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Previous nnalyaesl‘have examin®d d limited mmder of the ternatives
avallsble for depigning an IMFER spent-fuel shipping cask (SFSC) using a
non-volatile neutron shileld; i.e,, & neutron shield which will not be lost
in on sccident iovolving a fire.* The present study extends the scope of
these hypotheticel designsc to include-combinations of volatile and non-
volatile meutron shield materials,

The motivation behind the use of a pon-voletile neutron shield in o
SFSC is reedily apparent and includes conaideraticns of .safety, maintenance,
end posteccident recommispioning of the cask. On the other hand, the
argument against use of such a shield is primarily economic. For example,
one can guickly see the effect on the cost of & cask radiation shield
restlting from the nuhntitu'tiun of water for any of the neutron shieclds
discussed, in ref, 1. Thus, although a vnrlety of non-volatile shields have
been enusidered for use 1n casks in the past, the SFSC's which reach the -
].‘Lcensina stage generally use & volatile neutron shield,#*
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‘f This work auppurted by the U.S. ‘Energy Researeh and Dev'elvment . o
Administration..

Le At the terperstures of concern--1475°F ﬁre for 30 nd.n.

.. %k The Tramsmclear TH-8 exd TN-§ cesks3 use & resin neutron shield which
_'hay not be totally lost except in extreze d.rc\mstaneeu or aver :Lud.ted
- - areas of the mk surface., )
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Postaceident radiation limits permdt casks tco incorporate volstile mzutron

shields. In extant LWR SFSC designs, which assume chipment of non-recycled

: U-fueled reactor spent fuel, the lose of the qeutmn shield can be tolerated

within the regulat_ofy’ 1imits without requiring the gemma xsys to be over-
shield=d in mormol operation. However, this does not appear to be the case
for rixed-cxide IMFER spent. fuel. The newtron source strength after 180
days cooling for an LMFER spent-fuel ecsembly, as represented by fuel
proposed for the Cliuch River ﬁrgeder Reactor (CRER), is roughly the same
as that for a U-fueled PWR spent-fuel assembly after 150 days ecoling, On
the other hahd, the geamme-ray source strength in the CRBR spent-fuel
agsexbly 18 abiout one-third that. of the LWR spent-fuel assembly. The fact
that the active core height of the IMFBR assembly 18 roughly one-third that

of the LWR escembly means that at the worst-case poa’ition--i-adiauy outward °

from the center of the core-~the IMFER spent-fuel peutron source 1s about
three times larger c'ompared with its concomdiant gamme-ray source, than
the IWR spent fuel neubron source compared with its gamme source. Thus,

if a shield is roughly in balance-~ncutron and gemma dose rates approximately

eounl cn the outside of the shield-~there must be more neutron-shield
materisl compared with gemma-shield melerisl for an IMFBR SFSC than for an
IWR SFSC. This, in twrn, means that if an IMFBR SFSC fncorporating a
‘balanced- shield design loses its neutron shield, the postaccident external
neutron dose rate mey exceed the reguletory limit. *

This result is indicated in Table I, Hypothetical LMFBR SFSC's using
wvoter as a meutron shield and Pb (Column 2) or depleted U (Column 3) as a
gamna shield, are compared with the NLI 10/2%4 LWR SFSC, which uses water
and Po as chieldirg meterlals.” The exterlor dose rates of all three
deslgns are reasonsbly balanced in their respecﬂve preaccident conditions,.*
Iuo the postaccident state, the NII cask meets the dose rate restrictions;
rowever, "both;f.he IMFBR casks have postaccident neutron dose rates in excess
of the reguletory standard., The U-shielded design provides considersbly

better postaccident shielding than the Fo-shielded design, All results include
- the effect of finite source geowetry. ’ -

¥ Ground scatter erfects, which iperease the neutron contribvutlon more than
the L Eanma conhibution, are neglected in the table, .
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To meet the pustaccident erlterion v;lt.hout msa]y overahielding the
primary geamms rays, while keep‘lng thé totel cask cost as low as possible,
and vhille using cu.'r:rent techmlogy for construl:tion, 'y hybrm design :
im:orporuting both yolstile (water) and non-volatile (BL,L.) Heutron shield R
layers nnd a depletea U gama ahield, bas been considered. The-cost” of a
. design of thia type should fail betueen those of ‘the a]J.-thl and'all-water :
i designs, It offers the 3dvnntage Qf neet:.na the ‘dose-rate ]J.nd.ts with a . 7
‘balunced shield while ma‘kiug maximum, use of inexpensive ahielding mnterj.al.
Th; results of anslysis. of.a conceptual design of this me 1a mdicated
.An colum 4 of Teble I. In thie case, the 5-cu Asger of B;,C remaining
after loss of the Hnter, in conjunction vith the U gamma shield, ‘reduces
the' poftaccident neutron dose rate to en acceptuble 1imdt. Ru‘thermore,
the added weight and cost of the Bc layer 18 partislly offset Ly a reduction
in the thickness of the ge:ma shield, althngh the overnll shield thickness
and cost hnve béen :lm:reaeed to achieve’ this a.dvantage. Additional cask:
shielding cnncepts which will meet the regulatory requirements ere also
und.er consideration. . N
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Table I. calculnted Pre= and Post-Accid.ent ‘Dose Raten Exteml to Renctor Spent-ruel .
8hipping Casks

