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. 0 • 0 :ABSTRACT 

The revised o~erating ~r06edures. equi~ment descri~tions. and 

other inf~rmationnecessari,to perform the 'routine operation of ·the 

water demineralization .-huilding.(Building 807 ) 'are given ,terminating 

·two years of. intermittent operational development work hy the Pilot 

Plants Section .of the Chemical Technology Division. 
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1 • 0 ~:llrtBOD:tJCllI ON 

!D~mineraliaed:water:is prod~ced:in:~uilding:8b1"y;thePeimritit:b~miri

:eralization' Process. Metai,ions ',in', the:fiitered: feed 'water .are: rep!acedwith 

'hydrogen :bypassing :the .water,'through:a Permutit :Zeb';'KarbH :resih .bed, :1'e

generated .w.l·th . a 2% : solution of sulfuric acid .·The,mineraiacidions : are . 

:ahsorb~d ~by passing:the :Zeo-Ia~h H .effluent·throuih:a Petmtitit;De-Acidit~ 
:resin.bed r~gederated with a S%:s~lrition6f:soda:as&. The·D.';'Acidi~e:ef

fluent. high in o~ygen :.(Oi) and :carbon .dioXide'(CO~):~ goestoa 10,000ga1iol1. 

stainless: steel· storage tank located on the' fourth: floor of Buiiding .sot . The 

wa termay then he distributed as cis or passed through. a pre.hea·ted vacuum 

deaerator..Water 'd,istribution >is prov:ided,to the loii,'205, 101, and 807 
buildingi, :andthePileMock.u~. 

Equipment. addi tional : to' that needed : for water demineralization :is Lavai1-

:abie :foradding:chemicais :to meet d'emand :spec.ificationsor :to chemically 

simulate ,filtered water 'from any .locale. of the country. 
, ,_ ' " ' , ,.,~ t : 

The original purpose of: the building 'was: to . chemically. dut,} ici~:te'Columbia 

River: for studying: aluminum: corrosi~h . under pileirradiat·ion ; conditions as : a 

service. fori, and prior: to, the "s tartup. of' the Hanford Piles. \~r~s pili-bose >is 

now tosuppi y large quttnti ties of :commerci~HydistilledwatierfOi'engineedng 
.studiesthroughout ~th'e plantsite.and :asacooiant :,invarious portions of 

'. the pile .• 
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'2. OTBEORY :..4.ND :CHEMISTRY ,OF \WATERDEM,INEIJAtTZAT;lON 

2.i General:,waterChemistry 

Waterimpur.ities .may .begroupedunder :'three :headings: dissolved, 'sus-

pended,andcolloid:al. bf.these:three:types ofimpur.ities;·only,the dissolved 

:impuri ties, are impc>X'tant :in ,the ~ S07 ,opera tions ~ The suspended: and co Hoidal 

. impurities, are " removed. at: the" Oak Ridge :filter plant and :become : signi Hean t 

. on iy :.in that: the chemicals: added :'~t. the fi her plant :for ,c lari£icat..ion of :the 

'raw water ,affect the chemical :composition.of ,the 'filtered fe,edwater ,to the 

deminerali~ingunit~a Thesead~itionai~chemical-impurit~~s must'be~,moved 
along wi th : the' remaining originai dissolVed .. impurities. 

The dissolved ma tter ,most :commoni y :found 'dn ,,;water are j)icarbona·tea $ 

sulfates, nitrate., and chlorides of sodium. magnesium. and calcium, :iron:and 

manganese ,compounds, silica:. and: a lumina. an anal y%ing . wa'ter,it,isnot 

feasible :,to ,measure its " content· of ,mineral :saltsas : the : compound :',i tself. '}It 

,is feasi'ie6nly·tbd.termine:calci~m, magnesium, ,~t~. a~,~ucb, withoutkno.

ling. if ,it, is ,combined wi th. the 'bicarbonate , ·sulfate. etc. 

:In·the :same .way ,the :bicarbonat,e:,sulfate"etca radicals :are :measured 

wi thou t,i t "be ing known which, metals :are : combin'ed wi th : them. The :,ingr.edients 

are: reported usua11 y :as parts per ,million, of :calcium, ,magnesium, sulfates" 

'etc. 

Anoth'er method of' reporting dissolved ma tter "is': total hardness as 

caleium~earhonate. methyior~nge:alk~linity;ascaleium:~arbona~e.ehi~Fide:as 

calci~m:'carbonate, and :sulfate .as ·calcium·carbonate. 

Total ,hardness ,is determined by . use 0'£: the 'standard :s:oap' test.. Hardness 

due: to .' calei um: a.nd . mag.nesium ,may, be determined :'bythesame ,t'es t . by noting 

. the mii1ili t.rs of so~p :.necessary .'to' give a . faise ;end~point, one .,inwhich: the 

,I ather' does ,not :1 ast the necessary : five , minutes. this: amount, of 'soap ,is wha t 

,the: calcium: requires. Further: soap addi tion ,will, gi v.e,a:more . permanent ·,lather. 

and :this amount ,of :standardsoap :soiutio~ :will ,give:tota,lhardrress. the 

difference between total hardnes'sand ,ealciumhardnessis: the magnes,iumharda .. 
• ness. 

n'Alkalini ty'" .. is equi vaient : to ,the: biearbona te ,radicai : (HeO;) which, is 

joined,to the meta 18 • If' total hardness' and alkaiini ty : ar,e : reported ,iii . terms 

ofcillcium:carbonate,alkaiinity,affords:ameasure.of the:carbonate:hardness 

as ,compared. tonon.carbbna te : hardness. ,:lfthe' totalhardnes's:( measure of 
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.calcium. and magnesium) s greater ·,than :the :alkal.inity :,(measure of bicarb on

~tel. -th~nthe'amount of·calciu~.andma~nesium~resent~i •. m~rethan:enough-to 

combine:will'all:~icar'onat~, :and:thedifference gi~es .theamount ~f"calci~m 
or :magnesium : combined with :thesuHate . and/or: chloride. ThH,' then",is also 

:ihe:measureof:~on-carbonate:hardnesi. 

A chemical : analysis 6f: water may' also :;include deter"mination of.ingredients 

present:in smaller .amounts, namely: silica, .iron, manganese, .nitrate, organic 

matte~. 

·tosumu~. the ordina~y chemical analysis includes:the ~followini: :total 

: hardnes'S, cai cium: hardness .• magnesium: hardness. turhidi ty •. sediment. ·color:. 

and.odor· 

The'standard 807: con trol . anal ysis procedures .wiUbe . di scussedbrieU y 
,in: this :'section, but .arediscussed: in .mor.e .detail :'in~Section 6. 6 i(O~era:t'ion 
.ofPIant). 

2 .. 2 Ion Excbanger:Tbeory 

A: single: uoi t demineralizing: and. deaera ting: system 'consis ts. of: four primary 

: tanks., plus: auxiliary tanks ,arrangedto operate in the 'fo11oiling :sequence: 

Zeo -Karh H,De -Acidi te. Head Tank • Deaeratoi. lIn the 807 . opera tion, : two 

parallel.units of.a Zeo-Karh H. De-Acidit'e sequence .areutilized,'withthe 

Head,·Tank:and.Deaerator "being:common for both. ihis',isdone.to permit contin", 

uous .operation :while .a~y one .01' both of a Zeo .. Karh" Hand/or.D~Acidite :,is 

heing: regenerated. Figure 2;2-1 gives .aschematic. flow .diagram. of. the. oper

ation. 

Zeo-Kath:His.8 hard,hlack. granular, organiccation:exchange:material 

: commonly: call ed : a . car honaceous . ze oli te·. ;It :<is ·non., si Iiceous . and. acid, re

si*tant. Ze6-Karh H, or the'hydrogencjcie.which.is're.eneraie~ with.a~.~cidi 

removes .allmetalliccatioris :and hicarbonates~ ~hus~limina~ing:harJnes~.~nd 
reducing.alkalinit~.'nd,total.soIid •• lIt is made :h~anextensive sp~cial 

treatment of·coaland.is ~atenteJ hythe Permutit:Com~any.tiv~advantag's of 

Zeo-Karh H as listed hy the Permutit,Company arE!: 

1. Only known method. other' than. disti llation, for. removin'gsodium 
.bicar~6n~t.. . 

2 •. Orily.meth~d.6f.watertreatment.which.will;.limin~te;hardness.and 
: simultaneously reduce. alkalinity. to any desired: valu~. 

1. Onl~ ~r'ctical method fo~ removing ~11.bicarh6nate~. 
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~,Has;an;~nlimited:toleranceforaci~ water.andwillwithstandthe 
.att~ck of:acid:jrid~fi~itei~. 

'5.:1 t .-is ·:·rion-si iiceous :due : to .. i ts : carbon base and ',is sui tahie : for 
softening ~ raw: water :.10 •.. insilica 0 

.De~Acidite ,is a granuiar :synthetic .aliphatic amine resin and is .known 

~ither:as:an·icid:adsorhentor:as:an~anion.e~changer. ~t.is.reg~nerated using 

sodaash:~ndwil1:remove.all:min~rai:acids:bya~sorptionoIt is also patented 

bytheP~rmutit.Com~any. 

The'reaction ofeach;is .as. follows;: 

A . Re.ac tion of Zea gKarb H. wi thBicafbonates 

'Cli 
Mg 
Na2 

} . (HC03) 2 +HZ 
2 

" 

·Ca 
Mg 
Na~ 

} Z + 2 H2 0 +2 CO 2 

Soluble .Insoluble 'Insoluble 

The:filtered'feed water.containingmetat·cations J combined withbic~~bo~-
. . 

ates:and.carbbn~tes. are :replaced.hy. theH in the Zeo-Karh Hto form carbon 

dioxide:and met~l ZeQ-Karb.The.carbon dioxide.is eliminated by the deaerator 

unit • 

. B. Reflction ofZeo-Kar:b HwHhSulfates and Chlorides 

Ca }SD. iCa } Mg + H2Z >- Mg Z + H2SO4 

Na~ .' CI Na~ '2HCI .2 

Soluble ::Insoluble Insoluhle 'Soluble' 

The.filtered·feed water·containingmetal cations, combined with'suifates 
. . 

and·thlorides, are ~eplaced'by:the Hinthe Zeo-KarbH to form-the acids :and 

metal Zeo-Karb. These 'acids 'cannot :beeliminated by deaeration .anpso must .be 
. " 

r*:movedbyde-acidizing asdescribed:under:the De-Aciditeunit. 

As:mentioned ~revio~sly.chemicals :are:~dded:to:thewaterat the filtet 

plant: in order' to' clarify . it. TheD~ ~Acidi te' effluent cannot be g'reater' than 

0'.2.gpg:(,:,,-, 1 ppm} in free·chlorine:as.the chlorineattacks:anddestroys the 

Zeo-Karb Hresin •. Itis .thereforenecessary:to eliminat~chlorinebef~re the 

water reaches the unit~. This:is.~cc~mplishedhy a~dingsodium.~uifiteto the 

·filtered water prior to itsentranceiiitothe Zeo~Karb H. The 'reaction is as 

. f.ollows': 

Cl 2 + Na 2SOj +H~O '~ 2 NaCi +H2S0~ 

9 



• 

'" 

The. sodium: chloride :,is ::changed; to hydrochloric :ac,id :andsodium Zeo·Karb 

:in"theZeowKarbH .exchanger. Theresuhing :hydrochlor.ic .Q·cid, pius'the 

prev:iousl y :'formed': sulfudc : acid, . is . then . removed by :,tbe :De':'Acidi te ,:exchangei. 

·a. Bi'~~j~a~i~nRi~ctib~bf:th~ :Z.b-~~~b·H 

lCa :} 
. Mg 
Na~' 

:Insoluble 

Z +H2SO .. HZ +, 
2 

:Soluble :'Insoluble 

'~:.:,}' 
Na 2, 

: Soiuble 

SO· .4 

Th~rekeneratibn~isa reve~sechemicalreaction of:demineralization~hd 

~is~iliustr~ted:by.the:aboveequation.Upon·reaching!therated~apacity.of 

:theZeQ.,.KarbH· uni t, as .determinedfrom :·free. mine.ral . acidity. ,the ,unit ::is :cut 

out.of:service,bac~.~ashed,andre~enerate~:withdiiute.~blfu~ic.cid. ~CQnw 
. centrated' sulfuMc :acid is diluted .with: water,in :the suHur.ic . acid makeup :·tank 

'~nd: tb'en : further diluted and:inje.cted .into· theZeo':'Karb H unit :'by .means . of: a 

~a terj et. . The' rate. bf :addition:is 'controHe~ by' means .01' :'stop :coci(·s :to gi v:e 

ia~ater -flbw of 16 .gallons. per minute : through ; the :ejector :and:an.-inlet·acid 

:concentration :to ,th.e :resi.n .hedof :'app~oximat'ely 2% ± (U·S%'sul£oricacid • 

. shouid:the:icid~cori~eritration·vary~from·thi~~the .water ·to thejet'should'e 

.aJjusted,~Y ~ sto~~coc~. 
After' acidaddi tion, . the Zeo-KuhH :>is rinsed . free . of: the '::calcium, mag

:nesium, • and: sbdiumsaits : and'excess'acid :and :;is :,then: ready :tobe, put :'back on' 

the : line • The: r;inse" may .be stopped .'. when: tbefr.ee .mineral, acidity :;i~ 10. above 
normal. . 

;D. Reaction ojDe.,A'cidite with :SlJlfb.ri·candHydrochlor..i:cA'cids 

H2SO., . -,{ 'H~S04' 
n + 2'HCi . ') D' '. 2 Hel 

lInsolubie Soluble Hnsoluble 

:As 'the '8-cideffluent :from :theZeo':'Karh 'H:unitflows :down :through : the 

un it, ,the De -Acidi t'e granules' remove: the acids :forme~ :bythe precedi.ng :'s'tep 

.by .ildsorpt1oJi.The:carhon :dioxide ,formed prev.iousi y puses :through !,the 

:De-Aciditeand . is. removed. hy ·the deaerator. Anysi lies present: also passes 

t'hrough uxichariged, 'and :·thus :mustbe : removed: by' another pretr.eatmtmt -·if ,:i t's 

removal.is required. 

E. Rea.neratibnbf:t.eD~~A~iJit~ 

'{' :H~S04' 
'n .. '2'HCI + Na2,C03 .') 'D' +' 

:Insbluble :soiu~ie UDsoiuble 

10 

;Na;'{ 
so. 
lCl~ 

:Soluble 

+'2HO +'CO 2 .2 
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. . 
'Upbn:re~chin.:the:rated:capacityof.the:unit, asdetermibed:bythe 

:m'ethyl orange :alkalinity, the unit is . removed' from .the . line, back-washed, . and 

: regenera·ted. 

The.~eke~eration:step·is:ar~verse chemical .reactibn.ofthe.demin~-

ralitation:ste~sas.sho~n:by.theabove.equation. A 31:solution.of:soda~ash 

.is .made 'u~in:the :ai~ali .regeneration tank and pumped:throughtheDe~AciJite 

.at :appro~imatel~ l2.gallons per :minutj. Theunitisthen:rins~d, usink 

Zeo-K.arb H wa ter, to. was te until. th,e . so lu .. bridge: reading. drops: to' 8 gpg •. 

Further rins ing :.is done. by : recyclingZe.~~KarbH . wa ter through: both the Zeo

KarbH,and.theDe-Acidite units at 32.gallbns perminute.until·the·solu~btidge 

reading drops:to,O~3 gpgo Figure 2.2.,2 gives: the. rinse :curve for the .De.,.Acidite 

:unit. 

2.3 Demineralization:Control:Cbemistry 

:A ~eriodic.check of.the methyl.orange:alkalinity ofthefilter~d'f~ed 

water: and: the :free mineral acidi ty of. the Zeo-Karb H unit must be made in . order 

: to . ca leul ate: the origina I . expec ted c'apaci ty of afreshl y : regenerated ' unit, 

as ~ell :a~:to correct the expected capacity.as.theunitis.beinkused. At 

the present the·ma~imum:~apacity.of.a Zeo-Karb ~.is conservativelY'rated 

at'SO,OOO .gallonsand :the :De-Acidite :at120,OOO .gallonswith :average ORNL 

. water.. 

Table2.3-i.lists.expected capacities:as determined by:the·above.mention

edmethyl.oran~ealkalinityand free.mineral:acidity.determinatibns. 

There are six standard.control ~rocedures:in use .in:the'807 operations 

which .are: total hardness, methyl orange :alkalinity, free mineral :acidity, 

PH, $olu~bridge'conductivitj •. and.~esistivity.Ashort analysis of their 

.m~aning:is.givenbelo~. 

Total hardness is the :measure of :calcium :and :magnesium present.in. the 

water.and.,is made:by.the_standardB and B.soaptesto 'The'sample'fbr:this 

·analysis.is puiled:from:the Zeo~Kal"b H effluent'and givesthe:efficiency.of 

theuni·t. A rise of Q.lcc soa~:hardnessabave:theblarikrequiresa re-

generation. 

Methyl.orange.alkalinityis.a measurementof~the~bicarbbnate ~ardness 

:~n~:is made :·by.the :'standardsulfuric .acid.titration .with methyl orange 'as 

indicator. A m~thyl orange:alkalinit~i~.taken on:~oth the'filter~d:feed 
water: and. the .De-Aciditeeffluent.This -measurement OD" the De-Acidite effluent 

is oneof:th~·three methodsdictating:regeneratio~.of:the:De~Acidite unit. 

~his ,measurement .onithe ,filtered feed water,: in conjunction with the free 

mineralaciditYt gives an estimated capacity of the .Zeo-KarkH unit as shown 

in Table 2.3-1. 

.. , 

11 



~ 
~ 
00 
t;;I 
H 

~ 

I 
...... 
N 
I 

11 

6' 

-~ o 
r-I 

) 

J 

';.150 
~ 

IQ 

;1 
f 
t.O -...,40 
~ 

~ 
r-I 

~ 
II 
III 3' 
!l 
~ 

!l 
~ 
.... 2 
!l 
r-I 

~ 
r-I 
c4 

1 

0 

0 

0 
n -

0 
( 

-
// 

r-

r-

-

I-

-

-

/' 
1--- - '- ........... 

........ <Bst:l pated 

" \ 
\ , 

\ 

\ 
\ 
\ ,-501 ds in r nse eff uent eq als 

sol ds in r w water 

~ 

~ 
~ i-

100 200 SOD 4.00 5)() 600 1::10 EOO 9( 0 1000 1100 12)() 1S)( 

Wasted Rinse pt. Recycle Rinse C 
I VOJ.ume In gallons ~ 

~----------------------------------------Volume of Total Rinse------------------------------------~ 

~.ACIDITE RI.BE CURVE 

I 
til 
8 

~.~ 
(lq~ 

c: • ... 
<t'i-
N\JI 
o \£) 
N 
I 

N 



TABLE 2. ,3~ 1 

Expected Capacity of ZKand DA Units 

(These ratings are conservative, and should be used for 

estimating pu~poses only; not for determining operation.~, 
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Free.mineral acidity is.ameasurement.of,the free mineral acid and is made 

. on the Zeo .,Karb H effluent, This> test reveals the amount .of :sul fates and chlo,:, 

rides in the raw water ·~hich have been converted to ~~e'mineral ·acid. A drop 

of 10 ppm below nOrmal requires a regeneration. 

