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ENVIRONMENTAL MONITORING AT THE 
LAWRENCE LIVERMORE LABORATORY 

1974 ANNUAL REPORT 

Introduction 

The Lawrence Livermore Laboratory (LLL) 
is located about 64 km (40 mi) east of San 
Francisco in the Livermore Valley in 
southern Alameda County, approximately S km 
(3 mi) east of the City of Livermore, 
California. The site occupies an area of 

2 2 
2.54 km (627 acres, approximately 1 mi ). 
Open agricultural areas surround the 
Laboratory on the north, cast, west, and 
part of the south side. Sandia 
Laboratories — Livermore occupies a portion 
of the adjoining property on the south. 

Established in 1952, the Laboratory is 
operated for the Energy Research and 
Development Administration by the Univer
sity of California under contract number 
W-7405-Eng-48 and currently employs ap
proximately 5600 people. Although nuclear 
weapons research and development has always 
been the prime mission of LLL, additional 
programs include controlled thermonuclear 
research, peaceful uses of nuclear explo
sives, biomedical studies and laser fusion 
research. Most recently, major programs to 
develop non-nuclear energy technologies 
have bfcen established at Livermore. 

Much of the materials testing and high-
explosive diagnostic work of the Laboratory 
is carried on at Site 300, about 16 km 
(10 mi) southeast of Livermore. This site, 
located in the sparsely populated hills of 

2 the Diablo Range, covers an area of 27 km 
(7000 acresJ. 

The Livermore Valley has a climate char
acterized by mild, rainy winters and warm, 
dry summers. Annual rainfall averages 
about 360 mm (14 in.); rains occur pre
dominantly between November and April, 
usually in connection with Pacific storms. 
Surface water drainage from the Valley is 
from eust to west through various arroyos 
with the outfall in the southwestern corner 
of the valley. Prevailing winds are from 
the west and southwest during April through 
September. During the remainder of the 
year, the winds from the east and northeast 
often occur as frequently as those from the 
west and southwest. 

The Livermore site is developed on a 
northwesterly sloping alluvial flood plain 
bordering the low hills of the Livermore 
Uplands to the south. Lithology of the 
area consists of a series of unconsolidated 
marine and continental sedimentary units 
such as sandstones, gravels, silts, and 
clays overlaying the interbedded sandstones 
of the Franciscan Formation. The hilly 
terrain surrounding the Valley is used for 
cattle and sheep pasture. Principal agri
cultural 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 at a 
closest distance of 1.8 km (1.1 mi) to 
the southeast; the Patterson Pass water 
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treatment facility about 2 kn (1.3 mi) 
east- 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 accom
modate a 10-year flow. Open ditches are 
used in undeveloped areas of the site. 
Two arroyos traverse LLL. Arroyo Seco 
crosseB at the southwest corner of the 
project, and Arroyo Las Positas originally 
crossed the northeast section of the site, 
entering from the east at a point on 
Greenville Road between Patterson Pass Road 
and Lupin Way. However, in 1965, as part 
of an erosion control 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 northwest 
corner. This outlet, which also constitutes 
the principal pathway for the Laboratory's 

surface drainage (storm and irrigation) 
-3 2 runs north in a 5.7 x 10 km (1.4 acre) 

easement zone to the Western Pacific tracks, 
then westward where it joins Arroyo Seco. 

The total present population within 
80 km (50 mi) of the Laboratory is ap-

6 proximately 4.3 x 10 . The nearest urban 
residential area is 0.8 km (0.5 mi) from 
the west perimeter. 

A strict effluent control program, which 
places maximum emphasis, on controlling 
effluents at the source, has been in con
tinuous existence within the Laboratory 
since it began operation. An environmental 

surveillance program is conducted to ensure 
that this control program is indeed re
stricting the release of effluents from 
the Livermore Laboratory and Site 300 to 
concentrations well below applicable 
standards. This program employs techniques 
with sensitivities usually capable of de
tecting radioactive and non-radioactive 
pollutants below environmental background 
levels. The program includes the collec
tion and analysis of air, soil, water, 
sewer effluent, vegetation, and milk sam
ples. Environmental background radiation 
is measured at numerous locations in the 
vicinity of the Livermore Laboratory by 
means of thermoluminescent detectors. 

The results of the analyses are provided 
in this report. When appropriate, maximum, 
minimum, and average concentrations are 
given. Error limits, when included, re
flect the uncertainties in the analyses at 
the 95X confidence level due to counting 
statistics. Unless otherwise stated, the 
minimum detection limit of these measure
ments is assumed to have been reached when 
the 2 o error is +100%. In the case of 
radioactivity, an attempt has been made to 
assess the impact from the observed en
vironmental activity levels of artificially 
and naturally produced radionuclides by 
calculating the whole-body or critical 
organ doses delivered to an adult by the 
various radionuclides of interest. In 
evaluating these radiation doses, which are 
typically less than 1 mrem per year, it 
should be remembered that doses of approx
imately 100 mrem are received each year 
from natural sources. 
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Summary 
In 1974, the average annual gross beta 

activity on particulate air filters was 
about five times higher than in 1973. This 
increase is due almost entirely to the 
nuclear debris added to the stratosphere 
by -.he large-yield Chinese atmospheric 
event of June 27, 1973. There were corre
sponding increases in specific flssion-

238 
product radionuclides. Airborne U con
centrations at Site 300 were higher than 
those at Laboratory perimeters due to the 
use of "depleted" uranium (a byproduct o£ 
235 

U enrichment) at the Site. These 
uranium concentrations were well below the 
standards set by the AEC. 

Soil samples collected iii the off-site 
vicinity of the Laboratory and at Site 300 
were analyzed for Plutonium. There were 
negligible changes from the levels re
ported in 1973. 

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 10 
to 100 times higher than those collected in 
airsas where the Laboratory's contribution 

should be minimal. There were also two 
locations at Site 300 at which tritium 
levels in vegetation were above background. 
In all cases if this vegetation were a 
regular part of one's diet, the annual 
whole-body radiation dose from tritium 
would be less than 1 mrem. 

The average annual gamma dose rate at 
Laboratory perimeters was 74 mrem. In the 
off-site vicinity, the average annual back
ground dose rate was 68 mrem. Both 
Laboratory perimeter and Site 300 annual 
average airborne beryllium concentrations 
were less than 1% of the appropriate 
standard. Releases of heavy metals to the 
Livermore sanitary sewer system conformed 
to the discharge regulations of the City 
of Livermore. 

No Laboratory effluent resulted in esti
mated radiation doses to the public ex
ceeding 5 mrem. Assessment of the 
radiation doses to an individual from the 
environmental activities listed in this 
report demonstrates that the dose contri
bution from Laboratory operations in 1974 
was small compared with the approximately 
100 mrem per year dose received from 
natural sources. 
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Monitoring Data — Collection, Analysis and Evaluation 

RADIOACTIVE MONITORING 
Airborne Radioactivity 

Concentrations of various airborne 
radionuclides were measured at Laboratory 
perimeters, ir. the off-site vicinity of 
the Laboratory and at Site 300, Sampling 
locations are shown in Figs. 1, 2, 3, and 
4, respectively. The six samplers on the 

Laboratory perimeter and the ten samplers 
at Site 300 use 5.2 x 10~ m (80-in.2) 
Whatman 41 cellulose filters. These 
samplers are operated at an average flow 
rate of 700 i/m (25 cfm). Off-site sample 
throughout the Livermore Valley use 4.56 
x 10~ m 2 (7.07-in.2) glass fiber filters 
(Flanders F-700) and are operated at 

•(To)—.© '@»©-< 

Fig. 1. Lawrence Livermore Laboratory on-site environmental sampling locations. 
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( 3 Air sampling slat-ions 

/ \ Sewage sampling points 

I I Water sampling poinfs 

Q Vegetation sampling areas \ 
•" v - ' • \ \ •} 

Fig. 2. Lawrence Livermore Laboratory off-site environmental sampling locations. 

80 l/m (3 cfm). All air filters are 
changed weekly. Perimeter and Site 300 
filters are cut in half, and a half of each 
filter is retained for beryllium analysis 
(see Non-radioactive Monitoring) . 

After a four-day delay for the decay of 
radon-thoron daughters, gross alpha and 
beta activities on the filters are deter
mined using an automatic gas flow propor
tional counter. Monthly composites of the 
Laboratory perimeter and Site 300 filters 
are also counted for specific gamma-emitting 

radionuclides by means of a Ge(Li) detector 
equipped with Compton suppression. Fol
lowing gamma counting, the monthly com
posite of the Laboratory perimeter filters 
is divided according to sampling location. 
These samples and the Site 300 composite 
are analyzed for i 3 9 P u , 2 3 8 P u , 9°Sr, Z 3 5 U , 
and U. 

No gross alpha activity above the 1 
x 10 pCi/ml minimum detection limit was 
observed on the filters. Tables 1 and 2 
show airborne gross beta activities on the 
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Cl Air sampling stations 
I J Water sampling points 
Q_) Vegetation sampling areas 

Fig. 3. Air, water and vegetation sampling locations inside Site 300 boundary. 

Livermore Valley and Site 300 samples 
respectively. Average annual concentrations 
are about five times higher than those 
found during 1973. This increase is due 
almost entirely to the large-yield Chinese 
atmospheric event of June 27> 1973 which 
added considerable nuclear debris to the 
stratospheric inventory. Figure 5 is a 
plot of the weekly average beta activities 
at the two sites, and shows the increase 
typically observed during spring months due 
to transfer of radioactive debris from the 
stratosphere to the troposphere. Tables 3 
and 4 list the activities of the more 
abundant gamma-emitting radionuclides which 

contribute the bulk of the beta activity in 
Livermore and Site 300 samples. Tables 5 
and 6 show the concentrations of airborne 
239„ 238„ 90„ 235,, , 238,T . Pu, Pu, Sr, U, and U in 
Livermore perimeter and Site 300 air sam
ples. Both sets of data show plutonium and 
strontium concentrations comparable to 
those observed last year, and which are 
typical of global fallout 3,4 The higher 

238 concentration of U at Site 300 is due to 
the use of "depleted" uranium (a byproduct 

235 of U enrichment) at the 6ite. As noted, 
however, the uranium concentrations cor
respond to less than 0.01% of the Concen
tration Guides of AEC Manual Chapter 0524. 
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Fig. 4, Air, water and vegetation sampling locations in the Site 300 area. 
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Fig. 5. Weekly average gross beta activity on air filters from Livermore Valley and 
Site 300 sampling locations. 

Airborne tritlated water (HTO) concen
trations were determined at each of the LLL 
perimeter sampling locations shown in 
Fig. 1. Water vapor was collected on 
silica gel samplers operated at about 
0.5 litre/min for 1-week periods, The 
collected water was recovered by vacuum-
drying at 150°C, and the HTO was measured 
by liquid scintillation counting. Table 7 
shows maximum, minimum, and average con
centrations observed at each location. The 
annual average concentration for the set is 
4.7 x 10 UCi/ml which is comparable to 
the 3.9 x 10 uCi/ml average for the 
same sampling locations during 1973. The 
maximum weekly HTO concentration of 8.5 
x 10~ UCl/ml, observed at Location 12 
(Fig. 1), is less than 0.5% of the Con
centration Guide (CG) of 2 x 10" uCi/ml 
specified by AEC Manual Chapter 0524. 

Radioactivity in Soil 
An intensive soil sampling program in 

1971 and 1972 provided a data base for 
the concentration range of various radio
nuclides in soils in the vicinity of the 
Laboratory and at Site 300. These meas
urements included naturally occurring 
radionuclides and those deposited as a 
result of global fallout, as well as radio
nuclides from possible Laboratory effluents. 
In 1973 and 1974, soil sampling in the 
vicinity of LLL and at Site 300 has been 
reduced to a continuing surveillance pro
gram. Locations are resampled annually 
to document any changes in environmental 
levels of radioactivity that may have 
occurred during the year, and to evaluate 
any increase that might be due to Labora
tory operations. These samples are col
lected to a depth of 1 cm, and comprise 



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 
239 238 

Pu and Pu were determined using 
standard radiochemical techniques. For 
gamma spectra analysis, approximately 300-g 

3 aliquots of soil were sealed in 200-cm , 
thin-walled aluminum cans and counted in 

the Ge(Li) spectrometer previously 
referenced. 

A number of on-site soil samples were 
collected and analyzed as part of a special 
study of the radiological background char
acteristics of the Livermore site. Fig
ure 6 shows the location of these samples, 
and Table 8 shows the data obtained. 
Higher levels of plutonium and americium 
east of the waste disposal area are due to 

"'1 
43. 

ni, 

U't ...J " " 

rsx^ns^fi. 
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Fig. 6. Locations of s o i l samples collected on-site at Laurence Livernore Laboratory. 
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accumulated effects of waste disposal 
activities ia the area over the past sev
eral years. 

Figure 7 shows the location of off-site 
samples collected east of Greenville Road. 
Table 9 compares the plutonium levels in 
soil samples in 1974 with those collected 
In the same areas during 1973. No in-

239 creases in Pu were observed over the 
levels reported in 1973. Figure 8 locates 
soil sampling areas within Site 300. High-
explosive tests at Site 300 often involve 
the use of depleted uranium. Accordingly, 

soil samples are taken annually to deter
mine •'.he extent to which the natural 

U/~ U ratio of the soil is perturbed 
by these operations. To date the analyses 
have indicated that isotopic perturbation 
is essentially restricted to areas adjacent 
to the firing bunkers. Prior to 1974, 
these U and U measurements have been 
based on mass spectrometry. However, the 
1974 data have been obtained by gamma 
spectrometry. Gamma-ray measurement of 
238 

U in soil generally relies on the gamma 
emission from Ra daughters in the 

Fig. 7. Locations of soil samples collected in the vicinity of Lawrence Livermore 
Laboratory. 
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Fig. 8. Locations of s o i l samples c o l l e c t e d ins ide S i t e 300 boundary. 

Table 10, are comparable to those observed 
137 during 1973. Plutonium and Cs l e v e l s 

are i n the range expected from g loba l 

f a l l o u t . 

Radioactivity in Sewage 
Liquid radioactive wastes are r.reated to 

reduce activity levels to as low as prac
ticable and well below standards set by AEC 
Manual Chapter 0524. Following this 
treatment, the liquid waste is released to 
the City of Livermore's sanitary sewer sys
tem at the LLL outfall shown in Fig. 1. 

uranium decay scheme, with the assumption 
238 that U is in secular equilibrium with its 

daughters. These decay products are essen
tially absent in "depleted" uranium. A 

238 direct measurement of U was employed 
using the 63-keV transition gamma from 
2 3 4Th, the first daughter of Z 3 8 U . 6 This 
technique does not depend on uranium-radium 
equilibrium; it has the additional advan-

235 238 
tage that the U and U data are ob
tained simultaneously with the measurement 
of other gamma-emitting radionuclides in 
soil. The isotopic uranium data, shown in 

-11-



This effluent is continuously monitored for 
pH and radioactivity. 

The Livermore water reclamation plant is 
a 200-il/s (5 000 000 gal/day) secondary 
sewage plant serving the residential, com
mercial, and industrial users in Livermore. 
Sanitary sewage from LLL contributes about 
13 1/s (300 000 gal/day), which is about 6£ 
of the total capacity of 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 oxidize organic matter in 
the sewage. The sewage then enters an 
activated sludge aeration tank where 
microbes suspended in the sewage further 
oxidize organics to purify the waste. 
After aeration, the sewage flows to the 
final sedimentation tank where the sus
pended microbes settle out. The purified 
sewage is chlorinated to kill pathogenic 
bacteria before release from the plant 
since the treated vaste is used to recharge 
ground-water supplies. Treated water (the 
plant effluent) is used for irrigating the 
Livermore Municipal Golf Course, lawns of 

I 
Che Livermore Airport, and nearby agricul
tural land; the excess is discharged into 
Arroyo Lns Positas. 

Solids from the seeding tanks are 
pumped to anaerobic digesters where bac
teria break down Che organics to yield 
stablized sludge and methane. This sludge 
is then pumped into one of cwo large la
goons. During Che summer, a portion of 
chis sludge is removed Co drying beds. The 
dried sludge is available to Che public for 
use as a soil conditioner. 

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

efflue.-it. Gross alpha and beta activities, 
as veil as specific alpha-emitting radio
nuclides, are measured in monthly com
posites of the weekly samples to determine 
if any significant buildup of radioactivity 
occurs 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 11 
through 13. It is seen that most of the 
activity is associated with the solids 
(sludge) in the plant. 
Radioactivity in Water 

Wate samples are collected from various 
locations in the Livemore Valley and at 
Site 300 as shown in Figs. 1 through 4. 
Samples are evaporated and the residues are 
transferred to counting planchets with 
dilute nitric acid. After flaming, the 
planchets are counted foc gross alpha and 
beta activities in a gas proportional 
counter. There were no samples with an 
alpha activity above the minimum detection 

—9 
limit of 1.2 x 10 uCi/ml. The gross beta 
activities for the Livermore Valley samples 
are listed in Table 14. Locations 11, 15 
through 17 and 21 through 24 are surface 
sources such as ponds, creeks, and reser
voirs, Livermore rainfall is sampled at 
Location 20. The balance are domestic 
water sources. Annual average gross beta 
activities in Livermore waters in 1974 were 
about 50% higher than they were in 1973. 
This increase is probably du> to the in
creased beta activity in ground-level air 
present in 1974. Gross beta activities in 
Site 300 water samples are shown in Table 15. 
These samples are collected from on-site 
wells supplying Site 300 (Locations 1 
through 7) and off-sice creek sources 
(Locations 11 and 14). The Location 20 
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represents Site 300 rainwater. The re
mainder are on-site ponds or springs. 
Annual average gross beta activity of 
Site 300 water during 1974 was essentially 
unchanged from 1973. With the exception of 
rainwater and the two off-site creek 
sources, the Site 300 samples came pri
marily from deep wells and springs. Ac
cordingly, the increased airborne beta 
activity had little effect on them. 

These samples are also analyzed for 
tritium activity. Because of the low 
activities, it was necessary to distill 
and electrolytically enrich the samples 
prior to liquid scintillation counting. 
Tables 16 and 17 show the data for 
Livermore and Site 300 samples, respec
tively. Inspection of the data indicates 
that the samples exhibit rather uniform 
tritium concentrations that are well below 
the recommended concentration guide value. 
The tables also include an estimate 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 litre/day and the model of Anspaugh 
et al. 7 

Radioactivity in Vegetation 
Vegetation samples (usually native 

grasses) are collected at monthly intervals 
throughout the Livermore Valley, at 
Site 300, and in the off-site vicinity of 
Site 300 at the locations shown in Figs. 2, 
3, and 4. Thest samples are freeze-dried 
and the tritium activity in the recovered 
water is determined by liquid scintillation 
counting. Table 18 shows the tritium data 
on vegetation collected in the Livermore 
Valley. The data indicate generally higher 

tritium concentration east and north of the 
Laboratory, which would be expected since 
the prevailing winds are from the west and 
southwest. The whole-body radiation doses 
shown in the table were derived from the 

7 model of Anspaugh et̂  al., assuming that 
the observed activities were typical of 
edible vegetation grown in this area. The 
possible doses, which are less than 1 rarem 
per year, are based upon the direct daily 

o 

consumption of 400 g of vegetation, nor
mally 80% water. 

