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DI:;HAVIOR AflD TIW:SPORT OF ~ADIONUCLIDES rn THE 
COLU?,IDIA RIVER BETilEEN IIANt.\)RD AND THE OCEAN ( o.) 

R. W. Perkins(b), Jack L. Nelson(b), nnd W.L. Hnushild(c) 

beho.vior during transport by the Columbia. River of the eleven 

-~ 

A study or the 
46 rndionuclidcs Sc , C 51 Mn54 c 50 7 59 c 6c ·z 65 z 95 ,1b95 D 106 Sb124 and r t , 0 , l C , 0 , n t r -n , nU , , 

ll•O Dn wa.a completed in the river reach bc~veen Pasco, Wnshine'ton and Vancouver, 

W~cr.i neton durine the period Janunry 1964 through January 1965. This extensive 

~t udy or ro.dionuclide behavior wo.3 performed by direct counting of wnter salts 

and filter samples on a multidimensional gamma-ray ~pectrometer nnd represents 

t ~e first mco.surements or the i nteractions of most of these radionuclides in the 

r i ver. Through this multiple trac~r technique the specific and relative behaviors 

o~ t he eleven radionuclides in regard t~ their sorption by and movement with sus

pended particulates in the Columbia River were determined. Also, depletion of 

t heae radionuclides from the river during transport, and the river bottom's radio

nuclide inventory in the river reach between Pasco, Washington and Vancouver, 

Wo.shineton vere determined. 

I NTRODUCTION 

Cooling of the Hanford Reactors with Colt.mbia River water and the subsequent 

disposal of this water to the river provides a wide spectrum of radioactive 

tr~cers to the river. These radionuclides are produced from the river water salts 

on exposure of the vater to the reactor's neutron flux. In addi tion, significant 

~ua~t i tics of some rndionuclides enter t he river as fallout from the large areas 

dr ained by the Columbia River. For example, it was observed during 1963 that 

t he Ussion products zr95-Nb95 vere present in the Snake River and in the Columbia 

River uostream from the Hanford Works at concentrations comparable to that found 

do.rnstr~am from Hanford(l)_ 

Although the concentrations of all rndionuclides in the Columbia River are 

lov, and at points of domestic usnge fall well within accepted radiological standards 

(a) This paper is based on work performed under United States Atomic Energy Commiss i on 
Contract AT(45-l)-1830. _Permission to publish is gratefully acknovledged. 

(b) Senior Research Scientists, Chemistry Department, Pacific Northwest Laboratory, 
operated by- Battelle Memorial Institute, for the United State Ato~ic Energy 
Cot:mission, Richland, Washington. 

(c) U.S. Geological Survey, Quality of Water Branch, Portland, Oregon 
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for c.irir.:dnc vatcr( 2), a study of thdr beh:::.v.:or provides U£e. ·.u information in 

unJcrstandinr, the processes t!1at tnkc place ir. rivers as vcll as information on 

ro~t~s by vhich Columbia River radio~uclidc~ ~ny become available for uptake by 

man . 

:,s a pnrt of our overall investigation of the behavior of the Columbia River 

~~dionuclides a study has been conducted to determine their physic~l behavior and 

trar.sport by the River. 

Several of the short-lived radionuclides and the long-lived radionuclides zn65 

and cr51 which arc present in the Col\.mbia River arc monitored routineiy at Pasco, 

Washington (see Figure 1) by the Radiological Protection Operation at Hanford( 3 , 4 , 5 ;6,7 >. 
Crude measurc~ents, involving only total beta counts are also made at this point by 

the Public Health Service on a routine bnsis{B). 

Our past studies w-ith a few radionuclide1 have shovn that changes in physical 

for~ and in concentration occur durine transport by the river(l,9 ,lO,ll). Core 

snr.:pling of sedi.r:ients in t L'! McNary Dam reservoir and slack w-ater region::; of the 

river r.ave sho·.m a buildup of sediments containing these radionuclides( 9). 

As a preliminary part of this work the use of multidimensional gamJ'la-rny spe~tro

metry vas explored in our laboratory{l2
). This technique proved to be extre~ely 

use ful anc allo,.,cd a much r.iore thorough investigation of the problems than had 

previously been considered possible. By use of this method it vas possible to make 

direct measurement of eleven of the long-lived radionuclides at locations betveen 

t:ic nan ford nuclear reactors and the ocean. These radionuclides incl\.•.de Sc 46 , cr51 , 
~, 5li C 58 ... 59 C 60 z 65 z 95 -Nb95 R ,106 Sbl24 d B 140 "" i ulti l . :n , o , • e , . o , n , r , • u , , an a • ..n s m p e 

~racer techni~ue al.loved the rapid accumulation of essential information on the 

specific and relative behavior of these radionculides in regard to their transport, 

sorption, and depletion in the river environment. This study is baaed on radio

nuclide measurements of river vater sar.iples vhich vere collected on a veekly basis 

at Pasco and Vancouver Washington and at less frequent intervals at Hood River, 

Oregon. ~his extensive study has supplied the ansvers to several basic questions 

on the behavior of radionuclides in the Columbia River. 

