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Aerial view looking west toward the Jemsz Mountains across the Pajarito Plateau, which is cut into
AUMErous narrow mesas by southeast-irending canyons. The Los Alamos townsite is in the center of the
photo, the main Laboratory technical area {TA-3}) is in the upper lefl. and the airport is at left center.
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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 audience 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 above. 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 Alamos National Laboratory

P.O. Box 1663

Los Alamos, NM 87545

Attn; Dr. Lars F. Soholt

Mail Stop K490

Commercial Telephone: (505) 667-5021
Federal Telephone System: 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 Alamos
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 foodstuffs; and environ-
mental compliance. Comparisons with appropriate standards, regulations, and background
levels provide the basis for concluding that environmental effects from Laboratory opera-
tions are insignificant and do not pose a threat to the public, Laboratory employees, or the
environment.
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A. Monitoring Operations

The Laboratory maintains 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, identify trends,
provide information for the public, and contribute to
general environmental knowledge. More 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 causcd 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 rescarch facilitics.

Monitoring and sampling locations for various types
of measurements 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
occupicd by the public and potentially affected
by Laboratory operations.

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

Samples of air particulates 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 25 000 analyses for chemical and
radiochemical 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 associated 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, fallout, and radioactive con-
sumer products. Estimated doses arc those believed to
be potential doses to individuals under realistic condi-
tions of exposure.

Historically, estimated doses from Laboratory oper-
ations have been less than 7% of the 500 mrem/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 1o
100 mrem/yr (effective dosc equivalent) from all
exposure pathways. In addition, exposure via the air
pathway is further limited to 25 mrem/yr (whole body)
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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 well and
is 24% of the EPA’s 25-mrem standard for the air

pathway alone (Table G-1). This dose resulted mosty
from external radiation from short-lived airborne emis-
sions from a linear particle accelerator, the Los Alamos
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

2 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. The highest esti-
mated dose caused from Laboratory operations was 2. Risk Estimates. Estimates of the added risk of
cancer were calculated to provide a perspective for
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Fig. 2. Summary of estimated maximum individual and Laboratory boundary doses
(excluding contributions from cosmic, terrestrial, and medical diagnostic sources) from

K Laboratory operations. J
S




/

comparing the significance of radiation exposures. In-
cremental cancer risk to residents of Los Alamos town-
site due to 1988 Laboratory operations was estimated
to be 1 chance in 83 000 000 (Table 2). This risk is
<0.5% of the 1 chance in 30 000 cancer risk from natu-
ral background radiation and the 1 chance in 190 000
risk from medical radiation.

The Laboratory’s potential contribution to cancer
risk is small when compared with overall cancer risks.
The overall lifetime risk in the United States of con-
tracting some form of cancer 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 Alamos area are monitored with thermolumines-
cent dosimeters (TLDs) at 147 locations.

LOS ALAMOS NATIONAL LABORATORY
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The TLD network monitoring radiation from air-
borne activation products released by LAMPF mea-
sured about 13 * 3 mrem/yr (excludes background radi-
ation from cosmic and terrestrial sources). This value
is essentially the same as measured in 1987 despite a
19% decrease 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 from Laboratory facilities.

D. Air Monitoring

Airborne radioactive emissions were monitored at
87 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
Exposure Source (mrem) (chance)
Average Exposure from Laboratory Operations
Los Alamos townsite 0.12 1in 83 000 000
White Rock area 0.07 1 in 140 000 000
Natural Radiation
Cosmic, terrestrial, self-irradiation, and radon exposure?
Los Alamos 336 1in 30 000°
White Rock 329 1in 30000
Medical X Rays (Diagnostic Procedures)
Average whole-body exposure 53 1 in 190 000

®An effective dose equivalent of 200 mrem was used to estimate the risk from inhaling 222Rn and its

transformation products.

bThe risks from natural radiation from nonradon sources were estimated to be 1 chance in 73 000 in Los
Alamos and 1 chance in 77 000 in White Rock. The risk of lung cancer from radon exposure was
estimated to be 1 chance in 50000 for both 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 tritium, ura-
nium, plutonium, americium, and gross beta activity at
25 sampling stations. Measurements of radioactivity in
the air are compared with concentration guides based
on DOE’s Derived Air Concentrations. These guides
are concentrations 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

LOS ALAMOS NATIONAL LABORATORY
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arcas) 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 tritium air concentrations showed any
measurable impact from radionuclides due to Labora-
tory operations. Annual average concentrations of tri-
tium remained <0.1% of DOE’s guides at all stations
and posed no environmental or health problems in
1988. Annual average concentrations of longer-lived
radionuclides in air were also <0.1% of the guides
during 1988.

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

Airborne Emissions
Activity Released Ratio
Radionuclide Units 1987 1988 1988:1987
3H Ci 3180 11000 35
32p uCi 48 57 12
41Ar Ci 232 264 1.1
Uranium uCi 1080 559 0.5
Plutonium uCi 73 72 1.0
Gaseous mixed activation products Ci 150 000 121 000 0.8
Mixed fission products puCi 1290 1150 0.9
Particulate/vapor activation products Ci 0.2 0.1 0.5
Total Ci 153 412 132 264 09
Liquid Effluents
Activity Released (mCi) Ratio

Radionuclide 1987 1988 1988:1987

*H 110 000 26 000 0.2

89.90g, 65 81 1.2

3¢ 8.1 31 38

34y 1.6 0.8 0.5

238,239.240py 46 43 0.9

24 Am 3.6 3.7 1.0

Other 610.5 48 0.1

Total 110693 26 169 0.2




E. Water, Soil, 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 confirmed by lack
of radioactive or chemical contamination in that
aquifer.

Measurements of radioactivity in samples of soils
and sediments provide data on less direct pathways of
exposure. These measurements are uscful for under-
standing hydrological transport of radioactivity in inter-
mittent stream channels near low-level radioactive
waste management arcas. 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 locations beyond the Labo-
ratory boundary in Mortandad Canyon. However,
small amounts of radioactivity on sediments in Pueblo
Canyon (from pre-1964 effluents) and Los Alamos
Canyon (from 1952 to current treated effluents) have
been transported to the Rio Grande. Theoretical esti-
mates, confirmed by measurements, show the in-
cremental effect on Rio Grande sediments is in-
significant when compared with background concentra-
tions in soils and sediments.

o
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Environmental monitoring is done at 1 active and
11 inactive waste management areas at the Laboratory.
The general public is excluded from these controlled-
access sites. Surface run-off has transported some low-
level contamination from the active disposal area and
several of the inactive areas into controlled-access
canyons. Leachate extracts (following EPA guidelines)
from the surface contamination indicate the presence of
no constituents in excess 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 <1% of DOE’s guides for tri-
tium in water (there are no concentration guides for
produce).

G. Unplanned Releases

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 estimated 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 trititum-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 subsequently 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 frac-
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-mrem/yr (whole-body) radiation limit.

H. Environmental Compliance Activities

1. Resource Conservation and Recovery Act.
The Resource 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
Mexico’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 one with the EPA and
NMEID to discuss the draft hazardous waste permit
that is scheduled 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

.
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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 Federal 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 required 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 major spill potential. All new con-
struction is designed and constructed to anticipate po-
tential spill problems.

