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Foreword

This report is prepared {or the U, S, Atomic
Fnergy Commission by the Environmental Evaluations
Group of the Hazards Corirol Department at the
L.awrence Livermore Iaboratory. Data are obtained
fhreough the combined =ffcrts of the Radiochemistry
Division, the Bio-Medical Division and the Hazards

Tontrol Department,
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ENVIRONMENTAL LEVELS OF RADIOACTIVITY
IN THE VICINITY OF THE
LAWRENCE LIVERMORE LABORATORY
1973 ANNUAL REPORT

Abstract

The Lawrence Livermore Laboratory
continuously monitors the levels of radio-
activity within the Livermore Valley and
Site 300. Results of analyses performed
during 1973 for gross radioactivity and
for spcecific radinnaclides of irterest in
a variety «f environmental samples are
presented in this report. [n all cases,
the levels of activity observed during
1973 were [ound to be below the appro-
priate concentration guide values in AEC
Manual Chepter 0524.

Particulate air filters showed gross
beta activities lower than those observed
during 1972, reflecting a reduction in
global fallout ip the atmosphere, Gamina
spectral measurements on Laboratory
perimeter a1 filters also showed lower
activities of global fallout gamma emit-
ters. These perimetler air samples were
23‘qu‘ 238Pu, 905:-, 235[;,
and 238U. With the exception of one

analyzed for

sampling location, the annual average
2394 concentration was 1.3 x 10717 uciy/
mi, typical of global fallout,

Air samples taken within Site 300 were
analyzed for vranium. These analyses
showed a lower than normal ratio of
23542380, This is due to "depleted"
uranium (uranium WhiCh')é:Ss specially

processed to lower the U content) used

at the Site. Airborne uranium concentra-

-1-

tions were well below the standa=ds set
by the AEC.

Soil samples collected (n the off-site
vicinity of LLL perimeter boundaries and
at Site 300 were analyzed for plutonium,
uranium, and gamma emitting radio-
nuclides, Traces of plutontum above
global background levels were detected
in two off-site samples near the east
perimeter of the Laboratory. Sediment
samples collected in surface drainage
pathways from LLL showed that the plu-
tonium in these sediments was in the same
runge observed in soil samples collected
in the Livermore Valley.

Site 300 soil samptes indicate depleted

235 .
levels of U near firing bunkers, but

235U/238

uranium at site perimeters, These data

U ratios approach that of natural

indicate no apparent change from that
observed in 1972,

Water samples collected within the
Livermore Valley exhibited normal back-
ground gross beta and tritium activities,

Gamma spectral analyses of vegetation
samples revealed no gamma-emitting
radionuclides other than those present
naturally or in global fallout. The vege-
tation samples collected in areas generally
downwind from the Livermore Laboratory
revealed tritium activities 10 to 100 times

higher than thoce collected in areis where

= e



the Laboratory's contribution should be
minimal. However, if the vegetation
were a regular part of one's diet, ihe
annual whole body radiation dose frora
tritium would be less than 1 mrem.

The off-site radiation exposure rates
measured by thermoluminescent dosim-
eters werc in the range to be expected

from the naturally occurring radionuclides

in the soil and from lecal cosmic
radiation,

Assessment of the radiation doses to
an individual from the obscrved environ-
meatal activities listed in this report
indicates the contribution from artificially
produczd radionuclides 1s small in com-
parigon with the approximately 100 mrem

yr dose rececived from natural sources,

Introduction

The Lawrence Livermore lLaboratory
is located about 50 miles southeast of
San Francisco in the Livermore Valley,
Shielded rom the ocean by the westiern
hills, the valley has a warm, dry climate,
Annual rainfall is about 14 in. and occurs
primarily during the winter months in
connection with Pacific storms. Surface
water drainage from the valley is from
east to west through various arroyos,
with outflow neur Sunol 1n the southwestern
corner of the valley, [I'revailing winds are
from the west and southwest during April
through September. During the remainder
of the year, the winds from the east and
northeast occur almost as frequently as
those from the west and southwest,

The Livermore Laboratory occupies an
area of one sq mi and is situated approxi-
The

Laboratory plays an integral part in the

mately three mi cast of Livermore,

nation's nuclear weapons development
program and makes diversified researches
into controlled thermonuclear reactions,
industrial applications of nuclear explo-
sives, and the effects of radiation on the
biosphere.

Much of the materials testing and high-

explosive diagnostic work of the Laboratory

-2-

is carried on at Site 300, o 10-sq mi ~~¢a
located about 13 mi southeast of Livermore
in the sparsely populated hills of the
Diablo Range which separates the
Livermore and San Joaquin Valleys,

In order to carry out these programs,
the Laboratory handles a variety of poten-
tially hazardous raaioactive materials,

A strict etaguent control program, which
places maximum cmphasis on controlling
the effluenta at the ¢ ~urce, has been in
continuous existence since the [aboratory
began opcration. An cnvironmental sur-
veillance program is conducted to ensure
that this efftuent control program s
indeed restricting the release of radio-
activity from the Livermore Laboratory
and Site 300 to concentrations well below
the standards set forth by the .S, \tomic
Encrgy Commission. This program em-
ploys techniques with sensitivities usually
capablz of detecting radiouactivity below
The

program includes the collection of aic-

environmental background levels,

borne particulates, soil, water, sewer
effluent, vegetation, and milk samples.,
These samples are analyzed for gross
radicactivities as well as for the activity

of specific radionuclides of interest. In
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addition, environmental background
radiation is measured at numerous loca-
tions in the vicity of the Livermore
Laboratory by means of thermoluminescent
detectors.

The results of the analyscs are provided
in this vreport., When appropriate, maxi-
mum, minimum, and average concentra-
itons are given, Error limits, when
included, veflect the uncertanties in the

analyses at the 895% confidence level duc

ta counting statistics, Unless otharwisge
gtated, the limit of detection of thege
measuremerds o agsumoed o bave boon
reached when the 2 7 error s £1008, An
attempt hag boen made to assoays the
impuact from the observed environmental
activity levelo of artifictally and naturaliy
produced radionuclides by caleulating the
whole hady or critical organ doges
deliverad to an adult by the various radio-

nuclides f tatorest,

Environmental Levels of Radioactivity — Livermore Laboratory

ATMOSPHITRIC RADIOACTIVITY

Concentirations of various airborne
radionuclides were measured at 17 sam-
pling stations situated throughout the
Livermore Valley. Their locations are
shown in IYigs. 1 and 2. The six samplers
located on the lLaboratory perimeter use
Bo-m.2 Whatman-+1 filters, The average
sampling raie was 26 rfm. The rematning
samplers, located off-site, used 36-ln.2
HV-70 (cellulose-asbestos) filters and
were operated ot an average flow rate of
4 c¢fm, Air filters are changed weekly.

Alr sumplers are situated in suen a
manner that they provide a reasonable
assurance that a significant releasc of
airborne particulate radioactivity from
the Laboiatory would be detectable
regardless of the local meteorology at
the time of the release,

After a four day delay for the decay of
radon-thoron daughters, gross alpt.a and
beta activities on the filters are deter-
mined using an automatic gas flow pro-
portional counting system. Monthly
composites of the perimeter filters are

also coutited ‘or specific famma-cmittis
radionuclides by means of o Getla) de-
tector equipped with o Comntow suppres
gion wystern,  Followtnp samma counting:
filters are subdivided into monthly com

posites by rampling Iecation (Fig, 2),
240

Then radiochemical separations of u,
Imi’n, 2 lAm, anel nnb‘-r- are made, ' -
topic uranium analysces are perform: . by
magss spectrometry on portions of these
samples,

The greoss beta activitios (averased
over gix month puriods) and the annual
average activitles are listed for each sam-
ple location in Table 1, where they may
be compared with the appropriate
Radioactivity Concentration Guide (RCG)
of the AFEC Manual Ch:pter 0524, In
addition, the weelly averapge gross beta
actlvities on the air filters from -l
Livermore Valley stalions are shown in
Fig. 3.

We have observed a significant decrease
in the level of gross beta activity in
Livermore air over the past three yeuars.

In 1971 the averag= was 1.1 X 10-13;16";'
1 14

ml," in 1972 the average was 7.3 X 10~

vy g o

P~
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Fig. 1.
(Ref. 2), and in 1973 the average dropped
to 2.1 X 10 14. The gross beta activity is

due to global fallout from nuclear weap-
ons tests, to radionuclides such as 7Be‘:
produced by cosmic-ray interactions
with the atmosphere, and to naturally

occurring radionuclides., This is shown
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Lawrence Livermore Laboratory off-site environmental sampling locations.

in Table 2, which lists the activities of
the more abundant gamma-emitting radio~
nuclides in monthly composite samples
collected by the six Laboratory perimeter
samplers. Neither these data nor the
beta activity exhibit the typical spring

increase in surface air radioactivity.



Fig. 2.

Table 3 shows the concentrations of
airborne 2391‘-’u. 238Pu, 241Am, and 20
based on ihe analysis of LLL perimeter
air filters. With the exception of Loca-
tion 14 on the east perimeter, which is
normally downwind from Laboratory
operations, all activities are typical of

global fallout. The 239py air concentra-

Sr
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Air tampling stotions 1
Sewaqge tampling points l
Water sampling points
Vagetation tampling oreas

Tharmolumineicent dovimeters I

4 was

Ve

Lawrence Livermore Laboratory on-sgite environmental sampling locations.

tion observed at Location 14 during April
may have occurred during transfer of
dry sludge from one of the sclar evapora-
tors used in volume reduction of certain
low level liquid waste, These evaporators
are located southwest (normally upwind —
see wind rose in Fig. 4) of this sampling

location, Upon recognition of this
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Fig., 3. Weekly average gross beta activity on air filters from Livermore Valley sam-

pling locations,

possibility, operations were changed to
minimize contact of the sludge with air,
Measurements of tritiated water (HTO)
in air at LLL perimeter air sampling
locations were begun in 1973, Water
vapor was collected in silicu gel samplers
operated at about 0.5 liter per minute for
one week periods. Flow control was
maintained by an in-line critical orifice.
The water collected was recovered by
freeze drying and the HTO was measured
by ligquid scintillation counting. Table 4
shows the concentrations by location
(see Fig. 2).

ENVIRONMENTAL IMPACT OF
LLL AIRBORNE EFI LUENTS

The total curie quantities of airborne
radioactivity released by Laboratory
operations during 1973 are listed in this
section. These data are included so that
we can compare the quantities of specific

radionuclides released with their apparent
impact on the environment based on rele-

vant monitoring data.

1. MArgon

An estimated total of 1300 curies of
41Ar was released from the Laboratory's
3 MW pool type reacter. This led to an
estimated maximum site-boundary dose
of 17 mrem per year. From stack moni-
toring data at the source and the use of
a meteorological diffusion model,3 the
following estimated man rem radiation
doses were obtained within a radius of
50 miles of LLL:

During wet season (November
through April) = 2.52 man rem

During dry season (May through
October) = *.35 man rem

total annual = 3.88 man rem
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Wind roze thowt rolative froquency of wind
ditaction (by the leagth of the line ) obtainod
from 1he tabulated annual dato below

Froguency of Wind In Paccant for Livarmore — 1971

Mo N NNE NE ENE E  ESE SE SSE §  SSW SW  WSW W WNW NW NNW  Calm
Jan 2.7 2.2 72 121 178 68 6.2 2.2 3,9 3B 49 20 97 76 2.0 2.6 1.3
Feb 2.2 2.5 6.9 12,9 148 722 5) 2.8 3.5 3.0 4% BO 1.2 85 3 20 1.4
Mar 2.0 2.2 6.4 12,3 135 4.9 4.9 2.7 3.3 2.6 46 V05 2.2 30 1.8 1.7
April 2.1 2.3 4.6 8.7 9.4 51 3.2 2.1 3.0 4.8 10.8 16! 13,9 74 2.2 g 2.3
Moy 2.2 1.9 3.8 65 7.0 40 2.4 1.7 2.4 4.7 153 1727 6.7 60 1.9 1.9 2.8
June 20 1.7 3.4 5.6 6.2 3.5 2.0 L4 2.z 46 169 198 1.7 54 1.7 16 9
July 1.7 1.4 2.8 46 51 2.9 1.8 1.3 2.0 523 195 2.9 122 446 14 1,4 4.0
Aug 1.6 1.4 2.7 4.5 50 2.8 1.7 1.2 2.0 53 1.8 D5 170 4.5 1.4 1.4 4.1
Sept 1.9 t4 2.5 4.0 4.4 25 1.6 1.3 2.2 5.4 210 233 172 4,7 1.4 1.2 3.7
Oct 2.4 1.8 2.7 A 45 2.7 1.6 1.3 2.2 5.7 206 .5 83 4.6 )5 2.2 3.5
Nov 2.6 2.5 3.4 4.5 4.9 2.7 1.9 1.9 2.6 5.4 192 205 155 4.7 2.0 2.3 3.3
Dec 2.8 3.0 3.9 4.6 53 30 2.6 2.2 2.7 5.0 177 19.2 153 4.8 2.1 2.4 3.
i:j:"_j’;e 2.2 2.0 4.2 7.0 82 42 2.9 1.8 2.7 47 146 176 150 6.0 2.0 1.9 3.0
Fig. 4. Typical annual average wind pattern for Livermore, California (LLL data—

1971),

The estimated population within a
50 mile radius of LLL is 4.6 X 10°.
Therefore, the estimated average radia-
tion dose per person is 3.9/4.6 X 108
=8.5%x 107" rem/yr (8.5 X 104 mrem
per year), This radiation dose may be
compared with the approximately 100 mrem
per person annual radiation dose from

naturally occurring radioactivity.

