
dose equivalent in exeess of 5000 mrem.

Au Pathway Only d
Whole-body dose
Any organ

Occupational Exposures a

StochasticEffects

NonstochasticEflects

500 mrem/yr
100 mrem/yr

Dose Equivalent at
Point of Maximum Probable Exposure

25 mrem/yr
75 mrem/yr

5 rem (annual effective dose equivalent?)

Lens of eye 15 rem (annual effective dose equivalent’)
Extremity 50 rem (annual effective dose equivalent?
Skin of the whole body 50 rem (annual effective dose equivalent’)
Organ or tissue 50 rem (annual effective dose equivalent?

Unborn Chfld
Entire gestation period 0.55 rem (annual effeetive dose equivalen~)

‘In keeping with DOE policy, exposures shall be limited to as small a fraction of the respective annual dose
limits as practicable. These Radiation I%otection Standards apply to exposures from routine Laboratory
operation, excluding contributions from cosmic, terrestrial, global fallou~ self-irradiation, and medieal
diagnostic sources of radiation. Routine operation means normal, planned operation and does not include
actual or potential accidental or unplanned releases. Exposure limits for any member of the general public
am taken from Ref. A4. Limits for occupational exposure are taken from DOE Order 5480.11.

bA.sused by DOE, effective dose equivalent includes both the effective dose equivalent from external
radiation and the committed effective dose equivalent to individual tissues from ingestion and inhalation
during the calendar year.

~or the purposes of DOE’s Radiation Protection Standard, a prolonged exposure will be one that lasts, or
is predicted to las~ longer than 5 yr.

‘These levels are from EPA’s regulations promulgated under the Clean Air Act (40 CFR 61, Subpart H).

‘Annual effective dose equivalent is the effeetive dose equivalent received in a year.
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Table A-2. DOE’s Derived Concentration Guides (DCGS) for Uncontrolled Areas and
Derived Air Concentrations (DACS) for Controlled Areas (yCi/mL)’

DCGS for
Uncontrolled Areas

DACS for
Nuclide Air Water Controlled Areas

3H
7Be

89sr

90s+
137c~

234u

235U

238u

238~

23~b

2%
241~

Uranium, natural’

1 x 10-7 2 x 10-3 2 x 10+
5 x 10-8 1 x 10-3 8xlC@
3 x 10-10 2x 10-5 6 X 10_8
9 x 10-12 1X1 O-6 2X1 O-9
4 x 10-10 3X1 O-6 7 x 10-8
9 x 10-14 5 x 10-7 2X1O-11
1 x 10-13 6 X 10_7 2 x 10-11
1 x 10-13 6 X 10_7 2 x 10-1!
3 x 10-14 4 x 10-7 2 x 10-12
2 x 10-14 3 x 10-7 2 x 10-12
2 x 10-14 3 x 10-7 2 x 10-12
2 x 10-14 6x 10_7 2 x 10-12

(p4m3) (mg/L) (p~m3)

1X1($ 8 X 10-1 3 x 107

%uides for uncontrolled areas are based upon DOE’s Radiation protection Stan-
dard (RI%) for the general public; ‘4 those for controlled areas are based upon oc-
cupational RPSS for DOE Order 5480.11 (Radiation Protection for Occupational
Workers, December 21, 1988). Guides apply to concentrations in excess of those
occurring naturally or due to fallout.

bGuides for 239Puand ‘Sr 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 masses may be converted to DOE’s “uranium special curie” by
multiplying by 3.3x 10_13pCi/pg,

Radioactivity in drinking water is regulated by EPA
regulations contained in 40 CFR 141.*8 These regula-
tions provide that combined ‘6Ra and 228Ra may not
exceed 5 x ld pCi/mL. Gross alpha activity (includ-
ing ‘%, but excluding radon and uranium) may not

exceed 15x lb ~Ci/mL.
A screening level of 5 x l@ yCi/mL is established

to determine when analysis specifically for radhm iso-
topes is necessary. In this repofi, plutonium concen-
trations are compared with the gross alpha standard for
drinking water (Table A-3). For manmade beta and
photon emitting radionuclides, drinking water concen-

trations are limited to concentrations that would result
in doses not exceeding 4 mrem/yr, calculated according
to a specifd procedure.

lle EPA established minimum concentrations of
certain contaminants in a water extract from wastes for
designation of these wastes as hazardous by reason of
toxicity. *9 me Ex~ction pr@m (EP) mUSt fOllOw

steps outlined by EPA in 40 CFR 261, Appendix H. In
this report, the EP toxicity minimum concentrations
~able AA) are used to compare to concentrations of
selected constituents in extracts from the Laboratory’s
active waste areas.
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Table A-3. Maximum Contaminant Level (MCL) in Water Supply for
Inorganic Chemicak and Radiochemicalaa

Inorganic Chemical MCL Radiochemical MCL
Contaminant (mg/L) Contaminant @Ci/mL)

Primary Stundhrds
Ag
As
Ba
ccl
Cr
~c

I-Ig
N03 (as N)
Pb
Se

Secondary Stindizrds
c1
Cll
Fe
Mn
S04
Zn
TDs
pH

0.05
0.05 Gross d@i3b 15 X1O+
1 3H 20x 10+
0.010 238~ 15X 10+
0.05 23% 15 X1 O-9
2.0
0.002

10
0.05
0.01

250
1
0.3
0.05

250
5.0

500
6.5-$.5

‘Source Refs. A7 and A8.

bSee text for discussion of application of gross alpha MCL and gTossbeta
screening level of 5 x 10~ ~Ci/mL.

cBased on annual average of the maximum daily air temperature
of 14.7 to 17.6°C.
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APPENDIX B

PROCEDURES FOR SAMPLING, DATA HANDLING,

AND QUALITY ASSURANCE

A. Thermoluminescent Dosimeters

The thermoluminescent dosimeters (TLDs) used at
the Laboratoryare lithium fluoride (LiF) chips, 6.4 mm
square by 0.9 mm thick. The TLDs, after bing ex-
posed to radiation, emit light upon being heated. The
amount of light is proportional to the amount of ra-
diation to which the TLD was exposed. The TLDs used
in the Latmratory’s environmental monitoring program
are insensitive to neutrons, so the contribution of cos-
mic neutrons to natural background radiation is not
measured.

The chips are annealed to 400°C (752”F) for 1h and
then cooled rapidly to room temperature. This is fol-
lowed by annealing at 100”C (212°F) for 1 h and again
cooling rapidly to room temperature. For the annealing
conditions to be repeatable, chips are put into rectan-
gular borosilicate glass vials that hold 48 LiF chips
each. These vials are slipped into a borosilieate glass
rack so they can be placed at once into the ovens
maintahxl at 400 and 100”C.

Four LiF chips constitute a dosimeter. The LiF

chips are contained in a two-part threaded assembly
made of an opaque yellow acetate plastic. A calibration
set is prepared each time chips are annealed. The cali-
bration set is read at the start of the dosirnetry cycle.
The number of dosimeters and exposure levels axe de-
termined for each calibration in order to efficiently use
available TLD chips and personnel. Each set contains
from 20 to 50 dosimeters. These are irradiated at levels
between O and 80 mR using an 8.5-mCi 137CSsource
calibrated by the National Bureau of Standards.

A factor of 1 rem (tissue) = 1.050 mR is used in
evaluating the dosirneter data. This factor is the recip-
roed of the product of the rocntgen-to-rad conversion
factors of 0.958 for muscle ‘37CSand of 0.994, which
corrW.s for attenuation of the primary radiation beam at
electronic equilibrium thickness. A rad-to-rem con-
version factor of 1.0 for gamma rays is used as recom-
mended by the International Commission on Radiation
prOICC,ti~.Bl*B2A methti of weighted least-squares

linear regression is used to determine the relationship
between TLD reader response and dose (weighting
factor is the variance).B3

The TLD chips used are all from the same pro-
duction batch and were selwted by the manufacturer so
that the measured standard deviation in thermolumi-
nescent sensitivity is 2.0 to 4.070 of the mean at a 1O-R
exposure. At the end of each field cycle, whether cal-
endar quarter or the Los Alamos Meson Physics Facil-
ity operation cycle, the dose at each network location is
estimated from the regression along with the regres-
sion’s upper and lower 95’ZOconfidence limits at the
estimated value.B4 At the end of the calendar year, in-
dividual field cycle doses are summed for each loca-
tion. Uncertainty is calculated as summation in quadra-
ture of the individual uncertainties.B3

Further details are provided in the TLD quality as-
surance project plan.B5

B. Au Sampling

Samples are colleeted monthly at 25 continuously
operating stations. ‘6 Air pumps with flow rates of

about 3 L/s are used. Airborne aerosols are collected
on 79-mm-diam polystyrene filters. Each filter is
mounted on a cartridge that contains charcoal. This
charcoal is not routinely analyzed for radioactivity.
However, if an unplanned release occurs, the charcoal
can be analyzed for any 1311it may have collected. Part
of the total air flow is passed through a cartridge con-
taining silica gel to absorb atmospheric water vapor for
tritium analyses. Air flow rates through both sampling
cartridges are measured with rotameters and sampling
times recorded. The entire air sampling train at each
station is cleaned, repaired, and calibrated as needed.

Two clean control filters are used to detect any
possible contamination of the 25 sampling filters while
mey are m rransN..
25 sampling filters
samplers and when
filters are analyzed

I ne comrm Iuters accompdny me

when they are placed in the air
they are. retrieved. The control
for radioactivity along with the
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25 wnpling falters. Analytical resulrs for the control
falters are subtracted from the appropriate gross results
to obtain net data.

At one on-site location (N050 E040), airborne ra-
dioactivity samples are collected weekly. Airborne par-
ticulate matter on each filter is counted for gross alpha
and gross beta activities, which help trace temporal
variations in radionuclide concentrations in ambient air.
The same measurements are made monthly on a filter
from the Espaflola (Station 1) regional air sampler.

On a quarterly basis, the monthly falters for each
station are cut in half. The filter halves are combined to
produce two quarterly composite samples for each sta-
tion. lle fwst group is analyzed for 238Pu, 2392W,
and 241Am(on selected falters). The second group of
falter halves is saved for uranium analysis.

Filters from the fmt composite group am ignited in
platinum disks, treated with HF-HN03 to dissolve sil-
iea, wet ashed with HN03-I-$02 to decompose organic
residue, and treated with HN03-HCI to ensure isotopic
equilibrium. Plutonium is separated from the resulting
solution by anion exchange. For 11 selected stations,
americium is separated by cation exchange from the
eluant solutions resulting tlom the plutonium separation
process. The purified plutonium and americium sam-
ples are separated, electrodeposited, and measured for
alpha-particle emission with a solid-state alpha-detec-

tion system. Alpha-particle energy groups associated
with decay of 238Pu, ‘9~~, and 241Am are inte-
grated and the concentration of each radionuclide in its
respective filter sample calculated. This technique dcxx
not differentiate between 239Pu and 2*u. Uranium

analyses by neutron activation analysis (see Appen-
dix C) are done on the second group of filter halves.

Silica gel cartridges from the 25 air sampling sta-
tions are analyzed monthly for tritiated water. The car-
tridges contain blue-”indicating” gel to indicate the de-
gree of desiccant saturation. During cold months of
low absolute humidity, sampling flow rates are in-

creased to ensure collection of enough water vapor for
analysis. Water is distilled from each silica gel car-
tridge and an aliquot of the distillate is analyzed for tri-
tium by liquid scintillation counting. The amount of
water absorbed by the silica gel is determined by the
difference between weights of the gel before and after
sampling.

Analytical quality control for analyses done in the
air sampling program is described in Appendix C. In
brief, both blanks and standards are analyzed in con-
junction with normal analytical procedures. About
10% of the analyses are devoted to quality control.

Further details may be found in the air sampling
quality assurance project plan. ‘7

C. Water Sampling

Surface and ground-water sampling stations are

Pupal by location (regional, perimeter, on-site) and
hydrologic similarity. Water samples are taken once or
twice a year. Samples from wells are collected after
sufficient water has been pumped or baikxi to ensure
that the sample is representativeof the aquifer. Spring
samples (ground water) are collected at the discharge
point.

The water samples are collected in 4-L (for ra-
dioehemieal) and 1-L (for chemical) polyethylene bot-
tles. The 4-L bottles are acidifkd in the field with
5 mL of concentrated nitric acid and returned to the
laboratory within a few hours of sample collection for
filtration through a 0.45-millipore membrane falter.
The samples are analyzed radioehemieally for 3H,
137Cs,total uranium, 238~, ~d 239,%, as well as

for gross alpha, km, and gamma activities. Water

samples for chemical analyses are handled similarly.
Storm run-off samples are analyzed for radionu-

clides in solution and suspendti sediments. The sam-
ples me faltered through a 0.45-m filter. Solution is de-
fined as filtrate passing through the fdteq suspended
sediment is defined as the residue on the filter.

Further details may be found in the water sampling
quality assurance pro~t pkm.B8

D. S@ and Sediment Sampling

Two soil sampling procedures are used. The fmt

promiure is used to take surface composite samples.
Soil samples are collected by taking five plugs, 75 mm
(3.0 in.) in diameter and 50 mm (2.0 in.) deep, at the
center and comers of a square area 10 m (33 ft) on a
side. The five plugs am combined to form a composite
sample for radiochemical analysis.

The second procedure is used to coltcct surface and
subsurface samples at one sampling location. Samples
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am colleeted tlom three layers in the top 30 cm (12 in.)
of soil. A steel ring is placed on the surface of the soil
at the sampling point. The soil enclosed by the ring is
then collect.ed by undercutting the ring with a metal
spatula. A seeond spatula is then placed on top of the
ring and the sample is transferred into a plastic bag and
labeled.

The three layers are preserved by freezing. All
equipment used for collection of these samples is

washed with a soap and water solution and dried with
paper towels. This is done before each sample is taken

to reduee the potential for ems contamination.
Sediment samples are collected tiom dune buildup

behind boulders in the main channels of perennially
flowing streams. Samples from the beds of inter-
mittently flowing streams are collected in the main
channel.

Depending on the reason for taking a particular soil
or sediment sample, it may be analyzed to detect any of
the following gross alpha and beta activities, ‘Sr, to-
tal uranium, 137CS,‘8Pu, and 239~~u. Moisture dis-
tilled from soil samples may be analyzed for 3H.

Further details may be found in the soil and sedi-
ment sampling quality assumnce plan.B8

E. Foodstuffs Sampling

l-mealand regional produce are sampled annually.
Fish are sampled annually from reservoirs upstream

and downstream fmm the Laboratory.
Produce and soil samples are collected from local

‘9 Each produce or soilgardens in the fall of eaeh year.
sample is sealed in a labeled, plastic bag. Samples are
refrigerated until preparation for chemical analysis.
Produce samples are washed as if prepared for con-
sumption, and quantitative wet, @, and ash weights
are determined. Soils are split and dried at 1O(YC
(212°F9 before analysis. A complete sample bank is
kept until all radiochemical analyses are completed.
Water is distilled from samples and submitted for tri-
tium analysis. Produce ash and dry soil are submitted
for analyses of ‘Sr, 137CS,total uranium, 23%%, and
239,2%.

At each reservoir, hcok and line, trot line, or gill
‘9 Fish, sedimen~ andneta are used to capture fish.

water samples are transported under ice to the Labo-
ratory for preparation. Sediment and water samples are

submitted directly for radioehemieal analysis. Fish are
individually washed as if for consumption, dissected,

and wet, dry, and ash weights determined. Ash is sub
mitted for analysis of ‘Sr. 137Cs.total uranium. 2S8PU.

Further information may be found in the foodstuffs

sampling quality assurance project plan.B1O

F. Meteorological Monitoring

Meteorological data are continuously gathered on
instrumented towers at five Laboratory Ioeations.
Measurements include wind speed and direction, stan-

dard deviations of wind speed and direetion, vertical
wind speed and its standard deviation, air temperature,
dew-point temperature, relative humidity, solar radia-
tion, and preeipitation.

These parameters are measured at discrete levels on

the towers at heights ranging from ground level to 91 m
(300 ft). Each parameter is measured every 3 to 5s and
averaged or summed over 15-min intervals. Data are
recorded on digital cassette tape or transmitted by
phone line to a microcomputer at the Occupational
Health Laboratory at TA-59.

Data validation is accomplished with automated and
manual screening techniques. One computer code com-
pares measured data with expected ranges and makes

eompariscms based on known meteorological re-
lationships. Another code produces daily plots of data
from eaeh tower. These graphics are reviewed to pro-
vide another cheek of the data. This screening also
helps to detect problems with the instrumentation that
might develop between the annual or semiannual
(depending on the instrument) calibrations.

Further details may be found in the meteorological
monitoring quality assurance project plan.Bl 1

G. Data Handling

Measurements of the radioehemical samples require

that analytical or instrumental bdcgrounds be sub-
tracted to obtain net values. Thus, net values that are
lower than the minimum detection limit of an analytical
teehnique (see Appendix C) are sometimes obtained.
Consequently, individual measurements can result in
values of zero and negative numbers. Although a neg-

ative value does not represent a physical rcdity, a valid
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long-term average of many measurements can be
obtained only if the very small and negative values are
included in the population.B12

For individual measurements, uncertainties are re-
ported as the standard deviation. T%ese values are as-
sociated with the estimated variance of counting and
indicate the prtxision of the counts.

Standard deviations(s) for the station and group
(regional, perimeter, on-site) means are ealcul.ated us-
ing the following equation:

/

~ (F- CJ2
i=l

s =
(N-1) ‘

where

Ci = ecmcentration for sample i,
z = mean of samples from a given station or

PUP* ~
N = number of samples comprising a station or a

group.

This value is reported as the uncertainty for the sta-
tion and group means.

H. Quality Assurance

Collection of samples for chemical and radio-
chemical analyses follows a set procedure to ensure
proper sample collection, documentation, submittal for

clwmical analysis, and posting of analytical results.
Before sample collection, the schedule and pro-

cedures to be followed are discussed with the chemist
or chemists involved with doing the analyses. The dis-
cussion includes

●

●

●

●

●

number and type of samples

type of analyses and required limits of detection;

proper sample containers;

preparation of sample containers with preser-
vative, if @d, and

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

‘Ile Health and Environmental Chemishy Group
(HSE-9) issues to the eollea.or a block of sample num-
bers (e.g., 86.0071) with individual numbers assigned

by the eolleetor to an individual station. These sample
numbers follow the sample from collection through
analyses and posting of individual results.

Each number, representing a single sample, is as-
signed to a particular station and is entered into the
collector’s log book. After the sample is collected, the
date, time, temperature (if water), other pertinent in-
formation, and remarks are ent.cmd opposite the sample
number and station previously listd in the log book.

The sample eonrainer is labeled with station name,
sample number, date, and preservative, if added.

After the sample is eollecttxi, it is delivered to the
Group HSE-9 section leader, who makes out a num-
bered quest form entitled “HSE-9 Analytical Chemi-
cal Request.” The request form number is also entered
in the colleetor’s log book opposite sample numbers
submitted along with the date delivered to chemist.
The analytical request form serves as a “chain-f-cus-
tody” for the samples.

The analytical rquest form contains the following
information related to ownership and the sample pro-
gram submitted (1) requester (i.e., sample collector),
(2) program code, (3) sample owner (i.e., program
manager), (4) date, and (5) total number of samples.
The seeond pm of the request form contains (1) sample
number or numbers, (2) matrix (e.g., water), (3) types

of analyses (i.e., spdlc radionuclide and/or chemical
constituents), (4) technique (i.e., analytical method to
be used for individual constituents), (5) analyst (i.e.,
chemist to perform analyses), (6) priority of sample or
samples, and (7) remarks. One copy of the form goes
to the collector for his file and the other copies follow
the sample.

Quality control, analytical methods and procedures,
and limits of detection related to Group HSE-9’S ana-
lytical work are presented in Appendix C.

The analytical results are returned to the sample col-
lector who posts data according to sample and station
taken from the log book. These data sheets are in-
cluded in the report and are used to interpret data for
the reporL

Further details may be found in the quality as-
sumnee project plan for eaeh program. B51B7*B8’B1°al 1
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APPENDIX C

ANALYTICAL CHEMISTRY METHODOLOGY

Most analytical chemistry is provided by the Health

and Environmental Chemistry Group (ELSE-9). Over-
flow work is contracted to several commercial
laboratories.

A. Radioactive Constituents

Environmental samples are routinely analyzed for

the following radioactive constituents: gross alpha,
beta, and gamma; isotopic plutonium; americium; ura-
nium; cesium; tritium; and strontium. Detailed proce-
dures have &n published in rhis appendix in p~vious
years.cl’a Occasionally other radionuclides from spe-

7Be z2Na, w, ‘lCr,cific sources are &termined:
~o, 65Zn, 83Rb, l~u, 134CS,lba, 152Eu, 154Eu,
and ‘6Ra. All but 2~Ra are determined by gamma-ray

spectmmetry on large Ge(Li) deteetors. Depending on
the concentration and matrix, ‘6Ra is measured by

emanation or by gamma-ray spxtromeq of its 2*4Bi
decay product. C4 Uranium isotopic ratios (23su/ 238~

am measured by neutron activation analysis where pre-
C5 More-precise wodc re-cisions of +5% are adequate.

quires mass speetrometry. Uranium isotopic ratios are
readily determined in environmental materials with
precision of 1-2% relative standard deviation (RSD) at
considerably reduced cost relative to neutron activation,
by inductively coupled plasma mass spcctrometry
(ICPMS).

B. Stable Constituents

A number of analytical methods are used for vari-

ous stable isotopes. lle choice of me(hod is based on
many criteria, including the operational state of the
instruments, time limitations, expected concentrations
in samples, quantity of sample available, sample
matrix, and Environmental Protection Agency (EPA)
regulations.

Ins@umental techniques available include neutron
activation, atomic absorption, ion chromatography,
color spectrophotometry (manual and automated), po-
tentiometry, combustion analysis, ICPMS, and induc-
tively coupled plasma atomic emission spectrometry

(ICPAES). Standard chemical methods are also used
for many of the common water-quality tests. Atomic
absorption capabilities include flame, furnace, cold va-
por, and hydride generation, as well as flame-emission
spectrophotomehy. The methods used and references
for determination of various chemical constituents are
summarized in Table C-1 (Refs. C6-C70). In 1986 the
EPA Region VI administration granted HSE-9 limited
approval for alternative test procedures for uranium in

drinking water (detayed neutron assay) and for flow in-
jeztion (without distillation) for chloride in drinking
water and waste water. EPA approval for other modi-
ticd methods is actively being sought. HSE-9 is partici-
pating in the EPA-sponsored study to evaluate ICPMS
for acceptance as an EPA-approved methodology.

C. Organic Constituents

Environmental water samples are analyzed by EPA
or modified EPA methodology. Methods in use are
supported by the use of documented spikeAecovery
studies, method and field blanks, matrix spikes, surro-
gate spikes, and blind quality-control samples. EPA
procedures are modified in order to take advantage of
recent advances in analytical separation and analysis
techniques. Volatile organics are analyzed using a
modifkd form of EPA method 524. Our current target
list of volatile compounds totals 70. Water samples are

analyzed by purge-and-trap gas chromatography/mass
speetrometry (PAT). Soils are analyzed using heated
PAT. Semivolatile organics are analyzed by EPA
method 625 using EPA-CLP (Contract Laboratory Pro-

gram) protocol. Manual and automated methods have
bee-ndeveloped using neutron activation to screen oil
samples for potentkd polychlorinated biphenyl (PCB)
contamination via total chlorine determination.
Volatiles trapped on charcoal are analyzed using a car-
bon disulfide de.sorption/gas chromatography/mass
spectrometry method.

Instrumentation available for organic analysis in-
cludes gas chromatography with a variety of detector
systems, including mass s~trometry, flame ionization,
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Table C-1.

Techniaue

Analytical Methods for Various Stable Constituents

Stable Constituents Measured References

Standard chemical methods

Color spectrophotomeuy

Neutron activation:
Instrumental thermal

Instrumental epithermal

Thermal neutron capture
gamma ray

Radioehemical

Delayed neu?ron assay

Atomic absorption

Inductively coupled plasma
mass speetrometry

Ion chromatography

Potentiometric

Combustion

Corrosivity

Ignitability (flash point)

Automated eolorimetry

Inductively coupled plasma
atomic emission speetrometry

Total alkalinity, hardness, S03-2, S04-2,

TDS, conductivity, COD

N03-, P04-3, Si, Pb, Ti, B

Al, Sb, As, Ba, Br, C& Ce, Cs, Cl, Cr, Co, Dy,
Eu, Au, Hf, In, I, Fe, La, Lu, Mg, Mn, K, Rb,
Sm, Sc, Se, Na, Sr, S, Ta, Tb, Th, Ti, W, V,
Yb, Zn

Al, Sb, As, Ba, Br, Cs, Cr, F, Ga, Au, In, I,

La, Mg, Mn, Mo. Ni, K, Sm, Se, Si, N~ Sr,
Th, Ti, W, U, Zn, Zr

Al, B, C% Cd, C, Gd, H, Fe, Mg, N, K, Si, Na,
S, Ti

Sb, As, Cu, Au, Ir, Hg, Mo>0s, Pd, Pt, Ru,
Se, Ag, Te, l%, W, U, La, Ce, Pr, Nd, Sm, Eu,
Gd, l%, Dy, Ho, Er, Yb, Lu, 235U/~W,

u

Sb, As, B& Be, Bi, Cd, Ca, Cr, Co, Cu, Ga, In,
Fe, Pb, Li, Mg, Mn, Hg, Mo, Ni, K, Se, Ag,
Na, Sr, Te, Tl, Sn, Ti, V, Zn, Al

Sb, As, B3 Be, B, Bi, Cd, Cr, Co, CU. Ga, In,

F%,Li, Mn, Hg, Mo. Ni, Se, Br, Ag, Sr, Te,
l%, Sn, Ti, V, Zn, U, I, Tl, L~Ce, Pr, Nd, Sm,
Eu, Gd, l%, Dy, Ho, Er, Tb, Lu

F, Cl-, Br, N02-, N03-, S04-2, P04-3,
Na+, K+, Mg+2,Ca+2

F, NH4+, PH. Br-, C12(total), C12(*)

C, N, H, S, total organic carbon

—

—

CN-, NHd+,P04-3, NO ‘, N02-, Cl-, COD,
TKN, Si, B, S04-2, Cr+i

Al, Ag,As, B, Be, Ba, Cd, Co, Cu, Ca, Cr, Fe,
K, Li, Mg, Mn, Mo. Na, Ni, P, Pb, Re, S, Sb,
Se, Si, Th, T1,V, Y, Zn

C6, C65

C6, C65

C7, C12-C15, C65

C7, C9, C16-C21, C65

C7, C22-C29, C65

C5-C7, C30-C38, C51,
C65

C7, C8, C1O,Cl 1, C39,
C40, C65

C6, C41-C48, C52-C54,
C65

C65

C49, C65

C50, C55, C65

C29, C62, C63, C65

C56, C57

C56, C58

C6, C59, C@-C62, C65

C66-C68
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and electron capture. Also available is a high-pressure
liquid chromatographyequipped with a ultra-violet (UV)
and refractive index &tection system, an inhre.d
spectrophotometcr, and a UV/visible spectrophotometcr
for calorimetric analyses. Methods used for sample

preparation include solvent extraction, soxhlet extrac-
tion, liquidliquid extinction, kudema danish concentra-
tion, column separation, head space, and purge and
trap. The methods used for analyses in 1988 along with
references are shown in Table C-2. Tables C-3 through
C-7 show compounds determined by these methods and
representative detection limits.

D. Analytical Chemistry Quality Evaluation Pro-
gram

1. Introduction. Control samples are analyzed in
conjunction with the normal analytical chemistry work-
load. Such samples consist of several general types
calibration standards, reagent blanks, process blanks,
matrix blanks, duplicates, spikes, and reference mate-
rials. Analysis of control samples falls two needs in the
analytical work. First, it provides quality control over
analytical procedures so that problems that might occur
can be ident.ifkd and corrected. Second, data obtained
from analysis of control samples permit evaluation of
the capabilities of a particular analytical teehnique to
determine a given element or constituent under a cer-
tain set of circumstances. The former function is ana-
lytical quality control; the latter is quality assurance.

No attempt is made to conceal the identity of con-
trol samples from the analys~ although the concentra-
tion of the analytes of interest is not reveakxl. These
samples are submitted to the laboratcxy at regular inter-
vals and are analyzed in association with other samples;

that is, they are not handled as a unique set of samples.
We fed it would be difficult for analysts to give the
samples special attention, even if they were so inclined.
We endeavor to run at least 10% of stable constituent,
organic, and selected radioactive constituent analyses
as quality assurancs samples using the materials de-
seribed above. A detailed description of our quality as-
surance program and a complete listing of our annual
results are published annually.ml<gl

2. Radioactive Constituents. Quality control and
quality assurance samples for radioactive constituents

are obtained from outside agencies as well as prepared
internally. The Quality Assurance Division of the En-
vironmental Monitoring Systems Laboratory (EPA, Las
Vegas) provides water, foodstuffs, and air-filter samp-
les for analysis of gross alpha, gross be@ 3H, ~,
~Co, ~Zn, ~Sr, l~u, 1311,134CS, ‘37CS, ‘%t~ ~d

~91% as part of an ongoing laboratory intereompari-
son program. The National Institute of Standards and
Technology (NI!ST, formerly the National Bureau of

Standards) provides several soil and sediment Standard
Referenee Materials (SRMs) for environmental radio-
activity. These SRMs are certifid for ‘Co, ‘Sr,
137c5 226Ra, 238~, 239z~, 241Am, and several

other ‘nuclides. The DOE’s Environmental Measure-
ments Laboratory also provides quality assurance

samples.
Soil, rock, and ore samples obtained fmm the Cana-

dian Geological Survey (CGS) are used for quality as-
surance of uranium and thorium determinations in sili-
cate matrices. Our own in-house standards are pre-
pared by adding known quantities of liquid NIST ra-
dioactivity SRMs to blank matrix materials.

3. Stable Constituents. Quality assurance for the
stable constituent analysis program is maintained by
analysis of certified or well-characterized environ-
mental materials. The NIST has a large set of silicate,

water, and biological SRMs. The EPA distributes min-
eral analysis and trace analysis water standards. Reek
and soil referenee materials have been obtained from
the CGS and the United States Geological Survey
(USGS). Details of this program have also been pub-
lished elsewhere.csl

The analytical quality control program for a spedlc
batch of samples is the combination of many factors.
These include the “fit of the calibration,” instrument
drif~ calibration of the instrument and/or reagents, re-
eovery for SRMs, and precision of results. In addition,
there is a program for evaluation of the quality of re-
sults for an individual water sample.c82 These individ-
ual water-sample-quality ratios are the sum of the milli-
cquivalent (meq) eations to the sum of meq anions, the
meq hardness of the sum of meq Ca+2 and Mg+2, the
observed total dissolved solids (’IDS) to the sum of
solids, and the observed conductivity to the sum of
eonrnbuting conductivities, as well as the two ratios
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Table C-2. Method Summary (Organics)

Analyte Matrix Method Techniquea Reference

Volatiles Air
Soil
water

P toxicity Soil

PCBS water
soil
Gil

Semivolatiles Soil and waste

@1524
524

1310,8080
81S0

606

IH 320

625

Gc/Ms
PAT/GC/MS
PAT/GC/MS

GC/ECD

GC/ECD
GC/ECD
GC/ECD

Gc/Ms

C65
C64-C66

C64

C66

C64
C66
C65

C69,C70

Was chromatography (GC), purge and trap (PAT), eleetron capture deteetkm (ECD), and mass
specmmetry (MS).