3. National Environmental Policy Act (NEPA).
The Laboratory Environmental Review Committee re-
views environmental documentation required by NEPA
regulations as well as identifies other environmental
items of concern to the Laboratory. An Environmental
Evaluations Coordinator helps prepare required DOE
documentation and identify other items requiring com-
mittce 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 morc-detailed evaluation, is prepared.
During 1988, the committee reviewed six Action De-
scription Memorandums and one Environmental
Assessment and forwarded this documentation 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 sources, and sct 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 varicty of activitiecs in 1988. Permit ap-
plications were prepared for new berylliom-processing
operations at TA-3-35, the Low-Level Waste/Mixed
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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-fired boiler 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 calculate
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 from
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 archacological
and historical resources located on DOE land. Pursuant
to federal regulations implementing Sec. 106 of the Na-
tional Historic Preservation Act of 1966, as amended,
clearance for construction where no resource will be af-
fected and mitigation of unavoidable adverse effects
from Laboratory activity is determined in consultation
with New Mexico's State Historical Preservation
Office. During 1988, archaeologists performed 28 cul-
tural 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 Species Act of

\_
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1973, as amended, and with Executive orders 11988,
Floodplain Management, and 11990, Protection of
Wetlands Environmental Review Requirements. Three
Floodplains/Wetlands notifications were prepared for
publication in the Federal Register. Laboratory biolo-
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 Superfund 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, use, 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 landfill (Area G) and burn PCB contami-
nated wastes at its Controlled Air Incincrator
(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 Il of SARA of
1986 became effective in March 1988. The basic pur-
pose of this provision is to make available to the public
information about releases of certain toxic chemicals
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 located.
This new rule is in addition to other reporting require-
ments under SARA Title 111, which went into effect in
May 1987. According to 40 CFR, Sec. 372.22, the
Laboratory is not a covered facility under Sec. 313.

J
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However, DOE policy is that the Laboratory will
comply with all Sec. 313 reporting requirements.
Therefore, for the calendar year 1987, the Laboratory
reported environmental releases for nitric acid. This
was the only compound exceeding applicable threshold
amounts. Approximately 1500 kg (3300 Ib) were re-
ported released as nonpoint air emissions; 1100 kg
(2500 1b), as stack air emissions. The remaining
amounts of nitric acid were either consumed in chemi-
cal reactions or were completely neutralized by sodium
hydroxide in waste-water treatment operations. Hence,
no other environmental releases of nitric acid were

reported.
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12. Underground Storage Tanks. In 1988, 25
underground storage tanks were removed from the
Laboratory. The majority of these tanks 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
Area G in accordance with NMEID’s recommended
procedures. It is the Laboratory’s policy to remove un-
derground 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 Laboratory and the associated
residential areas of Los Alamos and White Rock are lo-
cated in Los Alamos 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 111-km? (43-mi?) Laboratory sitc and adjacent
communities are situated on Pajarito Platcau. The
plateau consists of a series of fingerlike mesas sepa-
rated by deep east-west—oriented canyons cut by inter-
mittent streams (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 Alamos 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-
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Fig. 3. Topography of the Los Alamos area.

vey coordinate systems. The major coordinate markers
shown on the maps are at 3-km (10 000-ft) intervals.
For the purpose of this report, 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 restrict
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 Monument,
General Services Administration, and Los Alamos
County (see the inside back cover). The San Ildefonso
Pueblo borders the Laboratory to the cast.

Laboratory land is used for building sitcs, experi-
mental areas, waste disposal locations, roads, and utility
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rights-of-way (Fig. 4 and Appendix F). However, these
account for only a small fraction of the total land area.
Most land provides isolation for security and safety and
is a reserve for future structure locations. The Long-
Range Site-Development Plan (Engincering 1982) as-
sures adequate planning for the best possible future
uses of available Laboratory lands.
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Fig. 4. Technical areas (TAs) of Los Alamos National Laboratory in relation
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Limited access by the public is allowed in certain
areas of the Laboratory reservation. An area north of
Ancho Canyon between the Rio Grande and State
Road 4 is open to hikers, rafters, and hunters, but
woodcutting and vehicles are prohibited. Portions of
Mortandad and Pueblo canyons are also open to the
public. An archaeological site (Otowi Tract), northwest

SANTA FE
NATIONAL FOREST
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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 Laboratory area
are found in Bandelier Tuff (Fig. 5). Ashfall, ashfall
pumice, and rhyolite wff form the surface of Pajarito
Plateau. The tuff, ranging from nonwelded to welded,
is over 300 m (1000 ft) thick in the westemn part of the
platcau 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 wffs 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
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Fig. 5. Conceptual illustration of geologic-hydrologic relationships in Los Alamos area.
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formations overlay the sediments of the Tesuque For-
mation (Fig. 5), which extends across the Rio Grande
Valley and is in excess of 1000 m (3300 ft) thick.

Los Alamos area surface water occurs primarily as
intermittent streams. Springs on flanks of the Jemez
Mountains supply base flow into upper reaches of some
canyons, but the amount is insufficient to maintain sur-
face flows across the Laboratory site before it is de-
pleted by evaporation, transpiration, and infiltration.
Run-off from heavy thunderstorms or heavy snowmelt
reaches the Rio Grande 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 sufficient 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 im-
permeable layer that is separated from the underlying
main body of ground water by an unsaturated zone),

BURIAL GROUNDS

WATER SUPPLY WELL

APPROX. 3 MILES
(5 km)
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and (3) the main aquifer of the Los Alamos area
(Fig. 5).

Intermittent stream flows in canyons of the plateau
have deposited alluvium that ranges from less 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 wff and sediments. Intermittent run-off in
canyons infiltrates the alluvium until its downward
movement is impeded by the less permeable tuff and
volcanic sediment. This results in a shallow alluvial
ground-water body that moves downgradient within the
alluvium. As water in the allavium moves down-
gradient, it is depleted by evapotranspiration and
movement into underlying volcanics (Purtymun 1977).

Perched water occurs in comglomerate and basalts
beneath the alluviom 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 Alamos canyons
near their confluence. The second area is mainly in
basalts (Fig. 5) and has one discharge point at Basalt
Spring in Los Alamos Canyon.

The main aquifer of the Los Alamos area is the only
aquifer in the area capable of serving as a municipal
water supply. The surfacc of the aquifer rises westward
from the Rio Grande within the Tesuque Formation into
the lower part of the Puye Formation bencath the cen-
tral and western part of the plateau. Depth of the
aquifer decreases from 360 m (1200 ft) along the west-
em margin of the plateau to about 180 m (600 ft) at the
castern margin. The main aquifer is isolatcd from allu-
vial and perched waters by about 110 to 190 m (350 to
620 ft) of dry tuff and volcanic sediments. Thus, there
is little hydrologic connection or potential for recharge
to the main aquifer from alluvial or perched 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 (Purtymun 1974B). Major recharge to
the main aquifer is from the intermountain basin of the
Valles Caldera in the Jemez Mountains west of Los
Alamos. 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
Tschicoma Formation interflow breccias (rock consist-
ing of sharp fragments embedded in a fine-grained ma-
trix) and the Tesuque Formation. The Rio Grande re-
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ceives ground-water discharge from springs fed by the
main aquifer. The 18.5-km (11.5-mi) reach of the river
in White Rock Canyon between Otowi Bridge and the
mouth of Rito de Frijoles receives an estimated 5.3 to
6.8 x 10> m? (4300 10 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 per-
cent 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 gencrally sunny with moderate warm
days and cool nights. Maximum temperatures are usu-
ally below 32°C (90°F). Brief afternoon and cvening
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 drop
to near —18°C (0°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.).

Surface winds in Los Alamos often vary dramati-
cally with time-of-day and location because of complex
terrain. With light, large-scale winds and clear skies, a
distinct daily wind cycle often exists: a light south-
casterly to southerly upsiope 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 Platcau near the Rio Grande
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Valley, a different daily wind cycle is common: a
moderate southwesterly up-valley 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 County and south-
westerly and northeasterly toward the Rio Grande Val-
ley. The year 1988 followed normal patterns in wind.

