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ABSTRACT

A study has been made of the pad"iochem,ical c.ompg;s;iﬂti'_:gn'and the specific
activity of insoluble eorrosion .pirodu,';(':t‘s (crud) removed from the primary

system of the APPR=- 1. Th_,is, report presents the results of analysis of twelve

‘crud samples collected during the interval from September 3, 1957 to.

' De‘cember »1 1957, .

. The samples were radlochemlcally analyzed for long-=hved gamma

Aemlttmg nuchdes on]ly ~Data are presented on the measured values of the

specific activity of .Eer;u_d, the ratios of the nuclide sp_eclﬁc act1v1,t1e_ﬂs,,; and the

conc_erit;f,ati.en_of crud. (crud level).in the circulating primary _v&{ate.x:{, Also

included is :slata‘? based on the analysis of a single sample, comparing the

specific ae’,t_.ivi_ty of the deposited and circulating corrosion P?Qd?b@,sis



I. INTRODUCTION

.An experimental program is in progress to obtain mformatmn on the
buildup of Jlong=]lxved radioactivity on the pnmary surfaces of the APPR-1.

. Quantitative t_r;easu,remlents of the long-lived nuchdes circulating in the cqolant
were first rr_iade during the 700 hour continuous performance test of the'reaete;f
(1) . The experimer_lt_al method_s_ erp,.ployed fer that Study m'easured the total
activity gf the QQ,Qiant sarpple, with the results reported/ion a volume basis" - °

‘ (dpm/m]_ of coolant), .Cdri_s__equently, the ‘results ‘of't.h.e,seinitial measure'men_t,_s‘

ef the co_ol‘a'nt.ac:t_.i\.rity were subject to the varietign of the coolant solids level

(crud ]ley,el_);g_ ‘C,l“‘u:;d» levels were not determined during the 700 hour test since

cfud _sa_m"p_ling e;gddipment was ndt inst alled in the system. S y

Inv‘estigations at. WAPD have indicated that the 'ma'jor portion ef the long- "
hved act1V1ty 1§ assoc1ated with msoluble material (crud) suspended in the
coolant (2 )-;,. In order to obtain direct measurements of the activity of this
1nsoluble materlal in the coolant of APPR-1, a suitable crud samphng deV1ce

was 1nstal]led in the prlmary purification system blowdown line; Th;s r,eport_ |

" }jpresents the data obtained from the pad‘iochem;ical -analysis of twelve crud

samples withdl%éwn over the period from S_eptembe;; 3,* 1957 to December 1,

1957.



- circulating crud.. Mn

II. CONCLUSIONS

The insoluble corrosion products (c_rud‘).;obtain'e_"é from til}@ primary system
) w268 | 59 54
of the APPR-1 contain the following nuclide_s;..Coﬁop Cﬁjssf; -Fe ", Mn *, and.

Crs'l. These nuclides account for all the long-lived gahima activity

a‘s‘;s,qciated,with the crud.

| The specific aqtivity (dpmf/ mg) of these vnuclide_s. appears to be iﬁcreas_ing'

with g_ejac.tgr :_Qpei_,rating time.

The specific activity of ‘Coeo is accumulating faster than that of Co

54 specific activity is. avc_cum_ulating?\atv about the same

58 in the

60
rate as that of Co .

\

. Uncertainties in the experimental data preclude défi_n‘ing a vre]‘.atién.ship,

between crud :isjplécifi_cf'act_iv‘i,ty and crud levql._._



[

Ill. . RECOMMENDATIONS

Fu:tkiép inVe’;s__tig,a,tiqn, is .ne(_;,;?fs,sary to establish the mechanism by which

activity accumulates on primary system components, and to define the

relationship betwgen vcu;,cul_ating' activity and deposited activity.”

,,Lt._,:shqu,ld be experimentally quter,m;inséd_- if a relationship exists between

crud specific activity and crud level,

i

- It is necessary to establish improved methods. to accurately measure the

concentration (crud level) of primary system insoluble material,

Measurements of the Co ;jatio""}féhould continue in order to establish

the relative importance of cobalt impurities with respect td the nickel

content of stainless steel. The possifiility of Co’"-arising from ann-p

reaction on Niﬁo deserves consideration.

