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1.0 EXECUTIVE SUMMARY

The Washington Public Power Supply system Radiological Environ-
mental Monitofipg Program (REMP) activities during 1987 are dis-
cussed in this report. The REMP is designed to provide an
~assessment of the levels of radioactivity in the environment
around Plant 2 in order to detect any radiological effect of
plant operations over time. To accomplish this objecfive, the
REMP provides for the collection of air, water, milk, soil, sedi-
ment and garden produce on a regular basis from the region sur-
rounding the plant. In addition, direct radiation from the plant
and plant effluents is measured using thermoluminescent dosimeters
(TLDs).

Environmental samples collected in the Grandview/Sunnyside area
are considered control samples; i.e., samples that provide an
indication of the natural radiocactivity background inherent in
the region and that are unlikely to be affected by Plant 2 opera-
tions. Samples taken from locations near the plant and in direc-
tions 1ikely to be affected by plant effluent§ are regarded as
indicator samples. Determining whether Plant 2 operations have
had a radiological impact on the environment involves comparing
the indicator sample results to the control sample results, the
results of samples taken prior to plant oper%tion, the calculated
lower limits of detection (LLDs) and the regulatory guidance and
Timits. '

REMP monitoring results for 1987 were within the ranges previously

observed for samples collected during the preoperational period .

and most of the results were less than the respective LLDs. Some ‘
residual radioactivity (mostly cesium-137) from the Chernobyl

nuclear accident fallout was evideﬁt in milk samples taken in

early 1987. Changes in the ambient environmental radiocactivity

levels were also evident in the gross beta in air samples taken

during fall and winter inversion periods and in the TLD results.
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None of the changes were related to Plant 2 operations. No
radiological impact of plant operations on the environment around
Plant 2 was detected during 1987.




2.0 INTRODUCTION

The Radiological Environmental Monitoring Program (REMP) for Washington
Public Power Supply System Plant 2 provides for the collection and
analysis of samples of various environmental media for assessment of
the radiological impact of plant operations. The environmental media
routinely sampled by the REMP include air, water, milk, soil, river
sediment, fish, vegetables, fruits, and root crops. - Other sample
media, such as vegetation and animal products (for example, eggs and
meat) are also sampled under special circumstances when additional
information about particular radionuclides is needed. The direct
radiation near the. plant and at various distances from the plant is
assessed through the use of thermoluminescent dosimeters.

The results of environmental measurments made during CY 1987 are
presented in this report. The results are discussed and interpreted
by comparing them to similar measurements made during the preopera-
tional and previous operational periods and to the detection capabil-
ities associated with the currgnt methods of analysis...

2.1 Site Description

The Washington Public Power Supply System Plant 2 is located in a
sparsely populated shrub-steppe region within the Department of
Energy-operated Hanford Reservation in southeastern Washington. The
plant is approximately three miles west of the Columbia River and is
surrounded on all sides by unoccupied desert land. The nearest popu-
lation centers are Richland, Kennewick and Pasco, which are 8 miles
south, 21 miles southeast, and 18 miles southeast, respectively. The
nearest privately owned lands are located east of the plant, across
the Columbia River. The prevailing wind directions from the south,
southwest and west make this farming region an ideal area for REMP
sample locations.
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2.2 Program Background

The REMP is designed to conform to the regulatory guidance provided by
Regulatory Guides 4.1], and 4.82, including the Radiological
Assessment Branch Technical Position (BTP)3, while taking into
account site specific characteristics. The quality assurance aspects
of the program and the thermoluminescent dosimetry are conducted in
accordance with Regulatory Guides 4.154 and 4.135. ‘The preopera-
tional phase of the program, which extended from March 1978 to

January 19, 1984, the date of initial criticality, provided a baseline,
of environmental data. Variability of the background levels of radio-
activity due to differences in geologic composition, weapons test
fallout, meteorological conditions and seasonal changes is reflected

in that preoperational data.

Analysis of REMP environmental samples has always been performed by an
analytical laboratory contractor. Since June 1986, Teledyne Isotopes,
Inc. in Hestwood, New Jersey, has performed the analysis of REMP
samples. The thermoluminescent dosimeters used in the REMP to
determine the direct radiation are processed by the Supply System
External Dosimetry Laboratory under the Radiological Programs and
Instrument Calibration Department.

2.3 Program Objectives

The REMP provides a mechanism for determining whether the levels of
radioactivity in the plant environs.are within established 1imits and
for ensuring that the accumulation of radionuclides in the environment
will not become significant as a result of plant operations. Hhile
in-plant monitoring programs are used to ensure that 10CFR206 and
IOCFRSO7 criteria for releases of radioactive effluents are met, -the
REMP provides supplemental verification that the concentrations of
radionuclides in the environment are not greater than anticipated.




Any radiological effect of the plant on the environment must be

* distinguished from the normal variation in backgfound radiation levels.

The monitoring results obtained during each year of the plant's opera-
tion are compared to the preoperational data and to data from previous
operating years, in order to determine whether a significant accumula-
tion of plant-produced radionuclides has occurred in the environment.
Should a significant accumulation be observed and be attributea to
plant operation, steps would be taken to locate the release pathway
and prevent further releases.
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3.0 PROGRAM DESCRIPTION

¥

The REMP plan for Plant 2, presented in Table 3-1, summarizes the
sample locations, collection frequency and types of analysis performed
on the sample media. The methods of sampling and sampling frequencies
utilized in the program have been determined by such factors as the
half-1ives and major exposure pathways for the radionucliides
potentially released from the plant to the surrounding environment.

3.1 Sample Locations

Seventy-six locations were included in the 1987 monitoring program.
Sixty-nine indicator and two control, i.e. background, locations were
within 10 miles (16 kilometers) of Plant 2 containment. Three addi-
tional control stations and two indicator stations were outside the
10-mile radius from the plant. Sample stations are listed in Table
3-2 by meteorological sector, sample media and approximate distance
from the plant. The number and locations of sample stations is based
not only on factors such as population distribution and meteorological
conditions, but also on station accessibility and security throughout
the year and the reduirements of applicaﬁle regulations.

Maps of the REMP sampling locations described in Tables 3-1 and 3-2

are presented in Figures 3-1 through 3-10 for sampling locations within
the 10-mile radius and Figure 3-11 for sampling locations outside the
10-mile radius. A more detailed presentation of sampling locations in
the Sunnyside/Grandview area is given in Figure 3-12.

3.2 Land Use Census

In August the annual land use census was performed, as required by
Plant Technical Specificatons.8 One purpose of the land use census
is to identify, within a distance of 5 miles, the locations of the
nearest milk animal, residence and garden greater than 50 m2 in each
of the 16 meteorological sectors. Another objective of the census is
to determine whether any site located during the census has a calcu-
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SAMPLE_Type‘?’

SAMPLE STATION o.‘®’

SAMPLING AND
COLLECTION FREQUENCY

(c) TYPE AND FREQUENCY

OF ANALYSIS

AIRBORNE

Particulates and
radioiodine (6/12)

s0i1¢F¢0/5)
DIRECT RADIATION

7L0¢9 (34/56)

prc? (or3)

WATERBORNE

Surface/ K)
Drinking Hater
(3/4) -

Ground Water (2/3)

Sediment from
shoreline (1/2)

1, 4-9, 21, 23, 40,
48, and 57

9,1, 7, 21 and 23

1-9, 10-25, 40-47,
49-51, 53-56, (h)
71-86 (S1-S16)

1, 21, and 23

26, 27, 28 and 29

31, 32, and 52

33 and 34

Continuous sampling
Heekly collection

Annually

Quarterly, annually

Continuous recording,
monthly tape exchange

Composite aliquots(j)

monthly

Quarterly

Semiannually

Particulate: Heekly
gross beta{d); gamma
isotopic(e) of

quarterly composite (by
location)

Iodine:
analysis.

Heekly gamma

Gamma isotopic(e)

Thermoluminescent out-
put; quarterly and
annual processing.

Monthly data tape -
analysis, when used

Gamma 1sotop1c(e),

gross beta; tritium
quarterly composite
Gamma 1sotop1c(e);
tritium quarterly
grab sample

Gamma isotopic(e)




TABLE 3-1 (Cont.)

|
|
D RONMENT, PROGR A |
_ |
(2) (b) SAMPLING AND ) TYPE AND FREQUENCY
SAMPLE TYPE SAMPLE STATION NO. COLLECTION FREQUENCY QF ANALYSIS
4. INGESTION ‘
|
Milk(]) (5/4) 2’(3§’ 40, . Semimonthly during Gamma isotopic(e)
5977, and 96 grazing season, Iodine-131
: monthly at other times i
Fish(") (2/2) 30 and 38, or 39 Seasonal or Gamma 1sotopic(e)-
Semiannually |
(0) (e)
Garden Produce (1/2) 9, 91¢P) and 37 Monthly during growing Gamma isotopic
season in the Riverview
area of Pasco and a
w control near Grandview;
w annual collection at

Station 91.

(@)The fraction in parentheses for each sample type indicates the ratio of Technical Specifi-
cation sample locations to total number of sample locations currently being monitored in the sur-
veillance program.

(b)The underlined sample location designates a control station.
(C)peviations are permitted if samples are unobtainable due to hazardous conditions, seasonal

availability, malfunction of automatic sampling equipment, or other legitimate reasons. Such devia-
tions are documented in Appendix C. -

(Dparticulate sample filters will be analyzed for gross beta after at least 24-hours to
allow for the decay of radon daughter products. If gross beta activity is greater than 10 times the
mean of the result for the control Station 9A, gamma isotopic analysis should be performed on the
individual sample.

(e)Gamma isotopic means identification and'tification of gamma-emitting radionuclides tha“
may be attributable to the effluents of the fa .




TABLE@ (Cont.) @

(f)Soi1 samples are collected to satisfy the requirements of the Site Certification Agreement
(SCA)9 for Plant 2.

(9)TLD refers to thermoluminescent dosimeter. For purposes of the REMP, a TLD is a phosphor
card (31.75mm x 44.75mm x 0.4mm) with eight individual read-out areas (four main dosimeter areas and
four back-up dosimeter areas) in each badge case. TLDs used in the REMP meet the requirements of
Regulatory Guide 4.13 (ANSI N545-1975), except for specified energy-dependence response. Correction
factors are available for energy ranges with response outside of the specified tolerances.

(MTLD stations 71-86 are special interest stations and are not included among the 34 routine
TLD stations required by Plant Technical Specifications, Table 3.12-1. Their alternate designations
are S1-S1e6. ‘

(1)pressurized ion chambers (PICs) are no longer required as part of the routine monitofing
program. They are used only as a supplemental or backup system.

(J)Composite (integrated grab) samples are collected with equipment which is capable of col-
lecting an aliquot at time intervals which are short relative to the compositing period.

(K)station 26, Plant 2 makeup water intake from the Columbia River is both an upstream surface
water sample and drinking water control sample location. Station 28, 300 Area sample is both a
downstream surface water sample and drinking water sample. Two week composite sample analysis for
fodine-131 is initiated when the dose calculated for the consumption of water is greater than 1 mrem
per year maximum organ dose using ODCM methodology and parameters.

(DMi1k samples will be obtained from farms or individual milk animals which are located in
sectors with high calculated annual average ground-level D/Qs and high dose potential. Routine milk
samples are collected in areas of high dose potential instead of within § kilometers, due.to location
of milk animals. If cesium-134 or cesium-137 is neasured in an individual milk sample in excess of
30 pCi/1, then the strontium-90 analysis will be performed.

