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Other smaller facilities and licensee monitoring continued in the state.
The results of all monitoring performed in addition to an explanation
of the monitoring, the terms used, and the data tables are include in
this report.
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Table 1

Regulations for Nuclear Facilities in Washington State

Regulations For:

State Regulations

Federal Regulations

Uranium milling
Uranium fuel cycle
Uranium tailings
Low-level waste

High-level waste

Nuclear reactors
Facilities

Air emissions

Drinking water

Surface water

WAC 246 (DOH)
WAC 246 (DOH)
WAC 246 (DOH)
WAC 246 (DOH)

WAC 463 (EFSEC)
WAC 246 (DOH)
WAC 173 (WDOE)

'WAC 246 (DOH)

WAC 248 (DOH)
WAC 173 (WDOE)

10 CFR 40 (NRC)
40 CFR 190 (EPA)
40 CFR 192 (EPA)
10 CFR 61 (NRC)

40 CFR 191 (EPA)
10 CFR 60 (NRC)

10 "7R960 ~T T

10 CFR 50 (NRC)
10 CFR 20 (NRC)
40 CFR 61 (EPA)

40 CFR 141 (EPA)

40 CFR 130, 131
(EPA)

Program Goals

The major goals of the environmental radiation program are to
identify, assess and initiate appropriate corrective actions needed to

ll

prevent any potential exposure to the public or contamination of the
environment before a significant problem develops. This report
provides the technical data to support a public information program
that strives to identify and describe changes in the radiological quality
of the environment. In addition, the Department maintains an
operational capability to respond to emergencies or accidents where
there is a potential for radioactive contamination. This capability is a
high priority for the Department.

Consistent with the radiation control resources allocated to DOH, the

Department, with assistance from many other agencies, operates a
statewide environmental radiation monitoring program. The
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14. An important property of any radioisotope is its half-life. The half-
life is the amount of time it takes for half of that radioisotope to
decay. In the example above carbon 14 has a half-life of 5,730 years.
Thus, with one pound of pure carbon 14, after 5,730 years there
would be 1/2 pound of carbon 14 and 1/2 pound of nitrogen 14. After
another 5,730 years, for a total of 11,460 years, there would be 1/4
pound of carbon 14 and 3/4 pound of nitrogen 14. This decay process
would continue indefinitely until all of the carbon 14 had decaye to
nitrogen 14.

In contrast to this simple decay scheme, heavier radioisotopes often
decay to a radioisotope, which decays to another radioisotope, and so
on until this decay process culminates in a nonradioactive isotope.
This sequence of decays is called a decay chain. Each of the isotopes
produced by these de s d prod For example,
uranium 238 decays to thorium 234, which decays to protactinium 234
and so on until the decay chain ends with nonradioactive lead 206.

Sources of radiation in the environment, primarily natural but also
artificial, are found everywhere. Naturally occurring radiation comes
from the radioactive decay of sources such as potassium 40, radon,
thorium and uranium. These radioisotopes have been present since the
formation of the earth. Another natural source of radiation, cosmic
rays, are very high energy radiations that bombard the earth from
outer space. These cosmic rays produce radioactive elements through
violent collisions with nonradioactive isotopes in our atmosphere and
on the surface of the earth. These naturally occurring sources produce
most of the environmental levels of radiation.

In the past century, environmental radiation levels have also been
influenced by human activities such as the use and manufacture of
radioactive materials. Such activities include the practice of nuclear
medicine, uranium mining operations, nuclear power generation,
nuclear weapons activities, and nuclear waste disposal. Of these
activities, environmental radiation levels were most altered by residual
fallout from nuclear weapons testing. The United States and the USSR
ceased atmospheric testing following adoption of the 1963 Nuclear
Test Ban Treaty. Consequently, only long-lived fallout radionuclides
from these tests remain. Other countries, principally China, continued
above-ground nuclear weapons tests until 1981. Fallout from the
Chernobyl nuclear power accident in 1986 has provided the most
recent contribution to environmental radiation levels. On a local level,
environmental radiation levels were altered from the ‘40s to the '60s
due to Hanford operations.
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Gross alpha and radium activity, referenced in Table 2, are often due
to naturally occurring sources within the earth's crust. They may also
result from human activities such as ore processing. The radium
maximum control limits (MCL) was developed based on a cost/benefit
analysis, considering the cost of radium removal from water an the
potential impact upon public health. There is currently no standard for
uranium or radon in drinking water.

Gross beta activity results from nuclear weapons fallout, nuclear
facilities effluents and naturally occurring sources. Gross beta MCL's il
are calculated from mathematical models incorporating the standard '
that the whole body or any internal organ must not receive a dose
exceeding four millirem per year.

Tritium, emit , is displa " in Tab 2 with a drinking wa
standard of 20,000 pCi/l. Tritium was the predominate radionuclide
dose contributor from Hanford to the off-site public in 1991. 7 e 4
mrem/yr dose is based upon drinking two liters per day of water
contaminated with 20,000 pCi/l. The limit for tritium is markedly
higher than other radionuclides for two reasons. First, tritium is a
beta emitter with a very weak energy. The energy is so weak that
conventional radiation detection equipment cannot detect the presence
of tritium in the field. Secondly, tritium behaves similar to water and
is evenly distributed throughout the body so that no one organ is
targeted. The combination of these two characteristics makes the
tritium DWS much higher than other radionuclides observed in the
environment.

The Department sets control levels well below the MCLs for early i
detection of potential problems. Site specific levels for each ‘
radionuclide are calculated from existing baseline levels of g
environmental radioactivity. For water samples, control levels for i
gross alpha and gross beta are set at 5 and 15 pCi/l versus the
secondary standards of 15 and 50 pCi/l, respectively. Facilities may
discharge radionuclides at these levels provided no MCLs are exceede !
in the environment. Current environmental levels of radiation in ;
Washington State are generally far below both the MCL and control
levels. ‘
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after talking to the Department of Health, as to
the need to leave temporarily until the levels
can be reduced.

Explanation of Radon Data Summary

Data for this summary were supplied by the Bonneville Power
Administration (BPA). The data were collected from 1975 through
1991 as part of BPA's weatherization program. These data are
weighted by the number of electrically heated homes weatherized and
monitored through large utility conservation programs located in
Western Washington. Therefore, both BPA and the Department of
Health (DOH) recommend that no conclusions be made on a
countywide or statewide basis and the results presented are for
illustrative purposes only.

The data points were reported in U.S. Geological Survey designated
range and township locations and later converted by DOH to county
format. In the Weatherization Program, the data are collected from
passive alpha-track radon detectors placed in residences for a minimum
of three winter months and a maximum of one year.

Data points must meet the following criteria to be included in this
summary:

» Each test must have valid township and range
designations.

» Each test must have beginning and ending dates.

» Each test must be for 90 days or more.

Laboratory Services and Quality Control

Quality assurance for the laboratory is accomplished through a quality
assurance program. The program contains quality control elements that
help ensure the laboratory's high analytical proficiency and accura
Laboratory quality control includes analysis of samples distributed by
the federal government's quality assurance programs, split samples
distributed on a smaller scale between cooperating federal, state and
private laboratories; and internal procedures relating to the counting
facilities and analytical techniques. The results from federal
intercomparison programs are summarized in Appendix F.
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A Guide to Data Presentation and Interpretation

Data Presentation

The levels of radioactivity of the samples for this report were
measured at the Department of Health's Public Health Laboratorias in
Seattle. Analytical techniques are based on standard methods. "....s
facility serves as a regional reference laboratory and as such includes a
rigorous quality assurance program. This program contains quality
control elements which help ensure the laboratory's high analytical
proficiency and accuracy. Laboratory quality control includes analysis
of samples distributed by the federal government's quality assurance
programs; split samples distributed on a smaller scale between
cooperating federal, ind private lab ’ nd ’
procedures relating t counting it ly ni
The Environmental Radiation Section’s quality assurance programs
ensure that the sample collection, transfer, data entry and analysis are
performed in accordance with internal procedures. These steps are
necessary to ensure no bias is introduced to a sample. Greater detail
on the analytical techniques and quality assurance program can be
found in Washington State Environmental Radiation Program Annual
Reports (Reference 4).

Data Interpretation

Radioactivity measurements for samples collected by the Department
are reported in terms of sample concentration. The Curie, Ci, is the
basic unit of radioactivity and is defined as the activity in one gram «
radium 226. Environmental data are generally reported in fractions of
a Curie. Data in this report are reported in picoCuries (pCi), which is
one trillionth of a Curie. One picoCurie equals 2.22 nuclear decays
per minute. The concentration in each sample reflects the radioactivity
per a sample weight or volume as the case may be. Radioactivity
concentrations in liquids are reported in terms of picoCuries per liter
(pCi/l). Radioactivity in solids are calculated in picoCuries per gram
(pCi/g) on a wet or dry weight basis. "Wet weight" essentially means
that the radioactivity concentrations reported apply to various media
before any drying process has been applied to them. Dry weigl means
just the opposite. Since many radioisotopes decay rapidly, the
measured radioactivity of a sample may be less than at the time of
collection. The Department routinely reports the sample activity
calculated to be’the activity at time of collection.
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TABLE A-15
VEGETATION ANALYSES

(pCi/gram - dry + 2 Sigma Counting Error)

Results of Samples Analyzed by the
State of Washington Department of Health

January 1991 through December 1991

AREA SITE DATE ANALYSIS RESULT ERROR LLD

HANFORD MOSES LAKE 06/20/91 Be-7 1.70e+00 6.00€-01 9.00E-02

HANFORD MOSES LAKE 06/20/91 Cs-137 < 4.00E-03  3.20E-02 4.00E-02

HANFORD MOSES LAKE 06/20/91 K-40 1.61E+01  1.10E+00 3.00€-01

HANFORD MOSES LAKE 06/20/91 Sr-90 < 3. 02 4.70E-02 1.00€-03

HANFORD RIVERVIEW 05/15/91 Be-7 8.uuc-01  8.40E-01 9.00E-02

HANFORD RIVERVIEW 05/15/91 Cs-137 < 9.00E-03 3.20E-02 4.00€-02

HANFORD RIVERVIEW 05/15/91 K-40 2.78e+01  1.50E+00 3.00€E-01

HANFORD RIVERVIEW 05/15/91 Sr-90 < 5.90E-02 7.90€-02 1.00€-03

HANFQRD SUNNYSIDE 06/05/91 Cs-137 < 8.20E-03 7.50E-03 4.00E-02

HANFORD SUNNYSIDE 06/05/91 H-3 < -6.60E+01  9.40E+01 3.50e+02

HANFORD SUNNYSIDE 06/05/91 K-40 4.20E400 2.80€-01 3.00€-01

HANFORD SUNNYSIDE 06/05/91 Sr-90 < 3.006-03 1.60€-02 1.00€-03

USE TRENCH CAP 2 07/16/91 Be-7 1.71€+00  1.02€+00 9.00€E-02

USE TRENCH CAP 2 07/16/91 Co-60 < 1.90€-02 2.80E-02 4.00E-02

USE TRENCH CAP 2 07/16/91 Cs-137 < -2.00E-03  3.00E-02 4.00E-02

USE TRENCH CAP 2 07/16/91 H-3 4.09E+02  1.12E+02 3.50€+02

USE TRENCH CAP 2 07/16/91 K-40 3.60E+01  1.40€+00 3.00€-01

USE TRENCH CAP 4 07/716/91 Co-60 < 1.85e-02 2.35€-02 4.00E-02

USE TRENCH CAP 4 07/16/91 Cs-137 < -8.20E-03 2.27E-02 4.00E-02

USE TRENCH CAP & 07/16/91 H-3 3.626+03  6.50€+02 3.50€+02

USE TRENCH CAP 4 07/16/91 K-40 2.46E+01  1,00E+00 3.00E-01

USE TRENCH CAP 20 07/16/91 Co-60 1.21E-01  6.90E-02 4.00E-02

USE TRENCH CAP 20 07/16/91 Cs-137 < 1.86€-02 6.28E-02 4.00€-02

USE TRENCH CAP 20 07/16/91 H-3 2.566+03  1.30€+02 3.50€+02

USE TRENCH CAP 20 07/16/91 X-4Q 5.32e+01  1.30E+00 3.00€-01 :
USE TRENCH CAP 6 07/16/91 Be-7 1.186+00 9.60E-01 9.00E-02 :‘
Use TRENCH CAP 6 07/16/91 Co-60 < -2.48E-02 2.96E-02 4 ,00E-02 i
USE TRENCH CAP 6 07/16/91 Cs-137 < 1.556-02 2.41€-02 4.00g-02

