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Aerial view looking west toward the Jemez Mountains across the Pajarito Plateau, which is cut
into numerous narrow mesas by southeast-trending canyons. The Los Alamos townsite is in
the center of the photo, the main LASL technical area (TA-3) is in the upper left, and the airport
is at left center.
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FOREWORD

SUGGESTIONS ON HOW TO READ THIS REPORT

This report addresses a mixed audience of laypeople and scientifically oriented people. Within each of
these two groups are those people with a limited interest in this report and those with a more comprehen-
sive interest. An attempt has been made to make this report accessible to all without compromising its
scientific integrity. Following are directions advising each specific audience on how best to use this
document.

1. LAYPERSON WITH LIMITED INTEREST. Read Part I, the Environmental Monitoring Sum-
mary, which describes the Laboratory’s environmental monitoring operations and summarizes en-
vironmental data for 1981. Emphasis is placed on significance of findings and results are explained
in common language. Technical terms are avoided. A glossary, list of acronyms and abbreviations,
and list of units are in the front of the report to assist you.

2. LAYPERSON WITH COMPREHENSIVE INTEREST. Follow directions for the *“Layperson
With Limited Interest” given above. Also, summaries of each section of the report are in boldface
type and precede the more technically oriented text. Read summaries of those sections that interest
you. Further detail can be gleaned by reading the text that follows each summary. Appendix A
(Standards for Environmental Contaminants) and Appendix F (Descriptions of Technical Areas
and Their Associated Programs) may also be helpful to you.

3. SCIENTIST WITH LIMITED INTEREST. Read Part I, the Environmental Monitoring Sum-
mary, to determine which specific parts of the Laboratory’s environmental monitoring program are
of interest to you. You can then read summaries and technical details of these parts in the body of
the report. Also, detailed data tables are in Appendix E.

4. SCIENTIST WITH COMPREHENSIVE INTEREST. Read Part I, the Environmental Monitor-
ing Summary, which describes the Laboratory’s environmental monitoring operations and sum-
marizes environmental data for 1981. Also, read the summaries (in boldface) that head each major
subdivision of this report. Further detail can be gleaned from the text and appendixes.

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

Los Alamos National Laboratory

P. O. Box 1663

Los Alamos, New Mexico 87545

Attn: Environmental Surveillance Group, Mail Stop K490
Commercial Telephone: (505) 667-5021

Federal Telephone System: 843-5021
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ppm parts per million (1 in 1 000 000)
rad 62.5 X 10° MeV/g (unit of absorbed dose)
rem roentgen equivalent man (unit of dose equivalence)
R roentgen
sec second
wt% weight per cent
yr year
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alpha particle

beta particle

Concentration Guide (CG)

controlled area

Curie (Ci)

depleted uranium

gallery

gamma radiation

gross alpha

gross beta

GLOSSARY

A charged particle (identical to the helium nucleus)
composed of two protons and two neutrons that is
emitted during decay of certain radioactive atoms.
Alpha particles are stopped by several centimeters of
air or a sheet of paper.

A charged particle (identical to the electron) that is
emitted during decay of certain radioactive atoms.
Most beta particles are stopped by 0.6 cm of aluminum
or less.

The concentration of radioactivity in air or water that is
determined to result in whole body or organ doses
equal to the Department of Energy’s Radiation Protec-
tion Standards for external and internal exposures, if
the air is continuously inhaled or the water is the sole
source of liquid nourishment throughout the year.

Any Laboratory area to which access is controlled to
protect individuals from exposure to radiation and
radioactive materials.

A special unit or radioactivity. One curie equals 3.70 X
10*° nuclear transformations per second.

Uranium consisting primarily of 2**U and having less
than 0.72 wt% ***U. Depleted uranium generally con-
tains less than 0.2 wt% ***U. Except in rare cases oc-
curring in nature, depleted uranium is manmade.

An underground collection basin for spring discharges.

Short-wavelength electromagnetic radiation of nuclear
origin that has no mass or charge. Because of its short
wavelength, gamma radiation can cause ionization.
Other electromagnetic radiation (microwaves, visible
light, radio waves, etc.) have longer wavelengths (lower
energy) and cannot cause ionization.

The total amount of measured alpha activity without
identification of specific radionuclides.

The total amount of measured beta activity without
identification of specific radionuclides.
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ground water

Maximum Contaminat Level (MCL)

perched water

person-rem

rem

roentgen

Radiation Protection Standard (RPS)

thermoluminescent dosimeter (TLD)

total uranium

tuff

uncontrolled area

A subsurface body of water in the zone of saturation.

Maximum permissible level of a contaminant in water
specified by the Environmental Protection Agency that
is delivered to the free flowing outlet of the ultimate
user of a public water system (see Appendix A and
Table A-III).

A grouad water body above an impermeable layer that
is separated from an underlying main body of ground
water by an unsaturated zone.

The sum of radiation exposures received by a popula-
tion. For example, two persons each with a 0.5 rem ex-
posure have received 1 person-rem. Also, 500 people
each with an exposure of 0.002 rem have received 1
person-rem.

The unit of radiation dose equivalent that takes into ac-
count different kinds of ionizing radiation and permits
them to be expressed on a common basis.

A unit of radiation exposure that expresses exposure in
terms of the amount of ionization produced by x-rays
in a volume of air. One roentgen (R) is 2.58 X 10™*
coulombs per kilogram of air.

Standards for external and internal exposure to
radioactivity as defined in Department of Energy Order
5480.1, Chapter XI (see Appendix A and Table A-Il in
this report).

A material (the Laboratory uses lithium fluoride) that,
after being exposed to radiation, luminesces upon being
heated. The amount of light the material emits is
proportional to the amount of radiation (dose) to which
it was exposed.

The amount of uranium in a sample, assuming the
uranium has the isotopic content of uranium in nature
(99.27 wt% **U, 0.72 wt% U, 0.0057 wt% *U).

Rock of compacted volcanic ash and dust.

An area beyond the boundaries of a controlled area
(see definition of “controlled area” in this Glossary).



ENVIRONMENTAL SURVEILLANCE AT LOS ALAMOS DURING 1981
by

Environmental Surveillance Group

ABSTRACT

This report documents the environmental surveillance program conducted by the Los
Alamos National Laboratory during 1981. Routine monitoring for radiation and
radioactive or chemical substances is conducted on the Laboratory site and in the sur-
rounding region to determine compliance with appropriate standards and permit early
identification of possible undesirable trends. Results and interpretation of data for 1981
are included on penetrating radiation; on the chemical and radiochemical quality of am-
bient air, surface and ground water, municipal water supply, soil and sediments, and
food; and on the quantities of airborne emissions and liquid effluents. Comparisons with
appropriate standards and regulations or with background levels from natural or other
non-Laboratory sources provide a basis for concluding that environmental effects at-
tributable to Laboratory operations are insignificant and are not considered hazardous
to the population of the area. Results of several special studies describe some unique en-

vironmental conditions in the Laboratory environs.

I. ENVIRONMENTAL MONITORING SUMMARY

Los Alamos National Laboratory policy emphasizes
protection of the general public and environment from
any harm that could arise from Laboratory activities and
mitigation of environmental impacts to the greatest
degree practicable. In keeping with this policy and
Department of Energy (DOE) requirements to assess
and document possible influences of operations on the
environment, this report provides data and interpretation
of environmental conditions in the vicinity of the
Laboratory during 1981.

A. Monitoring Operations

Routine monitoring for radiation, radioactive
materials, and chemical substances is conducted on the

Laboratory site and in the surrounding region to docu-
ment compliance with appropriate standards, identify
possible undesirable trends, provide information for the
public, and contribute to general environmental
knowledge. This monitoring in the environment is a
backup to data on specific effluent releases, such as those
from radioactive waste treatment plants and various
stacks at nuclear research facilities.

Monitoring and sampling locations for various types
of measurements are organized into three main groups.
Regional stations are located within the five counties sur-
rounding Los Alamos County (see Fig, 1) at distances up
to 80 km (50 mi) from the Laboratory. They provide a
basis for determining natural conditions beyond the
range for potential influence of Laboratory operations.
Perimeter stations are located primarily within about 4
km (2.5 mi) of the Laboratory boundary and emphasize
locations in the adjacent residential and community
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areas. They document conditions in areas regularly oc-
cupied by the general public and likely to be influenced
by Laboratory operations. Onsite stations are within the
Laboratory boundary and most are in areas accessible
only to employees during nominal working hours. Their
data are useful for continuity of interpretation and for
documentation of conditions in parts of the Laboratory
site where the public has limited access (for example,
commuters on cross-site roads or near some boundaries).
The number of stations in each group is shown in Table
L.

