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ENVIRONMENTAL MONITORING
AT THE LAWRENCE LIVERMORE LABORATORY
1975 ANNUAL REPORT

Introduction

The Lawrence Lilvermore Laboratory nologies have been established at

(LLL) is located about 64 km (40 mi) Livermore.
east of San Francisco in the Liver- Much of the materials testing and
more Valley in scuthern Alameda County, high-explosive diagnostic work of
approximately 5 km (3 mi) east of the Laboratory is carried on at Site
the city of Livermore, California, 300, about 16 km (10 mi) southeast
The site occupies an area of 2,54 of Livermore. This site, located in
km2 (627 acres, approximately 1 miz). the sparsely populated hills of the
Open agricultural areas surround the Diablo Range, covers an area of 27
Laboratory on the north, east, west, km2 (7000 acres).
and part of the south side. Sandia The Livermore Valley has a cli-
Laboratories — Livermore occupies a mate characterized by mild, rainy
portion of the adjoining property on winters and warm, dry summers. Annual
the south. rainfall averages about 360 mm (14
Established in 1952, the Labora- in.); rains occur predominantly
tory is operated for the Energy between November and April, usually
Research and Development Administra- in connection with Pacific storms.
tion by the University of California Surface water drainage from the
under contract number W-7405-Eng-48 Valley is from east to west through
and currently employs approximately various arroyos, with the outfall

5900 peo:te. Although nuclear weapons near Sunol in the southwestern
research and development has always corner of the valley. Prevailing
been the prime mission of LLL, winds are from the west and south-

additional programs include controlled west during April through September.

thermonuclear research, peaceful uses During the remainder of the year,
of nuclear explosives, biomedical the winds from the east and

studies and laser fusion research. northeast often occur as frequently
Most recently, major programs to as those from the west and south-
develop non-nuclear energy tech- west.,



The Livermnore site is developed
on a northwestrerly sloping alluvial
flocod plain bordering the low hills
of the Livermore Uplands ito the south,.
Lithology of the area consists of a
series of unconsolidated marine and
continental jedimentary units such
as sandstones, gravels, silts, and
clays overlaying the interbedded sand-
stones of the Franciscan Formation.
The hilly terrain surrounding the
Valley is used for cattle and sheep
pasture, Principal agricultural
products in the vicinity of LLL are
grapes and wine, cattle, poultry and
eggs.

Water bodies adjacent to the
Laboratory include the South Bay
Aqueduct, which runs from northeast
to southwest at a closest distance
of 1,8 km (1.1 ml) to the southeast,
the Patterson Pass water treatment
facility about 2 km (1.3 mi) cast of
LLL; and Frick Lake 4 km (2.5 mi)
north of LLL (Frick Lake is dry most
of the year). LLL normally receives
all of its treated water from the
Hetch Hetchy Aqueduct (which supplies
San Francisco), located 11 km (7 mi)
southwest of Livermore. Laboratory
storm water is channeled through
storm sewers designed to accommodate
a ten-year flow. Open ditches are
used in undeveloped areas of the site,
Two atvroyos traverse LLL. Arroyo
Seco crosses at the southwest corner

of the project, and Arroyo Las

-2-

Positas originally crossed the
northeast section of the site, enter-
ing from the east at a point on
Greenville Road between Patterson
Pass Road and Lupin Way. However,

in 1965, as part of an erosion con-
trol program the arroyo was channeled
north to the northeast corner of the
site, and then west along the north
perimeter to an outlet at the north-
wast corner., This outlet, which also
constitutes the principal pathway for
the Laboratory's surface drainage
(storm and irrigation), runs north

in a 5.7 % 10—3 km2 (1.4 acre) ease-
ment zone to the Western Pacific tracts,
then westward where it joins Arroyo
Seco,

The total present population with-
in 80 km (50 mi) of the Laboratory
is approximately &.3 x 106, distri-
buted as indicated in TFig. 1. The
population of the city of Livermore
is approximately 50,000, and the
nearest residential area is 0.8 km
(0.5 mi) from the Laboratory's west
perimeter.

A strict effluent control pro-
gram, which places maximum emphasis
on controlling effluents at the
source, has been 1in continuous
existence within the Laboratory since
it began operation. An environ-
mental surveillance program is con-
ducted to ensure that this control
program is indeed restricting the

release of effluents from the
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Fig. 1, Estimated population distribution within 80 km (50 mi) of TLL. These

figures are rounded to nearest 1000: the total population shown is
4 276 000.

-



Livermore Laboratory and Site 300 to
concentrations well below applicable
standards. This program employs
techniques with sensitivities
usually capable of detecting radio-
active and non-radioactive pollutants

below environmental background levels,

The program includes the collection

and analysis of alr, soil, water, sewer

2ffluent, vegetation, and milk
samples. Environmental background
radiation is measured at mumerous
locations in the vicinity of the
Livermore Laboratory by means of
thermoluminescence dosimeters.
Results of these analyses are
provided in thils report. Appendix A
contains all data in tabular form.
To facilitate interpretation,
graphical presentatlion techniques
have been employed in the body of
the report. When appropriate, the

tabulated data contain maximum,

minimum, and average values. Error
limits, when accompanying these data,
reflect the uncertainties 1in the
analyses at the 957 confidence level.
Unless otherwise stated, the minimum
detection limit of these measure-
ments is assumed to have been
reached when the 20 error is *100%.
In the case of radloactivity, an
attempt has been made to assess the
impact from the observed environ-
mental activity levels of artifi-
clally produced radionuclides by
calculating the whole body or
critical organ doses delivered to an
adult by the various radionuclides
of interest. For proper evaluation,
these radiation doses, which are
typically less than 1 mrem per year,
should be compared with doses of
approximately 100 mrem received
locally each vear from natural

gourced.

Summary

In 1975, the average annual gross
beta activity on air filters was about
half of that observed during 1974.
There were corresponding decreases
in specific fission product radio-
nuclides, reflecting the reduction
in fallout of nuclear debris from
the large-yield Chinese atmospheric
nuclear explosion in 1973,

238U concentrations at Site 300 were

Airborne

higher than those at Laboratory
perimeters because of the use of
"depleted" uranium {(a byproduct of

235U enrichment) at the Site.

These
uranium concentrations were well
below the standards set by ERDA.
So0il samples collected in the
off-site vicinity of the Laboratory
and at Site 300 were analyzed for

plutonium, There were negligible



changes from the levels previously
reported.,

Water samples collected within
the Livermore Valley and Site 300
exhibited normal background gross
beta and tritium activities,

Vegetation samples collected in
areas generally downwind from the
Laboratory contained tritium
activities generally higher than
those cocllected in areas where the
Laboratery's contribution should be
minimal. Tiitium levels in Site 300
vegetation were essentially unchanged
from those observed in 1974.

The median annual gamma radia-
tion dose rate at the Laboratory
perimeter was 62 mrem compared with
59 mrem as the median background
dose rate in the off-site vicinity.
Operation of a 14~-MeV neutron

generator near the south Site perim-

eter continues to be a source of
elevated radiation.

Both Laboratory perimeter and
Site 300 annual average airborne
beryllium concentrations were less
than 0.0G02% of the appropriate
standard.

Releases of heavy metals to the
Livermore sanitary sewer system
conformed to the discharge regula-
tions of the city of Livermore.

No Laboratory effluent resulted
in an estimated radlation dose to the

nearest resident exceeding 1 mrem.

Assessment of the radiation doses to

an individual from the environmental
activities listed in this report
demonstrates that the dose comntribu-
tion from Laboratory operations in
1975 was very small compared with the
approximately 100-mrem/year dose

locally received from natural sources.

Monitoring Data — Collection, Analysis and Evaluation

RADTIOACTIVE MONITORING

Airborne Radioactivity

Concentrations of various air-
borne radionuclides were measured at
Laboratory perimeters, in the off-
site vicinity of the Laboratory and
at Site 300. Sampling locations are
shown in Figs. 2, 3, 4, and 5,
respectively, The six samplers on

the Laboratory perimeter and the ten

22
m

9
(80-in.”) Whatman 41 cellulose filters.

samplers at Site 300 use 5.2 X 10

These samplers are c-arated at an
average flow rate of 700 2/m (25 cfm).
Laboratory perimeter and Site 300 air
filters are also analyzed for beryl-
1ium as part of our nonradiocactive
monitoring program. An easily dis-
solved filter and a low trace metal
background are requirements for these

analyses. Whatman 41 represents a



balance between such requirements

and particulate collection efficiency.l

0ff-site samplers throughout the
Livermore Valley use 4.56 x 10—31112
(7.07—in.2) glass fiber filters
(Flanders F-700) and are operated at
80 2/m (3 cfm).

changed weekly.

All air filters are
Perimeter and Site
300 filters are cut in half, and

half of each filter is retained for

beryllium analysis (see Non-Radio-
active Monitoring).

After a four-day delay for the
decay of radon~thoron daughters,
gross alpha and beta activities on
the filters are determined using an
automatic gas flow proportiomal
counter. Monthly composites aof the
Laboratory perimeter and Site 300

filters are also counted for specific

O Air sampling stations

A Sewage sampling points

D Water sampling paints

O Thermoluminescent dasimeters

3 [ ! .C

Fig, 2.

—f—

LLL on-site environmental sampling locatious.
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Fig. 3.

gamma-emitting radionuclidas by
means of a Ge(Li) detector equipped
with Compton suppression, Following
gamma counting, the wmonthly composite
of the Laboratory perimeter filters
i1s divided according to sampling
locations., These samples and the
Site 300 composite are analyzed for
239Pu 238Pu 905r 235U, and ZBSU.

3 v
Tables 1 and 2 in Appendix A

3

show airborne gross alpha and gross

beta activities on the Livermore

-7~

LLL off-gsite environmental sampling locatioms.

Valley samples, Table 3 shows the
corresponding activities for Site
300.

activity in both Livermore and Site

Average annual gross beta

300 air samples was about half that
observed during 1974,3 reflecting

the reduction in fallout of nuclear
debris which was introduced into the
stratosphere by the large-yield
Chinese atmospheric explosion in 1973,
Figure 6 is a plot of the weekly

average beta activities at the two



Tables 4 and 5 list the

activities of the more abundant

sitas.

gamma—emitting radionuclides which
contribute to the beta activity in
Livermore and Site 300 samples,

Tables 6 and 7 show the concentrations

of airborne 239Pu, 238Pu, 9OSr 235U,

d 238

an U in Livermore perimeter and

Site 300 air samples, The higher

238

concentration of U at Site 300 is

due to the use of "depleted” uranium

(a byproduct of 235

U enrichment) at

190
weaeo H

18 !

the site. As noted, however, the
uranlum concentrations correspond to
less than 0.01% of the Concentration
Guides of ERDAM lhapter 0524. Both
sets of data show plutonium and
strontium levels that are lower than
last year.3 Figure 7, which com-
pares 1974 and 1975 monthly levels
of alrborne 239Pu, shows that the
usual spring peak in fallout

activity is less pronounced in 1975 —

a condition also indicated by the

s

-,O Air sampling stotions
D Water sampling points
O Vegetation sompling areas

»
@
n
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m
-
o
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I
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C
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«
-
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Fig. 4, Alr, water and vegetatioﬁ sampling locations inside Site 300 boundarv.
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relatively constant gross beta
activity.

Although elemental gaseous tri-
tium (HT) may often be present in
the airborne effluent, Laboratory
site boundary measurements are
restricted to those of tritiated
water (HTO) because of 1lts greater
hazard to man.A Airborne tritiated
water (HTO) concentrations were
determined at each of the LLL perim-
eter sampling locations shown in
Fig. 2. Water vapor was collected
on silica gel samplers operated at
about 0,5 &/min for l-week periods.,
The collected water was recovered by

vacuum~drying at 150°C, and the HTO

was measured by liquid scintillation
counting. Table 8 shows maximum,
minimum, and average concentrations
observed at each location. The
average annual concentration for the
set is 4.7 x 1071} yci/ml, which is
the same value observed for the

The highest

HTO concentration was observed at

average during 1974,

Location 2 at the west Site boundary
during the month of November. As
noted, during the late fall and
winter, the winds are from the east
and northeast almost as frequently
as from the west and southwest, the
latter being the prevailing wind

directions in the Livermore Valley.

10-12: |‘Ill‘rT\‘llll‘lll‘i\\\l\‘\‘l\\]\\\lll\‘l!\\l\l]l_
G - ;
< u N
Q B R
3 i 4
I
2073k
2 -

S N
] L
o
@
5
2 _1a — Livermore Valley A
510 F weene Site 300 E
o o ]
o - ]
£ 5 i
Q
O L .
]0'15 e dooa s o e b b b by b g g by b
Jon Feb Mar Apr May June July Aug Sep Oct Nov Dec
1975
Fig., 6. Weekly average gross beta activity on air filters from Livermore

Valley and Site 300 sampling locations.
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It should also be pointed out that
Location 12 shows the highest annual
average concentration, probably
because it is downwind from one
source (gaseous chemistry) in the
winter and downwind f£rom another

(14-MeV neutron generator) during

the other seasons. However, it is
of interest that even the highest
concentration at the Site boundary
4.1 x 10720 uci/ml) is less than
0.3% of the Concentration Guide of
2.0 x 1077 uCi/ml specified by ERDA

Manual Chapter 0524.

30 1 l T

] | | | |
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e
~ 6.0r-
L
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Fig, 7. Concentration of 239Pu in LLL perimeter air filters during 1974 and

1975,
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Radioactivity in Soil

An intensive soll sampling program
in 1971 and 1972 has provided a data
base for the concentration range of
various radionuclides in soils in the
vicinity of the Laboratory and at
Site 300. Since 1972, soil sampling
in the vieinity of LLL and at Site
300 has been part of a continuing
surveillance program to document any
changes in environmental levels of
radioactivity that may have occurred
and to evaluate any increase that
might be due to Laboratory operations.
During 1975, twenty locations in the

vicinity of LLL were resampled.
Fifteen of these locations were
chosen by a random selection process
from the group of over 200 locatioms
that were sampled as part of the
1971~-72 survey.

collected east of Greenville Road at

Five samples were

the same locations that have been
sampled annually since 1973. Figure

8 shows the location of the random
sample group, and Figure 9 shows loca-
tions of the east of Greenville Road
group. Figure 10 indicates the loca-
tions at Site 300 where annual samples

have been collected since 1973.

-12~



All samples were collected to a
depth of 1 cm, and include five
separate 15-cm-diam (6-in.) samples
at each location. All samples were
dried, ground, and blended. For
radiochemical analysis 100-g aliquots

were completely dissolved, and 239Pu

and 238

Pu were determined using
standard radiochemical techniques.

For gamma spectra analysis, approxi-

mately 300-g aliauots of soil were
sealed in 200—cm3, thin-walled
aluminum cans and counted in the Ge(L1)
spectrometer previously referenced.2
The results of the gamma spectra
analysis of the Livermore Valley soil
samples are shown in Table 9. Fig-
ure 11 shows a distribution plot of
239Pu activities in all soil samples

collected in the Livermore Valley

Fig. 9.

