
0023907 

BNWL-90 

UC-41. Health and Safety 

EVALUATION OF RADIOLOGICAL CONDITIONS 

IN THE VICINITY OF HANFORD FOR 1964 

By 

The Environmental Studies and Evaluation Section Staff 

R. F. Foster. Man.'l.ger 

Edited by R. H. Wilson 

Radiation Protection Department 

July. 1965 

PACIFIC NORTHWEST LABORATORY 
RICHLAND. WASHINGTON 

BEST AVAILABLE COPY 



BEST AVAILABLE COPY 

- .. ~. . 

Printed in USA. Price ·$6. 00. Available from the 
CJe"lringhouse for Federal Scientific and Technical Information 

National Bureau of Standards 
U. S. Department of Commerce 

Springfield 6 Virginia 

~ .. 
:: 
! 

i - -

i I 



iii BNWL-90 

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 o_: 
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 dritJk ... 

ing water from the new treatment plant that draws water from the Columbia 

River. The radiation expfJsure from drinking this water was estimated to 

be about lOo/o of the appropriate limit. The gastrointestinal tract is the uin, 
iting organ for the mixu.tre of radionuclides present in drinking water pumped 

from the Columbia River. In Pasco and Kennewick, vb ich 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 P 32) to supply about 25o/o of the annual 

permissible amount. For this "maximum" individual the bone is ~~c- ~.ost 

restrictive organ. This same individual could also ingest enough Sr;;" of 

world-wide fallout origin to equal about 2o/o of the· permissible amount-­

substantially less than the amount estimated for 1963. 

1131 in th'? 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 to the thyroid 

of a small child amounted to only about 5o/o of the Radiation Protection Guide 

recommended for individuals by the Federal Radiation Council. 

\ 
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EVALUATION OF RADIOLOOICAL CONDITIONS 

IN THE VICINITY OF HANFORD FOR 1964 
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L 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 mi2. The Columbia River flows 

through the northern edge of the project and forms part of the eastern 

boundary. Near the plant production sites the prevailing•winds are from 

the northwest with strong drainage and cross winds causing distorted flow 

patterns. The meteorology of the region is typical of rfesert areas with 

frequent strong inversions occuring at night and breaking during the day to 

provide unstable and turbulent con<:fitions. 

The populated area of primary_ interes~ is ·the Tri-Cit_ies (_Ric~and., . . 

Pasco., and Kennewick) situated on the Columbia River directly downstream 
. . . 

from the plant. Smaller communities in the vicinity are Ben too 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 operatioo., various radioactive wastes are gen­

erated by the several plant facilities. High level wastes are concentrated 

and retained in storage within the project boundaries. Controlled releases 

c,f 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 fo~ 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 Pacific Northwest 
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FIGURE 2 

Features of Hanford Project and Vicinity 

Neg. 0631604 
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The AEC Manual Cbapters(2) and the recommendations of the 

Federal Radiation Council (FRC). (3) the National Committee on Radiation 

Protection and Measurement (NCRP)~ (4) the lnternational Committee on 

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 FJ\C and NCRP. The Radiat~on Protectioo Guides 

established by the FRC for individuals are 1500 mrem/yr to the thyroid. 

1500 mrem/yr to the booe. and 500 mrem to the whole body. The Radia­

tim 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 i..91 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 cm3 /day. or by 800 liter /yr in the case of annual estimates. 
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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 dete:rmining the concentratian of radionu~\ides 

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. In contrast with the old 

production reactors that circulate water once. through as a coolant before 

it is returned to the river. the new reactor uses recirculating deminera -

lized water as a primary coolant. Qlly a very small amount of radionu­

clides generated in auxiliary systems. such as the control rod cooling 

water. are released to the river. At the old reactors. ·stable elements 

present in the cooling water are t~nsforme~ into radionu~ides du~ing t)&.S­

sage through the reactors. In additio~. radioactive materials formed bn · 
the surfaces of fuel elements and channels are eventually carried away by 

the cooling water to the river. <Ale 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 porticn of the radionuclides is removed from the water by sediments 

and by uptake by aq111a.tic organisms. The radionuclides in the river also 

include s')me ccntributicn of fallc~\ fr<>m weapons tests. 

The sampUng program for Columbia River and sanitary water was 

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

BEST AVAILABLE COPY 
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TABLE l 

RELATIVE ABUNDANCE 

OF REACTOR EFFLUENT RADIOOUCLW& 

Reference Time: 4 hr Postirradiation 

Major1 90~ Minor1 S,. Trace 1 24't 
~ Na2-l p32 113 Aglll 

Si31 Zn6S c14 Cdus 
. 

Nd149 

cz.51 Zn69m s35 1131 PJJlH9 

Mn56 Ga72 ea4s 1132 p"Ul'-Sl 

Cu64 y 90 · Sc46 est37 &,l52 

As76 Sr91 5c47 Ba140 Sm.153 

Np239 Sr92 Mn54 Lal40 EulS6 

y92 Fe59 CeHl Sin\56 

y93 (:.o60 Lal4J EulS7 

Nb97 Sr85 Prl42 Tb\60 

1133 sr90 Ce~43 w187 

1135 y91 Pr143 Pollo -
u239 Zr95 Ce-Pr144 Ac227 

Mo99 Prl45 u238 

Ru103 Nd147 Pu239 

(Trace nuclide composition based oa analyses by the 
Radiological Olemistry Operatioo 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 weighted averages 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

p!e collection at Vancouver:- Washington was discontinued during the first 

half of 1964 and replaced by the Bonneville Dam ~mpling 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 mt-'a -

sured routinely at Richland. Pasco. and Bonneville Dam are shown in 

Table n. and the results of analyses for several nuclides in river water 

samples are shown in Appendix A. Tables 1-10. 
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7 

TABLE II 

ANNUAL AVERAG'E CONCENTRATIONS 

OF SEVERAL RADION'OCLIDES 

IN COLUMBL\ RIVER WA·rER-1~64 

Units of pCifliter 

'Radioauclide Richland Pasco Bonneville Dam 

Total Beta (16 counts /min/ml) • 
RE+Y 520 230 
Na24 3.500 1.500 
p32 300 200 28 
Cr51 12.000 6.800 2.400 
Cu64 S.300 2.100 
Zz165 \ 

450 240 63 

As76 1.200 670 
Sr90 1 1 
1131 19 12 <5 
Np239 2.600 1.300 

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

BNWL-90 

. The significant radionuclides measured at Richland. ~sco. and 
. - . 
Bonneville Dam are µlustrated in Figure "3. The areas of ·the circles are 

proportional to the total activity measured at these loc~tions.· 

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 :ni 

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 I>alles 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 aYailable for dilution of reactor effluent 

released to the river. Also affected by the flow rate is the time req~ired 
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Richland 

Total Activity Represented 
26.000 pCi/Uter 

Pasco 

FIGURE 3 
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Booneville 

Total Activity Represented 
2500 pCi/li~er 

Relative Abundance of Radionuclides 
in Columbia River Water at Several Locations r 

Annual Averages • 1964 
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... ,. 
for a specific volume of water to move from one loca.tion 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 lland 12. Therateoftransportof 

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 15 and 16. 

TABLE ill 

ANNUAL AVERAGE RA TE OF TRANSPORT 

OF SELECTED RADIONUCLIDES 

PAST BONNEVILLE DAM 

Ci/day 

Ra.dionuclides 1964 1963* 1962* 1961* --
p32 12 l2 13 29 
Cr51 860 860 650 840 
Zn65 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 oc~an. 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 P 32 • 

30. 000 Ci of Cr51 and 14. 000 Ci of zn65 . 

There is no known instance of unt!"eated 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 show~ in 

T-..ible IV. In this instance the comparison is with the MPC 's listed in Col­

umn 2 11 Table Il of Annex I of AEC _ Manual Chapter Appendix 0524. <2> 
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TABLE IV 

RELATIONSIDP BETWEEN THE CONCENTRATIONS 
OF RADIONUCLID~ IN UNTREATED COLUMBIA RJYEB WATER 

AND MAXIMUM PERMISSmLE CONCENTRATIONS 

Sampling Location 

Richland 

Pasco 

Bonneville Dam 

MPC, ~• 

15 

7 

<l 

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

BNWL-90 

For the mm t pa.rt. these MPC 's are equivalent to one-tenth of the most 

limiting values recommended by the NCRP'4 ) for occupational workers. 

The marked reduction in percent of MPCw that occurs with distance down­

stream from the reactors results princii,ally 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 y -ear 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 1ew iniles 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 

Richlano. watel" -p'\ant and periodic sampling was accomplished at Pasco ~~_d_ 

Kennewick. All of tnese 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 

suroma "tlzed in Table V. 

The concentrations of short-1ived radionuclides in the water at the 

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

BEST AVAILABLI; COPY 



Radionuclide 

Total Beta 

RE+Y 
Na24 

p32 

Cr51 

Cu64 

Zn65 

As76 

Sr90 

1131 

Np239 

14 

TABLE V 

ANNUAL AVERAGE CONCENTRATION 

OF SEVERAL RADIONUCLIDES 

MEASURED IN SANITARY WATER-1964 

Units of pCi/liter 

Richland Pasco 

BNWL-90 

Kennewick 

(IO counts/min/ml) (3. 4 counts/min/ml) (0. 54 counts/min/ml) 

70 60 10 

2500 700 150 

40 40 <10 

8000 6000 3000 

2000 400 90 

90 70 <20 

450 200 <50 

2 1 <0. 5 

10 8 <3 

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. 

1be calculated annual average dose to the GI tract. total body. and 

the percentage MPIU for bone from sustained consumption of sanitary water 

throughout the year at the three cities is presented in Table VII. -1be 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. 

'lbe 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 

BEST AVAILABLE COPY 



15 BNWL-90 -
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 RADIONUCLID~ 

FROM COLUMBL~ RIVER WATER 

BY TREATMENT AT THE RICIU.AND 

AND PASCO WATER PLANTS-1964 

Radionuclide Pasco 
Deeletion, " 

Richland 

RE+Y 80 90 
Cu64 80 70 
As76 70 70 
Zn65 70 80 
p32 60 90 
Na24 50 30 
Np239 40 30 
Cr51 10 30 

TABLE VII 

CALCULATED ANNUAL DOSE FOR SELECTED ORGANS 

FROM ROUTINE INGESTION OF SANITARY WATER•-1964 

Thyroid 
Total Body. GI Tract. Bone. (Small Oiild. 

mrem mrem "MPRI l liter[da:!} 1 mrem 

Richland 3. 5 50 1 75 

Pasco <2 20 0. 8 40 

Kennewick <l <5 <0. 5 <20 

• Ht.-·e 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 conversi011 fac;tQrs 
derived from the ICRP parameters and published by Vennart. et al. \8) 

The "standard man"(5) average intake of 1. 2 liter/day was used in this 
calculati011. 
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FIGURE 7 

Relative Cont -ihutions cf Ra.dionuclides to GI Ti-act D Gs e 
Richland Sanitary Water, 1964 
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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 ~e reactor effluent. The c'1ncentration of 

several radionuclides measu~ 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 usua.lly contain the greatest concentration :>f 

radioactive materials. and P 32 is the radi~nuclide of greatest sir ~nee. 

Further. they can be caught during winter months when other sports fish 

are difficult to sample. For these reasons. whitefish are sampled most 

intensively to follow trends. The results of the measurements are illustrated 

in Figure 9. 
10.000 

-• 3t -

1000 

-u 
Q. 

100 

-.... 

10 
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Number or 
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p 32 in Whitefish Caught in Columbia River Between Ringold and Richland 
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Usually the peak concentrations of P 32 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 conditioos was an annual average concentration in whitefish of about 

470 pCi P 32 /g and 37 pCi Zn65 Jg-virtually the same as in 1963. If whitefish 

were eaten fresh at the rate of one meal per week (about 25 lb/yr). the 

intake during 1964 would have been approximately 5 pCi of P 32 and 0. 4 pCi 

of z.n65. The resulting exposure would have been about 100 mrem to the GI 

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 P 32 (2 wk half-life) during storage of the prese~ed fish reduces 

the potential intake of this nuclide. 

The quantities and kinds of fish cat1ght by local fishermen have been 

estimated previously from burveys carried out by personnel of the State o! 

Washington. Department of Game. and no additional dietary data were col­

lected during 1964 that would change these estimates. Those individuals who 

probably ingest the largest amounts of P 32 are fishermen who claim to eat 

bass. crappie. perch. and catfish as often as three to five times a •!,e€k. 

This number of fish meals indicates an annual intake <i about 90 lo of fish. 

Analyse · of these species of fish from locations fishermen claimed to visit 

most frequently indicated no peak concentration in the spring and g~nerally 

lower P 32 concentrations than found in whitefish (used as reference for esti -

mating dos_e 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 P 32 during 1964 could have been approximately 3µCi. 

Many persons have been counted in the Hanford Whole Body Counter, 

including some avid fishermen. Amounts of Zn 65 detected in these people 

were mu-.h 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 

rates of both P 32 and Zn 65 are substantially lower than postulated from the 

fishermen's estimates. 

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 P 32 ., Zn 65 ., and other radionuclides. Some 

of these waterfowl remain in this general area throughout the year. Results 

of the radioa.ssay of 147 samples collected during the-hunting season within 

the Hanford project and in the environs., and of J 1 samples contributed by 

hunters from areas adjacent to the plant., are tabulated in Appendix C., 

Tables 13-15. Only five samples contributed by bunters contained concen­

trations of P 32 greater than the detectable level of 50 pCi/g of flesh (wet 

weight). and the highest concentration fo~nd was 650 pCi/g. Of all water­

fowl samples collected in tl·.e Hanford environs., about one-third contained 

detectable levels of P 32 ., and about one in ten contained 500 pCi/g or greater. 

The maximum concentration measured during the bunting season was 1700 

pCi P 32 / g of flesh. 

D. Radioouclides in Marine Organisms 

Zn 65 and P 32 are the only radionuclides in the reactor effluent that 

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

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

centrations of Zn65 ·than other common sea food organisms. Concentrations 

of Zn 65 and P 32 measured in oysters grown in the Willa pa Bay area are 

shown in Figure 10., and !he analytical results are tabulated in Appendix D., 

Table 1. Concentrations of Zn65 have gradually deci·eased over the past 2 

yr while P 32 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 P
32 

/g. 

Consumption of oysters containing these concentrations at the rate 

of one meal per week (1/2 lb) would result in an annual exposure of about 

7 mrem to the GI tract., 4 ~rem to the total body., and about 0. 5o/o 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 is the radionuclide of principal interest in the separations facili-

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

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

of 1131 during 1964 are tabulated in Appendix E, Table 1. and the average 

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

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 Sr90 from these facilities was less 

than 0. 002 Ci/day. 
.... 

TABLEVW 

ANNUAL AVERAGE EMISSION RA TES 

OF SEVERAL RADIONUCLIDES 

FROM SEPARATIONS PLANT STACKS 

Ci/day 

Radionuclide 1964 1963 1962 

1131 0.22 o. 38 o. 35 

Zr-Nb95 0.0024 
Rul03 ----- 0.0009 
Rul06 o. 0036 
Cel41 o. 0002 
Cel44 o. 015 

Filterable 
Gross Beta o. 030 0.013 

1961 --
o. 7 

o. oos 
o. 003 

0.005 

o. 006 _ ... 

o. 01 

, 
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· 131 
Measurements of airborne I were made routinely at several loca-

tioos ~ittlin th.._: Hanford reservation and at several locations ~round the 

plant perimeter. The results of 1131 measurements for the past fe~ yeax-s 

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

TABLE IX 

AVERAGE ~1. 3 l CONCENTRATIONS IN THE ATM~HERE 

Units of pCi/m3 

.. 
Distance from 

Separation Stacks, 
~tion mi 198A 198J 1962 

::r. '-.....,;.," -=-- ~ 
Benton City 20 o. 06 o. 03 _o. 08 

Pro~~r Bar'ttcade* 14 - o. 02 

Richland 23 o. 02 ' o. 02 o. 04 

Pase() 32 o. 01 0 •. 02 0.08 

• lnspilled during October, 1963 

~~ 

1961 
-.,,.;.-

0, 02 

o. 02 -

o. 04 

'lbe four locationt-Jisted in Table nc. lie within a 45° sector south­

eaeNo s~'-~ of the sepai-a,tions center. The annual average concentra!ions 

of 1.~
31 in air about the Hanford plant during 1964 were general}")' 0. 05 pCi/m3 

.. 
or less. Such concentrations sustained ai insph-ed air irn9ly an annual dose 

to the thyroid of the "standard man" of less than 1 ~t"em. 

Air satn) ing stations are maintalll~d at several 1ocations within the p . 
l'Janford re8{z-ration and at several locations situate~_around the plant peri-

·-oiet~<- F.at-'\.f in 1964 the remote sampling statior1s (:Boise and LewistoQ., 

I(Qb(); ~~th Falls and Meacham., Oreg~; Great Falls. Montana; and 

Seattle wasqjl:lgton) were discontinued and replaced by stations forming a 
I . 

vlos~r •-ring auout 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., 

~unnyside., 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 a/m3 but. ~increased to about 3 pCi a/m3 in May during the spring 

influx of worldwide fallout. The airborne activity then decreased steadily 

BEST AVAILABLE COPY 
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to less than 1 pCi e/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 a~; ·tiot 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 environment~l 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 <lf airborne radionuclides, or by irrigation with 

river water containing reactor effiuent 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 c~~in 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 Rivet-. or from the Columbia River above the project. There are, 

however. two small arectg wliich ~ke water regularly from the Columbia 

River downstre~m from the reactors for irrigation. They are the Ringold 

farms and the R,iverview district west of Pasco located 15 and 30 mi, 

respectively, downstrea!l(fro~ ;;,e reactors._ The Ringold farms, approxi­

mately 13 mi east of the production areas involve about 20 people working 

some 500 acres of lan(i~ ~ith fruit as the principal product. The Riverview 

rarM area consists of about 5300 acres supporting about 1000 families, th~ 

majority of which live on plots of an acre or less and raise family gardens. 

The principal products from the larger farm plots are bay, 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. 

BEST AVAILABLE COPY 
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A comprehensive milk surveillance program maintained during 1964 

ibcluded samples from local farms and dairies and from commercial sup­

plies availahle to people in the Tri-Cities. The concentrations of radionu­

clides found in milk sold by commercial outlets were similar to that reported 

bi" the U. S. Public Health Service and the Washington State Department of 

Health. (lO) l\f1lk from local farms irrigated with water from the river down-

stream fr.t)'t'O the heictor~ contained P
32 and Zn 65 as well as several fission - ,.. 

pr~dUCts or fallout orl,iin-
"' 

- ,.. rfhe cobcent1Yitions of 1131 measured in milk samples collected dur-

ing J964 al'@ sq
0

wn in Figure 13. Generally, the average concentration of 

113 .t .iJl both 10~\~ ~nd commercial milk was at or below the reporting limit 

- 8f 3 pCi/liter e)c;cept for~ brief increase du!ing the summer months and 

agail! briefl~ following the Chinese nuclear test in the fall. The maximum 

concentration of 1131 observed in milk was 36 pCi/liter on November 10, 

196-t·. Activity 1: ,1els then decreased rapi~ly in December to 3 pCi/liter or 

- less. ,... • 

Concentrations of Sr90 measured in milk produced locally ranged 

from less than 2 pCi/lit_er 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 

•10cal farms averaged about 8 pCi Sr90 /liter, and a generally decreasing 
89 137 

t end was observed throughout the year Concentrations of Sr and Cs 

:ir1 milk a~!.,-:r.ed at Hanford were generally at or below the detection \evels 

-of 2 pCi Sr89 /liter and 30 pCi Cs 137 /liter. Worldwide fallout is the prin­

. cipal source of these radionuclidE:s in milk. 
; 

Dairy farms in the Ringolcf ~nd Riverview area that utilize the 

C 1unibia River for irrigation of pastui-e land and hay fields produce milk 

olltain~ both P 32 and Zn65 (Figures 15 and 16). During 1964 the average 

::c~tratiOD of P 32 in milk from these farms was about 1600 _pCl{U{;;( and ,. 

the co~centration of Zn
65 

was 550 pCi/liter. 'lite highest concentrations of 

:p32 in JJl.i}t (5700 pCi/liter) was observed during Augm t,. a period of heavy 
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irrigation and rapid growth of pasture grass. Commercial milk distributed 

in the Tri-Cities usually does not contain P 32 and Zn 65 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 3'9 of the FRC rate of intake guide for bone. * Residents consum­

ing milk obtained from the Ringold-Riverview area would receive some addi­

tional exposure from P 32 and Zn65 amounting to about 12 mrem to the GI 

tract. 5 mrem to the total body. and about 4Y. of the MPRI for bone. Con­

centrations of radionuclides measured in milk are tabulated in Appendix F. 

Table 1. 

,.. 

* '!'he Federal Radiation Council does not consider fallout from the testing 
#of weapons to be from "normal peacetime operations" for which the 
Radiation Pr0tection 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 ccncentrations 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. Such an intake would imply au annual 

exposure of about 1 mrem to the thyroid of a "standard man". 

G. Concentrations of 1131 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

centration of 1131 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 

measurements to follow probable trends in concentrations of 1131 in milk 

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

practical measurement. The average concentrations (Figure 17) measured 

in beef thyroids were generally at or below the reporting level of 5 pCi I 131 / 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 concentratnn 

observed in November was only 60 pCi 1131 /g from one sample collected at 

Pasco. By the end of the year concentrations of 1131 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 swrces. 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. 
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over ground because of the presence of gamma emitters, especially Na 24 , 
(' 

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 abo~f1 

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 mlt 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. 

Radiation measurements (S) made along the shoreline of the river 

indicate the expoeure 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 expo!;iure 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 l\,;els 

were detected over the ground covered by these ~ight patterns. -, 

L Radioactive Wastes Released to Ground 

Liquid wastes i'rom the Chemical Separations areas are routed to 

various facilities dependent upon their burden of radionuclides. High le" ..:1 

wastes (normally containing concentrations greater than 100 uCi/cm3) are 

stored in underground concrete tanks lined with steel. Intermediate leve{• 

wastes, ordinarily containing concentrations in the range of 5 x 10-5 

uCi/cm3 to 100 uCi/cm3, are sent to underground "cribs" from which th~ 

percolate into the s~il. The areas selected for intermediate w~rte dispos~l 

and high level wast~ storage have soil with good ion exchange capacity anl.i 

depths of 150 to 350 ft to ground water. Low level wastes usualfy containi1-, 
-5 3 . \ {! 

less than 10 uCi/cm , are sent1 to depressions in the ground where sur-

face ponds or "swamps" have been formed as a result of the continuous t 

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 
I 

reaching the ground water in quantities that coul<:I 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 

gr"und 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 fiss; ,,n products to a specific retention facility and 

a process equipment failure which allowed approximately 104 Ci to be dis-. 
charged to an open pond. Neither release will cause significant gr·ound 

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 

of abundance. the bulk of the material is Ru106 • Cs 137 • and Sr90. Figure 

19 shows the probable extent and concentration of radioactive 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 fron~ 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 Ru 106 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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IlL RADIATION EXPOSURE 

It is 0ot 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 ,,ariations between individuals require a somewhat subjec-

tive approachJvhen estimating the probable radiation exposure in relation to 

vafio1.u:J estab11shed limits. The Federal Radiation Council has provided two 

sets of guideij--against which exposures from environmental sources may be 

judged: i.e .• one tpr the individue,ls that receive the greatest exposure. and 

the-other for the ~ .... erage exposure received by the general population (taken 

as one-thir? o{~}lat s~t for individuals). For the Hanford environs, exposures 

from ~e Vclrious sources described in the precedtfi~ sections have been .com­

piled iQ t\V~ .Jlays to allow cornparisons with gaid~,:1 r<?r both the individual and 

the gen~ral population. In one case a hypothetical. but plausible. individual 

has been ~s~1gned dietary and othE\-" habits that would result in what would ,-- -r . 
seem to be the greq.,,.st rational exposure. Ft/ the ge11eral population. an 

exposure has be@n esti~ted for what is called the "a.,.r- l'~e" Tri-City resi-
,.,_ 14 'le a., 

dent. Some res1Jent! may recciv~ ~ore f\.~t'osurt~ !~n caiculated for the 

"avernge" Tri-City l--esid~.mt but very few. if ct~, rec ..._ i'-'e as much as that 

c~lculated for the "maximu~ 11 individual JncluJed in this •iptermediate 
~A . 

group are families that subsist larg~y 0 2'! roodstuft~ produced on farms irri-

gated with water takeh fro~ the Colulllhia Rive~6ownstream from the 

reactors. 
I f 

A. The Maximum Indi~ll 

· Attempts have beeh.Joontinued to identif°'> ~-. dhriduals living in the 
TV ., t h ~ l.n 111 

Hanford environs ~e.t I'eC~ i _,e the greatest exposure, ~:;£?erience accumu-

lated from the environmental surveillance prog~ iq-~icates such individ­

uals are undoubtedly persons that frequently eat l'istl~~ught locally in the 

Columbia River and foodstuffs grown .-a.f~rll\1..,_.r\.1' · · d with Columbia on., ~ 1, ~1ti\ t!:1 

River water. Additionc\r~ta collect~d d!lrin~ I !)6-t continued to support t~e 

assumption that fish. c~'lsjstiflg main1y of crqppi~ . perch. bass, and catfish 
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cau~ht l'\ear lJ~~bank (Fiaux-e 2) are the most important source of radio­

nuclides fo½h~ ''rna:.1'irnum" individual. On the basis of an assumed con­

SUIDl)ti0n or ;? C l) weals per year and radiochemical analyses of such fish, 

the itit;le or:ea~ {Or the "maximum" individual during 1964 would have 

amou'lted ' t.0 ;,-,out 3 µCi (about 20% of the NCRP limit). Whether this 

a?noUnt 0 ~ .tisn was actually eaten by the individual was not confirmed. 

IJ,1awever •. other persons reporting an unusu..~lly high consumption of local 

f-i. h were counted in the Whole Body Counter and they were found to have fa: 
1 
p~S Zn 

65 
deposited than predicted on the basis of their estimates of 

•tti~ quantities of fish eaten. 

A maximum reported consumption of 200 fish meals per year is used 

~s a basi.~ 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. It 

is assumed that this individual consumes each day over 2 qt of water from 

the Pasco system, and about 1 qt of milk, 1/2 lb of beef, and nearly 1/2 lb 

of fresh leafy vegetables (in season), all produced on river irrigated farms 

in the Riverview District. The composite exposure from these sources are 

i!!ustrated in Figures 21, 22, 23, and 24. The exposures amount to about 

10% of the appropriate limit for the GI tract, 25o/o of the limit for bone, 1 o/o 

of the limit for the thyroid, and 20o/o 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 man.y 

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 1131 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 

BEST AVAILABLE COPY 
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District. and 0. 8 liter of water from the Pasco sy ·-.tem, 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 worldwid_e 

fallout and drinking water obtained from the Columbia River. It is assumed 

that the contribution from fallout of 1131 and Sr90 is the same in all three 

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

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

Radiation Council. (3) but adjusted on the basis of the concentration in milk 

sold in local stores during 1964. The estimated annual intake of Sr90 dur­

ing 1964 was about 0. 006 uCi. approximately 8% of the FRC guide for the 

general population exposed to Sr90 from normal peacetime sources. Figure 

22 shows the relationship to the intake guide based on exposu:'e to the bone. 

The c:>ntribution from Hanford created radic,nuclides in drinking 

water is substantially different for the three cities as discussed previously 

in Section 11-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 wa~ 

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 followi r_g start-up of the new water treatment plant. The con­

tribution to the GI tract dose from other sources ·was- relatively insignificant -
. 32 90 and. conversely. the concentration of bone seekers. such as P and--Sr - .-----

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,· ~e most appropriate sample of the 

exposed population would appear to be small children living in Richland 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/da.y) obtained 

from local markets. The total intake of 1131 during the year from these 

s~urces wot11.d 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 i!lgesting Sr90 at the 

rate ~stimated for 1964. The contribution to total dose by nuclides of 

Hanford origin (principally Na 24 and Zn 65) ingested mainly with drinking 

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 backgrou..l'ld 

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. 

P 32 released to the Columbia River in reactor effluent continued to 

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

P 32-1s-c-on-c-entra-ted-by.-fis~hat inhabit the river downstream from the reac­

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

throughout the year could conceivably have taken in as much as 20o/o 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 in:~reased the total .:.ntake 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 oi 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 
(oysters) / ·, South Bent:. Washington 

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 
(milk) Kennewick,, Washington 
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VII. APPENDIX A 

RADIONUCLIDES IN COLUMBIA RIVER WATER 
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APPENDIX A 
.- TAlUl I 

CO?CEN.L'RATI0:NS 08 RADI0?iOOLIDF.S IB 
COLUMBIA RIVER AT ~00 AREA {Qrab Samples} - 1964 

Units ot pe!J.!. ot water 

De.te RE+Y Na24 . p32 cr5l cu64 Zn65 As76 sr90 1131 Np239 - - - - - - - (JI 

1-8 920 6300 500 14,000 12,000 340 1900 2.0 15 3200 ... 
1-22 500 4700 300 7,800 7,100 240 1400 1.7 11 2500 
2-5 610 6500 400 131000 ll,000 380 2500 2.0 14 - 3800 
2-19 780 5200 370 12 ,000 10,000 28o 2200 2.1 26 3100 
~-11 480 5700 Lost 8,400 6,700 Z?0 1500 1.2 12 2200 
-8 920 5700 380 10,000 8,000 46o 1900 1.5 14 3200 

5-6 670 4600 120 4,400 5,000 260 880 1.0 14 1900 
6-3 940 2800 170 3,800 5,500 93 1100 1.0 6.1 16oo 
7-21 540 1900 66 2,400 2,100 93 400 Lost 6.1 910 
8-ll 1000 3400 150 6,500 8,300 100 930 1.3 8.5 16oo 

tD 

~ 
~ . 

.•, 
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APFENDIX A 
TAm.E2 

COICEP.rRATIONS OF RADIONOCLIDES IN 
CCLlMBIA RIVER WATER AT 300 ARF.A {Cumulative Samples)-1~ 

Unitr. of ~1/1 of water 

Date P32 cr51 Mn54 Co6o Zn65 sz-90 1131 

l¼~/63-1/6/64 120 12,000 270 2.2 14 
1 "6-1/13 26o ll,000 330 1.7 9.4 
1/13-1/20 300 10,000 290 1.9 20 
1/20-1/27 97 8,400 26o 1.9 12 
1/27-¼3 280 ll,000 320 1.7 12 
2/3-2 10 26o 9,8oo 28o 1.7 13 
2/10-2/17 240 15,000 31 390 1.1 8.1 
2/11-2/24 ~ 14,000 10 270 1.8 ll 
2/24~2 310 15,000 16 270 1.7 21 
3/_2- 9 150 13,000 15 290 1.7 16 
3/_9-'3/16 310 ll,000 14 300 1.7 23 
3/_16-y23 250 15,000 19 36o 1.5 14 
3/23-3/_~ 390 13,000 13 36o 1.5 13 
3/~-x6 430 12,000 15 300 1.1 67 
4/6-4 13 410 39,000 18 900 1.2 22 
4/1~.Jt./17 28o 7,500 270 0.91 19 
4/17..lt./?:t 150 8,6oo 18 290 0.99 20 

__ 4/?:f-r "° 10,000 40 530 1.2 19 
5"/4-5 9 340 6,200 17 350 1.3 13 
5/9-5/18 210 4,700 12 250 0.73 10 
5/18-5/25 180 3,700 8.9 250 0.92 7.4 
5/25-%1 120 2~900 10 120 0.94 6.9 
6/1-6 8 13 2,000 9.4 18o o.86 3.3 
6/8-6/15 46 2_.100 6.5 q.9 140 1.0 4.1 
6/15-6/22 17 2,00C 9.8 q.9 120 0.73 3.3 
6/22-6/29 ~ 2,100 8.1 <8.o D "' 1.0 3.4 
6/29-i/6 2,500 8.6 <8.o 16o 0.78 <4.3 
7/6-7/13 50 1,900 5.0 <8.o 68 1.0 <2.7 
7/13-7/20 32 1,700 8.6 <8.o llO 0.98 <4.3 
7/20-1/27 "$7 2,000 5.5 <8.o 68 0.76 <5.6 
7/27-¾_3 78 3,8oo 6.o <8.o 140 1.1 ll 
8/3-8 10 89 4,200 8.7 <8.o 85 1.3 7.9 

Bo entry indicates no analysis made. 



APPt1mIXA 
TABLE 3 · 

C0?IJElfl'RATIOKS OI RADIOl'fOOLIDES IN 
COLUMBIA RIVER WATER AT RICBLA?m (Gtab Samples) - 1964 

Unit• ot pC1/l ot water 

Date Imt-Y Ne.24 p32 cr51 cu64 Zn65 A,76 sr90 - - - - - - - - -
1-20 ~~ 2200 420 12,000 3,300 780 880 1.7 
2-17 46oo 56o 25,000 10,000 J.8oo 2200 1.9 
3-2 390 4600 370 15,000 7,000 320 2300 2.6 
3-16 920 4800 36o 11,000 5,300 46o 1700 1.7 
4-13 1400 56oo 630 22,000 7,400 1000 2400 1.8 
4-27 5500 " 15,000 5,800 6oo 2200 1.2 
5-4 I 740 5300 470 ~ 9,200 5,600 TIO 1300 1.0 
5-18 950 4300 270 5,500 5,300 150 1100 ·0.~9 
6-15 420 1100 84 1,800 2,100 170 450 0.92 
6-29 540 1400 140 2,700 2,400 63 460 o.88 
7-14 430 1300 73 · 2,000 1,700 130 370 0.52 
1-20 400 1200 6o. 1,900 I 2,3,0 25(> 300 1.4 
8-17 450 3300 1101 7,900 5,700 130 900 1.4 
9-21 79 2700 98• 14,000 990 140 740 1.2 

2400 
I 

8,500 4,300 160 76o 1.6 10-19 . 170 130 
11-9 260 4700 350 15,000 6,300 210 1500 1.8 
12-7 280 5200 44o 16,000 10,000 370 1700 1.4 

Bo entry illdicates no analysis made. -

Il3l -
13 
9.3 

34 
23 
21 
31 
16t 
10 
4,0 
~-9 .9 
3.5 

14 
57 
13 
24 
23 

!1?239 

3100 
4200 
3200 
3000 
56oo 
4800 
3600 
2800 
910 
86o 
76o 
640 

16oo 
2400 
1400 
2900 
2800 

Cit 

"' 

.tx, 

~ 
I 

(Q 

0 



54 BNWL-90 

C~TIOIS fR RADIOBtX:LIDES IB 
COLtlmIA RIVER WATER AT RICHLAm> {Cumulative Samples)-1964 

· Uilits of I!Ji/1 of water 

Date 32 p Cr51 7;a65 :r131 co00 -
6/15-i22 55 2,300 120 3.4 
6!_22- Z29 61 2,500 110 3.7 
6/29-¼6 28 2,100 83 <4.o 
T/6-713 53 2,300 90 <3.5 
7/13-1/20 42 1,800 TO 4.6 
7/20-1/27 · · -43 2,200 90 5.3 
T/2'7-¾3 54 4,100 140 ~ 5.7 
8/3-8 10 .. 75 4,200 120 7.4 
8/10-8/17 73 6,900 140 8.8 
8/17-8/24 85 1,000 150 9.2 - ----8/24-8/31 90 7,400 130 6.6 < 48 
8/31-9/2 9,000 130 45 

. 9/2-9/8 140 9,6oo 140 19 
9/8-9/14 97 ·9,400 220 12 < 21 
9/14-9/21 140 14,000 2'70 29 <110 
9/21-9/28 110 9.900 200 13 <J.20 
9/28-10/5 150 10,000 220 9.7 < 48 
10/5-10/12 100 9,600 190 11 < 56 
10/12-10/19 100 6,000 . 170 11 .< 61 
10/19-10/26 62 1,000 130 13 < 96 
10/26-1½2 120 7,400 220 - 12 < 48 
n/2-n 9 200 9,800 290 26 ·- - ·- ·-<- 54 - - - --
11/9-11/16 230 12,000 36o ......_::.8 < 69 
11/16-11/23 220 10,000 28o 11 < 58 
n/23-11/30 200 ll,000 - -- - 38()---- 13 < 62 
ll/30-l¾T 180 12,000 570 12 < 6o 
12/1-12 i4 210 ll,000 JT0 12 
12/14-12/21 2'70 ll 
12/21-12/28 28o · 12,000 JTO 18 

- - . ·•·- - -- ..... 

