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ABSTRACt 

1'b.u *-.PO.rt: constitutes tAe geaeral CODCI!DSUS of a DUds DefueliDg 

¥o~QJ.'OUP ~cA 1MB est:ablis!ed b, die U.S. De,part'aeDt: of BiIe.r9'I 
'. "'. . 

.. 1:Ir.tou9ll Bt;~. IdclloIDc. 1I to obt:a1D .rlr.ec!CXc_lIID_dlf.tttGa$ fn. lJllC.'l...r b.IcIu.sU!f 

ft'P~t:J.ves cOnce.rlJi.ng' t'eCfm1.,...for ,...,.,iD9 ~ debris En. die 

'l'III:"2 ZlNCtor .... l •. 

. . . 
2'becurft'llt ~i9Urat.fan of die J:lNC:'tOr core ilater1als is 

. cbUacter1~ basedoD the best: 1.Dt'omat.iaDavailable to ·tbe· 9mu,p. De 

overall .CC).rere.:wal pbilosoplJ, of die . 9.l'OUp1s crocu.eD£ed. .!'IJe t9jJe of 

2"be1Jll!!if!d for 

. d~velot-nttesting. to sUWOrt die deSign .",. operation· of die . equJjaent: is 

diSCussed. 

http:ilater1.us
http:cOnce.rlJi.ng


Thls.RKkten'lnternatlonal report. titled Pr!e!sedllltliods.for 
Def.It., the ,M-2 RelCtorCore, wu first p.UIIIed tn ...., 19l3.s •. 
letter report. It, Is betng publfslled as a &DID Il1fo ... ldoc_.~~ ._ur.. ' 
it, .. fns a partofthehtstorfcal recard ~f .rec"r.reff~at~ .. ' 

.' , '}' . 

Mile Island UnltZ. ItscODtent ,lsbuedon.llfo ... tIOIL .,.tl.1."fo ... . '". . '. 

March19az and contains significant ASSUIIpttCIIIS,. debris> p ___ s. 
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1 .. 0 tllTRODUCTION 

,lnFebruary.l!t83.Mr.T.C.Runion'.EGIG Manager.VuteIlIIIIDbttt~~tfon 
.'.and. Reactor EvaluatiOn (WIRE).,.,.r_organ1Zt!d .a Deb.i"fs. De! ... 11". Vorlcl,...: . 
. Gr(HIp;,* TheobJectivesot; thegrcuplllere t~providelndustry I.nd .... ,;. . 
U.S'; .. Depart.ent' of Energy . (OOE)ex.,e~Ier.cearid~nd.ti~to:Gener.l '" ..• 
PublieUtflftles(GPU)on techiliques forreliovingfueLdebr1s"raj'tIie·'. '. 
reactor vessel. Meet1ngsOf the. grouPIlle~held at Three Mile'Island (lMI) 
onMareh3~Marc:h,17and Apr.117 .'A nuI!ber' Of,p~lS''''' optfons . .-re.· . 
considered and evaluated. and aprefetredsystaevolvt!d.llhfthnq,-;:esented 
the genera leoncensu50f the group. . . ", .' ..' 

. '. . .' .... ~. RocbteHDebrfs DefuelfngTe"'wasassellbled·to brainst""'li ..... . .' 
. . investigatealternateapproachesarid8lke ~.tend~tlons.~Thfseffort 

5 19n1 ficant lyassf sted In fdentff.,lngand characterlzltig. the reee ! ndeCI 
. defue 1i", systell.· .' .... 

. '.' . This repc;rtprovldeslnfOl'lliltfon_ich is belfevecttc)best.:< 
characteri.zethe current:conffgUl'lt1on of . the reactor core. TheprifeiTed>' 
core rellOval .. phflosophydevelopedbytile group 'Is present ...... A general. .. ' 

. conceptual deserfptfonofthe's.Y.StellSand equi.-ntilKessary'to resOve._ 
ship the fuel debrfsis:presented •.. AiUlberOf<areas.tllJieJ'f! ctevelopsent . 
effort appears to be neCessary orapprq)fl ate are dl.scussect.. . . 

.. ~... -.. : 

",,:.' .. 



