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~^ia8»iflea€ica" Autnor ia^O^j^s is^r ^ i ? ^ 

13is foHosTing iffifoK ĵsation i s siiiK^tted in rei^ponse to your ret^uest for an 
analysis of tai« indnc€^ rsHiioactivity in 8MP-50/SF(St e lectr ical machinery 
having s. h i ^ cobalt content. 

In&ueed ra&Lo&otivil:^ in 'U&s f l ight vieMsle ^idll contribute n@sligibly to 
aUcarsible radiatioa levels* d i s i s eeipecdally so due to the lo-j ayautron 
to gsiosa r a t io of euMnassd radiatica dfiBase tolmraaces to sea£lc<m£actar0. A 
calcul&ti<»i to estiK&te t ^ order of aa^situde of induced rsdio&cti-Jll^ in 
cob&lt i s a t t a c h ^ . Ta& calculatioax i s based on a best guess of t^e xi@ti&roii 
spaetneGi directly behijad a lithiUB hydride ^l iald. Tte spectral etiergy d i s -
tributitm. Table 1 a t tad i^^ i s bas«A on a 16 group IBH calculation vhich 
i s knam to giv«i poor rescuLts for deep sMeld pezMtrations. ISxs s^^mituSs 
of ths flux spsetnm i s sealod to a 10,000 hr integrated tlxss. ot 1 is. lO -̂̂  m^ 
above 17 Kev a t 5 f t frcm ^ « center of t ^ fdiielded reactor. This corrsspcnt^^ 
to 1 X 10^3 nvt abov« 17 Kev a t i!2 f t by inverse square of distance, a® 
resulting lo«r cobalt activity &A associated dose rate of about 1 s2:>/hr a t 
10 f t frcra a gsoerator or a antcn: i s insignificant. 

Al^iioug^ -^e abovs evaluation indicates insignificant levels of induced 
radioactivity, -^lis conclusion i s not asrplieobls to a ground t e s t . Iiieutron 
i^jderation and scattering fr<»i a containnant v e s ^ l and biological shield 
would greatJ^ pert;nE>b the neutron environoKat btiiind ^ae fl ight shield- Bc&t-
t e s t h@3^1ing of a l l coB^oasnts vithin 1 ^ vacuos t es t ^laaibsr v i l l uMoubtotily 
be a problett. Hoiii«v@r> a r ea l i s t i c evaluation^ a t an early date^ of the 
^i^?3ituds of handling Tfs<^1isim> i s not feasible and i s in fact b«^ond our 
present ^anpoHor and sethcds caj^bi l i t ies . A t^o diissnsiossl cdutron 
trmisport code i^SXi") ^ihioh irould be a useful tool for th i s analy/^s hss in 
recent evaluations been demcmstrat^ to give erroneous resull^. !£his problem 
^ t h H^ i s b@ing evaluated. Mide fn»t th® probleiBS of issldiods d^x'olop^Bt 
there are several factors which irould greatly affect the aasnitude of Induced 
radioact5.vity. Scsts ftutors of signifieaat iapsrtanc® are: 

X) the £^Gical l ^ o u t , S) the cooposi^oa of satwrials eoi^riains t ^ 
contaias^nt vessel and biological shield, and 3) structure rsquirtid to provide 

^'xroKKSiiS^ .jl̂ l̂£g 
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the thermal cbaractaristica of ftt>B««. « 4^ ,̂̂ , ^ 
2 ^ t i n ^ induced r a S S t l n ^ ^ ^ S c S ^ S S f f ^ ' f i^port^ce of 

t o 10-3 curiae per lb of « ^ t ^ S 4 S \ ^ % ' ' ^^^®^ '^^^ ^^ js-ovided 
i s provided. ^ ^ ^^®^ ^ ^ e ^ v a l ^ n t of a f l i ^ t shield 
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Cela&lation; Table 1 

Isutrcm Wlias. Qpectrus mA (^balt Activatiosa 
Cross i^ctiosm 

Gp 

1 
g 
3 
% 

5 
6 
? 
3 
9 

10 
11 
2£ 
3.3 
14 
15 
3£ 

^x&TSS" Bangs 

3 - 00 jfev 
1.4 -- 3 
0.9 - 1 .^ 
0.1^ - 0.9 
0 .1 " o.k 
17 - 100 Kev 
3 - 17 
0.55 - 3 
100 - 550 m 
3 0 - 1 0 0 
1 0 - 3 0 
3 - 1 0 
1 - 3 
0 .4 - 1 
0 .1 - Q.k 
'Bssimal (0.025 ^) 