2, Tritium
The total tritium released to the at-
mosphere by the Laboratory from all

sources is estimated to be 2510 curies.
About 85, of this tritium is released at
the Gaseous Chemistry Building. Assum-
ing the entire activity were released at
this location at a constant rate over the
entire year, application of the appropriate
X/Q values from Ref. 3 shows the concen-
tration at the Site-boundary to be 1.6

x 10710 yci/ml,

The RCG for tritium (HTO) in uncon-
trolled areas is 2 X 10-? uCi/ml. En-
vironmental monitoring for HTO at the
Site-boundary showe+ the maximum

s’ i —

-
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concentration to be 1.8 X 10° 10 uCi/ml,
The higher concentration predicted by the
diffusion model is conservative, since

all the tritium is assumed to be in the
form of HTO. The annual whole body
radiation dosc to an individual at the
Site-boundary who might breathe air con-
taining 1,8 X 10™'° 4Ci/ml of HTO would
be 0.3 mrem. This hypothetical radiation
dose is small compared to the 100 mrem

reccived from natural radioactivity.
SOIL

Analyslis of soil samples collected
throughout the Livermore Valley during
1971 and 1972 provided a data base for
local distribution of various radionuclides
deposited as a result of global fallout as
well as from poss.ble Laboratory effluents,
These data were reported in annual reports
for the above periodsl"? and serve as a
basis for comparing current levels of
activity with those observed in the future.

In 1973, several of the earlier locations
were resampled as part of a continuing
surveillance program and additional sam-
ples were collected in the vicinity of LLL
Site-touundaries.
also collected in the San Joaquin Valley,
since atmospheric diffusion studies show

A group of samples was

possible air movement eastward from
Livermore through the Altamont Pass
into this valley. In addition, sediment
samples were collected along surface
drainage pathways from LLL to determine
if there were any releases from the
Laboratory via surface drainage.

In previous years, man-made activities
observed in local soil were expressed in
total deposition urits (uCi/m2 or
mCi/kmz) so that the data could be com-
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pored with the data of Hardy and K ru_\'.'l
Soil cores were collected to a depth of
25 centimeters, since it s implicd when
uging deposition units that the sample has
been collected to a sufficient depth to
account for esseniially all the activity.
While deep core sampling was still em-
ployed during 1973 when deposition data
were required for purposes of comparison,
greater emphasis was placed on surface
sampling to a depth of onc centimeter. In
the case of plutonium, surface sampling
is appropriate, because the situation of
interest is related to airborne concentra-
tions resulting from possible resuspension
of surface activity.

All samples were dried, ground, and
blended,
100 g aliquots were completely dissolved

For radiochemical analysis,

in acid and the radionuciides were deter-
mined using standard techniques. For
gamma spectra analysis, approximately
300 g aliguots of soil were sealed in

200 cm3, thin-walled aluminum cans and
counted in a shiclded Ge(Li) spectrometer
equipped with a Compton suppression
system,

Table 5 shows the activity levels of
various radionuclides observed in
Livermore Valley soil samples collected
Locations of these samples
Samples 253 through "

during 1973.
are shown in Fig. 5.
294 were collected during June 1973,
Samnle 254, taken on the east side of
Greenville Road, is located nearly due
east from the solar evaporators. This
specific area was not sampled in prior
years, However, the area represented
by Sample 319, just north of Sample 254,
has been sampled annually since 1971, In
October of 1972, this area (Sample 223)

showed typical global fallout levels of
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Fig. 5. Locations of soil samples collected in the vicinity of LLL.

plutonium and the small increase observed

in 1973 »~ay possibly be related to opera-
tions a .he solar evaporators during the
sprin, of 1973.

Table 6 lists the deposition values of
2395y, 238py, ana 137Cs obtained from
the samples colliected in the 3an Joaquin
Valley at locations shown in Fig. 6.

Median deposition values of 239Pu and

137Cs for 25-cm deep samples were 6.5
x 1074 and ".u X 1072 pCi/Mz, respec-

tively. These values are typical of those

attributed to global fallout in semiarid
a\r'eas.‘l The table also shows the re-

2350 and 2380 analysis per-

sults of
formed on these samples using mass
spectrometry, In many cases the
uranium levels are elevated over that
expected for soils in this area of
California.® Site 300, in the Diablo
Range west of the San Joaquin Valley,
uses uranium in higzh explosive experi-
ments. This uranium is "depleted"

235 235,.,238
n !

i U. Since the U, U ratios in
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Fig. 6. Locations of soil samples collected in the San Joaguin Valley.

the San Joaguin samples correspond to ditches and arroyos which drain L1.L

those for natural uranium, Site 300 opera- surface water runoff, Sample locations

tions are not a credible source for these are shown in Fig, 7. The data show
elevated levels. that 2391’:1 concentrations e wn the

Table 7 shows the activity levels of range previously observed in soil within
239Pu, 238Pu, and 137Cs present in the Livermore Valley,
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Fig. 7.

Locations of sediment samples collected in ditches and arroyos into which LLL surface water drains.



LABORATORY SEWER EFFLUENT

Low level radioactive wostes from the
Laboratory arc discharged into the City
of Livermore sanitary sewer system at
the LLL outfali shown in Fig, 2, This
sewage is processed at the Livermore
treatment plant where liquid and sludge
are separated on entering the plant,
Sludge is processed in one of two digesters
where it is broken down by bacterial
action, Digested sludge is pumped into
one of two large sludge lagoons, During
the summer, a portion of this sludge is
removed to drying beds. ‘The dried
sludge is used as a soil conditioner,
Treated water (the plant cffluent) is used
for irrigating the Livermore Municipal
Golf Course, lawns of the Livermore
Airport, and nearby agricultural land;
the excess is discharged into Arroyo
Las Positas.

Weekly samples were collected from
each digester, the aeration tank, and the
liquid effluent. Gross alpba and beta
activities, as well as specific alpha
emitting radionuclides, were measured
in monthly composites of the weekly sam-
ples to determine if any significant buildup
of radioactivity occurred within the plant,
In addition, the activity levels of certain
radionuclides in the LLL effluent are
compared with those in the effluent from
the Livermore treatment plant. These
data are shown in Tables 8 through 11. 1
is seen that most of the activity is asso-
ciated with the solids (sludge) in the plant.
In 1973, dried sludge from one of the:
lagoons showed a 239Pu content of 2,6
X 10-6 uCi/g. This plutonium activity is
related to an unintentional release to the

sanitary sewer system in 1967. The

activity passed through the sewape treat-
ment plant and was retained in this sludge
lagoon. The supernate from the lagoon
{sccondary digester supernate) is recycled
through the system and, after trcatment,
is relenscd os treated cffluent, Since the
plutonium content of the cffluent is well
below the RCG values for drinking water,
it is clear that the Pu is being retained
in the sludge as expected, Details of
this release were reported in 1967 to the
Atomic Encrgy Commission, to the City
of Livermorce, and to the California Stote

Health Depaortment,

ENVIRONMENTAL IMPACT OF
LLL LIQUID EFFLUENTS

Except for low level radioactive liquid
wagtes, which are discharged to the
Livermore sanitary scwers, the Laboratory
does not release radioactive liquid wastes
During 1973, the

principal radionuclides relcased to the
239
I

to the environment,

curies of u

Table 11 shows

sewer were 2.0 X 1077
and 19.0 curies of “H.
the concentrations of these radionuclides
in the treated effluent from the Liv .rmore
Sewage Treatment Plant. The percentages
of RCG (drinking water) for 252 Pu and SH

¢

in this effluent were 4.3 X 10 ' and

tix107l, respectively.
WATER

Water samples were collected from
various locations in the Livermore Valley
shown in Figs, 1 and 2, Samples were
evaporated and the residues were trans-
ferred with dilute nitric acid to counting
planchets. After flaming, the planchets
were counted for gross alpha and beta

activities in a gas proportional counter,

-12-



No sample showed ap alpha activity aobove
D uCi/
ml. The gross beta activities are listed
in Table 12, Locations 11, 1& through 17

and 21 through 24 are surface sources

the himit of sensitivity of 1,2 X 10°

such as ponds, crecks, reservoirs, and
aqueducts. Livermore rainfall is sampled
at Location 20.

samples represent domestic water sources,

The remainder of the

Gross beta activitics arc comparable to
those observed during 1972, The highest
activity was exhibited by the rainfall
sample.

These samples were also analyzed for
tritium activity. Becauae of the low
actlvities, it was neceseary to vacuum
distill and elcctrolytically enrich the
samples prior to internal gas counting,
The results of the annlyses arc shown in
Table 13. Inspection of the data indicates
that the samples exhibit rather uniform
tritinm concentrations that ara well below
the recommended concentration guide
value, The table also includes an esti-
mate of the annual dose that may be
delivered to an adult consuming water
containing the listed tritium concentrations,
The doses, which are typically less than
0.1 mrem, are based upon a daily water
consumption of 1 liter per day and the
raodel of Anspaugh et 3]_.8

VEGETATION

Vegetation samples {usually native
grasses) were collected at monthly inter-
vals at the locations shown in Figs. 1 and
2, A portion of each sample was freeze
dried and the tritium activity of the re-
covered water was determined by liquid
scintillation counting, The balance of the
samples was combined to represent a

monthly composite sample.  After oven

drying, this composite sample was ana-

Ivzed for vartous gamma emitump radio-

nuclides with the Ge{Li) detector used for

analyzing the alrborne particulate samples.
The tritium activities, shown tu

Table 14, indicate significont variation

As the

prevatting wind s from the gouthwest,

from one location to another,

onc may expect the effect of the Labora-
tory's operation to be minimal at
L.acations 4, 7, 13, 17, and 18,
levels found in vegetation collected from
these areas may be considered to repre-
aent normal environmental background,
However, Locations 5, 28, 29, and 30,
which show clevated levels, are situated

Tritium

tn a generally downwind direction {ram
the Loboratory, Conscquently, vepetation
in these areas, as well as Locations 10
and 11 (on-~site), may be exposed to the
low level tritium cffluent relcased {rom
thc Gaseous Chemistry Building, The
samples collected at Location 12 repre-
sent grass that hns been watered by the
liquid effluent from the Livermore Sewage
Treatment Plant. The whole body radia-
tion decses shown in the table were derived
from the model of Anspaugh et a1 b
assuming that the observed tritlum activ-
{ties were typical of those in edible vege-
tation grown in this area. The doses arc
based upon the direct daily consumption
of 400 g of vegetation,7 which is normally
80% water, It is evident that even those
samples, with elevated tritium concentra-
tions, provide rather small whole body
radiation doses.

The results of the gamma spectral
Again,

if one makes the assumption that the ob-

analyses are shown in Table 13,

served activities are typical of those in
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Fig. 8. Location of thermoluminescent dosimeters in the vicinity of the Lawrence
Livermore Laboratory.
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edible vegetation, one may caleulate the
annual whole body or critical srgan doges
to an adult resulting from the direct in-
pestion of these radionuclides, These
calcutated doses, nlso shown tn Tuble 15,
are based upon an adult consumption of
400 g per day of vegetation with a molsture
content of 80% and the data of Ng gtﬁ.,a
regarding the dose received per unit of
radioactivity consumcd under cquilibrium
conditions, The naturally occurring 4 K
activity delivers about 25 mrem/yr to the
whote body, while all the rest deliver
appreciably less than 1 mrem/yr.

IENVIRONMENTAT, RADIATION
MEASUREMENTS

Environmental radiation background
measurements were made at 11 Laboratory
perimeter locations shown in Fig. 2, and
at 41 off-sitc locations (shown in Fig. 8)
in the vicinity of the Labor: tory. These
measurcments were made with C:\Fz:Dy
{TL1,-200) thermoluminescent dosimeters
placed at » height of approximately 1 m
above the ground. Exposure periods were
3 mo. Based on past expericnce, the
environmental terrestrial exposure rates
in the Livermore Valley vary between
3 and 7 uR/Pr depending on the location;
cosmic radiat'on, calculated from the
local elevation and geomagnetic latitude
according to the data of Lowder and Beck,9
is approximately 4 uR/hr., Table 16 shows
quarterly and annual dose rates in mrem

Frequency %

0 P AV SR | { I_

60 70 80 90 100 110

Annual exposuro rate = mR

Fig. 9. Annual off-site environmental
radiation exposure ratcs meas-
ured during 1973,

derived from the obscrved exposure rates
at perimeter locations. Above average
exposure rates were observed at Loca-
tions 9, 14, and 15. Location 5 is adjacent
to a cyclotron building and Locations 14
and 15 are near a linear accelerator
facility., Figure 9 shows an annual fre-
quency distribution of exposure rates
measured at the 41 off-site locations.
The median exposure rate of 74 mR
(equivalent to 71 mrem) shown for 1973
is comparable to the off-site median of

77 mR observed from the 1972 data,

-15-
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Environmental Levels of Radioactivity — Site 300

ATMOSPHER,C RADIOACTIVITY

The concentrations of various particu-
late radicactive substances were meas-
ured continuously at 11 air sampling
10 and 11.

Ten of the samplers arc located within

locations as shown in Figs,

the boundaries of Site 300 and the cleventh
is located in Tracy, the primary popula-
tion center of concern, The on-site
samples were collected on 8 ¥ 10-in,
Whatman-41 filters at a flow rate of abz;ut
25 cim, Saniples in Tracy were collected
on 4 X 9-in, HV-T0 {cellulose-asbestos)
filters at a flow rate of about 4 cfm,
Filters were chonged twice a week during
the summer months to avoid excessive
mass loading; during the balance of the
year they were changed on » weekly basis,
The filters were analyzed by the methods
pre- iously deacribed for air filters used
in the Livermore Valley.

No gross olpha activity above the
1x1071°
observed on these filters.
beta activities, averaged over 6-mo
periods, are listed in Table 17 for each

uCi/ml drtection limit was
The gross

sampling locaticn. Figure 12 shows the
weekly average activities deposited on
air filters from all the sampling locations,
These average activities are slightly
higher than those measured in the Liver-
more Valley, but are lower than the values
observed during past years. As previously
noted, these reductions are due to a de-
crease in the level of global fallout radio-
activity in tl.2 atmnsphere.