Source o 150-Day Cooled 180~Day Cocled CEER'Spent Fuel .
: LWR Spent Fuel ) .
, Cagk ’ WLI lofak® -1 Bingle-Layer Two-Layer Neutren -
. Heutron Shield? Shieldd .
Gapma Ray Shield 3 . o
Material Lead . Lead | Depleted U Depleted U
Thickness (em)® 15.24 15.0 9.0 . 7.0,
Neutron Shield ‘ : ‘
Material R Watexr o Watexr Water B,C + Water
Thi.ckness (cm)c . 22.86 21.0 19.0 5.0 19.0
Preaccident External v )
. Doge Rates (mrem/hr)® .
-~ ~ Neutron o 0.4 1.3 3.8 1.3
g Gemme Ray® L.75 2.9 26 | 3.8
Total ¢ 5.19 k.2 6.4 5.1
Postaceldent External Y ‘ S
Dose Rates (mrem/hr)& . ) . .
© .Neutron " 529 2200 | - 1390 . 629
" Gaxza Rey 25 L 2 A8
Totol 554 2215 1399 6h7
. ® Values sre taken from ref, b, Cask payload is 10 FWR or 2k BWR spent fuel aubassezblies.

Oround scatter effects have been neglected.

® These are hypothetical casks drnigned to carry a pay:l.ond. ot 9 wornt-caue CRBR gpgnt fuel
au‘nnsnembuea. The dgugns are not optimized for minimm coat or welght,

Veluen reprenent radial thicknesses at mid-point of active core materisl, ‘

th is trented s commereinl-grade powder hot-pressed in a Cu matrix. The BiC 15 sssumed
to be loeded in the metrix to 75% of theoretical density. :

Values are.at a polint 6 £t from accessible surface of cask in mid-plane of active core
material. The maximum pemisni'ble velue 18 10 mrem/hv,2 | '

f Values 1nc1ude secondary gamza raw. i

g Values are at & point 3 i‘t from accessible surface of caak in mid-plane of act:l.ve core naterlll. . b
It is assuned that & fire hes volded the volatile neutron shield lavex, Remylafawr TAudf Lo % wwn fresm
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Previous an&lysesl bave exacmimed 8 imited nﬁher: of the alterna.tiven
b a.va.u.able for designing an IMFER epent-fuel shipping cask (SESC) using &
. . nnn-vol.atile neutron shield; i.e., & néutron shield which will not be lost
‘ 4in an accident 1nvo1ving e fire,* The present study. e.xte.nds the scope of
these hypothetical desig'na to include combinations of vo].atile and non-~
‘ © ..~ volstile neutron shield materia.ls. . . :
‘ : © The motivstion behind the use of & nnn-volat:lle neutron shield in a
BFSC 48 readily spperent and includes considerstiqns of safety, maintenance,
&and posteccident recommissiontiig of the cask. On the other hand, the
argument egainst use of such'a nhield is primarily economic. For example,
_ene can quicklv pee the eﬁ’ect on the cost of a cask radiation shield
. res(:lting rz-om the substitution of vster for any of the neutron shields
. ) discussed in ref, 1. Thus, uthnugh e variety of ‘non-volstile shields have
- be considered for use in casks in the pest, the SFSC's which reach the -
.. ‘Jieensing stege senermy use a volstile neutron shield,#*

¥ nie vork supported by the U.S. merg Research and Developmeut
Administration, .

. % At the températures of eom:eru--llﬂs"r ﬂm for 30 wtn,?

-#% The Transpuclesr TH-8 and TN-9 césksd use a resin meutron shield which :

. may not_be totally lost except 1n extreme drc\mtam:es or over ].u::l.ted
- lrea: of the cask aurface.




‘ Postaccident rediation :Limitsl"’ ‘permit casks to incorporate voletile neutzon .
shields...In actant VR SFSC designs, which essume shipment of non-recycled ’ )
U-fueled reactor spent, fuel, the 1088 of the neutron shield canbe tolerated  , .
" within the regulstory limits without réquiring the gamma rays to be over- s

shialded in norma.l operation. However, this does not appenr to be the case X
for nﬂxed-o:drle IMFER epent fuel. The meutron source strength after ‘180 o N
days coo].ing for en IMFER spent-fuel assembly, &8 represented by fuel - . -
proposed for the Clinch River Breeder Reactor (CRER), is roughly the seme R
as thet for a U~fueled PWR spent-fuel assembly after 150 days cooling. On

the other hand, the gams-ray source strength in the CRBR spent-fuel

essenbly is sbout one-third that of the LWR spent~fuel assembly. The fact

that the active core height of the LM‘E'BR assembly 36 roughly one-third that

of the IVR assewbly means that at the. worst-case position--redielly outward

from the. center of the core--the LMFBR sﬁent-.’mel neutron source is ebout

three ﬁmes larger compare'rl with its concomitant gamme~-ray source, than

the IMR spent fuel neutron source cempered with its gemme source, Thus, R
if & shleld is rougkly in balence--neutron and gamma dose rates approximately
equal on the uutsiﬁé of the shileld-~there must be more neutron-shield ‘
material compered with gamma-shield materisl for an IMFBR SFSC than for an

IWR SFSC. This, in turn, meens that 4f an IMFBR SFSC incorporating a.‘
balar~=d-shield design loses its neutron shield, the postaccident externel
neutron dose rate may exceed the reguletory limit.