The types of routine monitoring conducted at these
stations include measurements of radiation and collec-
tion of samples of air particulates, water, soils, and
foodstuffs for subsequent analysis. External penetrating
radiation (the x and gamma ray and charged particle
contributions from natural, cosmic, and terrestrial
sources, plus any Laboratory contributions) was
measured at 61 locations by thermoluminescent

L0S ALAKOS COUNTY

SANDOVAL COUNTY

TAOS COUMTY

ALBUOUERQUE
SERNALILLO CouNTY

dosimeters (TLDs). Airborne radioactivity samples were
accumulated during monthly intervals by continuously
operating samplers at 25 locations. Surface and ground
water samples were collected periodically at 120 loca-
tions: 76 of which are indicated in Table I, 24 for the
Department of Energy’s water supply wells and distribu-
tion system, and 20 related to the Hot Dry Rock
Geothermal Project at Fenton Hill,



TABLE I

NUMBER OF SAMPLING LOCATIONS

Number of Sampling Stations

Type of in Group
Monitoring Regional  Perimeter  Onsite
External Radiation 4 12 45
Air 3 11 11
Surface and ground water? 6 36 34
Soils and sediments 5 23 42
Foodstuffs 7 5 9

3An additional 24 stations for the water supply and 20 special stations related to the Fenton Hill Geother-

mal Program were also sampled.

Samples of foodstuffs, principally vegetables, fruit,
and fish, were collected at 21 locations. Soil and sedi-
ment samples were collected periodically from 80 loca-
tions. Additional samples were collected at various times
and locations to gain information about particular
events, such as for major runoff events in intermittent
streams, nonroutine releases, or special studies. During
1981, more than 13 100 analyses for chemical and
radiochemical constituents were performed on these en-
vironmental samples. Resulting data were used for com-
parison with standards and natural background, dose
calculations, and other interpretations.

B. Summary of 1981 Results

The large number of samples and wide range of pur-
poses for which they are collected makes a brief sum-
mary difficult without leading to possible misinterpreta-
tion. Consequently, this summary presents an overview
of monitoring results with selected highlights, emphasiz-
ing comparisons with standards or other bases for in-
dicating significance. Full details of the results, their con-
texts, and interpretive methodology are explained in the
body of the report and appendixes.

1. Radiation Doses

Individual whole body radiation doses to the public at-
tributable to Laboratory operations are compared to ap-
plicable Radiation Protection Standards in Table II.
Radiation doses for various mechanisms of exposure are
expressed as a percentage of the 500 mrem/yr Radiation
Protection Standard. This Radiation Protection Stan-
dard is only for doses from exposures above natural
background and medical exposures. Doses presented
here are those calculated to be possible doses to in-
dividuals under realistic conditions of exposure and do
not include some of the maximum hypothetical ex-
posures discussed in the body of this report that have
minimal likelihood of occurring.

Another perspective is gained by comparing these es-
timated doses with the estimated whole body dose at-
tributable to natural background radiation. The highest
estimated dose due to Laboratory operations is about
4% of the dose attributable to naturally occurring
radioactivity in Los Alamos in 1981.

The estimated maximum regional doses shown in
Table II for direct external radiation and airborne
radioactivity are both based on exposure to theoretically
calculated concentrations of emissions from the Los



TABLE 1I

COMPARISON OF INDIVIDUAL WHOLE BODY RADIATION
DOSES WITH RADIATION PROTECTION STANDARDS

Calculated Doses Attributable to

% Radiation Protection Standard"

Laboratory Operations From: Regional  Perimeter Onsite
Direct external radiation <0.001 <0.001 0.1
Airborne radioactivity 0.002 0.96 0.001
Food pathways <0.001 0.004 0.8

*The Radiation Protection Standard for whole body radiation dose is 500 mrem/yr for a member of the

public.

Alamos Meson Physics Facility (a linear particle ac-
celerator) and Omega West research nuclear reactor.
The maximum estimated regional dose based on a food
pathway assumes consumption of liver from a steer that
grazed in Los Alamos Canyon and drank water contain-
ing some radioactivity on suspended sediments during a
long spring runoff.

Estimated perimeter doses from direct external radia-
tion and airborne radioactivity occur at a commercial es-
tablishment near the boundary north of the Los Alamos
Meson Physics Facility and are attributable to its opera-
tion. The perimeter food pathway is based on consump-
tion of honey from a hive located near the Laboratory
boundary.

The onsite external radiation dose is that estimated for
a commuter regularly travelling past a Laboratory
facility on one of the Department of Energy’s roads nor-
mally open to public travel. The onsite airborne pathway
was calculated for a half-day visit to the Laboratory’s
science museum. The onsite food pathway could occur
from consumption of venison from a deer frequenting a
canyon where treated liquid effluents are discharged.

2. Significance of Radiation Doses

To provide a perspective for comparing the
significance of radiation exposures, estimates of the add-
ed risk of cancer were calculated. Increases in risk es-
timated for average individual exposures to ionizing

radiation from 1981 Laboratory operations are pre-
sented in Table III, along with estimated incremental
risks from natural and diagnostic medical radiation.

The maximum potential Laboratory contribution to
the cancer risk is extremely small when compared to
overall cancer risks. Further perspective is gained by
noting the overall United States lifetime risks of con-
tracting some form of cancer from all causes is 1 chance
in 4. The lifetime risk of cancer mortality is 1 chance in
5. The Los Alamos and White Rock incremental doses
attributable to 1981 Laboratory operations are
equivalent to the additional exposure a person would get
flying in an aircraft for 3.0 and 1.8 hours, respectively.

The factors for risk estimation are those given by the
International, Commission on Radiological Protection
based on observed radiation damage at high doses and
linearly extrapolated to effects at low doses and dose
rates (that is, the injury is assumed to be directly propor-
tional to dose). The International Commission on
Radiological Protection warns that these radiation risk
estimates should be used only with great caution because
the factors may overestimate actual risk. The National
Council on Radiation Protection and Measurements has
also taken the official position that linear extrapolation
methods “have such a high probability of overestimating
the actual risk as to be of only marginal value, if any, for
purposes of realistic risk-benefit evaluation.” Thus, one
must keep in mind that the radiation risks are likely to be
less than stated in Table III.



TABLE III

ADDED INDIVIDUAL LIFETIME CANCER MORTALITY RISKS
ATTRIBUTABLE TO 1981 RADIATION EXPOSURE

Added Risk (Chance)

to an Individual Dose (mrem)

Exposure Source of Cancer Mortality = Used in Risk Estimate
Average Exposure from Laboratory Operations
Los Alamos Townsite 1in 15 000 000 0.67
White Rock Area 1 in 26 000 000 0.38
Natural Radiation
Cosmic, Terrestrial, and Self Irradiation
Los Alamos Townsite 1 in 86 000 1162
White Rock Area 1 in 93 000 1082
Medical X-rays (Diagnostic Procedures)

Average Whole Body Exposure

1 in 97 000 103

aBased on measured dose rates for cosmic and terrestrial components with reductions made for structural

and self-shielding.

3. Penetrating Radiation

Levels of 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 thermoluminescent
dosimeters (TLDs) at 61 locations divided into regional,
perimeter, and onsite groups. No measurements at
regional or perimeter locations for any calendar quarter
showed any statistically distinguishable increase in radia-
tion levels that could be attributed to Laboratory opera-
tions (see Table IV). Apparent differences between the
regional and perimeter groups are attributable to dif-
ferences in the natural radioactivity content of geologic
formations. Quarterly measurements at 21 onsite sta-
tions were expectably above background levels,
reflecting ongoing research activities at the Laboratory.
Another 24 onsite thermoluminescent dosimeter stations
are specially located to monitor radioactivity from the
Los Alamos Meson Physics Facility.

TABLE 1V

EXTERNAL PENETRATING RADIATION
DURING 1981

Dose (mrem)

Group Minimum  Maximum Average
Regional 71 96 83
Perimeter 85 113 100
Onsite 8s 278 127

4. Radioactivity in Air and Water

Measurements of radioactivity in air and water are
compared to standards, known as Concentration Guides,
that are set by the Department of Energy (see Appendix
A). The Concentration Guides are concentrations of



radioactivity in air breathed continuously or water con-
stituting all that is ingested during a year that are deter-
mined to result in whole body or organ doses equal to the
Radiation Protection Standards {standards for external
or internal exposure to radioactivity (see Appendix A)].
The 1981 results for the principal isotopes (including
amounts present from worldwide fallout) potentially in-
fluenced by Laboratory operations are shown in Table Y
as ranges of percentages of the Concentration Guides.
The values shown represent a statistical range (from two
standard deviations below to two standard deviations
above the mean) that encompasses 90 to 95% of the in-
dividual results. All comparisons in Table V are with
Concentration Guides applicable to individuals in the
general public, even though the public has only restricted
access to many onsite locations.

a. Radioactivity in Air. During 1981, atmospheric
concentrations of gross alpha, gross beta, americium,
plutonium, and uranium were measured at regional,
perimeter, and onsite sampling locations. For all
analyses except tritium, the regional annual means were
lower than the perimeter and onsite group annual means.
This indicates Laboratory contributions to concentra-
tions of these radioactive species, except tritium, were

greater than regional background levels. Data in Table V
show that tritium, plutonium (***Pu), and uranium at-
mospheric concentrations were small percentages of their
respective Concentration Guides. Results from only 1 of
100 plutonium (**Pu) samples and 3 of 44 americium
(**Am) samples were above analytical detection limits
and so were not included in Table V.

