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to t:ho debr1s.. Similarly, 'When the 'bulk ltoCLtarleJ. i!; rC''''~~'\;';::l e:t .. ~ p.Uot 

ph"lt, turtl1cr stol"t:.ee o..'ld Q.1sassc=~ vUl ;,vro1;::,;·,:,'l:! 1',=(;:::...1:~ 1;.:). c"J.c.ltic:;:-=l. 

dcbr1D. tJ:Ql.e:UJ th1a clcbr1s 1c cc:ccunt:.d "!or Uj both the: C.:"ld rcce1'\'1t'.!%". 

~~ on 'W1wre tb2 t!tcbr18 11.1 gencr.::0c(1, tr..cl.-~ ::::::J to c cc;,;;:;,',,~:;:rt1~J.;1Z als~ee­

ment betl.~c.o. ,,~ I.U'.W. rece1"11'er estil'.,'.ti!:l 0: f):~l·:~,l Ctl::/':Cn.t.: 1..1 '::'!:o :\'.~l:3. 

~ ~1cal coc!bioo.tiCOl ~."'".d cho;Jic3l. ca-;;;ositiOtl of t2~,;; iU~lr.; w.Ul 

'ttJ ... -J 'With tl!e rea.ctor. O'.r.U:.c 'bJ tno vcx1ot"J of 1\Io:1o e:.~c:~c.::'.l' c. Il~.ti:<;::, of 

bc:.d-onA prooco.ooo have be~ c.owlo,pcd to Co:.l"V04."'t tho 1\2'2ls 1!'.i'C;) c:...'ltt:::::;::.:; .. ~t,;.-:t:'';~ 

solut1ons for col vent cr-<.ol."O.~tiCll. rroc~czi.o.c ~~d. ctet~'!..U.~l1.t roC';;t,:::;':.~:/., 'l~ ::ot~l-en.1. 

prOCQD~. bcL~ dcvel.o:::~ n...-o o£ bl'\) t:.~:J: (1):.1. t"':O-::;'t.'::ll l':''X;:'::;:;; in l~t!.C:J. 

the cl.n4 is re~d :t1rot 'by citbc:r :nt::c!::::;.."'lic:ll 0.. ci:-,::;:-,::'ccU m~~~\;,') !"oll'.Jr~::1 b:r 

an 1n&l»ild",n't d1~~lut1on of ti':.fl :f'e..wtllc-:!,i::;:;;Ua CC~·CL:~~tc::.'*i;:J.; (2) a o:::')-c,t,(."Zl 

1:.10:;).. ~ c....'lu...~ solutiO"'...ll i'rors c1th::!:' lU"cce.::: ~.r.Ul l-.:~:,-:; .:~:> t..-e clr.zil""i.c~l . 
to ~ eol1e!s \."h1eh vlll 1n~,;;;:fCl"O v1t.h Del"':.-:nt c;::t::;,~::;··.:..'::'- " o:,:,~::!.";;:~::'ic:u. It, 

1s ~~tod tr.at t'h'l ~:1.s1on ot ss:n,! m~""'Ul"C~nt in . :":''' cr(~lu:":;·i0:.'U:j \11."11 

be &t!'cctc4 eonsi~J~ by th3 CC%:iPOs1t:1C':l of tl-~ f'J.olG~', th~ ?!.!:.:::}o1.it,L~ C::QU 

e.na. t.bI.l pretence or floll~. 
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and w1.U be helpful in developi.ng plant procedures and methods tor accounte.bill ty 

0'1 power reactor fuels. 
, 

In the present process facil1t1es housed in too separa.te bu1ldings 

which are connected by' underground :piping far inter ... transi"er of process 

solutions I fuel '1D'tf3" be dissolved in a1 ther fa.c1l1 ty (Fig. 2). Whcn the 3505 

Building dissolver is used, the metal 1s dissolved continuously. The dissolved 

meta.! solut1on 1s pumped continuousJ.::r to the 3019 Duilc1ing disDol ver 'Where it 
is collected and jetted batch wise to a feed measurement vecsel (S-2 tank). 

When the 3019 :Building dissolver is used ten: dissolution of fuel ~tal, the 

dissolvings are made batchvise and jetted to B-2 tank. Fecd solution 1s 

pre~ed, processed through one cycle ot solvent extraction in 3019 Building 

and tra.usterred to the 3505 B"lliJ.ding for further solvent extre.ction processi.ng 

and product recovery. 

Since all dissolved metal solution must pass throUGh 8 .. 2 tank. in the 

3019 Bulld1ng fac1l1 ty betore be:l.ng J?Ull!l)ed to solvent cl:traction I this tank 

vas selected as the teed input measurement vessel. Tl1is 1s a stainless ... atcel, 

550-gal jacketed vessel haVing a reverse dish bottom and a standard dish top. 