USE TRENCH CAP 6 07/16/91 H-3 1.97e+03  1.30€+02 3.50€+02

USE TRENCH CAP 6 07/16/91 K-40 3.756+01  1.30e+00 3.00E-01

USE TRENCH CAP 5 07/16/91 Co-60 S.64E-02 2.79E-02 4.00€-02 ~
USE TRENCH CAP 5 07/16/91 Cs-137 < 4.10E-03  2.60€-02 4.00€-02

USE TRENCH CAP 5 07/16/91% H-3 9.34E+02  1.08€+02 3.50E+02

USE TRENCH CAP 5 07/16/91 K-40 4.48E+01  1.40E+00 3.00E-01

USE TRENCH CAP 3 07/16/91 Co-60 < 2.06-02 3.15€-02 4.00g-02

USE TRENCH CAP 3 07/16/9N Cs-137 < 1.656-02 2.60€-02 4.00€-02

USE TRENCH CAP 3 07/16/91 H-3 7.10e+02 1.02E+02 3.50e+02

USE TRENCH CAP 3 07/16/91 K-40 5.22e+01 1.50E+00 3.00E-01

USE TRENCH CAP 11 07/16/91 Be-7 < 9.40E-01  1.19€+00 9.00€-02

USE TRENCH CAP 11 07/16/91  Co-60 < 1.656-02 3.086-02  4.00€-02
USE TRENCH CAP 11 07/16/91  Cs-137 < 1.24E-02 2.42E-02  4.00E-02
USE TRENCH CAP 11 07/16/9% -3 2.30E+05 1.00E+03  3.50E+02
USE TRENCH CAP 11 07/16/91  K-40 4.04E+01  1.30E+00  3,00€-01
USE TRENCH CAP 8 07/16/91  Be-7 1.226+00 9.706-01  9.00€-02
USE TRENCH CAP 8 07/16/91  Co-60 < 3.366-02 2.69E-02  4.00E-02
USE TRENCH CAP 8 07/16/91  Cs-137 < 1.00E-03 2.60E-02 , 4.00€-02
USE TRENCH CAP 8 07/16/91 -3 6.51E+03  2.00E+02 = 3.50€+02
USE TRENCH CAP 8 07/16/91  K-40 4.08€+01 1.406400  3.00€-01
WNI s2 09/19/91  Ra-226(G) < 1.00€-01 5.006-02  2.60€-01
Page 138
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TABLE B-4 CONTINUED

USDOE (PNL)
AIR PARTICULATE ANALYSES
(pCi/m*® + 2 Sigma Counting Error)

SITE TEST DATE DOH PAL
03/25/91 9.00E-03 + 00€-03
06/02/91  1.60E-02 ¢ 1.00E-03  1.19E-02 2
04/08/91 8.00E-03 t 3.00€-03
04/15/91 1.00E-02 ¢ 1.00E-03  1.73E-02 2
04/19/91  1.40E-02 t 2.00E-03
04/29/91  1.30E-02 ¢+ 1.00E-03  1.22€-02 2
05/06/91  1.50E-02 £ 2.00E-03
05/13/91  9.00E-03 £ 1.00E-03  1.12E-02 2
05/20/91 1.10E-02 ¢ 1.00€-03
05/24/91  1.50€E-02 : 2.00E-03
06/03/91  8.00E-03 £ 1.00E-03  8.30€-03 2
06/10/91  9.00€E-03 ¢ 2.00€-03
06/17/91  6.00E-03 + 1.00E-03
06/26/91 6.00E-03 ¢ 1.00E-03  8.66E-03 2
06/28/91 1.10€-02 t 2.00€-03
07/08/91 9.00E-03 ¢+ 1.00E-03  1.01E-02 ¢
07/15/91  1.30E-02 ¢ 1.00E-03
07/19/91  1.10€-02 &+ 2.00E-03
07/26/91 1.30E-02 ¢ 1.00E-03  1.09€-02 ¢
08/05/91  1.30€-02 ¢+ 1.00E-03  1.37e-02 2
08/13/91  1.30€-02 ¢ 1.00E-03
08/20/91  1.80€-03 ¢ 2.00E-03  1.52€-02 2
08/26/91  1.50€-02 + 2.00€-03
09/03/91  7.00E-03 ¢+ 1.00E-03  1.26€-02 2
09/09/91 9.00€E-03 ¢ 1.00€-03
09/13/91  1.80E-02 ¢ 2.00€-03
09/23/91  1.10E-02 ¢t 1.008-03  1.54E-02 t
10/01/91  1.80E-02 ¢ 2.00E-03 2.69E-02 2
10/07/91  2.00€-02 + 2.00E-03
10/14/91  3.70E-02 ¢ 2.00E-03  2.32€-02 ¢
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1.27e-03

1.48€-03

1.28€-03

1.26€-03

1.13€-03

1.19€-03

1.15€-03

1.25€-03

1.33e-03

1.41€-03

1.31€-03

1.40E-03
1.79e-03
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TABLE B-6 CONTINUED

USDOE (PNL)
GROUNDWATER ANALYSES
(pCi/1 £ 2 Sigma Counting Error)
(Nitrate mg/I + 10% Error)
(TDS mg/t + 10% Error)

SITE TEST DATE " DOM PNL
03/25/91 7.70E+01 £ 1.17E+402 2.21E+02 ¢ 2.57E+02
06/24/91 1.91E+02 ¢ 9.00€+01 5.41€+02 ¢t 2.68E+02

09/10/91  4.22E+02 ¢t 9.50E+01 6.656+02 ¢ 2.27E+02
12/03/91  3.14E+02 & 9.40€+01 2.29E+02 ¢t 2.94E+02
NO2+NO3 01/16/91  4.00E+00 ¢ 2.00€-01 1.86E+00 ¢ 0.00E+00
03/25/91 5.00E+00 ¢+ 3.00€-01 1.53e+00 ¢ 0.00E+00
06/24/91  3.00€+00 ¢+ 2.00E-01 1.73E+00 + 0.00€+00
09/10/91  4.40E+00 ¢ 2.00E-01 1.32e+00 ¢+ 0.00E+00
12/03/91  4.00E+00 ¢ 2.00E-01 3.40€-01 2 1.91€-01

1-N-14 Gross Alpha 01/17/91  1.00E+00 ¢ 2.00E+00 2.00E-01 ¢ 5.70€-01
03/28/91  1.00E+00 ¢ 2.00E+00 2.80e+01 ¢ 6.70€+00

09/18/91  3.00E+00 = 3.00E+00 6.70E-01 2 7.60é-01

12/05/91  5.00E+00 + 3.00E+00 5.00E-02 ¢ 4.20E-01

Gross Beta  09/18/91  2,10€+03 ¢ 3.00E+01 1.14E+03 ¢ 8.49€+01

12/05/91  2.31€+03 & 3.00E+01 1.93E+03 = 1.54E+02

sr-90 09/718/91  9.39E+02 ¢ 1.30E+01 5.136+02 ¢ 1.33+02

12/05/91  1.08E+03 ¢ 2.00E+01 9.86E+02 ¢ 1.85E+02

Cs-137 09/18/91 - -1.07E+00 ¢ 1.18E+00  -1.72E+00 ¢ 3.96E+00

12/05/91  1.00E+00 ¢ 1.30E+00 -9.50E-01 ¢ 7.01E+00

Co-60 09/18/91  7.59E+00 t 2.49€+00 1.21E+01 ¢ 6.34E+00
12/05/91  5.90E+00 t 2.70E+00 1.31€+00 ¢ 7.09€+00
H-3 12/05/91  8.20E+04 t 6.00E+02 8.56E+03 ¢ B8.44E+02

Sb-125 09/18/91 2.58E+01 ¢ 6.70E+00 1.256+01 ¢ 1.20E+01

12/05/91  2.30E+01 ¢ 8.00E+00 1.70€-01 ¢ 1.72€+01

NO2+NO3 09/18/91 9.70€+00 ¢+ 5.00E-01 6.20€+00 ¢ 0.00€+00

12/05/91 1.00E+01 ¢ 1.00E+00 1.40E+00 ¢ 7.88E-01

1-Hb4-4 6ross Alpha 01/16/91 3.60E+01 £ 1.10€+01 2.68E+01 ¢t 6.72E+00
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TABLE B-6 CONTINUED

USDOE (PNL)
GROUNDWATER ANALYSES
(pCi/l + 2 Sigma Counting Error)
(Nitrate mg/1 + 10% Error)
(TDS mg/1 + 10% Error)

SITE TEST DATE DOH PNL
12/03/91  2.72E+02 t 1.406+01  6.20E+01 ¢ 3.49€+01
2-w22-20 Gross Alpha  01/18/91  2.20E+01 ¢ 4.00E+00  2.21E+01 : 8.98E+00
01/91 1. 01 ¢+ 4 4_87E+00 ¢ 2.39E+00
06/18/91  1.40E+01 ¢ 6.00E+00  7.93E+00 t 4.50E+00
12/05/91  1.406+01 ¢ 6.00E+00  1.14E+01 ¢ 5.49E+00
Total U 06/18/91  9.02E+00 ¢ 5.30E-01  6.87E+00 t 1.98E+00
12/05/91  7.90E+00 ¢ 4.00E-01  4.88E+00 t 1.43E+00
Gross Beta  01/18/91  6.00E+01 + 3.006400  5.05E+01 & 6.66E+00
04/01/91  5.30E+01 & 3.006+00  3.01E+01 ¢ 4.91E+00
06/18/91  5.30E+01 ¢ 3.00E+00  -6.31E+00 : 2.85E+00
12/05/91  5.60E+01 ¢ 3.00E+00  2.596+01 ¢ 4,.42E+00
Ru-106 01/18/91  -4.00E+00 2 1.30E+01  -6.16E+01 t 5.01€+01
04/01/91  -7.00E+00 + 1.00E+01  -2.65€+01 ¢ 3.05E+01
Cs-134 04/01/91 -1.00E+00 + 1.10E+00  -2.09€+00 & 3.79E+00
Cs-137 01/18/91  -1.00E+00 ¢ 2.00E+00  -1.22€+00 t 2.97€+00
04/01/91  0.00E+00 t 1.10E+00  7.80€-01 ¢ 2.53E+00
06/18/91  -3.00E-01 & 1.10E+00  1.15€+00 t 3.01€+00
12/05/91 -2.00€-02 + 1.226+00  4.64E+00 & 8.02E+00
2r-95 04/01/91  6.00E-01 ¢ 1.406+00  5.84E+00 t 5.50€+00
n-65 04701791  1.10E+00 & 2.10E+00  -5.33E+00 : 5.25€+00
K-40 04/01/91  4.806+01 ¢ 2.40E+01  8.49E+01 & 7.40€+01
Co-60 01/18/91  3.306+00 : 1.80E+00  2.20E-01 t 4.18£+00
04/01/91  2.706+00 &t 2.10E+00  1.86E+00 & 4.55E+00
06/18/91  2.70E+00 ¢ 2.00E+00  B.96E+00 & 5.15E+00
12/05/91  4.70E+00 + 2.20E+00  1.31€+01 2 1.05€+01
-3 01/18/91  2.50E+05 & 1.00E+03  2.47E+05 ¢ 1.82E+04
04/01/91  2.T6E+05 & 1.00E+03  3.106+05 t 2.27E+04
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TABLE B-7

USDOE (PNL)
SOIL ANALYSES
(pCi/gram - dry + 2 Sigma Counting Error)

Results of Split Samples Analyzed by the
State of Washington Department of Health and
Battelle Pacific Northwest Laboratories for U.S. Department of Energy