EY.PERI?-~NTAL METHOD 

The study vas designed to include a sufficient nwtber or measurements so that 

the transport ~d general behavior or most or the detectable radionuclidea in the 

Columbia River could be determined. This vas accomplished by the collection and 
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~~~:y ~G of r~prcGcntativc s~~plec on a periodic basis o.t tr. 0 Colu.~bin River bridccs 

~t PnG co, Wachineton, Eood River, Orccon and Vancouver, Washington. 

Sa.::ml ' :1 1-: 

Durinc preliminary studiec in 1962-63 cnmpling from each bridge was performed 

at l1 or 5 centroids of flow of the river and these samples vcre o.nalyzed separa.tely 

to <lc ternin~ the existing variations of the river cross section. Also, samples 

co--ccted near the surface and near the bottom were analyzed to demonstrate o.ny 

vertical variations in radionuclide concentrations. From these observations it 

vas concluded that such variations vcre relatively minor o.nd that a single sample 

co~posited fro~ 4 or 5 flow centroids would provide a reasonably representative 

aliquot of the river for analysis. 

Sru::~lc Pr~nnro.tion 

Six ea.llon aliquots of river wnter arc collected from the sampling si t_es and 

irr=.cdiatcly filtered throuch 0.3 ~ mc~bro.ne filters (AM-7, Gelman Instrument Co., 

c·.1elsen, ~:ichigan). In the Laboratory the water is acidified vith li~0
3 

ar.d evapora

ted to near dryness. It is then transferred to a small (250 ml) beaker end evapor

ated to dryness under a heat lo.mp. The salts are tra..~sfcrred to a 30 ~ sa=iple 

holder for counting which consists of a 0.500 inch long section or a 2 inch dir..ceter 

pi~e with waterproof ndhesive tape across the bottom. The salts transfer a.~d dis

solu~ion is accomplished by 4 vashcs of the beaker with 5 ml portions of distilled 

vater during which the inside bottom and · dc3 of the benker arc scrubbed vith a 

r,:.bbcr policeman. To the sa.::ir,le is added ~O ml of a hot 10% agar agar solution 

~hich i~ uniforruy stirred into the sru:iple nnd which solidifies fairly rnpidly to 

provide a sta.~dard geometr; for countine~ ;!he top ot the ring is cover·e.l vith 

wa~er~roof adhesive tape for counting. These sa?:1ples can be stored for long periods 

in a refrieerator without degradation or can be stored indefinitel7 in frozen state. 

The :c~bra.~e filters, which contain the particulate caterial removed from the river 

water sa.~ples, are finely divided then counted in agar agar in a manner similar to 

that of the river salts for counting. 

Instru:.ental Analvsis 

?-~ultidicensiona.l gamca-ray spectro:netry{l2 ) provides the most sensitive knovn 

cethod for the direct mcasure:nent of ~any_ trace radionuclides in a complex radio

nuclide mixture and has proven extrecely useful in this study. 

The detector system< 12) for the multid~mensional analyzer consists or tvo 

6-inch dia::eter by 4-inch thick No.I{Tl) cr;stals vhich are enclosed in a ll.5 inch 

dia.:ietcr by 12-inch long annular NaI{Tl) crystal vhich serves as an a.nticoincidence 
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~:-.i.:l.-1 . 'I': ie s :imr,le {::;ce snrn:::,le nre~ar :1.1:.io:-.) is located bct...,ec:1 the two 6-ir,ch 

.:L ... :i...: :.cr dl:t ectors ar.d the signals fro:n the=c detectors are fed to the two res

;JC Cti vc ADC' s of a 4c96 cha.""lncl multipo.rrunP.ter 0.:-,al:,1.er. When o. sincle photon 

int eract::; with one of the detectors, i:.he event is stored on the corresponding X or 

Y nxis of the annlyier mc~ory. When two photons arc e~ittcd simultaneously from 

~ radionuclide, nnd each interacts w~th a se,o.rate detector, tte event is ztored 

:r. ~n enerey-er.erey plane at n point uniquely characteristic of the two energies. 

Th i:;; i:lstrument provides orders of magnitude less interference both from other 

radionuclides and from the natural background for t he measurement of mnny of the 

raciionuclides. 

The gamma-rays vhic~ are used in the measurement of the eleven radionuclides 

in river water a.re sur:unarized in Table I. In addition, the actual energy areas 

which are used for the measurements in the multidimer.-: ~:-.al gamma-ro.y spectra 

arc sum.'llarized in Figure 2. As in normal gw.:nu-ray spectrometry some of the 

hiehcr enere;y coincidence gar.ima-rays are inco~pletely absorbed and contribute to 

t :1e counting rate where lower energy coincidence eve:1ts occur. These corrections 

a.re =~~ch lower than those required for normal f.O...."!.~a-ray spectrometry but are ~ade 

i~ t~e swne manner. The unique energy-energy definition of several of the radio

~uclides plus the extremely lov background at their positions of measurement per

mits the direct mea->urement. of this large: g1·oup of radionuclides vith -reasonably 

good precision. 