2.1 Pre'1p1~>l Work 

Before plaut startup operations were begun, new infltrun:ente.tion was 

1nstalJ.ed 'for B-2 twlk, the vessel ws cal.1brated, end solution xrd.x1ng end 

ssmpl.1ng tests were made in preparation tor accountability studies. 

2.1.1 6-2 Instrumentation 
I • 

The instrumentation tor measuring and recording liquid level and 

specific gra.vity of tead solution 111 6-2 18 shown in Fie- 3. This is a 550-Gal 

vessel with a reverse dish bottom and a straight dish top. The capacit-,f of 

the vessel is Shout 1600 liters to the to.p of the straight-wall ecct10n. 
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Four a1r-purged probes extend into the vessel, two for specific' 

gravity and two for liquid level measurement. The ends ot the specific 

graY! ty probea are separated vertica.l.q lO.2 inches at tho bottom ot the 

veasel.. One liquid !.evel. probe extends to the bottom of the vessel wb1l.e 

the !.ow pressure probe 18 just inside the tank top. Purge air is metered 

at 0.2 safh through air rotameter. end introduced. into the probes just 

above the tank top. 'rhe vessel. 1& also equipped With a thermocouple and 

paneIbcsrd-mounted. recorder for ~ature measurement. All. vol1.lIae measure­

ments ere corrected to 20·C. 

Pressure dU'ferentia1. across each set of probes is seneed by dual 

transmitters, FoXboro Model. l.3A. Two pan.elboard .. mou.nted Foxboro 1<1-53 miniature 

recorders receive the output signals from. the transmitters. Each recorder 

receives liquid. level. and speci1'1c gravity .measurement. 

In the event the readings On the two recorders vary more tre.n one 

chart division, a mercury-fUled manometer mounted behind the psnelboard can 

be plugged into the rear of ea.ch recorder to measure the output sie;na.l :from 

each tra.nsm1 tter.. Al.so, two manometers mounted adjacent to the transUli ttcra 

can be plugged into the tranami tter input to 'take a direct measurement acrose 

either the liquid !.evel or specific gravity probes. These manomters allow 

co.mparison of the pressure differential measured across the probes with the 

recorder vaJ.ues to determine which recorder i8 in error. 

2.1.2 Calibration 

The feed .. input vessel was calibrated with 'Water and nonrD.dioactive 

uranyl. nitrate solution of approximate feed concentration before the POY~r 

Reactor Fuel. Reprocessing hogram was begun. This was done by adding wciehed 

"amounts of these tl.u1ds to the vessel and recording liquid level and specific 

gravity after each 1ncre.ment~ Arter the vessel. was f1l1ed, the fluid was then 

vi tbdravn in we1ahed increments. 

- - '.. --. , . _. 



-6-

.&199ff 2 9!!!2 

!['hese calibration runs resulted in two cal1bration curves, one -ror 

till ing the tank and. one for elllPty!ng the tank (Fig. 4). The coefficients for 

the curves were determined by' a loast squares fit. The curves v,;:re cCl!!,Puted 

from 46 Callbrat1011 points, 20 With \'''ater and 26 with uranyl nitra.te J!Oints. 

At the top of the c'W:'Ves, at a true liquid level ot 40?, bot.h curves give 

e8sellt~ the same volume. ~ fiJ.J.1.n8 curve gives l.663 liters while the 

emptyil:la curvo Gives 1660 liters. Hmmver, a.t 4% liquid level, the difference 

in volume 18 18.56 liters (150.32 tor fill:l.ng and J.3j..76 for Cllt?t:r1ng). When 

solution 18 transferred to S-2, the :f':! JJ :fng C'llr'VG is used. \-lhen solution is 

removed .from S-2, the em;pty1ng curve is used. 

More scatter wn.s ob~d. in the dc:ta. tc.ken when callbratins by 

emptying the vessel than When :fiJUng the vessel. The lim1ts of error curv~s 

for both calibration curves (Fig. 5) show a.l.moat tinea as much error for 

emptying the vessel. At «>0 liters tha l1:m1t of error is O. 7~ tor :fin ins 
and 1.3~ far entPtying, wh1le at 1400 liters the liF...it of error is 0.2:% for 

filling and O.?h f.or ~ty1ng. The l1m1t of error ter So typical transfer of 

1000 liters 1s O.5~. 

'rhe o.perat1ng procedure for feed measuremant is to fill S-2 to about 

1400 liters volnme. ~ solut1on is air epargod for tvlO hours" G&"1Pled. and. 

the data are- recorded. About 1000 liters of solut1on is removed. fram the vessel, 

1eaV1nga measureable heuot about 1K>O liters which is combined With the next 

teed batch. 