Atmospheric gross alpha and beta analyses serve as
indicators of overall radioactivity levels. The highest
gross alpha and beta concentrations were 33% and
0.2%, respectively, of the most relevant Concentration
Guides. Gross beta annual means were about seven to
nine times higher than last year. This increased activity
was measured at all air sampling locations, so is at-
tributable to increased worldwide radioactive fallout.

b. Radioactivity in Water. Surface and ground
waters are monitored to provide routine surveillance of
potential dispersion of radionuclides from Laboratory
operations. Results of analyses are compared to the Con-
centration Guides (see Table V) as an indication of the
low concentrations of radionuclides in the environment.
Other radionuclides measured but not listed in this table
are 2®Pu (most analyses were at or below analytical
detection limits), gross alpha and beta (used only as

TABLE V

ANNUAL RADIONUCLIDE CONCENTRATIONS IN AIR AND WATER
AS PERCENTAGES OF CONCENTRATION GUIDES

% Concentration Guide?

Regional Perimeter Onsite
Air
Tritium (3H) 0.005 - 0.01 0.002 - 0.005 0.003 - 0.006
Plutonium (33%Pu)  0.004 - 0.02 0.02 - 0.03 0.006 - 0.02
Uranium (U) 0.0001-0.0003  0.0003 - 0.0004  0.0002 - 0.0004
Water
Tritium (°H) 0.0-0.06 0.0-0.14 0.0 - 0.09
Plutonium (23%Pu) 0.0 - 0.0002 0.0 - 0.0002 0.0 - 0.004
Cesium (137Cs) 0.0-0.2 0.0-0.3 0.0-0.4

aValues in table are (x — 2s) to (x + 2s) as percent of Concentration Guide.



gross indicators of radioactivity), and uranium (concen-
trations low and generally indistinguishable from levels
naturally in the environment). Waters in onsite liquid ef-
fluent release areas contain measurably higher concen-
trations of radioactivity, but at levels that are still small
fractions of the Concentration Guides. These onsite
waters are not a source of industrial, agricultural, or
municipal water supplies.

Results of the 1981 radiochemical quality analyses of
water from regional, perimeter, water supply, and onsite
noneffluent release areas indicate no significant effect
from effluent releases from the Laboratory.

The water supply met all applicable US Environmen-
tal Protection Agency and New Mexico Environmental
Improvement Division chemical quality and radioac-
tivity standards. The integrity of geological formations
protecting the deep ground water aquifer was confirmed
by lack of any measurements indicative of nonnatural
radioactivity or chemical contamination in municipal
water supply sources.

5. Radioactivity in Other Media

Measurements of radioactivity in samples of soils,
sediments, and a variety of foodstuffs are made to
provide information on less direct natural mechanisms
that could result in exposures to people. Estimated doses
potentially resulting from these mechanisms, or
pathways, such as wind resuspension of dust and incor-
poration into food chains, are summarized in Section
I.B.1 and compared to Radiation Protection Standards
as an interpretation of their significance.

Measurements of radioactivity in soils and sediments
are also useful for monitoring and understanding
hydrologic transport of some radioactivity that occurs in
intermittent stream channels in and adjacent to radioac-
tive waste disposal operations. Pueblo, Los Alamos, and
Mortandad Canyons all have concentrations of radioac-
tivity on sediments at levels higher than those at-
tributable to worldwide fallout. Some radioactivity on
sediments in Pueblo Canyon (from pre-1964 effluent dis-
posal) and upper Los Alamos Canyon (from 1952 to
current treated effluent disposal) has been transported
during runoff events to the Rio Grande. Theoretical es-
timates, confirmed by measurements, show the in-
cremental effect on Rio Grande sediments is small in
comparison with levels of activity on soils and sediments
attributable to worldwide fallout and to variability in

such measurements. No radioactivity on sediments or in
water has been transported past the Laboratory boun-
dary in Mortandad Canyon.

Measurements of above-background but low-level
radioactivity on soils from a few locations indicate
probable deposition of some airborne emissions from
Laboratory facilities. Most such locations are near
facilities known to have had higher emission rates in the
past, especially prior to 1974.

Fruit, vegetable, fish, and honey samples analyzed in
1981 show no increments of radioactivity distinguishable
from that attributable to natural sources or worldwide
fallout at any offsite location. Produce collected from a
garden on the Laboratory’s perimeter showed slightly
elevated tritium concentrations. The dose associated with
this tritium is 0.004% of the Radiation Protection Stan-
dard for the public. At onsite locations near facilities
emitting tritium, some elevated levels of tritiated water
were found in fruit and in honey from an experimental
hive.

6. Other Monitoring Results

Airborne radioactive emissions were monitored as
released from 86 points at the Laboratory and were
typical of releases during the past several years. The
greatest increase in radioactivity released during 1981
was from 145 600 Ci (1980) to 352 340 Ci (1981) in
emissions of short-lived (20 min half-life or lower) activa-
tion products (*!C, *N, **0) at the Los Alamos Meson
Physics Facility. Laboratory-wide releases of plutonium,
americium, mixed fission products, iodine, and tritium
were all lower than last year. Released quantities of
phosphorus, uranium, argon, and beryllium were all
higher. Liquid effluents from two radioactive waste treat-
ment plants and one sanitary sewage lagoon contained
some radioactivity, all at levels well within Concentration
Guides.

Nonradioactive airborne emissions from the beryllium
fabrication shop, gasoline storage and combustion,
power plant, gases and volatile chemicals, waste ex-
plosive burning, and dynamic testing did not result in
any measurable or theoretically calculable degradation
of air quality. A single National Pollutant Discharge
Elimination System (NPDES) permit covers 100 in-
dustrial discharge points and 10 sanitary sewage treat-
ment facilities. This year 9 of the 10 sanitary sewage
treatment facilities exceeded one or more of the NPDES




limits (excluding flow rate limitations) in one or more
months. Fewer than 7% of all samples from the 100 in-
dustrial outfalls exceeded NPDES limits.

Some special environmental research programs were
conducted this year to gain a better understanding of the

ecosystems at Los Alamos. Among these projects were
the study of water quality, elk migration, transuranic
waste management methods, hydrologic transport of
sediments, and use of honeybees as biological monitors.



II. BACKGROUND ON LOS ALAMOS
A. Description of the Area
1. Geographic Setting
The Los Alamos National Laboratory and associated

residential areas of Los Alamos and White Rock are
located in Los Alamos County in northcentral New

Mexico, approximately 100 km (60 mi) NNE of Albu- -

querque and 40 km (25 mi) NW of Santa Fe (Fig. 1).
The 111 km? (27 500 acres) Laboratory site and adja-
cent communities are situated on Pajarito Plateau. The
Plateau consists of a series of finger-like mesas separated
by deep east-west oriented canyons cut by intermittent
streams. The mesa tops range in elevation from approx-
imately 2400 m (7800 ft) at the flank of the Jemez
Mountains to about 1800 m (6200 ft) on their eastern
margin terminating above the Rio Grande valley.

All Los Alamos County and vicinity locations referen-
ced in this report are identified by the Laboratory carte-
sian coordinate system, which is based on English units
of measurement. This system is standard throughout the
Laboratory, but is independent of the US Geological
Survey and New Mexico State Survey coordinate
systems. The major coordinate markers shown on the
maps are at 3.048 km (10 000 ft) intervals, but for the
purpose of this report are identified to the nearest 0.30
km (1000 ft). The area within the Laboratory boundary
is controlled by the Department of Energy, which has the
option to completely restrict access. This control can be
instituted when necessary.

2. Land Use

Most Laboratory and community developments are
confined to mesa tops (see Fig. 2 and inside front cover).
The surrounding land is largely undeveloped with large
tracts of land north, west, and south of the Laboratory
site held by the Santa Fe National Forest, Bureau of
Land Management, Bandelier National Monument,
General Services Administration, and Los Alamos
County (see land ownership map inside back cover). The
San Ildefonso Pueblo borders the Laboratory to the east.

Laboratory land is used for building sites, test areas,
waste disposal locations, roads, and utility rights-of-way.
However, these account for only a small fraction of the
total land area. Most land is used to provide isolation for

security and safety and as reserves for future structure
locations. A comprehensive Master Plan for Laboratory
lands is near completion. It will assure adequate planning
for the best possible use of available land in the future.

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
archeological site (Otowi Tract) northwest of State Road
4 is open to the public subject to the restrictions of the
Antiquities Act.

3. Geology-Hydrology

Most of the finger-like mesas in the Laboratory area
are formed by Bandelier Tuff (see Fig. 3, tuff). This is
ashfall and ashflow pumice and rhyolite tuff that form
the surface of Pajarito Plateau. The tuff ranges from
nonwelded to welded and is in excess of 300 m (1000 ft)
thick in the western part of Pajarito Plateau and thins to
about 80 m (260 ft) toward the east above the Rio
Grande. It was deposited as a result of a major eruption
of a volcano in the Jemez Mountains to the west about
1.1 to 1.4 million years ago.