-13-

Locations of soll samples collected East of Greenville Road.
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Fig. 10, Locations of soil samples collected inside Site 300 boundary.

.
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during 1975, The six samples with
the highest activities all come from
the same geographical area (Figs. 8
and 9), and as previously reported,5
probably reflect low-level releases
from solar evaporation of liquid
wastes, These operations have been
discontinued, Table 10 compares the
plutonium levels in soil samples from
this area with those collected at

the same locations during 1974. No

significant changes were observed,

“ o ow o # QL 8 8 v “
H

H ; M -

with the exception of Sample 564.

In 1973, the sample collected at

this same location showed a plutonium
content in agreement with the 1975
data. Accordingly, this ancmaly is
being investigated.

High-explosive tests at Site 300
often involve the use of depleted
uranium. Accordingly, soil samples
are taken annually to determine the
extent to which the natural 235U/
238U ratio of the soil is perturbed
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by these operations. To date the
analvses have indicated that isotopic
perturbation is essentially restricted
to areas adjacent to the firing
bunkers.6 A direct measurement of

2
"RU was employed using the 63-keV

transition gamma from 234Th, the first
2
daughter of 3BU.7 Besides providing

essentially a direct measuremeut of

238
U, gamma spectroscopy has the

additional advantage that the 35U and

2
38U data are obtained simultaneously
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Fig. 11. Distribution plot of 239

during 1975.

Pu in soil samples from the Livermore Valley
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with the measurement of other gamma-
emitting radionuclides in soill. The
isotopic uranium deta, shown in
Table 11, are comparable to those
observed during 1974,

137Cs levels are also in the range

Plutonium and

vhich were present in Site 300 soils
in 1974.

Radioactivity in Sewage

Liquid radiocactive wastes are
treated to reduce activity levels to
as low as practicable and well below
standards set by ERDAM Chapter 0524,
Following thils treatment, the liquid
waste is released to the city of
Livermore's saaitary sewer system at
the LLL outfall shown in Fig. 2.

This effluent is continuously
monitored for pH and radicactivity.

The Livermore water reclamation
plant is a 200 %/s (5 000 000 gal/day)
secondary treatment sewage plant
serving the residential, commercial,
and industrial users in Livermore.
Sanitary sewage from LLL contributes
about 13 £/s (300 000 gal/day), which
is about 6% of the total input to
the plant. Sewage entering the plant
flows into the primary settling
tanks where most solids drop out and
grease floats to the surface. Next,
the sewage is pumped over two
trickling filter units where aerobic
bacteria growing on filter rock
oxldize organic matter in the sewage.

The sewage then enters an activated

sludge aeration tank where microbhes
suspended in the sewage further
oxidize organics to purifyv the
waste. After aeration, the sewage
flows to che final sedimentation
tank where the suspended microbes
settle out. The purified sewage 1s
chlorinated to kill pathogenic
bacteria before release from the
plant since the treated waste 1s
used to recharge ground-water sup-
plies, Treated water (the plant
effluent) is used for irrigating the
Livermore Municipal Golf Course,
lawns of the Livermore Airport, and
nearby agricultural land; the exczess
is discharged into Arroyo Las
Positas.

Solids from the settling tanks
are pumped to anaerobic digesters
where bacteria break down the
organics to yield stablized sludge
and methane. This sludge 1is then
pumped into one of two large lagoons.
During the summer, a portion of this
sludge is removed to drying beds.
The dried sludge is primarily used
by the city of Livermore as a soil
conditioner.

Weekly samples are collected
from each digester, the aeration
tank, and the liquid effluent.

Gross alpha and beta activities, as
well as specific alpha-emitting
radionuclides, are measured in
monthly composites of the weekly sam-~

ples to determine if any significant
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buildup of radiocactivity occurs with-
in the plant. 1ln addition, the
activity levels of certain radio-
riuclides in the LLL effluent are
compared with those in the effluent
from the Livermore treatment plunt.,
The data in Tables 12 through 14 are
comparable to those observed in 1974.
These measurements indicate no

buildup of radioactivity within the

plant.

Radiocactivity in Water

Water samples are collected from
various locations in the Livermore
Valley and at Site 300 as shown in
Figs. 2 throurh 5. These samples
are analyzed for gross alpha and
beta activities using a gas propor-
tional counter. There were no samples
with an alpha activity above the
minimum detection limit of 1.2 x 107°
uCi/ml. The gross beta activities
for the Livermore Valley samples are
listed in Table 15, Leocations 11,
16, and 24 are surface sources such
as ponds, creeks, and reservoirs.
Livermore rainfall is sampled at
Location 20, The balance are
domestic water sources. Annual
average gross beta aciivity in Liver~
more waters in 1975 were essentially
unchanged from that observed in 1974,
Gross beta activities in Site 300
water samples are shown in Table 16.
These samples are collected from on-

site wells supplwing Site 300 {Loca-

tions 1 through 7) and nff-site creek
sources (Locations 11 and 14). The
Location 20 represents Site 300
rainwater. Location 21 is a spring-
fed pond near Bunker 812. Annual
average gross heta activity of Site
300 watei during 1975 was also
unchanged from 1974. With the
exception of rainwater and the two
off-site creek sources, the Site 300
samples came primarily from deep wells
and springs.

These samples are also analyzed
for tritium activity. Because of the
lov activities, it was necessary to
distill and electrolytically enrich
the samples prior to liquid scintil-
Tables 17 and 18

show the data for Livermore and Site

lation counting,
300 samples, respectively. Inspec-
tion of the data indicates that the
samples exhibit concentrations that
are well below the recommended

The

tables also include an estimate of

concentration guide value.

the annual dose that may be delivered
to an adulr consuming water contain-
ing the listed tritium concentrations,
The doses, which are rypically less
than 0.1 mrem, are based upon a daily
water consumption of 1 %£/day and the

model of Anspaugh et GZ.S

Radioactivity in Vepgetation

Vepetation samples (usually
native grasses) are collected at

monthly intervals throughcut the
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Livermore Valley, at Site 300, and
in the off-site vicinity of Site 300
at the locations shown in Figs. 3,
4, and 5. These samples are freeze-
dried, and the tritium activity in
the recovered water 1s determined by
liquid scintillatien counting.
Table 19 shows the tritium data on
vegetation collected in the Liver~
more Valley,
doses shown in the table were derived
from the model of Anspaugh et aZ.,S
assuming that the observed
activities were typical of edible
vegetation grown in this area. The
possible doses, which are less than
1 mrem per year, are based upon the
direct daily consumption of 400 g of
vegetation,9 normally 807% water.
Table 20 shows the tritium data
for Site 300. With the exception of
Locations 6 and 13, the tritium
levels of Site 300 vegetation are
lower and show less fluctuation than
de the Livermore Valley samples.
Location 6 is adjacent to an area
containing tritium-contaminated
debris from a firing table. Under
t~e influence of seasonal rains, the
tritium has apparently entered an
aquifer whose outflow is in the area
where Sample 13 is routinely col~

lected.

Radioactivity in Milk

During 1975, milk samples were

obtained at monthly intervals from

The whole-budy radiation

two sources. One was a farm located
on North Livermore Avenue in the
Livermore Valley, and the other was
a dairy located about 10 km south-
west of Tracy ir the San Joaquin
Valley. Before analysis, the

samples are concentrated by means of
freeze~drying and the concentrates

are gamma-counted in a Ge(Li) counting
system. In addition, each sample is
analyzed for tritium activity by
counting the vacuum distilled sample
in a liquid scintillation counting
137Cs, AOK,
and 3H are shown in Table 21, No

system, Activities of
other radionuclides were detected.
Also shown are the calculated annual
adult whole-body or critical organ
radiation dose delivered to man via
the milk pathway. These calculations
are based on a daily intake of 260
g/day and the models previously
referenced. The only dose to an
individuval above 1 mrem is that from

40
naturally occuring K.

Environmental Radiation Measurements

Environmental radiation measure-
ments are made at 12 LLL perimeter
locations shown in Fig. 2 and at 41
off-site locations shown in Fig. 12,
in the vicinity of the Laboratory.
These measurements are obtained with
thermoluminescence dosimeters using
a procedure published elsewhere.10
Exposure periods are three months.

11
Based on past measurements, the
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environmental terrestrial exposure
rates in the Livermore Valley vary
between 3 and 7 uR/hr; cosmic radia-
tion, calculated from the local
elevation and geomagnetic latitude
according to the data of Lowder and
Beck,12 is approximately 4 uR/hr.
Table 22 shows quarterly and annual
doses in millirem derived from the
measured exposure rates at perimeter
locations, Operation of a 14-MeV
neutron generator located adjacent
to the south boundary fence has heen
responsible for elevated dose rates
at Location 5.3’5 During 1975, TLD
measurements were also made at a
point on the Site boundary directly
opposite this facllity since maximum
exposure rates are observed there.
This perimeter monitoring location,
identified in Table 22 as Location
5a, is about 25 m west of Location 5
(see Fig. 2). It has been estimated
that during 1975 the maximum radia-
tion dose to an individual from this
source was less than one-tenth the
radiation protection standard of ERDA
Manual Chapter 0524. Locations 10,
11, and 12 are near a linear acceler-
ator facility. Figure 13 shows an
annual frequency distribution of
environmental dose rates observed at
the 41 off-site locations. The
dosimeters recording the highest
doses (213 and 73 mrem) are near an
off-site industrial plant where

radiography is frequently performed.

The median off-~site dose rate of

59 mrem is comparable to the 66 mrem
observed during 1974. The median
perimeter dose rate was 62 mrem,
compared with 69 mrem observed for
1974. Figure 14 is a dose distribu-
tion plot combining Laboratory
perimeter and off-site measurements.
The six doses above those typical of
environmental background have each
been identified either in Table 22
or 1 “he comments above.

NON-RADIOACTIVE MONITORING

Airborne Beryllium

Beryllium monitoring, both of in-
plant air and at or near the property

boundaries, has always been a part

of the LLL gafety program. Each
35T = M
30— 1
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>
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c
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2
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Annual radiation — mrem

Fig. 13. Annual off-site radiation
background {(mrem) for 1975.
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month half of each LLL perimeter and
Site 300 filter is composited by
sampling location, wet digested, and
the beryllium content of the solu-
tions is determined by atomic absorp-
tion analysis.

Tables 23 and 24 show montkly
average airborne beryllium concentra-

tions for LLL perimeter and Site 300

sampling locations, respectively.
There appears to be no difference
between the levels at Site 300 where
beryllium is frequently expended in
high-explosive experiments and those
observed at Livermore. The concentra-
tions, which are 3 to 4 orders of

magnitude below the emission standard,

can be accounted for by resuspensicn
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Fig. 14, TLD dose distribution plot for LLL perimeter and the Livermore

valley in 1975.
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Fig. 15. Concentration of beryllium in
LLL site perimeter air filters
during 1975.

of surface soil containing naturally
occurring beryllium. Local soils
contain approximately 1 ppm of beryl-
lium. Livermore's air typically
contains 10-100 ug of particulates
per cubic metre. Using a value of
50 ug/m3 for an average dust load
and 1 ppm for the beryllium content
of this dust would give an airborne
beryllium concentration of 5,0 X 10_5
Ug/mS, in agreement with the data in
the tables. These concentrations
are highest during the dry dusty

summers as shown in Figs. 15 and 16.

Heavy Metals Released to
Livermore Sanitary Sewer

As noted in the previous section,
sanitary sewage from the Laboratory

is treated at the Livermore Municipal
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Fig. 16, Concentration of beryllium

in Site 300 air filters
during 1975.

Water Reclamation Plant, a 200 %/sec
(5 000 000 gal/day) secondary treat-
ment sewage plant serving the
residential, commercial, and in-
dustrial users in Livermore. The
LLL sewage effluent is continuously
monitored for pH and radioactivity
prior to entering the Livermo:ce

system.13

In addition, composites

of sewage representative of daily flow
are collected and analyzed for

copper and chromium using atomic
absorption analyses, These daily
samples are also composited on a
weekly basis and analyzed for the
balance of metals shown in Table 25.
The data in this table, however,
represent monthly averages based on
such weekly measurements. These

concentrations meet the requirements
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for discharges of industrial wastes
specified by the city of Livermore

(see Appendix B).

Physical and Chemical. Analvsis of
LLL and Site 300 Sewage

A 24-hr cample of Laboratory
sewage effluent 1s collected at
quarterly intervals throughout the
year. These samples are subjected
tc a variety of analyses including
biochemical oxygen demand, ammonia,
nitrate, total nitrogen content,

Table
26 shows typical data for 1975 which

alkalinity and total solids.

are well below the discharge require-
ments of the Livermore City Code
Section 18,63 (see Appendix B).

Table 27 shows results obtained on
similar quarterly samples collected
from the sewage settiing pond at
Site 300.

Noise Pollution

As noted elsewhere in this report,
the Laboratory's high-explosive
diagnostic work 1s carried out at
Site 300. Because of the remoteness
of this site, these experiments can
be performed with minimal off-site
impact from annoying noises or
damaging overpressures. Based on
meteorological measurements made
twice daily, a "imit 1s set on the
weight of high explosives that can
be detonated without impact in

populated areas. To monitor the

correctness of these limits, four
microbarograph sensors are maintained
in or near Tracy. The probability
of overpressure is greatest in this
area because of the directlon of the
prevailing winds. Microbarograph
data indicate no excessive over-
pressures during 1975. Also, there
were no complaints of damage or
noise irritation during the past
year. Indeed, there have been no
complaints since the high-explosive
welght limit program was formalized

in 1966,

Pesticide Monitoring

Our nonradioactive environmental
surveillance program was expanded in
1975 to include pesticide monitoring.
At Livermore, pesticide use includes
herbicides, fungicides and insecti-
cldes, and while a wide variety of
these materials is employed, none has
shown a regular pattern of heavy use.

