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ABSTRACT

This report documents the environmental surveillance program at the Nevada
Test Site as conducted by the Energy Research and Development Administration
(ERDA)* onsite radiological safety contractor from July, 1975 through December,
1977. The results and evaluations of measurements of radioactivity in air

and water, and ambient gamma exposure rates are presented. Relevancy to ERDA

guides is established.

7.

~J

*Became part of the Department of Energy (DOE) on October 3, 19
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A. INTRODUCTION

This report documents the program conducted at the Nevada Test Site (NTS) for
monitoring of radioactivity in the general onsite environment as performed by
Reynolds Electrical & Engineering Co., Inc. (REECo) during the Fiscal Years
1976, 1977, and the remainder of the calendar year of 1977. As part of its
contract, EY-76-C-08-410, REECo is responsible for providing radiological
safety serviceé within the confines of the Test Site. As part of the total
program to control, minimize, and document exposure of the working populatiog,

an environmental surveillance program has been in effect for a number of years.

The NTS covers an area of 3,711 square kilometers, with terrain and climate
conditions typical of the high southwest U. S. region and mountainous area
(Figure 1). Temperatures vary from -20°C to 50°C. The afea is subject to
high winds, dust-laden atmosphere, and low humidity. Elevations range from
dry lake beds to rugged mountains as high as 2,300 meters. The NTS has,
since 1951, been the primary location for testing the nation's nuclear
weapons. Other major projects at the NTS have included nuclear rocket pro-

pulsion development and environmental effects studies.

The monitoring program was designed to examine the environment for levels
of radioactivity that are of interest in documenting the exposure of NTS
workers. Thevprogram follows the standards presented in "A Guide for
Environmental Radiological Surveillance at ERDA Installations', ERDA 77-24.
These standards dictate the foliowing objectives for the protection of the

public:
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(1) Evaluation of containment of radioactivity onsite.

(2) Detection of rapid changes and evaluation of 1ong—terﬁ trends.

(3) Assessment of doses to man from radioactive releases as a result
of ERDA operations.

(4) Collection of data bearing on the movement of contaminants re-
leased to the environment, with the intent of discovering unknown
pathways of exposure.

(5) Maintenance of a data base.

(6) Detection and evaluation of radioactivity from offsite sources.

(7) Demonstration of compliance with applicable regulations and legal

requirements concerning releases to the environment.

These objectives are met through the evaluations of the environmental program.
A summary of the environmental plan is shown in Table 1. Air and potable
water samples are collected at specific areas where personnel may spend sig-
nificant time apart from the controlled work areas. Additional air sampling
stations are located at sites throughout the NTS in support of the testing
program. Water sampling of supply wells, open reservoirs, natural springs,

contaminated ponds, and sewage ponds is also accomplished. The rate of

" sampling for each surveillance network is related to potential personnel

exposure; i.e., weekly water samples at each cafeteria. Except for re-
moval of a station, inaccessibility of the location, or loss of data, sam-
pling was continuous during this reporting period. A review of all analyses
from this sampling program relative to the concentration guides (CG's) is
performed daily to insure that potential problems are noted in a timely

fashion. Table 2 shows a summary of all laboratory analyses.



In the following environmental‘report, three periods of interest were evalu-
ated; i.e., FY-1976, FY-1977, and'July-December 1977. The third time span
was used to initiate subsequent reports by calendar years. All concentra-
tions.of radioactivity will be averaged over these periods for comparison to
the applicable CG's. Note that the data from FY-1976 has been reported in a

prior report, but was included for trend evaluation.
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B. SUMMARY OF RESULTS

The results obtained from this environmental monitoring program for the re-
porting period of July 1975, through December 1977, show that the radioac-
tivity in the NTS environments was low compared to the ERDA guidelines. The
maximum average gross beta concentration in air for the entire network waé
recorded during July-December 1977 (4.1 X 10713 uCi/cc). Thié average repre-
sents 1.4 percent of the applicable Concentration Guide of 3 X 10~11 yci/ce
as listed in ERDA MAﬁual Chapter 0524, Annex A (assﬁming Sr~-90 to be the most
rédiotoxic beta emitter present). Airborne radioactivity from foreign at-
mospheric testing dominated the results of this period. Values up to

8.2 X 10-12 yci/cc were recorded during the week of September 19 through 26
of that year. Gamma spectroscopy results identified the fission products,
1317 1327 1337 1327, 95z 95y, 103Ry, 99Mo, 99%rc, 139ce, l%lce, lMce,
140Ba, 14014, High values were also seen in FY-1977 during the week of
October‘18 through 25 (up to 1.5 x 10~12 yCi/cc). These increases and even
smaller increases in November of that &ear were due to foreign atmospheric
tests. The average gross beta concentration of FY-1977 was higher than
FY-1976 because of these results; FY-1976 being a time of minimized source
input. Gamma spectral results similar to the ;bove list were seen. During
this entire period, no other surveillance system showed conclusive evidence
of any fallout-related excesses (i.e., gross beta in water). FY-1976 saw no
foreign atmospheric tests, and, as in the remainder of this report period,
detected no radioactivity as a result of NTS operations. Gross beta measure-
ments were low and consistent throughout the network, and gamma spectral

results showed background. The range of the year's station averages was



1.9 X 10~!% to 3.5 X 10~1% puCi/cc. These values seem to be indicative of a
baseline, or background, level of gross beta at NTS because the plots have no

upward or downward trend over this time period.

Plutonium-239 concentrations in air were primarily below 10-16 uCi/cc as com-
pared with a CG of 6 X 10~1% pyCi/cc as listed in ERDA Manual Chapter 0524,
Annex A. Two surveillance stations indicated consistently higher plutonium

values, and an increased sampling program has been instituted.

The tritium concentrations in air measured at the control station, Building
650 (Mercury), were similar to those found at offsite locations. The highest
concentration of HTO was 2.5 X 10~!! uCi/cc. This was during the first week
of operation, and all subsequent values were at least a factor of four lower.
Most HT measurements were below the minimum detectable limits (MDL).' The
samples at Sedan Crater demonstrated HTO concentrations on the ;rder of 10-11
to 10”10 uCi/cc with a high of 3.0 X 10710 yci/ce. ALl HT méasurements were

below the MDL.

Measurements of radioactivity in the principal NTS water distribution system

showed that no release or movement of radionuclides occurred during the report-

ing period. The results of the gross beta measurements at each sampling loca-
tion were distinct and consistent, being rélated only to the natural-occurring
radionuclides in the vicinity. Water sampling points with similar origins
showed equivalent gross beta concentrations, as expected. The maximum yearly
average for the potable water stations was 1.6 X 1078 pCi/ml at the Area 6
Cafeteria in FY-1977, which is within the CG of 3 X 10'.7 pCi/ml as 1i§ted in

ERDA Manual Chapter 0524, Annex A (assuming Sr-90 to be the most radiotoxic



beta emitter present). Water from the natural springs showed gross beta ac-
tivities comparable to the principal NTS waters, except for the Gold Meadows
Spring. It is believed that movement of radionuclides does occur through

surface runoff into this spring, but there is no human consumption, and the

activity is still within any applicable concentration guides.

23%y and tritium measurements in water were primarily below éhe MDL.

Tables 7 and 8 list the values above the detection limits in the data of

~ the potable, supply well, natural springs, and open reservoirs. It is sus-
pected that most of these are statistical fluctuations above the MDL, but

a small number of tritium values may be valid. No results approached the

tritium CG of 3 X 10~3 uCi/ml or the 239Pu CG of 5 X 10~% pcCi/ml.

Measurable amounts of tritium were present in the several contaminated
waste ponds. The amounts of effluent released to the environment are
calculated on a yearly basis and reported on to ERDA Headquarters in accord-

ance with ERDA Manual Chapter 0513.



C. SAMPLING AND ANALYSIS

Air Monitoring

Air sampling units are located at 22 stations on the NTS to measure the
radionuclides in the form of particulates and halogens. All placements
were primarily chosen to provide monitoring of radioactivity at sites with
high occupational factérs. Geographical coverage, access, and availa-

bility of commercial power were also considered.

The primary sampliné units consist of a positive displacement pump pull-
ing air at approximately 100 liters per minute throughva 9—centimeter
Whatman GF/A filter for particulates, followed by a charcoal cartridge
for radioiodines, and mounted on a disposable plastic sample holder. A
dry-gas meter is utilized to measure the volume of air displaced over the
sampling period which is typically seven days. The total volume sampled

is approximately 1000 m3.

The collected samples are held for about seven days prior to analyéis to
allow for decay to insignificant levels of natural—ocqurring radioactive
noble gas decay products.‘ Gross beta counting is performed with a gas
flow proportional counter (Bickman WIDE BETA II). A nominal MDL, defined
as that value for which the relative two-sigma counting error is 100
percent, for the typical parameters involved is 1 X 10~16 yci/cc. Gamma
spectroscopy is accomplished using a germanium detector with an input to

2000 channels which are calibrated at 1 keV per channel from 0 to 2 MeV.