»v/gP 
(s«it^!rons/c^-«reic ) 

k X 10^ 
6 
2 
3 
2 
S 
1 
1 
1 ^ 
7 s 105 
5 
k 
2 
1 1̂  
6 X 10^ 
I x 10* 

^ r 
(bBJRD®) 

1.0 X .10-2 
0.5 
0.5 
0.5 
0.8 
1.0 
fe.o 
1.0 4-
38 r 10° 
0.7 
1.3 
8 .3 
k,o 
6.7 
11.8 
33.5 -^ 

nv s <r 

0.4 a lo5 
0.3 
0.1 
0.15 
0.16 
o.a 
O.ij 
0.1 

380. 
J1..9 
6.5 
9.S 
8 .0 
6.7 
7.1 

ITS?" 

Co*̂ ^ activity foUofiring 10,000 !irs of irradiaMc®: 

. N, htr cr O - e T * ^ 

>-6 » 1-6 X 10"^ ejri©8/®s of cobalt 

a 8 K 10"^ e u i l ^ l b of c€»balt 

No rur cr A T 

59 36 3-7 at 1 0 ^ 

^ • 3 3K 365 XSlfr 
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•Tjsfe 

!Sid foUosring inforai&tion i s suiaiitted in rei^oase to your 3req]i£sst for ssi 
enalarsis o£ ^m induced rsdic&ctivity in SMP-fO/SBtSl e lee t r iee l zsachinery 
having a h i ^ cobalt ccattast. 

Induced rsdioaetivity in Hi® f l ight v^iicle ^ U ccmtribute negligibly to 
allGwable radiaticm levels . !IM6 i s eflg^eieUsr so due to the lo»^ neutron 
to ^xem, r a t io of ezuvssssS. radi&ti«at daasjgs toLsr&nces to soaiccaaductors. A 
calculation to es t i j^ te t^e order of iBs^iitude of induced r@dio&ativii^ in 
cobalt i s at tsdied. fhe e^culat ion i s based ca. & best guess of the neutron 
spBie^snm directly behind a. M-Qiitas i^drlde shield. "Sas spectral ene r^ d i s ­
tribution, S@ble 1 ett&died, i s based on a l5 gro^p IBH calcid&tion ^ i d i 
i s knotm to give 3poar resul ts f<»r deep shield pezMttrations. ISxef sm^iXt\3S& 
o£ the flux tsffSistsxm i s sc&lM to a 10,000 hr integrated fltoc of 7 x 10^^ nvt 
ebove 17 iOev a t 5 f t frosa the center of the shieMed reactor. 1M.s corresponds 
to 1 s iG^ nvt above 17 Kev a t ^ f t 1:9* inverse square of distance, ^ e 
resulting 2xf» cobalt activity uod associated dose rate of about 1 a^/hr a t 
10 f t frcss a ^^osrator or a aotor i s insigaifieant. 

Althouj^ tSie above evaltmticKi indicates ineigQifieant levels of induced 
radioactivil^, t h i s concluaion i s stot asplieabls to a ground t e s t . Heut^on 
ffioderati(m and sc&ttoring f^oia a containBsnt vessel and biological shield 
tfould sfft^tiy perturb the neutron environsnot b^iind the fl ight ^lield. Post-
t e s t hex^JLing of a l l eonponents vi thin tbe vaeuna t e s t diaBS>cr v i l l undot^btedly 
be a probless. Eoensvor, a xeal is t ie evaluation, a t an early 6&ix, of the 
aiagnitude of hsodliag probless i s not ftsa^ble and i s in fact bt^cmd our 
present @a&pc»er maOi sssthods capabil i t ies. A t^o diB»nei<«ial neutron 
traai^K>rt cods (WS) lAtiet vould be a useful tool for th i s analysis has in 
recent evalusticms b^ai demonstrated to give erroneous resul t s . ^&is problaa 
^ t h B̂!C i s l%iK« evaluated. Aside tscm tiie problsss of ise^ods d@v©l<̂p@@3it 
metre are sev@rskl factors ^hidi trould gsest]^ affect the smgoitt^Le of iMuced 
radioactivity. Bam faebors of sigoifleant isig^ortaiiee are: 

