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ENVIRONMENTAL SURVEILLANCE AT LOS ALAMOS
DURING 1976

by

Environmental Studies Group

ABSTRACT

This report documents the environmental moni-
toring program at the Los Alamos Scientific Labora-

tory (LASL) in 1976.

Data are presented for con-

centrations of radioactivity measured in air, ground
and surface waters, sediments, soils, and foodstuffs,
and are compared with relevant U.S. Energy Research
and Development Administration guides and/or data

from other reporting periods.

Levels of external

penetrating radiation measured in the LASL environs

are given.

The average whole-body radiation dose to

residents of Los Alamos County resulting from LASL

operations is calculated.

Chemical qualities of

surface and ground waters in the LASL environs have
been determined and compared to applicable standards.
Results of related environmental studies are sum-

marized.

I. INTRODUCTION

This report documents the results of
the environmental monitoring program con-
ducted at the Los Alamos Scientific Labora-
tory (LASL) during 1976.
Energy Research and Development Administra-
tion (ERDA) and Laboratory intent to keep
information on environmental quality avail-
able to the public, it principally serves

In keeping with

the purpose of providing public documenta-
tion of data on environmental quality and
conditions in the vicinity of the Labora-
tory. In accordance with LASL contractual
agreement, it additionally complies with the
requirements specified in ERDA Manual Chap-
ter (ERDAM) 0513.

The Laboratory is administered by the
University of California for ERDA, under

contract W-7405-ENG-36. The LASL environ-

mental program is conducted by the Environ-
mental Studies Group (Group H-8) as part of
continuing environmental investigation and

documentation.

Since its inception in 1943, the Labor-
atory's primary mission has been nuclear
weapons research and development. National
security programs include weapons develop-
ment, laser fusion, nuclear materials, and
LASL also con-
ducts research programs in the physical

sciences, energy research and development,

laser isotopes separation.

and biomedical and environmental studies.
A, Physical Setting

The Los Alamos Sclentific Laboratory
and the residential communities of 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. The 111 km? Labor-

atory site and adjacent communities are
situated on the Pajarito Plateau, which con-
sists of a series of mesas separated by
deep canyons that run eastward from the
Jemez Mountains to the Rio Grande valley.
Most Laboratory and community development
is confined to the mesa tops; the surround-
ing land is essentially undeveloped. Large
tracts of land north, west, and south of
the Laboratory site are held by the U.S.
Forest Service and the U.S. National Park
Service. Indian pueblo lands border the

1 and 2).

The major plant associations of the area

Laboratory to the east (Figs.

are coniferous forests and pinon-juniper
woodlands, which support a typical variety
of western mountain wildlife.
North-central New Mexico contains ap-
proximately one-half million people, of
whom nearly 70% are concentrated in Albu-
querque and another 10% are located in
Santa Fe. The remainder of the population
is distributed among small towns and Indian
pueblos ranging in size from a few hundred
About 12 000
people live in the residential area of Los

to a few thousand inhabitants.

Alamos proper and some 6000 more reside in
the White Rock area.

The economy of the Santa Fe/Los Alamos
area is based largely on Government opera-
tions (LASL and the New Mexico State Govern-
ment offices in Santa Fe), large tourist
trade, arts and crafts, and some light ser-
vice industries. Subsistence agriculture
is practiced to a limited extent within 20
to 40 km of Los Alamos. In the immediate
area (less than 20 km from LASL) home gar-
dening is practiced, but is not quantifia-
ble from the amount of population subsis-~
tence provided.

B. Meteorology

Los Alamos has a semiarid, continental
mountain climate. The average annual pre-
cipitation of 46 cm is accounted for by

warm-season orographic convective rain

showers and winter migratory storms. Sev-
enty-five percent of the annual total mois-
ture falls between May and October, primar-
ily as thunderstorms. Peak shower activity
is in August, when one day in four will have
at least 2.5 mm of rain accumulations, and
some rain falls on about half of the days.
The annual average of 62 thunderstorm-days
per year makes this area equivalent to the
Gulf Coast states in thunderstorm occur-
rence. The showers tend to develop in early
afternoon, with a secondary maximum about
1800 MST. They are accompanied by light-
ning, gusty surface winds (10-20 m/s), and
occasional hail. Tornadoes have not been
observed in this area.

Winter precipitation falls primarily
as snow, with annual accumulations of about
1.3 m. The water equivalent of snowfall in
Los Alamos varies between 1:10 and 1:20,
the latter occurring in cold conditions and
higher altitudes.

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 typically in the range
from -10°C to 5°C.. hany winter days are
clear with light winds, and strong solar
radiation makes conditions quite comfortable
even when air temperatures are cold. The
annual total of heating degree days (degree
days per day = 18.3°C - daily average tem-
perature in degrees Celsius) is 3500, with
January accounting for over 610 and July
and August averaging O.

Annual insolation is approximately
two-thirds of potential total insolation
according to an analysis of one year's solar

et al.}

radiation described in Balcomb
which estimated an envelope to the obser-
vations of daily insolation. This implies
that approximately one-third of the day-
light hours in one year were affected by
cloudiness. The most cloud-free month
(January) had 85% of potential insolation

while the minimum (July) had 55%.
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Average relative humidity is 40%,
ranging from 30% in May and June to above
50% in July, January, and February. The
diurnal variation is very large and basi-
cally inverted to the diurnal temperature
cycle. The summer months have nocturnal
maxima of 80% and minima of 30%. Spring is
the driest time, with a diurnal range from
15-50%.

Table I shows the means and extremes
of temperature and precipitation for the
1910-1974,

The beginning of the year was

period of record,
for 1976.
slightly warmer than average, but the second

and separately

half year was distinctly cool. The year
was drier than normal with total precipita-
tion only 76% of average. February, July,
and November had above average precipitation
while January, October, and December had

less than 10% of their normal accumulation.

II. SUMMARY OF RESULTS
This report summarizes the results of

LASL's environmental monitoring program.
Results of measurements of (1) radioactivity
in air, ground and surface waters, sediments
and soils, and foodstuffs, (2) external
penetrating radiation, (3) chemical quality
(4) the chem-

ical and radiochemical quality of potable

of surface and ground waters,

supply waters, and (5) related ecological
investigations are presented. The results
of the environmental monitoring program for
this reporting period confirm the generally
low radiation and contaminant levels due to
LASL operations previously observedz's’5 in
the Los Alamos environs.

The average external penetrating radi-
ation level for off-site locations was 118
mrem/yr. External penetrating radiation at
on-site locations near facilities emitting
radiation reached a maximum of about 480
mrem/yr. Annual mean concentrations of
atmospheric tritium oxide for regional,

and on-site locations were 15,
-12

perimeter,
23, and 60 x 10
These concentrations are, respectively,

0.008, 0.012, and 0.0012% of the applicable

uCi/m2, respectively.

uncontrolled-area and controlled-area Con-
centration Guides (CGs). (Concentration
Guides represent levels of radioactivity
considered acceptable in air breathed, or
water drunk, by occupationally exposed per-
sons in controlled areas or members of the
general public in uncontrolled areas, see
Table 1IV.)
alpha and gross~beta mean concentrations in
the LASL environs were 1.3 and 64 x 1071°

pCi/m, respectively, or 2.2 and 0.2% of

Atmospheric long-lived gross-

their respective uncontrolled-area CGs.

238 239Pu concentrations

Atmospheric Pu and
in the LASL environs were 0.5 and 11.9 x
10'-18 uCi/mf, respectively, which are 0.0007
and 0.02% of the uncontrolled-area CGs.
The annual atmospheric uranium mean concen-
tration was 59 pg/m3 in the LASL environs,
0.0007% of the uncontrolled-area CG.
Radioactivity in surface and ground
waters in the LASL environs was below ap-
plicable CGs.

surface and ground water samples in the

The chemical quality of most

LASL environs met standards set for drinking
water. The chemical quality of municipal
and Laboratory sewage effluent samples was
typical for such releases, and these re-
leases do not become a source of potable
water, The samples of potable supply water
met applicable standards (see Table V) for
all chemical and radiochemical constituents
measured except arsenic. Water from one
supply well had natural arsenic concentra-
tions that exceeded the Environmental Pro-
tection Agency (EPA) drinking water stan-
dard.

mixed with water from other wells in the

However, water from this well is

same field so the arsenic concentration in
the distribution system is diluted to about
20% of the standard (see Section XI.B.).

No Laboratory-related concentrations
of radionuclides were detected beyond a
20-km radius of the Laboratory. Consequent-
ly, individual and population dose assess-
ments were made for Los Alamos County only.
The only significant (~1 mrem/yr or greater)
whole-body doses that could be attributed




to Laboratory effluents resulted from tri-
41
Ar,
13N, and 150).
imum above-background individual whole-body

tiated water vapor, and mixed activa-

tion products (llc, The max-
dose due to tritiated water vapor, at a site
boundary, was calculated to be 0.76 mrem/yr,
which is 0.15% of the ICRP-recommended”

radiation protection standard of 500 mrem/yr
The

tritiated water vapor contributed a total

for individuals in uncontrolled areas.

population dose of approximately 0.25 man-
rem to the 18 000 residents of Los Alamos

County. Argon-41 was estimated by theoreti-
cal calculations to result in a maximum in-

dividual whole-body dose, in an uncontrolled
area, of 3.1 mrem/yr, or 0.62% of the radi-

The estimated

41Ar was 1.8 man-rem.

ation protection standard.
population dose from
Mixed activation products were estimated by
theoretical calculations to result in a max-
imum individual whole-body dose, at a site
boundary, of 22 mrem/yr, or 4.4% of the ra-
diation protection standard. The estimated
population dose attributable to mixed acti-
vation products was 1.9 man-rem. The max-
imum lung dose from airborne transuranic
nuclides was calculated to be 0.2 mrem/yr,
which 1s 0.013% of the radiation protection
standard of 1500 mrem/yr for an individual
in an uncontrolled area. For comparison,
the residents of Los Alamos County receive
an estimated 2750 man-rem from natural ra-
diation sources.

Several related ecological investiga-
fions are also briefly summarized. These
include studies of the distribution of 137
in canyon soils, erosion rates, radiation
received by rodents living near low-level

contamination in a treated effluent receiv-

Cs

ing stream channel, and uranium deposited on
ground surrounding dynamic test sites.

An inadvertent release of radioactive
material occurred in July 1976. Approxi-
mately 22 000 Ci of tritium gas (SHZ) was
releagsed from a vent on the Cryogenics
Building at TA-3 due to an operational
error. The gas was transported and dis-

persed by a northeast wind. Urine assay of

potentially exposed Laboratory personnel
and environmental measurements from air and
vegetation samples showed no measurable

exposure resulting from the release, either
on- or off-site.

III. STATEMENT OF PARTICULARS

A. Geographic Coordinate System and Access
Control

All Los Alamos County and vicinity
locations referenced in this report are
identified by the long-established LASL
Cartesian coordinate system (seé Fig. 3).
This system is based on English units of
measurement and is standard throughout the
Laboratory, but completely independent of
the U.S. Geological Survey and the New Mex-
The
major coordinate markers shown on the maps
are at 10 000-ft (3.048~km) intervals, but
for the purposes of this report locations
are identified to the nearest 1000 ft (0.30
km). The area within the LASL boundary
(see Figs.

ico State Survey coordinate systems.

1 and 3) is considered a con-
trolled area because the Laboratory has the
capability of complete access restriction.
Complete control would be instituted when
deemed necessary. Under normal circum-
stances, however, public access roads that
traverse the Laboratory site are open to
commuters and other travelers; no continuous
Ac-~
cess to individual technical areas is re-

occupancy of these areas is permitted.

stricted for safety and security reasoas.
Some of the more remote and little-used
regions of the site are not actively con-
trolled against public access, although most
of the site 1s posted against trespassing
and routine security patrols cover the en-
tire site.

In November 1976, the Los Alamos Sci-
entific Laboratory lands, encompassing 111
km2, were designated as a National Environ-
mental Research Park by the U.S. Energy Re-
The

ultimate goal is to encourage environmental

search and Development Administration.

research that will contribute understanding
of how man can best live in balance with
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nature while enjoying the benefits of tech-
nology. Park resources are to be made
available to individuals and organizations
outside of LASL for the purposes of facili-
tating self-supported research on those
subjects deemed appropriate and compatible
with the LASL programmatic mission.

B. Units of Measurement and Statistical
Treatment of Data

LASL scientific and technical documen-
tation uses metric units. Table II provides
conversion data for units of measure given
in this text.

For mady environmental measurements,
particularly those from which a chemical or
instrumental background must be subtracted,
it is possible to obtain net values that
are lower than the minimum detection 1limit
(MDL) of the system (see Table III). It is
not uncommon for individual measurements to
result in values of zero or negative numbers
due to statistical fluctuations in the meas-
urements. Although a negative value for an
environmental measurement does not represent
a physical reality, a valid long-term aver-
age of many measurements can be obtained
only if the very small or negative values
For this
reason, the primary value given in the nu-
merical tabulations in this report is the

are included in the population.

actual value obtained from an individual
measurement or group of measurements. These
primary values are those used in making
subsequent statistical analyses and in eval-
uating the real environmental impact of
Laboratory operations. To provide an indi-
cation of the precision of the numerical
value, an additional value is included in
parentheses immediately following the pri-
mary numerical value. For contiguous meas-
urements, such as air monitoring and envir-
onmental radiation, the parenthetical value
indicates the 95% confidence range for the
primary value, i.e., twice the square root
of the variance, or 2 o. For discrete data,
e.g., water samples, soil samples, etc.,

the parenthetical value represents the

average of the analytical errors associated
with the measurements.
C. Standards for Environmental Contami-

nants

The concentrations of radioactive and

chemical contaminants in air and water sam-
ples collected throughout the environment
are compared with pertinent standards con-
tained in the regulations of several Federal
and State agencies to verify the Labora-
tory's compliance with these standards.
LASL operations pertaining to environmental
quality control are conducted in accordance
with the directives and procedures contained
in ERDAM 0500, Health and Safety, Chapters
0510, 0511, 0513, 0524, and 0550.

In the case of radioactive materials

in the environment, the standards contained
in ERDAM 0524 (see Table 1IV) take precedence
over other Federal or State regulations.
However, the ERDA standard for uranium in
water (1500 and 60 mg/% for controlled and
uncontrolled areas, respectively) does not
consider chemical toxicity. Therefore, for
the purposes of this'report, the more re-
strictive standards4 of the International
Commission on Radiological Protection (ICRP)
for uranium in water of 60 mg/? for an occu-
pational 40-h week, and 1.8 mg/%2 for a non-
occupational 168-h week, are preferred.

For atmospheric uranium, the ERDA and ICRP
standards are in agreement. For chemical
pollutants, the controlling standards are
those promulgated by either the EPA or the
appropriate New Mexico State agency (Table
V).

D. Analytical Quality Control Program

A routine quality control program is
maintained on the environmental analytical
chemistry to provide regular evaluation of
the results. In addition, the program pro-
vides data useful in assessing the capabil-
ities of the various procedures. Data gen-
erated by this program are presented here,
along with a discussion of the methods of

data analysis.



For most procedures, quality control
involves analyses of blanks and standards
along with routine analyses of unknown sam-
ples. Blanks are matrix materials contain-
ing quantities of the constituent below the
detection 1limit of the analytical procedure.
Standards are materials containing known
quantities of the constituent.

Quality control samples for gross-
alpha, gross-beta, tritium, and 137
provided by the EPA as part of their ongoing
Stan-~
dards for plutonium analyses are prepared
by adding known quantities of 239Pu to
soils from déep wells, Teklad hamster food
(to represent vegetation), ground beef,
beef bones, or triple-distilled water.

Cs are

laboratory intercomparison program.

Standards for uranium analyses are well-
characterized, reference samples of various
grades of uranium ore from the International
Atomic Energy Agency. Blanks for uranium
were selected from a large number of anal-
yses of air filters containing quantities
of uranium at less than the detectable
limit.

The characteristics of the various
analytical procedures were evaluated from
the quality control samples. The percent

recovery (% Recovery = Reported Quantity
x 100 Known Quantity
=——) was calculated for each analysis of

a quality control standard. A mean value
(x) of the percent recovery for all anal-
yses of a given type was calculated by
weighting each value (xi) by the uncertainty

associated with 1it:

X 2

_ Zi i/oi
1 2
Ly /oy
The standard deviation (o) of the weighted
mean was calculated assuming a normal dis-
tribution.
- 2
Z.(x-x;:)
g = L——.l_—
N-1

These calculated values are presented be-
low. The weighted mean of the percent re-
covery is indicative of the accuracy of the
analysis. The standard deviation is a

measure of its precision.

PERCENT RECOVERY
IN QUALITY CONTROL STANDARDS

Percent Recovery

No. of (Weighted Mean)
Anazlyses Samples (x t o)
239p,(50.13 pCi) as 92 + 11
239p,(<0.13 pCi) 10 94+ 29
137¢¢ 27 9t 9
Gross-alpha 36 84 £ 19
Gross-beta 39 96 + 8
Tritium 28 101 & 31
Uranium 48 101 ¢+ 8

The weighted mean of the ahsolute
quantity of the constituent measured in
blank materials and the standard deviation
of the mean are given as follows.

QUANTITY OF CONSTITUENT REPORTED IN BLANKS

No. of Standard

Determi- Weighted Deviation
Analyses nations Units Mean (lo)
238p, 54 pCi -8.7x107% 3.7 x 1072
239, 38 pci 3.2x107% 2.2 x 1072
Uranium 153 ng 25 12

Detection 1limits for analyses performed
in conjunction with the environmental moni-
toring program are presented in Table III.
Results greater than the defined value of
the detection limits indicate the presence
of the constituent at the 95% confidence
level.

However, results less than the de-

tection limit do not necessarily indicate
239

Pu,
and uranium are calculated from the
Tritium and *37cCs
the blank is

evaluated and subtracted out of the calcu-

its absence. Detection limits for

238Pu,
mean blank value + 2 o.
are instrumental analyses;
lated result. Therefore, the detection
limit is merely 2 o of repetitive determi-
nations of the instrumental blank. Gross-
alpha and gross-beta are analyzed simul-
taneously by counting on a gas proportional
counter and electronically discriminating
the output pulses. As there is crosstalk
generated by the detection of the two types
the detection 1limit of one is

De-

of emissions,
a function of the other's count rate.

tection limits in Table III assume that
counting rates for both alpha and beta are




at background levels. The detection limit

for alpha increases 10% above the 1limit for
every count per minute (cpm) of beta activ-
ity emitted by the sample. Similarly, the

detection limit for beta increases 40% for

every 10 cpm of alpha.

Quality control monitoring has suc-
cessfully identified several analytical
problems associated with the environmental
monitoring program. For example, there was
an unexplained increase in tritium concen-
tration in routine water monitoring in the
autumn of the year. Careful evaluation of
the quality control samples showed a similar
increase in the blank waters from the EPA,
The increase is now attributed to contami-
nation in the scintillation liquid used in
the analyses, to an extent equivalent to
about 2 x 10_6 uCi/me. Correction to allow
for this contamination provided satisfactory
results for the EPA blanks and standards.

Quality control on 238,239

Pu analyses
of the air filters showed an untraced loss
of the plutonium isotopes from this matrix,
i.e., the recovery was 50%-75% vs the >90%
seen on analyses of most matrices. The
problem was traced to an inadequate method
of dissolution. Subsequent development
work improved the technique, and the re-

239Pu from filter standards is

covery of
now comparable to results for the quality
control standards.

Comparison between uranium analyses on
air filter blanks and samples indicated that
the quantity of uranium in the aliquots was
below the detection limit of the procedure.
Analyses were rerun using larger sample

aliquots.

