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ABSTRACT

This report documents the environmental surveillance program at the Nevada
Test Site as conducted by the Department of Energy (DOE) onsite radiological
safety contractor from January 1986 through December 1986. It presents
results and evaluations of radioactivity measurements in air and water, and of
direct gamma radiation exposure rates. Moreover, it establishes relevant
corre]ations'between the data recorded and DOE concentration guides (CG's).

This report was formerly titled Environmental Surveillance Report for the

Nevada Test Site.

The monitoring results for CY-1986 reveal that external gamma exposure levels
and radioactivity in air and water on the Nevada Test Site were low compared
to DOE guidelines.

The highest average gross beta concentration in air was 0.005 percent of the
DOE concentration guide (CG). This concentration is close to normal
background for the Nevada Test Site. The highest average Pu-239 concentration
wés 7.7 percent of the standard. The highest average tritium concentration
was 0.39 percent of the standard. Kr-85 concentrations increased slightly
from CY-1985 to CY-1986. Xe-133 remained nondetectable with some exceptions.

The highest average gross beta concentration in potable water remained within
the applicable standard for drinking water. These gross beta measurements
demonstrated that no release or movement of radionuclides occurred in the NTS
water system in CY-1986.

The highest average Pu-239 concentration from contaminated waters was 0.0005
percent of the concentration guide. The highest average tritium concentration
in noncontaminated water was six percent of the level for drinking water
required by the National Interim Primary Drinking Water Regulation. The
amounts of tritium-bearing effluent released to contaminated waste ponds was
calculated and reported to DOE Headquarters.

ii



Gamma radiation measurements were roughly the same in CY-1986 relative to the
previous year,

A1l surveillance results from the Radioactive Waste Management Site (RWMS)
indicate that no detectable releases of radioactive materials occurred in that

network in 1986.
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A. INTRODUCTION

This report documents}the monitoring of radioactivity on the Nevada Test Site
as performed by Reynolds Electrical and Engineering Co., Inc. (REECo) during
the calendar year of 1986. As part of its contract, DE-AC08-84NV10327, REECo
is responsible for providing radio]ogica]isafety services within the confines
of the test site., For a number of years, the Effluent and Onsite Area
Monitoring Program has been part of a Department of Energy (DOE) program
designed to control, minimize, and document exposures to the NTS working

population.

The NTS, since 1951, has been the primary location for testing the nation's
nuclear devices. The NTS covers an area of 3,711 square kilometers, with
terrain and c]imaté conditions typical of the high southwest desert region and
mountainous areas (Figure 1). Temperatures vary from -20°C to 50°C. The area
is subject to high winds, dust-laden atmosphere, and lTow humidity.A'E1evations

range from dry lake beds to rugged mountains as high as 2,300 meters.

The monitoring program examines the environment for radioactivity. This study
supports documentation of the radiation exposure of NTS workers; that is, it
backs up the personnel dosimetry system. The monitoring program'provides data
concerning onsite releases and acts as a monitoring locale for the detection
of worldwide fallout in Nevada from foreign sources. The program follows the
standards presented in "A Guide For Environmenta1 Radiological Surveillance at
U.S. Department of Energy Installations," DOE/EP-0023 (Reference 2). These

standards dictate the following objectives for the protection of the public:

-1-



FIGURE 1




'1. Evaluate the containment of radioactivity onsite.

2. Detect rapid changes in radioactivity and evaluate long-term trends.

3. Assess doses-to-man. from radioactive releases as a result of DOE
operations}

4. Discover unknown pathways of exposure by collecting data bearing on
the moVement of contaminants released to the environment,.

5. Maintain a data base.

6. Detect and evaluate radioactivity from offsite sources.

7. Demonstrate compliance with applicable vregulations and legal

requirements concerning releases to the environment.

The Effluent and Onsite Area Monitoring Program achieves thése objectives |
through’a comprehensive program which samb]es radioactivity in air and water,
in addition to measuring external gamma levels. Air and potébie water samples
are collected at specific areas where personnel spend significant amounts of
time. Additional air sampling stations are 1océted at sites throughout the
NTS in support of the testing program and the Radiofogica] Waste Management
Program. Water samples are taken at supply wells, open reservoirs, natural
springs, contaminated ponds, and sewage ponds to evaluate the possibility of
any movement of radioactive contaminants into the NTS water system. The rate
of sampling for each of these surveillance nétworks is determined by the
potential for human exposure; for example, weekly water samples are taken at
each cafeteria. Thermoluminescent dosimeters (TLD's) measure the ambient NTS
externa1 gamma levels and are collected quarfer]y. The "Summary of the

Environmental Plan" is shown in Table 1.



TABLE 1

SUMMARY OF ENVIRONMENTAL PROGRAM

Number
Sample Collection of
Type Description Frequency Samples Analysis
Air Continuous sampl ing Week!y 47 Gamma spe;frcscopy,
through Whatman GF/A gross beta, plutonium
glass filter and a (monthly composite)
charcoal cartridge
Low=volume sampl ing Biweekly 17 HTO (tritium)
through silica gel
Continuous low Weekly 7 85Kr and ?33Xe
volume sampl ing
Potable {-liter grab sample Weekly 8 Gamma spectroscopy,
Water gross beta, tritium,
plutonium (quarterly)
Supply 1=-liter grab sample Monthly 15 Gamma spectroscopy,
Wells gross beta, tritium,
plutonium (quarteriy)
Open i=-titer grab sample  Monthly 17% Gamma spectroscopy,
Reservoirs gross beta, tritium,
plutonium (quarterly)
Natural t=liter grab sample Monthly 9% Gamma spectroscopy,
Springs gross beta, tritium,
plutonium (quarterly)
Contaminated 1-|iter grab. sample Monthly 8* Gamma spectroscopy,
Ponds - gross beta, tritium,
plutonium (quarterly)
Effluent 3-1liter grab sampie Quarteriy 6 Gamma spectroscopy,
Ponds gross beta, plutonium
(quarterly)
External CaFy:Dy Quarterly 159 Total integrated
Gamma Thermoluminescent exposure over field
Radiation Dosimeters cycle
Levels

* All of these locations were not sampled due

water,

-4

to inaccessibility or lack of
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Except for removal of a station, inaccessibility of the location, loss of
data, or absence of water, sampling was continuous during this reporting
period. A review of all analytical results from this sampling program
relative to the DOE applicable standards was performed daily to insure that
potential problems were noted in a timély fashion., Table 2 lists the
applicable standards for the NTS used in the evaluations of the results of

this program (References 3, 22 and 29).

Laboratory operations emp]oyed several analysis ‘procedures to evaluate
samples. These procedures included gross beta analysis, gamma spectroscopy,
noble gas sampling, plutonium analysis, tritium analysis and thermoluminescent
dosimeter analysis. The gross beta analysis was the most informative of the
test site samples. This analysis allowed for rapid determinations of trends
in gross radioactivity, and because of counting system characteristics, had a
1ow detection 1imitt This meant that positive measuréments were obtained down

to the lowest limits of ambient radioactivity.

The remaining analyses demonstrated their worth in several instances. Gamma
spectroscopy and noble gas sampling, for example, indicated whether
radioactivity increases in air were caused by the Nevada Test Site or other
offsite sources. Plutonium analysis measured small amounts of Pu-239 in the
air near safety shot areas. Tritium ana]yéis checked principally the water in
the ponds below the Area 12 tunnels. TLD analyéis of direct gamma radiation
onsite showed: (1) elevated exposure rates at the coordinates of the NTS
atmospheric tests; and (2) consistent exposure rates at all radiation levels
when the TLD's were used over a three month period. All laboratory analyses
procedures appropriate to the environmental surveillance program are shown in

Table 3.



TABLE 2

APPLICABLE STANDARDS FOR THE NTS

DCG for Alr* CG for Major NTS Waters+ MCL for Drinking Wateres

Nucl tde uCi/ml) LCl/ml) *3 (uCl/ml)
2y 1% 1077 1x 10" 2% 107
78e ax10°® 5 X 1072 6x10°
600 g x 10" 1x 107 1x 107
8r 3x10° —— —————
e 2x107° 3x 1074 8 x 1078
90, 5x 10 1x 107 8 X107
o 6x 100 2% 107 2x 107
131, ax 10 '° 3% 107 3 X 19'9
1328 2x 107 - 9x 10 9 x 1078
1330 5x 10”7 ———— R
376s ax 1010 ax 10t C2x 107
140g, 3X 100 8 x 10 9 x 1078
152¢, sx 10" 2 X107 2x 107
238y, 3x 104 1 x 107 5% 107°
2%, 2x 101 1x 107¢ 5x10°°
gross Bessx | x 1970 1x 107 1.5 X 1078

*Thls column contalns the derived concentratlion guldes for the predom!nant
nuclldes detected at the NTS, as )listed In DOE Order 5480.XX, Attachment
1. When more than one class Jevel existed, the lowest value was used,

+These concentrations are appllicable to the dlscharge of liquld effluents
to sanltary sewage systems.

**Thls column contalns the concentratlon guldes for the predominant nuc)ides
detected at the NTS, as Ilsted In DOE Order 5480,1A, Chapter X), Table 1.

¥%Drinklng water concentration guldes are as requlred by the Natlonal
Interim Primary Drinking water Regulations,

**%%Concentratlion guldes for gross B are derlved according to DOE ORDER
5480,1A, attachment Xi-1,3, page 14,



TABLE 3

LABORATORY ANALYTICAL PROCEDURES

seconds,

7=

Counting
Type of Type of Anatyticai Period Sampie
Analysis Sample Equipment (Min,) Analytical Procedures Size Detection Limi+
Gross Beta Atlr Gas-flow 20 Place filter on a 12,7 em 109 cc 2 X 10-]6 uCi/ecc
Proportional stainless steel planchet,
Counter
Water Gas-flow 100 Evaporate, transfer residue to 2 1000 ml 1x107° HCI/mil
Proportionat 12,7 cm stainless steel planchet,
Counter
Gamma Afr Germanium 20 " Same as for gross beta, 1(39 ce 5 ) m"s uct/ee
Spectroscopy (particulate) Semiconductor
Alr Germanlum 20 Place charcoal cartridge in 10” ce 5 ‘o-i:" HCi/ce
{gaseous) Semiconductor piastic bag,
water German fum 20 Allquot sample into Neigene 500 mi 1 x 1078 uci/mt
Coamlannditadar e | o
Semiconductor bottie,
Krypton-85 Alr Liquid 200 Cryogenic-gas chromatographic 3 X 105 ce 4 19'12 UcCi/ec
Scintiflation techniques used to collect
Counter krypton into 1iquid scintillation
solution,
P Y WP S B ¢ At PYT R - -, aal . e s PR L ow on9 Cu .a=17 PR
rluTontum=239% Air diitcon 222 FiiTer IS ashed and.put In L3 U c¢cc 1 10 . uCi/ecc
Semiconductor solution, Pu is purified by
: anlon exchange resin column,
then eiectrodeposited on a
stalnless steel disc,
-1
Water Silicon 1000 Pu 1s concentrated with Fe(OH)K 1000 mi 4 X 10 ! uCi/mi
Semiconductor and purified with anion resin ~
column, Electrodeposited on a
stalinisss stes! disc,
Tritium Alr Liquid 100 Distill the H O and alliauot Smt 6 X 106 ec 3 X 10-‘3 ucCi/ee
Scintillation into a sclnﬂ?laﬂon solution,
Counter '
Water Liquid 100 Distill 20 ml of sample and 4 ml 4 10-7 uci/mi
Scintiiiation aiiquot 4 mi info & scintiiia-
Counter tion solution,
Xenon~=133 Alr Liquid 200 . Cryogenic-gas chromatographic 3IX 105 cc 10 X 10-12 uCi/ec
Scintiliation techniques used to col lect xenon
Counter fnto tiquid scintiliation
solution,
Direct Gamma TLD Harshaw 2000 Post-anneal at 115°C for 15 10 mR/quarter
Radiation : TLD Reader minutes, Readout to 270° for 25



B. SUMMARY OF RESULTS

The results obtained from the Effluent and Onsite Area Monitoring Program for
the reporting period of CY-1986 show that the radiocactivity in air and water,
and exterha] gamma exposure levels in the NTS environments were low compared

to DOE guidelines.

