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FINAL REPORT OV PRUDNUCTICN TiST 106-2-P

ACTIVIT 0"‘ PJLi} JISCHARCE TATER

. Introduction

. The radiation charactcrintics of ¢hn pile dischargo wator, and the factors
<. which cause theso charactoriatics to vasy, hiave hoen studied under this Production
Test. Detnlled disvunnions f wvarious vhases of thic prohlem have been reported
in interim rcports. The pre.ent roport mumnmarizis and correlates significant

facts from previous reports, cnd ircludes an oxtonaive bibliography.

4 Summary

Ry means of activity .coay 2urves and chemical tus<s, the idemtities of all
important water activity comicnents havu baon esta blished. The activities of
thess ocomponents have “cot: tossurcd from timo 4o tipeo under a variety of conditions.
Thé following oonclusiom cs be crawn fromt thess noasurorants:

1, The radiosctive i:.otopas in tha ordor of decreasing strength in the
. water as it leave. the ;il. nre: N16(8 nac.), 019(31 seo.), A128(2.4 min.),

1g27(10.2 min.), -138(3, min. ), Ca49(30 min.), ¥a%®,(2.6 hrs.) and Na2é
© {(14.8 hre.). The velriivs ¢c'ivitics of Lhose components and their
variability under <ortny woiitions are discuised in this report.
_ 2.i. For water whose crrrpoeition ~uue not chanpo, ti:e intensity of each /
‘ ‘,‘x.‘-' . compcnant is dire ‘tly nrepertinsnal Lo the pows level of the pile. -,
( 3.° Exoopt for the AV'T goujonont, wii-i srises principally from corrosion A
R of aluminus tude ! elus ¢urfaces, the mnount of osch activity come
A ponent variss Ju ‘liroct progzortisn to changes in the concentration of

11’.. renpectivy pe.ant cl-r-:nL in the¢ precesa water,
*z

""Bomo elcmnta, perfizvlerls ranganass, and pro:adly magnesium, stiok
,itpnparnrily in thejuetor tuber of tho pilo.. The intensity of the Wnb8
cnponent is hcru nad 'bv a t‘ucﬂor of B5-30} 1due to esticking of about

por oent of.the mm('mon in tha nt.or f‘or an average 1rndh.tton
e o!‘ (Y] ‘ninuttd.' : .

; s A
i ~; : § tomi 108 0% mataer: nc’ivit)‘ ca:ponontl ce Il.rroly indcpondcnt
% ! 5’ t ,jthé dmount’ ot‘{.“imﬁln the water tubes ot tho piles  However, s

Y X s,- *‘on:por;rf.,dooro 3 :m tho utnncth of the ¥n%6 ocuponsat results from
! moulior. i'_tg“!\ By Furgings -4 only. o or: threo, days are- roqnlnd

9, bui -

T
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% ad il ror.g ureiraten “of.the Retention‘Basine " -.
i d 3;'““%!'3""-»-’ by r}te&pnu cpouunc at 'rated: capsoitys <.
n&&{j’go) (I« Te ur.pomnt. éxi.ch hdi¢ besn: knmn to vary by

T4 TEator b P bR ntens Aty Has' ‘approxinated. 4,17 mrep./hr.
3 oﬁhnhoft"’pcrféqéoht‘inui 04 d1lution by other:plant wmate ucor.’
alvays bewn gUeLioldny €6/ Foduoe tho. hm:ﬂ.w bolo' the! tohmo
bi b _grqgtho mir.,ruohtd the river: .
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7. The water sctivity at ths outlets of tho Retontion Basins during
purges with 100 r.p.m. of 4/stlomaveous earth, berinning 1-2 hours
after shutdown frm: 250 1%"., is normally 2-3 mrep./hr. It is
estimated thsat tha intonsity would be considerably above tolerance

u' a purge of ar intire pile wero to be carried out while operating
250 }oll. i

6. The elaments nary anvse, conper, sodium, chromium, phosphorus, snd
iron havo beon icdantiflod in smples of £ilm from the water tubes.
Other eleronts nmr; elso bu presont sinco a larpe part of the film
sotivity romaing unidentifiod.

9. Any corroctivo nction winsd at reducing or eliminating the variable
MBS water activity cempimont i€ axpected to involve (a) the use
of coagulants whish aro frue of menpancee impurity, or (b) changes
in wator treatmor: faciiities and procedures %o insure more effective
removal of nmange: +ne Iloz the water by filtration.

Datails

I. Caloulated Values For "'.“.E.".E. .‘.ctizitz

Various spoctrosconi. anc chemaical auelynes of sunples of 100 Area
process water have becn nac: <o delormina the +lemonts prosent. and the amowunts
of esch. Soame of Lhouo ane’ vauve e re'e routinely in oonnection with water
control work and mmerous - ults rru availaGle from which the averspge cone
contrationa of Lhe mouve sl st coantituents wors obtairad. In other cases
tho tests have beon few and >e resulie eru only rough sapuroxinations.

By taking into accow:t {'e corcustretinn of each elemant in the water
and making use of availutl- fufantioun on neutron induced remstions, (Project
Handbook, Cl=697) esifraics o tha coatridutisne of all congtituents to tha
effluent wator activity huve bocewn wwic. The 'isirtogration rates shown in ,
Tsble I represunt tho avorm o smovuta from s entire pilc operated st 260 K.%ie,

at t))w instant the witer ro:ches tho dischargo hoader (hereinafter called gero
time

.

