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Process Spec~.ticatio:05 

Raa.ctor Cooling \later Trea-ment 

!. 
Ccpy 

Page. 

, . ., 'fh• !'olloving speci!ications have been provided in accordance vi th the respor 
• t1ae established ror the 'Engineering Department b1" Orgam.zation and Pollc:r Gi 
i !famber o;.1.2. These Process Speei!iea.tions dat1.ce the tl0mal llmita.tio~ u: 
i: vhi,cb. reactor cooling vater is treated to'I"' the B, c_ , n, DR, "1', am H reactor.: 
f additiomil. in!oniation is obtained, it is int.eaded to reviev, aild U necesse1 
,, aJ.ter these speei.£1cat1oms to con!orm -vi.th this nav kDcVledge. Ez:pfflllll!ll1ta1 t: t.l.- r,,.,. th .. • ,peci!icat.l.- ...., pe-tt.ed on tha barl• or p,,,perly appra' 

l production tasta. ,~r 
l l.00 

\ 

2~00 
3.00 

• 4~00 

' 5.00 6.,00 
,.oo 
8.00 
9.00 

T1 tle Pa.g,, and Distribution 
I.::idex aDd. Responsibilities 
Coagulant Add:1t1on 
Activated· Silica Addition 
Cblcr.i.J:lS Addition 
pH Adjuatment 
?:Utrat1on ot Procel!ls '.later 
Sodium Diebromate Addition 
?m:ge 'Material Addition 
EmergeDCY \later Treatnant 
Other Chemical Additives 

Date 

7-15-5'3 
7-15-53 
7-15-53 
7-l~-5'3 
7-15-5'3 
7-15-53 
12-22-53 
7-15-53 
7-15-53 
7-15-53 
7~15-53 

o;..l., C 
. o.;.3, t 
l-l,: 
2-l., :;, 
3-1. 
,4.-l 
5-1. 
6-1., (;; 
7-1. 
8-1. 
9-1. 

Data /1-L 

Date!.?--· 
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Ee&ctor Coolillg 'W'&ter Treatm,nt 

Co-py . 

Page· 

ne fc,l,lovillg 511ecil1c&t1ons ban been -prarlded.in accard,anee vith. tbs re5110n 
tie• esta.bUshed tor tbs ~uaerillg Detiartment by Organi:s.tion and. Policy Gu 

~ 11umiier 03.1..2. ':these P:-ocess Speci.!1c&t1om de::f'i:le the" nor.=l. limitations ,: 
vb.ich reactor coo].ing vater is t:-ea.ted. !or tbe 3, C, D, DB, F, imd. lt rea.cton 

. add,1t1o:al illton:&tion 1s obtained, 1t i!I 1:temed. to reviev, emd; il" necessa::r: 
al.tar these speci.tica.tions to ccmtorm. nth this :c.ev ]mcVledge. Experimental. 
tic:=a t':'0m. these 5t1eei:!!caticm.s are permitted on the basis o::f' -pro-perl.7 g-pprae' 

-production tests o 

1.00 
2.0C'J 
3a00 
4,.00 ,.oo 
6.00 
7.00 
8.00 
9.00 

/ /~ 

Title 

Title ?age a.t!d Distribution 
·. IDde% aild. Ras-cotlSibill. ties 

Coi3.gUlant Addition 
Acti-rated Silica Addition 
Cblor_ne Addition 
-p:B: Adjustment 
Filtration o::f' P:-ocess Water 
Sodium Dicbromzs.te Addi tian 
Purge Material Addition 
Emergency Water Treatment 
other CbemiC&J. AdditiTeS 

Date 

7-15-53 
7-15-53 
7-15-53 
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I 
lJ'mer speeia1 circu::stances, the continuity ot production or the attaiz::snt ot 
certain objectives of a "production test 'f:!BY' !lecessitate tampon.?7 relaxa.tiou ot pro­
cess specitica tiom • The MamLger, PU,i, Technology is author.1..:ed to approve such 
temporar,r nlsxat:ion o~ 1Dliv1.dual. specilications, attar having discussed tha pro­
posed dertation vi.th the S'uper.1.ntei:x!ent, Process. These tempera:,' relaxations 
eontecpla.te pe~c:ds o~ ti:e o~ less than one Yeek am are to :,e- nported in "J1"i ting 
by tb.a ?'.aDager, ?'...le Tech:lol.oa to the ¥.a.~ger, Tecb.nol.ogj a:.d to t.."le 1-'A.Dager, 

I-w.nu:f' acturing. . 
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Process SpecU1cations 

Reactor Cooling \later Treatient 

Date: 7-15-53 

Kidder, C. P., •CMX. Final Report•, 7-41,,J.J. (7-31.-46). 
\la.tar Quality aDi Treatment, ~A. Manual., 2m :&iition, l95L 
Woods, 1'. C:. 1.,, •'Interim Report Number l, PT-105-503-Z, The Use of 

Activated Silica as .a. Col'lgUlation Aid for .Uminum Suli"ata•, 

mi-2'7ll.5-'Joods, •,1. C. A.., "?racess TJatar Qual!.ty Control vith ":.he Al•A.ctivated 
Silica Coagul.ation Process•, ir,l-28389, June l&, 195;_. 

Basis: 
l~Ol The heat generated during !'1!actor operation is relllCved by ?=Ping vater con­
tinuCU!5lY through the reactor. The quaJ.it7 of this w.ter !!1USt be controlled to 
prevent (a) excessive cor:-osion of the slugs or process tubes, (b) excessive fil::1 
!orms.tion on the slugs ar.d. tubes, a.Id (c:) excessive ef!"luent vater radioactivity. 

The quality of the source va.ter from the Columbia Ri-ver is tabulatad belovi 

SEASONAL T ~AT10N IN COLUMBIA ?..I't"ER ;JA'!ZR 

Constituent 
~ 

'!Ai ni:::ruffl 

Turbidity 
350 ppm 

2 ppm 

Iron 
5 ppm 

OoO:l ppm 

Sul£ate 
12 ppm 

9 ppm 

Chl.orides 
1.2 ppm 

0.2 ppm 

Hardness 
75 ppm 

65 ppm . 