(m)station 58 discontinued milk production in June 1987. It was replaced by Station 59.

(MThere are no commercially important species in the Hanford reach of the Columbia River.
Most recreationally important species in the area are anadromous, primarily salmonids. Four fish
specimen will normally be collected by electroshock technique in the vicinity of the plant discharge
(Station 30). If electroshocking produces insufficient fish samples, anadromous species may be
obtained from a catch pond at Ringold Fish Hatchery (Station 39).
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TABLE 3-1 (Cont.)

(0)Garden produce will routinely be obtained from farms or gardens using Columbia River water
for irrigation. One sample of a root crop, leafy vegetable, and a fruit is collected each sample
period, if available. The variety of the produce sample will be dependent on seasonal availability.

(P)station 91, which was added in September 1987, is an apple orchard irrigated by the
Columbia River. The apple crop from Station 91 is sampled annually.




TABLE 3-2

REMP_SAMPLE_LOCATIONS BY SECTOR
SECTOR‘® STATION'®? DISTANCE'S? SAMPLE_TYPE
NUMBER - MILES METERS
N 52 0.1 161 GH
7101S) 0.3 483 LD
47 0.5 805 LD
57 0.8 1201 - AP/AI
18 1.1 1770 LD
53 7.5 12068 LD
NNE  (2) 72(2S) 0.4 644 TLD
2 1.8 2896 TLD
54 6.5 10459 LD
NE (3 73(39) 0.5 " 805 TLD
19 1.8 2896 LD
48 4.3 - 6919  AP/AI
39 4.4- - 7084 FI
46 4.7 7562 LD
ENE  (4) 74(43) 0.4 644 TLD
21 1.5 2414 | AP/AL/SO/TLD
20 1.9 3057 LD
n 3.1 4988 TLD
33 3.6 5792 SE
45 4.2 6758 TLD
44 5.7 9171 LD
3-6



TABLE 3-2 (Cont.)

REMP_SAMPLE_LQCATIONS BY SECTOR .
SecTOR‘®) “sTATION'D DISTANCE'®? SAMPLE TYPE -
r NUMBER MILES . METERS
E (5 75¢58) 0.4 - 644 TLD
22 2.1 3379 TLD
10 3.1 4988 TLD
26 3.2 5149 PH
27 3.2 5149 DH
30 3.3 © 5311 F1
43 5.7 9171 TLD
ESE  (6) 76¢6S) 0.4 644 TLD
31 1.1 1770 "GH
32 1.2 1931 GH
51 2.1 3379 TLD
23 3.0 4827 AP/AL/SO/TLD
34 . 3.5 5632 SE
8 4.7 7562 AP/AL/TLD ‘
42 5.6 9010 TLD
36 7.2 11585 MI
5 7.7 12389 AP/AL/TLD
38 26.5 42639 FI
91 4.8 7723 FR
SE (D) 7709 0.5 805 TLD
24 1.9 3057 TLD
3 2.0 3218 TLD
M 5.8 9332 TLD
40 6.4 10298 AP/AI/MI/TLD
58 8.6 13838 MI
9.6 15443 MI

|
\
|
|
1
59
\
|
|
|

S




TABLE 3-2 (Cont.)

E BY_SECT
SECTOR‘? sTATION'D’ pISTANCE'S) . sampLE TYpe‘d
NUMBER . MILES METERS
SSE  (8) 78(85) 0.7 1126 TLD
25 1.6 2574 TLD
55 7.0 11263 TLD
28 7.4 11907 PH
4 9.3 14964 AI/AP/TLD
29 11.0 17699 PH
37 16.0 25744 GP
) 79(95) 0.7 1126 TLD
1 1.3 2092 AP/AL/SO/TLD
6 7.7 12389 AP/AL/TLD
SSH (10) 80(10S) 0.8 1287 TLD
50 1.2 1931 T
56 7.0 11263 . TLD
SH o aD 81€(11S) 0.7 1126 TLD
13 1.4 2253 TLD
96 36.0 49250 MI
WSH  (12) 82(125) 0.5 805 TLD
14 1.4 2253 TLD
gte) 30.0 48270 AP/AI/MI/GP/
TLD/SO
N A3) 83(135) 0.5 805 TLD
15 1.4 2253 TLD




TABLE 3-2 (Cont.)

T B T
SEcToR‘® sTATIOND? DISTANCE S’ saMpLE TYpE(D
NUMBER * MILES METERS
HNH  (14) 84(14S) 0.5 805 TLD
16 1.4 2253 TLD
7 2.7 4344, AP/AI/SO/TLD
N (15) 85(15S) 0.5 805 TLD
49 1.2 1931 TLD
NNH  (16) 86(16S) 0.4 644 TLD
17 1.2 1931 TLD
12 6.1 9815 TLD
(a) The area in the vicinity of Plant 2 is separated into 16 separate

(b)

(c)

(d)

(d)

sectors for reporting purposes. The 16 sectors cover 360 degrees
in equal 22.5 degree sections, beginning with Sector 1°(N) at
348.75 to.11.25 degrees and continuing clockwise through Sector
16 (NNW).

The alternate designations for TLD Stations 71-86 are given in
parentheses, i.e. 15-16S.

Distances are estimated from map positions for each location as a
radial distance from Plant 2 containment.

Sample Type Key: TLD - Thermoluminescent MI - Milk

Dosimeter PH - Drinking/
AP - Air Particulate Surface Hater
GH - Ground Hater
Al - Air Iodine DH - Discharge Hater
GP - Garden Produce
SE - Sediment FR - Fruit
FI -~ Fish

Station 9 designates the Sunnyside-Grandview control area for
TLD, AI/AP, SO, and GP and is actually three separate stations
within a few miles of each other and all within 30-35 miles of
Ptant 2. Station 96, which is the new control station for milk,
is also located within the control area. It is 36 miles from
Plant 2. ’
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lated dose or dose commitment greater than the sites currently moni-
tored for the same exposure pathway. If so, routine sampling of that
exposure pathway would be initiated at that new site.

The results of the 1987 land use census within 5 miles are given in
Table 3-3. No milk animals are located within the 5-mile radius. The
closest milk locations are at 6.4 miles SE and 7.2 miles ESE. Milk
sampling is currently performed at these sites, in addition to sites
at 9.6 miles SE and two sites in the Sunnyside/Grandview area. Goats
located at 5.6 miles ENE are not used as milk animals. Therefore, no
changes were made in milk sampling locations as a result of the land
use census. The gardens located by the land use census were either
not irrigated by Columbia River water or located upstream from

Plant 2, so no vegetation sampling will be conducted at these
locations.

3.3 Sampling Methods

The collection of environmental samples for the REMP was performed
according to the schedule in'Table 3-1. A][ samples were col]egted by
Supply System personnel.. The documented procedures contained in the
Environmental Program Instruction Manual were used for sample collec-
tion and preparation. The -following sections describe the Supply
System's sampling and preparation methods.

<

3.3.1 Direct Radiation

Thermoluminescent dosimeters (TLDs) were used to determine the direct
radiation levels at fifty-six (56) monitoring locations. The environ-
mental dosimeter consists of a card containing CaSO4:Dy (25%) phosphor
in a Teflon matrix. Following oven annealing at ZSOTC for 2 hours,
the 31.75 mm x 44.75 mm x 0.4 mm thick card was loaded into a plastic
case (Teledyne Model EB-2) lined with 0.58 mm copper (520 mg/cmz) to
lessen the TLD's overresponse to low energy photonslo. The TLD was
prepared for the field by first wrapping the case with aluminum foil,
sealing it in two plastic bags and finally placing it in a cotton bag,

which was hung from a metal post at each site.
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TABLE 3-3

: @

SecTor‘?? GARDEY DAIRY (P’
PARAMETER ___RESIDENT (>50M°) ANIMALS LIVESTOCK
NE 4.3 4.3 0 0
ENE 3.9 3.9, 0 3.9
E 4.4 4.4 0 4.4
ESE 4.2 4.4 0 0
SE 4.8 0 0 0

\

(2)Eleven of the sixteen meterological sectors within the five mile
radius of Plant 2 are on the federally-owned Hanford Site; the
remaining land is comprised of 4.48 sq. miles of privately-owned
farm land. Only those sectors containing points of interest are
presented here.

(b)The closest dairy animal. locations are at 6.4 miles, 9.6 miles and 0
8.3 miles SE and 7.2 miles ESE. The location at 8.3 miles SE is not
used for milk sample collection due to the owner's reluctance to
participate. ‘

o




Two sets of TLDs were employed at each location. One set was exchanged
on a quarterly basis and the other exchanged on an annual basis.
Exposure of the field TLDs during transport to the TLD sites was moni-
tored by a set of control dosimeters that accompanied the field dosim-
eters to and from the field locations.

The environmental dosimeters were processed on a Teledyne Isotopes
Model 9100 Automatic Reader. Following the initial processing, the
field dosimeters were annealed and given a calibration exposure to
approximately 100 mR of Cs-137 gamma, in order to determine dose
response (i.e, calibration) factors for each dosimeter. The
calibration factors were then used to determine the total exposure
received by each TLD.

Until 1até,1985, the Site Certification Agreement for Plant 2 required
the use of pressurized ion chambers (PICs) to measure direct radiation
at three locations on the site boundary. Because of lightning damage
to these units and frequent malfunctioning, the requirement for the
‘routine use of the PICs was waived. The units are currently maintained
for use in special monitoring situations or as back-up monitoring
systéms. Solar panels have been constructed for the units to elimi-
nate the occurrence ‘of power surges and 1ightning damage.

3.3.2 Airborne Particulate/Air Iodine

Air particulate and air iodine (I-131) samples were obtained through
the use of portable; Tow volume (1.5 cfm) constant flow rate sampling
units at each of twelve locations. The samples drawn at Station 9 are
. considered control, or background, samples; the ones drawn at the

other locations are indicator samples. Air particulates were collected
by drawing air through a 47 mm diameter glass fiber filter. Air iodine
was collected by drawing air through a 57 mm diameter TEDA-impregnated
charcoal cartridge. The particulate air filter and charcoal cartridge
were placed in tandem, particulate filter first, in a holder that
attached to the air inlet of the sampler unit. The sampler units were
placed in ventilated metal weather housings mounted on elevated
platforms at each air sample location.

3-24



The air sampler units were run continuously, with the filter and char-
coal cartridge exchanged weekly for analysis. The total sample time
for each filter and cartridge was recorded from the elapsed time indi-
cator and the sample volume was calculated and recorded. The filters
and cartridges were shipped or delivered to -the analytical contractor
within one or two day; of collection.

3.3.3 Hater

The water sampling network consists of seven sampling locations: three
for evaluation of river/drinking wéter, one for evaluation of discharge
water and three for the evaluation of groundwater. The river/drinking
water stations are located at the plant intake (Station 26) , the DOE
300 Area river intake (Station 28) and the Richland Hater Treatment
Plant (Station 29). The discharge water sample is drawn from the blant
discharge line (Station 27) to the Columbia River. The sample drawn
from the plant intake line is considered the control sample, while the
samples drawn from the other locations are indicator samples. A
Collins Model 42 composite sampler is installed at each of these
locations to periodically. collect 25-ml aliquots of water, which are
added to large collection bottles. At the prescribed 1ntervais, the
sampler collects, alterhately, an aliquot for the sample designated

for gross beta and gamma 1sotopié analyses and an aliquot for the
sample designated for tritium analysis.