Won@act Laboratory Program (CLP),

‘3MrWion procedure (W).

obtainedby multiplying (0.01)x (conductivity) and di-
viding by the meq cations and the meq anions.

4. Organic ConatituenW Soil samples are re-
ceived for the analysis of volatile and semivolatile or-
ganic compounds (WCs and SVGCS), pesticides, and
herbicides for compliance work done under the Re-
souree Conservation and Recovery Act (RCRA). Cezti-
fied matrix-based reference materials were not avail-
able for these analyses, so stock solutions of the ana-
lytes were prepared and spiked directly on blank d by

the quality assurance section. Since homogeneity of
the sample could not be ensured, the entire sample was
analyzed. The VOCS are analyzed by gas chromatog-
raphy/mass spectromelxy. In the last 12 months, the

detection limit for these compounds has decreased by a
factor of 100 because of a change in the technique used
to introduce the samples into the gas chromatography.
This was accomplished by using a heated purged-trap
methodology instead of purge-and-trap performed at
ambient temperatures. The in-house quality control

samples are now spiked in the mierogram-per-kilogram
range to reflect this change in detection limits.

The majority of water samples submitted during
1988 were environmental compliance samples for the

analysis of pesticides, herbicides, semivoktile and
volatile organic eompounda, and PCBS. Methods were

developed and refined for in-house preparation of qual-
ity-eontml samples for volatile and semivolatile organic

compounds in water.
Oil samples were reeeived fm the analysis of PCBS

and organic solvents. ‘Ile majority of these oils await
disposd by the Waste Management Group, HSE-7, and
include oil from decommissioned transformers. The re-
maining oil samples were environmental or industrial
hygiene samples taken from areas of possible

contamination.
Quality-control samples for PCBS were prepared by

diluting EPA standards or by preparing standmda in
hexane from the neat analyte. In the United States, the
only PCBs that have been found in transformershave
been NBs 1242, 1254, and 1260. Samples submitted
for analysis have contained only these PCBS, so they
have been used to spike quality-control samples. Vac-
uum pump oil was chosen for the oil base blank after an
experiment with various brands of motor oil showed
excessive matrix interferences.
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Volatiles Determined in Water by Purge and Trap

Representative
Limit of Quantification

CAS # @g/L)

Chloromethane
Vinyl chloride
Brornomethane
Chloroethane
Acetone
Tnchlorofluoromethane
1,1-Dichloroethene
Methylene chloride
Carbon disultlle
t-1,2-Dichloroethene
1,1-Dichloroethrme
c-1,2-Dichloroethene
Bromoehloromethane
Chloroform
1j-Dichloroethane
1,1-Dichloropropene
Vinyl acetate
2-Butanone (MEK)
2,2-Dichloropropane
1,1,1-Trichloroethane
Carbon tetraehloride
Benzene
1,2-Dichloropropane
Trichloroethene
Dibromomethane
Bromodichloromethane
t-l ,3-Dichloropropene
c-1,3-Dichloropropene
1,1,2-Trichloroethane
1,3-Dichloropropane
Chlorodibromomethane
Bromoform
4-Methyl-2-pentanone (MIK)
Toluene
2-Hexanone
l,2-Dibromomethane
Tetrachloroethene
Chlorobenzene
1,1,1,2-Tetraehloroethane
l-Chlorohexane
Ethylbenzene
m,p-Xylene (total)
o-Xylcne
Styrene
1,1,2,2-Tetraehloroethane
1,2,3-Trichloropropane

74-87-3
75-01-4
74-83-9
75-00-3
67-64-1
75-694
75-35-4
75-09-2
75-15-0

156-60-5
75-34-3

156-59-2
74-97-5
67-66-3

107-06-2
563-58-6
108-05-4
78-93-3

590-20-7
71-55-6
56-23-5
71-43-2
78-87-5
79-01-6
74-95-3
75-27-4

1006-10-26
1006-10-15

79-00-5
142-28-9
124-48-1
75-25-2
10-81-1

108-88-3
59-17-86
74-95-3

127-18-4
108-90-7
630-20-6
544-1o-5
100414

108-38-3 + 10642-3
9547-6

1OM2-5
79-34-5
96-18-4

125

10
10
2

10
2
2
2
2

10
2
2
2
2
2
2

10
20
10
2
2
2
2
2
2
2
2
2

20
2
2
2

10
10
2

80
2
2
2
2
2
2
2
2
2

10
2
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Table C-3 (Cent)

Representative
Limit of Quantification

Compound CAS # w)

Isopropylbenzene
Bromobenzene
n-propylbenzene
2-Chlorotoluene
4-Chlorotoluene
1,3s-Trimethylbenzene
terr-Butylbenmme
1~,4-Trirnethylbenzene
sec-Butylbenzene
1,3-Dlchhxobenzene
1,4-Dichlorobenzene
p-kopropyltoluene
1,2-Dlchlorobenzene
n-Butylbenzene
1~-Dibromo-3-ehloropropane
1,2,4-Trichlorobenzene
Naphthalene
1~,3-Trichlorobenzene
Hezachlorobutzdene

98-82-8
108-86-1
103-65-1
9549-8

10643-4
108-67-8
98-06-6
95-63-6

135-98-8
541-73-1
106-46-7
99-87-6
95-50-1

104-51-8
%-12-8

120-82-1
91-20-3
8761-6
87-68-3

2
2
2
2
2
2
2
2
2
2
2
2
2
2

10
2
2

10
2

Column: Supelco SPB-5 60 m x 0.25 mm x 1.0 pm. Limits of deteetion esti-
mated by minimum signal required to yield identifiable mass speetral scan.

5. Indicators of Accuracy and Precision. Ac-
curwy is the degree of difference between average test
results and true results, when the latter are known or as-
sumed. Preeision is the degree of mutual agreement
among replicate measurements (frequently assessed by
calculating the standard deviation of a set of data
points). Accuriwy and preeision are evaluated from re-
sults of analysis of reference materials. ‘W.se results
are normalized to the known quality in the teference
material to permit comparison among reference mate-
rials of similar matrix containing different concentra-
tions of the allalytrx

Reported quantity
r =

Known quantity “

A mean value R for all normalized analyses of a
given type is calculated as follows for a given matrix
type (N is total number of analytic-al determinations):

126

N“

The standard deviation(s) of R is calculated aasum-
ing a normal distribution of the population of analytical
determinations (N):

‘=F

llese calculated values are presented as the HSE-9

“Ratio * Std Dev” in Tables C-8 through C-20. The
mean value of R is a measure of the accuracy of a

procedure. Values of R greater than unity indicate a
positive bias in the analysi$ values less than unity, a
negative bias.

The standard deviation is a measure of preeision.
Precision is a function of the concentration of Snalytw
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Table C-4.

Compound

Volatiles Determined in Solids by SW-846 Method 8010

Limit of Quantifkation
CAS # (l@kE)

Chloromethane
Vinyl chloride
Bromomethane
Chloroethane
Acetone
Trichlorofhmromethane
1,1-Dichloroethene
Methylene chloride
Carbon disulilde
t-l ,2-Dichloroethene
1,1-Dichloroerhane
c-1,2-Dichloroethene
Bromoehloromethane
Chloroform
1L-Dichloroethane
1,1-Dichloropropene
Vinyl aeerate
2-Butanone (MEK)
2Z-Dichloropropane
1,1,1-Trichloroethane
Carbon tetraehloride
Benzene
1J2-Dichloropropane
Trichloruxhene
Dibromomethane
Bromodichloromethane
r-l ,3-Dichloropropene
c-1,3-Dichloropropene
1,1a-Trichloroethane
1,3-Dichloropropane
Chlorodibromomethane
Bromoform
4-Methyl-2-pentanone (MIK)
Toluene
2-Hexanone
1z-Dibromomethane
Temachloroethene
Chlorobenzene
1,1,1,2-Tetrachloroethane
l-Chlorohexane
Ethylbenzene
mpXylene (total)
o-Xylene
Styrene
1,1J,2-Tetraehloroethane
1J3-Trichloropropane
Isopropylbenzene

74-87-3
75-014
74-83-9
75-00-3
67-64-1
75-694
75-35-4
75-09-2
75-15-0

156-60-5
75-34-3

156-594
74-97-5
67-66-3

107-062
563-58-6
108-05-4
78-93-3

590-20-7
71-55-6
56-23-5
7143-2
78-87-5
79-01-6
74-95-3
75-274

1006-10-26
1006-10-15

79-00-5
142-28-9
124-48-1
75-25-2
10-81-1

108-88-3
59-17-86
74-95-3

127-184
108-90-7
630-20-6
544-1o-5
100-414

108-38-3 + 106-42-3
95-47-6

100-42-5
79-W-5
%-184
98-82-8

10
2
2
2
2
2
2

10
2
2
2
2
2
2
2
2

10
10
10
10
2
2
2
2
2
2

10
10
2
2
2
2

10
2

20
2
2
2
2
2
2
2
2
2

10
2
2
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Table C-4 (Cent)

Limit of Quantification
Compound CAS # Q@@)

Bromobenzene
n-propylbenzene
2-Chlorotoluene
4-Chlorotoluene
1,3s-Trime4hylbenzene
terr-Butylbenzene
1z,4-Trirnethylbenzene
sec-Butylbenune
1,3-Dichlorobenzene
1,4-Dichhrobenzene
p-kopropyltoluene
1L-Dichkxobenzene
n-Butylbenzene
lL-Dibrom~3-chloropropane
lz,4-Trichlorobenzene
Naphthalene
12,3-Tnchlorobenrxme
Hexachlorobutadiene

108-86-1
103-65-1
95-49-8

106434
108-67-8
9846-6
98-636

135-98-8
541-73-1
106-46-7
99-87-6
95-50-1

104-51-8
%12-8

120-82-1
91-20-3
87-61-6
87-68-3

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

~olumn: 60 m x 0.32 mm SPB-5 fused silica capillary, using a methanolic
partition with purge and trap. Limits of quantification are calculated from the
intercept of the external calibration curve using aflame-ionization detector.

that is, as the absolute concentration approaches the
limit of deteetion, precision deteriomtes. For instance,
the precision for some deterrnimtions is quite large be-

eause many standards approach the limits of detection
of a measurement. We address this issue by calculating

anew quality assurance parameter,

iE–ic <1.%4-,

where XE and XCare the experimentally determined and
certified or consensus mean elemental ecmeenlrations,
respectively. The SE and SCparameters are the standard
deviations associated with XE and XC,_tively. An

analysis will be considered under control when this
condition is satisfied for a certain element in a given
matrix. Details on this app-h are presented el-
where.ml The percentage of the tests for eaeh parame-
ter that fell within *2 propagated-standard-&viations

(under control), between H and *3 propagated-stan-
dard-deviations (warning level), or outside H propa-
gated-standarddeviations (out of control) is shown in
Tables C-8 to C-20. A summary of the overall state of
statistical eonuol for analytical work done by HSE-9 is
provided in Table C-21.

For most radioehemical and inorganic analyses,
more than 92% are within H propagated-standardde-
viations of the certified/consensus mean values (under

control). Trace levels of these constituents in biologi-
cal materials still provide more analytical difficulty, as
illustrated by the slightly lower level of overall analyti-
cal control. Although the overall control of organic
analyses in bulk materials (such as oils and solvents) is
quite good, we have much too high a percentage of our
organic determinations in water and silicate matrixes
outside the H pmpagat.ed-standard-deviations of the
certified/consensus mean values (out of control). This
area will be the foeus of increased quality assur-
ance/quality control effort.
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Table C-5. semivolatile Organics in Water

Limit of Quantification
Compound CAS # w)

N-Nitrosodimethylamine
Aniline
Phenol
bis(-2-Chlomethyl)ether
2-Chlomphenol
1s-Dichlorobenzene
1,4-Dichlorobenzene
Benzyl alcohol
1L-Dichlorobenzene
2-Methylphenol
bis(2-Chloroisopropyl)ether
4-Mtiylphenol
N-Nitroso-di-n-pmpylarnine
Hexachloroethane
Nitrobenzene
Isophorone
2-Nitrophenol
2,4-Dimethylphenol
Benzoid acid
bis(-2-Chloroethoxy)methane
2,4-Dichlorophenol
1Z,4-Trichlorobenzene
Naphthalene
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol
2-Methylnaphthalene
Hexaehlomcyclopentadiene
2,4,6-Tnchlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitmaniline
Dimethyl phthalate
Acenaphthylene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol
Dibenzofuran
2,4-Dinitrotoluene
2,6DinihWoluene
Diet.hylphthalate
4-Chlorophenyl-phenylether
Fluorene
4-Nitroaniline

62-75-9
62-55-3

1(%95-2
111-44-4
95-57-8

541-73-1
10646-7
100-51-6
95-50-1
95-48-7

3%38-32-9
10644-5
621-64-7

67-72-1
98-95-3
78-59-1
88-75-5

105-67-9
65-85-O

111-91-1
120-83-2
120-82-1
91-20-3

106-47-8
87-68-3
59-50-7
91-574
77474
88-06-2
95-95-4
91-58-7
88-744

131-11-3
208-%8
99-09-2
83-32-9
51-28-5

100-02-7
132-64-9
121-14-2
606-20-2

84-6&2
7005-72-3

86-73-7
lCKM)l-6

20
20
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
50
10
10
10
10
10
10
10
10
10
10
50
10
50
10
10
50
10
50
50
10
10
10
10
10
10
50
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Table C-S (Cent)

Compound

4,6-Dinitm-2-methylphenol
N-Nltrosodiphenylamine
Azobenzene

Limit of Quantification
CAS # (@L)

4-Bromophenyl-phenylether
Hexaehlorobenzene
Pentachlorophenol
Phenanthrene
Anthraeene
Di-n-butylphthalate
Fluoranthene
Benzidine
Pyrene
Butylbenzylphthalate
33’-Dichlombenzidine
Benzo(a)anthrxene
bi.r(2-Ethylhexyl)phthalate
Chrysene
Di-n-octyl phthalate
Benzo(b)fluomnthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(l,2,3-cd)pyrene
Dibenzo(a,h)anthracene
Bemzo(g,h,t>perylene

New instrumentation has been purchased for the

analysis of volatik, and cxmsiderable improvement has
been shown in this area. Semivolatile analyses con-
tinue to pose a challenge, but new extraction methods
me being &veloped that show promise. Additional ex-
perienced personnel have been hired for the semi-
volatile analysis, currently the most complex organic

analysis of the environmental protocols.
The analysis of any organic on silicate materials is

difficult because of the tremendous number and type of
matrix complications. Our quality-control samples are
matrix spikes that truly refleet what occurs in the ex-

534-52-1
&30-6

103-33-3

101-55-3
118-74-1
87-86-5
85-01-8

120-12-7
84-74-2

206-44-0
92-87-5

129-00-0
85-68-7
91-94-1
56-55-3

117-81-7
218-01-9
117-84-0
205-99-2
207-08-9

50-32-8
193-39-5
53-70-3

191-24-2

50
10
50

10
10
50
10
10
10
10
50
10
10
20
10
10
10
10
10
10
10
10
10
10

traction process. In addition to the blind quality-control
samples, the analyst spikes samples for volatile and
semivolatile analysis with a series of three to five sur-
rogate compounds and checks for the percentage of re-

covery as directed by EPA guidelines. If these re-
coveries are out of acceptable range, corrective action
is taken. Matrix spike samples are ah prepared. A
portion of the actual sample is spiked with target com-
pounds, and recoveries are evaluated using EPA guide-
lines.

Data on analytical detection limits are given in
Table C-22.
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Table C-6. Volatiles Determined in Air (Pore Gas)

Limit of Quantification
Compound CAS # @g/tube)

Chloroform 67-66-3 1.0
1,1,1-Trichloroethane 71-56-6 1.0
Benzene 7143-2
Carbon tetrachloride 56-23-5
Trichloroethene 79-01-6
Toluene 108-88-3
Tetrachloroethene 127-18-4
Chlorobenzene 108-90-7
Ethylbenzene 100-414

.0

.0

.0

.0

.0

.0

.0
o-Xylene 95-47-6 1.0
mpXylene (total) 108-38-3 + 106-42-3 1.0
1,2,4-Trimethylbenzene 95-63-6 1.0

Table C-7. EP Toxicity Organic Contaminants

Maximum Representative
Concentration Detection Limits

Contaminant (mg/L) (mg/L)’

Endrin (1J,3,4,10,1CLHexaehloro-6 0.02 0.006
7-epoxy-1 ,4,4a,5,6,7,8,8a-oetahydro- 1
4-endb, emfo-5, 8-dimethanonaphthalene)

Lindane 0.4 0.0002
(a,a,~,a,a,fl-Hexachlomeyclohexane, gamma isomer)

Methoxychlor (1,l,l-Trichloro- 10.0 0.004
2z-6i@-methoxyphenyl)ethane)

Toxaphene 0.5 0.020
(teehnieal chlorinated eamphene, 67-69% chlorine)

2,4-D (2,4-Dichlorophenoxyacetic acid) 10.0 0.016

2,4,5-TP (Silvex) 1.0 0.005
(2,4,5 -Trichlorophenoxypropionic acid)

Wolumn: 30 m x 0.32-mm SPB-5 fused silica capillary. Detection limit is calculated as 4 times
the gas chromatography background noise found when an elaron capture detector was used.
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Table C-8. Summary of HSE-9 Quality Assurance Teats for 1988
(Stable Element Analysea in Water)

Number of <2u >M >30 HSE-9
Analysis Teats (%) (%) (%) Ratio * Std Dev

Ag
Al
As
Ba
B
Be
Bi
Ca
Cd
c1
C12

co
Chemical oxygen demand
Conductivity
Cr
Cr*
Cu
F
Fe
Hwdness
Hg
K
Li
Mg
Mn
Mo
Na
NH3-N
Ni
N02-N
N03-N
P
Pb
pH
P04-P
Sb
Se
Si
Sn
S04

194
26

236
184

17
177

4
30

277

55
12

137

32
66
48

297
166
189

69
143

8
174
27
17
27
72

35
39

116
144

6
99

113
422
497

8
14

179
35

2
60

100
89
92
97

100
98

100
97
99

100
100
100
100
100
100
1(XJ
99
95

100

99
100

99
89

100
100

%
80
92

100
98

100
100
100
97

100
100

95
97

100

50
100

132

—

12
3
1

—

2
—
—

1
—
—
—
—
—
—
—
—

4
—

1
—

—
—
—
—

4

3
3

—

1
—
—
—

2
—
—

7
—
—

50
—

—

—

5
2

.

1
—

3
—
—
—
—

—
—
.
—

1
—
—
—
—

1
11
—
—
—

17

5
—

1
—
—
—

1
—
—
—

1
—
—
—

1.01 * 0.08
1.03*0.18
1.08 k 0.20
1.01 * 0.08
1.00 * 0.07
1.04*().12

0.97 * 0.04
0.97 f 0.07
1.01 * 0.09
1.00 * ().0’4

0.88 f 0.11
0.87 * 0.07
1.06* 0.09

0.98 * 0.08
0.97 + 0.04
1.01 * 0.10
0.98 + 0.11
0.98 f 0.08
1.04 f 0.07
1.04*0.10

0.96 * 0.06
1.01 f 0.31
1.42 k 2.63
1.01 * 0.06
0.95 * 0.05
1.04*0.12
1.18 ~ 0.05
0.98 t 0.12
1.00 * 0.05
1.02 fo.11
1.01 * 0.04
1.00 * ().()5

0.97 * 0.14
1.03 * 0.12
1.00 * ().()1

0.94 t 0.06
().96 * ().14

1.13* 1.10
1.05* 0.05
1.35
1).~ ~ 0.08
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Table C-8 (Cent)

Number of <~ 2-* >3U HSE-9
Analysis Tests (%) (%) (%) Ratio y Std Dev

Sr
Total alkalinity

Total dissolved solids
Tb
1-l
Total organic carbon
Total organic halogens
Total suspended solids
Turbidity
u
v
Zn

6
36

23
24

115

8
2

66
2

292
34

179

100
100

100
100
93

1(XI
100
98

1(XI
100
97
97

—

—

—

—

—

4
—

2
—

—

3

—

—

.

1
3
1

1.02* 0.03
0.98 * 0.05

0.98 f 0.12
1.05+().1()
().9 * ().14
0.95 * 0.05
0.88
0.93 * 0.06
1.01
1.05*0.13
1.06*0.14
1.01 * 0.07
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Summary of HSE-9 Quality Assurance Tests for 1988
(Stable Element Analyses in Silicates)

Number of da 2-* >30 HSE-9
Analysis Tests (%) (%) (%) Ratio ~ Std Dev

Ag
Al
As
Ba
Be

Ca
Cd
Ce
c1
co
CO*
Cr
Cs
Cu
Dy
Eu
F
Fe
Ga
~o+
~o-
Hf
Hg
1
In
K
La
Li
Lu
Mg
Mn
Na
Ni

Pb
Rb

s
Sb
Sc
Se
Si
Sm

3
199

11
223

37
200

29
64

147

61
69
45
40

115
162
100
27
49
85
20
20

55
1

46
127
171

14

37
18

199
197
211

65
80
33
23
25

55
1

97
144

99
91

100

%
100
95

100
100
79
89
91
87

100
99
80
94
85
79

100
1(N
100

91
100
100
100
89
86
97
94
94
98
%
98

1(NI

82
87
%
95

100
87
%

134
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4
—

3
—

2
—
—

1
7
7
7

—

1
12
2

11
.
—
—
—

7
—
—
—

8
14

3
6
4
2
4
2

—

3
13
4

5
—

5
3

—

5
—

1
—

4
.
—

4

5
1
7

—
—

8
4
4

20
—
—
—

2
.
—
—

3
—
—
—

3
—
—
—
—

15
—
—
—
—

7
1

1,06 ~ ().36

1.01 * 0.07
1.14 ~ 0.36
O.w * ().22

1.15*0.71
O.w * ().21

0.93 * 0.15
1.05 f 0.09
1.41 fo.64
1.03* 0.34
1.07 * 0.04
1.00* (’).10
1.09 * 0.25
l.ooto.zl
().94 ~ ().33
().9 * O.og

1.26 * 0.19
1.01 * 0.06
1.15*0.25
1.08 * 0.28
1.17 f0.26

1.02 f 0.08
0.98
0.99*0.12
0.78 t 0.18
1.03+0.19
1.10+0.09
0.89 * 0.38
1.12*0.16
1.03*0.18
1.01 t 0.08
0.98 * 0.05
0.95 k 0.24
1.02~0.16
1.00*().11

0.73 * 0.07
1.40* 0.68
0.96 f ().()7

1.43
0.98 * 0.08
0.97 * 0.16
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Table C-9 (Coat)

Number of eti 2-3(3 >W HSE-9
Analysis Tests (%) (%) (%) Ratio ~ Std Dev

Sr 110 97 4— ().N * ().19

Ta 36 94 3 3 1.06 * 0.22

l% 11 100 — — 1.02*0.21
1-h 93 92 3 5 0.91 * 0.20
Ti 163 94 5 1 1.00*0.21
u 223 %— 4 0.98 * 0.09
v 201 99 l— 0.95 * 0.10
w 48 100 — — 0.86
Yb 42 81 7 12 1.05 + 0.16
h 21 86— 14 0.92 + 0.21

Table C-10. Summary of HSF=9 Quality Assurance Tests for 1988
(Stable Element Analyses in Sludge)

Number of CB 2-% >30 HSE-9
Analysis Tests (%) (%) (%) Ratio * Std Dev

Ag 22 100 — — 1.03*0.14

As 2 . 100 — 0.70

Cd 18 100 — — 0.89 * 0.07

Cr 25 100 — — 1.02 f 0.05

Hg 16 100 — — ().92 &().20

Pb 42 100 — — 1.12*0.12

Se 4 50 — 50 0.60*0.11
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Table C-11, Summary of HSE9 Quality Assurance Tests for 1988
(Stable Element Analyses in Biological Materials)

Number of <2u 2-30 >3tJ HSE-9
Analysis Teats (%) (%) (%) Ratio * Std Dev

Al 6 100 — — 0.95 * 0.05
As 2 100 — — 1.1O* O.O4
Ca 2 100 — — 0.90 * 0.02
cl 2 100 — — 0.89 + 0.04
Cs 6 100 — — 1.20 k 0.32
F 6 Im — — ().M * ().08

K 2 100 — — 1.59 * 0.14
Mg 2 100 — — 0.80
Mn 2 100 — — 1.02 * 0.02
Mo 8 88 13 — 0.49
Na 2 100 — — 0.45 * 0.15
s 5 100 — — ().~ * (),02

Si 99 79 2 19 1.12+0.27

u 21 95 5— 1.06+0.16
v 6 83 17 — 1,02*().19

w 8 75 25 — 0.69

Table C-12. Summary of HSE9 Quality Assurance Tests for 1988
(Stable Element Analyses on Filters)

Number of <ti 2-30 >3c$ HSE-9
Analysis Teats (%) (%) (%) Ratio ~ Std Dev

As
Ba
Be

Cd
Cr
Cu
Ga
Pb
Sb
Sc
Se
T1
u
Zn

10
3

89
35

2
2
4

53
2

13
4
2

30
35

1(XI
100
99
83

1(MI
100
100
88

1(KI
100
100
100
100
92

— — 0.94 * 0.09
— — 0.99 * 0.05
— 1 1.00*(,).13

9 9 1.09 * 0.43
— — 0.97
— — 1.00
— — 1.01 f 0.01
— 11 1.(36+().18
— — 1.03
— — 1.04 * 0.07
— — 0.98 k 0.22
— — 0.80
— — 0.97 * 0.07

9— 1.04*().11
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Table C-13. Summary of HSE9 Quality Assurance Tests for 1988
(Stable Element Analyaea m Bulk Materials)

Number of 4U 2-33 >30 HSE-9
Analysis Testa (%) (%) (%) Ratio ~ Std Dev

Ag 27 97 — 4 o.gg * ().1()

As 19 100 — — 1.15*0.12
Ba 17 100 — — ().99 * O.og

Cd 26 1(N — — 0.93 + 0.09
Cr 21 100 — — 1.00*0.14

Flash point 24 100 — — 1.00 * 0.01

Heatcapacity 7 100 — — 1.00 * ().02

Hg 33 88 9 3 1.07 + 0.48
Ni 6 100 — — 1.03 * 0.06
Pb 30 97 3— 1.00+0.14

Se 19 100 — — ().%5+().12

n 11 100 — — 1.04*0.17
Zn 7 100 — — 0.94 * 0.03
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Summary of HSE9 Quality Assurance Tests for 1988
(Organic Analyses in Water)

Number of <h 2-* >30 HSE-9
Analysis Tests (%) (%) (%) Ratio t Std Dev

Acenaphthene
Acetone
Alaehlor
Aldrin
Anthracene
Ardor 1242
Ardor 1254
Atrazine
1L-Benzanthracene
Benzene
Benzo(g,h,~perylene
Benz*a-pyrene
Benzc4-fluoranthene
Benz@k-fluoranthene
b&(2-Chloroethoxy)methane
bis(2-Chloroethyl)ether
bis(2-Chloroisopropyl)ether
bi.s(2-Ethylhexyl)phthalate
Bromodichloromethane
Bromoform
4-Bromophenylphenyl ether

tert-Butylbenzene
Butyhcmzyl phthalate
Carbon tetrachloride
Chlordane
4-Chlom3-methylphenol
Chlorobenzene

Chlorodibromomethane
Chloroform
2-Chloronaphthalene
o-Chlorophenol
p-chlorophenol
4-Chlorophenylphenyl ether

Chrysene
2,4-D
Di-n-butyl phthalate
Di-n-oetyl phthalate
Dibenzo(a,h)anthracene
lJ1-Dibrom@3-ehloropropane
lz-Dibromoethane
o-Dichlorobenzene (1,2)
m-Dichlorobenzene (1,3)
p-Dichlorobenzene (1,4)

5
1
2
1
4
5
1
2
2
9
4
4
4
2
2

5
4
4

14
11
4

1
3

12
2
8

15
10
22
4
6
1
4
4
7
2
1
4
1
1
3
3
7

60
100
l(x)
100
75
80

100
100
100

55
75
75
75

100
50
20
50
50
85
45

50
100
100
50
50
25
74

90
73
25
34
—

75

50
100
100
—

75
100
100
33
.

43

138

—

—

—

—

—

20
—
—
—

11
—
—
—
—

50
20
—
.
—

27
25
—
—

17
—

13
7

10
.

25
50
.
.

25
—
—
—
—
—
—

67
33
29

40
—
—
—

25
—
.
—
—

33
25
25
25
—
—

60
50
50
14
27
25
—
—

33
50
63
20
—

27
50
17

100
25
25
—
—

1(KI
25
—
—
—

67
29

0.($4* ().22

1.32
1.00

0.61
0.77 f 0.05
0.94 * 0.02
2.14
0.80
0.89
OOmfc).ll

1.1O* O.57
1.22 * 0.59
1.18 f0.50
0.82
0.73
0.55 * 0.38
0.98
4.95 k 2.63
0.91 * 0.07
1.01 * 0.31
0.56 k 0.05
1.38
1.43 * 0.36
0.79 * 0.13
1.58
0.70 * 0.63
0.96 k 0.37
1.07 A 0.25
0.89 t 0.06
().64 ~ 0.16

1.00* 0.90
—

0.88 * 0.07
1.40 * ().60

1.07 * 0.12
0.97

—

1.08 * 0.42
—
—

1.39 * 0.86
1.18* 1.21
0.34 * 0.06
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Table C-14 (Cent)

Number of <2u %3U >% HSE-9
Analysis Tests (%) (%) (%) Ratio * Std Dev

l$Dichloroethane
1,1-Dlchloroethene
trans- 1,2-Diehloroethylene
cis- 1z-Dichloroerhylene
2,4-Dichlorophenol
Diethyl phthalate
Dimethyl phthalate
2,4-Dlmethylphenol
2,4-Dinitnmoluene
2,6-Dinitrotoluene
1,4-Dioxane
Endrin
Ethylbenzene
Fluoranthene
Fhmrene
Heptaehlor
Heptaehlor epoxide
Hexaehlorobenzene
Hexaehlorobutadiene
Hexachloroethane
Isophorone
Lindane
Merhoxychlor
4-Me4hyl-2-pentanone
2-Me4hyl-4,6-dinitrophenol
Methylene chloride
2-Methylnaphthalene

Naphthalene
Nitrobenzene
o-Nitrophenol
p-Nitrophenol
N-Nitrosodi-n-propylamine
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
PentaehlorophenoI
Phenanthrene
Phenol

Silvex
1,1z,2-Te@aehloroethane
Tetnehloroethylene
Toluene
Toxaphene

10
1
1
1
3
2
4
4
4

3
1
3

18
4

4
2
2
2
2
4
2

8
6

15
2
1
2
4
4
8
4
2
1
2

13
2
7
2
7
1
5

20
2

60
—
—

66
100
50
25
25

100
100
67
78
50
75

100
100
100
50
—

50
lCKI
88
66

100
100
—

75
50
63
75
50

100
—

84
50
—

100
100
—

60
75

100

139

—

.