Calcium 
21.. ppm 

18 ppm 

Magnesium 
.5 ppm 

1,; ppm 

Methyl. Orange ,.Ukalini ~J 
60 ppm 55 ppm 

pH 
8.2 ppm 

8.0 

0.2 0.005 

Manganese 
The usua:L concentrations are close to the m:i.llimtml Taluas except during the period 

f'rom Febr'U&1'7 tbroUgh _Jumt or each year. 

To produce the desired quali. ty o£. process vater, all aTailabl.e Wormati.on show ( 

. that it is prilnarilT necessBXT to reduce the ircn snd turbiditT vithout appreciabl7 
1:acreaa,ing the hardness o~ the vater-. I?'0!1 is tmdesi.rable becallS• excesai.Te· iron 
ecmcentr&t±~n: ti,. the- process vater incre&8es the !ilm ronation rates. Tm-bid.! tT is. 
ec'J1't%ollecl. to preTant possible abnSi,on o~ process tube aDd. slug isurtaces &lld 'becamss­
b:igh turbiclitT _. also ine%'9d• .tilm. tormation. '?he concentration. o~ llll!U1gall8Se, 

•. 

- . . -- -.... 
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ch is ucdesirable bec:auae ot its high imuced radioactivity &nd 2~6 hour hal! 
e, is wo reduced. .by the vatar treatment process .. 

Since the impurities in the water n:1.st prl.mar.Uy as colloidal particles vi th a 
pgativa charge, the adclition of'&: multivalent positive ion v.1ll neutralize the 
charge and t'o:rm. & ~ oxide f'l.oc in. alkaline vater. '?he gel.a.tincus pncipi ta.ta, 
or noc:, absorbs and emi.eshas the ~ ties 8lld coalesces into coarser particles 
vhich &N remaved by sedimentation am til tration., 

!he coagulants, or noc-tormers, 11.vailabla tor large scale use are limited far 
economic reasons to a commercial. grade salt o~ .al.1lminum or iron. Process water 
prod.Uced. by the cornet w,e ot' ali:mc1.m:zm sulfate or fil tar alum. has been fo'Ul:ld. to 
give negligible fil.m t'ormation rates in. the pile. Genera1ized corrosion rates 
obtained. lmder these coalitions ara lover than -with vate:r !'1occulated. -with 1."e~c 
sult'ata. In addition, ef't'luent actirtty levels' have be'!Il satisf'acto?7. The :najor 
advantage of' alum over far:-ic sul!ata as a coagul.8Jlt is tbat the former makes possible 
the u:se ot activated silica a:s a coagulation aid, resulting ,,in filtration rates as 
high as 4~ 5 gpm/f."t2 vi th the present filter beds. It appears that activated silica is 
required_ 'Iii th alum during periods 0£ lov river •4ter temperat'UJ:'.e or high turbidity 
conditions to permit. filtering rates ot J.O gpm/sq. ft • .or above. 

Th«t quantity 0£ coagulant required depel:lds pr'..mar'-1;~ on the kind and amount of 
1.::apurities.in the vater and the desind. qua.lit-; of 'the process -wa.tar; in addition, it 
is · a.1".tected by the wter temperat'Ul"9, pH, and to a 1t.inor extent by the mixing and 
settling times before filtration. 

The time 0£ mi::cing .t"olloving coagulant addition can be di'Vided into tvo phases. The 
first is a violent and rapid agitation of the ~ater a.f'ter coagulant addition to 
assure uni!'orm. distribution o! the chemical throughout ,:ha vater. The second is a 
longer a.cd gentler inixing, or nocculation, \lhich allovs the noc particles to grov 
in size. These factors are fixed by plant design and nov rate !Uld 1 t is only 
necessary to add suf'!'icient amcunta of coagulant to obtain a. sa.tis!'ac:tor:, floe vi.th 
the fixed time 0£ m:L'd.ng. Arter the nae has been famed, it is allowd to settle 
as much as possible by reducing the velocity 0£ the vater. Attar passing through. the 
sedimentation basins, thevater is filtered through rapidsaa:l 1."ilten. 

Tbs .final criteria of the amount of coagulant, and coagulant aid, \lhich must be added. 
a.re the in-Pile eft'ects of the process \later. By maintaining the process vater 
quail ty so that a. film. £ormation ra.te i., negligible, it has been £amxi that lov 
aluminUZll corrosion ra.tas &:Cid satis.t"actorj ef'!'1uent· actiTi ty level3 are obtained. 
'l'hus, control. o~ the precess \l&ter quality trom the £Um. tormation vievpoillt will 
result in satist'actary overall. resul.ta in the pile. 

Because !iJJ:L f'ormation is & complex phenomenon, :tt has m>t been !ow:n possible to 
predict accw:atel.7 the· occurrence ~ f'1llzt to:rmation by-~ ~ p1"0cess vater 
impm-1 ties./ Consequentl.7', !1lm. !°ODl&tiaa. rates can be· most simplT controlled b,­
Udm::a.-n~ ~ £1lm. .tomation. in: the. pile. A. • .ssti~ac:tor:-.-mstbcd. ~ ~ilm-!oniaticm. 
-~- ia/obtaimd.' bT. awl1cation ot stand.a:rd.- statiatic:al. mtl2ods. to pro.c:ess 
tub• Pmsellit-'preasun, data, u de• c%'ibed.. ill RdenDC~ 4.. It. is therebT poallibl.e: · ·: , 
to, ~1De- the: poiz:1.1: at: vb:Lch. :!1lm. t'ormaticm becomes si.gni:tic:ant. J'or the p1D:poae& · ':.~ . 
ar th:1.s: specU1cst:1on, a.·signifi~ :!1la t'O:m&tiOD. ~~ ia: dat'.1l:Jed.. (in. Eet'erenc:• 4-)fL::: . 
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-.·tr:-
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tb&t rat• vhich vill. uceed tl>S cantT<>l :u,,i.ts coneSI'•- to the portic,,l.ar 
1.danc• :Loftl cm>aen. - highest aJ,1aVODl• co~idonC• :Loftl, cornSl'•­
broadast control :u,,J.ta, 1s 99 per cont. Bat••"''· aMition o< t!,o co...,iiatu,g 