2.0 . CHARACTERIZATION OF 'TIJE REACTOR CORE' 

... '·1~,TMI";;2 reactorinittally containecl117fuelas .... ltes whichcollec­
ttvelyfot-danact1ve cylindrical coreabaut;10 feet in.dl_ter ilnd 
J2fe:ethigh~OUring the March 28. '19791as~ afcaal..,t accident. the tare 
OyerlM!a~edanct a resulting fircani ..... ter:reactiOn.a~tdizedabaut40S of ' .. 

··.·the·zl~pnt. :irtthe cOre.{) A .siitnar fr.ctian of the in;..core inconel and 
'·stai"le$~·stt!el·cOllPDnents were _ned •.. · Most of thestajnless steet.coiltrol 

I"Odtubt,!s:contai"Jng aSilyer.-Indi __ Ctldlli. ;aHay. ayerhea~ and. ruptured· 
or_lt~ •.• Mostof the CadIIiuM ylpOrized.:lhe . .;lten-.terials solidified 

. as.the,>felltothe leye} of the Cooling water.·fofllling SGE particulate and 
SQEagglOllil!r.te (fuel. and debris frozen in the soUdified snver.stainless 
steellJ1d:iilQ)nel). The initial gUi"anaLghenta the grOup concerning core 
thar4Cterl~atton is in Appelldi" 1. . .. 

. : . " . - . . . . 

. Est: i mateS of the amunts of the yariousaterlalsin tbedegracled reac-
tor sys.tellar:e Sllown in Tab le 1. . The esti_tedslze. gradati. and quan­

.tities;.,f,the loaserubble andf'ines is ShOMaill Figure.l •. The a.wntsof 
.' agglQllerate and coarse_ter;ials1l!l!reesU_teci;on the basis of the .. 
. '. Qxidathm<:and· therllAl·.,fracturingof·4OI of the ,'reactor cQre zirconiUII.the 
t~ ... rfrac:wrtngof the related fuel pelle~s anduesli_ted. balance of 
the.lte"_tertalsavailabletoftl1 the voids.h,thedebris tafonl an . 

. ·agglO111erate •. ThelllOUntoffines lntbe·systell was esti_tedf". ananaly..: 
sls.ofthe partt~late deposited on fHtersa.ncta balance of the .Ca.iUII in 

". the.sjst •• '. It is beHevecfthatthe coredebri$ didnotcanUnueto degrade 
. 'signift~antlY aftf!r thef1rst few d..,~f()l1Owingthe accident •. The .... nt 

of free:()xygen ira the systetl would have ~ftUsed up .• by odciat1QftJt then. the 
oxl .,.., prqcesses would. stQp. There lllereprobably.no.sign1ficant corro­
ston" . . .in thecool,ed Syst., .. 1c;h ....... rei.ct1yeenough:~....,ye 
chew.1C;a '... . . .frQII·the_t,r:.·if.;~iI4!~·,·hi.d~n~thV'''ld· have' 
released net quantities ,pli. hydrogen.:'artd ~_s()bse..ved. ' 

andtjpeoff.ine,"terfalin,'the p,.1"t.Jr1!a~r cool-· . 
'lIUchthe s_~ • .Jas it wasafteftbe.accident. 

f!vi[delnQ!'$ C,n lYl,rel.a~·iYeli.~ 11'" ,fraciio.( C.,.l')51' . ~he . 
_&.""W··I'''' '. abOut20-'¢nHis"Cthe:sb.e. belowWliCh it 15 diffi- . 

. ihe'''tijr,.l.,Uh.theu$.:of J.rgell~lc:mesl is . 
r!gparagr.,s~· •. ', . " ' •.. ' .'. " .».'~.' .• ...... . 

Jil!~~· 
;' ,\.:' 

.. 

. I.··. 



TABLE-i,: Approxiftllte/WeightlndVohll18 of Miter ills . tobtt 
. ;R.yedFrom TMI-2Acttve Core Reuion. ' . . 

, •• 1 

.':' .. 

IMlet ,..01. l."~ t."eOo~. 8OO~ ,. 4.-
Rubbl • . , ines 

q .L k' L L kg 

5i~0D0 3 ,CIllO 300 .'30.400 3,040 

14 .• ZOO 2~200 .. . 
.. 