Table 19 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 fluc
tuation than do the Livermore Valley sam
ples. Location 6 is adjacent to an area 
containing tritium-contaminated debris 
from a firing table. Under the influence 
of seasonal rains, the tritium has ap
parently entered an aquifer whose outflow 
is in the area where SampJ e ? 3 is routinely 
collected. 

Badloactivity in Milk 
The only dairy in the general vicinity 

of Laboratory operations is located about 
1Q km (6 mi) southwest of Tracy. Periodic 
milk samples are collected from the dairy 
throughout the year. 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 water 
recovered from freeze-drying in a liquid 
scintillation counting system. Activities 
of 1 7Cs, °K, and 3 H are shown in Table 20. 
No other radionuclides were detected. Also 
shown are the calculated annual adult 
whole-body or critical organ radiation dose 

13-
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Fig. 9. Location of thermoluminescent dosimeters in the vicinity of the Lawrence 

Livennore Laboratory. 
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d e l i v e r e d t o man v i a t h e mi lk pathway. 

These c a l c u l a t i o n s a r e based on a d a i l y 

i n t a k e of 260 g/day and t h e models p r e 

v i o u s l y r e f e r e n c e d . As e x p e c t e d , the only 

dose t o an i n d i v i d u a l above 1 mrem i s t h a t 

from n a t u r a l l y o c c u r r i n g K. 

Environmental Rad ia t ion Measurements 

Environmental r a d i a t i o n measurements a r e 

made a t 12 LLL p e r i m e t e r l o c a t i o n s shown 

on F i g . 1 , and a t 41 o f f - s i t e l o c a t i o n s 

shown i n F i g . 9 , i n t h e v i c i n i t y of the 

Labora to ry . These measurements a r e ob

t a i n e d from CaF : Dy (TLD-200) thermolumi-

nescence dos imeters p l aced a t a he igh t of 

approximate ly 1 m above t h e ground. Ex

posu re pe r iods a r e 3 months . Based on pas t 
9 

measurements, the env i ronmen ta l t e r r e s -

55 

F i g . 10. 

60 65 70 75 210 215 

Annual background rate — m rem 

Annual o f f - s i t e r a d i a t i o n back
ground, i n m i l l i r e m , measured 
during 1974. 

t r i a l exposure r a t e s i n t h e Livermore Valley 

vary between 3 and 7 pR/h r ; cosmic r a d i a 

t i o n , c a l c u l a t e d from t h e l o c a l e l isvat ion 

and geomagnetic l a t i t u d e acco rd ing t o the 

d a t a of Lowder and Beck, i s approximately 

4 uR /h r . Table 21 shows q u a r t e r l y and 

annual doses i n m i l l i r e m d e r i v e d from the 

measured exposure r a t e s a t p e r i m e t e r l oca 

t i o n s . The e l eva t ed dose r a t e a t Locat ion 5 

i s from an a c c e l e r a t o r f a c i l i t y ad jacent to 

the sou th s i t e boundary. Th i s dose r a t e 

r e p r e s e n t s an i n c r e a s e over 1973 , and was 

due t o programmatic r e q u i r e m e n t s fo r oper

a t i o n of a 14-MeV neu t ron g e n e r a t o r a t 

h ighe r f lux r a t e s . Means of reducing t h i s 

dose r a t e a re being i n v e s t i g a t e d . F igure 10 

shows an annual frequency d i s t r i b u t i o n of 

environmental dose r a t e s observed a t the 41 

o f f - s i t e l o c a t i o n s . The s i n g l e dosimeter 

which recorded the high (210-215 mrem) dose 

i s nea r an o f f - s i t e i n d u s t r i a l p l a n t where 

rad iography i s f r e q u e n t l y performed. The 

average o f f - s i t e dose r a t e of 68 mrem i s 

comparable to the 71 mrem observed during 

1973. The average p e r i m e t e r dose r a t e was 

74 mrem, compared wi th 75 mrem observed for 

1973. 

NON-RADIOACTIVE MONITORING 

Airborne Beryllium 

Beryl l ium moni to r ing , b o t h of i n - p l a n t 

a i r and a t o r near t h e p r o p e r t y bounda r i e s , 

has always been a p a r t of t h e LLL s a f e t y 

program. Each month h a l f of each LLL 

p e r i m e t e r and S i t e 300 f i l t e r i s composited 

by sampling l o c a t i o n , w e t - d i g e s t e d , and 

the be ry l l i um conten t of t h e s o l u t i o n s 

determined by aLomic a b s o r p t i o n a n a l y s i s . 

Beryl l ium ana lyses based on a i r f i l t r a t i o n 

r e q u i r e s an e a s i l y d i s s o l v e d f i l t e r having 
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Wind rose shows relative frequency of wind 
direction (by the length of the line) obtained 
from the tabulated annual data below 

Frequency of Wind In Percent for Livermore — 1971 

Jan 
Feb 
Mar 
April 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 
Dec 
Annual 
Average 

N NNE NE ENE ESE SE S5E SSW SW WSW W WNW NW NNW Calm 
2.7 2.2 7.2 12.1 17.8 6.8 6.2 2.2 3.9 3.8 4.9 7.0 9.7 
2.2 
2.1 
2.1 
2.2 
2.1 
1.7 
1.6 
1.9 
2.4 
2.6 
2.8 
2.2 

2.5 
2.2 
2.3 
1.9 
1.7 
1.4 
1.4 
1.4 
1.6 
2.5 
3.0 
2.0 

6.9 
6.4 
4.6 
3.8 
3.4 
2.8 
2.7 
2.5 
2.7 
3.4 
3.9 
4.2 

12.9 
12.3 
8.7 
6.5 
5.6 
4.6 
4.5 
4.0 
4.1 
4.5 
4.6 
7.0 

14.8 
13.5 
9.4 
7.1 
6.2 
5.1 
5.0 
4.4 
4.5 
4.9 
5.3 
8.2 

7.2 
6.9 
5.1 
4.0 
3.5 
2.9 
2.8 
2.5 
2.7 
2.7 
3.0 
4.2 

5.1 
4.9 
3.2 
2.4 
2.1 
1.8 
1.7 
1.6 
1.6 
1.9 
2.6 
2.9 

2.8 
2.7 
2.1 
1.7 
1.4 
1.3 
1.3 
1.3 
1.3 
1.9 
2.2 
1.8 

3.5 
3.3 
3.0 
2.4 
2.2 
2.0 
2.1 
2.2 
2.2 
2.6 
2.7 
2.7 

3.0 
2.6 
4.8 
4.7 
4.6 
5.3 
5.3 
5.4 
5.7 
5.4 
5.1 
4.7 

4.9 
4.6 

10.8 
15.3 
16.9 
19.5 
19.8 
21.1 
20.6 
19.2 
17.7 
14.6 

8.0 
10.5 
16.1 
17.7 
19.8 
22.9 
23.5 
23.3 
22.5 
20.5 
19.2 
17.6 

11.2 
12.2 
13.9 
16.7 
17.7 
17.2 
17.0 
17.3 
16.3 
15.5 
15.3 
15.0 

2.0 
3.4 
3.1 
2.2 
1.9 
1."" 
1.4 
1.4 
1.4 
1.5 
2.0 
2.1 
2.0 

1.3 
1.4 
1.7 
2.3 
3.8 
3.9 
4.0 
4.1 
•'J 
3.5 
3.3 
3.1 
3.0 

Pig. 11. Typical annual average wind pattern for Livermore, California (LLL data — 1971). 

a low trace metal background. These re
quirements are met by Whatman 41, and this 
is the reason for its continued use at LLL. 

Tables 22 and 23 show monthly average 
airborne beryllium concentrations for LLL 
perimeter and Site 300 sampling locations, 
respectively. There appears to be no dif
ference between the levels at Site 300, 
where beryllium is frequently expended in 
high-explosive experiments, and those ob
served at Livermure. ±'he concentrations, 
which are 3 to 4 orders of magnitude below 

the emission standard, can be accounted for 
by resuspension of surface soil containing 
naturally occurring beryllium. Local soils 
contain approximately 1 ppm of beryllium. 
Livermore's air typically contains 10-100 ug 
of particulates per cubic metre. Using a 

3 
value of 50 Ug/m for an average dust load 
and 1 ppm for the beryllium content of this 
dust would give an airborne beryllium con-

-5 3 
centration of 5.0 x 10 Ug/m > in agree
ment with the data in the tables. These 
concentrations are highest during the dry 

-16-



Jan Mar May Jul 
1974 

Sep Nov 

Fig. 12. Concentration of beryllium in 
LLL site perimeter air filters 
during 1974. 

dusty summers and are lowest during the 
winter rainy season as shown in Figs. 11 
and 12. 

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 24. The data in 
this table, however, represent monthly 
averages based on these weekly measurements. 
These concentrations meet the requirements 
for discharges of industrial wastes speci
fied by the City o£ Livermore (see 
Appendix A) . 

Physical and Chemical 
Analysis of LLL Sewage 

A 24-hr sample of Laboratory sewage ef
fluent is collected at periodic intervals. 
These samples are subjected to a variety of 
analyses including biochemical oxygen 
demand, ammonia, nitrate, and total nitro
gen content, alkalinity, and total solids.. 
After treatment at the Livermore water 
reclamation plant, the water may be used 
for irrigation. Accordingly, the boron 
analysis is made because this element in
fluences water uptake by the soil. Table 25 
shows tvpical data for 1974 which meet the 
discharge requirements of the Livermore 
City Code Section 18.63 (see Appendix A). 

Heavy Metals Released to 
Livermore Sanitary Sewer 

As noted in the previous section, sani
tary sewage from the Laboratory is treated 
at the Livermore Municipal Water Reclama
tion Plant, a 200 Vsec (5 000 000 gal/day) 
secondary sewage plant serving the resi
dential, commercial, and industrial users 
in Livermore. The LLL sewage effluent is 
continuously monitored for pH and radio
activity prior to entering the Livermore 
system. In addition, composites of 
sewage representative of daily flow are 
collected and analyzed for copper and 

41. 

ENVIRONMENTAL IMPACT OF LLL EFFLUENTS 

Radioactive Airborne Effluents 
During 1974 an estimated 680 Ci of ""Ar 

were released by the 3-MW pool-type reactor, 
1900 Ci of tritium by combined Laboratory 
sources, and the linear accelerator re
leased a total of 1300 Ci of 1 5 0 2 - 1 3 N 2 . 
With the exception of tritium, all these 
radionuclides are short-lived. Comparative 

41 releases in 1973 were 1300 Ci of Ar, 
2500 Ci of tritium, and 720 Ci of 1 5 0 2 - 1 3 N 2 . 
A reduced operating schedule for the reactor 
and the use of a neutron-absorbing paint 

-17-



(gadolinium) in the east thermal column was 
41 responsible for the decrease in Ar. The 

increase in a i r activation was the r e su l t 
of increased underground operation a t the 
l inear accelerator . Table 26 shows the 
estimated radiat ion dose to the public from 
the 1974 eff luents . The following three 
dose reference points were employed: (1) the 
"fence post" dose at the location on the 
s i t e boundary where the maximum exposure 
rates ex i s t , (2) dose to nearest res ident , 
and (3) the nan-ran dose within a radius 
of 80 km (50 mi). The meteorological dif
fusion model used in calculating these 
doses i s based on the model suggested by 

12 Pasquill arH modified by Gifford. Source 
terms tor those calculations were based on 
data from continuously operating stack 
monitoring equipment. Tritium doses are 
conservative, since i t is assumed that a l l 
tritium i s in the form of t r i t l a t e d water. 
The difference in man-rem doses between 
wet and dry seasons is due to difference in 
prevailing wind direction during these 
periods and i s not related to "rainout ." 
At Livermore, the wet season normally ex
tends from November through April. Fig
ure 13 shows tha t , while t. e annual average 
winds are predominantly from the southwest, 
the wet-season winds tend to be reversed. 
Since population is not distr ibuted uni
formly, there are accompanying seasonal 
man-rem dose differences. 

Radioactive Liquid Effluents 
Except for low-level radioactive l iquid 

wastes which are discnarged to the 
Livermore sanitary sewers, LLL does not 
release radioactive liquids to the environ
ment. During 1974, the principal radio
nuclides released to the sewer were 1.2 

-4 239 
x 10 Ci of Pu and 16 Ci of HTO. 

Table 13 shows the concentration of these 
radionuclides in the treated effluent from 
the Livermore Sewage Treatment Plant to be 
7.9 x 10~ and 6.0 x lo" uCi/ml for 2 3 9 P u 
and HTO respectively. These concentrations 
represent 2.6 x 10~ % and 0.2% of the AEC 
Manual Chapter 0524 drinking water standard 

239 
for Pu and HTO, respectively. In addi
t ion, during 1974 the average annual gross 
beta ac t iv i ty of the LLL sewage effluent 
was 6.2 x 10 uCi/ml. I t i s assumed that 
this ac t iv i ty i s due to beta-gamma emit ters , 
which are released to the sewer system iu 
accordance with AEC Manual Chapter 0524. 
Analysis of samples collected at the point 134 Cs, of discharge show the presence of 
1 3 7 C s , 6 5Zn, 5 6Mn, 6°Co, 9 5

Z r , 9 5Nb, 1 2 5 S b , 
and Ag. Even if any of these radio
nuclides were assumed to be the sole source 
of the 6.2 x 10~ uCi/ml, Table 27 shows 
that none would account for over 1% of the 
CG of AEC Manual Chapter 0524. 

Jan Mar May Jul Sep Nov 
1974 

Dec 

Fig. 13. Concentration of beryllium in 
Site 300 air filters during 1974. 
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Site 300 Ecology Impact Study 

As part of our ongoing LLL program of 
environmental surveillance, an ecology 
study was made at Site 300 in 1974 to 
determine if LLL operations have had a 
measurable impact on plants and animals 
native to the area. The ecosystem is dom
inated by perennial grasslands which are 
grazed by cattle, sheep, and deer. Small 
rodents abound which are preyed upon by 
snakes, raptors, and a variety of carniv
orous mammals. The study involved col
lection of plants and animals in the 
vicinity of the high-explosive firing 
bunkers. Similar sample groups were col
lected about 10 km (6 mi) west of the site. 
This direction (normally upwind) and dis
tance gave reasonable assurance that these 
samples would represent background con
ditions unaffected by LLL operations. 

Animals were dissected and individual 
organs were freeze-dried. Free-water 
tritium was determined on the recovered 
water and tissue-bound tritium was deter
mined by burning a portion of the freeze-
dried material in an oxygen bomb. Tritium 
measurements were made by internal gas 
counting. Tritium was determined in the 
same manner employed for plant tissues. 
Free2e-dried animal sections (organs, bones, 
muscle, feces) were dissolved and uranium 
isotopes were determined by mass spectrom
etry. Beryllium was determined by atomic 
absorption analysis. 

Analysis of the data showed that while 
tritium, beryllium, and uranium were present 
in some plants and animals, in general the 
levels measured in the biota on Site 300 
were not significantly different from those 
found in organisms obtained from environ
mental areas of similar ecology. 

Uptake of Radioactivity and 
Tr* -,. tfetals by Vegetables 
Grown in Livermore Treatment 
Plant Sludge 

The Laboratory routinely releases small 
quantities of trace elements and radio
nuclides to the Livermore sewer system in 
accordance with appropriate standards. At 
the Livermore Waste Water Treatment Plant 
these tend to separate with the digested 
sludge. This sludge is available to the 
public for use as a soil conditioner. A 
study was conducted at LLL during 1974 to 
determine the uptake of these elements by 
edible crops grown in soil treated with 
sludge. 

Sludge was applied 7 cm thick to an ex
perimental garden plot 10 metres jy 15 metres. 
Soil was mixed to 14 cm with a rototiller, 
giving a 50% sludge mix. A control plot of 
similar dimensions but with no added soil 
conditioner or fertilizer was also estab
lished. A variety of plants and seeds were 
planted that would produce root, stem, leaf, 
flower, fruit, and seed parts that could be 
analyzed for uptake of the several elements 
of interest. 

Trace-element content was determined 
principally by atomic absorption and neu
tron activation. Radioisotopes were deter
mined through use of low-background gamma 
spectrometry for gamma emitters, alpha 
pulse-height spectrometry for plutonium, 
and standard radiochemical techniques for 
strontium-90. 

Principal Findings of the Study 

1. Radioisotopes — The sludge contained 
only five radioisotopes above background 
, i i 6°„ 65, 125„ t 137„ 
levels, namely Co, An, Sb, Cs, 239 and Pu. Few of the plants picked up 
these radioisotopes in measurable quantities. 
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Broccoli grown in the sludge garden con-
137 

tained ten times as much Cs as did broc
coli grown in the control garden. Similarly, 
Plutonium levels in sludge-grown turnips 
and broccoli were double the level found in 
the control plants. The apparent plant 
discrimination factor for plutonium uptake 
by the turnips and broccoli varied from 9 

-5 -4 x 10 to 2 x 10 , respectively. None of 
the radioisotopes were concentrated in the 
plants to levels constituting a hazard to 
persons eating the vegetables as part of 
their diet. For example, considering thiB 
low plutonium uptake, a person eating 
vegetables grown in soil conditioned with 
the sludge would receive a 50-year total 
integrated dose of less than 1 mrem, con
siderably less than the allowed 50-year 
dose of 25 rem for a non-radiation worker. 

2. Trace Elements — Zinc and cadmium 
levels in the sludge soil were 15 to 75 

times higher than those in the control soil. 
Freeze-dried lettuce and radish leaves from 
plants grown in sludge soils contained Zn 
and Cd levels equal to those in the soil. 
Although the strontium levels in the si.udge 
soil and control soil were about equal, 
strontium uptake was much higher in control-
grown plants than in those grown in the 
sludge garden. The calcium content of the 
sludge soil was higher than in the control, 
and the plants may have reached their 
capacity for divalent alkaline earth ions 
with calcium. Copper levels in the sludge 
soil were 20 times higher than in the con
trol soil, but plants grown in the sludge 
soil showed no higher copper uptake. 
Chromium uptake was also negligible. 
Finally, seeds showed very little concen
tration of trace elements., while leaves 
generally were quite responsive to change 
in trace metal content of the soil. 
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Table 1. Gross beta in air filters from Livermore Valley during 1974 (yCi/ml). 