The oontributiom of corrosion products to tho water activity hm d.
boon calculated. Tho calcuiations havec “eon based on spectrochenical analyses
of the slug and tuto surfaccs together with the sssumption of average ocorrosicn

rates of 0.0001 end 0.000CH cm. por month for lluc and tu'bo lurtlo rﬂﬂoeuﬂh
Results are shown in Teble [I. . [EAg

-

It will be obsorved (Tuble I) that the ltrons -lotivity' mponm ».4R%
the order of descending strancth are: N18(8 sec.),. 019(81 lOOo) CA1B(2.4°%

€138(37 min.), ¥g27(10.2 min.), Na24(14.8 m.) Ml(uo ‘nin);iCa g"‘“ﬂ‘g,‘.‘ -
Cué6(5 min.), and 56(2.6 rrs.). Tho only strong ompomt;ofW" rrosion
produst group (Table 1I) 4s A128(Z.4 min.), the. contdbution‘trﬁ
being preater than that frou: irradiaticn of the omall: sndid '0 "1y

the process water as it traversos the unit. oos

I1. Veasurement of Vater Activity .

Two typee of instrumcnts wore frequemtly used tor ru:minr tcﬁﬂty"dnty
ocurves on water sarples. Qe asaordly consisted of a G. L. Tadbe mounted

1403535



n'rate [
ﬂ\ lho uuvm tubo hy cnpontu; hau?tmm*ol\lni of. WM '
€ /tbe: Soimticy Fébes with that citained;from’a iranius okide source:
with: umﬂnl pu-try‘.um amulsr’, type of counter wis: beed, mumm
the activity’ '6F the mte in 14quid’ form, @d possessed the advantage that
oointhg sould bo;i.n xory: téun ‘after &'s®ple hhttoba.}tt@pb: pou_ittug
asuremsst of gpom n-rin; uhort mr :m.v*; ST S

ob_

K The results were then ocuparod with expsctations based, on ‘condentrations and

ross’ sections of elements known to be present: in’ the wateri It.should be . -
Cesphasiged that w graphical analysis of m deoky ourve in shioh seversl omnta .
.h-vin;)inn..r Relf 14vss 818 rcpronn’ud 1s-subJect Yo considerable uncertainty
Anless ‘supported bty ohemiocal: dats, It was. £irst thought that the dsosy ourves
‘oould be resolved best into components having half lives of 2.4 nin,, 16-18 min.,
z.a ;hre., ‘and 14,6 hrs.. (Rcronnoe 1) 'All half lives wore attributadle to :

oould be rnolnd into & mixture.of two parts having half 1ives of ;bout :
©.10 min.’ and 34 minutes.  (Reference 2) This breakdown seeméd partioularly -
craditable #inoe the concontration of magpesium in the weter is suffioclent to
-“acoount for a strong ¥g37 (10.2 min.) oomponent. ‘The 34 minute half 1ife oould

- oasily be & mixture of Ca%¥(30 min.) and C138(37 min.) lactopes. The detailed
{ “analyses also showed the prosence of a vory small amount of activity having a -
' half 11fe of many dsys. Tho most likely contributors to each of thess half.
R um hrn boon tahn fron Tables I and/11, and regrouped in Tadle III.

242 % measurements of the intonsities of the W6(8 sec.) and O39(31 sec.)
ocapeacntl have been made, boosuse their short half lives make such messuree-

" ments diffioult. The theorotical estimatos in Tadle I are probadly fairly
’r relisble,

being subject only to errors associsted with the oross sections and
-4.‘:'@--‘{,!‘1\:: damsitien. -

Mo experimontal intensity Cigures wers obtatned ca the
- gaseous activity ‘components, although dsosy curves run on ssmples of gas

- emitted from stacks at ¢the aunotion toxss in the sewer from 108 Bldg. to the

i Retention Basin showed periods corresponding to A41(110 nin.) and €133(37 min.)
}_‘-'-,;gjlt u ie assumod - that 4000‘oubic fest per minute of air onters the veats on

5 % tho* charge riser and domcomor, the stsck ghsos should have about :
3}7 dh./oc/uo. from 441 'and .2 dis/oc/aec. of €138 under standard conditions
788250 X.M. 5 Thess sitive. r:uu aro napt fron the eooun‘ vdor by ur
.‘?.ontru.md 1:_; the' dmcmr.

"ol 5 .

b R ' '.'2“"3" v

3 ~;:rr.f( m uurod ummun or ..u wter ccnponentn ozxoept’ the nry lhort-
‘e-1ived ones-and the gasecus Products’ are 1isted in Tabls IV, . The maximum end
¥ minimum values represent tho extrens’ ranges .of mumdvdmlo he average
LA '91\“! are nuntu o: tho nmrq;oo buod on put portorunoo h .u areas.

