R, s AR

] |
AEC RESEARCH AND - HW-68435

DEVELDPMENT REPORY

EVALUATION OF RADIOLOGICAL CONDITIONS
IN THE VICINITY OF HANFORD FOR 1960

THE ENVIRONMENTAL STUDIES AND EVALUATION STAFF
¢

JUNE 1, 1961

HANFORD LABORATORIES

i R RN D OO

L g,

HAMFORD ATOMIC PRODUCTS OPERATION
RICHLAND, WASHINGTO

GENERAL ¢g ELECTRIC




LEGAL NOTICE

This report was prepured os an account of Government sponsored work. Neither the United States,
nor the Commission, nor any person acting on hehalf of the Commission:

A, Mokes any worranty or representatfion, expressed or implied, with respecito the accuracy, com-
pieteness, or usefulness of the information contained in this report, or that the use of any information,
apparates, method, or process disclosed in this report may not infringe privately owned right; of

B, Assumes any Hobilities with respect fo the use of, or for damages resulting fram the use of
any information, apporatys, method, or process disclosed in this report.

As ueed in the above, "person acting on behalf of the Commission” includes any employee or
contractor of the Commission, or employee of such contractor, fo the extent shot such employes or con-
tracior of the Commission, or employee of such contractor prepares, disserminates, o7 provides access fo,
ary information pursuant fo his employment ar contract with the Commissien, or his employment with

sych contractor.

ABC-GE RCHLLND, WAL



UNCLASSIFIED HW-68435

UC-41, Health and Safety
(TID-4500, 16th Ed.)

EVALUATION OF RADIOLOGICAL CONDITIONS
IN THE VICINITY OF HANFORD FOR 1960

By

The Environmental Studies and Evaluation Staff

R.—F. Foster > }v{auascl‘
Edited by I. C. Nelson
June 1, 1961

Radiation Protection Operation
Hanford Laboratories Operation

HANFORD ATOMIC PRODUCTS OPERATION
RICHLAND, WASHINGTON

Work performed under Contract No. AT(45-1)—1350 between
the Atomic Energy Commission and General Electric Company

Printed by/for the U. S. Atomic Energy Commission

Printed in USA. Price $2.50. Available from the

Office of Technical Services
U. S. Department of Commerce
Washington 25, D. C,

UNCLASSIFIED




-2- HW-68435

TABLE OF CONTENTS

Page

I. INTRODUCTION 4
II. SUMMARY 7
III, ENVIRONMENTAL MONITORING PROGRAM RESULTS 8
A. Reactor Effluent Released to Columbia River 8

B. Radionuclides in the Columbia River -9

C. Radionuclides in Sanitary Water 15

D. Radionuclides in Fish and Waterfowl 19

E. Radionuclides Entering the Pacific Ocean 22

F. Radionuclides in Marine Organisms 22

G. Recreational Use of the Columbia River - External Exposure 23

H. Radioactive Wastes Released to the Atmosphere 23

I, Radioactive Particulates in the Atmosphere 24

J. Concentrations of 1131 in Air 24

K. Radionuclides in Native Vegetation 26

L. Concentrations of I13] in Beef Cattle Thyroids 30

M. Radionuclides in Milk and Agricultural Produce 33

N. External Radiation 36

O. Radioactive Wastes Released to Ground 36

Iv. AGGREGATE EXPOSURE FROM ENVIRONMENTAL SOURCES 38
V. ACKNOWLEDGEMENTS 40
BIBLIOGRAPHY 41
Appendix A - River and Related Sample Results 42
Appendix B -~ Atmospheric and Vegetation Sample Results 59
Appendix C - Farm Produce and Commerical Foodstuff Results 93
Appendix D - External Radiation Exposure Results 105

Appendix E - Analytical Methods 106



10

11
12

13

14

15

16

17

-3- HW-68435

LIST OF FIGURES

Title

Geographical Relationship of Hanford Works to the

Pacific Northwest

Features of Hanford Project and Vicinity

Relative Abundance of Radionuclides at Several Locations -
Annual Averages 1960

Columbia River Flow at Pasco and Vancouver - 1960 From
Data Published by the U. S. Geological Survey

Variation in Concentration of Selected Radionuclides in
Columbia River Water at Pasco, Washington for 1960
Contribution of Selected Radionuclides to Calculated Dose
to the Gl Tract from Drinking Columbia River Water or
Sanitary Water at Pasco, Washington, 1960

Monthly Average GI Tract Dose From Routine Ingestion of
Pasco Sanitary Water 1959 - 1960

Average Concentrations of Beta Emitters in Muscle of White-
fish - Collected from Vicinity of Ringold and Hanford Ferry
Concentrations of Beta Emitters in Muscle of Whitefish
Collected Near Ringold and Hanford Ferry

Activity on Filters From Selected Northwestern United
States Sampling Locations

Vegetation Sampling Zones - Hanford Project and Vicinity
Radionuclide Concentration on Native Vegetation Spokane
and Vicinity {1959 and 1960}

Radionuclide Concentration on Native Vegetation

Zone C {1959 and 1960)

1131 in Native Vegetation - All Off-Project Zones - 1960
(See Figure 11)

Comparison of 1131 Deposition on Vegetation in the Vicinity
of a Separations Facility {Zone C) With 131 Available - 1960
Background Dose Rate as Measured at Hanford External
Dose Test Location '

Probable Extent of Beta Emitters In Ground Water

Page

623

11

13

14

17

18

20

21

25
27

28

29

31

32

37
39



-4 - HW-68435

EVALUATION OF RADIOLOGICAL CONDITIONS
IN THE VICINITY OF HANFORD FOR 1960

I. INTRODUCTION

The Hanford project is a complex of nuclear reactors, fuel fabrication
plants, chemical separation facilities and research and development labora-
tories,* The project is located in southeastern Washington as shown in
Figure 1, This part of Washington is a semiarid region having an average
annual rainfall of about 8 inches., Natural vegetation in the area is sparce,
primarily suited for grazing although considerable areas have been put
under irrigation. The plant site, shown in Figure 2, comprises an area of
about five hundred square miles., The Columbia River flows through the area
and forims the eastern boundary. The meteorology of the region is typical of
a desert area with frequent strong inversions occurring at night, and break-
ing during the day to provide unstable and turbulent conditions. The prevail-
ing winds are from the northwest in the plant areas with strong drainage and
cross winds causing distorted flow patterns.

The populated areas of primary interest are Richland, Pasco, and
Kennewick., Other communities in the vicinity are Benton City, Mesa, and
Othello, Altogether, about 80, 000 people live in the vicinity of the project.

During the course of its operation, the Hanford plant generates various
radioactive wastes, High level wastes are concentrated and retained in
storage within the project area, Low level wastes, for which concentration
and retention are not presently feasible are admitted to the atmosphere, the
Columbia River and to ground through controlled releases., The Hanford
philosophy governing radioactive waste disposal is described in the Hearings
on Industrial Radioactive Waste Disposal held by the Joint Congressional
Committee on Atomic Energy in 1959.

Radioactive wastes dispersed to the atmosphere and to the Columbia
River may contribute to the radiation exposures of persons living in the
neighborhood of the plant or along the Columbia River downstream from the
plant. The protection of these persons from undue radiation exposure
attributable to Hanford sources is one of the attendant responsibilities in
the operation of the Hanford facilities,

* Operated for the Atomic Energy Commission by the General Electric
Company under contract number AT({45-1}-1350.
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FIGURE 1

Geographical Relationship of Hanford Works to the Pacific Northwest

AEC-GE RICHLAND, WASH.



HW-68435

BEVERLY
o

OTHELLO

SUNNYSIDE

WIND ROSES

0 20 40 60 80 100

e e

PERCENT OF TIME WIND TOWARD
INDICATED DIRECTION

T3 DAYTIME 0700~1900 PST
N NIGHT TIME {900-0700 PST
’ * .

UMATILLA

FIGURE 2
Features of Hanford Project and Vicinity

AEC-GE RICHLARD, WASH.



-7- HW-68435

The recommendations of the National Committee on Radiation Protec-
tion and Measurements, the International Commission on Radiological Protec-
tion, the Federal Radiation Council, and the results of local research programs
form the basis of standards used in assessing the degree of environmental
radiation protection needed and attained. The effectiveness of waste control
and radiation protection practices is determined by comparison of the eval-
uated results from the Hanford environmental monitoring program with the
reference standards,

The presentation and evaluation of the results of the environmental
radiation protection program for the year 1960 is the subject of this report.

Similar evaluations for previous years have been reported, {1, 2}

II. SUMMARY

The results of the Hanford environmental monitoring program for 1960
are presented in detail. The measurement results are summarized and
evaluations are made in terms of exposures and other effects.

The principal Hanford source of exposure to persons in the neighbor-
hood of the controlled area is identified with the neutron induced radionuclides
present in reactor cooling water discharged to the Columbia River. The
primary mechanisms of exposure from this source are the drinking of sani-
tary water derived from the river and the consumption of fish and waterfowl
which inhabit the river. Hanford's contribution to environmental exposure
through atmospheric paths is generally less than that due to fallout from
nuclear detonations,

Many variables, such as multiple sources, paths of intake, individual
diets, periods of occupancy, and so forth, complicate expression of environ-
mental exposure, Potential exposures are, however, calculated for hypothet-
ical persons based on plausible assumptions on sources, diets, etc. For
such individuals whose habits include ingestion of Pasco sanitary water,
ingestion of local fish and waterfowl, and consumption of produce from local
farms, the data suggest an intake of bone-seeking radionuclides of about
40 per cent of that recommended by the NCRP as maximum for continuous
intake by individuals in the neighborhood of controlled areas. For those
persons who drink Pasco water but who do not routinely eat fish or water-
fowl from the Columbia River, the exposure appears to be on the order of
5 per cent of the recommended maximum, (in this case to the GI tract}.
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For individuals who make no use of the Columbia River or products derived
therefrom, the intake of bone seekers is estimated as about 3 per cent of
the recommended maximum--the bulk of which was due to world wide fall-
out.

Comparison of measurement results for 1960 with those of 1959 indi-
cate that no significant change occurred in the radiological conditions in the
vicinity of Hanford,

III, ENVIRONMENTAL MONITORING PROGRAM RESULTS
AND INTERPRETATION

Discussion and interpretation of the results of the various Hanford
environmental sampling programs follow, Data for many of the programs
are presented in the appendices, as are brief descriptions of several of
the analytical methods used in determining the amounts of radionuclides in
various samples,

A, Reactor Effluent Released to the Columbia River

Cooling water for each of Hanford's eight production reactors is
pumped from the Columbia River. This water goes thrbugh water purifi-
cation processes and then passes once through the reactors as coolant,
Although the coolant water is treated to remove suspended impurities, a
fraction of the impurities remaining are transformed into radioactive
elements during passage through the reactor and during retention in films
which form on the surface of the fuel channels and elements., Very small
quantities of uranium in the cooling water undergo fission during passage
through the reactor and form small amounts of fission product radionuclides.
Occasionally fuel element jackets will fail releasing small amounts of fission
products to the cooling water. After it has passed through the reactor the
cooling water, (reactor effluent water) is returned to the Columbia River.