IV. ENVIRONMENTAL RELEASES FROM LASL OPER-
ATIONS
LASL's activities are carried out in
30 active technical areas (TA) distributed
over the LASL site (Fig. 3). These facili-
ties include hundreds of potential sources
of waste effluent. However, processes with

potential for significant releases are con-
fined to only a few locations which are
rigorously controlled and monitored.

The environmental monitoring program
emphases are dictated by the types and
quantities of potentially hazardous mater-
ials being used in LASL programs and by the
demography, ecology, hydrology, and geology
of this location. Emphasis is placed on
the analyses for tritium, uranium, and plu-
tonium in samples of the environmental
media. Fission product radionuclides are
generally of lesser concern, due to the
minimal amounts handled, but selected sam-
ples are analyzed for radioactive species
of cesium and strontium.

The documented release of radioactive
materials to the atmosphere from LASL oper-
ations is shown in Table VI. These data
were compiled from stack effluent monitor-
ing determinations. Releases of plutonium
in 1976 were about 25% of the total released
in 1975 and less than 10% of the total re-
leased in 1974,2:9
filtration systems at TA-3. Mixed fission
product releases were higher in 1976 than
in 1975 by about 75% due to programmatic
differences. Argon releases were higher
in 1976 than in 1975 by about 40% due to
increased operation of the Omega West Re-

due largely to improved

actor (TA-2). Tritium releases were lower
in 1976 than in 1975 by about 45% due to
programmatic differences.

In addition to the releases from stacks
listed in Table VI, some depleted uranium
(uranium with reduced amounts of isotopes

238U) is dispersed by experiments

other than
employing conventional high explosives.
Most of the debris from these experiments
is deposited on the ground in the vicinity
of the firing point, and relatively 1little
is dispersed as air-suspended particulate.
In 1976 approximately 1023 kg of depleted
uranium were used in such experiments.
Based on previous measurements of isotopic
composition6 this mass is estimated to con-
tain approximately 0.38 Ci of activity
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(uranium only, excluding daughters).
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 re-
suspended dust. This theoretical evaluation
is compatible with the concentrations of
atmospheric uranium measured by the con-
tinuous air sampling network (see Section

VI.F.).

V. EXTERNAL PENETRATING RADIATION
A. Procedures

Exposure from external penetrating
radiation (primarily gamma radiation) in
the LASL environs is monitored by 48 thermo-
luminescent dosimeter (TLD) stations. Three
regional stations are located 28 to 44 km
from the Laboratory boundaries in the neigh-
boring communities of Espanola, Pojoaque,
and Santa Fe (see Fig. 2). Fifteen stations
are within 4 km of the boundary and are
classed as perimeter stations. Thirty sta-
tions are located within LASL boundaries
and are classed as on-site stations.
Twenty-one of the on-site stations are lo-
cated near LASL nuclear facilities, in
groups of three to six stations per facili-
ty,
All TLD stations are on a 13-wk integration

to monitor these sources of radiation.
cycle. Locations for on-site and perimeter
stations are given in Fig. 4, and map co-
ordinates identify locations in the data
tabulation (see Table VII).

Each of the TLD monitors consists of
three Harshaw TLD-100
topic composition) chips, 6.4 mm square by
0.9 mm thick.
brated, and read by standard techniques,
The annealing cycle is 1 h at 400°C, fol-
lowed by 1 h at 100°C.
batch,
determined by standard radiation (from 10
mR to 160 mR) with 6000.
heat-sealed in an opaque polyethylene

LiF (natural iso-

The TLDs are annealed, calil-

For each annealing
an independent calibration factor is

The chips are

envelope which is sealed in an opaque 7-mf
polyethylene vial for placement in the
field.
annealing and transit dose are compensated
All TLDs are
read with an Eberline model TLR-5 reader
with 15-s, 140°C preheat and 15-s, 240°C
integration cycles.

Latent thermoluminescence after

for by control dosimeters.

During handling, ex-
posure to light is minimized. As the TLDs
are calibrated in a known radiation flux
from a 60Co source as measured by air-

ionization instruments, a conversion factor

of 1 rem (tissue) = 1.061 R is used.7
B. Results

The annual external penetrating radia-
tion dose values determined from the TLD
environmental radiation monitoring program
are summarized in Table VII according to
regional, perimeter, and on-site locations.
The values are the total dose integrals for
1976 for each station.

perimeter stations,

For regional and
and for those on-site
stations not located close to known sources
of radiation, the annual dose reported is
four times the weighted mean of the four
quarterly dose measurements. The reciprocal
of the variance of each quarterly dose
measurement is used for weighting both the
mean and the uncerfainty of the mean (2 o,
95% confidence int‘.erval).8 This method of
calculating the annual dose assumes that
there is no difference in the natural radi-
ation dose rate during the four quarters at
While this

since soil mois-

a particular dosimeter station.
may not be strictly true,
ture content and snow cover can cause tem-
poral variations in dose rate, the assump-
tion of constant dose rate is widely used
in environmental dosimetry. The largest
variation in quarterly doses at any of the
18 regional and perimeter stations was 57%.
The smallest variation was 21%. The mean
and standard deviation of the percent vari-
ation of quarterly doses of all 18 stations
were 32% and 8%, respectively.

For those on-site stations that monitor

nuclear facilities, temporal differences

11



are expected in the quarterly dose measure-
ments. These differences may be as much as
several hundred percent and application of
the weighted mean is clearly not useful.
Therefore, the cumulative sum of the four
quarterly dose measurements was used for

the annual dose for these stations. The
uncertainty in the dose (2 o, 95% confidence
interval) is twice the square root of the
sum of the variances of each 13-wk dose,
This uncertainty is not related to the
temporal differences between the quarterly
doses for each station. The variance for
each quarterly dose is derived from the
distribution of the readings for the three
individual chips .in the dosimeter, from the
calibration uncertainty, from the control
dosimeter corrections, and from the instru-
mental background subtractions.

Significant spatial variations were
also observed which result from differences
in the terrestrial component of external
These dif-
ferences are a complex function of the to-
pography, geology,
logy of the monitoring sites.

environmental gamma radiation.
hydrology, and meteoro-
Due to at-
mospheric shielding of cosmic radiationm,
elevation is also a factor in natural radi-

ation levels. As would be expected, the

lower monitoring locations, e.g., Santa Fe,
Pojoaque, Espanola, and Pajarito Acres,
record the smallest dose rates. The weight-

ed mean for all off-site (regional and pe-
rimeter) stations is 118.2 mrem/yr, with an
27.4 mrem/yr (2 o, 95%

confidence interval).

uncertainty of *
Again, the assumption
is that the dose being measured is the same
at all stations. This assumption cannot be
strictly defended. if the highest

dose and the lowest dose are discarded, the

However,

ranges of all the other values are within 3%
at the 3 ¢ level. The arithmetic mean for
all off-site stations is 118.3 mrem/yr,
which supports the assumption.

12

VI. RADIOACTIVITY IN AIR
A. General Sampling Procedures

Atmospheric radiocactivity samples were
collected at 29 continuously operating air
sampling stations in Los Alamos County and
vicinity.
locations are shown in Fig. 4; map coordi-

On-site and perimeter station

nates identify locations in the data tables.
Perimeter stations are 0 to 4 km from the
LASL boundary. The regional monitoring
_stations are located 28 to 44 km from
LASL at Espanola,‘Pojoaqﬁe, and'Saﬁta Fe
(see Fig. 2) and serve as reference points
for determining background atmospheric ra-
dioactivity concentrations.

Samples were collected over 2-week
periods and totaled 729 for 1976.
ume positive displacement air pumps with

High vol-

flow rates of approximately 3 %&/s were used
in the network. Atmospheric aerosols were
collected on 79-mm-diam polystyrene filters.
Part of the total air flow (~2 m&/s) was
passed through a cartridge containing silica
gel to adsorb atmospheric water vapor for
tritium analyses. Air flow rates through
both sampling cartridges were measured with
variable-area flow meters, and actual sam-
pling times were recorded.

1. Table IV lists Concentration Guides
(CGs) for several radioactive species in
air and water for uncontrolled (unlimited
public access) and controlled (limited
public access) areas. (See also Section
III.A. regarding site access control.)
Concentrations from the perimeter and re-
gional stations are compared to uncon-
trolled-area CGs. Concentrations from on-
site stations are compared to controlled-
area CGs.

B. Daily Gross-Beta Radioactivity
Atmospheric radioactivity samples were

collected daily (Monday through Friday) at

one location (N50 E40) with the same kind

of sampler as used for biweekly sampling.

Atmospheric particulate matter on each daily
filter was counted for gross-alpha and
gross~beta activitles on collection day, and




again 7 to 10 days after collection. The
first measurement provided an early indi~
cation of any major change in atmospheric
radioactivity. The second measurements
were used to observe temporal variations in
long-lived atmospheric radioactivity.

Figure 5 shows daily atmospheric gross-
beta concentrations for 1976. Higher than
normal activity occurred during the last
quarter of the year. This abnormal activity
is attributed to two atmospheric nuclear
tests by the People's Republic of China.

The Chinese exploded nuclear devices of

~0.2 megatons (MT) and ~4.0 MT, on 26 Sep-
tember 1976 and 17 November 1976,
tively,

respec-
which injected radioactive debris
into the troposphere and stratosphere.
Qualitative gamma spectral analyses of at-
mospheric particulate samples collected
after each test showed the presence of
fission products (e.g., 1410e, 131I
99Mo).
tion, observed on 19 October 1976, was 1300
(+ 170) x 10~° yCi/me, which is 4.3% of the
uncontrolled-area CG.

, and
The highest gross-beta concentra-
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B. 17 November 1976 (Day 319). -4 NT.

Fig. 5. Long-lived atmospheric gross-beta

radioactivity for 1976.

C. Annual Gross-Alpha and Gross-Beta
Radiocactivity

Gross-alpha and gross-beta activities
on the biweekly air filters were measured
with a gas-flow proportional counter on
collection day and 7 to 10 days after col-
lection. The first count was used to screen
samples for inordinate activity levels.

The second count (made after adsorbed,
naturally occurring, radon-thoron daughters
had reached equilibrium with their long-
lived parents) provided a record of long-
lived atmospheric radioactivity.

The annual average biweekly gross-alpha
and gross-beta concentrations are presented
in Table VIII. Station and group means were
weighted for the length of each sampling
period and for the air volume sampled. The

means were calculated using the following
equation.9

ivivi
1

—
%

[¢2]
it
e e
NS~

where

annual mean station or group at-
mospheric radioactive species con-
centration,

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

total number of samples during
1976 for a station or group,

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

vi= air volume sampled for station or
group i during ti.
The standard deviations for station and

group means were similarly weighted by using
the following equation.9

n 9 1/2
z (vitiol)
o_ =J}i=1l
c n 2 ’
z v.t.
(i=1 * 1>
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where

o_ = standard deviation of c
c
ci = standard deviation (derived from
nuclear counting statistics, air
sample volume uncertainties, and
analytical uncertainties of ci).

Parenthetical values represent twice the
propagated measurement uncertainties (20)
The data
are grouped according to off-site, perime-

associated with the annual means.

ter, and on-site sampling locations. For
gross-alpha activity, the group means were
1.4 (£0.1), 1.3(+0.1), and 1.3 (20.1) x 1013
uCi/me, respectively. The highest annual
station mean gross-alpha concentration, 1.8
(£0.3) x 10713 yCi/me, is 0.09% of the con-
trolled area CG.

For gross-beta activity, the regional,
perimeter, and on-site annual means were 60

(x4), 65 (#¥2), and 65 (22) x 10_15 uCi/me,
respectively. The highest observed station
mean concentration of 143 (+20) x 1071° uci/

m% (Royal Crest Trailer Court) is 0.5% of
the uncontrolled-area CG. This mean is
biased, since the station was only operated
in August through December when atmospheric
radioactivity levels were relatively higher
due to fallout from the Chinese nuclear
tests (see Section VI.B.). TFor comparison,
the mean concentration for the three re-
gional stations during the same period was
131 (£17) x 107'° uci/me.

Significant temporal variations in
long-lived gross-alpha and gross-beta con-
centrations (see Figs. 5 and 6) were ob-
served this year. The major fluctuations,
in November and December, were caused by
the Chinese atmospheric nuclear explosive
tests previously mentioned. All maximum
values of long-lived gross-alpha and gross-
beta activities occurred during these 2
months.

Data plotted in Fig. 6 also show there
were no significant differences in atmo-
spheric gross-beta concentrations among the
regional, perimeter, and on-site sampling
station groups this year. There have been

no statistically significant differences

14

The similarities in
concentrations imply that LASL operations
have a negligible impact on the ambient
atmospheric radioactivity in the Los Alamos
vicinity.
D. Tritium

Silica gel cartridges from the 29 air
sampling stations. were analyzed biweekly
for tritiated water.

over the past 3 yr.

The cartridges con-
tained a small amount of 'indicating' gel
at each end to indicate dessicant over-
saturation. During cold months of low ab-
solute humidity, sampling flow rates were
increased to ensure collection of enough
water vapor for analysis. Water was dis-
tilled from each silica gel sample, yield-
ing a 2-wk average atmospheric water vapor
sample. An aliquot of the distillate was
then analyzed for tritium by liquid scin-
tillation counting.

The concentrations for each station
were averaged for 1976 and are presented
in Table IX.

twice the propagated measurement errors

Parenthetical values represent

A B ¢ D
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A. 26 June 1973. 2 -3 MT.

B. 17 June 1974. 0.2-1 MT.

C. 20 Scptember 1976, ~0.2 NT,

D 17 November 1976. ~4 UT.
Fig. 6. Average monthly long-lived gross-beta
radioactivity over the past 4 yr for
on-site, perimeter, and off-site
sampling locations.



(20) associated with the annual means (see
Section VI.C. for explanation of uncertainty
calculation methods). The highest observed
annual mean concentration for an uncontrol-
led area (Los Alamos Airport) was 51 (%4)
b4 10_12 uCi/mf, and for a controlled area
(TA-54) the highest value was 330 (:32) x
10_12 uCi/mf. These concentrations are
0.026% and 0.0066%, respectively, of the
uncontrolled and controlled area CGs speci-
fied for tritium in air. The relatively
high concentration at TA-54 was possibly
due to evapotranspiration of buried tritium
wastes at this materials disposal site.
These tritium concentrations, as well as
the CGs, are for atmospheric tritiated
water (HTO).

The annual means for the distributions
of regional, perimeter, and on-site tritium
23 (+1), and

uCi/mf, respectively. The

concentrations were 15 (2),
60 (+2) x 10712
on-site mean is statistically higher (at a
>99% confidence level) than the regional

and perimeter means. The higher value re-

flects tritium releases from LASL operations
(see Table VI).

tritium concentrations for the perimeter

The annual mean atmospheric

and on-site stations are depicted graphi-
cally in Fig. 7. The relatively higher
concentrations for the on-site stations are
clearly seen. The highest annual mean con-
centration of 330 (£32) pCi/m3 was observed
at TA-54 (S080 E260).

E. Plutonium

After being measured for gross-alpha
and gross-beta activities, the biweekly
filters for each station were combined and
dissolved to produce composite 6- or 8-wk
samples for each station. An aliquot of
each sample was saved for uranium analysis,
and plutonium was separated by anion ex-
change from the remaining solution. The
aliquots for uranium analyses were combined
to represent 12- or l4-wk samples. The
purified plutonium samples were separately
electro-deposited and measured by alpha-
Alpha-
particle energy groups associated with the

particle pulse height analysis.

Graphic representation of annual mean atmospheric
tritiated water concentrations. Relative concen-
trations are indicated by height above the grid
plane. The bold outline at the level of the grid
plane indicates the Laboratory boundary; the letter
symbols indicate the community areas of Los Alamos
(LA) and White Rock (WR).

Fig. 7. Annual mean atmospheric tritiated
water concentrations in the vicin-
ity of LASL.

decay of 238Pu and 239Pu were then inte-

grated, and the concentration of each radio-
nuclide in its respective air sample was

calculated. This technique does not dif-

239pu 240P
239

ferentiate between and u. Thus,

when the notation Pu is used it actually

239

means the combined amount of Pu and

240Pu.

238Pu and 239Pu

concentrations for each station are listed

The annual average

in Table X according to regional, perimeter,
and on-site sampling locations. Parentheti-
cal values represent twice the propagated
measurement uncertainties (20) associated
with the annual averages (see Section VI.C.
for explanation of uncertainty calculation
method).
238Pu concentration for an uncontrolled
area (Royal Crest) was 2.0 (*1.2) x 10~
uCi/m&, and for a controlled area (TA-54)
was 4.3 (:1.2) x 107*® uci/me.
centrations are, respectively, 0.003% and
0.0002% of the CGs specified for 2°°

Pu in
air. The means for the distributions of

The highest observed annual mean

18

These con-
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regional, perimeter, and on-site annual
average 238Pu concentrations were 0.0
(+0.4), 0.4 (#0.2), and 0.9 (%0.2) x 10~

uCi/mf, respectively.

18

The highest observed annual mean con-

centration of 239

Pu in an uncontrolled area
(Los Alamos Airport) was 6.8 (z1.1) x 10"18
uCi/mf, and for a controlled area (Booster

P-1) was 171 (+11) x 10718 uci/me.
concentrations are, respectively, 0.01% and

0.007% of the CGs specified for 239
239

These

Pu in
air. The Pu annual concentration value
for the Booster P-1 station deviates from
the normal range of values., This average

is largely dependent on the maximum meas-
urement of 1510 (:96) x 10 8 uCi/m¢ ob-

served in July and would be 6 x 108 yciy
mf by omitting this value. The July value
is believed to be unrealistic since a re-

239Pu from the

lease and dispersion of
Laboratory would most likely be noted at
several stations. However, the high value

could be due to a single soil particle, re-
suspended by the wind, from the nearby Ma-

terials Disposal Site (TA-54), or to cross-
contamination in the analytical laboratory.
The means for the disfribution of regional,
perimeter, and on-site annual average 239Pu
concentrations were 4.1 (+0.5), 5.2 (:0.3),
and 22.5 (+1.1) x 10718

ly. The higher on-site group mean is large-

uCi/m?, respective-

ly due to the previously mentioned high
July measurement, and would have been 4.3
(£0.5) x 1078 Lci/me
omitted.

if that value were

F. Uranium

A sample was composited for each of
the 29 stations, with aliquots taken from
the dissolution for the plutonium procedure,
to represent a 12~ or l14-wk sampling period.
The uranium content of the composite was
determined by fluorometry and quarterly at-
mospheric uranium concentrations were cal-
culated. The 12- or 1l4-wk uranium concen-
trations for each station were averaged (see
Section VI.C. for explanation of averaging
method) for 1976 and are shown in Table XI.
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Parenthetical values represent twice the
propagated uncertainties (2¢g) associated
with the annual means (see Section VI.C.
for explanation of uncertainty calculation
method).

ures total uranium, therefore, the concen-

The fluorometric analysis meas-

trations are given in mass concentration
units.

The highest observed annual mean uran-
ium concentration for an uncontrolled area
(Diamond Drive) was 111 (*13) pg/ms, and
for a controlled area (Booster P-2) the
highest value was 125 (£20) pg/m°. These
concentrations are, respectively, 0.0012%
and 0.00006% of the relevant CGs for natural
A third slightly elevated
concentration 112 (%37) pg/m3 was observed
at TA-54.
located in dusty areas where a higher filter

uranium in air.
These three stations are all

dust loading may account for more natural
crustal-abundance uranium being collected.
The annual means of the regional, perimeter,
and on-site uranium concentrations were 61
(+4), 59 (+2), and 60 (+3) pg/mS, respec-
tively. These average values are statisti-
cally indistinguishable.