January-June July-December 
No. of ^ _ _ No. of _ _ _ _ _ _ ^ _ _ _ _ _ _ _ _ Annual %, 

Location samples Maximum Minimum Average samples Maximum Minimum A> erage average CG 

1 25 2.8 x 10"" ± 2.OX 2.3 x ID"" i 6.OX 1.2 « ID"" 25 7.0 x ID'" ± l.OX 3.7 x I D ' " + 6.6X 9.8 x ID'" 1.1 x 1 0 " " 11 
2 25 2.9 x 10"" ± 2.OX 2.6 -14 x 10 ± 7.OX 1.3 x ID"" 24 1.1 x IB'" t l.OX 3.2 x 1 0 " " ± 5.OX 6.8 x 10"" 9.7 x IB'" 10 
3 25 1.8 x 10-" ± 4.OX 1.1 x JO"" t 23.OX 8.8 x IB"" 20 9.2 x ID"" ± 7.OX 6.6 x 1 0 - 1 5 + 14.4% 4.9 x ID"" 6.6 x 10"" 7 
4 22 4.7 x 10"" ± 2.0? 7.9 x IB" 1 5 t 6.OX 1.9 x ID'" 22 5.3 « ID"" ± 4 . OX 3.2 X 1 0 " 1 5 ± 100.OX 1.3 x 10-" 1.6 x la"" 16 
5 26 2.3 x 10"" ± 3.OX 9.0 x 10- 1 6 t 19.OX 9.6 x ID"" 24 1.1 x 10-" ±5.OX 4.0 x I D " " ± 9.4X 6.5 x 10-" 8.2 x 10-" 8 
6 23 2.0 x ID'" ± 4.OX 2.5 -14 x 10 t 10.OX 9.5 x ID"" 20 1.0 « 10-" ±6.OX 2.0 « 1 0 ' " ± 8.OX 5.4 X10-" 7.6 X10-" 8 
7 22 4.1 x in'" ± 2.OX 1.9 x 10-" i 16.OX 1.5 x ID"" 20 1.1 -13 x 10 i J ± 4.6X 2.9 x 1 0 " " + 10. ,X 7.3 x ID'" 1.1 X 1 0 - " 11 
8 23 2.1 x 10"" ±4.OX 2.4 x ID"" ± 10.OX 9.8 x ID'" 25 9.7 « I D " " t 7.OX 1.7 x 1 0 " " ± 13.OX 5.1 x 10-" 7.4 x 10-" 7 
9 19 5.2 x 1 0 " " ± 2.BX 6.3 x ID"" ± 7. OX 2.4 X 1 0 - " 18 2.3 x I D " " ± 4.OX 6.5 x I D " " + 5.9X 1.3 -13 x 10 1.9 x 10-" 19 

10 25 2.3 x 10"" ± 4.2X 1.6 x ID"" ± 44.OX 9.6 x IB"" 26 1.0 x I D " " ± 7.0Z 5.8 x I D " 1 6 
± 7.OX 5.5 x ID"" 7.5 x ID"" 8 

11 24 2.2 x 10"" ± 4.OX 2.1 x ID'" ± 39.OX 9.1 x IB"" 22 4.8 x I D " " ± 6.6X 3.7 x I D " " + 9.4% 8.0 x ID"" B.6 x ID"" 9 
12 26 3.2 x 10"" ± 2.OX 4.4 x ID" 1 6 ± 3.OX 1.3 « 10-" 27 1.2 x I D " " ± 4.4X 3.9 x 1 0 " 1 6 + 3.OX 8.6 x ID"" 1.1 x ID"" 11 
13 25 2.7 x 10"" ± 2.OX 2.5 « ID"" ± 6.OX 1.1 x ID"" 24 5.6 x l a ' " ± 5.2X 3.8 xlO-» + 6.4X 9.2 -10-"' 1.0 x 10"" 10 
14 26 2.8 x 10"" ± 2.OX 3.5 x 10- 1 6 ± 3.OX 1.2 x ID"" 26 3.5 x 1 0 - " ± 2.3X 6.7 x 10-" + 3.OX 9.1 x ID"" 1.1 x 10-" 11 
15 26 1.8 x IB" 1 2 ± 2.7X 4.2 x ID' 1 6 ± 7.OX 1.8 x ID"" 25 1.2 x I D " " ± 3. OX 4.1 x ID"" + 6.5i. 7.6 x ID"" 1.3 x 10-" 13 
16 24 2.8 x ID"" 

-13 
± 2.OX 2.0 x ID"" 

-14 
± 4.OX 1.3 x ID'" 

-13 
21 2.4 x 1 0 - " 

-13 
t 2.7X 4.6 « ID"" 

-14 
+ 6.4X 9.7 x 10-" 

-14 
1.2 x 10-" 

-13 
12 

17 23 4.3 x 10 ± 3.OX 1.7 x 10 ± 4.OX 1.6 x 10 " 20 1.4 x 10 * 3.0 5.1 x 10 " + 6.2X 9.2 x 10 1.3 x 10 13 

See Figs. 1 and 2 for sampling locations 
'Concentration Guide (CG) for gross beta;<air> is 1 x 10 pCi/ml. 



Table 2. Gross beta activity in air filters from Site 300 during 1974 (tiCl/ml). 
January-June July-December 

3n 
No. of 
samples Maximum Minimum Average 

No. of 
sample 

Annual 
average 'b 

CG Locatl 3n 
No. of 
samples Maximum Minimum Average 

No. of 
sample s Maximum Minimum Average 

Annual 
average 'b 

CG 

1 28 -13 2.9 x 10 ± 2.03: 3.;. x I D " " t 2.0% 1.4 x io-» 25 2.0 X 10"" t 1.0% 4.7 < i o -" = 5.1% 1.0 X IO- 1 3 1.2 x I D " " 12 
2 24 4.1 x 1 0 ~ " ± 1.0* 2.7 « I D " " t 8.0% 1.5 « io-" 25 2.6 -11 10 t 2.0% 5.7 X io-" * 5.3% 1.1 X io-" 1.3 « I D " " 13 
3 25 -13 3.2 x 10 1 2.0% 2.0 « I D " " 1 '....1% 1.2 « ID"" 26 1.9 X -13 10 1 J 1 2.0% 3.0 X io- 1 6 » 2.0% 9.1 X io-" 1.1 x I D " " 11 
4 25 ~13 3.8 * 10 " i 5.01 2.8 x io-" ± 7.0% 1.6 X io-" 25 2.5 » 1 0 " " i 2.0% 2.7 X io-" -• 8.2% 1.1 X ID" 1 3 1.3 x io-" 13 
5 25 3.4 x in"" ± 2.0.11 2.5 x io-" * 41.7% 1.3 X ID"" 26 1.9 X 1 0 * " t 2.0% 4.1 , 10- 1 6 z 2.0.' 9.3 X ID"" 1.1 x io-" 11 
7 23 -13 4.0 x 10 " ± 2.0% 2.8 x io-" ± 52.3% 1.5 X ID"" 26 2.2 X -13 10 '- 2.0% 2.2 X ID" 1 6 * 2.0% 1.1 X ID"" 1.3 « ID"" 13 
a 25 4.6 x 1 0 ~ " ± 1.0% 4.1 x lo-" i 52.3% 2.4 , ID"" 26 3.6 X -13 10 " '- 2.0% 2.1 X io- 1 6 •- 2.0% 1.5 X IO-" 1.9 « 10"" 19 
9 25 -13 4.1 x 10 " ± 2.0% 2.9 x I D " " ± 100.0% 1.4 x 10"" 26 1.8 r 1 0 " 1 3 : 3.0% 1.2 > 10-" s Z.OZ 9.8 * 10"" 1.2 x lo-" 12 
10 24 -13 3.1 x 10 ± 1.0% 2.6 x I D " " 1 4.0% 1.4 X ID"" 24 2.0 K 1 0 " " : 3.4% 3.4 , io-" « 8.0% 1.1 X io-" 1.3 x io-" 13 
11 23 4.2 x 1 0 ~ " ± 1.0% 2.3 x I D " " ± 46.1% 1.5 » ID"" 26 1.6 ' 1 0 " " : 3.0% 3.4 ' io- 1 6 -• 2.0% 1.0 X I D " 1 3 1.2 » ID"" 12 

Annual avg 1.3 x io-" 13 

See Fig. 3 for sampling locations. 
Concentration Guide for gross beta (air) is J * 10 uCi/nl. 



Table 3. Results of gamma-ray spectral measurements of Liveraorc Laboratory perimeter nlr filter*; during t974 (uCi/al). 

" 4 C * U l C e l"sb 'u W>*_ *«._ n : tK 

J a n 7 . 3 ID" 1 5 t 1 0 1 l .S 10" 1 5 in?. J . 4 iu" I f > i « : T.n t o " ' - • « 
Feb 1.4 10" 1 4 * AS 1.6 i o " u «; t . e ic" 1 * :os ? . } 10* U ' . ' I 
Mar 2 . 9 10"" t 32 2 . 0 i o " l s i . : 1.4 t o " , s n: '*.h l o " 1 * • :: 
A p r i l 4 . 0 l o - 1 4 , 55 1 .6 io" 9? 2 . 0 i n - 1 ' s* « . l , Its'1" • :: 
May 5 . 3 1 0 * " -- 3 : 1.2 n f l "5t 2.1" m"** *t .̂; l e ' 1 " - i i 

J u n e 6 . 4 l « f 1 4 . 4 ! fl.6 111" fc JOT. 3 , 6 IO" 1 * « 1 . ! t c " 1 ' • IT 

J u l y 2 . 6 1 0 " M * 6t 2 . 0 • in • l i t 1.5 ! f j " ' r; 1 0 - 1 " • 2*. 

Aug 1 .6 1 0 - " s 3Z 2 . 2 i o " n H,h 10 m: "••1 10* "* • I t 

S e p t 1.4 I B " 1 * S iX 3 . i • lo'lb "." ir,mlh K : 1.) W u • -*t 
Oct 1.3 1 0 " " s a i 2 . 5 • l o " n • n fl.S to"1*1 IU I . t . i n " " • :t 
Nov e.7 I D ' 1 5

 s 5 1 2 . 1 « J f i " 1 5 ss i . t l ' ^ t • 1 < , 29t t.l i o * * • J: 

£ e c 1.3 1 0 ' " = i ! 2 . 5 • i o _ l s - h i 6 . 2 in" 1 * 21* *.* 10* • j * 

Annua l 
awg 2.5 i o - " 2 . 0 • 1 0 - " 1 . 1 i n - 1 t.u in" 1* 

CC 3 I D " " 5 io" 9 9 l o - l u 4 10** 

X CC 1.3 • I D " 2 4 • io~'J 
1.4 ( f t* 4 ... ta~~ 

i c " 

:o" ' s 

10* 1 

10* V 

- ;e'tc 

Table 4. Results of gamma-ray spectral measure-scats ot Site 300 air filters during 1974 (uCifol). 

Feb 
Mar 
April 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 

Dec 

Annual 
avg 

CG 

XCr, 

1.1 
1.6 

• i o - " 
• i n - » 

8.7 
3.7 

3.9 - I D " " 
3.9 - I D " " : 
A.* x j o " " . 

- 1 0 - " i 
- 1 0 - " • 

2.5 - 1 0 " U i 
2.3 • iO* 1* l 
1.1 « 1 0 " W i 
9.1 - 1 0 - 1 5 

1.3 - l a ' " 

1 . 1 . 1 0 - " 

2 

1.6, 

< ID" 1 0 

ao" 2 

l . o -
2 .7 • 

tt 2.1 • 10 
62 l.H 
« 2.6 
51 1.5 • JO - 1 

-15 . 
-15 , 

1 10 
• I D " 

IX 2.7 - 10 

7 . ; • io ' 
1.9 • 1 0 - 1 

6! 6.4 • 

IIS fi.O • 10 

a,? • ;o - u • 
- 14 

*>-

13 ' 



Table 5. Plutonium, strontium, and uranium in air at LLL perimeter locations during 1974 (uCl/al). 

Location 

A c t i v i t y (uCi/tal) 
2 3 W ° S r 

Haaa (luv./m ) 

Month Location 239,, b 

Pu " B P u 2 M P u / 2 3 9 P „ 91).. Sr 
2 3 W ° S r 2 3 5 u 238„ 2 3 5 u / 2 3 8 u 

Jan 1 
—1 fl 

8.5 » 10 ± 11% 3.3 x id"19 * 60% 3 .9 x l o ' 2 1.1 x l o " 1 5 • 28% 7.7 « XO"3 3.5 « 10" 7 t 3% 3 x i o " 5 • 4% 1.2 x 1 0 " 2 

2 9 . 1 x l o " 1 8 ± 13% 3.1 x 1 0 " 1 9 i 49% 3.4 x l o " 2 7.0 x l o " 1 6 i 34% 1.3 « 1 0 " 2 2 .4 x 10" 7 i 3% 3.4 x l o " 5 • 3% 7 .1 x 1 0 " 3 

12 1.2 * 10-17 ± 11% 3.9 x l o " 1 9 ± 35% 3 .3 x l o " 2 1.0 * 1 0 " 1 5 i 32% 1.2 x l o " 2 3.0 x 10~ 7 ± 3% 4 . 1 x 1 0 ~ 5 ± 3% 7.3 x ^ " 3 

13 7.9 x l o " 1 8 ± 12% -19 
5.2 x 10 " t 34% 

6.6 x l o " 2 8.5 x 1 0 " 1 6 i 28% 9 .3 x 1 0 " 3 2 . 1 x 10" 7 t 3% 2.4 x 1 0 " 5 i 3% 8.8 x 1 0 " 3 

-17 -19 -2 -16 -2 -5 -3 
14 1.0 x 10 ' ± 9% 3.4 x 10 " ± 34% 3.4 « 1 0 9 . 8 x 10 t 30% 1.0 x 10 ' 2 . 1 x 10" 7 ± 2% 2 .8 x 10 ; 3 ! 7 .5 x 10 

-17 -19 - 3 -16 - 2 - 5 - 3 
15 8.5 x 10 ± 10% 3.6 x 10 " t 31% 4 .2 » U 8.9 x 10 t 32% 9.6 x 10 2 .2 x 10" 7 ± 3% 2.8 x 10 l 5% 7.9 x 10 

Feb 1 1.3 x l o " 1 7 ± 10% 4 .6 x 1 0 ~ 1 9 ± 32% 3.6 x l o " 2 1.8 x l o " 1 5 i 18% 7.2 x 1 0 " 3 2 .6 x 10" 7 ± 4% 3.0 x 1 0 " 5 ± 5% S.7 x 1 0 " 3 

-17 -19 -2 -15 - 3 4 . 1 x 1 0 " 3 ± 5% - 3 
2 1.7 * 10 i 12% 5.0 x 10 " ± 42% 2 .9 « 10 2 .4 x 10 " ± 15% 7 .1 x 10 3 .1 x 10" 7 ± 4% 4 . 1 x 1 0 " 3 ± 5% 7.6 x 10 J 

12 1.6 x l O - 1 7 ± 9% 8.5 x K f 1 9 ± 30% 5 .3 x 1 0 " 2 2.2 x : . 0 _ L 5 ± 18% 7.2 x 1 0 " 3 3 .3 x 10" 7 ± 3% 4 .9 x 1 0 " 5

 ± 4% 6 .7 x 1 0 " 3 

13 1.1 x 1 0 - 1 7 ± 9% 5.2 x 1 0 " 1 9 ± 34% 4 .7 x 1 0 " 2 1.8 x 1 0 " 1 S s 13% 6 . 1 x 1 0 " 3 2 .0 x 10" 7 ± 4% 2.9 x 1 0 " 5 ± 5% 6.9 x 1 0 " 3 

14 2 .4 x 1 0 - 1 7 ± 8% 1.1 » 10"" 1 8 i 26% 4.6 x 1 0 " 2 2 .0 x 1 0 " 1 5 ± 14% 1.2 x 1 0 " 3 2.4 x 10" ± 4% 3.5 x 1 0 " 5

 ± 6% 6.9 x 1 0 " 3 

-17 -19 - 2 -15 - 3 
3.4 x 1 0 ~ 3 ± 4% 

- 3 
t 15 1.4 x 10 ± 9% 4 .0 « 10 ' i 31% 2.9 x 10 1.7 x 10 t 14% 8.2 x 10 2 .3 x 10 ± 3% 3.4 x 1 0 ~ 3 ± 4% 6 .8 x 10 
IN 

I Mar 1 3 .3 x 1 0 " 1 7 ± 9% 2.7 x 1 0 ' 1 8 ± 49% 8.2 x 1 0 " 2 2 .5 x 1 0 " 1 5 + 9% 1.3 , 1 0 " 2 1.9 x 10~ 7 ± 3% 2.4 x 1 0 " 5 ± 4% 7.9 x 1 0 " 3 

- 1 7 -18 -2 -15 - 2 
3 .0 x 1 0 " 5 ± 4% 

-3 
2 3 . 1 x 10 ± 9 % 1.1 x 11 i 35% 3.5 x 10 2 .6 x 10 + 11% 1.1 x 10 ' 2 . 3 x 10 ' ± 3% 3.0 x 1 0 " 5 ± 4% 7.7 x 10 

-17 -18 -2 -15 - 2 
— 4 .6 x 1 0 " 5 ± 4% 

- 3 
12 3.4 x 10 i 12% 1.2 x 10 ' * 45% 3.5 x 10 2 . 8 x 10 i 8% 1.2 « 1 0 ' 3 .3 x 10 ' 1 4% 4 .6 x 1 0 " 5 ± 4% 7.2 x 10 
13 2.9 x 10 ± 10% 2 .3 x 1 0 " 1 8 ± 71% 7.9 x 1 0 " 2 2.4 x 1 0 " 1 5 * 8% 1.2 x 1 0 " 2 2 .3 x 10" ' ± 4% 2 .9 x 1 0 " 5 ± 5% 7.9 x 1 0 " 3 

14 3.6 x 1 0 " 1 7 ± 9% 1.5 x 1 0 ~ 1 8 * 32% 4 . 2 x 1 0 " 2 2 .5 x 1 0 " 1 5 + 9% 1.4 x 1 0 " 2 2 . 1 x 10~ ' ± 5% 2.6 x 1 0 " 5 ± 7% 8 . 1 x 1 0 " 3 

15 3.7 x 1 0 " 1 7 ± 11% 1.8 x 1 0 " 1 8 ± 34% 4 . 9 x 1 0 " 2 2 .3 x 1 0 " 1 5 j 5% 1.6 x 1 0 " 2 2 . 5 x 1 0 " ± 4% 2 .9 x 1 0 " 5 ± 5% 8.6 x 1 0 " 3 

Apr 1 4 .5 x 1 0 " 1 7 ± 6% 1.0 x l o " 1 8 ± 18% 2.2 x 1 0 " 2 3.3 x 1 0 " 1 5 ± 10% 1.4 x 1 0 " 2 1.8 x 10", ± 3% 2.5 x 1 0 " 5 t 4% 7.2 x l o " 3 

2 5 . 1 x 1 0 - 1 7 .t 5% 1.3 x 1 0 " 1 8 ± 18% 2 . 5 x 1 0 " 2 4 . 1 x 1 0 " 1 5

 ± 9% 1.2 x 1 0 " 2 2 . 1 x 1D~7 ± 3% 2 . 7 x 1 0 ~ 5 + 4% 8.4 x 1 0 " 3 

12 5.4 x 1 0 " 1 7 ± 6% 1.9 x 1 0 - 1 8 ± 18% 3.5 x 1 0 " 2 4 . 1 x 1 0 " 1 5

 ± 9% 1.3 x 1 0 " 2 3 .3 x 1 0 " ? ± 3% 4 .7 x 1 0 " 5 i 4% 7.0 x 1 0 " 3 

13 5.0 x 1 0 " 1 7 ± 6% 9.9 x 1 0 ~ 1 9 ± 24% 2.0 x 1 0 " 2 3 .8 x 1 0 - 1 5 ± 9% 1.3 x 1 0 " 2 2 .2 x 1 0 " ' ± 2% 2.9 x 1 0 " 5 ± 3% 7.6 x 1 0 " 3 