Twenty radionuclides, formed principally by neutron activation,
make up 98 per cent of the radioactive material present in reactor effluent.
Over forty others, which have been measured with some confidence, make
up the remaining two per cent of the activity. The relative abundance of
these radionuclides, as adjusted to four hours post irradiation, is shown
in Table I.
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TABLE I

RELATIVE ABUNDANCE OF REACTOR EFFLUENT RADIONUCLIDES
Reference Time - 4 hrs. Post Irradiation

Major (90%) Minor (8%) Trace (2%)
M1156 Zn69 Eu152 1131 Pr145
Cub4 Ga 72 5153 Celdl P15l
Na 24 5p 92 wis? ppld2 cob0
ce 5l 7239 1141 cl4 ppl43
Np239 133 Ngl49 Natd7? Ryl03
Asj—ié 92 14140 Cads 54T
Si Nb97 32 Aglll 590
) pLy Yél o 137
705 Ba %0 re>? sr8°
p32 Mo?? sr89 y238
y?0 Sml56 Mn54 Pu239
135 546 CY A22T
93 cqlls Py 149 Po2l0
Cold3 Eul56 Tpl60
Prl47 Ce.ppldd

There are several ways by which radionuclides in the Columbia
River water may result in radiation exposure to humans. Among these
paths of exposure are ingestion of Columbia River water, ingestion of
sanitary water derived from the river, ingestion of fish and waterfowl which
inhabit the river, consumption of agricultural and dairy products derived
from land irrigated with water drawnfrom the river, consumption of
certain marine organisms, and external exposure from swimming, boat-
ing, etc. on the river,

B. Radionuclides in the Columbia River

Samples of river water were obtained weekly from the inlet of the
Pasco municipal water pumping plant, and biweekly at the Hanford Ferry
and Vancouver monitoring stations. These samples were analyzed for
several radionuclides and the results of the analyses are presented in
Appendix A, Tables 3, 4 and 9.
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Many of the radionuclides formed in reactor cooling water are short-
lived and decay rapidly after formation in the reactors. In addition to
radioactive decay, a significant fraction of the radionuclides is removed
from the water by such mechanisms as silting and uptake by river biota.

The relative abundance of the significant radionuclides at Hanford
Ferry, Pasco and Vancouver is illustrated in Figure 3, The areas of the
charts are proportional to the total activity measured at the three locations,
The average concentrations of radionuclides measured routinely at the
three river sampling stations are also shown in Table II,

TABLE II

ANNUAL AVERAGE CONCENTRATION OF
SEVERAL RADIONUCLIDES IN COLUMBIA RIVER WATER - 1960

Units of 10-9 pc/cc

Hanford
Radionuclide Ferry Pasco Vancouver
Total Beta 50, 000 11, 000 580
RE+Y 3,800 1, 400 26
Na 24 2,800 1, 500 -
5331 1,000 - -

32 380 200 41
sc46 65 35 ~ 18
cr?! 10, 000 5, 600 2,100
Mn5® 14, 000 - -
Cu®4 14, 000 2,000 -
7005 560 300 75
As 6 4, 800 1, 500 -
sr89-90 13 6.3 3,2
sr 70 0.6 0.6 0.4
3! 32 12 ~ 4
Np239 7,000 3,300 135
7nt9m 750 100 -
Ga'? 510 99 -
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Hanford Ferry

Total Activity Represented
6 x 1072 uc/ce

Vancouver
P32 _29, Total Activity Represented
Other 1.1% 2.4 % 1070 e/ ce
zn%%  1.9%
Pasco
Total Activity Represented
1.6 x 10™9uc /fec
FIGURE 3

Relative Abundance of Radionuclides at Several Locations
Annual Averages 1960

AEC-GE RICHLAND, WASH,
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The Hanford Ferry monitoring station is about seven miles down-
stream from the reactors and about six miles upstream from the point where
the project boundary crosses the Columbia River., The results shown would
be slightly higher than those obtained at the project boundary, the first point
of potential use. The reactor effluent plume is not uniformly distributed
across the river at this location and measurement results would vary both
across the river and with depth.

The Pasco water plant monitoring station is at the point of first munic-
ipal usage of the Columbia River and is about 40 miles downstream from the
reactors. The distribution of radioactive material in the river is not uniform
at Pasco due, in part, to the entry of the Yakima River some 10 miles up-
stream from Pasco. The Yakima influent tends to make concentrations of
radionuclides lower on the Kennewick side of the river.

Vancouver is the farthest downstream location where river water
is routinely sampled and is about 260 miles from the reactors. Further
downstream nearer the mouth of the river the salt content of the water
complicates quantitative measurement of the radionuclides and tidal move-
ment increases variability of results.

The seasonal variation in flow rate of the Columbia River markedly
effects the dilution of the reactor effluent. Also effected is the time taken
for a given volume of water to move from one location to another which in
turn affects depletion, The seasonal variation of flow rate of the Columbia
River at Pasco and Vancouver is illustrated in Figure 4. The variation in
concentration of several radionuclides in the Columbia River water at
Pasco, Washington for 1960 is illustrated in Figure 5.

Although there is no known routine human consumption of untreated
river water, the potential radiation exposure from such a source may be
of interest, The calculated annual dose to the gastrointestinal tract and
total body and the combined percentages of maximum permissible (MPRI)*
rate of intake for bone seekers are presented in Table III.

% The maximum permissible rate of intake (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, (3) This amounts
to one-tenth of the MPC's for continuous exposure of occupational workers
multiplied by 2,200 cc/day.
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TABLE III

ANNUAL DOSE TO SELECTED ORGANS
FROM ROUTINE INGESTION OF COLUMBIA
RIVER WATER AT SEVERAL LOCATIONS - 1960

Mrems Mrems % MPRI
Total Body GI-Tract Bone
Columbia River Water
at Hanford Ferry 10 980 2.1
Columbia River Water
at Pasco 5 260 1.6
Columbia River Water
at Vancouver 2 8 0.7

C. Radionuclides in Sanitary Water

Pasco and Kennewick are the nearest of the few cities downstream
from the plant which treat Columbia River water for use as sanitary water.
Sanitary water from each of the water treatment plants was sampled weekly
and analyzed for radionuclides, The results of radioanalysis of water
from these plants are presented in Appendix A, Tables 1 and 2.

In both cities, the sanitary water samples were collected near the
water treatment plants. Because there is a significant flow time between
the point of sampling and most consumers, the concentrations of short-
lived nuclides in the water at the time it is consumed is less than that shown.
The decay time available varies from hours to days depending upon water
usage rates, particular location of the consumer, etc.

Table IV shows the apparent efficiency of the water treatment plant
at Pasco for the removal of various radionuclides,
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TABLE IV

DEPLETION OF SEVERAL RADIONUCLIDES IN
COLUMBIA RIVER WATER FROM TREATMENT AT THE
PASCO WATER PLANT (1960 AVERAGES)

% Depletion

RE+Y 82
cu? 82
As76 73
p32 70
Zn65 60
Na 24 53
Np239 42
cr>! 15

These data include the radioactive decay of the radionuclides dur-
ing travel through the water treatment plant, Table V presents the cal-
culated annual average dose to the GIltract and total body and the % MPRI
for bone from sustained consumption of sanitary water at Pasco and
Kennewick,

TABLE V

CALCULATED ANNUAL EXPOSURE OF SELECTED ORGANS
FROM ROUTINE INGESTION OF SANITARY WATER

Mrems Mrems % MPRI
Total Body GI-Tract Bone
Pasco 2 80 0.8
Kennewick 1 16 0.5

The potential contribution of several radionuclides in river water
and Pasco sanitary water to the calculated annual dose to‘the GI-tract is
illustrated in Figure 6. The short term and seasonal variations in GI-
tract dose at Pasco are illustrated in Figure 7.



HW-68435

-17-

J9jeM TEIOL

9.5V

0967 UolSUTYSEMN ‘00Sed e JI9)ep AJRITUBSJIO JIOATY
BIQWINTO) WO }0BLL *I°H 9U} 0} 950 PIIR[NOTED O} SIPI[ONUOIPEY POIOS[SS JO UOTINGTIIIUOD

eegdN X ® JY

ged

9 HYNOIA

Tet! p9™  pg™N 1¢?0 ouz

g9'Z

Jayep Aaejrueg [ ]

aorem aoaty [

J9}eM WOJ]J @50 0B, -"I'D
1e10} 8y} Jo 96 Iussagdag umoys SapI[ONN

001

0oe

00¢

af/swaJw Ut asoqg

AEC-GE RICHLAND, WASH.



HW-68435

-18-

096T-6GRT JI0)BM AJe}TURS 00SBJ JO UOTIsadul autinoy wodyq 9sod 10BdL "I'D a8eaaAy ATYIUOIN
L HYNOIA

sweaw ut 9soq ATYIUO N

0T

G

AEC-GE RICHLAND, WASH.



-19- HW-68435

D. Radionuclides in Fish and Waterfowl

Species of fish which feed in the Columbia River downstream from
the reactors accumulate some of the radionuclides present in reactor
effluent water. FExcept for suckers, whitefish usually have the greatest con-
centration of radioactive materials. The bulk of this material is P~ which
deposits principally in the bone but is also found in the flesh. The average
concentration of P32 in the flesh of whitefish sampled at Ringold, the closest
fishing area available to the public downstream from the reactors, reached
a seasonal maximum of 3 x 1073 pc/g in the fall of 1960,

From the observed seasonal trends in the concentration of P32 dur-
ing 1960 it is estimated that a consumption of ten pounds of fresh whitefish
over a twelve-month period would result in an intake of about 5 pc p32,
This would provide an estimated exposure of about 100 mrems to the GI-
tract, 40 mrems to the total body and about 30 per cent of the maximum
permissible rate of intake of P32 for bone.

Hunting for waterfowl is not permitted within the Hanford reserva-
tion nor within a quarter of a mile of the Columbia River in this part of
the state. An exception to this is a special hunting area below the mouth
of the Snake River on the McNary Game Range. Migratory waterfowl such
as mallard ducks, Canada geese, etc., which have utilized the Hanford
section of the river may contain radionuclides and may be harvested by
hunters at a number of places, During the 1960 waterfowl hunting season,
samples from about 600 ducks bagged by hunters of the local area were
scanned for radionuclides, (4)  About 40 per cent of these contained detect-
able amounts of radioactive materials, Less than 15 per cent of the samples
contained concentrations of P32 approximating that of the whitefish,

Results of the 1960 biological monitoring program, conducted by
the Radioecology Operation, which pertain to the environmental program
are presented in Appendix A, Table 6. Measurements made during the
last few years at Ringold and Hanford Ferry are shown in Figure 8. The
variability of individual results for fish within a catch is illustrated in
Figure 9.
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E. Radionuclides Entering the Pacific Ocean

The rate of transport of radionuclides past Vancouver may be used
as an index of the quantities of certain radionuclides entering the Pacific
Ocean from the Columbia River. The annual average rate of transport
of selected radionuclides is given in Table VI,

TABLE VI

ANNUAL AVERAGE RATE OF TRANSPORT
OF SELECTED RADIONUCLIDES PAST VANCOUVER - 1960

Radionuclides Curies/day
p32 17
crol 850
zng5 38
Np239 72

An equilibrium exists in the ocean for these radionuclides in the
sense that the rate of addition through the river system corresponds to
the rate of decay of the radionuclides which have previously entered the
Ocean. If a constant rate of entry into the Ocean equivalent to thatindi-
cated by the Vancouver data is assumed, then the equilibrium values
amount to: ~360 curies of P32, ~240 curies of sz 9, ~ 33,000 curies
of Cr51 and ~14, 000 curies of Zn 5.

F. Radionuclides in Marine Organisms

Zinc-65 is a radionuclide of reactor effluent origin which has been
found in sufficient abundance beyond the mouth of the Columbia to be of
radiological interest. Samples of oysters grown in Willapa Bay were
obtained on six occasions and analyzed for Znb5 and other radionuclides.
The results of tzese measurements are presented in Appendix C, Table 4.
The average Zn 5 concentration found was about 5 x 10-5 puc/g of oysters
which is substantially the same as that observed in 1959, Consump-
tion of oysters containing this amount of Zn 5 at a sustained rate of one
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pound each week would lead to a dose to the total body of about 7 mrems
per year which may be compared with the exposure from natural back-
ground radiation which is usually taken as 100 mrems per year.