Radioactivity in Air

The highest CY-1986 average gross beta concentration in air was 5.4 X 10-14

uCi/cc at one of the forty-seven stations, excluding samples collected at Gate
"200 and the Area 5 communications tower which were analyzed by a different
procedure (see Section D). This average represents 0.005 percent of the
applicable derived concentration guide of 1 X 10'9 wCi/cc as listed in Table

-14 Ci/cc with

2. The site average for the forty-seven stations was 5.0 X 10
one standard deviation being 20.1 percent. This gross beta concentration is

considered to be normal background for the Nevada Test Site.

An inspection of the air sampling network results revealed an increase in the
gross beta concentrations beginning late April and continuing through May.

These elevated levels began decreasing in June and eventually reached typical

-14

NTS levels (= 3 x 10 uCi/cc) later in the year. There were two unrelated

events which contributed to this increase: the Chernobyl reactor accident in

the Soviet Union and the T Tunnel planned ventilation following the event
MIGHTY OAK. Along with the elevated gross beta levels were the detection of
various gamma emitting radionuclides at concentrations close to detection

Timits.,



Pu-239 concentrations in air were primarily on the order of 10-17 uCi/cc as
compared with the derived concentration guide of 2 X 10"14 uCi/ml [DOE Order
5480.xx, Chapter XI, Attachment 1, Table 1] (Reference 29). The highest aver-
age Pu-239 concentration occurred in Area 3 at U3ax/bl South. This Pu-239

concentration of <1.5 X 10'15

uCi/cc represents 7.7 percent of the derived
concentration gquide. The majority of NTS air sampling stations measured
plutonium concentrations similar to those found in the base camp (Mercury),

and all were negligible in terms of exposure to NTS personnel.

The highest average tritium concentration in air occurred at the Area 23

-10

Building 650 roof. This concentration, <3.9 X 107" uCi/cc, represents 0.39

percent of the derived concentration guide.

The average concentration of Kr-85 for CY-1986 was 35 X 10'12

uCi/cc, which
was slightly higher than the (CY-1985 average of 53 x 1012 uCi/cc. This
increase in Kr-85 concentration in ambient air was expected since nuclear
technologies, predominantly nuclear power generation, continde to generate and

release small quantities of Kr-85 (Reference 25).

Xe-133 concentrations continued to be nondetectable except for instances

related to specific events,

A survey of radon 222 and radon 222 daughter concentrations was conducted in
the selected tunnels on Rainier Mesa at the Nevada Test Site during June 1984
(Referencé 28). This study, conducted by D. N._Fauver, used the Rolle and
Kusnetz methods as well as integrating monitoring instruments such as the

"Passive Environmental Radon Monitor" or PERM. The purpose of the study was



to quantitate radon daughter concentration levels inside the chosen tunnels.
The radon daughter concentrations were reported in units of working levels

(0.01 WL is equal to 3% of the EPA standard applicable to radiation workers),

The Fauver study took measurements in three tunnels, N, T, and G. Results of
preliminary measurements indicated that N and T Tunnels had low radon daughter
concentrations (RDC), thaf is, 0.01 WL with normal ventilation conditions. It
was demonstrated, however, that RDCs can rise to relatively high levels, for _
example, 0.24 WL when ventilation rates are significantly lowered. The radon
daughter concentrations measured in G Tunnel were an order of magnitude higher
than those found in N and T Tunnels. The average RDC in' the rock mechanics
drift (the "worst-case" location in G Tunnel) was 0.13 WL with a range from
0.07 WL to 0.23 WL. Elevated RDCs found in the rock mechanics drift of G

Tunnel seemed to be attributable fo a lower ventilation rate in conjunction

‘with the more highly fractured nature of the "welded tuff" rock formation in

which the incline drift was mined. By increasing the ventilation rate, a 60%
reduction in RDCs from an average of 0.13 WL to an average of 0.05 WL was

achieved.

- Radioactivity in Water

Measurements of radioactivity in the principal NTS water system showed that no
release or movement of radionuclides occurred during the reporting period.
One supply well sample was added in March 1986, at Weli UE15D. The highest
average gross beta concentration in potable waters and supply wells was 9.5 X
107° uCi/ml from the A-3 Cafeteria and 16.6 x 10"9 uCi/ml from Area 15 Well

UE15D. Water from several of the open reservoirs showed gross beta activities

-10-
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believed to be associated with the occasional influx of radionuclides from
surface contamination in the surrounding areas. There was no human consump-

tion of this water, and the activity was still within the applicable

standards.
The highest average Pu-239 concentration from contaminated waters was <4.6 X
10'10 uCi/ml at 7 Tunnel Pond 1. This value represents 0.0005 percent of the

...... o e 2o

concentration guide

This error factor could be due to
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statistical fluctuations of the counting system.

The highest average concentration of tritium in noncontaminated water occurred

at Well J-12 Reservoir, This concentration of <1.2 X 1076 uCi/ml represents 6

percent of the limit allowed by drinking water standards.

Measurable amounts of tritium were present in the contaminated waste ponds.
The amounts of effluent released to the environment for the year were calcu-
lated and reported to DOE Headquarters in accordance with DOE Order 5484.1,

Chapter 1IV.

TLD meaéurements of the NTS gamma radiation rates at the 159 locations showed
some variation during CY-1986. A nine station control network displayed lower
results than previous years. | The remaining 150 stations recorded changes
related to known effects. The maximum dose rate of 1610 mrem/y occurred at .

-11-



the Stake 2n-8 station but the majority of NTS locations measured in the range
of approximately 100-160 mrem/y. Stake 2n-8 station was surrounded by four

imil LD stations on NTS

above-ground event sites. Similarliy, a portion of the 159

e am e P iy L omevom Mo B2 el e Avnmm memd Mombhacst made am Mawmd o |, PN

were aiv Or nedr Known KaQidilion Areas> ana LvuonLamination vurnuivol Areds,

Tha mavimiim Aneca +2a anm sndtudAdiial wAanbina at+ +ha NTC wae ralraitladad Fan MV
e HAA 1HIUINT UUOC vy an tuiIviuual wuUi l\llls oL LI NIia wWdo waiwuiauLcu 11Ul vi=
109K A hiahly rancarvativa ‘annraac wae takoan +n dotoarmine thaca dncac Tha
LIV e mn |||3'|| WUIIOTT YUL I VO uv”l Vil wUuJ YUNLT YV UL evwLrIIC wilCoC NVIT I e 181
arocatect avoaraage. concantrationg fro the individual analveee are ucod ¢n
greatest average. concentratiions itrom the naividua analyses were usea to
determine dose. This means that the highest concentration of Pu-239 in air at
Area 3 U3ax/bl South and the highest tritium in air concentration at Area 23

'bui1d1ng 650, along with the other analyses presented were used to determine

dose to an individual working at the NTS.

In effect, this system. assumes that an individual stands and breathes at

various locations simultaneously during the entire work year.

The maximum calculated dose to the total body, bone, and lung was 1.0 mrem, 34

mrem, and 2.0 mrem respectively.

-12-

&




B T S A T TSP

&%
&5

C.

SAMPLING AND ANALYSIS

1.

Air Monitoring

Air sampling units were located ét 47 stations on the NTS to measure
the radionuclides in the form of particulates gnd ha1ogens. A1l
p]aceménts were chosen primarily to provide monitoring of radio-
activity at sites with high population density. Geographical
coverage, access, and availability of commercial power were also

considered.

The sampling units consist of a positive displacement pump drawing air
at approximately 100 liters per minute through a 9-centimeter diameter
Whatman GF/A filter for particulates, followed by a charcoal cartridge
fér radioiodines mounted on a plastic sample holder. A dry-gas meter
was utilized to measure the volume of air displaced over the sampling
period (typiéa]]y seven days). The total volume sampled was approx-

imately 1000 cubic meters.

The samples were held for about seven days prior to analysis to allow
naturally-occurring radon and its daughter products to decay. Gross

beta counting was performed with a gas flow proportional counter for

20 minutes., The lower 1limit of detection for typical parameters

involved was 2 X 10716 uCi/cc. Gamma spectroscopy was accomplished
using germanium detectors with an input to 2000 channels, calibrated
at 1 kiloelectronvolt (keV) per channel from 0 to 2 megaelectronvolt

(MeV).

-13-



The weekly air samples for a given saﬁp]ing station were batched on a
monthly basis and radiochemically analyzed for Pu-239. The procedure
incorporated an acid dissofution and an ion exchange recovery on a
resin bed. Plutonium was deposited by plating on a stainless steel
disc. The chemical yield of the plutonium was determined with an
internal Pu-236 tracer. Alpha spectroscopy was performed utilizing a
solid state silicon surface barrier detector. The lower limit of

17 ci/ce.

detection for the parameters involved was 1 X 10
A separate sampler was designed for the collection of airborne
tritiated water Qapor (HTO) (Reference 4). The portable sampler was
capable of unattended operation for up to two weeks in desert areas. A
small electronic pump drew air into the apparatus at approxiﬁateTy 0.5
liters per minute, and the Tritium (HTO) was removed from the air
stream by fwo silica gel drying columns, Appropriate aliquots of
condensed moisture were obtained by heating the silica gel. Liquid
scintillation counting determined the HTO activity. A lower limit of

detection for this analysis was 3 X 10'13‘uCi/cc.

Noble gas sampling units are housed in a metal tool box. Three metal
air bottles are attached to the sampling units with short hoses. A
vacuum is maintained on the first bottle which causes a steady flow of
air to be collected in the other two botties. The flow rate is
approximately 0.5 cubic centimeters per minute. The two collection
bottles are exchanged weekly which yield a sample volume of about 3 X

5

" 10° cubic centimeters.

-14-



The noble gases are separated and collected frdm the atmosbheric
sample by a series of cfyogenic-gas chromatographic techniques. Water
and carbon dioxide are femoved at room temperature and the krypton and
xenon are collected on charcoal at 1liquid nitrogen temperatures,
These gases are transferred to a molecular sieve where they are

separated from any remaining gases and each other. The krypton and

xenon are transferred to separate scintillation vials and counted on a

liquid scintitlation counter. The Tower limits of detection for

-12 0-12

krypton and xenon are 4 X 10 and 10 X 1 uCi/cc.