January 1991 through December 1991

SITE TEST DATE DOH PNL
100N FIRESTATION Sr-90 07/31/91 1.19€-01 ¢ 7.00E-03 1.31€-01 = 1.10€-02
Ru-106 07/31/91 3.90€-02 = 1.20€E-01 1.59€-02 + 2.12€-01
Cs-137 07/31/91 3.36E-01 ¢ 2.80€-02 3.126-01 ¢ 4.19€-02
K-40 07/31/91 1.62E+01 ¢ 6.00€E-01 1.45€+01 ¢ 8.17€-01
Co-60 07/31/91 -2.80E-03 2z 1.39€-02 7.20E-03 t 2.44E-02
u-234 07/31/91 4.23E-01 & 2.06E-01 6.26E-01 ¢ 7.84€-02
Pu-239/240 07/31/91 6.30€-03 ¢+ 2.00€-03 4.88E-03  9.34E-04
Pu-238 07/31/91 1.20€-03 + 2.40€-03 1.12€-04 ¢ 1.81E-04
100N-1 Sr-90 07/31/91 1.336+00 + 2.00€-02 1.97E+00 ¢ 6.27E-02
Ru-106 07/31/91 -3.56€-02 £ 7.41€-02  -4.25€-02 ¢ 1.52€-01
Cs-137 07/31/91 1.01€-01 ¢ 1.60€-02 1.10e-01 ¢ 2.21€-02
K-40 07/31/91% 1.99€+01 2 4.00E-01 1.46E+01 £ 7.31E-01
Co-60 07/31/91 3.01€-01 = 2.10€-02 2.80E-01 ¢ 3.85€-02
Pu-239/240 07/31/91 8.60E-04 ¢ 9.60E-04 7.69E-04 ¢t 7.74E-04
Pu-238 07/31/91 2.00e-06 + 2.20E-03 9.756-05 ¢t 3.55€-04
E200€ Sr-90 07/31/91 2.80E-01 £ 1.00€-02 3.45€-01 ¢ 1.27€-02
Ru-106 07/31/91 -8.00€-03 ¢ 7.02€-02 7.79€-04 £ 1.47E-01
Cs-137 07/31/91 1.45€+00 2 3.00€-02 1.136+00 £ 5.34€E-02
K-40 07/31/91 1.35€+01 ¢ 3.00E-01 1.36E+01 £ 7.09€-01
Co-60 07/31/91 6.626-02 ¢ 1.28E-02 -2.136-03 ¢ 1.89€-02
u-234 07/31/91 6.93E-01 ¢ 2.17e-01 9.06E-01 £ 2.08E-01
Pu-239/240 07/31/91 1.20E-02 ¢ 2.00E-03 8.95€-03 ¢ 1.21E-03
Pu-238 07/31/91 1.20E-03" ¢ 1.90E-03 2.13e-04 ¢ 2.00E-04
YAKIMA B. Sr-90 07/31/91 1.10e-01 ¢ 1.00€-02 1.438-01 ¢ 1.21E-02
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TABLE B-7 CONTIN :D

USDOE (PNL)
SOIL ANALYSES
(pCi/gram - dry + 2 Sigma Counting Error)

SITE TEST DATE DOH PNL
MOSES LAKE sr-90 08/01/91 8.00€-03 ¢ 4.00e-03 1.376-02 ¢ 4.29€-03
Ru-106 08/01/91 4.10€-02 ¢ 1.20€-01 5.51€-02 ¢ 1.73E-01
Cs-137 08/01/91 9.00€-03 ¢ 1.51E-02 -1.70€-03 ¢ 2.01E-02
K-40 08/01/91 1.46€+01 & 6.00E-01 1.49e+01 & 7.94E-01
Co-60 08/01/91 7.00E-03 ¢ 1.41€-02 3.39£-03 2 1.73€-02
U-234 08/01/91 1.02€+00 ¢ 2.30€-01 6.198-01 ¢ 8.27E-02
Pu-239/240 08/01/91 3.00€-04 ¢+ 8.00E-04 3.36€-05 ¢ 1.62E-04
Pu-238 08/01/91 -1.00E-04 ¢ 2.20€-03 1.10E-04 ¢ 2.33E-04
HANFORD TOWNSITE Sr-90 07/31/9M 5.00€-02 ¢ 1.00E-02 5.74E-02 t 6.22€-03
Ru- 106 07/31/91 -3.60E-03 ¢ 6.35E-02 8.16E-03 ¢ 1.31€-01
Cs-137 07/31/91 2.63E-01 ¢ 1.40€-02 2.71€-01 ¢ 2.80€-02
K-40 07/31/91 1.61E+01 ¢ 3.00€-01 1.44E+01 ¢ 6.81E-01
Co-60 07/31/91 -2.16E-03 ¢ 7.73e-03  -1.286-02 + 1.57E-02
U-234 07/31/91 1.04E+00 ¢ 1.20€-01 7.36E-01 ¢ 8.10€-02
Pu-239/240 07/31/91 3.606-03 ¢ 2.30E-03 3.68E-03 ¢ 8.46E-04
Pu-238 07/31/91 2.60E-03 ¢ 4.30€-03 1.60E-05 ¢ 9.60€-05
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TABLE B-12

US ECOLOGY TRENCH CAP VEGETATION ANALYSES
(pCi/gram - dry 1+ 2 Sigma Counting Error)
(Tritium pCi/l + 2 Sigma Counting Error)

Results of Split Samples Analyzed by the
State of Washington Department of Health and
US Ecology

January 1991 through December 1991

sI DATE AGENCY TRITIUM K-40*
Trench 2 07/16/91 DOH 4.09E+02 ¢ 1.12E+02 3.60E+01 ¢ 1.40E+00
USE 2.01E+03 ¢ 7.58€+02 8.40€+00 = 2.30E+00
Trench 3 07/16/91 DOH 7.10E+02 ¢ 1.02E+02 5.22E+01 ¢ 1.50€+00
USE 1.95€+03 ¢ 1.24E+03 4.60E+00 £ 3.00E-01
Trench 4 07/716/91 DOH 3.62E+03 ¢ 6.50€+02 2.46€+01 = 1,00E+00
USE 9.626+02 t 4.58E+02 4.20€+00 = 1.40€+00
Trench S 07/16/91 DOH 9.34E+02 ¢ 1.08E+02 4.48E+01 £ 1.40€+00
USE 2.31E+03 ¢ 7.92E+02 2.11€+01 ¢ 9.00€-01
Trench 6 07/16/91 DOH 1.97e+03 ¢ 1.30E+02 3.75e+01 + 1.30€+00
USE 1.93E+02 ¢ 7.00E+01 1.56E+01 £ 1.10E+00
Trench 8 07/16/91 DOH 6.51E+03 ¢ 2.00E+02 4.08E+01 £ 1.40E+00
USE 8.756+02 ¢ 3.80E+02 1.71E+01 + 9.00€-01
Trench 11 07/16/91 DOH 2.30E+05 = 1.00E+03 4.04E+01 £ 1.30E+00
USE 4.186+02 ¢ 9.60E+01 2.13E+01 ¢ 5.00E+00

* US Ecology results - pCi/gram - wet
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TABLE B-16 CONTINUED

WPPSS NUCLEAR PLANT #2
AIR PARTICULATE ANALYSES
(pCi/m® + 2 Sigma Counting Error)

SITE TEST DATE DOH WPPSS
06/17/91 4.00E-03 ¢t 1.00€E-03 6.00E-03 ¢ 1,80E-03
06/24/91 5.00E-03 ¢ 1.00E-03 1.10€-02 ¢ 2.00E-03
07/01/91 9.00E-03 ¢ 1.00€-03 1.00E-02 ¢ 2.00€-03
07/08/91 9.00E-03 ¢ 1.00€-03 1.30€-02 ¢ 2.00€-03

07/15/91 1.20€-02 ¢ 1.00€-03 8.10E-03 ¢ 1.90e-03
07/22/91 8.00€-03 = 1.00E-03 1.30€-02 ¢ 2.00E-03
07/29/91 1.40E-02 ¢ 1.00€-03 1.60€-02 ¢ 2.00€E-03
08/05/91 1.50€-02 ¢ 2.00€-03 1.80€-02 ¢ 2.00€-03
08/12/91 1.20€-02 ¢ 1.00€-03 1.80€-02 ¢ 2.00€-03
08/19/91 1.70E-02 ¢ 2.00€E-03 1.60E-02 + 2.00E-03
08/26/91 1.40€-02 ¢ 1.00€-03 9.90E-03 ¢ 1.80€-03
09/03/91 1.00E-02 ¢ 1.00E-03 1.40E-02 ¢ 2.00E-03
09/09/91 1.40E-02 ¢ 2.00E-03 1.70E-02 ¢ 2.00E-03
09/16/91 1.50E-02 ¢ 2.00E-03 1.90E-02 = 3.00€-03
09/23/91 1.80€-02 ¢+ 2.00€-03 3.00€-02 ¢+ 3.00€-03
09/30/91 2.20€-02 ¢ 2.00€-03 3.106-02 ¢ 3.00€-03
10/07/91 2.40€-02 + 2.00€-03 2.80E-02 ¢ 5.00€-03
10/14/91 3.70e-02 ¢ 2.00E-03 1.60E-02 ¢+ 4.00€-03
10/21/91 1.70E-02 ¢+ 2.00E-03 1.00E-02 ¢ 2.00E-03
10/28/91 1.20E-02 ¢+ 1.00€-03 4.00€-02 ¢ 3.00€-03
11/04/91 4.90€-02 ¢+ 2.00E-03 2.70E-02 ¢ 3.00€-03
11711791 3.50E-02 ¢+ 2.00E-03 8.10E-03 ¢ 1.90€-03
11/18/91 1.00€-02 2 1.00E-03 1.00E-02 ¢ 2.00€-03
11/25/91 1.10E-02 ¢+ 1.00E-03 8.40€-03 ¢ 1.90e-03
12/02/91 7.00€E-03 ¢ 1.00E-03 7.506-03 ¢ 2.00€-03
12/09/91 5.00E-03 ¢+ 1.00E-03 1.406-02 ¢+ 2.00E-03
12/16/91 2.60E-02 ¢+ 2.00€-03 3.30€-02 ¢+ 3.00€-03
12/23/91 3.70€-02 ¢+ 2.00E-03 5.10€-02 ¢ 4.00€-03
1-131 01/07/91 9.00€-04 ¢ 9.60€E-03 -1.54€-03 ¢ 1.34€-02
01/14/91 1.00E-03 ¢ 8.00E-03 8.01€-03 ¢ 1.81€-02
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TABLE B-16 CONTINUED
WPPSS NUCLEAR PLANT #2
AIR PARTICULATE ANALYSES
(pCi/m® + 2 Sigma Counting Error)