m;l.cal.> con t- bo c"""8""- as roqui.rod. •• tb&t then 1• m,-1,13" 110 s~!.•-

11.crea.,. 1l1 dl>l tor=-t1on rst••. · 
.02 J.l.ti.,ugh fil,L tor.:ation ""'1 sl.u3 corrosion rat•• ore b!.gber v- torr'-• =••• 

uaod. as the co...,iiating cheml.csJ., it is roco¢•od tb&t tho B imi B: reactor s.-eu 

:. ·J· ·7:..:7-: ~-
I _. 1.:.:. .. : . .i 

.... 

... - . - . -·· 

oat - b.sT9 ,..,111t1•• ...... an ,or • ..,. ""'1 ··-·"" ·-·= to sJ.u=i= ts.to. Yeffic s,11:at• can b• sui,at1tutod 1l1 the•• .,,. .. until such s. tU,, tbat tl>B ••••= tacUit1•• ore s...uJ,al>io. _...,r, th• offect• of the con.Joia:t ua• ,st: the 

coagulants a,s.ve DCt been i,atabUsb.ed• 

Al.win"" suli'ate (c,,e,,J.csJ. No. l03, Rll-l9l56) allall bo added coa:t="51:T to 
ho ·rav vater 1D1.et ,st: tho l!ood l!oUO• . as roquirod to m,.ia:ta1l1 - pro•••• vat•r 
,,al.it:, so tbat 110 signil1•""" i.,,,,reaaO in till< ,0.,.._t10n r&t• tokes pl.AC• in tbo 
ea.ctor ••••••• tubes; !n oddition, the pro•••• voter qusJ.itY v1ll b• ma1a:tai=d 
• oll time• vi thin the !ollaVillS l.1m1ts: · 

I:.:purtt7 

Iron. 5J!I Fe 
Al,um,i.n'llm a.s Al 

Ma,Ximulll Concen.t'!"!l-tion., trpm 

0.03 
0.50 
0.20 

l. 02 :i" errl• suli'•t• ( cbomJ.csJ. !lo. U8, Rll-l9l56) viU bo added coa:tinuOUSl:T at tbo 
rav vater Wet• of the l83-B ""'11.83-ll Road llouSO•• SUfi1•1- torrl• suU•t• viU 
,be s,ided so tbat • :esidusJ. 1ron concontration of io .. t"""- 0.05 ~,. 1• me,ia:ts.1-
1" the pro•••• -..ater ,U01>li•d to thO l! """- B: reactor•• Al.=""' suUat• viU ,.,, 

1be used. 1n c:onjunc:tion. vitll. f'e:rric sul!ate. 

TUrbid.it7 

.1, I,. . I • 1•'"" 

.. ,... - . ~ 
- ,. .... ·.·, . ;,l 

_ _:~ ... ~--. 1 . 
:_:: ;, ~;,;~;.: ; ~ 
-~~':'!! ....... _. ·! . :1 
~ :..~ :., ~c.:: ~ 1 
\ol ~!~~";a...... • :\ 
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P~cess Speci!ications 

Reactor Cooling \later Treatment 

HW-2852 
Copy No • .2 

Page No. 2-l. 

Date: 7-'15-53 
.-::. Specilication: 2.00 

.A,ctivated,_Silica Addition 

·- Re!erences: iloods, V. C. A.., ninterlm Report Number l., PT-105-503--g, The Use o! 

~- .. :-:.. 

•" r 
.... ii 

···.J 

' ... - ·:.• 

Activated Silica as a Coa~ation Aid !or .Aluminum Sul.!ate~, RW-271l.5. 

Basis: 
2.01 The use o! a coagulation aid has been foUilli to increase the rate 0£ noc for­
mation and to produce a. stronger nee vi.th better f'iltering characteristics. Experi­
mentation demonstrates that activated silica is an effective coagulation aid vhen used 
in conjunction vi th alum. coagulant. The use of the coagulant aid 1"1:lSul ts in decreased 
filter bnakthrough tendencies, wii:h in ~ur:i enables appreciably inc?'1!ased filtering 
rates vi.th the process vater qu&llt; nov specified. Sio.ce the effectiveness o~. 
i"loccul.ation vi.th aluminum sul!ate decreases rapid1y at lov vater temperatures, the 
addition of a coagulation aid ':!JB.Y 'o.e require4 dur_ng the \linter to maintain satis-
f actor., filtering rates. Al.so, it enables high filtering rates to be maintained 
durlng the high river •atar turbidity occur.-!.ng in the spring. Its use at other time:!! 

or the year is a matter of economic desirabilit;;. 

The preparation of activated. silica is accomplished by partiall7 neutralizing a 
sodium silicate solution vith dilute sulfuric acid. The degree or neutralization, 
the silica eon.cent...,tion, and the aging time must be caref'lill7 controlled to assure 
prope~ nee rormation aDd .to prevent gel ror.iiation in the m:1.nng equipment. 

·- -
2.02 'l'he use of activated silica ·.rl.th rerec sulfate has not been demonstrated to 
produce the improvement in noc formation that h~s been round •.rl.th aluminum sul!ate. 

Speci!ications: 
I 

\

i 2.01. !he f'ollovin.g process vill be used to prepare activated silica: 

l .. Sodium silicate (Chemical No. 113, iN-191561 vill be diluted 'adth vater to 
& !in&i concentration ot l.J - l.6 per cent S102 by veight. 