o



IV, EXPERIMENTAL METHODS

A. SAMPLING PROCEDURE
Figure 1 is a simplified flow diagram of the APPR-1 primary system
showing the location of the crud sampling device. The sampling unit is a 4-1/2
inch long by 1- 1/2 inch diameter micrometallic."PSS" type 31_6_.s.ta,ir.11ess s‘t'eenl,‘
hollow éylingi'rical filter element; mgunted within a 2 inch diameter stainless steel’
housing. The element is attached to the filter housing by means 6f a screw type
insertigh,. Flow p,a':ss\es,‘from t_he'outsi'de 'j_sﬁi‘_x-rface. through the pdrou$ stainless ﬂ
steél -vin.to‘ tk;e: holrlow center, and out ;H;ough.the_u;iread‘ed connection. . The element
.\'ifs.rated-_ to 'rh:e'_t_ain any _partic;e i’arger }tAfhfa_n:lz microng. In colle:cting_,the‘fir:_st five
crud__sample_s',i' Atvhe filter was pr'tz.ac"c;é‘tedAwint_h‘ a fine sp‘ectrolgraphic. graﬂe. of
graphite to iricrea,s,_g filtering éfficienéy. ‘ngéver, diffic.u'ity wjaﬁ,s_‘ encountered- in
,;'émoving i:he graphite during Sub_sequent treatment of the filters, and t_hé: p()‘r,‘e;=
coatihg'was giirqinate_d when co_].lectiné the -=lai‘st seven ,sAam_ple.s. Flow through the
filter was, rt_-ggul_at_e_d by means of three ﬁeedle valves. A p_ds_itive disp‘lla’cement |
.f.lowm,‘ete,f with an accuracy '_of 2%. wa_'s_ used to measure flow. | |
Sampling tirxn,es were chosen to give a minimum of agtivity yet provide -
sufficient sa;hple to permit ac‘cp‘ifa‘t»e analys,,i.s. Approximately 65-70 gallbns_ of |
‘water were paSs,ed through each filter over a period of several days. Upon
rémoval :of the filter element from the hoxzx.sing, Athle"f‘,iAlter plus the vi}a,ter and
crud contained in- the housing were placed in a polyethylene Acontainer and
Shipped to Schenectady for radiochemical analysis,, | |
-B.  CRUD »REMOV.AL AND DISSOLUTION TECHNIQUES | - '

In preparation for radiochemical analysis of the_ crud, an effort was

!
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made to remove. all crud and activity from the filter elémtents by means of a-
chemical decontaminating solutton, The decontaminﬁting solutions used actually
removed about 80 percé‘:nt of the activity from the filjter. The solution was then
evaporated to dryness, _‘ ignited to re_movevolatile an__d_organic _maéter, and the
oxi_de residue,di's,s,olved and radiocllemically analyzed. It was enp;ected that the
weight of the oxide residue would be an accurate measuré of the total weight of

crud collected. This general procedure was used on the first nine filters

However, since it was found that tlhus techmque did not permlt a direét deter=

S

mlnation of the weight of crud collected» an alternate procedure was used for

samples 10-12. For these samples, ‘the crud was removed directly from the

- filter by backwashing, weighed, and brought mto solution for analyS1s A

limi_tation of this procedure was that only about 25 percent of the activi_ty was
removed by backwashmg

The detailed procedures followed for rem0val and d1ssolution of the

_crud are as follows

1. EDTA-Sulfamic Acid Method (Samples 1- 5)
The filter elementwas placed in a solution containing 153 grams

EDTA (ethylenedmmmetetraacetic aC1d disodium salt) and 12 grams of sulfamic

. acid in 600 ml oi d1stilled water at 150- 160 F for one hour, Tlie f1lter was re-

moved from the decontaminating solution, and the graphite and 1nsoluble material
filtered off and 1gn1_ted‘e over a Meéker burner, The filtrate was treated w1th

25 ml, each of cOncentrated nitric acid and concentrated sulfurlc amd and

\

, evapor%ted to dryness. 'I‘he res1due was combmed w1th the 1gmted o'x1des, and

mixed with 20 parts by weight of a fusion mixture (50- 50 Na2CO3 - K2C03) The

-



mixture was fused at 1300-1400°F for one hour, cooled, and dissolved slowly in

3 N hydrochloric acid. An acid insoluble salt fesidue was removed by cent-rifut
gation and discarded, since it contained no measurable radioactivity. The supernate
was then made up to a definite volume for.analysis.

2.  EDTA-Ozxalic Acid Mixture (Samples 6, 7)

The decontaminating g‘o‘]l.ution was ?ssentialﬂy the same as the above,

:except oxalic acid was substituted for sulfamie acid. This solution and the-

iri.so;qbl'e mateﬁal removed from the filter was treated successively with ‘s,ulfﬁ,ric,

nitric,and perchloric aCids. After evaporat_ing to fumes of 'pe;fch]loric acid to

destroy organic matter, the solution was centrifuged to remove insoluble material,

‘The ingpmble t;laterjial was fused as above, and dissolved in 3 N HCl. As w;th

- samples 1-5, there was an acid insoluble, non-radioactive residue which was

di_scarded? _'I‘heAtw'o solutions were combined and mailde up to volurx;e}fqlr‘ a_naly,sv_is;.
3. EDT A‘ftC,itriC'ACi'd Method (Samples 8, 9) .