The tuffs lap onto older volcanics of the Tschicoma
Formation, which form the Jemez Mountains along the
western edge of the Plateau. They are underlain by the
conglomerate of the Puye Formation (see Fig. 3, con-
glomerate) in the central and eastern edge along the Rio
Grande. Chino Mesa basalts (see Fig. 3, basalt) inter-
finger with the conglomerate along the river. These for-
mations overlie the siltstone/sandstone Tesuque Forma-
tion (see Fig. 3, sediments), which extends across the Rio
Grande valley and is in excess of 1000 m (3300 ft) thick.

Los Alamos area surface water is primarily in inter-
mittent streams. Springs on flanks of the Jemez Moun-
tains supply base flow to upper reaches of some can-
yons, but the amount is insufficient to maintain surface
flows across Laboratory area before it is depleted by
evaporation, transpiration, and infiltration. Runoff from
heavy thunderstorms or heavy snowmelt reaches the Rio
Grande several times a year. 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 as long as about
1.5 km (1 mi).
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Fig. 3. Conceptual illustration of geologic-hydrologic relationships in the Los Alamos area.

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 imper-
meable layer that is separated from an underlying main
body of ground water by an unsaturated zone), and (3)
the main aquifer of the Los Alamos area (see Fig. 3,
alluvium, perched water, and main aquifer, respectively).

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
alluvium in quite permeable in contrast to the underlying
volcanic tuff and sediments. Intermittent runoff in can-
yons infiltrates alluvium until its downward movement is
impeded by the less permeable tuff and volcanic sedi-
ment. This results in a shallow alluvial ground water
body that moves downgradient in the alluvium. As water
in the alluvium moves downgradient, it is depleted by
evapotranspiration and movement into underlying
volcanics.'.

Perched water occurs in one limited area about 40 m
(120 ft) beneath the mid-reach of Pueblo Canyon and in

a second area about 50 to 70 m (150 to 200 ft) beneath
the surface in lower Pueblo and Los Alamos Canyons
near their confluence. The second area is mainly in the
basalts (see Fig. 3, perched water and basalt) and has
one discharge point at Basalt Springs in Los Alamos
Canyon,

The main aquifer of the Los Alamos area is the only
aquifer in the area capable of serving as a municipal
water supply. The surface of the aquifer rises westward
from the Rio Grande within the Tesuque Formation into
the lower part of the Puye Formation beneath the central
and western part of the Plateau. Depth to the aquifer
decreases from 360 m (1200 ft) along the western margin
of the Plateau to about 180 m (600 ft) at the eastern
margin. The main aquifer is isolated from alluvial water
and perched water by about 110 to 190 m (350 to 620 ft)
of dry tuff and volcanic sediments. Thus, there is no
hydrologic connection or potential for recharge to the
main aquifer from alluvial or perched water.
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Water in the main aquifer is under water table condi-
tions in the western and central part of the Plateau and
under artesian conditions in the eastern part and along
the Rio Grande.? The major recharge area to the main
aquifer is from the intermountain basin of the Valles
Caldera in the Jemez Mountains west of Los Alamos
(see Fig. 1 and inside front cover). The water table in the
Caldera is near land surface. The underlying lake sedi-
ment and volcanics are highly permeable and recharge
the aquifer through Tschicoma Formation interflow
breccias (rock consisting of sharp fragments embedded
in a fine-grained matrix) and the Tesuque Formation.
The Rio Grande receives ground water discharge from
springs fed by the main aquifer. The 18.4 km (11.5 mi)
reach of the river in White Rock Canyon between Otowi
Bridge and the mouth of Rito de Frijoles receives an es-
timated 5.3 to 6.8 X 10° m® (4300 to 5500 acre-feet) an-
nually from the aquifer.

4. Climatology

Los Alamos has a semiarid, temperate mountain
climate. The average annual precipitation of 45 cm (18
in.) is produced by warm-season showers and thun-
dershowers and cold-season migratory storms. Forty per
cent of the annual moisture total falls during July and
August, primarily from afternoon thundershowers. Win-
ter precipitation primarily falls as snow, with accumula-
tions of about 130 cm (51 in.).

Summers are generally sunny and pleasant. Maximum
temperatures are usually below 32°C (90°F). Brief after-
noon thundershowers are very common, especially in
July and August. The high altitude, light winds, clear
skies, and dry atmosphere allow night temperatures to
drop into the 12 to 15°C (54 to 59°F) range. Winter
temperatures are typically in the range of —10 to 5°C
(14 to 41°F). Many winter days are clear with light
winds, so strong sunshine makes conditions quite com-
fortable even when air temperatures are cold. Oc-
casionally, temperatures do drop to near 0°F (—17.8°C)
or below,

Significant spatial and daily variations of surface
winds in Los Alamos are caused by the complex terrain.
With weak large-scale winds and clear skies, a distinct
daily wind cycle exists: a light southeasterly upslope
wind during daytime hours and a light westerly drainage
wind during nighttime hours. On the east end of Pajarito
Plateau, near the Rio Grande Valley, a different daily
wind cycle is evident; a moderate up-valley wind during
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daytime hours and a light down-valley wind during
nighttime hours. On the whole, the predominant winds
are westerly over the Laboratory and more
southwesterly nearer the Rio Grande Valley.

Historically, no tornadoes have been reported in Los
Alamos County. However, strong wind gusts exceeding
20 m/sec (66 mph) are common during spring months.
Lightning is very common over Pajarito Plateau. There
is a high average of 58 thunderstorm days per year.
Lightning protection is an important consideration ap-
plied to each facility at the Laboratory. Hailstones with
diameters up to 0.6 cm (0.25 in.) are common, while 1.3
cm (0.5 in.) diameter hailstones are rather rare.

5. Population Distribution

Los Alamos County has a population estimated by the
1980 census (adjusted for 1981) at 17 929. Two residen-
tial and related commercial areas exist in the county (see
Fig. 4 and inside back cover). The Los Alamos townsite,
the original area of development (and now including
residential areas known as the Eastern Area, the Western
Area, North Community, Barranca Mesa, and North
Mesa), has an estimated population of 11 012. The
White Rock area (including the residential areas White
Rock, La Senda, and Pajarito Acres) has about 6917
residents. About one-third of those employed in Los
Alamos commute from other counties. Population es-
timates for 1981 place about 115 000 people within an
80 km (50 mi) radius of Los Alamos.

B. Los Alamos National Laboratory
I. Programs and Facilities

Since its inception in 1943, the Laboratory’s primary
mission has been nuclear weapons research and develop-
ment. 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 support such programs. Research on
peaceful uses of nuclear energy has included space ap-
plications, power reactor programs, radiobiology,
medicine, and magnetic and inertial fusion. In more re-
cent years, other programs have been added in applied
photochemistry, astrophysics, earth sciences, energy
resources, nuclear fuel safeguards, lasers, computers,
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solar energy, geothermal energy, biomedical and en-
vironmental research, and nuclear waste management
research.

A unique combination of facilities that contributes to
the various research programs exists at Los Alamos.
These facilities include an 800 MeV linear particle ac-
celerator, a tandem Van de Graaff accelerator, a High
Energy Gas Laser Facility, and an 8 megawatt nuclear
research reactor. Some of these facilities encourage par-
ticipation and joint projects by researchers from other
laboratories and research facilities.

In August 1977, the Laboratory site, encompassing
111 km? (27 500 acres), was dedicated as a National En-
vironmental Research Park. The ultimate goal of

programs associated with this regional facility is to en-
courage environmental research that will contribute un-
derstanding of how man can best live in balance with
nature while enjoying the benefits of technology. Park
resources are made available to individuals and
organizations outside of the Laboratory for the purpose
of facilitating self-supported research on these subjects
deemed compatible with the Laboratory programmatic
mission.

A Final Environmental Impact Statement (FEIS)? that
assesses potential cumulative environmental impacts
associated with current, known future, and continuing
activities at the Laboratory was completed in 1979. The
FEIS provides environmental input for decisions
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regarding continuing activities at the Laboratory. It also
provides much more detailed information on the environ-
ment of the Los Alamos area.

The Laboratory is administered by the University of
California for the Department of Energy under contract
W-7405-ENG-36. The Laboratory’s environmental
program, conducted by the Environmental Surveillance
Group, is part of a continuing investigation and
documentation program.

2. Waste Management

The Laboratory’s activities are conducted in 33 active
technical areas (TAs) distributed over the site (see Fig. 4
and Appendix F for descriptions of activities at the TAs).
Wastes requiring disposal are generated at virtually all
these locations. Sanitary sewage is handled by a number
of plants employing conventional secondary treatment
processes or by septic tanks. Uncontaminated solid
waste is disposed in the County-operated landfill located
within the Laboratory boundary. Nonradioactive air-
borne emissions include combustion products from the
power and steam plants, vapors or fumes from numerous
local exhaust systems (such as chemistry laboratory
hoods), and burning of high explosive wastes.
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Most liquid radioactive and chemical laboratory waste
effluents are routed to one of two waste treatment
facilities by a collection system that is independent from
the sanitary sewage system. The balance of such wastes
from remote locations is accumulated in holding tanks
and periodically collected and transported to the treat-
ment plants for processing. Radioactivity is removed at
the treatment plants by physiochemical processes that
produce a concentrated sludge that is subsequently han-
dled as solid radioactive waste. The treatéd effluents are
released to canyons.