The most probable way pesticides
used at LLL could be transported to
the off-site envirvnment is via
entrainment in surface run-~off water.
Most of this surface drainage leaves
the Site in a ditch at the northwest
corner of the property. Quarterly
samples have been collected from
this ditch at the Site boundary.
During the winter and spring, run-off
water samples were obtailned; during
the summer and fall the samples

consisted of drainage sediments.
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Samples were extracted with hex-
ane and ether and the extracts were
analyzed in a Finnigan 3000 D gas
chromatograph/mass spectrometer.
Data obtained were compared with
those from pesticides known to have
been used at LLL, which included
Bromacil, Carbaryl, Chlordane,
Dicofol, Diuron, Folpet, Malathion
and 2,4-D, Samples collected during
1975 showed no residues of pesticides
exceeding the limits of detection.
Details of the analytical technique
have been published.lA

ENVIRONMENTAL IMPACT OF
LLL EFFLUENTS

Radioactive Alrborne Effluents

During 1975, radioactive air-
borne effluents consisted of an
astimated 600 Ci of AlAr from
Building 281 (reactor): combined
tritium releases from Buildings 212
(14~MeV neutron generator) and 331
(gaseous chemistry) totaled 3380 Ci,
and a total of approximately 1200 Ci
of 1502—13)12 was released from
Building 194 (electron-positron
With the
exception of tritium, all these

linear accelerator).

radionuclides are short-lived. Com~
parative releases in 1974 were 700
ci of “YAr, 1900 ¢i of tritium, and
1300 C1i of 15O2 —13N2. Except for
tritium, the levels of radiloactive

alrborne effluents during 1975 are

essentially the same as those
observed during 1974. Increased
operations at the l4-MeV neutron
generator is partly rvesponsible for
the additional release of tritium in
1975, However, improved sensitivity
in stack monitoring at the Caseous
Chemistry facllity is responsible

for most of the increase reported.
Table 28 contains estimates of the
radiation dose to the public from
Laboratory airborne effluents,
indicating that the total dose to the
nearest resident from these effluents
is less than 1 mrem. The following
three dose reference points were
employed: (1) the "fence post" dose
at the location on the Site boundary
where the maximum exposure rates

exist, (2) the dose to rearest resident
and (3) the man-rem dose within a
radius of 80 km (50 mi). Dose cal-
culations are based on the use of a
continuous point source computer
code.l5 This code provides estimates
of concentration at distances
between 0.1 and 100 km from the point
of release. The code is based upon
meteorologically typical data de-
rived from wind direction, speed,
and variability observations taken
at 1/2~hr intervals. Concentration
contour plots are provided at various
probability levels. Source terms
for those calculations were based on
data from continuously operating

stack monitoring equipment. Tritium
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doses are conservative, since it is west., During the wet season, the

assumed that all tritium is in the winds tend to be reversed. Since

form of tritiated water. The dif- population is not distributed uniformly,
ference in man-rem doses between wet there are accompanying seasonal man-rem
and dry seasons is due to difference dose differences.

in prevailing wind direction during

these periods and is not related to Radioactive Liquid Effluents
"rainout." At Livermore, the wet Except for low-level radioactive
season normally extends from liquid wastes which are discharged
November through April. Figure 17 to the Livermore sanitary sewers,
shows that the annual average winds LLL does not release radioactive

are predominantly from the south- liquids to the environment., During

—

Wiind rose shows relative freguency of wind
direction (by the length of the line } obtained
from tne tabulated onnual data below

Frequency of Vind In Percent for Livermore ~ 1971

Mo N NNE NE ENE 3 ESE  SE ISE 5 S5V SV wsw W WNW NV NNW Calm
Jan 2.7 2.2 7.2 2.4 V7.8 6.8 6.2 2.2 29 3.8 49 7.0 97 7.6 2.0 2.6 1.3
Feb 2.2 2.5 6.9 129 148 7.2 51 2.8 3.5 3.0 &% B0 1.2 B85 3.& 2.0 1.4
Mar 2.1 2.2 6.4 123 135 6.9 49 2.7 3.3 2.6 46 105 2.2 9. 3N 1.8 1.7
April 2.1 2.3 4.6 8.7 9.4 5.1 3.2 2,1 3.0 4.3 10.8 W ! 139 7.4 2.2 1.8 2.3
May 22 1.9 3.8 65 7.0 4.0 2.4 1.7 2.4 4.7 153 17.7 167 6.0 1.9 1.9 3.8
June 20 1.7 3.4 5.6 6.2 3.5 2.1 1.4 2.2 4.6 16.5 198 17.7 5.4 1.7 1.6 3.9
July 1.7 1.4 2.8 &6 51 2.9 1.8 1.3 2.0 53 195 22.9 17.2 3.6 L4 1.4 40
Aug V.6 1.4 2,7 45 5.0 2.8 1.7 1.3 2.0 53 19.8 23.5 17.0 4.5 1.4 1.4 4.
Sept 1.9 1.4 2.5 a0 4.4 2.5 1.6 1.3 2.2 5.4 210 233 17,3 47 1.4 1.2 3.7
Qct 2.4 1.6 2.7 a4 45 2.7 V.6 4.3 2.2 5.7 206 2225 163 4.6 1.5 2.2 3.5
Nov 26 2.5 3.4 45 4.9 2.7 1.9 1.9 2.6 5.4 19.2 205 155 4.7 2.0 2.3 3.3
Dec 2.8 3.0 3.9 4.6 53 3.0 2.6 2.2 2.7 5.0 37.7 9.2 153 4.8 2.4 2.4 3.0
23:;’:;'__ 2.2 2.0 42 7.0 82 42 2.9 1.8 2.7 4.7 146 7.6 150 6.0 2.0 1.9 3.0

Fig. 17, Typical annual average wind pattern for Livermore (LLL data — 1971).
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1975, the principal radionuclides

released to the sewer were 2.1 X 10_&

ci 239Pu and 38 Ci of HTO, Table 14

shows the concentration of these

radionuclides in the treated

effiluent from the Livermore Water

Reclamation Plant to be 9.8 X 10_11
. -6 239

and 9,3 x 10 = uCi/ml for

Pu and
HTO, respectively. These concratra-

AZ and 0.3%
of the ERDAM Chapter 0524 drinking
water standard for 239Pu and HTO,

In addition, during

1975 the averapge annual gross beta

tions represent 3.3 x 10~

respectively,

activity of the LLL sewage effluent

was 1.9 x 1078 uCi/ml. It is assumed
that this activity is due to beta-
gamma emitters, which are released

to the sewer system in accordance
with ERDAM Chapter 0524. Analysis
of samples collected at the point of

discharge show the presence of

13405‘ 137Cs, GSZn, 56Mn, 60Co, 952r,

i
Biw, 125gb, ana 1.

Even 1if any
of these radionuclides were assumed
to be the sole source of the 1.9

x 10_8 uci/ml, Table 29 shows that
none would account for over 0.3%

of the CG of E'

0524,

« Manual Chapter
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Table 1. Gross alpha activity in air filters in the Livermore Valley during 1975 (uCi/m1).

No. of January-June No. aof July-Duecember Annual z b
Location samplea Max lmym Minimum Average samp ies Max imum Minimum Average Average cG
12 25 1.6 E-15 ¢ 371 2.4 E - 16 + 1002 417 E - 16 27 "20E-15¢32r 2.6 E-16 ) J00X b.HE - 10 5.8 E - 16 ¢ 622° 2.8
2 25 2,1 E=-15" 347 2.6 E~- 16 ¥ 1002 5.6 K - 16 27 2.1 E - 151 542 2,2 E- 16 ' 3002 7.7 E - 16 6.6 E -~ 16 ¢+ 707 1.3
3 18 1.8 E-15* 412 2.4 E - 16 ¢+ 100%Z 8,5 £ - 16 24 2.6 E-15 432 3.9 E - 16 * 202 7.1 E-1b 7.8 - 16 r 532 1.9
3 23 4,2 E=-15¢ 29 7.0 E- 17+ 160r 1,2 E - 15 23 2.5 € ~15 ¢+ 35 3.9 E- 16 * 1002 1.0E -5 1.1 E~ 15 ¢ 61% 5.5
5 22 2,2 E-195¢ 382 4.0 E - 17 ¢ 1002 9.3 E - 16 25 3.6 E~ 15 ¢ 362 3.9 E~- 16 » 100X 9.5 L - 16 9.4 E - 16 * 53% 4.7
6 23 1.8 E~- 15 * 412 4.0E - 17 ¢« 1007 7.8¢ - 1b 16 1.7 E~ 15 ¢ 392 4.2 FE - 16 ¢+ 1002 7.5 E - 16 7.6 E - 16 ¢ 53% 3.8
7 23 2.3 E~-15* 3972 H.OF - 17 ¢ 1007 B0 E - 16 25 2,0E -~ 157+ 1BY 3.9 E - 16 * 1001 9.0 E - 16 8,5 E- 16 2 512 4.3
8 20 40 E~ 15 UY S0 E - 17 1007 1.2 E - 25 26 1.9 E- 15+ 382 3.9 E- 16 ' 002 9.2 E- Ib 1.0 E - 151 79% 5.0
9 17 1.7E-15* 4612 50K ~17 1002 7.8E -~ 16 22 2,0 F -15+* 372 3.9E - 16 1007 B.7E- 16 8.3 E - 16 ¢ 492 4.2
10 20 2.1 E =15 r 402 2.9 E - 16 + 1002 7.0 F - 16 27 9.3 E -~ 16 68Y 2.9 E - 16 1001 HAOE-16 6.5E- 16 56% 3.3
1 22 2.9 E~-15¢ b4X 8.0 E~- 17 ' 1002 6.9 E ~ 16 24 1.4 E~ 15+ 501 3,9 £ - 16 ¢ 1002 9.3 E - 16 8.1 E -~ 16 ¢ 42 4.1
12 25 1.BE- 152 38F 2.7 E~ 16+ 1002 7.1 E~1b 27 1.6 E~ 15+ 43% 2.9 FE ~ 16 ¢ 1002 7.0E - 16 7.1 E - 16 * 542 1.6
13 25 2.2 E~15* 327 2.4 E-16 ¢ 1002 5.3 E - 16 24 1.3 E- 15+« 422 2.6 £~ 16 ¢ 109% 4.7 E -~ 16 5.0 E - 16 * 68 2.5
14 25 29 E-152 30 2.6 E- 6! 1002 7.2 k- 6 27 1.6 E - 15402 2.6 E - 16 ¢ 100 6.7 E - 16 7.0 FE ~ 16 + 692 3.5
15 25 L.BE-15¢* 362 2.5E - 16 ¢ 1002 5.7 k ~ 16 27 lar E- 15+ 4B%2 2.BE - 16 ¢ 1002 5.7 E - 16 5.7 E - 16 * 51% 2.9
16 20 4.5 E - 15+ 302 2,8 E-16 ¢ 100% 1,2 F ~ 15 2% 5.7 E-159+ 4Y. 2.HE - 16 ¢ 2002 1.2 E - 15 1.2 E - 15+ 992 6.0
d

7.9 E ~ 16 ¢ 25%

I50e Figures 2 and 3 for sampling locations.
bConccn:ratian Guide for groas alpha in air {s 2.0 E - 14 uCi/ml.
®In all tables these limits represent the range of the data on which the average is based.

dIn all tables these limies represent the range of the averages un which this average is based.
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Table 2. Gross beta activity in nir filters in the Livermore Valley during 1975 (::Ci/ml).

No. of January-Juits e Naomt et S Annual o
Location Samples Max{imum Min lmam Averape Samplus Maximurm Average Average co
1?2 25 2,0 E - 13 - 3. 1.8 E - 14 -+ 92 8.5 E - 14 27 9.1 K- ja 0 R G5 F - 15 - 317 2LUE - 14 G.4 B - 14 0 760 S
2 25 1.9 £ -« 1 - 37 1.9 E - 14 *+ B% 9.4 F - 14 27 3.6 L - j& - R B b 120 O B A .90 - 14 ¢ w81 5.9
3 18 9.1 E - 14 # 5% 2.7 E - 14 ¢ 9% b.4 K ~ 14 24 3.9 E - 14 - EEE TR [ M .1 F - la .20~ 14 082 .
4 23 2.5 E~ 13« 3 1.0 £ ~ 14 * &Y 1.2 E - 113 F2A R.AFE - 14 - -1t J.ep - 14 T.9OE - 18 - o09n 700
5 22 2.0 E - 13 » 42 7.2 E - 15 ¢ 9% 8.9 £ - 14 25 5.0 17 - 14 i A O LOE - 14 9 OFE - 14 0 83T 5.9
& 23 1.5 E- 13 2 4% S.LE - 15 © 6% b.h E - 14 17 5.6 E - 140 7 DA SR E A - 14 4.9 E - 14 * 61T 4.9
7 23 1.BE - 13 ¢ 4% 6.8 E - 15 * 5% 7.1 E - 14 25 a9 FE - 14 7 HERTS S 117 2.3k - 14 ~.8 E - 14 * bn" 4.4
8 20 1.9 E ~ 13 ¢ 4 6.5 E - i5 ¢ 6% 7.4 FE - 14 25 3.1 E - 14 - 77 1.4 5% - 1. 107 A R L 5.1 E - 14 ¢ nd ~a1
9 17 1.9 E ~ 13 ¢ &% 7.7 E -~ 15 ¢ 5% 7.4 £ - 14 23 5.7 E - 14 h* KR D TR U 2.9 1 - le Y2 E - 14 0t oe5k 5.2
10 20 1.9 E- 13+ 32 1.7 E - 14 ¢ 92 8.6 E - 14 27 B.5 K - 1% - 8T IR A A b | R L 5.4 E - 1% 0 BFL 5.4
11 22 1.4 E - 13 ¢ 42 5.LE - 15 52 6.8 E ~ 14 24 4.3 L - 14 7% 1.4 k- 14 0y - 14 A.BE -~ 14 * 3B% 4.8
12 25 1.5 E - 13 ¢ 4 2.4 E - L4 BX 9.6 F - 14 27 6.5 £ - 14 - b7 1-0E - e ¢ 127 - 14 6.1 E - 14 * n9. 6.1
13 25 1.4 E- 13+ 32 1.7E- 14+ 9% 8.4 % - 14 24 49 E - 16 - o B E - 15 ¢ 11 - 1e O RN TR & A P
14 25 2.0 E- 13+ 4% 2.0 E - 14 ¢ 92 9.4 L - {4 27 5.9 E - 14 7 L B S R O 2.1 - 14 S.EE - 14 ¢ 24E 5.8
15 25 2.0E - 1337 19E- 1+ 92 8.7 E - la 27 45 E~ 164 67 AOE-15 - 12 L F - 14 5.4 E - 140 253 5.9
16 20 2,0 E~- 13+ 32 1.0 E - 14 ¢ 182 9.2 € - 14 25 5.3 E- 14 92 9.1 E - 15 » 11”7 1.9 F - 14 5.3 E - 14 ¢ B2T 5.9
Annual average 5.5 E - 14 ¢ 137 %.5

25ee Flgures 2 and 3 for sampling locations.
hCnncenl’.r:.itim-n Guide for gross beta in alr is 1.0 E - 12 uCi/ml.
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in air filters at Site 300 during 1975

(uCifml).