.

—

—

—

25
—

25
—
—

33
—
—
—
—
—
—

50
25
—
—
—

7
—
—
—

.

25
—
—
—
—
—
—

50
29
—
—
—
—

10
—

40
100
100
100
33
—

25
75
50
—
—
—

22
50
25
—
—
—
—

75
50
—

17
27
—
—

100
25
25
38
25
50
—

100
15
—

71
—
—

lm
40
15
—

1.22 * 0.40
—
—
—

2.03 + 1.93
0.63
0.70 t 0.08
1.71 * 1.86
0.70 * 0.13
0.74 * 0.05

—

1.02 t 0.19
0.9Z$+0.11

0.72 f 0.17
0.83 t 0.04
1.31
0.46
1.01
0.48
0.33 * 0.08
0.69
1.17*0.71
1.28 * 0.58
0.93 t 0.14
0.53

—

0.35
0.56 + 0.16
0.55 to. 12
1.74 * 2.25
0.50 * 0.44
1.87

—
—

0.87 * 0.26
0.80
0.61 * 0.69
0.98
0.91 i 0.06
0.44
().88 * ().03

0.92 * 0.29
—
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Table C-14 (Cent)

Number of <M 2-30 >% HSE-9
Analysis Tests (%) (%) (%) Ratio i Std Dev

1J,4-Trichloro&mzene 5 60 20 20 0.58 * 0.26
1,1,1-Trichloroelhane 9 55 33 11 0.94 + 0.25
1,1,2-Triehloroethane 1 . — 100 —
Trichloroethylene 4 — 25 75 1.14 + 0.67
2,4,6-Triehlorophenol 4 50 25 25 0.97 * 0,71
o-Xylene 7 57 14 29 0.98 k 0.35
p-Xylene 1 — . 100 .

Table C-15. Summary of HSE9 Quality Assurance Tests for 1988
(Organic Analyses in Silicates)

Number of <2u 2-* >3(3 HSE-9
Analysia Tests (%) (%) (%) Ratio * Std Dev

AcenapMhene
Aroelor 1242
Aroclor 1260
Benzene
Chlorobenzene
Chloroform
o-Dichlorobenzene ~
1z-Dichloroethane
2,4-Dinitrotoluene
2-Hexanone
p-Nit.rophenol
o-Nitrophenol

1,2)

N-Nitrosodi-n-propykunine
Pentachlorophenol
Phenol
1,1z,2-Tetrachloroethane
Toluene
1z,4-Trichlorobenzene
Trichloroethylene
Vinyl acetate
m-Xylene
o-Xylene

1
31

1
10
5
1
1
1
1
2
1
1
1
2
1
1

10
1
1
1
2
3

1(XI
91

100

30
60
.

100
.

100
100
—
—

100
50

100
—

70
—
—

—

50
33

140

—

6
—

10
40
—
—

100
—
—
—
—
—
—
—
—
—

100
100
—
—
—

— 1.22
3 0.91 *0.19

— 0.78
60 0.48 * 0.38
— 0.76 f 0.27

100 0.35
— 3.20
— 0.59
— 1.25
— 1.38

100 1.79
100 0.29
— 1.07
50 2.56
— 1.04

100 0.26
30 0.68 t 0.34
— 0.61
— 0.56

100 0.10
.

0.49 f 0.08
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Table C-16. Summary of HSE9 Quality Assurance Tests for 1988
(Organ~ Analyses ~ Bulk Materials)

Number of <2u 2-3s >* HSE-9
Analysis Teats (%) (%) (%) Ratio + Std Dev

3
1

32
1
1

18
1
3
2
1
5
1
2

100
100
100
100
100
94

100
1(XI
100

— — 0.97 t 0.02
— . 1.05
— — 0.93 * 0.12
— — .

Mixed aroclor
Aroclor 1242
Aroclor 1254
Aroclor 1260
koclor 1260
Chlorobenzene
Chloroform
n-Decane
o-Dichlorobenz.ene (1,2)
Hexane
2-Hexanone
Toluene

— — —

6— 0.85 &0.12
— — 1.02
— — ().94 * ().10
— — 1.07
— 100 0.56
20 — 1.07 * 0.31
— — 0.94
— — 1.22

—

80
100
100

Table C-17. Summary of HSE9 Quality Assurance Teats for 1988
(Radiochemical Analyses in Water)

Number of C2U 2-M >M HSE-9
Analysis Tests (%) (%) (%) Ratio + Std Dev

Alpha
241~

Beta
57C0

6%0
134c~

137CS

Gamma
3H

54~

22Na

238~

23%

2-

]06RU

%r
234U

235u

235u/ 238u

652
84

650
66
79
81

126
55

270
65
63
62
74
31
10
16
35
31

285

99
l(x)
1(MI
100
97

l(x)
99
98
98

100
100
98
93

100
70
63

100
100
100

— — 1.01 * 0.10
0.95 * 0.05
0.99 * 0.06
1.11*0.11
1.21 &0.93
0.93 * 0.39
1.11*0.42
1.08 * 0.12
0.98 * 0.10
1.11*0.05
1.02* 0.07
1.01 *0.15
0.99 to. 12
0.9810.05
0.46 k 0.55
0.86 *o. 10
().9 * 0.10

0.95 * 0.24
0.99 * 0.08

— —

— —

— —

4—

— —

1
2
2

—

—

—

— —

— —

2
5

.

1
— —

10 20

316
— —

— —

— —
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Summary of HSE9 Quality Assurance Tests for 1988
(Radiochemical Analyses on Filters)

Number of <M 2-3a >3U HSE-9
Analyaia Tests (%) (%) (%) Ratio t Std Dev

Alpha
241~

7*

Beta
57C0

%0
134c~

137c~

54~

238~

23%

‘Sr

37
14
2

36
2
2
2
7
2
4

14
2

100
83

100
100
100
100
100
100
l(x)
100
79
—

—

7
—

—

—

—

—

—

—

—

7
50

—

—

—

—

.

—

—

—

.

—

14
50

0.90 * 0.04
().92 *f).12

0.95
0.92 * 0.04
1.14
1.32
1.08
1.00* ().()7

1.01
().g$l* 0.04

1.01 * 0.34
0.53

Table C-19. Summary of HSE9 Quality Assurance Teata for 1988
(Radiochemical Analysea in Biological Materials)

Number of C2U 2-30 >3U HSE-9

Analysis Tests (%) (%) (%) Ratio + Std Dev

241~ 6 84 17 — ().915*0.13
137c~ 34 86 12 3 0.94 * ().24)
1311 6 1(K) — — 0.93 t 0.15
238~ 18 89 11 — ().~ A ().08
23% 23 87 9 4 1.02 * 0.17

2~a 1 100 — — 0.97

Wr 6 17 17 67 0.70 * 0.18
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Summary of HSE9 Quality Assurance Teats for 1988Table C-20.
(Radiochemical Analyses in Silicates)

Number of <2u 2-* >30 HSE-9
Analysis Teats (%) (%) (%) Ratio * Std Dev

241~

%0
137CS

9
3

45
50

5
26
35

5
5
2

89
100
100
100
40
%
83

100
40

100

11 — 1.94*2.18
0.99 t 0.24
0.93 * 0.11
1.04 * ().()2

8.39 k 6.08
0.89 * 0.20
0.88 * 0.29
1.02* 0.05
0.86 k 0.48
1.02

>%
(%)

—

—

—

—

Gamma
%
238~

23%

226~

‘Sr
235u/ 238u

— —

60
4

11

—

—

6
— —

40 20
— —

Table C-21. Overall Summary of HSE-9
Quality Assurance Teats for 1988

Number of <26 2-3s
Analysis Tests (%) (%)

Stable Ekwnents
Biological materials
Filters
Bulk materials
Sludge
Silicate materials
Water

RadlochemicalElements
Water
Filters
Biological materials
Silicate materials

OrganicCompounds
Water
Silicate materials
Bulk materials

129
284
247
129

4253

5248

85
94.5
97.6
%.8
93.8
98.0

4
2.2
1.6
1.6
3.6
1.0

11

3.5
0.8
1.6
2.6
1.0

2735
124
94

185

99.0
95.2
85
92.4

0.4
2.4

11
2.8

0.6
2.4
4
4.8

63
66
95.7

27
24

1.4

437
79
71

10
10
2.9
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Table C-22. Detection Limits for Analyses of Typical Environmental Samples

Detection
Approximate Sample Count IJrnit

Parameter Volume or Weight Time Concentration

Air Sample
‘llitiurn
238~

239z~
241~

Gross alpha

Gross beta

Uranium (delayed neutron)

Water Sampk+
Tritium
137c~
238%
2392%
241~

Gross dpb
Gross beta
Uranium (delayed neutron)

Soil Sample
Tritium
137CS
23S~
2392*
241~

Grow dpkl
Gross beta
Uranium (delayed neutron)

3 ~3

2.0 x lC$ m3
2.0 x 1(+ m3
2.0 x 1($ m3
6.5 x lC? m3
6.5 x l@ m3
2.0 x 1($ m3

0.005 L
0.5 L
0.5 L
0.5 L
0.5 L
0.9 L
0.9 L
0.025 L

1 kg
100 g

10 g
10 g
10 g
2g
2g
2g

50 min
8X104S
8X104S
8X104S

100 min
100 min
60s

50 min
5X104S
8X104S
8xl@s
8xl@s

100 min
100 min
50 s

50 min
5X104S
8X104S
8x1($s
8X104S

100 min
100 min
20 s

1 x 10_1° pCi/m3
2 x l@8 pCi/m3
3 x 10_18pCi/m3
2 x 10_lg pCi/m3
4 x 10_16~Ci/m3

4 x l(TIG @/m3

1 pg/m3

7 x 10_7 pCi/mL
4 x 10_s pCi/mL
9 x 10_12pCi/mL
3 x 10_ll pCi/mL
2 x 10_1°pCi/mL
3 x 10-9 pci/mL
3 x 10-9 pci/mL
1 pg/L

o.m3 pwg
0.1 pwg
0.003 pwg
0.002 Pa/g
~1 pcvg

Pcifg
1:3 pcifg
0.03 @g
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APPENDIX D

METHODS FOR DOSE CALCULATIONS

A. Introduction

Annual radiationdoses are evaluated for three prin-
cipal exposure pathways inhalation, ingestion, and
external exposure (which includes exposure from im-
mersion in air containing photon-emitting radionuelides
and direct and scattered penetrating radiation). Esti-
mates are made of the following exposunx

1.

2.

3.

4,

maximum boundary organ doses and effective
dose equivalents to a hypothetical individual at
the laboratory boundary where the highest dose
rate occurs. It assumes the individual is out-
doors at the Laboratory boundary continuously
(24 h/&y, 365 day/J@.

maximum individual organ doses and effective
dose equivalents to an individual at or outside
the Laboratory boundary where the highest
dose rate occurs and a person actually is pres-
ent. It takes into account occupancy (the liac-
tion of time that a person actually occupies
that beation), shielding by buildings, and self-
shielding.

average organ doses and effective dose equiva-
lents to nearby residents.

colledve effective dose equivalent for the
population living within an 80-km (50-mi) ra-
dius of the Laboratory.

Results of environmental measurements are used as

much as possible in assessing doses to individual mem-
bers of the public. Calculations based on these mea-
surements follow procedures recommended by federal
agencies to determine radiation doses.Dl *D2

If the impwt of Laboratory operations is not de-
tectable by environmental measurements, individual
and population doses attributable to Laboratory activi-
ties are estimated through modeling of releases.

Dose eonversion factors used for inhalation and in-

gestion calculations are given in Table D-1. These dose
conversion factors are taken from the DOED3 and are
based on factors in Publication 30 of the International
Commission on Radiological Protection (ICRP).M

L 151

The dose conversion faetom for inhalation assume a
l-pm-activity median aerodynamic diameter, as well as
the lung volubility category that will maximize the ef-
fective dose equivalent (for comparison with DOE’s
100 mrem/yr Radiation Protection Standard ~PS]) if
more than one category is given. Similarly, the inges-
tion dose conversion factors are chosen to maximize the
effeetive dose if more than one gastrointestinal tract up-
take is given (for comparison with DOE’s 100 mrendyr
RPS for all pathways).

These dose conversion factors calculate the 50-yr
dose commitment for internal exposure. The 50-yr
dose commitment is the total dose reeeived by an organ
during the 50-yr period following the intake of a radio-
nuclide that is attributable to that intake.

External doses are calculated using the dose-rate
cxmversion factors, also published by DOE.D5 These
factors, which are given in Table D-2 (Ref. D@, give
the photon dose rate in millirem per year per unit radio-
nuclide air concentration in microcuries per milliliter.
The factors are used in the calculation of the population

effeetive dose equivalent from external radiation for the
80-km (50-mi) area.

B. Inhalation Dose

Annual average air concentrations of 3H, total U,
238Pu, 23$’~w, and 241Am, determined by the Lab-

oratory’s air monitoring network, are corrected for
background by subtracting the average concentrations
measured at regional stations. These net concentrations

are then multiplied by a standard breathing rate of
8400 m3/yr (Ref. D7) to determine total annual intake
via inhalation, in microcuries per year, for each radio-
nuclide. Each intake is multiplied by appropriate dose
eonversion factors to convert radionuclide intake into
50-yr dose commitments. Following ICRP methods,

doses are calculated for all organs that contribute over
10% of the total effeetive dose equivalent for each ra-
dionuelide (see Appendix A for definition of effective
dose equivalent).



Table D-1. Dose Conversion Factors (rern/UCiIntake) for Calculating Internal Doses

Inhahztion
Target Organ

soft Bone Red Effective
Radionuclide Tissue Lung Surface Marrow Liver Gonads Dose

3H 6.3 x 10_5 6.3 x 10_5 6.3 X l~s 6.3 X 10_5 6.3 x 10_5 6.3 X 10_5 6.3 X 10_5
234u 1.1 x 103 1.3 x 102
235u 1.OX 103 1.2X 102
238u 1.0 x 103 1.2X102
238fi 8.1 X 1($ 6.7 X ld 1.8xl@ 1.OX 102 4.6 X l@
239~~ 9.3 x 103 7.4 x 102 2.0 x 103 1.2X102 5.1 x 102
241~ 9.3 xl@ 7.4 x 102 2.0 x 103 1.2X 102 5.2 X K?

P-

m
N

Ingestion
Bone Red

Radionuclide Surface Marrow Liver Gonads Kidney Lungs Breast Thyroid

3H

7&

%r
137c~

234u
235u

238u

238~

239Z~

241~

6.3 X 1(T5 6.3 X 10_5 6.3 X 10_5 6.3 X 10_5 6.3 X 10_5 6.3 X 10_5 6.3 X 1W5 6.3 X 10_5
4.4 x 10-5 2.1 x 10-4

1.6 7.0 x 10+
4.8 X 1W2 4.8 X 10_2 5.2 X 10-2 4.8 X 10_2 4.4 x 10+ 4.8 X 10_2
4.1 2.7 X 10_l 1.7
3.7 2.5 X lW1 1.6
3.7 2.5 X 10_l 1.5

67 5.6 15 8.5 X 10_l
78 5.9 16 9.6 X lT1
81 6.3 17 1.0



Table D-1 (Cent)

Target Organ

Lower Small Upper
soft Large Intestine Intestine Large Intestine Effective

Radionuclide Tissue Wall Wall wall Remainder

3H 6.3 X 10_5 6.3 X 10_5 6.3 X 1W5 6.3 X 10_5 6.3 X 10_5 6.3 X I@s
7& 4.4 x 10-4 2.0 x 10-4 2.7 X 10+ 1.1 x 10-4
~r 1.3 x 10-1
137(-3 5.2 X 10_2 5.2 X 10_2 5.2 X 10_2 5.6 X 10_2 5.0 x 10-2
234U 2.6 Xl@
235u 2.0 x 10-1 2.5 X I&l

Table D-2. Dose Conversion Factors ([mrem/yrl/[pCi/m3])
for Calculating External Doses

Red Bone Effective
Radionuclidea Breast Lung Marrow Surface Testes Thvroid Ovaries Dme

1%
11(’J 5540 4450 4560 5210 5980 4520 3980 5110
13N 5540 4450 4560 5210 5980 4520 3980 5110
16N 31500 25300 27400 26900 33800 30600 22200 29300
140
150 5550 4460 4560 5210 5980 5540 3990 5120
41~ 6950 5890 5940 6290 7740 7340 5290 6630

‘Dose conversion factors for 1lC, 13N, 1%, 150, and 41Ar were taken from Ref. D5.
Dose conversion factors for *W and 140 were not given in Ref. D5 and were calculated
with the computer program DOSFACTER II (Ref. D6).
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The dose calculated for inhalation of 3H is increased
by 50% to iwount for absorption through the skin.

This pmeedure for dose calculation conservatively

assumes that a hypothetical individual is exposed to the
measured air concentration continuously thmmghout the
entire year (8760 h). This assumption ia made for the
boundary dose, dose to the maximum exposed individ-
ual, and dose to the population living within 80 km
(50 mi) of the site.

Organ doses and effective dose equivalent are de-
termined at all sampling sites for each radionuclide. A
fti cakulation estimates the total inhalation organ
doses and effeztive dose quivalent by summing over
all radionuclidcs.

C. Ingestion Dose

Results from foodstuff sampling (Sm. VII) are used
to calculate organ doses and effective dose equivalents
from ingestion for individual members of the public.
The procedure is similar to that used in the previous
seetion. Corrcd.ions for baekgmund are made by sub-
tracting the average concentrations from 8ampling sta-
tions not affected by Laboratory operations. The radio
nuclide concentration in a particular foodstuff is muh.i-
plied by the annual consumption rateD2 to obtain total
annual intake of that radionuclide. Mult.iplieation of
the annual intake by the radionuclide’s ingestion dose
conversion factor for a particular organ gives the esti-
mated dose to the organ. Similarly, effective dose
equivalent is calculated using the effcd.ive dose equiv-
alent conversion factor (Table D-l).

Doses are evaluated for ingestion of 3H, 137CS,total
uranium, 238~, ~ 2392% h frui~ and vegetables;
3H 7Be, 22Na, fi~, 57(3, 83Rb, 134CS, 137CS, ~d @

tal’uranium in honey; and ‘Sr, 137CS,total uranium,
238~, @ 239~~ in f~h.

D. External Radiation

Environmentalthermoluminescentdosimeter (TLD)
meawrements are u8ed to estimate external radiation
doses.

Nuclear reactions with air in the targetareas at the
Los Alamos Meson Physics Facility (LAMPF, TA-53)
cause the formation of air activation products, prin-

cipally ‘ lC, ‘3N, 140, and 150. These isotopes are all
positron emitters and have 20.4-min, l~min, 71-s, and
122-s half-lives, respectively. Neutron reactions with

air at the Omega West Reactor (T’A-2) and LAMPF
also form 41Ar, which has a 1.8-h half-life.

The radioisotopes 1lC, 13N, 140, and 150 are
sources of photon radiation beeause of formation of two
0.51 l-MeV photons through positron-electron an-
nihilation. The 140 emits a 2.3-MeV gamma with 9970

yield. The 41Ar emits a 1.29-MeV gamma with 99%
yield.

The TLD measurements are corrcctd for back-
ground to determine the contribution to the external ra-
diation field from Laboratory operations. Background
estimates at each site, based on historical data, consid-
eration of possible nonbackground contributions, and, if
possible, values measured at locations of similar geol-
ogy and topography, are then subtracted from each
meaaurd value. This net dose is aaaumed to represent
the dose from Laboratory activities that an individual
would nxeive if he or she were to spend 100% of his
orher time during an entire year at the monitoring
location.

lle individual dose is estimated from these mea-
swementa by taking into account occupancy and
shielding. At off-site locations where residences are
present, an occupancy factor of 1.0 was used.

Two types of shielding arc eonsideml: shielding by

buildings and self-shielding. Each shielding type is es-
timated to reduce the external radiation dose bv
3094*DW9

Boundary and maximum individual doses from 41Ar
releases from the Omega West Reactor are estimated
using a standard Gaussian dispersion model and mea-
sured stack releases (from Table G-2). Proccdurea used
in making the calculations are deseribed in the follow-
ing section.

Neutron doses from the critic-alassemblies at TA-18
were based on 1988 mcawrements. Neutron fields
were monitored principally with TLDs placed in
cadmium-hooded 23-cm (9-in.) polyethylene spheres.

At on-site locations at which above-background
doses were measured, but at which public access is lim-
ited, doses based on a mowrealistic estimate of expo
sure time are also pmented. Assumptions used in
thwe estimates are in the text.
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E. PopukltiOIl-

Calculation of collective effective dose equivalent
estimates (in person-rem) are based on measured data
to the extent possible. For background radiation, av-
erage measmed background doses for Los Alamos,
White Rink, and regional stations are multiplied by the
appropriate population number. Tritium average doses
are calculated from average measured concentrations in
Los Alamos and White Rock above background (as

measured by the regional stations).
These doses are multiplied by population data in-

corporating results of the 1980 census (See. ILE). The
population data have been modifkd (increased from
155077 in 1980 to 202616 persons in 1988 within
80 km [50 mi] of the bound.imy)to account for popula-
tion changes between 1980 and 1988. These changes
are extrapolated from an estimate of the 1987 New
Mexicm population, by county, that was made by the
U.S. Bureau of the Census.Dlo

Radionuclides emitted by LAMPF and, to a lesser

extent, by the Omega West Reactor, contribute over
95% of the population dose.

For 41Ar, 1*C, 13N, 140, and 150, atmospheric dis-
persion models are used to calculate an average dose to
individuals living in the area in question. The air
concentration of the isotope &[r,O]) at location (r,O),
due to its emission from a particular source, is found

using the annual average meteorological dispersion CCP
efficient ~[r,O]/Q) (based on Gaussian plume disper-
sion modelsDl 1) and the source term Q. Source terms,
obtained by stack measurements, are given in
Table G-2.

l%e dispersion factors were calculated from 1988
meteorological data collected near LAMPF during the
actual time periods when radionuclides were being re-
leased from the stacks. Dispersion coefficients used to

ealcuhte the flQ’s were determined from meas-
urements of the standard deviations of wind direc-
tion.D12 The ~Q includes the reduction of the source

term due to radioactive deeay.
The gamma dose rate in a semi-infmite cloud at

time t, y.(r,e$), can be represented by the equation

y=(r,e$) = (DCF) ~(r,eJ) ,

where

ym(r,e~) = gamma dose rate (in mrem/yr) at
time t, at distance r, and angle (3;

DCF = dose rate eonversion factor from
the DOED5 and

~(r,e$) = plume ecmcxxm-ation(in pCi/mL).

The annual dose is multiplied by the appropriate
population figure to give the estimatal population dose.
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APPENDIX E

UNITS OF MEASUREMENT

Throughout this report the International System of querel (Bq), coulomb per kilogram (C/kg), gray (Gy),
Units (SI) or metric system of measurements ha8 been and sievert (Sv), respectively. Table E-1 presents
us@ with some exceptions. For units of radiation prefmes used in thi8 report to define fractions or
activity, exposure, and dose, U.S. Customary Units multiples of the base units of measurements. Table E-2
(that is, curie [Ci], roentgen R], ra~ and rem) are presents conversion factors for converting from S1 units
retained beeau8e current standards are written in terms to U.S. Customary Units.
of these unit8. The equivalent S1 units are the bec

Table E-1. Prefmes Used with S1 (Metric) Units

Prefix Factor Svmbd

mega
kilo
Ccnti
mini
micro
nano
pico

atto

1000 OOOorl@
1000orl@
0.01 or 10_2
0.001 or 10_3
o.ml or lb
0.000WOOO1or 10+
o.~1 W 10-12
O.~1 or 10_15
O.~1 or 10_18

M
k
c
m

n

P
f
a

Table E-2. Approximate Conversion Factors for Selected S1 (Metric) Units

To Obtain
Multiply S1 (Metric) Unit By U.S. Customary Unit

Celsiu8 ~C)
Centimeters (cm)
Cubic meters (m3)
Hectares (ha)
Grams (g)
Kilograms (kg)
Kilometers (km)
Liters (L)
Meters (m)
Micrograms per gram @g/g)
Milligrams per liter (m@)
Square kilometers (km2)

9/5 +32
0.39

35
2.5
0.035
2.2
0.62
0.26
3.3
1
1
0.39

Fahrenheit (“F)
Inches (in.)
cubic feet (fts)
Acres
ounces (Oz)
Pounds (lb)
Miles (mi)
Gallons (gal.)
Feet (ft)
Parts per million (ppm)
Parts per million (pPm).
Square miles (mi2)
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APPENDIX F

DESCRIPTIONS OF TECHNICAL AREAS AND
THEIR ASSOCIATED PROGRAMS

Locations of the 32 active technical areas (TAs) op-
erated by the Laboratory are shown in Fig. 4. The main
programs conducted at each are listed in this appendix.

TA-2, Omega Sittx Omega West Reactor, an 8-
MW nuclear researeh reaetor, is located here. It serves
as a researeh tool in providing a source of neutrons for
fundamental studies in nuclear physics and associated
fields.

TA-3, South Mesa Site In this main technical area
of the Labomtory is the Administration Building that
contains the Director’s office and adminkative offices
and laboratories for several divisions. Other buildings
house the central computing facility, administration

offices, materials departrnen~ the seienee museum,
chemishy and materials science laboratories, physics
laboratories, technical shops, cryogenics laboratories, a
Van de Graaff aeeelerator, and the cafeteria.

TA-6, Two-Mile Mesa Site This is one of three
sites (TA-22 and TA-40 are the other two) used in
development of special detonators for initiation of high-
explosive systems. Fundamental and applied researeh

in support of this activity includes investigation of phe-
nomena associated with initiation of high explosives

and researeh in rapid shock-induced xeaetions with

shock tubes.

TA-8, GT Site (or Anchor Site West): This is a
nondestructivetesting site operated as a service facility
for the entire Laboratory. It maintains capability in all
modem nondestructive testing techniques for ensuring

quality of material, ranging from test weapon compo-
nents to checking of high-pressure dies and molds.
Principal tools include radiographic techniques (x-ray

machines to 1000000 V, a 24-MeV
dioactive-isotope techniques, ultrasonic
testing, and electromagnetic methods.

\

betatron), ra-
and penetrant

TA-9, Anchor Site East: At this site, fabrication
feasibility and physical properties of explosives are ex-
plored. New organic compounds are investigated for
possible use as explosives. Storage and stability prob-
lems are also studied.

TA-11, K-Site: Facilities are located here for test-
ing explosive components and systems under a variety
of extreme physical environments. The facilities are
arrangedso testing may be controlled and observed re-
motely and so that deviees containing explosives or ra-
dioactive materials, as well as those ecmtainingnonhaz-
ardousmaterials, may be tested.

TA-14, Q-Site: This fting site is used for running
various tests on relatively small explosive charges and
for fragment impact tests.

TA-15, R-Site: This is the home of PHERMEX-a
multiple-cavity electron accelerator capable of pro-
ducing a very large flux of x rays for certain weapons
development problems and tests. This site is also used
for the investigation of weapon functioning and weapon

system behavior in nonnuclear tests, principally by
electronic reeording means.

TA-16, S-Site: Investigations at this site include
development, engineering design, pilot manufacture,
environmental testing, and stockpile production liaison
for nuclear weapon warhead systems. Development
and testing of high explosives, plastics and adhesives,
and process development for manufacture of items us-
ing these and other materials are accomplished in ex-

temive facilities.

TA-18, Pajarito Laboratory Site: The funda-
mental behavior of nuclear chain reaetions with simple,
low-powcx reactors called critical assemblies is studied
here. Experiments are operated by remote control and

I-J,
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observed by closed-eireuit television. The machines
arc housed in buildings known as kivas and are used
primarily to provide a controlled means of assembling a

critical amount of fissionable materials. This is done to
study the effects of various shapes, sizes, and
configurations. These machines are also used as
asouree of fission neutrons in large quantities for
experimental purposes.

TA-21, DP-Site: This site has two pimary rc-
seareh areas, DP-West and DP-East. DP-West is eon-
cermxi with chemistry rcsearek DP-East is the high-
temperaturechemistry and tritiumsite.

TA-22 TD Site: See TA-6.

TA-~ Magazine Area “A”: This area is one of
two explosives storage areas.

TA-33, HP-Site: A major high-pressure tritium

handling facility is located here. Laboratory and offke
space for Geoseienees Division related to the Hot Dry
Reek Geothermal Projeet are also here.

TA-35, Ten Site: Nuclear safeguards researeh and
developmen~ which are eondueted here, are eoneerned
with techniques for nondestructive detection, identifi-

cation, and analysis of fissionable isotopes. Rcseareh
in reactor safety@ laser fusion is also done here.

TA-36, Kappa Site: Various explosive phenom-
ena, such as detonation veloeity, are investigated here.

TA-37, Magazine Area “C”: See TA-28.

TA-39, Ancho Canyon Site: Nonnuclear weapon
behavior is studied hem, primarily by photographic
techniques. Investigations are also made into various
phenomenological aspects of explosives, interactionsof
explosives, and explosions with other materials.

TA-40, DF-Site: See TA-6.

TA-41, W-Site Personnel in this site are engaged
primarily in engineering design and development of
nuclear components, including fabrications and eval-
uation of test materials for weapons.

TA-43, Health Research Laboratory: The
Biomedical Researeh Group does research here in cel-
lular radiobiology, biophysics, mammalian radiobi-
ology, and mammalian metabolism. A large medical
librmy, special counters usd to measure radioactivity
in humans and animals, and animal quarters for dogs,
mice, and monkeys are also h)eatcd in this building.

TA-44, WA-Site: Applied photoehemistry, which
includes development of technology for laser-isotcyw
sepamtion and laser-enhancement of chemical
processes, is investigated here. Solar energy rc,scarch,
particularly in the area of passive solar heating for res-
idences, is done at this site.

TA-48, Radiochemistry Site: Laboratory scien-
tists and technicians at this site study nuclear properties
of radioactive materials by using analytical and
physical chemistry. Measurements of radioactive
substances are made and “hot cells” are used for remote
handling of radioactive materials.

TA-50, Waste Management Site: Personnel at
this site have responsibility for treating and disposing
of most industrial liquid waste received from
Laboratory tcehnieal areas, for development of
improved methods of solid-waste freatment, and for

containment of radioactivity removed by treatment.
Radioactive liquid waste is piped to this site for
treatment from most technical areas.

TA-51, Animal Exposure Facility: Here, animals
are exposed to nonradioactive toxic materials to deter-
mine biological effects of high and low exposures.

TA-52, Reactor Development Site: A wide vari-
ety of activities related to nuclear reaetor performance
and safety is done here.

TA-53, Meson Physics Facility: The Los Alamos
Meson Physics Facility (LAMPF), a linear particle ac-
celerator, is used to conduct research in the areas of ba-
sic physics, cancer treatment, materials studies, and
isotope production. The Los Alamos Neutron Seattcr-
ing Center (LANSCE) and the Proton Storage Ring
(PSR) are also located on this site.
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TA-~ Waste Dwpoaal Site: This is a dispsal
am for solid radioactive and toxic wastes.

TA-55, Plutonium Proceaaing Facilities: Flw
ceasing of plutonium and nxxrch in plutonium metal-
lurgy are done here.