RESULTS 

TABLE I 

SINGLE k':D COINCIDENCE GA1~-1J\ RAYS USED Irl THE 
MEASlJRE!,!ENT OF COLUMBIA RIVER RADIO!H!CLIDES 

Radionuclide 

Sc 46 

crs1 
Mn 54 

cosa 
Fc59 
co60 
zn65 
zr9s_Nb95 
Rul06 
Sbl21+ 
Bal'+O 

Gamma. Ra:r Enerp;ies 

o.e 2 and 1.118 
0.322 
o.835 

0.51 and 0.814 
1.289 

1.173 and 1.332 
1.114 

0.762 + 0.760 + 0.768 
0.513 and 0.624 
o.603 and 1.69 
o.487 or 0.815 and 1.597 

Radionuclide Concentrations and Physical Forn 

T"ne observed concentrations of the eleven radionuclides ·• in the Colu.'llbia River 

for the period January 1964 through January 1965 at Pasco. Washington. F.ood River, 

Oregon and Vancouver, Washington are summarized in Figure 3. These values are in 
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t i.:':·:-. .:: of r.:1..:-c::.Ci-:: u.c tivity o.r.d the :o~::.i.l trar.s':'lort of thc :;e radionuclide::; is of 

co~:-~:e ::. ft!r.c'.:.::.o n o!' t he river dischar,:e:. A cu~·vc si1owir.r: t:,e Columbia River 

c!bc::~~:::-cc for o. o:.c year period nt u c(J.uginc ct::i.tion ( at Priest Rapidc :Car.i) upstrccm 

frorn ?acco,Washington is included for cornpnrison at the bottom of Figure 3. It is 

irr:.:~ciatcly a9~0.rcnt from Figure 3 tho.t while the concentrations of most of the 

ruJion~clidcs decrease considerably between Pasco and Vancouver durine most of the 

ye~:- , that during the spring and early sur.uner that they are abo~t constant or they 

act..;:illy increase. This is due to ::;co..;rir:g o.ctio:-i of sediment from the river bed 

-.i.n-1 is considered in dcta.ll later. So:ne or the va.lue3 for Ru106 o.nd co58 arc rc

?O:-tcci as "less than" numbers. This was necccsary because sufficient counting time 

was not available to allow their precis~ measuremPnt in all samples; however, suf

ficient values are available to give a reason~bly cood picture of each radionuclide's 

be~o.vior. It is interesting that the Ru106 coP-centraticn di~ not changP. much during 

t~e sprin6 and su:nmer high water. This radionuclide, as well as other radionuclides 

in "fallout" is present in the river above the Hanford project and the concentration 

of s~ch radionuclides vould be affected by factors other than river flow rate. 

,\s previously indicated all of t!1e water samples were filtered irru:1ediately after 

collection to permit a measurement of the fractions of each radionuclide associated 

with ~~rticulate ~aterial at each sampling point. Figure 4 presents graphs of the 

percent of each radionuclide which was attached to suspended particulate material in 

the river at Pasco, Hood River and Vancouver and it allows a direct comparison of 

t he physical changes ~hich occur during tra~sport of these radionuclidcs. These 

curves demonstrate the vast differences which exist in the sorption behavior of 

t~~s e clements. The differences ra.~ce from Sb124 which is essentially all in sol-

~tion at all of the sampling po i nts to t hat of Fe59 which is practically all associated 

~it~ particulate ma~erial. In Table II the physical forms of these eleven radior.uclides 

as they enter the river, (in reactor effluent water) and at the various do".ffistreru:i 

locations are compared. Major changes do occur both during the original mixing and 

transport to Pasco, Washington, and during subsequent t~anspor~ by the riv~r. 

This "solution behavior" is of course helpful in understanding the natural 

depletion of radionuclides during transport by the river. Those radionuclides which 

are mainly in the particulate form in reactor effluent water or which are readilv 
. ,., ~ 46 ( 54 58 59 60 adsorbed by particulate material in the river 1.1clude Sc , !-m , Co , Fe , Co , 

zn65 , zr95-ub95 o.nd they would be expected to undergo natural depletion during their 

transport by the river. The radionuclides cr51 , Ru
106 , Sb

124 
and Ba

140 
vhich enters 

the river in solution and are not associated to a large extent vith the suspended 

part:culat~ naterial would be expected to be transport~d with a minimum of d J letion. 
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'i' /.0LE II 

?liYSICAL FOm1: OF TI-iE nM;?O?.D .:.Zi'\CTOR i:::FFLi.n:r-:T WATER 
~J\DIONUCLIDES mr ENTRY nno '!'? i:: RIVEP. J\ND AT DOH!!S':'R2A? '. LOCATIOiiS 

( ,, 
/J particulate) 

Re.ct i o r.u c liclc Effluent Water* Pasco ** Hood River*** Vnr.couver** 

Sc 
116 36 74 

C:-51 2.4 6.4 
1.:n 

51, 2.6 20 
,., 58 
1.,0 4.2 27 
Fe59 64 85 
Co6o 1.8 26 
,, 65 ... n 1.8 14 

zr95 - ?ro95 "-69 69 
-;:, 106 .. u 32 24 
S~l24 1.1 3.4 
:Onl40 2.3 9.0 

* February 25, 1965 
** Average from last half of January 1965 

* ·a Average ot January through 11:arch 1965 

85 89 
4.o 7.6 
88 83 

1\,83 "'ea 
80 80 

Bo 91 
64 76 
68 85 

15 . ~7 

"'5-9 
37 

The change in physical form durir.g transport is perhap~ best illustra ~ed by .co~

