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ENVIRONMENTAL SURVEILLANCE AT LOS ALAMOS
DURING 1978

Environmental Surveillance Group

ABSTRACT

This report documents the environmental surveillance program conducted
by the Los Alamos Scientific Laboratory (LASL) in 1978. Routine monitor-
ing for radiation and radioactive or chemical substances is conducted on the
Laboratory site and in the surrounding region to determine compliance with
appropriate standards and permit early identflcation of possible un-
desirable trends. Results and interpretation of the data for 1978 on
penetrating radiation, chemical and radiochemical quality of ambient air,
surface and ground water, municipal water supply, soils and sediments,
food, and airborne and liquid effluents are included. Comparisons with ap-
propriate standards and regulations or with background levels from natural
or other non-LASL sources provide a basis for concluding that environmen-
tal effects attributable to LASL operations are minor and cannot be con-
sidered likely to result in any hazard to the population of the area. Results of
several special studies provide documentation of some unique environmen-
tal conditions in the LASL environs.

—————_________________

I. INTRODUCTION

This report documents results of the environmen-
tal monitoring program conducted at the Los
Alamos Scientific Laboratory (LASL) during 1978.
In keeping with Department of Energy (DOE) and
Laboratory intent to describe and document possi-
ble influences of operations on the environment, this
report provides data and interpretation of en-
vironmental conditions in the vicinity of LASL.

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

Since its inception in 1943, the Laboratory’s
primary mission has been nuclear weapons research
and development. National security programs in-
clude weapons development, laser fusion, nuclear

materials research, and laser isotope separation, as
well as basic research in the areas of physics,
chemistry, and engineering that support such
programs. Research on peaceful uses of nuclear
energy has included space applications, power reac-
tor programs, magnetic fusion, and radiobiology and
medicine. In more recent years other programs have
been added in astrophysics, earth sciences, energy
resources, nuclear fuel safeguards, lasers, and
biomedical and environmental research.

A unique combination of facilities, which con-
tribute to the various research programs, exists at
Los Alamos. These facilities include the 800 MeV
proton accelerator, a tandem Van de Graaff ac-
celerator, the Laser Laboratory, the Magnetic Fu-
sion Laboratory, a flash radiographic facility, and a
10 megawatt research reactor. Some of these
facilities encourage participation and joint projects
by researchers from other laboratories and research
facilities.
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In August 1977, the LASL site, encompassing 111
km2, was dedicated as a National Env~onmental
Research Park. The ultimate goal of this regional
facility is to encourage environmental research that
will contribute understanding 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 outaide of
LASL for the purpose of facilitating self-supported
research on those subjects deemed compatible with
the LASL programmatic mission.

A. Physical Setting

The Las Alamos Scientiilc Laboratory and adja-
cent residential areasof Los Alamos and White Rock
are located in Los Alamos County in north-central
New Mexico, about 100 km NNE of Albuquerque
and 40 km NW of Santa Fe by air (Fig. 1). The 111
km2 Laboratory site and adjacent communities are
situated on the Pajarito Plateau. The Plateau con-
sists of a series of mesas separated by deep canyons
cut by intermittent streams that trend eastward
from an altitude of about 2400 m at the flank of the
Jemez Mountains to about 1800 m at the eastern
margin where it terminates above the Rio Grande
valley. Most Laboratory and community develop-
ments are confined to the mesa tops (see Fig. 2 and
inside front cover). The surrounding land is essen-
tially undeveloped with large tracts of land north,
west, and south of the Laboratory site held by the
U.S. Forest Service and U.S. Park Service (see land
ownership map inside back cover). San Ildefonso In-
dian lands border the Laboratory to the east.

All hs Alamos County and vicinity locations
references in this report are identified by the LASL
cartesian coordinate system, which is based on
English units of measurement. This system is stan-
dard throughout the Laboratory but is independent
of the U.S. 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 LASL boundary is a controlled area
because DOE has the option to completely restrict
access. This control can be instituted when neces-
sary.

B. Geology-Hydrology

The canyons and mesas in the Laboratory area are
underlain by the Bandelier Tuff composed of ashfall
and ashflow pumice and rhyolite tuff that form the
surface of the Pajarito Plateau. The tuff ranges from
nonwelded to welded and is in excess of 300 m thick
in the western part of the Pajarito Plateau and thins
to about 80 m toward the east above the Rlo Grande.
It was deposited as a result of a major eruption of a
volcano in the Jemez Mountains to the west about
1.1—1.4 million years ago.

The tuffs lap onto the older volcanics of the
Tschicoma Formation, which form the Jemez Moun-
tains along the western edge of the Plateau and are
underlain by the fanglomerate of the Puye Forma-
tion in the central and eastern edge along the RIO
Grande. The Chino Mesa basalts intertlnger with
the fanglomerate along the river. These formations
overlie the siltatnne/sandstoneTesuque Formation,
which extends across the Rio Grande Valley, and are
in excess of 1000 m thick.

Los Alamos area surface water is primarily inter-
mittent stream flow. Springs on the flanks of the
Jemez Mountains supply base flow to the upper
reaches of some canyons, but the amount is insuf-
ficient to maintain surface flows across the
Laboratory area before it is depleted by evaporation,
transpiration, and intlltration. Runoff from heavy
thunderstorms or heavy snowmelt reaches the Rio
Grande several times a year. Effluents from sanitary
sewage, industrial waste treatment plants, and cool-
ing tower blowdown are released to some canyons at
rates suftlcient to maintain surface flows for as long
as 1.5 km.

Ground water occurs in three modes in the IAM
Alamos area: (1) water in shallow alluvium in the
canyons, (2) perched water in basalt, and (3) the
main aquifer of the Los Alamos area.

Intermittent stream flows in canyons of the
Plateau have deposited alluvium that ranges from
less than 1 m to as much as 30 m in thickness. The
alluvium is quite permeable in contrast to the un-
derlying volcanic tuff and sediments. The intermit-
tent runoff in the 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

*
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downgradient in the alluvium. As water in the al-
luvium moves downgradient, it is depleted by
evapotranspiration and movement into underlying
volcanics.1

In lower Los Alamos and Pueblo Canyons a small
. local body of perched water is formed in the basalts

by water infiltrating from the alluvium into underly-
ing volcanics. This perched water discharges into

. Los Alamos Canyon west of the Rio Grande. This is
the only perched water body beneath the Plateau in
the main aquifer.

The main aquifer of the Ima Alamos area is the
only aquifer in the area capable of serving as a
municipal water supply. The surface of the aquifer
riseswestwardfrom the Rio Grande within the Tesu-
que Formation into the lower part of the Puye For-
mation beneath the central and western part of the
plateau. Depth to the aquifer decreases from 360 m
along the westernmargin of the Plateau to about 180
m at the eastern margin. The water is under water
table conditions in the western and central part of
the plateau and under artesian conditions in the
eastern part and along the Rio Grande.2

The major recharge area to the main aquifer is the
intermountain basin of the Vanes Caldera. The
water table in the caldera is near land surface. The
underlying lake sediment and volcanics are highly
permeable and recharge the aquifer through
Tschicoma Formation interflow breccias and the
Tesuque Formation. The Rio Grande receives
ground water discharge from springs fed by the main
aquifer. The 18.4 km reach of the river between
Otowi Bridge and the mouth of Rito de Frijoles
receives an estimated 5.3 to 6.8 X 106 m3 annually
from the aquifer.

C. Meteorology

Los Alamos has a semiarid, continental mountain
climate. The average annual precipitation of 46 cm
is accounted for by warm-season orographic convec-
tive rain showers and winter migratory storms.
Seventy-five per cent of the annual total moisture
falls between May and October, primarily as
thunderstorms. Peak shower activity is in August.
Winter precipitation falls primarily as snow, with
annual accumulations of about 1.3 m.

Summers are cool and pleasant. Maximum
temperatures are generally below 32”C, and a large
diurnal variation keeps nocturnal temperatures in

the 12-15°C range. Winter temperatures are typical-
ly in the range from –10”C to 5°C. Many winter
days are clear with light winds, and strong solar
radiation makes conditions quite comfortable even
when air temperatures are cold. A single heating
degree day equals 18.3°C minus the average of the
daily maximum and minimum temperatures. The
average total heating degree days per year between
1951 and 1978 was 3528°C days, with January ac-
counting for over 622°Cdays. Summaries of the 1978
weather and climatological data from 1951 through
1978 are presented in Table E-I and Fig. 3,

Major spatial variation of surface winds in k+
Alamos is caused by the unusual terrain. Under
moderate and strong atmospheric pressure dif-
ferences, flow is channeled by the major terrain
features. Under weak pressuredifferences, a distinct
daily wind cycle exists. The interaction of these two
patterns gives rise to a westerly flow predominance
on the western part of the Laboratory site and a
southerly component at the east end of the mesas.

Historically, no tornadoes have been reported in
Los Alamos County. Lightning, however, is common
in the vicinity of the Pajarito Plateau. Local
climatological records indicate an average of 62
thunderstorm-days per year. Lightning protection is
an important consideration applied to each facility
at LASL.

D. Demographics

IAMAlamos County is demographically different
from the surrounding area. With a population es-
timated at 19600, it is characteristically urban in
nature, surrounded by more rural communities rely-
ing on farming and cattle and sheep herding,
primarily in the valley areas. Two residential and
related commercial areaa exist in the county (see
Fig. 4 and inside back cover). Los Alamos, the
original area of development, has an estimated pop-
ulation of 13300, while White Rock has about 6300
residents. Commuting and general traffic are served
by State Road 4, which runs through White Rock,
and Loop 4, which runs through Los Alamos (see
Fig. 4). Two federally owned roads, East Jemez and
Pajarito Roads, cross this site and are normally open
to public use. About one third of those employed in
LOSAlamos commute from other counties. Popula-
tion estimates for 1978 place 105000 people within
an 80 km radius of Los Alamos.
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E. Waste Disposal

LASL’S activities are carried out in 30 active
technical areas (TA) distributed wer the site (see
Fig. 4). Wastes requiring disposal are generated at
virtually all these locations. Sanitary sewage is
treated by a number of plants employing conven-
tional secondary treatment processes or by septic
tanka. Uncontaminated solid waste is disposed in a
County-operated landfill located within the
Laboratory boundary. Nonradioactive airborne ef-
fluents include combustion products from the power
and steam plants, vapors of fumes from numerous
local exhaust systems such as chemistry laboratory
hoods, and burning of high explosives wastes.

Most of the liquid radioactive or chemical
laboratory waste is routed to one of two waste treat-
ment facilities by a collection system that is in-
dependent of the sanitary sewage system. The
balance of such wastes from remote locations is ac-

ON LATEST
RECORD MONTH

● MAXI MUM o

IIAVERAGE
RANGE

● MI Nl~UM o

MEAN LATEST
ON MONTH

RECORD TOTAL

cwmlaf.ed in hojding tanks and periodically col-
lected and transported to the treatment plants for
processing. Radioactivity is removed at the treat-
ment plants by physiochemical processes that
produce a concentrated sludge subsequently
handled as solid radioactive waste. The treated ef-
flu@.s are released to canyons.

Between 90% and 95% of the total radioactively
contprninqted solid waste volume from the
Laboratory is disposed of by burial at the waste dis-
posal area, TA-54. The remaining 5-10% is classed
m transuranic waste and stored retrievable. En-
vironmental containment !s protided by the &
geologic fo~mations of the burial ground.

Airborne radio~ctive effluents are discharged from
a number of facilities after receiving appropriate
treatment such as filtration for particulatest
@alytic conversion and adsorption of tritium, or
clpcay time for short-lived activation gases.

.

.

.

.
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F. Environmental Monitoring

Routine monitoring of radiation, radioactive
materials, and chemical substances is conducted on
the Laboratory site and in the surrounding region to.
assurecompliance with appropriate standards, iden-
tify possible undesirable trends, inform the public,

. and contribute to general environmental knowledge.
This monitoring in the environment serves as a
check on specific effluent release points such as the

radioactive waste treatment planta and various
stacks at nuclear research facilities.

Exposure from external penetrating radiation
(primarily gamma radiation) in the LASL environs
is monitored at stations equipped with ther-
moluminescent dosimeters (TLD). Atmospheric
radioactivity samples are collected monthly at con-
tinuously operating air sample stations in Los
Alamos County and vicinity. Monitoring for surface

7



and ground water radioactivity provides routine sur-
veillance of the possible dispersion of effluents from
LASL operations, while regional surface waters
within 75 km of LASL are sampled to ascertain
natural levels of radioactivity in water of the area.
Soil and sediment samples are also collected from
the area for analysis. Sampling stations in Los
Alamos County and the Rio Grande Valley are used
to monitor locally produced foodstuffs, principally
fruits and vegetables.

II. SUMMARY

This report presenta the results of LASL en-
vironmental monitoring programs for 1978. Data
and interpretive comparisons are included for:

●penetrating radiation
sradioactivity in air, water, soil, and foodstuffs
●radioact.ivity in airborne and liquid effluents
●chemical contaminants in airborne and liquid ef-

fluents
● chemical and radiochemical quality of water sup-

ply

Several special studies on environmental conditions
at Los Alamos are summarized.

Penetrating radiation in the Los Alamos area out-
side the LASL boundary averaged 108mrem/yr from
multiple sources of natural radiation; LASL opera-
tions did not contribute to the total, Penetrating
radiation at onsite locations near facilities emitting
radiation reached a maximum of about 700
mrem/yr. The annual mean concentration of
tritiated water vapor in air at perimeter locations
was 13 x 10– 12 y Ci/m~, about 9 X 10– 12 gCi/mf
higher than background measured at regional sta-
tions, showing some effect of laboratory effluents.
The mean concentration at perimeter locations is
about 0.007% of the applicable uncontrolled area
concentration guide (CG).

Uncontrolled area concentration guides represent
levels of radioactivity considered acceptable in air
breathed or water consumed by members of the
public and were derived to insure that continuous
breathing of air or drinking of water containing
radioactivity at the CG levels would not cause
human radiation doses exceeding the Radiation
Protection Standards (see Appendix A). However,
the CGS do not account for concentration
mechanisms that may exist in environmental media.

Consequently, other media such as sediments, soils,
and foods are monitored.

Atmospheric long-lived gross alpha and grossbeta
mean concentrations in the LASL environs were 1.5
x 10– 15 and 86 X 10– 15 yCi/ml, respectively,
2.4~oand 0.09% of their respective uncontrolled area
CGS. Gross beta activity was elevated during March
and December, shortly after detonations of at-
mospheric nuclear devices by the People’s Republic
of China. The maximum beta activity concentra-
tions were less than 0.6% of the appropriate CG. The
atmospheric 239Pu mean concentration offsite in the
LASL environs was about 80 X 1o–18 gCi/m2,
which was 0.13?4.of the uncontrolled area CG. The
airborne radioactive effluents of possible concern
were the air activation products 41Ar, llc, 13N, and
150, released from the research reactor (TA-2) and
the linear accelerator at the Los Alamos Meson
Physics Facility (LAMPF, TA-53). Concentrations
for these isotopes at occupied locations were
theoretically calculated using atmospheric disper-
sion models in order to estimate doses. Measured
doses at the Laboratory boundary north of LAMPF
indicate that the theoretically calculated concentra-
tions probably overestimate actual concentrations.

Radiation doses to members of the public (-0.1
mrerrdyror greater) attributable to radioactive air-
borne effluents from LASL operations were
calculated from these measured or theoretically es-
timated concentrations or from penetrating radia-
tion measurements. Such calculations indicate that
maximum doses to people at occupied locations
could be as high as 0.7 mrem/yr from 41Ar [0.14% of
the DOE Radiation Protection Standard (RPS), see
Table A-II], and 3.8 mrem/yr from combined llC,
13N, and 150 (0.76% of the RPS). The estimated
total whole body population dose attributable to
LASL operations for residentsof Los Alamos County
was 10.5 man-rem or about ().44’%of the population
dose due to normally present background radiation
and about ().52’%0of the population dose received
from medical radiation (diagnostic x-rays only).

No pathways to humans were identified for
radioactivity in treated liquid effluents. All water af-
fected by such effluents contained radioactivity at
levels well below appropriate CGS. No pathways for
sediments in liquid waste discharge areas were iden-
tified. Analyses of fish from the Cochiti Reservoir
showed no measurable concentrations of activity at-
tributable to Laboratory operations.

.

.

.
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Commuters making 15 round trips a week on one
federally owned road (Pajarito Road) crossing the
site would have received <0.5 mrem/yr from one
technical area where radiation emitting experiments
are carried out. Two possible food pathways, involv-
ing honey and venison, could have resulted in doses
of <4 mremlyr to a few people.

The water supply met all applicable US En-
vironmental Protection Agency (EPA) and New
Mexico Environmental Improvement Division
(NMEID) chemical quality and radioactivity stan-
dards. The integrity of the geological formations
protecting the deep groundwater aquifer was con-
firmed by the lack of any measurements indicative

III. MONITORING RESULTS

A. Radiation and Radioactivity

1. Penetrating Radiation

Levels of penetrating radiation,

of non-natural radioactivity or chemical contamina-
tion in the municipal water supply sources.

Nonradioactive airborne effluents from sources in-
cluding a power plant, steam plants, an asphalt
plant, a beryllium shop, and experiments utilizing
high explosives were well within environmental
quality standards. Effluents from 6 of 10 sanitary
sewage plants operating under provisions of EPA
permits exceeded one or more permit limits during
at least one month of the year. Industrial effluents
from 104 sources came under provisions of an EPA
NPDES permit during October 1978. Data on the
quality of these effluents are presented.

including x and gamma rays from cosmic, terrestrial,
and man-made sources in the Los Alamos area are monitored with thermoluminescent
dosimeters deployed in two independent networks. The environmental network consists of
50 locations divided into three groups (Fig. 5). Three of these locations are 28 to 44 km from
the Laboratory boundaries in the neighboring communities of Espaiiola, Pojoaque, and
Santa Fe, and form the regional group (Fig. 1). The perimetsr group consists of 16
dosimeters placed within 4 km of the boundary. Thirty-one locations within LASL boun-
daries are classed as the onsita group. The dosimeters are changed each calendar quarter.
The second network consists of 25 locations, all within LASL boundaries. This network was
established to monitor radioactivity of the gaseous effluent from LAMPF at ground level
approximately 1 km from the stack. The dosimeters are changed in accordance with the
operating schedule of LAMPF. No measurements at regional or perimeter locations in the
environmental network for any calendar quarter showed any statistically discernible in-
crease in radiation levels that could be attributed to LASL operations. The LAMPF
network showed an increase of 13.7 + 1.4 mrem/yr at the LASL boundary north of the
LAMPF facility. Table I summarizes the annual total doses by the regional, mmimeter, on-
site, and LAMPF groups for 1978.

Natural penetrating radiation background has
two components. The natural terrestrial component
results from the decay of 40K and the radioactive
daughters from the decay chains of 232Th and ‘238u.
The cosmic component includes both photon radia-
tion and neutrons. The thermoluminescent
dosimeters used in the LASL monitoring program
(TLD-100@) are insensitive to neutrons so neutron
contribution to natural background radiation was
not measured and, therefore, will be excluded from
this discussion. The cosmic ionizing radiation level

increases with elevation because of reduction in the
shielding effect of the atmosphere. At sea level it
averages between 25 and 30 mrem/yr. LAMAlamos,
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 2.1 km at
Santa Fe, receive from 50-60 mrem/yr.3

In contrast to this fairly constant cosmic compo-
nent, the dose from the natural terrestrial compo-
nent in the I.msAlamos area is highly variable. The

9
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temporal variation at any particular location (Fig. 5)
is about 15-26% because of variations in soil
moisture content and snow cover.3 There is also
spatial variation because of different soil and rock
types in the area.4 These natural sourcesof variation
make it difficult to detect any increases in the radia-
tion level from man-made sources, especially if the
magnitude of such an increase is small compared to
natural fluctuations.

In order to discriminate between these man-made
and natural components of variation, data wereused

from two different dosimeter configurations at each
LAMPF network location, One measures total
penetrating radiation, both cosmic and terrestrial.
The second is shielded from below with enough lead
to eliminate about 90% of the direct terrestrial
gamma-ray component and from above by enough
Lucite to eliminate virtually all beta particles and
positrons (whether from natural sources or from
LAMPF operations). Gamma rays from annihila-
tion of positrons and electrons can penetrate the
Lucite.

.

.
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TABLE I

EXTERNAL PENETRA TING RADIATION
DURING 1978

Dose (mrem)

Group Minimum Maximum Average

Regional 74.* 6 96.* 6 64.+ 22
Perimeter 82.& 6 135.+ 6 108.+ 29
Onsite 97.+ 5 661.+ 13 160.+ 212
LAMPFa 81.+ 5 127.+ 7 1100*10

allxtrapolated from data obtained during the fourth
calendar quarter when the LAMPF network was
completed.

Three of the locations in the LAMPF TLD
network are 7.5 to 9 km from LAMPF in similar ter-

a.
were

2. Air

rain. These three locations are not influenced by any
laboratory radiation sources and are used as
background locations. By comparing ratios of un-
shielded to shielded doses recorded during the same
period at the background locations and at each field
location in the LAMPF network, the component of
the total penetrating dose due to LAMPF operations
can be determined for each field location.

Because the TLD dosimeters used in the LAMPF
network are insensitive to neutrons, independent
neutron measurements with sensitive portable
equipment were made at the nearest boundary to
LAMPF (0.8 km north). With all LAMPF targets in
use and a beam current of about 40% of the max-
imum planned current, the neutron dose rate in-
crease at this location is less than 0.1 mrem/yr.
When fill power is eventually reached, the dose rate
due to LAMPF produced neutrons will be less than
0.2 mrem/yr.

Worldwide background atmospheric radioactivity is composed of fallout from at-
mospheric nuclear weapons tests, natural radioactive constituents in dust from the earth’s
surface, and radioactive materials resulting from interactions with cosmic radiation. 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. During 1978, no statistically significant
difference was observed between the atmospheric concentrations of gross alpha, gross beta,
americium, plutonium, and uranium measured at sampling locations along the Laboratory
perimeter and those measured in distant areas. This indicates Laboratory contributions to
concentrations of these contaminants were less than the local variability in background
levels. Tritiated water vapor (HTO) concentrations at perimeter and onsite stations were
about three and four times higher, respectively, than regional background HTO levels and
are attributable to the Laboratory’s HTO stack effluents. Elevated levels of airborne ac-
tivity from short-lived fission products were detected for short periods of time following
nuclear atmospheric detonations by the People’s Republic of China on March 14 and
December 14.

General. Atmospheric radioactivity samples When interpreting data from this air sampling
collected at 25 continuously operating air program, one must fnt be aware of natural and fall-

sampling stations in Los Alamos County- and
vicinity. Oneite and perimeter station locations are
shown in Fig. 5 and identified by map coordinates
(Table E-W). Perimeter stations are Oto 4 km from
the Laboratory boundary. The regional monitoring
stations, located 28 to 44 km from the Laboratory at
Espaiiola, Pojoaque, and Santa Fe (Fig. 6), serve as
reference points in determining the regional
background for atmospheric radioactivity.

out radioactivity levels and their fluctuations.
Worldwide background atmospheric radioactivity is
largely composed of fallout from atmospheric
nuclear weapons tests, natural radioactive con-
stituents in dust from the decay chains of 232Th,
238u, and materials resulting from interactions With
cosmic radiation, such as tritiated water vapor.
Because suspended particulate are mostly from soil
resuspension, there are large temporal fluctuations
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in radioactivity concentrations as a result of chang-
ing meteorological conditions. Periods of high winds,
resulting in relatively high suspended particulate
concentrations, contrast with periods of heavy
precipitation, which remove much ~f the suspended
mass. Spatial variations may be dependent on these
same factors. Previous measurements of background
atmospheric radioactivity concentrations are sum-
marized in Table E-III and are useful in interpreting
the air sampling data.

b. Chinese Fallout Monitoring. Two at-
mospheric nuclear tests by the People’s Republic of
China were conducted over their Lap Nor testing
area in southwest China. Both tests (March 14 and
December 14) were reported to be nuclear devices
with explosive power equivalent to approximately 20
000 tons of TNT. Radioactive materials were in-
jected into the troposphere and stratosphereover the
mid-latitudes of the northern hemisphere by the
above-ground detonations. Prevailing air currents
then carried the airborne radioactive materials to
the North American continent where the radioactive
debris slowly dropped to the earth’s surface as fall-
out.

After each explosion, supplementary sampling
was initiated to measure the fallout. Daily par-
ticulate samples were taken at the Occupational
Health Laboratory (N050 E040) and at the offsite
station at Espaiiola, 28 km distant from the
Laboratory (see Fig. 6). The highest observed long-
lived (counted after 7 to 10 days), gross beta con-
centration for the March 14 test was 570 (+70)
X10– 15 pCi/ml and for the December 14 test was
190 (+20) X 10– 15 gCi/ml?. These concentrations
are 0.6% and 0.2Y0,respectively, of the uncontrolled
area CG for 1311. Qualitative gamma spectral
analyses of the atmospheric particulate samples
showed the presence of fresh fission products (e.g.,
141Ce, 1311,95Zr) from the de~nationso Tables E.
IV and E-V contain all data collected during the
special Chinese fallout monitoring programs.

c. Annual Gro88 Alpha and Groaa Beta
Radioactivity. The annual average 4-wk gross
alpha and grossbeta concentrations are summarized
in Table 11and are shown in detail in Table E-VII.
Temporal variations in long-lived gross beta con-
centrations (Fig. 7) were observed during the year.
The elevated activity during the spring was typical

of that observed during most springswhen mixing of
the stratosphere with the troposphere causes in-
creased fallout of particulate.

Data plotted in Fig. 7 also show that there were no
significant differences in atmospheric gross beta
concentrations among the regional, perimeter, and
onsite sampling stations this year. There have been *

no statistically significant differences over the past
six years. This lack of statistically significant dif-
ferences in concentrations indicates that Laboratory

.

operations have negligible influence on the ambient
atmospheric radioactivity in the ImsAlamos vicinity
and suggests that this radioactivity originates from
widespread sources—fallout from nuclear test
detonations and naturally occurring materials—and
not from a localized source such as the Laboratory.

d. ZWium. Atmospheric tritiated water con-
centrations for each station for 1978are summarized
in Table II and shown in detail in Table E-VIII. The
relatively higher levels observed at the Los Alamos
airport (station 8) and TA-21 (station 15) are similar
to those observed in previous years and are at-
tributable to stack effluents from nearby TA-21. The
relatively higher concentrations at TA-54 (station
22) result from evapotranspiration of buried tritium-
contaminated wastes at this site. The annual mean
for the onsite stations is statistically higher (at a
>99Y0 confidence level) than the regional and
perimeter means. The higher value reflects tritium
releases from Laboratory operations (see Sec.
111.A.6). The annual mean atmospheric tritium con-
centrations for the perimeter and onsite stations are
shown in Fig. 8. The highest annual mean of 57
(+74) pCi/m3 was at TA-54 (station 22).

e. Plutonium. The annual average 238Pu and
239PU concentrations for each station are sum-
marized in Table II and listed in Table E-IX. Prac-
tically all 238Pu concentrations were less than the
minimum detectable limit of 2 x 10– 18 pCi/ml;
239Pu concentrations were comparable to 1977data
and showed no anomolies. The regional, perimeter,
and onsite group 239Pu means are statistically in-
distinguishable from one another, indicating
Laboratory contributions of 239Pu to the at- .
mosphere are at background levels.

.
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f. Uranium and Americium. The 1978 at- centratitms(Table E-III). There wereno statistically
mospheric uranium concentrations are summarized
in Table II and listed in Table E-X. The uranium
concentrations are dependent on the immediate en-
vironment of the sampling station. Those stations
with higher annual averages and maximum values
were all located in dusty areas where a higher filter
dust loading accounts for the collection of more
natural crustal-abundance of uranium. The annual
averages of the stations are typical of regional
average background atmospheric uranium con-

signflcant (at a >99Y0cordldence level) temporal or
geographical differences among the regional,
perimeter, and onsite station groups.

The 1978 atmospheric americium concentrations
are summarized in Table II and listed in Table E-
XL All data were below the analytical detection
limit, so no statistical analysis was made. Only 0.034
pCi of 2’lAm (Table E-XXI) was releasedto the at-
mosphere from LASL during 1978.
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TABLE II

SUMMARY OF ANNUAL ATMOSPHERIC RADIOACTIVITY MONITORING

Analysis
Composite

Group units
Maximum
Observed

Minimum
Observed

Annual
Mean

Mean As
% CG

Gross Alpha

Gross Beta

Tritiated
Water Vapor

29apu

‘“PU

241A~

Uranium (total)

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

10-1’ ~Ci/ml
10-’5 ~Ci/rnl
10-” pCi/mJ

10-” pCi/rnJ
10-1’ ~Ci/mJ
10-” pCi/rrd?

10-’2 ~Ci/ml
10-” ~Ci/rnl
10-’2 ~Ci/ml

10-’” pCi/m#
10-’” ~Ci/m2
10-’” ~Ci/ml

10-” pCi/ml
10-’” ~Ci/mJ
10-’8 pCi/ml

10- ‘“ pCi/ml
10-’s pCi/ml
10-” WCi/m.l

pglms
pglm’
pglm’

1.9 + 0.8
6.8 + 3.2
4.6 + 2.0

200 *60
240 +60
440 + 120

19+6
107 +34
118 +38

–1.1 + 1.6
–0.1 * 1.9

8.8 + 3.2

44 +81
79 *14

153 * 13

0.3 + 3.6
7.4 * 15
4.2 * 4.8

184 k 38
238 +49
177 *40

–0.3 * 0.1
–0.0 + 0.1
–0.1 + 0.6

9+2
13i3
4*1

0.2 + 0.6
0.6 + 0.2
0.1 + 0.6

–4.5 & 4.8
–4.7 * 3.9
–4.7 & 2.3

1.2 * 1.5
–0.6 i 1.4
–0.5 & 1.3

–2.0 * 9.1
–2.7 +6.4
–3.3 & 4.8

34 i 18
19 +22
16 +21

0.9 + 0.9
1.5 + 1.9
1.5 + 2.0

72 + 102
86 & 108
83 * 109

4&9
13 *33
18*48

–2.3 + 1.3
–1.8 + 1.3
–1.2 +3.7

20 +39
27*43
32.+67

–0.5 * 2.2
0.5 + 6.7
0.1 + 4.2

102 +94
74 +88
68*66

1.6
2.4
0.1

0.07
0.09
0.002

0.002
0.007
0.0004

0.00
0.00
0.00

0.034
0.044
0.0016

0.000oo
0.00026
0.000002

0.0011
0.0008
0.00003

See footnotes in Tables E-VII (gross alpha and beta), E-VIII (tritiated water vapor), E-IX
(238pu and 239pu), E-x (uranium), and E.XI (241Am) for ~inimum detectable limit5,
Concentration Guide values, and other pertinent information.

3. Radioactivity in Surface and Ground Waters

Surface and ground waters are monitored to provide routine surveillance of potential dis-
persion of radionuclides from LASL operations. The results of these analyses are compared
to DOE CGS (see Appendix A) as an indication of the very small amounts of radionuclides in
the environment. The results of the 1978 radiochemical quality analyses of water from
regional, perimeter, water supply, and onsite non-effluent release areas indicate no effect
from etlluent releases from LASL. Waters in the onsite liquid effluent release areas contain
trace amounts of radioactivity. These onsite waters are not a source of industrial,
agricultural, or municipal water supplies.
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a. Regional and Perimeter Water8. AnalyOesof
surface and ground waters from regional and
perimeter stations reflect base line levelaof radioac-
tivity in the areas outeide the LASL boundaries.
However, the CGa do not account for concentration
mechanisms that may exist in environmental media.
Consequently, other media such se sediments, soils,
and fooda are monitored. Regional surface waters
were collected within 75 km of LASL from six sta-
tions on the Rio Grande, Rio Chama, and Jemez
River (Fig. 6, Table E-XII). Samples were also col-

lected from five perimeter stations located within
about 4 km of the LASL boundaries and from 26 sta-
tions in White Rock Canyon of the Rio Grande (Fig.
9, Table E-XII). Excluded from this discussion is
Acid-Pueblo Canyon, a former release area for in-
dustrial liquid waste, which has four offsite stations
and three onsite stations (Fig. 9). Ae a known release
area and for hydrologic continuity, the monitoring
resulte in Acid-Pueblo Canyon are discussed in the
following section concerning onsite surface and
ground waters. Detailed data from the regional and
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perimeter stations are in Tables E-XIH and E-XIV,
respectively (see Appendix B.3 for methods of collec-
tion, analyses, and reporting of water data). A com-
parison of the maximum concentrations found in
these waterswith CGSfor uncontrolled areas is given
in Table III.

Radionuclide concentrations in surface and
ground waters from the six regional and five
perimeter stations are low and have shown no effect
from release of liquid effluents at LASL. Plutonium
concentrations are near detection limits. The con-
centrations are well below CGS for uncontrolled
areas.

,b. Water SupplY. The municipal and industrial
water supply for the Laboratory and community is
from 15 deep wells (in 3 well fields) and one gallery
(underground collection basin for spring discharge).
The wells are located on the Pajarito Plateau and in
canyons east of the Laboratory (Fig. 9). The water is
pumped from the main aquifer, which lies at a depth
of about 350 m below the surface of the plateau. The
gallery discharges from a perched water zone in the
volcanics west of the plateau. During 1978 produc-
tion from the wells and gallery was about 5.6 X
106m3, with the wells furnishing about 97% of the
total production and the gallery about 3%. Water
samples were collected from the wells and gallery
and at 5 stations on the distribution system. The 5
stations on the distribution system are located
within the Laboratory and community (Fig. 9, Table
E-XII).

Detailed radiochemical analyses from the wells,
gallery, and distribution system are presented in
Table E-XV. A comparison of maximum concentra-
tions found in these waters with the EPA National
Interim Primary Drinking Water Standards9 is
given in Table IV.

Radioactivity occurring in the water supply is low
and naturally occurring. Plutonium is below detec-
tion limits. Samples from the water distribution
system showed gross alpha activity lower than the
EPA screening limit (see Appendix A) even though
one well (LA-lB, Los Alamos field) contained
natural alpha activity about 40% greater than the
screening limit. Dilution by water from the wells
results in concentrations at points of use that meet
the WA criteria for municipal supply without re-
quiring further detailed analyses,

c. Onsite Surface and Ground Waters. The on-
site sampling stations are grouped according to areas
that are not located in effluent release areas and
those located in areas that receive or have received
industrial liquid effluents. The onsite noneffluent
release areas consist of seven test wells completed
into the main aquifer, and three surface water
sources (Fig. 9; Table E-XII). Detailed
radiochemical analyses are shown in Table E-XVI.
The maximum concentration of radioactivity at the
ten stations is in Table V. The concentrations were
low, near or below detection limits, and well below
CGS for controlled areas.

TABLE III

MMKIMUM RADIOACXIV~ CONCENTRATIONS IN
REGIONAL AND PERIMETER WATERS

Perimeter CG for
units Five white Uncontrolled

Analyses pC~ml Regional S@tions Rock Canyon Areas

3H 10-6 3.6 1,4 1.3 3000
137(-J5 10-9 <140 <1oo <120 30000
238pu 10-9 <0.03 <0.02 <0.02 5000
239pu 10-9 <0.02 <0.03 <0.02
GrossAlpha 10-9 5.2 6.3 13
GrossBeta 10-9 24 8.7 18. 300
Total U pgll 4.6 14 20 1800

.

.
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TABLE IV

MAXIMUM RADIOACTIVITY CONCENTRATIONS IN
WATER SUPPLY

AnalysiO

3H

137c~

238pu

239Pu

GrossAlpha
Gross Beta
Total U

unite
pcihd

10-6
10-9

10-9
1(3-9

10-9

10-9
Fg/i

Wells and
Gallery

0.6
<80
<0.01
<0.01

7.0
5.2
6.3

Distribution
System

1.2
<80
<0.01
<0.01

2.9
6.9
4.2

EPA
NIPDWRa

20
200

7.5
7.6
5

.-.

1800

aEnvironmental Protection Agency’s National Interim Primary Drinking Water Regulations,

TABLE V

MAXIMUM RADIOAC1’MTY IN ONSITE WATERS IN
AREAS NOT RECEIVING EFFLUENTS

units Onllite CGS for
Analysis (wCi/ml) Non-Effluent Area Controlled Areas

3H 10–6

137c~ 10–9

238~ 10–9

239pu 10-9
Groin Alpha 10-9
Gross Beta 10-9

Total U pglt

Canyons that receive or have received industrial
effluents are Acid-Pueblo, DP-Los Alamos, Sandia,
and Mortandad. Samples were collected from sur-
face water stations or shallow observation holes com-
pleted in the alluvium. Surface water in these can-
yons infiltrates into the alluvium before leaving the

. LASL boundaries (Fig. 9, Table E-XII). The max-
imum concentration of radioactivity in each of the
four canyons is given in Table VL Radioactivity

.
observed in Acid-Pueblo Canyon (7 stations) results
from residuals of treated and untreated radioactive
liquid waste effluents released into the canyon

4.2 100000
70 400o(n)
<0.01 100000

0.01 100000
2.3 100000

17.0 10000
2.4 60000

before 1964 (Table E-XVI). Radionuclides that were
adsorbed by channel sediments are now being
resuspended by runoff and municipal sanitary ef-
fluents.

Sandia Canyon (3 stations) receives cooling tower
blowdown from the TA-3 power plant and some
sanitary effluent from the TA-3 areas. Analyses of
samples from this canyon show no release of
radionuclides tn the environment (Table E-XVI).

DP-IAM Alamos Canyon (8 stations) receives in-
dustrial effluents that contain low levels of



TABLE VI

MAXIMUM RADIOACTIVITY CONCENTRATIONS IN WATERS
IN AREAS RECEIVING EFFLUENTS

Analysis

3H

137c~

236pu

239fi

% Sr
GrossAlpha
GrossBeta
Total U

units
pcihd

10–6

10–9

1(--9

10-9
10-9

10-9

10–9

J@

Acid-
Pueblo

DP-Los
Alamos

21.5

110
0.04
4.22

77
15

220
50.

93.4
<100

13.1
5.49

197
3100
1220
1160

radionuclides and some sanitarj effluents from TA-
21. Mortandad Canyon (8 stations) receives in-
dustrial effluent containing radionuclides (Table E-
XVI) .

The three areas, Acid-Pueblo, DP-Los Alamos,
and Mortandad Canyons, contain surface and
ground water with measurable amounts of radioac-
tivity. The concentrations are well below CGS for
controlled areas. Surface and ground watersof these
canyons are not a source of municipal, industrial, or

a.

Sandia

8.4
29.
0.02
0.01
0.90
5.0

25
7.9

Mortandad

464
960

8.60
6.13

137
560

1230
143

CGSfor
Controlled Areas

100000
400000
100000
100000
10000

100000
10000
60000

agricultural supply. Surface waters in these can-
yons normally infiltrate into the alluvium of the
stream channel within LASL boundaries. Only dur-
ing periods of heavy precipitation or snowmelt do+
water from Acid-Pueblo and DP-I..as Alamos Can-
yons reach the Rio Grande. In Mortandad Canyon,
there has been no surface water runoff past the
LASL boundary since hydrologic studies in the can-
yon began in 1960, 3 yr before release of any in-
dustrial effluents.

.
4. Radionuclides in Soil and Sediments

The number of soil and sediment stations was increased this year over the number in
1977.A sample from one soil station in the regional net contained 137cs and 239Pu in excess
of natural fallout. Three soil samples from perimeter stations contained 137CSand one sta-
tion contained 239Pu in excess of natural fallout. The concentrations were less than 10
times worldwide fallout levels. Eight other perimeter sediment samples, all from a former
release area, contained concentrations of 241Am, 238Pu, and 239Pu above fallout levels.
Five onsite soil stations contained activity above normal fallout and are near Laboratory
activities. Sediment samples that contained activity greater thati fallout were from effluent
release areas.

Regiwud Soils and sediments. Regional soils
are collected in the same general locations as the
regional waters (Fig. 6). Regional sediments are also
collected at the same locations with additional sam-
ples collected on the RIOGrande downgradient from
the station at Otowi (Fig. 6). The exact locations are

20

presented in Table E-XVII (see Appendix B.3 for
methods of collection, analysis, and reporting of soil.
and sediment data). These samples provide a
baseline for comparison with samples collected in
and adjacent to the Laboratory. The maximum Con-
centrations of radionuclides in the regional samples

.

.

.
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for 1978 were compared with maximum concentra-
tions in soils for 1970 and in soils and sediments for
1974-77in Table VII. Cesium and 239Pu in soil tlom
Otowi were slightly elevated from previous levels,
The remainder of analyses in 1978were comparable

. to previous analyses. Four sediment samples col-
lected from the Rio Grande to Otowi (Fig. 6, Table
E-XVIII) showed only background concentrations of.
radionuclides.

b. Perimeter SoiZe and Sediments. Eight
perimeter soil stations were sampled in areas >4 km
from the Laboratory. Twenty sediment samples
were collected from major intermittent streamsthat
cross the Plateau. Locations of the stations are
described in Table E-XVII and mapped in Fig. 10.
The maximum concentrations are summarized in
Table VIII and are grouped into those above
background and background.

Soil analyses indicated 137CS was above
background in three samples and 239Pu in one (see
Table E-XIX for detailed analyses). The above
background concentrations in soils are due to
Laboratmy activities. Cesium and 239Pu were only
slightly above background. Concentrations of
241Am, 238fi, and 239pu were found in sediments
from Acid-Pueblo Canyon (offsite), which are due to
release of industrial effluents into the canyon before

1964 (Table E-XIX). The concentrations in lower
Los Alamos Canyon (Totavi to Rio Grande) reflect
transport by intermittent storm runoff from Acid-
Pueblo Canyon and from onsite release of liquid ef-
fluents into DP-I.msAlatios Canyon. The concentra-
tions decrease downgradient in the canyons and are
only slightly higher than the regional baseline con-
centrations (Table E-XVIII).

c. 0n8ite Soi& and Sediments. Onsite soil sam-
ples were collected from 19 stations within
Laboratory boundaries. Sediment samples were col-
lected from 32 stations within the boundaries (Fig.
10, Table E-XX). Ten of the sediment samples are
from areas that receive or have received liquid ef-
fluents. The detailed analyses are shown in Table E-
XX, while descriptions of locations are noted in
Table E-XVII. The maximum concentrations are in
Table IX.

Concentrations of 3H (1 station), 137CS (2 sta-
tions), 238Pu (1 station), 239Pu (5 stations), and
gross beta (1 station) in the onsite soils were above
background levels. These levels are probably due to
deposition of airborne effluents from past
Laboratory operations. Above background levels of
137cs, 90&, 241Am, 238Pu, 239Pu, grossalpha , ~d
gross beta were found mainly in sediments of can-
yons that are now receiving treated effluents. They

TABLE VII

MAXIMUM RADIOACI’MTY IN
REGIONAL SOIL AND SEDIMENTS

(concentrations in pCi/g, except as noted)

3Ha

137(J5

W Sr
23apu
239~

GrossAlpha
GrossBeta

1978

soils Sediments

29.6 .-.
1.02b 0.26
. . . .-.

<0.016 <0.020
o.053b <0.014
4.8 16
7.6 14

1970

Soile

1974-77

Soil and Sediments

-..
-..

0.87
0.004
0,012

---

1.00
1.06
0.010
0.045

18
13

apCi/rnJ.
bMaximum value except for Otowi analyses: 1.73 pCi/g 137CS;2WPU0.15 pCi/g.
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Soil and sediment sampling statiow on or war the LASL site.

are Acid-Pueblo, DP-IAMAlamos, and Mortandad The 238Pu in sediments from Mortandad Canyon
Canyons. The radionuclides in the treated effluents near the CMR laboratory (station 33, Fig. 10) is from
are adsorbed or attached to sediment particles in the an acid sewer spill in 1974. The bulk of the con-
alluvium. Concentrations are highest near the ef- tamination was removed. Above background levels
fluent outfall and decrease downgradient in the can- of 137CSand 239Pu were reported from two stations
yon as the sediments and radionuclides are tran- in Water Canyon. The 137CS is slightly above
sported and dispersed by other industrial effluenta, background, while 239Pu is about a factor of 2 above
sanitary effluents, and periodic storm runoff. normal levels (Table E-XX).
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TABLE VIII

MAXIMUM RADIOACIWITY IN PERIMIWER
SOILS AND SEDIMENTS*

(concentrations in pCi/g, except as noted)

soil Sediments

Above Above
Analysit3 Background Background Background Background

3H6 .-.
137(1~ 1.6(3)
w Sr ---
241~ -..
238pu ---
239pu 0.460(1)
Gross Alpha ---
Gross Beta ---

12.2(8) -.. . . .
1.08(5) -.. 0.81(25)
0.92(4) ..- 0.90(6)

. . . 0.590(3) <0.024(8)
<0.020(8) 0.040(2) <0.009(17)

0.041(7) 6.46(6) <0.022(13)
6.2(8) --- 7.4(23),
8.9(8) --- 74(19)

●Parentheses indicate number of stations in group
with the maximum value noted. See Table E-XVII
and Fig. 11 for description of location.

b10-6 ~Ci/mA

TABLE IX

MAXIMUM RADIOACTMTY IN ONSITE

SOILS AND SEDIMENTS*
(concentrations in pCi/g, except as noti)

Analysis

3Hb

137Cs

m Sr
241~

238pu

239pu

Gross Alpha
Gross Beta

soil Sediments

Abcve Above
Background Background Background Background

157(1)
1.50(2)
-..
..-

0.700(1)
2.52(5)
..-

22(1)

29.7(18) -.. . . .
1.10(17) 1260(12) 1.15(20)
0.83(7) 17(6) 1.05(8)
0.003(1) --- 0.016(12)
0.015(18) 35.2(8) <0.027(24)
0.026(14) 11,6(14) 0.056(18)

11(19) 52(3) 8.5(29)
14(8) 1710(8) 12(24)

●Parentheses indicate number of stations in group
with the maximum value noted. See Table E-XVII
and Fig. 11 for description of location.

b10-6 Jlci/mL
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d. Study of Radionue&le !lYa~port in Storm
Runoff. The major transport mechanism for
radionuclides from canyons receiving treated liquid
radioactive effluent is in storm runoff (solution and
suspended sediments). Cumulative samplers were
set up in intermittent streams to collect samples of
runoff for analyses (see Appendix B.3 for methods of
collection, analyses, and reporting of data). Rendija
Canyon was used as a control. Pueblo, Los Alamos,
and Mortandad Canyons receive liquid waste ef-
fluent, while Sandia Canyon receives sanitary ef-
fluents. Water and Ancho Canyons drain small areas
that were burned during the June 1977La Mesa fwe
(Fig. 10). All sampler locations were within
Laboratory boundaries except for the control
sampler in Rendija Canyon.

Analyses were performed for 137CS, 238Pu, and
239pu in solution and for 238pu ~d 239PUin the
suspended sediments. In addition, chemical
analyses were performed for Ca, Mg, Cl, F, and total
dissolved solids (TDS) when enough sample was col-

lected. The runoff volume of each event varied, so if
there was low volume, the sample collected may
have been too small for particular analyses. In addi-
tion, due to localized rainfall on the Plateau, one
stream might run, while the adjacent stream might
not. All streams sampled are tributary to the Rio
Grande; however, in Mortandad Canyon, storm
runoff infiltrates into the alluvium within the
Laboratory boundary. The average radiochemical
and chemical concentrations for a number of flow
events are in Table X.

Runoff from Rendija Canyon (used as a control)
shows little radioactivity, while runoff from Pueblo,
Los Alamos, and Mortandad Canyons contains
plutonium both in solution and suspended sedi-
ments. The plutonium in Pueblo Canyon is mainly
239pu, while that in ~s Mamos ad MoAandad
Canyons is both 238Pu and 239Pu. The 239Pu/238Pu
ratios are ‘742, 3, and 0.3, respectively, in the
suspended sediment. The three canyons have or are
now receiving treated effluents. Trace amounts of

TARLE X

RADIOCHEMICAL AND CHEMICAL ANALYSES
OF STORM RUNOFF

(average concentrations)

Radiochemical

Canyon
No. of
Events

Rendija near G-6
PueblonearSR4
LosAlamoanearSR-4
SandianearSR-4
MortandadnearMCO-7
WateratSR-4
Anchoat SR-4

3
4
7
3

;
3

Solution SuspendedSediments
(pci/L) (Pciilx)

uic~ W% *PU uapu Z]#pu

12+ 29 -0.003* 0.004 -O.(KM● 0.015 –0.042● 0.053 -0.012+ 0.023
12● 12 0.002● 0.013 0.051● 0.046 –0.014* 0.069 10.4& 8.S
7+16 0.026+ 0.058 0.074* 0.104 1.38i 1.05 4.59● 2.26

128* 166 –0.012● 0.006 –0.001+ 0.005 –0.004+ 0.012 0.079+ 0.044
25+35 0.521● 0.578 0.092+ 0.124 31.6i 37.3 8.9+ 10.0
6+21 –0.008● 0.006 0.011* 0.003 0.003+ 0.164 0.119+ 0.298

20*2a –0.021● 0.034 –0.019+ 0.028 0.001+ 0.001 0.075+ 0.042
Chemical

(nolutionconcentrationsin m~l)

Canyon Ca Mg F TDS

RendijanearG-6
PueblonearSR-4
LosAlamosnearSR-4
SandianearSR-4
MortandadnearMCO-7
WateratSR-4
Anchoat SR-4

3 16+2
4 11+2
8 10+2
3 14+6
2 8+1
8 14+9
4 14+6

4.4h 3.1
2.1* 0.6
1.4* 0.9
3.0+ 1.8
1.8+ 0,5
3.9+ 1.6
2.6+ 0.7

4*3
10* 10
7A3
2ok2a
5* 1
3*3
3*1

0.4● 0.1
0.7● 0.4
3.4i 3.6
0.4● 0.2
0.9* 0.1
0.2* 0.1
0.3● 0.1

184+84
242 + 83
277 * 66
265 + 217
172k 54
164*64
132+ 99

Note: + value is standard deviation of the distribution of a number of analyses.’
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239Pu me found in suspended sediments of Sandia,
Water, and Ancho Canyons, which may be from
Laboratory operations or fallout.

The calcium, magnesium, and chloride analyses
of mnoff show no trends. Fluorides are high (3.4 +

. 3.6 mg/1) in runoff from Los Alamos Canyon, while
the remainder shows no particular trends. The

. relatively higher TDS in runoff from Pueblo, Ims

Alamos, and Sandia Canyons may reflect the release
of sanitary effluents into the canyons.

The seven canyons contain intermittent streams
that flow only during storm runoff. It is evident that
in three canyons —Pueblo, Los Alamos, and
Mortandad-transport of radionuclides occurs dur-
ing storm runoff eventa both in solution and in
suspended sediments.

5. Radioactivity in Foodstuffs

Fruit and vegetable samples collated in the vicinity of LASL showed no apparent in-
fluence from Laboratory operations except for peach tree leaves collectad at an onsite loca-
tion near a facility that emits tritium.

Fruit and vegetable samples were collected during
the fall to monitor foodstuffs for possible radioactive
contamination from Laboratory operations. Collec-
tion was made in the Los Alamos area and in the Rio
Grande Valley above and below the confluences of
intermittent streams crossing the Laboratory and
the Rio Grande. Samples were cleaned but not
washed. Moisture was distilled from them for HTO
analyses and the remaining fraction dried, ashed,
and chemically digested for 238Pu, 239Pu, total
uranium and wSr analyses. A study completed in
1978 analyzed the 1977 phion nut crop for radioac-
tivity. Additionally, fish muscle samples from a 1976
ecological research project were analyzed for 137CS,
238,239PU, and ~tal uranium.

TRITIATED

The data presented in Table XI summarize the
tritium content in fruit and vegetable samples from
the 1978 harvest according to different water sup-
plies. Sample moisture ranged from 64 to 96% of the
total sample weight. With the exception of the TA-
35 sample, there is no significant difference in HTO
content between any batches of samples analyzed.
Observed concentrations are within the range of
values measured in local surface water and at-
mospheric water vapor. Thus, there is no indication
of any measurable offsite contribution from
Laboratory operations. The peach trees of TA-35
produced a small crop, which was gone before we
were able to sample, so leaves were analyzed as be-
ing representative of the HTO content of peaches.

TABLE XI

WATER CONTENT OF FOODSTUFFS

Tritium Concentration
(pcuml)

Irrigation No. of Averge
Location Water Source Samples (* k)

Espaiiola Rio Chamaa 6 1.3 + 1.6
Espaiiola, San Juan Rio Grandea 6 1.2 + 0.8
Peila Blanca Rio Grandeb 4 0.4 + 0.6
White Rock LA county 4 –0.7 * 0.1
Los Alamoe . LA county 6 -0.1 * 0.4
TA-36 LA county 1 17

Range

-0.8 to 3.1
0.4 to 2.2

–0.3 to 1.0
–0.8 to 0.6
-0.6 to 0.3

---

aUpstream from Laboratory stream confluence.
bDownstream from Laboratory stream confluence.
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As expected, there was some Laboratory contribu-
tion to thetritium content of those leaves because
the trees are within 20 m of a 23 m high stack where
tritium is released. The few peaches do not represent
a significant pathway to man because they are
within a Laboratory fence, represent a very small
volume of ingestible water, and have considerably
less tritium than the uncontrolled area CG (3000
pCi/ml) for water.

As can be seen in Table XII, uranium concentra-
tions in all cases are low and consistent with results
reported earlier. The three highest values, 247, 184,
and 20 pCi/g, are from samples of lettuce (LA
County), peach leaves (TA-35), and spinach (White
Rock), respectively. Samples of non-leafy vegetables
from the Los Alamos and White Rock areas did not
show such concentrations of uranium, which in-
dicates the uranium was from soil on the leaf surface
and not from the water supply.

Plutonium 238 and 239 analyses were made on all
the samples. Only four samples had detectable ac-
tivity, as indicated in Table XIII, Ingestion of 1kg of
lettuce contaminated to 1.2 X 10–3 pCi/g would
result in a 50 yr dose commitment of 1.4 X 10–4
mrem to the critical organ (bone). Contamination
and doses of this magnitude indicate they are due to
fallout or soil contamination on the plant surface
and not to Laboratory related effluents.

Results of 90Sr analyses (Table XIV) show two
samples with slightly elevated 90Sr con-
centrations—lettuce leaves in Los Alamos and peach
leaves from TA-35. The lettuce (which has a high
surface to volume ratio) had the highest uranium
and plutonium concentrations. The contamination
was likely due to external contamination from fall-
out, which would be removed by washing. Eating 1
kg of unwashed lettuce would give a 50 yr dose com-
mitment to the bone of 0.56 mrem. Contamination
at TA-35 is likely due to elevated concentrations of
$X& in the vicinity, caused by early work at TA-35
on radioactive lanthanum sources in which WSr is a
contaminant. Obviously, the peach leaves are not a
route of ingestion for man and ingestion of peaches
from TA-35 would not have as much WSr con-
tamination as the leaves because of the lower surface
to volume ratio of the peaches.

Analysis of bees and honey for radioactive con-
tamination was established in 1972 (phased out in
1974) as part of the ongoing environmental research
program at the Laboratory. Results were reported
elsewhere.5-8 Three stations from this network (DP
outfall; Effluent Canyon, and Mortandad Canyon)
were reestablished and a new station (TA-54) added
in September 1978 to monitor radioactive and non-
radioactive contaminant in waste disposal areas.

TABLE XII

URANIUM CONCENTRATIONS IN FOODSTUFFS

Uranium Concentration (ndg)c
Irrigation No. of Average

Location Wat8r Source Samples (* lU) Range

Espaiiola Rio Chaman 5 8.0 + 4.6, 4.1 to 13
Espafiola, San Juan Rio Grandea 6 L4 & 2.2 0 to 4.5
Peiia Blanca Rio Grandeb 4 6.1 + 6,6 otQ15
White Rock LA county 4 5.4 + 9.6 0 tQ20
Los Alamos LA county 5 49.4 ● 110 0 to 247
TA-35 LA county 1 184 ---

aUpstream from Laboratory stream confluence.
bDownstream from Laboratory stream confluence.
cConcentrations are given in rig/gof dry weight. After collecting water for tritium analysis, sam-

ples were dried at 100”C for 48-72 h.

.

.

.

.
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TABLE XIII

2WPU and ‘% CONCENTRATIONS IN FOODSTUFFS

pCVg (dry weight)

Location FoodstutY 23apu 239pu -

Peiia Blanca Cucumbers .. . 3.6 X 10-4
Los Alamos IA.tuce .. . 1.2 x 10-3
I.Ax3Alamoe Squash 3.2 X 10-4 ---
TA-35 Peach Leaves --- 8.5 x 10-4 ,

TABLE ~

~Sr CONTENT IN FOODSTUFFS

~Sr Conc4mtration (pCVg)c

Irrigation No. of Average
Location Wat8r Source Samples (+ la) Range

Espaiiola Rio Chamaa 5 0.021 * 0.015 0.005 to 0.040
Espaiiola, San Juan Rio Grandea 6 0.028 + 0.032 0.0016to 0.077
Pefla Blanca Rio Grandeb 4 0.020 * 0.009 0.008 to 0.031
white Rock LA county 4 0.029 * 0.039 0.007 to 0.086
Los Alamoe LA county 5 0.0s8 * 0.088 0.008 to 0.215
TA-35 LA County 1 1.68 ● 0.06 ---

*Upstream horn Laboratory stream confluence.
bDownstream from Laboratmy stream confluence.
cDry weight.

Several of these disposal areas could be readily ac-
cessible to bees from privately-owned hives that
might be placed near Laboratory boundaries.
Because the honey producing season was over at the
time hives were placed by the Laboratory, no sam-
ples were available for 1978. However, the hives
should be well established and productive for sam-
ples during 1979. Estimates of the maximum ex-
posure to an individual from eating honey were
made from data collected during the research por-
tion of this program. The maximum individual dose
was calculated to be 0.12 mrem/yr from eating honey
slightly contaminated with tritium~ which
theoretically would come from nectar made from
clover growing over a contaminated solid waste dis-
posal site.

Over half the Laboratory land area of 111 km2 is
covered with the piiion pine tree (pinua edulis),
which yields a southwestern speciality food-the
piiion nut. A study was made of the 1977 crop to
determine possible radionuclide intake through
piiion nut consumption, because many employees
and some of the public harvest nuts on Laboratory
lands. In this initial study, unwashed whole nuts
were analyzed because some people eat unwashed,
whole nuts (although most people prefer to remove
the shell). Nuts were harvested by picking them off
the ground. Results are summarized in Table XV.

Slightly elevated concentrations (above
background sample concentrations) of WSr, total
uranium, and tritium occurred in several technical
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TABLE XV

RADIOACI’IVITY CONTENT OF PI&ON NUTS

Unitsa
Background
Cempositeb

Six Technical Areas

Average “- Range

fCi/g
fci/g
fCi/g
rig/g
fcilg
fci/g
pCi/m#

3.0 + 1.1
0.12 + 0.18
0.051 + 0.18
1.4 + 0.35
0.070 + 0.28
0.40 * 0.21
4.9 i 0.4

13.6 & 15.6 0.2 to 42
–1.3 ● 1.2 –3.2 to -0.056

0.11 A 2.9 –4.8 in 4.4
14.+ 28 1.6 to 71
0.30 A 0.41 0.00 to 1.1
0.57 + 0.47 0.09 b 1.1

12.6 + 7.7 5.6 to 24.2

aUnita are per gram of wet weight.
bCollected horn Nambe, Santa Fe, and Abiquiu.

areas. For WSr and total uranium we believe this in-
crease is due to greater external soil contamination
that contains fallout WSr and to naturally occurring
uranium, because the nuts were harvested in areas
with no record of contamination and no noticed in-
crease of these contaminants in the soil. The sample
with elevated tritium concentrations comes from a
waste disposal area where there is known tritium
contamination. We plan to study this pathway
further by examining whether contamination is in-
ternal or external and by analyzing the soil from
which the nuts are removed.

If one were to eat 1.5 kg of whole, unwashed nuts
from the areas with maximum concentrations, one
would receive a 50 yr dose commitment to bone from
90Sr of ().45 mrem and a whole body dose of 2 X
10–3 mrem from HTO.

6. Radioactive Effluents

Aa part of the environmental research program,
fish samples were collected from three locations at
Cochiti Reservoir on the Rio Grande in 1976, and at
Heron and Costilla Lakes in northern New Mexico in
1976 and 1973, respectively. These samples (muscle
only) were analyzed in 1978 for 137CS, total
uranium, and 238,239Pu. Results are summarized in
Table XVI.

Aa can be seen from the data, there are no signXl-
cant differences between Cochiti and the
background stations at Heron and Costilla Lakes.
Species chosen for analysis were- mostly bottom
feeders (e.g., suckers), which are more likely to in-
gest any contamination present in sediments than
species of higher trophic levels.

Airborne radioactive ellluents released from LASL operations in 1978 were typical of
releases during the last several years. The greatest change was an increase in activation
products from higher power operation of the linear accelerator at LAMPF. Liquid effluents
from three waste treatment plants contained radioactivity at levels well below controlled
area concentration guides.

Effluents containing radioactivity are discharged plants and one sanitary sewage lagoon. The air-
at LASL in the form of airborne materials in stack borne effluents consist principally of filtered ventila-
exhausta at twelve of the technical areas and as li- tion exhausta from gloveboxes, other experimental
quid discharges from two industrial waste treatment

28
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TABLE XVI

RADIOACTIVITY IN FISH

No. of
137C~ (@/ga) u(ng/ga)

.
Location Samples Average Range Average Range

.
Cochitib 5 –0.0082. + 0.049 -0.067 to 0.056 2.0 ● 2.1 0.0 to 4.5
Herron 2 0.0040 + 0.078 -0.051 In 0.059 1.5 + 2.1 0.0 too 3.0
Costilla 2 0.013 + 0.11 –0.065 to 0.091 2.6 + 3.6 O.Oto5.1

No. of
238pu (~i/ga) 239PU (fCi/ga)

Location Samples Average Range Average Range

Cochitib 5 –0.064 * 0.067 –0.16 to 0.010 -0.044 * 0.0!723 -0.090 to 0.020
Herron 2 –0.075 + 0.120 -0.16 to 0.010 -0.060.+ 0.11 -0.14 to 0.020
Costilla 2. -1.0 * 1.4 -2.0 to -0.06 -1.2 + 1.7 -2.4 to 0.040

.

a~dionuclide concentration~ muscletissuebased on t,i~ueweight dfir oven drying,
bBelow Cofiuence of the Rio Gr~de with intermittent Laboratory streams.

facilities, and some process facilities such as the li-
quid waste treatment plants; exhausta from the
research reactor (TA-2); and exhausts from the
linear accelerator at LAMPF (TA-53). The releases
of various isotopes flom the technical areas are
detailed in Table E-XXI. The quantities of radioac-
tivity released depend on the researchprograms con-
ducted and result in signylcant year-to-year varia-
tions. For example, the amount of air activation
products, especially llC, 13N, and 150, was higher
by a factor of about 2 in 1978compared to 1977 (Fig.
11) because the linear accelerator was operating at
higher power levels in 1978. However, these short-
lived (2 to 20 rein) isotopes decay rapidly. For in-
stance, 4 h after a release of a quantity of llC (half-
life of 20 rein), <0.1% of the original amount dis-
charged would remain. A Task Force on Radioactive
Air at LAMPF has been formed to explore ways to
reduce radioactive airborne effluents from LAMPF.
Airborne tritium releases at TA-33 in 1978 were
higher by a factor of about 30 compared to 1977
releases (Fig. 12) because of increased research ac-
tivity. Other releases showed variation expectable
from programmatic differences (Figs. 13 and 14).

Treated liquid effluents containing low levels of
radioactivity are released from the Central Liquid
Waste Treatment Plant (TA-50), a smaller plant
serving the old plutonium processing facility (TA-
21), and the sanitary sewage lagoon serving LAMPF.
Detailed results of the effluent radioactivity
monitoring are presented in Table E-XXII and Figs.
12-14. A total of 1,3 X 107 ~ of effluent was dis-
charged from the TA-53 sanitary lagoon containing
0.05 Ci of 7Be and 2.4 Ci of 3H. The source of the
radioactivity was leaks of activated beam stop cool-
ing water. None of the isotopes were at concentra-
tions higher than about 2.6Y. of CGS for water in
controlled areas. The amount of radioactive liquid
waste processed at the smaller plant (TA-21) has
declined through the year as research operations
have moved to the new plutonium facility (TA-55)
and is expected to continue to decline in 1979.
Design work is underway for an upgrading of the
larger plant (TA-50), which will further reduce the
amount of contaminants released in the effluent.
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Summtwy of atmospheric rekmeea of 41Ar, llC, 13N, and 160.

The releases from the large plant (TA-50) are dis-
charged into a normally dry stream channel (Mor-
tandad Canyon) in which surface flow has not pas-
sed beyond the Laboratory boundary since before
the plant began operation. The discharges ffom the
smaller plant (TA-21) are made into DP Canyon, a
tributary of LoaAlamos Canyon whererunoff does at
times flow past the boundary and transport some
residual activity adsorbed on sedimenti.

In addition to the airborne releases from stacks,
some depleted uranium (uranium consisting almost
entirely of 238u) is dispersed by experiments
employing conventional high explosives. In 1978
about 1371kg of depleted uranium were used in such
experiments. Based on known isotopic composition,

this mass is estimated to contain approximately 0.51
Ci of activity. Most of the debris from these exDeri--
menta is deposited on the ground in the vicinity of
the ffing point. Limited experimental information
indicates that no more than about 10% of the
depleted uranium is aerosolized. Approximate dis-
persion calculations indicate that resulting airborne
concentrations at site boundaries would be in the
same range as attributable to natural crustal-
abundance uranium in resuspended dust. This
theoretical evaluation is compatible with the con-
centrations of atmospheric uranium measured by
the continuous air sampling network (see Sec.
IILA.2). Estimates of nonradioactive releases horn
these experiments are discussed in Sec. 111.B.3.

.

.
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B. Chemical Constituents

1. Chemical Quality of Surface and Ground Waters

Chemical analyses of surface and ground waters from regional, perimeter, and onsite
non-effluent release areas varied slightly from previous years, but showed no significant
change. The chemical quality of water from the municipal supply for the Laboratory and
community meets the standards set by the EPA and NMEID. Analyses from onsite effluent
release areas indicated that some constituents were higher than in naturally-occurring
waters; however, these waters are not a source of municipal, industrial, or agricultural

supply. Analyses were performed for 33 parameters related to water quality.

a. Regional and Perimeter. Regional and
perimeter surface and ground waters were sampled
at the same locations as were used for radioactivity
monitoring (Table E-XII). The regional surface
waterawere sampled at six stations, with perimeter
waters sampled at seven stations plus 26 stations in
White Rock Canyon (Fig. 9). Detailed analyses from
the regional and perimeter stations are presented in
Tables E-XIII and E-XIV, respectively. (See Appen-

dix B.3 for methods of collection, analyses, and
reporting of water data). The maximum concentra-
tions for 12 parameters are in Table XVII.

The chemical quality of surface water varies at
given stations during a year because of dilution of
base flow with mnoff from precipitation. There has
been no significant change in the quality of water
from previous analyses.

.

.
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TABLE XVII

MAXIMUM CHEMICAL CONCENTRATIONS IN
REGIONAL AND PERIMETER WATERS

(concentrations in mg/1)

Perimeter

Analysis \ Regional

Ag
Aa
Ba
Cd
cl
Cr
F
Hg
N03
Pb
Se
TDs

0.02
0.08
0.4

<0.010
82
<0.01

0.9
<0.001
<2,
<0.01
<0.005
540

b. (hu&e Surface and Ground Waters.

Five White Rook
Stations Canyon

<0.01
<0.01

0.49
0.010
9

<0.01
0.6

<O.OO1
8

<0.01
<0.005
286

Water
samples were collected from three surface water sta-
tions and seven wells completed in the main aquifer
(Table E-XII). They are located in onsite areas that
do not receive industrial effluents (Fig. 9). Detailed
results of analyses are given in Table E-XVI. The
maximum concentrations for selected constituents
are in Table XVIII.

Water quality at the surface water stations also
varies slightly as base flow is diluted with varying
amounts of storm runoff. Two surface water stations
contained above normal amounti of barium (Water
Canyon) and fluorides (Caiiada del Buey), which
may result from release of cooling or process water at
sites upgradient from the stations. The quality of
surface and ground waters has not changed
signtilcantly from previous analyses.

Table E-XVI details the chemical quality
analyses of surface and ground water from 21 sta-
tions located in canyons that receive sanitary and/or
industrial effluent (Fig. 10, Table E-XII). The max-
imum concentrations of selected constituents found
in each canyon are summarized in Table XIX.

Acid-Pueblo Canyon received industrial effluents
from 1943 to 1964 and currently is receiving treated
sanitary effluents, which are now the major part of

---
---

29
---

1.0
. . .

60
. . .

552

Standard or
criteria

0.05
0.05
1.0
0.010

250
0.05
2.0
0.002

45
0.05
0.01

1000

the flow. Sandia Canyon receives cooling tower
blowdown and some treated sanitary effluents. DP-
Los Alamos and Mortandad Canyons receive
treated industrial effluents that contain some
radionuclides and residual chemicals used in the
waste treatment process. The high TDS and
chlorides reflect effluente released inta the can-
yons. Cadmium in Acid-Pueblo; chromates in San-
dia and DP-Los Alamos; fluorides in DP-Lae
Alamos and Mortandad; and nitrates in the four
canyons were above drinking water standards;9
however, these onsite waters are not a source of
municipal, industrial, or agricultural supply (Table
XIX). The maximum concentration occurred near
the effluent outfalls. The chemical quality of the
water improves downgradient from the outfall.
There is no surface flow to the Rio Grande in these
canyons except during periods of heavy precipita-
tion.

Baseline data were collected from the main
aquifer upgradient (location 41, Fig. 9) and at the
discharge from the aquifer (location 6, Fig. 9)
downgradient from a solid waste disposal site, which
has been proposed to be used for disposal of organic
wastes. The analyses are compared to EPA drinking
water standards9 and are in Table XX.
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TABLE XVIII

MAXIMUM CHEMICAL CONCENTRATIONS IN
ONSITE NON-EFFLUENT WATER

(comxmtrations in mti~)

Analysis Surface Wat8r Ground Water

&f
As
Ba
Cd
cl
Cr
F
Hg
N03
Pb
Se
TDs

0.03
<0.01

8.16
<0.010
95
<0.01

4.2
<0.001
<2
<0.01
<0.005
440

<0.01
0.01
0.72

<0,010
6

<0.01
1.2

<0.001
<2
<0.01
<0.005
290

Standard or .

Criteria

.

0.05
0.05
1.0
0.010

250
0.05
2.0
0.002

45
0.05
0.01

1000

TABLE XIX

MAXIMUM CHEMICAL CONCENTRA TIONS IN
EFFLUENT AREA WATERS

(concentrations in mg/1)

Acid- DP- Standard or
Analysis Pueblo Sandia Los Alamos Mortandad Criteria—.

Ag
As
Ba ‘
Cd
cl
Cr ‘
F
Hg
N03
Pb
Se
TDs

<0.01
0.01

<0.3
0.240

102
<0.01

0.9
<0.001
46
<0.01
<0.006
5s8

0.07
<0.01
<0.3

0.017
62
5.38
1.9

<0.001
33
<0.01

0.006
916

0.01
<0.01
<0.2

0.007
104

0.11
25
<0.001
68
<0.01

0.005
1908

0.02
<0.01
<0.3

0.014
44
0.04
2.7

<0.001
276
<0.01
<0.005

1340

0.05
0.05
1.0
0.010

250
0.05
2.0
0.002

45
0.05
0.01

1000

.
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TABLE XX

BASELINE DATA FOR ORGANIC CHEMICALS

(cmwentrationa in m~t)

Location

Andvsi8
41

PM-2

PCBS
Chlordane
Endrin
Heptachlor
Heptachlor Epoxide
Lindane
Methoxychlor
Toxaphene
2,4-D (acid)
2,4,5-TP Silver (acid)

<0.0001
<0.003
<0.0002
<0.0001
<0.0001
<0.004
<0.1
<0.005
<0.1
<0.01

6
Spr 3

<Ooooo1
<0.003
<0.0002
<0.0001
<0.0001
<0.004
<0.1
<0.005
<0.1
<0.01

6
Sm 4A Standard

<0.0001
<0.003
<000002
<0.0001
<0.0001
<0.004
<0.1
<0.005
<0.1
<0.01

. . .

. . .

0.0002
---
. . .

0.004
0.1
0.005
0.1
0.01

2. Water Supply

The federally-owned well field produced water for the Laboratory and County, which met
all applicable EPA standards.

Municipal and industrial water supplies for the
Laboratory and community were sampled at 15deep
wells, one gallery, and at five stations on the dis-
tribution system (Table E-XII, Fig. 9). Detailed
analyses are in Table E-XV. Appendix A gives the
federal and state standards and criteria for
municipal water supplies. The maximum concentra-
tions of chemical constituents from wells, gallery,
and distribution system stations are compared to
criteria in Table XXI. The concentrations of

naturally-occurring arsenic in the Guaje Well Field
(G-2), and fluoride and silver in the Los Alamos
Well Field (LA-lB and LA-5, respectively) were
slightly above standards9 for drinking water;
however, dilution in the distribution system reduces
the concentrations to acceptable levels. All con-
stituents met the criteria for water supply in the dis-
tribution system. There has been no sign~lcant
change in chemical constituents from individual
wells from previous years.
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TABLE XXI

MAXIMUM CHEMICAL CONCENTRATIONS IN
WATER SUPPLY

(concentrations in mg/Jl)

Supply Wells Standard or
Analysis and Gallery Distribution Criteria

Ag
As
Ba
Cd
cl
Cr
F
Hg
N03
Pb
Se
‘IDS

0.07
0.08
0.1
0.008

13
0.03
2.2

<0.001
<2

0.02
0.001

624

0.02
0.01
0.1
0.006
7
0.02
1.1

<0.001
1
0.01
0.001

274

0.05
0.05
1.0
0.O1O

260
0.06
2.0
0.002

45
0.05
0.01

1000

3. Nonradioactive Effluents

Nonradioactive effluents include airborne and liquid discharges. Airborne effluents from
the asphalt plant; beryllhuh shop; gasoline storage and combustion; power plant; gases
and volatile chemicals; waste explosive burning; lead pouring; and dynamic testing did not
result in any measurable or theoretically calculable degradation of air quality. A single
NPDES permit for 104 industrial discharge points and 10 sanitary sewage treatment
facilities took effect in mid-Octder. After the new permit took effect, 6 of the 10sanitary

sewage treatment facilities exceeded one or more of the EPA permit limits in one or more
months and 18 of the 104industrial outfalls

~ Airborne Discharges. Particulate concentra-
tions in the Los Alamoa and White Rock areas are
routinely measured by the state. Table E-XXIII
summarizes these data for 1978. The highest 24 h
averages and the annual averages are compared to
the New Mexico Ambient Air Quality Standarda for
particulate in Table XXII. Both the 24 h averages
and annual geometric means are well within state
standards. Although true 7 day and 30 day averages
cannot be calculated, there is no indication that
they would exceed state standards.

The state does not routinely monitor the IAM
Alamos area for any air contaminants other than
particulate matter. Aa reported last year, a seriesof
S02 (sulfur dioxide) measurementswas made by the
state in October and November of 1976 to establish

exceeded one or more limit.

background levels. None of the hourly S02 measure-
ments were above the minimum detectable level of
0.01 ppm. The state standard for S02 is a 24 h
average of 0.10 ppm and an annual arithmetic
average of 0.02 ppm.

During 1978the Laboratory was surveyed to iden-
tify air pollution sources and quantify amounts of
materials emitted from these sources, Sources in-
vestigated to date include the asphalt plant
operated by the Zia Company, beryllium shop, gas-
oline storage and combustion, TA-3 power plant,
volatile chemical and gas emissions, waste explosive
burning, and dynamic experiments. These sources
are discussed separately in the following paragraphs.

Aa reported last year,4 a consultant evaluated the
emissions from the asphalt plant operated by the Zia

.
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TABLE XXII

.

.

SUMMARY OF ATMOSPHERIC PARTICULATE CONCENTRATIONS IN
LOS ALAMOS AND WHITE ROCK DURING 1878

Maximum 24 hour average
. Maximum 7 day average

Maximum 30 day average
Annual Geometric Mean

New Mexico Ambient
Air Quality Standards Los White

for Particulate Alamos Rock
(@m3) (@m3) (pg/m3)—.

Company in 1977. The state particulate emission
standard for asphalt plants specitles a maximum al-
lowable particulate emission rate as a function of the
aggregate process rate of the plant. At the time of
the study, the aggregate production rate of the
asphalt plant was 68 metric tons per h. The al-
lowable particulate emission rate for a plant of this
size is 16 kg/h. The measured emission rata of 0.8
kg/h was only about 5% of the standard.lo

Beryllium emissions from the beryllium shop are
continuously monitored. A total of about 20 mg of
beryllium were emitted during 1978, and measured
stack gas concentrations ranged from
O.(N)Oto 0.009 pg/m3. All stack gas concentrations
were below the state ambient air standard of 0.01
pglm3.

A large fleet of cars and tmcka is maintained for
the Laboratory complex by the Zia Company. Dur-
ing fiscal year 1978, a total of 2.4 X 106J?of gasoline
were used by this fleet. Carbon monoxide,
hydrocarbons, nitrogen oxides, sulfur oxides, and
particulate are emitted during automobile opera-
tion. There are also gasoline evaporative losses as-
sociated with gasoline storage and vehicle refueling.
By breaking down total gasoline usage among the
size classes of vehicles and by applying the most ap-
propriate EPA emissions factordl to these data, air
pollution emissions associated with maintenance
and operation of the vehicle fleet (Table XXIII) were
estimated.

The TA-3 power plant is fueled with natural gas
and thus comes under state regulations for gas burn-
ing equipment. These regulations specify maximum
allowable nitrogen oxide emissions but also contain
a provision exempting facilities that have a heat in-

150 111 172
110 --- -..
90 --- .-.
60 36 22

put of less than 1 X 1012Btu/year/unit. The heat in-
put for the TA-3 power plant boilers during 1978
were 0.82 X 1012 Btu (Boiler No. 1), 0.77 X 1012
Btu, (Boiler No. 2), and 0.86 X 1012Btu (Boiler No.
3). Total heat input for the power plant is 2.45 X
1012 Btu, but inputs for the individual boilers are
below the exemption threshold. Measured NO=
(nitrogen oxide) concentrations in the stack gases
range from 30 to 50 ppm, or no more than about 20%
of the limit that would apply were the heat input
threshold exceeded. Using EPA emission factorsll
and volume of natural gas burned, the following es-
timates of stack gas emissions were made (Table
XXIV).

The Laboratory complex uses large quantities of
various volatile chemicals and gases that are
released into the atmosphere by evaporation or ex-
haust. Using data from stock records and estimates
of actual losses to the atmosphere by large usera
(>680 kg/yr) of these chemicals, a preliminary es-
timate of total releases during 1978 was compiled
and is given in Table XXV. There are also many
small useraof chemicals throughout the Laboratory,
and other chen$cala released to the atmosphere will
be added to this list as the smaller users are inven-
toried.

During 1978 about 26480 kg of high explosives
wastes were disposed by open burning at the
Laboratory. Estimates of emissions (Table XXVI)
were made by using data from experimental work
carried out by Mason & Hangar-Silar Mason Co.,
Inc.12 Open burning of high explosives wastes is per-
mitted by the New Mexico Air Quality Control
regulations.
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TABLE XXIII

ESTIMATES OF MB POLLUTION EMISSIONS
ASSOCIATED WITH MAINTENANCE AND OPEBATION

OF THE VEHICLE FLEIVI’

Ed.imated
Amount

Pollutant (metric tons)
.

Gasoline Evaporative Losses 2S.3
Carbon Monoxide 213
Hydrocarbons 21
Nitrogen Oxidea 29
Sulfur Oxides l.l
Particulate, Exhaust 0.6
Particulate, Tires 1.2

TABLE XXIV

ESTIMATES OF STACK GAS EMISSIONS FBOM
THE TA-3 POWEB PLANT

Estimated
Amount

Pollutant (metric tons)

Sulfur oxides 0.6
Hydrocarbons 1.1
Carbon monoxide 17.9
Particulate 10.5
Nitrogen oxides 739

TABLE XXVI
TABLE XXV

ESTIMATED LOSSES OF
GASES AND VOLATILE CHEMICALS

Estimatd
Amount

chemical (kg)

Acetone
Carbon Monoxide
Ethyl Acetate
Freone
Helium
Methyl Ethyl Ketone
Methylene Chloride
Sulfur Hexafluoride
Trichloroethane
Tricbloroethylene

2700
4100
1600
3300
6800-13600
3s00
800

8200
13700

ESTIMATED EMISSIONS FBOM BURNING OF
EXPLOSIVE WASTES

(Using data from Mason & Hanger-Silas Mason Co., Inc. 12)

Estimated
Amount

Pollutant (M)

Carbon Monoxide 205
Particulate 477
Nitrogen Oxides 800.

Total Waste Burned 26480 kg

.
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Dynamic experiments employing conventional ex-
plosives are routinely conducted in certain test areas
at LASL and may contain quantities of potentially
toxic metals, including beryllium, lead, and
uranium. Some limited field experiments, based on

. aircraft sampling of debris clouds, provided infor-
mation on the proportion of such materials
aerosolized, This information was employed to

. prepare estimates of concentrations at the LASL
boundary based on the current year’s utilization of
the elements of interest. The resultsare presented in
Table E-XXIV along with comparisons to applicable
air quality regulations, The average concentrations
are all less than 5 X 10–4Y. of applicable standards.

b. Liquid Diachurges. Nonradioactive liquid
wastes are released from 104 industrial discharge
points and 10 sanitary sewage treatment facilities
subject to NPDES requirements. A single NPDES
permit issued by the EPA took effect in mid-October
1978, placing specific effluent limits for the first
time on 10 categories of industrial waste outfalls.
Ten sanitary sewage treatment facilities, 9 of which
previously had separate NPDES permits, were also
included in the new permit. Under the new permit
only two of the sanitary outfalls were assigned fecal
coliform limits; all other parameters, including 5-
day biochemical oxygen demand total suspended
solids, and pH, were the same as in the individual
permits. Tables E-XXV and E-XXVI summarize
the effluent quality and compliance statue of the
sanitary sewage and industrial waste outfalls,
respectively.

After the new permit took effect, four of the
sanitary sewage outfalls met all limits, and two
others (lagoons) exceeded only flow limits because of
far above normal precipitation during the last three
months of 1978. Eighteen of the 104 industrial out-
falls exceeded one or more limit during the period
the permit was in effect. Eight of those responsible
for the largest number of deviations are scheduled
for already-funded corrective measuresto be carried
out in 1979-80.The two radioactive waste treatment
planta have the largest number of limits with which
to comply, and only one of those plants exceeded one
limit by about 5% on one day. Details of the effluent
quality from these two plants are given in Table E-

XXII for both non-radioactive (including severalnot
regulated by the NPDES permit), and for radioac-
tive parameters.

4. Herbicide Damage

During the spring and summer of 1978, many
reporta of dead and dying trees along Laboratory
roads were received by the Environmental Surveil-
lance Group. An initial estimate placed the damage
at about 2400 dead and dying trees. The most
probable causes of damage were insects, road salt,
herbicides, or some combination of these factors. To
check for the possibility of salt damage, samples of
both healthy and damaged needles were analyzed
for chloride content. Although the chloride content
of the damaged needles was slightly higher than that
of the healthy needles, both were within the range of
concentrations previously associated with healthy
needles. The damage symptoms also were not
characteristic of salt damage. Forest Service
specialists were called into assessthe possibilities of
insect and herbicide damage. No evidence of insect
damage was found, but the symptoms were
characteristic of damage from bromacil, an her-
bicide which was applied to the roadsides in the fall
of 1977 to control roadside vegetation. Subsequent
gas chromatographic analyses established the
presence of bromacil residues in the needles from
damaged trees. These residues were not present in
the needles from healthy trees. AZ the incident was
reconstructed, bromacil, which was applied in the
fall, was washed laterally away from the roadside by
unusually heavy rains in the spring following a
winter with little snowfall. Normally, the herbicide
is leached into lower soil horizons by melting snow.
Some trees may have been weakened somewhat by
road salt, but the herbicide was ultimately responsi-
ble for their death.13

To prevent future recurrences of this problem, the
Laboratory has formed two committees to review its
policies and procedures regarding use and applica-
tion of herbicides. The Vegetation Control Policy
Committee will formulate guidelines for herbicide
use, while the Vegetation Control Procedure Com-
mittee will determine how to implement these
guidelines.
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IV. ENVIRONMENTAL EVALUATION

A. Radiation Doses

Some increments of radiation doses above natural and worldwide fallout background
levels are received by Los Alamos County residents as a result of LASL operations. The
largest estimated dose at an occupied location was 3.8 mrem or O.769’Oof the radiation
protection standard. This estimate is based on boundary dose measurements of airborne ef-
fluents from the proton accelerator at TA-63. Other minor exposure pathways such as
direct radiation from an experimental facility and two unlikely food pathways may result in
doses to several mrem/yr. No signiilcant exposure pathways are believed to exist for
radioactivity released in treated liquid waste effluents. The radioactivity is absorbed in the
alluvium before leaving the LASL boundaries and some is transported offsite with stream
channel sediments during heavy runoff. The total population dose received by residents of
Los Alamos County in 1978was estimated to be 10.5man-rem or about 0.47’oof the 2400man-
rem to the same population from background radiation and O.59’Oof the population dose due

to medical exposure. As no significant pathways could be identified outside the County, the
10.5man-rem dose also represents the population dose to the inhabitants living within an 80
km radius of LASL who receive an estimated 11900 man-rem dose from background radia-
tion.