Prior to the start of each monthly sampling period, concentrated nitric
acid was added to the large collection bottles receiving the gross

beta and gamma isotopic water samples to inhibit biological growth and
plateout of dissolved ions on the bottle wall. Acid was not added to
the collection bottles receiving the tritium water samples. One

gallon of the gross beta samples was poured into a clean plastic
cubitainer each month. A 250-ml cubitainer was used to hold the
monthly sample submitted for the quarterly tritium composite.
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Nonroutine analyses include strontium-90 analysis, when the gross beta
activity in the drinking water exceeds 8 pCi/liter or ten times the
mean of the previous three months' activity for a specific location,
and fodine-131 analysis, when the dose calculated for the consumption
of water exceeds one mrem per year.

The groundwater stations are located on Supply System property: one
well on the Plant 2 site (0.1 mile north of the Reactor Building) and
two wells on the HNP-1 site (1.2 miles downgradient from Plant 2).
Hater from the Plant 2 well is used as a backup source for drinking
and fire protection. Hater from the WNP-1 wells supplies some of the
drinking and fire protection water for the NNP-]‘s1tg and, until
November, 1987, supplied drinking water to the Plant Support Facility
at Plant 2. Quarterly grab samples were taken from each of these
wells. One gallon was collected from each well for gamma analysis and

250 m1 was drawn for tritium analysis. The samples were not acidified.

3.3.4 Soil

Soil samples were collected once during 1987, as required by the Site
Certification Agreement. Samples were taken from five locations. The
sample taken at Station 9 is the control sample, while the other.four
samples are indicator samples. Each sample was taken from an area of
.approximately one square foot and a depth of approximately one inch.
Approximately two kilograms of soil were used in each sample.

Each sample was submitted for gamma isotopic analysis. No soil samples
were submitted for strontium analysis because the cesium results for
the indicator stations did not exceed ten (10) times the results for
the control station.

3.3.5 Shoreline Sediment
Two shoreline sediment samples were collected twice during 1987 in

accordance with the routine sampling schedule. The upstream sediment
sampling location (Station 33) is approximately two miles up the
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Columbia River from the plant discharge point and the other location
(Station 34) is approximately one mile downstream of the discharge
point. Samples were scooped from underwater near the river shoreline.
Each sample consisted of approximately two kilograms of the shallow
surface sediment. The samples were placed in clean plastic bags and

shipped to the analytical contractor within a day or two of collection.

3.3.6 Fish

Fish sampling was performed during two weeks in April and September,
when the 1ikelihood of obtaining anadromous* species was high. Fish
samples collected from the Columbia River (Station 30) were indicator
samples, while the fish collected on the Snake River (Station 38) were
control samples.

Four separate fish samples, an anadromous species and three other
species generally considered edible, or potentially edible, such as
carp, catfish and whitefish, were collected at each location. Most of
the fish were collected through the use of electroshock, but samples
of the anadromous species were also collected from the Ringold Fish
Hatchery on the Columbia River and the fish trap at Ice Harbor Dam on
the Snake River. The fish were filleted to obtain one kilogram of
edible flesh per sample. The fillets were'placed in clean plastic
bags, frozen overnight, and shipped to the analytical contractor.

3.3.7 Milk
Milk samples were collected monthly"during January, February, March,

October, November and December and semi-monthly during the remaining
six months when the cows were likely to be grazing. One gallon of raw

milk was collected from each sampling location. The milk samples were

frozen overnight and shipped to the analytical contractor.

*Fish species, such as salmonids, known to ascend rivers from the sea
for breeding.
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Routine samples were collected from three indicator locations (Stations
36, 40, and 58) across the Columbia River in Franklin County and one
indicator station (Station 9) and one control location (Station 96)

near Sunnyside. Milk production at Station 58 was discontinued in
June, so a replacement sampling sité, Station 59, was located in
Franklin County and sampling began there immediately. Station 9 in
Grandview continued to serve as an indicator station in 1987. A por-
tion of the feed for the cows at that location is hay from the nortﬁ
Pasco area of Franklin County, making this location unsuitable for use
as a control location. ’

3.3.8 .Garden Produce

Samples of local garden produce were collected monthly during the four
months from June to September when the produce was readily available.
When possible, three types of produce samples -- a root crop, fruit
and a leafy vegetable -- were collected at each location. The indica-
tor samples were collected from a region in the predominant downwind
direction from the plant (Station 37) where crops are irrigated with
Columbia River water. The control samples were obtained from ‘produce
stands in the Sunnysiﬁe area (Station 9), the direction least likely
to be affected by plant effluents. During 1987, a new fruit sampling
station (Station 91), where Columbia River water is used for orchard
irrigation, was identified within five miles of Plant 2. Samples are
collected there annually during harvest.

3.4 Analytical Procedyres

The analytical procedures used for the 1987 REMP samples are described
below. Teledyne Isotopes performed all analyses of REMP samples during
1987.
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3.4.1 Gross Beta Activity on Particulate Filters

The particulate filters were counted in a gas-flow proportional counter
after a delay of five or more days to allow for the radon-222 and
radon-220 (thoron) daughter products to decay. ‘An unused air partic-
ulate filter, supplied by the Supply System, was counted as the blank.

3.4.2 Measurement of Gamma Emitters

Milk and Water

A 1-liter Marinelli beaker was filled with a representative aliquot of
the sample. The sample was then counted for at least 1000 minutes
with a shielded Ge(Li) detector. )

Foodstuff

As much of the edible portion of the sample as possible was loaded
into a tared Marinelli and weighed. The sample was then counted for
at least 1000 minutes with a shielded Ge(Li) detector.

A large quantity of thé sample was dried at a temperature below 100°C.
As much sample as possible was loaded into a tared 1-liter Marinelli
and weighed. The sample was then counted for at least six hours with
a shielded Ge(Li) detector.

Charcoal Carfridges (Air Iodine)

Charcoal filters were counted up to five at a time, with one positioned
on the face of a Ge(Li) detector and up to four on the side of the
Ge(Li1) detector. Each Ge(Li) detector was calibrated for both posi-
tions. The detection Timit for I-131 of each charcoal cartridge was
determined (assuming no positive I-131) uniquely from the volume of

air which passed through it. 1In the event that I-131 would have been
observed in the initial counting of a set, each charcoal cartridge in
the set was then positioned separately on the face of the detector and
counted.
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r 1 ilter
Three air particulate filters for a quarterly composite for each field
station were aligned one in front of another and then counted for at
least six hours with a shielded Ge(Li) detector.

The shielded Ge(Li) detector was -coupled to a mini-computer-based data
acquisition system which performed pulse height analysis. A mini-com-
puter software program defined peaks by certain changes in the slope
of the Epectrum. The program also compared the energy of each peak
with a Tibrary of peaks for isotope identification and then performed
the radioactivity calculation using the appropriate fractional gamma
ray abundance, half 1ife, detector efficiency, and net counts in the
peak region.

3.4,3 Gross Beta Activity in Hater

One lTiter of each sample was evaporated to a small volume and trans-
ferred to a stainless steel planchet. The sample was dried under heat
lamps, cooled, then counted on an automatic beta proportional counter.
The results were calculated using empirical self-absorption curves
which enabled the correction of effective counting efficiency, based
on the sample residue mass.

3.4.4 Iodine-131 in Hater

Two liters of sample were first equilibrated with stable iodide
carrier. A batch treatment with anion exchange resin was used to
remove iodine from the samplie. The iodine was then stripped from the
resin with sodium hypochlorite solution, reduced with hydroxylamine
hydrochloride and extracted into carbon tetrachloride as free iodine.
It was then back-extracted as iodide into sodium bisulfite solution
and precipitated as palladium iodide. The precipitate was weighed for
chemical yield and mounted on a nylon planchet for low level beta
counting. The chemical yield was corrected by measuring the stable
fodide content of the water with a specific ion electrode.
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3.4.5 Tritium in Hater

Approximately two milliliters of water were converted to hydrogen by
passing the water, heated to its vapor state, over a granular zinc
conversion column heated to 400°C. The hydrogen was loaded into a one
Titer proportional detector and the volume was determined by recording
the pressure. The proportional detector was passively shielded by
lTead and steel and an electronic, anticoincidence system provided
additional shielding from cosmic rays.

3.4.6 Strontium-89 and 90 in HWater, Milk and Soil

Hater )

Stable strontium carrier was added to one liter of sample and the
volume was reduced by evaporation. Strontium was precipitated as
Sr(NO3)2 using nitric acid.

Milk

Stable strontium carrier was added to one liter of sample and
trichloroacetic acid (TCA) was added to produce a curd. The curd was
separated by filtration and discarded. An oxalate precipitation was
performed on the filtrate and the precipitate was ashed in a muffle '
furnace. The ash was dissolved and strontium was precipitated as
Sr(NO3)2 using fuming (90%) nitric acid.

Soil _and Sediment

The sample was first dried under heat lamps and a 10-gram aliquot was
taken. Stable strontium carrier was added and the sample was leached
in nitric acid. The mixture was filtered and the 1iquid portion was
reduced in volume by evaporation. Strontium was precipitated as
Sr(N03)2 using fuming nitric acid.

3-31




A barium chromate scavenge and an iron (ferric hydroxide) scavenge
were then performed. Stable yttrium carrier was added and the sample
was allowed to stand for 7 to 10 days for yttrium ingrowth. Yttrium
was then precipitated as hydroxide, dissolved and re-precipitated as
oxalate. The yttrium oxalate was mounted on a nylon planchet and
counted in a low level beta counter to infer Sr-90 activity.
Strontium-89 activity was determined by precipitating SrCO3 from the
sample after yttrium separation. This precipitate was mounted on a
nylon planchet and covered with an 80 mg/cm2 aluminum absorber for
Tow level beta counting.

3.4.7 lodine-131 in Milk

Two liters of sample were first equilibrated with stable iodide
carrier. A batch treatment with anion exchange resin was used to
remove fodine from the sample. The iodine was then stripped from the
resin with sodium hypochlorite solution, reduced with hydroxylamine
hydrochloride and extracted into carbon tetrachloride as free iodine.
- It was then back-extracted as iodide into sodium bisulfite solution
and precipitated as palladium fodide. The precipitate was weighed for
chemical yield and mounted on a nylon planchet for low-level beta
countihg. The chemical yield was corrected by measuring the stable
fodide content of the milk with a specific ion electrode.

3.5 Data Analysis Methods

Since 1985 the results of the REMP analyses have been given as net
results calculated from the gross or total counts determined for each
radionuclide minus the background counts of the counting or detection
instrument. Consequently, for several sample types, the results range
from negative to positive numbers. This\manner of presenting environ-
mental data prevents the bias and loss of individual results inherent
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in the'use of "less than" (<) values, where the "less than" numbers
can have a variety of meanings such as "less than the lower limit of
detection" or "less than the two sigma uncertainty”.

The net results for REMP samples are presented with an asterisk (*) in
front, if the results are less than the lower 1imit of detection. A
listing of the current lower 1imits of detection determined for each
analysis is also provided as a reference when reviewing the sample
results.

Plots of the sample results versus time are used to represent the
results for analyses such as gross beta on air particulate filters,
where the results are normally above the lower limits of detection.
In such cases, the indicator station results are plotted with the
control station results for easy comparison. Other data analysis
techniques, such as log probability plotting, are also used to
represent the data and to determine whether trends that could be
attributed to the effect of Plant 2 operations are evident.