This result is indicated in Teble I. Hypotheticil I.MFBR SFsc‘s using
vater as & neutron shield.end Fb (Coiunm 2) or depleted U (Column 3) as &
gamma shield, are compared with the NLT 10/24 IWR SFSC, which uses water
end Pb es shielding materlals.s The exterior dose rates of all three
desigﬁs are reasona‘bljr balanced in their respective prea{ccident conditions,*
In the postaceident stete, the NLT cask meets the dose rate restrictions;
however, both the DFBR casks have postaccident neutron dose retes in excess

* of the zegulatury standard, The U-shielded design provid.es ‘considerably
'better postsccident shielding than the Pb-shielded d.esi@. A1l results include
- the effect of rinite source geometry.

* Ground seatter e.ffects, Hhich .’mcrease the neutron contri'bution more than L
. the gemmn contrlbution, are neglected in the ta‘ble. . . o
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# .+7 . fTomeet the postaccident criterion without grosnly unnhielding the
’ . primary gamma rays, while keeping the totel cask cost-es 1ow as possible,
: and while wsing current technology Tor’ conntruction, [ bybrid. dezign
1’ B 1ncorpontiug both volatile (water) and non-volstile (th) neutron shield
. leyerg and a depl;sted U gemma ahield, bes been considered, The cost of a
deaign of this tyi:e should fall -between thoese of the n].‘l.-Bucl and’all-water
-designs, Tt offers the advantage of meeting the dose-rate limits with &
» - balanced shleld wvhile mek:lng maximum use of 1nex_nensive shielding material,
N The results of analysis of & conceptusal design of thip type 1s indicated
in column 4 of Tsble I, Io thia case, the 5-cm layer of B),C rémaining
efter loss of the water, in con;lnnction with the U gamma .shield, reduces
‘the postaccident aeutron dose rnte to en ncceptable Umit, Furthermore,
the added weight and cost of the Buc ‘layer 1s partially offset by e reduction
in the thicknéss of the gamma ahicld;' olthough the overall shield thickness
. - ‘enadcost have been incressed to achieve iils advantege. Additional cask
: shielding eom:epts Hhich H;L]J. meet the regulatory requirements are also
under consideration,

L
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' Tehle I, Cslculetéd Pre- and Fost-Aceident Dose Rates External, to Reactor Spent=Fuel

Shipping Caska . - R
- Source ’ 150-Day Cooled 1680-Day Cooled CRER Spent Fuel ©t
. LWR Spent Fuel
Cask NLI 1o0/248 single-Layer Two-Layer Neutron
Neutron Shield? Shield
utron bh

Gemma Ray- Shield '

Material ¢ Tead Lead Depleted U Depletecd U

Thickness (cm) 15.24 . 15.0 9.0 i 7.0
Neutron Shisld a

Material Water Water Water B, C” + Water

Thi.ckness (cm)® ' 22,06 21.0 19.0 5.0 19,0
Preaccident Exte’male
Dose Retes (mrem/hr)

Neutron ) 0.4 1.3 3.8 1.3

Gamna Rey* b5 2.9 2.6 3.8

Total 5,19 4,2 6.4 5.1
Fostaccident Externsl e . R . : P
Doae Retes (mrem/hx)& . o : i . .

Neutron . 529 22C0 1390 629

Gamma Ray 25 15 9 18

Total 554 2215 1399 su7

® Volues are taken from ref. L, Cask payloed 1a 10 PWR or 24 BWR spent fuel subassemblies,
Ground scetter effects have been neglected. . '

\"Theae are lymothetical casks designed to carry a payload of 9 worat=case CRER spent fuel
subassemblies, The designs are rot optimized for minimum cost or weight.

¢ yalues represent radial thiecknesses at mid-point of active core material,

4 ByC 18 *treeted as commercial-grade powder hot-pressed in & Cu matrix. The ByC 18 aesumed
to be loaded in the matrix to 75% of theoretical density.

® Values are.-at a polnt 6 ft from accennible surface of cosk in mid-plene of active core
msterial, The meximum permissible value 18 10 nu-em/'m-.2
-t Values include Becondary gamme rays.

8 yalues are at & point 3 £t .from accessible surface of cask in mid-plene of active core materisl, b
.1t 1a sonumed thet a fire.hes volded tha volatile neutron miietd Tewam  Dapd wdmme A 4o e Pae