Historically, no tomadoes have been reported to
have touched down in Los Alamos County. Strong dust
devils can produce winds up to 35 m/s (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 Plateau.
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-cm (0.5-in.)-diam hailstones are
rare. A strong thunderstorm caused 5 cm (2 in.) of hail
accumulation at TA-59 on June 10.

The irregular terrain at Los Alamos affects the
atmospheric turbulence and dispersion, sometimes fa-
vorably and sometimes unfavorably. Enhanced disper-
sion promotes greater dilution of contaminants released
into the atmosphere. The complex terrain and forests
create an aerodynamically rough surface, forcing in-
creased horizontal and vertical dispersion. Dispersion
generally decreases at lower elevations where the ter-
rain becomes smoother and less vegetated. The fre-
quent clear skies and light, large-scale winds cause
good vertical, daytime dispersion, especially during the
warm season. Strong daytime heating during the sum-
mer can force vertical mixing up to 1-2 km
(30006000 ft) above ground level (AGL), but the gen-
erally 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 can severely
restrict near-surface, vertical, and horizontal dispersion.
Inversions are especially strong during the winter.
Shallow drainage winds can fill lower areas with cold
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air, thereby creating deeper inversions, common toward
the valley (White Rock) on clear nights with light
winds. Canyons can also limit dispersion by channel-
ing air flow. Strong, large-scale inversions during the
winter can limit vertical 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 dispersion is generally the least during summer
and autumn when winds are light. Even though low-
level, winter dispersion is generally greater, intense sur-
face inversions can cause the least-dispersive condi-
tions during the night and early moming,

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 based
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-
ulation of approximately 19 500 (based on the 1980
census adjusted for 1988). Two residential and related
commercial areas exist in the county (Fig. 4). The Los
Alamos townsite (the original area of devclopment,
now including residential areas known as the Eastern
Arca, Western Area, North Community, Barranca
Mesa, and North Mesa) has an estimated population of
12 200. The White Rock area (including the residential
areas of White Rock, La Senda, and Pajarito Acres) has
about 7200 residents. About one-third of the people
employed in Los Alamos commute from other counties.
Population estimates for 1988 place about 203 000 per-
sons within an 80-km (50-mi) radius of Los Alamos
(Table 4).

F. Programs at Los Alamos National Laboratory
The Laboratory is administered by the University of
California for the Department of Energy. The Labo-

ratory’s environmental program, conducted by the
Environmental Surveillance Group, is part of a contin-

uing investigation and documentation program.
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Table 4. 1988 Population Within 80 km of Los Alamos™?

Kilometers from TA-53
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Since its inception in 1943, the Laboratory’s pri-
mary mission has been nuclear weapons rescarch and
development. Programs include weapons development,
magnetic and inertial fusion, nuclear fission, nuclear
safeguards and security, and laser isotope separation.
There is also basic research in the areas of physics,
chemistry, and engineering that supports such pro-
grams. Research on peaceful uses of nuclear energy
has included space applications, power reactor pro-
grams, radiobiology, and medicine. Major research
programs in elementary particle physics are carried out
at the Laboratory’s linecar proton accelerator. Other
programs include applied photochemistry, astrophysics,
earth sciences, energy resources, 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 activities at the Laboratory’s
Qactive technical areas (TAs).

Direction 1-2 24 48 8-15 1520 20-30 3040 40-60 60-80
N 1 0 0 0 0 0 1100 0 355
NNE 0 0 0 546 0 523 1670 1730 213
NE 1 0 0 0 306 14 800 974 1090 3690
ENE 0 0 0 1840 1510 2570 2610 1150 2190
E 0 0 79 24 526 1080 658 0 1440
ESE 0 0 0 0 0 277 21900 1060 1470
SE 0 0 7240 0 0 0 50600 2310 7
SSE 0 0 0 0 0 0 403 4110 90
S 0 0 0 50 0 293 565 6240 0
SSW 0 0 0 20 0 751 185 7570 30800
Sw 0 0 0 0 0 0 289 3820 0
WSW 0 0 0 0 0 289 288 2340 190
w 0 0 0 0 0 0 0 151 122
WNW 0 1540 7000 0 0 0 0 0 2830
NwW 0 561 1840 0 0 0 0 1390 0
NNW 0 619 620 0 0 0 0 61 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 Alamos.

bTotal population within 80 km of Los Alamos is 203 000.

In August 1977, the Laboratory site, encompassing
111 km? (43 mi?), was dedicated as a National Envi-
ronmental Research Park. The ultimate goal of pro-
grams associated with this regional facility is to encour-
age environmental research that will contribute under-
standing of how people can best live in balance with
nature while enjoying the benefits of technology. Park
resources 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 future, and
continuing activities at the Laboratory was completed
in 1979. The report provides environmental input for
decisions regarding continuing activities at the Labora-

tory. It also provides more detailed information on the
environment of the Los Alamos area. J




LOS ALAMOS NATIONAL LABORATORY

/ ENVIRONMENTAL SURVEILLANCE 1988 \

Ill. RADIATION DOSES

Some incremental radiation doses (above those received from natural background, re-
suspended fallout, and medical 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 pathways, which
is 6% of the DOE’s Radiation Protection Standard of 100 mrem/yr (all pathways). This dose
is principally due to airborne emissions from the linear particle accelerator at the Los
Alamos Meson Physics Facility.

No significant exposure pathways 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 fraction is transported off site in stream-
channel sediments during heavy run-off. Radionuclide concentrations in these sediments,
however, are only slightly above background levels. 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 <0.01% of the 65 000 person-rem collective effective
dose equivalent received by the same population from natural radiation sources and 0.02%
of the 11 000 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 Los Alamos 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 83 000 000 from radiation from this year’s Laboratory operations; this is much
less than the 1 chance in 30 000 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 calculated by
AIRDOS-EPA/RADRISK. 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 mrem/yr (whole body) and 75 mrem/yr (any organ) from the air pathway. The
whole-body dose is slightly higher 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-
tal radiation.
The impact of environmental releases of radio- The DOE’s Radiation Protection Standard (RPS)

activity is evaluated by estimating doses received by limits the effective dose equivalent to 100 mrem/yr for
the public from exposure to these relcases. These doses  all pathways of exposure (DOE 1985). The effective

thcn compared with applicable standards and with  dose equivalent is the hypothetical whole-body d(y
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that carries 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 exposures to differ-
ent organs.

In accordance with EPA regulations (40 CFR 61),
whole-body doses received through the air pathway are
limited to 25 mrem/yr and individual organ doses are
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 radiation
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 lig-
vid 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 recommendations
of the ICRP (Appendix D). These doses are summa-
rized in Table S for the most important exposure cate-
gories:

1. Maximum 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 require 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 being inside a build-
ing) and occupancy (the fraction of the year
that the person is in the area).
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3. Average Dose. This is the estimated average
dose to residents of Los Alamos and White
Rock.

Collective Effective Dose Equivalent. 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 boundary 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 airbomne emissions of activation products from the
Los Alamos Meson Physics Facility (LAMPF).

The effective 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 Glossary).

