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SUMMARY STATEMENT

The evaluation of results obtained from the Hanford environmental
surveillance program for 1964 indicates that most of the environmental
radiation exposure for the majority of persons living in the neighborhood
of the Hanford project was due to natural sources and world-wide fallout

rather than to Hanford operations.

Of the low-level wastes that are released to the environment from
the Hanford plants, neutron-induced radionuclides present in reactor cool-
ing water discharged to the Columbia River continued to be the source of
greatest potential exposure to people in the environs. The primary path-
ways of exposure from this source are drinking water derived from the
river, consumption of fish and waterfowl which inhabit the river, and food-
stuffs grown on land irrigated with water pumped from the Columbia down-

stream from Hanford.

Residents of Richland were supplied throughout the year with drink-
ing water from the new treatment plant that draws water from the Columbia
River. The radiation exposure from drinking this water was estimated to
be about 10% of the appropriate limit. The gastrointestinal tract is the lim-
iting organ for the mixutre of radionuclides present in drinking water pumped
from the Columbia River. In Pasco and Kennewick, which are further down-
river, the estimated exposures from drinking water were respectively about
5% and 1% of the limit for the GI Tract. The only persons who received
radiation exposures attributable to Hanford that were greater than those
that resulted from the drinking water were the people who ate local fish or
waterfowl or who regularly consumed produce from nearby farms irrigated

with water taken from the Columbia River below the reactors.

The highly unlikely, but plausible combination of circumstances that
would result in the greatest exposure to an individual from the radionuclides
released by the Hanford plants is postulated as:

® The consumption of some 200 meals per year of fish caught down-

stream from the reactors
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¢ The consumption of meat, milk, fruit, and vegetables grown on
irrigated farms in the Riverview District

® The consumption of drinking water from the Pasco system.

An individual with such habits could conceivably ingest enough radioactive
materials of Hanford origin {(mostly P32) to supply about 25% of the annual
permissible amount. For this "maximum' individual the bone is the most
restrictive organ. This same individual could also ingest enough Sr90 of
world-wide fallout origin to equal about 2% of the permissible amount--
substantially less than the amount estimated for 1963.

1131 in the Hanford environs remained at very low concentrations in

1964. The Chinese nuclear test on October 16 caused a brief increase in
1131, but concentrations soon returned to the low levels experienced during

most of 1964. The postulated "maximum' exposure from 1131 46 the thyroid
of a small child amounted to only about 5% of the Radiation Protection Guide

recommended for individuals by the Federal Radiation Council.
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EVALUATION OF RADIOLOGICAL CONDITIONS
IN THE VICINITY OF HANFORD FOR 1964

I. INTRODUCTION

The Hanford project’:< (Figure 1) is located in a semiarid region of
Southeastern Washington State where the average annual rainfall is about
7 in. This section of the state has a sparse covering of natural vegetation,
primarily suited for grazing, although large areas near the project have
gradually been put under irrigation during the past few years. The plant
site (Figure 2) covers an area of about 500 miz. The Columbia River flows
through the northern edge of the project and forms part of the eastern
boundary. Near the plant production sites the prevdiling winds are from
the northwest with strong drainage and cross winds causing distorted flow
patterns. The meteorology of the regivon is typical of desert areas with
frequent strong inversions occuring at night and breaking during the day to

provide unstable and turbulent conditions.

The populated area of primary interest is the Tri-Cities (Richland,
Pasco, and Kennewick) situated on the Columbia River directly downstream
from the plant. Smaller communities in the vicinity are Benton City, West
Richland, Mesa, and Othello, and these, together with the surrounding
agricultural area, bring the total population near the plant to about 80,000

people.

During the course of operation, various radioactive wastes are gen-
erated by the several plant facilities., Highlevel wastes are concentrated
and retained in storage within the projeét boundaries. Controlled releases
of low-level wastes, for which concentration and storage is not feasible,
are made to the ground. The Hanford practices governing radioactive
waste disposal are described in the Hearings on Industrial Radioactive
Waste Disposal held by the Joint Congressional Committee on Atomic

Energy in 1959, (1)

¢ Operated during 1964 for the Atomic Energy Commission by the General
Electric Company under Contract Number AT(45-1)-1350.
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The AEC Manual Chapters(z)
Federal Radiation Council (FRC), (3)

Protection and Measurement (NCRP), (4) the International Committee on

and the recommendations of the

the National Committee on Radiation

Radiation Protection and Measurement (ICRP), (5) and the results of
Hanford research programs form the basis of radiation protection practices
at Hanford. The recommendations of these organizations in the form of
permissible rates of intake of specific nuclides and guides for radiation
exposure constitute criteria against which radiation exposures estimated
from measurements of the Hanford environmental surveillance program are
compared. The results of these comparisons indicate the effectiveness of
Hanford waste control and radiation protection practices and point out any

conditions requiring attention.

This report presents estimates of the annual exposure received by
the individuals judged to have received the greatest amount of radiation
from environmental sources and the exposure received by people who are
considered typical of this region. These exposures are compared with the
recommendations of the FRC and NCRP. The Radiation Protection Guides
established by the FRC for individuals are 1500 mrem/yr to the thyroid,
1500 mrem/yr to the bone, and 500 mrem to the whole body. The Radia-
tion Protection Guides for the "average of a suitable sample of an exposed
population group'' are one-third of those for individuals. The NCRP recom-
mendation, in the form of maximum permissible exposures for individuals
that are not employed in radiation work are 1500 mrem/yr to the GI tract,
500 mrem/yr to the total body, and 3000 mrem/yr to the thyroid. The
limits for bone-seeking nuclides are calculated with reference to biological
effects observed from deposition of radium and are most readily applied

in the form of maximum permissible rates of intake (MPRI).

* The MPRI is taken as the maximum permissible concentration in water
for a given radionuclide, as recommended by the NCRP for persons in
the neighborhood of controlled areas, multiplied by the rate of water
intake as defined for the standard man. This amounts to one-tenth of
the MPC's for continuous exposure of occupational workers multiplied
by 2200 cm 3 /day, or by 800 liter /yr in the case of annual estimates.
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II. ENVIRONMENTAL CONDITIONS

A discussion and interpretation of the results of the several Hanford
environmental sampling programs are presented in the following text and
figures. The raw data for many of the programs and brief descriptions of
analytical methods used in determining the concentration of radionuclides

in various samples are presented in the appendices.

A. Radionuclides in the Columbia River

Hanford's eight production reactors and the new N-Reactor use
Columbia River water for cooling. The new N-Reactor was operated accor-
ding to a power ascension program during 1964. Irimcontrast with the old
production reactors that circulate water once thrrough as a coolant before
it is returned to the river, the new reactor uses recirculating deminera-
lized water as a primary coolant. Only a very small amount of radionu-
clides generated in auxiliary systéms, such as the control rod cooling
water, are released to the river. At the old reactors, stable elemepts
present in the cooling water are transformed into radionuclides during pas-
sage through the reactors. In addition, radioactive materials formed on
the surfaces of fuel elements and channels are eventually carried away by
the cooling water to the river. One of the old production reactors, 105-DR,

was shut down permanently on December 30, 1964,

The relative abundance of the radionuclides found in the cooling
water of the old production reactors, as adjusted to 4 hr after leaving the

reactor, is shown in Table L

Many of the radionuclides formed in reactor cooling water are short-
lived and decay rapidly after formation. In addition to radioactive decay,
some portion of the radionuclides is removed from the water by sediments
and by uptake by aquatic organisms. The radionuclides in the river also

include some contribution of fallout from weapons tests.

The sampling program for Columbia River and sanitary water was

generally revised during 1964. The major changes were a shift from Pasco
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TABLE 1

RELATIVE ABUNDANCE
OF REACTOR EFFLUENT RADIONUCLIDES

Reference Time: 4 hr Postirradiation

Major, 90% Minor, 8% Trace, 2%

Na24 P32 g3 Ag111 Pm147
Sigl Zn65 C14 Cd115 Nd149
Cr51 Zn69m SS5 I131 Pm149
Mn56 Ga72 Ca45 I132 P]:1,1151
Cu64 Y90 Sc46 Csl37 Eu152
As76 Srgl SC47 Ba14:0 Sm153
Np239 Sr92 1\/In54 La140 Eu156
Y92 Fe59 Ce141 Sm156

Y93 COGO La141 Eu157

Nb97 Sr‘85 Pr142 TblGO

I133 Sr90 Cel43 W187

1135 Y91 PI‘143 PO210

239 795 Co-ppléd 5,227

MO99 Pr145 U238

Ru103 Nd14:7 Pu239

(Trace nuclide composition based on analyses by the
Radiological Chemistry Operation made in 1958.)

to Richland as the principal river monitoring point and a change from occa-
sional "grab' samples to cumulative samples at several locations. Yearly

averages, where shown, are weightedaverages of the best data available.

Samples of river water were collected above the production areas at
Vernita Ferry, and below the areas at the Richland and Pasco water plant
intakes, McNary Dam, The Dalles Dam, and Bonneville Dam. Routine sam-
ple collection at Vancouver, Washington was discontinued during the first
half of 1964 and replaced by the Bonneville Dam sampling site. Where pos-
sible, cumulative sampling equipment was installed which provided a more
representative sample than the infrequent ''grab' samples obtained in the
past. This sampling technique, however, makes it impractical to calculate
the amounts of very short-lived nuclides, and these must still be measured
from 'grab' samples. The average concentrations of radionuclides mea-
sured routinely at Richland, Pasco, and Bonneville Dam are shown in
Table II, and the results of analyses for several nuclides in river water

samples are shown in Appendix A, Tables 1-10.
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TABLE I

ANNUAL AVERAGE CONCENTRATIONS
OF SEVERAL RADIONUCLIDES
IN COLUMBIA RIVER WATER-1964
Units of pCi/liter

Radionuclide Richland Pasco Bonneville Dam
Total Beta (16 counts/min/ml) -* -
RE +Y 520 230 -
Na24 3,500 1,500 -
p32 300 200 28
cr’l 12,000 6, 800 2,400
cub4 5,300 2,100 -
zn%° 450 240 63
As'6 1,200 670 -
Sr90 1 1 -
131 19 12 <5
Np23° 2,600 1,300 -

* The (-) indicates insufficient sampling data to provide a
a reasonable annual average.

The significant radionuclides measured at Richland, Pasco, and
Bonneville Dam are illustrated in Figure 3. The areas of the circles are

proportional to the total activity measured at these locations.

Measurements on a traverse across the river at Richland indicated
slightly nonuniform distribution of the longer-lived radioisotopes through-
out the river at this point. At Pasco, the distribution was also slightly
nonuniform primarily because of the entry of the Yakima River some 10 mi
upstream. Similarly, the distribution of radionuclides at McNary Dam is
influenced by the Snake River whose confluence with the Columbia River is
about 30 mi above the dam. The Dalles Dam and Bonneville Dam are
approximately 190 mi and 240 mi, respectively, below the Hanford reac-
tors and represent the farthest downstream locations where river water is

is routinely sampled for Hanford's environmental surveillance program.

The seasonal variation in flow rate of the Columbia River markedly
affects the quantity of water available for dilution of reactor effluent

released to the river. Also affected by the flow rate is the time required
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RE+Y
2. 0%

Richland

Total Activity Represented
26,000 pCi/liter

Pasco

Bonngville

Total Activity Represented
13,000 pCi/liter Total Activity Represented
2500 pCi/liter

FIGURE 3

Relative Abundance of Radionuclides
in Columbia River Water at Several Locations,
Annual Averages, 1964
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for a specific volume of water to move from one location to another. The
flow rates (data supplied by the U. S. G. S.) of the Columbia River at Richland
and Bonneville Dam are shown in Figure 4, and the variation in concentra-
tions of several radionuclides in river water at Richland are shown in
Figure 5. The rate of transport of these same radionuclides past Richland
is shown in Figure 6 and Appendix A, Tables 1land 12. The rate of transport of
certain radionuclides passing Bonneville Dam provides an upper limit on
the quantities entering the Pacific Ocean from the Columbia River. The
annual average rate of transport of selected radionuclides is given in Table
III and detailed measurements are tabulated in Appendix A, Tables 15and 16.
TABLE III

ANNUAL AVERAGE RATE OF TRANSPORT
OF SELECTED RADIONUCLIDES
PAST BONNEVILLE DAM
Ci/day

Radionuclides 1964 1963%* 1962 % 1961 %
32

p 12 12 13 29
cr?t 860 860 650 840
zn% 44 28 29 44

* Rate of transport at Vancouver, Washington

An estimate of the inventory of these radionuclides which exist in
the ocean may be calculated by assuming an equilibrium between the rate
of addition through the river and the rate of decay in the ocean. A constant
rate of entry into the ocean equivalent to that indicated by the 1964 Bonneville

Dam measurements would imply an inventory of about 250 Ci of P32,

30,000 Ci of Cr°! and 14,000 Ci of Zn®?,

There is no known instance of untreated river water being consumed
routinely by humans. For comparative purposes, however, the relationship
between the concentrations of radionuclides in untreated Columbia River
water and "'maximum permissible concentrations' in water is shown in
Table IV. In this instance the comparison is with the MPC's listed in Col-
umn 2, Table II of Annex I of AEC Manual Chapter Appendix 0524. (2)
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TABLE IV

RELATIONSHIP BETWEEN THE CONCENTRATIONS

OF RADIONUCLIDES IN UNTREATED COLUMBIA RIVER WATER
AND MAXIMUM PERMISSIBLE CONCENTRA TIONS

Sampling Location MPC, %*
Richland 15
Pasco 7
Bonneville Dam <1

* This is a summation of the percents of MPC's contributed by
the several individual radionuclides measured routinely in the
river water. The MPC's used and the method of summation
are taken from AEC Manual Chapter 0524.

For the most part, these MPC's are equivalent to one-tenth of the most

(4)

limiting values recommended by the NCRP ~’ for occupational workers.
The marked reduction in percent of MPCW that occurs with distance down-
stream from the reactors results principally from radioactive decay of the

shorter-lived nuclides.

B. Radionuclides in Drinking Water

The city of Richland is the first community downstream from the
Hanford reactors that uses the Columbia River as a source of sanitary
water supply. The year 1964 was the first full year of operation for
Richland's new water treatment plant. Previously, Richland's sanitary
water was obtained from wells, but now these wells are used only during
peak demand periods. Pasco and Kennewick, a few miles further down-
stream, continued to use the Columbia River as a source of sanitary water
during 1964. Continuous sanitary water samples were collected at the
Richland water plant and periodic sampling was accomplished at Pasco and
Kennewick. All of these samples were analyzed for the important individual
radionuclides. The detailed results of analysis of sanitary water from these
three cities are presented in Appendix B, Tables 1 through 5, and are

summarized in Table V,

The concentrations of short-lived radionuclides in the water at the

time it is consumed is less than shown in Table V because there is a
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TABLE V

ANNUAL AVERAGE CONCENTRATION
OF SEVERAL RADIONUCLIDES
MEASURED IN SANITARY WATER-1964
Units of pCi/liter

Radionuclide Richland Pasco Kennewick
Total Beta (10 counts/min/ml) (3.4 counts/min/ml) (0. 54 counts/min/ml)
RE + Y 70 60 10
Na2% 2500 700 150
p32 40 40 <10
crol 8000 6000 3000
cub? 2000 " 400 90
zn%? 90 70 <20
As'6 450 200 <50
sr20 2 1 <0.5
1131 10 8 <3
Np23? 2000 450 50

significant flow time between the water plant and most consumers. The flow
time may vary from hours to days depending upon the location of the custo-

mers on the distribution system and the water demand.

Table VI shows the apparent removal of several radionuclides by the
water treatment at Pasco and Richland. These data include the radioactive
decay of the short-lived radionuclides during travel through the water treat-

ment plant.

The calculated annual average dose to the GI tract, total body, and
the percentage MPRI for bone from sustained consumption of sanitary water

throughout the year at the three cities is presented in Table VIIL

The relative contribution of several radionuclides in the Richland
sanitary water to the calculated annual dose to the GI tract is shown in
Figure 7 and long-term trends in the GI tract dose for Pasco and Richland

are shown in Figure 8.

The dose received by the GI tract of Pasco residents continued at
approximately the same level as experienced during 1963. The dose

received by the GI tract of Richland residents was somewhat lower in 1964
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than was predicted from the initial results obtained following start-up of

the new water treatment plant in the latter part of 1963.

TABLE VI

DEPLETION OF RADIONUCLIDES
FROM COLUMBIA RIVER WATER
BY TREATMENT AT THE RICHLAND
AND PASCO WATER PLANTS-1964

Depletion, %

Radionuclide Pasco Richland
RE +Y 80 90
cut 80 70
As'S 70 70
785 70 80
p32 60 90
Na24 50 30
Np2 39 40 30
crol 10 30

TABLE VI

CALCULATED ANNUAL DOSE FOR SELECTED ORGANS

FROM ROUTINE INGESTION OF SANITARY WATER™-1964

Thyroid
Total Body, GI Tract, Bone, (Small Child,
mrem mrem % MPRI 1 liter/day), mrem
Richland 3.5 50 1 75
Pasco <2 20 0.8 40
Kennewick <1 <5 <0.5 <20

* Here and elsewhere in this report where a dose from an ingested nuclide
is expressed in mrem units, the determination is made from parameters
used by the ICRP to translate dose rates into Maximum Permissible Con-

centrations for drinking water.

In most cases, the estimated annual

intakes of individual radionuclides were multiplied by conversion factcgrs
derived from the ICRP parameters and published by Vennart, et al. 8

(

The "standard man"®) average intake of 1.2 liter/day was used in this

calculation.
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C. Radionuclides in Fish and Waterfowl

The Columbia River is popular for sports fishing both above and
below the Hanford plant, and the fish that feed downstream from the reactors
acquire some radionuclides from the reactor effluent. The concentration of
several radionuclides measured in the different kinds of fish from several
locations on the river are shown in Appendix C, Tables 1 through 12. White-
fish are the sports fish that usually contain the greatest concentration of

radioactive materials, and P32

is the radionuclide of greatest significance.
Further, they can be caught during winter months when other sports fish
are difficult to sample. For these reasons, whitefish are sampled most
intensively tofollow trends. The results of the measurementsare illustrated

in Figure 9.
10, 000
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FIGURE 9
P32 in Whitefish Caught in Columbia River Between Ringold and Richland
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Usually the peak concentrations of p32 in whitefish occur during the
fall months. During 1964, however, below normal river flow rates in the
spring, and below normal river temperatures in the fall, resulted in peak
concentrations during the first half of the year. The overall effect of these
unusual conditions was an annual average concentration in whitefish of about
470 pCi P32/g and 37 pCi Zn65/g—virtua11y the same as in 1963. If whitefish
were eaten fresh at the rate of one meal per week {(about 25 1b/yr), the
32 and 0. 4 pCi

The resulting exposure would have been about 100 mrem to the GI

intake during 1964 would have been approximately 5 pCi of P
65
of Zn~".
tract, 40 mrem to the total body, and 30% of the MPRI for bone. Many of
the fishermen that catch whitefish prefer to smoke them, and radioactive
decay of the p32

the potential intake of this nuclide.

(2 wk half-life) during storage of the preserved fish reduces

The quantities and kinds of fish caught by local fishermen have been
estimated previously from surveys carried out by personnel of the State of
Washington, Department of Game, and no additional dietary data were col-
lected during 1964 that would change these estimates. Those individuals who

32 are fishermen who claim to eat

probably ingest the largest amounts of P
bass, crappie, perch, and catfish as often as three to five times a week.
This number of fish meals indicates an annual intake of about 90 lb of fish.
Analyses of these species of fish from locations fishermen claimed to visit
most frequently indicated no peak concentration in the spring and generally
lower P32 concentrations than found in whitefish (used as reference for esti-
mating dose in the preceding paragraph). On the basis of the 90 lb of fish
consumption claimed by the "maximum individual," (~200 fish meals/ year),

the intake of p32 during 1964 could have been approximately 3uCi.

Many persons have been counted in the Hanford Whole Body Counter,
including some avid fishermen. Amounts of Zn65 detected in these people
were much less than expected on the basis of their stated fish consumption.

These results supported the findings of 1963 which suggested that fishermen
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tend to overestimate their fish consumption. Therefore, the actual ingestion
32
rates of both P

fishermen's estimates.

and Zn65 are substantially lower than postulated from the

Migratory waterfowl, such as ducks and geese, that have utilized the
Hanford section of the Columbia River and the swamps and ponds within the

project boundaries may contain P32, Zm63

, and other radionuclides. Some
of these waterfowl remain in this general area throughout the year. Results
of the radioassay of 147 samples collected during the hunting season within
the Hanford project and in the environs, and of 71 samples contributed by
hunters from areas adjacent to the plant, are tabulated in Appendix C,
Tables 13-15. Only five samples contributed by hunters contained concen-
trations of P32 greater than the detectable level of 50 pCi/g of flesh (wet
weight), and the highest concentration found was 650 pCi/g. Of all water-
fowl samples collected in the Hanford environs, about one-third contained
detectable levels of P325 and about one in ten contained 500 pCi/g or greater.
The maximum concentration measured during the hunting season was 1700

pCi P32/g of flesh.

D. Radionuclides in Marine Organisms

Zn65 and P32

are found in sufficient abundance beyond the mouth of the Columbia River to

are the only radionuclides in the reactor effluent that

be of radiological interest. Oysters have been found to contain higher con-

centrations of Zn65 than other common sea food organisms. Concentrations
65 32

of Zn " and P

shown in Figure 10, and the analytical results are tabulated in Appendix D,

measured in oysters grown in the Willapa Bay area are

Table 1. Concentrations of Zr165 have gradually decreased over the past 2
yr while p32 concentrations have remained at about the same level. The
average concentrations in samples taken periodically throughout the year
were 56 pCi Zn65/g and 4 pCi P32/g.

Consumption of oysters containing these concentrations at the rate
of one meal per week (1/2 1b) would result in an annual exposure of about
7 mrem to the GI tract, 4 mrem to the total body, and about 0. 5% of the
MPRI for bone,
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E. Radionuclides in the Atmosphere

At Hanford, gaseous waste from the chemical separations facilities
is released to the atmosphere through 200-ft high stacks after most of the
radioactive materials have been removed by filters and scrubbers. These
radioactive materials are primarily associated with process vessel off-
gases. Ventilation air from laboratory and reactor buildings contain com-
paratively minor amounts of radioactive materials under normal operating
conditions.

1131

ties process off-gases. Gross beta measurements are continuously made

is the radionuclide of principal interest in the separations facili-

to detect any change in emission rates of other radionuclides. Measurements
131
of I

release rates are shown in Figure 11. The results for the past 4 yr are

during 1964 are tabulated in Appendix E, Table 1, and the average

summarized in Table VIII. Fission product recovery facilities operating at
Hanford contributed negligible amounts of radionuclides to the environs dur-
ing 1964. The average emission rate of Sr'90 from these facilities was less
than 0. 002 Ci/day.

TABLE VIII

ANNUAL AVERAGE EMISSION RATES
OF SEVERAL RADIONUCLIDES
FROM SEPARATIONS PLANT STACKS

Ci/day
Radionuclide 1964 1963 1962 1961
1131 0. 22 0. 38 0. 35 0.7
Zr-Nb2° - - 0.0024  0.005
Rul03 - - 0.0009  0.003
Rul06 - . 0.0036  0.005
cel?dl . . 0.0002  0.006
celdt - - 0.015 0.01
Filterable

Gross Beta 0. 030 0.013 - -
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Measurements of airborne 1131 were made routinely at several loca-
tions within the Hanford reservation and at several locations around the

1131

plant perimeter. The results of measurements for the past few years

are summarized in Table IX and in Appendix E, Table 2.
TABLE IX

AVERAGE 1131 CONCENTRATIONS IN THE ATMOSPHERE
Units of pCi/m3

Distance from
Separation Stacks,

Liocation mi 1964 1963 1962 1961
Benton City 20 0. 06 0.03 0. 08 0. 02
Prosser Barricade™ 14 0. 02 - - -
Richland 23 0. 02 0.02 0. 04 0. 02
Pasco 32 0. 01 0. 02 0.08 0. 04

* Installed during October, 1963

The four locations listed in Table IX lie within a 45° sector south-

east to south of the separations center. The annual average concentrations
131
of I

or less. Such concentrations sustained in inspired air imply an annual dose

in air about the Hanford plant during 1964 were generally 0. 05 pCi/m3

to the thyroid of the ''standard man'' of less than 1 mrem.