Gamma spectral measurements made
on monthly composite samples of the
filters collected on-site reveal measurable

-16-

quantities of various pammua-emitting
radionuclides us may be scecn in Table 18,
These activity levels are ecssentiolly
identical with those measured in the
Livermore Valley . ad may readily be
accounted for as being due to global fallout.
The results of isotopic plutonium and
uranium analyses, performed by the tech-
nigues desacribed previously, are provided
in Table 19, The relative abundance of
238pu to 239
pected in global fallout.
on the other hand, is appreciably depleted
in 235!1 relative ta that of natural uranium
because the amount used in high explosives
experiments has been speciully processed
to lower the 23°y content. Although the
concentrations are at times higher than
those measured in air in the Livermore
Valley, they are nevertheless far lower
than the AEC concentration guide Ievels.

Pu is approximately that ex-
The uraninm,

ECOLOGY IMPACT STUDY

An ecology study was initiated during
the summer of 1973 to determine if Site 300
operations have o measurable impact on
plants and animals native to this area. The
work is part of the ongoing program of
environmental surveillance and potential
impact analysis of the site, Soils, plants,
and animals are being collected from
various locations on the site and analyzed
for uranium and other elements of pos-
Emphasis is being placed

upon areas around the high explosive

sible impact.
firing bunkers. For purposes of com-
parison, similar plants and animals are
being collectied from surrounding off-

site locations, This work is continuing
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and will be reported in our 1874 annual

report.
SOIL

High explosive tests at Site 300 often
involve the use of "depleted" uranium
(uranium in which the uranium is processed
to reduce the 235U content), In 1972, a
special study was conducted to determine
the extent to which the natural 2350/2380
ratio in Site 300 soil was perturbed by these

operations. Based on mass spectrometric

O Air sampling stations
D Water sampling points
O Vegetation sampling arcas

Air, water, and vegetation sampling locations inside Site 300 boundary.

isotopic uranium analysis of soils ccllected
throughout the test site, it was found that

depletion of 235

U was essentially restricted
to areas adjacent to the firing bunkers.'
Similar surveillance was maintained in
1973, but the number of samples was
reduced to that level considered adequate
to document any significant change, which
might have occurred since the 1972 study.
These samples were collected to a depth

of one centimeter using the same sampling
procedure and soil preparation technique

described for Livermore Valley samples.

-18-
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Fig. 12. Weekly average airborne gross betu activity on nir filters from Site 300 sam-

pling stations.

Sample locations are shown in Fig. 13 and
the results of the isotopic uranium anal-

yses are presented in Table 20, These
data are comparable to those observed

in 1972,
WATER.

Samples were collected from on-site
wells supplying Site 300 and from various
on-site and off-site springs, ponds, and
creeks, The locations of these sites are
shown in IFigs. 10 and 11. Locations 1
through 7 represent deep-well sources,
Locations 11 and 14 are off-site creek
sources, and rain water is collerted at
Location 20, The remaining locations are
on-site ponds or springs. The samples
were subjected to gross alpha and beta
analyses. No samples showed a gross
alpha activity above the limit of detection

of 1.2 X 10”9 uCi/ml. The gross beta

-19-

activities, averaged over G-mo periods,
are given in Table 21, These activities
show little variation with time and loca-
tion and are similar to those cxhibited by
the water samples collected within the
Livermore Valley. The samples were
also subjected to tritium analyses by
electrolytic enrichment and subsequent
internal gas counting. The results of the
With
the exception of the deep well waters,

analyses are shown in Table 22,

which show very little tritium, these sam-
ples contain tritium activities that are
comparable with those observed in water
collected within the Livermore Valley,
Table 22 also includes :the cal-
culated whole body doses to an adult
consuming the water containing the
These

doses were derived in the same manner

listed tritium concenirations.

used to compute the values listed in
Table 13.




om

Fig. 13. Site 300 soil sampling locations during 1973,

VEGETATION

Vegetation samples were collected on
a monthly basis at the 13 locations shown
in Figs. 10 and 11, Dried monthly com~
posite samples were subjected to gamma
spectral analyses yielding the activities
shown in Table 23, Also shown in the
table are the calculated whole body or
critical organ doses delivered to an adult
by direct ingestion of 400 g per day of
edible vegetation containing 80% water

and the listed ... age activities. The

A W ma a1 .

~-20-

0 144

data reveals that natural 40k and
from global fallout are the major contrib-

Ce

utors via this pathway.
Thesc samples were also subjected to

tritium analyses by freeze drying and

scintillation counting of the resulting water.

The results are shown in Table 24, The
activities show little fluctnation compared
with the results obtained from similar
samples collected within the Livermore
Valley. The table also includes the re-
sulting whole body doses delivered to an
adult by the tritium activities based upon



the models referenced previously. As one

would expect, these doses are insignificant.

MILK

The only dairy in the general vicinity
of Laboratory operations is located about
6 mi southwest of Tracy. Periodic milk
samples were collected from the dairy
throughout the year. Before analysis, the
samples were concentrated by means of
freeze drying and the concentrates were
gamma counted in a Ge(Li) counting sys-
tem, In addition, each sample was ana-

-21-

lyzed for tritium activity by counting 1 ml
of the water recovered from freeze drying
in a liquid scintillation counting system,
Activities of 137Cs, 40!(. and *H are
shown in Table 25. No other radionuclides
were detected. Also shown are the calcu-
lated annual adult whole body or critical
organ radiation dose delivered to man via
the milk pathv,ay. These calculations are
based on a dally intake of 260 g/day and
the models previously referenced. As
expected, the only significant dose to an

individual is that from naturally occurring
40
K.



—Zz_

P e s

e T K e it

Table 1. Airborne particulate beta radioactivity within the Livermore Valley during 1973 (uCi/ml).
Sampling No. of January-June No. of July-December Annual %
location? samples Maximum Mlnimugr Average samples Maximum Minimum Average average RCGP

1 22 3ex10°Mi6% rex10Beers  nexi0 1% 24 38x10Mesn 1.0x107154100% <2.ox1071? <lax1071 2
2 23 a7x107 179 6ax107¥s249  2ox107 21 s2x107Mire szxio Pizae 2axwe!t axwe 2
3 25 32x1071 2137 3.0x10 0 s 100% <rex107M 22 s6x107M%ien atxi107'9: 1009 <2ox107t <Laxi107lt 2
4 25 7.5x10° 579 gax1070s34n  zoex10v! 21 gsx107Miisn raxi0Mi2ae saxw0! zaxgon! 3
5 26 2.9x107% 4149 451070 k22 1sx107! a0 4ax107Miee. 42x107 301 100% <1exioT! a0t
6 25  4.8x107' 1 10% 4.5%x20 1 1 1009% <1.4x1072% 24 s2x107M% 1119 s9x10 P rs0m  2ax107' <crExi0t 2
7 25 .6x10 %5129 3.9x107 %k 100 <17x107!Y ;v asx107M119% g.2x107 05 1009 <2ax107 <raxioT!t
8 23 4.8x10 M1 10% a.5x107 % 100% <1.3x1071% 25 39x10"Mi229 azxio s 007 <1axi0M <lsx107!d 2
9 26 6.2x10 % x8s 13x107'Pr25m  30x107'% 23 gox107'ii29 rexi07'¥s19%  szxio”'d 3sxi07% 4
10 24 1.3x107 ¥ 1249 a5x10 % 100m <1.3x107" 25 s5x1071%: 179 a3x10 PP 679 1.8x107' crex0l 2
11 21 z.8x10 M1 3ex10 P s 1007 c1ax107! 26 aax0 M e20% e2x107 021009 ~20x107 M <nrxie”t 2
12 25 42x10% 279 gsx10 '¥s1se  2.2x1071 25 guxi0 Mise 7ax107¥r1sn 2.7x107M 2sxpe7!? 3
13 23 soxto Mieq 38x1071%ra49  21x1071% 20 3ex107Mise sox107Pr219 r9v107!® 2oxse”!d 2
14 26 3.3x107 Mees 7axi071%:229  1axiotM™ 23 aex0Mien sex107'%:18n 20xie”! sexao” 2
15 25 7.ax107Mi0n 2.0%107 1% ss40 2% 26 saxi07Mase arxi07Praen zaxieT' z2xa07!t 2
16 24 36x10" 169 sox107¥saen  2ox107' 20 aax107Mien taxio Mii2n  zsx107' 207t 2
17 10 soex10 Myen 75%10 %06 zax107' 20 sax107¥iee esx107%p14n 250071 2exao”!t 2
Average Loaxio '? <23x107 1 <caaxio™!? o

%See Figs, 1 and 2 for sampling locations.

The RCG (Radioactivity Concentration Guide) for airborne beta is 1 ¥ 10712 4Ci/mi,
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Table 2. Results of gamma-ray spectral measurements of Livermore Laboratory perimeter air filters du ring 1973 (uCi/ml).

144 141,

Manth Ce I 125, "he ¥y 195, 137, e 0,
JIan, Lir10718  a1m - 40710 ' 26m posia e — - sy B ase 7ax 10716 0 _b
Feb. 3ox107!% . 14m - 2ar107 o ger im0t e - 25010 ' 56m 10x107 15 17 50u107 18 L g0n _b
Mar. 3ax107% 13 as107 T v 00m asxi0 sz asi0 e 1010710 0o Lirzo Y we e e savie Pl ese _t
Apr. Cany1e 13 ge, — w5710 ey ™o asie Tt w0 e Lavion! am 1av107 ', ge 7ox107 1" - 20
May 2.4%10" 1% 10m - 37710700 02m roy107 !t n - 18710749137 132007 6n 72%107 T 727 7010706, 30
June t.2x10713 4 20m, - 24307 0 1w 2axi0 Yo - Lix10 167 70510718 6n 23510 17 100m g7xin !B gy
July Lax107 8 1ae 12x107 a2 naxin ' gen naxi0 10 29410 ke Jgyi0 'Sy ae 725107 10 wox 107 iy exie Vg
Aug. 955107 81105 70107 % 14m raxio P raon 1207 a0 e 5351070 aav10 g ari0713 ) 22
Sept. 7.2x107 6 25 a0x107'% 03 11010 g 107107 6 5107 %0 20n 3% 1070 aam B2x10 0wy 10713, 0m
Oct. Lax107 11 1 gy1071%, 1y - 2351071 20 {ix10 5 2m 34010780 6n 2ewi0 tP e 10710 %1317
Nov. 121071 16 7951078 110 wov 107! sam L0 a0 i 130070 2 20x10 e ar 24010716 e
Dee. 27710 %0 151070 a 12010716 yun 202107 % m Lave!oien 2221078 1 saan e 7.2.16718, 5o
Anmual av 2,0%10713 “parigTt® 2.6x107 ' 1L3s10717 12x10718 7ax107'0 1axae”!? a5 10 'S
RCG 2.0x10710 507107 0.0-10°'0 3.0x107" 20,1070 s.0x107 10 1oxio™” svn”?

= RCG taov1? voxig™? 207107 43,1070 saxiot 1axio™? NPT 2571077

%n this and other entries of this fable — indicates that the radionudlide was cither undetected or the probable 2a counting error associated with the mea~urement
exceeded 1007, which is used os our Jimit of detection,  [ncreased coneentrations of fission product radionuclides observed after June are largely the result of
Chinrse nuelear event during the latter part of June 1973,

bChangwl counting systems in April. Previous system had ton high a 401\' background to detcet 'OK n air Hilters,
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Table 3, Plutonium, Americium, Strontium, and Uranium in air at Livermore Laboratory perimeter locations during 1973

(uCi/ml).
Mass (mg/M3)

Month Location 23gl"u 238Pu 23ﬂr’u/z:’g}?‘u “Am "05r 230!’1;/"'05:- 2351 2381‘ 235(;»/23514
Jan. 1 7.3¥107 19 159, - 6.4%107 434w 395107 0 1 511072 2251070 ye 3.5v10 .5 paxie’d
2 g.ax10718, 13, - 453107 % 0a0m X108 10 2351077 28x307 00 givi0o®) am 6.8 1073

12 6.4x10 184 139, - 51307 % a6m zx10 ier 1Lex10? 28x1071% 3% 441078, 4n 6.4%1073

13 2.8x10 184 140, - 3ax107 P vazm 1x107 8 ier 23%10°2 2.0%100 47 2.8y 1078 5% 7.1x1073

190 2.6x107 111 8.0x107 11w 35%107! 21x107 8y 56m B2x10 10 1gm 32y 102 1.2%107 %4 7601078, 5m  fawiood

15 B.ax107% 067, 7.2%107%0 5% aex1072 3.6x1071% 58 3.7%10° 06, e 2371072 2.6x1071% 4% 3av10 ”»s” 5.ax107%

Feb. 1 a0 vmm 3.0x101 020 7451072 2.4x107 8 30m g.2x107 15, 09 6.6x10°2 3.7>107 1% 4r  54v108, 52 gox10°3
2 Lax107Ta0n 11x107 8 2am 7651072 9ax107 30 5ex107 18,70 2.1x10°2 42x1071% 37 gay1078,3n  s9xy0°3

12 L1x107 e 2av1071% e g4y g07! - 5910 8 s5e 2.0%10°2 38x10 1,30 57-107%,3%  gaxgo?

13 21x107 g pax107 ' 00m g ix1072 ~ 6.0x107 " 6n  3.5%1072 3.9%107%0,3%  saxi0®rer 7ix10°d

14 Lix10 % esm azx10t3m 28002 1x107 71107 4.5%10 05 7%  24x107! 1.7%10710 , 3= 2710 %4 g0t

15 19x10 7 han 12x107 8, 26m 6351072 1ax107 % 24m s4x10716, 6n 3.5x20°2 20x107% 3 a0t 7.axp0?