The weekly air samples for a given saﬁpling station are batched on a
monthly basis and subjected to a radiochemical analysis for 23%u. The
procedure incorporates an acid dissolution and an ion exchange recovery
on a resin bed. Plutonium is deposited by plating on a stainless steel
disc. The chemical yield of the plutonium is determined with an internal
tracer. Alpha spectroscopy is performed utilizing a soli@ state surface

barrier~detectorQ A nominal MDL for this analysis is 2 X 1017 uCi/ce.

A separate sampler was designed for the collection of airborne tritium
(HT) and tritiated water vapor (HTO). It was portable and capable»of un-
attended operation for up to two weeks in desert areas. A small elec-
tronic pump draws air into the apparatus at approximately 0.5 liters per
minute, and the HTO is removed from the air stream by a silica gel dry-
ing column. The dry air then paéses through a cafalytic converter con-
taining platinum to generate HTO from HT according to the reaction

2H, + 02_%f 2H,0. The generated vapor is collected on another drying
column to which a small volume of distilled water serves as a trap for
HTO and makes a supplemental supply of hydrogen unnecessary. Appropri-
ate aliquots of con&ensed moisture are obtained by heating the silica
gel. Counting via liquid.scintillation techniques allows for the de-
termination of the HT and HTO activities. A nominal MDL for this analysis

is 3 X 10713 pci/ee.

Water Monitoring

Water samples are collected at various frequencies from selected potable

water consumption points, supply wells, natural springs, open reservoirs,



final effluent ponds and contaminated ponds. Frequency is determined

on the basis of potential use and on coﬁtamination potential, i.e.,
potable sources weekly, supply wells monthly, etc. Samples are collected
in 1-liter glass containers. All samples are analyzed for gross beta
and tritium concentrations, and are screened for gross gamma. Plutonium

analyses are performed regularly on a quarterly basis.

A 500-ml aliquot is taken from the original sample for gamma-counting and
counted in a Nalgene bottle. A 5-ml sample is aliquoteé and subjected

to tritium analysis via liquid scintillation. The remainder of the
original sample is evaporated to 15 ml, transferred to a stainless steel
counting planchet and evaporated to dryness after the addition of a
wetting agent. Beta~counting is accomplished as in Section 1. Nominal
ﬂDL's are: (1) gross beta, 1 X 102 uCi/ml; and (2)~tritium, 4 X 10-7

uCi/ml.

Quarterly, two l-liter samples are collected and the second is used for
plutonium analysis. The radiochemical procedure used is similar to that

described in Section 1. As mentioned, alpha spectroscopy is used to

measure any 239y, The typical MDL for this procedure is 1 X 10-1! pci/mil.

Data Treatment

Each set of data obtained from this program undergoes a thorough inspec~

tion as to its accuracy. If serious differences are found from the ex-
pected value, a review of the field sampling, sample preparation, and

processing is done. On the occasions when the’problem cannot be resolved

-10~



by the environmental scientist, a recount or second sample is

secured.

All data are plotted on a daily baéis or are listed in tabular form.
This treatment facilitates the data review and can reveal trends or
periodicity in the radioactivity. Environmentai data have been found
to be log-normally distributed. In order to treat the as&metry, each
stations' datavare plotted against a logarithmic axis and the averag-
ing plots in each section show geometric means; i.e., the mean ié de-

rived according to the equation:

_ X [ZLog Xi]
Xg = Log —
where: Xi = observed values

N = number of observations

Arithmetic means, although severely affected by outliers (suspicious data),

are those values compared to the CG's and listed in all tables.

In this program, the valué used to check for inaccuracies, trends, or
periodicity is the central tendency of the plots. Thisvstatistic shows
the center of the data file with a strong resistance to outliers and
allows the judgement of the analyst to Ee imposed upon the system. Any
suspected radiation excesses wili be checked against the station's cen-

tral tendency and prior measures of dispersion..

Dispersion of the laboratory results is evaluated continuously. Samples

are recounted and the percent differences between the original and the

-11-
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D. RADIOACTIVITY IN AIR

The locations at which air was sampled continuously are shown in Figure 2.
All stations were sampled over the entire report period except for the Area 20
Dispensary. This location was discontinued in 1976 when power became unavail-

able.

The general trends of the entire air surveillance network are shown in Appendix
A for the gross befa and plutonium activity. In the first plot, the twenty-two
weekly values were arithmetically averaged to show a smoothed representation
of the changes in air radioactivity during the surveillance period. The re-
maining plots depict the actual measurements at each location during the re-
porting period. Table 3 lists the averages for each station for gross beta,

and Table 4 shows the averages for plutonium.

Measurements of the gross beta concentrations in air are of primary interest.
Due to typical beta-counting system characteristics, these measurements pro-
vide the most dependable results and are, therefore, used in comparison to

other sampling networks.

The network averages for gross beta at the NTS for the primary report periods

were:
Year ' Average (X 10~1% uci/ce)

July-December 1977 41.0

FY-77 16.8

Fy-76 2.5

-13-



Figure 2.
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The highest average is 1.4 percent of the CG for uncontrolled areas, assum-

ing 20Sr to be the most radiotoxic beta emitter present.

The data from this report can be described by three distinct intervals. The
first interval was from July 1975 to September 1976. This was a time of
minimized worldwide fallout and resulted-in all stations declining to a baseline
level 6f abput 2 X 10~1%* uCi/ce. No radionuclides except fof those associ-

ated with natural background were detected during this period. It can be

seen from Table 3 that the background levels at each location are remarkably
consistent for this time span; indicative of the measurement at twenty-two

locations of one general atmospheric radioactivity.

The second interval was from October 1976 to September 1977. During

this time period, the fallout f;om two foreign atmospheric tests was the
central effect upon the radiation measurements. Airborne radioactivity
reached the NTS in early October, and the peak of the activity (¢100 X
background) occurred from October 18 to October 25. The gross beta plots
show this peak and the subsequent swift decay. A small rise attributed

to the second test can be seen in November. The highest value recorded was
1.5 X 10~12 yCi/cc at the Area 16 Substation. As can be seen from the plots,
the gross beta activity declined to approximately the baseline value by the
middle of January 1977. Almost immediately, the measurements began a slow
rise, reaching a maximum during April and May of 1977. This secondary peak,
called the Tropospheric Fallout, was caused by radioactive particles of small
sizes and masses brought down by the weather phenomena associated with that
time of the year. The highest value recorded during this period was 7.7 X
10" 13 uci/cc at the Area 5 Maintenance Complex. A gradual decline was seen

until the end of this interval.

-15-



The gamma spectrometry system was used to analyze the samples for specific
isotopes, and revealed fission products throughout the interval. Varying con-
centrations of 1311, 1321; 1331, 1327¢, ?SZr, 95Nb, 103Ry, 99%Mo, 99TTc, 139e,
4lca, l4bge, 140Ba, and !%0La were found during the initial phase of this
interval. The predominant isotopes detected during the secondary peak were

‘the longer-lived radionuclides:

103ry (40 dayé), 106Ry (367 days), 95Zr (65 days),

141ce (33 days), and "%Ce (285 days).

The third interval was from late September 1977 to the end of this report-

ing period, December 1977. Another foreign atmospheric test dominated the
results of this period. Radioactive debris reached the NTS during the weekend
of September 23, 1977. The gross beta activity peaked (v 400 X background)

in that week and the following wéek. This peak is demonstrated in the plots,
as is the smooth decay in the succeeding montﬁs. The highest value recorded
was 8.2 X 10712 yci/cc at the Building 650 in Area 23. All stations declined
throughAthe remainder of the report period, but the cumulative effect of the
three tests can be seen in that the lowest gross beta average was still three

times the normal background level.

Generally, analyses of the gamma spectrometry data revealed those same

radionuclides found after the 1976 tests. Two other isotopes, 147Nd and'239Np,

were detected after counting a typical sample for a much longer period of time.

Different concentrations were found in this cloud passage, but the ratios of

the isotopic activities remained similar.

~16-
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Plutonium results for most of the ;ir samples were on the order of 10~17 uci/cc.
The CG for plutonium in uncontrolled areas is 6 X 10~!% uCi/ecc. Two stations,
the Area 3 Cafeteria and the Area 9, 9-300 Bunker, averaged over 10-16 uCi/ec,
and the 9-300 Bunker has recorded values approaching the CG. The activity at
this location was due to known plutonium fields. Before 1960, several safety
experiments spread plutonium throughout Area 9. Decontamination was accom-
plished by washing roads, blading, windrowing, and oiling the soil, but re-
suspension of the material has occurred via weathering an& disturbance by
traffic. The activity detected at the Area 3 cafeteria was due to aboveground
nuclear testing conducted in the 1950's in that general area. As additional
surveillance, TLD stations have been situated near these locations, and pro-
visions were made to place more air samplers. An evaluation of tritium in the
air was begun during 1977 at Building 650 in Area 23 and at Sedan Crater in
Area 2. The Area 23 station was considered as a control-type sampler, while
Sedan Crater was believed to be one of the higher tritium release points.

Table 5 lists the results compiled during the report period.