Air sampling stations are maintained at several locations within the
Hanford reservation and at several locations situated around the plant peri-
meter. Early in 1964 the remote sampling stations (Boise and Lewiston,
Idaho; Klamath Falls and Meacham, Oregon; Great Falls, Montana; and
Seattle, Washington) were discontinued and replaced by stations forming a
closer ring about the perimeter of the Hanford reservation. The sampling
stations now in operation include Pendleton and McNary Dam, Oregon;
Spokane, Walla Walla, Yakima, Moses Lake, Ellensburg, Wenatchee,
Sunnyside, and Washtucna, Washington. The results of air sampling at these
locations are shown in Figure 12 and are tabulated in Appendix E, Table 3.
During the early part of 1964 beta activity on air filters was less than
1 pCi B/m3 but increased to about 3 pCi B/m3 in May during the spring

influx of worldwide fallout. The airborne activity then decreased steadily
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to less than 1 pCi B/m3 except for a very brief period at the end of October

when fallout from the Chinese nuclear test caused a slight increase.

Results of air filters are not used in estimating exposure but serve
to illustrate the trends in atmospheric contamination. Sudden changes in
concentration are used to signal the need for shifted emphasis in other por-
tions of the environmental monitoring program related to atmospheric

contamination.

F. Radionuclides in Milk and Produce

The radioactivity found in locally grown agricultural produce can be
influenced by deposition of airborne radionuclides, or by irrigation with
river water containing reactor effluent radionuclides. The chemical sep-
arations facilities are generally considered to be the principal local source
of airborne radionuclides. Ventilation stacks of the reactors or laboratory
facilities possibly could, under certain conditions, become of some small
interest. The closest farming area to the separations facilities is about

13 mi away.

Most irrigated farms near the Hanford plant use water from the
Yakima River, or from the Columbia River above the project. There are,
however, two small areas which take water regularly from the Columbia
River downstream from the reactors for irrigation. They are the Ringold
farms and the Riverview district west of Pasco located 15 and 30 mi,
respectively, downstream from the reactors. The Ringold farms, approxi-
mately 13 mi east of the production areas involve about 20 people working
some 500 acres of land with fruit as the principal product. The Riverview
farm area consists of about 5300 acres supporting about 1000 families, the
majority of which live on plots of an acre or less and raise family gardens.
The principal products from the larger farm plots are hay, fruit, beef, and
dairy products. This area is located 30 mi southeast of the chemical separa-
tions plants. Another agricultural area near the project is Benton City,
located on the Yakima River about 20 mi directly south of the separations

facilities.
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A comprehensive milk surveillance program maintained during 1964
included samples from local farms and dairies and from commercial sup-
plies available to people in the Tri-Cities. The concentrations of radionu-
clides found in milk sold by commercial outlets were similar to that reported
by the U. S. Public Health Service and the Washington State Department of
Health. (10) Milk from local farms irrigated with water from the river down-
stream from the reactors contained P32 and Zn65 as well as several fission
products of fallout origin.

1

The concentrations of 113 measured in milk samples collected dur-

ing 1964 are shown in Figure 13. Generally, the average concentration of
131
I

of 3 pCi/liter except for a brief increase during the summer months and

in both local and commercial milk was at or below the reporting limit

again briefly following the Chinese nuclear test in the fall. The maximum

concentration of I1 31

observed in milk was 36 pCi/liter on November 10,
1964. Activity levels then decreased rapidly in December to 3 pCi/liter or

less.

Concentrations of Sr90 measured in milk produced locally ranged
from less than 2 pCi/liter to 16 pCi/liter as shown in Figure 14. These
values are similar to concentrations found in commercial milk produced in
areas that are remote from the Hanford plant. Sr90 found in milk from
local farms averaged about 8 pCi Srgo/liter, and a generally decreasing
89 and Cs
in milk aﬁalyzed at Hanford were generally at or below the detection levels
of 2 pCi Sr89/liter and 30 pCi cs137

cipal source of these radionuclides in milk.

trend was observed throughout the year Concentrations of Sr 137

/liter. Worldwide fallout is the prin-

Dairy farms in the Ringold and Riverview area that utilize the
Columbia River for irrigation of pasture land and hay fields produce milk

containing both p32 and Zn65 (Figures 15 and 16). During 1964 the average

32

concentration of P°“ in milk from these farms was about 1600 pCi/liter and

the concentration of Zn65

P32

was 550 pCi/liter. The highest concentrations of
in milk (5700 pCi/liter) was observed during August, a period of heavy
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Zn65 in Locally Produced Milk

irrigation and rapid growth of pasture grass. Commercial milk distributed

32 65

in the Tri-Cities usually does not contain P"” and Zn"" because it is obtained

principally from areas not irrigated with Columbia River water.

If the commercially available milk were consumed at the rate of
1 liter /day, the "fallout" radionuclides would contribute an annual average
dose of less than 1 mrem to the GI tract, about 4 mrem to the total body,
and about 3% of the FRC rate of intake guide for bone. * Residents consum-
ing milk obtained from the Ringold-Riverview area would receive some addi-

32 and 7n83 amounting to about 12 mrem to the GI

tional exposure from P
tract, 5 mrem to the total body, and about 4% of the MPRI for bone. Con- o
centrations of radionuclides measured in milk are tabulated in Appendix F,

Table 1.

* The Federal Radiation Council does not consider fallout from the testing
of weapons to be from ''normal peacetime operations'' for which the
Radiation Protection Guides were developed.
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Miscellaneous fresh farm produce was sampled periodically during
the 1964 growing season from local farms and commercial outlets for radio-
analysis. Results of these measurements, tabulated in Appendix F, Tables
3-6, were similar to those of previous years and indicated that only small
quantities of radionuclides are present in locally grown products.

The concentrations of 1131

found on samples of fresh vegetables col-
lected from local farms and markets during the period of May through
September were less than or approximately at the detection level of 0. 05
pCi/g. There was no significant difference noted in concentrations found on
local farm produce and on produce purchased from commercial outlets. If
these fresh vegetables had been consumed at the rate of 100 g/day through-
out the 5 mo growing season, the average annual intake from this source
would have been about 750 pCi 1131.
exposure of about 1 mrem to the thyroid of a ''standard man''.

131

Such an intake would imply an annual

G. Concentrations of I in Cattle Thyroids

The thyroids of cattle are collected periodically from slaughter
houses by cooperating veterinarians in Moses Lake, Toppenish, Walla Walla,

Wenatchee, and Pasco and sent to Hanford for radioanalysis. Since the con-

I131

centration of in bovine thyroids is about two orders of magnitude higher

than that in the pasture grass or in milk, it is advantageous to use thyroid
131

measurements to follow probable trends in concentrations of 1 in milk

and farm produce when the levels in milk and vegetables are too low for

practical measurement. The average concentrations (Figure 17) measured

131
/

in beef thyroids were generally at or below the reporting level of 5 pCi I g

during most of 1964 except for brief periods in the summer and again follow -

ing the Chinese nuclear test on October 16. The maximum concentration

131

observed in November was only 60 pCi I /g from one sample collected at

131

Pasco. By the end of the year concentrations of 1 in beef thyroids were

again near the reporting level of 5 pCi/g.

Data obtained from the cattle thyroid program for 1964 are tabulated
in Appendix G, Table 1,
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H. External Radiation

Ionization chambers are stationed on the Hanford reservation and
are submerged in the Columbia River to estimate the gamma radiation dose
from external sources. Measurements in air over the ground during 1964
averaged about 0. 41 mR/day or 150 mR/yr (Figure 18), somewhat lower
than measured during the past 2 yr. Essentially, all of this exposure is
from natural background and worldwide fallout from nuclear testing. Meas-

urements of external radiation are tabulated in Appendix H, Table 1.

0.9

|
T heen 7T

mR/day

1962 1963 1964

FIGURE 18

External Dose Rate as Measured
at Hanford External Dose Test Location

Direct radiation measurements are made in the Columbia River at
several locations with pocket-type ionization chambers submerged 2 to 5 ft

below the surface of the water. Exposure rates are higher in the river than
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24

2

over ground because of the presence of gamma emitters, especially Na
in reactor effluent. In the vicinity of Pasco and Richland the average dose
rates in the water during the months of April through October were about
1.5 and 2 mR/day, respectively. A person swimming or boating in the
river for a total of 240 hr during the year would receive about 15 mR total
body exposure near Pasco and about 20 mR near Richland. Measurements
of immersion dose in the river are tabulated in Appendix H, Table 2.

(9)

Radiation measurements made along the shoreline of the river
indicate the exposure rate may be about 0. 25 mR/hr from radionuclides
deposited with debris and in the mud and sand by fluctuating water levels.
If an ardent fisherman spent as many as 200 hr fishing along the river's
edge, the annual whole body exposure received from these materials would

be about 50 mR.

An aerial radiation surveillance program conducted during 1964
included several flight patterns both over the Hanford reservation and the
surrounding area. Background gamma radiation measurements were made
during these flights over the predesignated ground check points for compar-
ison with previous measurements. No significant changes in radiation levels

were detected over the ground covered by these flight patterns.

I. Radioactive Wastes Released to Ground

Liquid wastes from the Chemical Separations areas are routed to
various facilities dependent upon their burden of radionuclides. High level
wastes (normally containing concentrations greater than 100 uCi/cmB) are
stored in underground concrete tanks lined with steel. Intermediate level
wastes, ordinarily containing concentrations in the range of 5 x 10-5
uCi/cm3 to 100 uCi/cmS, are sent to underground ''cribs" from which they
percolate into the soil. The areas selected for intermediate waste disposal
and high level waste storage have soil with good ion exchange capacity and
depths of 150 to 350 ft to ground water. Low level wastes usually containing
less than 10—5 uCi/cmB, are sent to depressions in the ground where sur-
face ponds or "swamps' have been formed as a result of the continuous

addition of the relatively large volumes of water.
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One important objective in the management of wastes placed in the
ground is the prevention of radiologically important radionuclides from
reaching the ground water in quantities that could ultimately cause signi-
ficant human exposure should they migrate to the Columbia River. For this
reason wells have been drilled in and around crib and tank storage areas to
detect any leaks in the tanks and for measuring radionuclides that have
reached the ground water. Virtually all of the radionuclides present in the

ground water have been introduced with liquids sent to the cribs.

The quantity of radioactive material sent to ground during 1964
(excluding tritium and materials sent to storage tanks) was about 155, 000 Ci.
This is a considerably greater quantity than is normally discharged during
a 12 mo period and was primarily caused by an accidental discharge of
approximately 105 Ci of fission products to a specific retention facility and
a process equipment failure which allowed approxi mately 104 Ci to be dis-
charged to an open pond. Neither release ‘will cause significant ground
water contamination. The historical total of radioactive materials sent to
ground is estimated to be approximately 2. 8 x 106 Ci. Because of radio-
active decay, the current total is estimated to be only 3. 0 x 105 Ci. In order

106, Cs137 90

of abundance, the bulk of the material is Ru ,,and Sr”". Figure
19 shows the probable extent and concentration of radiocactive materials

(excluding tritium) in the ground water.

The detectable beta contamination (not including tritium) in the
ground water beneath the 200 W Area was less extensive in 1964 than in
previous years. This resulted from a reduction in the amount of contami-
nants discharged to ground, radioactive decay, and further dilution in the

ground water.

A substantial amount of tritium has been sent to the ground with the
intermediate level liquid wastes from the separations plants. Figure 20
shows the probable extent and concentration of tritium in the ground water
in December, 1964, (11) In all probability, some tritium and Ru106 origin-
ating at the chemical processing areas is now entering the Columbia River.
However, the contribution of these nuclides is too small to be detectable in

the river water and any exposure from them is negligible.
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III. RADIATION EXPOSURE

It is not possible to determine the precise radiation exposure received
by every individual because of variations in the kinds and quantity of food con-
sumed, sources of food supply, and many variations in personal living habits.
These inherent variations between individuals require a somewhat subjec-
tive approach when estimating the probable radiation exposure in relation to
various established limits. The Federal Radiation Council has provided two
sets of guides against which exposures from environmental sources may be
judged, i.e., one for the individuals that receive the greatest exposure, and
the other for the average exposure received by the general population (taken
as one-third of that set for individuals). For the Hanford environs, exposures
from the various sources described in the preceding sections have been com-
piled in two ways to allow comparisons with guides for both the individual and
the general population. In one case a hypothetical, but plausible, individual
has been assigned dietary and other habits that would result in what would
seem to be the greatest rational exposure. For the general population, an
exposure has been estimated for what is called the "average' Tri-City resi-
dent. Some residents may receive more exposure than calculated for the
"average' Tri-City resident but very few, if any, receive as much as that
calculated for the "maximum' individual. Included in this intermediate
group are families that subsist largely on foodstuffs produced on farms irri-
gated with water taken from the Columbia River downstream from the

reactors.

A. The Maximum Individual

Attempts have been continued to identify the individuals living in the
Hanford environs that receive the greatest exposure. Experience accumu-
lated from the environmental surveillance program indicates such individ-
uals are undoubtedly persons that frequently eat fish caught locally in the
Columbia River and foodstuffs grown on farms irrigated with Columbia
River water. Additiénal data collected during 1964 continued to support the

assumption that fish, consisting mainly of crappie, perch, bass, and catfish
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caught near Burbank (Figure 2} are the most important source of radio-
nuclides for the "maximum' individual. On the basis of an assumed con-
sumption of 200 meals per year and radiochemical analyses of such fish,
the intake of P°2 for the "maximum' individual during 1964 would have
amounted to about 3 yCi {about 20% of the NCRP limit)., Whether this
amount of fish was actually eaten by the individual was not confirmed.
However, other persons reporting an unusually high consumption of local
fish were counted in the Whole Body Counter and they were found to have
far less Zn65 deposited than predicted on the basis of their estimates of

the quantities of fish eaten.

A maximum reported consumption of 200 fish meals per year is used
as a basis for calculating the intake of radionuclides from this source. The
consumption rates of other foods for the hypothetical maximum individual
are based on the maximum intakes described in various dietary surveys. I
is assumed that this individual consumes each day over 2 gt of water from
the Pasco system, and about 1 gt of milk, 1/2 lb of beef, and nearly 1/2 1b
of fresh leafy vegetables (in season}), all produced on river irrigated farms
in the Riverview District. The composite exposure from these sources are
illustrated in Figures 21, 22, 23, and 24. The exposures amount to about
10% of the appropriate limit for the GI tract, 25% of the limit for bone, 1%
of the limit for the thyroid, and 20% of the limit for the total body. Included
with the estimate of total body exposure is 50 mR received from the river
bank while fishing, The estimated exposure to the total body from Sr90 is
more than was actually received because the method of calculation assumes
that the rate of intake experienced in 1964 had been sustained for many

years.

In case of the thyroid gland, it is possible that the maximum expo-
sure occurred in small children because of the relatively small thyroid mass
in which the 13! accumulates. The thyroid of a small child is assumed to
weigh 2 g compared with 20 g for the adult. On the basis of a daily intake

of 1 liter of milk, 50 g of fresh leafy vegetables produced in the Riverview
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District, and 0, 8 liter of water from the Pasco system, the estimated annual
intake of 1131 was about 4400 pCi for a small child in 1964. Such an intake
would result in a thyroid dose of 75 mrem or 5% of the FRC Radiation

Protection Guide for individuals.

B. The Average Tri-City Resident

The vast majority of people who live in Richland, Pasco, and
Kennewick obtain their food from local commercial stores (rather than
directly from farms) and consume little or no fish caught from the Columbia
River. The principal sources of radionuclides to these people are worldwide ’
fallout and drinking water obtained from the Cog%mbia River. It is assumed
131 and Sr

cities. The intake of Sr90 is estimated with the use of data obtained from

that the contribution from fallout of I is the same in all three

dietary surveys made elsewhere in the U.S. and reported by the Federal

(3)

Radiation Council, but adjusted on the basis of the concentration in milk
sold in local stores during 1964. The estimated annual intake of Srgo dur-
ing 1964 was about 0. 006 uCi, approximately 8% of the FRC guide for the

. 90 . .
general population exposed to Sr”~ from normal peacetime sources. Figure

22 shows the relationship to the intake guide based on exposure to the bone.

The contribution from Hanford created radionuclides in drinking
water is substantially different for the three cities as discussed previously
in Section II-B. In Richland, the GI tract exposure was greater than in the
cities further downriver because the short-lived nuclides are in greater
abundance. As shown in Figure 21, the estimated exposure for 1964 was
about 50 mrem or 10% of the population limit. This exposure is signifi-
cantly below that predicted on the basis of data collected in the last quar-
ter of 1963 following start-up of the new water treatment plant. The con-
tribution to the GI tract dose from other sources was relatively insignificant

32 and Srgo,

and, conversely, the concentration of bone seekers, such as P
in water was so low that drinking water did not contribute any significant

dose to the bone.
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For dose to the thyroid gland, the most appropriate sample of the
exposed population would appear to be small children living in Richiand who
drank water from the municipal system (0. 4 liter /day), milk (0. 6 liter/day)
obtained from the local stores, and fresh vegetables (25 g/day) obtained

from local markets. The total intake of 1151

during the year from these
sources would be about 2600 pCi or an average of about 7 pCi/day (Figure

23). This is in the middle of the FRC Range I, the most favorable range.

The estimated total body exposure (Figure 24) of the average
Richland resident from artificial radionuclides was about 12 mrem, the
major portion of which was assigned to Sr90 from fallout. The method used
to calculate the dose from Sr90 yields a value that is unrealistically high,
however, because the parameters used are based on equilibrium conditions
which would exist in the body only after many years of ingesting Srgo at the
rate estimated for 1964. The contribution to total dose by nuclides of

24 ond Zn65) ingested mainly with drinking

Hanford origin (principally Na
water was estimated at about 3 mrem. This total body exposure may be
compared with the FRC guide of 170 mrem for the average of a suitable
sample of an exposed population. Exposure from natural background
sources (excluded from the FRC guide) in this region is estimated at about

150 mrem/yr.
IV. CONCLUSIONS

During 1964 the environmental surveillance program of the Hanford
environs again showed that the amounts of radioactive materials present
were well within nationally accepted limits at all times, and that releases

of radioactive wastes were well controlled.

P32 released to the Columbia River in reactor effluent continued to

be the most significant source of exposure from the Hanford project. This
32
P

tors. Individuals who regularly eat such fish as a major part of their diet

is concentrated by fish that inhabit the river downstream from the reac-

throughout the year could conceivably have taken in as much as 20% of the
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annual permissible amount of this bone seeker. Other foods, such as milk,
and other nuclides, such as Sr90 could have increased the total intake of
bone seekers by this "maximum individual" to as much as 25% of the annual
limit. The use of similar dietary assumption last year resulted in an esti-
mate of 50% for 1963.

There were no unusual releases of radionuclides from the Hanford
plants during 1964 that warranted special assessment of the radiation dose
to persons in the environs. The deposition of Sr90 from worldwide fallout
was significantly less in 1964 than in 1962 or 1963, and consequently, this

nuclide contributed less exposure.
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Many samples supplied during the year by the following individuals

provided valuable information about the radiological status in the environs.

Dr. P. M. Aldrich

Walla Walla, Washington (beef thyroids)
Dr. Leon Bodie

Moses Lake, Washington (beef thyroids)
Dr. Christopher

Pasco, Washington {(beef thyroids)
Dr. R. J. Donahue

Toppenish, Washington {beef thyroids)
Dr. W. E. Welsh

Wenatchee, Washington (beef thyroids)
Coast Oyster Company

South Bend, Washington {oysters)

Mr. N. Atterberry

Benton City, Washington (milk)

Mr. Barker

Richland, Washington {milk)

Mr. H. G. Bleazard

Eltopia, Washington (milk)

Mr. F. Buckingham

Pasco, Washington {milk)

Mr, M. Kinne

Eltopia, Washington {milk)

Mr. W. Harris

Pasco, Washington (milk)

Mr. Tedro

Pasco, Washington {milk)

Twin City Creamery
Kennewick, Washington (milk}
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VII. APPENDIX A

RADIONUCLIDES IN COLUMBIA RIVER WATER
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Date

12/30/63-1/6/6k4

1/6-1/}3
1/13-1/20
1/20-1/27
1/27-2/3
2/3-2/10
2/10-2/17
2/17-2/24
2/24-3/2
3/2-3/9
3/9-3/16
3/16-3/23
3/23-3/30
3/30-L/6
L/6-4/13
L/13-b/17
N
27-5
5/4-5/9

No entry indicates no analysis made.
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APPENDIX A
TABLE 2

CONCENTRATTONS OF RADIONUCLIDES IN
COLUMBIA RIVER WATER AT 300 AREA (Cumulative Samples)—l964

BNWL-90

%

120
260
300
97
280
260
240
300
310
150
310
250
390
430
410
280
150
ko
340
210
180
120
13
L6
iT
3
50
32
37
8
89

Units of pCi/l of water

Cr51

12,000
11,000
10,000
8,400
11,000
9,800
15,000
14,000
15,000
13,000
11,000
15,000
13,000
12,000
39,000
7,500
8,600
10,000
6,200
4,700
3,700
2.900
2,000
2,100
2,000
2,100
2,500
1,900
1,700
2,000
3,800
4,200

ot

9.4

OO0 O\ OO\ OO Co\O O
OV ONO OV oW

Co

60

O000000

Zn65 sr90 1131
270 2.2 1k
330 1.7 9.4
290 1.9 20
260 1.9 12
320 1.7 12
280 1.7 13
390 1.1 8.1
270 1.8 11
270 1.7 21
290 1.7 16
300 1.7 23
360 1.5 14
360 1.5 13
300 1.1 67
900 1.2 22
270 0.91 19
290 0.99 20
530 1.2 19
350 1.3 13
250 0.73 10
250 0.92 T.4
120 0.94 6.9
180 0.86 3.3
140 1.0 .1
120 0.73 3.3
110 1.0 3.k
160 0.78 <L.3
68 1.0 <2.7
110 0.98 <4.3
68 0.76 <5.6
140 1.1 S 11
85 1.3 7.9
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Date

6/15-6/22
6/22-6/29
6/29-7/6
7/6-7/13
T/13-7/20
T/20-T/27
7/27-8/3
8/3-8/10
8/10-8/17
8/17-8/ 2L
8/24-8/31
8/31-9/2
9/2-9/8
9/8-9/1k
9/14-9/21
9/21-9/28
9/28-10/5
10/5-10/12
10/12-10/19
10/19-10/26
10/26-11/2
11/2-11/9
11/9-11/16
11/16-11/23
11/23-11/30
11/30-12/7
12/7-12/1k
12/1k-12/21
12/21-12/28

No entry indicates no analysis made.
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APPENDIX A
TABLE 4

CONCENTRATIONS OF RADIONUCLIDES IN
COLUMBIA RIVER WATER AT RICHLAND (Cumulative Samples)-196k

BNWL-90

pI?

55
61
28
>3
Lo
L3
5l
5
13
85
90

140

a7
140
110
150
100
100

62
120
200
230
220
260
180
210
270
280

Units of pCi/1l of water
65

Crsl

2,300
2,500
2,100
2,300
1,800
2,200
1,100
I, 200
6,900
7,000
7.400
9,000
9,600
9,400

14,000
9.900

10,000
9,600
6,000
7,000
7,400
9,800

12,000

10,000

11,000

12,000

11,000

12,000

Zn

120
110

83

90

70

90
140
120
140
150
130
130
1ko
220
270
200
220
190
170
130
220
290
360
280
380
570
370

370

131

3.
3.
<k,

L5

12
29
13

11
11
13
12
26
18
11
13
12
12
11
18
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APPENDIX A
TABLE 6

CONCENTRATIONS OF RADIONUCLIDES IN
COLUMBIA RIVER WATER AT PASCO (Cumulative Samples)-1964
Units of pCi/1 of water

Date _123_2_ Crol Zn65 1131
12/30/63-1/6/64 170 9,400 250 1k
1/6-1/13 110° 8,500 240 9.4
1/13-1/20 270 9.500 460 12
5/5-5/11 230 6,800 280 12
5/11-5/18 110 3,400 130 6.0
5/18-5/25 T8 2,600 160 5.5
5/25-6/1 51 2,100 68 b1
6/1-6/8 - 46 1.500 87 2.5
6/8-6/15 37 1.300 95 2.6
6/25-6/29 33 1,200 39 2.0
6/29-7/6 50 1,600 57 <4.0
7/6-7/13 34 1 300 27 <3.6
7/13-7/20 27 1,200 51 <3.h
7/20-7/27 17 1,300 39 <8
7/27-8/3 L5 2,400 69 L.8
8/3-8/10 48 3 500 5k 6.6
8/10-8/17 48 4,600 100 L.9
8/17-8/2k 75 4,900 99 6.7
8/24-8/31 62 5,900 82 7.0
8/31-9/1 8,200 90 8.1
9/1-9/2 2k 6,100 63 10
9/2-9/8 82 6.800 140 9.2
9/8-9/1k4 66 7,700 120 8.8
9/1k-9/21 59 9,900 140 1h
9/21-9/28 100 8,600 120 11
9/28-10/5 98 8,400 160 7.3
10/5-10/12 60 7,100 140 8.1
10/12-10/19 T2 4,200 100 13
10/19-10/26 86 5,600 120 9.9
10/26-11/2 100 5,800 150 <T7.6
11/2-11/9 140 7,400 160 , 13
11/9-11/16 170 10,000 210 16
11/16-11/23 23 8,000 200 12
11/23-11/30 110 9,600 280 7.8
11/30-12/7 180 11 000 250 8.8
12/1k-12/21 9,000 270

12/21-12/28 9,000 220

No entry indicates no analysis made.
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APPENDIX A
TABLE T

BNWL-90

COLUMBIA RIVER WATER AT MCNARY DAM (Cumulative Samples)-196L

Date

2/2k-2/28
2;28- 3/6
3/6-3/13
3/13-3/20
3/20-3/27
3/27-4/3
L/3-L/6
L/6-L/T
s
u/9-h/io

4/10-4/1T

L/17-k/2k
uézh-5/1
5/1-5/8
5/8-5/15
5/15-5/22
5/22-5/28
5/28-6/1
6/1-6/5
6/5-6/10
6/10-6/19
6/19-6/26
6/26-7/2
T/2-7/10
T/10-T/17
T/1T-T/24
T/24-7/30
7/30-8/7
8/7-8/14
8/14-8/20
8/20-8/26
8/28-9/u
9/4-9/11

9/11-9/25

9/25-10/2
10/2-10/9

92
82
130
98
160
140
160

- 100

100
100
100
120

110
110
81
79
62
32
1k
17

8.