Thermoluminescent dosimeter (TLD) data is presented in terms of the
net mR/day exposure rate. These results are determined from the total
mR exposure calculated for each TLD from its total thermoluminescent
(TLD) output minus the TLD background, minus any transit exposure
received during distribution and retrieval, and divided by the number
of days the TLD was in the field. Log probability plots and graphs of
TLD data by meteorological sector and distance from the plant are used
to interpret trends in the results.
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4.0 RESULTS AND DI

During 1987 the analyses of REMP samples was performed by Teledyne
Isotopes in Westwood, New Jersey. The thermoluminescent dosimeters.
were processed by the Supply System External Dosimetry Laboratory.
Table 4-1 presents the means and ranges of the 1987 results for each
type of sample collected. The means and ranges of the preoperational
and the previous operational data from 1985 and 1986 are also included
in the table for comparison. The results from 1984 are not included
in this table but have been included in previous reports.

The data for the preoperational period included "less than" (<)
designations for results below the lower limits of detection (LLD),
the contractual LLD or the two sigma error, depending upon the conven-
tion employed by the analytical contractor. Consequently, the data
averages using "less than" values are biased high.

The use of the "less than" designation was discontinued in 1985. Since
then, REMP data has been reported as net results, i.e. total (gross)
results minus the detector counting background. Comparison of the
mean results for-1987 to the mean preoperational results is difficult
due to the high bias stemming from the "less than" data. However, .
comparison of the range. of results observed for each period, in order
to determine whether the 1987 results are significantly greater than
during preoperational and previous operational periods, is a viable
approach.

The 1987 REMP data compares well to the ranges of data from previous
periods. Only in the results of the gross beta and tritium analyses
of the discharge water is there a noticable increase over previous
years. This increase, resulting from the 1986 change in the way plant
effluents are discharged, is discussed in Subsection 4.3 below.
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The LLDs generally determined by Teledyne Isotope§ for each analysis
performed and each radionuclide of interest are listed in Table 4-2.
Presented alongside the Teledyne LLDs are the LLDs required by the NRC
Branch Technical Position (BTP).

A summary of the REMP results above detection limits is presented in
Table 4-3. If a particular radionuclide of interest was not detected
in the 1987 samples, the term "LLD" is noted in the data mean and
range columns. In this table the discharge water, river/drinking
water, and groundwater results are listed separately to clarify the
increases observed in the gross beta and tritium levels reported for
the discharge water samples.

In general, the positive, or detected, 1987 results compare well with
the results from previous years. Any significant differences or
increases evident in the 1987 results are discussed in Subsections
4.1 - 4.8.

4.1 Direct Radiation

Summaries of the environmental radiation exposure rates, deter- mined
by thermoluminescent dosimeters (TLDs) are presented in Tables 4-4 and
4-5. The individual quarterly and annual results for each TLD station
are given in Tables A-1.1 and A-1.2 of Appendix A. The annual and
quarterly results for -all TLD locations, including the control location
near Grandview, were generally 10-20% higher than those observed during
previous operational periods and during the preoperational period.

The increase was observed at all locations regardiess of distance from
the plant or location relative to the plant. A similar increase was
observed in the 1986 Third and Fourth Quarter TLD results due to fall-
out from the Chernobyl nuclear accident. 'NRC data for TLD stations in
the vicinity of Plant 2, including some stations where Supply System
TLDs are also located, indicated a similar but smaller increase.
Figures 4-1 and 4-2 show the mean quarterly and annual results of
near-plant and remote TLD locations from the preoperational period to
1987. Figure 4-3 presents the mean 1987 results for each of the
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sixteen meteorological sectbrs. The increase in results in 1987 is
shown in these figures to be generally consistent for all meteoroTogi-
cal sectors and TLD locations.

Station 46 in the Wahluke Reserve remained the locatién with the high-
est exposure rate, 0.33 mR/day. Since the preoperational measurement
phase, the results for this location have exceeded the results for all
other locations. Variations in the ambient background due to varia-
tions in the soil and underlying. rock composition account for such
local differences in the TLD results. Figure 4-4 {llustrates the
Station 46 results relative to the results of Station 9, the control
location. The relationship between the results at these two locations
has remained fairly consistent from the preoperational period
(1982-1983) to the present.

A comparison of the 1987 annual and mean quarterly TLD results is
presented in Table 4-6. The 1987 annual TLD results are siightly lower
but generally within 5% of the mean quarterly results. Steps taken
during T987 to improve the consistency of TLD calibration exposures
and TLD procéssing 1ikely contributed to the clése agreement between
the annual and the quarterly TLD results. |

Because thermoluminescent signal fading has in the past been suspected
as contributing to the differences between the annual and mean
quarterly results, a study was conducted in 1987 to determine the
extent of signal fading. The results of the study indicated that
signal fading over time was not significant. It also demonstrated the
need for tight controls on the accumulation of background on the TLDs
while they are stored in the lead cave before distribution to the field
. and after retrieval from the field. Additional work will be performed
in 1988 to further_improve the consistency of the TLD results.

The 1og probability plots of the 1987 quarterly and annual TLD results
are presented in Figures 4-5 and 4-6. The geometric standard devia-
tions (slopes) of the lines ranged from 1.04 to 1.08, a range which is
consistent with that observed during previous years and which is
typical for ambient radiation measurements (11, 12).
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TABLE 4-1

: ~ operaTIONAL P
MEDIA/ANALYSIS PREOPERATIONAL® 1985 1986'f> 9 19879
MEAN RANGE HEAN RANGE HEAN RANGE HEAN RANGE
Air: pCiIm3 A
Gross Beta  <0.02 «0.003 - 0.130) 0.028 €0.007 - 0.140) 0.050 €0.003 - 0.741)  0.019 (0.004 - 0.074)
1-131¢¢ <0.05 €0.01 - 0.11)  0.00002 (~0.022 - 0.045)  0.031 (-0.024 — 0.818) -0.0001 ¢-0.033) - 0.018)
Gamma - .
Cs-134 <0.01 «0.001 - 0.04) 0.0001 (-0.0021 - 0.0008) 0.002 (-0.001 - 0.015)  0.0001 (-0.0004 - 0.0003)
Cs-137 . <0.01 <0.001 - 0.04) 0.0001 ¢-0.0011 - 0.0014)  0.009 (-0.0008 - 0.036)  0.0001 (~0.0001 - 0.0005)
Ru-103 Not Reported Not Reported 0:005 (-0.0002 - 0.019) ~ 0.000 (-0.0003 - 0.0007)
Ru=106 Not Reported Not Reported 0.003 (-0.002 - 0.013) 0.0004 (-0.017 - 0.020)
Hater: pCi/l
Gross Beta‘? <4.4 €1.0 -<22.00 2.7 (0.4 - 8.1 5.8 (0.6 - 28.0) 10.5 €0.8 - 36.0)
Gamma‘® ’
Ba-140  <50.5 € 4.0 —< 300.0) 2.5 (-22.9 - 24.3) 0.8 (6.8 - 14.8)  -0.1 (-5.7 - 10.0)
Cs-134 <3.8 €1.0 =< 12.0) 0.2 (-3.4 - 2.2) 0.1 (4.1 - 2.8) 0.7 (~3.6 - 5.0)
Cs-137 <3.8 €0.8 =< 16.0) 0.1 (-3.1 = 2.7) . 1.0 (-4.0 - 3.9 1.6 ¢-1.7 = 5.6

(2)A11 stations, all years.
YIndicator stations only.
(c)charcoal cartridge results.
dIncludes river/drinking water and discharge water results only.
(e)Includes ground water, river/drinking water and discharge water results.
f)The effect of the fallout from the Chernobyl accident is evident in the 1986 results, such as iodine and cestum in
milk and iodine, cesium and ruthenium in air. .
(9)The effects of the change in plant discharge methods, which occurred in mid-1986, is evident in the gross beta and
tritium in water results.



TABLE 4-1 (Cont.) -

oPERATIONAL ¢P?
MEDIA/ANALYSIS PREOPERATIONAL® 1985 1986¢f> 9 19879
MEAN RANGE HEAN RANGE HEAN RANGE MEAN RANGE
Hater: pCi/1 (Cont.)
Gamma (c)
Co-58 <4.6 €1.0 -<25.0) 0.2 (-3.3 - 1.9 0.2 (-2.7 - 2.7) 0.0 (2.2 - 4.6)
Co-60 <4.6 €0.1 -<13.0) 0.0 (<2.4 - 1.8) 0.9 (-4.9 - 8.4) 2.1 (<1.6 - 10.5)
Fe-59 <12.1 2.0 =< 93.0) 0.6 (-6.4 - 6.6) 0.2 (-3.8 - 4.9) 0.8 (-4.3 - 4.6)
La-140  <25.5 3.0 -< 160.0) -1.8 (-48.1 - 13.5) 0.1 (-6.8 - 6.1) 0.4 (-5.5 - 5.8)
Mn-54 <4.2 1.0 -<16.0) 0.1 (-3.2 - 2.6 0.6 (-1.8 - 4.2) 0.8 (1.2 - 4.0)
Nb-95 <5.1 €1.0 =<29.0) 0.1 (-3.3 - 3.8) 0.7 (-3.7 - 3.1) 1.5 ¢-1.6 - 6.0)
Zn-65 <8.0 €1.4 - 27.0)  -0.0 (-4.6 - 3.9 2.2 (~12.6 - 3.1) 1.4 (~10.4 - 86.7)
2r-95 <10.6 &2.0 - 63.0) 0.2 (-7.0 - 4.3) 1.3 (-4.8 - 6.9) 1.5 (5.5 - 8.9)
H-3¢¢ <463.1 €10.0 - 2600)  97.2 (-165.0 - 289.0) 164.0 (-24.7 - 620) 381.9 (-120 - 2300)
sr-90¢d Not Reported Not Reported . 0.6 (0.1 - 1.0) 0.6 (0.3 - 1.1)

(a)A11 stations, all years.

b)indicator stations only.

(c)Includes ground water, river/drinking water and discharge water results.

d)performed on drinking water samples having gross beta levels greater than 8.0 pCi/liter.

f)The effect of the fallout from the Chernobyl accident is evident in the 1986 results, such as iodine and cesium in
milk and iodine, cesium and ruthenium in air. .

(D The effects of the change in plant discharge methods, which occurred in mid-1986, is evident in the gross beta and
tritium in water results.
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TABLE 4-1 (Cont.)

oPERATIONAL -
MEDIA/ANALYSIS PREOPERATIONAL(a) 1985 1986(C) 1987
MEAN RANGE MEAN RANGE MEAN RANGE MEAN RANGE
Sediment: pCi/kg
Gamma
Co-60 <254.6 « 130.00 ~.610.00) 83.6 (73.6 - 93.6): 45.6 (34.4 - 56.6) 41.6 (28.5 - 54.6)
Cs-134 <112.5 &« 50 -<150.00) 41.8 (36.0 - 47.6) 90.3 (7.0 - 172.0) 23.1 (14.4 - 31.8)
Cs-137 < 287.0 € 50 <560.00) - 1090 (296 - 1890) 251.0 (215 - 306) 281.0 (222.0 - 339.0)
Co-57 Not Reported Not Reported 46.0 (34.0 - 54.0) Not Reported
Eu-152 Not Repdfted Not Reported Not Reported 143.0 (140.0 - 146.0)
Soil: pCil/kg
Gamma
Cs-134 <65.3 <20.0 -<150.00) 34.2 (19.2 - 43.5) 38.0 (7.1 - 53.2) 35.4 (21.5 - 44.8)
Cs-137 <364.3 «20.00 - 1880.0) 320.0 (9.4 - 586.0) 311.6 (36.6 - 735) 257.0 (115 - 470.0)
Sr-90 Not reported Not Reported 357.5 (260 - 455) Not Reported
Milk: pCi/l
Gammq. . .
Cs-134 <3.7 «0.9 -<14.0) -0.1 (-7.43 - 8.12) 3.4 (-3.1 - 20.2) 1.7 (-3.5 - 7.6)
Cs-137 <3.8 1.0 -<12.0) 1.0 (-6.1 - 7.7) 8.9 (-3.2 - 47.3) 4.4 (-2.2 - 27.0)

(a)A11 stations, all years.
YIndicator stations only.