All internal radiation doses (through inhalation or
ingestion) are 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 described 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
member of the public from 1988 Laboratory operations
is estimated to be 6.2 mrem/yr. This is the total effec-
tive dose equivalent from all pathways. This dose is
6% of the DOE's RPS of 100 mrem/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 dosD
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based on environmental measurement data discussed  the body for terrestrial radiation. The 1987 NCRP doc-
below. Table 6 summarizes the maximum individual ~ ument also gives an effective dose equivalent for radon
effective dose equivalent and associated organ doses. exposure. These changes were used to obtain the most
current estimates of background radiation. This re-
2. Doses from Natural Background Radiation  sulted in some small differences from the procedure
and Medical and Dental Radiation. Effective dose  used in surveillance reports prior to 1987 for de-
equivalents from natural background and from medical  termining background doses.
and dental uses of radiation are estimated to provide a Whole-body external dose is incurred from expo-
comparison with doses resulting from Laboratory  sure to cosmic rays and to external terrestrial radiation
operations. Doses from global fallout are only a small  from naturally occurring radioactivity in the earth’s sur-
fraction of these doses (<1%) and are not considered  face and from global fallout. Effective dose equiv-
further here. Exposure to natural background radiation  alents from internal radiation are due to radionuclides
results principally in whole-body doses and in localized  deposited in the body through inhalation or ingestion.
doses to the lung and other organs. For convenience, Nonradon effective dose equivalents from back-
these doses are divided into those resulting from expo-  ground radiation vary each year depending on factors
sure to radon and its decay products that mainly affect  such as snow cover and the solar cycle (Sec. IV). Esti-
the lung, and those from nonradon sources that mainly  mates of background from nonradon sources are based
affect the whole body. on measured external radiation background levels of
As in the environmental surveillance report for 115 mrem (Los Alamos) and 109 mrem (White Rock)
1987 (ESG 1988), estimates of background radiation  due to irradiation from charged particles, x rays, and
are based on a recent comprehensive report by the Na-  gamma rays. These uncorrected, measured doses were
tional Council on Radiation Protection and Measure-  adjusted for shielding by reducing the cosmic-ray
ments (NCRP 1987). The 1987 NCRP report contains  component (60 mrem at Los Alamos, 52 mrem at White
some minor differences from a 1975 NCRP report that  Rock) by 20% to allow for shielding by structures and
had been used in previous environmental surveillance by reducing the terrestrial component (55 mrem at Los
reports. These differences include using 20% (instcad  Alamos and 57 mrem at White Rock) by 30% to allow
of 10%) shielding by structures for high-energy cosmic  for self-shielding by the body (NCRP 1987). To these
radiation and 30% (instead of 20%) self-shielding by  estimates, based on measurements, were added

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

Percentage of
Laboratory  Radiation Protection Radiation Protection

Operation Standard Standard
(mrem/yr) (mrem/yr) (%)
Effective Dose Equivalent 6.2 100 6.2
Organ:
Breast 6.7 5000 0.1
Lung 54 5000 0.1
Red marrow 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 48 5000 0.1 J
22
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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 Rock.

In addition to these nonradon doses, a second com-
ponent of background radiation is dose to the lung from
inhalation of 22Rn and its decay products. The 22Rn
is produced by decay of 226Ra, a member of the ura-
nium series, which is naturally present in the con-
struction materials in a building and in its underlying
soil. The effective dose equivalent from exposure to
background 22Rn 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 222Rn 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
Rock (Table 5), or 136 mrem/yr (Los Alamos) and
129 mrem/yr (White Rock) from nonradon sources and
200 mrem/yr from radon (in both areas).

Medical and dental radiation in the United States
accounts for an average effective dose equivalent,
per capita, of 53 mrem/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 indicated a 12.7-
mrem increment above cosmic and terrestrial back-
ground radiation during 1988 (Sec. 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-1). 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
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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
arec 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 mrem/yr
(effective dose equivalent).

A maximum on-site dose to a member of the public
from external penetrating radiation from all Laboratory
airborme 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 <0.005% 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 Laboratory’s science museum, an
area readily accessible to the public.

Average dose to residents in Los Alamos townsite
attributable to Laboratory operations was (.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 airbome emissions (Ta-
ble G-1) are below the EPA air pathway standards for
whole-body doses, 25 mrem/yr, and the limit {or organ
doses, 75 mrem/yr (Appendix A).

Exposure to airborne 3H (as tritiated water vapor),
uranium, 38Pu, 239290py 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 from the
three regional sampling stations at Espafiola, 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

J
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100 mrem/yr. The inhalation dose that was the highest
percentage of the EPA’s air pathway standard was
0.22 mrem to the bone surface; 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 section and thus
were considered insignificant.

5. Modeled Doses from Airborne Emissions.
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 from
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 area just
north of LAMPF, is 37% of the EPA’s air pathway
standard of 25 mrem/yr (whole body).

The maximum organ dose was calculated by AIR-
DOS-EPA to be 11 mrem 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 LAMPFE. Of the 11 mrem, approximatcly 99% is
due to external penetrating radiation from LAMPF air
emissions and 1% from other Laboratory emissions.

6. Doses from Direct Penetrating Radiation. No
direct penetrating radiation from Laboratory operations
was detected by TLD monitoring in off-site areas. The
only off-sitc TLD measurements showing any effect
from Laboratory operations were those taken north of
LAMPF. These were 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.

24
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Members of the public using the DOE-controlled road
passing by TA-18 would likely receive no more than
2 mrem/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-
pendix A). This value was based on 1988 field
measurements of gamma plus neutron dose rates using
TLDs.

The on-site TLD station (Station 24, Fig. 6) near the
northeastern Laboratory boundary recorded an above-
background dose of about 70 mrem. This reflects direct
radiation from a localized accumulation of '37Cs on
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 receiving 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-
sured 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 po-
tentially result in a maximum committed effective dose
cquivalent 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) were used to estimate doses re-
ceived from eating these foodstuffs. All calculated ef-
fective 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
radionuclides (3H, 137Cs, total uranium, 23%Pu, and
239,240py;), Maximum committed effective dose equiv-
alent that would result from ingesting one quarter of an
annual consumption of fruits and vegetables (160 kg)

J
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Fig. 6. Thermoluminescent dosimeter (TLD) locations on or near the Laboratory site.

from the off-site locations was 0.05 mrem. This dose is
0.05% of the DOE’s RPS for protecting members of the
public (Appendix A).

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

Fish samples were analyzed for !37Cs, natural
uranium, 23py, and 2392%9py, Radionuclide con-
centrations in fish from Cochiti Reservoir, the sampling

25

location downstream from the Laboratory, are com-
pared with concentrations in fish taken from upstream.
The maximum effective dose equivalent to an individ-
ual eating 21 kg of fish from Cochiti 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 mrem,
which is 0.01% of DOE’s 100-mrem standard.

9. Collective Effective Dose Equivalents. The
1988 population collective effective dose equivalent
attributable to Laboratory operations to persons living
within 80 km (50 mi) of the Laboratory was calculated
to be 2.2 person-rem. This dose is <0.01% of the
65 000 person-rem exposure from natural background
radiation and 0.02% of the 11 000 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 extemnal
whole-body radiation from LAMPF emissions. Whole-
body doses received from external radiation equal total
effective doses.

The 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 Burecau of Census count adjusted to
1988 (Table 4 and Appendix D).

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

~

levels given above. The dose to the 80-km population
from medical and dental radiation was calculated using
amean annual dose of 53 mrem 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 Laboratory
operations, natural background radiation, and medical
and dental radiation. Approximately 90% of the total
collective dose from Laboratory operations is to Los
Alamos County residents. This dose is 0.03% of the
collective effective dose equivalent from background
and 0.2% of the collective dose from medical and den-
tal radiation, respectively.