One means of evaluating the significance of en-
vironmental releasea of radioactivity is to interpret
the exposures received by the public in terms of
doses that can be compared to appropriate stan-
dards and naturally present background. The
critical exposure pathways considered for the IAM
Alamos area were atmospheric transport of airborne
radioactive effluents, hydrologic transport of liquid
effluents, food chains, and direct exposure to
penetrating radiation. Exposures to radioactive
materials or radiation in the environment were
determined by direct measurements for some air-
borne and waterborne contaminants and external
penetrating radiation, and by theoretical calculation
based on atmospheric dispersion for other airborne
contaminants. Doses were calculated from measured
or derived exposures utilizing models based on
recommendations of the International Council on
Radiation Protection (see Appendix D for details)
for each of the three following categories:

1. Maximum dose at a site boundary,

2. dose to individual or population groups where
highest dose rates occur, and

3. the whole body cumulative dose for the popula-
tion within an 80 km radius of the site.

Exposure to airborne 3H (as HTO) was deter-
mined by actual measurements with background
correction based on the assumption that natural and
worldwide fallout activity was represented by the
average data from the three regional sampling loca-
tions at Espafiola, Pojoaque, and Santa Fe.

Exposures to llc, 13N, 150, and AL% from
LAMPF were inferred from direct radiation
measurements (see Sec. 111.A.1). Exposure from
41~ released from the TA.2 stack Wm theoretically

calculated from measured stack releases and stan-
dard atmospheric dispersion models.

Estimates of a maximum lung exposure to
plutonium were calculated by subtracting the
average concentration at the regional stations from
the average concentration from the perimeter sta-
tion with the highest measured plutonium con-
centration (Table XXVII).

The maximum boundary and individual doses at-
tributable to these exposures are summarized in
Table XXVII with a comparison to DOE Radiation
Protection Standarda (RPS) for the individual
doses.

All other atmospheric releasesof radioactivity (see
Table E-XXI) were evaluated by theoretical
calculations. All potential doses were found to be
lessthan the smallestones presented above and were
thus considered insignflcant.

.
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TABLE, XXVII

CALCULATED BOUNDARY AND MAXIMUM INDIVIDUAL DOSES

FROM AIRBORNE RADIOACTIVITY

Maximum
Boundary Dose

critical Dose
Isotope Organ Location (mrem/yr)

3H (HTO) Whole Body TA-54 0.071

llc, 13N, 150 Whole Body Restaurant 14 a
N. of TA-53

41& Whole Body Boundary N. 1.2
of TA-2 Stack

239pu Lung TA-54 0.024

Maximum
Individual Dose

Dose
Location (mrem/yr) % RPS

Airport 0.029 0.0058

Restaurant 3.8 0.76
N. of TA-53

Apts. N. of 0.7 0.14
TA-2 Stack

Bandelier o.oo79b 0.00053

bFor a 50 yr dose commitment, bone becomes the critical organ. A maximum individual would
receive a 50 yr dose commitment to bone of 0.53 mrem.

Liquid effluenta, as such, do not flow beyond the
LASL boundary but are absorbed in the alluvium of
the receiving canyons; excess moisture is lost
primarily by evapotranspiration. These effluents are
monitored at their point of discharge and their
behavior in the alluvium of the canyons below out-
falls has been studied.14-17 Small quantities of
radioactive contaminants transported during
periods of heavy runoff have been measured in can-
yon sediments beyond the LASL boundary.
However, no significant exposure pathways from the
sediments to humans have been identified.

No radioactivity in excess of normal background
concentrations was detected in drinking water,
perennial surface water, or ground water at any of-
site location.

There are no known significant aquatic pathways
or food chains to humane in the local area. Two
minor potential foodstuff pathways involving
venison and honey have been ident~led and were
discussed previously.4 They have been estimated to
result in a maximum of <4 mrem/yr to an individual
and are unlikely to actually occur,

Measurements of external penetrating radiation
showed no statistically distinguishable doses at any
offsite locations that could be attributed to LASL
operations. Variations among stations or over time
were all within expectable ranges,

As was stated in Sec. IILA.1, no measurements of
external penetrating radiation at regional and
perimeter stations in the environmental network in-
dicated any discemable increase in radiation levels
that could be attributed to LASL operations. The
special network at the Laboratory boundary north of
TA-53 indicated a 13.7 mrem increase above
background due to llc, 13N, 150, and 41Ar emis-
sions from LAMPF. The increase is considerably less
than the 126 mrem dose theoretically estimated for
that location from concentrations and cloud size
calculated from standard atmospheric dispersion
models. To reach the boundary, the effluent must
cross a large canyon, which has a pronounced effect
on plume dispersion, and for which there are no ade-
quate theoretical models to predict cloud concentra-
tions and size, which are the basis of dose calcula-
tions.
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Onsite measurements of above background doses
were expected and do not represent potential ex-
posure to the public except in the vicinity of TA-18.
Members of the public regularly utilizing the Dec-
ontrolled road passing by TA-18 would likely
receive no more than 0.5 mrem/yr of direct gamma
and neutron radiation, This value was derived from
1975 data18 on total dose rates using 1978 gamma
doses measured by TLDs and estimating exposure
time by assuming a person made 15 round trips per
week at an average speed of 40 mph past TA-18
while tests were being conducted. The onsite station
near the Laboratory boundary at State Highway 4
recorded a dose of 216 mremlyr. This is caused by q
localized accumulation of 137CSon sediments trans-
ported from a treated effluent release point up-
stream.

Cumulative 1978whole body doses to Los Alamos
County residents from LASL operations with com-
parison to exposure from natural radiation and
medical radiation are indica$ed in Table XXVIII.
Population data are based on Los Alamos County

Planning Department figures of 13300 residents in
the Los Alamos townsite and 6300 in White Rock.

The calculated 8.4 man-rem from atmospheric
llc, 13N, and 150 is probably high because it is
subject to many of the same uncertainties that
caused boundary dose calculations to overestimate
actual doses from these isotopes by a factor of 9, The
whole-body population dose to the estimated 105000
inhabitants21 of the 80 km circle around Los Alamos
because of LASL operations is estimated to be 10.5
man-rem, which is the population dose to Los
Alamos County inhabitanta. This is because other
population centers are far enough away that disper-
sion, dilution, ~d decay in transit (particularly for
llc, 13N, 150, and 41Ar) make exposure undetec-
table and theoretically a very small fraction of the
estimated 10.5 man-rem. By contrast, natural radia-
tiw exposure to the inhabitants within the 80 km
circle is 11 900 man-rem.

Thus, doses potentially attributable to releasesof
effluents contribute about 0.4470 of the total dose
received by Los Alamos County residenta from

TABLE XXVIII

1978WHOLE BODY POPULATION DOSES
TO LOS ALAMOS COUNTY RESIDENTS

Exposure Mechanism

Atmospheric Tritium (as HTO)
Atmospheric llc, 13N, 150
Atmospheric 41Ar
Total Due to I.ASL Atmospheric Releases
Cosmic and Terrestrial Gamma Radiation
Cosmic Neutron Radiation

(-17 mrem/yr/peraon19)
Self Irradiation from Natural Isotopes in the Body

(-24 mrem/yr/person3)
Average Due to Airline Travel

(0.22 mrem/hr at 9 km3)

Total Due to Natural Sources of Radiation

Medical Exposure
(-103 mrem/yr/person20)

Whole-Body Population Dose
(man-rem)

0.23
8.4
1.9

10.5
1570

330

470

13

2383

2020

acalculations me based on measured (TLD) data. The indicate a 10% reduction in cosmic radia-
tion due to shielding by structuresand a 40% reduction in terrestrialradiation due to shielding by
structures and self-shielding by the body.

-

.

.
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natural radiation, about 0.52°A to the same residents
from medical radiation (diagnostic x-rays only), and
about 0.088% of the dose i%om natural radiation
received by the population within an 80 km radius of
the Laboratory.

B. Environmental Protection Programs at LASL

.
1. LERC/EEC Program

In order to assist DOE to comply with require-
ments of the National Environmental Policy Act
(NEPA), LASL has an oftlcial Laboratory En-
vironmental Review Committee (LERC). The
membership consists of representatives from several
Assistant and Associate Directors ofilces, Financial
Management, the Engineering Department, and the
Health Division and has the responsibility to review
all environmental assessments (EAs) and en-
vironmental impact statements (EISS) prepared for
DOE by the Laboratory. Additionally, LERC iden-
tifies and reviews items of environmental interest
that are generated by Laboratory activities or that
affect the Laboratory programs and property. An
Environmental Evaluations Coordinator (EEC),
based in the Environmental Surveillance Group, as-
sists LERC by coordinating with user groups, Health
Division and the Engineering Department on
development of environmental documents and
providing input to project design at the earliest stage
for appropriate environmental decision making.

Projects that may require an EA or EIS are
screened by the EEC to determine level of data
needed for the report. Various resource persons are

t identified to aseist in preparation of the draft en-
vironmental document for the proposed construction
or programmatic project. High-visibility or high-risk
projects that may require added att.xmtion are pas-
sed through an ad hoc committee, chaired by the
EEC and comprised of representatives of the
Engineering Department, Health Division, the user
group(s), and other expert members as needed.

The EEC also coordinates input on environmental
matters for other official documents and the Quality
Assurance (QA) program (see next section). The
EEC worka with those responsible for construction
or programs and the Environmental Surveillance
Group representative to the QA program to assure
that the environmental considerations are included
in the assessment and that they are implemented in
the QA program.

2. Quality Assurance Program

In compliance with DOE Manual Chapter 0820,
LASL has a QA program22 for engineering, con-
struction, modification, and maintenance of DOE-
owned facilities and installations. The purpose of
the program is not only to minimize chance of
deficiencies in construction, but also to improve cost
effectiveness of facilities’ design, construction, and
operation, and to protect the environment. QA is
implemented from inception of design through com-
pletion of construction by a project team approach.
The project team consists of individuals from the
DOE program division, the DOE Albuquerque
Operations Office and Los Alamos Area 0ft3ce, the
LASL operating group(s), the LASL Engineering
Department, the design contractor, the inspection
organization, and the construction contractor.
Under the project team approach each organization
having responsibility for some facet of the project is
likewise responsible for its respective aspects of the
overall QA program. For example, it is the inspec-
tion organization’s responsibility to provide
assurance that the structures, systems, and compo-
nents have been constructed or fabricated in accor-
dance with the approved drawinga and specifica-
tions.

Laboratory representatives are responsible for
coordinating reviews and comments from all groups
with a vested interest in the project. In particular,
the Environmental Surveillance Group reviews
proposed new construction, maintenance activities,
and modifications to existing facilities to minimize
any environmental degradation. Consideration is
given in the present condition of the sib (soils,
geology, ground water, surface water, air quality,
archeology, flora, fauna, drainage features,
archeological resources, etc.), the environmental
consequences of the proposed project (airborne ef-
fluents, liquid effluents, industrial waste, solid
waste, noise levels, trafYic patterna, etc.), and an en-
vironmental impact assessment (air, water, land,
visual, noise, odor, biota, etc.).

3. Archeology

Protection of archeological sites at LASL (man-
dated by several Congressional acta and Executive
Order 11593) is also part of the QA program. A
proposed location for a new facility is checked to
determine if there are any archeological sites in the
area. An attempt is first made to adjust siting so as
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to preserve the site. If alternative siting is not feasi-
ble, then the site is excavated to gain knowledge
about it and recover artifacts before it is destroyed.
The decision as to which course to follow is based on
the value of the archeological site, on the availability
of alternative locations for the new facility, and on
the programmatic impact if the new facility were not
built at that location.

A survey of more than 450 archeological sites in
LASL environs was made between March 1973 and
July 1975. This survey of the pre-Columbian Indian
ruins is summarized in a report,23 which is used dur-
ing construction planning to avoid damage to such
sites if possible, or to provide the lead time necessary
to conduct required salvage archeology. Several uni-
que sites were recommended for registration as
national historic sites and formal nomination
procedures are underway. This will ensure their
preservation for future generations by establishing
formal responsibility and authority to protect the
sites.

Ten additional archeological sites were located
and added to the map of all archeological sites at
IA3L in 1978. Also, four sites were salvaged. One
site was salvaged after it was uncovered by the La
Mesa fire and found to have been damaged many
yeare ago. Three others were excavated in advance of
construction activity. Research now underway in-
cludes analysis and identification of food plant re-
mains recovered in archeological salvage activities;
plant pollen identWlcation in mesa-top soils to ascer-
tain farming practices of ancient civilizations as-
sociated with the archeological sites; identification
of ancient crop field locations via analysis of trace
soil minerals; a study of minerals in pottery to deter-
mine the pottery’s origin; and a study of ancient
food preparation methods.

4. Decontamination and Decommissioning
Work

During the spring and summer of 1978, all
facilities at a small abandoned site (TA-42) built to
incinerate plutonium contaminated waste were
demolished. To monitor for possible airborne release
of radioactive contaminants during operations,
filters at two special air sampling stations (TA-50
and TA-55) were collected weekly. There was no in-
dication of airborne contamination from these
operations. After the facilities were removed, the soil
in the vicinity was decontaminated to levels deter-
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mined to be as low as practicable. Final sampling
results will be available in a forthcoming com-
prehensive report on the decontamination and
decommissioning of TA-42.

~ 227Ac.contaminated fil~r building at TA-21

(TA-21-153) was demolished in the summer and fall
of 1978. Routine airnet sampling stations located at

-

the airport, DP-East, and LAMPF and a special sta-
tion established at Acorn Street provided documen- .

tation of any possible release of airborne material
during demolition operations. Air samples were
changed weekly. There was no indication of any air-
borne radioactivity from these operations.

C!. Related Environmental Studies

The Environmental Studies Group (H-12) at
LASL conducts research and experimental studies
under auspices of the DOE. Some of the research
programs conducted by H-12 complement routine
monitoring carried out by the Environmental
Surveillance Group (H-8) in providing a better un-
derstanding of the ecosystem surrounding LASL in
relation to the Laboratory’s operations. Following
are highlight of several of these research programs.

1. Ecological Investigation of Dry Geothermal
Energy at Fenton Hill
[Ken Rea (H-12)]

LASL is currently evaluating the feasibility of ex-
tracting thermal energy from hot dry rock (HDR)
geothermal reservoirs. The concept involves drilling
two deep holes into HDR, connecting these holes by
hydraulic fracture, and bringing thermal energy to
the surface by circulating water through the
system .24

I.ASL’S HDR project provides an opportunity to
study the environmental impact of this new energy
resource from its infancy. This study is designed to
describe quantitatively the ecosystem surrounding
the HDR site, to identify the types and amounts of
chemicals and/or materials released during the
various phases of development, and tO evaluate
potential impacta from site operations and effluents.

Speciilc objectives include (a) development and
maintenance of an environmental resource database
at the site, (b) periodic examination of permanent
transecta adjacent to the facility and at nearby con-
trol sites to determine changes in composition and



quantity of ecosystem components, and (c) iden-
tification and evaluations of chemicals in effluent
wada waters and stored residues.25

Biological investigations include biomass, relative
cover, and relative density measurements on the
plant species of the three vegetative complexes sur-
rounding the HDR site. Within each vegetative type,
relative densities of small mammal populations are
examined by live trapping techniques, and, within
the grass forb complex, pellet group counting
transects have been established to determine change
in utilization patterns of the resident Rocky Moun-
tain elk (Ceruua canudenei8) population.

Table XXIX is a brief summary of the small
mammal trapping program for the 1967-1977 field
seasone. The 1978 data have not been analyzed;
however, the deermouse (Peromyacua maniculatue)
was the most trappable species encountered in all
vegetative types. Variations between trapping loca-
tions within and/or between vegetative complexes
fall within the bounds of natural variability and are
not considered sign~lcant for the two yeare of
analyzed data. Examination of the 1978 data shows
no unexpected deviations from these previous collec-
tions.

The first extensive (10 000 h) run of the HDR
system was accomplished during the summer of
1978. Though the system is a closed loop with no ap-
parent releases to the atmosphere, the gaseous com-
ponent of the fluid was examined to determine what

problems might arise during an accidental venting
of the system. Minute quantities of H2S were
detected. This was the only tmic gas detected, and
at the levels found, it should pose no environmental
hazard, even for major releases of the fluid under
emergency venting.26

Noise pollution has been considered one of the
major problems of geothermal energy development.
The major source of noise at the HDR site is the heat
exchanger, and during the 10000 h test, noise levels
at the heat exchanger under full load conditions
averaged less than 96 dB(A), with frequencies less

than 1000 Hz.

2. Fenton Hill Site (TA-57) Surface and
Ground Waters
[R. Ferenbaugh and W. D. Purtymun (H-8)]

Studies have been carried out to determine the ex-
tent to which water discharged horn geothermal
holding ponds at the Fenton Hill site (LASL’S HDR
Project) penetrates into the canyon below the site. A
series of 1-2 m holes were drilled down-canyon of the
site, and soil samples from these holes analyzed for
fluoride, chloride, and uranium. Four of the holes at
distances of 20,60295, and 915 m from the point of
discharge were cased. Water samples obtained from
these holes after holding pond discharge were col-
lected and analyzed for several chemical con-
stituents in which the water from the geothermal

TABLE XXIX

RELATIVE TRAPPING DENSITIES AND TRAPPING SUCCESS
FOR SMALL MAMMALS LN VARIOUS VEGETATIVE COMPLEXES

(expressed in per cent)

Mixed
Grass Forb Aspen Conifer

Species 1976 1977 1976 1977 1976 1977—— .— ——

Deermouse
Peromyscus manicukztuu 99 100 51 65 63 83

Chipmunk
Eutamiaa minimua 1 0 44. 36 28 17

Other species 00 5090—— —— —
IF 100 100 100 100 100

Trapping Success %a 72 28 23 63 41 33

aCalculated as total captures vs total traps,

45



pond is enriched. Fluoride concentration, chloride
concentration, and strontium isotope ratio were in-
vestigated as tracers to determine the extent of
penetration of discharged water down the canyon.
Chloride concentration proved to be the most infor-
mative, and the results of these analyses indicate
that the discharged water is completely absorbed
into the alluvium by the time it has moved 295 m
down the canyon. Wells have been drilled around
the holding ponds themselves to determine the ex-
tent to which water tilltrates the soil surrounding
the ponds. Samples from these wells indicate that
most water movement from the ponds is vertical;
there is little if any horizontal movement.

Certain elements, which are present in the holding
pond discharge, are of particular interest because of
the low allowable levels specitled in the proposed
National Pollution Discharge Elimination System
permit. These are arsenic, boron, cadmium,
fluoride, and lithium. Soils and vegetation in the
canyon into which the water is being discharged con-
sequently are being monitored to determine if these
elements are accumulating in the canyon. Plant
growth studies and soil adsorption studies also are
being carried out using water from the holding
ponds.

The canyon below the geothermal site into which
water is discharged ultimately opens inta Lake Fork
Canyon (Fig. 15). Although there is no flow of
geothermal water into Lake Fork Canyon, wells and
streams in the canyon are monitored for water
quality. Other water sources in the vicinity of
Fenton Hill are also monitored (Fig. 15). Table E-
XXVII summarizes the results of this monitoring
during 1978. There has been no signflcant change in
the quality of these waters from previous analyses.

3. The Comparative Distribution of Stable
Mercury, Cesium-137, and Plutonium in an Inter-
mittmt Stream at L4MAlamos
[T. E. Hakonson (H-12), G. C. White (H-12), E. S.
Gladney (H-8), and Mona Driecer (H-12)1

Mortandad Canyon has been used for disposal of
liquid wastes since 1963. Past studies in this canyon
have emphasized the distribution and transport of
137cs, 238Pu, and 239,240Pu. Stable mercury is also

a component of the waste released to Mortandad
Canyon as a result of loss of the metal from chemical
laboratories into drain systems. Records maintained

over the past few yeare show that a few tens to
hundreds of grams of mercury are released annually
to this canyon.27 The quantity of plutonium and
cesium released annually to the canyon averages
about 10 and 100 mCi, respectively. Although long
term records are not available, we suspect that the
isotopic composition of the waste has been varied
considerably,

Core samples were collected from 10 stream chan-
nel and 10 stream bank locations randomly selected
along a 100 m segment of Mortandad Canyon about
500 m below the effluent outfall. A total of 10 stream
channel cores and 40 stream bank cores (four per
location) were collected. Frozen core samples were

sectioned into O-2.5, 2.5-7.5, and 7.5-30 cm seg-
ments; 142 aliquots were then taken for Hg analysis.

The remaining sample was oven-dried and counted
for 137CS on a NaI detector coupled to a multi-
channel analyzer. Sample aliquots were analyzed for
238Pu, 239Pu, and Hg using wet chemistry followed

by instrumental analysis.28 Elemental concentra-
tions in all cases were sui%cient to limit instrumen-
tal uncertainties to less than 10% (P<O.05).

The results of this study demonstrate the impor-
tance of stream banks as deposition locations for
stable mercury, cesium, and plutonium continuous-
ly released to an intermittent stream channel over a
13 yr period. The movement of contaminant from
channel to bank results in concentrations that are
generally equivalent or exceed those measured in the
channel sediments (Table XXX). These findings
have implications on the long term distribution of

contaminants in intermittent streams because
stream banks not only retard downstream move-
ment of the contaminant but may be a source of
these materials to biota,

4. Mule Deer Movement
[G. White and L. Eberhardt (H-12)]

Studies continue on the populations of elk and
deer that inhabit the Las Alamos National En-
vironmental Research Park (LA/NERP), and cross
ite boundaries into other protected and/or un-
protected areas in Bandelier National Monument,
Santa Fe National Forest, and on private lands.

Movements of mule deer (Odocoikua hemiomu)
have been studied on the site since January 1975 in
an effort to obtain baseline data on this species and
to define important deer habitats within the

.
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TABLE XXX

ARITHMETIC MEAN CONCENTRATIONS AND COEFFICIENTS OF
VARIATION OF MERCURY, CE~ItJM, AND PLUTONIUM AS A
FUNCTION OF LOCA’i’ION M MORT~AD CAhlYON SOILSa

Stream Channel Stream Bank
1 Number Coefficient Number Coefficient

of of of of
Samples Mean Variation Samples Mean Variation

H (ppb)
f

27 79 1.0 115 160 1.6
13 Cs (pci/g) 2a 370 0,35 120 197 1,7

0.32‘SPU (pCi/g) 29 26 120 23 1.9
‘9PU (pci/g) 30 5.2 1.5 119 5.8 1.7

aBackground concentrations in soils averaged about 10 ppb Hg, 0.5 pCi 137Cs/g and 0.05 pCi
Pu/g.

LA/NERP. A total of 34 deer have been live-trapped
(Fig. 16), marked with collars and ear tags, and
released,29 Both visual and radiotelemetfy techni-
ques have been used to determbe deer movements.
A tdal of 254 reaightings have been made on 20 of
the marked deer since their release. In addition,
weekly locations of six radio equipped deer have
been determined since March 1977.

Deer movements generally paralleled the east-
west oriented canyon systemO. A few deer moved to
lower elevations on the LA/NERP during the

winters, but this was not a consistent trait in all deer
studied. Adult female deer generally tended to con-
centrate their activities in specific areas, while both
adult and juvenile male movements were usually
more scattered, I-ingest movement observed dur@@
this study was made by an adult female captured at
TA-16 in the LA/NERP and relocated one year latbr
21,4 km to the east across the Rio Grande, Average
home range of the six radio collared deer was -14
km2 (~~dmd de~ation = 5 ~2), which is mn.

siderably larger than that reported for mule deer
elsewhere.

Security fences on the LA/NERP probably affect
deer movements, but several marked animals suc-
cessfully circumvented the western boundary fence
by moving around it or by passing through manned
security gates. Specific individual deer consistently
walked in and out of the unmanned security gate at
TA-9.

Pellet group plots are being used as an index to
deer and elk densities, as well as indicators of dis-
tiibutiori. A summary of the LA/NERP pellet group
data for deer and elk is presented in Tables XXXI
and XXXII. For deer, there is a decline in pellet
&oup counts since 1975 in the ponderosa pine and
piiion-juniper habitata. There does riot appeai to
have been a significant decline in deer in the mixed
conifer habitat type. Not enough data are available
to test for time differences in the other three
habit.d.e. No significant changes in elk density have
occurred in the mixed conifer habitat type. Not
enough data are available to test for differences in
the other three habitats,

6. Botanical Survey for Critical Habitats in the
LA/NERP

[T. Foxx and G. Tiemey, Consulting Botanists
(H-12)]

Presently, there are 37 candidate plant species on
the federal Threatened and Endangered Species list
for New Mexico. Examination of the list provided by
i.he New Mexico Heritage Program of the State Fish
and Game Department showed only one species,
grama grass cactus (Pediocactus paprycanthus),
that was likely to be found within the LA/NERP.

This species was located and photographed in
various stages, including the reproductive stage .30

.
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TABLE XXXI

SUMMARY OF LA/NERP PELLET GROUP DATA FOR DEER

Habitat

Period Conifer Burn Meadow Alfalfa
Ponderosa

Pine
Piiion

Juniper

Winter 75-76
Summer 76
Winter 76-77
Summer 77
Winter 77-78
Summer 78
Probability level of
test for changes
with time

0.73
1.38
1.00
0.46
0.53
0.58

. . .
---
---
---

0.38
0.76

---
. . .

..-

0.31
0.54

---
. . .
..-
---

0.75
3.13

3.80
1.45
1.49
1.04
0.51
0.51

1.81
0.94
0.76
g.39
0.73
0.12

0.34 --- --- --- <0.01 0.03

TABLE XXXII

SUMMARY OF LA/NERP PELLET GROUP DATA FOR ELK

Habitat

Period

Winter 75-76
Summer 76
Winter 76-77
Summer 77
Winter 77-78
Summer 78
Probability level of
test for change
with time

Mixed
Conifer

0.60
0.50
0.96
0.21
0.94
0.89

0.23

Although the site location is outside the LA/NERP
boundaries per se, the species is very likely to occur
within undisturbed sites where grama grass
predominates.

Most of the species presently on the list occur in
the southern part of the state. This is due, in large
part, to the paucity of floristic studies in the
northern part of the state. Our survey was designed
to identify any of the listed species and to locate
other species that were rare to the area or perhaps
endemic. During the course of the floristic search,
several species were located that had not been noted

Burn Meadow Alfalfa

--- --- ..-
. . . ..- ---
--- --- -..
--- --- ---

3.76 2.77 12.63
0.43 1.23 6.88

.-. --- ---

by other LASL studies, by the present investigators,

or by previous investigators. They are not necessari-
ly rare, threatened, or endangered at the present
time, but in areas sampled, they have a very low
population number. An example of such a plant is
the larkspur violet (Viola pedatifida).

The federal list consists only of candidate species;
the list is not yet static. Species are being added and
deleted. A number of species are very loosely
protected under New Mexico Statute 45-11. Special
attention was given to the occurrence of these latter
plants within the area. An annotated list of species

.
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enumerated under the Statute and which are
known to be found within the LA/NEW or adjacent
areas has been compiled. If these Bpecies are aubae-
quently added to the federal list or the New Mexico
law becomes more stringent, this information will be
readily available to DOE managers.

Because the federal list is not yet static, we
realized that a comprehensive plant survey would be
the most useful. Therefore, a more complete collec-
tion was made than originally anticipated. As of
May 1, 1978, 160 plants had been identified; 65 of
these had not been reported previously. This in-
dicates that, at the completion of the 1978 field
season, the number of newly recorded species can be
expected to increase considerably.

From previous experience through contracts for
the Museum of New Mexico, the University of New
Mexico, and the National Park Service, a number of
species have been found that are known to be of
ethnobotanical significance. They were possibly
utilized by the prehistoric inhabitant of the Pa-
jarito Plateau as food, clothing, medicine, or for
ceremonial purpoees. Such species as white stem
stickleaf (Mentzelia albicautis) are of special
ethnobotanical significance and have been located
in the study area. These observations have been
useful in seed analysis studies done for archeological
salvage studies at LASL.

Finally, an unanticipated by-product of the study
is a checklist of over 1000 plants compiled by Foxx
and Tiemey.30 This checklist is to be published as a
LASL report and will give information such as plant
distribution, synonyms, and references. Because no
such publication now exists for the area, this report
will be valuable to the Park Service, Forest Service,
Department of Energy, naturalist, teachers, stu-
dents, and interested laymen.

6. La Mesa Fire
[T. Foxx, Consulting Botanist (H-12)]

The La Mesa fire burned from June 16-23, 1977,
ultimately consuming 62 km2 of Santa Fe National
Forest, Bandelier National Monument, and LASL
land (10.6 km2).

Subsequent to the fire 9.9 km2 of LASL land were
reseeded with a mixture of native grass species
(slender wheatgrass, western wheatgrass, hard
fescue, blue grama, spiked muhley, and sand
dropseed) and 0.7 km2 were set aside for natural suc-
cession studies.

In October 1978, paired 20 by 50 m plots with ffiy
1 m by 2 m shrub plots and one hundred 5 decimeter
by 5 decimeter plots were established in the seeded
and unseeded area of the ponderosa pine zone.
Relative foliage cover for herbaceous planta and
shrubs was determined for each plot. Plots in the
seeded area had 6,7 Yetotal foliage cover. Grass com-
prised 56.5% of the total foliage cover; 41.5Y. was the
regeeded grass species Agropyron trachycaulum
(slender wheatgraee). In the unseeded plots there
was 5.2% coverage. Less than l% was grass and over
99% was forbs. Chenopodiwn (lambsquarters)
species made up 78.5% of the total foliage cover.

Biomass was based on ten 1 m by 1 m plots, The
biomass in the seeded area was 850.1 g/m2 and in the
unseeded area 10 gfm2. Grass represented 3L3% of
the total biomass on the seeded side, whereas only
5.8% on the unseeded side. Forbs made up 94.2% of
the tntal biomass on the unseeded side and only
68.7% on the seeded side. Reseeded grasses made up
69.3% of the total biomass on the seeded side and O%
on the unseeded side.

7. Long-Term Ecological Effects of Exposure
to Uranium

[G. C. White and T. E. Hakonson (H-12)]

An estimated 75000 to 100000 kg of uranium were
expended during conventional explosive tests at
several LASL testing areas during 1949-1970. Of
this, about 35000 to 45000 kg of natural uranium
were used during 1949-1954, and 40000 to 50000 kg
of depleted uranium (depleted of 235u) were used
during 1955-1970. The principal concern about

I depeleted uranium is the effect of ite chemical tox-
icity and pyrophoric properties on terrestrial
ecosystems. Methoda to ascertain environmental
transport are necessary. Also, rapid analysis for

uranium in various matrices has become increasing-
ly important with the advent of the energy crisis.

Decontamination of uranium contaminated areas
may be necessary because of the chemical toxicity
aspecta of that element. A fourth year of study of the
transport of depleted uranium in the terrestrial
ecosystem at LASL was completed, with emphasis
on evaluation of the portable phoawich survey in-
strument as a uranium field survey instrument,

A ftig site at LASL was reaampled with the
phoswich survey instrument at the same locations
that were sampled in the 1976 soil uranium field sur-
vey.31 The initial sampling grid was systematically
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placed on a polar coordinate system radiating from
the detonation point every 45° with concentric cir-
cles at 10, 20, 30, 40, and 50 m, from the detonation
point.

Soil samples collected on the grid system during
the 1976 uranium survey at the fiiing site were ob-
tained with a polyvinylchloride coring tube with a
2.5 cm inside diameter. ~ield instrument measure-
ment from the grid were compared with the
uranium concentration in the Oto 2.6”cm depth se?-
ment of each core,

Correlation between t$e phoswich measurements
and previous soil samples @ken ~~ 1976 qt $he si@. .. ... . .
was excellent (Fig. 17), with r = 0.95 (p< O.0001),
even though the respective me~urernenw. wexe
taken two years apart. Chwges in the @stribution of
uranium during the interval between s,am@ngs
must have been minor relative to the Q@ ipvqnto,ry
of uranium in the soil.

D. Resurvey Program

For the past two years LASL’E Environmental
Surveillance Group has conducted some intensive
radiological surveys as part of DOE’s Formerly
Utilized Sites Remedial Action ~ogram (FUSRAP).
The results of these surveys will be utilized by DOE
to determine whether any remedial measures are
desirable to further reduce any residual effects from
previous uses of the areas. in the LQSAlamos &ea,
Bayo Canyon and the Acid-Pueblo Canyon system,
were investigated. A final report OP.the radiological
survey of Bayo Canyon has been completed Wd is
expected to be published by DOE’s Division of En-

vironmental Control Technology ‘h 1979. ~,e sum-
mary from that report is included ip. thip section. ~
draft report on Acid-Pueblo Canyon is expected to
be submitted to, DOE for re~q~ in, ~979, A ~riqf
summary qf the st@us of that work follows. the 13ayo
Canyon summary,

1. Bayo Cqnyop

A portion of Bayo Canyon (Fig. 5) was used
between 1944 and. 1~1 as aAsite for experiments
employing conventional high explosives in’ conjunc-
tion with research on nuclear weapo~ development
initially under auspices of the US &rny Manhattan
Engineer District and later the Atomic Ener~ Com-
mission (AEC). The explosive test assemblies usual-

ly included components made from natural or
depleted uranium and a radiation source for blast
diagnostics. The sources contained several hundred
to several thousand curies of 140La (half-life 40,2 h)
and a small proportion of WSr (half-life 28.1 yr).
The explosive detonation resulted in the dispersion
of radioactive materials—uranium, 140La and
90&-in the form of aerosolq ~d debrie ~ the at.

mosphere and onto the ground around the firing
points. Radiochemistry operations conducted at the

site ~ea~tqd k the generation of liquid and solid
ra~oactive wastes, which were disposed into the
qubwrfacq pits and leaching fields.

The site was decommissioned by 1963 with the
removal or ~Q~ol&ion of struct~es, cleanup of sur-
face debris, and excavation of contaminated waste
disposal facilities. fi~iological surveys resulted in
the conclusion that the site was qwlciently free of
con~arni~ation to pe~it the land to be released
from Federal government control. The land was
transferred to @s Alamos County by quit claim
deed on July 1, 1967.

@ 1976 ~~e Ijhergy Research and Development
Administration (ERDA) identfled the Bayo Can-
yon Site as one of the locations to be reevaluated as
part of the FUSRAP using modem instrumentation
and analytical methods as a basis for de@rnining
whether any further comective measures would be

~esfiable.
The resurvey utilized information from a number

of routine and special environmental surveillance

studies conducted previously by LASL as well as ex-
tensive new instrumental measurement, soil sampl-
ing, and radiochemical analyses. Results showed
that resid,u,al. s@ace contamination due to WSr
~ver+~ed about L4 pCi/g or approximately 3 times
the level attributable to worldwide fallout. Surface
Wapi,u,m a,ve~aged about 4.9 pglg or about 1.5 times
thq arnou@ naturally present in the volcanic-
derived soils of the area. Subsurface contamination
associated with the former waste disposal locations
is largely contlned within a total area of about 10000
m2 and down to depths of about 5 m. Of 378 subsur-
face samples, fewer than 12% exceeded 13 pCi/g of

gross beta activity, which is comparable to the upper
range of activities for uncontaminated local soils.

Health physics interpretation of the data in-
dicates that the present population of Los Alamos
living on mesas adjacent to Bayo Canyon is not
recei~ng any incremental radiation doses due to the
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residual contamination. Potential future land uses
of Bayo Canyon include development of a residential
area.

Theoretical evaluation of such potential uses by
means of exposure scenarios (including inhalation of
contamination with dust by construction workers or
residents) indicates that incremenfa of radi@ion ex-
posure due to residual contamination attributable to
Bayo test operations would be small in comparison
with either radiation protection guidelines or
natural background.

The worst case evaluations for maximum in-
dividual exposures under these hypothetical condi-
tions were calctiated as 50 yr dose co~@tments,
which represent the dose accumulated over 50, yr
from exposure to radioactive material in the first
year. Only several radionuclides are capable of ir-
radiating an individual for yeara after exposure to
that radionuclide. This occurs when these long-lived
radioactive materials are inhaled or ingested and are
incorporated into body tissues. where they rem@n,
such as incorporation of ~Sr ink bone. These dose
commitments are compared to the current DOE
Radiation Protection Standards for annual dosep to
individuals in the general public and to average
doses of radiation received from natural radiation in
the area. Comparing 50 yr dose commitments to an-
nual exposure guidelines is considered conservative
because the actual dose received in any one year
from a radioisotope capable, of irradiating the in-
dividual for years after exposure is considerably less
than the 50 w dose commitment.

The largest dose an average resident of Bayo Can-
yon would receive from present contamination levels
would be 0.43 mrendyr due to external penetrating
radiation, which is 0.066% of DOE Guidelines and
0.24% of the dose received from natural radiation in
Bayo Canyon. For maximum exposure it is assumed
an individual consumes 50 kg/yr of vegetables and
fmita produced from garden plots located in con-
taminated soil in Bayo Canyon. This individual
could receive a 60 yr dose commitment of 46.6 mrem
to the bone, which is 3,0% of the guidelines for an-
nual exposure and 25% of annual exposure from
natural radiation in the Canyon. Another exposure
pathway is inhalation of contaminated dust due to
construction activity in contaminated soil. The
maximum postulated 50 yr dose commitment to a
construction worker is 23 mrem to the bone from in-
stallation of underground structures or utilities.

This would likely by a one-time exposure and would
be only 1.5% of the DOE guidelines for annual ex-
posure and 13% of the annual dose due to
background radiation in the Canyon.

2. Acid-Pueblo Canyon System

These deep canyons (Fig. 5) were the discharge

area for untrqated radioactive liquid wastes. between
1943 and 1951 reml~ing from research and process-
ing at LASL. Starting in 1951, treated radioactive

@hen@ were discharged into the canyon from TA-
4P, thq liquid vvastq treat,v.ent facgity which
operated up$.~ \w4. ~e. TA-45 wae@ tqeatment
plant was eit~d o~,the mesa forqipg the Nuth ~ide of
Acid Canyon. Acid Canyon i~.a deep canyon cut into
soft vo)cr+njc rock,, and is tributary to Pueblo Can-
yon. Intermittent stream flow is ultimately trib@ary
to the Mo, GrWde.

Acid Canyon and part of Pueblo Canyon were
transferred to the ~corporatnd Coun~ of @

Al~mm subject to recognition of an easement with
A&XL Thjs easement, ww generally a strip along,the
stream channel. The right, of access was to permit
tbe construction and operation of test wells: and to
permit t~e colJ9ction of earth and watgx samples.
T& property was transferred by a quit claim deed
on July 1, 1967.

Plutonium, americium, and fission products were
discharged into the canyons in liquid eilluenta from
1943 to 1964. The fmt survey of Acid’ Canyon, for
pyrposes of cleanup, was made on Augyet. 31, 1965.
On October 4, 1966, work commenced on removing
the TA-45 structures. Five hundred @uckloads of
demolition debris and dirt from this location were
rtynoved to the dump, Ninety-four loads of debris
from Acid. Canyon were placed in a solid waste dis-
posal area within the currently operational LASL
site. This decontamination activity included. the
removal of all drain pipes, wires, rock, tuff, and
other debris found contaminated in Acid and .Pueblo
Canyons. This work was completed in 1967, and it
was reported that a small amount of contamination
remained in inaccessible places.

some radioecological and environmental surveil-
lance evaluations have been completed and
documented, for Pueblo Canyon as reported in
previous surveillance reports.4-6,27 Several hundred
soil and sediment samples were collected for the pre-
sent detailed radiological survey during 1977. Data

.
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show some limited areas at the TA-45 site and in the
canyons that exceed EPA proposed soil screening
guides for plutonium concentrations. Measurements
of penetrating radiation showed no areas that exceed
radiation protection standards. A draft report will be

.
completid in 1979.
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APPENDIX A

STANDARDS FOR ENVIRONMENTAL CONTAMINANTS

The concentrations of radioactive and chemical
.

contaminants in air and water samples collected
throughout the environment are compared with per-

. tinent standards contained in the regulations of
several Federal and State agencies in order to ver@
the Laboratory’s compliance with these standards.
LASL operations pertaining to environmental
quality control are conducted in accordance with the
directives and procedures contained in DOE’s
Health and Safety Manual, Chapters 0510, 0511,
0513, 0524, and 0550.

In the case of radioactive materials in the environ-
ment, the guides contained in Manual Chapter 0524
are used as a basis for evaluation, However, the
DOE standard for uranium in water (1500 and 60
mg/fi for controlled and uncontrolled areas, respec-
tively) does not consider chemical toxicity.
Therefore, for the purposes of this report, the more
restrictive standardeAl of the International Com-
mission on Radiological Protection (ICRP) for
uranium in water (6o mg/t for an occupational 40-h
week) are were used as a point of comparison. For at-
mospheric uranium, the DOE and ICRP standards
are in agreement. The standards are listed in Table
A-I in the form of a Radioactivity Concentration
Guide (CG). A CG is the concentration of radioac-
tivity in the environment that is determined to
result in whole body or organ doses equal to the
Radiation Protection Standards (listed in Table A-
11) for internal and external exposures. Obviously,
there are uncertainties in relating the CG to the
Radiation Protection Standards. Thus, common
practice and stated DOE policy in Manual Chapter
0524 are that operations shall be “conducted in a
manner to assure that radiation exposure to in-
dividuals and population groups is limited to the
lowest levels technically and economically prac-
ticable.”

Because some radioisotopes remain in the body
and cause exposure long after intake haa occurred, it

is common practice to consider the 60 yr dose com-
mitment caused by ingestion of such isotopes. At
present, there are no standards for 50 yr dose com-
mitments,

For chemical pollutant in water supply, the con-
trolling standards are those promulgated by either
the EPA or the NMEID (Table A-III).

Radioactivity in public water supply is governed
by EPA regulations contained in 40CFR141. These
regulations provide that combined radium-226 and
radium-228 shall not exceed 5 PCi/f nd grOSSalpha

activity (including radium-226, but excluding radon
and uranium) shall not exceed 15 pCi/L A screening
level of 5 pCi/1 is established as part of the monitor-
ing requirements to determine whether spec~lc
radium analyses must be performed.

For man-made radionuclides the EPA drinking
water regulations specify that concentration be
limited to levels that would result in doses of 4
mremlyr calculated according to a specified
procedure. The EPA calculated value for tritum
(3H) is 20 )( 10–6 @/m# and for cesium (137(%) is

200 X 10–9 ~Ci/ml?.A2 The calculated concentra-
tion using bone as the critical organ and the EPA
prescribed methods~ for 238Pu or 239Pu is 7.6 X
10–9 gCi/mL

REFERENCES

Al. International Commission on Radiological
Protection (ICRP), Recommendations of the Inter-
national Commission on Radiological Rotection,
lCRP Publ. 6, Pergamon Press, New York (1964).

A2. Environmental Protection Agency, “National
Interim Primary Drinking Water Regulations,”
EPA-570/9 -76-O03, US Govt Printing Office,
Washington, DC (1976).
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TABLE A-I

DOE RADIOACTIVITY CONCENTRATION GUIDES (CGS)

CONCENTRATION GUIDES FOR UNCONTROLLED AREAsa,b

CG for Air CG for Water

Nuclide @Ci/mk!) (PCi/rn.t) (nCi/1)

3H
7B~
llc, 13N, 150
41&
89sr
90&d
1311d
137c~
238pu
239pud
241Am

U, naturalc

2 x 10–7
..-

3 X 10-8
4 X 10+3
3 x 10–10
3 x 10-11
1 x 10–10
5 x 10–10
7 x 10–14
6 X 10–14
2 x 10–13
(pg/m3)c

6.1 X 106

3 x 10–3
2 x 10–3

. . .
---

: ; ::–;

3 x 10–7
2 x 10-5
5 X 10-6
5 X 10–6
4 X 10–6

2 x 10-5

3000
2000

-..
---

3
0.3
0.3

20
5
5

(mg~)

60
1.8 (ICRP”)

CONCENTRATION GUIDE FOR CONTROLLED AREAsa,b

CG for Air CG for Water

Nuclide (&i/rnQ (pcvd) (nCi/1)

3H 5 X 10–6 1 x 10–1 1 x 105
7Be --- 5 x 10–2 5X104
llc, 13N, 150 1 X 10–6 --- ---
41Ar 2 X 10-6 --- ---
89sr 3 X 10-8 3 x 10–4 300
90sr 1 x 10–9 1 x 10–5 10
1311d 4 x 10–9 3 x 1O-5MM 30
137c~ 1 X 10–8 4 x 10–4 400
238pu 2 x 10–12 1 x 10–4 100
239pud 2 x 10–12 1 x 10–4 100
241Am 6 X 10-12 1 x 10-4 100

(pg/m3)c (mg/1)

U, naturalc 1.8 X 106 5 x 10-4 1500
60 (ICRPe)

‘This table contains the most restrictive CGS for nuclides of major interest at LASL (DOE
Manual Chap. 0524, Annex A).
bCGa apply to radionuclide concentrations in excess of that occurring naturally or due to fallout.
cOne curie of natural uranium is equivalent to 3000 kg of natural uranium. Hence, uranium
masses may be converted to the DOE “uranium special curie” by using the factor 3.3 X 10-ls
pci/pg.

‘Of the possible alpha and beta emitting radionuclides released at LASL, 299Puand lS1l,respec-
tively, have the most restrictive CGS. The CGS for these species are used for the gross-alpha and
gross-beta CGS, respectively.
‘For purposes of this report, concentrations of total uranium in water are compared to the ICRP
recommended values which consider chemical toxicity.

.
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TABLE A-II

DOE RADIATION PROTEC1’ION STANDARDS FOR EXTERNAL
AND INTERNAL EXPOSURES

Individuals and Population Groups
in Uncontrolled Areas

Annual Dose Ec@vaIent or
Dose Commitment (rem)’

Based on dos6 Based on an
to individuals average dose

at points of to a suitable
maximum sample of

Type of probable the exposed
Exposure exposure population

Whole body,
gonads, or
bone marrow 0.5 0.17
Other organe 1.5 0.5

Individuals in Controlled Areas

Dose Equivalent Dose or Dose
Type of Exposure Exposure Period Commitmenti(rem)]

Whole body, head and trunk, gonads, lens of
the eye,b red bone marrow, active blood Year
forming organa. Calendar Quarter
Unlimited areas of the skin (except hands
and forearms). Other organs, tiesues, and Year
organ systems (except bone). Calendar Quarter
Bone Year

Calendar Quarter
Forearmsd Year

Calendar Year
Handsd and feet Year

Calendar Quarter

.To meet the above dose commitment standards, operations must

5.

3

15
5

30
10
30
10
75
25

be conducted in such a man-
ner that it would be unlikely that an individual would assimilate in a critical organ, by inhala-
tion, ingestion, or absorption, a quantity of a radionuclide(s) that would commit the individual
to an organ dose which exceeds the limits specified in the above table.
bA beta exposure below a maximum energy of, 700 keV will not penetrate the lens of the eye;
therefore, the applicable limit for these energies would be that for the skin (15 rem/year).
CIn special cases with the approval of the Director, Division of Safety, Standards, and Com-
pliance, a worker may exceed 5 rem/year provided hkdher average exposure per year since age 18
will not exceed 5 rem per year.
‘All reasonable effort shall be made to keep exposure of forearms and handa to the general limit

for the skin.
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T~LE A-IIi

Inorganic
Chemical MCL

Contaminant [?ii~l)

As
Ba
Cd
cl
Cr
l?’
Pb
l-Ig
NO,
Se
Ag
TDS

0.05
i.o
0.010

250
0.05
2.0
o.o~
(MX)2

45
(hoi
0.05

1000

Radioehemical MCL
Contaminant (#lci/lnl)

187(=S 200xlo-~
Gross Alpha ~ x 10-0

‘H 20 j( 1~-k
napu 7.5x 10-’
mpu 7.5x 10-~

.

aUSEPA National Interim Primary Drinking Witer regulations (E~A-570/9-76-003), EPA, Of-
fice of Water Supply (1976) and NMEID Water Supply ilegulations (Regulations Governing
Water Supply, N.M. Environmental Improvement Agency, Santa Fe, N.M., Dec. 9 1977).
bBa~ed on annual averageof the maximum daily air temperature of 14.6 to 17.7”C.
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APPENDIX B

SAMPLING PROCEDURES AND STATISTICAL TREATMENT OF DATA

1. Thermoluminescent Dosimeters

Harshaw High Sensitivity TLD-lOO@ LiF (lithium
fluoride) chips, 6,4 mm square by 0.9 mm thick, are
used in both the environmental and LAMPF
networks. The chips are annealed at 400”C for 1 h
and then cooled rapidly to room temperature. In
order for the annealing conditions to be repeatable

the chipe are put into rectangular borosilicate glass
vials that hold 48 LiF chips each. These vials are
slipped into rectangular holes formed by stacking
machined stainless steel blocks inside an oven main-
tained at 400”C. After 1 h the vials are removed from
the oven and placed between massive copper blocks
at room temperature.

The TLD reader is an Eberline model TLR-6 set
for 15s, 140”C preheat and 15s, 2400C integration cy-
cles. Incandescent lighting is used exclusively during
all phases of annealing, dosimeter preparation, and
readout ti prevent ultraviolet-induced epurioua TL
(thermoluminescence). Four chips are placed in a
molded nylon acorn nut, size 3/8-16, then closed
with a 3/8-16 X 1/4 in. nylon set screw. This as-
sembly constitutes one dosimeter,

For each annealed batch, two calibration sets are
exposed. One set is read at the beginning of the
dosimetry cycle along with field and calibration sets
from the previous cycle. The second is read at the
end of the cycle to detect possible sensitivity drift.
Each calibration set consists of 20 dosimeters ir-
radiated at the following levels: 3 at OmR are stored
as laboratory controls, 3 at OmR accompany the set
to the irradiation facility and serve as calibration
controls, 3 at O mR accompany the field set as tran-
sit controls, 4 at 10 mR, 4 at 20 mR, 1 each at 40, 80,
and 160 mR. A factor of 1 rem (tissue) = 1,061 R is
used in evaluating the dosimeter data. This factor is
the reciprocal of the product of the roentgen to rad
conversion factor of 0.957 for muscle for 60C0 (the
isotope used for TLD calibrations) and the factor
0.986, which corrects for attenuation of the primary
radiation beam at electronic equilibrium thickness.
A rad-to-rem conversion factor of 1.0 for gamma rays
is used as recommended by the International Com-
mission on Radiation Protection.Bl A method of
weighted least squares linear regression is used to

determine the relationship between TLD reader un-
its and dose (weighting factor is the reciprocal of the
variance).B2

The TLD chips used are all from the same produc-
tion batch and were selected by the manufacturer so
that the measured standard deviation in TL sen-
sitivity is 2,0 to 4.0% of the mean at 10 R exposure.
At the end of each field cycle, whether calendar

quarter or LAMPF operation cycle, the dose at each
network location is calculated along with the upper
and lower limits at the 96% confidence level.B3 At
the end of the calendar year, individual field cycle
doses are summed for each location. Uncertainty is
calculated as the square root of the sum of squares of
the individual standard deviation by assuming that
the 96% confidence interval closely approximates
the same interval as +2 standard deviations. The
dose at the LASL boundary north of LAMPF is
calculated differently. Here 12 locations are in close
proximity and the dose at the end of each cycle is
calculated as the mean for these locations. Because
there is a dosimeter containing four chips at each
location, this is actually a grand mean (or mean of

means) and the standard deviation is therefore
smaller by a factor of almost a third (1/~2) than
that of any of the individual dosimeters.

In order ti calculate the magnitude of the compo-
nent of the total dose caused by LAMPF operations,
three locations along the south boundary of LASL
are used for background values. These locations are
distant from and unaffected by LAMPF or any other
laboratory source of radiation. They are close
enough in elevation to the LAMPF site to experience
similar climatic conditions such as rain and snow-
fall. The geologic formation along the south boun-
dary is different from that near the north boundary
and has a smaller terrestrial gamma component.
However this causes an overestimate of the LAMPF
contribution so that the calculated values are con-
servative.

The rationale for this calculation is based on the
ratio of the dose recorded by the unshielded
dosimeter to that for the lead and Lucite-shielded
dosimeter. This ratio should be the same for
dosimetere at both the north and south boundaries
because the cosmic gamma component is quite
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stable (and is responsible for nearly 90~0 of the dose
recorded by the shielded dosimeters) and because
the terrestrial conditions are nearly the same. Any
decrease in the ratio at the north boundary is as-
sumed to be caused by WF operations. The ac-
tual method of calculation follows. Let z be the dose
component from LAMPF, u and v be the unshielded
and shielded dose means, respectively, at the north
boundary, u’ and v’ be their counterpart at the
south boundary, and Su, Sv, Su’, Svt be the stan-
dard deviation of these means. Then

z = u–(v[u’/v’])o

The uncertainty associated with this value can be
determined from the relationship

s: = (8J8U)’N + (aJi3,)’ & +

(a2/a.1)’ S& + (i3Jav,)’ S$.

The doses at the other 10 locations in the LAMPF
network are reported in the same manner as those in
the environmental network, The ratios of unshielded
to shielded doses are calculated for comparison pur-
poses only. They serve as a check on the ratios at the
north boundary and background locations.

An independent comparison study between an in-
tegrating high-pressure ionization chamber and the
TLD system was also made to try to verify the
ability of the TLD network to measure the north
boundary dose. The ion chamber and TLDs were
placed on top of a 10 m tower located on the boun-
dary north of LAMPF from 16 Nov 1978 through 15
Jan 1979. The integrated total dose recorded by the
ion chamber for this period was 23.7 mrem, The
TLDs recorded 22.7 + 0.4 (2u) mrem. An estimated
dose of 2.1 mrem due to LAMPF activities using
data from the ion chamber compares with 3.6 + 2.4
(2u) mrem measured by the LAMPF network TLDs
placed 1 m above ground in the vicinity of the tower.
This close agreement between the two methods of
dose measurement indicates that the TLD system is
capable of measuring the boundary dose due to
LAMPF activities with reasonable accuracy.

2. Air sampling

Samples are collected monthly at 26 continuously
operating stations during 1978. High volume
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positive displacement air pumps with flow rates of
approximately 3 1/s are used. Atmospheric aerosols
are collected on 79 mm diam polystyrene filters.
Part of the total air flow (-2 ml/s) is passed through
a cartridge containing silica gel to adaorb at-
mospheric water vapor for tritium analyses. Air flow
rates through both sampling cartridges are
measured with variable-area flow meters, and
sampling times recorded.

Gross alpha and gross beta activities on the
monthly air filters are measured with a gas-flow
proportional counter on collection day and again 7 to
10 days after collection. The first count is used to
screen samples for inordinate activity levels. The se-
cond count (made after adsorbed, naturally-
occurring, radon-thoron daughters had reached
equilibrium with the long-lived parents) provides a
record of long-lived atmospheric radioactivity,

At one location (N050 E040) atmospheric radioac-
tivity samples are collected daily (Monday through
Friday). Atmospheric particulate matter on each
daily filter is counted for gross alpha and gross beta
activities on collection day and again 7 to 10 days
after collection. The fmt measurement provides an .
early indication of any major change in atmospheric
radioactivity. The second measurement are used to
observe temporal variations in long-lived at-
mospheric radioactivity.

After being measured for groin alpha and gross
beta activities, the monthly filters for each station
are cut in half, The fmt group of filter halves is then
combined and dissolved to produce quarterly com-
posite samples for each station. The second group of
filter halves is saved for uranium analysis.

Plutonium is separated from the solution by anion
exchange. For 11 selected stations, americium is
separated by cation exchange tlom the eluent solu-
tions from the plutonium separation process. The
purifkd plutonum and americium samples are
separately electro-deposited and measured for
alpha-particle emission with a solid-state alpha
detection system, Alpha-particle energy groups as-
sociated With the decay of 238Pu, 239Pu, and 24Ub
are integrated, and the concentration of each
radionuclide in its respective air sample calculated,
This technique does not differentiate between 239Pu
and 24@u. Uranium analyses by neutron activation ‘
analysis (see Appendix C) are done on the second
group of filter halves,



Silica gel cartridges from the 25 air sampling sta-
tions are analyzed monthly for tritiated water. The
cartridges contain a small amount of blue “in-
dicating” gel at each end to indicate a desiccant
over-saturation. During cold months of low absolute
humidity, sampling flow rates are increased to en-
sure collection of enough water vapor for analysis.
Water is distilled from each silica gel sample,
yielding a monthly average atmospheric water vapor
sample. An aliquot of the distillate is then analyzed
for tritium by liquid scintillation counting.

Measurements of the air particulate samples re-
quire that chemical or instrumental backgrounds be
subtracted to obtain net values. Thus, net values
lower than the minimum detection limit (MDL) of
the system were sometimes obtained (see Table C-
IV). Individual measurement often result in values
of zero or negative numbers because of statistical
fluctuations in the measurements. Although a
negative value does not represent a physical reality,
a valid long-term average of many measurements
can be obtained only if the very small or negative
values are included in the population. For this
reason, the primary value given in the tables of air
sampling results is the actual value obtained from
an individual measurement or group of measure-
ments. These primary values are those used in mak-
ing subsequent statistical analyses and in evaluating
the real environmental impact of Laboratory opera-
tions.

Station and group means are weighted for the
length of each sampling period and for the air
volume sampled. The means were calculated using
the following equation.B4

N
~ V’t,c,

~= f=l
N~ V,t,

j=l

where

7 = annual mean station or group atmospheric
radioactive species concentration.

Ci = atmospheric radioactive species concentration
for station or group i during ti,

N = total number of samples during 1978 for a sta-
tion or group,

~ = length of routine sampling period for station or
group i, and

Vi = air volume sampled for station or group i during
ti.

Standard deviations for station and group means
are similarly weighted by using the following equa-
tion.

6; =

( N-1

where

c?? = standard deviation of%.

-1

/2

1

To indicate the precision of the maximum and
minimums, an uncertainty t8rm representing twice
the propagated measurement uncertainty (2c) as-
sociated with the reported maximum or minimum
value is included in the data tables.

3. Water, Soil, and Sediment Sampling

Surface and ground water sampling points are
grouped according to location and hydrologic
similarity; i.e., regional, perimeter, and onsite sta-
tions. Surface and ground water grab samples are
taken one to two times annually. Samples from wells
are collected after suftlcient pumpage or bailing to
ensure that the sample is representative of the water
in the aquifer. Spring samples (ground water) are
collected at point of discharge.

The water samples are collected in 4 1 (for
radiochemical) and 11 (for chemical) polyethylene
bottles. The 41 bottles are acidified in the field with
5 m~ of concentrated nitric acid and returned to the
laboratory within a few hours for filtration through a
0.45 gm pore membrane falter. The samples are
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analyzed radiochemically for dissolved cesium
(137CS), plutonium (238Pu and 239Pu), and tritium
as HTO, as well as for total dissolved gross alpha,
beta, and gamma activities, Total uranium is
measured using the neutron activation method.

Water is collected for chemical analyses at the
same time as for radiochemical analysis and
returned to the laboratory for filtration through a
Whatman #2 filter. Samples for trace constituents in
the water supply are collected and acid%~ed in the
field and returned immediately to the laboratmy for
filtration.

Soil and sediment stations are also grouped ac-
cording to location and hydrologic similarity; i.e.,
regional, perimeter, and onsite stations.

Soil samples are collected by taking five plugs, 75
mm in diameter and 50 mm deep, at the center and
comers of a square area 10 m on a side. The five
plugs are combined to form a composite sample for
radiochemical analyses. Sediment samples are col-
lected from dune buildup behind boulders in the
main channels of perennially flowing streams. Sam-
ples from the beda of intermittently flowing streams
are collected across the main channel. The soil and
sediment samples are analyzed for gross alpha and
gross beta activities, 137CS and 238Pu and 239Pu.
Moisture distilled from soil samples is analyzed for
3H. A few select samples are analyzed for ~fh.

Cumulative samplers are set in a dry stream to
collect samples of intermittent storm runoff. The
sampler consists of a heavy angle iron driven into the
channel with a heavy polyethylene bottle attached
by a strap. The intake nozzle to the bottle, con-
sisting of a 1 cm diam copper tube fitted ttiough the
plastic bottle cap, faces upstream and is placed
about 4 cm above the channel. A vent hole (0.4 cm
diam) is drilled into the bottle neck to vent air dur-
ing initial filling of the sampler and to allow some
continuous circulation of water and sediments into
the bottle. The average time to fill the sampler is

about 3 rein; however, this can vary considerably,
depending on the volume and velocity of flow.

The samples are filtered through a 0.45pm filter.
The radioactivity and chemical composition of the
solution is defined as filtrate passing through the
filter, while the radioactivity in suspended sedi-
ments is defined as the residue on the filter.

The average concentrations of radionuclides and
chemical constituents are reported for a number of
individual analyses in Tables E-XIII through E-XVI
and Tables E-XVIII and E-XX. The minimum and
maximum values reported are individual analyses in
the groups, while the average is computed from all of
the individual analyses in the group. The uncer-
tainty following the primary value represents twice
the standard deviation of the distribution of
observed values, or the analytical variation for in-
dividual results.
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APPENDIX c

ANALYTICAL CHEMISTRY

1. Procedures

a. Plutonium and Americium. Soil and sedi-

ment samples are dried, sieved through a No. 12
screen (<1.7 mm), and split into 10 g aliquots. Each
aliquot is leached with HF - HN03.

Waters are acidified to -1% HN03 in the field.
Immediately upon arrival in the laboratory, they are
filtered through 0.45 pm pore membrane filters, split
into 500 ml aliquote, and evaporated to dryness with
HN03. The residue is treated with HF to dissolve
silica.

Air filters are ignited in platinum dishes, treated
with HF-HN03 to dissolve silica, wet ashed with
HN03 - H202 to decompose the organic residue and
treated with HN03-HC1 to ensure isotopic
equilibrium.

Vegetation samples are ashed in a high
temperature oven and then treated like soil samples.
All samples are spiked with standardized 242Pu and
243AIn during dissolution to serve as a chemical

recovery tracer.
Dissolved samples are thoroughly digested in 7.2

N HN03, and lN NaN02 added to ensure that Pu is
in the tetravalent state, The solution is passed
through a pre-conditioned anion exchange column.
The initial eluate and the fmt 20 ml of a 7,2 N
HN03 wash is saved for 24L%n analysis. The
column is then washed with 7.2 N HN03 and 8 N
HC1. Plutonium is eluted with a freshly prepared
solution of 1 g/g NH41 in 1 N HC1. The eluate is ap-
propriately conditioned and Pu is electrodeposited
from a 4% Sohltion of (NH4)2C204, The plated Pu is
counted on an alpha spectrometer.

For water and air filter eamples, the eluate from
the Pu column is conditioned to ensure the removal
of HN03 and adjusted to 0.6 N HC1. This solution is
loaded on a cation exchange column, rinsed with 0.5
N HC1 followed by 2.0 N HC1, and Am is eluted with
4 N HC1.. The eluate is converted to the nitrate,
made 6 N with HN03, then mixed with ethanol in
the proportion 40% 6 N HN03-60Y. ethanol, and
loaded on a preconditioned anion exchange column.
The column is washed with 75% methanol-25% 6N
HNO,, and 60% methanol-40%6N HN03.
Americium is eluted with 60% methanol-40% 2.5 N

HN03.

METHODS

This non-aqueous solvent-anion exchange
step separates the rare earth elements, other ac-
tinides, and Ra from Am.

For soil and vegetation samples the eluate from
the Pu column is converted to 6 N HC1. Americium
is extracted into 0.015 N DEHPP and then back ex-
tracted with (NH4)2C03. The back extract is
decomposed with HC1, HN03, and HC104, dis-
solved in 3 N HC1. The solution is brought to 3 N in
HF and Am is coprecipitated with YF3. The YF3 is
dissolved with H3B03 in 6 N HN03, then mixed
with ethanol in the proportion 40% 6 N HN03-60Y0
ethanol, and loaded on a preconditioned anion ex-
change column, The column is washed with 75%
methanol-25% 6 N HN03 and 60% methanol-40Ye 6
N HN03. Americium is eluted with 60% methanol-
40% 2.5 N HN08. This non-aqueous solvent-anion
exchange step separates the rare earth elements,
other actinides, and Ra from Am. The Am effluent is
evaporated and dissolved in 2 ml HC1 and 2 ml 6 N

NH4SCN. The pH is adjusted to -3 with NH40H.
The adjusted sample is loaded on a preconditioned
anion exchange column. The column is washed with
2 N NH4SCN to separate rare earth elements.
Americium is eluted with 2 N HC1.

Air and water sample eluates from the methanol-
HN03 column and soil and vegetation sample
eluates from the SCN - column are conditioned and
Am electrodeposited horn 5 N NH4C1 adjusted to
the methyl red endpoint. Electrodeposited Am is
counted on an alpha spectrometer.

b. &088 Alphu and Beta Two g of soil or sedi-
ment are leached in hot HN03-HC1, and the super-
nate is transferred to a stainless steel planchet and

dried for counting.
Nine hundred mf of water are acidified with 5 mJ?

of HN03 and evaporated to dryness. The residue is
treated with HF-HN03 to dissolve silica, and H202
and HN03 to destroy organics. Residue is dissolved
in 7.2 N HN03, and then transferred to a counting
planchet.

Air filters are mounted directly on counting
planchets,
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Samples appropriately loaded on the planchets
are counted on a thin window, dual channel gas
proportional counter. Activity is calculated with ap-
propriate corrections for cross talk between the two
channels and the effect of mass loading on the
counting efficiency.

c. ZWium. Soils are heated to evaporate the soil

moisture, the condensate is trapped, and 5 ml ali-
quots are transferred to scintillation vials.

Water samples are acidified to -1% HN03 in the
field and filtered through 0.45 ~m pore membrane
filters immediately upon arrival in the laboratory.
Five mf of the water are transferred into a scintilla-
tion counting vial.

Atmospheric water is trapped in a desiccator in
the field. Moisture is removed from the desiccant in
the laboratory, and appropriate aliquots taken for
scintillation counting. Fifteen ml? of scintillation li-
quid are added to each sample, which is then
vigorously shaken.

Samples are counted in a Beckman LS-200 liquid
scintillation counter for 50 min or 10 000 counts,
whichever comes first. Standards and blanks are
counted in conjunction with each set of samples.

de 137CU ad @IX3U ~m~, soils ~d Sedi.

ments are sieved through a No. 12 (< 1.7 mm)
screen. One hundred grams of the sieved soils are
weighed into polyethylene bottles.

Water samples are acidified in the field to -1%
HN03 and filtered through 0.45pm pore membrane
filters. Five hundred ml? of each sample are transfer-
red to a standard 500 ml polyethylene bottle for
counting.

The radionuclide 137CS is determined by counting
on a Ge(Li) detector coupled ta a multichannel
analyzer. The activity is calculated by direct com-
parison with standards prepared in the same
geometrical configuration as the samples. Gross
gamma is measured by counting in an NaI(Tl) well
counter, which accommodates the 500 ml bottles. A
single channel analyzer adjusted to register gamma
radiation between O and 2 MeV is interfaced b the
detector. Gross gamma determinations are reported
as net counts per unit time and unit weight.

e. 90Sr. Sample preparation and dissolutions are
similar to those described in the section on Pu. After
dissolution, the residue is dissolved in HC1, the pH is

adjusted to 2, and Y is separated from Sr by extrac-
tion into 20% HDEHP in toluene. The isolated WSr
is left undisturbed for two weeke to allow the
daughter 90Y to attain radioactive equilibrium.
After that period, inactive Y carrier is added and
90Y & ag~n extractedfrom Wsr by solvent extrac-

tion into 5% HDEHP in toluene. Yttrium is back ex-
tracted inta 3 N HN03 and precipitated as the
hydroxide. Yttrium hydroxide is redissolved and the
oxalate is precipitated. This precipitate is oven fired
to the oxide which is fiitered and weighed to deter-
mine the chemical yield. Yttrium oxide precipitate
is counted on a gas proportional counter to measure
the activity. Samples are recounted after three days
to verify the separation of WY from other beta-
emitting nuclides.

f. Uranium halyses for U were performed in

one of two ways—instrumental epithermal neutron

activation analysis or delayed neutron activation
analysis. In the fiist method, two gram samples are
irradiated in the epithermal neutron port at the Los
Alamos Omega West Reactor. A period of two to four
days is allowed to pass after the irradiation, and the
samples are counted on a Ge(Li) gamma-ray
spectrometer. The 22$ and 278 keV transitions from
239NP me Used for the quantitative determination.

The nuclear reaction is 238u (n,~) 239u ~ 239Np +
(3. Obviously the ratio measures the major isotope of
U and calculates total U assuming 238u is >99% of
the total U. This assumed value will probably not
vary significantly in environmental samples.

For samples with U concentrations greater than
100 ppm, another epithermal irradiation may be
used. Following a 5 min irradiation and 10 min
decay, the 75 keV gamma ray from 239u may be
observed directly rather than waiting for the total
decay to 239Np. Results from both epithermal
methods have been reported in the literature.cl

In the second method, samples are irradiated in a
thermal neutron port and pneumatically transferred
to a neutron counter where the delayed neutrons
produced by the fission of 235u are measured.C2
The technique is very manpower efficient and has a
lower limit of detection than does the epithermal ir-
radiation method. However, total U is calculated as-
suming a 235uf138u ratio of 0.0072. Variations in
this ratio will produce inaccuracies in the result,
hence samples likely to contain depleted U were not
analyzed by this method because of the lower limits

.

.
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of detection. Most of our U analyses are done by this
method because it ia the more sensitive.

An advantage to having both U techniques
available is that samples containing enriched U may
be measured. The 235u content maybe determined.
by delayed neutrons and the 238u content by
epithermal activation. Total U is the sum of these,

. and a rough indication of the isotope ratio may also
be given.

A comparison of these methods with the more
traditional fluorometric technique for U analysis in
soils has been published.C3

2. Stable Elements

Four instrumental methods are used for a wide
variety of stable element determinations. Neutron
activation and atomic absorption are the principal
techniques with ion chromatography and ion selec-
tive electrodes used in a supplementary role. Ele-
ments and anions determined by the various

methods are summarized in Table CI. In addition,
standard chemical methods are used for HC~Sz,

total dissolved aolida (TIM), and total hardness. It
should be noted that our Hg method of choice is cold
vapor atomic absorption using the standard Perkin-
Elmer technique,

3. Analytical Chemistry Quality Evaluation
Program

Control samples are analyzed in conjunction with
the normal analytical chemistry workload. Such
samples consist of two general types. Blanks are
matrix materials containing quantities of analyte
below the detection limit of the analytical
procedure. Standarda are materials containing
known quantities of the analyte.- Analyses of control
samples fill two needs in the analytical work. First,
they provide quality control over the analytical
procedures so that problems that might occur can be
identiiled and correcind. Secondly, data obtained

TABLE C-I

ANALYTICAL METHODS FOR VARIOUS
ELEMENTS AND ANIONS

Technique

NeutronActivation
Instrumental Thermal

Instrumental Epithermal

Thermal Neutron Capture–
Gamma nay

Radiochemical

Atomic Absorption

Ion Chromatography

Ion Selective Electrodes

Elements/Ardone Measud

Al,Sb,Aa,Ba,Br,Ca, Ce,Cs,Cl,Cr,
Co,Dy,Eu,Au,Hf,In, I,Fe,La,Lu,
Mg,Mn,K,Rb,Sm,Sc, Se, Na,Sr,S,
Ta,Tb,Th,Ti,W,V, Yb,Zn

Al, Sb,Aa,Ba,Br,Cs, Cr,F,Ga,Au,
In,I,La,Mg,Mn,Mo, Ni,K,Sm,Se,
Si,Na,Sr,Th,Ti, W,U, Zn,Zr

Al,B, Ca,Cd,C,Gd,H,Fe,Mg
N, P, K,Si,Na,S,ti

Sb,Aa,Bi,Cu,Au,Ir, Hg,Mo,Os,Pd
P, Pt,Ru,Se,Ag,Te, Th,W,U

Sb,Aa,Ba,Be,Bl, Cd,Ca,Cr,Co,Cu
F,Ga,In,Fe,Pb,Li, Mg,Mn,Hg,Mo,
Ni,K,Se,Si,Ag,Na, Sr,Te,Tl,Sn,
Tl,V,Zn

F-, Cl-, Br-,NO;,
NOi,S08’,S04’,P04’, NH~

F-, NO~,NH:

C4,S,6,7

C8,9,1O,11

C12,13,14

C15,16,17,18
19,20

C21,22,23,24,
25,26,27

C’i?a

C29
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from the analysis of control samples permits the
evaluation of the capabilities of a particular
analytical technique under a certain set of circum-
stances. The former function is one of analytical
control, the latter is called quality assurance.

Quality control samples are obtained from outside
agencies and prepared internally. The EPA provides
water, foodstuff, and air filter standards for analysis
of gross alpha, gross beta, 3H, 137CS, and 239Pu as
part of the ongoing laboratory intercomparison
program. The Environmental Measurements
Laboratory (EML) provides soil, water, bone, tissue,
vegetation, and air filter samples each containing a
wide variety of radionuclides. These are part of a
laboratory intercomparison of DOE-supported I
facilities. Uranium standards obtained from the
Canadian Geological Survey (CGS) and the Inter-~
national Atomic Energy Agency (IAEA) are used to
evaluate the uranium analysis procedures. Internal
standards are prepared by adding known quantities
of analyte to blank matrix materials.

Quality assurance for the stable element analysis
program is maintained by the analysis of certified or
well-characterized environmental materials. The
National Bureau of Standards (NBS) has a large set
of silicate, water, and biological Standard Reference
Materials (SRM). The EPA distributes mineral
analysis and trace analysis water standards. Rock
and soil certified standards have been obtained from
the CGS and the United States Geological Survey
(USGS). Other trace elemental standards have been
purchased from Kodak.

No attempt is made to make control samples un-

known to the analyst. However, they are submitted
to the laboratory at regular intervals and analyzed in
association with other samples; i.e., they are not
normally handled as a unique set of samples. We feel
that it would be difficult for the analyst to give the
samples special attention even if they were so in-
clined. We endeavor to run at least 10% of the stable
element analyses as quality assurance samples using
the materials described above. A more detailed
description of our Quality Assurance Program using
SRM is in preparation.

The capabilities of the analytical procedures are
evaluated from the quality control samples. Ac-
curacy and precision are evaluated from results of
analysis of standards. These results are normalized
to the known quantity in the standard to permit

comparison between standards containing different
quantities of the analyte:

~ = Reported Quantity .

Known Quantity

A mean value of (X) of R for all analyses of a given
type is calculated by weighting each value (xi) by
the uncertainty associated with it (al).

~=*.

The standard deviation (u) of the weighted mean is
calculated assuming a normal distribution.

.

These calculated values are presented in Table C-
11. The weighted mean of the R is a measure of the
accuracy of the procedure. Values of R greater than
unity indicate a positive bias and values less than
unity, a negative bias in the analysis. The standard
deviation is a measure of the precision. The preci-
sion is a function of the quantity of analyte; i.e., as
the absolute quantity approaches the limit of detec-
tion, the precision increases. For instance, the preci-
sion for 137CS determinations is quite large because
many of the standarda approached the limits of
detection of the measurement. Conversely, the
precision for the uranium analyses is unrealistically
small because the standards contained quantities of

uranium significantly above the detection limits.
Analysis of blanks provides a criterion to judge the

probability that samples were contaminated during
the analysis. Table C-III presented weighted means
and standard deviations of the absolute quantity of
analyte reported in blank materials analyzed during
1978.

4. Limits of Detaction

Data from the analysis of blanks also provide a
means of calculating limits of detection for the
various procedures. Table C-III presents detection
limits for analyses of various constituents in several
environmental matrices.
241Am, 137CS, ~d U

The limits for 238,239Pu,

are calculated from the
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TABLE C-II

ANALYTICAL CAPABILITIES EVALUATED FROM
QUALITY CONTROL AND QUALITY ASSURANCE STANDARDS

No. of Samples
(Weigh&l Mean)

i*ti

wSr
3H

226 &

137 &

238 PU

239 PU

241 ~

Gross alpha

Gross beta
u
Al
Sb
As
Ba
Br
Ca
Ce
Cs
cl
Cr
co
Eu

9
30
6

14.
23
37
25
21
21
87
17
1

10
12
2
7
2
1

35
2
1
5

1.53 ● 0.57
0.70 * 0.39
1.09 * 0.13
0.92 & 0.61
0.84 + 0.23
0.90 * 0.19
0.96 * 0.14
0.86 * 0.23
1.07 * 0.08
0.99 * 0.06
1.11 + 0.27
0.90
0.97 ● 0.05
0.98 + 0.13
0.87
1.08 + 0.12
1.05
0.99
0.99 * 0.11
1.08
1.00
1.11 * 0.07

“Three or more samples are required to calculati a.

weighted mean plus two standard deviations of the
analysis of blanks (Table C-IV). For tritium, the
detection limit is merely 2U of repetitive determina-
tions of the instrumental blank. Gross alpha and
gross beta are measured simultaneously by counting
on a gas proportional counter and electronically dis-
criminating the output pulses. As there is crosstalk
generated by the detection of the two types of emis-
eio%s, the detection limit of one is a function of the
counting rate of the other. Detection limits in Table
C-III are calculated assuming that counting rates for
both alpha and beta are at background levels. The
detection limit for alpha increases 10% above the
limit for every count per minute (cpm) of beta ac-
tivity emitted by the sample, Similarly, the detec-
tion limit for beta increases 40% for every 10 cpm of
alpha.

Analysis

F
Hf
Hg
Fe
La
Lu
Mg
Mn
K
Rb
Sm
Sc
Se
Na
Sr
Ta
Th
Ti
w
v
Yb

No. of Samples

43
4

15
6
9
2
4

12
15
2
7
2

15
22
5
3
9
3
6

12
5

1.06 * 0.20
1.19 + 0.12
1.03 + 0.04
0.96 + 0.07
0.91 ● 0.04
1.12
0.91 + 0.08
1.07 + 0.23
1.01 + 0.04
0.94
1.18 + 0.02
0.98
0.91 * 0.20
1.02 + 0.10
0.91 + 0.10
0.98 + 0.07
0.98 + 0.04
1.02 + 0.02
0.99 ● 0.01
0.94 + 0.12
1.09 + 0.08

For most routine water samples, concentrations of
137(3s were detem~ed fith a NaI(Tl) well counter.

An automatic sample changer used in conjunction
with the system significantly reduced the cost of the
analyses. However, the smaller volume and higher
background associated with the NaI(Tl) detector
significantly degraded the limit of sensitivity for this
analysis. No blanks were measured to assess these
limits, but they are estimated to be an order of
magnitude greater than that given in Table C-IV,
which was determined by counting 500 mf samples
on a Ge(Ll) detector.

Results greater than the defined detection limits
indicate the presence of the constituent at the 95%
confidence level. However, results less than the
detection limit do not necessarily indicate its
absence.
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TABLE C-III

QUANTITY OF CONSTITUENT REPORTED IN BLANKS

Quantity
No. of (Weig~+daMean)

Analyses Samples Units

wSr
137C8
238Pu
239pu
241Am

Uranium
(Delayed neutron)

Uranium
(Epithermal activation)

Gross a
Grossf?

15
26
23
23
18
4

153

9
9

0.0055 + 0,06
1.2 * 11

–0.0064 + 0.069
0.0010 + 0.029
0.021 * 0.020

15+6

25*12

0.032 + 0,35
0.57 * 0.93

TABLE C-IV

DETECMON LIMITS FOR ANALYSES OF TYPICAL
ENVIRONMENTAL SAMPLES

Parameter

Air Sample
Tritium
mpu

280pu

‘“Am
Gross-alpha
Gross-beta
Uranium

(Delayed neutron)

Water Sample
Tritium
187C8

‘“PU
ampu

241Am

Gross-alpha
Gross-beta
Uranium

(Delayed neutron)

Soil Sample
Tritium
l“CS
““PU
180pu
UIAm

Gross-alpha
Gross-beta
Uranium

(Epithermal activation)

Approximate Sample
Volume or Weight

3m
1.2 X 10’ m’
1.2 X 104 mS
2.5 X 104ma
3.8 X 10’ m’
3.8 X 10s ma
2.5 X 10’ m’

0.0051
0.51
0.51
0.51
0.51
0.91
0.91
0.025.4

1 kg
100 g

10
10
10
2
2
2

count
Time

100 min
8 X 104 sec
8 X 10’ sec
8 X 104sec

100 rein”
100 min

100 min
5 X 104 sec
8 X 104 sec
8 X 104 sec
8 X 104 sec

100 min
100 min

100 min
5 X 10’ sec
8 X 10’ sec
8 X 10’ sec
8 X 104sec

100 min
100 min

pCi
pCi
pCi
pCi
pCi
ng

ng

pCi
pCi

Concentration

10-” gCi/m.4
2 X 10-12 pCi/m.4

10-:2 #Ci/mj
2 X 10-12 pCi/m,C
3 X 10-1’ ~Ci/m,4
3 X 10-” pCi/m,C

1 pglm’

7 X 10-7 jtCi/m~
4 X 10-’ pCi/ml

9 X 10-’2 pCi/m,C
3 X 10-” pCi/ml
2 X 10-’0 pCi/mt
1 X 10-’ gCi/mt
5 X 10-’ gCi/m!

1 pgl~

0.003 pci/g
10-1 pci/g
0.003 pCi/g
0.002 pCi/g
0.01 pci/g
0.8 pCi/g
0.003 pCi/g
0.03 pglg

.

.

,
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APPENDIX D

METHODS FOR DOSE CALCULATIONS

A. Airborne Tritiurn and Actinides

Measured annual average concentrations in air,
after subtracting background, are multiplied by
standard breathing ratesDl ta determine annual in-
take via inhalation. This intake is then multiplied
by appropriate dose conversion factoreD2 to convert
intake into annual dose and 50 year dose commit-
ments for various organs. Dose commitment factors
for tritium include an increase by a factor of 2 over
inhalation intake to account for skin absorption of
tritium.

B. Airborne Air Activation Products

Nuclear reactions with air in the target areas at
LAMPF cause the air activation producti llC, 13N,
and 150 to be formed. These isotopes are all positron
emitters and have 20.4 -rein, 10-min, and 122-sec
half-lives, respectively. Neutron reactions with air
at the Omega West Reactor and LAMPF form 41Ar
(1.8 h half-life), The concentrations of these isotopes
at the appropriate site boundary are calculated us-
ing the annual average meteorological dispersion
coeftlcient

X(r,9)/Q

and the source term Q X(r,fO is determined from
Gaussian plume dispersion models. The dose
calculated using semi-infinite cloud assumptions
and then corrected for cloud size. The gamma dose
rate in a semi-infinite cloud can be represented by
the equationD3

7= (X,y,o,t) = o.ziz~x(x,y,o,t),

where

‘Y.. (%Y,o$t) = gamma dose rate (rad/see) to a per-

son located at point x,y at ground level and time t,

~~ = average gamma energy per decay (MeV), and

X(x,y,o,t) = plume concentration in curies/m3 at
time t.

Dose rate corrections for estimated plume size (if
the cloud cannot be construed to be semi-filnite) is
taken from standard graphical compilations.D337
is 1.02 MeV for the positron emitters (two 0.511 MeV
gammas are produced in the positron annihilation
process) and 1.29 MeV for 41Ar. For maximum in-
dividual doses, a shielding factor (because of struc-
ture shielding) of 0.7 is used.D4
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D3. D. H. Slade, Ed., “Meteorology and Atomic

Energy 1967,” U.S. AEC document TID-24190
(1968).
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TABLE E-III

REGIONAL AVERAGE BACKGROUNDS
ATMOSPHERIC RADIOACTIVITY CONCENTRATIONS

Activity(10-15@i/xnl)
Radioactive
Constituent EpAa LASLb CGC

Gross ad Not reported
Gross 13e 83
241Am Not reported
238~ 0.0018 + 0.0018
239~ 0.0199 * 0.0100
Tritium Not reported
Uranium 0.0408● 0.0300

(120+ 88)f

1.4 * 0.2 60
105+25 1X105

0.004● 0.004 2 x 102
0.0012 + 0,0026 70

0.014 * 0.007
11 000.+ 3500 2X%3
0.034 & 0.017 7 x 104

(105 + 54)f

““Radiological Quality of the Environment,” (EPA-
520/1-76-010), US EPA, Office of Radiation
Programs, Washington, DC (1976).

bAnnual averages for 1973-1977.

c Concentration Guide for uncontrolled areas.
d Gross alpha activity compares to CG for 239Pu.
eGross beta activity compared to CG for 131I.
‘pglm3.
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TABLE E-IV

LONG-LIVED ATMOSPHERIC GROSS BEI”A CONCENTRATIONS
FOLLOWING CHINESE NUCLEAR TEST ON

MARCH 14,1978
.

Gross Beta (10-15 @/m4)

Sampling Period

3/13 - 3/17
3/7 - 3/20
3/20 - 3/21
3/21 - 3/22
3/22 - 3/23
3/23 - 3/24
3/24 - 3/27
3/27 - 3/28
3/28 - 3/29
3/29 - 3/30
3/30 - 3/31
3/31 - 4/3
4/3 - 4/4

.-.

100 * 10
310 +40
830 + 110
200 *30
150 +20
430 &50
320 +40
400+50
460 +60
590 +80
190 + 20
320 +40

Espaiiola .
(28 km from LASL)

180 +20
114 *15
170 +20
500 * 60’
170 *20
170 ● 20
460 +60
260 +30
240 +30
330 *40
570 + 7ob
190 ● 20
230 +30

aFirst pass of the fallout cloud.
bSecond pass of the fallout cloud.

TABLE E-V

LONG-LIVED ATMOSPHERIC GROSS BETA CONCENTRATIONS
FOLLOWING CHINESE NUCLEAR TEST ON

DECEMBER 14,1978

Gross Beta (10-15 uCi/ml)

Sampling Period

12/15 - 12/18
12/18 - 12/19
12/19 - 12/20
12/20 - 12/21
12/21 - 12/22
12/22 - 12/26
12/26 - 12/27
12/27 - 12/28
12/28 - 12/29
12/29 - 1/2/79
1/2 - 1/3

OHL
(Onsite)

48+6
16+3
83 + 14
45k6
53*7

148i 19
91 * 12
80 + 11
63*8
37*5
74 + 10

Espaiiola
(28 km from LASL)

77 + 10
37*5
39*5
40&6
20+3

190* 2oa
78 + 11
95 + 13
55&8
44&6
77 + 10

.