" The unit was decontaminated in a solution co_nsisting of .e‘guall weiéht_s_
of EDTA and citric acid (1 gram) in 600 ml. of distilled water at 160°-180°F for
1-2 ,l;(f)u;_jv_s._v.uwThe solution was_,‘rthen treated ir:xlth,e same m'anﬁe; as the EDTA ;oxalic
acid .r'ne__thod.l : | |

4. Filter Backflushing Méthod

| ’I‘k{e filter unit was backﬁxished' with air and water to rembve"a;s; much '
activity as pqssiblea, A rubber policeman was used to remove any ‘loosely |
aﬁherent material.. The water and crud solutibn was then evaporated to dryngss
in ‘_a ta_'i‘req, platinum dish, ignited, and weiAgfhezaﬁib'adetermi_ne t_he;’ amounft_y,drfl 'i'néglubie.
material recovered. This rqs,i,dﬁe was then sﬁcceSsive}.y freated with a ,mixtu're.of

nitric, perchloric, and hydrofluoric acids until dng’blution was‘:,'.attained., Thﬁ

7




solution was then made up to a known volume for apalysis.

C. DETERMINATION OF CRUD WEIGHTS

| . The crud removal 'and' dissolution _procedures‘fouowed‘- fox; Samples
1 -9 did not ;;permit a direct determination of the Weigﬁt’ of insoluble material
(crud) ..removed from the filter. This became evident_when analyzing aliquots of
the final ,;s_\olutions, Metal hydroxides which were precipitated from an aliquot .b&
eodiu__m hydro_xide, washed, and ignite‘d, yielded oxide weights cons;iderablly
higher than would be normally expected. Crud weights for samples 1 - 9 were
therefore calcu]lated 1nd1rect]ly from chemical analysis of the dissolved crud
solut1ons. These caIlcuIlated v}elghts of crud are given in Table I. Crud weights
for samples 10, 11, 12 were measured directly by weighing the insoluble mat_e;.nal _
recovered by backflushing _the filter element. These weights are also includ_ed
in Table I, .- |

B (,;h’eiﬁ;ical'_anaﬁyse_s,iwemes'm'ade~ by standard-colorimetric methods

' us‘_ing{_at‘v Beckman DU. s_péctrophotom-ete_ra, Aliquots;-.of the’ solutions:were
anelyzed'-'foivf:ifoh-, hiekel chromium, man‘gahese, and oobalt" It was assumed that.
~ the ox1des of these elements accounted for 100 percent of the Welght removed
from the filter Results of the chemlcall analyses are reported:in: Table II . The
varlatlon in results indicates that the decontammatmg solutions had a defuute
etfect on the: calcula\lted welght of crud. Also, each of the:three chemlcal
solutions apparently attacked the stainless steel of the fllter element in a

different. manner.



Samplé No,
1
2
3

10
. 11

12

| Filter Backwashed

TABLE I

SAMPLE CRUD WEIGHTS

Crud Filter
Decontaminating Solution

EDTA + Sulfamic Acid
EDTA + Sulfamic Acid

EDTA + Sulfamic Acid

' EDTA +,,.Sll_l_far9ic. ACld '

EDTA + Sulfamic Acid

EDTA + Oxalic Acid

- EDTA + Oxalic Acid

EDTA __+‘,;Ci:'t,r~ic:"'Alci_Ac'i':.':. N

EDTA + Citric Acid

Filter Backwashed

Filter Backwashed |

**Direct weight of recovered material.

Crud Weight *
mg. |

174
89
79

398

123

110’

298

52
40

24
64 .

_-.f:C'alculgtved as the total metal oxides: Fe3Oyg4, N?i/O, . Mnoz, :,(,‘:,;203,-_-‘ -



TABLE Il

. CHEMICAL COMPOSITION OF CRUD
EXPRESSED AS PERCENT OF TOTAL METAL

Sample 'Chemical Decgntaminétion_ T TN 3
No. | Solution Fe Ni, Cr

1 ~ EDTA + Sulfaniic Acid 64.0 °18:0 3.3
s EDTA + Sulfamic Acid 79.0 4.9 © 4.35
3 EDTA + Suuamic,,A,qid' | 71.5 13.6 3.6
| 4 | E:D'I:A + Sulfamic Acid = 69,1  15.7 0.6

5 - EDTA + Sulfamic Acid 86.0 8.7 5.8

6 EDTA + Oxalic Acid 48.5 53.0 0

7 EDTA + Oxalic Acid 68.5  31.0 0

EDTA + Citric Acid 88.0 12.0 0

ool

9 " EDTA + Citric Acid 9%6.0 40 0

.