VII. RADIOACTIVITY IN SURFACE AND GROUND

WATERS

Surface and ground water radioactivity
monitoring provides a routine surveillance
of the potential dispersion of effluents
from LASL operations. Grab samples of water
are collected in 4-2 polyethylene bottles,
acidified in the field with 5 m2 of concen-
trated nitric acid, and returned to the
laboratory within a few hours for filtra-
tion through 0.45-uym-pore membrane filters.
All samples are analyzed radiochemically for
238 239Pu) and

for tritium as HTO, as well as for total

dissolved plutonium ( Pu and
dissolved gross-alpha, -~beta, and -gamma

activities. Selected samples were analyzed

radiochemically for 241Am, 137Cs, and 9OSr.
Total uranium concentrations were measured
by fluorometry.

Analyses of surface and ground water

from regional and perimeter stations reflect




base line levels of radionuclides in the
area. A summary of these analyses is pre-
sented first for comparison with analyses
from water supply and on-site stations.
The summary tables in the text for the
regional, perimeter, and water supply show
maximum values from each group of stations.
The table for the on-site stations shows
More detailed

results are presented in Table XII and XIII.

the highest station average.

The stations are grouped according to loca-
tion or hydrologic similarity. Comparisons
with appropriate concentration guides (Ta-

ble IV) are included. '

A. Regional and Perimeter

Regional surface water within 75 km of
LASL was collected at six stations in the
Rio Grande, Chama, and Jemez Rivers (Fig.
8, Table XII).
were also determined for samples from six

Radioactivity concentrations

perimeter locations, three surface and
three ground water stations, located <4 km
outside the LASL boundary (Fig. 9, Table
XII).
active materials in these waters were

The maximum concentrations of radio-

Regional Perimeter CGs for Un-
Units Surface Surface and controlled
Analyses (pCi/mf) Water Ground Water Areas
3y 1078 2.8 2.6 3 000
905, 1072 16 8.5 300
137.4 1079 <32 a1 30 000
2385, 10~2 <0.02 <0.02 5 000
238, 1072 £0.04 <0.03 5 000
Gross-alpha 10~? 9 7 5 000
Gross-beta 1077 28 12 - 300
Total U ug/L 6 17 1 8002

%See Section III.C for explanation.

The radionuclide concentrations in
water from regional and perimeter stations
are low and have shown no change from pre-
vious analyses.5 The concentrations are
well below concentration guides for uncon-
trolled areas.

B. Vater Supply

Water supplied to the Laboratory and
~the community came from 15 deep wells and
1 gallery. These sources produced a total

6

of 6.4 x 10 m3 during 1976. The water is

Reservoir

LEGEND

A\ surtace water
sadiment and soll

o] lg Q gkm

Fig. 8. Regional surface water, sediment,

and soil sampling locations.

pumped from the main aquifer which lies at
a depth of about 350 m below the surface of
the mesas at Los Alamos. The gallery, lo-
cated in the mountains to the west of Los
Alamos, discharges from a perched water
zone in the volcanics. Water samples were
collected from the 15 wells and the gallery
and at 5 stations on the distribution
system within the Laboratory and community
(Fig. 9, Table XII).

trations of radioactive material in these

The maximum concen-

waters were

Los Alamos CGs for Un-
Units Water controlled
Analyses (pCi/mg) Supply Areas
3y 1076 2.4 3 000
80g,. 1072 5.8 300
137¢4 1079 <20 30 000
238p, 1079 <0.04 5 000
239, 1079 <0.01 5 000
Gross-alpha 10”2 9 5 000
Gross-beta 1072 16 300
Total U ug/e 5.6 1 soo?

8Sece Section III.C for explanation.
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The radionuclide concentrations have
shown no change from previous a.na.lyses.5
The concentrations are well below concen-
tration guides for uncontrolled areas.

C. On-Site Surface and Ground Waters

Radioactivity concentrations were de-
termined for surface and ground water sam-
ples from six on-site locations that are
not in Laboratory effluent release areas
(Fig. 9, Table XIII).
water stations and three are from deep

Three are surface

wells completed in the main aquifer as are
The highest station-
average concentrations for these six sta-

the supply wells.

tions were

On-Site Non- CGs for
Units effluent Controlled

Analyses (pCi/mf) Areas Areas
3y 1076 3.3 100 000
80g,. 1072 9.4 10 000
137¢¢ 1072 <38 400 000
238p, 1072 0.01 100 000
239y, 1072 0.02 100 000
Gross-alpha 10~ 2.9 100 000
Gross-beta 10”7 14.5 10 000
Total U ug/L 1.2 60 000%

23ee Section I1I.C for explanation.

The concentrations were near or below de-
tection limits and were of the same magni-
tude as reported in 1975.5

The radioactivity concentrations for
surface and ground water were determined
from 22 locations in past and present Lab-
oratory effluent release areas (Fig. 9,
Table XIII).
in these canyon areas are not a source of

The surface and ground waters

muncipal,

ply,
during storm runoff.

industrial, or agricultural sup-
and do not reach the Rio Grande except
The observation holes
in these areas are completed into the stream
channel alluvium and into the top of under-
lying volcanics and do not exceed 25 m in
depth.

The highest station-average concen-
trations of radioactive materials in these

waters were

CGs for
Units DP-Los Mortan- Controlled

Analyses (uCi/mt) Pueblo Sandia Alamos dad Areas
b 1076 2.6 5.1 445 2000 100 000
905, 107 60 - 384 84 10 000
137¢cq 1072 s <28 71 s2 400 000
241,, 1072 <.z <1.4 0.24 60 100 000
236, 1072 0.6  <0.02 0.30 20 100 000
239, 107 0.74 <0.02 0.58 3.8 100 000
Gross-alpbs 1079 7.8 1.6 810 76 100 000
Gross-beta 107 115 20 1260 1120 10 000

Total U ug/t 0.7 <2.4 14 13 60 000*

"See Section III.C for explanation.

The radioactivity concentrations ob-
served in Acid-Pueblo Canyon result from
residuals of treated and untreated radio-
active waste effluent released into the
canyon before 1964. Radionuclides adsorbed
by channel sediments are being resuspended
by runoff and municipal sanitary waste
treatment effluents. Sandia Canyon receives
cooling tower blowdown from TA-3 power plant
DP-

Los Alamos Canyon reflects current release

and some ?reated sanitary effluent.

of treated radioactive waste effluents from
the TA-21 industrial waste treatment plant.
Mortandad Canyon received treated radio-
active waste effluents from the TA-50 in-
dustrial waste treatment plant.

The areas receiving treated radioactive
waste effluents have measurable amounts of
radioactivity; however, the concentrations
are well below the concentration guides for
controlled areas.

VIII.RADIOACTIVITY IN SOILS AND SEDIMENTS
Soil samples were 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 were
combined to form a composite sample for
radiochemicai analyses. Sediment samples
were collected from dune build-up behind
boulders in the main channels of perennially
flowing streams, Samples from the beds of
intermittently flowing streams were col-
The soil

and sediment samples were analyzed for

lected across the main channel.
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gross—-alpha and gross-beta activities,
238Pu and 239Pu. Mois-~
ture distilled from the soil and dry stream

sediment samples was analyzed for 3H. A

90Sr.

total uranium, and

few samples were also analyzed for

Soil and sediment samples were col-
lected in the same general locations as the
regional and perimeter water samples to
provide data on the normal concentrations
of radioactive materials in the environment
(Figs. 8 and 9, Table XIV). Soil and sedi-
ment samples were also collected at on-site
locations (see Fig. 9, Table XIV). The
maximum observed concentrations of radio-
activity in regional, perimeter, and on-
gite soils and sediments were

Regional and

Perimeter On-Site
Sedi- Sedi-
Analyses Units Soils ments Soils ments
3y 10°%ci/me 6.4 4.1 11 17
90g, pCi/g 13.9 5.8 10.5 8.5
137¢g pCi/g 1.7  o0.23 - . 1.5
238p, pCi/g 0.004 0.003 0.005 0,115
239, pCi/g 0.033 2.06 0,193 0.720
Gross-alpha pCi/g 18 10 10 10
Gross-beta pCi/g 12 6.1 8.5 28
Total U ve/e 3.9 2.7 5.3 30

Worldwide fallout plutonium in the
region in 1970 ranged from 0.001 to 0.004
pCi/g for 2%8py and from 0.001 to 0.023
pCi/g for 239Pu.10
soils fall within this range of values. A

Regional and perimeter

perimeter sediment sample from Pueblo Can-
yon, a former effluent release area now

239Pu at a maximum

off-site, contained
concentration of 2.06 pCi/g which is a re-
sult of adsorption from low-level effluent
released into the canyon prior to 1964.

The on-site soil samples collected near TA-
21 and TA-50, a plutonium processing plant
and industrial waste treatment plant, re-
spectively, contained 0.19 and 0.10 pCi/g
of 239Pu.

on-s8ite treated effluent release areas are

Sediment samples collected from

above regional levels due to adsorption of

238 239Pu from the effluents.

Pu and
Tritium values for on-site soil and

sediments were 2 to 4 times above those
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values typical for regional and perimeter
137
Cs,

and 90Sr concentrations from the regional

soils and sediments. Gross-alpha,
and perimeter stations were comparable to
on-site stations.

Gross-beta and total U in the regional
and perimeter soil and sediments and the on-
site soils are comparable. Gross-beta and
total U in sediments from on-site effluent
release areas are the result of adsorption
of radionuclides from effluents.

Three sediment sampling stations,
located off-site in the lower reach of Los
Alamos Canyon to the Rio Grande, were sam-
pled in 1970 and again in 1976. This reach
of the canyon receives intermittent storm
runoff from the former release area in Acid-
Pueblo Canyon and present release area in
The total Pu (238Pu and 239Pu)
in 1970 for the three sample stations ranged
from 0.37 to 0.60 pCi/g with an average of
0.45 pCi/g. In 1976, the total plutonium
at the same stations ranged from 0.088 to
0.019 pCi/g with an average of 0.14 pCi/g.
The concentrations in 1976 ranged from

DP Canyon.

about 2 to 8 times regional levels attri-.
butable to worldwide fallout. Storm runoff
has transported the radionuclides adsorbed
or attached to the sediments out of the
disposal areas.

IX. RADIOACTIVITY IN FOODSTUFFS

The limited foodstuff sampling program
to evaluate possible dose commitment from
consumption of locally produced foodstuffs
initiated in 1975 was continued in 1976.
Samples were collected during fall harvest
in the Los Alamos area and in the Rio Grande
valley at points both above and below the
confluences with streams crossing the Labor-
atory. Twenty-four samples of fruit and
vegetables were washed as they would be
prior to consumption and then were analyzed
for 238’239Pu, tritium oxide (HTO), and
total uranium. In all cases the plutonium
and uranium analyses gave values below the

detection limits of ~0.001 pCi/g (dry weight)




tor 238,239, 4nd .0.01 ug/g (dry weight)

for total U.

Tritium in foodstuffs was determined
by distillation of water from the samples
and subsequent liquid scintillation analysis
of the distillate.
low summarize the tritium content in water

The data presented be-

from various samples grouped according to
different irrigation water supplies.

Tritium

Concgntration

Irrigation No. of 00 7 uCijmt)
Location ¥ater Source Samples Average Range
Espanola Rio Chama® 4 2.6 (20.4) 2.2-3.5
Ranchitos Rio Chama® 4 3.5 (£0.4) 3.1-3.9
Cochits Rio Grande® 4 3.1 (20.2) 2.9-3.4
Los Alamos L.A. County 5 3.8 (¢1.4) 2.3-5.9
¥hite Rock L.A. County 7 3.3 (*0.3) 2.7-3.7

.Upstream from Laboratory stream confluence.
bDownstrenm {rom Laboratory stream confluence.

There was no significant difference
in tritiated water content between up-
stream, downstream, and local area samples.
Additionally, these concentrations were be-
tween the ranges of values observed in
local surface waters and meteoric water.
Thus there is no indication of any meas-
urable coantribution from Laboratory opera-
tions.

X. RADIATION DOSE ASSESSMENT
A. Methods and Assumptions

The radiation dose assessments pre-~
sented in this section are based on the
effluent and environmental monitoring data
of this report. Calculations are made for
the radionuclides detected by the LASL
monitoring network and for critical path-
ways associated with these effluents. The
calculations represent estimates of doses
incurred during the l-yr period covered by
the monitoring data. The mathematical
models are those recommended by the ICRP,4’
11,12 and are summarized in the Appendix.
No Laboratory-related concentrations of
radionuclides were detected beyond a 20-km
radius of the Laboratory; consequently, it
was not considered necessary to do popula-

tion dose assessments beyond Los Alamos

County. The 1976 Los Alamos County popu-
lation estimates (12 000 and 6000 people
in Los Alamos and White Rock, respectively)
were obtained from the Los Alamos County
The estimated 97 000
population in the 80-km radius about the

Laboratory was obtained from the LASL-
13

Planning Department.

developed Pathfinder Program with updating

from the '"Statistical Abstract of the United

States - 1976."

B. External Penetrating Radiation
Variations in terrestrial and cosmic

radiation complicate any analysis of exter-
nal radiation exposure as measured by the
LASL environmental radiation TLD network.
The variations in dose among the off-site
stations (see Table VII) are believed to be
due to the variation in natural radiation.
All of these stations are within 11% of the
annual dose recorded in 1975, indicating the
year-to-year variation is less than the
station-to-station variation.

The variations in some of the on-site
data (in addition to natural background
variations) are caused by variation in the
radiation emissions at the various Labora-
Thus station-to-station,
and, for the most part, year-to-year com-

tory facilities.

parisons are not meaningful. it is believed
that the elevated dose at the State Highway
4 location resulted from radioactive waste
discharges into canyons upstream of this
station. The TLD-measured dose rates have
been confirmed by high-pressure ion-chamber

measurements. Preliminary in-situ spectral

137

measurements indicate elevated Cs levels

in this area. The elevated dose rate at
this station does not represent a signifi-
cant exposure potential to the people in the
area because there is no residential or
other usage of this area by the populace.
The dose rates at the off-site stations
are consistent with the expected values
(126-175 mrem/yr) due to natural environment
radiation estimated for New Mexico by the
U.S. Environmental Protection Agency,14’15

and are similar to a TLD-measured dose rate
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of 143 mrem/yr at Colorado Springs, Colora-
do.1 Because there was no indication of
off-site incremental external penetrating
radiation resulting from Laboratory opera-
tions, individual and population doses for
these exposures were not calculated.
C. Radioactivity in Air

The whole-body dose resulting from the

inhalation and skin absorption of tritiated
water vapor was calculated using the formu-
la D = 2.4 x 106 C (where D is dose in rems
and C is concentration in uCi/m%; see Ap-

for details).

tial dose at a LASL boundary was estimated

pendix The highest poten-
from the measurements at TA-54, which is
within 0.4 km of a boundary with unoccupied
land. The annuai average concentration
there (330 x 10712 uCi/m&) would result in
a whole-body dose of 0.76 mrem/yr (0.15% of

the individual dose limit) above background.

Background concentrations of tritiated wa-

ter vapor were 15 x 10712

uCi/mg as measured
The high-

est calculated individual dose above back-

at the three regional stations.

ground at an occupied location, based on
measurements at the airport, would be 0.086
mrem/yr, which is 0.017% of the radiation
protection standard for an individual (500
mrem/yr) or 0.05% of the radiation protec-
tion standard for an average dose to the
population (170 mrem/yr). The White Rock
dose above background would be 0.0l11 mrem/
yr based on an average concentration of

18 x 1072 Lci/me.
provide a total of 0.18 man-rem to the

12 000 residents of Los Alamos and 0.07
man-rem to the 6000 residents of White Rock.

These doses combine to

The average uranium concentrations in
air were a very small percentage (.0012%
maximum) of the appropriate CGs for breath-
Three stations, Booster P-2, TA-
54, and Diamond Drive, had slightly eleva-

ing air.

ted concentrations of uranium compared to
Booster P-2 and TA-54
are located in dusty areas where additional

the other stations.

dust loading of the filters could account
for a greater mass of natural crustal-
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abundance uranium being collected on the
filters. The Diamond Drive station had
concentrations comparable to Booster P-2
and TA-54, which are similar to values ex-
perienced at off-site as well as on-site

X X . 2,5
stations in previous years.’

Thus, no
dose calculation for atmospheric uranium
was made.

Only 2 stations, Booster P-1 and TA-
54, indicated 239Pu concentrations in air
statistically higher than the average con-
centrations measured at the other 27 sta-
tions in the air sampling network. The
highest station average, at Booster P-1, was
strongly influenced by the single maximum
sample of 1510 x 10_18 uCi/m&. (Without
this sample, the average would be 6.0 x
10718 Lci/me.) The TA-54 station is a new
station located at the solid radioactive
waste disposal area.

The highest potential dose at a LASL
boundary was estimated from the measurements
at Booster P-1 station, which is approxi-
mately 0.8 km from a Laboratory boundary.

Using the equation D = 1.3 x 1012

C (where
D is dose in rems and C is concentration in
for details) the dose
to the lung from the average cpncentration

of 171 x 10718 uCi/ms at Booster P-1 would

puCi/m&; see Appendix

"be 0.2 mrem/yr which is 0.013% of the radi-

ation protection standard of 1500 mrem/yr
for an individual in an uncontrolled area.
The perimeter stations indicate an
18 uCi/me
and the off-site stations an average con-
centration of 4 x 10°'® yci/me. 1If this
slight difference is assumed to be due to

average concentration of 5 x 10~

Laboratory effluents, and not variations in
fallout patterns due to location and eleva-
tion differences, the associated dose to the
lung at perimeter stations would be 0.001
mrem, which is 0.0002% of the appropriate
radiation protection standard and equivalent
to the lung dose due to external penetrating
radiation received by riding in a jet at
9000 m for 5 s, or wearing a typical
luminous-dial watch for about 3 h.15




Because measured concentrations of
Pu in air were predominately below the
detection limit, it was not possible to

238

distinguish between background and any

contribution from effluents. Therefore,

238Pu dose

no estimate of an incremental
due to Laboratory operations was made.
For completeness, doses were estimated
based on total concentrations with no al-
lowance for subtracting background due to
worldwide fallout. As would be expected
239Pu data, the 238Pu average con-
centrations were a maximum at Booster P-1

and TA-54.

from the

To estimate the dose to members

of the public at an occupied location, the
Booster P-1 station average was used. The
average concentration of 3.2 x 10718 uCi/me

(strongly influenced by the maximum of 25.2
x 10718
lung dose of 0.004 mrem/yr, or 0.003% of the
individual radiation protection standard.

uCi/mf) would result in a total

The calculation was made from the formula
D = 1.35 x 10%2
and C is concentration in uCi/m%;
for details).
a site boundary was estimated from data col-
lected at the TA-54 station (which is ~0.4

C (where D is dose in rems
see Ap-

pendix The maximum dose at

km from a site boundary at an unoccupied
location) as 0.006 mrem/yr total dose to
the lung. The laboratory contribution to
these doses, if any, would be a small frac-
tion of the total.

The potential dose due to 4

1Ar was
calculated with the technique developed by
the Nuclear Regulatory Commission assuming
Theo~
retical calculations of the dispersion of
the 339 C1 of 41Ar (an activation product
with a 1.83 h half-life) released from the
Omega West Reactor stack (located on Mesita
de Los Alamos Jjust south of TA-2,
3) in 1976 indicate a maximum uncontrolled
area dose of 3.1 mrem/yr, which is 0.62% of
the radiation protection standard for an
The estimated dose to the
townsite population from this release is
Radiation from 41Ar would be

immersion in a semi-infinite cloud.

see Fig.

individual.

1.8 man-rem.

included in the dose documented by the TLD
external penetrating radiation measurements.
The estimated maximum dose is less than the
uncertainty in the TLD measurements.