~~ri ~g t~e cor.centrations of soluble radionuclidcs to that of soluble cr51 at Pasco, 

P.ood ?.ivcr a.~d Portland. For this comparison the radionuclide concentrations at 
t~ • -:, • d V h b t d f - . t · . ( ll) f th . nooc. ;,1 vcr ar. ancouver ave een correc c or ra ' oac 1 ve aecay or . eir 

river ~ravel time from Pasco. The comparison is presented in Fiv,.re 5 and shows 

the large drop in the ratios of many of the radionuclides to that of cr51 vhich 

occurrec during their transport in the river. In addition to showing annual changes, 

these curves show rather clearly t_hat the large increase in total activity of the 

river, ~hich results from the resuspension of sediments by the spring freshet, (see 

Fieure 7) is not accompanied by a similar larie increase in the soluble radionuclide 

concentrations. This would indicate that these resuspendea sediments are not signi

ficantly redissolved during transport. 

The relative degree of depletion, or scouring can be obtained by a similar 

comparison in which the total (solution plus particulate) concentration of eac~ 

radionuclide is compared to that of cr51 • This comparison is ~de in Figure 6 and 

again uses values for the radionuclide cor.ccntrations at Hood River and Vancouver ~hich 

are decay corrected for the river's travel time. from Pasco. The relative ~agnitudes 

I o:' de!, : tion or resuspension of radionuclides are indicated respectively by their 

~---~----...,~~._._-~-~~ 
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lc·.:,: r 0-:: hit:: c-:: rat.io::; relati vc to Cr51 at t.i:o2 do·..:r. s tre:tL.-n location::;. 

R~dio~~c l ide Trun::; oort 

Ficurc 7 presents the transport rates of t~c eleven radionuclide:s at Pasco, 

::00..::. r:.:. vcr a.nc.. \'o.ncouver durinc th~ period January 19611 through Januo.ry 1965. The 

tr~n~~ort rate::; ~ere calculated directly from the r ublished river discharec(l3), 

an~ ~;; c radionuclide concentrations at the campling locations (see Figure 3) and 

arc r.ot corrected for the radioactive decay ~hich occurred during the river flo~ 

~ !.:~.c ·:::ct· .. een Pasco and Hood River or Vancouver. 'l'his radioactive decay reduces 

· - ~4o d C 51 t t· b t P d V b ' 30~ d t;.c ;).l a.n r concen ra ions e ween o.sco nn o.ncouver y as muc~ as ,. an 

65~ :-cspcctively and is discussed in a 13.ter section of this paper. Radioactive 

decay of the other 9 radionuclides ~~cunts to lees tho.n 10%. 

The averace daily discharge at Pasco can be determined from the Priest Rapids 

D~~ caueing station which is located about 50 ~ilcs upstrecm by adding the contri

bution from the Yakima River. Hovcvcr, durine lower flow periods (about 7 months 

out. of ti::e year) the flm.r ro.te past tnc Hn.nfor<i proj cct and Pasco, Washington 

t:.-:c.ercoes a large diurnal variation. 'i'he Prie:;t Rapids Dam is a "power peaking 

du. .. " a r.d in :::!eeting power requirements dur_ir.g low flow, 'When the entire river 

flow :s channeled to the pover plant turbines, the Colur.ibia River discharge is 

variec. by a factor of 2 to 4. With the Hanford rcactor3 adding radioactivity to 

the riYcr at essentially a constant rate, the effect of this river flow variation 

is to produce peaks o.nd valleys of activity in the river water flowing po.st our first 

sa.~~li::~ point at Pasco, Washington. Although the river flow variation at the Priest 

~ap ics D~~ is about a factor of 3 the flow variation at Pasco is damped considerably 

.:.::c. :-.or.-:10.lly amounts to only about ,:!:_ 20% variation fror.1 the average. Also the 

variation ir. the radioactivity of the river is relatively small. This is partially 

due to dispersion phenomena in the river itself but is also due to the fact that the 

reactor effluent water was added to the river from 8 reactors which are distributed 

alc::g a 15 mile stretch of the river. In order to assess the degree of diurnal 

va:::-iat ion of radionuclide concentrations in the river at Pasco, Washington the- con

centrations of the two radionuclides Na
24 

and cr51 vere measured from sam~le~ collected 

a~ t ~o hour intervals. These measurements were made during a period of ·large diurnal 

variat:on in river input but of fairly constant input of the radionuclides into the 

river. The variations in concentrations at Pasco are compared with the flov rates 

at Pr.:.est Rapids Dam and at Pasco fn Figure 8. Whi.le the discharge at Priest 

Rapids Da~ change by four-fold, the variation in both the Na~~ and cr51 concentrations 
· · . 24 

fro~ their average was about!. 15%. It is evident that the Na (T 1/2-15 hr) con-
. 51 · centration cha.~ge is less than those of Cr • This is due to thP. fact that the flov 
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ti:: ~ tc ?a3co :.s lon~~r for radio~uc~~ G~ ti whic j nrc introduc~d into the river durine 

lo·.,· :·:. v0-: c.i~c::ar::e :it t:-.c r,,~ctors u:-.c.:. :.i.l t :-.ou[:h their ini tin.l concentrn.~ions a.r':! 

