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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, 1970 through June, 

1976. Summary data for concentrations of radioactivity in air and water 
* 

samples are presented, and relevancy to ERDA guides is established. 
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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 and Engineering Co., Inc. (RRECo) during the Fiscal Years 

1971 through 1976. As part of its contract, EY-76-C-08-0410, with the Energy 

Research & Development Administration (ERDA), REECo is r,esponsible for providing 

radiological safety services within the confines of the test site. As part of 

the total program to control, minimize and document exposure of the working 

population, an environmental surveillance program has been in effect for a 

number of years. 

The NTS is a remote area of approximately 1,400 square miles with terrain and 

climate conditions typical of the high southwest U. 'S. desert region and moun- 

tainous areas (Pig. 1). Temperatures vary from -10" to 120'F. The area is sub- 

ject to high winds, dust-laden atmosphere, and low humidity. Elevations rang& 

from dry lake beds to rugged mountains as high as 7,500 feet. The NTS has, 

since 1951, been the primary locaH.on for testing the nation's nuclear weapons. 

Other major'projects at the NTS have included nuclear rocket propulsion develop- 

ment and environmentai effects i;t2dies. 

The monitoring program -a.ls designed to examine the environment for levels of 

radioactivity that are of -interest in documenting the exposure of NTS work- 

ers. Air and potable water samples are, collected at selected areas, where 
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~2r:~lSng of waste poncls, sewazc b&sins, open reservoirs, springs and suy??Zy 

wells is also accomplished. The rate of sampling for each surveillance net- 

work is related to potential personnel exposure, i.e., weekly water'samples 

at each cafeteria. Except for the addition of new stations, removal of old 

stations, inaccessibility of a station, or the loss of data, sampling was 

continuous during this reporting period. 

All samples are routinely analyzed for gross beta activity and are screened 

for gross gamma activity. Air and water samples are analyzed for plutonium. 

All water samples are counted for tritium. Additional analyses for specific 

radionuclides are accomplished as appropriate.* A continuing review of -the 

data relative to "alert levels" of gross beta activity is performed so that 

potential problems may be noted in a timely manner. 

*NOTE: Sampling and analysis for radioactive noble gases and for tritium i:: 

air are performed for ERDA onsite by the Environmental Protection .?-TEX:;. 
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B. SL'MKARY OF RESULTS 

The results obtained from this environmental monitoring program for the re- 

porting period of July, 1970, through June, 1976, show that the radioactivity 

in the NTS environments was low compared to the ERDA guidelines. The maximum 

yearly average of gross beta activity in air for the entire network occurred 

in FY-1971 (3.40 x lo-l3 W/ml). This average represents 1.1% of the appli- 

cable Concentration Guide (CG) of 3 x lO"l uCi/ml as listed in ERDA Manual 

Chapter 0524, Annex A (assuming Sr-90 to be the most radiotoxic beta emitter 

present). The FY-1971 average was high because of: (1) an increase in new 

worldwide fallout from foreign testing; and (2) short-term high values from 

the Baneberry event (ref. 1). FY-1972 and FK-1974 averages were also increased: 

by worldwide fallout from foreign testing. A lower baseline for gross beta 

activity of approximately 2.5 x lo-l4 pCi/ml appears to be reached during 

periods of minimized source input, as is seen in M-1973 and FY-1976. Plu- 

tonium-239 concentrations in air were on the order of lo-l6 pCi/ml as com- 

pared with a CG of 6 x lo-l4 pCi/ml as'listed in ERDA Manual Chapter 0524, 

Annex A. One surveillance staticn indicated consistently higher plutonium 

.values (occasionally approaching CG) and, although there is minimal contact 

between personnel and this- area, an increased sampling program has been 

instituted. 

Tritium and 239Pu measurements were primarily below detection limits in 

potable or supply well samples. Table 1 is a list of 35 values above deteo- 

tion limit in the plutonium data of the potable, supply well, naturrl 

springs and open reservoirs. This is less than 1% of the data, an.3 it is 

st~spc;ed t!lat tiIct;e were primarily seen because of statL:Ic..: I;:::*.:L:-:L:.- 

about tile 7uinimml detection l&lit (?DL) or cross contaminat<cn I.:1 t!:& 
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!ahnratory. Approximately SO% of th- Q tritium data indicated values abcvrr 

the detection limit, but in most cases subsequent values were less than the 

detection limit. Table 2 is a list of 42 tritium values greater than 

5 x 1o-6 pci/ml. More than half of these apparent positives can be attributed 

directly to the Baneberry event release. It should also be mentioned that 

in the Baneberry-associated samples, I-131 was not analytically removed prior 

to counting 'for tritium. This may have accounted for some of the positive 

values. Many of the other apparent positives were near the detection limits 

of the counting system during 1970 and 1971, and may have been statistical 

fluctuations above these MDL's. The detection limits had decreased from 

over 6 x 10e6 to 4 x 10" VW/CC by 1972. The maximum yearly average of 

gross beta activity in these samples was 5.48 x lo'* VU/ml in M-1974 whi& 

is within the CG of 3 x 10" 1.ICi/ml as listed in ERDA Manual Chapter 0524, 

'.Annex A (Assuming Sr-90 to be the most radiotoxic beta emitter present). 

Although elevated roughly by a factor of 2, gross beta activities in open 

reservoirs and natural springs were also within the CG. 

Measurable amounts of tritium were present in several contaminated waste ponds. 