14 5 .3 x 1 0 " 1 7 ± 6% 1.1 x l O - 1 8 ± 23% 2 . 1 x 1 0 " 2 4 .3 x 1 0 " 1 5 ± 9% 1.2 x 1 0 " 2 2 . 1 x 10 ± 3% 3.0 x 1 0 " 5 i 3% 7.0 x 1 0 " 3 

15 4.8 x l o " 1 7 ± 6% 1.1 x lO'18 ± 22% 2 .3 x 1 0 " 2 3 . 7 x 1 0 " 1 5 ± 10% 1.3 x 1 0 " 2 2 . 1 x I D " ' i 3% 2.9 x 1 0 " 5 ± 3% 7.2 x 1 0 " 3 

May 1 6 . 1 x 1 0 " 1 7 ± 10% 1.6 x 1 0 - 1 8 ± 42% 2.6 x 1 0 " 2 7.6 x 1 0 " 1 5 ± 13% 8.0 x 1 0 " 3 4 . 0 x 1 0 " 7 ± 5% 6 . 1 x 1 0 " 5 ± 7% 6.6 x 1 0 " 3 

2 5.9 x 1 0 ~ 1 7 ± 10% 1.1 x l o " 1 8 ± 37% 1.9 x 1 0 " 2 7.5 x 1 0 " 1 5 ± 15% 7.9 x 1 0 - 3 3.4 x 10" ± 2% 4 .5 x 1 0 " 5 ± 3% 7.6 x l O - 3 

12 6.7 x 1 0 " 1 7 ± 11% 1.3 x l o " 1 8 ± 45% 1.9 x 1 0 " 2 9.4 x 1 0 - 1 5 ± 13% 7 . 1 x 1 0 " 3 5.6 x 1 0 " 7 ± 2% 7 .8 x 1 0 " 5 ± 3% 7 .2 x 1 0 " 3 

13 5 .4 x 1 0 " 1 7 ± 10% 9.0 x 1 0 ~ 1 9 ± 45% 1.7 x 1 0 " 2 7.6 x 1 0 " 1 5 + 16% 7 .1 x 1 0 " 3 4 .7 x 1 0 " 7 
± 2% 6.8 x 1 0 " 5 ± 3% 6.9 x 1 0 " 3 

14 3.0 x 1 0 " 1 6 + 8% 

6 .3 x 1 0 " 1 7 + 11% 
1.0 x 1 0 " 1 7 + 20% 3.3 x 10~ 2 7.6 x 1 0 " 1 5 ± 11% 3.9 x 1 0 " 2 4 . 5 x l O - 7 ± 2% 5.6 x 1 0 " 5 + 3% 8.0 x ± l " 3 

15 
3.0 x 1 0 " 1 6 + 8% 

6 .3 x 1 0 " 1 7 + 11% 6.7 x 1 0 " 1 7 ± 45% 1.1 x 10-° 7.6 x 1 0 " 1 5 + 10% 8.3 x 1 0 " 3 5.5 x 1 0 " 7 ± 2% 7.8 x 1 0 " 5 ± 2% 7 .1 x 1 0 " 3 



Table 5 (continued). 

a Location 

A c t i v i t y (viCi/ml) 
239,, ,90 t . 

Mass (MK/m ) 

Month a Location 
2 3 9 b 

Pu 2JS I'u/ I'll 9U . 
i r 

239,, ,90 t . 2 3 5 u 
2 3 8 u 2 3 5 u / 2 3 8 u 

June 1 7.4 x 1 0 ~ 1 7

 ± 10% 2 .1 x 1 0 " " ± 30% 2 .8 x l O - 2 8.0 x 1 0 " 1 5 ± H% 9 .3 x 1 0 ~ 3 3.4 x 10" 7 ± 2% 4 .6 x 1 0 " 5

 ± 2% 7.4 x 1 0 " J 

2 7.3 x 1 0 - 1 7 ± 10% 4 . 1 x 1 0 " " ± 28% 5.6 x 10"2 9.9 x l O " 1 5 J 11% 7.4 x 1 0 ~ 3 5.7 x 10" 7 ± 2% 6 .1 x 1 0 " 5 t 3% 9 .3 x 1 0 " 3 

12 7.9 x 1 0 " 1 7 ± 10% 2.9 x 1 0 " 1 7 ± 14% 3 .7 x 1 0 " 1 8.5 x l O " 1 5 ± 11% 9 .3 x 1 0 ~ 3 5.B x 10" 7 ± 2% 8 .3 x 1 0 " 5 i 3% 7 .0 x 1 0 " 3 

13 8 .5 x 1 0 " 1 7 ± 11% 2.2 x 1 0 " " ± 43% 2.6 x 1 0 " 2 8.3 x l O " 1 5 ± 19% 1 .0 x N T 2 4 .6 x 10~ 7 ± 2% 6 .3 x 1 0 ~ 5 • 3% 7.3 x 1 0 " 3 

14 1.2 x l o " " ± 10% 5.2 x 1 0 " 1 8

 ± 27% 4 . 3 x 1 0 " 2 8.7 x l O " 1 5 ± 16% 1.4 x 1 0 " 2 4.9 x 10" ' ± 2% 6 .7 x 1 0 " 3

 ± 2% 7 .3 x i O " J 

15 7.7 x 10~11 ± 9% 1.9 x l O " 1 8 ± 36% 2 . 5 x 1 0 " 2 8.7 x 1 0 - 5 t 18% 8 .9 x 1 0 " 3 5.5 x 10" 1 ± 2% 7.5 x 1 0 " 5 ± 2% 7 .3 x 1 0 " 3 

July 1 3 .5 x 1 0 " 1 7 ± 14% 1.0 x 1 0 ~ " ± 56% 2.9 x 1 0 " 2 1.7 x 10"" 1 5 t 13% 2 .1 x 1P~ 2 3.0 x 10" 7 i 2% 4 .2 x 1 0 " 5 » 2% 7 .1 x 1 0 " 3 

2 3.4 x 1 0 " 1 7 ± 13% -19 
2 .2 x l J ± 40% 6 .5 x 1 0 " 3 1.6 x 1 0 " 1 5 ± 19% 2 .1 x 1 0 " 2 3.3 x 10" ' ± 2% 4 .7 x 1 0 " 5 i 3% 7 .0 x 1 0 " 3 

12 3.4 x 1 0 " 1 7 ± 14% 1.3 x 1 0 " " ± 42% 3 .8 x 1 0 " 2 1.6 x 1 0 ' 1 5 ± 18% 2 .1 x 10~ 2 5 .9 x 10" 7 t 2% 8.5 x 1 0 " 5 ± 2% 6.9 x l o " 3 

13 4 .2 x 1 0 " 1 7 ± 14% 1.7 x l o " " ± 38% 4 . 0 x 1 0 " 2 1.8 x 1 0 ~ 1 5 ± 30% 2 .3 x 1 0 " 2 4 . 1 x 10" ' ± 2% 5.7 x 1 0 " 5 ± 3% 7.2 x l o " 3 

14 1.2 x 1 0 ~ 1 6 ± 7% 4 . 7 x 1 0 " " + 20% 4 .9 x 1 0 ~ 2 2 . 1 x 1 0 ~ 1 5 1 12% 5.7 x 1 0 " 2 4 .2 x 10~ 1 t 2% 5 .9 ' 1 0 " 5 t 2% 7 .1 x 1 0 " 3 

15 1.2 x 1 0 " 1 7 ± 35% - 2 0 <8.0 x 10 ± 100% <6.7 x 1 0 " 3 2 .0 » 1 0 - 1 5 J 14% 6 .0 x 1 0 " 3 5.0 x l o " ' ± 2% 7 .1 x 1 0 * 5 1 2% 7 .0 x I O ' 3 

Aug 1 1.9 x l O - 1 7 ±21% 2 . 1 x 1 0 " 1 8 ± 59% 1.1 x 1 0 _ 1 1.2 x 1 0 - 1 5 ± 8% 1.6 « 1 0 " 2 5.3 x 10" ' ± 2% 7.6 « 1 0 " 5 t 2% 7.0 x I O ' 3 

2 c c 1.9 x 1 0 ~ 1 5 ± 9% 3 .1 « 10" t 2% 4 .4 x 1 0 " 5 ± 3% 7.0 x 1 0 ' 3 

12 2 .4 x 1 0 " 1 7 ± 85* 9 .6 x 1 0 " 1 ? ± 25% 4 . 0 * 1 0 " 2 1.4 x l < f 1 5 ± 8% 1.7 » 1 0 " 2 5.4 x 10" ± 2% 7 .9 x 1 0 " 5 • 3% 6 .8 « 1 0 * 3 

13 2 .4 x l o " 1 7 ± 8% 9.4 x I O " 1 9 ± 26% 3.9 x 1 0 ~ 2 1.3 x 1 0 _ L S ± 9% 1.8 » 1 0 " 2 4 . 6 x 10" ; 2% 6.4 x 1 0 " 5 ± 3% 7.2 x 1 0 * 3 

14 1.6 x l o " 1 6 ± 6% 7.9 x 1 0 ~ 1 8 ± 16% 4 . 9 x 1 0 " 2 1.6 x 1 0 - 1 5 ± 10% 1.0 « 1 0 " 1 4 . 5 x i o " 1 2% 6 .3 x 1 0 " 5 ; 3% 7 ,1 x l o ' 3 

15 2 .5 x 1 0 ~ 1 7 ± 8% 9.4 x l o " 1 9 ± 28% 3 .8 x 1 0 " 2 1.4 x 1 0 ~ 1 5 • 7% 1.8 x 1 0 ' 2 6.6 x 10" ± IT 9.2 x 1 0 " 5 > 2% 7.2 « 1 0 ' 3 

Sept 1 4 .8 x 1 0 - 1 7 ± 11% 7.6 x l o " 1 9 ± 41% 1.6 x 1 0 " 2 1.3 x 1 0 - 1 5 ± 12% 3.7 x 1 0 " ? 4.9 x 10" t 2% 6 .8 x 1 0 " 5 ; 3% 7.2 x 1 0 " 3 

2 1.5 x 1 0 _ 1 7 ± 1 1 * 
- 2 0 - 3 <8.0 x 10 ± 100% <5 .3 i B 8.3 x 1 0 - 1 6 t 12X 1.8 x l O - 2 3.9 a 10" t 2S 5.9 x 1 0 " 5 ; 2S 6 .6 « 1 0 ' 3 

12 2 .3 x 1 0 - 1 7 ± 9% 5.0 x 1 0 " 1 9 ± 39% 2.2 x 1 0 " 2 1.7 x 1 0 _ 1 S j 12% 1.4 x 1 0 " 2 7.2 > 1 0 " ' 1 2% 1.1 x 1 0 " ' ; 3% 6 .5 « 1 0 " 3 

13 1.7 x 1 0 " 1 7 ± 9% 7.0 x 1 0 " 1 9 ± 32% 4 . 1 x 1 0 " 2 1.4 x l < f 1 5 ± 13% 1.2 x 1 0 " 2 4 .6 x 10" : 2% 6.4 « 1 0 " 5 s 2% 7.2 » 1 0 " 3 

14 3 . 1 x l O - 1 7 ± 9% 1.2 x 1 0 " 1 8 t 28% 3.9 x 1 0 " 2 1.4 x 1 0 ~ 1 5 j 13% 2 .2 x 1 0 " 2 5.9 » 10"_ i 2X 8 .3 » I D - 5 • 2% 6.9 » 1 0 " 3 

15 1.8 x 1 0 " 1 7 ± 10% 1.3 x 10 ' i 28% 7.2 x 1 0 " 2 1.3 x 1 0 ~ 1 5 ± 12% 1.4 x 1 0 " 2 7.3 « 1 0 " ' t 12% 1.0 « l O - 4 i 12% 7.3 x I O " 3 

Oct 1 2 . 3 x 1 0 " 1 7 ± 9% 6.4 x 1 0 " 1 9 ± 40 2 .8 x 1 0 " 2 1.9 x 1 0 ~ 1 5 ± 14% 1.2 x 1 0 " 2 a.o « 10" t 2% 1.1 * 1C" 4 t 2% 7.3 « 1 0 " 3 

2 2.2 x 1 0 - 1 7 ± 11% 7.4 x 1 0 " 1 9 ± 45% 3.4 x 1 0 ~ 2 1.1 x 1 0 ~ 1 S t 14% 2 .0 x l O " 2 4 . 9 « 10" 1 2% 6.9 « l O - 5 S 2% 7 . 1 x I O " 3 

12 1.6 x l o " 1 7 ± 10% 3.5 x l o " 1 9 ± 46% 2 .2 x I O " 2 1.9 x 1 0 - 1 5 ± 10% 8.4 » 1 0 " 3 9.4 « 10* i 2S 1.4 « 1 0 - 4 1 M 6.7 x I O " 3 

13 2.0 x l o " 1 7 ±12% 6.2 x 1 0 " 1 9 ± 36% 3 .1 x 1 0 ~ 2 1.5 x 1 0 _ 1 S t 11% 1.3 « 10"*2 7.2 = 10* i 2% 1 . 0 » I 0 ~ 4 t It 7.2 « 10~* 
14 4 . 5 x l o " 1 7 ± 8% 1.2 x l o " 1 8 ± 31% 2 .7 x 10~ 2 1.3 x 1 0 ~ 1 5 ± 9% 3.5 » 1 0 " 2 8.8 x i o " : 2% 1.3 « 1 0 " 4 i 2% 6 .8 « 1 0 " 3 

15 2.3 x W'11 ± 11% 7.5 x I D - 1 9 ± 39% 3 .3 x l o " 2 2 .0 x 1 0 - 1 5 ± 11% 1.2 • 1 0 " 2 7.4 x i o ' t 21 1.0 - 1 0 " 4 1 3% 7.4 » 1 0 - 3 



Table S (continued). 

L o c a t i o n 

A c t i v i t y {^ci / m l , 

I'u/ *-r 

l a a s i K « / o J > 

- J i l Month L o c a t i o n 2 3 9 P u b 23t i„ I'u 2 , « , u / 1'u I'u/ *-r mL, - ' J * . . - J i l r J s u 
- 1 7 - 1 9 - 2 - 1 5 _-» - 7 - 5 - j 

Nov 1 1 . 3 x 1 0 
- 1 7 

t 1 4 * 3 . 5 x 10 ± 67% 
- 1 9 

2 . 7 x 10 1 . 0 « 1 0 
- 1 6 - 18% 1 . 3 - 1 0 * 

- 7 
2 . 2 - 1 0 

- 7 
-• 2% 3 . 6 » 1 0 

- 5 
I 3 t 6 . 1 • 1 0 

2 1 . 4 x 1 0 
. „ - 1 7 

± 16% 6 . 0 x 10 i 40% 
- 1 9 

4 . 3 « 10 -
- 2 

9 . 7 ' 1 0 " 
- 1 5 

= 21% 1 . 4 > 10 * 
- 2 

2 . 6 • 1 0 
- 7 

; 2S 3 . 7 . 1 0 s n 7 . 0 - ! 0 " 
. „ - 3 

12 

1 3 C 

1 4 C 

1 . 9 x 1 0 

- 1 7 

± m 8 . 9 x 1 0 ± 4 1 % 

- 1 9 

4 . 7 « 10 

- 2 

1 . 3 « 1 0 

- 1 5 

19% 1 .5 - 10 

- 2 

4 . 2 - 1 0 

- 7 

; 23 6 . 1 - 1 0 

- 5 

! 3 1 6 . 9 » 1 0 

1 5 1 . 2 x 1 0 
. „ - 1 7 

± 13% 6 . 7 x 1 0 * 43% 
- 1 9 

5 . 6 x 10 
- 9 

1 . 2 * 1 0 
- 1 5 

t 15% 1 . 0 . 1 0 
- 3 

2 . 0 . 10 
- 7 

: 2% 2 . 9 » 1 0 
, 5 

: 3S 6 . ? . 10 

Dec 1 1 . 3 x 1 0 
. „ - 1 7 

± 1 1 ? 7 . 5 x 1 0 ± 3 1 % 
- 1 9 

5 . 8 « 1 0 " 
- 2 

1 . 7 x I B " 
- 1 5 - 1 4 2 7 . 6 « i n 

- 3 
2 . 6 . 10 

- 7 
; 2% J . 4 , 1 0 

. 5 
; 31 3 . 5 . ! 0 ~ 3 

2 1 . 2 x 10 ± 12% 3 . B x 1 0 * 40% 3 . 2 « 10 1 .5 x 1 0 * 161 8 . 0 . 1 0 2 . 1 . 10 l 2% 5 . 6 . 10 : 37. 1 . 8 . 10 

1 2 1 . 8 x I D ' 1 7 

, „ - 1 7 
± 12% 9 . 9 x 1 0 " 1 9 ± 40% 

- 1 9 
5 . 5 

- 2 
« 1 0 

- 2 
2 . 4 , 1 0 - 1 5 

- 1 5 = 13% 7 . 5 , 1 0 - 3 

- 3 
5 . 0 . I D " 7 

- 7 
• 2% 1 . 5 

' 4 
, 1 0 

, 5 
. j r 3 . 4 , i o " J 

1 3 1 . 4 x 1 0 ± 10% 4 . 0 x 1 0 ± 39% 2 . 9 < 10 1 . 5 « 1 0 = 15% 9 . 3 ' 1 0 2 . 4 ' 10 : 2 ! 6 . 2 « 10 : 11 3 . 8 • 10 

14 2 . 3 x l O " 1 7 

, „ - 1 7 
i 9% <1 x 1 0 - 1 9 1 100% 

- 1 9 
< 4 . 3 x l O - 3 

- 2 
1 . 8 « l O - 1 5 

- 1 5 
: 15% 1 . 3 • 1 0 ~ 3 

- 3 
2 . 9 • I D " 7 

- 7 
: 3% 8 . 7 

, 5 
» 10 

- 5 
• ^ r 3 . 3 • 10 

1 5 1 . 3 x 1 0 t 13% 4 . 5 x 1 0 ± 52% 3 . 5 x 10 1 . 6 " 1 0 : 15% 8 . 1 " 1 0 2 . 2 - iO : 2% 6 . 5 • 10 : 3 1 3 . 4 • l o " 1 

A n n u a l a v e r a g e s 

2 3 9 
L o c a t i o n Pu ( u C i / m l ) %CGd 2 M I » u ( p C i / m l ) 7.cc;e - 3 \ <..K/° J > i c 

I ; 3 * V ( •r.i^> Z tx': 

1 3 2 x 1 0 " 17 5 . 3 » lO'1 1 .1 x 10 - 1 8 1 6 < l O - 3 J . b • l l f ? 1 .9 • l « - i 5 . 2 . ,„-* v.!> • i n " ' 
2 3 1 x 1 0 ~ 17 5 . 2 x I D " 2 < 9 . 5 x 10 

- 1 9 1 4 x l o " 3 3 . 2 . 1 . , - ' 1 .7 • nrs 
4 . 6 . i « ' 5 1.1 Hi' " 

1 2 3 3 x 1 ( T 17 5 . 5 x ID'2 3 . 3 x 1 0 
~1R 4 7 « 1 0 " 3 5 . 1 - l o - 7 2 . 7 • i o " J 8 . 1 • 1 0 ' * '*..'. • 11)"'' 

1 3 3 2 « 10~ 17 5 . 3 x I D ' 2 1 . 1 x 10 - I B 1 6 « 1 0 " 3 3 . 7 . i o - 7 2 . 0 - I B " * S . J 5 • l o ' 1 ).*. I d ' " 

1 4 8 4 x io" 17 1 . 4 x l O " 1 < 3 . 1 x 10 
- 1 8 u 4 « 1 0 " 3 4 . 0 - l<T 7 2 . 1 • I D ' 5 t . . l • : o ' s :..u H i ' " 

1 5 3 6 x 1 0 " L7 6 . 0 x lo"- 2 < 6 . 4 ' 10 
- 1 8 9 1 x l O " 3 4 . 2 • i n ' ? 2 . 2 - H I - 5 6 . 2 l o - 1 4 . 1 i n ' " 1 

See Fig. 1 for sampling locations. 
b 239 
Activity listed as Pu in this document includes activity due to 
Sample lost. 