Mar 1 L2x107' 74120, 1ax10718 26 3.3y 107! - 60108167 20x107% 2.6x1071% um amy 1078 0m Gswio?
, 2 13x107 7 g naxi0 240 13x107! - 7.2x107' 6065 1L8y107? 2.1x107u st oxi0*yam 7.01070
® 12 10x107 7179 gax1071%47n g axi072 - 52x107 0 e 19%10°% 3awi0” w, 3% 405107 % gn goexgp?
' 13 1.4x107 4119 1.3x1071%, 30%  9.3x10°2 -~ 7.5x10 % 6n  19x10°2 311070 5% savi0¥,am 721070
11 1621077 10m 133107 e 81x10°2 Lox107 % 36m 7.ax107 16, 6n  g.px10°2 Lox107' % 3m 21678, 4 Gaxip?

15 11x107 T 0m 23%107M 210 1sx107! 1Lax1071? 39m, 8.0x10 %56, 2.1x10°% 3.4x1071%. 3% gox10 Prar peyios?

Apr. 1 1.0x107 s g 3.0x10718, 200 7.5%1072 ~ 9.0x10 050 5421072 45x107044m saswtise 7.5x1070
2 Lex107 7119 3.0x1071%, 21 17x10") -~ 2.6x10 8067 1.9x107% 37x107003m  s0.107Fiar 7441073

12 29x107 T e 26610718, 10m 9,0%1072 34107 B 23 1.3x10 15 s 6n 22x10°2 52x107 1% 3% 76x10%.3n  gaxie?

13 25x107 T ime 2731071, 17 1av107) 1x10 184 non Lax107 3 10m 165102 4.8x107 0037 617107%0an  7aw1pd

14 8.0x107 45 23%107 77 2nr107? 1x10 8 e 9.6¥10 86 e3x10’! 3sx1070.50 50,50 %.30  7.0s10°3

1s 25x10 177 30x10 i 1axie! Laxio 1. agm L3z en 1ex10°2 a5x1071%. 22 26xi0 e 1245070

May 1 3.8x107' 711 2.ax107'8 330 6.3x1072 - Lax1o7 e 29%10°2 53x%1071° 3¢ s0e10Fegr 7ae10
2 2.6x107 7 120 38x10718, 950 4.4y 107! - Lax107 s Levie'? sox107%. 0 Gosi08eae 7eo1070

12 2500 T s8n  2.4%107% 170 1ox1p7! - ox10 %207 1521072 6. 10703 kot 0 tiar 1ot

13 282107 T s0n 2.6x10° 81w 031072 -~ 15%107 0 1sm 19x10°2 50,1071 5n hev10®e i 17w107"

14 44107850 19%107 46 295,072 Bux107 1647 8.0x107'0 4 qm 5.5 %1071, 3% savy0 e 5107t

15 L1x107 75100 1exi07 828 5gx1072 - i B 1sxiw0? sex107'%.30 72000 7,510

June 1 Lax107 115 451070429 5131072 - 5.4x107'% 237 2041072 551070y 210 sr 740107
2 1.2x107 7 4158 15x107 834 13x107! - tox10 ¥ g2 n2x107? g2x107'% 3 wasi0Fam 1as007

12 5.3%x107 370 33%1078, 197 gaxig 2 - 201079 222 2.7x1072 7.0x1071%:3  o6x10%i 1 Tas107?

13 12x107 40 1ax107'8 i 20m 1swipt! - 8.8x107'% 2305  1ax107? Tux15700sn wgr07Fian 144107
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Table 3 (continued).

Mass (mg/M )

23 -
Month  Lecation %pu 238p, 238pyR39p, 2 am 90g, 239 by %, 235 238, 235,238,
June 14 1.8x167 %50, a.2x107 7279 3.2%1072 - 7x10716, 9% -10 -8
fune . ., o . -18 23 . » 3.7x10 . t 97 3.5 5.7>¥10 +3% 7.59x10 t 3, 7. (;710'3
15 17107 72 10% 1.7x10 lafzsﬂ/» 1.0%10 - 8.5x107 18,187 2,0x107% 7.4x10710:35, ox107 73w 7axio”?
July L1007 Teian 15X107 04340 1410 - - 5.7x107 18 120 1.9x1072 3.7x1071%:35 5.2x10 78140 7ux107?
2 1.3%..7 T 1309, 6.ax107 84337 4.9%107 - 13x107' % 18 10x1072 9.8x107 P ran 1.3x107 san  7.5x1073
-17 -18 -1 - ’ - S c
12 LIXIOT 565, 2410 Praen 22x10°) - 6.6410 82130 1,7x1072 5.5%107”: 2% Bax10%:49  s.8x1073
13 82XI0T iz 17x107 Fi2en 2x107) - 5.2x107 8 140 1L6x1072 4.7%x10790:2% 6.7x107 %430 7.0>1073
Mo X107 %een  46x107 fiun a2xi0”? - 6.2x10 6. 127 1.8x10” ‘ 5.0%10 1% 29 g2x108i30  7.2x1073
15 1X107 7410 6.2x107 Tia2 4.8Xx%072 - 3.0x107 81150, 1.3x10°% 1ax107%:22  2.1%1077 237 6.7x107%
Aug. 1 67X107 Fei% 57107 %527, 8.5%10°2 - 5.9x107 85 16m 1.1x1072 7.5%107 %144 9.9x10°8ksg,  7.6x1073
2 61107 e 179, T.5X107 35t 11x10 -1 - 6.8x:07 %1165 9.9x107% 6.4x1071%:3n goax10Bise 7231072
12 9.2)(1047&16% 1.1x10 Lot 0% 1.zx'o‘: - 7.5%x10 8 1 13e, 121072 s2x1070i3n 1ax10%:3n  7.5x1073
1B 3.0x107 T s1en 1ax10710a30n Laxi0”) - 6.7x107 16, 210, 1.5x1072 9.2x107'%:3% 1ax107 73 7.5%1073
14 2.8%10 181—5% r.2x10 e n19 4.3%10 - 2.7x107 0407, o6x107! 1ax107 939  27x107 7 r4n  T.0x1073
- -19 -1 - - - .
18 TIXW0T04a% .exlo” Tsa1d, 1.2x107) - 5.8x10710 4129, 1.3x1072 12x10 %:3%  1.6x10 ’n,, 7.5x10°3
Sept, 1 5.3xw_w,15% 9.2x1¢ e 1.7x10 ) - 2.7x10° 161267 2.0x1072 g.9x107'%.35 7.0%1078:40  7.0x1073
2 4.6X10.171 16% 1.5X10 1122 3.3X10 ) - 4.8x107 8 220, 9.6x1073 gax107¥:3m 8.6x107%:47,  7.4x1073
12 2.2x10° 485 9.4x107'%:289 43x10” - Lost -0, 3 -8 -3
6.2%10° %37 9.0x10° %142 6.9x10
-18 -19 -2 - ) - :
13 2.5x207000% 12107 0aaen 34x10°7 - 3.6x10710 5287, 9732072 46x1072%:45 62x10° %240 7ax107
4 SBX10TaTe  3.5x107 Fairn 6.0X107E - 4.sx1o'iﬁz 271 13x107) 57x1070545 s2x10%i4n 70x107?
. 18 4.8x107 Pe g 6.axi0” %a s 14x107) - 4.8X10_16t26’,'4 1.ox10°2 86x10° 035 12x10774n  7.2x1073
et boeexi0Tteas 1ox1eT g 1svi0 - 7.0x1071 %11, sx107d aex1071%3m Tax10%eem esxae”
2 53x107 B0, = - - 9.2x107 6 129 5.8x10°3 6.6x107 237 1,7x1077rae 3.9x1077
;; ;.silg_wﬂz% 8.5x107 7+41% 5.3x10”” - 6.9)(10':2:20% 2.3x107% 1ox10%:32  2.6x10771en  30x1077
.6 116% 6.5x107!%4379 1.2x10° - 5.7%x10" 6239 9.px1073 -1 Tyan -3
7 1. . 5 9, 5.0x10°1%. 37 1,2x10 7 ran 3.0¥
14 4.3x107 8 100, 1.5x107 "8 ysn 3.5x10”! sx10°18, 297 -3 -19 . e T e 3
T 0% X107 M5t ausxio”) - 5.5%10 8429, 9.9x107 0.2x10° 7137 1.6x107 247 5.7X10
15 1.6X107 11127 8.6x10 g3 8.0x10 - 5.9%10 16,215 2.7x10°2 9.3x1071%:3% 1.6x107 24, 5,8x1077
. - - -1 - - - . -
Nov 1 2.1x107104 2o 4.2x107 Susen. 20x10°) - 3.3x10 0,987, 64x103 1ax107 %49 2.0x108:6n  saxi07?
2 23107 B30 6.0%10 0 00m 2.0x10 - 6.4x107164 1e7. 3.6x107% 1.0%10720, 67, 27x107 %77 70x107?
12 3007 2ae, 4.8%10° 2eo1n Laxi0°! - 6.1x10718 .21 s5.6x1073 2.6x10710. 59, 39x10 %457 6x1073
13 27x107 8310 1.5x10 :Bus% 5.6x10° 2 - 5.2x107 165175, s.2x1073 2.2x107%0.79 31x107%:10n 7150073
Mo ST e z2xa07 Biaen 3331072 - 53x107 %2157 Lax107! 1ex10705n 27x10 8070 7.0x1070
0 18 2 e 293107 22415 1.3x107) - 3.7%x10 %223 5.9%x1073 2.6x107 040 50x10 %167 s.zx10”
ec Lo 2ax0Teom 6ax1e [gisT 19x10 - 8.1%x107 81167 4.2x10°3 3.2x107¥ssn paxi0 767 2.9x107°
2 4ax107 8 080 4.5%10 1% 645 1.1x107! - 8.2x10 18,227 5.0x1073 gox107 s 35%x10 7.,4 2231073
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Table 3 (continued).

Mass {mg m’)

Month  Location 238, 238y, 238p, 239, 21, Wi 2L 80 235, 239, 233, 238,
Dec. 12 5.2x10 826 1ox1071%5 719, 3.7x1072 - 7.2x10° 18217 7124107 g1ri0 s x0T e x93
{cont'd) 13 4.0x10 18319, 2.4x107 %4719 8.5%107° - g.6x10 012 171070 1ex107 1077 2ex107%rem s2vis”d
14 5.8x10 8116 3,7x107'%4429, c.ax1072 - 1021075 1en sax1e”d 70v1071y aawio T iem 23x%1070
15 3.4x10 8 26m 1,9x207 %1647 5.6%107° - 72x107 18 1am 431077 2er107% 40 1svi0Tesr zov107d
Annual averages
Locatics 23%Pu uCi/m! % rCG®  238py sCifni % RCG 2350 mgfm® % RCG 2P, ma/m® 7 moo
1 T5x10° 17 1.5x103 14x10°08 <taxio? 441010 2ax100  53IX105  .zx10
2 Lix10717  1axi107d <1s5x107'% c1sx107t s3x1071 zaxi107®  s9x10® sex107t
12 Lax10717  pax107d cnex10718 - 1ex10? sax107'? 2.8x10070  92x10® eaxio?
13 Lixio V7 pax100d naxiotl® raxiot 44x107'® 23v107%  eaxi0®  43xi07?
14 7.2x10%  72x107t nexio7!? pax107? sex107'? szaxi0® voxi0t e7xio?
15 13x10°17 1axied 1ex1071® 1ax107? sex1071® 29x1077  roxi0”T  saxie™?
3R¢G 1 x 10712 4Ci/m) for Pu in the insoluble form,
Table 4. Tritium (HTO) in air at Laboratory perimeters in 1973 (uCi/ml).

. Calinlated
by o Jameary-twne " July-luccmber — Al
tion®  samples AMaximum Ainimum werage  samples Maximuem Minimuem Surraze Crae w0

1 2 .0x10 12 203 Gsyvie g aorn0tt 23 w10 e s 12an 2L W PR T I PP T S TR T
2 a 1n woax10 g et a0t e MY 0t s

12 0 15 VLIS Y M 27100 gas0 M a2 oa nd
13 0 12 10x10° Y e g3e mes0t? U LT T L R T PR T T A
14 3 210 g0 1ar0 o 207! m vaxi07t0 3010t o0t gavio 't et v
15 3 2o M aze raxacT! 2004 10x107tt 20 sss0 sas10 20068 21107 20wt amste tonzoe?

Bsee Fig, 2 for locations,
L -
"RCG for NTO in air 2 > 107 uC1 ml,

“Hased on July-December data,
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Table 5. Activity levels of various radionuclides observed in Livermcre soils during 1973 (uCi/g).