The .estimated,capacity.of Zeo-'arb,and.De-Aciditeu~its ate calcu

la~ld f~omthe .methyl orange ,alkalinity and ·free mineral .'~idity analyses. 

The: capacity oftheZeo~Karb,is. depeilde.n t on.: the :·total . of :methy 1 orange 

: alkalini ty plus the: free mineral: acidityo .The 'sum of: these. anaiyses.is .the 

relative' total :metallic:ion.content of :the·feed :water which is the determining 

'. factor :in obtaining: the processing': capacity of the' ZK, resin. The : free mineral 

~cidity:~nalY8isdeterminesthe'ca~acityo~the D~-~cidite.cesin~b'causeonly 
.theacids:indicatedby thisanalysis:areadsorbed:in>the De~Acidite.resin. 

PH is a measure of: theM: ion :concentration .. in. a. solution: and 'is :measured 

inthis:case on:theEle-Acidite'e££luento The pH.of' good quaHty.deminerUized 

water :is.betw.een4~·5 ~nd4~toA dropdn pH.indicates an .increaseinH ,ion 

:concentra tion :'and . suggests' the possihi i.i ty ,that the .De -Acidi te uni tis :in 

need. 0 f· regeneration. A. rise in pH 'shows : a decreas,e :in 'H ion :concentration 

oran:increased ~icarhonate concentration, and in which case the~eo-Karb H 

unitmay:he:in~eed of:regeneration. 

Solu.,btidge :conductivityis read .on ·the .De""Acidite :effluent :and ,is.a 

permaneh t >ins talla don. on: the: line: to the' demin~ralized wa ter head :tank. The 

operation:range;isO.2S:- O.;<t5gpgand should>it.r.ise .to 0~'5?the.De-Acidite 

:unit.mayrequireregeneration.Amore detaileddes~ription.of·this·ihstrument 

.is:inciudedunder "!Instrumentation,'" Section:S, of this report. 

The resistance of:the deaerate~ water.is~akenoff:thedown'stre~m.sid~ 
.bfthe~ooste~ pum~:.nd:is .measured:and:recorded:as ohms:resistance. ~ 

specific. resis tivity of 100.000 ohms plus :.is des ired 'fromthe uni ts and resuits. 

:in,a~a.ver~ge:deae~ated.resistarice of:400.000:--50b~OOOohms.lln~umm~ri~ing • 
. the : analytical: control . sp~cifications 'for ,the: uni ts: that:indicate : regeneration 

:·1S· ~ecessary. are: 

For .the Z'eo-l(ar.b H because it means the ·u,breakthrough?t,.ofbasic .metal 

.:ions. 

L 
. 2 .• 
:3 • 

. A drop of 

A rise of 

. A rise:in 

10 ~~m:belo~:normal:ftee mineral.acidity • 

O.i'cc(2 drops) soap hardness • 

PHahove.4.1.. 

For. the De-:Acidi te : because. it means: the. "ibreakthrough"'. of: the' strong. acid 

: ions. 

t. A drop in methyl orange:alkalinity:from ~-1to 4. 

t. :Arise insol.-bridgeconductivity to 0:5. 
3. :A drop.in JH:~elow4;~. 
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'300 'GENER'A'L :AREA :LAYOUT 

'3.1 'Building :<i.,oi!ation : and 'Description 

Building 80t •. afour-s torybui Iding' with two one-story, w.ings ,on :the :north 

a,nd :sou th sidespi's cons true ted of: s tee i !I beams and. six "inch drop 'siding • 

,The' ground :f loorjs of poured' concrete ,with. the :·then : remaining 'floors : being 

:wood.serviced.by.metal:stairwayso An'entrance l:s,located.in.each wing.with an 

:~m~~g~ncyeiit·from:th~third~floot:by.means of an extetibr·stair~~y. ,Figute 

'.3.1-1 gives: the' general: area 'layou t ,of 'bui'lding: 807' with respect to. the 'sur~ 
'rounding : buildings • 

Two Permutit,Water DemineraiizingUnits, piped:to.operate.in parallel, 

!aibng'withth~ :major portion.of thefrau~iliary,equipme~t.arelocated,6n'the 

. ground :'floor,o'Asmall O~erationsDiv.ision\Laboratory' is located on: the second 

flbor.A:lunchroomfor pe~sonnelis'located in.a singleroom,on:thethird 

,floor. .The :fourth : floor: hbuses :the deaerator. wi th :i ts : control instruments, 

and the ,demineralized :water 'headtanko Figure ::3.1-2 ,is an ,elevation :viewof 

,the:builJing'giving,location.of deaerator:andheadtank. Figure:301~3 sh6~s,a 
~lanview of the main floor,with the relative location of:themajor:~quipment. 

·3 ~ 2 Deminei-alizing ':Equipmeilt :Flowsheet 

. A' compieteDemineralizing Plant Flowsheet: is' gi ven . in Fig .3 .• 2 ~L'this 

:flb~sheet is: re 18 ti ve . onl y ,i,ni ts . v.ertical; aspect. The: listing of' the' vah.es 

arein.accord.with.the operationaLinstructions. Section 6.00 

'3 ~3 Demineraiized :jWat~r :DiStribution :System 

Fignr,e ::3~'1 al: shows. the distribution . of demineralized water . to. the various 

buildings: serviced. as well: as. a vahing: cross - tie arrangement :loca ted.in 'Bnild~ 
:fng 105. ~Wi th . this : arrangement. demineralized 'water :toBui ldiugs ios: and. 2ilS 
.maybetaken frome.ither of:the outlet lines:leaving·a01.. All pipingis.of 

stainlesssteei. 
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::4. 0 .EQUIPMENT 

rTbe~cequi~merit :used :,in :Building 807' tor .w~terdemineralization :may .he 

Hsted :under :threeheiulings: (l)\Ion Exchangers,·.(2) Deaerator, '(:3) Distr.i

'bution.The :'fUnction, . description, .' and. operation of ::each . of: th~ ·,three grou~s, 
a·long : 'ivith:thei r . auxi liary pieces of :equi pm en t ,';is given ::in ·:thissec tion. 

:Actuaf oper~dng procedure :for :the :wat'erdemineraiization piantis .included 

. Under .Section 6.0:' . 
. Fotthe: conveni:erice . of' . the reader, an outline. ofequipment:,fs giVEm below: 

'4.1. .iIonExchangers: and Auxiliary.Equipment 

I ,The Permu tiiLtlJon Exchange :Uni'ts 
Muitiport :Valves . ~. 

'.3,. Dilute Acid Make-Up Tank 
::4 •. Strong Acid Head .Tank " 
'5 •. Strong Acid Measuring ;Crock; 
~. .Alkali ;Make".Up.:Tank . 
7,.·Lightnin

'
. Portabie Mixer 

8. • Weinman ; Unipump. " 
.9,. SodiumSul£i teMake .. Up Tank. 
iO. ~iltonRoy.Pro~ortionating Pump 
'11. Demineralized .Water Head 'Tank 

4il.V~cuum.Deaerator.~nd.AuxiiiaryEquipment 

L 'VilcuumDeaerator 
2. :ilngersoll-Rand Steam,'Jet EJectors 
:3,. :Direct ... Contact HeatExcha~gers . 
~,. Double:PassTb~e:HeatE*chariger 
:'5. . Durco :,Cent ri fuga i Pump 

. . 
4.3.. Dis tribu tion Equipment 

L ,Weil:HighHead.Pump 
l~ 'Durco Boo~ter Pump 
l.jChemicaLHeadT~nk . . 
:4. Propbrtioneer lIne. Simplex Adjust-O·Feeder Pump 

:'4. iIt.D :Exehangers ,a.d :-Auiiiary :EquiplIleat 

Ope~ati~n of:thedeminerali~ing plant:eentersabout:th~ .ion.~chang~~ • 

. with.all.otherequipment·and:instrumentation:acting:in.an.an*iliary.capacitY. 

The' function and chemistry of :the \ion.e*changers : sr.e : gi ven,in detail :in . Sec· 

tion2 .• 0 and·their opedtion:isgiven.dn Secti~n ~.O. 
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'Two duplicate paralle 1: demineralizing: units' are 'emp1oyed, .each: consisting 

. of: the following: 

1:. - '48 .dn •. diameter.: by 8ft verticalZeo.Ka:rb:H softener: uni t 
i!pst~ong:acidmeasuring:crock . 
I; pS'4:in. diameter .by:30:in. dilute :acid,tank 
l:pl~in. ·diameter.by 6_ft.O .. in~ '~ertica1 D.-Acidite&nit 
i; - <48:iIi. diameter. by:30 ·.:in •. alkali. tank 

The Zeo-Kai:b HUnitis a48dn •. ddameter .by 8ftO ·:in.v:erticai .cast 

.iron she Ii: with hard rubber lining. :']tis.supported :by four jack: legs:for:hbvel-
. .. . 

: ing . purposes. The . acid" regeneration :distributor :.is: constructed. of, hard: rubber 

pipe and :.exteildsdo~nward to .within 6 ,inches .of· the .Zeoiite :bed.Thewater 

.. inlet: and. ef fiuEmt : lines are 2-1/2iri. wrought :iron rubber lined tJipe with a. 

bro.nze . distribu tor on: the: inlet line :wbich:extends : downward ito within 2 ft 

lOin. of the bed. The Zeolite:hed.depthis:4.ftlin. 

TheDe ..,A·Cidi teJin it .is .a 36111. diameter'by 6ft 0 .in, vertical: cast 
. . 

iron: shell: with: hard rubber :lining,·h:is. supported·by four.j ack leg~: for :leve1-

ing purposes. The :water ;·inlet: and'effluen t: lines: are: 2 -1/2jn. wrought:i ron 

with. rubber: lining. The De-Acidite 'bed .depth lis .28 ,·in. 
Maximum: recomme.ndedflow : ra te·through : both :uni·ts during· softening :·is j,() 

gaUons per :minute. Decreasing :the: flow' to less .than .25, gpm. res'ults : in poor 

water due-to.the:increasedhold.,up time of-the water:in the·units·causing:the 

.waterto pickup a hrownco10r.(sourl. ::Increasing:the:flow·too much:above 

40.gpm results:in poorwaterdue:toinsufficient·contacting:time.between.water 

.a~d:resin·hed. The.equi~ment·flbwsheet-for onesetof:theunits~isgi~enin 

Fig. :4.1-1. 

T~e:~eolite'eds:ares~~ported'atthe~bottom bf-the:unitsbya gravel 

·bedconsis·ting .ofthree 'gradient 's,ize . layers. Figur.e9.1-1 shows ,the :·bed 

. loading :foreach. unH. 

A mabual1 y operilted 'Mu 1 t ipot-t Va lve :,is :used on :'each unit. for routing :the 

solutions .to :theexchangers. The .valve 'contains a :slotted :slide :a's'sembly 

. whi chselecti Ve I y routes: the .incoming : so Iu ti on :,into : the: exchanger: through 

:the proper : line .• repiacinga large :numberofmanualiyoperatedcon~entional 
val ves,..Figure '4.1·2 gheathe cross'-sectionai : and plan: v,iews of: the muiti

port valve. With the pointer:settingat:sojten,the:.ifi:Coming:filtered water 

passes:through:the:valve. into.the:feed:.line:to:the:top of;the 'exchangers, 
. -

through -the' exchanger: and out·theef:fl uent . line: at: the :bottom,' through: the 

'valve: and :to .eitherthenext : unit. or :the: head:timk. ::In-like ~ manner.: the posi

. tions . of Brine , Rinse. :and .. Wash routes' the 'solutions: through::th'e:corresponding 

:correct .. lines. 
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.A D i ZuteAdd . Make -'Up Tank is . prbv:ided :'for . make-up of, the. dilutesulfu:dc 

:acid used for.regenerationofthe Zeo-Karb Hexchanger. The:tank"is.a·S4in. 

diameter 'hy30 in .• vertical. iead_linedcast .irontarik :w.ith:a 2 .in. ·thick 'wood 

. cover.. Agitation :,is provided·by. means of: a.lead :-coil;. air :sp~rger :atthebot tom 

6f: the: tank. 

A St~bng:A~idH~adT~nk:forhoi~ing.bP.to ~ob pounds of:concentrated 

sulfuric .acid .is located in the :ceiling .of :themain .floor. 'The .tank .·isa 

24 .·ili. by 24 :·ili. 'S tandard s tee I . tank. The. acid ·is . trans ferred : hom' carboys 

:to : the. tank: by. vacuum: and: flows from :the . head tank :to : the: measur.ing : crock by 
. • ., Ji. graV:l:ty: • 

. A.St~ong .A~id M~a~uri~gCt~ck .is prbvi~ed:directiY.~bove .the:m*k~-bP 
tank:for m.a~uring·thevolume.of:conc.ntrated:sul~uric.acidnecessary-for one 

. r~genera tion.· The' crock is a 'lead . lined '. cas t . iron vessel i.4in.OD·by 8. in. 

high:holding 108 Ibs.oi:acid. The:concentrated:acid,isdropped:by gravity: 'from 

:the :head:tankto thecrock.where:the.acid.ism~asure~. andthen:droPPed:to 

·the·: make _up timk. 

the dilute: acid .is .,injected. into: the Zeo':'Karb:H unit. by means. of: a 'Wate~ 

:J~tEjictor.Water:to.the :~jectbr.is:set :by.a ~topcock.so.asto.give a ~% 

acidconcentration:entering'the unit. 

An :A lka Ii ·Make··Up .Tilnk >is provided: for make-up of' a'3%sodium :,carbona~e 

·solution·used:for.regeneration ofthen.·Aciditeunit.Thetank~isa:48~in. 

diameter: by .30 in • verticid casti ron open-top'tank. .Agi taHon :ds provided:J)y 

a Lightniri' Portable Mixer, modelS, 'clamp:mounted:with:a30.in. long "shaft, 

~nd2 .. ·4i~. diameter propellors.It .·is powered by a 1/3 .hp, 1725 rpm, 110 
. . 

voH" i phase. 60:cycle. open induction motor. A centr.ifugal.lmmpis provided 

for pumping the soda ash solutionthrough:the.De .. Acidi te uni t . or' recyc ling: r.inse 

:i>ater.. Th.is pump is .a Weinman :Unipump., 'type 1-'1/4 'K-i-4 with 1-1/2 in • 

. x 1-t/ 4.in. suc tion. dischargec. openings: and. an operating capacity of:35 . gpm :flow 

.against 125.psi pressure. :'It isdriven.-hYa t hp, 1725.rpm, ':440 volt, 3 phase 

60' cyc Ie Mas terElectric. splash proof .,induction motor .• , 

TheSodium.:SulfiteM~ke-'UpTank: for preparation ofa O~;3%solution >in:~ 
30 "in. d:iameter :by 24. in. vertical :cast ',iron' rubber :'lined :·tank :using :manual 

. agita tion. 'The :'sodi um . s uUi te sO Inti on :is . added :,to . the' HI te red water ~by 
means.bf,a.iltohRoy Pro~ortio~ati~gPkkp. The pump:is8 plastic postive 

distdacement pis ton pump. Model MDI - 14-25P •. c ontaini.ng dual ·ball; check valVes 

o~'both .the.suc~ion:and:discharge:sides.of-the piston.witha maximum:capacity 

of .'3 gph 'ata discharge pressure .0f·SO psi. Pumping.rate :maybe :varied from 
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: zero: to :-full : C8.p8.cityby vary.ing :the ,'stroke :,length. :lItds ' driven, by a' 1/6 hi>. 

:type KH, 1 phase, 60(cycle, i.10:v·General:Electdc,gear,motor.. Fiigure4.1:3 

showsthe.pump. 

A Dei&iner.ill,izedWaterirei:u:1'Tank ,is, locat'ed on :the :'fourth: fioorof the 

building: to prov:ide: storage :for. demineralized, waterand·to furnish' head pres~ 
sure: for :the service, buildings • The:tank lois 'constructed, of ::3/16ili •. staiiiless 

~teel,~ith:horizontalh~nds'andverticaiangle~irons:forreinfotcement6fthe 
, ~ \ .,. " , '. 1 • 

:sides.~aterinlet',is througha4in. rUbber:linedpipe:at:"the top. A stain-

less: steel cover, welded: to the sides • ,is provided with: a manhole :for,inspec tion 

and 'cleaning of :thetank. .Pi gure4. 1. ;"4 "il ius trates :,the he ad': tank • ,Water 

'level -is :indicat'ed ::by, a mercurywellmanomet'er: located on. the main . fioor,. 

Ov.e rflowing , the: tank is prevent'e d ,by. means, of: a : cu t -off, fioa t . valve :inthe 

inlet. Hne. 

'4.2 Vacuum Dcaerator: and :AniiliaryEquipmf!nt 

~A 'VacuuaDeaer.4tor >is . provided :j.n ,the' demineraLiz'ed process :·fot:r.emoval 

,of. gasea, primarU y ,carbon dioxide ;·formed predous 1y ;'bythe :a'ction', of the 

Zea..-Karb H. 'exchanger, or ·the .... atersolUble: air .• :from' the water.. 'The deiierator 

:,is>located '3'S'ft: ahove ,the main : floor :,in ,order: to' provide ,suf·ficient . heigh t 

'for' theharometric ,leg, : to ,insure, a positive ,suction on: the -head of : all pumps, 

'and :to prevent: any air ',in£iltrationin'to : the system whi,le. operating: at maximum 

vacuum~ 'The deaerator is'a3 . ft o in. :by i4ft 1-1/2'in.standar.ddeaerQtorl~ith 
a:~ubberlining:to~insu~eagainst;contaminatin~:the demirier~lized,wate~, and 

~i th, a minimum: capaci ty . of 1()O, gpm. 'It is., equipped with a . s taggereds lat t·ed 

wooden. tray.s tack .and : a . dis tribution plat'e: for :,increased : contac ting :sur face 

:6~t~eenthe'tisin~:~team:and:falling:wate£. A vent:condenser, ·iocated at the 

'top.of:the d~~erator"increases,thecapacitybfthe ,~iectorsby .condensing 

:some of the: vapor,. Figure :4; 2 -1 shows: the: deaerator. • ejectors • and . condensers. 

