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A ~.tudy ha~ bee_n made of the radioc~emical comp.o~iti_on and th~ sp,ecific 
: -·.- . _,. .. .. . . . . . - . : ·:-·-·. ·:.: .. ·. ·-· .. 

activity 9f_ iJ1splub1e eorros.,io.n. produ.cts (cru4) ·.removed from the primary 
~. -· . . . 

I ••I .~ :, ~ys,t~m of the .A:e~~R~l. T.his r~port pr,~sents. the r~s_ult~ of analy~is. of twelve . . .. . ·-_·. ... . . - . - . : . . ' .• ·. ·-·· 

cz:,u~ samples coH~ct'ed during the int~rval !rom September 3, 1957 to 
•, • ':,,' ~ ' .. • , ~ ':' ' ~ ' ' • ' • •', ' , • ', • •." ' ' • ' I ' ~~·· t • ' • ; 

. ne·c~mb_er 1, 1957· •. 

T~e sample_s, were radioche.micaHy analy~ed for long~,lived gaiilma 

· .. emitting .n:uclide.~ on.ly. Data ar,e p_res,en~ed ,on the llleasur,e~ yal~e~ 9f the-
_._ ·_.. . . . . · .. ,- . ' . . ' . . . ·: . .. . . ,• 

• 
~Pe.cifi.c ac.t~vi~y of crud, the ratios of the nuclide specific activitie~, and th~, 

·._ . - .:._ . . . . . . . . 

. . . 

concent:raUpn of cx:ud. (crud lev.~l),,in the circu.lating primary· water·. _Al~p 
·. - . . . . - . . . . . . : . . . . . ~ .. - . ' ·.• .. ' . ' 

iriclude~ i~. data·, ba~ed on th~ analy~i~ of a ~,ingls s,~fm.p~e? comp~z:ing t~e. 
. . ~ . . .' . . . ·. . . . . ' . . . . - . ' . -~ - ·.. . . . . -~ 

_$pecific ~_ctivity of the de.posited ·and cir_culating cor.rosion pr.o~uc~s .• 
.. • . . . . . -~ ·. . . . :-· . ·:- . '/ . . . . .. ·; . 

·_ ... c 
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I~ INTRODUCTION 
. '-

. : ~ ~ .. • .. ; 

An experimental prog:r,aii.l is in progref).S to obtain information on the 
- . . . . - . ' . 

buUdup. of Xong=Uv:ed :r-~~ioacti~ity on the primary s,urfaces of the. APJ?R=l. 

. Quantitative rneasurerr;~ents of the long=lived nuclides circ~lating in the coolant 
. • . ~ • ' • I . • 

were first made during the 700 hour continuous performance test of the reactor 
. . . . . -:·.· . . . . - . . .· : .. • '•j. ., 

{1) o The experimental methods employed for tha_t study m.easured the total 
I 

.,. ... ,. , activity of the co.olant sample, with the results. reported' on a yolume basis 
• • ? • ' • • • • ~ • • • • • • : • • • ·) • 

·-

..... 

-: 

. {di>m/m ·l .of ~oolant) ~· . coins.equently, the. ;r~sult~ of· these. initial ~easurement,s 

of the coolant ac~ivity were subject to the variation of the coolant solids level 
. . . ·.·; , . . . . . . . I 

'•. qo' 

(crud level), C:ru~ levels were not determined during the 7QO hour.' test since . . ' .... , .. ' . . . . . - . . 

crud sampling ~quipment was not i.ns.t aUed in the sy~tem. . . . . ': ~ . . . ·: ' . . ' . 
I 

Investigations at WAPD have indicated that the major portion of the long= . 
·: . ·:. ~- •' . . : : . . . . . . .·· ' . ' ' . . . 

l~ved .activity i~ associated with ins. .. oluble materi~l (crucJ),.s,uspend.ed in th~ .. ·· 

~oolant (2)~. ~ ,.prder to obtain direct mea~urement~ of. the activity~ of this 

insoluble ma~e:rial in the coolant of A:I>~R-1, a suitable crud sampling ~evic~ 
. . . . . . . . ... ,. . . . :· 

was in.~talle.d i~ the primary purification system blowdown line • This r.epor( 
. . . . '• . . .· . . . ' .. 

·.:. 

presents the d~ta obtained from. the radiochemical·analysis of twelve crud · . .. ,... . . . . . . . .; .. ., .. 

. . 
samples withdxi~wn over the perioq from S.eptember 3, 1957 to December 1, . 

J;957 •. 

1 



l. 

2. 

3. 

. ~\ 

The insoluble corros.ion products (cruq),obtained fr6m t~~- primary sys,.tem 
. . • .· . ;:;J: •. , ·- . . 

60 ;·/58. I 59 5.4 
of the AP.J?R .. l contain the following nuclides.: Co · 9 ~.fil ·~·Fe , Mn and. 

. . ' :· .. . . . . , . . ., 

c:r51• The.~e nuclides acc.ount for all the long=Uved ga'mma ac.tivity 
'• ' . . . ·: . ' 

associated with the crud. 

The specific activity (dpm/mg) .of th~S,e nuclides appears. to be increasing· .. . . . . . . . . . . . . . . . . . . 

with z:e:actor ope,rating time. 

I 

~h~ s.pecific activity ()f co60 
i.s ~ccum,ulating faster than that of, C.p58 in the 

circ.ulating crud. Mn5• sp~cific activity is accumulating~ at. about the· same 
: ·. . . . •.".. . . . . . . . . '· . . . . ·. . . . . ·. '\. . .. . . . . . ., 

60 
ra~e ~~ th(;lt of C.() · • 

I . . 

. Unce_rtainties in the experimental data preclude defining a relation~!lip 
. ,·.. . .· . ··. . •,. . .. ' ··. ·.. . . . . . . . . . . 

betw~en cr:ud specific·activity and crud level •. ·. ·: -.... ··. •' :. " . . ~ ... ~.· .•. -: . ·. . . . . . . : .· '' .. . 

.. 2 
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. •, '.,:··· 

';•;r;. 

, .... 

~ .. :.REGOM:l\IIENDATIONS 

1. Furth~.X: inve_s.tiga,ticm is, nec.~s.sary to e~tablish the mechanisll1 by' whic~ 
. . - .. :: .·· . . ·-· 

· aGtivity ac_c~mulate$ on primary system compopents.~ and to define the 
: . . ·... . . ,. ·.. ._._. .,. ···'.· . . . -. . .- . ·-· ·, . . . . · .. ··. · .. 

r~lati()n~hip betwe~n ci:rrculating activ.~ty · a11d qepo_~ited activity.· · . . .. . . . . . . . . . . . 

2. .I.t should be experim~ntally deter~in~d if a relationship exists .. between 
•.': • : :·' ' • •. •. '• ' ' • '', ' •,, • • .' - • ', : ' • •• , ., , • • ' ' ' '." I •' • ' • ~ : '\ ' :· ,' ' '·•, ., ' 

crpd spe.cific ~ctivity and crud lev~.l. 
•, ' ~ . .· . . . . ' . . ' ·. . . . ·. 