From 90 to 95% of the total volume of radioactively
contaminated solid waste from the Laboratory is dis-
posed of by burial at the waste disposal area (TA-54).
The remaining 5 to 10% is classed as transuranic waste
and stored retrievably. Environmental containment is
provided by the dry geologic formation of the burial
ground.

Airborne radioactive emissions are discharged from a
number of facilities after receiving appropriate treatment,
such as filtration for particulates, catalytic conversion
and adsorption of tritium, or temporary storage to per-
mit decay of short-lived activation gases.



III. RADIATION DOSES

Small incremental radiation doses above those received from background levels of
natural and worldwide fallout are received by Los Alamos County residents as a result
of Laboratory operations. The largest estimated dose at an occupied location was 4.8
mrem or 1.0% of the Radiation Protection Standard. This estimate is based on bound-
ary dose measurements of airborne and scattered radiation from the linear particle ac-
celerator at TA-53. Other minor exposure pathways—direct radiation from nuclear
criticality experiments at TA-18 and two unlikely food pathways—may result in several
mrem/yr doses in isolated cases.

No significant exposure pathways are believed to exist for radioactivity released in
treated liquid waste effluents. Most of the radioactivity is absorbed in alluvium before
leaving the Laboratory boundaries. Some is transported offsite in stream channel sedi-
ments during heavy runoff,

The total population dose received by residents of Los Alamos County was conser-
vatively estimated to be about 10 person-rem, or about 0.5% of the 2040 person-rem
received by the same population from natural radiation sources, and 0.5% of the pop-
ulation dose due to diagnostic medical exposure. As no significant pathways could be
identified outside the County, the 10 person-rem dose also represents the population
dose to inhabitants living within an 80 km radius of the Laboratory who receive an es-
timated 11 800 person-rem from background radiation.

The average added risk of cancer mortality to Los Alamos townsite residents from
radiation from this year’s Laboratory operations is 1 chance in 15 000 000. This risk is
much less than the 1 chance in 86 000 from background radiation. The Environmental
Protection Agency has estimated average lifetime risk for cancer incidence as 1 chance

in 4 and for cancer mortality as 1 chance in §.

A. Introduction

One means of evaluating the significance of environ-
mental releases of radioactivity is to compare doses
received by the public from exposure to these releases
with appropriate standards® and with doses from
naturally present background radiation. The principal
exposure pathways considered for the Los Alamos area
were atmospheric transport of airborne radioactive emis-
sions, hydrologic transport of liquid effluents, food
chains, and direct exposure to penetrating radiation. Ex-
posures to radioactive materials or radiation in the en-
vironment were determined by direct measurements of
some airborne and waterborne contaminants and of ex-
ternal penetrating radiation. Theoretical dose calcula-
tions based on atmospheric dispersion were made for
other airborne contaminants present at levels too low for
direct measurement.

Doses were calculated from measured or derived ex-
posures utilizing models based on recommendations of
the International Commission on Radiological Protec-

tion (ICRP, see Appendix D for details) for each of the
following categories.’

1. Maximum dose to a hypothetical individual at the
Laboratory boundary where the highest dose rate
occurs. It assumes the individual is at the
Laboratory boundary continuously (24 hours a
day, 365 days a year).

2. Maximum dose to an individual at or outside the
Laboratory boundary where the highest dose rate
occurs and where there is a person. It takes into ac-
count occupancy (for example, 40 hours a week)
and shielding (for example, by buildings) factors.

3. Average doses to nearby residents.

4. The whole body cumulative dose for the population
within an 80 km radius of the Laboratory.
Doses calculated for these categories are summarized in
Table V1. The data on which these calculations are based
are discussed in the following sections, while the

calculational procedure is described in Appendix D.

In addition to compliance with dose guidelines, which

define an upper limit for doses to the public, there is a
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Dose
Critical organ
Location

Radiation Protection Standard

Per cent of Radiation

Protection Standard (%)

Natural background

Per cent of natural background

(%)

Maximum Dose at

TABLE VI

Maximum Dose to

SUMMARY OF ANNUAL DOSES DUE TO 1981 LABORATORY OPERATIONS

Average Dose to
Nearby Residents

Cumulative Dose to
Population Within 80 km

Laboratory Boundary® an Individual® Los Alamos  White Rock of the Laboratory

17 mrem 4.8 mrem 0.67 mrem 0.38 mrem 10 person-rem

Whole Body Whole Body Whole Body Whole Body Whole Body

Boundary N. of TA-53  Boundary N. of TA-53 Los Alamos White Rock  Area within 80 km
of Laboratory

-~ 500 500 500 -

— 0.96 0.13 0.08 --

116 mrem 116 mrem 116 mrem 108 mrem 11 800 person-rem

15 4 0.6 0.4 0.9

aMaximum boundary dose is the dose to a hypothetical individual at the Laboratory boundary where the
highest dose rate occurs. It assumes the individual is at the Laboratory boundary continuously (24 hours

a day, 365 days a year).

bMaximum individual dose is the dose to an individual at or outside the Laboratory boundary where the
highest dose rate occurs and where there is a person. It takes into account occupancy (for exampte, 40
hours a week) and shielding (for example, by buildings) factors.



concurrent commitment to maintain radiation exposure
to individuals and population groups to levels as low as
reasonably achievable (ALARA). This policy is followed
at the Laboratory by applying strict airborne emission,
liquid effluent, and operational controls to minimize
doses to the public and to limit releases of radioactive
materials to the environment. Ambient monitoring
described in this report documents the effectiveness of
these controls. The success of the ALARA program in
1981 can be judged from the highest reported calculated
dose to a member of the public (4.8 mrem to the whole
body) being approximately 1% of the applicable Radia-
tion Protection Standard.*

B. Doses to Individuals from Inhalation of and Ex-
posure to Airborne Emissions

The maximum boundary and individual doses at-
tributable to inhalation of and exposure to airborne
releases are summarized in Table VII with a comparison
to the Radiation Protection Standards for individual
doses* (see Appendix A).

Exposure to airborne *H (as tritiated water vapor) was
determined by actual measurements. A background
correction was made assuming that natural and
worldwide fallout activity was represented by data from
the three regional sampling locations at Espaifiola, Pojoa-
que, and Santa Fe.

Exposures to ''C, N, *0, and *'Ar from the Los
Alamos Meson Physics Facility (a linear particle ac-
celerator) were inferred from direct radiation measure-
ments (see Section IV.A.1). Exposure from *'Ar released
from the stack of a research nuclear reactor at TA-2 was
theoretically calculated from measured stack releases
and standard atmospheric dispersion models. These
models used 1981 meteorological data measured at the
Laboratory (see Section IV.C and Appendix D). Doses
from these exposures are discussed in Section IILE.

Estimates of maximum exposures (Table VII) to
plutonium, americium, and uranium were calculated by
subtracting the average concentration at the regional sta-
tions from the average concentration from the perimeter
station with the highest measured concentration for each
of these radionuclides.

All other atmospheric releases of radioactivity (Table
E-I) were evaluated by theoretical calculations. All
potential doses were found to be less than the smallest

ones presented in this section and were thus considered
insignificant.

C. Doses to Individuals from Liquid Effluents

Liquid effluents do not flow beyond the Laboratory
boundary but are absorbed in alluvium of the receiving
canyons. These effluents are monitored at their point of
discharge and their behavior in the alluvium of the can-
yons below outfalls has been studied.®® Small quantities
of radioactive contaminants transported during periods
of heavy runoff have been measured in canyon sediments
beyond the Laboratory boundary. Calculations made for
the radiological survey of Acid, Pueblo, and Los Alamos
Canyons'® indicate a maximum exposure pathway
(eating liver from a steer that drinks water from and
grazes in lower Los Alamos Canyon) to man from these
canyon sediments results in a maximum 50-yr dose com-
mitment of 0.0013 mrem to the bone, 0.0001% of the
Radiation Protection Standard.

D. Doses to Individuals from Ingestion of Foodstuffs

There are no known significant aquatic pathways or
food chains to humans in the local area. Fruit, vegetable,
honey, and fish sampling (see Section IV.A.5) have
documented that any exposure attributable to
Laboratory operations via those pathways is less than
0.02 mrem, 0.004% of the Radiation Protection Stan-
dard. A possible minor exposure pathway exists by
eating venison from deer that cross into Laboratory
property to graze and drink. The maximum dose
calculated via this pathway is 3.9 mrem/yr and unlikely
to occur.!