G. Recreational Use of the Columbia River - External Exposure

Since the Columbkia River is used for swimming, water skiing and
boating downstream from Hanford, measurements of penetraing radiation
in the river were made. These measurements were made with 'pencil-
type' ionization chambers placed in bottles and submerged in the river.
The average dose rate measured in the river duringthe months of April
through October in the vicinity of Richland was 1.4 mr/day; upstream near
the Laboratories and Fuel Preparation Area 1.9 mr/day; and near Kenne-
wick 1,0 mr/day. The dose rate on land averages about 0.4 mr/day.
Assuming a person spends 240 hours a year on the river in the vicinity of
Richland he would have received about 15 mr from this source,

H. Radioactive Wastes Released to the Atmosphere

Air-borne radioeffluents at Hanford are primarily associated with
process vessel off-gases and building ventilation air from the chemical
Separations facilities, This gaseous waste is released to the atmosphere
through 200 foot-high stacks after removal of some 99 per cent of the radio-
active materials present. Under normal operating conditions the ventila-
tion air from reactor and laboratory buildings contain comparatively minor
amounts of radioactive materials,

The radionuclide of principal interest in process off-gases is 1131.,
Continuous measurements of the release of I from the separations
facilities are made. Results of such measurements are presented in
Table 21, Appendix B. The average daily emission rates of 1131 and
several other radionuclides for the year are shown in Table VII.

TABLE VII

AVERAGE EMISSION RATES OF SEVERAL
RADIONUCLIDES FROM SEPARATIONS PLANT STACKS - 1960

Average
Emaission
Radionuclide c/day

31 1.0
Zr-Nb?° 0.01
Rul03 0.007
Rul0® 0.006
celdl 0.001
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Earlier measurements indicated that emission rates of the rare earth and
yttrium group was about 0.02 c/day; sr89 about 0.004 c/day and sr?0
about 0,0005 c/day.

Air -borne radioactive material can contribute to human exposure
through such pathways as inhalation, ingestion of leafy vegetables upon
which the material has deposited, and milk from cows which have grazed
on affected pasture.

I. Radioactive Particulates in the Atmosphere

Filter papers from air sampling stations at the Hanford Project,
Richland, Yakima, Walla Walla, Spokane, Lewiston, Boise and Klamath
Falls, (See Figure 1), were changed on a weekly frequency by cooperating
agencies, These filters were analyzed for the number of radioactive
particles and for total beta activity, Measurement results of beta activity
on filter samples are presented in Appendix B, Table 2. These results for
1959 and 1960 are illustrated in Figure 10.

Over the past several years, most of the radioactive material
picked up on filters of the above network of air sampling stations has been
of fallout origin from nuclear detonations. Prior to QOctober of 1959 the
filters from the Hanford station usually contained less radioactive material
than filters from regions with greater rainfall, With the moratorium on
weapons testing, the quantity of fallout material found on the filters has
gradually diminished. FExcept for the Hanford station, the decline has con-
tinued to the present. The average for the Richland station for 1960 was
about 1 x 10°13 pc total beta per cc of air filtered, which is in good agree-
ment with results reported by the U. S. Public Health Service Radiation
Surveillance Network for August 1960, (5) At the Hanford station, however,
the level has remained at about 2 x 10713 e per cc since October of 1959,

J. Concentrations of 131 in Air

Measurements of I13! concentrations in air are made routinely at
several communities adjacent to the plant. Results of these measurements
for 1960 are presented in Appendix B, Table 3 and are summarized in
Table VIII.
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TABLE VIII

AVERAGE IODINE-131 CONCENTRATIONS IN ATMOSPHERE

Concentrations Calculated
Distance from in units of Thyroid Dose
Location Separations Stacks 10714 pc/cc in Millirads
1959 1960 1959 1960
Benton City 20 mi 15 5.4 1.5 0.6
North Richland 21 mi 6.4 4.3 0.6 0.4
Richland : 23 mi 7.9 3.0 0.9 0.3
Pasco 32 mi 13 2.3 1.2 0.2

The communities listed above lie within a 45° sector southeast to
south of the point of emission.

K. Radionuclides in Native Vegetation

Some of the radioactive material released to the atmosphere is
deposited on the ground or on vegetation as local fallout. This radio-
active material can be transferred to man or animals through ingestion of
such vegetation or through ingestion of milk derived from animals grazing
on such vegetation. As a consequence of this exposure potential the environ-
mental monitoring program at Hanford includes sampling of native grasses
on the Hanford reservation and at off-project locations such as Portland,
Spokane and Lewiston. The sampling area is divided into zones as indi-
cated in Figure 11.

The sampling procedure consisted of collecting 15 grams of grass
at each of ten sites throughout a zone, Composited samples were analyzed
by a gamma energy spectrometer for Zr-Nng, Ce14l+l ‘4, Ru103+106, 131
and Bal40.131%0 ~ The results of vegetation measurements for off-project

zones are presented in Appendix B, Tables 4 through 20.

Figure 12 illustrates the variation in concentrations of several
radionuclides during 1959 and 1960 for Spokane and Vicinity (Zone T) as
representative of outlying zones. Figure 13 is typical of on-plant zones
located within about 15 miles of the separations facilities stacks.



HW-68435

-927 -

K1TUToTA pue joofoag paojuei] - seuoy Juridureg UoT}BIDZIA

1T HENOIA

NOS3HO

\

OHval

NOLONIHSYM

7

S~/

3NV YOS N3ONV3Y 140dN3AVD
— —— ——— ;\.,\
< - .
.




HW-68435

-928-

(096T pue gGgT) LITUIOTA pue oueyodg - UOTIE}9S9A SATIBN UO UOI}EJIUS0UOD 9PI[OnuUoIpey

¢T HYNDIA
0961 661
a N O s V¥ rF NV r a N o s V¥ c r W Vv W 4 X
—T1 1T T 1T T 1 | 1 1 17 1T 1T 17 T 1 |
v o —
v . v ]
D o] —
v 0
v _
° v —
o) o —
°
o]
®
° o
° ]
..
(o] v v
o v ]
pri-151°0 ~®
901-go1™@ ~V * ° 7
ggIN-7Z —O © o |
op1° 1778 -0 ]

01

00T

uorye}adep  8/on 9-01 Jo situn

AEC-GE RICHLAND, WASH.



(0961 PUB GGET) D PUOZ UOTIE}SZOA 9ATIEN UO UOT)BIJUSOUOD) SPI[ONUOIPEY

HW-68435

-29-

€T Y NDIA
0961 6961
s v r r W v W A r a N o s v r r N v N a r
1 17 17 1T 1T 1 1T _ 1 T T 17T T 717 1T Tl v
A
A A A A
A AV [e] o0 —
o o >n . N o %6 v g A b Ag
fo) A A A v 00 AV o a
v o A Vo v -
v v o 00 Vg
AO v v A
w o A v A
v v v o ' v v —
m» ] Yy g © v o o v o A
v v v A —
. . LA ¢ v o Ceve, YV g R
° v ° ° v é v & . gV 0 og
v ov o ] AV vy v ®0 N
v o ® v|_va v v 0® o v A
4 se |® L] ° ° v
e * T & qq “‘ v ® o ® <<< v 01
0 e Vy
v . s AV % b ° 9 v v
Y A ° v v
b ° s V°® v * v W
[ ] o) o v v
° v L4 v
o ® L4 L] A oe o
v A
. °
. —_—
. ° oo
LR g . a
o —
o Ce, ]
. ) 1
o) __
o o 8]
°3 w (] 001
U0 ®
° -® ]
P10 T P10 o
Y —
1531
ny - w [ ] Q
90T go1™d -V ®
ggN - 92 - O o
091®T - op1%8 -0 Hﬂ_v

0001

uoryeladsp 3/on 9-01 Jo syun

AEC-GE RICHLAND, WASH.



-30- HW-68435

13l i locally based on uptake by vege-

The criterion for release of
tation and subsequent exposure of range animals as well as humans,
The local control limit derived on this basis is 1 x 1072 puc/g of vegetation.
Since this control is based on chronic ingestion, concentrations in excess
of this limit for short periods of time do not necessarily indicate conditions

of concern.

1131 on native vege -~

Figure 14 illustrates the measurement results of
tation for all off-project zones in 1960. Significant concentrations of 1131 on
vegetation beyond the project boundaries were not anticipated at the average

release rate of 1 ¢c/day and none were found,

In Figure 15, the Iodine-13l concentrations on vegetation are shown
for the zone immediately adjacent to one of the stacks, In this same figure,
the daily stack emission data have been summed, corrected for half-life
and plotted as ''quantity available' according to the following equation:

Co = (Co-1) £ + Cy

Q
1

total quantity available on day of interest

]
—
H

total quantity available on day preceding day of interest

f = e"’084t5 = 0,919 decay factor

Q
I

e curies emitted on day of interest.

L., Concentrations of 1131 in Beef Cattle Thyroids

Late in 1960 assay of thyroids of cattle slaughtered for beef at Pasco,
Washington was initiated. Since the concentration of 1131 in the thyroids is
expected to be several orders of magnitude higher than in the vegetation
grazed or in milk, it may become advantageous to estimate concentrations
of 1131 in milk and on leafy vegetables from the thyroid levels when the former
are otherwise too low for practical measurement. Additionally, knowledge of
cattle thyroid exposure may be developed from the thyroid data.

The measurements of I13! in beef cattle thyroids made in 1960 are
presented in Appendix B, Table 22. The average concentration in the
48 thyroids processed was 3 x 10-> pC 1131/g, the maximum was 1 x 10-3 pwe/g
and the minimum was less than 1 x 10™° pc/g. Extensive biological research
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work at Hanford has shown that no detectable damage to sheep results from
chronic I3 concentrations in the thyroid of less than about 0.04 pc/g. (7)
Similar research work has not been carried out on cattle.

M. Radionuclides in Milk and Agricultural Produce

The radioactivity of local agricultural produce can be influenced by
deposition of air-borne radionuclides on the ground or vegetation or by
irrigation dof food and forage crops with water containing reactor effluent
radionuclides, Generally, the local source of air-borne radionuclides is
considered to be the chemical separations facilities; however, under cer-
tain conditions the ventilation stacks of the reactors or laboratory areas
could become the source of interest,

There is no farming within about a 20-mile radius of the separations
facilities and under most meteorological conditions this distance affords
good dilution before the radioactive effluents reach farming areas. Most
of the irrigated land in the vicinity of the Hanford plant is irrigated from
the Yakima River, or with water taken out of the Columbia above the
project. The Ringold farms and the Riverview Irrigation District, which
are about 15 and 30 miles downstream from the reactors, respectively, do
take irrigation water from the Columbia, however, and produce from these
limited areas is sampled regularly, These areas are about 20 miles east and
30 miles southeast, respectively, of the chemical separations facilities,
(See Figure 1). Another area frequently sampled is the Benton City area
on the Yakima River, about 20 miles south of the separations facilities,

Milk is routinely sampled at the Ringold, Riverview and Benton
City locations. Commercial brands of milk available locally are also
sampled at frequent intervals.

Experience of 1958 and 1959 suggested that under normal plant
operating conditions vegetables and fruit contain very small quantities of
radionuclides. A small amowunt of sampling was done in 1960 to re-affirm
this conclusion. There was no culinary treatment given to the samples
in preparation for analysis. Some removal of radioactive substances
during washing, peeling, etc., would be expected if the produce was
being prepared for human consumption,

Multichannel gamma energy spectrometry was used to, analyze the
samples for the following radionuclides: K40, Sc46, Cr 1, Zn b, Zr95-Nb95,
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131 3 4
Ru103+106, I, Cs1 7 and Ce-Pr14 . Analysis for P32, Sr89 and s5r99 was

accomplished through radiochemical separation and beta counting as
described in Appendix F,

The preceding radionuclides are not all of those potentially present
in foodstuffs but are those which are either anticipated from Hanford's
radioeffluents or fallout and are radiologically significant.

In tabulating the data, reference is often made to reporting limits,
These reporting limits reflect some of the uncertainties of gamma energy
spectra measurement of a radionuclide in the presence of other gamma
emitters. Thus the reporting limit is generglly higher for any particular
radionuclide than the detection limit would be if the radionuclide were the
only one present.