The largest amount of radicactivity

(5890 Ci, Table VI) released to the atmos-
phere was due to the short-lived isotopes
110, 13N, and 15O created as activation
products from air during operation of the

Theoretical
for details)

linear accelerator at LAMPF.
calculations (see Appendix

based on Gaussian diffusion models give an
estimated maximum annual boundary dose of
This

finite cloud size

22 mrem/yr. calculation assumes a

and that the receptor is
at the cloud centerline. No decay was as-
sumed during transit from the stack to the
This

would tend to overestimate the dose because
15

nearest site boundary (0.8 km north).

O has a half-life slightly over 2 min
(31C and 13N have 10- and 24.4tmin half
lives, respectively). The amount of
overestimate 1s not known because the pro-
portions of the three isotopes as they leave
the stack are not known. Extending the
theoretical dispersion calculations and
taking some credit for decay (~30 min) at
the townsite lead to an estimated average
individual dose of 0.16 mrem/yr and a total
The

average individual doses would be documented

population dose of about 1.9 man-rem.

as part of the TLD measurements and are less
than the uncertainty in the TLD measurements.
Theoretical calculations for all other
isotopes for which there is a measured re-
lease (see Table VI) indicate doses much
less than those calculated (theoretically
or from actual measufements) and thus are
not included in this report.
The population doses from tritium,
41Ar, and mixed activation products (other
isotopes gave insignificant doses by com-
parison) combine to give 4 man-rem above
background to the estimated 18 000 residents
of Los Alamos County. This is the estimated
total population dose which could be attrib-
Note that the

portion due to argon and mixed activation

uted to Laboratory effluents.
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products (3.7 man-rem) would be included in
the overall external penetrating radiation
dose measured by TLDs.

By comparison, the residents of Los
Alamos County would receive 2750 man-rem
from natural radiation sources. This as-
sumes contributions from internal radioac-
tivity of 18 mrem/yr, the neutron component
of cosmic radiation as 17 mrem/yr (ref. 14),
and average external gamma radiation from
cosmic and terrestrial sources as 118 mrem/
yr (see Table VII, perimeter stations).
Using the same assumptions for internal
radioactivity and neutron components, and
an average of 92 mrem/yr for natural ex-
ternal radiation.to residents outside Los
Alamos County (see Table VII, regional sta-~
tions), leads to an estimated 12 800 man-
rem population dose from natural radiation
sources within an 80-km radius.

D. Other Nuclides and Pathways

Theoretical calculations were made of

doses expected to be received from all air-
borne radioactive effluents listed in Table
VI. Results indicated these gave insignifi-
cant doses in comparison to those listed

for tritium and activation products and thus
are not included here.

Potential exposure pathways to man
could result from eating deer and honey
found to contain some contamination during
ecological studies conducted within the
Laboratory boundaries. Assuming the maxi-
mum measured concentrations of 1.8 pCi/g of
137Cs in deer muscle or 3000 pCi/mf& of
tritium in honey, and large but credible
consumption rates of 110 kg/yr of venison
or 2.3 kg/yr of honey, resulting estimated
individual maximum doses are 3.9 mrem/yr
from eating venison and 0.12 mrem/yr from
eating honey.

Liquid effluents, 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 evapo-
transpiration. These effluents are moni-

tored at the points of discharge and in the
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alluvium of the canyons below the outfalls.
Small quantities of radioactive contami-
nants have been measured in canyon sediments
beyond the LASL boundary, probably trans-
ported there during periods of heavy run-
off. However, no pathways from the sedi-
ments 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 off-site location.

There are no known significant aquatic path-
ways or food chains to humans in the local
area. Consequently, no potential dose con-
tributions beyond those already discussed
could be identified or evaluated.

XI. CHEMICAL QUALITY OF SURFACE AND GROUND

WATERS

Monitoring of selected chemical quality
parameters of surface and ground waters
provides an additional means for detecting
the potential dispersion of effluents from
LASL operations. Water samples are col-
lected in 1-2 polyethylene bottles and re-
turned to the laboratory for filtration
through Whatman #2 filters. Standard meth-
ods are used to analyze samples for gross
chemical characteristics and a selected
list of ions. Samples are collected twice
a year for chemical quality analyses. The
summary tables in the text for the regional
and water supply show maximum values for
each group of samples while the perimeter
and on-site stations show the highest
station-average values for each group. The
stations are grouped according to location
Detailed results
are presented in Tables XV through XVIII.
Comparison is made with drinkiﬁg water

or hydrologic similarity.

standards found in Table V.

A. Regional and Perimeter

Regional surface waters within 75 km of
LASL are sampled at six stations on the
Rio Grande, Chama, and Jemez Rivers (Fig. 8,
Table XV).

ty of water is detefmined from six peri-

In addition, the chemical quali-

meter locations, and three surface and three



ground water stations located <4 km outside
the LASL boundary (Fig. 9, Table XVI).
These analyses are made to provide a con-
tinuing record of the chemical quality of
water in the area. All of these waters met
drinking water standards (see Table V) for
the constituents measured, with the occa-
sional exception of Total Dissolved Solids
(TDS).

reporting periods were noted.

No significant changes from previous
2,5 The maxi-
mum or highest station-average observed
concentrations of C17, F , NOS_, and TDS

for these perimeter and regional samples

were
Concentrations (mg/%)
Perimeter
(Highest Standard
Regional Station or
Constituent  (Max.) Average) Criteria
c1 58 33 250
F 1.4 0.6 2.0
No3' 0.8 24 45
TDS 664 326 500

B. Water Supply

The Los Alamos water supply system,
which serves the Laboratory and the com-
munity, is sampled at each of the 15 supply
wells and a supply gallery, and at 5 points
in the distribution system (see Fig. 9,
Table XVII).
individual wells varies slightly from per-

The chemical quality from

iods of light (winter) to periods of heavy
(summer) pumpage. The chemical quality
varies between wells in the three fields
due to local conditions occurring within
‘the aquifer around the wells. The maximum
concentrations for all chemical constituents
measured were below applicable EPA Interim
Primary Drinking Water Standards (see Table

V) with the exception of arsenic.

Concentrations (mg/%)
Water Supply Standards or

Constituents (Maximums) Criteria

As 0.051 0.050
c1™ 15 250

F- 2.0 2.0

Hg 0.0002 0.002
NO,~ 1.7 45

Se <0.001 0.01
TDS 434 500

The occurrence of natural arsenic in Well

G-2, Guaje Well field, is near or slightly
above the standard of 0.050 mg/%.
the low arsenic inputs from the remaining
six wells in the field dilute the concen-

However,

tration to acceptable levels before it
reaches the first distribution point.
Samples from this point had arsenic concen-
trations rénging from 0.007 to 0.013 mg/2
in 1976.

One well in the Los Alamos field, Well
LA-6, contained arsenic concentrations
ranging from 0.150 to over 0.200 mg/%, or 3
to 4 times the drinking water standard for
arsenic. It was determined during special
tests in 1976 that the water could not be
diluted sufficiently with pumpage from
other wells in the field to result in water
Additional tests
were made to isolate sections of the well

of acceptable quality.
at various depths. It was determined that
the aquifer throughout the well contained
high arsenic concentrations. The arsenic,
derived from a deep source, is apparently
dispersed through the well by a fault. The
well was placed on standby to be used only
in emergency conditions such as fire. It
is tested periodically, with the water
Tests in October 1976 in-
dicated arsenic concentration ranged from
0.142 to 0.172 mg/%. It is calculated that
the arsenic concentration from the well

would have to be reduced to 0.100 mg/% at a

pumped to waste.

pumping rate of 1100 &/m to allow dilution
with other pumpage in the field to meet the
drinking water standards.19
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C. On-Site Surface and Ground Waters

Chemical analyses were made on samples
from three on-site ground water and three
on-site surface water locations that are
not in Laboratory effluent receiving areas
(see Fig. 9, Table XVIII). The quality of
water from surface water locations varies
slightly as base flow is diluted with vary-
ing amounts of storm runoff; however, both
the surface water and ground water analyses
indicated no significant changes from vari-

ous reporting periods.z’5

These waters met
drinking water standards for the constit-
uents measured. The waters from these
sources are not used for domestic, munici-
pal, or industrial supply. The average
station high concentrations of Cl1™, F_, Nos—,
and total dissolved solids (TDS) that are
indications of Laboratory release for the
six stations were

Concentration (mg/%)

On-Site, Non- Standard
Constituent Effluent Areas or Criteria
c1” 24 250
FT 0.6 2
NO,™ 1.3 45
TDS 350 500

Chemical quality was determined for
samples of surface and ground waters in
canyons which are current or former recip-
ients of industrial effluents (see Fig. 9,
Table XVIII). Acid-Pueblo Canyon received
industrial wastes from 1943 to 1964 and
currently receives treated municipal sewage
effluent, which is a large portion of the
total flow.
tower blowdown from the TA-3 power plant

Sandia Canyon receives cooling

and some treated sewage effluent. Except
these efflu-
ents constitute the total flow in Sandia
Canyon. DP-los Alamos Canyon receives ef-

fluents from industrial waste and sanitary

for snowmelt or storm runoff,

sewage treatment plants and cooling tower
blowdown from TA-21 and TA-2. Mortandad
Canyon receives the effluent from the in-
dustrial waste treatment plant at TA-50.
This effluent is a major part of the flow

except during storm runoff or spring snow-
The highest station-average concen-

melt.
trations of C1~, F, NO, , and TDS for these

3
canyons were

. Concentration (mg/t)
tandar

Constit-~ Acid- DP-los Mortan- or
uent Pueblo Sandia Alamos dad Criteria
c1” 44 49 20 30 250
F 0.8 1.2 4.2 1.4 2
Noa" 44 33 58 189 45
DS 370 620 1930 880 500

The chemical quality of waters in each of
these areas is clearly influenced by the in-
put of effluents. None of these waters is
a source of either municipal or domestic
water supply, but the surface waters in
these canyon areas are used by wildlife.
In some places these waters do not meet
drinking water standards for chemical cri-
teria, specifically for TDS, ¥, and N03—.
They do meet proposed EPA18 criteria

for TDS and NOS_ in water used for
livestock.

D. Fenton Hill Site Surface and Ground
Waters

The chemical quality of surface and
ground water in the vicinity of the Fenton
Hill site, of the LASL Dry Hot.Rock Geo~-
thermal Energy Experiment (~30 km W of Los
Alamos, has been measured to

determine the geohydrology,

see Fig. 10),
for environ-
mental studies, and to fulfill monitoring
requirements. The results of preliminary
studies and detailed chemical data have been
reported elsewhere.zo’21

Table XIX summarizes the chemical qual-
ity data for nine surface water stations,
four water supply locations, two springs
along the Jemez Fault, three springs dis-
charging from recent volcanics, and one ad-
ditional well that is abandoned. It also
summarizes the quality of water from three
ponds that contain water from experiments
related to development of the geothermal
loop in the dry hot rock at a depth of 3000
m below land surface. The water in the
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ponds is highly mineralized; it is recircu-
lated or released into a nearby dry channel
after treatment to remove harmful constit-
uents. Release is made when quality is ac-
ceptable to the U.S. Forest Service. No
flow reaches perennial streams in the area.
A supply well was completed at the
geothermal site at a depth of about 137 m.
The quality of water from the wells is good
with C17 at 7 mg/%; F, 0.2 mgfl; NO, ,
<0.4 mg/2; and TDS, 200 mg/&. However, the
water is moderately hard with a hardness of
90 mg/% due to calcium and magnesium con-
centrations of 31 and 4 mg/%, respectively.
The well,
indication of seepage from the ponds.

located near the ponds, shows no

XII. ECOLOGICAL STUDIES
A. Radiation Exposures Measured in Rodents

Inhabiting a Liquid Radioactive Effluent
Receiving Area at Los Alamos

A preliminary study was completed to
determine the external gamma radiation ex-
posures to rodents inhabiting an area where
low-level treated radioactive effluents are
released within the LASL land areas.

A 50 x 50 m site near the effluent
outfall in DP Canyon was chosen for this
study. It has measurable, but variable,
137¢s in the soil, which have
accumulated from the release of the treated
effluent.
trapped,
dosimeters,

levels of

Rodents in the study area were
implanted with thermoluminescent
and released for subsequent re-
A detailed de-
scription of the experimental design and

.capture and TLD retrieval.

sampling methodology are reported else-
where.22
The following table shows that the

contaminated area produces a readily meas-
urable radiation exposure to rodents living
in the area. Exposures averaging 26 mrad/d
were measured in harvest mice, with somewhat
lower averages obtained for deer mice (8.3
mrad/d), pinon mice (1.9 mrad/d), and
chipmunks (1.4 mrad/d).

individual exposures were higher than the

In all cases,

28

0.4 mrad/d attributable to natural external
background sources in the Los Alamos area
(see Section X.B).

Species exhibiting the higher radiation
doses were caught most often (i.e., 50-70%
of the time) along the effluent stream chan-
nel. radiation intensities at the
ground surface measured 20-87 mrad/d.

Here,
Low
doses were found in rodents captured in tbis
zone less than 20% of the time.

Correlation of elevated exposure levels
with species is attributed, at least in part,
to differences in habitat requirements and
mobility. The smaller, less mobile, harvest
mice and deer mice are associated with the
dense vegetation cover and greater radiation
The

larger, more mobile, pinon mice and chip-

intensities along the stream channel.

munks are associated with the open forest
adjacent to the study plot.

RADIATION DOSES RECEIVED BY NATIVE RODENTS
IN A DISPOSAL AREA FOR TREATED RADIOACTIVE EFFLUENT

Dose a
Species No, Apmxad/cay)
Harvest Mouse ) 8 28 10
(Reithrodontomys megalotis)
Deer Mouse 4 8.3 8.6
(Peromyscus maniculatis)
Pinon Mouse 5 1.9 0.8
(Peromyscus trueii)
Chipmunk 13 1.4 1.2

(Eutamias minimus)

2primarily due to 137Cs gamma rays.

This study showed that the accumulation

on soil of 137

Cs from liquid effluent release
increased the average radiation exposure of
small ground-dwelling rodents in the area by
a factor of as much as 50. Average doses of
26 mrad/d were observed in harvest mice,
although individual measurements for this

The total
estimated dose during the average l-yr life

span for this species would be about 9.5

species were as much as 50 mrad/d.

rads average for the species or a maximum
of 18 rads for an individual. The average
exposures to the other three species were

3-18 times less than that for harvest mice.




B. Long-Term Effect of Exposure to Uran-

Nearly 75 000 kg of natural and de-
pleted uranium used in LASL's dynamic test-
ing program have been dispersed at E-F
Site, near TA-15, which has a 33-yr use
history. This location has a wide range
of uranium concentrations in soils, plants,
and animals. It has been studied to gain
information on possible uranium chemical
toxicity responses and potential food chain
transmission. During the past year, studies
were made at E-F Site to describe (@D]
uranium concentrations and distribution in
soil relative to depth in the soil profile
and distance from the points of dispersion,
(2) redistribution of uranium by storm run-
off, and (3) possible responses of soil
invertebrate communities to uranium chemical
toxicity.23

Soil samples obtained on a polar coor-
dinate sampling scheme at the site showed
highest surface (0-2.5 cm) uranium concen-
trations, averaging 4500 ug/g, occurred
within 10 m of the dispersion point. Uran-
ium concentrations at sampling locations
at 50-200 m beyond the dispersion point
were generally. <15% of this value. The
estimated isoconcentration lines for uran-
ium in surface soils at E-F Site are de-
picted in Fig. 11.

Analyses of a limited number of soil
samples collected to depths of 30 cm within
a radius of 50 m of the dispersion point
‘showed that significant penetration and/or
migration of uranium into the soil profile
has occurred. The mean value of 100 ug/g
of uranium measured in the samples from the
20-30 cm depth, at a radius of 50 m, is
about 50 times greater than the background
values for this area.

Most of the uranium at E-F Site is
apparently available for surface transport,
mainly by storm runoff, and can move into
the Potrillo Canyon drainage. Character-
istics of storm runoff transport of uranium
were investigated during two heavy rainfall

events. A permanent sampling network was
established for further sampling of alluvium
in Potrillo Canyon.

The highest total uranium concentra-
tions were observed in the standing water
samples taken within the detonation crater
with values ranging from 87 to 282 mg/%.

Most of the uranium was dissolved, with

values ranging from 83 to 99%. This indi-
cates a much greater solubility than ex-
24

pected from review of the literature.
The uranium concentration associated with
the suspended sediments for the 1975 rain-
fall event was 3900 ug/g, a value compara-
ble to average surface soil uranium concen-
trations in that area.

Surface (0-2.5 cm) alluvial soil sam-
ples from the Potrillo Canyon intermittent
stream bed, collected at a point 250 m from
the dispersion point, contained 300 ppm, or
about 10% of the values measured at the
dispersion point; at 2800 m from the dis-
persion point the values were about twice
Within 200 m of E-F Site, the
concentrations were highly variable to

background.

depths of 15 cm; but at distances between
350-5000 m from the site the uranium was
homogeneously distributed to depths of at
least 20 cm. An estimated 58 kg of uranium
were located in the upper 15 cm of alluvium
in the canyon below E-F Site, with 76% of
it within 30 m of the source and the re-
mainder distributed down the canyon to

9000 m.

<0.1% of the estimated total uranium ex-

The 58-kg inventory represents

pended at E-F Site since 1943, indicating
that only minor amounts of the material

have moved any appreciable distance from the
point of origin.

The litter- and soil-inhabiting inveg-

tebrates in the area were studied by ex-
soil cores
25 over 9800
specimens, representing 100-110 species,

tracting the contents of l—dm2
by the Tullgren funnel method.
were isolated from 217 samples. Species of
the Order Acarina (ticks and mites) were
most abundant, representing 78% of total
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animals and occurring in 93% of the samples.
All but one of the 15 families of Acarina
identified are predators. In general, the
soil and litter macrofauna populations and
species diversities were apparently reduced
at the high uranium study areas compared to
their control area counterparts.

137

C. Distribution and Tramnsport of Cs

in Los Alamos Soils

As part of the continuing ecological
studies in liquid waste disposal areas, the
distribution of 137Cs in and near the stream
channel in Mortandad Canyon was studied.
Measurements of erosion were also made to
help describe actual and potential transport
of nuclides attached to sediments.

A set of soil samples was collected at
three locations to determine concentration

137

gradients of Cs across the canyon sites

(i.e., from mesa top to mesa top). One

set of 60-cm soil cores was obtained at
locations of 0.02, 0.1, 0.2, 0.38, 0.5, and
10 m from the stream channel, as well as on
the adjacent mesa tops. These 12 cores
were frozen and cut up into 0-10, 10-20,
20-40, and 40-60 cm segments for each sam-
pling location.

137Cs data is shown in
Fig. 12 for Sites I, II, and III, located
320, 1300, and 2600 m, respectively,

the effluent outfall in Mortandad Canyon.

A set of soil
from

The stream channel sediments at Site I con-
tained higher levels of 137Cs than the
stream bank soils, which generally contained

137Cs horizontally as

elevated levels of
far as 0.38 m away from the stream channel
and down to the 40-cm soil depth. The mesa
top soil samples at Site I also contained
slightly elevated levels of soil 137Cs.

The spatial distribtuion of 137Cs in the
Site II bank soils was similar to that at
Site I, except for the greater horizontal

137Cs found at 10 m from

distribution of
the stream channel center in the south bank

topsoil.
137

This was probably a result of
Cs-contaminated runoff overflowing the
regular stream channel during rainstorms.
Site III channel sediments contained higher

137Cs levels than the stream bank soils,

137Cs soil concen-

which showed elevated
trations to a depth of only 10 cm.

In order to further evaluate downstream
transport of soil radionuclides, a soil
erosion experiment was initiated in June
1975 to measure soil losses or gains for
segments of the stream channel in Mortandad
Canyon. Meter sticks were driven into the
sediments in the center of the stream chan-
nel at 100-m intervals from 1.2 to 2.7 km
from the effluent outfall,

segment of this intermittent stream. The

a normally dry

soil level at each of these stakes was re-
corded at many different times from June 12,
1975, through November 4, 1976, a total of
512 days.