.

78
aPeak.
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TABLE E-VI

LOCATION OF AIR SAMPLING STATIONS

Latitude

Station N-SOr&ord

Regional (28-44 km)

1. Espafiola
2. Pojoaque
3. Santa Fe

Perimeter (O-4 km)

4. Barranca School
5. Arkansas Avenu~
6. Cumbrea School
7. 48th Street
8. LA Ail’pOrt
9. Bayo STP

10. Gulf Station
11. Royal Crest
12, White Rock
13. Pajarito Acres
14. Bandelier

Onsite

36°00’
35°52’
35”40’

N180
N170
N150
N11O
N11O
N11O
N1OO
N080
S090
S21O
S270

—
15. TA-21
16. TA-6
17, TA-53 (LAMPF)
18. Well PM-1
19. TA-52
20. TA-16
21. Booster P-2
22. TA-54
23. TA-49
24. TA-33
25. TA-39

NOW
N060
N060
N030
N020
S030
S030
S080
Sloo
S250
S21O

Longitude

E-&!eord

106”O6’
106”02’
106°56’

E130
E020
E090
EOOO
E160
E260
E1OO
E080
E430
E370
E200

E170
W050
E190
E31O
E170
W080
E190
E260
E040
E230
E21O
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TABLEE-VIII

ANNUALATMOSPHERICTRITIATEDWATERVAPOR CONCENTRATIONS

C0ncentrati0n9 - PCtim3 (10-12 IICtinrl)No.
4-wk

Samples

Total Air

Station Lacation Volume (m3)a
No. Samples

<MDLb Mearrc
Mean as
% CG”dMaxc Mine

Regional Stations (28-44 km) - Uncontrolled Areas

1. Esjrafiola 113
2. Pojoaque 121
3. Santa Fe 121

Ragional Group Summary 356

13
13
13

39

3
0
2

5

18*6
9*3

19*6

19+6

28 +’8
38 +. 14
27%8

106 *34
107 * 34
23k8
43 k 14
67*22
25*8
36 * 12
26+8

0.9 * 0.8
1.1 * 1.0
0.2 + 0.6

5+11
4*4
5+10

0.003
0,002
0.002

0.2 * 0.6

0.7 + 0.6
0.6 + 0.2
2.0 * 1.0
1.9 * 1.0
3.5 * 1.2
1.4 + 0.8
4.2 + 1.6
4.0 * 1.4
1.9 + 1.8
2.6 + 1.2
2.6 + 1.4

0.6 + 0.2

1.5 * 1.0
0.5 ● 0.4
1.9 + 0.8
1.2 + 1.6
3.1 i 1.2
0.6 + 0.6
2.3 + 1.0
9.1 + 3.0
0.1 + 0.6
6.5 + 2.2
2.7 + 1.0

0.1 + 0.6

4*9 0.002

Perimeter Stations (O-4km) -

4. Barranca School
5. Arkansas Ave
6. Cumbres School
7. 48th Street
6. LA Airport
9. Bayo STP

10. Gulf Station
11. Royal Crest
12. White Rock
13. Pajarito Acres
14. Bandelier

Perimeter Group Summary

Uncontrolled Areas

121
121
120
113
113
113
121
121
121
120
111

1300.

13
13
13
13
13
13
13
13
13
13
13 —

143

1
1
0
0
0
0
0
0
0
0
0

10 i 15
10 i 21
10 i 15
21 k 60
26+63
7*14

18 k 27
16 &35
7+14

lo. * 20

0.CQ5
0.005
0.005
0.010
0.013
0.003
0.009
0.008
0.004
0.005
0.004

0.007

9*15

13 &332 107 +34

118 +38
15*4
33 i 10
95 *30
39 *12
24*8
85*26

114 +36
19+6
92 &30
6$*22

118+38

Onaite Stations - COntrOllcd Areas

15. TA-21
16. TA-6
17. TA-53 (LAMPF)
18. Well PM-1
19. TA-52
20. TA-16
21. Booster P-2
22. TA-54
23. TA-49

114
117
114
115
121
121
121
123
120

13
13
13
13
13
13
13
13
13

0
1
0
1
0
1
0
0
1

23*4O
5*1O

13 *21
15 * 53
16 &21
6+15

14 *45
57 i 74

5*1O
25*54

o.cm5
O.occll
0.0CH13
0.0003
0.0003
O.cnlol
0.0003
0.0011
OJMO1
0.000524. TA-33 120 13 0

25. TA-39 122 13 0

Onsite Group Summary 1311 143 4

15 h 36

18 + 48

0.0C03

0.0004

aAir volumes (m3) at average ambient conditions of 77 kPa barometric pressure and 15”C.
bMinimum detectable limit = 1 X 10-12 @iimL
cUncertaintiea for maximum and minimum concentratimre are counting uncertainties at the 95”A
confidence level (+2 sample standard deviations). Uncertainties for station and group means are
+2 standard deviations.
d(krtrolled area radioactivity concentration guide = 5 X 1o-6 #Ci/ml.
Uncontrolled area radioactivity concentration guide = 2 X 10–7 #Ci/m.l.
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LOCATIONS OF SURFACE AND GROUND WATER STATIONS

.
Station

Latitude

;:s
Coordinate

Longitude

E:W
Coordinate

Map
Designation- TYPOb

Regionalc
Chamita-Rio Charna
Embudo—Rlo Grande
Otowi-Rio Grande
Cochiti-Rio Grande
Bemalillo-Rio Grande
Jemez River

Perimeter
Las Alamos Reservoir
Guaje Canyon
Basalt Spring
Frijoles Canyon
La Mesita Spring
White Rock Canyond

Puye Formation
Tesuque Fm (F.G. Sad)
Tesuque Fm (C.G. Seal)
Tesuque Fm (Basalta)
Surface Wat8r
Surface Water (Sanitary effluents)

Water Supply
Distribution

Fire Station 1
Fire Station 2
Fire Station 3
Fire Station 4
Fire Station 5

Loa Alamos Field
LA-lB
LA-2
LA-3
LA-4
LA-5
LA-6

Guaje: Field
G-1
G-1A
G-2
G-3
G-4
G-5
G-6

36°05’
36°12’
35°52’
35°37’
35°17’
35”40’

N105
N300
N060
S280
N080

-..
-..
----
---
-..
---

N0841
N1OO
S085
N185
solo

N115
N125
N130
N070
N076
N105

N190
N197
N205
N215
N213
N228
N215

106°07
105”58’
106”08’
106°19’
106°36’
106”44’

W090
E1OO
E395
E180
E550

-..
---
.-.
...
---
---

E015
E120
E375
EQ70
W065

E530
E505
E490
E405
E435
E465

E385
E380
E365
E350
E315
E295
E270

---
-..
-..
..-
---
---

1
2
3
4
5

6
7
8
9

10
11

12
13
14
15
16

17
18
19
20
21
22

23
24
25
26
27
28
29

Sw
Sw
Sw
Sw
Sw
Sw

Sw
Sw
GWS
Sw
GWD

GWD
GWD
GWD
GWD
Sw
Sw

D
D
D
D
D

GWD
GWD
GWD
GWD
GWD
GWD

GWD
GWD
GWD
GWD
GWD
GWD
GWD

85



Station
-

Pajarito Field
PM-1
PM-2
PM-3

Water Canyon Gallery

Noneffluent Areas
Test Well 1
Test Well 3
Deep Test-5A
Test Well-8
Deep Test-9
Deep Test-10

Caiiada del Buey
Pajarito Canyon
Water Canyon
Test Well 2

Effluent Release Area
Acid-Pueblo Canyon
(Former Release Area)

Acid Weir
Pueblo 1
Pueblo 2
Pueblo 3
Hamilton Bend Spring
Test Well 1A
Test Well 2A

DP-Los Alamoe Canyon
DPS-1
DPS-4
Ohs. Hole LAO-C
Ohs. Hole LAO-1
Ohs. Hole LAO-2
Ohs. Hole LAO-3
Ohs. Hole LAO-4
Ohs. Hole LAO-4.5

Sandia Canyon
Scs-1
SCS-2
SCS-3

TABLE E-XII (continued)

Latitude

;:s
Coordinate

Longitude

;-rw
Coordinate

N030
S05S
N040
S040

N070
N080
Silo
N035
S155
S120
NOlO

S090
N120

N125
N130
N120
N085
N11O
N070
N120

N090
N080
N085
N080
N080
N080
N070
N066

N080
N060
N050

E305
E202
E255
W126

E345
E215
E090
E170
E140
E125
E150
E215
E090
E160

E070
E080
E155
E315
E255
E335
E140

E160
E200
E070
E120
E21O
E220
E245
E270

E040
E140
E185

Designation’

30
31
32
33

34
35
36
37
38
39
40
41
42
43

44
45
46
47
48
49
50

51
52
53
54
55
56
57
58

59
w
61

Typeb .

GWD
GWD

.

GWD
GWD

GWD
GWD
GWD
GWD
GWD
GWD
Sw
Sw
Sw
GWD

Sw
Sw
Sw
Sw
GW
GWS
GWS

Sw
Sw
GWS
GWS
GWS
GWS
GWS
GWS

Sw
Sw
Sw

.
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TABLE E-XII (continued)

Station

Mortandad Canyon
GS-1
MCS-3.9
Ohs. Hole MCO-3
Ohs. Hole MCO-4
Ohs. Hole MCO-5
Ohs. Hole MCO-6
Ohs. Hole MCO-7
Ohs. Hole MCO-7.5
Ohs. Hole MCO-8

Latitude Longitude

;:s EYw
Coordinate Coordinate

N040
N040
N040
N035
N030
N030
N025
N030
N030

E200
E140
E11O
E150
E160
E175
E180
E190
E205

Map
Deshmation”

62
63
64
65
66
67
68
69
70

Typeb

Sw
Sw
GWS
GWS
GWS
GWS
GWS
GWS
GWS

%3ee Fig. 9 for numbered locations.
Ww = surface water; GWD = deep or main aquifer; GWS = shallow or alluvial aquifer; D =

water supply distribution system.
‘See Fig. 8 for regional locations.
~Puye Formation 7 stations; Teeuque Fm (F.G. Seal)4 stations; Tesuque Fm (C.G. Seal) 9 sta-

tions; Tesuque (baealta) 3 stations; surface water 2 stations; surface water (sanitary effluents) 1
station.
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TABLE E-XVI

RAD1OCHEMICAL AND CHEMICAL QUALTT OF WATER FROM

ONSITE STATIONS

(w-w. Of ● number or md.v+

239P.w
10-6 +Cflmt

WI, cm,, a GmSS8 Told U
10-9 “Cihls lo-91icvm2 IO-9 *cvmt Itill

N.. of
stat!.. Andy,”

137=.

10-9 #cilmI

338p.

lo-~pcvmll

Nonemu.m Am,,
T“t Well 1
Test Well 3 :
De+pT,,G5A 2
Test Well 8 2
Drrp Test.9 2
Deep Test.10 1
Catid, d,l Bu,y 1
P.pnto C.ny.m 1
water Cmyon 1
T“t W,lt 2 2

-19*L6
?3+67
32 L 62
25*14
1s *I4
Y)*.W
60*32
60*1W
-3 *32
12*2O

15
-19516

70*40
37*Y3

-0.1 Lo.m
-0.1 *0.OS
-0,.2 * 0.0s

-0.0s * 0.04
-o.&l * 0.s
-0.03 ● 0.02
-0.04 * O.LU
-0.04 ● o M
-0.02 * 0.03
-0.03 * 0,02

0 Cm● 0.01
-0.1 * O.bs

-0.01 ● 004
0.C13* O.m
0.2.3* O.o1
0.03 * O.as

-0.05 + 0.24
0.00 i o.m

-0.01 * O.@-s
-0.01 * 0,01

0,0*L6
0.7 * 0.7
1.3 A 3.0
O-S* 1.0
0.9 i 0.0
0,4 i 1.2
1.8* 1.6
&o 42.’2
0.4 i 1.6
0.1 * 1.8

5,1 *W3
1.8 ● 0.6
3.0 ● 3.0
2.5 *0.1
3.64 lL6
4.5 * 1.8
6.4 ~ 2.2

17.U* 4.0
13.0 * 3:1
15+03

0.1 *O.?.
0;’ * 0.3
0..5* 0,2
0.1 LO.1
1.0 + 0.7
0.4 L02
2.4 L 0.4
0.4 *02
1,5 * u:’
0.’2 + 0.3

13
<0.1 + 0.2

24 * 0.4
0.8 ● 1.4

1.3 * 0.3
1.0 +0.1
0.1 ● 0.3
1.6 *0.6
1.9 *1.8
0.5+06
S.6 +08
4.2 * 0.8
1.3*O6
0.6 * 0.3

..
...
...
...
.-
...
...

..
.-
...

No. of h,lw
M,niu.um
Max,.”.
Avemg,

14
4.2 + 0.8
4.2 + 0.8
4.2*23

15
-0.0s * 0.03
-O,m i 0.03
-0.02 ● 0.0s

16
-0.03 ● O.M

0.01 * O.co
-0.02 * 0.04

1s 13
-06*05 1.2 + 1.6

23+00 17.0 * 4.0
01*16 4.7 & 9.0

EM(I,.I I&le.w Am
Add Pueblo Canyon
Ifonuern.le,se .real
Add Weir
Fm,blo I
Pueblo 2
Pu,blo 3
Hunilton Bend 9P,
Test Wdl 1A
Test Wdl 3A

1.3 * 0.4
1.6 * 0.8
1.1 *0.0
0.9 * 0.4
1.6 * 0.6
0.9 * 0.8

16.9 * 4.4

16A 71
1*3

63*111
m*57
40+s0
20+40

-10 +14

0.02 ● 0.C8
-0.w * 0.03
-0.01 * 0.26
-0.03 * 0.04
-0.03 * 0.02
-o os + o.m
-0.0’2 ● 0.02

2.11 * 5.98
0.10 + 0.26
0.04 * 0.01
o.m * o.w

-0.01 * O.*I
-0.0s * 0.02

O.w ● O.CJI

12
-0.W * 0.0s

4.2s * O.J”
0.34, 2.42

77 * 6.0
3.10 ● 0 S0
4.6a * 0.s0
1.10 * 1.03

-070 *0.m
-am ● O.el

0.33 + 1.Q3

32 *S.1
!,1 L 1.6
25 * 3.4
!2 *31
1656,0

0.1 * 1.s
0.7 * 1.4

0.4 + 0.7
0.9 * 1.4
W! * (I.4
?.1 * 5,8
S2410

0,9 L 0.?
U.1 L (M

2
2
2
2
I

2

No. O(hdysu
M,nim.nI
M..im.m
Avcmge

1?
0.8*06

21.6 * 1.1
4.2 + 13.9

12 12
-m*m -0.c8 io.m
110*WI 0.09 + 0.04
‘22*7O -0.01 * 0.CX3

7
-0.07 ● o.m

i7 + 6.0
12 t 6;

12
0.1 * 0.9
1.5* 0.0
45 * 14

1!
<0. I * 02

w + 111
4.9 i .22

DP-t.a Almnos C,ny.an
DPS1
DPS4
LAo.c
LAo.1
IAO.2
LAO.3
LAO.4
LAO.4.5

2
2
2
2

61.2 * 34.S
21.4 * 16.7
1,0*18

21.3 * 10.6
14.8 * 26.9
12.9 + 26.2
10-3+1.7
10,8* 0.6

326 ~ 6.2S
OWL‘A0.%
0.W2● 0.07
0C8*O:B
0.17 * 0.4”
0,15 * 0.40
0.25 i 0,72
O.w * 0.0s

3s+42
1 +116

10 ● 57
4*44

21*25
1s * 14
40 * 67
40*40

lb
-40440

83*1CO
19 +..51

-35 * 15s
15*4 I
6*7

6.81 ● 18
0.14 + 0.19

-0.01 i.0.04
-0.01 i 0.01

O.m * 0.07
001 * O.oi

-0.01 * 0.03
-0.01 * 0.03

197* 12
193 i 14
1.0 * 0.6
72+60

111+8.0
22 + 2.2

2.0*04
90+12

less * NW
11 *Z

5.3 +7.8
3.0 + 5.8
35 *4.1
6,6 * 9.8
.5.5● 3.s
2.2 i 2.0

al? * IIMl
67.3* 71
9;! * 6.4
Inl * 74
* + ’249
64 * :s
18*I1

8.9 + ?.6

mm i I.w
4.3 * 4.()
3s i ;.5
0.4 ● 0.3
1.5 * 1.4
4.! *43
0.4 * 0.8
.Og ● 0.6

2
2
2
1

N.. dA.dy*
Minimum
Ma.,tn.m
Amt.ge

16
04 *0,6

s3.4 &.32
S2.4 + 51.6

16 16
-0.02 + 0.G5 0.01 * 0.0s

1s.1 *0.51 5.69 i 0.34
092 t 674 0.2s +279

15
1,0+06
197 i 6.0
74 * 169

Is
!.0 * 6.0

31W * Mm
2564 163LI

‘2:1* 7.8
0,9 + 6,9
2.5 +1.4

15
6.9 * 2.6

!234 i Mu
.271L 6s0

15
all * 0:?
Ilm i 5“
93.1 *W

.%r.dlmCanyon
Scs. 1

-0,01 *OL17
O.cn * 0.04

-0 o) *o.m

-0.01 L 0.03
-0.01 ● 0.01

O,m * O.ul

0.30 + 0.40
O.m ● 1.2
0.90 ● 1,2

2
2
2

81 +0.2
7.3 ● 1.7
6,9 + 2.1

SCS.2
SCS.3

No, o[Andysm
Mm>mm
M,x,mum
Avmec,

6
8.0 * 0.8
8.4 * 0.8
74+18

6 6 8
-m + vm -0.03 ● O.o1 -0.01 * 0.0-7

29*16 o.02 *0&s 0.01 * 0.0s
-5*S4 O.l!a+ 0.02 -0.01 ● 001

3 6
O.W + 0.40 -123.4
o.m * 1.2 &0 *IN
o.m A o.m 1.9+4:

G 0
-W*4 1.4 ● o.?
E!*6 79 * 1.6
M*4 M * 4.2

M.tindad Cr,nyOm
(x3. 1
MCS.$9
MCO.3
MCO.4
MCO.6
MCO.6
MCO.7
MCO.7.6

2.24 * 469
237 ● O:M
0.s9 * 0.54
.%;6 * 3.s9
0.19 ● 0.s5
0.2s * 0.s3
0.02 * of%
O.m * 0.04

131* 122
1
2

8.8 + 3.0
330 *1.2
95.4 ● 3s.5
333+114
339*1M
25KI*455
105*SS
366*12

645 ● 336
319 + 3S
35*41
75*42

-Y3 + 15
2! * 18
16 * 14

-40 * 140

494 & 6.16
8.m + 0.40
5.21 ● 2.07

IB,1O* 18.10
0.78 + 1.10
216 *2.61
O.(M ● 0,07
0.’29*OW

48+113
!4 k8.0
’10* 7.0

323*E65
14* 17
17+29
!2 * ’24
22*14

11.M+ 212
ml ● 131
.W,4* 41:1
71A!* 14”1
U*21
,-* + ‘x
la * In
4“ * lU

OA *II.>
1G * 11.4
43 ● ?.(1

m.4 L 4.7
13G * 12:’

XL*NI
83 & 18
143* !4

.3s L 3.0
m + 6.0

2.6 * 1.0
2.s * 1.2
0.2 * !,4
1.6*O8

2
2
2
z

No, dkmlyni
M,nimm
M.r.mwn

14
7.S + 0.8
464*I4
1m*2m

14
-m+m
mo*9n
154+ 619

14 14
Omiom O.ca ● 0.62
8.ml ● 040 513 * 0.-!4
.526 ● 13.6 1.19 *3.33

14
0.2 * 1.4 2,9 L 2.8
127 * 12 6S4 * 240
37 * 10s S5k’lso

14
!1 *3.O

1230* 240
3s7 * 9s$

14
07 *0.2
142 * 14
10 *18

93



..

.4
.-..
---’-.s

2
s!

.
..s.-4

--
.

m
-

m
e.e,.,

--
m

e!.



I

..

~
~

=
=

=
=

=
,.:

:
V

vvvvvv
v

v95



TABLE E-XVII

LOCATION OF SOIL AND SEDIMENT STATIONS

96

Latitude Longtiude
or or Map

. Designation
Station Coo~&ate ti;~ate (Figure 10)’

~gional Soilsb

Regional Sediments
Rio Chama

Chamita
Rio Grande

Embudo
Otowi
Sandia
Pajarito
Ancho
Frijoles
Cochiti
Bernalillo

Jemez River

Perimeter Soils
Sportsman’s Club 1
TA-8
TA-49
Frijoles
North Mesa
East of Airport
West of Airport
South SR-4 near S-Site

Perimeter Sediments
Guaje near G-4
Guaje at SR-4
Bayo at SR-4
Pueblo at Acid Weir
Pueblo at PC-1
Pueblo at Pueblo 1
Pueblo at Pueblo 2
ImsAlamos at Reservoir
ImsAlamos at Totatvi
Los Alamos at LA-2
LAMAlamos at Rio Grande
Sandia at RIOGrande
Cmiada del Ancha
Mortandad at SR-4
Mortandad at Rio Grande
Caiiada del Buey at SR-4
Pajarito at Rio Grande
Frijolesat Park Hdq
Frijoles at Rio Grande

36°05’

36°12’

S060
S185
S305
S375

35°37’
35”17’
35°40’

N240
N060
S165
S245
N135
N095
N115
S085

N215
N135
N1OO
N125
N130
N130
N120
N1OO
N065
N125
N095
S055
S060
S030
S076
S090
S175
S280
S365

106”07

105°58’
E550
E490
E410
E335
E235

106°19’
106°36’
106°44’

E215
W075
EQ85
E180
E165
E220
E135
W035

E480
E455
E070
E070
E085
E145
W065
E405
E51O
E555
E490
E505
E350
E480
E360
E410
E185
E235

-..

. . .

A
B
c
D
E
...
.-.
. . .

S1
S2
S3
S4
S5
S6
S7
S8

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19



TABLE E-XVII (continued)

LOCATION OF SOIL AND SEDIMENT STATIONS

Station

Latitude

&
Coordinate

Longtiude

E:W
Coordinate

Map
Designation
(Figure 10)’

Onsite Soils
TA-21
TA-50
TA-36
PM-1
West of TA-53
East of TA-53
East of New Sigma
Sigma Mesa
East of TA-52
2-Mile Mesa
Near TA-51
East of TA-54
R-Site Road
R-Site Road East
Potrillo Drive
S-Site
Near TA-11
Near DT-9
TA-33

Onsite Sediments
Pueblo at Hamilton Bend Spr
Pueblo at Pueblo 3
Pueblo at SR-4
DP Canyon at DPS-1
DP Canyon at DPS-4
Los Alamos Canyon at Bridge
Los Alamos at LAO-1
Los Alamos at GS-1
Los Alamos at TW-3
Los Alamos at LAO-4
Los Alamos at SR-4
Sandia at SCS-2
Sandia at SR-4
Mortandad near CMR
Mortandad West of GS- 1
Mortandad near MCO-2
Mortandad at GS-1
Mortandad at MCO-5
Mortandad at MCO-7
Mortandad at MCO-9
Mortandad at MCO-13
Pajarito at TA-18
Pajarito at SR-4

N095
N035
S090
N020
N070
N050
N060
N050
N020
N025
S030
S080
S015
S040
S065
S035
S070
S150
S245

N105
N090
N070
N090
N075
N095
N080
N075
N075
N075
N065
N050
N025
N060
N045
N035
N040
N035
N025
N030
N015
S055
S105

E140
E095
E150
E31O
E105
E220
E065
E135
E145
E030
E200
E295
E030
E1OO
E195
W025
E020
E140
E225

E255
E315
E350
E160
E205
E020
E120
E200
E215
E240
E355
E175
E315
E035
E095
E090
E105
E155
E190
E215
E250
E195
E320

S9
Slo
Sll
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
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TABLE E-XVII (continued)

LOCATION OF SOIL AND SEDIMENT STATIONS

Latitude Longtiude
or Map

::s Designation
Station c~ordina~ coo~~~ate (Figure 10)-

Potrillo at TA-36
Potrillo East of TA-36
Potrillo at SR-4
Water at Beta Hole
Water at SR-4
Water at Rio Grande
Ancho at SR4
Ancho at Rio Grande
Chaquihui at Rio Grande

S075
S085
S145
S090
S170
S240
S255
S295
S335

E150
E225
E295
E095
E260
E385
E250
E340
E265

43
44
45
46
47
48
49
50
51

‘See Fig. 10 for numbered locations.
bLocations are the same as for surface water stations (Table E-XII).
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TABLE E-XVIII

RADIOCHEMICAL ANALYSES OF REGIONAL SC)ILS AND SEDIMENTS

*
3H

lo–6Acvm.4

137(3S

PW6
Gross a

Pwlr
Gross (3

PW6

Regioml Soils

Chamita
Embud@
o~fim,t.

Cochiti
Bemalillo
Jemez

No. of AIl(dyRIXI
Minimum
Maximum
Average

Regional Sediments

RIO Chama
Chamita

IUo Grande
Embud&
Otavi
Sandia
Pqjarito
Ancho
Frijoles
Cochiti
Bemalillo

Jemez River
Jemez Pueblo

No. of Analyses
Minimum

, Maximum
Average

5.8+ 0.8
144542.7
4.9● 3.4
4.9+ 0.8
4.7+ 0.8
13.6+ 1.0

7
4.8+ 0.8
28.6+ 1.4
8.1+ 9.3

.-.

-..
...
..-
---
---
-..
...
..-

...

...

..-

...

...

0.6si 0.12
1.17*0.40
1,35* 1,07
0.62+ 0.16
0.16i 0.10
0.06● 0.28

0.000* 0.002
0,001* 0.010
0.001+ 0.003
0.000* 0.003
–0.001* 0.002
–0.002+ 0.002

0:013* 0.004
0.061+ 0.129
0.102● 0.137
0.004+ 0.004
0.000i 0.003
0.001● 0.002

3.4+ 1.6
3.9+ 1.8
4,8+ 2.2
3.6+ 1.8
3.1+ 1.6
4.4* 2.2

4.9● 1.4
S.8+ 1.4
7.6+ 1.8
5.4● 1.4
3.4& 1.0
5.7+ 1.4

6
3.4.+1.0
7.6.+1.8
5.5.+2.7

7
0.06k 0.2E
L73i 0.32
0.67A 1.04

7
–0.001● 0.02
0.006● 0.016
0,ooo● 0,002

7
0.000* 0.003
0.150* 0.040
0.03+ 0.0s4

6
3.1 + 1.6
4.8 + 2.2
3.9 * 1.3

0.00* 0.06 0.000● 0.002 -0.002* 0.004 2.8+ 1.0

–0.006i 0.004
0.000● 0.003
–0.013i 0.016
0.009* 0.014
0.003* 0.020
-0.003+ 0.020
0.001● 0.004
-0.001+ 0.003

1.9 * 1.0
1.4. + 0.8
11+2
10+2
16+3
7.3* 1.7
1.5+ 0.8
2.4+ 1.4

1.7 +0.8
0.9 + 0.6
8:6 + 1.2
8.6 + 1.3
14+ 1.7
6.0+ 1.0
1.5+ 0.8
4.9+1.4

0.26+ 0.16
0.08* 0.03
0.13● 0.06
0.07* 0.06
0.13● 0.06
0.15+ 006
0.03* 0.10
0.24i 0.06

–0.002+ 0.002
0.000* 0.001
-0.005+ 0.016
–0.005+ 0.016
-0.006+ 0.026
0.012* 0.020
–0.001* 0.003
–0.001+ O.lm

O.000+ 0.003 0.002* 0.003 4.6+ 1,2 4,6i 2.20.26* 0.14

10
0.00i 0.06
0.26+ 0.16
0.14* 0.19

10
–0.001* 0.003
0.012* 0.020
0.000+ O.IM

10
–0.001* 0.030
0.008* 0.014
-0.001i 0.012

10
1.4+ 0.8
16i 3.0
5.8+ 10

10
0.9+ 0.6
14* 1.7
5.4k 8.2

‘Two analyses for ‘S7C8,‘%, and a80Pu.
bl*7Csand ‘lSPU81ightlyabove background.
Note: + value representatwice the standard deviation of the distribution of observed values un-

less only one analysis is reported; then the value representstwice the uncertainty term for
that analysis.
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TABLE E-XX

RAD1OCHEMICAL ANALYSES OF ONSITE SOILS AND SEDIMENTS
(pCi/g and one msalysie except as noted)

239pu

PCi/tsoul VCVK

%11,

TA.2ts
TA.30%b
TA.26

-0.032 * 0.024

OJYX * .026
-0.241 ● 0.204
-o.m2 * O.m

0.022 + 0.062

o.m5 * 0.204
0.K4 + O.oos
0.011 * O.ms
0.02 + 0.002
0.15 ● 0.285

O.ms * o.m3
0.012 * 0.0%

-0.031 *o.m2
0.023 * 0.010
0,118 k 0.262

1.35 * 3.22

4.1 *1.8

6.2 * 1.4
4.4 * 2.0
6.8 *26
6.0 +26
4,6 + 2.0
4.5 * 2.0
6.3 + 2.4
4.6 * 2,2

5.S & 2.6
6.8 *26
6.6 + 2.4
6.1 +2.6
11 *4.O

3.8 *1.2
6.3 + 2.4
6.3 & 2.4
7,1 * 3.0
6.5 + 2.6

6.0 * 1.2
9.4 * 2.2
&3 + 1.4

..
—

...

.-

. .
-.
...
.-
.-
-.
.-
.-
...
. .
-.
.-

O.w * 0.012
-.

16.6 * 31,1
29,9 * 69.3
22.3 * 1,2
ZQ.7 i 1.4

17,6 + 1.0
8.2 * 14.6

0,07 * O.lm
0.49 ● 0.72

0.26 +0.10
0.41 +0.12

1,02 * O.sil
1.29 * 0.22
0.30 ● 0.14
0.30 ● 0.14

-0.11 ● 0.12
0.93 t 0.16
0.81 * 1.76
0.2s * 0.26
0.73 ● 0.20
0.s4 * 0.18

.-

..

.- 7.6 * 1.6
8.O_i 1.6
6.7 + L6

PM.1
West cdTA.32
SAW of TA-E.2c.,b

Sast of New .SkM I

... -0.241● 0.004
0.013 * 0,024
O.m * o.m3
O.mo * 0.W4

—
0.82 ● 0.2s 6.8 * 1.4

7..5 * 1.8
5.7 + 1,4
7.9 * 1.8

12.9 * 2.6
6.3 + 1.6
7.5 + 1.8
22 * 4.0
14 + 1.6

6,6 * 2.0
6.6 +. 1.6
9.1 * 2.0
8.5 * ZO

22.2 * 1.’2
17.7 * 1.0
17.7 * 1.0

. .
0.42 + 0,23Jht of New S&,. U

Sas[ of TA.62
2.Mile Mew
Near TA-31~,b

-0.C02 * o.m2
-0.OCO +. 0.010
-0.004 * 0.017

0.443 ● 0.714
-il.lXJ2 ● 0.203

0.0)1 * O.ms
-o.m3 * 0.202

0,015 ● 0.044

-o.m2 * O.om
-Owl ● o.m2
-0.032 ● 0.004

-0.03 * 0.20
0.61 k 0,247.1 * 0.6

7.4 ● 13.3
161 * 374
6.2 + 0.8

10.6 * 0,8
6.8 + 0.8
4.0 + 4.2
6.3 +. 0.6
3.6 + 0.8

2s.6 * 1,4

hat .dTA.64ub
R.Site Sad
R.S,fa Sad rhstb
POtxill.aDrive
s.site%b
Near TA. 11

.
0.63 ● 0,22
0.s3 * 0.14

0.013 + 0.00S
O.oal * 0.031
0.010 * O.cm
O.ms + 0.181
0.024 * O.ocf

0.61 * 0.12
1,4s ● 0.11
0.36 * 0.26

...

.-

...
on i o.m

. .

-0.021 ● O.CFX
o.m2 + o.cK4Near DT-9

TA.33
1.10 + 0.22
0.61 ● 0.10

No. OIAAPCS
Minimnn
Mexinwm

19
3.8 + 0.8

24
-0.11 +. 0.12

7.
-0.06 * 0.20

0.s2 * 0.14

0.30 ● 0.s3

1

O,m * 0.012
. . .

0.202 * 0.0

24

-0.mz * O.wa
O.lm * O.llxl
0.026 ● 0.21

24

-0.CQ1 ● o.m2
2.62 + 0.220
0.10 * 0.61

19

3.s * 1.s
11 ● 4.0

6.7 +3.1

19

5.0 * 1.2
22 ● 4.0

8.6 + 7.2

167 ● 274

22*ea
I.&l * 0.40
0.s6 * O.sa

sedfmcnfl
Rebl. at Huniltin bend sptb,c
Pueblo at Pueblo 3b>c

Pueblo *t sk4%b
DP (hnycm●t DPS.lb,c
DP Canyon M DPS.4 b,.
l-a AImnoa at Bridge
h AImIm at Mo.lb.c
LOSAImLIm at cs. ]b.c
f-cd Almmm●t ‘rw.iw
LU AIC.UNXat L,io.@.c
Lu A1.mcd,1 sfL4c
Sandin at SCS.2
Sandia at Sf44
M.rtsndad n-r CMR6
Mot-tmdad We of GS.lb,c
M.rfandad mu MCO.2b
M.ctandad at GS-lb,c
Mcn-tand,d at MCO.6b.c
Mortmd.d ●t MCO.@,c
Mmta.dnd m NCO.9C
Mwtandad at MCO.13C

P8jd0.tTA.KI
P,ljOritn at sff4

Potril10 .t TA.26
Potrillo sast dTA.3S
PotI+l.a at SR.4
Water cd Beta Hcdec
water *t SR4
Water d Rio Gra”&c

Anch.a at S&4
Ancho at Rio Crande

Chaqu,ki d llio Cm.de

0.13 * 0.01
0.14 i 0.17
0.16 +.0.11

0.016 * 0.014
0.016 + 0.014

—
—

0,201 * 0.002
0.031 ● Owl
O.MU * 0.031
6.71 * 17..6

0.032 + O.w
-0.W2 ● O.MM

0.001 * O.w
O.om * o.m2
0.091 * 0.026
O.lM * 0.013

0.422 * 0.133
0.440 + 0.117
0.621 + 0.421

1.72 + 2.S0
0.304 + o.m4

-OJYJ3 * o.m2
0,493 ● 0.040
0,237 ● 0.Q31
0.322 ● 0.302
0.2$ * 0.127

2.6 + 1.2
2.1 * 1.0
2.7 * 1,4

9,1 *3.S

1.5 + 0.8
1.1 + 0.s
3.1 + 1.0
30 * 6.0
12 i 2,4

1.9 * 0.6
3.0 + 1.0
2.s * 0,6
1s ● 3.4

—
.-

1.C6 * 0.32

6.7 L O.PJI
2.4 * 0.2JI
2.4 ● 0.30

.-

.. .

. . .

.

0.71 ● 0.28
.-
—

20* 1,8
12 % 7.2

0.07 ● 7.3
1.16 ● 0.20
0.22 * 0.04

1.6 + 0.S.-
O.ms * 0.014

.-
-.

O.ms * 0.012
O.all ● 0.012
O.ms * 0.012

. . .

. . .

. .
—

.
—
—

0.004 * 0.012
0.001 ● 0.012

. .

-0.031 + 0.012
0.031 * 0.012
o.m4 ● 0.014

. . .

0.2LM * 0.012
. .

—.
—

.

3.1 * 1,4
2.0 ● 1,2
2,3 ● 1.2
2.6 + 1.214 + 9.6

17 ● 0.2
21 ● 2.8

0.42 + 0.32
0.06 ● 0,0s

2.1 * 1.2 17.+ 3.6

0.010 * o.m7 0.036 ● OJXS 2.4 & 1.2 2,9 A 1.0

–0.001 * O.ms O.mz * o.m4 1.6 + 0.S 1,S * 0,8

Owl * O.ms O.col ● o.m4 2.6 + 1.4 1.7 + 0.8

0.23 * 0,12
0.24 + 0.40
1260 ● WI
766 * lom

76/5 * 2S.9
62.6 + 12.7
0,9s * 1.4
1,32 + 0.24

-0.02 + 0.10
0.93 * 0.24
0.14 A 0.26
0.11 * 0.02

-0.W * 0.’20
3.4 * 0.ss

0,24 + 0.16
1.23 ● 0.20

0.64 * 0.L%3
0.22 ● 0.06
0.11 ● O.M

41
-0.m ● O.m

12m *WI
70 * 610

0.22 + 0.14
0.24 * 0,14
9,9 + 0.8

0.101 * O.mo

0.036 * 0,014
3.62 ● 1.ZI

17.6 + 16.S
S.71 * 3.44
3m * 0.2s

O.ms * 0.007
o.m2 * o.ml
O.ml ● O.Cal

-0.IX2 * 0.004

0.026 * 0.012

0.023 * 0,024
11.s ● 0,4C0

6.S2 i. 4.43
4.14 * 9.42
0.76 ● 0.01

O.ols * O.ms
O.om * 0.044
O.m * o.m4
O.m * O.om

-am] + 0.c02
0.W2 ● 0.CC4
o.m3 ● o.m4
O.me * 0.027
O.ms * o.m4
0.109 + 0.026

0JX9 * O.mt
0.018 ● 0.024
0.012 ● 0.010

47
-oJX13 * oJm2

11.6 k 0.4C0
0.ss * 4.s

2.0 * 1,0

3.3 * 1.4
62+22

39 + 16
11+4

7.6 + 3.2
6.3 + 2.S
4.4 ● 2.0
3.3 ● 1.s
8.5 +3.8
2.6 ● 1.2
2.7 h 1.4
2.7 + 1.2

2,5 * 0.3

3.7 * 0.8
1710 ● 340
4XI * 12017 *1,2

6.9 + 0.8
4,2 ● 0.4

.

0.46 ● 0.2s
—

-O$.11+ 0.22
\ .-.

. .

-0.10 ● 0.24
. . .

0.s4 * 0.24
.

.-
-.

105+22
SI *14

S.9 * 2.0
7.1 +1,s
2“s * 1.0
7.3 * 1.s

-am * 0.002
O,cm ● O.m

-o.ml +-0.602
0.202 * o.m4

3.2 + 1.0
4.3 ● 1.3
2.3 + 0.8

6,6 * 2,8
3,2 h 1.4

17.0 * 4.0

3.9 & 1,8
7.6 k 1.9
3.7 * 1.0

22
1.6 k 0.6

-aml ● o.ml
0.20’7 + 0.016
O.W1 * o.m2
0.W1230.016

-o.@J2 * O.om

3.3 * Lo
21*2

&3 * 1.4
11 * 1.4

4.4 ● 0.9

No, of Amlyma
Mt”imwn
Meximmn
Average

12
-Owl ● 0.012

0.016 + 0.014
o.m6 + 0.011

47
-o.fm2 * o,m4

35.2 + 1,20
2,1 * 14

22
1.1 Lox-0,11 * 0.22

17 * 1.2
3.9 * 11

52+22 1710 * 340
7.1 * 22 19.t620

Note: + vaiue represents twice the standard deviation of the distribution of observed vsiues un-
lesz oniy one analyses is reported. Then the value represents twice the error term for that
anslyses.

a10-6 @/m.t.
b 3H, 137CS, W3PU, 239Pu, Gross a, or Gross # shove background,
‘TWOansiyses for 13’fCs, ~8Pu, and 239Pu.



Location

TA-2
TA-3
TA-9
TA-16
TA-21
TA-33
TA-35
TA-43
TA-46
TA-48
TA-60
TA-63
TA-54
TA-55

TARLE E-XXI

ATMOSPHERIC RADIOACI’IVE EFFLUENT TOTAL FOR 1978

---

58.3
. . .
..-

30.8
---
2.0
1.5
---
1.9
17.4
---

0.026
0.40

28LIU

aa~ ‘aaU ‘WI% MFP” 1111

(pCl) (KCi) (mCi) (pCi) (KW—— .— .

---
---
. . .
-..

0.034
..-
---
---
---
---
..-
---
---
..-

---

185
.. .
---

305
.. .
---
---
25
11.2
..-
. . .
---
. . .

..-

1.9
---
---
---
-..
---
---
---
..-
-..
---
.-.
---

. . .

403
---
---
1.0
...
---
---
---

1169
39
---
---
---

..-

81
---
---
-..
...
-..
---
---
...
---
---
---
---

ah S9P

(Ci) (@i).—

239
...
---
---
---
---
---
---
---
..-
---

350
---
---

-..
.-.
---
---
---
---
---

85
..-
---
---
---
---
---

llC,18N,150b ~~

;:) (Ci) (pci)

. . .

100

2.6
---

72
17780
676

---
-..
---
---
---

---
---
-..
-..
---
---
---
..-
---
---
---

116449
---
---

“Mixed fission products.
Whe half-lives of “C, ‘“N, and “O range from about 2 to 20 minutes, so these nuclides decay

---
---
---
---
---
..-
-..
---
---
---
---

0.19
---
---

.

rauidly.--

.
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TABLE E-XXII

QUALITY OF EFFLUENTS FROM
LIQUID RADIOACTIVE WASTE TREATMENT PLANTS

Waste Treatment Plant Location

TA-50 TA-21

Radioactive
Isotopes

Activity
Released

(mCi)

Average
Concentration

(llwd)

Activity
Released

(mCi)

Average
Concentration

(ycihll)

289pu

288pu

241A~

W&

90Sr
‘H
‘“CS
U-Total

Nonradioactive
Constituents

Cda
Ca
cl
CF’
Cu’
F
He
Mg
Na
Pb”
Zne
CN
COD-
NO, (N)
PO,
TIM”
pH”
Total
Effluent
Volume

4.05
1.83
1.73
2.64

10.4
12300

317
176grams

0.099x 10-’
0.045x 10-8
0.043x 10-’
0.065X 10-’
2.57X 10-7
0.30x 10-’
0.78X 10-’
4.34X 10-Smg/1

Average
Concentration

(mg/fi)

0.003
26.0
48,4
0.04
0.27
3.8
0.009
1.4

354
0.044
0.46
0.04

51
90
0.44

1345
6.8-12.3

4.068x 107t

0.313
0.223
2.30
0.026
0.10

1784)
1.40

10,8grams

O.lox 10-’
0.072X 10-6
0.738X 10-’
0.008X 10-0
0.321X 10-’
0.57x 10-”
0.045x 10-’
3.46X 10-”mg/1

Average
Concentration

(mg/1)

0.06
10.1
70.5
0.49
0.11

346
0.002
2.0

1660
0.064
0.26
---

73
423

1.96
5440

6.3-13.1

3.118X 10”l?

aConstituents regulated by NPDES permit.
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TABLE E-XXIII

ESTIMATED CONCENTRATIONS OF TOXIC ELEMENTS
AEROSOLIZED BY DYNAMIC EXPERIMENTS

Annual Avg.

1978 Percent Concentration Applicable
Total Usage Aerosolized (rig/m’) Standard

Element (kg) (%) 4km 8km (rig/ma)——

Uranium 1371 10 0.1 0.05 9000=

Be 29.4 2 0.0008 0.0002 10b
(30day avg)

Pb 16.5 100 c 0.03 0.008 10000 b
(for total heavy
metals, N>21)

*DOE Manual Chapter 0524.
bSection 201 of the Ambient Air Quality Standards and Air Quality Control Regulations adopted
by the New Mexico Health and Social Services Board, April 19, 1974.
cAasumed percentage aerosolization.
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TABLE XXVI

INDUSTRIAL LIQUID EFFLUENT QUALITY SUMMARYa

Dischage
Category

Power Plant

Boiler
Blowdown

Treated
Cooling
Water

Non-contact
Cooling
Water

Radioactive
Waste Treatment
Plant Discharges

High Explosives
Waste Discharges

Photo Waste
Discharges

Printed Circuit
Board Development
Wastes

Acid Dip
Tank Rinse

Gas Cylinder
Cleaning Waste

No. of
Outfalls

6

4

32

23

2

20

14

1

1

1

Permit
Constituents

TSS
Free Cl
pH

TSS
Fe
Cu
P
pH

TSS
Free Cl
P
pH

pH

NH3
COD
TSS
Cd
Cr
Cu
Fe
Pb
Hg
Zn
pH

COD
TSS
pH

CN
Ag
pH

COD
Cu
Fe
Ni
P
pH

Cu
pH

TSS
P
pH

No. of
Deviations

‘t
o
4

0
0
2
0

10

2
0
0
5

0

0
0
0
0
0
1
0
0
0
0
0

4
0
1

0
0
1

0
0
1
0
0
0

1
1

0
0
0

Range of
Deviation/Limit

Ratios or pHb

1.5.-55
. . .

9.6. -11.9

-..
---

1.3.-42
. . .

10.4. -12.4

1.3.-1.34
---
---

9.1.- 9.8

..-

---
...
---
...
-..
1.05
.-.
...
...
...
---

1.2.-8’7
.-.
4.8

...
-..
9.6

..-

...
1.1
...
..-
...

1.01
5.3

.-.

...

...

No. of Outfalls
Causing

Deviations

2C
o

2C

o
0
lC

o
3C

2
0
0
3

0

0
0
0
0
0
1
0
0
0
0
0

3d

o
1

0
0
1

0
0
1
0
0
0

lC
lC

o
0
0

aSummary of reports to EPA or NPDES Permit NMo02E355, which was effective starting
10/16/78.
bPH range limit on all Outfalls is not less than 6.0 m greater than 9.0 standard units.

cOutfalls responsible for deviations to be correckd during 1979-80 by funded projects
done of the 3 Outfalls scheduled for funded corrective measures.
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TABLE E-XXVII

.

b

CHEMICAL QUALITY OF WATER IN VICINITY OF FENTON HILL

No. of Stationsa
No. of Analyses

Chemical (mgll)
SiO,
Ca’+
M~+
Na+

co;-
HCO;
so.
cl-
p

NOi
TDs
Hard

pH
Conductance mS/m
Total U pg/1

Surface
Water

9
9

33*9
17+5
3 * 0.7

13+8
O*O

40+ 28
20*23
11* 13

0.4+ 0.2
0.4● 0.0
143● 45
55 + 14

6.7 + 1.2
20.1 * 7.5
0.9 + 0.7

(average of a number

Watar springs
supply (JemezFault)

4 2
4 2

66*15
17*9
3*1

14*1
O*O
78& 21
9+9
6i3

0.4● 0.1
0.5* 0.3
226+ 76
66*27
7.4k 0.2
24.5+ 13.7
1.0+ 0.9

47* 0.7
137* 59
12*O
595* 494
O*O

633*284
32h3
921+ 785
2.9● 0.2
0.4● o
2234● 1646
392+ 146
7.2.*0.2

384.0* 255.3
1.3i 0.1

of analyses)

springs Abandoned

(Volcanicn) Well

1 1
1 1

52 67
12 26
4 9
10 120
0 0
6a 370
<1 5
4 9
0.9 1.2
0.2 0.4

114 480
44 102
7.2 7.8
12.0 74.0
1.2 <0.1

‘Sampling locationa key on Fig. 15 ee follows:

Surface Water-Imcations F, J, N, Q, ~ S, T, U, V.
Water Supply–Locations JS 2-3, JS 4-5, FH-1, 4.
Spring (Jemez Fault)–bcations JF-1, JF-5.
Spring (Volcanics)-Location 31.
Abandoned Well-Location 27,
Fenton Hill (pond fluids)-’hvo ponds TA-57.

Note: + value is standard deviation of the distribution of a number of analyses.

Fenton Hill

(Pond Fluids)

2
2

115 ● 13
64*3O
6+1

411+ 267
O*O

337● 120
120* 109
657● 665
8+14

0.4i o
2013+ 1322
184+ 82
7.8+ 0.1

333.0* 248.3
1.2● 0.2

.
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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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unclassified, are LA-6321-MS, LA-680 l-MS,
LA-7263-MS, and LA-7800-ENV.

llm report was ptcpared as an account of work sponmrcd

by the United StzIcs Govermnc”t. Netthcc the United

S1ates nor the United Stales Oepartmcnt of Energy. nor

any of th.x employees, makes any wuran!y, express or

implied. or assumes any le@ liability or respons~bdity for

the accuracy, complcwncss. or use fulnes of a“y infer.

mation, apparatus, product, or process disclosed, or repre-

sents that IIS ux would not mfrmge prtvately owned rights,

Reference hacm to any specific commercbl product,

pmceq or semite by trade name, mark, mmwfacturcr, or

ofherwisq does no! necc$$mily constitute or imply its

endorsement, recommendation, or favoring by the Unilcd

States Government or my agency thaeof. lle views and

opinions of authors expressed herein do not necessarily

state or reflect those of the United States Government

or any agency thczeof.

UNITED STATES
DEPARTMENT OF ENERGY

CONTRACT W-740 S-CNG. S6

“’

%



i!
r

.

CONTENTS

ACRONYMS AND ABBREVIATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi
SYSTEM INTERNATIONAL PREFIXES . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..xii
UNITS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..xi.ii
ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

L ENVIRONMENTAL MONITORING SUMMARY . . . . . . . . . . . . . . . . . . . . .
A. Monitoring Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
B. Summary of1979Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1. Penetrating Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2. Radioactivity inAir and Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3. Radioactivity in Other Media.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4. Radiation Doses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5. Interpretation of Significance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6. Other Monitoring Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

II. BACKGROUND ON LOS ALAMOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
A. Physical Characteristics of the Area . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1. Geographic Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2. Geology-Hydrology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3. Climatology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4. Population Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B. I.os Alamos Scientific Laboratory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1. Programs and Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2. Waste Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

III. MONITORING RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
A. Radiation and Radioactivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1. Penetrating Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2. Atmospheric Radioactivity.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3. Radioactivity in Surface and Ground Waters . . . . . . . . . . . . . . . . . . .
4. Radioactivity in Soil and Sediment . . . . . . . . . . . . . . . . . . . . . . . . . .
5. Radioactivity in Foodstuffs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6. Radioactive Effluents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
7. Unplanned Releases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B. Chemical Constituents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1. Chemical Quality ofSurface and Ground Waters . . . . . . . . . . . . . . . .
2. Water Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
3. Nonradioactive Effluents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

1
1
3
4
4
5
6
6
7

8
8
8
8

11
11
11
11
13

14
14
14
17
22
27
32
34
38
38
38
41
42

.

d-



IV. ENVIRONMENTAL EVALUATION.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
A. Radiation Doses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
B. Environmental Protection Programs at LASL ., . . . . . . . . . . . . . . . . . . . . 49

1. LERC/EEC Program ..,....,. . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
2. Quality Assurance Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
3. Archeology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
4. Decontamination and Decommissioning Work . . . . . . . . . . . . . . . . . . . 51

C. Related Environmental Studies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
1.
2.
3.

4.
5.

6.
7.
8.
9.
10.
11.

Fire Ecology at Bandelier National Monument . . . . . . . . . . . . . . . . . . .52
Status of Flora inthe NERD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Changes in Quality of Surface Water Related to
La Mesa Fire, 1977.........,,. . . . . . . . . . . . . . . . . . . . . . . . . . 53
Fenton Hill Site (TA-57) Surface and Ground Water Quality . . . . . . . . 54
Effect of Rototilling on the Distribution of 187Csin
Trinity Site Soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
LA/NERP Elk Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Computer Generated Movies to Display Biotelemetry Data , . . . . . . . . . 59
NERP Climatology Data, ,., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Special Study of Radionuclides from LAMPF Lagoons . . . , . . . . . . . . . 61
Evaluation of Transuranic Waste Management Methoda . . . . . . . . . . . 64
An Automated Transuranic Assay System for Soils . . . . . . . . . . . . . . . 64

ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

A.
B.

c.
D.
E.

1.
2.
3.

4.
5.
6.
7.
8.

9.

APPENDIXES

STANDARDS FOR ENVIRONMENTAL CONTAMINANTS . . . . . . . . . . . . . . . . 72
SAMPLING PROCEDURES AND STATISTICAL TREATMENT
OF DATA .,, . . . . . . . . . . . . . . . . . . . . . . .
ANALYTICAL CHEMISTRY METHODS . . . .
METHODS FOR DOSE CALCULATIONS . . .
ENVIRONMENTAL DATA TABLES ., , . . . .

FIGURES

,., ...,, ... ,., . . . . . . . . . . . 77
. . . . . . . . . . . . . . . . . . . . . . . . . 81
. . . . . . . . . . . . . . . . . . . . . . . . . 92
. . . . . . . . . . . . . . . . . . . . . . . . . 94

Topography of the Los Alamos, New Mexico area . . . . . . . . . . . . . . . . . . . . . . . 1
Regional location of Los Alamos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Conceptual illustration of geologic-hydrologic relationships
inthe Los Alamos area... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
LASL technical and adjacent community areas . . . . ...1. . . . . . . . . . , . . . , . . 12
Summary of1979weather in Los Alamos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
TLDlocations onornear the LASL Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
Regional surface water, sediments, soil and air sampling locations , . . . . . . . . . . . 16
Quarterly dose averages for three station groups during the
Iast four years......,.,..,., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Airsampler locations onor near the LASL site . . . . . . . . . . . . . . . . . . . . . . . . . 18

.

.
--1.

.
-..

vi



.

P

.-.

.

1-

10. Monthly average long-lived gross beta activity in air,
1973 to1979, bysampling station groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

11. Annual mean atmospheric triated water vapor concentrations . . . . . . . . . . . . , . . 22
12. Surface and ground water sampling locations on or near

the LASL site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
13. Soil and sediment sampling locations on or near the LASL site . . . . . . . . . . . . . . 28
14. Summary of atmospheric releases of 41Ar, llC,

llNand1500 . .. o..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..37

15. Summary oftritium effluents (air and liquid) . . . . . . . . . . . . . . . . . . . . . . . . . . 37
16. Summary of plutonium effluents (air and liquid) . . . . . . . . . . . . . . . . . . . . . . . . 37
17. Summary ofstrontium liquid effluents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
18. Two Indian pots sealed with the only known use of lime

plaster found so farin the Southwest . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 51
19. Variation in chemical constituents in base flow in Canon de 10S

Frijoles prior toandafter the La Mesa Fire . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
20. Variation in chemical constituents in base flow and storm

runoff in Canon de 10S Frijoles and Capulin Canyon after
the La Mesa Fire, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

21. Water sampling locations in vicinity of Fenton Hill Geothermal
Site (TA-57) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

22. Summary of meteorological data from the OHL tower and ground
level station for December 2,1979... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

23. Sampling locations in vicinity of LAMPF lagoons . . . . . . . . . . . . . . . . . . . . . . . . 63
24, Sample changer for AMASS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

I.

II.
III.

IV.

v.

VI.

VII.

VIII.

IX.

x,

XI.

TABLES

LASL MONITORING PROGRAM AND NUMBER OF
SAMPLING LOCATIONS ..,...... . . . . . . . . . . . . . . . . . . . . . . . . 3
EXTERNAL PENETRATING RADIATION DURING 1979 . . . . . . . . . . 4
RADIONUCLIDE CONCENTRATIONS IN AIR AND WATER AS
PERCENTAGES OF CONCENTRATION GUIDES . . . . . . . . . . . . . . . 4
COMPARISON OF INDIVIDUAL WHOLE BODY RADIATION DOSES
WITH RADIATION PROTECTION STANDARDS . . . . . . . . . . . . . . . . 6
ADDED INDIVIDUAL CANCER MORTALITY RISKS ATTRIBUTABLE
TO RADIATION EXPOSURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
SUMMARY OF ANNUAL ATMOSPHERIC RADIOACTIVITY
MONITORING FOR 1979 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
MAXIMUM RADIOACTIVITY CONCENTRATIONS IN REGIONAL
AND PERIMETER WATERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
MAXIMUM RADIOACTIVITY CONCENTRATIONS IN
WATER SUPPLY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
MAXIMUM RADIOACTIVITY CONCENTRATIONS IN ONSITE
WATER IN AREAS NOT RECEMNG EFFLUENTS . . . . . . . . . . . . . . 25
MAXIMUM RADIOACTIVITY CONCENTRATIONS IN WATERS
IN AREAS RECEIVING EFFLUENTS. . . . . . . . . . . . . . . . . . . . . . . . 26
MAXIMUM RADIOACTIVITY IN REGIONAL SOILS
AND SEDIMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 29

vii



XII.

XIII.

XIV.

xv.
XVI.
XVII,
XVIII.
XIX.

xx<

XXI.

XXII.
XXIII.

XXIV.

xxv.

XXVI.

XXVII.

XXVIII.

XXIX.

xxx,

XXXI.

XXXII.
XXXIII.

Xxxlv.
Xxxv.

XXXVI.

A-I.
A-II.

A-III.

MAXIMUM RADIOACTIVITY IN PERIMETER SOILS
AND SEDIMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
MAXIMUM RADIOACTIVITY INONSITESOILS
AND SEDIMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
PLUTONIUMINBED SEDIMENTS FROM THERIOCHAMA
AND RIO GRANDE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
TRITIATED WATERCONTENTOF FRUITS AND VEGETABLES . . . 33
PLUTONIUM CONTENTOFFRUITS AND VEGETABLES . . . . . . . . . 33
RADIOACTIVITY IN FISH.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
HTOCONCENTRATION INHONEY SAMPLES . . . . . . . . . . . . . . . . 36
MAXIMUM CHEMICAL CONCENTRATIONS INREGIONAL
AND PERIMETER WATERS... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
MAXIMUM CHEMICAL CONCENTRATIONS INONSITE
NONEFFLUENT WATER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
MAXIMUM CHEMICAL CONCENTRATIONS INEFFLUENT
AREA WATERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
MAXIMUM CHEMICAL CONCENTRATIONS INWATERSUPPLY . . 41
SUMMARY OFATMOSPHERIC PARTICULATE CONCENTRATIONS
IN LOS ALAMOSAND WHITE ROCK DURING 1979 . . . . . . . . . . . . . 42
ESTIMATES OFAIR POLLUTANT EMISSIONS ASSOCIATED
WITH MAINTENANCE AND OPERATION OFTHEVEHICLE
FLEET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..43
ESTIMATES OFSTACK GAS EMISSIONS FROMTHETA-3
POWER PLANT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
ESTIMATED EMISSIONS FROM BURNING OFEXPLOSIVE
WASTES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
BOUNDARY AND MAXIMUM INDIVIDUAL DOSES FROM
AIRBORNE RADIOACTIVITY.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
1979 WHOLE BODY POPULATION DOSES TO RESIDENTS OF
LOS ALAMOS COUNTY, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
AVERAGE CONCENTRATIONS OF SELECTED ELEMENTS IN
PONDS AND IN SURFACE AND GROUND WATERATTA-57 . . . . . . 56
CHEMICAL AND RADIOCHEMICAL CONCENTRATIONS IN
WATER FROM SUPPLYWELLAT TA-57 . . . . . . . . . . . . . . . . . . . . . 57
CONCENTRATION 0F’S7CSIN SOIL ASAFUNCTION
OF DEPTH AND TILLINGATTRINITY SITE . . . . . . . . . . . . . . . . . . 58
STATUS OF RADIO COLLARED ELK AS OFNOVEMBER9,1979 . . . 60
ANALYTICAL RESULTS OFSAMPLES TAKEN BELOWLAMPF
LAGOONS, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
RADIONUCLIDE SENSITIVITY CALIBRATION FORATASS SYSTEM 66
RESULTS OFEXPERIMENTS SHOWING LINEARITY OFIG
DETECTOR RESPONSETO VARYING AMOUNTS OF24’Am . . . . . . . 67
IG DETECTOR RESPONSE TO VARYING AMOUNTS OF
WEAPONS GRADE PLUTONIUM . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
ERDA RADIOACTIVITY CONCENTRATION GUIDES (CGS) . . . . . . . . 74
ERDARADIATION PROTECTION STANDARDS FOR EXTERNAL
AND INTERNAL EXPOSURES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
MAXIMUM CONTAMINANT LEVEL(MCL)IN WATER SUPPLY
FOR INORGANIC CHEMICALSAND RADIOCHEMICALS . . . . . . . . . 76

4

viii



C-I.
C-II.

C-III.

i
C-IV.
c-v.

D-I.

r

---

.

.F-

E-I.

E-II.

E-III.
E-IV,

E-V.

E-VI.

E-VII
E-VIII
E-IX.
E-X.
E-XI,

E-XII.

E-XIII.

E-XIV.

E-XV.
E-XVI,

E-XVII.

E-XVIII.

E-XIX.

E-XX.
E-XXI.

E-XXII.

E-XXIII.

ANALYTICAL METHODS FOR VARIOUS ELEMENTS AND ANIONS 84
ANALYTICAL QUALITY ASSURANCE STANDARDS FOR STABLE
ELEMENT ANALYSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
RADIOCHEMICAL QUALITY ASSURANCE ON EPA
AND EML PROGRAMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
QUANTITY OF CONSTITUENT REPORTED IN BLANKS . . . . . . . . . 87
DETECTION LIMITS FOR ANALYSES OF TYPICAL
ENVIRONMENTAL SAMPLES.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
DISPERSION FACTORS (x/Q)USEDFORPOPULATION DOSE
ESTIMATES, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
MEANSAND EXTREMES OFTEMPERATURE ANDPRECIPITA-
TIONCLIMATOLOGICAL SUMMARY 1951-1979 . . . . . . . . . . . . . . . . 95
ANNUAL THERMOLUMINESCENT DOSIMETER
MEASUREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
LOCATION OF AIR SAMPLING STATIONS . . . . . . . . . . . . . . . . . . . 97
REGIONAL AVERAGE BACKGROUND ATMOSPHERIC
RADIOACTIVITY CONCENTRATIONS . . . . . . . . . . . . . . . . . . . . . . . 98
ANNUAL ATMOSPHERIC LONG-LIVED GROSS ALPHA AND
GROSS BETA ACTIVITY CONCENTRATIONS . . . . . . . . . . . . . . . . . 99
ANNUAL ATMOSPHERIC TRITIATEDWATER VAPOR
CONCENTRATIONS . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...100
ANNUAL ATMOSPHERIC2”PU AND 239PuCONCENTRATIONS . . . . . 101
ANNUAL ATMOSPHERIC URANIUM CONCENTRATIONS . . . . . . . . 102
ANNUAL ATMOSPHERIC 24’Am CONCENTRATIONS . . . . . . . . . . . . 103
LOCATIONS OF SURFACE AND GROUND WATER STATIONS . . . . . 104
RADIOCHEMICAL AND CHEMICAL QUALITY OFSURFACE
WATER FROM REGIONAL STATIONS . . . . . . . . . . . . . . . . . . . . ...107
RADIOCHEMICAL AND CHEMICAL QUALITY OFSUKFACE AND
GROUND WATER FROM PERIMETER STATIONS . . . . . . . . . . . . . . 108
RADIOCHEMICAL AND CHEMICAL QUALITYOFWATER
FROM MUNICIPAL SUPPLY AND DISTRIBUTION . . . . . . . . . . . . . . 110
RADIOCHEMICAL AND CHEMICAL QUALITYOFWATER FROM
ONSITE STATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .113
LOCATION OF SOILAND SEDIMENT STATIONS . . . . . . . . . . . . . . 116
RADIOCHEMICAL ANALYSES OFREGIONAL SOILS
AND SEDIMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .119
RADIOCHEMICAL ANALYSES OFPERIMETER SOILS
AND SEDIMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .120
RADIOCHEMICAL ANALYSES OFONSITE SOILS
AND SEDIMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .121
RADIOCHEMICAL AND CHEMICAL ANALYSESOF
SNOWMELT RUNOFF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..123
ATMOSPHERIC RADIOACTIVE EFFLUENT TO.TALS FOR 1979,.... 124
TOTAL SUSPENDED PARTICULATE ATLOS ALAMOS
AND WHITE ROCK DURING 1979 . . . . . . . . . . . . . . . . . . . . . . . . . . 125
QUANTITIES OF VOLATILE CHEMICALS AND COMPRESSED
GASES USED ATLASL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .126
ESTIMATED CONCENTRATIONS OFTOXIC ELEMENTS
AEROSOLIZED BY DYNAMIC EXPERIMENTS . . . . . . . . . . . . . . . . . 127

ix



E-XXIV. SANITARY SEWAGE TREATMENT FACILITIES EFFLUENT
QUALITY SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . ..oso. .o .. 128

E-XXV. INDUSTRIAL LIQUID EFFLUENT QUALITY SUMMARY . . . . . . . . . . 129
E-XXVI. QUALITY OF EFFLUENTS FROM LIQUID RADIOACTIVE

WASTE TREATMENT PLANTS . . . . . . . . . . . . . . . . . . . . . . . . . ...131
E-XXVII. CHEMICAL QUALITY OF WATER IN VICINITY OF

FENTON HILL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .SS. .S. ”S”” 132

GLOSSARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..s.00”ss” “SS”” O” O00133
DISTRIBUTION LIST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..0. ..0” oo”135



ACRONYMS AND ABBREVIATIONS

.

.

.-

BOD5
COD
CG
DOE
EA
EEC
EPA
ERDA
FEIS
H-7
H-8
HDR
HT
HTO
IAEA
ICRP
LAMPF
LASL
LERC
LS-6
MAP
MCL
MFP
N
NBS
NEPA
NERP
NIPDWR
NMEID
NPDES
QA
RPS
SRM
TA
TDs
TLD
TRU
TSS
USGS

5-day biochemical oxygen demand
chemical oxygen demand
concentration guide
Department of Energy
environmental assessment
Environmental Evaluationa Coordinator
Environmental Protection Agency
Energy Research and Development Administration
final environmental impact statement
Waste Management Group at LASL
Environmental Surveillance Group at LASL
hot dry rock
tritium gas
tritiated water
International Atomic Energy Agency
International Commission on Radiation Protection
Los Alamos Meson Physics Facility
Los Alamos Scientific Laboratory
Laboratory Environmental Review Committee
Environmental Science Group at LASL
mixed activation products
maximum contaminant level
mixed fission products
normal (chemical term)
National Bureau of Standarda
National Environmental Policy Act
National Environmental Research Park
National Interim Primary Drinking Water Regulations
New Mexico Environmental Improvement Division
National Pollutant Discharge Elimination System
quality assurance
Radiation Protection Standard
standard reference material
technical area
total dissolved solids
thermoluminescent dosimeter
transuranic wastes
total suspended solids
United States Geological Survey

alpha
beta
gamma

standard deviation
mean

xi



Exponent

10’
10s
10-a
10-6
10-9

10-12

10-15

10-18

Prefix

mega
kilo
mini
micro
nano
pico

femto
atto

Symbol

M
k
m

P
n

P
f
a

i’.

.

?!
--

.

-.

xii



UNITS

.
b..

.

Abbreviation unit

c
aCi
Btu
“c
Ci

;:
ft

:

;eV
kg
km
km’
1
m
ma
mCi
MeV
mg
min
m~
mm
mrem
mS/m
MGD
MT
KCi

W
Km
nCi
ng
pCi

Pg
rad
rem
s
yr

count
attocurie (10-18 curies)
British thermal unit
Celsius degree
curie (unit of radioactivity)
centimeter
femtocurie (10-” curies)
foot
gram
hour
inch
kiloelectron volt
kilogram
kilometer
square kilometer
liter
meter
cubic meter
millicurie (10-3 curies)
megaelectron volt
milligram (10-’ grams)
minute
milliliter (lO-S ~)
millimeter (10-’ m)
millirem (lO-S rem)
milliSiemens/meter (1 mS/m = 10 ~mho/cm)
million gallons per day
megaton ( lCFtons)
microcurie (10-0 curies)
microgram (10-0 grams)
micrometer (10-0 meters)
nanocurie (10-0 curies)
nanogram (10-0 grams)
picocurie (10-’2 curies)
picogram (10-’2 grams)
62.5 X 10’ MeV/g (unit of absorbed dose)
roentgen equivalent mean (unit of dose equivalence)
second
year

.
.-

xiii



ENVIRONMENTAL SURVEILLANCE AT LOS ALAMOS
DURING 1979

Environmental Surveillance Group

.

ABSTRACT

This report documents the environmental surveillance program conducted
by the Los Alamos Scientific Laboratory (LASL) in 1979. Routine monitor-
ing for radiation and radioactive or chemical substances is conducted on the
Laboratory site and in the surrounding region to determine compliance with
appropriate standards and permit early identification of possible un-
desirable trends. Results and interpretation of the data for 1979 on
penetrating radiation, chemical and radiochemical quality of ambient air,
surface and ground water, municipal water supply, soils and sediments,
food, and airborne and liquid effluents are included. Comparisons with ap-
propriate standards and regulations or with background levels from natural
or other non-LASL sources provide a basis for concluding that environmen-
tal effects attributable to LASL operations are minor and cannot be con-
sidered likely to result in any hazard to the population of the area. Results of
several speeial studies provide documentation of some unique environmen-
tal conditions in the LASL environs.

————————————————————

---

1. ENVIRONMENTAL MONITORING SUM-
MARY

Los Alamos Scientific Laboratmy (LASL) policy
emphasizes protection of the general public and en-
vironment from any harm which could arise from
Laboratory activities and mitigation of environmen-
tal impact+ to the greatest degree practicable. In
keeping with this policy and Department of Energy
(DOE) requirements to assess and document possi-
ble influences of operations on the environment, this
report provides data and interpretation of en-
vironmental conditions in the vicinity of LASL dur-
ing 1979.

A. Monitoring Operations

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

the Laboratory site and in the surrounding region to
document compliance with appropriate standards,
identify possible undesirable trends, provide infor-
mation for the public, and contribute to general en-
vironmental knowledge. This monitoring in the en-
vironment is a backup to the data on speci13c ef-
fluent releases such as those from radioactive waste
treatment plants and various stacks at nuclear
research facilities.

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

The types of routine monitoring conducted at
these stations include measurements of radiation
and collection of samples of air, water, soils, and
foodstuffs for subsequent laboratory analysis. Exter-
nal penetrating radiation (the x and gamma ray
con tributions from natural cosmic and terrestrial
sources, plus any Laboratory contributions) was
measured at 55 locations by thermoluminescent
dosimeters. Airborne radioactivity samples were ac-
cumulated during monthly intervals by continuous-
ly operating samplers at 25 locations. Surface and
groundwater samples were collected periodically at
113 locations: 71 of which are indicated in Table I, 22
for the DOE water supply wells and distribution
system, and 20 related to the Hot Dry Rock Geother-
mal Project at Fenton Hill.

Samples of foodstuffs, principally vegetables,
fruit, and fish, were collected at 24 locations. Soil
and sediment samples were collected periodically
from 86 locations. Additional samples were collected
at various times and locations to gain information on
particular events such as major runoff events in in-
termittent streams and nonroutine releases or for
special studies. During 1979, more than” 17 000
analyses for chemical and radiochemical con-
stituents were performed on these environmental
samples. The resulting data were used for com-
parison with standards and natural background, as
bases for calculations, and other interpretations.

B. Summary of 1979 Results

The large number of samples and wide range of
purposes for which they are collected makes a brief
summary difficult without leading to possible mis-
interpretation. Consequently, this summary pre-
sents an overview of monitoring resulta with selected
highlights, emphasizing comparisons with standards
or other bases for indicating significance. Full
details of the results, their contexts, and interpretive
methodology are explained in the body of the report
and appendixes.

TABLE I

LASL MONITORING PROGRAM AND NUMBER
OF SAMPLING LOCATIONS

Type of
Number of Sampling Stations in Group

Monitoring Regional Perimeter Onsite

External Radiation 3 12 40
Air 3 11 11
Surface and 6 28 37

Ground Water’
Soils and Sediments 16 27 43
Foodstuffs 8 7 9

—————

“An additional 22 stations for the water supply and 20 special stations related to the Fenton Hill
Geothermal Program were also sampled.



1. Penetrating Radiation

Levels of penetrating radiation, including x and

gamma rays from cosmic, terrestrial, and man-made
sources in the Los Alamos area, are monitored with
thermoluminescent dosimeters (TLDs) at 55 loca-
tions divided into regional, perimeter, and onsite
groups. No measurements at regional or perimeter
locations in the environmental network for any
calendar quarter showed any statistically dis-
tinguishable increase in radiation levels that could
be attributed to LASL operations (see Table II). The
apparent differences between the regional and
perimeter groups are attributable to differences in
the natural radioactivity content of geologic forma-
tions. Quarterly measurements at the 16 onsite sta-
tions in the routine environmental network were ex-
pectably above background levels, reflecting ongo-
ing research activities at LASL. Twenty-four of the
forty onsite TLD stations are specially located to
monitor radioactivity from the Los Alamos Meson
Physics Facility (LAMPF).

2. Radioactivity in Air and Water

Measurements of radioactivity in air and water
are compared to standards, known as Concentration

.

TABLE II

EXTERNAL PENETRATING RADIATION
DURING 1979

Dose (mrem)

Group Minimum Maximum Average

r’.

.

Regional 84 97 92
Perimeter 112 147 128
Onsite 109 252 144

Guides (CGS) that are applicable to all federal agen-
cies (see Appendix A). CGS are concentrations of
radioactivity in air breathed continuously or water
constituting all that is ingested during a year that
are determined 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 1979 results for
total measurements (that is, including the amount
present from worldwide fallout) of the main isotopes
potentially influenced by LASL operations are
shown in Table III as ranges of percentages of the

TABLE III

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

% CG

Regional Perimeter Onsite

Air
‘H (as HTO) 0.0-0.006 0.0-0.01 0.0-0.03
‘“PU 0.0-0.03 0.0-0.06 0.0-0.07
u 0.0-0.02 0.0-0.002 0.0-0.002

Water
‘H (as HTO) 0.01-0.04 0.0-0.02 0.0-0.3
2s9pu 0.0-0.01 0.0-0.00009 0.0-0.0005
1s7(3 0.0-0.3 0.0-0.2 0.0-0.2

n

.-

..-

‘Values in tables are (X – 2 s) ‘to (% + 2 s) as YO CG.
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CGS. The values shown represent a statistical range
(from two standard deviations below to two stan-
dard deviations above the mean) that encompasses
90-95% of the individual results. All comparisons in
Table III are with CGS applicable to individuals in
the general public, even though many onsite loca-
tions are not accessible to the public.

During 1979, no statistically significant difference
was observed between atmospheric concentrations of
gross alpha, gross beta, americium, plutonium, and
uranium measured at sampling locations along the
Laboratory perimeter and those measured in distant
areas. This indicates Laboratory contributions to
concentrations of these contaminants were less than
local variability in background levels. Tritiated
water vapor concentrations at four onsite stations
were five to fifteen times higher than regional
background levels and are attributable to LASL
operations, whereas concentrations at the other
seven onsite stations were statistically in-
distinguishable from regional background con-
centrations. The data in Table III show that tritium

(’H), plutonium (23’Pu), and uranium (U) at-
mospheric concentrations were only small fractions
of their respective CGS. Results from only 1 of 55
Zoapusamples and 1 of M zflAm samples were above

their respective analytical detection limits and were
not included in Table III. Gross alpha and beta
analyses serve as crude indicators of overall radioac-
tivity levels. The highest gross alpha concentration
was 3.7% of the most relevant CG and the highest
gross beta concentration was 0.02% of the most rele-
vant CG.

Surface and ground waters are monitored to
provide routine surveillance of potential dispersion
of radionuclides from LASL operations. Results of
analyses are compared to CGS (see Table III) as an
indication of the low concentrations or radionuclides
in the environment. Other radioactivities measured
but not listed in this table are 23Spu (rn05t analyses

were at or below analytical detection limits), gross
alpha and beta (used only as gross indicators of
radioactivity), and uranium (concentrations low and
generally indistinguishable from levels naturally in
the environment). Results of the 1979 radiochemical
quality analyses of water from regional, perimeter,
water supply, and onsite noneffluent release areas
indicate no significant effect from effluent releases
from LASL. Waters in the onsite liquid effluent
release areas contain measurably higher concentra-

tions of radioactivity, but at levels still small frac-
tions of CGS. These onsite waters are not a source of
industrial, agricultural, or municipal water supplies.

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

3. 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 peo-
ple. Estimated doses potentially resulting from
these mechanisms, or pathways, such as wind
resuspension of dust and incorporation into food
chains, are summarized in the next section and com-
pared to Radiation Protection Standards as an in-
terpretation of their significance.

Measurements of radioactivity in soils and sedi-
ments are also useful as a means for monitoring and
understanding the hydrologic transport of some
radioactivity occurring in intermittent stream chan-
nels in and adjacent to the LASL site as a result of
past and current liquid waste disposal operations.
Pueblo, Los Alamos, and Mortandad Canyons all
have concentrations of radioactivity on sediments at
levels higher than attributable to worldwide fallout.
Some radioactivity on sediments in Pueblo Canyon
(from pre-1964 effluent disposal) and upper Los
Alamos Canyon (from 1952 to current treated ef-
fluent 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 sedi-
ments attributable to worldwide fallout and
variability in such measurements. No radioactivity
on sediments has been transported past the LASL
boundary in Mortandad Canyon. Measurements of
above-background but low level radioactivity on
soils from a few locations indicate probable deposi-
tion of some airborne emissions from LASL
facilities. Most such locations are near facilities
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known to have had higher emission rates in the past,
especially prior to 1974.

Fruit, vegetable, fish, and honey samples
analyzed in 1979 show no increments of radioactivity
distinguishable from that attributable to natural
sources or worldwide fallout at any offsite location.
At onsite locations near facilities emitting tritium,
some elevated levels of tritiated water were found in
fruit and in honey from an experimental hive.

4. Radiation Doses

Individual whole-body radiation doses to
members of the public attributable to LASL opera-
tions are compared to applicable Radiation Protec-
tion Standards (RPSS) in Table IV. Radiation doses
for various mechanisms of exposure are expressed as
a percentage of the 500 mrem/yr RPS. This RPS is
only for doses from exposures above natural
background and medical exposures, Doses presented
here are those calculated to be possible d@es to in-
dividuals under realistic conditions of exposure and
do not include some of the maximum hypothetical
exposures discussed in the body of this report that
have minimal likelihood of occurring.

The estimated maximum regional doses shown in
Table IV for direct external radiation and airborne
radioactivity are both based on exposure to
theoretically calculated concentrations of emissions
from LAMPF and the research reactor. The max-
imum estimated regional dose based on a food
pathway assumes consumption of liver from a steer
that grazed in Los Alamos Canyon and drank water

containing some radioactivity on suspended sedi-
me~ts during a long spring runoff. Estimated
perimeter doses from direct external radiation and
air~orne radioactivity occur at a commercial es-
tablishment near the LASL boundary north of
LAMPF and are attributable to its operation. The
perimeter food pathway is based on consumption of
honey from an experimental hive located onsite but
near the LASL boundary. The onsite external radia-
tion dose is that estimated for a commuter regularly
traveling past a LASL facility on one of the DOE
roads normally open to public travel, The onsite air-
borne pathway was calculated for a half-day visit to
the science museum-personnel building area. The
onsite food pathway could occur from consumption
of venison from a deer frequenting a canyon where
treated liquid effluents are discharged. Another
perspective is provided by comparing these es-
timated doses with the estimated whole body dose
attributable to worldwide fallout (from inhalation,
ingestion of food, and external radiation) in the
United States, which is about 0.9% of the RPS.

5. Interpretation of SignMcance

To provide a perspective for comparing the
sig-qificance of radiation exposures, estimates of the
added risk of cancer were calculated. The increase in
risk estimated for average individual exposures to
ionizing radiation from LASL operations are
presented in Table V, along with estimated in-
cremental riska from natural and diagnostic medical
radiation. The factors for risk estimation are those

TABLE IV

COMPARISON OF INDIVIDUAL WHOLE BODY RADIATION DOSES
WITH RADIATION PROTECTION STANDARDS

(Values are per cent of RPS. For Individual in Public: 500 mrem/yr)

Calculated Doses Attributable to % RPS

LASL Operations from: Regional Perimeter Onsite

Direct External Radiation <0.001 0.6 0.1
Airborne Radioactivity <0.001 0.6 <0.001
Food Pathways <0.001 0.005 0.8
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TABLE V

ADDED INDIVIDUAL CANCER MORTALITY RISKS
A’M’RIBUTABLE TO RADIATION EXPOSURE

Exposure Source

Average Exposure from LASL Operationa
Los Alamos Townsite
White Rock Area

Natural Radiation
Cosmic and Terrestrial

Los Alamos Townsite
White Rock Area

Self Irradiation

Medical x-rays (Diagnostic Procedures)
Average Whole Body Exposure

——————

Added Risk (Chance)
of Cancer Mortality

1 in 13000000
1 in 130000000

1 in 88000
lin 96000

1 in 420000

lin 97000

Dose (mrem)
Used in Risk Esthnata

0.8
0.08

114 a
104 ‘
24

103

‘Based on measured dose rates with reductions made for structural and self-shielding.

given by the International Commission on
Radiological Protection (ICRP) based on observed
radiation damage at high doses and linearly ex-
trapolated to effects at low doses and dose rates
(that is, the injury is assumed to be directly propor-
tional to dose). The ICRP warns that these radiation
risk estimates should be used only with great cau-
tion because the factors may overestimate actual
risk. The National Council on Radiation Protection
and Measurements (NCRP) has also taken the of-
ficial 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 V.

The maximum potential LASL contribution to
the cancer risk is extremely small when compared to
overall cancer risks. Further perspective is gained by
noting the average risk in New Mexico of contracting
a cancer from all causes is 1 chance in 405 each year.
The overall United States lifetime risk of con-
tracting some form of cancer is 1 chance in 4 and the
lifetime risk of cancer mortality is 1 chance in 5.

& Other Monitoring Results

Airborne radioactive emissions were monitored as
released from 90 exhaust stacks at LASL and were
typical of releases during the past several years.
The greatest change during 1979 was an increase in
plutonium emissions by a factor of about 10 due to
problems in one experimental facility. This did not
result in any increase in average ambient air con-
centrations offsite distinguishable from worldwide
fallout. Tritium emissions decreased somewhat in
spite of a release of about 3000 Ci (0.3 g) from an ac-
cident in one experimental laboratory. No
measurable offsite effect resulted, and the max-
imum theoretically calculated dose was less than
0.05% of the RPS. Liquid effluents from two
radioactive waste treatment plants and one sanitary
sewage lagoon contained some radioactivity, all at
levels well within CGS.

Nonradioactive effluents include airborne and li-
quid discharges. Airborne effluents from the beryl-
lium fabrication shop, gasoline storage and combus-
tion, power plant, gases and volatile chemicals,
waste explosive burning, and dynamic testing did

7



not result in any measurable or theoretically
calculable degradation of air quality. A single
National Pollutant Discharge Elimination System

(NPDES) permit covers 108 industrial discharge
points and 10 sanitary sewage treatment facilities.
This year 6 of the 10 sanitary sewage treatment
facilities exceeded one or more of the NPDES limits
(excluding flow rate limitations) in one or more
months, and less than l% of all samples from the 108
industrial outfalls exceeded NPDES limits.

Some special environmental research programs
were conducted this year to gain a better under-
standing of the ecosystems at LASL. Among these
projects were the study of fire ecology, flora, water
quality, elk migration, climatology, transuranic
waste management methods, and radionuclide
detection instrumentation.

II. BACKGROUND ON LOS ALAMOS

A. Physical Characteristics of the Area

1. Geographic Setting

The Los Alamos Scientific Laboratory and as-
sociated residential areas of Las Alamos and White
Rock are located in Los Alamos County in
northcentral New Mexico, approximately 100 km (60
mi.) NNE of Albuquerque and 40 km (25 mi.) NW of
Santa Fe (Fig. 2). The 111 km’ (27 500 acres)
Laboratory site and adjacent 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 approximate-
ly 2400 m (7800 ft) at the flank of the Jemez Moun-
tains to about 1800 m (6200 ft) on their eastern
margin terminating above the Rio Grande valley.

Most Laboratory and community developments
are confined to mesa tops (see Fig. 1 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 U.S. Forest Service and
U.S. Park Service (see land ownership map inside
back cover). The Pueblo de San Ildefonso borders
the Laboratory to the east.

All Los Alamos County and vicinity locations
referenced in this report are identified by the LASL

cartesian coordinate system, which is based on
English units of measurement. This system is stan-
dard throughout the Laboratory but is independent
of the U.S. Geological Survey and New Mexico State
Survey coordinate sytems. 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 LASL boundary is controlled by the
DOE, which has the option to completely restrict ac-
cess. This control can be instituted when necessary.

2. Geology-Hydrology

Canyons and mesas in the Laboratory area are
generally formed by Bandelier Tuff (see Fig. 3, tuff)
composed of 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 Moun-
tains along the western edge of the Plateau and are
underlain by the conglomerate of the Puye Forma-
tion (see Fig. 3, conglomerate) in the central and
eastern edge along the Rio Grande, Chino Mesa
basalts (see Fig. 3, basalt) interfinger with the con-
glomerate along the river. These formations overlie
the siltstone/sandstone Tesuque Formation (see Fig.
3, sediments), which extends across the RIO Grande
valley and is in excess of 1000 m (33Ml ft) thick.

Los Alamos area surface water is primarily inter-
mittent stream flow. Springs on flanks of the Jemez
Mountains supply base flow to upper reaches of
some canyons, but the amount is insufficient to
maintain surface flows across Laboratory area before
it is depleted by evaporation, transpiration, and in-
filtration. Ruqoff from heavy thunderstorms or
heavy snowmelt reaches the Rio Grande several
times a year. Effluents from sanitary sewage, in-
dustrial waste treatment plants, and cooling tower
blowdown are released to some canyons at rates suf-
ficient to maintain surface flows for as long as about
1.5 km (1 mi).

r .
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fig. 2.
Regional bcatkm of J%8 Akzmo8.

Ground water occurs in three modes in the k
Alamos area: (1) water in shallow alluvium in can-

yons, (2) perched water, 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 is quite permeable in con-
trast to the underlying volcanic tuff and sediments.
Intermittent mnoff in canyons infiltrates 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 in the alluvium. As water in the al-
luvium moves downgradient, it is depleted by
evapotranspiration and movement into underlying
volcanics.1

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 be Alamos

9
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Fig, 3.
Conceptual ilktration of geologic-hydrologic rekationahips in the kk8 Azamo8 area,

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 Spr-
ings in Los Alamos Canyon. Perched water bodies
are formed by water infiltrating from canyon al-
luvium into underlying volcanics until it reaches an
impermeable layer that prevents further downward
movement.