10

14,7
13.0

11.2

14,7

o © o o



" D. RADIOCHEMICAL PROCEDURE S

~The act1v1ty of the dissolved crud solutions was suff1ciently hlgh so
that it was not necessary to perform a géneral chemical separatxon of thé elements
. Instead sm-all aliquots of the solut1on were ‘a\nalyzed directly for cobalt, 1ron,; |
manganese,' and chr‘omium according to the‘pr‘ocedureéibutlined in the Appendix.:
Analyses were 'correoted‘fo;r, the amount of iron present in the crud. Corr_ection_s_
. for the other elements were not r_equired?_Since.. the aliquot’s contained only
negligible amounts of those metals. : {
| Samples were counted for C060 0058? .F %9 Mn54, and Cr51: by‘a

) 'mod1f1ed method of Connalley and Leboeuf (1 3) using the photopeak height

b m?x and.'the width of the photopeak at 1/2 Tmax* The counts_ we_re .correvcted
- for-decay back to the midpoint of the sample collection period. l“ess could
' | 55

not be counted by this t_echni_que; -In our previous measurements (1), Fe ™ had
been reported to have a total disint_egration energy of 0.21 Mev. 'Ii’hi_s =~energ‘$7
is aetually-‘.emfitted in a continuous spectrum. A check ofthi_s ene‘;;gy peak
in'dica‘teda decay urith a half life closely apprOximating ‘that of Fes9 ‘(45 days)

It therefore could only be concl&ded that the peak in quest1on was in reality due
to Compton scattermg from, Fe59. -Work 1s still continuing to find a su1tab1e'
quant1tat1ve method for d_etectm_g Fe55, ,The manganese K-rXray_emitted 'as a
result ‘of theele}ctron capture of F_e55 cannot be _observed with the; present equip-
ment, | |

It is possible.. that the presence of Co58 can lead to an error when |
measuring (:-0"6'0 ‘at the 1; 33 Mev peak with the gamma sp'ectrometer,‘., On a
. theoret1cal baS1s, the 0.51 Mev position annihilation rad1at1on and the 0. 81 Mev

| - gamma- ray from C05.8

| | | : T g

may combme to g1ve 1 32 Mev gamma energy. . Therefore,



the possibility exists that the c__ounte measured dt the 1.33 M_év (;060 peak may

58 Smcé the present

partially be due to radiation ?"scétter;lng up’ from Co
method of analyses for 'C_oso conS1sts of measur\ng the photopeak heights at
1.17 and 1,33 "Me{l, the results reported from the 1, 33 _Mev,pé.ak: cou_lld;_f,bé in

error.. The effect of this phenonemena on our results is discussed ifi Sé,"c-"tion

-V A,

II, DISCUSSION OF RESULTS
',‘l))_uringthe period »covered by this .r_epao'rt',; the APPR-1 was operating

on a schedule of twenty days at continuous powerm]}_éve}l followed by approximately
nine days at in_te;,rmittentflow power and LsIn.utdown_;-‘:.foﬁ'rjt training purposes. -The
effects of this erratic type of operation musit be considered when analyzing the .
data,. Figure 2 is a plot of the APPR-1°F days* as a function of time. The slope
'"of the line is a direct indication of the power ievel The reduced slopes (dotted
lmes) represent per1ods of shutdown and operation at low power levels. Since .
‘steady state conditlons are not reached under these cond1t1ons, nuchde activation
beco_r_nﬁ:es complex. The nuclides Fes'9 and Cr}51 will decay more rap1dly, 1eav1eg

the bulk of the activity as‘\dpciated with the long lived nuclides Mr15'4 and 0060

A, SPECIFIC ACTIVITY OF CRUD AS A FUNCTION OF EQUIVALENT FULL
- POWER HOURS
The vari}ation in the nuclide ‘speeiﬁc activities with increasing reactor
operating time is _surnmarized in T‘a-ble III. For the first nine samplee, the
' actual specific activities of the nuclides may be different than the results reported
in this' table.. The pogts»."iblity of e_rrer arises frorn two sources: |

equivalent full power hours

*10F day = 1.2 |
= 0.00137 MWYR

12



.‘ 1 .The acidec‘omp_lexi‘ng“ agent used to decontaminate the crud

) filte\r: m‘ay:a’ctually have\remOVed' activity associated with colloidal and SOluble
matemal in addition to the act1v1ty assoc1ated W{1th the insoluble crud. It has
.been reported (4) that porous Sta}nléss stee/l f1lters W1ll retain activity assoc1ated
w1th coll01dal and soluble matemal

ca 2. . 'Phe calculated’ Weights Of’?'crud'ﬂ 'from which the specific

.act1V1ty is found may be hlgh due to attack on the steel filter by the chem1cal

‘f'?tmg solutions. It is suﬁpectéd‘ from the chemical analysis: results,
- that s_om’e atta_clg did in fact occur, particularly with Samples 1-7..
~ The specific activity results of Samples 10, 11, and 12 can be con-

_sidered”the*most reliabl”e," since the activity was removed by backflushing with

wate'r These valdes can be assigned with confidence t& insoluble materlal which

(

is large enough to: be~retained by the sta1hless steel filter (2 microns or greater), :