The data presented in Table XX show
that the alluvium in the upper portions of
the canyon (1.2-1.9 km from the outfall)
was eroded and generally redeposited a short
distance away (1.9-2.2 km from the effluent
outfall). an estimated 90 000
kg of sediments were lost from the 1.2-1.9-

For example,

km segment during 512 days, whereas about
120 000 kg of soil were deposited downstream
in the 1.0-2.2-km segment. The 2.2-2.7-km
segment exhibited a very small gain in soil
mass during this éame time frame.

The largest changes in soil movement
occurred during July in both 1975 and 1976
in the upper portions of the canyon, i.e.,
1.4 and 2.7 km from the effluent outfall
(see Fig. 13).
lated to the first of the large summer rains

This seasonal effect is re-

which occur in the area, resulting in large
amounts of soil being moved downstream in
runoff. Although larger total amounts of
rain normally occur in August, the erosion
data indicate the first few summer runoff
events exert more influence on the inventory
of soil in the canyon than does subsequent
Very little
change in soil depths occurred at the 2.7-

erosion throughout the summer.

km station at any time, suggesting that
stream channel erosion-deposition patterns

did not extend this far downstream.
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XIII.UNPLANNED RELEASE

On the morning of July 15, 1976, ap-
proximately 2.27 g, or about 22 000 Ci, of
tritium gas (3H2) were inadvertently re-
leased to the environment from the roof
vents of the Cryogenics Building (SM-34) at
TA-3.

error resulting in exhausting a supply tank

The release was caused by operational

of tritium gas while air was being evacu-
ated from the tritium-handling system. The
escaping gas was diluted and moved to the
southwest by a moderately unstable 4-m/s

(8 mph) northeast wind.
was drawn into theAbuilding air intake,

Part of the gas

which increased tritium concentrations in
the building to.the extent that the build-
ing was evacuated. Ninety-two potentially
exposed people submitted urine samples for
tritium assay. Analyses showed no personnel
received any detectable exposure from the
release. These findings supported the ex-
pectation that the release was in the form
of elemental gas (332) and no significant
oxidation to tritiated water (HTO) had
ogcurred. Tritiated water vapor has a
higher potential for exposure than tritium
gas. Tritium gas in the atmosphere under-
goes oxidation at a rate of <1% a day.

The nearest point at which a member of
the public could have been exposed was 100
m downwind on Diamond Drive, an on-site,
ERDA-controlled road normally open for
public use. Tritium oxide (HTO) measure-
ments were made on moisture distilled from
silica gel cartridges collected from routine
air net sampling stations on the afternoon
of July 15. They showed no significant
difference between upwind and downwind sta-
tions and indicated no overall deviation
from expected values for the 2-wk inte-
gration period. Vegetation samples (grass,
pine needles, weeds) collected on July 16
at seven of nine downwind vegetation sample
locations indicated no significant differ-
ence in tritiated water concentrations
compared to four upwind vegetation sampling

locations. One of the slightly elevated
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-ty and partly by private interests.

locations was near the Van de Graaff

-accelerator where small quantities of trit-

ium and tritiated water vapor have been re-
Thus,
ity in these samples was attributed to Van
Elevated activity

(36 pCi/m% vs an average of 8.4 pCi/mf at
the upwind stations) at the other station
(near the entrance to TA~16) is not believed
to be caused by this release because the
nearby air sampling station did not indicate
elevated concentrations of tritium oxide.

leased for a number of years. activ-

de Graaff operations.

(The CG for tritium in drinking water in
uncontrolled areas is 3000 pCi/mf.) Thus,
there was no apparent exposure to either
Laboratory personnel or the general public
as a result of the release. No decontami-
nation operations were necessary because of

the gaseous nature of the release.

XIV. RADIOLOGICAL SURVEY AND DECONTAMINATION
OF A FORMER TECHNICAL AREA
A major portion of the resources of
the environmental surveillance program dur-
ing 1976 was devoted to support of field
operations at the site of the former Main
Technical Area (TA-~1) at Los Alamos (approx-
imate location N95 E57, Fig. 3). Technical
Area One was located on land around Ashley
Pond, which is now owned partly by the Coun-
The
original Laboratory facilities were con-

structed and used from 1943 through 1965.
[}

Work carried on in the facilities resulted
in varying degrees of radioactive contami-
nation of some buildings,
and land.

the waste handling
Beginning in the 1950s,
research work was gradually moved from TA-1,

system,

which was immediately adjacent to the town-
to new areas south of Los Alamos Can-
When vacated, the obsolete TA-1 facil-~
ities were decontaminated and demolished.

site,
yon.

Major operations to remove structures began
in 1954 and continued intermittently through
1965. 1In 1966 the land occupied by TA-1

was turned over to Los Alamos County or

sold to private interests because it was
sited in a central area useful to the future




development of the townsite and because it
was considered that residual radioactive
contamination did not present any health or
safety hazards. Development of both public
facilities and commercial establishments
began shortly after disposal and continues
to the present.

Increased concern over radioactive
contamination at extremely low levels, i.e.,
essentially detectable levels, led the AEC
(now ERDA) to request radiological surveys
of various former AEC lands released to the
public, including the remaining undeveloped
portion of TA-1, using modern, more sensi-
tive techniques.

Field work for the TA-1 survey was
initiated in 1974 and led to extensive
exploratory excavation and decontamination
efforts starting late in 1975 and continuing
through August 1976.
undertaken to reduce as much as practicable
any remaining question about potential
safety or health implications of the resi-

Decontamination was

dual contamination found during the survey.

Surveillance program personnel were
involved in many phases of the program in-
cluding daily management, collection and
analysis of some 8000 soil samples, and
Full details
of the findings are presented elsewhere. 26
It is believed that the TA-1 area in its
present condition poses no risk to human
health.

documentation of the project.

XV. ACKNOWLEDGMENTS

This report was compiled by the staff
of the Environmental Studies Group of the
LASL Health Division. Principal contribu-
tors included A. J. Ahlquist, 8. Barr, D.
B. Curtis, T. C. Gunderson, T. E. Hakonson,
F. R. Miera, J. W. Nyhan, W. D. Purtymun,
A. K. Stoker, and A. D. Talley. Most of
the sampling and data collection was per-
formed by M. N. Maes, R. Romero, and J. G.
Salazar.

Inquiries may be directed to L. J.
Johnson, Leader, Environmental Studies
Group, MS-490, Los Alamos Scientific Labor-
atory, Los Alamos, NM 87545.

35



APPENDIX
DEVELOPMENT OF FORMULAS USED FOR DOSE CALCULATIONS
Airborne Tritium

The dose resulting from continuous inhalation of tritiated water vapor was calculated
using the following equation.

D(t) = 51 CIafaEt/Am ,
where

D(t) = dose equivalent delivered during continuous exposure time t(days), in rem

51 = (1.6 x 10 %rg/Mev)(8.64 x 10* s/day)(3.7 x 10* dis/s-yci)
100 erg/g-rad

C = average airborne concentration, in uCi/m2

I_ = average air intake rate
= 2 x 10’ mt/day (Ref. 11)
f = fraction of inhaled material reaching organ of interest
= 1 for tritium (oxide)(Ref. 11)
E = effective energy deposition per disintegration, including the quality factor
for dose equivalent conversion
= 0.010 MeV-rem/dis-rad (Refs. 4, 11, and 12)
t = duration of exposure, in days
A = effective elimination rate, in da.y_1
= 0.069 day ' (Ref. 12)
m = mass of organ of interest, in g
= 4.3 x 104 g for body water (Ref. 11).
Therefore,

D(t) = 1.2 x 106 C for inhalation.

Because skin absorption of tritiated water vapor is approximately equal to the amount
of tritiated water inhaled}2 the total dose due to ingestion of airborne tritiated water
vapor becomes

D(t) = 2.4 x 10° ¢

Airborne Actinides

Lung dose calculations were made for potential inhalation of the actinides and were
based upon the following assumptions.

1. All of the airborne plutonium and americium was highly insoluble and therefore
behaved according to the model for Class Y materials, as defined by the ICRP Task Group
on Lung Dyna.mics.27

2. All of the airborne plutonium and americium particles were in the size range of
0.01- to 0.1-um dia, for which deposition in the pulmonary region is maximum.28

The following equation was used to calculate lung doses resulting from inhalation of
plutonium or americium.

=it
D(t) = 51 CI_f_f ET/dm (1 ~ 1F§E——) ,
where, .
fa = 0.7 (max) for the pulmonary region (Ref. 27)
fr = fraction of pulmonary deposition undergoing long-term retention

1]

0.6 for actinides (Class Y)(Ref. 27)
53 MeV-rem/dis-rad for 2
53 MeV-rem/dis-rad for
57 MeV-rem/dis-rad for

x4
H

241

Am (Ref. 11)
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A = mean clearance rate, in da.y—1
= 0.0014 d:a.y—1 for actinides (Class Y) from the pulmonary region (Ref. 28)
m = 1000 g for the lungs (Ref. 11).

All other quantities are as defined previously for the airborne tritium calculation.
Therefore,

D(365 days) = 2.4 x 100 cE
= 1.3 x 1012 ¢ for 23%,
= 1.35 x 1012 ¢ for 238py

1.4 x 1012 ¢ for %41am .

Because many of the factors involved in the above equation and the measurements of air-

borne concentrations are valid to only one significant figure, the dose calculations were
rounded off accordingly.
Airborne Argon-41

The dose due to the noble gas, 41Ar, was calculated using a model developed by the
U.S. Nuclear Regulatory Commission17 which assumes immersion in a semi-infinite cloud and
is represented by the following equation.
DL = 1.11 S, x,(r®)DFB, ,
where
Dg(rfeé = the annual total body dose due to immersion in a semi-infinite cloud at the
distance r in the sector at angle 8- from the discharge point in mrem/yr
1.11 = average ratio of tissue to air energy absorption coeffients
Sf = the attenuation factor accounting for dose reduction due to the shielding
provided by residential structures (0.7) dimensionless
annual ground-level concentration of nuclide i at the distance r in the
sector at angle 8- from the release point in pCi/m3
DFBi = total body dose factor for radionuclide i which includes the attenuation of
5 g/cm2 of tissue in mrem-ms/pCi-yr.

x4 (r9)

In calculations for maximum dose, no allowance was made for the reduction due to
shielding provided by structures, (i.e., S, = 1.0). The factor xi(r-oa'is calculated from
the meteorological dispersion coefficient Qi(r-o-)(sec) and the source term Q (pCi/sec).
Qi(r-oo is calculated from local meteorological infgrmation using the Gaussian dispersion

model. Q is provided from annual effluent release monitoring. For Ar DFB =8.84 x10~
mrem-ma/pCi—yr. Thus, for the single isotope Ar at a single location we have

T = -3, mrem-m° sec

D, (mrem/yr) = 1.11 x 8.84 x 107 (Feg-—t- Peiyr x & =33 QR x s,
or

DZ(mrem/yr) -9.8 x 1073 x é xQx 8 .

Airborne Air Activation Products

Nuclear reactions with air in the target areas at LAMPF cause the air activation
products 11C, 13N, and 150 to be formed. These isotopes are all positron emitters and have
20.4-min, 10-min, and 122-sec half-lives, respectively. The concentrations of these iso-
topes at the site boundary were calculated using the meteorological dispersion coefficient
é(r;@é and the source term Q. The dose was calculated using semi-infinite cloud assump-
tions and was then corrected for cloud size. It has been shown29
in a semi-infinite cloud is represented by the equation

YDI(x,y,o,t) = 0.25 By x(x,y,o,t),

™

that the gamma dose rate
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where

1
YD (x,y,0,t)
o

Ey

[

two 0.511 MeV gammas, thus Ey

x(x,y,0,t)

gamma dose rate (rad/sec) to a person located at (x,y,0) at time t

average gamma energy per decay (MeV) (positron annihilation produces

1.02 MeV)

plume concentration in curies/m3 at time t

To correct dose rate for estimated plume size (if the cloud cannot be construed to
be semi-infinite), values were taken from standard graphical compilations.29

Because the mixture of isotopes in the cloud is not known, it was assumed there was
no radioactive decay in the cloud during the transit time to the nearest border.
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TABLE I

MEANS AND EXTREMES OF TEMPERATURE AND PRECIPITATION

CLIMATOLOGICAL SUMMARY 1910-1974%

TEMPERATURE (°C) PRECIPITATION TOTAL (mm) MEAN NO. OF DAYS
c SNOW/FROZEN 5
MEANS EXTREMES RAIN PRECIPITATION Mad  minl
Mo Daily Mo Dafily Mo Precip. Temp Tewp
Bo  Max Min Mcan High ¥r Iev  ¥r Mean  Max ¥r Max  ¥r Mean | Max ¥r  Max ¥r 22.3m 226.7°C 2-9.4°C
Jan 3.9 ~7.9 =2,0 17.8 1963 -27.8 1963 21.21 62.23 1916 171.45 1916 246.1 381.0 1913 989.2 1949 2 [ 8 .
Feb 6.1 -5.8 0.1 18.9 1936 -25.6 1951 17.38 26.67 1915 61.89 1948 204.8 330.2 1915 604.2 1948 2 0 6
Mar 9.4 -3.4 3.1 21,7 1971 -19.4 1948 25.38 57.15 1916 104.4 1973 261.3 457.2 1916 938.8 1973 3 0 3
Apr  14.6 1.0 7.8 26.7 1950 -15.0 1925 24.69 36.83 1969 117.86 1916 103.9 304.8 1958 853.4 1958 3 [} [+]
May 19.9 6.0 12,9 31.7 1935 4,4 1938 32,16 45.72 1929 113.54 1929 19.7 228.6 1917 431.8 1917 3 1 [}
Jun 25.3 10.9 18.1 33.9 1954 -2.2 1919 34.64 34,80 1931 141.49 1913 0.0 0.0 - 0.0 - 3 14 0
Jul 26.9 12.9 19.9 35.0 1935 2.8 1924 86.06 70.61 1968 202.69 1919 0.0 0.0 == 0.0 - 8 19 0
Aug 25.4 12.3 18.9 33.3 1937 4.4 1947 94.53 57.40 1951 283.97 1952 0.0 0.0 - 0.0 - 8 12 [}
Sep 22.4 8.9 15.7 34.4 1934 -5.0 1936 50.02 56.13 1929 147.07 1941 4.9 152.4 1913 152.4 1913 S 5 0
Oct 16.7 3.2 9.9 27.8 1930 -8,9 1970 41.31 88.3% 1919 171.96 1957 36.9 228.6 1972. 228.6 i;;; 3 0 [
Nov 9.4 =3.1 3.2 20.6 1937 =~20.0 1957 17.77 37.08 1931 83.82 1957 126.4 335.6 1931 876.3 1957 2 [¢] 2
Dec 4.9 ~6.8 -1.0 16.7 1933 -23.3 1924 23.01 34.29 1965 72.39 1965 266.8 457.2 ° 1915 1049.0 1967 3 0 6
Year 15.4 2.3 8.9 35.0 1935 -27.8 1963 468.16 88.39 1919 283,97 1952 1270.8 457.2 1915 1049.0 1967 48 51 25
CLIMATOLOGICAL SUMMARY 1976%
TEMPERATURE (°C) PRECIPITATION TOTAL (mm)
MEANS SNOW/FROZEN
(Daily Values) EXTREMES RAIN® PRECIPITATION 0. OF DAYS®
Mo Daily Daily > > <
Mo~ Max Min _Mean High  Low Total Max Total  _Max S2.5mm  226.7°C ==9.4%C
Jan 5.6 -9.4 1.8 13,3 -17.8 2.0 1.0 25.4 - 12.7 0 0 13.
Feb 10.0 -4.3 2.9 17.8 -12.8 26.9 11.7 0.0 0.0 3 0 2
Mar 10.4 -4.4 3.1 18.3 -12.2 17.5 7.4 185.0 76.0 2 0 5
Apr 15.0 -0.1 7.4 21.1 - 8.9 18.3 4.8 0.0 0.0 & 0 0
May 19.7 4.7 12.2 27.8 - 4.4 27.4 14.5 51.0 51.0 4 2 0
Jun 26,1 9.3 17.7 31.7 0.6 5.3 2.3 0.0 0.0 0 16 0 )
Jul 26.8 10.5 18.7 32.2 7.2 120.6 31.5 0.0 0.0 10 16 0
Aug 24.6 9.6 17.1 28.3 6.7 77.0 20.6 0.0 0.0 7 8 [}
Sep 20.6 6.5 13.6 28.3 1.1 31.0 11.7 0.0 0.0 H 2 0
Oct 4.8 -1.0 6.9 22.8°  -9.4 0.5 0.3 0.0 0.0 5 2 0
Nov 9.8 -6.2 1.8 18.9 -25.6 25.4 25.4 305.0 305.0 1 0 6
Dec 5.2 -9.7 =2.2 10.6 -13.3 2.3 . 1.3 30.0 20.0 0 [+ 17
Year 15.7 0.5 8.4 32.2 -25.6 354.2 31.5 596.4 305.0 36 4 43

%108 Alamos, New Mexico; Latftude 35° 32' North, Longitude 106° 19' West: Elevarion 2260 m.
b26.7°¢ = 80°F; -9.4°C = 15°F.

€Includes liquid water equivalent.of frozen precipitation.
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Quantity

Radioactivity Concentrations

Airborne

In Liquids

In Solids

Chemical Properties

Concentrations in Liquids

Exchange Capacity

Electrical Conductance

Fluid Flow Rates

Meteorological Data
Temperature
Precipitation
Wind Speed

Air Pressure

Geological Data
Water Volume
Discharge

Absorbed Radiation

Radioactivity

TABLE II
UNITS OF MEASUREMENT CONVERSIONS

This Report ERDAM 0524

International (SI)

Common Usage

10712pc1/me = 10712404 /me
-15 15

10 “uCi/mg = 10 ~“pCi/me

10°18,c1/ms = 10728 ci/me

10 %uci/me = 10°%uCe/ms
10012 ¢ci/m = 10 2uc1/m

1 pCi/g -
1 fCi/g -

1 mg/e -
1 ug/e -
1 ng/8 -

1 eq/kg -
1 mS/m -

1 m3/s -

1 2e/s

°c - K

1 m/s -
1 kPa -

1m -
1 2a/s -

1 m3/s -

rad, rem rem

Ci -

0.037 sip3
3.7 x 1070 s—lm—3
3.7 x 1078 g3
37 g 1p~3
0.037 s o3
37 g~ lkg™1
0.037 s lig™t
1 g/m3

3
1 mg/m
1 ug/m3

1 (equivalent)/kg
1 mS/m

1 m3/s

1 dm3/s

*C + 273.15
1 mm
1 m/s
1 kPa

1 m3

1 dm3/s

1 m3/s

Gy (gray)

Bq (bequerel)

‘op

1 pCi/a’
£Ci/m>
aCi/m3

1 pCi/e

1003 pei/e

=1 pCi/g

10-3 pCi/g
ppm
ppb

10-3 ppb

10% meq/100 g
10 ymho/cm

6 x 10° 2pm
2120 cfm

60 2pm

2.12 cfm

1.8(°C) + 32
0.039 inch
2.237 mph
9.87 x 10~
10 mbar
0.145 psi
0.295 in. Hg

3 atmos.