. v “" e
S + The ccllponont having & half 2tfe of z.4 ‘wdmsiben g0 £123, . The measured
}nt.cuity (Table' IV) 48 3-4 times ‘as high as expected from the anciumt of

e aluninm in the water and_the rates or sorrosion of Sudbe 'l slug surfaces, how-
“'evers  The mewrured intensity of Mg27 (10,2 ein,) is 1ikewdse higher by a fastor
"of 710, Closer sgreemsnt bLotwsen theorstical and experimental valuss for

thsse onmponents oan
[ 14035b _—
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‘on surfages in the tubes. [ftrong 150 setivity was Lfound: 4n lﬂp1.lf°ﬁf&l;{(?
..fron discharged slugs and in samplos of affiustt water during’ purging cperaticnss
“(Reference 73  sulphate: s k

. to the cooling water. of a single tube, it was demonstrated:that'the M8 Lstivity -
~4n offluent water L2 increszed by a faclor of, 28-30 dus to Btlcking: (Reference ¢)
It wes estimated that ;ppro::i.u:z 1 Db of the paio.atickang (Re :
:8tuck on the tubo and siut surfacos for an sversge stickingitimt of about 481k, -
~minutes. By sinilerly adding ferrie mitrate solution to'a single tube T It wass:
~also shown that no significant enount of Mad y Tenn "on ' the 9)
“rosction on iron in.the watur or £ilm:

‘Columbia River water.  (Reference 8)  An equal or Slightly grester’
“sdded in the fom of sodium silicate and ‘sodlw’ dichronate for f1ls

DECLASSIFIED
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be achievod by takin; into s ccunt lthe f‘olfz.:hn; effacts ‘which. woro not cone.
sidered in calouletine the retlts showyn r Tables T and 2IXe . 0 .

1. ieedil a%oms of stindnmun =28 myracivn ‘are ajoctod into ths water.
stramme TVo ol rifivance of thisa contridution &s difficult to
evaluats brcaure F the presence of film on ¢the surfaces, and the
limited razse of - rocol) ators. Tho ranne of the atom rge?, -
producad by the 1 wetion A127{n,») is about 3x10°0 em. dn =
eluninur, while ¢ rt of A37{x, ¢) 45 only 9x10-8 ams, (Reference $)

2. Some elements Ln olution tenn tu rtick temporarily on surfaces in
the water tules, hareb; ircreszine the effactive Srradiation time
an¢ roouitant &c’ vity mun;: fold. This sticking effect has been =
dencnstrated wilt ansenose ond copnor soluticns. (Reference 4) °
Sirdlar affncts jrobtadbly occur with aluminum, silicon, and )
marresiwm (partis .larly tlio latter) in the process water.

The portion of amter .stivity having an snparent half life of about
34 minutes wac oxpoctnd to ! anixture of (a4? {30 min.) and C138(37 min.)
icotopos. Confirmation was :ltajr-d by chcidically separsting these two
elements from the water and ‘easurirg their half lives. (Reference §)
Tho strengths ol the two cul unouts wore rl.cwn to 'be epproximately equal.
The isotope Cs49 ducays %y * 1%a cuizeie. Lo 7c¢A?, which in tum decays by
beta ermissinn, with & Palf  re ol 57 minvice. The 57 minute daughter .

isotope was nct detected in or-poalte ceeuv curves, beceuse its effect was
maskod by other atronper cw -onentsn. L

At first plance (Fic': ron 117 and I‘lé the 2.6 hr. mﬁiyitw might be a
mixture of the irotopes ™ (2.4 hra.), “49(2.8 nre.) and Cat9(2.5 hrs.) {n

‘unknawn proportions. Tho e:rarimeutsl viino for Lhe strength of this activity

was much highor than axpect - from single cross section and flux density

‘consideratione, Chemicel s-paration %=svn have shown this activity to be

slmost entirely dus to ¥nf0 (2.6 hra.). (Bufcrence 6) The low concentration ...
of manganeso in the process wator, togothar with the exporimentally verified ..
presence of ¥nS6 sctivity 4. offluont wator eftor scrams of ﬂ’n.\mﬂh"l“ to 1
the bolief that core of thu mangauoeg in tho process;water sticks temporari

3

in w spsolal tost in which dengancus suiphate: solution wasiadded s -

1y 2 por cout of the manganess:in the Vater:s

0% sctivity results: from'the ni8(a,p)

. Sl A L R
- The 7resencs and atrongth of the

o E te
5th of the 14.8 hri: ecmponent e
expectations, This aoctivity is due to Ne2t res

& Scmpon
) . resulting
oo sodium in the waters ~Approximately 2 p.p...of sodiwmdaup’

control. The ancuat of NaZé(14.8 hr.) sstivity 1 belleved %4 e direstly™s
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proportional to Lthe scdiwn vontent of the wetor and s not affected by
sticking in the tubes or otrer abtnermal fantore. A component of activity
of 12-15 hrs. half 1ifo in film samples vas first thourht to de Nel4

(Reference 7), but waa later shown to ba larpely On64(12.8 hrs.) (Reference
11).