Vacuum.deaeration:is,accomplished·by.reducing,theahsoiute pr.essure:with

in the deaera to r :6y : means of the s te am., jet .'ej ectors • The reduced . press~re 
:lowers the : temperature at, which. wa t'er,hoils : dr,i v,ihg . off:the .non'; condensible 

gases. The .:insoluble : gases, ar.e . removed: through: the. ven t,condenser ,'by . means 

,~f:theste~m:~j.ctors~ 

,'hese .Steam :Je t Ej ec tOr.s·are a simple form. of vacuum. pump. utii'izing: the 

: ejector: action. of a high. velocity. jet: of steam. ' 'The :eJectorc6nsists.:essEmti

:aliyof a nozzle .discharging:a Jet ,of steam :acrossasuction :chamber :and 
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thr ough . a :venturi .. shaped. d i ffus ion. or : compres s or : tube. The' : ga ses be ing 

:evacuat·ed. :enter' the ',eJector ;suc tion •. entrained :by : the' steam, . and: a~e,discharged 
:,through ·the ::throat •.. The ',booster. ,eJector . and, the ·:£irs·tstage·:eJect'or·disch~rges 
:ar;e'.:-.c.oo1ed by means ~f '8 d·irect .. contact heat ,exchanger. The ,s'econd 'stage 

:ejectordisch~rges.'directi y .. int~., a.:h·o.t:~aii. Figure 4 d2 .. 2 shows' the !ejector-

condenser .BrS telitfor,' the deaerator .• 

. ,A Dire'ct-CoutactHeat Ex·changer.. J or condenser,. consists of 'a chamber ... ..' '. . 
,for mixing,' the. incoming. steam ·discharge . from. the ejectors and cooling water. 

The steam-water mixture is drained,·through a. barometric :legto the hot well. 

The ·air . and,non .. condensible vapors.are removed by. the 'nex.t,stage.~ 

Operating .. instructions 'f~rlthe;:ejectorsystem are. cont~ined ·in. Section 

.6 .• 0.. :A 'few. points of·, interest on o~era.tion, .. instaliations, etc.:. are included 

here. 

L . Prevent dirt in.·the.'steam from,' reaching ,the :ejector ·nozzle. 

2" Operate .inthe.specified.steam pressure ·range. 

3;. Use dry.'st'eam, as ,~a·ter in ·the ,steam will erode:the :nozzles 
. and,:water.slugslwiILcause unstable operation. 

A Dou.ble pizssiube,Heat E:t!changer, locat'ed on. the main floor. ,is pro-

videdto maintain. the 'temperature in. the'deaerator. This',is'accomplished by 

·recircula ting.deaerated .water. from·. beneath .the ·tray stack of ,·the deaerator 

·through,' the,'steam heated: exchanger ,back t.o the deaerator,.The· outlet temper

. atureis con.trolledby an air.operated diaphragm 'valve ,throughta Brown' Elec

tronik. Recording,:Controi ling, Pot'entiometer .·Theexchanger ,·is a forced' feed 

double pass stainless .·steel.·tube . exchanger with. stainless ciadstee I beads 

and a.carbon·steeLsheiL Figure·4.2-3 sh~ws the ·heat exchanger .• 

A Durco CentrifugalPu14p w.ithdraws"the.'water.·from ,the·deaetator 'at 

approximately 7'5 gpm for : recirculating through tthe heat .'exchanger,. This is 

a Dur,ironCompany .ModeI40"Series.4 :MB-Z,Edze'2 .. :iri.,~ 1-1/2 ·in. ·single 

'suction, . closed impei leI' centrifugal pum.p'made of. Dutco KA2SMO':metaI .. 

:.Ithas .,a maximum :capac.ity of iOO"gpmagainsta '30 ,·ft head. :It is 
• • Q 

dr.ivenbya2 hpJ 440 v, 2 phase., 60"cycle, 1800 rpm. "synchronouscontinuous 

duty"40°C temperature.·rise, normaL'starting:current.open. horizontal'sleeve 

,bearing, squirrel 'cageGeneral Electric induction motor .• ' 

The' recirculated , _,heated, 'and .deaerated _ water returns . to tbe storage 

'compartment .of the :deaerator .,where. part of .the~bsorbed ,heat :evolves as 

. steam.. This steam passes upward ·through.,the'wood"tray-stackcounter.current 
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,to the flow of, water,., further, treating the, wafer and scrubhingaway non-con

densible, gases. 

, ,Water ,!levelin the de aerator ! is maintained ,through" afloat valv,l!, Fisher 

'Level-Troi, ,and 'air operated diaphraigmvalve tinkage. ,Thediaph:ragm ",alvei's 

,ioca tedi,n" the ,I line ,from ,the, head.'tank,.tothe"deaerator e. Description of the 

,above instruments ~re included ,in Section'S.O. 

':4 .~3 Dist:ri:butfOD Equipmfmt 

Demineralized .. wa'terdistdbution from, Building '807 l isaccompiished "through 

s tainles'sstee I trans fer, lines'byeither ,head pressure from:the 'storage' tank 
- , 

or ,pump, pres sur:e 0 • ,The ,'rate of ,I f low and _"integrated f,loware re,corded ,on 

,individual Bailey flow meters • Description of, the Bailey! meters, are .included 

'in Section '5.3 of this :manuai.' . ' 

A 'High 'Head Pump for gil:ing,water, pressure of '400 psi is located on ,the 

:main f,loor.'It ,is ,a EMWeiLcentrifugaL2::i'no':~ 2-1/2 in. ,two stage 'enclosed 
, , 

impeiler:; horizontal ,s~iitcase, ball ,bear,ing, pump.constructed' of stainless 

'steel. Casing ,and "internal parts are, designed ,·for, water, pres'sure of 400 psi. 

and ,to deliver 100, gpm ofwater,aga,inst 810 ,ft head. The :drdve:motor' "is a 

60hp,A,40 'v" '3 phase. 60 cycle. ,3600 'rpm, continuous duty with'400Ctemper8ture 

'rise, normal torque, normal starting cUl'rent, open ball-bearingsquirre,l 'cage 

General Electric indtictionmotor • 

A Dur'co Boos ter Pu.f1I,P, located on ,the 'main. floor, is. fol' ;normal distri

bution ,to Building 205, iOS, and 101. The ptimpstiction ,is 'connected so that 

water 'may be illimped directly from. the. deaerator,the head 'tank, or ,the units. 

i,In case· of, £ ai lure of this pump ,th.e ,pump may be ,by-passed and 'head tank 

pressure utilized. 'The specifications, for' the Booster pump 'are the same as 
. ~ 

those for the,deaera tor, pump gi venin, Section :4.2 under 'Dul'cocentri fugal 

pump. 

The Pile Mock-up receives waterthroughla 2 iii. stainlesssteel .. lineutili

zing I head tank pressure. Due Ito a continuously 'changing I liquid ,level Itin the 

head 'tank, ·fiow ,to the Mock-up may vary. 

three Chemic~l ae~df~nks are. located on.:the :main floor of Building 801 

:forthe purpose of hoidingsolutions of sodium dichromate and sodium hydroxide 

,for addition to thedemineraiized water,goingto"the Pile Mock-tip. Theta~k~ 
aT,e ail weid.ed, itotaiiy ericlosed, 'i8 in. ,diametel'by:'48:'iri. 'verticai'steel:and/or 

'stainiess steel 'tanks setting '42. in. of-fithe ·fioor.land 'supported by 1-1/2 ~in. 
x 1-1/2 in., angle 'iron,'legs.Chemical additionisthrough!afunnelat ,the top of 
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the tank, the soiutionshaving,been, previously 'made lupin a Make--Up Tank ,in the 

'second, floor laboratory. Discharge' is through, the ,bottom into the suction 

side of the 'chemical addition. pumps. One of t'he,ltwo, stainless steel tanks lis 

forthei'sodium"dichr~mate, the other 'acting as ~ spare. whiiethe, 'steel,tank : is 

for the sodium ,hydroxide. Sight .glasses are.;mounted,iIl front:for indication· 

of solution level in the tank. Fl~wfr~m the tanks is shown in figure :L2-1. 
.' . 
Three ProjJortioneer Iric., Simplex Adjust-O':'Feeder Pumps are connected 

to the dischar*eoi,the 'c~emicai~ake~u~~tanks :for pumping, the 'soiutions 'into 

: the Mock-up feed water • The pumps are posi the displacement piston ,'5/8 ,in.'x iin. 
with a capacity of 3,."5 gph ~t '48 ,strokes per minute a*ainst500 ibs pressure.' 

Each is driven by a 1/4 hPJ 1 ~h~se. 60 cycle, 110 v, ~O°C tem~eraturerise, 

'normai,s tartingcur rent open'{:ieneral. Eiectric constant 'speed m,otor ,through 'a 

speed reducer operating an eccentric c~m driving device. The two for bumping 

sodium dichromate have 'stainless steei.:cYciinders andtr,im with I/4'in.buiit 

in check vaives. The one ,for pumping sodium 'hydroxide lis of the 'same size but 

of ' steel. 
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5.0 INSTRUMENTATION 

iTheinstruments de~cribed are classified as to. the three main divisions - . 
of equipment they service: (1) Ion Exchangers» (2) Deaerator., (3 ) Distribution. 

A list of. the . instruments is given beiow: 

'5,.1' {i9n,Exehang~rs/lnstrumentation 

1. Trident Cr.est Meter 
'(Neptune 'Meter.Co.) 

2. Permut-it Rate .of Flow Indicator 
.{Th:.ePermuti t Co~pany) 

3 .•. TypeC36;BaileyFluid;Meteer 
(Bai ley Met'erCompan y') 

4. Micromax pH. Recorder 
. (·Leeds iN:orthrupCompany) 

5. 'ModelMBeckman p,H Meter 
(National Technical -Laboratories) 

6. Solu-Bri~ge :dontroller 
tlndustriaLInstruments» :Inc.) 

l. . Model.RC=lConductivi tyBridge 
I (Industrial,TnstrumentsDlnc .• ) 

8. Burettes 
. (Betz.Company) 

9 .• ' Mercury .Well. M~n~meter 

iO.HeadTank'Level Direct Acting.CutoffVaive 

5,2 Deaerator:lnstllumentation 

1. ExternaiFioat Gauge 
.(FisherGovernor. Company) 

2 .Fisher!Leyel.~Trol 
(Fisher ~overnorCompany) 

3. BrownCil'cular.Chart Electronik Potentiometer Pyrometer 
(Brown'lnstrumentCompany) 

4. Air . Oper~ted Diaphragm ·Valve 
,(Fisher Governor, Company) 
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5. Taylor Fulscope Recording ControIler for Deaerator 
:(Tay ~or :Instrument ,Company) 

6.: Taylor Motosteel EvenactorValve 
'i(Taylor :lnstrtiment,Coiupany) 

'i. Manometer . 
,,(Baiiey; Meter Company) 

5;,3 :Distributien :Instrumentation 

1.' Micromax p.B Contiriuous Recorder Controller 
(Leeds andNorthrupComp~ny) 

i 

2.: Micromax, Four-point pH Recorder 
i(ILeeds,i and Northrup rCompany) 

3.· 'MicromaxFour-point ,Conductivity Recorder 
(Leeds iand Northrup Company) 

4.. TypeC36.Bailey Fluid.Meter 
Bailey Meter Company) 

,5 • "Ctt, Tube Bourdon Pressure.,.Vacuum'Gauges 
,! (U.S.,'GaugeCompany) 

6. Wallace and, Tierman:Direct Feed Ammoniators 
,( Wail ace and Tierman Company , Tnc.o) 

l.·Low ,Water .. Control Mercoid Swjtch Type 123-156 
(MetcQid Corporation) 

5;.1 Ion Exchangers. Instrnmentation 

The : instruments used in conjunction with :the ·exchangers 'are for ,measur,ing 

and :controlling·the quality and quantity .of.water produced. 

The Trideht ,Crest Meters measure "the v~lumeof, the :incoming Hitered ,feed 

water ,to the ,Zeo.;KarbH ,exchanger. The meter furnishes.:a :flow measurement 'as 

well ias·an. integrated totaivolume measurement. The ·flow m~asuremEmt ,is used 

to check flows during.:brine " rinse, .wash,and>softening. The '.integrator fuJ!'

,nishes 'expected, run data :forboththeZeo';KarbHandthe De-Acidite units as 

wellasa. monthly dnventorycheck on water. used. ,'Figure ·S,.lJl shows :the 

~rident !crest mete~. 

A Per.uti t Rate of FloiDlndfcator is located on :thedischarge !sideof the 

aikaii pump.' . Theind:ic·ator operates by the pressure drop 'across an orifice 

instaiied in the Irecycling !rinse l:ine,and,ind,icates the .:rinse rate for the 

. De-Acidi te beddu'.ing, one, step of. the r.egeneration. The ..indicator,. consisting 
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oftwo.diaphragms.transmits,th~~ressure~drop.:across the orifice to an a~m 

which is. calihrated' to read in gpm .. :. FigureS .1*2 givesa. pictoriai ,.diagram 
.:-~ 

of.ithe ,hook;'up, 

ABai ley Fluid Meter for r.ecording,irate o~ flow 'and ·total volume of de

mineralized, water' from.,the :units,islocated o~ :the 'main fioor. A check. he

tween th,ismeter .:and. the.'crest ,meter:indica tes' the :ef:ficiency of ·the 'units,. 

Description of,theBaiieymeteris :included :under :'5 ~3 .. ~ 
'A Microm.4x pH Re:corder,. iocated on the :main floor. is used for, a contin

uous, record of ,the pH of the 'water ieav.ing '~he units'. This.instrument is 

used in. conj~nction :with the:Beckman pH ,meter. Descriptio~ of the Mic;omax 
.' ,is includedtind~r :5;3. As expl~itied ~nderS~ction 2.0, periodic, checks are 

made of thefiiteredw~terto the iunits, demineralized water to the 'head 'tank, 

:and':deaeratedwaterfrom the,deaerator. These 'checks 'aremade fusing the 

following instruments. 

A Mode 1MBe:ckm.an PH Meter is . used Ito measure.' the pH of water leaving 

then-nits or ,leav~ngthe :headtank. ~It is ~sedin .. conjunction with. the four 

point. Micromax pH recorder and !a·cts as a check'for the'recorder,. 

pH is a measure of the 'H+ ion concentration lin a solution, !theconcen

tration .ofwhich may vary from one ,gram:equivalent ,of disassociated ions per 

: 1 iter, to. less;t~an one' million-mi llionth •. This r~sul ts in fractions which may 

be expressed as powers oIten, e.g., 1·= lOQ, 0.1 :,= 10. 1 , .etc. The negative 

exponent is ,the., logarithm of the ,: reciprocal oLa gi venconcentration ,( or the 

negative ·exponent)., 'so that ian H+ ·i6nconcentration of 0.1 'is expressed as pH 

of 1. A one 'nprmalsolutio;of 'hydrochl~ric acida~proaches a onegram'equi~ 
alent of disassociated H+:ions .giving .. :a pH approachingO. A one 'normal 

solutioD~fsodidmhydroxidea~~ro~che~ 'a one 'million-millionth ofa gram 

iequi valent of d'isassociatedH+. ions giving a pH approaching 14,; Pure water 

g,ivesa pH of 7:. 

Foran.aqueous 'solution,theiefore. it,maybe :saidthatian 'acid is a sub

stance capable of ,supplying H+ ions Ito .the solution and !ahase is a substance 

capable ofsupply.ing,very, few H+ioDs or .supplying the 'electro-negativeOH

iori.Thus. pH affords·ia method measuring. a solution's acidity or alkalinity, 

A pH meter~easures ,the ,difference of potential. between two ele~~rodes 

!submerged'in the >test solu:tion. One of the 'electrodes lassumesthe potential 

dependent lupon,the pH oLthe ,solution while the other electrode assumes a 

constant potential. The meter utilized .~. potentiometer to measure the poten

tial difference .• the potentiometer scale being calibrated to read directly in 

. PH. Discussion ,0£ the potentiometeris.gi Yen 'under, ",The Solu-BridgeController'" 

and Itt:TheBrown'Cir~ular.Chart Electronik. Potentiometer Pyrometer. tt, 
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Figure '5.1':3 is a pictorial .v·iewof "the.'Beckman pH meter .• ' Operation of 

,it ,is- given las,foliows': 

I. With the selector switch in oif position~ adjust pointer to read 

,7 using !theadjusting is!=rew. 

2,.; '!Leaving, the push button ,in, the lUp. position ~ 'turn' selector'swi tch 

'to on: and 'a 11 ow to warm. 

'3. :Turnseiectorswitch to 7-14 range :andadjust :meterto read 7 us

ing:the 'amplifier control knob., 

.4.; 'Turn :selector switch to 0-7 rangeland adjust :to read, :using:the 

. stt.nda rdknob" 

5,": :Immerse electrode I in,abuffer 'solution of ,known pH and, press push 

. button. 

6,. Adjust meter to this ,readingusing"the AP knob. 

t.,Clean'the 'electrode land immerse 4n·testsolutio'. 

8., Press button land, read pH" from ·sc_ale. Should;the,',needle go off 

~cale, switch to other 'scale. 

'The ,'So lu.-Br idge Controller. RE-E4, ,is a modified Wheatstone bridge Iwith 

'cathode iray tu'be ,as 'a null ,indicator. :I,n. conjun'~tion,with ,the :mea'surement 

circuit this ,soIu-bridge 'controller has ia self-incorporated vacuumitube 'reiay 

circuit operating on the ,unbalance of the :bridge ,to accurate iii li6,v a-c 

current of up to two amperes for opt:!ratingawarning sig,nal :when itheion 

concentration exceeds :the point ,at wh,ich the indicator ,rests on :the ,dial., 

Theri,laretwo, sets of, soiu~bridgelcontrollers on 'each_ demineraliz,ing unit;, 

one on the.IDe-Acidi te efn uent land ,one on I-the ,demineralized water .line, to the 

storage 'tank. In regenerating ,a De -Ac,idite -unit, rinsing is done 'using i the 

:solu~bridge!controller on, the De-Acidite effluent ,line until ,a predetermined 

,reading I,is. reached., iWhen.the 'units ar,e on the ilineto the 'storage I·tank,the 

solu.-bridgelcontrolI~r onrthe 'storage!tank ,feed ,'lineris used to check ,the 

Via'ter: •. However, inthis:case 'either of .,the 'controllers.couid be used,btit 

oniy,the Isolu-bridge,instrument Qin the ,line ,to the !headitankhas·the 'alarm 

in ,its ci:rcuit •. Figure5.j-~ g~ve's a schemat,ic hook-up diagram ,£orasolu

b~iJge :controlie~. 
~,iguve'5 .1-5 gives ·:a. sche'matie diagram ,o£:a. Wheatstone ,br.idge :circuit 

as :l1sed,inthe :soIu-bridge [controller,. The;circuit includes 1:(1) an ,unknown 

,resistance .:between :the,lelectrodes ,0£ ,the 'conduetivityce,ll, f(2) 'standard 

,tesistance I.hichis ,wirewoundrf~rm.nualltemp~rature'com~ensation~ ~(3) .ndi(~) 

I the Iwirewound !encl , res is tors. and .'slidewire . constituting ; the Ivariable . ratio 

arms,. 
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AMod~.l itC-1Condu.cti~itY Br.idgeis used ·to. measure·the~conductiv,ity of 

demineralized:water ·to the Ihead.ltanLand o·{;the:water.ieayingthe building • 

The .icondno tiY.i ty ,br'idge ds a.n:adaption of I the . Wheatstone !bridge ,with' 

aca t)iode i l'ay ·tube : as a nullind·icatol'.. Model. itc-i. o~era·tes ·d"irectl y'from 

the power,line.and ,is.:compietely .self-contained.The 'resistance measurements 

are made Tby means of Ian ,a.."c, hr.idge.i'witha source voltage .of. ies's than :th:ree 

volts obtained :from a st-ep-downtransformer .• 

Two adjustments are required ·for,·the 'measurement of any measured re-
. , • I 

sistitnce bet'ween ito 2,500,000 ohms.- the 'main control drives ·a potentiometer 

whh;h' changes .,the Iratio i~' the 'arms ofthehridge •. A muitiplier switch ,is 

prov,ided Ito 'cnange ·the reading on Ithe ·calibratedd:i!al ,by factors of ·ten. 