Zinc-65 and P32 occurred in milk originating from areas irrigated
with Columbia River water. The concentrations of Zn®> and P32 found in
milk are given in Appendix C, Table 1 and are summarized in Table IX.

TABLE IX

AVERAGE CONCENTRATIONS OF zZN®% AND P32 IN MILK

Location No. Samples Zn65 No. Samples p32
10_6|J.c/g 10'6pc/g
Ringold 24 0.63 20 1.3
Riverview 2 25 0.53 24 0.46
Riverview 3 5 0. 39 - -

(Jan., Feb. only)

Radionuclides usually associated with fallout, such as Srgo, were
found in most milk samples. The concentration of sr89 and Cs137 in milk
analyzed at Hanford was usually below 4 x 10-9 el Sr89/g and 3 x 1078 pC
Ccs!37/g. The maximum values observed were 7 x 1079 pc Sr89/g and
1x107" pc Csl37/g., The results for 5190 and Cs!37 are summarized in
Table X,
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TABLE X

AVERAGE CONCENTRATIONS OF Sr20 AND cs27 IN MILK

Units of 1070 pc/g

Location No. No.

or Brand Samples sr?0 Samples csi37
Ringold 20 0.0030 24 < 0.034
Riverview 2 27 0.0038 25 < 0,033
Riverview 3 5 0.0056 5 < 0:030
Benton City 1 3 0.0033 5 < 0.030
Benton City 2 3 0.0027 1 <0.030
Commercial A 4 0.0046 4 < 0,031
Commercial F 7 0.0032 8 < 0.030
Commercial H 7 0.0097 5 0. 041

Other radiongclides for which a determination was rélade in commer -
cial milk were: Sc?®, zn®%, zr-Np9°, Rul03+106 {131 .51 o ppl4d
P~ and Sr 90 These results were below their respective reporting limits.

P32‘ in commercial

The absence of detectable quantities of Zn65 and
milk is probably due to the small fraction of milk contributed by the local
farms to the total commercial milk supply. With the exception of milk
obtained from local farms which are irrigated with Columbia River water,
the radionuclide content of milk available in the Tri-City area appears
typical of that reported by the U. S. Public Health Service in their Radio-
logical Health Data sduarterly Reports for sections of the country with

similar rainfall, ()

At a consumption rate of one liter of milk per day the 'fallout"
nuclides would contribute an average annual dose of <1 mrem to the GI-
tract, 2 mrems to the total body and 1.5 per cent of the maximum permis-
sible rate of intake for bone, The additional exposure to the few individuals
drinking milk from the Ringold area is calculated as 10 mrems to the GI-
tract, 4 mrems to the total body and 2 per cent of the maximum permissible
rate of intake for bone.

Milk was analyzed for 1131 and most of the resultslgrlldicated a con-
centration of less than the reporting limit of 5 x 10-8 pe I'"7/g. Of the
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twenty-four samples taken at Ringold, four contained 131 5y excess of
5x 107" pc/g milk, The largest number of positive analyses and a maxi-
mum of 1x 10-7 I 1/g were found in samples from this area. The annual
average concentrations of I in Ringold milk was between 1.5 x 10-8 uc/g
and 5.5 x 108 nc/g, depending on whether results below the detection
limit are considered to contain no I 1, or the amount of the detection
limit (5 x 108 uc/g). At a consumption rate of 1 liter milk/day, a thyroid
uptake of 30 per cent, an annual average concentration of I'°* in milk as
stated above and with sustained consumption over one year, the dose to
the thyroid of standard man {20 g) would amount to 0.01 to 0.04 rad/yr.

= 10 <40 wy 2wy, .

N. External Radiation

A program for measurement of low level "background' radiation
was conducted during 1960. A measurement location was established near
one of the less used project roads about 9 miles southeast from the nearest
chemical separation facility and about 8 miles northwest from the labora-
tories area. (External Dose Test Location - See Figure 2)

Several dose measuring instruments of the ''stray radiation chamber"
and ''pencil ionization chamber'' type were used at this location. The stray
radiation chambers were used in groups of 5 placed on 3 foot stakes and
exposed from two to five days. Several sets of 10 "pencil type' chambers
were similarly exposed over different time periods. Since the stray radia-
tion chambers seemed to be less affected by weather conditions, their meas-
urements were chosen to illustrate the radiation levels observed,

Average chamber readings taken during 1960 are shown in Figure 16
and are tabulated in Appendix D. The annual average daily dose rate
computed from these data amounted to 0.36 mr/day. The annual penetrat-
ing dose 3 feet above the ground at this location is, then, about 140 mr.
Although background radiation varies from place to place, 140 mr/yr is
taken as the estimated external dose from penetrating radiation in the
vicinity of the Hanford project. This estimate is exclusive of exposure
received while swimming or boating in the Columbia River.

O. Radioactive Wastes Released to Ground

Chemical separations processes account for nearly all of the liquid
and solid radioactive waste sent to ground,

Solid wastes involving small quantities of radionuclides are packaged,
placed in trenches and buried. At these arid burial locations, moisture
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from rain or snow rarely, if ever, reaches ground water but is absorbed
by plants or evaporated by capillary action. Hence, there is no mechan-
ism available for transporting the contaminants to the water table.

The liquid wastes are disposed of by various means depending on the
radioactive contents, ''High level wastes', normally containing activity
of 100 pc/cc or more, are neutralized and stored in concrete tanks lined
with mild steel. '"Intermediate level wastes', containing activity of approxi-
mately 10-5 pc/cc to 100 pec/cc, are sent to cribs which are open-work
boxes buried in the ground from which liquid waste can percolate into
- the soil., '"Low level wastes', usually containing less than 10'5 pc/cc, are
sent to surface ponds, The areas selected for liquid waste disposal have
soil with good capacity for storage for depths of 150 to 350 feet above ground
water. ‘

The prevention of significant quantities of radiologically important
radionuclides from reaching ground water and ultimately the Columbia River
is an important objective in local waste disposal practice. For this reason
wells have been drilled in and around crib and tank storage areas so that
leaks can be detected and the radionuclide content of the ground water deter -
mined. The radionuclides present in ground water have historically been
associated with liquid waste sent to cribs. Figure 17 shows the probable
extent and concentration of radioactive materials in the ground water, (8)

The total quantity of radioactive materials sent to ground {storage
tank contents excluded) since plant start-up is estimated as 2.5 x 10° curies,
Because of radioactive decay, the current total in the ground is estimated
as 123,77 x 10° curies, In order of abundance the bulk of this material is
Cs , sr?0 and Rul0 . Only minor amounts of other radionuclides are
present,

IV, AGGREGATE EXPOSURE FROM ENVIRONMENTAL SOURCE

Because of uncertainties in multiple sources, paths of intake, individ-
ual diets, periods of occupancy and so forth, the radiation exposure to
individuals in the neighborhood of the Hanford facility cannot be stated
precisely. However, useful exposure estimates may be made assuming
different exposure parameters. The following estimates of aggregate
exposure do not include natural background.
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The composite exposure for a hypothetical individual whose habits
include consumption of local fish at rate of 10 pounds per year, consumption
of products from farms irrigated with Columbia River water, consumption
of water from the Pasco sanitary system and swimming and boating on the
river is estimated at 200 mrems to the Gl-tract, 80 mrems to the total
body and 40 per cent of the maximum permissible rate of intake for bone,

The residents of Pasco of average dietary habits who drank water
from the municipal water system and consumed milk and other foods
obtained from local stores would likely have received exposure on the order
of 80 mrems to the Gl-tract, 10 mrems to the total body and 5 per cent of
the maximum permissible rate of intake for bone,

The residents of Richland and other communities who made no use
of the Columbia River or products derived therefrom, would have likely
received an exposure during 1960 of about 5 mrems to the Gl-tract, and
total body and 3 per cent of the maximum permissible rate of intake for
bone, The primary source of exposure for these individuals was from
world wide fallout.

These exposure estimates may be compared with recommendations
of the NCRP for continuous exposure of individuals in the neighborhood of
controlled areas, These recommendations in the form of maximum permis-
sible limits are 1500 mrems per year to the GI tract, 500 mrems per year
to the total body and 100 per cent of the maximum permissible rate of
intake in the case of bone seekers.
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APPENDTX A
TABLE U

CONCENTRATIONS OF SEVERAIL RADIONUCLIDES IN COLUMBIA RIVER WATER
AT VANCOUVER, WASHINGTON - 1960

Units of 1079 pe/ec of Water

Date p32 crsl 705 np®3?
1-12 33 2,300 6l 66
1-26 Th h,100 150 160
2-9 39 2,h00 83 110
2-23 54 2,200 150 96
3-15 85 2,800 130 81
3-22 71 2,700 110 67
L-5 T2 2,100 100 210
4-19 51 1,100 91 280
5-3 33 1,300 66 130
5-17 21 1,900 130 250
6-7 26 930 61 120
6-21 33 1,300 140 220
7-12 2l 1,300 65 17
T-26 16 1,k00 Lo 1Lo
8-9 23 2,500 55 140
8-23 17 1,400 14 36
9-13 16 3,100 57 Iy
9-27 11 2,600 23 25
10-12 31 3,100 13 83
10-25 31 1,500 <12 23
11-8 48 2,700 27 480

12-6 86 1,000 61 Lo
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APPENDIX A
TABLE 8

HW-68435

ESTIMATED RATE OF TRANSPORT FOR SEVERAL RADIONUCLIDES IN
COLUMBIA RIVER WATER PASSING VANCOUVER, WASHINGTON - 1960
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APPENDIX B

TABIE 2

AVERAGE BETA ACTIVITY ON FILTERS

FROM SELECTED PACIFIC NORTHWEST LOCATIONS - 1960
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APPENDIX B
TABLE 3

North Richland
Washington

AT PERIMETER COMMUNITIES - 1960

Units of 10~1% yc/cc of Scrubbed Air

ATMOSPHERIC CONCENTRATIONS OF I3+
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TABIE 3 (CONTINUED)

APPENDIX B
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APPENDIX B
TABLE U

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
EENTON CITY, WASHINGTON AND VICINITY, ZONE I - 1960

Units of 107 nc/g of Vegetation

Date BallO 12140 595 195 Ru103+RulO6 7131 Celul Celhh
Reporting
Limits* 2.0 2.0 2.0 1.5 5.0
1-5 - - 3.6 6.0 -
1-12 - - 3.0 8.4 9.1
1-19 - - 3.9 6.9 18
1-26 - - 4.2 6.7 -
2-2 - - h.o 3.1 5.1
2-9 - - h.3 3.0 8.3
2-16 - - .7 - 17
2-23 - - 3.1 - 21
3-1 - - h.2 - 12
3-8 - - 5.5 - 18
3-15 - - - - 9.7
3-22 - - 2.7 - -
3-29 - - 3.2 - 7.1
L-5 - - 2.2 - -
h-o12 - - - - -
k19 - - - - -
L-26 - - - - 6.4
5"3 - - 3o0 - 706
5-10 - - - - -
5-17 - - - - -
52k - - - - -
6-1 - - - -
6-7 - - - - -
6-14 - - .8 - 7.3
6-21 - - - - 8.5
6-28 - - - - 52

*Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABLE 4 (CONTINUED)

Date Ball0 1140 595 95  Rl03;yl06 131 b1 o 1k
Reporting

Limite 2.0 2.0 2.0 1.5 5.0
7-6 - - - - -
7-13 - - - - 5.7
7-19 - - - - 6.1
7-26 - - i i 0
8-2 - - - - 6.1
8-9 - - - 2.4 - 8.5
8-16 - - - - 8.6
8-23 2.1 - - - -
8-30 - - - - 8.5
9-8 - - - - 17
9-13 - - - - -
9-20 - - 3.7 - 9.6
9-27 - - - - 9.9
10-k - - _ i 57
10-11 - - 2.0 - 5.5
10-18 - - - - -
10-25 2.0 - - - _
11-1 - - ) _ 9.8
11-8 - - - - 12
11-15 - - ) ) 8.3
11-29 - - 2.7 - 10
12-6 - - - - i
12-13 " - - 6.5 5.1
12-20 - - 2.5 h.5 6.3