Location® 239y 238y 1370 gy 22p5(Th) 0g
5-253  63x10%:6m 37x10710 £ 16%  3.5%1077 £14% 6.01%107° £ 8%  6.0x10 0" 98¥%10°5 . om
S-254 6.7x10°8 46  7.7x10710 1 8m  4.8x1077 127 53x1077 107 53x10 7 : 1% 0.1 1070 . ym
S-255  4.6X10°°0:6% 50x10 10147 1.7%1077 1227 4.5%1077 £ 8% 50X T r0m 9.6x 1070 . g7
5-256  4.1x10°%:9% 2.6x10 101 26% 1.9x1077 £24% 6.3x1077 +9%  6.2x10°7 9% 1.2X10°7 . g,
5-257  43%x10%+79 1.8x10710 4219 2.2x1077 +18% 6.0%1077 s 8%  63X10 1 : 9%  1.1x10°7: g%
5-259  3.9x10°%:7% 2.2%x10710 £ 199 2.3x1077 £19% S5.6x1077 +8%  5.9x10 0 +97  1,3¥ 1077 :m
S-264  23%10°%:11% 1.4x107 19 4309 1.2x1077 £34% 6.2x10°7 £7%  7.2x10 0 :7%  1.2X1077 : g%
5-267 3.7x10 % :9% 22x10710 4139, 2.4x1077 £197 5.8X1077 £8%  6.6x1077 8%  1.1%X10°°: 57
S-268  3.4x10° 91 8% 27x10 0 219 22x1077 209 57x1077 +8%  5.9x10 7 :9%  1.3X1077 . a7
5-2711  9.5%10° 9+ 7% 4.4x10710 1 20%  5.1%1077 :10% 6.1x1077 : 7% 67 X107 :7%  1.4° 10791 g%
§-272  5.4%x10°%110% 7.7x10710 4 200 20x 1077 1207 6.0X1077 +7%  T3X107 +7hH 1.5 %X107° 7%
5-275  71x10 % :119% 5.1%x1071° 1 327 4.6x1077 +11e, 50x1077 +8%  62x10 0 <97  92x18 8 ¢am
5277 3.9x10°2+27% 32x1070 4279, 1.8x 1077 :18% 4.x10 7 :8%n  sax10 7 :9%  59x10°%4 107
5218 4.1x107%:129 1,7x10710 £ 387 3.5x1077 s 120 3.5x1077 £11% 4.4x10 11T 6.4%x10°° : 107
5-283 2,6x108.6% 1.8x10° %5 10m  3.0%1077+15% 66X 1077 £ 6%  6.0x10 7 :7%  1.2x1077 79
S-284 28%10°°+9% 1.7x10° %120 gox10Bis0 17x107i0m pax10T:0m  7.9%10°°:an
$-285  9.0x10° 2+7% 2.8x10710 1 13%  4.2x%1077 £10% 3.8% 1077 £98%  4.9% 1077 9% 9.1%x107% s o,
5-286 27x107° 1119 2.2%10710 s 25m  1.5% 1077 £ 24%  6.5x1077 £ 8% 70X 1077 £ 9% 1.2X107° s 7%
S-287 20%10 % +6% 1.0x10°% 5142 2.4x1077 +17%  5.4x1077 £129% 5.4x1077 £ 13% 1.2 1070+ 107
S-288  4.0%x10 7 +10% 3.5x10710 4 2700 2.2x1077 + 18%  6.4x10°7 £ 11 6.1 X107 ¢ 11 1.2X1070 77
s-280  8.2%10°°18% 56x:0 0 s010  41x1077:125% 5.9x10 7 0% T.2x10 0 :9  12x1070 .77
5-200  93%x10°7 4107 4.8x10710 zam 3ax1077 18 6.0X1077 £ 6%  6IX10 7 8% 1,2¥ 1077 ¢ 57
5202 1.0%107%: 8% 5.5x107'0 019 47>1077 L1 5.5x1077 87 56X107 9% 1.2x 1070 ¢ 77
s-318 5.9%x10°° 149 1.9x10710 s 480 2.4x1077 1129 2.4x1077 £7%  57x1077 £9%  1.0X1070 .77
5-319 1.8X1077 +7% 5.5%x10 7 + 9o, 2.8% 1077 s 129 6.4x1077 +7%  7.2%10°7: 107 1.2% 1070 :.m
5-320 14ax108r7% 05%x107 104170 61x1077 s 5m BTx1077 :4m 571070 £7% 14 X 1070 147
$-223  9.6x10 7 1127 8.5x 1070 ; 31% — collected in 1972 at same location as 319
5-225 6,8 X 10-9 + 117 5.4 X 10-10 + 2B". — collected in 1972 at same location as 318

Male  s.9x 107 4.8x 16710 2.8 %1077 5.6x1077 6.2x 167" 11x107°

3¢ . .
See Fig. 5 for sample locations, All samples were taken at a depth of 0-1 em.,
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Table 6. Various radionuclides observed in San Joaquin Valley soils during 1973.

Deposition values, pCi/l\-l2 Uranium pg/p dry soil

Location® 2395, 238, 137 233, 238,, 2351;/23801)
S-234  8.9x10°% 1t 9% 2.6 X 1072 & 39% 1.7%x 1072 = 59 1.4x1072 s 27 1.9£3%  T.3%x1073
s-235  2.0x10%31 200  sax108:67n 6.7x 1073 £ 109, 1.3x10°%2 1 27 1.9 + 35, 3%x107°
s-236  62x10%:i11%  26x107%:41% 2.8% 1072+ 157, 1.3%x1072 & 29 1.8437,  7.2%10°°
5-237  6.0x1074+ 97, 2.2%x10°° + 349 2.7x1072 £ 197, 2.1x10°2 ¢ 29, 2.9+3%  7,2%10°
5-238 4.7x10°%:15%  1.8x107° 1 54% 2.9% 1072 & 229, 6.4 %1072 ¢ 29 9.1:38%  7.2%107°
5-239 6.0x10°%:1290 1.7x107% 1 529, 3.0x 1072+ 187 1.7x10°2 & 27, 2.4+£3%  1.2X1073
$-240 5.9x107%+10%  2.6%x10°° +35% 6.0 X 1072 £ 179 7.2%1072 2 10137  7.3%1073
S-241 1,1x10°%:129  2.1x107° 4 50% - 1.8x 1072 & 2% 2.6£3%  1.2X1073
s-242  1.6x10°%115% 6.4 x107%: 0% 1.5x 1073 + 279 t2x10 V27 17.0:3%  7.3%x10°3
S-243  9.9x107% 1 99 3.2X 1077 + 20% 1.0x1072 1 119 73x1072¢2%  101:3%  7.3x10°°
S-242  6.5x10°%Y+14%  2.8x107° 1 38% 2.9x 1073 ¢ 167, 5.5% 1072 + 29, 7.6+3%  7.3X107°
S-245 4.7 x10%+15%  1.4%x1070 £ 48% 3.9x10°% 4 219, 6.3% 1072 + 2%, 8.8:3%  T.3x107°
S-246  8.5x10°%:14%  2.3x107°+ 587 3.2x10°2 £ 159 4.2x 102« 29, 5.9+3%  7.3x10°
5-247  9.6%X10°%+13%  3.0x107°+ 499 5.0 X 1072 £ 10, 5.6 X 1072 £ 27, 7.8+3%  7.2X10°°
S-248 1.2x10°%:10%  8.0x10°°: 327 6.0x 1072 + 97, 4.0x10° 2+ 27 5.6 +3%  7.2%x 1070
$-249 11X10°3:10%  2.2x10°° + 379 5.3% 1072 + o, 1.4%x10 2« 29 2.0£3% 7.3x1073
5-250 2.4x10°%:239  4.1x107°+ 387 1.9x 1073 + 419 41 %0229 5.7+3%  7.2x1077
S-251 8.3x10°%+119%  5.6x1070 4 380 4,0x10°2% 1 139 1.5 x 1072 & 29, 2.1 + 39, 7.4 % 1073

vame " 6.5 x 1074 2.6 %1072 2.8 %102 2.0x10°2 5.6 7.3%x10°°

a . .
See Fig. 6 for sample locations. All samples were taken at a depth of 0-25 cm,

Ratios are atomic ratios; the isotopic atomic ratio of natural uranium is 7.25 X 10-3

e e < i | WO



Table 7. iAcCt‘wlt)‘ levels of various radionuclides in surface drainage ditches and crecks

uCi/g).

Location D(i?r:;] 239Pu 238Pu ‘37Cs
$-304 0-1 4.9x10°° 279 2.6 x 1010 4 7¢, 1.7 x 10°8 4 569
5-305 52 2.6 x 1072 + 8% 1.6 x 10710 & 247, 1.1x 1077 + 249,
S-306 s 8.1 x 10710 1 209, 3.5x 10" £ 719 3.8 x 1078 1 329
$-301 s 1.5% 1072 £ 149 6.5% 10710 + 199, 7.0x 1075 & 29,
S-308 s 6.2 x 10710 4 229, 3.8x 10" 1! & 249 2.9 x 1078 + 60,
S-309 s 3.2 x 1079 4 15% 5.0 x 10710 4 307, 1.1 %108 179
5-310 0-1 2.2x 108 1 5% 1.5% 1079 £ 8% 3.2 x 1072 £ 369
$-310 0-25 2.0%10°8% £ 79 1.3 x 10710 £ 21 3.6 % 1077 + 100
8-311 0-1 1.3x10°8 1+ 59 8.8 x 10710 1 0% 1.7 x 1078 1709,
S-311 0-25 1.4x107° £ 8% 8.8x 107! & 249 —

5-312 0-1 6.8x1078 159 4.1x107% £ 8% 5.7x10°% 1 409
S-312 0-25 9.6 x10"Y £7% 7.7x 10710 1 159, 1.4 x 1078 £ 100%
S-313 0-1 4.8%10°% 1 10% 6.5 x 10710 4 229, 1.4X 1077 £ 175,
S-313 0-25 1.3x 1079 +139% 9.8x 10"t a1 5.1% 1078 + 339
S-314 0-1 1.1x 1072 113% 1.7 x 16710 & 299, 4.4%x 1078 £ 359,
S-315 0-1 4.9x107% £ 9% 9.2x10710 & 169 9.9x 10°° £ 159
S-315 p-25  7.6%x1077 £ 8% 5.9 x 10710 1 209, 7.5%10°8 £17%
5-316 s 1.8 x 1079 £ 89 1.3 x 10710 4 250, 5.3% 1078 + 217
S-317 s 2.7 x10°2 + 6% 1.6 x 10710 1 209, 5.2 % 1078 £ 179,

85 = Sediment sample representing a wet sample taken from the bottom of a running
stream or creek. These samples were dried and activity is per gram of dry sample.
All other samples were from dry ditch or-creek beds.
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Table 8, Livermore sewage treatment plaat sampling results during 1973,
Gross alpha activity (uCi/ml)

No, Digesters . Aeration tank

of of
Month samples Maximum Minimum Average samples Maximum Minimum Average
Jan. 10 7.4X10°° £34% L7X10© £43% 4.3%X10°0 5  1L.IX10 ' :27% 1.4X10°°130% 7.1%10°
Feb. 8 5.3%1077 £30% 4.7x10 °0+41% 2.6x107 4 7.9%x10%:36% 1.2x108:30% s51x10°8
Mar. 8 3.2X1077+32% 1.6X1077+41% 21X1077 4  1.2X10 7 +24% 68x10°°+34% 9,7x10°8
Apr. 8 aax107 209 1.2x1077 £419% 2.1x10 7 4 7.7%x1077 £10% 9.2%x 10 % :209% 2.7 x10°°
May 10 2.7%x1077 +28% 1.2x1077 +40% 21x100 5  9.0x10%:21% 7.4x10°%:34% saxi08
June 8 53X10°7+25% 1.3X107 ' +34% 2.9X10°7 &  1.2X10°7 +£24% 7.8X10°°:30% 9.2x107 %
Jly 10 3.2x1077£31% 2.6x10°°:36% 2.0x107' 5  1.7x1077£22% 6.1x10 54329 9.3x10° 8
Aug. 8 B.6X1077£28% 23X1077:20% 4,5X107 4  1.1X10° 7 +26% 4.8Xx10°°+38% 8.9x10 %
Sept. 8  8.2X1077+17% 21x107' +32% 3.3x10 4 59x10%:309 a1x10 8439 27x108
Oct. 10 6.8X 1077 £27% 18X 10 +54% 2.4X10 7 5  6.0x1070:33% 27x10°°+30% 4.9x1078
Nov. 8 3.0x1077£329% 1.6X10 ' +37% 21X1077 4  6.2x108:36% 3.4x10%+449 4.9x1070
Dec. 8 4.5%x1077 £21%  1.3X107 +359% 2.5%x10° " 4 6.1x10° 81+ 32% 25x108+59% 4.4x108
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Table 9. Livermore sewage treatmeni plant sampling results during 1973.
Gross beta activity (uCi/ml)

No. of Digester No. of Aeration tank No. of Effluent =
Month_Samples Maximum Minimum Average Samp.ea  Maximum Minimum Average Samples  Maximum Minimum Average RCG?
Jan, 10 4.6X1077215% 2.1%1077 £15% 3.3x1077 5 5.5x10°°27% 42x10 8289 48107 12 2ax108i32% 7.2x107%:100% 1.3x1078 13
Feb. 8 23¥107726% 1.5%1077 £16% 2.1x1077 4 s0x107027% saxieBasn 47x1078 8 2.5x10°%:30% 9.8x107 %1647 1.8x1078 18
Mar. 8 54x10°7to% 1.8x10°7214% 3.1x1077 4 5.5x107%27% 4.2x10°%28% s0x10°8 12 2.5%10°%:30% 7.0x107% 1009 1.4x1078 14
Apr. 8 1.3x10°:6% 1.5%x1077:17% 3.6x1077 4  5.8x107°027% a8x10 %487 s53x10™® 10 2.9x107%:28% s.1x107% £ 100 1.7x1078 17
May 10 4.3x1077£13% 1.7%10°7 £ 14% 2.4x10°7 5  5.3x10°°28% 3.8x107%19% 4.5x10°® 8 3.1x107%:28% 1a1x10%:50% 1ox107® 19
June 8 a1x10"T+12% 1.8x1077 £ 14% 3.0x1077 4 5.3x107%26% 44x10820% sex10® 13 aax1078i27% 7.3x107% 1009 17x2078 17
July 10 4.2x1077213% 2.1x1077 £12% 3.1x1077 5 1.2x107'25% 4.6x10°829% 67x1077 9 28x108:30% 1.ax1078:41% 17x10°8 17
Aug. 8 L2x108212% 3.7x1077 2 10% 6.1%1077 4 LixioT 5% 7.0x10°8£7% 8ex10® 12 6.8x107%:17% 8.3x107% £ 100 2.5x1078 25
Sept. 8 6.1X1077£10% 2.9%X1077 £13% 3.8x1077 sax10 P28 3.0x10 % k9% a7x10® 12 36<10%126% 7.9x107% 11003 1.9%107® 19
Oct. 10 5.1x1077£14% 2.9x1077 £14% 3.5x10°7 5 4.9x10°0+7% 31x10°%:9m a1x107® 11 18x10%:38% sax107%2100% 1.2x1078 12
Nov. 8 3.6x1077116% 1.9%X1077 +18% 2.5x10° 4  3.9%x10 %199 3.3x10%:10% 3.5x10°% 8 pex1078:40% 7.8x107%2 1005 1.2x107° 12
Dec. 3 3.4x1077418% 1.5X1077 +24% 2.1%1077 4 3.4x10 %s9m 28x10° 82 115 3.0x107® 12 2.ax10%:35n 1.1x1078: 540 1axi07® 4