TA-S7, Fenton Hill Site This is the location of the
Laboratory’sHot Dry Reek geothermal project. Here,
scientists are studying the possibility of producing en-
ergy by circulating water through ho~ &y mck located

hundreds of meters below the earth’s surface. lle
water is heated and then brought to the surface to drive

electric generators.

TA-S8, Two-~Ik Mesa: This site is an
undeveloped technical area

TA-59, Occupational Health Site: Occupwional
health and envimnmemal science dvities are c.on-

dUCtd here.
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APPENDIX G

ENVIRONMENTAL DATA TABLES
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Tabte G-1. Estimated Maximum Individual 50-yr Dose Commitments
from 1988 Airborne Radioactivitya

Estimated Percentage of
Critical Dose Radiation Protection

Isotope Organ Locationb (mrendyr) Standard

3H Whole body Royal Crest (station 11) 0.03 <0.1

11(=,13N, 140,150, 41A Whole body East Gate (station 6) 6.2 25

U, 238Pu,‘9~~, 241Am Bone surface East Gate (station 6) 0.22 0.3

‘Estimated maximum individual dose is the dose from Laboratoryoperations (excluding dose
contributions fkom cosmic, termstial, medical diagnostics, and other non-Laboratory sources)
to a hypothetical individual at or outside the Laboratory boundary where the highest dose rate
occurs and where a person actually resides. It takes into aeeount shielding and occupancy
fxtors.

bSee Fig. 8 for station locations.
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Table G-3. Thermoluminescent Dosimeter Measurements

Annuala
Measurement Dose

Station Location Coordinates (mrem)

Uncontrolled Areas
Regional Stations (2844 km)

1. Espafiola
2. Pojoaque
3. Santa Fe
4. Fenton Hill

Perimeter Stations (04 km)
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.

Barranca School
Arkansas Avenue
Cwnbres School
48rh Street
Los Alarnos Airport
Bayo Canyon
Exxon Station
Royal Crest Trailer Court
White Rock
Pajarito Acres
Brmdelier Lookout Station
Pajarito ski Area

Controlled Areas
On-Site Stations

17. TA-21 (DP West)
18. TA-6 (Two-Mile Mesa)
19. TA-53 (LAMPF)
20. Well PM-1
21. TA-16 (S-Site)
22. Booster P-2
23. TA-54 (Area G)
24. State Hwy 4
25. Frijoles Mesa
26. TA-2 (Omega Stack)
27. TA-2 (Omega Canyon)
28. TA-18 (PajaritoSite)
29. TA-35 (Ten Site A)
30. TA-35 (Ten Site B)
31. TA-59 (Occupational HealthLab)
32. TA-3 (Van de Graaff)
33. TA-3 (GuardStation)
34. TA-3 (Alarm Building)
35. TA-3 (GuardBuilding)
36. TA-3 (Shop)
37. Pistol Range
38. TA-55 (Plutonium Facility South)
39. TA-55 (PlutoniumFacility West)
40. TA-55 (PlutoniumFacility North)

‘Measurement (95% confidence increments).

—
—
—
—

N180 E130
N170 E030
N150 E090
N110 WO1O
N11O E170
N120 E250
N090 E120
N080 E080
S080 E420
S21O E380
S280 E200
N150 W200

N095 E140
N025 E030
N070 E090
N030 E305
S035 W025
S030 E220
S080 E290
N070 E350
S165 E085
N075 E120
N085 E121O
S040
N040
N040
N050
N050
N050
N050
N050
N050
N040
N040
N040
N040

E205
E105
E11O
E040
E020
E020
E020
E020
E020
E240
E240
E080
E080

79 (5)a
99 (5)
99 (6)

143 (3)

106 (5)
91 (5)

117(5)
118 (5)
97 (5)

136 (5)
137 (5)
140 (5)
125 (5)
93 (5)

109 (5)
133 (5)

117(5)
101 (5)
113(5)
129 (6)
119 (5)
112(5)
106 (5)
176 (5)
113 (5)
128 (5)
206 (6)
188 (6)
133 (5)
135 (5)
129 (5)
160 (6)
137 (5)
211 (6)
121 (5)
123 (5)
121 (5)
120 (5)
139 (5)
126 (6)
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Table G-4. Location of Air Sampling Stations

Latitude Longitude
or North-South or East-West

Station Coordinate Coordinate

Regional (2844 km)
1. Espatlola
2. Pojoaque
3. Santa Fe

Perimeter(U km)
4. Barranca School
5. Arkansas Avenue
6. East Gate
7. 48rh Street
8. hS -0S Airport

10. Exxon Station
11. Royal Crest Trailer Park
12. White Rock
13. Pajarito Acres
14. Bandelier

On-Site
15. TA-21
16. TA-6
17. TA-53 (LAMPF)
18. Well PM-1
19. TA-52
20. TA-16
21. Booster P-2
22. TA-54
23. TA419
24. TA-33
25. TA-2
26. TA-16-450

36°00’
35°52’
35°40’

N180
N170
N090
N110
N11O
N090
N080
S080
S21O
S280

N(B5
N025
N070
N030
N020
S035
S030
S080
S165
S245
N082
S055

106°06’
106”02’
106°56’

E130
E030
E21O

Wolo
E170
E120
E080
E420
E380
E200

E140
E030
E090
E305
E155

W025
E1’80
E290
E085
E225
E11O

W070
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Table G-5. Average Background Concentrations of Radioactivity in the Atmosphere

Radioactive EPAa Laboratoryb Uncontrolled
Constituent Units 1986-1988 1988 Area Guidec

Gross beta 10_15gCi/mL 14* 21 9(XIO
3H 10_12pCi/mL Not reported 2.5 k 8.8 moooo
Uranium (natural) pg/m3 73* 35 159 k 67 100000
238~ 10_lg ~Ci/mL ().7 k ().6 0.7 * o.7d 30000
239~~ 10-18 pci/mL 0.6 * 0.3 0.8 * 0.8’ mooo
241~ 10-18 ~ci/mL Not reported 2.6 * l.@ 20000

‘Environmental Protection Agency, “Environmental Radiation Data,” Reports 45 (Ref. G 1)
through 53 (Ref. G2). Data are from the Santa Fe, New Mexico, sampling location and were
taken from January 1986 through March 1988.

bData are annual averages from the regional stations (Espaflola, Pojoaque, Santa Fe) and were
taken during calendar year 1987.

cSee Appendix A. These values are presented for comparison.

‘Minimum detectable limit is 2 x 10_18vCi/mL.

‘Minimum delectable limit is 3 x 10-18 pCi/mL.

Table G-6. Estimated Concentrations of Toxic Elements
Aerosolized by Dynamic Experiments

1988 Fraction
Total Usage Aerosolized Emissions

Element (kg) (%) (kg/yr)

Uranium 298 10 30
Beryllium 2.0 2 0.04

384 2 7.7
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Table G-7. Airborne Tritiated Water Concentrations for 1988

Concentrations (pCi/m3 [10-12 ~Ci/mL])

Total Air No. of No. of Mean as a
Volume Monthly Samples Percentage of

Station Locationa (m3) Samples <MDLb Maxc Mine Meanc Guided

RegionalSWhms (28-44 km), fJnconaroUedAreas
1. Espafiola 79.9 11 7 37.1 (3.7) -4.4 (1.3) 4.8 (12.3) <0.1
2. Pojoaque 92.8 12 10 25.1 (2.2) -5.8 (1.6) 2.0 (8. 1) d.1
3. Santa Fe %.5 12 8 14.2 (1.6) -5.8 (1.2j 1.0 ~5.4j <0.1

Group Summary 269.2 35 25 37.1 (3.7) -5.8 (1.2) 2.5 (8.8) <0.1

PerimeterStations ((L$ km), Uncontrolled Areas
4. Barranca School 119.0 12 8 10.0 (6.4) -3.6 (1.1) 2.4 (4.0) 4.1
5. Arkansas Avenue 120.5 12 10 3.3 (0.5) -1.3 (0.4) 0.6 (1.3) 4.1
6. Philomena’s 86.2 12 1 250.6 (20.9) 1.6 (1.2) 26.8 (70.6) cO.1
7. 48th Street 109.8 12 9 85.3 (11.2) -5.4 (1.6) 8.5 (24.5) <0.1
8. Los Akunos Airport 78.9 12 3 152.4 (15.8) 0.4 (1.3) 20.0 (42.8) <0.1

10. Exxon Station 104.1 12 5 25.7 (2,7) –1.5 (1.5) 5.0 (7.1) Co.1
11. Royal Crest

Trailer Park 88.1 12 3 272.7 (12.6) 0.0 (1.0) 36.0 (77.4) <0.1
12. White Rock %.6 12 6 18.3 (2.0) -1.0 (1.0) 4.3 (6.2) co. 1
13. Pajarito Acres 90.0 12 9 11.6 (1.8) -1.4 (1.4) 2.4 (3.9) cO.1
14. Bandelier 75.6 12 3 2!7.6 (1.4) -1.2 (1.2) 8.9 (8.3) cO.1

Group Summary 968.8 120 57 272.7 (12.6) -5.4 (1.6) 11.5 (37.2) <0.1

On-SiteStilions, Controlled Areas
15. TA-21 75.6 12 0 192.5 (20.6) 8.3 (1.1) 40.0 (57.5) 4.1
16. TA-6 107.0 12 9 79.6 (14.5) -3.2 (1.1) 9.4 (24.8) co. 1
17. TA-53 (LAMPF) 100.4 12 1 115.6 (23.1) 1.2 (0.5) 23.8 (40.7) <0.1
18. Well PM-1 81.1 12 4 22.2 (2,6) -10.4 (4.4) 7.2 (8.8) cO.1
19. TA-52 81.6 12 3 115.2 (10.5) 0.8 (0.6) 15.3 (31.9) CO.I
20. TA-16 126.0 12 8 26.7 (3.8) -3.3 (1.4) 3.9 (8.4) <0.1
21. Booster P-2 106.2 12 7 115.7(11.3) -2.5 (0.8) 12.5 (32.7) <0.1
22. TA-54 98.7 12 1 75.2 (8.4) 4.7 (0.8) 23.2 (19.4) <0.1
23. TA49 80.1 12 8 59.5 (6.0) -4.2 (1.4) 9.6 (20.1) <0.1
24. TA-33 72.0 12 0 234.9 (27.1) 11.4 (1.3) 57.8 (60.6) cO.1
25. TA-2 (Omega) 75.7 12 0 424.0 (8.6) 14.1 (1.7) 78.0 (1 14.2) 41
26. TA-16-450 79.1 11 7 49.9 (21.4) -7.0 (1.4) 4.6 (15.6) <0.1

Group Summary 1083.5 143 48 424.0 (8,6) -10.4 (4.4) 23.9 (49.8) <0.1

aSee Fig. 8 for map of station Ioeations.
bMinimum detectable limit= 2 x 1~12 ~Ci/mL.
cUneertainties are in parentheses (see Appendix B).
~ontrolled area DOE Derived Air Concentration= 2 x 10_5pCi/mL;
uncontrolled area Derived Concentration Guide = 1 x 10_7IACi/mL.
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Table G-8. Airborne ‘9WU Concentrations for 1988

Concentrations (aCi/m3 [lO-lg i.tCi/mL])

Total Air No. of No. of Mean as a
Volume Quarterly Samples Percentage of

Station Location’ (m3) &llllDieS <MDLb Maxc Mine Meanc Guided

RegionalStWiims(2844 km), Uncontrolled Areas
1. Espafiola 65751 4 4 2.1 (1.6) -0.5 (0.7) 0.7 (1.1) <0.1
2. Pojoaque 66971 4 4 0.7 (0.5) 0.2 (0.5) 0.4 (0.2) 4.1
3. Santa Fe 68966 4 4 1.9 (1.0) 0.5 (1.0) 1.4 (0.7) <0.1

Group Summary 201688 12 12 2.1 (1.6) -0.5 (0.7) 0.8 (0.8) cO.1

PerimeterStalions (W km), UncontrolledAreas
4. Barraoca School 77657 4 4 0.8 (0.6) 0.0 (0.6) 0.4 (0.4) <0.1
5. Arkansas Avenue 71927 4 4 0.5 (0.7) -0.7 (0.6) 0.0 (0.5) <0.1
6. Philomena’s 71115 4 3 3.3 (1.0) 0.8 (0.9) 1.7 (1.1) 4.1
7. 48th Street 46840 3 2 2.7 (1.2) 0.0 (0.6) 1.0 (1.5) 4.1
8. LOSAlarnos Airport 66914 4 4 1.3 (0.7) 0.0 (0.6) 0.7 (0.6) <0.1

10. Exxon Station 66561 4 3 5.0 (1.6) 0.3 (0.8) 2.1 (2.0) Co.1
11. Royal Crest

Trailer Park 69318 4 4 1.8 (0.6) 0.2 (0.7) 0.8 (0.7) <0.1
12. White Rock 68816 4 4 1.8 (1.2) -0.3 (0.9) 0.6 (0.9) co. 1
13. Pajarito Acres 77414 4 4 1.2 (0.5) 0.0 (0.5) 0.6 (0.5) cO.1
14. Bandelier 81955 4 4 0.4 (0.4) 4.2 (0.2) 0.2 (0.2) 4.1

Group Summary 698517

On-Site Stations, Controlled Areas
15. TA-21 69100
16. TA-6 71344
17. TA-53 (LAMPF) 68653
18. Well PM-1 71298
19. TA-52 72618
20. TA-16 64175
21. Booster P-2 71259
22. TA-54 67033
23. TA-49 82395
24. TA-33 57573
25. TA-2 (Omega) 66917

39 36 5.0 (1.6)

4
4
4
4
4
4
4
4
4
4
4

4 1.7 (0.8)
4 1.6 (0.8)
2 5.4 (1.2)
4 1.9 (1.4)
4 0.4 (0.4)
3 3.8 (10.2)
3 5.5 (1.1)
2 53.4 (47.0)
4 1.0 (0.4)
4 1.1 (0.8)
2 81.7 (6.5)

-0.7 (0.6)

-0.2 (0.5)
0.2 (0.4)
0.5 (0.3)
0.0 (0.5)
0.0 (0.5)

-2.9 (2.9)
0.3 (0.5)
1.2 (0.8)
0.0 (0.5)
0.0 (0.7)
1.2 (0.6)

0.8 (1.1)

0.8 (0.8)
0.7 (0.6)
2.3 (2.2)
0.7 (0.8)
0.2 (0.2)
0.9 (2.9)
1.7 (2.5)

17.8 (24.5)
0.7 (0.5)
0.4 (0.5)

22.7 (39.4)

co. 1

<0.1
<0.1
4.1
<0.1
4.1
<0.1
<0.1
co. 1
4.1
4.1
co. 1

26. TA-16-450 69348 4 4 2.6 (1.4) -0.6 (0.9) 0.8 (1.3) co. 1

Group Summary 831713 48 40 81.7 (6.5) -2.9 (2.9) 4.1 (13.9) 4.1

‘See Fig. 8 for map of station locations.
bMnimum detectable limit= 3 x 10_18pCi/mL.
‘Uncertainties are in parentheses (see Appendix B).
‘%Jontrolledarea DOE Derived Air Concentration= 2 x 10_12pCi/mIx
uncontrolled area Brived Concentration Guide= 2 x 10_14pCi/mL.
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Table G-9. Airborne ‘lAm Concentrations for 1988

Concentrations (aCi/m3 [10-18 ~Ci/mL])

Total Air No. of No. of Mean as a
Volume Quarterly Samples Percentage of

Station Locationa (m3) Samples <MDLb Maxc Mine Meanc Guided

Regwnal Station (d4 km), Uncontrolled Area
3. Santa Fe 68966 4 3 4.3 (1.5) 0.9 (0.9) 2.6 (1.8) <0.1

Group Summary 68966 4 3 4.3 (1.5) 0.9 (0.9) 2.6 (1.8) cO.1

Perhnetir S&dons (M km), Uncontrolled Areas
6. Philomena’s 71115 4 1 12.0 (3.1) 0.5 (1.2) 4.3 (5.3) ==0.1
8. h &31110S Airport 66914 4 1 4.8 (1.8) 1.4 (4.3) 3.3 (1.4) co. 1

12. White Reek 40491 2 0 6.3 (1.4) 3.4 (1.4) 4.8 (2.0) co. 1

Group Summary 249020 10 2 12.0 (3.1) 0.5 (1.2) 3.3 (3.0) 4.1

On-SiteStafions, Controlled Areas
16. TA-6 35950 2 1 11.5 (2.8) 1.3 (1.0) 6.4 (7.2) 4.1
17. TA-53 (LAMPF) 51683 3 2 2.9 (1.1) 1.6 (0.7) 2.1 (0.7) <0.1
20. TA-16 15404 1 1 1.9 (1.4) 1.9 (1.4) 1.9 (1.4) 4.1
21. Booster P-2 54237 3 1 3.9 (1.1) 1.5 (0.9) 2.5 (1.3) <0.1
22. TA-54 50932 3 2 9.0 (1.7) 0.2 (0.6) 3.8 (4.6) co. 1
23. TA49 61037 3 2 17.6 (2.1) 0.8 (0.5) 6.6 (9.5) <0.1

Group Summary 309917 15 9 17.6 (2.1) 0.0 (0.5) 3.5 (4.7) co. 1

“See Fig. 8 for map of station locations.
bMinimum detectable limit= 2 x 10_lg pCi/mL.
lhcertainties are in parentheses (see Appendix B).
~ontrolled area DOE Derived Air Concentration= 2 x 1~12 LCi/mL;
unconh-oiled area Derived Concentration Guide = 2 x 10_14~Ci/mL.
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Table G-10. Airborne Uranium Concentrations for 1988

Concentrations (pg/m3)

Total Air No. of No. of Mean as a
Volume Quarterly Samples Percentage of

Station Locationn (m3) Samples <MDLb Maxc Mine Meanc Guided

Regional Stitions (2844 km), Uncontrolled Areas
1. Espafiola 65751 4 0 304.9 (30.5) 97.8 (9.8) 163.6 (95.8) cO.1
2. Pojoaque 66971 4 0 256.8 (25.7) 114.0 (11.4) 178.5 (68.2) <0.1
3. Santa Fe 68966 4 0 168.6 (16.9) 87.4 (8.7) 135.0 (37.9) co. 1

Group Summary 201688 12 0 304.9 (30.5) 87.4 (8.7) 159.0 (67.2) <0.1

Perimeter Stitions (U km), Uncontrolled Areas
4. Barranca School 77657 4 0 58.0 (5.8) 30.8 (3.1) 46.8 (1 1.9) cO.1
5. Arkansas Avenue 71927 4 0 33.8 (3.4) 27.0 (2.7) 30.7 (2.8) cO.1
6. Philomena’s 71115 4 0 59.9 (6.0) 40.9 (4.1) 49.0 (9.4) 4.1
7. 48th Street 63503 4 0 51.4 (5.2) 26.4 (2.6) 38.3 (13.3) @.1
8. LOSAblmOSAirport 66914 4 0 193.6 (19.4) 78.7 (7.9) 112.2 (54.5) <0.1

10. Exxon Station 66561 4 0 193.5 (19.4) 44.4 (4.5) 118.4 (76.8) <0.1
11. Royal Crest

Trailer Park 69318 4 0 74.8 (7..5) 27.9 (2.8) 54.2 (19.4) cO.1
12. White Rock 68816 4 0 62.5 (6.3) 30.5 (3.1) 48.8 (14.6) cO.1
13. Pajarito Acres 77414 4 0 40.4 (4.0) 27.3 (2.7) 34.2 (5.7) <0.1
14. Bandelier 81955 4 1 33.1 (33.0) 22.9 (2.3) 28.1 (5.2) <0.1

Group Summary 715180 40 1 193.6 (19.4) 22.9 (2.3) 56.1 (41.6) cO.1

On-Si@ Stations, Controlled Areas
15. TA-21
16. TA-6
17. TA-53 (-LAMIW)
18. Well PM-1
19. TA-52
20. TA-16
21. Booster P-2
22. TA-54
23. TA49
24. TA-33
25. TA-2 (Omega)
26. TA-16-450

Group Summary

69100 4 0 63.6 (6.4) 41.3 (4.1) 52.1 (9.3) <0.1
71344 4 0 83.7 (8.4) 23.8 (2.4) 52.0 (24.6) 4.1
68653 4 0 66.8 (6.7) 48.8 (4.9) 57.3 (8.5) <0.1
71298 4 0 41.9 (4.2) 34.0 (3.4) 38.1 (3.2) <0.1
72618 4 0 94.0 (9.5) 51.3 (5.1) 70.4 (19.5) <0.1
64175 4 0 54.0 (5.5) 34.4 (3,4) 41.4 (9.2) <0.1
71259 4 0 57.0 (5.7) 32,3 (3.2) 46.4 (10.3) Co.1
67033 4 0 318.6 (31.9) 89.9 (9.0) 160.3 (106.7) 4.1
82395 4 0 32.3 (3.3) 26.0 (2.6) 29.7 (2.7) <0.1
57573 4 0 133.2 (13.3) 53.5 (5.4) %.3 (36.2) cO.1
66917 4 0 59.8 (6.0) 33.6 (3.4) 46.0 (10.8) <0.1
69348 4 0 29.6 (2.9) 21.9 (2.2) 26.5 (3.4) <0.1

848047 48 0 318.6 (31.9) 21.9 (2.2) 61.6 (48.0) <0.1

‘See Fig. 8 for map of station locations.
bMioimum detectable limit= 1 pg/m3.
cUneertainties are in parentheses (see Appendix B).
dconmoll~ - DOE Ixrived Air Concentration= 2 x 1@ p@m3;

uncontrolled area Derived Concentration Guide = 1 x ld pg/m3.

No@: One curie of natuml uranium is equivalent to 3000 kg of natural uranium.
Henee, uranium masses ean be converted to the DOE “uranium special curie” by
using the factor 3.3 x 10_13pCi/pg.
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Table G-11, 1988 Emissions and Fuel Consumption
fkom the TA-3 Power Plant and Steam Plants

Western
Pollutant TA-3 TA-16 TA-21 Area Total

Emissions (toni’yr)
Particulate Matter

1987
1988

1.5
0.8

0.5
0.5

0.1
0.1

0.00
0.00

2.1
1.4

Oxides of Nitrogen
1987
1988

12.8
7.0

21.8
21.2

5.4
5.6

0.07
0.13

40.1
34.0

Carbon Monoxide
1987
1988

20.1
11.2

5.5
5.3

1.4
1.4

0.02
0.03

27.0
17.9

Hydrocarbons
1987
1988

0.9
0.5

0.9
0.9

0.2
0.2

0.00
0.01

2.0
1.6

Fuel Consumption (l@ Btulyr)
1987
1988

1098
593

341
322

85
85

1
2

1525.0
1001.3
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Table G-12. Quality of Effluent from the TA-SOLiquid
Radioactive Waste Treatment Plant for 1988

Activitya Mean
Released Concentration

Radionuclide (mCi) (pCi/mL)

3H

89sr

9oc&

137c~

234u

238~

239z~

241~

21300
81
0.2

31
0.8
1.1
3.2
3.7

7.3 x 10-4
2.8 X 10%
6.8 x 10-9
1.1 x 10+
2.7 X 10_8
3.8 X 10-8
1.1 x 10-7
1.3 x 10-7

Mean
Nonradioactive Concentration

Constituents (mg/L)

Cdb
Ca
cl
ToraI C+
cub
F
Hgb
Mg
Na
Pbb
Znb
CN
COD
N03-N
P04
TDS
pHb

2.9 X 104
205
102

1.6x 10_2
0.18
6
4.2 X 10-4
0.4

693
4.6 X 10_2
8.1 X 10-2
0.26

38
384

0.24
3120

7.&7.9

Total effluent volume = 2.93x 107L.

‘As reported on DOE form F-’5821.1.
~onstituents regulated by National Pollutant Discharge
Elimination System permit.
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Table G-13. QuaMy of Effluent from the Loa Alamoa
Meson Physics Facility (TA-53) Lagoons for 1988

Activi~ Mean
Released Concentration

Radionuclide (mCi) @Ci/mL)

3H 4900 2.1 x 10-3
7~ Not detected —
22Na 19 8.lxlti
54~ 9.8 4.1 X1O+
57C0 16 6.8 x lti
Wo 4 1.7X I@
134c~ 8.9 3.8 X lb

Total effluent volume =2.36 x 1($ L.

“As reported on DOE form F-5821.1.
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Table G-14. Location of Surface and Ground-Water Sampling Stations

Latitude Longitude
or North-South or East-West Map

Station Coordinate Coordinate Designationa Typeb

Regwnal Su?face Water
Rio Chama at Charnita
Rio Grande at Embudo
Rio Grande at Gtowi
Rio Grande at Coehiti
Rio Grande at Bernalillo
Jemez River

Perimeter Stations
Los AlamosReservoir
Guaje Canyon
Frijoles
La Mesita Spring
Sacred Spring
Indian Spring

White Rock Canyon Stutions
Group I

Sandia Spring
spring 3
Spring 3A
spring 3AA
spring 4
Spring 4A
spMg 5
Sprng 5A
Ancho Spring

Group II
Spring 5A
Spring 6
spMg 6A
spMg 7
Spring 8
spMg 8A
spMg 9
Spring9A
Doe spring
spring 10

Group III
spring 1
spring 2

Group IV
Spring 3B

30°05’
36°12’
35°52’
35°37’
35°17’
35°40’

N105
N300
S280
N080
N170
N140

S030
Silo
S120
S140
s 170
S150
S220
S240
S280

S230
S300
S31O
S330
S335
S315
S270
S325
S320
S370

N040
N015

S150

176

106°07’
105°58’
106°08’
106°19’
106°36’
106°44’

E1OO
E180
E550
E540
E530

E470
E450
E445
E440
E11O
E395
E390
E360
E305

E390
E330
E31O
E295
E285
E280
E270
E265
E250
E230

E520
E505

E465

—
—
—
—
—
—

7
8
9

10
11
12

13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

32
33

34

Sw
Sw
Sw
Sw
Sw
Sw

Sw
Sw
Sw
GWD
GWD
GWD

SWR
SWR
SWR
SWR
SWR
SWR
SWR
SWR
SWR

SWR
SWR
SWR
SWR
SWR
SWR
SWR
SWR
SWR
SWR

SWR
SWR

SWR
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Table G-14 (Cent)

Latitude Longitude
or North-south or W-t-West Map

Station Coordinate Coordinate Designationa Typeb

White Rock Canyon Stations (Cent)
Streams

Pajarito
Ancho
Frijoles

Sanitary Effluent
Mortan&d

On-Site Stations
Test Well 1
Test Well 2
Test Well 3
Test Well DT-5A
Test Well 8
Test Well DT-9
Test Well DT-10
Caflada del Buey
Pajarito
Water Canyon at Beta
Pco-1
PCO-2
PCO-3

E@uent Release Areas
Acid-Pueblo Canyona

Acid Weir
Pueblo 1
Pueblo 2
Pueblo 3
Hamilton Bend Spring
Test Well 1A
Test Well 2A
Basalt Spring

DP-Los Alamos Canyons
DPS-1
DPS4
LAO-C
LAO-1
LAO-2
LAO-3
LAO-4
LA04.5

S180
S295
S365

S070

N070
N120
N080
Silo
N035
S155
S120
NOlO
S060
S090
S054
S081
S098

N125
N130
N120
N085
N11O
N070
N120
N065

N090
N080
N085
N080
N080
N080
N070
N065

177

E410
E340
E235

E480

E345
E150
E215

E170
E140
E125
E150
E215

E212
E255
E293

E070
E080
E155
E315
E250
E335
E140
E395

E160
E200
E070
E120
E21O
E220
E245
E270

35
36
37

38

39
40
41
42
43
44
45
46
47
48

102
103
104

49
50
51
52
53
54
55
56

57
58
59
60
61
62
63
64

SWR
SWR
SWR

SWR

GWD
GWD
GWD
GWD
GWD
GWD
GWD
Sw
Sw
Sw
GWS
GWS
GWS

Sw
Sw
Sw
Sw
s
GWS
GWS
s

Sw
Sw
GWS
GWS
GWS
GWS
GWS
GWS
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Table G-14 (Cent)

Latitude Longitude
or North-South or East-West Map

Station Coordinate Coordinate Designationa Typeb

E@#ent Reh?aseAreas (Cent)
Sandia Canyon

Scs-1
SCS-2
SCS-3

Mortandad Canyon
GS-1
MCO-3
MCO-4
MCO-5
MCO-6
MCO-7
MCO-7.5
MCO-8

Water Supply and Distribution System
Los Alamoa Well Field

Well LA-lB
Well LA-2
Well LA-3
Well LA-4
Well LA-5
Well LA-6

Guaje Well Field
Well G-1
Well G-1A
Well G-2
Well G-3
Well G-4
Well G-5
Well G-6

Pajarito Well Field
Well PM-1
WeU PM-2
Well PM-3
Well PM4
Well PM-5
Water Canyon Gallery

N080
N060
N050

N040
N040
N035
N030
N030
N025
N030

N115
N125
N130
N070
N076
N105

N190
N197
N205
N215
N213
N228
N215

N030
S055

N040
S030
N015
S040

E040
E140
E185

El(K)
E11O
E150
E160
E175
E180
E190

E530
E505
IWO
E405
E435
E465

E385
E380
E365
E350
E315
E295
E270

E305
E202
E255
E205
E155

W125

65
66
67

68
69
70
71
72
73
74

76
77
78
79
80
81

82
83
84
85
86
87
88

89
90
91
92
93
94

Sw
Sw
Sw

Sw
GWS
GWS
GWS
GWS
GWS
GWS

GWD
GWD
GWD
GWD
GWD
GWD

GWD
GWD
GWD
GWD
GWD
GWD
GWD

GWD
GWD
GWD
GWD
GWD
GWD
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Table G-14 (Cent)

Latitude Longitude
or North-South or East-West Map

Station Coordinate Coordinate Designations Typeb

Water Supply and Distribution Systim (Cent)
Pajarito Well Field (Cent)

Fire Station 1 N080 E015 95 D
Fm Station 2 N1OO E120 % D
Fire Station 3 S085 E375 97 D
Fire Station 4 N185 E070 98 D
Fire Station 5 solo W065 99 D
Bandelier National Monument

Headquartm S270 E190 100 D
Fenton Hill (TA-57) 35°53’ 106°40’ 101 D

aRegional surface water sampling locations are given in Fig. 14; perimeter, White Rock
Canyon, on-site, and effluent release area sampling locations, in Fig. 15.

bSW = surface water, GWD = deep or main aquifer, GWS = shallow or alluvial aquifer,
SWR = spring at White Rock Canyon, and D = water supply distribution system.
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Table G-15. Radiocbemicai Quality of Surface Water from Regional Stationsa

Gross
3H 137c~ Total Uranium 238PU ~94+u Gamma

Station (104 UCi/mL) (10-9 ~Ci/mL) @g/L) (10-9 pCi/mL) (10-9 pCi/mL) (Counts/rein/L)

Rw Chama
Chamha -0.4 (0.3) 86 (68) 2 (1) 0.004 (0.010) O.000 (0.010) -130 (90)

Rw Grande
Embudo 0.5 (0.3) 93 (67) 2 (1) 0.017 (0.012) 0.013 (0.010) -60 (90)

!!5<(n
Otowi -0.5 (0.3) 145 (69) 2 (1) 0.011 (0.011) +.004 (0.009) -180 (90) 5>

Cochiti -0.5 (0.3) -65 (66) 3 (1) -0.008 (0.012) 0.004 (0.007) -90 (90)
z>

Bernalillo

~K

-0.5 (0.3) 185 (67) 4 (1) 0.011 (0.013) -0.004 (0.010) 30 (90)
MOZw
~:

Jemez River uJ~C*
Jemez -0.3 (0.3) 1 (59) 1 (1) -0.009 (0.007) 0.005 (0.012) 140 (90) :?

