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The following informetion is submitted in response to your reguest for an
analysis of the induced radioactivity in SHAP-50/SPUR elecirical machinery
having s high cobalt content.

Induced radicactivity in the flight vehiels will contribute regligibly to
ellowzble radistion levels. This is sgpeclally go due to the low nautron

t0 gesma Tatio of asowmsd radistion demage talerances to semiconductors. 4
caelculation to estimate the order of magnitude of induced radioactivity in
cobelt is sttached. The calculation is based on a best guessg of the neutron
spectryum directly behind e lithium hydride shield. The spectral energy Gis-
tribution, Tsble L attached, is based om a 16 group DSN calculation which

is knem %o give poor resulte for deep shield penetrations. The megnitude

of the flux spectrum is scaled to a 10,000 hr integrated flux of 7 x 103 nvi
above 17 Kev at 5 £t from the center of the shielded reactor. This corresponds
to 1 x 1013 nvt above 17 Kev at 42 £% by inverse square of distance. The
resulting low cobalt activity and associated dcss rate of sbout 1 mr/hr ot

10 £t from o generstor or s motor is insignificant.

Although the abovg evelustion indicates insignificant levels of infduced
raficsctivity, this conclusion is not applicable to a ground test. HNeutron
moderation and gcattering from a contaioment veesel and biological sghicid
would greatly perturb ithe neutron enviromment behind the flight shield. Post-
teat hondling of all components within the vacums test chamber will undoubtedly
be a provlem. However, & realistic evalustion, at an eerly date, of the
magnitude of handling problems is not foasible and is in fact dsyomd cur
preaent nacpower and mothods capabiiities. A two dimensionsl nsutron
trangport code (TDC) which would be a useful tool for this analysis has in
recent evaluations been demonstrated to give erroneous results. This prodblem
wvith TC ie being evaluated, Aside from the problems of methods development
there zre several fectors which would greetly affect the magnitude of induced
radioactivity. Scme factors of sigaificant importance are:

1) the phyefcal lsyout, 2) the composition of materials comprising the
contasinment vessel and biological shield, arnd 3) structure reguircéd to provide
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the themmal cheracteristics of space. Notwithstanding the imporsance of
Lixmiting induced radloactivity, other considerations such as econ s
e0oling and vecwm requirements will largely dictate the finel Peeiliiy

In sumesry, an activation enalysis involves the overasll facilit azaigzn
and will not be readily resolved. For a 10,000 hr. tess the Cof activity
ey range from 100 curies per 1b of cobalt where no ghielding is providea
to 1073 curiss per Ib of cobalt where the equivalent of a £light shield
i3 provided.

Jd. R. Smolen
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mB: 3. W. Halton
Calenigtion: Table 1
Heubron ¥lux Spectrum and Cobalt Activation
Croma Sections
-
ov/ep b,y
.$p_  Boergy Range {oeutrons/caP-sec) {verns)
1 3 . 00 Mev b x 108 1.0 x 1072
P 1.h .3 3 0.5
3 0.9 - 1.k 2 0.5
i 0.k - 0.9 3 0.5
g 0.1 - O.b 2 0.8
& 17 - 100 Xev 2 1.0
7 3 - 17 1 k.0
R 0.55 - 3 i 1.0 W
9 100 - 550 ev 1 v 38 z 10°
10 30 - 100 7 x 105 0.7
11 10 - 30 5 1.3
12 3 - 3.0 h 213
13 i-3 2 4.0
1k 0.5 -1 i Y 6.7
15 0.1 - 0.% 6 x 0% 11.8
5 Trermal (0.025 ev) 1 x 10t 33.5 ¥

o0 activity Pollowing 10,000 hvs of irredistion:
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59 x 3.7 x 04© - 59 x 3.7 x 1040
0.602 X 4.2.8”07 0.6%3 x /o¢
= 3.7 % 5.3 x 365 x 2%
= 1.8z100 aries/gr of cobalt
= 83107 curies/Ib of cobalt
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Doss rate at 10 £% pezr 1b of irraediated cobalt -~ an overestimabte
by meglecting self absorption by the sowrce:

D (10 £¢) :ﬁﬁzﬁ.

6x8x 10 (1.17 + 1.33)
102

o

= 1.2 x 10~ r/ur por W of cobalt
Pose rate from 115 lbs of Hypexro (27 wt % cobalt) in one generctor:

D {gomerator) = 1.2x10°‘*xn5xo.a7
= 4 x 3073 r/x at 20 £

Dose rate from 9 l1bs of NIVCO 10 (73.5 wt % cobalt) in one rotor:

D (rotor) = 1.2 x 10"‘* X 9x0.Th
= 0.8 x 10°3 r/hr at 10 £t
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The following informetion is submitied in response to your request for an
analysis of the induced radioactivity in SNAP-50/SPUR electrical machinsry
having a high cobait content.