To.piace!;,o operation .insert·the,line cord plug,in the power Hn'e re

ceptacle, .snaptoggl.e .switch to on. position', land allow .oneminute :for-tubes 

·to .heat. The ,line cordis a thllee-pronged plug providing 'aground •.. iand 

nei~her·term{nal ·of ithe icbnducti~ity cell.or resistor under Imeasurement .is 

grounded. 'The.'metai.!water container .is placed ona dry pape~~ lfthispaper 

is .wet and permit8the iwater., resistor :und'er lmeasurement ,·to heeome :ground'ed 

'the baiancewi Ii be.: aHec ted • Figure 5 .• 1-6 gives a pictorial.diagram of the 

:c~nducti~ity b~idge lande.li. 

Bure tte8 are used 'in the operations ,for.checkingsoaphardness, ·free 

mine ral· acidi ty. and. methyl. orange .!alkatinity.. . The "buret tes . are cal.ibra ted 

toO~·5.'cc:, pressu:re fi1led,'self-ze.roing, ;andoperated by.a stopcock. 

'The 'Head'tankMe rcury . Wt II ManolAe te riB' I oca ted ~n; the 'main floor ,for 

indicating.,water ievel in. the ,head ,tank. 

AHead.tankD.ire~ct Ac t ing ·CiI t-Ojj'Yalve o.isinstalled,'in the demineralized 

water·line to the' head tank ;atthe ,top oLthe .'tank. The .'val ve ',is operated 

by means of la; direct connectedf1oat:~ .located,inside Ithe :tank, ,thus ielimi

nating the possibility of overflowing the :head ,t·ank. Should Ithe 'valve leak, in 

a closed position, with the 'units still an the i line an oyerflowline will carry 

the 'waterto the ,hot .we.lsump. 

5.2 . DeaeratorInstr.nmentation 

The 'instruments used.inconjunc.tion .. with the ,deaeratorare' for controlling 

·the temperature,vacuum.andliquid .level ,in. thedeaerator. 

An E%ternaIFloatGi1uge,. ope:rating,in conjunction.!with a Fisher .'Level

Trol :and.a diaphragm .. valve:. controls ·the;water ·level ·in. the:deaerator.. Fig

ure ~;i-iiiiustrates·the 'construction of~the.:.auge~ The. gauke ~is connected 

to the "deaerator .bytwoequa!.izing pipes. The .·lower pipe ·is con~ected ·to 
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the 'water s.aceand the upper pipe ,to the'steam,space, thus g1~1ng the water 

in the gauge ,the·:sameclevel 'Bsthat ,existing 'in the ,deaerator. The equali

zing pipes 'are provided'withcut-offvaives 'sothat ,the ;gauge may be serviced. 

,·When 'no tiquid, is present ,in the' fioat,gauge, the 'entire weight of the 

fioatis ·supportedbY the tongue-tube ,in torsion ,which >causes cit to untwist. 

This rotary'~ha~t ,t~ the outside of ,the cage and ,to the Fisher Level-Trol 

which in turnoper.te~ a diaphragm valve. 

'The iF isherLeve l·;:Tro 1, ty~e 2400-248 ,.isa direct acting. throt t ling 

pilotusing;aBourdontubeassembly, A type 254 ,filter and a 1/4 in. type 77R 

reducing valve are used with the pilot. 

Figure 5.2 ..i2 gives an overall picture of the con tro Hing .equipment. 

Fi~ure '&~~~3is ~n exterior view of the pilot, and Figure ~;2-4 gives the 

schematic vie* cifthe ~ilot. 

:Inoperatio~. a rising iiquid ,level in the deaerator ':increasesthedia

phragm pressure :to·the piiot. this in turn 'will close the 'motor valve ·and 

thus 'control·the inlet flow .of ,water.fromthe.'head 'tank. Figure .'5.'2';8 'shows 

a diaphragmvaive,. 

To accomplish the ,above control, the pilot.incorporates an ,intermittent 

bleed relay actuated bya conventional primary orifice system and a pneumatic 

throttling range ,adjustment. Noting Figs .• : '5 .• 2';3 and 5.2-4. 20 psi pressure 

is supplied to the Irelay(l) and,to the primary orifice system which consists 

of a removabie orif.ice(2) in the tubing!:£ittingin. the 'relayd.iaphragm 

casing, 'a tubing ;.(3) : from' the relay diaphragm, to the compensator tube ('4) ~and 

a small ~ubing 'soldered,inside ,the 'compensatortube, leading'to the nozzle (5)" 

The flapper (6) ,is attached ,to the rotary shaft and rotates ·with it as the 

,1ev'e l;inthe ,deaerator 'changes. controlling the pressure on: the .relay dia

phragm. A pressure 'change on the relay diaphragm operates the main valve of 

the ,relay.to change I the pre~sureto thedi.phragm;motor .of ,the 'm~tor valve. 

the 'diaphragm pressure ·to the 'motor valve ,is also utilized to actuate'·the 

compensating Bourdon tube :{4),through,:thethrottling 'rangeadjustment ,assembly 

(7). The desired. level in the ,deaerator may becchanged by turning the knob 

·(8) ;inthecenter of the Bourdon ,tube. The ,throttling range of the 'controller 

.is adjusted by turning ,the :knob, (9). 

The 'Bro~nCiicul~rChantEl~ctronik Potentiometer Pyrometer used to 

control ;and'recordthe 'temperature of the water from the 'heat ,exchanger .onthe 

'recircul at ion Iwater ,line ,from' the ,deae rator is located on the: first floor 

of ;the ;buiiding·. ,The control ,is obtained ,through an ,air operated Fisher 

diaphragm vaive on .the 'steam to thelheat iexchanger with·the air being!re

gulateJby the Brown 'controiler. 'It employs ~ ~onventional null balance 
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measul'ing circuit, using the "Brown "continuous. balance"', unit ;instead of the 

usualgaiva,nometer. The ,nlcontinuousbaiance system"; is designed ,for use with 

weveral;type.ofBeif-balancing'measul'ing:devices. 

The '~"coritinuous balance, system,tjis made 'up of four uui tS.$ each of which 

,is described beiow., ·and is. iocated.'at.theback inside of the 'cover. 

The conversion stage is composed of the converter and transformer, which 

converts the unbalanced d·c potentiometer voltage ,to a proportional ,a-c 

voltage • The converter is a sing Ie- pole ,double - throwsw,itch operat ing in 

synchronism w.ith line voltage and is polarized by means ofa permanent ,magnet 

so that the contacts will always be closed; one during the ~ositive half-cycle 

of the supply voltage, and one durin~the negative half-cycle. The trans

fo~mer 'acts as a coupling device between the measu~ing 'circuit and the ielec

tronic voltage ;amplifier to suppiyan ,a-c voltage, whose phase ,is dependent 

,up~n the, direction of ' the unbalance~ 

Thevoitage·amplifier multipiies thea-c voltage putout by the,trans

former at BB,F.ig.S ,2~6, from one of ' the order of microvolts to one of 

s'everal 'volts at CC. 

The' powerampl~fier is. controlled by the voltage ;fromthe voltageampli

fier, CC, Fig. '5.2-6, and delivers driving power, DD, to the balancing ,motor" 

Both the phaseandmagnituae o£,the ,driving power ,are directly controliedby 

thev6itage,from·the voltageampli£ier and hence is controlledbyrthrunb~l~nce 

of the'measuringcircuit. 

Thebaiancing·motor is a hrushless, reversible. variable-speed induction 

'motor ,which recognizes the phase of the driving ~ower and accordinglyhaiances 

the 'instrument. One of the motor windings lis continuously energized by Hne 

voltag~ :while the other winding is energized ·by.the power"amplifier, with a 

current whose phase .with respect to the line current determines the direction 

of·ratation of the 'motor. The'slid~-wire contactor, pen, ,and p6inter 'are 

dir.ctly~onnected t~ this motor. 

Figul'e5.2-'S gives a pictoriai plan 'view of the 9Qicontinuou's balaJice tt; 'unit.' 

T~e 'measuring 'circuit used with this !f"continuous :balance'l'l, unit is the 

~otentiometer. A potentiometer consists of a calibrated .1ide-wire resistor 

through ,which a standard current passes .andhence gives a calibrated voltage 

drop. A portion of this voltage,as determined 'by the ·slide-wire'contactor, 

is opposed to the potential across the pyrometer, andwhen:these ,two voltages 

;are equal, !the 'contactor is at tl1e pointrof balance. The contactor 'is. linked 

to an indicating pointer which records 'anddndicates the 'temperature. Figure 

'5,.2,.1 is an outside :view 'of the .instrument. 
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Figure '5;2~6 is a.diagram of ' the detectingand:balancinglsystem':used 1n 

theBrownEl~ctronik. An.,unbalance between the Ithermocou~ieand siide-wire 

voltages !will appear.,across AA as 'a voltage whose ~olarity will de~end upon 

the direction of ·unbalance. Thisvoitage lat 'AAis converted by the '"contin-

uous balance'" unit ·to drive. the. "'balancing motor,"' as d~scribed 'ahove .• 

AnlA~r Operated Diaphragm'Valve Q operated by the 'BrownElect1'~nikpo~ 
tentiometet.is located on' the :steam . line ·to the 'heat ;exchanger'for regulat·ing 

it·he ,flow of.'steam so as to maintain a constant 'tem~el'atul'ein ,the water 1'e

·cir~ulated;to,the deaerator. Figure 5..2..:8 gives 'a schematic diagram of , the 

V:alve.o 

·T.he :TaylorFuZs'copeRe:corrding Controller is located on the :fourth ·floor • 

. This .. instrument. used ·tocontrol,the vacuum on ·the deaerator:. is a 'single~duty 

control1er.,with adjustable sensitivity and automatic. reset. Vacuum 'control 

point I' is set .at ,the desired point :andcontrolis ,accomplished ,through 'a Taylor 

Motosteel.Eienictor Val~e. As,thedeaerator vacuum deviatesfr6m"the 'control 

p6int,the,'control1eda.ir to the 'val veia var.ied ,allowing lair . to be:bled:in at 

,'such 'a'rateas ,to maintain .. a cons,tant value.· 

F.igureS;2 e 9 : shows a pictorial view ,of· the inside iface of the ·controller •. 

The' fol1owing.iRUmberedpoints may be located on the-figure 0 

ill Sensitivityadjustment t 

:,(2) IAutomatic reset 9 . 

(3) :Chart-iocking.'mechanism, and 
:('4) Ot.ifice cleaner in the 'relay air valve .• 

Two. control .. effects .. 1 isted ,by, the manufacturer "are': (1) proportional 

:response ,which causes ,an output pressure 'change proportional ,to the pen or 

pointer deviation .from ,the 'set point. and (2) automatic 'reset. response which 

~~usesariout~ut pressure change proportional :to·the magnitude land duration 

of:the pen .or poi.nter deviation ,from the 'set point. 

FigureS ~2~10 isa schematic flow.diagram of ,the 'controll'erwith some 

o £1 i ts parts tisted. 'Noting the' figure. if the i recorderisbeiow l,the : con trol 

poin t Ii( if vacuUm 'is, iess. than required ).'the 'circular baffle rests on the 

.nouie preventing free flow. of . air through., the ,nozzle.. . The:1'esulting I·back 
. . 

pressure ,on. the Icapsular chamber 'causes,!t to ,inflate. raising.tthe Irelay bal1~f 

cutting ·down ,t'he .Iair . to .the :diaphragm .·valve" ·The: reduced pressure :to·the 

'valv.e. allows "it to cl.osegthusdecreasing :the ,volume of B.ir bled d .. nto rthe 

:deae rator 0 The' adj uatable. sensit;i vity " and.: Butoma t ic reset, are utilized·to. 

minimize .. overshooting .. iand. hunting.,when.: the.: co,ntro 1 poin t,is . changed lOr when 

~en d~viation occurs. 
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'~. ?he T*y20r Motoste.Z Evendctor V.Zveis ~imiiar -in construc~ion and 

o~eration·to the·air. operated dia~hrag.:vai~~~. 

'5~3 :Disir:ibutiGD 'InstrumeDtati~D 

'The .lwat'er:leaving the 801 ;bui ldin g ! to the: servdced. buildings ,is metered 

bYinstruments.which.are mainly.of:a·rec6rd.ing or,arecording;controlling 

:nature... Three of.,the ·instruments have ,been men..tioned ·in parts5'~1 ,and :S~2a 

. Futtherdescr:iption of these .instruments aionglwith ,the other instruments 

.'connected . with dis·tri·bution p arein~ l~dedlbe lowo 

A Micro.ax PH Con t inuousRecolrdeTrCon tro ller·is 'located in'. the 's"outhwest .. 
:corner .0£ 1 the :main floor for controlling the\s~dium hydroxide ,addition: to and 

recording J the PH of· the deminerali zed .water . to the MtH~kcup.The 'con troller 

operates an air 'valve ·which ,is placed on ,the discharge,of.the1sodiumhydroxide 

pro~ortioneer pump. 

The.'controllerisa ModelS .Micromax ~stri~ochaIlt9 us.ing ,8 d.,;c. pO° 

tentiometer 'baiancing :mechanism in, conjunction 'wi th,a. glass,.electrode ; assembly. 

The icontrolmechanism,is a Micromax. pneumatic control. Figure :5 •. 3 e i 'shows 

'a, glass*eiectrode'assemblyand Fig. 5.3=2 ,is a pictodalviewof,theMicromax, 

and Prierimatic Control. 

The.:elect1'.ode lassembly 'consistsofa highly 'sensitive detectingel~ctrode~ 

:a 1'.ef-erenceelec·trode l :-and a temperature . compen·satal',.These :are 'mounted 

las la unit .with thelsensitive ends of :the :electrodes 'in.a 'flow lchamberthrough 

:which mOves'acont.inuQus !stream of·water,. An emf is developed between the 

I twoe lectrodes by" the' flowing :water. 1 tll:is ;em£ . beingl>a'lanced ,by' the Micromax,.: 

The: temperature' compens'ator .modi fies this.' balanced voi-tage.!'sccording: to the 

,temperature of the,water andth~modi f.:ied. balanced voltage.facon tinuous 1 y 

recorded las pH.. Any',deviationof 'measured pH· from the 'control point "is t1'.anso 

>mi tted',thro.ugh "the controller: to .. actuate, the pneumatic control which ,in tur,n 

o~eratesthe .'control. valve. 

The pneumatic,control is £acto'ry~assempled,utilizing two ·air 'connections
l 

(i) direc,dy,to the. plant ,air .supply,~ and ,:(2) ,directly to the diaphragm vahe .• ~ 
A piiotvai ve ~i trans tates. the :above ,men tion'ed pH change "to a corr.esponding 

pressul'e ch.~nge.oThe pneumaticbalance.isinequilibdum only !wben' the: caustic 

is Howif.1gat ,the I required rate to hold the pH at the ',control pain 

'A Mi'crOlt4X 'Fouropoint pH Re:coll"deTr continuous1y .• records1the pH of lthe 

Iwa ter :at,·£ our I>oints;in. Building 807,1 : to .(1) . head: tank
l

,( 2 )IBuilding ;20'5 

"('3) :Building l()S;, .'a,nd ,(, .. 0, Pile Mockoupo 
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The four point ree.order is similar to the recorde'r contro11e'rin ,that the 

detecting. device is' the glas;s. electrode'asse'mbly (Fig.; 5.3,~ 1)", the balancing 

mechanism is a d~c potentiome,t.er, and it is a strip cbartMo,del 8'Mifcromax.: 

There is no control .me~hapismattached; the pr..ime purpose 'being to fu~nish a 

cont.inuous' pH. rec~rd :at the four points' usingth~; Beckman pH .meter as,i'acheck.; 

Thecon~inuous record furnishes a mea'ns for determining. 'the qual ity of ·,the 

wate,r .' 

A Microma% Four~point. C.onducitiv ity Recorder records the c'onductivity, 

in ohms of resistances" at the a,ame four points as the pH.: The de,tec,ting 

de,vice a,a standard cOllductivity cel1, as used with the conductivity bridge, 
t -~. .. . • 

imme·rsed in a. continuous. stream ,of water taken from the same point 'as, for the 

pH recorder. 'The balancing mechanism in the Micromax is an a-c Wheats:tone 

bridge, explanatiqn of which is included und,er tt;rhe Solu-Bridge Controlle,r. It; 

part 1 of' this, s.ection.' The Micromaxis a sttip-,chart Model S (Fig. 5.3~2). 

The recorder together,with the, conversion ·factorsnot,ed on the inst.rument 

doorfurnis'hes .a c.outinuous re.cord of the, s,pecific conductivity of't,he water 

at the four. points as well as a check agains,t the conduc,tivity bridge,. 'The 

continuous' record enables the opera.tor to determine water quality ·quickly and 

easily., 

Four Type C36 Ba i ley Fluid Met.ers are in operation in Building 807.; one 

on th,e demineralized wa'ter line to the head tank and one each on the, water 

1 ines t.O Buildings, i05,: 205. 'and Pile Mock-up.: They indicate and rec~rdpa,st 
and pre;sent flow and integrate' the ,current flow to give total. quantity having 

passed ,through ,the line. The meter meas.ures' the p~es.su;re· differential across' 

an orifice· and translates it into uni~s of £low for ,indicating, recording, and 

integr!lting.: Figure 5.3-3- gives the flow mechanism oft,he Baile,y meter.; 

The pressure' at the inlet side of the primary elemen,t is applied to the 

int,erior of the me,rcury 'sealed Ledoux bell. and the pres,sure on the outlet' 

s~ide is applied ,to the exterior of' the bell. A differential presisure change: 

Qloves, the 'bell up or down'" thi~ movemen:tbe'illg transmitted to thedir,e~;~.;.co~
nected recording peil ,which' is directly proporbional to the· changes in rate of 

flow. The flow mechanism is operated directly from ,diffe,rential; pressure and 

relJuires no external source of power.: 

The meter is provided wit'h a rubber plate ,'loc'at·ed at· the, ,t opof.,the' 

Ledoux bell wbic:h comes ,in contact, with the ,s:hut.-of£unders:udden overloads. or 

,reversals of.flow, 

conne,~t,ing lines.! 

making it theoretically impossib Ie foi ,mercur y ,to ,enter the 

The connecting link is: t.O pre,vent the bell from ,rubbing 
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against the s~andpipe when the meter' is not .leveL 

"CIf, Type Bourdon pressure Vacuum G.auges are installed in the' :steam and 

waterlines for indicating pressures and on thedeaerator ejectors;for ,~n~icat

l.ng vacuum.' 

