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Rendiation & Shielding Data for Pu-Al Components

Radiation intensities associated with the various Pu-Al fusl and target compo-

nente conasidercd o date far a Cmils pmﬂ“n'ﬂ-inn Program vary aecordine to Quan-
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tity and isotopic content of the Pu used, age of the Pu since separation, and
component design., This roport swmarizes the results of calculations made %o
determine expscted radiation intensitles, and includes associated shielding
data for use in evaluating future shielding requirements for billet prevaration
and tube extrusion facilities. Results arc shown in tabular form in Table I.
In addition, shielding information is presentsd graphiecally in attachments,
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TABLE T
i A T
_ Calculated Radistion Intemsity. mr(em)/he
Pu-Al Ccmponent Camma. Neutrong
L | 3 v e [ raeterd s ] v T 18 |
Casz T "
18¢ Pum Fucl Coro (single)t 3200 | 200 | 90 - i 30 ] 2 1
" Billetss 360 | 85 D — B 3] 2 | 3
0t on " Puhe | 1800 400 - 20 % 32 4;. c:.;
Casa IT
g m%" Fusl Core (single) 300 { 20 ( 10 — 8 { «1 | <1
o " Billot 140 9 5 — 8| <1 |
Tubs 100 25| - 5 Il e1] 21 {<l
g0 ITT B
53% mm Terget Core (oingle) 2100 | 135 | 40 — 200 1 15 7
o " E:l;gat 1000 651 30 o= 20 | 15 7
1500 ] 350 mr i 85 M_‘ 13 4 2
Casg IV T
13% Pﬁm Pusl Goro (oinglo) 500 { 30| 15 - 20 | 1.5 | <1
" Billet 225 15 7 - 20 | 1.5 | 21
R

# Radiation intonsities et 1' and 18" from double-core cazvings will bo = tarico
that of the oingle sorey frwa risers “~ 2/3 that of the vingle core: from surap eanu
= the enves us the single cors.

s The biliet redistion intensities are those from Uhe gor
shielding tronemission factor for the 0.5" Al cladding.

The basic guides ang ascvapbions used in the salewlations are as followa:

1. The Rmm and U237 doughtora of Pum condribute the majority of ¢he gamme
radiation.

2. Tho sunboy of curdes of Amm/gram Pum"l ic given by 4.28 x 10~% t(l), vhers
% = time in doys sines ceparation of tho Pu.

_aliliie->
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-.102¢, (1)
The muabor of curies of U237/gram Patt 55 glven by 4.7 % 1073 (3-0 y Y.

When ¢ime sinco separation is ¢ 14 years but > a fer wesks, the value of
k.7 = 103 @2y be used.

The yiolds or relstive intensitics wsed for the significant gemma enorgics
associatcd with ¢he decey of Febl wara:

2t 37 p 21
17 Kov 237 60 Kov 37 145 Kov o7
26 Kov 027 207 Kav = .2 (ah dol sc 20-3%
é0 Kov <37 33k Kov 025 of docays)

L5 Kov gemmas wore ceovasd to bo eoincidonmt vith 10°% of the Pa20 ond Pu??
deocays.

Nevtron incensitics wereo calewlated the Pum"o and Rmm CORLONDG .

The nem%ﬁn doge rato por wmit Fivx donsity wsed was 0.115 mrca/hr por noutron/
socfem\+),

The basic fer=xds R = 6 CE wow used in caleulating redietion invensitiss from
corag arnd bilicias, os rosulio coupercd fevorably with those obtalned by use of
moyy ceaplex formuing.

The basic formmla I = o (f1 + 02) vms uweed in caleulating intensitises froam
a
tubos antl double core casitings.

The basic foramla nfo_ was uvecd for deteraining Ky flux density.
LW

Gamma shielding wes calculsted by determining an effeciive transmission factor,
Bo"¥ for oll gewmn energies ecmitted by the source,

Neutron ghielding wvas ?@%emineﬂ by adapting the formula D (R, t} =

Ne bw r) % 2
£ —— Dy ( g"%‘ for hydrogenous meteriels and I = Jo e"’% LI

non=hydrogonous materials,

Solf obsorpilon of gesmas within the source was considared in core and billet
enlculations but neglected im tubs celculations (for energles > 26 Kev).

Veivon of v for determining gelf absorpiion in the Pu-Al cores were obtainecd
by zaltiplying the lincar sbsorpilon cd@ffi,c‘%ent, @, for the verious cnergics
in P by the % by volume of Pu im the coral3),

<l

Valuesz of w, e —, used for the verious gewmas in Pu wero:

26 Kev -~ 800 iLs Kov <« MO
L5 Hovr - 160 207 By = 22
80 Hev - 82 33k Kov - 7

S_—
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16. Isotoplc contonmt and guamtity of the P, ago since soparation, and dimensiens
of the various ccapononts asgvesd in calewiating radiotion intenaitics aro o
follom:
Icotople Comtent, Quantity,
nent Ags Sinec Ssparation Dimonoions
Gago I 16% Fusl Cores, 71 Pu239, 187 PP, Core - holley eylindar, 5.7% 0.D.,
Billots, Tubes 5% < T00g Pufcore, hob? T.D., 7.4" longih
billet or tubs - 2 yoors Billet - sowme as core, with 0.5%
ginco gaparation Al cladding
Tubs = 10' aetive longth
Case IXI &% Fusl Coras, 9% Pu239, B% Pum, Core & Blliet - came as cbove