- .;' 

No entry indicates no analysis made.: 



, 
I 
I , 

APlUDDCA 
TAJIJ!:5 

COlm?fl'RATIClfS Pf' BADIOBOOLIDES IN · 
CC!,tMBIA RIVER WATER AT PASCO ~b 9:ees l - 1964 

I Units ot· pC 1 ot wa r 

~ 
RE+Y Na,24 p32 cr51 cu64 Zn6; As76 / s.J)O 1131 _!E239 - - - - - - - -
190 810 250 6,800 790 190 560) 2.1 9.7 1200 ,3 lr 180 1000 300 9,300 830 24o 530 1.7 13 1700 

2- 0 190 1200 240 7,400 1,300 170 750 1.6 7.8 1500 c,, 
c,, 

2- 4 140 1300 210 8,800 · 1,900 I 180 730 1.1 8.1 1500 
3- 230 1900 310 ll,000 ~,600 \ 250 920 1.4 14 2100 

t& 500 2600 400 ll,000 3,100 l 280 1200 1.5 14 2300 
36o. 1000 380 ·9,700 1,300 320 86o 1.4 17 2200 

4- O 380 1800 36o 8,000 1,800 250 1200 1.3 
l~.6 1900 

5- 560 2300 ·310 5,6oo '3,100 610 850 1.2 1700 
5-~ 490 1900 160 3,200 4,800 230 670 0.53 4.9 1300 
6-8 330 llOO 78 1,700 1,900 90 44o 0.93 3.2 710 
6-22 300 

eo 
54 1,900 ,1,700 94 350 0.93 1.9 550 I 

7-13 220 
~ -

39 1,000 1,200 30 200 0.93 < 3.1 310 
7-27 140 40 1,400 1,200 36 J.80 1.1 < 3.7 420 
8-10 390 l 00 13 4,000 2,200 130 470 1.3 4.8 990 
8-24 24o 2 00 70 6,100 2,500 56 64o 1.1 13 1300 

t:D 

~ 
t'4 
I 

co 
0 
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APFEKD.CC A 
TABLE 6 

COlEDl'RATIOBS CF RADiomm.IDES IN 
CCLllmIA RIVER WATER AT PASCO ~C\lllUl.ative Samples )-1964 

Units or pCi l or water 

Date P32 cr51 'l.ZJ.65 1131 

1%'30/63-1/6/fA. 170 9,4oo 250 14 
l 6-1/13 110· 8,500 240 9.4 
1/13-¾20 270 9;500 46o 12 
5/5-5 ll 230 6,8oo 280 12 
5/11-5/18 110 3,4oo 130 6.o 

_ . --5./18-5/25 78 2,6oo 16o 5.5 
5/25-%1 51 2 .. 100 68 4.1 
6/1-6 8 · 46 1:500 87 2.5 
6/8-6/15 n 1 _. 300 95 2 .• 6 
6/25-6/29 33 1,200 39 2.0 
6/29-¼6 50 l:6oo 57 <4.o 
7/6-1. 13 34 l 300 27 <3.6 
7/13-7/20 27 1,200 51 <3.4 
1/20-i/21 17 1,300 39 <l~.8 
7/271{3 4-5------ 2,4oo 69 l~ .8 
8/3-8 10 48 3 500 54 6.6 
8/10-8/17 48 4:6oo 100 4 (\ 

•✓ 8Z11-8/24 75 4,900 99 6.7 
8/24-8/31 62 5.,900 82 7.0 
8/31-%1 8,200 90 8.1 
9/1-9 2 24 6,100 _63 10 
9/2-9/8 82 6,8oo 140 ·9.2 
9/8-9/14 66 7,700 120 8.8 
9/14-9/21 59 9,900 140 lh 
9/21-9/28 100 8,6oo 120 11 
9/28-10/5 98 8,400 lEio 7.3 
10/5-10/12 6o 7,100 140 8.l:. 
10/12-10/19 72 4,200 100 13 
10/19-10/26 86 5,6oo 120 9.9 
10/26-1¾2 100 5,800 150 <7.6 
ll/2<11 9 140 7,400 16o 13 
11/9-11/16 170 10,000 210 16 
11/16-11/23 23 8.000 200 12 
11/23-11/30 110 9~6oo 280 7.8 
11/30-12/7 13o 11 000 250 ., 8 u. 
· 12/14-12/21. 9,000 . 270 
12/21-12/28 9,000 220 

Bo entry indicates no analysis made. 



57 BNWL-90 

APPUOU A 
TAll.E 1 

CCll!Elfl'RATIOllS ~ BADiotm:LIDES IB 
CCJLlllBIA RIVER WATER Nt 1CBAR!' DAN {CUmulative Samples}-19611, 

. Units of ~1/1 o-r water 

Date P32 cr51 'lill65 r31 Co&) -
2/2>t-2/28 92 6,000 120 
2/28--1{6 82 5,300 120 
'3/_6- 13 130 6,900 130 
'3/_13-y20 98 5,8oo 150 
'3/_20-'3/_-n 1&:J 6,300 160 
'3/_-a-x3 140 5,500 130 
'4/3-4 6 16o 5,200 140 3-1 
'4/~tr -100 3,500 84 3.0 
4/T-4/8. 100 3,000 71 3.2 
4/8.Ji./9 100 3,000 65 3.1 
4/9ti,10 100 4,100 100 20 
4/1 /11 - 120 4,400 96 9.1 
4/17-4/24 llO 3,100 91 
4/24-ral llO 3,6oo . 65 
5/1-5 8 81 2,100 6o 
5/8-5/15 19 2,400 47 
5/15-5/22 62 l,8oo 71 
5/22-5/28 32 810 55 
5/?13-%1 14 650 26 
tl-6 5 11 530 42 
/5-6/10 ~-9 36<> ~ 

6/10-6/19 9.5 510 31 
6/19-6/26 8.1 250 16 
6/26-¼2 16 950 30 • 
7/2-710 28 1,400 4JI.· 
7/10-1/17 22 980 50 
7/17-7/24 24. 1:200 22 
7/24-i/30 23 1,300 29 
7Z,30-8/4T 30 ·2,100 41 

. 8/7-8 14 !T 2,700 51 
8/14-8/20 29 3,700 47 
8/20-8/26 " 4 ,.100 38 
8/28-ru 32 3,700 21 <5.5 
9/4-9 ll 21 3,700 32 <4.9 
9/ll-9/25 · 54 6,000 46 <4.9 <96 
9/25-10/2 61 5,300 56 6.5 <96 
10/2-10/9 65 5,800 69 <5.3 <96 

Bo entry indicates no ~is made. 
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· Al'ffawll A 
TAJI.E 7 (Continued) 

COICE?fl'RATIOIS OF BADiomx:LIDES IN 
CCLllmCA R[llEft WATER AT ICIW« DAM Cumulo.tive ~ es -1964 

Units of pCi l of water 

Date p32 cr5l- . "lll165 !131 Co6o · -
10/9-10/l.6 39 3,200 53 < 4.4 <140 
10/16-10/23 46 3,300 52 < 8.3 <130 
10/23-10/~ 67 3,500 63 < 8.9 <100 
10/~~6 67 2,900 120 < 5.9 <170 
ll/_6-ll 13 85 5,000 ll0 < 8.IJ. <140 
ri/_13-u/_20 140 4,700 100 7.1 <l.10 
ll/_20-n/_25 130 4,200 96 9.4 <310 
ll/25-1%1. 190 4.500 95 5.9 <24-o 
12-P,..-12 ll 5,6oo 140 
12/u-12/18 5,700 150 
12/18-12/25 6,4oo 190 
12/28-12/31 2,aoo 100 

lio entry indicates n;> analysis nade. 
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APPEBDJ.X A 
TAll,E 8 

COK:Elf.l'RATI0NS 0, RADIOIOOLIDES IN 
COLlMBIA RIVER WATER AT THE DALLES DAM Cumulative 

Uni ts or pC1 1 or water 

Date P32 er5l Zn65 . 1131 

5/8-5/15 62 2,6oo 49 
5/15-5/22 54 l,Boo 7l 
5/22-5/28 39 l,400 79 
5/28-¾5 20 1,500 no 
6/5-6 12 10 930 74 
6/12-6iJ18 53 1,200 310 
6/18- 1_25 20 1,000 75 
6/25-¼2 16 1 ,000 66 
7/2-7 9 · 18 1,200 26 
7/9-7/16 19 l,100 6o 
i/16-1/23 11 1,000 23 
7/23-7/30 . 16 1,200 36 
7/3016 20 1,100 25 
8/6-8 13 20 1,800 36 
8/13-8/20 30 3,000 19 
8/20-8/27 29 3.,400 49 
8/27-¾3 n 3,300 14 < 5.6 
9/3-9 10 20 3,Boo 43 < 5.5 
9/10-9/17 12 3,500 - 63 < ·5.2 
9/17-9/24 30 4,200 86 <17 
9/24-10/1 37 5,100 130 6.4 
·10/1-10/8 40 5,000 61 < 5.4 
10/8-10/15 40 4,700 140 <· 5.2 
10/15-10/22 39 3,200 38 < 5.7 
10/22-10/29 26 3,100 .43 <l.0 
10/29-15 46 2.,900 52 < 7.7 
n/5-ll 12 50 3,6oo 52 < 6.6 
u/12-11/19 50 4.,400 6o 7.5 
n/19-11/25 58 4,500 94 < 5.6 
ll/25-1%2 78 4,900 120 < 6.4 
12/2-12 9. 4.,700 no 
12/9-12/16 5,000 no 
12/16-12/23 4,900 llO 
12/23-12/31 2,100 Bo 

Bo entry indicates no analysis made. 
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-APimIDIX A 
TABIB 9 

CO~ENrRATIONS <R RADIOBreLIDES IN 
COLu.m:IA RIVER HATER AT 130lffiEVILLE DAM (Cumul.ative Samples)-1961~ 

• Uni ts of "{£1/l. of' water 

Date P32 cr51 rizi65 1131 

5/19-5/26 11 J:,400 190 
5/26-%2 14 820 l.30 
6/2-6 9 15 61.o 170 
6/9-6/16 36 ()0() 150 
6/16-6/22 14 66o 110 
6/22-6/29 15 700 93 
6/30-){7 17 630 54 
7/7-7 1~ 22 590 32 
7/14-7/21 13 6oo 65 
i/21-1/26 7.1• 930 44 
7/26-8/n 11 870 44 
8/4-8 11 26 1,900 92 
8/n-8/18 8.9 2,000 45 
8/18-8/25 21 2,()0() 52 
8/25-9/1 12 2,~ 26 < 5.0 
9/1-9/8 a.o 2,500 17 < 5.3 
9/8-9/15 li 2,Boo 23 < 5.l:. 
9/15-9/22 13 2,900 30 < 5.9 
9/22-9/29 4.4 3,100 25 < 6.1 
9/29:..10/6 17 3,500 40 . < 5.3 
10/6-10/13 30 3;900 55 < 5.1 
10/13-10/20 15 2,900 . 29 . < 5.5 
1.0/20-10/27 19 2,100 26 < 5.3 
10/27-1¾_3 13 ?,400 3E3 < 5.7 
ll/3-ll 10 19 2,200 j3 < 6.6 
ll/10:-ll/17 17 2,900 36 < 5.6 
n/11-n/24 21 3,6oo 38 < 6.o 
n/24-1%1 24 3,200 36 3.0 
12/1-12 8 24 3;400 77 < 5.6 
12/8-12/15 3,800 72 
l°G/15-12/22 4;300 95 
12/22-12/29 2,800 160 

. 
?Io entry indicates no analysis made. I 

! -
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C0~OllS OF RADI0lreLIDES IB 
COLtMBIA RIVER WATER AT VAIEOtNER (Grab Srunples) - 1964, 

. Units ot 'f.£1/l ot water : 

Date P32 Cr51 'lzJ.65 Mn54 1131 -
1-6 
2-10 
2-24 . 
3-9 
3-23 
4-20 

61 3,500 
·55 3,800 
6o 4,200 
31 2,400 
53 3,600 
42 2,400 

. . 

Bo entry indicates no analysis .made. 

·51 < 3.1 66. < 5.7 
75 < 2.4· < 6.1 . 
43. 2.2 3.2 
50 l.2 4~2 
50 1.9 2.5 

,-

~239 

. 1~3 

47 
28 



APPENDIX A 
TABLE ll 

ES'l'D!ATED RATE ca TRAnSPCm ca RADIOBOOLIDES 
IN COLUMBIA RIVER WATER AT RICBLAKD Jtrab Ehmples l - 1964 

Units ot curies/ 
' . 

Date RE+-Y · 24 
Na p32 Cr51 cu!A Zn65 Aa76 Sr90 - - - - - - - - -

1-20 72 420 79 2,300 620 150 170 0.32 
2-17 190 1100 130 5,700 2,300 410 500 o.44 
3-2 73 870 70 2,800 1,300 60 430 o.49• 
3-16 150 770 58 l,8oo 850 74 270 0.27 
4-13 270 1100 120 4,200 1,400 190 46o 0.34 
4-27 1300 3,700 1,400 150 540 0.29 
5-4 150 1100 99 1,900 1,200 160 270 0.21 
5-18 400 1800 110 2,300 2,200 62 460 0.37 
6-15 440 1200 88 1,900 2,200 180 470 0.97 
6-29 530 1400 140 2,700 2,400 62 450 o.86 
7-14 350 1100 60 1,6oo 1,400 110 300 o.43 
7-20 310 920 46 1,500 1,800 43 230 1.1 
8-17 170 1200 4i 3,000 2,100 49 340 . 0.52 
9-21 14 480 18 2,500 180 25 130 0.22 
10-19 44 620 ' · ' 34 2,200 1,100 42 200 . o.42 
11-9 53 960 72 3,100 1,300 43 310 0.37 
12-7 . 54 1000 84 3,100 1,900 71 320 0.27 

No entry indicates no analysis made. 

1131 -
2.4 
2.1 
6.4 
3.7 
4.o 
7.6 
3.4 
4.2 
4.2 
3.8 
4.o 
2.7 
5.2 

10 
3.4 
4.9 
4.4 

?R.239 

590 
970 
6oo 
48o 

1100 
1200 
760 

1200 
1000 
84o 
620 
490 
6oo 
430 
360 
6oo 
540 

0) 
N 

~ 

~ 
I 

co 
0 
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APPENDIX A 
TAlLE 12 

ES?IMATED RATE . OF TRABSPCRr aP · RADIONtr.T,IDF:,. IN 
COLt.lmIA RIV.ritt WATER AT RICHLAND {Cumulative Sampl.Ps} - 1964, 

Units of curiea/day 

Date p32 er51 'litl65 1131 -· Co(;o 

~~22 
- - -59 2,500 130 3.7 

6/J22 '{_29 64 2,6oo 120 3.9 
'{_29-¼6 25 1,900 74 ' <3.6 

7/6-713 w. 1,900 74 <2.9 
7/13-7/.20 33 l,4oo S6 3.7 
i/20-i/zr 28 1,400 58 3.4 
1Zzrj3 24 1,800 "63 2.6 
8/3-8 lo 26 1,500 41 2.6 
8/10-8/17 25 2,300 47 3.0 
8/17-8/2\ 25 2,000 44 2.7 
8/2W/31 22 1,800 31 1.6 <12 
8/31-%2 2,100 30 10 
9/2-9 8 23 1,500 23 3.1 
9/8-9/14 19 .1,800 43 2.3 < 4.1 
9/14-9/.21 22 2,200 . 43 ·4.6 <18 
9/21-9/28 20 l,8oo !7 2.4 <22 
9/~-10/5 33 2,200 49 2.1 <ll 
10/5-10/12 21 2,000 40 2.3 <12 
10/12-10/1.9 23 l.-,4oo 39 . 2.6 <14 
10/l.9-l.OJ.26 13 l,4oo . zr 2.7 <20 
10/26-12 23 l.,400 42 2.3 < 9·.1 
n/2-11 9 35 1,700 51 4.6 < 9.5 
11/9-J.;J../16 41 2,100 63 . 3.2 <12 
11/16-n/23 35 1,6oo 44 1.7 < 9.1 
ll/23-lJ./'30 46 1,900 66 2.3 <ll 

ll/'30-1¾7 34 2,300 ll.O · 2.3 <ll 
12/7-12 1Ja. 35 1,eoo 61 .. 2.0 
12/14-12/21 48 1.9 
12/21-12/28 39 1,100 52 2.5 

... 

Bo entry indicates no analysis made. 



APPENDIX A 
TABLE 13 

ESTIMATED RATE 01 TRA?mPOOT 01 RADIONOOLIDES 
IN COLUMBIA RIVER WATER AT PASCO ~b Bmnples} - 1964 

· Units ot curies/ 

Date RE+Y N~24 p32 cr5l cu64 . 'liD.65 As76 sr90 Il3l '!R.239 - - - - - - - - -
l-13 35 150 47 1,300 150 35 100 0.39 1.8 220 
1•27 3l 170 51 1,600 140 41 91 0.29 2.2 290 
2-10 46 290 58 l,800 320 41 180 0.39 1.9 310 
~-24 27 250 40 1,700 36o 34 140 0.21 1.5 280 O') 

~ 
3-9 46 380 62 2,200 520 50 190 0.28 2.8 420 
3-23 100 530 81 2,200 630 57 240 0.30 2.8 470 
4-6 56 160 59 1,500 200 50 130 0.22 2.7 340 
4-20 82 390 78 l,700 390 54 260 o.28 2.8 410 
5-ll 180 730 120 l,800 990 iro 270 0.38 2.7 540 
5-25 290 1100 94- 1,900 2,800 390 0.31 2.9 76o 
6-8 250 850 6o 1,300 1,500 69 340 0.72 2.5 550 
6-22 ' 320 990 58 2,000 l,8oo 100 310 0.99 2.0 590 
7-13. 180 570 33 840 l,000 25 170 0.78 < 2.6 260 
7-27 82 440 24 830 no 21 llO 0.65 < 2.2 250 
8-10 · 140 620 27 1,500 810 48 170 o.48 1.8 36o 
8-24 78 810 23 2,000 810 18 210 0.36 4.2 420 

oj 
~ 

~ 
I 

co 
0 

• 
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APPENDJ.X A 
TABLE 14 

- ·- - -- -- -- - . 
. -- - ...__.,_ 

ESTIMATED RATE OF TRANSPORT OF RADIONU::LIDES IN 
COLlMBIA RlVER WATER AT PASCO (cumulative Samples} - 1964 

Units of curies/day 

De.te P32 cr51 'al.65 Il31 - -
1¼'30/63-1/6/64 23 1,300 34 1.9 
1 6-1/13' 16 1,300 36 1.4 
1/13-x20 41 l,4oo 70 1.8 
5/5-5 11 56 1,700 68 2.9 
5/ll-5/18 43 1,300 50 2.3 
5/1.8-5/25 44 1.,500 90 3.l. 
5/25-%1 34 1,400 45 --.. 2.7 
6/1-6 8 36 1,200 68 2.0 
6/8-6/15 35 1,200 91 2.5 
6/25-6/29 34 1,200 40 2.1 
6/29-1/6 44 l,4oo 50 <3.5 
7/6-1/13 29 1,100 23 <3.1 
7/13-7/20 21 950 40 <2.7 
1/20-1/21 11 810 24 <3.0 
7/27-:¾_3 20 1,100 31 2.2 
8/3-8 10 17 1,200 19 2.3 
8/10-8/17 16 l,6oo 34 1.7 
8/17-8/24 22 1,500 29 2.0 
8/24-8/31 15 1,400 20 · 1.7 ··-.. 

8/31-%1 2,100 23 2.1 
9/1-9 2 5.4 1,400 14 2.3 
9/2-9/8 14. 1,100 23 · 1.5 
9/8-9/14 13 1,500 24 1.8 
9/14-9/21 9-1 1,6oo 23 2.3 
9/21-cj/2P, 19 1,6oo 23 2.1 
9/28-10/5 22 1,900 36 1.7 
10/5-10/12 13 1,500 30 1.8 
10/12-10/19 17 1,000 24 3.1 
10/19-10/26 18 1,200 26 2.1 
10/26-i½2 20 1,100 29 <1.5 
11/2-11 9 26 1,400 29 2.4 
11/9-11/16 31 l,8co 3t3 2.9 
11/16-11/23 3.7 1,300 32 1.9 
11/23-ll/'5) 20 l,8oo 51 1.4 
11/30-12/7 36 2,200 50 1.7 
12/14-12/21 1,6c,o 50 
12/21-12/28 1,400 3~ 

No entry indicates. no analysis ma.de • 

. 
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ESI'IMATED RATE OF TRANSPCR.r OF RADI~LJJ£3 IN 
COLllmIA RIVER WATER AT VAK:otNER {Grab Samples) - 1964-

Units of curies/day 

Date P32 er51 rzn.65 Mn54 1131 !!e239 

1-6 14 - 190 11 < 0.1 
2-10 15 1,100 19 <16 
2-24 17 1,200 21 o.66 < 1.9 ~ o.4 
3-9 7.6 590 11 0.54 o.8 
3-23 13 900 12 0.30 . 1.0 12 
4-20 13 76o 16 o.6o o.8 8.9 

---

No entry indicates no analysis made. 
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APPJsll1llX A 
TABtEl.6 

ES'.rIMATED RATE OF TRUSPCE'.r OF RADionreLIDES Ill 
COLllmIA RivER WATER AT BORREVILLE DAM {Cumulative Sampl ea} - l.964, 

Units or curies/day 

Date p32 cr51 'li465 r31 - - - -
5/l.9-5/26 ll l.,400 l.90 
5/~2 l.4 8lio - 130 
6/2-6 9 l.9 TIO 220 
6/9-6/1.6 511- l.,000 240 
6iJl.6-J/l2 25 l.,400 l.80 
6/J23 Z29 24 1,500 150 
':/"30-¼1 22 l.,l.00 67 

i/1-1 l.4 24 970 36 
7/1.~7/21. 12 540 58 
1/21.-i/2.6 5·.3 69() 33 
1Z26-8fn 6.2 490 25 
8~ ll l.2 86o 41. 
o/u-8/18 J,e 81.0 l.8 
8/1.8-8/25 7.7 9$0 l.9 
8/25-ral. 4.l. 980 8.8 < 1..7 
9/l.-9 8 2.2 690 4.7 < 1..5 
9/8-9/1.5 3.0 76o 6.2 < 1..5 
9/l.5-9/22 3.2 720 7.5 < 1..5 
9/22-9/'29 1.1 76o 6.1 < 1.5 
9/29-10/6 4.9 1,000 12 < 1.5 
10/6-10/13 9.1 1,200 17 < 1.5 

- -- -1o"fe.-3-10/20_ 4.7 900 2.0 < 1.7 
10/20-10/21 5 .8 650 8.o < 1.G ----10/21-13 3.7 68o ll < J..6 
ll/3-ll 10 5.4 630 ll < 1.9 
n/10-11./17 4.3 730 9.1 < 1..4 
11./11-11./24 5.1 88o - 9.3 < 1..5 
11./24-1%1 6.9 920 10 0.9 
12/1-12 8 8.J. 1,200 26 < 1..9 
12/8-12/15 1,100 20 
12/15-12/22 1,200 21 
12/22-12/'29 2,100 120 

~ ' . ". . . 
lio entry imicates -no analysis made • 
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APPEMDIX B 
~ l 

COlallfl'RM'IOBS ·a, RADIOBOOLIDES IH 
RICBLA?m SAXCTARr WATER jfJrab :ales}• 1964 

uiilta ot pd! l ot wa r 

Date RE+Y na24 p32 cr51 cu64 Zn65 As76 - - - - - - - -
1-6 87 3200 110 16,000 3,000 140 900 
2-3 67 3100 57 11,000 2,000 16o 69() 
3-2 36 2400 23 ll,000 1,700 100 380 
3-16 52 3000 32 7,700 1,700 130 330 
4-6 290 3000 170 13,000 2,500 150 - 1200 
4-20 200 2900 180 7,400 1,900 110 910 
5-4 230 33CX> 170 5,900 2,000 100 730 
5-18 , 160 3300 48 5,6oo 1,6oo 150 180 
6-l 33 2700 < 8.5 3,500 1,700 65 < 100 
6-15 · 16 960 < 2.6 1,800 610 < 36 < 55 
7-6 31 1300 < 6.7 2,100 1,500 22 < 53 
7-20 15 1000 < 5.6 1,6oo 650 14 < 51 
8-3 32 2300 6 3,400 1,000 25 56 
8-17 " 53 2200 21 6,500 3,000 < 23 200 
9-21 . 4 .. l 2300 55 14,000 1,200 580 
10-19 27 2000 15 7,100 1,900 230 
ll-2 15 26oo 38 8,6oo 1,800 170 
11-30 28 5300 34 16,000 2,900 420 

No entr;r indicates no analysis made. 

sr90 1131 - -
2.0 19 
2.0 12 
1.5 18 
1.8 21 
2.0 340 
1.5 19 
1.2 16 
0.98 9.6 

· 0.90 6.6 
1.0 3.2 
1.1 3.5 
0.84 < 2.8 
1., 9.6 
1.3 9.2 

'!!R.239 

3000 
3000 
2000 
1900 
3500 
1900 
2000 
2200 
1300 
620 
6oo 
410 

1000 
1300 
2100 
1200 
1500 
26oo 

O> 
CD 

t:D 

~ 
t'-4 
I 

CD 
0 
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I 

APff:NDIX B I TABLE 2 

C0~ENTRATI0NS OF RADI0Nre!..IDES IN 
RICHLAND SANITARY WATER {Cumulative Samples} - -1964 

Units of !£1/1 of vater 

Date p32 cz-51 Zn65 1131 - - - - -
1¼"30/63-1/6/fA. 3l3 12,000 140 16 
l 6-1/13 80 ll,000 16o 12 
1/13-1/20 32 9,400 140 16 
1/20-1/27 13 6,900 140 10 
1/21-2/3 11 10,000 120 10 
2/3-2/10 20 10,000 150 7.6 
2/10-2/17 12 15,000 120 9.6 
2/11-2/24 11 12,000 110 9.5 
2/24-3/2 17 10,000 100 16 
3/2-3/9 .-,·_:-~ 19 13,000 140 20 
3/9-3/16 36 11,000 120 16 
3/16-3/23 79 13,000 140 14 
3/23-3/'30 16o 12,000 170 11 
3/30-4/6 110 ll,000 130 33 
4-/6-4/13 2'30 33,000 440 28 
4/13-4/20 150 8,100 1'30 14 
4/20-4/27 16o 1,6oo llO 20 
4/27-5/4 16o 8,500 110 16 
5/4-5/11 69 1,6oo 82 15 
5/ll-5/18 39 5,100 99 8.7 
5/18-5/25 12 3,6oo 97 7.6 
5/25-6/1 6.o 2,900 88 5.9 
6/1-6/8 2.9 2,200 48 4.4 
6/8-6/15 2.2 1,900 6o 3.0 
6/18-6/29 2.8 2,200 4?. 2.7 
6/29-¼6 < 2.8 2,100 23 < 3.7 
7/6-7 13 3.4 2,000 6.8 < 3.5 
1/20-1/21 3.8 2,200 31 .>, 3.9 
i/21-8/3 4~9 3,800 39 5.2 
8/3-8/10 5.5 4,400 14 , . 7.4 
8/10-8/17 9.4 6,200 27 I 7.5 
8/11-8/24 3l3 6,100 27 8.2 
8/24-8/31 23 6,700 19 - 7.8 
8/31-9/2 16 9,200 30 17· 
9/2-9/8 36 24 17 
9/8-9/14 25 39 13 

No ·entry_indicates no analy~is _made. 

• 
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APPENDIX B 
TABLE 2 (Continued) 

C~ENTRATIONS OF RADIONtX:LIDES IN 
RICHLAND SANITARY WATER Cumulative les - 1964 

Units of pCi 1 of water 

Date p32 cr51 Zn65· 1131 - - - - -
9/_14-9/21 45 54 15 
9/21-9/28 39 39 14 
9/?.8-10/5 31 56 - 8.3 
10/5-10/12 29 76 10 
10/12-10/19 17 51 17 
10/19-10/26 16 47 13 
10/26-n/2 15 7.8 
n/2-n/9 14 80 29 
ll/9-ll/16 28 100 16 
n/16-n/23 21 140 11 
n/23-n/30 30 150 ll 
ll/30-1}{7 23 16o 10 
12/7-1214 46 12,000 180 11 
12/14-12/21 35 10,000 180 11 
12/21-12/28 35 12,000 180 19 

No en~ indica~s no ~is made. ' , 

• I 



AF'.t'ElmIX B 
~ 3 

COKJElfl'RM'IO?m a, RADI~ Ili 
PASCO SANI'l'ARY WATER ~rab ~lea l • 1964 

'Oilta ot 1/l o water 

Date I RE+Y Na.24 p32 cr51 cu64 Zn65 As76 sr90 Il31 !1?239 - r - - - - - - - -', l . 

1•7 67 380 200 11,000 130 i~ 290 1.9 12 1300 
1•13 . 64 260 130 8,400 100 120 Lost 6.4 890 
1-20 43 26o 130 8,500 140 120 220 1.7 8.6· 1000 
1•27 47 170 120 6,800 54 120 190 1.8 9.1 740 
2•3 , 46 270 120 8,900 140 130 26o 1.9 14 1200 
2-10 39 210 130 7,400 45 110 220 1.5 8 .• 4 860' 
2•17 . 26 260 99 7,500 85 100 210 1.4 7.1 96<> 

. 2-24 , 22 190 89 7,200 33 . 110 130 1.4 4.6 560 
3-9 84 380 170 8,000 220 110 230 1.4 11 860 
3-23 

, 
78 140 170 7,000 67 110 150 1.3 5.2 790 -.,3 

N 
4-13 350 1400 270 11,000 Boo 110 650 1.3 13 2000 
4-27 , · 97 1000 69 5,100 §~ 46 310 0.79 14 1200 
5-11 ' . ,100 1700 91 6,300 90 360 l,l 7.8 1700 

·5-25 20 1100 15 2,200 280 57 < 130 0,90 7.0 750 
6-8 38 640 16 1,300 420 26 140 o.~ 2.8 390 
6-22 17 540 3.8 1,200 · 250 19 . < 51 < o. 2,0 300 
7-13 · · : 19 6oo < 4,7 1,100 370 20 < 52 1.1 < 3.0 . 280 
7-27 21 620 6.8 1,300 320 < 16 < 46 0.94 < 3.8 . 310 
8-10 ·. 50 1300 20 4,100 850 31 140 1.3 6.6 720 
8-24 56 1100 36 5,600 780 35 410 1,2 6.8 690 
9~28 42 1100 36 9,000 530 36 120 930 
10-26 25 580 24 6,400 270 ;o 100 720 
11-2 · 13 530 32 8,300 190 100 760 
11-30 17 200 54 6,700 94 120 71 510 

t:n 

~ 
No entry indicates no analysis made. t'-4 

I 
co 
0 
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C<EEmRATIOIS m9 lWlioinm.IIIES IB 
B\SCO SANITARI WATER {Cumulative Samples} -- 1964, 

Units of J!J1/l ol water ~ ~ 

Date P32 ·- cr51 rizt65 ~ 131 
I - - - - -

1/20-1/_?:r 15 6,900 ; -140 1.5 a.o 
i/_27-¾3 26 1,6oo ; 120 1.6 7.3 
2z3-2 10 38 1,200 I 140 1.4 4.2 
2Z10-2/11 74 8,900 . 130 0.92 5.4 
2Z11-2Z24 48 1,6oo . . llO 4.7 
2Z24~2 88 1,200 110 11 
3/_2- 9 160 9,100 98 12 
3/_~-j/16_ · 130 9,Boo 100 14 
3/_16-3/_23 140 9,6oo 140 10 
3/_23~3/_'30 130 8,500 140 1.1 
3/_'30-1j{6 150 1,8oo 140 6.8 
4Z6-4 13 200 21,000 400 24 
4/13-'l/20 92 6,800 85 11 
4/20-4/27 17 5,100 . 56 12 
4/27-m 54 6,300 8o 12 
5~-5 11 45 6,000 63 ll 
5Zll-5/18 24 3,500 61 6.o 
5/18-i25 14 2,300 74 4.7 
i25-%1 13 2,000 57 3.7 
{1-6 8 10 1,400 48 2.6 

6/8-6/15 5.7 1,200 47 2.3 
~15-6/22 2.1 900 < 9.4 1.6 
t22-6/29 2.9 1,100 16 2.0 
{29-¼6 7.4 1,300 < 8.9 <4.o 

i/6-113 3.9 1,200 < 9.1 <3.6 
7/13-7/20 4.o 96<> 12 <3.4 
1/20-i/21 2.9 1,200 6.1 <4.9 
7/271{3 5.1 2,100 11 <3.4 
8/3-8 10 6.3 4,700 6.o 5.3 
8Z1o-8/11 13 -4,000 <21'- 6.2 
az11-8Z24 25 . 4,900 21 6.2 
8Z24-8/31 14 5,000 . 12 5.8 
8/31-%1 7,500 <20 <5.0 
9/1-9 3 4.5 11 6.o 
9/3-9/8 16 l3 10 
9/8-9/14 12 7.9 1.4 9.4 
9/14-9/21 17 22 -1.6 7.8 
9/21-9/?.B 23 34 2.0 12 

• 
, . . -

Bo entry indicates no analysi~ made. 
,. 
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APPEND.IX B 
TABLE 4 (Continued) 

CONCENrRATIONS OF RADIONU::LIDES IN 
PASCO SANITARY WATER {Cumulative ~les l - 196!~ 

Units of !£1/1 of water 

Date i,32 cr5l Zn65 sr90 1131 -
10/12-10/19 a.~ 3,100 24 1.3 9.6 
10/19-10/26 16 5,300 26 1.5 10 
10/26-12 12 53 1.1~ < 7.6. 
ll/2-ll 9 18 6o L?. 13 
ll/9-ll/16 39 82 1.6 10 
ll/16-ll/23 23 87 1.5 13 
11/23-11/30 24 100 1.7 8 ,. .b 

u/30-12/7 51 130 1.5 r, 6 I,;. 

12/21-12/28 7,200 16o 

No entry indicates n0 e.nalysis mnde. 



APPENDIX B 
TABLE 5 

CO~Em'RATIONS OF RADIONOOLIDES IN 
KENNEWICK SANITARY WATER (G:rab Samples} • 1964 

units ot pe1/1 otwater 

Date RE+Y Na24 p32 cr51 cu64 Zn65 As76 -- - - - - - - -
1-20 < 4.9 < 65 12 4,400 < 150 < 27 < 58 
2-24 5.3 540 a.o 3,800 81 < 37 < 62 
3-30 7.8 54 9.1 3,300 < 16 < 61 
4-27 36 220 34 3,200 140 23 66 
5-25 12 120 11 1,200 140 < 17 < 51 
6-29 ·6.9 51 < 4.9 590 58 < 16 < 51 
7-27 7.2 . 56 < 4.7 800 71 < 16 < 44 
8-31 51 5.4 2,500 40 < 16 < 44 
9-29 6.2 4,300 < 16 18 
10-26 47 < 8.o 3,100 36 < 16 < 15 
11-16 77 <15 3,200 6o < 19 31 

No entry i:cdicates no analysis me.de. 

.. .. 
sr90 Il31 - -
< 0.70 < 3.2 
< 0.90 < 2.5 

o.(io < 2.6 
0.50 3.6 
0.33 5.7 

< o.43 l.2 
0.39 < 3.7 

< 3.2 
4.1 

< 4.2 
< 4.1 

!!2239 

69 

200 
53 
22 
31 
26 
36 
29 
59 

....:, 
C/1 

! 
t'-4 
I 

co 
0 
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API£HDIX B 
TAR.E6· 

BETA AC11:VITY IN RICHLABD SAHITARI WATER - 1964 
Units of c/m/ml. 