2. Su!t'icient diluted. sul,!uric acid (Chemical. No. f:1.6,. S-l.91.56). vill.. be added 
' vith agitation, to the-· sodium silicate solution so that 82 - 85 per cent o~ 

l 
1 

the Na2,0 content is neutrsllzed.. 'l'he acid vill. not be added until th& 
sodj.um. silicate concentration is less thaD 2.5 per can't S102 by' wight. 

t 

:i. 

;, 

' 1·. 
,! 

II 
\\ 
\i 

-t j. 
! 
1 

:i 4. 

'rhe- ,sul,?urlc: acid will be· diluted vi th vater to 10 per cent or less bT 
volilmtt be!ore addi.tion.ta the silicate solution. 
'?be _resulting m.xture, eonta1n1ng l.J - l.6 per cent SiOz bT wight am: v.ith.. 
82. - 85 ptt' cell't ar the Na.2') _neutnlized, v1ll be aged vithau.t &g1.tat:1cm. ror 

., 
. ·t 

a period o~ a.t least .omt (i) hcur. . · 
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Process SpecU'icatioilJi 

Reactor CooUDS Water '!Teatmsnt 

page Ne. 3-l 

Da.te: 'T-15-53 

:ad•rei:u:•• : ndder, C. P. , "C-..11 F<=l- Bepor-::" , T-444Ji. ( T-31.-46 ) , Vater ~ualit:r ,md, -rre&t=a:t, Al/i'A ,..,...i, 2m Edition, 1951, 

. :.: :~aais: 3. 01 Algae are m1,mte <o"'" o< p1ont Ufe vhl-ch W.st u,. pra.cticallY all ..atU......i. ,url..,• vater ,md, can s•ri-1" u,ter<ere vi•ll tl,s u1trati0J1• proce•• i1' all-"" to 
•-iaef un,:1,eckad u,. roserroir• ,md, r•t-ion ba&inS• A1&U can be controlled b,r use 

1 . 
~ 
4 . 

i ·. ... 

of algic~de•. - · t= most vid.e.1':r used. &J.gicid.e• are c-er suliate ,md, chl.orina I 
•"" 1.a.ttei •,as chosen to trea:t proce•• .ater, .. c-er wu1d. u,c:-eeae both &J.""''""' 
corrosion a.tld. a!tiuent ac:ti'V"it7• 
chJ.orllle v""n added. to vs:ter react• to ta= ~ocbl,orous acid •,i,ich dissociate• 

to font t"" im,ocbl.orl to ion occ.,- to tl,8 tollovi"6 reoatiOllS: 

'l!l,at cbl,orlna ensting u,. vster as im,ocbJ,orOUS ,u,id ,md, im,oc"1orl t• ion is d.efi"""­
as tree av,dlJ,1>1" resid,ial. chlorin"• vhil.o that resid,ial. chl.Or""' ensting u,. 
chsmical. combinatiOJI. vith -• or organic nitro .. n ,c-.;u,,ds iS _,.,,.._ as c..,. 
bi"""- avai1AD1• roaidlml. cbl.or""'. -ror tlle ,,.r,o••• o< this ~ecUicaticJl, me 
cbl,or""' iS defined. as tlle •"" of the tree ,md, combi.,,od. s:n.J.1aJ>1e rosidlml. c"1.<>rlna• 

::-===--;: K'" +- OC1.-

\ 
l 
-+ 
I 
1 

- -•-=• of cbJ,orld.e 1:0DS causes u,cre .. ed "'-""',.,,. co,:rosiOJ1• """"""'a:t&J. 
evide""• •-• that b,r msJ,m;s.l n1 x,g ver:r 1av conc"""rsti""" of cbJ.crlde ,md, me 
cbl.or<m, co=si"" of &J...,,_ resuJ.ting n-om cbJ.aridO ion can. be ,.u,:!mized• 

S-pecU1ca.tions: 

l 

3.01. CIIJ,orln8 (""""1C&l. l'lo• 1ol,., !111-191561 sl,all. be added contimiouslS to '.the 
illl,et of th!> 182 J!v11d1nP or '.the 183 lluild1- rsv ......- n-•· ~ d.eoi:rod 
ti. cl>].Oril>' .,,,.,. be ..wed si,ml.._-i,- a:t both -pour.ta of adilticJl• suttJ.•­~ v<J.l; be- added •• .- '.the ,_ cJ,l.m"im ,..odd,Olll. ill t"" 1e3 Bvlld1nc• 
cie-1l.l> 1S ~atal>ll> vith. ti. .. pzond ~cal.....,..,_ (!lll-a'l229l• -....-r....: __,.... ...i. ,_ • .,,,,,_...--a:t<=-. ,,..,_ ~ irill·""' a.a 

:! 
~ 
l . 
l 
-. o_.a ns ~~~: . 

.• / . 

~ 
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Pap lo • .4-1 

Datei 7-15-53

Ba!'rme: A.tweed., J'., K., ".Proceco Va.tar pl! l:r!'ac:ta•, BV 24007, ·5-15-52., 

.4.01 P:rocese va;ter pH mast be ca.:re!'tllly cozrl:rolled. because of ita e!'1'ec1:a cm 1:ron 
am .al.umi:c:cmr. c:cr.roeion am film tormat1on n.tes. .l1mrd:i::mm cor.::"Oeiou, u meum""l!Cl by 
vei.ght l.oss, i:ccl:'9ues 'with pi! in the l'!lllge 6.o to 8.0. · 'Bi:nam!r, c0l"%'0aion pitt.illg 
attack det:rl!las.es as pH is. increa1H,d 1n thi.:s nnge. Since a gemrali:ed corrosion· 
attack appears r.a01"'t9 acceptal:lle than pittil:lg co:r:,,non, pEI mmt be :mai.l:rtained abcrve 
7e5• AD •Jkal:ine pH is !11.01'9 desirable from the stand.poil:J:t o£ i1"0D ccrrollion.. Film 
!'or:ma:t:1.on rates increase sl.igb.tJ.7 as pH is lowered in the range s.o to 6.o, pr'� 
because o£ increased. i.:ron pickt:lp in the piping sr-stem at lav pR values., It lut.s bee.a 
shcnm that the pit mast be bel.av 7 � 5 tor proper· coagulat:1.cm vi th the alum-acti"T&ted 
sili.ca process. '.?he fer:"i.c sul!'s.te coagul.a,nt can be uaed. \Ii. th a coagal.ation pH as 
l:d.gh u 7. 8. 