3RCG = 1 X 1077 uCi/ml.
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Table 10. Transuranium elements observed in the Livermore Sewage Treatment Plant
during 1973 (uCi/ml).
Month Sample 239?\1 23 nF‘u 2“‘-\m z“Cm
Jan,  Digester#1  9.9> 10"+ 77 3.2%x10° " . 30
Digester 42 9.6 x 107" 1 8™ 1ax1w8sar axie " e 2.7 x 10710 4 p7m
Acrator 1ax10 " 5010 0 s em 17x10710 . oge
Etfluent 1oxto M2 3axi107'?ra00 22107t oy 5.6x107' 2 ¢ g
Feb,  Digester «1 6.3 x 107" 1 g7 22107170 Tsx10710 . 210 rex 1oy o
Digester #2 5.6% 1077 1 7% 1aix107? e Laxi10™® s e 2.0 x 10"+ 107
Acrator Lixi? e 6.0%x10 10 gr 3% 10710, a7 1.8% 10710 4 a3m
ifluent 13x10° ' e 10m gax107'% g 13w
Mar., Digester4l  £.3x 107" ¢ 61 3.6% 1079 s 70
Digester 42 8.4 x 107 1 g 4.2x10° % 9% 7.6%10710, g s.2%107'0, o
Aerator 2.3x 1077+ 7% tax10 e
Efflnent rtexi0 ven tawiet! e
Apr.  Digester ©1 TEx 1070 2 7% 3.8x 10794 g
Digester “2 6.3 X 1070 1 % 3,2x107% g
Acrator 16% 3077 5 1o B.5x10 10 s o
¥ffluent 2ax10 s raxi0tt oy gom
May  Digester 1 6.8% 1077 & 6% 2.5%x 1079 1 79,
Digester 42 5.6 X 1079 ¢ 6w 2,5%10°7 : oo
Ac ator TRE BT AR SVET LU
:ffuent 7ox10 2 a3e 30x1071% 1 jom
June  Digester *1 1.2 % IO-U t 4% 2,3 % 10_9 1 57
Digester 2 7.2 % 1077 ;4 2.5 %1077+ 5o
Aerator Lex10"? ¢ s 5.8%10710 5 g
Effluent rex10 i3 rexi1071? g6
July  Digester 1 7.4 ¥ 107 4 5e, 1.ox 1072 s 50
Digester 42 6,0 x10°° + 7m 1.9x10°% 4 70
Acrator Lix10 % 3.0x 10710 o
Effluent .5%x1070% 115 3.8x 10712 4180
Aug.  Digester 41 8,9x 107" ¢ or 2.2x10°% + 100 34 x10”0 g 2,5%10 9 6%
Digester #2 9.5x 107" 1 & Lax10 . s 2ax10" " 2.3x107'0 ; g7,
Acrator sax107 % g 2ax10¥ere 1oxi07 0, 1y 8.3x 10 2 36m
Effluent sax10 a5 %1072 2w wrx 107 Y L e Lax10 '3 ¢ sos,
Sept. Digester *1 3.6 X 1077 1 &% 8.7x 10710 .+ 59,
Digester *2 Lost Lost
Aerator 9.8x10 g arxi107' saam
Effluent a8x10 s gm gox10712 ;8o
Oct,  Digester {1 5.4 X 10™7 + 5 8.9x10710 4 50,
Digester »2 6.3 X 1075 4 5% 10 x107% ¢ 5%
Aerator a2x10 02 6m  11x10710 5 89
Effluent 9.5x10712 5 15m  1.8x 10719 & 209
Nov. Digester# 4.2x10°°£7%  63x10710+ g,
Digester 2 3.2x 10" £ 6% sax107 104129
Aerator 3.2%x107 0200 46x1071! 5109
Effluent zax10 2 s33m 27 x 10713 ¢ 58
Dec. Digester 1 6,0% 1077 + 9% 6.7 x 10710 + 93
Digester #2  3.7x 1077 x 8%  4.8x 1070 100
Aerator 3.3x107 10 s 10m  sx107l! s 230,
Effluent 3.2x1071% 4285 1.2x 10712 2430

Tt L e e o e 8 e it o
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Table 11.

Comparison of various radionuclides in LLL and Livermore treatment plant effluents during 1973 (uCi/ml),

239Pu 9OSr Tritium
Month LLL Treatment plant LLL Treatment plant LLL Treatment plant
Jan. 5.1x 10710 1.1x 10711 1.9 x 1072 3.0 x 10710 8.5% 1079 3.6 x 1076
Feb. 8.7x 10710 1.3x10711 7.6 x 10710 7.0 x 10710 1.1%1073 2.8%x 1078
Mar. 9.0 x 10710 1.8x10° 1! 1.8 x107° 6.6 X 107° 1.3x 1073 3.3x107°
Apr, 7.2 x 10710 2.8x10 11 1.5%x1070 7.2x 10710 1.1x 1074 7.0 x 1078
May 3.6 x 10710 7.5 x 10712 Lost 6.0 x 1010 1.2x 1073 1.3x 1078
June 5.9x 10710 1.2x 107! 3.6 x107° 4.0x 10710 4.0%x10°° 4.6x1078
July 2.7 x 10710 7.5x 10712 1.9x10°° 7.0%x 10710 2.3%107° 1.8x 1078
Aug. 4.1x 10710 4.4x10712 1.3x 10712 9.0 x 10710 2.7% 1072 3.3x 106
Sept. 1.8 x 10710 2.8x10711 6.4 x10°° 5.0 x 10711 3.5%X 1070 3.3x 1078
oct. 2.0 x 10”11 9.5x 10712 1.2x10°° 5.0 X 10710 2.0x 1074 3.2x 1078
Nov., 1.6 x 10710 2.1x 10712 1.3x107° 2.0 x 10710 1.1x 1073 1.8x10°6
Dec. 1.4x 10”1 3.2x10°12 7.0x10°° 1.1x10°° 1.8%107° 3.8x 1075
Annual Av  4.1% 10710 1.3x 10711 2.1%x 1072 1.1x107° 4.9%1073 3.3x 1078
RCG 3 x107° 3 x1079 3 x1077 3 x1077 3 x10°3 3 x1073
% RCG 1.4% 1073 4.3x107% 7.0 x 1071 3.7x 107! 1.6 1.1x 10°}




1
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Table 12,

Gross beta activities in Livermore water samples (uCi/ml).

Loca- l\l‘;‘ January-June l\f;;' July- December Annual %
tion samples Maximum Minimum Average samples Maximum Minimum Average average RCG
11 6 a1x109134%  1.6x10"%+100% 2.5x107° [ 3.4x10 0+ 41%  1.8x10°71100% 27x10°% 2,6x107° 8
13 6 6.0x10 %+28% 1.5x107%:100% 3.0x10° 6 27%x107%+49%  1,5x107%:100% 1.8x10°° 24x10% s
15 6 5.9x10 95289 2.3x107 +549  4.2x107° 6 1x10°%:479,  17x10°%74%  25x1077 3.3x10°% 11
16 6 6.6x10 %249 3.0x10 %479,  4.5x1077 6 4.0x10 %2387 1.8x10°%:100%  29x107% 37x107% 12
17 6 4.3%10°%:34%  1.6x10"%:697  2.8x107® 6 6.9x10 %217 2.0x10%+68%  ao0x10"? 34x107® 1

18 3 5.0x10 %4207  3,9%x10 %2357  4.6x107° -b

19 3 4.3x10" %2329 1.6x10 71009 2.5x107° 6 4.8%107%:35% 1.4x107%:75%  2ax107® 2s5xi07? g
20 4 6.8x10 %+ 25% 1.6X10 J+6a%  4.5x107° 3 5.7x10°%£27%  3.6x10°%:39%  4.7x10"% a.6x107? 15
21 6 5.0x10 %:20% 2.4x10" %529 3.4x107° 6 5.0x107%:32%  1.9x10%:60%  3.6x107° 3.5x1077 12
22 3 1.0x10° 8147, 87x10 %20m  9.6%x107? -b

24 6 8.6x10 Y1209 1.6x10"%t729,  4.7x1079 6 7.0x10°%:26% 3.0x10 9+49%  2.5x107° 3.6x1070 12
26 6 71%x10 %209  1.6x10"%:767 4.0x107° 6 3.8x10°%:36% 2.4x10%:57%  3.0x107? 35x1070 12

2RCG (beta activity) = 3.0 X 107",

8

No samples collected.
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Table 13.

Tritium in water samples from Livermore Valley 1973 (uCi/ml),

Calculated
annual
adult
I . whole
No. of January-June No. of July-December Anng _ body dose
Location samples Maximum Minimum Average samples Maximum Minimum Average average % RCG™ (mrem)
1 6 1.5%x1077£5.6% LI1X1077£65% 1.2X1077 5  1.8X1077 £6.3% L1X1077 $27% 1.4x1070 1.3x1077 43x10°% s.2x1073
15 6  2.0X1077 £52% 1.6X1077 £56% 1.7X1077 5  16X1077 £6.9% 1.2X1077 £6.8% 1.4x107 1.6x1077 s3x107° 6.4x1073
16 6  2.8X1077 £3.7% 2.4X1077 £4.4% 2.6%x1077 5 2.4x1077£53% 14x1077 2755 1.9x1077 23x1077 7.7x1073 9.2x1073
11 6 1.6%1077 £10.2% 1.1%1077 £7.3% 1.3x 1077 5 12x107 £7.2% 89x10°8:99% 1ox1077 12x1077 s0x10? 4.8x1073
19 6 14x1077£6.0% 58%10°5119% 1.1x1077 5 2.1x1077 £5.6% 5.2x108 117.5% 11x107 Lix10? 3,7x10° qax103
20 5 B.4X107T £2.7% 3.1X107 £8.8% 6.2x1077 3 28X1077 £14.5% 1.1x1077 £7.5% 2.1x107 4.6x1077 1.5x107% 1.8x 1072
21 16X1077 £59%  1.2x107 £7.0% 1.4%x107 1.8x1077 £6.5% 1.3x10°7 £8.1% 15x107 14ax10”? 471x1073 5.6x1073
22 3 2.5%1077 £4.3% 13x107 +6.8% 1.7x1077 0
-6 ) ) -6 ) ) -7 2 -2
24 6  1ax10%¢26% 1.8x107 £53% 6.2x10 5 1ax10%£30% 25x1077 r45% 7.4x1077 61x1077 22x107% 2.7x10
26 6 20x107+43% 1,1x107 7.4  1.5%1077 5 16x107 £7.0%  12x107 £8.8%  1.3x107° 1.4x1077 47x107® 5.6 x 1073
T

2RCG (water) = 3 X 1077,



Table 14, Tritium in vegeiation samples from Livermore Valley 1973 (pCi/g),
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Calculated

Loca- Noc;" January-June No?‘. July-December Annual aﬁ%ﬂ g?):l_}:

tion samples Maximum Minimum Average samples Maximum Minimum Average average does, mrem
4 6  3.8x10°5:26.3% 4.1x10 7+61.9% 1.4x10°°% 6  s2x107%:87%  3.0x10°7:100.0m 1.5x10°% 1.5x10°%  2.3x1072
5 6 4.9x10°5%5.1% 7.9x1077+58.0% 9.6x10°° &  5.5x1079:1.6% 1.5x107%:60.7%  1.6x10°% 1.3x107%  zo0x107?
7 4 Lax108:s14% 21x1077:58.3% 6.1x107 5 1.axi10%:28.99 2.6x1077:100.0% 4.7x1077 53x1077  Box1073
10 5 4.4x107 9149,  L1x107%:2709% 1.1x10°° 6 L6x107%:2.5m  4.6x1077:52.3%  4.7x10°° 7.6x10°%  p1x107!
11 5 3.ax107%:1.6% 1.5x10°%:26.19% 8.4x10°% 6  5.9x107%%1.4% 8.8x1077:350%  1.1x107° 99x10°%  1sxto7!
12 6  5.3x10 %:8.8% 7.3x1077+40.3% 2.4x10°° 6  1.5x107%:4.2%  3.0x10 %1207 6.1x10°8 4.2x10®  gax107?
13 5 3.ax10 %:28.8% 3.2x1077£100.0% 1.1x10°% 6 3.3x107%:34.0% 2.8x10°7:100.0% 1.3x107% 1.2x10°%  1ax1072
15 6 3.0x107°:3.3%  2.2x10 %:216% 1ox10°° &  4.6x10°%:152% 9.1x107:62.5% 3.4x10°6 g8x107®  jox107!
16 6 2.0x10 %:2877, 4.1x1077:40,4% 9.5X1077 6  1.2x10°£100.0% 2.0x1077£100,0% 5.6Xx107° 7.5x1077  1.1x1072
19 6  1.5%10°%:58.8% 1.9x1077:100.0% 7.9%1077 6  1.4x10°%:100.0% 1.0x1077:100,0% 4.4%1077 .2x1077  9.3x19°3
20 6 3.0x10°°:3,4%  9.8Xx10 714637 7.6x10°° &  9.1x10%¢57% 4.9x10 7110002 2.4x107% s50x10%  7.5x1072
21 6 2.1x10 %4679  2.3x10°%+27.0% 6.4x10°% 5 7.1<107%:a5m  97x1077s325%  3.ax107® 4.9x10°%  7.ax1072
22 6  9.1x10%r06% 6.ax1077.3a1% 3.5x10°% 5 1ax107%:4aam 77x1078:11.97 6.7x1077 2.2xi078  3a3x107?
23 6 1.4x10°°:6.5% 9.2x1077£38.27 6.0x10° 5 7.3x10°8:11.5% 7.ax107%r100%  1.ax107® 4ax107®  g2vi0?
24 6 4.3x107°:2.8%  2.6%1077:79.0% 7.9x10°¢ 5 7.2x1077+65.6% 1.3x1077:88.5%  3.9x1077 2.5%10°°  gnx1072
25 6 1.0x107°:10.3% 6.0x1077£34.0% 2.9%x10°% & aox107%:11.2% 2ax1077s815% 1.8x10°% 2.5x107% 351072
28 3 4.6x1077:1.6% 1.3x1079:3.8%  2.9x107° 5 z22xr0”9:25% sox1078:i15.0m  1ax1077 rax10® 274107
29 3 3.5x107°:2.3%  2ux107%:1.9%  2.6x10°% 4 1.8x107%:3.6m  5.0x1076:9.9% 1.1x1077  18x107%  2.74107!
30 3 22x107°:2.7%  65x10°%:5.3%  1.6x107° 4 1.5x107°%24.02  1.9x10°8+123%  7.9x10°% 11x1070 17107
31 3 13x107%+3.49  87x107s20.0% 51x10°° 5 6o9w107%:89m  17x1077:100.0%  2.3x107% 3.4x1078 511077