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 Tesu-
que Formation into the lower part of the Puye For-
mation 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)

10

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.

Water in the main aquifer is under 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.2 The major recharge area
to the main aquifer is the intermountain basin of the
Vanes 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 un-
derlying lake sediment and volcanics are highly
permeable and recharge the aquifer through

9

Tschicoma Formation interflow breccias 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 estimated 5.3
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to 6.8 X 10’ m’ (4300 to 5500 acre-feet) annually
from the aquifer.

3. Climatology

Los Alamos has a semiarid, continental mountain
climate. The average annual precipitation of 46 cm
(19 in) is accounted for by warm-season convective
rain showers and winter migratory storms. Seventy-
five per cent of the annual total moisture falls
between May and October, primarily during
thunderstorms. Peak shower activity is in August.
Winter precipitation falls primarily as snow, with
annual accumulations of about 1.3 m (4.3 ft).

Summers are cool and pleasant. Maximum
temperatures are generally below 32°C (90”F) and a
large diurnal variation keeps nocturnal
temperatures in the 12 to 15°C (54 to 59°F) range.
Winter temperatures are typically in the range from
-10”C to 5°C (14 to 41”F). Many winter days are
clear with light winds, and strong solar radiation
makes conditions quite comfortable even when air
temperatures are cold. A summary of average and
1979 weather data is presented in Fig. 4 and Table
E-I.

Major spatial variation of surface winds in Las
Alamos is caused by the unusual terrain. Under
moderate and strong atmospheric pressure dif-
ferences, flow is channeled by the major terrain
features. Under weak pressure differences, a distinct
daily wind cycle exists. Interaction of these two pat-
terns gives rise to a westerly flow predominance on
the western part of the Laboratory site and a
southerly component at the east end of the mesas.

Historically, no tornadoes have been reported in
Los Alamos County. Lightning, however, is common
in the vicinity of Pajarito Plateau. Local
climatological records indicate an average of 62
thunderstorm-days per year. Lightning protection is
an important consideration applied to each facility
at LASL.

4. Population Distribution

Los Alamos County has a population estimated at
19 600. Two residential and related commercial
areas exist in the county (see Fig. 5 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, Barrance Mesa, and North Mesa), has
an estimated population of 13300. The White Rock
Area (including residential areas known as White
Rock, La Senda, and Pajarito Acres) has about 6300
residents. Commuting and general traffic are served
by State Road 4 (SR-4), which runs through White
Rock, and Loop 4, which runs through Los Alamos
(see Fig. 4). Two federally owned roads, East Jemez
and Pajarito Roads, cross the Laboratory site and
are normally open to public use. About one third of
those employed in Los Alamos commute from other
counties. Population estimates for 1979 place
108000 people within an 80 km (50 mi) radius of Los
Alamos.

B. Los Alamos Scientific Laboratory

1. Programs and Facilities

Since its inception in 1943, the Laboratory’s
primary mission has been nuclear weapons research
and development. National security programs in-
clude weapons development, laser fusion, nuclear
materials research, and laser isotope separation, as
well as basic research in the areas of physics,
chemistry, and engineering that support such
programs. Research on peaceful. uses of nuclear
energy has included space applications, power reac-
tor programs, radiobiology, medicine, and laser and
magnetic fusion. In more recent years other
programs have been added in applied
photochemistry, astrophysics, earth sciences, energy
resources, nuclear fuel safeguards, lasers, com-
puters, solar energy, geothermal energy, biomedical
and environmmental research, and nuclear waste
management research.

A unique combination of facilities which con-
tribute to the various research programs exists at
Los Alamos. These facilities include an 800 MeV
protron accelerator, a tandem Van de Graaff ac-
celerator, a High Energy Gas Laser Facility, a
Magnetic Fusion Laboratory, a flash radiographic
facility, and an 8 megawatt research reactor. Some
of these facilities encourage participation and joint
projects by researchers from other laboratories and
research facilities.

In August 1977, the LASL site, encompassing 111
km’ (27 500 acres), was dedicated as a National En-
vironmental Research Park. The ultimate goal of the
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programs associated with this regional facility is to
encourage environmental research that will con-
tribute understanding of how man can best live in
balance with nature while enjoying the benefits of
technology. Park resources are made available to in-
dividuals and organizations outaide of LASL for the
purpose of facilitating self-supported research on
these subjects deemed compatible with the LASL
programmatic mission.

A final environmental impact statement (F’EIS)S
which assesses potential cumulative environmental

impacts associated with current, known future, and
continuing activities at LASL was completed this
year. The FEIS provides environmental input for
decisions regarding continuing activities at LASL. It
also provides much more detailed information on the
environment of Los Alamos area.

The Laboratory is administered by the University
of California for DOE, under contract W-7405-ENG-
36. The LASL environmental program, conducted
by the Environmental Surveillance Group, is part of
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a continuing investigation
program.

2. Waste Management

and documentation 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 treatment plants for processing.
Radioactivity is removed at the treatment plants by

LASL’S activities are carried out in 31 active
technical areas (TA) distributed over the site (see
Fig. 4). Wastes requiring disposal are generated at
virtually all these locations. Sanitary sewage is
handled by a number of plants employing conven-
tional secondary treatment processes or by septic
tank installations. Uncontaminated solid waste is
disposed in a County-operated landfill located
within the Laboratory boundary. Nonradioactive
airborne effluents 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 explosives
wastes.

Most liquid radioactive or chemical laboratory
waste is routed to one of two waste treatment
facilities by a collection system that is independent

physiochemical processes that produce a con-
centrated sludge subsequently handled as solid
radioactive waste. The treated effluents are released
to canyons.

Between 90% and 95% of the total volume of
radioactively contaminated solid waste from the
Laboratory is disposed of by burial at the waste dis-
posal area, TA-54. The remaining 5-10% is classed
as tranuranic waste and stored retrievable. En-
vironmental containment is provided by the dry
geologic formation of the burial ground.

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



III. MONITORING RESULTS

A. Radiation and Radioactivity

1. Penetrating Radiation

Levels of penetrating radiation, including x and gamma rays from cosmic, terrestrial,
and man-made sources in the Los Alamos area are monitored with thermoluminescent
dosimeters deployed in two independent networks. The environmental network consists of
31 locations divided into three groups (Fig. 6). Three of these locations are 28 to 44 km from
the Laboratory boundaries in the neighboring communities of Espaiiola, Pojoaque, and
Santa Fe, and form the regional group (Fig. 7). The perimeter group consists of 12
dosimeters placed within 4 km of the boundary. Sixteen locations within LASL boundaries
are classed as the onsite group. The dosimeters are changed each calendar quarter. The
second network consists of 24 locations, all within LASL boundaries. This network was es-
tablished to monitor radioactivity of the gaseous effluent from the Los Alamos Meson
Physics Facility (LAMPF) at ground level approximately 1 km from the stack. Twelve of
the 24 locations are along an 800 m segment of the LASL boundary directly north of
LAMPF. The dosimeters are changed in accordance with the operating schedule of
LAMPF. No measurements at regional or perimeter locations in the environmental
network for any calendar quarter showed any statistically discernible increase in radiation
levels that could be attributed to LASL operations; onsite measurements were slightly
above background levels, reflecting research activities at LASL. The LAMPF network
showed an increase of 21.7 + 2.2 mrem/yr at the LASL boundary north of the LAMPF
facility. Tables II and E-II summarize the annual total doses by the regional, perimeter,
and onsite groups for 1979. Figure 8 shows a comparison of dose averages for the last four
years.

Natural penetrating radiation background has
two components. The natural terrestrial component
results from the decay of 40K and the radioactive
daughters from the decay chains of ““I% and “W.
The cosmic component includes both photon radia-
tion and neutrons. The thermoluminescent
dosimeters (TLDs) used in the LASL monitoring
pro~am are insensitive to neutrons so neutron con-
tribution to natural background radiation was not
measured and, therefore, will be excluded from this
discussion. The cosmic ionizing radiation level in-
creases with elevation because of reduction in the
shielding effect of the atmosphere. 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 2.1 km at
Santa Fe, receive from 50-60 mrem/yr.4

In contrast to this fairly constant cosmic compo-
nent, the dose from the natural terrestrial compo-
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nent in the Los Alamos area is highly variable. The
temporal variation at any particular location (Fig.

8) is about 15-25% because of variations in soil
moisture content and snow cover.’ Figure 7, which
compares all TLD locations that have been un-
changed during the last four years, shows this tem-
poral variation in the offsite and perimeter averages.
The variation in the onsite averages is more influen-
ced by changes in the research programs at par-
ticular LASL sites than by changes in soil moisture
or snow cover. There is also spatial variation
because of different soil and rock types in the area.’
These natural sources of variation make it difficult
to detect any increases in the radiation level from
man-made sources, especially if the magnitude of
such an increase is small compared to natural fluc-
tuations.

In order to discriminate between these man-made
and natural components of variation, data were
used from two different dosimeter configurations at
each LAMPF network location. One measures total
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TLD locations on or near the LASL Site.

penetrating radiation, both cosmic and terrestrial. terrain. These three locations are not influenced bv
The second is shielded from below with enough lead
to eliminate about 90% of the direct terrestrial
gamma-ray component and from above by enough
Lucite @ to eliminate virtually all beta particles and
positrons (whether from natural sources or from
LAMPF operations). Gamma rays from annihila-
tion of positrons and electrons can penetrate the
Lucite.

Three of the locations in the LAMPF TLD
network are 7.5 to 9 km from LAMPF in similar

–<
any laboratory radiation sources and are used as
background locations. By comparing ratios of un-
shielded to shielded doses recorded during the same
period at the background locations and at each field
location in the LAMPF network, the component of
the total penetrating dose due to LAMPF operations
can be determined for each field location.
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2. Atmospheric Radioactivity

Worldwide background atmospheric radioactivity is composed of fallout
from atmospheric nuclear weapons tests, natural radioactive constituents
in dust from the earth’s surface, and radioactive materials resulting from
interactions with cosmic radiation. Air is routinely sampled at several loca-
tions 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. During 1979, no
statistically significant difference was observed between atmospheric con-
centrations of gross alpha, gross beta, americium, plutonium, and uranium
measured at sampling locations along the Laboratory perimeter and those
measured in distant areas. This indicates Laboratory contributions to con-
centrations of these contaminants were less than local variability in
background levels. Tritiated water vapor concentrations at 4 onsite stations
were 5 to 15 times higher than regional background levels and are at-
tributable to LASL operations, whereas concentrations at the other 7 onsite
stations were statistically indistinguishable from regional background con-
centrations.
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a. Introduction reference points in determining the regional

Atmospheric radioactivity samples were 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
identified by map coordinates in Table E-III.
Perimeter stations are within 4 km of the
Laboratory boundary. The regional monitoring sta-
tions, located 28 to 44 km from the Laboratory at
Espafiola, Pojoaque, and Santa Fe (Fig. 7), serve as

.

u

-J

background for atmospheric radioactivity. A com-
plete description of sampling procedures and
statistical treatment 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 composed of fallout from atmospheric
nuclear weapons tests, natural radioactive con-
stituents in dust tlom the decay chains of 2J2Th,200U,
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and materials resulting from interactions with
cosmic radiation, such as tritiated water vapor.
Because suspended particulate are mostly from soil
resuspension, there are large temporal fluctuations
in radioactivity concentrations as a result of chang-
ing meteorological conditions. Periods of high
winds, resulting in relatively high suspended par-
ticulate concentrations, contrast with periods of
heavy precipitation, which remove much of the
suspended mass. Spatial variations may be depen-
dent on these same factors. Previous measurements
of background atmospheric radioactivity concentra-
tions are summarized in Table E-IV and are useful
in interpreting the air sampling data.

b. Annual Gross Alpha and Gross Beta
Radioactivity

Gross alpha and beta analyses serve as crude in-
dicators of overall radioactivity levels. The annual
average 4-wk gross alpha and gross beta concentra-
tions are summarized in Table VI and shown in
detail in Table E-V. There was a very slight increase
in long-lived gross beta concentrations (see Fig. 10)
during the spring. This elevated activity was small
this spring in comparison with maxima observed in
other years when mixing of the stratosphere with the
troposphere causes increased fallout of radioactive
particulate.

Data plotted in Fig. 10 also show that there were
no significant differences in atmospheric gross beta
concentrations among regional, perimeter, and on-
site sampling stations this year. There have been no
statistically significant differences over the past
seven years. This lack of statistically significant dif-
ferences in concentrations indicates that Laboratory
operations have negligible influence on the ambient
atmospheric radioactivity in the Los Alamos
vicinity lmd suggests that this radioactivity
originates from widespread sources—fallout from
nuclear test detonations and naturally occurring
materials—and not from a localized source such as
the Laboratory.

c. Tritium

Atmospheric tritiated water concentrations for
each station for 1979 are summarized in Table VI,
detailed in Table E-VI, and plotted in Fig. 11. The

highest annual mean of 40 (+42) pCi/m’ at TA-33 is
attributable to trit ium stack effluents from the site.
A totalof10470 Ci of tritium was released from TA-
33 during the year, about 70% of the total from all
technical areas at LASL (see Table E-XX). The
relatively higher concentrations at TA-54 (station
22) result from evapotranspiration of buried
tritium-contaminated wastes at this site. Also,
tritium effluents from stacks near sampling stations
at TA-52 (station 19) and TA-39 (station 25) cause
their annual means to be relatively higher than the
other stations.

d. Plutonium

Annual average 2wpu and Zsspuconcentrations are

summarized in Table VI and detailed in Table E-
VII. All 2’8Pu concentrations, except for one at TA-

16 (station 20), had no detectable (i.e., where the 2s
measurement error was less than the measured
value) values. The annual ‘*ePu means were lower
than last year because of an apparently small input
from worldwide fallout (see Fig. 10), although max-
imum values at several stations were slightly higher
than in 1979. These maximum concentrations oc-
curred during the first and third quarters. The max-
ima during the first quarter could be related to in-
creased ‘“Pu airborne emissions from one LASL
facility, however, the third quarter maxima oc-
curred when releases from that facility were
relatively low (see Section 111.A.6). Regional,
perimeter, and onsite group 2’OPu means are
statistically indistinguishable from one another, in-
dicating Laboratory contributions of ‘9Pu to the at-
mosphere are negligible.

e. Uranium and Americium

The 1979 atmospheric uranium concentrations
are summarized in Table VI and listed in Table E-
VIII. Uranium concentrations are heavily depen-
dent on the immediate environment of the sampling
station. Those stations with higher annual averages
and maximums were” all located in dusty areas
where historically a higher filter dust loading has ac-
counted for collection of more natural uranium. An-
nual station averages are typical of regional
background atmospheric uranium concentrations



TABLE VI

SUMMARY OF ANNUAL ATMOSPHERIC RADIOACTIVITY MONITORING FOR 1979’

Analysis
Composite

Group Units

Gross alpha

Gross beta

Tritiated
Water vapor

2’8PU

“PU

‘“Am

Total
Uranium

.— __

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

10-” VCi/m.l
10-” pCi/ml
10-” pCi/mJ

10-’0 WCi/ml
10-’S ~Ci/m,E
10-” gCi/ml

10-’2 gCi/m,#
10-’2 VCi/ml?
10-’2yCi/ml

10-” pCi/ml
10-’* pCi/m.4
10-’8 pCi/m,4

10-” gCi/m,E
10-” ~Ci/ml
10-” yCi/ml

10-” pCi/ml
10-” ~Ci/m2
10-” pCi/mfl

pg/mS
pglms
pg/m2

Maximum
Observed

5.9 + 2.6
7.4 * 3.2
6.2 * 2.8

132 + 34
62 & 16
58 + 14

20+ 10
65 + 22

130 * 40

1.5 + 22
1.6 + 2.9
20 + 6.9

25 + 4.8
83 + 11

242 + 20

–1.1 + 4.6
1,2 * 6.8
37 & 10

116 + 18
190 + 32
251 + 55

Minimum
Observed

0.3 * 0.2
0,0 + 0.1
0.0 + 0.0

8.5 + 2.2
0.0 + 0.1
0.0 * 0.1

–1.4 * 1
0.1 + 0.6

-3.0 + 1.2

-6.2 + 4.5
-14 * 15

–8*5

–0.9 + 1.8
–7 + 25

–1.8 + 2.5

–6 + 10
–4.6 + 5.2
–5.1 + 7.6

.15 +17
8+21

–1.8 + 18

Annual
Mean

Mean As
% CG

1.4 * 1.5
2.2 & 2.8
2.3 + 2.7

25 + 17
28 + 23
29 + 26

2.7 & 8.7
4.9 + 15
12 + 42

–2.6 + 3.2
–2.3 & 2.9
–2,1 + 3.8

5+15
8.1 + 30
8.3 + 33

–3.1 * 4.7
–1 + 2.6

–0.1 * 9.4

62 + 75
54 * 73
50 + 64

1.3
3.7
0.1

0.03
0.03
0.0007

0.001
0.002
0.0002

0.0
0.0
0.0

0.008
0.013
0.0004

0.0
0.0
0.0

0.0007
0.0006
0.00002

—.

%ee footnotes in Table E-V (gross alpha and beta), E-VI (tritiated water vamw). E-VII (2SSPUand.,
z~~pu), E.VIII (uranium), and E-IX (XflAm)for minimum detectable limits, &mcent ration Czuide

values, and other pertinent information.

(see Table E-IV). There were no statistically signifi- Just one quarterly sample (37 + 10 aCi/ma at station
cant (at a >W~O confidence level) temporal or 22, TA-54) wai above the analytical detection limit.
geographical differences among regional, perimeter, Only 0.019 ~Ci of ‘“Am was released to the st-
and onsite station groups. mosphere from LASL during 1979.

The 1979 atmospheric salAm concentrations are

summarized in Table II and listed in Table E-IX.
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3. Radioactivity in Surface and Ground Waters

Surface and ground waters are monitored to provide routine surveillance
of potential dispersion of radionuclides from LASL operations. Results of
these analyses are compared to CGS (see Appendix A) and regional
background concentrations as an indication of the small amounts of
radionuclides in the environment. Results of 1979 radiochemic.al quality
analyses of water from regional, perimeter, water SUpply,and onsite nonef-
fluent release areas indicate no significant effect from effluent releases from
LASL. 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
surface and ground waters from regional and
perimeter stations reflect base line levels of radioac-
tivity in the areas outside the LASL boundaries.
Regional surface waters were collected within 75 km
of LASL from six stations on the Rio Grande, Rio

22

Chama, and Jemez River (Fig. 7, Table E-X). Sam-
ples were also collected from five perimeter stations
located within about 4 km of the LASL boundaries

and from 23 stations in White Rock Canyon of the
Rio Grande (Fig. 12, Table E-X). Excluded from
this discussion is Acid-Pueblo Canyon, a former
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release area for industrial liquid waste, which has imum concentrations found in these waters with
four offsite stations and three onsite stations (Fig.
12). As a known release area and for hydrologic con-
tinuity, all of the monitoring results in Acid-Pueblo.

-. Canyon are discussed in the following section con-
cerning onsite surface and ground waters. Detailed

. data from regional and perimeter stations are in
... Table E-XI and E-XII, respectively (see Appendix

B.3 for methods of collection, analyses, and
reporting of water data). A comparison of the max-

CGS for uncontrolled areas is given in Table VII.
However, the CGS do not account for concentration
mechanisms that may exist in environmental
media. Consequently, other media such as sedi-
ments, soils, and foods are monitored (as discussed
in subsequent sections).

Radionuclide concentrations in surface and
ground waters from the six regional and five
perimeter stations are low and have shown no effect
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TABLE VII

MAXIMUM RADIOACTIVITY CONCENTRATIONS IN REGIONAL
AND PERIMETER WATERS

Analysis

‘H
‘“CS
298pu
2wpu

Gross alpha
Gross beta
Total U

units
(pCi/ml)

10-,

10-9

10-9

10-9

10-9

10-9

pgll

Regional

1.2
<120

<0.02
<0.04

5
16
5.1

Perimeter

Five White Rock
Stations Canyon

0.8 0.7
<60 110

<0.07 <0.26
<0.08 <0.06

5.8 4.9
8.9 16

14 23

CG for
Uncontrolled

Areas

3000
30000
5000
5000
5000

300
1800

Note: < value represents analytical value plus twice the uncertainty term for that analysis.

from release of liquid effluents at LASL. Plutonium
concentrations are near detection and are well below
CGS for uncontrolled areas.

b. Water Supply. The municipal and industrial
water supply for the Laboratory and community is
from 15 deep wells (in 3 well fields) and one gallery
(underground collection basin for spring discharge).
The wells are located on Pajarito Plateau and in
canyons east of the Laboratory (Fig. 12). The water
is pumped from the main aquifer, which lies at a
depth of about 350 m below the surface of the
plateau. The gallery discharges from a perched
water zone in the volcanics west of the plateau. Dur-
ing 1979, production from the wells and gallery was
about 5.5 X 10° ma, with the wells furnishing about
97% of the total production and the gallery about
3%. Water samples were collected from the wells
and gallery and at 5 stations on the distribution
system, The 5 stations on the distribution system
are located within the Laboratory and community
(Fig. 12, Table E-X).

Detailed radiochemical analyses from the wells,
gallery, and distribution system are presented in
Table E-XIII. A comparison of maximum concen-
trations found in these waters with the EPA

National Interim Primary Drinking Water
Standards’ is given in Table VIII.

Radioactivity occurring in the water supply is low
and naturally occurring. Plutonium is below detec-
tion limits. Samples from the water distribution
system showed gross alpha activity lower than the
EPA screening limit (see Appendix A) even though
one well (LA-lB, Los Alamos field) contained
natural alpha activity about 80% greater than the
screening limit. Dilution by water from the wells
results in concentrations at points of use (distribu-
tion system) that meet the EPAs criteria for
municipal supply.

c. Onsite Surface and Ground Waters. Onsite
sampling stations are grouped according to areas
that are not located in effluent release areas and
those located in areas that receive or have received
industrial liquid effluents. Sampling locations in
onsite noneffluent release areas consist of seven test
wells completed into the main aquifer, and three
surface water sources (Fig. 12; Table E-X). Detailed
radiochemical analyses are shown in Table E-XIV.
The maximum concentration of radioactivity at the
ten stations is in Table IX. The concentrations were

*
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TABLE VIII

MAXIMUM RADIOACTIVITY CONCENTRATIONS IN WATER SUPPLY

Analysis

‘H
187c~

2a8pu

‘“PU
Gross alpha
Gross beta
Total U

Units
(~Ci/ml)

10-6

10-9

10-9

10-9

10-9

10-0

/lg/.t

Wells and
GaUery

0.8
<1oo

<0.04
<0.02

9.0
5.8
6.2

——.————

‘Environmental Protection Agency’s National

Note: <value represent analytical value plus

Distribution
System

1.0
<90
<0.03
<0.04

1.2
5.5
3.3

EPA
NIPDWIU

20
20Q

7.5
7.5
5

---

1800

Interim Primary Drinking Water Regulations.

twice the uncertainty term for that analysis.

TABLE IX

MAXIMUM RADIOACTIVITY CONCENTRATIONS IN ONSITE WATER
IN AREAS NOT RECEIVING EFFLUENTS

Units Onsite Non- CG for
Analysis (pCi/ml) Effluent Areas Controlled Areas

aH 10-6 3.3 100000
1s7(-3 lfj-o <100 400000
‘“PU 10-9 <0.07 100000
Zsopu 10-9 <0.08 100000
Gross alpha 10-9 2.3 100000
Gross beta 10-0 16 10000
Total U pgll 2.3 60000

—————————

Note: < value represents analytical value plus twice the uncertainty term for that analysis.

low, near or below detection limits, and well below The maximum concentration of radioactivity in
CGS for controlled areas. each of the four canyons is given in Table X.

Canyons that receive or have received industrial Radioactivity observed in Acid-Pueblo Canyon (7
effluents are Acid-Pueblo, DP-Los Alamos, San- stations) results from residuals of treated and un-
dia, and Mortandad. Samples were collected from treated radioactive liquid waste effluenta released
surface water stations or shallow observation holes into the canyon before 1964 (Table E-XIV).
completed in the alluvium. (Fig. 12, Table E-XIV).
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TABLE X

MAXIMUM RADIOACTIVITY CONCENTRATIONS IN WATERS

units
Analysis (pCi/mkl)

‘H 10-8
lal(-$~ 10-9

Zsspu 10-9

‘“PU 10-0

‘“Am 10-0

Gross alpha 10-0

Gross beta 10-9

Total U Pgli
——______

Note: < value represents

IN AREAS RECEIVING EFFLUENTS

Acid—
Pueblo

DP—IAJs
Alamos Sandia Mortandad

CG for
Controlled Areas

20
<100

<0.05
0.50

..-
2.6

97
3.0

11
<110

0.11
0.64
7.6

30
380

77

7.5
27
0.07

<0.03
<0.11
<1.5
26
2.0

650
210

4.6
2.5
5.6

46
340

4.3

100000
400000
100000
100000
100000
100000
10000
60000

analytical value plus twice the uncertainty term for that analysis.

Radionuclides that were adsorbed by channel sedi-
ments are now being resuspended by runoff and
municipal s,anitary effluents.

Sandia Canyon (3 stations) receives cooling tower
blowdown from the TA-3 power plant and some
sanitary effluent from the TA-3 areas. Analyses of
samples from this canyon show ls7Cs and 2S8PUat
detection limits, in one sample (Table E-XIV).

DP-Los Alamos Canyon (8 stations) receives in-
dustrial effluents that contain low levels of

radionuclides and some sanitary effluents from TA-
21. Mortandad Canyon (8 stations) receives treated
industrial effluent containing radionuclides (Table
E-XIV). Water in these canyons contain
radionuclides as the result of effluent from the treat-
ment plants.

The three areas, Acid-Pueblo, DP-Los Alamos,
and Mortandad Canyons, contain surface and
ground water with measurable amounts of radioac-
tivity that are well below CGS for controlled areas.
Surface and ground waters of these canyons are not
a source of municipal, industrial, or agricultural
supply. Surface waters in these canyons normally
infiltrate into the alluvium of the stream channel
within LASL boundaries. Only during periods of
heavy precipitation or snowmelt does water from
Acid-Pueblo and DP-Los Alamos Canyons reach the
RIO Grande. In Mortandad Canyon, there has been
no surface water runoff past the LASL boundary
since hydrologic studies in the canyon began in
1960, 3 yr before release of any industrial effluents.

.

.
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4. Radioactivity in Soil and Sediment

.
.

.

a

---

.

Soil samples were collected from 37 stations and sediment samples from 59
stations in and adjacent to the Los Alamos area. Concentrations of 239Pu
from one regional soil station and ‘OSrfrom one regional sediment station
were about three times worldwide fallout levels. Seven soil and nine sedi-
ment perimeter stations, and twelve soil and twenty sediment onsite stations
contained concentrations of radioactivity in excess of normal or fallout
levels. The concentrations of radioactivity fkom these stations are less than
three times the normal or fallout levels except in areas where treated
radioactive effluents are released.

a. Regional Soil and Sediments. Regional soils
are collected in the same general locations as
regional waters (Fig. 7). Regional sediments are also
collected at the same general locations with ad-
ditional samples collected from Otowi to Cochiti
from the Rio Grande. The exact locations are
presented in Table E-XV (see Appendix B.3 for
methods of collection, analysis, and reporting of soil
and sediment data) and detailed results are in Table
E-XVI.

Regional and perimeter soil and sediment
radiochemical data collected from 1974 through 1978
are used to distinguish background radioactivity
(from natural and worldwide fallout) from at-
mospheric nuclear weapons tests.’ This criteria is
used for comparison using the mean plus twice the
standard deviation for a number of analyses for a
certain radionuclide from 1974 through 1977 (Table
XI). The mean plus twice the standard deviation in-
cludes approximately 95% of the population of the
samples.

Maximum concentrations of radionuclides in the
regional samples were near or below maximum con-
centration for natural and worldwide fallout except
for samples from Chamita and from the Rio Grande
at Ancho. The soil samp[e from Chamita contained
about O.la pCi/g of 2S0Puor three times the criteria.
Chamita is about 30 km NE of Los Alamos up
hydrologic gradient and beyond the influence of air-
borne emissions. The sediment sample from the RIO
Grande at Ancho contained about 2.5 pCi/g of *Sr or
about three times the criteria. The station is located
in the drainage from Los Alamos, so may represent
transport by storm runoff into the river. Both the
2S0Puand OOSrconcentrations are apparently due to
variability in fallout, since none of the other regional
stations showed anomalous results.

b. Perimeter Soils and Sediments. Eight
perimeter soil stations were sampled in areas within
4 km of the Laboratory. Nineteen sediment samples
were collected from major intermittent streamsthat
cross Pajarito Plateau. Locations of the stations are
described in Table E-XV and are shown on Fig. 13.
Detailed analyses are shown on Table E-XVII.

Soil analyses indicate that *H from one station,
lstcs from five stations, OOSrfrom one station, ‘Sepu

and gross beta from two stations, and total U from
three stations were slightly above maximum
background (x + 2s) criteria (Table XII) based on
1974-1977 data. The ‘OSr and 2SoPuconcentrations
are at locations adjacent to TA-21 and are due to
deposition from stack emission at the site. Similar
concentrations were reported during a study in
1970.’

Sediment analyses indicated that “7CS and 2’”Pu
from two stations, Oosrfrom three stations, and 2S0pU

from six stations were above background in Acid-
Pueblo and lower Los Alamos Canyons. Industrial
effluents were released into Acid-Pueblo Canyon
before 1964 and residual radionuclides remain there.
Concentrations in lower Los Alamos Canyon (Totavi
to the RIO Grande) reflect transport by intermittent
storm runoff from Acid-Pueblo Canyon and from on-
site release of industrial effluents into DP-Los
Alamos Canyon. The concentrations decrease
downgradient in the canyons (Table E-XVII).

c. Onsite Soil and Sediments. Onsite soil sam-
ples were collected from 19 stations within
Laboratory boundaries. Sediment samples were col-
lected from 31 stations within the boundaries (Fig.
13, Table E-XV). Analytical results are shown on
Table E-XVIII and maximum concentrations in
Table XIII.
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TABLE XI

MAXIMUM RADIOACTIVITY IN REGIONAL
SOILS AND SEDIMENTS

(Concentrations in pCi/g, except as noted)

Analysis Soil Sediments

Maximum Natural and
Worldwide Fallout for
Northern New Mexico”

SHb

‘“CS
‘OSr
‘“Am
2s8pu
289pu

Gross alpha
Gross beta
Total U’

1.9
0.96
0.44
0.011

<0.004
0.023’

11
13
4.1

---

0.32
o.12d
---

<0.005
0.039

13
15
3.2

27’
0.92
0.79
---

0.008
0.028

10.4
11.2
4.4

— ——.

‘Maximum value (i + 2 s) for soil and sediments 1974-77 (Ref. 7).
blO-a ~Ci/m~.
C(X+ 2 s) for regional soils 1978.
‘Maximum value except for sample RIO Grande at Ancho of 2.5 pCi/g ‘OSr.
‘Maximum value except for sample from Chamita of 0.14 pCi/g 25’Pu.

‘l’g/g.

Note: < value represents analytical value plus twice the uncertainty term for that analysis.

In areas that have not received industrial ef-
fluents, concentrations of “TCS from seven stations,
Oosrfrom one station~ Zsspu from two stations, ‘Sepu

and gross alpha from seven stations, gross beta from
eight stations, and total U from five stations in on-
site soils were above background levels (Table XIII).
These levels may be due to deposition of airborne ef-
fluents from Laboratory operations either from TA-
21 or TA-50.S!*

Sediment stations in Acid-Pueblo, DP-Los
Alamos, and Mortandad Canyons contained
radionuclides above background levels. These can-
yons have or are now receiving treated industrial li-
quid effluents (Table E-XVIII). Radionuclides in ef-
fluents are adsorbed or attached to sediment parti-
cles in the alluvium and their concentrations are
highest near effluent outfalls. They decrease in con-
centration downgradient in the canyon as sediments
and radionuclides are transported and dispersed by

other industrial effluents, sanitary effluents, and
periodic storm runoff.

Other samples containing above background
levels of radionuclides were in Mortandad Canyon
near the CMR Facility (station 33, Fig. 12), 228Pu,
and 239Pu; Pajarito Canyon at TA-18 (station 41),
total U; Potrillo Canyon at TA-36 (station 43), total
U; and Potrillo Canyon east of TA-36 (station 44)
‘Sr, The concentrations range from slightly above
background levels to a factor of three above
background levels (Table E-XVIII).

d. Radionuclide Transport in Snowmelt
Runoff, Spring 1979. The major transport of
radionuclides from canyons receiving treated liquid
radioactive effluents is in storm runoff (solution and
suspended sediments). During the spring of 1979,
snowmelt runoff samples were collected in Guaje,
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TABLE XII
#

MAXIMUM RADIOACTIVITY IN PERIMETER SOILS AND Sediments
(Concentrations in pCi/g, except as noted)

Soil Sediments

Above Above

v

Analysis Background Background Background Background

8Hb

‘“CS
‘nSr
2wpu

la9pu

Gross alpha
Gross beta
Total U’

96. (1)
1.29 (5)
1.1 (1)

----

0.066(2)
----

14. (2)
5.3 (3)

3. (7)
0.90 (3)
0.79 (7)

<0.004 (8)
0.026 (6)

10. (8)
9.5 (6)
4.7 (5)

---

1.39 (2)
2.25 (3)
0.68 (2)

10.6 (6)
12. (1)
12. (1)
4.8 (2)

---

0.52(17)
0.68 (12)
0.006(17)
0.004(13)
6.8 (18)
5.6 (18)
3.9 (17)

—.———

‘Parentheses indicate number of stations in group with maximum value noted. Background
criteria is that given for natural and worldwide fallout as shown in Table XI.
blo-a pCi/ml of moisture distilled from soil sample.

CPglg.

TABLE XIII

MAXIMUM RADIOACTIVITY IN ONSITE
SOILS AND Sediments

(Concentrations in pCi/g, except as noted)

Soils Sediments

Above Above
Analysis Background Background Background Background

SHb

‘“CS
‘Sr
:zwpu

‘2s9pu

Gross alpha
Gross beta
Total U’

———

--- 26 (19)
3.1 (7) 0.77 (12)
0.90 (1) 0.56 (6)
0.234 (2) 0.003 (17)
0.127 (7) 0.023 (12)

18 (7) 10 (12)
19 (8) 11 (11)
7.1 (5) 4.4 (14)

.-. ---

360 (8) 0.89 (23)
3.47 (7) 0.52 (9)
5.75 (9) 0.004(22)
2.38 (15) 0.035(16)

14 (1) 8.3 (24)
32 (4) 11 (21)
15 (3) 4.3 (22)

‘Parentheses indicate number of stations in group with maximum value noted. Background
criteria is that given for natural and worldwide fallout as shown in Table XI.
blo-a pCi/mf of moisture distilled from soil sample.

CPglg.

.
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Rendija, Pueblo, I.ms Alamos (3 stations), Mortan-
dad, Pajarito, Water, and Ancho Canyons (Table E-
XIX). Analyses of dissolved commitments were per-
formed for ‘H, ‘3’CS, 23’Pu, 2“Pu, ‘OSr, and total U.
Also chemical analyses were made for SO,, CJ, F,
NO,, and TDS. Suspended sediments were analyzed
for 2“PU and 33’Pu. Analyses from Guaje and Rendija
Canyons were used for controls (background) as
these stations are about 6 km north of the
Laboratory.

A number of samples were collected during spring
runoff. Analyses of individual samples varied con-
siderably as shown by the standard deviation of the
distribution of the observed values. Tritium in solu-
tion was above normal levels and occurred at times
in Los Alamos Canyon at SR-4, Totavi, and Otowi,
as well as in Pajarito, Mortandad, and Ancho Can-
yons.

Cesium-137 in solution was near or below normal
levels at all stations. The 2S’PUconcentrations were
above normal concentrations in Mortandad Can-
yon, whereas ZWpUexceeded normal levels in one out

of five analyses in Pueblo Canyon and in the five
analyses in Mortandad Canyon. The ‘OSrin solution
occurred in Los Alamos Canyon at SR-4, Totavi, and
Otowi and in Mortandad Canyon. Total U in solu-
tion was high in Mortandad Canyon.

Concentrations of radioactivity in suspended sedi-
ments cannot be compared directly to concentra-
tions found in the bed sediments discussed in Sec-
tions 111.A.4.b and III, A.4,c. The silt and clay frac-
tion makes up almost all of suspended sediment
while the silt and clay fraction comprises only about
5% (by weight) of the bed sediments. As expected,
the concentrations of 23QPuin suspended sediments
were elevated in Mortandad Canyon, while the con-
centrations of 23ePu were elevated in Mortandad
Canyon, Pueblo Canyon, and Los Alamos Canyon at
SR-4, Totavi, and Otow~ (Table E-XIX).

In summary, most of the concentrations of
radioactivity above background found in solution
and suspended sediments occurred in Pueblo, Los
Alamos, and Mortandad Canyons. These three can-

yons have or are now receiving treated radioactive
effluents. Some snowmelt and thunderstorm runoff
from Pueblo and Los Alamos Canyons reaches the
RIO Grande. Runoff in Mortandad Canyon in-
filtrates alluvium within Laboratory boundaries. Li-
quid effluents are released after treatment to reduce
radioactivity levels well below CGS for controlled
areas. Transport of radionuclides occurs from ad-
sorption or retention of radionuclides in effluents on
bed sediments in effluent release areas.

The chemical quality of selected constituents in
snowmelt runoff follows the same general pattern as
radionuclides (Table E-XIX). Sulfates show no par-
ticular trends, Chlorides were high in runoff from
Pueblo, Los Alamos, Mortandad, and Pajarito Can-
yons from perturbances of man, industrial effluent,
sanitary effluent or possible from salt-sand mixture
used for snow removal. Fluoride and nitrates in Mor-
tandad Canyon are from release of industrial ef-
fluents, whereas nitrates in Pueblo Canyon reflect
release of sanitary effluents.

e. Plutonium in Bed Sediments from the Rio
Chama and Rio Grande. Seven samples of bed
sediments from the Rio Chama and Rio Grande were
collected in August. Special analyses were per-
formed using 1 kg (100 times the mass normally used
for analysis) of sediment to increase sensitivity of
the analyses (Table XIV). The concentrations fall
within the range observed for worldwide fallout on
sediments in Northern New Mexico of <0.008 pCi/g
for 22’Puand <0,028 pCi/g for 239Pu.7The average for
the five stations in White Rock Canyon (below
drainage from LASL) is identical with that obtained
from the four years of analyses in northern New
Mexico. The slight variability in concentrations of
plutonium between individual stations is at-
tributable to the fact that the samples were not
separated by particle size and to different degrees of
mixing between freshly eroded sediments and older
sediments which had been exposed to worldwide
fallout.

●
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TABLE XIV

PLUTONIUM IN BED SEDIMENTS FROM
THE RIO CHAMA AND RIO GRANDE

(Concentrations in pCi/g)

Location 2’8PU “9PU

Rio Chama
At Chamita 0.0000 * 0.0000 0.0003 + 0.0000

RIO Grande
At Embudo 0.0001 * 0.0000 0.0017 * 0.0002
Below Otowi 0.W02 * 0.0000 0.0073 + 0.0004
At Sandia Canyon 0.0001 * 0.0000 0.0043 * 0.0004
At Pajarito Canyon 0.0001 + 0.0002 0.0010 * 0.0004
At Ancho Canyon 0.0005 * 0.0000 0.0066 * 0.0004
At Frijoles Canyon 0.0000 + 0.0000 0.0023 + 0.0004

Note: + value represents twice the analytical uncertainty

associated with that analysis.

5. Radioactivity in Foodstuffs

Fruit, vegetable, fish, and honey samples collected in the vicinity of LASL
showed no apparent influence fkom Laboratory operations, except for
apricots and peaches collected onsite and honey collected near facilities that
emit tritiumo

Fruit, vegetable, fish, and honey samples werecol-
lected during the fall to monitor foodstuffs for possi-
ble radioactive contamination from Laboratory
operations. Fruits and vegetables were collected in
the Los Alamos area and in the Rio Grande valley
above and below confluences of the intermittent
streams which cross the Laboratory and flow into
the Rio Grande (see Fig. 7). Fish were collected from
locations above (Abiquiu, El Vado, and Heron reser-
voirs which are on the Rio Chama, a tributary of the
Rio Grande) and below (Cochiti) confluences of
these streams. Fish samples were taken from bottom
feeders, such as carp and suckers, which have a
greater probability than higher trophic orders of in-
gesting any activity that might be associated with
sediments. Honey was collected from hives es-
tablished in 1978 at several locations within the
LASL boundary near waste stream outfalls and a
tritium facility. Background samples came from
other LASL locations, Barranca Mesa (in Los
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Alamos), Pajarito Acres (in White Rock), and
Chimayo, New Mexico.

Fruit and vegetable samples were analyzed for
tritiated water (HTO), 2SaPu,and 2S’PU.Fish sample
analyses included gross gamma, 2saPu, 2s0Pu, ‘OSr,
and total uranium. Honey samples were analyzed for
HTO and “7CS.

Data presented in Tables XV and XVI summarize
fruit and vegetable sample results for tritium and
plutonium according to different water supplies.
Sample moisture ranged from 47% to 96% of total
sample weight. With the exception of onsite samples
(TA-35 and TA-21) there is no significant difference
in HTO content between any batches of samples
analyzed. Observed concentrations are within the
range of values measured in local surface water and
atmospheric water vapor. Thus, there is no inciica-
tion of any measurable
Laboratory operations.

offsite contribution from
The tritium content of

.



TABLE XV

TRITIATED WATER CONTENT OF FRUITS AND VEGETABLES

Tritiated Water
Concentration (pCi/ml)

Location Water Source

Espanola
Espanola
Cochiti
Los Alamos
Pajarito Acres
White Rock
TA-35
TA-21

Rio Grandea
RIOChamam
Rio Grandeb
Community System
Community System
Community System
Community System
Precipitation

No. of
Samples

5
5
5
4
5
3
1
2

Average
(*1 s) Range

0.90 + 0.45 0.40 to 1.5
0.96 + 0.18 0.80 to 1.2
0.86 + 0.21 0.60 to 1.1
1.13 + 0.61 0.40 to 1.8
1.00 + 0.29 0.80 to 1.5
1.03 + 0.23 0.90 to 1.3

15.7
9.7 + 11.8 1.4 to 18

‘Upstream from Laboratory stream confluence.
bDownstream from Laboratory stream confluence.

TABLE XVI

PLUTONIUM CONTENT OF FRUITS AND VEGETABLES

No. of
Location Water Source Samples

Espanola
Espanola
Cochiti
Los Alamos
Pajarito Acres
White Rock
TA-35
TA-21

Rio Grande’
RIOChamaa
Rlo Grandeb
Community System
Community System
Community System
Community System
Precipitation

5
5
5
4
5
3
1
2

2~oPu(fci/g)c

Average
(*1 s) Range

–0.4 + 0.3 –0.7 to –0.07
–0.07 * 0.2 –0.3 to 0.2
–0.2 ● 0.4 –0.6 to 0.3
–0.6 + 0.3 –l. too.4

0.02 ● 0.3 –0.7 to 0.1
–0.07 * 0.2 –0.1 too.3
–0.1

0.04+ 0.05 0. to 0.07

Average
(+1 s)

0.08 + 0.3
–0.2 * 0.1
–0.1 * 1.0
–0.5 & 0.2

0.06 + 0.2
0.07 * 0.2
1.6
0.8 + 0.1

Range

–0.3 to 0.5
–0.4 to –0.09
–0.8 to 1.6
–0.7 to –0.3
–0.3 to 0.08
–o.ltoo.2

0.7to 0.9

.Upstream from Laboratory stream confluence.
bDownstream from Laboratory stream confluence.
CDry weight.
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peaches at TA-35 was similar to previously reported
relatively higher values at that location.” A major
source of tritium at TA-35 (tritium-contaminated
gloveboxes which off-gassed through a 23 m stack)
was removed and disposed during 1979. The
elevated HTO concentrations in apricots were from
a tree located near a facility in TA-21 where tritium
operations are conducted and where some tritium is
released. The few peaches and apricots do not repre-
sent a significant pathway to man because they are
within a Laboratory fence, represent a very small
volume of ingestible water, and have considerably
less tritium than the uncontrolled area CG for water
(3000 pCi/ml) and less than the EPA’s drinking
water standard (20 pCi/ml).

None of the samples collected had measurable
zwpu (i.e., where the 2S measurement error was less

than the measured value). Only five samples had
detectable 2“PU activity. Results are summarized in
Table XVI. Ingestion of 3,0 kg of fresh carrots (an-
nual per capita consumption of carrots) 1° con-
taminated to 1.6 X 10-3 pCi/g (dry weight) of 29’Pu
(the maximum value which was in a sample of car-
rots) would result in a 50 yr dose commitment of 2.1
X 10-4 mrem to the critical or~;an (bone). The
magnitude of the contamination a Id doses indicate
they are due to fallout or soil contar.~ination on plant
surfaces and not to Laboratory related effluents.

Data on radioactivity in fish are presented in
Table XVII. For all determinations, the fish flesh
was analyzed so some bone was included in the sam-
ples. Uranium content is elevated in the gut in-
dicating sediment ingestion. Uranium in fish sam-
ples from Cochiti is statistically higher than in the
background samples. Rio Grande sediment samples

(above and below the Laboratory) have statistically
higher uranium concentrations (see Table E-XVI)
than the RIO Chama station at Chamita, but the
uranium in water is higher at Chamita than along
the Rlo Grande (see Table E-XI). More significant-
ly, sediment from Los Alamos Canyon has uranium
concentrations (Table E-XVI) virtually the same as
sediments from the Rlo Grande (Table E-XVII)
above and below their confluence. Thus, there is no
basis for attributing the difference in fish to trans-
port of sediments from Los Alamos Canyon.
Whatever the cause, a person eating 18 kg of fish
from Cochiti would get a 50 yr dose commitment of
0,03 mrem to the bone and 0.007 mrem to the kidney
over what he would get if the fish came from the Rlo
Chama. All 2’8Pu data are less than detection limits.
The two positive 2S9PUsamples are in the gut which
indicates the material was ingested. The largest of
these two positive values is from Abiquiu which is
not influenced by Laboratory operations.
Strontium-90 values are low and vary widely, with
values from Cochiti not statistically different from
levels at background locations.

The 1979honey samples and library of honey sam-
ples collected in 1977 by LASL’S Environmental
Studies Group were analyzed for 13’CSand HTO.In
allca5e5MC5 re5ultgwere less than detection limits

(the measured value was s the 2s of the measure-
ment). Results of the HTO measurements are given
in Table XVIII and are consistent with previously
measured values,IIIf a person ate 5 kg of honey from
the hive with the maximum HTO concentration (579
pCi/ml at TA-33), the whole body dose would be
0.024 mrem which is 0.005% of the Radiation Protec-
tion Standard for members of the public.

6. Radioactive Effluents

Airborne radioactive effluents released from LASL operations in 1979
were typical of releases during the past several years. The greatest change
was about a tenfold increase in plutonium effluents due to problems caused
by aging equipment in one facility. Liquid effluents from three waste treat-
ment plants contained radioactivity at levels well below controlled area
Concentration Guides.
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TABLE XVIII

HTO CONCENTRATION IN HONEY SAMPLES
.

.

HTO Gmcentration (pCi/ml)”’b

Location 1977 1979

Mortandad
Effluent
DP
TA-33
Area G
S-Site
Pajarito Acres
Barranca Mesa
Chimayo

55.7 + 1.1 11.8 +0.5
115 + 1.9 26.7 + 0.7
39.5 + 0.8 5.8 + 0.4
85.2 + 1.5 579 + 9

--- 9:6 + 0.4
8.4 + 0.4 2.8 + 0.4
7.3 * 0.4 10.5 * 0.4

--- 3.6 + 0.4
--- 0.6 + 0.3

“pCi/ml of water in the honey. Honey is w 17.2~0 water. ix
bData is formatted Y + 1 s.

Effluents containing radioactivity are discharged
at LASL as airborne materials in stack exhausts at
12 of the technical areas and as liquid discharges
from 2 industrial waste treatment plants and 1
sanitary sewage lagoon system. The airborne ef-
fluents consist principally of filtered ventilation ex-
hausts from gloveboxes, other experimental
facilities, some process facilities such as the liquid
waste treatment planta, exhausta from the research
reactor, and exhausts from the linear accelerator at
LAMPF. Releases of various isotopes from the
technical areas are detailed in Table E-XX, Quan-
tities of radioactivity released depend on research
programs conducted, so vary significantly from year-
to-year (see Figs. 14-16).

Routine airborne tritium effluents were down by
about 35% this year compared with 1978 (see Fig,
14). However, there was an accidental release of 3000
Ci on May 4 (see Section ITI.A.7). This 3000 Ci is
about %~o of the 12026 Ci routinely released during
1979.

Airborne plutonium effluents were higher by a fac-
tor of about 10 in 1979 compared to 1978 (see Fig.
16). Almost all of the increase was due to problems
caused by aging equipment in one wing of an ex-
perimental building in the main technical area (TA-

.

3). The majority ( -90Yo) of releases from this source
occurred during the first and fourth quarters. This
source contributed 1060 ~Ci (about 98Yo) out of the
annual total plutonium emissions of 1086 ~Ci for the
entire LASL site, indicating all other facilities have
achieved better control than in the past. Large
filters were replaced in March and engineering
studies were initiated for refurbishing and installa-
tion of new High Efficiency Particulate Air filters.
During the fourth quarter, emissions again increased
because of further equipment deterioration. Correc-
tive measures have been implemented to control a
major source of the release. Total correction of the
problem will involve major capital expenditures.

In addition to airborne releases from stacks, some
depleted uranium (uranium consisting almost en-
tirely of *SW)is dispersed by experiments employing
conventional high explosives. In 1979 about 568 kg of
depleted uranium were used in such experiments.
Based on known isotopic composition, this mass is
estimated to contain approximately 0.20 Ci of ac-

9

tivity. Most debris from these experiments is
.-

deposited on the ground in the vicinity of the firing .
point. Limited experimental information indicates -.
that no
uranium

more than about 10% of the depleted
becomes airborne. Approximate dispersion
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Summaqy of plutonium effluents (air and li-
quid).

calculations indicate that resulting airborne con-
centrations would be in the same range as at-
tributable to natural crustal-abundance uraniu-m in
resuspended dust. This theoretical evaluation is
compatible with the concentrations of atmospheric
uranium measured by the routine air sampling
network (see Section 111.A.2). Estimates of non-

. radioactive releases from these experiments are dis-
-. cussed in Section 111.B.3.

Treated liquid effluents containing low levels of
● radioactivity are released from the Central Liquid
. Waste Treatment Plant (TA-50), a smaller plant

serving the old plutonium processing facility (TA-
21), and two sanitary sewage lagoons serving

10’
1

2
m

10’
3

= * Air

~ 10’
E

m-a Liquid

.2
F 10’2 \
1-

..d””””~ ‘%., ,,..J’

10’ J =...”~””b,.””””.””””

10° r 1 I , , , , , , ,
1971 1972 1973 1974 1975 1976 1977 1978 1979

Year

1 22,000 Cl ACCIOCWAL SSLSASf July 15. 1976
2 30,800 Cl ACCIOSNTAL RSLfASf. Octobar 6. 1977
3 3.000 Cl ACCIDENTAL SSLSASE MAY 4. 197S

Fig. 15.
Summaqy of tritium effluents (air and liquid).
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Fig. 17.
Summa~ of strontium liquid effluents.

LAMPF. Detailed results of the effluent radioac-
tivity monitoring are in Table E-XX and Figs. 15-
17. Plutonium and cesium releases in 1979 were
lower by factors of two to three, whereas americium,
strontium, and tritium were higher by as much as
2.7 in comparison with 1978. Design work is un-
derway for upgrading TA-50, which will further
reduce the amount of contaminants in the effluent.
Activity released from TA-21 is down by a factor of
two for some isotopes and by a factor of four or more
for the remainder of the radionuclides. Plutonium
operations were moved from TA-21 in 1978 to TA-55.
Remaining effluents at TA-21 are from decon-
tamination operations. TA-55 liquid wastes are



treated at TA-50. A total of 1.7 X 1071 of effluent
was discharged from the TA-53 sanitary lagoons con-
taining 0.021 Ci of 22Na, 0,86 Ci of ‘Be, and 15 Ci of
3H. The source of the radioactivity was activated
water from beam stop cooling systems. None of the
concentrations were at concentrations higher than
about 0.9% of CGS for water in controlled areas.
Samples of water, sediments, and transpirate from
trees adjacent to the discharge from the lagoons
have been collected this year and the results of this
sampling program are discussed in Section IV.C.9.

Releases from the larger plant (TA-50) are dis-
charged into a normally dry stream channel (Mor-
tandad Canyon) in which surface flow has not
passed beyond the Laboratory boundary since before
the plant began operation. Discharges from the
smaller plant (TA-21) are into DP Canyon, a
tributary of Los Alamos Canyon where runoff does at
times flow past the boundary and transports some
residual activity adsorbed on sediments, Effluent
from the LAMPF lagoons sinks into alluvium within
the Laboratory boundary.

7. Unplanned Releases

On May 4, 1979, up to 0.31 g (3000 Ci) of tritium
(probably as tritium gas and oxide) were released to
the environment from an accidental overheating of a
stainless steel pot containing uranium tritide at the
Cryogenics Building (SM-34). Had the release been
all tritium oxide (HTO) it would have been
measured by the air sampling network, however, it
was not detected. To estimate upper bound doses
from the release, standard diffusion models were
used and the entire release was conservatively as-

B. Chemical Constituents

sqmed to be HTO. This estimate gives a maximum
boundary dose (near the Omega Bridge) of 0.27
mrem which is 0.05% of the annual dose limit to
members of the public. Since we were not able to
measure in the atmosphere the release, it is likely

>

that actual doses would probably be 10 to 100 times
lower than those calculated. Although Royal Crest .

Mobile Home Park, the nearest offsite location, was
.

not downwind from the release, the HTO concentra-
tion at the Park was somewhat higher (16 pCi/mS)
than perimeter (average 2.9 pCi/ms, maximum 5.3
pCi/m3) and regional (average 3,6 pCi/m3, maximum
8. pCi/m3) stations for this period, but was well
within expected values for this station (1978 average
16 pCi/m’, maximum 67 pCi/m’).

On Oct. 31, 1979, a small amount of activated soil
was released as airborne emissions from the Omega
West Reactor Facility located in IAS Alamos Can-
yon. A soil sample stuck in a sample irradiation
port at the reactor. During attempts to remove the
stuck sample, the sample container broke spreading
activated soil throughout the sample handling room.
Some of this activity (principally ‘52mEu, llamIn,
““La, and 24Na) escaped to the environment through
an unfiltered air exhaust in the room. Samples were
collected from five routine air monitoring stations
(TA-53, TA-21, Gulf Station, Royal Crest~and 48th
Street) near Los Alamos Canyon and at two
background locations (Well PM-1 and Espanola).
None of the samples had detectable activity. Detec-
tion limits for these short-lived isotopes (maximum
half life was 40 h) were between 100 and 10000 times
below the uncontrolled area CGS (which apply to
continuous exposure) for those isotopes.

1. Chemical Quality of Surface and Ground Waters

Chemical analyses of surface and ground waters from regional,
perimeter, and onsite noneffluent release areas varied slightly from
previous years; however, these variations in concentrations were within the
normal range of seasonal fluctuations. ‘l’he chemical quality of water from
the municipal supply for the Laboratory and community meets the stan-
dards set by the EPA and New Mexico Environmental Improvement Divi-
sion. Analyses from onsite effluent release areas indicated that some con-
stituents were higher than in naturally-occurring waters; however, these
waters are not a source of municipal, industrial, or agricultural supply.
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TABLE XIX

MAXIMUM CHEMICAL CONCENTRATIONS IN REGIONAL
AND PERIMETER WATERS

(concentrations in mg/,l?)

Perimeter

Four White Rock Standard or
Analysis Regional Stations Canyon Criteria

Ca 49 31 29 ..-

Mg 12 8 9 ---

Na 45 32 116 ---

c1 52 29 44 250
F 0.8 0.6 1.0 2.0
NO, 1.4 16
TDS 444 266

a. Regional and Perimeter. Regional and
perimeter surface and ground waters were sampled
at the same locations as were used for radioactivity
monitoring (Table E-X). The regional surface
waters were sampled at six stations, with perimeter
waters sampled at four stations plus 23 stations in
White Rock Canyon (Figs. 7 and 12). Detailed
analyses from the regional and perimeter stations
are presented in Tables E-XI and E-XII, respec-
tively. (See Appendix B.3 for methods of collection,
analyses, and reporting of water data. ) The max-
imum concentrations for seven parameters are in
Table XIX.

The chemical quality of surface water varies at
given stations during a year because of dilution of
base flow with runoff from precipitation. There has
been no significant change in the quality of water
from previous analyses.

b. Onsite Surface and Ground Waters. Water
samples were collected from two surface water sta-
tions and six wells completed in the main aquifer
(Table E-XIII). They are located in onsite areas that
do not receive industrial effluents (Fig. 12). Detailed
results of analyses are given in Table E-XIV. The
maximum concentrations for selected constituents
are in Table XX. Water quality at the surface water
stations varies slightly as base flow is diluted with
varying amounts of storm runoff. The quality of sur-

32 45
528 1000.

face and ground waters has not changed significan-
tly from previous analyses.

Table E-XIV details the chemical quality
analyses of surface and ground water from 26 sta-
tions located in canyons that receive sanitary and/or
industrial effluent (Fig. 12, Table E-X). The max-
imum concentrations of selected constituents found

in each canyon are summarized in Table XXI.
Acid-Pueblo Canyon received industrial effluents

from 1943 to 1964 and currently is receiving treated
sanitary effluents, which are now the major part of
the flow. Sandia Canyon receives cooling tower
blowdown and some treated sanitary effluents. DP-
Los Alamos and Mortandad Canyons receive
treated industrial effluents that contain some
radionuclides and residual chemicals used in the
waste treatment process. The high TDS and
chlorides reflect effluents released into the can-
yons. Fluorides and nitrates in DP-Los Alamos and
Mortandad canyons were above drinking water
standards;e however, these onsite waters are not a
source of municipal, industrial, or agricultural sup-
ply (Table XXI). The maximum concentrations oc-
curred near the effluent outfalls. The chemical
quality of the water improves downgradient from
the outfall. There is no surface flow to the Rlo
Grande in these canyons except during periods of
heavy precipitation.



TABLE XX

MAXIMUM CHEMICAL CONCENTRATIONS IN
ONSITE NONEFFLUENT WATER

(concentrations in mg/~)

Analysis

Ca
Mg
Na
cl
F
NO,
TDs

Surface Water Ground Water

7
4

15
17
0.7
3

192

32
3

21
13
0.5
3

186

Standard or
Criteria

. . .
---

250
2

45
1000

TABLE XXI

MAXIMUM CHEMICAL CONCENTRATIONS IN EFFLUENT AREA WATERS
(concentrations in mg/1)

Analysis

Ca
Mg
Na
cl
F
NO,
TDs

Acid—
Pueblo

16
4

69
61

0.9
31

370

DP—
Los Alamos Sandia Mortandad

Standard or
Criteria

43
6

130
127

10
98

580

16
6

128
93

1.6
30

690

16
5

146
22

3.1
140
680

---
..-
-..

250
2

45
1000

●
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2. Water Supply

The federally-owned well field produced water for the Laboratory and
County water samples from the distribution system met all applicable EPA
standards.

Municipal and industrial water supplies for the
Laboratory and community were sampled at 15
deep wells, one gallery, and at five stations on the
distribution system (Table E-X, Fig. 12). Detailed
analyses are in Table E-XIII. Appendix A gives the
federal and state standards and criteria for
municipal water supplies. The maximum concen-
trations of chemical constituents from wells, gallery,
and distribution system stations are compared to
criteria in Table XXII.

Concentrations of arsenic (0.5 mg/J) and fluoride
(2.8 mg/1) in water from well LA-lB and lead (0.19
mg/1) in water from well G-6 were at or above stan-

dards for drinking water;’ however, mixing with
water from other wells reduces the concentrations to
levels well within standards at points of use. Arsenic
and fluoride in water from well LA- lB is naturally
occurring in the aquifer. The high lead concentra-
tion in well G-6 is from wear on the pump resulting
in finely divided particles of lead-containing brass
in the water. The well was taken out of service in
November 1978 and returned to service in June
1979. The well was taken out of service again in
August as the well was pumping sand and the pump
could not be adjusted to operate properly. It has
since been removed for repairs.

TABLE XXII

MAXIMUM CHEMICAL CONCENTRATIONS IN WATER SUPPLY
(concentrations in mg/1)

Analysis
Supply Wells
and Gallery Distribution

Standard or
Criteria

.
-.

.
..

Ag
As
Ba
Cd
cl
Cr
F
Hg
NO,
Pb
Se
TDS

<0.001
0.05

<0.5
<0.01
15
0.02
2.8

<0.0005
<2

0.19
<0.005

588

<0.001
0.01

<0.5
<0.01

8
0.008
1.0

<0.0005
<2
<0.01
<0.005

262

0.05
0.05
1.0
0.010

250
0.05
2.0
0.002

45
0.05
0.01

1000



3. Nonradioactive Effluents

Nonradioactive effluents include airborne and liquid discharges. Air-
borne effluents from the beryllium fabrication shop; gasoline storage and
combustion; power plant; gases and volatile chemicals; waste explosive
burning; lead pouring operations; and dynamic testing did not result in any
measurable or theoretically calculable degradation of air quality. A single
NPDES permit covers 108 industrial discharge points and 10 sanitary
sewage treatment facilities. This year 6 of the 10 sanitary sewage treatment
facilities exceeded one or more of the NPDES limits (excluding flow rate
limitations) in one or more months and less than 19’oof all samples from the
108 industrial outfalls exceeded NPDES limits.

a. Airborne Discharges. Airborne particulate
concentrations in the Los Alamos and White Rock
areas are routinely measured by the New Mexico
State Environmental Improvement Division. Table
E-XXI summarizes these data for 1979. The highest
24 h averages and annual averages are compared to
the New Mexico Ambient Air Quality Standards for
particulate in Table XXIII. Both the 24 h averages
and annual geometric means are well within state
standards. Although true 7 day and 30 day averages
cannot be calculated, there is no indication that
they would exceed state standards.

Particulate samples from samplers located
throughout. and adjacent to Laboratory property

have been collected monthly since June of 1979 for
heavy metal analyses. Samplers are located at the
Fenton Hill Geothermal Site, the LASL Ad-
ministration Building (TA-3), Santa Fe, Bandelier
National Monument, White Rock, TA-49, and TA-
54. This sampling program was initiated primarily
to measure concentrations of nonradioactive ele-
ments in air for comparison with standards and to
determine whether LASL emissions are making any
contribution. The project will also provide
background data on concentrations of nonradioac-
tive elements in the Los Alamos area. Some dif-
ficulty in sample analysis has been encountered, so
that no results from this program are yet available.

TABLE XXIII

SUMMARY OF ATMOSPHERIC PARTICULATE
CONCENTRATIONS IN LOS ALAMOS

AND WHITE ROCK DURING 1979

New Mexico
Ambient Air

Quality Standards
for Particulate

(@m”)

Maximum 24 h average 150
Maximum 7 day average 110
Maximum 30 day average 90
Annual geometric mean 60

Los White
Alamos Rock
(pg/mS) (pg/m’)— .

77 113
--- ---
--- ..-

35 35

.

.
.-

.
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The samples will be analyzed for Al, Be, Ca, Cd, Co,
Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Si, Ti, and Zn.

Airborne emission sources at LASL that are
routinely checked include the beryllium shop, gas-<
oline storage and combustion, TA-3 power plant,
volatile chemical and gas usage, waste explosive

* burning, and dynamic experiments. These sources.
are discussed separately in the following
paragraphs.

.
Beryllium concentrations in the stack gases from

the beryllium shop are monitored by the Industrial
Hygiene Group. However, for a large part of 1979 the
stack gas sampling apparatus was broken, so no
data are available on beryllium emissions for last
year. In past years, stack gas concentrations have
always been below the state ambient air standard of
0.01 ~g/mS, and total annual beryllium emissions
have been about 20 mg. There is no reason to believe
that there were substantial changes in emissions
during 1979. The sampler is back in operation now,
so data should be collected during 1980.

A large fleet of cars and trucks is maintained for
the Laboratory complex by the Zia Company. Dur-
ing fiscal year 1979, a total of 2.4 X 1061 of gasoline
were used by this fleet to cover 3.6 X 10° km. These
figures represent changes of –0.5% and +1.7%,
respectively, indicating a slightly greater fuel
economy than last year. Carbon monoxide,
hydrocarbons, nitrogen oxides, sulfur oxides, and

particulate are emitted during automobile opera-
tion. There are also gasoline evaporative losses
associated with gasoline storage and vehicle refuel-
ing. By breaking down total gasoline usage among
the size classes of vehicles and by applying the most
appropriate EPA emissions factorsls to these data,
air pollution emissions associated with maintenance
and operation of the vehicle fleet (Table XXIV) were
estimated. Estimated vehicle emissions are down
drastically from last year because of reduced EPA
emission factors for 1978 and 1979 vehicles.

The TA-3 power plant is fueled with natural gas
and thus comes under state regulations for gas burn-
ing equipment. These regulations specify maximum
allowable nitrogen oxide emissions but also contain
a provision exempting facilities that have a heat in-
put of less than 1 X 10’2Btu/yr/unit. Heat input for
the TA-3 power plant individual boilers during 1979
were 0.67 X 1012Btu, 0.66 X 1012Btu, and 0.77 X 1012
Btu. Total heat input for the power plant was 2.1 X
10’2Btu (about 14’%.less than last year), but inputs
for the individual boilers were below the 1 X 1012
Btu/yr exemption threshold.

Measured NO= (nitrogen oxides) concentrations
in the power plant stack gas ranged from 36 to 46
ppm, which is about 20% of the standard that would
apply if the heat input threshold were exceeded.
Sulfur dioxide (S0,) analyses of the stack gas are

TABLE XXIV

ESTIMATES OF AIR POLLUTANT EM 1SS1ONS
ASSOCIATED WITH MAINTENANCE AND

OPERATION OF THE VEHICLE FLEET

.
-.

.

Pollutant————

( ;ilSoli Il(” KVill)or:i( ive I,mses

( ‘Iirl)(m Ll[moxide
Hyflrt)c:lrlxms
Nit rlyxm oxides
StI1l’Ur oxides

l’:Irt it~llntes. l?xhaust
I’ill”l i{$tlltlles.‘1’ires

Estimated
Amount

(metric tons)

yg

108
9

17
lo~

().7
1.4

Change
From 1!)78

(7,)
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TABLE XXV

ESTIMATES OF STACK GAS EMISSIONS
FROM THE TA-3 POWER PLANT

Pollutant
Estimated Amount

(metric tons)

Sulfur oxides
Hydrocarbons
Carbon monoxide
Part iculates
Nitrogen oxides

0.55
0.91

15.5
9.1

319

not performed routinely, but the sulfur content of
the natural gas fed to the boilers is so low that it
precludes any significant SO, emissions. Table XXV
shows estimated total power plant emissions for
1979, based on EPA emission factors’8 for natural
gas burning facilities. The apparent decrease in NOX
emissions from previous years’ estimates is because
the earlier estimates did not incorporate a load
reduction factor to account for operation of the
boilers at about 60% of their design capacity.

The Laboratory complex uses large quantities of
various volatile chemicals and gases, some of which
are released into the atmosphere by evaporation or
exhaust. Using data from stock records, a table of
patterns of chemical usage has been compiled
(Table E-XXII). On the basis of actual release data
obtained from compressed gas and volatile chemical
users throughout the Laboratory, estimates of emis-
sions are in preparation.

During 1979 a total of 19865 kg of high explosives
wastes were disposed by open burning at the
Laboratory. Estimates of emissions (Table XXVI)
were made by using data from experimental work
carried out by Mason & Hangar-Silar Mason Co.,
Inc.” Open burning of high explosives wastes is per-
mitted by the New Mexico Air Quality Control
regulations.

Dynamic experiments employing conventional
explosives are routinely conducted in certain test
areas at LASL and may contain quantities of poten-
tially toxic metals, including beryllium, lead, and
uranium. Some limited field experiments, based on
aircraft sampling of debris clouds, provided infor-
mation on the proportion of such materials

44

TABLE XXVI

ESTIMATED EMISSIONS FROM BURNING
OF EXPLOSIVE WASTES

(Using Data from Mason and Hanger—
Silas Mason Co., Inc.’s)

Estimated
Pollutant Amount (kg)

Carbon Monoxide 155
Particulate 358
Nitrogen Oxides 600

aerosolized. This information was employed to
prepare estimates of concentrations at the LASL
boundary based on the current year’s utilization of
the elements of interest. The results are presented in
Table E-XXIII along with comparisons to ap-
plicable air quality regulations. The average con-
centrations are all less than 0.01% of applicable
standards. The amount of material used in testing
operations during 1979 was less than 50% of that
used during the previous year.

b. Liquid Discharges

Nonradioactive liquid wastes are released from
108 industrial discharge points and 10 sanitary
sewage treatment facilities subject to National Pol-
lutant Discharge Elimination System (NPDES) re-
quirements. The single NPDES permit for LASL is-
sued by the EPA places specific effluent limits on 10
categories of industrial waste outfalls and 10
sanitary sewage treatment facilities. Tables E-
XXIV and E-XXV summarize the effluent quality
and compliance status of the sanitary and industrial
waste outfalls, respectively.

This year two of the sanitary sewage outfalls met
all limits, and two others (lagoons) exceeded only
flow rate limits during winter months when they
were frozen. The industrial outfalls exceeded one or
more limit during 1979 less than 7% of the time.
Eight of those responsible for the largest number of
deviations are scheduled for already-funded correc-
tive measures to be carried out in 1980-81.

The two radioactive waste treatment plants have
the largest number of limits with which to comply,



and those plants exceeded one or more limits in less XXVI for nonradioactive (including several not
than 3% of the samples taken. Details of the effluent regulated by the NPDES permit) and radioactive
quality from these two plants are given in Table E- constituents.

r-

IV. ENVIRONMENTAL EVALUATION

.
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A. Radiation Doses

Small incremental radiation doses above those recieved from natural and
worldwide fallout background are received by Los Alamos County residents
as a result of LASL operations. The largest estimated dose at an occupied
location was 6.1 mrem or 1.29’. of the Radiation Protection Standard. This
estimate is based on boundary dose measurements of airborne and scattered
radiation from the accelerator at TA-63. Other minor exposure pathways,
direct radiation t%om TA-18 and two unlikely food pathways may result in
several mrem/yr in isolated cases. No signflcant exposure pathways are
believed to exist for radioactivity released in treated liquid waste effluents.
The radioactivity is absorbed in alluvium before leaving LASL boundaries
and some is transported offsite in stream channel sediments during heavy
runoff. The total population dose received by residents of Los Alamos
County was conservatively estimated to be 10.86 man-rem or about 0.41?7.of
the 2665 man-rem received by the same population from natural radiation
sources, and 0.5490 of the population dose due to diagnostic medical ex-
posure. As no signMcant pathways could be identfled outside the County,
the 10.86 man-rem dose also represents the population dose to inhabitants
living within an 80 km radius of LASL who receive an estimated 13000 man-
rem from background radiation. The average added risk of cancer mortality
to Los Alamos residents from radiation from this year’s LASL operations is
1 chance in 13000000. This risk is much less than the 1 chance in 72000 from
background radiation, which in turn is very small compared to the average
annual New Mexico cancer incidence risk rate of 1 chance in 405. The EPA
has estimated average lifetime risk for cancer incidence as 1 chance in 4 and
for cancer mortality as 1 chance in 6.

One means of evaluating the significance of en-
vironmental releases of radioactivity is to interpret
the exposures received by the public in terms of

doses that can be compared to appropriate stand-
ards and naturally present background. The
critical exposure pathways considered for the I.ms
Alamos area were atmospheric transport of airborne
radioactive effluents, hydrologic transport of liquid
effluents, food chains, and direct exposure ta
penetrating radiation. Exposures to radioactive
materials or radiation in the environment were
determined by direct measurements for some air-

borne and waterborne contaminant and external
penetrating radiation, and by theoretical calculation
based on atmospheric dispersion for other airborne
contaminant. Doses were calculated from measured
or derived exposures utilizing models baaed on
recommendations of the International Council on
Radiation Protection (ICRP, see Appendix D for
details) for each of the three following categories:

1. Maximum dose at a site boundary,
2. Dose to individual or population groups where

highest dose rates occur, and



3. The whole body cumulative dose for the pop-
ulation within an 80 km radius of the site.

Exposure to airborne ‘H (as HTO) was deter-
mined by actual measurements with background
correction based on the assumption that natural and
worldwide fallout activity was represented by the
average data from the three regional sampling loca-
tions at Espaiiola, Pojoaque, and Santa Fe.

Exposures to ‘lC, lSN, 16(’),and 41Arfrom LAMPF

were inferred from direct radiation measurements
(see Sec. 111.A.1). Exposure from 41Arreleased from
the TA-2 stack was theoretically calculated from
measured stack releases and standard atmospheric
dispersion models.

Estimates of a maximum lung exposure to
plutonium were calculated by subtracting the
average concentration at the regional stations from
the average concentration from the perimeter sta-
tion with the highest measured plutonium con-
centration (Table XXVII).

The maximum boundary and individual doses at-
tributable to these exposures are summarized in
Table XXVII with a comparison to the Radiation
Protection Standards (RPS) for individual doses
(see Appendix A).

All other atmospheric releases of radioactivity (see
Table E-XX) were evaluated by theoretical calcula-
tions. All potential doses were found to be less than
the smallest ones presented above and were thus
considered insignificant.

Liquid effluents, as such, do not flow beyond the
LASL boundary but are absorbed in alluvium of the
receiving canyons; excess moisture is lost primarily
by evapotranspiration. These effluents are
monitored at their point of discharge and their
behavior in the alluvium of the canyons below out-
falls has been studied,’’-’” Small quantities of
radioactive contaminants transported during
periods of heavy runoff have been measured in can-
yon sediments beyond the LASL boundary.
Calculations made for the Final Environmental Im-
pact Statements 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 max-
imum 50 yr dose commitment of 0.0013 mrem to the
bone,

There are no known significant aquatic pathways
or food chains to humans in the local area. Fruit,
vegetable, honey, and fish sampling (see Sec.

H. LA.5) has documented that any exposure at-
tributable to LASL operations via those pathways is
insignificant, A possible minor exposure pathway
exists by eating venison from deer who cross into
Laboratory property to graze and drink. The max-
imum dose calculated via this pathway is 3.9
mrem/yra and is unlikely to occur.

As was stated in Sec. HLA.1, no measurements of
external penetrating radiation at regional and
perimeter stations in the environmental network in-
dicated any discernible increase in radiation levels
that could be attributed to LASL operations except
those along State Road 4 north of LAMPF. The
special TLD network “at the Laboratory boundary
north of TA-53 indicated a 21.7 mrem increase above
natural background. Of this increase, 10.7 mrem was
attributed to direct and scattered radiation from
stored shield components and an opened beam stop
area during accelerator maintenance in the fall at
LAMPF. Based on occupancy and shielding, this
would contribute a 3.0 mrem dose to an individual
working at the restaurant north of LAMPF. The
other 11.0 mrem are attributed to activated air emis-
sions from LAMPF. These airborne emissions would
contribute a 3.1 mrem dose to an individual working
in the restaurant north of LAMPF for a total dose of
6.1 mrem which is 1.2% of the RPS for a member of
the public.

Onsite measurements of above background doses
were expected and do not represent potential ex-
posure to the public except in the vicinity of TA-18 I
on Pajarito Road. Members of the public regularly
utilizing the DOE-controlled road passing by TA-18
would likely receive no more than 0.5 mrem/yr of
direct gamma and neutron radiation. This value was
derived from 1975 data” on total dose rates using
1979 gamma doses measured by TLDs and es-
timating exposure time by assuming a person made
15 round trips per week at an average speed of 40
mph past TA- 18 while tests were being conducted.
The onsite station near the Laboratory boundary at
State Road 4 recorded a dose of 187 mrem/yr. This is
caused by a localized accumulation of ‘S7CSon sedi-
ments transported from a treated effluent release
point upstream. A maximum onsite dose to a
member of the public from airborne effluents of
0.00055 mrem was estimated for a person spending 4
hat the Laboratory Museum while 4’Ar effluent dis-
persed from TA-2 passed over the Museum. The 4’Ar
emissions from TA-2 and TA-53 could result in a

.
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TABLE XXVIII

1979 WHOLE BODY POPULATION DOSES
TO RESIDENTS OF LOS ALAMOS COUNTY

Explosure Mechanism

Whole-Body
Population Dose

(man-rem)

s
.

Atmospheric Tritium (as HTO)
Atmospheric “C, “N, “O
Atmospheric 4’Ar

Total Due to LASL Atmospheric Releases

Cosmic and Terrestrial Gamma Radiation”
Cosmic Neutron Radiation

(-17 mrem/yr per person”)
Self Irradiation from Natural Isotopes in the Body

(-24 mrem/yr per person’)
Average Due to Airline Travel

(-0.22 mrem/h at 9 km’)

Total Due to Natural Sources of Radiation

Diagnostic Medical Exposure

(-103 mrendyr per person”)

0.06
8.6
2.2

10.86

1850
330.

470

15

2665

2020

“Calculations are based on measured TLD data. They include a 10% reduction in cosmic radia-
tion due to shielding by structures and a 40% reduction in terrestrial radiation due to shielding by
structures and self-shielding by the body,

theoretically calculated annual regional (at
Espanola) dose of 0.004 mrem.

Cumulative 1979 whole body doses to Los Alamos
County residents attributable to LASL operations
are compared to exposure from natural radiation
and medical radiation in Table XXVIII, Population
data are based on a Los Alamos County Planning
Department estimate of 13300 residents in the Los

Alamos townsite and 6300 in White Rock.
The calculated 8.6 man-rem from atmospheric

liC, ‘SN, and ’60 is probably high because it is sub-
ject to many of the same uncertainties that caused
boundary dose calculations to overestimate actual
doses.’ The whole-body population dose to the es-
timated 108 000 inhabitantazz of the 80 km circle
around Ims Alamos because of LASL operations is
estimated to be 10.86 man-rem, which is the popula-

tion dose to Los Alamos County inhabitanta. That is
because other population centers are far enough
away that dispersion, dilution, and decay in transit
(particularly for ‘lC, l’N, 1’0, and 4’Ar) make ex-
posure undetectable and theoretically a very small
fraction of the estimated 10.86 man-rem. By con-
trast, natural radiation exposure to the inhabitants
within the 80 km circle is 12800 man-rem.

Thus, doses potentially attributable to releases of
effluents contribute about 0.41% of the total dose
received by IAM Alamos County residenta from
natural radiation, about 0.54% to the same popula-
tion from diagnostic medical radiation, and about
0.008% of the dose from natural radiation received
by the population within an 80 km radius of the
Laboratory.
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Since there is considerable interest in possible
health effects from radiation doses to the public
resulting from LASL operations, several risk es-
timates have been made. However, these calcula-
tions may overestimate actual risk as the NCRP2a
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 reubtic risk-benefit evaluation. ”

The ICRP estimates that the total stochastic risk
of cancer mortality from uniform whole body ir-
radiation for individuals is 1 X 10’4 per rem, i.e.,
there is 1 chance in 10000 that an individual ex-
posed to 1000 mrem of whole body radiation would
develop a cancer. In developing risk estimates the
ICRP 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 propor-
tionality.’’” Persons living in Los Alamos and White
Rock received an average of 138 mrem and 128
mrem, respectively, of whole body radiation from
natural sources (including cosmic and terrestrial
radiation with allowances for shielding, self-
irradiation and cosmic neutron exposure, but ex-
cluding that radiation received from airline travel,
luminous dial watches, building materials, etc.).
Thus, the added cancer mortality risk due to natural
radiation in 1979 was 1 chance in 72 000 in Los
Alamos and 1 chance in 78000 in White Rock. LASL
operations contributed an average dose of 0.78 rnrem
to individuals in Los Alamos and 0.08 mrem to in-
dividuals in White Rock. These added risks amount
to a conservative 1 chance in 13000000 in Los
Alamos and 1 chance in 130000000 in White Rock
of a cancer mortality due to LASL activities. The
average incidence is 1 chance in 405 each year that a
person in New Mexico will contract a cancer from all
CausesozcFor Americans the average lifetime risk is a

1 in 4 chance of contracting a cancer and a 1 in 5
chance of dying from the disease.ze The Los Alamos
and White Rock additional doses attributable to
LASL operations are equivalent to the additional ex-

posure a person would get from riding in a jet air-
craft for 3.5 and 0,36 h, respectively.

The additional exposure (which is likely
overestimated) and subsequent risk to Los Alamos
County residents are well within variations in
natural exposure and risks in life that are accepted
routinely by most people. For example, one studyz’
showed the annual dose rate on the second floor of
single-family frame dwellings was 14 mrem/yr less
than the dose rate on the first floor. Energy conser-
vation measures, such as sealing and insulating
houses and installing passive solar systems, are like-
ly to contribute much larger doses to Los Alamos
County residents than LASL operations because of
increased radon levels inside the homes. The EPA
has estimated the annual whole body dose to in-
dividuals from global fallout to be 4.4 mrem of which
2.5 mrem is due to ingestion of ‘OSr.2*

B. Environmental Protection Programs at LASL

1. LERC/EEC Program

In order to assist DOE to comply with require-
ments of the National Environmental Policy Act
(NEPA), LASL has a Laboratory Environmental
Review Committee (LERC). The membership con-
sists of representatives from several Associate Direc-
tors offices, Financial Management, the Engineering
Department, and the Health Division. The LERC
has responsibility to review environmental assess-
ments (EAs) and other environmental documents
prepared for DOE by the Laboratory. Additionally,
LERC identifies and reviews items of environmental
interest that are generated by Laboratory activities
or that affect the Laboratory programs and property.
An Environmental Evaluations Coordinator (EEC),
based in the Environmental Surveillance Group (H-
8), assists LERC by coordinating with user groups,
Health Division and the Engineering Department on
development of environmental documents and
providing input to project design at the earliest stage
for appropriate environmental decision making.

Projects that may require an EA or EIS are
screened by the EEC to determine what form of en-
vironmental documentation is necessary. When
needed, various resource persons are identified by



the EEC to assist in preparation of the draft en-
vironmental document for the proposed construction
or programmatic project.

The EEC also coordinates input on environmental
matters for other official documents and the Quality
Assurance (QA) program (see next section). The
EEC and the Environmental Surveillance Group
representative to the QA program work with those
responsible for construction and/or programmatic
activities to assure that proper environmental con-
siderations are made during the assessment and that
they are implemented in the QA program.

2. Quality Assurance Program

LASL has a Quality Assurance (QA) programzo for
engineering, construction, modification, and
maintenance of DOE-owned facilities and installa-
tions, The purpose of the program is not only t.a
minimize chance of deficiencies in construction, but
also to improve cost effectiveness of facilities’
design, construction, and operation, and to protect
the environment. QA is implemented from inception
of design through completion of construction by a
project team approach. The project team consists of
individuals from the DOE program division, DOE
Albuquerque Operations and Los Alamos Area Of-
fices, LASL operating group(s), LASL Engineering
Department, design contractor, inspection organiza-
tion, and construction contractor. Under the project
team approach each organization having respon-
sibility for some facet of the project is likewise
responsible for its respective aspects of the overall
QA program. For example, it is the inspection
organization’s responsibility to provide assurance
that the structures, systems, and components have
been constructed or fabricated in accordance with
the approved drawings and specifications.

Laboratory representatives are responsible for
coordinating reviews and comments from all groups
with a vested interest in the project. In particular,
the Environmental Surveillance Group reviews
proposed new construction, maintenance activities,
and modifications to existing facilities to minimize
any environmental degradation. Consideration is
given to the present condition of the site (soils,
geology, ground water, surface water, air quality,
archeology, flora, fauna, drainage features,
archeological resources, etc.), environmental conse-

quences of the proposed project (airborne effluents,
liquid effluents, industrial waste, solid waste, noise
levels, traffic patterns, etc.), and environmental im-
pact assessment (air, water, land, visual, noise,
odor, biota, etc.).

3. Archeology

Protection of archeological sites at LASL (man-
dated by several Congressional acts and Executive
Order 11593) is also part of the QA program. A
proposed location for a new facility is checked to
determine if there are any archeological sites in the
area. An attempt is first made to adjust siting so as
to preserve the site. If alternative siting is not feasi-
ble, then the site is excavated to gain knowledge
about it and recover artifacta before it is destroyed.
The decision as to which course to follow is based on
the value of the archeological site, on the availability
of alternative locations for the new facility, and on
the programmatic impact if the new facility were not
built at that location.

A survey of more than 450 archeological sites in
LASL environs was made between March 1973 and
July 1975. This survey of the pre-Columbian Indian
ruins is summarized in a report,ao which is used dur-
ing construction planning to avoid damage to such
sites if possible, or to provide the lead time necessary
to conduct required salvage archeology. Several uni-
que sites were recommended for registration as
national historic sites and formal nomination
procedures are underway. This will ensure their
preservation for future generations by establishing
formal responsibility and authority to protect the
sites.

Twenty additional archeological sites were located
at LASL in 1979 and have been added to the inven-
tory of historic sites, During the year one pre-
Columbian ruin (LA-4718) was excavated. It proved
to be an exceptionally interesting site with a 2 m
deep kiva and plans are being made to put a roof
over the kiva to preserve it.sl

Two local boys made an important and interesting
find of two 15th century pottery vessels (Fig. 18) .
sealed with lime plaster.sz The boys brought the pots --

to LASL where a series of nondestructive tests were
made. X-rays showed how one pot rim fitted over the
other pot rim, Neutron radiography revealed
feathery-looking contents inside.
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Fig. 18,
71LJ0Indian pots sealed with the only known
use of lime plaster found so far in the South-
we8t.

