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SADIATIOll SHIELD DESIGN FOR IWFBR 
Sffifll-FUEL SEIPHDKI CASKŜ  

S. A. Dupree 

Previous analyses have ezaB£neu"al3.mlted number of the al ternatives 
available for designing an U-ffER spent-fuel shipping cask (SFSC) using a 
non-volati le neutron shield; i . e . , a neutron shie ld vhich w i l l not be l o s t 
In en accident involving a f i r e . * The present study extends the scope of 
these hypothetical designs t o include-combinations of v o l a t i l e and non
v o l a t i l e neutron shie ld,materials . 

The motivation behind the use of a non-volat i le neutron sh ie ld i n a 
SFSC i s readi ly apparent and includes considerations of safety , maintenance, 
and postaccident recosmisBioning of the cask. On the other hand, the 
argument against use of such a sh ie ld id primarily econoelc. For example, 
one can quickly see the e f f ec t on the cost of a cask radiation sh ie ld 
result ing from the Bubetitution of vater for any of the neutron shie lds 
discussed, i n ref , 1 . Thus, although a variety of non-volat i le shields have 
bees considered for use i s casks i n the pas t , the SFSC's which reach the 
l icens ing stage generally use a v o l a t i l e neutron sh ie ld .** 

•f'Tbls -work supported by the U.S. 'Energy Research and Development 
Administration.. 

* At the temperatures of concern~l 1t75°y f i r e for 30 min. 
** The Transnuclear TH-8 and TJT-9 caska^ use a res in neutron sh ie ld which 

• nay not be t o t a l l y l o s t except i n extreme circumstances or over l imited 
- ' areas of the cask surface. 
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n 
Poataccldeat radiation Hol ts permit casks t o Incorporate -volatile neutron 

shields, in extant IWR SFSC designs, vhlch assume shipment of non-recycled 
U-fueled reactor spent fuel, the loss of the neutron shield can be tolerated 
vithln the regulatory limits without requiring the gamma rays t6 he over-
shield'id in normal operation. However, this does not appear to he the ease 
for cdxed-oxide LMFBR spent, fuel. The neutron source strength, after iBO 
days cooling for an 12WSB. spent-fuel assembly, as represented by fuel 
proposed for the Cliach Stiver jjreeder Beactor (CHBK), i s roughly the same 
as that for a TJ-fueled FWB spent-fuel. assembly after 150 days cooling. On 
the other hand, the gamma-ray source strength in the CHBR spent-fuel 
assembly is about one-third, that of the XA1R spent-fuel assembly. The fact 
that the active core height of the LM53R assembly i s roughly one-third that 
of the LWR assembly means that at the worst-case position—radially outward '" 
from the center of the, core—the UWSR spent-fuel .neutron source i s about 
three times larger compared with i t s concomitant gamma-ray source, than 
the IWR spent fuel neutron source compared with i t s gamma source. Thus, 
i f a shield i s roughly in balance—neutron and gamma dose rates approximately 
equal on the outside of the shield—there must be more neutron-shield 
material compared with gsmma-shield material for an IMFBR SFSC than for an 
WR SFSC. This,' in turn, means that i f an IMFBE SFSC incorporating a 
balanced- shield design loses i t s neutron shield, the postaeddent external 
neutron dose rate may exceed the regulatory limit. * 

This result is indicated in Table 1. Hypothetical WSFER SFSC's using 
water as a neutron shield and Pb (Column 2) or depleted V (Column 3) as a-
gamma shield, are compared with the HLT 10/2U EWRSFSC, which uses water 
and Fb as shielding materials. The exterior dose rates of a l l three 
designs are reasonably, balanced in their respective preaccldent conditions.* 
In the postaccident.state, the Mil cask meets the dose rate restrictions; 
however, "both, the IMPBB casks have postaccident neutron dose rates in excess 
of the regulatory standard. The U-shielded design provides considerably 
better postaccident shielding than the Pb-shielded design. All results include 
the effect of finite source geometry. , - " 
* Ground scatter effects, which increase the neutron contribution more than 
: the.gamma, contribution, are neglected in the table. 