'3~ ~~- j_s n~c~~ .. ~ary to e~.tabJ~sh ill)prqved ~et_h()~~ to accura~e.ly me.a~u~e tqe 

CQnGentra,tiqn (crud leve~);qf pri.~ary syst.erri ins,o_~u}?l~ mate.rJal • . ·. . : . . . . . . . _.· . ~- .. ·. . . .· . . . ~ . . . . . . . .. ·. ,. . . . . 

4. Measurements-of the co5~/c.o60 ratio.should continue in order to est.ablish 
.' . _:,,,•,.,', ,• ,. __ . ·. ·.··· . -·· . . . . ·. . .·' . . . .· . . . .......... . -·•,•:. 

' ··. . 

. t~e. .re.~ativ¢ imP,ortan.ce qf c9balt illlJ?u:rrit~es w~tq. ~~~p~ct lo.;:tJle nick~l 
.. . . ·- .. ' . - ' ·. . . . . .. •, . ' . 

conte.ilt Qf stainl~s;s s.te.el. ·The po~,siUUity of. co
60

. a~ ising fx:qm an n~p 
' ;' •' : ' ',· '. • ~ '•. : . • • . ' ' I . '•' . ' ; ,· • . . • ' ' • 

reaction on Ni~0 deserv.e.~ consider.~.tfO.n. . . . . . . ~ . . ·. . . . . .. ' . . . . . . . . . 
:' -~- ,_. ,..f 

3 



.IVo EXPE.~Il\IIENTAL M~THODS 

A o . SAMPLING·:J?ROCEDURE 

Figure 1 is a simplified flow diagram of the API>.:R-1 primary ~ystem 

~howi~g the location of the crud sampling device. The sampling unit is a 4-l/2 

inch long by 1~1/2 inch diameter ~icro~etallic ,vvPSS99
· type 316 s.t~inless steel, 

hollow cylinprical fi!ter. element, mounted within a 2 inch diameter stainless ste.~l~ 

hpusing. The element is attached to the filter housing by mean~ of a ,s.crew type 

insertion. . Flow pa:ss.es! from the· outside ·surface through the porous stainless 
'· . .. . . '·. . ·- ' . . . -

steel·into the. hollow cent~r, and out thr.ough .the t)iread·ed connection·., Th~ element 
. " 

' ' . 
i"s rated. to retain any _particle larger t~an 2 microns. In· collecting_. the first five . . . - . . . •, ' 

crud samples, the filter .was. pr~c~ated w~th1 a· fine sp.ectrographlc. grade. of 
. . { I 

gpaphite to increas.~ filtering efficiency. I However' diffic~lty ~a~. encountered in 
' . 

rellloving tne graphit~. during s.ubsequent treatment of the tilte,rs., and the: pz:e:; . . . . . . . - ' . 

coating was ~lim,inated when co~lecting the·laSt s~ven samples. Flow. through the 

filter :w.a .. ~. r~gulated by means. of thr.ee needle valve~.. A p.ositive displa:ce~ent 

flowmeter with an accuracy of 2%, was used to measure flow. 

Sampling tir,nes we.re chos.en to give a minimum of activity yet provide 

sufficient sample to permit accurate analysis. Approxim~tely 6,5-70 gallons of 
' • • ' ' '•' • ' I ' 

·water were pas.sed through each filter over a period of s.everal days. Upon 

removal.of the filter ele~.ent from the housing, the filter plus the wa~er and 

crud c.ontai~ed in the housing. were placed -in a poly~.thylene container and 

shipped ·to Schenectady for radiochemical analy~is ... 

CRUD REMOVAL AND DISSOLUTION TECHNIQUES 
-, . . - . 

In preparation for radiochemical analysis of the crud, an effqrt w.as 

4 
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made to remov.e. ~U c;-ud ,and activity fr9m th~ f_iliter .e~~nts by II)eans. bf :a · 

chemical ~~.conta~ina~lng s.olutton. The d~cql)tam,i .. tlng s.olution~ used: actually 
. j ' • . . 

removed about .. 80 perc~nt of the activity f:rom the fi~ter. The solution was then 
• • J • • • • • 

evapo;rated t9 dryness,: ignited to re.move. vola tHe and. organic m~\ter ~ and the 

o~~~ .~esidue dissolved and r.adiochemica!Ry analyzed ... It was· exp·ected that the 
~ . . . . . ....... . ... : .. 

weight of the oxic::le residue would be an accurate measure 6f the total weight of 

crud collected. Thi~ general procedure was u~ed on the first nine fiUe;i-s. 
/' ', ! I ,; ; 

aowever:, since it was found tha:t thiS technique d:ld not permit a direct tleter-. . . . . . 
.I 

, m.ination of the weight of crud collected, an alternate procedure was used for 
; I 

samples 10=12.. For thes.e ~amples,. the crud w~s r.emqved directly .from. the 
. •' ' ' t 

filter by backwashing, weighed, an~ .brought into solution for an~lys,is.. ~ 

~ . . 

limi,tation of this procedure was that ,only about 25 percent of the ac.tivity w:as 

removed ·by backwashing. 
. •, 

The detftiled procequres followed fdr removal and dissolution of the 
. . ., .. ! . ·.. I 

crud are as follows~ . ; 
. . 

L. ED.'l':A=Sulfamic. Acid Mefhod (Sampld~ 1 = 5) .. 

The filter element was placed in a solution cont~ini~g ~3 grams 
• ' ~ '. ' ' • 1 • 

EDT,A (et~yl~n~diaminetetraac~t~c ~cid disodiu~ salt) ~nd i2 grams ~f' sulfamic 

. acid inaoo m.l.. o~ disttned water at' 15o~lao0:r for one hour •. The 'ftuer was re= 
' . l . •. ••· • . • . • • . 

··;:·:· 

moved from the deco~taminating ~oluHon, and the ~raphite and· insoluble m~ter.ial 
\ •• • • i • ·' • . '· . . . ' . : 

fil~e~ed off and ignit~~, qver a Meek~r burner •. · Th~ filtrate was tre~ied with 

25 m.l~ each. of concentrated nitric acid and cbnce.ntrated s~!furic acid ~nd 
. \ . 

. ev-apor~ted to dryn~ss. 'f~~ resi~ue~ was combined with the. igpit~d oXides, and 

~ixed with· 2~ parts ~y weigJ;lt.of·~ fllsibn mixtu.r~ (5o-5o Na2C03- ~2¢oa>~ The 

6 
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mixture was fu.sed at 1300-1400°F for one hour 1 ·cooled~ and di_ssolved slowly in 

3 N hydrochloric acfd. An acid i~soluble salt res;idue was removed by cent-rifu~ 

gation and dis,card~d~ S.il,lce it contained no ~easurable radioactivity. The ~.upernate 

was then made up to a definite- volume for analysis. 

2. EDTA~Qxalic Acig Mixture (Sample~ 6, 7) 
. . .. . 

The decontaminating ~.olution was fSSentially the same as the above? 

:except oxC}liC ac.id was sub.stituted fo:r sulf=ilmi¢ acid. This s.olution and the· 

in~o~uble material removed from the fUter wa~r-treated successively with S~Ulfu:ric, 
: . . . . 

nitric,and perchloric acids. After evaporating to fumes of ·pe:rchloric acid to 

destroy o.rganic matter, the solution WflS. centrifuged to :remove ins,oluble material • 
.. 