The amounts of effluent released to the environment are calculated on a yearly 

basis and reported on to EPaA Headquarters in accordance with ERDh ?!sr,ual 

Chapter 0513, 



I . . Air Monitoring 

Continuously operating air sampling units are located at 24 permanent 

stations on the NTS (Figure 2). The locations were primarily chosen 

to provide monitoring of radioactivity at sites with high occupation 

factors. Geographical coverage, access and availability of commercial 

power were also considered. 

The sampling units consist of a positive displacemen;. pump pulling air 

at approximately four cfn through a four -Inch Whatman 41 filter paper 

mounted on a disposable Tlastic sample holder. A dry-gas meter is 

utilized to measure the volume or' displaced air over the sampling 

period which is typicaXy seven days. The tot;1 volume sampled in 

this period is approximately iOO0 m3. 

The collected samples are held for five days prior to analysis to allow 

for decay to insignificant levels of rraturally occurring radioactive 

noble gas decay produ?:tz. Gross hekr counting is performed with 

a gas flow proportiong!l counter (Beckmar WIDE BETA II). A nominal mini- 

mum detection limit (M)L), defined rzs that value for which the relative 

two-sigma error is lOO%, for the typical parameters involved is 9 x 

lo-l6 .&i/ml. 
. 

Cross gamm,2 screenin;; trtiliz GF, G i 5" x 5" ?$nI ('71.) detector coupled 

to a single channel analyzer is accomplished to give an early indication 

-6 



Figure 2. NTS Environmental Surveillance Air Sampling Locations 
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of significant gamma-emitting isotopes. Any sample displaying activity 

Levels indicated by a relative two-sigma error of less than 50K is 

transferred to a multichannel analysis system for isotopic measurements. 

Weekly air samples for a given sampling station are batched on a monthly 

basis and subjected to a radiochemical analysis for 23gPu. 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. Chem- 

ical yield is determined -with an internal 

performed utilizing a solid state surface 

tracer. Alpha spectroscopy is 

barrier detector. 

2. 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 contamination potential, i.e., 

potable sources weekly, supply wells monthly, etc. Samples are col- 

lected in one liter glass containers. All samples are analyzed for 
,' 

gross beta and tritium-concentrations, and are screened for gross gamma. 

Plutonium analyses are performed on supply well samples. 

A 500 ml aliquot is taken from the original sample for gamma counting. 

Assuming no significant interference from other isotopes, a five ml 

sample is aliquoted and subjected to tritium analysis via liquid 

scintillation. 'The remainder of the original sample is evaporated to 

1.5 z-1, transfc:rred to a sta?nless steel counting pl.X:C!Iet Xc' 

-8- 



evaporated to dryness after the addition of a wetting agent. Beta count- 

ing is accomplished as in S~r~.ix 2.. '~:oi;::.r.P 1 ALL 'S are : 1) pross beta - 

2 x 10-g uCi/ml; and 2) 3H - 3 x 10e7 uCi/ml. The MDL for 3H for 1970 . 

and 1971 was 6 x 10e6 uCi/ml and decreased steadily through 1973. 

In the case of the supply wells, two one-liter-samples are collected and 

the second used for plutonium analysis. The radiochemical procedure used 

is similar to that described in Section 1. . As mentioned, alpha spectro- 

scopy is used to measure the contained 23gPu, if any. The typical NDL 

for this procedure is 1 x lo-l1 uCi/ml. 

3. Data Treatment 

Radioactivity in environmental samples has been found to be log-normally 

distributed (Reference 2). In order to treat the asymmetry, the data 

shown graphically has been transformed, and the geometric mean xg was 

derived according to the equation: 

xg = log 
-1 [ 4 c lo 3 

. . . N 

For any required comparj%:ns to concentration guides, though, arithmetic 

means were used in the t.,+:rt. 



D. RADIOACTIVITY IN AIR 

The locations at which air was continuously sampled are depicted in Figure 2. 

All stations were sampled over the report period except for the Area 25 Ware- 

house, which was not activated until FY-1974, the Area 18 Cafeteria, which 

was discontinued at the same time, and Area 5 Gate 250 which was discontinued. 

These changes were due to occupancy factors. 

The general tr nds of the entire air surveillance network are shown in Appendix 

A for the gross beta activity and plutonium. The twenty-four stations were 

averaged together geometrically in order to represent the-,,six-year changes of 

test site radioactivity in air in the first plot. The remaining plots dep et 

the long-term variations ar. Each location throughout the six-year survefllance 

period. Table 3 shows the yearly average fol- each location for gross beta, 

and Table 4 shows the avers;'+; for ~1!utonlu.:~. 

The gross beta concentration is of most intcr~st because of the.comparability 

with other sampling networks. Typically, the weekly means showed temporal 

variations that represent seasonal phenomena. Certain of the maximum values 

can be attributed to kno-:fil site-related sol!;+ti?s, i.e., the FY-1971 arithmetic 

averages were significantly !nfl?u~nc~zd b!: ::i::. !-t21.cnse in DeeeTher, 1975, from 

the Baneberry test. In November, 1971, t&Ur ~:.ross beta activity increased 

significantly, but data were not conclusive t3 attribute the increase to either 

a small, onsite venting of the Diagonal Lint* event or to fallout from foreign 

testing that occurred at the sar~c. time perio,i. Other high values could 

possfbly be interpreted as being perturbat%o~: due to fallout from the 

atmospheric testing by other f..>rei!;o countrir~s In 1972 and 1974. Pk3XLTXlill 

- i J __ 



values, calculated arithmetically, above a comparabl.e concentration guide did 

occur, but subsequent samples were generally lower. Extre,mely low ranges were 

at-tributed to sampling CTT;L-t, S.ur uerc ~-T~.-z~,~~~&.i; 'bc.cp?:! c. 1 ---k 3f - ;ro-f and "A 

the small impact on the mean. The overall values and trends were similar to 

those reported elsewhere (Reference 3 and 4). The general. trend until 1974 

was of a downward nature which could be attributed to the decay and dispersion 

of old worldwide fallout and the minimized input of new source material. 