Induced redioactivity in the flight vehicle will contribute negligibly to
allowabie radiation levels. This is especielly so due to the low nsutren

to gamma ratic of ascumed radiation deumegs tolerances to semiconduciors. A
calculation to e¢atimsts the order of magnitude of induced radiocectivity in
cobelt is abteched. The calculation is based om 2 best guess of the neutron
spectrvm directly behind a Jithiuwm hydride shield. The speciral energy dis-
tribution, Teble 1 ettaoched, is based oo a 15 group DSN celculetion which

is knom to give poor results for deecp ghield penetrations. The magnits

of the flux spectrum is scaled to a 10,000 hr integrated flux of 7 x 10 avt
ebove 17 Kev at § £% from the center of the ghielded reactor. This corresponds
to 1 x 1043 nvt sbove 17 Kev at 42 £% by inverse sguare of distance. The
resulting lov cobalt activity and associgted dose rate of sbout 1 mr/hr ad
10 £t frcn a gererator or a motor 1s insignificant.

Although the above evaluation indicates insignificant levels of induced
radioactivity, this conclusion is not applicable to & grouvd test. Neutron
nodsration and scattoring from a conteimment vessal and biological shicld
would greatly perturt the noutron environmsnt behind the flight shield. Post-
test hardling of all componsnts within the vacumm test chamber will undoubtodly
be & problem. However, e realistic evaluetion, at sn early date, of the
magnitude of hendling prcblems ig not feasible and is in fact beyond our
present medpower suf methods capabilities. A two dimensional neutron
transport code {TDC) which would be a ugeful tool for this annlysis hes iuv
recent evalustions been demonstrated %o give erronscus results. This problem
vith TOC is being evaluated. Aside from the problems of methods development
there are several fectors which would greatly affect the magnitude of induced
radioactivity. Bamme factors of significant importance are:

1) the physical lsyout, 2) the composition of materials comprising the
contaimment vessel and biological shield, and 3) structure requireé to provide
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the thermal characteristics of spoce. Notwithstanding the imporiance of
liniting induced radiocactivity, other congideretions such a5 economy,
cooling and vacuumm requirements will largely dictats the finval fecility
design.

In summary, an activation analysis involves the overall facility design
and will not be readily vesolved. For a 10,000 hr. test the Co®V activity
may rapge fram 100 curles per 1lb of cobalt where no shielding is provided
to 1073 curies per 1b of cobalt uhere the eguivalent of a flight shield
is provided.

A el

J. R. Bmolen

JR8:5h



* CHIM-5326, Suppl 1

Po: J. W. Walton Novewber 15, 1963
Calculation: Tedle 1
Neubron Fiux Spoctrum and Cobalt Activabtion
Cross Ssctions
nv/gp Oy
Gp__ Energy Range {neutrous/caf-sec) (barns ) nx o
i 3 - 00 Mev % x 106 1.0 x 10-2 0.4 x 303
2 ik -3 6 0.5 0.3
3 0¢9 - 10“' 2 095 G'i
B o.h - 0.9 3 0.5 G.15
5 0.1 - 0.8 2 c.8 0.16
T 3-1 1 k.0 0.k
8 OOSS lad 3 1 1.0 W 0.1
9 100 - 550 ev 1 v 38 x 10° 380.
10 30 - 100 7 x 109 0.7 k.9
1 10 - 30 5 1.3 6.5
32 3 - lo k 2‘3 902
13 i-3 2 k.0 £.0
1 0.4 - 1 1 v 6.7 6.7
;.g 0.1 - o.? ) 6 x ig:: une | 7.%
Thersal (0.025 ev 1x 33.5 ~ 3. v
R x g
o0 activity Poliowing 10,000 hrs of irradistion:
A n N v o (‘:e-rr) ~ No - 0 AT
39 x§.7 x IOV - 59 x 3.7% 1610
0.602 X 4‘.28Mo7 x O.653 X /o'%
- x3.0x 5.3 x 365 x 2%
= 1.82200  curtes/gm of cobsit
= 81x10°% cucies/1b of ecbalt
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Dose rate &t 10 £t xer 1b of irraiiated cobali - ap overestimate
by neglecting self abgorption by the source:

D (20 £5) = %E.
. 6x8x107* (1.17 + 1.33)

102

= 1.2 x 107% r/or por ib of cobalt
Dose rate from 115 lbs of Hypero (27 wt % cobalt) in one gsnevetor:

D (gemerator) = 1.2 x 10°* x 115 x 0.27
= b x10°3 rfbr at 10 £

Dose rate from 9 Yos of NIVCO 10 (73.5 wt % cobalt) in one rotor:

D (roter) = 1.2 x 10'1’ x9x0.Th
= 0.8 x 10°3 r/hr =t 10 £t

<b-