Tho long 1ivod actirity (Table IV) h heliaved to Lo a mixture of
several iaotopoa. The contritution of Pe%9(47 dxys) is probably much creater.
. _ than indicsted in Tablo I}i. Tho promeres of iron in the £ilm (References 7
; and 9) would incremas ito ir -cdintion Lima a freat deal, If subsequent
partial washing awoy cocurre -, %“:s otroength of the PeS9 oomponent could cone
ceivably be grest enouch to nccount for 81 of the obcerved long lived

activity. The weakness of t.2 lonp lived aotivity prevonted messurement of
its half 280w,

II1I. Varistions In Vstor Activity

It has beon shomn that, for outlet tube temperatures delow 53° C.,

a1l water aotivity conpeononts incmuo 1i:0arly with power level. (Referemce .
10) Activity componente such aa A128 which are functions of the corrosion rate
. of the aluminum surfaces 1:y bo expocted Lo incresse fastor than the established

“linear rate if the operating power lovel is raised high enocugh to produce an
’: nooolertted nto of corrosion,

Vhter activity was once thought to bo & function of the smount of film
in the water tubes. Llore oxtonsive data showed that the sreviocus indicatien
 of positive ccrrelation betwien tho intensity of water sotivity and the amount
" .- of £film in the unit was meroly e coincicence. All conponsnts oxcogt Mn58(2.8 hrs.)
Toiioare ugaffected by purgesn,. (Raferemce 10) Since the amount of ¥n® sotivity
depends upon temporary holde of msnganese in the film, a sharp decresso in
:this component can be expocted immedistely aftor a purce. The average holdup
ime of manganese is only about 48§ minutes, (Paferonce 4) however, and the
aturated oonomtn‘tion of manganese ie rocched sgain within a few days after
“the purge.:. After an extendvd shutdown, several hours ars also required for
Tithe Mo 4n the £1lm to build up to its saturation valve. There are no
"f‘ hﬂiﬂﬂm “that the smount of ¥n56 44 depsndont upon the thickness of the
o ﬂg. _. unit /The ¥g27, componant would also be expeated to decrease temporarily if
REY

were purged’ quiokly.vmh opeutivg, eince m.gneuua is bellsved to :
2% iok. on'currwol‘ .;,mtho ntb :

£ gté&@f ﬂtr

atha onoont
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the unit that the pwpe cere. sta und pae docay ecurvas on typical film

samplon havo been moacuree a ! rerocted.  {(ieforence 7) Hadiochomicel tests
have also beon parformad 0 ‘~toinino the 1dmtities and concontrations of
the crnatituanta, (i'efur-nco 2) The r.sults of rraphical analyses of decay
curves indicated thu pressnc: 3f copononts Lacring half lives which wore
tontati7ely essipnad an folloviy 1% "G(L.G his. ), N ‘(14.8 ‘hrs.), C dl(a.b
days), and F659(47 days). A ‘ractian: of alivisy having a half lifc of 60
hours was not idontificd. I t.cquont raiiocnerdcal naug results indicated
that the portion of act&vl‘j prev anvly ut'ributec to Na4(14.8 hrs.) was
actually largely Cub4(12.6 i v.). The proznace of M53(2.6 hr.) and Pe5?
(47 dq) conponentn 1n tho filir vad verifiod, Othe: components identified
wore Cr5l(265 days), !%(14.5 dcyu), and a naml) amount of Ra24(14.8 hrs.)
A vory amall amount ¢f alphn sctivity weme foand, but its sourco could not be
deternined. No fissicn piaduct or cadehim activition woro detacted in the
film emulsions. FEifhty por sout of the press activity remained unideatified.

During periode when tie tn%8 comyorunt is abnormally high in effluent
wator, the film alzo contair- ro]a..w;ly mors ¢f this corponent,. Higher
Feb9(47 day) activity rulutive tc cihsr co punonta in the film has also been .
observed during theass psriocs. Thri- ohzarvetions are consistont with the
conclusion that high ¥nd% aclvily in svit wetor occeurs simultanoously with
higher iron concentrations - the prolu.a wnlor,

. b e et = ¢+

IV. Activity During Purpes

During purges with ditunacsocus earth for ramoval >f accumulated film
from the tuboz, active filr particlns aro cerried away in the wash water.
The amount of this sotlivity je variuhle, ‘epuading vpon the following factors:

1. Operatin: power lovel of the unit prior to tho purgs.
2, Elapsod tine aftur ahut down urniil 4he purpo ccours.
3. Composition of tha filn.

4. Concentration of nolids in the wash wator.

5. Flow rate of the wash watur.

The major gm of f1ln aotivity, during the frst t'ow hours after shute:
down 18 dus to In6(2.6 hre.). Since the ccncontration of mangsness in the il
filn i¢ extremely variable, ocorresponding. veriations in the, l.otiﬂty ‘of pur;oa«
watar oan be oxpeoted under otherwise identfoal purge' coadittoub tna
of identioal composition, the" sotivity por unit weightils proportiom £ the
previous openting power lovel, and decresses with time'after, shitdown: ﬂu
rate of film removal, and honce’the watér’ activity, in’ bonmd Lo vé pn '
_portional to the concontration of solids in the ‘wash nufc.;.w %
'linultmooul sotivity and prossure drop muurmntl, on; indhtdud‘ tubol‘ U=
- dng purges,’ it has boon dumonntrated that the uﬂﬁty"bf ‘discharge water o
be used as n reliadble indiocator o2 the rate of’ nhmd‘;@(mnnm- 'n' ~
108 8L %

4 s s 4 A 7 Y s s s 40

and 12) In this mannsr 4t was sliown that!the!

s % x »:v ; %‘ﬁ; SAEA " : "3;,, B
‘ During pur;u-. n whieh tho mm ocnoentya heiqlec
peuak activity ogours; immedistely after tho addition e&loltu O

oreasing np:dl,' in lpproximtoly oxpouantzn ruhion Aherei

iYL ""‘W(‘{
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L fiiﬁfvibﬂnﬂn widely 4n atre « A value of 20 mrep/hr. at the inlet of.
; '..‘.\;;ﬁi,t&‘.muﬁued'_mm;gu typical of. a purge with 100 p.p.m. diatomacecus earth
1 beginning 22 hours ‘after srutdown fron 250 V.. Three factors which operata
0 reduce this peak activity below the toloransce level before the water is

.