After 1974, the gross beta concentrations seem to have leveled off at the 

1973 values except for occasional perturbations due to foreign atmospheric 

testing and spring fallout. And, although significant differences in the 

measured activities of all sta?i.ons existed, the trend was uniform throughout 

the network. 

Of prime interest for perscr:nsl considerations is the gross beta averages 

compared to the CG. The avE::rage of t'ne near.5 for ail sample locations for 

each year was: 

Fiscal. Yeai: - - 

1976 

1975 

1974 

Bieaa AveragE: --- 

4.59 x.10-" VW/ml 

9.74 x IO-l4 jKi/ml 

1.18 x IO-l3 lKX/ml 

1973 4.47 x 1c-'4 -$x/ml 

1972 2.81 x Y:-13 pCi/ml 

1971 3.40 x l.rl 3 uCi/ml 

Assuming "Sr to be the most radiotoxic beta emitter present, the conservative 

CG for comparison purposes is 3 x 10-r' I,iCi/ml for uncontrolled areas. Plu- 

tonium results for air sanpl~~ ~zre uniformly low, i.e., on the order of 10 
-16 

pCi/ml. The CG for uncontrofled areas is 6 x 1C"' jYZi/ml. Data from one 



station, the 9-300 bunker, has indicated a need for increased surveillance. 

This station is significent became i.ts trend ?n ~l:~?oni.~:rs ?nncentration ap?szrs 

to be rising. The 1976 average was 5 percent of the CG and increasing. This 

rise is presumably due to the presence of known plutonium fields. Before 

1960, several safety shots spread plutonium throughout Area 9. One event in 

particular,-Juno, dispersed alpha contamination over Area 9 and the Mercury 

Highway. Decontamination was done by washing roads, blading, windrowing, 

and oiling the soil. The probability of resuspension of this low-fired 

plutonium oxide has increased via weathering and possible disturbance by 

traffic in the past 17 years. The environmental erosion of the decontam- 

ination work has been significant. This is an area which.,,will be surveyed 

extensively in the future. A plot of the network weekly averages over the 

six-year period is given. 

-12- 



E. RADIOACTIVITY 

1. Supply Wells 

Water from the eighteen sample wells is used for a variety of sanitary 

and industrial uses. Criteria for selection was primarily based on po- 

IN SURFACE AND GROUND WATER 

tential use for human consumption. The locations of these wells are 

given in Figure 3. 

The means and ranges by location, plus the weekly means and ranges for 

all locations of gross beta activity are given in the plots of Appendix 3. 

Table 5 is a list of the yearly averages for each location for gross beta. 

Maximum values observed are suspected to be caused by contamination at 'the 

collection point or in the laboratory because subsequent values were low; 

however, the means do not appear to be significantly affected. The ac- 

tivities of each well appear consistent over the reporting period. 

The average of the means were: 

Fiscal Year 

1976 

1975 

1974 

'1973 

1972 

1971 

Mean 

1.01 x 10-8 Ilci/ml 

1.13 x 10-8 $i/ml 

1.16.x lo'* pCi/m. 

9.45 x 10eg pCi/ml 

9.08 x 10mg uCi/ml 

1.08 x 10e8 uCi/ml 

-13- 
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Using the CG for gOSr as a conservative guide, comparison with 3 x 10e7 

uCi/ml is made. Although infrequent positive samples of tritium and 

plutonium Were fOLXid, the evt;-.Z:L..,: irf ;.. ;-, 3 i (-1; 2 e & ,, by other groups and 

the type of analysis involved indicated that none was detected, Table 1 

lists the plutonium positives and Table 2 lists tritium measurements 

greater than 5 x 10m6 W/ml. A plot of the network weekly averages for 

tritium and plutonium is given. 

2. Potable Water 

As a check on any effect the water distribution system might have on 

end use activity, nine consumption points were sampled during the 

report period. Sampling locations are depicted in Figure 4, and data 

on gross beta activity are given in the plots of Appendix C and in Table 5. 

Outlying maximum values are suspected to be caused by cross-contamination 

suggested in Section E-l. Three extreme values were eliminated from the 

plots because a review of the data revealed no evidence to retain then? as 

valid. 

The average of the means for all locations were: 

1976 7.55 x 10eg $X/ml 

1975 8.89 x lOa uCi/ml 

1974 6.81 x 10-g uci/ml 

1973 6.52 x 10Wg uCi/ml 

1972' 5.64 x 10mg uCi/ml 

i97r 5.48 x lo-* uCi./ml 

Tne SFJIX CG coc:parigon marie in Sc?ef.on E-1. pertains. Although infrecluent 

-1 E- 



Figure 4. NTS Environmental SurveilJance Potable 
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positive samples of tritium and plutonium were found, the-evaluation of 

spot checks by other gro:.:~'r; nr.d the ty:lc of i:z,;:i>-:;is j.~v~p;.vzc! indicated 

that none was detected. Table 1 lists the plutonium positives and Table 

2 lists the tritium measurements greater than 5 x 10s6 l.KZi/ml. A plot 

of eke network weekly averages is given for tritium and plutonium. 