However, 1t should be pomted out that all of the msoluble materlal may not have

'v.been removed by the backwashmg proceduré If the act1v1ty assoc1ated W1th

msoluble- corrosmn products is 1ndepéndent:~'of' part1cle size, the specxﬁc activity

..values are-not affected The spec1flc actlvity of crud ‘probably is. 1ndependent of
. ?partmle s;ze (5) Cautmn must be exerclsed in comparmg the results of Samples
10-12 with- Samples 1-9 because of the drl’ference in treatment of the collected crud
Examination of theﬂdatax of Table III reveals the speciﬁc activities of
cobalt on a volume hasis. do not change apprec1ably throughout the mterval
covered ‘in this study except in the case of Sample 12. However, the cobalt

results expres‘sed!?-ensa weight basis (dpm/mg) show. larger:. varratlonso. The

overall trend _appears to beran increase in the weight specific activity with reactor

operating time, with th:e" volume: specific activity remaining relatively constant.

13
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. .TABLE II' _
- SPECIFIC ACTIVITY OF CRUD. VS: . EQUIVALENT FULL POWER HOURS
« 60, 58 . 59 54 51
Sample LCo ~»-_AGO' ‘ Fe ‘Mn Cr
No. | . . [1.17"Mev. Peak .1.33 Mev Peak
efph dpm/mg dpm/ml dpm/mg dpm/ml dpm/mg dpm/ml dpm/mg dpm/ml dpm/mg dpm/ml dpm/mg dpm/ml
1 | 1210]0.73x10° 118 -0481x105 13.1] 4.4x10% 73.9) 0.67x10% 11.3] 0.77x105 - 13.0 | 0.86x105 14.4°
2+ | 1265 2.9 x10° —--¢| 2.8 x10% —-x| 14 x10% __le|.1.6 x10° x| .o0x10® --ox| 3,7.%10° --o¥.
3 | 1300(4.4 x16°340 | 4.1 x1o5 322 | 26 x10°2020- | 4,7-x10° 376 | 1.6 x10% 129 | 5.0 x10® 395
4 | 1445) 2.1 x10%404 | 2.3 x10° 47 |10 x10°1940 | 1.4 x10° 269 | 0.58x10° 110 | 1.3 x10° 250
5 | 1470| 4.9 ~x105242 -._5,2.x105265 27 x10°1295 | 8.8 x10°430 | 2.0 x10° 96.8 | 8.4 x10° 412
6 | 1744| 5.8 x10°395 | 5.8 x109395 | 28 xi0° i949 5:8.x10° 394 | 2.0 x10°135 |15 x10%1038
7 | 1803 3.7 x10%447 | 3.6 x10%434 | 16 1091948 | B5°xi0®419 | 1.0 x10% 121 4.0 x10° 483
8 | 186915 =x109320 |15 =x10°309 | 66 x10%1369 |64 =x1051334 | 7.1 x10% 147 |22 . x10° 463
9 | 193414 x10%222 |13 =x10%206 | 65 x10° 934 |60 x10°°961 | 7.8 x10° 126 |43 . x10% -680
10 |2185/15 x10°302 |14 =x10%281 | 60 x10%2019- |11 x10% 352 | 5.0 x10% 99.3 |20 x10% 571
11 |2ze5/t1 x10°361 |10 x10°332 | 43 x10°1380 | 7.9 x10° 254 | 3.0 x10° 58 |19 x10° 360
12 |238580 x10°770 |33 =x10°835 |131 x10°3340 |24 - x10° 625 [12 x10%206 |58  x10% 1500
. * 'No Flow Data



_ wq;_il‘d be expected that the results from the 1.33 Mev peak of Co,

Sirice' the volume specific activity (dpm/'ri}}.) is dependent on crud level, a re-
]léti,onship may pos,sib]ly exist between the crud level and weight specific activity.
M'ore .da'.ifa is requfred- to establish if a definite relationship does exist.

The large ‘increase in the specific activity on both the volume and
weight basis observed in 'Samplle 12 is difficult to explain. The difference is
real since the duplicate samples agreed well. The time at power between Sample
11 and 12 i,s, not long enough to account for this large variation. Since both

volume and weight Value§ increased the deviat_ion:from expected behavior 1s

-pe'_rhaps: attributable to a non-representative sample.