:)ate c/m/ml. Date c/m/m1 Date c/m/ml 
1-2 11 ·-, 3-17 12 5-22 6.2 
1-3 18 3-18 13 5-25 6.4 
1-7 18 3-19 15 5-26 5.6 
1-8 12 3-20 17 5-27 6.3 
1-9 17 3-23 17 5-28 5-7 
1-10 12 3-24 18 6-2 6.4 
1-13 · 15 3-25 18 6-3 7.3 
1-1 .. 18 3-26 l.5 6-4 0.8 
1-15 12 3-27 ll - 6-5 3.7 
1-16 11 3-30 14 6-8 4.7 
1-~7 13 3-31 18 -6-9 1.8 
1-~t- 4.6 4-1 16 6-10 4.?. 
1-22 10 4-2 9.5 6-11 4.5 
1-23 7.3 4-3 10 6-12 3.6 
1-24 10 4-7 15 6-16 3.9 
1-27 8.1 4-8 12 6-17 3.7 
1-28 12 4-9 12 6-18 2.8 
1-29 8.8 4-10 15 6-19 3.4 
1-30 8.1 4-13 17 6-22 4 3 
1-31 4.5 4-14 24 6-23 4.3 
2-4 13 4-15 13 6-24 1~. 1 
2-5 15 4-16 12 6-25 1~. 2 
2-6 9.5 4-17 8.8 6-26 ,~ .8 
2-7 4.o 4-21 18 6-29 3-7 
2-10 10 4-23 15 6-30 1L5 
2-12 12 4-24 10 7-1 ?. • 6 
2-14 9.5 4-27 15 7-2 3.0 
2-17 12 4-28 20 7-7 3.4 
2-18 6.2 4-29 14 7-8 1~. E 
2-20 12 4-30 15 7-9 h.h 
2-24 9.5 5-1 13 7-10 5.5 
2-25 2.9 5-5 14 7-13 2.7 
2-26 7.1 5-6 8.8 7-14 3.0 
2-27 5.8 5-7 12 7-15 2.5 
2-28 11 5-8 15 7-16 4.o 
3-3 5-3 5-11 13 7-17 3.7 
3-4 · 13 5-12 12 7-21 5.3 
3-5 12 5-13 11 · 7-22 --· 6. 7 
3-6 9.5 5-14 9-5 7-23 3.6 
3-9 7.3 5-15 8.8 7-24 1.7 
3-11 7.3 5-19. 6.9 7-28 4.2 
3-12 8.8 5-20 8.8 . 7-29 5.0 
3-13 12 5-21 6.5 7-30 6.?. 
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APPENDIX B 
TABLE 6 (Continued) 

----- - - - _-· BETA-ACTIVITY IN RICRLAim SAHITARY WATER_ --1~ 
Units of c/m/ml 

Date c/m/mJ. Date c/m/mJ. Date ~ml - -
7-31 8.8 10-6 8.1 12-3 9.5 
8-4 7.2 10-7 13 12-4 9.5 
8-5 5.8 10-8 10 12-7 8,8 
8-7 3.8. 10-9 7.3 12-8 8.8 
8-10 6.3 10-12 6.3 12-9 8.1 
8-ll 5.7 10-13 6.2 12-10 8.1 
8-12 6.4 10-14 6.o 12-ll 8.1 
8-13 6.4 10-15 4.8 12-14 7.3 
0-14 8.1 10-16 6.2 12-15 13 
8-18 1.0 10-20 5.9 12-16 10 
8-21 1.0 10-21 7.3 12-17 9.5 
8-24 9.5 · 10-22 8.1 12-18 7.3 
6-25 6.6 10-23 8.8 12-22 12 
8-26 8.8 10-26 8.1 12-23 8.1 
8-27 8.1 10-27 9.5 12-28 9.5 
8-28 5.6 10-28 6.7 12-29 ll 
8-31 7.3 10-29 7.3 12-30 11 
9-2 6.8 10-30 8.8 12-31 8.8 
9-4 8.1 11-3 8.8 
o-8 
~ 11 11-4 9.5 
9-10 8.8 ll-5 10 
9-11 12 11-6 8.8 -
9-ll:- 9.5 :.1-9 8.8 
9-1:, 14 11-10 14 
9-16 15 11-ll ll 
9-17 11 11-12 12 
9-lf. 12 11-13 12 
9-22 14 ll-16 . 8.8 
9-23 13 11-17 11 
9-24 11 11-18 8.1 
9-25 12 11-19 10 
9-28 · 11 ll-20 7.3 
9-29 14- ll-23 9.5 
9-30 1~ 11-24 13 
10-1 13 11-25 9.5 
10-2 15 12-1 11 
10-5 11 12-2 9.5 
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APPENDIX B 
TABLE 7 

BETA ACrnvrrY IN PASCO SANITARY WATER ~ 1964 
Units of c/tn/mi -

Date c/m/ml Date c/m/ml Date ~ml - - -
1-1 3.0 3..:30 6.4 6-5 1.7 
l.-3 2.7 3-31 10 6-9 4.5 
1-8 4."B' 4-1 8.1 6-10 2.3 
1-9 4.2 - - 4-2 6.7 6-11 2.1 

' 1-10 3.2 4-3 4.6 6-12 1.6 
1-14 2.3 4-6 4.2 6-15 1.4 
1-15 4.1 4-7 8.1 6-16 0.81 
1-16 3.2 4-8 8.1 6-17 1.2 
1-22 5.1 4-9 6.6 6-18 0.95 
1-23 2.9 4-10 5.6 6-19 0.95 
1.;.24 2.7 4-14 8.8 6-23 2.1 
1-28 3.0 4-1~ 5.4 6-24 2.2 
1-29 3.7 4-16 5.2 6-25 1.1 
1-J0 · 3.5 4-17 3.7 6-26 1.5 
1-31 2.1 4-20 4.3 6-29 2.0 
2-4 3.7 4-21 . 6.6 6-30 2.4 
2-5 3.7 4-23 4.8 7-1 2.1 
2-6 4.1 4-24 4.2 7-2 1.8 
2-7 2.7 4~28 8.1 7-6 1.8 
2-12 3.7 4-29 . 6.3 7-7 2.3 
2-14 3.4 4-30 6.4 7-8 2.9 
2-18 3.4 5-1 5.1 7-9 2.3 
2-20 2.9 5-4 5.9 7-10 1.8 
2-25 3.5 5-5 5.3- 7-14 1.2 
2-26 · 3.2 5-6 4.5 7-15 1.2 
2-27 3.5 5-7 5.7 7-16 1.1 
2-28 3:5 5-8 5.6 7-17 1.3 
3-3 3.7 5-12 6.4 7-20 1.8 
3-4 o.88 5-13 4.o 7-21 0.73 
3-5 3.7 5-14 3.8 7-22 2.9 
3-6 5.5 5-15 4/3 7-23 1.7 
3-11 4.6 5-18 3.7 7-24 4.o 
3-12 3.8 5-19 3.4 7-28 2.5 
3-13 4.1 5-20 3.3 7-29 2.2 
3-16 4.2 5-21 3.2 7-30 3.0 
3-17 3.7 5-22 3.3 7-31 3.7 
3-18 .5.2 5-26 3.9 8-3 1.9 
3-19 5.3 5-27 3.9 8-4 3.0 
3-20 5.0 5-28 3.6 8-5 3.7 
3-24 5.1 6-1 3.6 8-7 3.2 
3-25 7.0 6-2 2.4 8-11 3.6 
3-26 5.1 6-3 3.8 8-12 3.2 
3-27 7.3 6-4 2.6 8-13 3.1 , 
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APFENDIX B 
TABLE 7 {Continued) 

:BETA ACTIVITY IN PASCO SABITARY WATER - 1964 
Units o:f c/m/ml 

Date c/m/ml. Date c/m/ml 

8-14 3.4 10-14 1.7 
8-17 4.8 10-15 1.6 
8-18 3.4 10-16 1.8 
8-21 3.8 10-19 1.8 
8-25 3.2 10-20 1.8 
8-26 3.9 10-21 1.7 
8-27 4.o 10-22 2.6 

. 8-28 3.1 10-23 2.2 
8-31 3.8 10-27 2.7 
9-2 3.3 10-28 2.5 
9-4 4.2 l,0-29 1.8 
9-8 5.6 10-30 1.8 
9-10 4.1 11-3 1.9 
9-11 4.6 11-4 2.6 
9-14 4.3 11-5 2.7 
9-15 5.0 11-6 2.5 
9-16 6.4 11-9 2.3 
9-17 5.9 11-10 1.9 
9-18 5.9 11-12 2.3 
9-21 4.7 11-13 3.7 
9-22 8.8 11-16 2.8 
9-23 6.7 11-17 2.3 
9-24 4.5 11-18 2.5 
9-25 6.6 11-19 2.3 
9-29 4.8 11-20 2.3 
9-30 6.2 11-23 2.1 
10-1 6.o 11-25 3.8 
10-2 6.o 12-1 2.3 
10-5 4.2 12-2 2.4 10-6 ____ li .4 12-3 2.2 
10-7 3.4 12-4 2.2 
10-8 6.2 12-7 2.2 
10-9 3.2 12-8 1.8 
10-12 2.2 12-9 2.3 
10-13 2.2 12-10 2.1 

BNWL-90 

Date ~/m/ml 
12-11 2.5 
12-14 1.9 
12-15 2.2 
12-16 2.8 
12-17 3.0 
12-18 3.5 
12-22 2.6 
12-28 2.1 
12-29 1.5 
12-30 · 3.3 
12-31 2.3 
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APHOOllX B 
TAJU8 

BETA ACTIVITY IB ICEMt.'WICK SANITARY WATER - 1964 
Units of c/m/ml 

Date c/m/ml De.te c/m/ml De.te ~ml - -
1-2 0.55 3-18 0.10 5-26 0.33 
l.-3 0.73 3-19 o.68 5-27 o.4o 
1-7 o.4o 3-20 0.56 5-28 0.37 
1-8 0.57 3-23 0.53 6-1 o·.50 
1-9 0.95 3-24 0.62 6-2 o.64 
1-10 0.58 3-25 0.51 6-3 0.62 
1-13 o.42 3-26 o.6o 6-4 o.64 
1-14 o.4o 3-27 o.45 6-5 0.31 
1-15 0.10 3-31 0.73 6-8 0.21 
1-16 l'.51 4-1 o.64 6-9 0.28 
1-17 o.68 4-2 0.59 6-10 o.4o 
1-22 0.51 4-3 0.5c 6-u 0.22 
1-23 0.58 4-6 o.4o 6-12 o.6o 
1-24. 0.52 4-7 0.56 6-15 0.36 
1-27 0.53 4-8 0.59 6-16 0.34 
1-28 0.59 4-9 0.61 6-17 0.63 
1-29 0.81 4-10 o.43 6-18 0.38 
1-30 0.81 4-13 0.37 6-19 0.31 
1-31 o.64 4-14 0.95 6-22 0.53 
2-3 0.63 4-15 0.57 6-23 o.54 
2-4 o.68 4-16 0.53 6-24 o.45 
2-5 o.88 4-17 0.81 6-25 o.42 
2-6 o.88 4-20 0.55 6-26 0.34 
2-7 0.95 4-21 0.95 6-30 0.21 
2-10 o.611- 4-23 1.8 7-1 0.39 
2-12 0.73 4-24 0.95 7-2 0.14 
2-1.4. 0.69 4-30 0.32 7-6 0.34 
2-17 o.4o 5-1 0.24 7-7 0.37 
2-18 a.JI,. 5-4 0.95 7-8 0.35 
2-20 0.73 5-5 0.95 7-9 0.26 
2-25 0.51. 5-6 0.81 7-10 0.33 
2-26 0.70 5-7 0.59 7-13 0.26 
2-27 o.54. 5-8 0.95 7-14 0.21 
·2-28 o.45 5-ll 0.95 7-15 0.14 
3-3 o.54 5-19 0.73 7-16 0.23 
3-4 0.57 5 .. 13 0.56 7-17 0.30 
3-5 o.68 5-14 1.1 7-20 0.28 
3-6 0.59 5-15 1.0 7-21 o.41 
3-ll o.48 5-18 0.95 7-22 o.4o 
3-12 0.53 5-19 0.72 7-23 0.26 
3-13 o.~ 

' r 
5-20 0.81. 7-24 0.34 

3-16 o.43 5-21 0.39 ·- 7-28 o.43 
3-17 0.63 5-22 ·, o.42 1-19 ., 0.22 
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APPENOIX B 
TABLE 8 (Continued) 

BETA ACTIV -=TI IN KENNEWICK SANITARY WATER - 19611, - Units of c/ni/ml 
-- -

Date c/m/ml Date c/m/ml Date 
\ ~ml -

7-30 0.22 10-6 0.37 12-7 o.47 
7-31 o.45 10-7 0.37 12-8 0.62 
8-3 o.41 10-8 o.4o 12-9 0.58 
8-4 o.44 10-9 0.37 12-10 0.53 
8-5 o.41 10-12 0.37 12-11 o.41 
8 ... 7 0.73. 10-13 0.37 12-14 0.56 
8-10 0.73 10-14 0.28 12-15 0.62 
8-11 0.33 10-15 0.28 12-17 0.61 
8-12 o.64 10-16 0.26 12-18 o.42 
8-13 0.32 10-19 0.27 12-22 0.62 
8-14 0.53 10-20 0.34 12-23 0.50 
8-l.7 o.43 10-21 o.4o 12-28 0.56 
8-18 0.65 10-22 0.95 l.2-29 0.50 
8-21 0.38 10-23 0.34 l.2-30 0.81 
8-24 0.35 10-27 0.36 l.2-31 0.10 
8-25 o.6o 10-28 0.36 
8-26 0.33 l.0-29 o.4o 
8-27 o.4-6 l.0-30 0.39 
8-28 o.rr ll-2 0.34 
8-31 0.JT il.-3 o.49 
9-?. 0.54 11-4 0.58 
9-4 o.45 11-5 0.61 
9-8 0.53 l.l.-6 0.73 
9-l.O o.43 11-9 0.3a 
·9-11 o.47 11-l.O 0.81 
9-l.4 0.39 11-11 0.53 
9-15 0.81 11-l.2 0.73 
9-l.6 --0.62 ll-l.3 0.55 
9-17 0.62 ll-17 o.49 
9-l.8 o.46 11-18 o.42 
9-21 0.JT 11-19 0.52 
9-22 o.47 11-20 0.50 
9-23 0.65 11-23 0.52 
9-24 o.42 11-24 o.n 
9-25 o.45 ll-25 o.6o 
9-28 o.45 11-30 0.58 
9-30 o.48 12-1 0.51 
l.0-1 0.51 12-2 o.64 
10-2 0.61 12-3 . 0.70 
10-5 0.JT 12-4 o.6o 
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APPENDIX C 

TAK.El 

COfCElfl'RATIOIIS OF RADI0NreLIDES Ill MtB:LE 
OF WBl'.1'1',l'"ISH TAKEN FRCJ,f THE CottMBIA RIVER AT PRIEST BAPIDS - 1~ 

Units ot picocuries per gram 

Date Total Beta p32 co60 ic40 'l;n65 co58 csl37 - - - -
Reporting Limits 2 o.6 1 5 0.1 0.1 

1-14 52 3.2 6 42 1.8 = 0.1 
1-14 130 no 2.7 4 38 2.1 1.0 
1-14 - 34 25 - 5 38 
1-:14 30 17 4.o 5 28 2.3 1.1 
1-14 47 33 1.1 5 41 6.5 
1.-l!J. 50 27 - 3 55 
1-14 17 < 4 - 5 20 
1-J.4 83 56 2.1 1 54 1.6 o.8 
1-14 43 20 2.2 4 49 1.2 o.a 
l-·14 48 25 1.1 4 53 1.2 o.8 
1-14 no 87 2.1 6 75 1.5 0.9 
1-14 63 37 2.0 5 58 0.9 1.1 
1-14 100 88 3.1 3 43 2.2 o.8 
1-14 22 1 - 5 12 
1-14 29 17 1.7 5 35 1.0 1.0 
1-14 42 28 1.3 6 38 0.9 0.1 
l-·14 37 26 1.1 4 30 0.9 
1-14 4o 30 1.0 4 37 o.8 
1-14 71 49 1.1 5 38 o.8 
1-14 120 100 4.9 4 46 3.0 1.0 
1-14 ·47 27 1.5 3 34 0.1 
1-14 15() 130 1.5 .. 57 o.8 :;, 
l-·14 n <6 1.2 5 31 
1-14 21 14 - 4 34 
1-14 59 58 . 0.9 3 37 
1-14 15 11 - 3 37 - 0.1 
1-14 20 10 o.8 4 23 
1-14 4o 35 1.8 5 28 1.2 o.8 
1-14 9 <1 - 4 12 
1-lli. 72 72 2.1 5 65 1.2 o.8 
1-14 29 20 1.7 1 31 1.1 1.0 
1-14 63 50 2.4 6 43 1.4 
1-14 74 61 4.4 4 56 2.8 
1-14 68 54 1.2 4 lT 1.2 
1-14 71 42 - 5 70 0.9 
1-14 58 45 1.1 4 37 1.0 
1-14 52 35 2.0 4 39 1.0 
1-14 210 220 0.1 5 29 o.a 0.9 
1-l!i. 290 270 3.0 5 88 1.9 o.8 
1-14 50 . 40 1.1 3 34 
1-14 25 20 1.0 6 19 0.7 

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

COIEENTRATIOKS OF RADIOR'OOLIDES IH MUSCLE 
OF WIT.ta'"ISH TAKEH FR(I( THE COLUmIA RIVER AT PRIEST RAPIDS - 1~ 

Units of picocuries per gram 

Date Total Beta P32 Co6o JfO . "l:rl65 co58 Csl37 -
Reporting Limits 2 o.6 1 5 0.7 0.1 

1-14 56 43 1.0 6 41 o.8 0.9 
1-14 31 23 1.2 5 52 - 0.9 
1-14 19 9 - 6 26 
1-lli 55 41 1.9 5 54- 1.0 1.1 
1-14 22 16 - 3 13 
1-14 48 38 - 5 50 
1-14 17 10 - 3 26 - -1-14- 27 20 1.1 5 27 0.7 -· 
1-14 25 17 - 3 22 
1-14 42 36 0.7 5 39 
1-14 24 15 - 3 12 
1-14 25 10 1.1 3 35 - o.8 
1-14 120 120 3.9 5 4.3 2.7 
1-14 120 100 1.5 18 86 1.1 
1-14 54 36 1.5 5 54 o.8 1.0 
1-14 53 36 1.2 5 66 0.9 0.7 
1-14 < 8 < 6 - 4 23 
1-14 )40 350 1.9 4 82 1.8 
1-14 180 190 2.1 5 68 1.4 0.1 
1-14 54 36 - 5 56 0.1 
1-14 100 89 0.9 5 65 o.8 
1-14 62 51 1.3 8 64 1.1 
1-14 24 < 8 - 1 15 
1-14 20 < 7 1.8 5 29 -· 0.7 
1-14 35 23 1.6 6 41 1.1 0.9 
1-14 33 26 - 5 6o 
1-14 21 < 6 - 4 35 
1-14 < 8 < 7 - 5 
1-14 82 71 0.9 4 88 1.1 
1-14 93 70 - 6 911- 0.7 
1-14 35 24 - 6 47 
1-14 56 40 - 3 63 
1-14 32 13 - 4 52 
1-14 180 170 o.6 5 56 - -
1-14 21 13 - 10 43 - o.a 
1-14 'j3 22 - 4 39 
1-lh 18 < 7 - 8 40 
1-14 67 65 0.7 5 25 
1-14 ~-. 

27 14 1.0 5 33 
1-14 TT 52 1.2 3 50 o.8 

Results less than ~~ing limit are i~cated by a (-). -~ : .. ., 
- . . ··-· ·~·:-o. " .r •• 
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APPEND.QC C 
TABLE 1 (Continued) 

Cmm:NTRATIOBS OF RADiotm:LIDES IB MUSCLE 
OF WHITEFISH TAKEN FRCM THE COLlMBIA RIVER AT PRIEST RAl-:IDS -- 1964 
- Units ot picocuries per gram ·- · 

Date Total ]3eta p32 Co6o ic40 'm65 co58 cs13T -
Reporting Limits 2 o.6 1 5 0.7 0.7 

1-14 17 6 1.3 5 25 - 1.0 
1-14 < 9 . < 7 - 5 
1-14 < 7 < 6 - 5 
1-14 < 8 < 1 - 6 
1-14 < 11 < 9 - 6 
1-14 < 11 < 8 - 5 
1-14 11 < 7 - 5 
1-14 < 13 < 10 - 6 9 
1-14 12 < 6 - 5 
1-14 < 9 < 7 - 4 -
1-14 13 < 7 - 4 - - -· 
1-14 < 9 < 7 - 6 
1-14 < 10 < 8 - 5 - - -
1-14 < 9 < 7 - 5 - - -
1-14 15 < 9 - 8 
1-14 7 < 4 - 3 
1-14 7 < 5 - 3 
1-14 < 11 < . 8 - 6 
1-14 10 < 7 - 4 - - -· 
1-14 < 10 < 7 - 5 
1-14 10 < 6 - 4 - - -· 
1-14 19 < 7 - 5 - - -· 
1-14 82 63 2.2 4 32 1.1 
1-14 < 10 < 7 - 6 
1-14 12 < 7 
1-14 14 < 8 - 4 
1-14 11 < 7 - 4 
1-14 13 < 9 - 4 
1-14 < 10 < 7 - 4 8 
1-14 < 8 < 6 - 5 
1-14 11 < 7 - 3 
1-14 15 < 7 - 3 
1-14 < 20 < 14 
1-14 < 14 < 9 
1-14 10 < 7 
1-14 < 13 < 9 - 5 
1-14 16 < 8 - 3 
1-14 14 < 8 - 6 9 
1-14 16 < 7 - 4 
1-14 22 12 - 3 11 

Resul t _s less than reporting limit are indicated by a ( - ) • 
Bo entry indicates no analysis made. 

~-~ 
! 

.~:-~~ .. . . . : ... ~. 
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TABLE l (Continued 

C0lCE?fl'RATIOBS OF RADI0Ntm,lDES IH MUSCLE 
OF W.tU.Tl!a'"ISH TAKE1' FRCM THE COLl.MBIA RIVER AT PRIEST RAPIDS - 1964 

Units ot picocuries per gram 

Date Total :Beta P32 co6o K40 'l;Q~5 Co58 csl37 - - - - -
Reporting Limits 2 o.6 l 5 0.7 0.1 

1-14 < 13 < 9 - ·-
1-14 11 < 7 - 3 
1-14 15 < 8 - 6 - - .. 
l-·14 18 < 12 - - - - --
l-·14 < 12 < 8 - 4 - - --
1-14 11 < 7 - 3 
1-14 17 8 - 4 
1-l.4 < 16 < 11 - - 7 
1-14 < 12 < 8 - 4 
1-14 27 < 11 - - 10 
1-14 12 5 - 5 
1-14 < 10 < 7 - 5 
1-14 < 10 < 7 
l-·14 < 11 < 8 - 5 
2-5 - - 4 
2-5 - - 3 
2-5 18 3.4 5 36 1.8 1.1 
2-5 < 3 4 - ,._:• -
2-5 9 - 5 27 
2-5 < 3 - 4 
2-5 < 3 - 5 7 
2-5 < 4 - 4 
3-3 
3-3 < 4 
3-3 - - 3 5 
3-3 
3-5 
3-5 < 3 
4-24 9 1.5 3 28 
4-24 9 - 4 44 
8--1 3 - 3 
8-1 - - 3 
8-1 - - 4 
8-1 10 
8-9 2 - 5 
8-9 15 - 4 6 
8-9 26 - 3 5 
8-9 110 - 4 8 
8-9 19 - 4 
8-9 56o - - 10 0.7 

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

COll;Eltl1fAfi0NS OF RADI0Ntl!LIDES IN MUSCLE 
OF WHITEFISH TAKEN FR().! THE CC!,lMBIA RIVER AT FRIEST RAPIDS ~ . 1~ 

Units of picocuries per gram 

Date Total Beta P32 Co6o x4o '/.;A65 co58 csl37 - -
Reporting Limits 2 o.6 1 5 0.7 0.7 

8-9 4-40 - - 28 1.4 
8-9 1100 - 4 31 1.9 
l.0-l. - - 4 -
10-1 280 1.2 4 24 - 0.9 
10-1 - - 4 
10-1 - - 4 
10-1 10 - 5 
10-1 - - 4 
10-1 - - 3 
10-1 250 0.7 3 18 
10-1 230 0.9 4 27 0.9 0.7 
11-10 - - 3 
ll-10 3 - 4 
ll-10 280 2.9 4 33 3.lf. 0.7 
ll-10 190 1.7 3 37 1.2 o.8 
ll-10 190 1.8 4 30 3.0 
12-7 92 1.6 3 24 2.9 

Results less than report1Dg Um.it are imicated by a (-). 
Bo entry indicates no analysis made. 
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APPfilID.CX C 
TABLE 1 (Continued) 

Corm:NTRATI0NS OF RADI0mm.IDES IN MUSCLE 
OF WHI'I1a .LSH TAKEN FRCM THE CCLlMBIA RIVER AT m:IEST RAPIDS - 1964 

Units of picocuriesper gram 

Date Total Beta p32 Co6o K40 'l;a65 -
Reporting Limits 2 o.6 1 5 

8-9 440 - - 28 
8-9 1100 - 4 31 
10-1 - - 4 
10-1 280 1.2 4 24 
10-1 - - 4 
10-1 - - 4 
10-1 10 - 5 
10-1 - - 4 
10-1 - - 3 
10-l. 250 0.7 3 18 
10--1 230 0.9 4 27 
11-10 - - 3 
ll-10 3 - 4 
ll-·10 280 2.9 4 33 
ll-10 190 l.T 3 3T 
ll-·10 190 1.8 4 30 
12-7 92 1.6 3 24 

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

co58 csl37 - -
0.7 0.7 

1.4 
1.9 

- 0.9 

0.9 0.7 

3.JJ. 0.7 
1.2 o.a 
3.0 
2.9 
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APPENDIX C 
TABLE 2 

C0~0NS OF RADI0'Ntm,IDES IN MUSCLE 
OF WHITEFISH TAKEN FRO.f THE COLUMBIA , RIVER AT HANFORD - 1964-

Uni ts o-r picocuries per gram · 
! .· 

Date Total Beta P32 co6o . · 40 
K 1i!J.65 co58 csl37 

Reporting Limits 2 o.6 1 5 0.7 0.7 

1-J 290 ~50 3.1 4 43 2.1 
1-3 16o 150 2.9 3 35 1.2 
1-3 84 59 3 34 
1-3 28o 150 3.4 6 51 1.7 0.7 
2-3 83 89 2.7 1 33 1.7 
2-3 170 160 4.4 3 56 2.5 0.9 
2-3 99 83 2.7 3 40 1.6 o.8 
2-3 100 84 3.1 2 38 1.6 1.0 
2-3 140 120 1.8 35 o.8 
2-3 l~O 140 2.1 4 34 1.1 
2-3 270 300 o.8 2 20 
2-3 230 210 1.3 2 32 0.9 0.9 
2-13 170 150 5.4 1 49 2.3 
2-13 llO 100 5.6 3 53 3.2 
2-13 290 26o 1.3 8 44 0.7 1.0 
2-13 61 52 3.0 5 31 1.4 o.8 
2-13 110 92 6.o 5 47 3.0 1.1 
2-13 110. 99 1.8 6 31 0.9 0.7 
2-13 100 8o 3.3 5 31 1.4 ,.. Q 

2-13 170 110 3.5 4 43 1.5 v.ti 
2-13 470 420 2.0 9 62 1.3 0.9 
2-13 140 110 2.5 6 40 1.5 o.8 
2-13 100 86 3.5 5 30 1.6 o.8 
3-10 43 28 2.2 2 22 0.9 0.7 
3-10 92 79 1.6 4 31 o.8 0.1 
4-7 390 2.3 4 34 o.8 o.8 
4-7 530 2.8 2 38 o.8 0.7 
4-7 200 1.9 4 34 
4-7 200 4.5 3 38 1.6 · 1.1 
4-7 430 2.5 1 33 o.8 
4-T 66o 1.3 3 43 o.8 o.8 
4-7 350 1.6 3 36 
4-7 830 1.3 4 32 o.8 0.9 
4-T 700 1.6 4 37 
5-11 170 3.7 1 25 1.3 
5-11 230 3.1 3 31 1.·1 
5-11 570 2.1 3 31 o.8 

Results less tban reporting limit are indicated by a(-). 
No entry indicates no analysis made. 
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APHOO>IX C 
TABLE 2 (Continued) 

COR;ENI·RATI0NS OF RADI0rnIDES IN ~LE 
OF WHITEFISH TAKEN FR<J.I THE COLUMBIA RIVER AT IlABFCIID - 1964 

Units or picocuries per gram 

1)1.te Total Beta p32 Co6o K40 2ir165 co58 . c813T 

Reporting Limits 2 o.6 1 5 0.1 0.1 

5-11 320 5.4 4 29 1.8 
5-11 130 2.6 5 38 1.4 -
5-11 330 2.8 3 29 1.0 
5-11 380 3.8 6 -..... 30 1.6 0.1 
5-11 1220 1.8 4 29 o.8 o.8 
5-ll 6oo 1.8 8 28 1.0 o.8 
5-11 no 2.3 4 33 1.3 
6-5 180 3.8 5 40 1.5 1.0 
6-5 720 2.4 5 · 53 1.0 0.9 
6-5 22 0.7 5 7 
6-5 4 5 
6-5 19() 4.3 4 30 2.1 1.2 
6-5 770 2.2 6 58 1.2 1.3 
6-5 220 3.0 4 26 1.4 1.0 
6-5 610 1.9 5 41 1.2 1.0 
6-5 320 4.6 4 4T 1.7 1.1 
6-5 810 2.2 8 45 1.3 o.8 
6-5 440 2.7 3 40 o.8 o.8 
6-5 510 3.1 7 50 o.8 1.0 
6-5 440 o.8 5 67 
7-9 49 2.6 5 25 0.9 0.1 
7-9 14 1.4 4 24 0.9 
7-9 69 5.9 2 36 1.4 o.8 
7-9 9 6.1 3 30 1.4 1.2 
7-9 28 4.6 5 25 1.2 
7-9 7 2.4 5 25 0.9 
7-9 36 1.2 2 21 1.4 
7-9 43 2.1 4 29 0.7 0.9 
7-9 35 3.1 5 20 1.0 1.0 
7-9 100 2.2 5 34 
7-9 130 3.6 4 46 1.1 1.1 
7-9 73 2.9 4 28 
7-9 210 1.7 4 28 1.0 
1-9 4 4 
7-9 Bo 1.6 5 29 0.9 
7-9 8 4.o 4 28 1.3 o.8 
T-31 13 5 
7-31 16 3 
7-31 200 1.1 4 29 1.1 1.1 
7-31 44 1.4 4 15 -' ' 

Results less than reporting limit are indicated by a(-). 
No entry indicates no analysis made. 
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APPENDIX C 
TABLE 2 (Continued) 

. 
C0R::ENTRATI0NS OF RADIONU::LIDES IN MUSCLE 

OF WHITE:r;'ISH TAKEN FRCM THE COLUMBIA RIVER AT HANFORD - 1964 
Units of picocuries _per gram 

Date Total :Beta P32 co60 ~o 'liA65 - - -
Reporting Limits 2 o.6 1 5 

7-31 58 2.9 5 28 
8-5 140 1.7 4 19 
8-5 27 2.3 3 37 
8-5 18 - 3 
8-5 130 2.2 4 25 
8-5 65 1.5 5 17 
8-5 110 2.9 4 24 
8-5 240 0.7 4 9 
8-5 33 1.7 5 16 
8-5 55 1.4 4 10 
9-2 230 4.9 9 23 
9-2 50 2.1 6 20 
9-2 22 2.8 4 22 
9-2 440 2.5 1 20 
9-2 440 2.9 3 24 
9-2 16o o.6 3 7 
9-2 49() 1.8 5 23 
9-2 230 - 2 7 
9-2 170 1.3 3 13 
9-2 36o 1.4 5 18 
9-2 450 2.9 4 19 
9-2 36o 1.6 1 22 
11-4 300 2.1 6 28 
11-4 290 1.8 4 27 
11-4 470 1.5 8 31 
11-11 200 2.7 6 27 
11-11 220 1.7 5 26 
11-11 660 - 5 37 
11-11 270 1.7 5 28 

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

co58 csl37 

0.7 · 0.7 

0.7 0.7 

0.9 1.9 

o.8 1.1 
- 0.7 

1.6 0.9 

o.8 

1.4 o.8 
- 1.9 
- 1.1 

1.2 o.8 
1.0 

1.0 

- 0.7 
0.7 
1.0 0.9 

2.2 0.9 
1.4 o.8 
1.7 0.9 
3.2 1.0 
1.9 0.1 
o.8 
2.1 o.8 

t 
! 
I 
l 

l 
' I 
! 
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APPENDIX C 
TAll.E 3 

CmlJENTRATICIIS OF RADI<>NmLIDES IR MmCLE 
OF WHI11 is1(1'.SH TAKER FRO( THE COLlMBIA RIVER AT RilGCLD - 1964, 

Units of picocuries per gram 

De.te Total :Beta P32 Co6o x40 'm65 co58 csl37 - -
Reporting Limits 2 o.6 1 5 0.7 0.1 

1-29 230 220 6.4 4 41 3.3 1.1 
1-29 670 680 2.8 3 6o 1.5 1.2 
1-29 350 330 3.5 4 52 2.2 1.2 ' 

l-·29 28o 26o 4.6 6 48 2.4 1.4 
1-29 280 26o 3.8 5 54 2.2 1.4 
1-·29 1100 990 1.8 5 82 1.8 1.4 
2-20 4.o 5 50 1.7 1.3 
2-20 1.6 4 64 1.0 1.0 
2-20 2.4 3 36 1.1 o.8 
2-20 1.2 6 39 1.3 
2-20 2.5 3 34 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 4 43 2.6 0.9 
2-20 3.1 4 46 1.5 0.9 
2-20 4.8 3 51 2.5 1.4 
2-20 2.3 3 46 1.2 1.1 
2-20 2.3 4 54 1.3 0.9 
3-13 16o 140 5.2 3 54 3.3 1.7 
3-13 95 71 3.7 6 24 1.7 o.8 
3-13 580 540 4.9 5 53 2.4 1.5 
3-·13 370 350 3.6 8 52 2.0 1.1 
3-·13 320 290 3.7 . 5 47 1.4 1.-1 
3-13 28o 250 2.3 5 33 1.1 
3-13 740 650 4.1 7 54 1.5 1.1 
3-13 540 500 2.2 2 54 1.0 1.2 
3-13 910 900 ;l .• 7 3 61 2.1 1.2 
3-·13 720 780 4.2 6 57 1.9 1.3 
3-13 710 580 LT 7 49 1.2 1.0 
3-13 38o 300 2.8 5 47 1.4 1.3 
4-2 680 7.3 3 44 3.1 1.0 
4-2 6oo 2.4 4 42 1.0 
4-2 920 2.2 4 30 1.0 0.7 
4-2 2300 1.4 3 57 1.2 0.9 
4-2 420 4.o 6 · 45 2.2 1.0 
4-2 370 5.9 3 35 2.4 1.0 
4-2 18oo 1.3 5 66 1.4 o.8 
4-2 1000 1.4 7 49 0.9 o.8 

Results less than reporting limit are inllcated by a(-). 
Ro entry indicates no analysis made. 
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APH:RDIXC 
TAJ3LE 3 (Continued) 

C0~CllS OF RADIOBtX:LIDEff I1' MUSCLE 
OF wm•1,slf"!SH TAKEN FRO( THE CCLllmIA RIVER AT RIICCLD - 1964-

Uni ts of picocuries per gram 

Date Total Beta p32 co60 x:40 '/;465 co58 csl31 - - -
ReportiDg L1m1 ts 2 o.6 l 5 0.7 0.7 

4-2 930 3.1 4 34 1.8 1.0 
IJ.-2 1100 2.8 6 67 1.7 o.8 
4-2 156o 2.6 9 72 2.0 1.0 
4-·27 51 1.3 5 13 
4-27 170 3.0 5 36 1.4 0.9 
5-6 1100 3.4 3 52 1.5 1.3 
5-6 2700 1.9 7 70 1.4 1.2 
5-6 18oo 1.7 4 74 0.9 1.2 
5-6 840 ~.8 5 50 2.8 1.6 
5-6 2100 1.4 5 59 1.0 0.9 
5-6 2400 1.3 5 73 1.4 1.2 
5-6 1400 2.8 8 49 1.5 1.3 
5-6 56o 3.9 4 42 1.2 0.9 
5-6 1300 0.9 6 45 o.8 
5-6 1200 3.6 5 56 1.8 1.4 
5-6 1500 3.8 9 100 1.6 1.4 
5-6 4900 o.8 9 84 2.5 1.6 
6-26 50 3.2 3 23 1.1 
6-26 46 o.6 3 7 
6-26· 250 2.8 2 34 1.4 o.8 
6--26 16o 3.1 3 32 1.5 o.8 
6-26 18o 2.8 2 36 1.5 1.1 
6-26 530 1.3 4 39 1.1 o.8 
6-26 44 1.5 3 8 1.0 
6-26 16o 0.9 27 1.1 
6-26 730 1.4 3 58 1.0 
6-26 120 3.1 3 24 1.5 
7-6 20 1.4 4 11 0.9 
7-6 8 3 
7-6 12 
7-6. 26 o.6 2 10 
7-6 7 4 
7-6 91 0.9 2 11 
7-6 11 2 
1~6 16 3 5 
7-6 33 o.6 3 5 
1-6 Bo 3.1 2 35 0.9 1.0 
7-6 97 1.1 2 9 
7-6 190 1.7 4 41 o.8 1.1 
7-6 70 3.0 4 30 1.2 1.0 
7-6 120 o.8 4 10 
7-6 120 5.1 4 38 1.6 0.9 

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

COK;ErURATI0NS OF RADI0BreLIDES IR MtB:LE 
OF W.HJ ·r1o·ISH TAICE1' FRCM THE COLtlmIA RIVER AT RIRJCLD - 1964, 

Units of picocurles per gram 

Date Total Beta P32 Co6o K40 'l:ll65 co58 cal37 - --· 
Reporting Limits 2 o.6 1 5 0.7 0.7 

7-6 370 0.9 3 16 
7-~ 290 1.6 4 41 1.0 o.8 
7-6 27 - 3 5 
7-6 270 2.2 3 48 1.4 1.4 
T-21 77 3.1 5 2T 1.0 o.8 
T--21 52 2.2 6 28 0.9 0.9 
T-21 150 1.0 5 13 
7-21 62 2.8 6 -34 1.5 o.8 
T-21 44 0.7 4 10 
T-21 21 - 4 · 5 
T-21 _63 2.4 4 32 o.8 0.9 
T-21 68 4.o 6 22 2.1 1.2 
7-21 43 o.6 5 6 
7-21 59 0.9 5 ll 
T-21 56 2.7 4 35 0.9 o.8 
7-21 63 2.5 6 33 1.3 1.4 
7-21 260 1.1 4 i4 0.7 
7-21 120 2.2 T 32 1.3 1.3 
T-21 150 1.3 6 31 0.9 o.8 
7-21 17 - 6 - 0.1 
T-21 91 3.0 7 31 LT 1.3 
7-·21 48 2.2 2 29 1.2 1.2 
7-21 120 2.5 6 32 1.6 1.3 
8-ll 290 - 2 ll 1.0 
8-24 58o 2.6 4 16 - 2.2 0.7 
8-24 llOO 3.2 4 29 2.1 1.1 
8-24 430 2.0 4 25 1.2 1.0 
8-24 370 1.4 4 21 1.6 0.7 
8-24 1900 2.1 4 43 3.8 1.3 
8-24 1500 1.4 5 42 2.9 1.1 
9-23 400 o.6 2 10 
9-23 1400 5.5 4 48 5.5 0.7 
9-23 570 2.1 6 29 1.8 1.2 
9-23 1100 2.8 4 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 40 2.3 1.3 
9-23 ·llOO 2.6 5 38 . 2.2 1.1 
9-23 500 2.6 4 35 2.1 0.9 
9-23 730 1.6 5 34 1.4 0.9 

Results less than reporting limit are indicated by a(-). 
Bo entry indicates no analy'sls made. 
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APP£1UJIX C 
TABLE 3 (Continued) 

'-

COICElfrRATIOBS or MDIORtm,IDES IN MtB:LE 
or WlU:L'EFISH TAKEN FRCII THE COL'tMBIA RIVER AT RIICOLD - 1964 

Units ot picocuries per gram 

Date Total Beta p32 Co(jo K4o 'lit165 

Reporting Limits 2 o.6 1 5 

10-15 670 2.2 5 32 
10-15 700 3.1 3 37 
10-·15 no 3.8 4 44 
10-15 610 3.3 3 42 
10-15 410 l..4 4 28 
10-15 8£,o 2.0 3 43 
10-15 730 2.2 3 3l3 
ll-5 llOO 3.2 ll 76 
ll-5 890 3.2 8 49 
ll-5 llOO 2.2 9 53 
11-5 no 1.8 6 59 
ll-5 650 3.7 44 
ll-5 790 3.3 6 59 
ll-5 470 2.7 5 47 
ll-5 300 1.2 4 JO 
12-3 330 2.1 8 34 

.. 