9.
8.

16
28
22
ok
23
30
37
29
L
32
21
5k
61
65

H\\O

6,000
5,300
6,900
5,800
6,300
5,500
5,200
3,500
3,000
3,000
4,160
4, 4oo
3,100
3,600
2,700
2,400
1,800

810
650
530
360
510
250
950

1,k00

980

1,200
1,300
2,100
2,700
3,700
4,100
3,700
3,700
6,000
2,300
5,800

No entry indicates no analysis made.

‘Units of pCi/l of water
Crsl

7085

120
120
130
150
160

Il3l

O OoOwwwiw

. <5.
<l,
<.

<5.

W0 \O W

o=

‘__l

0060

oma—c

<96
<96
<96



58

APPENDIX A -

TABLE T (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN
COLUMBIA RIVER WATER AT MCNARY DAM (Cumulative Scmples)-196k

BNWL-90

Date

10/9-10/16
10/16-10/23
10/23-10/30
10/30-11/6
11/6-11/13
11/13-11/20
11/20-11/25
11/25-12/k
12/k-12/11
12/11-12/18
12/18-12/25
12/28-12/31

Units of pCi/l of water

crol

3,200
3,300
3,500
2,900
5,000
L, 700
L 200
L, 500
5,600
5,700
6,400
2,800

No entry indicates no analysis made.

Zn65

53
52
63
120
110
100
96
95
1Lo
150
190
100

}.._l
[N)

H

AJ

I,_l

ANNANNNNA
IO —] o o o &

o 00w &

)
O =

CO6O

<140
<130
<100
<170
<1ho
<170
<310
<2lo



CONCENTRATIONS OF RADIONUCLIDES IN

59

APPENDIX A
TABLE 8

BNWL-90

COLUMBIA RIVER WATER AT THE DALLES DAM (Cumulative Samples)-1964

Date

5/8-5/15
5/15-5/22
5/22-5/28
5/28-6/5
6/5-6/12
6/12-6/18
6/18-6/25
6/25-7/2
T/2-7/9
7/9-7/16
7/16-7/23
7/23-T/30
7/30-8/6
8/6-8/13
8/13-8/20
8/20-8/27
8/27-9/3
9/3-9/10
9/10-9/17
9/17-9/2h
9/2k-10/1
10/1-10/8
10/8-10/15
10/15-10/22
10/22-10/29
10/29-11/5
11/5-11/12
11/12-11/19
11/19-11/25
11/25-12/2
12/2-12/9
12/9-12/16
12/16-12/23
12/23-12/31

pE

62
54
39
20
10
53
20
16
18
19
11
16
20
20
30
29
11
20
12
30
37
Lo
4o
39
26
L6
50
50
58
T8

Cr51

2,600
1,800
1,400
1,500

930
1,200
1,000
1.000
1,200
1,100
1,000
1,200
1,700
1,800
3,000
3,400

3,300
3,800

3,500 -

4,200
5,T00
5,000
4,700
3,200
3.100
2,900
3,600
I, 400
L, 500
4,900
4,700
5,000
4,900
2,100

No entry indicates no analysis made.

Units of pCi/l of water

zn

k9
TL
9
110
Th
310
75
66
26

120
110
110
110

80

65

1131

evrvt—

A NNANA
Lo
N ON

ANANANNN
Lo )

AN
W =] O\ O 1\ NI U1\t

T o N
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APPENDIX A
TABLE 9

BNWL-90

COLUMBIA RIVER WATER AT BONMNEVILLE DAM (Cumulative Samples)-196k

Date

5/19-5/26
5/26-6/2
6/2-6/9
6/9~6/16
6/16-6/22
6/22-6/29
6/30-7/7
T/7-7/1h
T/14-7/21
T/21-7/26
7/26-8/k
&/h-8/11
8/11-8/18
8/18-8/25
8/25-9/1
9/1-9/8
°/8-9/15
9/15-9/22
9/22-9/29
6/29-10/6
10/6-10/13
10/13-10/20
10/20-10/27
10/27-11/3
11/3-11/10
11/10-11/17
11/17-11/2k
11/2h-12/1
12/1-12/8
12/8-12/15
12/15-12/22
12/22-12/29

P32

11

1

15
36
1k
15
17
22
13

T.

11
26

QO

Q.

21
12

l.

8.0

11
13

L.

17
30
15
19
13
19
1T
2L
2k
2l

l

Cr51

1,400
820
610
600
660
700
630
590
600
930
870

1,900

2,000

2,600

2,900

2,500

2,800

2,900

3,100

3,500

3,900

2,900

2,100

2,100

2,200

2,900

3,600

3,200

3,400

3,800

4,300

2,800

Mo entry indicates no analysis made.

- Units of pCi/l of water
Zn65

190
130

131

w O

ANANANANANANANNNNAN
W YW\ WA AT AR ON\\JT \ \JT AT
CNO O GOV ot o 0

A
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APPENDIX A
TABLE 10

CONCENTRATIONS OF RADIONUCLIDES IN
COLUMBIA RIVER WATER AT VANCOWVER (Grab Semples) - 1964
Units of pCi/1l of water

Date P2 crt 7n® M 3t Np23?
1-6 61 3,500 51 < 3.1

2-10 55 3,800 66 < 5.7

2-2h 60 4,200 75 < 2.4 < 6.7 1.3
3-9 31 2,400 43 2.2 3.2

3-23 53 3,600 50 1.2 h.2 LT
h-20 L2 2,400 50 1.9 2.5 28

No entry indicates no analysis made.



BNWL.-90

62

o%s U] 120 02¢
009 6% €0 oTE
09€ H°€ eh'o 002
o€+ 0T 22°0 0£T
009 2°g 26°0 oKt
061 L2 11 o€z
029 0°% €0 00E
ofhg 8¢ 980 0gH
000T 2 160 0Ly
002T 2 h l£0 09
09. H°€ 12°0 0L2
002T 9°L 62°0 o%s
00TT 0 #€ 0 094
ogh L€ 120 0le
009 1°9 67°0 ot
0l6 T2 10 004
064 12 2£°0 0LT
ecz™  qeqt g™ 9,°¥

TL
€
ah
G2
61
€
oTT
29
0gT
29
09T
04T
06T
Ui
09
0Ty
04T

¢t

006°¢T
00€ ‘T
00T‘T
0gT

00T‘2
00Q°T
00%“T
00%‘2
00Z°2
0022
002°T
00%‘T
00% ‘T
04Q

00¢ ‘T
00g ‘2
029

oo

00T‘€
00T‘C
002°2
0062
000°€
00S°T
009°T
00L‘2
006°T
00€ ‘2
006°T
00L‘E
002 ‘Y
00g8°¢T
0082
00L‘g
00E ‘2

I
™0

Lep/soTamo Jo sqTU

‘opew sT3ATeRUB OU S978OTPUT LIijus ON

%8
2l
HE
8T
T
PAll
09
oHT
88
0Tt
66

02T
8%
oL
OLT
6L

2ed

Ho6T - (soTdweg qBxh) ANVIHOIY IV YALVM UIATM VIEWNTOD NI

SECITONNOIAVY J0 LHOJSNVEL 40 HLVY CELVAILSH

TT JTdVL
Y XTANEId Y

000T U

096 £g

029 h

ogh #l

0021 0LT
026 01€
00TT e]43
00T 0£6
002T ofrhy
0081 001
00TT 0$T
00£T

00TT 0L2
0LL 04T
0.9 €L

00TT 06T
021 2L

:Nmz X+yg

0]
P
a
[&]



63

APPENDIX A
TABLE 12

ESTIMATED RATE OF TRANSPORT OF RADIONUCLIDES IN
COLUMBIA RIVER WATER AT RICHLAND (Cumulative Samples) - 196k

BNWL-90

Dete
6/15-6/22
6/22-6/29
6/29-7/6
7/6-7/13
T/13-T/20
7/20-T7/27
7/27-8/3
8/3-8/10
8/10-8/17
8/17-8/2k4
8/24-8/31
8/31-9/2
9/2-9/8
9/8-9/14
9/14-9/21
9/21-9/28
9/28-10/5
10/5-10/12
10/12-10/19
10/19-10/26
10/26-11/2
11/2-11/9
11/9-11/16
11/16-11/23
11/23-11/30
11/30-12/7
12/7-12/1k
12/1k4-12/21
12/21-12/28

- p32

o9
&

25
Lk
33
28
2l
26
25

25
22

23
19
22
20
33
21
23
13
23
35
Iy
35
L6
34
35
48

39

Units of curies/dey
crot

2,500
2,600
1,900
1,900
1,400
1,400
1,800
1,500
2,300
2,000
1,800
2,100
1,500
1,800
2,200
1,800
2,200
2,000
1,400
1,400
1,400
1,700
2,100
1,600
1,900
2,300
1,800

1,700

No entry indicates no analysis made.
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<1z

< L.l
<18
<22
<11
<12
<1h
<20
< 9.1

<12
< 9.1
<11
<11
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ESTIMATED RATE OF TRANSPORT OF RADIONUCLIDES IN
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APPENDTIX A
TABLE 14

BNWL-90

COLUMBIA RIVER WATER AT PASCO (Cumulative Samples) - 1964

Date

12/30/63-1/6/6k4
1/6-1/13
1/13-1/20
5/5-5/11
5/11-5/18
5/18-5/25
5/25-6/1
6/1-6/8
6/8-6/15
6/25-6/29
6/29-7/6
7/6-7/13
7/13-1/20
T/20-7/27
7/27-8/3
8/3-8/10
8/10-8/17
8/17-8/2k
8/24-8/31
8/31-9/1
9/1-9/2
9/2-9/8
9/8-9/1k
9/14-9/21
9/21-9/28
9/28-10/5
10/5-10/12
10/12-10/19
10/19-10/26
10/26-11/2
11/2-11/9
11/9-11/16
11/16-11/23
11/23-11/30
11/30-12/7
12/1k-12/21
12/21-12/28

o

23
16
b1
56
43
Ll

Units of curies/day

Cr5l

1,300
1,300
1,400
1,700
1,300
1,500
1,400
1,200
1,200
1,200
1,400
1,100

950

810
1,100
1,200
1,600
1,500
1,400
2,100
1,400
1,100
1,500
1,600
1,600
1,900
1,500
1,000
1,200
1,100
1,400
1,800
1,300
1,800
2,200
1,600
1,400

No entry indicates no analysis made.

65

]
s
(O3]
—

|

A
W NN MNWN N

VAN
w N

HNNE D HDN
NFEFVVFVHFERAHWOUVWHF~NONIWNONPUVEFUVMONHW\O MFO

HERERFNNHDWREF DD -



66 BNWL-90

APPENDIX A
TABLE 15

ESTIMATED RATE OF TRANSPORT OF RADIONUCLIDES IN
COLUMBIA RIVER WATER AT VANCOWER (Grab Samples) - 196k
Units of curies/day

Date E_BE CI‘51 Zn65 Mn5 b 1131 Np239
1-6 1l 790 11 < 0.7

2-10 15 1,100 19 < 1.6

2-24 17 1,200 21 0.66 < 1.9 0.4
3-9 7.6 590 11 0.54 0.8

3-23 13 900 12 0.30 1.0 12
4-20 13 760 16 0.60 0.8 8.9

No entry indicates no analysis made.



ESTIMATED RATE OF TRANSPORT COF RADIONUCLIDES IN
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APPENDIX A
TABLE 16

BNWL-90

COLUMBIA RIVER WATER AT BONNEVILLE DAM (Cumulative Samples) - 1964

Date

5/19-5/26
5/26-6/2
6/2-6/9
6/9-6/16
6/16-6/22
6/23-6/29
6/30-T/7
7/T-7/1k4
T/14-7/21
T/21-T/26
T/26-8/k4
8/4-8/11
8/11-8/18
8/18-8/25
8/25-9/1
9/1-9/8
9/8-9/15
9/15-9/22
9/22-9/29
9/29-1046
10/6-10/13
10/13-10/20
10/20-10/27
10/27-11/3
11/3-11/10
11/10-11/17
11/17-11/24
11/2k-12/1
12/1-12/8
12/8-12/15
12/15-12/22
12/22-12/29

p32

11
1k
19
54
2>
2k
2z
2k
1z

O Ui FO FHRWwWLwMN FJw o W
HOHWFEFNO_HORDMONDE~NON NDwW

Units of curies/day

Cr5l

1,400
840
TT0

1,000

1,400

1,500

1,100
970
540
690
490
860
810
950
980
690
760
720
760

1,000

1,200
900
650
680
630
730
880
920

1,200

1,100

1,200

2,100

No entry indicates no analysis made.

Zn65

120

[ U1 D —1 OO

o O

w

Il3l

—————r—

AANAANANANNANANANNANNA
HFOHHHHFKFHFHFEFEFRFRFHERRFEE
WO U1 O oI gt g =3

A



-



-

VIII. APPENDIX B

RADIONUCLIDES IN SANITARY WATER

BNWL-90
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Date

RICHLAND

CONCENTRATIONS OF RADIONUCLIDES IN

70

APPENDIX B
TABLE 2

BNWL-90

SANITARY WATER (Cumulative Samples) - 196k

12/30/63-1/6/6k4

1/6-1/13
1/13-1/20
1/20-1/27
1/27-2/3
2/3-2/10
2/10-2/17
2/17-2/24
2/2k-3/2
3/2-3/9
3/9-3/16
3/16-3/23
3/23-3/30
3/30-L/6
L/6-4/13
4/13-4/20
L/20-k/27
b/27-5/4
5/4-5/11
5/11-5/18
5/18-5/25
5/25-6/1
6/1-6/8
6/8-6/15
6/18-6/29
6/29-7/6
7/6-7/13
7/20-7/27
7/27-8/3
8/3-8/10
8/10-8/17
8/17-8/24
8/24-8/31
b
2=

9/8-9/1k

No entry indicates no analysis made.

p32

38
80
32
13
11

20

1z

AN

12,000
11,000
9,400
6,900
10,000
10,000
15,000
12,000
10,000
13,000
11,000
13,000
12,000
11,000
33,000
8,100
7,600
8,500
7,600
5,100
3,600
2,900
2,200
1,900
2,200
2,100
2,000
2,200
3,800
4 Loo
6,200
6,700
6,700
9,200

Units of pCi/l of water

crot 7005

140
160
140
140
120
150
120
110
100
140
120
1ko
170
130
Lho
130
110
110

82

99

97

88

L8

60

Lo

23

6.

31
39
14
27
27
19
30
2k
39
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CONCENTRATTIONS OF RADIONUCLIDES IN
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APPENDIX B

TABLE 2

(Continued)

BNWL-90

RICHLAND SANITARY WATER (Cumulative Samples) - 196k

Date

9/1k-9/21
9/21-9/28
9/28-10/5
10/5-10/12
10/12-10/19
10/19-10/26
10/26-11/2
11/2-11/9
11/9-11/16
11/16-11/23
11/23-11/30
11/30-12/7
12/7-12/1k4
12/1k-12/21
12/21-12/28

No entry indicates no analysis made.

%

45
39
31
29
17
16
15
1L
28
21
30
23
L6
35
35

Units of pCi/l of water

crol

12,000
10,000
12,000

Zné5

54
39
56
76
51
L7

80
100
140
150
160
180
180
180
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Date

1/20-1/27
1/27-2/3
2/3-2/10
2/10-2/17
2/17-2/2k
2/2bh-3/2
3/2-3/9
3/9-3/16
3/16-3/23
3/23-3/30
3/30-4/6
L/6-lt/13

4/13-4/20

L/20-4/27
l/27-5/b
5/%-5/11
5/11-5/18
5/18-5/25
5/25-6/1
6/1-6/8
6/8-6/15
6/15-6/22
6/22-6/29
6/29-7/6
7/6-T/13
7/13-T/20
T/20-7/27
7/27-8/3
8/3-8/10
8/10-8/17
8/17-8/2k
8/24-8/31
8/31-9/1
9/1-9/3
9/3-9/8
9/8-9/1k
9/14-9/21
9/21-9/28

CONCENTRATIONS OF RADIONUCLIDES IN
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APPENDIX B
TABLE 4

PASCO SANITARY WATER (Cumulative Samples) - 1964
Units of pCi/l of water
: _P_?f_ cr’t Zn65 s5r7°
15 6,900 1ko 1.5
26 7,600 120 1.6
38 7,200 140 1.4
h 8,900 130 0.92
48 7,600 110
88 7,200 110
160 9,700 98
130 9,800 100
140 9,600 140
130 8,500 140
150 7,800 140
200 27,000 400
92 6,800 85
37 5,700 56
54 6,300 80
b5 6,000 63
ok 3,500 61
1h 2,300 i
13 2,000 57
10 1,400 48
5.7 1,200 L7
2.1 900 < 9.k
2.9 1,100 16
7.4 1,300 < 8.9
3.9 1,200 < 9.1
b0 960 12
2.9 1,200 6.1
5.1 2,100 11
6.3 4 700 6.0
13 4,000 <gl
25 ;900 21
14 5,000 12
7,500 <20
b.5 11
16 13
12 7.9 1.4
17 22 1.6
23 34 2.0

No entry indicates no analysis made.
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APPENDIX B
TABLE 4  (Continued)

BNWL-90

PASCO SANITARY WATER (Cumilative Samples) - 196k

Date

10/12-10419
10/19-10/26
10/26-11/2
11/2-11/9
11/9-11/16
11/16-11/23
11/23-11/30
11/30-12/7
12/21-12/28

P

8.2
16
12
18
39
23
2k
51

Units of pCi/l of water
crot Zn65

3,700 2k
2,300 26

7,200 160

No entry indicates no analysis made.
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APPENDIX B
TARLE 6

BETA ACTIVITY IN RICHLAND SANITARY WATER - 196k

Units of ¢/m/ml

c(mfml

Date

c/m/ml

Date

c{m{ml

Date
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77 BNWL-90
APPENDIX B
TABLE 6 (Continued)

BETA ACTIVITY IN RICHLAND SANITARY WATER - 1964
Units of c/m/ml

c{m{ml Date c{m{ml Date c/m/ml
8.8 10-6 8.1 12-3 9.5
7.2 10-T7 13 12-4 9.5
5.8 10-8 10 12-7 8.8
3.8 10-9 7.3 12-8 8.8
6.3 10-12 6.3 12-9 8.1
5.7 10-13 6.2 12-10 8.1
6.4 10-14 6.0 12-11 8.1
6.4 10-15 4.8 l2-14 7.3
8.1 10-16 6.2 12-15 13
7.0 10-20 5.9 12-16 10
7.0 10-21 7.3 12-17 9.5
9.5 10-22 8.1 12-18 7.3
6.6 10-23 8.8 12-22 12
8.8 10-26 8.1 12-23 8.1
8.1 10-27 9.5 12-28 9.5
5.6 10-28 6.7 12-29 11
7.3 10-29 7.3 12-30 11
6.8 10-30 8.8 12-31 8.
8.1 11-3 8.8
1 11-4 3.5
8.8 11-5 10

12 11-6 8.8 -

9.5 11-9 8.8

1k 11-10 14

15 11-11 11

11 11-12 12

12 11-13 12

14 11-16 8.8

13 11-17 11

11 11-18 8.1

12 11-19 10

11 11-20 7.3

14 11-23 9.5

1k 11-24 13

13 11-25 9.5

15 12-1 11

11 12-2 9.5
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TABLE 7

APPENDIX B

Units of c¢/m/ml

BETA ACTIVITY IN PASCO SANITARY WATER -~ 1964

c/m/ml

Date

cfmfml

Date

c{m{ml

Date
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APPENDIX B

TABLE 7 (Continued)

¢/m/ml

Exd UV IS
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Units of c/m/ml

Date

10-1h
10-15
10-16
10-19
10-20
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10-23
10-27
10-28
10-29
10-30
11-3
11-4
11-5
11-6
11-9
11-10
11-12
11-13
11-16
11-17
11-18
11-19
11-20
11-23
11-25
12-1
12-2
12-3
12-4
12-7
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12-9
12-10

c/m/ml
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APPENDIX B
TABLE 8

Units of ¢/m/ml

BETA ACTIVITY IN KENNEWICK SANITARY WATER - 196k

Date

c{m{ml

Date

cfm{ml

Date
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T
0
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APPENDIX B
TABLE 8 (Continued)

BETA ACTIVITY IN KENNEWICK SANITARY WATER - 1964
Units of c¢/m/ml

c{m[ ml Date c {m{ml Date c/m/ml
. 10-6 0.37 12-7 0.47
. 10-7 0.37 12-8 0.62
. 10-8 0.40 12-9 0.58
0. 10-9 0.37 12-10 0.53
0. 10-12 0.37 12-11 0.41
0. 10-13 0.37 12-14 0.56
0. 10-1k 0.28 12-15 0.62
0. 10-15 0.28 12-17 0.61
0. 10-16 0.26 12-18 0.h2
0. 10-19 0.27 12-22 0.62
0. 10-20 0.34 12-23 0.50
0. 10-21 0.40 12-28 0.56
0. 10-22 0.95 12-29 0.50
0. 10-23 0.34 12-30 0.81
0. 10-27 0.36 12-31 0.70
0. 10-28 0.36
0. 10-29 0.40
0. 10-30 0.39
0. 11-2 0.34
0. 11-3 0.49
0. 11-4 0.58
0. 11-5 0.61
0. 11-6 0.73
0. 11-9 0.38
0. 11-10 0.81
0. 11-11 0.53
0. 11-12 0.7T3
0. 11-13 0.55
0. 11-17 0.49
0. 11-18 0.42
0. 11-19 0.52
0. 11-20 0.50
0. 11-23 0.52
0. 11-24 0.71
0. 11-25 0.60
0. 11-30 0.58
0. 12-1 0.51
0. 12-2 0.64
0. 12-3 0.T70
0. 12-4 0.60
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APPENDIX C
TABLE 1

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT PRIEST RAPIDS - 196k
‘ Units of picocuries per gram

Date  Total Beta p32 co®0 g0 7n®5 co?8 csi37
Reporting Limits 2 0.6 1 5 0.7 0.7
1-1k 52 3.2 6 Lo 1.8 0.7
1-1k 130 110 2.7 L 38 2.1 1.0
1-1h 3k 25 - 5 38 - -
1-1k4 30 17 k.o 5 28 2.3 1.1
1-1h L 33 1.1 5 b1 6.5 -
1-14 50 27 - 3 55 -

1-1k 17 < 4 - 5 20 - -
1-1k 83 56 2.1 7 5L 1.6 0.8
1-1h 43 20 2.2 b 49 1.2 0.8
1-1h 48 25 1.1 L 53 1.2 0.8
1-1k 110 87 2.1 6 75 1.5 0.9
1-1h 63 37 2.0 5 58 0.9 1.1
1-14 100 88 3.1 3 43 2.2 0.8
1-14 22 7 - 5 12 - -
1-14 29 17 1.7 5 35 1.0 1.0
1-1k L2 28 1.3 6 38 0.9 0.7
1-1% 37 26 1.1 L 30 0.9 -
1-1h 4o 30 1.0 L 37 0.8

1-1k TL ke 1.1 5 38 0.8 -
1-1k 120 100 4.9 L 46 3.0 1.0
1-1k LT 27 1.5 3 34 0.7 -
1-14 150 130 1.5 5 57 0.8 -
1-1k4 11 < 6 1.2 5 31 - -
1-1k 21 1k - L 34 - -
1-14 59 58 0.9 3 37 - -
1-1k4 15 11 - 3 37 - 0.7
1-14 20 10 0.8 L 23 - -
1-1k4 Lo 35 1.8 5 28 1.2 0.8
1-1h 9 <7 - L 12 - -
1-1k T2 T2 2.1 5 65 1.2 0.8
1-14 29 20 1.7 7 31 1.1 1.0
1-1k4 63 50 2.4 6 L3 1.4 -
1-1k s 61 L,y L 56 2.8 -
1-1k4 68 5k 1.2 4 17 1.2 -
1-1k 71 4o - 5 T0 0.9 -
1-1L 58 Ls 1.1 L 37 1.0 -
1-1h 52 35 2.0 L 39 1.0 -
1-1k 210 220 0.7 5 29 0.8 0.9
1-1k4 290 270 3.0 5 88 1.9 0.8
1-1k4 50 40 1.1 3 34 -

1-1k 25 20 1.0 6 19 0.7 -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 1 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE

BNWL-90

Results less than reporting limit are indicated by a (-).

OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT PRIEST RAPIDS - 1964
Units of picocuries per gram

Date  Total Beta PO b0 g zn® 00”8 0s™37
Reporting Limits 2 0.6 1 5 0.7 0.7
1-14 56 43 1.0 6 41 0.8 0.9
1-14 31 23 1.2 5 52 - 0.9
1-14 19 9 - 6 26 - -
1-14 55 by 1.9 5 54 1.0 1.1
1-1k 22 16 - 3 13 - -
1-1h 48 38 - 5 50 - -
1-1h 17 10 - 3 26 - -
1-14 27 20 1.1 5 27 0.7 -
1-1k 25 17 - 3 22 - -
1-1k L2 36 0.7 5 39 - -
1-14 2h 15 - 3 12 - -
1-1k 25 10 1.1 3 35 - 0.8
1-1k 120 120 3.9 5 43 2.7

1-14 120 100 1.5 18 86 1.1 -
1-14 54 36 1.5 5 54 0.8 1.0
1-14 53 36 1.2 5 66 0.9 0.7
1-1k < 8 < 6 - L 23 - -
1-1h 340 350 1.9 L 82 1.8

1-14 180 190 2.1 5 68 1.k 0.7
1-1h 54 36 - 5 56 0.7 -
1-1k 100 89 0.9 5 65 0.8 -
1-1k 62 : 51 1.3 8 N 1.1 -
1-1k 1 < 8 - T 15 - -
1-14 20 < 7 1.8 5 29 - 0.7
1-14 35 23 1.6 6 41 1.1 0.9
1-1k 33 26 - 5 60 - -
1-14 21 < 6 N 35 - -
1-1k4 < 8 < 7T - 5 - - -
1-14 82 71 0.9 4 88 1.1 -
1-1k 93 T0 - 6 ok 0.7 -
1-1h 35 24 - 6 b7 - -
1-1k 56 Lo - 3 63 - -
1-1k 32 13 - I 52 - -
1-1h 180 170 0.6 5 56 - -
1-1k 21 13 - 10 43 - 0.8
1-1k 38 22 - L 39 - -
1-1k 18 < T - 8 4o - -
1-1k 67 65 0.7 5 25 - -
1-14 27 1L 1.0 5 33 - -
1-14 7 52 1.2 3 50 0.8 -



85 BNWL-90

APPENDIX C
TABLE 1 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT PRIEST RAPIDS - 1964
Units of picocuries per gram

Date Total Beta 23_?_ Co60 Kl+o Zn65 Co58 05137
Reporting Limits 2 0.6 1 5 0.7 0.7
1-1k 17 6 1.3 5 25 - 1.0
1-14 < 9 < 7 - 5 - -

1-14 < 7 < 6 - 5 - - -
1-1h < 8 < 7T - 6 - - -
1-1k <11 < 9 - 6 - - -
1-1h <11 < 8 - 5 - - -
11k 11 < 7 - 5 - - -
1-14 <13 < 10 - 6 9 - -
1-14 12 < 6 - 5 - - -
1-1h4 < 9 < 7T - 4 - - -
1-1k4 13 < 7 - L - - -
1-1h4 < 9 < 7 - 6 - - -
1-1h < 10 < 8 - 5 - - -
1-1k < 9 < 7 - 5 - - -
1-1k 15 < 9 - 8 - - -
11k T < L - 3 - - -
1-14 7 < 5 - 3 - - -
1-1k4 <11 < 8 - 6 - - -
1-14 10 < T - 4 - - -
1-1h <10 < 7T - 5 - - -
1-1k4 10 < 6 - i - - -
1-1k 19 < 7 - 5 - - -
1-1k 82 63 2.2 L 32 1.1 -
1-1k < 10 < 7 - 6 - - -
1-14 12 < 7 - - - - -
1-1k 1h < 8 - N - - -
1-1k 11 < 7 - L - - -
1-1k 13 < 9 - i - - -
1-1k < 10 < 7 - L4 8 - -
1-1h < 8 < 6 - 5 - - -
1-1k 11 < 7 - 3 - - -
1-1k 15 < 7 - 3 - - -
1-1h < 20 < 1k - - - - -
1-1h < 14 < 9 - - - - -
1-14 10 < 7T - - - - -
1-1h <13 < 9 - 5 - - -
1-1k 16 < 8 - 3 - - -
1-1k 14 < 8 - 6 9 - -
1-14 16 < 7 - L - - -
1-1k 22 12 - 3 11 - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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TABLE 1 (Continued

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT PRIEST RAFIDS - 1964

BNWL-90

Units of picocuries per gram

L0

Date Total Beta P32
Reporting Limits 2
1-1k < 13 < 9
1-14 11 < 7T
1-1k 15 < 8
1-1h 18 < 12
1-14 < 12 < 8
1-14 11 < 7T
1-1h 17 8
1-1k < 16 <11
1-14 <12 < 8
1-14 27 < 11
1-14 12 5
1-14 < 10 < 7
1-1h < 10 < 7
1-1k < 11 < 8
2-5 -
2-5 -
2-5 18
2-5 < 3
2-5 9
2-5 < 3
2-5 < 3
2-5 < 4
3-3 -
3-3 < b
3-3 -
3-3 -
3=5 -
3-5 < 3
Lol 9
-2k 9
8-1 3
8-1 -
8-1 -
8-1 10
8-9 2
8-9 15
8-9 26
8-9 110
8-9 19
8-9 560

Results less than reporting limit are indicated by a (-).
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No entry indicates no analysis made.
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APPENDIX C
TARLE 1 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT PRIEST RAPIDS - 196k
Units of picocuries per gram

Date Total Beta P32 0060 g&g Zn65 0058 05137
Reporting Limits 2 0.6 1 5 0.7 0.7
8-9 4ho - - 28 1. -
8-9 1100 - 4 31 1.9 -
10-1 - - b - - -
10-1 280 1.2 L ok - 0.9
10-1 - - N - - -
10-1 - - L - - -
10-1 10 - 5 - - -
10-1 - - h - - -
10-1 - - 3 - - -
10-1 250 0.7 3 18 - -
10-1 230 0.9 L 27 0.9 0.7
11-10 - - 3 - - -
11-10 3 - N - - -
11-10 280 2.9 I3 33 3.4 0.7
11-10 190 1.7 3 37 1.2 0.8
11-10 190 1.8 L 30 3.0 -
12-T 92 1.6 3 24 2.9 -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.



CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
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APPENDIX C
TABLE 2

BNWL-90

OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT HANFORD - 196hL

Date Total Beta PBB
Reporting Limits 2
1-3 290 250
1-3 160 150
1-3 8l 59
1-3 280 150
2-3 83 89
2-3 170 160
2-3 99 83
2-3 100 8L
2-3 1ko 120
2-3 140 140
2-3 270 300
2-3 230 210
2-13 170 150
2-13 110 100
2-13 290 260
2-13 61 52
2-13 110 92
2-13 110 99
2-13 100 80
2-13 170 110
2-13 470 420
2-13 140 110
2-13 100 86
3-10 43 28
3-10 92 79
LT 390
b= 530
b 200
L7 200
LT 430
L7 660
L7 350
b 830
h-7 T00
5-11 170
5-11 230
5-11 570

Results less than reporting limit are indicated by a (-).

Units of picocuries per gram
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APPENDIX C

TABLE 2 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT HANFORD - 196k

BNWL-90

Units of picocuries per gram

Zn65

Date Total Beta P3B 60

Co

o

Reporting Limits 2
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Results less than reporting limit are indicated by a (-).

No entry indicates no analysis made.
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APPENDIX C
TARLE 2 {(Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT HANFORD - 196k
Units of picocuries per gram

Date  Total Beta  Poo o0 g0 70% 0o’ cst3T
Reporting Limits 2 0.6 1 5 0.7 0.7
T-31 58 2.9 5 28 0.7 0.7
8-5 140 1.7 L 19 - -
8-5 27 2.3 3 37 0.9 1.9
8-5 18 - 3 - - -
8-5 130 2.2 L 25 0.8 1.1
8-5 65 1.5 5 17 - 0.7
8-5 110 2.9 L e 1.6 0.9
8-5 240 0.7 I 9 - -
8-5 33 1.7 5 16 0.8 -
8=5 55 1.4 L 10 - -
9-2 230 k.9 9 23 1.4 0.8
9-2 50 2.1 6 20 - 1.9
9-2 22 2.8 L 22 - 1.1
9«2 440 2.5 1 20 1.2 0.8
9-2 Lho 2.9 3 2l 1.0 -
9-2 160 0.6 3 7 - -
9-2 k90 1.8 5 23 1.0 -
9-2 230 - 2 T - -
9-2 170 1.3 3 13 - 0.7
9-2 360 1.4 5 18 0.7 -
9-2 k50 2.9 4 19 1.0 0.9
9-2 360 1.6 1 22 - -
11-4 300 2.1 6 28 2.2 0.9
11-h 290 1.8 L 27 1.h 0.8
11-4 i de) 1.5 8 31 1.7 0.9
11-11 200 2.7 6 27 3.2 1.0
11-11 220 1.7 5 26 1.9 0.7
11-11 660 - 5 37 0.8 -
11-11 270 1.7 5 28 2.1 0.8

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 3

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT RINGOLD - 196W

Units of picocuries per gram

Date Total Beta P32 Co60 Kl*O Zn65 Co5 8 C Sl37
Reporting Limits 2 0.6 1 5 0.7 0.7
1-29 230 220 6.4 i L 3.3 1.1
1-29 670 680 2.8 3 60 1.5 1.2

1-29 350 330 3.5 4 52 2.2 1.2
1-29 280 260 4.6 6 48 2.4 1.k
1-29 280 260 3.8 5 5h 2.2 1.4
1-29 1100 990 1.8 5 - 82 1.8 1.h
2-20 k.o 5 50 1.7 1.3
2-20 1.6 L an 1.0 1.0
2-20 2.k 3 36 1.1 0.8
2-20 1.2 6 39 1.3 -

2-20 2.5 3 3 1.3 1.0
2-20 2.7 3 45 1.6 0.9
2-20 4.8 3 54 2.6 1.2
2-20 5.0 L L3 2.6 0.9
2-20 3.1 4 46 1.5 0.9
2-20 4.8 3 51 2.5 1.4
220 2.3 3 L6 1.2 1.1
2-20 2.3 L 5k 1.3 0.9
3-13 160 140 5.2 3 5k 3.3 1.7
3-13 95 71 3.7 6 2k 1.7 0.8
3-13 580 540 .o 5 53 2.h 1.5
3-13 370 350 3.6 8 52 2.0 1.1
3-13 320 290 3.7 5 g 1.4 1.1
3-13 280 250 2.3 5 33 1.1 -

3-13 740 650 .1 7 54 1.5 1.1
3-13 540 500 2.2 2 5k 1.0 1.2
3-13 910 900 h.7 3 61 2.1 1.2
3-13 720 780 4.2 6 57 1.9 1.3
3-13 710 580 1.7 T 4o 1.2 1.0
3-13 380 300 2.8 5 g 1.4 1.3
L2 680 7.3 3 Ll 3.1 1.0
L2 600 2.4 L 42 1.0 -

h-2 920 2.2 L 30 1.0 0.7
h-2 2300 1.4 3 57 1.2 0.9
L2 L20o k.o 6 45 2.2 1.0
hoo 370 5.9 3 35 2.4 1.0
Loz 1800 1.3 5 66 1.4 0.8
L2 1000 1.4 7 L9 0.9 0.8

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C

TABLE 3 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE

BNWL-90

OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT RINGOLD - 196k

Units of picocuries per gram

Zn65

Date Total Beta P2 o0
Reporting Limits 2 0.6
L2 930 3.1
hog 1100 2.8
L2 1560 2.6
ho27 51 1.3
h-27 170 3.0
5-6 1100 3.4
5-6 2700 1.9
5-6 1800 1.7
5-6 8Lko 4.8
5-6 2100 1.4
5-6 2400 1.3
5-6 1Lk00 2.8
5-6 560 3.9
5-6 1300 0.9
5-6 1200 3.6
5-6 1500 3.8
5-6 4900 0.8
6-26 50 3.2
6-26 L6 0.6
6-26 250 2.8
6-26 160 3.1
6-26 180 2.8
6-26 530 1.3
6-26 L 1.5
6-26 160 0.9
6-26 730 1.k
6-26 120 3.1
T7-6 20 1.h4
7-6 8 -
-6 12 -
-6 26 0.6
-6 T -
-6 91 0.9
-6 11 - -
-6 16 -
6 33 0.6
-6 80 3.1
-6 97 1.1
-6 190 1.7
-6 70 3.0
-6 120 0.8
-6 120 5.1

BB e B e B R e B R b

Results less than reporting limit are indicated by a (-).

No entry indicates no analysis made.
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APPENDIX C
TABLE 3 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT RINGOLD - 1964
Units of picocuries per gram

Date Total Beta p32 cof0 g0 70 co™d cst37
Reporting Limits 2 0.6 1 5 0.7 0.7
7-6 370 0.9 3 16 - -
T<6 290 1.6 L 41 1.0 0.8
7-6 27 - 3 5 - -
7-6 270 2.2 3 48 1.4 1.4
T-21 7 3.1 5 27 1.0 0.8
T-21 52 2.2 6 28 0.9 0.9
T-21 150 1.0 5 13 - -
T-21 62 2.8 6 34 1.5 0.8
T-21 N 0.7 L 10 - -
T-21 21 - N 5 - -
7-21 63 2.4 L 32 0.8 0.9
T-21 68 k.0 6 22 2.1 1.2
T-21 43 0.6 5 6 - -
T-21 59 0.9 5 11 - -
T-21 56 2.7 L 35 0.9 0.8
T-21 63 2.5 6 33 1.3 1.k
T-21 260 1.1 L 1k 0.7 -
T-21 120 2.2 T 32 1.3 1.3
T-21 150 1.3 6 31 0.9 0.8
T-21 17 - 6 - 0.7 -
7-21 o1 3.0 7 31 1.7 1.3
T-21 48 2.2 2 29 1.2 1.2
T-21 120 2.5 6 32 1.6 1.3
8-11 290 - 2 11 1.0 -
8-2k4 580 2.6 L 16 2.2 0.7
8-24 1100 3.2 Ly 29 2.1 1.1
8-24 430 2.0 L 25 1.2 1.0
8-2k 370 1.k L 21 1.6 0.7
8-2k 1900 2.1 4 L3 3.8 1.3
8-2k 1500 1.b 5 L2 2.9 1.1
9-23 400 0.6 2 10 - -
9-23 1400 5.5 L 48 5.5 0.7
9-23 570 2.1 6 29 1.8 1.2
9-23 1100 2.8 L 38 2.6 1.1
9-23 990 3.8 5 31 2.6 1.0
9-23 690 2.5 5 29 2.0 1.2
9-23 880 2.1 5 Lo 2.3 1.3
9-23 1100 2.6 5 38 2.2 1.1
9-23 500 2.6 L 35 2.1 0.9
9-23 730 1.6 5 3k 1.4 0.9

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 3 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT RINGOLD - 196k

Units of picocuries per gram

Date Total Beta P_32 Co60 ﬁ? Zn65 C058
Reporting Limits 2 0.6 1 5 0.7
10-15 670 2.2 5 32 1.9
10-15 TOO 3.1 3 37 2.9
10+15 710 3.8 L N k.5
10-15 610 3.3 3 L2 3.2
10-15 410 1.4 L 28 1.1
10-15 860 2.0 3 43 2.1
10-15 T30 2.2 3 38 2.0
11-5 1100 3.2 11 76 5.3
11-5 890 3.2 8 4o 3.7
11-5 1100 2.2 9 53 L4
11-5 710 1.8 6 59 2.5
11-5 650 3.7 - Lh 4.8
11-5 790 3.3 6 59 k.9
11-5 470 2.7 5 g 3.4
11-5 300 1.2 4 30 -

12-3 330 2.1 8 34 6.0

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 4

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT RICHLAND - 196k
Units of picocuries per gram

Date Total Beta EEE Co60 EES Zn65 Co58 03137
Reporting Limits 2 0.6 1 5 0.7 0.7
T-7 15 - 3 - -
-7 L8 - 3 6 - -
-7 80 4.8 3 32 1.6 -
T-7 Lo 0.6 L 6 - -
-7 31 1.1 3 T - -
-7 53 l.2 L 9 - -
-7 38 - b 9 - -
-7 12 - i 8 - -
-7 5l 0.7 L 16 - -
T-T 220 2.5 i Lo 1.2 0.9
-7 180 2.3 3 30 1.1 1.2
T-T 240 0.8 2 T 0.8 -
T-22 17 0.8 5 6 - -
7-22 23 0.7 5 29 - -
T-22 3h 2.3 5 27 0.9 1.2
T-22 110 0.6 h T - -
T-22 100 1.2 6 T - -
T-22 26 0.7 6 5 - -
T-22 e} 1.9 i 19 0.7 0.8
T-22 52 0.8 6 30 - -
T-22 220 2.0 11 2k 1.2 0.8
T-22 100 - 7 1k - -
T-22 89 0.7 5 10 0.7 -
T-22 23 1.1 Ly 8 - -
T-22 550 1.0 T 19 - -
T7-23 L7 2. L 36 - 0.8
T-23 490 2.8 8 16 1.3 0.7
T-23 29 1.1 5 7 - -
T-23 6l 1.2 I 8 0.8 -
T-23 Ll 3.0 3 27 1.0 0.8
T-23 23 0.8 5 6 - -
7-24 18 2.1 b 14 1.0 0.9
T-24 20 0.7 i - - -
T-24 Ll 1.k L 10 - -
T-2k L3 - 5 - - -
T-24 17 0.8 3 - - -
T-24 15 - b - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 4 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT RICHLAND - 1964
Units of picocuries per gram

Date Total Reta _If_% Co60 Ezf Zn65 0058 C slgT
Reporting Limits 2 0.6 1 5 0.7 0.7
T7-24 140 0.7 6 11 - -
T-2k 27 0.8 3 9 - -
T-2k4 21 - N i - -
-2k 35 - 5 13 - -
T-24 92 1.6 5 27 - 0.8
T-24 17 0.7 3 6 0.7 -
T-24 36 3.7 6 28 1.4 1.1
T-24 L 1.6 i 10 0.7 -
T~2k 85 0.8 L 6 - -
7-24 93 0.7 2 12 - -
7-24 53 1.2 i 12 0.8 -
10-22 1300 1.2 2 5L 1.9 0.9
10-22 1400 1.8 i 60 3.1 0.7
10-22 680 2.2 I Lo 2.6 1.2
10-22 540 2.1 2 L 3.0 0.8
10-22 310 1.7 2 48 1.h 0.8
10-22 410 2.9 L 32 3.k 0.8
10-22 200 2.9 3 33 1.5 0.7
11-13 240 1.4 5 31 2.8 0.9
11-13 290 1.9 7 29 2.2 0.9

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 5

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE

BNWIL-90

OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT ISLAND VIEW - 196k

Units of picocuries per gram

Date Total Beta P32 0060

Reporting Limits 2 0.6

1-25 <9 <
3-27 T <
h-21

h-21

h-21 - -
h-21 - -
h-21 - 0.8
h-21 - -
ho21 - -
.21 - -
h-21 - -
h-21 - 1.0
h-21 - -
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Results less than reporting limit are
No entry indicates no analysis made.

0 m®
1 p)
b 5
3 5
3 28
4 13
5 12
L 5
L 6
L T
3 >
b 10
3 17
L 18
3 13
L 11
3 -
L 6
5 -
I -
p)

L -
i -
L -
i -
in -
L -
L -
L

L -
L -
L -
3 >
I -
L -
L 22
L 6
L T
> 5

indicated by a (-).
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APPENDIX C
TABLE 6

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE

BNWL-90

OF WHITEFISH TAKEN FROM THE COLUMBIA RIVER AT MISCELLANEOUS LOCATIONS - 196k

32
Date Total Beta P
Reporting Limits 2

Burbank
1-20 35 27
1-20 7 56
h-16 19
6-14 170
10-7 100
10-T7 210
11-18 65
11-18 150
11-18 78
11-18 250
11-18 50
11-18 300
11-18 120

MeNary
7-29 59
7-29 95
7-29 120
7-29 48
12-11 62

/

60

Units of plcocurles rer gram

KMO

0.6

NN O
D —Jw =

LU EFEFwW FwbDUw

N FuUulww

20
15
28
20
16

Results less then reporting limit are indicated by a (- )

No entry 1nd1c3tes no analy31s made.
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99 BNWL-90
APPENDIX C
TABLE T

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF BASS TAKEN FROM THE COLUMBIA RIVER - 1964

Units of picocuries per gram

Date Total Beta P32 Co60 g&g Zn65 0058 Cs137
Reporting Limits 2 0.6 1 5 0.7 0.7
Hanford

Y7 19 - 3 27 - 1.1
Y7 17 - 4 2k - 1.1
L7 18 - L 28 - 0.8
b7 20 - L 35 - 1.1
5-6 65 - L 3h - 1.0
5-11 T0 - 5 38 - 1.0
6-5 8k - T 27 - 0.9
6-5 22 - 5 43 - 1.1
10-1k 580 - 3 34 - 1.3
10-14 510 - L 32 - 1.2
10-14 630 - 3 25 - 0.8
10-1k4 740 - i 25 - 0.8
10-1h4 T10 - 3 oh - 0.9
10-1k4 1100 - 3 2k - -

10-14 1630 - 5 L - 1.4

Ringold

4-10 6 - 4 25 - 1.0
4-10 9 - L 26 - 1.2
4-10 9 - Ly 29 - 1.0
k.10 2k - 3 2k - 1.0
4-10 5 - 3 20 - 1.0
4-10 6 - 2 18 - 1.1
4-10 15 - L 29 - 1.1
4-10 18 - 4 23 - 0.8
4-10 6 - L ! - 0.9
L-10 9 - L 20 - 0.7
4-10 12 - L 18 - 0.9
L-10 ol - Ly 26 - 0.8
L-10 12 - 3 23 - 0.9
4-10 16 - 3 21 - 1.1
410 11 - 4 31 - 0.9
L-10 13 - L 33 - 1.0
h-10 1k - 3 26 - 1.3
L-10 Lo - 3 42 - 1.0
4-10 12 - 3 30 - 1.0
k-10 30 - 3 28 - 0.8
4-10 9 - 5 15 - 1.0

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 7 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF BASS TAKEN FROM THE COLUMBIA RIVER - 196k

Units of picocuries per gram

Dete  Total Beta P e " 7065 o8 sl
Reporting Limits 2 0.6 1 5 0.7 0.7
Ringold (Continued)
k-10 11 - L 1k - 0.8
k-10 9 - 3 16 - 0.8
4-10 15 - L 23 - 0.9
4-10 15 - L 26 - 1.0
h-10 8 - 5 25 - 1.0
k-10 18 - 5 29 - 1.0
h-10 15 - I 21 - 1.1
L-10 14 - 5 26 - 1.0
L-10 12 - L 32 - 0.8
L-10 31 - 5 31 - 0.9
L-10 25 - 5 27 - 1.0
Y27 15 - 4 12 - 0.9
Lot 23 - 5 26 - 1.1
L-27 60 - 3 22 - 1.3
L-27 Ly - L 22 - 1.0
h-27 32 - L 2k - 1.0
427 36 - L 22 - 1.0
h-27 bl - 8 27 - 0.9
8-24 1500 - 5 30 - 1.0
Richland
6-2 - - i - - -
6-2 20 - 5 16 - -
Burbank
1-20 11 6 - 5 28 -
6-12 - - N 13 -
6-12 13 - k4 16 - -
6-12 L - - 17 - 0.8
T-14 16 - 5 13 - -
8-20 96 - 3 13 - -
9-16 150 - L 15 - -
McNary
4-30 13 - 3 14 - -
4-30 8 - 3 15 - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 8