T_he in~~lu.ble \llaterial was fu~ed as, above, and di.s~olve~.in 3.N l{qL As w~Ui 
. . . 

sample~ .1-5, there was an acid insoluble, non~ radioactive res,id_ue which w~~ 

di_scardedi The t~o splutions were combined and mJde up to volu~e fc;>r analf-sJs·. 

3. EDTA:--(:'itric Acid Method (Sample~ .8., ~) 

The unit was. decontaminated ·in a solution consistiqf5 of,_e'qual wei~hts. 

_of EDTA imd citric acid .(l gram~ in 6oo mlo. of distilled water at 160°_-180°F for ( 

1 ~ 2 .h.oun3 .. · _T~e solution waS~ then treated in the sam~ manner as the· EDTAJoxaltc 

acid method. 

4 .. · Filter Backflu~hing Method 
. . . ' . 

The filter unit wa§ backflu~hed with air and Wflter to remove··~.s 111.uch 

activity as possib~e. A rubber policeman was us.ed to remove any looseiy 
. . . . . . 

adherent materialo_. 'The water- and crud solution was thEm evaporated to dryn~ss 
. • • ' ' • . . ,1 

in a t~red platinum dish, ignited,. and weigh~d--io 'determine .the amount,O'f ins<1>:luble 
. . . . . ;, , ' 

II?aterial recovered. This res~due was then successively treated with a _mixtqre of 

nitric, percbloric, and hydrofluO:dc acids unti.l dis.~olution wa~·.attained. Th1 

7 



s.olution wa~ then made up to a known volume, for apalysis. . . . . ' ~· . . . . . . . . .~ 

c. DETERMINATION OF CRUD ·W·EIGHTS 
: ·.• ;.f . ·. ··•. .. i, •. 

. T}le crud· renjoval and dissolution proceduresdonowed; foz: .samples 
0 • 

1 ... 9 did not permit a direct determination of the weight' o( insOluble .material 
. . •• •i. • . . . 

(crud) .removed frpm the filter. This became evident when analyzing aUquots of 

the final ~.olution~. Metal hydroxides. w..W,ch were precipitated from an aliquot .by 

~odiu,m hydroxide~ wa_s,hed~ and ignited~ yie~ded oXide weights considerably 

higher than would be normally exp~cted. Crud weights. for s~mples. 1 = 9 were 

~hez:efore ~alculated inditecUy from chemical analysis of the dissolved crud . : . . . . 

so~utions~ . These calcul~tecf 1/J~~~hts of crud are given in Table I. Crud weights 

for sample.s 10, 11~ 12 were_ measured direcUy by weighing the insoRuble mat~.dal 

recovered by backflu~hing the filter element. These weights are als.o included 

·in Tabl~· I~ _ __.. 

<;});¢:fu,ical analiyses>We:r~:::inade by standard .. colC!)rimetric methods 

using a Be'ckm;a'il Dl:J~.spe(!trophotom·eter.'~ Aliquots:.of the, .solutions. were . :' .·,.·· ·. . . . . .._ . . 

analyzed 'f.o:r)ron9 nickel~ chromium9 manganese9 and cobalt~· lt wa.s assu.med .tha.t.. 

the oxides ()f these·ele~en.ts accounted for 100 percent of. the weight rellloved 
. -

from tl1e fil~·~r. R~~uits of the chemical ~qalyse~ are ·reporte~: .in,. Table U •. The 

varia:ti<:>n in resul~s indicates that the· de~:onta,m'inating s_ol~tion~. had a clefinite 
,• . \ . . . . . . . ' 

~ffect on the· calcul~ed. weight· of crud'. Alsa, each, o! tin!.~': three c!u~m'ical 

solutions apparently attacked the stainless steel of the filter element in a 
- ~ . ' . . . . 

different. manner~ 
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I 

L_ 

_SampR¢ No~. 

1 

2 

3 

-4 

5 

7 

8 

9 

10. 

1:1 

12 

. ::.- .. 

TABLE I 

SAMPLE.CRUD. WEIGHTS ·. . .·. '. •. '. : ·--: ~ . . . . . ~ ... 

Crud ~Ht¢.r. 
De.~onta~inating Solution 

EDTA + Su!famic Acid .... . ; . ' 

EDTA + Sutlamic Acid 
' . -~ . .' . ' . 

E.DTA.+ SuUamic Acid 

.. Ep,TA +. Sulfam,ic Acid 

·EDT A +. ~-~am..ic Acid: 

ED'I'A :+· Oxali~c Ac-id 
···. : 

EDT A +. 9"itric Acid 

Filter Backwashed 
.. ••• ••• ••• #. •' 

F.ilter Backwas.hed 
' . .... .. 

Filter Backwashed ··.. . . :' 

' 

**Direct weight of :r~cove~ed mater.ial. 

9 

Crud ~eight~~­
m,g. 

, .. 

·i : 

174 

8.9 

79 

.398 
: :· 

123 

170 

298 

52 

40 

50t!'.:· 

24 

64 
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sam.P.~~ 
No. 

.1 

2 

3 

4. 

5 

. , 
6 
't ~ 

7 

8 
1): 

9 

TABL,E .II· 

. {::HEW,CAL. CQMJ;>Q-SI,TION OF 9RUD 
EXPRESSED A.S PER9"~NT Of TOTAL METAL 

... 
Chemical Decontamination . %, %.: . -· · Solution · ':F'¢ N'( .· .. ·· · ... 

EDTA + Sulf.atrtic Acid 64.0 ')~.o 

EDTA + Sulfamic Acid .. · •:. 79.0 4.9 

.EpTA :f:-, Sulfamic .Acid 71.5 13.6 

EDTA + Su!famic Acid . . ·:. . . ~ . . . . . 69 • .1 15.7 

EDTA +. Su_lfamic Acid .86.0 ,8. 7 .. 

EDT A + Oxalic Acid 48.5 5,3.:0 .. 

E:OT A + Oxalic Acid 68.5 31.0 

:~J!;-DT4 
~ 

+: Citric Acid .aa~~- 12.9 
; i' ' 

. EPTA + Citric A.Cid. 96. Q . 4 .• 0 

~0 

% :%. %; 
Cr ·Mn Co 

-.'-' .·· 

3.3 14 •. 7 0 

4.35 13 .. 0 Q 
.. 

3.,6 11.2 0 

o.~ 14.7 0 

5 •. 8. 0 0 

0· 0 0 

0 q:l':6 0 

0 0 0 

0 0 0 



. . 

Do R~DIOCHEMICAL_ -~~OCEDVRES 

The activity of th~ dissolved crud solutions was sufficiently high so 
,, • .{I•, ' ' , , ,, , ,·' '' ', 

that it was not necessary to perform a g~neral chemical separation. of th~ elements.~. 
' • • ' I • • 

Instead small aliquot,s of th~ solution were -~alyzed di.rectly for cobalt, iron,_ 

manganese, and chromium accord~ng to the procedure~.-outlined in the Appendix: 
. . . . . . . . . . . . 

Analyses were corrected for. the amp~nt of iron present in the crud. Corrections 

.. for the other elem;ents were not r~qui_red, since the ali~uots contained only 

negligible amounts of those metals. 1 

Samples we.re· counted for Co60, Co 58 ~ .Fe 59, Mn54, and Cr
51 

by a . ) . 