To meet t he pos tacc ident • c r i t e r i o n without g ross ly overshielding t h e 
primary gamma r a y s , while Keeping the t o t a l cask cos t as low as p o s s i b l e , 
and while using current technology fo r cons t ruc t ion , a hybrid design 
incorpora t ing bo th v o l a t i l e (water) and non-vo la t i l e (B^U) neutron s h i e l d 
l aye r s and a deple ted U gamma s h i e l d , has t e e n considered. The- cos t of a 
design of t h i a type ehould f a i l "between thcne of .the all-B^CT and. 'al l-water 
des igns . I t o f fe r s the.advahtege o f . s e e t i n g t he dose- ra te l i m i t s with a 
Balanced s h i e l d while making maximum.use of inexpensive sh ie ld ing m a t e r i a l . 
The r e s u l t s o f analysls .of . a conceptual design of t h i s type i a i nd i ca t ed 

^in column b of .Table I . i n t h i s case , t h e 5-cm l a y e r of B^C remaining, 
a f t e r l o s s of t he water , i n conjunction wi th t he TJ gamma s h i e l d , reduces 
t h e pos tacc ident neutron dose r a t e t o an acceptable l i m i t . Furthermore, 
t h e added weight, and cos t of t he Bl̂ G l a y e r i s p a r t i a l l y o f f se t by a reduction. 
i n t h e th ickness of t h e gamma s h i e l d , al though t h e o v e r a l l s h i e l d th ickness 
and cos t have been increased t o achieve t h i s advantage. Addi t ional cask-
sh ie ld ing concepts which wil l-meet the, regu la to ry requirements are a l so 
under cons idera t ion . • •" 
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Sable I# .Calculated Pre- and Post-Accident Dose R&tea-External t c Beactor Spent-Fuel • 
Shipping Caske 

Source 150-Day Cooled 
LWR Spent Fuel 

180-Day Cooled CRBR Spent Fuel 

Cask HH 1 0 / 2 V Single-Layer 
Neutron Shield 1 5 

Two-Layer Neutron 
Shield 1 1 

Gamma' Ray Shield 
Mater ia l 
Thickness (em) 

Lead . 
15.2|t. 

l e a d 
15.0 

Depleted 0 
9 .0 

Depleted U 
7*0 . 

Neutron Shield 
Mate r ia l 
Thickness (cm) c 

Water 
22.86 

Water 
21.0 

Water 
19.0 

B1.C + Water 
5.0 19.0 

Preaccident External 
Dose s a t e s (mrem/hr) e 

Neutron 
Gamma Ray* 
To ta l 

0 . 1 * 
>t.75 
5.19 

1.3 

U.2 

3 .8 

6.1* 

1.3 
M. 
5 . 1 • 

Fostaccident E t e r n a l 
Dose Rates (mrera/hr)6 

Neutron 
Gamma Ray r 

Tota l 

"529 
25 

55U 

2200 
15 

2215 

1390 

1399 

629 
18 . 

6U7 

* Values are taken from ref. U. Cask paylood la 10 FWR or 2lt BWR spent fuel subassemblies. 
Ground scatter effects have been neglected. 

These are hypothetical casks designed to carry a payload of 9 worot-caBe CRBK spent-fuel 
subassemblies. , The.designs are not optimized for minimum coat or weight, 

° Values represent radial thlcknesaea at aid-point of active core material. ' 

Bi,c iB treated as commercial-grade powder hot-pressed in a Cu matrix. The BljC Is assumed 
to be loaded In the matrix to 75$ of theoretical density. 

.* Valuea are at a point 6 ft from accessible surface of caak in mid-plane of active core 
. material,- The maximum permissible value is 10 mrem/hr.2 

f 
Valuea include secondary gamma raya, '. 