Maximum 0.5 (0.3) 145 (69) 4 (1) 0.017 (0.012) 0.013 (0.010) 30 (90)

Limits of detection 0.7 40 1 0.009 0.03 50
?5<

aSamples were collected in March 1988; counting uncertainty is in parentheses.



Table G-16. Chemical Quality of Surface Water from Regional Stations (mglL)a

Total Conduc-
Hard- tivity

Station Si02 Ca Mg K Na co~ HC03 P S04 Cl F N TDS ness pH (mS/m)

Rio Chama
Chamita

Rio Grande
Embudo
Otowi
Cmhiti

+ Bemalillow

Jemez River
~ernez

Maximum

13 45 10 2.0 24

24 27 5.7 2.8 20
24 27 5.7 2.8 20
19 37 7.8 2.9 22
19 37 7.8 3.1 24

14 17 1.7 4.0 9

24 45 10 4.0 24

1 89 cO.2 92 6

0 77 <0.2 37 6
0 78 <0.2 36 6
1 97 <0.2 51 8
0 100 <0.2 54 9

0 48 cO.2 4 9

1 100 <0.2 92 9

0.3 <0.2 268

0.5 0.3 189
0.5 0.2 183
0.5 0.2 228
0.5 0.3 220

0.3 0.2 98

0.5 0.3 268

160

95
%

127
133

52

160

8.3 39

8.2 26
8.1 27
8.3 34
8.2 35

7.9 15

8.3 39

aSamples were collected in March 1988.



Table G-17. Radiochemical Quality of Surface and Ground Waters from Perimeter Stationsa

Gross
3H 137(15 Total Uranium 238pu ~9W3pu Gamma

Station (104 ~Ci/mL) (10-9 ~Ci/mL) (p@L) (10-9 pCi/mL) (10-9 pCi/mL) (Countdmin/L)

Los Alamos Reservoir -1.2 (0.3) 77 (60) 1 (1) O.000 (0.010) -0.009 (0.010) -140 (90)
Guaje Reservoir +.8 (0.3) 6 (60) 1 (1) O.(KIO(0.010) 0.007 (0.009) 20 (90)
Frijoles Canyon -0.7 (0.3) 86 (60) 1 (1) 0.013 (0.016) -0.008 (0.006) -90 (90)
La Mesita Spring -0.8 (0.3) 19 (59) 1 (1) 0.019 (0.013) 0.016 (0.010) 70 (90) mr

Z(2

Sacred Spring -1.0 (0.3) 71 (67) 2 (1) 0.004 (0.009) 0.019 (0.010) -1oo (90)
~m
D>

Indian Spring -0.7 (0.3)
o

145 (63) 4 (1) 0.004 (0.01 1) -0.009 (0.008) -170 (90) z>
~z
MOZcn

Maximum -1.2 (0.3) 145 (63) 4 (1) 0.019 (0.013) 0.019 (0.010) 70 (90) ;$
.
w
M Limits of detection 0.7 40 1 0.009 0.03 50

❑ l-

aSamples were collected in March 1988; counting uncertainty is in parentheses. ~$

m-i
-o
E?



r

Table G-18. Radiochemical Quality Surface and Spring Watera from White Rock Canyona

Groaa
3H 137c~ Total Uranium 238~ 239* Gamma

Station (Id pCi)mL) (10-9 pCi/mL) (@L) (10-9 ~Ci/mL) (10-9 UCi/mL) (Countahnin/L)

Group Z
Sandia Spring
spMg 3
Spring 3A
spring 3AA
spring 4
Spring 4A
spring 5
spMg 5AA
Ancho Spring

Maximum

Group II

0.2 (0.3)
0.2 (0.3)
0.0 (0.3)

-0.1 (0.3)
0.0 (0.3)
0.4 (0.3)
0.1 (0.3)
0.8 (0.3)
0.1 (0.3)

0.8 (0.3)

co Spring 5Au 0.0 (0.3)
Spring 5B 0.2 (0.3)
Spring 6 0.2 (0.3)
spring 6A 0.3 (0.3)
Sptig 7
spMg 8A
spring 9
Spring 9A
Doe spring

Maximum

Group III
spring 1
spMg 2

Maximum

Group IV
Spring3B

0.4 (0.3)
0.2 (0.3)

-0.4 (0.3)
0.0 (0.3)
0.2 (0.3)

0.4 (0.3)

0.1 (0.3)
0.4 (0.3)

0.4 (0.3)

0.2 (0.3)

21 (68)
-111 (66)
–105 (70)

-82 (67)
o (60)

-59 (61)
-5 (62)

O (62)
20 (60)

21 (60)

3 (61)
101 (79)
-82 (55)

50 (67)
-35 (59)

71 (67)
-15 (60)
100 (70)

—

101 (79)

65 (69)
-16 (52)

65 (69)

21 (67)

1 (1)
1 (1)
1 (1)
1 (1)
2 (1)
1 (1)
1 (1)
1 (1)
1 (1)

2 (1)

1 (1)
1 (1)
1 (1)
1 (1)
1 (1)
1 (1)
1 (1)
1 (1)
1 (1)

1 (1)

1 (1)
3 (1)

3 (1)

13 (1)

0.016 (0.018)
O.000 (0.010)
0.013 (0.016)
0.005 (0.005)
o.00C1(0.010)
O.000 (0.010)
0.013 (0.010)
O.000 (0.010)
0.026 (0.014)

0.026 (0.014)

O.000 (0.010)
O.(DI (0.008)
O.000 (0.010)
0.004 (0.004)
0.008 (0.006)
0.010 (0.007)
O.000 (0.010)
0.015 (0.013)

-0.0Q4 (0.004)

0.015 (0.013)

O.(X)4(0.008)
0.019 (0.019)

0.019 (0.019)

0.012 (0.013)

0.016 (0.012)
0.000 (0.010)
0.018 (0.012)
O.000 (0.010)
O.000 (0.010)
0.005 (0.005)
O.000 (0.010)
O.000 (0.010)
0.009 (0.01 1)

0.018 (0.012)

0.009 (0.007)
0.032 (0.015)
0.005 (0.005)
0.000 (0.010)

--0.004 (0.007)
O.000 (0.010)
O.(KIO(0.010)
O.000 (0.010)
0.004 (0.008)

0.032 (0.015)

0.005 (0.013)
0.005 (0.008)

0.005 (0.013)

-0.004 (0.01 1)

o (70)
90 (70)

-30 (70)
10 (70)

-30 (70)
-70 (70)

–loo (70)
4 (70)

o (70)

90 (70)

–110 (70)
-70 (70)

30 (70)
-80 (70)
-80 (70)

-100 (70)
40 (70)
4 (70)
-60 (70)

30 (70)

-1oo (70)
-50 (70)

-1oo (70)

-1oo (70)
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TabIe G-18 (Cent)

Gross
3H 137c~ Total Uranium 238~ 239* Gamma

Station (l@ pCi/mL) (10+ pCi/mL) w) (10-9 UCi/mL) (104 p.Ci/mL) (Countshin/L)

Streams
Pajarito -0.1 (0.3) 101 (62) 1 (1) -0.004 (0.004) 0.004 (0.010) -20 (70)
Ancho 0.1 (0.3) 47 (69) 1 (1) 0.004 (0.012) 0.012 (0.014) +50 (70)
Frijoles 0.7 (0.3) -43 (53) 1 (1) O.000 (0.010) O.000 (0.010) -20 (70)

Maximum 0.7 (0.3) 101 (62) 1 (1) 0.004 (0.012) 0.012 (0.010)
-60 (70)

Sanitmy Effluent
Mortandad 0.3 (0.3) 47 (67) 1 (1) 0.005 (0.01 1) 0.024 0.011 -30 (70)

a!lunples were eolleeted in October 198S; counting uncertainty is in parentheses.



Table G-19. Chemical Quality of Surface and Ground Waters from Perimeter Stations (mg/L)a

Total Conduc
Hard- tivity

Station Si02 Ca Mg K Na cog HC03 P S04 Cl F N TDS new pH (mS/m]

LOSAk+lnOSReservoir 30 6 1.9 1.6 5
Guaje Canyon 50 6 2.5 2.5 6
Frijoles Canyon 29 6 1.9 1.6 5

La Mesita Spring 48 7 2.4 2.5 6
Sacred Spring 29 20 0.3 2.6 20
Indian Spring 42 12 2.1 2.2 20

Maximum 50 20 2.5 2.6 20

aSamples were colleeted in March 1988.

0 23 4.2 5 3
0 30 4.2 6 2
0 20 4.2 5 3
0 29 <0.2 6 2
0 83 <0.2 7 3
0 85 4.2 5 12

0 85 <0.2 7 12

0.1 0.3
0.2 a2
0.1 0.8
0.2 CO.2
0.6 <0.2
0.5 0.7

0.6 0.8

68 21
99 25
75 22

105 28
155 56
172 73

172 73

7.4 7.2
7.6 8.5
7.1 7.2
7.5
7.5
8.1

8.1



Table G-20. Chemical Quality of Surface and Spring Waters from White Rock Canyon (mg/L)

Total Conduc-
Hard-

Station
tivity

Si02 Ca Mg K Na C02 HC03 P S04 Cl F N TDS nesa pH (mS/m)

Group I
Sandia Spring
Sptig 3
Spring 3A
spring 3AA
spring 4
Spring 4A
Sptig 5
spMg 5AA
Ancho Spring

Maximum

Group II
Spring 5A
Spring 5B
Spring 6
spring 6A
spring 7
spring 8A
Sptig 9
Spring 9A
Doe spMg

Maximum

Group III
Sptig 1
spMg 2

Maximum

44
49
50
40
51
57
64
62
70

70

52
42
66
72
64
61
71
66
73

73

32
39

39

33
20
20
24
24
20
19
31
13

33

24
23
12
9

20
11
10
10
12

24

16
24

24

3.2
1.6
1.8
0.5
4.6
5.0
5.0
6.5
3.2

6.5

2.9
5.7
3.8
2.7
4.5
3.2
3.2
3.2
3.7

5.7

1.1
1.3

1.3

2.6
2.7
3.6
4.4
2.4
1.9
2.2
2.5
2.1

4.4

2.6
2.1
1.8
1.9
2.3
2.0
1.4
1.4
1.4

2.6

1.6
1.6

1.6

15
15
14
17
13
11
12
14
10

17

21
14
10
9

17
11
10
10
12

21

28
60

60

0
0
0
0
0
0
0.7
0
0

0.7

2.0
0
0
0
1.7
0
0
0
0

2.0

3.7
2.1

3.7

116
82
80

101
90
80
82

130
61

130

106
75
63
53
%
62
62
59
66

106

102
183

183

CO.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

d.2

CO.2
<0.2
<0.2
4.2
<0.2
<0.2
<0.2
<0.2
<0.2

4.2

4.2
4.2

4.2

6
5
5
6

11
8
6
7
3

11

11
14
3
2

11
3
3
2
2

14

6
7

7

4
3
4
5
7
6
5
7
3

7

5
8
3
2
4
2
2
2
3

8

3
4

4

0.7
0.5
0.5
0.6
0.6
0.6
0.6
0.6
0.5

0.7

0.5
0.5
0.4
0.3
0.4
0.5
0.5
0.6
0.6

0.6

0.7
1.2

1.2

<0.2
0.8
0.6

<0.2
1.4
1.3
0.4

<0.2
0.3

1.4

0.4
5.7
0.5
0.4
1.1

<0.2
<0.2
<0.2
<0.2

5.7

0.9
<0.2

0.9

177
132
137
151
159
165
162
198
140

198

169
180
140
127
193
149
132
134
139

193

123
230

230

100
57
63
60
80
71
65

105
42

105

78
79
43
35
68
42
41
41
46

79

49
75

75

8.2
8.2
8.1
8.0
8.2
8.2
8.3
8.2
8.2

8.3

8.4
8.2
8.2
8.2
8.3
8.2
8.2
8.0
8.1

8.4

8.4
8.4

8.4

27
18
18
23
22
19
18
28
13

28

25
25
13



Table G-2il (Cent)

Total Conduc-
Hard- tivity

Station Si02 Ca Mg K Na C02 HC03 P S04 Cl F N TDS ness pH (mS/m)

Group IV
Sping 3B 40

Streams
Pa~to 67
Ancho 69
Frijoles 57

Maximum 69

~ Sanitary Effluent
Mortandad 83

32 4.2 3.0 139 6.6

20 4.6 3.5 13 2.1
13 3.5 1.3 10 6.5
10 3.5 2.4 10 0

20 4,6 3.5 13 6.5

26 7.9 1.3 76 0

359 4.2

85 <0.2
67 41.2
55 4.2

85 <0.2

125 9.5

25 4 1.1 4.2 469 % 8.4 72

mr

7 5 0.5 0.6 173 66 8.4 19 ~ :
2 2 0.4 <0.2 133 45 8.7 14 gg
3 3 4.2 <0.2 110 38 8.2 12

$8
7 5 0.5 0.6 173 66 8.7 19 $$

32 4 14 7.8 389 93 7.8 59



Table G-21. Trace Elements in Surface and Spring Waters from White Rock Canyon @y’L)a

Station As B Ba Br Co Cr Cu Fe I Li Mn Mo Rb SC Sr U V

Group I
Sandia Spring
Sptig 3
Spring3A
spring 3AA
spMg 4
Spring4A
spring 5
spring 5AA
Ancho Spiing

Maximum

~ Group II
66 Spring 5A

Spring 5B
Spring 6
Spfig 6A
spring 7
spring 8A
spring 9
Spring 9A
Doe spring

Maximum

Group III
spring 1
spring 2

Maximum

\

<lo
<lo
<lo
<lo
<lo
<lo
<lo
<10
C1O

<10

<lo
<lo
<lo
C1O
<lo
<lo
<lo
<lo
<lo

<10

<lo

60

60

<lo
<lo

60
50

<lo
<lo
<lo

50
<lo

60

<lo
<lo
<10
<10
<10

10
<lo
<lo
<lo

10

<lo
100

1(XI

180
<1
<1
<1

150
<1
<1

130
<1

180

<1
<1
<1
<1
<1
<1
<1
<1
<1

<1

<1

15

15

90 <1

90 <1
90 <1

<10 <1
180 10
130 <1
80 <1

130 c1
25 <1

180 10

<lo <1
130 <1
50 cl
30 cl

<10 cl
10 <1
20 cl
40 <1

<lo <1

130 <1

40 cl
70 10

70 10

<lo
<10
<lo
<lo
<lo

<10
<10
C1O
<lo

c 10

m
<10
<lo
<lo
<10
<lo
<10
<10
<lo

m

<10
10

10

<1 C1OO
<1 <1oo
<1 <lMI
<1 1200
<1 2300
<1 <1oo
<1 <1oo
<1 300
<1 <1oo

<1 2300

<1 <1oo
<1 <1oo
<1 <1(KI
<1 <1oo
<1 <100
<1 <1oo
<1 <1oo
<1 <1oo
<1 <100

<1 <1oo

10 <loo
<1 <1oo

10 <1oo

—

<lo
<lo

<10
<10
<lo
<lo

10
<lo

10

100
75
90
80
90
80
80

<lo
70

100

10 90
<10 70
<lo 70
<lo 60

10 70
<lo 70
<10 17
C1O 20
<10 72

10 90

14 100
16 150

16 150

820
<1
<1

260
1100

<1

40
530
170

1100

140
70
<1

15
15
10
14
12

110

140

24

950

950

<1
<1
<1
<1
<1
<1
<1
<1
<1

<1

<1
<1
<1
<1
<1
<1
<1
<1
<1

<1

<1
<1

<1

<1
<1
<1
<1
<1
<1
<1
<1
<1

<1

<1
<1
<1
<1

10
<1
<1
<1
<1

10

<1
<1

<1

55
60

120
70
30

130
140
130
140

140

60
30

100
100
80
80
50
40
11

100

<1
<1

<1

800 <1 <1
480 <1 34

500 <1 60
400 <1 50
380 2 60
210 <1 20

2401 w ii:
110 cl cl
80 <1 cl
80 cl <1

114 <1 <1 I
440 1 50

400124
6(KI 2 150

600 2 150
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Table G-21 (Cent)

Station As B Ba Br Co Cr Cu Fe I Li Mn Mo Rb Sc Sr U V

Group w
Spring3B % 170 <1 30

Streams
Pajarito <10 <lo <1 62
Ancho C1O <lo <1 <lo

Frijoles <lo <lo <1 <lo

Maximum <lo <lo <1 62

Sani@y Effluent
Mortandad <lo <lo <1 140

‘Samples were collected in October 1988.

<1 <10 20 <100 32 300 240

<1 <lo <1 <1oo 10 85 10
<1 <lo <1 <1oo C1O 66 11
<1 <lo 12 <1oo <lo 40 28

<1 <lo 12 <100 <lo 85 28

<1 <lo 56 <1(N <lo 112 66

NOTE: Analyses were performed on samples from 21 springs, 3 surface waters, and 1 sanitary effluent
station, as listed above. The analyses also included the following elements, which were found to be
below limits of detection at all srations (units are J.@L):

Ag <1 Dy <1 Hg <1 Nb <1 Pt <1
Au <1 Er <1 Ho cl Nd cl Re <1
Be <10 Eu <1 In <1 Ni <1 Rh <1
Bi <1 Ga <1 Ir <1 0s <1 Ru <1
Cd c1 Gd cl La c1 Pb cl Sb <1
Ce cl Ge <1 Lu <1 Pd <1 Se <lo
Cs c1 Hf <1 Na <1OCKN Pr c1 Sm <1

8

<1
<1
<1

<1

<1

Sn
Ta
1%
Te
1%
Ti
1-l

<1

<1
<1

8

8

26

<1
<1
<1
<1
<1

<1(x)
<1

<1 930 13 74

30 230 <1 <1
32 86 <1 <1
<1

32

88

92

23

218

Tm <1
w <1
Y <1
Yb c1
Zn <1
Zr <1

<1

<1

<1



Table G-22. Radiochemical Quality of Surface and Ground Waters from On-Site Stations

Gross
3H 137CS Total Uranium 238PU ~9J43pu Gamma

Station (10+ ~Ci/mL) (10-9 pCi/mL) @g/L) (10-9 ~Ci/mL) (10-9 ~Ci/mL) (Counts/rein/L)

Ground Water’ (Main Aqu~er)
Test well 1
Test well 2
Test well 3
Test well DT-5A
Test well 8
Test well DT-9
Test well DT-10

Maximum

Surface Water a
Cafladadel Buey
Pajarito Canyon
Water Canyon at Beta Hole

Maximum

-0.1 (0.3) 101 (56) 2 (1) 0.019 (0.013) 0.027 (0.013) 90 (90)
---------------------------------------------------- Well imctive ----------------------------------------------------

-0.8 (0.3)
-0.9 (0.3)
-0.4 (0.3)
-1.6 (0.3)
-1.3 (0.3)

-0.1 (0.3)

-0.6 (0.3)
-0.5 (0.3)
-0.7 (0.3)

-0.5 (0.3)

32 (60)
74 (74)

–110 (52)
-31 (66)
-21 (66)

32 (60)

-62 (54)
-86 (63)

-103 (57)

-62 (54)

1 (1)
1 (1)
1 (1)
1 (1)
1 (1)

2 (1)

1 (1)
2(1)
1 (1)

2 (1)

O.000 (0.010)
0.010 (0.007)
0.008 (0009)
0.009 (0.006)
0.004 (0.007)

0.019 (0.013)

0.024 (0.014)
O.000 (0.010)

-0.004 (0.004)

0.024 (0.014)

Observation WeUsb(Pajarito Canyon)
Pco-1 -0.7 (0.3) -95 (54) 1 (1) 0.016 (0.010)
PCO-2 -0.5 (0.3) -81 (60) 1 (1) 0.008 (0.008)
PCO-3 -0.8 (0.3) -30 (55) 1 (1) 0.020 (0.014)

Maximum -0.5 (0.3) -30 (55) 1 (1) 0.020 (0.014)

Limits of detection 0.7 40 1 0.009

aSamples were collected in March 1988; counting uncertainty is in parentheses.
bSamples were collected in April 1988.

O.(NIO(0.010)
0.002 (0.006)

-0.004 (0.010)
O.000 (0.010)
O.000 (0.010)

0.027 (0.013)

O.000 (0.010)
0.006 (0.006)

-0.006 (0.005)

0.006 (0.006)

0.016 (0.008)
0.008 (0.006)
O.000(0.010)

0.016 (0.008)

0.03

70 (90)
10 (90)

-80 (90)
50 (90)

120 (90)

120 (90)

-80 (90)
150 (90)
-30 (90)

150 (90)

-180 (90)
-190 (90)
-270 (100)

-180 (90)

50



Table G-23. Chemical Quality of Surface and Ground Waters from On-Site Stations (mg/L)

Total Conduc-
Hard- tivity

Station Si02 Ca Mg K Na C03 HC03 P Be Mo Sn Th T] ness (mS/m)

Ground Water a (Main Aquifer)
Test well 1 48 47 11 3.6 15 0 89 cO.2 <0.001 0.002 4).001 <0.001 4.001 164 39
Test well 2 ---------------------------------------------------------------- Well inactive ----------------------------------------------------------------
Test well 3 30 6 2.0 1.6 5
Test well DT-5A 70 8 2.5 1.6 12
Test well 8 <2 5 1.4 1.4 91
Test well DT-9 68 8 2.5 1.7 12
Test well DT-10 69 8 2.5 1.6 12

Maximum 70 47 11 3.6 91

G- Surface Water a
Cailada del Buey 32 12
Pajarito Canyon 39 135
Water Canyon at Beta Hole 32 8

Maximum 39 135

Observation Wellsb (Pajanto Canyon)
Pco-1 43 85
PCO-2 43 84
PCO-3 43 85

Maximum 43 85

3.4 2.4 28
23 5.5 130

3.1 2.6 15

23 5.5 130

17 2.7 30
18 2.6 29
18 2.6 30

18 2.7 30

0
0
0
0
0

0

0
0
0

0

0
0
0

0

24 <0.2
45 <0.2
33 4.2
45 <0.2
45 CO.2

89 cO.2

30 CO.2
245 <0.2

43 4.2

245 cO.2

253 <0.2
249 <0.2
256 <0.2

256 <0.2

<0.001
4.001
<0.001
<0.001
<0.001

4.001

<0.001
4.001
<0.001

4.001

0.001
<0.001
<0.001

0.001

Co.ool <0.001 Co.ool 4.001 21 7
0.002 0.002 <0.001 <0.001 30 10
0.025 — <0.001 <0.001 21 8.5
0.001 <0.001 <0.001 4.001 30 11
0.001 <0.001 <0.001 4.001 30 10

0.025 0.002 <0,001 <0.001 164 39

0.003 <0.001 <0.001 4.001 46 24
0.002 4.001 4.001 <0.001 413 140
O.(N1 cO.001 4.001 cO.001 36 13

0.003 4.001 ‘CO.001 <0.001 413 140

0.008 — <0.001 cO.001 322 71
0.006 — cO.001 <0.001 317 72
0.008 — cO.001 <0.001 324 72

0.008 — cO.(M)l <0.001 324 72

aSamples were collected in March 1988.
bSarnplers were eolleeted in April 1988.
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Table G-24. Chemical Quality (EPA’s Primary and Secondary Constituents) of
Surface and Ground Waters from On-Site Stations (mg/L)

Station A~ As Ba Cd Cr F N Pb Se

Ground Water a (Main Aqu~er)
Test well 1 <0.001 0.003 0.078 cO.001 0.002 0.6 6.0 <0.001 4.(X)1
Test well 2 -----------------------------------Well inactive ----------------------------------
Test well 3 4.001 4.001 0.019
Test well DT-5A d.ool <0.001 0.024
Test well 8 Co.ool Co.ml 0.006
Test well DT-9 4.001 0.002 0.024
Test well DT-10 Co.ool <0.001 0.024

Maximum cO.001 0.003 0.078

Surface Water a
CaWa del Buey Co.ool 0.002 0.065
Pajarito Canyon 4.001 0.011 0.360
Water Canyon at Beta Hole <0.001 0.001 0.295

Maximum 4.001 0.011 0.360

Observation WeUsb(Pajariti Canyon)
Pco-1 cO.001 0.024 0.513
XO-2 4.001 0.022 0.435

FCO-3 cO.001 0.018 0.310

Maximum 4.001 0.024 0.513

<0.001 0.001 0.1 4.2
<0.001 0.004 0.2 0.4
<0.001 <0.001 0.2 4.2
<0.001 0.003 0.2 0.3

4.001 0.003 0.2 0.2

<0.001 0.004 0.6 6.0

<0.001 0.002 1.1 4.2
<0.001 0.002 0.4 4.2
4.001 0.001 0.3 <0.2

<0.001 0.002 1.1 CO.2

<0.001 0.012 0.7 CO.2
<0.001 0.009 0.7 4.2
<0.001 0.003 0.7 4.2

<0.001 0.012 0.7 4.2

4.001 Co.ool
0.048 <0.001
0.060 Co.ool
0.017 Co.ool
0.039 0.001

0.060 0.001

0.001 0.001
<0.001 0.003
4.001 0.003

0.001 0.003

0.010 0.004
0.008 <0.001
0.006 <0.001

0.010 0.004

192
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Table G-24 (Cent)

station c1 Cu Fe Mn S04 Zn TDS PH

Ground Water a (Main Aqu(fer)
Test well 1 31 0.001 0.06 0.001 23 0.242 278 8.1
Test well 2 ---------------------------------Well inactive -----------------------------------
Test well 3 3
Test well DT-5A 2
Test well 8 2
Test well DT-9 2
Test well DT-10 2

Maximum 31

Surface Water a
Cahada de] Buey 40
Pajarito Canyon 174
Water Canyon at Beta Hole 9

Maximum 174

Observation Wellsb (Pajarito Canyon)
Pco-1 58
PCO-2 58
FCO-3 56

Maximum 58

0.001
0.002
0.024

<0.001

4.001

0.024

0.010
0.002
0.001

0.010

0.108
0.090
0.060

0.108

0.08
0.20
0.15
0.11
0.19

0.20

0.15
4.7
0.13

4.7

32
21
13

32

0.006
0.007
0.003
0.003
0.006

0.007

0.053
—

0.014

<0.053

10.1
9.7
8.8

10.1

5 0.001 79
2 0.128 140
0.7 0.989 39
2 0.105 132
2 0.126 126

23 0.989 278

9 0.016 185
9 0.054 743
7 <0.001 106

9 0.054 743

3 0.147 451
3 0.125 450
3 0.094 464

3 0.147 464

7.5
7.9
8.1
8.0
7.9

8.1

7.0
7.5
7.8

7.8

7.2
7.5
7.2

7.5

a!%mples were collected in March 1988.
bSamples were collected in April 1988.
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Table G-25. Radiochemical Quality of Surface and Ground Waters from Effluent Release Areasa

Gross
3H 137(m~ Total Uranium 238~ 239* Gamma

Station (104 ~Ci/mL) (10-9 ~Ci/mL) @g/L) (10-9 ~Ci/mL) (104 pCi/mL) (Counts/rein/L)

Acid-Pueblo Canyons
Acid Weir -0.7 (0.3) -50 (52) I (1) 0.011 (0.012) 0.339 (0.038) 30 (90)
Pueblo 1 4.7 (0.3) -16 (60) 1 (1) 0.015 (0.012) O.000 (0.010) -250 (100)
Pueblo 2 +.9 (0.3) 14 (46) 1 (1) -0.004 (0.006) 0.039 (0.015) -60 (90)
Pueblo 3 -1.0 (0.3) 11 (63) 1 (1) O.000 (0.010) 0.011 (0.006) -20 (90)
Hamilton Bend Spring w.. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Test well 1A - -
Test well 2A
Basalt Spring

Maximum

Los Alamos Canyon
DPS-1
DP!W
LAO-C
LAO-1
LAO-2
LAO-3

Maximum

$andti Canyon
Scs-1
SCS-2
SCS-3

Maximum

-0.5 (0.3)
0.2 (0.3)

+.9 (0.3)

0.2 (0.3)

0.7 (0.3)
1.1 (0.4)

-0.7 (0.3)
2.8 (0.5)
0.5 (0.3)
0.9 (0.3)

1.1 (0.4)

-0.5 (0.3)
-0.7 (0.3)
-0.5 (0.3)

-0.5 (0.3)

50 (74)
-4 (53)
14 (53)

14 (53)

43 (60)
-60 (63)

63 (55)
-78 (55)

92 (62)
-10 (62)

92 (62)

67 (71)
-47 (56)

68 (61)

68 (61)

1 (1)
1 (1)
1 (1)

1 (1)

1 (1)
1 (1)
1 (1)
1 (1)
2 (1)
2 (1)

2 (1)

1 (1)
1 (1)
1 (1)

1 (1)

-0.007 (0.005)
-0.004 (0.004)
-0.004 (0.004)

0.015 (0.012)

O.000 (0.005)
O.000 (0.005)
0.002 (0.007)

-0.004 (0.005)
0.002 (0.005)
0.002 (0.004)

0.002 (0.004)

0.003 (0.009;
O.000 (0.010)
0.008 (0.01 1)

O.(XI8(0.011)

0.011 (0.006)
0.012 (0.010)
0.(K)7(0.005)

0.339 (0.038)

0.(X)8 (0.005)
0.002 (0.006)
O.000 (0.005)
0.010 (0.007)
0.002 (0.005)

-0.(X)2 (0.005)

0.010 (0.007)

-0.007 (0.005)
-0.004 (0.004)

0.012 (0.010)

0.012 (0.010)

–110 (90)
-180 (90)
-2@ (loo)

30 (90)

170 (90)
-240 (loo)

-50 (90)
-90 (90)
-lo (90)

40 (90)

170 (90)

-70 (90)
o (90)

-50 (90)

o (90)



Table G-25 (Cent)

Gross
3H 137c~ Total Uranium 238fi 239@Ulpu Gamma

Station (10+ pCi/mL) (10-9 pCi/mL) (pg/L) (10-9 pCi/mL) (10-9 yCi/mL) (Counts/min/L)

hiorlandad Canyon
GS-1 -0.1 (0.3) –12 (61) 1 (1) 0.597 (0.070) 2.50 (0.164) 2400 (300)
MCO-3 0.1 (0.3) 59 (62) 1 (1) 1.38 (0.135) 5.70 (0.238) 32Wt (300)
MC04 490 (50) -79 (55) 6 (1)
MCO-5 490 (50) 7 (61) 6 (1)
MCO-6 240 (20) -52 (63) 3 (1)
MCO-7 450 (50) -33 (59) 2 (1)
MCO-7.5 240 (20) 100 (63) 2 (1)
MCO-8 — — —

G
u

Maximum 490 (50) 1(M (63) 6 (1)

Limits of deteetion 0.7 40 1

aSamples were collected in April 1988; counting uncertainty is in panmtheses.