The pots were scrutinized by drilling a small hole,
about 3 mm in diameter, through the top pot. An op-
tical borescope, a slender metallic rod with a light at
one end and an eyepiece at the other, was inserted.
Inside, feathers of several different colors, ranging
from reddish to white to soft orange, could be seen.
Yucca plant fibers, twisted into cords, also came
into view, The feathers and other samples, small bits
of which were pulled from the pot with a fine wire,
have been. sent to the Smithsonian Institute for or-
nithological and other analyses. The feathers have
been tentatively identified as belonging to the
macaw, which would make them imported; they
could also be from an indigenous species like the
flicker. The pots have been placed in the Bradbury
Science Hall by the finders.

Five log cabins, which date from the early years of
this century, are located within LASL boundaries.
All are deteriorating rapidly, and the Historic
Preservation Branch of the National Park Service is

preparing a preservation plan for the structures.
Borings of the logs will be taken to estimate con-
struction dates by dendrochronology. Serious
damage to one of the log cabins, the Anchor Ranch
Ice House, was done by vandals during the summer
of 1979. The entire north wall was pulled
over—presumably by someone who wanted some
well-cured poles.

4. Decontamination and Decommissioning
Work

During the spring of 1979, old tritium handling
equipment was removed from building TA-35-2. To
monitor for possible airborne release of tritium dur-
ing decontamination operations, two special air
sampling stations were established. The samplers
were located within 3 m of the building in which the
decontamination took place. Atmospheric tritiated
water vapor (HTO) concentrations measured by
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these two samplers ranged from 29 to 270 X 10-’2
~Ci/ml and averaged 114 + 78 X 10-i2 ~Ci/ml? or
about ten times normal onsite HTO levels. The con-
trolled area CG for HTO is 5 X 10-” gCi/mJ? and un-
controlled area CG is 2 X 10-7 gCi/m~ (see Appendix
A). HTO measured in ambient air outside the
facility could have been from the decontamination
operation and/or from off-gassing of the tritium
handling equipment. Concentrations measured,
however, were three to four orders of magnitude less
than the appropriate CGS.

Work continued in 1979 at DP site (TA-21), in
decontamination of buildings that were former
plutonium handling facilities. Once decon-
taminated, the buildings will be used for other
research activities. In conjunction with these ac-
tivities, several underground structures (manholes,
sewer lines, etc. ) next to the buildings were removed
along with associated contaminated soil. Soil was
removed to the extent practicable, since it was not
possible to remove all contaminated soil without
threatening building foundations. The location and
extent of soil decontamination was carefully
documented for the time when the buildings are
removed and the soil decontamination can be com-
pleted.

Radioactively contaminated air washers are being
removed from TA-35-7 and disposed of at LASL’S
Radioactive Materials Disposal Site (TA-54). Possi-
ble contaminants in the washers were 90Sr, l’7Cs, fis-
sion products, and low level transuranics. Four
months into the project no indication of any airborne
radioactivity from the operation has been seen on
filters from two special air samplers located within
10 m of the facility.

C. Related Environmental Studies

The Environmental Science Group (LS-6) at
LASL conducts research and experimental studies
under auspices of the DOE. Some of the research
programs conducted by LS-6 complement routine
monitoring and research conducted by the En-
vironmental Surveillance Group (H-8) in providing
a better understanding of the ecosystem surrounding
LASL in relation to the Laboratory’s operations.
Following are highlights of several of these research
programs.

1. Fire Ecology at Bandelier National Monu-
ment [L. D. Potter (Plant Ecologist, Biology Depart-
ment, University of New Mexico) and T. S. Foxx
(LS-6)]

The role of fire in the ecosystem has been of in-
creasing interest. For nearly 70 years a policy of total
fire suppression was followed by Bandelier National
Monument and the U.S. Forest Service. In 1976 a
study was funded by the National Park Service to
provide baseline data for a fire management plan.
The study included a determination of fire fre-
quency prior to start of the total fire suppression
policy and plant succession after fire. Fire frequency
was determined by fire scar dating and plant succes-
sion by examining areas known to have been burned.
This baseline study was near completion in June
1977, when the La Mesa Fire burned 62 km2 and
swept over established lots. The area burned was
under management of \ andelier National Monu-
ment, Santa Fe National Forest, and LASL.

To determine how this fire affected areas of known
fire history, plots were examined to determine the
amount of foliar singeing sustained during the La
Mesa Fire. Resulting data showed that for the La
Mesa Fire, the longer the interval since the last fire,
the more foliar damage. Areas which had not burned
within the last 27 years showed nearly complete tree
kill, Analysis of fire scarred trees revealed a fire fre-
quency averaging 17 years and ranging from 8 to 27
years, Alteration of the 8 to 27 year fire cycle was
probably due to three factors: 1) settlement of the
area began about 1894, one year after what appears
to have been the last major fire; 2) extensive logging
in the late 1800s and 1900s virtually cleared some
areas of trees; 3) by 1920 the Bandelier National
Monument and adjacent forested land were under a
policy of total fire suppression which has existed to
this day. Thus, the holocaustic nature of the La
Mesa Fire can be attributed to over 80 years of fuel
load accumulation. This study provides a case for
more frequent fires .33

To protect valuable archeological resources from
severe erosion and to maintain integrity of the
watershed, the area was successfully seeded by air
with six native grasses, A number of parameters
related to germination of the grasses was examined
under studies funded by the Eisenhower Consoti”ium
and LASL.e’34Success of germination varied from an
average of 27% to a high of 97~0. The density and
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foliage cover of slender wheatgrass and sheep fescue
is expected to help natural regeneration of
ponderosa pine as well as to bring wildlife into the
burned areas.

2. Status of Flora in the NERP [T. S. Foxx and
G. D. Tierney (Consulting Botanists, LS-6)]

The Endangered Species Act of 1973 (Public Law
93-205) mandated location of habitats of plant
species in danger of extinction on state and federal
lands. In 1976 the Los Alamos National En-
vironmental Research Park (NERP) was established
with the ultimate goal of providing a study area “to
contribute to the understanding of how man can
best live in balance with nature while enjoying the
benefits of technology. “s’ Under this mandate a
preliminary study’e to provide information as to the
location of possible endangered and threatened
species within the NERP was initiated August 1977.

This initial study was confined to Water and Mor-
tandad Canyons and adjacent mesas as represen-
tative of the larger (111 kmz) NERP. These areas
were selected because they contained the greatest
variety of habitats and provided a collecting
transect dissecting the NERP. Each area was sur-
veyed seasonally. Collections of all species were
made initially and the occurrence of certain species
was recorded. This provided not only information
about species’ diversity and distribution in each
canyon, but also a more precise habitat description.

Among the flora in the area, one species, grama
grass cactus (Pediocactu.s paprycanthus) that is on
the Smithsonian Endangered and Threatened
Species List, was found. It was located in an area ad-
jacent to the NERP. The population was small and
various human activities are contributing to
deterioration of its habitat.

Fourteen plants on the New Mexico State
Protected List were located. Only the Larkspur
Violet (Violu pedatifida) appears to be of any
significance. It is a rare peripheral, which has been
collected infrequently in New Mexico. A small pop-
ulation was found and ita habitat could be damaged
by logging or herbicides. All other species on the
protected list were enumerated for informational
purposes. None of those plants were considered rare
or in need of protection from Laboratory activities,
other than to preserve some natural flora of the area.

At the present time 280 species representing 62
taxonomic families were collected or noted in Mor-
tandad, Effluent and Water Canyons. A number of
these species had not previously been reported for
the area. Much of the area surveyed was heavily dis-
turbed due to activities prior to and since establish-
ment of the Laboratory. There were various stages of
plant succession. The upper portion of Water Can-
yon burned in the 1977 La Mesa Fire and now shows
post-fire succession, increased size in many plant
species, and heavy browsing of most shrubs.

This continuing study is designed to provide a
data base so that LASL may comply with existing
federal and state laws concerning protection of plant
species. This data base will furnish necessary infor-
mation for floristic dynamic studies.

3. Changes in Quality of Surface Water
Related to La Mesa Fire, 1977 [W. D. Purtymun
(H-8) and Howard Adams (H-7)]

Quality of water data was collected from a surface
water station near the 13andelier National Monu-
ment Headquarters in Ca?ion de 10SFrijoles prior to
and after the wildfire burned about 26 kmz of the
drainage area above the station.” The burn brought
about a slight increase in calcium, bicarbonate,
chloride, fluorides and total dissolved solids in base
flow at the station (Fig. 19). Those constituents in
base flow have shown a general decline in concentra-
tion with time as fire debris and ash is removed from
the drainage area and channel with continued
runoff.

Samples of base flow and storm runoff were col-
lected in CalIon de 10SFrijoles and Capulin Canyon.
About 3 km’ of the drainage area at Capulin Canyon
was burned by the La Mesa Fire in 1977. Samples of
base flow and storm runoff in Calion de 10SFrijoles
indicated barium, calcium, iron, bicarbonate,
manganese, lead, phenol, and zinc concentrations
were elevated in storm runoff when compared to
base flow (Fig. 20) concentrations, Analyses of base
flow and storm runoff in Capulin Canyon indicated
barium, calcium, iron, and manganese concentra-
tions were elevated during runoff eventa when com-
pared to base flow concentrations, Bicarbonates
varied, but showed no statistically significant
trends. Phenols and lead were below limits of detec-
tion. Presence of phenols in runoff is from decay of
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Fig. 19.
Variation in chemical constituents in base flaw
in CaRbn de 10SFrtjoles prior to and after the
b Mesa Fire.

vegetation in the drainage area, Lead concentrations
found in runoff in Cation de 10SFrijoles could pos-
sibly be from automobile emissions as it was not
detected in the runoff eventa in Capulin Canyon.
The Monument Headquarters in CaRon de 10SFri-
joles is subject to heavy vehicle traftlc, while
Capulin Canyon is remote, with no vehicle access.

4. Fenton Hill Site (TA-57) Surface and
Ground Water Quality [W. D. Purtymun and R.
W. Ferenbaugh (H-8)]

LASL is currently evaluating the feasibility of ex-
tracting thermal energy from hot dry rock (HDR)
geothermal reservoirs at its Fenton Hill Site (TA-
57). The concept involves drilling two deep holes
into HDR, connecting these holes by hydraulic frac-
ture, and bringing thermal energy to the surface by
circulating water through the system,

Fig. 20.
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Variation in chemical constituents in base flow
and storm runoff in Caiion de 10SFrijoles and
Capulin Canyon after the La Me8a Fire.

The chemical quality of surface and ground waters
in the vicinity of TA-57 (=30 km W of Los Alamos,
Fig. 21) has been determined for use in geohydrology
and environmental studies. The results of past
studies and detail data have been reported
elsewhere .sa-’sTable E-XXVII summarizes the 1979
data on the chemical quality of water for nine sur-
face water stations, four water supply locations, two
springs along the Jemez Fault, one spring discharg- .

ing from recent volcanics, and one abandoned well. ..

Water quality has varied slightly; however, the
variations in quality are normal due to seasonal fluc-
tuations.

..

Three ponds at the site contain water used in drill-
ing operations and water used in the experimental
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TABLE XXIX

AVERAGE CONCENTRATIONS OF SELECTED
ELEMENTS IN PONDS AND IN SURFACE

AND GROUND WATER AT TA-57
(concentrations in mg/1)

Locations’ As B Cd F— — — _

Pond 1 (TA-57)
Pond 2 (TA-57)
Pond 3 (TA-57)
Surface Water (9 Locations)
Water Supply (4 Locations)
Springs (2 tJemez Fault)
Spring (1 Volcanics)
Abandoned Well (1)

0.094
0.091
0.108
0.024
0.003
0.088

<0.001
<0.001

4.4
4,1
4.2
0.3

<0.05
9.4

<0.05
<0.005

<0.001
<0.001
<0.001
<0.002
<0.001
<0.001
<0.001
<0.001

3.1
2.2
3.6
0.8
0.5
3.1
1.1
1.0

.—. —

‘See Table E-XXVII and Fig. 21 for location of sampling sites.

loop in the dry hot rocks at a depth of about 3000 m
below land surface. The water in the ponds is highly
mineralized (890 to 5100 mg/1 of TDS). Certain ele-
ments present in the ponds are of interest because of
monitoring requirements specified in the National
Pollutant Discharge Elimination System permit.
These are arsenic, boron, cadmium, fluoride, and
lithium. Table XXIX presents the concentrations of
these elements in the ponds and waters monitored in
the area. Discharge from the ponds is into a dry
can yon and its rate is regulated so that it infiltrates
into alluvium of the dry canyon within 300 m of the
ponds. The average concentrations of arsenic, boron,
fluoride and lithium at surface water stations is
elevated at stations R and S as the result of dis-
charge from thermal and mineral springs at stations
JS-1 and JS-5.44

Water from the supply well at the Fenton Hill Site
(FH-1) was analyzed for chemical and
radiochemical constituents to determine if the water
is acceptable for municipal or domestic use ac-
cording to EPA standards or criteria. A comparison
of the analytical results to standards show that the
water is weIl below limits set for municipal use

(Table XXX),

Li

2.(H
2.9:1
2.79

<0.:1
0.03
8.20
0.02

<0.02

5. Effect of Rototilling on the Distribution of
“7CS in Trinity Site Soil [T. E. Hakonson and G. C.
White (LS-6)]

Soils and sediments are the major repositories of
radioactive and stable elements released to the en-
vironment. Thus, processes that redistribute soils
and sediments also redistribute environmental con-
taminants, particularly those contaminants that are
tightly bound to soil or sediment. For example, wind
and water erosion of soil and sediment causes
redistribution of environmental plutonium,
americium, and IS’CS.’s-G’

Contaminants that are suspended by wind and
water deposit on land or on biological surfaces that
include the lung. Thus, methods that reduce con-
taminant concentrations on land surfaces where ero-
sion occurs may be beneficial in reducing risks incur-
red through inhalation and ingestion of particles.

This report presents results of an experiment to
determine changes in spatial distribution of lS7Csin
nuclear fallout contaminated soil after vigorous,
shallow, mechanical rototilling The scale of the ex-
periment and tilling method were chosen to simulate

-w

.
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TABLE XXX

CHEMICAL AND RADIOCHEMICAL CONCENTRATIONS
IN WATER FROM SUPPLY WELL AT TA-57

.E-

Chemical (mg/1)

.
..
.

.
.-
.

Ag
As
Ba
Cd
c1
Cr
F
Hg
NO,
Pb
Se
TDS

Radiochemical (pCi/1)

8H
187(=S

2s8pu

Zsapu

Gross alpha
Total uraniumb

Supply Well
FH-1

<0.001
<0.001
<0.5
<0.01
19

<0.002
0.3

<0.0005
1.5
0.002

<0.005
244

<0.6
<80

<0.03
<0.04

2.3
1.9

Standard or
Criteriaa

0.05
0.05
1.0
0.010

250
0.05
2.0
0.002

45
0.05
0.01

1000

2@
200

7.5
7.5
5

1800

‘Environmental Protection Agency’s National Interim Primary Drinking Water Regulations (see
Appendix A).
b#g/~.

conditions normally used in establishing and prepar-
ing a small garden plot.

Concentrations of “7CS in soil as a function of
depth and tilling summarized in Table XXXI. In
the O to 7.5 cm depth profile, the arithmetic mean
concentration of 187CSand coefficient of variation (in
parentheses) based on a sample size of 130 was 1.94
pCi/g (0.87) before tilling and 1.76 pCi/g (0.53) after
tilling. In the 7.5 to 15 cm profile, concentrations
averaged 0,08 pCi/g (2.8) before tilling and 0.38
pCi/g (1.9) after tilling.

Differences in concentrations of ‘S7CSbetween up-
per and lower profiles before tilling were significant

(p < 0.01) and differed by a factor of about 25. The
concentration decrease after rototilling of about 10%
in the surface 7.5 cm of soil was not significant at the
95% confidence level (i.e., p = 0.289, t-test with cor-
rection for unequal variances). In contrast, the con-
centration of ‘S7CSincreased signitlcantly (p < 0.01)
in the lower profile reflecting transfer of ‘S’CSfrom
the surface to the lower profile.

The data was also highly skewed, particularly for
the O to 7.5 cm depth before tilling and the 7.5 to 15
cm profile after tilling. This skewness is reflected by
the variability in the concentrations,
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TABLE XXXI

CONCENTRATION OF 1’7(%IN SOIL AS A FUNCTION
OF DEPTH AND TILLING AT TRINITY SITE

1S7CSConcentration

Depth Number of
(pCi/g)

(cm) Treatment Samples Mean 1 s Median—. —

o-7.5 Before tilling 130 1.94 1.69 1.30
0-7.5 After tilling 130 1.76 0.94 1.60
7.5-15 Before tilling 130 0.083 0.23 0.025
7.5-15 After tilling 130 0.38 0.73 0.13

A significant change in variability of the data was
noted after tilling. Variability in concentrations

decreased significantly (p S 0.01, Moses test of ex-
treme reactions)’” in the surface 7.5 cm of soil after
tilling with a corresponding reduction in skewness.
However, variability increased significantly in the
7.5 to 15 cm profile samples after tilling.

The relatively minor effect of tilling on the con-
centrations of ‘$7CSin the surface 7.5 cm was surpris-
ing considering the vigorous tilling effort. This result
implies that shallow rototilling of soil is only slightly
effective in reducing surface concentrations of con-
taminants strongly fixed to soil. Although con-
centrations of 137CSin the 7.5 to 15 cm profile in-
creased by a factor of four, the difference in con-
centration bet ween upper and lower profiles was still
a factor of about five.

Procedures such as soil removal and mechanical

tilling to reduce concentrations of potentially haz-
ardous contaminants from surface soil must be
evaluated to justify costs and ensure comparability
with intended objectives. Results of this study
demonstrate that shallow rototilling was ineffective
in reducing surface soil concentrations of ‘97CS.
Thus, the effectiveness of shallow rototilling in
reducing soil contaminant transport across land sur-
faces by wind and water would be minimal, assum-
ing that ‘37CSand soil particle size relationships were
not greatly altered, However rototilling did reduce
variability in l~7Cs concentrations in surface soils.

Thus, considerable benefit could be realized by
designing sampling programs in similarly treated

areas, since sample size requirements, and thus,
costs are related as a square function to variability.cz

6. LA/NERP Elk Studies [G. C. White and T. E.
Hakonson (LS-6) ]

Elk biotelemetry studies were continued during
the past year in the Los Alamos/National En-
vironmental Research Park (LA/NERP) area
through cooperative research with Bandelier
National Monument and New Mexico State Univer-
sity. Twelve elk were trapped and radio collared dur-
ing January on Bandelier National Monument in
the habitat created by the La Mesa Fire, Three ad-
ditional animals were trapped and radio collared
west of Bandelier National Monument on U.S.
Forest Service lands during late March and April,
also on habitat created by the La Mesa Fire.

Elk were lured into modified Clover traps using
alfalfa as bait. The traps were set and checked
morning and evening. In addition, radios which had
been placed on elk and deer and later returned were
used to monitor the traps. The radios were wired to
the trap door so that when the trap was sprung, the
radio was shut off. Thus as long as the radio signal
could be picked up, the trap was open.

Captured elk were sedated with a horse sedative to
ease handling of the animal. Radio collared animals
are located on a weekly basis, or more frequently.
Locations are plotted on a base map, and coded for
machine processing. Weekly fixes for each animal

.
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are plotted by computer on a map of the Jemez
Mountains.

The severe winter of 1978-79 did not seem to cause
much mortality of the elk wintering on the La Mesa
Fire burn area. One animal was captured which ap-
peared severely malnourished, and it later died.
However, other animals captured during the winter
all survived, and all of the animals which had been
radio collared during the previous winter survived, A
summary of mortalities (or presumed mortalities) is
given in Table XXXII. Of the four elk known dead,
two have died from natural causes, and two bulls
(both legal size) were killed by hunters. One bull is
believed to have been poached, and one radio failed.
Otherwise the remaining 23 animals are still being
tracked.

The importance of the La Mesa Fire burn area as a
elk wintering habitat was demonstrated during the
winter of 1978-79. The animals radio collared during
the previous winter resided in the area rather than in
areas where they had been captured. The shift in
winter habitat was particularly swift, taking place
during a period of a week immediately after a severe
December snow storm which left up to 1 m of snow
on the ground. An additional factor may also have
been hunter pressure on U.S. Forest Service lands,
forcing animals onto unhunted National Park Ser-
vice lands.

The bull elk have traveled extensively about the
Jemez Mountains, while the cows have tended to
stay in southeastern portions of the area. Bulls 161,
202, 720, and 820 all summered more than 24 km
from their capture locations, while all the cows sum-
mered within 24 km of their capture locations. Bull
202 was particularly interesting because he was
killed more than 65 km from the area where he spent
the winter. Areas where these bulls spent the sum-
mer are not any higher in elevation or more remote
than the area used by the cows.

7. Computer Generated Movies to Display
Biotelemetry Data [G. C. White (LS-6) ]

The typical biotelemetry study generally results
in a large amount of data that is difficult to interpret
and display because of a lack of effective presenta-
tion methods. Biotelemetry data are actually three
dimensional: x and y coordinates, and time. Thus,
three dimensional methods of viewing the data
would generally facilitate interpretation because

any method of collapsing three dimensions into two
results in some loss of information. Use of computer
generated 16 mm movies to portray biotelemetry
data has been explored to permit the time dimension
of the data to be viewed in correct evolutionary se-
quence. A computer generated movie of the elk
movements described in Section IV.C.6 has been
made, and a movie of coyote movements on the
Idaho National Environmental Research Park
(INERP) has been made. For the elk, 3000 observa-
tions on 30 elk are summarized by the movie, while
over 5000 observations for 5 coyote are summarized
in the INERP movie.

The present version of these movies consists of a
colored base map with a small square moving on the
map to depict animal movements. Color intensity of
the square is enhanced when the location of the
animal is based upon an actual radio-location;
whereas movement of the square at normal color in-
tensity represents linear interpolation between ac-
tual radio fixes.

The time dimension is also displayed on the map.
In the elk movie, the month and year are displayed
simultaneously with animal movements data.
Coyote data was taken intensively over 24 h periods,
so a 24 h time line is used to show the time of day.

A permanent trace of all movements of one in-
dividual during an observation period can be ob-
tained to facilitate identification of areas of frequent
use and rough home range sizes. Data from multiple
animals can also be displayed simultaneously to ex-
amine interactions between individuals, and sex and
age classes as a function of season and habitat. In-
dividuals or groups of animals (stratified by age or
sex) can be distinguished by color of the squares.
Movements of individual animals are not per-
manently traced due to the clutter that would result.

8. NERP Climatology Data [F. G. Fernald and
D. A. Dahl (H-8)]

An automated meteorological tower network is be-
ing developed by the Environmental Surveillance
Group (H-8) to provide meteorological data for en-
vironmental assessments, emergency response at at-
mospheric releases of pollutants, and climatological
characterization. This includes future demands
NERP will have for meteorological data in support
of plant and animal life studies.
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TABLE XXXII

STATUS OF RADIO COLLARED ELK AS OF NOVEMBER 9, 1979

Age at
Capture

(’alf .
(’alf
Adult
Adult
(’alf
Yearling
Adult
Adult
(’alf
Adult
(’aIt’
(’alf
(’alt
Adult
Adult
(’aIf’
(’alf
(’aIf’
(’alf
Yearling
A(lult
Adult
(’aIf’
Adult
(’alt’
(’.alt’
Yearling
Adult.
Adult

Sex—

M
M
F
F
F
M
F
F
M
F
F
F
M
F
F
M
P’
F
P’
F
F
F
M
F
M
F
M
F
M

Date of
Capture

2/Z3/78
3/19/78
5/4/78
2/10/’78
1128/78
2/16/78
2/10/78
1125/78
2/!!1/78
2/18/78
1126/78
2/1:3/78
2/14/78
1121/78
2/8/78
1/3/79
1/5/79
1/7/79
1/9/79
1/10/79
1/10/79
3P28179
1/14/79
1/11/79
1/18/79
1/19/79
1/19/79
4/15/79
4/16/79

Microprocessor controlled meteorological towers
automatically preprocess and record measurements
that include temperature, wind speed, wind direc-
tion, solar radiation, dewpoint temperature,
humidity, and rainfall. The systems are capable of
operating on solar power alone. Emphasis has been
placed on accumulating an accurate data base from
which accident assessments and climatological sum-
maries can be readily drawn.

Meteorological data are currently collected and
recorded at the Occupational Health Laboratory
(OHL) and the active waste disposal site. A trans-

Status——— __

Alive
Killed by hunter 1(1/’i!t
Alive
Alive
Alive
Killed hy hunter 9/’i8
Alive
Alive
Killed hy lightning ?/7s
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Radio failure
Alive
Died (d’malnut rit ion -1/’i!)
Alive
Alive
Alive
Alive
Presumed poached 7/7!)
Alive
Alive

portable tower as well as additional permanent in-
stallations are planned in order to provide data
representative of the entire Laboratory area,

The microprocessor controlled data system is
programmed to sample each sensor 256 times every
15 minutes. The data are then written to cassette .

tape as an eighty character record which includes a
...

header identifying the station, the data and time, .
plus 23 data channels. These data channels are ap-
portioned between means and standard deviations.

.

If the mean values are sampled from 16 sensors, then
the standard deviations of 7 sensors can be recorded
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to fill the 23 data channels. If fewer sensors are
monitored, more channels will be available to record
standard deviations. Preprocessing greatly reduces
the amount of data that must be recorded. A year’s
data from a single installation is reduced to a
manageable 104 340 octal records of 80 characters
each. Up to 15 days of data can be accumulated on
the cassettes before they have to be retrieved. After
checking for obvious recording or sensors errors, the
data is written to the Computer Center’s “Common
File System” where it can be accessed by any poten-
tial LASL user.

The “state of the art” design utilizing low power
CMOS technology, provides a microprocessor con-
trolled data system that requires between 0.5 and 1.0
watt depending on the actual installation. The
system operates on batteries that can be charged
with either AC line or solar power. Since fully
charged batteries will keep the systems alive for up
to two weeks, they are essentially independent of
power outages.

Emphasis has been placed on developing a data
base that provides accurate, readily accessible
meteorological data. Software to generate tabular
and graphical daily summaries has been developed.
Figure 22 presents a daily summary of the OHL
tower and ground station data for December 2, 1979.
The lower three panels show the horizontal
windspeed and direction, and the vertical wind
speed on the tower 21 m above the surface. The
shaded area represents +1 standard deviation about
the 15 min means.

The center panel shows the tower temperature (20
m above the surface), ground station temperature (1
m above the surface), and ground station dewpoint
temperature. The solid line is the ground station
temperature, the shading shows the departure of the
tower temperature from the ground station
temperature, and the dashed line indicates dew-
point temperature. The remaining three panels pre-
sent the net solar radiation on a horizontal surface,
precipitation and relative humidity, and at-
mospheric pressure.

This day was selected as it very clearly shows the
diurnal patterns affecting Los Alamos in absence of
strong synoptic scale systems. Between midnight
and 6 a.m., 2 m/s drainage flow prevailed from the
northwest. The flow was quite smooth as evidenced
by the narrow standard deviation ranges in the
horizontal and vertical wind component-s. This was

expected under the stable +0.2” C/m temperature
lapse rate recorded at that time. As the day prog-
ressed, solar heating of the surface reversed the ver-
tical temperature gradient, and the mixing and dis-
persal properties of the atmosphere increased as is
apparent from the increased standard deviations of
the wind components. The wind shifted from the
northwest to northeast, and then continued to turn
clockwise, first due to local southeast upslope flow
along the Jemez Mountains, and then due to the
regional southerly flow up the Rio Grande Valley. By
late afternoon, the mixing layer deepened and
momentum mixdown added a component of the up-
per level westerlies to the flow. By 1800 h the wind
had completed its full 360° diurnal clockwise rota-
tion and was again downslope out of the northwest.
The boundary layer was again thermally stable, and
the dispersion properties of the atmosphere were
again suppressed.

Future plans call for expanding the automated
tower network to three or four additional installa-
tions plus possible reinstrumentation of a 100 m
tower. These data will provide excellent source for
developing dispersion wind roses and other types of
climatological summaries. As the data base ex-
pands, software will be developed to provide these
climatological summaries on weekly, monthly,
seasonal, and yearly bases. This meteorological data
base can be easily interrogated to provide data for
specially tailored analyses as required for NERP and
other Laboratory investigations.

9. Special Study of Radionuclides from
LAMPF Lagoons [R. W. Ferenbaugh and W. D.
Purtymun (H-8)]

Cooling system leaks at the Los Alamos Meson
Physics Facility (LAMPF) discharge water with ac-
tivation product radionuclides, primarily ‘H, ‘Be,
and 22Na, into the lagoons below the facility. Sam-
ples of water, sediments, and transpirate from trees
adjacent to the effluent stream from the lagoons
have been collected every 1 to 1.5 months since the
effluent began flowing in the Spring of 1979. The
purpose of this sampling program is to ascertain the
extent to which radionuclides are being dispersed
from the lagoons. Figure 23 shows locations of the
sampling sites relative to the lagoons and to Los
Alamos Canyon. Between sites 2 and 3, the dis-
charge stream drops from the plateau on which the
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Fig. 23.
Sampling locationa in vicinity of LAMPF
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lagoons are located into a side canyon that eventual-
ly connects with Los Alamos Canyon between sites 6
and 7. Surface water is found below site 4 only dur-
ing heavy runoff events, A summary of analytical

Water (pCi/~)
Station 1
Station !2
Station 3
Station 4
Staticm 8

Sediment (pci/g)
Statirm 1
StatiOn 2
Stat iOn 3
StatiOn 4
Station 5
Staticm 6
StatiOn 7
StatiOn 8

Transpirate (pCi/1)
StatiOn 2
StatiOn 3
Statirm 4
StatiOn 5
Station 6
StatiOn 8

results obtained from the samples collected is
presented in Table XXXIII. These data show that
radionuclide concentrations decrease with progres-
sion down the canyon. Data from individual
analyses seem to indicate that there is continuing
accumulation of radionuclides at sites 1 through 4
with time, but this is uncertain due to the few
number of samples so far analyzed. Transpirate
from pinon and juniper trees located on stream
banks at sites 2 through 4 show somewhat elevated
tritium content as HTO. In general, the data show
that while there has been some dispersal of
radionuclides down the canyon into which the dis-
charge occurs, there has been no detectable disper-
sion beyond the point at which the discharge stream
sinks into alluvium.

TABLE XXXIH

ANALYTICAL RESULTS OF SAMPLES
TAKEN BELOW LAMPF LAGOONS

No. of
Analyses

5
5
4
3
2

3
5
5
5
5
5
4
4

3
4
7
5
4
3

8H

7.93 + 3.05 x 10’
7.73 + 2.92 X 10’
7.23 + 2.85 X 10’
6.15 + 1.73 X 10’
0.02 * 0.02 x 10’

7.91 + 2.04 X 106
8.27 + 2.56 X 10’
7.32 + 2.67 X 106
4.55 & 2.94 X 10’
0.90 + 1.58 X 10s
0.03 + 0.04x 10’
0,01 * 0.06 x 10’
0.05 * 0.14 x 10’

3.47 + 0.61 X 10’
2.70 + 1.00 X 10’
0.97 + 0.83 X 10s
0.00 + 0.02 x 10’
0.01 ● 0.04 x 10’
0.00 + 0.01 x 10’

7Be 22Na

152000 + 137000 2310 + 947
357000 + 326000 2290 + 982
33000 +46 700 2070 + 1030
39300 + 32100 14(XI+ 757

75 * 21 3+6

2580 * 2980
5010 * 4530
2770 i 5280

439 & 455
148 + 331
0.7 + 0.9
0.6 + 0.6
0.7 + 0.9

2.2 * 0.6
5.9 + 2.7
1.9 *2.1
1.5 * 0.8
0.5 * 0.7

0.01 * 0.04
0.01 * 0.05
0.03 * 0.(-):3

483 + 375 29 ● 21
708 + 1550 129 + 248

30 + 526 5*62
914 + 2350 84c63
250 + 465 –20 + 29
667 + 1170 0+20
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10. Evaluation of Transuranic Waste Manage-
ment Methods [L. J. Walker and W, R. Hansen (H-
8)]

Studies and evaluation of various alternatives for
ultimate disposal of transuranic (TRU) wastes is
part of the ongoing waste management programs at
LASL. TRU wastes at LASL are buried at six
previously used waste areas, and buried and
retrievable stored at currently used areas, By Oc-
tober 1980, a document detailing various options for
disposition of these wastes will be prepared. Total
estimated volume of TRU wastes (> 10 nCi/g) is
about 21200 m3, with about 2300 m3 estimated to be
combustibles and about 7800 m3 to be metals.
Among alternatives being evaluated for future dis-
position of the wastes are: 1) continue present prac-
tices; 2) engineered-in-place improved barriers, such
as additional earth and riprap cover; and, 3) exuma-
tion and retrieval, followed by some processing.
Processing options include combustion,
electropolishing, compaction, slurrying with cement
paste, and simple repackaging without additional
processing. Ultimate disposal considerations include
deep pit burial at LASL or transfer to a federal
repository when such a facility is available. Follow-
ing review of this alternatives document, a decision
will be made as to which of the many options will be
evaluated in detail.

Several LASL groups are participating in the pro-
ject. Included are WX-4 (a group in the Design
Engineering Division) which is doing engineering
and cost estimation work; the Health Physics Group
(H-1) which is evaluating health risks associated
with each alternative; the Waste Management
Group (H-7), which is doing inventory and source
term definition work, the Environmental Studies
Group (LS-6) which is involved with environmental
transport methodology and modeling; and the En-
vironmental Surveillance Group (H-8) which is coor-
dinating annd managing the project and developing
a environmental surveillance plan,

The environmental surveillance plan details long-
range sampling and evaluation of environmental
media in and around active and previously used
waste burial sites. The surveillance plan includes
documentation of possible migration of wastes, com-
parisons of the data over prolonged time periods,
and assurance that these areas are being managed
and maintained in an environmentally acceptable

manner. The plan will be applied to the retired
waste sites and will provide for periodic sampling,
analysis, and evaluation over the period of in-
stitutional control of these sites.

11. An Automated Transuranic Assay System
for Soils [J. W. Nyhan, G. Trujillo, and B. J. Bren-
non (LS-6), and J. M. Crowell (H-l)]

Assaying soil and tuff samples containing low con-
centrations of transuranics currently requires time
consuming, costly, and highly specialized analytical
procedures. Currently, soil samples are dissolved in
concentrated acid solutions and then passed through
an ion exchange resin to achieve chemical separa-
tion. The sample is then electroplated onto a metal
disk and assayed for transuranics using alpha
spectrometry techniques. These procedures take
several weeks and cost about $200 per sample. An
automatic transuranic assay system for soils
(ATASS) to reduce the time and expense of analyz-
ing transuranics in soil and tuff samples from
radioactive shallow land burial sites has been
developed. The ATASS simultaneously measures
the low- and high-energy gamma spectrum (O to
2000 keV) of the components of soils and crushed
geologic materials. An evaluation of the spectrum
leads to quantitative identification of the trans-
uranic sample constituents.

The counting system of ATASS includes two ger-
manium detectors that simultaneously assay a sam-
ple. The intrinsic germanium (IG) detector consists
of a hyperpure germanium crystal with a thin metal
semiconductor surface barrier entry window. The IG
crystal is mounted in a cryostat, which has a thin
beryllium window and a cooled field effect tran-
sistor. This detector has excellent photon peak
resolution in the O to 200 keV range with a total ac-
tive detector area of 21 cm’ and a crystal thickness of
7 mm. In order to also assay for high energy (200 to
2000 keV) gamma emitters with ATASS, a coaxial
Ge(Li) detector was added to the system. The
second detector has a right angle detector-dewar
configuration and a total active volume of 125 cm3.
These two detectors are interfaced with analog to
digital converter multiplexer, pulse amplifiers, high
voltage power supplies, a multichannel analyzer,
and a minicomputer.

:
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The ATASS is mounted in a sample changer con-
structed to accept specially designed plastic sample
containers. The sample changer consists of a lead
lined wheel which is mounted vertically in the center
of an aluminum framework (Fig. 24). The wheel has
20 evenly spaced sample holder positions. A small
motor mounted in the center of the wheel allows it to
turn and position a sample between the two detec-
tors. The wheel holds the plastic sample containers
which were designed to hold approximately 25 g of
soil or tuff. The lid of the sample container is less
than l-mm thick and faces the IG detector (where
low energy gamma emitters are assayed), whereas
the bottom of the sample container is twic~ as thick
as the lid and faces the Ge(Li) detect i for high
energy gamma emitter assays.

Although additional system characterizations
work is still needed, preliminary indications are that
ATASS is a very effective, inexpensive radionuclide

assay system for waste management research. The
sensitivity of the IG detector is demonstrated by un-
contaminated tuff samples spiked with weapons
grade plutonium and americium standard solutions
to mimic field samples with activity levels of 50
pCi/g. There is good peak resolution in the low
energy L x-ray region (O to 20 keV) and the spiked
sample spectra are distinct from the natural
background of the sample, which defines peaks of
naturally-occurring elements such as *lOPb,‘°K, and
thorium.

The ATASS system was calibrated for ‘“Am
detection and plutonium calibration work was in-
itiated. Coefficients for converting counts per second
to pCi “’Am/g have been determined for the 59.537
keV gamma ray and for the Am x-rays (Table XXX-
IV). Furthermore, the ratios of x-ray intensities to
gamma ray intensity were determined so that the

.!
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Fig. 24,
Sample changer for A TASS.



americium contribution of the x-rays can be strip- are shown in Table XXXVI; however, the large
peci from the spectra for plutonium analysis. We variation between replicate plutonium assays in this
have also examined linearity of response of the IG experiment preclude any conclusions about linearity
detector to varying low radionuclide concentrations of response for plutonium at this time. We currently
and have found that the IG detector does respond expect to measure activities as low as 5 pCi Pu/g and
linearly with increased concentrations of Am placed 0.05 pCi “’Am/g with maximum sample counting
in sample containers (Table XXXV), Results of times of 4.5 h.
similar experiments with weapons grade plutonium

TABLE XXXIV

RADIONUCLIDE SENSITIVITY CALIBRATION FOR A’I’ASS SYSTNM

‘“Am Content in 2S’PUStandards:

‘“Am 59.537 keV
La X-ray
L~ X-ray
L7 X-ray

2aePu~ La X-ray
LgI X-ray
L7 X-ray

0.0161 ‘Ci ‘m
pCi Pu

Sensitivity (c/s)/(pCi/g)

-y-ray 0.0283 + 1.6%
0.00137 + 2.5%
0.00542 + 1.3%
0.00179 + 1.2%

0.000315 + 4.6%
0.000970 + 3.7?0
0.000273 + 2.8%

-..

.——. ———

~Corrected for ‘“Am content,

.

..
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TABLE XXXV

.

RESULTS OF EXPERIMENTS SHOWING
LINEARITY OF IG DETECTOR RESPONSE

TO VARYING AMOUNTS OF “1Am

Amount-of Average Net
24‘Am Added to Counts for Average

Sample Container 16000 s Net
(pCi) Count Time c/s/pCi

1.02 37.0(33.5)” 36.3(32.8)
5.10 139.0(7.02) 27.3(1.38)

10.2 258.0(21.5) 25.3(2.11)
102 2513.0(220) 24.6(2.16)

1020 28 360.0(4606) 27.8(4.52)
15300 427 237.0(5384) 27.9(0.35)

“Average of three replicate determinations with
mean standard deviation in parenthesis.

TABLE XXXVI

IG DETE(XOR RESPONSE TO VARYING
AMOUNTS OF WEAPONS GRADE PLUTONIUM

Amount of Plutonium
Added to Sample

Container
(pCi)

Average Net
Counts for

16000 S

Count Time

Average
Net

c/s/Dci

4.5

9.0
19.5

22.5
45

90

1500

13320

102 (68.8)’

168 (95)

91 (66.6)
112 (71)

265 (69,9)

392 (93)
4103 (239)

45621 (2972)

22.7(15.3)
18.7(10.6)
4.67(3.42)
4.98(3.16)
5.89(1.55)
4.36(1.03)
2.74(0.16)
3.43(0.22)

“Average of three replicate determinations with mean standard deviation in parentheses.
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APPENDIX A

STANDARDS FOR ENVIRONMENTAL CONTAMINANTS

The concentrations of radioactive and chemical
contaminants in air and water samples collected
throughout the environment are compared with per-
tinent standards contained in the regulations of
several federal and state agencies in order to verify
the Laboratory’s compliance with these standards.
Because many DOE orders, manuals, and directives
are still being promulgated and were not considered
final at the time this report was being written,
numerous references have been made to Energy
Research and Development Administration (ERDA)
Manual Chapters which continue to serve as
guidelines until superseded by the final DOE orders
and manuals. LASL operations pertaining to en-
vironmental quality control are conducted in accor-
dance with the directives and procedures contained
in ERDA’s Health and Safety Manual, Chapters
0510, 0511, 0513, 0524, and 0550.

In the case of radioactive materials in the environ-
ment, the guides contained in Manual Chapter 0524
are used as a basis for evaluation. However, the
ERDA standard for uranium in water (1500 and 60
mg/1 for controlled and uncontrolled areas, respec-
tively) does not consider chemical toxicity.
Therefore, for the purposes of this report, the more
restrictive standardsAi of the International Commis-
sion on Radiological Protection (ICRP) for uranium
in water (60 mg/&?for an occupational 40-h week) are
used as a point of comparison. For atmospheric
uranium, the ERDA and ICRP standards are in
agreement. The standards are listed in Table A-I in
the form of a Radioactivity Concentration Guide
(CG). A CG is the concentration of radioactivity in
air breathed continuously or water constituting all
that ingested during a year that is determined to
result in whole body or organ doses equal to the
Radiation Protection Standards (RPSS, listed in
Table A-II) for internal and external exposures. Ob-
viously, there are uncertainties in relating CGS to
RPSS. Uncontrolled Area CGS correspond to RPSS
for the general public, whereas Controlled Area CGS

7.-J

correspond to RPSS for workers. Thus, common
practice and stated ERDA policy in Manual
Chapter 0524 are that operations shall be “con-
ducted in a manner to assure that radiation ex-
posure to individuals and population groups is
limited to the lowest levels technically and
economically practicable. ”

Because some radioisotopes remain in the body
and cause exposure long after intake has occurred,
the RPSS require consideration of the dose commit-
ment caused by inhalation, ingestion, or absorption
of such isotopes. For purposes of this report, 50-yr
dose commitments were calculated where ap-
propriate using dose factors from Ref. A-2.

For chemical pollutants in water supply, the con-
trolling standards are those promulgated by either
the Environmental Protection Agency (EPA) or the
New Mexico Environmental Improvement Division
(NMEID, see Table A-III). EPA’s maximum con-
taminant level (MCL) is the maximum permissible
level of a contaminant in water which is delivered to
the free flowing outlet of the ultimate user of a
public water system.A2

Radioactivity in public water supply is governed
by EPA regulations contained in 40CFR141. These
regulations provide that combined 22eRaand ‘*nRa
shall not exceed 5 pCi/~ and gross alpha activity
(including 22eRa,but excluding radon and uranium)
shall not exceed 15 pCi/L A screening level of 5
pCi/,t is established as part of the monitoring re-
quirements to determine whether specific radium
analyses must be performed.

For man-made radionuclides the EPA drinking
water regulations specify that concentration be
limited to levels that would result in doses of 4
mrem/yr calculated according to a specified
procedure. The EPA calculated value for tritium

(’H) is 20 X 10-6 ~Ci/m~ and for cesium (“7CS) is
200x 10-9 ~Ci/m.l?.AaThe calculated concentration
using bone as the critical organ and the EPA



prescribed methodsA2 for 2saPu or 2S’PUis 7.5 X 10-0
~Ci/mL

-“

REFERENCES

:

.

Al. International Commission on Radiological
Protection (ICRP), “Recommendations of the
International Commission on Radiological
Protection, ” ICRP Publ. 6, Pergamon Press,
New York (1964).

A2. ERDA, “A Guide for Environmental
Radiological Surveillance at ERDA Installa-
tions, ” US ERDA, Div. of Safety, Standards
and Compliance, publication ERDA-77-24
(March 1977).

A3. Environmental Protection Agency, “National
Interim Primary Drinking Water Regulations, ”
EPA-570/9 -76-O03, US Govt Printing Office,
Washington, DC (1976).

●

.
-.
.

73



ERDA RADIOACI’MTY CONCENTRATION GUIDES (CGS)

--
Ckumentration Guides for Uncontrolled Areas”.b

CG forAir (X for Water

Nuclide (pCtim.t) (@Vm#) (nCtiL)

‘H
1f3e
NC, l$N. 1s()
41Ar

‘S
%rd
18:]8
111(.s

Wh
a:q)ud
141Am

2 x 10-’
...

3 x 10-8
4 x 10-’
3 x 10-’”
3 x 10-1’
1x 10-’”
5 x 10-’”
7 x 10-”
6 X 10-”
2 x 1o-”
(pg/m’)C

9X109

3 x 10-’
2x 10-’

3CSI0
2000

-..

.

...
3 x 10-’
3 x 10-’
3X 10-’
2 x 10-’
5 x 10-’
5 x 10-’
4 x 10-’

...
3
0.3
0.3

20
5
5

(mg/L~

60
1.8 (ICRIW

2x 10-’

Concentration Guide for controlled Areas”.b

CG for Air

(pCtiml)

CG for Water

(pCi/mf) (nCi/L)Nuclide

5 x 10-’
...

1x 10-’
2 x 10-”
3 x 10-’
1x 10-~
4 x 10-*
1x 10-’
2 x 10-”
2 x 10-u
6 X 10-”
(pidm’)”

1x 10-’
5 x 10-’

lxlfr
Iix 10’

... -.

...
3 x 10-’
1 x 10-’
3 x 10-”
4 x 10-’
1 x 10-’
1 x 10-’
1 x 10-’

-..
300
10
30

400
100
100
100

(mgl.tl— -
5 x 10-’(1.naturalc 2.1 x I& 150U

60 (l(’RPCI

‘This table contains the most restrictive CGS for nuclides Of maim interest at LAS1. if3R1)A
Manual Chap. 0S24, Aqnex A).

W% apply to radionuclide concentrations in excess of that occurring naturally or due to fallout.

‘One curie of natural uranium isequivalent to3@?Okgof natural uranium. Hence. uranium mas-
wsmaybconvetied @the ERDA ''uanium s~ciqicurie'' byusingthe factttr3.3X 10-lsgCi/pg.

‘Of the possible alpha and beta emitting radionuclides released at LASI..‘1% and W respec-
t ively. have the most restrictive CGS. The CGSfort hese species are used Ior the gross alpha and
gross beta CGS, respectively.

“For purposes of this repat, concentrations of total uranium in water are cfm][mrtd to the l(’l?l>
rect)mnlended values which consider chemical toxicity. .

.
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TABLE A-II

ERDA RADIATION PROTECTION STANDARDS FOR
EXTERNAL AND INTERNAL EXPOSURES

Individuals andPopulation Groups
in Uwmtrolkd Areas

.

Type of
Exposure

Wh,Je Ix,dy. gonads. or
Ixme marrow

Other organs

Annual Dose Equivalent or
Dose Commitment (rem)”

Based on Dose
to Individuals

at Points of
Maximum
Probable
Exposure

0.5

1.5

Based on an
Average Dose
to a Suitable

Sample of
tbe Exposed
Populationb

Individuals in Controlled Areas

0.17

0.5

Type of Exposure

Whole body. head and trunk, gonads, lens of
the e~e.bred bone marmti, act ive blood
forming organs.

Llnlinlited areas t)f the skin (excepthands
am-lforearms 1.Other organs, tissues, and
organ sy.stems (except bone).

Bone

Forearrnsd

Hanrls4 and feet

—

Exposure Period

Year
Calendar Quarter

Year
Calendar Quarter

Year
Calendar Quarter

Year
Calendar Year

Year
Calendar Quarter

Dose F~uiwdent
IDose or Dose

Commitment” (rem) I

w
:{

15
;-)

:{()

I(I

:{()
1(I
7.’1
y;-,

‘To meet the above dose commitment standards, operations must be conch-t erl in such a manner
that it would be unlikely that an individual would assimilate in a critical organ. hy inhalation. in-
gestion, or absorption, a quantity of a radionuclide(s) that would commit the individual to an
organ dose which exceeds the limits specified in the ahove table.

bA beta expwsre below a maximum energy of 7C0 keV will not penetrate the lens of the eye:
therefore, the applicable limit for these energies would be that for the skin (15 rem/year).

% special cases with the approval of tbe Director. Division of Safety. St mrdards. and
Compliance, a worker may exceed 5 rem/year provided his/her averag; exposure per year since
age 18will not exceed 5 rem per year.

‘All reasonable effort shall be made to keep exposure of forearms and hands to the general limit
for the skin.

.

.
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TABLE A-III

MAXIMUM CONTAMINANT LEVEL (MCL) IN WATER
SUPPLY FOR INORGANIC CHEMICALS AND

RADIOCHEMICALS

Inorganic
Chemical MCL

Contaminant (mg/1)

As
Ha
Cd
(!1
Cr
~b

1%

Hg
N(),
Se
Ag
‘s1)s

0.05
1.0
0.010

250
0.05
2.0
0.05
0.CQ2

45
0.01
0.05

1000

Radiochemical MCL
Contaminant (FCi/ml)

187(:s 200 x 10-”
Gross alpha 5 x 10-’
‘H 20 x 10-”
238])” 7.5 x 10-”
2S9]>U 7.5 x 10-’

‘USEPA National Interim Primary Drinking Water Regulations (EPA-570/9-76-003), EPA, Of-
fice of Water Supply (1976) and NMEID Water Supply Regulations (Regulations Governing
Water Supply, N.M. Environmental Improvement Agency, Santa Fe, N. M., Dec. 9, 1977).

bBased on annual average of the maximum daily air temperature of’14.6 to 17.7°C.

--.
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APPENDIX B

SAMPLING PROCEDURES AND STATISTICAL TREATMENT OF DATA

1. Thermoluminescent Dosimeters

Lithium fluoride chips, 6.4 mm square by 0.9 mm
thick, are used in both the environmental and Los
Alamos Meson Physics Facility (LAMPF) networks.
The chips are annealed at 400”C for 1 h and then
cooled rapidly to room temperature, In order for the
annealing conditions to be repeatable, the chips are
put into rectangular borosilicate glass vials that
hold 48 LIF chips each. These vials are slipped into
rectangular holes formed by stacking machined
stainless steel blocks inside an oven maintained at
4W”C. After 1 h the vials are removed from the oven
and placed between massive copper blocks at room
temperature.

The TLD reader is set for 15s, 140”C preheat and
15s, 240”C integration cycles. Incandescent lighting
is used exclusively during all phases of annealing,
dosimeter preparation, and readout to prevent
ultraviolet-induced spurious TL (ther-
moluminescence). Four chips are placed in a
molded nylon acorn nut, size 3/8-16, then closed
with a 3/8-16 X 1/4 in nylon set screw. This
assembly constitutes one dosimeter.

For each annealed batch, two calibration sets are
exposed. One set is read at the beginning of the
dosimetry cycle along with field and calibration sets
from the previous cycle. The second is read at the
end of the previous cycle. The second is read at-the
end of the cycle to detect possible sensitivity drift.
Each calibration set consists of 20 dosimeters
irradiated at the following levels: 3 at O mR are
stored as laboratory controls, 3 at O mR accompany
the set to the irradiation facility and serve as
calibration controls, 3 at O mR accompany the field
set as transit controls, 4 at 10mR, 4 at 20 mR, 1each
at 40, 80, and 160 mR.. A factor of 1 rem (tissue) =
1.061 R is used in evaluating the dosimeter data.
This factor is the reciprocal of the product of the
roentgen to rad conversion factor of 0.957 for muscle

for ‘“CO (the isotope used for TLD calibrations) and
the factor 0.985, which corrects for attenuation of
the primary radiation beam at electronic
equilibrium thickness. A rad-to-rem conversion fac-
tor of 1.0 for gamma rays is used as recommended by
the International Commission on Radiation Protec-
tion.Bl A method of weighted least squares linear

regression is used to determine the relationship bet-
ween TLD reader response and dose (weighting fac-
tor is the reciprocal of the variance) .B2

The TLD chips used are all from the same
production batch and were selected by the manufac-
turer so that the measured standard deviation in TL
sensitivity is 2.O to 4.O~o of the mean at 10 R ex-
posure. At the end of each field cycle, whether
calendar quarter or LAMPF operation cycle, the
dose at each network location is calculated along
with the upper and lower limits at the $15~0 con-
fidence level.B3 At the end of the calendar year, in-
dividual field cycle doses are summed for each loca-
tion, Uncertainty is calculated as the square root of
the sum of squares of the individual standard devia-
tion by assuming that the $ls~. confidence interval
closely approximates the same interval as +2 stan-
dard deviations. The dose at the LASL boundary
north of LAMPF is calculated differently. Here 12

locations are in close proximity and the dose at the
end of each cycle is calculated as the mean of all 12

locations. Because there is a dosimeter containing
four chips at each location, this is actually a grand
mean (or mean of means) and the standard devia-
tion is therefore smaller by a factor of almost a third

(1/fi than that of any of the individual
dosimeters.

ln order to calculate the magnitude of the compo-
nent of the total dose caused by LAMPF operations,
three locations along the south boundary of LASL
are used for background values. These locations are
distant from and unaffected by LAMPF or any other
laboratory source of radiation. They are close
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enough in elevation to the LAMPF site to ex-
perience similar climatic conditions such as rain
and snowfall.

The rationale for this calculation is based on the
ratio of the dose recorded by the unshielded
dosimeter to that for the lead and Lucite-shielded
dosimeter. This ratio should be the same for
dosimeters at both the north and south boundaries
because the cosmic gamma component is quite
stable and because the terrestrial conditions are
nearly the same. Any decrease in the ratio at the
north boundary is assumed to be caused by LAMPF
operations. The actual method of calculation
follows. Let z be the dose component from LAMPF,
u and v be the unshielded and shielded dose means,
respectively, at the north boundary, u’ and v’ be
their counterparts at the south boundary, and S.,

S., S.’, S,’ be the standard deviation of these
means. Then

z = u – (v[u’/v’l) <

The uncertainty associated with this value can be
determined from the relationship”

+ @Jt)ul)* + (aJavl)* s:! .

2. Air Sampling

Samples are collected monthly at 25 continuously
operating stations during 1979. Positive displace-
ment air pumps with flow rates of approximately 3
1/s are used. Atmospheric aerosols are collected on
79 mm diam polystyrene filters. Part of the total air
flOW(2.4 – 3.1 ml/s) is passed through a cartridge
containing silica gel to adsorb atmospheric water
vapor for tritium analyses. Air flow rates through
both sampling cartridges are measured with
variable-area flow meters, and sampling times
recorded.

Gross alpha and gross beta activities on the
monthly air filters are measured with a gas-flow
proportional counter on collection day and again 7
to 10 days after collection. The first count is used to
screen samples for inordinate activity levels. The
second count (made after absorbed, naturally-
occurring, radon-thoron daughters had reached

equilibrium with the long-lived parents) provides a
record of long-lived atmospheric radioactivity.

At one location (N050-E040) atmospheric
radioactivity samples are collected daily (Monday
through Friday). Atmospheric particulate matter on
each daily filter is counted for gross alpha and gross
beta activities on collection day and again 7 to 10
days after collection. The first measurement
provides an early indication of any major change in
atmospheric radioactivity. The second measure-
ments are used to observe temporal variations in
long-lived atmospheric radioactivity.

After being measured for gross alpha and gross
beta activities, the monthly filters for each station
are cut in half. The first group of filter halves is then
combined and dissolved to produce quarterly com-
posite samples for each station. The second group of
filter halves is saved for uranium analysis.

Plutonium is separated from the solution by anion
exchange. For 11 selected stations, americium is
separated by cation exchange from the eluent solu-
tions from the plutonium separation process. The
purified plutonium and americium samples are
separately electrodeposited and measured for alpha-
particle emission with a solid-state alpha detection
system. Alpha-particle energy groups associated
with the decay of 2S5PU,2*WPU,and 241Am are in-
tegrated, and the concentration of each radionuclide
in its respective air sample calculated. This techni-
que does not differentiate between ‘SOPuand 240Pu.
Uranium analyses by neutron activation analysis
(see Appendix C) are done on the second group of
filter halves.

Silica gel cartridges from the 25 air sampling sta-
tions are analyzed monthly for tritiated water. The
cartridges contain a small amount of blue “in-
dicating” gel at each end to indicate a desiccant
over-saturation. During cold months of low absolute
humidity, sampling flow rates are increased to en-
sure collection of enough water vapor for analysis.
Water is distilled from each silica gel sample,
yielding a monthly average atmospheric water vapor
sample. An aliquot of the distillate is then analyzed
for tritium by liquid scintillation counting.

Measurements of the air particulate samples re-
quire that chemical or instrumental backgrounds be
subtracted to obtain net values. Thus, net values
lower than the minimum detection limit (MDL) of

.
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the system were sometimes obtained (see Table C-
IV). Individual measurements often result in values
of zero or negative numbers because of statistical
fluctuations in the measurements. Although a
negative value does not represent a physical reality,
a valid long-term average of many measurements
can be obtained only if the very smallB5 values are
included in the population. For this reason, the
primary value given in the tables of air sampling
results is the actual value obtained from an in-
dividual measurement or group of measurements.
These primary values are those used in making sub-
sequent statistical analyses and in evaluating the
real environmental impact of Laboratory opera-
tions.

Station and group means are weighted for the
length of each sampling period and for the air
volume sampled. The means were calculated using
the following equation.Bo

N

2
Vitici

T = i=l
N

1’
Viti

i=l

where

F = annual mean station or group atmospheric
radioactive species concentration.

cl = atmospheric radioactive species concentration
for station or group i during t~,

N = total number of samples during 1979 for a sta-
tion &r group,

t, = length of routine sampling period for station or
group i, and

vi = air volume sampled for station or group i dur-
ing tl

Standard deviations for station and group means
are similarly weighted by using the following
equation.

[

where

N
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2
v,t~
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N

N I (V,t,c,)’

i=l

()

N- 2

1
V,tlcf

i=l

N–1

1/2

Uc = standard deviation of F.

To indicate the precision of the maximum and
minimums, an uncertainty term representing twice
the propagated measurement uncertainty (2u) as-
sociated with the reported maximum or minimum
value is included in the data tables.

3. Water, Soil, and Sediment Sampling

Surface and ground water sampling points are
grouped according to location and hydrologic
similarity; i.e., regional, perimeter, and onsite sta-
tions. Surface and ground water grab samples are
taken one to two times annually. Samples from
wells are collected after sufficient pumpage or bail-
ing to ensure that the sample is representative of the
water in the aquifer, Spring samples (ground water)
are collected at point of discharge.

The water samples are collected in 4 1 (for
radiochemical) and 11 (for chemical) polyethylene
bottles. The 4 J?bottles are acidified in the field with
5 ml of concentrated nitric acid and returned to the
laboratory within a few hours for filtration through a
0.45 pm pore membrane filter. The samples are
analyzed radiochemically for dissolved cesium

(l”’CS), plutonium (2WPUand aa9Pu), and tritium as
HTO, as well as for total dissolved gross alpha, beta,
and gamma activities. Total uranium is measured
using the neutron activation method.

Water is collected for chemical analyses at the
same time as for radiochemical analysis and re-
turned to the laboratory for filtration. Samples for
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trace constituents in the water supply are collected
and acidified in the field and returned immediately
to the laboratory for filtration.

Soil and sediment stations are also grouped ac-
cording to location and hydrologic similarity; i.e.,
regional, perimeter, and onsite stations.

Soil samples are collected by taking five plugs, 75
mm in diameter and 50 mm deep, at the center and
corners of a square area 10 m on a side. The five
plugs are combined to form a composite sample for
radiochemical analyses. Sediment samples are
collected from dune buildup behind boulders in the
main channels of perennially flowing streams. Sam-
ples from the beds of intermittently flowing streams
are collected across the main channel. The soil and
sediment samples are analyzed for gross alpha and
gross beta activities, ‘S7CS and “8Pu and 2S’PU.
Moisture distilled from soil samples is analyzed for
aH. A few select samples are analyzed for ‘OSr.

Cumulative samplers are set in a dry stream to
collect samples of intermittent storm runoff. The
sampler consists of a heavy angle iron driven into
the channel with a heavy polyethylene bottle at-
tached by a strap. The intake nozzle to the bottle,
consisting of a 1 cm diam copper tube fitted through
the plastic bottle cap, faces upstream and is placed
about 4 cm above the channel. A vent hole (0.4 cm
diam) is drilled into the bottle neck to vent air dur-
ing initial filling of the sampler and to allow some
continuous circulation of water and sediments into
the bottle. The average time to fill the sampler is
about 2 miti; however, this can vary considerably,
depending on the volume and velocity of flow.

The samples are filtered through a 0.45 ~m filter.
The radioactivity and chemical composition of the
solution is defined as filtrate passing through the
filter, while the radioactivity is suspended sedi-
ments is defined as the residue on the filter.

The average concentrations of radionuclides and
chemical constituents are reported for a number of
individual analyses in Tables E-XIII through E-XVI
and Tables E-XVIII and E-XX. The minimum and
maximum values reported are individual analyses

in the groups, while the average is computed from
all of the individual analyses in the group. The un-
certainty following the primary value represents
twice the standard deviation of the distribution of
observed values, or the analytical variation for in-
dividual results.
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APPENDIX C

ANALYTICAL CHEMISTRY METHODS
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1. Procedures

a. Plutonium and Americium. Soil and sedi-
ment samples are dried, sieved through a No. 12
screen ( <1.7 mm), and split into 10 g aliquots. Each
aliquot is leached with HF - HNOS.

Waters are acidified to -1% HNO, in the field.
Immediately upon arrival in the laboratory, they are
filtered through 0.45 ~m pore membrane filters,
split into 500 m,l? aliquots, and evaporated to
dryness with HNO,. The residue is treated with HF
to dissolve silica.

Air filters are ignited in platinum dishes, treated
with HF-HNO~ to dissolve silica, wet ashed with
HNO,-H,O, to decompose the organic residue and
treated with HN03-HC1 to ensure isotopic
equilibrium.

Vegetation samples are ashed in a high tem-
perature oven and then treated like soil samples. All
samples are spiked with standardized 242Pu and
Z~3Am during dissolution to serve as a chemical

recovery tracer.
Dissolved samples are thoroughly digested in 7.2

N HNO,, and lN NaNO, added to ensure that Pu is
in the tetravalent state. The solution is passed
through a preconditioned anion exchange column.
The initial eluate and the first 20 ml of a 7.2 N
HN03 wash is saved for ‘“Am analysis. The column
is then washed with 7.2 N HNOS and 8 N ~C1.
Plutonium is eluted with a freshly prepared solution
of 1 g/2 NH41 in 1 N HC1. The eluate is appropriately
conditioned and Pu is electrodeposited from a 4°h
solution of (NH’)@@’. The plated Pu is counted on
an alpha spectrometer. Values reported for 2soPuare
the sum of 239Puand 240Pu,since both have identical
alpha energies.

For water and air filter samples, the eluate from
the Pu column is conditioned to ensure the removal
of HN03 and adjusted to 0.5 N HC1. This solution is
loaded on a cation exchange column, rinsed with 0.5

N HC1 followed by 2.0 N HC1, and Am is eluted with
4 N HC1. The eluate is converted to the nitrate,
made 6 N with HNOS, then mixed with ethanol in
the proportion 40% 6 N HNO~-60Y0 ethanol, and
loaded on a preconditioned anion exchange column.
The column is washed with 75% methanol-25%6 N
HNO,, and 60% methanol-40% 6 N HNO,.
Americium is eluted with 60% methanol-40% 2.5 N
HNO,. This nonaqueous solvent-anion exchange
step separates the rare earth elements, other ac-
tinides, and I% from Am.

For soil and vegetation samples the eluate from
the Pu column is converted to 6 N HC1. Americium
is extracted into 0.015 N DEHPP and then back ex-
tracted with (NH,) ZCOS.The back extract is decom-
posed with HC1, HNO,, and HC104, dissolved in 3 N
HC1. The solution is brought to 3 N in HF and Am is
coprecipitated with YF8. The YFS is dissolved with
H,BO~ in 6 N HNO~, then mixed with ethanol in the
proportion 40% 6 N HNO~-60Y0 ethanol, and loaded
on a preconditioned anion exchange column. The
column is washed with 75~0 methanol-25’% 6 N
HNO, and 60% methanol-40% 6 N HN08.
Americium is eluted with 60% methanol-40% 2.5 N
HNO~. This nonaqueous solvent-anion exchange
step separates the rare earth elements, other ac-
tinides, and R from Am. The Am effluent is
evaporated and dissolved in 2 m,l HC1 and 2 ml 6 N
NH4SCN. the pH is adjusted to -3 with NH40H.
The adjusted sample is loaded on a preconditioned
anion exchange column. The column is washed with
2 N NH4SCN to separate rare earth elements.
Americium is eluted with 2 N HC1.

Air and water sample eluates from the methanol-
HNO, column and soil and vegetation sample
eluates from the SCN - column are conditioned and
Am electrodeposited from 5 N NH4C1 adjusted to
the methyl red endpoint. Electrodeposited Am is
counted on an alpha spectrometer.



b. Gross Alpha and Beta. Two g of soil or sedi-
ment are leached in hot HNOS-HC1, and the super-
nate is transferred to a stainless steel planchet and
dried for counting.

Nine hundred m~ of water are acidified with 5 m~
of HNOS and evaporated to dryness. The residue is
treated with I-IF-HNO~ to dissolve silica, and HZOZ
and HNO~ to destroy organics. Residue is dissolved
in 7.2 N HNO~, and then transferred to a counting
planchet.

Air filters are mounted directly on counting
planchets.

Samples appropriately loaded on the planchets
are counted on a thin window, dual channel gas
proportional counter. Activity is calculated with ap-

propriate corrections for cross talk between the two
channels and the effect of mass loading on the
counting efficiency.

c. Tritium. Soils are heated to evaporate the soil
moisture, the condensate is trapped, and 5 ml ali-
quots are transferred to scintillation vials.

Water samples are acidified to -1% HNOa in the
field and filtered through 0.45 gm pore membrane
filters immediately upon arrival in the laboratory.
Five m,t?of the water are transferred into a scintilla-
tion counting vial.

Atmospheric water is trapped in a desiccator in
the field. Moisture is removed from desiccant in the
laboratory, and appropriate aliquots taken for scin-
tillation counting. Fifteen ml of scintillation liquid
are added to each sample, which is then vigorously
shaken.

Samples are counted in a liquid scintillation
counter for 50 min or 10000 counts, whichever
comes first. Standards and blanks are counted in
conjunction with each set of samples.

d. “7CS and Gross Gamma. Soils and sediments
are sieved through a No. 12 (<1.7 mm) screen. One
hundred grams of the sieved soils are weighed into

polyethylene bottles.
Water samples are acidified in the field to -1%

HNO~ and filtered through 0.45 ~m pore membrane
filters. Five hundred m.1 of each sample are
transferred to a standard 500 ml polyethylene bottle
for counting.

The radionuclide “7CS is determined by counting
on a Ge(Li) detector coupled to a multichannel

analyzer. The activity is calculated by direct com-
parison with standards prepared in the same
geometrical configuration as the samples. Gross
gamma is measured by counting in an NaI(Tl) well
counter, which accommodates the 500 ml bottles. A
single channel analyzer adjusted to register gamma
radiation between O and 2 MeV is interfaced to the
detector. Gross gamma determinations are reported
as net counts per unit time and unit weight.

e. ‘OSr. Sample preparation and dissolutions are
similar to those described in the section on Pu. After
dissolution, the residue is dissolved in HC1, the pH
is adjusted to 2, and Y is separated from Sr by ex-
traction into 20% HDEHP in toluene. The isolated
90Sr is left undisturbed for two weeks to allow the
daughter ‘OYto attain radioactive equilibrium. After
that period, inactive Y carrier is added and ‘Y is
again extracted from ‘OSrby solvent extraction into
5% HDEHP in toluene. Yttrium is back extracted
into 3 N HN03 and precipitated as the hydroxide.
Yttrium hydroxide is redissolved and the oxalate is
precipitated. This precipitate is oven fired to the ox-
ide which is filtered and weighed to determine the
chemical yield. Yttrium oxide precipitate is counted
on a gas proportional counter to measure the ac-
tivity. Samples are recounted after three days to
verify the separation of ‘“Y from other beta-emitting
nuclides.

f. Uranium. Analyses for U were performed in
one of two ways—instrumental epithermal neutron
activation analysis or delayed neutron activation
analysis. In the first method, two gram samples are
irradiated in the epithermal neutron port at the Los
Alamos Omega West Reactor. A period of two to
four days is allowed to pass after the irradiation, and
the samples are counted on a Ge(Li) gamma-ray
spectrometer. The 228 and 278 keV transitions from
239Npare used for the quantitative determination.
The nuclear reaction is *“W (n, y) -I 2g0Np+ (3. Ob:
viously the ratio measures the major isotope of U
and calculates total U assuming 23SUis >99Y. of the
total U. This assumed value will probably not vary
significantly in environmental samples.

For samples with U concentrations greater than
100 ppm, another epithermal irradiation may be
used. Following a 5 min irradiation and 10 min

.
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decay, the 75 keV gamma ray from ‘W may be ob-
served directly rather than waiting for the total
decay to 239Np. Results from both epithermal
methods have been reported in the Literature.clecz

In the second method, samples are irradiated in a
thermal neutron port and pneumatically transferred
to a neutron counter where the delayed neutrons
produced by the fission of *S5Uare measured.cs The
technique is very manpower efficient and has a
lower limit of detection than does the epithermal
irradiation method. However, total U is calculated
assuming a 2g’U/2’*Uratio of 0.0072. Variations in
this rat io will produce inaccuracies in the result,
hence samples likely to contain depleted U were not
analyzed by this method because of the lower limits
of detection. Most of our U analyses are done by this
method because it is the more sensitive.

An advantage to having both U techniques
available is that samples containing enriched U may
be measured. The “W content may be determined
by delayed neutrons and the ‘SW content by epither-
mal activation. Total U is the sum of these, and a
rough indication of the isotope ratio may also be
given.

A comparison of these methods with the more
traditional fluorometric technique for U analysis in
soils has been published. c4

2. Stable Elements

Four instrumental methods are used for a wide
variety of stable element determinations. Neutron
activation and atomic absorption are the principal
techniques wit h ion chromatography, ion selective
electrodes, and combustion analysis used in a sup-
plementary role. Elements and anions determined
by the various methods are summarized in Table
C-I. In addition, standard chemical methods are
used for I-IC032, total dissolved solids (TDS), and
total hardness. It should be noted that our Hg
met hod of choice is cold vapor at omit absorption us-
ing the standard Perkin-Elmer technique.

3. Analytical Chemistry Quality Evaluation
Program

Control samples are analyzed in conjunction with
the normal analytical chemistry workload. Such
samples consist of two general types. Blanks are

matrix materials containing quantities of analyte
below the detection limit of the analytical
procedure. Standards are materials containing
known quantities of the analyte. Analyses of control
samples fill two needs in the analytical work. First,
they provide quality control over the analytical
procedures so that problems that might occur can be
identified and corrected. Secondly, data obtained
from the analysis of control samples permits the
evaluation of the capabilities of a particular
analytical technique under a certain set of cir-
cumstances. The former function is one of analytical
control, the latter is called quality assurance.

Quality control samples are obtained from outside
agencies and prepared internally. The EPA provides
water, foodstuff, and air filter standards for analysis
of gross alpha, gross beta, ‘H, 1S7CS,and 29WPUas part
of the ongoing laboratory intercomparison program.
The Environmental Measurements Laboratory
(EML) provides soil, water, bone, tissue, vegeta-
tion, and air filter samples each containing a wide

variety of radionuclides. These are part of a
laboratory intercomparison of DOE-supported
facilities. Uranium standards obtained from the
Canadian Geological Survey (CGS) and the Inter-
national Atomic Energy Agency (IAEA) are used to
evaluate the uranium analysis procedures. Internal
standards are prepared by adding known quantities
of analyte to blank matrix materials.

Quality assurance for the stable element analysis
program is maintained by the analysis of certified or
well-characterized environmental materials. The
National Bureau of Standards (NBS) has a large set
of silicate, water, and biological Standard Reference
Mat erials (SRM). The EPA distributes mineral
analysis and trace analysis water standards. Rock
and soil certified standards have been obtained from
the CGS and the United States Geological Survey
(USGS). Other trace elemental standards have been
purchases from a private company.

No attempt is made to make control samples un-
known to the analyst. However, they are submitted
to the laboratory at regular intervals and analyzed
in association with other samples; i.e., they are not
normally handled as a unique set of samples. We
feel that it would be difficult for the analyst to give
the samples special attention even if they were so in-
clined. We endeavor to run at least 10% of the



TABLE C-I

ANALYTICAL METHODS FOR VARIOUS ELEMENTS AND ANIONS

Technique

Neutron Activation
Instrumental Thermal

Instrumental Epithermal

Thermal Neutron Capture—
Gamma Ray

Radiochemical

Atomic Absorption

Ion Chromatography

Ion Selective Electrodes

Combustion

Elements/Anions Measured

Al, Sb,As,Ba,Br,Ca, Ce,Cs,Cl,Cr,
Co,Dy,Eu,Au,Hf,In, I,Fe, La,Lu,
Mg,Mn,K,Rb,Sm,Sc, Se, Na,Sr,S,
Ta,Tb,Th,Ti,W,V, Yb,Zn

Al, Sb,As,Ba,Br,Cs, Cr,F,Ga,Au,
In,I,La, Mg,Mn,Mo,Ni,K,Sm, Se,
Si,Na,Sr,Th,Ti, W,U, Zn,Zr

Al, B, Ca,Cd,C,Gd,H,Fe,Mg
N, P, K, Si,Na,S,Ti

Sb,As,Cu,Au,Ir, Hg,Mo,Os,Pd
Pt,Ru,Se,Ag,Te, Th,W,U

Sb,As,Ba,Be,Bi, Cd, Ca,Cr,Co,Cu
F,Ga,In,Fe,Pb,Li, Mg,Mn,Hg,Mo,
Ni,K,Se,Si,Ag,Na, Sr,Te,Tl,Sn,
Tl,V,Zn

F-, Cl-, Br-,NO;,NO;,
SO;’, SO;’,PO;’

F-,NH~

C,N,H

stable element analyses as quality assurance sam-
ples using the materials described above. A more
detailed description of our Quality Assurance
Program using SRM is in preparation.

The capabilities of the analytical procedures are
evaluated from the quality control samples. Ac-
curacy and precision are evaluated from results of
analysis of standards. These results are normalized
to the known quantity in the standard to permit
comparison between standards containing different
quantities of the analyte:

References
:
.

C156789993

C1,9,1O,11,12,13,14

C1,15,16,17,18,
19,20,21,22

C1,23,24,25,26,
27,28,29,30

C31,32,33,34,35,
36,37,38

C39

C40

C22

A mean value of (x) of R for all analyses of a given
type is calculated by weighting each value (~,) by
the uncertainty associated with it (sl).

; = 2, %,/s7

2, 1/s;

The standard -deviation (s) of the weighted mean is
calculated assuming a normal distribution. .

.

R,= Reported Quantity

Known Quantity
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These calculated values are presented in Tables
C-II and C-III. The weighted mean of the R is a
measure of the accuracy of the procedure. Values of
R greater than unity indicate a positive bias and
values less than unity, a negative bias in the
analysis. The standard deviation is a measure of the
precision. The precision is a function of the quantity
of analyte; i.e., as the absolute quantity approaches
the limit of detection, the precision increases. For
instance, the precision for 1S7CSdeterminations is
quite large because many of the standards ap-
proached the limits of detection of the measure-
ment. Conversely, the precision for the uranium
analyses is unrealistically small because the stan-
dards contained quantities of uranium significantly
above the detection limits.

Analysis of blanks provides a criterion to judge
the probability that samples were contaminated
during the analysis. Table C-IV presented weighted
means and standard deviations of the absolute
quantity of analyte reported in blank materials
analyzed during 1979.

4. Limits of Detection

Data from the analysis of blanks also provide a
means of calculating limits of detection for the
various procedures. Table C-V presents detection
limits for analyses of various constituents in several
environmental matrices. The limits for ‘S*02EDPU,
*“Am, 137CS,and U are calculated from the weighted
mean plus two standard deviations of the analysis of
blanks (Table C-IV). For tritium, the detection

limit is merely 2s of repetitive determinations of the
instrumental blank. Gross alpha and gross beta are
measured simultaneously by counting on a gas
proportional counter and electronically dis-
criminating the output pulses. As there is crosstalk
generated by the detection of the two types of emis-
sions, the detection limit of one is a function of the
counting rate of the other. Detection limits in Table
C-V are calculated assuming that counting rates for
both alpha and beta are at background levels. The
detection limit for alpha increases 10% above the
limit for every count per minute (cpm) of beta ac-
tivity emitted by the sample. Similarly, the detec-
tion limit for beta increases 40% for every 10 cpm of
alpha.

For most routine water samples, concentrations of
lWCSwere determined with a NaI(Tl) well counter.

An automatic sample changer used in conjunction
with the system significantly reduced the cost of the
analyses. However, the smaller volume and higher

background associated with the NaI(Tl) detector
significantly degraded the limit of sensitivity for
this analysis. No blanks were measured to assess
these limits, but they are estimated to be an order of
magnitude greater than that given in Table C-IV,
which was determined by counting 500 m~ samples
on a Ge(Li) detector.

Results greater than the defined detection limits
indicate the presence of the constituent at the 95%
confidence level. However, results less than the
detection limit do not necessarily indicate its absen-
ce.

.
%
.
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TABLE C-II

ANALYTICAL QUALITY ASSURANCE STANDARDS FOR STABLE ELEMENT ANALYSES

-

Soil Water Vegetation Air Particulate

Element

Ag
Al
AS
Ba
Be
Br
Ca
Cd
Ce
c1
co
Cr
Cs
Cu
Eu
F
Fe
Ga
Hg
K
La
Lu
Mg
Mn
Mo
Na
Pb
Rb
Sb
Sc
Se
Si
SO:
Ta
TDS
Th
T1
u
v
w
Yb
Zn

R.

(F* s’)

1.04 * 0.05
1.00 * 0.03
1.01*0.11
1.19+ 0.26

1.03* 0.03

1.08

0.96+ 0.11
1.08+ 0.09
0.95i 0.14
0.99+ 0.25
0.98

0.98+ 0.06
0.88i 0.02
O.aa
1.10+ 0.10
0.96+ 0.09
1.10

0.99* 0.04
0.94+ 0.46
0.90
0.96+ 0.18
1.03* 0.10
1.06+ 0.19
0.97
0.96+ 0.11
0.97+ 0.07

1.09+ 0.18

1.06* 0.03
0.97* 0.05
0.99+ 0,06
1.04* 0.09
1.14* 0.32
1.Csl
0.66+ 0.07

No. Deter-
minations

12
18
35
21

0
0
3
0
1
0

16
14
15
44

2
0

30
3
2
6
8
1
0

10
36

2
24
17
17

1
48

9
0

14
0

16
7

111
17
21

1
24

R“ No. Deter-
(TK+s’) minations

0.95+ 0.11

1.11 +0.16

1.18+0.17
1.00 i 0.21

1.07+0.11
0.96 + 0.13
1.04+0.13

0.94 + 0.04

1.07 ● 0.20
0.%) + 0.05

0.97 i 0.04
1.02 * 0.05

1.01 + 0.07
0.97 + 0.08

1.02 + 0.05
1.03 + 0.11

0.99 + 0.11

0.95 + 0.05

1.0 + 0.03

.1.01 * 0.03
1.10

1.21 + 0.45

0
0

31
0

16
0

21
42

0
65
6

32
0

12
0

47
12
0
7

18
0
0

14
6
0
6

24
0
0
0

16
0

47
0
5
0
0

32
2
0
0

12

*R is the weighted mean.
“Three or mo~e samples required to calculate s.

1.06 + 0.07

0.96

0.86 + 0.06

0.99 + 0.16

1.08 + 0.21

No. Deter-
minations

0
0
0
0
0

14
0
0
0
2
0
4
0
0
0
0

12
0
0
0
0
0
0
0
0
0
0

12
0
0
0
0
0
0
0
0
0
0
0
0
0
0

(Y ?s’)

0.95 * 0.05
1.04

1.05 + 0.05

1.10 + 0.15
2.33 + 0.39’
1.01 * 0.14

0.96 + 0.13

1.11 + 0.08
0.91 + 0.08

0.90 i 0.15

1.02 * 0.05

No. Deter-
minations
— .

0
5
2
0
0
6
0
0
0
3
5
6
0
0
0
0
6
0
0
4
6
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5
0
0
4

‘Suspect NBS informational value may be in error.
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TABLE C-III

RADIOCHEMICAL QUALITY ASSURANCE
ON EPA AND EML PROGRAMS

Analysis

Alpha
Beta
‘H”
51(J

60(-0

86zn

Sosr

194c~

lslc~

Zwpu

U, natural

No. of Samples

30
30

7
8

14
6

35
8

29
8
7

(x:s’)

1.04 * 0.22
1.07 * 0.15
1.06 + 0.19
1.11 * 0.10
1.08 + 1.13
3.25 + 1.04
0.99 & 0.26
0.99 * 0.54
1.02 i 0.42
0.87 + 0.57
0.82 + 0.13

‘R is the weighted mean.

TABLE C-IV

QUANTITY OF CONSTITUENT REPORTED IN BLANKS

Analysis

‘Sr
l$?c~

248pu

9sopu

241Am

Uranium
(Delayed neutron)

Uranium
(Epithermal activation)

Gross alpha
Gross beta

No. of
Samples

15
26
23
23
6
4

153

9
9

Quantity
(Weighted Mean)

(i* s) Units

0.0055 + 0.06
1.2*11

–0.0064 + 0.069
0.0010 + 0.029
0.019 * 0.013

15+6

25 + 12

0.032 + 0.35
0.57 * 0.93

pCi
pCi
pCi
pCi
pCi
ng

ng

pCi
pCi

37



TABLE C-V

DETECTION LIMITS FOR ANALYSES OF TYPICAL
ENVIRONMENTAL SAMPLES

Approximate Sample
Parameter Volume or Weight

Air Sample
Tritium
‘“PU
229pu

‘“Am
Gross alpha
Gross beta
Uranium

(Delayed neutron)

Water Sample
Tritium
137(=5

23apu

239pu

‘“Am
Gross alpha
Gross beta
Uranium

(Delayed neutron)

Soil Sample
Tritium
1s7(-5

Zsspu

239pu

241Am

Gross alpha
Gross beta
Uranium

(Epithermal activation)

3 ma
1.2 X 104 ma
1.2 X 104 m8
2.5 X 104 m8
3.8 X 10’ ms
3.8 X 10S ms
2.5 X 104 m8

0.005.4
0.51
0.51
0.5 1?
0.51
0.9 1?
0.91
0.0251

1 kg
100 g

10
10
10

2
2
2

count

Time

100 min
8x1O’S
8X104S
8X104S
100 min
100 min
60 S

100 min
5X104S
8X104S
8X104S
8X104S
100 min
100 min

Concentration

10-’2 pCi/ml
2 x 10-” ~Ci/mJ
3 x 10-” ~Ci/ml
2 x 10-” ~Ci/m,C
3 X 10-10p/Ci/mf
3 x 10-” gCi/mJ?

1 pglm8

7 X 10-’ ~Ci/ml
4 X 10-” pCi/mf
9 X 10-” WCi/ml
3 X 10-” pCi/ml
2 X 10-’0 ~Ci/ml
1 X 10-’ yCi/mJ?
5 x 10-0 pCi/m.4

1 pgli

100 min 0.003 pci/g
5X1O’S 10-’ pci/g
8X104S 0.003 pci/g
8X104S 0.002 pcvg
8X104S 0.01 pci/g
100 min 0.8 pCi/g
100 min 0.003 pcilg

0.03 pglg

“v

.

.-
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APPENDIX D

METHODS FOR DOSE CALCULATIONS :.

A. Airborne Tritium and Actinides

Measured annual average concentrations in air,
after subtracting background, are multiplied by

D1 to determine annual ‘s-tandard breathing rates
take via inhalation. This intake is then multiplied
by appropriate dose conversion factorsDZ’DSto con-
vert intake into annual dose and 50 year dose com-
mit ments for various organs. Dose commitment fac-
tors for tritium include an increase by a factor of 1.5
over inhalation intake to account for skin absorption
of tritium. Where appropriate, assumptions in
references D2 and D3 have been changed to reflect
the latest recommendations of the International
Commission on Radiation Protection.D’

B. Airborne Air Activation Products

Nuclear reactions with air in the target areas at
LAMPF cause the air activation products “C, “N,
and ’50 to be formed. These isotopes are all positron
emitters and have 20.4-min, 10-min, and 122-s half-
lives, respectively. Neutron reactions with air at the
Omega West Reactor and LAMPF form 4’Ar (1.8 h
half-life). The concentrations of these isotopes
[X(r,@] at the appropriate site boundary are
calculated using the annual average meteorological
dispersion coefficient (based Gaussian plume dis-
persion models)

X(r,fO/Q

and the source term Q. The gamma dose rate in a
semi-infinite cloud at time k can be represented by
the equationD5

y~ (r, fl,t) = 0.25 =~x(r,d,t) ,

where

~~ (r,6,t) = gamma dose rate (rad/s) at time t at a
distance r and angle 19,

F7 = average gamma energy per decay (MeV), and

X(r,O,t) = plume concentration in Ci/ml at time t at
a distance r and angle 0.