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF BULLHEADS TAKEN FROM THE COLUMBIA RIVER - 1064

Units of picocuries per gram

Date Total Beta _13_?2_2_ 0060 _Iglf_(z Zn65 0058 05137
Reporting Limits 2 0.6 1 5 0.7 0.7
Hanford
3-11 10 <3 - 3 21 - 0.9
3-11 12 <k - 3 2k - 0.7
L7 23 - L 28 - 0.7
Y7 5 2.2 4 26 3.4 1.1
5-5 Lo - 6 18 - -
5=5 L9 - 5 16 - -
6-5 53 1.0 7 18 - -
10-14 320 - 8 23 - -
Richland
3-27 < 16 <7 - - 5 - -
3-27 < 8 <3 - L T - -
3-27 < 16 <7 - - 8 - -
3-27 <19 <8 - - 5 - -
3-27 30 <12 - - T - -
ho21 11 - - - - -
6-2 11 - 8 7 - -
6-2 10 - I - - -
6-2 - - - - - -
6-2 8 - - - - -
6-2 13 - - - - -
6-2 2 - 6 5 - -
6-2 25 - - T - -
6-2 - - - - - -
6-2 6 - - - - -
Burbank
6-12 10 - - 13 - -
6-12 9 - 2 13 - -
6-12 13 - - 10 - -
9-16 200 - - 1k - -
9-16 150 - - 16 - -
9-16 140 - - 12 - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 9

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF CATFISH TAKEN FROM THE COLUMBIA RIVER - 196k

Units of picocuries per gram

Date  Total Beta p3 cof0 g* 70 co®  csl3T
Reporting Limits 2 0.6 1 5 0.7 0.7
Richland
3-27 8 - - L 16 - 1.0
Burbank

1-20 11 8 - 2 10 -

1-20 T 3 - 1 12 - -
1-20 8 3 - 2 11 - -
2-11 10 - - 3 25 - 0.9
2-11 5 2 - 3 10 - -
3-31 11 - 2 10 - -
3-31 - - 2 10 - -
3-31 - - 4 11 - -
3-31 3 - 3 - - -
3-31 b - 3 13 - -
3-31 10 - 2 10 - -
4-16 - - 3 14 - -
k16 - - 3 15 - -
L.16 - - 3 11 - -
4-16 2 - 3 9 - -
L-16 - - 4 15 - -
k16 14 - 2 17 - -
4-16 - - 3 18 - -
L-16 - - 3 6 - -
4-16 - - 2 23 - -
.16 - - 2 15 - -
L-16 - - 2 15 - -
L-16 2 - 3 19 - -
L-16 5 - 3 T - -
L-16 3 - 3 18 - -
4-16 - - 3 9 - -
4-16 - - 3 T - -
L-16 10 - 2 13 - -
4-16 14 - b 11 - -
L-16 13 - - 10 - -
416 2 - 2 11 - -
4-16 16 - 3 15 - -
L-16 12 - - - - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 9 (Continued)

CONCENTRATTIONS OF RADIONUCLIDES IN MUSCLE
OF CATFISH TAKEN FROM THE COLUMBIA RIVER - 1964

Units of picocuries per gram

Date Total Beta pe co®® K0 700 B st
Reporting Limits 2 0.6 1 5 0.7 0.7
Burbank (Continued)

L-16 9 - - 9 - -
L6 9 - - 9 - -
k.16 8 - - 9 - -
5-13 - - 3 15 - -
5-13 T - 3 15 - -
5-13 T - - 16 - -
5-13 3 - 3 15 - -
5-13 5 - 2 12 - -
5-13 - - L 16 - -
5-13 6 - 3 12 - -
5-13 5 - 3 12 - -
5-13 T - L 22 - -
6-12 3 - 3 14 - -
6-12 22 - 3 12 - -
6-12 6 - L 13 - -
6-12 3 - 2 15 - -
6-12 6 - 3 11 - -
6-12 - - 2 13 - -
6-12 1k - 2 11 - -
6-12 17 - - 15 - -
6-12 10 - 2 15 - -
6-12 5 - - 8 - -
6-19 3k - 2 9 - -
6-19 16 - - 17 - -
6-19 16 - 3 19 - -
6-19 17 - 3 20 - -
6-19 L - 3 14 - -
6-19 - - 2 13 - -
6-19 - - 5 11 - -
6-19 65 - - 13 - -
6-19 15 - 2 21 - -
6-19 11 - - 12 - -
6-19 16 - 3 15 - -
6-19 - - 3 13 - -
6-19 10 - 2 21 - -
6-19 10 - 2 16 - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 9 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF CATFISH TAKEN FROM THE COLUMBIA RIVER - 1964

Units of picocuries per gram

Date Total Beta EEE 0060 KL'"O Zné5 0058 05137

Reporting Limits 2 0.6 1 5 0.7 0.7

Burbank (Continued)

T7-14 4 - 3 13 - -
T-14% 7 - 2 15 - -
T-1k 16 - 3 12 - -
T-14 1k - 2 11 - -
T-1h4 17 - - 15 - -
T-14 17 - L 1k - -
T-1k 13 - 2 11 - -
T-14 15 - - 13 - -
-1k 48 - L 19 - -
T-1k 27 - - 13 - -
T-1k 20 - 3 14 - -
T-1k 27 - - 15 - -
T-14 17 - - 12 - -
-1k 14 - 3 - 1k - -
T-14 17 - 2 16 - -
T-14 22 - 2 12 - -
T-14 7 - L 13 - -
T-14 17 - - 15 - -
8-20 46 - - 15 - -
8-20 1k - - 12 - -
8-20 L8 - - 1k - -
8-20 36 - L 16 - -
8-20 5k - 5 15 - -
8-20 31 - I 12 - -
8-20 150 - 3 15 - -
8-20 - - 3 9 - -
8-20 3 - - 14 - -
8-20 62 - 5 16 - -
8-20 42 - L 16 - -
8-20 45 - - 12 - -
8-20 18 - 5 17 - -
8-20 3k - 3 10 - -
8-20 5T - - 11 - -
8-20 31 - - T - -
8-20 75 - L 13 - -
8-20 67 - 3 13 - -
8-20 56 - - 16 - -
8-20 100 - 2 11 - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 9 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF CATFISH TAKEN FROM THE COLUMBIA RIVER - 1964

Units of picocuries per gram

Date Total Beta p32 cof© K0 zn65 00?8 sl37

Reporting Limits 2 0.6 1 5 0.7 0.7

Burbank (Continued)

8-20 83 - - 13 - -
9-16 80 - 2 16 - -
9-16 160 - 5 18 - -
9-16 83 - 3 12 - -
9-16 T1 - - 14 - -
9-16 100 - - 17 - -
10-7 T3 - 5 15 - -
10-7 7 - 3 1L - -
10-7 60 - L 13 - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 10

CONCENTRATIONS COF RADIONUCLIDES IN MUSCLE
OF CRAPPIE TAKEN FROM THE COLUMBIA RIVER - 1964

Units of picocuries per gram

Date Total Beta P2 Cof0 0 g0 co?®  sl37
Reporting Limits 2 0.6 1 5 0.7 0.7
Hanford
9-3 1000 - 5 21 - 1.1
Richland
1-25 <25 < 16 - - T - -
2-10 <12 < 6 - - 5 - -
h-21 92 - - 17 - -
6-2 250 - 5 Al - -
Burbank
3-31 11 - b 23 - -
h-16 17 - 3 22 - -
L-16 9 - 4 20 - -
Lh-16 18 - - 19 - -
416 19 - 2 19 - -
4-16 18 - 3 14 - -
k.16 22 - - 20 - -
L-16 13 - 2 17 - -
416 17 - 3 17 - -
416 19 - 3 20 - -
L-16 L - 2 16 - -
416 12 - 3 18 - -
416 22 - L4 18 - -
416 15 - 5 19 - -
416 15 - 5 17 - -
416 12 - 3 18 - -
416 23 - L 15 - -
4-16 53 - 3 11 - -
4-16 5 - 3 13 - -
5-13 15 - - 20 - -
5-13 17 - - 16 - -
5-13 15 - - 22 - -
5-13 6 - 3 11 - -
5-13 T - L 15 - -
5-13 11 - - 20 - -
5-13 - - L 11 - -
5-13 - - 4 13 - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.

*y
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APPENDIX C
TABLE 10 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF CRAPPIE TAKEN FROM THE COLUMBIA RIVER - 1964
Units of picocuries per gram

Date Total Beta !EE 0060 Kuo Zn65 0058 Csi37

Reporting Limits 2 0.6 1 5 0.7 0.7

Burbank (Continued)

5-13 3 - - 18 - -
5-13 18 - - 17 - -
6-11 23 - 3 16 - -
6-11 16 - L 1k - -
6-11 18 - 2 14 - -
6-11 - - 3 15 - -
6-11 2 - 3 14 - -
6-11 5 - 3 12 - -
6-11 4 - - 14 - -
6-12 16 - - 11 - -
6-12 15 - 3 10 - -
6-12 11 - - 13 - -
6-12 9 - - 11 - -
6-12 2 - 3 10 - -
6-12 13 - - 11 - -
6-12 11 - - 18 - -
6-12 16 - 2 12 - -
6-12 17 - 3 14 - -
6-12 9 - 3 11 - -
6-12 12 - - 11 - -
6-12 14 - 2 13 - -
6-12 13 - 3 13 - -
6-12 12 - 3 1k - -
6-12 9 - - 15 - -
6-12 12 - - 1k - -
6-12 12 - - 16 - -
6-12 2 - 3 13 - -
6-19 18 - 3 13 - -
T-14 T - - 22 - -
T-14 T - - 12 - -
T-14 9 - - 14 - -
T-14 12 - - 16 - -
T-1k 6 - - 13 - -
T-14 22 - - 16 - -
T-14 19 - - 15 - -
T7-14 8 - - 11 - -
T-14 1k - - 12 - -
T-14 16 - - 15 - -
8-20 6 - 3 6 - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX ¢

TABLE 10 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF CRAPPIE TAKEN FROM THE COLUMBIA RIVER - 196k

32
Date Total Beta P
Reporting Limits 2

Burbank (Continued)

8-20 27
8-20 8
8-20 33
8-20 Ly
8-20 110
8-20 48
8-20 T2
8-20 58
8-20 5l
8-20 67
9-16 180
9-16 150
9-16 180
10-7 T2
10-7 koo
10-7 300
11-18 30

Co60

K

Units of picocuries per gram

4o

0.6

1

Twwnt

Lo E 1 Uit

65

>

B

10
12
13
10
13
11
11
13
18
15
19
10
30
23
13

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.

BNWL-90
0058 05137
0.7 0.7
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APPENDIX C
TABLE 11

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF PERCH TAKEN FROM THE COLUMBIA RIVER - 1964

Units of picocuries per gram

Date Total Beta p° co® K0 7005 co?®  sl3T
Reporting Limits 2 0.6 1 5 0.7 0.7
Hanford
9-3 1700 - 3 29 0.7 1.2
Richland
1-25 22 15 - - 34 - 1.0
1-25 32 15 - - 36 - -
1-25 19 11 - - 33 - -
1-25 23 12 - - 35 - -
1-25 13 <7 - - 23 - -
1-25 18 <5 - - 22 - -
1-25 15 <9 - - 29 - -
1-25 20 11 - - 29 - -
1-25 <9 <6 - 4 14 - -
1-25 <15 <10 - - 19 - -
2-10 20 10 - - 52 - 1.2
2-10 22 9 - L 58 - 1.3
2-10 18 12 - L 50 - 1.4
2-10 6 3 - 5 29 - -
2-10 12 T - - 30 - -
2-10 8 <3 - L 23 - -
3-27 <20 <9 - - 21 - -
3-27 <1k <6 - - 5 - -
Burbank
1-20 <9 14 - 6 13 - -
1-20 T 8 - L 11 - -
1-20 11 8 - - 12 - -
1-20 8 T - - 19 - -
1-20 10 6 - - 16 - -
1-20 10 6 - - 21 - -
1-20 13 <5 - - 17 - -
1-20 13 <6 - 7 32 - -
1-20 <8 <l - - 15 - -
1-20 <12 <7 - - 11 - -
3-31 16 - 3 17 - -
3-31 11 - 3 28 - -
3-31 2 - b 17 - -
3-31 17 - 3 22 - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 11 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF PERCH TAKEN FROM THE COLUMBIA RIVER - 1964
Units of picocuries per gram

Date Total Beta p32 Y KO 7065 0?8 el3T

Reporting Limits 2 0.6 1 5 0.7 0.7

Burbank (Continued)

3-31 10 - 2 1k - -
3-31 5 - 3 16 - -
416 - - 5 2l - -
416 2 - 3 12 - -
416 - - L 18 - -
4-16 3 - 3 14 - -
4-16 2 - I 1k - -
L-16 - - L 15 - -
416 - - 5 16 - -
Lh-16 9 - 5 17 - -
k16 9 - 4 1k - -
L-16 5 - L 14 - -
5-13 - - L 12 - -
5-13 3 - 3 11 - -
6-12 10 - - 19 - -
6-12 5 - - 16 - -
6-12 8 - 3 16 - -
6-12 12 - 5 16 - -
6-12 - - - 12 - -
6-12 11 - - 12 - -
6-12 12 - 3 15 - -
6-12 14 - - 10 - -
6-12 13 - 3 17 - -
8-20 26 - - 8 - -
8-20 L5 - 3 11 - -
8-20 39 - 3 9 - -
10-7 230 - 6 22 - -
10-7 230 - - 26 - -
10-7 95 - - 12 - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 12

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF MISCELLANEQUS FISH TAKEN FROM THE COLUMBIA RIVER - 1964
Units of picocuries per gram

Date  Specie Total Beta P32 0o gﬁf 7005 co’®  gst3T

Reporting Limits 2 0.6 1 5 0.7 0.7

Priest Rapids

1-1k Sturgeon <k - 3 - - -
1-1k Trout 20 11 - L 13 - -
2-5 Sucker - - 5 6 - 0.8
3-k Sucker - - 3 - - -
3-5 Trout - - L - - -
L2k Sucker - - 3 - - -
Lol Sucker - - L 16 - 1.0
b2k Sucker - - 2 5 - -
h-2h Sucker - - L - - -
L2k Carp 3 - L - - -
8-11 Sturgeon 10 - L 13 - -
8-11 Sturgeon 15 - L 11 - -
8-11 Sturgeon T - 3 12 - -
8-11 Sturgeon - - L - - -
8-11 Trout - - 3 - - -
12-T Sturgeon - - - - - -
12-T7 Sturgeon - - - - - -
Coyote Rapids
1-30 Steelhead - - 5 - - -
2-27T Steelhead - - 3 - - -
3-20 Steelhead - - 4 - - -
8-28 Steelhead - - 3 - - -
8-28 Steelhead 3 - I - - -
8-28 Steelhead 5 - 4 7 - -
9-17 Steelhead T - 3 - - -
9-28 King Salmon 16 - 6 - - -
Hanford
1-3 Sucker LY(o 390 0.9 3 58 0.8 1.2
1-3 Sucker 1700 1600 1.7 5 190 1.9 1.0
1-3 Sucker 780 650 0.8 6 57 1.3 1.5
1-3 Sucker 350 280 0.9 3 51 0.8 1.1
1-3 Sucker 320 270 0.9 5 61 1.2 1.2
1-3 Sturgeon Ll ok - L 13 - -
3-10 Sucker 100 100 - 2 19 - 1.3

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 12 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF MISCELLANEQUS FISH TAKEN FROM THE COLUMBIA RIVER - 196k
Units of picocuries per gram

Total

Results less than reporting limit are indicated by & (-).
No entry indicates no analysis made.

Date Specie Beta EEE Co60 g&g Zn65 0058 Csl37
Reporting Limits 2 0.6 1 5 0.7 0.7
Hanford (Continued)
3-11 Sturgeon 19 9 - 3 16 - -
3-11 Sucker 280 250 - L 34 - 1.4
3-11 Sucker 370 360 0.6 L L6 - 1.3
3-11 Svicker 370 350 1.2 3 33 0.9 1.2
3-11 Sucker 520 530 - 5 50 0.8 1.5
3-11 Sucker 570 540 1.3 L 69 - 1.3
b7 Trout 290 1.1 3 Th - -
b7 Carp 9 - 3 55 - 0.7
5-11 Trout 550 2.5 6 100 0.7 -
5-11 Sucker 1500 1.1 5 7 - 1.8
5-11 Sucker 660 0.7 2 57 0.7 1.6
9-3 Carp 540 0.7 6 10 1.0 -
10-14  Carp 850 - 3 61 0.8 1.3
10-1% Steelhead 5 - 3 - - -
Ringold
1-29 Sucker 620 590 - 3 iy g - 0.9
2-20 Sucker 820 T60 1.1 L 43 1.1 1.4
2-20 Sucker 1030 1030 1.2 3 53 0.9 1.3
3-13 Sucker T10 1.1 3 43 1.1 1.3
L-10 Trout 32 0.9 3 63 0.8 -
8-24 Steelhead 550 1.2 5 T0 0.8 1.5
8-24 Steelhead 2200 0.8 T Ll 1.7 -
12-3 Steelhead k20 0.6 6 65 1.5 -
12-3 Steelhead 580 0.6 T 62 1.1 -
Richland
1-25 Carp T < 3 - 3 15 - -
2-10 Bluegill 30 12 - - 2k - -
2-10 Sucker 5T L - N 37 - -
2-10 Carp 5 - - 2 17 - 0.8
2-10 Carp 23 4 - 3 130 - -
2-10 Cerp 5 - - 2 - - -
2-10 Carp 6 - - 3 T - -
2-10 Carp 6 - - - 6 - -
2-10 Carp 5 < 3 - 3 5 - -
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APPENDIX C
TABLE 12 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF MISCELLANEOUS FISH TAKEN FROM THE COLUMBIA RIVER - 196k

Units of picocuries per gram

Total
Date  Specie Beta p32 00 g0 7007 o8 st
Reporting Limits 2 0.6 1 5 0.7 0.7
Richland (Continued)
2-10 Carp 5 - - 2 - -
2-10 Carp <5 <3 - i 16 - -
2-10 Carp <7 <L - - 8 - -
3-27 Sucker 210 180 - 3 33 - 1.0
3-27 Sucker 17 11 - L 6 - -
3-27 Sucker 490 480 - L 62 0.7 1.1
3-27 Sucker 73 58 - 3 27 - 0.7
3-27 Carp 10 - - 3 36 - -
3-27 Carp > - - 3 - - -
3-27 Carp T - - 3 7 -
3-27 Carp 12 < 3 - - 6l - -
3-27 Carp 5 - - 3 15 - -
3-27 Carp 13 - - 3 66 - -
3-27 Carp 6 2 - 2 T -
3-27 Carp T - - 3 T - -
h-21 Sturgeon 9 - 3 5 - -
h-21 Trout 15 - - -
6-2 Carp 9 - L 29 - -
6-2 Carp 18 - L LT -
6-2 Carp 48 - - - -
6-2 Carp . 51 - - - - -
6-2 Carp 100 - L 34 -
6-2 Sturgeon 1ko - - - - -
Burbank
1-20 Carp 8 3 - - 2k - -
1-20 Sucker 33 35 - 3 19 - -
1-20  Sucker 98 100 3.6 2 22 - -
1-20 Sucker 170 150 - 3 26 - 0.8
1-20 Sucker 17 13 . - 2 9 - -
1-20 Sucker 32 29 - 2 19 - -
2-11 Sucker 22 20 - 3 20 - -
2-11 Sucker 78 65 - 3 35 0.8
2-11 Sucker -39 3k - N 38 - -
2-11 Sucker 45 L3 - L 13 1.1 1.6
2-11 Sucker 75 T9 - 3 28 - -
2-11 Sucker 95 95 - in 31 - -
2-11 Carp 8 2 - 2 30 - -
2-11 Carp 1k 3 - 2 ks - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 12 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
OF MISCELLANEOUS FISH TAKEN FROM THE COLUMBIA RIVER - 196k
Units of picocuries per gram

Total
Date  Specie  Beta p32 e k° 222 B el
Reporting Limits 2 0.6 1 5 0.7 0.7
Burbank (Continued)
3-31 Carp 6 3 - 3 1k - -
3-31 Carp 1k - 2 35 - -
3-31 Sucker 19 - 3 12 - -
3-31 Sucker 15 - L 11 - -
3-31 Sucker 85 - 3 19 - -
3-31 Sucker 27 - 3 10 - -
4-16 Carp - - 1 37 - -
4-16 Carp - - 3 34 - -
416 Carp - - 2 33 - -
416 Carp - - 2 6 - -
L-16 Carp - - 3 28 - -
4-16 Carp - - 4 ko - -
5-13 Carp 14 - 4 34 - -
5-13 Carp - - 3 32 - -
5-13  Carp 59 - 3 36 - -
5-13 Carp - - i 43 - -
5-13 Carp - - 3 29 - -
5-13 Carp 130 - 3 38 - -
5-13 Carp L - 2 iy - -
5-13 Carp 3 - L 22 - -
5-13 Carp - - 3 Ly - -
5-13 Carp L - L 31 - -
5-13 Carp 5 - L 22 - -
5-13 Carp T - L 27 - -
6-12 Bluegill 5 - - 15 - -
6-12 Bluegill 10 - - 16 - -
6-12 Bluegill 16 - - 18 - -
6-12 Bluegill T - - 10 - -
6-12 Carp 8 - 3 18 - -
6-12 Carp - - L 19 - -
6-12 Carp 12 - 3 38 - -
6-12 Carp 13 - 2 64 - -
6-12 Carp 11 - 2 L6 - -
6-12 Carp 56 - 3 32 - -
6-12 Carp 18 - 2 30 - -
6-12 Carp 1k - 3 LT - -
6-12 Carp 29 - 2 39 - -
6-12 Carp - - 2 50 - -

Results less than reporting iimit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C
TABLE 12 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE
* OF MISCELLANEOUS FISH TAKEN FROM THE COLUMBIA RIVER - 1964

BNWL-90

Units of picocuries per gram

Total
Date Specie Beta p32 0060 Kﬁ? Zn65 0058 Cs137
Reporting Limits 2 0.6 1 5 0.7 0.7
Burbank (Continued)
6-19 Sturgeon 12 - - 28 - -
6-19 Carp 20 - 4 46 - -
6-19 Carp - - 3 43 - -
6-19 Carp - - 3 45 - -
6-19 Carp : 6 - L 38 - -
T-14 Carp 6 - 2 30 - -
T-1k4 Carp - - L 35 - -
8-20 Carp 59 - 2 L6 - -
8-20 Carp 60 - 3 36 - -
8-20 Carp 25 - 2 26 - -
8-20 Carp - 33 - 2 12 - -
8-20 Carp Ly - - 25 - -
8-20 Bluegill 48 - - 9 - -
8-20 Bluegill 63 - - 12 - -
8-20 Bluegill 110 - 3 12 - -
8-20 Bluegill oL - - 10 - -
8-20 Bluegill 65 - - 10 - -
9-16 Carp 37 - 2 16 - -
9-16 Carp 19 - b 50 - -
9-16 Carp L3 - 3 21 - -
9-16 Carp L3 - - 21 - -
9-16 Bluegill 200 - - 13 - -
10-T7 Carp 280 - 3 38 - -
McNary
1-28 Sucker 35 - 4 18 - -
1-28 Sucker L - 4 23 - -
1-28 Sucker T0 - 3 2k - -
1-28 Sucker 50 - 3 19 - -
1-28 Sucker 65 - b 23 - -
1-28 Sucker 17 - 4 28 - -
1-28 Sucker 17 - b 26 - -
1-28 Sturgeon 3 - 3 10 - -
2-25 Steelhead - - 3 - - -
2-25 Sturgeon 7 - 3 21 - -
2-25 Sucker 99 - L 28 - -
2-25 Sucker 51 - 4 25 - -
2-25 Sucker 71 - 3 36 - -
2-25 Sucker 51 - L 37 - -

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX C

TABLE 12(Continued )

CONCENTRATIONS OF RADIONUCLIDES IN MUSCLE

BNWL-90

OF MISCELLANEOUS FISH TAKEN FROM THE COLUMBIA RIVER - 1964

Specie

Units of picocuries per gram

Total

Beta

Reporting Limits

McNary (Continued)

2-25
2-25
2-25
2-25
4-30
4-30
k.30
4-30
4-30
L-30
T-29
T-29
T7-29
T7-29
T-29
T-29
11-20
11-20
11-20
11-20
11-20
12-11

Sucker
Sucker
Sucker
Sucker
Sturgeon
Sturgeon
Sucker
Sucker
Sucker
Sucker
Sucker
Sucker
Sucker
Sturgeon
Sturgeon
Sturgeon
Sucker
Sucker
Sturgeon
Sturgeon
Sturgeon
Sturgeon

%

CO60

0.6

Kho

1

T VIV E R FoDWw FLwWwW FEFL FREREFUVIW

Zr165

>

Results less than reporting limit are indicated by a (-).