2.1.3 Solution ~ttx1ng 

S1nce the solut1on in the teed-input vessel is mixed by air 

sparging, a series of tests vas made to establish the lensth of tim,:, re~u:1red to 

i:1sure a hOttDgeneou: solution. 'ro test under more seil"<:!re condi tiona th..'Ul 

ord.:1narUy ex;pected during teed preperat1on, we added. a uranyl n1 trate eolutlon 

of two different concentra.tions to the feed-input vesDel and added s. top layer 

of water. Approximately 900 II tera 01 Ul"8.llY'1 nitrate solution containing about 

200 grams uranium »er liter 'WaS added to the vessel. To thiS, 250 liters of 



$.t;t;gfQP 22 E -7-

uranyl nitrate solution containing about 360 grams uranium per liter was added. 

F1nall:y', 240 li tars ot water vas added ~ 

The 8oJ.u.t1on was apsrged for l5-minute intervaJ.s and sampled after each 

sparge per1od. After 45 m1nuteso:1" sparging, one-fourth of'the solution ,,'US 

removed from the vessel and the rema1n1ng three-fourths of solution was sparged 

and sampled as described tor the :1"ull tank. These tests were repea.ted untU 

only one-fourth of the original volu.rte ot solution remained in the veszel. 

'l'he testa were conducted this va;y because we felt that it strr.;;tification existed 

in the vessel, a new surface would be presented to the sampler and sparger at 

the bottom. of the tank each time solut1on was removed :.from the tank. ~b.crefore, 

if stratif1cat1on or inhomogene1 ty ensted, they' could be detected by changes 

in ~a1t1c gravity 0:1" the samples. 

~ spec1f1c grav1 ty of' the samples was measured in the a.ns.l.yt1cal 

laboratory with a Westphal ba.l.anae.· The spec1:1"1a gravities varied from 1.258 

to 1.260 (carresponding to 1.5 grams U/l1ter) with bali' of' the values being 

1.259. It 1s ~ent that little, 1t ~, stratification or inhomogene1ty 

ex.1sted. During feed. preparation each batch of :feed solution 1s sparged two 

hours before sB.tIiPllng. 

Also I SEUX!Ples vera taken betore and a1"ter trans1'er ot solut1on trom B-2 

to continue ,to look tor 1Dhomogeneity. ~8 w1ll be d1scussed later. 

2.1.4 Ssnwling 

Solut10n is sampled from. 5-2 tank by a1r lifting the solution to a 

sample bottle 1n 8. sample bUster outs1de the cell. The solution paases tnrough 

the bottle and returns to the vessel. About 5 ml of sample 1s retained in the 

bottle. A test was made to determine the sampler recirculation time required 

to produce samples ot uniform compos1t1on. 

5:'ba satzWler Ya,S recirculated tor 5-minute 1nterva.lG for a total 

time of 30 minutes. At the end of each per10d the bottle 'WaS remo'\"ed and a 

.. , 



-" q ¥ g @ 2 4 ¥ g k 4& ; 
.8-

second bottle vas ;placed on the sampler tips long enOUSh to obtain 5 ml ot 
solution. 

The sam,ples were analyzed for uro.rdum concentration by the ammonium 

thiocyanate colorimetric method. The range of the ana.lyscs vas !rom 304 to 

300 grams uranium per l1ter CNer the 30-minute recirculation period, indica.ting 

no significant effects of recirculation :period vs. concentration. Since there 

1s suffic1ent time during feed preparation, the sampler 1s recirculated 20. 

m.it:lutes for each set of sam;ples taken. The recirculation sample bottle is 

discarded to eHm1nsta the clla.nce of suhm1tt1ng a sa::;ple conta1n1ns either 

d.1l.ute or concentrated solut1on flushed from the sampler SU1):Ply line. 

It'1s elt\'Phasized that the r~e of 304 to 300 grams/liter of uranium 

was not obta1ned With run-of-the-mill SDIl1;ples, but rather with clear, clean 

nonradioact1ve solutIons permitting bench-top a.na..1ysis. 

2.2 studies With Reactor Fuels 

At the present time the process fae1l1ty 1s in its s1."'tth reactor fuel 

campaign: SCRUP, NRX booster rod, SRP .. E, snAP and 11.U .. l}~2~ '·OnErhUridr~a:.ba.tches 

of feed solution were prepared for processing in these six ca.n:t9a5.:::ns. 

Sam;ples from the feed-input vessel (8-2) vere analyzed by the ~1cal 

control unit in Bu1ld.1og 3019 by conventional a.na.lyt1cal. procedures; urrmium by 

the colorimetric th1ocyena.te method and ,Plutonium by a. T"tA extraction procedure. 

When the samples emitted les8 than 1 roentgen/hr, bench-top methods "''ere used, 

whereas for h1gber re.d:1atlon levels, ~&113 was me.de by remote l!1C.!lipulators 

in a hot cell. 