, 
Two Wallace and Tierman Dire,ct, Feed Aamoniator,s, typeMDPAM, ,!are located 

: 
on' th~ first floor in stand-by condition. The ammoniators were ,us,~d for 're-

gu1ating the injection of CO
2 

and 02 into demineralized water, for:water s,peci

fication dupl,ication at other locales.: Each have a met,er cali'b'rated for2lb 

to 12 1b CO2 per 24 hours versus water. pres:sure of 30 lb to 35 lb, and/or for 

O.21b to 1.'2. lb 02 per 24 .h~urs vefsus water pressure of 30 lb to 35 lb.' 

A Merco,id Lo'fIJ Water Control, type 123-156. is installed in the drop leg 

from the deaerator to the recirculating pump. The controlhasa 30 11> pressur.e 

ratin,g with the circuit to the pumpsopeJiing if: liquid level lowers. 
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6' .0 OPERATION OF PLANT 

The r~uti.~·op.ratibg pr~cedure~for Building 807 is given in this s~ction 

with rEderen-?es ·being.,med'e '.to. the.,Demineralizing Equipment Flowsheet .. ·(3.2-0 
. a.nd ,to various .,individus·l pieces of.equipmen t listed in. Section 4.. O.The 

Unit Flowsheet'is'shownill Fig. ,",.iMl with ,the 'valve lettering indicated. 

;·For ,the "con~eniEmcecifthe operator, an outline of .this section .18 given 

below .• 

6.1 V~ive Nome~ci~tu~~ 

~~li Valve Nomenclature .for Demineralizing Units 
6:~l~ -Valve '~omen~lature'forBuilding Services 

6.2 SolutionMake-up 

,bilute Sul~huricAcid 6.21 
6·.~2 
6.23 
6: .2:4 
6.25 
6~~6 

. Soda,Ash soiiltion 
'~odium Sulfite Make.,up 
:Sodium Dichromate 
SodiumHydro~ide 
Refilling Strong. Acid. Head Tank 

6 .• 3 .. nem~n(na11zation Operation 

6 .• :h Qperation.of the ieo~Karb H Unit 
6.32' Operation .of ·the De-Acidit;e Unit 
6.33 ~reparation of tinitsfor Reuse 

6: .:4 Operation of,theDeaerator 

6.~1 StartintDeaerator 
6~42 Shutting Deaerator Down 

6,i'S Distribution Operation 

6 ... ·51 Operation of, the High Head Pump 
6~:52 Controlling .WaterSpeciiications itO. the Pile 'Mock-up 

6.' Water A~aly$es 

6 .61 Boutron and :·Boudet Soap. Test 
6.62 ;Determinationof. ~ethyl Orange Alkalinity., "fAlkalinity A"! 
6 .6'3 Determination of Free Mineral ,Acidi t'y 

6,. 7 Miscellaneous Duties 

6.71 
6 .• 72 
6.73 

Routine Readings 
Misce llaneous:Jnstruc tions 
P~riodic Eqfiipmentand ,instrument Checks 
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6.1 ValveNomenclatDre 

6.11 Val veNomenclature ,for Demineralizing tJn~ ts 

VALVE 

A 
B 
'C 
D 
E 
F 

G 
H 
;1 
J 
K 
L 

M. 
N 
T 
U 

v 

W 
X 

1-S 
1-S 
1-S 
1-S 
2-S 
2-S 
2.;.S 
2.;.S 
#1-1M Sample· 
#1-ZK sample 

'FROII 

Filtered Water Line 
StTong Acid Measuring Crock 
Filtere~ Water Inlet, • 
Demin~ralitedWater,From Units 
Fiitered Water ~lushout 
Alkali Pump 

Zeo-Karb Hand l;>e-AciditeUnits 
Zeo~K~rb.H Dil~te j¢iJ 
(Stock Cock) MultiportVia J:et 
Fi1t'ere~ W:aterLine 
Dilute Acid Tank 'Via Jet, 
(St~p "Cock) Dilute Acid Tank 
Via Je-t 

Air Supply:.to ~gitat'or 
Str~n~ 4cidCu~-Off 
Alkali Mix 'tank . ' ' 
Pump Suction 'from De-Ac'idi te 
Units 
(Stop:Cor;k) Alkali Pump Dis-
charge . . 

Alkali Pump Cut Off 
Alkali Pump Discharge 

ZK'Brine,andRinse 
ZK'Wash 
biBr"ineand Rinse 
DA ,Wash 
ZKBrine and Rinse 
ZKWash 
DA Brine' and Rinse 
DAWash 

T~ 

,Uni ts 
Dilttt~ Acid Mix T~nk 
Dilute IAcid.Mix Tarik 
To Storage Tank 
IHittte Acid.'Line .. ' 
Zeo~KarbHtJnit(Recyciing 

Rinse 'Line) 
'V~nt 'ValVe 
S~mpie'Valve 
Zeo';KarbHUnit 
:Alkali 'Mi~ Tank 

.; Zeo";KarblJni ts 

Zeo';'Karb Units 
Dilute~cid Mix Tank 
Measuring Pots 
Pump Suction 

Recyc ling ;Line 

'De-Acidite U~its 
De-Acidite Units 
Zeo-Karb -Units ;Via.,Rate of 

flow 'Indicator " 
:pischargetoSump 
Dii~hargeto Sump 
Disc',hargeto Sump 
Discharge to Sump 
Dischar~~!·to Sump 
Discharge~to Sump 
Discharge to Sump 
Discha~ge to Sump 
'#2 -DA Sample 
#2-ZK Sample 

6.12Valve:Nomericlature ·for.Building:Setvices 

1 
2 
3 

" 

Units 
Units 
Storage 'Tank 
Storage.T/lnk 
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VALVE 

5 
6 
7 
~ 

,9 
10 
Ii 
12 
t3~ 
V~ 

1'5 
i~ 
it, 
18. 
i8~A 
i9 
20 
21 
22 
2:3 
24 
.25 
g5~A 
g6 
21 
iQ g, 
30 :ii 

':~,g 
ra~ 

'3:4-
l~ 
:36 

"'(' "r. 

31 
;38 
3§ 
",4Q 

Storage Tank 
,Storage Tank 
,Deaerator 
Booster Pump 
Storige tan~ 

;,l3ooster Pump 
Boostf?r Pump 
Storage Tank 

FROII 

:Demine~alizedWater 
~tora.geTalik 
$torageTank, 
Storage Tank 
Units 
Storage Tank 
StorligeTank 
;Chemical iCut-off 
.Controller ;By-Pass 
Storage 'Tank .8esistance ,and pH' 
~Resistance ~lDd pH 
Resistance ,and pH 
'Qn.its Resistance and pH 
Demineraliz'ed,Water 
ijigh:'Head Pump 
a~gbae~d -Plimp 
'IHgq,'"Qealj By-P.!l~s 
Q!~t~,r~lize4,'at~r 
pp~§~nH't! ~e4g~er By-PllSS 
pp,!§llnJ.I',·~R~~h!c~r 'Va.l Vt! 
p!!§§9P!'R~duce! 'Valve 
~Q~k'"~~ 

" 

Q~!!~ I,'!! tIn" 
Cir~gla.~iB' PQmp 
H"at; gil:ch'lrng~r 
Ifi iJu:h!i!Qu\i~Qff 
#t 'Uuit./llt(l ~t9r~geTa~k By-Jila.l1!§ 
#1 Q:ni,t;~L, tQ St;~rl!gfil' Tllin~ By-Pa.~!i! 
BQQ!i!ty pqm'p -
II ,: ft .Plimp , 

, 'TOI. 

Deaerator 
Deaer~tor 

',Boos tel' Pump 
'Line 
B<;>oste~Pump 
2QS ·Bldg. 
I05'Bldg~ 

20~ Bldg •. ' 
'80t and 101 Bldg. 
Booster P'!lmp 
BoosterPump 
iDS Bldg. " 
IOS'Bldg. Cut-oft 
Mock-up Orifice 

'Mock-up Bldg. ' 
Mock-up Bldg. 
Mock-up 'Line 
Mock-up Bldg. 
205 'Bidg. 
i05Bldg. 
Storage :Tank 
High Head Pump 
Storage Tank 
l05!Bidg. 
~OS~ldg. 

'jOl B14g~ 
~05 tUgg. 
10$ Blqg! 
105 Bid'. ., ,8' 
PH 'Controll~r 
eircgl*ti~~ pg~P 
lIeat J!;~c;;h@g.g@r
Deae1,"8 tor: .' 
~tQr:~g, T!Hllt 
#~U:g~t~ 
#2Un.i.~s, 
Pil~ 'M9t;lt-'!lP 
Pil~ Moc~-gp 

6!'a S.lQtiQ~M@k.'!Qp. 

6.21 'Q;iigt~ Sglphqr,j,c{ Acid 

I!,· Pgt9Il ~dety 8'hs§e~ • 

2. :'Adc;l ;26io,. (to 'i:gd~catQ:r)gt ,w",teI.' ,t'gc;liht.e ,add tlimk. 
'S.. Ope~'VaheJt ':eQQqghrto give·a 'vigQrogs . agita t;ion. 
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4. !Check :'toseethat drain valveir6mstrong acid ,mettsur,ing tank (VaheiB) 
'lis closed. ' 

5" 'Crack, inietvalve on strong acid,'line to 'measuring. tank :.('VaheN). 

6,. Add, aciduntii liquid shows in saran :tubing:in vent line from 'measuring 
'tank. 

7. 'Close 'Valve 'No 
,8,. Open 'ValveB. 

,9,0 :'.Mt~te .'for five minutes. 

10. ::CloseVahe 'B. 

11. Turn air off tVaheM):.: 

12.' NEVER ADD ,WATER TO ACID. 

TABLE 6.Z1 ~i 

Effect· of'sDlphQr.le A.cld, CODc8ntr.aUOD 08 ,Specific :Qr,avity 

S~EC.!F~C.GRAVXTY 

6,.22Soda'AshSolution 

1~0051 

i.biis 
1.61~4 

1.ozS 

H2 SO. 

(P4!ll!'fHlllll!t) 

1.0 
2.0 
3.0 

4.0 

LAdd 124 :in., :ho ,hidicator) 6f water' to soda ,ash 'tank. 

2. 'SUrt Mixer, 

3. Put on ,goggles. 

"4. Add'SO,lbs(i/2,sack) of soda ash ,to water in tank.: 

5. Agitate for30:minuteso 

6.23 Sodium Sulfite Make-up 

1. Add~~'gal~(15,in~) demineraliz~d.water·to mix,tank~ 
2. Add i:lb of sodium ,sul'fiteand ,agitate manually until'dissolved. 
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6.i4.Sodium Dichrom$~e 

1. Rinse out mix tank on second floor. 

'2. 'Close outl~t valVe at bottom of tank. 

3. :Add:26.42 gallonsor(l5ind, demineraliz,ed water, 

4. ,Add i"I/41b of sodium dicb.roma'te. 

'5.. Turn on lightniri' mixer. until all ,is dissolved. 

6. Check ,'to see' that rubber' hose ,is ,in right tank ,for filling 
dichromate head"t~nk. 

7. Open ''v, a he a:nd dropsolutionhy. gravity to dichromate pump 
head tank. ' . 

6.25 .Sodium Hydroxide 

6.26 

L Rinse out mix. tank on second floor' level, (one mix tank is .' 
used for,.both sodium hydroxide I and sodium dichromate make "Up),. 

'2. 'Add 26.4.2 gallonsor(lS. in.)·demineralized:waterto mixt'ank. 

13 •. :Add 10 Ibs of flake caustic and agitate until dissolved. 
(same procedure as sodium dichromate for.a~di~glto caustic 
pump head· tank). 

Refilling Strong Acid Head Tank 

1. Sufficie~t.acid should be available .dtthe.nd of the day 'shift • 
to last 24 hours. 

2. Put on safety goggles and rubber gloves. 

3. '!Check acid for specifications: 

(a) SpecificGravity 1,82 ± ,1 
(b) Color a WaterWhi te ' 
(c) Suspended Materials: - None ,to very Slight 

·Ch~ck with aup.rvision on bit 8p~citication mdterijls to be returned 
. to s tor-es . 

,. Check:to se~th~t.valvesin strong acid line to measuring pots 
are closed. 

'5. ~Closevent,line from strong~cid storage.'tank. 

6~ Put stiinless steel hosein,acid~arboy. 

'l..Tur,nair 1 to ejector .on. 

8. :Watch level of storage <tank sight ,glass 1 stopping acid addition 
about 3/4 way full. 

9,. Turn .airto 'ejector off. 

10. R~move hose from carboy rinsing.outersurface of hose, and 
allow to drip 'into drain. 

11. Wash ,carboy immediat'ely ,and, tag empty. 
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603 DemineralizationOperation 

6~:31 . Operation of the 'Zeo~Karb HUni t 

L Preliminary 

After pa'ssing.' th~ough the Zeo-Karb H uni t. the chlorides and su ifates 

w.illbe-transformed . to HCI. II'nd H
2
S0

4 
The s·um'total <if this: free 'mineral 

'a.cidity. _expressed asCaCO~. is referred to as the tftFMA"'.·This 'can ·be·'.com

puted:a.sO:~88;x ThMA 9 where ThMA 'is the Theoretical Mineral Acidi.ty. 

2. 'Spec-if·i'cations 

a.Capacity:50,OOo' . gallons in 23.~4 hours based on 
water having a compensated cation content of U;5 gpg. 
per U~ S. gallon~. 

b.Maximum flow rate of softening: 40 .gal/miri. 

c.Wash rate: 75 gal/min. 

d.· 'Rinse ,rate: 50, gal/min • 

. eo Acid required to regenerate unit: 108 .lbs 6'oB~.· 
'sulfuric acid,. 'equivaient 'to. acid in measuring device 
up to marker 'strip. 

NOTE: Free ;chiorineand'chlor.ine 'as 'chloramine~hould:,not .'exceedO~2gpg 
in influent 'wa·ter.. A sul£ite feed·is used to .remoy.e excess chlorine by pumping 

,in 'a O,~3%:sohttion .oLsoditimsulIite ;intothe'fiitered .. water .at3 gph.Thi~ 

,is. sufficient. for bothuni ts . to operate simultaneousl y,and ,no effort :·is :made 
-. 

'to reduce :theflowif oniy one demineralization unit .is in use. 

During't~e:regeneration.of. the unit, whiieri~singout;the regenerating 

laciel. :the:'a-cidity .ofthe 'effiuent ,wi,i.l .he high !andwill gradually drop off 

. untili t reaches :8pproximateiy ·the ThMA of' the 'raw water. The softening ; run 

may .he·stArted ,if the :~ffluent lis also free of ,hardness as determined ,by soap 

'tel1!t. During·the 'course of ,the rUIl»theFMA of,t'he'effluent rshould :remain 

·fa'iriY. constant .• in th'e.24034 ppm range:, and.,therun :maybe considered 'com

pieted:when: theFMAdrops off 10. ppm :below :average. Undet!these" condi tions, 

,·the'~ffluen ~.' s:houlel I'be. free from. hardness ,·throughout ,·therun o' However.. ·the 

,~un :shouldbe . terminated! and ,the unit. rege.nerated·if hardness appears in: the 

ef:f.luent., regardless of ,the' FMA. 
Ht is qu.iteconceivable ,that.:the.:characteristicsof ,the water supPly 

wiJlvary 'fr6mtime ,to ·time.Whe.n ,the 'chlorides: and·sulfates <in :the i'awwat'er 

:vary,.theFMA of' the:effluent of ;·the.Zeo*KarbH ,unitvar.ies according!y,. ;Iri 

.such 'ca'ses, .the softening nun should be terminated when,theFMA afthe :ef

fluent ,drops ,be low, the 'mean ,( average) FMA ·dudng :the :middle . of ,the run, or at 

,the first .sign of :hardnessinthe.dfluent. 
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'3. Oper.ation ,oj "Unit: 

,ALWAYS RafATEMULTIPOtrr,'VALVE1INTIlE 'DiRECTION 

lINDlCATED 'B-t, ARROWS' 

. ,j~. Softida ing: . 

,When'l1nit .is ,in$ervi'ce. 'multiport valv;e is kept in softtn position. 

open val ve,iii air.' vent,' iine from, time' to time, during operation ·to reliev.eair 

'from "top of unity . When softeningll'.u~ ,of:,SO. 000 . galions :,is :,completed or when 

capacity ofuni t is exhausted, as evidenced ,by ,FMA dropping about 10 ppm below 

average'F'MA of 'effleUlltduring softening.run,or 'by the presence o'f ha~dness 
.1n . effluent ,~s • shown by soap test • or. rise in ',pHto '5 or above, ,the unit ,m~st 

bewashed,regenerated,ancl'rinsed. 

3b.Washing 

'Turn m'uI tiport vai veto .wash and at the. same time adjus tthevalve ;in 

'w~sh ,outlet :line;·tomaintainwater .leveLin,sump,at upper marker"(S-1/2 in. ;'above 

center ,line of, lower orifices) of. orifice board, .'equivalent Ito washing ;at 
,the: rate oftS ,gpm. Wash ,a t 1 this rate for approximateiy iOminutesor until 

wash water ',is. cleat, •. 

id. heg.n~rating 
' .. ' ' . 

:'After the 'Qcid,·hasbeenadded"to the ,dilution:water, slowly open '-Valve 'M 

o,n ;air.supplY-for agitation ,and ,;mixing •. Agitate rthoroughly ,for,'5 -minutes 
, . 

ito:insure; it' complete! y 'uni form dilute acid solution. 

'T~r.ti. mul tiport ·valv.e ' to brine,. Open 'Valve . K and .,Cocksia,ndL., 'As 

the ,Qcid,lejected:into ,the unit must be ,diluted to approx.imately 2%, :regulate 

Cock '1 ·so.that271 gall.ns of water pass :through:themeterin Itmimlt~s. Re

guia te;'Cock Lsothat 'the' diiute.: acid is ,introduced .into·theunitin 'the same 

~eriod~of·tim.~ OnceCocks'1 and~ arese~;theiradjustment'should~otbe 

disturbed. :Table 6..2i-lgives density of sulfuric versus percent ·sulfuric 

ad.dto ch~ck ,th~ 'conceht.ration ,of ,regenerating solution. Adjust 'Cocks'lan'd 

L ·to maintain the 2% 'solution of ' sulfuric. 