8 Values are at a point 3 ft from accessible surface of cask in rdd-plaae of active core material'. . 
. I t .is assumed that a fire' has voided the volatile neutron shield l»ver'„ 'Rermlatn'̂ r i*»tf, <.•> " •*«» !<•<• 



„ RADIATION SHIELD DESIGN FOR UOBR' 
• SHH3T-FUEL SHIPHMG CASKS'*". 

S. A. Dupree 

. ava i lab le f o r ' designing an IMFBR spen t - fue l shipping cask (SFSC) using a 
non-vo la t i l e neutron sh i e ld ; I . e . , a neutron s h i e l d which w i l l nut be l o s t 
i n an accident involving a f i r e . * The p resen t study, extends t h e scope of 
these hypo the t i ca l designs t o include combinations of v o l a t i l e and non
v o l a t i l e neutron s h i e l d m a t e r i a l s , . 

• The motivat ion behind the use of a non-vo la t i l e neutron, s h i e l d i n a 
SFSC i a r e a d i l y apparent and includes consideratiQns of s a f e t y , maintenance, 
and pos tacc ident recoraadSBionlng of t he cask. . On the o ther hand, t he 
argument agains t use of such ' a s h i e l d i s p r ima r i l y economic. For example, 
one can quickly see t h e e f fec t on t h e cos t of a cask r a d i a t i o n s h i e l d 
r e s u l t i n g from the s u b s t i t u t i o n ' o f vate*".for any of t he neutron sh i e ld s 
discussed i n r e f . 1 . Thus, although a v a r i e t y of 'non-vola t i le sh i e ld s have 
been considered for use I n casks i n t h e p a s t , t he SFSC 'B which reach the -
l i cens ing s tage genera l ly use a v o l a t i l e neutron sh i e ld .** 

t This work ..supported by the U.S. Energy Research and Development 
. Administrat ion. 
* At t h e temperatures of concern—1^75°P f i r e fo r 30 n&n. 

-** Hie Transnuclear S3f-8 and TK-9 casks-* use a r e s i n neutron s h i e l d which :" 
may not be t o t a l l y l o s t except i n extreme circumstances o r over l i m i t e d 
areas of t h e cask su r face . 



Postaccident radiation limits . permit casks to incorporate volatile neutron 
shields, .In extant IVIR SFSC designs, vhlch assume shipment of non-recycled 
U-fueied reactor spent fuel,. the- IOBS of the neutron shield can be tolerated 
•within the regulatory limits without requiring the gamma rays to be over-
shielded .in normal operation. However, this does not appear to be the case 
for mixed-oxide IMFBR Bpent fuel. The neutron source strength after 180 
days cooling for an IMFBR spent-fuel assembly, as represented by fuel 
proposed for the Clinch River Breeder Eeactor (CHBR), i s roughly the same 
as that for a U-fueled PWR spent-fuel assembly after 150 days cooling. On 
the other hand, the gamma-ray source strength in the CRBR spent-fuel 
assembly i s about one-third that of the LWR spent-fuel assembly. The fac t 
that the active core height of the LMFBR assembly 1B roughly one-third that 
of the LWR assembly means that at the.worst-case pOBitibn—radially outward 
from the-, center of the core—the IMFBR spent-fuel .neutron source i s about 
three times larger compared with i t s concomitant gamma-ray source, than 
the LWR spent fuel neutron source compared with i t s gamma source. Thus, 
i f a shield i s roughly in balance—neutron and gamma dose rates approximately . 
equal on the outside of the shield—there must be more neutron-shield 
material compared with gamma-shield material for an IMFBR SFSC than for an 
LWR SFSC. This, in turn, meens that i f an IMEBR SFSC incorporating a 
balarr-^d-shield design loses i t s neutron shield, the postaccident external 
neutron dose rate may exceed the regulatory limit. 