-17-



E. RADIOACTIVITY IN SURFACE AND GROUND WATER

The principal water distribution system on the NTS consists of seventeen
supply wells, eight potable water locations, and sixteen open reservoirs.

The wells feed directly to mAny of the reservoirs and the drinking water is
pﬁmped from the wells to the points of consumption. While the air surveil-
lance network consisted of twenty-two stations measuring one éeneral atmo-
spheric radioactivity, water stations will only correspond where there is
direct "communication" of fluid. This is the critical pathway for'the in-
gestion of waterborne radionuclides, so the system is sampled and evaluated

as a special monitoring program. All drinking water is collected weekly to
provide a constant check of the end use activity and to allow frequent compari-
sons to the radiocactivity of the ﬁater in the wells. This also creates a
large data base to evaluate long-term trends or intermittent changes in activ-
ity. The supply wells and open reservoirs are collected on a monthly schedule.
The identification of any radionuclides above natural-background in this sys-

tem will initiate a closer review of the drinking water.

The other water systems monitored onsite are the natural springs, contaminated
ponds, and effluent ponds. The springs and contaminated ponds are sampled
monthly, and the effluent ponds are sampled for plutonium analysis on a
quarterly basis. Sampling of some waters was discontinued when they were no

longer used; i.e., wells in Areas 19 and 20.

1. Supply Wells

Water from the seventeen supply wells is used for a variety of sanitary

-18-



and industrial uses. Criteria for selection was primarily based on po-
tential use for human consumption. The location of these wells are shown

in Figure 3.

Appendix B consists of the plots of each station of the measured gross

beta activity ﬁith 20 error bars. An averaging plot is included which

shows the trend of the mean of the network throughout the reporting period.
The range at each point is also given. Table 6 includes a list of the
averages for each location. The highest average recorded was 2.8 x 108
uCi/ml at Well 4 during July-December 1977. This is 9.3 percent of the CG
assuming %0Sr to be the most radiotoxic beta emitter present. The lowest
average gross beta activity for the onsite supply wells was 1.7 X 1079 uCi/ml

at Well Ul9c during July-December 1977.

. The activities of each well and the entire network appear consistent over

the report period. No trends in the plots are discernable and the station
averages show minimal changes (<20 percent). The averages of the entire

network were:

Year Mean (X 10=2 uCi/ml)
July-December 1977 _ 10.9

FY-77 10.4

FY-76 9.1

Using the CG for 90Sr as the conservative guide, a comparison with

3 X 1077 uCi/ml can be made.

Appendix B also includes plots of the network monthly averages for tritium

-19-



Figure 3.
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and plutonium. They are basically representations of the detection lim—
its of each system since over 99 percent of the values were less than
the limits. All positive values are listed in Tables 7 and 8. In no

case was a subsequent value above the detection limit.

Potable Water

A8 a check on any effect the water distribution system might have on end
use activity, eight consumption points were sampled during the reporting

period. The location of each station is shown in Figure 4.

Appendix C consists of plots for all stations of the measured gross beta
activity with 20 error bars. An avefaging plot is included which shows the
trend of the mean of the network throughout the reporting‘period. The

range at each point is also given. Table 6 includes a list of the aver-

‘ages for each location. The highest average recorded was 1.6 X 10~8 pci/ml

at the Area 6 cafeteria during FY-1977. This is 5.3 percent of the CG
assuming 908r to be the most radiotoxic beta emitter present. The lowest
gross activity, excluding Cascade bottled water, was 3.4 X 10™9 pCi/ml at
the Area 2 restroom during FY-1977. The Cascade water is demineralized
water brought in from offsite and is used as a check of‘the laboratory
system, It is listed because the bottles are stored onsite and are con-

sumed by NTS personnel.

Gross beta measurements at these locations demonstrated that no release

or movement of radionuclides occurred in the NTS water system throughout
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Figure 4. NTS ENVIRONMENTAL SURVEILLANCE POTABLE WATER SAMPLING LOCATIONS
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the report period. No trends in the plots are discernible. The arithmetic
mean, geometric mean, and central tendenciesvwere within 10 percent of each
other except at the Area 23 and 27 cafeteria, which were both supplied by
two distinct wells.' Table 9 shows the gross beta activities of these potable
water stations along with their suppliers. The differences between each
pair were small, as expected, and the values for the Area 23 and 27 cafe-
terias were, approximately, the combination of the activities of Well 5B

and Army Well 1. The low gross beta contents of the Area 2 restroom and
Area 12 cafeteria can be seen as a direct consequence of the low natural

radioactivity in the water from Well 8.

The average at each location showed minimal change (<15 percent), as did

the averages of the entire network. These network averages are shown

below:
Year Mean (X 10-° uCi/ml)
July-December 1977 7.8
FY~-77 7.3
FY-76 7.4

These values are well below the CG listed in Section E-1. Appendix C
also includes plots of the network averages for tritium and plutonium.
As in the case of the supply well data, these plots are primarily repre-
sentations of the detection limits of each analysis system, since over
99 percent of the values were lesé than the limits. All positive values
are listed in Tables 7 and 8. Two stations revealed tritium concentra-
tions above the detection limit more than once during the reporting

period. The station in the Groom Lake area was repeatedly exposed to
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fallout in the days of the atmospheric tests, and the tritium activity
could be real. The Cascade water bottles were stored near the decontami-
nation laundry in Area 6 and tritium contamination was a poésibility. A
more probably explanation was that these were false positives related

to counting statistics.

Open Reservoirs

Open reservoirs have been established at various locations at the NTS
primarily for industrial purposes. Sixteen of these impoundments were

sampled during the report period. The locations are shown in Figure 5.

Appendix D consists of the plots of each station of the measured gross
beta activity with 20 error bars. An averaging plot is included which
shows the trend of the mean of the network throughout the reporting

period. The range ét each point is also given. Table 6 includes a

list of the averages at eéch location. Thé two highest éross beta contents
were measured'at bodies of water in fhe Groom Lake area; i.e., the Papoose

reservoir and Well 4 reservoir.

Papoose reservoir, which recorded 1.4 X 1077 uCi/ml during FY-1976, is
more properly termed an intermittent desert lake and is not used by man.
This area was repeatedly exposed'to fallout from early NTS nuclear teéts
as it was directly in the primary wind patterns; thus, elevated activity
would be expected. The lowest gross beta activity appears to be 3.4 X

1072 uCi/ml at Well Uel9e reservoir during FY-1976.
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Figure 5. NTS ENVIRONMENTAL SURVEILLANCE OPEN RESERVOIRS SAMPLING LOCATIONS
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The plots of the gross beta activity at these locations showed consistent
concentrations throughout the reporting period. Flat trends are seen for
the network. The arithmetic mean, geometric means, and central tendencies
were within 10 percent of each other. The standard deviation of each data
file was higher (over 30 percent) in this system than in the supply wells
or drinking water. The larger variation could be caused by real activity

changes or, simply, more variable sampling procedures.

Table 10 shows the gross beta activities of the open reservoirs that are
supplied by wells, along with the activities of the associated wells. Note
that the values are similar, although the reservoirs are consistently
higher than the wells. The explanation for this is that these surface
waters are open to worldwide fallout and are also more likely to increase

in total dissolved solids through evaporation.

The averages at each location, although more variable through time than
the other water systems, showed changes usually less than 30 percent
through the reporting period. The average for the network for each time

period is shown below:

| Year Mean (X 1079 uCi/ml)
July-December 1977 19.4
FY 77 19.6
FY 76 , 22.0

These values can be compared to the CG listed in Section E~1. Appendix D
also includes the plots of the open reservoir network averages for tritium

and plutonium. These plots are primarily representations of the detection
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limits of each system because over 99 percent of the measurements were less
than the limits. All positive values are listed in Tables 7 and 8. The

values indicate no movement of these radionuclides into this water system.

Natural Springs

The term "natural springs' was a label given to the spring-supplied pools
located within the NTS. Although human consumption is insignificant,
wildlife have access to and do use the water. Seven such locations were

sampled on a monthly basis and are shown in Figure 6.

Appendix E consists of the ﬁlots of all stations of the measured gross
beta activity with 20 error bars. An averaging plot is included which
shows the trend of the network mean throughout the reporting period. The
range at each point is also given. Table 6 includes a list of the averages
at each locationf The highest average recorded was 8.4 X 10~8 uCi/ml at
Gold Meadows Spring during July-December 1977. This is 28.0 percent of
the CG assuming 9035r to be the most radiotoxic beta emitter present. IThe
lowest beta activity was 5.8 X 1072 uCi/ml at Oak Butte Spring andlCahe

Spring during FY-1977.

The most significant gross beta results were found at the Gold Meadows
Spring. Highly variable, it is believed that the substantial increases
were due to surface runoff of contaminated soils after raims. This region,
Area 12, was exposed to fallout from atmospheric tests and the Baneberry
release of FY-1971. The other locations showed no significant trends in

fheir plots.
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Figure 6. NTS ENVIRONMENTAL SURVEILLANCE NATURAL SPRINGS SAMPLING LOCATIONS
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The arithmetic averages at each location varied considerably, but the
higher variations were usually due to one or two outliers rather than

discernable trends in the data. The network averages are shown below:

Year Mean (X 102 ucCi/ml)
July-December 1977 24.4
FY-77 15.2

FY-76 : 14.6

The increase in July-December 1977 was primarily due to the data from the
Gold Meadows Spring. Appendix E also includes plots of the network averages
for tritium and plutonium. No positive tritium values were found and only
one plutonium value was seen above the detection limit (Table 7) during the
reporting period. These plots are, therefore, simply representations of

the detection limits through time.