Water Monitoring

Water samples were collected at various frequencies from selected
potable water consumption points, supply wells, natural springs, open
reservoirs, final effluent ponds, and contaminated ponds. The

frequency of collection was determined on the basis of a preliminary

- radiological pathways analysis. Potable water was collected weekly;

supply wells, monthly. Samples were collected in 1-liter glass
containers. All samples were analyzed for gross beta, tritium, and
gamma emitting isotopes. Plutonium analyses were performed on a

quarterly basis.

A 500-ml aliquot was taken from the water sample and counted in a
Nalgene bottle for gamma activity with a germanium detector. A 5-ml
aliquot was wused for tritium analysis - via 1liquid scintillation
counting. The remainder of the original sample was evaporated to

15-ml, transferred to a stainless steel counting planchet, and evapo-

-15-



rated to dryness after the addition of a wetting agent. Beta counting

was accompiished as described in section 1 ("Air Monitoring“) except

that the water samplies were counted for 100 minutes. Lower iimits of

. . L. 4 e N R — -A-8 Ps el e 19\ S mctdaiimm
detection were: (1) gamma spectroscopy, =i X 10~ uCi/mi; (2) tritium,
n v 1n‘7 [ YR 1 e d fAN L v 1n-9 [V YR |
J A1V HLT/mE; ana {(5) 4gross beid, 1 A 11U BLi/mi .
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Gamma Monitoring (TLD)

TLD's were located at 159 stations on the NTS to measure the external
gamma radiation from the environment. These locations were chosen to:
(1) 'provide a low-level control network; (2) measure the residual
activity from the atmospheric testing program; and (3) document the
radiological conditions at the Radioactive Waste  Management Site

(RWMS),

The dosimeters used were CaFZ:Dy‘(TLD-ZOO Calcium Fluoride doped with
Dysprosion) 0.6 cm X 0.6 cm x 0.09 cm chips from Harshaw Chemical
Company. Two badges consisting of two chips each, shielded by a 0.12
cm cadmium shield (1030 mg/cmz) inside a 0.13 cm plastic (140 mg/cmz)
holder were placed about one meter above the ground at each location.

The dosimeters detected gamma radiation above an energy cutoff of

=16~
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approximately 90 keV. The known systematic‘errors of the dosimeter in
this application were the minimized detection of lower energy photons
and fade of the phosphor's stored energy with time. Previous research
has indicated that only about 5-10% of the total exposure from natural

background was from gamma emitters below 150 keV (cf. ref. 5).

Fade in TLD-200 can be high when used in elevated temperatures such as
those encountered at certain NTS locations. This loss of the phos-
phor's stored energy was minimized both physically and analytically by
the REECo dosimetry group. Before readout, the chips were annealed at

115° C for 15 minutes to reduce the high-fade, low temperature traps.

Data Treatment

Each set of data obtained from this program underwent a thorough

inspection for accuracy. Not only was the data analyzed automatically

by computer, it was also verified by REECo Environmental Sciences
Department (ESD) perSonne] prior to acceptance. If éerious
differences from the expected value were found, a review of the field
handling, sample preparation, and processing was done, On the occas-
ions when the problem could not be resolved by an environmental

analyst, a recount or second sample was secured whenever possible.

A1l data were inspected on a daily basis and listed in tabular form.

This treatment facilitated the data review process and revealed trends

-17-



or periodicity. Each station's data were plotted against a logaré
jthmic axis because of the possible magnitudes of variation in envir-
onmental data. The averaging plots in each section show arithmetic
means and the range of data at each point. Arithmetic mean values,
although severely affected by outliers (suspicious data), were

compared to the concentration guides and listed in all tables.

-18-
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D. RADIGACTIVITY IN AIR

Ambient air monitoring was performed at the 47 locations (Figures 2 and 3).
Samples collected at Gate 200 and the Area 5 communications tower were counted
for gross beta without allowing seven days for the decay of natural

radioactivity, as were the other air samples. Although the results from these

~samples were higher and more variable due to the natural radioactivity, they

served as rapid indicators of unusual events, such as fallout from foreign

sources,

The computer p]otted displays of the gross beta and Pu-239 activities for the
entire air surveillance network are presented in Appendix A. In the first
plot, weekly values were arithmetically averaged 7to show a smoothed
presentation of the changes in "airborne radioactivity over the surveillance

period. The data ranges were included for each of these points. The

remaining plots in Appendix A depict the actual measurements at each station.

Gross Beta

The network average for the whole year for gross beta activity, excluding Gate

-14 or 0.005 percent of

200 and the Area 5 communications tower, was 4.8 x 10
the derived concentration guide of 1 x 10'9 uCi/cc (DOE Order 5480.18, Chapter
XI). Figure 2 summarizes the 1986 gross beta averages by location. Table 4

1ists these yearly averages along with half-year averages.
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FIGURE 2

'NTS ENVIRONMENTAL SURVEILLANCE
AIR SAMPLING STATIONS
.; ( GROSS BETA YEARLY AVERAGES XIO-MpCi/cc)

% f
4.9 ——_.3/ 4 :4.5
f I T X e
23 T 3 2lg ! a
LATHROP WELLS : 4.3 ‘Tg: -~
NN
=20~

>



N

TABLE 4

AVERAGES OF AIR SURVEILLANCE DATA FOR GROSS BETA

x 107" ucisee
Station 01/01/86~06/30/86 07/01/86-12/31/86 01/01/86-~12/31/86
Area 1 BJY 7.6 2,2 4.9
Area 1 Gravel Pit 7.0 1.5 4,2
Area 2 Hydraulic Lift ,

Yard 7.7 1.9 4,9
Area 2 Compound 8,1 © 2.5 5.4
Area 3 Compound 7.3 1.8 4,7
Area 3 Compiex No, 2 6.3 2,0 4,3
Area 3 3-300 Bunker 8.5 1.9 ' 5.3
Area 3 U3ax South 7.2 1.7 4,6
Area 3 U3ax East 7.5 1.9 4.9
Area 3 U}ax North 7.7 1.7 ) 4,7
Area 3 U3ax West 7.9 2.0 4.9
Area 5 DOD Yard 72 1.8 4.7
Area 5 Gate 200 14,1 3.6 9.1*
Area 5 RWMS No, 1 7.2 3.4 5.4
Area 5 RWMS No, 2 7.0 1.8 4.5

" Area 5 RWMS No, 3 7.0 1.8 4,5
Area 5 RWMS No, 4 7.0 2,0 4,6
Area 5 RWMS No, 5 7.9 2,0 5.1
Area 5 RWMS No, 6 6.6 2.1 4.4
Area 5 RWMS No, 7 6.5 1.9 . 4.3
Area 5 RWMS No, 8 7.8 2,1 5.0
Area 5 RWMS No. 9 8.5 1.9 5.2
Area 5 Well 5B 7.2 1.8 4,6
Area 5 Communications

Tower+ 11.3 2.1 9,6%

*Samples collected at these locations are not held for decay of natural radon
daughters, in order to obtain an immediate indicator,

.+These stations were discontinued during CY-1986,
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TABLE 4 (Continued)

x 10~ ucizee)
Station 01/01/86-06/30/86 07/01/86-12/31/86 01/01/86-12/31/86

Area 6 CP Complex 8.4 1.7 4.8
Area 6 Well 3 Complex . 7.8 1.7 4.8
Area 6 Yucca Complex _ 6,5 1.8 4,2
Ares 7 UE7ns 7.4 1.7 4,7
Area 9 9-300 Bunker 8.8 1.8 5.2
Area 9 9-300 Bunker . .

No, 2+ 7.7 1.7 5.0
Area 11 Gate 293 7.5 1.9 4.8
Ares 12 Compound 7.4 ' 2,1 4.9
Area 15 EPA Farm 7.9 1.7 4.9
Area 15 Gate 700 South 8.1 1.8 ' 5.0
Ares 15 Plledriver 7.9 1.8 4.9
Area 16 Substation 5.5 1.6 3.6
Area 19 Echo Peak 9,7 o 1.3 5.3
Area 19 Substation 7.7 1.5 4.7 .
Area 20 Dispensary 7.7 1.9 4.8
Area 23 Bldg, 790 6.6 T 1.9 , 4.3
Ares 23 Blidg. 790

No, 2 7.6 1.7 4.8
Ares 23 H and S Roof 8.0 : 1.9 5.1
Ares 25 E-MAD South 7.9 ' 1.5 4.8
Ares 25 E-MAD North 7.4 1.6 4,5
Ares 25 NRDS Warehouse 8.0 1.7 4.8
Ares 25 Henre Site+ 7.5 1.5 5.0
Ares 27 Cateteria 7.6 1.8 4,8

+These stations were discontinued during CY-1986,
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Plutonium 239 (Pu-239)

A11 stations averaged below 10'14 uCi/cc of Pu-239 for CY-1986, with the

majority being on the order of 10”17 uCi/cc. The maximum average concen-

tration was found at U3ax/bl South. The average concentration at this

-17 uCi/cc, or 7.7 percent of the derived concentration

location was <153 X 10
guides (DCG) for members of the public. Table 5 1lists the Pu-239
concentrations for the year. Figure 3 shows the Pu-239 yearly results at

their respective locations.

The presence of this radionuclide is primarily due to. tests conducted before

1960 in which nuclear devices were detonated with high explosives (safety

shots). These tests spread'low-fired plutonium throughout the eastern and

northeastern areas of the NTS. Two decades later, increased plutonium concen-

trations in the air are still detected in Areas 1, 2, 3, 7, 8, 9, 10, and 15.
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FIGURE 3

NTS ENVIRONMENTAL SURVEILLANCE
AIR SAMPLING STATIONS _
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TABLE 5

AVERAGES OF AIR SURVEILLANCE DATA FOR PLUTONIUM

x 107 uciszee)

Station 01/01/86-06/30/86 07/01/86-12/31/86 01/01/86~-12/31/86

Arez 1 BJY <50 <6.1 <28
Area 1 Gravel Pit <1.3 <2,0 <1.6
Area 2 Hydraulic Lift

Yard <3.5 <2.4 <2,9
Area 2 Compound <2.0 <4.7 ' <3.3
Area 3 Compound <6,0 <9,7 <7.7°
Area 3 Complex No, 2 <26 <24 <25
Area 3 U3ax South <40 <267 <153
Area 3 U3ax East <1t . <65 <38
Area 3 UBax.Norfh <13 <154 <84
Area 3 Ulax West <36 <§I <59
Ares 3 3-300 Bunker 15 _ 15 ) 15
Area 5 DOD Yard <1,7 <1,9 <1,8
Area 5 Gate 200 <51 <1,6 <3.4
Area 5 RWMS No, 1 <3,5 <2,0 <2.7
Ares S RWMS No, 2 <2.4 <1.4 <1.9
Ares 5 RWMS No, 3 <2,7 <1,7 <2,2
Ares 5 RWMS No, 4 <1.8 <1.,6 <1.7
Ares 5 RWMS No. 5 <2,5 BRI <2,1
Ares 5 RWMS No, 6 <2.4 <1.9 <2,1
Area 5 RWMS No, 7 <3,2 <1.9 <2,5
Area 5 RWMS No, 8 <5,2 <2.9 <4,1
Area 5 RWMS No, 9 <3.0 <2.3 <2,6
Area 5 well 5B <1.7 <1,7 <17
Area 5 Communications . .