Both to decrease the radiation level: and to reduce the concentration 

of uranium end plutonium to the range of tba ana.lytice.l procedures, a d:Uution 

vas prepared tor each sample. Then the uranium. and plutoniUlJ1 content of e::l.ch 

dilution w.s determined twice. These two results for eooh const! tucnt ",-ere 

averaged end repor1:;ed as a single a.n.al¥sis; one 'V8l.ue tor uranium., and. another 

for plutonium. 

" , 
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The 1n1t1nl. plans tor s~l.int> and tar el'<':).lYbis \.'"el"Q cbLu"-ccd. ao t~. 

Pl"O.$t"tU!l c1avcl.o;po4 to ),,1e14 1nfor.r.na.t1on pert1l1cnt to the rc,::::cCu,cibU1ty, or 

;prcc1G1on~ of tbQ ~ical. work. now"trt<"Cr., the desire tor this i..'"lf'Ol~tlo.."'1 

had to be c:.ourrterba.1.ancec!1 vi th cost or ~soo.. radJAtion. e;"1J03u::.~c to ~rsoD.r.lel. 
and sar::ple load 111 t.bt.t labarato:r:r.. ~S3 sn.."1PJJ.:n.3 c.nd ~oi.tJ ~'lS ~"C."""e ' 

des1gaed to yield the tol..l.ov1ns statbtical. 1n:!.'Cl:"Q.tion tor the urM1un tmd 

pluton:1um ~ses; 

1. Sem,ple vsr1m1cc 

2. DU'fc:rence bctlroen ar":ll~roea ms.de by tho eon"~""'OJ. u.-rl t c.t d1:f'terent 

tioos on the S~ s~le 

3. DU'te:rence between ~s r.ade Oil the ~ erun;plo 'by V.iO diftorent 

OllI~ e.n.a.J.:tieal un1 ta 

4 .. · DL.-rterence between analysos Of ~a taken before end e.f'tn-r 
. the/. -

transfer of teed solut1on frc:1 fecd.-1n,put vescol (3-2). 

rus Wo.rtntion cr:rters into the calculc.tion of t...be llm:1 ts ot errox for 

the feed-1nput JIlea3uret:lCnt. 

!rhe tolJ.ow1ns is a briof discussion of each item. In1t1~ tour G~"'J?los 

ot teed. 8olutian. were taken prior to 'trf'.n,..:rcr of the feed. solution ;i'ro.Q &.2 

'tatlk to the ~SS. t.i:o el.1ml.r<.a:oo real nillel'su ~..:'c:.l cor..si<leratiOll, it V"'.....o 

required that tbs ~e of' tl:1e 1"our ur~'1.1Ulll en:alyzcs 'be lc::::a tllall or c.~u::'.l to 
7 .25~ or tho avel"t:1.G3 of tbc tour a.n3..1.ycc:J. If' tb.:: 0.:."':;'-0:-::' ::c,.J.-;isfiou thi!l 

~nt they were e.cceptcdj if not, tour t:lO'.rO stl.....;plco l.."'Crc to.kcn far ttr'Alysill .. 

out Of 28 OO'"S of' four ~s ta..~n fran 21 batc~s oi." f:;;cd. c::U.::r ti-ro sets \~~ 

rejected i:or exc:eedins the re..~ criterion. Without hr;.vir.z a. definite or..cr[;.t!o::.:1~ 

rea..oon for reJectinG the Gfmt9le.o,. ~o::ll tl:lfD 21 cot" a.cCC1:i!;cd, it \1:ul cr.rtwJllz1:;;::d.. 

.from those tests that tho avcraso ~~ for th!3 \.lrG..'llutl s~plc~ ,is about 2:" e;:::.d 

the l1m1t ot error 10 about 2%. S1!:d 1 Qt'~, ror pluto;rl.ut:l. tllo a.Vt:rsca re.nz::: is 
3~ ancl the l1l:11t o:r erro:r 1$ 3%- . 

Six cots of f'oU1" snqples each 'WrO l'e-au.'bmi ttcd to the control. unit 'for 

:rc~ ot U1:'M1um. and plu.ton1um. li).-om. those do;tA it '"~ eV".,.il;:!nt tw,t tl:.a 

Fec1s1on lm.S SOOdJ howe'Ver, 'tl:lt:re was a d1t:terence oor"""cn rr"c~"lS tar th0 :f'1rct 

~1s and tbe aecand. ~.1s. In other words th3 r~---e 'Ear tour ~lcs \:"J.,S - , 
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a satlsf'aotor;r ;percentage o'f the o:wrage, but the averages were sb11"t1ng up 

and down trom the first to -the second. t1ma that the sampleo wore a.na.l.¥Zed. 

nd.s varie.b1Uty' was larger tban the sam.ple variance. 