, :&_{?dikmch'tnto the river are:
8E 8T nedlonstive decay of activity while 31500 e he m‘m“ 1ne
5 + -7 - Retention Basin. At a flow rate of 81 GePems, the hol t

mw 7 2 ¢f tho basin is 5 3/4 hrs. Tho llpw rate is normally reduced for
2.7 metal discharging operations immediately after a purpe. The holdwp
- . . 'time will thus beoce considoradly grester than 5 $/4 hours.

- 24 Adksrence of active film particles to the diatanscecus ssrth
c particles. As much as 80 psr cent of the activity oan be rumoved by
100 p.p.ms of distomacoous earth which is allowed to settle for
ssveral dxys, A reduction by about 50 per cent due to settling,
is typiocal of the Rotention Basins.

‘3¢ Mixing of water ia the Retention Basin. A sharp deorease in
" eotivity ordinarily follows the initial peak. Due to slight
mixing (both by turbuleace and by settling cf solids) with
surroundiry water, the peck sctivity is subatantially reduced.

Due to thie combination of factors, the activity of purge water is
reduced to a level below tolsrance (4.17 mrep./hr.) before the water is dia-
charged into the river. Valuos of 2-3 nrep./hr. at the outlets of the
Retention Basins are typical of purges with 100 p.p.n. dintomacecus earth,
of one hour duration beginniag 1-2 hours after shutdown from 250 M.%.

.o From data obtained by irradiating a ssmple of diatomsceous earth in

the 305 Bldg. test unit, (Reforence 8) it is ostimated that 4f a unit were
purged with 100 p.p.m. while opcrating at 250 ¥.%., the activity of the solid
particles themselves would anount to at least 1.1 mrep./hr. at the outlet of
the Retention Basin, In making this ostimatv no allowance waa made for
inoreased effective irradiation tize due to temporary sticking of diatomsceous
earth particles in the water tubes, It is probable that the sotivity would
be inoreased many fold dus to sticking. Tho sctivity of the film partioles
“would probably contribute sn sdditional 3-8 mrep./hr. at the outlet of the
basin. Thase incresses would be in aldition to the normal water astivity of .
2-3 mrep./hre It 4s very unlikely that e purge with 100 p.p.m. oould be
sarried out in a pile cperating st 260 M., without exceeding the upper linit
of 4,17 mrep./hr. for water discharged into the river. A prooedurs might be
worked out whereby only a psrt of the pils is purgod at one time or re~

ductions in eolids concentration or powsr level are made to pernit purging
., while operating,

‘V'.' Badiation Haserd In Procesa Vater

The contiibution of each sctivity componomt to the radiation hasard

"in average effluent water haa been estiratod. Dotailed and fairly relisble
data wore available on disintorrstion schemes for 1n58 enq xNa2¢ isctopes.

(References 13, 14) The energies used for other isotopes are rough

approxinstions based on data from the Project Handbook. The total radiation

dosages are calouluted at points corresponding to sero decky time (discharge

fece of pile), 3 winutes docay (semnle iiia). 5) minutes deocsy (inlet to
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100-F Retontion Basin), and L /4 hourr ' s, ‘outlut of Retention Basin).
Averare initial disintepsrar i+ ratas ol 'he individual componerts ware
usod. Rosults wro thown in faule V, Tic dosepe retos anply to fishes,
or other animels totally L.-orsr¢ in tls water,

It will be observud thut tho W€ co—sonont accounts for more than
98 per cont of the radiatioi. hazard o° the dinchurge face. After S minutes
docay the N6 hes cisappoured end AJ28 4c tla strongost compomont in the
 water as it reachot ilo surjle ruoms, wi'h strong ccatributions by 019
and Mg27 also. A% tho inlot te the Beten®isn Basin the ‘A128 gontinues

to dominato, whilo C19 has circ:t disappuared. At tho outlet of the Re-
tention Basin, Na24 normally ropruovents 77-80 per cent of the radiation

dosago rate. This porconta, . veries widely, doperding upon the conocentration
of podiim in the wtes, as wall ae the sirength of the nS6 component.

Samples of Columbin Tivor wetor have bocn taken at various locations
relative to tre discharge point of walor from the Hotention Basins. (Re-
ference 15) Activity measursmonts on Licse srrploa showed that dilution of
the active wator occura rapidly us it flows 'rowm the discharpe point. At
& time when the rediation intcrsity of witur luaving & Retention Basin waa
2.2 mrep./hr., the rate was only Laif an gpreet trenty-five foot from the
discharge point. Purther dovaistrewn, tho maairura intaneities found at

distances of 1000 feet and ! - rilua wor. O.1 wna 0.092 mrop./hr., res-
pectivoly, .