$00 ... 100 500 100 8,Q)Q 1,100 soo 
" .... 

270 [ •. 130110 1.120 no 400 

'ISO ,730 SIc» "130 . 15 . J~ ZOO. 

.• 110 us:· 22030 2LO "26 200" 

20 S. ..280 .' . 
560 

4.0. 3.'. 

L 

400 

100 

40. 

26 

26 

". 

/ 
<4~ . 

f,iril·.' iRis 

kg L 

20 2 

1$ 1 

&0 , 
20 2 

iO 2 

. .. 
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TABLE 2. Inferred Chelrlcal CaIposittonof ,'tNt 
, , COIIpOsite of Fa,..ttcles Less than 25 Mfcrans;. 

'" Elaent S Elelll!nt S flelll!nt I 

'Mg 8.1 Ag 1.8 Fe '10 .. 0 
,', 

Al 1 .. 6 Cd 26.9 Nt 10.0 
Zr 5.:7. In 5 .. 9 110, 12.1 
U 10 .. 8 Cr '1;.1' 

NOTES:, 1.' Oxyger. W5 not reported. , 
2. Stliconis .excludedsince it apparently 

calltffrOll filter fibers. ' ': ' 

" 

. ," "," ". . -' 

Arianalysis of the, ca_tUllfnt,he syst_was used as thebilsfsfor. ',' " 
es~i_ttngthe total quantittes of particulate _tertals tn the systa. 
There are 131 kg ofcadlllt .. (51 of 2,150 kg of Ag:-I~ neutron PDf $Oft 
material) tnthe Reattor CqoUngS)st_.ASs. .. fng that 9OI'ofthe staf .... 
less-steel ,claddtng around this _tertal ruptured (all bUt part of the outer 
row), and that a 11' of the, ca.-t.. tn' the, ruptured ,rods escaped.s a vapor.; a 
total' of 123 kgofcadlliUII~ld. haveesUped. Further ass-ingtttat9Olof 
this caat_vapor condenSEd .into {ineparticles or coated on other ,ffne . 
particles. 110 kq of cadllt ... ld be present 'as fines. '.., 

,The analysis of the parttclesreta,ined on the _-5Bf11te;·indh:ates'· 
that: they contained ,27$ cldlliu.. ' Therefore"thetotalftne~:(be~""t 
2 .icronsand about 25 .icr,ons)~ld be 'iftf:'erred to be ..... lOkg •. " , 

Thevolu.e distributi~of.parttcles below 25 mcrOnSWtidl .... · 
retained on tM!ftlterIlJF .. 58, isshown'onFigure 2 .. , This figUre,'was. 
derivedf ... an ,analysis of·the partiClesizedfstributi.,.. sIIaiIn< fli' , ' 
Figure 19 ,of Reference 2 •. ' Even though thereferenceind:icateSJ .. at. appnjx;;.: 
latelY ,501 of the particles retafned.re below':4i1fc..ons.:9ftly' approX"'7' ' 
i_tely<6S' ofthe:voluileretA;ned Wasbf!law4.fcroris. 'NO~th.i.ost of 

, theparttclesbelOW,2l.11icronsllilY havepassed<l:hroug"the,filter;;,,' There- , ' 
forej..ft·canbe f-:lferredt~atapproXiilately 25' kg~ftheesti.~410 kg.· 
hasparUclestzes:"anging, ~b1een2.ftd4.1c:rons.TO;&l:prOxi_te 

, qualltit tes'Ofparti c lesbe low 2.i crollS fn.thesystell. the __ ..,.. _._,,' -_ .. ,i7 

ther::oolantsUiPletaken ',in ""rch.1919. alldAugus~l980.Wre 
, the ~rc~.l'19·,s""le,the ~ntra~ion,tMs68lig/l.. , ", "-':' ..... "' .... 
'distr'ilH.lti .onfor"·that:'Sallplefndicates ' " , ".,' ' 
t;'.: loW 2·: . 'This' 'to 

, ·thari2 . .,' --"".,.&_ ..... .,.~...",.-

http:retatned.re
http:ter'l.ls
http:particul.te




· oxidation andprecip~tationof d1s$OlvedsoHds as the SlilpleWU brOug~t 1n • 
contact vith air. This. saple contained .iran oxides. I:Jutno sHver. . •....... . 