O"1 

«-14 

240 the Pu isotopu. 

Fu in the soluble form. 
238D CG = 7 * io pCi/ml for Pu in the soluble form. 

CG = 1.90 Ug/m for * U in the insoluble form. 
SCG = 15.0 Mg/m3 for 2 3 8 U in the insoluble form. 



Table 6. Plutonium, strontium, and uranium concentration*! on air filters at Sice 300 during 1976. 

Activity OjCi/ml) Activity (uCi/ml) Mass (UB/O ) 

Month 238„ ,239„ Pu/ .Pu 239„ ,90„ Pu/ Sr 5u/ 2 : , 8U 

Jan 
Feb 
Mar 
Apr 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 
Dec 
Annual 
CG 
%CG 

1.4 * 10' •17 
1.7 x 10' 
3.1 » 10 

,-17 
•17 
,-17 

62 
52 
6* 
62 

8.2 x 1 0 " " ± 82 
1.1 x 1 0 " " + 72 
6.3 x l(f" ± 162 

9% 
72 
62 
6% 
62 

5.7 x 10' 

1.3 
4.1 
2.1 x 10 
1.5 x 10 

,-17 
-17 
-17 
,-17 

2.3 x 10 -17 
avg 4.3 x 10 

6 x 10' 
7.2 x 10' 

,-17 

7.4 x i o - 1 9 ± 122 
7.6 x 3.0 - 1 9 ± 112 
1.0 x 1 0 - 1 8 ± 122 
1.7 x 10" 1 8 ± 102 
2.0 x io" 1 8 ± 15J 
2.4 » 1 0 _ 1 S ± 122 
1.2 x 10" 1 B ± 352 

-19 5.7 x 10 " ± 222 
1.2 x l O - 1 8 i 152 
1.1 x 10~ 1 8 ± 132 
3.7 x 1 0 - 1 9 ± 192 
6.9 x 1 0 - 1 9 ± 132 
1.1 x 10" 1 8 

' 1 4 (soluble) 7 x I O - 1 4 (soluble) 
„-2 , , „ ,„-3 

5.3 x io 
4.5 x 10" 
3.2 x io" 

2.2 x 10 
1.9 x IO" 

5.2 x io 

2.7 x 10 

1.6 x io" 

6,3 
9.6 

4.2 
9.9 
8.8 
2.6 
2.0 
2.2 
9.5 
1.3 
1.9 
3.2 
3 x 
1.1 

102 2.2 « 
1.8 « 

SAMPLE LOST 
1.4 » 

x 10" 1 5 t 102 
x 10"" i 192 
x 10' 1 5 1 62 

O - 1 5 ± 242 
0 ~ " s 152 
-15 

(soluble) 
10 
„-ll 

8.3 x 
1.3 » 
2.4 » 
2.2 x 
1.9 x 
2.2 x 
1.2 x 
1.2 x 
1.3 x 

-3 

„-2 

10 

1.9 
5.0 
3.5 
2.9 
3.6 
3.4 
4.3 
5.6 
1.2 
6.7 
1.6 
5.2 
5.8 
1.9 
3.1 

22 

* 10 i 22 
x 10"' i 22 
x 1 0 - 7 i 22 
x 10" 7 i 22 
» 10" 7 i 21 
« 10~ 6 1 22 
» 10" 7 : 22 

' 10 
(insoluble) 
. ID" 5 

7 x io" S i 31 
9 x jo" 4 I 42 
.2 « 10"* = 42 
2 x 10 42 
3 « 10 * i 42 
5 « 10" 5 i 42 
1 « lO - 4 i 32 
2 - 1 0 - 4 = 32 
.7 > 10" 4 i 32 
3 « 10" 4 t 32 
4 x !0" 4 : 32 
2 x 1 0 - 4 i 32 
9 x io" 4 

5.1 x 
2.6 x 
2.9 « 
3.2 « 
4.9 x 
4.5 x 
3.9 x 
4.7 x 
3.2 x 
5.2 » 
2.2 x 
2.4 x 
3.1 » 

10 

10 

5 > 10* (insoluble) 
3 x I O " 3 



Table 7. Tritium (HTO) in oir at LLL perimeters during 1974 (uCl'ml). 

January - June Ju lv - December Ca l cu l a t ed Ca l cu l a t ed 
Number Nuuihe r annual a d u l t 

Loca o £ o f Annudl uho. t -body 
t i o n samples Maximum Minimum A v e ra^e samp. e s '•tux imura Minimum Av i?rji;i- 3VK zee" doae (area) 

1 2 3 9.2 . I D " 1 1 * 7 1 7 . 6 • 10 " 135: 3.8 - 1 0 " " 2 6 7.ft . i o - " 27. 6 . 5 . Kt~ " 257. 2 . 9 J U  3 . 3 • 1C* 1 1 1.7 - io" 2 
4 . 6 • ID""' 

i 2 6 9 .3 . l o " 1 0 • 2 2 4 . 6 x l o " 1 2 2 2 2 7.9 • J O " 1 1 26 l . H . , o - l a 
23 1 . 7 . l o ' 1 2 1007 3 . 3 KI" 5 . 6 • io~ 2 . 6 • l o - 2 

9 . 0 ' ID -* 2 

12 2 4 8.5 . I D " 1 0 , 1Z 2 . 0 , l o " 1 1 
6 ! 1.2 • l o " 1 0 

2 5 3 . 1 . , o - 1 0 
i : -, •> • lo" ' 5 8 2 5 . 7 K i  6 . 6 - i o - 1 1 4 . 3 • io" 2 

1 . 4 • 10" ' 

1 3 2 6 i.o < i o - 1 0 = 31 9 . 6 - i o - 1 2 
13X J . 5 • 1 0 " U 26 6 . 0 • . 0 - " n 1 . 6 - Id' 2 767 1 . 9 lo" ' 2 . 7 * lu" 1 1.3 • i o " 2 

4 . 3 • I t " 

14 2 4 1 . * . i o - 1 0 = S I 2 . 8 « i o - u 
Ul 6.2 • 1 0 " U 26 1 .4 . i o " 1 0 

21 1 . 3 . ui-" 7 5 1 . 7 lrf 5 . 4 - i o _ i 
2 . 7 . ID ' 2 8 . 6 • in" 2 

1 5 2 5 9.6 * 1 0 " U s 1 0 * 1 . 4 . 1 0 " 1 1 10X 3.5 • l O " 1 1 26 1 . 1 . t o " 1 0 
2 1 5 . 3 • l o " 1 " 2 1 5 2 . 1 lo" 2.8 - I O " 1 1 1.4 i o " 2 

4 . 5 • lo'* 
Annual a v g 4 , 7 • 10" 2 . 4 • 10 ' 7 . ' . 10 " 

See Fig. 1 far locations oE perimeter s-impling t 
Concentration Guide for HTO in air is 2 * 10 : 



Table 8. Concentrations of various radionuclides in on-sice LLI. soil samplea during 1974 (uCi/g -
weight). 

in dry 

L o c a 
t i o n 

s.-unpl fntt 
i lc-pin ( e n ) 

2 J 9 , 

4 2 9 0 - 5 9.2 10" 

4 1 0 0 - 5 • .7 lo" 

4)1 0 - 5 1.1 10" 

4 ) 2 0 - 5 2.1 10" 
4 ) 3 0 - 5 2.9 :o" 
4 ) 4 0 - 5 0.1 10" 
4 3 5 0 - 5 3.11 10" 

4 ) 6 0 - 5 1.2 111" 
4 3 ? 0 - 5 5.4 in" 
4 J « u-s 1.2 10" 

4 J 9 0-5 5.1 10" 
4 4 0 0-5 1.1 !()" 
4 4 1 0-5 1.1 l o " 

4 4 ? II-5 1.2 10" 

4 4 J 0-5 J .J 10" 

4 4 4 0-5 1.1 • 10" 

4 4 3 H-5 1.6 • 10" 

4 4 6 0-5 1 . 9 l o ' 

447 0-5 1 . ) • i n " 

4 4 8 0-5 1 . 0 • l o " 

4 4 9 0-5 2 . 2 • l o " 

4 5 0 0-5 l . J • 1 0 ' 

4 S 1 0-5 1 . 3 • 10" 

4 5 2 0-5 9 . 2 . 10" 

45 l c 

4 5 4 0-5 3 . 7 10" 

4 5 5 0-5 4 . 4 X 1 0 " 

4 5 6 0-S 1 . 7 « 1 0 " 

4 5 7 0-5 1 . 3 • 10" 

4 5 6 0-5 2 . 0 x 10" 

4 5 9 0-5 1 . 2 x 10" 

4 6 0 0-5 1 . 9 1 0 " 

4 6 1 0-5 1 . 1 1 0 " 

4 6 2 0-5 1 .2 • 1 0 " 

4 6 3 0-5 5 . 6 lo" 

4 6 4 0-5 6 . 1 - 10" 

4 6 5 c 

4 6 6 0-5 4 . 0 x 10" 

4 6 7 0-5 3 . 9 « 10" 

4 6 8 0-5 1 . 2 x 10" 

4 6 9 0-5 1 . 4 • 10" 

4 7 0 0-5 5 . 1 « 10" 

4 7 1 0-5 2 . 3 x 10" 

4 7 2 0-5 6 . 4 x 10" 

4 7 3 0-5 1 . 5 * 10" 

474 w 

475 
476c 

477 c 

47BC 

479 
460 
481 
482 

0-5 
0-5 
0-5 
0-5 

5.7 
1.2 
4.1 

i 0 K 
137,. 

! ] " T 1 2 3 S U " B 0 

= 3 7 ! 9.55 • l o " 6 . 15! 2.61 I O " 7 = 1 1 ! 5 . 4 5 • lo" = 191 3 . 2 8 • i o - = 1 0 0 ! 7 . 4 3 x 1 0 " 7 = 3 0 1 

, 2 4 . 9.50 • W* S 9.2J 1.49 • l o " 7 i 1 4 ! 5 . 4 1 • 1 0 - 7 ! 1 6 ! 2 . 2 4 • . 0 - = 7 6 1 5 . 6 3 " I 0 " 7 = 2 6 1 

: 2 1 1 'J. 50 • l a " 6 - 127, 1.19 10" ? ! 2 3 ! 5 . 2 3 l o " 7 ! 2 1 ! 2 . 2 7 • I D " 8 = 9 0 1 8 . 2 4 • i o " 7 = 4 2 1 

: I K B.96 • l « ~ h : 111 2.14 • 10" ' : 7 3 1 4 . 9 5 10" -- 2 1 1 1 . 5 5 • l O " 8 = 8 b l 7 . 9 7 • i o " 7 = 3 3 1 

-. 1 2 1 9.H2 " i o - • 7: 1.93 • 10" ' = 1 5 ! 4 . 5 0 lfl" = 207 1 .61 • i o - -• 8 6 ! 7 . 0 3 • 10 = 3 9 1 

•• 1 2 ! 1.00 ' i o " s . 8. HI 2.11 • 10" ' : 101 4 . 9 5 10" = 1 6 ! 2 . 4 1 • i o - = 6 7 1 6 . 7 6 - 10" = 6 0 ! 

' 1 7 : 1.09 " I O " S . 9.47. 1.45 • I d " 7 .• 8 . 8 ! 4 . 4 2 10" •• 181 2 . 0 8 • 1 0 " " = 7 5 ! 5 . 6 3 • i o " 7 = 3 7 1 

• 1 9 ! 1.27 • 1 0 " 5 - 101 1.51 • 1 0 ~ 7 = 1 8 ! 6 . 6 5 l l f = 2 2 ! 4 . 0 0 • i r " 8 = 1 0 0 1 7 . 6 6 ' 1 0 ~ 7 = 3 3 1 

' 267. 1 . lb • l o " b • 9.41 1.95 • iO" • 1 1 ! 7 . 1 2 |0" ' 1 6 ! 2 . 8 2 • i o - -• 1 0 0 ! 5 . 7 2 • i o " 7 = 1 0 5 ! 

• 1HI 1 . 1 9 " l o ' s • u : 1.2J • 111"' : 2 1 ! 6 . 7 1 11)- < 7 2 ! 2 . 5 0 • i o - • 4 6 ! 5 . 5 4 • 1 0 " 7 = 5 2 1 

•- 2 4 2 1.- .J • l o " s • 7 . 4 1 1.57 • Ht" • 1 2 ! 6 . 7 6 10" • 151 1 . 9 0 • 1 0 - = 1 0 0 ! 6 . 4 9 • i o " 7 ' 3(1! 

• 1 J I 1. 16 • . o " s - 101 2. J9 - Ml" ' 1 17. 7 . 0 7 10" • 201 1 .76 • , 0 " " = 8 4 1 4 . 1 4 • 10" 7 i 5 9 ! 

• 147. 9 . 50 ' 10" ' • 9 . 2 1 1.68 • Id" • I i . 2 ! 5 . 5 9 10" • 151 2 . 7 1 • i o - = 6 1 1 7 . 2 1 • lo" = 2 6 1 

• i n 9 , H ' ,,,- • 121 1.84 - Ill" • 1 5 ! S . 5 9 11)- • 1 9 ! 4 . 1 2 • 1 0 " " • 7 ) 1 6 . 6 7 • 1 0 " ' 5 9 1 

• 2J-2 1 . J 1 ' 111"5 • 9 . 2 1 5.41 . t,-- . 121 5 . 9 5 Kl" • 1 7 ! 2 . 4 1 • i o - •- 7 8 1 7 . 4 3 - 10" : 2 9 1 

•- 1 6 1 1 . 0 1 • 1 0 " S ! 7.HI 1.2H • 10 • 1 7 ! 5 . 9 0 lo" • 1 3 ! 3 . 6 6 • i o - = 1 0 0 1 5 . 9 0 • 10* i 111 

= 157. 9 . 5 5 ' 1 0 - • 1 2 : 1.4(1 • i n " ' = 2 1 ! 6 . 1 1 10" = 191 2 . 7 2 • i o - = 5 6 1 6 . 4 9 ' 10" ! 3 ) 1 

• n 9 . 5 9 • 10*" • 1 5 ! 7.80 • io" • 2 1 ! 5 . J 6 l ( f -• 1 8 ! 9 . 2 3 - l o - = 6 4 1 5 . 9 5 » 10" ; 3 7 1 

: 16X 1 . 2 1 • i o - . 6 . 6 1 5.41 • , o " » • 4 3 ! 4 . 7 ) 10" I 2 5 1 1 . 5 1 . i o - = 6 4 1 4 . 9 5 • 1 0 " • 5 2 1 

• 2 1 . 1 . 2 1 - 1 0 " 5 : I l l 7.16 • l . f » • 2 4 ! 7 . 6 6 10" • 1 5 ! 3 . 4 1 • i o - = 8 3 1 6 . 4 7 - 10" • 2 9 1 

• 161 1 . 2 5 • l o - , 111 8.87 • 1 0 " " • 1 7 ! 1 . 0 7 10" ! 181 3 . 1 4 . i o - = 1 0 0 1 6 . 0 4 • 1 0 " ! 3 2 1 

J 4 o : 1 . 3 3 • . 0 - . 9 . 4 . . 1.00 • 1 0 " 7 = 2 4 ! 9 . 9 1 l d " ! 2 0 1 4 . 5 0 . i o - = 1 0 0 1 7 . 9 7 x 10" 1 4 4 1 

= 20 . 1 . 2 6 • 1 0 - , 7.OS 1.11 . 1 0 " ' = 1 2 ! 1 . 0 0 10" ! 1 4 1 2 . 3 2 . l o - = 1 0 0 1 7 . 3 4 x 1 0 " • 2 5 1 

. » . 1 . 1 8 • i o - .. 6 . 6 1 1.05 . i d " 7 , 1 3 ! 6 . 0 2 10~ = 1 4 ! 2 . 6 6 . i o - i 1 0 0 1 6 . 5 3 x 1 0 " = 2 7 1 

= 1 2 t 9 . 7 3 - J O " ' t 12S 6.71 . i o - 7 t T.2% 5 . 4 1 10" t 2 2 1 3 . 8 1 . i o - * 6 9 1 6 . 8 9 » 1 0 " i 3 7 1 

1 1 6 1 9 . 7 3 * 1 0 - = 1 1 ! 4.27 . i o - 7 = 9 . 2 1 5 . 7 2 10" = 1 8 1 3 . 9 8 x 1 0 - ± 6 8 1 5 . 7 7 x 1 0 " ' * 5 4 1 

! 1 2 1 9 . 5 9 * i o " 6 = 117. 5.05 - JO" ' = S.OZ 5 . 4 1 10~ = 2 0 1 1 . 1 9 . i o - t 7 5 1 5 . 1 4 x 1 0 " ' i 60t 

= 1 2 : 1 . 0 2 * i o - = 11% 2.06 . ID" 7 = 1 5 ! 5 . 3 6 1 0 " = 2 0 1 2 . 1 6 x 1 0 - = 8 5 1 5 . 3 6 x 1 0 " 7 i 4 7 1 

= 1 ) 1 9 . 9 1 - i o - = 12% 5.59 . 1 0 - = 1 1 9 ! 6 . 0 4 • 10" 1 2 0 1 3 . 7 1 » i o - i 1 0 0 1 7 . 2 5 x 1 0 " ' i 43% 

. « 1 . 2 0 * i o - = 9.07 . 4.12 . l o " 8 = 3 8 ! 5 . 9 0 < 1 0 " 7 i 1 7 1 2 . 3 1 - i o - ± 8 8 1 7 . 6 6 x 1 0 " 7 t 2 3 1 

= 321 1 . 1 6 - i o - = l i t 1.54 . i o - 7 = 1 5 ! 5 . 5 4 1 0 " i 2 1 ! 3 . 4 5 » i o - t 8 6 1 7 . 0 3 x 1 0 " = 4 1 1 

= 327. 1 . 2 0 * 1 0 - = 8% 3.05 • 1 0 - = 6 2 ! 5 . 9 0 1 0 " s 1 5 1 2 . 1 3 . i o - * 6 8 1 8 . 1 5 « 1 0 " = 3 6 1 

= 421 9 . 6 8 * 10"" = 101 5 . 8 1 1 0 " 1 1 6 1 2 . 8 5 « l o - = 6 2 1 6 . 8 5 x 1 0 " i 2 9 1 

5 331 1 . 3 4 x I O - = 87. 1.60 » 1 0 - ' = H I 5 . 2 7 1 0 ~ = 1 7 1 2 . 0 1 » i o - t 8 4 1 8 . 9 2 x 1 0 " ! 2 6 1 

= 24* 1 . 3 5 « . o - = 117. 1.64 1 8 ! 5 . 4 1 1 0 " = 2 3 1 2 . 7 5 » i o - t 9 5 1 6 . 9 4 x 1 0 " J I 0 0 1 

= 11* l . W • i o - = 9.47. 4.68 7 . 4 ! 4 . 8 6 ' 1 0 " i 2 0 1 2 . 2 7 - i o - t 6 6 1 7 . 1 6 x 1 0 " = 3 1 1 

= 107. 9 . 7 3 * i o - = 8 .4! 4.03 6 . 8 ! 6 . 2 6 1 0 " ' i 1 3 1 3 . 1 3 - i o - t 5 0 1 8 . 7 4 x 1 0 " 7 = 1 8 1 

= 6 . 9 . 6 4 * i o - = 7 .0! 8.37 4 . 0 ! 5 . 9 5 10" 7 » 1 1 1 1 . 3 7 « 1 0 - t 7 9 1 6 . 8 7 x 1 0 " ' = 2 1 ! 