Dose rate corrections for estimated plume size (if
the cloud cannot be construed to be semi-infinite) is
taken from standard graphical compilations.D6 E7 is
1.02 MeV for the positron emitters (two 0.511 MeV

gammas are produced in the positron annihilation
process) and 1.29 MeV for 41Ar. For maximum in-
dividual doses, a shielding factor because of struc-
ture shielding) of 0.7 is used.D6

C. Man-rem Estimates

Calculation of population dose estimates (in man-
rem) are based on measured data to the extent
possible. For background radiation, average

measured values for Los Alamos, White Rock, and
regional stations were multiplied by the appropriate
population number. Tritium average doses were
calculated from average measured concentrations in
Los Alamos and White Rock above background (as
measured by regional stations). These doses were
multiplied by appropriate population data. For 41Ar,
“C, “N, and ’50, atmospheric dispersion models
(see previous Section B) were used to calculate an -
average dose to the area in question which was then
multiplied by appropriate population figures. Dis-
persion factors for TA-2 and TA-3 are given in Table
D-I. Background radiation doses due to airline

--
.
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travel is based on the number of trips taken by
Laboratory personnel. It was assumed that 85%of
these trips were taken by Laboratory personnel
residing in Los Alamos County and that non-
Laboratory travel was 10% of the Laboratory trips.
Average air time at altitude for each trip was es-
timated to be 4.5 h where the average dose rate is
0.22 mrem/h.D7

TABLE D-I

DISPERSION FACTORS (x/Q) USED FOR

POPULATION DOSE ESTIMATES

Source Location x/Q (s/m’)

TA-2
TA-2
TA-53
TA-53

REFERENCES

D1. International
tion, “Report

Los Alamos 2 x 10-’
White Rock 7 x 10-’
Los Alamos 5 x 10-’
White Rock 1 x 10-’

Commission on Radiation Protec-
of the Task Group on Reference

D3.

D4.

D5.

D6.

D7.

One-Year Chronic Intake, ” U.S. Nuclear
Regulatory Commission Report NUREG-0172
(1977).

J. P. Corley, et al., “A Guide for Environmental
Radiological Surveillance at ERDA Installa-
tions, ” U.S. Energy Research and Development
Administration report ERDA-77-24, 1977.

International Commission on Radiation Protec-
tion, “Limits for Intakes of Radionuclides by
Workers, ” ICRP Report No. 30 (1979).

D. H. Slade, Ed., “Meteorology and Atomic ‘
Energy 1967, ” U.S. AEC document TID-24190
(1968).

“Calculation of Annual Doses to Man from
Routine Releases of Reactor Effluents for the
Purpose of Evaluating Compliance with 10
CFR Part 50, Appendix I,” U.S. Nuclear
Regulatory Commission Regulatory Guide
1.109 (1977).

National Council on Radiation Protection and
Measurements, “Natural Background Radia-
tion in the United States, ” NCRP report No. 45
(November 1975).

Man, ” ICRP Report No. 23 (1975).

D2. G. R. Hoenes and J. K. Soldat, “Age-Specific
Radiation Dose Commitment Factors for a
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TABLE E-III

LOCATION OF AIR SAMPLING STATIONS

Station
.

Regional (28-44 km)

1. Espailola
2. Pojoaque
3. Santa Fe

Perimeter (O-4 km)

4. Barranca School
5. Arkansas Avenue
6. Cumbres School
7. 48th Street
8. LA Airport
9. Bayo STP

10. Gulf Station
11. Royal Crest
12. White Rock
13. Pajarito Acres
14. Bandelier

Onsite

15. TA-21
16. TA-6
17. TA-53 (LAMPF)
18. Well PM-1
19. TA-52
20. TA-16
21. Booster P-2
22. TA-54
23. TA-49
24. TA-33
25. TA-39

Latitude

N-S ;oord

Longitude

E-WO;oord

36°00’
35°52’
35°40’

N180
N170
N150
N11O
N11O
N11O
N1OO
N080
S090
S21O
S270

N090
N060
N060
N030
N020
S030
S030
S080
Sloo
S250
S21O

106°06’
106°02’
106°56’

E130
E020
E090
EOOO
E160
E260
E1OO
E080
E430
E370
E200

E170
W050
E190
E31O
E170
W080
E190
E260
E040
E230
E21O

9’7



TABLE E-IV

REGIONAL AVERAGE BACKGROUND
ATMOSPHERIC RADIOACTIVITY CONCENTRATIONS

Radioactive
Activity—pCi/m’ (10-1’ pCi/mJ!)

Constituent EPA’

Gross alphad
Gross beta”
ZdlAm
xlapu

‘aOPu
Tritium
Total uranium

Not reported
83

Not reported
0.0018 + 0.0018
0.0199 + 0.0100

Not reported
0.0408 + 0,0300

(120 * 88)’

““Radiological Quality of the Environment, ”
Radiation Programs, Washington, DC (1976).
bAnnual averages for 1973-1979.
cConcent ration Guide for uncontrolled areas.

LASLb CGC

1.4 * 0.5 60
89 + 126 1 x 10’

0.0024 + 0.0038 2 X 102
0.013 * 0.014 70

0.0020 * 0.0035 60
9200. + 9800 2 x 10’

0.032 + 0.030 7 X 10’
(98 + 94)’

(EPA-520/l-76-010), US13PA, Office of

.

‘Gross alpha activity compared to CG for ‘sOPu.
‘Gross beta activity compared to CG for ‘lll.
‘pg/mS.

.
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TABLEE-VI

ANNUAL ATMOSPHERIC TRlTIATEf2 WATER VAPOH CONCENrflA’1’lfJNS

r

Concentrations–Kiim’ [10 “ Wiimf)No.
Total Air Monthly

Station Location Volume (mop Samples

No.
Samples
<MDLb

...
Max< Mean’

mea u
% (Xld

Regional Ststions (23-44 km) —Uncontrcdled Areas

1. R9paiT(lla 123 12
2. Pojoaque 114 12
3. Santa Fe 122 12

Regional Group Summery 359 36

3
6
2

2O*1O
9*3
9*3

2O*1O

-1.4 * 1.0
-0.4 * 0.8
–0.3 i 0.8

3.7 i 13
1.9 * 5.3
2.4 + 5.1

0.001
0.001
O.cttl
0.001

0.001
0.001
0.002
0.002
0.004
0.001
0.002
0.003
0.002
0.003
O.fm

10 -1.4* 1 2.’7 i 8.7

Petimet.er Ststiona (O-4km)-Uncontrolled Aresc

4. Barranca Schmd 118 12 3
6
1
2
2
4
1
0
2
2
1

23

13*4
40 * 18
24*8
17+6
65*22
13*4
15+6
16+6
IO*3
48 i 16
19*6

65*2J

0.si 1.0
0.2 ~ 0.6
0.2 k 0.8
0.7 ● 1.0
0.8 *0.8
0.1 + 0.6
1.0 ● 0.8
1.3 * 0.6
0,4 i 0.6
0.6 + 0.6
0.4 * 0:2

0.1 * 0.6

2.7 k 4:2
2.7 k 7.1
4.3 * 13
4.4 ● 10

9*.34
3.5 * &o
4.1 * 7.5
6.7 A 9.9
4.1 * 5.4
6.6 * “25
6:2 A 12

6. Arkmwis Ave
6. Cumbma School
7. 48th Street
8. M Airpnrt
9. Bayo sri~

10. Gulf Station
11. ROyal crest
12. White Rock
13. Pajarito Acr-
14. Bandelier

113
123
123
120
123
122
117
122
122
122

1320

12
12
12
12
12
12
12
12
12
12

132Perimeter GroupSummary 4.9 * 15 o.fM2

O.0001
O.ml
O.0001
O.txtol
O.WWJ
O.mo
0.0002
o.cc07
O.0001
0.01N6
o.mo3

Onsit4 StatiOnt-Controlled Areas

II*3
7k2

16* 6
9*3

136*4O
6*2

LW*2U
Iw * 40
40+12
73 ● 24
36*I2

130 * 40

15. TA-21
16. TA4
17. TA-63 (LAMPF)
IS. Well PM-1
19. TA.LW
20. TA-16
21. BOOsterP-2
22. TA.54
23. TA-49
24. ‘f’A-33
25. TA-39

On-Site Group Summary

120 12
122 12
122 12
122 12
122 12
117 12
119 12
123 12
119 12
110 11
119 12

1316 131

1.0 * 1.0
-0.3 * 0.8

0.6 i 0.8
-3.0 * 1;2

1.8 * 1.0
-0.1 + 0.6

0.9 i 0.8
6.9 * 2:2

-0.4 * 0.6
3.2 + 1.4
3.8 + 1.6

-3.0 * 1:2

3.8 + 6.1
2.8 ● 4.5
4.3 * 8.6
3.6 i 7.7
15*64

2.2 i 3.9
8.1 + 31
35*74

5.4 ● 21
40*42
16 * 21

12 k 42

1
4
1
3
0
6
1
0
4
0
0

19 0SWJ2

“Air wdunws(mOat averageambient wmdititmsof 77kPa Imrmne[riulmwure and [5”(’.
bMinimum detectablelimit = 1 x 10. 1SuCi/m.t.
q kwerf~inti~wliw maxinmm and minimum cnnccn! mt ions are countingnntwlnintjcw at tIN,W,”a
cm!tidenw level ( +2 sempleuttmdarddeviutinnu).( Incertuintiw hwxtutiml nml gnmp IIILWWmu
*2 stundurddeviutimw
‘( ‘untrdled weu rmliw+ctivity cmlctinlruli(m guide = 5 X Ill $ p(’i/m L I lIIOmlrOlltd wt.,!
rmliwwtivity cmuwntratiOnguide = 2 X 10 1&i/ml.
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TABLEE-VI1l

ANNUALATMOSPHERICURANIUMCONCENTRATIONS
(concentrations in pg/m’)

Number of
Total AiF Quarterly

Station Location Volume (m”) Samples

Regional Station- (28-44 km)-Uncontrolled Areas

1. Espaiiola 78 (W7 4
2. Pojoaque 81 42a 4
3. Santa-Fe 66966 4

Regional Group Summary 246991 G

Perimeter Stations (O-4km)—Uncontrolled Areas

4. Barmmca School 79344 4
5. Arkansas Ave 72706 4
6. Cumbres School 60559 4
7. 46th Street 65773 4
6. LA Airport 95359 4
9. Bayo STP 90449 4

10. Gulf Station 71951 4
11. Royal Crest 69755 4
12. White Rnck 81752 4
13. Pajarito Acres 76561 4
14. Bandelier 76581 4

Perimeter Group Summary 874936 c

Oneite !Mations-tintrolled Areas

15. TA-21
16..TA-6
17. TA-53 (LAMPF)
16. Well PM-1
19. TA-52
20. TA-16
21. Booster P-?
22. TA-5.t
23. TA-49
24. TA-:KI
25. TA-39

Orwite Group Summary
————.———

76717
86709
82759
64061
77955
92287
64905
64879
64632
64770
79 5X3

921277

4
4
4
4
4
4
4
4
4
4
4

G

No.
Samples
<MDLb Max’ Mine

o“
o
2

T

o
1
I
o
0
0
1
0
2
1
1

T

O
1
0
1
(-l
2
1
0
1
2
2

F)

MeanC
Mean as
% CGd

112+19
116*18
87 & 24

116+18

65+19
58 *24
69 * 27
62 * 25

179 * 22
120 + 16
190 * w
109 + 26
98 * 18
65 ● 28
87 ● 31

190 * :Z

64 & 19
34 * If!
15 * 17

15 * 17

36 + 19
18 ● 20
17 * 19
24 k 17
45 + 16
23 * 16
26*32
18 ● 20
35 k 18
17 * 19
R * Z()

~ * Z()

45 * 19
7+.17

43 + 18
7*18

64+17

6+16
7+18

5.. * 18
16 * 18
7*I$
R*I9

6+18

aAir volumes (ms) at average ambient conditions of 77 kPa barometric preswre iin(l l.-~’(’.

tMinimum detectable limit = 1 p~m~.

CLhrcertainties for maximum and minimum concentrateions are count ing tmcw!n inties at the 9.-I”.
confidence level (+2 sample standard deviations). llncertaint ies t’ors(at i(m and gnmp means art,
+2 standard deviations.

‘Controlled area radioactivity cmrcentratirm guide = 2.1 X 1(F ]Jg;n~S.
Uncontrokl area radioactivity concentration wide = 9 X IV pg/mS.

Note: One curie of natural uranium is equivalent III :WIIIIkg {II naf Ilrol urnnium. Hwwe.
uranium masses can be converted to the DOE “uranium special writ. - I)y usinx t II(O Iact(w

14.3 X 10-’CpCi/pg.

85*64
75 &87
28 +28

0,0007
0.0008
0.0C03

51 *61
34 k 32
37 k 36
37 * 17
66 *94
60 + 108
76 +63
71 *70
60 * 71
35 k 42
43 + 46

.54* 73

63 * 70

33 *49
79 k 76
30 ● 34
76 + 18
26 * 33
39 *46
76 k 74
41 ● 35
39 * 79
26 * 30

50 ● 64

.

0.0007

0.0005
0.0003
0.W04
o.m4
O.CO1O
0.0007
0.0009
O.(KKN
0.0007
0.(10(14
O.1)ou.-l—.
().[nro6

0.000(14”
(J.(KICW
O.(KKKI.!
O.(WW
0.(MIO04
O.wwll
O.otlow
(1.(loll(l.i
O.ootw
O.lloow
o.otxl(ll———
().(I(MO”

.
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TABLE E-X

LOCATIONS OF SURFACE AND GROUND WATER STATIONS

-d

Station

Regionalc
Chamita—Rlo Chama
Embudo—Rio Grande
Otowi—Rlo Grande
Cochiti—Rlo Grande
Bernalillo-Rio Grande
Jemez River

Perimeter
Los Alamos Reservoir
Guaje Canyon
Basalt Spring
Frijoles Canyon
La Mesita Spring
White Rock Canyon6

Puye Formation
Tesuque Fm (F.G. Seal)
Tesuque Fm (F.G. Seal)
Tesuque Fm (Basalts)
Surface Water
Surface Water (Sanitary Effluents)

Water Supply
Distribution

Fire Station 1
Fire Station 2
Fire Station 3
Fire Station 4
Fire Station 5

Los Alamos Field
LA-lB
LA-2
LA-3
LA-4
LA-5
LA-6

Guaje Field
G-1
G-1A
G-2
G-3
G-4
G-5
G-6

104

Latitude

::s
Coordinate

36”05’
36°12’
35°52’
35°37’
35°17’
35°40’

N105
N300
N060
S280
N080

. . .

. . .
---

..-

. . .

N080
N1OO
S085
N185
solo

N115
N125
N130
N070

~N076
N105

N190
N197
N205
N215
N213
N228
N215

Longitude

E:W
Coordinate

106°07’
105°58’
106°08’
106°19’
106°36’
106°44’

W090
E1OO
E395
E180
E550

---
---
---
---
---
. . .

E015
E120
E375
E070
W065

E530
E505
E490
E405
E435
E465

E385
E380
E365
E350
E315
E295
E270

Map
Designation”

---
---
---
---
---
---

1
2
3
4
5

6
7
8
9

10
11

12
13
14
15
16

17
18
19
20
21
22

23
24
25
26
27
28
29

Sw
Sw
Sw
Sw
Sw
Sw

Sw
Sw
GWS
Sw
GWD

GWD
GWD
GWD
GWD
Sw
Sw

D
D
D
D
D

GWD
GWD
GWD
GWD
GWD
GWD

.

GWD
GWD
GWD
GWD
GWD
GWD
GWD

-.
,



TABLE E-X (tint)

Station

Pajarito Field
PM-1
PM-2
PM-3

Water Canyon Gallery

Noneffluent Areas
Test Well 1
Test Well 3
Deep Test-5A
Test Well-8
Deep Test-9
Deep Test-10
Canada del Buey
Pajarito Canyon
Water Canyon
Test Well 2

Eflluent Release Area
Acid-Pueblo Canyon
(Former Release Area)

Acid Weir
Pueblo 1
Pueblo 2
Pueblo 3
Hamilton Bend Spring
Test Well 1A
Test Well 2A

DP —Los Alamos Canyon
DPS-1
DPS-4
Ohs: Hole LAO-C
Ohs: Hole LAO-1
Ohs: Hole LAO-2
Ohs: Hole LAO-3
Ohs: Hole LAO-4
Ohs: Hole LAO-4.5

Sandia Canyon
Scs-1
SCS-2
SCS-3

Latitude

{:s
Coordinate

Longitude

E:W
Coordinate

N030
S055
N040
S040

N070
N080
Silo
N035
S155
S120
NOlO
S060
S090
N120

N125
N130
N120
N085
N11O
N070
N120

N090
N080
N085
N080
N080
N080
N070
N065

N080
N060
N050

E305
E202
E255
W125

E345
E215
E090
E170
E140
E125
E150
E215
E090
E150

E070
E080
E155
E315
E255
E335
E140

E160
E200
E070
E120
E21O
E220
E245
E270

E040
E140
E185

Map
Designation’ Typeb

30 GWD
31 GWD
32 GWD
33 GWD

34
35
36
37
38
39
40
41
42
43

44
45
46
47
48
49
50

51
52
53
54
55
56
57
58

59
60
61

GWD
GWD
GWD
GWD
GWD
GWD
Sw
Sw
Sw
GWD

Sw
Sw
Sw
Sw
GW
GWS
GWS

Sw
Sw
GWS
GWS
GWS
GWS
GWS
GWS

Sw
Sw
Sw

105



TABLE E-X (Ckmt)

Station

Latitude

&
Coordinate

Longitude

E:W
Coordinate

Map
Designationa

Mortandad Canyon
GS-1
MCS-3.9
Ohs. Hole MCO-3
Ohs. Hole MCO-4
Ohs. Hole MCO-5
Ohs. Hole MCO-6
Ohs. Hole MCO-7
Ohs. Hole MCO-7.5
10-Site Canyon

——.——————

mSee Fig. 11 for numbered locations.

N040
N040
N040
N035
N030
N030
N025
N030
N025

E1OO
E140
E11O
E150
E160
E175
E180
E190
E130

62
63
64
65
66
67
68
69
70

Typeb

Sw
Sw
GWS
GWS
GWS
GWS
Gws
GWS
Sw

%W = surface water; GWD = deep or main aquifer; (;WS = shallow or alluvial il(~uilkr; 1) =

water supply distribution system.

cSee Fig. 6 for regional locations.

‘Puye Formation 7 stations; Teswque Fm (F. G. Seal) Ostations this period; Tesuque Fm (C. G.

Se,d) 9 stations; Tesuque (basalta) 3 stations; surface water 3 stations; surface water (sanitary ef-
fluents) 1 station.
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TABLE E-XV

LOCATION OF SOIL AND SEDIMENT STATIONS

Regional Soilsb

Regional Sediments
Rio Chama

Chamita
RIo Grande

Embudo
Otowi
Sandia
Pajarito
Ancho
Frijoles
Cochiti
Bernalillo

Jemez River

Perimeter Soils
Sportsman’s Club
TA-8
TA-49
Frijoles
North Mesa
East of Airport
West of Airport
South SR-4 near S-Site

Perimeter Sediments
Guaje near G-4
Guaje at SR-4
Bayo at SR-4
Pueblo at Acid Weir
Pueblo at PC-1
Pueblo at Pueblo 1
Pueblo at Pueblo 2
Los Alamos at Reservoir
IAMAlamos at Totavi
Ims Alamos at LA-2
Los Alamos at Rio Grande
Sandia at RIOGrande
Canada del Ancha
Mortandad at SR-4
Mortandad at RIOGrande
Canada del Buey at SR-4
Pajarito at Rio Grande
Frijoles at Park Hdq
Frijoles at Rlo Grande

Latitude

&
Coordinate

36°05’

36°12’
N085
S060
S185
S305
5375
35°37’
35°17’
35°40’

N240
N060
S165
S245
N135
N095
N115
S085

N215
N135
N1OO
N125
N130
N130
N120
N1OO
N065
N125
N095
S055
S060
S030
S075
S090
5175
S280
S365

Longitude
Map

E:W Designation
Coordinate (Figure 13)’

106°07’

105°58’
E550
E490
E41O
E335
E235
106°19’
106°36’
106”44’

E215
W075
E085
E180
E165
E220
E135
W035

E325
E480
E455
E070
E070
E085
E145

E405
E51O
E555
E490
E505
E350
E480
E360
E41O
E185
E235

---

---

A
B
c
D
E
---
---
---

51
52
53
S4
55
S6
57
S8

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Y

.

r

-.

.
..-
.
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TABLE E-XV (Cent)

.
--

.
-.

Station

Onsite Soils
TA-21
TA-50
TA-36
PM-1
West of TA-53
East of TA-53
East of New Sigma
Sigma Mesa
East of TA-52
2-Mile Mesa
Near TA-51
East of TA-54
R-Site Road
R-Site Road East
Potrillo Drive
S-Site
Near TA-11
Near DT-9
TA-33

Onsite Sediments
Pueblo at Hamilton Bend Spr
Pueblo at Pueblo 3
Pueblo at SR-4
DP Canyon at DPS-1
DP Canyon at DPS-4
Los Alamos Canyon at Bridge
Los Alamos at LAO-1
Los Alamos at GS-1
Los Alamos at TW-3
Lcs Alamos at LAO-4
Los Alamos at SR-4
Sandia at SCS-2
Sandia at SR-4
Mortandad near CMR
Mortandad West of GS-1
Mortandad Near MCO-2
Mortandad at GS-1
Mortandad at MCO-5
Mortandad at MCO-7
Mortandad at MCO-9
Mortandad at MCO-13
Pajarito at TA-18

Latitude

&
Coordinate

Longitude

E:W
Coordinate

N095
N035
S090
N020
N070
N050
N060
N050
N020
N025
S030
S080
S015
S040
S065
S035
S070
S150
S245

N105
N090
N070
N090
N075
N095
N080
N075
N075
N075
N065
N050
N025
N060
N045
N035
N040
N035
N025
N030
N015
S055

E140
E095
E150
E31O
E105
E220
E065
E135
E145
E030
E200
E295
E030
E1OO
E195
W025
E020
E140
E225

E255
E315
E350
E160
E205
E020
E120
E200
E215
E240
E355
E175
E315
E036
E095
E090
E105
E155
E190
E215
E250
E195

Map
Designation
(Figure 13)a

S9
Slo
Sll
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24

S25
S26
S27

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

117



TABLE E-XV (tint)

Latitude Longitude
or Map

::s . Designation
Station Coordinate Coo;d~ate (Figure 13)’

Pajarito at SR-4
Potrillo at TA-36
Potrillo East of TA-36
Potrillo at SR-4
Water at Beta Hole
Water at SR-4
Water at Rio Grande
Ancho at SR-4
Ancho at RIOGrande
Chaquihui at RIOGrande

S105
S075
S085
S145
S090
S170
S240
S255
S295
S335

E320
E150
E225
E295
E095
E260
E385
E250
E340
E265

42
4:3
44
45
46
47
48
49
50
51

.— —.

‘See Fig. 13 for numbered locations.

bLocations are the same as for surface water stations (Table E-X).
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.

Solution

(;uaje Canyon

Rendija Canynn

Pueblo at SR-4
[As Alamus at S1{-4
IXISAlamos at Totovi
l~)s Alamos at Otowi
Mortnndticl at MCO-5
Pajarito al SR-4
Water at SR-4
Ancho at SR-4

Susoended Sediments

TABLE E-X1X

RADlOCHEMICAL AND CHEMICAL ANALYSES OF SNOWMELT IUJNOIW”

Badioehetnical
(average of* number of analyses)

‘H
(lo-’ jlcvd)

0.0 * 0.9(10)”
0.4 * 0.2(4)
0/4 * 0.7(5)
1.3 * 14(14)
1.2 + 1.1(11)

0.9 + 1.1(8)

67 + W(4)
1.7 * 0.8(14)
0.4 + 0.8(8)
1.5 + 1.1(8)

Guuje Canyon
Remlija Canyon
Pueblo at SR-4
IAMAlamos at SR-4
IAX+Alenws at Totovi
Los Alamos at ot nwi
Mortandad at MCO-6
Pajarito at SR-4
Water at SR-4
Ancho at SR-4

...

...

...

...

...

...
-..
...
...
...

‘“c#
(lo”o#ci/all)

-5 i 73(10)
12 + 25(4)

–7 * 41(5)
6 + 44(14)

11 i 92(10)
8 + 40(8)

13 * 32(4)
8 + 52(14)

20 + 61(8)
-9 * 17(7)

.. .

. . .

. . .

. . .

. . .

. . .
---
. . .
. . .
---

‘Pu
(lo-” Jlctirnl)

-0.02 * 0.06(10)
–0.02 * 0.05(4)
-0.01 * 0.04(5)
-0.OJ * 0.14(13)
–0.02 + 0.06(10)
-0.02 i 0.05(6)

1.34 * 0.50(4)
-0.03 * 0.16(14)
-0.02 + 0.09(8)

(Mm * 0.04(7)

(DW8)

-0.17 * 0.04(10)
0.41 + 1.8(4)
0.04 ● 0.06(s)
O.M + 1.8(14)
0.s2 * 0.89(11)
0.16 * 0.17(6)

54 * 39(3)
0.03 * 1.2(13)
O.CO+ 0.05(8)

O.CCI1+ 0.03(6)

-0.05 * 0.26(10)
-0.03 ● (LOO(4)

0.13 * 0.$2(5)
-0.01 + 0.28(13)

0.01 +. 0.05(10)
O.00 + 0.11(8)
0.s2 ● 0.17(4)
0.00 * 0.07(14)

-0.01 + 0.12(8)
0.01 ● 0.05(7)

(Pcvs)

0.06 + 0.46(10)
0.17 + 0.59(4)
7.5 * 2(5)
4.0 + 6.4(14)
7.4 ● 9.8(11)
3.8 + 4.2(6)
23 + 21(3)

0.80 * 5.4(13)
0.08 * 0.?6(8)
0.10 + 0.17(6)

‘“Sr
(lo-” JICvlno

0.6 + 0.6(10)
. . .
. . .

3.3 * 5.3(10)
3.4 + 3.6(10)
3.0 + 2.3(8)

40.5 * 2.6(2)
0.5 * 0.9(10)
0.7 + 0.6(5)
0.8 * 0.8(7)

.. .

..-

. . .

. . .

. . .

..-

. ..

. . .

. . .

..-

(average of a number of aaalyaas, in mg/1)

Guaje Canyon
Rendija Canyun
Pueblo at SR-4
Los Alamw at SN-4
Los Alamos at Totavi
Los Alamos at Otowi
Mortandnd at MCO-5
Pnjarito at SR-.t
Water at SR-4
Ancho at SR-4

No. of
Analysaa SO, C4 F— — — .

10
4
5

14
11
8
4

14
8
7

——. —-—
“l)artmtlwws inriicute number (~t’snmples nmdyzed

14+0
...
. . .

12*2
13+2

. . .

. . .

14*O
..-
. . .

3+2 0.3 * 0.7
6*3 0.2 + 0.1

32*6 0.6 & 0.2
20 ● 20 0.6 + 0.6
16 i 14 0.6 + 0.6
16*7 0.4 * 0.2
18*6 1.4 ● 1.6
19*7 0.2 ● 0.0
11+6 0.2 * 0.1
6&4 0.2 & 0.1

NO,

<1*2
3*2

20&7
3+6
3*8
2*2

116 ● 103
2*3
2*2
2*2

TDs

145 * 58
162 * 68
285*78
149 * 91
156 + 62
193 + 72
600 + 169
179 * 70
161 + 38
148 * 42

Total U

(/.@)

0.0 * 0.3(10)
0.2 + 0.4(4)
0.4 i 0.5(5)
0.6 i 1.9(14)
0.3 * 0.7(11)
0.8 + 1.4(6)
2.2 * 1.1(4)
0.3 + 0.6(14)
0.4 * 0.8(6)
0.2 ● 0.4(7)

-..
. . .
.-.
. . .
. . .
..-
. . .
. . .
. . .
. . .

Note: + wdue is twice the standard devituiun of the distrihut ion CIIII mnnhrr III UINIIVXCS.
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TABLE E-XX

ATMOSPHERIC RADIOACTIVE EFFLUENT TOTALS FOR 1979

mpu

mpu

Qlci)

#mu

ZMU

(~Ci)

-..
261
. . .
. . .

4.0
655
. . .
. . .
---
. . .

2.3
6.8
.-.
-..
..-
---

282Th

2vh
(pCi)

---
1605
..-
---
---
.-.
. . .
. . .
---
. . .
. . .
---
---
. . .
..-
---

MFPm
(pCi)

. . .
472
. . .
. . .
---

0.47
---
. . .
..-
.-.
---

1072
11
. . .
-..
-..

1811

(pCi)

---
158
---
---
-..
---
. . .
---
---
---
.-.
.-.
---
. . .
. . .
---

41Ar

(Ci)—

351
---
---
---
---
---
---
---
---
---
---
---
.-.

357
---
--

sap

(pCi)

---
---
---
---
---
---
---
-..
---
18
---
---
---
---
.-.
---

llC,lSN,ll!Ob

(Ci)
‘Be

(~Ci)Location

TA-2
TA-3
TA-9
TA-15
TA-18
TA-21
TA-33
TA-35
TA-41
TA-43
TA-46
TA-48
TA-50
TA-53
TA-54
TA-55

---

3013’
5.0
---
---

95
10470

1300
143
---
---
---
---
---
-..
---

-..
---

---
---
-..
---

---

1067

---
---
..-
---
-..

..- ---

..- ---

---

5.7
. . .

7.4

--- ---

0.019 --- ---

-.
---
..-
---
---
---
. . .
---
.-.
.-.

--- ---
--- -..
-..
---
---
---
---

.-.---

0.75 ---
---. . .

0.33
2.9

---
---

2.6118800..-

0.013
0.11

---
---

---
---

‘Mixed fission products.
%e half-lives of l’C, laN, and 150 range from about 2 to 20 minutes, so these nuclides decay
rapidly.
cIncludes 3000 Ci unplanned release from TA-3-34 on May 4, 1979 (see Section HI. A.7).
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. TABLE E-XXI

TOTAL SUSPENDED PARTICULATE AT LOS ALAMOS AND WHITE ROCK DURING 1979
(Data from New Mexico Environmental Improvement Division. All

concentrations in @/ma.)

Los Alamos (Annual Geometric Mean = 35)

Jan Feb Mar Apr May June July Aug Sept Ott Nov Dec—. —— __ __ __ __

No. of Samples 3 2 --- 5 5 5 5 6555
Maximum 63 29 --- 77 71 72 51 45 46 40 45 6;
Minimum 35 28 --- 24 20 21 24 16 22 25 21 27
Mean 44 28 --- 47 34 44 36 37 34 31 29 4’7
+1 Std Deviation 16 1 --- 22 21 21 11 12 11 6 9 13

White Rock (Annual Geometric Mean = 35)

No. of Samples 45 5 5 5 5 5 6 5555
Maximum 33 27 51 113 42 89 66 70 59 80 51 62
Minimum 19 15 21 24 13 13 29 28 31 17 14 27
Mean 27 23 30 55 22 51 47 47 45 49 33 40
+1 Std Deviation 6 5 12 36 12 33 13 17 11 29 15 14

.
-.

.
--
.
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TABLE E-XXII

QUANTITIES OF VOLATILE CHEMICALS AND COMPRESSED GASES USED AT LASL

Acids
Acetic
Hydrochloric
Hydrofluoric
Nitric
Perchlonc
Phosphoric
sulfuric

Gases
Ammonia
Carbon Monoxide
Chlorine
Freon 12
Hydrogen Fluoride
Nitrogen Oxides
Sulfur Dioxide
Sulfur Hexafluoride

Inorganic Chemicals
Ammonium Hydroxide
Mercury

Organic Chemicals
Acetone
Carbon Tetrachloride
Chloroform
Ethanol
Freons
Kerosene
Methanol
Methylene Chloride
Methyl Ethyl Ketone
Perchloroethylene
Toluene
Trichloroethane
Trichloroethylene

(All amounts in kg)

1972 1973 1974—. —

I

1975 1976 1977 1978 1979

410
3700
8100

.80000
390
710

1700

220
4200
4700

58100
140
450

2300

4200 2700 3200 2600 2600
4900

500
2600
1300
7800

120
12200

2900
6200

680
3400

950

3000
9300

500
2800

360
640
lMI

9200

2500
5500

640
2000

500
1200

110
11400

6700
290

1370017400 6700 10300 11400

2200
140500 290 180

18800
300
360

9200
290
250

12400
250
500

16100
100
380

10200
4800
1700

15500
250
370

12700
230
190

9200
13800
4400
4300
2200

106OO
1000
1600

28300

10600
200
160

10900
8200
3800
2800

250
14300

1400
2100

24100
7400

8300
280
200

9900
9200
4100
3300

170
22000

340
2100

23800
6900

109OO
8100

590
820

13300

540
820

15000
5900
1500
310

12400
4600
6600

820
9400

880
3300

34000
13200

1000
2300

820
2700

22900
9400

3400
2300

25600
20400

680
2100

18300
15500

1000
1200

25800
.

..1020016200

-
,
.
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. TABLE E-XXIII

ESTIMATED CONCENTRATIONS OF TOXIC ELEMENTS
AEROSOLIZED BY DYNAMIC EXPERIMENTS

1979 Percent
Total Usage Aerosolized

Element (kg) (%)

Uranium 568 10

Be 10 2

Pb 0.1 1O(Y

‘ERDA Manual Chapter 0524.

Annual Avg.
Concentration

(n~m”)

4 km 8 km——

0.06 0.02

0.0003 0.0001

0.0001 0.00005

Applicable
Standard

(rig/m’)

9000’

10b
(30 day avg)

10 Ooob
(for total heavy
metals, N >21 )

bSection 201 of the Ambient Air Quality Standards and Air Quality Control Regulations adopted
by the New Mexico Health and Social Services Board, April 19, 1974.
cAssumed percentage aerosolization.
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TABLEE-XXIV

SANITARY SEWAGE TREATMENT FACILITIES

EFFLUENT QUALITY SUMMARYa

Range of
Deviation/

LlrnitRAtios
or ~H

Bange of
Deviation/

Lht Ratios
or PH

No. of
Deviations

Discharge
Location

TA-3
10401

TA-9

TA-16

TA-16

TA-21

Permit
Constituents

BOD~
TSS’
Fecal cdifOTIOd

Flow (MGD)
pHr
BOD,
Tss
Flow (MGD)
PH
BOD,
TSS
Flow (MGD)
PH
BOD,
TSS
Flow (MGD)
pH
BOD,
TSS
Fad tihformd
Flow (MGD)
pH

No. of
Deviations

Discharge
Location

TA41

Permit
Canntituenta

BOD,
Tss

o
1
0
0
0
0
0
72
0
0
0
0
0

2
1
2
2
1
0
0

155
0
0
0
0
0
0
2
38
11
1
2
3
2

1.6- L8
1.7

10- 19.1
1.0- 1.2

4.15
. . .
. . .

1.0- 3.0
. . .
. . .
-..
. . .
. . .
. . .

1.6- 1.7
1.0- 1.6

9.2- 11.0
1.2

1.3-1.8
1.1- 1.2
9.3- 9.6

...
1.6
. . . Fecal (%liform~

Flow (MGD)
pH
BOD,
Tss
Flow (MGD)
PH
BOD,
TSS
Flow

...

... TA-46

...
1.0- 17.6

. . .
TA-48...

-..
...

pH
BOD.

...
TA-53o

1

..-
1.3

1.0- 18.8
9.6
. . .

TSS -
Flow
PH
BOD,
Tss
Flow (MGD)
pH

113
1
0
0
6
0
0

TA-35
...

1.45-300
. . .
...

‘Single NPDES nermit NM 002S355.
‘BOfi, limits are”30 mg/1 (20-day avg), 45 mg/t (7-day avg).

%S limits are 30 mg/.4 (20-day avg), 45 mg/1 (7-day avg).
‘Fecal coliform limits are 2000/l(XI mf (daily max) and KMW1OOID.4(geometric mean).
●PH limits not lees than 6.0 or greater than 9.0 standard uqita.

b

--

.
.
.
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TABLE E-XXV

INDUSTRIAL LIQUID EFFLUENT QUALITY SUMMARYa.
.-

.

.

Discharge
Category

No. of
Outfalls

Permit
Constituents

No. of
Deviations

Range of
Deviation/Limit

Ratios or DHb

Power Plant

Boiler Blowdown

Treated Cooling
Water

Noncontact
Cooling Water

Radioactive Waste
Treatment Plant
Discharges

High Explosives
Waste Discharges

Photo Waste
Discharges

●
✍✍

.
.-

Printed Circuit
Board Develop-
ment Wastes

6’

3.

3!5

29

2

2W

15

1

TSS
Free Cl
pH

TSS
Fe
Cu
P
pH

TSS
Free Cl
P
pH

pH

NH,
COD
TSS
Cd
Cr
Cu
Fe
Pb
Hg
Zr
pH

COD
TSS
pH

Cn
TSS
pH
Ag

COD
Cu
Fe
Ni
P
pH

12
1

14

0
1

14
3

38

1
0
0
0

0

0
0
0
0
0
2
4
2
0
2
2

3
2
1

0
0
0
4

0
1
3
0
0
2

4.7- 399.8
1.2

1.3- 11.6

---

1.2
1.0- 21.5
1.0- 1.1

9.5- 12.1

1.16
. . .
..-
---

.-.

.-.
---
---
. . .
. . .

1.1- 2.6
1.2- 2.8
1.1- 2.2

. . .
1.9- 2.2
3.4- 5.6

1.1- 50.4
1.4- 1.7

5.5

---
---
. . .

2.0- 33.6

. . .

2.8
1.31 -13.0

. . .

. . .

5.7- 5.8

No. of Out-
falls Causing

Deviations

1
1
4

0
1
3
2
3

1
0
0
0

0

0
0
0
0
0
2
1
1
0
1
2

3
2
1

0
0
0
3

0

1
0
0
1
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Discharge
Category

Acid Dip Tank
Rinse

Gas Cylinder
Cleaning Waste

TABLE E-XXV (Cent)

Range of
No. of Permit No. of Deviation/Limit

Ouffalls Constituents Deviations Ratios or pHb

1, Cu 2 2,2- 11.0
pH 1 2.5

1 TSS o ..-
P 0 . . .
pH 0 ---

No. of Out-
falls Causing

Deviations

“Summary of reports to EPA or NPDES Permit NM 0028355.
bpH range limit on all outfalls is not less than 6.0 or greater than 9.0 standard units,
COutfalls responsible for deviations scheduled for correction.
‘Six of 20 outfalls responsible for deviations scheduled for correction.
‘Source of excess Cu violations removed in 1979.

1
1

0
0
0

.

*

.

*

*
..

.
-.
.
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TABLE E-XXVI

QUALITY OF EFFLUENTS FROM LIQUID
RADIOACTIVE WASTE TREATMENT PLANTS

-i
Waste Treatment Plant Location

Radioactive
Isotopes

*
r

TA-50 TA-21

Activity
Released

(mCi)

1.705
0.55
4.68
6.07

14.16
32700

170
0.21
0.20

Average
Concentration
Qlcvnd)

0.035 x 10-”
0.O11 x 10-’
0.096 x 10-0
0.125 X 10-’
2.91 X 10-7
0.67 X 10-$
0.35 x 10-’
0043 x 10-?
0.041 x 10-’

Activity
Released

(mci)

0.057
0.087
0.587
0.031
0.065

440
0.966
2.2

. . .

Average
Concentration
(~cvml)

0.04x 10-’
0.054x 10-’
0.366x 10-”
0.019 x 10-’
0.405 x 10-’
0.27 X 10-8
0.060 x 10-’
0.137 x 10-7

. . .

Waste Treatment Plant Location

TA-50 TA-21

Average Average
Nonradioactive Concentration Concentration

&mstituents (mg/1) (mg/1)

Cd’ 0,001
Ca 74.4
cl 50
cr. 0.022
Cu’ 0.41
F 2.9
H# 0.003
Mg 6.3
Na 489
Pb- 0.046
Zna 0.22
CN 0.04
COD’ 60
NO,(N) 156
PO’ 1.07
TDS 2302
pH’ 9.1- 12.8
Total Effluent Volume 4.858 x 10’1

————————

‘Constituents regulated by NPDES permit.

0.25
23.2
69

0.25
0.16

392
0.0009
6.5

2947
0.089
0.79

. . .

87
605

4.54
6694

5.4- 12.5
1.604 x 1061?

.

131



TABLE E-XXVII

CHEMICAL QUALITY OF WATER IN VICINITY OF FENTON HILL
(average of a number of analyses)

Surface
Water

No. of Stations’

No. of Analyses

Chemical (mg/1)
SiO,
Ca
Mg
Na
co,
HCO,
so,
cl
F
NO,
TDS
Hard
pH
Conductance

(mS/m) ——.

9
18 “

40 * 10
27 + 14

5*3
28*26

0+0
80 & 62
34 * 64
15 * 21

0.8 + 0.3
1.3 + 0.6
242 + 129

87&48
7.3 + 1.5
37 + 24

Water
suPPb

4
8

74 ● 14
18 + 12
4&2

16+2
0+0

79 * 21
4k3
7+7

0.5 + 0.2
2+1

189 + 36
63&34

7.6 * 0.3
20+7

Spring
(Jemez Fault)

.2
4

48&7
89 + 40
24&8

500 + 269
O*O’

602 * 305
32&3

977 * 593
3.1 + 0.9

2*1
2719 + 1418

322 + 117
,6.8 * 0.4
388 + 189

Spring
(Volcanics)

1
2

47&4
12*1
3*O

15*1
0+0

69*7
3&3
3*O

1.1 * 0.0
2*1

114 + 23
43*3

7.3 + 0.5
15+1

Abandon
Well

1
2

72 + 11
25+1

8+1
111 * 9

O*O
337 * 1

2&o
4+1

1.0 ● 0.1
1*O

446 * 14
94*1

7.2 + O
73*2

Fenton Hill
(Pond Fluid)

3
6

102 + 29
35 + 27

3*2
640 + 395

1*2
372 + 375
726 + 629
156 + 71
3.0 + 2.0

2k3
2338 + 1499

98 + 72
8.4 + 1.7
312 + 208

,
{.5

“Sampling locations key on Fig. 21 as follows:
Surface Water—Locations F, J, N, Q, R, S, T, U, V.
Water Supply—tications JS 2-3, JS 4-5, FH-1, 4.
Springs (Jemez Fault) —Locations JF-1, JF-5.
Spring (Volcanics)—LOcation 31.
Abandon Well—Location 27.
Fenton Hill (pond flUi&—t~ee pOn& ~ontaining &i]ling flui& and Circulation flU& from t~ti.

c’

-.
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GLOSSARY

.
(

4

“

●

alpha particle

beta particle

CG (Concentration Guide)

Curie

gamma radiation

gross alpha

gross beta

man,rem

7

i-

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 ERDA’s Radiation Protection
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.

A special unit of radioactivity. One curie equals
3.70 X 10’0nuclear transformations per second (ab-
breviated Ci).

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

The total amount of measured alpha activity.

The total amount of measured beta activity.

The sum of radiation exposures received by a pop-
ulation. For example, two persons each with a 0.5
rem exposure have received man-rem. Also, 500
people each with an exposure of 0.002 rem have
received one man-rem.

* MCL (Maximum Contaminant Level) Maximum permissible level of a contaminant in
water specified by the EPA that is delivered to the
free flowing outlet of the ultimate user of a public
water system (see Appendix A and Table A-III).
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rem The unit of radiation dose equivalence which takes
into account difference effects on humans of
various kinds of ionizing radiation and permits
them to be expressed on a common basis.

RPS (Radiation Protection Standard) Standards for external and internal exposure to
radioactivity as defined in ERDA Manual Chapter
0524 (see Appendix A and Table A-II in this
report).

.

b

total uranium

tuff

Uranium having the isotopic content of uranium in
nature (99.27Y0 2nU, ().72Yo*WJ, 0.0057% ‘“’U).

Rock of compacted volcanic ash and dust.

.6

. .
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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
scientfic integrity. Following are directions advising each specific audience on how best to use this
document.

1. LA YPERSON 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. LA YPERSON 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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alpha particle

beta particle

controUed 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 3.70X
1010 nuclear transformations per second.

Uranium consisting primarily of 238Uand having less
than 0.72 wtYo23SU.Depleted uranium generally con-
tains less than 0.2 wt~o 235U.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 Contaminant 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 outIet of the ultimate
user of a public water system (see Appendix A and
Table A-III).

A grou,ld 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 10-4
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-II 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% 238U,0.72 wtYo 23SU,0.0057 WtyO 234U).

Rock of compacted volcanic ash and dust.

An area beyond the boundaries of a controlled area
(see definition of “controlled area” in this Glossary).
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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 eflluents. Comparisons with
appropriate standards and regulations or with background levels from natural or other
non-Laboratory sources provideab& for concludingthatenvironmental 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 condhions in the Laboratory environs.

1. 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 numkr of stations in each group is shown in Table
I.

The types of routine monitoring conducted at these
stations include measurements of radiation and collec-
tion of samples of air particulate, 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

2

A lames.

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.
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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 watera 6 36 34

Soils and sediments 15 23 42
Foodstuffs 7 5 9

aAn 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
a

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!40 of the dose attributable to naturally occurring
radioactivityy 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

3



TABLE 11

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

———.—————

~he 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 traveling 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 HI, 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 Radiologictd 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 ot%cial 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 HI.

I
I
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TABLE III

ADDED INDIVIDUAL LIFETIME CANCER MORTALITY RISKS
ATTRIBUTABLE TO 1981 RADIATION EXPOSURE

Exposure Source

Added Risk (Chance)
to an Individual

of Cancer MortaMY
Dose (mrem)

Used in Risk Estimate

Average Exposure from Laboratory Operations
Los Alamos Townsite
White Rock Area

Natural Radiation
Cosmic, Terrestrial, and Self Irradiation

Los Alamos Townsite
White Rock Area

Medical X-rays (Diagnostic Procedures)
Average Whole Body Exposure

—. —____ .

1 in 15000000
1 in 26000000

1 in 86000
1 in 93000

1 in 97000

0.67
0.38

116a
108a

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 dfierences 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 IV

EXTERNAL PENETRATING RADIATION
DURING 1981

Dose (mrem)

Group Minimum Maximum Average

Regional 71 96 83
Perimeter 85 113 100
Onsite 85 278 127

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

I



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 V
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% ~f 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 Ah. 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

I

greater than regional background levels, Data in Table V
show that tritium, plutonium (239Pu), and uranium at-
mospheric concentrations were small percentages of their
respective Concentration Guides. Results from only 1 of
100 plutonium (m8Pu) 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 33V0 and
0.2V0, 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 238Pu (most analyses were at or below analytical
detection limits), gross alpha and beta (used ordy as

TABLE V

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

% Concentration Guidea

Regional Perimeter Onsite

Air
Tritium (3H) 0.005-0.01 0.002-0.005 0.003-0,006
Plutonium (239Pu) 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 (3H) 0.0-0.06 0.0-0.14 0.0-0.09
Plutonium (239Pu) 0.0-0.0002 0.0-0.0002 0.0-0.004
Cesium (]37CS) 0.0- 0.2 0.0- 0.3 0.0- 0.4

.— —

aValues in table are (~ — 2s) to (; + 2s) as percent of Concentration Guide.
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D gross indicators of radioactivity), and uranium (concen-
trations low and generally indistinguishable from levels

1

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

I

water from regional, perimeter, water supply, and onsite
noneffluent release areas indicate no significant effect
from eflluent releases from the Laboratory.

I

The water supply met all applicable US Environmen-
tal Protection Agency and New Mexico Environmental
Improvement Division chemical quality and radioac-

1

tivity standards. The integrity of geological formations
protecting the deep ground water aquifer was confirmed
by lack of any measurements indicative of nonnatural

I

radioactivity or chemical contamination in municipal
water supply sources.

I
5. Radioactivity in Other Media ~

I
I
I
I
I
I
I
I

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 eflluent dis-
posal) and upper Los Alamos Canyon (from 1952 to
current treated etlluent 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 0.004V0 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 (llC, 13N lsO) at the Los Alamos Meson
Physics Facility. Labor~tory-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 dld 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

I
I



limits (excluding flow rate limitations) in one or more ecosystems at Los Alamos. Among these projects were
months. Fewer than 7?40of all samples from the 100 in- the study of water quality, elk migration, transuranic
dustrial outfalls exceeded NPDES limits. waste management methods, hydrologic transport of

Some special environmental research programs were sediments, and use of honeybees as biological monitors.

conducted this year to gain a better understanding of the
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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 kmz (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 insufilcient 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. Eflluents 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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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.1.

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 LCISAlamos 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 10wer 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 !l)
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.



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.2 The major recharge area to the main
aquifer is from the intermountain basin of the Vanes
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 106m3 (4300 to 5500 acre-feet) an-
nually from the aquifer.

40 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 usuaUy 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 typical!y 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 O°F (– 17.8”C)
or below.

Significant spatial and daily variations of surface
winds in LAMAlamos are caused by the complex terrain.
With weak large-scale winds and clear skies, a distinct
daily wind cycle exists: a light southeasterly updope
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

12

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/see (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 17929. 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 115000 people within an
80 km (50 mi) radius of Los Alamos,

B. Los Alamos National Laboratory

1. 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 Akunos.
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 kmz (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)3 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



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, conduc#ed by the Environmental Surveillance
Group, is part of a continuing investigation and
documentation program.

2. Waste Management

The Laboratory’s activities are conducted in33 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.

Most liquid radioactive and chemical laboratory waste
etlluents we 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 treat&d eflluents 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 retrievable. 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 particulate, catalytic conversion
and adsorption of tritium, or temporary storage to per-
mit decay of short-lived activation gases.

.
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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 efiluents. Most of the radioactivity is absorbed in aUuvium 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-
vative y 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 15000000. This risk is
much less than the 1 chance in 86000 from background radiation. The Environmental
Protection Agency has estimated average lifetime risk for cancer incidence as 1 chance
in 4 and for cancer mortdlt y as 1 chance in 5.

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 standards4 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 etlluents, 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.s

1.

2.

3.
4<

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).
Maximum dose to an individual at or outside the
Laboratory boundary where the highest dose rate
occurs and where there is a person. R takes into ac-
count occupancy (for example, 40 hours a week)
and shielding (for example, by buildings) factors.
Average doses to nearby residents.
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 VI. 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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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‘?40of the applicable Radia-
tion Protection Standard.4

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 3H (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 Espaiiola, Pojoa-
que, and Santa Fe.

Exposures to “C, ‘3N, 130, and 4*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 41Ar 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 HI.E.

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.

A1l other atmospheric releases of radioactivity (Table
E-I) were evaluated by theoretical calculations. All
potential doses were found to be less than the smallest

I

ones presented in this section and were thus considered
insignificant,

C. Doses to Individuals from Liquid Effluents

Liquid etlluents do not flow beyond the Laboratory
boundary but are absorbed in alluvium of the receiving
canyons. These e!lluents are monitored at their point of
discharge and their behavior in the alluvium of the can-
yons below outfalls has been studied. G-9Small 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
Canyons1° 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 Yo of the
Radiation Protection Standard.4

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’?40of 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.’1

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 discernible increase in radiation levels at-
tributable to Laboratory operations, except those along
State Road 4 north of the Los Alamos Meson Physics
Facility (T A-5 3). The special thermoluminescent



Isotope

3H (HTO)

11f=,13N,150

41Ar

239puc

TABLE VII

MAXIMUM BOUNDARY AND INDIVIDUAL DOSES
FROM 1981 AIRBORNE RADIOACTIVITY

Critical
Organ

Whole Body

Whole Body

Whole Body

Lung

——

Maximum
Boundary Posea

Dose
Location (mrern/yr)

TA-54 0.0054
(Station 22)d

Restaurant 17
N. of TA-53e

Boundary N. of 0.2
TA-2 Stacke

Booster-P2 0.01
(Station 21)d

Maximum
Individual Doseb

Radiation
Dose Protection

Location (mrem/yr) Standard

Bayo Sewage 0.0053 0.001
Treatment Plant
(Station 9)d

Restaurant 4.8 0.96

N. of TA-53e

Apts. N. of 0.1 0.03
TA-2 Stacke

48th Street 0.006C 0.0004

(Station 7)d

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 example, 40
hours a week) and shielding (for example, by buildings) factors.
Wor a 50-yr dose commitment, bone is the critical organ. A maximum individual would re$eive a 50-yr
bone dose commitment of 0.42 mrem, which is 0.03% of the Radiation Protection Standard.
‘See Fig. 9 for station locations.
‘%ee 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 0.96L%of
the Radiation Protection Standard for a member of the
public.’ This location north of the Los Alamos Meson

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 145600 Ci in
1980 to 352340 Ci in 1981.

A maximum onsite dose to a member of the public
from external radiation from all Laboratory airborne

18
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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?40,respectively, of the Radiation
Protection Standard.4 These doses were theoretically
calculated using measured stack releases (Table E-I) and
1981 meteorological data (Appendix D).

The 41Ar emissions dispersed from TA-2 and TA-53
could result in a theoretically calculated annual regional
dose of 0.008 mrem at Espaiiola. This dose is 0.002V0 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 (a 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 data12 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 of65 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 137CSon sedi-
ments transported from a treated eflluent 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 115000 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 A1amos County inhabitants. This is because other
population centers are far enough away that dispersion,
dilution, and decay in transit (particularly for llC, *3N,
lsO, and 4*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 11800 per-rem.

Thus, doses potentially attributable to releases from
Laboratory operations contribute about 0.5V0of 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 0.09V0 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 Measurementsls 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
Protections 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
10000 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 Protections 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.”



TABLE VIII

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

Whole-Body
Population Dose

Exposure Mechanism (person-rem)

Atmospheric Total U, 23*Pu, 239Pu, 241Am 0.06
Atmospheric Tritium (as HTO) 0.00
Atmospheric “C, ‘3N, ’50 9.51
Atmospheric 41Ar 0.49

Total Due to Laboratory Atmospheric Releases 10.06

Cosmic and Terrestrial External Radiationa 1405

Cosmic Neutron Radiation 190
(-1 1 mrem/yr per person13)

Self Irradiation from Natural Isotopes in the Body 430
(-24 mrem/yr per person’3)

Average Due to Airline Travel 15
(=4.22 mrem/h at 9 km13)

Total Due to Natural Sources of Radiation 2040

Diagnostic Medical Exposure 1846
(-103 mrer’n/yr per person”)

—. —___

aCalculations are based on measured thermoluminescent dosimeter dat a. They include a 10O/oreduction
in cosmic radiation due to shielding by structures and a 40°A 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 of116 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 86000 in Los
Alamos and 1 chance in 93000 in White Rock (Table
111).

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 15000000 in

Los Alamos and 1 chance in 26000000 in White Rock
to an individual’s risk of cancer mortality due to 1981
Laboratory activities (Table 111).

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.l”la 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 variations in
natural exposure and risks in life that are accepted
routinely by most people. For example, one study19
showed the annual dose rate on the second floor of

20
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single-family frame+dwellings was 14 mrem/yr less than Laboratory operations because of increased radon levels
the dose rate on the first floor. Energy conservation inside the homes. The Environmental Protection Agency

)

measures, such as sealing and insulating houses and in- has estimated the annual whole body dose to individuals
stalling passive solar systems, are likely to contribute from global fallout to be 4.4 mrem.20
much larger doses to Los Alamos County residents than
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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 monitored 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
40K and of radioactive daughters from the decay chains
of 232Th and 238U. 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
mrern/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.13

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.13 Figure 5, which compares all TLD locations that
have been unchanged during the last 5 years, shows this
temporaJ 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

snow cover. There is also spatial variation because of dif-
ferent soil and rock types in the area.*1 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 Espafiola, 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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1981

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 nm. 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 inFlg. 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
ditTerences 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-III. Perimeter sta-
tions are within 4 km of the Laboratory boundary. The
regional monitoring stations, located 28 to 44 km from
the Laboratory at Espaiiola, 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 232Thand 23aU,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 particulate 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 IX 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 10-ls pCi/mt’) was statistically signiilcantly
lower (with p=O.O1, which means there is a 1‘?40

probability of concluding that there is a significant dif-
ference when none exists) than the perimeter amual
mean (4.0 )( 10–15~Ci/mt) and onsite annual mean (4.4

X 10-ls VCi/mt’). 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 10-” ~Ci/mt’) to be statistically significantly
lower (p = 0.01) than the perimeter annual mean(216 X

10-ls pCi/mf) and onsite annual mean (227 x 10-lS
~Ci/mt). 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.

27



N300

N200

NIOO

c

Sloe

S20C

S30(

28

Wloo o EIOO E200 E300 E400 E500 E600

I I I I I I I

,- -.

.

LABORATORY SCALE
AREA 0123 4 km

V AIR SAMPLER

@AIR SAMPLER NUMBER

J i I I I 1 I 1

Fig. 9. Air sampler locations on or near the Laboratory site.



TABLE IX

SUMMARY OF ANNUAL ATMOSPHERIC RADIOACTIVITY
MONITORING FOR 1981

Mean As
% of

Annual ConcentrationMaximum
Observed

Minimum
Observed MeanAnafysis

Gross alpha

Gross beta

Tritiatcd
water vapx

238pu

239~

241Am

Total U

Group units Guide

10–15 yCi/mt
10–15 ~Ci/mt
10– 15~Ci/mt

Regional
Perimeter
Onsite

3.7 * 1.6
20+8
16+6

370 * 100
620 + 160
550 ● 140

68* 22
130+40
93 * 30

0.5+ 2.3
2.8 +3.4

4.1 i 2.8

32*7
70*9
74*9

2.8 + 3.1
8.7 & 3.5

450 *30

66* 13

0.2 + 0.1

0.1 + 0.2
0.3 * 0.3

0.5* 0.2
7.1 + 1.8
6.0 + 1.6

–1.3 * 1.0
–0.8 + 1.0
–1.6 + 1.6

–3.2 + 2.3
–3.2 + 1.7
–2.5 + 1.5

–3.3 * 4.0
–0.5 * 1.2
4.5 i 1.2

0.5 * 3.0
0.7 * 3.0
0.0+ 2.5

–1.7 + 18

1.1 + 0.3
4.0+ 0.6
4.4 * 0.5

121 *33
216+21
227+21

18*8
7.6 + 2.7
9.0 + 2.8

–1.5 + 0.6
–l.s +0.3

0.8 + 4.1

8.2 + 5.9
13*4

8.4 + 4.7

1.5 ● 2.0
2.0 * 4.4
26+ 190

27 + 13

1.9
6.6
0.22

0.04
0.06
0.0014

0.009
0.004
0.0002

0.0
0.0
0.0

0.014
0.022
0.00042

0.0008
0.001
0.0004

0.0005

10– 15~Ci/mt
10–15 ~Ci/mt
10–15 ~Ci/mt

Regional
Perimeter
Onsite

10–12 ~Ci/mt
10–12 ~Ci/mt
10–12 ~Ci/mt’

Regional
Perimeter
Onsite

Regional
Perimeter
Onsite

10–18 ~Ci/mti
10–18 ~Ci/mt
10–18 ~Ci/mt

Regional
Perimeter
Onsite

10–18 ~Ci/mt
10–’8 ~Ci/mt
10–18 pCi/mt

It)– 18~Ci/mt’
10–18 ~Ci/mt
10–18 ~Ci/mt

Regional
Perimeter
Onsite

pg/m3Regional
Perimeter pg/m3
Onsite pg/m3

168 + 38
239 &52

–2.0 i m
–1.9 * 19,

47 * 10
36+11

0.0008
0.00002

c. Tritium. Atmospheric tritiated water concentra- possibly be caused by fallout from the atmospheric
tions for each sampling sration for i981 are summarized
in Table IX, detailed in Table E-VI, and plotted in Fig.
11. The regional annual mean (18 X 10-12 ~Ci/mt’) was
statistically significantly higher (p=O.O1) than the
perimeter annual mean (7.6 x 10-12 ~Ci/mt’) and onsite
annual mean (9.0 x 10–12 &Ci./mf). 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

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°A 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 10-12 vCi/mt) for the Bayo
Sewage Treatment Plant perimeter station (Station 9)
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Fig. 10. Monthly average long-lived gross beta activity in air, 1973 through 1981, by sampling sta-

site.zl Also, tritium emissions from TA-33 caused the

tion groups.

was significantly higher (p=O.O1) 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 Yo 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 10-12 ~Ci/mt) for Station 22
at the radioactive solid waste disposal area (TA-54) was
significantly higher (p=O.05) than annual means for the
other onsite stations and resulted from evapotranspira-
tion from buried tritium-contaminated wastes at this

TA-33 (Station 24) annual mean (30 X 10-ls j.tCi/mt’)
and the nearby TA-39 (Station 25) annual mean (12 X
10-12 ~Ci/mt’) to both be higher (33=0.05) than the other
onsite station annual means.

d. Plutonium. Annual average 23SPUconcentrations
are summarized in Table IX and detailed in Table E-VII.
There was just 1 of 100 measured 238Puconcentrations
with a detectable value. This concentration (4.1 x 10-ls
~Ci/mt) occurred at the radioactive solid waste disposal
area, TA-54 (Station 22). It was 0.00029’0of the Depart-
ment of Energy’s Concentration Guide for 236Puin air
for controlled areas.
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For 23gPu there was no statistically significant dif- Department of Energy’s Concentration Guide for23gPu
ference (p=O.05) among the regional (8.2 x 10-’E in air in controlled areas, so it did not pose a threat to
pCi/mt, perimeter (13.2 x 10-16~Ci/mt’), and onsite (8.4 public health. Almost every year there are several sta-

X 10-ls wCi/mt’) annual means. A sample at Booster P-2 tions where relatively higher 239Pu concentrations are
(Station 21, 74 x 10-1’ ~Ci/mt) had a 23gPuconcentra- measured. These isolated higher measurements are most

tion that was about 10 times higher than the annual on- Iikely caused by radioactive fallout.

site mean for 239Pu.This concentration is 0.004940of the

I
I
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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=O.05) differences among the group or station an-
nual means.

3. Radioactivityy in Surface and Ground Waters

The 1981 atmospheric 241Am concentrations are sum-
marized in Table IX and listed in Table E-IX. Analyses
for 241Amare done because it is a dauthter of 241Puand
is much easier to detect than 24’Pu, Weapon-grade

241Pu, so fallout from atmosphericplutonium contains
nuclear tests often contain 241Puand 24*Am. This year
only 3 of 44 analyses for 241Amhad detectable levels.
The highest of these three concentrations was 450 X
10-18 pCi/mt’ at TA- 16 (Station 20) and was 0.008?40of
the Department of Energy’s Concentration Guide for
241Am 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 anaiyses 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 noneflluent release areas in-
dicate no significant effect from eilluent releases from the Laboratory. Waters in onsite
liquid eflluent 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).
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Excluded from this discussion is Acid-Pueblo Can-
yon, a former release area for industrial liquid waste,
which has four offsite stations and three onsite stations

(Fig. 12). As a known release area and for hydrologic
continuity, all monitoring results from Acid-Pueblo Can-
yon are discussed in the following section concerning on-
site surface and ground waters.

. ..-

b. Onsite Surface and Ground Waters. Onsite sam-
pling stations are grouped according to those located
away from eflluent release areas and those located in

. ..-.

. -.

areas that receive or have received industrial liquid ef-
fluents. Sampling locations in onsite noneflluent release
areas consist of seven test wells completed into the main
aquifer and three surface water sources (Fig. 12, Table
E-X). Maximum concentrations of radioactivity at the
ten stations are in Table X. The concentrations were low,
near or below detection limits, and well below Concen-
tration Guides for controlled areas. Detailed

radiochemical analyses are shown in Table E-XIV.
Canyons that receive or have received industrial ef-

fluents are Acid-Pueblo, DP-Los, Alamos, Sandia, and
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Mortandad. Samples were collected from surface water
stations or shallow observation holes completed in the
alluvium (Fig. 12, Tables E-XV through E-XVIII). Max-
imum concentrations of radioactivity in each of the four
canyons are given in Table X. Radioactivity observed in
Acid-Pueblo Canyon (Table E-XV) results from
residuals of treated and untreated radioactive liquid
waste effluents released into the canyon before 1964.
Radionuclides that were absorbed by channel sediments
are now being resuspended by runoff and municipal
sanitary effluents.

Sandia Canyon receives cooling tower blowdown
from the TA-3 power plant and some sanitary eflluent
from TA-3 facilities (Table E-XVI). The DP-Los Alamos
Canyon receives industrial eftluents that contain low
levels of radionuclides and some sanitary efiluents from
TA-21 (Table E-XVII). Tritium concentrations above
background in upper Los Alamos Canyon in shallow
well LAO- 1 are due to release of cooling water from the
research nuclear reactor at TA-2. Mortandad Canyon
receives treated industrial effluent containing
radionuclides (Table E-XVIII). Water in these canyons
contains radionuclides as the result of eflluent from the
treatment plants.

Acid-Pueblo, DP-Los Alamos, and Mortandad Can-
yons all contain surface and ground water with
measurable amounts of radioactivity that are well below
Concentration Guides for controlled areas. Surface and
ground waters of these canyons are not a source of
municipal, industrial, or agricultural supply. Surface
waters in these canyons normally infdtrate into alluvium
of stream channels within the Laboratory’s boundaries.
Only during periods of heavy precipitation or snowmek
does water from Acid-Pueblo and DP-Lm Alamos Can-
yons reach the Rio Grande. In Mortandad Canyon,
there has been no surface water runoff past the
Laboratory’s boundary since hydrologic studies in the
canyon began in 1960, 3 years before release of any in-
dustrial etlluents.

c. Water Supply. The municipal and industrial
water supply for the Laboratory and community is from
15 deep wells (in 3 well fields) and 1 gallery (un-
derground collection basin for spring discharge). The
wells are located on Pajarito Plateau imd in canyons east

of the Laboratory (Fig. 12). Water is pumped from the
main aquifer, which lies about 350 m below the surface
of the Plateau. The gallery discharges from a perched
water zone (a ground water body above an impermeable
layer that is separated from an underlying main body of
ground water by an unsaturated zone) in volcanics on
the flanks of the mountains west of the Plateau.

During 1981 production from the wells and gallery
was about 5.8 x 106 m3, with the wells furnishing about
97% of the total production and the gallery about 3?40.

Water samples were collected from the wells and gallery
and at six stations in the distribution system. The five
stations in the distribution system are located within the
Laboratory and community, while the sixth is located at
Bandelier National Monument (Fig. 12, Table E-XII).
The water supply distribution system at TA-57, the Fen-
ton Hill Geothermal Site, was also sampled.

A comparison of maximum concentrations found in
these waters with the Environmental Protection
Agency’s National Interim Primary Drinking Water
Standardszz is given in Table X. Detailed radiochemical
analyses of water from the wells, gallery, and distribution
system (including Fenton Hill) are presented in Table E-
XIX.

Radioactivity occurring in the water supply is low and
naturally occurring. One analysis from Well G-1A con-
tained a detectable amount of 238PU(0.066 ● 0.020 x

10-9 ~Ci/mt’) that is attributed to contamination of the
sample during collection or processing during analysis.
Water from the well has shown no previous detectable
plutonium. Other plutonium analyses were at or below
limits of detection. The 137CSconcentration (90 + 140

x 10-9 vCi/mt’) from Well PM-1 appears high, but is
within limits set by the Environmental Protection
Agency for distribution systems.

Samples from the water distribution system showed
that their actual gross alpha activity was lower than the
Environmental Protection Agency’s screening limit (see
Appendix A). Two wells (LA- 1B and G-3) contained
natural alpha activity greater than the screening limit.
Dilution by water from the other wells results in concen-
trations at points of use in the distribution system that
meet the Environmental Protection Agency’s criteria for
municipaJ supply. Samples taken in the distribution
system (see Table E-XIX) confirm this dilution.
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4, Radio act~~ty ti Soils and Sediments
.,

Soil samples were collected from 25 stations and sediment samples from 53 stations
in and adjacent to the Los Ahunos area. Concentrations of 137CS,23E1239Pu,gross alpha,
gross beta, and 3H from regional soil and/or sediment stations were slightly above
worldwide fallout levels. The low concentrations are due to variability of worldwide
fallout. Samples from 6 soil and 4 sediment perimeter stations and from 11 soil and 18
sediment onsite stations had concentrations of radioactivity in excess of normal or
fallout levels. Concentrations of radioactivity from these stations are less than twice the
normal or fallout levels. exceDtin areas where treated radioactive effluents are released,. .

a. Regional Soil and Sediments. Regional soils are
collected in the same general locations as regional waters
(Fig. 7). Regional sediments are also collected at the
same general locations with additional samples collected
from Otowi to Cochiti on the Rio Grande. The exact
locations are presented in Table E-XX and detailed
results are ifi Table E-XXI. see Appendix B.3 for
methods of collection, analysis, and reporting of soil and
sediment data.

Regional and perimeter soil and sediment
radiochemical data collected from 1974 through 1977
are used to distinguish background radioactivity (the
result of natural and worldwide fallout) from at-
mospheric nuclear weapons tests.23 These data are used
for comparison with 1981 soil and sediment results
(Table XI). Maximum concentrations in regional soil
samples had concentrations of ‘37CSfrom one station,
238pu from c~nestation) 239Pufrom two stations, and 3H
from two stations slightly above natural or worldwide
fallout levels. Gross alpha and beta activity from several
soil and sediment stations were slightly above natural or
worldwide fallout levels for the period 1974 to 1977. All
these concentrations were low and due to variability in
worldwide fNlout.

During 1981, six soil samples and three sediment sam-
ples were collected from outlying stations (Fig. 14).
Special analyses for plutonium were performed using 1
kg (100 times the usual mass used for analyses) to in-
crease the sensitivity of the analyses. Results from these
1981 analyses (Table E-XXII) approximate results from
the period 1974 to 1977 (Table XI).

b. Perimeter Soils and Sediments. Six perimeter soil
stations were sampled in areas within 4 km of the
Laboratory. Seventeen sediment samples were collected
from major intermittent streams that cross Pajarito
Plateau. Locations of the stations are described in Table

E-XX and are shown in Fig. 15. Detailed analyses are in
Table E-XXIII.

Soil analyses from perimeter stations indicated that
concentrations of 137CSat two stations, 90Sr at one sta-
tion, and 239Puat six stations were low but above natural
background and fallout concentrations. The 239Pucon-
centrations may be the result of airborne emissions from
the Laboratory. Similar concentrations were reported
during a study in 1970.25At a few stations, gross alpha
(six stations), gross beta (six stations), and 3H (two sta-
tions) slightly exceed background activity (Tables E-
XXH1 and XI).

Sediment analyses indicated that concentrations of
238pu9osr from thee stations?137cs from two statims~

from four stations, 239Pufrom four stations, and gross
alpha from one station were above background in Acid-
Pueblo and lower Los Alamos Canyons. Industrial ef-
fluents were released into Acid-Pueblo Canyon before
1964 and residual radionuclides remain there. Concen-
trations in lower Los Alamos Canyon (Totavi to the Rio
Grande) reflect transport by intermittent storm runoff
from Acid-Pueblo Canyon and from onsite release of in-
dustrial effluents into DP-Los Alamos Canyon. The con-
centrations decrease downgradient in the canyons (Table
E-XXIII).

c. Onsite Soil and Sediments. Onsite soil samples
were collected from 13 stations within Laboratory boun-
daries. Sediment samples were collected from 27 stations
within the boundaries (Fig. 15, Table E-XX). Analytical
results are shown in Table E-XXIV and maximum con-
centrations in Table XI.

Soil analyses indicated that concentrations of 137CS
from 4 stations. %r from 2 stations. 23BPufrom 1 sta-
tion 239Pufrom’3 stations, gross alpha from 10 stations,
gro;s beta from 11 stations, and 3H from 8 stations were
above normal or worldwide fallout levels.
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Sediment stations in Acid-Pueblo, DP-Los Alamos, alluvium and their concentrations are highest near ef-
and Mortandad Canyons contained radionuclide concen- fluent outfalls. They generalIy decrease in concentration
trations above background levels (Table E-XXIV). downgradient in the canyon as sediments and
These canyons have or are now receiving treated in- radionuclides are transported and dispersed by other in-
dustrial liquid effluents. Radionuclides in eilluents are dustrial effluents, sanitary eflluents, and periodic storm
adsorbed or attached to sediment particles in the runoff.
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5. Radioactivity in Foodstuffs
.. . .

Most fruit, vegetable, fish, and honey samples collected in the vicinhy of the
Laboratory showed no apparent influence from Laboratory operations. However,
honey from experimental hives, fruit collected onsite, and produce tlom a garden on the
perimeter of the Laboratory had slightly elevated concentrations of tritium.

,>

a. Introduction. Frui4 vegetable, fish, and honey
samples were collected during the fall of 1981 to monitor
foodstuffs for possible radioactive contamination from
Laboratory operations. Fruits and vegetables were
collected in the Los Alamos area and in the Rio Grande
vaUey above and below confluences of intermittent
streams that cross the Laboratory and flow into the Rio
Grande (see Fig. 7). Fish were collected from locations
above (Heron and El Vado reservoirs that are on the Rio
Chama, a tributary of the Rio Grande) and below
(Cochiti) confluences of these intermittent streams.

Fruit and vegetables collected in the Rio Grande
valley in the Espailola area and fish collected at the
Heron and E] Vado reservoirs would be unaffected by
Laboratory operations. These locations are upstream
from the confluences with the Rio Grande of intermittent
streams crossing the Laboratory. They are also distant
from the Laboratory so are unaffected by airborne emis-
sions. These areas were used as control locations for the
fruit, vegetable, and fish sampling program.

Fish samples were taken from bottom feeders, such as
carp and suckers, which have a greater probability than
higher tropic orders of ingesting any activity that might
be associated with sediments, as well as from higher level
feeders. Honey was collected from hives established in
1978 at several locations within the Laboratory bound-
ary near waste stream outfalls and a tritium facility.
Background samples came from other locations:
Barranca Mesa (in Los Alamos), Pajarito Acres, and
Chimayo, New Mexico.

Fruit ancl vegetable samples were analyzed for
tritiated water, 90Sr,137CS,236Pu,239Pu,and total U. Fish
sample analyses included 236Pu,239Pu,137CS,and total U.
Honey samples were analyzed for tritiated water, ‘Be,
22Na, and ‘37CS.

b. Fruits and Vegetables. Data in Tables XII, XIII,
and XIV summarize fruit and vegetable sample results
for tritium, strontium, cesium, uranium, and plutonium
according tcl different water supplies. Sample moisture
ranged from 60 to 97% of total sample weight.

Concentrations of tritium in water from fruits and
vegetables collected offsite ranged from –0.4 to 4.9
pCi/mt’. All offsite concentrations are within the range of
values measured in local ground and surface waters (Oto
5.3 pCi/mt’) and atmospheric water vapor at background
locations (-0.4 to 20 pCi/mt’). At Los Alamos tritium
concentrations measured in produce samples were
slightly higher than at background locations. However,
the relatively large standard deviations associated with
these sample results makes them statistically in-
distinguishable from background.

At White Rock, tritium concentrations in water from
fruits and vegetables collected from a private garden
were slightly but statistically higher than in control sam-
ples. However, fruit and vegetable samples collected in a
nearby garden in Pajarito Acres had tritium concentra-
tions among the lowest sampled. Concentrations of air-
borne tritium at White Rock and Pajarito Acres were ap-
proximately 25V0 of those at background locations for
1981. Also, White Rock tritium air concentrations were
50’70lower than those at Pajarito Acres and these two
communities use the same water supply. Therefore, it is
not clear why the White Rock garden samples had
statistically above-background tritium concentrations.

The doses associated with these tritium concentrations
at White Rock are quite small. Consumption of 120
kg/yr of fruits and vegetables having the average White
Rock station tntium concentration of 1.78 pCi/mt’
(which assumes that a garden supplies 25% of the 479 kg
of the fruits and vegetables consumed annually by a
teenager ;2s see Table D-I) would result in a whole body
50-year dose commitment of 0.02 mrem, which is

0.00AVO of the Radiation Protection Standard. All sam-
ples had tritium concentrations that were small fractions
of the uncontrolled area Concentration Guide for water
of 3000 pCi/mt’ (3000 X 10-6 ~Ci/mt’).

The tritium content of nectarines at TA-35 was similar
to previously reported relatively higher values at that
location.27 The TA-35 facility releases airborne tritium
(see Table E-I). Elevated tritiated water concentrations
were also measured in apples and peaches from trees
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Location

TABLE XII

TRITIATED WATER CONTENT OF FRUITS AND VEGETABLES

Tntiated Water

Water Source

Number
of

Sarr3ples

Espaiiola
Espafiola
Cochiti
Los Alamos
Pajarito Acres
White Rock
TA-35
TA-21 (Area B)
TA-21

Rio Grandea
Rio Chamaa
Rio Grandeb
Community System
Community System
Community System
Community System
Precipitation
Precipitation

5
6
9
2
5
5
1
2
1

—————————

aUpstream from Labortory stream confluence.
bDownstream from Labortory stream confluence.
Wounting uncertainty.

located near afacilityinTA-21, where airborne tritium is
also released. These few nectarines, peaches, and apples
do not represent a significant pathway to man because
they are within a Laboratory fence, represent a very
small volume of edible material, and have considerably
less tritium than the uncontrolled area Concentration
Guide for water (3000 x 10-’ pCi/mt’).

Two of 37 samples analyzed had detectable 137Cs.
Detection of 137CSis not unusual since this radionuclide
is present in surface soil due to worldwide fallout from
nuclear testing. Mean 137CSconcentrations at all loca-
tions, however, were statistically indistinguishable from
zero.

The 90Sr, 238Pu,and 239Puconcentrations varied. Like
137CS,these three radionuclides are commonly found in
soil as a result of worldwide fallout. Samples collected at
the control stations, which are not affected by
Laboratory operations, had some of the highest levels of
90Sr, 238Pu,and 239Pu. However, no statistically signifi-
cant difference existed between these pooled control
locations and other locations. This indicates these
radionuclide concentrations are due to fallout and not
Laboratory emissions.

Concentration (10-6 pCi/mt’)
Average

(+1s) Range

0.34 * 0.52
0.70 + 0.83
0.98 + 0.75

3.6 + 1.9
0.48 * 0.45
1.78 + 0.48
8.3 + 0.5’
2.8 ~ 2.3
1.5 + 0.4’

–0.5 to 0.8
–0.4 to 1.9

0.0 to 2.3
2.2 to 4.9
0.1 to 1.1
1.2 to 2.5

---

1.2 to 4.5
---

Average
Moisture

(%)

94*4
90+9
87 + 14
83*5
88*11
91+4
85*5
89+1
82k5

Average total uranium concentrations in produce
from all locations potentially affected by Laboratory
operations were statistically indistinguishable from those
at control locations, with one exception. Uranium con-
centrations in produce collected at Cochiti were slightly
but statistically higher than those from control areas.
However, these uranium concentrations were low and in
good agreement with data published in previous environ-
ment al surveillance reports.ll’”

The cause of these relatively higher uranium concen-
trations in produce is not known. Analysis of water, soil,
and most significantly, sediment samples taken at
Cochiti showed only background concentrations of
uranium, similar to those found at locations upstream
from the Laboratory. Thus, there is no basis for at-
tributing the difference in produce to transport of sedi-
ment from the Laboratory.

Doses resulting from these uranium concentrations
are quite low. Assuming that an individual obtains 25?40
of his annual intake (approximately 120 kg) of fruits and
vegetables from a garden having produce at these
uranium concentrations, the 50-year dose commitment
to the bone, the organ receiving the highest dose, is 0.15
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mrem. This dose is 0.0090/0 of the Radiation Protection
Standard for members of the public.

c. Fish. No statistically significant differences be-
tween average concentrations in tish from control areas
and from Cochiti, the area potentially affected by
Laboratory operations, were found for any radionuclides
monitored by the sampling program (see Table XV). The
radionuclide concentrations that were measured were
low and typical of worldwide fallout.

Low levels of 137CSwere detected in 5 of 39 samples
analyzed. Results were scattered, with mean values from
areas not influenced by Laboratory operations being
slightly higher than those downstream from the
Laboratory for three out of four sample types.

Two samples, both from control areas not influenced
by Laboratory operations, had detectable 238Pu. Four
samples had detectable 239Pu, Two samples, including
the highest which was found in a sucker gut sample, were
from a control area. The other two were from Cochiti.
All detectable 239Puconcentrations were less than a third
of 239Pulevels found in sediments from background loca-
tions (see Table E-XXII), Detection of plutonium in fish
is expected since plutonium is present in the environment
at low levels as a result of worldwide fallout from
weapon tests.

Mean concentrations of both 238pu and 239Pu were
generally slightly, but not statistically, higher at control
areas than at Cochiti, which is downstream from the
Laboratory. This indicates that the measured concentra-
tions of 238Puand 239Puare due to worldwide fallout.

As expected, a large proportion of samples from both
Cochiti and from control areas (31 of 39 samples, or

80?Ao)had detectable levels of uranium. Uranium is pre-
sent naturally in the environment and is detectable in
foodstuffs at trace levels similar to those found in this ‘
sampling. No statistically significant difference was
found between uranium concentrations at Cochiti and at
control locations.

d. Honey. Honey samples were analyzed for
tritiated water, ‘Be, 22Na, and 137CS.Results are shown
in Table E-XXV. Also shown are analytical results from
previous years, which included analyses for total
uranium, 238Pu, 239Pu, and 241Am.

No samples had detectable levels of ‘Be and 137Cs.
Only one sample, at TA-33, had detectable 22Na. All
samples except the sample collected at TA- 16 had
detectable levels of tritiated water, which is expected due
to the presence of tritiated water in the environment from
worldwide fallout and to the location of onsite stations
near facilities that release 3H. The sample having the
highest tritiated water concentration was collected at
TA-33, the facility that emitted the most airborne tritium
during 1981. Honey samples from the two offsite hives
were lower in tritiated water than honey from all onsite
hives except one.

The dose from consuming honey at these radionuclide
levels is a small fraction of the Radiation Protection
Standard. Eating 5 kg of honey at the highest tritiated
water concentration of 156 pCi/mt’ and with detectable
22Na would result in a dose to the whole body of 0.02
mrem, which is 0.004% of the Radiation Protection
Standard for members of the public.

6. Radioactive Airborne Emissions and Liquid Etlluents
.;

Quantities of airborne radioactive emissions released from Laboratory operations in
1981 were lower for all radionuclides, except uranium, argon, phosphorus,, beryllium,
&7d activation pr&lucts” when compared to 1980. These increases are primarily due to
programmatic activities at the Los Alamos Meson Physics Facility. Liquid effluents
fr?m two waste treatment plants contained radioactivity at levels well below the Depart-
ment of Energy’s controlled area Concentration Guides.

Radioactive airborne emissions are discharged at the
Laboratory from 86 stacks and liquid eilluents are dis-
charged from 2 industrial waste treatment plants and 1
sanitary sewage lagoon system. The airborne emissions

consist principally of filtered ventilation exhausts from
gloveboxes, other experimental facilities, some process
facilities such as the liquid waste treatment plants, ex-
hausts from the research reactor, and exhausts from the
‘.
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linear particle accelerator at the Los Alamos Meson
Physics Facility. Releases of various isotopes from the
technical areas are detailed in Table E-I. Quantities of
radioactivity released depend on research programs con-
ducted, so vary significantly from year to year (see Figs.
16-18).

Routine airborne releases of tritium (296 Ci lower, 4?40
lower) and plutonium (690 ~Ci lower, 92?40lower) were
both lower when compared to quantities released during
1980 (see Figs. 16 and 17). Americium releases (0.032
~Ci lower, 52’% lower) were also lower.

Routine airborne releases of 4*Ar (409 Ci higher, 43!40
higher), ‘Be (1.8 mCi higher, 15Yohigher), and other ac-
tivation products (llC, 13N, 150; 206 740 Ci higher,
142940higher) were higher when compared to quantities
released during 1980 (see Fig. 18). These increases are
due to increased programmatic activities and changes in
the ventilation systems at the Los Alamos Meson

5.4n

Physics Facility. The half-lives of llC, 13N, and 150
range from 2 to 20 minutes, so they decay very rapidly.
The half-life of 41Ar is 1.83 hours, so it too decays
quickly. The half-life of ‘Be is 54 days, so persists longer
in the environment.

In addition to airborne releases from facilities, some
depleted uranium (uranium consisting almost entirely of
23*U) is dispersed by experiments employing conven-
tional high explosives. In 1981, about 1087 kg of
depleted uranium were used in such experiments. Based
on known isotopic composition, this mass is estimated to
contain approximately 0.38 Ci of activity. Most debris
from these experiments is deposited on the ground in the
vicinity of the firing point. Limited experimental informa-
tion indicates that no more than about 10% of the
depleted uranium becomes airborne. Approximate dis-
persion calculations indicate that resulting airborne con-
centrations would be in the same range as attributable to
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Fig. 16. Summary of tritium releases (air and liquid).
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Fig. 17. Summary of plutonium releases (air and liquid).

natural crustal-abundance uranium in resuspended dust.
This theoretical evaluation is compatible with the con-
centrations of atmospheric uranium measured by the
routine air sampling network (see Section IV.A.2). Es-
timates of nonradioactive releases from these experi-
ments are discussed in Section IV.B.2.

Treated liquid effluents containing low levels of
radioactivity are released from the Central Liquid Waste
Treatment Plant (TA-50), a smaller plant serving the old
plutonium processing facility (TA-2 1), and a sanitary
sewage lagoon system serving the LOS Alamos Meson
Physics Facility. Detailed results of the eflluent radioac-
tivity monitoring are in Table E-XXVI and Figs. 16, 17,
and 19. Changes in total releases in 1981 compared to
1980 were as follows: plutonium (49 mCi higher, 506!40
higher), americium (18.6 mCi higher, 324% higher),
strontium (6.2 1 mCi higher, 11‘?XOhigher), uranium (1.0 1
mCi higher, 53% higher), tritium (27 541 mCi lower,
61Yo lower), and cesium (9.92 mCi lower, 7% lower).
The increases were due mostly to higher quantities of

radioactivity in process wastes from the Plutonium
Processing Facility (TA-55) and were treated at the TA-
50 CentraI Liquid Waste Treatment Plant. Design work
is underway for upgrading TA-50, which will reduce the
amount of contaminants in its etlluent.