Contaminated Ponds

Thirteen contaminated ponds are sampled on a monthly basis. The locations
are shown in Figure 7. These ponds are impound waters from tunnel test areas,
a laboratory waste sump, and a contaminafed laundry release poiﬁt. They are
monitored to provide a data base for calculations of any offsite réleases,

in accordance with DOE Manual 0513. These calculations are reported to DOE

Headquarters on an annual basis,

The measured radiocactivity of the tunnel ponds corresponds to activities

at the tunnels. Seepage from the tunnels and rain will carry contaminated
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Figure /. NIS ENVIRONMENTAL SURVEILLANCE CONTAMINATED PONDS SAMPLING LOCATLONS
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surface water runoff into the ponds causing an increase. Decay of the
isotopes in the water will lower the levels, as will any settling in the
water. The principal radionuclides detected in the ponds were 137Cs and
3H. Table 11 is a list of the gross beta averages at each location. The
plots of Appendix F show the trends of gross beta, plutonium, and tritium.
The tritium values in these ponds have not varied much over this report-
ing period, owing to its long half-life (12.3 years) and containment in

water.,

Effluent Ponds

The four effluent pond sampling locations are shown in Figure 8. These
ponds are closed systems which contain both sanitary and radioactive waste
for evaporative treatment. Contact with the working population is minimal.

The results of the plutonium analyses were all negative.
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Figure 8.

NTS ENVIRONMENTAL SURVEILLANCE EFFLUENT PONDS SAMPLING LOCATIONS
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F. AMBIENT GAMMA MONITORING

An ambient gamma monitoring program has been established on the NTS in 1977
using thermoluminescent dosimeters. Ten locations coinciding with air sampling
stations were chosen as a preliminary test network (Figure 9). These sites
were selected because of their prokimity to workers, 1ikelihqod of low levels
of radiation, and ease of exchange by the field monitor in one day. This led
to the use of this small network as a group of control-type stations. This
standard network would do the following: (1) detect gamma exposures in ex-
cess of natural background whether the excesses are from NTS testing, foreign
testing, or other; (2) be a comparison with high-level radioactive statioms,
such as RADEX areas, which were added later; and (3) be used as a quality

control on the TLD equipment.

The dosimeters used are CaF,:Dy - (TLD-200) 1/4" X 1/4" X 0.035" chips from
Harshaw Chemical Company. A badge consisting of at least two chips shielded
by 0.047"Cd (1030 mg/cm?) inside a 0.050" black plastic (140 mg/cm?) holder
is placed about one meter above the ground at each location. The dosimeters
will detect gamma radiation above an energy cufoff of approximately 70 keV.
The known systematic errors of the dosimeter in this application are the
minimized detection of lower energy photons and fade of the phosphor's stored
energy with time. Previous research indicates that only about 6 percent of
the natural radiation background is below 100 keV. For this system, then, a
5 percent increase in the measured value may be appropriate in field deter-
minations. In locations where the spectrum may differ appreciably in the

lower energy range, LiF TLD's can be used in conjunction with the CaF,:Dy TLD's.
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Figure 9. NTS AMBIENT GAMMA MONITORING LOCATIONS
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These dosimeters, although not preferable for environmental applications be-~
cause of their low sensitivity, do provide a secondary system that can detect
the lower energy photons (the energy response curve is flat to about 10

keV).

Fade in TLD-200 is high when used in elevated temperatures such as the NTS
environs. This loss of the phosphor's stored energy is minimized both physi-
cally and analytically. After exposure and before readoﬁt, the chips are
annealed at 115°C for 15 minutes to reduce the high-fade, low temperature
traps. Calibration TLD's are stored in a lead pig in order to empirically

determine the value of this minimized face (usually less than 10 percent)..

Random errors include dosimeter variance, source calibration, and transit
exposure. One method of error analysis is contained in a paper by Burke

and Gesell, "Error Analysis of Environmental Radiation Measurements Made
with Integrating Detectors,'" NBS Special Publication 456, pp. 187-198,
(1976). For our purposes, a less rigid statistical evaluation is sufficient
at this time (Table 14). All analyses will be evaluated as to their com-
pliance with ANSI N545—1975,"American National Standard Performance, Testing,
and Procedural Specification for Thermoluminescent Dosimetry (Environmental

Applications)."

The data from the first six field cycles are presented in Table 12. Stations
5 and 6, and Stations 8 and 9 are located in the same general area. This was
done to check whether or not there were wide variations in exposure rates over

small distances throughout the NTS; and, if not, the data would be a duplicate
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sampling program. The differences between each pair were all less than fivé
percent. Station 3 will not be used in any statistical evaluation because it
was found not to be an environmental station (source storage). The remaining
nine stations indicate background radiation rates that are comparable to off-

site Nevada values; i.e., a range of 0.14 mR/day to 0.40 mR/day.

The data indicates a very precise system. The accuracy of this system was
evaluated upon review of results from the Third International Intercomparison
of Environmental Dosimeters. This study indicated that the NTS measurements
may be systematically lbw by about ten percent, and this correction is being.
considered. The variation of the measured values at a single location would
suggest that the detection limit of an exposure in excess of natural background
would be less than 5 mR in a month-long field cycle. Using the network average
as a statistic, an exposure even closer to 1 mR could be detected if it were
common to all locations. The nine-station average for each field cycle was
0.246, 0.253, 0.252, 0.277, 0.264, and 0.276 mR/day. Fallout from a foreign
atmospheric test reached this area during the fourth field cycle (see Section
D). - The measured increase in penetrating gamma radiation over the last thfee
cycles may be due to this, but the data is inconclusive; at maximum, the total

excess exposure would be less than 2 mR in over 100 days.
Other locations at the NTS were sampled during this reporting period. (Figure 10).

' The results compiled to date are listed in Table 13. Primary expansion of the

gamma monitoring program will be in these areas of elevated exposure rates.
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Figure 10.
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SUMMARY OF ENVIRONMENTAL PROGRAM

Table 1

Sample Collection Number of
Type Description Frequency Samples Analysis
Air Continuous sam—- Weekly 22 Gamma spectroscopy,

' pling through gross beta, plutonium
Whatman GF/A (monthly composite)
glass filter and
a charcoal car-
tridge.

Low-volume sam- Weekly 2 HT-HTO
pling through a
desiccant.
Drinking water 2-liter grab Weekly 8 Gross gamma, gross
sample. beta, plutonium
(qGarterly)
Well water 2-liter grab Monthly 51 Gross gamma, gamma
Surface water sample. spectroscopy*, gross
: beta, plutonium
(quarterly)
Effluent ponds 2-liter sample Quarterly 4 Plutonium
External gamma CaFZ:Dy and LiF Monthily 21 Total integrated ex-

radiation
jevels

Thermoluminescent
Dosimeters

*If gross gamma measurement is above a predetermined level.

posure over field
cycle



_'[{7...

Table 2

LABORATORY ANALYTICAL PROCEDURES

) Counting
Type of Type of Analytical Period
Analysis Sample Equipment (Min,) Analytical Procedures Sample Size Detection Limit
Gross Beta Air Wide Beta II 20 Place filter on a 5-inch 10° cc 1 X 10716 yci/ec
: stainless steel planchet
Water Wide Beta IIX 20 Evaporate, transfer residue 1000 ml 1X 1079 uoi/ml
to a 5-inch stainless steel
planchet
Gross Gamma Water 9" X 9" Nal 20 Aliquot sample into Nalgene 500 ml 6 X 1078 ci/ml
Well crystal bottle
Gamma Air Ge(Li) 20 Same as beta 109 cc 5 X 10715 yCi/ce
Spectroscopy (particulate)
Air Ge(Li) 20 Place charcoal cartridge in 109 cc 5 X 10715 pci/ce
(gaseous) plastic bag
Water Ge(Li) 20 Count the planchet after beta 500 ml 1 X 1078 uci/ml
analysis
Tritium Air Liquid 100 Distill the H,0 and aliquot 6 X 10% cc 3 X 10713 uci/ec
Scintillation 5 ml into a sciptillation
Counter solution
Water Liquid 100 Aliquot 5 ml into a scintil- 5ml 4 X 1077 uCifce
Scintillation lation solution
Counter
Plutonium-239 Air Silicon 333 Filter is ashed and put in so- 4 X 10% cc 2 X 10717 uci/ec
Semiconductor lution. Pu is purified by
anion exchange resin column,
then electrodeposited on a ~
stainless steel disc.
Water Silicon 333 Pu is concentrated with 1000 ml 1 X 107! pci/ml
Semiconductor Fe (OH) and purified,with’
anion resin column. ectro—
deposited on a stainless steel
disc.
Direct Gamma TLD Harshaw 2000 Post-anneal at 115°C for 15 ¥ X K" X .035" 5 mR/month

Radiation

minutes. Readout to 270° for
25 seconds.