Tower+ <8,7 <2,2 <7.1
Area 6 CP Complex <14 <83 <49

+These stations were discontinued during CY-1986.
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Station

TABLE 5 (Continued)

x 10”7 ucizee)

01/01/86-06/30/86 07/01/86-12/31/86 01/01/86-12/31/86

Area 6 Wel!l 3 Complex

Area 6 Yucca Complex

Area 7 UE7ns

Area 9 9-300 Bunker

Area 9 9-30Q Bunker
No, 2+

Area 11
Area 12
Area i5
Area 15
Area 15
Area 16
Area 19
Area 19
Area 20
Area 23

Area 23
No. 2

Area 23
Area 25
Area 25
Area 25
Area 25

Area 27

Gate 293
Compound
EPA Farm
Gate 700 South
Piledriver
Substation
Echo Peak
Substation
Dispensary .
Bldg. 790
Bldg. 790

H and S Roof
E-MAD South
E-MAD North
Henre Sitet+
NRDS Warehouse

Cafeteria

<3.8

<2,1

<2.4
2

<28
<3,3
<4,7
<2,1
<1.9
<3,2
<3,3
<2,3
<1,7
<2,0
<13

<30
<2,7
<2,2
<1,6
<1,6
<4,7
<1,4

<4,7

<3.4

<7.1
<15

<39
<1,.8
<1,7
<1.4
<1,5
<1.,5
<2,3
<2,1
<2,7
<1.6
<1.4

<2,8
<1,9
<1.4
<1.3
<1,8
<2,0
<3,3

+These stations were discontinued during CY-1986,
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<4,2

<2,7

<4,8
<23

<33
<2.5
<3,2
<8,0
<1,7
<2.4
<2.8
<2f2
<2.2
<1,8
<1,3

<16

<2,3

<1.8
<1,4
<1.7
<3.3
<2,3
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Tritium (HTO)

The highest average concentration of HTO was <3.9 x 10-10 uCi/cc at Building
650 representing 0.39 percent of the derived concentration guide. Bofh
Buildings 650 ahd 790 released small amounts of tritium from prqcessing
samples, Due to the close proximity of the two tritium-in-air samplers,

elevated concentrations of HTO were detected.

Table 6 1ists the maximums, minimums, and averages for each sampling location.

Appendix B plots actual measurements for each location.

The locations of all of the tritium samplers. along with their yearly averages
are shown in Figure 4. All of these stations were sampled for two week

periods. Substantial fluctuations occurred throughout the year with most of

~ the samplers. This may be due to the small volumes of air sampled or

mechanical problems with the sampler.
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FIGURE 4

NTS ENVIRONMENTAL SURVEILLANCE
TRITIUM IN AR SAMPLING STETIONS
(HTO YEARLY AVERAGES xI0”"uCi/cc)
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Stations

Area

Area

Area

Area

Area

Area

Area

Area

Area

Area

Area

Area

Area

Area

Area

Area

Area

1 BJY

5 RWMS-1

5 RWMS-SE

5 RWMS-(SE=-NE)
5 RWMS-NE
5.RWMS-(NE-NW)
5 RWMS-NW

5 RWMS=( NW-SW)
5 RWMS-SW

5 RWMS-(SW-SE)
12 Base Camp |
15 EPA Farm

23 Bldg. 790
23 Bldg. 650
23 Slte Boundary
25 EMAD

15 Gate 700 South

TABLE 6

TRITIUM IN AR

=29~

Concentrations
(uCl/cc)
' Max fmum Minimum Average
1.2 x 10710 9.9 x 10”12 <3.7 x 107!
1.5 x 10" 10 <5.4 x 1072 <46 x 10"
5.6 x 107" <2.4 x 10712 <19 x 107"
2.1 x 107! <2.3 x 10712 <8.6 X 10712
3,7 x 107" <27 x 10”12 <t x 101
1.4 x 10710 <2.5 x 10712 <3.0 x 107"
2.1 x 107" <2.6 x 1072 7.2 x 10712
2.6 x 107" <2.5 x 10712 < x0 !
1.4 x 107" <1.7 k 10712 <5.3 x 1072
2.3 x 107" <2.6 X 10712 <2 x 10"
6.6 X 107! 2.5 x 1072 <2.1 x 1071
5.8 x 107 1.2%x 107" 3.2x 1071
8.8 X 10712 6.7 x 107" <3.9 x 10712
2.5 X 1070 <2.6 x 1072 <3.9 x 10710
4,7 X io"z 6.1 x 107" <2.9 x 10712
1.0 x 107! <8.6 X 107> <3.8 x 10712
6.2 X 107" <17 x 10712 <9.8 x 1072



Krypton 85 (Kr-85)

The average conceﬁtration of Kr-85 for the entire network was slightly higher
in CY-1986, rising from an average of 33 X 10;12 uCi/cc in CY-1985 to an
average of 35 X 10'12 uCi/cc in CY-1986. This increase was expected since all
sources worldwide (predominantly nuclear power generating facilities) continue
to generate and release small quantities of Kr-85 (Reference 25). The network
average of 35 X 10'12 uCi/cc includes elevated measurements taken at the Area
20 camp. These Kr-85 concentrations during CY-1986 ranged from 18 X 10'12
uCi/cc to 133 X 10712 uCi/cc.  The elevated concentrations at Area 20 Camp
continued from 1985, and have been determined to be related to slight seepage
from Pahute Mesa events. The location and yearly average for each noble gas
sampling étation is shown in Figure 5. Table 7 lists the average Kr-85
concentrations at éach location along with the lowest and highest values

detected.

Xenon 133 (Xe-133)

The maximum average Xe-133 concentration occurred at BJY. This concentration
was 0.03 percent of the derived concentration guide. A1l positive Xe-133
results were directly related to slight seepage from Pahute Mesa and Rainier
Mesa events. Table 7 lists the average Xe-133 concentrations at each location

| along with the lowest and highest values detected.
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* FIGURE 5

NTS ENVIRONMENTAL SURVEILLANCE

GAS SAMPLING
(*Kr AND®™Xe YEARLY AVERAGES x|0%uCi/ec)
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Stations

Area 1 BJY

Area 12 Base Camp
Area 15 EPA Farm
Area 5 Gate 200
Area 25 EMAD
Area 20 Camp

Gravel! Pit

TABLE 7
NOBLE GASES IN AIR

Concentrations (X 10™'2 HCi/ce)

85 133

Kr Xe
Max Min Avg Max . Min Avg

47 18 30 3513 <8 <157
62 17 % 498 . <11 <44
49 | 18 | 31 493 <1 <56
51 18 27 <46 <1 <25
87 19 32 159 <10 <38
133 23 58 335 <10 <36
73 18 29 1220 <1t <56
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E. RADIOACTIVITY IN SURFACE AND GROUND WATER

The principal water distribution system on the NTS can be the critical pathway
for the ingestion of waterborne radionuclides. Consequently, the system was
sampled and evaluated on a frequent routine. The NTS water system consists of
sixteen supply wells, eight potable water sfations, and fifteen oben
reservoirs, One supply well was added to the sampling network in February
1986, at UE15D Well. The wells feed directly to many of the reservoirs, and
the drinking water was pumped from the wells to the points of consumption. The
supply wells and open reservoirs were sampled on a monthly basis. Al1l
drinking water was collected weekly to provide a constant check of the end use
activity and to allow frequent comparisons to the radioactivity of the water
in the wells. The ‘identification of any radionuclides above natural
background in the supply well system initiated a closer review of the drinking
water, The surface and ground/water monitoring network creates a large data

base to evaluate long-term trends or intermittent changes in activity.
Natural springs, contaminated ponds, and effluent ponds were also monitored.
The springs and contaminated ponds were collected monthly when water was

available for sampling. The effluent ponds were sampled quarterly.

1. Supply Wells

Water from sixteen supply wells was used for a variety of sanitary and
industrial purposes. The criteria for collection was primarily based on
potential for human consumption. The secondary purpose was to document
the radiological characteristics of NTS ground water and analyze the data
for trends or changes.
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Gross Beta

The highest average recorded of gross beta was 16.6 X 1079

uCi/ml at UE15D
Well. The lowest average gross beta activity for the onsite supply wells

was <2.0 X 1072 uCi/ml at Well Ul9c.

The yearly gross beta averages are shown at their respective locations in
Figure 6. Appendix C consists of the plots of each station for measured
gross beta activity with 2¢ errdr 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 8 lists the 1986

averages for each location.

The activities of each well and the entire network average appeared
consistent over this reporting period. In previous reports (Refereﬁces 8
and 23) it was shown that'the majority of gross beta activity was attri-
butable to naturally occurring potassium-40. No trends in the b]ots were
discernible, verifying that no movement of radionuclides occurred in this
NTS water system. The average of the entire network, as compared to

previous years was:

w0

uCi/ml)

Year Mean (X 10

CY-1986
CY-1985
Cy-1984
CY-1983
CY-1982
CY-1981
CY-1980
CY-1979
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Area

Area

Area

Area

Area

Area

 Area

Area

Area

Area

Area

Area

Area

Ares

Area

Area

2.

5

6

6

6

15
16
18
19
20
22
25

25

well 2

Well A

Well 5B

well S5C

Well UeSc

welt C

Weli C1

Well 4

Well UE15D

Well 16D

well 8

Well U19¢c

Area 20 water Well

Army Well No, 1

well J12

Well J13

-36=

Gross Beta
Yearly Average
9

6.8
15.0
14,6

6.2

. 16.6

7.5

3.5
<2,0
<2.5

5.3

5.6

4.6

uCi/ml)

11% -



RE SR

Tritium and Plutonium

There was one positive tritium result for Supply Well 160»for CY-1986.
This value of 3.6 X 10'5 uCi/ml represents 18 percent of the MCL; This
positive result is considered an anomaly and is not indicative of the
tritium concentrations in non-contaminated waters on the NTS. Further
analysis at Well 16D showed no further positive results for the remainder
of the 1986 and into the early quarters of 1987. The positive tritium

results for all noncontaminated NTS waters are given in Table 9.

There was also one positive plutonium result for Supply Well 4 during
CY-1986. This value Of 2.9 X 10'19 uCi/ml represents 0.002 percent of the
MCL. This positive p]utdnium value is also considered an anomaly and is
not indicative of plutonium concentrations in non-coritaminated waters on

the NTS.

Appendix C includes plots of the network monthly averages for tritium and
plutonium. Both of these positive results, however, are near the
detection limits of the system and are believed to be caused by the

statistical fluctuation inherent in counting.
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WATER TYPE

AQIC Q
e 7

TRITIUM VALUES ABOVE DETECTION LIMITS

FROM NONCONTAMINATED WATERS

STATION DATE uCi/mi
Potable Water Area 27 Cafeteria 06/02/86 9.7 X 1070 £ gg
Potable Water Area 25 Service Station 07/21/86 1.0 X 10.6 * 29%
Open Reservoir Well U19¢c Reservoir 05/15/86 7.3 X 10-7 x a2
Open Reservoir Area 2 Mud Plant Reservoir 06/06/86 8.5 X 10-7 t 39¢
Open Reservoir Area 2 Mud Plant Reservoir 07/09/86 1.6 X 1095 * 212
Supply Well Well 16D 03/01/86 3.6 X 107+ o5

-38-
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2.

Potable Water

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

period.