E. Doses to Individuals from External Penetrating
Radiation (from Airborne Emissions and Direct
Radiation)

No measurements (see Section IV.A.1) of external
penetrating radiation at regional and perimeter stations
indicated any discernable increase in radiation levels at-
tributable to Laboratory operations, except those along
State Road 4 north of the Los Alamos Meson Physics
Facility (TA-53). The special thermoluminescent
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TABLE VII

MAXIMUM BOUNDARY AND INDIVIDUAL DOSES
FROM 1981 AIRBORNE RADIOACTIVITY

Maximum
Maximum Individual Doseb
Boundary Dose? Radiation
Critical Dose Dose Protection
Isotope Organ Location (mrem/yr) Location (mrem/yr) Standard
3H (HTO) Whole Body TA-54 0.0054 Bayo Sewage 0.0053 0.001
(Station 22)d Treatment Plant
(Station 9)4
llC,13N,150 Whole Body  Restaurant 17 Restaurant 4.8 0.96
N. of TA-53¢ N. of TA-53¢
41Ar Whole Body Boundary N. of 0.2 Apts. N. of 0.1 0.03
TA-2 Stack® TA-2 Stack®
239py¢ Lung Booster-P2 0.01 48th Street 0.006¢ 0.0004

(Station 21)d

(Station 7)d

8Maximum boundary dose is the dose to a hypothetical individual at the Laboratory boundary where the
highest dose rate occurs. It assumes the individual is at the Laboratory boundary continuously (24 hours

a day, 365 days a year).

bMaximum individual dose is the dose to an individual at or outside the Laboratory boundary where the
highest dose rate occurs and where there is a person. It takes into account occupancy (for example, 40
hours a week) and shielding (for example, by buildings) factors.

For a 50-yr dose commitment, bone is the critical organ. A maximum individual would receive a 50-yr
bone dose commitment of 0.42 mrem, which is 0.03% of the Radiation Protection Standard.

dSee Fig. 9 for station locations.
“See Fig. 4 for technical area (TA) locations.

dosimeter network at the Laboratory boundary north of
the Los Alamos Meson Physics Facility indicated a 17.1
mrem increment above natural background as shown in
Table VII. This increment is attributed to emission of air
activation products from the Los Alamos Meson Physics
Facility.

Based on occupancy and shielding, this 17.1 mrem in-
crement translates to a 4.8 mrem dose to an individual
working at the restaurant north of the Los Alamos
Meson Physics Facility. This dose represents 0.96% of
the Radiation Protection Standard for a member of the
public.* This location north of the Los Alamos Meson

18

Physics Facility has been the area where the highest
boundary and individual doses have been measured since
thermoluminescent dosimeter monitoring began there 4
years ago. The boundary doses at this location are dis-
cussed in Section IV.A.1. The increase in dose from 12.3
mrem in 1980 to 17.1 mrem in 1981 is probably mainly
attributable to the increase in the Los Alamos Meson
Physics Facility’s airborne emissions from 145 600 Ci in
1980 to 352 340 Ci in 1981.

A maximum onsite dose to a member of the public
from external radiation from all Laboratory airborne
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emissions of 0.0054 mrem was estimated for a person
spending 4 hours at the Laboratory’s science museum.

The average annual dose to residents in Los Alamos
townsite attributable to Laboratory operations was 0.67
mrem (whole body). The corresponding dose to White
Rock residents was 0.38 mrem (whole body). These
doses are 0.13 and 0.08%, respectively, of the Radiation
Protection Standard.* These doses were theoretically
calculated using measured stack releases (Table E-I) and
1981 meteorological data (Appendix D).

The *'Ar emissions dispersed from TA-2 and TA-53
could result in a theoretically calculated annual regional
dose of 0.008 mrem at Espariola. This dose is 0.002% of
the Radiation Protection Standard.

Onsite measurements of above background doses
from direct radiation were expected and do not represent
potential exposure to the public except in the vicinity of
TA-18 (a2 nuclear criticality study area) on Pajarito
Road. Members of the public regularly utilizing the
Department of Energy-controlled road passing by TA-18
would likely receive no more than 0.42 mrem/yr of direct
gamma and neutron radiation. This value was derived
from 1975 data'? on total gamma plus neutron dose
rates using 1981 gamma doses measured by ther-
moluminescent dosimeters. Exposure time was estimated
by assuming a person made 15 round trips per week at
an average speed of 65 km/h past TA-18 while tests were
being conducted. The onsite station (see Section IV.A.1,
Station 24 in Fig. 6) near the Laboratory boundary
recorded a dose of 158 mrem/yr. The increment (about
65 mrem) of this dose above natural background is
caused by a localized accumulation of *’Cs on sedi-
ments transported from a treated effluent release point
upstream.

F. Whole Body Cumulative Doses

Cumulative 1981 whole body doses to Los Alamos
County residents attributable to Laboratory operations
are compared to exposure from natural radiation and
medical radiation in Table VIII. Population data are
based on the US Bureau of Census count (adjusted for
1981, see Appendix D) of 11 012 residents in Los
Alamos townsite and 6917 in White Rock.

The calculated 10 person-rem from 1981 Laboratory
operations is probably high because of the conservative
assumptions that were used (see Appendix D) to
calculate the dose. The whole body population dose from

Laboratory operations to the estimated 115 000 inhabi-
tants within an 80 km radius of Los Alamos is estimated
to be 10 person-rem, which is also the population dose to
Los Alamos County inhabitants. This is because other
population centers are far enough away that dispersion,
dilution, and decay in transit (particularly for "'C, *N,
50, and *'Ar) make their exposure undetectable and
theoretically a very small fraction of the estimated 10
person-rem. By contrast, natural radiation exposure to
the inhabitants within an 80 km radius is 11 800 per-rem.

Thus, doses potentially attributable to releases from
Laboratory operations contribute about 0.5% of the total
dose received by Los Alamos County residents from
natural radiation, about 0.5% to the same population
from diagnostic medical radiation, and about 0.09% of
the dose from natural radiation received by the popula-
tion within an 80 km radius of the Laboratory.

G. Estimates of Risk to an Individual from Laboratory
Releases

Since there is considerable interest in possible health
effects from radiation doses to the public resulting from
Laboratory operations, several risk estimates have been
made. However, these calculations may overestimate ac-
tual risk. The National Council on Radiation Protection
and Measurements’® has warned “risk estimates for
radiogenic cancers at low doses and low dose rates
derived on the basis of linear (proportional) extrapolation
from the rising portions of the dose incidence curve at
high doses and high dose rates... cannot be expected to
provide realistic estimates of the actual risks from low
level, low-LET (linear energy transfer) radiations, and
have such a high probability of overestimating the actual
risk as to be of only marginal value, if any, for purposes
of realistic risk-benefit evaluation.”

The International Commission on Radiological
Protection'® estimates that the total risk of cancer mor-
tality from uniform whole body irradiation for in-
dividuals 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 develop a cancer. In
developing risk estimates, the International Commission
on Radiological Protection'® has warned “radiation risk
estimates should be used only with great caution and
with explicit recognition of the possibility that the actual
risk at low doses may be lower than that implied by a
deliberately cautious assumption of proportionality.”
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TABLE VIII

WHOLE BODY POPULATION DOSES TO RESIDENTS
OF LOS ALAMOS COUNTY DURING 1981

Exposure Mechanism

Whole-Body
Population Dose
(person-rem)

Atmospheric Total U, Py, *°Py, *'Am 0.06
Atmospheric Tritium (as HTO) 0.00
Atmospheric ''C, N, “0 9.51
Atmospheric “'Ar 0.49
Total Due to Laboratory Atmospheric Releases 10.06
Cosmic and Terrestrial External Radiation® 1405
Cosmic Neutron Radiation 190
(~11 mrem/yr per person'?)
Self Irradiation from Natural Isotopes in the Body 430
(~24 mrem/yr per person'®)
Average Due to Airline Travel 15
(~0.22 mrem/h at 9 km*?)
Total Due to Natural Sources of Radiation 2040
Diagnostic Medical Exposure 1846

(~103 mrem/yr per person'?)

2Calculations are based on measured thermoluminescent dosimeter data. They include a 10% reduction
in cosmic radiation due to shielding by structures and a 40% reduction in terrestrial radiation due to
shielding by structures and self-shielding by the body.

During 1981, persons living in Los Alamos and White
Rock received an average of 116 and 108 mrem, respec-
tively, of whole body radiation from natural sources (in-
cluding cosmic and terrestrial radiation with allowances
for shielding, self-irradiation and cosmic neutron ex-
posure, but excluding that radiation received from airline
travel, luminous dial watches, building materials, etc.).
Thus, the added cancer mortality risk attributable to
natural radiation in 1981 was 1 chance in 86 000 in Los
Alamos and 1 chance in 93 000 in White Rock (Table
II0).

Laboratory operations contributed an average dose of
0.67 mrem to individuals in Los Alamos and 0.38 mrem
to individuals in White Rock. These doses are estimated
to add lifetime risks of about 1 chance in 15 000 000 in
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Los Alamos and 1 chance in 26 000 000 in White Rock
to an individual’s risk of cancer mortality due to 1981
Laboratory activities (Table III).

For Americans the average lifetime risk is a 1 in 4
chance of contracting a cancer from all causes and a 1 in
5 chance of dying from the disease.'”'® The Los Alamos
and White Rock incremental doses attributable to
Laboratory operations are equivalent to the additional
exposure a person would get from flying in an aircraft for
3.0 and 1.7 h, respectively.