8.11 x 10°%
0.0353 cfs
15.9 gpm
2.28 x 10% gpd
35.3 cfs

1.59 x 104 gpm
2.28 x 10’ gpd

ac., ft

100 rad

2.70 x 10711 ¢c1
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DETECTION LIMITS

TABLE III

FOR RADIOCHEMICAL ANALYSES OF TYPICAL ENVIRONMENTAL SAMPLES

Approximate Sample Detectable

Parameter Volume or Weight Count Time Concentration
Air Sample

238p, 1.2 x 10% o° 8 x 10* sec 2 x 1072® yea/me
239, 1.2 x 10% o’ 8 x 10* sec 3 x 1072% pca/me
Gross-alpha 3.8 x 10° n° 100 min 3x 10-]'6 uci/mf
Gross-beta 3.8 x 10° m> 100 min 3 x 10726 pci/me
Tritium 3o 100 min 1x 10712 uCi/mf
Uranium 2.5 x 101‘ m3 2 pg/m3
Water Sample

238p, 0.5 2 8 x 10* sec 4 x 1072 yca/mt
239, 0.5 2 8 x 10* sec 1 x 107 uei/me
"Gross-alpha 0.9 2 100 min 1x 10-9 uci/mL
Gross-beta 0.9 & 100 min 5 x 10“9 uci/me
Tritium 0.005 £ 100 min 7x 107 uci/mt
13764 0.500 % 5 x 10° sec 1x 1078 uci/me
Uranium 0.01 & 6 ug/L

Soil Sample

239, 10g 8 x 10* sec  0.002 pCi/g
2385, 10g 8 x 10* sec  0.003 pCi/g
Gross—alpha 2g 100 min 0.8 pCi/g
Gross-beta 2 g 100 min 4 pCi/g
Tritium 1 kg 100 min 0.003 pCi/g
1374 500 g 5 x 10° sec 1072 pci/g
Uranium 2 g 0.030 ug/g




TABLE IV

ERDA RADIOACTIVITY CONCENTRATION GUIDES (CGs)

CONCENTRATION GUIDES FOR UNCONTROLLED AREAS3:P
CG for Air CG for Water
Nuclide (uCi/me) (uCi/mg) (nC1i/%)
3y 2 x 1077 3x 103 3 000
895y 3 x 10710 3 x 108 3
90g,d 3x 107 3 x 1077 0.3
131 1 x 10710 3 x 107/ 0.3
13764 5 x 10710 2 x 1073 20
238p, 7 x 10714 5 x 1076 5
239p,d 6 x 10714 5 x 107 5
2815 2 x 10713 4 x 107° 4
3\¢
u, naturalc Lpg/m’) 2 x 10“5 _(me/)
9 x 10° ' 60
1.8 (ICRP®)
CONCENTRATION GUIDES FOR CONTROLLED AREAS®*P
CG for Air CG for Water
Nuclide (uCi/me) (uCi/me) (nCi/%)
35 5 x 1078 1x 10t 1x 10
895, 3 x 1078 3 x 107 300
90g.c 1x107° 1x 107 10
131y 4 x 1079 3 x 1075 30
137¢q 1x 1078 4 x 107 400
238py 2 x 10712 1 x 1074 100
239p,d 2 x 10-12 1x 104 100
261py 6 x 10712 1x 1074 100
3ye -
U, natural® ﬁESZE_l_b 5x 10 4 _{mg/2)
2.1 x 10 1 500
60 (ICRP®)

8This table containe the most restrictive CGs for nuclides of major interest at LASL (ERDA Manual
Chap. 0524, Annex A).

bCGs apply to radionuclide concentrations in excess of that occurring naturally or due to fallout.

®One curie of natural uranium is equivalent to 3000 kg of natural uranium. Hence, uranium masses
may be converted to the ERDA "uranium special curie" by using the factor 3.3 x 10-11yci/pg.
dof the possible alpha and beta emitting radionuclides released at LASL, 239Pu

and Sr, respectively, 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,
see Sec. ITI.C (Ref.4).
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TABLE V

WATER STANDARDS

DRINKING WATER STANDARDS FOR CHEMICALS

Concentration Limit (mg/2)

PHS and EPA® EPAP

Constituent Symbol Mandatory Recommended Primary_izgulations NMWQCCc
Alkyl benzene ABS - 0.5 - -

sulfonate
Arsenic As 0.05 0.01 0.05 0.05
Barium Ba 1.0 - 1.0 . 1.0
Boron B - - - 0.75
Cadmium : cd 0.01 ' - 0.01 0.01
Carbon chloroform extract CCE - 0.2 - -
Chloride A c1i™ - 250. - -
Chromium hexavalent Cr+6 0.05 - - -

Total Cr - - . 0.05 0.01
Copper Cu - 1.0 - 0.05 (0.1)d
Cyanide CN 0.2 0.01 - -
Fluoride F- 21® - 2.0°% -
Iron Fe - 0.3 - -
Lead Pb 0.05 - 0.05 0.05
Manganese Mn - 0.05 - 0.1
Mercury Hg - - 0.002 0.001
Molybdenum Mo - - - 0.01
Nickel Ni - - - 0.1
Nitrate NOS_ - 45, 45, . -
Phenols - 0.001 - -
Selenium Se 0.01 - 0.01 0.01
Silver Ag 0.05 - 0.05 0.05
Total dissolved solids TDS - 500. - -
Zine Zn - 5.0 - 0.1¢0.5)%

2pyus Regulations on Drinking Water Standards, 42 CFR 72, 201-207, Fed. Reg. 27:2152, Mar. 6, 1962.
Also in PHS Publ. 956 and EPA Bulletin 956.

bepa National Interim Primary Drinking Water Regulations, 40 CFR 141, Fed. Reg. 40: 59566-59588, Dec. 24,
1975.

®New Mexico Water Quality Control Commission Regulations.
dConcentrations shown in parentheses are permitted in community sewer systems.

®The concentration standard for fluoride varies depending upon temperature. The values given are appropriate
for Los Alamos conditions.,
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238

Pu

239Pu

Location (uCi)
TA-2 -

TA-3 39.5
TA-9 -
TA-15 -

TA-21 12.2
TA-33 -

TA-35 2.4
TA-41 -

TA-43 7.7
TA-46 -

TA-48 5.0

TA-50 1.1
TA-53 -

3Mixed Fission Products.

ATMOSPHERIC RADIOACTIVE EFFLUENT TOTALS FOR 1976

235

TABLE VI

238E 234, N 131, 41, 32, 3 11g 13y 15,

(uci) (mC1) (pci) (mCi) (ci) (uci) (ci) (ci)
- - - - 339 - - -
363 2.5 415 0.3 - _— - —
- - -- - - - 129 -
870 - 0.6 - - - 95 -
- - - - - - 1349 —
- - - -- - — 1657 -
- — - - - 74 - -
0.3 - - - - - - -
112 - 1231 - - — - -
-— —_— 27 - — — _— —

- _— - - — - 171 5890
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Station Location

48

Regional Stations

Espanocla, NM
Pojoaque, NM
Santa Fe, NM

Perimeter Stations

Barranca School
Cumbres School
Golf Course
Arkansas Avenue
Diamond Drive
48th Street
Fuller Lodge
Acorn Street
L.A. Airport

Bayo Canyon S.T.P.
Bandelier Lookout

Pajarito Acres

White Rock S.T.P.
Pajarito Ski Area

Gulf Station

On-Site Stations

TA-21
State Hwy 4
Well PM-1
TA-53
TA-53
TA-53
TA-53
TA-53
TA-53
TA-2

TA-2

TA-2

TA-6
TA-16
TA-49
TA-33
Booster P-1
TA-18
TA-18
TA-18
TA-18
TA-18
TA-52
TA-35
TA-35
TA-35
TA-3

TA-3

TA-3

TA-3

TABLE VII

ANNUAL THERMOLUMINESCENT DOSIMETER MEASUREMENTS

Coordinates
p— e

(28-44 km)

(0-4 km)

N180
N150
N160
N170
N130
N110
N1l0
N100
N110
N110
8270
5210
S090
N130
N100

NO90
NO70
NO030
NO40
NO70
N060
N060
NO60
NO50
NO8O
NO8O
NO80
NO60
S030
§100
§250
5100
S040
s030
S040
S060
S050
NO20
NO40
NO30
NO30
N040
NO060
NO50
NO50

E130
E090
E060
E020
E020
E000
E090
E110
E160
E260
E200
E370
E430
wiso
E100

E170
E350
E310
E230
E160
E190
E200
E220
E230
E100
El10
E120
w050
w080
E040
E230
E300
E190
E190
E200
E190
E170
E170
E110
E110
E100
E010
E010
E020
E040

0ff-Site Weighted
Annual Average

Annual Dose

Dose 20 error 20 error
mRem mRem %
-

Uncontrblled Areas

90.8 +14.6 (16.1%)
92.7 +13.1 (14.1%)
92.6 +11.6 (12.5%)

Uncontrolled Areas

118.5 + 7.2 (6.1%)
137.4 £19.5 (14.2%)
123.3 $11.9 (9.6%)
129.6 +14.9 (11.5%)
124.2 $14.3 (11.5%)
142.9 $12.3 (8.6%)
129.2 + 9.6 (7.4%)
119.9 +16.2 (13.5%)
129.5 £13.3 (10.3%)
126.2 £12.0 (9.5%)
120.5 t 5.4 (4.5%)

93.8 £10.3 (11.0%)
125.0 +10.3 (8.2%)
121.4 £15.5 (12.7%)
111.6 £13.4 (12.0%)
118.2 +27.4 (23.2%)

Controlled Areas

149.5 $12.2 (8.1%)
228.7 +35.9 (15.7%)
158.4 £19.5 (12.3%)
130.8 + 8,0 (6.1%)
132.3 £ 6.6 (5.02)
156.9 + 3.6 (2.3%)
152.0 + 1.7 (1.1%)
307.2 +16.6 (5.4%)
150.4 £ 7.9 (5.3%)
134.9 t+ 8.0 (5.9%)
152.2 + 8.4 (5.5%)
165.3 $11.5 (7.0%)
134.4 +18.2 (13.6%)
116.7 + 9.9 (8.5%)
127.2 + 5.4 (4.3%)
118.5 + 8.6 (7.3%)
135.0 +16.7 (12.42)
162.8 $10.7 (6.4%)
191.1 £17.0 (8.9%)
362.5 +22.8 (6.3%)
431.9 +34.8 (8.1%)
156.0 £ 9.5 (6.1%)
120.3 114.4 (12.0%)
136.6 t 6.6 4.7%)
144.2 + 6.9 (4.8%)
139.1 7.8 (5.62) )
146.7 + 9.7 (6.6%)
484.4 £20.2 (4.2%)
182.4 + 7.1 (3.9%)
141.9 + 5.8 (4.1%)




TABLE VIII1

ANNUAL ATMOSPHERIC LONG-LIVED® GROSS~ALPEA AND GROSS-BETA ACTIVITY CONCENTRATIONS

Cross-Alpha Concen:rations—fCl/m3(lo_léyCi/mlb) Gross-Beta Concenttatlons-fCi/m3(10-15p61/mlb)
Number of No. Mean Number of No. Mcan
‘Total Al Biweekly Samples 4 d as Biweekly Sauples 4 d 4 s
Station Location  Coordinate Volume (m”) Samples <MDLE Maxd Min Mean Z CC® Ssamples _<MDL®  Max' Min’ Mean® _X CG™
Regional Stations (28-44 km) - Uncontrolled Areas
Espanola - 95059 26 0 3.4(21.6) 0.7(£0.3) 1.2(20.1) 2.0 26 0 530(2140) 14(x4) 60(27) 0.2
Pojoaque - 83352 26 0 4.8(£2,2) 1.0(%0.4) 1.6(£0.2) 2.7 26 0 540(2140) 14(24) 62(6) 0.2
Santa Fe - 99038 _26 0 4.3(x2.0) 0.6(#0.8) 1.4(20.1) 2.3 _26 0 560(+140) 11(+3) 60(:7) 0.2
Off-Site Group Summary: 277449 78 0 4.8(%2,2) 0,6(20.8) 1.4(20.1) 2.3 78 0 560(2140) 14(24) 60(24) 0.2
Perimeter Stations (0-4 km) Uncontrolled Areas
Barranca School N180 E130 104408 26 0 6.8(%3.2) 0.7(20.3) 1.5(20.2) 2.5 26 0 750(2200) 12(£3) 68(28) 0.2
Arkansas Avenue N170 E020 92829 | 26 0 2,7(%1.8) 0.7(20.3) 1.2(x0.1) 2.0 26 0 790(2200) 10(+3) 64(28) 0.2
Golf Course N160 E060 106065 26 1 3.0(21.6) 0.1(20.4) 1.3(20.2) 2.2 26 0 710(2180) 12(£3) 64(:7) 0.2
Cumbres School  N150 E090 92525 26 0 3.5(%2.0) 0.5(£0.3) 1.3(20.2) 2.2 26 0 730(+180) 8(#2) 63(28) 0.2
Diamond Drive N130 E020 93201 26 0 3.7(*1.2) 0.6(20.3) 1.2(20.1) 2.0 26 0 770(2200) 8(*2) 58(:7) 0.2
48th Street N110 ECOC 91745 26 0 2.5(21.2) 0.6(20.3) 1.1(20.1) 1.8 26 0 690(+180) 9(22) 59(27) 0.2
Fuller Lodge N110 E090 89978 26 0 4.2(%2.4) 0.6(+1.2) 1.2(£0.1) 2.0 26 0 760(2200) 13(%3) 59(27) 0.2
L.A. Alrport N110 E160 104319 26 1 3.4(22.0) 0.0(20.8) 1.3(20.1) 2.2 26 1 660(:160) 2(%6) 65(27) 0.2
Bayo S.T.P. N110 E260 99172 26 1 3.5(x1.6) 0.1(£0.4) 1.1(x0.2) 1.8 26 0 630(£160) 12(:3) 60(27) 0.2
Culf Station N100 E100 103696 26 0 2.8(%1.2) 0.8(20.4) 1,2(%0.1) 2.0 26 [+] 770(£200) 12(x3) 68(:8) 0.2
Acorn Street N100 E110 105904 26 0 2.6(21.2) 0.5(£0.2) 1.1(*0.1) 1.8 26 1] 440(£120) 8(£2) 45(24) 0.2
Royal Crest NO8O EO80 36476 10 1 4.2(22.0) 0.0(£1.0) 1.6(20.3) 2.7 10 0 720(£180) 12(t3) 143(220) 0.5
White Rock S090 E430 908¢9 26 0 3.4(%1.6) 0.6(20.8) 1.3(£0.2) 2.2 26 0 590(£160) 13(:3) 61(27) 0.2
S.T.P.
Pajarito Acres  S210 E370 87112 26 0 4.4(22.0) 0.6(21.2) 1.5(20.2) 2.5 26 0 810(£200) 14(24) 71(=8) 0.2
Bandelier $270 E200 100207 _26 0 4.2(*2.0) 0.7(+1.0) 1.4(+0.2) 2.3 _26 0 . 670(+180) 12(#3) 71(+8) 0.2
Lookout .
Perimeter Group Summary: 1398526 374 4 6.8(%3.2) 0.9(+£0.8) 1.3(£0.1) 2.2 374 1 810(£200) 2(£6) 65(£2) 0.2
On-Site Stations - Controlled Areas
TA-21 NO90 E170 94051 26 0 5.4(£2.8) 0,7(20.3) 1.3(20.2) 0.07 26 0 650(£160) 10(£3) 63(27) 0.006
TA-6 NO60 WOS50 100634 26 0 3.0(x1.4) 0.7(20.3) 1.2(20.2) 0.06 26 0 650(2160) 11(%3) 61(27) 0.006
TA-53 (LAMPF) NO60 E190 100187 26 0 2.8(:1,2) 0.6(10.8) 1.2(20.1) 0.06 26 0 640(£160) 12(+3) 58(*7) 0.006
Well PM-1 NO30 E310 105690 26 0  3.1(1.6) 0.7(£0.4) 1.2(+0.1) 0.06 26 0 740(£180) 11(£3) 66(28) 0.007
TA-52 NO20 E170 102490 26 0 4.7(£2.2) 0.7(20.3) 1.4(20.2) 0.07 26 0 690(£180) 11(:3) 64(+8) 0.006
TA-16 S030 w080 95823 26 1 3.0(£1.6) 0.2(x0.1) 1.0(£0.1) 0.05 26 1] 670(£180) 10(t3) 61(¢8) 0.006
Booster P-2 S030 E190 96510 26 1 4.5(£2.2) 0.0(%0.8) 1.4(£0.2) 0.07 26 0 560(2140) 13(+3) 63(:7) 0.006
TA-54 S080 E260 67128 17 0 3.7(:2.0) 0.9(+0.4) 1.8(2£0.3) 0.09 17 0 690(2180) 13(23)  91(212) 0.009
TA-49 $100 E040 103126 26 1 3.6(:1.8) 0.1(20.1) 1.2(+0.1) 0.06 26 0 610(£160) 1(=1) 57(z7) 0.006
Booster P-1 5100 E300 103833 26 1 5.3(£2.4) 0.0(21.0) 1.5(0.2) 0.08 26 0 1410(2360) 12(23) 70(£9) 0.007
TA-33 §250 E230 105928 _26 1 3.8(#1.8) 0.1¢#1.0) 1.3(#0.2) 0.07 _26 0 770(=200) 11(=3) 72(:9) 0.007
On-Site Group Summary: 1075400 277 5 5.4(:2.8) 0.0(£0.8) 1.3(20.1) 0.07 277 0 1410(£360) 10(z3) 65(22) 0.007

a. The filters are held 7-10 days before analysis to allow naturally occurring radon-thoron daughters to reach equilibrium with their
long-lived parents.
b. ®ut at anbient conditions of ~580 mm Hg barometric pressure and *15°C.
c. Minimum Detectable Limit = 0.3 x 10715uct/me(a)
= 0.3 x 107%yc1/a2(8)
d. Reported uncertainties are counting uncertainties &t the 952 confidence level (:2 sample standard deviations).

e, Of the possible radionuclides released at LASL, 23%y and 9°St are the wost restrictive. The CGs for these species are used for the
grosg-alpha and gross-heta CCs, respectively.

Controlled Area Radioactivity Concentration Cuide = 2 x 10'12u01/ml(u)
1 x 1077 uCi/me(8)

Uncontrolled Area RJdloactivlty.Concen:ration GCuide = 6 x 10'14u61/ml(a)
= 3 x 107Hyuc1/me(s)

LY
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Station Location

TABLE IX

ANNUAL ATMOSPHERIC TRITYATED WATER VAPOR CONCENTRATIONS

Regional Stations (28-44 km) - Uncontrolled Areas

Espanola
Pojoaque
Santa Fe

Off-Site Group Summary:

Perimeter Stations (0-4 km) - Uncontrolled Areas

Barranca School
Arkansas Avenue
Golf Course
Cumbres School
Diamond Drive
48th Street
Fuller Lodge

L.A. Airport
Bayo S.T.P.

Gulf Station
Acorn Street
Royal Crest
White Rock S.T.P.
Pajarito Acres
Bandelier Lookout

Perimeter Group Summary:

On-Site Stations -~ Controlled Areas

TA-21

TA-6

TA-53 (LAMPF)
Well PM-1
TA-52

TA-16
Booster P-2
TA-54

TA-49
Booster P-1
TA-33

Total AiE Number of No. Samgles

Coordinates Volume (m”) Biweekly Samples <MDL
- 91 26 2

- 84 26 1

-- 84 26 3
259 78 6

N180 E130 87 26 0
N170 E020 86 26 0
N160 E060 83 26 1
N150 E090 83 26 0
N130 E020 87 26 1
N110 EO0OO 85 26 1
N110 E090 84 26 1
N110 E160 84 26 0
N110 E260 81 26 0
N100 E100 73 23 0
N100 E110 81 26 0
N0O80 E080 27 9 0
S090 E430 83 26 0
$210 E370 80 26 0
$270 E200 78 26 0
1182 370 4

NO90 E170 83 26 0
NO60 W050 85 26 1
NO60 E190 82 26 0
N030 E310 86 26 0
NO20 E170 85 26 0
S030 w080 84 26 1
S030 E190 76 25 0
S080 E260 50 17 0
S100 E040 86 26 1
S100 E300 83 26 0
$250 E230 _81 _26 0
881 276 3

On-Site Group Summary:

a n o

Controlled Area Radioactivity Concentration Guide =

Uncontrolled Area Radioactivity Concentration Guide =

mf at ambient conditions of ~580 mm Hg barometric pressure and ~15°C.
Minimum Detectable Limit = 1 x 10—12uCi/m2.