Ri.Ter water pit is quite c:J.ose to s.o. .Addition o� the coagul.ant levers this Taltle 
in propartiqn to the amcmrt added. gene.rall7 in the ±'Imp 7 .2- to 7 • .4.. 1'0 ra:i:se · pit 
to the specil':1ed. va.l:w,, a.- baise mmt be added. ChoiC9 . of the base is pr'...ma:rily om 
o£ cost, ease of handJ i :cg, sclubil.1 ty !'actors, 8lld. ef'n.Ulmt acti:ri. ty comid.arat1om. 
Tbs paint o£ eddit1on o£ the base is detarm:i.ned by the coagttlati.on pH reqa:L,llll!lnts. 

Speci:f':1.cation:s: 

14 .. 01 Su:f'f';cient hyd.rated calci-um oxide� or lime, (Chemical N'c. 108, �191;6} shall
I be added ccnti:rmau.sl7, to the !'Uter e.t'fiuent water so that .the pH at the process 
'. ,.,.tar is m:f.:r:rtained \Ii.thin the limits 0£ 7�5 - 7.8 memn.tred at the ambient vater 
; temperatttre. 'When fem.c sul.t'ate is used, the lime v1ll be added at the point at 
• coag,:z.l,am. addition so tbat the process -water pH is maintai:aed. within 7.5 - 7.8·.
; -� at the ambient vater tamperatt:c:,,. � lime ac added. ahaJ.l be � a term

� � n.c:1:1. tl:zat 90 per cemt bT wigl:tt 0% the particles pus th'z:'oagh & l.0O mah sc:-ee:a.. 
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P:iaaeea S:pec:ific&tio!JIJ 

Ileacto:f> Coolil:ig ·water TH&tmztr. 

Pap No., 5-l 

Da,tes l.2,.22-53 

Bat'eren.ceiu · lfo:xur, V. C. 1., "Inter'...m 1:lepm-t l'fc:mber 1, P'f-105-503-E, �-- Use ot 
J.ct:1:n.ted Silica u a Coagala.tion tor Alnm:f rram Sal.ta:te•, s-2?ll.5, 
April. 9, 1953.. ·. ! 

Vom? V� c .. J.., "htar..m l!apcrt, Pile Technology Dftelopmn't Teat 105-
5�, 100 .1J:-eaa alter Plant l:yd.ratQ.ic IJJiit '?Hts•·, Blif-'9'778, 
J'O"l'Cllbe:r 9, 1953,; 

5.0l The materials ccn::ust:ttuting the tlltar bed should allav the production� the 
proper quall ty· am q:nanti. ty of !'il tend -.,ata:r vi thcut too !'Nqaent backr,ruhirig � 
the til tar occas::La:asd by either b'1'9akthrough � 1:mpu.-;!. ties or c:cess:!."'19 head loss·. 
1'he 'mle � the al:am-actiff.ted sil!ca ecagula.t::Lon p-!!'Ocess makes pcissibl.e the prod� 
ti.on � process va:t•r vi th spec:1.tied. 1:m:p'ar1 ty eonceutrations um.r- j:Jl."aCticall7 all 
coad:1.tioms a!'.tecting the chemieal trsatment. 'l'he problem � illlpar.1.ty bn� 
is tl:t!:r.11 ·,trtoall:.T al 1 m1 :oat.ad, SiJ:IC9 breakthrough ean be c011t1:'0lled by 1.m::Ntasillg the 
add:1 ti.cm rata ot -the silica. E:oveTel", the use ot increased amcimt � actiTatad 
silica has beCI. !'C'tlDi to inc:n�• � rate a£ .bead loss u.ena:se, thereby.� 
tha l.ength of !'U;ter ri:mi&. This problem. is 1!'arther a.gg:n.vated by il1c::rsasel9 in the 
1'1J.trat1.o:a rataG The rate o£ head losa 1.ncreaae can be d.ecreued bJ" ::Lm::.•!!uusillg the 
ammm.t a£ authrs.t:11:t 1n tha .fi1 tar bed !t.tld =• or the ms:rhimm. 'UliiJaut 0£ mtbrat1l:t 
specified baa been fam:d. to g1Te satisf'actory 1'919tllta vi.th f:Utn.tio: rata• 12P to 
5.,2 gpm/:rt2• .I.Zl!f' camidnaticm of the IJlll0'tmta o!' .t'llter bed matm.ala de:t'imd ill 
S'pecifieation· 5.,01. bas beem. .rO'al:ld to gi-ve satis!'acto%'7 1:mpa:r.!.t;r eoncea:tn.ti(um ill
the til tered. 'll&ter. . ., 