·mo~ified ll}ethod ·of Connalley and Leboeuf (1, 3) .using the photopeak height 

r max and t~~ width of the P.h9topeak at 1/2 r m_ax· The count~ w~re _cor.re.cted 

·for decay ·back to the rnid,Point of the sample coUe.ction period. Fe55 could 

no.t :be c~unte.d by thi~ technique.·· ·In our previous measurements (J)~ Fe.55 ~ad 

been r~ported to have a total disintegration energy of 0. 21 M.ev .. ThiS :·energy 

is actually emitted in a contin~ous spectrum~- A check of this en~r.gy peak 
. ' ' / ' ' . ' . ." 

indic-ated.. a decay with a haU life closely approximating ·that o~ Fe 
59 

(45 days)~-. 
. . . . . . .. 

It therefore. co!lld o~ly; b,e concluded. that the .peak in que13tion was in reality due 
' . ' ' . .. . 5i' ' ' 

to c;ompton sca.ttertng from, Fe • Wqrk is still contin~ing to· find a suitable· 

quantita~ive ·m~thod for detecting F~ 55. The manganese. K~Xray. etr,~itted -~s a 

x_:es~lt <>f th~ ele.ctron capture of Fe 
55 

cannot be observ~d with the· pre~ent equip= 
. . . . ~ . ' 

ment. 
' . 58 . 

·It is possible. that the presence of Co can lead to an error when 
ao~ · . · : · · 

measuring po- · at the 1. 33 Mev peak w1th the gamma spectrometer..-•. On a 

theoretical -basis, the 0~ 51 M;ev pqsition annihilation radiation and the 0. 81 Mev 
. . ' ' . . . ' - . . 

gamma·· ray from Co58 may combine to give i. 32 Mev gamma _energy . .-·Therefore! 

11 
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the _po~sibiUty exist~. that th~ c.ount~ measur~~--Jt the, 1o 33 :Mey 7~60 _peak may 

parUaUy.~e .due to .r~di_ati<;m ~ 9Scatter~ng up 99 from co5s.-. Si:n~e"tne pres_ent 
. . . . - i . . 

method of analy~es for Co 60 consists of mea~ur'ipg th~ photop~·ak heights at 
' , ; , ' ,, I ' 

1. 17 and l• 3.S 1\'iev, th~ :results repq~ted. from the 1~ 33 Mev .P~~k: cquld ,be irt 

error •. ;he, ef~.e~t of ·t~is phertoneme~a on ou~ resuUs .is disc~ssed i~ ~~~hon 
.... · . .· .. . . . . .; . . .,' 

-VA . . .. 0 

ffi·o D.ISC:tJ;SSION OF. RESULTS 

Qux;ing the period covered by this report~ the A.P-PR= 1 was operating 
• > • • 'j . . . • • 

'~ 

on a schedule .pf twenty day~ a.t cont1nuou~ power level followed· ·by app~_oximately 
. --..:.. .. ~~:·~· 

nine days at intermittent low po~rer and ~shutdowns for. training purpos.es ... The 

effect~ of this er.ratic type of operation Il)US_t be considered wh~n analyzing the. 

data •. Figu~e. 2 is. a plot of the AP.:PR=1°F days* as a function of time. The slope 

ef the lin~ i.s, a direct indication of the power .level. The. reduced .slopes {(lotted 
' ·, • • ', • ., • ' I • , o • ' ' ' 

. . . 

lines) repre~.e~t periods. of shutdown. and ope.ration at. low power l~vels. Sin~~- . 
• '·w' • ,•' I ', • : • ' •' ,• • •'' • • • '( ' ':: 

· ~.teady s.tate condition~. are not X:~ached under the,~.e conqitiOilS, nuclide activati.on 
59 .. 

. becom..es compl~x._ The nuclides Fe · and cr51 will decay more rapidly, leaving 

the bulk ot the ac_tivity as~pciated with tile lo11g lived nuc.lides Mn 
54 

anp c660• 
. . . 

SPECIFIC ACTIVITY. OF CRUD AS A F .. UNCTION OF EQUIVALENT ·F.ULL 
• • \' • ' • • '' ' ', • ~- •" : '. • • ,; • ·, • ' : • • ' • • • ' ' ,• ." ' • •' ' ' ' ,I • ': .~. '.' ,• • 

. POWER HOUH.S 

The variation in. the-nuclide specific activities with inc~eas.ing reactor . . . . ' . . : . . 

operating time is summarized in· Table ill. For .the first nine samples, the . . . . . 

actual specific .activities of the nuclides. may be. different than the reSults reported . . . ' . . .. 

in this table •. The po~siblity of e.rror ari_s.es f~om two source~: 

* 1 °F day = 1. 2 equivalent full power hours 
= 0. 00137 MWYR 

,i .·· 12 



.. , 
&f.·'~..;::· 

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

· l. , The acid=compJE!xing agent .Q8ed to decontaminat~ the crud 
.. . . ··. . . . 

· filt~r: ,may :actually have 
1 
removed activity ass..qci~ted with colloidal an~ soluble 

\ . . ' . . . 

mate,ri~~;·: in addition to· the adivi~~ :a~s.ociated \\fith the insoluble cru~. It ha.~ 
.. . \ . 

. b~en rep.qrted (4) ·.that porous .~ta~nlbs.s steeJ',fiU~·rs will retain activity associated 
. I ~ 

with colloidal and $'oluble materi:al. 

:! ' 
' 'Fhe calculated: weights of crud'~ . from which the specific 
. . I . . . 

' '' •. 2. 

activity is. found;~ in·ay be high due ~o ~ttack:o;1lne steel filter by the chemical 
': • . ~ ljl' •.. ,. • •• ' 

! .•. ·::. .. ·.· . .:- .( 

decont~~l~~fing s.olutions. .. · It is su.SJ?¢ct~&·f'rom the che~ical analysis· results, 
···.:1 .. ; ' .. 

·that s..orrife attack did in.fact oc·cur~ particularly with SaiJ.lples 1-7 •. 

The ·.S.P~cific activity·re':Sults of Samples 10~ 11, and 12 can be con-
.·~.··' "~ • ~ olt> • • 

~idere<;l the most r~Uable1 since .Jhe activity was removed by backflushing with 
. . 

water·~ 1 Th¢.$,e val~es can b.e ass_igned: with confidenc~ to insoluble ma~erial which · · 
': .. ' ! i . . . . . .. 

is i~~~~::en~~gh to: be--r~·tarn~d by th~· staihless steel filter (2 mic~pns/or greater)o: 

However, it'1~hould be· pointed out that all of the in_soluble material may not have 

··.been rem~;~d by the backwashing procedurE!. : If the a~tivity associated with 
: . .. . . . . . . . ' 

ins.bluble corro~ion pro.ducts, is indep~nqent:·of·.particle size, the ,specific activity 
''' j • ' .. ' ::. .• I ','', ' ' 

.. values are· not affe:~t~d·~ · The spec'ific activity qf ~r.ud probably is. independent of 
I ' ·, • 

~p~rtiC.~f., ~A~.~ (5). -'_Cauti,6n mu.~t be· e~¢r·~i~ed in. comparing, th~ result~- of Samples 
• • L •, I ~tl, ... ~..... '• I ' ' o I 

t . . . ' . ' 

10'-12 with Sample~' .i=9 .becaus.e of tfi~ difference in treatment of the collec.ted,.cru~. 
' . . ;.: .· / . . . 