After. all / the, acidhas·beenejected p . open.'ValveE on flushout,line for 

.approxima:~ely·30 ,seconds, so that ,any :acid .!'.emaining ,in ;.lines will :be flushed 

out. 

Then !cioseVahes Eand K. 

3d.. Rinsing 

Turn 'multiport val veto r iiise.. Adjust valVe. of' rinse outlet ,line: to 

maintaiil. water ,level ,in sump: at. lower :markeri( 3 -;3/4.iri.abov.e. center !lineof 

liow.ero.ri£.ices) of or.ifice.:board,::equivalentto .rinsing lat ·rate ofSOgpm. 
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Rinse .at this rate for approximately 40 i~inutes or :until ·the .FMA dropsiO ppm 
. . 

:above the.' average FM~' for the prev,ious run 'and) the rr insewa ter . is. fref!of 

har.dnessas 'shofD.n by soap test. 

Turn :multiport vdveto soften. The 'uilit is. hack in service •. 

6~32 O~eration of the. De-Acidite Unit· 

L Pre lim inary 

/' 

mIS'HNIT'MUST'BE OPERATED. ONLY ONTHE'ACIDEFFL~T OF 

ZEO",KARB.H uNIT. WHICH EFFLUENT MUST BE FREE OFICALCIuM 

AND MAGNESIUM 0 

2". '$pecifica t ions 

A.'Capacity: 120,000 . gallons lin 48.1 hours ·basfild.on a 
Theoretical. Minera 1 Acidi ty J(ThMA)! con ten t of 2. () 
.grains perU. S. 'gallon" 

NOTE: Th.e :capacit:y of ;theDe-Acidite Unit 'Ii'S approximately ,2 ·times ,the 

'capacity . of! the Zeo';KarbHUni t. Therefore ·the De-Acidi te Unit is regenerated 

<every 'second, time "th~ Zeo-Karb H Uni tis regenerated. 

~B.Maxim*mflow.rate ,in servic~: 40 igal16ns per 'minute. 

t. ,Wash rat~: '40 gallons per-minute. 

D •. Rinse tate: 16 gailons per'minute. 

E. Re~cycling rinserat~: 32 gallons ~e~:minut~. 

F. Alkali Irequired·to regenerate unit: See "Making iUP 

Alkali Soiu tion~'o 

:3," ,Operating 'Unit 

ALWAYS ROTATE MULTIPORT'VALVE <IN 'THE DIRECTION \IND]cATED 

,BY ARROW • 

. ,:3a.; 'In 'Service 

When 'unit is ,in service. themultiportvalve ,is kept in the soften 

positi6n.Open ~alve Gin, airvent:linefrom'timetotime during oper*tion 

ito relid~e~irfrom'top of unit. 

,During softening: run, Valve D is to beset for. a flow rate of 40 gplI\. 

As ;the :capacity of ·the unit is approximately ·double ,the 'capacity of the 

Zeo·Karb·H 'unit, it will J)ereg~nerated 'every other ,time the Zeo';Karb II ':unit 

is regenerated.:Wheil.hoth units. are' to be . regenerated, regenerate the Zeo-Karb 

H unit ii rs t .and-then tb~Be';Acid:i:te unl:t". ,TheDe ';Acidite unitsho~ld : be 

r.egenerated oniy ,if : the Zeo';KarhH unit has' ·had '}:e8s ,·than :'50 1 000 'gallons plit 

.:through "it sinc~the ,last Zeo';Karbrege.nerationo:lf morethan.50,OOO .gallons 
'. . ~ 
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h'avebeen Pllt-through.:the Zeo-Karb, ,regenerate it,before 'regenerating the 

,De,~Acidite uni t. 

'3b. Was,h ing 

'When ,the,~~Jiit has ,become exh~usted asindic~ted by the solu~bridgerun 
;endp6intindicator ,the dnit must be washed. regenerated, ,and rinsed. 

~otate multiport v~ive -to ~ash position '~nd:at,th' sa~e time adjust 

-vavle onw~sh outletiine: to maintain water level in sump 'at m~rker (9 in. above 

center 'line ofl~wer orifices} pf or,ifice board.equ,iv~lent to w~shing at a 

rate of ~~g~m~, *ash·at this -rate from 5 to 10 minut~s or longer if necessary 

to ohtainciear 'effluent water. 

'3e. Regenerating 
, . 

:CloseV"lve ,Aandtur,n multiport valve -of De~Acidite unit to brine. 

Open Valve W. ,Op~n~alje Tin suctionof:alkali pump and start pump. Open 

Cock V. in pump ·dischargeline ,and pumpalkaliregenerating.isolution (part 2. 
thissecti~n)_:intothe 'unit. Cock Vis set to empty aikali :soluti6ntank in 

approximately iO:minutes. When :allthe "solution has 'beenintrodticed,into 

unit, ,cia-se 'Va,lves,.:W and 'C. Cock V is to be left set for ,subsequent re

g~nerations. Sto. primp. 

3d., 'Rinse tow'as,te 
Turnmultipol't,vaive of,De-Acidite unit to rinse" Adjust;. valv,ein 

tinse outlet' line"to maintain ,water, level, in sump "at, lower 'marker ,(2, in. above 

centerline of ' lower or.ifices) of orifice board, equivalent toa rinsing rate 

o f 16 gplD". 

The rinse time is to b.de~~rminedin the field bt the solu-bridge indi-
" -

cator., Rinsin.:to waste is to be considered compl~tewhen 'i~e solu-bridge 

reads 8 gpg, indicating-thattbe totaldiss~lved solids :in the rinse effluent 

are equaiito oriessthanthat of the raw water. At this point'the,re-cycling 

rinse (is to be started. 

\Vi t.h the ,multiport va1V:e of the Zeo-KarbB uni tin soften position and 

multiport valve of De-Acidite ,unit in soften positioncloseVaiveA., open 

'~alveb on al~~li ptimp suctrionline, open valve F on Zeo-Karb Bunit. Start 

~um~andadjqst VaiveX to give l~ gpm on rate of fio*indicato~~ 

Continue recycling until total dissolved solidsdroj> ,to 0,::2 gpg ssNaCI 

as indicated by Soh-Bridge reading. The alkalinity should .bechecked 'at -this 

~oint. Take sample of recycling Hnse ,water from pet cock on pump casillg. ,tIf 

.• ikaiiriityis 6 p'p~ or less -andt6tal diss61ved.solids ib pp~, recyclingm'y 

.:be considered 'complete. 'Close vaiv,es'u, x, and· ;Fj'&Jjl'dstop aikal·i ~ump,and 
open 'Valve A. 
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WithZ,Kmultiport .tin. soften position·and.DA imultipott ',in .. rinse position, 

rinse-both units untii .:the.'effiuent ,is waterwhit.e . and has. a r.esistance above 

100,OOo,onms.: 

" -6.:4 

6~:33 . Preparatio~ of Units for' He use 

L 

2 .• 

'3. 

4.~ • 

\Ifth~ 'linits have:notbe~n,us~d for. one hour:, they miis,t be 
rinsec;l :to avoidcoiored potn~ quality ,:(saur) water ,from enter-
in.,the system. . 

'Rinse ,the ZK. ~il.it u,ntiltheFMA ',is"within:ten ppm':above ·the 
av~.rage ,during prev,io~s :time ,it ,w&sus'ed. 

'Rinse>thei>A 'uui tUritiLthe effluent .has ,a resistance a.bove 
lOO,OO(}'onmsandis water white and checking to be sure 'all 
i.ater~rialy~is·mee~specifications~ 

Put .unit .on line. 

Operation:of,the:Deaerator 

6:.:41; Star.tiil.gDeaerator 

1:., (:::heckwaterlevelin sump on first floor; the. tail pipes 
~ir-fiomejectors''8Ild, deti.erat(~r overflow: line are water sealed. 

!2.; Open "Vahes#:5 'and#:6 on inlet to deaerator. .. 

3. \ ~itart recircuhtilig pump' and'ti.djust ; flow '50-75 ~i.l/min:by 
'" '. opening yahe 1/33. on. suction 'side of pump.: 

4.. Check·to see that .. theBrownElectronik Potentiometer ,has 
. ,~O pound 'air .supplY. 

,:!L Open ,drain valve :and,steam:trapby-pass ,blowing out 'all steam 
!.condeils~tes .' 'j, 

6.cioseboth steam ,drainand"trap,by-pass vahes. 

'L Set Brown Electronik Potentiometer :'at '500
(; ., i22 o F. 

·S.:Checkto see tempera ture contro.lieris workiit~"proper1 y. 
9.. Proceed " to.thirdfloor,. 

. 10. 

. ' 
i 11.: 
12. 

, b. 

14. 

',Check to see' that ,(tir ,supply pressure on Fisher 'Level-Troi 
.is .approximateiy20 psi • 

Proceed·totop 'floot. 

-Che~k,to see·that ,'air :supph pressure ,to Taylor FulScopeCon
troller:.is'approximately20 psi. 

'Check ,to see ,that vahe "in emergency vacuum relief. line,1s 
closed. 

:Check 'to, seethatv.alve lin, automatic vacuum' relief line is 
open.· 

1'5. 'Crack., :valves dn 'cooling 'waterlines' to intercondensers., 
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16. Che.ckto see that steam pressure is.90to 125 poundd. 

1 t., 
18., 
19,. 

20. " 

21:., 

'Check to see that steam to strainer ,is dry. 

Open i,tnesteam ,valve ,to second ejector i(sm~iie8t one). 

Check to see ,that 'tail pipe 'irC)m s,econel ejector is, helt; 
ci£.not, adjust cooiing,~atertokee~,taiI ~ipehot. 
Set taylor Controlierto desired,vacuum,(~~proximately 
*6 in.).. , . 
When gauge on. second stage i'shows iO~n •• 'open steam valve 
,iofirst stage 'ejector (middle ejecto~). 

22. When gauge on'first s'tage,shows.~pproximateiyt5,in.,open 
steam valvetohooster ejector;(iarge one). 

23. 
24., 

25.. 

'Check to see that Taylor Controller dsoperatingc~rrectly. 

Check' to see ,that. the tail" pipe from inter-condenser is not 
more:than slightly warm. Il£ so, open~ooiingwater valVe 
untiitemperature lowers • Too muchcooiin8water shtHi.ld'.not 
be used because of ;'flooding ,the.,lcondensers and causing "in-
efficient operations. 

After descending :tofirstfloor t ., Qpenvalve on discharge of 
-booster ~~~p #~,.open valve to 26s:(#10}, or ·if desired, 

, " valve to 105 (#i1L 

26,0' Start up booster pump and open valve from deaera~or to booster 
pump #7 • 

27, • 

28 .• 

29, •. 

30 .• 

Close valve from storage tank: to 205~uUding(Valve #ii).. 
and if deaetated water is desired in,i05Building, open 'Valve 
#11 and close Vah-es #14, #1'5.' and #i6. 

After 'water is being, t.aken' from' thedeaerator., check to see 
that the level controller·is.working properl~.Thelevel 
should be 'maintained about 3/4 of ' the way up' thesigh-t 'glas's. 

Thehooster pump,may be operatedwhendeaerato~:is downeff 
so desiredhy opening 'ValVes#9. #i4,and.#15 onsnction'side 
of pump and 'ValVe #8 on disc~arge ~ide! . The d~r.ectionoJfiow 
~.\tQ .he, governed b~Valve #io. to 2~5'Bldg.a~J ~.iY~ #11 to 
10'5 Bldg. 

If booster pump ,is desired on 105 line ,check. that 'Vaive #16, 
booster pump by-pass to 10.5, ,is'ciosed. 

Shutting Deaerator Down 

1. 

2. 

lIfwater .is heingtaken ,fr~m deaerat9rthe.by-pass valves 
'~t;.ouldbe 9pened(Valves #t4.#t5. #16 for 105 line and 'Valve 
/112 lor' 205 ,line). :thebooster pump ,inlet 'Valve #7 and outlet 
'Valve #8 'should he closed and pump stopped in this .orderbefore-
~hutting.down deaerator. , 

'Shlit off ste.am ,to circulating ;heatexchanger .and open 'trap 
. by-pass. 
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3. 'Shut, off 'steam ,toboosterejectorOarge one). 

4:.: Shu,t off steam to first ejector (intercondenser).. 

;,S. Shut, off steam to second~jector "(smail one). 

6. Shut ,off'cooling:water to bothintercondenser and second 
stage ,eJector • 

i~ 6~ci~~mer~enc~ vacuum reiief valve. 

S. :Stop: recirculating pump. 

9. Close ,iniet Valves #jand~~ to de~er~toi • 

.. ;'SDis tril:mtioDO~era.tioD 

6, ;51, Operation of the High Head Pump 

,Starting 

L, :Check to see ,that ,the pressure 'reducer ,instrument ,has l8';~ 
20 pound air pressure. 

2" ::Check to see ,that both ValvesH30 and#3!, ,before and, after 
'reducer valve, are open, 

3. !(;iose'Valve 1#.29, pressure reducer'by~pass ,to lOS Bldg •. 

:4. ,Check to see, that high head pumpby:.,passto 105 ,is open, 

'S,.,Close'Vai ve #26» high head pump' to i05Bldg. 

6. Open ValVe #2:5 on suction side of high 'head. pump. 

t .. O~en ~aive iSA,high head pum~to stora~e(tank~ 
~~ 'throw high head pump w~il :s.itch, on. 

9. 
l(). 

Ptlshhutton'to start motor. 

Slowly open high head ,pumprto 105 '(Valve :#?6):, 'closing high. 
head pump 'to storage ;tank('Valve#2S) 'at· the same time 'to get 
'required pressure,and'fiow • 

. iL ~ -,Close high head pump to 10"5 Bldg.,. by~passValve#1':l:. 
12,.: . ',Check tose~ that:Leslie controller !,ins trument,is working 

. 1'3." 

. prop,erly;ifnot, have maintenance adjust. 

'Check,. pump'bear,ings : frequently. :If flow of ,w"ateris.cllt :he
low~'5 gpm .. opcin valve Ito storage tank : reliev.iitg :enough 
pressure 'to prevent heating. Also water maybe used· to cool 
'bearings •. 

Stopping 

i.e Throw main .switch on .wail'to .0£:£ posit.ion. 

~. Op~nhigh:head pump ,to i6~, hy:~ass '~alve #21~ 
'3.. '!ciose high head pump'to s·torage I tank, Valve #2'SA. 

4. O~en pressure reducer, by~pass ,to lOS,Valve#29, • 
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'5 .Cioseline to h.igh head pump, ::Valve- 25 ". 

6. 'Valve #26 may be left open ·fo'r .use of .other otttietsin 
buiiding.: 

6 .• '52 ;Contr~Hing, W~ter Specifications' to the PileMock~up 

'Controiiing pH ,from 600:to 6.5 and sodium dichromate.atS.O ± O~5 ppm. 

StarrtingFlofI} 

1'0 'Check: to see that' the proportioneer head' tanks have suffi~ 
dent chemica.ls for start up.. 'If not, proceed' to. second 
floor. laboratory where :chemical,mixtank'isloc~ted and make 
up ~hemicals·needed-(see chemical'make~up}~ 

'2,; 'Che9k' to see.: that, the air pressure on Micromax pHco'ntroller 
.is 18 pounds. 

3. ICheck to see,that·thevalves preceding'andafter'controtler . , 
'are : open .•. 

40: "Check to see' that :controller ,by~pass is closed, ·Valv.e #20,. 
5.. ~heck' to see: that controller 'valve.is open. 

60 Open: chemicalcutdoHVahe #19. 
. " ';, . ': i 

'7.. ,Check . to see that storage 'tank ,·to orifice, 'Valve #18 .• ·18 

s. 
9;. 

10. 

. Ii. 
i2;. 
i3.· 

. 14., 

L 

2. 
, 
3 .•. 

'4,0. 

open, •. 

~6heckto see ·that Valve #3i Gto ~H:controller'electrode-box 
,is open ·(small flow ,is sufficient). 

'Check .·to see that the sodium hydroxide, pump .is set at maxi
mumstrokec the caustic pump hal;! an 80 pound popoff valve 

.w.ith. return line ·to head :timk. This gives :aneven·fl6w 
through. the conttoller' vah·e. 

·theck,and set.s~dium.dichromate pump.(2.~lcc/min'x actual 
~eli'ding onchart).D See pump 'calibr~tion for-correct setting, 
t~bie 6,;52~1. 

~ushst~~ter.button on-c.ustic pump. 

Push starter'but ton on dichromate pump. 

Open and ,adjui!lt 'Valve #18..,A to de:;;ir~d: flow'· rate ingalIons 
per'minuteo By the use of Table 6.;52-1 and the HiHige 

·'.coloriniet·er a'djustthe Na 2 CJ;2 o. '1 pump;toresult ;in.the water 
,to the Mock-up being.5 ± 0. ;:5 ppm in Na

2
,Cr2 0.,.' 

iCheck pH .imd Na:2'Cr 2 0'1.'content of.the1water,hourlY adjus·ting 
'when. :necessary. 

Stopping F lOIlJ 

Push,~to~hutton on caustic pump. 
. . 

Push stopbutt~i on dichromate pGmp. 

:'Cibse . chemical cut-olf 'Valve #19. 
:CloseVa he HiS-A. 
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TABLE fJ ,.52-1 

Chemic'l ;I.~e~v~ torMbck-u~.De~l~~r.ll*e~.iater 

~ased on ioo .liter m'ke~up. 
iOjjNaOH to IS ,inches ,water dn make-up tank., 

1-1/4#N~~iCr20, 'to i5i~ches ,water d~ make_up .tank., 

For approximate :N~2Cr 2°7' pump ! setti~g( actuaL flow onchartx 2.6:cc/min} 
~~t ~ropottioneer pum~ to required, stroke. 

Proportioneer Pump Calibrations: 

NaOBPUMP Na~C,r201' PUMP 

PUMP SETTI~Q 'ec:/min PUMP SETTING c:.c:/m i n 

i 16 1 23 

2' 42 2 48 

'3 68 3 74-

4 93 4 99 

5 ii6 5 125 

6 142 6 150 

7 167 7 176 

8 191 8 200 

9 221 9 '225 

10 2'41 'II 10 '248 

~ 
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6.6 :Yiater.Anaiyses 

6,.6i:Soutron .andBoudet Soap Test 

Appara tus Reage~ts 
. 1· - :40 ,mlsh~king :bottle 1/2 PbltBoutr~n and ,Boudet 

soap solution . 1; - di:o~per :.bottie ;'f~r'soap .soiution 

PROcFJJI'mE 

t.: Meast.reout40 mi ofsoftened.: ... ater into,thesh~king 
hottle., 

2i 'Add·~o'~solutiondro~wise.fromi~he dropperh6ttl •• 

'3 .• 'The.bottie 'should ,be shaken ,vigorousl}; .afterthe.addi·o 

t-ionof 'each drop, 'If iather :forms, ,thehottle "should 
,b~ placed on,:j;tsside.A '''Permanent .'iathe~"t:indicates 
·the.'tr~e·~nd ~ointi~obt~iried;when'the~lather:covers 
,the ,.entire :tiquid 'surftlce and persis,ts ,for, a.t ;least '5 
minutes. 

