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(To be dalivered at Chalk River by J. W. m, .m:;_-m,f 1)

The Eealth Instruments Ddvisions at Banfard ars primarily interestod in the
roactar efflusnt vater as & potential source of radicsctire pallition of the Coluzbia
River. As ;muit,‘m-totourmkmmmp&onmmmntotﬁm
longer lived wnﬂuu.‘

Aowofthec@ocitic#otthenter'mﬁ.rstmdeb:r?utvﬁanthcplmt
was put into cparatica. Fram that tine until the end of 1950, no concerted effart
vas mde to obtain a complets picture of the watar ‘cawoiition. Recently a series
of acnlypes s started by both the Tochnical and Health Ingimument Diviaions to
evaluate poasitle bazards and to cstimate the offects of various sethods af prali-
m Teatnent of ﬂn water., 4

The reectars st Zanford are located co the Colimbia River st distances of 38-53
river mles abave the tovm of Paseo. Pigure 1 {llustrates the location of the four

areas Vith respect ta the river and the towvns of Richland, Pnsgo, and Lennewick.
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.

The wvater used for coaling is jreotreated hy settling, chlcriraticn, and floa-

culation with ferric smulfate and lime befcrw use. A smll smount of sodium dichro-

mmts 18 added az a corrosion inhiditor. An estimate of the mineral impuriiies is
given in tha data of Tadhls 2.
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These analyses are of & Q:.n.litatin pature since t’hcspec‘tmmph hss not been
vell calibrated for ‘theéo :aapleu‘ and the chemical analyses are of a spot sature
vith only ome or two samples for each value. Of particular imterest in this table
are the lov value for menganese and the significant smowrts of sodium, calcium, and

/ potassium. “
Aftar leaving the Tesctar, the vater is pussed tirough o retention basin desigmed
in two seations s0 that aither may be ugsed. indmndmti; Here the vater 1z held
for average tines of 2.5'—h~hqm <0 allow the shart lived activities induced in ni-
trogen, axygen, aluminum, nagnesium, caloium, chlorine, stc. to decay befare the
va.ter is returmed ﬂm.‘dwrim."m.e actual hold-up tins as asasured by sampling at
themcanndthe mtmmmneméulﬁ 0 & measced decay curre is
very close to the thecretical obtained frcm the valume af the basin and the rate of
water flovw imucattngv litle channeling.
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relative congentrations iz still not availablas becsuse of tbe complex nature of

the mirture protuced and the aifriculties in separating traces of cne isctope

frea large quaptities of other eontaminants. Ve have identified, bovever, nearly

all of the mjar contrilutors asd have obtained same data on the relative abun-

dance, althongh this data hug not been obtained for s sufficlent length of time

t0 perxit evalmtion af any possible changes vith sessons duse to mticn in

river flov ard thus 'an'bldity, minegral contant, gte. A smommry of the relative

astivities due to the varicus isctopes is gifnﬁ in Table 2 xrTanged acecrdirg

tc half-1(fe.
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Above results norwalized to 1008,

- Radiaticn Erergies *Fraction of
Particle . Photon Total
Nev Mev Percent
5.1,2.% 3.5 3
0.7,1.05,2.88  0.64,1.8,2.13 n
1.39 1.38,2.75 =3
K,0.57,0.66 1.35 30
1.3,2.5,3.0 .55,1.2,1.8 5
0.24,1.3 0.2%,0.77,0.82,0.84 0.3
i, - 1.3
1.71 no ) 0.5
X,e" 0.32 0.k
0.25,0.46 1.10,1.30 0.1
- = 5.7
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Allpercentngcs‘intﬁa work have deen based on the astivity four hours aftar
leaving the plilss since this is an apprmdmtmn of the hold.trpv time in the retention
basin, Ralative valuss at any other time =ay be obtained by mticn with

halfelife. ~The C13% and Ca%9 values in this table were extrapalated fram vork dene

" 4in 1545; all other values ‘have been measured in late 1950 or early 1951 and are re-

=onentative of lov river flm' 8inco the a.ctu&l mahticn.l values only edded to
75%, tbe results in the tahle were norwalized to ginutomarm This discre-
pan:yinclcmis,belimdtobcdnotothgdii‘ticultyincmﬁngthnmtcd
Frecipitats to the sams basis of sample epread, self-abscrpticm, etc. as the ariginal

sarmpls, as vell as to the posai‘bl.o ﬁx;esonce of emittars of half-life less than tvo

hours othe.r than the ones liated.