SiX sets of 'four samp,les each ""ere subm1 tted to other a:nal¥tical. u.n1 ts 

at ORNL to determine the bias betlo-een laboratories for ur""p'lU,D and plutonium 

anaJ.yscs. At the present time there is insufficient 1ntormat1on to deteroine 

if a s1gn1f1.cant difference exists. For uranium the average difference bet1.'eon 

lo.boratories was 2.7 :t 6 graIllB/l1ter and for plutonium was 0.0006 :f: 0.0012 

gra.ms/l1 ter. 

It 'WaS previously mentioned (Sect. 2.1.3) that 1nhamogeneity of solution 
.. vessel 

in the feed .. 1nput"would be studied 1'u.rther. This tro.!3 done by sam,pl.ing before 

&Il4 after trans'fer o'f solution from 8 ... 2 vessel as fo11cn.'"S: 

1. Before transfer of feed solution two samples were tnl:.on. One srullJ?le 

vas ~zed tor uranium and plutonium and one was stored. 

2. Aner transfer of teed solution two samples were taken. One sample 

'WaS ~ed and one wns stored. 

3. It the range of both uranium and plutonium a.nal\Yses was less than 

5~ of tlle1'average # the ~ses were accepted and the stored sa.l'!l'Ples 

were discarded. If the r~e was too greet, the stored so.:mples were 

ana.l¥zed and the first set of a.n.a.:Qrzed s~)les were discarded. 

4. The two samples accepted were re-a.na.lyzed by the control unit and 

then stored for anaJ.ysis by another l..ahora:tor;y. 

1'wenty-e1ght batches ot teed solution were prep3I'ed u..airlg this 8~llng 

and ao.alysis plan. ~ results were not greatq d!ft'erent from. those :p!'eviously 

given. !rhe pooled. variance for sets of two se.m;ples 1t.ras 11.9 for uronium. cc<n..::;;ared 

to 7.6 tor sets of four. !l:be variance for the difference between the f'lrst and 

secODd time Of uran:1'Wll ~s1s ~or sets of two samples vas 162 cam;?ared to 110 for 

seta of four. 

• S 9 " r 
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It 'WaS disturbing, however, to not1ce that there was a def'1n1 te ditterence 

in a.nal¥ses of samples taken bef'oretransfer and atter transfer. For uranium, 

the avere.ge difference vas 8 % 7.3 grams/Uter and for plutOnium was 0.004 

% 0.004 grams/liter. In fact, in cbecking nth the operations group it was 

t'ound that a alight leakage of either water or steam. was diluting the feed 

solution. With such a sUght l.ea.k:ase it is di:f':f'icult for operations to 

dE!'term1ne whether or not the lea.kaee has been stopped Wi th1ll the time available. 

Renewed efforts are be1ng made to eliminate the source of' dilution. 

3.0 POWER REACTOR FUEL RECOVERY FROCESSES 

.All currently considered tuel recovery processes include a head-end 

step for converting the spent :fUel to an aqueous ... n1 trate solution required as 

feed for solvent extraction. Two general head-end treatments have been developed. 

1. Tbe Darex Process in which the clad and core are dissolved together 
, " 

With 5 !1 EN03 - 2 !1 BCl. After the dissolution is completed, the chlorides are , 
removed by distillation. 

2. The SUlfex Process in which the clad is dissolved with 6 !1 ~S04 end 

removed f'rom the dissolver. The core is dissolved separately nth 13 M IDm
3

• 

A flow d1s.gram ot' a scheme 1nclud1ng either or both of these tvo approaches 

is shown schematice.ll.y in Fig. 6J the zone where accountabUity measurements of 

plant input are to be made is emphasized. 

'Wi tb pawr reactor fUels , undissolved solids v1ll present a problem to 

accountab1l1ty measurement. These solids ~ be present in either the clad solution 

or in the core solution and must be removed before the solution is introduced. to 

the solvent extraction system because the mecho.n1cal. opershUi ty of' the system 

will be poorer with solids present and the concentration or valuable material in 

the solids will be markedly dif:f'erellt fram the solution. In e:IJy' event for a.ccounta­

bU1ty purposes the solids must be separated, sampled and the valuable lrateriel 

content dete.rm1ne4. 

Entrainment 111 the vapor evolved from b01l1og feed solutions results in 

carryover of valuable material. to the of:f'gaa scrubber bottoms and the waste acid 
. ( 

S Q r 7 £ £ It 1 ± L £ 
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fractiOIl8. It therefore becomes necessary to conduct accountab1l1t;y measurements 

on these solutions. 

Summar1zing, the plant input will cons 1st of a sm:r:.ma.tion ot the vaJ.us.ble 

material measured in core and clad solut10ns, neutral1zed vaste ac1d, scrubber 

bottoms and waste soUds. 