.Samples 8 and 9, in which citric acid - EDTA was the complexing

agent, f(sihOw a considerably higher weight specific activity than the previous

samples. This could possibly be attributed to the greater complexing ability

or the less corrosive attack of this solution dn thé strucfural materiai of the -
filter element. Probably both mechanisms are simultaneously involved re-

sulting in the large increase. The vdlumﬁe specific activities of theqe two samples

.are compé.rablef-uto-tho_,Ses»for- other samples, except in the case of Fe . This

rqight,ihdi_cate; that-« the citr,iq acida-lEAD_'/.I‘_A-iron com-plex is §trdnger than' thg otherj |
métal\ ion c,‘okm"ple‘xes, SO that t,hé%oﬁn activity_ils preferenfiglly removed.

| From .‘thi,s.vd‘ata in Table III, the effecit of Co°° scattering on the C060
r‘je_‘sjt_xlﬁfs_l can be obtained. If this additive scattering were a significant factor, it
' 60 & ould be
consistently highq’r than the results from the 1]7 Mev peak of Coso. An exami-.

nation of the data from the two Co‘-ﬁo peaks shows a maximum difference between

. two values of about 10 percent; with the average variation about five percent, In

approximatels7 half of the cases where there is a differenece, the 1. 17 peak is

16




| .
| in fact higher.than the 1,33 peak. On the hasis of these obs,érvations ‘the differ-
ences o‘b§ervéd are attributed to experimental error. Further _obsérvgtioxis on
the possiblity of this additive. scat{fering w'!__iM be made by measuring the decay
rate of the samples at the 1.33 Mev peak.
The cobalt_, .ir_on, manganesge, .and chromium nuclides accounted
for all of the '/ibngwliv\ed gamma activity in the samples. In several cases the
material balance on the separated fractions apparently accounted for more 't;fr{_an
100%;':, . The péradox is explained by the very high counting rates of the gross
. Samples using our metk#qd of assay () . The cgunting rates are s}uff’icient_ly
h1gh to‘have appreciable coincidenée ‘]loss, even when .'emplloying scint.illlatic.)r'x
counting technigues_;‘,f -
“B.. NUCLIDE RATIO DATA
» . Table IV presents the ratios of the specific activity of each nuclide
to- the _spe,ciﬁqc_‘ activity,of. (;0'60, The ratios were calculated to Coﬁ-o' since this -
nuclide is. of principal infle‘re's‘t in aétivity build-up problems because of its |
nuclear propertles -= long half life and two cascading hard gammas per d1sinte=
.gr.atmn,. The use of ratios. ehmmates some of the errors previously mentloned |
that could be present.in the absolgt;g yalues of the specific activity. For example,
if the specific activity is in error primarily due to-material being di,sso]lx-/ed ffo‘m
the filter, ‘tms;;- errdr will be cancelg;,_;,d. in the fa,tio, In addition, in fhe case 6f
0058/ 0060 ratios; chemical e‘;rr(.)rs will also be e]liminated-_.f'.': ' =

The ratios.of Co 8/C060 and Mn54/0069 are plofted as a function of ',

"equivalent full power hours in Figure 3 and Figure 4 respe‘étive-ly The curves

N were‘deté'_rmined' by the method of least squares. The decreasmg 0058/0060

60 is accumulatmg at.a faster ‘r,ate

ratio indicates that the specific activity of Co




- than that of. Cq,s‘gn It is sti]l]l too early to predict what the equilibrium value for.

' , . 6
this ratio will be, or whether the Co 0 specifm activity will eventualllly overtake

98 specific activity, Figure 4 indicatfes that Mn54

60 -

the Co specific activity is

accumulating at about the Séme rate as that 'of‘ Co

~ \

It is: mberestmg to note that the vallue of the C05 / Co60 ratios for

60

these" crud, samples is nearly the same as the C058/Co ratio for. the total

-

activity measured in the water samples at the end of thé 700-hour test. On
Setﬁp;le 7‘1:1‘._, tkglelastwater.samplle of thef 700=hoer test, the .qbs‘a/c_oﬁo anS_"
- 4‘° 5. The fact that the values in .Tab'le_.‘I_I_'I_ .were'ca]lcuilate.d fjror:.a,tl);e ,v'véiglimt‘
| s_zpe,c,ific- a'ct.i_‘vi_tiels_? while the 700-»910#1; water sample raties were freﬁ],yelqm'e
i:s‘_‘peceifi.c, eetivities is of no consequence. The ra_ties are the same whe_ther.

volume or weight specific activities are used.
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‘TABLE IV, NUCLIDE RATIO DATA
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FIG. 3 [Co°2/Colf° RATIO vs. E.F.P.H.
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81— FIG. 4 MY CS® RATIO vs. E.F.P. H.
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C. '~ CRUD LEVEL AND SPECIFIC ACTIVITY
‘ i
.The ter.m,.;".crud level” has been used in the literature in several

diﬁﬁeren_t ways. The d,efini'tion depends. upon such factors as the method of |

.sampﬂing.ox collecting the crud, 'and. the methods followed to'recover and

calculate th_e amount of crud collected. ConSequéﬁtlyz‘ ft Is necessary to define

//

the term .as it appears in this répqrt, - Crud level§for Samples 1-9 were
determined on the‘ calculated weight of materia\l_;" _éﬁ\detéﬁéined by chemical
ana_Ilysis; removed from the porous steel filter_ by "t':h‘lé.fc.lecontaminating

solutions. The res_ﬁllts, are expressed on the basis of the total flow through the -
filter unit, ise., m,illigfams__of crud per, litei of flow (ppm)... Crud levels for
samples 10-12 Were det_ern;ined' from . the amount of material removed by back-
ﬂ@hin_g the filter with air and distilled water unitl no further activity was removed.
_'L‘g,v_e]ls wex:g_expregsgd in the same manner as Samples 1.99. Cfud lgv_els for these
sa‘mplgs_ would bc expected to b:elowt'e; than for .th'e first nine samples, but the
va}.ue,s of specific ac_tivity for these sample'é are more reliable.