*¥Analytical results below reporting limits are indicated by & (-).
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APPENDIX B
TABLE 5

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
RICHLAND, WASHINGTON AND VICINITY, ZONE K - 1960
Units of 107° pc/g of Vegetation

e ] )
Baluo_Laluo ngs_Nb95 Ru103+Ru106 I13.1 Ce1+1+Celu+

Date
Reporting
Limits* 2.0 2.0 2.0 1.5 5.0
1-6° - - 2.7 3.9 13
1-13 - - - L.5 -
1-20 - - - h.o 13
1-28 3.8 h.3 11 7.4 by
2-3 - - - - 8.9
2-10 - - h.5 3.k 11
2-17 - - 6.5 - -
2-2h - - 3.1 1.9 11
3-2 2.1 - 2.9 - 12
3-9 - - 5.4 - T3
3-16 - - b.h - 7.6
3-23 - - - 2.3
3-30 - - - - 8.7
L-6 - - - - 5.5
4-13 - - - - -
k-20 - - - - -
h.27 - - - - -
5-4 - - - - -
5-11 - - - - -
5-18 - - - - -
5-25 - - - - .2
6-1 - - - - -
6-8 - - 2.2 - -
6-15 - - - - -
6-22 - - - - 7.0
6-29 - - - - -

*Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABIE S (CONTINUED)

. )l
Date Baluo_Lalho 7699 92 Ru103+Ru106 I131 Cel“l+0el*‘

Reporting
Limits* 2.0 2.0 2.0 1.5

A9
o

T-6 - - 2.4 -
7-12 - - -
T-20 - - - -

} oo &

-

(o)

1
FNO1\O\WV g Py U
VIOV O

i
-
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*Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABLE 6

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
KENNEWICK, WASHINGTON AND VICINITY, ZONE L - 1960

Unite of 10-0 pc/g of Vegetation

Date pallO_1g14%0 5,95 1,95 Rulo3+RulO6 31 Celu1+0e1uu
Reporting
Limits* 2.0 2.0 2.0 1.5 5.0
1-5 - - - - 0
1-12 - 2.6 4.3 2.5 18
1-19 - - 3.0 - 16
1-26 - - 2.5 1.5 -
2-2 - - L.h - 17
2-9 - - - 2.6 8.8
2-16 - - 5.7 2.1 -
2-23 2.9 - - - 2l
3-1 2.3 - 5.3 - 22
3-8 - - 6.5 - 13
3-15 - - - - 6.0
3-22 - - 3.4 - 7.6
3-29 - - 2.1 - 10
L5 - - - - -
k-12 2.2 - - - 6.2
b-19 - - 2.4 - 7.1
h-26 - - - - -
5-3 - - - - -
5-10 - - - - -
5-17 - - - - -
5-24 - - - - -
5-31 - - - - -
6-7 - - - - -
6-1h - - - - -
6-21 - - - - 5.0
6-28 - - - - -

*Analytical results below reporting limits are indicated by a (-,



~T0~ HW-68435

APPENDIX B
TABLE 6 (CONTINUED)

Date Batll"o-LalLLO Zr95-Nb95 Rulo3+RulO6 1131 Celulwrﬁ.lLLh
Reporting

Limite* 2.0 2.0 .0 1.5 5.0
7-6 - - - - -
7-11 - - - - 9.0
T7-19 - - 2.2 - -
7-26 - - - - -
8-2 - - - - 7.8
8"8 . - - g - 709
8-16 - - - - 5.1
8-23 - - - - 5.1
8-30 - - 2.2 - 6.4
9-6 - - - - 9.6
9-13 - - - - T.7
9-20 - - - - -
9-27 - - - - 5.8
10-4 - - - - -
10-11 - - - - 5.8
10-18 - - - - -
10-25 - - - - -
11-1 - - - - 5.1
11-8 - - 2.4 - 8.9
11-15 - - - - 6.2
11-22 - - - - 5.5
11-29 - - - - 9.2
12-6 - - - - 5.4
12-20 - - - 2.1 9.7

¥Analytical results below reporting limits are indicated by a (-),
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APPENDIX B
TABLE 7T

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
PASCO TO ELTOPIA, WASHINGTON, ZONE M - 1960

Units of 1070 uc/g of Vegetation

Date BaluO-Lalho Zr95—1\lb95 Ru103+RulO6 1131 Celulﬂjelm)r
Reporting
Timdte* 2.0 2.0 2.0 1.5 5.0
1 i - 3.2 2.3 1
12 i - - 1.5 11
-1 ) - 3.6 1.7 1k
1-26 - 2.2 15 9.9 6.6
2-2 - - 2.6 - 19
2-7 - - - 1.7 13
2-16 - 0 9.8 1.7 "
2-23 - - 6.1 - 13
3-1 - - Ll-vf) - 25
£ -6 - b6 - 7.5
3-15 - _ hos i 3
3-22 ) - 2.7 - 8.9
3-29 - - _ _ .9
u_5 - = - - ot
h.12 2.3 - . .5 9.2
L-19 2.k - . ; ?
L-26 - - m ) i
5-3 - - - i )
5-10 - . } ) -
5-17 - ] ) - -
5.2k . ) i - .
5"31 - - - - 60(
6-7 - - _ ) >
6-1h - - i ) -
6-21 - . ) ) -
6-28 - . ) . -

*Analytical results below reporting limits are irndicated by a (wjo
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APPENDIX B
TABLE 7 (CONTINUED)

Date BaluO-Laluo Zr95--1‘ﬂ:95 Rulo3+RulO6 1131 Celhl+Celuh
Reporting

Limite¥ 2.0 2.0 2.0 1.5 5.0
7-6 - - - - -
7-11 - - 2.4 - 9.3
7-19 - - - - 5.2
T-26 - - - - -
8-2 - - - - 9.5
8-8 - - - - 7.3
8-16 - - - = 7.6
8'23 - - = - 909
8-30 - - - - 7.0
9-6 - - - - 10.
9_13 - - - - 5 08
9-20 - - - - 6.8
9-27 - - - - 7.3
10-k4 - - - - 6.3
10-11 . - - - 6.8
10-18 - - - - 7.2
10-25 - - 2.4 - -
11-1 - - - - -
11-8 - - 2.7 - 7.2
11-15 - - - - 1k
11-22 - - - - 9.k
11-29 - - 2.9 - 6.3
12-6 - - - - -
12-20 - - - 4.0 8.5

*Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABLE 8

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
MESA, WASHINGTON AND VICINITY, ZONE N - 1960

Units of 10“6Auc/g of Vegetation

Date Baluo-Lalko Zr9SAMb95 Ru;o3+Ru;O6 1131 Celhl+0eluu
Reporting

Limits¥ 2.0 2.0 2.0 1.5 5.0
1-5 - - 3.0 - 16
1-12 - - - 2.5 9.0
1-19 - - .7 2.0 -
1-26 - - 4.6 2.0 13
2-2 - - - - 9.8
2-9 - - - - 13
2-16 - - 5.3 5.8
2-23 - - 4.8 7 17
3-1 - - - - 9.6
3-8 - - 4.8 - 1h
3-15 - - 2.8 - 7.4
3-22 - - - - 7.4
3-29 - - 2.6 - 7.7
ho5 - - - - -
h-12 - - 2.7 - 7.2
4-19 - - - - -
4-26 - - - - -
5-3 - - - - -
5-10 - = - - -
5-17 - - - - -
5-24 - - - - -
5-31 - - - - -
6-7 - - - - -
6-1h - - - - -
6-21 - - - - -
6-28 - - - - -

*¥Analytical results below reporting limits are indlcated by a {-).
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APPENDIX B
TABLE & (CONTINUED)

131 141 1bh
Date Ba -1a +Ce

Reporting
Limite*

n
Q
no
o
N
<
-
\A
\J1
o

7-6
T-11

©
o
[ T TR TR S W NN A0 I S S B S |
=
[ U T A0 2~ T B J 'S S B B B |
(62
[N T T = T N N S N B N SN |

[ U N A D

2
¢
o
H

| I |

’_.J
?
|._l
o
i
[ )N B |
o

| |
N v
N [e¢]
\O
[ I N SENE B N )
| I T S T S D A 2 T T |
R T 1 2 1 v 2 T S T ST S S
[t T T DU T T S R T R |
'._l
t 1 O\ OV
a
oW 1 O

*¥Analytical results below reporting limits are indicated by & (-).
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APPENDIX B
‘TABLE 9

CONCENTRATIONS OF SEIECTED RADIONUCLIDES ON NATIVE GRASSES
WAHLUKE SLOPE FAST, ZONE O - 1960

Units of 1070 uc/g of Vegetation

1ko_. _1ko 95 2% Ru103+Rulo6 131 1y 1kk

Date Ba~ " -1a r Ce  +Ce
Reporting
Limits* 2.0 2.0 2.0 1.5 5.0
1-b - 2.0 6.9 2.1 11
1-11 - - 6.7 3.2 16
1-18 - - 6.6 3.4 9.3
1-25 - - 4.6 3.7 8.9
2-1 - - 3.2 3.2 12
2-8 - - - - 11
2-15 - - h.2 1.6 17
2-22 - - - - 9.6
2-29 - - 6.7 - 14
3-7 2.4 - 5.2 - 16
3-1h - - 3.6 - 11
3-21 - - 3.0 - Tk
3-28 - - - - -
Lk - - - - -
h-11 - - - - -
4.18 - - - 2.1 6.5
h-25 - - 3.2 - T.7
5-2 - - - - 6.1
5-9 - - - - -
5-16 - - - - 6.1
5-23 - - 2.h - 8.2
5-31 - - - - -
6-6 - - 2.5 - -
6-13 - - 2.0 - -
6-20 - - - - 5.8
6-27 - - - - -

*Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABLE 9 (CONTIHURD)

Il
Date Balho-Lalho Zr95—Nb95 Rulo3+RulO6 1131 celulwel
Reporting

Limite* 2.0 2.0 2.0 1.5 5.0
-5 - - - - 5.8
T7-11 - - - - 8.4
7-18 - - - - 7.0
7"25 - - 209 - 6.2
8-1 - - 2.5 - -
8-8 - - - - 7.4
8-15 - - 12 . - 1k
8-22 - - 2.2 1.5 12
8-29 - - - - 10
9-6 - - - - 6.7
9-12 - - - - -
9-19 - - b7 - 12
9-26 - - 3.0 - 12
10-3 - - 2.7 - 15
10-10 - - 2.9 - 6.5
10-17 - - - - 11
10-24 - - 3.4 - 9.8
10-31 - 3.6 - - 20
11-7 - - 3.3 - 10
11-14 - - - - 7.3
11-21 - - - - 6.4
11-29 - - 3.7 - 8.4
12-12 - - - 3.2 12
12-29 - - 2.8 1.6 7.7

*¥Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABLE 10

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
WAHLUKE SIOPE WEST, ZONE P - 1960