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

co58 cal37 

0.1 0.1 

1.9 1.2 
2.9 1.2 
4.5 1.1 
3.2 1.3 
l..l. 
2.1 1.0 
2.0 1.1 
5.3 1.1 
3.7 1.1 
4.4 1.1 
2.5 1.3 
4.8 1.2 
4.9 Ll 
3.4 1.3 

6.o 0.9 
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AP}:ENDIX C 
TAELE4 

COil:EltrRATIONS OF RADIOmIDES IN MUSCLE 
OF WHI~1ISH TAKEN FRCM THE COLUMBIA RIVJSH AT RICHLAND - 1964 

Uni~s of picocuries per gram 

Date Total Beta p32 co60 K40 'a165 co58 Csl37 

Reporting Limits 2 o.6 l 5 0.1 0.1 

7-7 15 3 
7~7 48 3 6 
7-7 Bo 4.8 3 32 1.6 
7-7 40 o.6 4 6 
7-7 31 1.1 3 7 
7-7 53 1.2 4 9 
7-·7 38 4 9 
7-7 12 4 8 
7-7 54 0.7 4 16 
7-7 220 2.5 4 42 1.2 0.9 
7-·7 180 2.3 3 30 1.1 1.2 
7-·7 240 o.8 2 7 o.8 
7-22 17 o.8 5 6 
7-22 23 0.7 5 29 
7-22 34 2.3 5 27 0.9 1.2 
7-22 llO o.6 4 7 
7-22 100 1.2 6 7 
7-22 26 0.1 6 5 
7-22 49 1.9 4 19 0.1 o.8 
7-·22 52 o.8 s 30 
7-22 220 2.0 ll 24 1.2 o.8 
7-22 100 7 l~-
7-22 89 0.7 5 10 0.7 
7-22 23 1.1 4 8 
7-22 550 1.0 7 19 
7-23 47 2.4 4 36 o.8 
7-23 490 2.8 8 16 1.3 0.7 
7-23 • 29 1.1 5 7 
7-23 64 1.2 4 8 o.8 
7-23 44 3.0 3 27 1.0 c.8 
7-23 23 o.8 5 6 
7-24 18 2.1 4 14 1.0 0.9 . 
7-24 20 0.1 4 
7-24 44 1.4 4 10 
7-24 43 5 
7-24 17 o.8 3 
7-24 15 4 

Results less. than reporting llmi t are indicated by a ( - ) • 
No entry indicates no analysis made. 
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APPE?ID.iX C 
TABLE 4 (Continued) 

CO?«:ENrRATICNS OF RADIO~LIDES IN MUSCLE 
OF Wfil'I t.1.-.1.SH TAKEN FRCM THE COLUMBIA RIVER A'r RICIILAND - 1964 

Units of picocuries per gram 

Date Total 13eta p32 co60 K40 Zn65 Co58 csl37 - - - - - -
o.6 

. 
0.7 Reporting Limits 2 1,. ·. 5 0.7 

7-24 140 0.7 6 11 
·1-24 27 o.8 3 9 
7-24 21 - 4 4 
7-24 35 - 5 13 
7-24 92 1.6 5 > 27 - o.8 
7-24 17 0.1 3 6 0.7 
7-24 36 . 3.7 6 28 1.4 1.1 
7-24 44 .. 1.6 . 4 10 · 0.7 
7-24 85 . o.8 4 . 6 
7-24 93 0.1 2 12 . 
7-24 53 1.2 4 12 o.8 
10-22 . 1300 1.2 2 ~ 1.9 0.9 
10-22 1400 1.8 4 6o 3.1 . 0.7 
10-22 680 ,, 

2.2 4 40 2.6 1.2 
540 44 

. 
o.8 10-22 . 2.1 2 . < 3.0 

10-22 310 1.7 2 ... 48 . 1.4 o.8 . ' 
10-22 410 2.9 4 32 

.. 3.4 ~ V o.8 . . . . . . 
10-22 200 2.9 3 33 

. . 
1.5 . (' 0.7 ~ ~ 

# . 
11-13 - 240 1.4 5 : · 31 . 

?..8 0.9 .. . . 
11-13 . 

290 1.9 1 29 . ' 2.2 • 0.9 C 

• 

·•:,....,~t: •, . 
• , .. •o· ·• 

~ - f • .. . . . .. . 
· • •• -~ · . • - l" 

.. 
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APPENDIX C 
TABLE 5 

... . ' •· . . . . . 
CO~ENTRATI0.1m OF RADIOmx:LIDES IN 'MUSCLE 

BNWL-90 

OF WHITEFISH TAKEN FRCM THE · COLUMBIA' RIVER. AT .ISLAND VIEW - 1964 
.· Units of picocuries per gram . . . . ' . 

Total Beta • • · Co 6o ° K40 · • • 'l:n.65 . ~ · · ._· co~~ ·."·· .. cs137 ___ .,. _ .. -- · .... --j,32 

Reportil"i8 Limits. 2 . . . o.6 . l . ,,: ~·. -· 

5 0.7 .· ·. ·o ·r· . . .. . . . . . . 
1-25 
3-27 
4-21 
4-21 
4-21 
4-21 
4-21 
4-21 
4-21 
4-21 
~-?.l 
4-21 
4-21 
4-21 
6-2 
6-2 
6-2 
6-2 
6-2 
6-2 
6-2 
6-2 
6-2 
6-2 
6-2 

• . . . . 

<9 
7 

-

.. 

7 
3 
2 

5 

. .... 

• 

. . 
• 

. . . 

.. . 

. 

. . 
. . . .. . 

o.6 

-
o.8 . -

1.0 

o.8 

• t . .. ~ -
• • - "" lit ._ • I• 

· ~•'• .-. ~ .. .. . -. - , . . • . 

. . ,,.., . . . -
4 
3 
3 
4 
5 . . 4 · 

. 
• 

5 
5 

28 
. 13 

... · . 12 
• . - 5 

-
. -... -

4 
4 

•· • 6 ' . . .. 

~-
3 
4 
3 
4 
3 · 
4 
5 
4 
5 . , 
q. ' 
4 . 

• l 

4 . 

. . 1 

. 5 
10 

· 17 
·: . · 18 
:" · ·13 ·· u 

6 

. 8 . 
0 G 

. · 4. · . 

-

-

-· 

- . 
. -

•• ,; 6-2 
.. . .... 

.. • • I' -
4 · 
4 · 

• . 4 
4 . 

-~ .. 
•'' 6-2 
• 6-2 

6-2 
6-2 
6-2 
6-2 

. . 
. ' ., ... . . " . ·- . 

. . 

• 6"' .•• _,_ .. •· .. 

. 

. 
3 ' 

.. 
. -. 

. . ·• . 
6 

• . . ... " . .. . . .. . 
6 . -- " .. ,.. ~ .-... -.. -2 .. ..Q .: • .. .. .. 3 ... 

. ' -

-
4 

·4 
. 4 

3 
4 
4 · 

. -
· 6 . 

5 

6 - ,.; .,, - $ · • , • I. 0 . ;. ,. ' -2 . -.. ~ ,- ; . . Lf-v • :• 

6-2 · . .\: • -~1
• 5f{;. . ·=- . 

4 · 22 
. ,·6 . 

7 
-. 6- ""' •·•- ,..,_ - L• 2 - .-;· ~~ I• JI • •• . 2 

.~2 \';-~~\:~~~-~:~l'~j:~:'. .:/}:• 3. :, • · ).° , ~ r.~ 

. 4· . 
4 

.. 5 . .. .. . . .. ~ .. . . . . 
. 5 . 

. .. .. c•.- -.. .:- : .. • ·- -~- ~- ~ 

Results les~ than· reporting ·limit are indicated by a · (-). 
: No e,ntry imicates no analysis made. . - ,· '.-" . h • • 

• - !' -:.". ..._ ,. ~ .. :. ~: -- .. . ~ i': -
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APPEND.DCC 
TABLE 6 

COlCENTRATIONS OF RADIOm.x:LIDES IN MUSCLE 

BNWL-90 

OF WHl•fEF.Ib"H TAKEN FR<M THE. COLUMBIA RIVER-AT MISCELLANEOUS ~ATIONS - 1964 

Date Total Eeta 

Reporting Limits 

Burbank 

1-20 
1-20 
>i-16 
6-14 
10-7 
10-7 
11-18 
11-18 
11-18 
11-18 
11-18 
11-18 
11-18 

McNary 

1-?.9 
7-29 
7-29 
7-29 
12-ll 

35 
77 

, 

Units of p1cocur1es per gram 

32 p 

2 

27 
56 
19 

170 
l~OO 
210 

65 
150 

78 
250 

50 
300 
120 

59 
95 

120 
48 
.62 

Co6o 

o.6 

2.7 
1.3 
0.1 
2.2 

1 

4 
3 
5 
2 
3 
4 
·3 
4 
4 
4 
3 
5 

3 
3 
5 
4 
2 

30 
55 

' 15 
24 
20 
18 
19 
21 
24 
28 
15 
34 
34 

20 
15 
28 
20 
16 

Results less than reporting limit are imicated by a.(-). 
Bo entry indic_:ites no analysis made. 

0.7 

1.6 
1.0 

1.0 

1'37 Cs -

0.7 

0.9 
o. '.) 
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APFElmIXC 
TABLE 7 

C~TIONS OF RADIOlU:LIDES Ill MOOCLE 
OF BASS· TAKEB FRCM TB COLll4BIA R!VER - 1964, 

Units or picocuries per gram 

Date Total Beta p32 co6o K40 '/;D.65 co58 cal37 -
Reporting Limits 2 o.6 l 5 0.1 0.1 

Ben:t'ord 

4-7 19 - 3 27 - 1.1 
4-7 17 - 4 24 - 1.1 
4-7 18 - 4 28 - o.8 
4-7 20 - 4 35 - 1.1 
5-6 65 - 4 ~ - 1.0 
5-ll 70 - 5 ~ - 1.0 
6-5 84 - 7 27 - 0.9 . 
6-5 22 - 5 43 - 1.1 
10-14 58<> - 3 ~ - 1.3 
10-14 510 - 4 32 - 1.2 
10-14 630 - 3 25 - o.8 
10-14 740 - 4 25 - o.8 
10-14 no - 4 24 - 0.9 
10-14 1100 - 3 24 
10-14 1630 - 5 44 - 1~4 

Ri_!§old 

4-10 6 - 4 25 - 1.0 
4-10 9 - 4 26 - 1.2 
4-10 9 - 4 29 - 1.0 
4-10 24 - 3 24 - 1.0 
4-10 5 - 3 20 - 1.0 
4-10 6 - 2 18 - 1.1 
4-10 15 - 4 29 - 1.1 
4-10 18 - 4 23 - o.8 . 
4-10 6 - 4 24 - 0.9 
4-10 9 - 4 20 - 0.7 
4-10 12 - 4 18 - 0.9 
4-10 24 - 4 26 . - o.a 
4._10 12 . - 3 23 - 0.9 
4-10 16 - 3 21 - 1.1 
4-10 ll - 4 31 - 0.9 
.4-10 13 - 4 33 - 1.0 ; 

4-10 14 - 3 26 - 1.3 
4-10 40 - 3 42 - 1.0 
4-10 12 - 3 30 -, 1.0 
4-10 30 - 3 28 ...... ~ J, o.8 
4-10 9 ~ 5 15 - 1.0 

Results less than reporting llmit are indicated by- a {-). 
Bo entr,r 1Ddicates no analysis made • 

.... 
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APPERDIX C 
TABLE 7 (Continued) 

COIED.rRATIOBS fR RADiomm.IDES IB MUSCLE 
OF :BASS .TAKEB FRCM THE CCl,tJMBIA RIVER - 1964, 

Units of picocuries per gram 

Date Total Beta P32 co6o K40 'lz165 co58 csl37 

Report~ Limits 2 o.6 1 5 0.7 0.7 

Ringold (Continued) 

4-10 11 4 14 o.8 
4-10 9 3 16 o.8 
4-10 15 4 23 0.9 
4-10 15 4 26 1.0 
4-10 8 5 25 1.0 
4-10 18 5 29 1.0 
4-10 15 4 21 1.1 
4-10 14 5 26 1.0 
4-10 12 4 32 o.8 
4-10 31 5 31 0.9 
4-10 25 ~ 27 1.0 ~ 

4-27 15 4 12 0.9 
4-27 23 5 26 1.1 
4-27 6o 3 22· 1.3 
4-27 44 4 22 1.0 
1'--27 32 4 24 1.0 
4-27 36 4 22 1.0 
4-27 44 8 27 0.9 
8-24 1500 5 30 1.0 

Richland 

6-2 4 
6-2 20 5 16 

Burbank 

1-20 11 6 5 28 
6-12 4 13 -6-12 13 4 16 
6-12 4 17 o.8 
7-14 16 5 13 
8-20 96 3 13 _ 
9-16 150 4 ' \:. · 15 

Mc!8;q 

4-30 13 3 14 
4-30 8 3 15 

Results less than reporting limit are iDllcated by a .(-). 
Bo entry 1nd1cates no analysis made. 
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APPENDIX C 
TABLE 8 

C~0HS OF RADI0~LlDES Ill MUSCLE 
OF BULLHEADS TACd FRCM THE COLlKBIA RIVER - 1964 

Units of picocuries per gram 

Date Total Beta P32 co60 K4o 'lzJ.65 

Reporting Limits 2 · o.6 1 5 

Han:f'ord 

3-ll 10 < 3 3 21 
3-ll 12 <4 3 24 
4-7 23 4 28 
4-7 75 2.2 4 26 
5-5 49 6 18 
5-5 49 5 16 
6-5 53 1.0 1 18 
10-14 320 8 23 

Richland 

3-27 < 16 <7 5 
3-27 < 8 < 3 4 1 
3-27 < 16 <7 8 
3-27 < 19 < 8 . 5 
3-27 30 <12 1 
4-21 11 
6-2 ll 8 7 
6-2 10 4 
6-2 
6-2 8 
6-2 13 
6-2 2 6 5 
6-2 25 1 
6-2 
6-2 6 

Burbank 

6-12 10 13 
6-12 9 2 13 
6-12 13 10 
9-16 200 14 
9-16 150 16 
9-16 140 12 

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

BNWL-90 

Co58 cal37 

0.1 0.1 

0.9 
0.7 
0.1 

3.4 1.1 

--
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APPEBI>IX C 

TABLE 9 

COlCERrRA'l'IOIS OF RADIOBta.IDES IB MUSCLE 
OF CATFISH TAKEll FRCH THE COLtlmIA RIV:ER - 1964 

Uni ta of picocuries per gram 

Date Total Beta P32 co00 K'4o 'lz165 co58 cal37 -
Reporting L1m1 ta . 2 o.6 l 5 0.7 0.7 

Richland 

3-27 8 16 1.0 

Burbank 

1-20 ll 8 2 10 
1-20 7 3 l 12 
1-20 8 3 2 11 -
2-11· 10 3 25 - 0 ... 9 
2-ll 5 2 3 10 -
3-31 11 2 10 
3-31 2 10 
3-31 4 11 
3-31 3 3 -
3-31 4 - 3 13 
3-31 10 2 10 
4-16 3 14 
4-16 3 15 
4-16 - 3 11 • 4-16 2 3 9 
4-16 4 . 15 
4-16 14. 2 17 
4-16 - 3 18 
4-16 3 6 
4-16 2 23 
4-16 2 15 
4-16 2 15 
4-16 2 3 19 
4-16 5 3 7 
4-16 3 - 3 i8 
4-16 3 9 
4-16 3 7 
4-16 10 2 13 
4-16 14. 4 11 
4-16 13 10 
4-16 2 2 11 
4-16 16 3 15 
4-16 12 

Results less than reporting limit are :ind1cated by a (-). 
Bo entry :ind1cates no analysis made. 
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APFEHDIX C 
TABLE 9 (Continued) 

COll:ElfmATIOBS OF RADIOROOLIDES IB MWCLE 
OF CATFISH; TAKEN FRCM THE COLtHBIA RIVER - l.9611, 

Units o'f picocu:ries per gram 

Date Total !eta i,32 Co(Jj ~ '/;/J.65 co58 cs1n 
Reporting Limits 2 o.6 l. 5 0.1 0.1 

Burbank (Continued) 

4-16 9 9 
4-16 .9 9 
4-16 8 9 
5-13 3 15 --
5-l.3 1 3 15 
5-13 7 16 
5-13 3 3 15 
5-13 5 2 12 
5-13 - 4 16 
5-13 6 3 12 
5-13 5 3 12 
5-13 7 4 22 
6-12 3 3 14 
6-12 22 3 12 
6-12 6 4 13 
6-12 . 3 2 15 
6-12 6 3 11 
6-12 2 13 
6-12 14 2 11 -· 6-12 17 15 
6-12 10 15 
6-12 5 . 8 
6-19 34 2 9 
6-19 16 17 
6-19 16 3 19 
6-19 17 3 20 
6-19 4 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 2l 
6-19 10 2 16 

Results less than reporting limit are imicated by a (-). 
Bo entry indicates no . analysis made. 
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APPENDIX C 
TAl3LE 9 (Continued) 

COK:ElfrRATI0NS OF RADI0NmLIDES IN MUSCLE 
OF CATFISH TAKEN FRCM THE COLl.MRIA RIVER - 1964, 

Units of p1t:ocuries per gram 

Date Total Beta P32 Co(/;) 00 ZJJ.65 co58 csl37 

Reporting Limits 2 o.6 1 5 0.7 0.7 

Burbank (Continued) 

7-14 4 3 13 
7-14 7 2 15 
7-14 16 3 12 
7-14 . 14 2 11 
7-14 17 15 
7-14 17 4 14 
7-14 13 2 11 
7-14 15 13 
7-14 48 4 19 
7-14 27 13 
7-14 20 3 14 
7-14 27 15 
7-14 17 12 
7-14 14 3 14 
7-14 17 2 16 
7-14 22 2 12 
7-14 7 4 13 
7-14 17 -. 15 
8-20 46 15 
8-20 14 12 
8-20 48 14 
8-20 36 4 16 
8-20 54 5 15 
8-20 31 4 12 
8-20 150 3 15 
8-20 3 9 
8-20 34 14 
8-20 62 5 16 
8-20 42 4 16 
8-20 45 12 
8-20 18 5 17 
8-20 34 3 10 
8-20 57 11 
8-20 31 7 
8-20 75 4 13 
8-20 67 3 13 
8-20 56 16 
8-20 100 2 11 

Results less then reporting llmi t are indicated by- a ( - ) • 
Bo entry imicates no an&Jysis made. 
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APFDDIX C 
TABLE 9 (Continued) 

C~OBS ma BADIOBtmJJ>ES m MUOOLB 
OF CATFISH TAKEB FROI THE COLlMBIA BIVER - 19611, 

Units of picocurles per gram 

Date Total Beta p32 co60 ~ 1z,.65 co58 ca13T -
ReportiDg Limits 2 o.6 l 5 0.1 0.1 

Burbe.nlt (continued) 

8-20 83 - - l.3 - -
9-16 8o - 2 l.6 - -
9-16 16o - 5 l.8 - -
9-16 83 - 3 12 
9-16 71 - - 1i. - -
9-16 100 - - l.7 
10-7 13 - 5 l.5 
10-7 77 - 3 14 
10-7 6o - 4 13 

Results less than reporting limit are imicated by a(-:)• 
Bo entry imicates no analysis made. -.,. , .. 
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APPERD.!X C 
TAELE 10 

C<Kn'.1:R.'\fiOIS m' BADIOBtX:LIDES IN MUOOLE 
OF CBAPPIE TAXE1I FRCH THE Cott.MBIA RIVER - 1964-

Units of picocuries per gram 

Date Total Beta P32 Co&, ~ 'li465 co58 csi37 

Reporti!lg Limits 2 o.6 l 5 0.7 0.7 

Banf'ord 

9-3 1000 5 21 1.1 

Richland 

1-25 < 25 < 16 7 -2-10 < 12 < 6 5 
4-21 92 - 17 - -6-2 250 5 21 

Burbank 

3-31 11 4 23 
4-16 17 3 22 -4-16 9 4 20 -4-16 18 19 -4-16 19 2 19 
11--16 18 3 14 
4-16 22 20 
4-16 13 2 17 
4-16 17 3 17 
4-16 19 3 20 
4-16 4 2 16 
4-16 12 3 18 
4-16 22 4 18 -4-16 · 15 5 19 
4-16 15 5 lT -4-16 12 3 18 
4-16 23 4 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 -7 4 15 
5-13 11 . 20 
5-13 4 11 
5-13 la. 13 

Results less than reporting limit are indicated by- a ("".)• 
llo entry- indicates no analysis made. 
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APff!lw.IX -C 
TAlU 10 (~ontinued} 

COll:EBTRATIOIS OF RADiomx:LIDES IB MOOCLE 
OF CRAPP.IE TAKEB IIUII THE CCl,llmIA RI7ER - 19611, 

Units or picocuries per gram 

Date Total Beta P32 Co&) K'4o 'm65 co58 cai37 - -
Reporting Limits · 2 o.6 l 5 0.7 0.7 

Burbank {Continued} 

5-13 3 - 18 
5-13 18 17 -6-u 23 - 3 16 - -
6-11 16 4 14 
6-11 18 2 lla. 
6-11 3 15 
6-u 2 3 14. 
:i-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 14 
6-12 9 15 
6-12 12 14 
6-12 12 16 
6-12 2 ~ 13 .I 

6-19 18 3 13 
7-14 7 22 
7-14 1 12 
7-14 9 14 
7-14 12 16 
7-14 6 13 · 
7-14 . 22 16 
7-14 19 15 
7-14 8 11 
7-14 14 12 
7-14 16 ;.. 15 
8-20 6 3 6 

Resul~ less than reporting 11ml t are indicated by a ( - ) • 
1lo entry indicates no analysis made. 
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APimmIX C 
TAll,E 10 (Continued) 

COEElf.l'RATIORS OF RADIOBtJ:LIDES IB MmCLE 
C. CRAPPIE TAlCEB FRCM THE C<LlKBIA RIVER - 19611, 

Units of picocuries per gram 

Date 'rotalBeta p32 Co(/J x"'° 'lzl65 - - -
Reporti.Dg Limits 2 o.6 l 5 

Burbank (Continued) 

8-20 27 - - 1 
8-20 8 - - 6 
8-20 33 - - 10 
8-20 44 - 2 12 
8-20 uo - 3 13 
8-20 48 - 3 10 
8-20 ' 72 - - 13 
8-20 58 - - ll 
8-20 54 - 2 11 
8-20 67 - 5 13 
9-16 180 - 5 18 
9-16 150 - i. 15 
9-16 180 - - 19 
10-7 72_ - ~ 10 
10-7 Jwo - 5 30 
10-7 300 - 3 23 
ll-18 30 - - ~ 13 

--

• 

Results leas than reportiJlg llmit are 1ndicated by a (-). 
Bo entry' 1Ddicatea no analysis 1IIBde. 

BNWL-90 

co58 cal37 

0.1 0.1 

-

-
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• 
APPENDIX C 
TAl3LE ll 

CO?CElfl'RATIOBS fN BADIOl'XLIDES Ilf MUSCLE 
CF ~ TAKER F.RCM THE COLlHBIA BIVER - l.9611, 

Units of •picocuries per gram 

Date Total Beta i>32 Co~ xlto 'lz!65 co58 cal37 -
Reporting Limits 2 o.6 ]. 5 0.7 0.7 

Hanford 

9-3 1700 - 3. 29 0.7 l..2 

Riehl.and 

l.-25 22 15 - - ~ - 1.0 
l.-25 32 15 - - 36 
l.-25 l.9 ll - - 33 
l.-25 23 12 - - 35 -
l.-25 l.3 <7 - - 23 
l.-25 l.8 <5 - - 22 
l.-25 l.5 <9 - - 29 
1-25 20 ll - - 29 
1-25 <9 <6 - 4 14 
1-25 <15 <10 - - 19 
2-10 20 10 - - 52 - 1.2 
2-10 22 9 - 4 58 - 1.3 
2-10 18 12 - 4 50 - 1.4 
2-10 6 3 - 5 29 
2-10 12 7 - - 30 
2~10 8 < 3 - · 4 23 
3-27 <20 ~9 - - ?.l 
3-27 <14 <6 · - . - 5 

Burbank 

1-20 <9 14 - 6 13 
1-20 7 8 - 4 11_ 
1-20 ll 8 ~ . - 12 
1-20 8 1 - - 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 <4 - - 15 
1-20 <l.2 ~ <7 - - 11 
3-31 ;.J • 16 ~ L. 3 17 -· ... : 
3-31 " 

·n ·- 3 28 
I 

3-31 2 - 4 17 
3-31 17 :~.: ·;.: :"'- / - 3 ~ ;\ 22 

' 

Results less than rep_orting limit _are indicated by _ a (f ~. 
Bo ~try indicates no analysis made. '" 
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APff!RDJX C 
TABLE ll (Continued) 

COlEEBTBATIOBS OF RADI<lU:LIDES IN MUS:LE 
CF ~ TAlCEB FRQI TBE CCLtlmIA BIVER - 19611, 

Uni ta o-r picocuriea per gram 

Date Total Beta P32 Co&) K4o 23:!65 

Reporting L1mi ts 2 o.6 l 5 

Burbank (Continued) 

3-31 10 2 14 
3-31 5 3 1.6 
4-1.6 5 2l. 
4-16 2 3 12 
4-16 - 4 18 
4-16 3 3 14· 
4-16 2 4 14 
4-16 4 15 
4-16 5 16 
4-16 9 5 11 
4-16 9 4 14 
4-16 5 4 14 
5-13 4 12 
5-13 3 3 ll 
6-12 10 19 
6-12 5 16 
6-12 8 3 16 
6-12 12 5 16 
6-12 12 
6-12 ll 12 
6-12 12 3 15 
6-12 14 10 
6-12 13 3 11 
8-20 26 8 
8-20 45 3 ll 
8-20 39 .3 9 
10-1 230 6 22 
1()-;.1 230 26 
10-1 95 12 . 

Results less tban reporting 11mit are ·1Dd1cated by a (-). 
Bo entry iDdicates no analysis made. 

BNWIJ-90 

co58 cs131 

0.1 0.1 

- -- -
-

-
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APPENDIX C 
TABLE 12 

COlEENI'RATIONS tJF ;RADiomm,mES Ilf MmCLE 
f8 MIOOELLABEOUS FISH 'rAKElf FRCM THE COLUMBIA RIVER - 196}1. 

Units of picocuries per gram 

De.te Specie Total Beta p32 Co(,o IC40 'm65 co58 Cal37 

Reporting Limits 2 o.6 1 5 0.1 0.1 

Priest Rapids 

1-14 sturgeon < 4 3 -· -· 
1-14 ' Trout 20 ll 4 13 
2-5 SUclter 5 6 o.8 
3-4 SUclter 3 
3 ... 5 Trout 4 
~24 SUclter 3 
4-24 SUcker 4 16 1.0 
4-24 SUclter 2 5 
4-21'- SUclter - . 4 -· 
4-24 Carp 3 4 

i 
8-ll sturgeon 10 4 13 
8-u sturgeon 15 4 ll 
8-ll Sturgeon 7 3 12 -· 
8-ll sturgeon 4 
8-u Trout .3 
12-7 sturgeon 
12-7 sturgeon 

Coyote Rapids 

1-30 steelhead 5 
2-27 Steelhead 3 
3-20 steelhead 4 
8-28 steelhead 3 -· 
8-28 steelhead 3 4 
8-28 . steelhead 5 lJ. 7 
9-17 steelbead 7 3 
9-28 lC1ng salmon 16 6 

. Hanf'ord 

1-3 SUclter 470 390 0.9 3 58 o.8 1.2 
1-3 SUcker 1700 16oo 1.7 5 190 1.9 1.0 
1-3 SUcker 780 650 o.8 6 57 ·1.3 1.5 
1-3 . SUcker 350 280 0.9 . 3 51 o.8 1.1 
1-3 SUcker 320 270 0.9 5 . 61 1.2 1.2 
1-3 sturgeon "' 24 4 13 
3-10 SUcker 100 100 2 19 1.3 

Results less than reporting llmit are indicated by a (-}. 
1lo entry indicates no analysis made. 