Gross Beta

The highest average recorded was 9.5 X 1079 uCi/ml at the Area 3
Cafeteria. This was 63.0 percent of the screening level for drinking
water as required by the National Interim Primary Drinking Water
Regulations. Appendix D contains the coﬁputer plots of the measured gross
beta activity with the 2¢ error bars included. An average plot is
provided which shows the network mean trend throughout the reporting
period along with the range at each'point. Table 10 contains a list of
the average gross beta activity measured at eéch sample location for
CY-1986. The locations of all stations are shown in Figdre 7 with their

gross beta yearly averages.

The lowest average gross'beta activity, excluding Cascade brand bottled
water, was 3.8 X 10'9 uCi/ml at the Area 12 Cafeteria. The Cascade water
was demineralized water brought in from offsite and was used as a check of
the laboratory system. It was included in the results listing because the

bottles were stored onsite and the water was consumed by NTS personnel.
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Gross beta measurements at these potable water stations demonstrated that
no release or movement of radionuclides occurred in the NTS water system

previous environmental reports, was:

Year Mean (X 10~9 uci/m1)
CY-1986 6.3
CY-1985 5.0
Cy-1984 5.3
CY-1983 5.3
CY-1982 5.8
CY-1981 7.9
CY-1980 5.8
CY-1979 6.5
CY-1978 6.7

July-December 1977 7.8

Tabie 1i. In previous reports (References 8 and 23) it was shown that the
majority of the radioactivity in supply well and potabie water was from
naturally occurring potassium-40.
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TABLE 10

AVERAGES OF POTABLE WATER DATA FOR GROSS BETA

Station

Area

Area

Area

Area

Area

Area

Area

Area

2 Rest Room

3 Cafeteria

6 Cafeteria

12 bafaferla

23 Cafeteria

23 Cascade Water
25 Service Station

27 Cafeteria
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Gross Beta
Yearly Average

(X 10°°_uCi/m)

3.9

9.5

9.0

3.8

8.0

<2.4

4.9



A

TABLE 11

COMPARISON OF END USE AND SUPPLY WATER
FOR GROSS BETA AVERAGES

x 10~2 uCi/mi)

Station (end use/supply) CY-1986
Area 2 Rest Room 3.9
Area 18 Wel! 8 3.5
Area 3 Cafeteria ‘ 9.5
Area 3 Well A 9.1
Area 6 Cafeteria 9.0
Area 6 Well C/Ci : ’ 15.0/14.6
Area 12 Cafeteria ' 3.8
Area 18 Well 8 3.5
Area 23 Cafeteria 8.0
Area 5 Well 5B/5C . 11.3/7.3
Area 22 Army Wel! No, 1 5.3
Area 23 Cascade Water <2.4

(Demineraiized Bottied Water)

Area 27 Cafeteria ' 9.1
Area 5 Wel! 5B/SC ) 11.3/7.3
Area 22 Army Wel! No, 1 5.3
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Tritium

The highest average of tritium was <1.0 x 10-6 uCi/ml at the Area 27
Cafeteria. This is 5.0 percent of the standard for tritium in driﬁking
water. The majority of the seven positive measurements are near the
detection limit of the system and are believed to be caused by the
statistical fluctuation inherent in counting. The positive tritium

results were given in Table 9.
Plutonium

There was one positive plutonium result for the Area 12 cafeteria. This
value of 3.6 X 10~10 uCi/ml represents 0.007 percent of the standard for
drinking water., Further sampling at Area 12 cafeteria showed no more
posifive plutonium results leading the author to conclude that the
positive result was a false positive, possibly cadsed by statistical
fluctuations inherent in counting. Appendix D includes the plots of the

network averages for tritium and plutonium.
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3.

Safe Drinking Water Act Results

In accordance with the Safe Drinking Water Act of 1976, special water
sampling was conducted during CY-1986 on all wells that supply potable

water at the eight distribution points on the NTS.

The eight NTS potable water locations were sampled according to the
stringent requirements for Qater systems near nuclear facilities. Potable
water samples were collected and analyzed quarterly for tritium, gross
alpha and gross beta. Strontium-90 analysis was performed on an annual
basis. Iodine-131 was excluded from analyses because it was not
considered a potential contaminant to the NTS water supply due to its

short half-1ife and high chemical reactivity. These results are listed in

- Table 12. A1l concentrations were below the prescribed screening levels.
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TABLE 12

NTS POTABLE WATERS

SAFE DRINKING WATER ACT RESULTS

Type of Location
Analysis A-3 Cafe A-2 Restroom A-12 Cafe Mercury Cafe A-27 Cafe

Gross Alpha*
(X 109 uCi/mi)

Max 4,76 <3.2 <3,2 4,39 <7.8
Min 1.45 <.69 <, 72 2.66 3.94
Avg 2.87 <1,34 <1.41 <3,.,45 <5,65

Gross Beta*#*
(x 10°9 pci/m)

Max 22 1" 10 18 18
Min 5.9 2.1 1.8 2.1 6.2
Avg 9,5 3.9 3.8 8.0 9.1
3pmnsn

(x 1077 pci/mh)

Max <15 <15 <14 <15 97
Min C <6.3 <6.0 <6.0 <6.0 <6.0
Avg ' <9.1 <9.5 <9.3 <9,3 <1
QOSr***

(X 1072 uci/mt)

Masc it 3% <0,56 <0,41 <0,45 <0.56 <0.41

* Screening level for gross alpha activity is 5 X 1072 HCI/mi,

bl Scréenlng level for gross beta activity near a nuclear facilify is 1,5 X
1078 uci/mi,

#%% Maximum contaminant levels for 3H and 9°Sr are 2 X 10-5 HCi/mi and 8 X
10-9 HCi/ml, respectively,

*#%% Strontium-90 analysis is performed once a year,
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Table 12 (Continued)

Type of Location
Analysis Cascade Water A-6 Cafe A=-25 Service Station

Gross Alpha*
(X 102 uci/ml)

Max <0,81 <16 <1,
Min <0.60 <2,3 <0,71
Avg <0.69 <6.50 <0.94

Gross Beta**
(X 1072 uci/mi)

Max 13 19 13
Min <1.6 4.6 3.1
Avg <2.4 9.0 4.9
3Hl‘**

(x 1077 uci/mn)

Max <15 . <15 <14
Min <6.0 <5.9 . <5.9
Avg <9.3 <9.3 <8.9
g wux

(x 1072 uci/mi)

Max® 4% <0.45 <0.37 -

* Screening level for gross alpha activity is 5 X 1079 HCi/ml,

**  Screening leve! for gross beta activity near a nuclear facility is 1,5 X
1078 uci/mi,

*%%  Maximum contaminant levels for 3H and ¥0sr are 2 X 1072 MCi/ml and 8 X
!0-9 uCi/ml, respectively,

*%%%  Strontium-90 analysis is performed once a year,
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Open Reservoirs

Open reservoirs have been established at various locations on the NTS for
industrial purposes. Fifteen locations were sampled during the report
period. The locations are shown in Figure 8 along with their gross beta
yearly éverages. Open reservoirs are posted as non-swimming, non-drinking
water, Therefore, comparisons were made to controlled area rather than

drinking water standards.

Gross Beta

-9

The highest average beta concentration was 13.6 X 1077 uCi/ml at Well 3

Reservoir. The lowest gross beta average was <2.1 X 10'9 uCi/ml at Well

Ul9c reservoir, Table 13 includes a list of the CY-1986 gross beta

averages at each location.

The values for the reservoirs supplied by wells were in most cases
slightly higher than other reservoirs. This is most likely caused by
resuspended contaminated material settling into the open reservoirs and/or
run-off into the reservoirs from contaminated areas. Table 14 shows the
gross beta activities of the open reservoirs that were supplied by wells,

along with the activities of the associated wells.

No trends were seen for the network, although the data were more variable
than the supply well data. The large variation could have been caused by

real activity fluctuations or variable sampling procedures since some of

the open reservoirs are difficult to sample. The average gross beta

results for the entire network, as compared to prévious years were:
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Year . . _Mean (X 102 uCi/m1)

CY-1986
CY-1985
CY-1984
CY-1983
CY-1982
CY-1981
CY-1980
CY-1979
CY-1978
July-December 1977

. e o o o o

—
WWOOWWO N~
.

ot b et

Appendix E consists of the plots of each station of the measured gross:
beta acti?ity with 20 error bars. An averaging plot is included which
shows the entire network mean trend throughout the reporting period. The
range at each point is also given. These plots demonstrate consistent

concentrations of gross beta activity at all locations throughout CY-1986.
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NTS ENVIRONMENTAL SURVEILLANCE
OPEN RESERVOIR SAMPLING STATIONS
(GROSS BETA YEARLY AVERAGES X102 uCi/m!)
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TABLE 13

AVERAGES OF OPEN RESERVOIR DATA FOR GROSS BETA

Gross Beta
Yearly Average

9

Station (X 10"~ pCi/m1)
Area 2 Well 2 Reservoir . 7.1
Area 2 Mud Plant Reservoir 8.3
Area 3 Well A Reservofr 8;4
Area 3 Mud Plant Reservoir 12,3
Area 5 Well 5B Reservoir - o1
Area 5 Well UeS5c Reservoir 10,1
Area 6 Well 3 Reservoir 13.6
Area 6 Well Ci1 Reservélr 9.4
Area 18 Camp 17 Reservoir _ 4,2
Area 18 Well 8 Reservoir 5.1
Area 19 Well 19c Reservoir <2,1
Area 20 Well 20A Reservoir <4,0
Area 23 Swimming Pool 8.8
Area 25 Well J-11 Reservoir ' 8.6
Area 25 Wel!l J-12 Reservoir ‘ 4,0
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TABLE 14
COMPARISON OF OPEN RESERVOIRS AND SUPPLY WATER FOR GROSS BETA AVERAGES

(x 1070 uci/m)

Station (Reservoir/Supply) CY-1986
Area 2 Well 2 Reservoir 7ot
Area 2 Well 2 <5,8
Area 3 Well A Reservoir 8.4
Area 3 Well A 9.1
Area 5 Well 5B Reservoir ] 11,1
Area 5 Well SB ) 11,3
Area 5 Well Ue5c Reservoir 10.1
Area 5 Wel! UeSc 6.8
Area ©6 weii Ci Reservoir 9.4
Area 6 Well C1 14.6 .

Area 19 Well U19c Reservoir <2,1
Area 19 Well U19c ) <2,0
Area 25 Well J=12 Reservolir 4.0
Area 25 Well J-12 5.6
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Tritium and Plutonium

The highest positive tritium value for all reservoirs was 1.6 X 10'6

uCi/ml at the Area 2 Mud Plant Reservoir. This is 0.002 peréent of the
tritium concentration guide for controlled areas. .There was one positive
plutonium result at the Well A Reservoir with an activity level of 1.1 X
10'10. This is 0.0001 percent of the concentration guide. The positive
tritium and plutonium results can be seen in Tables 9 and 15. Appendix E

also includes the plots of the network averages for tritium and plutonium.