,'4.; 'The .:.nulIlber of drops' req~ir~d '. to obtain la n'permanen t 
lather"> ,is an indication .ofthe·hardnessof :-thewster 
'h~irig It~sted. 

;'5:. 'Thi:s :method.:is generaiiy. used·for: tes.ting the hardness 
of. zeolite;1ioftener ::effluent·g., .Where· the water ,to be 
tested ,isthe:effiuent ··from a saH regener~tedsofti!mer,. 

·the' method ,is used as outlined ;.~bove. Where'thewliter 
to be tested :is theef£luentfrom an :acid regenera teq. 

: zeolite ;the'sampie must be .n:eutr~i,izedas follows: To 
. ~ :SOml'.saniple .of. the waterilcidi' or. 3 dr-ops of-pheno-
phthaiein;:lindica~or.. Theil 'add ~odium"hydroxide 'soluti,;ul 
·c~,tiousl~·~ro.~~ ·b~~,tte. with co~.tarit stirring, until 
:.~ 'fai'nt pinkcoiorappears. therimeasu.re, o~t:40mi of 
this .nentratizedwater'and proceed as in 1-:4 ~h,oye;.; 

6 •. 62 Determination of Methyi Orange ,Aikaii.nity..;'~fkalinity ,Aft, 

Appara. tUB 

1;- i6 mi~~t~maticb6rette 
1.- 160ml 'graduated cylinder 

1 ; - porcelain dish ,'5 ;iIi. diEtmeter 
. . 

3 ~ - glass' stirring! rods, 6 in •. long 

PROCEDURE 

Reagents 

1 qt. N/50suHur,ic acid 

1 : ·4 oz. methyl orange };indi.-: 
c~toI.';H~ droppingbotde) 

'i.( (), • .05%), 

1. 

2 .• 

piacea 100ml sample of'water, measured ,in a glass 'cylindet, 
into :a clE~ari porcelain·;t\vaporatingdish. 

'Add jtwo t6threedrops of ·the :methyl orange.i,indicatoril, 

:.:~-".{, 
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3~ Fill~thehurettewit~ the ~/50'sulfuric ~cid ~~iution·t~ 
the'z~ro'mark~ 

:'4,0: 

'~ .. 

~Jd"this solution"cauti~u.i~:frQm.the ~~uretteiwith constant 
$tirdng.:until .the :'coiorchange~'from yellow:tothe ·,~8intest; 
pink discer.nible. ' 

Ei~r; ~ne~tenth of"a:mioftheshi~uric,~ciJ s~iutio~~dded 
is~quivaient. to one ppm .ofmethYi orangeraikaiinity ex-
pressed ~s: Ca:C03 or: 

MOAlk,'" p~IP._methy 1 orange aIkaiinityexpressed as 
'CaC03 

M6 ,Alk. '" 10 x(ml of 'sul-furic . acid'soiution :·added);. . . 

6 .• 63 Determinatiori of Fre~ Mineral Acidi ty 

ApjU.il'atns· Reagents 

: 1- 10 mi. automatic .·burette i qt. N/~Osodiumcarhon*tesolution 
: 1:- i06.mlgraduated cylinder 

. 1·: - porcelain'dish p '5. in. di~meter ,"4 oz~ methyl-j)range iindictttor"{in drop-

3, - glass "stirring rods .• 6 in •. long pinghottle} 

. . " . 
PROCEDURE 

L piace 100 ,mi, sample of, the .wa·ter i:(ineasur,ed,in . a graduated 
glass ,cylinder) in a clean porcelain :evaporating dish' • 

. 2.. 'Ada'2 ·or3 drops of methyl orange :indicator •. 

3...Eillthe .burette with the N/50sodium !carbonatesolution ,to 
the zero mark. 

:4.. Add ·.the sodium lcarbonhe solution 'cautiously : from ·the bur,ette 
.with 'constant :stirr,ing. until the 'faint pink'colordisappears 
~nd'chan'es ,to ~ faint yellow~olor. . 

'5,.: 'Eachml ofsodifi:m'cilrhonat~ addedds equivalent!'to Itt ppm of 
fr.ee .mineral ! aeidl ty..expressed as calciumcarbonat~. 

, , . , .... 
FMA: .. ppm free mineral ,acidity, expresse~< as iCaC6$i' 

FMA '= i6 x mi'sodium 'carbonate·added. 

6:7 .Miseellan~ou8.iDuties 

6.ti Routin~ aeadings 

jnstructions Se.e "(Permutit Tests #1'. #8. ;and#i'3) 

'A. !es.ts(NOtE: '~'WaterTr:eatment Plan.tDaily'Log"l:examplesheets) 

1,.; . Free :mineral !acidity(FMA):.'·soa~hardness. ·and pH of Zeo-Karb 

" 

2 •. 
:H t'1nits:areto betaken 'hourly .wh'en unit.s ar.e .online,.; . 

'¥ethyl. orange; alkalini ty ; (MO)., PH' SO lu~Br.idge, "cbnduc·tiy.ity. 
~n~r.esistance by porta.hle 'meter are .t6betaken,houriy 

. ~r6m:the: DeoAcidite effluent .when :units'areon :1,in6.:·· 
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3. Methy I orange alkalinity offi! tered water is to be taken 
once each shift. 

~.Deaerat~r readings 'are to be takeneverYltwohours. 

B.Log,Sheet 'In/ormation afRegenerations 

BothZeo"Karb.HandDe-Acidite units are run until they:arenearlyex

hausted as: det·erminedby ch~micai ~analyseso As ·an operational aid records 

are kept :t9 .• s~imate the ex~ected run of e*ch unit. The a~~roxim.tecon

~erv~tion run.ofJthe Zeo-Karb H units (under ~resentwater coriditions) is 

so,060 gal1d6swith,*11 the water to Zeo-Karb H and De-Acidite units passing 

through one 'crest meter on ,the inlet to the Zeo-Karb H unit. 

Thetecdrdfor the 'units is kept on the ,following ,form which is m'de out 

com~iete whenever 'a unit is regenerated. 

Examp le 

B.. 'LogShee t. 'In/orca tion 

Date on 

Time on 

Meter-Reading On 

Expected llun.(A) 

Meter Reading Off 

D-A 'Cumulative .(B) 

'J. plusS 

Fr,eeMineral Acidity 

Fi ite redWa te r Mo 
. 'Total 

Zeo-Karb 

3 p 162.000 (1) 

'''Sa ."550 ( 2) 

3,220,550(3 ) 
109,:400,(4) 

167.950('5) 
25.(9) 

100 (10) 

125 "(11) 

De-Acidite 

3. 052.600.( 6) 
135,;500 '(7) 

3.188.100"(8) 

NOTE: \If A plus Bexceedsexpectedrun of 'DA. calcu lateDA:. Meter Ilead-

1ng off; .. otherw.iseleave ·blank. 

The' follow.ing.numbers refer' to similar.numBers' shown. on form above: 

:(1) This is meter reading .at end of regeneration of.tE., 
'. . 

'(2) ~This ·.isexpected run of ZK unit and'is found by taking the 
sum. of FMA. ,(9) and filtered .water MOOO) . which ,is i25 
'(ii) on above form ~nd lookin~ up in Table 6~7i-i and ob
taining the capacity of ZK. 

('3) !Thisis the.'sum of (i) and(2L 

1,(;4) lThis is' the ;amount of water ,·that has passed . through ; the DA 
unit up. untiltbis time .(since last regeneration),. 1(1) 
minus 1:(6). 
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fS)'Thesum ,of A plusB or .(2) pius ',(4):. . ihis figure ~ouid 
give .!,the 'new DA cumulative' Ii t . the end of ,this., run except 

. where ',it .:is ,i~ ,excess of the expected run oilDA. .(Asi t 
,is ,in ·the figure above). 

,(6) Tfiis listhemet'er reading ,at end of last regeneration of 
DA'1 

:( 7) 'Thisi~ expected run ~fDA:tinit, and'is£o~nd 'bytak.ing 
·t~eFMA '.(9) ofZK 'effluent :an~llooking 1.inTable 6~ti ~nd 
'obtaining :the DA ~it· capacity, 

,(8) 'This:J'sthe'meterreading'at end of run on DA"~nit. Since 
A piusB .isgreater···than ·the expected': run of ·DA. you have 
'tocalculEtte . theDA.· meter' reading of! :(see ·note on bottom 
of·form) .• 'To do this, subt.ract the'DAcumylatiy~ (4Lirom 
,thel)A 'expected run (7). This gives 135;500- 109.4.00.= 
26. ioa galions :that can; s till ,be ' put ,througb :the DA uili t. 
At prese~tthe meter reading ;'i~3.162. 000 :'( l}wbich when 
you add 26,100 becomes 3,188.100 ~(8) 'or,isth~'meter 
reading at the end ,of' run on 'the 1)A.' unit'. 

. . 
6,.72 'Miscellaneous :Instructions 

l.. Wash and, r,ins~ 'discharge valves should be open 'when units 
. .are .on :softenposition .and,closed only.whenwaterheader,is 

·turried offbld*~,to prevenilea'ing,ofmultiport.~ 

~. I~ultipot~s .should ~e turnedlforwarJ only:to prevent stiipping 
rubher "lining on:theiilsiqe. 

j ; When ,the :s'oda ,ash.:biine'isheing added to the DAunit th-e 
,:hitere'dwater heade~ ·tothe unitsbould ,he closed., :This ;,is 
·to . tak~ ! header pressure off the 'small ,brine pump ••. 'After ,the 
hdne ,is ,all ,in QPEUI ·the ,header: for 'rinsing pllrposes and then 
close it as • usual ,for ~ the recycling step. 

4. :11nit that is .to go on the' line ind ,has 'stoQdfor one hour is 
to be rinsed. Rinse ·the ZK unit first for 10 niinutes and 
check, the, water' for· ritA, and: clarity to. make 'sureait-!soured 

. water ,is out .of the' tank •. RinseDA,uiitii .it ,is ~eady: to go 
on tiue..The . resis tance ~hould :.,e held :hetween 90 ~ 000 :and 
190 .• 000 .ohms land a pH of :4.'''' ,to '5.0 oLthe demineralized 
water~. 

~.S~eryMo*d~ygreasem~lti~orts *ith multiport grease. Gun'to 
he ,loaded Iwith·this grease 'and :appiiedthrough !the grease' 

: cocks '.in 'rear of 'eachmultiport. 

6.,i3PeriodicEquipment ,and :Instru!Bent ·Checks 

L Hourlyand/orDa iZy. Record the routinere~dings i8slisted 
under 6:.fL 

2.SelAi-MonthlY •. iC)leck the 'calibration of the pe* oil·the ':four 
Bailey Flow Meters us,ing :stopwatch and ':portahle 'scale 'tank. 
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TABLE 6'\;1~,1· 

Expected Capacity of'ZKand DA Units 

(These ratings are conservative. and should be used for 

estimating purposes only; not for determining operation.) 

FIL.TERED WATER CAPACI.TY OF CAPACITY OF 
MO PLUS FMA .ZEO-KARBH DE-ACIDITE 

(ppm) 
1;1 

(gals. ) FMA (ppm) ( g .. Jl s .') 

100 73,500 '10 3~7,500 

102 71,800 12 280,000 
104 70,400 14 240,500' 
106 69,150: 16 210,500 
108 67,900' 18 186,300. 
110 66,500 20 168,200: 
112 65,400 22 153,000 
114 64,200 24 141,000 
116 63,100 26 130,000 
118 62,000 28 120,400 
120 61,000· 30 112,700 
122 60',,050 32 105,400 
124 59,000: 34 99,300: 
126 58, 100 36 93,800: 
128 57,200 38 88,700 
130· 56,300 40: 84,200' 
132 55, 400~ 42 80',400-
134 54,700 44 76,600: 
136 53,,900 46, 73,400 
138 53,100 48 70,200 
140 52,200' 50 67,600 
142 51,600' 52 65,300' 
144 50,900 54 62,400 
i46 50·,200 56 60,100 
148 49,600 58 58,200 
150' 48,800: 60, 56,300 
152 48,200' 
154 47,600: 
156, 47,000 

7~9;,~ '''~~';~~hi'1o''7~,~1 '. 
" ", :~.~:':'Jr, .. I",I,":! "," . 
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OAK'RIDGE,:NATIONALiLABORATORY 

lwater Treatmen.tPIant.:DaHYLog 

Sheet .2 

Date 

Shift 12 to 8 8to44 to U~ 

Filtered,WaterMO. 

C~rhoys,Acid on Hand . 

Bags SQda, Ash on Hand 

Deaerator Check 

RESJ[Sl'ANCE VACUUM 

LEVEL TEMPBRATURB I 30<lC pH ! 2 3 FLOW 

lAM 
'.3 'AM 

SAM 

7 'AM 
9'AM 

Il'AM 

1 PM 

,3 PM 

'5 PM 

7 PM 

9PM 

il PM 

Estimated Gallons iLeft : in ,:Unit 

, !UNiT· i ,AM g'lM 
No. 1 ZK 

No. 1 DA 

. No. 2 ZlK 

,No. 2 DA 

; 
Operator 
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An ,err~r 'gre~tertban .± ~'5" should be reported' to the :-Jnstru
m~nt Maintenan(,:e Section in Building 105 .• ,;·These· tests should 
~e started on:Monday of~very other week. ,beginning with the, 
Bailey ,-to Building 105. 'Check to make 'sure ·thatnowater 'will 

·_b~neededorusedduring· the 'check: 

3.M.nthl~ .. ~~k~ outtbe montbl;.water ~nventor~ as of 0000 on 
,th~ 1st. of.each month.iIn compiling' this,inventbry' •. notethat 
the ·aai.ieYlint·egrlit~rs.are w.i·thin .reasonabieringe. 

.....Annua ni, ;Insp~ct r:esinheds :·in ,·the'units determining 'condition 
and ,necessity of addition and}oJ'replacement.of·theresins. 

82 



4 

1> 

.. 

• 

... 

,700 RAW.;MAIERIALS 

.Ch~mieals 'a~e the,onlyraw,material~ usedin,auilding 807 .operations. 
" ~ . :" , 

Fol.1owing· is a listing.of the ehe.miealsalong iwi ~htheir uses, anq ,specifications. 
i; " 

7,1 Sulfuric Acid ;("2804'> 

. Baume technical, gr~de : (66~) ,sulfuric, acid is, used in regenerating ,th~ ,Zeo

KarbH units. A>nehundred ,eight ,(lOa> ilbs .of acid iSll;sed ,perregene.ration 

:r~!iI'!-!l~~:Qgi~ ,an, ·@yerag~ ,.c;onsumption 6f 3 Ibs/l000 gal of ,d.emineralized !watet.: 
~ . ,.'. ., . . . 

Th~ @~it:l. !§ ,~:r~~~,f~~H'~9 tqth~@c::ig storaf?~ i~~Il.~ ,.from carb,~ysby,yacuum B,nd ,is 

the:Qg!,C?pp~d ~y ~~~r\Ti t r ,1;9. ei th~r: . Qf th~ !l!!Jc:I, !~H~.~§Y.t!Pf; 'C?rQ~J<s ,as nee<J~(L 
~Thf!! ;~Il.!llY§i§ Qf t~glH!ic!i!1 2(j!:' I"~Y.!!!~ ,§ylfy.r.j.~ ~Q;i,g1 ~~,~ li§te.QPy the 

!!!@nY.f~c::ty.~@tt .i§ .§ ,gllQWI! 

·§yl(~t~c:;, q!~~Q;.r'" ~~ t~~,,!!!i!!·i!!!y.!!! 
• ~' . ., 0 b I' 

f!,,@~~~g po~n,·~ ~~~f " _@_Qw'~@rQ 
NQ~~V~litiJ.M!lt\~!'= Q,QQQII 
Gblpr:t{!~ (Cn '1 Q !QQ§~ . 

,:~!!!:!:§ (~~QJ) :eo~~~~~;,,~ 
.. ''''''----'' ,-",,~, -.'"'---'" 
,SgJHt~ (~Q~) ." ;"Q.QQQ5.~. 
Al~!;l~f1j;!;l (A~)!" Q.QQQQQ3.~" 
'He~yy·Metal~ a§ :~bf. Q,~Q05~ 
Be~~~'Mdtals a§·f,·~ O.OOOI~ 

1! .g S9tl~ ;A~h j (N~m:J) 

SQd~:A.h,{9~~100%) ,wich,~8%,aYailable,sodiQm oxid~is,~sedin re~oneratin* , ' 

the. De-:Acid.it,e .unitS.Fifty (50) .lbs Qf$od.a ,ash is. required per regenerating 

.re$ulting,iian a~erage,~Qnstimption of.a~~roximately 3/4,lb,/1060gal of 

idemineralized .w~ter, The soda ,ash .is obtained in 106, pound,sacks .a~d.b~,'tran$. 
;ferredto th. make-up tank by hand . 

. ! . f ~; ", 

'The anal yais of. the .soda ash. as listed by the manufacturer. is as .follows: . '. 
Sodium.Carbonate(Na2COs) - 99-100% 
Sodium .Oxide : (Na20) ,;~ 58% 
Insoluble.matter,* ~;Ol% 
Moisture - 1.0% . 
. Chlorine.(CI):- 0,'003% 
,Phosphate (P04)'~.· 0.002% 
". '. 

NH40H ppt;,.* 0.015% 
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.Silica (Si..02)..~ .0.005%, 

.Sulphates(S04) i~ 0.004% 
,Aluminum:(Al) ,-0.002% 
:Arsenic (As); - 0.0001% 
:Lead(Pb) ,- 0,0005% 
.Iron(Fe)- 0.0005% 
.Potas,ium·(K),- 0.02% 
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7:3 Sodium 'sulfi te , (NazSOa) . 

,As explained previously. ·the ,excess chlorine. i.n, the .fi !tered feed ,water 

is.removed by sodium sulfite addition.to the water prior to its entry into the 
" '. .. ,. : ' 

Zeo-Karb,H unit.:, One pound of,sodium,suifite p,er 45,g!ll,of solution,is used 

,for.each,make~up ~~sulting.in anaverage\weekly,consumption of.ap~roximaiel~ 
;aevenpoun~s ,6f,~odium sulfite. It is obtained,in 100 pound sa~ks from the 

.Power .. House :supply. 