Table 15, Activities of various radionuclides in Livermore vegetation samples (uCi/g
dry weight),
Calculated
annual
dose via
direct
Annual tngestion
Radionuclide Maximum  Minimum average (mrem) Critical organ
7 -6 -7 -6 .
Be 8.3 X10 3.7 X 10 2,1X10 0.10 Lower large intestine
40k 2.6%x107% 82x10% 1.8x10% 25 Whole body
9zr 1.7x1077 1.5x10°8 3.5x10°8 0.08  Lower large intestine
103gy 1.8%x1077 1.6x10°% 8.ax1078 0.09  Lower large intestine
137cg 8.8x10°% 1.3x10°% 47x1073 0.08  Whole body
141, 1.5%1077 1.9x10°% 62x1078 0.06  Lower large intestine
144 -7 -8 -8 . .
Ce 8.1 X10 3.0 X 10 2.5 X 10 0.20 Lower large intestine
Table 16. Environmental radiation background exposure rate measurements at

Lawrence Livermore Laboratory perimeters during 1973,

January-March April-June July-September  October-December Annual
Loca- mrem/ mrem/ mrem/ mrem/ mrem/
tion mR/hr quarter mR/hr quarter mR/hr quarter mR/hr quarter year
1 1.2x10°%2 25 9.4x107° 19 6.8x107° 14 -b - 78¢
2 1.3x107% 27 1.0%x107? 21 7.8x10° 18 9.2x10°% 19 a4
3 1.ax10°2 22 9.6%x107° 20 7.8x107° 16 1.1x10°% 22 e1
4 L1x102 22 83x107° 17 66x1070 13 — - 70¢
2 13x107% 27 1.2x10% 25 1.0x1072 21 — - 9gc
6 1.1x1002 22 7.6x100% 15 7x108 16 ssx103 1g 72
7 7.7%10°% 16 8.0x107% 16 b - 8ax10% 18 69°
8 g.ex108 18 sox107% 16 - — 8ax10% 17 68
14 Lex107% 25 1,1x10% 22 1.0x10? 21 10x10°2 21 89
15 1.2x10°2 25 9.6x107° 20 9.0x107% 18 1.3x10°2 27 90
Average 1.1X 1072 22 9.4x1207% 19 s2x10® 17 sax10% 20 80

8Neutron dose measurements (using an integrating rem meter) near Location 5 indicate an
additional annual dese of approximately 250 mrem,

b

— Indicates lost data,

€Projected data from 3 quarters.
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Table 17.

Airborne particulate beta radioactivity at Site 300 during 1973 (uCi/ml).

January-Junc

July-Dec _mber

?ump}linﬁ No. of — — -, F\'o. 0!:. — — - Anmfai LA b
Yocation™ samples Maximum Minimum Average  samples Maximum Minimum Average average RCG
1 33 sax10 e 76v10 ¥ o 23x107' 40 ssx107'ien ix0Miism 31y107M zoxi07! 3
2 31 a7rx10°Me7e aex10 P r1se 21107 g0 72x10Mie ss5x107'¥ iR 29x107H 2531071t 3
3 3¢ gexi0” i 67v10 P r1an r9x10® a4z esxioMisn six1007Pre0n gaxie ' 2s5wi0!t g
4 32 sox10 Migm 75x107 % 18 23x107 a1 67x107¥i6e 53x10 0 redm 3zx107' 2mx107't 3
5 32 46x10 ¥ rom  sox100r2em  19x107M 40 Bax10%i6q 6ax107'0:46m  z1x107' 2s5x107!t 3
6 22 13x107% 19 e8x107 0 s100m 43%107% 20 ax107210% 09x10¥ e grx107! grxi07!? 7
7 510 six10 a3 s7x10 k300 24x10™ 40 7oxw0 it sex10¥reln 34ax107 zexiwoM
8 33 Lox10 ¥ r8e 17,107 100 48x107M 42 24x100% 159, 1ex10 M1 7.2x107M soxi07'
9 29 soxi0 ien  zax10¥isin zzx10® 4z fax107M:i29 soxi07%:100% 33x101% 28x107! 3
10 35 a4x10 o 74v107 ¥ p1an 21x107 42 ssx10Mi7n cox10Pir12n 2z9x1074 2sx107tt
. 1 33 41x107 M ren zav10 ¥ si00n 2ox107 a0 7k ren s8x107 rr00n 23x107M 2oy 07 g
o
? Average 2.6x10" 1 atx107! zaxi07 4

“See Fig. 11 for locations.

b

RCG for airborne gross beta activity = 1.0 X 10~

12



-6E~

Table 18, Results of gamma-ray spectral measurements of Site 300 air filters during 1973 (uCi/ml),

144c, 1, 125, The 1035, 106, 137, 05, 10,

Jan, 153107194 12, —a 1ox10 ¥ 14m vax10 T ram sox107 7 es0m 13107 905 s6x107 8 4m 1s¥10 M0 10e 33010710 23
Feb. 2.4x10 %46 - 29v107 % 10m oax10Me2n saxi07 62 1ex107%en 1ax107PPiam 20x107% sem 3t oe
Mar. 1.1%10 ¥ 5, — 3.5%10 % e sax107 M r2n 32x107 T esem raxi0 a7 rox107'®iam aax10 o0 37r107' 0 2
Apr. 3.4x10 %4 g7, - s.ax107 ' 0:em  1ax107r2n aex107i38n 26%10 0 een 1ax1070i4m sax1077ia8n s7x10 '8k
May 3.2x10" 0459, - £7x10 ¥ 45m  Lavio P2 - 2.6x107 %72 16x%107 % am ssx1071Ti21m gax10 P 1es
June 1.8x107 194 147 - 2.6 x10 81259 1ox107 343 - 16%107 % 25 1ix107 %0 38x107 71 100%  1.0%107 %1 s07
July 2.3x107 %5219 1.6x1071%422% 4210718 24m 1sx107 131 1se sox107 M0 13m 2ox10 i 1av10TP m Lsx10Pr2em 1ox107 P16
Aug. 1.7%10 %5 20m  15x107 %5173 2ax1078430% L1x10 111 2.6x107M% 1% Lax107'Piasm saxa0 e zaxio Pien LoxioT'Pa3in
Sept. g.ax1n 187 s8x107'64129, 127107106 12x107 90 10% 81x107'0:33% s3x107 0 16m x0T Py
Oct. 1.1x10 %20 17x107 Fx15m 991077 4 570 2.9x107 % 107 13x207 % 25m aax107 8 0mm 32v107Per ox107' %207,
Nov. 12x107 %475 18x107'%170  Gax107'7 i 38 Lax1o Pean sax0®iizn ax10 i zax10Bian gaxte e
Dec. 3.3x107%510%  12xi07 % 1ex1071%) 1 2.5x107 % 1 2051078 en ax107ien asyi0tdizm zoaxi0 ' ®i2in
Anmalav 2,1x107'5 <1.2x107% 2.6 10716 a0’ ls 1.7x10718 a.2x1071¢ Ttavig7t? 710718
RCG 2% .10 sy 107? 9% 10710 3u107° 2x 19710 sx 10710 1x10" ax107?

% RCG  1.0x107° -2.5%107° 2.9x10°° 2.5x1073 <4.77107° s.5x107 Lax107# <1.3x107 1.8x107>

2 undetected,

We consider cur detection limit te be veached whenever the 20 error leounting errord is egaal to £160%,
wis limit are reported as undetected (—) and in cither case the annual average is reported a9 < tYe arithmetic average.
radionuclides after June reflects activit- from a Chinese nuclear ¢vent in June 1973,

The increase:

Data with errors exceeding

in fission product
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Table 19. Plutonium and urenium concentrations on air filters from Site 300 during 1973.

Activity (1Ci/mi) Mass (mg/m>)

Month 239, 238, 2385, 230, 235 238 2350’/,238Ub
Jan. 8.0 x 10718 1 79, 1.0 x 10718 ¢ 129, 1.3% 10" tax1079 129, 7.2%x1070 +5%  1.9x 1073
Feb. 1.8 x 10717 s 69 11x10718 L 9.4 x 1072 26x10 0220  16x1077s5n  29x1073
Mar. 1.5%x 10717 169 1.8 x 10718 & 119, 1.2x107! 1.5%10°10 x39,  36x108 130 4.2x1073
Apr. 2.5x 107Y7 117 2.6 x 10718 4 109, 1.0x10°} 4.4x10% 129, 10x1077 s4  s.4x1073
May 2.3%10717 17, 2.9 x 1078 1 107 1.3x 107! 1.5% 1079 £ a9, 43%1077 147 3.5%x 103
June 5.6 X 10717 + 69 3.0x 10718 1 10% 5.4% 1072 7.4x10°1% 227, 17x107 145 s.4x1073
July 1.9%x 10717 £ g9 2.4% 10718 1 129, 1.3x 107! 6.5x10°10 230, 1ix1077 t4n  5.9x 1070
Aug. 6.7x10° % s189  57x1071° 3529 8.5%x 1072 1.2Xx10°" & 2% 3.3x10° 7 £47 3.6x%10°°
Sept. 9.0 x 10718 4 g 8.4x 10719 & 169, 9.3x 1072 13%x10°% tom, 37%1077 £4% 3.5% 107
Oct. tax10 79 taxi07¥ i 9.2 x 1072 9.ax10°0 220, 22x107 7 230, 43x1073
Nov. 6.5% 10 18 3 g, 4.0%x 1071 1199 6.1 1072 4.5x10°0 49, 15x107 250 so0x1070
Dec. T1% 10718 4 3y, 5.5% 107 £ 17% 7.7 x 1072 1.8x10°0 239, gax10 850 29x1077
Annual av 1,7 X 10”47 1.6x 10718 9.4x 1072 7.8 x 10710 2.4x10°7

rcGg® 1.0x10712 1.0 x 10712 1.9 x 1073 1.5% 1072

% RCG 1.7 1070 1.6x 1074 4,1x107° 1.0 x 1073

2Assumes Pu to be in an insoluble form.

2354238y atomic ratio in natural uranium is 7.25 X 1075

o
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Table 20. Concentrations of uranium in Site 300 soils (ug/g of dry soill.