SITE TEST DATE DOH wPPSS
04/08/91  7.006-03 ¢ 3.00€-03 1.1 02 ¢ 2.00E-03
04/15/91  9.00€-03 ¢ 1.00£-03  1.406-02 & 2.
04/22/91  1.60E-02 + 2.00E-03 1.106-02 ¢ 2.00E-03
04/29/91  9.00E-03 ¢ 1.00E-03 1.50E-02 t 2.00E-03
05/07/91  1.406-02 ¢ 2.006-03 6.80E-03 ¢ 1.80E-03
05/13/91  6.00€-03 ¢+ 1.00-03  9.10E-03 ¢ 2.00€-03
05/20/91  9.00E-03 ¢ 1.00£-03  7.50E-03 : 1.70€-03
05/28/91  8.00E-03 ¢ 1.00E-03  9.406-03 t 2.30€-03
06/03/91  8.006-03 & 1.006-03  6.90E-03 ¢ 1.80E-03
06/10/91  7.00€-03 ¢ 1.00E-03 4.80-03 + 1.80€-03
06/17/91  4.00€-03 ¢ 1.00E-03  6.00€-03 ¢ 1.80E-03
06/26/91  5.006-03 ¢ 1.006-03 1.00E-02 ¢ 2.00€-03
07/01/91  8.00E-03 ¢ 1.00E-03  8.60€-03 ¢ 2.00E-03
07/08/91  8.00E-03 ¢ 1.00E-03  1.30E-02 ¢ 2.00E-03
07/15/91  1.00€-02 ¢ 1.006-03  6.50E-03 : 1.80€-03
07/22/91  8.00E-03 + 1.00E-03  1.30E-02 ¢ 2.00E-03
07/29/91  1.10E-02 + 1.00E-03  1.206-02 ¢ 2.00E-03
08/05/91  1.40€-02 ¢ 1.00E-03  1.30E-02 ¢ 2.00E-03
08/12/91  1.30€-02 ¢ 1.00E-03  1.20€-02 ¢ 2.00E-03
08/19/91  1.606-02 ¢ 2.00-03 1.50€-02 ¢ 2.00€-03
08/26/91  1.206-02 + 1.00€-03  9.60E-03 ¢ 1.70E-03
09/03/91  9.00E-03 + 1.00E-03 1.70E-02 t 3.00€-03
09/09/91  1.406-02 + 2.006-03  1.506-02 = 2.00€-03
09/16/91  1.50€-02 ¢ 2.00£-03  1.306-02 + 2.00€-03
09/23/91  1.606-02 + 2.00E-03  2.30€-02 ¢ 3.00E-03
09/30/91  2.206-02 t 2.00€-03  2.10E-02 ¢ 3.00E-03
10/07/91  2.206-02 + 2.00E-03  1.70E-02  5.00E-03
10/14/91  3.40E-02 ¢ 2.00E-03  1.10E-02 = 3.00€-03.
10/21/91  1.40E-02 ¢ 2.00E-03  8.90E-03  1.90E-03
10/28/91  1.10E-02 ¢ 1.006-03  3.70€-02 ¢ 3.00€-03
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SITE

TEST

1-131

TABLE B-16 CONTINUED

WPPSS NUCLEAR PLA T #2

AIR PARTICULATE ANALYSES
(pCi/m® + 2 Sigma Counting Error)

DATE
11/04/91
11/11/9N
11/18/9N1
11/25/91
12 91
12/09/91
12/16/91
12/23/91
01/07/91
01/14/91
01/21/91
01/28/91
02/04/91
02/11/91
02/19/91
02/25/91
03/04/91
03/11/91
03/18/91
03/25/91
04/01/91
04/08/91
04/15/91
04/22/91
04/29/91
05/07/91
05/13/91
05/20/91
05/28/91
06/03/91

DOH
4.30E-02 ¢+ 2.00E-03
3.00e-02 ¢+ 2.00E-03
9.00€-03 ¢+ 1.00€E-03
1.00E-02 ¢ 1.00€-03
8 -03 £ 1
4.00€-03 ¢ 1.00€-03
1.20E-02 ¢ 1.00E-03
3.60E-02 £ 2.00E-03
-1.00€E-02 ¢ 1.00€-02
-2.00E-03 ¢+ 8.00€-03
-6.00E-04 ¢ 9.00€-03
-9.10€-03 ¢ 9.40€-03
4.00E-03 ¢ 9.00€E-03
6.00E-03 ¢ 9.00€-03
3.00€-03 ¢ 7.00E-03
-3.00€-03 ¢ 1.00€-02
-9.00E-03 ¢ 8.00€-03
-5.00E-04 ¢ 7.70€E-02
2.00E-03 ¢ 8.00E-03
1.70E-04 ¢ 7.53€-03
-2.00E-03 ¢ 1.00€E-02
-4.00E-03 ¢ 1.10€-02
-6.00E-03 ¢ 9.00€E-03
6.00E-03 ¢ 1.00E-02
-3.00E-03 ¢ 1.00E-02
4.60E-03 ¢+ 9.01€-03
-5.33e-03 ¢ 9.80€-03
5.50E-04 + 9.19E-03
-1.41€-02 ¢ 8.00€-03
-4.62E-03 ¢+ 9.07€-03

WPPSS
2.70€-02 ¢ 3.00e-03
8.40E-03 ¢ 1.90€-03
9.00E-03 ¢ 2.10E-03
7.20E-03 ¢ 1.80€-03

20E-03 + 1.80E-03
1.10E-02 ¢ 2.00E-03
3.40E-02 ¢ 3.00€-03
4.80E-02 ¢ 4.00E-03
6.86€-03 ¢ 1.48E-02
-8.35€-04 ¢+ 1.33e-02
1.02E-02 ¢ 1.46E-02
-6.83€-03 ¢ 1.17e-02
-1.526-03 ¢+ 1.39€-02
-5.96€E-03 ¢ 1.58€-02
-2.66€-03 £ 1.71€E-02
5.826-03 ¢ 1.03€-02
-8.60€-03 ¢ 1.27e-02
-2.54E-03 ¢ 1.18€-02
~2.73E-03 ¢ 1.02€-02
-2.70E-03 ¢ 1.23€-02
-4.68€-03 ¢ 1.04E-02
3.04E-03 ¢+ 1.17e-02
-3.396-04 ¢ 1.16E-02
1.11€-02 ¢ 1.33e-02
8.05€-03 ¢ 1.36€-02
-3.08E-04 ¢ 1.13E-02
8.07E-05 ¢ 4.73E-03
1.87€-04 ¢ 6.50€E-03
-3.30€-04 ¢+ 9.57€-03
5.79€-03 ¢ 1.19€-02

1991
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WPPSS NUCLEAR PLANT 2

DISCHARGE WATER ANALYSES

SITE TEST

Cs-134

Cs-137

Ir-95

Page iOZ

DATE
12/03/91
01/09/91
02/12/91
03/13/91
04/09/91
05/08/91
06/11/91
07/09/91
08/13/91
09/04/91
10/09/91
11/08/91
12/03/91
01/09/91
02/12/N
03/13/91
04/09/91
05/08/91
06/11/91
07/09/91
08/13/91
09/04/91
10/09/91
11/08/91
12/03/91
01/09/91
02/12/91
03/13/91
04/09/91
05/08/91

DOK
1.00E+00 ¢+ 1.00E+00
7.10E-01 ¢ 9.80€-01
-1.00E+00 £ 1.00E+00
-1.30E+00 ¢ 1.00€+00
-4.00E-01 £ 1.
-2.80e-01 ¢ 8.30E-01
-7.39€-01 £ 9.24€-01
<4.10E-01 £ 1.32e+00
-7.60E-02 = 9.63€E-01
-6.47E-01 ¢ 9.55€-01
7.20€-02 ¢+ 9.81€-01
-2.70e-01 ¢ 1.21E+00
-1.65€+00 ¢ 1.55E+00
2.00E-01 ¢ 1.10€+00
-1.60€-01 £ 9.70E-01
1.10E-01 ¢ 9.60E-01
-7.00€E-01 ¢ 1.10E+00
8.00€-02 ¢+ 8.80E-01
-1.26€E-01 ¢ 9.78e-01
-7.30e-01 £ 1.4 +00
=1.30E-01 ¢ 1.04E+00
-2.80E-02 ¢ 9.86€-01
=1.14E+00 ¢ 1.05€+00
-2.00E-01 £ 1.28€+00
1.09€+00 ¢ 1.40E+00
0.00E+00 ¢+ 1.10E+00
8.20E-01 ¢ 8.80E-01
<6.40E-01 ¢ 9.20€E-01
-1.00E+00 £ 1.10E+00
4.30€-01 ¢ 9.60E-01

(pCi/1 + 2 Sigma Counting Error)

WPPSS
2.20€+00 ¢ 7.00E-01
-2.87E+00 t 2.75E+00
-8.39€-01 ¢t 1.64E+00
1.40€+00 ¢ 1,73E+00

01E-01 & 2.41E+00
-4.71E-01 ¢ 2.91E+00
4.01E+00 ¢ 3.10E+00
-3.67E-01 ¢ 2.62E+00
-3.30€+00 ¢ 2.17€+00
-2.34E+00 ¢t 2.66€E+00
-7.54E-01 £ 1.74€E+00
8.77E-01 & 2.34E+00
-1.50€+00 t 1.95€+00
-5.32E-01 ¢ 2.85E+00
8.15E-01 ¢ 1.41E+00
1.556+00 ¢ 1.77E+00
5.53E+00 ¢t 2.40€+00
3.31E+00 ¢ 2.87E+00
4.41€+00 ¢ 3.10€+00
1.86€+00 ¢ 2.55€+00
5.53E+00 £ 2.27E+00
3.91E-01 ¢ 2.68E+00
1.10E+00 ¢ 1.75E+00
-9.07E-02 £ 2.40E+00
-3.69€-01 ¢ 2.42E+00
5.45E+00 ¢ 5.40E+00
9.64E-01 ¢ 3.01E+00
1.886+00 ¢ 3.26E+00
-4.01E+00 t 4.54E+00
-4.67E+00 ¢ 5.58£+00

1991

I SRS S
TABLE B-17 CONTINUED
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TABLE B-19

WPPSS NUCLEAR PLANT #2
FOOD ANALYSES
(pCi/gram -wet + 2 Sigma Counting Error)

Results of Split Samples Analyzed by the
State of Washington Department of Health and ;
Washington Public Power Supply System |

January 1991 through December 1991

SITE TEST DATE DOH WPPSS
CABBAGE
PASCO-FARM Cs-134 06/18/91 -4.20E-03 ¢ 6.70€-03 4.03€-03 t 4.99E-03
Cs-137 06/18/91 4.94€-03 ¢ 6.35€-03 2.16E-03 t 5.02e-03
[-131 06/18/91 7.40E-03 + 1.27€-02 -1.31E-02 + 1.34E-02

TOMATOES

| PASCO-FARM Cs-134 08/27/91 -1.06€-02 + 1.17€-02 1.89€-03 + 2.79€-03
Cs-137 08/27/91 5.20E-03 + 1.16€-02 -1.426-04 + 2.71E-
1-131 08/27/91 2.50E-03 + 1.71E-02 -1.84€-03 + 1.79€-02
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TABLE B-20

WPPSS NUCLEAR PLANT #2
GROUNDWATER ANALYSES
(pCi/1 £ 2 Sigma Counting Error)

Results of Split Samples Analyzed by the
State of Was"*~gton Department of Health and

Washington Public Power Supply System

January 1991 through December 1991

SITE TEST DATE DOH WPPSS
STATION 31 Cs-137 06/11/91 -1.00e-02 ¢ 1.03e+00 3.61€+00 = 3.06E+00
Co-60 06/11/91 3.87E-01 1+ 9.94E-01 3.18€-01 ¢ 2.79€+00
H-3 06/11/91 2.30E+01 ¢ 8.70€+01 -2.90€+01 + B8.20€+01
STATION 32 Cs-137 06/11/91 2.00E-01 ¢ 1.04E+00 4.68E+00 £ 2.75E+00
K-40 06/11/91 - 5.78E+01 z 2.61E+01 8.71€+00 £ 7.13E+01
Co-60 06/11/91 1.91E+00 ¢ 9.20€-01 3.48E+00 ¢ 2.59€+00
H-3 06/11/91 -5.40€+01 ¢z 8.50€+01 7.90E+00 ¢+ 1.10€+02
STATION 52 Cs-137 06/11/91 0.00E+00 ¢ 9.27€-01 -2.74E+00 ¢ 2.89E+00
Co-60 06/11/91 3.926-01 ¢ 9.84E-01 7.56E-01 ¢ 2.54€E+00
H-3 06/11/91 -6.60E+01 ¢ B.50€+01 1.10€+02 ¢ 7.00E+01
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SITE

STATION 36

TEST

Cs-134

Cs-137

K-40

WPPSS NUCLEAR PLANT #2

MILK ANALYSES

(pCi/1 £ 2 Sigma Counting Error)

DATE
09/10/91
12/10/91
01/08/91
02/05/91
03/05/91
04/02/91
05/07/91

706791
07/02/91
08/06/91
09/10/91
10/15/91
11719/
12/10/91
01/08/91
02/05/91
03/05/91
04702791
05/07/91
06/04/91
07/02/91
08/06/91
09/10/91
10/15/91
11/19/91
12/10/91
01/08/91
02/05/91
03/05/91
04/02/91%