4.0 ACCOtJ:tf.M.BILm' ~s IN PROPOSED POWER REACTOR FUEL 

REPROCESSDG PLANT 

'rWO a:pproaches to an accounta.b1l1 ty program. lIlEJ3 be taken. One is to 

deter.m1ne plant 1nput tram volume meB,f3urements and chemical ane.lyses of dissolver 

solut1on, correct1ng for losses occurring duriDg the dealadd1ng and core dissolu­

tion steps; the other 1s to determine the plant output from volume m.ea.suremeuts 

and chemical ana.l;rses ot all prodllct and waste streams leaVing the plant. • In 

au cases volume measurements and chemical. anaJ.yses contribute to errors in 

measur1ng material processed. 

4.1 Volume ~asurement 

Two methods ot makicg volume measurements have been considered: (1) from 

solution weight and dens1ty and, (2) from solut1on liquid-level and dens1ty as 

determined with pneumat1c-type instruments. In general the first method is not 

. applicable ,where h18hlY radioact1ve solutions are involved ow:L.ng to the diff1-

cult remote maintenance and calibration ot veigh tanks. The first method, hOWV'el 

is capable of greater accuracy, (l1m1t of error about ± 0.4 per cent) and it 

1s most frequently used in making accountab1l1 t;y measurements of finished product! 

The second method. is better ada.pted tor remote opera.tion "With radionctl va solu­

Uons but is less accurate; 1.e., the l1m1t of error is :t 0.6 to 0.1 per cent. 

It 1s telt that volume :measurements based on liquid-level density data. 

determined vi th Jjlneumat1o-type instruments w1ll be sat1sfactor;y. Hawver, a tew 

comraents as to the accountab1llty vessel,' design, instrument Brr8';f and ca11bratlo; 

->, tgOA¥fBZiiI& 
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measurement procedures seems pertinent. 

Vessel Design .. 
1. Length to diameter ratio ot the vessel should be as h1gh as pract1cal. 

2. Equip the vessel with an ef'tect1ve sparging device and a rec1rcul..a.t1ng 

type sempler. 

3. Equip the vessel for heating or cooling. 

4. Des1gn to drain the vessel completely. 

5. Pos1t1vely eliminate leakage both to and trom the vessel. 

6. Provide means tor introducing and withdrawing callbre.ting solut10ns in 

we1ghed amounts directly' to or trom the tessel. Locat10n ot tbe vessel 

will be an important item in this regard. 

7. The vessel sbould be 1solated from other process equipment (unit shielded) 

so that 1t 1IJIJ3 be Q.uickly decontaminated tor maintell8JlCe repair, ins]Zcct10n, 

and reca.Ubrat1on. 

Instrumentat10n 

The instrument array should. include the follov:tn.g: 

1. !t'e.mperature recorder. 

2. Pneumat1c-type liquid level and density instruments ot highest practical. 

sensit1vity and reliability. Dual installat10ns supported w1th sensitive 

~ters should be installed for detecting drift from zero and for rap1d 

calibrat10n. Transmitters of highest degree ot linearity should be used. 

Instrument output should be recorded u.s1.ng the largest charts pract1ce.l.. 

Chart dr1 Yea should be posi ti va, and the chart paper chosen to eliminate 

error due to pen drag. Charts should be easily read • 

. , 3. The instruments should be ruseed .. a:o.d accurate. 

Ca.l1bration-Measurement Procedure 

1. Instruments should be calibrated and zeroed frequently. 

2. Vessel calibrat10n should include calibration with 'Water and with solution 

having the composition and phy~1cal cba.raater1stics of that expected in the 

process. !rhe effect of tenwcrature should be determined. ArrJ' bysteresis 

effects should 'be measured. • f 

Illfll££2!£2JJ •• 
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3. ~ procedure ahoul4 consiat of 1.ntrodu.c1~ w1fJhed qu...-mt1tleo of t;olut1on 

to tbe 'Vessel and =tina the 1.1qu14 lewlll&:ns1 ty. S1!:'.ilnr data should bo 

detcrm1.ne4 8~ nth a :tull. vasllel and ve1e;h1r..e qu.:..·l'c1t1cs v1t.hdrmm 

rrara the vessel. 

4. ~ature effects abould be J:leasured and. the coeft1ciz:nts dctcr:td.ned. 

,. ~ mnbnm ~ t1DJ DBcesslU7 to 1nsuro colution ho;:;o~c!V!1ty should 

be determ.1na4. ~ consists at osW1ns a quantity' oZ concentrated cclution 

to ·tbe veasel and then a quo.ntity of 'Water. Air sparee t!:e %Ilixtt.Ire for 

1nterval.a I ~ after each 1nterval untu un1.fora solution c<%!lJ?Os! t10n 

18 obtaiDed. 