TABLE 15

PLUTONIUM VALUES ABOVE DETECTION LIMITS
FROM NONCONTAMINATED WATERS

WATER TYPE STATION DATE uCi/ml
Potable Water Area 12 Cafeteria 06/02/86 3.6 X 10710 + 21%
Natural Spring Capt, Jack Spring 12/26/86 , 9,3 X 10-” t a3g
Open Reservolr Well A Reservoir 12/10/86 1.0 x 10710 429
Supply Wel! well 4 03/01/86 2.9 x 10710 + 265
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Natural Springs

The term "natural springs" was a label given to the spring supplied pools
located within the NTS. There is no known human cbnsumption from these

springs.
Gross Beta
The highest gross beta average recorded was 45.2 X 10~9 uCi/ml at Reitmann

Seep. This was 0.45 percent of the CG. The network average, as compared

to those presented in previous reports, was:

Year | Mean (X 1079 uci/ml)
CY-1986 14.9
CYy-1985 9.8
Cy-1984 10.3
CY-1983 7.6
CY-1982 9.0
CY-1981 10.5
CY-1980 16.7
CY=-1979 22.1
CY-1978 23.7

July-December 1977 24.4

Appendix F contaihs the plots of all the natural spring sampling stations
of the measured gross beta activity is presented with 20 error bars. An
averaging plot is included which shows the trend of the network mean
throughout the reporting period as well as the range for each point.
Table 16 presents a list of the gross beta averages at each location.
Nine locations sampled on a monthly basis (when accessible) are shown in

Figure 9 along with their gross beta yearly averages.
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FIGURE 9

NTS ENVIRONMENTAL SURVEILLANCE
NATURAL SPRING SAMPLING STATIONS
- +{GROSS BETA YEARLY AVERAGES X1079 pCi/mi) -

&
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TABLE 16

AVERAGES OF NATURAL SPRINGS DATA FOR GROSS BETA

Gross Beta
Yearly Average

9

Station (X 10~ uCi/mi)
Area 5 Cane Spring 6.6
Area 7 Reitmann Seep R 45,2
Area 12 White Rock Spring 10,1
Area 12 Captain Jack Spring - 10.7
Area 12 Gold Meadows Pond A 25,3
Area 15 Tub Spring 7.0
Area 16 Tippipah Spring . 5.8
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Tritium and Plutonium

The only positive plutonium result was 9.3 X 10-11 uCi/ml at Capt. Jack
Spring. This is 0.00009 percent of the concenthation guide for plutonium.
This value is extremely close to detection Iimits and, as such, may have
been caused by statistical fluctuations inherent in radiation counting.
The positive results for‘plutonium are listed in Tables 9 and 15. There
were no positive tritium results for springs during CY-1986. Appendix F
inéludes plots of the network averages for tritium and plutonium at the

natural spring sampling stations.
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6.

Contaminated Ponds

Seven contaminated ponds were sampled on a special study basis. The gross
beta contentration for each location is shown in Figure 10. These bonds
were impound waters from tunnel test areas and a contaminated laundry
release point. They are monitored in acéordance with DOE Order 5484.1;
Chapter IV, to provide a data base for calculations of any offsite re-
leases. Tritium results from these sites afe reported to DOE Headquarters

on an annual basis.

Table 17 is a list of the gross beta, tritium, and Pu-239 averages at the
seven active stations. The first two pages of Appendix G contain the
contaminated pond network averages. The rémaining plots show the gross

beta, Pu-239, and tritjum concentrations at each station. The differences

between CY-1985 and CY-1986 can be attributed to the decrease or increase

in use of the ponds.

Effluent Ponds

Samples from six effluent pond locations were collected during CY-1986.
These ponds are closed systems which contain both sanitary and radioactive
waste for evaporative treatment. Contact with the working population was
minimal. The highest‘average gross beta value was 2.8 X 10'8 pCi/ml,
Plutonium and tritium concentrations were less than detectable concentra-

tions at all locations,
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FIGURE 10

S

NTS ENVIRONMENTAL SURVEILLANCE

CONTAMINATED POND cAsMD INe  STATIONS

i(GROSS BETA YEARLY AVERAGES XIO"G uCi/ml)
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TABLE 17
CONTAMINATED POND YEARLY CONCENTRATION AVERAGES

(uCi/ce)

Trlflqm Gross Beta 239Pu
Station : Yearly Average Yearly Average Yearly Average

-6 -7 . -10

Area 6 Yucca Waste Pond 4,8 X 10 4.5 X 10 <2,0 X 10
-4 -8 -11

Area 12 N Tunnel #1 Pond' 8.1 X 10 6.2 X 10 <6.0 X 10
-4 -8 -1

Area 12 N Tunnel #2 Pond - B.1 X 10 . 5.,5X 10 <5,2 X 10
) -4 -8 -11

Area 12 N Tunnel #3 Pond 7.5 X 10 2.6 X 10 <4.4 X 10
a1 -3 -10

Area 12 T Tunnel #1 Pond 3.0 X 10 te1 X 10 <4.,6 X 10
-1 . -3 ~-10

Area 12 T Tunnel #2 Pond 3.3 X 10 1.8 X 10 <1,7 X 10
=1 . -4 -10

Area 12 T Tunnel effiuent 2,8 X 10 2.2 X 10 <2.,9 X 10
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F. AMBIENT GAMMA MONITORING

A program to measure the ambient gamma exposure rates on the NTS was estab-
lished in 1977 with 21 stations. 1In CY-1978; the program was expanded to'86 '
locations, 139 stations in CY-1979, 152 stations in CY-1980, and 163 stations
changing since CY-1981. Three stations were distontinued during the latter
part of CY-1985. One station was discontinued in CY-1986, reducing the total
to 159 stations. The TLD's are chénged on a quarterly basis. Several TLD's
were not collected for the fourth quarter in Areas 18, 19, and 20, due to

impassable roads.

The overall network range of the control stations was 0.13 mrem/d to 0.31
mrem/d, with an average natural background on NTS of approximately 0.22 mrem/d

(72 mrem/y). The control station values measured in CY-1984 correspond favor-

- ably with rates measured at surrounding offsite Nevada locations by the

EnVironmenta] Protection Agency in CY-1983 (Reference 24). The remaining 151
stations of the network yielded dose rates which ranged from 0.13 mrem/d to

4.41 mrem/d.
Table 18 Tlists the maximum, minimum, and average dose rates, along with the

adjusted annual dose for each monitoring station. Table 19 lists the results

for the nine locations that comprised the original control network.
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TABLE 18

GAMMA MONITORING RESULTS - SUMMARY OF 1986
REPORT ING PER1OD:

[asetv28 1N

=

pgeded

JANUARY 1986 TO JANUARY 1987

1985 ADJ 1986 ADJ
DOSE RATE ANNUAL  ANNUAL
mrem/d DOSE DOSE

AREA NAME MIN, ~ MAX, AVG. mrem/yr  mrem/yr
1 BJY 0.17 0.28 0.24 105 89
1 SANDBAG HUT 0.26 0.27 0.26 97 96
1 STAKE TH-28 0.22 0.26 0.24 88 87
1 STAKE TH-38 0.24 0.30 0.27 103 99
2 STAKE M-140 0.18 0.33 0.27 116 99
2 STAKE M=150 0.19 0.33 0.28 120 102
2 STAKE 2N-8 4.18 4,72 4.4 1746 1610
2 STAKE 2L-6 0.51  0.65 0.60 248 217
2 STAKE TH-58 0.20 0.24 0.22 82 79
2 CABLE YARD 0.23 0.35 0.29 122 107
3  3-03 0.B. ROAD 0.21 0.22 0,22%* 78 80
3 ANGLE ROAD 0.35 0.42 0.38 144 140
3 N8a4, 200 E704, 900 0.15 0.21 0.17 54 64
3  U3AX/BL, NE 0.61 0.77 0.70 259 254
3 USAX/BL, NW 0.36 0.47 0.43 162 156
3  U3AX/BL, S 0.31 0.41 0.37 131 i35
3 U3AX/BL, SE 0.38 0.45 0.42 157 152
3 u3BY, N 0.61 0.74 0.69 280 253
3 U3BY, S 0.34 0.40 0.38 146 139
3 uIBZ, N 0.44 0.53 0.50 185 181
3 U3BZ, S 0.31 0.36 0.34 124 123
3 u3cy, N 0.29 0.35 0,32 120 17
3 U3Co, S 1.53 1.83 1.72 660 629
3 U3co, N 2.70 3.14 2.75 1124 1003
3 U3EY, S 0.30 0.36 0.33 18 119
3 U3y, N 0.33 0.41 0.38 147 138
3 U3DU, S 0.40 0.46 0.44 165 159
3 LANL TRAILERS 0.26 0.32  0.28 103 103
4 STAKE M-130 0.15 0.29 0.24 101 87
4  STAKE 4A-8 3,49 3.84 3.63 1817 1325
4  STAKE TH-48 0.29 0.33 0.26 17 96
5 N710,800 E720,000 0.14 0.22 0.17 47 62
5 RWMS CORNER, NW 0.19 0.32 0.26 109 95
5 RWMS, E, 500 0.17 0.33 0.25 102 92
5 RWMS, E, 1000 0.17 0.29 0.24 104 89
5 RWMS, E, 1500 0.17 0.20 0.24 100 88
5 RWMS, EAST GATE 0.15 0.30 0.23 107 85
5 RWMS, N, 500 0.20 0.33 0.27 108 98

* No sampie coiiected
*%* No sample col lected

Frevyey

®R% No sampie coiiected
kx%% No sample collected

in
in
in
in

First Quarter
Second Quarter
Third Quarter
Fourth Quarter -
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TABLE 18 (Continued)
GAMMA MONITORING RESULTS - SUMMARY OF 1986
REPORTING PERIOD: JANUARY 1986 TO JANUARY 1987

1985 ADJ 1986 ADJ

DOSE RATE ANNUAL  ANNUAL
mrem/d DOSE DOSE
AREA NAME MIN, MAX ., AVG. mrem/yr mrem/yr
5 RWMS, N, 1000 ' 0.18 0.31 0.16 107 57
5 RWMS, N, 1500 0.17 0.30 0.25 103 91
5. RWMS, NORTHEAST CORNER 0.17 0.31 0.24 102 89
5 RWMS OFFICES 0.11 0.30 0.22 120 80
5 RWMS, S, 500 0.19 0.30 0.25 110 92
5 RWMS, SOUTH GATE 0.22 0.49 0.30 103 110
5 RWMS SW CORNER 0.16 0.28 0.24 102 88
S  RWMS W 500 0.18 0.31 0.25% 106 C 92
5 RWMS W 1000 0.20 0.32 0.27 12 98
5 RWMS W 1500 0.20 0.32 0.26 107 94
5 WELL 5B 0.15 0.26 0.22 93 - 79
6 6~09 0.8, ROAD 0.27 0.31 0.29 107 106
6 CP-6 0.05 0.18 - 0,13 60 49
6 CP-2 LOGISTICS DESK 0.05 0.22 0.16%* 58 58
6 CP-50 CALIBRATION BENCH 0.16 0.31 0.23 100 82
6 CP-50 INSTRUMENT CALI- 0.24 0.41 0.33 146 122
BRATION DRAWER
6  DECONTAMINATION PAD 0.22. 0,26 0.24%%% 88 87
BACK OFFICE
6 DECONTAMINATION PAD 0.14 0.15 0.14 89 52
FRONT OFF ICE
6 STAKE TH-1 0.16 . 0.19 0.17 59 62
6 STAKE TH-9 T 0.23 0.26 0.25 90 89
6 STAKE TH-18 0.20 0.23 0.22 77 80
6 WELL 3 0.13 0.25 0.21 92 77
6  YUCCA OiL STORAGE 0.20 0.24 0.22 82 79
7 7-300 BUNKER 0.82 0.92 0.87 347 318
8 STAKE 8K-25 0.12 0.25 0.21 77 94
9 N874,600 E691,500 0.11 0.23 0.19 59 69
9  9-300 BUNKER . 0419 0.30 0.26 114 96
10 STAKE 10A-24 0.35 0.55 0.47 225 170
10  STAKE CA-14 0.19 0,32 0,274 120 99
10 CIRCLE AND L ROAD 0.17 0.30 0.26 ‘ 15 95
10  SEDAN CRATER VISITORS  0.24 0.36 0.32 132 116
BOX .
10  SEDAN CRATER ENTRY 1.30 1,40 1.36 563 496
ROAD :
11 SECURITY GATE 293 0.26 0.31 0.29 : 110 107