(c)The effect of the fallout from the Chernobyl accident is evident
milk and iodine, cesium and ruthenium in air.

in the 1986 results, such as iodine and cesium in



TABLE 4-1 (Cont.)

oPERATIONAL <P
MEDIA/ANALYSIS PREOPERATIONAL® 1985 1986 ‘S 1987
HEAN RANGE HEAN RANGE HEAN RANGE HEAN RANGE
Milk: pCi/1
Gamma
Ba=140  <72.1 (<6.0 —<2000.0) 3.6 (-44.3 - 42.7) 1.2 (-22.9 - 55.0) 0.1 (8.7 = 9.7)
La-140  <33.3 (<5.0 —<1000.0) 1.9 (~24.2 - 9.0) 0.5 (-13.3 = 7.5) 0.1 (-6.4 - 4.2)
11314 <0.5 (0.1 —<1.0) 0.0 (=0.4 ~ 0.6) 5.8 (-0.3 - 99.0) 0.0 (=0.7 - 0.3)
Sr-90 Not Reported Not Reported 2.2 (-1.3 - 3.9 Not Reported

Fish: pCi/kg
Gamma -

Cs-134
Cs-137
Co-58
Co-60
Fe-59
Mn-54

<61.2 (<6.0 <130.0)

< 88.8 (<10.0 -<130.0)
< 87.7 (<9.0 <130.0)
< 80.6 (<9.0 <130.0)
<130.0 (<30.0 -<260.0)
<88.3 (<8.0 <130.0)

(a)a11 stations, all years.
Indicator stations only.
(C)The effect of the fallout from the Chernobyl accident is evident in the 1986 results, such as iodine and cesium in
milk and fodine, cesium and ruthenium in air.
d)Resin method for I-131 determination.

4.6 (-4.3 - 13.3)
1.4 (-3.0 - 30.7)
-3.1 (-16.8 - 11.5)
-0.9 (~16.5 - 19.1)
-7.9 (~-34.2 - 11.5)
1.1 (-5.5 - 6.4)

‘ )

1.0 (-17.3 - 10.2)
22.6 (2.7 - 54.9)

3.7 (-4.0 - 17.3)
3.1 (-5.7 - 9.6)
-3.5 (-32.8 - 21.1)
0.8 (-5.5 - 2.2)

4.0 (1.1 - 7.4)
21.7 (8.6 - 34.2)
0.1 (-3.8 -~ 2.8)
0.8 (-4.3 - 3.9
-1.2 (-21.5 - 9.7)
0.2 (-1.8 - 2.4




TABLE 4-1 (Cont.)

(b

MEDIA/ANALYSIS

PREOPERATIONAL(®’

MEAN RANGE

1985 .

OPERATIONAL
1986

1987

MEAN RANGE

MEAN RANGE

MEAN RANGE

Produce: pCi/kg
Gamma
Cs-134
Cs-137
1-131

TLD: mR/day
Quarterly
Annual

< 49.1 (<10.0 <140.0)
< 69.8 (<10.0 <140.0)
<105.6 (<10.0 =<1000.0)

0.24 (0.11 - 0.32)
0.24 (0.20 - 0.31)

(a)A11 stations, all years.
(b)Indicator stations only.

1.9 (-9.3 - 13.1)
0.6 (-9.8 - 9.9
1.5 (-19.7 - 14.2)

0.23 (0.16 - 0.29
0.22 (0.19 - .2D

3.7 (-3.5 - 16.2)
6.7 (~5.5 - 15.6)
2.3 (-21.3 - 33.5)

0.24 €0.19 - 0.3
0.21 (0.18 - 0.26)

1.0 (-7.2 - 5.3 -
5.7 (2.0 - 20.9) ‘
2.7 (2.3 - 11.8)

0.27 (0.21 - 0.33)

0.26 (0.22 - 0.32)






TABLE 4-2

DYNE LOMW TS OF DET
TH B I I
BTP
TELEDYNE REQUIRED
MEDIA (UNITS) ANALYSIS LLDs LLDs
Air Gross Beta 0.003 0.01
Particulates: Gamma Spectrometry -- -
(pCt/m) Cs-134 0.002 0.05
Cs-137 0.002 0.06
Air Iodine: I-131 0.02 0.07
(pC1/m3)
Hater: Gross Beta 1-2 ) 4
(pCi/1) Tritium 100-200 2000
' I-131 0.5 ; 1
Sr-90 1 -
Gamma Spectrometry ' )
Mn-54 5 - 15
Fe-59 15 30
Co-58 5 15
Co-60 5 15
Zn-65 10 30
Zr-95 20 ' 30
Nb-95 10 15
Cs-134 6 15
Cs-137 6 18
Ba-140 10-20 60
La-140 5-10 15



TABLE 4-2 (Cont.)

COMPARTSON. OF TELEDYNE_LOWER LIMITS OF DETECTION .
B ‘
’ BTP
TELEDYNE - REQUIRED
MEDIA CUNITS) ANALYSIS LLDs LLDs
Soil/ Gamma Spectrometry
Sediment: Co-60 20-30 -
(pCi/kg) Cs-134 30-40 150
Cs-137 30-40 180
Sr-90 10 -
Fish: Gamma Spectrometry
(pCi/kg) Mn-54 7-10 130
Fe-59 20-30 260
Co-58 8-10 130
Co-60 8-10 130
In-65 20-30 260
Cs-134 7-10 130 0
Cs-137 7-10 150
Milk: I-13N 0.5 1
(pCi/1) Gamma Spectrometry
Cs-134 7-10 15
. Cs-137 7-10 18
Ba-140 20 60
"La-140 10 15
Sr-90 1 -
Garden Gamma Spectrometry
" Produce: Cs-134 6-10 60
(pCi/ka Cs-137 7-10 80
I-131 20-30 60
4-10 “
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TABLE 4-3
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY
HWASHINGTON PUBLIC POWER SUPPLY SYSTEM WNP-2 . DOCKET NO. 50-397
HANFORD, WASHINGTON ) JANUARY 1 to DECEMBER 31, 1987

ANALYSIS AND LOWER LIMIT NUMBER OF

MEDIUM OR PATHWAY TOTAL NUMBER OF ALL INDICATOR LOCATIONS LOCATION WITH HIGHEST MEAN CONTROL LOCATION NONROUTINE
SAMPLED OF ANALYSES DETECTION . NAME REPORTED
(UNIT OF MEASUREMENT) PERFORMED (LLD) MEAN (b)(a) . DISTANCE AND DIRECTION MEAN (b)(a) MEAN MEASUREMENTS -
RANGE RANGE RANGE

AIR PARTICULATES Gross Beta 621 0.003 0.018(568/569) 57 0.8mi N 0.020(52/52) 0.017(52/52) 0
(pCi/m3) (0.004-0.074) (0.005-0.069)  (0.005-0.051)

Gamma 48

(Quarterly)

Be-7 - 0.076(44/44) 8 4.7 mi ESE 0.082(4/4) 0.076(4/4) 0

‘? (0.032-0.133) (0.045-0.}22) (0.049-0.106)
o
K-40 - 0.006(9/48) . 48 4.3 mi NE 0.008(2/4) 0.012(1/4) 0
{0.0042-0.0101) {0.006-0.010)

AIR I0DINE [-131 621 0.04 LLD LLD LLD -(0/52) 0 .
(pCi/m3) -

- . -

* (a) (b) is the ratio of poéitive results above the LLD to the number of samples analyzed for the parameter of interest.



WASHINGTON PUBLIC POWER SUPPLY SYSTEM WNP-2

TABLE 4-3 (Cont.)
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

HANFORD, WASHINGTON

DOCKET NO. 50-397
JANUARY 1 to DECEMBER 31, 1987

ANALYSIS AND LOWER LIMIT NUMBER OF
MEDIUM OR PATHWAY TOTAL NUMBER oOF ALL INDICATOR LOCATIONS  LOCATION WITH HIGHEST MEAN CONTROL LOCATION  NONROUTINE
SAMPLED OF ANALYSES DETECTION NANE REPORTED
(UNIT OF MEASUREMENT) PERFORMED (LLD) MEAN (b)(2) DISTANCE AND DIRECTION MEAN (b)(3)  mMEAN MEASUREMENTS
RANGE . RANGE RANGE
WATER Gross Beta 36 4 2.51(23/24) 29 11.0 mi SSE 3.15(11/712)  1.90(11/12) 0
(River/0rinking) (1.10-9.10) (1.40-9.10)  (1.00-3.00)
(pCi/1iter)
Tritium 12 300 193.3%6/8) 28 7.4 mi SSE 210.054/4) 186.7(3/4) 0.
(160-290) (120-190) (160-230)
> Sr-89 2 Lo LLD Lo 0
= Sr-90 2 LLD Lo Lo ()
Gamma 36
Mn-54 10 Lo LLD L (]
Fe-59 20 LLo Lo Lo 0
Co-58 20 Lo LLD LLD 0 -
Co-60 20 L LD LLD 0
In-65 20 Lo LLD LLD 0
2rig5 20 LLD LLo Lo 0’
Cs-134 20 LLD LLD LLo 0
Cs-137 20 LLD Lo Lo 0
Ba-140 20 LLD LLo wo 0

(a) (b) is the ratio of positive results above the LLD to the number of samples analyzed for the parameter of interest.
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TABLE 4-3 (Cont.)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM WNP-2
HANFORD, WASHINGTON

DOCKET NO. 50-397
JANUARY 1 to DECEMBER 31, 1987

ARALYSIS AND LOWER LIMIT NUMBER OF
MEDIUM OR PATHWAY TOTAL NUMBER  OF ALL INDICATOR LOCATIONS  LOCATION WITH HIGHEST MEAN CONTROL LOCATION  NONROUTINE
SAMPLED OF ANALYSES  DETECTION HAME REPORTED
(UNIT OF MEASUREMENT) PERFORMED (LLB) MEAN (b){a) DISTANCE AND DIRECTION MEAN (b)(3)  MEAN MEASUREMENTS
RANGE RANGE RANGE
WATER Gross Beta 11 ] 28.0(11/11) 27 3.2miE 28.0(11/11)  None 0
(Discharge) (20-36) {20-36)
(pCi/titer)
Tritium 4 300 1700(4/4) 27 3.2miE 1700(4/4) None . 0
(1300-2300) (1300-2300) -
Sr-89 2 L LLD 0
Sr-90 2 Lo LLD : 0
Gamma 12
Mn-54 10 Lo Lo 0
Fe-59 20 LLD Lo 0
Co-58 - 20 LLo LLD 0
Co-60 20 . 10.5(1/12) -2 3.2mE 16.5(1/12) 0
In-65 20 51.0(2/12) 27 3.2miE 51.0(2/12) 0
(15.3-86.7) (15.3-86.7) )
Zr-95 20 LLD LLD ()
Cs-134 . 20 LLD Lo 0
Cs-137 20 Lo LLD 0
Ba-140 20w LLo 0

(3a) (b) is the ratio of positive results above the LLD to the number of samples analyzed for the parameter of interest.