Population centers outside of Los Alamos County
are farther away, so dispersion, dilution, and decay in
transit (particularly for '1C, 13N, 140, 150, and *!'Ar)
reduce 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 from natural background radiation
and 0.003% of the dose from medical 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 1.9° 22
Natural background:

Nonradon 2600 25000

Radon 3900 41000

Total due to natural sources of radiation 6 500 65 000
Diagnostic medical exposures (~53 mrem/yr/person)© 1000 11 000

*Includes doses reported for Los Alamos County.

bCalculations are based on TLD measurements. They include a 30% reduction in cosmic
radiation from shielding by structures and a 30% reduction in terrestial radiation from

self-shielding by the body.
“Reference NCRP (1987).
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C. Risk to an Individual from Laboratory Releases

1. Estimating Risk. Risk estimates of possible
health effects 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 actual
risk for low-LET (linear energy transfer) radiation. The
National Council on Radiation Protection and Mea-
surements (NCRP 1975A) has wamned 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, low-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 rays, 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-body 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 effective 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 Rock received
an average effective dose equivalent of 136 and
129 mrem, respectively, of nonradon (principally to the
whole body) radiation from natural sources (including

\_
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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
73 000 in Los Alamos and 1 chance in 77 000 in White
Rock.

Natural background radiation also includes ex-
posure to the lung from 222Rn 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
222Rn and its decay products is 1 chance in 50 000.

The total cancer mortality risk from natural back-
ground radiation is 1 chance in 30 000 for Los Alamos
and White Rock residents (Table 2). The additional
risk of cancer mortality from exposure to medical and
dental radiation is 1 chance in 190 000.

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 Laboratory
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 83 000 000 in Los Alamos and 1 chance in
140 000 000 in White Rock to an individual’s risk of
cancer mortality (Table 2). These risks are <0.1% of
the risk attributed to exposure to natural background ra-
diation or to medical and dental radiation.

For Americans the average lifetime risk isa 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 fallout. For example, amount
of snow cover and position in the solar sunspot cycle
can account for a 10-mrem variation from year to year.
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ment operations at the Laboratory.

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 operations were those from do-
simeters located north of the Los Alamos 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 as the dose measured in 1987. Some on-site measurements
were above background levels, as expected, reflecting research activities and waste manage-
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A. Background

Natural external penetrating radiation comes from
terrestrial and cosmic sources. The natural terrestrial
component results from decay of “°K and of radion-
uclides in the decay chains of 22Th, 25U, and 2%U.
Natural terrestrial radiation in the Los Alamos area 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 because of different soil and rock types in the
area (ESG 1978).

The cosmic source of natural ionizing radiation
increases with elevation because of reduced shielding
by the atmosphere. At sea level, it produces measure-
ments between 25 and 30 mrem/yr. Los Alamos, with a
mean elevation of about 2.2 km (1.4 mi), receives
about 60 mrem/yr from the cosmic component. How-
ever, the regional locations range in elevation from
about 1.7 km (1.1 mi) at Espafiola 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
cosmic component can vary 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-

Qs to external radiation from operation of the Los

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

Levels of external penetrating radiation (including
x and gamma rays and charged-particle contributions
from cosmic, terrestrial, 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). De-
tails 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 attributable to Laboraly
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Fig. 7. Thermoluminescent 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 receives about
53 mrem/fyr from medical diagnostic procedures
(NCRP 1987). The DOE’s RPS is 100 mrem/yr, effec-
tive dose received from all pathways, and the dose
received via air is restricted by EPA’s standard of
25 mrem/fyr (whole body) (Appendix A). These values
are in addition to those from normal background, con-
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-
Kbome activation products (gases, particles, and vapors)
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released by LAMPF, TA-53. The prevailing winds are
from the south and southwest (Sec. ). Twelve TLD
sites are located downwind at the Laboratory boundary
north of LAMPF along 800 m (0.5 mi) of canyon rim.
Twelve background TLD sites are about 9 km (5.5 mi)
from the facility along a canyon rim near the southern
boundary of the Laboratory (Fig. 6). This background
location is not influenced by any Laboratory external
radiation sources.

The TLDs at the 24 sites are changed each calendar
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 measurement (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 (Fig. 2). j
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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 active and 11 inactive low-level radioactive
waste management areas. These waste management ar-
cas are controlled-access areas and are not accessible to
the general public. Active and inactive waste areas are
monitored for external penetrating radiation with arrays
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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). The 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 5 118 110 127
B 14 124 118 132
C 10 124 119 130
E 4 129 119 135
F 4 131 122 155
G 27 161 129 305
T 7 140 115 250
U 4 123 119 127
\"/ 4 125 115 134
w 2 140 142 137
X 1 118 — —
AB 10 120 109 136
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the Laboratory perimeter, and in distant areas

Radiation Protection Standards being exceeded.
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V. AIR MONITORING

Airborne radioactive emissions were monitored at 87 Laboratory release points. The
largest airborne release was 121 000 Ci of short-lived (2- to 20-min half-lives) air-activation
products from the Los Alamos Meson Physics Facility (LAMPF) during its operation from
June 8 through October 5, 1988. Air is routinely sampled at several locations on site, along

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 materials were much less than the 0.1% of concentrations that would result in DOE’s

A. Airborne Radioactivity

1. Introduction. The sampling network for air-
borne radioactivity consists of 25 continuously operat-
ing air-sampling stations (sece 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 located at Espafiola, 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 Labo-
ratory’s air-sampling program. Worldwide background
airbome 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 atmo-
sphere 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

(ﬂ increase the soil resuspension, whereas precipita-
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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 airbome
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 filtration for particulates
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. 9-11).

During 1988, the most significant releases were
from LAMPF. The amount rcleased for the entire year
was 121 000 Ci of air-activation products (gases, par-
ticulates, and vapors) (Tables 3 and G-2). The princi-
pal airborne activation products (half-lives in parenthe-
ses) were 11C (20 min), >N (10 min), 10 (71 s), 10
(123 5), ' Ar (1.83 h), 192Au (4.1 h), and !95Hg (9.5 h).
Over 95% of the radioactivity was from the !C, 3N,
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 Iy
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Fig. 8. Air sampler locations on or near the Laboratory site.
Table 3). This was principally due to increases in  experimental data indicate that no more than about 10%
tritium releases at TA-33 and TA-41. of the depleted uranium becomes airborne. Dispersion
In addition to releases from facilities, some depleted  calculations indicate that resulting airborne concentra-
uranium (uranium consisting primarily of 238U) is dis-  tions are in the same range as that attributable to the
persed by experiments that use conventional high  natural abundance of uranium resuspended in dust par-
explosives. About 298 kg (657 1b) of depleted uranium ticles originating from the earth’s crust.
were used in such experiments in 1988 (Table G-6). The EPA limits radiation doses from airborne radio-
This mass contains about 0.14 Ci of radioactivity. active emissions to 25 mrem/yr (whole body) and
Most of the debris from these experiments is deposited 75 mrem/yr (any single organ) under the auspices of

the National Emission Standards for Hazardous Alr/
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Fig. 10. Summary of plutonium releases (airborne emissions and liquid effluents).
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Fig. 11. Airborne activation product emissions (principally 1°C, 1C, 13N, 16N, 140, 150, 41 Ar)
from LAMPF, the Los Alamos Meson Physics Facility (TA-53).

Pollutants (EPA 1985). As discussed in Sec. 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 mrem/yr to
any organ.

3. Gross Beta Radioactivity., Gross beta analyses
help in evaluating general 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
location (TA-59, OH-1).