Table 3

AVERAGES OF AIR SURVEILLANCE DATA FOR GROSS BETA
(X 10~1% uci/ce)

Station

Area Gravel Pit

Area Compound
Area Cafeteria
Maintenance Complex

Well 5B

Area
Area
Area Yucca Complex
CP~2 Complex
Well 3 Complex
9-300 Bunker
Gate 700

Gate 293

Area

Area

W O O O W N

Area

=
(=]

Area

pd
=

Area

[
N

Area Change House

—
[oa)

Tunnel Maintenance

Echo Peak

Area

=
O

Area

=
\O

Area PM Substation

N
o

Dispensary
CETO
H&N Building

Area

N
w

Area

[y
w

Area

N
(9]

Area Warehouse

[\S]
~3

Area Dispensary
Area 28 Henre Site

Groom Lake Cafeteria

1976

2.4
2.2
2.5
2.8
3.1
3.5
2.7
2.7
2.6
1.9
2.4
2.4
2.5
2.1
2.4
2.4
2.6
2.3
2.3
2.2
2.5
1.9

42—

July-~December 1977

45.6
39.4
45.1
54.1
49.0
49.4
29.0
- 443
45.4
35.6
33,2
50.1
40.3
47.8
52.6
44.5
48.3
22.0
26.3
42.7
35.0

WIIE



Table 4

AVERAGES OF AIR SURVEILLANCE DATA FOR PLUTONIUM
(X 10717 uci/ce)

Station 1976 1977 July-December 1977

Area 1 Gravel Pit 3.4 2.7 3.5
Area 2 Compound _ 2.0 6.5 0.6
Area 3 Cafeteria 11.6 25.5 0.7
Area - 3 Maintenance Complex 2.2 2.9 2.6
Area 5 Well 5B 1.6 3.8 0.3
Area 6 Yucca Complex 6.4 6.5 1.0
Area 6 CP-2 Complex 4.3 4.8 1.9
Area 6 Well 3 Complex 6.9 5.3 1?1
Area 9 9-900 Bunker 33.8 25.3 6.3
Area 10 Gate 700 4.1 4.6 : 0.7
Area 11 Gate 293 3.0 12.1 20.5
Area 12 Change House 3.3 2.1 1.2
Area 16 Tunnel Maintenance 1.8. 2.6 11.1
Area 19 Echo Peak 1.3 2.3 1.4
Area 19 PM Substation ' 1.5 2.3 1.7
Area 20 Dispensary 20.0 5.2 . -

Area 23 CETO 9.6 2.9 0.9
Area 23 H&N Building 2.7 2.5 1.1
Area 25 Warehouse 3.0 3.3 ‘ 0.9
Area 27 Dispensary 3.1 3.1 0.6
Area 28 Henre Site 1.4 7.0 0.9
Groom Lake Cafeteria 3.4 4.4 1.0
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Building

. Table 5

RESULTS OF TRITIUM IN AIR

650 (Mercury)

09/23/77

09/30/77 -

10/06/77 -

10/13/77 -

10/21/77 -

10/31/77 -

11/09/77 -

11/23/77 -

12/07/77 -

12/16/77 -

12/23/77 -

09/30/77
HTO 2.5E-11
HT  1.8E-12

10/06/77
HTO 5.2E-12
HT 4.3E-12

10/13/77

HTO <3.0E-13

HT <3.2E-13

10/21/77
HTO <3.2E-13
HT <3.2E-13

10/31/77
HTO 3.9E-12
HT 4.9E-12

11/09/77
HTO <3.0E-13
HT <3.1E-13

11/23/77
HTO 3.2E-12
HT <3.0E-13

12/07/77
HTO 6.0E~12
HT <3.0E-13

12/16/77
HTO 6.2E-12
HT <3.0E-13

12/23/77 .
HTO <2.8E-13
HT <3.0E-13

12/30/77
HTO <2.9E-13

HT <3.0E-13

(uCi/ce)

bl

Sedan Crater (Area 10)

10/05/77

10/14/77

10/25/77

10/31/77

11/10/77

11/23/77

12/07/77

'12/16/77

10/14/77
HTO 3.0E-10
HT <3.0E-13

10/25/77
HTO 1.6E-10
HT <3.4E-13

10/31/77
No data -

lost in process

11/10/77
HTO 4.4E-11
HT <3,0E-13

11/23/77
HTO 6.5E-11
HT <3.3E-13

12/07/77
HTO 5.3E-11
HT <3.2E-13

12/16/77
HTO 2.8E-11
HT <3.1E-13

11/30/77
No data -
battery dead
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Table 6

AVERAGES OF WATER SUPPLY DATA FOR GROSS BETA

Supply Wells

2
H
o
o
oW N

g
(]
1]
s
w

Area 22

Area 25

Well 2
Well A
Well 5B

Well U20a

Army Well #1

Well J13

Groom Lake Well 3
Groom Lake Well 4

Potable

Water

Area 2
Area

Area

N O W

Rest Room
Cafeteria
Cascade

Cafeteria

Cafeteria

Cafeteria

Groom Lake Cafeteria

(X 1079 ucCi/ml)

1976

6.9

n -

1977

6.9
9.9
13.5

7 &
/O

7.9
16.6
16.4

17.5

24,5

w
B~

o

[
w un = O
~NOWw W O

oo
oo

July-December 1977

6.9
10.7
14.5

¢o
=~

.

=
< 0 0
N W NN

[

6.9
5.2
8.0
27.8

ju
= O W
~I

w &

3.9
9.3

10.7
8.2



Supply Wells

Open Reservoirs

Area
Area
Area
_Area
Area
Area
Area
Area
Area
Area
- Area
Area

Area

2 Well 2 Reservoir

3
5
5
6
6
15

18
19

19

19
20
23

Well
Well
Well
Well
Well
Well
Camp
Well
Well
Well
Wéll

A Reservoir

5B Reservoir
Ue5c Reservoir

3 Reservoir

Cc1 Reéervoir
Uel5d Reservoir
17 Reservoir
Uel9gs Reservoir
Uel%e Reservoir
Ul9c Reservoir

U20a Reservoir

Swimming Pool

Groom Lake Well 4 Reservoir

Groom Lake Papoose Reservoir

Groom Lake Swimming Reservoir

Natural

Springs

Area
Area
Area
Area
Area
Area

Area

5
12
12
12
15
15
29

Cane

Spring

White Rock Spring

Captaiﬁ Jack Spring

Gold

Meadows Ponds

Oak Butte Spring

Tub Spring

Topopah Spring

1976

8.6
11.8
15.2

17.4
16.3
17.6
4,2
3.7
3.4
3.6
5.3
36.2
40.8
138.0
8.1

7.6
14.5
14.6
37.1

8.1

6.7
13.7
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1977

7.0
11.0
13.9

9.4
17.3

"17.8

17.2

29.9
39.0
72.9

7.8

5.8
16.8
15.3
41.7

6.2

5.8
14.6

July-December 1977

7.8
12.1
13.5

9.0
15.4
17.0
19.5

9.7
18.1
22.0
84.1

6.2

6.0



Table 7

PLUTONIUM VALUES ABOVE DETECTION LIMIT FROM

Water Type Station
Supply Wells Area 5 Well 5B
Open Reservoirs Groom Lake Papoose Reservoir
Natural Springs Area 12 Captain Jack Spring

-4 7=

WATER SUPPLY DATA

Date

06-~-06-76

03-21-77

09-29-76

uCi/ml
1.1E-10
6.2E-11

7.0E-11



Table 8

TRITIUM VALUES ABOVE DETECTION LIMITS FROM WATER SUPPLY DATA

Water Type Station Date
Supply Wells Area 3 Well A 09-02-75
Supply Wells Area 5 Well 5B 11-08-75
Supply Wells Area 15 Well Uelb5d 11-13-75
Supply Wells Area 18 Well 8 06-03-76
Supply Wells Area 19 Well Ue 19gs 09-02-75
Supply Wells Area 20 Well U20a 09-02-75
Supply Wells Area 25 Well J13 11-09-75
Supply Weils Area 19 Well.U19c 06-03:76
Potable Water Area 2 Rest Room 08-30-76
Potable Water Area 6 Cascade 09-08-75
Potable Water Area "6 Cascade 04-18-77
Potable Water Area 6 Cascade 06-06-77
Potable Water Area 27 Cafeteria 06-28-77
Potable Water Groom Lake Cafeteria >08j18—75
Potable Water Groom Lake Cafeterié 11-10-75
Potable Water Groom Lake Cafeteria 08-23-76
Open Reservoirs Area 3 Well A Reservoir 11-14-75
Open Reservoirs Area 5 Well 5B Reservoir 06-03-75
Open Reservoirs Area 5 Well 5B Reservoir 07-02-75
Open Reservoiré Area 6 Well Cl Reservoir 04-06-75
Opeﬁ Reservoirs Area 15 Well Uel5d Reservoir 03-09-77
Open Reservoirs Area 18 Camp 17 Reservoir 09-08~-75
Open Reservoirs Area‘l9 Well Ul9c Reservoir 05-10-76

48—

4,
5.
3.
4.
2.
5.