TABLE 4-3 (Cont.)
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

"WASHINGTON PUBLIC POWER SUPPLY SYSTEM WNP-2
HANFORD, WASHINGTON

»

DOCKET NO. 50-397
JANUARY 1 to DECEMBER 31, 1987

) ANALCYSTS AND - LUWER CINIT HRUMBER Ur
MEDIUM OR PATHWAY TOTAL HUMBER OF ALL INDICATOR LOCATIONS  LOCATION WITH HIGHEST MEAN CONTROL. LOCATION  NONROUTINE
SAMPLED OF ANALYSES  DEVECTION TAE , REPORTED
(UNIT OF MEASUREMENT) PERFORMED (LLD) MEAN (b){a) DISTANCE AND DIRECTION MeEAN (b)(2)  MEAN MEASUREMENTS
RANGE RANGE RANGE
WATER Tritium 4 300 213.3(3/12) 52 0.1miH 240(2/4) None 0
(Ground) . (160-250) {230-250)
{pCi/1iter)
‘ Gamma 12
Mn-54 10 LLD LLD 0
-+
A Fe-59 20 LLo Lo 0
o+
Co-58 20 LLD LLo 0
Co-60 20 LLD LLD i}
. In-65 20 L LLD ]
2r-95 20 - LLD LLD 0
€s-134 20 LLD LLD 0
Cs-137 20 ' LLD LLD 0
B8a-140 20 LLD LLD )

(a) (b) s the ratio of positive results above the LLD to the number 6f samples analyzed for the parameter of interest.
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TABLE 4-3 (Cont.)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM WNP-2
HANFORD, WASHINGTON

DOCKET NO. 50-397

JANUARY 1 to DECEMBER 31, 1987

ANALYSTES AND  LOWER LIMIT NUMBER OF
MEDIUM OR PATHWAY TOTAL NUMBER OF ALL INDICATOR LOCATIONS LOCATION WITH HIGHEST MEAN CORTROL LOCATION NONROUTINE
SAMPLED OF ANALYSES DETECTION NAME REPORTED
(UNIT OF MEASUREMENT) PERFORMED (LLD) MEAN (b)(a) DISTANCE AND DIRECTION MEAN (b)(3)  mMEAN MEASUREMENTS
RANGE RANGE RANGE
SOIL . Gamma 5 R
(pCi/kg dry)
Cs-134 100 -{0/4) -(0/1) 0
Cs-137 100 . 257(4/4) - 07 2.7 mi WNW 470(1/1) -(0/1) 0
(115-470)
Ra-226 400 784(4/4) 09 30 mi WSHW 901(1/1) 901(1/1) 0
{710-843)
SEDIMENT Gamma 4 ]
(pCi/kg dry) P
K-40 700 13800(2/2) 34 3.5 mi ESE 13800(2/2) = 13500(2/2) 0
(13000-14600) {13000-14600) ‘(13400-13600)
Co-60 100 41.6(2/2) 34 3.5 mi ESE 41.6(2/2) 31.2(2/2) 0
(28.5-54.6) (28.5-54.6) (26.1-36.2)
Cs-~137 100 « 281(2/2) 34 3.5 mi ESE 281(2/2) 133(2/2) 0
(222-339) (222-339) (128-137)
Ra-226 400 1500(2/2) 34 3.5 mi SE 1500(2/2) 1625(2/2) 0
{1100-1900) - {1100-1900) (1520-1730)
Eu-152 100 146(1/2) 34 3.5 mi ESE 146(1/2) -(0/2) 0
Th-228 50 1486(2/2) 34 3.5 mi ESE 1486(2/2) 1235(2/2) 0
(772-2200) {772-2200) (1060-1410)

(a) (b) is thé ratio of positive results above the LLD to the number of samples

analyzed for the parameter of interest.
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TABLE 4-3 (Cont.)
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY
WASHINGTON PUBLIC PONER SUPPLY SYSTEM WNP-2 DOCKET NO. 50-397

HANFORD, WASHINGTON JANUARY 1 to OECEMBER 31, 1987

ARALYSTS ARD COWER CINIT NOMBER OF
MEDIUM OR PATHWAY TOTAL NUMBER OF ALL_INDICATOR LOCATIONS  LOCATION WITH HIGHEST MEAN CONTROL LOCATION  KONROUTINE
SAMPLED OF ANALYSES  DETECTION NARE REPORTED
(UNIT OF MEASUREMENT) PERFORMED (LLD) MEAN (b){(2) DISTANCE AND DIRECTION MEAN (b)(3)  MEAN MEASUREMENTS
RANGE RANGE RANGE
MILK 1-131 104 1.0 LLD ) “LLD 0
(pCi/liter)
Cs-134 104 10 7.05(5/86) 36 16.0 mi SSE 7.31(1/18) -(0/18) 0
(6.50-7.63) - -
Cs-137 104 10 13.6(13/86) < 58 8.6 mi SE 17.55(6/6) 19.2(2/18) (]
(5.67-26.9) (14.6-26.9)  (16.1-22.3)

(a) (b) is the ratio of positive results above the LLD to the number of samples analyzed for the parameter of interest.
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TABLE 4-3
RADIOLOGICAL EHVIRONMENTAL MONIT

{Cont.)
ORING PROGRAM SUMMARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM WNP-2
HANFORD, WASHINGTON

_DOCKET NO. 50-397
JANUARY 1 to DECEMBER 31, 1987

FRACYSTS ARU COWER CIFTT —ROMBER OF
MEDIUM OR PATHWAY TOTAL NUMBER OF ALL INDICATOR LOCATIONS LOCATION WITH HIGHEST MEAN CONTROL LOCATION RONROUTINE
SANMPLED OF ANALYSES DETECTION “RAFE REPORTED
(UNIT OF MEASUREMENT) PERFORMED (LLD) MEAN (b)(a) DISTANCE AND DIRECTION MEAN (b)(a) MEAN MEASUREMENTS
RANGE . RANGE RANGE
FISH Gamma 16 ’
{pCi/kg-wet)
K-40 3334(8/8) 30 3.3mi E 3334(8/8) 3354(8/8) 0
(2870-3740) (2870-3740) (2860-3630)
Mn-54 90 L LLD 0
Fe-59 170 LLD LLO 0
Co0-58 90 LLD Lo 0
Co-60 90 L LLD 0
In-65 170 LLD LLD 0
. Cs-134 90 LD LLD 0
Cs-137 100 23.0(7/8) 30 3.3ml E 23.0(7/8) 18.1(678) 0
{8.55-34.2) (8.55-34.2) (9.56-27.4)

(a) (b) is the ratio of positive results above the LLD to the number of samples analyzed for the parameter of interest.
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TABLE 4-3 (Cont.)
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM SUMMARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM WNP-2 DOCKET NO. 50-397
HANFORD, WASHINGTON JANUARY 1 to DECEMBER 31, 1987

ANALYSIS AND LOWER LIMIT . NUMBER UF
MEDIUM OR PATHWAY TOTAL NUMBER OF ALL INDICATOR LOCATIONS LOCATION WITH HIGHEST MEAN CONTROL LOCATION NONROUTINE
SAMPLED OF ANALYSES DETECTION NAME REPORTED
(UNIT OF MEASUREMENT) PERFORMED (LLD) MEAN (b)(a) + DISTANCE AND DIRECTION MEAN (b)(a) MEAN MEASUREMENTS
RANGE RANGE RANGE
ROOTS Gamma 10
(pCi/kg wet) N .
1-131 50 LLD LLD 0
Cs-134 50 LLo LLD 0
Cs-137 50 18.7(1/6) 37 16 mi SSE 18.7{1/6) (0/4) 0
FRUITS Gamma 8
(pCiskg wet)
1-131 50 ) LLD LLD 0
Cs-134 50 LLD LLo 0
Cs-137 50 LLD Lo 0
VEGETABLES < Gamma 9 .
(pCi/kg wet)
I-131 50 LLo LL 0
Cs-134 50 LLD “ LLO 0
Cs-137 50 LLD , LLD 0

(a) (b) is the ratio of positive results above the LLD to the number of samples analyzed for the parameter of interest.
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TABLE 4-3 (Cont.)}
RADIOLDGICAL EXVIRDHMMENIAL MOMITORING PROGRAM SUMNARY
WASHIKGTOH PUBLIC POMER SUPPLY SYSTEM wWwP-2 DOCXET tO. 50-397
HANFORD, WASHIRGTON JANWRY 1 to DECEMBER 31, 1987

HALYSIS AND LOWER LINIT

) - NMBER UF
HEDIWM OR PATIMAY TOTAL MUWGCR oF ALL INOICATOR LOCAYIONS  LOCATION WITH HIGHEST HEAN CONTROL LOCAYION  MOKROUTINE
SAMPLED OF ANALYSES DETECTION UK REPOATED
(UN1Y OF MEASUREMENT) PERFORMED (LLD) M (b)€a) DISTAACE AND DIRECTION MEAX (b)(2)  mtan MEASUREMENTS

RANEE RANGE RANGE
BIRECT RADIATION o 220 - 0.272{220/220) 46 4.7 of AE 0.33{4/1) 0.24{3/4} (i}
Quarterly TLD's {0.21-0.33) {0.32-0.33)  (D.24-0,25)
{sR/day)
DIRECT RADIATION (1)) 56 - ) 0.26(55/55 46 4.7 »d XE 0.32{1/1) 0.23(121) 0
Annwal TID's (0.22-0.32 . - - -
{mR/day}

Y

{a) (b} s the ratio of positive results above the LLO to the mumber of saoples analyzed for the paraseter of interest.




TABLE 4-4

M T H
AND OPERATIONAL PERIODS
Results in mR/day
1984 - 1986

STATION P ERATI IONAL 1987 QPERATIONAL

STANDARD STANDARD STANDARD
MEAN __ERROR MEAN ERROR MEAN  ERROR
1 0.24 0.02 0.23 0.02 0.27 0.01
2 0.23 0.02 0.22 0.01 0.26 0.00
3 0.22 0.01 0.22 0.01 0.26 0.00
4 0.22 0.02 0.20 0.01 0.23 0.01
5 0.23 0.01 0.21 0.01 0.25 0.01
6 0.22 0.01 0.21 0.01 0.25 0.00
7 0.23 0.01 0.22 0.01 0.27 0.01
8 0.26 0.01 0.24 0.02 0.29 0.0
9 0.22 0.01 0.21 0.01 0.24 0.01
10 0.23 0.01 0.22 0.0l 0.26 0.01
1. 0.24 0.01 0.22 0.0} 0.26  °0.00
12 0.25 0.01 0.24 0.01 0.28 0.00
13 0.24 0.0 0.23 0.02 0.26 0.01
14 0.24 0.02 0.23 0.01 0.26 0.00
15 0.25 0.01 0.24 0.02 0.28 0.00
16 0.24 0.01 0.24 0.02 0.26 0.01
17 0.25 0.01 0.23 0.0 0.27 0.01
18 0.24 0.01 0.23 0.02 0.27 0.00
19 0.24 0.01 0.23 0.02 0.27 0.00
20 0.24 0.01 0.23 0.01 0.26 0.01
21 0.23 0.01 0.21 0.01 0.24 0.01
22 0.24 0.01 0.23 0.01 0.26 0.01
23 0.24 0.01 0.22  0.01 0.26 0.00
24 0.24 0.01 0.23 0.01 0.26 0.01
25 0.25 0.0 0.24 0.02 0.28 0.0
40 0.22 0.01 0.22 0.02 0.26 0.01
41 0.26 0.02 0.24 0.01 0.29 0.01
42 0.25 0.01 0.23 0.01 0.27 0.01

4-20




TABLE 4-4 (Cont.)