Exam.ination ·of the;data, of Table m .rEwe,als the .. specific activities of . ,. . . .. .. , .. '•... ' . 

I 

cobalt on a vol\nne ·basis do n(;>L cJ:lange appreciably th,oughout the int~:rval 

cov~r~.din th~s stu~~, except in the' cas,e of.. Sample 12. Howev~r, .the cobalt 

results express.~'i·&Il:ia w~ight· basts· (dpm/mg) ~,how. larger va:rlat~ons. Th~ 
I .. 

overall. trend appear·s tu be~ an increase in the. weight specific activity with reactor 

operating time, wi~. the: VcOlu!J;));l specific activity r~maining relatively con~tant. 

13 



........ 
~ 

': 

2200 

2.200 

C/) 

~1800 
c 
u.. 
0 

1600 

1400 

1200 

. 1000 

. 

' 

I 
-----~ 

2.0 
SEPTEMBER 

FIG.2 APPR-1 ~F DAYS vs. TIME 

. 
L-

/ 

~~-

:; 
v 

--

,.-

1° F DAY= 1.2 EQUIVA UENT FULL. 

10 30 19 ' 9 29 
OCTOBER NOVEMBER DECEMBER 

.. 

POWER H bURS 

18 
JANUARY 

' 



Sample 
No. 

: 

..... 
C11 

1 

2* 

3 

4 

·5 

.7 

--8 . ~' 

9. 
~? 
.! ~ 

' -~ ;i 

10 

11 

12 

.:TABLE m-: 
... ·,. . . . ·. .... . . ' . ~· : . . 

: SPECIFIC ACTiv.I'l'Y OF CRUD". VS.~- . EQl:JJV ALENT FULL POWER HOURS 
' ·.. 60':. __ ·. . : l .. . 58 59 54 

!.~Co -~: · _ _ . ·-_Go Fe Mn 
1.17:-Mev.Peak .1. 33·-Mev.'Peak : , 

efph ~pm/mg- dpm/ml dpm/mg:. dpm/ml pp,m/m'g ~pm/mfppm/mg dpm/ml dpm/mg dpm/ml dpm/mg dpni/~1. 
I ·~ • i . . i 

-1210 0."73xu)
5 

1Ls -OJ 81~io~ 13. 1 4. 4x105 • -73.-9 ·o_. 67x105 11.-3 o. 77xt-o5 : J3. o o. 8.6xto5 l4~A-: 
5 -

12-65 2. ~ x10 ---~ 

1300 :A . . 4 x1Q5 340 
' -5 . 

1:445 2. 1 .x1o·· -404 
• - 5 

-1470 4. 9 -x10·. 242 
. ·.t· 

~~41 5.-8 xl0
5 

395 

1869 15 -x-105 320 ... •. :: 
_. .. 

1934 . ·. : ,,\ 
14 ·x105 222 

2.185 15 ~105-302 

.2265 ~1 
5 

.x10 361 

.2385 ~0 x10~_7:10 
.. 

. . 5 -- . - ' 5 -- 5 . 5 5 .. 
2~ 8- xlO --.-* 14 · x10 . --~* · 1..6 ~x10 -~~* . 90x10· ~=~*, 3. 7. x10 . _ ~:=-=:*_,-

_. - ~ r-s r <·- 5 - -- ;· - 5 _- 5 I -- -
A. 1.x10 .' 322 .26 xlQ .. 2.020 -- 4.-7-.:xlO 37-6 ·1.~6· -xlO. 129 _ 5~ 0 x105 395 

2.3 
5' 

x-10,_- 447 

- 5 
- ~. 2 x10: 2§~ 

.,. .. 

5.8 xto-5 395 

.-3.6 x105 434 

1-5 5 x!0---309 

13 x105 20~ 

14 
. ·5 

xlO 281 

.10 
5 

x10 ~32 
: 

33 x105.835 
i 

,-
- - - 5 5 
· 0. 58xto· 1-1-0 1. 3 x~O -250 .10 

. 5 
1.4 

. -5 
269 xto· 1940 .. xlO. 

~7 
5 

.x16 ·129.5 
. 5 
·8.·8 .-:xlO -- 430 

. 5 5 
2 .. -o .x:lO - 9u. 8 .. 8.-4 x10 4-12 

28 
.. --5. 

x10 1949 5:8 _ xio5 394 __ 2 .. 0 -x10 5 13~ 15 x105'1038 

16 
. 5 

·xiO 1948- -·a::··5.:xio5 419 5. : 
L---.0. x10 . 121 . 

~-1. • • 5 
_4. 0 x10· 4~3-

66 x105--1369 · 64 -x10 5 1334 . 7. 1 x105 147- 22 x105 463 

·65 x105 934 

-60- 5 xlO. 2019-

43 
,..5 

x10 1380 

60 
5.' x-10 '~-961 

I 
7. 8 x1-o5 126 

5 .. 5 
11 .x10 · 3.52 . 5. 0 x10 .. 99. 3 

.7.9 x-10
5 

254 -3~-0 x10
5 

-58 

5 131 .x10 3340 24 x10:5 625 --12 x-10.5 296 . 

'43 x105 :680 

29 x1o5 .571 

19 
5 

x1fr 360 

58 5 -xlO 1500 

* :No Flow Data 

- '. 



... 

..... _-· 

Sinee· ~~~- volU:me ~pe'c_ific activity (dpm/~}p is dependent on crud ll:ey~l, a re-
~ ' 

lationshi_p may possibly e~ist between the crud·. level and· weight specific ~ctivity. 

More data is required. to e~tablish if a d'efinite· relationship doe.s e~.st. 

The large· incre~se in the specific activity on both the vohime and 

weight ba~is observ~d in S;;tmple 12 is difficuU to explain. The diffedmce is . ~ . " . . . . . •'. . . . ' ' 

real. since the ~uplicate samples agreed wen. The time at power between Sample 

11 and 12 i~ not long _et;1ough to account for this large variation. ~ince both 

volume and weJght value~ incr.ea~ed the deviation ·from expected behavior is. 

·perhaps attri'~:mtable t? a non=representative sample . 

. Sa~ple~. 8 and 9~ in which citric acid = EDTA was the complexing 

agent~ show a considerably higher .weight specific activity than the previous 

samples. This could poss.ibly be attributed to the greater comple~ng ability 

or the less corrosive attack of this :solution on the structural material of the· 

filte_r element. P.ropably both mechanisms: are simultaneously involved re~ 
' . 

suiting in the la~ge increase. The volum,e specific activities of thes.e .two ~amples . . . . .' : . . .. 