· ch~iUII.1ndiUII, socii ..... nickel. tin, or zircon1 ... ·' (Adclft1onal .... les 
shoUld be taken and te~ts' run in a1randw1t.ta1r to·.tel'lltne.ttbetller '.' 
fine partteulatewfll be generated1n the RC$ 'IIIhen the :1'eactorvesselliead, 
ts.-..,v~~lAtotalOf 128l1g/l..,..nts. to aboUt 3S kg of ~U~sl'( . . '. 
lO.GOOftof .c( ~lant. . Therefore •. to assUliethat . the •. RCS' conta1ns.a total 
of 100 kg of paniclesbelCiW Z.1crons aparsto berea~1~.Th1sJS 
supported by re-:ativelylaw qUant1ties of urant .. and alph.~1nat1~ 
foundfn Siililples tatento characterize the .. ter1als 'bJr!ingtrapped ~in the . 
sand filters of the subErged dail1l!r'altzersysta ($0$) s.rsta.ttis also. 
supported as' a 'high esti"te by the plot of'particle .. sizedistr1IJut1on shown . 
in Figure 1. 1nclucUng the related ava1lable test .data liIichsllDws 

· essentially nothi~below 30 .tcrans.· . 

Therefore. tt appears that F1gu~ 1 provides a reaSonable basis ,for 
believing that the particles 1nt.he1MI-2reactorcantair.entsys_ (ReS) 
whtch are below about~ .tcrans .fgtit.be ret.1ned1noneorbKIcanfsters. 



. 3;.0 CORE RPlWAl' PHJlOSOVtfY 

' ..... >~:A,:_.r .. l:col1cen$Us cOncemingco~ re.val ph11CJ$OPhy has been . 
develpp8dbJt~'~bl"iS ~Ul!ltng Work1rigGroup.The' overall Objective is 

'to safely·re.o';eandship the corellilterfals within a reasonable schedule 
.' arlda~';:t~"1rh""pverallcost in ~erils of dollars and personnel exposure 
to<l'IUcJ~ar~~jation~' ' Toac:;cCJllpltsh thi,s requires: . 

-, " '."::" . , -' . ",."'" . ' , .' . ~. ' '.~ ." 

·l.'Theiconflne.entof cOnta.i nation to, the fullest extent pract feu le 

'. 2~'/"i,,1 .. tUrlgthetotalwasteY01"'; 
. ' .. r, .. ' '.:' '.' ~,' ';.' . . .. -•. " 

3.' The use of ~illpl1fled.well developed. low4i'ntenaric:e equiPEnt 
and techni ques . ' 

'4., •. Ttteuse of water a$ thepr.i.rishield·to Workt~rotIgh 

5 •. ' M~ni.iz1ngthebuf1d-up of particulates in the water to enhance 
.·yisibiUty and to .ini.fzeradiation levels' at ..... t stations 

. 6 .. ,R_~1ng the core debris' witti the .inl .. practicable ....,nt of 
water~ ." . . . ". .'. . 

. . . AfterretlOYalof there~ctor vessel head and .cola.ndria. the priury 
defuel1ng activities and the 'order in ",,1chthe,y can best be perfol"lledare: 

1. ··.Install acylhidric;albarriera,bove'the reactor core vessel to 
avo 1 d .contllllination of the refuel,,,, cana las the water leye 1 is 
raised.'8rackets"etc., >forlocating equiPEntontbe inner wall 
of t"e'"arriers~ldt:teinC1udedaspart'of the barrier design. 
T"e·lliethOdfor. IIOYingfuel canisters oyer orthrotlghthe barrier 
lllista 150 be decided in advance ·andi.c~atedinthebarrier des" ... :: . .' .' .' . . ...... '. . 