6.. !Ole m1,n1rm.1lI sample rectl'Qulat1on time tlCceozc.ry to insure ri.1;pre~nt.ati~~ 

Blll:I.PleU shoul4 be 4eterm1ncd b7 e~ aamples of t.t.':! solution vithr1r.-xm 

trom tbc ~ with tbose v1tb4rawn 8:1mult.sneoulZ~ frCQ the vc&sol dlrectly~ 

4.2 ~en1enl P~ea 

~ aecoun:toble mater1c.la occurrirlB 1tI react.or 1'uels o£ current 1nt~.re:Jt ere 

uranium, plutonium, and thorium. In tl:.e tut'l.l.re possibly nflptu.n:1um, ur;:r;ric1um., 

curium an4 other members or the boavy elements ~ be- inoluded. ~ ~1oc.l 

procedure. tor the" element. of cu:rrcnt interest aro as t'ollmlllu 

Ura!l1um 

a. Potentiometric Method - currentl7 14 used to ~otly I.troduct solut1o.ns 

decOJ:1'tam1nated freD lonto 1mpur1t1ea and fusIon products. 'rile l.1.m1t of error \lith 

auch Golut1ona 1a :t O.~. I:f the JOOtbod 18 to be applied to rs:.l1on.at1v", dicsolvor· 

aolutionn it =:tDt be mod1f1ed tor remote operation and inoludD r"rov1131ons to cJ;f""1.i • 

.1lfl.W 1nterl"or1:aa 1on1c .. ter1al. typical. of such uolutions; both mtl1flcati~lS 

W1ll tend to 1nereue the l1m1t or errar •• ,~,,,,,,";.. 

b. Ami.nOn1um. fhlocyanate Color1matr1o z.~tl:t.l4.. currently U$ed vi th tti!.io~cth~ 

d1asolver solJlUoa.e. ~ l.1td.t o:t error 18 about i 3~. In general. this r::.ctl.otl is 

.at1st'~ ~ process OQltt"ol. ~ 14 not, aD accurato u 1a (ios::.rea. ~o:r e.cco~:.ta.. 

E 2 Ii £ 
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b1l1t7 measurements puot1cular~ where fmr1ched fuels are invol "",4. 

c. Coul1metr1c)t!thod... currout.l3 UIlder daV0lopmant e.nd is reported to 

c~ fs:vorab~ nth the potentiOmt'!trio =thod 1u accuracy; it 18 ~le 

to remote a,perat1on with radioactive dissolver s~lut1ons and is not subJcot to 

:1nterterences bt 1an1o ma:ter1a1.s typ1aoJ. of d1ssolwr solutions. If' predictions 

as to the accuracy of th.1S method ere borna out 1u practioe I it vUl. be ;pre­

ferred aver all. others. 

d. . Fluor1metr1a lethod - curren~ used to uaq wo.ate streams where 

tha uran1WA concentr:'aUort. 1s verv J.ov. ~ accurac;y 18 about :J: 15% a.t \lran1um 

concentrations < 0.01 s/litAr. 

a. Potentiometric ~thOd - currentlJ" used 'With clean product Bolutiona 

~ted from 1on.1c contaminants and fission products .. ~ l1m1t of error 
is :t 0.5$. It the method 18 to be ~d. for use with rruUouctive dissolver 

solutions I the procedure wU.l ha.ve to be modified to remote o:pcra.t1on ani 

1Dc.lude a preparat10n step tl:;.at il:lcreases the pl.uto:U.um concentrtl.tlotl c.nd rem.o\'Os 

1nterterirJg i.onic material.. ~ l.1m1tu ot error wW. ~reaac as a. result. 

b. Tbenoyltrs.n~oracetone Extraction Netbod... currently used Vith radioactive 

solutions. ~ llm:1t ~ error 18 about t ')OP and requires that the specific 

activity 01' ~ pa.rt1oular lot ot plutonium be known. 'Z'a.e speoii"l.c activity is 

calouln:tcd either (~) from an :Lsotopo essq of the pnrticu.l.ar lot of plutoniu.'1I. 

or (2) :from gross a count1.x2g data e.nd potenti(J1lStric enaJ..ysco of a JSa!I.."Ple of 

the :part1cl.1.l.al- 1ot··,·ot plutonium solution. ~ method prOVides sufficiently 

accu.ra.to results far process control. but is not recanmended for accountab:U1 ty 

measure:nxmta ot.ller thaxa. f01t waste stream aasq. 

" 
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c. Coul1metric Method. under development; adaptable to remote operation 

and compares favorably' With the potentiometric method in accuracy. 

Curre~ I only mercur,y is known to interfere. 
Thorium 

Thorium 18 determined in all solutions by the Spectrophotometric 

!fhoron .method. The limit of error is 3%. 

4.3 IsotopiC Ass!y 

'!'be isotopic co:m;position of uranium and plutonium is determined using 

the thermal emission mass spectrometer. ~ l1m1t of error is about ± 0.5%. 