4. Tritium. In 1988, the regional mean (2.5
x 10712 uCi/mL) was statistically significantly lower
than the perimeter annual mean (11.5 x 10712 pCi/mL)
and the on-site annual mean (23.9 x 107!2 uCi/mL)
(Table G-7). This reflects the slight impact of Labora-
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tory operations. The TA-2 (Station 25) and TA-33
(Station 24) annual means of 78.0 x 10712 and 57.8
x 10712 uCi/mL, respectively, were the two highest an-
nual means measured in 1988, Both of these stations
are located within the Laboratory boundary near areas
where tritium is used in operations. These tritium
concentrations are <0.1% 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 233Pu, only
7 were above the minimum detectable limit of 2.0
x 10718 uCi/mL. The highest concentration occurred at
TA-2 (17.4 + 3.8 x 10718 pCi/mL) and represents
<0.1% of DOE’s Derived Air Concentration guides for
B8py in controlled areas, 3 x 10712 pCi/mL (Ap-
pendix A). The results of the 238Pu analyses are not
tabulated in this report because of the large number of

results below minimum detectable activity. J
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Fig. 12. Atmospheric gross beta activity at a regional (background) station and an on-

site station during 1988.

The 1988 annual means for 23924°py concentrations
in air for the regional (0.8 x 10718 uCi/mL), perimeter
(0.8 x 10718 uCi/mL), and on-site (4.1 x 10718 uCi/mL)
stations were all <0.1% of the derived guides for con-
trolled or uncontrolled areas (Appendix A).

Measured concentrations of 2!Am were all <0.1%
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
occurring 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 result, 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-
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eas, where a higher filter dust loading accounts for
collection of more natural uranium from resuspended
soil particles.

The 1988 annual means were regional, 159 pg/m?;
perimeter, 56 pg/m3; and on site, 62 pg/m® (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 Precipitation. The Laboratory operates
a wet deposition monitoring station located at Bandelier
National Monument. This station is part of the
National Atmospheric Deposition Program (NADP)

network, The NADP is an independently operatedj
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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 results are presented in Sec. IX.

b. Ambient Air Monitoring. Because the Los
Alamos 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.present, total suspended particulate (TSP)
matter is measured at two sites in the vicinity of the
Laboratory by the New Mexico Air Quality Bureau.
Measurements are made once every 6 days at a site on
West Road in Los Alamos and at the sewage treatment
plant in White Rock. TSP levels measured at thesc
sites, as well as the applicable standards, are reported in
Table 9. The TSP ambient air quality standards were
met in both Los Alamos and White Rock.

In 1988, the Laboratory restarted the ambient air
monitoring station south of TA-49 adjacent to Ban-
delier National Monument. In 1989, fully quality-
assured data will be collected for TSP matter, ozone,
PM,, (particles with an aerodynamic diameter
<10 um), sulfur dioxide, and nitrogen dioxide.

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

a. Beryllium Operations. Beryllium machining
operations are located in shop 4 at TA-3-39, in shop 13
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at TA-3-102, the beryllium shop at TA-35-213, and the
beryllium-processing facility at TA-3-141. Exhaust air
from each of these operations passes through air-pollu-
tion control equipment before cxiting from a stack. A
bag-house filter is used to control emissions from
shop 4. The other operations use HEPA (high-
efficiency particle-attenuation) filters to control
emissions, with a removal efficiency of more than
99.95%. Source tests have demonstrated that all
beryllium operations meet the emission limits
established by the New Mexico air quality permits. In
1988, the Laboratory submitted a permit application for
additional beryllium-processing operations at TA-3-35.

b. Steam Plants and Power Plant.  Fuel
consumption and cmission cstimates for the stcam
plants and the TA-3 power plant are reported in
Table G-11. These plants are a source of particulate
matter, oxides of nitrogen (NO,), carbon monoxide, and
hydrocarbons. The NO_ emissions from the TA-3
power plant were estimated based on boiler exhaust gas
measurements. Exhaust gas mcasurcments also indi-
cated that sulfur oxides (SO,) in the exhaust gases are
below minimum detectable levels. EPA emission fac-
tors were used in making the other emission estimates
(EPA 1984). The decrcase in emissions from 1987 o
1988 reflects the drop in fucl consumption, mainly at
the TA-3 power plant. The Western Area stcam plant,
used as a standby plant, was operated only 1 month
during 1988. The emissions from these plants are quite
low, posing no threat of violating ambicnt air quality
standards.

¢. Asphalt Plant. Annual production figurcs
and estimates of the particulate matter emissions {rom

Table 9. Particulate Matter Air Quality (ug/m3)

State Ambient

Air Quality Standards Measurements
Type Maximum Allowed Los Alamos White Rock
24-h average 150 58(43)* 83(67)?
Annual geometric mean 60 218 23.6

2Highest (second highest).

J
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Table 10. Asphalt Plant Particulate Matter Emissions

Production Emissions
Year (ton/yr) (Ib/yr)
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 because of a de-
crease in production. There has been a substantial de-
crease in asphalt production since 1985 because 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. Burning and Detonation of Explosives.
During 1988, a total of 15201 kg (33 513 1b) of high-
explosive wastes were disposed of by open burning at
the TA-16 burn ground. Buming the explosives re-
sulting in emissions of oxides of nitrogen, particulate
matter, carbon monoxide, and hydrocarbons. Estimates
of emissions resulting from 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
Laboratory. In some experiments these explosives
contain toxic metals including uranium, beryllium, 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 concentrations of these
toxic metals downwind from the detonations have
shown that ambient air quality impacts are likely to be
<0.1% 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 1b) of lead were poured
during 1988. This facility emits particulatec matter con-
taining lead. The maximum amount of lead poured per
quarter was about 3300 kg (7300 1b), which took place
during the second quarter. The estimated 1988 annual
TSP emissions from this facility were 3.1 kg (6.8 1b);
the maximum quarterly TSP emissions were 1.5 kg
(3.2 Ib). The estimated annual and maximum quarterly
emissions of lead were 0.68 and 0.33 kg (1.5 and
0.73 1b), respectively. The 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 Emissions from the
Open Burning of Waste Explosives (kg)

Pollutant 1987 1988
Oxides of nitrogen 556 459
Particulates 331 274
Carbon monoxide 143 119

k Hydrocarbons

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

3. Visibility. In cooperation with the Laboratory,
the National Park Service established a visibility mon-
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itoring site on Laboratory property. The site is located
near Bandelier National Monument, 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-range 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. The extensive forest
fires in the western United States greatly reduced visi-
bility on several days during the summer of 1988,
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VI. WATER, SOILS, AND SEDIMENTS MONITORING

Surface and ground waters, soils, and sediments were sampled and analyzed to monitor
dispersion of radionuclides and chemicals from Laboratory operations. Radionuclide and
chemical concentrations of water from areas where there has been no direct release of
treated effluents evidenced no observable effects due to Laboratory operations. The chemi-
cal 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 areas
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 (ca. 32 Ci) was
29% of that released in 1987 (ca. 110 Ci) (Table 3).
Release of 137Cs from 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
Laboratory’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

Q’n the lagoons decrcased substantially in 1988.
41

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

As discussed in subsequent sections, concentrations
of radionuclides in water decrease from the point of
discharge. Effluent radionuclides have not been de-
tected beyond the Laboratory boundary in Mortandad
Canyon. Although effluent radionuclides do occur off
site in Los Alamos Canyon, the concentrations remain
<0.1% of DOE’s guides for off-site waters. Thus, these
effluent discharges do not pose a threat to the general
public or the environment.

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 Standy
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Fig. 13. Summary of strontium and cesium liquid effluent releases.

(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 sections).

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.