Table 3. Gross alpha and gross beta activities
Gross Alpha Activity CGross Beta Activity _
No. of Annual b Annual
Leeation  Samples Maximum Min!lmoum Average xCG Maximum Minimum Average xCG
1? 04 1.9 E~- 15 + 37% 8.0 E - 17 + 100% 6.7 E -~ 16 ¢ 64% 3.4 3.2 E 13 3% 1.0 E 14 pra 7.0 E 14 * BOZL 7.0
2 49 3.2 E- 15 % 552 2.2 E- 16t 100% 6.2 E- 16 ¢ 752 3.1 2,5 E 13 3% 1.1 E 14 4% 7.4 E 14 2 692 7.4
3 50 3.5E~ 154 34 1.7 E- 16 +100% 5.8E - 16+ 88 2.9 1,7 E-13 ¢ 3% 9.3E- 152107 5.8 E ~ 14 t 66Z 5.8
4 45 1.8E~-15¢* 392 2.0E- 16 ¢t 100, 6.8 E- 16 ! 517 3.u 4.1 E-13+ 2% 1.7E - 14 A% 8.0 E - 14 + BB% 8.0
S 48 1.6 E - 15 ¢ 512 1.8 E- 16 * 1002 7,0 E - 16 ! 54%2 3.5 1.7E-13* 37 9,5E - 15 ¢ 11Z 6.5 E - 14 ¢ 60% 6.5
7 50 1,5E - 15+ 412 2.0E - 16 ¢ 1008 6.5E - 16 ¢ 59¢ 3.3 1.8 E-13+*32 9.9 E-15*11% 6.BE- 14 * 672 6.8
8 49 2,5E - 15 £ 327 2.3 E - 16 * 100% 6.9 E - 16 * 572 3.5 2.4 E 13 3% 8.8 E 15 127 8.9 E 14 + 822 8.9
9 50 1.1 E ~ 15 * 447 2.6 E~- 16 * 612 5.5 E - 16 * 42% 2.8 1.9 E 13 3 7.9 E 15 13% 6.0 E 14 * 697 6.0
10 41 5.9 E ~ 15 & 32% 1.6 E - 16 * 100% 8.1 E- 16 * 100% 4.1 20E 13 2% 1.1 E 14 127 7.5 E 14 £ 73% 7.5
11 47 1.5 E- 15 * 39% 1.5 E - 16 t 100% 6.0 E - 16 * 66% 3.0 2.0E 13 2% 2.9 E 15 17% 6.8 E 14 * 68% 6.8
6,6 E - 16 + 11% 7.1 E 14 * 13Z

Annual average

35ee Fipgure 4 for sampling locations.

2

anncentration Guide for gross alpha in air is 2.0 E - 14 pci/ml

SConcentration Guide for gross beta in air is 1.0 E - 12 uci/ml.
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Table 4. Results of gamma-ray spectral measurements of (LLL) perimeter air filters during 1975 (uCi/ml).
)

Month Labee 1le, 13, 7he 103, 106y,
Jan 1.8 E- 14 =+ 5% 2.9 E =15t h. 4.8 E - 16 + 137 1.1 E- 13+ 2% 4,8 E ~ 15 » 4% 8.5 E ~ 1yt 73
Feb 2,5 E - 14 = 32 2.3 E - 15 2 9% 1.3 E~- 15 ¢ 13% 1.1k - 13+ 3% 4B E - 15 ¢ 5% LL3IE -1+ 47
Mar 2,5 E - 14 + 2 1.5 E - 15 * 152 1.5 E - 15 + 112 9.1 E~ 14 % 3% LL3E - 15 ¢+ 8% TWVIE =~ 04 0 4%
Apr 2,7E - 14 * 82 8.5 E - 16 ¢ §53% 1.7 E - 15 ¢ 8% 1.1 E=- 13+ 32 2,3 E - 15 - WX 1,5 E ~ 14 ¢ 3%
May 2,7 E - 14 47 5.4 E - 16 ¢ 17% 1,9 E - 15 ¢ 87 1.4 E =13 + 2% 1.6 E -~ 15 ¢ 9% 1,6 E ~ 14 + 32
June 1.5 E - 14 * 3% 2.0 E - 16 ¢ 30% 1,1 E~ 15 % 9% 1.1 E - 13 ¢ 2% 5,4 E -~ 16 + 17% 8,5 f - 15 » 4%
July 5.8 E- 15 5% <l.0 E - 17 £ 1002 4.5 E- 16 t 13% 7.0 E - 14 ¢ 22 1,1 E - 16 ¢+ 59 33 8 - 15 » 9%
Ang 3,6 E- 15 ¢ 72 <1.0 E - 17 £ 1002 2,7 E~ 16 £ 19% 8,0F - 14 * 2% S, JE-17 ¢ 3] 20k - 15 ¢
Sept 3.0 E~- 15+ 10X <l.0 E - 17 ¢ 100% 2.6 E~- 16 ¢ 20% 1,3 E - 13 - 2% 3,0 E - 17+ 96% -1 WRE - 16 s 70 3.0 E - 16 ¢ 6% .1 B It 4t
oce 1.4 E - 195 * 14% <1.D E - 17 & 1002 1.1 E - 16 & 252 1.0E - 13 + 22 <10 E - 17 + 1005 424 - 16 JUHE - 16 - 1) oy L= 16 ¢ A% 2.3 E 15 492"
Nov 9.8 E~- 16 + 14X <1.0 E - 17 * 100% 8.2 F - 17 & 282 7.8 E - 14+ 2% “1,0 E = 17 + 100% 5,8 F - lo - 16+ 8 b - 17 % 270 1.3 E it e
Dec 1.3 E=-15+17% <1.0 E ~ 17 ¢+ 1007 1.4 E - 16 ¢ 38% L1E - 13 2% <1, E - 17 ¢ 1002 7.6 £ - 16 ¢ 14% IS E - 16 ¢+ 122 KV E - 17 1 393 2B E in 99
AI;:;':I 1.3 E - 14 £ 872 <7.0 E - 16 * 100% 8.1 E- 16 ¢ 837 1.0 E =13+ 20% <1,5E - 15 ¢ 100% 6.9 FE - 15 ¢ BEL PO E - 15 ¢ 797 5.8 E - 15+ U0k <a.l R in 95
cc 2.0E - 10 5.0 E-09 3.0 E - 10 4,0 E - 08 3.ac-09 2,0 E -~ 10 5.0 E - 10 4.0 E )
xcC 6.5 E ~ 03 1.4 E - 05 9,0 E - 05 2.5 E - 04 5.0 - 05 3.5 E - D3 3.2 E - 04 +.3 E 03

Table 5. Results of gamma-ray spectral measurements of Site 300 air filters during 1975 (uCi/ml).
Month l“'cg llull:E 125,“’ 7En [()J“u lL'll.vnu 11rm 95,“_ A(IR
Jan 1.7TE=- 14 ¢ 3% 3.0 E-15 % L1z 9.1 E- 16t 102 1.0 E - 13 £ 2% 4,8 E -~ 15 ¢ 5% H.3E ~ 15 4 1.6 E - 15+ aX 1.4 E - 14 L.t E it a7
Feb 2,3E- 146 ¢ 32 2,1 E~-15¢+ 7% 1.3E -~ 15 2 8% 1.1 E=-13+¢2% 4,5 E - 15 &£ 3% 1.2 E~14 ¢ 37 2.3 E =15+ 1. - 15 & 30 1.6 F 1t 1007
Mar 4.1 E 14 & 31 2,3 E~ 15 % 8% 2.4 E - 15 *+ 62 1.7 E- 131 2 5.4 E - 15 * 42 2FE -~ 14 ¢ 2% 4.7 E - 15+ - 14 ¢« 3% 3.1 E 16 a1
Apr 2.3 E - l& * 42 7.4 E~ 16 t 11 1.5E - 15 + 72 3.9 E - B4 ¢ 22 1,9 E~- 15 7o 1.3 6~ 14 ¢ 37 2,4FE - 15 - 15 1 1.4 F oo ow2u
May 3.1 E- 14 t 6Z 6.3 E - 16 * 102 2,2 E~- 151 62 1.6 £ - 13 ¢+ 2% 1.6 E - 15 + HI 1.7 E ~ 14 2 4.1 F - 15 ¢ - 15 ¢ 2.9 F in 0%
June 1.8 E - 16 ¢ 32 2.2 E - 16 * 232 1.3 E~ 15 ¢ 72 1.6 E - 13 ¢ 27 6.3 E - 16 ¢ 12% 1LWE ~ 14 2.7E - 15+ R IR “.8 F o A
July 7.7 E-15¢ 2% 1.1 E - 17 * 922 6.4 E - 16 ! 97 1.2 £ - 13 ¢ 2% 1.BE - 1h + 6% 4.2 8~ 15 ¢ 1.3 E-15* 5% 1.4 E ~ 15 + 5% 2B E 16 v Gl
Aug 5.2 E - 15 ¢ 60X <1.0 E -~ 17 + 10n2 4.6 E -0 2 11Z Wy E - 13 ¢ 2% L.OFE - 16 » 51% 2,9 F ~ 15 ¢ 9.8 E - 1b 2 5% 7.2 E - 16 ¢ BY 3.1 E 16 Hy.
Sept 3.4 E - 15 ¢ 6% <1,0 E ~ 17 ! 1007 3.0 E ~ 16 ¢ 187 1.9E- 13 ¢ 22 2,8 E - 17 ¢ 65% 2.0F ~ 15 ¢ G.7 E - 1A 5% 37 -6 ¢ 1T 3.3 10 41
Uct 1.9 E - 15 ¢ 8% “<L.0 E ~ 17 & 1007 1.BE - 16 & 127 1.4 E~13 ¢ 2% 1.1 E ~ 17 ¢ 997 LI E=-15¢ JLYE - 1h ¢ 4G L KL V4 3.6 E 16 127
Nov 1.1 E~ 15 ¢ 10X <1.0 E - 17 ¢ tunr B.7 E - 17 2 232 A1 FE - 146 ¢ 22 “1.0 E - 17 « 100% 6.3 F = jo ! 2.5 E - fb ¢+ 7L t18% .6 E 16 qaa,
Dec 1.6 E - 15 10% <1.0 E ~ 17 * 1007 1.7E =16 ¢ 212 L3 E-13 ¢+ 2% <1.,0 E - 17 * 1007 8,7 E - 16 * 4.1 E - 1h 2 7% y 22 16 a8L
"‘:::“ 1A E=- 142 91X <ISE-162 1002 9.5E- 162 832 I3 8- L3225 ~[,6E~154 10028 7,86 - 15 ¢ 892 1.8 L = 15 » 780 8.3 E - 15 0 10DY 2.7 E - 1h # 407
[«8) 2.0 E - 10 5.0 E - 09 9.0 E - 10 4,0 | - 08 3.0E ~ 0y 2D E - 10 5.0 E - 10 1.0 E -0y 4.0 E 0y
zee 7.0 E - 0} 1.5 E ~ 05 1.1 E - D4 3301 ~ 04 5,3 - 05 JLYE -] J.0E - 04 6.3 E - 04 0.8 F b
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and uranium in air at LLL perimeter

location during 1975.

Table 6. Plutonium, strontium,
Activiey (uCifmi) Activiey (uCi/m)) Mass (ug/m’)
Month Location® Z39Pub 23Bl’u 238Pu/239Pu 9 Sr 239Pu/905r =y 238U 235U/238Ug
Jan 1 20E-17+11% 1.4 E-184+292 7.0E~-02 1.2E-15420% 1.7E-02 1.1E-07 2% 1.7E-05%3% 65E-03
2 1.8 E-17 +12% 1.1 E-18* 352 6.1E-02 1.3E- 15t 247 2.4 E-02 1.5E-07%2% 23E-052%3% 6.5E-0]
12 2,3E~17*12% 1.4 E-18:37% 6.1E-02 25E-15¢%18% 9.2E-03 3.0E-07*2X 5.0E-051232 AOE-O03
13 I.8E-17%11Z 8.1 E- 19+ 398 4.5E-02 1.5E-15*+ 26% 1.2 E-02 1.6 E-07 £ 2% 2.2LC~-05%3% 7.3E-03
14 21E-17+11% 1,3E- 18+ 36X 6.2E-02 2.5E-152%14% B.4E-03 1.9E-07:27 2.7E-05¢%3% 7.0E-03
15 2.2E-17+13% 1.4E-~1B* 612 6,4E-02 20E~-15+16% 1.1 E-02 1.3E-07*2% 1.8£-05¢%3% 7.2E-03
Feb 1 3.0E~174+9 30E-13+100% 1.0E-02 3.1E-15%14% 1.0E-02 1.3E-07*272 20E-05z3 65E-D03
2 30E-17+92Z 6.1 E-19*40% 20E-02 3.3E-15+17Z 9.1 E-03 1.7E-07 2% 26E-054%3% 6.5L~03
12 25E-17*10f 6.1 E-19 % 457 2.4 LC-02 1.9E-15%17% 1.3 E-02 2.3E-07*2% 3.6 E-05:3% 6.4E-~03
13 2. E~17%+9%2 84 E-19*37% 35E-02 2.3E-15%14% 1.0E-02 1.4E-07%2% 20E-05¢3% 7.0E-03
14 29 E-17+10% 8.3E-19 372 29E-02 2,7E-152%11% 1,1 E-02 1.3E-07%22 1.8E-05?* 3% 7.2L- 03
15 41E-17+8 1.7E-18+ 26% 4,1E=-02 2,5E-15%12%Z 1.6 E-02 1.4E-072%2% 2.0E-05:3%2 7.0E-03
Mar 1 JOE-17+8% 7.9L-19% 34% 26E-~02 2,5E-15%26% 1.2E-02 1.4E-07%2% 3.0E-05%3% 4.7E-03
2 3.2E-17+ 8% 1.2E-18%28% 38E-02 3.0E-152%15% 1.1 E-02 2.0F -07*2% 2.3E~0Q5*27 8,7E-03
12 3.5E-17+8f 4.5E-19* 412 1.3E-02 4O0E-15=16% 8.8E-03 3.4E-07227 6.2E-05¢3% 5.5E-03
13 2.8E-17*+ 8% 4.2E-194 38, 1.5E-02 3,0E-15:17% 9.3E-03 1.5E-07%2% 2.4E-05¢%3%7 6.3E-03
14 19E-17+9% Ll6E-18+29% 4.1E-02 3,1E-15%17Z 1.3E-02 2.0E-07 122 4OE-052%37 5.0E-03
15 3.1E-17+11% 7.4 E-19* 49% 24E-02 3.0E-15%*18% 1.0E-02 1.8E-07%2% 3.2E-052!3% 35.6EL-03
apr 1 4. E-17=7% 1.2 E-18+23 29E-02 2.3E-1526% 1.6E-02 1.9E-07 +2% 2.8E-05:13% 6.8E-03
2 41 E-17+6% 1.2E-18+23% 29E-02 2.2E-15t6%Z 1.9E-02 1.6 E-97%2% 2.2E-0572% 7.3E- 03
12 46 E-17*8% 6.3E-19*40% 1.4E-02 26E~-15%6% 1.8E-02 4.7E-0722Z 6.9L-05 ' 2% 6.6E- 03
13 3.7E~-17+8f 95E-19%33 26E-02 2.2E~-15%5% 1.7E-02 1.9E-07*2¢f 2.7E-05%*2% 7.0L- 03
14 6. JE-17%+6% 25E~-19*17% 3.7E-02 2.5E-15%5%7 Z,7E-02 4.2E-07*2f 6.1E-05¢2% 6.9E-03
15 42E-17+7% 12E-18%27% 29E-02 24E-1545% 1,8E-02 2,1E-~07*2% 3.2E-035+3% 6&.6E-0Q3
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Table 6.