1167. 1 . 1 4 - i o - = 131 3.75 1 0 ! 5 . 4 1 - 10" 7 = 2 7 1 3 . 8 9 x I D " 8 * 7 2 1 5 . 3 6 x 1 0 " ' ! 3 6 1 

= 111 1 . 1 8 * i o - = 8.4! 1.86 . i o - 7 = 1 2 ! 4 . 7 7 * 1 0 " = 1 8 ! 3 . 8 7 - 1 0 - * 1 0 0 1 6 . 7 6 x 1 0 " 7 ! 5 4 1 

= 16% 1 . 0 3 x i o - = 12! 1.21 - l o ' 7 = 2 0 ! 4 . 7 7 - 10~ 7 = 2 3 1 1 . 8 7 x 1 0 - t 6 2 1 5 . 7 7 » 1!," 7 ± 3 8 ! 

= 25% 1 . 1 9 * i o - = 7 .6 ! 2.65 - i o - B = SO! 5 . 6 8 * 10~ ' 1 1 4 1 2 . 6 9 x 1 0 - i 6 8 1 6 . 8 0 x 1 0 " 7 ± 3 0 ! 

±187. 1 . 2 5 * i o - = 6 . 4 ! 5.27 x 1 0 - 6 = 3 6 ! 5 . 3 1 « 1 0 " 7 ± 2 0 1 1 . 7 2 « 1 0 - * 6 0 1 6 . 0 4 x 1 0 " 7 t 35t 

1 9.81 3.74 • 7.34 x 10 t 521 

10 t 111 
10— 1 111 
10— ± 20t 
10 241 

1.20 ' 
9.14 ' 
1.12 ' 
1.12 ' 

10 ! Ill 
10— = 6.81 
10— i 101 
10 ' 101 

5.36 > 
2.B7 i 
2.86 > 
1.13 ' 

1201 5.22 > 
111 3.50 > 
541 5.27 • 
141 5.09 > 

i 251 2.29 • 
= 24! 7.75 ' 

' = 181 2.24 ' 
' = 16t 2.13 ' 

6 1 ! 6.67 » 10 i 351 
90% 5.95 x l o " 7 1 561 
66% 4.42 x l o " 7 i 33% 
811 B.33 x I P - ' i 2Q1 

See Fig . 6 for loca t ions of o n - s i t e LL.L. s o l i sampling. 
Ac t i v i t y r a t i o for n a t u r a l uranium i s 4 .7 x 10 . 
No sample a t t h i s l oca t i on . 



Table 8A. Concentration of plutonium and amerlcium in soil samples near the waste dis
posal area (uCi/g — in dry weight) . 

Sampling 
Loca a

 d * p l * 239 238„ 238„ .239D 241A 

tion (cm) Pu Pu Pu/ Pu Am 

355 0-1 9.1 x 1 0 - 6 ± 6% 1.3 x 10~ 6 ± 8% 1.4 x 1 0 _ 1 !./• x 10 - 6 ± 14% 
356 0-1 5.1 x 10" 6 ± u % 3.4 x 1 0 - 7 ± 14% 6.7 x 1 0 - 2 5.8 x 1 0 - 7 ± 7% 
358 0-1 1.8 x 10" 7 ± 16% 4.6 x 1 0 - 8 ± 26% 2.6 x io _ 1 8.3 x 1 0 - 7 + 60% 
359 0-1 1.7 x 10" 7 ± u% 7.1 x 1 0 - 8 ± 18% 4.2 x 1 0 _ 1 4.1 x 10~ 8 ± 100% 

See Fig. 6 for location of soil sampling sites. 
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Table 9. Comparieon < of plutonium c o n c e n t r a t i o n s i n o f f - s i t E i s o i l samples dur ing 1973 and 1974 (uCi/g — i n dry wed Lght). 

Depth 
(cm) 

1974 
238„ ,239„ Pu/ Pu 

Locar 
t i n? 

Depth 
(cm) 

1973 
Loca; 
t i o n 

Depth 
(cm) 239„ Pu 238„ Pu 238„ ,239„ Pu/ Pu 

Locar 
t i n? 

Depth 
(cm) 239„ Pu 2 M P u 238„ ,239„ Pu/ Pu 

517 0-1 3.7 x 1 0 " 8 ± 21% 4 .3 x 1 0 " 9 ± 34% 1.2 x i o " 1 254 0-1 6 .7 x 1 0 " 8 ± 6% 2 . 7 x 1 0 - 1 0 ± 8% 4 . 0 x 1 0 ~ 2 

520 0-1 4 3 x 1 0 - 8 ± 6% 5.6 x 1 0 " 9 ± 9% 1.2 x 1 0 - 1 333 0 -1 5 .3 x 1 0 - 8 i 5% SAMPLE 10S1 _ 
522 0-1 8.7 x 1 0 " 8 ± 6% 8.2 * 1 0 " 9 ± 91 9.4 x 10~ 2 334 0-1 5.4 x 1 0 - 8 ± 5% SAMPLE LOST _ 
524 0-1 1.1 x 1 0 - 8 t 5% B.4 x 1 0 " 1 0 ± 13% 7.6 x 10~ 2 319 0 -1 1.8 x 1 0 ~ 7 ± 7% 5 .5 * 1 0 * 9 * 9% 3 . 1 x 1 0 - 2 

526 0 -1 1.2 x 1 0 _ B ± 5% 5.5 x 1 0 " 1 0 ± 152 4 .6 " 10'2 320 0-1 1.4 x 1 0 " 8 * 7% 9.5 x 1 0 " 1 0 ± 17% 6 .8 x 1 0 - 2 

See Fig. 7 for sampling locations-
These locations correspond to sampling locations during 1974. 

Table 10. Plutonium, cesium, and uranium concentrations in Site 300 soils during 1974. 

Depth 
A c t i v i t y l iCi/s (drv wt) 

238 .239 
A c t i v i t y uCi / s (dry » t ) 

137. 
Activity UK/R (dry wt) 

235,. Sampling Depth 239 2 ig 238 .239 
A c t i v i t y uCi / s (dry » t ) 

137. 235 238 235,. .238 b 

l o c a t i o n (cm) Pu Pu Pu/ Pu Cs B 0 11/ U 

-2 - 7 -2 , - 3 
S-4B9 0-1 5 .1 x 10 ± 8% 3 .1 X 10 ± 22% 6 .1 x 10 1.8 x 10 ± 44% 1.33 x l o ± 85% 2.04 ± 42% 5.54 x 10 
S-491 0-1 3 .1 x , 0 " 8 ± 6% 1.3 X l O " 9 ± 13% 3.9 x T O ' 2 1,6 x 1 0 " 6 i 3% 9 .11 x 1 0 " 3 ± 85% 2.80 ± 27% 3.25 - 3 

" 1 0 
S-493 0-1 1.6 X 1 0 " 8 ± 7% 7.8 x I B " 1 0 ± 16% 4 .9 x 1.0-2 5.4 x 1 0 " 7 ± 8% 7.24 x 1 0 ~ 3 ± 88% 2.14 ± 37% 3.38 

- 3 
x 10 

S-495 0 -1 1.0 x 1 0 " 8 ± 7% 4 .7 X i o - 1 0 ± 185; 4 .7 x l a ' 2 4.9 x 1 0 - 7 t 5% 1.56 x l o " 2 t 62% 2.60 ± 21% 6 .00 x l O - 3 

S-497 0-1 2 .4 
- 9 

x 10 ± m 7.6 X i o " u 
+ 40* 3.2 x 1 0 - 2 1.0 x l O " 7 * 31% 1.89 x l o " 2 t 74% 4.29 ± 25% 4 . 4 1 x 1 0 _ J 

S-499 0-1 1.2 x 1 0 " 8 ± 6% 6.2 X l o " 1 0 ± 15% 5.2 X I O ' 2 4 .7 x 1 0 " 7 ± ax 1.04 x l o " 2 ± 53% 2.52 ± 43% 4.13 
- 3 

x 10 

S-501 0-1 9.7 
- 9 

x 10 ± (,% 4 . 1 X i o - 1 0 * 18% 4 .2 X I O " 2 2.6 x 1 0 - 7 * 12% 3.92 x l o " 2 ± 692 14 .5 ± 22% 2.70 , 3 
« 1 0 

S-503 0-1 2.1 x 1 0 - 8 ± n 1.0 „ in" 9 ± 24!! 4 .8 X I O " 2 1.4 x 1 0 " 7 * 13% 2 .61 x l o " 2 1 75% 8.56 ± 43% 3.05 
- 3 

x 10 

S-505 0-1 2 .2 xnf 8 i mx 1.1 X l O " 9 ± 26% 5.0 X I O " 2 3.6 x 1 0 " 7 ± 8% 1.29 x l o ' 2 ± 66% 2.50 i 20% 5.16 
- 3 

x 10 

S-507 0 -1 3.3 x 1 0 _ 8 ± 65! 1.5 X l O " 9 ± 13% 4 .5 X I O - 2 1.1 x 1 0 ' 6 ± 5% 2.13 x l o " 2 ± 80% 5.20 ± 48% 4 .10 X I O - 3 

S-509 0-1 2 .5 x l 0 " 8 ± 7% 1.0 - l O " 9 ± 17% 4 .0 x 1 0 - 2 7.0 x 1 0 " 7 i 5% 1.70 x 1 0 - 2 '7% 3.09 ± 37% 5.50 - 3 
M O 

See Fig, 8 Eor sample locations within Site 300. 



Table 11. Livermore sewage treatment plant gross alpha sampling results during 197ft. 

Gross alp: 3 a c t i v i t y ( .Ci /ml) 

No. of 
samples 

m j e s t e r s So. of 
samples 

Aera t ion tank 

Month 
No. of 
samples Maximum linisium Average 

So. of 
samples Maximum Minimum Average 

J a n . 10 3.6 , i o - 7 29? 1.1 , i o - 7 + 45% 2 . 1 x I O - 7 5 4 .9 , l O - 8 , 39% 2.6 x 1 0 - 8 t 52% 3.6 * 1 0 - 8 

Feb. 8 2 .0 x I D ' 7 , 39% 8.6 x l O - 8 , 54% 1.3 « I O - 7 4 5.6 X l O - 8 , 38% 1.1 x I D ' 8 

± 90% 3.6 « I D " 8 

Mar. B 2.4 , I D ' 7 ; 34? 4 .9 l O - 8 * 63% 1.3 x I O - 7 4 5.6 X l O - 8

 = 35% 3.9 x l O - 8 i 42% 4 .9 ' l O - 8 

Apr. 10 2 .0 x i o - 7 , 31 % 6 .1 „ I D ' 8 . 61% 1.3 x l O " 7 5 6 . 1 X I D ' 8 , 34% 2.9 x 1 0 - B ± 47% 4 .3 . ! » - » 
May a 2.4 , i o - 7 , 35% 8.3 y I D ' 8 • 43% 1.6 X i o - 7 4 5.9 X l O - 8 , 32% 2.9 X i o - a 1 45% 3.7 * 1 0 " 8 

June 8 2 .8 , i o - 7 , 38% 2.7 x i n ' 8 . 49% 1.4 X I O - 7 4 4 . 8 X 1 0 - 8 , 40% 3.1 X 1 0 - B ± 44% 3.7 x l O - 8 

Ju ly 9 4.7 x ID" 7 . 36% 1.3 x i n ' 7 • 42% 2 .5 , I D " 7 5 5.6 , I D " 8 , 32% 2.4 x l O - 8 ± 51% 4 .2 x 1 0 ~ 8 

Aug. 6 3 .1 „ I D " 7 > 31% 1.4 , in" 7 . 64% 2.1 X in" 7 4 4 .9 x I D " 8 , 35% 3.1 x I D " 8 • 44% 4 .2 x 1 0 " 8 

Sep t . 3 1.7 » I D " 7 • 39% 4 .2 x l O " 9 • 62% 3 .1 X l O - 8 4 4.7 X I D " 8 , 42% 2 .3 X I D " 8 , 100% 3.3 x 10" 

Oct . 10 1.1 x I D " 8 , 51% 5 .1 , i o - 9 , 100% 8.7 X lo" 9 5 4 .5 X I D ' 8 ± 46% 2 .3 x l O - 8 ± 62% 3.1 x 1 0 " 8 

Nov. 7 1.8 , 1 0 - B i 57% 5.5 x i o - 9 • 57% 1.2 X I D " 8 4 4 .2 X I D ' 8 , 49% 5.2 x 
1 0 " 9 ± 100% 3.0 X I O ' 8 

Dec. 9 3.2 > l O " 9 
1 44% 1.1 " l O " 9 ± 100% 2 .3 X i o - 9 5 2 .6 ' l O " 9 , 49% 1.1 » l O " 9 ± 100Z 1.9 x i o ' 9 

Table 12. Livermore sewage treatment plant gross beta sampling results during 1974. 

MonCh s a m p l e s Maxim Mininuin Ave raise s a m p l e s Maximum Minimus Ave r a g e s a s p i c s .".axiraurc Hlninuni A v e r a g e SC(. a 

J a n . 10 3 . 2 • 1Q~ : 17S i . a • t o " 7 2 1 * 2 . 4 i<T 7 5 4 . 1 • i o - » • ax 3 . 0 - I f f - 1 0 ! J . t i o _ t " !2 1.7 • i e f B - 4 5 ! 9 . 2 . 1 0 - ' lOOJ 1.3 - 1 0 " S 13 

F e b . a 1.9 - ID : 175 1 .3 • 1 0 " ' 195. 1.*, 1 0 ^ 4 1.2 ' 10~ ' -* io ! : 2 . 6 - l O - " ' - 1 1 * 2 . "J 21 3 . 3 - 1 0 " a • 252 B .5 - i n " " 100s l . i • 1 0 " " 14 

Mar. 3 1 . 9 - 10 - 1 7 ! 6 . 9 • l o " " 2BZ 1.4 i o - ' 4 3 .a - , o - M - 9 ; 2 . 9 - 10 ' " lOt 1.2 I O " 8 2fl 2 , i - 1 0 " B - n s E . t . ,„-» 1001 1.3 - I D " 6 l j 

A p r . 10 1 .9 • l o " - IB? 9 . 9 • l 0 - " 2 4 ! 1.4 I O " ' 5 1.2 - i o - « > 9 ; 2 . 7 • I f c " 5 - 11* 2 . 9 10 " S JO - . 1 • l o ' " 1 6 ! 7 . 3 - 1 0 - ' 100* 1.3 - i n " 8 16 

May 8 1.5 ' 10 - :BX 9 . 6 • i o - B 2 1 ! 1.2 10 ' 4 3 .0 • LO " • 1G*. 2 . 1 ' 10 ' ' 12T 2.5, 10 " 29 . 3 • 10 24*. 34* 

J u n e a 2 . 0 - ID" : 1 6 1 4 . . , ' ] o " r t HZ 1.2 • o - ' A 3 . 7 • 1 0 - K : 9 ! 2 . 6 - 10 ' : 1 1 ! 3.2 10 * 29 J . I - i o " r t 2 8 ! B . 3 i o " y

 : 74J- 1.4 ' 10 B 14 

J u l / 9 1 .5 10" ' 212 2 . 1 1 0 " ' ,̂ 1 I) • 10 ' - 10?. 2 . 3 • 10 ' : 1 2 ! 1.7 10 R 29 3 9 ! 7 3 ! 

8 ' 1 0 " 1 .3 • , - , " ' 271 2 . 4 i n ' 7 z, S • , n " e • 2 . 5 • 10 111 4 . 1 i o " t f 2 3 ^ • 1 0 " 6 3 0 ! 7 .6 in"' = 1 0 0 ! 1 . 3 - 1 0 " 8 11 

8 2 . 2 10~ : 1 7 ! 1.3 \!>~h 
1 « ! 1.7 1 0 " ' 4 4 . 9 • 10~" * 10* 3 . 1 • I O " 5 • 141 3 . * 1 0 " " 2 i nz J . 9 io-" -- 100Z 1.0 ' Wfi JD 

O c t . 10 i n " ' . |ftT 
1 .0 i o " B 2 1 ! i . i i n " " 

5 ^ . - I O " 4 : 121 3 .0 - l o " ' - 1 4 ; 3.ft u,-- 31 . 7 - 1 0 _ C 3 4 - 7 . 9 1 0 " 1 U .. 'IB', n.u . I D " 9 B 

Vov 7 5 . 0 ,n" - m 1 .5 - . o ~ 8 1 9 ! 2 . 2 10*" 4 i .O - 10 " * 1 1 * i . 7 - I - , " 5 . 2H% 3 .1 10 " 2 i . 3 • i n " 8 7 6 ! ^ . 7 i n " ' " : 1 0 0 ! 1.2 • 1 0 " B 12 

D e c . 9 2 . 4 i o - ' >- I K L 1 ' 1 Q " 3 2 2 ! 1.5 Iff'" i l .fj • 10 ' - l i t 1.7 ' ' ' , " " ' • U ! 2 . - , 1'f " 29 .1 • 1 0 - 7 1 2 ! 4 . 7 I D " * = 4 3 * 2 . 0 * 1 0 " " 20 

1 1 ' 10 uCi/ml. 



Table 13. Comparison of various radionuclides in LLL and Llvermore treatment plant 
effluents during 1974 (yCi/ml). 