No entry indicates no snalysis made.

0058 Cs137
0.7 0.7
0.7 0.9
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APPENDIX C
TABLE 13

CONCENTRATIONS COF RADIONUCLIDES
IN WATERFOWL CONTRIBUTED BY HUNTERS - 1964

picocuries/gram
Date Specie EEE Zn65
Reporting Limits 50 5
Othello
11-8 Mallard - -
11-8 Mallard - -
11-8 Mallard - -
11-8 Mallard - 5
11-8 Mallard - -
11-8 Teal 650 160
11-8 Teal 130 -
Benton City
1-k Mallard - 9
1-k Mallard - 7
1-4 Mallard - -
1-k Mallard - -
1-4 Mallard - -
1-k Mallard - 18
1-k Mallard - 7
1-h Mallard - -
1-k Mallard - -
1-k Mallard - -
Bailies Ranch
1-3 Widgeon - -
1-3 Widgeon - -
1-3 Widgeon - -
1-3 Pintail - -
1-3 Mallard - -
1-3 Mallard - 9
1-3 Mallard - 10
1-3 Mallard - -
1-3 Mallard - 12
1-3 Mallard - 11
1-3 Mallard - 18
1-3 Mallard - 14
1-3 Mallard - T
1-3 Mallard - T
1-3 Mallard - 58

Results less than reporting limit are

indicated by a (-).

BNWL-90

40 CSl3T

=~
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APPRNDIX C
TABLE 13 (Continued)

CONCENTRATIONS OF RADIONUCLIDES
IN WATERFOWL CONTRIBUTED BY HUNTERS - 1964

picocuries/gram
Date Specie EEE Zn65 gﬁg Cs137
Reporting Limits 50 5 1 0.7
Bailies Ranch (Continued)
1-3 Mallard - 21 3 -
1-3 Mallard - 18 b -
1-3 Teal - - - -
1-3 Teal - - - -
1-3 Mallard - - - -
1-3 Mallard - 29 - -
1-3 Mallard - 8 3 -
1-3 Mallard - 25 - -
1-3 Mallard - 12 - -
1-3 Mallard - - L -
1-3 Mallard - 1z - -
1-3 Mallard - - L -
1-3 Mallard - - -
1-3 Mallard - - i -
1-3 Mallard - - - -
1-3 Mallard - 17 5 -
1-3 Mallard - 5 2 -
1-3 Mallard - - - -
1-3 Mallard - - - -
1-3 Mallard 130 L5 - -
1-3 Mallard - - 3 -
1-3 Mallard - 23 3 -
1-3 Mallard - 1k 5 -
Yakima River
1-2 Mallard - - - -
1-2 Mallard : - - - -
1-2 Mallard - - - -
1-2 Mallard - - 3 -
1-2 Mallard - T - -
1-2 Mallard - 8 3 -
1-2 Mallard - - - -
1-2 Mallard - 28 3 -
1-2 Mallard - - - -
1-2 Mallard - Lo - -
1-2 Mallard 92 23 - -
1-2 Mallard 130 30 - -

Results less than reporting limit are indicated by a (-).
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TABLE 13 (Continued)

CONCENTRATIONS OF RADIONUCLIDES
IN WATERFOWL CONTRIBUTED BY HUNTERS - 1964

picocuries/gram
Date Specie P32 Zn65 KAO
Reporting Limits 50 5 1
Yakima River (Continued)
1-2 Mallard - 22 3
1-2 Mallard - - -
1-2 Mallard - 31 o
1-2 Mallard - 30 2

Results less than reporting limit are indicated by a (-).

BNWL-90

CslBT

0.7
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RADIONUCLIDES IN MARINE ORGANISMS
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APPENDIX D
TABLE 1

CONCENTRATIONS OF RADICONUCLIDES IN
OYSTERS FROM WILLAPA BAY, WASHINGTON - 1964

picocuries/gram
Date EEE Zn65 05137 EEE 0058 0060
Reporting
Limits 1.0 5 0.7 2.0 0.7 0.6
1-13 1.6 7 - 2.3 - -
2-17 2.2 81 - 2.2 - -
3-2 3.2 86 - 2.2 - -
3-16 1.k 54 3.8 - -
3-2k Lo 3.1
b1 2.2 86 - 2.k - -
L-13 1.4 55 - .3 - -
L-28 3.5 70 - 3.8 - -
5-11 1.9 58 - 3.8 - -
5-27 2.6 53 - 14 - -
€-8 1.8 LT - 13 - -
6-24 1.6 37 - 11 - -
7-7 2.3 L7 - 16 - -
T-24 2.0 L8 - 6.2 - -
8-10 1.5 53 - .5 - -
9-k 1.6 63 - 3.h - -
9-16 2.0 53 - 2.5 - -
10-1 1.5 52 - 1.3 - -
10-15 2.2 Ll - 1.0 - -
10-26 1.8 37 - 3.2 - -
11-12 1.4 L5 - - - -
12-1 2.1 50 - - - -
12-1h 1.4 L5 - - - -
12-23 2.0 5.4 - -
7.7 24 4,7

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX E
TABLE 1

QUANTITY OF T131 RELEASED
FROM THE SEPARATIONS AREAS - 1964

January
February
March
April
May

June
July
August
September
October
November

December

Average

curies(day

0.06
0.06
0,20
0.11
0.23
0.31
0,12
.30
0.28
0.30
0.46

0.07

BNWL-90
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APPENDIX E
TABLE 2

CONCENTRATIONS oF T13l TN ATR
OF THE HANFORD ENVIRONS - 1964
picocuries per cubic meter

Benton
Date 200 West Richland Kennewick  Pasco Wahluke Mesa Eltopia  City

~I ONOVNONONON\UT AT\ A #‘#‘-{:‘F‘wwwwmmmmmi—' |l i

-7 - - - - - 0.02 - -
-1h - 0.05 0.02 - 0.03 - - -
-21 - - - 0.02 - - - -
-EB - - - - - 0.02 0.02 -
-11 0.02 - - - - - - 0.02
-18 0.02 - - - - - - =
-25 - 0.02 - - - 0.02 - -
-3 0.06 0.02 - 0.02  0.04 0.02 - 0.02
-10 0.06 - - - - - - -
-17 - 0.02 - 0.02 0.02 - - 0.03
-24 - 0.03 - - - - - -
-31 - 0.03 0.02 - - 0.02 0.02 -
-7 - - - - 0.08 - 0.02 0.02

14 - 0.02 - - - - 0.02 -
-21 - 0.02 - - - - - 0.02
-28 - 0.04 0.0k 0.02 - 0.02 - -
-5 0,05 - - - 0.05 - - 0.14
-12 - 0.05 - - 0.0k - - -
-19 .02 0.05 0.02 - - - - -
-26 0.02 - - 0.02 - 0.02 0.02 0.02
-2 - - - - - 0.02 - -
-9 0.03 0.02 - 0,02 - 0.02 - -
-16 0.0k - 0.02 - - 0.03 - -
-23 0.02 0.02 - 0.05 - - - -
-30 0.02 - - 0.03 - - - -
-7 - - - - - 0.18 - -

T-14 - - - - 0.02 - - -

T-21 - - - 0.02 0.02 - 0.03 -

7-28 0.02 - - 0.02 0.02 0.03 0.04 0.02

8-L 0.05 0.03 - - 0.03 0.0k  0.03 0.02

8-11 0.85 0.04 0.02 0.02 - 0.03 0.02 0.0k

8-17 0.04 - 0.02 0.02 0.03 0.0+ 0.02 0.82

8-24 0.03 - 0.02 - - 0.03 - -

8-31 0.03 0.05 - 0.02 0.02 0.02 0.02 1.15

9-7 0.02 0.02 0.02 0.02 - - - -

9-14 - - - - 0.02 0.02 - 0.02

9-21 - 0.02 - - - - 0.02 0.04

9-28 0.09 - - - 0.02 - - -

10-5 0.03 0.04 0.03 0.05 - - - -

Results less than reporting limit of 0.02 are indicated by a (-).
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APPENDIX E
TARLE 2 (Continued)

CONCENTRATIONS OF TT51 IN ATR
OF THE HANFCRD ENVIRONS - 1964
picocuries per cubic meter

Benton
Date 200 West Richland Kennewick Pasco Wahluke Mesa  Eltopia City

10-12
10-19
10-26
11-2

11-9

11-16
11-23
11-30
12-7

12-1k - - - -
1221 0.03 - -
12-28 0,02 - -

]

0.02 0.02 0.02 - 0.02 - 0.03
0.0z 0.02 - - - - -
0.02 - - 0.02 - - -

°

[oBoRoNoRoNeNe]
(@]
(@]
(O8]
O
(@]
28]
L]

°

OOOOOOSD

Results less than reporting limit of 0.02 are indicated by a (-).
No entry indicates no analysis made.
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Oregon

Pendleton,
Oregon

Meachum,
Oregon

Boise,
Idaho

Leviston,
Idaho

Washington

Perimeter Communities
Seattle,

APPENDIX E
TABLE 3
picocuries/cubic meter
Washtucna,
Washington

Washington

CONCENTRATIONS OF RADIOACTIVE PARTICULATES
Yakima,

IN THE AIR OF THE PACIFIC NORTHWEST - 1964

Walla Walla,
Washington

Spokane,
Washington

Tri-Cities¥*

Project
(200 W)

Fnding

Date

Week
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Wo entry indicates no enalysis made.
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APPENDIX F
TABLE 1

CONCENTRATIONS OF RADIONUCLIDES IN MILK - 1964

picocuries per liter

Date Il3l Kuo
Reporting
Limits 3 400

Riverview Irrigation District

1500
1500
1300
1200
1200
1100
1400
1200
1300
1500
1500
1500
1100
1500
1200
1500
1400
1200
1300
1300
1200
1200
1600
1400
1400
1300
1300
1000
1500
1200
1300
1300
1300
1600
1300
1900

FLOW L 0D 00 000 H 1 b
N
O\ 00 1

FREOFWL DWW wEONWFE T Wy et

\O\O\O OOODOOOO—\]—Q-Q?"N ONONON WL AT AT\

Results less than reporting limit are indicated by a (-).

Zn65

100

220
220
200
200
280
350
260
190
230
180
220
200
160
140
100
120
190
530
T80
810
880
850

1100
900
890
760
850
690
650
750
930

1000
940
890
900

No entry indicates no analysis made.

05137

30

p32

200

540

2700

3200

530

2600
1700

1900

BNWL-90

Sr90

2.0

12
k.o

16

6.9



Date

Reporting
Limits

TABLE 1 (Continued)
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CONCENTRATIONS OF RADIONUCLIDES IN MIIK - 196k

Il3l

3

picocuries per liter

g*O

koo

7055

100

Riverview Irrigation District (Continued)

9-23
9-29
10-T -
10-13
10-21
10-27
11-4
11-10
11-18
11-2k4
12-2
12-8

6-3

Results less than reporting level are indicated by a (-).

. -
P wWwwU W EI Oy

OvE 1 W F G

B

Fwu EFUiw -~ ONH IO 1

1300
1200
1300
1100
1400
1300
1100
1400
1200
1300
1400
1400

1400
1600
1500
1400
1900
1600
1500
14500
1500
1500
1600
1500
1600
1500
1400
1400
1300
1400
1800
1500
1400
1500
1300

1100
1400
1400
1500
1200
1200
1200
730
640
620
370
300

400
460
540
510
480
330
470
510
480
570
500
650
650
770
670
Tho
670
510
9Lo
920
560
890
960

No entry indicates no analysils made.

05137

30

6
33

58

99
hly

Ll
61

P32

200

1300

290

290

1100

5700

1600

3300
3000

6200

BNWL-90

Sr9o

2.0

k.9



Date

Reporting
Limits

Ringold (Continued)

10-27
11-k

11-10
11-18
11-24

Pasco

e I e e
IR U S I |

U L LI I I |
WWNMNMNMNNNDN OO O0NWDN
HOWO~NFWNONIO0WT FwOD

1

1

Lo L0 L0 0 0D D0 00 09 00 D0 K b b i b

4
[+
\J1

Results less

13

APPENDIX F
TABLE 1 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MILK - 196k

131
13

3

11
28
36
15

1 Wwilu

than reporting limit are indicated by a (-).

picocuries per liter

400

1200
1200
1200
1200
1100

1000
1400
1600
1600
1koo
1400
1400
1300
1500
1500
1200
1600
1400
1300
1400
1500
1400
1500
1300
1500
1500
1400
1300
1400
1400
1300
1700
1400
1500
1600
1200

Zn65

100

930
1100
1100

920

170
230
250
260
330
300
250
330
320
280
280
300
310
250
200
230
300
230
280
250
270
260
270
230
140
110
170
100
120
160
180

No entry indicates no analysis made.

Cs

30

L2
65
110
91
b7

137

P32

200

500

BNWL-90

Sr9o

2.0
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APPENDIX F
TABLE 1 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MIIK - 1964
picocuries per liter

Date I131 KMO Zn65 Cs137 P32 Sr9o

Reporting .

Limits 3 4oo 100 30 200 2.0
Pasco (Continued)

L1 - 1300 290 -

L7 - 1200 180 62

i - 1400 - 71

h-22 - 1000 100 L2

h-28 - 1300 - 52 -

5-6 - 1300 - 32 200

5-12 - 1200 - -

5-20 - 1300 - 100

5-26 - 1300 - 59

6-3 - 1500 - 96 - 8.3

6-11 - 1300 - 120

6-1T 9 1600 - ol

6-25 - 1300 - 140

7-10 - 1000 - 89

7-15 - 1300 - 9L

T-21 - 1400 - 56

T-29 - 1400 - 60

8-4 - 1400 - 32 -

8-12 - 1300 - Lo

8-18 - 1500 - 35

8-26 - 1400 - L1 -

9-3 3 1100 - L9 260

9-9 - 1200 - T0

9-17 - 1300 - 57

9-23 - 820 - 6l

9-29 - 1400 - 31

10-7 - 1000 - L7

10-13 3 1100 - 41

10-21 - 1300 - L5

10-27 5 1400 - Lo £

10-28 6 1200 - 33

10-29 3 1200 - -

10-30 - 1200 - 51

11-2 3 1300 - 57 .

11-3 6 1300 - 61

11-4 8 990 - 62

11-5 10 1200 - 68

11-6 14 1100 - 55

11-9 18 1200 - L6

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.



w

Date

Reporting
Limits

11-10
11-11
11-12
11-13
11-16
11-17
11-18
11-19
11-20
11-24
12-4

12-11

West Richland

TABLE 1 (Continued)
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CONCENTRATIONS OF RADIONUCLIDES IN MIIK - 196k

I

131

plcocuries per liter

Lo
K

Results less than reporting limit are indicated by a (-).

3

Pasco (Continued)

18
13

=

[ RN OV IS B |

1 Ui\ W

Loo

1400
1300
1500
1200
1200
1400
1000

1200
1200
1300
1400

1600

.1Lkoo

1400
1400
1200
1200
1600
1300
1600
1400
1400
1300
1400
1600
1200
1400
1400
1200
1400
1600
1400
1600
1600
1500

7005

100

No entry indicates no analysis made.

cst3T

30

80
51
39
31
L6
52
T2
150
95
92
100
79
100
100
140
110
130
140
110
120
85
110
170
1o

32

l*‘d

200

BNWL-90

Sr9o

2.0



Date

Reporting
Limits

CONCENTRATIONS OF RADIONUCLIDES IN MILK - 196k

140

APPENDIX F

TABLE 1 (Continued)

Il3l

3

g0

Loo

West Richland (Continued)

T 1
P

HN\O\O\O\O C‘)DOOODNN
N DN NWwDN
(oo o

?
\O oVl 0O

e
o O
| B |
I—J
o

10-23
10-30
11-6

11-13
11-20
12-4

12-11

Benton City

FFEFoww ? VRNV ol ol

Results less than reporting limit are indicated by a (-).

10
i

‘._J

O {Fo0out Ow

1600
1400
1400
1300
1500
1700
1400
1600
1500
1600
1300
1400
1500
1600
1500
1600
1800
1600
1600
1600
1600
1800
1L00

1600
1600
1500
1k00
1300
1500
1300
1300
1400
1200
1300
1400
1400
1500

picocuries per liter

Zn65

100

No entry indicates no analysis made.

ost37

30

170
160
140
140
140
120

Th
110

92

99
100
110
140
130

32

200

BNWL-90

Srgo

2.0

3.4

6.6
k.9
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APPENDIX F
TABLE 1 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MIIK - 1964

picocuries per liter

Date IlBl Kuo Zn65 Csl37
Reporting
Limits 3 400 100 30

Benton City (Continued)

Lok - 1400 - k0
5-1 - 1400 - 110
5-8 - 1000 - 140
5-15 - 1200 - 100
5-22 - 1600 - 130
5-27 - 1500 - 91
6-5 5 1200 - 60
6-12 6 1200 - 8L
6-19 - 1100 - 79
7-10 - 1100 - 70
T-17 - 1400 - 110
-2k - 1300 - 5k
8-7 - 1100 - 09
8-21 - 1100 - 73
8-28 - 1300 - 59
9-l 3 1400 - 54
9-10 3 1300 - 58
9-18 - 1300 - 53
9-25 T 1300 - 62
10-2 - 1300 - L5
10-16 5 1100 - %o
10-23 6 1600 - 80
10-30 5 1300 - 35
11-6 7 1100 - Ko
11-13 L 1400 - 5T
11-20 L 1100 - 35
12-4 - 1600 - 36
12-11 - 1400 - g

Byers Landing

1-23 3 1400 - 140
1-29 3 1200 - 170
2-U 3 1500 - 160

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.

32

200

BNWL-90

Sr9o

2.0

13
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APPENDIX F
TABLE 1 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MILK - 1964
picocuries per liter

Date E&S 05137 EEE Sr9o

Reporting

Limits 400 30 200 2.0
Eltopia

1-2 L 1800 - 83 8.L

1-9 - 1300 - ol 6.8

1-15 - 1200 - Th

1-23 - 1200 - 7

1-29 3 1300 - 87

2-h - 1300 - 88 9.3

2-12 - 1400 - 70

2-18 - 1200 - 95

2-26 5 1600 - 130

3-3 - 1300 - 90

3-11 - 1300 - 81

3-17 - 1300 - 110

3-25 - 1200 - 110

Ll - 1200 - 86

LT - 1300 - 110

ho22 - 1300 - 63

L-28 - 1300 - T2

5-6 3 1000 - 55 - b5

5-12 3 1200 - -

5-20 3 1300 - 130

5-26 - 1500 - 86

6-3 - 1200 - 110

6-11 3 1200 - 67

6-17 0 1700 - 56

6-25 3 1000 - T8

T-1 - 2100 - 79 260

-7 3 1600 - _

T7-15 - 1300 - 51

T-21 - 1300 - Lk

8L 5 1500 - 55

8-12 - 1500 - Lo

8-18 - 1500 - 73

8-26 5 1400 - 42

9-3 7 1200 - 52

9-9 6 1200 - 58

9-17 6 1300 - -

9-23 L 1400 - 50

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.



Date

Reporting
Limits

Eltopia (Conti

9-29
10-T
10-13
10-21
11-k
11-10
11-18
11-24
12-2
12-8

Milk Shed Samp

143

APPENDIX F
TABLE 1 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MILK - 196k
picocuries per liter

Columbis Basin

LI A I |
D

\O

o

1
<

i

L]
NHENMFRFRFRFODFEEOEONN

1
= O Ow

H
HnoNn—3onn o
0o

,_J

1t

WO OO0\t £ Fww o =
1

|
(@3]
H

= ON

10-1k
10-28
11-11
12-2

Results less

3t K0 705 cst37 F
3 400 100 30 200
nued)
3 1300 - -
3 1300 - L6
5 1300 - -
3 1500 - 58
32 1300 - Lo
20 1400 - 48
- 1500 - 65 -
- 1200 - 61
- 1400 - 38
- 1500 - 58
les
- 1500 - 78
- 1300 - 93
- 1200 - 92
- 1400 - 79
- 1200 - 77
- 1400 - 100
- 1100 - 70
- 1300 - 8
- 1400 - 85
- 1300 - 58
- 1400 130 7
- 1500 - 90
3 1500 - 89
- 1600 - 8L
- 1300 - -
- 1100 - -
- 1200 - 87
- 1200 - 57
- 1400 - 30
- 1400 - 59
- 1200 - 63
5 1300 110 -
6 1200 120 43
- 1500 - 5l

than reporting limit are indicated by a (-).

No entry indicates no analysis made.

BNWL-90

6.9

13

13

13
14

5.9



Date

Reporting
Limits
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APPENDIX F
TABLE 1 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MILK - 196k
picocuries per liter

Milk Shed Samples

Prosser, Benton City

[ U T N T
o o\ D

| I
= O

[av]

| I B | i
e IR I e e A N

\\e]

@\O@@ﬂﬂ&@?\mmk?wmml—’l—’

[6)Y

10-1
10-1k
10-28
11-13
12-2

Tooeal Purchase

1131 Eﬁg Zn65 05137 EEE Sr9o
3 400 100 30 200 2.0
- 1400 - 83 11
- 1200 - 58
3 1300 - 97 8.4
- 1200 - 86
- 1200 - 100 11
3 1200 - 87
- 1300 - 9
- 1400 - 93
- 1200 - 61
- 1400 - 54 - 6.3
- 1200 - 98
- 1300 - 110
- 1600 - 86
- 1400 - 91
- 1200 - 57
- 1500 - 89
- 1300 - 75
- 1100 - 77
- 1300 - 52
- 1200 - 4o
- 1200 - 39
- 1200 - 71
- 1300 - 36

Commerical Milk

Brand A

LI
MO

V]

O\O\\ﬂ\ﬂ—;':‘wwl'—'i—‘
[BVIEAVERAVEE S Ne ROV L NV

\O

Results less

- 1300 - 120 - 11

- 1400 - 87

- 1200 - 76

- 1100 - 76

- 1400 - L7

- 1400 - 85 7.4
- 1500 - 66

- 1300 - 100 6.3
- 1600 - 8k

than reporting limit are indicated by a (-).

No entry indicates no analysis made.
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APPENDIX F
TABLE 1 (Continued)

CONCENTRATIONS OF RADIONUCLIDES IN MIIK - 196k
picocuries per liter

90
Date 1131 KEE Zn65 08137 EEE Sr/
Reporting

Limits 3 Loo 100 30 200 2.0

Local Purchase - Commercial Milk

Brand A (Continued)

T7-16 - 1200 - 100

7-23 - 1200 - 83

8-26 - 1300 - 50

9-10 - 1100 - 71

9-21 - 1500 - 51

10-1 - 1400 - 58

11-6 6 1200 - 57

12-4 - 1400 - 39

Brand F

1-1k - 1400 - 110 - 7.6
1-29 - 1200 - 83

3-11 - 1100 - 7 I.6
3-31 - 1100 - 110

k-9 - 1400 - T

5.1 - 1500 - 82

5-22 - 1500 - 60

6-2 - 1400 - 1

6-29 - 1400 - 68

7-16 - 1200 - 58

T-23 - 1400 - 61

8-25 - 1300 - 53

9-10 - 1200 - 60 2.8
9-21 - 1400 - L6

10-1 - 1200 - 53

11-6 3 1100 - L3

12-k - 1500 - L6

Brand H

1-14 - 1500 - 170 - 19
1-29 - 1300 - ko0

2-21 - 1600 - 140

3-11 - 1200 - 120

3-31 - 1000 - 150

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.
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APPENDIX F
TABLE 1 (Continued)
CONCENTRATIONS OF RADIONUCLIDES IN MIIK - 196L

picocuries per liter
Date Il3l 5&8 Zn65 Cs137 EEE Sr9O
Reporting
Limits 3 Loo 100 30 200 2.0

Tocal Purchase - Commercial Milk

Brand H (Continued)

1400 -
- 1400 -
1400 -
- 1300 -
- 1300 -
- 1400 -
- 1200 -
- 1300 -
1400 -
- 1300 -
- 1500 -
6 1000 -
- 1500 -

=
P11
\O
V]
T |

1
NN ENDNNFE

1
FFHHOOW ONO
]

1

H P EWOV\D Coﬁﬂ O N\

(\)i;—'O

Results less than reporting limit are indicate
No entry indicates no analysis made.