Characteristica of Rvtuntion Bus pui.ormance, &8s it pertains to
reduotion of water activity ¢ « lLolerniisa lovel prior o discharge into
the river, havo bosn inveot) tini. {lulfarva.e 18) It was found that the
effective holcup tire of en 9:tire tszi:, % a flow rate aof 31,000 g.p.m.
is about 5 3/¢ hours. Tha treoreticel rarirwz, Lused on actual basin
dimpensions, and no mixing 1a G} Wours. 5ur3 channelins ocours, but the
smount ie sxmall, wa shown by cirect wuter .24ivity messuromonts at various
polnts in the bazin as well ey the ovorull e{ficiency of adbout 88 per cent
in the effectivo holdup time. A staticticsi analysis of Retention Basin
outlet water activity data, snd wind velocity rocords, showod no sorrelation

Lotwoen the outlot wator activity and ths diroction or veloolity of the
wind. (Reference 18)

 Water fran the Rotontion Bosins iz nixsd with other iusctive water
®e3tes before beingc discharped into tho Columbia River. The amount of
dilution variea but on the avorase tho mctivity after dilution is about 70
per cont of the exit basin sotivity. (Reference 17) This dilutiou i»

R‘\mioululy' sdvanteceous durin; surges when the aotivity has sometimes exe
ctgded 4.17 mwrep./hr. at the outlet of the basin. .

. N\,

N _Ascording to recent literature (Beference 13) M decxys by emitting
@ beta and®gamra ray. Thres different coubinutions of bets and gama enarging
are beliuved to exist. Beta rays of maxima onorgies 2.88, 1,07, and 0.78
mev.are acioupanied by penma rays of 0.845, 2.66, and 2.58 mev., respectively,
The percenta;es of disintegrations ocourring by these prooceuses are 80, 2§,
and 25 per oent respeotively. The disintegration of Malt is believed to oour

\ .

s R e g ——— e
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by emission of & Liota particle ¢ -nxilmm ane cy 1.4 mov. fullowed by two
Fanma rays in cascafo, of 1,35 wd »r.3f mov. {lufercnce 14; By assuming

the averare bota onorgy to bu equal ¢z 30 fur eant of the maximum and
waighting each mode of disign.epralion in Lroportion Lo tha probability of

{ts oocurrence, the avcrofo Leta and garen viorgies por disintegration of
IS8 gre 0.76 ard 1.82 mev. -wespootively. Corresponding valuss per disintegra=-
tion of Na24 are 0.56 and 4.:!0 mév. for bata and panma rays, respsctively. By
using these avorape enorgy valuos, torother with tho nesumption that the
sbeorption of one rosntpon is equivalent to the absorption of 83 ergd of
enargy per c.c. of ticsue, (Refororco 18) rudiution dosago rates due tc beta
and pamma radistion separstoly have beeor calcidutod for the unb6 and lhz“

components. Reosults aro cho's: in Table VI. Tle disintegretion rates are
the saxe as those thown in Tuble IV,

It will be obsarved (able VI) that the percontaye of the total
dosage rate at the outlet of the Lasin duo to the b6 camponent variee froa
about 12 to 35 por cent. Dur to the loror rolative gamus onergy from the
nb6 component the ratio of romna to hate dosays docreasas as the Mn66

component incroases.

¥W. B. JORDON, CHIELP SUPERVIB(R
100 - 300 TECHNICAL

(il - o
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TABLZ 1

CALCULATED ACTIViTY OF
EFFLUENT “ATW I (AXCLUDING CorIWETON PRODUCTS)

Is-tople
Concentration Cros. Section Dissintegrations
Element in P.P.M, __X“-l-'_J.zi__ Reaction dal€ Life Per C.C. per 8Ssoa.
N 0.011 0.01 1i5(n, 7 )R2E 8s 0.02
0 8.88 x 108 0 00022 0l8(n,r)o01® S1s 2000
- 8.88 x 1c6 0.000012 ol6(,,pox18 - gy 400000
Fa 4-5 c.69 | 5;23;1,5)71-2‘ 148 p 9
)g 5. R MeZ8(r,g)Hg?” 10,2 w 10
: - 6. ©.00%4 ¥g24(n,p)Na2% 148 n v 0.004
Al 0.01 .23 Mm% a4 a 3
- " 0.01 TRL O M27(n a)ne24 14.8 h 0.000007
- 0.01 ¢ L00h N70.00%% 102 0.003
s4 7.5 r.0:2 EESCIPWSTLL 2.4 m 20
-- 7.5 ooz S0 g1 a 0.01 ,
-- 7.6 .1 83n,g)813) X 2.8 n Y/ 0.6
P 0.016 (.23 23in, )32 14347 0,008
- 0.016 .08 Ploep)st® (28 0,0001
- 0.015 €. 0085 #a,0)028 24 n 0.02
s 9.0 | (.08 332(n,00p%2 1434 7 0.0
-- 9.0 .26 840,085  xgs 4/ 0.002
c1 0.8 ¢.01 €188(q,a)p2 X 1434 0.002
- 0.8 ..81 €1¥(n,)138 37 o 9
Cl (gas) 0.2 ¢.01 1%5(n,0)P%2  §14.3 4 / 0.00008
- 0.2 .61 Aa,)c1%® 37 o g

Iy




' *cmém'r or" -
mmm mooocrs)