4.

9.
4,
4.
1.
5.
4.
6.
4,
9.

3.

uCi/ml
2'

6E-06

4E-07

8E-07

6E-07

6E-06

6E-06

0E-07

7TE-07

<0E-07
. 3E-07
. 7E-07
.1E-07

.0E-07

5E-06
2E-06
2E-07
1E-06
7E;07

2E-06

2E~07

4E-07

6E-06

1E-07



Table 9

COMPARISON OF END USE AND SUPPLY WATER FOR GROSS BETA AVERAGES

(X 1079 uCi/ml)

Station (End Use/Supply) 1976 1977 July~December 1977

Area 2 Rest Room 3.7 3.5 3.5
Area 18 Well 8 3.0 3.5 4.3
Area 3 Cafeterisa 10.6 10.0 9.5
Area Well A 10.7 9.9 9.7
Area 6 Cascade 1.3 1.3 1.3
Demineralized Bottled Water - - -

Area 6 Cafeteria 15.1 15.9 ~ 15.6
Area Well C 8.2 16.6 16.3
Area 12 Cafeteria 3.9 3.7 3.7
Area 18 Well 8 3.0 3.5 4,3
Area 23 Cafeteria 9.3 8.8 9.0
Area 5 Well 5B/Area 22 Army Well 1 14.5/6.9 13.5/6.0 13.0/6.4
Area 27 Cafeteria 10.7 8.0 9.4
Area 5 Well 5B/Area 22 Army Well 1  14.5/6.9 13.5/6.0 13.0/6.4
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Table 10

COMPARISON OF OPEN RESERVOIRS AND SUPPLY WATER FOR GROSS BETA AVERAGES
(X 102 uci/ml)

Station (Reservoir/Supply) 1976 1977 July-December 1977
Area 2 Well 2 Reservoir 8.6 7.0 7.8
Area 2 Well 2 6.9 6.9 6.9
Area 3 Well A Reservoir 11.8 11.0 12.1
Area 3 Well A 9.7 9.9 10.7
Area 5 Well 5B Reservoir 15.2 13.9 13.5
Area 5 Well 5B 13.0 - 13.5 14.5
Area 5 Well Ue5c Reservoir - 9.4 9.0
Area 5 Well Ue5C - 7.9 ~ 8.2
Area 6 Well Cl Reservoir 16.3 17.8 17.0
Area 6 Well C1 15.9 16.4 . 18.3
Area 15 Well Uel5d Reservoir 17.6  17.2 19.5
Area 15 Well Uel5d ~ 18.0 17.5 17.2
Area 19 Well Uel9gs Reservoir 3.7 - -
Area 19 Well Uel9gs 3.0 o ——
Groom Lake Well 4 Reservoir 40.8 39.0 38.5
Groom Lake Well 4 24.6 24.5 27.8
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Table

11

AVERAGES OF CONTAMINATED PONDS FOR GROSS BETA

(X 107° pCi/ml)

July-December 1977

-51-

Station 1976 1977
Area 12 Haines Upper 327.0 263.0
Area 12 Haines #2 228.0 316.0
Area 12 Haines #3. 232.0 269.0
- Area 12 Haines Lower 229.0 254.0
Area 12 Mint Upper 15.5 30.7
Area 12 Mint Mid 15.4 27.7
Area 12 Mint Lower 15.5 36.3
Area 12 N Upper 57.6 175.0
Area 12 N Mid 44.8 212.0
Area 12 N Lower 42.8 283.0
Area 23 H&S Sump 151.0 25.4
Area 6 Yucca Decontamination Pond 2380.0 622.0

188.0

173.0

129.0

151.0

44.9

25.1

50.3

129.0

262.0



Table 12
AMBIENT GAMMA MONITORING RESULTS

EXPOSURE RATE (mR/day)*

05/28/77- 06/28/77- 08/02/77- 09/14/77- 10/18/77- 11/08/77-

Location/Area Name 06/28/77  08/02/77  09/14/77  10/18/77  11/08/77  01/05/78
1/6 CP-6 Complex 0.200 0.201 0.197 0.210 0.209 0.212

2/6 Yucca Complex 0.266 0.279 0.278 0.309 0.295 0.315

3/11 Gate 293 0.515 0.672 0.355 0.407 0.607 0.431

4/5 Well 5B 0.307 0.298 0.294 0.329 0.318 0.344

Eb 5/28 Henre Site 0.317 0.338 0.337 0.361 0.339 0.375
6/25 NRDS Warehouse 0.313 0.332 0.335 0.378 0.352 0.368

7/27 Area 27 Cafe : 0.338 0.353 © 0.359 0.398 0.391 0.378

8/23 H&S Roof, Mercury 0.139 0.147 0.147 . 0.158 0.150 0.160

9/23 NOAA Station, Mercury 0.140 ° 0.145 0.143 0.158 0.152 0.162

10/23 H&S Room 120,** Mercury  0.193 0.183 0.182 0.189 0.183 0.173

* For uR/hr, multiply by 41.66.
** Moved to Room 129 during November 1977.
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Table 13

EXPOSURE RATE (mR/day)*

GAMMA MONITORING RESULTS AT ELEVATED BACKGROUND LOCATIONS

Location Area Name 10/14/77 - 11/10/77
1 2 Sedan Visitor's Box 0.713
2 2 Sedan by 3H sampler 0.836
3 2 Sedan S. W. peak 4.45
4 5 Waste Storage Area Gate 0.381
5 5 Wéste Storage Area Source Trailer 53.5
6 5 Waste Storage Area Fence by 3H barrels 0.366
7 9 9-300 Bunker (E. of air sampler) 0.428
8 9 9-300 Bunkerr(at air sampler) 0.399
9. 9 9-300 Bunker (W. of air sampler) 0.397

10 9 Crater Fence (1/2 mile S. of 9-300 Bunker) 0.333
9 Crater Fence (1/4 mile S. of 9-300 Bunker) 0.333

11

* For uR/hr, multiply by 41.66.
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Table 14
GAMMA MONITORING ERROR ANALYSIS

Dosimeter Variations

‘The measured mean of each station's exposure rate is determined by the aver-

age of 3 TLD values. The standard deviation is calculated by:

rx?2 - (Zx)?
n

n-1

An average deviation of the network can be found by adding the ‘calculated
deviations and dividing by ten.

1st Field 2nd Field 3rd Field 4th Field 5th Field 6th Field
Cycle Cycle Cycle Cycle Cycle - Cycle

4.3 2.2% 2.3% 2.3% 2.9% 2.7%  AVE = 2.8%

Source Calibration Error

This is estimated to * 10 percent.

Transit Exposure Error .

The TLD's are annealed approximately one day prior to placement in the field
and are usually read the same day as collection. Therefore, the transit ex-
posure is on the order of 0.25 mR (estimated from HUS Building and test site
exposure rates). The transit exposure may cause a maximum error of four per-
cent on the low side.

Energy Requﬁse

As discussed in the text, for a general environmental spectrum, five percent
increase should minimize this error; estimate * 2 percent.

Fade

Previous research has indicated TLD fade to be field temperature related.
For the third, fourth, and fifth field cycles, a fade of nine percent was
determined and corrected. The fades for the first and second field cycles
were probably higher (summer) and were estimated at 15 percent. The sixth
cycle was estimated to be less than five percent. These estimates could be
in error by about five percent.

Total Estimated Error (1lo).

\\/23%)2 + (107)2 + (42)2 + (22)2 + (5%)2 = 12.4%

—-54-
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APPENDIX A

NTS Environmental Surveillance

Air Sampling Locations and Plots
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Several symbols are used in Appendix A to denote the data points. 1In the first
plot, the air network averages, a square represents'the geometric mean of all
values at that point in time, and the vertical line is the range. The notation
(a) depicts significant events that perturb the data; i.e., foreign atmospheric
tests.

The remaining plots of Appendix A show the gross beta data of each station.
The data symbols for the plots are as follows:

Plot #  Symbol

1-4 x
5-9 ©
10-14 =
15-19 O
20-24 *

A two~-sigma error bar is also added to the data points, and, in all plots, a
delta with the line to the bottom of the plot means below detection limit.
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S A VERU S SR Y

NTS ENVIRONMENTAL SURVEILLANCE AIR SAMPLING LOCATIONS

Map Code
Number Location (Figure 2)
1 Area 1 Gravel Pit 1A
2 Area 2 Compound 2A
3 Area 3 Cafeteria 3A
4 Area 5 Maintenance Complex 5A
5 Area 5 Well 5B 5B
7 Area 6 Yucca Complex 6A
8 Area 6 CP-2 Complex 6B
9 Area 6 Well 3 Complex 6C
10 Area 9 9-300 Bunker ' 9A
11 Area 10 Gate 700 10A
12 Area 11 Gate 293 11A
13 Area 12 Changehouse 12A
14 Area 16 Tunnel Maintenance 16A
16 Area 19 Echo Peak 19A
17 Area 19 PM Substation 198
18 Area 20 Dispensary 20A
19 Area 23 CETO 23A
20 Area 23 H&S Building 23B
21 Area 25 25A
22 Area 27 Dispensary 27A
23 Area 28 Project Henre ' 28A
24 East of Groom Lake Cafeteria 00A
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APPENDIX B

NTS Environmental Surveillance

Supply Wells Locations and Plots

-81-



Several symbols are used in Appendix B to denote the data points. In the
first two pages of plots, the supply well network averages, a square repre-
sents the geometric mean of all values at that point in time, and the verti-

cal line is the range.