(continued)

Activity (uCi/ml)

Activity (uCi/ml)

Mass (ug/ml)

Menth Location® 239Pub 2 Pu ZJHPuIZJ‘)Pu 9051- 239Pu/905r 235L, 23BU ZBSU/ZJBUg
May 1 4.4 E -~ 17 £ 12% 2,4 E-13 £ 30% 5.5 E- 02 2.2E-15+6Z 20E-02 3,5E-~07 *2% 4.,8E-035 2 3% 7.3 E - 02
2 4,2 E - 17 * 9% 5.2 E-19 *+ 322 1.2 E- 02 2.2E-~154%6% 1.9E-02 3.3E-07°*32% 4T7E-05*3 7.0E-nD2
12 5,2 E-17+ 13% 3,8 E- 18+ 37% 7.3 E- 02 2,9 E-~15+772 1.8E~02 6.1 E-07 2% 9.3E-Q5: #5 6.6 E - 02
13 4,5 E - 17 * 92 1.5E~ 18t 285 3.3 E - 02 22E-~15++5% 20E-02 7J7.0E-073*2% 9.BE-~-~0522% 7.1E-0¢
14 3.7E-17+ 12% 1.4 E -~ 17 * 26% 3.8 E - 02 2,2 E-15t6Z 1.4 E-02 4.8E-07%2% 6,7E-205¢ 3% 7.2 E~ 02
15 5.3E~ 17+ 10% 8.1 E- 19 * 36% 1.5E - 02 2,2E~15+6% 2.4E-02 &41E-07*4% S5 7E-~05*2% 7.2E-02
Jun 2,7E~-17 %102 5.7 E-19*50% 2.1E~@Q2 1.5 E-15+9% 1,8FE-02 5.7E-07* 27 8.1E-~-05:? 3% 7.0 E - 02
2 2.8E-17*14% 4.2 E - 19+ 302 1.5FE~02 1.3 E-15¢+ 6% 2.2 E- 02 3.7E-07*+ 2% 5.1E-~-05¢%1237 7.3E-02
12 3,3E -~ 17 * 162 1.3 E - 1B * 472 3.9 E - 02 1.7E~ 15+ 102 1.9E-02 8.4E-07¢ 1.2 E~-04¢+ 3% 7.0E-02
13 2,4 E-17 + 18 5.1 E~19 % 2.1 E-02 1.5E-1529% 1.6 E-02 6.0E- 07 8.2E~-05 2 ?7.3LE-02
14 l1.OE-16 ¢+ 162 B.0E - 18 r 343 B8.0E - 02 1.6 E~ 15+ 16%Z 6.3 E - 02 7.6 € - a7 1.1 E-042 2% 6.9E-203
15 3.2 E~ 17 ¢+ 172 1.4 E - 18 * 477 4.4 E - 02 1.5E~-15 ¢ 10% 2.1 E-02 5.9 E- 07 8.2 E- 051t 2% 7.2 E-03
July 2.3E~17 = 8% 7.9 E-19 ¢ 31% 3.4 E - 02 9.2 E- 16272 2.5E-02 29E-~-07"* 4.2E-0513% 69E-0)
2 1.4 €E~17 + 15¢ 5.3 E-19 ¢+ 487 1.8 E - 02 1.4 E- 15+ 24%2 1,0E-02 2.3E-2C7 3.3 E~ 05+ 3% 7.0 E-03
12 2.0 E- 17 * 43%Z 1.0 E~ 19 ¢ 1004 5.0 E - 03 Lost sample - 5.0E -07 + 2% 6.9E-0512 3% 7.2 E-03
13 1.1 E~- 17 ¢+ 102 5.5E-12 ¢ 31% 5.0 E ~ 02 1.1 E-15+27% 1, 0E-02 2,5E-07+2% 3.5E-052* 32 7.1 E~ 03
14 3.0E - 17 ¢+ 8% 1.2 E-19 £+ 272 4,0E - 03 1.3E~15+419% 2.3 E~02 3.6E-07*27 5.1E-052*3% 7.1E-203
15 1.6 E~17 2102 1.1 E- 18 ¢ 252 6.9 E ~ 02 l.6 E~15*35% 1.0E-02 6.1 E-07 2% B8.7E-05¢13% 7.0F~03
Aug 1 8.9 E-18 1+ 122 5,1 E-~ 19+ 392 5,7 E - 02 6.7 E-16 1292 1.3 E ~ Q2 3.6 E-D7 2 2% S5.3E-05%37 6,8E-03
2 5.9 E- 18 ¢+ 182 4,1 E- 19+ 497 6.9 € - Q2 5.5E-16 ¢+ 39% 1.1 E~-@2 2.9E-~07*1¥ 4.1 E-05* 3% 7.1 8- 03
12 1.2 E~-17 = 142 3.9 E- 19 + 56% 3.3 E ~ 02 Lost sample - 3.3 E~07 £ 2% J.4E-05%3% 7.2E-03
13 8.9 E~ 18+ 158 2,5E-19 ¢+ 100Z 2.8 E - 02 Lost sample - 2.8E~072%2% 4LOE-05%*3% 7.0E-03
14 JL6E-17:+ TX 2,0E~ 18 ¢+ 2IZ 5.6 E -~ G2 Lost sample I 6.9E-07 2% 9.9E-05%3% 7.0%~03
15 8.4 E-~ 18+ 12% 4,2 E- 19 * 392 5.0 E - 02 Lost sample - 44 E-07*27f 6.2E-052%3% 7.1E-03
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Table 6. (continued)

Activity (uCi/ml) Activity (uCi/ml) Mass (ug/mJ)
Hanl:hA Location? an’ub ZZBl’u 238Pu/ngl’u 9051’ 239Pu/905r 235U ‘38U 235U/HBUg
Sept 1 9.3 E- 18 ¢ 182 8.5 E - 19 * 54% 9.1 E-02 4,8 E~-16 + 192 1.9 E - 02 4.3 E - 07 2% 6.4 E - 05 ¢ 3% 6.7E-03
2 5.9 E - 18 + 26X 1.5 E - 19 = 39% 2.5 E ~ D2 4.5 E-16 *+ 282 1.3 E - 02 3.2 E-07 +92 4,6 E-05 * 12X 7.0E - 03
12 1.1 E - 17 * 162 9.0 E - 19 * 42% 8.2 E - D2 lLost sample - 6.8 E-07+2% 9.9E-~05 ¢t 32 6.9 E - 03
13 7.4 E- 18 ¢t 192 4.1 E - 19 * 100%¥ 5.5 E - 02 6.0E - 16 * 23X 1.2 E -~ 02 3.6 E - 07 + 22 5.1 E-05 % 3% 7.1 E- 03
14 1.4 E - 17 + 12X 5.1 E - 19 & S0% 3.6 E-02 Toat sample - 1.3 E - 06 + 2% 1.8 E - 04+ 3% 7.2 E-Q3
15 7.6 E - 18 + 16% 5.0 E~ 19 % 472 6.6 E - 02 2.7E-16* 212 2.8E -~ 02 5.3 E - 07 * 2% 7.5E ~ 05t 3% 7.1 E - 03
Oct 1 5.0 E - 18 ¢ 142 5.9 E~19 r 31X 1.2 E - 01 2,1 E-16%*61% 2.4 E~- Q2 29 E-07* 287 3.9E-05: 392 7.4 E-03
2 4.3E -~ 18 ¢ 142 3.0 E- 19 ¢ 31% 7.0 E - 02 3.6 E~-16 * 472 1.2 E ~ 02 2.4 E - 07 * 4% 3.4 E - 05 * 5% 7.1 E-G3
12 7.5E - 18 + 212 6.9 E - 19 ¢ 35% 9.2 E -~ 02 1.4 E~- 16 * 96X 5.4 E - 02 5.9 E- 07 * 8% 9,5E -05 * 10X 6.2 E - 03
13 4.4 E- 1B+ 212 1.0 E - 1B ¢ 301 2.2 E-01 3.2 E~-16 5% 1.4 E ~ 02 2,2 E-072:122Z 3, 0E-05%16% 7.3E-03
14 1.6 E~- 17 ¢ 13% 1.7E~ 19 ¢+ 292 1.1 E- 02 1.6 E~- 16 * 792 1.0 E - 01 6.2 E- 07+ 32 8.6 E - 05 * 4% 7.2 E-Q3
15 3.6 E- 18 ¢ 232 3.7 E- 19 ¢« 40% 1.0E-D01 1.7E - 16 * 63X 2.1 E - 02 3.7E - 07 * 3% 5.2 E- 05t 4% 7.1 E- 03
Now 1 4.1 E-18 162 B8.05-19 ¢ 292 2.0E- 01 1.7E-16 +172 2.LE-02 L.5E-07%2x 22E-Q5¢+3% 6.8BE-2Q3
2 3.9E-18 £ 162 2.1 E~ 19 ¢ 432 5.4 E - 02 1.1 E-16*+ 207 3.5E-02 1,5E-07+2% 21E-05%3%Z 7.1E-03
12 S,2E- 1B * 152 2.7 E-19 * 56% 5.2 E - 02 1.4 E~-16 + 142 3 7E-02 3.5E-07*2; 52E-05¢+3% 6.7E-03
13 5.0 E - 18 ¢+ 16X 9.6 E -~ 19 + 27% 1.9 E-01 1,3E- 16 + 167 3.8 E - 02 1.7 E - 07 + 2% 2.4 E- 05 ¢t 3% 7.1 E - Q3
14 5.6 E - 18 £ 14T 4.2 E - 19 + 362 7.5 E - 02 1.5E-16 %18 3,7E - 02 1.7 E-07+ 22 2.4 E-05 1 3% 7.1 £~-G3
15 5.3 E - 18 ¢ 142 2.5E-19 ¢ 3B, 4.7 E - Q2 1.4 E- 16 ¢t 162 3B E - 02 1.7 £ -07 2% 2,3E-05 ¢ 3% 1.4 F~ 03
Dec 1 4.6 E~- 18+ 232 1.5E-19* 822 J.1E- 02 5.4 E~- 16 * 227 85E-03 4, 9E-07-= 2% 7.0 E - 05 * 3% 7.0 E-03
2 4.9 E - 18 ¢ 30% 3.9 E-19 ¢ 762 8.0 E - 02 5.0 E~-16 * 162 9.8 E - 03 5.1 E-07 =« 2% 7.3 E-05 * 3% 7.0 E - 03
12 6.8E-18221Y 6.DE-19 ¢ 672 B8.8F-02 7.4 E~- 16 + 182 9.2 E-03 B84 E-07:+2% 12E-04:32 7.0E-0
13 40E-18 + 22 7.0E~-19 + 432 1.8E - 0; 5.6 E-16 * 12% 7.1 E-03 4.2E-07:+22 6.1E-05+*3% 6.9E-203
14 1.2 E- 17+ 25% 1.1 E- 18+ 4% 9.2 E - 02 5.7E-16 * 18% 2.1 E-02 S5.0E-07¢2% 7,1E-95:3% 7.0E-03
15 4.6 E- 18 ¢t 25% 4.8 E - 19 t 567 1.0 E- Q1 8.6 E~ 16 * 152 S.3 E - 03 4,B E - Q07 = 2% 6,9 E - 05+ 3% 7.0 E - 03
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Table 6. (continued)
Annual averages
- Y15 o s

Lacation 23%, (uct/mly g 284y (et /1) et 2B emh et e apsm "G
1 2,1 E~ 17 * 69% 3.5 F - 02 B.6 E ~ 19 + #92 1.2 £~ 20 E - 07 ¢ 527 | P A3 E =05 LY 2B F - N
2 1,9 E - 17 ¢ 77% 3.2 K- m 5.9 E - 19 « b4 8,4 F - 2.6 £ - 07 - L1 1.4 ¥ - 05 3.6 L - 05 043y 204 F - 4
12 2,3 E - 17 * 68% 3.8 E -~ n2 9.5 E~ 19 « W02 1.4 E-01 5.0 B = 07 4 8% 2T E - 05 7.TE - 05 £ 37 5.1 F - 04
13 1,8 E - 17 * 76% 3.0 F - 02 7.4 E -~ 19 ¢ 66Y 1., E-03 J0E - 07 - 613 loo F -~ 05 S0 E - 03 8 59% 2.9 E - 0
L4 3.4 E~ 17 + 782 5.7 E- 02 1.2 E~-19 - 2002 2.7 F -0} ALY E - 07 » 6RI 2.6 F - 08 7.0 E - (5 2 AG7 4,7 b - M
15 2.2E-17 £ 1772 3.7 F-n02 B.6 E - 19 & 3b7 1.2 E-1™ 3.6 FE ~ 07 + 51z 1.9 E - 05 SO E - 05 ¢ 49 3.4 F - 04
TSee Fig. 2 for sampling locations.
bAc:ivil:y ligted as ZBPu includes actlvlty due to the 2ml'u isotope.
°CG = 6.0 E - 14 uCi/nl for 2>°Pu tn the soluble form.
d¢¢ = 7.0 £ - 14 uCL/ml for 2%%Pu In the soluble form.

%cG = 1,90 ug/m3 for
CG = 15.0 uglm" far
EThe ratfo of

£

Z”U in the Lnsoluble foym,
238,

235u/238

U in the insoluble form.