Reported uncertainties are counting uncertainties at the 95% confidence level (+2 sample standard deviations).

5 x 10°8uCi/me.
2 x 1077 uCi/me.

Concentrations ~ pCi/m3(10’12uCi/m£a)

Max* Min®
61(£24) 0(4)
73 (24) 0(%3)
69(x4) 0(£4)
69(x4) 0(x4)
32(x12) 5(2)
36(+12) 4(£2)
68 (+22) 1(x3)
77 (£26) 3(%6)
38(£12) 0(£3)
50(+16) 0(£3)
62(+22) 0(13)
104 (£40) 13(£6)
43(£16) 5(x4)
42(+16) 5(%4)
80(+26) 7(£3)
106 (+38 3(x2)
60(£20) 2(+1)
47 (£16) 5(4)
94 (+30) 8(+10)
106 (£38) 0(£3)
210(£60) 10(£4)
150(x40) 0(£3)
102(+18) 18(+8)
140(140) 4(£3)
340(£120) 24 (+8)
91(+30) 0(x3)
80(+14) 5(+2)
960(+300)  34(+12)
74 (£24) 0(£2)
114(+20) 4(+1)
214(+82) 10(£3)
960(+300) 0(3)

Mean &s
Mean® Z CG
16(x1) 0.008
16(x1) 0.008
14 (*4) 0.007
15(x2) 0.008
11(£1) 0.006
13(%1) 0.007
18(+2) 0.009
20(%2) 0.010
21(£2) 0.011
18(+1) 0.009
24(£2) 0.012
51(4) 0.026
16(tl) 0.008
22(12) 0.011
36(£3) 0.018
31(5) 0.016
23(+2) 0.012
16(+1) 0.008
27(+2) 0.014
23(*1) 0.012
40(£3) 0.0008
25(%2) 0.0005
49(+3) 0.0010
35(£3) 0.0007
118(x8) 0.0024
20(£2) 0.0004
34(x2) 0.0007
330(£32) 0.0066
22(£2) 0.0004
37(x3) 0.0007
59(%5) 0.0012
60(£2) 0.0012



6%

TABLE X

238 239

ANNUAL ATMOSPHERIC PU AND PU CONCENTRATIONS

238p,  10718,c1/me?) 239y (10718,c1/me®)
Number of No. Mean Number of No. Mean
Total Air 6-8 Wk Samples as 6-8 Wk  Samples as
Station Location' Coordinates Volume (m3) Samples _<MDLP  max® Min© Mean® 2 ccd Samples _<MDLD  Max® MinC ‘Mean® 2 ccd
Regional stations (28-44 km) - Uncontrolled Areas
Espanola -— 95059 8 8  1.4(%1.4) -1.7(%1.3) -0.2(%0.6) 0.0000 8 3 9.4(%3.2) 0.4(£2.3) 4.1(£0.9) 0.007
Pojoaque - 75744 8 7 3.8(*3.2) -1.6(%3.6) -0.2(x0.8) 0.0000 8 3 7.8(#3.2) 1.7(£2.0) 4.4(£1.0) 0.007
Santa Fe - 99037 8 6 2.2(*1.4) -1.6(+1.3) _0.4(*0.6) 0.0006 8 3 7.4(#3.0) 1.0(+2.8) 3.8(+0.8) 0.006
Off-Site Group Summary: 269840 24 21 3.8($3.2) -1.7(+1.3) 0.0(£0.4) 0.0000 24 9  9.4(%3.2) 0.4(£2.3) 4.1(20.5) 0.007
Perimeter Stations (0.4 km) - Uncontrolled Areas
Barranca School NI180 E130 104668 8 8 1.7(x1.8) -0.2(£1.2) 0.4(x0.7) 0.0006 8 1 9.6(2.8) 0.9(£1.6) 6.0(x1.0) 0.01
Arkansas Avenue N170 E020 92829 8 6 2.8(22.4) -1.7(x1.4) 0.4(x0.7) 0.0006 8 3 6.6(£2.6) 1.4(x2.6) 4.4(21.0) 0.007
Golf Course N160 E060 106065 8 7 3.1(%2.4) -0.7(x1.8) 0.7(£0.6) 0.001 8 1 8.3(23.2) 1.5(¢£1.6) 5.1(x1.0) 0.009
Cumbres School N150 E090 92525 8 8 1.9(22.8) -1.4(+3.2) 0.0(£0.7) 0.0000 8 3 6.4(£3.2) 0.2(%1.4) 4.0(x0.9) 0.007
Diamond Drive N130 E020 83201 8 6 3.6(£5.9) -2.7(x2.6) 0.8(+1.2) 0.001 8 4 7.2(£3.2) 1.0(¢1.4) 4.3(x1.3) 0.007
48th Street N110 E00O 91745 8 7 2.7(2.2) -1.3(*1.6) 0.4(x0.7) 0.0006 8 4 4.8(%2.6) 1.0(x1.8) 3.6(x0.9) 0.006
Fuller Lodge N110 E090 89978 8 7 2,9(x2.6) -0.7(x2.6) 0.2(x0.7) 0.0003 8 1 10.5(13.8) 2.0(¢x2.0) 6.1(x1.2) 0.01
L.A. Alrport N110 E160 104319 8 8 1.9(+1.8) -0.4(x1.4) 0.6(x0.7) 0.0009 - 8 2 12.0(+4.4) 1.0(x2.0) 6.8(x1.1) 0.01
Bayo S.T.P. N110 E260 99172 8 7 2.1(:1.8) ~2,2(¢1.1) -0.4(20.5) 0.0000 8 3  8.0(+2.8) 1.5(+2.0) 5.1(+1.0) 0.009
Gulf Statfon N100 E100 51375 4 3 2.4(22.0) -1.5(*1.8) 0.9(¢1.0) 0.001. 4 1 13.0(25.0) 1.2(£3.4) 5.5(x1.7) 0.009
Acorn Street N100 E110 105904 8 7 2.3(£2.4) -1.9(+1,4) 0.1(+0.6) 0.0001 8 3 18.7(£5.2) 2.0(£1.8) 5.4(+1.0) 0.009 .
Royal Crest NO8O E080 36476 3 1 2.9(£1.6) 0.2(:1.8) 2.0(£1.2) 0.003 3 2 5.4(22,2) 1.5(x2.0) 3.6(:1.4) 0.006
White Rock S.T.P. S090 E430 90889 8 8 1.8(22.2) -1.3(20.9) 0.2(x0.7) 0.0003 8 2 11.9(24.0) 1.3(x2.8) 5.2(:1.1) 0.009
Pajarito Acres $210 E370 87112 8 8 1.8(x2.4) -1.7(13.6) -0.2(x0.7) 0.0000 8 2 7.8(x2.8) 2.0(£2.6) 5.4(x1.1) 0.009
Bandelier Lookout $270 E200 100135 _8 6 5.3(#3.4) -1.3(1.8) _0.5(£0.7) 0.0007 _8 1 _9.2(£3.4) 0.7(+1.6) 6.2(+1.2) 0.01
Perimeter Group Summary 1336393 111 97 5.3(23.4) -2.7(£2.6) 0.4(:0.2) 0.0006 111 33 18.7(%5.2) 0.2(£1.4) 5.2(x0.3) 0.009
On-Site Stations - Controlled Areas
TA-21 N090 E170 94049 8 5 3.9(£2.8) -0.5(x1.1) 1.4(0.7) 0.00005 8 1 9.5(%2.4) 1.2(22.0) 6.2(x1.0) 0.0003
TA-6 NO60 WO50 100634 8 8 2,0(f2.2) -0.9(+1.8) 0.1(*0.6) 0.000005 8 3 7.8(%3.4) 0.1(*1.6) 3.8(*1.0) 0.0002
TA-53 (LAMPF) NO60 E190 100189 8 8 0.7(x2.0) -1.8(£1.5) -0.1(*0.6) 0.00000 8 3  8.5(£3.0) -0.1(31.8) 5.0(*1.1) 0.0003
Well PM-1 NO30 E310 105700 8 6 3.3(x2.2) -0.9(z1.3) 0.9(x0.8) 0.00005 8 2 8.5(+3.0) 0.2(£1.8) 4.6(21,1) 0.0002
TA-52 NG20 E170 87919 7 6 2.1(x2.0) -1.4(z1.4) -0.1(0.6) 0.00000 "7 1 6.2(:3.2) 1.8(:1.8) 4.9(x1.2) 0.0002
TA-16 S030 W080 95786 8 6 3.0(x2.4) -1.2(*1.8) 0.6(£0.7) 0.00003 8 2 6.5(2.8) 1.8(22.0) 4.1(20.9) 0.0002
Booster P-2 S030 E190 96923 8 6 . 2.8(%2.2) -1.4($1.2) 0.6(t0.7) 0.00003 8 2 11.5(4.6) 1.8(x1.8) 5.8(x1.0) 0.0003
Ta-54 ’ S080 E260 50963 4 0 6.6(x2.8) 2.3(x2.0) 4.3(x1.2) 0.0002 4 0 69.9(x9.0) 4.9(+1.9) 26.8(+2.9) 0.001
TA-49 S100 E040 102763 8 8 1.8(+2.8) -1.0(*0.9) 0.4(£0.7) 0.00005 8 3 7.7(£3.2) 0.2(+1.8) 3.9(20.9) 0.0002
Booster P-1 S100 E300 103833 8 6 25.2(+4.8) -0.9(x0.7) 3.2(t1.0) 0.0002 8 1 1510(x95) 2.3(x3.0) 171(:x11) 0.009
TA-33 $250 E230 105928 8 1 _2.3(x2,2) -1.5(*1.6) _0.0(x0.6) 0.00000 8 1 11.5¢+3.8) 2.5¢22.0) _5.3(+1.0) 0.0003
On-Site Group Summary 1044687 83 66 2.52(+4.8) -1.8(+1.5) 0.9(*0.2) 0.00005 83 19 1510(296) -0.1(¢1.8) 22.5(¢1.1) 0.001
a. n? at ambient conditions of ~580 mm Hg barometric pressure and ~15°C, .

b. Minimum Detectable Limit = 2 x 10"18u61/m!.(2381’u)
= 3 x 107 18yc1/me (%)
c. Reported uncertainties are counting uncertainties at 95% confidence level (+2 sample standard deviations).
d. Controlled Area Radioactivity Concentration Guide = 2 x 10'12uci/ml.(238Pu)
= 2 x 107 2c1/00 (B3%y)
Uncontrolled Area Radioactivity Concentr;tion Guide = 7 x lo_léuCi/m! (2389u)
= 6 x 107 4yc1/m2 (23%0) .




TABLE XI

ANNUAL ATMOSPHERIC URANIUM

38
Uranium ~ pg/m
Number of No,

Total Air 12-14 Wk Samples e Mean 3s
Station Location Coordinates Volume (m3) Samples <MpLb Max® Min® Mean % CG

Regional Stations (28-44 km) - Uncontrolled Areag

1. Espanola - 95059 4 0  146(+18) 13(x7) 72(x7) 0.0008
2. Pojoaque - 59368 3 0 117 (£20) 22(+9) 68(+9) 0.0008
3. Santa Fe — . 99037 4 1 83(+13) 2(*16) _45(+6) 0,0005
Off-Site Group Summary: 253464 11 1 146(x18) 2(:16) 61L+4) 0.0007
Perimeter Stationg (0-4 km) - Uncontrolled Areas
4, Barranca School N180 El30 76704 3 1 134(£27)  2(x16) 67(x12) 0.0007
5. Arkansas Avenue N170 E020 92829 4 0 105(x14) 27(x7) 66(+8) 0.0007
6. Golf Course N160 E060 106065 4 0 64(x19) 40(16) 54(x6) 0.0006
7. Cumbres School N150 E090 67327 3 0 77(22) 4(*+13) 43(£9) 0.0005
8. Diamond Drive N130 E020 70453 3 0 179(£39) 50(#9) 111(+13) 0.0012
9. 48th Street * N110 E000 91745 4 0 63(x14) 39(#17) 53(x7) 0.0006
10, Fuller Lodge N110 E090 89978 4 0 109(£26) 64(x14) 80(+12) 0.0009
11. L. A. Airport N110 E160 104319 4 0 68(£27) 40(+8) 49(+8) 0.0005
12, Bayo S.T.P. N110 E260 99172 4 V] 61(x15) 37(£37) 45(+10) 0.0005
13, Gulf Station N110 E100 76204 3 0 102(x14) 51(£12) 72(%7) 0.0008
14. Acora Street N100 E110 105904 4 0 134 (£18) 9(+15) 75(#8) 0.0008
15. Royal Crest NO80O E080 36476 2 1 35(x10) -7(x9) 23(+8) 0.0003
16. White Rock S.T.P. S090 E430 90889 4 0 77(x13) 47(+8) 56(+5) 0.0006
17. Pajarito Acres 5210 E370 87112 4 0 56(+9) 32(+22) 45(x6) 0.0005
18. Bandelier S270 E200 100135 _4 o 55(£11) 24(+12) 34(x7) 0.0004
Lookout
Perimeter Group Summary: 1295312 54 2 179(x39) -7(x¥9) 59(+2) 0.0007
On-Site Stations — Controlled Areas
19. TA-21 NO90 E170 94049 4 0 52(+14) 30(t14) 42(t6) 0.00002
20. TA-6 NO60 W0S0 100634 4 0 75(+11) 33(%9) 59(+9) 0.00003
21. TA-53 (LAMPF) NO60 E190 100189 4 0 107 (£23) 34(x16) 62(8) 0.00003
22. Well PM-1 NO30 E310 105700 4 0 59(+16) 23(+8) 43(x8)  0.00002
23. TA-52 N020 E170 102490 4 0 80(+13) 38(+10) 61(+5) 0.00003
24, TA-16 S030 w080 95777 4 0 51(9) 28(+13) 35(t6) 0.00002
25. Booster P-2 S030 E190 96510 4 0 271(273) 47(x7) 125(%20) 0.00006
26. TA-54 S080 E260 50963 2 0 189(x80) 48(+10) 112(37) 0.00005
27. TA-49 S100 EQ40 102763 4 0 71(*11) 24(+10) 54(+9) 0.00003
28. Booster P-1 §100 E300 103833 4 0 72(%9) 26(x15) 50(%5) 0.00002
29. TA-33 $250 E230 105928 _4 o 52(x8) 7(+8)  41(+4) 0.00002
On-Site Group Summary: 1058836 42 0 271(273) 7(+8) 60(+3) 0.00003

a. n3 and m2 at ambient conditions of -580 mm Hg and ~15°C.
b. Minimum Detectable Limit = 2 pg/m3

c. Reported uncertainties are counting uncertainties at 95% confidence level (+2 sample standard deviations)

d, Controlled Area Radioactivity Concentration Guide = 2.1 x 108 pg/m3

Uncontrolled Area Radioactivity Concentration Guide = 9 x 106 pg/m3

NOTE: One cérie of natural uranium is equivalent to 3000 kg of natural uranium. Hence, uranium masses can
be converted to the ERDA "uranium special curie" by using the factor 3.3 x 10~1luci/pg.
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Regional Surface
Water

Perimeter Surface
and Ground Water

Los Alamos Water
Supply

RADIOACTIVITY IN OFF-SITE AND SUPPLY WATERS

Number of Type of
Samples Activity
12 3y
90g,.
137Cs
18 238Pu
17 239,
18 Gross-a
18 Gross-8
18 Total U
12 35
9OSr
6 137cs
18 238Pu
17 239Pu
18 Gross-a
18 Gross-B
8 Total U
42 3y
23 905,
21 137Cs
1 261,
48 238py
48 239,
62 Gross-a
62 Gross-fB
48 Total U

TABLE XTI

Units

107%C1/m2
10—9uCi/m2
107%uCi/ms
10712,c1/me
10712,¢1/me
10~%uc1/me
1079,Ci/me

ug/2

1076uci/me
10-%uc1/me
107%c1/me
10712,ci/me
107124c1/mse
10 9uCi/me
10_9pC1/m£
ug/%

1078uc1/me
107%uC1i/me
10~%uci/me
107124¢i/me
10712,,C1/msg
10°12yc1/msg
10~%uCi/me
10-%uci/me
ug/

Min.

0.7(x0.6)
-1.8(%3.0)
-1(£28)
~18(+24)
-13(z~16)
-1(%6)
3.0(21.4)
-0.1(%4.0)

0.8(0.6)
-1.8(#3.5)
~50(x60)
~12(+-12)
=7(x-13)
~1.2(#1.4)
~-2.7(£1.0)
~0.1(+4.0)

0.3(20.6)
-1.7(x1.6)
-6(+18)
-23(232)
-13(2-14)
~3(£6)
0.4(1.8)
~-0.1(<0.1)

Max.
2.8(0.8)
16(£5.2)
12(£32)
5(£20)
30(x40)
9(6)
28 (£6)
6.1(11.2)

2.6(20.8)
8.5(%4.9)
31(£22)
10(224)
22(428)
7(24)
12(2.8)
17(£2)

2.4(0.8)
5.8(+3.9)
20(+26)
20(£38)
12(x14)
9(z4)
16(x4)
5.6(£1.2)

Ave.