1

MEAN QUARTERLY TLD DATA SUMMARY FOR THE PREQPERATIONAL
AND_OPERATIONAL_PERIQDS :
Results in mR/day
« 1984 - 1986
STATION PREOPERATIONAL _OPERATIONAL ONAL
‘ STANDARD STANDARD STANDARD

MEAN  ERROR MEAN ERROR MEAN  ERROR
43 0.25 0.01 0.23 0.02, 0.29 0.01
a4 0.23 0.0 0.22 0.0 0.26 0.0l
45 0.23 0.01 0.22 0.01. 0.26 0.01
46 0.28 0.02 0.26 0.02 0.33 0.01
47 0.22  0.02 0.21 0.01 0.24 0.02
49 0.24 0.00 0.23 0.01 0.26 0.00
50 0.22 0.00 0.23 0.02 0.27 0.01
51 0.23 0.01 0.22 0.01 0.26 . 0.00
53 0.27 0.00 0.25 0.01 0.30 0.01
54 0.26 0.00 0.23 0.01" 0.28 0.01

0.23 0.00 0.22 0.01 0.26 0.01
56 0.24 0.00 0.23 . 0.01 0.27 0.01
71¢S1)  0.24 0.02 0.25 " 0.02 0.29 0.02
72¢S2)  0.25 0.01 0.24 0.02 0.29 0.02
73(S3)  0.23 0.01 0.22 0.01 0.26 0.01
74(S4)  0.26 0.01 0.24 0.01 0.29 0.01
75(s5)  0.22 0.02 0.22 0.02 0.27 0.01
76(S6)  0.24 0.01 0.22 0.01 0.27 0.01
77¢S7)  0.25 0.01 0.23 0.01 0.27 0.01
78(S8)  0.25 0.01 0.23 0.01 1 0.26 0.01
79¢(S9)  0.25 0.01 0.23 0.02 0.27 0.00
80(S10)  0.24 0.01 0.22 0.01 0.26 0.00
81(S11)  0.24 0.02 0.23 0.01 0.26 0.00
82(S12)  0.25 0.02 0.23 0.01 0.27 0.00
83(S13) 0.25 0.01 0.24 0.01 0.28 0.01
84(S14)  0.24 0.01 0.22 0.01 0.27 0.00
85(S15)  0.26 0.01 0.25 0.02 0.28 0.02
86(S16)  0.25 0.01 0.25 0.02 0.29 0.02
AN 0.24 0.00 0.23 0.01 0.27 0.00
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TABLE 4-5

WWEM
D " ’
Results in mR/day‘
1984 — 1986
STATION PREOPERATIONAL _OPERATIONAL _ 1987 QPERATIONAL
(ay STANDARD STANDARD STANDARD
MEAN®?  ERROR MEAN . ERROR _ MEAN  DEVIATIONC2q)
1 0.23 0.04 0.22 0.02 0.26 0.0
2 0.22 0.04 0.21 - 0.01 0.25 0.0
‘ 3 0.21 0.04 0.20 0.01 0.24  0.00
| 4 0.22 0.06 0.19 0.01 0.22 0.0
5 0.22 0.04 0.20 0.00 0.24  0.00
‘ 6 0.21 0.04 0.20 0.01 0.24  0.01
7 0.22 0.02 0.2 0.02 0.24 0.0
8 0.25 0.04 0.230  0.00 0.28  0.02
9 0.20 0.02 0.19 0.01 0.23  0.01
| 10 - 0.22 0.04 0.21 0.02 0.24  0.01
1 N 0.22 0.04 0.21 0.01 0.25  0.02
i 12 o0.24 0.04 - 023 0.01 . 0.27 0.00
| 13 0.22 0.04 0.22 0.01 0.25 0.0l : 0
14 0.22 0.04 0.21 0.02 0.25 0.0
| 15 0.23 0.06 0.22 0.02 0.27  0.02
| 16 0.23 0.04 0.22 0.0  0.26 0.0
| 17 0.23 0.02 0.229 0.0 0.26 0.0
18 0.25 0.02 0.22 ° 0.0 0.26 0.0
19 0.22 0.04 0.22 0.01 0.25 0.0
20 . 0.23 0.04 0.22 0.01 0.26 0.0
21 0.23 0.02 0.20 0.01 0.23 0.0
22 0.2 0.02 0.21 0.01 0.25 0.0 .
23 0.24 0.02 0.21 0.01 0.25 0.0
24 0.22 0.02 0.21 0.01 0.26  0.01
25  0.24 0.02 0.22 0.02 0.28  0.01
0  0.21¢9 .02 0.21 0.02 0.25  0.01
0.26>  0.04 0.22 0.01 0.28 . 0.01

S
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TABLE 4-5 (Cont.)

D A NAL
AND OPERATIONAL PERIODS
Results in mR/day
' 1984 - 1986
STATION  PREQPERATIONAL QPERATIONAL 1987 QPERATIONAL
(ay STANDARD STANDARD STANDARD
MEAN ®?  ERROR MEAN ERROR _ MEAN  DEVIATION(20)
42 0.24(¢) 0.02 0.22 0.0l 0.26  0.00
43 0.24(c) 0.02 0.22  0.00 0.28 0.0
a4 0.24 0.02 0.21  0.00 0.25  0.01
45  0.24 0.01 0.21  0.00 0.25 0.0
46  0.29 0.01 0.27 0.0 0.32  0.02
47  0.22(¢c) 0.03 0.20  0.01 0.2 0.0
49 (d) 0.22 0.0 0.24¢e) 0.01
50 (d) 0.21  0.02 0.26  0.00
51 (d) 0.20  0.01 0.25 0.0
53 (d) 0.24 0.0 0.28 0.0
56 (d) 0.23  0.00 0.27 0.0
55 - (d) 0.21 0.0l 0.25 0.0l
56 (d) 0.22 0.0 0.25 0.0
71 0.24(¢)  0.02 0.24  0.02 0.28  0.00
72 0.25(c) 0.02 0.23 0.0 0.28  0.00
73 0.23(c) 0.0 0.21 0.0l 0.24  0.01
78 0.24(c) 0.0 0.23 0.0 = 0.27  0.02
75 0.24¢c) 0.0 0.21 0.0l 0.26  0.01
76  0.24(c) 0.02 0.22  0.01 0.25 0.0
77 0.25(c)  0.02 0.21  0.01 0.25 0.0l
78 0.25(c) 0.04 0.23  '0.04 0.25 0.0
79 0.25(c)  0.02 0.22  0.02 0.25  0.01
80  0.23(c) 0.05 0.20  0.02 0.25  0.0T
81  0.23(c) 0.02 0.21  0.01 0.25  0.01
82  0.25(¢c) 0.03 0.22 0.0 0.27  0.01
4-23



TABLE 4-5 (Cont.)

ANNUAL_TLD DATA SUMMARY FQR THE PREOPERATIONAL

AND OPERATIONAL PERIQDS
. Results in mR/day

1984 - 1986
STATION L L_ PER
(a) STANDARD STANDARD STANDARD
MEAN ERROR MEAN ERROR MEAN DEVIATIONC2 @)
83 0.25(c) 0.02 0.22 0.02 0.26 0.02
84 0.23(c) 0.02 0.21 0.01 0.27 0.01
85 0.26¢c> 0.02 0.23 0.01 0.29 0.01
86 0.24 0.02 0.24 0.01 0.28 0.01
Al 0.23 0.02 0.22 0.00 0.26 0.03

(a) This preoperational mean is for 1982 - 1983 data only. ‘
(b) 1985 TLD missing
(c) These stations had only one annual exchange during the

preoperational period
(d) Stations 49-56 were first monitored during Fourth Quarter 1983.
(e) This result is for a replacement TLD since the original TLD was lost. o

4-24
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TABLE 4-6

N D

Results in mR/day

QUARTERLY TLDS ANNUAL_TLDS
STATION STANDARD - STANDARD

MEAN* _ERROR MEAN** DEVIATION(2g)
1 0.27 0.0 0.26  0.01
2 0.26  0.00 0.25 0.01
3 0.26  0.00 0.24 0.00
4 0.23 0.0 0.22 0.01
5 0.25 0.0 0.24 0.00
6 0.25  0.02 0.24 0.01
7 0.27 0.0 0.24 0.01
8 0.29 0.0 0.28 0.02
9 - 0.24 0.0 0.23 0.01
10 0.26 0.0 0.24 0.01
n 0.26  0.00 0.25 0.02
12 0.28  0.00 0.27 0.00
13 0.26. 0.0 .0.25 0.01
14 0.26.  0.00 0.25 0.01
15 0.28  0.00 0.27 0.02
16 . 0.26  0.01 0.26 0.01
17 0.27 0.0 0.26 0.01
18 . 0.27  0.00 0.26 0.01
19 0.27  0.00 0.25 0.01
20 0.26 0.0l 0.26 0.01
21 0.24 0.0 0.23 0.01
22 0.26 0.0 0.25 0.01
23 0.26 0.00 0.25 0.01
24 0.26 0.0 0.26 0.01
25 0.28 0.0 0.28 0.01
40 0.26 0.0 0.25 0.01
41 0.29 0.0 0.28 0.01
42 0.27 0.01 0.26 0.00

*Mean of the four quarterly results.
**Mean of four readout areas on each TLD.
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TABLE 4-6 (Cont.)

1987 MEAN QUARTERLY VERSUS ANNUAL TLD DATA
Results in mR/day ‘
QUARTERLY TLDS ANNUAL TLBS
STATION STANDARD STANDARD
MEAN* __ERROR MEAN** DEVIATION (20)
43 0.29 + 0.01 0.28 + 0.00
44 : 0.26 + 0.01 0.25 £ 0.01
‘ 45 0.26 + 0.01 0.25 + 0.01
| 46 0.33 + 0.01 0.32 + 0.02
i 47 : 0.24 + 0.02 0.24 + 0.01
| 49 0.26 + 0.00 0.24 + 0.01
‘ §o 0.27 £°0.01 0.26 + 0.00
| 51 0.26 + 0.00 0.25 + 0.01 -
| 53 0.30 + 0.01 0.28 + 0.01
| 54 : 0.28 + 0.01 0.27 + 0.01
| 55 0.26 + 0.01 0.25 + 0.01
| 56 0.27 + 0.01 0.25 + 0.01
71 (S1) 0.29 + 0.02 0.28 + 0.00 ‘
72 (S2) ©0.29 £ 0.02 0.28 + 0.00 "
73 (S3) 0.26 + 0.01 0.24 + 0.01
74 (S4) 0.29 &+ 0.01 0.27 + 0.02
75 (S5) 0.27 + 0.01 0.26 + 0.01
76 (S6) 0.27 £ 0.01 0.25 + 0.01
77 (ST) 0.27 £ 0.01 0.25 + 0.01
78 (S8) 0.26 + 0.01 0.25 + 0.01
79 (S9) 0.27 £ 0.00 0.25 + 0.01
| 80 (S10) 0.26 + 0.00 0.25 + 0.01
81 (S11) 0.26 + 0.00 0.25 + 0.01 .
| 82 (S12) 0.27 + 0.00 0.27 + 0.01
83 (S13) 0.28 + 0.01 0.27 + 0.02
84 (S14) 0.27 + 0.00 0.26 + 0.01
85 (S15) 0.28 + 0.02 0.27 + 0.01
86 (S16) 0.29 £ 0.02 0.29 + 0.01
*Mean of the four quarterly mean results.