'USi~.~~i lcJeyelqped~h)1JrauliCYaCU~dustlng~t;OOl.~ a '. .' 
PClrticulat~separat ion.andre.oyal.s'ys~tobed~C .. jbedla~r • 
. hydralil,ic~nyretli)~etheloose,fiN!$:("'lowabQut 500 .icrans) .. ' 

'>-~f~:the .. expOsf!d s",rfaces:lntherr:!actoryessel' . . . 
-'00·- " 



. ". . .' 

of the acc1de~t 1 nd 1 cates that the aggl~rate1s probably < not 
continuous aridun1forw. Therefore.thel ; use of extended croilibars 
and jackha.erswithspade-like tips..., be prefte,...."le {at,least " 
fora first. try) to theuse< ofpoWer~ting toolsinreduclng,the 
agg1 o.rateto lIilItageables las.;; 'As...ageable ctllnclts:arepro... ' 
dUCed,: they woo ldbe cani steredandremv8cl ' 

6. "Steps" 2. ,3.ilnd 4 would be 'repeatecl<asneeessary,to 'I e.veJoose~ , 
particulateaildrutm.le ' 

7 • Grapple; ancfremve'the fuelasselblfes ,intheouterrowllllllch-., , 
'.' beintact.1i1d not frozen <in place. '1fc)rkIngtnwarclfn.t~ '," " 

periphereyof"tbe, 'c~, ,loosen,the • reM1n,t,,, "fuelasHllb ly'-seg-' 
_nts. grapple and 11ft, thell •. place ,thatli fuel canisterS and , re.ovethell ' '. ',', ' , . 

8. 'Again. repeat steps 2. 3. and 4as necessary 
. .' . 

9.' Extend a long. 511_ '("'1-1/2 .in.d1a. )va~UliProbe, thraugti-·the ' 
holes' fnthelCM!r'grids tothe:bottc. oftha reactor"vessel',and 
retIOve anyfuel'debriswhlch-.lght<Nvesettledthere " 

. , ' .' - '".- -', 

10. ~1th ... t shOuld be over" of .thefIieJ_tertalrellOVedfnillthe 
rbCtor systeil.tt .ight.ttrera,be'Prudent ' to rep lace, the reactor 

,vesselhea.d.operate the reactor coolantpUllps tosusper.d"'; , 
" entra.inlOose,fineparticulaiejtthen5fnterand d_ineraH~ethe 
~terby processi",t1Sidesti'eUi., . " , 

-,-

http:systeil.tt
http:particulateaildrutm.le


." .. 4 .. 0 .• RUBBL£R9tJvALSYSTEM MD. EQUIPMENT 

It1s"'t1~ipatedthatthehydrauUcal1yrellD'Vedrubbleand ftne partitles" 
. w1111Je coratained .1n canisterstllh1ch .ill ;be dewatered, gas stabilIzed by 
catab's~ additiort •.. and.chanically sealed for shl~t and storage. The 

.' .. sfteofthesecan1stersisH.1tecl.toabout12 In. di.ter by 12ft long. 
. They wil1eachH have a -rubtJlecapacity of abOut. 400 to 800 kg.. on that . 

·basfs.approxilltately SO or 10tl cantsterswould be1"f!quired to contain the 
aountsQfY·looserubble projected tniablel. ArMtrarilyass.ing the 
largerl'UlllN!r.lta.,pears frolllf (gurelthat 85· Of the canisters IIIOUldcon-

< tain the,lao5e:.rubble largertllanlbout 800 .Icrons; .14 canisters wou,ld 
contain particles between 20 and aoo.tcrqns, ar.d ~ canister .igllt contain 
the Joosepartlcles $INner than 2O.icrons.Even al1owhlgfor eonsiderable 

. error;1tappears that not anycanisterswUld be requlredto contain the 
.fine uteriah. . . 

Based orithe, projected slzedtstrlbutlQn and the core reiloval phnos ... 
. optiy. discussect in. Section 3, the hydraulic 51st. ~ndeclforreilcrling 
,the loose 'rubbleSllallerthana~t.one inchsize~,iss"'" in Figures 3 and 4.. . . ' .. 

"TI1e systetl consists of about" four different pi ck-__ p nozzles; a knockout 
canistertoretlDveparttc:]eSd(Nft.toabou~800.icl'OM; • ~l50gpllpuIIp; two . 
parallel.r6-1n~ hydrac1ones-.-one.to re.we partiC1esdowe toabc)ut' . 