DOH
4.00E-02 + 3.44E+00
-1.196+00 £ 1.96E+00
-3.00e-01 ¢+ 1.20€+00
3.00e-01 ¢+ 1.10E+00
1.00E-01 ¢ 1.10€+00
-1.50€-01 ¢ 3.60€-01
-2.10e-01 ¢ 9.10€-01
-1.60E+00 ¢ 1.80E+00
3.90€-01 + 1.09E+00
-1.50E+00 ¢ 1.10E+00
-2.80E-01 ¢ 1.10E+00
-8.30€-01 ¢+ 1.05€+00
-1.05€+00 ¢ 1.72E+00
3.10E-01 ¢+ 1.58E+00
1.20E+00 £ 1.40E+00
1.00E+00 ¢ 1.30E+00
1.10E+00 ¢ 1.20E+00
-3.00E-02 ¢+ 4.50E-01
-3.00E-01 ¢ 1.00E+00
-1.00E-01 ¢ 1.80€+00
6.40E-01 ¢ 1.20E+00
4.00E-01 £ 1.20E+00
2.00E-02 ¢ 1.26E+00
-8.60E-01 ¢+ 1.20E+00
1.19€+00 ¢ 2.00E+00
1.84E+00 + 2.03E+00
1.34E+03 + 6.00E+01
1.29€+03 ¢ 5.00E+01
1.29E+03 ¢+ 6.00E+01
1.27€+03 ¢+ 6.00E+01

WPPSS
2.90E-02 + 8.92€-02
5.10E-02 + 9.86E-02
2.07E-01 + 2.39€+00
7.57E-01 t 2.34E+00
1.65E+00 ¢ 2.45E+00
1.96E+00 ¢ 2.37E+00
-1.60E-01 £ 2.42E+00
3.43E-01 & 2.24E+00
1.63E+00 ¢ 2.22E+00
-4.14E-01 £ 2.29€+00
1.136+00 ¢ 2.43E+00
9.09€-01 & 2.24€+00
-5.51E-01 ¢ 1.96E+00
5.29€-01 & 2.23E+00
2.226+00 & 2.42E+00
3.85E+00 & 2.36E+00
-4.98E-01 £ 2.42E+00
2.26E+00 ¢ 2.48E+00
9.126-01 ¢ 2.47€+00
ﬁ.ZSE*OO + 2.27E+00
2.67E+00 t 2.31E+00
2.24E+00 t 2.44E+00
0.00E+00 & 2.33E+00
2.55E+00 ¢ 2.26€+00
2.19E-01 ¢ 1.93E+00
1.456+00 + 2.17E+00
1.34E+03 & 7.88e+01
1.27€+03 ¢ 7.56E+01
1.356+03 ¢ 7.94E+01
1.31E+03 t 7.62E+01

1991
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SITE TEST

STATION 96 Cs-134

Cs-137

1-131

STATION 59 Cs-137

I-131

STATION 62 Cs-134

Cs-137

1-134
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TABLE B-21 CONTIN :D

WPPSS NUCLEAR PLANT #2

MILK ANALYSES

DATE
12/10/91
12/10/91
03/05/91
06/04/91
09/10/91
12/10/91
03/05/91
06/04/91
09/10/91
12/10/91
03/05/91
06/04/91
09/10/91
12/10/91
03/05/91
06/04/91
03/05/91
06/04/91
03/05/91
06/04/91
12/10/91
03/05/91
06/04/91
09/10/91
12/10/91
03/05/91
06/04/91
09/10/91
12/10/91
03/05/91

(pCi/1 £ 2 Sigma Counting Error)

DOH
-1.68E+01 £ 1.17E+01
6.30€-01 ¢ 1.09€+00
1.00E+00 = 1.20E+00
-5.40€E-01 ¢ 1.06€E+00
2.90E-01 ¢ 1,25E+00
4.00E-01 £ 1.19E+00
1.47E+03 ¢ 5.00E+01
1.47E+03 t 4.00E+01
1.28€+03 t 5.00€E+01
1.41€E+03 ¢ 6.00E+01
1.30E+00 = 1.80E+00
-1.10E-01 = 1.58E+00
6.50E-01 ¢ 1.97E+00
1.10E-01 ¢ 1.90E+00
5.00E-01 ¢ 1.30E+00
-1.20€-01 ¢+ 1,20E+00
1.38E+03 ¢ 6.00€+01
1.23E+03 ¢t 5.00€+01
1.30E+00 ¢ 2.10E+00
5.70E-01 ¢ 1.97e+00
-1.786+00 + 1.72E+00
8.00€-01 £ 1.30E+00
2.48E+00 ¢ 1.76E+00
-1.338+00 ¢ 1.86E+00
1.69€+00 ¢ 1.82E+00
1.23e+03 ¢t 6.00E+01
1.27E+03 ¢ 8.00E+01
1.26E+03 ¢t 7.00E+01
1.34E+03 ¢+ 7.00E+01
-8.00E-01 £ 1.90E+00

WPPSS
-1.46E+00 ¢ 5.86E+00
7.42€-01 ¢ 2.05€+00
6.49E-02 £ 2.42E+00
2.24E+00 £ 2.40E+00
4.356-01 £ 2.25E+00
-2.24E+00 ¢ 2.32E+00
1.31E+03 ¢ 8.01E+01
1.336+03 + 8.35E+01
1.34E+03 ¢ 8.40£+01
1.40E+03 ¢ 6.74E+01
-2.20E-02 ¢ 1.20€E-01
6.70E-02 + 9.90E-02
5.50E-03 ¢ 9.78E-02
2.40E-02 £ 1.07E-01
2.36E+00 ¢ 3.12E+00
9.03e-01 ¢ 2.33g+00
1.31+03 + 8.72E+01
1.33e+03 ¢ 8.11E+01
1.10e-01 ¢+ 1.11e-01
-5.10€6-02 ¢+ 1.08€-01
3.02e+00 ¢ 2.38E+00
2.11E+00 ¢ 2.B4E+00
-1.30e+00 ¢ 2.21E+00
2.79€+00 t 2.57E+00
2.47E+00 ¢ 2.45E+00
1.42E+03 ¢ 9.25€+01
1.26E+03 ¢ 7.40E+01
1.39€+03 t 8.76E+01
1.29€+03 ¢ 7.74E+01
-3.00E-02 ¢ 9.42E-02

—para
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TABLE B-24

WPPSS NUCLEAR PLANT #2
SURFACE WATER ANALYSES
(pCi/l £ 2 Sigma Counting Error)

Results of Split Samples Analyzed by the
State of Washington Department of Health and-
Washington Public Power Supply System

January 1991 through December 1991

SITE TEST DATE b 3.2 23

STATION 29 Gross Beta 01/09/91 1.00€+00 ¢ 1.00€+00 2.20E+00 ¢ 7.00€E-01
02/12/91 1.00€+00 ¢ 1.00€+00 1.20€+00 ¢+ 7.00€-01

03/13/91 1.00E+00 ¢ 1.00€+00 1.10€+00 ¢ 7.00€-01

04/09/91 7.99€-01 ¢ 7.38€-01 1.10e+00 ¢ 7.00€-01

05/08/91 1.13e+00 ¢ 7.50€-01 1.30€+00 ¢ 7.00€-01

06/11/91 9.00€-01 ¢+ 7.00€-01 2.00€E+00 ¢ 7.00€-01

07/09/91 1.27E+00 ¢ 7.40€-01 1.70€+00 ¢ 7.00€-01

08/13/91 5.40€-01 ¢ 6.80€-01 1.00E+00 ¢ 4.00E-01

09/04/91 9.90E-01 ¢ 7.40€-01 7.20e-01 ¢ 7.60E-01

10/09/91 5.70E-01 ¢ 7.00€-01 2.90E+00 ¢+ 8.00E-01

11708/91 8.00E-01 ¢ 7.20€-01 1.20E+00 ¢ 7.00E-01

12/03/91 1.00E+00 ¢+ 1.00€+00 2.30E+00 ¢ 7.00€-01

INTAKE Gross Beta 01/09/91 1.00€+00 ¢ 1.00E+00 1.80€+00 ¢ 7.00€-01
02/12/91 1.00€+00 ¢ 1.00E+00 5.90€-01 ¢ 6.70€-01

03/13/91 1.00€+00 ¢+ 1.00E+00 1.40€+00 ¢ 7.00€E-01

04/09/91 1.20€+00 ¢ 7.00€-01 1.90€+00 ¢ 7.00€-01

05/08/91 1.00€+00 ¢ 7.00€-01 1.30€+00 ¢ 7.00€E-01

06/11/91 5.10e-01 ¢ 6.90€-01 1.20E+00 + 6.00€-01

07/09/91 1.126+00 ¢ 7.40€-01 1.70€+00 ¢ 7.00€-01

08/13/91 1.00E+00 ¢ 1.00€+00 1.50€+00 ¢ 3.90€-01

09/04/91 8.09€-01 ¢ 6.90€-01 8.80E-01 ¢+ 7.80€-01

10/09/91 2.00E+00 ¢ 1.00E+00 2.50E+00 ¢+ 8.00€-01

11/08/91 6.70E-01 ¢ 7.20€-01 1.40€+00 ¢ 7.00E-01

12/03/91 1.00€+00 ¢ 1.00€+00 2.20€+00 ¢+ 7.00€-01
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TABLE B-24 CONTINUED

WPPSS NUCLEAR PLZ [T #2
SURFACE WATER ANALYSES
(pCi/1 £ 2 Sigma Counting Error)

SITE TEST DATE DOH
07/09/91 1.69E+00 ¢ 1.68E+00
08/13/91 9.70E-01 ¢ 1.26E+00
09/04/91 -7.40E-01 ¢ 1.02E+00
10/09/91 8.40E-01 ¢ 1.01E+00
11/08/91 6.50E-01 ¢ 2.04E+00
12/03/91 1.65+00 ¢ 1.62E+00
Zn-65 01/09/91 5.00E-01 ¢ 2.10€E+00
02/12/91 -8.00E-01 = 1.90E+00
03/13/91 3.00e-01 ¢ 1.80E+00
04/09/91 -3.00E+00 £ 2.30E+00
05/08/91 -7.00€-01 ¢ 1.80E+00
06/11/91 1.61E+00 £ 2.04E+00
07/09/91 -7.50E-01 ¢ 2.90E+00
08/13/91 -7.00E-01 ¢ 2.13E+00
09/04/91 1.85E+00 ¢ 1.95£+00
10/09/91 8.40€-01 ¢ 1.91E+00
11/08/91 -5.50E-01 ¢ 3.03€+00
12/03/91 1.40E-01 ¢ 3.22E+00

K-40 08/13/91 4.19E+01 ¢ 2.01€+01
10/09/91 1.896+01 ¢ 1.926+01
Mn-54 01/09/91 0.00E+00 ¢ 1.00€+00

02/12/91  -8.30E-01 ¢ $.90E-01
03/13/91  -4.30E-01 ¢ 9.70E-01
04/09/91 3.00E-01 ¢ 1.00E+00
05/08/91 4.10E-01 t 9.40€-01
06/11/91  -2.00€-02 ¢ 9.89€-01
07/09/91  -7.20E-01 & 1.39€+00
08/13/91 -1,096+00 ¢ 1.00E+00
09/04/9%1  -1.45€-01 ¢ 8.94€-01
10/09/91  -5.00E-01 £ 1.01E+00