140
240
340
330
320
210
220
140
190
120
160
170

d vy a (-).



Sr9o
0.002

Ru106

ce _Prllm

1.0

Il3l
0.05

Cs137
0.03

APPENDIX F
TABLE 2
picocuries/gram

Zr-Nb95
0.05

Zn65

0.1

CONCENTRATIONS OF RADIONUCLIDES IN PASTURE GRASS - 1964

g0
0.k

Riverview Irrigation District, Farm No. 1

p32
0.2

Reporti
Timits

Date
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Results less than reporting limit are indicated by a (-).

No entry indicates no analysis made.
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Srgo
0.002

Ru;06
0.6

Ce ~prli

1.0

Il3l
0.05

cel3T
0.03

APPENDIX F
uries/gram

TARLE 2 (Continued)

ry

picoc
Zr-Nb95
0.05

Zn65
0.1

CONCENTRATIONS OF RADIONUCLIDES IN PASTURE GRASS - 196k

0.4

K0

p32

0.2

its

1mi

Pasco

Reporting

Date
L
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APPENDIX F
TABLE 3

Produce

Reporting Limits

] i 1 i 11 | I TR T | i [,
HEE R 000NN o0 F S E 000 I

‘OOCl)O

WWHHHFHFHFOOOO OOV,

=
e

11-13
11-13
11-13

11-13
11-13
11-13

Results less than reporting limit are indicated by a (-).

Ground Beef
Ground Beef
Ground Beef
Pork Chops
Pork Chops
Pork Chops
Pork Chops
Beef Liver
Beef Liver
Beef Liver
Chicken
Chicken
Chicken
Chicken

Ground Round
Ground Round
Ground Round
Ground Round
Lamb Chops
Lamb Chops
Lamb Chops
Lamb Chops
Pork Chops

Pork Chops

Pork Chops

Pork Chops
Round Steak
Ground Round
Round Steak
Round Steak
Chicken Flesh
Chicken Giblets
Chicken Flesh
Chicken Giblets
Chicken Flesh
Chicken Giblets
Chicken Flesh
Chicken Giblets

picocuries/gram

p32
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No entry indicates no analysis made.

Zn65

0.1

7131

0.05

BNWL-90
Csl37 Sr9o
0.03 0.002
0.1k <0.008
0.29 <0.007
0.51 <0.009
0.36 0.009
0.49 0.007
0.25 0.003
0.54 0.003
0.05
0.12 <0.053
0.26 0.004
0.05 0.013
0.07 0.007
0.08 0.003
0.07 0.005
0.32 <0.012
0.99 <0.008
0.33 <0.008
0.2L <0.012
0.59
0.7h
1.4
1.5
0.10
0.26
0.32
0.30
0.15 0.002
0.63 <0.88
0.40 <0.006
0.47 <0.006
0.05 0.008

<0.005
0.03
0.0h -
0.06

<0.008
0.
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APPENDIX F
TABLE 4

CONCENTRATIONS OF RADIONUCLIDES IN MEATS
PURCHASED FROM LOCAI FARMS - 196k

picocuries/gram
Date Produce EEE gﬁg Zn65
Reporting Limits 0.2 0.4 0.1
4-8 Short Ribs 1.4 6.0
4-8 Short Ribs 1.6 13
6~3 Chicken - 2.3 .
6-10 Chicken 1.2 5.9 6.3
T-15 Beef Steak 2.6 3.3

Results less than reporting limit are indicated by a (-).
No entry indicates no analysis made.

1131

0.05

0.2k

BNWL-90
Csl3T Sr9o
0.03 0.002
0.21
0.15
0.15 <0.007
0.30
0.38

~

-
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1131 IN BEEF THYROIDS FROM
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APPENDIX G
TABLE 1

CATTLE SLAUGHTERED AT SEVERAIL LOCATIONS - 196k

picocuries per gram

Pasco, Washington

1-2
1-15
1-15
1-30
1-31
2-20
3-18
3-18
3-24

OANONONO O O

O\mmm\n\n\{l\n\n\n = =

R 1
VOVODNDONDONN=IIID N

NN RNNNN
NN N
0NN ONONONW

Thyroid 7131
Wt (g) Concentration
Ll 5
iy g L
31 b
37 <2
63 <1
20 <l
68 3
32 <3
52 <2
54 <2
42 3
68 <
51 <2
45 <2
79 <2
61 <2
50 <3
66 <1
6T <1
70 <1
75 2
79 <1
37 8
42 <3
27 <5
30 <5
45 <2
62 <1
51 <2
48 <2
52 <2
62 <2
48 <2
68 <2
Lo <3
L <3

Pasco
Warden
Pasco
Othello
Warden
Pasco
Prosser
Pasco
Pasco
Pasco
Kennewick
Burbank
Burbank
Connell
Kennewick
Kennewick
Kahlotus
Connell
Connell
Connell
Messa
Pasco
Kiona
Nine Mile
Nine Mile
Nine Mile
Pasco
Pasco
Pasco
Pasco
Nine Mile
Nine Mile
Nine Mile
Kennewick
Kennewick
Kennewick

BNWL-90

Grazing Area

Ranch
Ranch
Ranch

Ranch
Ranch
Ranch



Date

Sampled
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APPENDIX G
TARLE 1 (Continued)

BNWL-90

CATTLE SLAUGHTERED AT SEVERAL LOCATIONS - 1964

picocuries per gram

Pasco, Washington (Continued)

6-27
11-L
11-10
11-12
11-12
11-16
11-18
11-19
11-24
11-25
12-1
12-1
12-1
12-8
12-9
12-9
12-15
12-16
12-16
12-22
12-22
12-24
12-2h4
12-28
12-28

Moses Lake, Washington

B0 B bt b b
N NN
FFEFFFRP B

Thyroid 1131
Wt (g) Concentration
a7 <5
L3 <2
33 <l
Lo 5
ok 5
L1 <L
25 <6
L1 <3
37 60
Ly <3
48 <2
33 <3
Ll <6
34 <3
48 2
22 5
55 2
29 <3
ko <3
36 <3
L <2
Lo <3
32 <4
Lk <2
51 <2
L3 <3
60 <2
52 9
5k <2
Ll <2
43 <3
54 <2
48 <2
Lo <2
51 <2
Ls <5

Grazing Area

Pasco
Burbank
Hermiston
Kennewick
Prosser -
Burbank
Kennewick
Eltopia
Pasco
Burbank
Burbank
Pasco
Eltopia
Pasco
Burbank
Pasco
Pasco
Pasco
Prosser
Pasco
Mess,
Pasco
Pasco
Walla Walla
Walla Walla

Wilson Creek
Moses Lake
Othello
Ephrata
Ellensburg
Connell
Moses Lake
Moses Lake
Warden
Ephrata
Mesa
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APPENDL” G
TABLE 1 (Continued)

1131 IN BEEF THYROIDS FROM
CATTLE SLAUGHTERED AT SEVERAL LOCATIONS - 1964

picocuries per gram

Date Thyroid Il?’l
Sampled Wt (g Concentration Grazing Area
L8mp_©d grazing aArce

Moses Lake, Washington (Continued)

2-8 43 <3 Othello
2-8 26 <5 Hartline
2-8 L8 <3 Moses Leake
2-8 81 <2 Mesa.

2-8 L7 <3 Ephrata
2-22 81 <2 Moses Lake
2-22 L2 <3 Warden
2-22 31 <l Moses Lake
2-22 60 <2 Lamona
2-22 37 <L Warden

3-T ™ <2 Othello
3-T 54 <2 Coulee City
3-7 60 <2 Moses Lake
3-7 56 <2 Marlin

3-7 T0 <2 Royal City
3-21 21 <6 Moses Leke
3-21 Ll <3 Moses Lake
3-21 36 <i Moses Lake
3-21 3l <4 Coeur d'Alene
Lk 48 3 Winonsa

L 51 <2 Warden
Lol 52 <2 Cheney
hb T0 <2 Lind

Lok 55 <2 Cheney
415 51 <2 Othello
L-15 68 2 Othello
417 39 <3 , Othello
L-17 46 <3 Quincy
La17 35 <k Moses Lake
L-17 62 <2 Warden
ha17 39 <L Quincy

5-2 30 <6 Waterville
5-2 25 <8 Moses Lake
5-2 16 <z Moses Lake
5-2 63 <3 Moses Lake
5-2 36 <5 Moses ILake
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APPENDIX G
TABLE 1 (Continued)

1131 IN BEEF THYROIDS FROM
CATTLE SLAUGHTERED AT SEVERAL LOCATIONS - 196k
plcocuries per gram

Date Thyroid 1131
Sampled Wt (g) Concentration Grazing Ares

Moses Lake, Washington (Continued)

5-16 36 <h Warden
5-16 41 <l Kittitas
5-16 30 <5 Kittitas
5-16 33 <5 Wilson Creek
5-16 30 11 Hartline
5-28 66 <2 Warden
5-28 45 <2 Davenport
5-28 28 <5 Davenport
5-28 89 <2 Moses Lake
5-28 73 <2 Moses Lake
6-3 53 <2 Othello
6-3 66 <2 Othello
6-3 57 <2 Othello
6-13 32 <h Othello
6-13 26 <L Othello
6-13 45 L Moses Lake
6-13 50 3 Govan

6-27 Lt <3 Kittitas
6-27 L3 b Wilson Creek
6-27 51 <2 Othello
6-27 27 <5 Ritzville
-9 48 <3 Royal City
7-9 3L < Moses Leake
T7-9 28 <5 Othello
7-9 L6 <3 Royal City
7-9 36 <h Othello
T-23 43 <3 Moses Lake
T-23 67 <2 Othello
T-23 L6 <3 Othello
T-23 38 <h Othello
7-23 50 <3 Othello
8-8 28 <5 Moses Lake
8=8 36 <h Othello
8-8 31 <l Ritzville
8-8 32 < Quincy

8-8 58 <2 Ritzville
8-22 10 2k Moses Leake
8-22 30 h Soap Lake
8-22 39 <3 Othello
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APPENDIX G
TABLE 1 (Continued)

1131 IN BEEF THYROIDS FROM
CATTLE SLAUGHTERED AT SEVERAL LOCATIONS - 1964

picocuries per gram

Date Thyroid 1131
Sampled Wt (g) Concentration Grazing Area

Moses Lake, Washington (Continued)

8-22 62 6 Moses Lake
8-22 36 <3 Marlin

9-h 60 <3 Warden

9-4 39 28 Othello
9~k 35 6 Quincy

9-L ks -6 Davenport
9-L 46 <3 Othello
9-19 39 <3 Warden
9-19 L3 <3 Werden
9-19 L7 <3 Moses Lake
9-19 36 <3 Moses Lake
9-19 29 <h Othello
10-3 7 <1 Moses ILeke
10-3 by L Moses Lake
10-3 30 5 Sprague
10-3 L1 <3 Moses Lake
10-3 28 9 Ritzville
10-17 2k <5 Pasco
10-17 34 <4 Coulee City
10-17 26 <5 Coulee City
10-17 45 6 Moses Lake
10-1T7 39 <3 Ritzville
10-31 63 23 Moses Lake
10-31 T2 <2 Ritzville
10-31 52 <2 Ritzville
10-31 49 2 Coulee City
10-31 T3 3 Moses Lake
11-14 29 <5 Werden
11-1k 36 <l Warden
11-1k 30 <5 Warden
11-1k4 30 <5 Warden
11-1L 20 <8 Moses Lake
11-28 Lo <3 Irby

11-28 L2 <3 Warden
11-28 19 <7 Moses Lake
11-28 4o <3 Cunningham
11-28 73 <2 Warden
12-12 L6 <3 Moses Lake
12-12 L6 <80 Moses Lake
12-12 36 < Moses Lake
12-12 L1 <8 Grand Coulee
12-12 3k <h Warden

12-29 Lo 8 Othello
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APPENDIX G
TABLE 1 (Continued)

113l IN BEEF THYROIDS FROM
CATTLE SLAUGHTERED AT SEVERAL LOCATIONS - 1964
picocuries per gram

Date Thyroid 1131
Sampled Wt (g) Concentration Grazing Area

Walla Walla, Washington

1-8 29 <3 Walla Walla
1-8 50 <z Walla Walla
1-8 21 <5 Lowden

1-8 32 <3 Lowden

1-8 31 <3 Walla Wallsa
1-23 Ly <2 Lowden

1-23 36 <3 Milton-Freewater
1-23 Lo <2 Milton-Freewater
1-23 43 <2 Lowden

2-5 36 <3 Touchet

2-5 29 <3 Lowden

2-5 Ll <2 Lowden

2-5 5T <2 Walla Walla
2-5 35 <3 Lowden

2-26 62 <2 Walla Walla
2-26 ol <6 Lowden

2-26 18 <7 Walla Walla
2-26 35 <h Touchet
2-26 L5 <3 Walla Walla
3-11 3k <3 Walla Walla
3-11 28 <3 Walla Walla
3-11 31 <1 Touchet
3-11 iy <2 Walla Walla
3~11 35 <3 Touchet
3-11 83 <1 Connell
3-11 67 <1 Milton-Freewater
3-19 37 <h Touchet
3-19 56 <2 Walle Walla
3-19 26 <5 Walla Walla
3-19 62 <2 Walla Walla
3-19 29 <5 Walla Walla
3-21 3k <h Walla Walla
4.8 52 <1 Walla Walla
4-8 3k <1l Walla Walla
4-8 Lk <1 Walla Walla
L1k 26 <l Walla Walla
L1k 19 <6 Walla Walla
-1k 24 <5 Walla Walla
Lok 20 <6 Waitsburg
-1k 31 <L Walla Walla
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TABLE 1 (Continued)

I131 BEEF THYROIDS FROM CATTLE
SLAUGHTERED AT SEVERAL LOCATIONS - 1964
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APPENDIX G

Thyroid

Wt (g)

picocuries per gram

7131

Concentration

Wella Walla, Washington (Continued)

4-23
423
4-23
423

]
0
(U¥]

] ]
FRRPEREREFEFERFFOODDDNDE R R OGN

0o Co 0o o o

[ N0 NN 1 RN G, R G, AV RG, R, AV, RS, AU, RV, BV, BF =
o b o8 1 b0 it 118
QO OOOoOMNMMNMN

111
wwwww

e e B R B o e B B B o ai e Y Y e
NN\ O DN NV NDWWWwWwW

20
43
L7
52
L2
20
22

<6
<3
<3
<2

5
<T
<6
<7
<9
<5
<2
<2
<3F
<l
<3
<l
<h

7

i

3

L
<t

5
<l

s
<3
<2
<3

6
2k
<3
15
<T
<5
<2
<3
<z
<L
<2
<3
<3

BNWL-90

Grazing Area

Walla Walla
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Waitsburg
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Touchet
Touchet
Touchet
Walla Walla
Walla Walla
Lowden
Lowden
Snake River
Walla Walla
Walla Walla
Touchet

Milton~Freewater

Walla Walla
Walla Walls
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Wallae Walla
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Walla Walla
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APPENDIX G

TABLE 1

(Continued)

BNWL-90

SLAUGHTERED AT SEVERAL LOCATIONS - 1964

Thyroid
wt_(g)

picocuries per gram

I
Conce

131

ntration

Walla Walla, Washington (Continued)

oo
1
NNMNNNERREREREEREEOOM

1
OOV O OO OO0

el el O A ANO ANO AN RNo AN ANC AN AN AN¢ ANo ANo ANO RGN 0 o]
OOCI)CPOOIl‘||||||||||||||
i

1
)
oN

10-16
10-16
10-16
10-16
11-k
11-4
11-4
11-k
11-h
11-17
11-17
11-17
11-17
11-17
12-3
12-3

20
L3
38
Lo
90
31
31
70
29
31
76
21
33
30
39
65
Ly

<6
<3
<2
<2
<1
<3
<3

I
<L

6

3
10
<y
<k
<3

2

5
<3

Iy
<2
<3
<?
<l
<1

N
<5

L
L6
18
12
33
<2
10
13
19
27
22

6
ND

Grazing Area

Walla Walla

Whitmen Station

Lowden
Lowden
Lowden
Lowden
Lowden
Walla Walla
Starbuck
Starbuck
Walla Walla
Starbuck
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Heppner
wWalla Walla
Walla Walla
Walla Walla
Walla Walla
Blue Mts.
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Lowden
Walla Walla
Walla Walla
Walla Walla
Walla Walla
Blue Mts.
Lowden
Walla Walla
Lowden
Lowden
Lowden
Walla Walla
Walla Walla

4
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APPENDIX G
TABLE 1 (Continued)

1131 BEEF THYROIDS FROM CATTLE
SLAUGHTERED AT SEVERAL LOCATIONS - 1964

picocuries per gram

Date Thyroid 1131
Sampled wt (g) Concentration Grazing Ares

Walla Walla, Washington (Continued)

12-3 ) 22 Walla Walla
12-3 48 12 Walla Walla
12-18 26 6 Walla Walla
12-18 42 5 Walla Walla
12-18 L8 b Walla Walla
12-18 36 L Walla Walla
12-18 37 3 Walla Walla

Wenatchee, Washington

1-7 38 <3 Grant Co.
1-7 31 <3 Grant Co.
1-T 46 <2 Grant Co.
1-7 4o <2 Adams Co.
1-7 26 <h Adsms Co.
1-21 Lk <2 Chelan Co.
1-21 56 <2 Chelan Co.
1-21 53 <2 Chelan Co.
1-21 30 <h Chelan Co.
1-21 39 <3 Chelan Co.
2=l 53 <2 Douglas Co.
2= Lo <2 Adams Co.
2=l 62 <2 Adsms Co.
2-4 L3 <2 Adems Co.
2=k 36 <3 Kittitas Co.
2-25 37 <3 Grant Co.
2-25 28 <h Grant Co.
2-25 39 <3 Douglas Co.
2-25 55 <2 Chelan Co.
2-25 ko <2 Chelan Co.
3-3 58 <2 Grent Co.
3-3 68 <1 Grant Co.
3-3 60 <2 Chelan Co.
3-3 38 <2 Grant Co.
3-3 ko <2 Grant Co.
46 38 <3 Chelan Co.
L6 35 <3 Chelan Co.
4.6 32 <3 Grant Co.
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TABLE 1 (Continued)

I131
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APPENDIX G

EEEF THYROIDS FROM CATTLE
SLAUGHTERED AT SEVERAL LOCATIONS - 196k

picocuries per gram

Wenatchee, Washington (Continued)

L-6

L-6

h-21
h-21
L-21
h-21
he21
5-13
5-13
5-13
5-13
5-13

10 [
NN R
g g

CDG)G)CIDOOCDCI)CO

Thyroid 1131
Wt (g) Concentration
34 <3
L8 <2
48 <2
29 <l
37 <3
Lo <2
31 <3
97 <1
50 <2
51 <2
48 <2
69 3
25 <h
52 <2
55 <2
6L <2
138 <1
45 3
27 <l
36 <3
39 <3
iy <2
63 <2
45 <2
70 <2
48 L
63 <2
ko <3
60 <2
36 <3
42 <2
53 <z
52 <2
T1 <2
33 <k
37 <3
58 <2
57 <2
41 <2
58 <2

BNWL.-90

Grazing Area

Grant Co.
Grant Co.
Chelan Co.
Chelan Co.
Chelan Co.
Chelan Co.
Chelan Co.
Chelan Co.
Chelan Co.
Douglas Co.
Eltopia
Douglas Co.
Douglas Co.
Douglas Co.
Douglas Co.
Douglas Co.
Chelan Co.
Chelan Co.
Grant Co.
Douglas Co.
Douglas Co.
Grant Co.
Chelan Co.
Douglas Co.
Chelan Co.
Grant Co.
Grant Co.
Grant Co.
Douglas Co.
Grant Co.
Grant Co.
Douglas Co.
Grant Co.
Adams Co.
Douglas Co.
Douglas Co.
Chelan Co.
Chelan Co.
Chelan Co.
Douglas Co.
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TABLE 1 (Continued)

Thyroid
wt (g)

picocuries per gram

i3l

Concentration

Wenatchee, Washington (Continued)

]
=

NN NNNWOUWOOWOVO D

2= EO0\0\00\O0O\O0\O0\O\O o

=
OOCIDOOOO|||||||!||

i
NNy OO

i
o
00

10-19
10-19
10-19
11-3
11-3
11-3
11-3
11-3
11-19
11-19
11-19
11-19
11-19
12-8
12-8
12-8
12-8
12-8

67
35
37
3k

<2
<3
<3
<3
<3

<2
<1
<2
<2
<1
<7
12
<3
<h

<2
<2
<1
<1l
<1
<2

27

11
37
32

37
51

<3
10

BNWL-90

Grazing Area

Douglas Co.
Chelan Co.
Chelan Co.
Chelan Co.
Chelan Co.
Douglas Co.
Chelan Co.
Chelan Co.
Chelan Co.
Chelan Co.
Chelan Co.
Grant Co.
Adams Co.
Adams Co.
Grant Co.
Grant Co.
Douglas Co.
Douglas Co.
Chelan Co.
Chelan Co.
Chelan Co.
Grant Co.
Chelan Co.
Douglas Co.
Chelan Co.
Chelan Co.
Douglas Co.
Douglas Co.
Grant Co.
Dougles Co.
Grant Co.
Douglas Co.
Chelan Co.
Chelan Co.
Chelan Co.
Douglas Co.
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APPENDIX G
TABLE 1 (Continued)

Il3l BEEF THYROIDS FROM CATTLE
SLAUGHTERED AT SEVERAL LOCATIONS - 1964

picocuries per gram

Date Thyroid i3l
Sampled Wt (g) Concentration Grazing Area

Yakima, Washington

1-2 25 5 Yakima

3-13 25 <5 Ahtanum

3-13 L <3 Cowiche

3-13 L <3 Cowiche

3-13 33 <k Ahtanum

3-13 Lo <y Wenas-Selah
3~23 21 <6 Ahtanum

3-23 Lo <3 Ahtanum

3-23 30 <3 Ahtanum

3-23 ok <h Ahtanum

3-23 ko <3 Ahtanum

L2 41 <2 Moxee

hoo 38 <2 Moxee

-2 75 <2 Moxee

h-2 Lo <2 Moxee

42 33 <3 Moxee

h-22 26 <h White Swan
L-22 4o <3 Moxee

22 32 <3 Moxee

h-22 28 <5 Mabton

h-22 28 <5 Ahtanum

5-2 23 <6 Selah Valley
5-2 26 <5 West of Yakima
5.2 41 < West of Yakima
5-2 37 <4 Selah Valley
5-2 29 <5 West of Yakima
5-18 31 6 West of Yakima
5-18 38 <3 Wide Hollow
5-18 14 <9 Moxee

5-18 73 <2 Cowiche

5-18 25 <5 Selah Gap

6-9 L1 <2 Tieton

6-9 52 <2 West of Yakima
6-9 32 <3 Union Gap

6-9 4o <2 Cowiche-Tieton
6-9 25 <l Union Gap

6-23 27 <k Sunnyside

6-23 27 <k Sunnyside

6-23 29 6 Sunnyside

6-23 34 <3 Sunnyside

6-23 12 <9 Selah
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APPENDIX G
TABLE 1 (Continued)

113l BEEF THYROIDS FROM CATTLE
SLAUGHTERED AT SEVERAL LOCATIONS - 196k
picocuries per gram

Date Thyroid Il3l
Sampled Wt (g) Concentration Grazing Area

Yakima, Washington (Continued)

T7-13 34 <3 Sunnyside
T-13 k2 <2 Sunnyside
T-13 3h <3 Cowiche
T-13 27 <l Sunnyside
T-13 50 <2 Cowiche
T-2k 33 <L Yakima
T-24 62 <2 Yakima
T-24 36 <l Grandview
T-24 31 <L Grandview
T-24 33 <l Sunnyside
8-11 b1 <3 Yakima.
8-11 41 <3 Selah

8-11 28 < Moxee

8-11 31 <3 Moxee

8-11 29 <h Wenas Valley
8-24 32 <3 Selah Dist.
8-24 2k < Selah Dist.
8-24 17 <6 Selah Dist.
8-24 37 <3 Selah Dist.
8-2h4 29 <8 Odessa

9-9 54 <2 Seleh

9-9 L8 <2 Moxee

9-9 b1 <2 West Yakima
9-9 32 <3 Selah

9-9 2k <4 Selsh

9-22 Ll <2 Cowiche
9-22 32 <3 Cowiche
9-22 Ls <2 Selah

9-22 65 <2 Yakima
9-22 28 <h Yakima
10-13 Ly <2 Moxee
10-13 3k <3 Selah
10-13 36 <3 Moxee
10-13 38 <3 Moxee
10-13 52 <2 Tieton
10-28 7L <2 Yakima
10-28 20 31 Selah Dist.
10-28 33 25 Selah
10-28 28 = Selah