LABORATORY
QCHITI SANTA FE
R

2. Regional Stations. Regional surface water
samples were collected within 75 km (47 mi) of the
Laboratory from six stations on the Rio Grande, Rio
T LEGEND Chama, and Jemez River (Fig. 14). The six sampling
@ SAMPLING LOCATION stations were located at U.S. Geological Survey gaging
stations. These waters provided baseline data for radio-
chemical and chemical analyses in areas beyond the
Fig. 14. Regional surface water, sediment, Laboratory boundary. Stations on the Rio Grande were

\and soil sampling locations. at Embudo, Otowi, Cochiti, and Bernalillo. The Riy
42
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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 The Rio Chama is a tributary to the Rio Grande up-

drainage area of 37 000 km? (14 300 mi2) in southern stream from Los Alamos (Fig. 14). At Chamita on the
Colorado and northern New Mexico. Discharge for the  Rio Chama, the drainage arca above the station is
period of record (1895-1905 and 1909-1986) has 8143 km? (3143 mi?) in northern New Mexico with a
ranged from a minimum of 1.7 m3/s (60 ft3/s) in 1902 small area in southern Colorado. Since 1971, some
10 691 m3/s (24 400 f3/s) in 1920. The discharge for flow has resulted from transmountain diversion water
water year 1987 (October 1986 to September 1987) from the San Juan drainage. Flow at the Chamita gage
ranged from 22 m3/s (780 ft¥/s) in July to 279 m3/s  is governed by release from several reservoirs, Dis-
(9850 ft3/s) in May (USGS 1988). charge at Chamita during water year 1987 ranged from

/
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1.3 m3/s (46 ft*/s) in January to 88 m3/s (3100 ft3/s) in
April.

The station at Jemez on the Jemez River drains an
area of the Jemez Mountains west of Los Alamos. The
Fenton Hill Hot Dry Rock Geothermal Facility (TA-57)
is located within this drainage. The drainage area is
small, about 1220 km? (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 from these rivers is part of recreational
areas on state and federal lands.

a. Radiochemical 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 Analyses. Surface water
samples from regional stations were collected 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
chemical 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 Alamos included surface water
stations at Los Alamos 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

.
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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 Los
Alamos, has a capacity of 51 000 m> (41 acre-ft) and a
drainage area of 16.6 km? (6.4 mi?) 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 Research Laboratory (TA-43), 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 0.9 x 10° m3 (0.7 acre-ft) and a drainage area
above the intake of about 14.5 km? (5.6 mi?). 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
Alamos 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 Alamos. 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
Bandelier National Monument Headquarters. Flow in
the canyon is from spring discharge in the upper reach
of the canyon. Flow decreases as the stream crosses
Pajarito Plateau because of seepage and evapotran-
spiration losses. The drainage area above the monu-
ment headquarters is about 45 km? (17 mi?) (Purtymun
1980A).

La Mesita Spring is east of the Rio Grande, whereas
Indian and Sacred springs are west of the river in lower
Los Alamos 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.fs).

Perimeter stations in White Rock Canyon are com-
posed of four groups of springs. The springs discharge
from the main aquifer. Three groups (Groups I, II, and
III) have similar, aquifer-related chemical quality. Wa-
ter from these springs is from the main aquifer bencath
the Pajarito Platcau (Purtymun 1980B). Chemical
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Table 12, Maximum Concentrations of Radioactivity in Surface and Ground Waters from Off-Site and On-Site Stations

\

Number of 3H 137y Total Uranium 38py 239.240py
Stations (1078 puCi/mL) (1072 uC¥/mL) (ug/L) (10 uCvmL) (10 pC¥mL)
Analytical Limits of Detection 0.7 40 1.0 0.009 0.03
Off-Site Stations (Uncontrolled Areas):
Derived concentration guide (DCG)® 2000 3000 800 400 300
Regional 6 0.5(0.3) 145 (69)® 4(1) 0.017 (0.012) 0.013 (0.010)
Perimeter
Adjacent 6 1.2(0.3) 145 (63) 4(1) 0.009 (0.013) 0.019 (0.010)
White Rock 25 0.8 (0.3) 101 (79) 13(1) 0.026 (0.014) 0.032 (0.015)
Off-Site Station Group Summary
Maximum concentration 0.8 145 13 0.026 0.019
& Maximum concentration as percentage of DCG <l 5 2 <l <1
On-Site Stations (Controlled Areas):
NonefTluent Release Areas
Ground water (main aquifer) 6 -0.1(0.3) 32 (60) 2(1) 0.019 (0.013) 0.027 (0.013)
Surface water 3 -0.500.3) -62 (54) 2(1 0.024 (0.0149) 0.006 (0.006)
Observation wells (Pajarito Canyon) 3 -0.5(0.3) =30 (55) 1(1) 0.020 (0.014) 0.016 (0.008)
Effluent Release Areas
Acid-Pueblo Canyons 7 02 (0.3) 14 (53) 1(1) 0.015 (0.012) 0.339 (0.038)
DP-Los Alamos Canyons 6 1.1 (04) 92 (62) 2(1) 0.002 (0.004) 0.010 (0.007)
Sandia Canyon 3 -0.5(0.3) 68 (61) 1(1) 0.008 (0.011) 0.012 (0.010)
Mortandad Canyon 7 490 (50) 100 (63) 6(1) 1.38 (0.135) 5.70 (0.238)
On-Site Station Group Summary
Maximum concentration 490 (50) 100 (63) 6.1 1.38 (0.135) 5.70 (0.238)
*See Appendix A.

k“Couming uncertainty is in parentheses.
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Table 13. Maximum Chemical Concentrations in Surface and Ground Waters
from Regional and Perimeter Stations (mg/L)
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Number of
Stations Ca Na Ci F N TDS
Regional Stations
Rio Chama 1 45 24 6 0.3 <02 268
Rio Grande 4 37 24 9 0.5 0.3 228
Jemez River 1 17 9 9 03 0.2 98
Perimeter Stations
Surface Water 3 6 6 3 0.2 0.8 99
Springs 3 20 20 12 0.6 0.7 172
White Rock Canyon
Group 1 9 33 17 7 0.7 14 198
Group I1 9 24 21 8 0.6 5.7 173
Group III 2 24 60 4 1.2 0.9 230
Group IV 1 32 139 4 1.1 <0.2 496
Streams 3 20 13 5 0.5 0.6 173
Sanitary Effluent 1 26 76 4 14 7.8 389
Drinking Water Standard
(for comparison [EPA 1976]) — — 250 4.0 10 500

quality of Spring 3B (Group IV) reflects local condi-
tions in the aquifer discharging through a fault in
volcanics.

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 Grande 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 radiochemical and stable chem-
ical analyses of samples collected from the perimeter
stations are shown in Tables G-17 through G-21.

a. Radiochemical 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).

46

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 Rock 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) (Fig. 15,
Table G-14).

a. Noneffluent Release Areas. On-site, non-
effluent sampling stations consist of seven deep D
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wells, three surface water sources, and three new, shal-
low observation 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 midreach 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-
em edge of the Laboratory. 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 midreach of
Mortandad Canyon. The top of the main aquifer here
lies at about 295 m (968 ft) below the surface.

These test wells are constructed to seal out all water
above the main aquifer. The wells monitor for potential
effects that the Laboratory’s operation may have on
water quality in the main aquifer.

Surface water samples are collected in Cafiada del
Buey and Pajarito and Water canyons downstream from
technical 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 recharged through storm run-off. The
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 sources showed no effects from Labora-
tory operations (Tables 12 and G-22). Concentrations
of tritium, cesium, and plutonium were at or below
limits of detection.