One 1notape not listed in this tadle iz 3131 (2.8 htm:ra) which my be prelcnt to
the extent of 5-10% although the mmsurements availadle do not cheek too vell. The
material listed as unidentified fallovs in the analytical procsdure at the point vhere
one vould expect zirconius, but specific reactions to positively idestify it have

act yet been earried cut. The fraction listed as "rars sartha” is that ‘activity that
carries through tbe lanthamm fluoride procedre after removnl of interfering icna

by an icdate premipitation. The decsy cwrve of this fractics a s.m indicating a

composite mxrhme. Thy activity decreases by a factor of five in the first day, by
urutar‘oxsnmmnnzmmmdbyalmmrorlwo«fmtmrﬁ.mtw'antymn.
The exnct isotopes that imke up this fracticn bave not beea isalated but are uui:mb-f
mmsmmxwwuwa-tmmmdmhymumotmmd
nnarthsinthnmtarmlbyﬂuionotthamllmﬁto:mnimmsmtinm
utarm‘mthcvoutermxfncuotthcmnitﬂa.m@. ‘momofsuch—um
has been indicated by isoclating the barium fraction and noting tha decay rats. A
ui1dup of activity correspunding closely to that expected from the Lat'® daughter

Balz“o indicated ths presence of £isslon in such a position that ?.ba products are

Teleased to the water. Am@mtimteuftheuﬁvitvctﬂdsmﬂion;tom
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of the total allowed an estimate ct.abouto.isrmotmi\mmmmuththe

cooling system if all of 'th.e Balho produced is diuolved Ln‘ the. yater and not

adsorbed on surfaces.
From tables 1 and 2 it is epparent that the activities of these fractions ars

not in the probort;on expectad from a straight irrsdiation of the salts in the pro-

cess vater. Buch materials as Mn, Ca,\éz‘, ;ndra are h.ighe.r in.mﬁon than V
would be expected. This has been shown, in the case of the Mn, to be due to holdup
of a portion of the ¥a on the valls of the tube through the p'i.le.f.tmn resulting in
& longer irradiation time. WVest has estimated that about 2% of the manganese ia

held up for about 45 mimutes to give the increase in activity.. The large amounts

ef Cu, Fa, ete, are updnubted.]g due to the same problem of film formmtion of the

™ ecallotdal hydroxides vith subsequent release to the vater. Radiochemical analyses
of the film screped from the insids of the tube have indicatad the presence of Mn, .
¢ - :

" Cu, Ea, Cr, P, and iron.
Wi

T ”

- These actiﬁtics form only a small percontage of ﬁhe total activity as *ha
r.".rater leaves the reactor. It hag been estimated that the X6 (8 mec) contributes
about 30‘;006 times as much activity os the a2t vhi1e 019 (31 sec) contriﬁutes about
100 imes and the A1%0 (24 X), from carrosion and the catural alumimm in the water,
contribute about 20 times os much as the Na2. These isotopes have practically
., disappeared by the time the vater leaves the retention bausin. _
. Figmwe 2 tllustrates the Tate of decay over a perfod of two months of saversl
samples of this watar. Tho solid line in this figure represents a calculatad decay
curve from the amalyses presented in Table 2, while the points are +aluss msurod
on & mca vindov counter. All ragults have been normalized to the activity a:tt«er
two days for ccxmparison. The check between the two curves indieatas that no mjor
fraction has boen cmitted, particularly from the longer lived isctopes.
S8coe anslyses have been carried out for tracs qunntitiet ulthough this progr=m

iz by no oeans complete. Our interests in this Trotlem are largely aixed at those