Units of 1076 nc/g of Vegetation

!
140 _ 1kO 7299 % Ru103+Ru106 1131 Celul 41+u

Date Ba~ -la +Ce
Reporting
Limite* 2.0 2.0 2.0 1.5 5.0
1-k - - 2.5 2.3 12
1-11 - 2.5 5.9 4.8 9.3
1-18 - 2.1 2.8 5.3 14
1-25 - - 3.7 6.7 12
2-1 - - 2.7 b2 13
2-4 - - 2.2 2.6 12
2-15 - - - - 17
2-22 - - 6.1 1.5 1h
2-29 - - h.9 - 22
3-7 2.0 - 3.4 - 18
3-1h - - 2.2 - 11
3-21 - - 2.0 - 7.1
3-28 - - - - -
Lok - - - - 6.6
h-11 - - - - 7.7
4-18 2.0 - - - 5.2
h-25 - - - - 8.3
5-2 - - - - 6.9
5-9 - - k.5 - 5.1
5-16 - - - - 7.9
5-23 - - - - 7.1
5-31 - - - - 0.2
6-6 - - 2.0 - 12
6-13 - - 2.5 - 6.7
6-20 - - 2.2 - -
6-27 - - - - -

*Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABLE 10 (CONTINUED)

) ' I Ly
palt0_j 1h0 o 95 595 103,306 G131 okl 1

Date 18
Reporting

Limite* 2.0 2.0 2.0 1.5 5.0
-5 - - - - -
T7-11 - - 2.3 - -
7-18 - - - - -
7-25 - - 3.7 - -
8-1 - - - - 7.0
8-8 - - 2.4 - 6.9
8-15 - - b2 - 6.1
8-22 - - - - 10.
8-29 - - - - 8.9
9-6 - - - - 8.7
9-12 - - - - 7.3
9-19 - - N - 10.
9-26 - - - - 10,
10-3 - - - - 11
10-10 - - 3.2 - -
10-17 - - 2.0 - 6.4
10-2h - - 2.8 - 11
10-31 - - - - 9.9
11-7 - - 3.0 - 8.2
11-1k - - - - 8.3
11-21 - - 2.2 - -
11-29 - - - - 6.6
12-12 - - 2.0 2.k 6.1
12-20 - - - 7.0 12
12-29 - - - 2.3 -

*Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABIE 11

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
HORSE HEAVEN HILLS, ZONE Q - 1960

Units of 100 pc/a of Vegetation

Date palB0_p 1H0 595 105 1035206 (131 ML LN
Reporting

Limits* 2.0 2.0 2.0 1.5 5.0
1-6 - - 4.8 by 16
1-13 - - 2.1 1.8 9.4
1-20 - - 5.1 6.0 7.1
1-27 2.7 2.3 5.3 6.3 22
2-3 - - 5.1 1.9 14
2-10 - 2.0 k.9 1.7 21
2-17 - - h.2 1.6 1h
2-2h - - L.3 - 14
3-2 - - 6.4 - 21
3-8 - - 5.8 - 1k
3-16 - ~ 3. - 9.7
3-22 - - - - -
3-30 - - 3.1 - 10
4.6 - - - - -
413 - - - - -
k-20 - - 2.1 - 6.5
h27 - - - - -
5.1 - - - - -
5~11 - - - - -
5-18 - - - - -
5-25 - - 3.0 - 9.3
6-1 - - - - 7.6
6-8 - - - - -
6-15 - - - - 6.4
6-22 - - - - 5.0
6-29 - - - - -

*Analytical results below reporting limits are indicated by a (-).
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APFENDIX B
TABLE 1) (CONTINUED )

1 ) hh
1H0_p 180 7 95 1195 Ryl03,p,100 ;131 LML 2

Date Ba Ila
Reporting

Limits* 2.0 2.0 2.0 1.5 5.0
7"‘6 - - d - -
7-12 - - - - 5.1
7-19 - - - - -
7-27 - - - - -
8-3 - - 2.0 - 6.8
8-10 2.0 - - - 11
8-17 - - 2.0 - 7.2
8-2h - - - - 10.
8-31 - - - - 7.3
9-7 - - 2.7 - 5.9
9-11 - - - - 10 -
9-21 - - - - 6.9
10-4 - - - - 6.0
10-12 - - i - 7.3
10-19 - - - - -
10-26 - - - - 6.9
11-2 - - - - 7.5
11-9 - - 2.5 - 5.4
11-16 - - - - 9.9
11-23 - - - - 6.0
11-30 - - 2.1 - 11
12-7 - - - - 8.6

*Analytlcal results below reporting limits are indicated by a (-),
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APPENDIX B
TABLE 12

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
WALLA WALLA, WASHINGTON AND VICINITY, ZONE R - 1960

Units of 107 pc/e of Vegetation

h1 1k
95 95 Ru103 106 I131 Cel e

Date palt0 1140 5,95 +RU
N Reporting

Limite* 2.0 2.0 2.0 1.5 5.0

1-11 - - b7 - 16

2-2 - - b1 - 18

3-3 - - 3.8 - 19

b2 - - - - -

il 5-24 - - - - -

6-29 - - - - -

8-2 4.0 - - - -

8-30 - - - 15 .
11-1 - - 8.1

- *Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABLE 13

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
LEWISTON, IDAHO AND VICINITY, ZONE S - 1960

Units of 107° pc/g of Vegetation

Date pall0_; 160 595 n 95 £o103,p,106 131 o 1kl o 1Wh
Reporting
Limlts* 2.0 2.0 2.0 1.5 5.0
1-11 - - 2. - 16
2-2 - - 5.0 - 25
3-3 - - 6.8 - ol
h-12 - - 2.7 - -
5-2k - - 2.8 - 5,1
6-29 2.1 - - . g
8-2 - - . _ _
8-30 - - - - 6.8
11-1 - - i i 7.3

*¥Analytical results below reporting limits are indicated by a (-).
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APPENDIX B

~ TABLE 1k

HW-68435

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
SPOKANE, WASHINGTON AND VICINITY, ZONE T - 1960

Date

Reporting'
Limits*

1-11
2-3
3-3
b1z
5-25
6-29
8-3
8-30
11-2

Units of 107° uc/g of Vegetation

palb0_p k0 .95 195 103 106 131 ikl bk
2.0 2.0 2.0 1.5 5.0
- 3.3 3.3 - 31
- 2.3 6.7 1.6 36
- - k.9 - 21
3.7 - - - -
- 2.0 8.1

*Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABLE 15

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
RITZVILLE, WASHINGTON AND VICINITY, ZONE U - 1960

Units of 1070 uc/g of Vegetation

Date g ll0_ 180 595 1005 203,506 131 Akl AN
Reporting .

Limits* 2.0 2.0 2.0 1.5 5.0
1-11 - - 3.0 - 1k
2-3 2.7 - - 1.8 18
3-3 - - 6.1 - 16
h13 - - - - -
5"25 . - - 205 - 5.3
6-30 - - - - -
8-3 - - - - -
8-31 - - 3.0 - 11,
11-2 - - - - 6.3

¥Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABLE 16

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
TOPPENISH, WASHINGTON AND VICINITY, ZONE V - 1960

Units of 10-° uc/g of Vegetation

Date patb0_1o150 595 1095 p103,5,106 1131 o INL . 1hk
Reporting

Limits* 2.0 2.0 2.0 1.5 5.0
1-6 - - - - -
2-9 - - - 2.3 9.4
3-8 - - - - 8.0
L5 - - - - -
5-3 - - - - 5.0
6-7 - - - - -
7-12 - - - - -
8-9 - - - - 8.2
9-13 - - - - 6.2
10-12 - - - - 6.2
11-9 2.4 - - - -

*Analytical results below reporting limits are indicated by a (-).
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APPENDIX B
TABLE 17

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
GOLDENDALE, WASHINGTON AND VICINITY, ZONE W - 1960

Units of 1076 uc/g of Vegetation

Date palbo_ppllo 595 195 Ru103+Ru106 7131 Ce1u1+0e1hh
Reporting

Limits* 2.0 2.0 2.0 1.5 5.0
1-6 - - - - 20
2-9 - 2.9 T.7T - 32
3-8 - - 6.3 - 25
h-s . - - . - -
5-3 - - - - -
6-7 - - o - 6.6
7-12 - - - - -
8-9 - - - - 8.4
9-13 - - - - 6.7
10-12 - - - - 13
11-9 - - - - 5.0

*Analytical results below reporting limits are indicated by a (-).



-87- HW-68435

AFPPENDIX B
TABIE 18

CONCENTRATIONS OF SEIECTED RADIONUCLIDES ON NATIVE GRASSES
PORTLAND TO BONNEVILLE, OREGON, ZONE X - 1960

Units of 1070 yc/g of Vegetation

b ) W
1ho_g 140 Zr95—Nb95 Rulo3+RulO6 Il3l Cel‘l+CelL‘

Date ‘Ba, 12
Reporting
Limite* 2.0 2.0 2.0 1.5 5.0
1-6 - 2.2 6.6 - 1h
2-9 - - 7.h - 30
3-9 - - 5.6 - 2
L.5 - - 3.2 - 14
54 - - - - -
6-7 - - - - -
7-12 - - - - -
8-9 - - - - 7.1
9-1h - - - - 6.1
10-13 - - - - 10
11-9 - - 3.9 - 9.0

¥Analytical results below reporting limits are indilcated by a (-).
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APPENDIX B
TABLE 19

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES
THE DALIES TO BOARDMAN, OREGON, ZONE Y - 1960

Units of 1076 pc/g Vegetation

Date : Balho*LalhO Zr95~Nb95 Ru103+Ru106 131 Celu1+Celhu
Reporting
Limits* 2.0 2.0 2.0 1.5 5.0
1-6 - - 2.7 - 16
2-10 - - 2.7 - 14
3"9 09 - 205 - ll
L6 . - - - - 8.1
5-b - - - - -
6-8 - - - - -
7-12 - - - - -
8-10 .7 - - - 6.9
9-1h4 - - - - 7.8

e

O

O
w

|

[ I |
)
\Ji

¥Analytical results below reporting limits are indicated by a (-).
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TABLE 20

131

/g of Vegetation
.
Rulo3+Ru*O6

cSlJ7

-
-

Units of 1070
7295 195

RIVERVIEW DISTRICT OF PASCO, WASHINGTON, ZONE Z - 1960
700%

CONCENTRATIONS OF SELECTED RADIONUCLIDES ON NATIVE GRASSES

Ball0_1 5150

Date

5.0

1.5

Ql

1.0

2.0

1.5

2.0

Reporting
Iimits*

-89- HW-68435

O rv u.\b-: n
t\—ﬂr—l[\—com,.:rm_:fﬁ\ob-a [0 TN T T T SR R SR T B B
A A AN
L I R N R 2 D R T S T N R S R R S D N T TR SR Y R B |
r-i-:f.(\‘l—:fco
[ a Na VARGV Ao VFe: SNk TN NN J N N N S SR SN N TN TS NN N N N B B

4 e O = \0

[V o V2N T N o o TN SO~ N N e N Y N N A N Y NS A N TN N N B NGV B B

\CZ(\.lOr—I\OLr‘\Q\N

[ B TS AV as BPE: B S VIR SO SN NN NN N SN A N NS RN N S B N B B/

=

[ IV /N A TS U T TN TN TN SN [N SN N NS SN NN TN NN T N SN SN N BN N |

SO QN QO Y

LI T To ¥ R S T Vo T Y B o VAV R B B a VAN e o En SRV B e o Te B A VI I B B |
o 9

[ T T T T TR TN TN ¥ N TR TN TN TN N4 VNN N N N SO SN N S S B S |
o o O\ M~ .:rr—lCO

Lf\r*lr-l(\l(\lr-lc-'l(\lr—id)r-!\’}](\'w\r-l—{(\lmﬂH(\!(‘pl\'-r—.i(\'J(}l_

A A AN NN YNNG S NN I IN NG NO\ONO

(-).