:: .:. .-;:-. ~: ere i:; o. lonec.:- period for dee ;-<' be:"ore reaching ?azco. T:.c r:n. 
211 

decay :no.y 
r.. 

7 r- b . :J 'l ~ C J... • . • 'f' t ::1:-.:0u::v to 5., ctwcen the rcc.ctors ar.u. • o.sco wr.1 c that o. r 1z ::.ns1Gn:.. 1can 

(2-3~) as is t::c case for the other radionuclide:; which o.rc included in this study. 

~~e diurnal variation in concentrations vf tne radionuclid~s co~,licates tr.e 

r,recise ~ca~urc~cnt of the radionucli ci~ trr..r.z~ort at ?acco; ho~ever, it is apparent 

:fro::t ric;urc 8 tho.t the swnpling which w:i:; pcr!'or:r.cd :for this - '- •tdy durinr; the t. 

bc-.,·..tcen 0900 o.nd 1500 daily would provicle values ·..:hich were reasonably c_ose 7,0 

the avcraGc value of the river water's ~adioactivity l~vels. Therc~ore in view of 

u.,c~rtainties invclved in tryine to estimate ~e~ter values for the average daily 

river concentrations, the measured values were assuned to be the averaee concen

tration and were used in calculating t~e total radionuclide trans9ort. It was 

realized in so doing thut .my given .v:ilues muy be in error cy as ~uch as+ 15%. 

Rac.io:-:uclide De:,lction and. Inventory 

Or. comparison of the tro.nsport of radionuclidcs at Pasco, Hood ~iver, ar.d 

Va:1couver (see Fieure 7) it is evident tnat t:-iose radion.uclides whic:-. associated 

t':.emse~ ves wi tr. particulate material ( sec Figure 4) are depleted fro:n the river 

water by a factor of 5 to 10 during p~riods of low · flow rate. Duri~g the spring 

freshet ~hen the river flow rate increases, ~he transport of these radionuclides 

at. Vancouver oay equal or exceed the i:-.put at Pasco. This of course is due to 

scouring action which resuspends deposited sediments which contain large a~ounts 
. . 1·, D . . t ... . . d' 1··d C 51 Rul06 Sbl24 o:~ r~caonuc i.c.es. . urJ.ng ri. ver ranspor .. , t.r.e ra 1onuc ::.. es r , :, , ~ 

and Ea140 which are not associated to a large extent with suspendP.d particulate ~aterial 

(see Figure 4) are transported with a relatively s~all depletion (see Figure 7). 

Tr.e total r.mou.~t of radior.uclides ~hich are deposited in the Colu::ibia River 

sediments, or are removed by stationary river biota, etc., can be deternined for 

t::e stretch of river between Pasco and Vancouver from the difference in radioactivity 

passing these two locations. The percent depletion of each radionuclide through 

this stretch of river was calculated for the period Ja~uary 1964 through January 1965 . 

by the equation: 

Pasco transnort - Vancouver trans:)ort* 
Depletion= Pasco transport x 100 

* Vancouver value corrected for decay for river travel tice between 

?asco and Vancouver(ll). 

Depletion values for the various rndionuclides are presented in Figure 9. The 

negative depletion values indicat~ that the river scouring action has exceeded the 
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thc.t tr.~ dc:?letio .. anc. input rates of ro.dio~uclideo to 

:.::~ :·::. vc1· ::~vc been con::;to.nt for the ;-r.::; t s cvcrc.l years their totnl i nventor:, L1 

t. :·.i:.; ;,; ::.:-etch o:f the river can easil y be obto.i:-.cJ. . Such an i:iventory wc\:.ld be 

ct~n: ir.c continuously and would be a f~n ction 0 ~ both t he dc~letion rate ~nd the 

cccwy rate of the radionuclidcs. Ficure 10 presents the csti~atP.d radionuclide 

::-.v,.::1t.o~J in the river bottom mo.tc r ioJ.s for en.ch month of the yca.r, as calculated 

~· :·0::1 the prcccciine rr.co.cur~:-:icnto nnd o.c:..u.'liptj_on::;. For convenience, the Jo.nunr/ 1, 

.l9o5 ir.ver.t.ories o!" ·thc::;e r.idionuclides are summarized in Table III. _The exact 

_ocatio~ of the large radionuclide inventory cannot be determined from the data 

p:.·ese:1ted. here; however, from exru:1ination of transp<?rt data. at Pasco, Hood River, 

an~ 7 V~ncouver it appears that more thar. 75 percent of the inventory i3 upstrea~ 
. . 