112 BNWL-90 

APff!NDIX C 
TABLE 12 (Continued) 

I 

C~OIS fR BADiomm.IDES Ill MUSCLE 
OF MI~cnl FISH TAKEll FRCM THE COLtlmIA RIVER - 19611, 

Units o'f picocuriea per graa 
Total 

P32 Co&:) ic1~0 'lz165 co58 csl37 Date Specie Beta 

Reporting L1m1 ts 2 o.6 1 5 0.7 0.7 

Hanford (Continued) 

3-ll sturgeon 19 9 ~ 3 16 
3-ll Sucker 28o 250 4 )II. 1.4 
3-11 Sucker 370 36o o.6 4 46 l.3 
3-ll SUcker '370 350 1.2 3 33 0.9 1.2 
3-ll Sucker 520 530 5 50 o.a 1.5 
3-ll Sucker 570 ,540 1.3 4 69 1.3 
4-7 Trout 290 1.1 3 71a, 
4-7 · Carp 9 3 55 0.7 

.5-ll Trout 550 2.5 6 100 0.7 
5-ll SUcker 1500 1.1 5 Tr 1.8 
5-ll Sucker 66o 0.7 2 57 0.7 1.6 
9-3 Carp 540 0.7 6 10 1.0 
10-14 Carp 850 3 6J. o.8 1.3 
10-1Ji. Steelbead 5 3 

Ringold 

1-29 SUcker 620 590 3 47 0.9 
2-20 Sucker 820 76o / 1.1 4 43 l.l l.4 
2-20 SUcker 1030 1030 1.2 3 53 0.9 l.3 
3-13 Sucker - 710 1.1 3 43 1.1 l.3 
4-10 Trout 32 0.9 3 63 o.8 
8-24 steelhead 550 1.2 5 70 o.8 1.5 
8-24 steelhead 2200 o.8 7 44 l.7 
12-3 . Steelhead Ja.20 o.6 6 65 1.5 
12-3 steel.head 58o o.6 7 62 1.1 

RicblRJ'.Jd 

1-25 Carp 7 < 3 3 15 -
2-10 Bluegill 30 12 2Ja. 
2-10 Sucker 57 44 4 '37 
2-10 Carp 5 2 17 o.8 
2-10 Carp 23 · 4 3 130 
2-10 Carp 5 . 2 
2-10 Carp 6 - . 3 7 
2-10 Carp 6 6 
2-10· Carp 5 < 3 3 5 

Results less than reporting limit are 1Ddi~ted b;y a (-). 
Bo entry 1Ddicates no analysis made. 
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APFENDIX C 
TAm..E 12 (Continued) 

I 

C~ENTRATIONS OF RADIOBtX:LIDES IN MU3CLE 
OF MI~ELLANEOUS FISH~ FRCH THE COLUMBIA ~ER - 1964, 

Uni ts of picocuries per grBlll · 

Total 
P32 Co&) 00 'lzl65 co58 Csl37 Date Specie . Beta ,-

Reporting ~imits 2 o.6 1 5 0.7 o.-: 
Richland {Continued) 

2-10 Carp 5 2 
2-10 Carp < 5 < 3 ~ 16 
2-10 Carp <7 <4 8 
3-27 Sucker 210 180 3 33 1,..0 
3-27 SUcker 17 11 4 6 
3-27 SUcker 49() 480 4 62 0.7 1.1 
3-27 SUcker 73 58 3 27 r 0.7 
3-27 Carp I 10 ~ - 3 36 
3-27 Carp 5 3 j 
3-27 Carp 17 3 77 
3-27 Carp 12 < 3 64 
3-27 Carp 5 3 15 
3-27 Carp 13 ' - ' 3 66 
3-27 Carp 6 2 2 7 
3-27 Carp 7 3 7 
4-21 sturgeon 9 3 5 
4-21 Trout 15 
6-2 Carp 9 4 29 
6-2 Carp 18 4 47 
6-2 Carp 48 
6-2 Carp 51 
6-2 Carp 100 4 34 
6-2 sturgeon 140 

13urbank 

1-20 Carp 8 3 24 
1-20 Sucker 33 35 3 19 
1-20 SUcker 98 100 3.6 2 22 
1-20 Sucker 110 150 3 26 o.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 o.8 
2-11 Sucker 39 34 4 38 
2-11 Sucker 45 43 4 13 1.1 1.6 
2-11 SUcker 75 79 3 28 
2-11 Sucker 95 95 4 31 
2-11 Carp 8 2 2 30 
2-11 Carp 14 3 2 45 

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



114 BNWL-90 

"-PPERDIX C 
TABLE 12 (Continued} 

i 
CCEEM'RATI0RS OF RADI~ IN MUSCLE 

OF MI~US FISH TAltElf FRCI( THE COLlMBIA BIVER - 196JI, ... Units of picocuries per gram 
Total 

p32 Co&) K4o ZD65 co58 Date Specie Beta cal37 

Reporting Limit~ 2 o.6 1 5 0.7 0.7 

Burbank (Continued} 

3-31 Carp 6 3 3 11-. 
3-31 Carp 14 2 35 
3-31 SUcker 19 3 12 -
3-31 :; 15 4 11 -
3-31 185 I- 3 19 
3-31 SUcker 27 3 10 
1-.-16 Carp l n 
4-16 Carp 3 ~ 

.,. 
~-16 Carp 2 33 
Ja.-16 Carp 2 6 
Ja.-16 Carp 3 28 
Ja.-16 Carp 4 40 
5-13 Carp 14 4 ~ j 
5-13 Carp - I 3 32 -5-13 Carp 59 3 36 
5-13 Carp 4 Ja.3 - -5-13 Carp 3 29 -
5-13 Carp 130 3 38 -
5-13 Carp la. 2 41 
5-13 Carp 3 4 22 
5-13 Carp 3 44 - . -
5-13 Carp 4 4 31 
5-13 Carp 5 4 22 
5-13 Carp 7 4 27 
6-12 Bluegill 5 15 
6-12 Blneg:111 10 16 
6-12 Bluegill. 16 18 -6-12 B\ueg:UJ 7 10 
6-12 Carp 8 3 18 
6-12 Carp 4 19 -· 
6-12 Carp 12 3 38 
6-12 Carp 13 2 64 -- ---6-12 Carp 11 2 46 -6-12 Carp 56 3 32 -
6-12 Carp 18 2 30 
6-12 ~ 14 3 47 -6-12 ~ 29 2 39 
6-12 Carp 2 50 - -
Results ·1ess than reporting llmit are indicated by a (-). 
1lo entry :lnd:1cates no analysis made. 
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APFE!IDDC C 
TABLE 12 (pontinued) 

COID!NrRATIONS OF RADIONOOLIDES IN~ 
'6 · !ISCELLABEOUS FISH TAKEN FR<ltf THE COLt.MBIA RIVER - 1964 ~ 

Units of picocuries per gram 
Total 

K4o 
~ 

Date Specie Beta p32 co6o Zn65 co58 csl37 

Reporting Limits 2 o.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 4 'j8 
7-1.4 Carp 6 2 30 
7-14 Carp 4 35 
8-20 Carp 59 2 46 
8-20 Carp 6o 3 36 
8-20 Carp 25 2 26 
8-20 Carp 33 2 12 
8-20 Carp ql~ 25 
8-20 Bluegill 48 9 
8-20 Bluegill 63 12 
8-20 'Bluegill 110 3 12 
8-20 :Bluegill 94 10 
8-20 Bluegill 65 10 
9-16 Carp 37 2 16 
9-16 Carp 19 4 50 
9-16 Carp 43 3 21 
9-16 Carp 43 21 
9-16 Bluegill 200 13 i 10-7 Carp 28o 3 38 

McNary 

1-28 SUclter 35 4 18 
1-28 Sucker 47 4 23 
1-28 Slx:ker 70 3 24 
1-28 Sucker 50 - 3 19 
1-28 Su::ker 65 4 23 
1~28 Sucker 17 4 28 
1-28 Sucker 17 4. 26 
1-28 sturgeon 3 3 10 
2-25 Steelhead 3 
2-25 ·sturgeon 7 3 21 
2-25 Sucker 99 4 28 
2-25 Sucker 51 4 25 
2-25 Sucker 71 3 36 
2-25 Sucker · 51 · 4 n 
Results less than reportiDg limit are iDdicated by a (-). 
Bo entr,y indicates~ analysis made. 
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APFENDIX C 
TABIE 12 ( Continued ) 

C~ C, RADI0~F.S IN ltlJSCLE 
f8 MIOOELLABEOOS' ·PISH TAKEB FRCM THE COLtMBIA RIVER - 1964 

Uni ts of picocuries per gram 
Total 

p32 Co6o K4-0 'Z;Q65 Date ~cie Beta 

Report~ pmtt.s 2 o.6 1 

M'!~ (Continw.s!) 

2-25 SUclter 40 .... - 3 
2-25 Sucker 50 - 5 
2-25 Sucker 52 - 4 
2-25 Sucker 79 - 4 
i.-30 Sturgeon 23 - 4 
4-30 sturgeon . 26 - -
4-30 SUClter 56 - 4 
4-30 SUclter 57 - 3 
4-30 Sucker 45 - 3 
4-30 Sucker 18o - 4 
7-29 SUcker 14-0 - 3 
7-29 Sucker 28o - 2 
7-29 Sucker 110 - 3 
7-29 sturgeon 5 - 4 
7-29 sturgeon 9 - -
7-29 sturgeon 7 - 4 
11-20 Sucker _85 - 4 
11-20 Sucker 100 - 4 
11-20 sturgeon 7 - 5 
11-20 sturgeon I 61 - 5 
11-20 Sturgeon 5 - -
12-11 sturgeon 9 - -

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

5 

23 
24 
24 
34 
11 
11 
19 
21 
20 
37 
28 
22 
-
5 
6 

13 
20 
17 . 
9 

16 
6 

co58 cs137 

0.7 0.7 

I -
- I 

0.7 0.9 

- -

• 

-
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APPENDIX C 
TABLE 13 

C0~EN.I'RATI0NS OF RADI0NtX:LIDES 
IN WATERFOWL C0~JTED 13Y HUNrERS - 1964 

picocuries/gram 

Date Specie P32 zn65 v4o Csl37 ... 
iteporting Limits 50 5 1 0.7 

Othello 
I 

11-8 Mallard 
1.1-8 Mallard 
11-8 Mallard 
h-8 Mallard , 3 
11-8 Mallard 
ll-8 Teal 650 16o 
11-8 Teal 13() ' -· 

Benton City 
I 

1-4 Mallard 9 4 
1-4 Mallard 7 5 
1-4 Mallard 
1-4 I Mallard 4 
1-4 Mallard 
1-4 Mal.lard 18 
1-4 Mallard 7 4 
1-4 Mallard 

- 1-4 Mallard 5 
1-4 Mallard 

Bailies Ranch 

1-3 Widgeon 
1-3 Widgeon 
1-3 Widgeon 
1-3 Pintail 
1-3 ~ard 
1-3 -..-~-118:rd 9 
1-3 I( •-lard 10 
1-3 kP.tlard 4 
1-3 . _Mallard 12 
1-3 Mallard 11 
1-3 Mallard 18 
l-3 Mallard 14 
1-3 Mal.lard 17 
1-3 Mallard 7 
1~3 Mallard 58 3 

Results less than reporting 1imi t are indicated by a ( - } • 
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APff!ND1X C 
TA1LE · 1.3 (Continued) 

COK:EllmATIOllS or RADIOBtm,IDES 
IB WATERFOWL COltrRIBtr:L'ED BI HUlffERS - 1.964 

picocur:.tes/gram 

Date ~cie P32 '/;/J.65 IC4o Csl37 

Reporting L1mi ts 50 5 l 0.1 

DJ.U1es Ranch (COJJtinued) 

1-3 Mallard - 21 3 
1-3 Mal.lard - 1.8 4 
l.-3 Teal 
l.-3 Teal 
1-3 Mallard 
1-3 Mallard - 29 
1-3 Mallard - 8 3 
l.-3 Mallard - 25 
1-3 Mallard - 12 
l.-3 Mallard - - 4 
l.-3 Mallard - l.2 
1-3 Mallard - - 4 
1-3 Mallard - 7 
1-3 Mallard - - 4 
l.-3 Mallard 
1-3 Mallard - 17 5 
1-3 Mallard - 5 2 
l.-3 Mallard 
l.-3 Mallard 
1-3 Mallard 130 45 
1-3 Malla.rd - - 3 
1-3 Mallard - 23 3 
1-3 Mal.lard - l.4 5 

Yald:m. River 

l.-2 Mallard 
1-2 Mal.lard 
1-2 Mal.lard 
1-2 Malla.rd - - 3 
1-2 Mallard - 7 
l.-2 Mallard - 8 3 
l.-2 Mallard - - -
l.-2 Mal.lard 

. 
28 - 3 

l.-2 Mallard 
1-2 Mallard - 4o 
1-2 Mallard 92 23 
l.-2 Mallard 130 1 30 '~- l 

Results l.ess than reporting limit are indicated by a(-). 
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APPENDIX C 
TABLE l.3 (Continued) 

COK:ENTRATIONS OF RADIONOCLIDES 
Ilf WATERFOWL CORl'RIBmED BY HUN1'ERS - 1964, 

picocuries/gram 

Specie P32 ZJJ.65 

Reporting Limits 50 5 

Yaldma River (Continued) 

l.-2 Mallard 22 
1-2 Mallard 
1-2 Mallard 31 
1-2 Mallard 30 

Reaul.ts less than reporting limit are indicated by a (_-). 

BNWL-90 

K4o cs137 

]. 0.1 

3 

2 
2 



C0~Elfl'RATIONS CJP RADI0NU:LIDES IN WA'l'ERFM 
SAMPLED IN THE HANFORD E?WIRONS • 1964 

picocuries/gram 
Muscle Head 

Date Specie p32 Zn65 ic46 ca131 i,32 rzn55 ic40 Cs137 - - -
Reporting Limits 50 5 1 0.7 50 5 l 0.7 

!!EE!r River* 

1-3 Mallard - 8 4 - - - 110 4.o 
1-3 Mallard - - 4 - - 10 5 
1-3 Mallard - - 4 - - - 3 
1-3 Mallard · 86 14 4 - 58 21 4 -
1-3 Mallard 72 23 4 - - 41 4 
l-3 Mallard - 10 3 - - 20 5 .... 
l-3 Mallard - 9 4 - - 19 4 - N 

1-3 Mallard 5 4 8 3 
0 - - - -

l-3 Mallard 51 9 4 - - 17 5 .-
1•3 Mallard - 52 4 - - 9 4 
1-3 Mallard - - 4 - - 6 3 
l-3 Widgeon· - - 3 - - 5 6 -
10-8 Gad.wall 1200 48 4 - 3300 160 3 
10-13 Mallard 370 - 3 0.7 440 6 4 -
10-13 Mallard - - 3 - 55 5 - -
10-13 Mallard - - 3 - - 6 - -
10-13 Mallard - - 3 - - 9 - -
10-23 Golden Eye - - 2 - - 6 .. -
10-23 Golden Eye - - 2 0.9 - - 3 -
10-23 Golden Eye - ·- 2 1.1 - 5 3 -
10-23 Golde~ Eye \ 2 3.4 3 1.3 tt1 - - - -
10-23 Golden Eye - - - - - 6 - - ~ 11-15 Mallard 1100 22 4 - 870 77 - -
11-15 Mallard 740 23 4 llOO 110 ~ - - - I 

co 
0 

Results less than reporting limit are indicated by a{-). 
* Area Within the plant boundary from Vernita Ferry to Hanford. 



APPENDJ.X C 
TABLE 11'. ( Con·iiinued) 

CO:OOE?lrRATIONS 01 RADIONlCLIDES IN WATERFM 
SAMPLED IN THE HANFORD ENVIRONS - 1964 

picocuriea/sram 
Muscle Head 

Date . Specie 
p32 Zn65 iM csl37 p32 Zn65 ic4<> csl37 - - - - - - -

Reporting Limits 50 5 l 0.7 - 59 5 l 0.7 
. 

!!;>per River (~o~inued) 

11-15 Mallard:· - 8 - 440· - 27 - 110 
11-15 · . Golden Eye - 6 3 - 81 6 1 -
11-15 Golden Eye 91 - 3 - 96 11 - -
11-15 · Golden Eye 62 - 3 1.3 96 8 l -
11-15 Golden·· Eye 65 - 4 1.7 83 27 - -
12-4 Canadian ·Goose • , I - 3 - - 6 2 -

· 12~4· Cariadian -Goose 3 7 l 
.... - - - - - N 

12-4 Canadian ·Goose 3 l .... - - - - a -
12-4 CA-l]edian Goose - - 3 - - - l -
12-4 . Mallard . - - 3 - - 5 l -
12-4 Golden Eye 1700 84 - 0.9 -
12-4 ' Golden ·Eye · 1200 49 - o.8 1200 130 

J 
- -

12-4 Golden Eye 1200 56 - - 1500 150 - -
12-4 Golden Eye 1200 56 l 0.7 1600 200 - -
12-4 Golden Eye 1200 50 2 0.9 810 92 2 -

Lower R1 ver ·-te· 

. 10-15 Mallard 76 - 3 - 67 9 4 -
10-15 Mallard 1000 ·12 3 - 64o 27 - -
10-15 Mallard - - 2 14 - 5 3 -10-15 Mallard - - 3 - . - - - - tr, 

~ 10-15 Mallard - - 2 - - 7 - - ~ 10-15 · Mallard 740 10 3 - 500 28 - - t4 
I 

co 
No entry indicates no analysis made. 0 

Results less than reporting llmi t are indicated by a (-). 
* Area w1 thin the plant boundary from Hanford to 300 Area. 



APPENDIX C 
TABLE 14 (Continued) 

C0?CE?fl'BATI0HS OF RADIOfflX::LIDES IN WATERF.OWL 
SAMPLED IN THE lWU'ORD .mvIRONS • 1964 

·p1cocuriee/1ram 

Muscle . Head 

Date . Specie p32 zn65 ~o csl37 p32 Zn65 · · ~~o c8137 - - - - - - -
·Report1DS Limits 50 5 l 0.7 50 5 1 0.7 

Lower .River (Continued) 

10-15 Mallard 110 - 3 - 86 16 - -
10-15 Canada Goose - 22 4 - 96 57 3 -
10-15 Merganser 1600 59 3 - 1100 . 93 3 -
10-21 Mallard 53 6 5 - . - 15 2 -
10-21 'Mallard 190 - 5 - 200 11 3 -
10-21 Mallard 220 - 3 - 190 15 ' 5 - .... 
10-21 Mallard· ·910 19 3 560 40 3 

N - - N 

10-·21 Mallard 100 5 3 - 150 12 4 -10-21 ._. Mal.lard - - 3 - - 8 2 -
10-21 · Mallard 810 21 3 - ~o 49 3 -
10-21 Mallard - -· 3 - 120 6 2 -
10-21 Mallard 98 - 3 - 78 6 3 
10-28 Mallard 210 - 3 - lJO 11 2 -

.10-28 Mallard - - - - - - 4 -· . '10-28 · Mallard · 740 16 2 - 420 47 1 -10-28 Mallard - - 3 - - - - -10-28 . Pintail - - 2 - 150 13 7 -
10-28 Gold.en Eye . 100 6 3 - 92 19 4 -· io-28 Goose ·146 44. 3 - 150 74 4 -
11-4 Mallard .. ... 170 .:19 1 -11-4 Mallard ... !' - 7 2 - t:d • 11-4 Mallard 340 32 2 - ~ u-4 Mallard - .. . . . . 

~ - 2 -
11-4 Mallard 50 - 5 2 - ~ 

I 
CD 

No eptry itldicates no analysis made. 
0 

Results less than reportiDS limit are indicated by .·a. . (-). 
. . . ~ . 
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APPE.1IDIX C 
TABLE 14 (Continued) 

CO~ENTRATIONS OF RADIONmLIDES . IN WATERFCML 
SAMPLED IN THE HANFORD ENVIRONS - 1964 

picocuries/gram 
Muscle Head 

Date Specie p32 Zn65 ~o csl37 P32 Zn65 00 csl37 - -
Reporting Limits 50 5 1 0.7 50 · 5 1 0.7 

tower River (Continued) 

11•4 · ,,-.. Mallard 430 22 2 -
11-·4 Mallard · . 66 14 2 
11-4 · · Mallard 130 9 3 130 24 3 -· 
11-·4 · · Mallard ' 98 11 2 
11•·5 · Mallard .. - 3 - - 7 3 
11•5 Mallard · 4 5 3 .... 

N 
11-5 Mallard 3 - - 6 - w 
11-13 Lesser Goose - 3 - 2 
11-13 Mallard 110 10 4 88 18 
ll•l3 . Mallard · - . 3 - 9 
1_1-13 Mallard 52 - 5 1.0 70 ·7 
11-13- Mallard 76 4 - 11 
11-13 Mallard 56 30 3 - 61 9 2 

, ., ' 

Ri~old 

12-3 Mallard - 4 - 6 2 
12·•3 Mallard - - 3 10 2 
12-3 Mallard - - 4 6 l 
12-3 Mallard - - 5 ·- 5 
12-3 Mallard - 6 . 4 . ' - . 15 l t:d 
.12-3 Mallard - - 3 z 
12-3 Mallard - - 4. - 6 - ~ 
12-3 Teal 250 15 5 46o 6 - t4 

I 
co 

Results less than reporting limit are indicated by a ( - ) ·• 
0 

No entry indicates no analysis made. 
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APPENDIX C 
TABLE 14 (Continued) 

CO~E?fl'RATIONS OF RADION'OOLIDES IN WATERFCM, 
' . SAMPLED IN THE HANFCIID ENVIRONS - 1264 . 

picocuriea/gram 
Muscle 

Date Specie p32 Zn7,5 00 01137 p32 - - - -
Reporting Limits 50 5 1 0.7 50 

' • 
Burbank . . 

. 11~18 .. Canadian Goose 70 · 37 3 - -
I • 

McNa!Z .. 

11-20 Canadian Goose - - 3 - -
11-20 Lesser Goose - 8 4 - -
1.1-20 . Leaser Goose - 5 3 - -
11-20 . Mallard - - 4 - -
ll• 20 ,. . Mallard 220 27 3 - 93 
11-20 Mallard - - 3 

,. ++-20 Golden Eye 500 10 3 

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

.. . 

\ 

Head 

'a165 ic40 c8137 -
5 1 0.7 

39 1 -
.... 
N - - - ~ 

12 3 -
10 3 -- - -
58 

-



APPENDIX C 
TilLE 15 

CO?l:ENl'RATIONS OF RADIONOOLIDES IN WATERFOWL 
SAMPLED WITHIN THE HANFORD PROJECT - 1964 

picocuries/gram 
Muscle Head 

Date Specie P32~·~ zn65 K4o Csi37 ;g2 Zn65 K4o 08137 - - - - - - -
Re~rti~ Li.mi ~s . 50 5 1 0.7 50 5 1 0.7 .. 

Gable swa~ 

10-13 Coot . - - 5 130 
11-3 Lesser Scaup - 8 98 - 39 
11-3 Lesser Scaup - 8 85 - 15 
11-3 Lesser Scaup - 10 20 10 19 
11-3 Lesser Scaup - 6 110 - 55 
11-3 G;-eate'r Scaup - 3 120 - 69 .... 
11:-3 Greater Scaup - . 8 54 - 33 N 

(11 

11-3 Greate~ Scaup - 3 18 - 13 
11-3 o;-e~ter Scaup - LO 
11-3 Mallard 22 - 3000 180 680 

.. ,11-3 Mallard - 870 100 '480 
· 11-3 Mallard 480 - 1800 180 820 

11-3 Pintail 5 2 14 - 19 
1i.;3 Green· Wing Teal 5 3 24 - 7.0 
11-3 Green Wing Teal - 7 23 . ' - 4.o 
11-3 Coot - 260 - 950 220 490 
11-3 Coot 240 - 340 150 140 
11-3 Coot 30 - 53 57 130 
11-3 Coot - - 47 51 89 
11-3 Coot 8 - 10 51 19 

txJ 

~ 
t'4 
I 

Results less than reporting limit are indicated by a(-). 
co 
0 

No entry indicates no analysis made. 



comE?fl'RATIONS 0, RADIONOOLIDES IH WATERFM 
SAMPLED WITHIN THE BA?U'am PRQJ'ECT ·• l~ 

p1cocurie1/sram 
Muacle Head 

Date s,aecie p32~-~~65 ic40 01137 p32 Zn65 00 08137 - - - - - - -
Reporting Limits 50 . 5 l 0.7 50 . 5 l 0,7 

Gable Swamp ·(continued) 

1~·30 Golden Eye - - 32 - 15 
I ' 26o 180 1;-30 Golden Eye· - - - - 3 

11-30 Golden Eye - 130 3 310 J.V 3 44 
11-30 Golden Eye - - 4 88 - 4 59 
11-30 Golden Eye - - ·- 26 - - 12 .... 
11-30 Coot o.8 

N - - - - - - - Q) 

11-30 Coot - 5 53 - 35 - 14 
11-30 Coot 

I . . . 57 25 25 - - - - -
11-30 Coot - - 310 - - - 110 

·B SWa,S? . 

11-30 . . Golden Eye - - 10 19 - - 28 
11-30 (;olden Eye - - 8 32 - - 43 , 
ll"'.-30 Golden Eye - - 5 . 5~ ... .. - - 23 . . 

s SWamp 

11-24 Golden ;Eye - 72 - 29 bj 
11-24 

. .. . ... . 
Golden Eye 35 230 ~ 

11-24 Golden Eye 1 , . - . - 23 · · - 12 ~ 
Results less than reporting limit are indicated by a(-). 

I 
I co 

No entry indicates no analysis made, 0 

• 



.APPENDIX C 
TABLE 15 (Continued) 

C0~EN'l'RATI0NS OF RADI0NOOLIDES IN WATERFOWL 
SAMPLED WITHIN THE HANFORD PRQJECT - 1964 

picocur!ea/gram -

Muscle ~~ 
Date Specie p32 zn65 i40 c8137 p32 K4o c813f Zn - - - -
Roporting Limits 50 5 l 0.7 50 5 l 0.7 

u swaS? 

11-24 Scaup - - 42 41 

RP-dox swamp 

10-27 Golden Eye - l 220 - l 26o ... 
10-27 Ruddy Duck 6 87 51. N - ~ 

10-29 Coot - - 3 380 - 5 - 280 
10-29 Coot - - 4 450 - - - 300 
10-29 Coot - - 7 10 - - 15 37 
10-29 Coot - - 2 350 - - 210 
10-29 Golden Eye - - - 160 - - 77 
10.;.29 Golden Eye - 3 4.o - 3 3.6 
10 .. 29 Ruddy Duck - 2 210 7 .. 150 
10-29 Shoveler 2 200 - - 86 

3v-J Area Pond 

. 10-22 Mo.llard 370 8 3 - 230 18 -10-22 Mallard 66 3 - - - -10-22 Mallard - 3 - bj 
z 
~ 
t"" 

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

No entry indicates no ~na.lysis Dltlde. 0 

I -
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X. APPENDIX D 

RADIONUCLIDES IN MARINE ORGANISMS 



Date 

Reporting 
Limits 

1-13 
2-17 
3-2 
3-16 
3-2!&. 
4-1 
4-13 
4-28 
5-ll 
5-27 
6-8 
6-24 
1-1 
7-24 
8-10 
9-4 
9-16 
10-1 
10-15 
10-26 
ll-12 
12-1 
12-14 
12-23 

129 

APPENDIX D 
TABLE l 

COll21fl'RATIOIIS CF RADIO?itELIDES IB 
0IS'I'ERS FRCM WILLAm PAY j WASHIRiroN - 1~ 

picocuries gram 

x4<> Zn&; cs137 p32 

1.0 5 0.7 2.0 

1.6 TI 2.3 
2.2 81 2.2 
3.2 86 2.2 
1.4 54 3.8 

49 3.1 
2.2 86 2.4 
1.4 55 4.3 
3.5 70 3.8 
1.9 58 3.8 
2.6 53 14 
1.8 47 13 
1.6 37 ll 
2.3 47 16 
2.0 48 6.2 
1.5 53 4.5 
1.6 63 3.4 
2.0 53 2.5 
1.5 52 1.3 
2.2 44 1.0 
1.8 37 3.2 
1.4 45 
2.1 50 
1.4 45 
2.0 5.4 

Results 1less than reporting limit are indicated by a (-·). 
Bo entry indicates no analysis made. 

BNWL-90 

co58 

0.7 o.6 
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XI. APPENDIX E 

RADIONUCLIDES IN THE ATMOSPHERE 

• 
. " . 

-. 
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APHsRDIX E 
TAK.E1 

QUAm'lff ~ 1131 RELEASED 
FRCM THE SEIMATIONS AREAS - . 19614, 

Month 
Average 

curies/~ 

January . o.o6 

February o.o6 

1'11.rch 0.20 

April o.u 

May 0.23 

June 0.31 

July 0.12 

August . 0.30 

September 0.28 

October 0.30 

November o.46 

December 0.01 

BNWL-90 

-
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I 
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APPENDIX E 
TABLE 2 

COll:Elfl'RATICIIS OF 1131 IN AIR 
OF 1'HE RABFam ERVmons - 1964 

p!c~uriea per cubic meter 

Benton 
Date 200 West Richland Kenneviclt Pasco Wahluke ~ Eltopia City -
1-7 - - - - - 0.02 
1-1"- - 0.05 0.0?. - 0.03 - - -
1-21 - - - 0.02 
1-28 - - - - - 0.02 0.02 
2-"' 
2-ll 0.02 - - - - -- - 0.02 
2-1.8 0.02 
2-25 - 0.02 - - - 0.02 
3-3 o.o6 0.02 - 0.02 o.o4 0.02 - 0.02 
3-10 o.o6 
3-17 - 0.02 - 0.02 0.02 - - 0.03 
3-2"- - 0.03 
3-31 - 0.03 0.02 - - 0.02 0.02 
"--1 - - - - o.o8 - 0.02 0.02 
"--1"- - 0.02 - - - - 0.02 
"'-2l. - 0.02 - - - - - 0.02 
"--28 - o.04- o.04- 0.02 - 0.02 
5-5 0.05 - - - 0.05 - - 0.14 
5-12 - 0.05 - - o.o4 
5-19 0.02 0.05 0.02 
5-26 0.02 - - 0.02 - 0.02 0.02 0.02 
6-2 - - - - - 0.02 
6-9 0.03 0.02 - 0.02 - 0.02 
6-16 o.011- - 0.02 - - 0.03 
6-23 0.02 0.02 - 0.05 
6-30 0.02 - - 0.03 
1-1 - - - - - 0.18 
T-1"- - - - - 0.02 
7-2l. - - - 0.02 0.02 - 0.03 
1-28 0.02 - - 0.02 0.02 0.03 o.o4 0.02 
8-"' 0.05 0.03 - - 0.03 o.o4 0.03 0.02 
8-1.1 0.85 o.o4 0.02 0.02 - 0.03 0.02 o.o4 
8-17 o.011- - 0.02 0.02 0.03 o.o4 0.02 0.82 
8-2la. 0.03 - 0.02 - - 0.03 
8-31 0.03 0.05 - 0.02 0.02 0.02 0.02 1.15 
9-1 0.02 0.02 0.02 0.02 
9-11'. - - - - 0.02 0.02 - 0.02 
9-2l. - 0.02 - . - - - 0.02 o.o4 
9-28 0.09 - - - 0.02 
10-5 . -0.03 ·o.or.. 0.03 .. o_.05 ' , ·- -· 
Beaul.ta less tban reporting limit of' 0.02 -are indica~ by a(-). 
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APPENDIX E 
TABLE 2 (Continued) 

C0~Elf.L'RA'l'I0NS OF I 1 3l IN AIR 
OF THE .. HANFCIID ENVlli0NS - 1964 

picocuries per cubic meter 

BNWL-90 

Date 

10-12 
10-19 
10-26 
11-2 
11-9 
11-16 
11-23 
11-30 
12-7 
12-14 
12-21 
12-28 

Benton 
200 West Richland Kennevick Pasco Wabluke Mesa Eltopia City 

0.02 0.02 0.02 0.02 0.03 
0.02 0.02 - -· 

0.03 0.02 0.02 
0.05 0.02 
0.09. 0.03 -· 
0.02 0.03 0.02 -· 
0.02 
o.o4 -· 
0.02 

-· 
0.03 
0.02 

-Resuits less.than .reporting limit ·of 0~02 are ·indicated by a(-). 
No entry imicates no analysis made. 

~-.. . 
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APmffllIXF 
TABLE 1 

COICENrRATIOBS CR RADI~-..:S IN MILK - 19611, 
picocuries per 11 t-.~r 

Date 1131 K4o 'l;n65 csl37 P32 
Reporting 
Lim.ts 3 4oo 100 30 200 2.0 

Riverrlev Irrigation District 

1-2 1500 220 120 12 
1-9 1500 220 160 Ji .o 
1-15 1300 200 130 
1-23 1200 200 130 
1-29 1200 28o no 
2-la. UCO . 350 140 16 
2-12 11'-oo 200 76 
2-18 1200 19() no 
2-26 · 1300 230 150 
3-3 1500 18o 140 
3-ll 1500 220 100 
3-l:T 1500 200 82 
3-25 3 noo 160 120 
4-14 1500 140 130 
4-22 1200 100 120 
4-28 1500 120 130 
5-6 1400 190 100 540 
5-12 1200 530 46 
5-20 4 1300 78o 110 
5-26 3 1300 62 
6-3 6 1200 810 no 2700 
6-11 4 1200 88o 83 
6-17 3 16oo 850 62 
6-25 1400 noo 100 
7-1 1400 900 59 3200 6.9 
7-7 3 1300 890 -
7-15 1300 760 64 
7-21 1000 850 61 • 7-29 1500 690 43 
8-4 1200 650 52 . 530 
8-12 1300 750 38 
8-18 3 1300 930 59 
8-26 4 1300 1000 42 26oo 
9-3 9 16oo 940 39 1700 
9-9 4 1300 890 56 
9-17 4 1900 900 44 19()() 

Results less .than reporting limit are i.D:licated by a(-). 
Bo entry- indicates no analysis made._ 
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APPEND.IX F 
TABLE l (C~ntinued) 

CO?l!E?lrBATIONS OF RADI0NtX:LIDES IN MILK - :.'.964, 
picoc~~s per liter· 

Date :r131 x4<> 'lirJ.65 c8137 P32 sr90 

Reporting 
Lim.ta 3 400 100 30 200 2.0 

Riverview Irrigation District {Continued) 

9-23 6 1300 uoo 68 1300 
9-29 1 1200 1400 
10-7 4 1300 1400 33 
10-13 3 1100 1500 
10-21 14-oo 1200 
10-27 5 1300 1200 
11..i. 13 llOO 1200 58 
11-10 3 14oo 730 99 
11-18 3 1200 64o 44 590 
11-24 1300 "620 44 
12-2 14-oo 'J(O 
12-8 14oo 300 61 

Ringold 

5-18 5 14-oo 400 590 
5-26 5 16oo 46o 
6-3 1500 54o 1100 
6-10 14-oo 510 35 
6-17 4 1900 48o 
6-25 3 16oo 330 45 
7-1 3 1500 470 5700 
1-1 1~ 510 
7-15 1500 480 45 
7-21 1500 570 
1-29 6 1Eioo 500 34 
8..i. 1500 650 16oo 
8-12 9 16oo 650 38 
8-18 5 1500 770 54 
8-26 11 14oo 670 32 3300 4.9 
9-3 16 14-oo 740 46 3000 
9-10 1 1300 670 47 
9-17 3 1400 510 53 
9-23 5 18oo 94<> 67 6200 
9-29 4 1500 920 36 
10-7 5 1400 56o 
10-13 3 1500 890 45 
10-21 4 1300 960 65 

Results less than reporting level are indicated · by a { - ) • 
Bo entry indicates no analysis made. 
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AP:EIDIDDC F 
TABLE 1 (Continued} 

CO~EN.l'RATIONS ClF RADIOmm.IDES IN MILK - 1964 
picocuries per liter 

Date 1131 00 'l;n65 Csl37 32 -
p sr90 - -

Reporting 
Limits 3 400 100 30 200 2.0 

Ringold (Continued} 

10-27 11 1200 930 42 
11-4 ?.8 1200 1100 65 500 
11-10 36 1200 1100 110 
11-18 .15 . 1200 920 91 
11-24 - 1100 - 47 

Pasco 

1-2 - 1000 170 57 
1-3 3 1400 230 83 
1-6 3 16oo 250 62 
1-7 - 16oo 26o 82 
1-8 - 1400 330 92 
1-9 - 1400 300 10 
1-10 - 1400 250 78 
1-13 - 1300 330 86 
1-14 - 1500 320 91 
1-15 3 1500 280 89 
1-16 - 1200 280 70 
1-17 - 16oo 300 68 
1-20 - 1400 310 72 
1-22 - 1300 250 63 
1-23 - 1400 200 55 
1-24 - 1500 230 50 
1-27 - 1400 300 76 
1-28 - 1500 230 56 
1-29 - 1300 28o 65 
1-30 - 1500 250 6o 
1-31 - 1500 270 56 
2-3 - 14oo 26o 100 
2-4 - 1300 270 52 
2-5 - 14oo 230 71 
2-12 - 14oo 140 51 
2-18 - 1300 110 85 
2-26 3 1700 170 120 
3-3 - 14oo 100 ~ 50 
3-11 - 1500 120 70 
3-1.7 - 16oo 16o ' 71 
3-25 3 1200 18o . 61 

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



138 BNWL-90 

CORIBlf.l'RATI0NS fR RADIONt£LIDES IN MILK - 1964, 
picocuries per llter 

Date 1131 ~ 'litJ.65 Csl37 P32 si-90 
- Reporting 

Limits 3 400 100 30 200 2.0 

Pasco (Continued) 

4-1 1300 290 
4-7 1200 180 62 
4-14 1400 71 
4-22 1000 100 42 
4-28 1300 52 
5-6 1300 32 200 
5-12 1200 

. 5-20 13()0 100 
5-26 1300 59 
6-3 1500 96 8.3 
6-u 1300 120 
6-17 9 16oo 94 
6-25 1300 140 
7-10 1000 89 
7-15 1300 94 ,: 
7-21 1400 56 
7-29 1400 6o 
8-4 1400 32 
8-12 1300 49 
8-18 1500 35 
8-26 1400 41 
9-3 3 1100 49 26o 
9-9 1200 70 
9-17 1300 57 
9-23 820 64 
9-29 1400 31 
10-7 1000 47 
10-13 3 llOO 41 
10-21 1300 45 
10-21 5 1400 42 
io-28 6 1200 33 
10-29 3 1200 
10-30 1200 51 
ll-2 3 1300 57 
ll-3 6 -1300 61 
ll-4 8 990 62 
ll-5 10 1200 68 
11-6 14 1100 55 
ll-9 18 1200 46 

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



139 BNWL-90 

APJ:ENDDC F 
TABLE 1 (Continued) 

COK:ENTRATIONS fR' RADiomm.IDF.S IN MILK - 1964 
picocuries per liter 

Date 
. 131 

I K4o 'l;Q65 cs13'T p32 sz-90 - - - -
Reporting 
Limits 3 4oo 100 30 200 2.0 

Pasco (Continued} 

ll-10 18 1400 - 3'T 
ll-ll 13 1300 - 64 
11-12 8 1500 - 66 
11-13 6 1200 - 68 
ll-l.6 - l.200 - 61 
ll-11 - 1400 - 52 
11-18 - 1000 
ll-19 
ll-20 - 1200 
11-24 4 1200 - 30 
12-4 8 1300 - 36 
12-11 14oo - 66 

West Riehl.and 

1-3 4 16oo - 8c 
1-10 - 1400 - 51 
1-24 - 1400 - 39 
1-31 - 14oo - 31 
2-1 4 1200 - 46 
2-14 3 1200 - 52 
2-21 - 16oo - 12 
2-28 - 1300 - 150 
3-6 - 16oo - 95 
3-13 - 1400 - 92 
3-20 3 1400 - 100 
3-21 - 1300 - 19 
4-3 - 1400 - 100 6.2 
4-10 - 16oo - 100 
4-11 - 1200 - 140 
4-24 - 14oo - 110 
5-1 - 14oo - 130 
5-8 - 1200 - 140 
5-15 - 1400 - llO 

-5-22 3 16oo - 120 
5-21 4 1400 - 85 
6-5 5 16oo - llO 
6-12 5 16oo - 170 t 

6-19 - 1500 ·, - 140 

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



140 BNWL-90 

APHOO>IX F i . 
I 

TABLE 1 (Continued) 

COlD!NTRATIOBS fR RADIOBtm.IDES IN MILK - 196ll, 
picocuries per liter 

Date 1131 ~ 'aJ.65 csl37 P32 sr90 

Reporting 
Lbdt.s 3 4oo l.00 30 200 2.0 

Vest Riehl.AD:) (Continued) 

6-26 l.O 16oo 150 
7-2 4 14oo 120 
7-10 1400 1~ 
7-17 1300 56 
1-2i. 1500 92 
7-31 1700 98 
8-7 1~ 61 
8-21 . 16oo llO 
8-28 3 1500 62 
9-4 l.O 16oo 8?. 
9-10 1300 68 
9-18 5 14oo 57 
9-25 8 1500 65 
10-2 4 16oo 18o 56 
10-9 7 1500 l.20 51 3.4 
10-16 9 16oo 270 56 
10-23 1800 430 95 
_10-30 16oo 210 82 
ll-6 8 16oo 140 llO 
ll-13 4 16oo 300 75 
11-20 16oo 330 48 
12-4 18oo 26o 52 
12-11 

. 
1400 170 43 -

:Benton City 

1-3 4 16oo 170 
1-10 16oo 16o 
1-24 1500 1~ 
1-31 3 1400 140 
2-7 1300 140 
2-14 1500 110 120 
2-21. 3 1300 74 6.6 
2-28 1300 llO 
3-6 1400 92 4.9 
3-13 1200 99 
3-2'7 3 1300 100 
4-3 14oo llO 
4-10 1400 1~ 
4-l.7 l.500 130 

Results less than, reporting limit are itdicated by a · ( - ) • 
. Bo entry imicates no analysis made. 