Liasctopes vhich, although prcio’nt in smll quantitiles, vxy pressnt a bazard hecause of

can T H Bt e Tged 2t s ‘. T ST Caet P o LI SR TR
S e 8.5t L B L e i it D) A T TR R el B
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their lov maximm permissidble ltvel in the body. Va.luu fox Z.rgs u5l 60
and CaS are all less than 0.01%, vhile zaS5 is about 0.05% and 8229 s about
0.0024. These values ars uncertain at this time because of chemical difficulties

involved in the separations and the rroblem of nbtaining & 'tmm value of the counting

A
rata fro;a & dacay curve of the izolated fraction. : \.‘.

The effluent valter is routinely monitored for total radistion rate %o & sub-
mergad body by plastic ion chambers over the retantion pond for the gaxma coaponant

and by resding a thin sampls of the vater on a shallov jonization chazber three

tines a day for the beta component. In addition, pericdic sanples of the cutlat T

water are taken, evaporated to dryrnesz and msasured on mice window counters for
total activity. Both of thesa readings (total dosage rate and activity) bave fluc-

tuated vith changes in power lsvel of the reactor and posgibly with chsnges in tur-
bidlty of ths river watesr.

A comparison of the readings of toial dosage and activiiy should glve scame clus
to the bou:\ility of changing ecoxposition of the sctive components with seeascns

singe thae relation between sctivity and the donage rate may de expressad by a simple
equation of the forms:
D = XAB

'.'\—_._

D i the dnsage Tats, A ia ths activity and E 1is the mru'ngn disintegn-~-
tion enargy of the sctive cowponents of the water. Thus if thare i{s no change in

composition of the watar E will rumain constant and the ratic of the dosoge rate to i

the activity will be & constant, An examination of the arerage data for the past

fov years indicates s fluctuation in thia ratic with a maximm enargy per disintagra-

tion during ithe mcnths of May to August aud & minjmum in the winter months., This

may be dus to an inersase in the relative c§xa' uwoncentration during the wvintsr sinse

this laotope zas an avarage disintagration émgy of 0.22 Hav as compared to 4.8 Yav

for ¥a? and 2.6 Mav for )&:56. Unfortunately thesa dats are not acourate emough to

allor exact evaluation of the relatirve gaxa, and beta erargies and the anslytical

data are not as yet detailed encugh to show actual changes in composition of the watar,
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tha sides of the baain,

‘The retenticn bagsin providaes
that may be

& settling location for any solid particles
in the vater from the Periocdic treatment to remcve filn from the
Rubes, and 1t allova contast betveen the vater and the algse that grovs on

Vi1l oecur befare their Tadiocactive decay limits the squilibrium value.
. Analyses of algne from these tasing indicates concentrations of p32 up
to 18% of the total activity elght -hours after removal. The ga2h activity

15 less than T% while the cub® is greater than 3054 Other samplys 26 dayg

old have P32 concentrntions up to 25-30%. The total activity of this algne

is about 100 tines that of the vater for the sane veights,

Analyses of the 88tivity at the time Tilm 1g being remocved from the tubes

indicate that both thg Particulats and the s0luble

fractions are relativa.)q‘-
increesed in ca any decreased in a56 ng .