Page 218

WPPss
-1.53e+00 ¢ 4.98E+00
-6.326-02 ¢ 4.32E+00
-1.10E+01 £ 5.52E+00
1.59+00 ¢ 3.43€+00
5.71E+00 ¢ 4.92E+00
-3.93€-01 ¢ 3.68E+00
-7.97E+00 ¢ 6.11E+00
5.56E-01 ¢ 3,56€+00
1.04€E+00 ¢ 3.72E+00
-1.18e+01 ¢ 4.98E+00
-5.726+00 ¢ 6.06€+00
3.71E+00 ¢ 6.35E+00
-1.086-01 ¢ 5.20€+00
-2.40E-01 ¢ 4.26E+00
-2.156+00 ¢ 5.59€+00
0.00E+00 ¢ 3.32E+00
3.66E+00 ¢ 5,11E+00
-2.506+00 ¢ 3.91E+00
-5.86E+02 ¢ 4.02E+01
-8.11E+00 ¢ 2.29€+01
2.356+00 ¢ 2.47E+00
6.47E-01 ¢ 1.48€+00
2.01E-01 ¢ 1.48€+00
9.09€-01 ¢ 2.13E+00
-1.656+00 ¢+ 2.48€+00
1.27e-01 ¢ 2.73E+00
-1.41E+00 ¢ 2.22E+00
-5.69€-01 ¢+ 1.91E+00
2.07E+00 ¢ 2.41€+00
7.51E-01 £ 1.47E+00
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TABLE B-24 CONTINUED
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SITE

TEST

fe-59

WPPSS NUCLEAR PLANT #2

SUl ACE WATER ANALYSES
+ 2 Sigma Counting Error)

(Ci

DATE
05/08/51
06/11/91
07/09/91
08/13/91
09/04/91
10/09/91
11/08/91
12/03/91
01/09/91
02/12/91
03/13/91
04/09/91
05/08/91
06/11/91
07/09/91
08/13/91
09/04/91
10/09/91
11/08/91
12/03/91

DOH
3.10E-01 ¢ 9.30E-01
-1.98€-01 ¢ 9.11€-01
9.00€-02 ¢+ 1.59€+00
T7.90E-01 ¢ 1,12€+00
5.35e-01 ¢ 8.80E-01
-6.00E-01 £ 1.01E+00
-3.60E-01 ¢ 2.09€+00
-1.218+00 ¢ 1.63E+00
-7.00E-01 £ 2.50E+00
2.00€E-01 ¢+ 2.00E+00
5.00€-01 + 2.00E+00
-4.00€-01 ¢ 2.20E+00
-1.00E+00 = 1.80€+00
-6.90E-01 ¢ 2.30E+00
2.09€+00 ¢ 3.61E+00
-1.31E+00 ¢ 2.72E+00
4.50E-01 ¢ 2.13€+00
1.328+00 2 2.15E+00
2.93e+00 £ 4.87E+00
-8.50€-01 ¢ 4,02E+00

wPPSS
-5.49€-01 ¢ 2.75€+00
-1.386-01 ¢ 3.00€+00
-3.66E-01 ¢ 2.43E+00
6.46E-01 ¢ 2.07E+00
-1.29€+00 t 2.64E+00
-3.556-01 £ 1.65E+00
-1.04E+00 ¢ 2.27€+00
-5.87e-01 ¢ 1.80€+00
3.58E-01 ¢ 5.21E+00
-1.58€+00 ¢ 3.08E+00
2.926+00 ¢ 3.35€+00
2.T4E-01 ¢ 4.67E+00
4.39€+00 ¢ &.545+00
5.128+00 ¢ 6.84E+00
1.11€-01 £ 5.54E+00
2.07e+00 ¢ 4.54E+00
-4.01E-01 ¢ 5.72E+00
2.51E-01 ¢ 3.53E+00
-3.83e-01 £ 5.01€+00
-1.66€+00 £ 3.99E+00

1991
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Environmental Radiation Sampling Stations
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APPENDIX F

ENVIRONMENTAL RADIATION LABORATORY
INTERCOMPARISON STUD IS
EPA, EMSL-LV

1991

Datc Seple Nuclido Kaown £ Expocted Grad  t Expocted Unit Washingion Norm Dov of
Coll. Type Vahs Procision Averuge Sigms Avg. £ 2Enm Koowa Vahe
03/91 AIR ALPHA 25.0 + 6.0 297 + 5.9 pCi/F 383 £+ 2.0 2.48
¢ BETA 1240 + 6.0 130.1 1 13.6 pCi/F 131.0 + 2.0 0.26

* SR-90 400 ¢+ 5.0 393 + 5.2 pCi/F 43.0 + 2.2 1.28

¢ CS-137 400 + 5.0 46 + 7.6 pCi/F 473 t 2.7 0.94

08/91 AIR ALPHA 25.0 ¢ 6.0 283 £+ 5.0 pCi/F 2.7 + 8 -0.38
' * BETA 920 + 10.0 955 + 9.0 pCi/F 101.0 + 2.0 1.56

" SR-90 300 + 5.0 29.1 + 3.9 pCi/F 31.7 + 2.5 0.58

* CS-137 300 + 5.0 325 £+ 5.4 pCi/F 36.6 + 2.5 2.31

04/91 MILK SR-89 320 + 5.0 271 £ 715 pCi/L 293 + 17 -0.92
: SR-90 320 5.0 2800 + 5.1 pCi/L 31.7 £+ 1 0.12

" I-131 600 + 6.0 612 1+ 5.8 pCi/L 61.7 + 0.5 0.48

" CS-137 490 + 5.0 51.4 + 3.7 pCi/L 523 + 3 0.15

" K-40 16500 + 83.0 1653.1 +162.2 pCi/L  1776.7 +60.0 2.64

09/91 MILK SR-89 250 5.0 21,0 + 5.2 pCi/L 203 + 8.0 -1.62
“ SR-90 250 £ 5.0 21,1 + 4.2 pCi/L 243 + S 0.23

* I-131 1080 <+ 11.0 1086 + 8.3 pCi/L 1127 £+ 5.0 0.73

" CS-137 30.0 5.0 314 + 24 pCi/L 323 + 3.1 0.81

“ K-40 17400 + 87.0 1667.5 1120.8 pCi/L  1740.7 1+60.0 0.01

04/91 PE WATER ALPHA 540 £+ 140 49.7 1 11.4 pCi/L 51.7 £+ 3.0 -0.29
* RA-226 80 + 1.2 77 + 0.7 pCi/L 77 + 6 -0.38

* NAT U 29.8 ¢+ 3.0 289 + 34 pCi/L 344 + 7 2.66

" BETA 1150 + 17.0 108.6 + 13.9 pCi/L 110.0 + 3.0 0.51

* SR-89 280 + 5.0 257 + 65 pCi/L 14.7 + 6.7 4.62

N SR-90 260 + 5.0 23.6 33 pCi/L 25.7 £ 1.9 -0.12

" CS-134 240 ¢+ 5.0 23,0 t+ 2.1 pCi/L 23.7 £ 2.2 0.12

" CS-137 250 + 5.0 255 + 24 pCi/L 253 t+ 25 0.12
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8
APPE! X F CONTINUED é
1991 ENVIRONMENTAL RADIATION LABORATORY INTERCOMPARISON =
STUDIES Z
1091 PE WATER ALPHA 8.0 + 21.0 756 + 18.4 pCi/lL  73.7 + 9.0 ) -
- RA-26 220 + 3.3 216 + 2.6 pCi/lL 208 + 0 . s
- NAT U 135 + 3.0 133 + 1.9  pCilL 14.0 + 0.5 « =
. BETA 65.0 + 100 555 + 77 pCi/L  63.3 + 4.0 0.29 >
- SR-89 100 + 5.0 98 + 25 pCilL 9.7 + 4.5 0.12 =
" SR-90 100 + 5.0 101 + 20 pGil 100 + 1.4 ) )
- CO-60 200 + 5.0 202 + 2.1 pCilL 200 + 3.0 ') -
. CS-134 100 + 5.0 96 + 12 pCilL 9.0 + 2.0 0.35 o
- CS-137 110 + 5.0 125 + 1.6 pCilL 123 + 2.0 0. &
0191 WATER  SR-89 50 + S0 52 + 1.6 pCilL 4.0 + 23 0.35
- SR-90 50 + 5.0 49 + 1.0 pGilL 50 + 0.7 ( ;
0591 WATER  SR-89 390 + 5.0 374 + 83 pCilL 273 + 43 < =
. SR-90 240 + 5.0 239 + 30 pC/L 257 £ 1.5 ( S
09/91 WATER  SR-89 490 + 5.0 496 + 9.1 pCilL 413 + 4.4 2.6 =
- SR-90 250 + 5.0 247 + 29 pGiL 267 + 1.9 |
01/91 WATER  ALPHA 50 + 5.0 57 + 1.8  pCilL 8.0 + 3.0 1.04
- BETA 50 t+ 5.0 63 + 1.5 pCilL 60 + 1.0 0.35
0591 WATER ALPHA 240 + 6.0 200 + 6.6  pCi/lL 26.0 + 3.0 0. >
. BETA 460 + 50 447 + 717  pCilL 483 + 2.0 0.81 =
09/91 WATER ALPHA 100 + 5.0 104 + 32  pCilL 11.0 + 2.0 0 z
- BETA 200 + 5.0 203 + 37 pCi/L 217 + 20 0.58 3
02/91 WATER  CO-60 400 + S0 400 + 29 pCU/L  40.0 + 3.0 0.00 =
- ZN-65 1490 + 150 1497 + 107 pCi/L  149.7 + 6.0 0 =S
- RU-106 1860 + 19.0  191.8 + 199 pCi/l  175.3 +22.0 0.97
" CS-134 80 + 5.0 81 + 2.0 pCilL 7.0 + 2.0 0
. CS-137 80 + S0 9.1 + 1.6 pCilL 8.7 + 2.4 0.23 .
. BA-133 750 + 8.0 741 + S9 pCi/L  79.0 + 4.0 0.87
06/91 WATER  CO-60 100 + 5.0 107 + 23  pCilL 103 + 2.0 0.12
- ZN65 1080 + 11.0 1095 + 81 pCi/L 1093 + 7.0 0.
. RU-106 1490 + 150 1415 + 141 pCiL  65.7 + 4.0 9.62 4
" CS-134 150 + 5.0 142 + 20 pCi/L 1533 $22.0 47.92 2
p—t
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APPENDIX F CONTINUED

1991 ENVIRONMENTAL RADIATION LABORATORY INTERCOMP/

10/91

03/91
07/91
11/91
03/91
07/91
11/91
01/91
08/91
02/91
06/91
10/91
08/91

WATER

-
»

WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER
WATER

CS-137
BA-133
CO-60
ZN-65
RU-106
CS-134
CS-137
BA-133
RA-226
RA-226
RA-226
NAT U
NAT U
NAT U
PU-239
PU-239
H-3
H-3
H-3
I-131

14.0
62.0
29.0
73.0
199.0
10.0
10.0
98.0
31.8
15.9
6.5
7.6
14.2
24.9
33
19.4
4418.0
12480.0
2454.0
20.0

HHHHHHHHHHHHRHHRFHRHRHRFHHBH

S UDIES
5.0 15.4
6.0 61.4
5.0 29.8
7.0 74.6
20.0 194.2
5.0 9.9
5.0 10.9
10.0 95.6
4.8 29.5
2.4 15.3
1.0 6.4
3.0 1.3
3.0 13.4
3.0 23.8
0.3 3.2
1.9 19.2
442.0 44375
1248.0 12434.9
3520 25319
6.0 21.0

2.0
5.5
3.0
6.6
20.9
1.8
2.2
7.4
4.3
1.2
0.7
1.4
2.0
3.0
0.4
4.6
+332.8
1940.8
1338.5
+ 3.0

H H HHHHH

H HH HHHH R

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCv/L
pCi/L
pCi/L
pCiy/L
pCi/L

14.7
14.7
30.0
153
190.3
9.0
9.7
99.0
27.6
13.9
6.0
8.0
14.7
25.0
3.4
22.1
4318.7
12346.7
23400 4
227 +

2.0
2.0
3.0

2.0
2.0

Wo ks H H H H H H H H HHHHHHHH

D wvivww~ton vi v O

~

)

ON

0.23
-13.66
0.35
0.58
.75
0.35
0.12
0.17
-1.53
-1.42
0.92
0.25
0.31
0.04
0.58
2.49
0.39
.16
0.37
0.77
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APPENDIX F CONTINUED
)91 ENVIRONMENTAL RADIATION LABORATORY INTERCOMPARISON STUDIES