1.6(x0.7)
3.9(4.0)
6(+10)
-8.2(£15.0)
~1.6(£11)
2.9(£3.6)
9.2(%2.6)
1.9(£2.2)

1.6(+0.8)
0.8(%4.2)
~1.3(+25)
-8.2(19.8)
~12(112)
0.8(£1.8)
3.4(£1.5)
2.2(22.0)

0.9(0.7)
-0.8(%2.4)
5(x18)

20(+200)
-5.3(%9.2)
-2.9(+8.8)
0.8(£2.0)
4.3(£1.6)
1,0(+2.1)

Ave as
% CG

<0.1
1.3
<0.1
<0.1
<0.1
<0.1
3.1
0.1

<0.1
0.3
<0.1
<0.1
<0.1
1.1
<0.1
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

1.4
<0.1
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Name and Coordinate

Noneffluent Areas

Test Well 3 N 80
Canada del Buey N 10
Pajarito Canyon S 60
Water Canyon S 90
Test Well DT-5A $110
Test Well 8 N 40

Acid-Pueblo Canyon (Former Release Ar

Acid Weir N130
Pueblo 1 N130
Pueblo 2 N115
Obs. Hole P0-3B N110
Hamilton Bend Spr. N110

Pueblo 3 N 85
Sandia Canyon
SCS-1 N 80
SCS-2 N 55
SCS near SR & N 35
DP-Los Alamos Canyon
DPS-1 N 95
DPS-4 N 80
Obs. Hole LAO-C N 85
Obs. Hole LAO-1 N 85
Obs. Hole LAO-2 N 80
Obs. Hole LAO-3 N 80
Obs. Hole LAO-4.5 N 65

Mortandad Caayon

Gaging Station 1 N 50
Obs. Hole MCO-3 N 45
Obs. Hole MCO-~4 N 35
Obs. Hole MCO-5 N 40
Obs. Hole MCO-6 N 35
Obs. Hole MCO-7 N 30
Obs. Hole MCO-7.5 N 30
Obs. Hole MCO-8 N 30

NOTE:
S = Surface water; G

17¢q and 31! one

No. and

TABLE XIIT

RADIOACTIVITY IN ON-SYITE SURFACE AND GROUND WATER
(Average of a Number of Analyses)

3y

Type  10~5uci/ms

905, 1370,

28150

- 238p,

10-%cCi/mt 10°%uCi/me 10-%uCi/me  10°9uci/me

239,

Gross—a

Gross-B

10”%ci/me  10"°uci/mt 10~9uCi/me

E120 3-6
E150 2-8
E225 2-8
E 85 2-5
E 90 3-G
E150 3-6
ea)
E 60 3-8
ET5 3-5
E160 3-5
E245 3-6
E250 3-G
E315 3-s
E 40 3-s
E155 3-s
E220 2-¢
E160 3-5
E205 1-8
E 70 2-G
E115 3-6
E205 3-6
E215 3-G
E270 3-¢
E 90 3-5
E 95 3-6
E135 3-6
E150 3G
E160 2-G
E170 3-¢
E180 3-¢
E185 1-6

= Ground Water -

or two analyses;

1.1(£0.7) -0.3(£3.1) 21(138)
2.1(20.6) - -
3.3(x0.8) 1.2(x2.4) 7(x24)
1.6(10.7) 1.4(£2.4) 8(*16)
1.3(x0.6) 1.0(x3.6) 11(x18)
2.1(%0.7) 9.4(x3.3) 2(124)
2.6(20.7) 60(16.6) 8(+14)
1.8¢0.7 0.5(+3.0) 5(214)
1.4(0.7)  2.5(£4.4) 0(t16)
7.6(x0.9) 3.9(x4.1) 9(14)
2.1(x0.7) ~0.4(x3.1) -6(x14)
1.4(0.7) -1,9(£3.1) 13(x12)
3.7(0.7) _— 12(x24)
5.1(*0.8) - 20(t28)
2.9(£0.6) - -
445(+16) 384(+28) 71(£26)
48(+1.8) - -
2(20.6) - —
20(£1.2)  56(£7) 16(16)
27(£1.4)  32(27) 10(16)
12(t1.1) 22(%4) -
11(%1.0) -1.2(%3.4) -—
190(£11) 5.2(23.1) 32(x16)
211(8.2) 62(18.2) 9(+46)
2000(x112) 84(+7.8) 23(+18)
1034 (£40) 2.5@2.9) 9(£20)
1760(*60) - -
266(+12) 5.1(£9.0) 12(+16)
205(+7.0) -0.3(x2.3) 3(£16)
25(x2.0) 19(+4.6) 8(x16)
zuAm and 9087: one analysis.

HE IR I

0.12(#0.12)
0.02(20.14)
0.30(x1.2)

0.70(20.34)
0.30(20.40)
0.12(10.14)

-0.28(0.32)
-2.3(+1.4)

0.00(£0.12)

0.24(20.16)

7.6(21.4)
1.3(£0.4)
-1.2(£1.2)

10(260)
0.04 (£0.16)
0.08(0.08)

0.01(+0.02)
-0.01(x0.02)
~0.01(%0.02)
~0.00(£0.00)
-0.00(+0.02)
0.00(x0.02)

-0.00(10.02)
0.01(£0.02)
-0.01(£0.01)
0.06(+0.03)
0.01(x0.02)
-0.01(+0.01)

0.01(20.02)
-0.00(+0.02)
0.00(+0.01)

0.30(20.08)
0.01(+0.02)
0.00(0.00)
0.01(%0.02)
0.15(%0.04)
0.01(20.04)
0.01(£0.02)

12(£0.72)
5.8(20.39)
20(£2.0)
0.55(%0.06)
0.34(£0.07)
0.41(£0.09)
0.23(%0.06)
0.15(£0.06)

=0.00(x0.02)
-0.01(t0.01)
-0.01(:0.03)

0.02(x0.03)
-0.00(x0.01)
-0.01(+0.01)

0.74(+0.07)
0.01(0.02)
0.03(+0.03)
0.35(20.07)
0.01(x0.02)
0.01(+0.02)

~0.00(£0.02)
=0.01(+0.01)
0.01(£0.02)

0.58(20.14)
0.12(£0.04)
0.00(£0.01)
0.01(+0.02)
0.09(£0.03)
-0.00(£0.03)
0.02(£0.02)

1.92(0.20)
0.57(:0.06)
3.8(+0.50)
0.09(0.04)
0.04(x0.02)
0.03(20.03)
0.05(20.02)
0.04 (£ 0.03)

0.9(x2.0)
1.1(22.2)
1.6(23.2)

810(£160)
6.0(%4.0)
3.8(£3.4)
1.2(24.0)
5.5(13.0)
4.6(27.0)
1.5(22,2)

26(+12)
76(232)
17(£7.6)
11(29.4)
20(£10)
14(28.0)
46(130)
8(24.0)

115(x24)
13(+3.2)
21(z4.6)
21(£4.8)
12(+3.0)
17(23.6)

17(23.8)
16(+3.6)
20(£4.0)

1260(+256)
530(+100)
9.8(+2.6)
167 (234)
223(140)

80(16)

13(3.0)

186(+37)

320(%66)
1120(+240)
41(28.0)
40(28.0)
28(%6.0)
32(26.6)
18(2.0)

0.9(21.8)
1.0(x2.0)
1.4(£2.4)

14(£1.8)
~0.1(£4.0)
1.3(22.6)
1.3(21.8)
1.5(£1.8)
1.8(£1.8)
1.2(x1.8)

1.6(21.8)
3.2(21.8)

13(£1.9)
4.6(£2.0)
5.1(x1.3)
3.6(2.2)
6.6(£2.2)
3.2(£1.0)




€6

Regional and
Perimeter

On-Site

TABLE X1V

RADIOACTIVITY IN SOIL ARD SEDIMENTS

Number of Type of
Sample Activity Units Min.
Soils 9 3u 1075uc1/ms 1.4(20.6)
9 905, pCi/g 0.90(+2.00)
6 137¢q pCilg 0.11(+0.03)
20 238py pCi/g 0,000(+0.001)
20 239py pCi/g 0.002(+0.002)
20 Gross-a pCi/g 1.5(21.6
20 Gross-B8 pCifg 3.3(21.0)
9 Total U : vgle 1.1(x0.6)
Sediments 6
9 35 107%uci/me 0.2(0.6)
8 90g, pCi/g ~0.09(+0.18)
10 137¢g pCi/g 0.06(+0,02)
21 238p, pCi/g ~0.005(< 0.007)
21 239p, pCi/g 0.000(+0.000)
21 Gross—a pCi/g 0.5(+0.8)
21 Gross—B pCi/g 1.1(£0.6)
10 Total U ng/s 0.3(x0.6)
Soils 3 -6
3 ;4 107%uci/me 3.5(0.6)
3 90g, pCi/g 0.74(£1.40)
7 238py pCi/g 0.001(£0.002)
7 239py pCi/g 0.007 (£0.003)
8 Gross-a pCi/g 2,0(£1.0)
8 Gross-B pCi/g 1.5(x0.6)
3 Total U ng/s 2.7(11.0)
Sediments 3 -6
7 H 10"%uci/ms 2.3(£0.6)
7 90y pCilg 0.36(£2.10)
9 . 137¢cg pCi/g 0.17(£0.01)
13 238p, pCilg 0.000(+0.001)
13 239py pCi/g 0.001(+0.003)
13 Gross-a pCi/g 0.9(£0.6)
13 Gross-8 pCifg 0.5(+0.6)
7 Total U vel/g 0.3(10.6)

Max.

6.4(20.8)
13.9(£6.40)
1.75(20,12)
0.004 (20.003)
0.033(x0.008)

18(%8.0)
11.6(+2.4)

3.9(%0.8)

4.1(x0.8)
5.90(%2.60)
0.23(20.04)
0.003(£0.002)
2.06(+1.00)
10(+4.0)
6.1(x1.4)
2.7(x1.0)

11(+1.0)
10.5(%5.0)
0.005(+0.005)
0.193(20.022)
10(24.0)
8.5(+1.8)
5.3(20.8)

17 (+3.4)
8.50(+2.80)
1.53(£0.10)

0.115(+0.016)

0.720(+0.060)
10(£4.0)
28(+6.0)
30(+4.0)

Ave.

3.3(20.6)
4.62(+2.70)
© 0.62(0.06)
0.000(x0.002)
0.015(+0.004)
5.2(%2.6)
5.7(1.3)
1.9(£0.8)

14(£0.7)
2,04 (x2.30)
0.15(*0.04)
0.001(+0.001)
0.122(+0.008)
3.2(21.6)
2.9(20.8)
1.3(20.8)

7.9(20.8)
4,80(27.50)
0.003(+0.004)
0.144(+0.018)
4.7(22.0)
4.8(£1.2)
3.6(0.9)

7.1(£1.5)
7.90(4.00)
0.55(+0.50)
0.014 (+0.003)
1.06(20.01)
4,4(22.2)
8,9(+2.1)
6.4 (£1.2)
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Analyses

Bicarbonate
Calcium
Carbonate
Chloride
Fluoride
Magnesium
Nitrate
Sodium

TDS
Hardness

pH

Conductance (mS/m)

TABLE XV

CHEMICAL QUALITY OF REGIONAL SURFACE WATER

Number of Analyses

9

9

105
34
0

5
0.1
3
<0.4
13
222
113

7.6
2.5

Concentrations (mg/f)
Min . Max

Max Ave
160 119(£19)
51 39(5.5)
0 0
58 16(218)
1.4 0.4 (20.4)
14 8.7(£3.2)
0.8 0.4(x0.3)
96 32(225)
664 337 (£130)
153 136(£16)
8.3 7.9(20.4)
85.5 39.5(+18.8)

NOTE: Value in parentheses is standard deviation of the distribution of a number of analyses.
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Sampling Locations

Los Alamos Reservoir
Guaje Canyon

Basalt Spring

La Mesita Spring
Test Well 1A

Frijoles Canyon

No. & Type 2+ 2+

of Sample Ci_ °
N105 W 75 2-S 16 3
N215 E315 2-8 8 3
N 65 E395 2-G 30 4
18 km E of L.A. 2-G 32 2
N 70 E300 2-G 20 8
$280 E190 2-§ 10 4

CHEMICAL QUALITY OF PERIMETER SURFACE AND GROUND WATERS

TABLE XVI

Average Chemical Concentrations (mg/4)

+

5
7
12
26
57

9

o 2"

3

0

0

HCO

3

50

46

82

114

114

48

c1”
3
2

17

10

33

¥

0.2
0.2
0.4
0.2
0.6

0.2

N03

<0.4

™S

98
127
191
186
326
141

52
34
94
90
81
40

P8
7.7
7.5
7.8
7.9
7.8
7.7

Conductance

aS/m
11.0

9.8
26.1
29.6
49.8

11.9




TABLE XVII

CHEMICAL QUALITY OF THE LOS ALAMOS WATER SUPPLY

Concentrations (mg/%)

Analyses No. of Analyses Min. Max. Ave.
Arsenic 40 0.002 0.051% 0.010(+12)
Bicarbonate . 41 50 255 98 (x47)
Calcium 41 5 27 14(£5.7)
Carbonate 41 0 0 0(x0)
Chloride 41 <1 15 5.0(+4.2)
Fluoride 41 0.2 2.0 0.5(20.6)
Magnesium 41 1 : 12 3 .0(5:2..7)
Mercury 21 0.00005 0.0002 0.00009(+0.00003)
Nitrate 41 ' 0.4 1.7 1.2(%0.6)
Selenium 40 <0.001 <0.001 <0.001(+0.001)
Silica 39 30 81 55(£18)
Sodium ' 41 1 104 26(x21)
TDS 41 46 434 190(£77)
Hardness 41 26 110 48(224)
pH 41 7.4 8.4 8.0(+0.2)
Conductance (mS/m) 41 9.0 60 20.4(+10.1)

qye11 G-2, Arsenic 0.050 to 0.051 mg/%&; at distribution after dilution 0.007 to 0.013 mg/%.

NOTE: Value in parentheses is deviation of the distribution of a number of analyses.



TABLE XVIII

CHEMICAL QUALITY OF ON-SITE SURFACE AND GROUND WATERS

Average Chemical Conmcentrations (mg/f)

Source Ssmpled Ro. & Type 2+ 2+ + 2~ - - - . - Conductance
Name & Location of Sample® Ca i Ra €03 B0y _CI_ L - Wy ms Bard pH =S/m
Noneffluent Areas
Test Well 3 R 80 E120 2-G 24 6 14 o 208 5 0.3 - 1.3 260 86 7.8 21.0
Canada del Buey X 10 E150 1-8 14 ] 16 0 36 12 0.6 <0.5 350 44 7.1 18.5
Pajarito Camyon S 60 E225 2-8 - 25 8 15 [ 66 24 0.2 <0.4 260 95 7.6 59.5
Water Canyon S 90 E 85 1-s 10 5 21 -0 70 10 0.2 1.3 192 38 7.9 14.0
Test Well DT-5A S110 E 90 2-G 14 2 12 ) 67 12 0.2 0.8 154 45 7.6 13.0
Test Well 8 N 40 E150 2-6 14 3 12 1] n 8 0.1 0.8 186 46 7.9 13.5
Acid-Pueblo Canyon (Former Release Area)
Acid Welr ¥130 E 60 2-8 17 2 54 0 96 42 0.6 4.8 214 54 7.6 43.0
Pueblo 1 N130 E 75 2-S 18 4 67 . [} 132 & 0.6 32.0 369 58 7.4 51.0
Pueblo 2 ¥l15 E16Q 2-S 12 b] 64 ] 8s 30 0.6 59.0 300 50 8.0 51.5
Obs. Bole P0-3B ¥110 E245 2-G 31 12 26 0 86 35 0.5 22.0 293 123 7.7 41.0
Hamilton Bend Spe. K110 E250 2-G 24 8 60 ] 108 15 0.8 27.0 304 66 7.4 43.2
Puedblo 3 X 85 K315 2-S 14 & 72 [} % 36 0.6 44.0 319 50 7.5 52.0
Sand{s Canyon
SCS-1 X 80 E 40 2-8 26 10 78 ] 104 47 1.0 3.0 535 107 7.5 69.5
SCS-2 X 55 E155 2-s 36 n 13 0 163 49 1.2 12.0 621 136 8.1 94.8
DP-Los Alsmos Canyon
DPS~1 K 95 E160 2-8 29 7 o 432 12 554 %0 4.2 840.0 1927 102 8.7 272.7
Obs. Bole LAO-C 85270 1-s 20 7 45 0 78 68 0.3 0.4 28 80 8.0 39.3
Obs. Hole LAO-1 K 85 E115 2-G 16 7 535 0 102 46 0.7 7.9 314 68 7.6 39.5
Obs. Hole LAD-2 N 80 E205 2-6 38 4 88 [} 190 16 4.0 58.0 458 64 7.5 62.5
Obs. Hole LAO-3 N 80 E215 26 20 6 70 (] 172 18 3.4 9.2 1377 6 1.7 53.3
Obs. Hole LAO-4.5 N 65 E270 2-G 18 6 36 0o 88 30 0.4 1.8 263 70 7.9 30.5
Mortandad Canyon
Gaging Station 1 X S50 E 9 2-8 10 3 56 0 112 9 1.3 29.0 277 38 7.6 34.4
Obs. Hole MCO-3 X.45 E 95 2-G 17 6 159 0 258 21 1.2 125.0 660 65 8.0 88.8
Obs. Hole MEO-4 8 35 E135 2-G 32 2 196 ] 330 30 1.3 189.0 884 90 7.8 121.2
Obs. Hole MCO-5 N 40 E150 2-G 24 6 185 0 239 26 0.8 187.0 721 88 7.7 106.5
Obs. Hole MCO-6 N 35 E160 1-G 24 6 173 0 310 24 1.4 175.0 712 85 8.1 106.3
Obs. Hole MCO-7 N 30 E170 . 2-G 16 4 121 0 186 16 0.7 98.0 548 57 8.1 72.8
Obs. Hole MCO-7.5 N 30 E180 2-G 20 8 158 ] 237 20 0.4 167,90 6§98 87 8.2 99.2
Obs. Hole MCO-8 ¥ 30 E185 1-6 28 7 102 [} 184 19 0.4 140.0 590 104 8.0 80.0

Zyumber of ssmples analyzed and source, G = Ground Water, § = Surface water

LS
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TABLE XIX

CHEMICAL QUALITY OF WATER IN THE VICINITY OF FENTON HILL

Surface Water Springs Springs Misc, Fenton Hill
Water Supply (Jemez Fault) (Recent Volcanics) . Wells (Pond Fluids)
Number of Stations® 9 4 2 4 1 3
Number of Samples 28 16 6 6 . 3 6
Analyses (mg/%)
Bicarbonate 79(£59) 92(£32) 667 (+£267) 72(£26) 367 (£15) 386(+488)
Calcium 35(220) 21(+9.6) 128(+102) 11 (%4) 28(%2) 24(£18)
Carbonate 0(x0) 0(£0) 0(x0) 0(x0) 0(x0) 56(%136)
Chloride 26 (130) 6(£3) 883 (£570) 4 (1) 7(23) 272(£168)
Fluoride 0.7(£0.4) 0.4(x0.2) 2.4(£0.6) 0.8(20.2) 1.0(20.2) 11(+19)
Magnesium 6(x3) 5(%3) 20(8) 4 (+2) 8 (1) 6(14)
Nitrates (N) 0.4(t.2) 0.1(0.5) 0.1(10.17) 0.2(+0.1) 0.6(£0.5) 1.6(+3.6)
Silica 40(+11) 61(+17) 44 (£3) 58(+12) 63 (£6) 120(%52)
Sodium 27(x22) 19(£13) 593(+370) 20(£13) 114 (£15) 358(+307)
Sulfate 53(+98) 11(+18) 30(£6) 4 (£6) 2(+1) 160(+88)
TDS 255(£154) 167(£58) 2276(+1215) 164 (164) 444 (271) 1346(£973)
Bardness 114 (159) 75(£28) 401(+278) 44 (£15) 104 (2) 85(+63)
pH 7.2(11.4) 7.8(x0.3) 7.6(x0.4) 7.5(20.5) . 7.9(x0.0) 8.3(%0.7)
Conductance (mS/m) 38.7(+25.3) 20.7(+6.6) 390(+198) 16.8(5.8) 70.7(x4.7) 215.7(£102.4)

aSampling Locations keyed on Fig. 10 as follows
Surface Water - F, J, N, Q, R, S, T, U, V,
Water Supply (Jemez Springs - La Cueva - Fenton Hill) - JS-2, -3, -4, and -5, 4, TA-57.
Springs (Jemez Fault) - TF-1, -5.
Springs (Recent Volcanics) - RV-2, -4, and -5, 31.
Miscellaneous Well - 27
Fenton Hill (Pond Fluids) Three ponds, TA-57.

NOTE: Value in parentheses is standard deviation of the distribution of a number of analyses.



TABLE XX

SOIL EROSION STAKE DATA FOR MORTANDAD CANYON
BETWEEN JUNE 12, 1975, AND NOVEMBER 4, 1976

(512 days)
Distance from Average stream Cumulative Cumulative change
effluent outfall channel width depth change in soil weight
(km) (cm) (cm) (kg)®

1.2-1.3 160 +6.6 +15,000 -
1.3-1.4 89 4.4 - 5,800
1.4-1.5 105 +10 +15,000
1.5-1.6 86 =5.1 -6,400
1.6-1.7 155 : =13 -30,000
1.7-1.8 355 . =13 -65,000
1.8-1.9 197 -4.8 -14,000
1.9-2.0 198 +22 +64,000
2.0-2.1 311 +7.1 ] +32,000
2,1-2.2 100 +18 +26,000
2.2-2.3 83 +0.20 +240
2.3-2.4 62 -3.8 -3,500
2.4-2.5 132 =2 -3,900
2.5-2.7 180 +1.6 +8,500

%Estimated using volume of stream channel and a bulk density value
of 1.47 g/cm3.
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