- The specific activity and the crud level are two of the factors that can
afféct the activity buildup. The values for these parameters measured during
t'his, stu_dj are gi\}en in Tab-'le V. The results for the first nine samples may be
in error for the reasons previously t|nentioned._

. VS‘I‘A‘P‘,I) has jnvéstigated (6) whether th_gre is a r‘élatio;xship between
crud specific activity and grudv«lev_e‘_l_’. In view of the uncex_:taintie,s in our reSultS:-’,
we do not fé_el justified in drawing a conclusion from this data as to whether a. ;
relationship .exi\s,tfs‘? between the specific activity and crud level. :'HGW‘?Y‘.‘?T; because
-of the importance pf these parameters, further data on théir Value‘s,‘sﬁﬁﬁld?-.be ,
obtainee\f | - N

| 2’2
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11

12

TABLE V

.. Total

Specific Activit
. (dpm/mg)x10*

7.49
41.4
3 15.6
0.6
56. 2
28.5
174,
189,
120,
8.5
256,

' CRUD LEVEL VS CRUD SPECIFIC ACTIVITY

3

Crud Level
~ (ppm).

0.17

1.9

0.78
S

0.69:
1,2
O:y 21
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D, DEPOSITED.VS (;I,RQULATING AC;I’.IVIT,Y
Investigations at WAPD (7) have indicated that the specific activity of
loosely bound depoéit_ed' material is probably of the same order of magnitude as
the specifie activity of i:"ir_culating crud. However, little data is available on
whether adherent dep'esits; follow this relationship.. During this study, one piece
ofdatum.we_sv collected on the x;elatienship between depesited activity and cir-
culating activity. The results -,reported below are bas'_eﬁ upon one measurement
onlyg -and this s,h;o'uld be borne in m'ind.when interpreting the data. —

- At the end of the 4700,=-hour test, a s‘eétiOn of the bafﬂg;plateﬁvas
retnove,d from the steam generator and ._setit'to Sc'henectady quvra,didg:r'hemical'
studies.. In the process of obtaining and shipping the satnple, any lqes‘ely bound
material would have been lost, Therefore-the relationships discussed below -

| are only app]hcable to tlghtly bound matemal The baffle plate was d'econtaminated
with the EDTA sulfamm acid solutlop prevmusly descnbed - Table V1 presents
.the nuchde ratio data from th1s sample and compames it to the nuchde rat1os
from the last water sample (No 711) of the 700-hour test Both samples_ ‘had a

s1m ilar reactor h1story

The difference between the C05~8/ C66 ratlos in the two sarrtples is |
.larger than can be explamed by. expenmental error. If the depc_)_S1ted;-ae*t1v1ty- _
'arl_,ses- from astnc_tly chemlcal phenomena, the Co /Co60 fatie would be',
. expected -t_o be the same, s_,ince the two cobalt nuclides would behvav:e. chemicél_,ly
identical, If a phySical phenomena, such as diffusion, plays a part in the
accumu]latio_n of depos_ited activity, the difference in the mass of the nuclides ’

K

would bec_gme a factor.
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TABLEVI /
NUCLIDE RATIOS OF DEPOSITED AND CIRCULATING ACTIVITY
Sample ”,C.qs‘-ia/Co " Fe '/Co-, : | Mns‘%/C_o v rs'l/.Co”ﬁ'0
- Baffle Plate 6.0 .0.08 | T 'o,éb - 1.3
711 4.5 o2 0.28 0.39 .

One mechanism Whllch couIld explam these observatmns could be an 1n1t1al rate-.
determmmg E. M F; reactmn foMowed by a rap1d homogeneous exchange reactlon
between the act__;ye_, and maotwe nuc_-lhd;es;:. :Figure 5 is a d1eg;fam,atlc_out1me of_

- this mechanism.. - | - |

| FIG, 5

’ 9
14

- POSSIBLE MECHANISM 'Fogg}AccUMiJLATION OF A;C~T1VifI§Y-“iN DEPOSITS

ACTIVE CRUD

59, | |
Fe, C 60

fi__JL__

HOMOGENEOUS EXCHANGE

25,



It will be assumgp’d the"majomty bt thé‘-~radi‘oactive iron, c‘obal@t', and

chromium is a-ssociated‘?"Witn insoluble material. Thesé elements (both active

\

and mactwe species) wou]ld etiter into solution re]lative to the1r E.:M,F, potentials