¥ is 7.25 E -~ 03 in natural uranium.



at Site 300 during

1975,

Table 7. Plutonium, strontium, and uranium concentrations in air
Activity (uci/ml) Activity (uci/ml) Mass_(ug/m’)
Month 239Pu 238Pu “"ru/“"ru 905!‘ ngl’u/gOSr 2.’!5u Z]HU 235u/2]BUa
Jan 2.3 E-17 * 122 4.B E 19 + 527 2.1 E a2 1.1 E- 15 ¢ 62 2.1 E 0z 1.5 E - 07 27 1.1 E=- 05 ¢ 32 4.8 E -~ 01
Feb 3.4 E-17 £12% 2.9E~19 + 447 8.5E~0? 1.7 E - 15+ 62 2.0E~-02 1.7E-07 22 3.3 E -~ 05 ¢ 3% 5.1 £ - 63
Mar 5.5E-17#%92 1,5E-18¢t192 2.7 R~0; 2.9E- 15242 1.9 E-02 4.1 E-07 ¢ 2x 1.3 E - 04 * 4% 3.2 E- 03
Apr 4.1 E-172*14% 8,1 E=~ 19+ 34X 2.0E~02 2.2 E-151%t 52 1.9 E-02 1.5E-07 4 2% 3.4 E- 054 3% 4.6 E - 03
May 5.6 E~- 17 & 8% 1.4E~-18+ 187 2.5E~02 3.1 E-15# 52 1.BE~- 02 4.6k - 07+ 22 9.3 E - 05 ¢+ 3% 4.9 E - 03
June S5.0E-17+132 1. 8E-18+28 131.6E~02 J.}E-1526% 1.6E-D2 1,4E-07+22 5.0 E-04 2 32 2.8 E - D4
July 1.1 E-17+5% 1.1E-18+12% 1.0E~01 1.2E-15?117 9,1 E-03 4.1E-07 ¢ 27 7.2 E - 05 ¢ 2% 6.0 E - 03
Aug 1.8 E-17+ 72 8.6 E 19 + 297 4.8 E 02 9.8 E - 16 *+ 152 1.8 E 02 8.0 E - 07 27 2.8 E- 04 ¢+ 32 2.9 E 03
Sept 1.3 E-17 ¢ 62 8.3 E - 19 + 18% 6.4 E 02 5.8 E - 16 * 142 2.2 E a2 5.1 £ - 07 2% .6 E- Q4+ 7 3.2 E m
oct 2.1E-17+6Y 9.5E-19 + 122 4. 5SE-~0? 3.0E-16* 252 7.0E-02 3.BE-07: 37 6.1 E - 05 % 4% 6.2 E~ 0
Nov 6.7 E~- 18 ¢ 62 "O0E-19 ¢ 162 4.5E~02 1.4E-16¢t 7% 4.BE=-D2 1.8E-07 227 2,7E~-051 2% 6.7 E -0
Dec 1.0 E - 17 8% 5. 3E-19 + 212 5.3 E=~02 7.5E - 16 4 9% 1.3E-02 3.7E-07+22 9.9 E -~ 05 *+ 12 3.7 E ~ 33
Annual
Avg 2.8 F - 17 & 652 9.0 E 19 + 53% 4,1 E a2 1.5 E - 1521 727 1.9 E 0z .5 E ~ 07 582 1.3 E - 04 ¢ 1002 4.3 E - 01
cG 6.0 E -~ 14 (sol) 7.0 E - 14 (sol) 3.0 E - 11 (sol) 1.9 {insol) 1.5 E + g1 {insol)
xce 4.7 E~- 02 1.3~ 03 5.0 E- 01 .8 E-05 9.7 E - 04
3The ratio of 235lJIZ:mU is 7.25 E - 03 in natural uranium.
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Tritium (H10) in air at LLL perimeter locations during 1975 (uCi/ml).

Japuary ~ June

Table 8.
Nunber
of
Lucntinnﬂ samples Maximum

1 26 1.0 E - 310 ¢
2 26 8.6 E - 11
12 25 2.9 E - 10 ¢
11 26 5.4 F - 11 ¢
14 25 led E - 10 ¢
15 26 6.7 E - 11 ¢

Annual average

5

~
=

"

o %
Y

n

-

~

"~
N oM

m mom

1mn

Cateulated
annaal wdale
while-hode

dise fmre=)

"o TUEE .o
ar 1.4 F - m
i A 0 F - ur
ax S0F -0
oz et
" -0

ee Flg. 2 for sampling locatlons.

L

"oncentration gulde for teftium (HTO)
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Table 9, Concentrations of various radionuclides in Livermore Valley soil samples during 1975.

Sampling Activity (uCi/dry g) Mass (ug/dry g)
Locat ion® pepes 239, 4, 137, 232, 235, 28,

535 0-1 5.0 E - 09 & 52 1.5E~ 051 11% 2,6 E - Q7 * 92 6.4 E ~ 00 t 132 1.9 E - 02 + 952 1.9 E -~ 00 ¢ 972
536 0-1 1.7 E-09 *+ 7% 1.2 E-05 + 9% 7.6 E - 08 * 167 6.2 FE - 00 # 142 8.0 E - D1 * 30% 2.2 E- 00 £ 64z
537 0-1 2.3 E- 09 + 9% 9.7 E ~ 06 + 112 1.1 F - 07 * 177 5.9 E ~ D0 * 167 1.4 E - 02 + 627 2.3 E - O0 4 BOY
538 0o-1 9.9 E - 10 + 10% 6.9 E - 06 ¢ 112 1.8 E - 07 ¢ 11?7 3.4 E - 00+ 177 1.0 E - 02 ¢ 627 1.6 E- 0D 2 277
539 0D-1 9.9 E - 10 * 16% 7.8 E - D6 + 97 1.9 E - (08 + 397 2,9 E - 00+ 227 6.7 E - 03 ¢ 957 -

540 0-1 1.2 E- 09+ 9% 1.0 E- 05 ¢ 117 5.4 F - 0B & 247 4. E - Q0 ¢ 187 1.2 E - 02 4 82% 1.6 E - 00 4 317
541 0-1 5.5 E - 09 7% 8.3 E- 06+ 112 4.0 E - 0B *+ 56% 4,6 E~ 00 ¢ 92 1. E-02 ¢ 79% 1.7 E - 00+ 907
542 a-1 6.2 E - 09 * 147 9.7 E ~ 06 + 9% 3.9 E- 07 ¢+ 8% 4.6 E~ 00 * 182 1.6 E - 02 ¢ 907 2.3 E - Q0 * 557
543 0-1 1.3 E- 08 + 62 1.2 E- 051 9% 2,7 E - 07 * 21% 5.9 E ~ 0L * 187 1.7 E~- 02 ¢ 932 2.1 E - 0N + 847
544 0-1 4.7 E - 09 + 9% 1.3 E~05 + 102 2,4 E -~ 07 117 4.9 E- 00 ¢ 172 1.3 E - 02 + 99% 1.9 E - 00 ¢ 95%
545 0-1 4.5 E - 09 + 62 1.2 E- 05+ 82 2. E - 07 12 1D% 5.5 E ~ 00 + 147 1.7 E- 02 + 90% 1.6 E~ 10 * 677
546 0-1 2.8E-09 ¢ 7% 1.1 E~ NS + 97 1.5 E - 07 *+ 217 3.5 E - 00 + 232 1.1 E - 02 ¢+ 992 1.5 E - 00+ 957
547 0-1 2,1 E -~ 09 + 82 7.1 E - 06 ¢+ 11% 1.2 E - 07 3 147 3.9 E ~ 00 * 162 1.2 E - 02 ¢ 991 1.9 E - On * BO%
548 0-~-1 3.9 E- 09 : 67 1.2 FE - 05 + 10% 2,3 E -~ 07 4 15% 5.0 £ ~ 00 * 20% 1.2 E~- 02 ¢ 997 2,2 E- 0D+ 397
549 0-1 3.0E - 08 + 52 1.1 E - 0% + 97 3.8 E- 07+ 112 5.2 F ~ 00 ! IRY 9.0 E - 03 + 99% 2,2 E~- 00 ¢ 767
550 0-1 2,2 E~-08 -+ 52 1.1 E - 05 + 9% 2.4 E- Q7 ¢ 107 5.4 F~-00 ¢ 177 7.4 E - 03 * 997 2.3 E- 00+ 657
551 0-1 3.3 E - 08 1+ 5% 1.7 £ - 05 2 10% 2,0F - 07 * 177 5.0 E ~ 00 * 7 1.0 E - 02 4 997 2.1 E = 10 ¢ 957
563 0-1 2.2 E- 09 ¢ 6% 1.1 E- 0% s 157 1.3 E - 07 * 247 A8 FE ~ 00 ¢+ 247 J.S E - 02 4 99% 2.6 F - 00 ¢ 827
566 0-1 9.9 E - 08 + 5% 1.3 E - 05 ¢+ 10% 2,3 E - 07 ¢ 15% 5.7 E -~ Q¢ ¢ 187 1.2 E - 02 ¢ 997 1.4 E - 00 « 997
565 0-1 1.2 E- 08 ¢ 62 1.4 E~ 05 + 77 3.6 E - 07 ¢ 82 3.9 E~ 00 * 177 8.1 E - 03 ¢« 99¥ 1.5 E - 60 ¢ 95*
a

See Figs. 9 and 10 for soil sampling locations.
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during 1974 and 1975

ucifdry g).

Table 10, Comparison of plutonium concentrations in off-site samples
I 1975 e s 1974

Depth 10 23R IR ,299 kBT I8 W2

{cwm) Loeat fan” Pu 23 i 23 Pu’"; u Lacatjon C T Pu R ¥ - Vu/-‘ Pa

0-1 549 I.DOF - 08 - T V.6 F - D9 - 8T 1.2 F -0 519 70 - 048 2 4.3 E - 09 34 2R -m

0o-1 550 2,2 F - N8« 5 R T R L 1.6 £ - 0t 528 LEE - U8 2 AT S.6F - 09 - 9 1.2 E-M

n-1 551 3.3E~ D8 - 5 .9 E - 09 8 1.0OF-M 322 T FE - N8 0 7 8.2 F - 09 + g~ 9,5 F -2

n-1 564 9.0 F - 03 ¢ 5% L0 E -y - 7 4.2 8- 02 524 1 E - 08+ 57 8.4 FE - 10 + 13 7.6 E - a2

0-1 565 1.2 F - O8 ¢ 67 4.6 T -~ 10 & 167 3.8 F - 02 5r6 2 FE - 0B 5 5.% F - 10 + 15% 4.6 E - (2
350e Flg. 10 for sampling locations.

Table 11. Plutonium, cesium, and uranium concerntrations in Site 300 soil samples during 1975.
Activity (uCi/dry g) Aceiviey (uCi/dry g) Mass (ug/dry g)
Depth I , ; .

Location® (em) Z]qu ..3B],u 117(,‘5 Z!SU ﬂlBU 215L_/2 JH[,
352 0-1 2,2 E=~DR 62 9,5E--10 ¢ 142 8.4 F - 07 ¢ 57 1.4 E - 02 ¢ 997 1.3 F =00+ 462 4,.2E - 0
553 -1 9.6 E~09 ¢ 6% 4.4 F - 10 ¢ 152 .5 E - 07 ¢ 11 K - 02y L2 E~-00 0 63 S04 E -0
554 0-1 2.6 E~ 08 ¢+ 52 9.5 E - 10 ¢ 14X 1.6 £ - 06 * 47 .2 FE - 03 ¢ yor 1.8 £ ~0DO ¢« 72° 9.1 - 01
555 0-1 5.8BE~ 09 =62 3.2E-~-10¢ [6Z 3.0 E - 07 ¢ 122 DHE -0 Y97 35 E - D0 ¢ 517 BLOE - 0}
556 0-1 7.4 E~ 09 : 62 3.8 E - 10 ¢ 162 5,1 E - Q7 ¢ 67 1.1 E - 02 ¢+ 997 1.3 E -~ U 412 3.3 - 03
557 0-1 7.2E~09+62 2.7E-10 ¢ 172 1.5 £ - 07 ¢ 127 11 E - D2 0 997 3.6 E -~ 0D ¢ 477 H.hE - D3
558 0-1 S.6E=~09¢7I 2.7E-10:*22% &4RE-O02 2.5 E - N7+ 152 2076 - 02 0997 .1 E - 06 290 XN E - 03
559 0-1 7,3E-09 ¢+ 6Z 3.5E-102:15% 4. 8E - 02 2.9 E - 07 + 9% JLSE - 02 2 w9r 25k -0 ¢ 70% 6.3 E - 03
560 01 9.6 E~ 10 = 132 5.9 E -~ 11 + 41% 6,1 E - 02 4.1 E - DA Y657 LLEE - 02 ¢ 99% 4.9 E - 00 1 537 3.7 E ~ 03
561 0-1 3.6E-09 ¢ 7X 2.3 E - 10 ¢ 21% A4 E -~ 02 20K - 07 2117 3.5 E - 01 *+ B2 1.9 E -~ 02 ¢ 93 1.8 E ~ 0}
562 0-1 3.1E~09 ¢ 10X 1.2 E-102¢ 352 1.9 E - 02 1.3 F - 07 & 157 1.3 E - 02 + 992 1.2 E -~ 00 ¢ Y% 4.1 E - 03

b
575 0-1 6,3 FE~ 09 + 82 2.0k g ¢ 117 3.2 5 - 02
b
576 0-1 2,4 E~ 08 ¢ 62 8.2 E 10 ¢ 142 3.8 - 02
25ee Fig. 11 for sampling locations.

s amples 575

and 576 are replirates of samples 554 and

562, respectively,



Table 12. Gross alpha activity in Livermore Water Reclamation Plant samples during 1975 (pCi/ml).

Aeratfon Tank

Digesters —
Numser Number
of of

Month Samples HMaximum Minimum Average Samples Ma::imum Minimum Average
Janvary 8 1.4 E-08 ¢ 392 5.1 F - 09 ¢ 1002 8,4 E- 09 4 S.6 FE - 08 ¢ 467 3,2 E - OH ¢ 627 4.3 E - 08
February 8 2.9 FE - 09 ¢ 492 1.6 E - 09 * 607 2. E - 09 4 3.0 FE - 09 « 45T 1.3 £ - 09 - 1007 2.1 E~ 09
March 5 6.4 E - 09 % 592 L. 3E - 09 ¢ 757 5.4 £ - Dy 4 5.h F - D8+ 497 2.0 E - 08 » 1007 3.8 § - 08
April 5 1.6 F - 08 ¢ 38z 7.1 E~ 09 * 592 1.2 £ - D8 5 4.4 - DK » 48 21 E - 08 - 1002 5.4 FE - OB
May 8 2.4 £~ 08 + 362 1.1 E - 08 ¢ 457 1.7 E -~ D8 4 4,6 F - 0B + 557 2.1 FE -~ 08 2 597 7.7 E - OB
June 2 1.BE-0B =48 6,3E-09 ¢ [onr 1.3 F - O 4 4,5 F - 08 » STY 1.1 F - N8 < 1007 2,7 E - 08
July 10 1.B E - 08 * 652 6,3 ¥ - 09 ¢+ 1007 1.1 £ - 08 5 5.5 F - D& ¢+ 197 1.9 F - N8 « 81X 3.8 FE - HA
August 8 1.6 E~08 ¢ 3722 9,5 E - (19 + 427 1.3 E -~ 08 4 S.E - 08 ¢« 19T 2.9 F - DR « 457 3.9 E ~ OK
September 10 1.5 E - 08B * 332 7.1 E~ N9 * o217 1.0 E - 08 5 5.1 F - NK 417 20 F - 08 + 487 1.3 E - 08
QOctober 8 27 E-08+* 357 6. 7TE-NY - 427 1.3 £ - N8 4 3.7 E - 08 ¢« 197 2.0 FE - DK ¢+ 557 2.6 E - 08
é; November B 1.2 E - 0B ¢ 327 3.2 F - 0% ¢ 607 #.5 E - 00 4 3.4 6 - g - ATT 1.9 F - 08 « 51X 2.6 F - OB
! December 10 1.} E-08 * 402 3.5 FE- 0% ¢ 577 7.0 ¢ - 09 5 3.0 E - DH - 367 1.RE - 08 « 54F 2.0 K - 08

Table 13. Gross beta activity in Livermore Water Reclamation Plant samples during 1975 (uCi/ml).

Hpertets
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. e - . . - PR
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Table 14, fomparison of varlous radionuclides in LLL and Livermore Water
Reclamation Plant effluents during 1975 (u€i/ml).