Samplinga Total Total
luca- Depth b Total natural depleted
tion {cm) 23‘:lU 235U 236U 238(_{ 235U[235(j uranium uranium uranium

$-321 0-1 1,08x10°4+89 1.56x107%:29, 6.26x10 0150% 2.22:2% 7.0%x10°% 225520 20825 6.00¥107%: 1007
5-322 0-1 B8.00X10°7+24% 1.21X10°2:3% 3.15%10 2:38% 2.21:4% 5.5X10°° 2,22:14% 1.52:47  7.00>10 ' .17
5-323 0-1 7.89%1070:8% 1.07%107%:2% 1.0BX107°:20% 1.64%3% G6.5X10°5 1.65:3%  1.46:5T  1.8aX10 ' 357

S-324  0-1 7.65X107°:9% 1.22X1072:2% 2.16X107°:15% 2.14£3% 57X107° 2,15+3% 1,58:6% 5.73%10 : 147

5-325 0-1 9,55X10-5t8% 1.41x1o'212% 1.26x10 %120 2.2743% 6.2x107% 2.28:3%  1.88+6 2.03x10° s 26
S-326  0-1 6.43%X107°210% 1.11%x1072+2% 3.6x10°5:119% 2.394% 4.8X107° 2,40+4%  1.28+6%  1.13:11%
s5-327 0-1 1.13x10° %59 2.96x107 229, 4.0x107 3137 150 t 5% 2,0X107% 15057, 5.47497  1,45X10 2:7%
5-328 0-1 1.44x107% 169, 3.12x107 2227 3.45%107%+a%  11,945% 2.6x107° 11,9:5% 1.89:B7  1.00x10' t&”
$-329  0-1 8,73X107°£8% 1.46X1072+2% 3.83X10°°:11% 3.0734% 4.8X10°> 3.08447 1.70:6%  1.36111%
$-330  0-1 9.56X107°%8% 1.40X10°2:2% 1.01X107°+11% 2.19:3%  6.4X10°3 2.20:3% 1,802 6%  3.04¥10 ) :14%
$-331  0-1 1.34x107%:7% 2.03x10 229 1.94x10 21153, 3.28%3% 6.2x107° 3.30:3% 2.71:67 5.85%10° % :26%

-1

33ee Fig. 13 for sample locations within Site 300,
b2:"'5‘U/238(J atom c ratio of natural uranium is 7,25 X 10'3,



Table 21. Gross beta activity in Site 300 water samples (uCi/ml),

JURDEDEESE

No. of Japuary-June No. of _July-December Annual
Location samples Maximum Minimum Average samples Maximum _Miniraum Average average. RCGY
1 6 6.0x10°2 £329. 16x107d t74e 3.9x107° 6 4.9x10%+302 12x107% 2720 37x107? z8x107? 13
2 6 7.56%x10°% 249 s51x10°% 309 6.3x107Y 6 69x107% 262 28x100 2475 s2x10? 58x10% 19
3 6 70x10°% 239 s4x10 e 62x107° 6 7.5x20%224% 28x10% 497 a6x10% sax107? 18
4 6 76x10°% 524% 3.0x10°° £48% 4.6x107° 6 6.4x107%r26n 33x10°% £30% ssx10? 47 <100% 16
5 6 6ax10% 219 s2x10dt370 49x107? 6 81%10°% 2230 37x10°? x390 so9x16? saxiwo? g
s 5 5.4x10°2 £319 3.4x107% 2419 4.4ax107? 6 61x10°% 2270 3o0x102 2360 43x10? saxi0? 1
7 6 6.8x10°% £ 249 47x107° 2349 6.0x107° 6 60x107% 4269 37x100 2395 49x10° s2x10° 17
1 6 L1x10°8 2180 46x10"% taze, 82x107? 6 83x102+219 a9x10 320 sex10® Taxi0? 23
i 1 6 59%x107% £21% 1.8x107°° £625% 4.0x 1070 2 6ax10?t262 asx107? £33 ss5x107? asxt0? 16
L 20 b 2 91%10°% 2209 1.7x107° £1009 57 x107?
kg 21 3 1.ix108 2187 s6x1079 1105 1.0 1078 4 8ax10%s21% 33x10?2380 710x107? ssxi07? oz
25 4 3.9x10°% £34% 1.6x10°° 1009 23x10°% b
: 26 3 9.2%x107 % s18e, saxye? ot toxi0? b

RCG (beta activity) is 3.0 X 10 ° uCi/mi,
No sample taken,
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Table 22,

Tritium in water samples from Site 300 1373.

Cualculated

annual

adult

-De. whole
No. of January - June No. of July-December Annual . body dose

Location szmples Maximum Minimum Average  samples AMaximum Minimum Average average % RL G fmrem)
1 6 2.1x10 %4300 6.2x10°£789% 1ax1e® 5 zoxi10%ras3n 48x1070 15009 13x1078 12x1078 aox107? a8 107
2. 6 8.0x10°8 +10.29, 7.1x10"% £86.4% 2.6x 1078 5 3.5%x10 x221% 14x10 % e636%  21x10°8 2.4x1078 8.0x 10t 961073
3 6 52x10841290 4.9x10" 10007 20x10® 5 1.8x10% rasmr trx 1070 110002 ax107? 1ex1078 53107 6341070
4 6 85x10%:979 58x10%:1000% 3.0x100% 5 7ax10® r108% 1.2x108 6220 28x10°% zoax100® w7yt r2x10?
5 6 83x10°8 £839, 1ax1081455% a2x107f 5 a9x10% 21445 20x10%£388% 36x10°% 39x10% 13x100 151072
3 6  25%10Bs224% 5.5%107%21000% 1.2x10% 5 29xiwfrzsen ezx1w0 ¥ s1000% 17x10°% tax 107 sax107? s6x 07
7 6 91x108rg5n 27x100:250% 49x10® 5 s0x10% 13749 6.8x1070 £100.0% 24x108 3Ex10® 1 3x107d t5xi07?
11 6 13x1077 te5% 6.5x1077£950% 53x107° 5 23x10% #3149 7.8x1070 £100.0% Lax 108 36x108 124107 Laxi10?
14 5 16x1077 7,00 1.1x107 £7.26  1.3X107° 2 1.5%1070 £7.3%  Lix1077 2725 1521077 14x1077 $3x107% 5.2410°2
20 4 12x107s66m 7.8%10%:100% rox107 1 61x108 1309 6.1x1078 £13.0% 617108 94x108 yax100 181072
21 3 6ax10®:1179 33x10%r1men 44x10® 3 ssx10friaan 4010811739 46x108 45x108 1sx10® 181072

25" 4 Bs5xt10%+209 s2x10fi200  e9x10d o

-8, B, e e -8 -8 -4 -2

26 2 18x10®s382e jox10Pier7e 1axi0 0 Lsx107® s6x107t 56410

3RCG (HTO) = 2 x 1073 pCi/m1,
Water source at Location 25 unavailable far sampling after Aprit 1973,
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" able 23. \ctivities of various radionuclides in Site 300 vegetation samnples (uCi/g).
Calculated annual
dose via direct
Annual ingestion
Radionuclide Maximum Minimum average (mrem) Critical organ
7 -6 -7 -6 o

Be 5.5X 10 3.3¥10 2.2X10 0.1 Lower large intestine

40y o%x1p70 1.2x107° 2.3x 1070 33.5 Whole body
95z, 2.4%1077 2.9 x 1078 1.3x1077 0.3 Lower large intestine
103g, 3.0x 1077 2.3 %1078 9.8x 1078 0.1 Lower large intestine

137 1.5x 1077 1.7 x 1078 5.5x 1078 0.1 Whole body
14le, 1.1x107" 1.4x 1078 5.0 x 1078 0.05 Lower large intestine
14 ce 3.3%1077 2.4 %1078 1.5 X 10° 1.2 Lower large intestine

eyt sem i s A e


file:///ctivities
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Table 24. Tritium in vegetation samples from Site 300 1973 (uCi/g).

Calculated

annual

adult

whole
No, of No. of Annual  body dose

Location samples Maximum Minimum Average samples Max.m m Minimum Average average (mrem)
- 1 6 1.2x10%:765% 1L4x1077 £100.0% s.0x1077 6 1.9v10°%£100.0% 7.0x10°% £100.0% 60x107 55x107 83x1070
; 2 6 12x107% 3787 3.0x1077 £100.0% 7.1x10°7 8 3.2x10%+176% zi1x107 £100.0% 1.0x10°® B7x1077 1.3x 1072
. ‘ 3 6  8.5%1077 £63.9% 2.6X 1077 £74.09% 5.1x1077 6 24x10%£355% 26x1077 £87.0% 3.4x1077 6.8x10°7 1.0x10°%
h : a 6 1.3x10°% £37.29 4.7x10°7 £100.0% 7.3x 1077 6 1.7x10C 42057 28x1077 £87.9% 7.7x1077 7.5x1077 11x107¢
i 5 3 11x10°% 27109 40x1077 £100.0% 7.7 x1077 6 10x10%£38.1% 53x10%£10009% 48x107 61x107 v2x10d
— 6 5  1.6x10°4:31.7% 4.2x107% £15.29, 4.2x1079 6 8.4x107%£1.4% 33x10%:7.0% 43x10% 43x100% s5x107}
:!‘ 7 6 9.1%1077 £42.8% 2.4X1077 £99.3% 53X 1077 6 1.3%10%r00%  23x107 £100.0% 2.6x107° 1.5x107% 2.3x107?
’ 8 §  6.3%X1077 £89.1% 23X 1077 £100.0% 4.2% 1077 5 8.6%x10°%£11,5% 1.8x1077 £100.0% 22x10°% 13x10% 20x107%
._l , ° 5 23x10%:18.1% 4.0x1077 £100.6% 1.4x1078 6 1.9x10°6 £14.4% 64ax107 x28.7% 1L1x10% 12x10°% 18x10?
_ 't;‘,, 10 8 1.1%x10°¢ £32.29, 2.6x1077 £+83.5% 6.6x1077 6 2.1x10°% £33.4% 1.4x1077 £100.0% 6.5%x1077 6.6x 1077 1.0x 1072
‘ 1 6  8.9X1077 £70.4% 3.6 x 1077 £100.0% 6.8X 107" 6 3.2x10 %2552 1.5x1077 £100.0% 1.3x107° 9.9x1077 15x107?
- 12 1 15x10% 2029 1.5x10°% 12029 15x107® 6 1.2x1076+61.8% 1.4x1077 £63.8% 50x1077 65x107 9.Bx107

. 13 5 27x10 7 +7767, 7.9x100£45% 7.ax1075 6  2.8x107°4£27%  2.8x1077 +100.0% B8.4x10°° 38x10°° 5.7x10”!




Table 25. Radionuclides observed in milk during 1973 (uCi/ml),

Calculated
annual
adult
radiation
Radio- No. of dose Critical
nuclide samples Maximum Minimum Average (mrem) organ

137 9

cs 12 2.4x107%:35% 1.1x107%:62% 1.6x10°Y 09.5%x107 Whole body

7

3 +54% 1.1X1077 £100% 1.7X10°7 5.2X10°¢ Whole body

H 12 2.5%x1077

40 12 1.3x10%+59% 1.2x10%+5%  1.3x10°6 5.8 Whole body

~-46-



References

P.H. Gudiksen, C.L. Lindeken, C. Gatrousis, and L.R. Anspaugh, Environ-
mental Levels of Radioactivity in the Vicinity of the Lawrence Livermore
Laboratory January Through December 1971, Lawrence Livermore Laboratory,
Rept. UCRL-51242 (1972).

P. H. Gudiksen, C.,L. Lindeken, J.W. Meadows, and K.O. Hamby, Environ-
mental Levels of Radioactivity in the Vicinity of the Lawrence Livermore
Laboratory 18972 Annual Report, Lawrence Livermore Laboratory, Rept.
UCRL-51333 (1973).

Preliminary Safety Analysis Report (PSAR) for Building 332-Increment III,
Lawrence Livermore Laboratory, Rept. UCRL-51436 {Draft Revision 1,

January 18, 1974),

E, P. Hardy and P. W. Krey, "Determining the Accumulated Deposit of Radio-
nuclides by Soil Sampling and Analysis," Proceedings of the Plutonium Symposium
held at LASL August 4-5, 1971, Los Alamos Scientific Laboratory Rept. L4-4756
(1971).

H, A, Wollenberg, H, W. Patterson, A.R. Smith, and L, D. Stephen, "Natural
and Fallout Aciivity in the San Francisco Bay Area," Health Physics 17 (1969),
L.R. Anspaugh, J.J. Koranda, W.L, Robison, and J.R. Martin, The Dose to
Man Via Food Chain Transfer Resulting from Exposure to Tritiated Water Vapor,
Lawrence Livermore Laboratory, Rept. UCRL-73195 (1971).

Agriculture Statistics, 19¢3, United States Department of Agriculture, U.S.
Government Printing Office, Washington, D.C. (1969),

Y.C. Ng, C. Ann Burton, S.E. Thompson, R.K. Tandy, H.K. Kretner, and
M.W. Pratt, Prediction of the Dosage to Man from the Fallout of Nuclear Devices,
1V: Handbook for Estimating the Internal Dose from Radionuclides Released to the

Biosphere, Lawrence Livermore Laboratory, Rept. UCRL-50163 (1968).
W. M. Lowder and H. L. Beck, 'Cosmic-ray Ionization in the Lower Atmosphere,'
J. Geo. Phys., Res. 71, 4611 (1966).

-4 =




Appendizx — Environmental Activity Guide Levels

The Standards for Radiation Protection (AEC Manual Chapter 0524, issued 11/8/68)
state that if there is a mixture in air and water of radionu:lides whose identity and con-
centrati- .s are unknown, the average activity should not exceed the following values:

1. Air {(controlled area) 6 x 10712 uCi/mi
2. Air (uncontrolled ares) 2x 10 ‘4 uci/mi
3, Water (controlled ares) 4% 10”7 uCi/ml
4, Water (uncontrolled area) 3 X 10'8 uCi/ml
2
If it is known that alpha emitters and “27Ac are not present, the following guide
values may be used to determine the permissible average activity:
5. Air (controlled area) 3x 107! ycifml
6. Air (uncontrolled area) 1x 10712 yci/m1
129, 22 228

If it is known that 12°1, 226Ra ang

may be used:

Ra are not present, the following values

7. Water (controlled area) 3 %1078 ;Ci/ml

8. Water (uncuntrolled area) 1% 077 uCi/ml

The air and water samples are subjected to gross alpha and gross beta measure-
ments., The average annual alpha activities may not exceed those listed under points 1
through 4 above, Since the alpha emitters have been accountedfor in the gross alpha
measurements, and the assumption is made that 129I, 227Ac, 226Ra, and 228Ra are
not present in the samples, the annual average gross beta activities of the samples may
not exceed the activities listed under points 5 through 8 above, The assumption that
1291' 227Ac, 226Ra,
in view of the minute quantities of these radionuclides available at the Laboratory. AEC
Manual Chapter 0524 also states that the average tritium activities in off-site water
samples may not exceed 3 X 1073 uCi/mi,

226Ra, and 228Ra activities is made on samples col-

2
and 2“‘BRa are not present in air and water samples is reasonable

Since analysis for 1291,
lected from the Laboratory'!'s sewage effluent at the point of discharge into the Livermore
city sanitary sewer system, the gross alpha and beta activities in the samples collected
from the effluent discharged from the Livermore sewage treatment plant should not
exceed the 1 X 107 uCi/mil listed under point 8 above.

The annual external whole body radiation dose to workers in controlled areas may
not exceed 5 rem; wkile that to an individual in an uncontrolled area may not exceed
500 mrem. An average annual dose of 170 mrem may not be exceeded for a group of

jndividuals in an uncontrolled azrea.

-48-