. «l1ll1crons priortoretumfng . itswatersti1la.to tile jet booster pl ck-up . 
nozzle .nd the other tor..we .partfclesdown to abou;t2Olitcrons tn the . 

>wastestreu. gOingtoa hOld-upt.mc;i. . .rl50;gaJ.hold-uptanlc;a .1"30 gpII 
. puiIp. to .ke.pthE!Water:i .... the tiold~uptank agitated ancI tOdel1ver.r15 g,. 

to.a ,filter.; andanautCllaUcallybackflushing' ftlter ·to:.~. particles 
'doWn tol esstllan one .1 cron.Theftltrate is then passecr through theSOS 

.. ""returned .as clear".deioniiecl water to .. the reactorsyst •• t· an elevation 
·ne.r:thetopofthebarrier'!' '. . .'. . 

. " . ," ".' "" ". ", .;~ .. : . . 

"'iCheilai:1t'Sket,cheSOffournozzl~ c~t"S.re shOWnlri . 
1.~ .' Figure·5$howsa;bnfs.h/$Creel'lyaCUull·~z:leto .be'uSed 

frOll exposed,.surfac.s~r: figure'6shoWs a jet boOsted. 
coarserubble'less,'t"''''abotJt .• f.i~,,·.·slze.·. '.Ft~'l·;· .•.• 

di.,a.!te!r ',' :cyUnd~ica 1 scne,. a,.. an, open'flQzzleto be~sedfor'" 
ttM!~\/~'_~"DlJrDUSf~~ "'ptiler' twa""zlleS,'· ~ti I'I.tJghtpl ~ces~ '. $ucli.as, .. . grid plate., '.. ...... .. , . . ...... ' . .'. . ... , .. 

'.' "~" ".' .". - ~'.' " " 
,:- j •• :' 

http:itswatersti1la.to
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~ .. 2Knockout Canister 

.J~ knoekQt.it canfster tsshown. inFtg~re8. Its purpose is to re.ove 
the ~ilrs~",bbl~fn:. the hydraulic strea. with_ini .. l headloss. The 
inlet line exttstntothe ,a"lster through a: long .radius. 450 elbow to .give 
atanger.tf~lCOllllMJnent to the flaw -~ thereby asststtng in thegravftatfonal 

. Settlitigof, ithe soUds~ The tel'1linatlon of the inlet line Can be located at 
·thelevelestab Hshed for the fuel debris in the canister. As the debris 
.level starts' to .increase aboVe the desired level. the pressure drop across 

. 'thecanfsterwtllimnase. signaling that the canister is adequately 
fflled. . . " ," 

I{'isexPecUd that the knockout cantster will raove essentially all 
oft~rillJblelarger than BOO_ictons •. F,..Figure 1. ft. is believed that 
abOut 85l("']].OOO kg) of the rubble will be retained in the ~kout 

'. caitistets •. The knockout. canistercont.tns. a dewatering device Which con-
sists·of ad1ptube and filter. . . 

. ,.' ' . . 

." .". 

4.] ,., ... ·Pl 
." .. '. -

. ...TI115....,1S lOcated downstrea. f". the knockout canister 8ncI could be 
of the centrifugal type. Its head aftd floWrequiremen~s w111 pr.bly be. 
,abOut lOOps1andlSOgp!ll. . " .. . 

. . - '. 
,'. .' ," . 

4.~ . Hydtoc lones' . 

TWo parallel ~tn. hydroclones~r tofft the needsofthe:systell • 
. A lowheadilosshydroclonewOuld dtschar;ge abOut 75 g~ to tile jetJ.c:,oster • 
. . It would re'mVt::the par.ticulate down tcf,aboUt40;.icrons.The;other hydro­

:cloneWould'utntzl!:a highierfractton Of, thieav.n~le ttead~'but"""'Jd<be·· . 
, ~~reefftc1entJ"tnretillOYingf1nes.1t ~ldreilDYe.f1nes:~ tOabaUt . 
20,:_tcrons'and~ 'dtschargeabout75 g~tcfaho ld:':up tank.: frOli Ftgure . 1. , it 
i,s b4!lfeved that thehydroclonesJ:wnl, ..... .ve~tJ4I(~~QOOkg)of the . 
104)se:debr1s~·' " ", .; ';:,;';':',';'" .,', ,. " ",' " 

'isat~ched: toa'debriS cilftist~...t<: 
'.' ..... too.J"'l(:".~~~ :tct'aHanseri.'( . 