3. Natural Springs 

The term "natural springs" includes most of the spring-fed pools located 

within the NTS. Although human consumption is considered insignificant, 

wildlife have access to and do use the water. Seven &ch locations were 

sampled on a monthly has-ls (Figure 5). 

The means and ranges o?r ;:;ross 'beta activities for each station and on a 

monthly basis for al:! st;rtions are presented in the plots of Appendix D 

and in Table 5. The effects of the Ban&berry rest in FS-1971 are apparent, --1-w 

especially at the springs in Areas 12 and 15 which were exposed to fallout 

from part of the release cloud. Rowever, the average of the means are 

within the gOSr CG: 

1974 1.45 x 10W8 pCi/ml 

1973 1.17 x.10'* pCi/ml 

1972 3.15 x 10e8 $i./ml 

1971 1.69 x iOa7 ~Ci/ml 

-i7- 
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. It is anticipated that the near surface waters would be somewhat higher 

than supply wells due to leaching of surface contaminants into the spring 

sources and to the possibiiity oi ulzecl; runoff into the poois. like ies 

positive plutonium values are listed in Table 1 and Table 2 lists the . 

tritium measurements greater than 5 x 10s6 @X/ml. A plot of the network 

weekly averages is given for tritium and plutonium. 

4. Open Reservoir% 

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 (Figure 6). One water body, Papoose 

Lake, is more properly termed an intermittent desert lake, and is not 

used by man. This sampling location yielded the highest mean for gross 

beta activity, i.e., on the order of 10W7 uCi/ml over the reporting 

period. Papoose Lake is situated in an area that was repeatedly exposed 

to fallout from atmospheric tests; thus, elevated activity would be 

expected. Other reservoirs are fed by wells. The radioactivity at 

these locations would be higher than the supply source because of surface 

exposure to worldwide fallout ad to increases in total dissolved solids 

due to evaporation, The average of the means for gross beta activity 

were: 

1.97:‘; 2.01 x lo'* pCi/ml 

1975 1.?6 x 1O-8 ~Gi/ml 

1974 1.67 x lo-* pCi/ml 



Figure 6. NTS Environmental Surveillance Open Reservoirs Sampling Locatlor;s 

i I I 



Appendix E and Table 4 represent the data for gross beta concentrations 

in this network. The few positive plutonfurri values are listed in 

Table 1, and Table 2 lists the tritium values greater than 5 x 10m6 uCi/Kl. 

A plot of the network weekly averages for tritium and plutonium is given. 

5. Miscellaneous 

Twelve contaminated ponds and six final effluent ponds were also sawled 

on a regular basis (Figures 7 and 8). The contaminated ponds, which 

impound waters from tunnel test areas (plus a laboratory waste sump) are 

monitored to provide data to use in calculating any release to the offsite 

environment. These calculations are done in accordance with ERDA Manual 

0513 on an annual basis and are reported to ERDA Headquarters. 

The six final effluent ponds are closed systems which contain both sani- 

tary and radioactive waste for evaporative treatment. The data for the 

sites are of minor interest as the contact with the working population is 

minimal, but are shown in Appendix F. Appendix G, and Table 6. 

-21- 
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TABLE 1 

PLUTONIUM VALUES ABOVE DETECTION LIMIT FROM WATER SUPPLY DATA 

-rtZi:t?l* Typs! 

POTABLE WATER 
POTABLE WATER 
POTABLE WATER 
NATURAL SPRINGS 
NATURAL SPRINGS 
NATURAL SPRINGS 
NATURAL SPRINGS 
NATURAL SPRINGS 
NATURAL SPRINGS 
NATURAL SPRINGS 
NATURAL SPRINGS 
NATURAL SPRINGS 
OPEN RESERVOIRS 
OPEN RESERVOIRS 
OPEN RESERVOIRS 
OPEN RESERVOIRS 
OPEN RESERVOIRS 
OPEN RESERVOIRS 
OPEN RESERVOIRS 
OPEN RESERVOIRS 
OPEN RESERVOIRS 
OPEN FESERVOIRS 
OPEN RESERVOIRS 
SUPPLY WELLS 
SUPPLY WELLS 
SUPPLY WELLS 
SUPPLY WELLS 
SUPPLY WELLS 
SUPPLY WELLS 
SUPPLY WELLS 
SUPPLY WELLS 
SUPPLY WELLS 
SUPPLY &TELLS 
SUPPLY WELLS 
SLTPLY WELLS 

station 

Area 2 
Area 3 
Area 12 
Area 12 
Area 12 
Area 12 
Area 12 
Area 15 
Area 15 
Area 15 
Area 15 
Area 29 
Area 2 
Area 6 
Area.6 
Area 6 
Area 15 
Area I.5 
Area 19 

GROOM LAKE 
GROOM LAKE 
GROOM LAKE 
GROOM LAKE 

Area 3 
Area 5. 
Area 5 
Area 6 
Area 6 
Area 6 
Area 6 
Area 15 
Area 19 
Area 19 
Area 23 