The remaining plots of Appendix B show the gross beta data of each stationm.
The data symbols for the plots are as follows:

Plot # Symbol

1-10 4

11-18 o

A two-sigma error bar is also added to the data points, and, in all plots,
a delta with the line to the bottom of the plot means below detection limit.
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NTS ENVIRONMENTAL SURVEILLANCE
SUPPLY WELLS SAMPLING LOCATIONS

Map Code

Number Location (Figure 3)
1 Area 2 Well 2 2A
2 Area 3 Well A 3A
3 Area 5 Well 5B 5A
-4 Area 5 Well 5C 5B
5 Area 5 Well Uebc 5C
6 - Area 6 Well C 6A
7 Area 6 Well C1 6B
8 Area 15 Well Uelbd 15A
9 Area 18 Well 8 18A
10 Area 19 Well Uel9gs 19A
11 Area 19 Well Uel9e 198

12 Area 20 Well U20a 20A

13 Area 22 Army Well #1 22A
15 Area 25 Well J13 25A
16 Groom Lake Well 3 00A
17 Groom Lake Well 4 00B
18 Area 19 Well Ul9c 19¢
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APPENDIX C

NTS Environmental Surveillance

Potable Water Locations and Plots
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In the first two pages of plots in Appendix C, the potable water network
" averages, a square is used to represent the geometric mean of all values
at that point in time, and the vertical line is the range.

The remaining plots show the gross beta data of each station utilizing the
symbol, x, as the data point. A two-sigma error bar is also added to the
data points, and, in all plots, a delta with a line to the bottom of the
plot means below detection limit.

-96-—



NTS: ENVIRONMENTAL SURVEILLANCE
POTABLE WATER SAMPLING LOCATIONS

Map Code
Number Location (Figure 4)
1 Area 2 Men's Rest Room 2A
2 Area 3 Cafeteria 3A
3 Area 6 Cascade 6A
4 Area 6 Cafeteria 6B
5 Area 12 Cafeteria 12A
7 Area 23 Cafeteria 23A
8 Area 27 Cafeteria 27A
9 Groom Lake Cafeteria 00A
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APPENDIX D

NTS Environmental Surveillance

Open Reservoirs Locations and Plots
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Several symbols are used in Appendix D to denote the data points. In the
first two pages of plots, the open reservoir network averages, a square
represents the geometric mean of all values at that point in time, and the
vertical line is the range. The remaining plots of Appendix E show the gross
beta data of each station. The data symbols for the plots are as follows:

Plot # Symbol

1-10 x

11-16 P

A two-sigma error bar is also added to the data points, and, in all plots, a
delta with the line to the bottom of the plot means below detection limit.
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NTS ENVIRONMENTAL SURVEILLANCE

OPEN RESERVOIRS SAMPLING LOCATIONS

Location

Area
Area
Area
Area

Area

A O 1 WwWwN

Area.
Area 15
Area 18
Area 19
Area 19
Area 20
Area 23

Well
Well
Well
Well
Well
Well
Well
Camp
Well
Well
Well

2 Reservoir

A Reservoir

5B Reservoir
Ue5c Reservoir

3 Reservoir

Cl Reservoir
Uel5d Reservoir
17 Reservoir
Uel9gs Reservoir
Uel9e Reservoir

U20a Reservoir

Swimming Pool

Groom Lake Well 4 Reservoir

Groom Lake Papoose Reservoir

Groom Lake Swimming Reservoir

Area 19 Well Ul9c Reservoir
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Map Code
(Figure 5)
2A
3A
5A
5B
6A
6B
15A
18A
19A
19B
20A
23A
00A
00B
00C
19c
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APPENDIX E

NTS Environmental Surveillance

Natural Springs Locations and Plots
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In the first two pages of plots in Appendix E, the natural springs network
averages, a square is used to represent the geometric mean of all values
at that point in time, and the vertical line is the range. The remaining
plots show the gross beta data of each station utilizing the symbol, %, as
the data point. A two-sigma error bar is also added to the data points,
and, in all plots, a delta with a line to the bottom of the plot means
below detection 1limit.
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NTS ENVIRONMENTAL SURVEILLANCE
NATURAL  SPRINGS SAMPLING LOCATIONS

Map Code
Number Location (Figure 6)
1 Area 5 Cane Springs 5A
2 Area 12 White Rock Spring 12A
3 Area 12 Captain Jack Spring 12B
4 Area 12 Gold Meadows Pond 12C
5 Area 15 Oak Butte Spring v 15A
6 Area 15 Tub Spring 15B
7 Area 29 Topopah Spring 29A
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APPENDIX F

NTS Environmental Surveillance

Contaminated Ponds Locations and Plots
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In the first two pages of plots in Appendix F, the contaminated pond network
averages, a square is used to represent the geometric mean of all values
at that point in time, and the vertical line is the range.

The remaining plots show the gross beta data of each station utilizing the
symbol, X, as the data point. A two-sigma error bar is also added to the
data points, and, in all plots, a delta with a line to the bottom of the
plot means below detection limit.
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NTS ENVIRONMENTAL SURVEILLANCE
CONTAMINATED PONDS SAMPLING LOCATIONS

Map Code

Number Location (Figure 7)
1 Area 12 Haines Upper A
2 Area 12 Haines #2 B
3 Area 12 Haines #3 C
4 Area 12 Haines Lower D
5 Area 12 Mint Upper E
6 Area 12 Mint Mid F
7 Area 12 Mint Lower G
8 Area 12 N Upper H
9 Area 12 N Mid I
10 Area 12 N Lower J
11 Area 12 G Tunnel K
12 Area 12 H&S Sump 23A
13 Area 6 Yucca Decontamination Pond 6A

-129-



[1p]
1

(g9

€}

[}

L'

i

I

£3

3373 31H
-130-

1))

(8]

JUN

JuL77

JULT6

JULTS



CONTAMINATED POND NETWORK AVERAGES

~1 27

S o n e e ot + 4 g et et R e e o o e \aa s o
NI SERE———
2] —a—
—5
S ——
et Gt s
B
& =
—
€ e
&
=2 &
- 3
A
o B~
-
—5—
= =t
PRNEEIEUINES - W
2 i3 0 =
Wt [ el
[4a] [ n
> >
-4 -J
a @ o
2 =
a a
I — Y - ) e -
| I
1
= - a
: b e wuo- - - Jnardr - th P[+T -01»L hqﬂ..-[—h- e - e - %EII
. - o)
w (o w 07] N o_,\ ~ :_u Q_u
1 I I 1 ' 1 ]
ry ) o ] o o (o] (o) ()
-t - - Ll — - - — -
JI7J°01H NNVANRNRRY

78

1!
1

“

—-i



-Ze1-

MiCc.c/CC

Mic.C/cC

Mic.c/CC

ettt ot — et

CONTAMINATED

POND SAMPLING STATION NUMBER

1 .

REECo

EETA ANALYSIS
x
X x .
x x » X x »
x N 3 . x x
x x x x
X x
fPU  ANALYSIS
b
£
E
[
]
i x x
x

3 x
E x
L
]

3-H ANRLYSIS x x "

x X x x X X X x « X Xy x x Cx

x x

I x
$
t
JUi78 JUL76 JuL77 JU



mIc.C/CC MIC.C/CC

MIC.C/CC

1c-7

CONTAMINATED POND

SAMPLING STATION NUMBER 2

JUN78

EBETAR ANPLYSIS i
5 :
x X x l
X
X x x N xx x x x x x
x x x x x x x
x x X x x x 1
4 x
4
E
i
- —+ } + + }
t P U ANRLYSIS
+
E x x
5 * * T , T ¥ ;
! * t
& f
1 +
f3-H ANALYSIS o ..
A _ « .
ix x x x x X x X X x  x N x N " x X . " X
" !
] | : ;
I %
JUL7S JULT76 JuL77

R T A,



-he1-

MIC.C/CC

MIC.C/CC

MIC.C/CC

CONTAMINRTED

POND SAMPLING STATION NUMBER

3

REECo

§BETQ ANALYSLS

x X
X
xxx . xXx x x
x X X » x X x
x X X x
E
————t e} + $ +—t
EPU  RNALYSIS
3
3
x x x x
¥ X
] X
L‘—+——-A - + } + +— L
F3-H  BNALYSIS % wox
Exxx x)(xxxk x X xx X x X X
E x
¥ x
E
E
E
]
:4 + }.L
JULTS JULT6 JUL77 JU



MIC.C/CC

MIC

MIC.C/CC

C/CC

CONTAMINATED POND SAMPLING STATION NUMBER

4

R

k9 .
$BETA ANRLYSIS
+
Ee
x x X
i ) x X ) x,xx
i
*
!
§

fpu-  anALYSIS

L o e L

|
|
I
;
|
|
|
!