0.140 (0.025)
0.224 (0.032)
0.041 (0.019)
0.033 (0.013)
0.004 (0.007)

—

1.38 (0.135)

0.009

0.373 (0.041)
0.618 0.056)
0.138 (0.027)
0.025 (0.010)
0.035 (0.012)

—

5.70 (0.238)

0.003

1500 (200)
17CM)(200) :;

250 (100) ilp
o

130 (90)
z>

-60 (90) Zi?i
— $$

2400 (300)

50



Table G-24. Chemical Quality of Surface and Ground Waters from Effluent Release Areas (mg/L)a

Total Conduc-
Hard- tivity

Station Si02 Ca Mg K Na C03 HC03 P Be Mo Th TI ness (mS/m)

Acid-Pueblo Canyons
Acid Weir 14 34 4.8 5.7 125 0 34 =d12 <0.001 0.002 4.(M31 4.001 112 95
Pueblo 1 21 27 5.0 4.4 69 0 45 0.8 <0.001 <0.001 <0.fx)l 4.001 % 55
Pueblo 2 38 22 4.2 8.1 85 0 65 4.6 <0.001 0.002 <0.001 Co.ool 76 60
Pueblo 3 58 12 2.6 12 85 0 101 10 <0.001 0.003 <0.001 4.001 47 48
Hamilton Bend Surin~ m---------------- ----------------------------------------------------- -------- -------------------------------------------------------------

Test well 1A - - 14 18
Test well 2A 2 25
Basalt Spring 37 25

Maximum 58 34

G
m DP-L.m Alamos Canyons

DPS-1
DPS-4
LAO-C
LAO-1
LAO-2
LAO-3

Maximum

Sandia Canyon
Scs-1
SCS-2
SCS-3

Maximum

17 25
21 29
31 12
39 15
35 11
36 31

39 31

43 13
74 20
75 20

75 20

4.4 5.8
5.1 3.6
6.4 2.9

6.4 12

2.2 5.0
3.3 14
2.9 2.4
3.9 2.8
3.3 3.2
7.2 15

7.2 15

3.1 5.4
4.2 8.5
4.2 8.5

4.2 8.5

58
19
15

125

125
130
27
41
25
84

130

90
98
98

98

0 93 0.7
0 58 4.2
0 74 4.2

0 101 10

0 91 4.2
0 92 4.2
0 30 CO.2
o 46 <0.2
0 39 <0.2
0 75 <0.2

092 <0.2

0 67 0.7
0 90 2.4
0 94 2.4

0 94 2.4

4.001
<0.001
4.001

<0.001

0.005
4.001
4.001
<0.001
<0.001
Co.ool

0.005

<0.001
<0.001
<0.001

4.001

0.005
0.004
0.002

0.005

0.003
0.009
O.m
O.(K)2
0.008

4.001
<0.001
Co.ool

<0.001

<0.001
4.001
Co.ool
4.001
4.001

(J-JF=j
~z
<p

4.001 76 75 nr

4.001 93 85 ~~
<0.001 46 26 m+

<0.001 56 32
Z5<0.001 46 23

0.009 4.001 <0.001 112 68

0.009 4.001 4.001 112 85

0.001 4.001 <0.001 46 58
0.004 4.001 <0.001 70 61
o.m7 Co.ool <0.001 70 61

0.007 <0.001 <0.001 70 61



Table G-26 (Cent)

Total Conduc
Hard-

Station
tivity

Si02 Ca Mg K Na C03 HC03 P Be Mo Th TI nesa (mS/m;

Monlmdad Canyon
GS-1 48 21
MCO-3 48 22
MC04 26 40
MCO-5 24 43
MCO-6 48 6
MCO-7 30 21
MCO-7.5 30 21
MCO-8 ——

s
4 Maximum 48 43

aSamples were collected in April 1988.

2.6 12
2.4 12
6.8 33
7.5 35
1.4 2.7
5.5 2.7
4.5 4.6

— —

7.5 35

32 0
340

213 0
217 0
240 0
236 0
236 0
——

240 0

82 <0.2 Co.a)l 0.003 <0.001 4.W1 69 33
86 <0.2 4.001 0.003 d.ool d.(m)l 72 34

157 <0.2 4.001 0.006 d.ool d.ool 136 150 q ~
156 <0.2 4.001 0.006 <0.001 4.001 117 147 ~ m
86 CO.2 <0.001 0.006 4.001 <0.001 24 48 0?

145 <0.2 4.001 0.020 4.001 <0.001 80
Z$

135 :0
146 <0.2 4.001 0.015 <0.001 dMIOl 78 140 q :
—— — — . — — — ?q

157 <0.2 Co.ool 0.020 <0.001 Co.ool 136 ~~150 ~ ~
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Table G-27. Chemical Quality (EPA’s Primary and Secondary Constituents) of
Surface and Ground Waters from Effluent Release Areas (mg/L)a

Station Ag As Ba Cd Cr F N Pb se

Acid-Pueblo Canyons
Acid Weir
Pueblo 1
Pueblo 2
Pueblo 3
Hamilton Bend Spring
Test weU 1A
Test well 2A
Basalt Spring

Maximum

DP-Los Alamos Canyons
DPS-I
DPS4
LAO-C
LAO-I
LAO-2
LAO-3

Maximum

Sandia Canyon
Scs-1
SCS-2
SCS-3

Maximum

Mortandad Canyon
GS-I
MCO-3
h4c04
MCO-5
MCO-6
h’ico-7
MCO-7.5

Maximum

4.001 0.012 0.083 cO.(IO1 <0.001 0.6 0.8 0.002 0.001
<0.001 0.009 0.058 <0.CM)l 4MI01 0.4 <0.2 4.001 4.001
<0.CK)l 0.016 0.039 <0.001 4.001 0.9 4.2 0.002 <0.001
<0.001 0.016 0.012 <0.001 4001 1.3 5.7 0.001 <0.001

----------------------------------------- Dry -----------------------------------------
<0.001 0.O1O 0.167
<0.001 0.004 0.027

<0.001 0.004 0.079

4N301 0.016 0.167

cO.001 0.013 0.083
4.CM)l 0.017 0.105
4.001 0.004 0.043
<0.001 0.011 0.052
<0.001 0.014 0.158
<0.001 0.015 0.169

cO.001 0.017 0.169

4.001 0.014 0.111
4.001 0.011 0.041
Co.ool 0.010 0.040

4.001 0.014 0.111

— 0.002
Co.ool 0.003
— 0.003
— 0.004
— 0.004
— 0.003
— 0.004

4.001 0.004

0.031
0.03 I
0.218
0.219
0.206
0.195
0.288

0.288

4.001 4.001 0.9
dMlol d.ool 0.4
4.001 0.014 0.7

<0.001 0.014 1.3

<0.001 0.001 1.4
cO.001 0.001 2.7
4.001 0.001 0.2
<0.001 0.003 0.4

<0.001 0.003 0,6
<0.001 0.002 1.8

<0.001 0.003 2.7

0.002 0.015 0.6
0.001 0.001 1.2
0.001 0.001 1.2

0.002 0.015 1.2

e-O.ool
<0.001
<O.(K)1

d.ool
4.001
4.001
<0.001

<0.(M)l

0.016
0.014
0.002
0.002
0.001
0.002
0.001

0.016

1.0
1.1
2.9
2.8
2.0
2.8
2.8

2.9

<0.2
<0.2

1.7

5.7

4.2
1.0

<0.2
4.2
4.2

1.5

1.5

0.8
5.2
5.1

5.2

7.4
8.9

123
110
19

111
109

123

0.098 <0.001
0.109 <0.001

<0.001 0.001

0.109 0.001

Co.ool 0.001
0.001 Co.ool
0.001 <0.001
0.001 4.001
0.005 4.001
0.006 0.002

0.006 0.002

0.046 0.001
0.M36 <0.001
0.005 <0.001

0.046 0.001

O.(N)l 4.001
0.002 0.002
0.002 0.001
0.002 0.001
0.006 Co.ool
0.004 0.001
0.007 <0.001

0.007 0.002
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Table G-27 (Cent)

station cl Cu Fe Mn S04 Zn TDS pH

Acid-Pueblo Canyons
Acid Weir
Pueblo 1
Pueblo 2
Pueblo 3
Hamilton Bend Spring
Test well 1A
Test well 2A
Basalt Spring

Maximum

DP-Los Akkmos Canyons
DPS-1
DIWI
LAo<
LAO-1
LAO-2
LAO-3

Maximum

Sandia Canyon
Scs-1
SCS-2
SCS-3

Maximum

hfortandbd Canyon
GS-I
MC()-3
MCO-4
MCO-5
MCO-6
MCO-7
MCO-7.5

Maximum

262 0.007 0.19 0.015 20 0.015 517 6.9
125 0.003 0.16 0.063 15 0.012 330 7.7
121 0.011 0.21 0.152 24 0.028 375 7.7
45 0.011 0.16 0.099 29 0.020 339 7.9

----------------------------------------- Dry -----------------------------------------
49
37
16

262

147
175
53
66
37

131

175

125
46
45

125

14
17
38
35
30
36
36

38

0.037
0.005
0.002

0.037

0.002
0.002

4.001
0.001
0.011
0.016

0.016

0.058
0.043
0.040

0.058

0.008
0.010
0.010
0,008
0.014
0.004
0.007

0.014

5.4
0.49
0.13

5.4

4.01
0.02
0.10
0.05
0.39
0.87

0.87

1.7
0.68
0.68

1.7

0.45
0.46
0.23
0.21
1.1
0.27
0.61

1.1

0.076
0.060
0.015

1.52

0.005
0.002
0.010
0.004
0.141
0.165

0.165

0.213
0.086
0.081

0.213

0.099
0.104
0.018
0.025
0.145
0.116
0.308

0.308

20
20
18

29

16
23

8
10
9

20

23

18
101
94

101

11
12
50
43
20
41
41

50

12.8
5.13
0.004

12.8

0.001
0.003
0.002
0.003
0.007
0.009

0.009

0.295
0.184
0.164

0.295

0.004
0.009
0.014
0.012
0.025
0.025
0.026

0.026

239
166
188

517

417
481
179
224
173
412

481

357
452
456

456

222
247

1041
1086

338
968
938

1086

7.9
8.1
8.2

8.2

7.8
7.8
7.6
8.0
8.0
7.3

8.0

7.3
7.8
8.0

8.0

7.7
7.7
7.9
7.6
6.8
7.5
7.3

7.9

aSamples were collectexi in April 1988.
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Table G-2$. Radiochemical Quality of Water from Supply Wells and Distribution Systema

Total Gross Gross Gross
3H 137(=5 Uranium 238fi 239,z40fi Alpha Beta Gamma

Station (10+ ~Ci/mL) (10-9 yCi/mL) (@L) (10-9 pCi/mL) (10-9 pCi/mL) (10-9 vCi/mL) (10-9 yCi/mL) (Counts/rein/L)

Water Supply
Los Alamos Field

Well LA-2 — — — — . 3.0 (1.0) 3.9 (0.6) 100 (loo)
Well LA-3 — — — — — 1.2 (0.8) 4.7 (0.6) o (loo)

Guaje Field
Well G-1 -1.1 (0.3) 33 (67) 1 (1) 0.009 (0.006) 0.004 (0.004) 1.9 (0.9) 3.5 (0.6) -110 (70)
Well G-1A -0.8 (0.3) -41 (93) 1 (1) O.000 (0.010) 0.005 (0.005) 0.6 (0.8) 3.3 (0.5) -60 (70)
Well G-2 -1.1 (0.3) 65 (61) 1 (1) 0.008 (0.006) 0.004 (0.010) 1.6 (1.0) 2.5 (0.5) -80 (70)
Well G-3 ----------------------------------------------------------- (Well inactive) ------------------------------------------------------------------

Well GA -0.7 (0.3) o (71) 1 (1) 0.004 (0.004) O.000 (0.010) -0.1 (0.7) 3.2 (0.5) -60 (70)
Well G-5 -1.0 (0.3) -79 (60) 1 (1) 0.004 (0.004) 0.007 (0.005) 0.8 (0.7) 2.1 (0.4) -60 (70)
Well G-6 -0.6 (0.3) 52 (72) 1 (1) 0.009 (0.013) 0.009 (0.009) 4.3 (0.6) 1.5 (0.4) -lo (70)

Pajarito Field
Well PM-1 — . 1 (1) -0.005 (0.014) 0.024 (0.014) 11 (3.0) 7.8 (0.9) —
Well PM-2 — — 1 (1) -0.007 (0.007) O.000 (0.010) 1.0 (0.7) 2.5 (0.5) —
WeUPM-3 — — 2 (1) 0.004 (0.010) 0.018 (0.014) 9.0 (2.0) 5.9 (0.8) —
Well PM4 ----------------------------------------------------------- (Well inactive) ------------------------------------------------------------------

Well PM-5 — 1 (1) 0.006 (0.010) 0.006 (0.006) 2.7 (1.0) 4.4 (0.6)— —

Water supply
maximum -0.6 (0.3) 65 (61) 2 (1) 0.009 (0.013) 0.024 (0.014) 11 (3.0) 7.8 (0.9) -lo (70)

Distn”bution System
Fire Station 1 -1.1 (0.3) -34 (59) 1 (1) 0.008 (0.01 1) -0.015 (0.W9) 4.0 (1.0) 6.0 (0.7) -190 (90)
Fue Station 1 -1.3 (0.3) 30 (61) 1 (1) 0.019 (0.014) O.000(0.010) 7.0 (2.0) 4.5 (0.6) -20 (70)

Fire Station 2 -1.1 (0.3) 113 (63) 1 (1) 0.032 (0.014) 0.016 (0.010) 1.7 (0.9) 6.1 (0.8) 40 (90)

Fire Station 2 -0.8 (0.3) 27 (58) 1 (1) 0.012 (0.010) 0.008 (0.006) 2.0 (0.8) 2.5 (0.5) –120 (70)



Tabls G-28 (Cent)

Total Gross Gross
3H 137cs 238h 239,*

Gross
Uranium

Station (104 ~Ci/mL) (10-9 ~Ci/mL) (p#L) (10-9 pCi/mL) (10-9 ~Ci/mL) (lO-~~%mL) (10-9B~~dmL) (Co~~~%ti)

Dis~”bution System (Cent)
Fire Station 3 -1.0 (0.3)
Fire Station 3 -1.0 (0.3)

Fire Station 4 -1.6 (0.3)
Fire Station 4 -0.7 (0.3)

Fire Station 5 -0.8 (0.3)
Fire Station 5 -1.0 (0.3)

Bandelier National
Monument —

Distribution system
maximum -0.8 (0.3)

Fenton Hill Supply
TA-57

Standby Well
Well LA-6 —

Wounting uncertainty is in parentheses.

86 (67)
-lo (77)

135 (69)
4 (60)

36 (75)
43 (68)

—

135 (69)

5 (62)

—

1 (1)
1 (1)

1 (1)
1 (1)

1 (1)
1 (1)

1 (1)

1 (1)

2 (1)

—

-0.004 (0.010) -0.004 (0.012)
0.008 (0.01 1) 0.008 (0.009)

O.000 (0.010) 0.008 (0.008)
-0.004 (0.009) 0.008 (0.006)

0.008 (0.014) 0.008 (0.009)
O.000 (0.010) 0.004 (0.01 1)

-0.025 (0.025) -0.025 (0.019)

0.032 (0.014) 0.016 (0.010)

0.007 (0.010) 0.014 (0.009)

— —

0.5 (0.6) 5.7 (0.7)
0.7 (0.7) 2.5 (0.5)

0.8 (0.8) 6.8 (0.8)
0.6 (0.7) 2.5 (0.5)

0.2 (0.5) 5.3 (0.7)
1.6 (0.9) 2.5 (0.5)

1.3 (0.9) 5.2 (0.7)

7.0 (2.0) 6.8 (0.8)

0.0 (0.9) 6.2 (0.8)

1.4 (0,9) 5.1 (0.7)

-180 (90)
-120 (70)

1100(100)
-90 (70)

30 (90)
—

—

30 (90)

-190 (90)

100 (loo)
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Table G-29. Chemical Quality (EPA’s Primary and Secondary Constituents) of
Water from Supply Welk and Distribution System (mg/L)

Station Ag As Ba Cd Cr F Hg N Pb Se

Supply Wells
Guaje Field

Well G-1
Well G-1A
Well G-2

Well G-3
Well GA
Well G-5
Well G-6

Pajarito Field
Well PM-1
Well PM-2
Well PM-3
Well PM4
Well PM-5

Water supply
maximum

Dis~”bution System
Fm Station 1
Fire Station 1

Fire Station 2
F~e Station 2

Fire Station 3
Fire Station 3

Fire Station 4
Fire Station 4

Fire Station 5
Fire Nation 5

Bandeliex National
Monument

Distribution system
maximum

Fenton Hill Supply
TA-57

USEPA and NMEID
primary maximum
concenhation levels

4.001 0.001 0.073 <0.001 0.004 0.4 <0.0002 0.6 0.001 0.001
4.001 0.002 0.070 Co.ool 0.004 0.4 — 0.6 <0.001 0.001
4.001 0.034 0.077 <0.001 0.006 0.5 <0.0002 0.5 0.002 Co.ool

------------------------------------ Well inactive ----------------------------------------

d.001 0.004 0.017 <0.001 0.005 0.8 <0.0002 0.4 <0.001 0.001
cO.001 0.004 0.016 <0.001 0.CN)5 0.3 d.0002 0.6 <0.001 0.001
4.001 0.002 0.017 Co.ool 0.003 0.5 <0.0002 0.5 <0.001 0.001

4.001 -@.001 0.056 dMIOl 0.004 0.4 <0.0002 0.5 0.007 <0.001
d.ml 4.001 0.028 4.001 0.002 <0.2 4.0002 0.3 0.002 <0.001
4M101 4.001 0.086 cO.001 0.003 0.4 <0.0002 0.5 0.006 Co.ool

-------------------------------------– Well inactive -----------------------------------------

4.001 0.002 0.034 4.001 0.001 0.3

<0.001 0.034 0.086 <0.001 0.006 0.8

<0.001 <0.001
<0.001 <0.001

0.002 0.001
<0.001 0.010

0.002 0.002
<0.001 <0.001

0.001 0.001
<0.001 0.011

0.002 0.002
<0.001 <0.001

<0.001 4.001

0.002 0.011

0.019
0.025

0.052
0.037

0.058
0.030

0.055
0.038

0.019
0.025

0.024

0.058

<0.001 4.001 4.2
<0.001 0.005 4.2

<0.001 0.003 0.4
<0.001 0.006 0.5

<0.001 0.003 0.4
<0.001 0.004 0.6

<0.001 0.003 0.4
<0.001 0.006 0.5

<0.001 d.ool 0.2
<0.001 o.m3 =dl.z

4.001 0.003 0.3

<0.001 0.006 0.6

0.002 0.W2 0.105 Co.ool 0.001 <0.2

WL

0.05 0.05 1.0 0.01 0.05 2.0

..,.

<0.0002 0.3 <0.001 0.001

<0.0002 0.6 0.007 0.001

4.0002 0.5
<0.0002 0.4

4.0002 0.5
4.0002 0.5

CO.0002 0.5
<0.0002 0.4

CO.0002 0.5
4.0002 0.5

CO.0002 0.3
<0.0002 0.4

0.002 <0.001
0.002 0.001

0.002 <0.001
0.002 0.001

O.(X)Z <0.001
<0.001 0.001

0.002 <0.001
0.001 0.001

0.001 Co.ool
0.002 0.001

<0.0002 0.4 0.001 <0.001

CO.0002 0.5 0.002 0.001

— 4.2 0.002 Co.ool

0.002 10 0.05 0.01
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Table G-29 (Cent)

Station c1 Cu Fe Mn S04 Zn TDS pH

Supply WeliS
Guaje Fwld

Well G-1
Well G-1A
Well G-2
Well G-3
Well G*
Well G-5
Well G-6

3 0.013 0.026 4.001 4 0.009 149 8.2
3 0.006 0.009 4.001 4 0.010 147 8.2
2 4.001 0.008 <0.001 4 0.011 163 8.3

------------------------------- Well inactive -----------------------------------
3 0.002 O.(X)3 d.ool 4 0.018 192 8.4
3 0.002 O,(X39 4.001 4 0.010 151 8.2
3 0.002 o.m2 4.001 5 0.008 163 8.3

Pajarito Fwld
Well PM-1
Well PM-2
Well PM-3
Well PM4
Well PM-5

Water supply maximum

7 0.003 0.042 4.001 6 0.081 230 8.0
2 0.002 0.008 0.002 2 0.008 129 7.9
7 0.104 0.036 4.001 6 0.063 202 8.0

---------------------------------- Well inactive -----------------------------------
2

7

0.005

0.104

<0.001

0.042

<0.001

0.002

3

6

2
2

6
4

6
3

6
4

2
2

2

6

9

250

0.004

0.081

164

230

7.8

8.4

6.7
7.9

7.8
8.2

7.8
7.9

7.7
8.2

7.7
7.6

8.0

8.2

8.0

6.5-8.5

Dis~”bution System
Fire Station 1
Fire Station 1

Fire Station 2
Fire Station 2

Fire Station 3
Fire Station 3

2
2

8
3

8
4

8
3

2
2

2

<0.001
0.001

0.024
0.003

0.030
0.008

0.033
<0.001

<0.001
<0.001

0.023

0.033

0.350
0.023

4.001
0.056

0.032
0.018

CO.004
0.031

0.300
0.040

0.230

0.350

0.001
<0.001

4.001
0.001

<0.001
<0.001

Co.ool
Co.ool

Co.ool
4.001

4.001

0.001

0.032
0.093

0.001
0.009

O.m
0.013

0.003
0.013

0.038
0.230

0.075

0.230

92
136

223
168

222
176

211
169

121
141

129

223

Fire Station 4
Fire Station 4

Fire Station 5
Fire Station 5

Bandelier National Monument

Distribution system maximum 8

Fenton Hill Supply
TA-57 30 <0.001 0.02 <0.001 0.121 279

USEPA and NMEID secondary
maximum concentration levels 250 1.0 0.3 0.05 5.0 500
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Table G-3(L Chemical Quality of Water from Supply Wells and Distribution System (mg/L)

Total Conduc-
Hard- tivity

Station Si02 Ca Mg K Na C03 HC03 P ness (mS/m)

Supply Wells
Guaje Field

Well G-1
Well G-1A
Well G-2
Well G-3
Well G+
Well G-5
Well G-6

Pajarito Field
Well PM-1
Well PM-2
Well PM-3
Well PM4
Well PM-5

Water supply
maximum

Distribution System
Fire Station 1
Fire Station 1

Fm Station 2

Fm Station 2

Fire Station 3
Fm Station 3

Fire Station 4
Fire Station 4

Fn Station 5
Fire Station 5

Bandelier National
Monument

Distribution system
maximum

Fenton Hill Supply
TA-57

50 12 0.2 2.2 15 0 77 <0.2 55 16
50 12 0.3 2.3 14 0 76 <0.2 58 16
72 10 0.3 1.9 21 0 73 <0.2 34 16

------------------------------------- Well inactive -------------------------------------
64 16 3.2 1.4 14 0 94 <0.2 31 19
47 17 3.3 1.3 15 0 76 <0.2 55 16
73 17 3.3 1.3 15 0 73 <0.2 34 16

73 24 7.9 3.0 20 0 114 4.2 92 25
68 9 2.6 1.3 10 0 53 4.2 34 11
68 25 6.2 3.1 19 0 117 4.2 91 26

------------------------------------- Well inactive -------------------------------------

76

76

45
74

82
61

85
75

84
58

63
69

62

85

66

11

25

7
10

21
12

21
12

21
12

8
9

11

21

8

3.7

7.9

3.1
2.6

8.1
1.4

8.0
2.9

7.9
1.4

3.2
2.8

2.7

8.1

3.2

1.5 13

3.1 21

1.4 7
1.0 9

3.1 18
1.3 19

3.1 18
1.1 9

3.1 19
1.4 18

1.6 10
0.7 7

1.2 10

3.1 19

4.6 —

204

0

0

0
0

0

0

0
0

0
0

0
0

0

0

0

66 4.2

117 <0.2

35 <0.2

55 <0.2

102 <0.2

82 4.2

102 <0.2

72 <0.2

101 <0.2

81 cO.2

47 <0.2

53 <0.2

56 <0.2

102 <0.2

113 <0.2

43

92

29
36

95
41

95
52

94
38

35
35

40

95

150

14

26

8.8
11

26
17

26
16

26
17

11
11

12

26

37
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Table G-31. Locations of Soii and Sediment Sampling Stations

Latitude Longitude
or North-South or East-West Map

Station Coordinate Coordinate Desifmation8

Regional Sediments
Chamita
Embudo
Otowi
Sandia
Pajarito
Ancho
Frijoles
Coehiti
Bernalillo
Jemez River

Perimeter Sediments
Guajeat SR-4
Bayo at SR-4
Sandia at SR-4
Mortandad at SR-4
Calktda del Buey at SR~
Pajarito at SR-4
Potrillo at SR4
Water at SR-4
Ancho at SR4
Frijcdes at National Monument

Headquarters

EjJluent Release Area Sediments
Acid Pueblo Canyon

Acid Weir
Pueblo 1
Pueblo 2
Hamilton Bend Spring
Pueblo 3
Pueblo at SR4

DP-Los Alamoa Canyons
DPS-1
DPS4
LOS *OS at Bridge
Los Alamos at LAO-1
Los Alamos at GS-1
Los Alamos at LAO-3
Los Alalnos at LAO-4.5
h Alamos at SR-4
h Alamos at Totavi
Los Alamos at LA-2
h Alamos at Otowi

36’’05’
36°12’
35°52’

S060
S185
S305
S375

35’’37’
35°17’
35°4(Y

N135
N1OO
N025
S030
S090
s 105
S145
S170
S255

S280

N125
N130
N120
N105
N090
N070

N090
N075
N095
N080
N075
N075
N065
N065
“N065
N125
N1OO

205

106W7’
105°58’
106°08’

E490
E410
E335
E235

106°19’
106°36’
106°44’

E480
E455
E315
E350
E360
E320
E295
E260
E250

E185

E070
E085
E145
E255
E315
E350

E160
E205
E020
E120
E200
E215
E270
E355
E405
E51O
E560

—
—
—
—
—
—
—
—
—
—

12
13
14
15
16
17
18
19
20

21

22
23
24
2s
26
27

28
29
30
31
32
33
34
35
36
37
38
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Table G-31 (Cent)

Latitude Longitude
or North-South or East-West Map

Station Coordinate Coordinate Designationa

E#luent Release Area Sediments (Cent)
Mortandad Canyon

MortandadnearCMR
Mortandadwest of GS-1
Mortandadat GS-1
Mortan&d at MCO-5
Mortandadat MCO-7
Mortandadat MCO-9
Mortandadat MCO-13

Regwnal Soiik
Rio Chama
Embudo
Otowi
Near Santa Cruz
Cochiti
Bemalillo
Jemez

Perimeter Soils
Sporisman Club
North Mesa
TA-8
TA49
White Rock (east)
Tsankawi

On-Site Soils
TA-21
Eastof TA-53
TA-50
Two-Mile Mesa
East of TA-54
R-Site Road East
Pornllo Drive
S-Site
Near Test Well DT-9
Near TA-33

N060
N045
N040
N035
N025
N030
N015

36°05’
36°12’
35°52’
35°59’
35°37’
35°17’
35°40’

N240
N134
N060
S165
S055
N020

N095
N051
N035
N025

S042
S065
S035
S150
S245

E036
E095
E105
E155
E190
E215
E250

106’’07’
105°58’
106°08’
105°54’
106°19’
106°36’
106”44’

E215
E168

W075
E085
E385
E31O

E140
E218
E095
W30
E295
E103
E195

W025
E140
E225

39
40
41
42
43
44
45

—
—
—
—
.
—
—

S1
S2
S3
S4
S5
S6

S7
S8
S9

Slo
Sll
S12
S13
s 14

S115
S16

‘Soil sampling locations are given in Figs. 14 and 17;
sediment sampling Ioeations, in Figs. 14 and 18.
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Table G-32. Radiochemieal Analyses of Regional Soils and Sedimentsa

Gross
3H 137c~ Total Uranium 238PU 239J40pu Gamma

Location (10+ ~Ci/mL) (pci/g) wg) (pci/g) (pci/g) (Counts/rein/g)

Soils
Chamita -0.2 (0.3)
Embudo -0.2 (0.3)
Otowi -0.8 (0.3)
Near Santa Cmz Lake -0.5 (0.3)
Cochiti -0.4 (0.3)
Bemalillo 4.1 (0.3)
Jemez -3.0 (2.0)

Maximum -0.5 (0.3)

x(s) -0.4 (0.2)

0.16 (0.08)
0.11 (0.11)
0.26 (0.09)
1.4 (0.26)
0.34 (0,10)
0.38 (0.13)
0.62 (0.13)

1.4 (0.26)

0.47 (0.44)

1.3 (0.2)
2.2 (0.2)
3.1 (0.3)
3.5 (0.4)
2.7 (0.3)
1.4 (0.2)
1.8 (0.2)

3.5 (0.4)

2.3 (0.8)

Sediments
Rio Chama

Chamita — 0.11 (0.08) 1.1 (0.2)

Rio Grande
Embudo — 0.10 (0.09) 1.0 (0.2)
Otowi — 0.09 (0.07) 1.1 (0.2)
Sandia — — —

Ancho — —

Bemalillo — O.1OYO.O9) 2.6 (0.3)

Jemez River
Near Jemez — 0.17 (0.09) 4.4 (0.4)

Maximum — 0.17 (0,09) 4.4 (0.4)

1+2s

a!%unpleswere collected in April 1988; counting uncertainty is in parentheses.