GROOM LAKE 

MEN'S REST ROOM 
CAFETERIA 
CAFETERIA 
CAPTAIX JACK SPRING 
CAPTAIN JACK SPRING 
CAPTAIN JACK SPRING 
GOLD MEADOWS POND 
OAK BUTTE SPRING 
OAK BUTTE SPRING 
TUB SPRING. 
TUB SPRING 
TOPOP& SPRING 
WFiLL 2 RESERCTOIR 
WELL 3 RESERVOIR 
wEL.L 1 RESERVOIR 
WELL 1 RESERVOIR 
WELL UelSd RESERVOIR 
%LL Uel5d RESERVOIR 
WELL Uel9e RESERVOIR 
'WELL 4 RESERVOIR 
PAZ'OOSE RESERVOIR 
PAPOOSE RESERVOIR 
SWIX?l-ING RESERVOIR 
k",LL A 
WELL 5B 
WELL Ue5c 
WELL c 
WELL c 
TELL c 
WELL Cl 
WELL Uel5d 
WELL Uel9gs 
WELL Uel9gs 
ARMY WELL 81 

WELL 3 

Date 

03-02-71 
12-07-70 
03-02-71 
03-04-71 
12-12-72 
03-27-73 
03-13-72 
03-20-75 
06-26-75 
12-H-74 
06-20-75 
06-25-75 
12-29-70 
12-18-74 
03-16-71 
03-28-72 
12-29-70 
12-06-72 
12-13-73 
09-22-70 
12-09-70 
09-14-71 
03-24-72 
12-08-70 
06-06-76 
03-04-71 
02-10-71 
03-04-71 
09-26-73 
03-04-71 
09-08-70 
09-08-70 
03-19-75 
09-10-70 
12-20-74 

L: 0 1; r;i d-q- 
5.36 E-i1 
2.13 E-11 
6.52 E-11 
1.12 E-10 
6.36 E-11 
6.74 E-11 
3.18 E-11 
4.35 E-l.1 
9.85 E-09 
1.53 E-I.1 
6.90 E-Xl 
8.70 E-11 
1.78 E-:I0 
1.23 E-l1 
9.47 E-11 
2.55 E-li 
9.30 E-11 
7.22 E-11 
7.15 E-11 
3.13 E-10 
8.73 E-li 
4.25 E-09 
3.50 E-11 
2.22 E-11 
1.09 E-10 
4.49 E-11 
3.36 E-10 
1.12 E-10 
3.20 E-11 
i.24 E-10 
5*05 E-11 
3.59 E-11 
3.04 E-11 
6.32 E-11 
2.40 E-i1 
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TABLE 2 

‘fRI’JTI.lM VAJ.,lJES FROM WATER SDPPLY DATA 

Water Type 

Potable Water 
Potable Water 
Potable Xater 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
Potable Water 
P&table Water 
Potable Water 
.Potable Water 
Potable Water 
Natural Springs 
Natural Springs 
Natural Springs 
Natural Springs 
Open Reservoirs 
Open Reservoirs 
Open Reservoirs 
Open Reservoirs 
Open Reservocrs 
Open Reservoirs 
Open Reservoirs 
open Reservoirs 
Open Reservoirs 
Open Reservoirs 
Open Reservoirs 
Open Reservoirs 
Opsn Reservoirs 
Supply k'ells 
Supply Wells 
Supply Wells 
Supply Wells 
Supply Wells 
Supply Wells 
Supply Wells 
Supply Wells 
Supply Wells 

Area 2 Men's Rest Room 09-22-70 
Area 2 Men's Rest Room 03-24-75 
Area 3 Cafeteria 11-10-70 
Area 3 Cafeteria 01-11-71 
Area 12 Cafeteria 01-12-71 
Area 12 Cafeteria 03-02-72 
area 12 Cafeteria 03-24-75 
Area 18 Fire Station 12-07-70 
Area 23 Cafeteria 01-08-71 
Area 23 Cafeteria 02-12-71 
Area 27 Cafeteria 01-08-71 
Area 27 Cafeteria 03-25-75 

Groom La?x Cafeteria 11-10-70 
Groom Lake Cafeteria .Ql-19-71 
Groom Lake. Cafeteria 04-12-71 
Groom Lake Cafeteria ' 08-18-75 

Area Z';:. Captain .Ja.ck Spring 01-21-71 
Area 22 Gold NeZidOWS ?Olld 01-28-71 
Area 12 Gold Meadows I'ond 02-10-71 
Area I.2 Gold ?kadows ?ond 05-04-71 
Area 5 Well 517 Reservoir 04-21-71 
Area :. Yell SE hservo~r 07-13-73 
Area 5 Well UeSc Rer;ervcir 11-18-70 
Area 5 Well UeSc Reserz3i r 06-21-71 
Area IS Well Uef5d lo-'36-70 
Area 15 Vell UclSd %eservc-ir 01-fi-71 
Area 15 Well UelSd Reservoir 11-21-73 
Area 18 Caxp 17 Reservoir 12-02-70 
Area I8 Camp 17 Reservoir 09-08-75 
Area I9 Well Ue19gs Reservoir 07-14-70 
Area 19 Well Uel9gs 'Reservoir 01-23-71 
Area 3.9 Yell Uel9es REise,rvoir 02-26-71 
Area 23 Swiwhg FOCI. 04-21-71 
Area 7 ;.I'= 1 : A -A.& $i-15- jE 
Area 5 Wel.1 ue5c 01-15-71 
Area 6 Well 2 07-10-72 
Area 15 Well. Uel5rl 04-19-71 
Area 18 Well 8 03-04-71 
Area 18 Well 8 04-19-71 
Area 19 Well tJel9gs 09-14-71 
Area ,19 Well Uel9e ' 04-09-71 
Area 23 Army Well #l 08-07-70 