-H  ANALYSIS

x

x W

x x X x x X x X x

- St O -t FH e Rt i,

+

~+-H -

!

JULT7S JULT6

JUNTS8

TS



&

REECo

5.

CONTAMINATED POND SAMPLING STATION NUMBER

]
-3
]
}
4
E
» x
.4
» x
» —_— x
» + . x
hll
NII
. -
v}
4 ¢v <4 T
» b
: 4 1
x x
» > — x
+
» x
. 1
* x
4
* — x
.ﬁ < E
L 4 x
4
n x
+
" »— x
] x [{n]
4 r~
1 _J
»* x, D
-+ 4 4
» . x
% x
* x
» i x
4
* x
-
* x
»* »>— x
1t
w »” 0 n x
-— .f - 1 —
[2p] %] w
>- > >
J J J
a @ . @
pred » z x zZ x
e 49 4 &
. » x [1p]
b pr ot o
J oD | .J
m x 198 m x ]
et bbb bbb o R TOUN PP - A Bl A - B -
(o] -
o €0} (g [e0] N w - O op} v - N = 0N W - 0
i I | 1t I | t i Pt ) ! J [} i i 1
(o) 3 (v} ] 00 (] [e] [on] o [ 2 & I 0 4] [ O TR oo R &5 R o5 S OW)
-t =1 - vt -y -— Canl —— Lol -t - - - - - — e
3372 31U 3373 31U 33/ J1U

-136-

ElEeaaar 2



6

-~
~

INTAMINATED POND SAMPLING STATICN NUMBER

- TINVEO - et P4 St bt e S et P b b M A A e S ©
~
pid
D
o

1
+
1 1
4
»” ] x
by x
7
4 | o~
J
D
+ 4 4 M
x x
T
» x
+ 4 +
»* »—— x
L] x
-
» x
1 1
»” —] x
- -+
»* x
» x
» - x
»* x (s}
F O g
.
»* x o
<4 4. 4
» o x
+4
» x
4
*- x
* > x
1 4
- « i
T
L3 x
Tt 1
* »— x
9 1
[7p] » ip} 12 x
— —4 § —4
2 w "
o= b -
. 4| = 4
ax a T
o » e * P x
e » x ip}
" f Jf I ~~
i ) ! N
s8] % [¢58 " x Z
Hpbbd b e B Cdche L -4 b Mot b b e i b b A e ] M AL bt b - b M b Bl -
n o - ~- w (o) (0] o [eo] b — —ee—e N <~ N Ww >~ W
i ! ! i ! 1 ! t i i | . i 1 1 ! H t )
(ow] [39] (@] (] o O (o} o [ow] (e} [wo 4% TN < TR & SRR dv IR 4 BN 6o B O BENNN oD
.- e d - e e w4 -t -— v -t e - — e T - . 4 -t .-

3307010




x
»
» e
b3
+
x f
x l, i Ylnltl
% ¥ T
4
x
»n »—
"
+
»
T
L] — ]
-+
»
»*
» e
-+ +
»
" f
»* -
»
.
+
»* b and
e
“+ -
o
»* b
n x o0
-t It
78] ‘2]
- >
J wd
T T ,
=z L3 = L2
(T (o9
(L »n
- .
13J pas
m * Q.
L4 14— bbb b e b s e e b e 4 PRSYA
. o -
[§2 mn ~ (e8] [o2IN{s) o © o)} - —
! | I | [ - ! ! ! ! 1
[} o O ] [@N®) (] o) o) o O
- X el . BRI - - — T e ot o

33,3001

317331
-138-

ANALYSIS

3-H

o~

|
o

3

x

T RE MITPR R TP R TIV R SR IS W SR TYS S TV

o
1
[

’}

>

-t

Jut

JULT77

JULT6

B e I



Xo-ve

REECo

8

CONTRMINRTED POND SAMPLING STATION NUMBER

P4 e e 4 b tbibd Sb — b

1
4
x
-+
x
+
>
x
x
x
»®
»
»*
X
4
+
wy .
—
(7}
—
.4
=
=z
@ <
o8 "
2 |
w
mn x
(V] w o~ a o
} ! ' i i
) ) o 9] [
et e «— =) .-

A/ 3TH

L - bt~ - - e b

MRS b it B AR e b i

1
x
4
x
— x
x
x
4 4
s x
. {
x
x
4
> x
x
x
—4 —t
W w
> >
i) _ i
T a
Z pr
(¢ jon
x
r
o2 1
f ™ <
b4 S e M B Wb A 15 . W~
o) - .
o - o o — — [aN] ) ~t 9] w -~ (e8]
1 ! H | ! [ 1 1 t ! { ! !
(48] (] [ 8] (@] (o) [l .l [ap] [} ) [gw} [ap] [qw]
— e e — — — . et e e

J370° 31N

JUNT8

JuL77

JUL.76

Jul 78



AU e e R

-0O%T-

MIC.C/CC

C.C/CC

MIC

Mic.c/cC

CONTAMINATED POND SAMPLING STATION NUMBER

9

REECo

E 3ETA ENALYSIS
’.

+

1

ot

iPU ANALYSI1S

+

“+

3-H GNALYSIS

x
3
x

JULTS

x
x
x
x
4 + +
JULTE

JUL77



MICc.c/CC

mic.c/CC

mic.Cr/LL

REECo
CONTAMINATED POND SAMPLING STATION NUMBER 10
E BETR ANALYSIS H
%
3
: !
3 X 3
: ¢
I ¢
PU ANALYSIS :
* i
| i
: ;
] H
| :
b X
i
g A '71 } o1 } —t + —+—t ;
3-H  ANALYSIS i
| ‘ x !
| !
| !
JULTS JULTE JULTT JUNT8



REECo

ONTAMINATED POND SAMPLING STATION NUMBER 12

—~

—

1
1
-4
x »* x
x x
x x
1 1
» >
1
x x »*
" x
$ 4+
»* [NOREEEDI |
* x »
»* ﬁ - e
- g ——
1 1
»* » x
+ 4
”* [
+ 4
» ——— e
» x [E—
: —_
» [ WENUUR——
4 4 : 4
x x x
» %*
x [ON—
+
x 1 x ] [ am—
3% — B o
4
x “
x x
- -
w w
x ot ot »
n w
pes pos
41 - 4
. T
- = x =4 [
@ LN
] S
- e o
!
® a . ) L
Aot b b et - B bt e« A b bbb e S B b by W A i B
o -
~ «© g £~ on o B — [aN) o ~+ LN £l r- oy
] I [ i i i 1 [ | 1 | I ] I |
< (&) O (e} o o o o O LA o 9] (@8] ) (9] o
237301 32700 D H : _ A3/30 00

-142-

Ju

JUL77

JUL76



.c/CC

nic

MIC.c/CC

MIC.C/CC

1074

10-6
1077
10-8

e o s L e e e

CONTAMINATED POND SAMPLING STATION NUMBER 13-

BETA ANALYSIS
} 3

X

— e +
+ +

: PU ANALYSIS

-+ +

+

F 3-H ANALYSIS

x x
x
x
. [l
v 1
x
x
s n
} S—
X
X
x

1 -
-
e
-
—
+
et
4
——
-
5

may

e+

JUNT8



DISTRIBUTION

Gates, Manager, DOE/NV

Wade, Deputy Manager, DOE/NV
Jackson, OPA, DOE/NV
'Newman, AMO DOE/NV

Church, DOE/NV (2)

. Loux, DOE/NV (2)

. Whitman, DOE/NV

. Douthett, DOE/NV

. Campbell, DOE/NV

K. Fitzsimmons, DOE/NV

. Hollister DOES, DOE/HQ

Major Genmeral J. K. Bratton, MA, DOE/HQ
J. R. Liverman, A/AS for Environment, DOE/HQ
E. Rippeon, Library, DOE/HQ (2)
USDOE TIC, Oak Ridge, TN (27)

T. H. Blankenship, DOE/NV

P. J. Mudra, DOE/NV

P. B. Dunaway, DOE/NV

K. M. Oswald, LLL, Mercury, NV

J. E. Dummer, LASL, Los Alamos, NV
G. E. Tucker, SL, Albuquerque, NM
R. L

H., F

G. B

OR G ; il e

:::*dmm»‘wwwcu—]:z

. Wagner, LLL, Livermore, CA

. Mueller, WSNSO/NOAA, Las Vegas, NV

. Morgan, EPA/EMSL, Las Vegas, NV

Librarian, EG&G, Las Vegas, NV

Technical Library, REECo, Mercury, NV (2)

A. Perge, Office of Nuclear Waste Management, DOE/HQ (3)
Technical Library, DOE/NV (3)

-144-