I • 
f 5 .. 02 Baci::vu!:d.ng a£" the .t":Utars is :a.ectussary to 1"9IIO'R the, 1:mpar.ities vbich g:'lldu.­
. ally acmmm.l.ata in them bet'01"9 these � tie '!2DC1-al.T 1'9atr.ict vat.er- .tlav tl:l:rcugh 

the tilter. The back:iiash vs.tar sl::u:rold not contain these illlpm'itiee., 

i�cat-1011111 

· 5.01. '!!2. cwpwd:ti.cm d the t.U1:er.1.Dg ad1& ill the bed. aball ba u- .foll.ow, trcaa;
; lxrttcllll to top I
l 10-14 imhe• graded psnl <4' l. 1z1c1, :ma:d:rrn:n si:e • 
.1 ,-a) 1nnhos o,ded ad a£" 0 • .3 - O.S :i:a eff'ecti."f'W, sim 

lJJ..::t'1 izl.ablll11,.pac1e4 a:a.tbntllt � o.7 - a.a mm.�,. s1.a 
...a,.. total, � ot tha· · •ml mr1 cr.tbn.al.-: ,ball mt. exc..i 30 � 

i . 
/ 

,.c:z P'...J.t•red; -.tm:- shall bs 1ZNCl. tor ru.te 'baall:tnlllh. water. 
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P%oc••• S~ec1:ric&t1ons 

5.00 

?ilt:-atio:c. ot Process W&ter 

:Buis: 
. 5. 01. ·TM material..! const!.t'!Xting the 1'11 ter bed shoul.d allaV the -prod.UC't:1.oA of 
the -proper quality imd quazitity ot 1'Utered vater vitl:lcut too treqmnt baclafflsh.iDg 
at the !'Uter caused by. either breaktJ.rgugh at 11Dpm"1tiee or e:cesdve bead 1.css. 
~ use at the tilt:rat:1.cn. -.terla.13 st1ecU1ed. 'bel,gV has 'been d.emc.wrtra.ted. to yield 
sa.ti~B.Ctori~ loW concentrstions 01' undesirS-ble impurities such u &J.trndfflffli-

tu..-"bid.1 t7, iron, and ms,Dganese. 

Tlls total. depth ot the !!.l.ter 'bed is determined by the !'1:.ter constructiono ?'!le 
tilters vere designed. tars. nav rate ot 2.6 ~m/sq. :t. ~ut it bas 'been t'omi,d. 
possibl.e tit o-pe:n.te them. a.t & rate ~ 4-.5 gpm/sq, :tt. rlth tl:18 al,mi-,acti:ns.ted 

sillc:a tre&t'llll!lnt process. 

5.02 Eacl!;waShi.llg ot the t'il.ters is necessarj' in order to rem0"T9 the imp'm'itiea 
vhic:h grad~ accumtla.te in tb!m. before tbese impurities ,md~ restrict -.rater 
:flaW throUgb. tbe tilter, or bet ore the impu:ri ties -p&Sl!I through the tilter. Tl:le. 

ba.ck.vash vater s.b.oUl.d :at contain tbese impurl ties. 

I Specti"1cations: 
5.0l. The :!1J.ter l.qers fl"Om. bottom. ta top of the !11ter-Dg m,dj.& in the bed. shall 

biffe the tollawillg composition: ~ 
I 
1 10-14- inches graded gravel. ot l. inch msximum size 

l.0-20 illCheS gnded sand ot 0.3 m 0.5 mm effective size 
l.0-20 i,ncbes gnded antl:lra:f1lt of o. 7 - o.8 mm. et:rectiTe si:e 
'?he total. depth at th5 sand imd. ~ilt s:mll Il0t uceed 30 :UIC~S 
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Precess Specit1c&t1ons 

Specification: 6.00 Page No. 6-l 

Date: 7-l5-53 

L~on, :r. M. "Sod!'ll: D1c~te u & P:-ocess Water Additive: An 
,.. Eval.uaticm, " mi'-271,58, March l9, l953. 
Shie1d.s, B. J •. , "~er..: Ee-port, Production Test lfu:ml:lers 105-9-?, 

l05-l03-?, l05-362-P, 105-460-:i?, Cor:oaion ot Slugs,• BW-24134, 
. ~ril 18, 1953. 

Greninger., A. B. to Gross, C. JI., "I:rter..m ?:-ocess Spec~1cation -
Soditmr. Dichromate Addition ta 100 Areas Process Vater, • Rrl-27679, 
A-pril 8, 1953 • 

• Ol. Cor=osion ot tm slugs and. tubes ill the reactors mwrt be c~ controlled 
in order to pre-v-eni: the occ-ur.rence o'! nptured sl1Jgs snd tube le&ka, resul.til:lg !':'om 
COrTCl!li ve s.,:i:ack 'by tbe reactor cool.1Dg w.ter. Tbis &t-:ack 13 cbaracteri::ed 'by tbe 

• remaftl. ot a.1 mzz:1 mm t:rom. tl:le em:ire 11119'tal surt'a.ce at a d.etini te, u:itorm rs.te. 
Superimposed. 0%1 th111 ~or.: rate ot c-:,r:-osion may be & localized attack 1n vh:Lch 

1 •mall. sreu ct tbe sin-t'ace sre .penat:-s;ted. a,: a .much greater rate. This latter tna 
ot attack v11J. lead to mere serious consequences to tbe e~1ciency at reactor opera­
tions. Penetration ct process t-ul:lil:lg "'-11.ll result ill -.rater leaki:cg into tbe graphite 
mcderator, !:&'Wlillg rescti v1 ty losses and. illc:-eued. ccITOl!lion problems. Th13 latter 
problem arises from the gra-ph1te-al.umillum. g&lvmic cell -.rh1ch is set up 1n the 
presence ot vater. Ill this couple, the a.Jum1m,m •.rill cor:-ode, result1Ilg 1n 

c &d!Utio:aal. leaka. Peill!trs.ticm of tbe a.luminum. cans ot tl:le slugs can result 1n 
'Ii .an increased rupture rate. These deleterious et!'ecta are ca:wsed. 'by erratic 8lld 

,mp:redici:able varia.i:ions 1n process conditions, such a.a mi ... al ~ gned. slugs, vater 
quality cl:lmlges, or local gal.vam.c cells. 