219 94,
Pu i LTS

—ee Iriviun .

Month L. LHp Lil Ry LLL LWRP

s wem bos In S T2 E - 01 7 MG 3T E-10 2,6 FE~09 3IE-04 IYE .03
Fet wr b= 0y A P E -3 C 1kt W E-10 T8 E- 10 10K -0 &1 E - 06
Lir I T B S A N O LU T B R R I L L I T B A 1
Apr P L T A B T e U N L O L T TR s U S ALY
Maw Loy ko= 10 0 27 an B - d0 s 1eL LS E - 99 12 E - 0% a7 E - 04 LT E - 05
Tune MY E - 10 R A L LT E -0 Jow Lo« 0% WY E - U5 5.8 E - 46
Jutv L 3D - 00 T R = 12 s U2 92 k=10 12 E - 10 5.2 K -05 &0 E - 0%
Aug W7 L - W sy 1.4 E =11 - 1i2 1.2 K- 09 2.3 E - D VR N 1 3,0 E - 08
wePt 39 - W Al Tum B o= 10 10 L1 E -0 1Ll E=ny 20 =08 L2 E - 06
viet G L= M0z ek 1.2 - 100 100 88 -0 U RE 10 LIE-05 1,4F - 06
o I TR W2 E -1 M e E- o 3 E- 10 B K-S 5,6 F - 04
lrev 1.2 B o= 00 - 4 [ A 1 1.9 L - oy P E =16 VLV E =03 4ih E w06
ﬁﬁ?“"‘ PR A 9.4 B - 1L L2E-09 LA E-09 1V E-NL 93K - 06
o 1005 = 03 .01 - 05 JWUE=-07 JLOE-07 3,0E-03 3,0E-03
e 21 E - u) 3.1 5 - 0L AOE=-01 L TE-0 LTE-0 L1E-o0l

Table 15, Gross beta activity in water samples from the Livermore Valley during
1975 (pCifml).

Number

of R

Locat fvn” samples Maximum Minimum Annual average it
1 4 3.3 E - 09 *100Z 2.3 E -~ 09 - 1007 2.7 E-09 - 10 ¢

13 12 5.0 E~09 * 1007 2.0FK ~09 = 1007 2.8E -~ 09 - 31~ N

15 4 4.0 E - 09 ¢ 337 2.3 E - 09 - 100 3.0 E - 09 - 247 i0

16 4 3.3 K - 09 ¢ 357 20 =09 0 1007 3.0 F - 09 ¢ 17 iy

19 A 3.3 E - 09 2 1007 2,3 8 = 09 @ 1000 2.7 FE - N9 - InT 9

20 [ 1.5 £ = 08 ¢ 197 4,7 E - 09 * 30° .3E - 09 - 4T 11

24 4 5.7 £ - 09 * 287 3.3 E-09 @ 1007 4,6 E - 09 - D12 it

26 4 3.3 E - 09 ¢ 1007 2IE~-09 - 1000 M8 E - 09 - M5 K
Annual average 1.9 F - 09 - 39 1s

%See Figs. 2 and 3 for sampling locations.

anncentration Guide for gross beta activity in water is 1.0 I ~ 08 uCi/al.

b3~



Table 16.

Gross beta activity in water
(uCi/ml).

samples from Site 300 during 1975

Num?er
of
Loca:iona samples Maximum Minimum Annnal averiace ‘,-.!'
1 11 6.2 E ~ 09 £ 20% 2.5 E - 09 - 337 .. !‘l Lu o v
2 3 7.1 £ - 09 ¢ 25% 5. E - 09 - 297 R B AL K
3 3 8.7 E - 09 2 247 4.9 FE =09 0 307 tee b= i
4 3 1.1 E=-08 * 21% 6,0 F ~ 09 - 287 B.lF - 0 12
5 3 5.4 F - 09 * 13C 3.0 E - 09 ¢ 350 b U e 2
6 11 6.3 FE -~ 09 * 1IZ 3.2 FE - 09 - 1007 M ] !
7 3 5.9 F -« 09 = 282 3,0 F - 0% & 297 5.4 0 = 0 = -
11 5 7.7 E - 09 = 252 3.9 E - 09 - 267 6.0 F - ng 2 Lt
14 5 6.1 F ~ 09 = 206X 3.9 F - 09 - 317 S I L
20 3 8.1 F -~ 09 = 257 6.6 E~ 09 * 267 7.0 - Y b L
21 5 8,2 E-09 * 177 3.7 E =09 =317 6.1 F - ne 200 i
Annual average 3.9 K - uv L
3gee Figs. 4 and 5 for sampling locations.
bConcen:ra:ion Guide for beta activity in water is 3.0 F - 08 .¢i/a1.

Table 17. Tritium in water samples from Livermore Valley during 1975 (mCi/mi}.
Numberv Caleulates adualt
af s [T Y
tocation® samples Maximus Hindzar wrafe ot srerS
il - 13 - Q7 = 162 Loy B - 07 oo LR - OY 3.9 E - ¢ R L)
15 4 1.8 8«97 12X 1.3 E - 07 = & A S 5,3 5 = 1} um -
1s a 3,28 -07 277 2.1 5 -07 6% 278 - U7 9.0 E ~ 03 L1 E - 0l
19 4 1.7 € -~ 07 = 1% 5,7 E - 04 = 10 1.2 E - 07 I E =i LEAEE -0)
29 S 5.3 £ - 07 = 8X 1.3 E~ 07 * 9% 31 E - 07 1.6 FE - 02 1.2 E - 02
L & 20 E - 06 2 2% 2.9 E - 07 + 4L 1.1 E-06 3,88 - 02 hew E - 02
26 4 2.8E - 0b t 22 2.6 E =07 = 5% 2.1 E - 07 J.00E - Gl 1.hE - (32
Annual average «3E - 07 l.a B -0 1.7 - 02
%50e Figs. 2 and 3 for sampling locations.
Concentranfon Guide {(CG) for tritium in water {s 3.0 £ « 93 ,Ci/m}.
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Table 18, Tritium in water samples from Site 300 during 1975 (uCi/ml).

Sumber Calculated adult
R af . L wvhole bedy dose
Lacation saaples Max {muen Hinimum Average 6 {mrem)

! Y b1 E - O 2 9% 7.3 0 - 09 T 1007 2,2 E-0%  J3E -~ 8.R E -~ 04
N 2 TOH E - 8 0 42 1.7 E ~ A & 1008 1. E - 08 3,8 E~ 04 7.2 8 - G4
3 2 loh E - 0h + 100L 7,1 E - 09 * 100 i.1 E - OR 5.8 E o~ 04 AL E - D4
4 2 2.9 E - OB ¢ 292 1.3 E - oy @ abY 2,1 E- 08B 6. 9E -0 8.4 E - 04
K 2 4.8 h o= 08+ 200 2.3 E - ua s o12% 3.5 E - 08 LWE-01 .o E-0Y
n £l N.8 F - OB v AT 6.7 E - 09 > 1007 2517 - us BLAE - N4 1.0 F - 01
N N L. E ~ D8 - 337 .1 K - 08 - 6l2 2.1 - h WY E - 0 8.4 E - D4
il “ 7. E - OB £ )17 LY L S TH ] Ly E - s 4T E - 0L W E-M
Ie 4 1.3 E - 0F = 1% LWle-n7 -1 1.3 E - U7 4.3 E -3 5.3 E - 03
20 7 iR - 97 - 5" 7.9 £ - UK - 10T 1.3 E - 07 5.1 E~ "3 a.0 F - 03
3! . 9 L - s 22 . E - 08 N B R T el B~ ) 1.2 E~-03
ARDUG . dVeTage L.% F - 08 1. E =0 1, E - 03

a, N
See Pigs. & and 3 Jor sampline locations,

b . "~ . .
Concentratfon Gulde (£6) tor tritiwn in water is 3.0 E =

L3 LCi/ed,

Table 19. Tritium in Livermore Valley vegetation duvring 1975 (uCi/dry g).

Number Calculared adult
a of whole bodv dose
location samples Max imum Minimum Avrrage (rarem)

4 7 1.5 F - DA + 407 1.1 E-0n7 - 8% 9,1 -07 1.3 E -~ 02
15 [} 1.h E - N5 < 9¥ 2.8 £ - 06 ¢ 277 9.3 FE - 06 1.4 F-M
16 8 1.8 E - 06 = 397 1.4 £ ~ 07 ¢ 107 9.3 F - 07 1.4 £ - 02
2n 8 2.6 F - NA 2 117 1.8 F - 07« 4,57 1.5 £ - nA 2.1 E - 02
21 [ A.RE-06+ 112 6,1 FE-6G7 - 377 3.4 E - 06 5.1 E - 02
22 B 41 F - 06+ 12% 1.3 E ~ 06 ~ 54° 2,75 - 0A 4.1 E - 02
23 R 6.9 E - 06 * 117 3.0 B - 07 44T L2E - 06 6.3 E - 02
g A 2.0 E - 05 + 5% 3.3 E- 06 = 57 9.9 E - Nh 1.5 E - 01
30 8 6.9 E -~ 06 %127 1,2FE-06 -+ 71% 4,5 FE - 06 6.8 E - 02
31 8 2.4 E - N5 % 57 1.1 E- N6 = 247 8.5 F -~ 06 1.3 E-02
Annual average 4,6 E - 06 6.9 E - 02

Agee Fig. 3 for sampling locatioms.

45—


http://m-.cntr.it
http://tu.it

Table 20. Tritium in Site 300 vegetation during 1975 (uCi/dry g).

Calculated annual

»n mber adult whole

a ot body dose
location  samples Maximum Minimum Averape (mrem)

1 8 1.1 E - 06 = 73% 7.7 E- 08 #1002 1.2 E - 07 1.8 E-03

2 8 1.1 E- 06 * 77% 1.7 E - 07 + 100% 3.3 E - 07 4.8 E - 03

3 8 8.2 F - 07 = 74% 3.7 2 -~ 07 £1007 4.7 E - 07 6.9 E -~ 03

5 3 8.0 E -~ 07 ¢ 50% 1.1 E-07 £ 1002 23 E - 07 3.4 E - 03

6 8 4.1 E - 05 + 3% 2.3 E-07 £100% 8,2 E- 06 1.2 FE-01

11 8 7.5 E - 07 ¢+ 100% 1.6 E - 07 + 1007 1.6 E - 07 2.3 E- 0

12 6 5.9 E - 07 & 52% 1.5 E~- 07 £100%7 2,9 FE - 07 4.2 T - 03

13 8 JJ3E - 06 2 17 6,7 E- 07 +100% 5.2 E~05 7.9 E- 01

Annual average 7.7 E - 06 1.1 E-01

Y5ee Figs. 4 and 5 for sampling locatior.

Table 21. Radionuclides observed in milk samples during 1975 (uCi/ml).

Number Calculated aunual
Radio- of adult dose
auclide sazples Maximum Minfimum Average {mrem) Critical organ

San Joaguir Valley

W 12 5.4 E-07 % 39% 1.6 E-07 = 100% 2.4 E - 07 + 572 7.9 E - 04 Whole bady
40y 12 1.4 E~0624% 1.2E-06+ 4% LL1E - 06 £ &% 5.8 E - 00 Whole body
137

Cs 12 4.0E-09 272 3, 1E~10*100% 1.0E - 09 + 60% 6.0 E - 03 Whole body

tiveroore Valley
3

4 9 3.4 E-07 £ 45% 2.6 E-08 ¢ 1008 1.8E- 07 472 5.5 E ~ 04 \hole body
40 10 45 E-0623% 9.8E-07 %3 1.3E- 06 = 172 5.8 E - 00 Whole body
17

Cs 10 41 F-09 =132 5.2E- 10 ¢ 100 1,6 E -~ 09 % 63X 9.6 E - 03 Whole body
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Table 22. Environmental radiation measurements at the Lawrence Livermore
Laboratory perimeter during 1975 (mrems).

Locationa January-March  April-Jume  July-September October~December Annualb

1 18 £ 0.7 15 + 1.1 12 + 1.4 17 + 3.7 62
2 17 + 1.7 16 % 1.6 12 + 1.4 17 & 3.2 60
3 17 + 4.8 14 2.2 15 = 2.1 16 5.0 62
4 18 + 0.7 13 £ 1.5 13 £ 1.0 15 + 1.5 59
5 53 £ 3,0 29 £ 3.3 3+ 5.2 23+ 5.6 139
5a 8o° 70° 100 67 3179
6 17¢1.2 Lost 14 + 2.8 17 ¢ 3.3 64
7 15 + 1.1 12 + 1.4 12 & 1.4 16 + 13.5 55
8 15 ¢ 3.6 Lost 11 + 2.5 14 ¢ 5.2 53
9 16 + 2.2 13 + 0.8 13 + 2.4 13 ¢ 5.2 55
10 17 + 1.8 15 + 2.2 Lost 18 * 4.0 67
11 18 + 1.9 16 + 1.3 14 + 1.7 21 + 5.6 69
12 15 + 3.6 16 + 1.4 15 + 1.5 31+ 4.8 77

Average 24.3 20.6 22.1 22,2 88

85ee Fig. 2 for dosimeter locations.

bTLD measurements in the off-site vicinity of the Laboratory (Fig. 13) show a

median annual background of 59 mrem. However, subtracting this number from the data
above to estimate the contribution from Laboratory operations yields several
"negative" contributions, which demonstrate that the background at the various
perineter locatlons cannot be represented by a single value,

CGamma doses during the first twa quarters are estimates based on neutron/gamma
ratios observed during the last two quarters.

dNeutron dose measurements at Locatlon 5a indicate an additional annual dose of
approximately 700 mrem.
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Table 23, Concentration of beryllium in LLL perimeter air filters during 1975 (ug/m3).

Location® January February March April May June July August September Dctober November Deceaber  Annual average
1 60E-06 63E-07 63E-06 1,6E-05 3,3E-05 29E-05 24E-0 26E-05 39E-05 1.7JE-05 7.9&E-06 1.1E-05 1.BE-05
2 J.9E-06 7.6E-0 <50E-0" 1.7E-05 2.4E-05 16E-05 13JE-05 1.9E-05 29E~-05 L1E-05 <5.0E-07 99EFE-06 <L2E-05
12 24E-05 B3E-07 4,5E-05 4.8E-05 57E~-05 4S5E-05 21E-05 Jb6E-0O5 48E-05 3.2E-05 3.0EKE-05 26L-05 3.5E-05
13 1.JE-05 6,3E-~07 <50E-0/ 1.0E-0 3,2E£-05 39E-05 2,6E-05 1.1E-05 1,9E-05 67E-06 6.2E-06 1.0E-05 <L5E-D05
14 3.8E-06 7.3E-~07 <50E~0 6.0E-05 24E-05 3.6E-0 3.0E-05 51E-05 1,2E-04 3.2E-05 46E-06 ©.2E-06 <2.6F-05
15 1.4E-05 7.2E~07 14E-05 S5.8E-06 28E-05 28E-05 35E-05 20E~-05 41E-05 25E-05 4JE-06 13E-05 1.9E-05

Monthly

average 11E-05 7.2E-0? <1.2E-05 1,7E-05 33E-05 3,2E-05 25E-05 27E~905 49E-05 21E-05 <@9E-06 1.3E-05 <21E-05

-03 25E-03 1,0 E-03 4,5 E - 04 6.5 E - 04 1.1 E- 01

m

2 ntondard® 5.5 E - 04 3.6 E - 05 6.0 E - 04 8.5 E - 04 1.7 E-0) 1,6 E- 903 L3IE-03 L4

“see Fig. 2 for sampling lacations.
bLl.\'nu of sensitlivity is 5.0 E - 07 pslmJ.
“Emtsslon standard 1s 2 ug/m® as reported In Federal Register, April &, 1973,

Table 24. Concentration of beryllium in Site 300 air filters during 1975 (ug/m*).