(MO MI* + ne). . Since 1ron xs“more noble than coba]lt and cobalt more noble
than chrommm, the rates w1th whlcn these elements would enter solution would
be-in. the order chromiumy> cobalt) iron. Once in so]lut1pn there would be rapld

exchange .between/ the adtlve and= inactwe nuclides. A "plating out™ could then

\

occur with the éxchanged nuclides Tne rates of thls reactlon would be in re-
_verse ordor to the dxssolutlou bltlp, l.e. iron) cobalt > cnronuum. With thgs

'mechamsm, an a'na]lysm shows the raté of accumu]lat«lon of chromlum in the

depOS1t is faster than cobalt, wmch in turn would be faster than iron. - .
Additional work 1s requ1red to accurate]ly estabhsh the relatlonshlp

between deposued and mrculatmg act1v1ty, and to defme the mechanism by wh1ch

- act1v1ty bullds up on the metal surfaces of the pr1mnry system. components.,

o
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‘IV.. APPENDIX
DECONTAMINATION SCHEME
' FOR CRUD SAMPLES

IRON

2 ml Crud solution
- 2 m] Standard Fe*** carrier (10 mgs/cc)

2 mll Non-Standard Co*t carrier
Add 1:2 NH40H

Fe(OH)3 Discard
. *_ |Dissolve with 9N HCl
Add Co**, Mn*¥ Carriers 4
_ |Extract 3 X with 1s6propy1 ether
. r V . ’: .
Aqueous Layer , Q,réa.ni.c;
: (D1scard) L SR Layer
| - . AddHy
I 1
_:',.Water Layer Ongamc

" Boil to'remove ether. . _ Layer.
Add-Co** Carrier = o . (Discard)
~Add excess NH40H :

., Discard- - Fe (0H)
, Repeat %rom star (*)

2 mo;re tlmes

F1lter through Whatman #42 paper
" Ignite;, mount on tared
disc, .we,.igh and co;‘mt‘
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N E . COBALT

2 ml Crud so]lutlon
.2 ml Standard Co carr1er (lp mgs/ml)
vAdd 6 N NaOH

. I . -~ l
Discard _ C?,d(OH_)z‘.=3
Dissolve in 3 N HNO reppt
with 6. N NaOH untﬂl ree of Cl
Add Fe:“""" Mn"“’" non- Standard
carriers
. ~.. | Add HN03 (cong) + 1 gm. KG}lO3
B Boﬂl -
. . Fe“"++ Cot+t - ‘ -Mn0y-. -
. o : - (discard) .

Fe(OH) L - ColNHg)y w

(Discard) : 4 :

. Neutrahze with dilute HNO ~
Add o~ mtroso=ﬁ=napfhol in .

| 50% acetic amd + water

| | .
Co 'Complex - Discard
Filter through Whatman #42 paper. '
Ignite, mount on tared disc, welgh
and count..
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MANGANESE

2 or 3 ml Crud Solution

5 ml 3N HC1
Boil ~
. .2.ml Standard Mn++ carrier (10 mgs/ml)‘.,
- Add 6N NaOH |
I
Mn(OH), | Digcard

Digsolve in 3N HNO,;
1eppt ~with® 6N Naﬁ)H
- until free of C17
*Add Co++ Fe"’++ Cr+++ Carrlers
Add HNO3 (conc) 1gm KCl05 -~ !

o :

MhO, o “

| Wash with hot dllute HINO3 ;'{
.Solution 3X~ '

| Reduce with HNO (NQNO + &11 HNO}S)
 Repeat from. SI’AR (*) _

‘Add 6N NaOH. . = |/

Mn(OH)2 ' "~ Discard -

D1ssolve in d11 HCl
Neutrahze With L¥ 2 NH4OH (Care)

Discard

R Mount_ on. tared d1sc,,
wexgh and. count
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CHROMIUM

-’_-2 ‘m]. Standard crttt carrier(10 mgs/m}) .
(1) Make basic and-add H O2
(2) Make acid and add Hza

1 |
: 4 : | . ‘2.0t 5 il Crud solution

EHeat to.60°C 2
Addl.sa.t'd_ solution Ba(NOg)y
..,Crf*=* BaS04
(dlscard)
Make basic with NaOH
Add 20 cc 30% HZO
| Boil gently to. remove
" excess HgOy
:l | - ' -
- Diséard P ‘ Ba Cr04
" o - i or_
) __CrQ4
Neutralize with dil. HNO,
. xl?ass 2 x slowly over cation
' resm, Ht cycle
' Adasabd Solution Ba(NO3)2
Make' slighﬁly ba"s‘ic '
BaCrOy ~ Discard
“ » Mount on. tared d1sc, weigh, and

_count
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