1'he- seventy &l:ld treque:m:y- of tbe local 11.ttack can 'be greatly reduced. by the 
addition o-r s. corrosion inhibitor. Reactor o~era~icn vitbcut the sd.d!tion ot & 

COH"Ol!lion inbibitor V&a cl:laracteri::ed by increued p1tt1:lg attack on tbe unloaded. 
sec-tians o-r process t-ul:les, partial remaval. ot the protective 72-S clacd1ng 1n the 
rlawmtream. por:ion o-r the- t-ul:les, &:id. severel.7 pitted slugs a.mi tubes. or the 
.:uwwwrcial.17 oailable· 1nh1bi ton. 011l7 sodium d.1chrom&te hu 'been uaed ezten­
•1'Nl7 im.ler reactor- aper&ting ccmditiou. A critical NTiff' ot the effects ~ 
dichrcmstd icn baa ccmcludad tl:lat 2 ppm ot 11ad1um d.1chrcmate v1ll. ~im.te~ 
1mlib1t theee pbe.namana. It 1a ~ can.eluded. that tbe ill.sta:tazieoaa ccmcen­
tn.ticm. 01" the accU.im d.ic.brcm&toa required. tor &dequ&te prctecticm cazi TtJrT b,- · at 
l.eaat. : l. ppm 1'?'cm ~. &bcmt ftlne,. Since 9%perience hu also shclm tll&t the • ~== rat& ar- alnmtm:n:n ccrrcaiczt in tlle presence o:r 2 ppm ~ sodiim dic;.brODate 
1a ~ac1:cr.r 1"C:.-' iraccea~ Q'PC'&ti=. 01" ti. reactors, the UN ~ d1c:brcm.te-
1s 4ni:rabla. tar. c~l.. r4 •lug am. ttme Ceff0s1oiz.. 
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S-pecU1cat1cm: 

w-2850, 
Cgpy No.~ 

Pqe lfa. 6-2 

6~01. Sodium dicbrcmate (Cbemic:al No. 112,· BW-19156) shall be added continUcua~ 
to the reactor ccoJ.i;Dg vater after the coagul.a.tion snd, !1.ltra.tio:a. trea.tm1%t. 
Suft'1c1ent sodium. d.icl:l:romate v1ll be added so that tlle instanteous ccmce:tr&tion 
is 2.0 :!: 1.0 ppm. and the daill' a.verege concentratio:a. 1s 2.0 ± 0.2 P'P'lll u N92Cl-207 • 
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llW-28505 
Capy- l'fo. ~ C.. -

Spec1:f1cat1on: 7.00 

Purge Material. Addition 

l?:'ocess Specificatiom 

Eeactor Cooilllg Vater Treatment 

Page ?lo. 7-l. 

Eet:erences: Conl.e:r, Ti. R., "Fiilal. Ee-port - ?:-oduc"tion Test l.05-3-MR, The USS" o~ 
Dicalite D1atem5Ceows :::arth. u s. Purge Material. in the· lOO .Areu

11

·, _ 

ml-24560, Ma7 26, 1953 • 
il1.1son, C.D., "Fl.av Laboratory Investigations· of: 11!'-T:,pe' Pittil:Jg 

of S1ugs and T'.ll:les", Y-28207, Jul.7 l, 1953. · 

Basis: 

. 7. Ol. ?11.m :foma,t:1.on on slug am. t'Ul:le sir-aces ca.uses s. dee"ea.se in vater :now 
rs.tea ami. laven the hest t:-8llSf'er coef!'icient tram. slug to vater, vhich 1nc:-e&ses 
both tube s.mi, slug S'ln-!'ace temperature~ Both of these et:t:ei::ta · tend to 1nc:-ease 
sl.ug corrosion rates. The qUmltitative ef'!'ect of f11.m on slug corroaio~·is not 
lmcVn, but 1 t is believed that increased amcimts o1: 1"1lm. will 1ncrease , slug co:rTO­
sion rates. !'or thi.s reason fUm. 1a periodically rea.:,"V"ed 1"rom. tl:la tube azld. •lug 

suri"a.ces. 

' Metllod.s of: remar'...Dg t'ilm. tested 1l1 the labont017 indicated. __ tbat the· fillll could 
· be ze1110ved nth either oxalic acid or a. Jol:ms-Mmrrille dis.tomaceous earth. slurry. 

I.a.tar in-pil.e test.s · 1:cd.icated. tbai: the cxalic . acid mstllcd vas U11S&ti.s:tactcr:r. 
TM onl.y- alternative !orm.s of d.iatomceous earth 1.llVestigated. in -pil.e tests bave 
been Dicalite '4200 and Dicallte Special. Speed now. Coutimla'llS &dditio:a. o1: the· 
put"ge material vhile tha. reactor is ~erati:llg mar :resul.t in serious anruion o! 
tbe slug and tube surfa.ces. Sodium. dic.bromste may not inhibit this s.ttac:k 'With 
tbs high concentrations o! purge material required. Consequent:13', it 1a :aecess&r7 
to :restrict the period ot· time in vhich. purge ma.teri&l ma:r be &d.ded to &Toid e:ces­
sive s.ttack o:a. the slugs 8lld. tubes, vbich could lead to ruptured. a.lugs m2d -penetra­
tion ~ tbs tubes. Tbs extent ot a::r:,' such. attack is 8.l'"P&rentl.T dependent 011 tl:ze 
product ot: the solid.a conce:a.tration. a.tJd tm le?lgth o-J: time in v.bich. the soliu 

are added., 

A :ma:i:'9 ecm:plete discussion ot tbe effects ot: !11.m, 1ta •aauremaxxt, am. tbe 
&lloW&ba smawrt ot !illlL 1a contai:c.ed in tbs· S"pecU'ic&tiom tor· the Reactor 

(Pile) Proce••• 

SpecU'1cat1ons: · 

i. 
I 

l 

T.,Ol. 'ibeD. requti-ed. tar ti. :bWDTlll. ~· !ilJll, ~ abali be d.o=e- by' add1:ng: J'alms­
.Mlaffil,la Stend•rl\. Saper-Ce1. csr equiT&l.tmt to tm proce•s ,rater at a. concwa:t.r&t1as:L t 
~ :not OTer i,o ppm. '?!-. pa:giJ:2g shall. be-· cozm,ucted;. ao tm,.;:.·~ II:'&~_. tbam.· ~ 