Cage 1IT

Biliots, Tuboes

53% Target Cowres,
Billets, Tubog

1% Putl - 14355 Pufeors,
biliet or tubos - 1 ysar
sinee soparation

108 Pa39, 53% PurC,
15% pa2bl) 227 g,
1200g Pufeors, blllet or
tuko = 300 dayo gince
separavion

Tubs = 13° active longth

Core = hollow eylindor, 5.7"
0.De, L.b® I.D., 6,7"

lengih
Biliet - srmz a3 cora, vith
0.5" Al cladding

Taba = 13’ active length

13% Puel Coras, ang Pu?ﬁ, 13% Pum’c, Core & Billet -~ samz ss for

Billets 3% Publ - 700z Pufcora 18% fuel corss
or billet - 3100 days since and billets
separabion

A1l rediation and shielding ealculations made in obtaining the information presented
in the attachmanits are not included for the sake of brevity. However, eumples

of each typs caleulation are sheim balow and ropresent the metheds ussd for all

the waricus Pu-Al ccaponants.

240

Radistion Intensities from 8% Pu  Fuel Cores — Case IT

1. Isotoplc content - 91§ Pus) Py Donsity = 19 g/er
8 Py
12 R

2., Time since soparabion - 1 yoar
3, Amount of Pufcora - 435g Pu (= 400g Pu?3?)
L. Coro dimonsions - 53.7" 0.D.

L LM T T
obth Joila

7o &5‘" leng‘i‘,h B
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Projocted volvms = Projected Arcs (ea®) X moan frae path (MUFP)

= 7.4 (2.54) X 5.7 (2.5 X MFP

272 ea® X LFP

7. HFP = 1 = 1 _{100) = 1 (100) 3
© u X ¥ Yolvums in core uY 435 S 1240 e
19%%:3
= 1
u X 0.0182
8. Theraefore, projected voiume = 272 X 1
u X 0.0182
For 60 Kov fn 2t gewEpn 2
Projocted volume = 272 X 1 = 182 cm3
82 X 0.0182
Pu in projected volums = 182 e X g Pu/ad in core = 182 X 435 = 63z
12@
241 _
Pu in projected voluma = 63g X 1% = 0.63g

] 2.3 -
Curies 60 Kev Amp"‘”” in projected voluns

R 6 CE 6X .036 X .06 = 0.013

T 2
Lo28 X 10 7 ¢t X 60 Hov yiold X g Pu
1.28 X 10™% (365) X 0.37 X 0.63g

.036¢

13 wr/bhr @ 1!
6 mr/hr @ 18

210 mr/hr @ 3% (using inverse square)

(Contributions from other significant gemmss, 207 Kev, 330 Kev, etc. were

detormined in the seme manner as above.)

~h

For Pu“ neutron imtensity:

Ny emlpsion froa Pa20 = 1380 n/s@c/g(l)
1380 ¥ A28~ X 89 a’n..za?o\ = ) B Y 1n!5‘ aloon
SN dh 3 JJE 4 O Wi F Spodr O AW L) DN
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b6ﬂ
nfs = L.8X 10" = 4.1 nfssc/c © 30.5 a (1')
L ™ BB.A30-5)° = p 1% .115 = 47 = 0.5 sreafor @ L0

= 0.2 swea/hyr @ 187

o= Rmﬁmi‘nw@ﬂ“
b= o AL

Redistion Tntengities from 8% PuC Fusl Tubsg - Cose IT

1. Isotopic content and time sinece espmration come as for 8% fucl cores.

2, Activo tubs length - 1379,

3. Salf-ebsorpiion of cnorgies > 26 Koy and absorption by the 45 mil Al cladding
was neglected.

For 60 Kov AmZt gemma s

Curdes 60 Kov Ai/g Pa2 = 4,28 X 107 ¢ X 60 fov yicld
= 4,28 X 107 (365} % 0.37
= (.058¢

R = 6CE = 6X0,058% .06 = ,021 = 2 me/hr @ 1°/g Puek
1' of tube = L X 4358 = 33.5z2Pa = 33.5X 1% = 0.3hg Far

13
intensity © 1° from 1' length of tube = 21 mr/hr X 0.34g = 7.1 mr/hr
intengity @ 1° frem 13' twba = I = ¥o (05 + §»)
- __a. Wl V2
= 7.1 (arctam 6.5 4+ arctan 6.5)
1

= 7.1 (1.42 + 1.42 redione)
= 20 mr @l

@ 1 meter = 7.1 (1L.11 +1.11)

;

@
[; 5
i

ity

@3" = % {1.53 + 1.53)