* No sample collected in First Quarter
** No sample collected In Second Quarter
**% No sample collected in Third Quarter

#¥#% No sample collected In Fourth Quarter
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REPORTING PERIOD: JANUA TO JANUARY 1987
1985 ADJ 1986 ADJ
DOSE RATE ANNUAL ANNUAL
mrem/d DOSE DOSE
AREA NAME MIN, MAX . AVG, mrem/yr  mrem/yr
1" N788,800 €£709,500 0.33 0.38 0.35 in 127
12 STAKE M-168 0.29 0.33 0.31 112 112
12 STAKE M-170 0.24 0.29 0.27 104 99
12 STAKE M-175 0.28 0.33 0.30 13 109
12 NS03,800 E635,500 0.25 0.29 0.27 89 99
12  BUILDING 12-10 0.28 0,33 0.30 113 11
12 " TUNNEL #2 (LOWER 1.90 1,90 1.90% 381 694
MINT) wx
3% 3% %
12 STAKE TH-68.5 0.21 0.26 0.23 87 84
12 UPPER HAINES LAKE 0.29 0.32 0.30 109 108
12 UPPER "N' TUNNEL 0.29 0.33 0. 31%%% 117 112
W% %
1S EPA FARM 0.13 0.26 0.22 97 81
15  LAMP SHACK 0.18 0.29 0.26 ° 106 94
15 LLNL TRAILER 0.17 0.32 0.27 118 99
15 N907,600 E686,200 0.36 2.99 1.03 128 376
15 UISE TRAILER #621 0.08 0.23 0.18 86 67
i35 UISE STORAGE SHED 0.16 0.29 0.25 104 92
1S  UISE SUBSTATION 0.10 0.22 0.18 88 67
i7 STAKE ™-i85 0.30 0.34 0.352 iid iié
18 NB49,500 E545,000 0.31 0.39 0.36 121 131
8 STAKE 18P-35 0.32 0.37 0.34 127 124
18 STAKE 18P-39 0.32 0.35 0,34%* 125 124
18 GATE 18=1C 0.31 0.35 0.34 11 122
18 STAKE A-100 0.35 0.37 0, 35%ke% 124 127
18 STAKE A-108 0,35 0,37 0, 36%%% 128 121
18 STAKE A-90 0,33 0.37 0,35%%%x 124 127
19 STAKE 19P-41 0.36 0.39 0.36 140 132
19 STAKE 19P-46 0.30 0.36 0.33 122 119
19  STAKE 19P-54 0.29 - 0.34 0.31. 119 115
19 STAKE 19P-59 0.32 0.40 0.36 141 132
19  STAKE 19P-66 0.33 0.40 0.37 140 135
19 STAKE 19P-71 0.33 0.38 0.35 120 129
19  STAKE 19P-77 0.36 0.41 0.38 126 151
19 STAKE 19P-87 0.40 0.45 0.43 142 139
19  STAKE 19P-88 0.40 0.44 0.41 132 132
19 STAKE 19P-91 0.32 0.43 0.38 125 130

® No sample collected in First Quarter
Second Quarter
#8% No sample collected in Third Quarter
Fourth Quarter

*% No sample collected in

#E88 No sample collected iIn
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TABLE

18 (Continued)

GAMMA MONITORING RESULTS - SUMMARY OF 1986

REPORTING PERIOD:

JANUARY 1986 TO JANUARY 1987

1985 ADJ 1986 ADJ
DOSE RATE ANNUAL ANNUAL
mrem/d DOSE DOSE
AREA NAME MIN, MAX., AVG, mrem/yr  mrem/yr
19  STAKE M=190 0.31 0.37 0.35 132 126
19  STAKE M-i196 0.31 0.36 0.34 132 i24
19  STAKE C-16 0.34 0.38 "0.36 127 131
i  STARE C-25 .34 0435 .30 127 131
19  STAKE C-27 0.35 0.39 0.37 134 135
12 STAKE C-31 0.37 0.3% 0, 3ou%% 13 137
369 ¥
19 NO35,500 E639,750 0,15 0.38 0.31 122 13
19  N955,500 E614,200 0.37 0.74 0,49%%% 126 180
19  STAKE R-20 0.36 0.37 0,364 126 136
19  STAKE R-27 0.39 0.44 0,4 1%%%x 127 139
19 STAKE R-3 0.40 0.45 0,42%%%% 140 154
19  STAKE R-31 0.35 0.40 0, 37%%%% 127 158
19  STAKE R-9 0.40 0.46 0, 36%%ex 139 132
19 WELL W19C 0.36 0,37 0.36 129 132
20 20-GATE 4C 0.36 0.36 0.36%%* 133 130
W%
'20 STAKE A-116 0.28 0.40 0.36 143 133
20  STAKE A-130 0.35 0.36 0.,36%%* 130 133
. W39 %
20 STAKE 20P-120.5 0.34 0.42 0, 37%%%% 115 147
20 STAKE 20P-116,5 0.35 0.41 0.37 114 140
20 AREA 20 CAMP 0.33 0.40 0.36 1t 136
20 STAKE 20P-134 0.35 0.41 0.37 114 380
20 STAKE 20P-124 0.37 0.43 0,38 120 . 134
20 STAKE 20P-129 0.37 0.47 0.40 125 138
20 STAKE J-16 0.34 0.38 0.37 116 133
20 STAKE J-24 0.36 0,41 0,38% %% 118 134
20 STAKE J-3i 0.97 1,19 1,04 374 142
20 STAKE J-6 0.38 0.39 0.39 138 142
20 N887,000 £558,000 0.38 0.46 0.42 147 155
20 N948,800 E527,800 0.35 0.41 0.38 129 139
20 | N944,700 E563,300 0.20 0.27 .23 76 84
22 DESERT ROCK CONTROL 0.13 0.17 0.15 58 55
TOWER
22 N670,600 E667,300 0.12 0.18 0.15 47 53
22 BLDG. 190 0.16 0.27 0. 20%%#* 60 72
23 BLDG, 610 GATE 0.12 0.15 0.13 48 49

* No sample collected In First Quarter
*%* No sample collected In Second Quarter
*%% No sample coljected In Third Quarter
®*%% No sample collected In Fourth Quarter
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TABLE 18 (Oontinued)

GAMMA MONITORING RESULTS - SUMMARY OF 1986

-REPORTING PERIOD:

JANUARY 1986 TO JANUARY 1987

1985 ADJ 1986 ADJ
DOSE RATE ANNUAL  ANNUAL
mrem/d DOSE ~ DOSE
AREA NAME MIN, MAX, AVG, mrem/yr  mrem/yr
23 BLDG. 610 WORK AREA 0.77 2.42 1,47 547 536
23 BLDG. 650 DOSIMETRY 0.12 0.82 0.31 49 112
ROOM
23 BLDG., 650 ROOF 0.1 0.15 0.13 45 47
23 BLDG. 650 SAMPLE 0.15 0.44 0,29%** 628 107
STORAGE _ -
23 GATE 100 0.14 0.15 0.15 52 53
23  POST OFFICE 0.13 0.19 0.16* 47 57
23 BUILDING 180, SCALER 0.24 0.27 0.26%%#% 94 93
25 25-GATE-4P 0.24 0.33.  0.29 106 106
25 25-GATE-7P 0.25 0.33 . 0.27 100 99
25 E-MAD, E 0.25 0.30 0,27%#%% ‘99 97
25 E-MAD, N 0.28 0.52 0.40 174 147
25 E-MAD, S 0.23 0.30 0.27 89 99
25 E-MAD, W 0.23 0.30 0.27 95 98
25 HENRE SITE 0.24 0.33 0.27 101 99
25  NRDS WAREHOUSE 0.26 0.32 0.28 101 100
21  A-27 CAFE 0.26 0.28 0,27%nex 106 89
25 N731,300 E£638,700 0.22 0.28 0.24 78 98
25 N754,400 E557,800 0.29 0.37 0,32%%%% N/A 118
30 30-GATE-1C 0.37 0.37 0.37% 153 135

% H
3% %

* No sample coilected in
** No sample collected in
#%% No sample collected 'in

%%%% No sample collected In

First Quarter
Second Quarter
Third Quarter
Fourth Quarter

-66-



Combwao ot e

TABLE 19

TLO CONTROL STATION COMPAR!SON

Dose Rate
{mrem/d)

Station 1980 1981 1982 1983 1984 1985 1986
Bidg., 650 Dosimetry Room 0.18 0.21 0.19 0,21 0,15 0.13 0.31
Bldg, 650 Roof 0.6 0.8 0.18 0,18 0,14 0,12 0,13
Area 27 Cafeteria 0.37 0.41 0.37 0,39 0,32 0,29 0,27
CcP-6 0.23 0.25 0,20 0,25 0,18 0,17 0,13
Henre Site 0.35 0.39 0.37 0,36 0,30 0,28 0,27
NRDS warehouse 0.35 0.,40 0,38 0.3 0,32 0,28 0,28
Post Otfice 0.16 0.20 0.18 0,18 0.14 0,13 0.16
well 58 - 0.5§ 0,38 0.33 0,33 0,27 0,26 0,22
Yucca Oll Storage 0.30 0,32 0,29 0,29 0.23 0,22 0.22
Network Average 0.27 0.30 0,28 0,28 0,23 0,21 0,22
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G. RADIOACTIVE WASTE MANAGEMENT SITE (RWMS)
The Radicactive Waste Management Site is located in Area 5 of the Nevada Test

......................

radioactive wastes; Waste facilities at the site include frenches= pits, and
asphalt pads. The type of waste disposed of at RWMS includes tritium contam-
inated waste, low-level waste, and'equipment that is activated or contamina-
ted, The stored waste consists of transuranic (TRU) contaminated waste only,
For a more detailed description of RWMS see "Meteorology and Atomic Energy,"

edited by D.H. Slade (reference 12).

Surveillance of the RWMS is accomplished by using eighteen air samplers, nine
for tritium and nine for fission products and plutonium, and sixteen TLD's,
for gamma monitoring, placed around the RWMS. Figures 12-14 show the loca-

tions of the stations and their yearly averages.
Tritium

The tritium-in-air samplers are placed around the perimeter of RWMS. The
highest average for HTO was <4.6 x 10'11 uCi/cc at RWMS-1 Station, which is
0.05 percent of the derived concentration guide. Results for the RWMS

surveillance are summarized in Table 6.