: i ~oo n-.-- m - --·~ <1ST•,....,,.,«~ · ,, __ , 



Specu1ca1:1cm.: 8.oo 

-
Process SpecU1cat1ons 

.Beactor CoolilJg ~ater 'freatment 

Dat&: i-15-'3 

assured Sllppl;r or cool:1J:lg water to a. reactor 1.s TeI7 ·important u the 
al.ug Jack.eta &tld. tlla procesa tubes vould quickly mel-: ~ the water supp.l.7 to e. 

e vere interrupted during pile operation. :be.a. ~er a reactor 1.s slmtdovn. 
be process metal conti.mles to liberate baat :rrom beta am. gamma radist:1011 am· 
his best must be remc,red, to pr9'V'el11. tlla·slugs am. tm:ies tram. reachillg a:cess1'79 
empera-tuns.. l'crmall.J" _ •e-reraJ. hours suppl,- ~ process water is aff41able 1n 

.storage taziks. P'iltared. water is also held 1n elevated tames tar 1JIIDl!!d,1a.te uae 
cue o~ emergency. In sdd.itio.n to the above storsge tac111tie•

9 
the Reactor 

as U'9 supplied Yi th inter-com:.ec:tillg lines to su;,pl;r rav water to 8ZZ3' Reactor 
a in smergency. It is a:ticil)ated that rav w.tar Y1ll be used. tor cool.1.ng o:a.l7 
the ffent ot. tota.l. t'a.ilu.n ot the treated. water ~17 or complete 9Tl!.CU&t1on 

8 .. 01 "..hen a reactor is shut d.cwn9 !Ute~ vatar may be used. tor emergency 
11.ng. Int.be event or fa.ilure or the treated vater ~17 t'8:C1lit1es, rav 
er may be used tor reactor coo.li.Ilg. 
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Process Spee:11"1c&t1cmai 

. Restriction on Chemical. Additives to Process Water 

Pap Woe 9-l. 

Date: T-l,-!53 

Eet'ere:a.cea: miT-191%, "Speci.t'1c:at1am, Act:eptanca emd. S~l.1.Dg P:roced.ures tor 
:baential. Ma.terial.5."' • . · • 

.. ••, .· 

9.0l. It has been :f01ffld that ft-r.J' small concentrations ~ varioUli chemical. el.emlmta, 
such aa triTalent cbromi~ copper, mangwse, ·iroJ:i, lead, ML"Ca:t"J', or boron, in 
the reactor process vater can bATe s. aip1:t1cmt efi'eet 011. aln:m1nrnn ean-oaicm, 
tllm. tonztian, pile reaetirtty, and. effl.uem: -water &etirtt7. Commerai&l.JJ avail.­
able ehemicala •Y cam:a.in these elemm:tt• either u maJor camrtitumxta or u trace 
1:mpuri ties. Thus, the effect of the s.ddi tiozl ot chemicals otbar th.ml tl:Jcse lll)ec­
U1ed. to tl:le ,roee.ss vatar mat be care~ iJ:rrestigated be:t'ore theil:" uae can be 
al.laved.. 

SpeeUication: 

9. 01. ll'o other •terials except those spee1.t1ed belcv shall be &d4ed to the reactor 
proceH vater. . These chemicala shall be u described. 1n the re:t'erence d.ocumimt azi.d 
sl:l&lJ. be &dded onlJ u d.escr.1.bed 1l1 the toregoillg specU1catiou. 

I 

' 

• D•-:-- .:;. ••• . ' . 
... , : .... o, •. -· 

• • • •Q ., .. •···•· .... 

Ferric Sul.t'ata 
A.1 um:1 TTrnl Sul.tate 
Sodium. Silicate 
Sul.rm-ic A.eid 
Chlor1lla 
Lima 
Sod1UZ11, Dichromata 
Diatomceou 1:&rth 

/ 
I 

/ 

/ 

... • • . .... . . . ~-~: . .. 
• .. 

ua 
103 
113 
ll6 
104 
108 
ll2 
Joims-Mm:trtlle 5tazid:ard 
Super-eel. or ~ 'ftl.em: 
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Proco•-Sped.ticati.ous 

Reactor CooJ,inc V..tar Trea;taan-t 

!Ila fallauing speci.t1catioas b&T• been· prmided ill accordance Vi th th• respor 
~ · uaa eatablisbed. tor ~ 'J!n~ necing Departimnt 'br- Organization am Polle:,- Ck 

:. • lamber" 0:3 .1.2. '!ha• Process Specificatiom detillS the nomal lillli tatiam 12: 
·· vbich reactor caoliDg vater ia treated tor th• B, c, D, Dll, 7, am Et reactor. 

; ad41tioml. intonaticm. 1a obta:1ned, it is intended to rniev, azd. i! neceaam 
•altar-these specit1cat1aas to ccmtom vi.th this nev lmowledge. kperlm~tal. 

• · .. t1cma-ham th•• specilicatiom are peniitted on tb8 huis o~ P1"0P9rl7 app!"fr­

: prolimtion teats • 

1.00 
2 .. 00 
3.00 
4.00 
5e00 
6.00 
1.00 
s.oo 
9.00 

Title 

Ti tls Page am I>1strlb1%t:i.on 
rmu·azxi Baepomsibilities 
Coagal.ant .ldditi011 
Jct1Tated SU1ca J.ddj,tion. 
Cbl.ar:im Jdcli t1011 
pB'. Adjua-taant 
7iltn.t1on ~ Process Water 
S'odim I>icbrClllate Jdditicm 
Purge Material J.dditian 
~my Vat.er Tl'ea-bDent 
other Cham.cal ldditiTH 

Date 

7-15-53 
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