Location® Jlanuary February March Aprll May June July August Septenber Gefober November December Annual average
1 1.6E-05 58E-07 <5.0E-07 <5.0F-07 J3LOE-D05 LEE-05 1.2E-05 23E-03 11E~05 L9E-06 <50FE-07 <.0E~05
2 L1E-05 6,3E-07 <5.0E-07 5.6E~06 16F-05 BOE-06 1,0E-05 23E-05 3.5E~05 LOE-Uh 50E-06 <I,1F-05
3 9.9E-06 S5S,3E-07 S0E-06 41E~-06 3.6E-05 1L9E-05 1.2E-05 312-05 14E=~05 7HL-00 9BE-06 1.6E-D05
4 5.0E-0" J6E-07 <.0E-07 15E-05 6.4E-05 E 39E-05 2,9E-05 1,9E-05 29FE-ay LI1E-0y 61E-06 <21E-05
5 50507 <SDE-07 5,2F-06 1.5F-05 2.9E-0% E 43E-D5 23£-05 31E-05 1.3FE~05 1LEE-DS 1,5E~05 <LOE-n4
? 7.JE~06 S5S4E~07 1,0E-05 3.9FE-~06 31E-05 10FE-05 XL3IE-05 B2E-06 2,E-05 1,5E-05 1.2E-0% <50E-07 <L3E-05
) <501 -0 235E-07 <5,0E-07 S.4FE-00 43L-05 7 9E~-06 4SE-05 <50E-07 29E-05 #0FE-u LOE-US <50E-07 <L3E-05
9 JJJE~06  AOE~D] <50F~ql 1.0E-05 3,9E-09 4JF-06 JDE-05 <50E~-07 1,5E-05 B.VE-" 25E-06 <50E-07 <LOE-O05
10 <5.0E-07 1.2E-06 1.6E-05 BWIE-06 7,30 -05 11E-04 7.9E-05 9,9E~05 2.4E-05 1,1E-D5 1I1E-05 <50F-07 <3,6EF-05
1 <5.0E-07 56E-07 S5, 0E-06 3.3E-0n 41E-05 4JE-0+ 2BE-05 2,7E-05 23E-05 1,3E-~05 55E-~06 <50Ff-07 <13E-05

Honthly

average <.5E-06 <6,9E-07 < 4FE-06 <7, 1E-06 S2E-05 L5E-05 34E-05 <4E-~05 2,7E-05 JLE-05 &8.3FE-06 <39E-06 <I.6EF-05

T #tindord® <28k -04 <LSE-0%5 <2,2E-O0h <lok=-04 21K-01 ),1TE-03 17E-03 <,ZE-03 I,%E-0) 7,0E-0& %2E-08 <20F5=-04 <B,2E-(b

“See Fig. 4 for sanpling locations.
SLinte of sensitivity is 5.0 E - 07 ug/m’.
“Entaslon standard 18 2 Le/n® as reported In Federal Regidter, april b, 1971,
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Table 25. Monthly average concentrations of various elements in LLL sewage
effluent during 1975 (mg/l).

n

Month cd Cr Cu Fe Pb Ni Ag Zn F
January 0.01 0.13 2,10 2,06 0.22 0,20 0.16 0.65 -
February 0.01 0.17 1.63 2.43 0,08 0.13 0.18 0.44 -
March 0.01 0.13 2,51 2,98 0.15 0,22 0.25 0.49 -
April 0.01 0.15 1.51 2.72 0,12 0.12 0.23 0.68 0,60
May 0.02 0.1y 3.42 4,53  0.73 0,24 0.25 1.12 0.72
June 0.02 0.26 5,41 8.44 0,37 0.22 0,37 1,12 0.32
July 0.01 0.08 1.01 1.07 0.07 0.06 0.14 0,36 0.27
August 0.01 0.09 2.48 3.03 0.14 0.08 0.18 0.50 0.17
September 0.01 0.15 1.53 4,36 0.22 0.08 0.10 0.56 0.19
Qctober 0.01 .18 0.57 2,00 0,04 0.05 0.07 0.44 0,21
November 0.01 0.23 0.80 1.70  0.04 0.09 0.04 0.40 0.22
December 0.02 0.58 2,96 4.87 0.23 0.14 0.21 1,00 0.2
Annual average 0.01 0.20 2.1¢ 3.35 0.20 0.14 0,18 0.65 0.33

aMonthly fluoride measurements on sewage effluent began in April.



Table 26. Physical and chemical examination of LLL sewage effluent during 1975.

Sewage, 24 hr composite, mg/la

Annual
Analysis 1ar Quarter 2nd Quarter 3rd Quarter 4th Quarter average

BODb 78 31 37 44 48 447
con 220 133 120 178 163 x 287
Total nitrogen 25 22 24 38 27 + 26"
Ammonia nitrogen 16 12 18 5.3 13 + 467
Nitrate nitrogen 1.2 1.5 0,10 10 3.2 r 144"
0il & grease 51 5 15 68 35 + BRY
Sulfate 56 - 42 59 52 LI i
Arsenic 0.030 0.006 0.004 <.001 <,0l

Boron 0.42 0.4 0.4 1.1 0.58 * /0%
Cyanide 0.25 0.011 0.09 0.29 0.16 + 417
Mercury 0.0170 0,0010 0,0011 0.0019 0,007 = 1007
Selenium 0.006 0,003 0,004 0.007 0,005 + 40
Settleable matter" 2.0 <0.1 <0.1 0.2 0,9 & 671
Total solids 248 200 239 355 261 + 257
Solids, dissolved 216 165 206 325 228 i 30v
Solids, suspended 25 27 15 32 25 + 287
Total alkalinityd 100.0 91.4 79 130 100 s 22
Total phosphorus 2.5 1.9 2.8 4.4 2.9 + 387

3pata obtained from a composite of samples collected over a 24 hr period in each
quarter.

bBiochemical oxygn demand (5 day @ 20°C).
€settieable matter, ml/1/hr.
dalkalinicy (me/1 caco,).
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Table 27. Physical and chemical examination of Site 300 sewage settling pond
during 1975.

24 hr Composite, mg/12

Annual
Analysis lst Quarter 2nd Quarter 3rd Quarter 4th Quarter average

Bop® 65 15 36 20 19 + 497
coD 400 357 650 420 457 = 29%
Total nitrogen 18 15 31 20 21 * 33%
Ammonia nitrogen <0.05 0,22 <0.05 0,11 0,11 * 73%
Nitrate nitrogen 0.04 0.14 0,45 0.10 0,15 * 93%
011 and Grease 27 63 13 63 42 > 60%
.ulfate 346 470 420 490 432 L 15%
Arsenic 0.002 0,006 0,003 0.014 0.006 * 83%
Boron 4.3 4,7 1.4 5.8 4,1 * 467
Cyanide <0.001 0,001 0,005 0,003 0,003 = 67%
Mercury <0.0001 <0,0001 <0,0001 <0,0001 <0.0001
Selenium 0.001 0.015 0,015 0.008 0,010 = 70%
Settleable matter® <0.1 <0.1 <0.1 <0,1 <0.1

Total solids 2158 2765 3370 3026 2830 * 18%
Solids, dissolved 1756 2667 2338 2893 2414 =z 21%
Solids, suspended 182 64 184 98 132 * 46%
Solids, volatile 445 451 836 422 539 = 37%
Total alkalinityd 750 994 1199 1085 1007 * 19%
Total phosphorus 0.7 7.5 10.1 10.9 7.3 + 63%

aData obtained from a composite of samples collected over a 24 hr period in each,
bBiochemical oxygen demand (5 day @ 20°C).

®Sattleable matter, ml/1/hr.

dAlkalinity (mg/l Caco,).

Table 28. Estimated radiation dose to public from LLL radicactive airborne
effluents in 1975.

Dose at site Dose to nearest Dose within 80 km
Curies boundary downwind resident radius of LLL
Nuclide Facility released (mrem) {mrem) Season (man rem)
lar Bldg 281 - Livermore 595 5.1 0.67 Wer 1.1
Pool type reactor Dry 0.6
Annval 1.7
3“2 Bldg 331 - Gaseous 2167 0,20 0.017 Vet 0.14
Chemistry Dry 0.07
Annual 0.21
%, Bldg 212 - insulating 1217 1.63 0.020 Vet 0.11
core transformer Dry 0,07
accelerator Annual 0.18
133,-1%, Bldg 194 - Electran 1185 0.0051 0.0013
positron linear
accelerator

=51-.



Table 29. Percent of concentration
guide of radionuclides
detected in discharges to
Livermore city sewers.,

Radlonuclide  CC° (WCi/m) 7 CC

134cg 9E-06 2.1 E- 01
1370g E-05 9.5E- 02
1104 3E-05 6.3 E- 02
125, E-04 1.9E- 02
Prp E-04 1.9 E - 02
On E-04 1.9 E - 02
8570 E-04 1.9 E - 02
Por 8E-04 2.4 E- 03
60¢, 3E-03 6.3 E - 04

aAssuming each of the radionuclides
was the sole source of the 1.9 E - 08
UCi/ml annual average gross beta
activity in the dishcarge.

bERDAM 0524, Annex A, Table II.
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Appendix B

Discharge Limits to the Sanitary Sewer Systems
of the City of Livermore

The Code of the City of Livermore (1959) states the discharge require-
ments to its sanitary sewer system in Section 18.63. These limits are as

follows:

Sec. 18.63.

No person shall discharge, or cause to be discharged, except for salt
waste discharge from water softener units of any kind or description installed
and in operation on or before January 31, 1966, which are regenerated by the
owner thereof at the place of use of such units, any of the following described
water or wastes to any public sewer unless the customer obtains a permit from
the city in accordance with section 18.65.

(a) Any liquor or vapor having a temperature higher than one hundred
fifty degrees Fahrenheit.

(b) Any waters or wastes which contain more than two hundred ppm of fat,
oil or grease that is petroleum ether soluble.

(c) Any gasoline, benzene, naphtha, fuel o0il or other inflammable or
explosive liquid, solid or gas.

(d) Any garbage, except properly ground with a mechanical garbage
grinder. Specifically excluded from the sewers are waste products resulting
from the handling, storage and sale of fruits and vegetables from other than
retail produce establishments, or other foods not intended primarily for
immediate consumption.

(e) Any ashes, cinders, sand, mud, straw, shavings, metal, glass, rags,
feathers, tar, coal tar, asphalt, cement, plastics, woods, paunch manure or
any other solid viscous substance capable of causlng obstruction to the flow
in sewers or other interferences with the proper economical operation of the
sewage works.

(f) Any wastes or water with a pH lower than six and eight-tenths or
higher than eight.

(g) Any waters or wastes containing total dissolved solids increments
greater than three hundred and twenty-five ppm, nor chloride increment greater

than seventy-five ppm, increase during a single cycle use of the water supply.
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(h) Any water or wastes having a B.0.D. greater than thre: hundred ppm
(the average B.0.D. for residential users).

(i) Any wvaters or wastes containing more than three hundred ppm of
suspended solids (the average suspended solids for residential users).

(j) Any waters intended to be used or used to dilute waste discharge to
avold violation of the above limitation, (Ord. No. 586, par 1.)

Sec. 18.66

No person shall discharge or cause to be discharged any radioactive
wastes into any public sewers, except where:

A. The waste is discharged in strict conformity with current atomic
energy commission recommendations for safe disposal of radioactive wastes.

B. The dischargidg of radioactive waste will not cause injury to
personnel or damage to the sewage works, Any person discharging a radioactive
waste to a public sewer in accordance with the provisions of the preceding
paragraph shall submit to the council such report as the council may deem
necessary.

In the event of any accidental spill of any radioactive material into the
public sewer, the person responsible shall (a) immediately notify the plant
superintendent, and (b) render such technical or other assistance to the
department of publin works within his power to prevent the sewage works from

becoming contaminated with radioactivity. (Ord. No. 586, par 1.)
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Appendix C
Environmental Activity Concentration Guide Levels

The Standards for Radiation Protection (AEC Manual Chapter 0524, issued
11/8/68) state that if there 1s a mixture in air and water of radionuclides
vhose identity and concentrations are unknown, the average activity should not

exceed the following values:

-1
1. Air (controlled area) 6 x 107+ yici/ml
2. Air (uncontrolled area) 2 x 10714 uCi/ml
3. Water (controlled area) 4 x 10_7 uci/ml
4. Water (uncontrolled area) 3 x 10-8 uCi/ml
If it is known that alpha emitters and 227Ac are not present, the

following guide values may be used to determine the permissible average activity:

5. Air (controlled area) 3 x 1071

uci/mi
6. Air (uncontrolled area) 1% 10_]‘2 uci/ml

If it is known that 1291, 226Ra, and 228Ra are not present, the following

values may be used:

6

7. Water (controlled area) 3 x 10°° yCi/ml

8. Water (uncontrolled area) 1 x 10_7 uCi/mi

The air and water samples are subjected to gross alpha and gross beta
measurements. The average annual alpha activities may not exceed those listed
under points 1 through 4 above. Since the alpha emitters have been accounted
for in the gross alpha measurements, and the assumption 1s made that 1291,
227Ac, 226Ra, and 228Ra are not present in the samples, and annual averags gross
beta activities of the samples may not exceed the activities listed under
points 5 through 8 above. The assumption that 1291, 227Ac, 226Ra, and 228Ra are
not present in air and water samples is reasonable in view of the minute quan-
tities of these radionuclides available at the Laboratory. AEC Manual
Chapter 0524 alsc states that the average tritium activities in off-site water
samples may not exceed 3 X 1073 uci/ml.

Since analysis for 1291, ;26Ra, and 228Ra activities is made on samples
collected from the Laboratory's sewage effluent at the point of discharge into

the Livermore city sanitary sewer system, the gross alpha and beta activities
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in the samples collected from the effluent discharged from the Livermore sewage

7 uCi/ml listed under point 8

treatment plant should not exceed the 1 x 10~
above.

The annual external whole-body radiation dose to workers in controlled
areas may not exceed 5 rem; while 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 individuals in an uncontrolled area.
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