5
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APPENDIX B
TABLE 22

7131 IN EEEF CATTIE THYROIDS FROM
CATTLE SLAUGHTERED AT PASCO, WASHINGTION - 1960

Units of 107° pc/gm of Thyroids

Date Thyroid ue 1131
Sampled Wt (gm) Concentration
9-8 15.7 30
9-8 bk 1.3
9-8 22.8 1.3
9-8 23.9 200
9-16 6.4 16
9-16 17.9 110
9-16 8.7 4.8
9-16 16.2 11 .
9“22 20 ® 3 8 a9
9-22 25,6 2.4
9-22 35.8 0.76
9-22 22.8 2.0
9-22 30,8 63
9-22 2.2 35
9-2k 21.3 230
9-24 22,6 30
9-24 20.0 30
9-2l 27.8 6.1
10-7 18.4 8.3
10-7 30.2 4.3
10-7 29,02 75
10-7 32.3 25
10-7 19.8 1.3
10-7 26.8 1.0
10-20 18.5 8.0
10-20 21.5 72
10-20 26.2 <1
10-20 38.0 18
10-20 20.0 22
11-26 35.2 27
11-26 54,0 18
12-1 16.9 2.8
12-1 30.4 48
12-1 18.2 11
12-1 21.3 2.2
12"1 12 09 5 '7
12-8 24,0 31
12-8 28.8 0.9
12-% 27,2 2.5
12- 2. .
12-8 guoz 2,8
12-16 33.4 7.9
12-16 33.0 1000
12-16 1599 160
12-16 .0 iy
12-16 15.6 8.7
12-16 15.3 29
12-16 21.6 83
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APPENDIX C
TABLE 1

CONCENTRATIONS CF SEVERAL RADIONUCLIDES IN MILK
PURCHASED FROM PRODUCERS AT SEIECTED LOCATIONS - 1960

Units of 10~ ne/gm

Date g0 7n5 cs137 131 5r90 p32
Reporting
Limits* 0.3 0.08 0.03 0.05 0.002 0.1

- Riverview Irrigation District (Farm 2)

1-5 1.4 0.63 - - 0.0030 -
1-12 1.k 0.66 - - 0.0057

1-26 Lost 0.0062

2-2 0.87 0.12 - - Iost

2-9 0.58 0.098 - - 0.0051 NA***
2-16 1.3 0.084 - - 0.0064 NA
2-23 1.2 0.11 - - Lost

3-1 1.1 0.12 - - 0.0056 0.13
3-30 2.0 0.10 .0.059 - 0.00k42 0.13
5-3 1.6 - 0.035 - 0.0057 -

. 5-2h 1.6 0.53 - - 0.0040 1.4
6-22 1.5 0.96 - - 0.0031 1.2
7-8 1.1 0.78 - - Not Analyzed
7-11 1.5 0.73 - - " "

7-13 1.1 0.73 - - " "

7-14 0.98 0.73 - - " "

T7-26 1.3 0.77 - - 0.0030 0.72
8-9 1.h4 0.64 C - - 0.0027 0.85
9-6 1.5 0.68 - - 0.0051 0.92
9-13 1.2 0.75 - - ~ 0.004%0 1.0
9-20 1.7 0.78 0.065 0.07% - 0.0026 1.1
9-27 1.7 0.90 0.032 - 0.0076 1.1
10-h 1.k 0.55 - - 0.0032 0.36
10-11 1.7 0.37 - . 0.0021 0.23
10-25 1.5 0.63 - - 0.0029 0.4k
11-1 1.2 0.68 - - 0.0037 0.33
11-8 % 0.0021 0.18
11-15 %% 0.0033 0.1k
11-22 %% 0.0021 -
11-23 ** - -
12-8 0.94 0.21 0.054 0.12 0.0032 -
12-13 1.6 0.17 0.0L45 - 0.0021 -
12-22 1.5 0.22 - - 0.0021 -
12-28 1.2 0.16 - - 0.0029 -

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

**Gamma scan lost.
*¥¥Not Analyzed.
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APPENDIX C
TABLE 1 (CONTINUED)

Date x*O 7059 cs3T 132 sr?° p3
Reporting
Limits#* 0.3 0.08 0.03 0.05 0.002 0.1

Riverview Irrigation District (Farm 3)

1-20 1.2 0.56 - - 0.0077 -
1-26 1.1 0.35 - - 0.0062 -
2-9 0.4k 0.33 - - 0.0058 NA**
2-16 1.2 0.39 0.030 - 0.0048 NA
2-23 1.2 0.33 - - 0.0033 NA
Ringold Farms

N 2-8 0.70 0.28 - - 0.0022 NA

o 2-16 1.2 0.28 - = 0.0023 "

- 223 1.2 0.ks - - 0.0021 "

R 3-1 1.3 0.45 - - 0.0036 0.27
3-31 1.5 0.36 - - 0.00L4 0.27
L-26 1.6 0.50 - - 0.0043 0.14
5-27 1.6 0.80 - - 0.0035 Lost
6-22 1.5 0.58 - - Lost 0.35
7-8 0.93 0.60 - - Not Analyzed
T7-13 0.84 0.54 - - " "
7-1k 0.88 0.51 0.096 - " "
7-26 0.95 0.47 - . 0.0021 0.62
8-9 0.70 0.46 - - 0.0027 0.64
8-17 1.2 0.32 0.039 - 0.0066 1.2
8-2kh 1.6 0.65 - 0.10 0.0025 1.1
8-2k 1.7 0.63 - 0.07 0.0028 1.5
8-31 1.2 0.83 - 0.09 0.0025 1.4
9-7 1.0 0.82 - - 0.0022 1.2
9-21 1.6 0.97 - - 0.0029 2.1
9-28 1.8 0.98 0.035 - 0.0033 2.5
10-6 0.46 0.96 0.034 - - 3.2
10-21 1.5 0.92 0.054 - - 2.k
10-27 1.4 0.96 - - 0.0023 1.8
11-3 1.4 0.83 - 0.08 0.0028 1.1
11-10 *¥ - 1.4
11-16  ** 0.0036 1.k
12-5 0.71 0.92 - - 0.0021 0.58

/

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

*¥Gamms scan lost.
*¥*¥Wot Analyzed
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TABLE 1 (CONTINUED)

65

Date K 7n

Csl37

Il3l

Reporting
Limits* 0.3 0.08

Benton City

Farm 1
3-7 1
3-31 1
427 1.
T-13 1
7-1h 0

Farm 2

10-19 0.95
11-16 **

12-22 "7 1.5

ILocal Purchase - Commercial Milk

Brand A
3-12
3-30
428
5-2k

S
FovED
i

Brand F
3-1
3-30
L-28
5-2k
7-8
7-13
7-1k
11-1
11-8 %%
12-5 v

QoW oL &
i

H OO

.
(93
i

0

1t Ot ©O

.03

.031

-033

.030

0.05

0.082

0.0021
0.0028
0.0051

HW-68435

p32

0.1

Lost™

Not Analyzed
" "

0.0040
0.0021

0.0042
0.0051
0.0045
0.0046

0.00k40
0.0038
0.0029
0.00k43

-

Not Analyzed
111 n

14 11

0.0031

0.0023

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

*¥Gamma scen lost.
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APPENDIX C

TABLE 1 (CONTINUED)

Cs137

Il3l

0.03

0.052
0.0k
0.035
0.043

0.05

Sr9o

0.002

0.0098
0.0056
0.014
0.011
0.0093
0.010
0.0083

HW-68435

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

*%Gamma scan lost.
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CONCENTRATIONS OF SEVERAL RADIONUCLIDES IN
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APFENDIX C

TABLE 5

COMMERCIAL. BABY FOODS

HW-68435

Units of 107° uc/g of Baby Foods

Brand

Date

K&O

Csl37

srd9

Reporting ILimits#*

Cereals

Barley
Oat
Rice
Protein
Protein
Mixed
Mixed
Mixed

QuEWww» » P

Fruits and Vegetables

Applesauce
Applesauce
Applesauce Jr.
Applesauce Jr,
Banana

Banansa

Pears

Pears

Pears, Jr.
Peaches
Peaches Jr.
Prunes

Prunes

Plums

Green beans
Green beans
Green beans
Green beans Jr.
Beets

Carrots
Carrots

Peas

Peas

Peas

QeEpraEppPpraEprpQaaQrQrpPpQrQarQr>p

5-11-60
5-11
5-11
5-11
8-16
5-11
8-16
5-11

12-10-59
5-11.-60
5-11
5-11
12-10-59
5-11-60
5-11
5-11
5-11
5-11
5-11
5-11
5-11
5-11
12-10-59
5-11-60
5-11
5-11
5-11
5-11
5-11
12-10-59
5-11-60
5-11

003

NDww OC\OHNDP
L] > =
OO K Fonow

* ® s i »

W
O

L ] L] - L 3 L ] L) L3 - » - - L 3 L d - >
F oF o) A HOAN wh

L]

O-1ONWWWUVMOF~1@KH FYWOW O OO N W

o ¥

HOOHOHFHOFOOHFNOHFFOHOOROCO 1 O

0.03

0.077

Oo085
0.06k
0.10

0.075

0.00k

0.01k

0.0045

0.023

0.0070

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

Sr9o

0,002

0.0051
0.0069

0.01k4
0.056
0.020
0.030
0.0072

-

0.0023
0.0033

0.00&7
0.002k

0.00k2
0.0027
0.0027

6.00&3
0.0033
0.0060

0.0022



Reporting Limits¥*

Sweet Potatoes
Sweet Potatoes
Sweet Potatoes Jr.

Squash
Squash

Squash Jr.

Spinach
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APPENDIX C

TABLE 5 (CONTINUED)

HW-68435

Meat and Poultry Products

Egg Yolks
Pork
Pork
Pork
Chicken
Chicken
Beef
Beef
Beef
Beef Jr
ILamb
TLamb
Veal
Veal Jr
Tuna

Brand Date g0 ge137 5,09
0.3 0.03 0.00k
A 5-11-60 1.6 - -
c 5-11 1.3 - -
A 5-11 1.8 - -
A 5-11 1.2 - -
c 5-11 1.5 - 0.0083
A 5-11 1.0 - -
c 5-11 2.0 - -
C 5-11 0.3+ - -
A 12-10-59 1.8 0.082 -
A 5-11-60 1.7 - -
c 5-11 1.9 0.073 -
A 12-10-59 0.82 - -
A 5-11-60 0.89 - -
A 12-10-59 2.0 0.0T2 -
A 5-11-60 2.0 0.065 -
c 5-11 1.7 0.13 -
A 5-11 1.9 0.12 © -
A 12-10-59 1.6 0.13 0.0040
o 5-11-60 1.6 - -
¢ 5-11 1.8 0.2h4 0.0045
A 5-11 2.1 0.093 -
c 5-11 - - -

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

Sr9o

0.002

0.0053
0.0023
0.0070
0.0023

0.0023
0.010

0,0090

6.0037
0.0031

t

.0036
.00k1
.0032
.00ko
.0027
.0039

1 OO0OOO0OOO0O 1
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APPENDIX C
TABLE 6

CONCENTRATIONS OF SEVERAL RADIONUCLIDES IN LOCALLY
PURCHASED CONDENSED, EVAPORATED OR FORMUIA MILK

Units of 10-0 ic/g of Milk

Brand Date K&O 03137 Sr89 Sr9o
Reporting

Limits#* 0.3 0.03 0.00k 0.002
J 12-23-59 1.7 - - 0.0060
5-6-60 1.2 - - 0.017

8-16 1.h4 0.04T - 0.0037

c 12-23-59 3.0 0.17 - 0.019
5-6-60 2.6 0,035 0.013 0,020

8-16 2.6 0.034 - 0.011

L 12-23-59 2.8 0.13 0.0040 0.012
5-6-60 4.3 0.23 - 0.031

8-16 2.5 - - 0.0075

K 12-23-59 2.7 0.081 0.012 0.015
5-6-60 2.6 0.050 - 0.01k4
8-16 2.6 - - 0.0087
T 5-6-60 3.2 0.071 - 0.0051
8-16 2.4 - - 0.0037

R 5-6-60 2.3 0.082 - 0.032
8-1 1.7 0.033 - 0.029

¥Results less than the reporting limit are indicated by a (-).
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APPENDIX D
TABLE 1