59 ' 
. are· cotnp_acrab'le·to.tho_s~:·for· other· s_amples, except in the cas.e of Fe · • ThiS 

. ·.·: '. . . \ .,, . /' ' ' '. " ' 

I . 
IY!ight ill!iicate that- the cit.ric acid•,TA-iron complex is '!tronger than the other 

~~tal. ion c.omplexes, so .that tbe iron activity _is preferenpally remov.e(l. 
' : 58 60 

Fro.m .thi_s. data in Table III, the effect of Co scattering on the. Co 

re's:Ults can be obtained. If this additive scattering were a significant factor, it 

w~nild. lie. expec~ed that the. re~mlts from the l. 33 Mev peak of c;:.o60 would be 

consistently highe.r than the result~ from -the 1.. 17 Mev peak of Co 
60

. An exami­

nation of the· .data from the two CrJ
60 

peaks show so a ma~m-~m .. d4ff~ence between 

. two values of about 10 percent~ with the average variation abou~ five percent. In . . . . . ' 

approximately .half of the c-ases where there is a differ~ne·ce, the 1.17 peak is . . ~ . . . . . 
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in fact higher. than the 1. 33 pe_ak. On the ;~asis of these observations the differ­

ence's observed are attributed to experimental error. .Further observ~tion~ _on 
... . . ! • . • 

I . . 
the po~siblity of t~is additive. sca~tering /"iU be ~ade by mea.suring the. decay 

rate of the samples at the 1. 3,3 M_ev peak·. · 

The cobal~, iron, manganes,e, 'and chromium nucHdes accounted· 
. \. 
J' 

for aU of the long-lived ~amma activity in the samples. In several cases the 

material balance on the separ·~ted fractions. apparently accounted for more 't~fln 

100% •.. The paradox is explained 'by the very high counting rates of the gross .. ~ ~ 

. s·amples using our m,ethod of assay {l). The C()Unting rates are suff'icienUy 

high to have appreciable coincidence loss, even when .employing scintillation 

counting techniques .. 
. . 

. Table IV presents the ratios of the specific activity of each nuclide 

to- the speciftc· activity .of Co.
60

. The ratios were c.alculated to Co BO since· this 
. . / . 

nuclide is. of principal intere·~t in activity build~up problems be.cause of it13 

nuclear propEn:ties. =- long half-life and two cascading hard gammas pe:r di~.~nte= . . : . . . . . 

gr.ation.. The use of ratH?s.eU.minates some of the errors -previously m~ntioned 

that co~ld 'ti.e pre!ient)ii the absolu~ .y~lqes 1f the specific activity_. F~r ~xaniple,. 
' .. , . 

. if the speciftc activity is in error prim·arily due tc{material beip.g dissolved from 
. ~ . . . . ·. . . ... 

. the·H~~.e.r, thi~ ~rrd,i": Will be cancele.d in the ratio. In addition, in the cas.e of 

C 5B;c 60 t· · · h · · ~ . · ·11 1 b. 1· · t d ·· o· · o ra 1os:, c emlCaJl. el'rors Wl a so e e 1m~na e •. ·. ~ .. . . . ·:. 

·.The ratio$.of C,o.58/Co6°and Mn--54/Cooe· ar·e plofte.d· as a function .of . 

. · equivalent full power hours. in Figure 3 and Figur.e 4 re.spe~ctively. The curve~ 
. . . . 6 

wer.e.determined by the method of least squares. The decreasing Co~8 /Co 0 
. . . . . 

ratio indicates .that tl_le specific adivity ~f Co-60 is :accumulati.ng at. a faste~ ·r.ate 
/ 
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I .. 

.. 

-' . 

... 

. -

. 58 
-· than that of. Co. · o It is ·s.tiU to~ .early to precHc.t what the equUibriup1 va.lue for. 

, .. ·.· . . ...... .. . .. ·.-····.· ... ~ . .. . ·'. . ; . 

this .ratio will b~,. or whether t~e Co 
6~ s~~-~ifi~; activity wUl eve~tuaHy ,~v~rtak~ 

. ' 

the C.o58 specific activity o Figure 4 tndl~a~s that Mn54 spe_cific activ_ity is. 
. . .. ' ' . ' . 

. ' . . . . 60 ' 
ac,cumulatmg atabout the. ~arne rate as that of Co • . 

' . . '-. ' ' '' . . ; ' . . . ' ' . : '. . ~· .. . ; ' ·. ' ' ' 58 ' . 60 
· .. · · · J~ .. ·i:s,<·intere.stlng to note .. ·that th~ value of the. C.o /Co ratio~. for . . .. - . . . ,,· . 6 ' . . 

these· cr~d ... sa,mpl~~ is,-nea:rly the same as the c.o58/q:6;, 0 ratio for. the total 
: . . .·. . ' 

activity me~.su_:red_,iri the. wat~r sa.mple~ at the end of the 700.=hou:r t~st. On 

sample 7.1.~.~ the -last ·water. sample of the 700=hou:r test~ the Qb 58
/C() ~O was. 

. . -:' . . . . . ' 

4. 5 .. '~:he.. fact tl1la.t the values_ in Table .. Ul were calculated from-.. the .weight . . . . . .. . . . . . . 

specific activities, while the 700-hour w~ter sanmle :ratios w.ere from yolu.me 
· .... ': . . . . ' . . -. . . . . . . . . . . , . : . ~ 

specific activities i~ of no. consequence. The ratio~ are. the- same whether 

volume or weight specific activities are used. 
~ ~ .. . . : . . . . . . . 

,. 
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. S.anip~~ J::o5~/G</W Fe59/co·6o ·Mn 54/Co6,0 51; 60 C:r · .. Co· 
·\.,-

1 5.7 \ 0.9 1.0 1. 1 

2. f).J 0.6. ' 
·, 

0.3 
/ 

.·L.3 

3 .6. 1\ .1.1 0 •. 4 1.2 

~. 4.,6 .. · .. 0,,;6 0.4 0.6 
' 
5 5.2 1.7 0.4· 1..7 

l'' cj 
6 ~.9 1.0 0.3 1. 1 

7 4. f). .1.0 0.3 li.-1 
: r:. ij-"· 8 .4 .• 3 .4. 2 o. 5 . .. 

·~ •' i 
. 

lg' 4 9 4.5 0~.6 ... 3.2 '. . , .. ,0 

1.0 4.2 Q.J Q~.3· 2.0 
; 

11 4~0 o~.a· 0.3 1.7 .. ... ·-· .. 

12 4. 2. 
:\i 

o.a 0_J.4 :i. 9 

·' 

: 

., 
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c ... CRUD LEVEL AND SP.ECIFIC ACTIVITY . . . . . I . . . . . 

' I 
. . The term.Pcrud lever has been us.ed in the lite~ature in s~~er.al 

d~{eren_t ways. The definition depends. upon. such factoz:s as the m.ethod.of 

l!aiJ!pilng. OI: collecting th~ crudl and the m ell!'! <Is followed tO'••rt!C\)ver an!J . 

c~lculate the amount of c:rud collected. Consequ~fitly 1 it iS ne'ce.ssary to define 
. . . -~ .. 

,/ 

the t~rm .,as it appears in this :r~p.ort •. Crud level&. for .$ample~ 1-9 were 
• • • • • • . • • • • ·, J .· 

determin~d on the calculated weight of materia\i a~ deternUned by chemical 
. . . . ,! . \. . •;\ 

. . i. 

analysis? .removed from the porou~ steel. filter by 'the .. decontaminating 

solution$. The results. a:re expressect .on tbe basis of the total flow through the 

filter 11nit? i,; e.? milligrams_ of ~ru~ per liter of flow (ppm) .. , Crud levels for 

samples 10~12 were determined from. the amount of material :remov~d by back~ 
. .. : . ·. 

f!u~hing the filte.r. with air and di_stilled water unitl no fu:rthe.r activity wa,s :r~moved. 