10-28 2k 6 Selah
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APPENDIX G
TABLE 1 (Continued)

131

BEEF THYROIDS FROM CATTLE
SLAUGHTERED AT SEVERAL LOCATIONS

picocuries per gram

Concentration

Yakima, Washington (Continued)

11-10
11-10
11-10
11-10
11-10
11-17
11-17
11-17
11-17
11-17
12-8

12-8

12-8

12-8

12-8

12-29
12-29
12-29

Thyroid I131
vt (8)

36 <3
46 <2
45 21
62 <2
52 <2
23 <5
30 11
21 <3
33 T
35 5
4o 3
30 <3
39 3
32 <3
4o 2
38 9
a7 8

¢

37

BNWL-90

Grazing Area

Yakima

Wapato

Moxee

Selah

Selah

Moxee

Selah

Selah

Selah

East of Yakima
Yakima

Moxee
Wenas Valley
Bast of Yakima
East of Yakima
Cowiche

Selah

Moxee



BNWL-90

XI1V. APPENDIX H

MEASUREMENTS OF EXTERNAL RADIATION EXPOSURE
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APPENDIX H
TABLE 1

IONIZATION CHAMBER MEASUREMENTS
FOR THE HANFORD RESERVATION AND RICHLAND - 196k

Measurement mR/day Measurement mR/day
Period Hanford Richland ___Period Hanford Richland

12/30/63-1/2/6k 0.49 0.49 L/3-4/6 0.k9 0.45
1/2-1/3 0.40 0.k2 L/6-k/9 0.42 0.43
1/3-1/6 0.43 0.46 L/9-4/10 0.39 0.38
1/6-1/8 0.7 0.50 L/10-4/13 0.37 0.h1
1/8-1/10 0.45 0.46 L/13-4/15 0.39 0.35
1/10-1/13 0.54 0.48 L/15-4/17 0.37 0.52
1/13-1/16 0.35 0.37 L/17-k/20 0.43 0.33
1/16-1/17 0.37 0.47 L/20-k/22 0.38 0.h2
1/17-1/20 0.46 0.50 L/22-k/2k 0.38 0.35
1/20-1/22 0.50 0.50 L/gh-L/27 0.37 0.36
1/22-1/24 0.45 0.49 L/27-4/29 0.39 0.33
1/2k-1/27 0.48 0.50 L/29-5/1 0.36 0.33
1/27-1/29 0.47 0.49 5/1-5/h 0.ko 0.36
1/29-1/31 0.48 0.52 5/4-5/6 0.35 0.33
1/31-2/3 0.48 0.51 5/6-5/8 0.39 0.30
2/3-2/5 0.50 0.51 5/8-5/11 0.36 0.37
2/5-2/7 0.48 0.51 5/11-5/13 0.41 0.32
2/T-2/10 0.60 0.51 5/13-5/15 0.33 0.31
2/10-2/12 0.48 0.43 5/15-5/18 0.4o 0.37
2/12-2/1k 0.52 0.47 5/18-5/20 0.3k 0.3k
2/1k-2/17 0.4s 0.45 5/20-5/22 0.k0 0.43
2/17-2/19 0.43 0.33 5/22-5/25 0.37 0.37
2/19-2/22 0.53 0.49 5/25-5/27 0.38 0.33
2/22-2/24 0.63 0.53 5/27-5/28 0.29 0.32
2/2k-2/26 0.47 0.49 5/28-5/30 0.48 0.37
2/26-2/28 0.57 0.49 5/30-6/1 0.37 0.40
2/28-3/2-- - 0.43 0. b 6/1-6/3 0.39 0.3k
3/2-3/4 0.50 0.4k 6/3-6/5 0.32 0.36
3/4-3/6 0.4 0.47 6/5-6/8 0.4k 0.36
3/6-3/9 0.47 0.43 6/8-6/10 0.35 0.38
3/9-3/11 0.43 0.4k2 6/10-6/12 0.39 0.33
3/11-3/13 0.h5 0.h2 6/12-6/15 0.37 0.37
3/13-3/16 0.k1 0.L7 6/15-6/17 0.43 0.38
3/16-3/18 0.k7 0.41 6/17-6/19 0,38 0.37
3/18-3/20 0.49 0.b7 6/19-6/22 0.45 0.37
3/20-3/23 0.5k 0.49 6/22-6/2k 0.40 0.39
3/23-3/25 0.46 0.48 6/2k-6/26 0.39 0.34
3/25-3/27 0.46 0.44 €/26-6/29 0.39 0.4z
3/27-3/30 0.45 0.48 6/29-7/2 0.48 0.39
3/30-4/1 0.k7 0.49 T/2-T/}4 0.59 0.ko
4/1-4/3 0.4%0 0.k47 T/4-7/6 0.52 0.7



182 BNWL-90

APPENDIX H
TABLE 1 (Continued)

IONIZATION CHAMBER MEASUREMENTS
FOR THE HANFORD RESERVATION AND RICHLAND - 1964

Measurement mR/ day Measurement mR,"'day
Period Hanford Richland Period Henlord Richland

7/6-7/8 0.b1 0.39 10/7-10/9 0.41 0.47
7/8-7/10 0. 50 0.59 10/9-10/12 0.40 0.39
7/10-T7/13 0.k0 0.k 10/12-10/1k 0.h2 0.33
T/13-7/15 0.h2 0.38 10/14-10/16 0.33 0.37
T/15-7/17 0.38 0.42 10/16-10/19 0.3 0.38
7/17-7/20 0.4k 0.37 10/19-10/21 0.50 0.49
T/20-T/22 0.36 0.33 10/21-10/23 0.49 0.45
T/22-T/2k 0.4 0.33 10/23-10/26 0.hk 0.43
T/24-7/28 0.36 0.38 10/26-10/28 0.1 0.37
T/28-7/29 0.32 0.29 10/28-10/30 0.37 0.39
7/29-T/31L 0.3k 0.36 10/30-11/2 0.46 0.39
7/31-8/3 0.41 0.38 11/2-11/k 0.40 0.40
8/3-8/5 0.36 0.36 11/k-11/6 0.4T 0.40
8/5-8/7 0.40 0.27 11/6-11/9 0.43 0.46
8/7-8/10 0.36 0.36 11/9-11/11 0.38 0.37
8/10-8/12 0.43 0.33 11/11-11/13 0.38 0.39
8/12-8/1k 0.35 0.35 11/13-11/16 0.h7 0.42
8/14-8/17 0.41 0.36 11/16-11/18 0.L8 0.k45
8/17-8/21 0.34 0.37 11/18-11/20 0.k3 0.34
8/21-8/2k 0.ke 0.38 11/20-11/23 0.hk 0.43
8/24-8/26 0.35 0.37 11/23-11/25 0.3k 0.32
8/26-8/28 0.ko 0.bt 11/30-12/2 0.32 0.39
8/28-8/31 0.36 0.38 12/2-12/h 0.h3 0.3k
8/31-9/k 0.1 0.35 12/4-12/7 0.b1 0.41
9/4-9/8 0.38 0.37 12/7-12/9 0.1 0.37
9/8-9/11 0.k2 0.38 12/9-12/11 0.37 0.36
9/11-9/1k 0.47 0.45 12/11-12/1h 0.k3 0.39
9/14-9/16 0.h2 t Reading 12/14-12/16 0.3% 0.41
9/16-9/18 0.33 0.32 12/16-12/18 0.h2 0.42
9/18-9/21 0.40 0.36 12/18-12/22 No Reading  0.40
9/21-9/23 0.31 0.35 12/22-12/23 No Reading  0.25
9/23-9/25 0.39 0.37 12/23-12/28 No Reeding 0.3k
9/30-10/2 0.32 0.33 12/28-12/30 0.31 0.25
10/2-10/5 0.lh 0.45 12/30-12/31 0.26 0.26
10/5-10/7 0.47 0.50
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APPENDIX H
TABLE 2

TONIZATTON CHAMBER MEASUREMENTS
OF IMMERSION DOSE IN THE COLUMBIA RIVER - 1064

Measurement Measurement Messvrenent
Period mR Day Period R/ Day Period wR/Dey

Veranita Ferry

1/1-1/15 Lost 6/2-6/9 0.20 9/15-9/22 0.18
1/15-1/23 0.33 6/9-6/23 0.05 9/22-9/29 0.15
1/23-1/31 0.31 6/23-6/30 0.10 9/29-10/5 C.31
1/31-2/5 0.86 6/3¢c-7/7 0.1k 10/6-10/13  0.29
2/5-2/T 0.85 T/7-7/21 0.10 10/13-10/20  0.35
2/7-2/19 0.64 T/21-7/28 C.45 10/20-10/27 = 0.25
2/19-3/3 0.21 T7/28-8/1 0.30 10/27-11/3  0.4T
3/3-3/10 0.2k 8/4-8/11 0.78 11/3-11/10  0.26
3/10=-3/2k 0.18 8/11-8/18 0.28 11/10-11/17  0.29
/21-5/5 0.19 8/18-8/25 0.31 11/17-11/2h  0.07
5/5-5/12 0.51 8/25-9/1 0. Lk 11/24-12/1 0.28
5/12-5/26 0.21 9/1-9/8 0.56 12/1-12/8 C.6k4
5/26-6/2 0.29 9/8-9/15 0.17 12/8-12/15  C.h1
12/15-12/29  0.50
Hanford Ferry
1/1-1/7 6.95 3/27-3/31 8.81 6/26-7/2 3.57
1/7-1/11 5.16 3431wh§3 5.86 7/2-7/1C 1.17
1/11-1/1k 10.8 L/3-4/7 5.26 7/10-T/1k 2.96
1/1k-1/17 3.16 L/7-4/10 5.25 T/1h-T/21 2.86
1/17-1/21 4,28 b/10-k/1k 9.48 T/21-7/28 5.21
1/21-1/2k 5.37 L/1b-b/17 5.01 7/26-8/4 3.73
1/2k-1/28 3.78 L/17-k/21 5.49 8/4-8/11 L.25
1/28-1/31 6.31 L/21-k/25 6.13 8/11-8/15 6.22
1/31-2/5 6.69 L/25-k/28 Lost 8/18-9/1 2.55
2/5-2/7 T.T1 L/28-5/1 7.5 9/1-9/4 5.19
2/T-2/11 6.16 5/1-5/5 6.29 9/4-5/8 6.75
2/11-2/1k 11.6 5/5-5/8 7.05 9/6-9/15 3.76
2/14-2/18 LTk 5/8-5/12 10,4 9/15-9/22 6.7
2/18-2/20 6.54 5/12-5/15 13.0 9/22-9/29 5.73
2/20-2/25 6.35 5/15-5/19 10.6 §/29-10/5 Gkl
2/25-2/28 4,18 5/19-5/22 12.1 20/6-11/3 Los%
2/28-3/3 6.53 5/22-5/26 5.398 11/3-11/10 5.88
3/3-3/10 2.66 5/26-5/28 T.77 11/10-11/17  5.72
3/10-3/13 b.72 5/28-6/2 T.37 11/37-11/2k  h.17
3/13-3/17 5.62 6/2-6/5 3.35 11/2k-12/1 6,01
3/17-3/20 7.10 6/5-6/3 3.80 12/1-12/8 6.32
3/20-3/24 8.35 6/8-6/15 Lost 12/8-12/15 5. bk
3/24-3/27 7.60 6/15-6/26 1.54
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APPENDIX H
TABLE 2 {Comtinued)

TONIZATION CHAMBER MEASUREMENTS
OF TMMERSION DOSE IN THE COLUMBIA RIVER - 196k

Measurement Measurement Measurenent
_Period mR/ Day Period nR/Day Period oR/Day
300 Area (PRTR
Submerged.)
12/27/63-1/8/5k b.h1 5/1-5/8 6.21 8/28-5/k 5.06
1/8-1/17 2.86 5/8-5/15 5.69 (?h /KL 5.31
1/17-1/24 4.29 5/15~5/22 6.73 O/"“u“/*Q 5.20
1/2k-1/31 3.82 5/22-5/28 5.48 9/18-9/25 4.00
1/31-2/7 Lost 5/28-6/k Lost 9/25-10/2 bk
2/7-2/1h L.2aT &/h-6/12 1.5k 10/2-10/9 3.27
2/14-2/28 Lost 6/12-6/19 1.83 10/9-10/16 k.22
2/28-3/6 k.70 6/19-6/26 1.59 *O/Lé -10/23  1.bh1
3/6-3/13 3.h2 6/26-7/2 1.hi LO/ZQ-LC/SO 2.9
/1?-3/20 5.73 7/2-7/10 1.56 10/30-11/6  2.h2
3/?J_3/27 6.62 T/10-T/1 1.91 11/6- 11/13 3.02
3/27-1/3 6.65 T/17-7/3L 2.19 11/13-11/20  2.k3
%/<-4/1o 5.79 7/31-8/7 L.66 11/20-11/30 Lost
L/10-4/17 6.18 8/7-8/17 4.83 12/1-12/11 1.69
b/1T -l / 2k 5.83 8/17-8/21 LT 12/13 ~L2/* 3.05
L/oh-5/1 6.79 §/21-8/28 4,03 12/18-12/31  1.38
Richland Marine
12/27/63-1/10/6k 2.56 5/1-5/8 2,48 9/k-9/11 1.8
1/10-1/17 1.70 5/8-5/15 2.42 9/11-9/25 1.10
1/17-1/31 2,57 5/15-5/26 2.02 9/25-10/2 1.69
1/31-2/7 3.28 5/28-6/5 1.46 10/2-10/9 1.3k
?/" 2/1h 2.2 6/5-6/12 1.58 10/9-10/16  1.35
/l“~?/20 2.79 5/12-6/26 1.16 10/16-10/23  1.k2
//Of-J/C 2.7T 6/26-7/2 2.49 10/23-10/30  1.98
3/6-3/13 2.67 7/2-T/10 Lost 10/30-11/6  2.11
3/13~3/20 3.09 T/10-7/17 1.32 11/6-11/13 2.7k
/40 3/27 3.53 T/1T-T/24 1.03 11/13-11/20  2.%0
?/97 /3 3.21 T/2k-7/31 1.72 11/20-12/8  Losb
L/3-4/10 2.73 7/31-8/7 1.68 12/8-12/11 3.87
4/10 L/t 2.69 8/1-8/17 2.29 12/11-12/18  2.bh7
b/17-L/ 2k 2.53 8/17-8/28 1.36 12/18-12/31 1.9k
Lj2h-5/1 2.56 8/28-9/k 1.81
Columbia Pari Marina
12/27/63-1/10/6k 1.32 2/7~2/14 0.61 3/6-3/13 0.93
1/1c-1/17 0.36 2/1k-2/28 0.62 3?15—%/20 1,2§
1/17-2/7 Lost 2/28-3/6 0.75 3/20-5/1 Tost
5/22-5/28 Los%
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APPENDIX H
TABLE 2 (Continued)

TONIZATION CHAMBER MEASUREMENTS
OF IMMERSION DOSE IN THE COLUMBIA RIVER - 1964

Measurement Measurement Measurement

Period nR,/ Day Period mR/Day Period mR/Day
Pasco Pump House
12/27/63-1/3/64 1.96 L/3-k/10 1.87 T/17-7/2% .80
1/3-1/10 0.70 L/10-4/17 1.73 T/24-7/31 C.TL
1/10-1/17 1.23 h/17-4/2k 1.7k T/31-8/7 0.5
1/17-1/2k 1.61 L/2k-5/1 1.96 8/7-8/17 1.26
1/24-2/7 Lost 5/1-5/8 1.90 8/17-8/21 1.53
2/7-2/1% 1.5k 5/8-5/15 1.99 8/21-8/28 1.17
2/14-2/20 1.55 5/15-5/22 1.63 8/28-9/L 1.5
2/20-2/28 1.89 5/22-5/28 1.60 g/h-g/11 0.67
2/28-3/6 1.81 5/28-6/5 1.28 9/11-9/18 1.57
3/6-3/13 1.90 6/5-6/19 2.28
3/13-3/20 2.20 6/19-6/26 0.59
3/20-3/27 2.05 6/26-7/2 0.52
3/27-4/3 1.8k T/2-T/17 Lost
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XV. APPENDIX I
ANALYTICAL METHODS

1. Water Analyses

Samples are analyzed for their alpha, beta, and selected radionuclide
concentrations according to procedures specified in "Standard Practices
Radiochemical Procedures for Off-Site Environmental Samples,' HW-81277,
April 16, 1964.

Alpha emitting nuclides are extracted into diethyl ether from evapo-
rated sample solutions made 9N in nitric acid. Alpha activities are mea-

sured by counting in a ZnS(Ag) scintillation counter.

Gross beta activities of non-volatile materials are determined by
evaporating and plating duplicate, acidified sample volumes onto stainless
steel dishes. These are counted at 2 hr intervals the first day and three
times a day on the second and third days. A decay curve is constructed
from the higher counting rate dish, and activity at sampling time is esti-
mated from this decay curve.

131 32

Radioactive rare earths plus yttrium, I , P and Srgo contents

are determined from beta counts after chemical separations. The RE +Y
group is separated by successive hydroxide, fluoride and oxalate precipi-
tations; iodine is separated by extraction into carbon tetrachloride followed
by precipitation as silver iodine; phosphorus, as phospho-molybdic acid,

is extracted into butanol-ether. Strontium is separated from concentrated
nitric acid solutions in the same manner described in the next section.
After secular equilibrium is established, Srgo‘s daughter, Y90 is separated
by successive precipitations of the hydroxide and oxalate salts, ignited to
the oxide, and counted in a thin-window, gas-flow, beta proportional

counter,

Daily counts are made following each of the above separations from
which decay curves are constructed. These are used to extrapolate to sam-
pling time and to check radiochemical purities. The thin-window, gas-flow,

proportional counters are used for all measurements.
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Cu.64, Zn65, ASTGy

concentrations were altered at about mid-year to take advantage

The methods used for determining Na24, Cr51,
and Np239
of better counting techniques. The methods previously used are outlined in

Evaluation of Radiological Conditions in the Vicinity of Hanford for 1963,

HW-80991. The more recent methods are outlined below.

[=4
Measurements of Na24, Cr51, Cu64, Znso, and Np239 are made by

successive countings of evaporated {down to 500 ml) sample volumes in the
well of a large Nal (T1) crystal which feeds pulses to a 400 channel analyzer.
The first count is made on the day the sample is received and is used to
measure Na24 from the counts obtained in the 2. 74 MeV region of the spec-
trum. Two or three days after sampling, the same solution is recounted

239 239

for measuring the Cu.64 and Np activities. The Np is calculated from

the counts obtained in the 0. 10 MeV region of the spectrum. For the Cu64
determination, the second spectrum is ''stripped' or subtracted from the
first day's spectrum which serves to remove electronically interferences
from the longer-lived nuclides. Radio-copper contents are then calculated
from the counts obtained in the 1. 02 MeV (sum peak) region of the spectrum.
Seven to ten days after samp%ing, a thlig‘d count is made and the data obtained
1 and Zn 5

the 0,32 and 1. 12 MeV regions, respectively.

is used for computing the Cr concentrations from the counts in

A.s76 concentrations are measured by separating arsenic from other
emitters followed by gamma counting. Sample aliquots are evaporated to
~50 ml, acidified with concentrated HCl, and Asﬁ_3 is extracted with ben-
zene, After back extraction with water, the sample is diluted to 500 ml
and counted each day for 2 or 3 days in the well of the large NaI{(Tl) crystal.
Duplicate aliquots and a ''spike' are processed simultaneously for charac-

terizing the precision and error of each reported result.

2. Vegetation and Produce Analysis

Gamma emitting nuclides such as Ce—Pr141'—M4, Zr—Nb%, Zn65,

g*0 and1!3lhave their abundances measured in samples of pasture grass

2
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and farm products, including milk, by means of direct gamma ray spectro-
metry techniques. Two hundred and fifty to three hundred gram amounts of
sample are packed into 16-o0z polyethylene bottles. These are counted after
being placed in the well of the large NaIl(T1) crystal.

More sensitive measurements of 1131

in milk are accomplished by
passing 1- to 3-gal volumes of samples through 345 ml of strong-base anion
resin. The sorbed radioiodine is measured by counting the resin column in
the well of the large Nal(Tl) crystal and calculating its concentration from

the number of counts obtained in the 0. 36 MeV region of the spectrum.

Radio-strontiums and -phosphorus measurements are obtained from
beta counts of appropriate sample amounts after chemically separating

those elements from interfering elements in the samples.

Strontium is separated, after the addition of barium and strontium
carriers, by precipitating the carbonates from the solution of an ashed
sample. Following dissolution of the carbonates, fuming nitric acid is used
to precipitate the alkaline earth metals. Calcium is removed by washing
the precipitate with acetone. The nitrates are then dissolved and repreci-
pitated. Ferric hydroxide and barium chromate precipitations from the
nitrate solution remove rare earths and barium. Strontium is finally pre-
cipitated as the carbonate, transferred to a tared, 1 in., stainless steel
counting dish and dried to a constant weight. The beta particles from the

89 90

remaining Sr°” and Sr”" are counted using thin-window, low-background

(anticoincidence), beta counters.

Srgo is allowed to reach equilibrium with Y90, The yttrium is
extracted into buffered TTA. The organic phase is transferred to a 1 in.
counting dish and the beta activity from Y90 is counted in the low back-
ground beta counters daily for 3 days. A decay curve is used to obtain the

activity at separation time.

The Srgo concentration is obtained from the Y90 count data. The

Sr89 concentration is computed from the difference in counting rates

between total strontium and Srgo.,
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The chemical separation of radiophosphorus is performed on sample
volumes containing 40 to 50 mg of stable phosphorus:

The sample is dry ashed for 24 hr at 500 C and the salts are dis-
solved with nitric acid. Phosphorus is precipitated from the acid
solution as ammonium phosphomolybdate. The precipitate is dis-
solved in ammonium hydroxide, ammonium citrate is added to com-
plex most of the remaining interfering elements, and the phosphorus
is precipitated as magnesium ammonium phosphate. After dissolv-
ing the precipitate in hydrochloric acid, ammonium citrate is again
added and phosphorus is reprecipitated with ammonium hydroxide
as magnesium ammonium phosphate. The precipitate is dried in a

1 1/2 in. stainless steel counting dish under heat lamps and counted

in a low background, beta counter.

3. Fish and Oyster Analyses

P32 and Zn65 may be measured in fish and oysters by gamma count-

ing techniques. Weighed samples are packed into 8-oz polystyrene jars and
counted in the well of a large NaI(T1) crystal. In the absence of other beta
and low-energy gamma emitters, 2 nCi or more of P32 are measured by
summing the counts in a portion of the Bremsstrahlung spectrum. For
smaller amounts, P32 is separated as described previously and is measured
by beta counting. Zn65is measured by counts in the 1. 12 MeV region of the

spectrum.

4. Air Sample Analyses

Airborne concentrations of radioactive materials are determined

131 contained in scrubber samples. A sampler con-

from measurements of 1
sists of a calibrated, electrically-driven vacuum pump which draws 1.5
ft3/rnin of air through a solution which is 0. 05N in NaOH, 0. 053N in Na2C03
and contains 20 mg of I carrier. A balancing platform and siphon arrange-
ment permits introduction of distilled water into the scrubber at a rate equal
to the rate of evaporation. The water feeder helps maintain constant liquid

head, air flow rate, and scrubber efficiency.
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After 1 wk of operation the bottle is replaced and taken to the lab-
131

oratory for determination of the I content. The radioiodine may be
determined by placing 500 ml of the solution in the well of the large NaI(T1)
crystal and using the counts in the 0. 36 MeV region of the spectrum to cal-
culate its content. The radioiodine may also be determined by adding
NaHSO3 to the solution, acidifying with HNO3
AgNOS. The radioactivity of the precipitate is then me?laSSlured with a thin

and precipitating Agl with
window beta counter. Atmospheric concentrations of I are then calcu-
lated from these counting rates by applying factors for counter calibration,

chemical recovery, scrubber efficiency and the volume of air sampled.

Measurements for concentrations of radioactive particulates in the
atmosphere are made by drawing 1.5 ft3/min of air through a 2 x 4 in.
HV-70 filter paper with a vacuum pump. The filters are changed on either
a daily or weekly schedule, allowed to decay for 48 hr, and then counted
with a gas-flow proportional counter for gross beta radioactivity. Selected
filters are also counted with a ZnS(Ag) scintillation counter for gross alpha

measurements,.
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