IONIZATION CHAMEER MEASUREMENTS OF EXTERNAL
"BACKGROUND" DOSE RATE 3 FEET OFF GROUND AT

HW-68435

HANFORD (PROJECT TEST LOCATION ROUTE 10, MI. 1.6)- 1960

Measurement

Measurement

Measurement

Period Mr/Day Period Mr/Day Period Mr/Day
1/11-1/13 0.38 5/2-5/4 0.36 8/26-8/29 0.30
1/13-1/15 0.k0 5/%-5/6 0.35 8/29-8/31 0.30
1/15-1/18 O.41 5/6-5/9 0.3k 8/31-9/2 0.32
1/18-1/20 0.k 5/9-5/11 0.33 9/2-9/T 0.32
1/20-1/22 0.43 5/11-5/13 0.33 9/7-9/9 0.35
1/22-1/25 0.4k 5/13-5/16 0.33 9/9-9/12 0.38
1/25-1/27 0.45 5/16-5/18 0.33 9/12-9/14 0.36
1/27-1/29 0.k2 5/18-5/20 0.32 9/14-9/19 0.37
1/29-2/1 0.h1 5/20-5/23 0.35 9/19-9/21 0.33
2/1-2/3 0.39 5/23-5/25 0.35 9/21-9/23 0.ho
2/3-2/5 0.37 5/25-5/27 0.35 9/23-9/26 0.37
2/5-2/8 0.38 5/27-6/1 0.32 9/26-9/29 O.41
2/8-2/10 0.35 6/1-6/3 0.29 9/29-10/3 0.42
2/10-2/12 0.36 6/3-6/6 0.32 10/3-10/5 0.4l
2/12-2/15 0.3k 6/6-6/8 0.32 10/5-10/7 0.38
2/15-2/19 0.40 6/8-6/10 0.36 10/7-10/10 0.36
2/19-2/22 0.33 6/10-6/13 0,31 10/10-10/12 0.40
2/22-2/2k 0.h2 6/13-6/15 0.32 10/12-10/1%  0.35
2/2h-2/26 0.38 6/15-6/17 0.31 10/1k-10/17  o.k2
2/26-2/29 0.k1 6/17-6/20 0.31 10/17-10/19  0.48
2/29-3{2 0.43 6/20-6/22 0.32 10/19-10/21  0.45
3/2-3/ 0.k2 6/22-6/2k 0.36 10/21-10/2k  0.39
3/4-3/7 0.33 6/24-6/27 0.30 10/2k-10/26  0.37
3/7-3/9 0.36 6/27-6/29 0.31 10/26-10/28  0.37
3/9-3/11 0.38 6/29-7/1 0.31 10/28-11/2 0.k
3/11-3/1%4 0.39 T/1-7/6 0.32 11/2-11/ 0.39
3/1k-3/16 0.36 7/6-7/8 0.32 11/h-11/7 0.51
3/16-3/18 0.38 T/8-7/13 0.29 11/7-11/9 O.k2
3/18-3/21 0,39 7/13-7/15 0.30 11/9-11/11 0.48
3/21-3/23 0.h2 T/15-7/20 0.29 11/11-11/1h 0.kl
3/23-3/25 0.38 7/20-7/22 0.32 11/14-11/16  0.33
3/25-3/30 0.36 T/22-7/25 0.32 11/16-11/21  0.35
3/30-4£1 0.34 T/25-7/27 0.33 11/21-11/23  0.45
h/1-4/ 0.35 7/27-7/29 034 11/23-11/28  0.39
b/h-L/6 0.38 T/29-8/1 0.32 11/28-11/30  O.4k4
L/6-4/8 0.38 8/1-8/3 0,30 11/30-12/2 0.46
b/8-k/11 0.36 8/3-8/5 0.30 12/2-12/5 0.35
h/11-k/13 0.37 8/5-8/8 0.32 12/5-12/7 0.46
L/13-k/15 0.33 8/8-8/10 0.33 12/7-12/9 0.43
4/15-4/18 0.38 8/10-8/12 0.31 12/9-12/12 0.46
L/18-l/20 0.34 8/12-8/15 0.32 12/12-12/16  0.46
L/20-4/22 0.3k 8/15-8/17 0.31 12/16-12/21  0.38
L/22-4/25 0.35 8/17-8/19 0.30 12/21-12/23  0.43
L/25-L/27 0.35 8/19-8/22 0.32 12/23-12/28  0.46
L/27-k/29 0.35 8/22-8/2k 0.32 12/28-1/3/61  0.33
L/29-5/2 0.35 8/2k-8/26 0.27
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APPENDIX E

ANALYTICAL METHODS

1. Water Analyses

All water samples are analyzed for alpha emitters, beta emitters, and
selected radionuclides. Alpha emitters are extracted with diethyl ether from
9 N nitric acid. The gross alpha activity is measured with a zinc sulfide
(Z;S) scintillation counter. Gross beta activity is determined by evaporating
a sample to dryness and counting the residual salts on a gas-flow proportional
beta counter operated in the Geiger region.

Rare earths plus yttrium, silicon-31, iodine-131, phosphorous-32,
strontium-89 and strontium-90 are measured by beta counting after chemical
separation. The rare earths are isolated as a group by hydroxide, fluoride,
and oxalate precipitations; silicon is precipitated as the dioxide; iodine is
isolated by carbon tetrachloride extraction and precipitation as silver iodide;
phosphorous by extraction of phosphomolybdic acid with butanol in diethyl
ether or by direct precipitation as the phosphomolybdate; and strontium by
successive precipitation of the nitrate and the carbonate. Yttrium-90,
separated from the strontium after secular equilibrium is established, is
measured to determine strontium-90. Beta decay curves are extrapolated
to sampling time to determine the initial activity levels and to check separa-
tion effectiveness,

Manganese-56, zinc-69 and gallium-72 are determined by measurement
of their characteristic gamma peaks with a multichannel gamma energy
spectrometer using a 3 inch x 3 inch thallium-activated sodium iodide
(NaI(T1)) scintillation crystal detector. The measurements are made after
the following chemical separations; manganese by precipitation as the
dioxide, zinc by precipitation as the phosphate and ion exchange purifica-
tion, and gallium by extraction with iso-propyl ether and precipitation as
the hydroxide, Sodium-24, neptunium-239, chromium-51 and cobalt-60
are also determined using a multichannel gamma energy spectrometer,
but are determined from a direct count of residual salts from the evaporated
sample, without chemical separations. However, it may be necessary to
chemically separate neptunium-239 and cobalt-60 for samples with low con-
centrations,

* L, F., Lust. Radiological Chemical Analysis Operation, General Electric
Company, HAPQO, Private Communication,
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Copper-64 is determined from gamma-coincidence counting measure-
ments of the annihilation photons produced by positron emission, Scandium-46
is measured by gamma-coincidence counting of the 0.885 Mev and 1.12 Mev
photons,

Arsenic-76 is determined from the counting rate of its 2.97 Mev
beta. Particles of lower energy from other beta emitters are shielded out

by use of a 504 mg/cm2 absorber.

Uranium concentrations are determined with a fluorophotometer,
using standard techniques.

2, Vegetation and Produce Analyses¥

Samples of native grasses (vegetation samples) are analyzed with a
multichannel gamma energy spectrometer for selected radionuclides. The
spectrometer utilizes the 3 inch x 3 inch Nal(Tl) scintillation crystal used
in analyzing water samples. These analyses are conducted for 150 gram
samples which have been shredded and placed in a 9-ounce glass jar. Back-
ground analysis includes the effects of the jar glass which contains minute
amounts of radioactivity. There is no ashing or chemical separation per-
formed on vegetation samples,

Farm products, including milk, are analyzed for several radio-
nuclides including those measured in vegetation samples. Increased
sensitivity is achieved in produce analysis by using a 9-inch diameter
well-type NaI(T1l) scintillation crystal as the detector of a multichannel
gamma energy spectrometer. In addition, the analysis includes a deter-
mination of the radiostrontium and radiophosphorous after chemical separa-
tion. The chemical separation for radiostrontium analysis is performed
in the following manner:

Barium and strontium carriers are added to 500 g samples
of produce and 1000:g samples of milk, The produce samples
are then ashed at 500-650°C from four to six hours and the ash
dissolved in nitric acid. The milk samples are passed through
a Dowex 50 x 8, 50-100 mesh Na+ form resin column to separate
the anion and cation fractions. Alkaline earths plus some other

* L. S. Kellogg. Radiological Chemical Analysis Operation, General
Flectric Company, HAPO. Private Communication,
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cations are eluted with dilute nitric acid. The alkaline
earths are then precipitated from all samples as carbonates.
Strontium and alkaline earth metals are precipitated with
fuming nitric acid, Calcium is separated by washing with
acetone, Strontium and remaining alkaline earths are
dissolved and reprecipitated with fuming nitric acid. The
rare earths are removed from an aqueous solution of the
nitrates by a Fe(OH); precipitation and barium is removed
as the chromate., Strontium is precipitated as the carbonate
and then dried in a one-inch stainless steel counting dish to
constant weight. The strontium mixture is counted for one
hour in a low background (anti-coincidence) gas-flow pro-
portional beta counter,

Strontium-90 is allowed to reach secular equilibrium with its daughter,
yttrium-90, which is then extracted with buffered TTA. Yttrium-90 is counted
in the same manner as the strontium mixture, The strontium-90 content
is calculated from the yttrium-90 counting rate, and the strontium-89 con-
tent from the difference in counting rates of total strontium and strontium-90,

The chemical separation for radiophosphorous is performed on
samples of sufficient size to yield 40-50 mg of phosphorus,

The sample is wet ashed with nitric acid. Phosphorous is
precipitated from the acid solution as ammonium phosphomolybdate,
This precipitate is dissolved in ammonium hydroxide, ammonium
citrate is added to complex most of the remaining interferring
elements, and the phosphorous is precipitated as magnesium
ammonium phosphate. After dissolving the precipitate in hydro-
chloric acid, ammonium citrate is again added and phosphorous
is reprecipitated as magnesium ammonium phosphate,

The precipiate is dried in a 1-1/2 inch stainless steel counting
dish under heat lamps and counted over a period of two weeks in a gas-

flow, proportional beta counter.

3. Air Sample Analyses

Air-borne concentrations of radioactive materials are measured
principally by Iodine-131 scrubber samplers, These samplers consist of



-109 - HW-68435

a calibrated, electrically-driven vacuum pump which draws 2.0 cfm (3.4
m3/hr) of air through one liter of 0.1 normal NaOH solution, A balancing
platform and siphon arrangement permits introduction of distilled water
into the scrubber at a rate equal to the rate of evaporation. This water
feeder helps maintain constant liquid head; air flow rate, and scrubber
efficiency.

After one week of operation, the scrubber bottle is replaced and
taken to the radiochemical analysis laboratory for determination of the
iodine-131 content., The analytical procedure used provides for the addi-
tion of an iodine carrier and AgNOg3 to the scrubber solution, followed by
filtration of the resulting silver iodide precipitate. The radiation from
the iodine-131 on the filter is measured by an end-window GM tube con-
nected to a scale-of-64 scaler. Atmospheric concentrations of iodine-131
are then calculated from these counting rates by applying factors for
counter calibration, chemical recovery of the iodine-131, scrubber effi -
ciency and the volume of air sampled.

Measurements for concentrations of radioactive particulates in the
atmosphere are made with 2 inch x 4 inch HV-70 filter paper in conjunc-
tion with Motoaire filter samplers, The filters are changed on either a
daily or a weekly schedule and then are autoradiographed using Eastman
Kodak, Type-K, X-ray film. The filters are placed in direct contact
with the film for one week, the filter is removed, and the film is developed.
The developed film is viewed on a standard X-ray viewer and each image
produced is counted as one radioactive particle. Air-borne concentrations
of radioactive particles are calculated by dividing the number of images
obtained per filter by the total volume (nominal 2.5 cfm) of air sampled.
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