141 BNWL-90 

APFENDIX F 
TABLE l (Continued) 

C0~0NS OF RADI0NOCLIDES IN MILK - 1964 
picocuries per liter 

Date 1131 K40 'l;n65 Csl37 i,32 Sr9() 

Reporting 
Limits 3 400 100 30 200 2.0 

Benton City (Continued) 

4-24 1400 140 
5-1 1400 110 
5-8 1000 14o 
5-15 1200 100 
5-22 16oo 130 
5-27 1500 . . 91 
6-5 5 1200 6o 
6-12 6 1200 84 
6-19 1100 19 
7-10 1100 70 
7-17 14oo 110 
7-24 1300 54 
8-7 1100 59 
8-21 1100 13 
8-28 1300 59 
9-4 3 14oo 54 
9-10 3 1300 58 
9-18 1300 53 
9-25 1 1300 62 
10-2 1300 45 
10-16 5 1100 40 
10-23 6 16oo 80 
10-30 5 1300 35 
11-6 7 1100 49 
ll-13 4 1400 57 
ll-20 4 ·1100 35 
12-4 . - 16oo 36 
12-11 1400 47 

:ayer§ Lru:xlt ng 

1-23 3 1400 140 
1-29 3 1200 170 
2-4 3 1500 16o 13 

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



---------

142 BNWL-90 

APmlIDIXF 
TABLE l (Continued) 

C0?CEM'RATIONS OF RADI~F.S IN MILK - 1g611. 
picocuries per liter 

Date 1131 K40 Zir!65 cs13'T P32 sx-90 
. Reporting' 

Limits 3 4oo 100 30 200 2.0 

E1topia 

1-2 4 1800 83 8.4 
1-9 1300 94 6.8 
1-15 1200 74 
1-23 1200 TI 
1-29 3 1300 87 
2-4 1300 88 9.3 
2-12 1400 70 
2-18 1200 95 
2-26 5 16oo 130 
3-3 1300 90 
3-11 1300 81 
3-17 1300 uo 
3-25 1200 uo 
4-1 1200 86 
4-7 .1300 110 
4-22 1300 68 
4-28 1300 72 
5-6 3 1000 55 4.5 
5-12 3 1200 
5-20 3 1300 130 
5-26 1500 86 
6-3 1200 uo 
6-11 3 1200 67 
6-17 10 1700 56 
6-25 3 1000 78 
7-1 2100 79 26o 
7-7 3 16oo 
7-15 1300 51 
7-21 1300 44 
8-4 5 1500 55 
8-12 1500 42 
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 4 14oo 50 

Results less than reporting limit are indicated by a{~)-
Bo entry indicates no analysis made. 



143 BNWL-90 

APIEHDIXF 
TABLE 1 (Continued) 

CCICE?f.rRATIONS re RADiomm.IDEs IN MILK - 1901, 
picocuries per liter 

De.te r31 K4o 'Z;n.65 csl37 i,32 Sr90 

Reporting 
Limits 3 4oo l.00 30 200 2.0 

E1topia (Continued) 

9-29 3 1300 
10-7 3 1300 46 
10-13 5 1300 
10-21 3 1500 58 
11-4 32 1300 49 
11-10 20 1400 48 
11-18 1500 65 ' - 6.9 
11-24 1200 61 
12-2 -i.400 38 
12-8 1500 58 

Milk Shed Samples 

Columbia Ba.sin 

1-8 1500 78 13 
1-22 1300 93 
2-6 1200 92 13 
2-19 1400 79 
3-5 1200 77 
3-18 1400 100 13 
4-1 1100 TO 14 
4-20 1300 78 
5-1 1400 85 
5-13 1300 58 
5-28 1400 l;.O 77 
6-10 1500 90 
6-24 3 1500 89 
7-8 16oo 84 
7-22 1300 
8-7 1100 
8-21 1200 87 
9-2 1200 57 
9-16 1400 30 
10-1 l.400 59 5.9 
10-14 1200 63 
10-28 5 1300 110 
11-11 6 1200 120 43 
12-2 1500 54 

Resul~ less than reporting limit are indicated·\ 1y a (-). 
No entry indicates no analysis made. 



144 BNWL-90 

APPENDIX F 
TABLE 1 (Continued) ... 

C0?CEM'RATI0BS OF RADI0mm.IDES IN MILK - 1964-
picocurles per liter 

Date 1131 K4o 'al.65 cal37 ,_,32 sr90 

Reporting 
Limits 3 4oo 100 30 200 2.0 

Milk Shed Samples 

Prosser, :Benton City 

1-8 1400 83 11 
1-22 1200 58. 
2-6 3 1300 97 8.4 
2-19 1200 86 
3-18 1200 100 11 
4-1 3 1200 87 
4-20 1300 79 
5-1 1400 93 
5-13 1200 61 
6-1 1400 54 6.3 
6-10 1200 98 
6-24 1300 110 
7-8 16oo 86 
7-22 1400 91 
8-7 1200 57 
8-19 1500 89 
9-2 1300 75 
9-16 1100 77 
10-1 1300 52 
10-14 1200 4o 
10-28 1200 39 
11-13 1200 71 
12-2 1300 36 

Local Purchase - Conmerical Milk 

Brand A 

1-14 1300 120 11 
1-29 1400 87 
3-ll 1200 76 
3-31 1100 76 
la-9 14oo 47 
5-4 1400 85 7.4 
5-22· 1500 66 
6-2 1300 100 6.3 
6-29 16oo 84 

Reaul.ts less than reporting limit are imicated by . a ( - ) • 
Bo entry indicates no analysis made. 



145 BNWL-90 

APPENDIX F 
TABLE l (Continued} 

C~0NS CF RADIONtX:LIDES IN MIIK - 1964 
picocuries per liter 

De.te Il3l ~o 'a165 csl37 . P32 Sr90 
- - - - -
Reporti?lg 
Limits 3 4oo 100 30 200 2.0 

Local Purchase - Commercial Milk 

B:raDl A (Continued} 

7-16 . - 1200 - 100 
7-23 - 1200 - 83 
8-26 - 1300 - 50 
9-10 - 1100 - Tl 
9-21 - 1500 - 51 
10-1. - 1400 - 58 
11-6 6 1200 - 57 
1.24 - 1400 - 39 

B:raDl F 

1-1.1'- - 1400 - 110 - 7.6 
1-29 - 1200 - 83 
3-11 - 1100 - TI 4.6 
3-31 - 1100 - 110 
1'--9 - · 1400 - TI 
5-4- - 1500 - 82 
5-22 - 1500 - 6o 
6-2 - 14oo - Tl 
6-29 - 1400 - 68 
7-16 - 1200 - 58· 
7-23 - 14oo - 61 
8-25 - 1300 - 53 
9-1.0 - 1.200 - ' 6o 2.8 
9-21 - l.4oo - 46 

• 10-1. - 1200 - 53 fn-6 3 1100 - 43 
>- 1.2-4 - 1500 - 46 

Brand H 

1.-llt- - 1500 - 170 - 19 
1-29 - 1.300 - 1.i..o 
2-21 - 1.6oo - l.4o 
3-ll - 1200 - 120 
3-31 - 1000 - 150 

. 
Results less than reporting limit are imicated by a ( - ) • 
Bo entry imicates no analysis made. 



146 

APFEBDIX F 
TAII.E l (Continued) 

C0R:ERrRATIONS fR RADIOIU:LIDES -IN MWC - 19611-
picocuries per liter 

Date r-31 ~ Zn65 cs11'f 

Reporting 
L1m1.ts 3 4oo 100 30 

Local Purchase - Comnercial Mil1t' 

Bram H (Continued) 

4-9 14oo 140 
5-4 1400 24o 
5-22 14oo 340 
6-2 1300 330 
6-29 1300 320 
7-16 14oo 210 
7-23 1200 220 
8-26 1300 140 
9-10 1400 190 
9-21 1300 120 
10-1 1500 - 16o 
11-4 6 1000 rro 
12-4 1500 96 

Results less than reporting limit are indicated by a ( - ) • 
1lo entry indicates no analysis made. 

BNWL-90 

P32 -s./JO 

200 2.0 



COlfJDl'RA1'IOIB C, RADIOllmI.IDZS I1f PASTURE GRASS • 1964 
plcocurlea/8",111 

Date p32 ~ Zn65 Zr-lfb95 cal37 1131 Ce-Pr144 Rulo6 sr90 - - - - -Reporting 
Limit• 0.2 o.4 0.1 0.05 0.03 0.05 1,0 o.6 0.002 
Rivervi,., Imetion District£ J'arm Ro, l 
4-14 9.6 0.58 - 0.10 - 6.2 4.6 
4-22 6.7 - .0.16 0.26 - 3.4 1.8 
4-22 7.0 - 0.17 0.32 0.07 2.9 3.8 
5-6 1.9 6.3 0.61 0.11 0.19 - 2.3 1.2 
5-6 2.4 6.7 1.8 0,14 0.83 0.92 5.9 1.5 
5-12 9.9 3.8 0.35 2,0 o.Bo 13 2.1 
5-12 5.9 - - o.04 - - 1.8 
5-12 10 - 0.32 0.55 0.13 4.5 12 ~ 

5-20 6.8 - o.06 0.05 - 2.~ 1.9 ~ 

5-26 9.4 o.49 0.95 5. 14 -.J - -
5-26 7.6 - 0,15 0.31 0.11 1.5 5.0 
6-3 o.86 9.0 - 0.21 0.61 0.09 7,1 8.2 
6-3 0.11 8.4 - 0.26 o.46 - 3.6 8.3 
6-11 7,0 l,5 0.32 1.1 - 6.7 11 
6-11 7,6 0,16 0.24 0.65 - 3.9 3.3 
6-17 6.1 0,74 0.29 1.0 - 9.5 1.1 
6-17 5.9 - 0.16 o.Bo - ll 6.9 
6-25 6.1 0,22 0.16 0.65 - 5.5 5.2 
6-25 9.3 - 0.14 o.64 0.09 1'-.4 8.2 
7•1 0.62 7.3 - 0.15 o.§5 - 2.9 11 o.41 
7-1 - 10 - 0.19 o. o.18 3.0 7.9 0.35 
1-1 - 7.8 0.33 0.31 1.2 - 4.1 7.4 
7-7 9.0 - 0.23 1.1 0.05 5.0 9.2 tJj 
7-15 9.1 - - 0.34 0.15 - 4.8 

~ 7-15 10 - 0.13 0.74 - 2.1 8.9 
C"4 

Results leas than reporting limit are indicated by a(-). I 
co 

No entry indicates no analysis made. 0 



APPERDIX P 
TABLE 2 (Continued) 

COR,F.?ll'RATIONS OP RADI0NOOLIDES I1f PASTURE GRASS • 1264 
p1cocuries/sram 

Date p32 K4o Zn65 Zr-m,95 01137 1131 Ce-i,rl-44 Ru1o6 sr90 - - - - - -Reportins 
Limits 0,2 0,4 0,1 0,05 0.03 0.05 1.0 o.6 0.002 

Riverview Irrigation District, Parm No. 1, (Continued) 

7-21 10 , - 0.13 0.38 - 3.6 4.o 
7-21 8.3 - 0.15 o.6o - 5.5 6.4 
8-4 8.1 - 0.16 0,74 - 6.7 5.4 
8-4 6.8 0.24 0.13 0.81 0.16 - 7.8 
8-12 7.6 - - 0.75 - 6.9 9.8 

. 8-12 8.8 - - 0.55 0.06 3.4 4.o 
8-18 7.1 - 0.09 o.48 0.14 2.7 7.9 
8-18 8.9 - 0.15 o.68 0.15 2.5 5.9 ... 

· 8-26 7,0 ' 6.1 1.0 0.05 0.37 0.10 4.6 3.2 .,. 
'8-26 13 8.3 o.06 0,54 o.oa 6.5 4.8 

0:) -
9-3 5,9 8.3 - 0.05 0.53 0.10 6.2 5.0 
9-17 15 5.7 19 o.oa 0.31 o.os 6.5 -
9-23 39 7,8 42 2.2 o.66 1.7 9.2 -
9-29 7.0 - o.06 0.94 o.41 4.o 9.0 , 
10-7 6.4 0.79 - 0,05 - 1.9 3.6 
10-13 4.o 1.5 - 0.27 0.12 2.6 -
10-21 7.7 0.79 - 0.54 o.os 4.1 4.o 
10-27 18 0.15 - 0,20 0.11 2.7 2.1 
11-4 19 - - 0.36 0.11 - 2.6 
u-10 11 - - 0.12 0.10 1.1 2.3 
11-18 28 - - 0,47 - - 6.2 
u-24 12 - - 0.35 0.09 2.5 3.5 .• 
12•2 11 - - o.49 - 4.o 3.~ tD 12-8 14 - - o.49 - 2.6 3.3 ~ 

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

co 
Ho entry indicates no analysis made. 0 



APPEHDIX "I 
'!'ABLE 2 (Continued) 

COH,E?n'RATIONS 0, RADIONOOLIDES IM PASTURE GRASS • 1264 
picocurlea/sram 

Date p32 K40 Zn65 Zr-Nb95 01137 Il3J. Ce-Pi-144 Rulo6 sr90 
Reporting - - - -
Limits 0.2 o.4 0.1 0.05 0.03 0.05 1.0 o.6 0,002 

Riverview Irrigation District, Farm No. 2 

8-26 2.3 8.8 3.3 0.26 0.52 o .. 46 7.4 6.8 
8-26 2.2 6.7 3.9 - 0.12 0.35 1.1 1.6 
9-17 4.7 5.8 7.5 0.12 0.07 - - ' 4.9 
9-29 6.8 7.1 - 0.18 0.15 4.3 -
10-13 6.1 7.6 0.11 0.29 - 3.3 -
10'!'21' 6.7 5.8 0.11 0.11 o.oa 4.4 
10-27 · 28 - - o.84 - 2.0 4.5 
11-4 5.8 2.8 0.09 0.16 0.39 2.0 1.7 
11-10 28 - - 1.3 - 4.2 14 .... 
11-18 23 0.05 1.1 7.1 7.1 ~ I - - co 
ll-24 21 5.6 0.51 0.51 - 6.4 1.1 
12-2 16 5.8 - 0.39 - 3.7 

Ri~old 

5-18 6.4 7.6 · 0.53 0.12 0.19 - 2.4 1.2 
5-26 7.2 0.39 0.14 0.38 0.05 2.1 
5-26 7.0 - 0.05 0.11 0.06 - 1.5 
6-17 6.o 0.13 - 0.27 - 1.8 2.4 
6-17 6.4 0.12 o.oa 0.27 - 1.7 2.5 
6-25 7,2 0.13 0.07 0.29 - 2.6 2.8 
6-25 7.9 o.49 0.10 0.36 - 3.5 
7-1 0.69 8.7 - - - - - 8.o 
7-1 0.55 5.3 0.51 0.06 0.11 0.26 3.0 1.6 aj 
1-1 a.a 0.20 0.06 o.4o 0.17 3.9 5.2 

~ 
Results less than reporting limit are indicated by a(-). t4 
No entry iDdicates noBlalysis made. 

I 
co 
0 



APPENDDC F 
TABLE 2 (Continued) 

C0~El'fl'RATI0NS OF RADIONOOLIDES IN PASTURE GRASS - 1964 
picocuries/gram 

Date p32 00 Zn65 Zr-Nb95 csl37 Il31 Ce-Pr-144 Rulo6 sr90 
Sporting 
Limit• 0.2 o.4 O.l 0.05 0.03 0.05 LO o.6 () , 002 

Ringold (Continued) 

7-7. 8.2 0.36 7.4 
7-15 3.7 0.09 0.37 o.o6 2.9 6.3 
7-15 8.1 0.10 o.47 2.0 5.8 
7-21 9.9 o.47 o.o6 0.34 2.1 l.4 
7-21 8.2 0.19 2.8 7.2 
7-29 6.o 0.63 0.05 0.34 3.4 2.6 
7-29 6.2 0.05 0.29 - l.l 1.6 
8-4 1.4 10 l.O 0.30 0.06 4.l 3.8 ~ 

8-4 1.0 10 o.4o 0.35 . 3.5 4.o 
(.11 

0 

8-12 7.8 0.31 0.01 4.7 
8-12 8.2 0.83 0.32 1.9 2.4 
8-18 8.6 - 0.05 0.35 1.0 5.3 
8-18 8.9 0.36 0.01 o.4o 3.2 2.3 
8-26 4.2 7.7 0.98 0.29 0.09 4.o 2.4 0.093 
8-26 2.6 7.7 0.87 0.23 0.07 2.9 
9-3 6.4 7.7 o.46 0.35 0.19 4.2 3.4 
9-17 8.1 0.62 0.32 0.14 4.4 3.5 
9-29 8.9 2.4 0.05 0.50 0.12 9.6 l.8 
10-7 11 1.4 0.33 o.4o 4.2 8.4 
10-13 8.2 ').64 0.77 6.5 2.6 
10-21 11 1.5 0.69 0.07 5.5 2.9 
10-27 4.9 0.57 0.16 0.79 o.46 6.3 4.9 
ll-4 4.4 0.36 0.17 0.27 0.38 3.2 3.4 td 
11-10 5.2 0.52 0.10 o.47 0.20 4.4 2.7 ~ 12-18 18 0.76 o.47 o.o6 1.2 5.1 

t"4 
Results less than reporting limit are indicated by a(-). 

I 
CD 

No entry indicates no analysis ma.de. 0 



APPENDIX F 
TABLE 2 (Continued) 

CO?m;NTRATIONS OF RADION'OOLIDES IN PASTURE GRASS - 1964 
p1cocuries/gram 

Date p32 00 Zn65 Zr-Nb95 csl37 Il3l Ce-?r144 Rul06 Sr90 
Reporting - - - - ·-
Limit• 0,2 o.4 O,l 0.05 0.03 0.05 1.0 ·· ·o.-6 0.002 

I 

Pl.100 

4-14 1,.6 0.12 0.13 0.28 - 4.6 
4-22 6.1 - 0.17 0.27 - 2.6 1.1 
4-22 6.9 - 0.22 0.32 - 2.4 2.2 
5-6 - 6,7 - o.o6 0.14 
5-6 - 5,l - o.o6 o.o8 
5-12 6.8 - 0.14 0.17 l.l 2.0 1.2 
5-12 9.1 - o.o6 0.93 LO 2.0 Ll 
5-20 7,0 - 0.11 0.16 - l.3 1.7 .... 
5-20 6.6 - 0.09 0.16 0.11 2.1 1.2 (J1 

5-26 5.6 o.o8 0.10 0.09 l.7 2.9 
.... -

5-26 1,3 - 0.16 0,27 - 1,7 4.4 
6-3 - 7,l - 0.15 0.28 - 1.6 4.2 0.099 
6-3 - 6.1 - o.o8 0.21 - 1.5 2.6 0.059 
6-ll 8.3 - 0,12 0.33 0.11 8.2 7.3 
6-ll 5.0 - 0.16 0.37 - 3.6 1.4 
6-17 7.2 - 0.17 0,59 - 5.1 3.5 
6-17 4.6 - 0.12 0.26 - 3.8 2.1 
6-25 7.3 - 0.07 0,25 - 3.3 4.2 
6-25 6.1 - 0.05 0.21 O.lO 3.3 3.6 
7-10 18 - 0.36 1.2 0.05 6.4 16 
7-10 9.6 - 0,29 o.Bo o.o6 5.4 8.2 
7-15 7,9 - 0.12 o.41 - 4,7 4.o 
7.15 · 8.8 - o.oa 0,24 - l.l 4.8 
7-21 7,4 - - 0.05 - l.O 2.6 to z 
7-21 ,.( .4 - - 0.07 - l,7 2.9 

~ 
Results less than reporting limit are iDdicated by a(-). I 

<O 
- .· : No entry indicates no analysis made. 0 



APPEIDIXJ 
TAELE 2 (Continued) 

COm'Em'RATIONS OP RADIOKOOLIDES IN PASTURE GRASS • 1964 
- picocuriea/gram 

Date P32 ~ zn65 Zr-m,95 cal37 1131 Ce-PI-144 Rul06 sr90 
Reporting - - -
Limits 0,2 o.4 0,1 0,05 0,03 0,05 l.O o.6 0.002 

Pasco (Continued) 

7-29 5,8 - - 0.21 - l.4 1.0 
7-29 6.3 - - 0.19 - - 2.2 
8-4 - 6.6 - 0,10 0.37 - 4.2 3.9 
8-4 1.3 7,4 - 0.07 0.24 - - 2.5 
8-12 8.8 - - 0.17 - 2.8 0.63 
8-12 7,0 - - 0.09 - 3.3 l.6 
8-18 8.2 - - 0.15 - - 2.4 
8-18 6.8 0.18 

.... - - - - 2.7 Ul 

8-26 7,5 0.05 0.17 0.07 2.2 1.2 N - -
8-26 - 6.8 - 0.06 o.43 0.05 3.8 3.2 
9-3 - 6.9 - - 0.17 - - Ll 
9-17 7,4 - - 0.15 - l.8 1.6 
9-29 8.2 0,34 0.05 0.34 - 2.7 
10-7 7,1 - - o.o4 0.07 - 4.9 
10-13 7.1 - - 0.20 0.06 LO 
10-21 9.6 . - - 0.35 .• 4.7 2.5 
10-27 21 - - 0.53 0,21 l,9 3.5 
10-30 18 - - 0.62 - 2,2 4.o 
11-4 6,2 0.36 0.11 0.34 0.22 3.0 
11-5 25 - - 0.76 - 3.8 1.6 
11-6 6.o 0,10 0.18 0.13 o.42 2.2 LO 
ll-10 22 - - 0.58 - 4.2 Ll 
11-18 16 0.93 0.05 o.41 - 1.6 - t:d 

11-24 23 - - 0.50 0.09 l.4 5.2 ~ 
~ 

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

Nv entry indicates no analysis ma.de. 0 

, ........ ,... .... . ·--· ·• 



APPE:NIUX., 
~ 2 (Continued) 

CO?«:m!fl'RATIONS OP RADIClllOOLIDES IN PAS'l'URE GRASS - l~ 
p!cocur!es/sram 

De.te P32 00 Zn65 Zr-Nb95 cal37 Il3l Ce-Pr144 Ru106 Sr90 
§'porting - - - - . 
Limits 0,2 o.4 0,1 0,05 0,03 0,05 1,0 o.6 0.002 

Elto,Eia 

4-14 5.8 - o.08 - 5.0 -
4-22 5,3 0.13 0.23 - 3.0 0.93 
4-22 6.4 0.10 0.20 - 2.8 0.92 
5-6 - 4.8 - 0.09 0.07 1.1 - 0.022 
5-6 - 4.6 0.05 0.09 o.08 2.3 - 0.052 
5-12 23 0.27 2.6 1.6 3.5 5.1 
5-12 5.6 - o.o4 1.0 - 0.65 
5-26 7,5 0.07 0.12 0.09 2,l -
5-26 22 0.69 2.2 - 12 6.6 
5-26 6.7 0.12 o.~ 0.07 1,3 - .... 
6-3 6.6 0.21 o. - 2.7 1.7 (11 

6-3 2l o.41 0.97 0.05 4.l 4.l 
w 

6-ll 17 0.61 1.6 - 8.6 8.1 
6-17 5.8 0.05 0.16 o.o6 1.5 
6-17 5.4 o.08 0.15 - 1.7 
6-25 28 0.36 l,7 - 15 3.1 
6-25 7.1 0.31 o.88 0.07 8.2 2,7 
7-l - 23 0.59 1.9 0,05 13 5,9 
9-17 5.3 - o.o4 - - -
10-13 9.0 - 0.10 0.11 1.0 -10-27 27 - - 0.1~9 0.12 - 4.o 
ll-4 13 - o.44 - 3.1 0,95 
ll-10 8.1 - 0~41 - 2.8 1.1 
11-18 23 - 0,39 - LO 0.79 0.009 
11-24 22 - 0.57 0.09 4.8 1.4 bj 12-2 23 - 0.25 - 2.9 o.6o 

~ 12-8 9.2 · - 0.78 - 5.5 o.6o 
t"' 

Result.e less than reporting limit are indicated by a( - ). I 
co 

No entry indicates no anal.J'"~is made. 0 



AffiNDIX P 
'l'AllLE 2 (Continued) 

CO?t:EM'RATIONS OP RADIONOOLIDES IN PASTURE GRASS - l 

Date P32 K40 Zn65 Zr-Nb95 csl37 Il31 Ce-Pl-144 Ru1o6 sr90 
Reporting - - - -
Limits 0.2 o.4 0.1 0.05 0.03 0.05 1.0 o.6 0.002 

West Richland -
5-1 6.5 0.07 0.14 - - 0.80 
5-8 12 0.12 0,22 - l.6 
5-8 5.9 o.4o 1.8 l.7 4.6 3.4 
5-22 7.2 o.o6 0.19 - 1.6 -
5-22 5.1 - 0.10 - - 0.76 
5-27 5.3 o.o8 0.16 0,09 l,2 0.62 
6-5 6.8 0.36 l,l - 1,i 6.o 
6-5 5,3 0,20 0,54 - 4. 4.o 
6-5 5.4 0.18 o.6, - 7,4 l,4 .... 
6-12 7,6 0,21 0.65 - 4.6 1.6 (JI 

6-26 6.6 0,15 o. 36 0,15 4.7 l.2 ~ 

6-26 9.4 0,31 l,3 - 10 2.8 
7-2 7,6 0,32 0,ll - 5.6 3.4 
7-2 8.3 0.20 o.oa - 2,7 l.2 
7-10 7.7 0,22 0.81 . - 4,5 2.3 
7-17 8.7 0.09 0,43 o.o6 2.6 0.98 
7-24 6.9 0.28 0.80 - 6.5 2.5 
7-31 6.o 0,05 0.31 - - 0.90 
7-31 7.0 0.16 0.82 - 4,3 2,9 
8-21 · 8,l 0,05 0,29 - 3.9 
8-21 7,9 0.13 0.72 o.o8 4.4 2.8 
9-4 6.4 - 0,25 0,ll - 0.85 
9-10 6.4 - 0.36 O,ll l.4 0.97 
9-18 7.4 - 0,24 - l.7 - to 10-2 6.2 - 0.35 - 3. 7 0.81 0,073 z 
10-16 5.7 - 0.26 0.10 2.8 0.63 ~ 

~ 
Results less than reporting limit are indicated by a(-), I 

co 
:a'o entry indicates no analysis made. 0 

• • • ' ' • . ..... ~ , ... - • 



APPENDIX F 
TABLE 2 (Continued) 

CON:!Em'RATIONS 01 RADIONmLIDES IN PASTURE GRASS - 1265 
pioocuriee/Sl"am • 

De.te P32 K40 65 Zr-Nb95 08137 Il31 Ce-Prl06 Rul06 sr90 Zn 
ffiporting - - - - ---
Limits 0,2 o.4 0,l 0,05 0.03 0,05 l,0 o.6 0,002 

West Richland (Continued) 

10-23 11 7,1 0.36 0.07 o.64 0.15 6.1 3.9 
10-30 4.6 - 0,22 0.39 0.37 2.8 1,9 
11-6 6.3 0.62 0,1'( o.6o 0,28 1.7 1.3 
ll-13 17 3.0 0,09 0,27 - l,l 

Benton Citl 

5-l 6.~ 0.16 0.30 0.06 2,5 1.9 .., 
5-8 3. ·2 0,06 -5-8 7,0 0,12 0.24 3.4 .... - - (Jl 

.5-22 5.8 o.o6 0.20 l,7 (Jl -5-22 6.2 - 0,10 -5-27 4.4 - 0.07 
5-27 4.7 - 0.11 o.o8 
6-5 5.3 O.O'j' 0.22 - 2.8 1.7 
6-5 8.7 0.09 . 0.25 - 4.1 2.1 
6-12 7,4 - 0.15 - 1.2 o.88 
6-12 6.2 o.o8 0.29 0.07 5.3 o.64 
6-19 6.9 0.13 o.4o - 3.7 0.82 
6-19 5.3 o.o8 0.25 - 1,7 -7-10 7.6 0,15 o,47 0.09 4,7 l,2 
7-10 10. 0,12 0.39 o.o6 2.5 0.97 
7-17 6.8 o.o8 0.39 0.07 2,l l,O 
7-24 7.9 - 0.15 - - -7-24 B.o - 0.09 - - - to 
8-21 4.4 0.09 o.4o 0.06 1.3 0.76 z 

~ 

Results less than reporting limit are indicated by a(-), t4 
I 

<D No entry indicates no analysis ma.de. 0 



--- --- --

APmHDIX 'I 
TABLE 2 (Continued) 

COH,Elf.rRATIONS ':8 RADIONmLIDES IN PASTURE GRASS • 12§~ 
picocuriea/gram 

De.te p32 ~ 'lz!6; Zr-Nb95 csl37 
'Sporting - - -
Limits 0.2 o.4 O.l o.o; 0.03 

:Benton Citl (Continued) 

R-21 7,7 0.09 0.51 
8-28 7,2 - o.oa 
8-28 6.6 0.05 0.26 
9-4 7 .l~ - 0.39 
9-10 8.o - 0.21 
9-18 9.4 - 0.33 
9-25 9.6 - 0.15 
10-2 8.5 - 0.19 
10-30 32 - 0.53 
ll-6 28 - - o.43 
ll•'l3 27 - o.;r 

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

Il3l ce-~o6 -
o.o; l,O 

- 4.2 
o.o; -o.o; 2.6 
- 3.2 

0.09 l.4 
0.07 -
0.17 3.6 
- 1.9 

0.29 4.4 
0.09 -- 2.0 

RJ.o6 

o.6 

l.2 

-
0.61 
0.90 
1.6 
-

l.2 
4.o 
L5 

sr90 

0,002 

0.073 

,_. 
CJ1 
a, 

td 

~ 
~ 
I 

CD 
0 
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APFENDIX F 
TABLE 3 

CO~ONS OF RADIONtCT.IDES IN MEATS 
P~Ig_SED FROM LOCAL MARKETS - 1964 

picocuries/gram 

Date Produce p32 00 2;n65 1131 cs137 sr90 - - -- -
Reporting Limits 0.2 o.4 0.1 0.05 0.03 0.002 

1-14 Ground Beef - 3.2 - - 0.14 <o.oo8 
1-14 Ground Beef - 2.8 . - - 0.29 <0.007 
1-14 Ground Beef - 3.1 - - 0.51 <0.009 
3..:5 lbrk Chops 2.9 - - 0.36 0.009 
3-5 lbrk Chops 3.0 - - o.49 0.001 
3-5 R>rk Chops 2.7 - - 0.25 0.003 
3-5 lbrk Chops 3.1 - - 0.54 0.003 
4-9 Beef Liver 2.3 - -- 0.05 
4-9 Bee:f Liver 2.i - - 0.12 <0.053 
4-9 Beef Liver 1.9 - - 0.26 o.oo4 
5-4 Chicken 1.7 - - 0.05 0.013 
5-4 Chicken 2.0 - - 0.07 0.007 
5-4 Chicken 2.3 - - o.o8 0.003 
5-4 Chicken 2.5 0.11 - 0.07 O .005 
6-2 Ground Round 2.7 - 0.07 0.32 <0.012 
6-2 Ground Round 2.8 - - 0.99 <O.oo8 
6-2 Ground Round 2.7 - - 0.33 <o.oo8 
6-2 Ground Round 2.3 - - 0.24 <0.012 
8-26 Lamb Chops 2.4 - - 0.59 
8-26 Lamb Chops 2.9 - - 0.74 
8-26 Lamb Chops ?.5 - - 1.4 
8-26 Lamb Chops 2.4 - - 1.5 
9-10 lbrk Chops 2.7 - - 0.10 
9-10 lbrk Chops 2.5 - - 0.26 
9-10 lbrk Chops 2.8 - o.o6 0.32 
9-10 lbrk Chops 2.7 - 0.16 0.30 
10-1 Round Steak 2.6 - - 0.15 0.002 
10-1 Ground Round 3.0 - - 0.63 <o.88 
10-1 Round Steak 3.1 - - o.4o <o.oo6 
10-1 Round ·Steak 2.8 - - o.47 <o.oo6 
11-3 Chicken Flesh 1.4 - - 0.05 o.oo8 
11-3 Chicken Giblets 1.4 0.12 0.10 - <0.005 
ll-13 Chicken Flesh 1.4 - - 0.03 
11-13 Chicken Giblets 1.4 0.10 - 0.04 
11-13 Chicken Flesh 1.6 - - o.o6 
11-13 Chicken Giblets 2.0 0.14 - - <G.oo8 
11-13 Chicken Flesh 2.0 
11-13 Chicken Giblets 2.0 - - o.o6 

Results less' than :reporting limit are indicated by a (-). 
No entry indicates no analysis ~e. 



Date Produce 
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APPENDIX F 
TABLE 4 

C0?CENTRATI0NS OF RADI0NOCLIDES IN MEATS 
ruRCHASED FROM LCX::AL FARMS - 1964 

picocuries/gram 

p32 K4o zn65 

Reporting Limits 0.2 o.4 0.1 

4-8 Short Ribs 1.4 6.o 
4-8 Short Ribs 1.6 13 
6-3 Chicken 2.3 
6-10 Chicken 1.2 5.9 6.3 
7-15 Beef' Steak 2.6 3.3 

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

BNWL-90 

1131 c5137 

0.05 0.03 0.002 

0.21 
0.15 
0.15 <0.007 

0.24 0.30 
0.38 



APPENDIX F 
TABLE 5 

CO~ENl'RATIONS OF RADIO~LIDES IN LC.CALLY GROWN FARM PRODUCE - 1964 
picocuries/gram -

00 Zn65 
zr95 cel44 

90 
Dute Produce p32 Nb95 Il31 csl37 Prl44 Sr -
Raport1ng Limits 0.2 o.4 0,1 0.05 0.05 0.03 1.0 0.002 

5-19 Onion Tops 2.4 
5-19 Radish Tops 3,5 0.16 0,12 1.5 
5-20 Asparaaus 2.6 0,07 
5-20 ::.a p:iraa us 3.0 0.06 
5-20 Asparagus 4.6 0.05 
5-21 Ro.dishes 2.5 0.35 0.04 
5-21 Lettuce 0.34 4.0 0.37 0.05 0.07 
5-21 Mustard Greens 2.9 0.15 1.1 
5-21 Asparasus 4.5 0.30 0.05 0.06 1.4 
5-21 As pa.re.a us 2.8 0.15 ..... 
5-21 Aspa.rtt,6US 3.8 0.11 o.o6 u, 

CD 

6-3 Eggs 1.2 0.03 0,007 
6-10 Strawberries 0.63 2.4 0.016 
6-10 Eggs 1.5 1.2 1.6 1.0 0.011 
6-10 Lettuce 0.32 3.3 0.14 o.o6 2.0 0.023 
6-10 Radishes 5,5 0.03 1.2 
6-25 Rhubarb 3.7 0.03 
6-29 Cherries 2.3 0,004 
6-29 Romaine Lettuce 2.1 0.003 
6-29 Strawberries 1.9 0.003 
6-29 tea:f' Lettuce 3.2 0.05 0.003 
6-29 'Fresh Peas 2,2 0.003 
6-30 Cherries 1.9 0,007 
6-30 Raspberries 1.6 0.05 0.007 o;j 
6-30 Strawberries 1.6 0.03 0.007 z 
6-30 Beans 2,1 1,2 0.002 ~ 
6-30 Onions 1.5 1.1 0.002 re 
6-30 Lettuce. 4~2 0.03 0.002 I 

CD 
0 

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



APH::NDIX F 
TABLE 5 (Cont~nued) 

C ONCENrRA'rIONS OF RADIONUCLIDES IN LOCALLY GROWN FARM ffiODOCE 
picocuries/gram 

- 1964 

p32 1c40 zn65 
zr95 

csl37 
cel44 

Date Produce Nb95 Il31 Pr1-44 sr9o 

Reporting Limit, 0.2 o.4 0.1 0.05 0.05 0.03 1.0 0.002 

6-30 Blackberries 1.2 o.o8 o.ooi 
7-7 carrots 5.0 0.09 2.2 0.025 
7-7 Beets 4.3 0.034 
7-7 Apples 1.1 0,005 
7-15 Rhubarb 3.2 o.oo8 
7-17 Apples 1.2 o.oo4 
7-15 Carrot Tops 7 ,0 0,14 0.13 o.o43 
7-15 Carrot Root s 4.3 0 . 011 
7-15· Green Beans 2,5 0.05 0.010 
7- 31 Peppers 1.9 0 . 018 .... 