A total of 2.486 x 107 t’ of effluent was discharged
from the TA-53 sanitary lagoon system containing 0.49
Ci of 22Na, 6.8 Ci of ‘Be, and 24 Ci of 3H. The source of
the radioactivity was activated water from beam-stop
cooling systems. Samples of water, sediments, and
transpirate from trees adjacent to the discharge from the
lagoons have been collected this year and the results of
this sampling program are discussed in Section VLG.

Releases from the larger radioactive liquid waste treat-
ment plant (TA-50) are discharged into a normally dry
stream channel in Mortandad Canyon where surface
flow has not passed beyond the Laboratory boundary
since before the plant began operation (see Fig. 2). Dis-
charges from the smaller plant (TA-21) are into DP Can-
yon, a tributary of Los Alamos Canyon where runoff
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does at times flow past the boundary and transports Facility’s sanitary lagoons sinks into alluvium within the

some residual activity adsorbed on sediments (see Fig. Laboratory boundary,
2). Eflluent from the Los Alamos Meson Physics

B. Chemical Constituents

1. Chemical Quality of Surface and Ground Waters

Chemical analyses of surface and ground waters from regional, perimeter, and onsite
noneffluent release areas varied slightly from previous years. However, these variations
in concentrations were within the normal range of seasonal fluctuations. Chemical
quality of water from the municipal supply for the Laboratory and community meets
standards set by the Environmental Protection Agency and New Mexico Environmental
Improvement Division. Analyses from onsite effluent release areas indicated that some
constituents were higher than in naturally occurring waters. However, these waters are
not a source of municipal, industrial, or agricultural supply.

a. Regional and Perimeter Surface and Ground
Waters. Regional and perimeter surface and ground
waters were sampled at the same locations as were used
for radioactivity monitoring (Table E-X). Surface waters
were sampled at 6 regional stations, 5 perimeter stations,
and 27 stations in White Rock Canyon (Figs. 7, 12, and
13). Maximum concentrations for seven parameters are
in Table XVI. Maximum concentrations are compared
to drinking water standards as a point of reference, even
though the waters are not used for municipal or in-
dustrial supply. Detailed analyses from the regional,
perimeter, and White Rock stations are presented in
Tables E-XI, E-XII, and E-XIII, respectively. (See Ap-
pendix B.3 for methods of collection, analyses, and
reporting of water data.)

The chemical quality of surface water varies at given
stations during a year because of dilution of base flow
with runoff from precipitation. There has been no signitl
cant change in water quality from previous years’
analyses.

b. Onsite Surface and Ground Waters. Water sam-
ples were collected from three surface water stations and
seven wells completed in the main aquifer (Table E-X).
Maximum concentrations for selected constituents are in
Table XVI. They are located in onsite areas that do not
receive industrial efiluents (Fig. 12). Detailed results of
analyses are given in Table E-XIV. Water quality at the
surface water stations varies slightly as base flow is
diluted with varying amounts of storm runoff. The

quality of surface and ground waters has not changed
significantly from previous years’ analyses.

Maximum concentrations of selected constituents
found in each canyon are summarized in Table XVI.
Tables E-XV through E-XVIII detail chemical quality
anal yses of surface and ground waters from 37 stations
in canyons that receive sanitary and/or industrial effluent
(Fig. 12, Table E-X). Individual analyses are shown in
Tables E-XV to E-XVIII.

Acid-Pueblo Canyon received industrial etlluents from
1943 to 1964. Currently it is receiving treated sanitary
effluents, which are now the major part of the flow. The
effluents are from a Los A1amos County operated plant.
Sandia Canyon receives cooling tower blowdown and
some treated sanitary eflluents. DP-Los Alamos and
Mortandad Canyons receive treated industrial etlluents
that contain some radionuclides and residual chemicals
used in the waste treatment processes. The high total dis-
solved solids (TDS) and chlorides result from etlluents
released into each of these canyons. The maximum con-
centration of sodium occurs in Sandia and Mortandad
Canyons; fluoride in DP-Los Alamos and Mortandad
Canyons; nitrate in Acid-Pueblo, DP-L.os Alamos, and
Mortandad Canyons; and total dissolved solids in San-
dia Canyon. All of these concentrations were above
drinking water standards. However, these onsite waters
are not a source of municipal, industrial, or agricultural
supply. Maximum concentrations occurred near effluent
outfalls. The chemical quality of the water improves
downgradient from the outfalls. There is no surface flow
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TABLE XVI

MAXIMUM CHEMICAL CONCENTRATIONS IN SURFACE AND GROUND WATERS

Number
of

Stations

mg/t

Ca Mg Na C!—— —— — F N03 TDs

Standard or Criteriaa --- --- 250 250 2.0 45 1 000

418

180

438

—-

6

5

27

Regional Stations 51 13 85 162 1.1 6

Perimeter Stations 31 7 30 14 0.7 13

White Rock Canyon 38 9 139 49—. ——
1.1 15

Maximum Concentration
Maximum Concentration as Per Cent

of Standard or Criteria

51 13 139 162
--- --- 56 53

2.0 15
100 33

438
44

---

---

Onsite Stations
Noneffluent Stations
EtTluent Release Stations

Acid-Pueblo Canyon
DP-hs Alamos Canyon
Sandia Canyon
Mortandad Canyon

10 46 13 37 130 2.8 16 304

32 5 108 65 0.9 60 406
42 8 250 206 13 186 902

132 19 381 117 1.3 17 1 930
31 8 812 78 4.2 1 610 2 632

—— ——

9
8
3
7

Maximum Concentration
Maximum Concentration as Per Cent

of Standard or Criteria

--- 132 19 812 206 13 1 610
--- —- --- 325 82 650 3 600

2 632
263

Water Supply
Supply Wels and Gallery
Distribution

Los Alarnos
Bandelier

Fenton Hill (Well)

14 28 8 162 16 3.0 4.9 390

5 25 7 74 5 1.4 3.5
1 9 2 42 17 0.4 1.3
1 52 6 14 44 0.1 1.1

—. —— —

224
114
272

Maximum Concentration --- 52 7 162 44 3.0 4.9

Maximum Concentration as Per Cent --- --- --- 65 18 150 11

of Standard or Criteria

390
39

.—. .—— —

Whe Environmental Protection Agency’s National Interim Primary Drinking Water Standards and New
Mexico’s Environmental Improvement Division’s maximum contaminant levels,



to the Rio Grande in these canyons except during
periods of heavy precipitation or spring snowmelt,

c. Water Supply. Municipal and industrial water
supplies for the Laboratory and community were sam-
pled at 13 deep wells, 1 gallery (an underground collec-
tion basin for spring discharges), 5 stations in the dis-
tribution system, and at Bandelier National Monument
(Table E-X, Fig. 12). Maximum concentrations of
chemical constituents from well, gallery, and distribution
system stations are compared to criteria in Table XVII.
Detailed analyses are in Table E-XIX. Also, shown in
Table E-XXVII is the chemical quality of water used
from a supply at Fenton Hill (TA-57). This site is located

about 30 km west of Los Alamos. Appendix A gives
federal and state standards and criteria for municipal
water supplies.

Concentrations of fluoride in water from well LA-1 B
were above standards for drinking water.zz However,
mixing with water from other wells reduces the concen-
trations at points of use to levels that are well within
standards. The fluoride in water from well LA-1 B is
naturally occurring in the aquifer. Comparison of quality
of water in the distribution systems at Los Alamos, Ban-
delier National Monument, and Fenton Hill with En-
vironmental Protection Agency standards shows that all
three systems are in compliance.

2. Nonradioactive Airborne Emissions and Liquid Eflluents

Nonradioactive airborne emissions from the beryllium fabrication shop, gasoline
storage and combustion, power plant, gases and volatile chemicals, waste explosive
burning, and dynamic testing did not result in any measurable or theoretically
calculable degradation of air quality. Particulate concentrations in the Los Alamos area
exceeded state standards on one day when the state was sampling.

A single National Pollutant Discharge Elimination System permit covers nonradioac-
tive liquid eilluents from 100 industrial discharge points and 10 sanitary treatment
facilities. This year 9 of 10 sanitary sewage treatment facilities exceeded 1 or more of
the National Pollutant Discharge Elimination System limits (excluding flow rate limita-
tions) in 1 or more months. Fewer than 7% of all samples from the industrial outfalls ex-
ceeded National Pollutant Discharge Elimination System limits.

a. Particulate Air Quality. Airborne particulate
concentrations in the Los Alamos and White Rock areas
are routinely measured by the New Mexico State En-
vironmental Improvement Division. The highest 24 h
averages and annual averages are compared to the New
Mexico Ambient Air Quality Standards for particulate
in Table XVIII. Table E-XXVIII summarizes these data
for 1981. One 24-h average of 167 ~g/m3 in White Rock
was unusually high and exceeded the state standard. The
next highest 24-h average was 96 ~g/m3. The annual
geometric means for Los Alamos and White Rock were
well within state standards. Although true 7-day and 30-
day averages cannot be calculated, there is no indication
that they would exceed state standards.

b. Airborne Emissions. Airborne emission sources
at the Laboratory that are routinely assayed include the
beryllium shop, gasoline storage and combustion, the

52

TA-3 power plant, gas and volatile chemical usage,
waste explosive burning, and dynamic testing operations.
These sources are discussed separately in the following
paragraphs.

Beryllium concentrations in stack gases from the
beryllium shop during 1981 ranged from 0.004 to 0.008
~g/m3. The state ambient air quality standard for
beryllium is 0.01 ~g/m3, as a 30-day average, which was
not exceeded. Total beryllium emissions for the year
were about 1.9 mg. This is down somewhat from 1980
and down significantly from years prior to 1980 when
total emissions were 15 to 20 mg/yr. The reason is that
the beryllium shop is not being used as much as in
previous years. The sampling pump for the beryllium
shop exhaust stack was inoperative during July and part
of August. This did not significantly affect 1981 data,
because the shop use during that period was negligible.
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TABLE XVIII

SUMMARY OF ATMOSPHERIC PARTICULATE CONCENTRATIONS
IN LOS ALAMOS AND WHITE ROCK DURING 1981

New Mexico
Ambient Air

Quality Standards Los White
for Particulate Alamos Rock

(w#m3) (vdm3) (w/m3)

Maximum 24 h average 150 96 167
Maximum 7 day average 110 --- ---

Maximum 30 day average 90 --- ---

Annual geometric mean 60 38 40

A large fleet of cars and trucks is maintained for the
Laboratory complex by the Zia Company. During fiscal
year 1981, a total of 2.2 x 106t’of gasoline were used by
this fleet to cover 9.1 x 106km. These figures are nearly
identical to those for fiscal year 1980.

Carbon monoxide, hydrocarbons, nitrogen oxides, sul-
fur oxides, and particulate are emitted during vehicle
operation. There are also gasoline evaporative losses
associated with gasoline storage and vehicle refueling. By

breaking down total gasoline usage among the size
classes of vehicles and by applying the most appropriate
Environmental Protection Agency emission factors29’30
to these data, air emissions associated with maintenance
and operation of the vehicle fleet (Table XIX) were es-
timated. The gasoline evaporative losses and carbon
monoxide, hydrocarbon, and nitrogen oxide emissions
are quite different from previous years because of the use

TABLE XIX

ESTIMATES OF AIR POLLUTANT EMISSIONS
ASSOCIATED WITH MAINTENANCE AND

OPERATION OF THE VEHICLE FLEET

Estimated
Amount

Pollutant (metric tons)

Gasoline evaporative losses 6.5
Carbon monoxide 339
Hydrocarbons 15.5
Nitrogen oxides 9.4
Sulfur oxides 1.1
Particulate, exhaust 0.7
Particulate, tires 1.2

Change
From 1980

(%)

---

---
---
---

0

0

–0. 1
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of new Environmental Protection Agency emission fac-
tors.

The TA-3 power plant is fueled with natural gas and
thus comes under state regulations for gas burning equip-
ment. These regulations specify maximum allowable
nitrogen oxide emissions but also contain a provision ex-
empting facilities that have a heat input of less than 1 X
10]2 Btu/yr/unit. Heat inputs for the TA-3 power plant
individual boilers during 1981 were 0.70 X 1012Btu, 0.67
X 10*2Btu, and 0.34 X 1012Btu. Total heat input for the
power plant was 1.71 x 1012Btu (about 10VOless than
last year), but inputs for the individual boilers were below
the 1 x 1012 Btu/yr exemption threshold.

Measured concentrations of nitrogen oxides (NO~ in
the power plant stack gas ranged from 24 to 48 ppm,
which is about 20% of the standard that would apply if
the heat input threshold was exceeded. Sulfur dioxide
(S02) analyses of the stack gas are not performed
routinely, but the sulfur content of the natural gas fed to
the boilers is so low that it precludes any significant SOZ
emissions. Table XX shows estimated total power plant
emissions for 1981, based on Environmental Protection
Agency emission factors29 for natural gas burning
facilities.

The Laboratory complex uses large quantities of
various volatile chemicals and gases, some of which are
released into the atmosphere by evaporation or exhaust.
Using data from stock records, a table of patterns of
chemical usage over past years has been compiled (Table
E-XXIX).

During 1981 a total of 16 907 kg of high-explosive
wastes was disposed by open burning at the Laboratory.

TABLE XX

ESTIMATES OF STACK GAS EMISSIONS
FROM THE TA-3 POWER PLANT

Estimated Amount
Pollutant (metric tons)

Sulfur oxides 0.45
Hydrocarbons 0.74
Carbon monoxide 12.7
Particulate 7.5
Nitrogen oxides 234

Estimates of emissions (Table XXI) were made by using
data from experimental work carried out by Mason &
Hangar-Silas Mason Co., Inc.” Open burning of high-
explosive wastes is permitted by New Mexico Air
Quality Control regulations.

Dynamic experiments employing conventional ex-
plosives are routinely conducted in certain test areas at
the Laboratory and may contain quantities of potentially
toxic metals, including beryllium, lead, and uranium.
Some limited field experiments, based on aircraft sampl-
ing of debris clouds, provided information on the propor-
tion of such materials aerosolized. This information was
employed to prepare estimates of airborne concentra-
tions at the Laboratory boundary based on the amounts
of explosives used during 1981. The results are presented
in Table E-XXX along with comparisons to applicable
air quality regulations. The average concentrations of
uranium, beryllium, and lead are all less than 0.004% of
applicable standards.

c. Ulquid Effluents. Nonradioactive liquid waste
discharges are authorized by National Pollutant Dis-
charge Elimination System (NPDES) permit number
NM 0028355 issued by the Environmental Protection
Agency effective October 16, 1978. The permit
authorizes discharges from 100 industrial outfalls in 10
industrial categories and 10 domestic waste outfalls.
Tables E-XXXI and E-XXXII summarize the eflluent
quality of the domestic and industrial waste outfalls,
respectively.

The current NPDES permit was scheduled to expire
on June 30, 1981, but was extended by the Environmen-
tal Protection Agency. A new NPDES application re-
quired under the Environmental Protection Agency’s
Consolidated Permit Regulation was submitted in April

TABLE XXI

ESTIMATED EMISSIONS FROM

BURNING OF EXPLOSIVE WASTES

Estimated Amount
Pollutant (kg)

Carbon monoxide 132

Particulate 304
Nitrogen oxides 510

I

I
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1981. On August 14, 1981, the Environmental Protec-
tion Agency issued for the Laboratory a public notice,
fact sheet, and proposed NPDES permit. The final
NPDES permit was scheduled for issuance in September
1981, but has been delayed pending resolution of certain
issues regarding state certification by New Mexico. Until
the new permit is issued, the Laboratory will continue to
operate under the original permit. The major changes in
the proposed new permit are elimination of flow as an ef-
fluent limit at all domestic waste outfalls and elimination
of fecal coliform as an etlluent limit at one domestic
waste outfall.

In 1981 corrective action was undertaken at two
domestic waste treatment plants. At one location, a
chlorination chamber was installed and at a second loca-
tion construction was started on intermittent sand falters.
The filters are scheduled for completion in 1982.

For industrial discharges in 1981, as in past years, the
main emphasis regarding corrective action has been

elimination of discharges. Since the NPDES permit was
issued in 1978, a total of 19 outfalls have been
eliminated. During 1981 a solids removal system and pH
adjustment station were installed at the Laboratory’s
steam plant. At another facility, a manifold system
reduced six outfalls to two.

This year one of the domestic waste treatment plants
met all limits and one lagoon exceeded only flow limits.
Fewer than 7?40of the samples from the industrial out-
falls exceeded permit limits during 1981.

The two radioactive waste treatment plants have the
largest number of limits with which to comply, and those
plants exceeded one or more limits in fewer than 1?40 of
the samples taken. Details of the efiluent quality from
these two plants are given in Table E-XXVI for non-
radioactive (including several not regulated by the
NPDES permit) and radioactive constituents.

C. Meteorology

Weather during 1981 for Los Alamos was unusually warm and precipitation was
near normal. It was the second consecutive very warm year and the warmest since
1956. Normal rainfall returned in March, ending the severe drought that began in June
1980. It was marked by many high temperature records and unusuaUy warm tem-
peratures in January, February, April, June, November, and December.

1. Summary of 1981 Weather

Los Alamos experienced a very warm 1981 but had
near normal precipitation, breaking the long drought ex-
tending from 1980. The 1981 weather is summarized in
Fig. 20, Table E-XXXIII, and Table E-XXXIV. Again,
the past year continued the trend of extreme weather that
began in the latter half of the 1970s. The past year
became the fourth warmest year on record, slightly ex-
ceeding the very warm 1980. A total of 35 days or
almost 10% of the days in the year tied or exceeded daily
maximum temperature records. Most importantly, the
severe drought that began in June 1980 ended in “March
1981. Total precipitation for 1981 was near normal.

The year started out very warm and dry with January
and February 1981 and December 1980 comprising the
warmest winter on record with an average temperature
of 1.4‘C (36.3 ‘F). Previously, the warmest winters were
1979 to 1980 and 1953 to 1954. It was also the driest

winter on record with only 11.9 mm (0.47 in.) of
precipitation. Only 24.1 cm (9.5 in.) of snow fell during
the 3-month period, accumulating the fourth lowest
amount of snow for any winter on record. Eight days in
January and February tied or set maximum temperature
records.

A strong high pressure ridge anchored over the
western United States finally yielded to intense storms in
March, allowing heavy precipitation to fall. A total of
69.3 mm (2.73 in.) of precipitation fell during the month
with 747 mm (29.4 in.) of snow. A locally heavy
snowstorm produced 38.1 cm (15.0 in.) of snow on the
eleventh. Until March of 1981, only 144.6 mm (5.69 in.)
of precipitation had fallen during the previous 9 months,
representing about less than a third of the normal
amount for that period.

Another high pressure ridge developed over the Rocky
Mountains in April causing warm and dry conditions for
much of the month. Daily maximum temperature
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Fig. 20. Summary of 1981 weather in Los Alamos (Data from Occupational Health Laboratory,
. OHL, at TA-59).

records were set in the final 6 days of the month. The
month became the third warmest April on record. An in-
tense storm produced wind gusts as strong as 35.5 mlsec
(78 mph) on April 3.

The ridge weakened in May but reintensified during
June causing high daytime temperatures. The average
maximum temperature for June was the second highest
on record, next to that of June 1980. Ten days in June
set record daily maximum temperatures, including a tem-
perature of 35.O”C (95 0F) on June 22, equaling the all-
time maximum temperature for any day set on July 11,
1935. There were 8 days with temperatures of at least
32.2° C (90” F), the most in a month on record except for
9 in June 1980 and 11 in July 1980. The normal for June
is less than 1 day.

Several more high temperature records were set in
July and August, although these months had near-
normal temperatures. Both temperature and rainfall
remained near normal through October. However,
another strong ridge formed over the Rocky Mountain
states in November, causing warm weather over New
Mexico and Los Alamos for the remainder of the year.

Nine maximum daily temperature records were set in the
last 2 months of the year. December 1981 was the driest
December on record with only 0.25 mm (0.01 in.) of
precipitation. The month also tied for the least amount of
snow for December with 0.5 cm (0.2 in.).

2. Wmd Roses for 1981

The 1981 wind speed and direction measured at the
Occupational Health Laboratory (OHL, TA-59) are
plotted in wind roses (see Fig. 21). A wind rose is a circle
from the center of which emanate lines representing the
direction from which the wind blows. The length of each
line is proportional to the frequency of the wind speed in-
terval from that particular direction. Each direction is
one of the 16 major compass points (N, NNE, etc.) and
is centered on a 22.50 sector of the circle. The frequency
of the calm winds, defined as those having wind speed of
less than 1 m/see and no direction, is given in the circle’s
center.

The OHL wind data were measured at a height of 23
m with over 99°Adata recovery for 1981. The wind roses
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in Fig. 21 include an annual summary for 1981 and sum-
maries for daytime and nighttime hours. Daylight hours
were defined as the hours when measured solar insola-
tion was less than 0.01 langleys/min. Los Alamos is a
generally light wind site with an annual average wind
speed of 3.0 m/see. Only 12V0of wind speeds in 1981
were greater than 5 m/see, while almost 50’?/0were less
than 2.5 m/see.

The distribution of wind direction reflects (1) the loca-
tion of Los Alamos on the southern side of the
midlatitude westerlies, and (2) the northwest-southeast
slope of the Jemez Mountains and Pajarito Plateau.
Predominance of winds from NW to SW is produced by
“westerlies,” which are otlen located as far as New Mex-
ico. The slope of the terrain produces a distinct daily pat-
tern under weak atmospheric pressure gradients. At
night, drainage winds (less than 2.5 m/see) flow down
from the Jemez Mountains out of the NW and WNW.
During the day, light upslope winds come up out of the
SE to SSE.

30
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3. Rainfall Summary for 1981

Near-normal amounts of precipitation returned to the
Los Alamos area in 1981 after the very dry previous
year. Figure 22 shows 1981 quarterly and annual
precipitation for four sites. See Figs. 2 and 4 for loca-
tions of the sites. The four sites—TA- 16 (S-Site), TA-59
(Occupational Health Laboratory), TA-54 (Area G), and
White Rock—have elevations of 2338,2249,2039, and
1944 m, respectively. Note that precipitation increases
with higher elevation. TA- 16, the highest site, received
the most precipitation and White Rock, the lowest,
received the least. About half of the precipitation fell dur-
ing the period July-September at aU sites.

A brief, very heavy rainfall of 44.5 mm (1.75 in.) oc-
curred on July 27 at TA- 16. The line of thundershowers
only produced about 16.5 mm (0.65 in.) of rain at each
of the other three sites. The rainfall at TA- 16 equaled the
35-year rain for a 15-minute period with a total of 25.4
mm (1.00 in.). Table XXII shows rainfall amounts dur-
ing this rainstorm and !.he expected return periods for
several elapsed times.

JAN–MAR APR–JUN JUL–SEP OCT–DEC

ANNUAL TOTAL

(cm) (in)
111111111111111111S-SITE (TA- 16) 5425 21.36

D I OHL (TA-59) 45.03 17.73

11111[111 AREA-G (TA-54) 31.75 12.50

ml= WHITE ROCK 26.62 10.48

Fig. 22. Summa~ of 1981 precipitation at four sites at the Laboratory.
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TABLE XXII

RAINFALL INTENSITIES AND EXPECTED

RETURN PERIODS FOR THE JULY 27, 1981
RAINSTORM AT TA-16

Cumulative Amount

Elapsed of Precipitation Returna
‘Hme (mm) (ii.) (years)-

15 min 25.4 1.00 35 “
30 min 31.8 1.25 25
60 min 40.1 1.58 25

2h 43.4 1.71 15
3h 44.5 1.75 10
6h 44.5 1.75 5

24 h 44.5 1.75 <2

aRetum periods based on memorandum dated August

11, 1981, from Leonard Lane (LS-6) to Brent Bowen
(H-8). A return period is the number of years that would
normally pass before a rainfall of equal intensity would
likely occur.
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V. ENVIRONMENTAL PROTECTION
PROGRAMS AT LOS ALAMOS

A. Laboratory Environmental Review Committee

The Laboratory has a Laboratory Environmental
Review Committee to provide management of the
Laboratory with a critical overview of environmental
concerns. The Laboratory Environmental Review Com-
mittee membership consists of representatives from the
Associate Directors for Technical Support and Legal Af-
fairs Oftices, and the Engineering, Budget, and Health
Divisions. The Laboratory Environmental Review Com-
mittee has responsibility to review environmental docu-
ments prepared for the Department of Energy by the
Laboratory. Additionally, the Laboratory Environmental
Review Committm identifies and reviews items of en-
vironmental interest that are generated by Laboratory
activities or that affect Laboratory programs and
property.

An Environmental Evaluations Coordinator, based in
the Environmental Surveillance Group, assists the
Laboratory Environmental Review Committee by (a)
coordinating with user groups, Health Division and
Engineering Division on environmental documentation
and (b) providing input to construction or programmatic
project design at the earliest stage for appropriate en-
vironmental decision making.

Projects that may require an environmental assess-
ment or environmental impact statement are screened by
the Environmental Evaluations Coordinator to determine
the necessary preliminary environmental documentation.
When needed, various resource people are identified by
the Environmental Evaluations Coordinator to assist in
preparation of the draft environmental document.

The Environmental Evaluations Coordinator also
coordinates input on environmental matters for other of-
ficial documents and the Quality Assurance program
(see next section). The Environmental Evaluations
Coordinator and Environmental Surveillance Group’s
representative to the Quality Assurance program work
with those responsible for construction and/or program-
matic activities to assure that proper environmental con-
siderations are made during project design and that they
are implemented in the Quality Assurance program.

B. Quality Assurance

The Laboratory has a Quality Assurance program32
for engineering, construction, modification, and main-
tenance of Department of Energy facilities and installa-
tions. The purpose of the program is not only to
minimize chance of deficiencies in construction, but also
to improve cost effectiveness of facilities’ design, con-
struction, and operation, and to protect the environment.
The Quality Assurance program is implemented from in-
ception of design through completion of construction by
a project team approach. The project team consists of in-
dividuals from the Department of Energy’s program divi-
sion, Department of Energy’s Albuquerque Operations
and Los Alamos Area OffIces, Laboratory operating
group(s), Laboratory Engineering Division, design con-
tractor, inspection organization, and construction con-
tractor.

Under the project team approach, each organization
having responsibility for some facet of the project is
likewise responsible for its respective aspects of the
overall Quality Assurance program. For example, it is
the inspection organization’s responsibility to provide
assurance that the structures, systems, and components
have been constructed or fabricated in accordance with
the approved drawings and specifications.

Laboratory representatives are responsible for coor-
dinating reviews and comments from all groups with a
vested interest in the project. In particular, the Environ-
mental Surveillance Group reviews proposed new con-
struction, maintenance activities, and modtilcations to
existing facilities to minimize any environmental
degradation. Consideration is given to the present condi-
tion of the site (soils, geology, ground water, surface
water, air quality, archeology, flora, fauna, drainage
features, etc.), environmental consequences of the
proposed project (airborne emissions, liquid eftluents, in-
dustrial waste, solid waste, noise levels, traflic patterns,
etc.), and environmental impact assessment (air, water,
land, visual, noise, odor, biota, etc.).

C. Archeological and Historical Protection

Protection of archeological sites at the Laboratory
(mandated by several Congressional Acts and Executive



Order 11593) is also part of the Environmental Evalua-
tions Coordinator and Quality Assurance programs. A
proposed location for a new facility is surveyed for
archeological and historical features. If a feature is
found, then an attempt is made to adjust siting to
presene it. If alternative siting is not feasible, then the
feature is documented and excavated to gain knowledge
about it and recover artifacts. The decision as to which
course to follow (excavation or moving the facility) is
based on the value of the archeological or historical
feature, availability of alternative locations for the new
facility, and the programmatic impact if the new facility
was not relocated.

The Laboratory has a contract with the Museum of
New Mexico to provide archeological surveys and make
evaluations of archeologic or historic features. When a
decision has been made to excavate a site, the State
Historic Preservation Officer is notified and with his con-
currence a request for a determination of eligibility is
made with the National Register of Historic Places. If a
site is determined to be ineligible, excavation proceeds.
Otherwise, the Advisory Council on Historic Preserva-
tion is contacted to request approval of excavation
procedures prior to salvage operations.

The Laboratory is currently drafting a Cultural
Resources Management Plan to streamline the above
process. The State Historic Preservation Ofllcer and
Laboratory have agreed that a blanket determination for
all archeological and historic sites within Laboratory
boundaries should be made. Necessary excavations
could then be made under this blanket determination

with concurrence of the Advisory Council on Historic
Preservation.

A survey of more than 450 archeological sites at the
Laboratory was made between March 1973 and July
1975. This survey of the pre-Columbian Indian ruins is
summarized in a Laboratory report. 33The survey is used
during construction planning to avoid damage to such
sites or to provide the lead time necessary to conduct re-
quired salvage archeology (contacting the State Historic
Preservation Officer, National Register of Historic
Places, and Advisory Council on Historic Preservation
as previously outlined). Several unique sites were recom-
mended for registration as national historic sites and for-
mal nomination procedures are underway. This will en-
sure their preservation for future generations by es-
tablishing formal responsibility for their protection. Nine
new sites, both pre-Columbian and historic, were located
this year and added to the inventory of sites.

Two public tours of archeological sites within the
Laboratory’s boundary were conducted in 1981. These
tours allow the public to see archeological sites that are
normally inaccessible to them due to security restrictions
for the surrounding Laboratory land. This year the tours
included Tshirege, the largest pre-Columbian community
on Pajarito Plateau, and Nakemuu, an excellently pre-
served pre-Columbian village. Nakemuu has a unique
configuration of a plaza village and several stone shrines.
These tours were extremely popular, with more than 500
Laboratory employees and visitors participating in each
of the 1981 tours.
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VI. RELATED ENVIRONMENTAL STUDIES

The Environmental Sciences Group (LS-6) at the
Laboratory conducts research and experimental studies
under auspices of the Department of Energy. Some of
the research programs conducted by LS-6 complement
routine monitoring and research (see Appendix G for list
of publications) conducted by the Environmental Sur-
veillance Group (H-8) by providing a better un-
derstanding of the ecosystem surrounding the
Laboratory in relation to its operations. Following are
highlights of several of these research programs.

A. Preliminary Assessment of Geologic Materials to
Minimize Biological Intrusion of Low-Level Waste
Trench Covers and Plans for the Future [T. E.
Hakonson, G. C. White (LS-6); E. S. Gladney, M.
Muller (H-8)]

1. Introduction

Low activity wastes and wastes suspected of being
contaminated are generally buried in shallow trenches
(1.5 to 45 m wide, 2 to 11 m deep, 6 to 300 m long) that
are covered with less than 1.0 to 2.5 m of material when
the trenches are full.34 Most waste burial facilities at-
tempt to revegetate the trench covers to minimize soil
loss and to increase the aesthetic appearance of the site.
Although it has been recognized 3S’36that biological intru-
sion of low-level waste trenches can lead to transport of
radionuclides from a burial site, little has been done to
quantify the magnitude of the problem and to develop
measures, when needed, to prevent the intrusion.

The stability of low-level waste trench covers is a func-
tion of physical, chemical, biological, and climatological
factors that interact in both obvious and subtle ways.
The importance of biological factors in altering the in-
tegrity of trench covers is otlen overlooked, despite
evidence that plants and animals can influence trench
cover stability and mobilize radionuclides buried in the
trench.’s”e Biological interactions with trench covers can
be direct, as in the case of radionuclide uptake by plant
roots, They can also be indirect, such as when tunnel
systems created by burrowing animals increase the rates
and depths of rain water penetration into the trench
cover profile.

2. Methods and Materials

A series of experiments was initiated at Los Alamos in
the Experimental Engineered Test Facility to determine
the effectiveness of several natural geologic materials as
barriers that inhibit plant intrusion into low-level waste
cover profiles. Initial experiments employed 288
lysimeters consisting of 25-cm-diameter plastic pipe
ranging from 105 to 210 cm in length. Cover profiles
were constructed in the lysimeters to evaluate the effect
of four different variables on plant root penetration with
depth (Table XXIII). The profiles consist of a simulated
waste (CSC1) at the bottom of the profile. The waste
layer was covered by a barrier layer consisting of four
different types of natural geologic materials (cobble,
cobble-gravel, bentonite clay, and crushed tuff) at three
different depths. Top soil was applied at two different
depths as an overburden to complete the profile. Three
species of fast-growing, deep-rooted plants (alfalfa,
barley, yellow sweet clover) were seeded into the
Iysimeters to produce the biological stress for evaluating
the barrier systems. Success or failure of the barriers was
evaluated by analyzing plant tissue for stable cesium us-
ing neutron activation analysis.

TABLE XXIII

EXPERIMENTAL DESIGN OF
PLANT ROOT INTRUSION STUDY

Variable Number Remarks

Plant species 3 Barley, clover, alfalfa
Top soil depth 2 30 cm, 60 cm
Barrier type 4 Crushed tuff

Bentonite clay
Cobble
Cobble-gravel

Barrier depth 3 Clay: 15 cm, 30 cm, 45 cm
Others: 30 cm, 60 cm, 90 cm

Replications 4
Total 288
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3. Preliminary Results

Initial results from sampling vegetation for cesium
tracers indicate that 126 of the 288 cover profdes had
been completely penetrated by plant roots in a 102-day
period. Analyses of these data show that about 50?40of
the penetration through the barrier materials were caused
by barley, whereas clover and alfalfa were each
associated with about 25% of the penetrations. These in-
itial differences in the rate of root penetration between
plant species indicate the need to carefully consider
rooting characteristics of species used b stabilize low-
Ievel waste covers. Consideration should also be given to
rooting characteristics of successional species that even-
tually replace the species initially used to reclaim low-
Ievel waste sites.

All of the profdes containing a sandy backfill material
(crushed tu~ had been penetrated by plant roots after
102 days, regardless of barrier or soil depth. About 30940
of the cobble barrier systems and about 22% of the clay
and cobble-gravel systems had been penetrated after 102
days. Increasing soil and barrier depth substantially
reduced barrier penetrations. Minimum barrier and soil
depth combinations were associated with the highest rate
of root penetrations through the clay, cobble, and gravel.
The most effective depth combination at this stage of the
study appears to be 60 cm of soil and 90 cm of barrier.

While bentonite clay and cobble-gravel performed
equally well in preventing plant root intrusion, plant
roots greatly altered the integrity of the clay barrier
system. During the course of the study it was noted, by
visual observation through clear plastic lysimeters, that
the integrity of the clay layer changed through time. A
gradual, but continual, shrinkage of the clay layer oc-
curred as a result of depletion of moisture from the clay
by invading plant roots. This observation, if confirmed
by further data, has significant implications on the use of
bentonite clay as a moisture, gas, and/or biological
barrier.

4. Summary

Small-scale, short-term biological intrusion studies at
the Los Alamos Experimental Engineered Test Facility
show that typical sandy backfill material is readily
penetrated by invading plant roots and animals. Ben-

tonite clay, cobble, and cobble-gravel combinations
reduce the rate of root and animal intrusion through ex-
perimental waste cover profiles compared to sandy

backffl. Intermediate scale studies with proposed barrier
materials will provide further technical support for
selecting effective biological intrusion barriers. Current
data suggest that cobble-gravel combinations offer the
most resistance to biological intrusion when all factors
are considered.

B. Disturbance of a Low-Level Waste Burial Site Cover
by Pocket Gophers [T. E. Hakonson, J. L. Martinez,
and G. C. White (LS-6)]

1. Introduction

A study has been done at Los Alamos to characterize
the amount of disturbance of a low-level waste cover
resulting from the burrowing activities of pocket gophers
(7’homomys hottae). Data are presented on the amount
of soil excavated from the cover profile, amount of tun-
nel system created by these soil activities, and particle
size distribution and radionuclide content of cast soil.

2. Methods and Materials

A 0.95-ha study area was established on a low-level
waste burial site that was decommissioned in 1977. The
plot was positioned over trenches that were covered with
1 m of crushed tuff (the material excavated from the
trenches) and about 0.25 m of topsoil. A mixture of
native grasses and forbs (sweet clover and alfalfa) was
seeded into the topsoil in 1977.

A sampling grid with 7.5- by 7.5-m cells was es-
tablished over the covered trenches in August 1979. All
soil excavated by pocket gophers within each grid cell
was collected and weighed at 2- to 11-week intervals
over a 1-year period. Subsamples of the soil were
screened to determine the amount of soil in the less than
2-mm diameter size class versus gravel and rock (greater
than 2 mm diameter). The soil fraction (less than 2 mm
diameter) was also analyzed for gamma emitting
radionuclides.

3. Results and Discussion

Total vegetation cover of the plot was estimated as
about 23‘h with sand dropseed (Sporobolus c~ptan-
drus), sweet clover (Melilotus oflcinalis), alfalfa
(Medicago sativa) and fescue (Festuca spp.) contributing
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the most to the cover estimate. Of the 25 species re-
corded on the plot, most were not present in the original
seed mixture applied to the cover in 1977 due to natural
invasion of the plot with forb species. Grasses, forbs, and
shrubs comprised 24, 72, and 4V0of the species present.
About 40?40of the forb species were from the sunflower
family (Cotnpositae).

In a 40 l-day period, 1998 separate mounds were
created by pocket gophers on the 0.95-ha study area for
an average of about 5 mounds day-l ha–l. Total mass of
the soil in these mounds was 11 255-kg oven dry weight,
for an average excavation rate of about 30 kg day-l
ha-l. Mound building activity was greatest in late sum-
mer and fall when a total of about 60 kg ha–l of soil was
brought to the surface of the waste burial pit each day.

Composition of mound soils was almost exclusively
the crushed tuff directly overlying the waste. An average
of about 33 VOof the mound soil was tuff particles in the
gravel and rock size range (greater than 2 mm diameter),
while the remaining 67% was soil particles (less than 2
mm in diameter). Rock-sized particles were often up to 6
cm in diameter, indicating the ability of the gophers to
move relatively large chunks of backfill material. The
ratio of gravel and rock to soil in the mound samples was
significantly different (p less than 0.05) from the
corresponding ratio in the tuff backfill material. The per-
centage of particles greater than 2 mm in the mound soil
was 33?40,whereas the corresponding percentage in the
tuff backfill was 48?40.

Digging activity of pocket gophers on the study plot
turned over less than 0.1 Yoof the waste cover during the
1-yr observation pried. However, the 11255 kg of
material brought to the soil surface represents a volume
of about 8.3 m3; presumably about 8.3 m3 of void space
was created within the cover profile. Based on an
average tunnel cross-sectional area of 30 cmz, as
measured in the field, 8.3 m3 of void space was created
within the cover represents about 2800 m of pocket
gopher tunnel system.

Based on the total number and dimension of individual
mounds, the soil in the mounds covered about 1?40of the
ground surface to a depth of 12.5 cm on the study plot.
Soil mounding by the gophers was observed in 76?loof
the grid cells in the plot.

Gamma emitting radionuclides, at levels exceeding
worldwide fallout, were not detected in any of the mound
soil samples. The lack of waste radionuclides in the
mound samples would suggest that gophers have not
penetrated into the waste trench in the 4 yr subsequent to
closure of the site.

4. Summary

Pocket gophers modify the soil matrix in many ways.
Perturbations to the soil profde that may be detrimental
to low-level waste containment systems include excava-
tion of soil from within the cover profde to the ground
surface,37’38increasing water infdtration rates into the
soil protile, 39-41displacing chemicals vertically within the

profile, altering rates of soil erosion,3a and penetrating
into waste burial tenches and mobilizing radionuclides.’z
The results of this study indicate that the amount of soil
brought to the surface of low-level waste site is small
relative to the volume of cover material. However, the
void space created by their burrowing activity represents
a substantial network of tunnel system within the waste
cover profile.

The effects plants and animals have in altering the soil
profile must be Considered in developing reclamation
procedures that have long-term effectiveness. Burrowing
animals not only directly alter the soil profde through
digging activities but also change the physical and
chemical processes within the profile that can mobilize
buried contaminants.

C. Mapping Pocket Gopher Burrow Systems with Ex-
panding Polyurethane Foam [M. Felthauser and D.
McInroy (LS-6)]

1. Introduction

In a Los Alamos study of barrier materials that inhibit
burrowing by pocket gophers (Thomomys spp.) into
waste material, it was necessary to map tunnel systems
as a function of depth and soil profile type. A method of
mapping burrow systems was needed that would be
economical (in money and labor), portable, useful in a
variety of soil types, and give accurate, permanent
records of burrow configurations. A method for injecting
an expanding polyurethane foam to map burrow systems
in situ was chosen.

2. Injection Apparatus

A device used to map burrow systems was developed
for injecting insulating foam into closed building spaces.
The foam is initially in two components: an isocyanate
and a resin. Freon added to the components causes the
foam to expand when mixed and exposed to air.
Pressurized nitrogen is used to force the two components
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into a gun assembly where mixing takes place. The
resulting foam is shot out in a stream that, depending on
the nitrogen pressure, can travel several meters in air.

3. Field Testing

The foam injection apparatus was tested under a
variety of natural and experimental conditions involving
several soil profde types. Fifteen pocket gopher tunnel
systems occurring under natural condkions were injected
with foam to determine applicability of the technique to
dfierent soil types. Those types were: a sandy alluvial
soil, a sandy-loam disturbed by heavy equipment, an un-
disturbed sandy-loam, and a gravel.

The apparatus was also tested under experimental
conditions in four different soil profiles that were created
in four metal culverts (1.8-m diam, 2. l-m ht). One pocket
gopher was placed in each culvert; the gophers were
maintained for 4 months and then were removed. The
burrow system that had been constructed by each
gopher was injected with foam.

The injection procedure that provided the best results
consisted of attaching a 2.5-cm diam plastic hose about
45-cm long to the gun nozzle. The hose was then inserted
into an exposed tunnel entrance; the area around the en-
try point of the hose into the tunnel was tamped with soil
to prevent backflow of the foam. Foaming of the tunnel
system was continued until backflow or foam eruptions
at remote tunnel entrances prevented further flow. When
tunnel systems branched near the entrance point, each
branch was injected separately to facilitate the foam’s
travel into both branches.

Afier the foam was injected, it expanded into an exact
cast of the tunnel system and hardened in about 15
minutes. The foam was then excavated manually with a
shovel and trowel. Four to eight hours were required to
injec~ excavate, and reassemble each tunnel system. Oc-
casionally, a tunnel cast could be removed intact
although breakage of a cast occurred frequently. Broken
casts were easily reassembled on the ground surface (us-
ing wire rods for support) to provide a three-dimensional
model of the tunnel system.

Maximum length of a single branch of a burrow map-
ped by the foaming technique was 15 m. Maximum
volume of an injected burrow system was 0.15 m3; max-
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imum depth of a burrow, as measured by the foam cast,
was 1.5 m.

Factors that limited the amount of tunnel system that
was mapped by a single injection included: (1) a plugged
tunnel resulting from a cave-in or from the digging by a
gopher and (2) increased viscosity of the foam as the ex-
panding and hardening process began. Both of these
problems were eliminated by reinfecting the continuation
of the tunnel beyond the plug or point where flow of the
foam had ceased. It was discovered that reinfecting a
continuing tunnel system should be done as soon as
possible after the first injection to reduce the chance of
further tunnel plugs created by the gopher or cave-ins.

Performance of the foaming apparatus in creating tun-
nel casts in sand alluvial soil, disturbed sandy-loam, and
undisturbed sandy-loam was excellent as judged by the
ease of tunnel cast excavation and reassembly. The
technique did not perform well in the gravel soil type,
because the relatively large amount of pour space be-
tween gravel particles often filled with foam, Thus, exact
dimensions of the pocket gopher burrows were obscured.

Burrow systems created by pocket gophers confined
to the metal culverts were completely mapped in three
dimensions by the foam. All features of the burrows were
apparent from the cast, including food storage and nest
chambers.

4. Summary

The polyurethane foam injection technique provided a
relatively easy, accurate method of mapping pocket
gopher burrow systems. Features of the burrows that
were readily identified or measured included the length,
depth, and volume of the tunnel system as well as food
storage and nesting chambers.

Labor required to map a burrow system in detail was
minimal over conventional excavation methods that em-
ploy archeological procedures. The foam injection
method was particularly appropriate for cohesive soil
types with limited pore space. The method did not work
well in loosely structured gravel or cobble soil profiles.
Although this technique was tested only on tunnel
systems, it could be adapted to map tunnel systems from
a wide array of burrowing organisms.
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D. Development of a Simplified Model to Predict
Runoff, Sediment Yield, and Contaminant Transport
in Mortandad Canyon [L. J. Lane, T. E, Hakonson,
and G. C. White (LS-6)]

1. Introduction

Contaminants associated with large volume wastes
may be transported from waste disposal sites with
eroding soils. Soil erosion and subsequent sediment
transport are of particular concern in the semiarid
western United States where much of the annual
precipitation occurs during intense summer thun-

derstorms. Runoff from such storms can result in ac-
celerated 10SSof soil and associated contaminants from a
disposal site. Once the contaminants enter a stream
channel system, the stream bed sediments are often the
major repository of radioactive and stable elements
released to the environment. Subsequent storms produce
runoff which can result in offsite transport of the sedi-
ment and contaminants in the channel system.

Differential erosion, transportation, and deposition
result in sediment particle sorting. As these processes are
selective, as a function of particle characteristics, the
result is that transported sediment is usually enriched in
the finer particles. Because of physiochemical processes,
again as a function of particle characteristics, contami-
nants can be more strongly associated with the smaller
sediment particles. The combined processes of particle
sorting during erosion, transportation, and deposition
and the differential association of contaminants by sedi-
ment particle size produce complex relations between
runoff, sediment transport, and associated contaminant
transport. Because knowledge of contaminant transport
is important in designing monitoring systems, in es-
timating contaminant inventories, and in contaminant-
risk assessments, there is a need to determine the in-
fluence of particle sorting on contaminant transport
rates.

2. Model Development

Models or procedures used to predict particle
transport should be conceptually and operationally sim-
ple. The procedures should not be oversimplified, but
they should require a minimum amount of calibration
data, they should be able to make predictions without ex-
tensive parameter optimization, and the information they
provide should be useful in decision making.

Toward this end, a procedure was developed to predict
runoff from upland areas using precipitation, soils, and
vegetation data. The runoff is then routed through
stream channel systems to compute sediment transport
by particle size classes. The runoff and sediment particle
transport data are then used to compute contaminant
transport rates and amounts. The hydrologic model was
developed using data from 65 experimental watersheds
operated by the US Department of Agriculture. Data
from these 81 experimental watersheds in 12 areas of the
US represent several hundred runoff events. Sediment
data from eight US Department of Agriculture and US
Geological Survey watersheds were used to develop the
sediment transport equations.43 Based on analysis of
these data, the hydrologic model and sediment transport
equations were deemed sufficiently tested and accurate
to use in predicting particle-contaminant transport at
Los Alamos.

A method was developed to predict sediment transport
by particle size classes in alluvial streams with non-
cohesive sediments. Based on a knowledge of contamin-
ant concentrations in the bed sediments, procedures
were developed to predict the transport rate of contami-
nants traveling in association with sediment particles.
Runoff, sediment, and contaminant rates were integrated
over a given period of runoff (the runoff hydrography) to
estimate water, sediment, and contaminant yields.
Results of this routing procedure were compared with
empirical methods, such as loading functions and enrich-
ment ratios, that are commonly used to predict contami-
nant yields. The routing method includes the influence of
particle sorting and thus represents an improvement over
the loading function-enrichment ratio approach.

3. Applications of the Model

An example application of this method is for
plutonium transport in an etlluent-receiving canyon at
Los Alamos. Plutonium concentrations in bed sediments
of an alluvial stream channel were found to vary by an
order of magnitude as a function of particle size.” Errors
in computed plutonium transport rates as a result of
ignoring sediment particle sorting ranged from less than
10% for large runoff events to near 100% for very small
runoff events. For flood events smaller than the average
annual flood, plutonium yields predicted by ignoring par-
ticle sorting differed by over a factor of two from yields
computed using the routing procedure. Moreover, the
routing procedure accurately predicted measured
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plutonium transport rates during a flood event. This il-

lustrated the importance of particle sorting on plutonium
transport in Mortandad Canyon at Los Alamos.

A second example application involved developing fre-
quency distributions for runoff, sediment yield, and con-
taminant yield. Procedures were developed to predict the
distance a contaminant will travel as a function of storm
size and to determine the probability distribution for
travel distances. This application for contaminant
transport in ephemeral streams illustrated the importance
of accurately predicting transport and deposition of sedi-
ments by particle size classes.

E. An Update on Biotelemetry Studies of Elk [G. C.
White and D. K. Thiel (LS-6)]

The movements of Rocky Mountain elk (Cervus
elaphus nelsoni) in the eastern Jemez Mountains of
northcentral New Mexico have been studied from 1978
to 1981. Seventy elk have been trapped, marked, and
released; 60 of these animals were radio collared. The
results of the study through 1980 are published in
“BiOtelemetry Studies on Elk” (LOS Alamos National

Labortory report, LA-8529 -NERP, 198 1). A movie
based on the study, “Elk Biotelemetry at the Los Alamos
Environmental Research Park:’ was also produced.

As of October 1981, 24-collared animals were being
monitored. The others have been hunter-killed, been
poached, had radio-failures, or disappeared because of
unknown causes. Two significant occurrences during
1981 were an outbreak of the disease Elaeophora
schneiderf and, due to a timber sale on the eastern slopes
of Cerro Grande and Pajarito Mountain, a shift in migra-
tion routes (see Fig. 23).

F. Sulph.lex Environmental Studies [R. W. Ferenbaugh,
K. A. Knight, M. K. Wallwork (H-8); L. Hersman
(LS-6)]

1. Introduction

As part of a Laboratory investigation into the
feasibility of using Sulphlex pavement, a copolymer of
sulfur and organic compounds, as an asphalt substitute
at Los Alamos, an investigation of the environmental in-
teractions of Sulphlex was undertaken. This investigation
consisted of two sets of experiments, One set dealt with

microbial degradation of Sulphlex, and the other with
growth of plants in Sulphlex-amended soil,

2. Microbial Degradation Study

Because of the sulfur constituent of Sulphlex, the ques-
tion arose as to whether sulfur-metabolizing
microorganisms in the environment would cause
premature degradation and weakening of the Sulphlex
pavement.

To investigate this possibility, a series of experiments
was undertaken in which sterile culture media containing
either sulfur or Sulphlex as a sulfur source were in-
oculated with a sulfur-oxidizing bacterium (Thiobacillus
spp.). Growth of the bacterium was measured by
monitoring the pH drop of the cultures. The pH drops
because the bacterium produce sulfuric acid as they
metabolize sulfur. The sulfur-containing medium served
as the control for the experiment, which was designed to
determine if the Thiobacillus bacterium could, indeed,
use the Sulphlex as a sulfur source.

Initial results of the experiments indicated that the pH
of the Sulphlex medium did not drop as fast as that of the
sulfur medium, indicating that the Sulphlex was not as
available a sulfur source. However, subsequent investiga-
tion showed that the Sulphlex medium had a higher buf-
fering capacity. When the data were normalized to
eliminate confounding effects of the difference in buffer-
ing capacity, the bacterium was found to use both the
sulfur and Sulphlex media equally as etllciently as a sul-
fur source. Such microbial activity and concomitant acid
production could result in premature weakening of this
paving.

3. Plant Growth Study

Plants were grown in Sulphlex-amended soil to deter-
mine if Sulphlex would have either a detrimental or
beneficial (because sulfur is a nutrient) effect on plants.
Both unamended soil and asphalt-amended soil were
used as controls. Bush bean and barley were used as ex-
perimental subjects.

The first experiment used soils amended at both the 1
and 5?40 levels by mass. Plant growth at the 5% level of
both Sulphlex and asphalt was so poor that only the 1?/o

level was used in subsequent experiments. Growth
responses were mixed. In most trials, plants grew
decidedly poorer in Sulphlex-amended soil. In two trials,
however, there were no apparent differences. Plants
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grown in asphalt-amended soil gave variable results.
Seed production by plants grown in Sulphlex-amended
soil was definitely poorer. Chlorophyll content also was
affected. Results are summarized in Table E-XXXV.

G. Transport of Radionuclides from the LAMPF
Lagoons [R. W. Ferenbaugh, W. D. Purtymun, and
G. H. Brooks, Jr. (H-8)]

Cooling system leaks at the Los Alamos Meson
Physics Facility (LAMPF) discharge water with activa-
tion product radionuclides into lagoons below the
facility. Samples of water, sediments, and transpirate
from trees adjacent to the etlluent stream from the
lagoons have been collected approximately every 2
months since etlluent began flowing in the spring of
1979. The purpose of this sampling program is to ascer-
tain the extent to which radionuclides are dispersed from
the lagoons. Figure 24 shows locations of the sampling
sites relative to the lagoons and Los Alamos Canyon.
Between Sites 2 and 3, the discharge stream drops from
the plateau, on which the lagoons are located, into a side
canyon that eventually enters Los Alamos Canyon be-
tween Sites 6 and 7. Surface water is found in the side
canyon below Site 4 only during heavy runoff events.

A summary of the sampling results from 1979, 1980,
and 1981 is shown in Table E-XXXVI. These data show
that radionuclide concentrations decrease with progres-
sion down the canyon and fall off past sampling Site 4.
Transpirates from piiion and juniper trees located im-
mediately adjacent to the stream show elevated tritium

concentrations (as HTO) above Site 4. Tritium in
transpirates collected below Site 4 also are lower.

Given the uncertainty of the analytical results, as high
as 100?40in some cases, the data in Table E-XXXVI are
ditlicult to interpret. The ‘Be and 22Na data seem to in-
dicate that the concentrations of these radionuclides are
increasing below the lagoons, but this trend is not ap-
parent in the tritium data. There also is an indication that
the radionuclides are beginning to move down the can-
yon, past the point where the effluent sinks into the
alluvium. This probably is a result of movement during
heavy runoff events.

Gamma ray spectroscopy of water samples from the
lagoons have identified a variety of radionuclides in the
water. A list of those isotopes whose presence is certain
is given in Table XXIV. Other isotopes may be present.
Analyses of copepods and salamanders from the lagoons
and insects, lizards, snakes, and small rodents from the
surrounding mesa tops show that radionuclides are being
dispersed from the lagoons and the effluent stream. Birds
that use the lagoons and adjacent area for food and
water undoubtedly also pick up some radioactivity. The
degree of biological dispersal is being investigated in a
study that will continue during 1981.

H. Environmental Surveillance of Radioactive Waste
Disposal Areas [D. L. Mayfield (H-8)]

In 1980, an environmental surveillance plan45 tailored
to specific radioactive waste disposal sites was developed
to supplement the Laboratory’s general environmental
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TABLE XXIV

RADIONUCLIDES IN LAMPF
SEWAGE SYSTEM

Isotope

7Be
22Na
46sC
48v
Slcr
52Mn
54Mn

5We
56c0
57C0
58c0
60c0
65zn
75c&e
83Rb
85sr
88y
105Ag
1lom&
lzdsb
134c~

Half Life

53.4 d
2.60 y

83.9 d
16.1 d
27.7 d

5.7 d
312 d

45.1 d
77.3 d

270 d
70.8 d

5.3 y
244 d
120 d
86.2 d
64.7 d

107 d
41.0 d

250 d
60.2 d

2.06 y

surveillance effort. The plan, which is for both active and
retired disposal areas, specitles a brief annual survey for
most disposal areas and a comprehensive survey for
each disposal area every fifth year. The annual surveys
are designed to monitor changes on the surface of each
disposal area. Ftith year comprehensive surveys will dis-
close more subtle trends, both on and below the surface.

The survey plan also provides guidance in designing
sampling grids and transects, using field instruments for
radioactivity measurements, taking soil and biota sam-
ples, and applying Laboratory analytical techniques to
soil and biota specimens. Several areas were surveyed
during the annual survey in 1980; however, special
studies during 1981 prevented their completion.

New sampling techniques were conceived especially
for this program in 1981. One technique uses a circular

saw fitted with a masonry blade to cut cylinders of tuff
from trench walls. Another technique, still conceptual,
would fill test holes with native materials that could be
withdrawn as a sampling medium. This concept would
minimize potential physical transport of buried waste
materials across test holes, reduce the number of test
holes required, and reduce percolation of surface water
into the test well array. The major benefit of this concept
is that nearly uniform transport properties across a test
well improves the quality of collected data and makes the
data easier to interpret.

I. Honeybees as Biological Monitors [R. W. Feren-

baugh, M. K. Wallwork-Barber, and E. S. Gladney
(H-8)]

Several studies4c-4ahave demonstrated that honeybees
can be used as indicators of environmental pollution. Use
of honeybees for biological monitoring is presently being
investigated by the US Environmental Protection
Agency. This investigation is based on the premise that
honeybees pick up contaminants present in the environ-
ment and may concentrate them in their bodies and/or
honey.

At the Los Alamos National Laboratory, use of
honeybees as environmental biomonitors for
radionuclides was investigated49 in the early 1970s. This
work showed that honeybees could be used for this pur-
pose, particularly for detection of tritium in the environ-
ment. More recently, a network of beehives has been es
tablished near waste disposal sites and waste stream out-
falls throughout the Laboratory reservation. Bee and
honey samples are collected each fall from these hives
and from control hives at various locations away from
the Laboratory. These samples are analyzed for both
radioactive and nonradioactive constituents. Table E-
XXV shows analytical results that have been obtained to
date. As further data are accumulated, they will provide
monitoring information and possibly information on
movement of pollutants in the environment and food
chains.

Two large mesh cages have been constructed in which
small bee colonies can be maintained with artificial food
sources. By spiking the food sources with tracers, infor-
mation on the uptake of elements and their movement
within the hive can be obtained.
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J. Evaluation of Transuranic Waste Management
Methods [L. J. Walker and W. R. Hansen (H-8)]

An in-depth evaluation of several possible strategies
for long-term management of transuranic (TRU) wastes
has been completed and published as “Alternative Trans-
uranic Waste Management Strategies at Los Alamos
National Laboratory,” issued September 1981 (LA-
8982-MS). This study was part of the Laboratory’s
ongoing waste management program and involved iden-
tification of various strategies for long-term management
of TRU wastes currently buried and stored at Los
Alamos. Fourteen alternatives were selected for
thorough analysis. These alternatives included main-
tenance of current practices, engineering improvements
at the current waste areas, and exhumation of buried
TRU wastes.

The TRU wastes at Los Alamos are in six disposal
areas. The total estimated volume of wastes, backfill
materials, and projected accumulations to the year 1990
total about 330000 m3. Estimated long-term environ-
mental impacts after the first few hundred years were
found to be dependent upon potential uses of the land
and to be highly dependent upon man-caused changes in
surface erosion rates. Estimated dollar cost of the
various alternatives were found to be generally propor-
tional to the amount of handling and processing.

K. Fenton Hill Site (TA-57) Surface and Ground Water
Quality [W. D. Purtymun and R. W. Ferenbaugh
(H-8)]

Los Alamos National Laboratory is currently
evaluating the feasibility of extracting thermal energy
from hot dry rock geothermal reservoirs at this Fenton
Hill Site (TA-57). The concept involves drilling two deep
holes, connecting these holes by hydraulic fracturing,
and bringing thermal energy to the surface by circulating
water through the system.

The chemical quality of surface and ground waters in
the vicinity of TA-57, about 30-km west of LmsAlamos
(Fig. 25), has been determined for use in geohydrologic
and environmental studies. Results of past studies and
detailed data have been reported elsewhere.so Table E-
XXVII summarizes the chemical quality of water for
nine surface water stations, four water supply locations,
two springs along the Jemez Fault, one spring discharg-
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ing from recent volcanics, and three hot springs. Water
quality has varied slightly, mainly due to normal
seasonal fluctuations.

Ponds at the site contain water used in drilling opera-
tions and water used in the experimental loop in the dry
hot rocks about 3000 m below land surface. The water in
the ponds is highly mineralized (5874 + 602 mg/t’ of
TDS). Certain elements present in the ponds are of in-
terest because of monitoring requirements specified in
the National Pollutant Discharge Elimination System
permit. These are arsenic, boron, cadmium, fluoride, and
lithium.

Discharges from the ponds into the canyon began
about 1974. Samples of vegetation and soil from the can-
yon bottom and bank of the channel have been collected
semiannually since 1978. These samples are analyzed for
the live elements previously mentioned. Sample locations
are about 100, 200, 400, and 1000 m down canyon. An
additional sample is collected at the lower end of the can-
yon, far beyond the section of the canyon reached by the
holding pond discharges. These sample collections are
designed to indicate if there is any accumulation of the
elements of interest with time and with progression down
the canyon.

Results obtained to date are shown in Table E-
XXXVH. Although these data are scanty, there is some
indication that there might be elevated concentrations of
certain elements in vegetation in the stream channel in
the upper part of the canyon. This is consistent with the
preliminary conclusion, using chloride as a tracer, that
the discharge from the holding ponds sinks into the can-
yon alluvium before it reaches 400 m down the canyon.

During the summer of 1981, problems were encoun-
tered with the holding ponds, particularly the upper pond
at the Fenton Hill Site. Because of drilIing mud, surfac-
tants, other additives, and sulfur-containing cuttings add-
ed to the ponds, anaerobic microbial action in the sedi-
ments produced significant quantities of hydrogen sul-
fide. The odor in the vicinity of the ponds was quite of-
fensive.

Measurements taken with a portable sampling instru-
ment in July indicated air concentrations ranging from O
to 1.15 ppm. The state standard for hydrogen sulfide is
0.01 ppm, and the odor threshold is about 0.003 ppm.
However, even though high levels of hydrogen sulfide
were measured around the ponds, the state standard



I
I
I

I
I
I

I
I

I

I
I
I
I

I

I

~

I

1

I

technically was not violated since hydrogen su~lde con- ment followed by flocculation and sedimentation was un-
centrations in excess of 0.01 ppm did not exist at the site dertaken. The relatively uncontaminated supernatant li-
boundary. quid resulting from the process was discharged down the

After unsuccessful attempts to treat the ponds by canyon, and the precipitated material was buried.
aeration and with biocides, an elaborate chemical treat-
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Fig. 25. Water sampling locations in vicinity of Fenton Hill Geothermal Site (TA-57).
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APPENDIX A

STANDARDS FOR ENVIRONMENTAL CONTAMINANTS

\ The concentrations of radioactive and chemical con-
taminants inairand water samples collected throughout
the environment are compared with pertinent standards
contained in regulations of several federal and state agen-
cies in order to verify the Laboratory’s compliance with
these standards. Laboratory operations pertaining to the
environment are conducted in accordance with directives
and procedures contained in DOE Order 5480.1 (En-
vironmental Protection, Safety, and Health Protection
Program for DOE Operations), Chapter I (Environmen-
tal Protection, Stiety, and Health Protection Standards)
and Chapter XI (Requirements for Radiation Protec-
tion); and DOE Order 5484.1 (Environmental Protec-
tion, Safety, and Health Protection Information
Reporting Requirements), Chapter III (Efiluent and En-
vironmental Monitoring Program Requirements).

In the case of radioactive materials in the environ-
ment, guides contained in Chapter XI are used as a basis
for evaluation. However, the DOE standard for uranium
in water (1500 and 60 mg/t for controlled and uncon-
trolled areas, respectively) does not consider chemical
toxicity. Therefore, for the purposes of this report, the
more restrictive standardsA1 of the International Com-
mission on Radiological Protection (ICRP) for uranium
in water (60 mg/t for an occupational 40-h week) are
used as a point of comparison. For atmospheric
uranium, the DOE and ICRP standards are in agree-
ment. The standards are listed in Table A-I as Radioac-
tivity Concentration Guides (CGS). A CG is the concen-
tration of radioactivity in air breathed continuously or
water constituting all that ingested during a year that is
determined to result in whole body or organ doses equal
to the Radiation Protection Standards (RPSS, listed in
Table A-II) for internal and external exposures. Ob-
viously, there are uncertainties in relating CGS to RPSS.
Uncontrolled area CGS correspond to RPSS for the
general public, whereas controlled area CGS correspond
to RPSS for workers. Thus, common practice and stated

DOE policy in Chapter XI are that operations shall be
“conducted in a manner to assure that radiation ex-
posure to individuals and population groups is limited to
the lowest levels reasonably achievable.”

Because some radioisotopes remain in the body and
cause exposure long after intake has occurred, the RPSS
require consideration of dose commitment caused by in-
halation, ingestion, or absorption of such isotopes. For
purposes of this report, 50-yr dose commitments were
calculated where appropriate using dose factors from
reference A-2.

For chemical pollutants in water supply, the controll-
ing standards are those promulgated by either the En-
vironmental Protection Agency (EPA) or the New Mex-
ico Environmental Improvement Division (NMEID, see
Table A-III). EPA’s maximum contaminant level (MCL)
is the maximum permissible level of a contaminant in
water which is delivered to the free flowing outlet of the
ultimate user of a public water system.A2

Radioactivity in public water supply is governed by
EPA regulations contained in40CFR141. These regula-
tions provide that combined 22cRaand 22nRashall not ex-
ceed 5 x 10-9 ~Ci/mt’ (5 pCi/f) and gross alpha activity
(including 22cRa,but excluding radon and uranium) shall
not exceed 15 x 10-9 ~Ci/mt (15 pCi/t). A screening
level of 5 x 10-9 ~Ci/mt (5 pCi/t) is established as part
of the monitoring requirements to determine whether
specific radium analyses must be performed. Plutonium
concentrations are compared to the EPA gross alpha
MCL of 15 x 10-9 ~Ci/mt (15 pCi/t)A3

For man-made beta and photon emitting
radionuclides, the EPA drinking water regulations
specify that a concentration be limited to a level that
would result in a dose of 4 mrem/yr calculated according
to a specified procedure. The EPA calculated value for
tritium (3H) is 20 x 10-6 ~Ci/mt’ and for cesium (137CS)
is 200 X 10-9 ~Ci/mt$3
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DOE RADIOACTIVITY CONCENTRATION GUIDES (CGS)

Concentration Guides for Uncontrolled Areasa~b Concentration Guides for Controlled Areasa~b

CG for Air CG for Water

Nuclide (~Ci/mt) (~Ci/mt’)

3H 2 x 10–7 3 x 10-3
7Be —- 2 x 10–3
11c,13N,150 3 x 10–8 ---
41Ar 4 x 10–8 ---
89sr 3 x 10–10 3 x 10–6
90Srd 3 )( 10–11 3 )( 10-7
1311d 1 x 10–10 3 x 10–7
137(3 5 x 10–10 2 x 10-5
238pu 7 x 10–14 5 )( 10–6
239pud 6 x 10–14 5 x 10–6
24lAm 2 x 10–13 4 x 10–6

(pg/m3)c

U, naturalc 6 X 106 6 )( IO–7

1.8 X 10–6C

CG for Air

Nuclide (~Ci/m4)

3H 5 x 10–6
‘Be ---
11c,13N,150 1 x 10–6
41& 2 x 10–6
89sr 3 x 10–8
90& 1 x 10–9
1311d 4 )( 10–9
137CS 1 )( 10–8
238pu 2)( 10–12
239pud 2 x 10–12
24lAm 6 X 10–12

(pf#m3F

U, naturalc 1.8 X 108

CG for Water

(~Ci/mt’)

1 )( 10–1
5 x 10–2

---

---

3 x 10-4

1 x 10–5
3 x 10–5
4 x 10-4

1 x 10–4
1 x 10–4
1 x 10-4

2 x 10–5
6 X 10–5 e

‘This table contains the most restrictive CGS for nuclides of major interest at the Laboratory (DOE Or-
der 5480.1, Chapter XI).
bCGs apply to radionuclide concentrations in excess of that occurring naturally or due to fallout.
COnecurie of natural uranium is equivalent to 3000 kg of natural uranium. Hence, uranium masses may
be converted to the DOE “uranium special curie” by using the factor 3.3 x 10-’3 ~Ci/pg.
‘The CGS of 239Puand 90Srare the most appropriate to use for gross alpha and gross beta CGS, respec-
tively.
‘For purposes of this report, concentrations of total uranium in water are compared to the ICRP recom-
mended values that consider chemical toxicity.
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TABLE A-II

DOE RADIATION PROTECTION STANDARDS FOR
EXTERNAL AND INTERNAL EXPOSURES

Individuals and Population Groups in Uncontrolled Areas

Annual Dose Equivalent or Dose Commitment’ (rem)

Based on Dose to Individuals
at Points of Based on an Average Dose to a Suitable

Type of Exposure Maximum Probable Exposure Sample of the Exposed Population

Whole body, gonads, or bone marrow 0.5 0.17
Other organs 1.5 0.5

Individuals in Controlled Areas

Dose Equivalent
[Dose or Dose

Type of Exposure Exposure Period Commitmenta (rem)]

Whole body, head and trunk, gonads, lens of Year 5C
the eys,b red bone marrow, active blood Calendar Quarter 3
forming organs.

Unlimited areas of the skin (except hands Year 15
and forearms). Other organs, tissues, and Calendar Quarter 5
organ systems (except bone).

Bone Year 30
Calendar Quarter 10

Forearmsd Year 30
Calendar Year 10

Handsd and feet Year 75
Calendar Quarter 25

—— —___

‘To meet the above dose commitment standards, operations must be conducted in such a manner that it
would be unlikely that an individual would assimilate in a critical organ, by inhalation, ingestion, or ab-
sorption, a quantity of a radionuclide or mixture of radionuclides that would commit the individual to an
organ dose that exceeds the limits specified in the above table.
bA beta exposure below a maximum energy of 700 keV will not penetrate the lens of the eye; therefore,
the applicable limit for these energies would be that for the skin (15 rem/year).
CInspecial cases with the approval of the Director, Division of Operational and Environmental Safety, a
worker may exceed 5 remfyear provided his m her average exposure per year since age 18 wiUnot exceed
5 rem/year. This does not apply to emergency situations.
‘All reasonable effort shall be made to keep exposure of forearms and hands to the general limit for the
skin.
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TABLE A-III

rviAxn4uh4CONTAMINANT LEVEL (MCL) IN WATER SUppLY FOR

INORGANIC CHEMICALS AND RADIOC HEMICALSa

Inorganic Chemical
Contaminant

As
Ba
Cd
cl
Cr
Fb

Pb
Hg

Na

N03
Se
Ag
TDS

MCL
(mg/t)

0.05
1.0
0.010

250
0.05
2.0
0.05
0.002

250

45
0.01
0.05

1000

MCL

Radiochemical Contaminant (~Ci/mt)

137c~ 200 )( 10–9
Gross alphac 5X1 O-9

3H 20x 10–6
238pu 15 )( 10–9
239pu 15 x 10–9

aEPA’s National Interim Primary Drinking Water Regulations (EPA-570/9-76-003), EPA, OffIce of
Water Supply (1976) and NMEID Water Supply Regulations (Regulations Governing Water Supply,
N.M. Environmental Improvement Agency, Santa Fe, N.M., Dec. 9, 1977).
bBased on annual average of the maximum daily air temperature of 14.6 to 17.7”C.
cSee text for discussion of application of gross alpha MCL and gross alpha screening level of 5 x 10–9
~Ci/mt.

REFERENCES

Al.

A2.

International Commission on Radiological Protec-
tion (ICRP), “Recommendations of the Inter-
national Commission on Radiological Protection,”
ICRP Publ. 6, Pergamon Press, New York (1964).

ERDA, “A Guide for Environmental Radiological
Surveillance at ERDA Installations,” U.S. ERDA,

A3.

Div. of Safety, Standards and Compliance, publica-
tion ERDA-77-24 (March 1977).

Environmental Protection Agency, “National In-
terim Primary Drinking Water Regulations,” EPA-
570/9-76-003, U.S. Govt Printing Office,
Washington, DC (1976).



APPENDIX B

SAMPLING PROCEDURES AND STATISTICAL TREATMENT OF DATA

A. Thermoluminescent Dosimeters

Lithium fluoride (LiF) chips, 6.4 mm square by 0.9
mm thick, are used in the environmental and Los
Alamos Meson Physics Facility (LAMPF) networks.
The chips are annealed at 400”C for 1 h and then cooled
rapidly to room temperature. This is followed by anneal-
ing at 100” C for 1 h and again cooling rapidly to room
temperature. In order for the annealing conditions to be
repeatable, the chips are put into rectangular borosilicate
glass vials that hold 48 LIF chips each. These vials are
slipped into rectangular holes formed by stacking
machined stainless steel blocks inside the ovens main-
tained at 400° C and 100”C. After 1 h the vials are
removed from the ovens and placed between massive
copper blocks at room temperature.

Incandescent lighting is used exclusively during all
phases of annealing, dosimeter preparation, and readout
to prevent ultraviolet-induced spurious thermo-
luminescence (TL). Four chips are placed in a molded
snap-top polyethylene vial measuring 1 cm diameter by
1.5 cm high. This assembly constitutes one dosimeter. A
calibration set is prepared each time chips are annealed.
The calibration set is read at the start of the dosimetry
cycle. The number of dosimeters and exposure levels are
determined for each calibration in order to efficiently use
available TLD chips and personnel. Each set contains
from 20 to 50 dosimeters. These are irradiated at levels
in the range between O mR and 160 mR. using an 8.5
mCi 137Cs source calibrated by the National Bureau of
Standards.

A factor of 1 rem (tissue) = 1.050 mR is used in
evaluating the dosimeter data. This factor is the
reciprocal of the product of the roentgen to rad conver-
sion factor of 0.958 for muscle for ‘37CS anti the factor
0.994, which corrects for attenuation of the primary
radiation beam at electronic equilibrium thickness. A
rad-to-rem conversion factor of 1.0 for gamma rays is
used as recommended by the International Commission

on Radiation Protection.Bl A method of weighted least

squares linear regression is used to determine the
relationship between TLD reader response and dose
(weighting factor is the variance).B2

The TLD chips used are all from the same production
batch and were selected by the manufacturer so that the
measured standard deviation ih TL sensitivity is 2.0 to
4.0% of the mean at a 10 R exposure. At the end of each
field cycle, whether calendar quarter or the LAMPF
operation cycle, the dose at each network location is
calculated along with the upper and lower limits at the
95?40confidence level.B3At the end of the calendar year,
individual field cycle doses are summed for each loca-
tion. Uncertainty is calculated as summation in
quadrature of the individual uncertainties.

B. Air Sampling

1. Sampling Procedures

Samples are collected monthly at 25 continuously
operating stations. Positive displacement air pumps with
flow rates of approximately 3 t’lsec are used. At-
mospheric aerosols are collected on 79 mm diameter
polystyrene filters. Part of the total air flow (2.4 – 3.1
mt’/sec) is passed through a cartridge containing silica
gel to adsorb atmospheric water vapor for tritium
analyses. Air flow rates through both sampling car-
tridges are measured with variable-area flow meters, and
sampling times recorded. The entire air sampling train at
each station is cleaned, repaired, and calibrated on an as-
needed basis.

Gross alpha and gross beta activities on the monthly
air filters are measured with a gas-flow proportional
counter on collection day and again 7 to 10 days afler
collection. The fwst count is used to screen samples for
inordinate activity levels. The second count (made afler
absorbed, naturally-occurring, radon-thoron daughters
had reached equilibrium with their long-lived parents)
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provides a record of long-lived atmospheric radioac-
tivity. Immediately upon being retrieved from the field,
the filters are mounted on counting planchets and
covered with mylar. This insures adequate sample
preservation.

Two clean, control filters are used to detect any possi-
ble contamination of the 25 sampling falters while they
are in transit. The control filters accompany the 25 sam-
pling filters when they are placed in the air samplers and
when they are retrieved. Then the control filters are
analyzed for radioactivity just like the 25 sampling
filters. Analytical results for the control filters are sub-
tracted from the appropriate gross analytical results to
obtain net analytical results.

At one location (N050-E040) atmospheric radioac-
tivity samples are collected daily (Monday through Fri-
day). Atmospheric particulate matter on each daily falter
is counted for gross alpha and gross beta activities on
collection day and again 7 to 10 days after collection.
The first measurement provides an early indication of
any major change in atmospheric radioactivity. The
second measurements are used to observe temporal
variations in long-lived atmospheric radioactivity.

After being measured for gross alpha and gross beta
activities, the monthly filters for each station are cut in
half. The first group of filter halves is then combined and
dissolved to produce quarterly composite samples for
each station. The second group of filter halves is saved
for uranium analysis.

Plutonium is separated from the solution by anion ex-
change. For 11 selected stations, americium is separated
by cation exchange from the eluent solutions from the
plutonium separation process. The purified plutonium
and americium samples are separately electrodeposited
and measured for alpha-particle emission with a solid-
state alpha detection system. Alpha-particle energy
groups associated with the decay of 238Pu, 239Pu, and
241Am are integrated, and the concentration of each
radionuclide in its respective air sample calculated. This
technique does not differentiate between 239Puand 240Pu.
Uranium analyses by neutron activation analysis (see
Appendix C) are done on the second group of filter
halves.

Silica gel cartridges from the 25 air sampling stations
are analyzed monthly for tntiated water. The cartridges
contain a small amount of blue “indicating” gel at each
end to indicate a desiccant over-saturation. During cold
months of low absolute humidity, sampling flow rates are
increased to ensure collection of enough water vapor for

analysis. To avoid sample preservation problems, water
is distilled from each silica gel sample immediately upon
being retrieved from the field. This distillation yields a
monthly average atmospheric water vapor sample. An
aliquot of the distillate is then analyzed for tritium by li-
quid scintillation counting.

Analytical quality control and quality assurance for
analysis done in the air sampling program are described
in Appendix C (Part C). In brief, both blanks and stan-
dards are analyzed in conjunction with normal analytical
procedures. About 10’%of the analyses are devoted to
the quality control and assurance program.

2. Statistical Analysis

Measurements of the air particulate samples require
that chemical or instrumental backgrounds be subtracted
to obtain net values. Thus, net values lower than the
minimum detection limit (MDL, Table C-IV) of an
analytical technique are sometimes obtained. Conse-
quently, individual measurements result in values of zero
or negative numbers because of statistical fluctuations in
the measurements. Although a negative value does not
represent a physical reality, a valid long-term average of
many measurements can be obtained only if the very
small and negative valuesB4 are included in the popula-
tion.

Uncertainties reported for maximum and minimum
concentrations reflect uncertainties introduced both in
the field (flow rate and time determinations), and
laboratory (counting, pipetting, etc.). These values in-
dicate the precision of the maximums and minimums and
represent twice the propagated measurement uncertain-
ties.

Standard deviations for station and group (regional,
perimeter, onsite) means are calculated using the follow-
ing equation:

d-”I (i – c,)*

i= 1
SF=

N(N–1)

s: = standard deviation of E
F = annual mean of a station or group of stations
cl = concentration for station i
N = number of concentrations (sampling periods).
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An analysis of variance was done with groups
(regional, perimeter, onsite) and sampling period (month
or quarter) as sources of variation. A commercially
available software packageBs is used for this analysis.
The purpose of the analysis is to detect significant dif-
ferences among regional, perimeter, and onsite means.
Differences are declared signi.ticant at various confidence
levels. For example, with a confidence level of P = 0.05
there is a 5°Aprobability of concluding a difference exists
when there is none.

Next, all radioactive constituents that exhibited signifi-
cant differences among regional, perimeter, and onsite
annual means are analyzed using a modified t-test for un-
paired observations and unequal variances.86 The t-test
is used to compare regional-perimeter, onsite-perimeter,
and regional-onsite group annual means and specifically
determine if a particular group differed from the other
two groups.

Finally for each radioactive constituent, the Student-
Newman- Keuls and Tukey proceduresB6 are used to
determine which stations within a group are significantly
different. These procedures were chosen because they
mitigate a problem that arises with multiple comparisons.
Namely, there is almost a certainty that some differences
will be falsely declared significant. The 5L?40test level used
in this procedure means that 5% of the comparisons will
give false significant differences.

C. Water, Soil, and Sediient Sampling

Surface and ground water sampling points are
grouped (regional, perimeter, and onsite) according to
location and hydrologic similarity. Surface and ground
water grab samples are taken one to two times annually.
Samples from wells are collected after sufficient pum-
page or bailing to ensure that the sample is representative
of the water in the aquifer. Spring samples (ground
water) are collected at point of discharge.

The water samples are collected in 4 t (for
radiochemical) and 1 t’ (for chemical) polyethylene bot-
tles. The 4 t’bottles are acidified in the field with 5 mt’of
concentrated nitric acid and returned to the laboratory
within a few hours for filtration through a 0.45 ~m pore
membrane filter. The samples are analyzed
radiochemically for dissolved cesium (137CS),plutonium
(238Puand 239Pu), and tritium (as HTO), as well as for
total dissolved gross alpha, beta, and gamma activities.

Total uranium is measured using the neutron activation
method (see Appendix C).

Water is collected for chemical analyses at the same
time as for radiochemical analysis and returned to the
laboratory for filtration. Samples for trace constituents in
the water supply are collected and acidified in the field
and returned immediately to the laboratory for fdtration.

Soil samples are collected by taking five plugs, 75 mm
in diameter and 50 mm deep, at the center and corners of
a square area 10 m on a side. The five plugs are com-
bined to form a composite sample for radiochemical
analyses. Sediment samples are collected from dune
buildup behind boulders in the main channels of peren-
nially flowing streams. Samples from the beds of inter-
mittently flowing streams are collected across the main
channel. The soil and sediment samples are analyzed for
gross alpha and gross beta activities, 137CSand 238Puand
239Pu.Moisture distilled from soil samples is analyzed for
3H. A few select samples are analyzed for 90Sr.

The average concentrations of radionuclides and
chemical constituents are reported for a number of in-
dividual analyses in Tables E-XI through E-XIX and
Tables E-XXI through E-XXIV. The minimum and
maximum values reported are individual analyses in the
groups, while the average is computed from all of the in-
dividual analyses in the group. The uncertainty following
the primary value represents twice the standard deviation
of the distribution of observed values, or the analytical
variation for individual results.
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APPENDIX C

ANALYTICAL CHEMISTRY METHODOLOGY

A. Radioactive Constituents

Environmental samples are routinely analyzed for the
following radioactive constituents: gross alpha, gross
beta, gross gamma, isotopic plutonium, americium,
uranium, cesium, tritium, and strontium. The detailed
procedures have been published in this appendix in
previous years. cl’c2 Occasionally other radionuclides
from specific sources are determined: ‘Be, 22Na, 40K:
51c.r,130co,Cszn, 83Rb, 10cRu,134Cs,140Ba,and 22CRZAll

but 22cRaare determined by gamma-ray spectrometry on
large Ge(Ll) detectors. Depending upon the concentra-
tion and matrix, 22cRais measured by emanationc3 or by
gamma-ray spectrometry of its 214Bidecay product.c4

Recently a method for measuring the 23sU~3*Uratio
in large numbers of samples via neutron activation was
developed. Details of this new procedure are being
prepared for publication.cs

B. Stable Constituents

A number of analytical methods are used for various
stable elements. The choice of method is based on many
criteria, including the operational state of the instru-
ments, expected concentrations in samples, quantity of
sample available, sample matrix, and Environmental
Protection Agency (EPA) regulations.

Instrumental techniques available include neutron ac-
tivation, atomic absorption, ion chromatography, color
spectrophotometry, ion selective electrodes, and combus-
tion analysis. The methods used and references for deter-
mination of the various chemical constituents are sum-
marized in Table C-I. Standard chemical methods are
also used for many of the common water quality tests.cc
Atomic absorption capabilities include flame, graphite,
mercury cold vapor, and hydride generation, as well as
flame emission spectrophotometry.

C. Analytical Chemistry

1. Introduction

Quality Evaluation Program

Control samples are analyzed in conjunction with the
normal analytical chemistry ‘work load. Such samples
consist of several general types: calibration standards,
reagent blanks, process blanks, matrix blanks,
duplicates, and standard reference materials. Analysis of
control samples ffl two needs in the analytical work.
First, they provide quality control over the analytical
procedures so that problems that might occur can be
ident~led and corrected, Secondly, data obtained from
the analysis of control samples permit evaluation of the
capabilities of a particular analytical technique for deter-
mination of a given element or constituent under a cer-
tain set of circumstances. The former function is one of
analytical control; the latter is called quality assurance.