&
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FIGURE 11

NEVADA TEST SITE
LOCATION OF THE RADIOACTIVE WASTE
MANAGEMENT SITE (RWMS)
LEGEND

LATHROP WELLS
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Gross Beta

=14 .Ci/cc which was

The average gross beta in air concentration was 4.8 x 10
equal to.the network average at the RWMS, These concentrations represent
approximately 0.005 percent of the derived concentration guide. Results from
the nine gross beta stations were grouped closely together and all were within
two standard deviations from the average. Gross beta in air results for the

site are summarized in Tables 4,

Plutonium

The average concentration of Pu-239 jn air at RWMS was <2.4 x 10°17 uCi/cc.
This is 0.12 percent of the derived concentration guide for Pu-239. Plutonium

in air results for RWMS appear in Table 5.

Gamma Monitoring

The average annual dose for the control network was 81 mrem/y or 9 urem/h.
The natural background of Area 5 which averaged slightly higher at 92 mrem/y
or 11 yrem/h compared favorably with the literature value of 11-20 yR/h
(Reference 13). Another station, two miles south (Well 5B), had an annual
dose rate of 79 ﬁrem/y or 9 urem/h, Table 18 gives a summary of the gamma

monitoring results for 1986.
In conclusion, the results from the surveillance network around the RWMS
indicate that there were no detectable releases of radioactive materials as a

result of operations during 1986.
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FIGURE 13
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H. PERIMETER DOSE ASSESSMENT

The maximum postulated dose from the NTS operations was calculated for an
individual at work within the test site during the entire CY-1986. This was
done by calculating the fifty year cumu]ative dose for an individual receiving
a one year occupational intake from measured radionuclide concentrations
onsite. The dose from air immersion was calculated for a one year
occupational exposure to a semi-infinite cloud. In the calculation the air
immersion dose was treated like an external exposure and, therefore, once the
radioactive source was considered removed, for the pubposes of this
calculation the end of CY-1986, there was no further exposure. As previous]y
explained in the “"Summary of Results" section, a highly conservative approach

was taken to determine the doses received by an individual at the NTS. The

- dose conversion factors used for calculating the cumulative dose came from

References 14 and 20, and are tabulated in Table 20. Basfcal]y;'these reports
used models and parameters equivalent to those used in ICRP Publication 2
(Reference 16). The radionuclides considered for the dose calculations were
tritium, Kr-85, Xe-133, Pu-239, and Sr-90 (assuming the gross‘beta con-

centration in air consists entirely of Sr-90).

1. Dose From Ingestion of Radionuclides

The dose from the ingestion pathways was calculated for an individual
at work within the NTS boundary during CY-1986. The only pathway
considered was the ingestion of water. Ingestion of foodstuffs was
not cqnsidered because of the lack of locally grown food adjacent to

the site boundary. The water was assumed to be similar to the potable
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TABLE 20

DOSE CONVERSION FACTORS*

Inhalation Ingestion

Air immersion

{mrem/50 y per (mrem/S0 y per

(mrem/y per

pCl inhaled) pCl ingested) uci/m)
organ Ser 2% unex Ogax 2% enn S 133, 85, .
-8 -1 -4 -5 -8 2 1
Total Body 9.35X10 - 1.55X10°  7,62X=-10_  3.82X-10 ~ 6.18X-10 -~ 2,19X10° 1.9X10
Bo . 0 -2 -3 2 1
ne 0.0 6.38X10°  1,24X=10 ° 1.57%-10" 0.0 C o 2.19%10° 1.9%10
- -8 -1 -3 -8 2 1
Lung 9.35X10 °  3.44X10 ' 1,20X-10 ~ 0.0 6.18X=10 ~ 2,37X10° 3.6X10
skin cmmee mmmem memm emeem e 6.04X10%  1.4X10°
S
i~ . -
* Taken from References 14 and 20,
#% Gross beta activity was assumed to be 90se,

*#% The dose conversion tactor was divided by 1,7 to take Into sccount the change in

Qual Ity Factor for weak beta emitters (DOE Order 5840.1, Chapter X1).

#%%% The dose conversion factor was multiplied by two to take into account the change in

Qual ity Factor for alpha emitters (DOE Order 5840.1, Chapter XI).
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water sampled onsite. The radionuclides considered for the calcula-
tion were Pu-239 and tritium. The gross beta concentration was‘not
used in the calculation because it was shown earlier (reference 23)
that the gross beta concentration was primarily due to the naturally
occurring K-40 content. The Cascade bottled water brought onsite was
assumed to have natural background levels of Pu-239 and tritium.
These background concentrations were subtracted from the potable water
stations having the maximum average Pu-239 and‘tritium concentrations
to obtain the net concentrations used in the dose calculations. These
values are listed in Table 21. The assumed fluid intake for the indi-
vidual was 1.6 liters per day and was derived from ICRP Publications
23 (Reference 15). The resulting ingestion doses to the total body,

tung, and bone for Pu-239 and tritium are given in Table 22.

Dose from Inhalation of Radionuclides

The doses from the inhalation of tritidm, gross beta actfvity, and
Pu-239 were calculated for the individual at work within the NTS
boundary. The maximum average tritium in air and Pu-239 in air
concentrations were used for the dose calculations after background

concentrations were subtracted.

A1l of the gross beta activity was assumed to be Sr-90. The concen-
trations used for calculating the inhalation dose are Tisted in Table
21, The individual was assumed to breathe 1624 cubic meters of air in
one year (Reference 15). The calculated fifty year cumuiative doses

to the whole body, lungs, and bone are given in Table 22.
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TABLE 21

RADIONUCL IDE CONCENTRATIONS USED FOR DOSE ASSESSMENT

Air (uCi/cc)

Potable
water (yCi/ml)

3h

Gross

133
239Pu Beta Xe

85 239 3
Kr Pu H

Onsite . -1
Concentration <3,9X10

Background

Concentration <2.9)(10“'2

Net

-1
Concentration <3,9X10 0

O 1.sx107"? s.axi0™" <1.ex10”

-17 - -14
<1.3X10 ' 3.6X10 0.0

1.5x10" "7

=77

1.8x10” 4 <1.6x10” 10

- - -6
10 5.ax107"" <1.3x107'0 <1.1x0

(R 1

2.7x10" " <a.sx10”" <s.ox10”’

- - -7
3.1x107" " <8.5x10”" " <2.1%10



TABLE 22

50 YEAR CUMMULATIVE DOSES*

R Alr .
Inhalaﬂon (mrem) lngesﬂon {mrem) immersion (mrem)

: ) Total
organ 3, 239, 90, 239, 3, . 133, 85  (mrem
Total Body <1.3X107' 8.2X107" 4.9X1072 <1.9X10™° <7.6X10°> <1.5X10°2 2.5%10~% <1.0x10°

1 -1 -2 -2 -4 1
Bone 0.0 3.4X10°  7.9X10° <7.8X10 < 0.0 <1,5X10°% 2,5X10° <3.4X10
Lung <1.3x107" 1.8x10° 7.7%107% 0.0 <7.6X107> <1.6x1072 4.7%10™% <2.0x10°
skin : <4,1x1072 {1 gx10°2 <5.9X10"2

* 50 yesr cummulative dose from inhalation and ingestion of radionuc)ides for one year,
The alr immersion dose rate was calculated for a one year exposure with no resulting
exposure after CY-1985 ended,

90

®¢ Assumed al| of the gross beta activity was ~ Sr,

-78-



3.

Dose from Air Immersion

The air immersion dose from Xe-133 was calculated for an individual
working within the NTS boundary. The average Kr-85 concentration at
the Area 20 dispensary was above the network average and was used in
air immersion dose calculations, aftef subtraction of background. The
highest average Xe-133 concentration was used to calculate the air
immersion dose. These values are given in Table 22. The calculated

doses to the whole body, lungs, bone, and skin are listed in Table 23.
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ESTIMATED NATURAL BACKGROUND DOSE AT THE NTS BOUNDARY*

Source

Cosmic Radiation##

Cosmic Radionucl ides+

External Terrestrial++

Inhaled Radionucl ides+++

Rad lonucl ides In the Body+++
Total for One Year

U.S. Average Total

* These values were derived

** The values for the total body are assumed to be the same as those for the

gonads in Reference 18,

*##% Assumed altitude of 1 km and a 10% reduction from structural shielding.

TABLE 23

Total Body**
(mrem/y)

36
0.7

56

27
120

80

Bone Lungs
{mrem/y) (mrem/y)
36 36
0.8 0.7
56 56
-——- 100
60 24
_1s3 217
_120 180

from References 13 and 20,

+ variation throughout U,S, very minimal, usually less than | mrem/y,

++ Value of 10 yrad/h assumed at the site boundary,

shielding by housing and 20§ for shielding by the body.

+++ Average values for the U.S.

80~

Value reduced by 20% for
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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. In the
first plot, the air network weekly averages, a square represents the arith-
metic mean of all values at that point in time, and the vertical line is the

range of the data.

The remaining plots of Appendix A show the gross beta and plutonium data of
each station. A two-sigma error bar is also added to the data points, and, in
all of the plots, a delta with the line to the bottom of the plot means below

detection limit.
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APPENDIX B

NTS Environmental Surveillance

Tritium in Air Sampling Locations and Plots
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The tritium in air data for each station is plotted in Appendix B for the

entire year.
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APPENDIX C

NTS Environmental Surveillance

Supply Well Locations and Plots
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Several symbols are used in Appendix C to denote the data points. In the
first two pages of plots, the supply well network averages, a square repre- .
sents the arithmetic mean of all Qa]ues at that point in time, and the

vertical line is the range of the data.

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

limit.
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APPENDIX D

NTS Environmental Surveillance

Potable Water Locations and Plots
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In the first two pages of plots in Appendix D, the potable water network

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

that point in time, and the vertical

line is the range of the data.

| Uy A de o - o~ ade P R A derram o rwonm
peLa Juaia 0O1 eaci >Suvalb iU, n LWU'blylld
points, and, in all plots, a delta with a
below detection limit.
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APPENDIX E

NTS Environmental Surveillance

Open Reservoir Locations and Plots
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Several symbols are used in Appendix E to denote the data points. In the
first two pages of plots, the open reservoir network averages, a square
represents the arithmetic mean of all values at that point in time, and the
vertical line is the range of the data. The remaining plots of Appendi* E
show the gross beta data of each station. A two-sigma error is also added to
the data points, and, in all plots, a deita with the 1ine to the bottom of the

plot means below detection Timit.
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‘APPENDIX F

NTS Environmental Surveillance

Natural Spring Locations and Plots
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In the first two pages of plots in Appendix F, the natural springs network
averages, a square is used to Eepresent the arithmetic mean of all values at
that point in time, and the vertical line is the range of the data. The
remaining plots show the gross beta data of éach station. A two-sigma er}or
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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APPENDIX G

NTS Environmental Surveillance

Contaminated Pond Locations and Plots
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P

In the first two pages of p]dts in Appendix G, the contaminated pond network
averages, a square is used to represent the arithmetic mean of all values at

that point in time, and the vertical line is fhe range of the data.
The remaining plots show the gross beta of each station. 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

Station
Number Location
6 Area 12 T-Tunnel #1
7 Area 12 T-Tunnel #2
8 _ Area 12 N-Tunnel #3
9 Area 12 N-Tunnel #1
10 . Area 12 N-Tunnel #2
12 Area 12 T-Tunnel Effluent
13 Area 6 Yucca Decontamination Pond
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