0) 

7-31 , Beans 2.2 0.018 0 

7-31 Corn 2.3 0.07 0.018 
7-31 Tomatoes 2,4 

I 
0.018 

7-31 Cabbage 3.0 - 0,05 0.018 
7-31 Cucumbers 1.8 I 0.018 

' 7-31 Sweet Corn 0 . 24 3.2 1.1 0.26 1.7 0.018 
.7-31 Field Corn 1.8 0,05 0.018 
.7.31 Beans 4.3 0.018 
7-31 Carrot s 3.7 o.o8 0.018 
7-31 Let1;uce 1.0 0.018 
7-31 Onions 1.6 0.018 
7-31 Cucumbers 2.1 0.09 O.OJ.8 
7-31 Pote.toes 4. 5 0.018 
7- 31 Tomatoes 2.1 0.018 tD 
7-31 Lettt.:.ce 2.5 0.09 0.018 ~ 
7-31 Cabbage 2,0 0.018 ~ 
7- 31 Squash 1.5 0.018 r4 

I 
co 

Results less than reporting limit are indicated by a (-). 0 

No entry indicates no analysis made. 



APPENDIX F 
TABLE 5 (Contihued) 

CO?£ENl'RATIONS OF RADIONU::LIDES IN LOCALLY GROWN FAR-i FRODtx:E - 1964 
picocuries/gram 

zr95 144 

Dn.te Produce p32 K40 Zn65 Nb95 Illl Csl37 ~~44 Sr90 - -
Reporting Limits 0.2 o.4 0.1 0.05 0.05 0.03 LO 0.002 

7-31 Ce.rrots 4.1 0.58 0.12 0.018 
7-31 Cucumbers 1.7 0.21 0.018 
7-31 Melons 1.9 0.018 
7-31 Rhubarb 4.8 0.018 
7-31 Onions 0.22 1.4 0.018 
7-31 Sugar Beets 1.7 . - 0.06 0.018 
7-31 Carrots 3.0 0.26 0.018 
7-31 Beets 3.6 0.29 0.018 
7-31 Cucumbers 1.3 0.018 
7-31 Squash 1.2 0.018 ..... 

0) 

7-31 Beans 0.28 4.1 0.38 0.018 ..... 
G-4 String Beans 0.20 4.o 0.53 0.31 2.0 o.oo8 
8-1~ Peaches 1.7 0.017 
8-10 Wheat 2.9 0.13 1.0 0.016 
8-10 Wheat 3.9 0.14 1.0 
8-11 Wheat 3.2 0.13 1.7 0.014 
8-18 Corn 2.5 <0.007 
8-18 Watermelon 1.3 o.oo4 
8-18 Peaches 2.0 <0.006 
8-18 cucumbers 2.2 0.006 
8-18 Tomatoes 2.6 0.006 
8-18 Kohlrabi 3.3 0.006 
8-18 Beans 2.6 0.006 
8-18 Carrots 2.9 0.006 b:1 
8-18 Corn 2.8 o.oo6 z 
8-26 Potatoes 3.7 0.005 ~ 

~ 

indicated by a(-). 
I 

Results less than reporti11g limit are CD 

No entry indicates no analysis ma.de. 0 



AP~NDIX F 
TABLE 5 (Continued) 

CONCEN.rRATIONS OF RADIONUCLIDES IN LCCALLY GROWN FARM PROD~E - 1964 
picocuries/gram - -

K40 zn65 
zr95 

rl31 
cel44 

DJJ.te Produce p32 Nb95 c8137 Prl44 sr90 

Reporting Limits 0.2 o.4 0.1 0,05 0.05 0.03 1.0 0.002 

8-26 Groen Peppers 1.7 0.005 
8-26 Cucumbers 1.7 0.005 
8-26 Hot Peppers 2.5 0.18 0.005 
8-26 Green Beans 0.73 2.1 0.005 
8-26 Cantaloupes 2.4 0.005 
8-26 Tomatoes <3,40 1.6 0.06 0.005 
8-26 Tomatoes 2,5 0.003 
8-26 Hale Peaches 2.1 0.06 0.003 
8-26 Elberta. Peaches 1.8 1.0 o.o4 0.003 .... 
8-26 Apples LO O') 

~ 

9-3 Green Peppers Ll 0.09 0.005 
9-3 Potatoes 2,9 0.05 0.005 
9-3 Tomatoes 1.9 0.005 
9-3 Peo.ches 2.0 0.005 
9-3 String Bco.ns 0.63 2.2 0.14 0.005 
9-3 Canto.loupe 1.8 0.005 
9-3 Peaches 2.2 o.oo4 
9-3 String Beans o.66 4.1 0.12 o.oo4 
9-3 Tomatoes 2.8 0.004 
9-3 Beets 4.5 0.004 
9-3 Cucumbers 2.0 o.oo4 
9-9 Apples 0.87 0.03 
9-9 Tomatoes 2.3 
9-9 Cantaloupe o.86 <0.006 to 
9-9 Tomatoes - 1.8 - <0.006 ~ 

~ 9-9 Grapes 0.34 2.3 o.o4 0.009 ~ 
I 

Results less than reporting limit are indicated by a (-). 
co 
0 

No entry i ndicates no analysis ma.de . 

- - ·-- - ---- --- - ------' 



APPENDIX F 
TABLE 5 (Continued) 

COK,ENTRATIONS OF RADIONOOLIDES IN LOOALLY GROWN FARM PRODU::E - 1964 
- picocuries/gram 

K40 Zn65 
zr95 

Il31 csl37 
08144 

Dn.te Produce p32 Nb95 p;_lA4 sr90 - - -
Reporting Limits 0,2 o.4 0.1 0,05 0.05 0.03 LO 0.002 

9-9 Cabbage l.9 o.o4 0.009 
9-9 Beans o.84 3.7 0.37 0.006 
9-9 Squash 1.3 0.006 
9-9 Raspberries 0.51 l.3 0.006 
9-9 Cucumbers l.4 0.16 0.006 
9-9 Hot Peppers 2,2 0.006 
9-10 Pl\.U'.IlS 2.7 0.002 
9-10 Toma.t oes 2.2 0.002 ~ 

9-10 Peaches l.8 0.03 0.002 O') 
CA) 

9-10 Green Peppers 3.3 1.5 0.002 
9-10 Corn 2.9 0.03 0.002 
9-10 Peaches 1.8 0.002 
9-10 C\!cumbers l.5 0.002 
9-10 Pea:i:·s l.2 0.05 0.002 
9-10 Apples o.86 0.002 
9-10 Squash 1.4 0,002 
9-10 Rhubarb 0.002 
9-10 Corn 2.2 0.10 0.03 0.002 
9-10 Apples 1.4 0.06 o.oo4 
9-10 Squash 1.2 o.o4 o.oo4 
9-10 Tomatoes 2,1 0.18 o.oo4 
9-10 Tomatoes 2.2 o.oo4 
9-21 Grapes 2.4 0.003 td 
9-21 Pl\.U'.IlS 1.9 0.002 z 
9-23 Raspberries 1.4 0.03 0.003 ~ 

t'4 
I 

Results less than reporting limit are indicated by a (-). CD 
0 

No entry indicates no analysis made. 



APPENDIX F 
TABLE 5 (Continued) 

con,ENl'RATIONS OF RADIO~LIDES IN LCCALLY GROWN FARM PRODOOE - 1964 
- picocuries/gram 

·Date Produce p32 K40 zn65 - -
Reporting Limits 0,2 o.4 0,1 

9•23 Strawberries 0.21 o.66 
9•23 Tomatoes 2.5 
9-23 Cucumbers 1.9 0.17 
9-23 Squash 3.8 
9-23 Yams 0.21 4.2 0,75 
·9-23 Peppers 2.9 
9-~3 Apples 1.2 
9-23 Grapes 3.0 
9-23 Melon 3,5 
9-23 Corn 3,2 

Results less t~1ll reporting limit are indicated by a(-). 
No entry indicates no analysis made. 

zr95 
Nb95 Il3l csl37 

v,05 0.05 0.03 

0.19 

0.11 ----
0.13 

c8 144 
Prl44 sr90 

1.0 0.002 

0.003 
- 0.003 

0.003 
0.003 
0.003 
0.003 
0.003 
0.003 .... 
0.003 C7) 

.i:.,. 

0.003 



APPENDIX F 
TABLE 6 

CO~ENI'RATIONS OF RADIONUCLIDES IN FOOD PURCHASED FROM LOOAL STORES - 1964 
picocuries/gram 

~o Zn65 
zr95 

!131 csl37 
cel44 

Date Produce p32 Nb95 P,r144 sr90 

Reporting Limits 0.2 o.4 0.1 0.05 0.05 0.03 1.0 0.002 

3-5 Eggs 0.99 o.o4 0.014 
3-5 Eggs LO 0.03 0.007 
6-2 Lettuce L8 
6-2 Asparagus 3.2 0.03 
6-2 Carrots 3.1 0.11 
6-2 Cabbage L8 0.05 
6-2 Carrots 3.2 0.16 2.2 
6-2 Lettuce L6 o.o4 
6-2 

i,-. 

Cabbage 2.0 a, 

6-2 Asparagus 3.1 0.05 o.o4 U1 

6-29 Green Onions 2.0 0.06 0.037 
6-29 Rhubarb 2.3 0.037 
6-29 Mustard Greens 4.3 0.05 0.09 0.037 
6-29 Radishes 2.3 0.037 
6-29 Beets 4.2 0.05 o.o4 0.037 
6-29 Broccoli 2.3 0.05 
6-29 Tomatoes 
6-29 Cucunbers 
6-29 Green Fepers 
6-29 Lettuce L9 
6-29 Zuccini Squash 3.6 
6-29 Cauliflower 2.5 
7-16 Eggs o.86 0.006 to 
7~16 Eggs LO 0.005 z 
9-23 Cucunbers L6 0.005 ~ 

I 

Results less tha"l reporting limit are indicated by a(-). co 
0 

No entry indicates no analysis made. 
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Date 
:?'5')ed 

167 

API+:tmIXG 
TABLE 1 

r-31 I1f BEEF THIROIOO FRCM 
CATTLE SLAWHTERED AT SEVERAL ~ONS - 19§11: 

picocuries per gram 

Thyroid 
wt (g) 

r-31 
Concentratleti 

BNWL-90 

Pasco, Vasb:tngt;on 

, . 

l.-2 
1-15 
1-15 
1-30 
1-31 
2-20 
3-18 
3-18 
3-24 
3-24 
4-15 
4-22 
.4-22 
4-22 
4-29 
4-29 
4-29 
5-7 
5-7 
5-7 
5-20 
5-20 
5-20 
5-26 
5-26 
5-26 
6-9 
6-9 
6-9 
6-13 
6-16 
6-16 
6-16 
6-22 
6-22 
6-~ 

.. ~ ., .. , } 

" 47 
31 
31' 
63 
20 
re 
32 
52 
54 
42 
68 
51 
45 
19 
61. 
50 
66 
67 
10 
75 
19 
31' 
42 
27 
30 
45 
62 
51 
i.a 
52 

·i, · 62 . 
,f• ,,: ... ~)i:~ii\'1'8 ... _·./,. 

. I. 

5 
4 
4 

<2 
<l 
<4 

3 
<3 
<2 
<2 

3 
<2 
<2· 
<2 
<2 
<2 
<3 
<l 
<l 
<l 

2 
<l 

8 
<3 
<5 
<5 
<2 
<l 
<2 
<2 
<2 
<2 
<2 
<2 
<3 
<3 

Pasco 
Warden 
Pasco 
otbello 
Warden 
l:wlco 
Prosser 
Pasco 
Pasco 
Pasco 
lCc:imel.-1.ck 
l3urbanlt 
Burbank 
Connell 
lCenneViclt 
lCezmeViclt 
lCahlotus 
r-onneu 
~onnell ? 
Connell 
Mese. 
Pasco 
JCiona ·>:c:i',. 
B1.ne Kile Ranch 
lline Kile Ranch 
1UDe Kl.le Ranch 
Pasco 
Pasco 
Pasco 
Pasco 
Hine Mlle . Ranch 

:: ::!i:t.~ .. ·t?iix. 
JCenneVick::?./:~: ,:;)J · , .. '·, ,! ~,! .~ ,.:t. : 

1 
·, 511

•/,~~/: 

lCenneVick~.:;~ :_"'ff?·./!_,, · ·. t,t:·1!~:1~t/ .. t;;: .. 
{i ''7i ,.: • ~:· ~;, ,. ·,. ,· '; ,\: · ~ •':'( ~ ,. f\' ' ": ,, . ..... lCenneViclt '~1 .• -.,•i ·, .. .. ,,.,,.:,., ....... ,.,}., ~:• 

. • :'.·I::;liii[i:ii;,'.\:l;~jttii]~!f 
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APPENDIX G 
TABLE 1 { Contim .. ~) 

:rl-31 IN BEEF THYROIDS FRCM 

BNWL-90 

CA'I'l'LE SIAOOBTERED AT SEVERAL LOCATIONS - 1964-
picocuries -per gram 

Date !rbyroid 
131 

I 
Samp,ed vt {sl Concentration 

Bisco, Vashilligto~ (Continued) 

6-27 27 <5 
11.Ja. 43 <2 
ll-10 33 <4 
11.-12 40 , 
11-12 24 5 
11-16 41 <4 
11-18 25 . <6 
11-19 41 <3 
ll-21&. n ()() 

ll-25 41 <3 
12-1 48 <2 
12-1 33 <:l 
12-1 44 <46 
12-8 ~ <3 
12-9 48 2 
12-9 - 22 5 
12-15 55 2 
12.;.16 29 <3 
12-16 ~ <3 
12-22 36 <3 
12-22 la.7 <2 
12-21'- ~ <3 
12-21&. 32 <4 
12-28. " 

.. <2 
12-28 5}. <2 

1-ll 1'-3 <3 
1-ll 6o <2 
1-ll 52 9 
1-ll 51a. <2 
1-ll " <3 
1.-21&. l&-3 <3 
1-21&. 51&. <2 
1-21&. 1'8 <2 
1-24 1'-9 <2 
1-21&. 51 . <2 
2-7 J&-5 <5 

;• .... 
';.'·, . 

,t I ./.~• ;\ . ; 

", ... .. . f.::i,· ?L; 
. ' 

Grazing Area 

Pasco 
Burbank 
Rermiston 
ICennevick 
Prosser 
Burbank 
JCennevick 
Eltopia 
Pasco 
Burbank 
Burbank 
Pasco 
El.topia 
Pasco 
Burbank 
Pasco 
Pasco 
Pasco 
Prosser 
Pasco 
Mesa 
Pasco 
Pasco 
Walla wall.a 
Wal.la Walla 

'Wilson Creek 
Moses Lake 
Othello 
Ephrata 
Ellensburg 
Coelell 
Moses Lake 
Moses Lake 
Warden 

_Ephrata 
Mesa 

fl_, . '; 
'·1,lu.' . 

.... ;,·., 
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Sampled 
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API£N01.-~-. TABLE 1 (Com:tnuetlf _______ _ 

:
131 

Ilf BEEF THYROIDS FRCM 
CATrLE SLAOORrERED AT SE1ERAL LOCATIONS - 1964, 

picocuries -per gram 

:r13l 

B.::wL- -.J 

Thyroid 
'Wt (g) Concentration Ora.z.ing Area 

~s Lake1 Vashington (Continued) 

2-8 
2-8 
2-8 
2-8 
2-8 
2-22 
2-22 
2-22 
2-22 
2-22 
3-1 
3-1 
3-7 
3-7 
3-1 
3-21 
3-21 
3-21 
3-21 
lrli­
µ 
4-4 
lrli­
lrli-
4-15 
4-15 
4-17 
4-17 
1'--17 
4-17 
4-l.7 

,, 5-2 
· :: .-:_ i · __ 5-2 ... 

,, · · ,, 5-2 ·i, :- ,:! . .•· 

4 3 <3 Othello 
26 <5 Bartllne 
Ji8 <3 li>ses Lake 
~ ~ ~A 
47 <3 Ephrata 
81 <2 li>sea Lake 
42 <3 Varden 
31 <II. li:>sea Lake 
00 <2 Imaora 
n <~ Varden 
74 <2 Othello 
511, <2 Coulee City-
00 <2 Jii:>ses Lake 
56 <2 Marlin 
70 <2 Royal City 
21 <6 li:>ses Lake 
44 <3 }ibses Lelte 
36 <!I- M:>sea Lake 
31 <II. Coeur d'Alene 
Ji8 3 Winona 
51 <2 Varden 
52 <2 Cheney 
10 <2 Lim 
55 <2 Clv-ney 
51 <2 otbello 
fx3 2 Othello 
39 <3 Othello 
~ q Qu1lq 
35 <II. li:>ses Lake 
62 <2 Varden "='I 

39 <Ii- QulDcy" 
~ <6 l.J..•terrllle , ,. •, I;'· ..J'-1 IIQ, . ._,,. :; 



Date 
Sampled 
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APPENDIX G 
- - ---- TABLE 1 (Continued) 

_r3l IN BEEF THYROIDS FRCM 

BNWL-90 

CAffl.E SI..\IDHrERED AT SEVERAL -LCCATIONS - 1964 
picocuries par gram 

Thyroid 
wt (g) 

:r131 
Concentration Grazing Area 

M:>ses Lake, Vasbington (Continued) 

5-16 36 <lJ. Varden 
5-16 41 <11. !Cittita,:-
5-16 30 <5 Kittitas 
5-16 33- <5 Wilson Creek 
5-16 30 11· Hartline 
5-28 66 <2 \la.rd.en 
5-28 45 <2 Davenport 
5-28 28 . <5 Davenport 
5-28 89 <2 1-k>ses Lake 
5-28 73 <2 1-k>ses Lake 
6-3 53 <2 Othello 
6-3 66 <2 Othello 
6-3 57 <2 Othello 
6-13 32 ~ Othello 
6-13 26 <4 Othello 
6-13 45 4 J.k>ses Lake 
6-13 50 3 Govan 
6-27 47 <3 Kittitas 
6-27 4 3 ~ Yilson Creek 
6-27 51 <2 Othello 
6-27 27 <5 R1 tzville 
7-9 1'8 <3 Royal. City 
7-9 31 <4 Moses Lake 
7-9 28 <5 Othello 
7-9 46 <3 , Royal City 
7-9 36 ~ Othello 
7-23 43 <3 Moses Lake 
7-23 67 <2 Othello 
7-23 46 <3 Othello 
7-23 3l3 <4 Othello 
7-23 50 <3 Othello 
8-8 , 28 <5 Moses Lake 
~ ~ 4 Othe~ 
8-8 31 · · · <la- · , R1 tzville · 

I , 8-8 . A nn~ -- . , /• ~ 32 , , .~'-!- 1 1 It I.-~ ,UJ...Ll.\;y_,~ ,•,:5-;i_.: U ,~ •\ 

;.,. ,, ' 8-8 cQ ,,. <2 .·: . ' ·· e ' ' • ',,',<$, Ritzville ·-,i_;j',"/;'., . ' ' . '. ' : -'.·'·\ 
•.•r, , .. , 

1 ..l'J . •·~ · ,. 1• • :.:r ;7 /~,t".J 1 • .. . , ·-, .; . ...... ~ • ••• :-

i1. ,. 8- .- .. • - ). ~ . Tri.1. ;,.:,:tA · 1 . - ·., .. : ·.•f · .. . ,- ; . . ·• · 22 . ·· , 10 · 2-. , },k)Seti •.r..,a.o.e ->t~:.;; · . :,;.,.-, 
' ~;~

1

. ·:·;. • 8-22 ·~ : 30 .· ·:· · , . · q. , , o: ·: : • ~ - Y . .- Soa . Lake ··/>f:: ;_· -:.: , .. :'::~;-,-;-; 
•f'"",:'< .• ,• • • •. I •~ ' ' { • •~ • l~ . '"' • • r, ' , ~~) f ,{~ ~./',, p ~tt•!ttr.'ff•\.J,,.,. h~.;• ,. , , ,r ' ,•;"° , · -•• • 

l t~Ei.;ti]ttf ~it;\:;); •{:itj};:l£~1 .::01j;Il:;;.• .. };::_;llf:1i !!if ll!I1~~\:~;i,li1l: 
;-
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APPENDIX G 
TABLE 1 (Continued) 

BNWL-90 

r131 
IN BEEF THYROIDS FRCM 

CAT.rLE SLAOOHTERED AT SEVERAL LOCATIONS - 1964-
picocuries per gram 

Date 
Sampled 

Thyroid 
Wt (g) 

:r131 
Concentration 

Moses Lake, Washington (Continued) 

8-22 62 
8-22 36 
9-4 6o 
9-4 39 
9-4 35 · 
9-4 45 
9-4 46 
9-19 39 
9-19 43 
9-19 47 
9-19 36 
9-19 29 
10-3 Tl 
10-3 41 
10-3 30 
10-3 41 
_10-3 28 
10-17 24 
10-17 34 
10-17 26 
10-17 45 
10-17 39 
10-31 63 
10-31 72 
10-31 52 
10-31 49 
10-31 73 
ll-14 29 
ll-14 36 
11-14 30 
ll-14 30 
ll-14 20 
11-28 49 
11-28 42 
il-28 19 
ll-28 4o 
ll-28 13 
12-12 :/ ;: , 46 

'! . 

12-12 · · , · 46 
, . ' , ... '' . 12-12 · :. : ... , , .; .. :~,i,., 36 , 
. , . . . ·. 12:.12 ' ' . ' .,., i;;~:1:,:, 1·1· ;7;,' 

,•J•••" •. _••,~-•~.:/~, ,
1 1 

',, -, ;•!~,;•,._, .... ~~ 'I 

· .. , 12-12 · •1 ' .,, •• , ,. ·, ,, •• -,), ;', 
' I -~• • •' ,> ,• :'•:. •:{";':•.,~ J"? i~•• • j ', • 

: ,@i}'.: ~~[ i tif :~!iii½i¥i t•·•····. 

6 
<3 
<3 
28 
6 
6 

<3 
<3 
<3 
<3 
<3 
<4 
<l 
4 
5 

<3 
9 

<5 
<4 
<5 

6 
<3 
23 
<2 
<2 

~ 
<5 
<4 
<5 
<5 
<8 
<.3 
<3 
<r 
<3 
<2 
<3 -

<Bo 
.<4 ·. \ . . 
:<B ·, .. >. :.;,,,.' 
<4 ... 
· a 

~- ·. '.l.· 

Grazing A:rea 

, 

Moses Lake 
Marlin 
Warden 
Othello 
Quincy 
nivenport 
Othello 

·warden 
Warden 
Moses Lake 
Moses Lake 
Othello 
Moses Lake 
Moses Lake 
Sprague 
Moses Lake 
Ritzville 
Pasco 
Coulee City 
Coulee Ci-\;y 
Moses Lake 
Ritzville 
Moses. Lake 
Ritzville 
Ritzville 
Coulee C:f.ty 
Moses Lake 
'Warden 
Warden 
Ward~n 
·Wardf!n 
Moses Lake 
Irby 
Warden 
Moses Lake 

. · Cunningham 

.. ·::f:,.·:!:;Af:w~?/.· ·> 
. . .. · ,,. <, ,: · Moses . Lake · 

.. •': ·,f Ji~:~~j~§i~!f l ._·· :;: .. ••: ,::Ji;i{i:•. 
. ' . \ h.: '-"<" ,1/;, Othell .... C' " •• ·.. ,,,., • ••• , ·,' 

. ..:_~ :•(/~:f:i;f i!lf'!-1-':.-/·,tf f;;:.;.i)/-\ .:.,f- •. -: /:''/ './ir,_. 
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APPENDIX G' 
TABLE 1 (Continued) 

BNWL-90 

1
131 

IN BEEF THYROIDS FRCM 
CATTLE SLAOOlffERED AT SEVERAL _LCCATIONS - 1~ 

picocuries per gram 

Date 
Sampled 

Thyroid 
Wt {g) 

'Walla Walla, Washington 

1-8 
1-8 
1-8 
1-8 
1-8 
1-23 
1-23 
1-23 
1-23 
2-5 
2.;5 
2-5 
2-5 
2-5 
2-26 
2-26 
2-26 
2-26 
2-26 
3-11 
3-11 
3-11 
3-11 
3-11 
3-11 
3-11· 
·3-19 
3-19 
3-19 
3-19 
3-19 
3-21 
li-8 
4.-8 
4-8 •. 

; 4-1Ji ·,,1,:· •. ''. '; \ 
'rv .. , ·': . : . .· 1a..: l 4··:;/··::'.\{ -~ ,. , 

. ·., ... ,. ;r• · ~•~ .. \.~. 
'•'.' .. ': , ,

1
.-:;(: .;:: 4'.:.14t '1

1

.\;;;.: • 
·' . .. . ; ... : •,,. l. 111. · . . _ .. .,.,'1..,!l''·. 

,.~1 -., ,, ··· :_r·:t &f-- ~ '::-:P.,'.1•1-:: .. ,. 

t\:::;<: :l~~~.:·.)l1j~}f £ t~t!;t}~f ~?::.:, ':- -~. 

29 
50 
21 
32 
31 
44 
36 
49 
43 
36 
29 
44 
57 
35 
62 
24 
18 
35 
45 
34 
28 
31 
41 
35 
83 
67 
37 
56 
26 
62 
29 
34 
52 
34 

" 26 
. 19 
24 
20 
31·,:· 

•, , ,
1
,\ ,k\1t"l!'•t•J nt~~1:I~-:'~ 1fl(,l>-!"\~/=I V/~'';..1 ~1 .... l·!,,t~ 

li:.tt~t!~t"~·,~:}l~Iit.- .... t\J 

1131 
Concentration 

<3 
<2 
<5 
<3 
<3 
<2 
<3 
<2 
<2 
<3 
<3 
<2 
<2 
<3 
<2 
<6 
<7 
<4 
<3 
<3 
<3 
<1 
<2 
<3 
<l 
<l 
<4 
<2 
<5 
<2 
<5 
<J.. 
<1 
<l. 
<1 
<4 .. ~ .. . .. . 
<6 
<5 
<6 
<4 

I 

Grazing Area 

Walla Walla 
Walla Walla 
Lowden 
Lovden 
Walla Walla 
Lovden 
Milton-Freewater 
Milton-Freewater 
Lowden 
Touchet 
Lovden =~~-1-a--
Lovden 
Walla Walla 
Lovden 
'Wal.la Walla 
Touchet . 
Walla Walla 
Wal.la Walla 
Walla Walla 
TolX:het 
'Wal.la Walla 
Touchet 
Connell 
Milton-Freewater 
Touchet 
Walla Walla 
'Wal.la Walla 
Wal.la Walla 
Walla Wal.la 
Walla Wal.la 
Walla Walla 
Walla Wal.la 

· Val.la Walla .. ·'.~.{=~=:· ....... "·,:::,{>?\~ 
., ~ ; · . . . 

Wal.la wa11a ·· ·,. · '.·:_.-,::·•,:• .. · ,:-. 
•" ,• ,,/~ ,;.}•~••1,,,-l1'L'-.~.:.",'/,•.i 
: •! ..... .11 lla.1:tsb~ •1

·', .. f·.: 1 ;, ~ 1 ,. • t•'J· ,.-1~.;/4:"1•.t.f 1~~ 

. ·:· _'.~ :<i-:.¥t~ ~-~ '-:?f:·/.\/.-:,ft~);lJ{~~ 
't ,-1,i·;,, 1./~;,,!t ,:•\ , I.:" .. '- .\-fr,il~r ', . .. , . '1ir-~~-~ -.-}f }. 

, ... · • : · · c''.(~[}t~f f'i'.:iit\!~\,·•. t;l~*~j 
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APPENDIX G 
TABLE 1 {Continued) 

1
131 

BEEF THYROIDS FRCM CA'l'TLE 
SLAOOH'l'ERED AT SEVERAL LC.CATIONS - 1~ 

picocuries per gram 

BNWL-90 

Date 
Sampl~ 

Thyroid 
Wt (g) 

1131 
Concentration Grazing Area 

Wal.la Walla, Washington {Continued) 

4-23 20 <6 
4-23 43 <3 
4-23 47 <3 
4-23 52 <2 
4-23 42 5 
5-6 20 <7 
5-6 22 <6 
5-6 20 <7 
5-6 14 <9 
5-6 26 <5 
5~12 56 <2 
5-12 45 <2 
5-12 42 <3 
5-20 28 <4 
5-20 39 <3 
5-20 29 <4 
5-20 30 <4 
5-20 31 7 
6-4 57 4 
6-Ja. 41 3 
6-4 36 4 
6-Ja. 17 <7 
6-Ja. ?:( 5 
6-18 2~ <4 

·r 6-18 50 4 
6-18 32 <3 
6-18 !a\. <2 
6-18 33 <3 
1-3 30 6 
1-3 ~ 24 
1-3 41 <3 
1-3 32 15 
1-3 19 <7 
1-23 21 <5 

-i~ . , 1-23 . · Ja.2 <2 
.;< :;,i'.:,; • ., 23 ' ,. I 30 ~ 

1.) · ~>~·\·, .- .. ' 1 ..... _..; ;•. ' ' --J ,,: ,·,;: ,.,•, 723 . . · ,, ... 36 <~ .~/·:<s~\i;"~:-:. . . - . "~ ::•,:::·r(':;:;·.;: t 
q,',, ··· ¥ . • .. 7-23 .. . ',' ,.";' . 26 < ... 

;t;;~ik,r\.~· f'.~~~:[:r~· .. . · .·· .... ···~ 
'-:Of't•"'v ',•-'r•:'" 8-6 ' ,:;,. ,._,,1.:+· ,, - 40 ' , ' ', .,, : . <3 

i~!\J¥1lli:\i;iCTt'~lt\f . , · , \: X:lrJ:ri'.r .. 
I I '. ~ 

.. 

Walla Walla 
Wall.a Walla 
Walla Walla 
Walla Walla 
Walla Walla 
Waitsburg 
Walle. Walla 
Walla Walla 
Wall.a Walla 
Walla Walla 
Touchet 
TolX:bet 
Touchet 
Wall.a Walla 
Walla Walla 
LoVden 
Lowden 
Snake River 
Walla Walla 
Walla Walla 
Touchet 
Milton-Freewater 
Walla 'Walla 
Wall.a Walla 
Walla Walla 
Wall.a Walla 
Walla \lalla 
Walla Val.la 
Walla Valla 
Valla Walla 
Val.la- Valla 
Walla Val.la 
Walla Val.la 
Walla Walla 
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APPENDIX G 
TABLE 1 (Continued) 

BNWL-90 

=== 

1131 BEEF THYROIDS FR(l,{ CATl'LE 
SLAIDliTERED AT SEVERAL LCCATI0NS - 1964 

Date 
Sampled 

I 

Thyroid 
wt ,(g) 

picocuries per gram 

1131 
Concentration 

\lalla Walla, Wasbing_ton (Continued) 

8-6 20 
8-6 43 
9-1 38 
9-1 40 
9-1 90 
9-1 31 
9-1 31 
9-10 70 
9-10 29 
9-10 31 
9-10 76 
9-10 21 
9-25 33 
9-25 30 
9-25 39 
9~25 65 
9-25 44 
10-8 34 
10-8 26 
10-8 51 
10-8 37 
10-8 32 
10-16 28 
10-16 178 
10-16 30 
10-16 22 
10-16 39 
11-4 23 
n-4 4o 
u-4 31 
11-4 43 
n-4 54 
ll-17 46 
ll-17 33 
11-17 -32 

. 11-17 \ ·' 27 
· 11-l't . ·-._~\);-, 26 

. ' · 12-3 '· ,, . 37 
.. i',,, 12-3 . ;/\{;-1/,'_27 , __ )•._::,:_-;: 
. _· './('.;' -: .. :_. ::,?/i:\f(i~;\\Y, ,·:}·o,\{. · ... 

~. . -~. ' ~ ' ' .. 

• :•- ~)~y' :,;, .:·. i •.<•: \•, l~• • , • , , '\_:.~:•,•,,,-~,•,::•,·•.,·.',:••_1'·.•.•j•_•,••••·:• .. •.·.:,:_·•)••'..:,._•,: .. ·.•• .. •,:,, .. •,,,:,•·.•);c':·., •', ·,._,••: ;; ; 

I ':•. ?rt'.~t}}.~· i, :t:~~ ·:\'.:.-,\ :: \ ·:1 <. • •' ~ - r - -

<6 
<3 
<2 
<2 
<l 
<J 
<3 
4 

<4 
6 
3 

10 
<4 
<4 
<3 

2 
5 

<1 
4 

<2 
<3 
<~ 
<'4 
<l 

4 
<5 

4 
46 
18 
12 
33 
<2 
10 
13 
19 
27 
22 
6 

Grazing Area 

Walla Walla 
Whitman station 
Lowden 
Lowden 
Lowden 
Lowen 
Lowden 
~alla We.lla 
Starbu•.:k 
Starbuck 
Walle. Walla 
Starbuck 
Walla Walla 
Walla Walla 
Walla Walla 
Walla Walla 
Heppner 
Walla Walla 
Walla Walla 
Walla Walla 
Walla Walla 
Blue Mts. 
Walla Walla 
Walla Walla 
Walla Walla 
Walla Walla 
Lovden 
Walla Walla 
Walla Walla 
Walla Walla 
Walla Walla 
Blue Mts. 
Lovden 
Walla Walla 
Lovden 
Lovden ·;. .. · 

· Lovden?. : 1. .,, • ,. 

. -·~ 

Walla Walla . · ,' _,. ': \ 
-· Walla· Walla ·.-.·.·••· · · ·_;:•:_~_ .. _ii!/,,-)._.:,_;._i _ 

,:- ' ( ·, ··.-. 

i _.'./?;.;·-::.·.: 

· ·. -:.::. ) <-;,- :-·.t:~::If }:·-~:-::· 
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·. '. -~·· ·... ~ ..... 