VEGETATION (Bq/k

E. M. L. Mean * D.O.H. Reported
Nuclide Mo/Yr Known Reported Reported % Error
K-40 09/91 0.992E +03 0.105E +04 O0.108E +04 3
Sr-90 09/91 0.439E +03 0359 E +03 0.292E +03 2
Cs-137 09/91 0271 E +02 0.296E +02 0.236E +02 7
Pu-239 09/91 0.365E +00 0.365E +00 0.253E +00 23
Am-241 09/91 0.266 E +00 0.254 E +00 O0.185E +00 40
WATER (Bg/L)

E. M. L. Mean * D.O.H. Reported
Nuclide Mo/Yr Known Reported Reported % Error
H-3 03/91 0.361 E +03 0.347E +03 0.299E +03 2
Mn-54 03/91 0.213E +03 0.231 E +03 0.222E +03 1
Co-57 03/91 0.230E +03 0.235E +03 0.225E +03 O
Co-60 ¢ 91 0.201 E +03 0.201 E +03 0.188E +03 2
Sr-90 03/91 0.863E +01 O0.893E +01 0.850E +01 8
Cs-137 03/91 0.169E +03 O0.183E +03 0.176E +03 1
Ce-144 03/91 0351 E +02 0.410E +02 0.383E +02 12
Pu-239 03/91 0.773E +00 0.688E +00 0.557E +00 5
Am-241 03/91 0.119E +01 O0.109E +01 O.116E +01 6
U-238 03/91 0.219E +00 0.225E +00 0.231 E +00 14
U-234 03/91 0.218E +00 0.226 E +00 0.226E +00 IS
U-BQ (2) 03/91 0.437E +00 0.3383E +00 O0457TE +00 10
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APPENDIX F CONTINUED

1991 ENVIRONMENTAL RADIATION LABORATORY INTERCOMPARISON STUDIES [

WATER (Bq/L) |

E. M. L. Mean * D.O.H. Reported ‘

Nuclide Mo/Yr Known Reported Reported % Error l
H-3 09/91 0.100E +03 O0.100E +03 0948E +02 5
Mn-54 09/91 0.103E +03 0.106E +03 0.106E +03 3
Co-57 09/91 0.166 E +03 0.174E +03 0.169E +03 1
- 60 09/91 0.291 7 +03 0.7 47" 0.301E +03 1
Sr-90 09/91 0.101 E +02 O0.105E +02 0.996E +01 7
Cs-137 09/91 0460 E +02 0.492E +02 0474E +02 5
Cs-144 09/91 0.226 E +03 0.228E +03 0.225E +03 4

Pu-239 09/91 0.510E +00 0.490E +00 0501 E +00 4 ‘
Am-241 09/91 0.570E +00 0.550E +00 0.544E +00 9
U-234 09/91 0.462E +00 0.496E +00 0.520E +00 5
U-238 09/91 0.478E +00 0491 E +00 0.502E +00 5
U-BQ 09/91 0940 E +00 0971 E +00 O0.102E +01 4

* Mean of submitted data in range of 0.5 to 2.0 times EML value.
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ANALYSIS

Gamma Emitters
Zinc-65, Ruthenium-106,
Barium-133

Strontium-89,90

Potassium

Gross Alpha

Gross Beta

Tritium

Radium-226

Plutonium-239

lodine-131

Uranium
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APPENDIX F CONTINUED
1991 ENVIRONMENTAL RADIATION LABORATORY INTERCOMPARISON STUDIES

Expected Laboratory Precision

ACTIVIT LEVEL

5 to 100 pCi/L or kg
> 100 pCi/L or kg

5 to 50 pCi/L
> 50 pCi/L

5 to 100 pCi/L or kg
> 100 pCi/L or kg

> 0.1 g/Lorkg

< 20 pCi/L or Filter
> 20 pCi/L or Filter

< 50 pCi/L or Filter

>S50t 1
> 100 pCi/L

< 4,000 pCi/L
~ 4,000 pCi/L

> 0.1 pCi
> 0.1 pCi
< 55 pCilL

> 55 pCilL
< 35 pCilL

> 35 pCi/lL

pCi/L or Filter

One Standard Deviationfor Single Determination

- 1991

EXPECTED LAB PRECISION

5 pCi/L
5% of Known Value

5 pCi/L
10% of anwn Value

- pCi/L
5% of Known Value

5% of Known Value

5 pCi/L or Filter
25% of Known Value

5 pCi/L or Filter
10 pCi/L or Filter
15% of Known Value

(170) (Known) %993
10% of Known Value

15% of Known Value
1 % of Known Value

6 Ci/L
1u% of Known Value

3 pCi/L
10% of Known Value
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APPENDIX G

LABORATORY AND EQUIPMENT DESCRIPTIONS
AND ANALYTICAL PROCEDURES

Samples collected at routine monitoring stations and as part of special investigations are sent for
analysis to the Washington State Radiation Laboratories in Seattle. Analytical support is obtained on
occasion from the U.S. Environmental Protection Agency's (EPA) National Environmental Research
Center in Las Vegas and the U.S. Department of Energy's (DOE) Radiological and Environmental
Sciences Laboratory in Idaho Falls. Tests discussed here are performed in the State Radiation
Laboratory.

RADIATION COUNTING EQUIPMENT:

1.

Screenin~ for Ge—m~ A ~*vity:

Gamma screening 1s conducted with an Intrinsic Germanium detector supported by an IBM PS-2
computer. Operation and data reduction are performed using Nuclear Data (ND) ASAP nuclide
analysis software.

Gamma Analysis:

The laboratory's primary gamma spectroscopy system is a Nuclear Data 6700. The qualitative
identification of specific radionuclides as well as quantitative determination of radionuclide
concentration is accomplished with ND nuclide analysis software. The system supports three
Intrinsic Germanium detectors. Each detector has a resolution of less than 2 KeV of Full Width
Half Maximum and a counting efficiency of 30 percent relative to a 3" x 3" sodium iodi @
crystal.

Sample geometriés used for gamma counting are:

3 liter Marinelli Beaker

400 mL container

100 mL - 4 ounce container

2" planchet for counting air filters and wipe samples
charcoal cartridges for analyzing I-131 in air.

Gross Alpha and Beta Analysis

Two Tennelec LB5100 series low background gas flow proportional counting systems are used
for measu g gross alpha and be radioactivity. The systems are equipped with an automatic
programmable sample changer. Counting data is collected by PC and transferred into the
PRIME 550 mini-computer for reduction. A manually operated Tennelec system TC 535P is
also available.

vV v v v v
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APPENDIX G CONTINUED
LABORATORY AND EQUIPMENT

I.  Technetium-99 Analysis for Water and Food Samples (5)

WATER

After removing of interfering isotopes from a water sample, by precipitation, technicium is
absorbed onto an ion-exchange resin. The technetium is then eluted and beta counted on a
liquid scintillation counter.

FOOD
A sample is wet ashed with concentrated acids. The resulting solution is then analyzed as a
water sample.

J. Ambient Gamma ™ liation Measurement (6)

The TLD dosimeter card consists of four LiF TLD-100 chips (1/8" x 1/8" x 0.035") encased
between two layers of teflon. Prior to placement in the field, each chip is pre-annealed so that
all chips give a consistent, low background reading. Each card or pair of cards are wrapped in
foil-lined paper and placed into an identified laminated plastic packet. The packets are then
sealed in a second layer (10 ml) of clear plastic.

In addition to the packets prepared for monitoring environmental gamma radiation packets are
also prepared for calibration and quality control. These packets are composed of three types.
They are:

1. A set of packages for calibration of the TLD analyzer. These packets are exposed to
100 mR from a Cs-137 source at the University of Washington calibration laboratory at
midpoint of field exposure.

2. A set of packets which accompany each set of TLD's as they are exchanged. These
packets are used to determine the exposure received during transit.

3. A set of packets for fixed site facilities. These packets are prepared to quantify the
radiation that is not due to the operation of the facility. The packet which is sent with
the environmental TLD's is kept at the facility site but in an area removed from the
operation being monitored.

Packets are exchange every three months. When returned to the laboratory for analysis the

cards are removed from the packets and read on the TLD analyzer. Readings from the chips
are entered into the PRIME 550 m i-computer and exposure dose (mR/day) is calculated.
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GAMMA

BETA

GROSS
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APPENDIX H
ANALYTICA* LOWER LIMITS OF DETECTION
WATER
STANDARD PRIORITY
1000 MIN 10 MiN
NUCLIDE VOLUME _METHOD {(pCi/t) {pCifL)
Nat-U 500 mi Alpha Spec 2.00€-01 2.00€ +00
Ra-226 500 mi @B Cntr 2.00E-01** 7.00E-01
Tot-Th S00 mi Alpha Spec 1.50€E-01 2.00E+00
Th-230 500 mi Alpha Spec 1.00€-01 1.00E+00
Pu-238 1L Alpha Spec 3.00€-02 3.00€-01
Pu239/240 1L Alpha Spec 2.00E-02 2.00E-01
Am-241 500 mi Alpha Spac 8.00€E-02 8.00€E-01
STANDARD PRIORITY
400 MIN 10 MIN
NUCLIDE VOLUME METHOD {pCiNL) {pCilL)
K-40 3 L INGE 3.00E +01 1.70E+02
Cr-51 3 L INGE 3.00€E +01 1.70€+02
Mn-S4 3 L INGE 2.00E +00 1.50€ +01
Co-58 3 L INGE 2.00€E +00 1.40E+01
Co-80 - 3 L INGE 3.00€ +00 1.50€E +01
Fe-59 3 L INGE S5.00E +00 2.80E+01
Zn-6S 3 L INGE S5.00E +00 2.70€ + 01
Zr-95 3 L INGE 5.00€ + 00 2.80E+01
Nb-95 3 L INGE 3.00E+00 1.60€ +01
Ru-103 3 L INGE 3.00E +00 2.00€ +01
Ru-106 3 L INGE 2.00€E +01 1.30E+02
Sn-113 3 L INGE 3.00€E +00 2.00E +01
Sb-125 3 L INGE 7.00E +00 4.30€E +01
*-131 3 L INGE 3.00€ +00 1.90€ +01
Cs-134 3 L INGE 3.00E +00 1.50€E+01
Cs-137 3 L INGE 3.00E +00 1.60E +01
Ba-140 3 L INGE 1.70€E +01 1.10€+02
Ce-144 3 L INGE 2.00€ +01 1.30E+02
Eu-152 3 L INGE 7.00E +00 5.00E+01
Eu-154 3 L INGE 7.00€ +00 4.00E+01
Eu-155 3 L INGE 1.00E +01 8.00€E +01
STANDARD STANDARD PRIORITY
200 MIN 100 MIN 20 MIN
== VOoLUM METHOD {pCin} pCin) -2t}
5 mi Scintillation 3.50E +02 1.10E+03
1 L Nitnc Acid 7.00€-01
1 L Nitric Ac 7.00E-01
SO0mi @B Cntr 1.00E-00 2.00E +00
100 mi 4.00E +00 9.00E +00
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H-3
Sr-89
Sr-90

Beta
Alpha

LLD calculated for a decay time of 3 days.