Leyels we~e exp:ress.ed in the same maQ.ner as Samples 1"':9. Crud lev:els for the,se . . . . ·-. . . . . . . . '• . ·. ., . . .. 

sa·m.J?l.e,s would be exp_ected to b,e lower than for the first nine sample.s1 but the 

value.s .~f .speciftc activity fo-r these samples ar,e more :reliable. 

The, specific activity and the 'G.rud level are two of the factor.s that can . . . .. ' . . . . . ·. . 

affect the, activity buildup. The values. for these parameter~ mea~ure4 during . . . . . . . •' . . . 

this s.tuqy are given in Ta'l:~le V. The results for the first nine samples may be 
. f • . 

in error for the rea.s.ons p_reviou~ly mentioned~ 

. WAPP has investigated (6) whether there is a r_elationship pet~een 

crud specific ~ctivity and crud level.. In view of the uncer.tainties in our res.ults, 

we. do not feel ju:.;tified in drawing a conclusion from this d~ta a~ to whether a. '! 

relationship _ex~~.ts· between the :specific activity and crud level~ , Howeve::i· ,_ be..c·a~use· 
/ . 

:·of the importanc.~ pf thes.e p;u:~meter.s? further data on the-fr value's· 'sh·ohldtbe~ 

obtaine~; 
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~ample, 

1 

.2 

3 

4 
.. 
.5 

·r 

6 

'7 
'~-~ 

> 

.. ~ 

9 

.10 
. ':: 

11 

12 

.... 

--.-· 

TA.BLE.V 

· q~UD :LEVEL VS C.~UD Sl?.:EC,I~J,C.ACTIVlT:X 

·"-· _Tot~J 

! 
\ 

t 

SJ)eCific A_ctivity 
(dpm/mg)~loH> 

. . ... .. .. ·": 

7 •. 49 

41.4 

15.() 

50.6 

56.2 

28.5 
·: .. 

174. 

189 • 

''120. 
' -~' 

. :~~-. 5. 

25.~. 

23 

~ru~ ~evel 
.· (pp,in) 

0.17 

1. 9 

Jt 7.8~ 

. ·0"·4.9 

0 •. ~9·~ 

1. 2 . 

0.21 

0.16 

.. o. 2'()'· . . . . . . 

0.1'0 

0·.:29. 



Do DEP()SI.T-EJ?. VS Q.I~GlJLATING AC{.!VITY 

, Inve~tigations a.t ·WAPD (7) have indicated that the ~peClfic activity of 
' I ,· • , • . 

. . ' 
loo~e.ly bound depo$.Hed material is. pr.obably of the same order of magnitude as 

• . ! •' • 

the specifjc activity of circulating crud. However~ Httle data is available on 

whether adhe~ent depqsits; foHoy.r this relation~hip;_ During this study~ one piece . ~. . . . : . . . . 

of datum. was collected on the relationship betwe,en deposited activity and ci~= 

culating activity. The results ·.reported below are base~ upon one measurement 

only, and this. s.hould be borne in mind when interpreting the data. . . . . . ·. . 

· At the end of tne 700=hour test, a s~etionof the baffle·plate·~as 
. . _.. ' ~ 

removed from the steam generator and. sent' to Schenectady for radio.chet:nic.al 
• . • , r • • •· . ~ •. " • 

. studies. In the process of obtaining and shipPing the sample, any lo.os'ely bound 

material would .. have be. en lost. Therefore the relationships discus.sed ·below . . ,. . .. .. . ·.·. . . . . 

·are only appli~abl~· to tightly bounq material.- The baffle_plate was q.econtaminated 

)Vith th~ EDTA~s·ulfamic acid soluH~p previously described .. Table VI presents. 
·I 

. the :nuclide ratio data from this. sample and compa!'l·e·s it to· the nuclide· ratios . .. : .. , ... . . ·. .. ·, . . . ·' ., . . . . ...... 

from the last water sample (No~ 71U 9f the 700~hour test •. Both samples-had a. 

similar 1;eactor history~. . .. . . . . 

The difference betwe.e,n the ~o~8 /Co60 ratios. in the two ~a~ple~, is 

-larger than can .be -~xplained by experimental error. If th_e deposited;activity 
. ·. . . . . . . . . 

. . . 

-~rises from astric_tly chemical phenomena~ the co58 /Co60 ratio would be. 

expected to be the. same,_ since the two cobalt nuclides would behave. chem.ically 

identical~ if. a physical phenomena~ .such as diffusion, plays a part in the 
. . . . . . 

accumulation of depo~.ited activity~ the difference in the mass of the nuclides 
( . .' 

would become a factor .. 

24 



( 

. TABLE VI 
L 

NU,C~!,DE. ,~f\ TIOS O.f PE.~OSITED ~ND CIRCULATING AC.l'IVITY 

S~mpl~ C.<?5~ /Co60 . F.e59 /Co-
60 

. Mn54/cc;>
6° Cr

51 /.Co~0 

· Baffle Plate . . . . ' 
6.0 

711 .4. 5 

.0.0& 

0:.26 

.. · 

0.20 

0 •. 28 

1.3 

0.39 

One m.echanis.m. whichcoulid explain .these observatiqn~ coulq be an initial rate-
. . . . . . . . . . . . . I.. . . ,·· ·'.: 

detertqining Eo ~",F .•. reaction' foHow~d by· a rapi~··horriogen.e()~l:; exchange reactiOJl 
. . . ., . ,' . . . 

betwe.en the active. and inactive nucli~~s,.' :Figure 5 is a diagram:atie oti~line o~ 
,· . . . . . . '' . ~ . . ' . . . . . . . 

tp.is ·mechanism .. 

:FIG. 5 
• ' • •, .· . :, 9 i··;·: . 

. POSSIBLE MECHANISM 'FOR'~ACCUMULATION OF ACTIVITY.'iN DE~OSITS 
:·· ······,· !·.. .• ·• .. · .. :: ·. . .. i.' ·. . ·. _;·... .. . . . . :, ... · ::;;·::_ .. :., . 

ACTIVE.~ CRUD 

sq:,· 
Fe .'· 

~0. 
Co . .-

. :~·. 

. .HOMOGENEOUS 

.:~:.INACTIVE PIPE. 
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It wiU ~e assum~tl th:eihl.~jdrl~ty bf the:·radioactiv~· iron~ c9balt~ and 
. ~ . I • . 

chro·mium is. assoc.iated~wit~ ins~9luble: .mate:rial. Th~~.e ~iernent~. (b_~th active . 
, I \ . 

anq iriac.tive s.pe~i.~~) "V~uld!:e_l(te·r int~·~olution relahv¢ to theit 'E~M,Fo I)OteJ1tial~ 
'"' ... . . - ··~. . . . ~ 

(M&-+::Mnt + n~)..: .Si~ce·t;r.~n·i~J.!fu:~re. noble than. cobalf.and cobalt more no)Jle 
•' ' 

1 
., , ' ' .. , ' ~ , . o," • .r ' I • \ ... .' ' ' ' • I • ' ' : ' ,' ' , • ' 

' (''· . . . . 
than chrojnium~ the rates,_: wi{!Tt· which the;;.e element~. '\Y.ould .. e11~er solution would 

.~- :~· ;.. . . . . .· '\· '.' ·. . . . . . ; . . ,. .. ' 

be· i~ .th~ o.rd~r chroinium;) cobait>-aron. Onc·e in. solutipn t~.~re would be rapi~ 
. . ,· . . . \ 

exchange .betwee.~ the ~d'tive and'=. fnactive nuclides. A .9j>lating o.ut' 9 could then . . . . 
I 

•' / .:•· \\: . . . 