5.0 SAMPLING 

5.1 Solutions 
j 

SOlutions must be thoroughly mixed prior to sampling to ins'Ul"e homogeneity • 
• 

Air sparging tor .... 1 hr 18 U8~ satisfactory' I provided the depth of solution 

in the vessel is sufficient. 8amplers should be designed for reliable remote 

operation with radioactive solutions and should not alter the chemical cOI![losition 

01' the concentration at' the solution. In general, the sampler will be of the 

recirculating type and the generation ot mists and aerosols will be minimized. 

5.2 Solids· 

No cl.ear-cut, reliable method ot directly' sampling radioactive solids or 

slurries is curren~ ava1lable. The best approach at present appears to be to 

suspend the solidS and sam,pl.e tbe slurry. The anaJ.yt1cal laboratory would then 

decant the supernate, rinse the solids on to a ce.l.1brated glass filter so tr..a.t 

the volume or sollds could be estimated and thea. an a.na.lyses could be conducted 

on a know (within 1: l.Ci) volu.n:e of sol1ds. These measurements are crude but 

probably' would be satisfactory, provided that: (1) all solids are exl.w.ustively 

l.eac.hed ot wluabl.e material prior to r:U;1~l..i.ng and" (2) the sollds account for 

such a small. traction ot the total. vaJ.uabl.e mater1a.l that an en"or of ± 100;& in 

the sOlids aacounts:b1l1ty'meaaurement;G wUl not be significant • 

< ( • 3 6 £! a 2 U 7 T J. T 
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6.0 ACCOUNTABlLITI MEASlIREMENTS OF PIANT INP'l1'.r AS A BASIS FOR CONTRACT PAYMEllrS 

Contract p8¥mCnts v1ll be made on the basis of accountabUity measurements. 

!rbe pq.ments mq be based on the plant input measurements (more or less an 

instantaneous basiS) or on the other hand., may be based on the combined ple.nt 

output plus losses. Accountab1l1 ty measurement of plant input 1s convenient 

in that an early negotiatIon of contract ~nt can be made. However, this 

consideration appears to be triVial in that arr:/ time saved bere is sme.ll cOJ:!U)s.red 

to that of deca;y requirements. 0nJ.y a tev add1 tional 8llD.lyticaJ. n.easuremcnts 

are required to determine l1m1 ts of error in measur1ng plant input. The add! tiona.l 

costs are more likely to be ref'lected in the cost of extra 'tarlkace and too more 

costly construction of tho accountability vessels and their accessories than in 

add1 tional analytIcal service costs. In general the llmi t of error will be 
~ 

larger I ;perhaps a factor of two based on current volume measurement and aualytical. 

methods, ~ that possible in using recoYel7 .measurements (product plus loss 

method). 

1'he l1m1 ts of error tor the first four PRFR spent reactor fuel programs 

have been determined as shown in Ta~le "1. i'he results of two other prograns have 

been included for com;parisonj i.e., Clenentine and Thorax, in which no special 

effort to min1m1 ze i'eed input measurement errors was ma.de. The calculations ore 

based on precIsion and bias data obtained exper1menta.l.1y for both volw:ne :measure­

ment and an.a.lysis. In general the limit of error tor uranium is 3-4~ and about 

2-3~ for plutonium. The ± 9.4~ obtained for the Pu-AJ. l?ros;ram is inordino.tely 

large and requires same e~lanation. Tb1a feed solution contained 5-10 timcz 

more plutonium per un! t volume than contained in the first program. There is 

some evidence that the first ana.lyses made '1J:JSV have been invalid. However I oll 

ana..Q'ses reported were combined, resulting in a higher l1m1t of error than 'WOuld 

have been obtained 'b7 using selected values. 

• I 
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1'hBse measurements agree numerical.ly very well with product plus loss 

measurements. Material balances for both ura.u1um and plutonium have been 

about m for the first four programs. It, therefore, c.pJ;)cnrs that contract 

~nt based on recovery measurements w1ll be associated .. lith units ot 
error of' the order of 0., to 1 per cent as ccmu>ared to about 3 to 6 })eX" cent 

grea.ter 
(or perhapsl\as more data are accum.ul.ated) based on the current methods of 

voJ.ume and chemical measurement. 

Since instrumentation, measuring-veaoel desiGn and sampllne procedure 

have been opt1m1zed to reduce the contribution to the limit of error of these 

to a practical min1mum,tuture e1':f'orts should emphasize m:tn1m1zing that of 

the analy'tical procedures .. 

Sh1pper.rece1ver differences are observed to be small in those programs in 
, , 

lih1ch intact fuel elements were processed (Clementine, -r'horex, SRP-E), the feed 

input measuremente spann:! ng those at the reactor opera.tor· s estimate based 

on reactor loading and calculations. '.rhe differences are larger in the mrr...l 
and l?U--Al programs in which the fuel elements bad been sheared and exposed to 

storage canal. vater • 

-, , 
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