(Congributions £rom other gowmag vere detormincd in sems monner as abova.)
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Gawen Trowssdsolon Foctors through Vardsvo Shiolding Modin - 167 Po0 Fucl Coros
Goee X

1. Praction of total g duo to Aot €0 Rev - 0,875
" " " n o on U237 207 Rev = 0,075
w t " n L1 330 Kov = 0,045

2. Lincor choorpiion coofficients, v, in veriovs matorials for tho cipnificent
EOEEAG QFQE

a m"l
A R FoGlase®  Inglte  Safoiy Glassth)
0 Kev  0.75 38 19.7 0.2 1,97
207 Kov 0,33 9 1.2 0.1 0.28
330 Kov = 0.28 3.3 0.8 0.12 0.16

@ demalty < 3.3 glad

& = 0@5" (2»_&2? @)

z . m B & B wEgfoctive B
€0 Bov  0.75 1.27 .95 L  0.387 0,387 0.338
207 Kev 0,33 1.27 A2 1 0.658  0.658 0.049
330 Kov 0,28 127 .36 1 0.70L 0,701 0.032

Transzdasion Foctor = 0,419

% obtained by multiplying Ba""¢ by the fraction of total gmmma due to
each cnergy

Sofety Glese (2.3 gfcd) - 0.25" (0.63 cu

v % u g“*) g B Effective Ba or

60 Xav 1.97 0.63 1.25 3 0.288 0.865 0.756
207 Kev 0.28 0.63 ©0.175 % 0.839  0.839 6.3 ¥ 1072

230 Bev 0,16 0.63 0,10 0.905 0.905  4.07 X 102
Trancmission Fastor = 0,850

(Trancmiszion factorz for other chielding msdia amd verying thiclmessss
vore detormined in come mommor ag obove. )
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Houtron Transuicelon Factors through Verious Shiolding Hediin

1. D(R, ¢) = W mrm? By (¥) @“’g?tm) arca/hr
L B2

Gy Y ew

there, D (B, ) = rodiation intomsity through a hydrogenous mon-aguoous shicld of &
thiclmoss @ R distanco, in o, from o soures

Be = scurco sirongth, n/see
P = Bty/0.111 en

/ - - 4
Pyty = donslty of hydrogon, gfem, 4

shicld thicknoss, ¢, in ea

&
;
:
:
E
£
g
g

L wR Py {r) = rediation intensity, mrem/br, through 15 pure hydroren shield
of thickness r aa, maltiplied by 4%

é‘ r = macrogcopic ramoval cross section, cm"l, for all elements
in the shicld other than hydrogen

Imcite = 2" (5,08 ca)
gf‘ = é’c Ql + g o] &2 P
Pe
there ge = mpacroscopic removal cross section, ca —~ for earbon

go =3 n L1 n n L} " Wg@n

Pe = Density of carbon, g/ca

Po = " " oxygen, g/ex

a8y, a8y = fractions by welght of carbon and oxygen in the
magterdal
P = density of shield material, gfem

i 9
= “}(5.5 X 10°2) 0.6 + (4.3 T 107 0.32J 1.2

= §.62 X 1072

PPN = ]
= U502 am
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P, = 0.09
tH = 5008
Bty = 0.486
r = 4,38

2 =,
LT Dy () = 7X1072
€e = 0.0562

£, ¢ = 0.285

oSt = o753

bw R Dy (5) 0" = 5,27 1 21072

LT By (¥) &~ L o 5,58 X 10} = tronemiseion factor through 27
—— lveite
0.115%

0,115 mren/he/o/ssc/ca vas ceablned im the valus Dy in the formula:
thorefore, a correeilon is nocessary, dividing by 0.115, to obiain the
corract transmission factor wvhonm applied to roadiation intencities proviously
calculated by wsing the 0.115 welus.

&
2, I = Jog™ T

Where I = radiation intonsitly through = non-hydrogensus shicld of ¢
thicinees

Jo = vunshiclded radiation intensity
&7 = total rarovel cross section for tho hield materdal, et
¢ = pghicld thicknoss, ca
Safety Glass - 1

é‘i‘ = .éﬂ-_ ay + ..féﬁ.az P
Pgi Po

Hhere £ = removal cross section divided by density for oilicon
P and oxygen

8y, 83 = fractions by waight of sllicon and oxygen in material
P density of materisl, g/ca’

]

r
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= 10 =

éq- = {(3 1 10°2) 0.47 + (4.5 X 1072) 0.53-] 2.3
= 3,8 X 1072 (2.3)

= 0.087L

o= T = g=(0.087% X 2.5L) o =0.222 . 0,801 = tranemicslon factor
through 1" gafety gless
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CALE I - Gomms Shielding Transmission Factors
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Figerae 2 CASE IT - Cawnre Shielding Tranemisslon Factors
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Figure 3

Transaission Factoyr
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CIASE III - Cumgme Shielding Transmission Factors
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CASE IV - Cawmz2 Shislding Trensmiseion Factors
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DPSP-63-1835

Noutron Shielding Tranemission
Factors For Cases I, II, ITI & IV
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