~ro~ ;;oc~ River. Previous studies tave shown that a large deposit of sediments 

contair.i:-.g tr.ese ro.c.ionuclides is locatc-d in the !-~drc.ry Dam reservoir ( 9) and this 

a~peo.rs to be ~ maj or deposition a r~a of the Coltlr.lbia River • 

. TABLE III 

D:VENTORY C:' DEPOSITZD. RADior: :.iCLIDES Hi Ti!Z COLUMBIA ?.IVER 
BETWEEN ?ASCO ,'1.!-;D VJ\~ COUVZR, WASHINr_;T_O_I_.Y ____ _ 

Ir.ventorv 

Radionuclide dn:r, :< 10-14 Curie:; 

Sc 
46 

11.5 '>18 

c~-51 261 · 11,800 
tt ... -i 54 7.2 320 

Co 58 3.1 140 

Fe59 3.1 140 
Co60 10.0 450 

Z:165 179 8060 

zr95_Nb95 2. l; 110 
C'.124 .... o 0.11 5.0 

· 140 Ea o.67 30 

DISCUSS I OH 

The transport and behavior pattern of the Columbia River radionuclides observed 

in this study provide a substantial backgrour~d of basic kno..,..ledge and a basis for 

further study and interpretution of river phenomena. The ber.avior in the Colu.i:bia 

River of this large eroup of elecents can serve as a basis in·· predicting the inter-. . . 

~ction of other elements in this and other river systems. The mae;r.itude of the 

inventories of the various radionuclidcs and their seasonal variation has been establist 
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... . ,. ... . ., ; ,1: :na.jor stretch of tte Col~~:oi::i. ~ · vcr. ':'r.c obscr·,c<l. U7)to.r.c of the r::i.dio-

r:~;.:.:.::.c.~s by GU:.;pcndcd :particulate m .. ~t.cr!.al c.:.:i t:.cir dcr,l ction b:, dcriocit!.on 

r;~·ov · de 'bo.s ic do.ta. which ..,i!l rcq_u: c , fo-r i tc dc:tcd.led. ex;"lo.no.tior., ctudi(:.; or 
tr.c r::.tcc ~nd ncchanisc3 of sorpti .. , dcsorpticn a.r.d biologico.l a.ssimilation or 

the r::i.dionuclidcs. 

Since the basic bch~vior of thia lo.ree croup of radionuclidc3 is vcll ktovn, 

ce~~r~l ~eho.vior at othe~ river loca.t :Jns or in otter rivers could be in~crred 

fro~ studies of Just a re~ of thcoe ro.dionuclidcs. 

Genero.l ~uestions which ha.ve not been asr.~ered bj' ~r.ia study include t~c 

~~c~isc locations of radionuclide deposition on the river bottoc, the position o~ 

redC!'.)osition of sediments "1hich are rcc-..;spenced during the spring frechet, and 

~he behavior pnttern in the river of tc.e bioloiically important radionuc!ideo such 

a.s ?
32 nr.d sr90 • Also, the mechanisms by wh~ch t~c radionuclide become ascociated 

w.:. t r: suspended particulate r.aterial, inorganic and organic, require c!etaile'd 

R. W. ?e::-kins 

Jack L. Nelson 

W. L. :iau!;hild 

V.ay 17, 1965 
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RATIOS o, THE CONCENTRATIONS OF COLUMBIA RIVER RAOIONUCLIOES 
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•PASCO •HOOD RlvtR • VANCOUVE,t 

QOOI ..----------------------, 

.. 

. 
00000I -· 

G00I 

-
I 

• 
OOOOI -

a .. 
u 

•• • • 

• 
• • ' . • 

. 
• • . • . .. . 

• I . • .... 

• . . .. ····· ... :· .. ••• 
• • 
• ,.. 

. .-.. . 

.. 
• 

•• 

•• •• • •• • •••• . . .... 
•• i . .. 
... 

• .... , 

_.. ... 
• •••• • 

. 
• • • 
. 

... .. . . .. . 

..... • • • :·• .. . . . . . . . . 
•,. • • ,,I ...... , ii 1 • I •. . •: .. 

0 000001,__._...__..__.._ ...... ._ ..... _ _.__ .... _,__. _ _._ _ _.___, 

r OOOlr-----------------T.,~ . ..---~ 
~ eo• •• 
::; . . . .......... ·. .. . ... . 
c.:, • •• 
=, • • •• • •• 
z • 
0 Q000I -

~ ... 
0 ' I . . . 

I • • 
• 

. . . 
• ·1 • • •••• I • 

... ' • 

• • 
• .. . . ... .. . 

. 

I I I 

2 000001-----------------------'•--._• ..... •----·--·----
i QOOI • ,. ..... . •• • ••• 

••• • •• 
. 

• •• 
.. . . .. 

OOOOI . . 
, ... 

. .. . . . . .. . . . ... 
•• . . . . .... 

•• . . , . . .. .. . . . .. 
. . 

Q000Q M11114 
... 

.,, ... 
u 

I u • 0 

0005 

Sc ... 

QOOI . . 
• • .. 

• f \, • . 
QOOOI 

... . .• .... . .. -.. ••· ... ·, 

• 

.. . . .. 
.. . . ······· ... . ... . . . . . .. . ':. . . .. .. . ... .. 

. . . .. 

iolr---------------------. 

lo'-,~ -t-::;-t--::-+-::-+-~-,.+--+---+-----_._--' 
•'MAM,1,1 AIONO<I 

MONTH 

OOlr----~-------------
0001,. 

• • •• • • ••• 
I • •~ • • • • • • • . . . ... ····· - .... . .. , ..... - . ... . .. · . . ... .. .. .. -~ . . . . . . . .. . 