Station Date pCi/ml 

6.22 E-06 
6.23 E-06 
6.61 E-06 
5.34 E-06 
5.17 E-06 
5.37 E-06 
6.24 E-06 
6.29 E-06 
6.87 E-06 
5.94 E-06 
5.11 E-06 
5.34 E-06 
5.91 E-06 
5.83 E-06 
5.24 E-06 
9.46 E-06 
8.62 E-06 
9.06 E-06 
6.89 E-06 
1.09 E-05 
5.38 E-06 
5.42 E-06 
5.71 E-06 
4.73 E-05 
5.41 E-06 
6.01 E-06 
6.09 E-06 
7.99 E-06 
9.55 E-06. 
3.55 E-05 
5.1.9 E-06 
5.41 E-06 
5.45 E-06 
7.71 E-06 
6.00 E-06 
1.00 E-04 
5.05 E-06 
5.93 E-06 
5.54 E-06 
5.99 E-06 
5.76 E-06 
1.02 E-05 
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TABLE 5 

YEARLY (FY) AVERAGES OF WATER SUPPLY DATA FOR GROSS BETA 

(1 x 10eg $i/ml) 

Y’PI’LY !‘T.LS L-.- 
Area 2 Well 
Area 3 Well 
Area 5 Well 
Area 5 Well 
Area 5 Well 
Area 6 Well 
Area 6 We.11 
Area 15 Well 
Area 18 Well 
Area 19 Well 
Area 19 Well 
Area 19 Well 
Area 20 Well 
Area 23 Army 
Area 25 Well 
Area 25 Well 

GROOM LAKE Well 
GROOM LAKE Well 

2 
A 
5B 
5c 
Ue5c 
C 
Cl 
Uel5d 
8 
Uel9gs 
Uel9e 
u19c 
U20a 
Well #l 
512 
513 
3 
4 

POTABLE WATER 
Area 2 Men's Rest Room 
Area 3 Cafeteria 
Area 6 Cascade 
Area 6 Cafeteria 
Area 12 Cafeteria 
Area 18 Fire Station 
Area 23 Cafeteria 
Area 27 Cafeteria 

GROOM LAKE Cafeteria 

NATURAL SPRINGS 
Area 5 Cane Springs 
Area 12 White Rock Spring 
Area 12 Captain Jack Sprl?;g 
Area 12 Gold Meadoi;s Po~id 
Area 15 Oak Butte Spring 
Area 15 Tub Spring ( 
Area 29 Topopah Spring 

OPEN RESERVOIRS 
Area 2 Well 2 Reservoir 
Area 3 Well A Reservoir 
Area 5 Well 5b Reservoir 
Area 5 Well Ue5c Reservoir 
Area 6 Well 3 Reservoir 
Area 6 Well 1 Reservoir 
Area 15 Well Uel5d Reservoir 
Area 18 Camp 17 Reservoir 
Area 19 Well Uel9gs Reservoir 
-4rea 19 !.!ell C~A?? p\escr-,-rLr 
Arn:o; 10 \.:ell u2QTh ?.e _a c! TV.7 " " I' 
Area 23 Swimming Pool 

1971 ----. 
6.6 
9.9 
10.3 
7.3 
8.7 
16.6 
17.6 
26.2 
2.8 
7.7 
3.6 

14.9 
6.4 
4.1 
4.5 
7.0 

27.7 
w-w- 

5.5 
10.9 

6.9 
4.9 
10.9 
4.8 
5.0 
4.4 

24.5 
334. 
G5.8 
265. 
359. 
8.6 

3.4. 7 
16.9 
13.7 
7.8 

16.1 
17.1 
26.5 
7.5 
13.1 

7 : / .L 
I; I 4 

16.7 

1’372 ‘; <; 7’? 
-.z.L-.-. -LA,.. ‘..L. 

5.7 6.5 
8.8 9.9 

10.1 11.8 
7.1 8.4 
7.4 -e-- 

14.9 16.4 
14.0 18.3 
20.4 17.9 
6.7 2.7 
3.9 5.8 
2.2 2.6 
2.5 2.9 
6.7 5.6 
3.9 4.1 
3.8 4.7 
5.9 7.3 
24.4 24.9 
-w-e -Mm- 

: ;) . Cl I ** ..-::.: .--- 1975 ---- 
6.0 6.3 
8.7 9.7 
10.7 9.2 
8.7 7.4 

--we -w-s 

37.2 14.9 
13.5 15.8 
13.6 14.0 
2.6 4.7 
3.6 4.5 
1.7 2.3 
3.5 2.8 
7.0 5.7 
5,. 0 5.2 
5.0 4.4 
7.4 6.2 

,\ 23.2 19.9 
~, s-v- ---a 

1??6 -.- 
6.9 
9.7 
13.0 
7.7 

---- 

14.6 
15.9 
17.2 
5.4 
3.0 
2.2 
2.5 
6.4 

5.2 
7.3 

24.6 
4.0 

3.2 
8.0 
1.4 
13.2 
3.1 

--v- 

3.5 
3.7 
6 7 . -i 

3.7 
10.0 
1‘7 
1.3.3 
4.0 

"" - .^-.. 