. f1exie11ntf'isst.l'sl ..... 1s s.·. 
. • ·it ... tgllt be that nctundert1awtQ. 
nll:1~1I!'i:i'=-.lrJ .:tfoWeyer ·:ba.Sied on ,test resu] 

·.d4~tr,e~~;~::P.!rt~t)"'Qt:.e· • inc Jueti ng',R lug;i.~:'fohl'~,: .. "'~ . 't;c;r:Id,t1ons. "&1d' . 
. , culty· fll': .closecouPltng.t~:~an;st'::, .. ~Iw!"'ch"o~'.~ . 

U'·.-';'~l"""'··rec· ·'c···le· <.·is· .'· ................... nded· ".:';"'''I'IiUa. ';leve'" ···l·.o··f: .. ~;"is··· ~lUCq..,. ....y.... .... ~.~ .. " ..••.. ~!~, .'. . >, .~ ",. .. ; ... 4·., ....... '. can:prot).blY,'lMf dli!te,wined'bY,:the. :u$8.,f.aportable 
"~t::jtQVch!t.~l .' or a series of detectors located;, outstde the 

11 ftxect elevat'ons~ . ;; , . : ' ' , 

http:reeffic1entJ,'inretiloYingf1nes.1t
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4.5 .Hold~up·rank 

. .Ahold"'~p' tahk~tatively si~edat75CJga1 is proposed to accept the 
floW f.,.tbedebrts, reIIOva1systeit. The .1n1 ..... £low rate frm the I"MDva1 

's;steiDI_anto <be. about 15 gp..Ttte flaw rate of the stren leaving the 
hold ... ., .. tank appears-to be li.ited by the final filtration and $OS. tolbout 
1,5 glJlll.~·~;;The, hold.;up tank size1lQ.lld a 1 law thehydraulic.p1ckup Systell to 
operatfrfor ,about 12 min each hour. (The Unkcould be elillinatedlf the 

, filter.nd dmineraHzer s;st_s were des1gned to ha .... leabout15g~ rather 
than 15 gp. .. l . . . . 

'ThfsPUIIIP.'prObI.b1Y centrifugal. t.es:wa~er and fi. suspended 
.. eterialfrOil tile hold .. up tank •. Part of the oiItputcan be, circulated back 

to ttiehold-uptank toassurethat'fines'retl&in in suspension •. Approx- . 
. . ,mate1ylSp is directed to the filter. . 

. . . . . . . -

4.7 Filter and Backf.1ush Control SYsteM 

.......•....... The recOllllendl!d f1lter systl!llis cGlllliercially available. utilizes 
·sintered:lietill.tubularelei1entsasthe filter illi!tUa and utilizes an 

., ..automat1c;backOushsnteil ito· avoid fi ltet;'plugging. . Thesystt!l!! shoI«I .. 
. ··· .• ·schemiltical1y inFigure!'is recc:..ended;"y theMott MetallurgicalCollpany .. 

. ,·f.averageflaw through arolled: •. $li1~eredtubehiMott·s "'1 PHP 
'proc.essfllteris, ~~!jg"lft2.w~th tuties 2ih .. to2"'1/2in.O.D~. .' 
·Jn6J~.:.iJlth~cknes~.~1II"1I(6'£t length .aM.·· D.S.ierililpores1ze. . 
TUbeS.:~~;s'tu~tl!dyert:U:al1y.lnbUndles.\()fu., toll tubes, each. .' 

. ,-: :;: ' 

>.:~."'·l;';.i ...... ,:tr' ... 'b~ PrOCessedWOUldbepl........'nto'thefHterapparatusa:t 
'Q&A~"" '40.;50 psld.Whentttedl~,erenti~lpres$llreexceedS a Pre:" 

. the filtereJ..,.ts'aJ!'e:C1earedof;cuedpart1cles bya . 
' ... ' ". syst.~ ...•. OUfa~ion:;;ofth.ispurgeiSu$llaH1 one': .... . 