1) the pS^sical Ij^oat, 2) t t o cce^osOMxxi of B»3.terials comprising tha 
contaiiBffi@nt vessel and biological shield, as& 3) structure required to provide 
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the thexssal characteriaties of ŝ p&ce. Hotvithsi^mtding the ii^>ortsnce of 
lisaiting indu<^& radioactivity, other ooosiderations such as econasgr, 
<K>oling and vacuus re^£iireaB»its v i U largely dictate t^e f inal f s c i l i l ^ 
d!&8iga. 

In ^mmxy, an activation analysis involves tiie overall f ac i l i tv dssiga 
QS& \!iXl not be reaSi]^ x<es^vi^. fas a 10, (XK) hr . t e s t the Co°^ activi l^ 
ffisy range frcm KX) curies per lb of cobalt tdzera no ai^elding i s prorMs& 
t o 10*'3 curicnQ per lb of ccajalt uhere the e ^ v a l e n t of a f l i ^ t i^iield 
i s provided. 

" J . jR.' iaaiolen 
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Caleulaticm: !EBbljs 1 

Seru^ca "fflxx Spectrui and Cobalt Activation 
Cross Iteetiasm 

(^ . 

1 
g 
3 
fe 
5 
6 
7 
8 
9 

10 
n 
32 
33 
1% 
15 
16 

Soer^ Sangs 

3 - 00 Ifev 
l,k - 3 
0.9 - 1.^ 
0.4 - 0.9 
0,1 - O.k 
17 - 100 Kev 
3 - 17 
0.55 - 3 
100 - 550 ev 
30 - IXX) 
10 - 30 
3 - 1 0 
1 - 3 
o.k - 1 
0.1 - Q.k 
'Saemeil ( 0 . ( ^ ev) 

Wsp 
(neutsrans/ci^-sec ) 

k xl£^ 
6 
s 
3 
2 
2 
1 
1 
1 NT 

7 x l 0 5 
5 
k 
2 
3- \ 
6 x l C ^ 
1 x 1 0 * 

^ r 
(baxns) 

1.0 X 10-2 
0.5 
0.5 
0.5 
0.8 
1.0 
h.o 
1.0 A^ 
38 s i p " 
0.7 
1-3 
2.3 
)».o 
6.7 
11.8 
33.5 ^ 

nv X <r 

0.4 s lo5 
0.3 
0.1 
0.15 
0.16 
0.2 
O.k 
0.1 

^ . 
h.9 
6.5 
9.2 
8.0 
6.7 
7a 
3-4 ^ 

4 ^ . a ld5 • 

C^^ activi ty foUoifiBg 10,000 !xr8 of irradiat ion: 

. No hir <r ( i -£•" ) 

0.<S£?2 X 4,2.8/(./C 

* "59 g 3*? X lgS^~" 

59 X 3-7 X "I^ 

0 . 6 ^ 3 X / ^ 

5.3 X 365 X 24 

s 1.8 X 10" c u r i e s / ^ csf cobalt 

8 X 10"* csajEles/l]} of ecbalt 
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!}ose ra te a t 10 f t per lb of irreu&iated cobalt - an overestiss^te 
\fy negleetisig self ebsorpiticax "tiy the source: 

D (10 f t ) « ~ | r ~ 

- 6 X 6 X lO'^ (1.17 i- 1'33) 

» 1.2 X 10'* r/hr -ffsr lb ed? cobalt 

Qoi» rate Sraa 115 His c^ WP^ (27 vt ̂  cobalt) in one generator: 

l> (generator) s 1.2 x 10'^ x 115 x 0.27 

« 4 X 10"3 r/hr at 10 ft 

ttoae rate txcm 9 lbs GS BXVCO 10 (73.5 vt $( cobalt) in one rotor: 

D (rotor) « 1.2 x 10'^ x 9 x 0.74 

« 0.8 X 10*3 y/j„, at 10 ft 

« i ^ 