. occur WitPt the exchafiged nuc.lid~!~· ,; The rates of this reaction wc;mld be in r.e= ' I 

ver~se or~er to tht{.~'l.ssoluti(jn .~lJP~ 1. ·~~ iron) ~o~aU) chromium. With th\&. 

mechanlsm~ an ilrtalysiS. S,h6wS. Ui~ .rate of accumulatl<>.n .Of chrO!lliUtn in th.~ 
deposit is. fas.ter than cobalt~ which .in turn would be faster than iron. . .- . . . . . . . ' . . 

~dditional work;i~ required to accurat~ly estabHsh the relationship 

I?etw,een. dep~~.ited and circulating activity~ and to define the mechanism by. which 

· . activity puilcl~ up on. the met,al.s:urfa~es. of. the primary system. cot~npmienls., . ~ . . . ··-. . '\. - . . . . . . . . - .. - . . . 

'· ) 
\ 
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.... 

.·IV o·· AP;PENDIX: .. •··. ' 

-DECON'rAM;INATION SCHEME 
' . . ~ ; . . . ' 

• 
2 nil Crud :s.olution 
2 ml st.andard¥e:+:+.+ ~~rri~r (10 mgs/c~) 

. 2 ml Non=·Standard· Co+:+ carrier . 
Add. 1:_2 N~40H. . . . . . . 

Di~card 

* Dis~Q.lve .with .9N HCl 
Add C:Q;i:-~9 Mntf..Ca:rriEfrs. . 
Extr.a'ct 3' X witij·i~propyl ether 

'' ' I '"-' ,: '• . • '• ' ' 

;AqueO\lS. Layer. 
. (ti.i~'ca,rd) · · · 

Or a.nic: · 
Laye~r 

· AddH2o 

'1 

. I . 
,,'~~te~ ~.fl.Y.er 
: l3oil .. t.o reh1pv,e et~er . 

Add··. co++ Carrier . 
· A~d exces.~. ·N~40H . ·_ I . . . . . 

. 1 . 
I :I . 

I"\. \ • 
u-~an1c ., . I . 
~ayer 

(Di~car.,c:D . 

y Discard· 

_ Filt~·~. through _What rna-~ #42 paper~-
Igl}ite~ mount on tared . ·· 
disc 9 w~'lgh9 and count. · 
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....... 

•. 

-~-~ : .. : 
..... ·, 

.C,PBALT 

2 q1J . 9ru~ ,f) .. olutipf+ · . 
· 2 ml Standa.rd Co .. : . c~rrit:).r (~p -mgs,/ml) 
Add6 N NaOH 1 

Discard 

,.,. . 

F.~(0~~3 . 
(Di.s.carq). 

Dissolve in 3 N HNO 3 ; reppt. 
with ·6 .. N Naol{\lntU !ree of Cl~ .. ~+ ++"'• .... ' ,, ' 
Add Fe. ·.· · , M.n .. l non'"'standatd 
. ·• ., . [ . ·;:1 . . ' 

carders •, .. . ":' .. ·. ,_.,_; t_~ 

!,'~d·}!N03 (con~) + 1 gm.· ·._K01o3• 
<·Boil · · · 

' I 

'' . 

F.e:r++ · co+++ 
•: ' . 

. .' ·.:;>· 

. / 
~-

. "l£2rNH 1 OH 
. ·--. ... •:·:~ .· 

• ,/ ·~ ·, • t. ·-~ 
/. 

I 

J~fu02'". 
· <.fdis.card) . . . . · . 

Co(NH3)~t~. 

._ ._.'- . 

N~utraHz~ with dilute UN<?a · · 
Add ()....- nitroso=IJ.;.napfhol m . 

50% ~cetic acid + water . . ,.· .···~ ... . \. 

Co Compl¢x 
· · Filter- thr.ough.)Vhatman #42 paper o 

Ignite, in.ount on tared di~.c,_ weigh, 
and count." · 

j 
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Di~:~a:rd 

-
.. .. '"'--. 

Discard . ; . . 

'• ·'i 

MAN GANES~ 

.2 or 5 ml. Crud Solution 
5 ml3N HCl 
Boil . . . 

· .. 2"ml S~~I1dard Mn+t. carrier (10 mg~/!J!~). 
Add.6N N-aOH . · . -~ · .. 

. . • 
Di§§ply~ in. 3N lf:NQ3; 

i·~ppt. ·· Wi~h ~~N NaOH_ 
· uritii {ree of Cl'7' . \ . . . . ++ ::. . +++ . +++ ' ' . . 

*Add Co: >-·; Fe ' r Cr·- ~arr1er~. 
Add -~N03 (¢?n<i) 1 'gill KCl03 · · ..... . . i 

\ 
'. 

M~o2· 

:. . d/ . w. ~s.h \Vith llOt~ _di~~~~ ~03 : '. 
· .. solution ·3X : ·.. . ~. . 

... :R,eciuc~ with H~(?-:2 __ (N.~-~92 'f~:~~;; .... ~~o&). _ 
: RE!!P-~~•t fr<>~:s·r~~ .(~} ... : · .· ... , . · 
Add .6N NaOH.>>. ·:· · : .-·~ / __ .·-'-1 

·. · 

Discard 
·---~ . -: . 

... 
' 

M~(N~~):P.Q4 ·,. · 
': f~·~:·:~ ·'~:)·-.. ~ I • ~ 

I\' ' ~ ,' .. ~ /r/ .~~J:_(''I" >: ' ·; " 
· <'.Mq_~nt ·onJ~"t¢d· dis,c, 
.. ~~;~p}· and. co\lJit.. . 

.· 

2.9 



... 

... - . Ois¢ard 

: ;: 
' .~. 

CHROMIUM ...... " ..... ·.; 

2 ,c;tr 5_ fuR Ctud s.olution . 
. -2 .$1 Standard. Cr+·:f-:+: c~r,r.ie,r(lQ ing~/ml) . · .. ' ~~~~=~= ~:f~ca~nd,;:~dH~~~2 •. . 
~eat to .60 C . 

:A:dd 1.~a.t'd ~oluti.o.n. B~(N03,~~ 

Make basic with NaOH 
~-dd 2_o · ~c .ao% H2o2 

. Boil gently to . remove 
e.xce.~,~ ~-2()2 · 

Ba.c __ ~o4 
· ·1 or ·' 

. c~o4== . 

r 
BaS04 
(discard)·:._ 

~~~tr~lize. with <fU. ~N03 
\~a.s.s 2 x f;lO\VlY over cation 

BaCtQ~. 

. + ' 
ref.':Jn~ H.· cycle. 

' . 

' "\, 

'Moun~ 16rt t;l
1

:red di.~,C? ~.eigh, and 
coun,~. ··-~· . ', . . 
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