OOOOl ,__..__,__...,__.__.,.___._,_..__...1._...i.._.1---11..__.a... •-1 

0.00,r---~----------------.... 

0001-

511 11• ,···••s.,• .. ... . .. -
) • I • • ,, • ' I I I •••.,-.~\•.•,,,-.-_,.._,_ ._.,. . 

OCOOI ,.__,_._ • .__._ ___ .__..__..__...__...___, _ __,,_._. _ _. _ __, 

OOlr---------,,.----------------. 

0.001 -. . . 

. . . .. . ~ . 
•• • • • I ~ . . . . .. . . .. 

• • •·\Ii •• • • • ••• . :-,.,.... ... . . .. . .. ••-.,;'.,. . . . . 
QOOOI .......... ._ .... _....__ ..... __. _ _.__ ..... _ .......... ._ ..... _ ..... _..___, 

0.001.------------------------, 
I 

O.OOOI ~ • 
# .. 

. . . . . ' . 
: • ,:.• ... : 1·· 

. ..... 
. . ) ·.. ,. . . ' .. , . , ... 

.. . ...... . . -
.. . . ... 

00000I '--......__.. __ ..__ ,_.._,__.,.___.._ ,_...__.___, _ _. ____ _.,.___, 

0.05,----------------------,--, 

0.01 

. 
0001 

00002 I 

'°' 

' 

. . . .......... . . .. 
.. 

• . .. . # • . .. . . . .. . . ,, . 
• 

zn• 
I I I I 

. ....... •· . ... .. . . . 
.. . 

. .... .. .. 
I 

.. . . 

. 

.. 

, MAM',IJ AIONOI • 
MOlffll ,, , 



• ' 

001 

000) • 

OOOOI 

OOOOOI 
001 

;; .. 
u 0001 

g 
f ' w 00001 

0 
:::; 

• 

FIOURfi I , 
RATIO OF THE TOTAL (SOLUTION PLUS PARTICULATE) COLUMBIA RIVER RADIONUCLIDE 

CONCENTRATION TO THAT OF Cr51 AT PASCO. HOOD RIVER AND VANCOUVER 

• . ~ : . . . 
• 

Fe'' 

J..-..1 

---
coat 

. . 
• 

FOR THE PERIOD JANUARY 1964 THROUGH JANUARY 1965 

•PASCO •HOOD IIIV[R • VANCOUV[II 

• .. :, .. . . . .. ... .. . . . .... . ,. . . . . . .. ..' .. ' 
ta • I • •• ••• .. ~- . . ' . . ... .. . ..... 

I I I 

. .... .. . : 
••• • •••••• + ••• • • •• •1·•····=- • • •.. •r,,,1• •• 

005..-------------------. 
OOI[ 

OOOlr • 
I 

0.0000-

111110t 

Hi, 

• 
.,•~ .... . . .. . ... ,. . .. ,.., .. ·. . . . .. :~··• .. :""~ ... -. . ' . . . . .. . . a • 

00,,--------------------. 
0.01 Zr"•NII"• 

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

:, :. ... OOOlr • 
• 

• I .. . . 
~ , . .. .. • . .. . .. . . .. . 

•·•·, ·: . . . ~ .. ···=·· . . . . • <# :·· •••••••••• 
OOOOllr- .... 

u 00000I 
::> 
z 
0 
0 
cl 
a:: 

. II. 
0 

0 

~ 

Cl) 

II. 
u 
w 
C, 
a:: 
4( 
:c 
u 
Cl) 

i5 

01 ~ 

M11'4 
001 

0001 ..... 
t ' ' .. ' ~ 

00001 

01~ 

Sc ... 
OOI~ . . . 

• . -r .... • • 

Q000I __ I I ~ -• 

..... :,::. .. . ...... .,, .. , . . .. ····· ... ... . ...... . ~- . "'··· , .......... . 
_._ 

.... •::1::::•.:•• •••••• 
-·· • • : • . ··•. . .. , .. 

••••• : • • • .. . ........ . ... :-
I I 

,/~. 
r,I 

J' ,, 
~ ... , , ~ ~-' ... ~ . , ..• . .,;. . .." ~- ...,.:.-:-,.. .. , C,,~;•-1." ,,_.J\,,-.:·. . . •. , .. ~--... ... ~-•-,.·':'-"':• ,.\ ., -.:·. :·:· ··:~··:--J·.• . 

IO"I ,II, I' 111 I A I Ill I ,I I ,I I A I I IO IN ID I ,I I 

MONTH 

01-------------------........ 
00I 

I 

OOOIL-

000I 

00001.- • 

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

• I # 
•.. . ......... . .. · .. . ,. "\ .. . . --~.····· . 

z11• 

Co'° 

I "I• ••• ...... ., . ... . . .... •: ., .. :• ... ..... . . . . ... .,.··. · •............ . -·· • • • • • 
OOOOOI.__....._ ........... __._....___.___.____..___._ ........... __._....___.___, 

• 

r,1...-----------------, 

·w:, 

/~ J , . J' ,, 

~
7. •. ,-;,;,:;,_. , ..• '../. '~\,-.. ,.,:..-:.... . '"" 

~·~." - .~•.-\1·,~ ~· .• ·~~---,,~~-".~.·~ 
t · \ ., -~: . . :· • • •• • •• :-. ••• . . ., 

JI ,I I , I Ill I A I Ill I ,I I ,I I A I I I O .1 N I D I . ,: I 
IIIONTM 



" 

a: w 
Q. 

w 
I
::, 
z 
::I 

a: w 
Q. 