**Mean of four readout areas on each TLD.
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The log probability plots of the quarterly data for a near-plant loca-
tion, Station 76, (S-6) and the control location, Station 9, from 1982
to 1987 are presented in Figure 4-7. The linearity of the plots
indicates that the results, including the 1987 elevated levels, are
all within the same log normal distribution. '

The above compafisons of 1987 TLD results to preoperational and
previous operational data and the analysis of results by meteorological
sector and distance from the plant provide no indication that Plant 2
operations have impacted the direct radiation levels in the environment
around the plant. Because the increase in results was observed at
virtually all TLD locations, studies were performed into the potential
sources of a high bias within the TLD preparation, storage, placement,
exposure or processing. No sources of a significant bias were identi-
fied in the TLD processing and handling.

In addition, the NRC TLD results, along witﬁ the TLD data from other
environmental monitoring programs in the region, e.g. the State of
Oregon program, the Washington State DSHS program, the Pacific North-
west Lab (PNL) Hanford monitoring program and the Environmental
Protection Agency (EPA) program, were gathered for comparison. Only
the NRC data indicated a similar pattern of increase. Further
inquiries into the source of the increase will continue during 1988. °

4.2 Airborne Particulate/Iodine

The results of the 1987 gross beta in air analyses are presented in
Tables A-2.1 and A-2.2 of Appendix A.. All gross beta in air results
were within the ranges observed during the preoperational period and
during previous operational periods. As observed previously, gross
beta levels increased during periods of inversion occurring in the

fall and winter months. The increase, which was evident in the results
of all the air sampling locations, including the control location at
Station 9, was likely due to an increase in radon and radon daughter
concentrations during the inversions. This seasonal increase can be
seen in the mean weekly results for all indicator locations plotted in
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Figure 4-8. 1In Figure 4-9, plots of the weekly gross beta results for
near-plant and remote locations and for the control location at Station
9 illustrate the similarity of the results from all locations.

In order to reduce the effect of the short-lived radon decay products
on the air filter results, analysis of the filter is generally post-
poned for approximately eight days after collection. The effect of
inversions on the gross beta results is evident despite this delay. A
recount of a particulate filter collected in November 1987 when gross
beta levels peaked was performed in January 1988 to determine whether
there had been a significant reduction in beta activity on the filter.
The gross beta result was the same as it had been two months earlier,
indicating the presence of a radionuclide with a reasonably long
half-1ife, such as K-40 or Pb-210, which are naturally-occurring.

The quarterly gamma analysis of the particulate filter composites
indicated only the presence of Be-7 and K-40, two naturally-occurring
radionuclides, at levels above detection limits at indicator locations
and the control location. The results of the gamma analysis of
particylate filter composites are presenteéd in Table A-3.1 and A-3.2
of Appendix A.

The results of the gamma analyses of charcoal cartridges for iodine-131
are presented in Table A-4.1. A1l iodine-131 in air results for 1987
were less than the 0.04 pCi/cubic meter lower 1imit of detection.

No evidence of any impact of plant operations on the environment was
apparent in the particulate filter and charcoal cartridge results for
1987.

4.3 Hater

The gross beta in river/drinking and discharge water are given in
Tables A-5.1 and A-5.2 of Appendix-A. All river/drinking water results
were within the ranges normally observed and less than 8 pCi/liter,

the level at which a strontium analysis is performed to verify compli-
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ance with the Hashington State drinkiné wﬁter standard, except the
January and February samples for the Richland drihking water, Station
29. Strontium analyses were performed on both samples and the results
were less than the lower 1imit of -detection, as indicated in Tables
A-8.1 and A-8.2 of Appendix A.

This unusual increase in the gross beta levels for Station 29 stemmed
from the use of groundwater from North Richland wells for Richland
drinking water during the Richland Hater Treatment Plant maintenance
outage. Although higher than normally observed for water samples from
this location, the gross beta levels were well within the range
commonly observed in groundwater due-to naturally occurring radio-
nuclides from the surrounding rocks and soil. A graph of the gross
beta in river/drinking water results during 1987 is presented in
Figure 4-10.

The 1987 gross beta levels in the discharge water remained at a
slightly higher level (20-36 pCi/liter) than during the last half of
1986. These gross beta levels resulted from the current mode of plant
6berations using‘higher cycles of circulating water concentraéion.
‘Under these conditions, the gross beta levels in the discharge sample
would reflect the concentration of néturally-occurring radionuclides,
principally K-40, and any radionuclides from upstream sources or past
Hanford activities present in the makeup water, in addition to radio-
nuclides from Plant 2 discharges.

The 1987 gross beta results for the discharge sample are presented

in Figure 4-11. The temporary, or interim level for reporting to DSHS
(75 pCi/liter) is also given for comparison. The establishment of a
final reporting level for gross beta in the discharge sample is pending
the determination of the current river dilution factors for liquid
effluents released down the discharge line.

In order to determine whether the increased gross beta results for the

‘discharge sample could be attributed to low concentrations of a beta/
gamma emitter(s), samples of the intake water and the discharge water

4-38







@ . | o @

9 - 7
7
8 é DSHS REPORTING LEVEL
7B
U 7
7
7B
7
o4 07
7B
/) /)
i 77
E 9 % %
S 7B
= 0449 0.
& ¢t 7’
; 3 .10 7
| g 3 % % _
2 7Y %
> 707 N 1
24, 1 7
% ¢ /N7 V1
% %/\ /INA
1 ; % 4 NV /\7‘
ZRINZRON E NV N7
o NI VINA VAN | | , NI U | VNV
T T ] T T | - T ] T T T
1 2 3 4 5 _ 6 7 8 9 10 11 12
MONTH )
[/ 71 INTAKE NN] 300 AREA RICHLAND
*Samples taken during period when Richland water was supplied by groundwater wells.
FIGURE 4-10

1987 GROSS BETA IN RIVER/DRINKING WATER RESULTS







were slowly evaporated to approximately'one-ninth the volume of the
original sample. Gamma isotopic analyses were above then performed on
the concentrated samples. The only radionuclide detected in the
discharge sample was K-40 (230 pCi/liter for a sample concentrated by
a factor of 9) and no radionuclides were above detection limits in the
intake sample. This study indicated that K-40 was at least a contri-
butor to the gross beta levels observed for the discharge samples.

The tritium results for river/drinking water, discharge water and
groundwater are presented in Tables A-6 and A-6.2 of Appendix A. The
tritium levels in the river/drinking water were all at or slightly

above the LLD for that analysis. A1l the results were within the range

normally observed in such water and within the range of the preopera-
tional and previous operational results for the same stations. A
graph of the tritium results for Station 26, 28 and 29 is presented in
Figure 4-12.

The trifium results for the quarterly groundwater samples were also
Tow and within the range previously observed. A graph of the ground-
water results is presented in Figure 4-13. '

The tritium levels in the discharge water were higher than levels
previously observed for that sample because of the higher levels of
circulating water concentration prior to blowdown. Despite the
increase, the levels observed are reasonable for samples taken
directly from the discharge 1ine without any river dilution and
reasonable when considering that the circulating water is concentrated

by a factor of 10 to 12. In addition, compared to the maximum allowa-"

ble level for tritium in drinking water, 20,000 pCi/liter, the results
were very ]ow(]3). A graph of the discharge water tritium levels
for 1987 is presented in Figure 4-14.

The results of gamma isotopic analyses on river/drinking water,

discharge water and groundwater are listed in Tables A-7.1 and A-7.2
of Appendix A. All results for the river/drinking water and ground
water samples were less than detection limits. All results for dis-
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charge water samples were also below the detection levels, except for
two samples, one containing Zn-65 (15.3 pCi/liter) and another con-
taining both Zn-65 and Co-60 (86.7 and 10.5 pCi/liter, respectively).
None of the results exceeded DSHS or Nuclear Regulatory Commission
(NRC) reporting levels. '

4.4 Soil

Gamma spectrometry was performed on five soil samples collected in
May. The cesium-137 levels in the samples ranged from 55.5 pCi/Kg at
the control location, Station 9, to 470 pCi/Kg at Station 7 near the
Wye Barricade. Aside from cesium-137, the only radionuclides detected
in the samples were potassium-40, radium-226 and thorium-228, which
are part of the natural radioactivity typically found in soils.

The cesium-137 levels in the soil samples were well within the range
observed during preoperational and previous operational sampling. No
strontium analyses were required for any of the indicator samples
because none contained cesium concentrations ten times the levels
determined for the control. The gamma spectrometry results for the
soil samples are given in Table A-9.1 and A-9.2 in Appendix A.

4.5 Shoreline Sediment

The results of gamma spectrometry of shoreline sediment are presented
fn Tables A-10.1 and A-10.2 in Appendix A. Aside from the naturally
occurring radionuclides (potassium-40, radium-226 and thorium-228),
cobalt-60 and cesium-137 were detected in both the control location,
upstream from the plant discharge point, and the indicator location
downstream from the plant discharge point. Both of these radionuclides
have been detected in preoperational samples and in samples taken since
plant operation began. They have also been previously identified as
components of the Columbia River sediment originating from the opera-
tion of the old Hanford Reservation reactors]4. Europium-152, which

ortginates from past Hanford Reservation operations, was also detected
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in one of the downstream sediment samples during 1987. There was no

evidence in these results of any detectable accumulation of radio-
nuclides from Plant 2 operations in the river sediment downstream.-

4.6 Fish

The gamma spectrometry results of fish samples collected in the vicin-
ity of the Plant 2 discharge and at the control location on the Snake
River are presented in Tables A-11.1 and A-11.2 of Appendix A. All
results, except for potassium-40, a naturally-occurring radionuclide,
were below detection limits.

4.7 Milk

The results of ifodine-131 analyses of milk samples collected during
1987 were all less than detection limits. These results are listed in
Tables A-13.1 and A-13.2 of Appendix A.

The gamma spectrometry results for the same milk samples are listed in
Tables A-13.1 and A-13.2. Cesium-137 was detected in five indicator
samples and two control §amp1es collected during the first three months
of 1987. Although above detection 1imits, the concentrations of
cesium-137 in these samples were low, ranging from 5.7 to 26.9
pCi/liter.

These results are attributed to the use of hay and other feed grown
during the period of fallout from the Chernobyl nuclear accident in
1986. After March 1987, all cesium-137 levels in the milk éamp]es
were below detection Timits except for Station 58 samples, which con-
tinued to show low but detectable levels of cesium-137 and, occasion-
ally, cesium-134 until June when milk production there was discon-
tinued. None of the cesium concentrations exceeded 30 pCi/liter, the
level at which a strontium analysis would be performed.

In June 1987, Station 58 was replaced by Station 59, the Johnson dairy.
A1l gamma spectrometry results for samples collected at Station 59
were below detection limits.
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4.8 Garden Produce

The gamma isotopic analysis results for all root, fruit and leafy
vegetables were below detection 1imits, except for a Swiss chard sample
 collected in August from the Riverview area of Pasco. The cesium-137
result for this sample was low (18.7 pCi/Kg), but just above detection
limits. No other radionuclides were detected. The results of all
garden produce samples are listed in Tables A-14.1 through A-16.2 of
Appendix A.
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©5.0 QUALITY ASSURANCE AND QUALITY CONTROL

The REMP is designed to meet the quality assurance and qﬁality control
criteria of Regulatory Guide 4.15. To accomplish this, the REMP
requires that its analytical contractors meet these criteria also.
In-depth audits are performed of the REMP records and activities and
the records and activities of its support organizations at least
annually by the Sup