O.000 (0.001)
0.014 (0.003)
O.000 (0.001)
0.005 (0.003)
0.002 (0.001)
0.002 (0.001)
O.000 (0.001)

0.014 (0.003)

0.003 (0.005)

0.002 (0.002)

0.004 (0.002)
0.001 (0.001)
0.002 (0.001)

4.004 (0.001)
0.008 (0.002)

0.001 (0.001)

0.008 (0.002)

0.002 (0.001)
0.011 (0.003)
0.004 (0.003)
0.019 (0.004)
0.010 (0.002)
0.008 (0.002)
0.012 (0.003)

0.019 (0.004)

0.009 (0.006)

0.002 (0.001)

0.002 (0.001)
0.003 (0.001)
0.003 (0.001)
0.004 (0.001)
0.003 (0.002)

0.004 (0.001)

0.004 (0.001)

0.5 (0.5)
2.5 (0.3)
5.4 (0.7)
5.5 (0.7)
4.4 (0.6)
1.8 (0.5)
1.5 (0.5)

5.5 (0.7)

3.1 (2.0)

-1.1 (0.5)

-0.8 (0.5)
-0.4 (0.5)

1.1 (0.4)
1.5 (0.4)
1.7 (0.5)

6.1 (0.5)

6.1 (0.5)



Table G-33. Radiochemical Analysea of Perimeter soils and Sedimentsa

3H 137c~ 238~
Gross

Total Uranium 239* Gamma
Location (10+ pCi/mL) (pci/g) Wf!o (pci/g) (pci/g) (Counts/rein/g)

Perimeter Soils
sportmen’sClub -1.1 (0.3)
North Mesa 0.9 (0.3)
TA-8 -0.7 (0.3)
TA49 0.0 (0.3)
White Reck 0.0 (0.3)
Tsankawi -4-).2(0.3)

Maximum 0.9 (0.3)

Perimeter Sediments
Guajeat SR4
Bayo at SR4
Sandia at SR-4
Mortandad at SR4
Caflada del Buey at SR4
Pajarito at SR4
Potrillo at SR-4
Water at SR-4
Ancho at SR4
Friples at Bandelier
Sandia at Rio Grande
Mortandad at Rio Grande
Pajarito at Rio Grande
Water at Rio Grande
Ancho at Rio Grande
Chaquihui at Rio Grade
Frijoles at Rio Grande

.
—
—
—
—
—
—
—
—
—
—
—
—
—
—
.
—

Maximum —

1.3 (0.24)
0.61 (0.08)
1.2 (0.22)
0.36 (0.12)
0.13 (0.12)
0.08 (0.09)

1.3 (0.24)

0.05 (0.09)
-0.06 (0.07)

0.08 (0.09)
0.21 (0.09)
0.11 (0.11)
0.10 (0.08)

-0.02 (0.10)
0.27 (0.10)

-0.05 (0.03)
-0.02 (0.08)

0.27 (0.10)
-0.02 (0.10)

0.12(0.10)
0.18 (0.11)
0.09 (0.08)
0.49 (0.13)
0.10 (0.09)

0.49 (0.13)

3.2 (0.3)
3.9 (0.4)
3.3 (0.3)
5.3 (0.5)
4.1 (0.4)
5.9 (0.6)

5.9 (0.6)

4.5 (0.5)
2.5 (0.3)
2.9 (0.3)
2.9 (0.3)
1.7 (0.2)
2.3 (0.2)
2.4 (0.2)
3.5 (0.4)
1.8 (0.2)
1.8 (0.2)
2.2 (0.2)
1.7 (0.2)
1.8 (0.2)
1,7 (0.2)
2.4 (0.2)
5.0 (0.5)
1.9 (0.2)

5.0 (0.5)

aSamples were colleeted in April and October 1988; counting uncertainty is in parentheses,

0.001 (0.001)
0.003 (0.001)
O.ml (0.001)
0.001 (0.001)
0.001 (0.001)

+.a)l (0.001)

o.a)3 (0.001)

0.002 (0.001)
O.a)l (0.001)
O.m (0.001)
0.001 (0.001)
0.001 (0.001)
0.001 (0.001)
0.000 (0.001)
0.001 (0.001)
O.m (0.000)
O.000 (0.001)
0.003 (0.002)
0.001 (0.001)
O.000 (0.001)
O.()(N(0.000)

-0.001 (0.000)
-0.001 (0.000)
-0.002 (0.001)

0.003 (0.002)

0.022 (0.004)
0.002 (0.001)
0.026 (0.004)
0.018 (0.003)
0.004 (0.001)
0.001 (0.001)

0,026 (0.004)

0.003 (0.002)
0.002 (0.001)
O.m (0.001)
0.004 (O.OO1)
0.003 (0.001)
0.009 (0.002)
0.003 (0.002)
0.007 (0.002)
0.002 (0.001)
O.(K)3(0.002)
0.004 (0.001)
0.001 (0.001)
0.003 (0.001)
0.002 (0.011)
O.ml (0.001)
0.010 (0.002)
0.002 (0.001)

0.010 (0.002)

6.0 (0.8)
5.1 (0.7)
3.6 (0.6)
6.6 (0.8)
6.8 (0.8)

10 (1.0)

10 (1.0)

6.4 (0.8)
2.2 (0.5)
2.7 (0.5)
4.5 (0.7)
1.5 (0.5)
2.3 (0.5)
4.4 (0.6)
4.4 (0.7)
2.0 (0.5)
1.4 (0.5)
2.5 (0.4)
1.2 (0.4)
0.5 (0.4)
2.1 (0.4)
1.1 (0.4)
4.5 (0.6)
2.0 (0.4)

6.4 (0.8)



Table G-34. Radiochemical Analyses of On-Site Soii and Sedimentsa

3H
Total

‘Sr 137(=~
Gross

Uranium m~ 239*

Location
Gamma

(Id UCi/mL) (pcilg) (pcilg) O@) (pci/g) (pci/g) (Counts/rein/g)

On-Site Soils
TA-21
Eastof TA-53
TA-50
Two-Mile Mesa
East of TA-54
R-Site Road
Potillo Drive
S-Site
Near Test Well DT-9
Near TA-33

Maximum

1.1 (0.4)
1.0 (0.4)
2.0 (0.4)

-0.2 (0.3)
-0.2 (0.3)

0.3 (0.3)
-0.4 (0.3)
-0.2 (0.3)
-0.3 (0.3)

7.8 (0.9)

7.8 (0.9)

Sediments from E~uent Release Areas
Acid-Pueblo Canyons

Acid Weir —

Pueblo 1 —

Pueblo 2 —

Hamilton Bend Spring —

Pueblo 3 —

Pueblo at SR4 —

Maximum —

DP-Los Alamos Canyons
DP &llylXl at DPS-1 —

DP (hllyOtl at DPS-4 —

LOSAlamos Canyon at Bridge —
Los Alamos Canyon at LAO-1 —
Los Alamos Canyon at GS-1 —
Los Alamos Canyon at LAO-3 —

—
—
—
—
—
—
—
—
—
—

—

—
—

0.28 (0.05)
—
—

0.10 (0.05)

0.28 (0.05)

0.55 (0.05)
1.5 (0.10)

-0.02 (0.08)
0.09 (0.05)
0.97 (0.06)
1.0 (0.10)

0.00 (0.09)
0.12 (0.08)
0.17 (0.12)
0.98 (0.18)
0.29 (0.1 1)
0.35 (0.1 1)
0.18 (0.09)
0.31 (0.10)
1.4 (0.25)
0.35 (0.1 1)

1.4 (0.25)

0.35 (0.1 1)
0.14 (0.07)
0.06 (0.1 1)
0.23 (0.08)
0.09 (0.10)
0.05 (0.08)

0.35 (0.1 1)

0.14 (0.08)
5.9 (0.90)
0.23 (0.09)
0.30 (0.1 1)
4.3 (0.66)
5.2 (0.80)

3.7 (0.4)
4.0 (0.4)
4.6 (0.5)
4.0 (0.4)
4.8 (0.5)
3.8 (0.4)
3.4 (0.4)
3.5 (0.4)
6.2 (0.6)
3.5 (0.4)

6.2 (0.4)

2.2 (0.2)
1.5 (0.2)
3.8 (0.4)
2.9 (0.3)
2.5 (0.3)
1.6 (0.2)

3.8 (0.4)

1.1 (0.2)
2.4 (0.2)
2.7 (0.3)
3.6 (0.4)
5.7 (0.6)

12 (1.2)

0.164 (0.010)
0.002 (0.001)
0.002 (0.001)
0.002 (0.001)
0.001 (0.002)
0.001 (0.001)
O.000 (0.001)
0.004 (0.002)
0.008 (0.002)
0.003 (0.002)

0.164 (0.010)

0.103 (0.008)
0.009 (0.002)
0.024 (0.004)
0.033 (0.004)
0.012 (0.003)
0.018 (0.002)
0.005 (0.002)
0.013 (0.002)
0.048 (0.005)
0.008 (0.002)

0.103 (0.008)

0.052 (0.014) 12.4 (0.471)
0.001 (0.001) 0.002 (0.001)
0.004 (0.001) 0.904 (0.039)
0.004 (0.002) 0.459 (0.029)
O.000 (0.001) 0.004 (0.002)
0.002 (0.001) 0.419 (0.018)

0.052 (0.014) 12.4 (0.471)

0.004 (0.009) 0.025 (0.01 1)
0.074 (0.006) 0.290 (0.015)
0.001 (0.002) O.000 (0.001)
0.001 (0.002) 0.361 (0.020)
0.112 (0.009) 0.669 (0.032)
0.069 (0.006) 0.257 (0.014)

4.9 (0.7)
6.4 (0.8)
5.8 (0.7)
6.4 (0.8)
6.7 (0.8)
4.6 (0.7)
4.1 (0.6)
4.5 (0.6)
5.6 (0.7)
5.4 (0.7)

6.7 (0.8)

1.7 (0.5)
1.1 (0.5)
4.5 (0.7)
3.5 (0.6)
3.1 (0.6)
1.0 (0.5)

4.5 (0.7)

0.4 (0.4)
7.4 (0.9)
2.6 (0.5)
5.6 (0.7)

11 (1.0)
6.1 (0.8)



Table G-34 (Cent)

Total Gross
3H ‘Sr 137& Uranium 23tz~ 239#40fi Gamma

Location (104 @/mL) (pci/g) (pci/g) Wd (pci/g) (pci/g) (Counts/rein/g)

DP-Los Alamos Canyons (Cent)
Los Alamos Canyon at LAO-4.5 — 0.39 (0.09) 5.1 (0.78) 4.4 (0.4) 0.098 (0.006) 0.367 (0.017)

0.077 (0.007) 0.659 (0.032)
0,027 (0.005) 0.604 (0.036)
0.025 (0.004) 0.341 (0.020)
0.040 (0.005) 0.528 (0.027)

9.0 (1.0)
9.0 (1.0)
6.9 (0.8)
2.4 (0.5)
4.9 (0.7)

Los Alamos Canyon at SR4
Los Alamos Canyon at Totavi
Los Alamos Canyon at LA-2
Los Akunos Canyon at Otowi

Maximum

Mortandad Canyon
Mortan&d at CMR
Mortandad west of GS-1
Mortandad at GS-1
Mortandad at MCO-5
Mortandad at MCO-7

(2.2)
Mortandad at MCO-9
Mortandad at MCO- 13

Maximum

— 0.68 (0.05)
— 0.52 (0.09)
— 0.12 (0.07)
— 0.48 (0.09)

3.7 (0.58)
0.97 (0.18)
0.77 (0.16)
1,1 (0.20)

5.0 (0.5)
4.2 (0.4)
2.4 (0.2)
3.2 (0.3)

— 1.0 (0.10) 5.9 (0.90) 12 (1.2) 0.112 (0.009) 0.669 (0.032) 11 (1.0)

— 0.20 (0.08)
0.30 (0.08)
0.51 (0.09)
3.1 (0.10)

-0.07 (0.09)
0.04 (0.09)

30 (4.6)
43 (6.5)

14 ts
7.35 (0.285)

0.32 (0.12)
0.77 (0.16)

1.6 (0.2)
2.0 (0.2)
2.5 (0.3)
1.9 (0.2)

0.004 (0.002) 0.005 (0.002)
0.007 (0.012) 0.080 (0.018)
8.78 (0.680) 33.5 (1.30)
6.08 (0.266) 19.9 (0.890)

0.8 (0.5)
3.3 (0.6)

980 (100)
56 (6.0)

—
—
—

2.2 (0.2)
—

—

1.86 (0.075) 24 (3.0)
4.8 (0.5)
2.6 (0.3)

0.004 (0.002) 0.013 (0.003)
0.004 (0.002) 0.024 (0.004)

9.0 (1.0)
5.7 (0.7)

—
— —

3.1 (0.10) 43 (6.5) 4.8 (0.5) 8.78 (0.680) 33.5 (1.30) 980. (100)—

I

1
aSamples were collected in March and April; counting uncertainty is in panmtheses.
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Table G-35. Radiochemical Analyses of Sediments from an Active Waste Management Area ~A-54)

Grow
3H 137(-s Total Uranium 238PU ~92+u Gamma

Location (10+ ~Ci./mL) (pci/g) (Ml@ (pci/g) (pci/g) (Counts/rein/g)

StationNumber:
1
2
3
4
5
6
7
8
9

Maximum concentration

Background (1974-1986)

Maximum concentration as
a percentage of background

Amdytieal limits of
detection

0.6 (0.3)
0.6 (0.3)
0.2 (0.3)
0.5 (0.3)
0.4 (0.3)
0.1 (0.3)
0.4 (0.3)
0.0 (0.3)
0.3 (0.3)

0.6 (0.3)

7.2

8

0.7

0.19 (0.09)
0.47 (0.13)
0.36 (0.12)
0.24 (0.1 1)
0.18 (0.09)
0.08 (0.09)
0.74 (o. 15)
0.23 (0.10)
0.24 (0.10)

0.74 (0.15)

0.44

168

0.1

2.1 (0.2)
2.7 (0.3)
1.6 (0.2)
2.5 (0.3)
3.1 (0.3)
1.4 (0.2)
3.7 (0.4)
3.4 (0.4)
3.9 (0.4)

3.9 (0.4)

4.4

0.003 (0.011)
O.000 (0.001)
0.003 (0.001)
0.015 (0.003)
0.013 (0.002)
0.001 (0.001)
0.343 (0.018)
0.017 (0.003)
0.416 (0.005)

0.416 (0.005)

0.006

88 5720

0.3 0.003

0.006 (0.002)
0.017 (0.003)
0.003 (0.001)
0.163 (0.010)
0.120 (0.008)
0.011 (0.002)
0.493 (0.024)
0.015 (0.003)
0.026 (0.004)

0.493 (0.024)

0.023

2140

0.002

6.6 (0.9)
6.6 (0.9)
4.9 (0.8)
4.3 (0.7)
5.8 (0.8)
2.8 (0.6)
4.6 (0.7)
6.4 (0.9)
8.0 (1.0)

8.0 (1.0)

7.9

111

0.1
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Table G-36. Radionuclides in Local and Regional Producea

3H 137c~ Uranium 238~ 239J40pu

(pCi/mL) (10-3 pCi/dry g) (rig/dry g) (lO-s pCi/dry g) (lO-s pCi/dry g)

Cochiti/Santo Domingo
N
Mean
Std dev
Minimum

Maximum

Espaiioia
N
Mean
Std dev
Minimum

Maximum

San Ihiefonso
N
Mean
Std dev
Minimum
Maximum

Los AlamosfWhite Rock
N
Mean
Std dev
Minimum
Maximum

On-Si@
N
Mean
Std dev
Minimum
Maximum

Minimum
detectable limit

7
-0.4

0.6
-1.4 (0.4)

0.2 (0.4)

8
0.0
0.4

-0.7 (0.4)
0.6 (0.4)

2
0.2
0.4
0.6 (0.4)
0.5 (0.5)

20
0.6
0.8

-0.1 (0.4)
3.7 (0.5)

6
5.2
6.5
0.3 (0.4)

18 (2.0)

0.7

7
51
56

-23 (110)
150 (96)

8
46

-: (120)
220 (165)

2
13
25
-5 (120)
31 (29)

20
57
63

-30 (52)
210 (76)

6
14
75

-82 (47)
100 (50)

100

6
1.9
1.9
0.04(0.01)
5.0 (0.5)

5
1.9

::: (0.06)
4.2 (0.4)

1
4.9

—
—
—

18
2.2
1.6
0.02(0.02)
5.3 (0.5)

6
3.6
3.5
1.1 (0.1)

10 (1.0)

7
3.0
2.8
0.0 (14)
8.3 (12)

8
2.8

16
-24 (17)

35 (16)

2
0.4
0.6
0.0 (6.7)
0,9 (3.3)

19
17
35

-61 (86)
90 (31)

6
26
52
-1.2 (1.2)

130 (63)

20

7
3.9
7.8

-5.5 (9.2)
17 (12)

8
2.5
4.9

-4.6 (11)
11 (11)

2
0.0
0.0
—
—

19
28
33

–11 (11)
98 (40)

6
1.4

22
-40 (28)

25 (18)

10

Yhmting uncertainties are in parentheses.
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Table G-37. Radionuclidea in F~a

137c~ Uranium ~Pu ~%u
(lO-s pCi/dry g) (rig/dry g) (10~ pCildry g) (10* pCi/dry g)

Ca@sh
Abiquiu

N
Mean
Std dev
Minimum
Maximum

Cochiti
N
Mean
Std dev
Minimum
Maximum

crappie
Abiquiu

N
Mean
Std dev
Minimum
Maximum

Cochiti
N
Mean
Std dev
Minimum
Maximum

10
54

150
-67 (85)
450 (140)

10
77
51
22 (82)

170 (120)

10
71
%

-180 (100)
150 (120)

10
120
50
57 (92)

200 (86)

Minimum detectable limit 10

NOT13 Counting uncertainties are in parentheses.

10
2.9
2.3
0.3 (0.03)
6.4 (0.6)

10
8.2
2.9
3.5 (0.4)

12 (1.2)

10
1.4
0.38
0.66 (0.06)
2.0 (0.2)

10
2.5
1.0
0.78 (0.08)
4.0 (0.4)

3

10
3
4
0 (8)

12 (8)

10
7
9
0 (6)

23 (11)

10
3
7

-9 (lo)
14 (16)

10
2
7

-7 (8)
18 (10)

30

10
3
4

-6 (6)
10 (7)

10
4
7

-4 (lo)
23 (10)

10
8
5
0 (lo)

14 (14)

10
4
4
0 (lo)

13 (7)

20
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Table G-38. Locations of Beehives

North-South East-West
Stations Coordinate Coordinate

Regional Stations (28-44 km)—Uncontrolled Areas
1. Chimayo — —

13. san Pedro — —

Perimeter S@ons (0-4 km)-Uncontrolled Areas
2. Northern Los Alamos County
3. Pajarito Acres

On-Site Stations-Controlled Areas
4. TA-21 (DP Canyon)
5. TA-50 (Upper Mortandad Canyon)
6. TA-53 (LAMPF)
7. Lower Mortandad Canyon
8. TA-8 (Anchor Site W)
9. TA-33 (HP-Site)

10. TA-54 (Area G)
11. TA-9 (Anchor Site E)
12. TA-15 (R-Site)
14. Near TA-49, Frijoles Mesa
15. TA-16 (S-Site)

N180
S21O

N095
N@10
N050
N020
S024)
S260
N050
SO05
S020
S160
S055

W020
E380

E180
E095
E220
E185

W065
E265
E220

W040
E065
E105

W080
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Table G-39

3H

(pCin)

Chimayo

SanPedro

San Juan

Pajarito Acres

Lower Mortandad

TA-8

TA-9

TA-15

TA-16

TA-21

TA-33

TA49

TA-50

TA-53

TA-54

5000

6000

400

20000

7700

5900

1000

500

0

14 m

14000

2200

11OOO

65000

92000

Sekwted Radionuclidea in Local and Regional Hone~

‘Be ‘Na ‘Mn 57C0 ‘Rb 137c~

(pcin) (pcUL) (pcin) (pcin) (pci/L) (pCi/L)

860 -78
(910)b (79)

(1200)

-1200
(1100)

;;

1100
(980)

520
(870)

400
(910)

610
(1100)

1500
(1500)

900
(630)

1300
(800)

510
(910)

1500

(820)

880
(970)

1400
(720)

(:
19

(69)

-59
(84)

-6.3
(71)

(4:

–80
(86)

(1’)

(;3;

52
(53)

-16
(56)

-51
(88)

32
(58)

(7:

(:)

‘Density of honey was about 1860@, data are from 1987.
Younting uncertainty is in parentheses.

41

(61)

(62~”1

170
(78)

(@:”4

93
(72)

100
(59)

15
(60)

330
(110)

(8;

(:”3

160
(61)

5.8
(71)

(:

84
(72)

37
(53)

224)
(%)

150
(95)

200
(93)

;7:

(12t

110
(72)

-48
(80)

230
(120)

(1:8

170
(54)

280
(82)

190
(84)

80
(60)

310
(loo)

120
(62)

-34
(140)

140
(140)

(1:

(158

–110
(140)

13
(110)

-72
(140)

130
(150)

-110
(180)

240
(99)

(1:)

170
(140)

88
(120)

-87
(140)

(8:

120
(78)

–7.0
(74)

93
(76)

(7:)

120
(79)

57
(62)

-5.6
(86)

140
(102)

–20
(loo)

22
(44)

–25
(60)

–70
(75)

–1.4
(47)

(6;

160
(68)
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Table G-40. Selected Radionuclides in Local and Regional Beesa

3H ‘Be 22Na ‘Mu 57C0 ‘Rb 137c~ Uranium
(pCi/L) (pci/g) (pci/g) (pcug) (pctig) (pci/g) (pci/g) (rig/g)

Chimayo 4000
(600) b

San Pedro 1100
(400)

San Juan 3200
(500)

Pajarito Acres 3100
(500)

Lower Mortandad 5700
(700)

TA-8 4700
(600)

TA-9 1600
(600)

TA-15 2200
(400)

TA-16 1100
(400)

TA-21 23000
(2 Ooo)

TA-33 30000
(3 m)

TA-49 2000
(400)

TA-50 3600
(500)

TA-53 16 WIO
(2 Ooo)

TA-54
(3

-0.093
(0.094)

0.15
(0.10)

-0.074
(0.15)

0.16
(0.076)

0.095
(0.091)

0.054
(0.075)

0.014
(0.059)

0.074
(0.081)

-0.0039
(0.093)

0.0078
(0.11)

0.047
(0.071)

0.0035
(0.069)

0.14
(0.078)

0.036
(0.11)

-0.042
(0.081)

4.042
(0.15)

-0.042
(0.21)

0.13
(0.19)

-0.11
(0.14)

0.080
(0.11)

0.14
(0.12)

0.0019
(0.10)

0.21
(0.11)

-0.011
(0.14)

0.031
(0.16)

-OSM6
(0.10)

0.065
(0.11)

0.088
(0.12)

0.016
(0.14)

0.045
(0.11)

0.028
(0.099)

0.19
(0.12)

0.12
(0.099)

0.038
(0.084)

0.097
(0.082)

0.014
(0.087)

0.21
(0.078)

(:R)

0.089
(0.096)

0.14
(0.10)

0.12
(0.073)

0.052
(0.062)

0.018
(0.074)

0.053
(0.08S)

O.M1
(0.075)

-0.13
(0.17)

0.15
(0.18)

0.054
(0.48)

-0.11
(0.13)

0.46
(0.25)

0.39
(0.24)

0.13
(0.12)

0.70
(0.26)

0.62
(0.30)

0.15
(0.17)

0.50
(0.20)

-0.013
(0.12)

0.083
(0.14)

0.053
(0.19)

0.020
(0.13)

-0.12
(0.096)

-0.032
(0.12)

0.0047
(0.11)

0.049
(0.11)

0.045
(0.082)

0.093
(0.089)

0.083
(0.081)

-0.021
(0.072)

0.073
(0.098)

0.046
(0.11)

0.057
(0.073)

-0.030
(0.071)

0.040
(0.090)

0.12
(0.10)

0.075
(0.076)

-0.21
(0.19)

0.21
(0.23)

-0.21
(0.20)

-0.013
(0.14)

-0.072
(0.12)

0.12
(0.12)

0.078
(0.12)

0.14
(0.13)

-0.20
(0.14)

0.16
(0.18)

0.16
(0.12)

0.16
(0.13)

0.15
(0.14)

0.27
(0.17)

-0.11
(o. 12)

‘Data are from 1987.
bCounting uncertainty is in parentheses.
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Table G-41. Hazardous Waste Management Facilities
at Los Alamos National Laboratory

Inclusion in
Interim Status or Part B Permit NMEID Application

Technical Area Facility Type <90-Day Storage Application Closure

TA-54 Area L

TA-54 Area G
TA-50-1

TA-50-37

TA-3-102
TA-340
TA-14
TA-15
TA-36
TA-39-6
TA-39-57
TA-22-24
TA-53-2
TA40-2
TA=IOSDS
TA-16 (6 units)
TA-16 Area P
TA46
TA-16
TA-54 Area H
TA-35-85
TA-35-125

Tank treatment
Container storage
Landfiw
Oil storage tanks
Landfiila
Batch treatment
Container storage
Controlled-air incinerator
Container storage (feed bay)
Container storage (Rm 117)
Container storage
Container storage
Miscellaneous unit
Misedaneous unit
Miscellaneous unit
Miscellaneous unit
Miscellaneous unit
Container storage
Container storage
Container storage
Miscellaneous unit
Miscellaneous unit
Landfilla
Tank storage
Surface impoundment
Landfiil
Surface impoundment
Surface impoundment

Yes
Yes
No
No
No
Yes
Yes
Yes
40&y
No

<90 day
40&y
Yes
Yes
Yes
Yes
Yes
No
40&y
No
Yes
Yes
No
40 day
No
No
No
No

Interim status
Interim status
Neither
Neither
Neithep
Interim status
Intexim status
Interim status
Neither
Interim status
Neither
Neither
Interim status
Interim status
Interim status
Interim status
Interim status
Neither
Neither
Neither
Neither
Interim status
Neither
Neither
Neither
Neither
Neither
Neither

FY91
FY 89

closed

closed
FY90

FY90

FY 89
FY90
FY 89
FY 89

aInterim status was terminated in November 1985. These landfills are in the process
of being closed in accordance with New Mexico Hazardous Waste Management Regulations.

bMay be added to Part B when mixed waste regulatory issues are settled.
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January 12,1988

January 1988

February 3,1988

February 11,1988

February 1988

March 16,1988

March 28,1988

Mamh 31,1988

April 8,1988

Ap~ 20,1988

April 24,1988

Apd 29,1988

my 18,1988

June 17,1988

July 14,1988

August 1,1988

August 8-12,1988

August 26,1988

August 30, 1988

November 23,1988

LOS ALAMOS NATIONAL LABORATORY
ENVIRONMENTAL SURVEILLANCE 19SS

Table G-42. 1988 RCRA Interactions Among the Laboratory,
Environmental Protection Agency (EPA), and New Mexico’s

Environmental Improvement Division (NMEID)

Received Notice of Violation (NOV) letter (January 8) as a result of July 14,
1987, EPA/NMEID inspection.

Biennial Inventory of Federal Hazardous Waste Sites submitted.

Submitted revised Area P Closure Plan to NMEID.

Submitted to NMEID the response to the January 12,1988, NOV.
Submitted hazardous waste questionnaires for generators to EPA.

Submitted revised underground storage tank (I-NT) notifkation to NMEID.

Responded to NMEID’s request (January 14, 1988) for the annual ground-
water monitoring qort.

Submitted closure certification for TA-3-102 to NMEID.

Submitted supplemental questionnaires for generators to EPA (see
February 3, 1988).

Reeeived confmnation of TA-3-102 closure.

Letter from NMEID in response to revised Part A/B submitted
November 25,1987.

Submitted to the NMEID a revised UST not.itlcation.

Submitted 1987 biennial hazardous waste report for generators, storers,
treaters, and disposers.

Submitted closure certification for TA-22-24 and TA-40-2 to the NMEID.

Reeeivai confmtion of TA-22-24 and TA-40-2 closure.

Submitted revised Part A to NMEID. Expands storage capacity of

hazardous waste.

Reeeived compliance order addressing continued violations from previous
NOVS.

EPA/NMEID RCRA compliance inspection.

Submitted annual UST registration fees to NMEID.

Received compliance order (CO) revising August 1 CO. Clarifies legal
issues.

NOV letter as a result of the August 8-12, 1988, insfxxtion.
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Table G-43. Types of Discharges and Parameters Monitored at
the Laboratory under its NPDES Permit NMO028355

Number of Monitoring Required
EPA ID No. Type of Discharge Outfalla and Sample Frequency

OIA Power plant 1 Total suspended solids, free
available chlorine, pH, flow
(monthly)

02A

03A

Boiler blowdown 1

Treated cooling water 34

04A Nonecmt@ cooling water 29

050
051

05A

MA

128

Ss

Radioactive waste 2
treatment plants

High-explosive discharge 18

Photo Wi3StfX3 13

Printed circuit board 1

Sanitary wastes 9

pH, total suspended solids, flow
copper, iron, phosphorus,
sulfite, total chromium (weekly)

Total suspended solids, free
available chlorine, phosphorus,
pH, flOW (Wt?dd)f)

pH, flOW (Wt?.ddy)

Ammonia, chemical oxygen
demand, total suspended solids,
cadmium, chromium, copper, iron
lead, mereury, zinc, pH, flow
(weekly)

Chemieal oxygen demand, pH,
flow, total suspended solids
(weekly)

Cyanide, silver, pH, flow
(weekly)

pH, chemical oxygen demand,
total suspended solids, iron,
copper, silver, flow (weekly)

Biochemical oxygen demand, flow,
pH, total suspended solids, fecal
colifonn bacteria (variable
frequency, from three per month to
one quarterly)
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Table G-44,

Discharge

NPDES Permit Monitoring of Effluent QuaMy at
Sanitary Sewage Treatment Outfalla

Number of
Location Permit Parameters Deviations Range of Deviation

TA-3 BOIY
TSSb
Fecal eoliform bacteriac
pHd

2
2
1
0

73.8-111.0
56.8-60.0

6000
—

TA-9

TA-16

TA-18

TA-21

TA-35

TA41

TA46

TA-53

BOD
Tss
pH

o
0
0

—
—
—

BOD
Tss
pH

o
0
0

—
—
—

BOD
TSS (90)
pH

BOD
TSS
pH

o
0
2

1
0
0

—
—

9.5-9.8

45.9
.
—

BOD
TSS (90)
pH

BOD
TSS
Fecal coliform bacteria
pH

BOD
TSS
pH

BOD
TSS (90)
pH

1
1
0

0
0
0
0

0
0
1

1
0
2

49.3
125.6

—
—
—
—

—

5.5

—

9.7

aBiochemieal oxygen demand (BOD) permit limits are 30 mg/L (20day average) and 45 mg/L
(7-day average).

~otal suspended solids (TSS) permit limits are 30 mg/L (20-day average) and 45 mg/L or
90 mg/L (7-day average), dependent on the specific outfall.

l%eal coliform bacteria limits are 1000 organisms/100 rnL (20-day average) and 2000
organisms/100 mL (7-day average).