This result i s indicated in Table I . Hypothetical LMFBR SFSC's using ' 
water as a neutron shield-and Fb (Column 2) or depleted U (Column 3) as a 
gamma shield, are compared with the Mil 10/21; LWR SFSC, which uses water 
and Fb as shielding materials. The exterior dose rates of a l l three 
designs are reasonably balanced in their respective preaccident conditions;* 
In the postacoident s tate , the KLI cask meets the dose rate restrictions; 
however, both the liffitJR casks have postaccident neutron dose rates in excess 
of the regulatory standard. The U-shielded design provides considerably 
better postaccident shielding than the Fb-stdelded design. All results include 
the :effect of finite source geometry. . 

* Ground scatter effects, which increase the neutron contribution more than 
the. gamma, contribution, ore neglected in the table. .'.' « . 



TO meet the postacddent criterion without grossly overahielding the 
primary gamma rays, while keeping,the to ta l cask cost as lew as possible, 
and -while using current'technology for construction, a hybrid design 
incorporating both volatile (water) and non-volatile (B^C) neutron shield 
layers and a depleted tt gamma shield, has been considered* The cost of a 
design of this type should fall-between those of the all-B^fT and; all-water 
designs. I t offers the advantage of meeting'the dose-rate limits with a 
balanced shield while making maximum use of inexpensive shielding material. 
The results of analysis of a conceptual design of'this* type i s indicated 
in column k of Table I . In this case, the 5-cm layer of B̂ C remaining 
after loss of the water, in conjunction with the U gamma .shield, reduces 
the postaccident neutron dose rate to.an acceptable limit. Furthermore, 
the added weight and coat of the Bl̂ C* layer i s partially offset by a reduction 
in the thickness of the gamma shield; • although the overall shield thickness 
and cost have been increased to achieve this advantage. Additional cask 
shielding concepts, which will meet the regulatory requirements are also 
under consideration. 
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Table I . Calculated Pre- and Post-Accident -Dose Rates External to Heactor Spent-Fuel 
Shipping Casks 

Source 150-Day Cooled 
LWR Spent Fuel 

180-Day Cooled CRBR Spent Fuel 

Cask HII 10/2l t a Sing le - l ayer 
Neutron Sh ie ld 1 

Two-Layer Neutron 
Sh ie ld 0 

Gamma Hay- s h i e l d 
Mate r i a l 
Thickness (cm) 

l ead 
15.2 1* 

Lead 
15 .0 

Depleted U 
9 .0 

Depleted U 
7 .0 

Neutron Shield 
Mate r ia l 
th ickness (em) c 

Water 
22,86 

Water 
21 .0 

Water 
19.0 

B,,Cd + Water 
5 .0 19.0 

Preaccident External 
Dose Rates (mrem/hr) 

Neutron 
Gamma Ray f 

T o t a l 

0 . 1 * 
it.75 
5.19 

1.3 
SiS. 
k.z 

3.8 

6.1t 

1.3 
M 
5 . 1 

Postaccident External 
Dose Rates (mrera/hr) e 

Neutron _ 
Gamma Ray f 

Tota l 

'529 
25 

551* 

2200 
15 

2215 

1390 
_ 2 
1399 

629 
18 

SU? 

Values are taken from ref. 1*. Cask paylcad is 10 PWR or Zh BWR spent fuel subassemblies, 
Ground scatter effects have been neglected. , 

•These are hypothetical casks designed to carry a payload of 9 worst-case CHBR spent fuel 
subassemblies. The designs are not optimized for minimum coat or weight. 

c Values represent radial thicknesses at mid-point of active core material, 

BîC ie treated as commercial-grade powder hot-pressed in a Cu matrix- The B̂ C lfl assumed 
to be loaded in the natrix to 7% of theoretical density. 

~ Values are at a point 6 ft from accessible surface of cask in raid-plane of active core 
. material. The maximum permissible value is 10 mrem/hr.2 

Values include secondary gamma raye. 
s Values are at a point 3 ft .from accessible surface of cask in mid-plane of active core material. 

I t la BflHumed that a fire.has voided the volatile neutron nYiei'A '1!siw« ,3»wi ^-.-"ir v-*..,!̂  *... •: •«•«• 