.allCMiling.fetru"lforilP;li .... ;:p"'$Stlre d1$t,.ibutf~;aftd CCJII.:- ' .. ' . 
of the· f11tercake~ ··lhefi,1i~r;-a~.:solut1on f~notexpectedto ' . 

. cIe .. ~ greater. thl,n.·one .• 1cronii··· ... :., :\ •. :.X .'. '. ./ ': ..... ,"" ..... ' 
." '. " 

http:filter.nd
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5.0 DEVEl.OPMEIIT 

Even though all. of thesystellS and' cQIIIpOnents prapOsed. are. cGrtsidered 
to be state-of~the-.rt .in the. nonnuclear industry. dewel.,..enttestingof 
prototype designs .of SIJIIe' of .tltecOllllJlOrRnts· (partlcularl,YtIIe'pickup,' .. ' . 
nozzles)lIIOUld be cost. effective. Cold (nonradioactiVe) systl!iltests ,of the 
developed cOllpOnents. includinghydniClone and filter subsyshlls would also 
be effective in assuring their oPerability IBId in traln~ngtheoperators,. 

The folloWing ctev~l~nttests are suggested to support equi..,wt " 
design: ' .. ' . . . 

1. Pick"upNOzzles 

··a) Establish flawratesand veloci~ies rec;uiredtopick up (as a func­
tionof distance beblle.:!n the _ter1al and the ~zle)and to 
suspend coarsE solids. Use suitable stand-in aterial such as lead· 

· slugs. 'in sizes up to 3/8 in.dia. x 1.1 in. lang. . . 
: . . .' ~ . . . , 

b) Oesign. bund and test. jetbCoster nozzle. using the ~tPUt of 
Cal in establishing fl., head andpipeJnozzle sizes. (see 

· Figure .6.) .... . 

c) Design. blind and testa series ·of nozzles to pick up fine patlcles 
in open end,r-estricted areas.(~f1gures 5 and 7.) .. , ..... ' ..... . 

2. Knockout Canisters, 

Design, build and test coarse and fine knoclc~t canisters .' . 
(2 lni.lIOZzlesand: 1/2 in. nozzles) 1IIIhich axl.iZethe'collect1on 
(settling) of coa~andfineparticles. (See Figure 8.) .. 

3. Special TOOling '. 

Design. bull dand i.eve'IOi*nttest:the too li ngfor,: 

I)Attlchin,g~ toahd"'ipulatirigthejet-booster".ck~u"ftc)ZZ'e";" . 
thevacuu.dustiilg nozzles. ,,'T.setools lIIQ'be· ... "integr,a]:p.rt of 
those IIQZZ 1es;. , , .. ' " .. . 

b),InstaJ Hngcaniste .. s, att:lchift9an,d raovi..l..,e •• ..r2:.;11l~/~.. ..' 
· .sal1. .r1/2-:-tn~ '. hOse, connectors,:and dewatering';"a~dt¥lng,,'5 ' 

adding cat.lyst,a"'plug!l1ngiorcappil,l9ton11eCti_'~,~':>,· . 

. " cl' ,selectivelyp'cki~-uppfeces.()1' .cliu,*sq,:.~la. .. ate,'la~r: 
thlQ. lin. " for,p1acing ,inbucket.s/canniSten.· . .\ .... ,:.:'(. . ••... , 

http:integr,a]:p.rt
http:state-of~the-.rt


'4.S.r~t"For -wet-Shipping And Storage 

a}'J)e~'''ine~heaffects. of bora~~Water and fine particulates on 
,'.th~perfC>l'III.nCe of catalyst preloaded.1n kl'KKk out canisters. 

Thisllighteliainatethe need. to add catalyst after canister 
ftlli.,g_ ' " 

.. b) :~Peat~~he.t~~tsin <a> using canadtan-developed.silicon-coated. 
wet-.:priJof catalyst. ThlsaighteU.inate the need to vacu_ dry 

:,:thecanistersafter the initial dewatering 'and prior to shi.-nt 
aric .. long '~eril storage •• 

http:preloaded.1n
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