ompared to the normal vater. The
particulate portion is increased in P32, motay concentratio

the water are increased by factors of about 100 mostly carried by 2-5 PPY of
Perticles adout 9,5 micron in dismatar,

ns of activity in

Both plutonium &and polonium have been detected in the algae and {n the

Frecipitate 2t the bottom of the bagin although the anajytical techniques arxe
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- factor of 5-6 a3 vas expected.
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During ome experiment in the reactor, wvater was eontimm.liy circulated ' 2,5
trough ome tube, coaled, and reused in the systems. Samples of this vater, 7
’-.rm» scma time of operation, vhen examined for tritium cxide, gave values of . \ ‘
about 0.3 uc/ce. These values did not change aver a period of time indieating L
D0 further buildup of sctivity. These results posed three plrobl,mz_- (1) was v

the activity really due to tritium or was our mathod of analysis in error?
(2) vhy vas there no furthar increase in activity?, and (3) vhy should there
be this much activity since with the published cross-section of deuterium and

tho satimated flux, thesa corcentrations shculd be lover than measured by a

factor of 1001
The measurements vers made both by the ionization current produced in T B

acetylens and by the counting rata from a hydrogen filled CM counter vith ' :'{ b

good checks between mathods. After numerous distillatiocns, burning of hydrogen B =

genernted from the smmple, electroylsis, stc. it was coneluded that the activity

mist be dua to tritium since it fallowed hydrogen in every case except in

elactrolysis of a large sarple vhers the gna veg depletad in activity by a

The question of tha avpréaoh %0 equilibium vas answvered ressunably well by

mumotmmtcdduuummtqﬁmaddcd. fim3mupt&t&a - LB

moagured values for one mm shoving the buildup of tritium astivity approsche
ing an equilibrium value. The salid lines in this diagram represent the expected

Tote of buildup after taking into account the dilution by vater added with

the curves normslirzed to f£it in absclute value the rate of increoese moasured.
Two curves are shown, ona for a 106 liter system vhich is the total volume and

_ )
the other for an 86 litar system vhich {s the voluma without a surge tank. The

shape of the curves is & resascoably good it to thc experimantal data slthough

ic '
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T™e water from the 107 basins is released %o the Calumbia River through a

V. DIrIDTIOR IX BITER

pipe that mms aluag the bottom of the river bed to the wmin channel. Neasure-
mummdcgtthoumﬂtyafthn-mtermdq\nucB:cnumupto
100 miles in order to follow any potemtial hazard from pollution. These moamures
ments are yads iiﬁ‘icult by the variations in flov rate o€ the river (20,000-500,000
cubic feet per mecond) which changes both the flow patturn and the time required
'to Teach s given point and thus the composition of the ectivity due to deeny of
the shorter-lived astivities. At lov vater (100,000-200,000 cubie feet/second)
the asan Telociiles rmnge from about two to four miles per hour depending upon
the particular location., Thus by the time the water has reached Kemnewick or .
oy Poseo, the firet loesticn at which the vater is \mcd‘ for domestlc purposss other
s than f.:msatics, the total actirity has dacroesed by a fagtar of three and the
¥ composliiz bre changed to glve 356 5a®, Lok cuf®, 106 2a7%, 1.5% P32, ete,
e Surveya {1 ths Pasco-Eemmevick region indicate that the activity in ressocably
uRifora wrday the river. At distances closer to e efnuant discharge line,
the a:iiviy ippenars to follov a relatively na.n-mr channel z,xreading as 1% flovs
dowr. the river. Pligures bQ, 5, and 6 are drawings mads from reriasl photooreniz
£ tta Sledunrre of the ferri-flos frca the settling basins in several of the
arsas. Tiig patiern coarelated very wvell with activity mwﬁunﬁa made at the
 same time. G0 larticular ixterest i the nhnteh of Figure 5 which {llustrates
th; effent £ 3¢ island in the river., At low wemtsx 45 isiand (8 joined to the
sbc:eatmzmm. uﬂnntcrinu, hovaver, a considsrable amount aof
sctivity Tinty its way into the slough behind the imland giving the highest sbhors-
line concentraticns on the river.

Eoutine snalyzss of the water at Pasco and Kemnewviak Mmu that tha sum
of the individmal agtivities m vell below the mxim:n parzisgible lsvels for
thert lsetopes in drinking vater. Scme concentration of sckivity is noted om
the filters for the domnstic waler, dut this has never reached an alarwing lovel.
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