‘Range of permit pH limits is %.0 and <9.0 standard units.
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Table G-45. Limits Established by NPDES Permit NMO028355
for Industrial Outfall D~harges

Permit Daily Daily Unit of
Discharge Category Parameter Average Maxiium Measurement

Power plant

Boiler blowdown

Treated cooling water

Noncontact cooling water

Radioactive waste
treatment plants

High explosives

Photo wastes

TSS
Free Cl
pH

TM
Fe
Cu
P
S03
Cr
pH

TSS
Free Cl
P

pH

cow
CODb
TSSa
TSSb
Cda
Cdb
Cr’
CP
Cua
cub
Fea
Feb
Pba
Pbb
H~
Hgb
Zna
Znb
pw
pHb

COD
TSS
pH

CN
Ag
pH

30.0
0.2

&9

30
10

1
20
35

Report
6-9

30.0
0.2
5.0

6-9

18.8
94.0

3.8
18.8
0.01
0.06
0.02
0.19
0.13
0.63
0.13
1.0
0.01
0.06
0.007
0.003
0.13
0.62

6-9
6-9

150.0
30.0

6-9

0.2
0.5

6-9

221

100.0
0.5

6-9

100
40

1
40
70

6-9

100.0
0.5
5.0

69

37.5
156.0
12.5
62.6

0.06
0.3
0.08
0.38
0.13
0.63
0.13
2.0
0.03
0.15
0.02
0.09
0.37
1.83

6-9
6-9

250.0
45.0

6-9

0.2
1.0

69

mg/L

mg/L

standard units

mg/L

mg/L

mgjL

mgiL

mg/L

mg/L

Standald units

mg/L

mg/L
mg/L

standard units

lb/day
lb/day
lb/day
lb/day
lb/day
lb/day
lb/day
lwday
lb/day
lb/day
lb/day
lbfday
lb/day
lb/day
lb/day
lw&y
lwday
lb/day
standard units
standard Utits

mg/L
mg/L
Standald Utits

mg/L
mgiL
standald Units
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Table G-45 (Cent)

Permit Daily Daily Unit of
Discharge Category Parameter Average Maxiium Measurement

Printedcircuit board COD 1.9 3.8 lb/day
Tss 1.25 2.5 lb/&y
Fe 0.05 0.1 lQday
Cu 0.05 0.1 lb@ay
Ag Report Report lb/&y
pH 6-9 6-9 standardunits

*Limitationsfor outfall 050 located at TA-21-257.
Yimitations for outfall 051 located at TA-50-1.
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Table G-46. NPDRS Permit Monitoring of Effluent Quality at Industrial Outfallsa

Number of
Number of Permit Number of Range of Outfalls with

Discharge Category Outfalla Parameter Deviations Deviations Deviations

Power plant 1

Boiler blowdown 1

Treated cooling water 34

Noncontact cooling water 29

Radioactive waste 2
treatmentplant

High explosives 18

Photo Wi3.SttX 13

Printed circuit board 1

TSSb
Free Cl
pH

pH
TSS
Cu
Fe

P

S03
Cr

TSS

Free Cl
P
pH

pH

cow
TSS
Cd
Cr
Cu
Fe
Pb
Hg
Zn
pH

COD
TSS
pH

CN
Ag
TSS
pH

pH
COD
Ag
Fe
Cu
TSS

o
0
0

2
9
0
0
0
0
0

0
4
0
1

0

0
1
0
0
0
0
0
0
0
0

1
0
0

0
1
0
0

2
1

2
0
0

‘Limits set by the NPDES permit are presented in Table G-45.
Wotal suspended solids.
Whemical oxygen demand.

—
—
—

10.0-12.3
121.0-633.0

—
—
—
—

—

0.54-3.5
.

9.2

—

—

69.1
—
—
—
—
—
—
—
—

336.0
—
—

—

12.0
—
—

5.5-10.1
4.8

0.112-0.216
—
—

o
0
0

1
1
0
0
0
0
0

0
4
0
1

0

0
1
0
0
0
0
0
0
0
0

1
0
0

0
1
0
0

2
1

1
0
0
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Table G-47. Schedute and Status of Upgrading the
Laboratory’s Waste-Water Outfalls

Outfalls Date Status

OIA
Final design complete
Advertisement of construction contract
Award of ecmstruction contract
Construction completion
In compliance with final limits

03A
Finaldesign complete
Advertisement of ecmstruction contract
Award of construction contract
Construction completion
In compliance with final limits

05A
Final design complete
Advertisement of construction contract
Award of cxmstruction contract
Construction completion
In compliance with final limits

01s
Fhal design complete
Advertisement of construction contract
Award of construction contract
Construction completion
In compliance with final limits

04s
Final design complete
Advertisement of construction contract
Award of construction contr@
Construction complete
In compliance with final limits

05s
Final design complete
Advertisement of construction contract
Award of construction contract
Construction completion
In compliance with final limits

06S
Final design complete
Advertisement of construction contract
Award of construction contract
Construction completion
In compliance with final limits

August 1986
September 1986
October 1986
December 1986
January 1987

August 1986
September 1986
October 1986
December 1986
January 1987

September 1986
October 1986
November 1986
h’hy 1987
June 1987

—
—

July 1986
My 1987
August 1987

January 1987
February 1987
March 1987
December 1987
Januaxy 1988

—
—

July 1986
January 1988
M.iiy1988

—

July 1986
August 1986
August 1987
September 1987

Completal
Completed
Completed
Completed
Completed

Completed
Completed
Completed
Completed
Completed

Completed
Completed
Completed
Completwi
Completed

Completed
Completed
Completed
Completed
Completed

Completed
Completed
Completed
Completed
Completed

Completed
Completed
Completed
Completed
Completed

Completed
Completed
Corqpleted
Completed
Completed
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Table G-47 (Cent)

Outfalk Date status

10s
Final design complete — Completed
Advertisement of construction contract . Completed
Award of construction contract — Completed
Construction completion — Completed
In compliance with final limits September 1986 Completed

11s
Final design complete — Completed
Advertisement of construction contrtwt — Completed
Award of construction contract July 1986 completed
Construction eompkte November 1986 completed
In compliance with final limits January 1987 Completed
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Table G-48. Fcxleral Facility Compliance Agreement:
Intetim Compliance Limits

Discharge IJmit.ation

Daily Average Daily Average 7-Day Average
Eflluent Characteristic (lb/day) (mg/L) (m@)

Industrial Ou#aUs
Outfall OIA (Power Plant)

FlovF
Total suspended solids
Free available chlorine

Outfall 03A (Treated Cooling Water)
Flow
Total suspended solids
Free available chlorine
Total phosphorous

Outfall 05A (High Explosive)
Flow
Chemical oxygen demand
Total suspended solids

Sani@y Waste-Water Ou~alls
Outfall 01S (Located at TA-3)

Flow
Biochemical oxygen demand
Total suspended solids
Fecal eoliform

Outfall 04S (Located at TA-18)
Flow
Biochemical oxygen demand
Total suspended solids

Outfall 05S (Located at TA-21)
Flow
Biochemical oxygen demand
Total suspendcxi solids

Outfall 06S (Located at TA-41)
Flow
Biochemical oxygen demand
Total suspended solids
Fecal eoliform bacteria

Outfall 10S (Located at TA-35)
Flow
Biochemical oxygen demand
Total suspended solids

N/A
lVA
hi/A

hljA
N/A
lVA
N/A

hi/A
hi/A
hi/A

N/A
225.2
225.2
N/A

N/A
10
10

N/A
6.8
7.3

N/A
11.4
6.2

NIA

N/A
23.2
26.1

226

N/A
30

1.0

NJA
30

1.0
5

N/A
1000

60

NIA
70
55

1000O

NIA
60
70

N/A
60
60

N/A
55
30

20000

NfA
115
130

N/A
100

5.0

NIA
lm

5.0
5

N/A

90

N/A
105
105

200 m

N/A
95

125

N/A
95

100

N/A
60
45

100000

N/A
185
170
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Table G-48 (Coot)

Discharge Imitation

Daily Average Daily Average 7-Day Average
Effluent Characteristic (h/day) (m@) (mg/L)

Sanil@y Waste-Water Ou&alls (Cent)
Outfall 11S (1.mcatedat TA-8)

Flow N/A NJA NJA
Biochemical oxygen demand N/A 60 95
Total suspended solids N/A 70 125

‘Flows must be monitored and reported (in millions of gallons per day).

Note: The pH shall not be less than 6.0 nor greater than 9.0.
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Table G-49. Environmental Documentation Approved by the
Laboratory Environmental Review Committee in 1988

Action Description illemorandums
Laboratory-Wide

Live Fting Range Extension (revision)

Water Wells: Otowi-1, Pueblo Canyon, and Otowi-4, Los Alamos
Canyon (Utilities Restoration, Phase II)

TA-3
Arms Control Verification and Intelligence Center

Materials Science Laboratory (revision)

TA-49
LaboratoryHazardous Devices Team Firing Site

TA-52
Ultra-High-Temperature Reactor Experiment (UHTREX)
Decommissioning (revision)

Environmen&l Assessment
TA-5S

Special Nuclear Materials Research and Development Laboratory
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Table SO. Summary of 1988 Emissions of
Toxic Air Pollutants at Los Alarms

Emi@ons Emissions
Pollutant (lb/yr) Pollutant (tb/yr)

Kerosene
Acetone
Gasoline
Methyl alcohol
Ammonia
Methyl ethyl ketone (MEK)
VM&P naphtha
Hydrogen chloride
Nitric acid
Methyl acetate
Xylene
Trichloroethylene
Nitric oxide
Nitrogen oxide
2-Butoxyethanol
Stoddard solvent
Isopropyl akohol
Methylene chloride
Tuqnmine
soft wood
Nitrous oxide
Chloroform
Hexane (N-hexane)
Tolueme (toluol)
Welding fumes
Acetonitrile
Tetrahydrofuran
Sulfuric acid
Dioxane
sec-Butyl alcohol
N-Butyl acetate
Fluorides, as F
Acetic acid
Fluorine
Ethyl acetate
Ethylene dichloride
Pyridine
Dimethylformamide
Ethylene gloeol vapor
N-Amyl acetate
Trichloroacetic acid
Hhydrogen peroxide
%py] akohol
Phenol
Lithium hydride
Styrene, monomer
Phosphoric acid
Ethyl ether

15256
10872
7269
4437
3816
3180
2162
1832
1674
1500
1347
1229
1049
1049
1014

941
829
702
579
525
450
443
435
268
253
223
194
121
119
109
1(KI
99
%
82
81
66
65
53
50
38
37
29
23
22
21
19
19
18

Methyl chloride
N-Butyl akohol
Dimethyl aeetarnide
Ammonium chloride fume
Oil mist
Boron oxide
Carbon disulfide
Carbon terraehloride
Formamide
Methyl isobutyl ketone
Formaldehyde
Cyclohexane
Acrylonitrile
2,4,6-Trinitrotoluene (TNT’)
Naphthalene
rerr-Butyl alcohol
Methyl isobutyl carbinol
Formic acid
Methyl N-butyl ketone
Boron trifluoride
Diethylene triarnine
Hydrogen fluoride as F
Isobutyl acetate
Isobutyl akohol
Isopropyl ether
Aluminum oxide
Tin
Dipropylene glycol methyl ether
Zinc chloride fume
Potassium hydroxide
Heptane (N-heptane)
Glutaraldehyde
Dichlorofluoromethane
2-Nitropropane
Acetic anhydride
Acrylarnide
Sodium hydroxide
Cyclohexanone
Nitrobenzene
1,1-Dichloroethane
Aluminum
Sodium bisulfite
Hydrogen bromi&
Magnesium oxide fume
Hydrogen Sldfik

Chromic acid
Barium, soluble compounds, as Ba
Vinyl acetate

17
16
15
14
13
13
13
12
12
11
9
9
7
7
7
7
7
7
6
6
6
6
6
5
5
4
4
4
4
3
3
3
2
2
2
2
2
2
1
1
1
1
1
1
1
1
1
1
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Table G-51. Los Alamos, New Mexico,a Climatological Survey (1911-1988)
Temperature and Precipitation Meansb and Extremes

Temperature ~F)c

Normals Extremes

High Low
Mean Mean High Low Daily Daily

Month Max Min Avg Avg Year Avg Year Max Date Min Date

January
February
March
April
May
June
July
August
September
October

December

Annual

39.7
43.0
48.7

57.6
67.0
77.8
80.4
77.4
72.1
62.0
48.7
41.4

18.5
21.5
26.5
33.7
42.8
52.4
56.1
54.3
48.4

38.7
27.1
20.3

29.1 37.6
32.2 37.4
37.6 45.8
45.6 54.3
54.9 60.5
65.1 69.4
68.2 71.4
65.8 70.3
60.2 65.8
50.3 54.7
37.9 44.4
30.8 38.4

1986
1934
1972
1954
1956
1980

1980
1936
1956
1%3
1949
1980

59.6 36.7 48.1 52.0 1954

20.9 1930 64
23.0 1939 69
32.1 1948 71
39.7 1973 79
50.1 1957 89
60.4 1%5 95
63.3 1926 95
60.9 1929 92
56.2 1965 94
42.8 1984 84
30.5 1972 72
24.6 1931 64

46.2 1932 95

1/12/81

2/25/86
3/27f86d
4/23f38
5/29/35
6/22/81

7/1 1/35
8/10f37
9/1 1/34

10/01/80
11/01/50
12/27/go

6f221111d

–18
14

-3
5

24
28

37
40
23
15

–14
–13

–18

1/13/63
2/01/51
3/1 1/48
4f09f28
5/01/76d
6/03/19
7p7f24
8/16/47
9/29/36

10/19/76
1l/28p6
12/09/78

1/13/63



Table G-51 (Cent)

Mean Number of Days
Precipitation (in.)c Per Year

Precipitatione Snow Max Min

Daily Daily Precip Temp Temp
Month Mean Max Year Max Date Mean Max Year Max Date >0.10 in. >90°F <32°F

January 0.85
February 0.68

March 1.01
April 0.86
May 1.13
June 1.12
July 3.18
August 3.93

September 1.63

October 1.52
November o.%
Deeember 0.96

Annual 17.83

I

Season

6.75
2.78
4.11
4.64
4.47

5.67
7.98

11.18
5.79
6.77
6.60
3.21

30.34

1916
1987
1973
1915
1929
1986
1919
1952

1941
1957
1978
1984

1941

2.45
1.05
2.25
2.00
1.80
2.51
2.47
2.26

1/12/16
2/20/15
3/30/16
4/12p5
5/-21/29
6/10/13
7/3 1/68
8/01/5 1

10.7
7.3
9.7
5.1
0.8
0
0
0

2.21 9f22/29 0.1
3.48 10/05/1 1 1.7
1.77 1l/25f18 5.0
1.60 12/06D8 11.4

3.48 lo@5/11 50.8

ahtimde 35°52’ north, longitude 106°19’ wes~ elevation 2249 m.
bMws bad on s~tid 30-y~ ~riod: 1951–1980.

cMetric conversion 1 in. = 2.5 cm; “F= 9/5 “C+ 32.
dMost-recent occurrence.
‘Includes liquid water equivalent of frozen precipitation.

64.8
48.5

36.0
33.6
17.0

1987 22.0
1987 20.0
1973 18.0
1958 20.0
1917 12.0

— —

— —

— .

6.0 1913 6.0
20.0 1984 9.0

34.5 1957 14.0
41.3 1%7 22.0

178.4 1987 22.0

153.2 1986-87

1/15/87
2/19/87
3/30/16
4/12p5
5/02f18

—

—

—

9/25/13
10/3lp2
11/22/31
1W8

1/15/87
12#6n8

2
2
3
2
3
3
8
9
4
3
2
3

43

0
0
0
0
0
0
1
0
0
0
0
0

2

30
26
24
13
2
0
0
0
0
7

22
30
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TabIe G-52.

LOS AAMOS NATIONAL LABORATORY
ENVIRONMENTAL SURVEILLANCE 198S

Los Alamos Climatological Summary for 1988

Temperature {°F)a

Means Extremes

Mean Mean
Month Max Min Avg High Date Low Date

January
February
March
April
May
June
July
August
September
Octoba
November
December

Annual

35.1
46.2
50.5
59.9
66.4
77.0
79.3
74.7
69.4
65.2
48.6
39.9

59.4

14.6

22.9
24.7
33.8
40.4

51.4
54.8
54.6
47.1
41.7
26.8
17.3

35.8

24.9

34.5
37.6
46.9
53.4
64.2
67.0

64.7
58.2
53.5
37.7
28.6

47.6

50
59
70
71
82
87
88
86
83
72
66
53

88

29
29
27

3 dates
15
22
25
14
8

17,18
3,6
13

7/25

1
14
9

19
28
39
50
46

35
32
13
2

1

21
18
18
2
2
1

11

29
29,30

28
28
28

1/21
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Table G-52 (Cent)

N
LA
u

Precipitation (in.)a Number of Days

Water Equivalent Snow Mii

Daily Daily Precip Temp Temp
Month Total Max Date Total Max Date 9.10 in. >90°F d2°F

JsnuarY 0.95 0.52 18 16.0 8.0 18 2 0 31 ~!j
—

Fe&

March
April
May
June
July
August

September
October
November

0.20
1.10
1.75
1.97
4.36
4.71
4.56

3.28
0.54
0.59

0.09
0.49
1.22
0.81
2.05
0.73
0.86
0.93
0.30
0.13

17
31
16
16
10
27
22
12
5

18

1.8

17.9
1.2
0
0
0
0
0
0
6.4

1.5

8.0
1.0
0
0
0
0
0
0
2.0

17

31
1

—

—

—

18

0
3
4
3
7

10
12

6
3
2

0
0
0
0
0
0
0
0
0
0

26
25
12
5
0
0
0
0
1

21

December 0.32 0.14 19 6.0 2.2 7 2 0 31

Annual 24.33 2.05 6/10 49.3 8.0 1/18,3/31 54 0 152

aMernc conversions: 1 in. = 2.5 cm; “F = 9/5 “C + 32.
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Table G-53. Lus Alamos Precipitation (in.) for 1988a$b

North
S-Site Community TA-59 Bandelier Eaat Gate ties G White Rock Y White Rock

(1) (2) (3) (4) (9 (6) (7) (8)

January 1.12 1.26 0.95 0.97 0.81 0.59 0.68 0.86
February 0.29 0.31 0.20 0.24 0.09 0.15 0.10 0.18
March 1.04 1.18 1.10 1.21 0.68 0.s 0.44 0.55
April

May
June
July
August

Nu September
A

October
November
December

Annual

1.98
1.75
3.32
2.20
5.89
3.33
0.58
0.64
0.46

22.60

1.83
1.99
2.40
3.29
4.35
3.78
0.72
0.74
0.49

22.34

1.75
1.97
4.36
4.71
4.56
3.28
0.54
0.59
0.32

24.33

1.51
1.57
1.84
2.62

6.18
3.63
1.22
0.44
0.33

21.76

1.45
1.87
2.64
3.59
3.29
3.79
0.54
0.30
0.22

19.27

1.30
1.47
2.09
2.26

3.06
3.90
0.92
0.29
0.15

16.72

1.18 1.25 mr
Zo

1.65 1.59
~ul
xl>

1.55 0.99 ~?
4.33 2.14 MO

2.72 3.43 ~g
2.90 3.47 ul~c=
0.67 0.74 Zp
0.25 0.23

nr

0.14 0.18 g!

m4

16.61
‘o

15.61 5?

aMetric conversion: 1 in. = 2.5 cm,
bSee Fig. 28 for site locations,
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Table G-54. 1988 Weather Highlights

January
Cold and snowy.
Mean temperature = 24.9°F (normal = 29.l”F).

Snowfall = 16.0 in. (normal= 10.7 in.).
SMDS on the 18th: 8.0 in.

February
Dryand mild.
Precipitation = 0.20 in. (normal= 0.68 in.)

Snowfall = 1.8 in. (normal= 7.3 in.).
Strong winds with peak gusts =56 mph on the loth.
Rare and complex display of lights from cirrus clouds on the 25th.
Record warm minimum temperatures of 38 and 36°F on the 27th and 28th,

respectively.

h4arch
Snowy.
Snowfall = 17.9 in. (normal= 9.7 in.).
SMDP on the 17ti 0.30 in.
SMDS on the 17th: 7.5 in.
Only rwched 3CF’Fon the 17th; record low for this date.
SMDL on the 18th: 9“F.
SMDH on the 20th: 63”F.
TMDH on the 21sfi 65”F.

SMDP on the 3lsc 0.49 in.
SMDS on the 31SC 8.0 in.
North Community receival 14.0 in. snowfall on the 31st.
Strong winds with gusts =56 and 62 mph on the loth and 24th, respectively.

April
Wet.
Precipitation = 1.75 in. (normal= 0.86 in.).
Temperature reached only 33°F on the 1su reeord low for this date.

SMDH on rhe 13th: 71°F.
SMDP on the 16ti 1.22 in.
Strong winds with peak gusts =57 and 56 mph on the 21st and 30th, respectively.

May
Wet and windy.
Precipitation = 1.97 in. (normal= 1.13 in.).

Windy, with peak gusts >50 mph on the lst, 2n& 5th, and 6th.
TMDH on the 14th: 80”F.
TMDH on the 15th: 82”F.
SMDP on the 16th: 0.81 in.
Hail (0.5 in. diameter) on the 24th and 28th.
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Table G-54 (Cent)

June
Very wet, fourth wettest June on reeord.
Precipitation = 4.36 in. (normal= 1.12 in.).
Haze on the6th-7th and loth-llth.
Heavy thunderstcmn on the lorh, with 2 in. of hail accumulation and 2.05 in. of

rainfall. A 2-h rainfall= 1.80 in. (25-yr return).
Strong thunderstorm wind on the 1lth, with peak gusts = 53 mph.
Tempxamre only reached 65°F on the 28th; record low for this date.

July
Wet.
precipitation = 4.71 in. (normal= 3.18 in.).
Albuquerque Northeast Heights flash flood on the 9th, with up to 7.8 in. rain in

1.5 h. One pmon was killed.
Haze from Wyoming forest fms on the 26th and 27th.

August
Flashfloodingin Albuquerque on the loth; 1.49 in. of rainfall in White Rock, with

1 in. falling in 1 h.
Record low maximum temperatures of 58 and 60”F on the 27th and 28th,

respectively.
Haze on the 29th.

Summer (June-August)
Precipitation = 13.63 in., third wettest on reeord (wettest, 16.50 in., 1952; second

weaest, 13.65 in., 1%7).

September
Wet with cd daytime temperatures.
Precipitation = 3.28 in. (normal= 1.63 in.).
Mean high temperature = 69.4°F (normal = 72.1°F).

Haze from northern Rocky Mountain forest fms (including Yellowstone) on the 3rd
and 6th-10th; thick haze on the 8th and 9th, with visibility <20 mi.

SMDP on the 12th: 0.93 in.
Funnel cloud reported in Los Lunas on the 13th.

October
Warm and dry.
Mean temperature = 53.5*F (normal = 50.3”F).

precipitation = 0.54 in. (normal= 1.52 in.).

November
Windy and slightly dry.
TMDH on the 6th: 66”F.
Windy on the 15th, with peak gust= 60 mph.
Windy on the 20th, with peak gust= 77 mph (at East Gate).
Windy on four other dates, with gusts 245 mph.
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Table G-54 (Coot)

December
Dry and cd.
Precipitation= 0.32 in. (normal= O.% in.).
Snowfall = 6.0 in. (normal= 11.4 in.).
Mean 10W km-= 17.3°F (normal low= 20.3”F).
Windy, with peak gust =57 mph.
Windy, with peak gusts 240 mph on the 22nd, 25th, and 26th.

Annual
1988meantemperature= 47.5°F(normal = 48.l”F).
1988 precipitation = 24.33 in. (normal= 17.83 in.).
Fourth consecutive year with precipitation >30% above normal.

1988 SllOWfdl = 49.3 in. (normrd = 50.8 in.).
1987-88 winter season snowfall = 80.2 in.

Key for Abbreviations:
SMDH Set nwhum daily high-temperature reeord.
TMDH Tied maximum daily high-temperature record.
SMDL Set minimum daily low-temperature record.
TMDL Tied minimum daily low temperature record.
SMDP Set maximum daily precipitation record.
SMDS Set maximum daily snowfall record.
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Table G-55. Deposition (pequiv/m2)

Quarters

Firat Second Third Fourth Total

Mean field pH 4.92 4.97 4.66 4.71 4.80
Minimum pH 4.18 4.47 4.35 4.51 4.18
Maximum pH 5.46 5.75 4.93 5.24 5.75
Precipitation (in.) 2.61 5.18 10.73 2.03 20.55
Ca 939 2549 1820 325 5633
Mg 124 320 232 41 717
K 19 139 lCO 17 274
Na 311 495 465 76 1347
NH4 361 308 644 54 1366
N03 1022 1619 2866 392 5900
c1 159 367 484 28 1038
S04 1161 3007 3880 262 8309
P04 1 97 21 10 130

REFERENCES

G1. U.S. Environmental Protection Agency, “Envi-
ronmental Radiation Data,” U.S. Envinmmental
Protection Agency report 45 (1986).

G2. U.S. Environmental Protection Agency, “Envi-
ronmental Radiation Data,” U.S. Environmental
Protection Agency report 53 (1988).
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GLOSSARY

A charged particle (identical to the helium nucleus) composed
of two protons and two neutrons that are emitted during decay
of certain radioactive atoms. Alpha particles are stopped by
several centimeters of air or a sheet of paper.

Radioactive products generated as a result of neutrons and
other subatomic particles interacting with materials such as
air, construction materials, or impurities in cooling water.
These “activation products” are usually distinguished, for
reporting purposes, from “fission products.”

Ionizing radiation from sources other than the laboratory.
This background may include cosmic radiation; external
radiation from naturally occurring radioactivity in the earth
(terrestrial radiation), air, and wateu internal radiation from
naturally occurring radioactive elements in the human body;
and radiation from medieal diagostic prwedures.

A charged particle (identical to the electron) that is emitted
during decay of certain radioactivity atoms. Most beta
particles are stopped by s0.6 cm of aluminum.

Any Laboratory area to which access is controlled to protect
individuals from exposure to radiation and radioactive
materiats.

High-energy particulate and electromagnetic radiations that

originate outside the earth’s atmosphere. Cosmic radiation is
part of natural background radiation.

A special unit of radioactivity. One curie equals 3.70 x 1010
nuclear transformations per seeond.

A term denoting the quantity of radiation energy absorbed.

The energy imparted to matter by ionizing radiation per unit
mass of irradiated material. (The unit of absorbed dose is the
rad.)

The hypothetic-al whole-body dose that would give the same
risk of eaneer mortatity and/or serious genetic disorder as a
given exposure and that may be limited to just a few organs.
The effective dose equivalent is equal to the sum of individual
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dose, equivalent

dose, maximum boundq

dose, maximum individual

dose, population

dose, whole body

exposure

external radiation

fission products

gallery

gamma radiation

organ doses each weighted by degree of risk that the organ
dose carries. For example, a 100-mrem dose to the lung,
which has a weighting factor of 0.112, gives an effective dose
equivalent to (100x 0.12)= 12 mrem.

A term used in radiation protection that expresses all types of
radiation (alpha, be@ and so on) on a common scale for
calculating the effective absorbed dose. It is the product of
the absorbed dose in rads and certain modifying factors. (The
unit of dose equivalent is the rem.)

The greatest dose commitment, considering all potential
routes of exposure from a facility’s operation, to a hypotheti-
cal individual who is in an uncontrollcxl area whe~ the highest
dose rate occurs. It assumes that the hypothetical individual is
present for 100% of the time (full occupancy) and it does not
take into account shielding (for example, by buildings).

The greatest dose commitment, considering all potential
routes of exposure from a facility’s operation, to an individual
at or outside the Laboratory boundary where the highest dose
rate occurs. It takes into aeeount shielding and oeeupancy
factors that would apply to a red individual.

The sum of the radiation doses to individuals of a population.
It is expressed in units of person-rem. (For example, if 1000
people eaeh received a radiation dose of 1 rem, their popula-

tion dose would be 1000 person-rem.)

A radiation dose commitment that involves exposure of the
entire body (as opposed to an organ dose that involves expo-
sure to a single organ or set of organs).

A measure of the ionization produced in air by x or gamma
radiation. (The unit of exposure is the reontgen).

Radiation originating from a source outside the body.

Those atoms created through the splitting of larger atoms into
smaller ones, accompanied by release of energy.

An underground collection basin for spring discharges.

Short-wavelength electromagnetic radiation of nuclear origin
that has no mass or charge. Because of its short wavelength
(high energy), gamma radiation can cause ionization. Other
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gross alpha

gross beta

ground water

half-life, radioactive

internal radiatr”on

Laboratory

electromagmxic radiation (microwaves, visible light, radio-
waves, ete.) have longer wavelengths (lower energy) and can-
not cause ionization.

The total amount of measured alpha activity without identifi-
cation of speeific radionuclides.

l%e total amount of measured beta activity without identifica-
tion of spzific radionuclides.

A subsurface body of water in the zone of saturation.

The time required for the activity of a radioactive substance. to

decrease to half its value by inherent radioactive deeay. After
two half-live-s, one-fourth of the original activity remains (1/2
x 1/2), after three half-lives, one-ighth (1/2 X 1/2 x M2), and

so on.

Radiation from a some within the body as a result of deposi-
tion of radionuclides in body tissues by processes, such as in-
gestion, inhalation, or implantation. Potassium-40, a naturally
occurring radionuclide, is a major source of internal radiation
in living organisms.

Los Alarms National Laboratory.

person-rem

rad

radiation

Maxv”mum Contaminant Maximum permissible level of a contaminant in water that is
Level (MC’L) delivered to the free-flowing outlet of the ultimate user of a

public water system (see Appendix A and Table A-III). The
MCLS are spxitled by the Environmental Prot.eetion Agency.

mrem Millirem (l@3 ~m). See rem definition.

perched water Aground-water body above an impermeable layer that is sep-

arated from an underlying main body of ground water by an
unsaturated zone.

The unit of population dose, which expresses the sum of radi-
ation exposures received by a population. For example, two
persons each with a O.S-rem exposure, receive 1 person-rem,
and 500 people, eaeh with an exposure of 0.002 rem, also re-
eeive 1 person-rem.

A speeial unit of absorbed dose from ionizing radiation. A
dose of 1 rad equals the absorption of 100 yr of radiation en-
ergy per gram of absorbing material.

The emission of particles or energy as a result of an atomic or
nuclear process.
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Radi&”on Protection
Standard

rem

roentgen (R)

terresti”al radktbn

thermoluminescent
hsimeter (TLD)

tritium

tug

uncontrolled area

uranium
uranium,deplkted

uranium,total

Working Level Month
(WLM)

A standard for external and internal exposure to radioactivity
as defined in Department of Energy Order 5480.1A, Chap. XI
(see Appendix A and Table A-II in this report).

The unit of radiation dose equivalent that takes into account
different kinds of ionizing radiation and permits them to be
expressed on a common basis. The dose equivalent in reins is
numerically equal to the absorbed dose in rads multiplied by
the necessary modifying factors.
A unit of radiation exposure that expresses exposure in terms
of the amount of ionization produced by x rays in a volume of
air. One roentgen (R) is 2.58 x Iti coulombs per kilogram
of air.

Radiation emitted by Mturally occurring radionuclides, such
as ~; the natural decay chains 235U,238U,or 232Th; or from
cosmic-ray-induced radionuclides in the soil.

A material (the Laboratory users lithium fluoride) that, after
being exposed to radiation, luminesces upon being heated.
The amount of light the material emits is proportional to the
amount of mdiation (dose) to which it was exposed.

A radionuclide of hydrogen with a half-life of 12.3 yr. The
very low energy of its radioactivity decay makes it one of the
least hazardous radionuelides.

Rock of compacted volcanic ash and dust.

An area beyond the boundaries of a controlled area (see defi-
nition of “controlled area” in this glossary).

Uranium consisting primarily of ‘*U and having less than
0.72 wt% ‘5U. Except in rare cases occurring in nature, de-
pleted uranium is manmade.

The amount of uranium in a sample, assuming that the ura-
nium has the isotopic content of uranium in nature (99.27 wt%
238U,0.72 wt% 235U,and 0.0057 wt% 234U).

A unit of exposure to ‘Rn and its decay products. Working

Level (WL) is any combination of the short-lived 222Rn de-
cay products in 1 L of air that will result in the emission of
1.3 x ld MeV potential alpha energy. At equilibrium,
100 pCi/L of ‘i2Rn comesponds to 1 WL. Cumulative ex-
posure is measured in Working Level Months, which is
170 WL-h.
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