"'Pu "Sr Tritium 
Month LLL Treatment plant LLL Treatment plant LLL Treatment plant 

J a n . 3 .7 X 10-1° 5 . 1 X i o - " 2.0 x I B " 9 8 .0 x lo -n 4 .7 x l O " 6 2 . 0 x l O - 6 

Feb . 4 . 4 x i o - 1 0 7 . 8 X 1 0 " " 1.1 X io- 9 3 .7 X 10- l° 6 .7 X io - 6 1.3 X I O " 6 

Mar. 1.8 X 10-1° 6 . 3 X 1 0 " " 5 .9 X io" l° a 9 .0 X I O - 6 1.7 x 1 0 ~ 6 

Apr . 1.3 X i o - 1 0 4 . 1 X I D " " 8 .1 X 10-1° 2 . 3 X i O " 1 0 3.8 X I O - 5 6 . 8 X I O " 6 

May 4 . 5 x 1 0 - H 7 .2 X I D " " 5 .0 X 1 0 - 1 0 a 4 . 8 X I D " 6 2 . 8 X I O " 6 

J u n e 5 .0 X io -n 1.3 X i o - " 5.2 X lo-u 2 . 2 X 10-1° 5.5 x I D " 6 3.6 « 1 0 " 6 

J u l y 5 .0 X l O " 1 1 1.2 x 1 0 " " 3.9 X lo-u 1.1 x 10-1° 3 .8 x I O - 5 5.2 x 1 0 " 6 

Aug. 5 .0 x 10-1° 1.0 X l o - n 8.9 X lo -u 9 . 0 X 10-1° 6 .6 X I D " 5 6 . 5 x 1 0 " 6 

S e p t . 3 . 8 X i o - u 3.2 X I O - 1 1 2.9 X i o - 1 0 6 . 5 X io-i° 2.4 x ID"* 2 . 0 x 1 0 " 5 

O c t . 1.4 K l o " 1 0 3 . 9 X i o - " 6.7 X 10-1° 2 . 1 X io-" 7 .8 X l O " 5 8.4 x 1 0 " 6 

Nov. 6 . 5 X lo-u 5 .2 X i o - " 3.2 X 10-1° 6 . 1 X io-i° 7.6 X I D " 5 7 .0 x l O " 6 

Dec . 2.7 x io-i° 1.1 X 10-u 4 . 6 X 10-1° 1.3 X 10-1° 4 .4 X l O " 5 6 . 1 x 1 0 " 6 

Ann av 1.9 X 10-1° 7 .9 X i o - " 5.8 X 10-1° 4 . 5 X I D " 1 0 5 .1 X ! 0 - 5 6 . 0 x 1 0 " 6 

CG 3 x I D " 5 3 X i o - 5 3 x i o - 7 3 X 
1 0 " 7 3 X io - 3 3 X I O " 3 

%CG 6 . 3 X IO- 4 2 . 6 X I D ' 5 1.9 x i o - i 1.5 x io-i 1.7 2 x 1 0 _ 1 

Below ttie minimum detection limits. 
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Table 14. Gross beta activities in Livermore Valley water samples during 1974 (pCt/tnl). 

Loca
tion 3 

Ho. of 
samples 

Januarv - June No. of 
sarcples 

July - December Loca
tion 3 

Ho. of 
samples Maximum 1 Minimum Average 

No. of 
sarcples 1 Maximum Minimum Average Anxiuax 

average %CG b 

11 6 3.5 „ ID' 9 + 23% 5.3 x 
1 0 - 1 0 

t 37% 3.1 x ID"' 6 3.0 K ID"' + 33% 1.7 xlO-' + 100% 2.5 X ID"' 2.3 X ID"' 9 
13 6 4.6 „ 1 0 ' 9 

± 34% 1.7 x ID"' ± 100% 3.1 x ID"' 6 2.6 x ID"' ± 100% 2.0 xlO-' ± 61% 2.4 X ID"' 2.7 X i o - ' 9 
IS 6 3.9 X io" + 40% 1.6 X ID"' ± 29% 2.6 x io-' 6 3.7 X ID"' + 32% 1.7 -9 

* 10 + 100% 2.6 X i o - 9 2.6 X i o - ' 9 
16 6 5.9 X io- 9 

± 29% 2.3 X io-' ± 61% 3.5 X ID"' 6 8.9 x io-» + 24% 2.4 « « ' ± 100% 4.6 X 10"' 4.1 X ID'9 14 
17 2 C 2.1 X io- 9 + 667. 1.9 x io-' ± 64% 2.0 X io- 9 oc _ _ - _ 
19 6 2.3 X 10'' + 27? 1.0 x io-' ± 29% 1.7 X ID"' 6 3.8 x ID'9 

± 31% 1.7 XIO" 9 + 100% 2.5 X !0-' 2.1 X io-' 7 
20 3 1.2 X lO' 8 ± 182 6.0 X ID"' ± 21% 8.3 X JO"' 3 1.4 X io- 8 + 202 7.2 X10-' + 24% 1.1 X ID" 8 9.5 X ID'' 32 
21 2 C 8.2 X 10'' ± 23% 4.5 X ID"' ± 34% 6.4 X ID"' 0 C _ _ - -
22 5 d 7.6 x ID'' ± 19% 3.4 X io-' ± 45% 6.2 X ID"' od _ - - 6.2 X io-' 21 
24 6 4.1 x ID"' ± 38% 1.9 X ID"' • 27% 2.9 X 10-' 6 2.6 x ID" 8 i 15% 4.7 x,0"' + 35% 9.3 X 10"' 6.1 X io-' 20 
26 6 3.1 X IO-' ± 48% 1.8 x ID"' + 28% 2.4 x ID"' 6 2.8 < io-' ± 100% 1.7 X10-' ± 100% 2.3 tf 10"' 2.3 X io-' 8 
Annual avg 4.3 " io" 9 14 

See Fig. 2 for sampling locations. 
Concentration Guide for gross beta activity in water is 3 * 1<T uCi/ml. 
Sampling location discontinued, 
Sampling is from a rain pond which dried up in June 1974. 



Table 15. Grass beta activities in Site 300 water samples during 1974 (yCi/ml). 

January - June „ c July - December , n 

— *-—••• — - — -— No. or *—— — Annual 
tlon samples Maximum Minimum Average samples Maximum Minimum Average average %CG' 

1 6 4.5 x 10 ± 34% 1.4 x io-' ± 31% 3.2 X ID"' 6 4.7 x ID"' + 34% 2.2 -9 
x 10 " ± 60% 3.4 x io-' 3.3 x io-' 11 

2 6 7.6 x -9 
10 i 20% 5.0 x ID"9 ± 31% 6.5 X ID' 9 6 7.1 x 10"' + 25% 3.1 xio" 9 ± 46% 5.0 x ID"' 5.8 X ID"' 19 

3 6 6.0 x ID" 9 ± 21% 4.6 x 10"» ± 24% 5.2 X ID"9 6 7.8 x ID"' + 25% 2.8 x ] 0 - ' ± 34% 5.3 X ID"' 5.2 X 10-' 17 
4 6 7.3 x 10"' ± 19% 4.J « jo-'t 36% 5.2 X io-9 6 7.9 x io-' + 24% 2.B * 10 ± 34% 5.4 X 10-' 5.3 X IO-' 18 
5 6 7.1 x -9 10 ± 25% 3.4 x w9± 26% 4.9 X in"' 6 6.3 x ID"' + 26% 2.8 XJ0-' ± 34% 4.5 X ID"' 4.7 X ID"' 16 
6 6 5.3 x -9 10 ± 30% 3.8 x io-' ± 40% 4.6 ID"' 6 5.6 x io-' + 30% 3.6 -9 

x 10 * 
± 32% 4.2 A 10 4.3 X ID"' 14 

7 6 6.1 x 10"»± 21% 2.4 x io-' ± 28% 4.6 X io-9 6 5.1 x ID"9 + 33% 2.6 X10" 9 ± 100% 3.9 X io-9 4.-2 X ID"9 14 

11 6 7.6 x ID" 9 t 19% 5.4 x io-»± 30% 6.6 X ID"' 6 8.5 x ID"9 + 23% 3.2 x 10" 9 ± 33% 5.8 X ID"' 6.2 X ID"' 21 

14 6 5.0 x ID" 9 ± 22% 1.7 x l<f»± 73% 3.1 X ID" 9 2 3.2 x io- 9 + 33% 2.8 x 10"' ± 34% 3.0 X IO- 9 3.1 X ID"' 10 

20 4 2.6 x 10" 8± 11% 1.9 x ID"' * 69% 1.2 X ID'8 3 2.1 x lo" 8 + 13% 5.2 -9 x 10 3 ± 28% 1.1 X io-8 1.1 X lO" 8 37 
21 3 8.0 x ID"' ± 19% 6.1 x to"' ± 28% 7.2 X io-' 5 1.1 x lO" 8 + 22% 3.3 M O " 9 ± 100% 7.2 X ID' 9 7.2 X ID'' 24 
Annual avg 5.5 x 10"' 18 

See Figs. 3 and 4 for sampling locations. 
Concentration Guide for gross beta activities in water is 3 x 10 uCi/ml. 



Table 16. Tritium In water samples from Livermore Valley during 197U (iiCi/tal). 

C a l c u l a t e d 

Loca
tion* 

Ho. of 
s amples 

j anuarv - June J u l v - December Annual 
ave rage 

a n n u a l a d u l t 
whole-body 

dosa (mrem) 
Loca
tion* 

Ho. of 
s amples Maximum Minimum Average Bamples faximum Minimum Average 

Annual 
ave rage zccb 

a n n u a l a d u l t 
whole-body 

dosa (mrem) 

11 2 1.5 „ i o - ' t 6.5Z 1.1 , 
l 0"'. 8.22 1.3 K 10" ' 2 1.3 x i o - ' 1 8 .51 1.1 - 1 0 " ' ! 9.4Z 1.2 x 1 0 " ' 1.3 « I D " ' 4 . 2 « l o " 3 5 .2 « I D ' 3 

15 2 1.7 x 1 0 " ' . 6.1Z 1.5 . i o - ' * 6 .42 1.6 . 10~ ' 2 1.4 • I D " ' J 8.3Z 1.4 • I D " 7 = 7 .0J 1.4 x 1 0 " ' 1.5 > I D " ' 5 .0 x 1 0 " J 6 x io" J 

16 2 3 .4 X I D " ' t 4 . 0 1 3 .5 * 1 0 " ' i 4 .62 3 .0 X 10~ ' 2 2 . 3 » i o ' ' S 5 .52 2 . 0 - 1 0 " ' i 5.6Z 2 . 1 « i o - ' 2 . 5 • 1 0 - 8 .5 x 1 0 " J 1.0 « 1 0 " 

17 1 C 1.2 
x 

i o - ' . 7 . 0 1 1.2 * , o - ' = 7 .01 1.2 « 10" 0 C _ _ _ - - -
19 2 1.5 » I D " ' * 1 6 . 5 1 1.2 x 1 0 " ' ! 7.6Z 1.3 x 

10" 2 J . * x J O " ' i 8.4Z 1.3 • I D ' ' , 8.4Z 1.3 « I D " ' 1.3 • i o - ' 4 . 3 x i o - J 5.2 « I D " 3 

20 2 1.1 X I D ' 6 . 1 6 . 1 1 6 . 1 , I O - ' , 2 . 9 1 8 .7 X 10~ o" _ _ - - - -
21 1° 1.5 X i o - ' t 6 .42 1.5 X I O - ' . 6 . 4 1 1.5 X lo" oc _ _ - - - -
22 l " 1.5 X in"' » 5.8Z 1.5 X I D " ' .• 5.SZ 1,5 < in~ od _ _ _ _ - -
24 2 4 .2 x i o - ' , 3.3E 2 .1 X I D " ' 1 5.1Z 3.1 , 10" 2 2 . 9 x ,o- 6 i 2 . 1 2 9 .0 x 1 0 - ' , 3.9Z 1.9 " I D " 6 1.1 « I D " 6 3.7 « l O " 1 4 .4 x ID"* 

26 2 2 . ) x in"' t 5 . 0 1 1.4 x I D " ' , 6 . 7 ! 1.7 x 10" 2 3.4 » i o - 7 1 4 .1Z 2 .5 • , o - 7 i 5.2Z 2 . 9 « i o - ' 2 . 3 ' I D " ' 7 .7 x lo" 3 9.2 « 1 0 " 3 

Annual Average 3 . 3 « I D " ' 1.1 » i o - 2 1.3 x ID"* 

See Fig. 2 for Llvermore Valley water sampling locations. 
Concentration Guide for tritium in water is 3 * 10 pci/ml. 

Sampling location was discontinued after March 1974. 
Sampling is from rain pond and rain gauge which did not have enough far proper sample. 

Table 17. Tritium in water samples from S i t e 300 during 1 9 7 4 ( U C i / , n l ) . 

J a n u a r v - J u n e July-December 
C a l c u l a t e d 

annua l a d u l t 
whole body 

on 
No. of No. of Annual 

c b 

C a l c u l a t e d 
annua l a d u l t 

whole body 
L o c a t i on samples Maximum Minimum Average samples Maximum Minimum Average a v e r a g e ZC c b dose (cirem) 

1 3 9 . 5 x I O - 8 * 91 2 .2 . I D " 9 i 100Z 5.3 x I D ' 8 2 1.1 ^ i o - 8 i 89Z 8 .3 . t o " 9 i 10DZ 9.6 x I D " 9 3 . 1 x 1 0 " 8 1.0 x I D " 3 1.2 x l O " 3 

2 3 5 . 4 x I D " 8 , 14Z 1.8 x I D " 8 t 100Z 4 .1 x in" 8 -j 7 . 8 X t o ' 8 i 34Z 1.5 x I D " 8 i 61Z 2 . 2 « . o - 8 3 . 1 x 10'S 1.0 x 2 0 - 3 1.2 x l o " 3 

3 3 4 . 1 x I O - 8 * 19Z 7.2 - l o " 9 , 100Z 2 . 8 , I D " 8 2 2 . 0 x i o - 8 1 51Z 8 .4 . 1 0 - " , 100Z 1.4 x I D " 8 2 . 1 « 1 0 " 8 7.0 x 1 0 " 4 8.4 x 1 0 ~ 4 

4 2 2 . 9 x i o ' 8 ± 25Z 1.2 x ! 0 - 8 i 71Z 2 . 1 X I D " 8 2 1.1 X , o - 8 t BIZ 9 .6 » I D " ' * 100Z 1.0 x 1 0 - " 1.6 « 1 0 " 8 5.3 x in" 4 6.4 x i n " 4 

5 2 4 . 3 x I O - 8 . 1SZ 3 . 5 . J O " 6 , 22Z 3 .9 X to" 8 2 5.1 x i o - 8 i 1 4 .4 - I D " 8 , 19Z 4 . 7 x I D " 8 4 . 3 x 1 0 " 8 1.4 x l O " 3 1.7 • in" 3 

6 2 5 . 8 x i o - 8

! 18Z 3 . 0 . I D " 8 , 27Z 4 .4 X I D " 8 2 2 . 6 X I D " 8 ± i 1.0 x 1 0 - 8 , 97Z 1.8 x I D " 8 3 .1 » 1 0 " 8 1.0 x I D " 3 1.2 « in" 3 

7 2 7 .6 x io-» ± 10Z 3 .8 x I D " 8 , 23Z 5 .7 X i o - 8 2 3.4 X to" 8 t 26Z 3 .1 . J O " 8 , 33Z 3.2 x l O " 8 4 . 5 x l o " 8 1.5 x i o - 3 1.8 ' lo" 3 

11 2 2 . 3 x l o " 8 , 302 7.4 x 1 0 " 9 , 100Z 1.5 X i o - 8 2 3.4 X I D " 8 1 28Z 1.4 x I B " 8 , 64Z 2 . 4 x I D " 8 2 . 0 x I D " 8 6.7 x ,o- 4 
8.0 * i n ' 4 

14 2 1.6 x i o - ' . 6 ! 1.3 x I D " ' t BJ 1.4 X I D " ' 0 C _ _ _ _ _ _ 
20 2 1.0 x t o " ' . 387. 7 .5 « l O " 8 1 10Z 8 .9 « l O " 8 oc _ _ _ _ _ _ 
21 1 6 . 2 x »-'* 13Z 6 .2 « I D " 8 , 232 6 . 2 X I B " 8 2 9 . 9 X 

10-" ± H Z 4 . 2 x J O " 8

 t 26Z 7 .0 x l O " 8 6 . 6 x 1 0 " B 2 .2 x I D ' 3 2 . 6 x j o " 3 

Annual avg 3.4 x 1 0 " 8 1.1 x 1 0 " J 1.4 « i o - J 

See Figa. 3 and 4 for Site 300 water sampling locations. 
Concentration Guide for tritium In water is 3 * 10~ pel/ml. 
Sampling is from rain pond and rain gauge which did not have enough far proper sample. 



Table 18. Tritium in Livermore Valley vegetation during 1974 (pCi/g — dry wt). 

Calculated 

No. of January-June No. of July- December Annual 
annual 
whole 

adult 
No. of No. of Annual 

annual 
whole 

Location samplea Maximum Minimum Average samples Maximum Minimum Average average dose Cmrcm) 

4 6 5.2 x ID"' t 7% 4.4 x 10" 7 t 100% 1.7 x ID"' 6 3.9 x 10"' ± 10% 5.5 « ID"' 1 100% 1.3 x .0"' '.5 x ID"' 2.3 x lO" 2 

15 6 2.3 x 10"= ± 3% 2.5 x 10"' i 12% 8.5 x ID" 6 6 1.1 x lo"= ± 10% 1.4 x 10-' ± 7% 4.7 x 10"' 6.6 X ID"' 9.9 x ID" 2 

16 5 1.5 x 10-" ± 36% 3.5 x ID" 7 t 76% 1.0 x 10"* 6 1.2 x 10" 6 ± 33% 1.3 x 10"' * 84% 6.3 x IO- 7 8.0 X 10"' 1.2 x io- 2 

20 6 4.9 x I D " 6 * 32% 8.3 x ID" 7
 t 45% 2.9 x ID"' 6 2.5 x 10" 6 ± 6% 5.7 x 10" 7 ± 14% 1.4 x ID"' 2.2 X ID"' 3.3 x ID" 2 

21 6 1.0 x 10"= * 4% 1.6 x lO" 6 * 19% 4.0 x io-' 6 3.8 x 10" 6 ± 16% 7.9 « 10-' i 54% 1.9 x in" 6 2.9 x 10-' 4.4 x 10 -
22 5 2.1 « 10"= * 4% 1.1 x ID"' » 21% 7.2 x ID"' 6 5.1 x lo" 6 * 10% 8.1 x 10- 7 t 55% 2.0 x io-* 4.6 X io-' 6.9 x ID" 2 

23 6 5.5 x 10"=, a 2.2 x 10"' t 9% 1.7 x 10"= 6 2.0 x lo" 5 ± 3% 3.2 x JO" 8 i 89% 3.9 X 10"* 1.1 X 10-= 1.7 x lO" 1 

29 5 2.4 x 10"= ± 232 3.5 x 10"' i 9% 1.5 x 10 ' 6 2.1 x lo" 5 ± 5% 3.6 x 10"' ± 13% 1.2 x ID" 5 1.3 » 10-= 2.0 x lO" 1 

30 5 1.9 x I D " 5 * 4% 1.6 x 10-' * 78% 7.4 x ,0"' 6 1.4 x 10"= ± 4% 1.2 « 10"' ± 20% 6.7 X io-' 7.0 X 10"' 1.1 x 10" 1 

31 6 1.5 x 10"= ± 5% 1.1 x 10"' t 30% 6.2 x 10"* 6 2.6 x 1 0 - 5 ± 5% 5.3 x 10"' ± 55% 5.4 K ID"' 5.8 x ID"' 8-7 x io- 2 

Annual avg 5.5 X 10-" 8.3 x uT2 

See Flg J 2 for sampling locations. 

Table 19. Tritium in Site 30C vegetation during 1974 (pCi/ml). 