Cl) 
z 
0 
i= 
4 
a: 
~ -... 
z 
.;;· 
i5 

• ,tOURE 1 
TRANSPORT o, RADIONUCLIDES BY THE COLUMBIA RIVER AT PASCO, 

WASHINC,TON, HOOD RIVER ,OREGON AND VANCOWER, WASHINGTON FOR 
THE PERIOD JANUARY 1964 THROUGH JANUARY 196, 

,ott 

1()11 

• • 

• . 
• 

ColO 

• • • • • 

I• ••• 
' ...... . -~ . " .. . ... . . . ... · .... . ,. . . .. .. ., 

• •••• , r • 

• • I 

''" 

• • 
• • 

• , .. ~ 
• I• s• 

. -. ... ' . .. 

. -. . . . .... 
I II•••••••,•• I 

•• . 

••••• 
• 

• • 
• • • • 

•• 
' .... ... 

• ... . ... : .. .. '· ·.· • 

• • 
• .... 

IC)ll '--..I.---L-.L... ....... .....1-..L... ...... ---t-..L..._._---t_..__ .... 

io"r-------------------

1()11 ' . , 
. . ...... . 

• 
. . . ...... . 

1.11•\•.1 • • 
• • •• . . . . . . ... • 

· . 
. . 

1 • 11 I I I .... ... 
.. .... . ... 

I 1• 

IO''''-...L-,j..-'--'--"L--'--'--'---'--'---'--'--...I 
IQII•------------_.:, _____ _ 

1()11 : 

,ott 

'°" 
t 

1011 
tf/4 

'°" . 
' 

... .,. 

. . :,· , .. ... ·- .... • 

: . 
• . ··91..... . . . .... .. ·•. .··· ····· .. .. . . .. ... . .. . . ... . ... . .... 

11nM 

c,et. 
• • . 

• : . 
• 

• -· . 

····· . 

• • • • • . ........ ... . . . ... . .. . ...... . ..... •.: .-,:· ·. ·-:.-•. . . .: ..... 

. . 
• . . . . •••••• . . .. . 
• . .. ., • · .. . . 

• . ,. ... 
' . ··:. .... . . ... . . \ .. 

.... ._···d· . .. 
. . .... . . . 

• 

• MICO • HOOO fllYl:11 • VANCouvtll 

• • • • 
• • • • • ••••• 

1, t I 11 a I I ' I ... .. . : ..... 
• 

9oMO 

. : ....... •:: 
•• • • 

(IN IOlUTIONt 

•• .. • • • • • • • • 

' . , .. 
Ill I 

l()ll.__. _ _.__.,__, ..... _.__.__._..,1,_...__._._, ..... _._._. l()llr------------------. . ... ,., 
• I ••• • '•:. • 

• I ._,-. I• ... •• • • ••• • .. •:: ... •,·:.:: .. ,: .... .. . . ' .. 
Sbll4 

IIN IOlU1'10Ht 

,o1,.__.,_..__, _ __.__._....,_ _ _.__. __ _.__.,_....a_ .... -J 

l()IJ 

• 
1()11 

. '°". 

. . 
"•'°' ., ... 

• •••••• 

• • •• • . . . ' • s 
I • . 

• 

• I 

. . 
• . . . . . 

. 
·.• . • .. .. • . ... .. 

•• . ' •• • ~-. . . 
• ••11 I • • • I,,,. . !• II.. • •. 
• •• 

• 

.\ • . • • • • 
. .. 

·:· • . . . -. . . . , . . .... . . .. . ... .... .. . . . .... . ... . 
'°";::::::::~:::~:::::::::::::::::::::::::~ 

... 
• . . • . . . . . . . • . . .,. z.• 

.. 
. 

I •• . .. :•,· . . ..... . .. . .. . --t···· . . ••. .. . . . .. . ..... 
. . . .. . ···~ 

. . .. 
,di.--------------------. 

WI' -.,-+..,,,-+-,,.11•""'••- .. -+-,-+-,-+-•-4-,-+--o-+----.~-+--t 
llfoNnt 



l 
' 

• 

FIGURE 8 

DIURNAL VARIATION IN COLUMBIA RIVER DISCHARGE AND 
RADIONUCLIDE CONCENTRAT IONS 
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,tGURE 9 

DEPLETION 0, COLUMBIA RIVER AAOIONUCLIDES BETWEEN PASCO ANO VANCOUV£11 
DURING TH! P£RIOO JANUARY 1984 THROUGH JANUARY 1915 
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FIGURE 10 
RADIONUCLIDE INVENTORY IN COLUMBIA RIVER SEDIMENTS 

BETWEEN PASCO AND -VANCOUVER FOR THE 
PERIOD JANUARY 1964 THROUGH JANUARY 1965 
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