6.3 
6.7 
6.5 

4.2 7.3 3.9 
8.8 11.9 9.1 
2.1 6.0 2.6 
14.6 12.8 15.3 
3.5. 7.3 3.8 

-e-e ---- -e-m 

7.8 7.1 9.0 
7.4 6.4 9.4 
6.4 12.3 7.3 

11.5 
66.5 
12.7 
57. 4 
q 7 . .L - 0 
8.6 
l'i.0 

8.9 10.7 9.1 
9.9 8.1 8.5 
9.5 9.8 20.0 
59.2 53.6 16.8 
12.5 11.1 22.1 
6.0 6.6 5.6 
12.6 10.2 17.6 

7.6 
14.5 
14.6 
37.1 
7.5 
67 
13:; 

6.2 i.3 7.0 7.7 8.6 
11.4 15.3 13.7 13.9 11.8 
10.9 11.6 13.0 15.2 15.2 
8.4 13.1 ---- -w-m -e-e 

16.3 18.9 42.5 17.5 17.4 
16.8 19.7 15.4 25.4 16.3 
17.0 18.9 14.1 14.1 17.6 
4.9 4.0 3.9 5.3 4.2 
13.8 5.3 16.7 6.2 3.7 
12.1 2.0 4 . 4 3. 3 3.: 
8.9 35. F! 6.0 6.3 5.3 
5.3 8.8 9.2 8,. 8 36.2 



TABLE 5 (continued) Page 2 

1971 1972 1973 1974 1975 1976 -_I_- -- 

OPEN RESERVOIRS (continued) 

GROOM LAKE Well 4 Reservoir 44.9 43.3 45.4 35.4 38.9 37.5 
GROOM LAKE Papoose Reservoir 371. 222. 302. 147. 105. 138. 
GROOM LAK?Z Swimming Reservoir 39.6 7.9 9.0 8.6 * 7.4 8.1 

Area 19 Well U19c Reservoir ---- ---- ---- B--B -- 3.6 
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APPENDIX A 

NTS Environmental Surveillance 

Air Sampling Locations and Plots 



/ , 

Several symbols are used in Appendix A to denote the data points. In the first 

values at that point in time, and the vertical line is the range. The notations 

(a) and (b) depict significant events that may perturb the data. The symbol 

(a) represents foreign atmospheric testing and (b) denotes the Baneberry test 

at NTS. 

The remaining plots of Appendix A show the gross beta data of each station. 

The data symbols for the plots are as follows: 

Plot f 

l-4 

5-9 

10-14 

15-19 

20-24 

Symbol 

X 

0 

x 

0 

* 

. . 

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. 



NTS ENVIRO~%ESTAL SURVEILLXKE AIR SUIPLING LOCATIO?;S 

Number 

1 Area 1 Gravel Pit 
2 Area 2 Compound 
3 Area 3 Cafeteria 
4 Area 5 Maintenance Complex 
5 Area 5 Well 5B 
6 Area 5 Gate 250 
7 Area 6 Yucca Complex 
8 Area 6 CP-2 'Complex 
9 Area 6 iJell 3 Complex 
10 Area 9 9-300 Bunker 
11 Area 10 Gate 700 
12 Area 11 Gate 293 
13 Area 12 Changehouse 
14 Area 16 Tunnel Maintenance 
15 Area 18 Cafeteria 
16 Area 19 Echo Peak 
17 Area 19 PM Substation 
18 Area 20 Dispensary 
19 Area 23 CETO 
20 Area 23 H&S Building 
21 Area 25 Warehouse 
22 Area 27 Dispensary 
23 Area 28 Project Henre 
24 East of Groom Lake Cafeteria 

Location 

-34- 

Map Code 
(Figure 2) 

IA 
2A 
3A 
5A 
5B 
SC 
6A 
6B 
6C 
9A 
10A 
1l.A 
12A 
16A 
18A 
19A 
19B 
20A 
23A 
23B 
25A 
27A 
28A 
OOA 
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APPENDIX B 

NTS Environmental Surveillance 

Supply Wells Locations and Plots 
-t. 



Several symbols are used in Appendix B to denote the data points. In the 

ii.r-SC two pages of plots, the supply weil network averages, a square repre- 

sents the geometric mean of all values at that point in time, and the 

vertical line is the range. 

The remaining plots of Appendix B show the gross beta data of each station. 

The data symbols for the plots are as follows: 

Plot # Symbol 

l-10 X 

11-18 0 

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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Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

Location 

Xrea 2 Well 2 
Area 3 Well A 
Area ' 5 Well 5B . 
Area 5 Well 5C 
Area 5 Well lJe5c 
Area 6 Well C 
Area 6 Well Cl 
Area 15 Well Uel5d 
Area 18 Well 8 
Area 19 Well Uel9gs 
Area 19 Well Uel9e 
Area 20 Well U20a 
Area 22 Army Well I:1 
Area 25 Well 512 
.Area 25 Well 513 
Groom Lake Well 3 
Groom Lake Well 4 
Arca 19 Well U19c 

Map Code 
Ffgure-3 

2A 
3A 
5k 
5B 
5c 
6A 
6B 
15A 
18A 
19A 
19B- 
20A 

.22A 
25A 
253 
OOA 
OOB 
19c 
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APPENDIX C 

NTS Environmental Surveillance 

Potable Water Locations and Plots 



‘in the first two pages of plots in Appendix C, the potable water netmr?. 