@B Cntr

Standard Counting Time - 100 minutes.
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APPENDIX H CONTINUED
ANALYTICAL LOWER LIMITS OF DETECTION
MILK
STANDARD PRIORITY
400 MIN 10 MIN
NUCLIDE VOLUME METHOD (pCiML) {pCilL}
GAMMA  K-40 3 L INGE 3.00E +01 1.90E+02
-131* 3 L INGE 3.00E+00 2.00E +01
Cs-134 3 L INGE 3.00E+00 1.00E +01
Cs-137 3 L INGE 3.00€ +00 1.00E +01
Ba-140 3 L INGE 7.00E +00 8.00E +01
STANDARD
1000 MIN
METH™™ {pCiNL)
-131°* 4 L INGE/IX*®* 7.00E-01
STANDARD
100 MIN
NUCLIDE VOLUME METHOD {pCiL)
BETA Sr-89 tL «B Cntr 7.00€-01
Sr-90 I L B Cntr 7.00€-01
FOOD
STANDARD PRIORITY
400 MIN 10 MIN
NUCLIDE MASS METHOD {pCi/g) {pCi/g)
GAMMA  |-131° 400 G INGE 2.00€-02 1.00€-01
Cs-134 400 G INGE 2.00€-02 1.00€-01
Cs-137 400 G INGE 2.00€E-02 1.00E-01
STANDARD
100 MIN
NUCLIDE MASS METHOD {pCi/g}
BETA Sr-89 600 G @B Cntr - 1.00€-03
Sr-90 600 G @B Cntr 1.00€-03
STANDARD
1000 MIN
NUCLIDE MASS METHOD {pCi/g)
ALPHA Nat-U 20g Alpha Spec 5.00E-03
Ra-228 20 g B Cntr 5.00€-03***
Th-230 20g Alpha Spec 5.00E-03
Th-232 20g Alipha Spec 1.00E-03
* LLD calculated for a.decay time of 3 days
i iX - lon Exchange Resin Method.
sow Standard Counting Time - 100 minutes
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APPENDIX H CONTINUED
ANALYTICAL LOWER LIMITS OF DETECTION
VEGETATION
STANDARD PRIORITY
1000 MIN 10 MIN
NUCLIDE MASS __ METHOD {pCi/g)® {pCi/g}®
ALPHA Nat-U 10 G Alpha Spec 1.00E-02 1.00E-01
Ra-226 10 G afB Cntr 4.00E-03 4.00E-02
Tot-Th 10 G Alpha Spec 7.00E-03 7.00E-02
Th-230 10 G Alpha Spec 6.00E-03 8.00E-02
Pu-238 10 G Alpha Spec 2.00E-02 2.00E-01
Pu-239/240 10 G Alpha Spec 4.00E-03 4.00E-02
GAMMA  K-40 100 G INGE 3.00E-01 3.00€ +00
Mn-54 100 G INGE 4.00E-02 4.00E-01
Co-60 100 G INGE 4.00E-02 4.00E-01
Zn-65 100 G INGE 7.00E-02 7.00E-01
2r-95 100 G INGE 7.00€-02 7.00E-01
Ru-108 100 G INGE 3.00E-01 3.00E +00
Cs-137 100 G INGE 4.00E-02 4.00€-01
AIR FILTER
STANDARD PRIORITY
400 MIN 10 MIN
NUCLIDE VOLUME METHOD Com {pCi/m?)
GAMMA  Be-7 450 m? INGE 3.00€-02 2.00E-01
Co-60 450 m® INGE 4.00€-03 3.00€-02
Ru-1086 450 m® INGE 3.00€-02 2.00€-01
Cs-134 450 m® INGE 4.00€-03 2.00€-02
Cs-137 450 m® INGE 3.00€-03 2.00€-02
Ce-144 450 m? INGE 2.00€-02 1.00E-01
ALPHA Nat-U 1.4E+06 L Alpha Spec 1.00€-07 8.00€-07
Ra-226 1.4E+08 L aB Cntr 4.00€-08 3.00E-07
Th-230 1.4E+06 L Alpha Spec 8.00E-08 5.00E-07
STANDARD PRIORITY
100 MIN 20 MIN
NUCL'~~ VOLUME METHOD {pC:'—™ {pCi/m?)
GROSS Beta 450 m? B Cntr 1.00€-03 ™ 2.00E-03
Sr-90 1 filter B Cntr 1.00€-00"*
GAMMA  Be-7 5200 m® INGE 8.00E-02
Cs-134 5200 m® INGE 2.00E-03
Cs-137 5200 m* INGE 1.00€-03
» Wet Weight
b Units - pCiffilter
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APPENDIX H CONTINUED

ANALYTICAL LOWER LIMITS OF DETECTION

AIR CARTRIDGE

STANDARD
100 MIN
NUCLIDE VOLUME METHOD {pCi/m*
GAMMA  |-131* 450 m’ INGE 1.00€-02
SHELLFISH
D
400 MIN
NUCLIDE MASS METHOD [pCi/g)
GAMMA Zn-85 400 G INGE 3.00E-02
Zr-95 400 G INGE 3.00E-02
Ru-108 400 G INGE 1.00E-01
WIPE
STANDARD
20 MIN
NUCLIDE VOLUME METHOD (pCi/wipe)
GROSS Alpha Wipe a8 Cntr 5.00E-01
Beta Wipe a8 Cntr 1.00E +00
BETA H-3 Wipe Scintillation 3.20E+00
Ni-83 Wipe Scintillation 3.20E +00

* LLD calculated for a decay time of 3 days.
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10 MIN
.E - ‘_’l

2.00E-02

PRIOF
10 MIN

1o~ ln

2.00E-01
2.00E-01
8.00E-01
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APPENDIX H CONTINUED

ANALYTICAL LOWER LIMITS OF DETECTION

GAMMA ANALYSIS by
Sodium lodide Detector

Cr-51
Co-80
Zr
Ru-106
-131
Cs-134
Cs-137

MILK & FOOD

SHELLFISH

SOIL/SED.

K-40
1131
Cs-137
Ba-140

K-40
Zn-85
Zr-35
Ru-106

K-40
Mn-54
Co-80
Zn-65
Zr-95
Ru-108
Cs-137

STANDARD  PRIORITY
400 MIN 10 MIN
VOLUME __{pCi/unit) {pCi/unit)
2 L 8.00E +01 4.00E+02
2 L 8.00E +00 5.00E +01
2 L 1.60€ +01 1.00€+02
2 L 3.00E+01 2.00€ +02
2 L 7.00E + 00 4.00E +01
2 L 8.00E +00 5.00E +01
2 L 8.00€ + 00 5.00E + 01
2 L 1.00E +02 6.50€ + 02
2 L 7.00€ +00 4.00E +01
2 L 8.00E +00 5.00E +01
2 L 7.00E + 00 5.00E +01
MASS -
400 G 5.00€-01 3.00E+00
400 G 8.00E-01 5.00E-01
400 G 3.00E-02 2.00E-01
400 G 2.00E-01 1.00E + 00
STANDARD  PRIORITY
1000 MIN 10 MIN
“°aSS {pCilg) {(pCi/g)
650 G 3.00E-01 3.00E +00
650 G 2.00E-02 2.00E-01
650 G 2.00€-02 2.00E-01
650 G 2.00E-02 2.00E-01
650 G 5.00€-02 5.00€-01
650 G _1.00€-01 1.00E +00
850 G 2.00E-02 2.40€-01
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APPENDIX H CONTINUI

ANALYTICAL LOWER LIMITS OF DETECTION

FORMULAS |

RU = 1.96((gross sample cpm/T,) + (BKG CPM/T,))"?/((E)(2.22){(V)(Y)(D))

Uncertri~e- '~+-=“--~ arror) of 1 np' ran (U)

U = s/(n)'?

t ~-rer Limit of Detection (LLD)
LLD = 4.66S/((2.22HENVI{Y)(D

Definitions

2.22
BKG
D
LLD
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Convaersion factor from dpm to picocuries

background counts per minute

decay factor = e-(lnz/T\IZlm

the a priori determination of the smailest concentration of radioactive
material sampled that has a 95 percent probability of being detected,
with only five percent probability that a blank sample wiil yield a
response interpreted to mean that radioactivity is present above the
system background.

number of samples analyzed (number of data points).

random uncertainty at the 95 percent confidence level {(sometimes
referred to as counting error)

sample standard deviation

one stanc d deviation of the background count rate {which equals
(BKG/T,) ")

counts per minute of sample

elapsed time between sample collection and counting

sample count time

background count time

half-life of radionuclide counted

uncertainty (standard error) of the sampie mean

volume in liters (or mass in grams) of sample

fractional radiochemical yield (when applicable)
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APPENDIX I

GLOSSARY

aquifer - Permeable geologic unit that can
transmit significant quantities of water.

background radiation - Radiation in the
natural environment, including cosmic rays
from space and radiation from naturally
occurring radioactive elements in the air, in
the earth, and in our bodies. In the United
States, the average person receives about
300 millirems (mrem) of background
radiation per year.

baseline radiation - That level of radiation
exposure in an area attributed to natural
occurring radionuclides and ubiquitous
manmade radionuclides from worldwide
fallout from nuclear tests. The level from
which changes are measured and compared.

becquerel (Bq) - Unit of activity equal to
one nuclear transformation per second (1 Bq
= 1/s). The conventional unit of activity,
the curie, is related to the becquerel as 1 Ci
- 3.7 x 10" Bq.

boundary dose rate - Dose rate measured
or calculated at publicly accessible locations
on or near the Hanford Site.

composite sample - Sample formed by
mixing discrete samples taken at different
points in time or from different locations.

continuous sample - Sample formed by the
continuous collection of the medium or
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contaminants within the medium during the
entire sample period.

cosmic radiation - High-energy subatomic
particles and electromagnetic radiation from
outer space that bombard the earth. Cosmic
radiation is part of natural backgrour
radiation.

Curie (Ci) - A unit of radioactivity equal to
37 bi on (3.7 x 10 nuclear
transformations per second.

decay - The decrease in the amount of any
radioactive material in the passage of time,
due to the spontaneous emission from the
atomic nuclei of nucleons or either alpha or
beta particles, often accompanied by gamma
radiation. ~When a radioactive material
decays, the material may be converted to
another radioactive species (decay produc
or to a nonradioactive material.

detection level - Minimum amount of a
substance that can be measured with a 99%
confidence that the analytical result is
greater than zero.

dosimeter - Portable device for measuring
the total accumulated exposure or absorbed
dose from ionizing radiation fields.

Effective Dose Equivalent - An estimate of
the total risk of poténtial health effects from
radiation exposure. The effective dose is the
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sum of the dose from internal deposition and
external penetrating radiation received
during a calendar year.

effluent - Liquid or gaseous waste streams
released from a facility.

it monitt _ - . mnpling or
measuring specific liquid or gaseous effluent
streams for the presence of pollutants.

exposure - Subjecting a target (usually living
tissue) to radiation or chemicals. Also used
as a term describing external radiation air
ionization (See "Roentgen”).

fallout - Radioactive materials that are .

released into the earth's atmosphere
following a nuclear explosion or atmospheric
release and that eventually fall to earth.

fission - A nuclear reaction involving the
splitting or breaking apart of a nucleus into
at st two other nuclei, accompanied with
a release of various types of energy. For
example, when a heavy atom, such as
uranium, is split, large amounts of energy
including radiation and neutrons are released
along with the new smaller nuclei (which-are
called fission products).

fission products - Elements formed from
fissioning.  Many fission products are
radioactive.

grab sample - A sample that is randomly
collected or "grabbed" from the collection
site. ’

groundwater - Subsurface water that is in
the pore spaces of soil and geologic units.

Gray (Gy) - Unit of absorbed dose in the
International System of Units (SI) equal to 1
joule per kilogram. 1 Gy - 100 rad.

h-"""" - of = in v oa
radioactive suostance will lose one-half of its
radioactivity by decay. Half-lives range
from a fraction of a second to billions of
years and each radionuclide has a unique
half-life. For example, *Sr and '*'Cs have
half-lives of roughly 30 years. Others decay
more slowly, such as **Puw’  a half-life of
25,000 years.

isotopes - Different forms of the same
chemical element that are distinguished by
different numbers of neutrons in the nucleus.
A single element may have many isotopes;
some may be radioactive and some may be
nonradioactive (stable). For example, the
three isotopes of hydrogen are protium,
deuterium and tritium. Only tritium is
radioactive

lower limit of detection - Smallest amount
or concentration of a radioactive or
nonradioactive element that can be reliably
detected in a sample.

maximally exposed individual - a
hypothetical member of the public residing
near a facility who, by virtue of location and
living habits, could receive the highest
possible radiation dose from radioactive
effluents released from that facility.
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the fissionable ?*U (.7% of natural uranium,
and fertile 2*U (99.3% of natural uranium).

vadose zone - The region in a soil column
extending from the soil surface to the water
table,

water table - Theoretical surface
represented by the elevation of water
surfaces in wells penetratii only a short
distance into the unconfined aquifer.
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