Stable chemical quality of ground water from the
test wells into the main aquifer reflected local 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 constituents in the on-sitc surfaces and
ground-water samples were within drinking water stan-
dards, except for lead from Test Well 8 (0.060 mg/L);

.
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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
excess of 0.3 mg/L. The total dissolved solids in
surface water from Pajarito Canyon exceeded standards
(Table G-23).

b. Effluent Release Areas. On-site effluent re-
lease areas are canyons that receive or have received
treated industrial or sanitary effluents. These include
DP-Los Alamos, Sandia, and Mortandad canyons. Also
included is Acid-Pueblo Canyon, which is a former re-
lease area for industrial effluents. Acid-Pueblo Canyon
received untreated and treated industrial effluents,
which contained residual radionuclides, from 1944 to
1964 (ESG 1981). The canyon also receives treated
sanitary effluents from the Los Alamos County treat-
ment plants 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 reach 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 located in the middle reach (Test Well
T-2A) and lower reach (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 completed 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-
nected to the stream in Pueblo Canyon. Perched water
in the basaltic rocks is sampled from Test Well 1A and
Basalt Spring, further eastward in lower Los Alamos
Canyon. Recharge 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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Table 14. Maximum Chemical Concentrations in On-Site Surface and Ground Waters

Maximum Concentration Group Summary
Observation Maximum
Test Wells Surface Wells Maximum Concentration as a

Standards® (Main Aquifer) Water (Pajarito Canyon) Concentration Percentage of Standard

Number of Stations 6 3 3

m
Chemical Constituents (mg/L) Z
Ag 0.05 <0.001 <0.001 <0.001 <0.001 Q2 3
As 0.05 0.003 0.011 0.024 0.024 48 £
Ba 10 0.078 0.360 0.513 0513 51 2
cd 0.01 <0.001 <0.001 <0.001 <0.001 <1 2
% Cr 0.05 0.004 0.002 0.012 0.012 24 @
F 40 0.6 1.1 0.7 1.1 28 2
N 10 6.0 <02 <02 6.0 60 E
Pb 0.05 0.060 0.001 0.010 0.060 120 2
Se 0.01 0.001 0.003 0.004 0.004 40 a
cl 250 31 174 58 174 70 g

Cu 1.0 0.024 0.010 0.108 0.108 11

Fe 0.3 0.20 47 32 32 10 700

Mn 0.05 0.007 <0.053 10.1 10.1 20 200

SO, 250 23 9 3 9 2

Zn 50 0.989 0.054 0.147 0.989 20

TDS 500 278 743 464 743 148

SUSEPA primary and secondary drinking water standards are used for comparison only. These stations
are not used for the industrial or municipal water supply.
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some sanitary effluents from treatment plants at TA-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
Alamos Canyon (above Station LAQO-1), there are oc-
casional releases of cooling water from 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 from 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.
Infiltration 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 from thundershowers. Water levels
decline during the winter and early summer, as storm
run-off 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 Alamos Canyon (Table G-14).
Sandia Canyon has a small drainage area that heads
on Pajarito Plateau in TA-3. The canyon receives
cooling tower blowdown from the TA-3 power plant
and treated sanitary effluents from TA-3. Treated ef-
fluents from a sanitary treatment plant form a 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 perched
water in the alluvium in this area. There are three
surface-water sampling stations in the reach of the
canyon that contains perennial flow (Table G-14).
Mortandad Canyon has a small drainage areca that
also heads in TA-3. Industrial liquid wastes containing
radionuclides are collected and processed at the indus-
trial waste treatment plant at TA-50. After treatment
that removes most of the radioactivity, the effluents are
released into Mortandad Canyon. Velocity of water
movement in the perched aquifer ranges from 18 m/day
(59 ft/day) in the upper reach to about 2 m/day
(7 ft/day) in the lower reach (Purtymun 1974C, 1983).
The top of the main aquifer is about 290 m (950 ft) be-
low the perched aquifer. Hydrologic studies in the
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canyon began in 1960. Since that time, there has been
no surface flow beyond the Laboratory’s boundary be-
cause 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
infiltration 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 observation
wells completed into the shallow alluvial aquifer. At
times, wells in the lower reach 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
treated 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
treated 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 exceeded 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
(Purtymun 1977). Though the concentrations of some
chemical constituents in the waters of these canyons
were high when compared 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 chemical 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 from 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 Areas

Group Summary

Maximum Concentration

Maximum
Acid-Pueblo DP-Los Alamos Sandia Mortandad Maximum Concentration as a
Standards® Canyons Canyons Canyon  Canyon Concentration Percent of Standard
Number of Stations 7 6 3 8
Chemical Constituents (mg/L)
Ag 0.05 <0.001 <0.001 <0.001 <0.001 <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 <0.001 0.002 <0.001 0.002 20
Cr 0.05 0.014 0.003 0.015 0.016 0.016 32
o F 4.0 13 2.7 1.2 2.9 29 72
N 10 5.7 1.5 52 123 123 1230
Pb 0.05 0.109 0.006 0.046 0.007 0.109 218
Se 0.01 0.001 0.002 0.001 0.002 0.002 20
Cl 250 262 175 125 38 262 104
Cu 1.0 0.037 0.016 0.058 0.014 0.058 6
Fe 0.3 54 0.87 1.17 1.1 54 1800
Mn 0.05 1.52 0.165 0.213 0.308 1.52 3040
SO, 250 29 23 101 50 50 20
Zn 5.0 12.8 0.009 0.295 0.026 12.8 256
TDS 500 517 481 456 1086 1086 217

886} IONVTIISAHNS TVLNIWNOHIANI
AHOLVHOEYT TVNOILVN SOWVTV SO

*USEPA primary and secondary drinking water standards are used for comparison only. These waters
are not a source of industrial or municipal water supply.
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summer thunderstorms. There 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 (Sec. II).
Water for the Laboratory and community is supplied
from 17 deep wells in 3 well fields and 1 gallery. The

LOS ALAMOS NATIONAL LABORATORY
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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 Los Alamos 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 reduced to
acceptable limits by mixing it in the distribution
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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 ficld were
inoperative for part of 1988, and no samples were
collected.

The Guaje well ficld 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 southeast-
ward at about 11 m/yr {36 ft/yr) (Purtymun 1984).

The Pajarito well field is composed of five wells
that range in depth from 701 to 942 m (2300 w0
3090 ft). Movement of water in the upper 535 m
(1750 ft) of the aquifer is eastward at 29 m/yr
(85 ftfyr).

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

All water comprising the municipal and industrial
supply is pumped from wells, piped through trans-
mission lines, and Jifted by booster pumps into reser-
voirs for distribution to the commurity and Laboratory.
Water from the gailery flows by gravity through a mi-
crofilter station and is pumped into one of the reser-
voirs for distribution. All supply watcr is chlorinated
prior to entering the distribution system.

Water in the distribution sysiems was sampled at
five community and Laboratory locations (fire sta-
tions), Bandelier National Monument, and Fenton Hill
(Fig. 16, Table G-14). For results from routine
surveillance monitoring, federal and state standards
(Appendix A) are used only for comparison. Sampling
confirming compliance with federal and state drinking
waler standards is discussed in Scc. VIILE.

a. Radioactivity in Municipal and Industrial
Water Supply. The maximum radioactivity concentra-
tions found in the supply (wells and gallery) and distri-
bution (including Fenton Hill) systcms are below the
EPA’s drinking water standards (Tables 16 and G-28).

b. Stable Chemical Quality of Municipal and
Indusirial Water Supply. The chemical quality of water

LOS ALAMOS NATIONAL LABORATORY
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from wells and the distribution systems is within EPA’s
primary and secondary standards for all but one param-
eter (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 from 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. Transport of Radionuclides in Surface Run-
Off. The major transport of radionuclides from can-
yons that have received treated, low-level radioactive
effluents is by surface run-off. Radionuclides in the
effluents may become adsorbed or 