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 

SY~Ol,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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Number 

1 
2 
3 
4 
5 
6 
7 
8. 
9 

Location 

Area 2 Men's Rest Room 
Area 3 Cafeteria 
Area 6 Cascade 
Area 6 Cafeteria 
Area 12 Cafeteria 
Area 18 Fire Station 
Area 23 Cafeteria 
Area 27 Cafeteria 
Grow Lake Cafeteria 
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Map Code 
IFinure 4) 

2A 
3A 
6A 
6B 
12A 
18A 
23A 
27A 

OOA 
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APPENDIX D 

NTS Environmental Surveillance 

Natural Springs Locations and Plots, 



In the first two pages of plots in Appendix D, the natural springs network 

a;'era;;es , a square is *asEd 'i[> ppregpr;t tt;<> 2 - :‘ ;';.3 c r !. c iy y I,?. :.' f z ?- 1 7,: 3 1 !J, 2 s 

at that point in time, and the vertical line is the range. The notations 

(a) and (b) depict significant events that may perturb the data. The 

symbol (a) represents forei@ atmospheric testing and (b) denotes the 

Baneberry Test at the NTS. 

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 PLO%, a delta with a line to the bottom of the 

plot means below detection limit. 
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. 

Number 

NTS ENVIRONMENTAL SURVEILLANCE 
NATURAL SPR,INGS SAHPLING LOCATIONS 

Location 

Area 5 Cane Springs 
Area 12 White Rock Spring 
Area 12 Captain Jack Spring 
Area 12 Gold Meadows Pond 
Area 15 Oak Butte Spring 
Area 15 Tub Spring 
Area 29 Topopah Spring 

Map Code 
(Figure 5) 

5A 
12A 
12B 
12c 
15A 
15B 
29A 
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APPENDIX E 

NTS Environmental Surveillance 
**. 

Open Reservoirs Locations and Plots 

-33.- 



Several symbols are used in Appendix E to denote the data points. In the 

first two pages of plot:, the? qw:y ry???,lr ?e?\lork <~erages , a square 

represents the geometric mean of all values at that point in time, and the 

vertical line is the range. The notations (a) and (b) depict significant 

events that may perturb the data. The symbol (a) represents foreign atmospheric 

testing, and (b) denotes the Baneberry test at the NTS. 

The remaining plots of Appendix E show the gross beta data of each station. 

The data symbols for the plots are as follows: 
a 

Plot f Symbol 

l-10 x 

11-16 0 

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 reans below detection limit. 
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Number Location 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

. 11 
12 
13 
14 
15 
16 

Area 2 Well 2 Reservoir 2A ' 
Area 3 Well A Reservoir 3A 
Area 5 Well 5B Reservoir 5A 
Area 5 Well Ue5c Reservoir 5B 
Area 6 Well 3 Reservoir 6A 
Area 6 Well Cl Reservoir 6B 
Area 15 Well Uel5d Reservoir 15A 
Area 18 Camp 17 Reservoir 18A 
Area 19 Well Uel9gs Reservoir 19A 
Area 19 Well Uel9e Reservoir 19B 
Area 20 Well U20a Reservoir 20A 
Area 23 Swimming Pool 23A 
Groom Lake Well 4 Reservoir OOA 
Groom Lake Papoose Reservoir OOB 
Groom Lake Swimming -Reservoir ooc 
Area 19 Well U19c Reservoir 19c ' 

Map Code 
(Figure 6) 
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APPENDIX F 

NTS Environmental Surveillance 

Contaminated Ponds L,ocations and Plots 



fc the first twopages of plots in Appendix F, the contaminated pond n~s:,:,-:!,. 

averages, a square is used to represent 

at that point in time, and the vertical 

The remaining plots show the gross beta data of each station utilizing the 

the geometric mean of all values 

line is the range. 

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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Number 

1 Area 12 
2 Area 12 
3 Area 12 
4 Area 12 
5 Area 12 
6 Area 12 
7 Area l 2 
8 Area 12 
9 Area 12 
10 Area 12 
11 Area 12 
12 Area 12 

Location 

Haines Upper 
Haines #2 
Haines 113 

, 

Haines Lower 
Mint Upper 
Mint Mid 
Mint Lower 
N Upper 
N Mid 
N Lower 
G Tunnel 
H&S Sump ' 

Map Code 
(Figure 7) 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 

;. K 
23A 
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APPENDIX G 

NTS Environmental Surveillance 

Effluent Ponds Locations and Plots 
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In the first two pages of p!nt~ in AppendJx Ga !--?r eff3 t!@T,.‘: 7 :1&s ?.c--tb:,rf 

averages, a square is used to represent the geometric mean of all values 

c at that point in ti-me, 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. 



Number 

NTS ENVIRONMENTAL SURVEILLANCE 
EFFLUCNT PO'"%S SAXPLING LOCATIONS 

Location 

Area 6 Yucca Pond 
Area 6 CP-2 Waste 
Area 6 Final Effluent Pond 
Area 12 Final Effluent Pond 
Area 23 Final Effluent Pond 
Groom Lake Final Effluent Pond 

Map Code 
(Figure 8) 

6A 
6B 
6C 
12A 
23A 
OOA 
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