The additional exposure and subsequent risk to Los
Alamos County residents are well within variatiohs in
natural exposure and risks in life that are accepted
routinely by most people. For example, one study'®
showed the annual dose rate on the second floor of
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single-family frame dwellings was 14 mrem/yr less than
the dose rate on the first floor. Energy conservation
measures, such as sealing and insulating houses and in-
stalling passive solar systems, are likely to contribute
much larger doses to Los Alamos County residents than

Laboratory operations because of increased radon levels
inside the homes. The Environmental Protection Agency
has estimated the annual whole body dose to individuals
from global fallout to be 4.4 mrem.”
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IV. MONITORING RESULTS
A. Radiation and Radioactivity

1. Penetrating Radiation

Levels of penetrating radiation—including x and gamma rays and charged particle
contributions from cosmic, terrestrial, and manmade sources—in the Los Alamos area
are monijtored with thermoluminescent dosimeters. Data from regional and perimeter
locations for each calendar quarter did not show any statistically discernible increase in
radiation levels attributable to Laboratory operations. Onsite measurements were
slightly above background levels, reflecting research activities at the Laboratory. A
special group of dosimeters, which monitors radioactivity of gaseous emissions from the
Los Alamos Meson Physics Facility, showed a small increase in radiation levels due to

operation of this linear particle accelerator.

Natural penetrating radiation has two components.
The natural terrestrial component results from decay of
“’K and of radioactive daughters from the decay chains
of #*Th and ®U. The cosmic component includes
photon radiation, charged particles, and neutrons. Ther-
moluminescent dosimeters (TLDs) are used at the
Laboratory to measure this penetrating radiation. The
TLDs, after being exposed to radiation, emit light upon
being heated. The amount of light is proportional to the
amount of radiation to which the TLD was exposed. The
TLDs used in the Laboratory monitoring program are
insensitive to cosmic neutrons, so the neutron contribu-
tion to natural background radiation is not measured.

Cosmic ionizing radiation increases with elevation
because of reduction in the shielding effect of the at-
mosphere. At sea level it averages between 25 and 30
mrem/yr. Los Alamos, with a mean elevation of about
2.2 km, receives about 60 mrem/yr from the cosmic
component. The regional monitoring locations, ranging
from about 1.7 km elevation at Pojoaque to about 2.65
km at Fenton Hill, receive from 50 to 70 mrem/yr."

In contrast to this fairly constant cosmic component,
the dose from the natural terrestrial component in the
Los Alamos area is highly variable. Temporal variation
at any particular location (Figs. 5,6) is about 15 to 25%
because of variations in soil moisture content and snow
cover.” Figure 5, which compares all TLD locations that
have been unchanged during the last 5 years, shows this
temporal variation in the regional and perimeter
averages. The variation in onsite averages is more in-
fluenced by changes in research programs at particular
Laboratory sites than by changes in soil moisture or
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snow cover. There is also spatial variation because of dif-
ferent soil and rock types in the area.!’ These natural
sources of variation make it difficult to detect any in-
creases in the radiation level from manmade sources, es-
pecially if the magnitude of such an increase is small
compared to natural fluctuations.

Levels of 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 TLDs deployed in two
independent networks. The environmental network con-
sists of 32 locations divided into three groups. Three of
these locations, 28 to 44 km from the Laboratory
boundary at air sampling stations in the neighboring
communities of Espanola, Pojoaque, and Santa Fe,
along with the Fenton Hill Site 30 km to the west of Los
Alamos, form the regional groups (Figs. 7 and 25). The
perimeter group consists of 12 dosimeters placed within
4 km of the boundary. Twenty-one locations within the
Laboratory boundary comprise the onsite group. The
dosimeters are changed each calendar quarter. See Ap-
pendix B for more information on handling of the TLDs.

Tables IV and E-II summarize the annual total doses
by the regional, perimeter, and onsite groups for 1981.
Figure 5 shows a comparison of dose averages for the
last 5 years. No measurements at regional or perimeter
locations in the environmental network for any calendar
quarter showed any statistically discernible increase in
radiation levels attributable to Laboratory operations.
Onsite measurements were slightly above background
levels, reflecting research activities at the Laboratory.
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Fig. 5. Quarterly dose averages for three station groups during the last 5 years.

The second network monitors radiation from radioac-
tive gas released by the Los Alamos Meson Physics
Facility (a linear particle accelerator), TA-53. The dose
contribution from the Los Alamos Meson Physics
Facility’s operations is very small. To improve the ac-
curacy and decrease the uncertainty of this measure-
ment, 12 TLD sites are located at the Laboratory bound-
ary north of the Los Alamos Meson Physics Facility
along 800 m of canyon rim. Twelve background TLD
sites are similarly located about 9 km from the Facility
along a canyon rim near the southern boundary of the
Laboratory (Fig. 6). This background location is not in-

fluenced by any Laboratory radiation sources.

These 24 TLDs are changed in accordance with the
operational schedule of the Los Alamos Meson Physics
Facility. The difference between the average of the
dosimeters at the north and south boundaries represents
the contribution to the dose from Los Alamos Meson
Physics Facility’s operations and is plotted inFig. 8. The
Los Alamos Meson Physics Facility network showed an
increase of 17 + 2 mrem/yr at the Laboratory boundary
north of the Los Alamos Meson Physics Facility due to
its operation.
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2. Atmospheric Radioactivity

Worldwide background atmospheric radioactivity is composed of fallout from at-
mospheric nuclear weapon tests, natural radioactive constituents in dust from the
earth’s surface, and radioactive materials resulting from interactions with cosmic radia-
tion. Air is routinely sampled at several locations on Laboratory land, along the
Laboratory perimeter, and in distant areas to determine the existence and composition
of any contributions to radionuclide levels from Laboratory operations. Atmospheric
concentrations of gross alpha, gross beta, americium, plutonium, and uranium were
measured and statistically analyzed. There were some small but statistically significant
differences among the regional, perimeter, and onsite groups and among stations within

groups for some of these analyses.

a. Introduction. Atmospheric radioactivity samples
are collected at 25 continuously operating air sampling
stations in Los Alamos County and vicinity. Onsite and
perimeter station locations are shown in Fig. 9 and iden-
tified by map coordinates in Table E-1II. Perimeter sta-
tions are within 4 km of the Laboratory boundary. The
regional monitoring stations, located 28 to 44 km from
the Laboratory at Espariola, Pojoaque, and Santa Fe
(Fig. 7), serve as reference points in determining regional
background for atmospheric radioactivity. A complete
description of sampling procedures and statistical treat-
ment of data is given in Appendix B.

When interpreting data from this air sampling
program, one must first be aware of natural and fallout
radioactivity levels and their fluctuations. Worldwide
background atmospheric radioactivity is largely com-
posed of fallout from atmospheric nuclear weapons tests,
natural radioactive constituents in dust from the decay
chains of »*?Th and ***U, and materials resulting from in-
teractions with cosmic radiation (such as tritiated water
vapor). Background radioactivity concentrations are
summarized in Table E-IV and are useful in interpreting
the air sampling data.

Because airborne particulates are mostly from soil
resuspension, there are large temporal fluctuations in air-
borne radioactivity as a result of changing
meteorological conditions. Periods of high winds result in
relatively high suspended particulate concentrations,
whereas periods of heavy precipitation remove many air-
borne particles. Spatial variations are dependent on these
same factors.

b. Annual Gross Alpha and Beta Radioactivity.
Gross alpha and beta analyses serve as indicators of
overall radioactivity concentrations in the air. The an-

nual average 4-week gross alpha and beta concentrations
are summarized in Table 1X and described in detail in
Table E-V. Both the gross alpha and beta concentrations
(Fig. 10) reached their highest levels for 1981 in May
and then decreased the rest of the year. This elevated ac-
tivity in the spring is due to mixing of the stratosphere
with the troposphere, which increases fallout of radioac-
tive particles.

The gross alpha data showed that the regional annual
mean (1.1 X 107" uCi/m¢) was statistically significantly
lower (with p=0.01, which means there is a 1%
probability of concluding that there is a significant dif-
ference when none exists) than the perimeter annual
mean (4.0 X 10™** uCi/m¢) and onsite annual mean (4.4
X 107" uCi/m¢). This is expected because the regional
stations are 28 to 40 km distant from the Laboratory, so
they are not influenced by its operation. The comparison
of perimeter and onsite annual means showed no signifi-
cant difference.