N

I-otopic .o ,
CNlloixcﬂW Remction Ralf life g:.uo*;m't“:o-
. P Gl P."
0.62 A‘o(n.g)hu 110 m 7
1.0 o, fiz4n - o002
.t zs. 0,66  Cat8(n,p)cat® 30 m 2. ‘
-f 26, 0.21 ca8(n,g)cat? 2.8 h 0.1
- 26. 0.6 ca®é(n,z)ca'® 180 4 0.002
- 26, | 0.00013 ca®9(n,g)cat? 8.64 -  0.0008
 TO 01 0.04 | 18%0n,e)1181 72 a4 - 0,000008
. 04 T 0.14 1150(n,g) 1452 6 n 0.2
Cor 0.8 10.0 cr8a,g)or"t  Yz6.84 0.2
- 0.8 0.0086  crf(n,g)crb® ¥ 1.3 b 0.002
™ 0.006° 11.2 mB8(n,g)un®®  ma.en 0.7
Yo 0.02 | 0.38 Po%9(n,p)re®® K47, 4 000000006
Cu 0.01 3.2 cP3(n,g)cuss 12.8 h G.0004
- 2,01 1.9 t’m“(n,g)f,‘u66 8 m 2
¥ 01 - ' 0.06 1% (n, g 0P 2.8 ¢ 0,003
- 0% - - 0.04 %01%0(n, 010 14,6 n 0.03
Pt 0.01 4.3 1% 5 0.04
- - o0 | 1.1 Pt%(n,g)pt3%7 35 g 0.001
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_Fer Cunt of
Elomant. in
Tabe Sur‘l'.n:_'

Element GSlup Jurface
Al 5.2
Na 0.0l
Xy, 0.008
o °
51 0.14
re 0.01
Cr 0.01
T1 0.01
v 0.01
Mn 0.01
| ) 0.46
B 0.01
Cu 0.13
Zn 0.01

1140365

$8.§

0.01

Q.00

2.11

0.01
0.01
0.01
0.01
0 00t

0.20

0.0
0.01

1.0

W

" 74673
fanie 11
CaNeniguT OGN Tu THE
ERTw ) AT T VT TR
GO Pl SO0
SL0 1

“~otupic

,::;iiegﬁiijE Hyactioun Half Life g::igz:‘;::ig::‘
0.23 ' M3 (n,)A12" 2.4 nm 0
0.000¥ A (n,0)Ne®t 14.8 1 0.08
0. 006 M7 (n,pleg?” 10,2 m 0.2
0 55 1a®3(n,g)Ne%* 14.8 h 0.02
0.0y #e T n,g)%” 10.2 m 0.0008
0.0014 ¥r24(n,p)Na24 14.8 h 0.000002
.23 1%9(n,)st3) 2.8 h ¢.001
0.06C3 242%n,p)M1%° 6.7 m 0.000005
0.012 1188 (n,pja120 5 g n 0.0008
1.90 et 124n 0.0008
10.u ¢rO(n,g)cr® 26.6 4 0,008
0.04 1150 n,g)11® 72 4 0.00008
6.2  Vlnv?  39am 0.07
11.2 % (n, e 2.6 n 0.09
0.368 ret8(n,g)ret® 47 4 0,0003
0.019 Mm%(n,0)0% 72 4 0.00003
0,80 . 41%%(0,0)m% 2,60 0,0002
3.2 @®3(n,g)0u® 22,0 n 0.2
1.9 o®%(n, )08 5 0.04

" 0.5 20%4(n,2)22%8 250 4 008
1.2 ;n“(n.g)tn“ 67 = 0.08
o3 .?_\:i(n.g)z.n” 13.8 h 0.»
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TARLSY .I_I_I_

D
———— . = oo g

F AR VATSIU COUPONENTS

Probable Souroces Concentratio:
(1), Aluminum in Slug  §9.2F

Metal Surfaces Tube  B0.6%

Silicon 1o WMater 7.5 P.P.L.

‘Aluninam in Water

(2) Aluninum in
Motal Burfaces

Megnesium in Water

(S) Chlorids in Mater
Caloium in rter

{4) Manganese in Water
81licon in Mater
Caloium 4in WMater

Manganesn in
¥etal Burfaces

(6) Bodivm in Water
Copper in
Metal Surfaoces
Aluminum in

" Metal Surfzssa

(3) 2ino 1&‘ }}
JMetal Surfaces
Sulfur {n Weter -
Chromium in Water °
Chromiwn' 4n ..
Metal Surfaces

140360

01 P.2.N.

Nbe  98.6%

5.0 P. P,
«8 PPl
28 P.P.Y.
0.008 2.P.V.
7.8 P.Pud.
26 P.F. L
Sluyg 0.01%
Tube 0.00:X
‘-5 P. PO}".
Slug  0.13%
Tube 0,01%
Slug 99.2%
Tube 98.6%
Slug 0.01%
Tube 1.00%
9.0 PPl
0.8 P.P.ML
8lug 0.01%
Tube 0,01%
25 P.P.l.l.