The ,analysis of the ,commercial ;sodium sulfite, as listed by the manu

fadturer, i~ as,follows: 

Sodium.S~lfite (Na;~Os):- 93%·minimum 
Insoluble Matter ~- 0.01% 
Free Acid,· no reactioft. 
Free Alkali:(Na2'COs ');- 0'.25% 

.Chlorine (CI).~ 0.02% 
Thiosulfate .(S207)~~no reaction 
Arsenic'lAs) ,- 0.0002% 
He.vyM~tals.,as,Pb ~ 0.002% 
.Iron (Fe) - 0.001% 

7.4 . Flake .Caustic '. (NaOlU 

.Deminerali zed water to the Mock- up is adj usted,t'o a',pH of p.O - 6.5. by 

addition of a Caustic,soluti..on. The.caustic solution is made up 'in Ii make':'up 

tank located in.the second floor.laboratoryand dropped.by gravity to the p~mp . . . 
. head tank. Ten pounds .of flake caustic per 100 liters of water is requi,ed 

per make-up resulting in.8 consumption ,of 8 pounds ,caustic i>.er 24·hours when 

the . flow of wateI' to the mock-up is 25 gpm.: 

Tf{"e analysis of the commercial flake caustic .•• s listed by .the manu

,faetur'er .is as follows: 

.Sodium,Hyd~oxide (NaOH).~ ~6-9a% 
Sodium·Oxide (Na 2 0) .~.76% 
SodiumCarbonate.(Na.CO~ 
Chlorine (Cl) ~ O.Ot% 
S.~lfate (SO.L- 0.005%. 
,Ph6sphate (P04 ) \- 0.005~ 
,Sili ea .andAmmonia 

pp t. (SiO~ and ,.;NH4I OH) ;':'0.02% 
,Nitrogen. {N) .. ? 0.001% 
Iron (Fe) ~ 0.:002%, 
Sil ver (Ag). - 0.003% 

8'4, 
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7 0 5Sodium,Diehromate.(NazCrzar) 
·A·· solution of commercial Jsodium ,dichr<;>mateis added. to the demineralized 

water .to theMQck~up at a rate to give" 5 ± 0,5 ppm of color ·as d'etermined hy 

comparison on a colorimeter. The .dichromate is made,up.in the second floot 

lah6iatoryahdcdropp~dhy.gra~ity to the.torrect pump.head.tank.One and one-." '.' fourth pounds ,of dic'hromate per 100 liters of watei is usecd, for each ,make~up 
.. . 

resulting in~ cobsumption of one pound of di~hromate per 24 hours when the 

flow.ofwater .to the Mock-up is 2S.gpm: 

The:~nalysis ,of the .TechnicaISodiu. Dichromate •. as lis~ed.hy the.manu
facturers. is as ,follows: 

l' 'Sodium dichromate' (Na2 Cr2 0 7 ) • - 98-99% 
Insoluhl~.Matter - 0~01%: 
Chlorine_(CI) - 0.005% 
.Sul£at:e ,(S04) . - 0 .• 03% 
.Aluminum (AI) - 0~02%, 
Calcium (Ca) - 0.005% 
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8 .0 SAFE FY RULES 

8.- i·Sulfuric iAei~ 

Sulfuric .acid is both an oxidiZing .and.a dehydrating '.acid lindwHl caus:e 

s~vere burns upon~.ontacting the skin. While working ,with acid!. face, shields, . ;'", . 
,gogf!les, rubber gloves,. and standard protective clot hin~ shotild ,be ~orn.:ID, 

case of ·any .1arg~ :spill onth~ pe·rson, use of the, ·safety shower' sh.ouid 'be 'made 

as quickl y·.as, possible., No gloves, face shield, etc.·, should ·be: rem,oved until 

.after .the' otitside surfaces' are clean. ·For small drops of acid on the clothing 

Qr skin.,. ,wash with a large amount .of water.: Quick ·.us.e ·of water will pr.event 

,the 'acid from eating through clothing onto the skin.: 

8.2 Soda Ash 

·The soda ,ash used in 807 is a fine powder and will be pi~ked up by ·t;he 

.air :while it is being dumped into the make.up tanks.: This is quite irritating 

to the no:s'e.and .throat and ,respir:ators maybe used.to elimi.nate this~rritat,ion.; 

Gloves and goggles should he 'worn while making up regene.r,atingsolutions 

.to pr.e·vent any soda ,ash solution ,from splashing ,.int.o·theeyeoSl or getting on 

. the 'hands.: 

81.3·Caustic 

Flake caustic ,acts .as a dehydrating ag~ntand willcause~e·vere burns when 

coming into contact ",ith the skin.: Caus,tic is; exothermic ·when ,;it is b~ing 

dissolved~ giving .off considerable heat.: Hot concentrated ·caus:t:ic ,solut.ions 

. are es:pecially severe' on the skin.! Dilute and concent.llated solutions.' 'of: 

caustic cause ,8, slick, soapy feeling. on the s:kinwllichwill dry and .causethe 

,skin to become hard 'and : crflcked.· 

Face shie ~ds and rubber gloves should be ,worn while working. wi the~ther 

flake caustic o~ strong caus.tic s.olutions. Use of a safety shower should 'be 

made as quickly as possibl';' after any s.pill ~f cau.s:tic ~n the persoll ., 
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8J·4 Sodium Dichromate 

Solu.tions· ()f dichromate are somewhat .dehydrating in that ,they tend to dl'Y 

the skin u,pon contact. Both the solid ,dichromate .andsolutions.stain the skin 

and are extremely difficult. to remove .. Glov-es should he· worn while working 

·with dichromate.; . 

. 8 ~o5 . Sodium Sulfite 

Normal -safety precautions should he: used when handling either the solid 

or aolutions of .sodium sulfite~ 
.1...:" 

Care should betaken -t.o preven.~solutions 

from splashing into the eyes ~r mouth.~ 
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9. 0 MISCELLANEOUS MAINT:ENANCE IFEMS 

9.1 ;Dewine~ali~lit,i.D;,Uai~, :Repae.king 

,In March, i947,. operation of the .De·mineralizingPlant in Building, 807 ,was 

transferred from the· Power De~a~tment,~o the Pilot Plants Se·ctionofthe 

Technical,Division:: The units,w~re. oper,ated as received,us~ing the .original 

·resins. until M·arch., 1949, when ·i.tbecame increasinglyevident'that .demineral

. ized water could not be supplied to 'meet the. anticipated demand for quality 

and quantity.: During this t.wo year period, however i. several 'improvements .were 

made; ·to: inc,re'asetfhe quality of thewat,er, e.fficiency of the units,and 

standardization of oper.ations. ·New,instruments,·wex:e installed for recording 

flows, pH, re,sis:tance, etc.<,and the original .instrumentsa~d equipme;nt ·were 

checked for accuracy and ,operation.: The final ins,tru,mentation of the building 

was completed ,as~ of November, i949,andtbe,final ,e'quipment repair c:ompletedas 

of October, . 1949. 

In March, 1949,':theunits were inspected to de;termine 'the condition of the 

resins. Inspection showed the resin to'have :been attacked severely b~ the free 

chlorine while the De-Acidite resin wa.s, worn out. Samples from each exchanger 

were submitted to the Permutit Company foranalyais and upon their recom-
. I 

mendations the old resin was discarded and replaced with completely new Zeo-

Karb Hand/or De-Acidit,e resins,. 

The units were replaced during a slack demand period with one set of units 

·refilled at a time. This' ",as done in order to supply a minimum water supply 

to the·ser.vice. buildings.: Figur~ 9.i- i shows the lower ·section of bed for the 

Zeo-,Karb ff unit as an example of the method of fi111ng.a unit. 

Following is the list of m!lterial used in replacing the units: 

Zeo':KarbUnits 
~ in. x i in: gravel 
~:.in .. x ~ in.; gravel 
1/8' in;· x ~ in. grave'l. 
Zero-KatbH Resins 
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1~891Ib~/two units 
126Q :lbs/two units 
l2~0' lbsl twouni t.S 
105.0, cubic.ft/twounits 
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De-Acidi~e Units 
1 in.;,>': 1",in. g~avel 
" in.' )(;' 1 in . .' gravel 
~~in~, x " in. gravel, 
1/8 ~,in'i x. ~ in., gl'avel 
De..:Acidite Resins 

,9..2'807,Bailding.Spare Parts 

Given 'below .is·alis:t· of space partsi 

240 lbs/twounits 
38~.lbs/two units 
38&lbs/two units 
620,lb~/two,units 

34 cubic it/two units 

9.21 Spare Parts for Demineralization Units 

Item ,No.! Description Minimum Maximum 

66-840 

67-105 

6,7 -106 

66-841 

67'-103 

67-~04 

66-603' 

66-605 

67-11 

ZK·Unit Spare Parts 

Gasket, port .Valve, F/2'~ in.; Multip.ort Valve 
(Partially lined)., 

Assembly, cSlideF/2 ~ in. non-convertible partial-
1 y lin'ed Multiport Valve. 

Plate"Port, F/2'~ in., non-convertible partially 
lined Multiport Valve.! 

DA Unit Spare Parts 

'Gasket, Port Valve , F/2" in.; Multiport Valve 
(Completely lined}. 

Assembly, .. Slide, .F/2 :" .tn .. , non-.convertible 
completel y ·rubber ,lined Multiport Valve 

Plate, Port, F/2" in.' non-convertible completely 
lined Multiport Valve 

General .Spare Parts 

Spring, SlideF/Multiport Valve 

Screw, Port Plate (Multiport Single Valve) 

Cement, Rubber F/~a:ter softener 

90 

6 

2 

2 
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2 

2 

2 

2 

2 

10 

4 

4 

10 

4 

4 

4 

4. 

4. 
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9.22 'spare Pa~ts' fbi'l)istribittion System 

.1 tem Nc..· 

66-870 

i6"Q71 

~(j~81a· 

6~,,113 

"",014 
66 .. 078 
66 .. 016, 
66-877 

66-878 

99-3.d 
66.-664 

Weil Centrifugai Pu:m~ . 

Desci'ipti,on 

'Rings, WeaHngOstan~ 2ndshge) F!WeiiE~'-2 iii'. 
5S pumP 
'f\h~g@" W~@H~g (gng~hge ,b@ck) F!W@U ~M,,2 !P .. S8 .gmp -. , . 

,::I\!ng§ !W@@H~8 ~@@§ti~s '{rDd.§~@H@D dd@)F./W~il 
, 1M" a iBt! fMi pump 

IUnftllt, W@AfiBft Ou~twdli s,'.i@l!d F/WdliM..,2 in~; SS pump . 
Sloovu, Shih, V/WoU EM .. a in.' SS. PUIiI~ 

CoH.r, Pukini, F/WctlEM .. 2 in.' SS pump' 

RiftS·, Wllter Seai ,F/Wdi IM .. 2 in.' SS ~ump 

Pack ins Giand(seis) F/Weil E~.2 in. SS pump 
Bali Bedings, rjweii 'EM-2 in.' 5S pump 

weH EM~2 iit. SS High Head Pump 
'. _,: ,- •• - , . -/. ~ -' ',; - t,' 

Marlin Rockwell beaHngs,F/WeU'EM-2 in.:SS pump 

Pump 
66-ltt22 "primp,_ Cen~Hfugai SS '(nblinciudedbas~ otmotor) 

to duplicate existi~gD\h~co. trumps of serial 'nn,mbe fa 
6S63aha6~62(Ih ~-6·i~r~hb.se) . 

66,..10 

72-87 

72-88 
72..:89 

M:ilto(t Roy Pump 
Vai ve, compiete 8.ssei'ubi yF/MR 

Pfopottioneef Pump' 

Reagen.t and Packing F/PropbrtioneerPulDp 

Rings, L,antern, F!PropoHioneer P.mps . 

'Check vaive'. Seais and Baiis, F/Proporti'o~eet Pumps 
. .' 
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Minimum Maximum 

~' '3 

1 1 

1 . 
I 1 

" 
1 

I . 4 

2 2 

1 2 

·2 2 

2 2 

1 1 
0, 1 

1 .. 1 

1 '1 

3 6, 
--

2 3 

.2 3 
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Item No,.' 

6~-101 

6,7-108 

6·7-12 

66-1023 

. 66-1024 

72-90 

DescH~Hon Minimum Maximum ," 

Miscella~eo'ua 
'f'; 

Eibow, " in.' 9()O, Rubber ilned fianged F/Pet~utH Units 2 3 

1 Reducei. 4 inc x,3 in.;, Ritbb~r ,lined, ,flanged Wdiace 
and Tierman F/o~ and CO2 

Controiler, wide ,hnge t.J.., Fisher Gas Coo' 

'Hose 55., .Ty~e 3i6, rie:idbie with Braided Cove~, '5/8 in.' 
iD with .~ IPS 

'Cont.rol ,Pi lot fo; Lesiie Conttoiier, Type PDA, pressure 
t~n~e iOO~200 ~si . 

~u~ette, 25-0 mi, automatic 
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10;. 0 DRAWINGi LIST 

10~1 Permotit Drawings 

Given below is a list of .the 'major ~ortion of t,be present Permutit Company 

drawings which pertaih to the 807 'Building and 'equipment.· Listing is suh
diVided '8ccqi-ding t.) equipment,. 

10.Ii- a07BuiiJing 

Drawing 

J 3079-1 
G 6872 
G 6892 
j 3i59- 5 
B 14130 
K 1510-4 
J 3209 
K 1563-4 
K'151B-2 

K 1571-4 

Descri~tion 

Lay~ut - Zeo-Ka~b Hand ,De-Acidite Unit 
f~undation. and Sump Details 
FloYl, Diagram 
Flow Diagram" 
Ass,emll! y 0 f Jack Legs 
Plan La.yout Ost floor) :pumps, exchangers. etc. 

Eie+atibn-Section A-A (4 fioors) 
~i~~.tibns-S~ction D-D, E;E~ F-F~ (1st tloor) 
Section G-G, (4th floor) 

Elevations-Section A-A. B-B (lstfioor) 

10.~2 Zeb-K.~b H Softener Unit 

Drawing 

G 5433 , 
B 18301-1 
C 3562 
B 22416· 
B 17028 
B iU814 
B J8:06'6-1-X 
B 18068 
B taop 

Descr:lpt1on 

In~ernal Assemb! y, ';" Lower ,,' " '" , 
Arrangemen:t of Piping in Rear of MuHip,ort valVe 
Sttainer System as per 131M. 2442 
Pressure Gauge Piping - GalV.' W.' S. 
Press~re Gauge Piping - Aiiegheny Metal 
AHVe*.t Piping 
A,s~emb1y'Drawing 
UPPer,Distribution 
A~id Distribution 

10.13 De-AciditeUnit 

Drawing D~~cription 

B 20643" , 
~ ioi3-1~x 
C ~1~7~X 

Arrangement of Piping in Rear of Multiport Valve 
Shell, .Complete 
'Wash Di8t:Hhutb~ 
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10~i4 Regenerating Equi~~ent 

Drawing 

B 15554";'1 
B 231()4 
C 4316-1 
B 8541 

8546. 
B 19100 " 
G 6833-1 
B 22702-1 
H 3134 
G 6725 X 

B 23150-1 
C 4275 
B 16691 

10~i5 Vacuum Deaerato~ 

Draw~ng 

H 5006,..1 
J 3079-3 

K 1558-5 

B 23464 
B 23504 
G 7062 
G7063-1 
K '1551 " 
B 23349 
B 22976 
B 23195 
B 23200· 

10. 16 C~lgon and Peroxide 

Drawing 

J 3181-2 
J 3181-1' 
H 5025-1" 
B 23180-2 
B 23199-1 
B 23030 -
B 23202 
B 21930 ... 1 
A 3803 
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Description 

Dilu te Acid Tank 
Steel Tank 
Strong Acid Measuring Crock 
Baffle, Complete 
Baffle, Complete 
Alkali Tank 
Mounting Panel,- Rinse Line 
Strainer IJasket 
Rate of Flow Indicator 
Pipe Mounting Assembly of Rate 0 f Flow 

Indicator 
Strong Acid Storage Tank 
Acid Mixing Chamber 
Assembly,.. 40 Gallon 'Acid Pot 

Description 

Flow Diagram of Vacuum Deaerator 
Layout Pe~mutit Deminer~lizing Plant Show

ing Interconnecting Pipe with Vacuum 
Deaerator 

Layout Plan and Ele~ation of Vacuum Deae~at~r, 
Storage Tank, Condensers, and Jets 

Assembi y Detail for Orifice and Nozzles 
Piping ~rrangf;lment for Bailey Flow Indicator 
Recirculating Heat Exchanger 

Shell 
Tank S~ecific.tions . 
Distr1bution Instaiiatian" 
1 ,.. Valve Spray Heaiers 
30 Sq/£t. Vent Condenser Assembly 

Description 

Layout of Equipment 
Layout of Solutio5 Feeds 
Foundation Details. 
Peroxide Solution Tanks 
Calgon Solution.Tank 
Calgon Air Bubblers 
Peroxide Air Bubblers 
Tell Tale Sticks 
Sketch of O2 and CO 2 Assembly 
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10.'2 DuPont~awiilg$ 

Gi~enbeloj. ,is Ii Hst of !the 'In,aJor ~ohion o£ the pi-'e,seiltDuPont Compan~ 
d~awiilgs whlch b~.tai~tot~e ~o1 'Buiidin~ 'ind eqtii~~~nt. Lisiing is sub-
dH·ide(l 'acc6~ding to e~uipm,e. n.t.' , . 

Ib~2ijoi'Buiidln~ 

Dta"ing 

W 10132 
w 10050 
W 10293 
Y; 706~3 
" 69077 

10~22,~o£~ene~ Ubits 

Df,~i~~ 
~W 6§ilA 
,'~~i11 

. lO~~j 'V~ctiu~ Deiei.io~ 

Dra~in~ 

W 69118 
W 69h1 

De'scHption 

pians and Detaiis Plumhingand Drainage 
Secti~ns and Ele~ati~n Arch~te~ib~e 
$ectio~s ~nJ Detaiis. Ei~~tticai 
Heating Systems . '. .' 

-pi ans' - Light and Powei-, Electrlcai 

'Description 
~d'angementt S~ctions No .. ; 1 , .. " 
Att'n.eme~t. Plafi Sheet No .. i. lsi Flooi 

Desc~i~~i~ri 

Attangement, Sections No~ 1 
A~rangementJ Plan Sheet No. i,lst Floo~ 

iO.'24Caik~n and Peroxide 

:~~a~Hns 

W69118 
W 69117 

,lo;~$ CDi~t~i~uti()n 

praYling 

w6flla 
W 69117 
W70435 

Desc:H~ti4>n 

Artangement, Section Noo' 1 
A~taniejent. pian Sheet No. I, 1st 'i6()~ 

Des cr.iptfon 
Ar~angemefit,. SeCt ion No;: i.",. , 
AHangement. Plan Sheet Ho .. : 1, ist Floor 
Arrangement, Sectioh Sheet Noo 3 
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