No. of 
samples 

January-June No. of 
samples 

July-December Annual 
average 

Calculated 
annual adult 
whole-body 
dose (mrem) Location 

No. of 
samples Maximum Minimum Average 

No. of 
samples Maximum Minimum Average 

Annual 
average 

Calculated 
annual adult 
whole-body 
dose (mrem) 

1 6 1.0 x io" 6 ± 52% 3.0 x io" 7 ± 63% 5.7 x io" 7 6 1.6 x 10~= t 63% i.i x m - 7 ± 100% 5.7 x lo" 7 5.7 x lo"' 8.6 x lo" 3 

2 6 1.0 x 10"* * 51% 3.7 x lo"' ± 100% 6.8 x lo" 7 6 1.5 x 10"* ± 7% 2.6 x lo" 7 1 68% 6.7 x lo" 7 6.7 x lo" 7 1.0 x io" 2 

3 6 1.0 x 10"' ± 'no% 1.3 x lo"' t 100% 6.4 x lo" 7 5 6.0 x lo" 7 ± 83% 2.7 x lo" 7 t 100% 4.8 x io" 7 5.7 x lo" 7 8.6 x lo" 3 

5 6 1.5 x lo"' ± 53% 5.3 x i o - 7 ± 83% 9.4 x 10"' 6 5.3 x lo" 7 ± 65% 1.6 x lo" 7 t 49% 2.6 x io" 7 6.0 x lo" 7 9.0 x lo" 3 

£ 6 1.8 x I D - 5 ± 26? 5.4 x I O " 6 ± B% 1.0 x 10"= 6 9.9 x lo" 5 ± 1% 7.6 x lo" 7 t 367 2.9 x I O " 5 1.9 x I O " 5 2.9 x lo" 1 

11 6 1.0 x 10"' ± 74% 4.6 x lo" 7 ± 100% 7.7 x 10" 7 6 1.3 x 10"' ± 7% 3.5 x lo" 7 ± 100% 7.3 x 10"' 7.5 x lo" 7 1.1 x lo' 2 

12 5 1.2 x 10"' ± 59% 2.8 x lo" 7 ± 36% 7.6 x lo" 7 5 1.0 x lo" 6 ± 8% 1.2 x iff 7
 t 100% 4.6 x 10"' 6.1 x lo" 7 9.2 x lo" 3 

13 6 3.0 x IO"= ± 2% 6.3 x lo" 7 ± 80% 9.8 x 10"' 5 2.5 x 10"' ± 15% 2.4 x lo" 7 ± 42% 1.8 « 10"' 5.8 x lo" 6 8.7 x 10" 2 

Annual avg 3.6 x 10" 5 5.4 x 10" 2 

See Figs. 3 and 4 for sampling locations. 



Table 20. Radionuclides observed in milk during 1974. 

No. of 

Calculated 
annual adult 

radiat ion dose 
Radionuclide Bamples Maximum Minimum Average (mrem) C r i t i c a l organ 

1 3 7 c 3 12 1.7 * I f f 9 t 46* 5.7 . l O " 1 0 t 38% 9.7 . l O " 1 0 5.8 * 10" 3 Whole body 
3H 12 6.3 « I f f 7 ± 5% 1.6 » 10" 7 ± loos; 2.5 » I f f 7 7.6 * 10" 4 Whole body 

<°K 12 1.5 » I f f 6 ± « l . i » i r f 6 ± 3% 1.3 » I f f 6 5.8 Whole body 

Table 21. Environmental radiat ion background measurements at Lawrence Livermore Laboratory 
perimeters during 1974 (mrem). 

Location January-March April-June July-September October-December Annual 

1 16 

2 15 

3 14 

4 15 

5 28 

6 14 

7 12 

8 14 

9 15 

10 17 

11 15 

12 16 
p e rage 16 

17 
17 
17 
17 
30 
17 
15 
16 
15 
17 
18 
19 
18 

20 
18 
19 
19 
37 
18 
16 
19 
18 
20 
20 
20 
20 

18 
18 
18 
17 
42 
19 
14 
17 
17 
20 
20 
19 
20 

71 
68 
68 
68 
137 C 

68 
57 
66 
65 
74 
73 
74 
74 

See Fig. 1 for locations. 
None of these data have been corrected for natural background. TLD measurements in the 

off-site vicinity of LLL show an average of 68 mrem (Fig. 10). 
Neutron dose measurements (using an integrating rem meter) near Location 5 indicate an 

additional annual dose of approximately 370 mrem. 
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3 a Table 22. Concentration of beryllium In LLL Bite perimeter air filters during 1974 (yg/m ). 

December Annual average 

1 z.y * i o " ° 2.2 * 10 6 . 5 - 10~b 1 . 0 * 10 2 . 6 x 1 0 7 fi 

2 T.Z * 1 0 " 6 2 . 3 * 1 0 " 5 2.A x i o ~ 5 1 . 4 - 1 0 ~ 5 1 . 4 x 1 0 ~ 5 

? 1 

1 2 1 . 3 x 1 0 ~ 5 3 . 0 » 1 0 " 5 a.a x io~ 5 
2 . 1 x 1 0 ~ 5 4 . 5 - 1 0 " 5 1 fi 

13 4 . 3 x ID** 6 1.3 x x o " 5 
2 . 7 * 1 0 ~ 5 1 . 4 * l O - 5 2 . 7 . 1 0 " 5 2 . 6 

14 4 . 5 x 1 0 - 6 7 . 8 - 1 0 " 6 1 . 2 « 1 0 ~ 5 1 . 5 x m ~ 5 1 . 6 « l o " 5 4 . 1 

15 4 . 6 x 1 0 - 6 

1 . 1 * I D " 5 a . i • i o~ 5 1 . 1 x 1 0 ~ 5 3 . 5 * 1 0 ~ 5 4 . 7 

M o n t h l y a v g 6 . 1 x 1 0 ~ 6 i . a x i o ~ 5 2 . 0 x 1 0 ~ 5 1 . 4 * 1 0 - 5 2 . 7 x I D " 5 3 . 4 

Z s t a n d a r d 6 . 1 x 1 0 " 2 1.8 x i o - 1 2 . 0 x l ( f L 1 . 4 - H ) " 1 2 . 7 x I D " 1 3 . 4 

2.6 > 
2.7 > 
3.6 » 
3.1 • 
2.9 > 
3.4 ' 
3.1 ' 

5.2 ' 
6.2 > 

1 . 3 * 10 

1 . 9 x i o " 

5 . 2 x 1 0 " % 
- 7 

< 1 . 0 * 10 

2 . 5 * 10 

1 . 9 * 10" 

2 . 8 x i o ~ 5 7 . 2 x 1 0 ~ 6 3 . 3 * 10" 

J. .3 * 10~ < 1 . 0 * 1 0 " 7 2 . 2 x 10 

1 . 6 * 1 0 " 5 < 1 . 0 x I D " 7 2 . 3 x 10" 

1 . 4 * 1 0 ' 5 . 9 x 1 0 " 6 2 . 7 x 10" 

1 . 7 x 1 0 " 5 <3.1 x 1 0 " 6 2 . 5 x 10" 

1 . 7 x 1 0 ' 1 < 3 . I * 1 0 " 2 2 . 5 x 10" 

Emission standard i s 1 x jn p g / n f o r a monthly average concentration as reported in tfie federal Regis te r , April 6, 1973. 
See P ig . 1 for sampling loca t ions , 

c -2 
Minimum detect ion value la 1 x 10 yg. 

Table 23. Concentration of beryllium in Site 300 air filters during 1974 (yg/m ). 

Pecember Annual average 

1 3 . 4 X 10 " 5 . 4 x 7 0 " " 7.a In"" 4 . 2 X in"" l . i . i n " J 7 . 3 X i n " J I.ft 

2 2 . 7 « l O " 6 1 . 4 * 1 0 - ' 2 . 6 , In" 5 1-1 x i n " 5 1 . 9 - i n - 5 5 . 2 X i n " 5 1 .7 

3 3 . 5 „ 1 0 " 6 1 . 5 x I O - 5 1 . 9 . I D " 5 6 . 3 » i n " 6 2 . 1 - , n - 5 3 . 2 X i n " 5 1 . 4 

4 7 . 2 , I D " ' 2 . 3 x i o " 5 2 . 7 . i o - 5 1 . 0 , i n " 5 3 . 4 . , o - 5 7 . 7 X i n " 5 1 . ? 

5 6 . 5 , 1 0 " 6 1 . 4 « I O - 5 1 . 9 . l o - 5 

1.1 x I D " 5 1 . 7 • i o - 5 1 . 0 X i n " 5 1 . ? 

7 4 . 3 , 1 0 " 6 1 . 8 » i o " 5 3 . 1 . i n " 6 9 . 4 x i n " 6 2 . 1 x , n - 5 S.4 X l O " 5 1.1 

B 4 . 1 , t o " 6 1 . 3 x I D " 5 1 . 9 X ">'\ 1 . 1 X l o - 5 2 . 5 x i o " 5 1 . 0 X i n " 5 1 .5 

9 6 . 5 , I D " ' 1 . 6 * l O " 5 < 1 . 0 . 3 . 4 , W* 1 . 7 . i n " 5 
1 . 1 X 1 Q ~ 5 2 . 1 

10 1 . 2 « 1 0 " 6 1 . 0 x i o - 5 2 . 2 , l o - 5 4 . 7 x i n " 5 2 . 4 - i n " 5 2 . 3 X 1 0 " 5 3 . 5 

11 6 . / , i o - " 1 . 8 x i o " 5 2 . 2 . i n " 5 < 1 . 0 
x 

i n " ' 1 . 7 . i n " 5 2 . 4 X 1 0 " 5 9 . 7 

H o n c h l y a v g 3 . 7 « i o - 6 2 . 7 x i n " 5 < 1 . 7 . i o - 5 < 1 . 2 x i n " 5 2 . 1 • i n " 5 3 . 1 X I f f * 1 . 6 

Z s t a n d a r d 3 . 7 « I D " ' 2 . 7 x l O " 1 x l . 7 « I D " 1 < 1 . 2 X 1 0 " 1 2 . 1 . . « - ' 3 . 1 . 1 0 " 1 1 . 6 10 " 

8 < 10 J 4 . 3 - 1 0 " 3 3 . 2 • 10 

4 I O - * 3 . 1 I D " 5 3 . 2 » lO" 

0 ID"* 5 . 4 l O " 5 4 . 2 * 10" 

0 i o " b 4 . 3 l O " 5 3 . 5 " 10" 

I icf* 5 . 3 1 0 " 5 4 . 2 » 10" 

1 io-> 3 . 9 1 0 " 5 2 . 8 • 10" 

5 i u - 5 3 . 9 1 0 " 5 4 . 2 « 10~ 

4 . (T 5 4 . 2 i a " 5 4 . 0 * in" 
1 l o " 5 3 . 2 I D " 5 1 . 3 * 10" 

6 i o " s 3 . 1 1 0 ' 5 3 . 9 x 10" 

7^~ Emission atandatd, i s 1 * 10 Ug/ta for a monthly average concentration as reported in the Federal Regis te r , ftprll 6 , 1973. 
See F ig . 3 for sampling loca t ions . 
HlnDrun. de tec t ion value i s 1 x I Q " ug. 

1 . 0 x in ' 
9 . 1 • i n " 6 

2 . 1 x l o " 5 

1 . 0 x 1 0 - 7 

1 . 0 x 1 0 " ' 

1 . 0 " 1 0 " ' 

1 . 0 • 1 0 " ' 

1 . 0 « uf' 
9 . 0 . i n " 6 

9 . 3 « I D " 6 



Table 24. Monthly average concentrations of 
effluent during 1974 (mg/1). 

Month Cd Cr Cu 

January 0.02 ! 0.001 0.26 ! 0.03 6.34 £ 0.50 
February 0.01 £ 0.001 0.2B t 0.03 5.40 £ 0.50 
March 0.01 t 0.001 0.25 t (1.03 A.90 £ 0.50 
April 0.04 t 0.002 0.28 t 0.03 2.47 £ 0.20 
May 0.02 t 0.001 0.14 •-0.02 1.74 t 0.20 
June 0.01 J 0.001 0.18 i 0.02 1.13 £ 0.10 
July 0.01 S 0.001 0.20 ! 0.02 0.95 t 0.10 
August 0.01 ! 0.001 0.16 £ 0.02 0.96 £ 0.10 
September O.Oi i 0.001 0 . 1 : 1 0 02 0.97 £ 0.10 
October o.oi l o.aoi 0.16 ! 0.J2 0.90 t 0.10 
November 0.02 S 0.001 0.12 * 0.01 1.28 i 0.10 
December 0.01 1 0,001 0.11 ! 0.01 2.00 £ 0.20 

Annual avg 0.02 . 0.01 0.19 i 0.06 2.42 l 1.97 

v a r i o u s m e t a l l i c e lements i n LLL sewage 

Fe l'b As Zn 

4.29 1 0.50 0.49 £ 0.02 0.36 £ 0.02 1.55 ± 0.20 
5.03 £ 0.50 0.63 ± 0.02 0.23 £ 0.01 1.04 ± 0.10 
3.49 s 0.30 0.23 1 0.01 0.16 ± 0.01 1.16 ± 0.10 
5.07 £ 0.50 0.71 £ 0.02 0.18 t 0.01 1.15 t 0.10 
2.21 t 0.20 0.41 £ 0.02 0.14 i 0.01 0.52 ± 0.05 
1.75 £ 0.20 0.32 t 0.C1 0.20 ± 0.01 0.56 t 0.05 
1.90 ! 0.20 0.40 ! 0.02 0.20 i 0.01 0.47 t 0.05 
1.96 £ 0.20 0.21 £ 0.01 0.19 1 0.01 0.37 i 0.05 
1.92 £ 0.20 0.11 t 0.01 0.17 i 0.01 0.38 £ 0.05 
1.68 i 0.20 0.10 t 0.01 0.24 l 0.01 0.31 t 0.05 
2.90 £ 0.30 0.10 i 0.01 0.21 £ 0.01 0.59 I 0.05 
3.80 t 0.30 0.10 '-0.01 0.12 1 0.01 0.76 i 0.10 

2.92 . 1.27 0.12 i 0.21 0.20 ± 0.06 0.74 ± 0.40 
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Table 25. Physical and chemical analysis of LLL sewage effluent. 

Biological Oxygen Demand (BOD, 5 day 20 C) 
Chemical Oxygen Demand (COD) 
Ammonia nitrogen 
Total Kjeldahl nitrogen 
Nitrate nitrogen 
Oil and grease (Freon extraction) 
Sulfate (SO.) 
Arsenic 
Boron 
Cyanide (CN) 
Mercury 
Selenium 
Settleable matter, ml/l/hr 
Total solids 
Total dissolved solids 
Total suspended solids 
Alkalinity phenolphthalein, rag/1 CaCO, 

Total 

Sewage, 24-hr composite, mg/1 
72 
180 
15 
27 
1.0 
16 
A6 
<0.001 
0.35 
0.11 
0.0018 
0.016 
2.0 

189 
156 
7 
51 
113 

Sample preserved by mercuric chloride. 

Table 26. Radiation dose to the public from LLL radioactive effluents. 

Curie 
Nuclide Facility release Season 

Site 
boundary, Nearest Within 80-km 

"fence post" downwind resident radius of LLL 
(mrem) (mrem) (man-rem) 

41 Ar 281 680 wet 
dry 
annual 

\ 331 1300 wet 
dry 
annual 

\ 112 560 wet 
dry 
annual 

1 3 v X \ 194 1300 wet 
dry 
annual 

6.1 

0.12 

0.75 

0.0056 

0.76 

0.0099 

0.0091 

0.0014 

1.3 
0.7 
2.0 

0.08 
0.04 
0.12 

0.05 
0.03 
0.08 
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Table 27. Percent of Concentration Guide 
of the radionuclide detected 
in discharges to Llvermore City 
Sewer System. 

Radionuclide RCb 2RG 

1 3 4 C s 9 X I D ' 6 6.9 » 1 0 _ 1 

1 3 7 C s 2 X I D ' 5 3.1 x 1 0 _ 1 

6 5 Z n 1 X lo" 4 6.2 x 1 0 - 2 

5 6 Mn 1 X l lf* 6.2 x i o " 2 

6 0 C o 3 X ID' 3 2.1 x 1 0 - 3 

9 5 Z r a X icf4 7.8 x I O " 3 

9 5 N b l X HfA 6.2 x 1 0 - 2 

1 2 5 S b l X i o ' A 6.2 x 1 0 ~ 2 

U % 3 X I D ' 5 2.1 x 1 0 _ 1 

Assuming each of the radionuclides was 
the sole source of the 6.2 x lo_8 uCi/ml 
of gross beta activity detected on the 
annual average. 

AEC Manual Chapter 0524, Annex A, 
Table II. 
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Appendix A 
Discharge Limits to the Sanitary Sewer System of the 

City of Livermore 

The Code of the City of Livermore (1959) s t a t e s the discharge requirements to i t s 
sani tary sewer system in Section IS.63. These l imi t s are as follows: 

Sec. 18.63. 
No person shall discharge, or cause to be discharged, except for salt waste dis

charge 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 oil or other inflammable or explosive 
liquid, solid or gas. 

(d) Any garbage, except properly ground with a mechanical garbage grinder. Spe
cifically 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 causing 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 increment 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. 

(h) Any water or wastes having a B.O.D. greater than three hundred ppm (the 
average B.O.D. for residential users). 

(i) Any waters 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 avoid vio
lation of the above limitation. (Ord. No. 586. par 1.) 
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Sec. 18.66 
So person shall discharge or cause to be discharged any radioactive wastes into any 

public sewers, except where: 
A. The waste i s discharged in s t r i c t conformity with current atomic energy commis

sion recommendations for safe disposal of radioactive wastes, 
B. The discharging of radioactive waste wi l l 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 s p i l l 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 public works within 
his power to prevent the sewage works from becoming contaminated with radioact iv i ty . 
(Ord. No. 586, par 1.) 
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Appendix B 
Environmental Activity Concentration 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 radionuclides whose identity and 
concentrations are unknown, the average activity should not exceed the following values: 

-12 
1. Air (controlled area) 6 x 10 pCi/ml 
2. Air (uncontrolled area) 2 x 10 yCi/ml 
3. Water (controlled area) 4 x 10 uCi/ml 
4. Water (uncontrolled area) 3 x 10 uCi/ml 

227 If it is known that alpha emitters and Ac are not present, the following guide 
values may be used to determine the permissible average activity: 

5. Air (controlled area) 3 x 10 pCi/ml 
_1 9 

6. Air (uncontrolled area) 1 x 10 " pCi/ml 
19 9 9 96 9 98 If it is known that I, Ra, and Ra are not present, the following values 

may be used: 

7. Water (controlled area) 3 x 10 pCi/ml 
8. Water (uncontrolled area) 1 x 10 liCi/ml 

The air and water samples a-'e 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, 

129 227 226 228 and the assumption is made that I, Ac, Ra, and Ra are not present in the 
samples, and annual average gross beta activities of the samples may not exceed the 

129 227 226 activities listed under points 5 through 8 above. The assumption that I, Ac, Ra, 
228 and Ra are not present in air and water samples is reasonable 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 10~ 3 UCi/ml. 

129 226 228 Since analysis for I, Ra, and Ra 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 in the samples collected from 
the effluent discharged from the Livermore sewage treatment plant should not exceed the 
1 x 10 pCi/ml listed under point 8 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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