R o010
. \_\00‘67‘

Fe%8(n, g )Tw50

- a———

lgaction®

| et e o —

M?(n,7)0128
$128(n,plA228
,\127(,:".‘“128

'-127(!1&)“5'"
1g28(n, ¢ ) Mg27

0137(506){:138

mss (50 C )msﬁ
5439, ;)5132
c.ﬁa(n.a)c‘49
mss (n, C)mse
%a23(n, g )madt
cu®3(n, g )ouds
n”(n,u)ﬂna‘
84 68
Zn (n.B)Zn
332(,,!‘, )82
cr(n,g)crB

0350 . crsl
ci“%:.:;cu‘°

oquﬁ ”-: g:
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‘ Disintegrations
Ralf Life Per C.C. Por Sec.
2.4 50
2.4 m 20
2.4 S
0.2 nm 0.2
0.2 m 10
ST = 9
S0 = 2
2.6 h 0.7
2.8 h 0.6
2.5 h 0.1
2.6 h 0.09
14.8 h 9
12.8 h 0.2
4.8 h 0.03
260 4 0.08
4.3 4 0.02
1608 d o.m
26.8 d 0.008
180 d 0.002
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TARLE 1V

VEASUREY STRUNCTY UF INDIVIOVAL CXSUlclTS OF WATER ACTIVITY
VT OFaRATID AT 200 V..

°
Half Life 1Msintogrations Por C.Co Per Secs
° Linimum Laxioum Average

2.4 min, Probably Fairly Constaat 250
10.2 min. 0 o 100 90
34 rin. 6 ") 7
2.6 hrs. 6 35 18
14.8 hrs. 1 10 8.8
nany days ° 0.1 © 0.2 0.18

TABLE V

RADIATLUN DG:éi.; KATS 1% PILis DISCHANGE WATHR

Approxiriste Mrep. Per llour to Receptor Immersed in
o . ~ffective : Ruter
Diuinterraiion  Tacharge semple  lHetention Basin
Componont  Ualf Lifa ergy (Vav,) Pace Rooms  Inlet - Outlet
Nig 8 vac. Giod 170,000 0 ) 0
o} 31 - soc. $ 700 13 0.4 o
A128 2.4 nin, 1.6 65 27 14 0o
“cz.l 10.2 nin. 1.6 9.9 a.o 6'7 °
C‘(g* 0138 34 nin. 3 1.5 1.4 1.3 c
¥n56 2,0 hrs. 2.0 2.7 2.7 2.6 0.89
Nﬂ24 14.80 hru. 4.4 2.9 2.9 2.9 8.20
Long Ly duys 2 0.03 0.03 0.03 0,03
_ Totels - T~1,000 B5.8 -5 %3 .
TABLE VI
WS Areunas® 1
RADIATIC DOSAL: BATZY AT (UTLET OF RETEVTION BASINS ™
Beta(mrep. /hr.) Oamoa(mr. /he. ) Total(mrep./hr.
Component ¥in. Ave.  lax. ¥in, Ave, TLax. De VYoo . . .
- n28 0,071 0.18  0.42 0.17 0.43 1,00 0,26 0,61 1.2 %)
Ra 0.21 0.26 0.31 1.61 1.95 2.3 1.82 2.21 2.6

Totals - 078 T O7F TR T YW

140367
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April - 1944 Cp-1552

""'nnn "‘mp‘m Producticn Test 106-2-P (Supple- -
ug;hl) Ao!tintlon of Xanganese and Irom. Msy 8, 1948 . 7-4083

* 100 Technioal - Goneral FPhysics. Activities '
Tém, 1-2546 to 2-25-46. - ‘ © March ¢, 1948 7-382¢

100 ‘l'oehnien - denoral “hysics. Activities

il: fay Trom . 3T26-46 to' 1-26-48, January 50, 1948 T-3402
2 .3;...\;' 2 YN
T .Intorin Report on :‘roduation ‘I‘ut. 108-2=P. Septemdber 26,1948 3-3232
8 - Final Report on Production Teet S5Q5-8-P..
Aotivation of Process \Tator Additivea. January 29, 1948 3-3388
] Radiochenmical Composition of Film Daposita
' From 100 Area Coolinp Water. Pebrusry 14, 1548 3=3409
10 . Interim Report - Production Test 105e3-P. Vater
_ Actirity as a Punction of Powsr lavel. ¥arch 1, 1546 73692
'.;’11 - 100-B Unit Purco. Part I - Pressurs Drop
4 8tudies. 3-2224
12 100-B Unit Purge. Part Il = Activity Studieg. 3-2228
13 Physioal Review 63, 321, 1943. (Tholassified E
- Periodioal) Fuoloar Bura Lavels in PeS8 Pron ' Physical
The Deoay of MnB6 and 1943 Review
] Quru-Rays nitted During the Radioactive : .
. Transition Na4 to lg24, Physical Review 67, Physicad
273, 1943 (Unclassified Poriodiocal). T 1048 Review
18, Interim Raport on Production Test 108-2-P.
B, " Retention Besin Performnance. June 25, 1948 3-2908
L7 BU . . :
16 Relationship Between Wind Velooity, Direatior,
L and Astivity of Water at 107-F. - May 17, 1948 3=2414 i
. . . . . 11
17 Status of Problem of Mossurement of the :
S Aotivity of Waste Yater Returned Lo the T-2340
Columbia River. Beptember 11, 1040
18 The Computation of Radiation Hasards. Juury 17, 144 TEX Beport |
. ' : ‘ W. T’
19 " ¥ater Works and Sevorase. ‘ April, 1046 . Unolaasitied
: B ' : : Periodioal
| T403b8
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