The gross beta data showed the regional annual mean
(121 x 107" uCi/ms) to be statistically significantly
lower (p = 0.01) than the perimeter annual mean (216 X
107" pCi/mf) and onsite annual mean (227 X 107"
uCi/m¢). The comparison of perimeter and onsite annual
means showed no significant difference. The gross beta
annual means were about 7 to 9 times higher than last
year. Gross-beta activity peaked in the spring and then
decreased to those levels measured in 1980 by Decem-
ber. This increased activity was measured at all air sam-
pling locations, including the regional stations, so is at-
tributable to worldwide fallout. The bulk of this fallout is
probably from the atmospheric nuclear test by the Peo-
ple’s Republic of China that was conducted on October
16, 1980.
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TABLE IX

SUMMARY OF ANNUAL ATMOSPHERIC RADIOACTIVITY
MONITORING FOR 1981

Mean As
% of
Maximum Minimum Annual Concentration
Analysis Group Units Observed Observed Mean Guide
Gross alpha  Regional 1015 uCi/m¢ 3.7+ 1.6 0.2 + 0.1 1.1 £0.3 1.9
Perimeter 10~!15uCi/m¢ 208 0.1 +0.2 40+ 0.6 6.6
Onsite 10-15Ci/m¢ 16 +£6 0.3+0.3 44 +0.5 0.22
Gross beta  Regional  10-15uCi/m¢ 370 + 100 0.5+0.2 121 + 33 0.04
Perimeter 10~!5uCi/m¢ 620 + 160 7.1+ 1.8 216 + 21 0.06
Onsite 1015 uCi/m¢ 550 + 140 6.0 + 1.6 227 £ 21 0.0014
Tritiated Regional  10~12uCi/m¢ 68 1 22 -13+1.0 18+8 0.009
water vapor  Perimeter 1012 uCi/m¢ 130 + 40 -0.8+1.0 7.6 +27  0.004
Onsite 10-12uCi/m¢ 93+ 30 —~16+ 1.6 9.0+ 2.8 0.0002
238py Regional 10~!8uCi/m¢ 0.5 +2.3 —324+23 -15+06 0.0
Perimeter 10-18 uCi/m¢ 2.8 + 3.4 —32+17 —-15+03 0.0
Onsite 1018 4Ci/m¢ 4.1 +2.8 -25+ L5 0.8 + 4.1 0.0
239py Regional 10~8Ci/m¢ 3217 ~3.3+4.0 8.2 + 5.9 0.014
Perimeter 10~ 18 uCi/m¢ 70+9 —0.5 + 1.2 13+ 4 0.022
Onsite 10-18uCi/m¢ 7419 0.5+ 12 84 £4.7  0.00042
241Am Regional  10-'8 uCi/m¢ 2.8 £3.1 Q.5 + 3.0 1.5+20 0.0008
Perimeter 10~18uCi/m¢ 8.7+ 3.5 0.7 +3.0 20+44 0001
Onsite 1018 uCi/m¢ 450 + 30 0.04+25 26 + 190  0.0004
Total U Regional  pg/m3 66 + 13 —-1.7+18 27+ 13 0.0005
Perimeter  pg/m3 168 + 38 —2.0+20 47 + 10 0.0008
Onsite pg/m3 239 + 52 -191%19, 36+ 11 0.00002

c. Tritium. Atmospheric tritiated water concentra-
tions for each sampling station for 1981 are summarized
in Table IX, detailed in Table E-VI, and plotted in Fig.
11. The regional annual mean (18 X 107'? uCi/m/) was
statistically significantly higher (p=0.01) than the
perimeter annual mean (7.6 X 10~'2 uCi/m¢) and onsite
annual mean (9.0 X 10~'* uCi/m¢). In April, October,
and December, measured tritium concentrations at the
regional stations were higher than levels measured at
perimeter and onsite stations. These higher levels could

possibly be caused by fallout from the atmospheric
nuclear test conducted in 1980. (Several other National
Laboratories also saw unusual fluctuations in at-

_mospheric tritium concentrations during 1981.) The

relatively higher regional annual mean is 0.009% of the
Department of Energy’s Concentration Guide for at-
mospheric tritium in uncontrolled areas, so it represents
no adverse health or environmental consequences.
The annual mean (22 X 1072 uCi/m¢) for the Bayo
Sewage Treatment Plant perimeter station (Station 9)
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tion groups.

was significantly higher (p=0.01) than the annual means
for stations in the perimeter group. In October and
December the measured tritium concentrations at the
Bayo Sewage Treatment Plant were about 10 times
higher than usual. There is no apparent explana-
tion for these higher levels. The Bayo annual mean is
0.01% of the Department of Energy’s Concentration
Guide for atmospheric tritium in uncontrolled areas, so
represents no adverse health or environmental conse-
quences.

The annual mean (22 X 107'? uCi/m¢) for Station 22
at the radioactive solid waste disposal area (TA-54) was
significantly higher (p=0.05) than annual means for the
other onsite stations and resulted from evapotranspira-
tion from buried tritium-contaminated wastes at this
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site.2! Also, tritium emissions from TA-33 caused the
TA-33 (Station 24) annual mean (30 X 107 pCi/m¢)
and the nearby TA-39 (Station 25) annual mean (12 X
1072 uCi/m¢) to both be higher (p=0.05) than the other

‘onsite station annual means.

d. Plutonium. Annual average 2**Pu concentrations
are summarized in Table IX and detailed in Table E-VII.
There was just 1 of 100 measured **Pu concentrations
with a detectable value. This concentration (4.1 X 107'*
uCi/m¢) occurred at the radioactive solid waste disposal
area, TA-54 (Station 22). It was 0.0002% of the Depart-
ment of Energy’s Concentration Guide for **Pu in air
for controlled areas.
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For *®Pu there was no statistically significant dif-
ference (p=0.05) among the regional (8.2 x 107'®
nCi/m¢, perimeter (13.2 X 107 uCi/m¢), and onsite (8.4
X 107'® uCi/m¢) annual means. A sample at Booster P-2
(Station 21, 74 X 10~'® uCi/m¢) had a *°Pu concentra-
tion that was about 10 times higher than the annual on-
site mean for 2*°Pu. This concentration is 0.004% of the

Department of Energy’s Concentration Guide for ***Pu
in air in controlled areas, so it did not pose a threat to
public health. Almost every year there are several sta-
tions where relatively higher *°Pu concentrations are
measured. These isolated higher measurements are most
likely caused by radioactive fallout.
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e. Uranium and Americium. The 1981 atmospheric
uranium concentrations are summarized in Table IX and
listed in Table E-VIII. Uranium concentrations are
heavily dependent on the immediate environment of the
sampling station. Those stations with higher annual
averages and maximums were all in dusty areas, where
historically a higher filter dust loading has accounted for
collection of more natural uranium from resuspended
soil particles. Annual station averages were typical of
regional background atmospheric uranium concentra-
tions {see Table E-V). There were no statistically signifi-
cant (p=0.05) differences among the group or station an-
nual means.

3. Radioactivity in Surface and Ground Waters

The 1981 atmospheric **'Am concentrations are sum-
marized in Table IX and listed in Table E-IX. Analyses
for 'Am are done because it is a dauthter of *'Pu and
is much easier to detect than **'Pu. Weapon-grade
plutonium contains 2*'Pu, so fallout from atmospheric
nuclear tests often contain 2*'Pu and *'Am. This year
only 3 of 44 analyses for *'Am had detectable levels.
The highest of these three concentrations was 450 X
107'8 uCi/m¢ at TA-16 (Station 20) and was 0.008% of
the Department of Energy’s Concentration Guide for
1Am in air in controlled areas.

Surface and ground waters are monitored to provide routine surveillance of disper-
sion of radionuclides from Laboratory operations. Results of these analyses are com-
pared to the Department of Energy’s Concentration Guides for water. Regional
background concentrations are an indication of the small amounts of radionuclides
(natural and fallout) in the environment. The 1981 radiochemical quality analyses of
water from regional, perimeter, water supply, and onsite noneffluent release areas in-
dicate no significant effect from effluent releases from the Laboratory. Waters in onsite
liquid effluent release areas contain trace amounts of radioactivity. These onsite waters
are not a source of industrial, agricultural, or municipal water supplies.

a. Regional and Perimeter Waters. Analyses of sur-
face and ground waters from regional and perimeter sta-
tions reflect base line levels of radioactivity in areas out-
side the Laboratory boundary. Regional surface waters
were collected within 75 km of the Laboratory from six
stations on the Rio Grande, Rio Chama, and Jemez
River (Fig. 7, Table E-X). Surface water from these
rivers is used for irrigation of crops in the Rio Grande
Valley, both upstream and downstream from Los
Alamos. Waters of the Rio Grande, Rio Chama, and
Jemez River are part of recreational areas on state and
federal lands. Samples were also collected from 5
perimeter stations located within about 4 km of the
Laboratory boundaries and from 26 stations in White
Rock Canyon of the Rio Grande (Figs. 12 and 13, Table
X). Water from Los Alamos and Guaje Reservoirs is
used during the summer for irrigation of lawns and
shrubs at the Laboratory and public schools. These two
locations are also sampled as part of the perimeter
group.

A comparison of the maximum concentrations found
in these waters with the Department of Energy’s Concen-
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tration Guides (see Appendix A) for uncontrolled areas
is given in Table X. However, the Concentration
Guides do not account for concentration mechanisms
that may exist in environmental media. Consequently,
other media such as sediments, soils, and foods are
monitored (as discussed in subsequent sections). Detailed
data from regional, perimeter, and White Rock Canyon
stations are in Tables E-XI, E-XII, and E-XIII, respec-
tively. See Appendix B.3 for methods of collection,
analysis, and reporting of water data.

Radionuclide concentrations in surface and ground
waters from the six regional and five perimeter stations
were low and showed no effect from release of liquid ef-
fluents at the Laboratory. Plutonium concentrations
were near minimum detection levels and were well below
Concentration Guides for uncontrolled areas.

Stations in White Rock Canyon are divided into four
groups. Three groups are of similar aquifer-related
chemical quality, while the fourth group reflects localized
conditions in the aquifer. Radionuclide concentrations in
water from the 27 stations reflect naturally occurring
radionuclides (Table E-XIII).