No attempt is made to make control samples un-
known to the analyst. However, they are submitted to
the laboratory at regular intervals and analyzed in
association with other samples; that is, they are not nor-
mally handled as a unique set of samples. We feel that it
would be ditllcult for the analysts to give the samples
special attention, even if they were so inclined. We en-
deavor to run at least IOVOof the stable constituent
analyses and selected radioactive constituent analyses as
quality assurance samples using the materials described
above. A detailed description of our Quality Assurance
program and a complete listing of our annual results
have been published. css’cscoa’

2. Radioactive Constituents

Quality control and quality assurance samples for
radioactive constituents are obtained from outside agen-
cies as well as prepared internally. The Quality
Assurance Division of the Environmental Monitoring
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TABLE C-I

ANALYTICAL METHODS FOR VARIOUS STABLE CONSTITUENTS

Technique Stable Constituents Measured References

Standard Chemical Methods

Color Spectrophotometry

Neutron Activation
Instrumental Thermal

Instrumental Epithermal

Thermal Neutron Capture
Gamma Ray

Radiochemical

Delayed Neutron Assay

Atomic Absorption

Ion Chromatography

Ion Selective Electrodes

Combustion

pH, Total Alkalinity, Hardness,
SO~, TDS, Conductivity,COD

NO~,PO~2

Al,Sb,As,Ba,Br, Ca,Ce,Cs,Cl,Cr,
Co, Dy,Eu,Au,Hf,In, I,Fe, L&Lu,
Mg,Mn,K,Rb,Sm,Sc, Se,N%Sr,S,
Ta,Tb,Th,Ti,W,V, Yb,Zn

Al,Sb,As,Ba,Br, Cs,Cr,F,Ga,Au,
In,I,La,Mg,Mn,Mo, Ni,K,Sm,Se,
Si,Na,Sr,Th,Ti,W,U, Zn,Zr

Al,B,C&Cd,C,Gd,H,Fe,Mg,
N,P,K,Si,Na,S,Ti

Sb,As,Cu,Au,Ir,Hg, Mo,Os,Pd
Pt,Ru,Se,Ag,Te,Th,W,U, La,Ce,
Pr,Nd,Sm,Eu,Gd,Tb,Dy,Ho,Er,
Yb,Lu,23’U/’3’U

u

Sb,As,Ba,Be,Bi,Cd, Ca,Cr,Co,Cu
Ga,In,Fe,Pb,Li,Mg,Mn,Hg, Mo,
Ni,K,Se,Si,Ag,Na, Sr,Te,Tl,Sn,
Ti,V,Zn

F-,Cl-,Br-,NO~,

NOZ,SO~2,S0-249

PO;3

F-, NH+4

C,N,H,S

C6

C6

C7,12,13,14,15

C7,9,16,17,18,19,20,21

C7,22,23,24,25,26,27,28,29

C5,6,30,31,32,33,34,35,36,
37,38,51

C7,8,1O,1I,39,4O

C6,41,43,44,45,46,47,48,52,
53,54

C49

C50

C29

87



Systems Laboratory (EPA—Las Vegas) provides water,
foodstuff, and air fflter standards for analysis of gross
alpha, gross beta, 3H, 40K, 60c0, Cszn, 90sr, 106Ru, 134CS,

‘37CS,22cRa,and 239Puas part of an ongoing laboratory
intercomparison program. They also distribute reference
soil samples that have been characterized for ~sU, 23EU,
zz~h, 230~, 232u, 226Ra, 228Ra, and 210pb. Recently two

new environmental radioactivity soil and sediment Stan-
dard Reference Materials (SRMS) have been certified by
the National Bureau of Standards (NBS) for ‘Co, 90Sr,
*37CS,22cRa, zsOTh,Zsapu, zsg+z413pu,241Am, and SfXXd

other nuclides.
The Department of Energy’s (DOE) Environmental

Measurements Laboratory (EML) provided soil, water,
bone, tissue, vegetation, and air filter samples each con-
taining many of the same radionuclides. These were part
of a laboratory intercomparison of DOE-supported
facilities, which is being discontinued. Uranium stan-
dards obtained from the Canadian Geological Survey
(CGS) and the International Atomic Energy Agency
(IAEA) are used to evaluate the uranium analysis
procedures. Internal standards are prepared by adding
known quantities of analyte to blank matrix materials.

3. Stable Constituents

Quality assurance for the stable constituent analysis
program is maintained by analysis of certified or well-
characterized environmental materials. The NBS has a
large set of silicate, water, and biological SRMS. The
EPA distributes mineral analysis and trace analysis
water standards. Rock and soil certified standards have
been obtained from the CGS and the United States
Geological Survey (USGS).

A program for evaluation of the quality of results for a
specific water sample has been recently initiated. It is an-
ticipated that the criteria of acceptance will tighten with
continued monitoring of these parameters. The
parameters are the ratio of the sum of milliequivalent
(meq) cations to the sum of meq anions, and the ratio of
meq hardness to the sum of meq of Cat+ and Mg++. A
comparison of the sum of ions, total dissolved solids, and
conductivity values is also being made.

A summary of these ratios is given for 1981 waters by
sample set in Table C-II. Reanalysis of a sample for one
or more chemical constituents will be based on sample
quality parameters, historical considerations, and the
presence of constituents not requested by the in-
vestigator. Evaluation of the quality of a specific batch of

samples is a combination of many factors. These include
the “fit of the calibration curvey instrument drift,
calibration of the instrument and/or reagents, recovery
for SRMS, and precision of results.

4. Indicators of Accuracy and Precision

Accuracy is the degree of difference between average
test results and true results, when the latter are known or
assumed. Precision is the degree of mutual agreement
among replicate measurements (frequently assessed by
calculating the standard deviation of a set of data
points). Accuracy and precision are evaluated from
results of analysis of standards. These results are nor-
malized to the known quantity in the standard to permit
comparison between standards containing different
quantities of the analyte:

r = Reported Quantity

Known Quantity

A mean value (R) for all normalized analyses of a given
type is calculated by weighting each normalized value (r~
by the uncertainty associated with it (sJ.

The standard deviation (s) of R is calculated assuming a
normal distribution of the population of samples (N).

‘“v%%
These calculated values are presented in Tables C-III

and C-IV. The weighted mean of R is a measure of the
accuracy of a procedure. Values of R greater than unity
indicate a positive bias and values less than unity a
negative bias in the analysis. The standard deviation is a
measure of precision. Precision is a function of the quan-
tity of analyte; that is, as the absolute quantity ap-
proaches the limit of detection, precision deteriorates.
For instance, the precision for some 3H determinations is
quite large because many standards approached the
limits of detection of a measurement. Conversely, preci-
sion of uranium analyses is unrealistically small because
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TABLE C-II

WATER SAMPLE QUALITY PARAMETERS

[Cation/Anion] Ratios

Sample Number Average Number
Set of Samples Ratio s of Outliers*

1 67 0.978 0.094 14
2 2 0.960 0.042 0
3 27 0.999 0.046 1
4 16 1.04 0.046 2

[meq Hardness/Sum meq Ca + Mg] Ratios

Sample Number Average Number
Set of Samples Ratio s of Outtiers’

1 66 1.03 0.12 13
2 2 0.98 0.035 0
3 27 0.97 0.029 0
4 16 0.96 0.044 0

————————

aOutliers are defined as having a ratio outside 1.00 * 0.10.

standards contained quantities of uranium significantly
above detection limits.

Analysis of blanks provide a criterion to judge the
probability that samples were contaminated during the
analysis. Table C-V presents weighted means and stan-
dard deviations of the absolute quantity of analyte re-
ported in blank materials analyzed during 1981.

D. Limits of Detection

Data from analysis of blanks also provide a means of
calculating limits of detection for various procedures.
Table C-VI presents detection limits for analyses of
various constituents in several environmental matrices.
The limits for ‘8+239Pu, 241Am, 137CS, and U are
calculated from the weighted mean plus two standard
deviations of the analyses of blanks (Table C-V). For

tritium, the detection limit is merely 2s of repetitive deter-
minations of the instrumental blank.

Detection limits for gross alpha and gross beta in
Table C-VI are calculated assuming that counting rates
for both are at background levels. Gross alpha and gross
beta are measured simultaneously by counting on a gas
proportional counter and electronically discriminating
the output pulses. As there is crosstalk generated by
detection of the two types of emissions, the detection
limit of one is a function of the counting rate of the other.
The detection limit for alpha increases 10VOabove the
limit for every count per minute (cpm) of beta activity
emitted by the sample. Similarly, the detection limit for
beta increases 40?40for every 10 cpm of alpha.

Results greater than a defined detection limit indicate
the presence of a constituent at the 95?40confidence level.
However, results less than a detection limit do not

‘necessarily indicate its absence.
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Analysis

Ag

Al

As

B

Ba

Be

7Be

c
cl

Cd

cc
c1

co

Conductivity

Cf

Cs
137CS

cl!

Dy

Eu

F

Fe

Gd

H

Hc.rdncss

Hf

HB

3H (<2000 pCi/~

3H (>2000 pCi//)

K

La
Lu
Mg

h

N

Nn
21Na

Nd

Ni

N03

Pb

PH

PO,

Pr
226~a

Sb

s.

Se

Si

Sm

so,

Ta

TOId diSSOkd SOydS
Th
Ti

m

Tcxal alkalinity

u

233+ (natura13

2]$238U (depleted)

v

w

Yb

Zn

TABLE C.111

SUMMARY OF ANALYTfCALQUALfTV ASSURANCE RESULTS FOR

STABLE CONSTITUENTS AND SELECTED RADIOACTIVE CONSTITUENTS
.,

soil water
.,.—... . . ,

R+s

1.01 * 0.05

I.CO*O.11

1.09 +0.16

0.85 + 0.19

0.82

1.01 * 0.04

0.78 + 0.15

1.01 * 0.09

0.90

1.05 * 0.13

0.95 * 0.15

1.12*0.06

1.14 + 0.28

0.65 + 0.06

0.96 i 0.1 I

1.00

0.94 * 0.04

0.87

0.93 * 0.09

1.02* 0.02

0.96 A 0.07

0.98 i 0.16

0.94 * 0.07

1.03 * 0.04

1.0s * 0.07

1.0S + 0.08

1.04 * 0.06

0.82 + 0.06

1.04 * 0.07

0.95 + 0.08

0.94

0.90

1.01 * 0.04

1.Oa * 0.05

0.92

0.91

1.Ixl * 0.02

1.01 i O.CX

0.92 + 0.0S

1.14 *0.19

096 i 0.07

1.02 i 0.18

cfsamples

5

84

21

7

1

17

4

27

2

83

97

8

3

9

30

2

3

1

16

19

30

7

17

5

6

12

3

3

3

89

1

1

17

29

1

1

59

18

5

72

16

17

rammer

Ris of SM3ples

0.96

1.05 * 0.10

1.01 * 0.10

1.03 i 0.06

0.98 + 0.096

1.07 i 0.02

0.97 ● 0.12

0.98

0.97 + 0.08

1.05 * 0.10

1.03 i 0.08

1.03 * 0.09

1.06 i 0.08

1.04 * 0.03

1.00 ● 0.12

1.05 * 0.33

0.96 A 0.07

0.98 i 0.04

1.02 * 0.0s

0.98 i 0.05

1.04 * 0.02

1.22 * 0.10

1.00* 0.09

1.02 i 0.06

0.96 i 0.06

0.95 * 0.03

I.00*0.11

0.99

0.9s

1.00 * 0.05

1.30 i 0.46

1.07 * 0.10

1.01 * 0.04

1.02 * 0.09

l.lM

1
4

9

6

18

7

8

2

8

7

51

4

5

6

21

31

28

10

10

3

8

5

5

7

5

12

4

1

2

16

3

15

34

3

2

Biological Air Pattkulstei

Number Number

Ris of SM3pk R+s of Ssmples
. — —

1.07

1.09 * 0.22

1.07 * 0.15

0.99 i 0.01

1.03

0.95 * 0.12
a

1.01 + 0.08

1.Ca * 0.05

0.97 * 0.12

1.12

0.97 * 0.07

1.02 * 0.05

‘All determinations wae at or below detection limits, in agreement with cmtiticd values.

90

1
35

19

13

2

20

200

10

8

37

1

20

8

0.85 + 0.10 9

0.95 I

0.98:0.04 8

0.9s 2

0.91 + 0.07 6

1.02 ● 0.09 3

0.88 i 0.18 3

0.93 * 0.04 9

1.04 * 0.09 !0
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I
[
I
I

I
I
I

I
I
I
I
I
I
I
I
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TABLE C-IV -

SUMMARY OF RADIOACTIVE CONSTITUENT
QUALITY ASSURANCE RESULTS ON

EPA AND EML PROGRAMS

Number of
Analysisa Samples R*s

Gross alpha 24 0.96 ~ 0.21

Gross beta 24 1.20 ~ 0.25
3H 15 1.05 ● 0.32
40K 6 1.07 + 0.12
90& 21 1.13 +0.21
1311 3 0.87 ● 0.05
137CS 3 0.88 ● 0.11
226Ra 3 0.85 * 0.02
239pu 6 0.79 * 0.20

U (natural) 6 0.98 * 0.09
————————

aMost samples for ‘*Cr, CoCo,csZn, 1°cRu, 134CS,and

I’”Ba were below our detection limits.

TABLE C-V

QUANTITY OF CONSTITUENT REPORTED IN BLANKS

Analysis
Number of

Sa3nples

Quantity
(i * s) units

9osr
238pu
239pu
241Am

Uranium
(Delayed neutron)

Uranium
(Epithermal activation)

137C5

Grass gamma

18
14
18
5

25

8

50
50

–0.029 ~ 0.26
0.010 + 0.011
0.014 + 0.022
0.019 * 0.015

15 * 10

IO*8

5*4
1600 * 100

pCi
pCi
pCi
pCi
ng

ng

pCi
counts/rein
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TABLE C-VI

DETECTION LIMITS FOR-ANALYSES OF TYPICAL
ENVIRONMENTAL SAMPLES

Parameter

Air Sample
Tritium
238pu
239pu
24lAm

Gross alpha
Gross beta
Uranium

(Delayed neutron)

Water Sample
Tritium
137(3
238pu
239pu
241Am

Gross alpha
Gross beta
Uranium

(Delayed neutron)

Soil Sample
Tritium
137(3
238pu
239pu
241Am

Gross alpha
Gross beta
Uranium

(Delayed neutron)

Approximate Sample
Volume or Weight

Count
Tne

Detection
Limit

Concentration

3 ~3

2.0 x 104 m3
2.0 x 104 m3
2.0 x 104 m3
6.5 x 103 m3
6.5 x 103 m3
2.0 X 104 m3

0.005 t’
0.5 t
0.5 t
0.5 t
0.5 {
0.9 e
0.9 t’
0.025 t

1 kg
100 g
10 g
10 g
10 g
2g
2g
2g

100 min
8 X 104 WC

8 x 104sec
8 X 104 sec
100 min
100 min
60 sex

100 min
5 x 1~ sec
8 x 104 sec
8 x ld sec
8 x 104 sec
100 min
100 min
50 Sec

100 min
5 x 104 sec
8 x 104 sec
8 x 104 sec
8 x 104 sec
100 min
100 min
20 sec

1 x 10–12 ~Ci/mt
2 X 10–18 ~Ci/mt
3 X 10_18 yCi/mt
2 x 10–18 ~Ci/mt
3 x 10–16 ~Ci/mt
3 x 10–16 ~Ci/mC
1 pg/m3

7 x 10–7 ~Ci/mt’
4 x 10–8 ~Ci/mt’
9 x 10–12 ~Ci/mt’
3 x 10-11 ~Ci/mt
2 x 10–10 ~Ci/mt
1 x 10–9 ~Ci/mt
5 x 10_9 ~Ci/mt’
1 pglt’

0.003 pci/g
10-1 pci/g
0.003 pci/g
0.002 pci/g
0.01 pCi/g
0.8 pCi/g
0.003 pci/g
0.03 @g
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APPENDIX D

METHODS FOR DOSE

A. Introduction

Annual radiation doses are evaluated for three prin-
cipal exposure pathways: inhalation, ingestion, and ex-
ternal exposure (which includes exposure from immer-
sion in air containing radionuclides and direct and scat-
tered penetrating radiation). Results of environmental
measurements are used as much as possible. Calcula-
tions based on these measurements follow procedures
recommended by federal agencies to determine radiation
doses. D1vD2

Estimates are made of the:
1.

2.

3.
4.

Maximum boundary dose to a hypothetical in-
dividual 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),
Maximum individual 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,
Average doses to nearby residents.
Whole body person-rem dose for the population
living within an 80-km radius of the site.

Four age groups are considered: infant, child, teen,
and adult. Dose calculations utilize parameters such as
annual food consumption and breathing rates specific to
each age group. ValuesD2’D3provided for these and other
parameters used in tlie calculations are in Table D-I.

Age specific dose conversion factorsD4 used for inhala-
tion and ingestion calculations are in Table D-II. These
factors give total dose received (in mrem) by an organ
during the 50-yr period following intake of a radionuclide

(the 50-yr dose commitment) per amount of radionuclide
(in pCi) either inhaled or ingested.D5

Table D-III also lists a second set of dose conversion
factors based ‘on the dose (in mrem) received in the first
year, rather than the 50-yr dose commitment.

CALCULATIONS

Procedures for calculating doses using these two sets of
dose conversion factors are identical. The first set gives
total dose incurred during the 50-yr following intake; the
second gives dose received in the first year. Dose es-
timates in the text are identified as to which type of dose
they represent.

B. Inhalation Dose

Annual average air concentrations of ‘H, 238Pu,239Pu,

241Am, and total U, determined by H-8’s air monitoring
network, are corrected for background by subtracting
the average concentrations measured at regional sta-
tions. These net concentrations are then multiplied by
standard breathing rates for the four age groups to deter-
mine total annual intake via inhalation, in pCi/yr, for
each radionuclide. Each intake is multiplied by ap-
propriate dose conversion factors to convert intake into
50-yr dose commitments for bone, liver, total body,
thyroid, kidney, lung, and gastrointestinal (GI) tract.
First year dose is estimated for bone, total body, thyroid,
lung, and GI tract. Organs chosen for dose calculations
include those expected to receive the largest dose from
the radionuclides being considered. Parameters used in
the calculations are in Tables D-I, D-II, and D-III. As
noted in Tables D-II and D-HI, dose conversion factors
for 3H include an increase of 1.5 over inhalation intake to
account for skin absorption.

This procedure for dose calculation conservatively
assumes that a hypothetical individual is exposed to the
measured air concentration continuously throughout the
entire year (8736 h). This assumption is made for the
boundary dose, dose to the maximum exposed in-
dividual, and dose to the population living within 80 km
of the site.

Organ doses are determined at sampling sites for each
radionuclide. A final calculation estimates the total in-
halation dose to an organ by summing doses to that
organ from each radionuclide.
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TABLE D-I

PARAMETERS USED IN DOSE ASSESSMENT

Parameter Infant

Annual breathing rate (m3/yr)
Food consumption rate

Fish (kg/yr)
Fruits (kg/yr)
Vegetables (kg/yr)
Grain (kg/yr)
Meat and poultry (kg/yr)
Milk (t’/yr)
Honey (kg/yr)

1400

---

---

---

---

330
---

Child Teenager

3700

6.9
114
281
125
41

330
3

8000

16
139
340
151
65

400
5

Adult

moo

21
114
281
125
110
310

5

Shielding factor for residential structures 0.7

Occupancy Factor

Restaurant north of TA-53

All other locations, except where noted

Volubility of ‘inhaled radionuclides

3H

Total U

238pu

239,240PU

241Am

Number of trips, longer than one day,

taken by Laboratory personnel in 1981

0.4

1.0

Soluble

Insoluble

Insoluble

Insoluble

Insoluble
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lASSLE SJ.11

AGE SPECIFIC DOSE CONVERSION FACTORS FOR 50.YR DOSE COMMITMENT

Infant Dose Conversion Factors

(mrenr/SO.yr per pCi intake in first year)

Organ

Bone Liver Total Bcdy Thyroid Kidney Lung GI-LLlb
Radio-
nuclide

3H

137c~

Total U

238pu

239pu

241AM

3H

137&

Totrd U

238pu

239pu

241AM

Pathway

Inhalation’
Ingestion

0.0 4,62 X 10–7 4.62 X 10–7 4.62 X 10-7
0.0 3.08 X 10–7 3.08 X 10_7 3.08 X 10-7

4.62 X 10-7
3.08 X 10–7

4.62 X 10-7 4.62 X 10-7
3.08 X 10-7 3.08 X 10-7

5.22 X 10+ 6.11 X 10+ 4.33 x 10-s 0.0 1.64 X 104 6.64 X 10-5 1.91x 10–6Ingestion

5.00 x 10–2 0.0 3.52 X 10–3 0.0
4.67 X 10–3 0.0 3.56 X 104 0.0

1.00Y. 10-2
9.93 x lo-

3.27 X 10-1 3.77 x 10-5
0.0 6.08 x 10-5

Inhalation
Ingestion

9.03 x 10-1 4.69 X 10-5
0.0 7.57 x 10–~

Inhalation
Ingestion

5.02 6.33 X 10-1 1.27X 10–1 0.0
1.34 x 10–3 1.69X 10+ 3.40 x lo-f’ 0.0

4.64 X 10-1
1.21 x 10-4

Inhalation
Ingestion

5.50 6.72 X 10-1 1.34x 10-1 0.0
1.45x 10-3 L77 x lo~ 3.54 x 10-s 0.0

4.95 x 10-1
1.28 X 10q

8.47 X 10-1 4.28 X 10-5
0.0 6.91 X 10-s

1.84 8.44 X 10_l 1.31x 10-1 0.0
1.53x 10-3 7.18 X lb 1.09 x 1o--1 0.0

7.94 x 10-1
6.55 X 10-

4.06 X 10–1 4.78 X 10-s
0.0 7.70 x 10–s

Inhalation
Ingestion

Child Dose Conversion Factors
(mrens/50-yr per pCi intake in tirst year)

Inhalation’
Ingestion

0.0
0.0

3.04 x 10-7
2.03 X 10–7

3.04 x 10-7 3.04 x 10-7
2.03 X 10_7 2.03 X 10-7

3.04 x 10-7
2.03 X 10-7

3.04 x 10–7
2.03 X 10-7

3.04 x 10-7
2.03 X 10-7

3.13 x Id 4.62 X 10-5 0.0 3.67 X 10_5 1.96 X 10–6Ingestion 3.27 X 10+ 1.02)( 10-r

4.27 X 10–2
3.42 X 10-3

2.59 X 10-3 0.0
2.07 X 104 0.0

3.74 x 10-5
6.03 X 10–5

Inhalation
Ingestion

0.0
0.0

7.00 x 10–3
5.60 X 10d

1.63X 10–1
0.0

Inhalation
Ingestion

4.74
1.25 X 10–3

6.05 X 10_l
1.56X K@

1.21x 10-1 0.0
3.16 X 10-5 0.0

4.47 x 10–1
1.15x 1o-1

6.08 x 10-1
0.0

4.65 X 10-5
7.50 x 10-5

Irrhtdation
Ingestion

5.24
1,36X 10-3

6.44 X l(Y1
1.65 X 10-

1.28X I&] 0.0

3.31 x 10-s 0.0
4.78 X 10-1
1.22 x lo~

5.72 X 10-]
0.0

4.24 X 10–5
6.85 X 10–5

7.85 X 10-1 2.02 x 10-]
0.0

4.73 x 10–5
7.64 X 10–5

1.74 1.24X 10–1 0.0 7.63 X 10–1
6.03 X 10AIngestion 1.43 x 10-3 6.40 X 104 1.02x 10-4 0.0

———————
%scludes an increase of 50% to account for skin absorption.
bGastrointestind—hwer large intestine.
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TABLE D-11(Continued)

Teen Dose Conversion Factors
(mrerrs/50.yr per pCi intake in first year)

Organ

Pathway Bone Liver Total Body Thyroid Kidney Lung GILLIb

Inhalation’ 0.0 1.59 x 10-’ 1.59x 10-7 1.59x 10-7 1.59x 10-7 1.59x 10-7 1.59x 10-7
Ingestion 0.0 1.06 X 10–7 1.06 X 10_7 1.06X 10_7 1.06X 10-7 1.06x IO-7 1.06X 10-7

Ingestion 1.12x lo~ 1.49x lti 5.19 x 10-5 0.0 5.07 x 10-~ 1.97 x 10-~ 2.12 x 10-6

Inhalation 1.42X 10–2 0.0 8.66 x 10-4 0.0 3.33 x 10-3 8.43 X 10-2
Ingestion

3.85 X 10-5
1.14x 10-3 0.0 6.93 X 10_5 oo 2.67 X 10- 0.0 6.21 X 10-5

Inhalation 2.86 4.06 X 10_l 7.22 X 10_2 o.o 3.10 x 10-1 3.12x 10-1 4.37 x 10-5
Ingestion 7.12x 10- 1.02 x 10-’ 1.82X 10_5 o.o 7.80 X 10-5 0.0 7.73 x 10-5

Inhalation 3.31 4.50 x 10–1 8.05 X 10-2 0,o 3.44 x 10-1
Ingestion 8.27 X 10-

2.93 X 10-t
1.12x lLH

4.46 X 10-5
2.01 x 10-5 0,0 8S7 X 10-S 0.0 7.06 X 10-5

Inhalation 1.06 4.07 x 10-1 7.10 x 10-2 0.0
Ingestion

5.32 X 10-1 1.0s x 10-1 4.88 X 10–5
8.62 X 10- 3.29 X 10- 5.75 x 10-5 0.0 4.31 x 10-’ 0.0 7.87 X 10-5

Radio.
rmclide

3f.f

137(3

Total U

238pu

239pu

241Am

33.3

137r-5

Total U

238pu

239pu

241~

Adult Dose Conversion Factors
(mrcrn/50-yr per pCi intake in fust year)

Inhalationa
Ingestion

0.0 1.58 X 10_7
0.0 1.05 x 10-7

1.58 X 10_7 t.58 X 10-7
1.05 x 10-7 1.05x 10–7

1.58X 10-7
1.05x 10-’

1.58X 10-7 1.58 X 10–7
1.05 x 10–7 1.05x 10-7

7.97 x 10-~ 1.09x 10-’ 7.14 x 10-5 0.0 3.70 x IO-5 1,23X 10-5 2.11 x 10-6Ingestion

6.06 x 10-1 0.0
4.85 X 10-5 0.0

2.33 X 10-3
1.87X 10A

4.90 X 10-2 3.63 X 10-s
0.0 5.86 X 10-S

Inhalation
Ingestion

9.93 x 10-3 0.0
8.01 X 10A 0.0

1.82X 10-1 4.52 X 10-5
0.0 7.30 x 10-~

Inhalation
Ingestion

2.74 3.87 X 10_l
6.80 x lo~ 9.58 X I@S

6.90 X 10_2 0.0
1.71x 10-5 0.0

2.96 X 10–1
7.32 X 10-5

1.72X 10-1 4.13 x 10-~
0.0 6.66 x 10-5

3.19 4.31 x 10-1
7.87 X 10A 1.06 X ld

7.75 x 10-2 0.0
1.91x 10–5 0.0

3.30 x 10-’
8.11 X 10-5

Inhalation
Ingestion

6.71 X lCr2 0.0 5.04 x 10–l 6.06 x 10-~ 4.60 X 10-5Inhalation 1.01 3.59 x 10-1
Ingestion 8.19x 10+ 2.88 X Id 5.41 x 10-5 0.0 4.07 x !0- 0.0 7.42 X 10–5

——————
aIncludes an increase of 50% to account for skin absorption.
gastrointestinal-bwcr large intestine.
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C. Ingestion Dose

Results from foodstuff sampling, described in Section
IV.A.5, are used to calculate doses to the same organs as
considered for the inhalation dose. The procedure is
similar to that used in the previous section. The
radionuclide concentration in a particular foodstuff is
multiplied by the annual consumption rateD2 to obtain
total annual intake of that radionuclide. Multiplication of
the annual intake by the radionuclide’s ingestion dose
conversion factor for a particular organ gives the es-
timated 50-yr dose commitment and first year dose to
the organ. Consumption rates and dose conversion fac-
tors used in the calculations are in Tables D-I, D-II, and
D-III.

Doses are evaluated for ingestion of 3H, 90Sr, 137Cs,
total u, 238Pu, and ‘9Pu in fruits and vegetables; 3H, ‘Be,
22Na, ‘37CS,and total U in honey; and 137CS,total U,
238pu, and 239pu in fish.

Consumption rates in Table D-I correspond to values
recommended by the Nuclear Regulatory ComrnissionD2
for calculation of dose to the maximum exposed in-
dividual. The single exception is the honey consumption
rate, which, since it has no recommended value, was
based on professional judgment.

D. External Radiation

Nuclear reactions with air in the target areas at the
Los Alamos Meson Physics Facility (LAMPF, TA-53)
cause the air activation products llC, 13N,and 1~0 to be
formed. These isotopes are all positron emitters and have
20.4-min, 10-min, and 122-see half-lives, respectively.
Neutron reactions with air at the Omega West Reactor
(TA-2) and the LAMPF form 41Ar (1.8 h half-life).

The radioisotopes 1lC, 13N, and *50 are sources of
gamma radiation that are due to formation of two 0.511-
MeV photons through positron-electron annihilation.
The 41Ar emits a 1.29 MeV gamma with a 99% yield.

External radiation doses are monitored with H-8’s
thermoluminescent dosimeter network. Measured doses,
considered as whole body doses in this report, are in
Table E-II. Background estimates at each site, based on
historical data, consideration of possible nonbackground
contributions, and, if possible, values measured at loca-
tions of similar geology and topography, are then sub-
tracted from each measured value. This net dose is
assumed to represent the dose due to Laboratory ac-

tivities that an individual would receive if he or she were
to spend 100!40 of his or her time during an entire year at
the monitoring location.

Boundary and maximum individual doses from 41Ar
releases from the Omega West Reactor (TA-2) are es-
timated using standard meteorological models and
measured stack relea~esDs (see Table E-I). Procedures
used in making the calculations are described in the
following section. A dose rate correction for plume size is
taken from standard graphical compilationsDs in making
this dose estimate.

At onsite locations at which above background doses
were measured, but at which public access is limited,
doses based on a more realistic estimate of exposure time
are also presented. Assumptions used in these estimates
are in the text.

E. Population Dose

Calculation of whole body population dose estimates
(in person-rem) are based on measured data to the extent
possible. For background radiation, average measured
background doses for Los Alamos, White Rock, and
regional stations are multiplied by the appropriate pop-
ulation number. Tritium average doses are calculated
from average measured concentrations in Los Alamos
and White Rock above background (as measured by
regional stations).

There doses are multiplied by population data incor-
porating results of the 1980 census, which is summarized
in Table D-IV. The population data has been slightly
modified to account for population changes between
1980 and 1981. The modification is based on an ex-
trapolation of the 1970-1980 growth rates.

For 41Ar, 1*C, 13N, and 130, atmospheric dispersion
models are used to calculate an average dose to in-
dividuals living in the area in question. The air concen-
tration of the isotope [X(r,e)] at a location (r,e) due to its
emission from a particular source is found using the an-’
nual average meteorological dispersion coefficient [%(r,
O)/Q] (based on Gaussian plume dispersion models) and
the source term Q. Source terms, obtained by stack
measurements, are in Table E-I.

Dispersion factors for the LAMPF and Omega West
Reactor are given in Table D-V. The dispersion factors
were calculated from 1981 meteorological data collected
at Los Alamos during the actual time periods when
radionuclides were being released from the stacks. The
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ESTIMATES OF NUMBER

A. Cities and towns included in

Town

TABLE D-IV

OF PEOPLE LIVING

1980 census resultsa

No. of
People

WITHIN 80 km OF LABORATORY

●

No. of
Town People

Alcalde
Bernalillo
Chama
Chimayo
Cochiti
Cuba
Espaiiola
Jemez
Jemez Springs
Los Alamos
Nambe
Pecos
Ranchos de Taos

432
3 135
1 111

2477
804
633

6 897
1 542

312
11 012

1 124
920

1 455

San Felipe 1 940
San Felipe/Santo Domingo Joint Area 393
San Ildefonso 1 492
San Ysidro 199
Sandia 239
Santa Ana 395
Santa Clara 2448
Santa Fe 49 808
Santo Domingo 2054
Tesuque (Pueblo) 362
Tesuque 1 032
White Rock 6 917
Zia 517

Total 99 650

B. Estimate of number of people not included in 1980 census results. 15 368

C. Estimate of total number of people living within 80 km of Laboratory. 115 018

——

a1980 census counts. Source: U.S. Bureau of the Census.

~Q includes the reduction of the source term due to
radioactive decay. The annual average wind data for
1981 is represented in Fig. 20. These dispersion factors
differ somewhat from those used in previous reports in
that the latter did not include a correction for radioactive
decay (decay corrections were calculated separately in
determining the air concentrations) and were calculated
from meteorological data from a different year.

The gamma dose rate in a semi-infinite cloud at time t,

Yaj (r,e,t), can be represented by the equationDc

y~(r,ot) = 0.25’~ X(r,6,t)

where

ym(r,9,t) = gamma dose rate (rad/see) at time t, at a
distance r, and angle 8,

z = average gamma energy per decay (MeV) (1.02
MeV for position emitters and 1.29 MeV for
41Ar), and

~(r,O,t) = plume concentration in Ci/m3 at time t, at a
distance r, and angle 0.
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DISPERSION FACTOR (x/Q)

Source Location

TA-2
TA-2
TA-2
TA-2
TA-53

TA-53

TA-53

———.

TABLE D-V

USED FOR POPULATION DOSE Estimates

Half-Life
Radiorwclide (rein)

—

Boundary
Maximum individual
Los Alamos
White Rock
Boundary

Los Akrios

White Rock

41Ar

41&

41Ar

41Ar

150

13N

llC

41Ar

150

13N

11(-J

41Ar

150

13N

llC

41Ar

109.8
109.8
109.8
109.8

2.07
10.0
20.4

109.8
2.07

10.0
20.4

109.8
2.07

10.0
20.4

109.8

a[ncludes correction for radioactive

The annual dose is calculated from the dose rate and
then multiplied by the appropriate population figure to
give the estimated population dose.

Background radiation doses due to airline travel are
based on the number of trips taken by Laboratory per-
sonnel. It was assumed that 85O/oof these trips were
taken by Laboratory personnel residing in Los Alamos
County and that non-Laboratory travel was 10VOof the
Laboratory trips. Average air time at altitude for each
trip was estimated to be 4.5 h, where the average dose
rate is 0.22 mrem/h.D7

REFERENCES

decay.

x./Q
(see/m3)

2.4 X 10–6
2.0 )( 10–6
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5.8 X 10_ll
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2.6 x 10–8
7.6 )( 10–8
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8.3 X 10–8
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D3. International Commission on Radiological Protec-
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ENVIRONMENTAL DATA TABLES
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TABLE E-III

LOCATIONS OF AIR SAMPLING STATIONS

Station

Latitude
or

N-S Coord

Longitude
or

E-W Coord

Regional (28-44 km)

1. Espaiiola
2. Pojoaque
3. Santa Fe

Perimeter (O-4 km)

4. Barranca School
5. Arkansas Avenue
6. Cumbres School
7. 48th Street
8. LA Airport
9. Bayo STP

10. Gulf Station
11. Royal Crest
12. White Rock
13. Pajarito Acres
14. Bandelier

Onsite

15. TA-21
16. TA-6
17. TA-53 (LAMPF)
18. Well PM-1
19. TA-52
20. TA- 16
21. Booster P-2
22. TA-54
23. TA-49
24. TA-33
25. TA-39

36°00’
35°52’
35”40’

N180
N170
N150
NI1O
N11O
N120
N090
N080
S080
S21O
S280

N095
N025
N070
N030
N020
S035
S030
S080
S165
S245
S190

106”06’
106°02’
106°56’

E130
E030
E090
Wolo
E170
E250
E120
E080
E420
E380
E200

E140
E030
E090
E305
E155
W025
E220
E290
E085
E225
E230
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Radioactive
Constituent

Gross alpha
Gross beta
241Am
238pu
239pu
3H

u
u

TABLE E-IV

REGIONAL AVERAGE BACKGROUND ATMOSPHERIC
RADIOACTIVITY CONCENTRATIONS

EPAa
Units 1980

10–15 ~Ci/mt’
10–15 ~Ci/mt’
10–18 ~Ci/mt’
10–18 ~Ci/mt
10–18 ~Ci/mt’
10–12 ~Ci/m4
10–18 ~Ci/mt’

pg/m3

Not reported
10

Not reported
3.1 * 1.2
8.2 ~ 1.7
Not reported
34*4
103 * 12

Laboratoryb
1981

Uncontrolled Area
Concentration Guide

1.1 * 0.3
121 * 33
1.5 * 2.0

–1.5 + 0.6
8.2 + 5.9
18+8

8.9 * 4.3
27 + 13

6 X 101
3 x 104
2 )( 1011
7 x 104
6 )( 104
2 x 105
2 x 106
6 X 106

—— __ .-

aUS Environmental Protection Agency, “Environmental Radiation Data:’ Report 21-22 (Decembef
1980). Data are from the Santa Fe, New Mexico sampling location and were taken from January through
June 1980.
bData annual averages are from the regional stations (Espaiiola, Pojoaque, Santa Fe) and were takeh dur-
ing calendar year 1981,

110



III1IIIIIIIIIIIIIII

e
4
-1

1

0
0
0
0
0
0
0
0
0
0

0
0

0
0
0
0
0
0
0
0
0
0

0
0

0
0
0

0

(-4
Ix

N
!w

.x-
.

N
N

W
I-4

N
-----

-----
-.!-)

r4
!-4

e
4
e
4

.
N

N
f-4

I-4
t-+

N
.-4

-----
-----

-.-l

N
-

*trim
-

e
-l

1
-

m
m

c
w

lw
tw

q
~
q
-

q
tw

~
~

z
0
0
6
0
0
0

d
0

0
0

0
0

>Iiw.4m<1-

0
0
0
0
0
--0

0
0
0
!-4

0
0
0
0
0
0
0
0
0
0

0
0

0
-.-1

.

c
u
.e

4
w

e
4
r4

N
r4

e
4

..-4
.

------
-----

.-l



TABLE E-VI

ANNUAL ATMOSPHERIC TR3TIATED WATER VAPOR CONCENTRATIONS

Total Number Number Corrcentrations-pCi/m3 (10- 12 pCi/mfl

Air of of Mean
Volumea Morrtldy Samples as

Station LOeation (m3) Samples <MDLb Maxc Mine Mean’ ‘% ccid
.— — — —.

Regional Stations (28-44 km)-Uncontrolled Areas

1. Espaiiola 78 12 4
2. Pojoaque

55 * 18 -0.4 * 1.8 17 * 13 0.008
78 12

3. Santa Fe
4 62 + 20 0.3 * 1.0 17 * 14 0.009

78 12 6 68 * 22 -1.3 * 1.0 18* 16 0.009
— .

Regional Group Summary 234 36 14 68 + 22 –1.3 * 1.0 18&8 0.009

Perimeter Stations (O-4km)-UncorttrolItxt Areas

4. Barranca School
5. Arkansas Ave
6. Cumbres School
7. 48th Street
8. LA Airport
9. Bayo STP

10. Gulf Station
11. Royal Crest
12. White Rock
13. Pajarito Acres
14. Bandelier

Perimeter Group Summary

Onsite Stations—ControlIsd Areas

15. TA-21
16. TA.6
17. TA-53 (LAMPF)
18. Well PM-1
19. TA.52
20. TA- 16
21. Booster P-2
22. TA-54
23. TA-49
24. TA-33
25. TA-39

On-Site Group Summary

78
78
78
78
78
78
78
78
78
78
78

12
12
12
12
12
12
12
12
12
12
12

4
3
4
2
0
3
4
0
I
o
0

858 132 21

78
78
78
78
78
78
78
78
78
78
78

858

12
12
12
12
12
12
12
12
12
12
12

132

0
4
0
0
1
3
3
0
7
0
0

18

29 k 10
30 i 10
22+8
32 * 10
13*4

130*40
9.8 + 3.4
16*6
II*4
22&8
31+10

130+40

18*6
35 * 12
31 k 10
11*4
17+6

4.5 + 1.6
14+4
93 *30
14*4
85 ~ 28
49 ~ 16-—
93 k 30

-0.5 + 0.8
-0.8 i 1.0

1.1 + 0.8
0.5 + 0.8
0.5 ~ 0.8
0.3 + 0.6
2.4 ~ 1.2
1.2 + 0.8
0.7 &0.8
1.1 * 1.0
2.5 + 1.2

-0.8 ~ 1.0

0.9 * 1.4
0.2 * 1.0
0.1 * 0.4
0.5 * 1.0
0.1 * 0.8

–0.3 i 0.8
–1.6~ 1.6

0.7 + 0.8
-0.2 + 0.4

0.7 i 0.8
0.4 * 0.8

–1.6 ~ 1.6

6.8 k 5.8 0.003
7.9 k 6.5 0.004
6.4 ~ 4.2 0.003
7.7 k 6.1 0.M4
4.5 k 2.4 0.CQ2
22 +26 . 0.011
6.1 ~ 1.6 0003
4.7 k 2.3 0.002
2.9 k 1.6 0.001
5.7 * 3.s 0.003
8.5 &4.6 0.004— .
7.6 k 2.7 0.004

5.6 + 3.I 0.0001
6.7 * 5.3 0.0001
5.4 * 4.9 0.0001
4.1 ~ 1.8 0.0001
4.4 * 3.1 O.wol
1.9 + 1.1 0.000o
2.5 &2.5 O.OQO1
22* 17 0.0004

4.4 &2.9 0.0001
30+ 17 0.0006
12*8 0.0002— .

9.0 + 2.8 0.0002

aAir volumes (m3) at average ambient conditions of 77 kPa barometric pressure and 15‘C.
bMinimum detectable limit = 1 X 10-12 IIWmf.
cUncertairrtiesare +2 standard deviations (see Appendix B.2).
dcon~olled area radioactivity concentration guide = 5 X l@ Kcilmf.

Uncontrolled area radioactivity concentration guide = 2 x 10–7 kCi/mt.
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TABLE E-VIII

ANNUAL ATMOSPHERIC URANIUM CONCENTRATIONS
(concentrations in pg/m3)

Total Number Number
Air of of Mean

Volume’ Quarterly Samples as
Station Location (m3) Samples <MDLb Maxc Mine Meanc % CGd— _ _ — —

Regional Stations (28-44 km)-Uncontrolled Areas

1. Espaiiola 53 826 4
2. Pojoaque 43 323 4
3. Santa Fe 55 059 4— _

Regional Group Summary 152 208 12

Perimeter Stations (O-4 km)— Uncontrolled Areas

4. Barranca School 52311 4
5. Arkansas Ave 46 779 4
6. Cumbrcs School 42 892 4
7. 48th Street 49 163 4
8. LA Airport 55 406 4
9. Bayo STP 48 713 4

10. Gulf Station 51 834 4
11. Royal Crest 49 135 4
12. White Rock , 49 552 4
13. Pajarito Acres 37 783 4
14. Bandelicr 43 426 4— _

Perimeter Group Summary 526 994 44

Onsite Stations—ControlledAreas

15. TA-21
16. TA-6
17. TA-53 (LAMPF)
18. Well PM-1
19. TA-52
20. TA.16
2L Booster P.2
22. TA-54
23. TA.49
24. TA-33
25. TA-39

Onsite Group Summary

48 499
49 103
49 899
49020
51 804
48 139
53 640
55 666
52 769
51 544
54 166

4
4
4
4
4
4
4
4
4
4
4

3
2
3

31*7
66* 13
39h9

–1.7*18
3.2 k 3.0
3.2 ~ 2.3

19*14
38+31
23 i 16

0.0003
0.0006
0.0004

8 66* 13 –1.7 k 18 0.0005

1

-2
2
0
1
1
0
1
3
2
1

78 k 36
57* 39

139*4O
82 + 38
64 k 33
66 + 39
98* 18
47 i 39
43 * 10
97* 50

168 + 38

–1.9 * 19
18+20

–2.0 +20
21*4
16 ~ 18
17+19
26 & 19
27 * 38
18 ~ 20
21 +24
21 A23

42 ~ 33
36 i 16
51 +61
46 * 28
42 ~ 23
40 +.24
59 & 30
34 * 10
31+11
62 k 40
74 *66

0.0007
0.0006
0.0009
0.01X)8
0.00J37
0.0007
0.0010
0.0006
0.0CQ5
0.0010
0.0012

14 168 + 38 –2.0 * 20 47 * 10 0.00438

3
3
2
2
1
4
2
1
0
0
2

74 i 38
55 * 38
53 * 37
45 k 38
71 ~ 36
37 k 39
42 * 35

239 ~ 52
43 ~ 36
51*35
50* 35

564 199 44 20 239 & 52

13+4
17* 19

–1.9* 19
–1.9 * 19

17 + 19
13*4
18 k 20
16+17
24* 17
25* 18
16+4

–1.9 k 20

‘Air volumes (m3) at average ambient conditions of 77 kPa barometric pressure and 15‘C.
bMinimum detectable limit = 1 P8/m3.

cUncertainties +2 sample standard deviations (see Appendis B.2).
‘Controlled ara radioactivity concentration guide = 1.8 X 108 pg/m3.
Uncontrolled area radioactivity concentration guide = 6 x 106 pg/m3.

Note: One curie of natural uranium is quivalent to 3000 kg Ofnatural uranium. Hence,uranium masses
can be convcrtcd to the DOE “uranium special curie” by using the factor 3.3 x I@ 13 ~Ci/pg.
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36 k 28
32* 18
26 k 22
17+23
42 k 24
23+11
30 i 14
86 * 103
33 * 10
36 k 13
31 k 17

36*11

0.00002
0.00002
0.00001
O.om 1
0.00002
0.00001
0.00002
0.0W05
0.00002
0.ooO02
013QC02
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TABLE E-X

LOCATIONS OF SURFACE AND GROUND WATER STATIONS

Latitude

F&
Coordinate

Longitude

E:W
Coordinate

Map
Designation’Station

Regionalc
Chamita—Rlo Chama
Embudo—Rlo Grande
Otowi—Rlo Grande
Cochiti—Rio Grande
Bernalillo—Rio Grande
Jemez River

Perimeter
Los Alamos Reservoir
Guaje Canyon
Basalt Spring
Frijoles Canyon
La Mesita Spring
White Rock Canyond

Typeb

Sw
Sw
Sw
Sw
Sw
Sw

Sw
Sw
GWS
Sw
GWD

GWD
GWD
GWD
GWD
Sw
Sw

36°05’
36°12’
35°52’
35°37’
35°17’
35°40’

106°07’
105°58’
106”08’
106°19’
106°36’
106°44’

---
---
---
---
---
---

N105
N300
N060
S280
N080

W090
E1OO
E395
E180
E550

1

2
3
4
5

Puye Formation
Tesuque Fm (F.G. Seal)
Tesuque Fm (F.G. Seal)
Tesuque Fm (Basalts)
Surface Water
Surface Water (Sanitary Effluents)

--- --- —-

1
I
I
I
1
I

I

--- -.. ---
—-
---
---
---

---
---

--- ---

Water Supply
Distribution

N080
N1OO

E015
E120
E375
E070
W065

12
13
14
15
16

D
D
D
D
D

GWD
GWD
GWD
GWD
(lWD
GWD

Fire Station 1
Fire Station 2
Fire Station 3
Fire Station 4
Fire Station 5

Los Alamos Field
LA-lB
LA-2
LA-3
LA-4
LA-5
LA-6

Guaje Field
G-1
G-1A
G-2
G-3
G-4
G-5
G-6

S085
N185
solo

N115
N125
N130
N070
N076
N105

E530 17
18
19
20
21
22

E505
E490
E405
E435
E465

N190
N197
N205
N215
N213
N228
N215

E385
E380
E365
E350
E315
E295
E270

23
24
25
26
27
28
29

GWD
GWD
GWD
GWD
GWD
GWD
GWD
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TABLE E-X (Continued)

Latitude

&
Coordinate

Longitude

E:W
Coordinate

Map
Designation”Station Typeb

Pajarito Field
PM-1
PM -2
PM-3

Water Canyon Gallery

N030
S055
N040
S040

E305
E202
E255
W125

30
31
32
33

GWD
GWD
GWD
GWD

Noneffluent Areas
Test Well I
Test Well 3
Deep Test-5A
Test Well-8
Deep Test-9
Deep Test-10
Canada del Buey
Pajarito Canyon
Water Canyon
Test Well 2

N070
N080
Silo
N035
S155
S120
NOlO
S060
S090
N120

E345
E215
E090
E170
E140
E125
E150
E215
E090
E150

34
35
36
37
38
39
40
41
42
43

GWD
GWD
fGWD
GWD
CWD
GWD
Sw
Sw
Sw
GWD

Effluent Release Area
Acid-Pueblo Canyon
(Former Release Area)

Acid Weir
Pueblo 1
Pueblo 2
Pueblo 3
Test Well 1A
Test Well 2A

DP —Los Alamos Canyon
DPS-1
DPS-4
Ohs: Hole LAO-C
Ohs: Hole LAO-1
Ohs: Hole LAO-2
Ohs: Hole LAO-3
Ohs: Hole LAO-4
Ohs: Hole LAO-4.5

Sandia Canyon
Scs-1
SCS-2
SCS-3

N125
N130
N120
N085
N070
N120

E070
E080
E155
E315
E335
E140

44
.45
46
47
49
50

Sw
Sw
Sw
Sw
Cws
Gws

N090
N080
N085
N080
N080
N080
N070
N065

E160
E200
E070
E120
E21O
E220
E245
E270

51
52
53
54
55
56
57
58

Sw
Sw
(-IWS
GWs
Gws
Gws
(3Ws
f3ws

I
N080
N060
N050

E040
E140
E185

59
60
61

Sw
Sw
Sw
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Station

TABLE E-X (Continued)

Latitude

&
Coordinate

Longitude

E:W
Coordinate

Map
Designation* Typeb

Mortandad Canyon
GS-1
Ohs. Hole MCO-3
Ohs. Hole MCO-4
Ohs. Hole MCO-5
Ohs. Hole MCO-6
Ohs. Hole MCO-7
Ohs. Hole MCO-7.5

N040
N040
N035
N030
N030
N025
N030

E1OO
E11O
E150
E160
E175
E180
E190

62
64
65
66
67
68
69

Sw
GWS
GWS
GWS
GWS
GWS
GWS

aSee Fig. 12 for numbered locations.
bSW = surface water; G WD = deep or main aquifer; GWS = shallow or alluvial aquifer; D = water sup-
ply distribution system.
cSee Fig. 6 for regional locations.
‘Puye Formation 9 stations; Tesuque Fm (F. G. Seal) 2 stations; Tesuque Fm (C. G. Seal) 11 stations;
Tesuque (basalts) 3 stations; surface water 2 stations; surface water (sanitary eiTluents) 1 station.

I
1
I
1

1
I
I
1

I
I
I

I

I
I
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LOCATIONS OF

Station

Regional Soilsb

Regional Sediments
Rio Chama

Chamita
RIOGrande

Embudo
Otowi
Sandia
Pajarito
Ancho
Frijoles
Bernalillo

Jemez River

Perimeter Soils
Sportsman’s Club
TA-8
TA-49
Frijoles
West of Airport
South SR-4 near S-Site

Perimeter Sediments
Guaje at SR-4
Bayo at SR-4
Pueblo at Acid Weir
Pueblo at PC-1
Pueblo at Pueblo 1
Pueblo at Pueblo 2
Los Alamos at Totavi
Los Alamos at LA-2
Los Alamos at Rlo Grande
Sandia at Rio Grande
Canada del Ancha
Mortandad at SR-4
Mortandad at Rio Grande
Canada del Buey at SR-4
Pajarito at RIO Grande
Frijoles at Park Hdq
Frijoles at Rio Grande

132

TABLE E-XX

SOIL AND SEDIMENT STATIONS

Latitude

::s
Coordinate—

36°05’

36°12’
N085
S060
S185
S305
S375
35”17’

35”40’

N240
N060
S165
S245
N115
S085

N135
N1OO
N125
N130
N130
N120
N065
N125
N095
S055
S060
S030
S075
S090
S175
S280
S365

Longitude

E~W
Coordinate

106°07’

105°58’
E550
E490
E41O
E335
E235
106°36’

106°44’

E215
W075
E085
E180
E135
W035

E480
E455
E070
E070
E085
E145
E405
E51O
E555
E490
E505
E350
E480
E360
E41O
E185
E235

Map
Designation
(Figure 15)8

---

---

A
B
c
D
E
---

---

S1
S2
S3
S4
S7
S8

2
3
4
5
6
7
9
10
11
12
13
14
15
16
17
18
19



TABLE E-XX (Continued)

Station

Latitude

&
Coordinate

Longitude

E:W
Coordinate

Onsite Soils
TA-21
TA-50
West of TA-53
Sigma Mesa
East of TA-52
2-Mile Mesa
Near TA-51
East of TA-54
R-Site Road
Potrillo Drive
S-Site
Near TA-11
Near DT-9
TA-33

Onsite Sediments
Pueblo at Hamilton Bend Spr
Pueblo at Pueblo 3
Pueblo at SR-4
DP Canyon at DPS-1
DP Canyon at DPS-4
Los Alamos Canyon at Bridge
Los Alamos at LAO-1
k Alamos at GS-1
Los Alamos at TW-3
Los Alamos at LAO-4
Los Alamos at SR-4
Sandia at SR-4
Mortandad near CMR
Mortandad West of GS-1
Mortandad Near MCO-2
Mortandad at GS-I
Mortandad at MCO-5
Mortandad at MCO-7
Mortandad at MCO-9
Mortandad at MCO-13

N095
N035
N070
N050
N020
N025
S030
S080
S015
S065
S035
S070
S150
S245

N105
N090
N070
N090
N075
N095
N080
N075
N075
N075
N065
N025
N060
N045
N035
N040
N035
N025
N030
N015

E140
E095
E105
E135
E145
E030
E200
E295
E030
E195
W025
E020
E140
E225

E255
E315
E350
E160
E205
E020
E120
E200
E215
E240
E355
E315
E036
E095
E090
E105
E155
E190
E215
E250

Map
Designation
(Figure 15)”

S9
Slo
S13
S16
S17
S18
S19
S20
S21
S23
S24
S25
S26
S27

20
21
22
23
24
25
26
27
28
29
30
32
33
34
35
36
37
38
39
40
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TABLE E-XX (Continued)

Latitude Longitude
Map

::s E:W Designation
Station Coordinate Coordinate (Figure 15)’

Pajarito at SR-4
Potrillo at TA-36
Potrillo at SR-4
Water at Beta Hole
Water at SR-4
Water at Rio Grande
Ancho at SR-4
Ancho at RIOGrande
Chaquihui at Rio Grande

S105
S075
S145
S090
S170
S240
S255
S295
S335

E320
E150
E295
E095
E260
E385
E250
E340
E265

———.—————

aSee Fig. 15 for numbered locations.
bbcations are the same as for surface water stations (Table E-X).
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TABLE E-XXVI

QUALITY OF EFFLUENTS FROM LIQUID
RADIOACTIVE WASTE TREATMENT PLANTS FOR 1981

Waste Treatment Plant Location

TA-50 TA-21

Radioactive
Isotopes

238pu

239~

241Am

89sr

9osr
3H
137(-J
234u

Activity Average Activity Average
Released Concentration Released Concentration

(mCi) (~Ci/mt) (mCi) (~Ci/mf)

2.9 5.2 x 10–8 0.45 1.0 x 10–7
54.7 9.9 x 10–7 0.70 1.6 X 10–7

22.7 4.1 x 10–7 1.7 3.8 X 10-7

41.5 7.5 x 10–7 0.12 2.7 X 10–8

22.8 4.1 )( 10–7 0.87 2.0 )( 10–7

17000 3.1 x 10-4 436 9.9 x 10–5
122 2.2 x 10–6 0.55 1.2 x 10–7

0.95 1.7 x 10–8 0.95 2.1 x 10-7

Waste Treatment Plant Location

TA-50 TA-21

Average Average
Nonradioactive Concentration Concentration

Constituent (mg/t) (mg/t)

cda

Ca
c1
Cr (Total)a
Cua

F
Hga

Mg
Na
Pba
Zna
CN
CODa
N03(N)
P04
TDS
pHa
Total Effluent Volume

0.0003
85
57

0.037
0.23

15.1
0.0006
4.8

645
0.025
0.258
0.032

44
262

1.5.
2625

6.9- 12.6
5.533 x 107 c

0.318
25
33

0.092
0.099

110.5
0.0007
5

766
0.017
0.247

---

61
277

0.93
2649

7.9- 12.4
4.425 x 106 t

‘Constituents regulated by National Pollutant Discharge Elimination System permit.
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TABLE E-XXX

ESTIMATED CONCENTRATIONS OF TOXIC ELEMENTS
AEROSOLIZED BY DYNAMIC EXPERIMENTS

Annual Average

1981 Per Cent Concentration Applicable
Total Usage Aerosoliied (ng/m3) Standard

Element (kg) (%) 4 km 8 km (ng/m3)— .

Uranium 1087 10 0,11 0.04 9000’
Be 10.6 2 0.0003 0.0001 lob

~fo:;y av)
Pb 57.6 lW 0.06 0.025

(3 month av)
.—— ——— —

‘Department of Energy Order 5480.1, Chapter XI.
%ection 201 of the Ambient Air Quality Standards and Air Quality Control Regulations adopted by the
New Mexico Health and Social Services Board, April 19, 1974.
cAssumed percentage aerosolization.
%0 CFR 50.12.
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TABLE E-XXXII

INDUSTRIAL LIQUID EFFLUENT QUALITY SUMMARV

Range ofi

r Number
Deviation 1 -P

1 1
b.

Number Number Liiiting Standards Outfails
of Permit of or Causing

Out falls Constituents Deviations pHb Deviations

Dkcharge
Category

Power Plant

Boiler Blowdown

2C TSS
Free Cl
pH

11
0

14

1.08-1030
---

1.9- 11.9

3
0
2

Id TSS
Fe
Cu
P
pH

1
0
3

0
9

2.67
---

1.31-2.32
---

9.5- 11.9

1
0
1
0
1

Treated Cooling
Water

30 e TSS
Free Cl
P
pH

2
0
0
3

1.13-3.41
---
---

9.1 -9.4

1
0
0
1

Noncontact
Cooling Water

30 f pH o 0---

Radioactive Waste
Treatment Plant
Discharges

2 NH3
COD
TSS
Cd
Cr
Cu
Fe

Pb
Hg
Zr
pH

o
0
1
0
1
0
2
0
0
0
0

0
0
1
0
1
o’

1
0
0
0
0

---
---

1,001
---

1.46
---

1.08 -2.1
---
---

---

___

High Explosives
Waste Discharges

2(3g COD
TSS
pH

9
8
1

1.06-9.68
1.15-29.98
9.2

6
3
1
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TABLE E-XXXII (Continued)

Range 0!”:

[

Deviation

Number Number 1Liiidng Standards

Discharge of Permit of or
Category Out falls Constituents Deviations pHb

Photo Waste 14 h Cn o
Discharges TSS o

pH o
Ag 4

Printed Circuit 1 COD o
Board Develop- Cu 6
ment Wastes Fe 5

Ni o
P o
pH 6

Acid Dip Tank li Cu o
Rinse pH o

Gas Cylinder lj TSS o
Cleaning Waste P o

pH o

---

---

---

2.42 -22.5

---

2.5- 14.6
6.1-42.75
---

---

2.8- 3.6

---
---

---

---

---

Number
of

Outfalls
Causing

Deviations

0
0
0
3

0
1
1
0
0

1

0
0

0
0
0

———.. —

aSummary of reports to EPA or NPDES Permit NM 0028355.
b_fhe pH -range iimit on ~1 Outfalls is not less than 6.() or greater than 9.() standard Uds.

cReduced from 6 outfalls to 2 outfalls in 1981.
‘Reduced from 3 outfalls to 1 outfall in 1981.

. ‘Reduced from 35 outfalls to 30 outfalls in 1981.
‘Reduced from 33 outfalls to 30 outfalls in 1981.
gReduced from 22 outfalls to 2(3 outfah in 1981.

‘Reduced from 15 outfalls to 14 outfalls in 1981.

‘Eliminated in 1981.
juse discontinued in 19810
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TABLE E-XXXIII

MEANS AND EXTREMES OF TEMPERATURE AND PRECIPITATION—
CLIMATOLOGICAL SUMMARY (191 1-1981) FOR LOS ALAMOS, NEW MEXICOb

Temperature (“C)

Extremes
Means High Low

Monthly

Mem

High

Daily

Max

Low

Daily

Min

Mean Mean Mon~tdy

Max Min Av8 Mem Year—— —. .Month

Jan

Feb

March

April
May

June

July

Aug

Sept
Ott

Nov
Dec

Year Date Date

4.3 –7.s –1.6 3.1 1953
6.1 –5.8 0.2 3.0 I934

1/12/53

2/24/36

–6.2

–5.0

1930

1939

17.8

18.9

–27.8

–25.6

1/1 3/63

211/5 1

2/8/33

3/1 1/489.3 –3.0 3.2 7.7 1972 0.0 1948 21.7 3/26/71
3/30/76
4/23/38
3/29/35
6/22/81
7fi1/3s
8110/37
9/11/34
10/1/80
11/1/50

12/27180

–19.4

14.2 1.0 7.6 12.4 1954
19.4 6.0 12.7 15.8 1956
25.4 11.3 18.4 20.8 1980
26.9 13.4 20.2 21.9 1980
25.2 12.4 18.8 21.3 1936
22.3 9.1 15.7 18.8 1956
16.7 3.7 10.2 12.6 1963

9.3 –2.7 3.3 6.9 1949
5.2 –6.5 -0.6 10.1 1980

4.3
10.1

15.8
17.4

16.1
13.4

6.9

–0.8
–4. 1

1973

1957

1965
1926

1929

1965

1976

1972

1931

26.1

31.7
35.0

35.0

33.3
34.4

28.9

22.2

17.8

–15.0
-4.4

–2.2

2.8

4.4

–5.0

–9.4
–25.6

–25.0

4/9/28
4 Dates

6/3/19

7/7/24

8/1 6147

9/29/36

10/19/76
l/28/76

1219178

Annual 15.3 2.6 9.0 11.1 1954 6.8 1932 35.0 7/1 1/35
6/22!81

–27.8 1/13/63

Precipitation (mm)
Mean Number of Days

Rainc Snow Max Min
Mo. Daily Mo. Daily Precip Temp Temrs

Month Mean Max Year Max Date Mean Max Year Ma.i Date >2.5 mm >32°C @oc

Jan

Feb

March

April

May

June
July

Aug

Sept

Ott
Nov

Dec

Annual

21.6
17.3

25.7

21.8

28.7

28.5

80.8

99.8
41.4

38.6
24.4
24.9

171.5

62.0

104.4

117.9

113.5

141.5

202.7
284.0
147.1

172.0
167.6

72.4

1916
1948

1973

1915

1929

1913

1919
1952

1941
1957

1978

196S

64.5
26.7

57.2

50.8
45.7

63.8
62.7

S7.4
56.1
88.4

45.0

40.6

l/27f16
2/20/1 5

3/30/16

4/ 12/75

5/21129

6/10/13

7/3 1/68

8/!/51
9/22/29
lo/5/l 1

11/25/78

12/6/78

246
186

247

129

21
0

0
0
2

42

128

293

998
605

914

853
432
. ..

1949

1948

1973

1958
1917

—.

381

330

457

508
305

.. .

1/s/13

2120115

3/30/1 6

4/12175

512/78

2
2

3

2

3

3
8

9
4

3
2

3

0

0
0
0
0
1
1

0
0
0

0
0

30
26

24

13

2

0
0

0
0
7

22

30

... — —. .-.

...
152

229
665

1049

...
1913
1972
1931

1967

...
152
229

356

559

—
9125113

10/3 1/72
11/22/3 1

1216/78

453.4 770.6 1941 88.4 10/5/1 1 1295 2540 1958 559 12/6/78 43 2 154
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TABLE E-XXXIII (Continued)

CLIMATOLOGICAL SUMMARY 1981

Temperature (“C)

Means

Mean Mean
Max

Jan

Feb

March
April

May

June

July

Aug

Sept
Ott
Nov
Dec

Annual

7,8

10.2
8.7

18,1
19.0
28.1
28.1
25.8
22.6
15,8
12.4
8.0

17.1

Min

–5.5

–5.3

–3.5

2.6
4.6

11.0

12.4

11.1

9.2
2.7

–1.6
-5.2

2.7

Extremes

Avg

1.2

2.4

2.6
10.4

11.8
19.5
20.3
18.4
15.9
9.3
5.4
i.4

9.9

High

13.3

18.3

15.6

25.6

25.6

35.0

34.4
31.7
26.1

20.6
18.9
16.1

35.0

Date

5

19

26

30

27

22

21

5
2

5
16
7

6122

Law Date

–5.5
–13.9

–7.2

-7.2

-3.3

1.7

10.0
7.8

6.1
–3.9
–9.4

–16.1

–16.1

17

11

7
5
9
4
2

28
24
31
26
24

12/24

Precipitation (mm) Number of Days

Rainb Snow Max Mirr

Daily Daily Preeip Temp Temp

Month Totrd Max Date Total Max Date 22.5 mm >32°C <Ooc

—— —— —— — ——

Jan

Feb
March
April
May

June
July
Aug

Sept

Oa
Nov
Dec

1.3 1.3 18 30 30 18 0
2.3 1.5 10 33 25 10 0

69.3 25.4 11 747 381 11 5
19.0 9.4 14 25 25 15 3
55.1 15.2 1 0 0 -. 6
31.O 9.4 23 0 0 . . . 3
85.3 19.0 1 0 o– 10
70.1 16.8 31 0 0 . . . 9

60.2 15.2 4 0 0 .- 8

34.8 21.6 2 0 0 .- 3
21.1 19.0 29 38 31 29 1

0.3 0.3 31 5 5 31 0

0 31

0 27

0 31

0 8

0 2

8 0

6 0
0 0

0 0

0 8
0 23
0 30

Annual 449.8 25.4 3/1 1 879 381 3/1 I 47 14 160

‘Means bawd on standard 30-year period: 1951-1980.
b~tjtude 350 32 nofih, longitude 106” 19’ west; elevation 2260 m.

cIncludes liquid water equivalent of frozen precipitation.
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January

February

TABLE E-XXXIV

HIGHLIGHTS OF WEATHER DURING 1981

Average temperature = 1.2° C (34. 1“F).
Warmest since 1956.
3rd warmest January.
4th driest January: 1.3 mm (0.05 in.).
Only 30 mm (1.2 in.) of snow.
TMDH on the Ist: ll.l °C (52”F).
TMDH on the 5th: 12.2°C (54”F).
TMDH on ‘the 9th: 11.7°C (53”F).
Windstorm on 3 lst: gust of 29 m/see (65 mph).

Average temperature = 2.4°C (36.4”F).
5th warmest February.
Dry: only 2.3 mm (0.09 in.) precipitation and 33 mm (1.3 in.) snow.
SMDH on the 15th 13.9°C (57”F).
SMDH on the 16th: 15.0°C (59°F).
SMDH on the 18th: 15.6°C (60°F).
SMDH on he 19th 18.3°C (65”F).
SMDH on the 25th: 16.I”C (61°F).

Whter 80-81 Average temperature = 2.4° C (36.3 “F).
(Dec. 80-Feb.81) Warmest winter on record

(Previous warmest: 1953-1954 and 1979-1980).
Driest winter on record: 11.9 mm (0.47 in.) precipitation
(Previous record: 26.9 mm (1,06 in. for
1957-1958).
4th least snowfall: 241 mm (9.5 in.).

March 4th wettest March: 69.3 mm (2.73 in.) precipitation.
4th snowiest March: 747 mm (29.4 in.) snow.
SMDP on the 2nd: 15.2 mm (0.60 in.) precipitation.
Snowstorm on the 1lth.
SMDP on the 1Ith: 25.4 mm (1.00 in.) precipitation.
SMDS on the 1Ith: 381 mm (15.0 in.) snow.
Windstorm on the 21st: gusts to 33 m/see (73 mph).

I
I
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April

June

July

TABLE E-XXXIV (Continued)

Average temperature = 10.4”C (50.7”F).
3rd warmest April.
Windstorm/duststorm on the 3rd: gusts to 36 m/see (78 mph).
SMDH on the 25th: 24.4°C (76”F).
SMDH on the 26th: 24.4° (76”F).
SMDH on the 27th: 23.3°C (74”F).
SMDH on the 28th: 23.3°C (74”F).
SMDH on the 29th: 23.3°C (74”F).
SMDH on the 30th: 25.6°C (78”F).

Warm June.
Average maximum temperature = 28.l°C (82.6”F).
Second highest average maximum temperature for June.
SMDH on the 7th: 30.6°C (87°F).
SMDH on the 8th: 31.7°C (89”F).
SMDH on the 9th: 32.2°C (90”F).
SMDH on the 10th: 32.2°C (90”F).
SMDH on the 1lth: 32.2°C (90”F).
TMDH on the 18th: 32.2°C (90”F).
SMDH on the 20th: 33.3°C (92”F).
SMDH on the 21st: 34.4°C (94°F).
SMDH on the 22nd: 35.O”C (95”F).
TMDH on the 24th: 32.2°C (90”F).

SMDP on the lst: 19.0 mm (0.75 in.).
SMDH on the 20th: 33.3°C (92”F).
SMDH on the 2 lst: 34.4°C (94”F).

August SMDH on the 5th: 31.7°C (89°F). .

November 4th warmest November on record.
Warmest since 1966.
SMDH on the 16th: 18.9°C (66°F).
TMDH on the 17th: 17.8°C (64”F).
TMDH on the 23rd: 15.6°C (60”F).
SMDH on the 24th: 18.9°C (66”F).
SMDP on the 29th: 19.0 mm (0.75 in.).

December Driest December on record: 0.25 mm (0.01 in.)
precipitation.
Tied record for least snow in December: 5.1 mm (0.2 in.).
Very warm December.
SMDH on the 7th: 16.1°C (61” F).
SMDH on the 8th: 15.6°C (60°F).
SMDH on the 9th: 15.6°C (60”F).
SMDH on the 10th: 14.4°C (58”F).
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TABLE E-XXXIV (Continued)

Annual Average temperature = 9.88°C (49.78”F).
Mean annual temperature (195 1-1980) = 8.97°C (48. 14”F).
4th warmest year on record.
Warmest since 1956.
1981 precipitation = 449.8 mm (17.71 in.).
Mean annual precipitation (195 1-1980) = 453.4 mm (17.85 in.).
1981 snowfall = 879 mm (34.6 in.).
Mean annual snowfall (195 1-1980) = 1295 mm (5 1.0 in.).

Key for Abbreviations

SMDH: Set Maximum Daily High Temperature Record
SMDL Set Minimum Daily Low Temperature Record
SMDP: Set Maximum Daily Precipitation Record
SMDS: Set Maximum Daily Snowfall Record
TMDH: Tied Maximum Daily High Temperature Record
TMDL: Tied Minimum Daily Low Temperature Record
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TABLE E-XXXV

RESULTS FROM SULPHLEX EXPERIMENTS

Plant Control 1% Asphalt I% Sulphlex

Chlorophyll (mg/g tissue)

Beans (Exp. 2) 0.82 + 0.17 0.95 + 0.16 1.06 + 0.22
Beans (Exp. 4) 1.31 * 0.19 1.68 + 0.42 1.47 * 0.31
Grass (Exp. 5) 1.53 * 0.37 1.59 ● 0.30 1.73 * 0.13
Beans (Exp. 5) 1.11 + 0.32 1.23 + 0.28 1.24 + 0.31
Barley (Exp. 5) 1.13 + 0.46 1.14 +-0.27 1.23 + 0.26
Beans (Exp. 6) 1.00 + 0.46 0.83 + 0.21 1.12 + 0.33
Barley (Exp. 6) 1.27 + 0.29. 1.32 + 0.29 1.51 * 0.22

Dry Plant Weight (g)

Beans (Exp. 1) 3.52 + 0.98 3.41 + 1.92 2.94 k 1.20
Grass (Exp. 3) 0.39 * 0.14 0.47 ● 0.09 0.45 + 0.16
Beans (Exp. 4) 2.24 + 0.42 1.21 ● 0.54 1.65 + 0.59
Beans (Exp. 5) 1.16 + 0.28 1.90 + 0.91 0.96 + 0.23
Barley (Exp. 5) 0.63 + 0.17 0.54 * 0.21 0.69 + 0.13
Beans (Exp. 5) 1.16 + 0.35 1.41 * 0.38 1.48 + 0.42
Barley (Exp. 6) 0.75 + 0.19 0.52 + 0.12 0.54 * 0.14

Drv Weight Bean Pods (g)

Exp. 2 0.64 + 0.15 0.54 + 0.20 0.15 * 0.07
Exp. 4 1.09 * 0.s5 0.70 k 0.46 0.12 * 0.15
Exp. 5 0.93 + 0.26 1.08 + 0,48 0.64 + 0.25
Exp. 6 0.63 + 0.26 0.57 * 0.20 0.40 * 0.22

Average Number of Seeds per Plant

Exp. 2 0.65 + 0.90 0.90 * 0.55 0
Exp. 4 1.60 + 1.23 1.79 + 1,47 0.13 * 0.35
Exp. 5 2.00 + 0.82 1.89 + 1.36 1.33 + 0.87
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APPENDIX F

DESCRIPTIONS OF TECHNICAL AREAS

Locations of the 31 active technical areas (TA’s)
operated by the Laboratory are shown in Fig. 4. The
main programs conducted at each are listed in this ap-
pendix.

TA-2, Omega Site: Omega West Reactor, an 8
megawatt nuclear research reactor, is located here. It
serves as a research tool in providing a source of
neutrons for fundamental studies in nuclear physics and
associated fields.

TA-3, South Mesa Site: In this main technical area of
the Laboratory is the Administration Building that con-
tains the Director’s office and administrative otllces and
laboratories for several divisions. Other buildings house
the Central Computing Facility, Personnel Administra-

tion Department otlices, Materials Department, the
science museum, Chemistry and Metallurgy Division,
Physics Division, technical shops, cryogenics
laboratories, a Van de Graaff accelerator, and cafeteria.

TA-6, Two Mile Mesa Site: This is one of three sites
(TA-22 and TA-40 are the other two sites) used in
development of special detonators for initiation of high
explosive systems. Fundamental and applied research in
support of this activity includes investigation of
phenomena associated with initiation of high explosives,
and research in rapid shock-induced reactions with
shock tubes.

TA-8, GT Site (or Anchor Site West): This is a non-
destructive testing site operated as a service facility for
the entire Laboratory, It maintains capability in all
modern nondestructive testing techniques for insuring
quality of materials, ranging from test weapon compo-
nents to checking of high pressure dies and molds. Prin-
cipal tools include radiographic techniques (x-ray
machines to 1 million volts, a 24-MeV betatron),
radioactive isotopes, ultrasonic testing, penetrant testing,
and electromagnetic methods.

TA-9, Anchor Site East: At this site fabrication

feasibility and physical properties of explosives are ex-
plored. New organic compounds are investigated for
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possible use as explosives. Storage and stability problems
are also studied.

TA-2 Z, K-Site: Facilities are located here for testing
explosive components and systems under a variety of ex-
treme physical environments. The facilities are arranged
so testing may be controlled and observed remotely, and
so devices containing explosives or radioactive materials,
as well as those containing nonhazardous materials, may
be tested.

TA-14, Q-Site: This firing site is used for running

various tests on relatively small explosive charges and
for fragment impact tests.

TA-15, R-Site: This is the home of PHERMEX—a

multiple cavity electron accelerator capable of producing
a very large flux of x-rays for certain weapons develop-
ment problems and tests. This site is also used for the in-
vestigation of weapon functioning and weapon system
behavior in nonnuclear tests, principally by electronic
recording means.

TA-16, S-Site: Investigations at this site include
development, engineering design, pilot manufacture, en-
vironmental testing, and stockpile production liaison for
nuclear weapon warhead systems. Development and
testing of high explosives, plastics and adhesives, and
process development for manufacture of items using
these and other materials are accomplished in extensive
facilities.

TA-18, Pq”arito Laboratory Site: The fundamental
behavior of nuclear chain reactions with simple, low-
power reactors called “critical assemblies” is studied
here. Experiments are operated by remote control and
observed by closed circuit television. The machines are
housed in buildings known as “kivas” and are used
primarily to provide a controlled means of assembling a
critical amount of fissionable materials. This is done to
study the effects of various shapes, sizes, and configura-
tions. These machines are also used as sources of fission
neutrons in large quantities for experimental purposes.
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TA-21, DP-Site: This site has two primary research
areas, DP West and DP East. DP West is concerned
with tritium research. DP East is the high temperature
chemistry site where studies are conducted on the
chemical stability and interaction of materials at tem-
peratures up to and exceeding 3300”C.

TA-22, TD Site: See TA-6.

TA-28, Magazine Area “A”: Explosives storage area.
TA-33, HP-Site: Design and development of nuclear

and other components of weapon systems are conducted
here. A major tritium handling facility is located here.
Laboratory and oflice space for Geosciences Division
related to the Hot Dry Rock Geothermal Project are also
here.

TA-35, Ten Site: Nuclear safeguards research and
development, which is conducted here, is concerned with
techniques for nondestructive detection, identification,
and analysis of fissionable isotopes. Research in reactor
safety and laser fusion is also done here.

TA-36, Kappa Site: Various explosive phenomena,
such as detonation velocity, are investigated here.

TA-37, Magazine Area “C”: Explosives storage area.
TA-39, Ancho Canyon Site: Nonnuclear weapon

behavior is studied here, primarily by photographic
techniques, Investigations are also made into various
phenomenological aspects of explosives, interaction of
explosives, and explosions with other materials.

TA40, DF-Site: See TA-6.

TA-42, W-Site: Personnel at this site are engaged
primarily in engineering design and development of
nuclear components, including fabrication and evalua-
tion of test materials for weapons. Also located here is an
underground laboratory that is used for physics experi-
ments.

TA-43, Health Research Laboratory: The Biomedical

Research Group does research here in cellular
radiobiology, molecular radiobiology, biophysics, mam-
malian radiobiology, and mammalian metabolism. A
large medical library, special counters used to measure
radioactivity in humans and animals, and animal quar-
ters for dogs, mice and monkeys are also located in this
building.

TA=#6, WA Site: Here applied photochemistry, which
includes development of technology for laser isotope

separation and laser-enchancement of chemical
processes, is investigated. Solar energy research, par-
ticularly in the area of passive solar heating for
residences, is done.

TA-48, Radiochemistry Site: Laboratory scientists
and technicians at this site study nuclear properties of
radioactive materials by using analytical and physical
chemistry. Measurements of radioactive substances are
made and “hot cells” are used for remote handling of
radioactive materials.

TA-50, Waste Management Site: Personnel at this site
have responsibility for treating and disposing of most
contaminated liquid waste received from Laboratory
technical areas, for development of improved methods of
waste treatment, and for containment of radioactivity
removed by treatment. Radioactive waste is piped to this
site for treatment from many of the technical areas.

TA -51, Radiation Exposure Facili@: Here animals are
irradiated to determine biological effects of high and low
exposures.

TA-52, Reactor Development Site: A wide variety of
activities related to nuclear reactor performance and
safety are done here.

TA-53, Meson Physics Facility: The Los Alamos
Meson Physics Facility (LAMPF), a linear particle ac-
celerator, is used to conduct research in the areas of
basic physics, cancer treatment, materials studies, and
isotope production.

TA-54, Waste Disposal Site: This is a disposal area
for radioactive and toxic wastes.

TA -55, Plutonium Processing Facilities: Processing of
plutonium and research in plutonium metallurgy are
done here.

TA-57, Fenton Hill Site: This is the location of the
Laboratory’s Hot Dry Rock geothermal project. Here
scientists are studying the possibility of producing energy
by circulating water through hot, dry rock located hun-
dreds of meters below the earth’s surface. The water is
heated and then brought to the surface to drive electric
generators.

TA-58, *O Mile Mesa. Undeveloped technical area.
TA -59, Occupational Health Site: Occupational

health and environmental science activities are conduc-
ted here.
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APPENDIX G

PUBLICATIONS OF THE ENVIRONMENTAL SURVEILLANCE GROUP DURING

W. S. Baldridge, F. V. Perry, E. S. Gladney, “Petrology
and Geochemistry of the Cat Hills Volcanic Field, Cen-
tral Rio Grande Rift, New Mexico,” Geological Society
of America Bulletin, submitted 1981.

N. M. Becker, W. D. Purtymun, and W. C. Ballance,
“Aquifer Evaluation at Fenton Hill, October and
November 1980~’ Los Alamos National Laboratory
report LA-8964-MS (October 198 1).

N. M. Becker, R. A. Pettitt, and R. H. Hendron, “Power
from the Hot Dry Rock Geothermal Resource;’ presen-
ted at the Joint Power Conference sponsored by ASME
and ASCE, in St. Louis, Missouri, October 4-8, 1981.

B. M. Bowen, J. M. Dewart, and F.G. Fernald, “A Study
of the Nocturnal Drainage Flow Over a Sloping Plateau

in North-central New Mexico;’ Second Conference on
Mountain Meteorology, Steamboat Springs, Colorado,
November 9-12, 1981.

C. P. Conrad, M. W. Rowe, and E. S. Gladney, “Com-
parative Determination of Uranium in Silicates by

Delayed Neutron Activation Analysis,” Geostandards
Newsletter, submitted September 1981.

D. B. Curtis, E. S. Gladney, and E. T. Jurney, “A Revi-
sion of the Meteorite Based Cosmic Abundance of
Boron:’ Geochimica et Cosmochimica Acts 44, 1945
(1980).

D. R. Dressen, M. Lynn Marple, E. S. Gladney, D. R.
Pernn, and J. M. Williams, “Mobility and Bioavailability
of Uranium Mill Tailings Contaminants;’ Environmental
Science and Technology, submitted December 1981.

Environmental Surveillance Group, “Radiological Sur-
vey of the Site of a Former Radioactive Liquid Waste
Treatment Plant (TA-45) and the Effluent Receiving
Areas of Acid, Pueblo, and Los Alamos Canyons, Los

162

Alamos, New Mexico, Final Report.”

1981

Los Alamos
National Laboratory report LA-8890-ENV/Department
of Energy report DOE/EV-0005/30 (May 198I).

Environmental Surveillance Group, “Environmental Sur-
veillance at Los Alamos During 1980,” Los Alamos
National Laboratory report LA-88 1O-ENV (April 198 1).

R. W. Ferenbaugh, W. D. Apall, and D. M. Lacombe,
“Detection of Bromacil Herbicide in Ponderosa Pine:’
Bulletin of Environmental Contamination and Tox-
icology 27, 268-273 (198 1).

E. S. Gladney and W. E. Goode, “Elemental Concentra-
tions in Eight New USGS Rock Standards—A Review,”
Goeostandards Newsletter 5, 31 (1981).

E. S. Gladney, D. R. Perrin, and W, K. Hensley, “Deter-
mination of Uranium in NBS Biological Standard
Reference Materials by Delayed Neutron Assay,” J,
Radioanal. Chem. 59, 249 (1980).

E. S. Gladney, “Compilation of Elemental Concentration
Data for Fourteen Canadian Certified Reference
Materials Project Standards,” Los Alamos Scientific
Laboratory report LA-8382-MS (May 1980).

E. S. Gladney, D. R. Perrin, J. P. Balagna, and C. L.
Warner, “Evaluation of a Boron Filtered Epithermal
Neutron Irradiation Facility;’ Anal. Chem. 52, 2128
(1980).

E. S. Gladney and D. Knab, “Determination of Selenium
in Twenty Geological Reference Materials by Neutron
Activation and Inorganic Ion Exchange;’ Geostandards
Newsletter 5, 67 (1981).

E, S. Gladney, “Compilation of Elemental Concentration
Data for the United States Geological Survey’s Six
Geochemical Exploration Reference Materials,” Los
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Alamos Scientific Laboratory report LA-8473-MS
(August 1980).

E. S. Gladney, J. W. Owens, T. C. Gunderson, and W.
E. Goode, “Quality Assurance for Environmental
Anal ytical Chemistry: 1976 -1979,” Los Alamos
National Laboratory report LA-8730-MS (198 1).

E. S. Gladney, “Comparison of Methods for Calculation
of Recommended Elemental Concentrations for Cana-
dian Certified Reference Materials Project Rock Stan-
dards SY-2, SY-3, and MRG- 1~’ Los Alamos National
Laboratory report LA-8770-MS (198 1).

E. S. Gladney and D. R. Perrin, “Instrumental Thermal
Neutron Activation Determination of Twenty Elements
in Nineteen Silicate Reference Materials,” Geostandards
Newsletter 5, 113-124 (1981).

E. S. Gladney, W. E. Goode, D. R, Perrin, and C. E.
Burns, “Quality Assurance for Environmental Analytical
Chemistry: 1980,” Los Alamos National Laboratory
report LA-8966-MS (198 1).

T. E. Hakonson, G. C. White, E. S. Gladney, and M. M.
Muller, “Preliminary Assessment of Geologic Materials
to Minimize Biological Intrusion of Low-Level Waste
Trench Covers and Plans for the Future,” DOE Low-
Level Waste Management Program, Third Annual Par-
ticipants Information Meeting, New Orleans, Louisiana,
November 4-6, 1981 (LA-UR-8 1-3274). ‘

T. E. Hakonson and E. S. Gladney, “Biological Intrusion
of Low-Level Waste Trench Covers,” Materials
Research Society Symposium on the Technical Basis for
Nuclear Waste Management, Boston, November 17-19,
1981.

J. W. Owens, E. S. Gladney, and D. Knab, “Determina-
tion of Boron in Geological Materials by Induxtively-
Coupled Plasma Emission Spectrometry,” Anal. Chem.
Acts, submitted 1981.

D. R. Perrin and E. S, Gladney, “Determination of
Uranium in Seventeen CRPG Rock Reference Samples

by Independent Nuclear Methods;’ Geostandards New-
sletter, submitted 1981.

W. D. Purtymun, R. W. Ferenbaugh, and W. H. Adams,
“Water Quality in the Vicinity of Fenton Hill: Los
Alamos National Laboratory report LA-9007-PR (Sep-
tember 198 1).

W. D. Purtymun and M. Maes, “Water Supply at Los
Alamos During 1980,” Los Alamos National
Laboratory report LA-8977-PR (October 1981).

J. Salazar and S. Meadows, “An Investigation of
Radionuclide Concentrations in Tissues of Elk Utilizing
Los Alamos National Laboratory Land,” Health
Physics, submitted November 1981.

W. A. Sedlacek, G. Heiken, E. J. Mroz, E. S. Gladney,
D. R. Perrin, R. Liefer, I. Fisenne, L. Hinchliffe, and R.
L. Chuan, “Physical and Chemical Characteristics of
Mt. St. Helens Airborne Debris,” Proceedings of the
10th International Laser Radar Conference, Session J,
Silver Springs, Maryland, October 1980.

P. E. Trujillo, E. S. Gladney, D. Z. Counce, E. J. Mroz,
D. R. Perrin, J. W. Owens, and L. E. Wangen, “A Com-
parison Study for Determining Dissolved Boron in
Natural Water and Geothermal Fluid,” Anal. Letters,
submitted December 1981 (LA-UR-8 1-2522).

D. T. Vaniman, B. M. Crowe, and E. S. Gladney, “Ex-
clusion of Rubidium from General Trace Element
Enrichment on Hawaiite Lavas from Crater Flat,
Nevada,” Contributions to Mineralogy and Petrology,
submitted December 1981.

L. J. Walker, W. R. Hansen, D. C. Nelson, G. Maestas,
W. J. Wenzel, F. A. Guevara, Jr., L. Warren, J. C.
Rodgers, and J. M. Graf, “Alternative Transuranic
Waste Management Strategies at Los Alamos National
Laboratory,” Los Alamos National Laboratory report
LA-8982-MS (September 198 1).
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Land ownership in Los Alamos vicinity.
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