Date 
Sampled 
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APFENDIX G 
TABLE 1 (Continued) 

1131 ~ THYROIDS FRCM CAfflaE 
SLAOORTERED AT SEVERAL LOCATIONS - 19(>4 

p1cocur1es pergrom 

Th_yroid 
wt (g) 

'1131 
Concentration 

Valla Valla, Washington . (Continued) 

12-3 
12-3 
12-18 
12-18 
12-18 
12-18 
12-18 

'Wenatchee, Washington 

22 
12 
6 
5 
4 
4 
3 

1-7 38 <3 
.J 1-7 31 <3 

1-7 46 <2 
1-7 40 <2 
1-7 26 <4 
1-21 44 <2 
1-21 56 <2 
1-21 53 <2 
1-21 30 • <4 
1-21 39 <3 
24 53 <2 
2• 42 <2 
2• 62 <2 
2~ 41 <2 
2~ 36 <3 
2-25 '3'f <3 
2-25 28 <4 
2-25 39 <3 
2-25 55 <2 
2-25 4o <2 
3-3 58 <2 -=-
~3 re q 
3-3 ,(•.',:,::. 6o <2 

' 3-3 i~.~~ .. ?\; ;\ 38 <2 
3-3 · i'.,}'. 49 <2 

BNWL-90 

Grazing Area 

'Walla Valla 
Valla 'Wall.a 
Valla Valla 
Valla Valla 
Valla Valla 
Valla Valla 
Valla Valla 

4-6 ::.::.;::: ;--:/· .. , , 38 <3 
1. 6 .,, •vi• ' ' " 

.'. . ... - ,! :ti~;, : . .-,,' .... ; . 35 · <3 
. , , .. 6 ;Jw-'•·1•~r.: ;':,C> .. , 32 · .. <3 

.. ~ • &f-- ~·•: :f,1,,'t'i;'r}~,• ~ •·:~ ,. ;.,<· 

,:· Tii,;it\~Lif Bk' .. ,,,1;1 .'.:z:t (":; '. ,-•:,' 

Grant Co • 
Grant Co. 
Grant Co. 
Adams Co. 
Adams Co. 
Chelan Co. 
Chelan Co. 
Chelan Co. 
Chelan Co. 
Chelan Co. 
Douglas co. 
Adams Co. 
Adams-Co. 
Adams Co. 
1Citt1tas Co. 
Grant Co. 
Grant Co. 
Do~ Co. 
CbeJ.an Co. 
Cbrlan Co. 
Grant Co. 
Grant Co. 
Chelan Co. 
Grant Co • . > · · 
Grant Co. >/.:··.· .. : 

_,i)'i·t''.:':'::~h~i~liJ!~I;:iC;j[! 
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APimmIXG 
TAELE 1 (Continued) 

Il31 JEEF THYROIDS FRCH CA'l"l'LE 
SLAUiH'l.'ERED AT SEVERAL L?TIONS - 19(>4 

picocuries per gram 

BNWL-90 

Thyroid 
Wt (g) 

Il31 
Concentration Graung Area 

Wenatchee, Washington (Continued) 

Ja.-6 
~ 
1'-21 
Ja.-21 
IJ-21 
1'-21 
Ja.-21 
5-13 
5-13 
5-13 
5-13 
5-13 
5-26 
5-26 
5-26 
5-26 
5-26 
6-9 
6-9 
6-9 
6-9 
6-29 
6-29 
6-29 
6-29 
6-29 
7-lla. 
7-lla. 
7-lla. 
7-lla. 
7-lla. 
8-IJ 
8-IJ 
8-IJ 
8-k 
8-IJ 
8-21J. 

' 8-21J. 
. ',: 8-21J. 

.:· ., 8-24-

~ 
48 
48 
29 
37 
42 
31 
97 
50 
51 
48 
69 
25 
52 
55 
6JJ 

138 
45 
27 
36 
39 
47 
63 
JJ5 
70 
48 
63 
w 
6o 
36 
42 
53"' 
52 
71 
33 
37 
58 
57 
41 

<3 
<2 
<2 
<4 
<3 
<2 
<3 
<l 
<2 
<2 
<2 

3 
~ 
<2 
<2 
<2 
<l 

3 
~ 
<3 
<3 
<2 
<2 
<2 
<2 

4 
<2 
<3 
<2 
<3 
<2 
<2 
<2 
<2 
~ 
<3 
<2 
<2 
<2·, 
<2 

I 

Grant Co. 
Grant Co. 
Che1an Co. 
Chelan Co. 
Chelan Co. 
Chelan Co. 
Chelan Co. 
Chelan Co. 
Chelan Co. 
Douglaa Co. 
Eltopia 
Douglas Co. 
Douglaa Co. 
Douglaa Co. 
Douglaa Co. 
Douglaa Co. 
Chelan Co. 
Chelan Co. 
Grant Co. 
Douglas Co. 
Dougla.a Co. 
Grant Co. 
8helan Co. 
Douglas Co. 
Chelan Co. 
Grant co. 
Grant Co. 
Grant Co. 
Dougl.aa Co. 
Grant Co. 
Grant Co. 
Douglas. Co. 
Grant Co. 
Adams Co. 
Do'qtlaa Co. 
Douglas Co. 
Chelan Co. 
Chelan Co. 

· · ,. · ·· Chelan Co • ... 
, . ; . , ·' Do9V'P, ... co:11• : 

' ,·, ~ ; 58 
., 4, , • ' ' ' ' 1 ' \ . I , 

~\-~ ::: ~,--: .. :,. ;/·{ ·'. ·~.:;·:· ~-L,( · ... ,•... .-_.-.· · ...... ·• .. ~: .. ·. ,_}·t• •. •·· .. ··.·.,·,•.;.•,:,-.. . ,_, .. ·: .• ",: 

L·.1~{ ... _.,;, ... ;.:/ ·{{\ij· .. ~'./' ·· ·- <{'..<. <.-:<: -·.· , ,3,,;,~;~}~i;;~~tf'i ,,: 

.. t··_:·: 
. , ... :, 
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APPENDIX G 
TABLE 1 (Continued} 

Il3l BEEF THYROIDS FR(!( CATrLE 
SLAlnlll'ERED AT SEVERAL L~ONS - 19§4: 

picocuries per gram 

Date Thyroid I13l 
SemplP.d wt!~} Co:icentration Gra~ng Area 

Venatcbec, Vasbington ( Continued) 

8-2~ 67 
9-9 35 
9-9 TI 
9-9 34 
9-9 32 
9-9 73 
9-28 49 
9-28 85 
9-28 43 
9-28 51. 
9-28 99 

I 10-7 13 
10-7 26 
10-7 32 
10-7 26 
10-7 32 
10-19 54 
10-19 59 
10-19 10 
10-19 71 
10-19 77 
11-3 44 
11-3 43 
il-3 45 
11-3 65 
11-3 42 
11-19 42 
11-19 49 
11-19 ,28 
11-19 52 
11-19 3T 
12-8 54 
12-8 42 
12-8 . j3 
12-8 ' ... 23 
12-8 57 

f :~: ~;. :·. ·: .. ( / . 

lili!I~lt;: : 

<2 
<3 
<3 
<3 
<3 

2 
<2 
<l. 
<2 
<2 
<l. 
~ 
12 
<3 
4 

3 
<2 
<2 
<l. 
<l 
<l. 
<2 

3 
21 
1 

11 
3T 
32 
<5 
3T 
51 
jl. 
4 

<3 
10 

5 

. .... -.. ,. 

' ·. . . . ' ~ 

I 

. ' ' . 

'·-. ·. ' 

• 

1 

• ~ ~ ~ • .. 7.' l • •'. \~~- •:\,. ', ,' 

Douglas Co. 
Chelan Co ... 
Chelan Co. 
Chelan Co. 
Chelan Co. 
Do~ 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. 
Chel an Co. 
Do~ co. 
Chelan Co. 
Chelan Co. 
Douglas Co. 
Douglas Cc. 
Grant Co. 
Do~ Co. 
Grant Co. 
Do~ Co. 
Chelan Co. 
CbA..l.a.n Co • 
Chelan Co. 
Douglas Co. 

' 

. :, . 
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APHOO>IXG 
TABLE l (Continued) 

1
131 

BEEF THYROIDS FRCH CATrLE 
SLAWHTERED AT ~ LreATIONS - 1964 

picocurles per gram 

BNWL-90 

Thyroid 
Wt (g) 

1131 
Ccncentration Granng Area 

YaJdJDA,1 Vashi~ 

1-2 25 
3-13 25 
3-13 l;.7 
3-13 1'-1 
3-13 33 
3-13 4o 
3-23 21 
3-23 4o 
3-23 30 
3-23 24 
3-23 4o 
li-2 41 
Ja.-2 38 
'i-2 75 
Ja.-2 Ja.2 
li-2 33 
Ja.-22 26 
Ja.-22 4o 
Ja.-22 32 
Ja.-22 28 
Ja.-22 28 
5-2 23 
5-2 26 
5-2 Ja.1 
5-2 3l' 
5-2 29 
5-1.8 31 
5-18 38 
5-18 l.Ja. 
5-18 73 
5-18 25 
6-9 Ja.1 
6-9 52 
6-9 32 
6-9 "° 6-9 25 
6-23 21 
6-23 27 

·,. 6-23 29 
j~ .. 6-23 ~ •, I 

·~ .. : ,.,· ,. 6-23 
.... ,: •' ', • 12 • I • ' • • .. ,. 

' ; 

r:_~;: ·,. .. ' 'i'\+;\:·' ' :.'.·;, ___ .·,: :;.:-. t, .. ,. 
;, In• 

5 
<5 
<3 
<3 
<I,. 

<4 
<6 
<3 
<3 
<4 
<3 
<2 
<2 
<2 
<2 
<3 
<4 
<3 
<3 
<5 
<5 
<6 
<5 :~ 
<5 
6 

<3 
· .-p . <9 -- <2 

<5 
<2 
<2 
<3 
<2 
<4 
<4 
<J.. 
6 

<3 
<9 

·, ,, 

Yakima 
Ahtanun 
Coviche 
Coviche 
Ahtanum 
Venaa-selah 
Ahtanum 
Ahtanum 
Ahtanun 
Ahtanum 
Ahtamn 
Moxee 
Moxee 
Moxee 
Moxee 
Moxee 
White SVan 
Moxee 
Moxee 
Mabton 
Ahtanum 
Selah Valley 
Vest of Yaldma, 
Vest of Yald:ma 
Selah Valley 
Vest of Yalci:ma 
Vest of Yakima. 
Wi de Hollov 
Moxee 
Coviche 
Selah Gap 
Tieton 
Vest of Yaki-ma 
Union Gap 
Covicbe-Tieton 
Union .Gap 
Sunnyside 
Sunnyside . . , 
Sunnyside 
Sunnyside ' ' , /'· .-.;;::-/ ' 
Selah ' :: ' '·; ,, ' 

. .... .. :.:- -
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APPENDIX G 
TABI3 1 (Continued) 

BNWL-90 

1131 BEEF THYROIDS ffl(I( CATTLE 
SLAUim'ERED AT SEVERAL LOCATIOOS - 1~ 

picocuries per gram 

Date 
Sampled 

Thyroid 
wt · (g) 

1131 
Concentration 

Yaldme,, Washington (Continued) 

7-13 34 
7-13 42 
7-13 31&-
7-13 27 
7-13 50 
7-24 33 
7-24 62 
7-24 36 
7-24 31 
7-24 33 
8-u 41 
8-11 41 
8-ll 28 
8-ll 31 
8-ll 29 
8-24 32 
8-24 24 
8-24 17 
8-24 37 
8-24 29 
9-9 54 
9-9 48 
9-9 41 
9-9 32 
9-9 24 
9-22 44 
9-22 32 
9-22 45 
9-22 65 
9-22 28 
10-13 • 44 
10-13 34 
10-13 36 
10-13 38 · 
10-13 52 
10-28 . , . n ... 

."" •" .; 

10-28 . . ·•' 20 
10-28 · :, '~-/ :',1/ 33 . 

I • : • , .'-· ,/ (}•,::}£/ ~--10-28 · . ,· »-'(•"J< ' l < 28 

:hit:,. :••··•··;l:::~jlil!iil' .. ,·.•··. 

<3 
<2 
<3 
<4 
<2 
<4 
<2 
<4 
<4 
<4 
<3 
<3 
<4 
<3 
<Ji. 
<3 
<4 
<6 

. <3 
<8 
<2 
<2 
<2 
<3 
<4 
<2 
<3 
<2 
<2 
<4 
<2 
<3 
<3 
<3 
<2 
<2 
31 
25 
~ 
6 

Graz.1:ng Area 

Smmyaide 
Smmyaide 
Co\dche 
SumJyaide 
Covlche 
Taldma 
Yaldma 
Grandrlev 
Grandrlev 
Smm,yside 
Yaldllft.. 
Selah 
li>xee 
)i)xee 

Wenaa Valley­
Selah Dist. 
Selah Dist. 
Selah Dist. 
Selah Dist • 
Odessa 
Selah 
l6':>xee 
West Yakima 
Selah 
Selah 
Coviche 
Coviche 
Selah 
Yaldme. 
Yaldma 
M:>xee 
Selah 
Moxee 
Moxee. 
Tieton 

.,J. Yaldma ,,_, 

· · • Selah Dist/ · 
j ••• I ~j • 



Date 
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APHOOXIXG 
TABLE 1 (Continued) 

:r13l EEEF THIROIDS FRCJ,! CAT.rLE 
SLAOORJ'EAAD AT SE'lERAL LCCATIONS 19611-

picocu:ries per gram 

Thyroid 1131 
wt (g) Concentration 

Y~m, \lashi~ (Continued} 

11-10 36 <3 
11-10 46 <2 
11-10 · ~5 21 
11-10 62 <2 
11-10 52 <2 
11-17 23 <5 
11-17 30 11 
11-17 21 <3 
11-17 33 7 
11-17 35 5 
l.2-8 ~ 3 
l.2-8 30 <3 
l.2-8 39 3 
1.2-8 32 <3 
12-8 ~ 2 
12-29 38 9 
12-29 27 8 
12-29 n C' 

~ 

' J; 

·•,i;.;:•, . . . ,_, . . 
. ,• _.,. ' . -·~. 

. . < .. ~ '. . ~ ' , . ' 

BNWL-90 

Grazing Are~ 

Yak:hna. 
Wapato 
Moxee · , 

' 
Selah 
Selah 
Moxee 
Selah 

_t: 

Selah 
Selah 
East of Ya1d ma. 
Yakima. 
Moxee 
Wenas Valley 
East of Yakima. 
East of Yakima. 
Covicbe . 
Selah 
Moxee 

!I 
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._,.;_;._ . .._, 

BNWL-90 

XIV. APPENDIX H 

MEASUREMENTS OF EXTERNAL RADIATION EXPOSURE 

:;, .~( .. 

' 
. ·•_:. •• -• . ti . 

)\':i~::t~~\ 
I H' 

, '~ . ~ . 

.. x.t~l('. 

.-

_',,. 

. :. 

I 
~ 

.'. 

,<-i-.· . 
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APHfflDIXH 
TAR.El 

IOBIZATIOll CHAMBER MEAStJRE:MENrS 
FOR THE llAliFORD RESEINA'.i'IOll ABO RICHLAND - 19611, 

Measurement . mPJaay Measurement - mR/day Period Han:f'ord RJ.chlam Period Hanford Richland 

i¼30/6 3-1/2/64 0J~9 0.1'-9 4/3-4/6 o.49 o.45 
2-1/_3 o.4o o.42 4/6-4/9 o.42 o.43 

1/3-i/6 0J1-3 o.li6 4/9-4,10 0.39 0.38 
1/_6-1/_8 o.47 0.50 4/10- /13 0.37 o.41 
1/_8-i/10 o.45 o.li6 4/13-4/15 0.39 0.35 
i/_10-1./_13 o.54 o.48 4/15-4/17 0.37 0.52 
i/_13-i/_16 0.35 0."57 4/17-4/20 o.43 0.33 
i/_16-ij17 0.17 o.47 4/20-4/22 0.38 o.42 
i/_11-i/_ro o.46 0.50 · 4/22-4/24 0.38 0.35 
i/_20-i/_22 0.50 0.50 4/24-4/27 0.37 0.36 
i/_22-i/_2'1- o.45 o.49 4/27-4/29 0.39 0.33 
i/_21'--i/_,zr o.48 0.50 4/29-¾l 0.36 0.33 
i/_zr-i/_';J;J o.47 o.49 5/1-5 o.4o 0.36 
i/_29-i/_31 o.48 0.52 5/4-5/6 0.35 0.33 
i/_31-~3 o.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 o.48 0.51 5/ll-5/13 o.41 0.32 
2/1-2/10 o.Eio 0.51 5/13-5/15 0.33 0.31 
2/10-21"12 o.48 o.43 · 5/15-5/18 o.4o 0.37 
2/12-2/11'- 0.52 o.47 5/18-5/20 0.34 0.34 
2/11t--2/17 o.45 o.45 5/20-5/22 o.4o o.43 
2/11-2/19 o.43 0.33 5/22-5/25 0.37 0.37 
2/19-2/22 0.53 o.49 5/25-5/27 0.38 0.33 
2/22-2/24 0.63 0.53 5/2·7-5/28 0.29 0.32 
2/21'--i/_26 o.47 o.49 5/28-i30 o.48 0.37 
i/_26-2/213 0.57 o.49 5/30- /1 0.37 o.4o 
2/28--Jf..2----- -·-- o.43 o.44 6/1-6/3 . 0.39 0.34 
'3/_2- 0.50 o.44 6/3-6/5 0.32 0.36 
3/!l-'3/_6 o.41 o.47 6/5-6/8 o.44 0.36 
'3/_6-'3/_9 o.47 o.43 6/8-6/10 0.35 0.38 
'3/_9-yn o.43 o.42 6/10-6/12 0.39 0.33 
'3/.n-3/_1.3 o.45 o.42 6/12-6/15 0.37 0.37 
'3/_13-'3/_16 o.41 o.47 6/15-6/17 o.43 0.38 
'3/_16-'3/_18 o.47 o.41 6/17-6/19 . 0.38 0.37 
'3/_18-'3/20 o.49 o.47 6/19-6/22 o.45 0.37 
'3/_20-'3/23 o.54 o.49 6/22-6/24 o.4o 0.39 
'3/_23-'3/_25 o.46 o.48 6/24-6/26 0.39 0.34 
'3/_25-'3/_'Gf o.46 o.44 6/26-6/29 0.39 o.42 
'3/_zr-'3/_~ o.45 o.48 6/29-¼2 o.48 0.39 .. 
'3/_~l o.47 o.49 7/2-7 4 0.59 o.4o 
lt-/1-4 3 o.4o o.47 . 7/4-7/6 0.52 o.47 _ 

":..-' ·,r 

' 

' '; '. ,,: 

·., :t ·;•1 
•• .. . i' ,,. 

! : 
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APlfilID.lX H i 
t 

TABLE 1 (Continued) \ 
! 
' IONIZATION CHAMBER MEASUREMENTS 

FOR THE HANFORD ~ATION AND RICHLAND - 196)-1-

Measurement ~day Measurement mR/day . 
Ierlod Hanf'o:rd Richlard Period Han:ford Richland ; 

l 
7/6-1/_8 o.41 0.39 10/1-10/9 o.41 o.47 
7/8-i/10 . 0.50 0.59 10/9-10/12 o.4o 0.38 
i/10-7/13 o.4o o.44 10/12-10/14 o.42 0.33 
i/13-i/15 o.42 0.38 10/14-10/16 0.33 0.37 
7/15-7/17 0.38 o.42 10/16-10/19 o.43 0.38 
1/11-i/20 o.44 0.37 10/19-10/21 0.50 o.49 
7/20-7/22 0.36 0.33 10/21-10/23 o.49 o.45 
i/22-i/2'4 o.41 0.33 10/23-10/26 o.44 o.43 
1/2'4-i /2B 0.36 0.38 10/26-10/28 o.41 0.37 
i/213-i/29 0.32 0.29 10/28-10/30 0. 37 0.39 
1/29-i/"31 o.34 0.36 10/30-11/2 o.46 0.39 
7/31-%3 o.41 0.38 n/2-11/4 o.4o o.4o 
8/3-8 5 0.36 0.36 ll"fo-11/6 o.47 o.4o 
8/5-8/7 o.4o o.zr 11/6-n/9 o.43 o.46 
8/7-8/10 0.36 0.36 ll/9-ll/ll 0.38 0.37 
8/10-8/12 oJ,.3 0.33 11/n-11/13 0.38 0.39 
8/12-8/14 0.35 0.35 n/13-11/16 .o.li-7 o.42 
8/14-8/17 o.41 0.36 n/16-11/18 o.48 o.45 -
8/17-8/21 o.34 0.37 n/18-n/20 o.43 0.34 . . 
8/21-8/24 o.4-2 0.38 n/20-11/23 o.44 o.43 
8/24-8/26 0.35 0.37 n/23-11/25 0.34 0.32 
8/26-8/?J!, o.4o o.47 ll/:,0-1¾2 0.32 0.39 
8/28-8/31 0.36 0.38 12/2-12 o.43 0.34 
8/31-9A o.41 0.35 12fo-12/7 o.41 o.41 
9/4-9/8 0.38 0.37 12/1-12/9 o.41 0.37 
9/8-9/ll o.42 0.38 12/9-12/ll 0.37 0.36 
9/ll-9/14 o.47 o.45 12/n-12/14 o.43 0.39 
9/14-9/16 o.42 Lost Reading 12/14-12/16 0.39 o.41 
9/16-9/18 0.33 0.32 12/16-12/18 o.42 o.42 
9/18-9/21 o.4o 0.36 12/18-12/22 No Reading o.4o 
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 Reading 0.34 
9/:,0-10/2 0.32 0.33 12/28-12/30 0.31 0.25 
10/2-10/5 · o.44 ·o.45 12/:,0-12/31 0.26 0.26 
10/5-10/7 o.47 0.50 

' ·' ~ 

. . ~ 
\ · :;r-i: .. 

· ·., ' 
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APFfilIDIX H 
TABLE 2 

If.NIZATION CHAMBER MEASUREMEN.rS 
OF IMMERSION DOOE IN THE COLUMBIA RIVER - 1964 

Measurement 
Period 

Vernita Ferry 

1/1-1/15 
1/15-1/23 
1/23-1/31 
1/31-2/5 
2/5-2[7 
2/1-2/19 
2/19-3/3 
3/3-3/1_0 
3/10-3/_24 
4/21-5/5 
5/5-5/1_2 
5/12-5/26 
5/26-6/2 

Hanford Ferry . 

1/1-1/7 
1/1-1/u 
1/u-1/14 
1/14-1/17 
1/11-1/21 
1/21-1/24 
1/24-1/28 
1/28-1/31 
1/31-2/5 
2/5-2/7 
2/1-2/u 
2/u-2/14 
2/14-2/18 
2/18-2/20 
2/20-2/25 
2/25-2/28 
2/28-3/3 
3/3-3/10 
3/10-3/13 
3/13-3/17 · 
3/11-3/20 . 
3/20-:-3/24 , 
3/24-3/27 ,i> ... , 

" q • •: •• / • ~ ~ • • I 

\··\t>;? ' 
\.,-.;:· ;<: '' :ft(i/(,/: ... ) 

Measurement 
~

1!)3.y Period 

Lost 
0.33 
0.31 
o.86 
0.85 
o.64 
0.21 
0.24 
0.18 
0.19 
0.51 
0.21 
0.29 

6.95 
5.16 

10.8 
3.16 
4.28 
5.37 
3.78 
6.31 
6.69 
7.71 
6.16 

u.6 
4.74 
6.54 
6.35 
4.18 
6.53 
2.66 
4.72 
5.62 
7.10 
8 .. 35 
7.60 

6/2-6J.9 
6/9-t/23 
6/23-6/30 
6/30-1/1 
7/7-7/21 
7/21-7/28 
7/28-8/4 
8/4-8/ll 
8/u-8/18 
8/18-8/25 
8/25-9/l 
9/1-9/8 
9/8-9/15 

3/27-3/31 
3/31-4/3 
4/3-4/7 
4/7-4/10 
4/10-4/14' 
4/14-4/17 
4/17-4/21 
4/21-4/25 
4/25-4/28 . 
4/28-5/1 
5/1-5/5 
5/5-5/8 
5/8-5/12 
5/12-5/15 
5/15-5/19 
5/19-5/22 
5/22-5/26 
5/26-5/28 
5/28-6/2 
6/2-6/5 
6/5-6/8 
6/8-6/15 
6/15-6/26 

0.20 
0.05 
0.1.0 
0.14 
0.10 
o.45 
0.30 
0.78 
0.28 
0.31 
o.44 
0.56 
0.17 

8.81 
5.86 
5.26 
5.25 
9.48 
5.01 
5.49 
6.13 
Lost 
7.59 
6.29 
7.05 

10.4 
13.0 
10.6 
12.1 
5.38 
7.77 
7.37 
·3-35 
3.80 

· Lost · 
_: -".. 1.54/' . 

' ~ ..,: . 
,'1 .. , · ,· 
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9/15-9/22 
9/22-9/29 
9/29-10/6 
10/6-10/13 . 
10/13-10/20 
10/20-10/27 
10/27-11/3 . 
11/3-u/1_0 
u/10-u/17 
ll/17-ll/24 . 
ll/24-12/1 
12/1-12/8 
12/8-12/15 
12/15-12/29 

0.18 
0.15 
0.31 
0.29 
0.35 
0.25 
o.47 
0.26 
0.29 
0.07 . 
0.28 
o.64 
o.41 
0.50 

6/26-7/2 3.57 
7/2-1/1_0 1.17 
i/10-7/14 2.96 
7/14-7/"J.l i.86 
7/21-i/28 5.21 
7/28-8/4 ·3.73 
8/4-8/ll 4.25 
8/u-8/18 6.22 
8/18-9/1 2.55 
9/1-9/4 5.19 
9/4-9/8 . 6. 75 
9/8-9/15 3.76 
9/15-9/22 6.70 
9/22-9/29 · 6.73 
9/29-10/6 · 6.41 
:0/6-u/3 Lost 
u/3-n/io ·5.88 
ll/10-ll/l 7 ·. 6. 72 
ll/17-ll/24 . 4.17 . ; ... , : 

~~i=~~%1 
: .. t··-~:~t ·,· ,' :1::: •. 

12/8-12/15 .~. )'..i 5.44/t<·::~>-· 

. i:? :E!~~~/rn:11:c,~I 
.,,: .,: ~- ' \ 
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APPENDIX R 
TABLE 2 (Continued) 

IONIZATION CHAMBER MEASURFl-lENrS 
rN Ill4ERSION DOOE IN THE COLllmIA RIVER - 1964-

Meaaurement Measure?Dent Measurement 
Period mR~ Period mR/Day Period mR/TJay 

L-imm 
1.2/zr/6;-1/8/£:A 4.41 5/1-5/8 6.21 s/28-9/4 5.o6 
1[8-i/17 2.86 5/8-5/15 5.69 9/4-9/1;1 5.31 
i/_11-1/a 4.29 5/15-5/22 6.73 9/n-9/18 5.20 
i/_2"4-i/..'31- 3.82 5/22-5/28 5.48 9/18-9/25 4.oo 
i/_'31--2/t Lost ~/28-6/4 Lost 9/25-10/2 4.41 
2n-211=.,.. 4.21 614-6/1:2 1.54 10/2-10/9 3.21 
2Z1JJ-2/2B tost 6/12-6/19 1.83 10/9-10/16 4.22 
2Z2B-3/6 4.10 6/19-6/26 1.59 10/16-10/23 1.41 
3/6-3/1=_3 3.42 6/26-i/2 1.44 10/23-10/30 2.49 
y_13-3/_20 5. 73 7/2-1/1:0 1.·56 10/30-n/6 2.42 
3/..20-~zr 6.62 1/10-7/17 1.91 n/6-n/1:3 3.02 
y_~~3 6.65 1/11-1/31 2.19 u/13-n/20 2.43 
'li.Z;-JJ.. 10 5. 79 7/31-8/7 4.66 n/20-n/30 Lost 
la."fi /17 6.18 8/7-8/17 4.83 12/1-12/1:1 1.69 
1a.z11-'I-Za 5.83 8/11-8/21 4.77 12/n-12/18 3.05 
'li./a-5/1 6.79 8/21-8/28 4.03 12/18-12/31 1.38 

RichJam J11r1na 

l2/Z1/63-if10/£:A 2.56 5/1-5/8 . 2.48 9/4-9/ll 1.48 
1[10-'i/).7 1.70 5/8-5/15 2.42 9/ll-9/25 1.10 
i/..17-1/'Jl 2.57 5/15-5/26 2.02 9/25-10/2 1.69 
l/'Jl-2f( 3.28 5/28-6/5 1.46 10/2-10/9 1.34 
2Z1-2A.,._ 2.42 6/5-6/1:2 1.58 10/9-10/16 1.35 
2Z1'lf-2/2B 2.19 6/12-6/26 1.16 10/16-10/23 1.42 
2Z2B-3/6 2.11 6/26-1/2 2.49 10/23-10/30 1.98 
3/_6-3/1=.3 2.67 1/2-1/1:0 Lost 10/30-n/6 2.n 
3/..13-3/_20 3.QCJ 7/10-7/17 1.32 ll/6-ll/1:3 2. 74 
3/20-'3/_zr 3.53 1/11-1/2'4- 1.03 n/13-n/20 2.4o 
3/..Z7~3 3.21 7/24-7/31 1.72 n/20-12/8 Lost 
la./3-'1- 10 2. 78 7/31-8 7 1.68 12/8-12/1:1 3.87 1,.z~ /).T 2.69 8/7-8¾1 2.29 12/n-12/18 2.47 
la.l)..7-IJ./2-,.. 2.53 8/17-8/28 1.36 12/18-12/31 1.94 
1a./21t--5/1 2.56 8/28-9A 1.a1 

Colunbia Park Marina . , . . 

12/zr/63-l/10/£A. 1.32 2/1-2/11t- o.61 3/_6-3/13 , 0.93 
1[10-i/_17 . . 0.36 2/14-2/28 0.62 3/13-3/20 .-:. 1.22 
if11-2fr., Lost 2/28-3/6 o. 75 3/_20-5/1 \. · Lost 

· / ',. ·. : · · 5/22-5/28 ·· · Lost 

:;{i;:/~ ' ; ' ; ;;.;:, > . ' ' ... /+ )i.'); ' 
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APPRHDIX H 
-TAELE 2 (Continued) 

IONIZATION CHAMBER MEASlJRDIENrS 
OF DlmRSIOW DOOE IN ~ CCLlMBIA RIVER - 1~ 

Measurement 
Period mRJ0e:y 

Pasco ~ House 

1%27/63-1/'3/f» 
1 3-1/10 
i/_1.o-i/_17 
l./_11-i/_2'4 
1./2'4-¾_7 
2/7-2 lla. 
2/1i.-2/20 . 
2/20-2/28 
2/28-.){6 
'3/_6- 13 
'3/_1.3-3/_20 
3/_20-'3/_27 
3/27-4/3 

•i·, ':;_:.: \ 

'-;. '/./,, 

.X\it,.il~K;i;\il 

1.96 
0.70 
1.23 
1.61 
Lost 
1.54 
1.55 
1.89 
1.81 
1.90 
2.20 
2.05 
1.84 

Measurement 
Period mR/nay 

4/3-4/10 1.87 
4/10-4/17 1.73 
4/17-4/24 1.74 
4/24-ral. 1.96 
5/1-5 8 1.90 
5/8-5/15 1.99 
5/15-5/22 1.63 
5/22-i213 1.6o 
5/28-¾5 1.28 
6/5-6 19 2.28 
~19-6/26 0.59 
/26-¼2 0.52 

7/2-7 17 Lost 

BNWL-90 

Measurement 
Period 

7/17-7/24 
i/2'4-1i31 
7/311{7 
8/7-3 17 
8/17-8/21. 
8/21-8/28 
8/28-t 
9fo-9 ll 
9/n-9/18 

'.'·:•:•\,_ r:_'.,'\' 

~~ 

0.80 
0.71 
0.55 
1.26 
1.53 
1.17 
1.45 
0.67 
1.57 

--­. 

. ,], .'!::.• ) ~~•;\, 
; 

,•,,,: • · 
:,,.., ' 

\ ~--' •• ~ f, :~ .. 

• . • ·•., 

•'' ~ ·, 
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XV. APPENDIX I 

ANALYTICAL METHODS 

BNWL-90 

Samples are analyzed for their alpha, beta, and selected radionuclide 

concentrations accordL,g to procedures specified in "Standard Practices 

RadiocheJDical Procedures for Off-Site Environmental Samples, 11 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 

~mes a day on the second and third days. A decay curve is constructed 

from the higher counting rate dish .. and activity at sampling tirre is esti­

mated from this decay curve. 

131 32 90 Radioactive rare earths plus yttrium, I , P .. and Sr 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 extracti!)n into carbon tetrachloride fallowed 

by precipitation as silver iodine; phosphorus, as phospho-molybdic acid, 

is extracted into butanol-ether. Strontium is separated from concentrated 

nitric acid solutions ~s~me manner described in _the next section. _ 

After secular equilibriufiril~stablished» Sr901s daughter, :Y~O is separated 
~ - . 

by successive precipitatio~s~ 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 
. . . . . 

_.whic~ _decay curyes are··constr~cted: These ·are used to extrapo~ate ·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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The methods used for determining Na 24 , Cr 5 1, Cu 64 , Zn 65 ,, As 76 , 

and Np
239 

concentrations were altered at about mid-year to take advantage 

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. 

24 51 64 65 239 Measurements of Na , Cr , Cu , Zn , and Np are made by 

successive countings of evaporated (down to 500 ml) samr e volumes in the 

well of a large Nal (Tl) 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 ob_tained in the 2. 74 .MeV region of the spec­

trum. Two or three days after sampling, the same solution is recounted 

for measuring the Cu64 and Np239 activities. The Np239 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 sampling, a third count is made and the data obtained 

is used for computing .the Cr51 and Zn65 concentrations from the counts in 

the 0. 32 and 1. 12 MeV regions, rt::spectively. 

As 76 concentrations are measured by separating arsenic from other · 1 

emitters followed by gamma counting. Sample aliquots are evaporated to 

-50 ml,, acidified with concentrated HCl,, and As +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 Nal(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 

Gamina emitting nuclide~ such as Ce-~r14·1- 144 ,, zr~Nb
95

, zn
65

• 

-K40 ,, ·and1131 have th~ir abundances ·measur~d in samples of pasture grass 

~- -- ·· ­- ·- -
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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 

s~mple are packed into 16:..oz polyethylene bottles. These are counted after 

being placed in the well of the large Nal(Tl) 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 res ·n column in 

the well of the large NaI(Tl) crystal and calculating its concent ration from 

the number of counts obtained in the 0. 36 Me V region of the spectrum. 

Radio-strontiums and -phosphorus measurements are obtained from 

beta counts of appropriate sample amounts after chemically separating 

those elements fr-am interfering elements in the samples. 

Strontium is separated, after the addition of ba~ium 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. Calciu· . is removed by washing 

the precipitate with .acetone. The nitrates are tht.n 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 

· · S 89 d S go t d · th" . d 1 b ck d rema1mng r an r are coun e usmg m-wm ow, ow- a groun 

(anticoincidence), beta counters. 

Sr
90 

is allowed to reac..Ji equilibrium with Y 90• 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 Sr
90 

concentration is obtained from the y 90 count data . . The · 

Sr
89 

concent~tion is coni.puted from the differe~ce ·in counting rates 

between total strontium and Sr90. 
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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 inagnesium 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 

P 32 and Zn 65 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 Nal(Tl) crystal. In the absence of other beta 

and low-energy gamma emitters. 2 nCi or more of P 32 are measured by 

summing the counts in a portion of the Bremsstrahlung spectrum. For 

smaller amounts, P 32 is separated as described previously and is measured 

by beta counting. Zn 65 is measured by counts in the 1. 12 Me V region of the 

spectrum. 

4. Air Sample Analyses 

Airborne concentrations of radioactive materials are determined 

from measurements of 1131 contained in scrubber samples. A sampler con­

sists of a calibrated, electrically-'driven vacuum pump which draws 1. 5 

rt3 /min of air through a solution which is 0. 05N in Na OH, 0. 05N in Na2 co3 
and contains 20 mg of I- carrier. A balancing platform and siphon arrange­

ment p~rmits inti:-oduction of distilled water into the scrubbe~ at a rate equal 

to the rate of evaporation. The water feeder helps. maintain constaD:t .liquid : 

head. air flow rate .. and_ scrubber efficiency. 

. i 
' 
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After 1 wk of operation the bottle is replaced and taken to the lab­

oratory for determination of the 1131 content. The radioiodine may ~e 

determined by placing 500 ml of the solution in the well of the large Na l(Tl) 

crystal and using the counts in the O. 36 MeV region of the spectrum to cal­

culate its cootent. The radioiodine may also be determined by adding 

NaHSO
3 

to the solution. acidifying with HNO
3 

and precipitating Agl with 

AgN03. The radioactivity of the precipitate is then measured with a thin 

window beta counter. At~ospheric concentrations of 1131 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-now proportional counter for gross beta radioactivity. Selected 

filters are also counted with a ZnS(Ag) scintillation COllJ:1ter for gross alpha 

measurements. 




