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1.0 GENERAL 

1.1 Area o f  Review 

Revis ion 3  o f  t h e  Addendum (Ref. 1) t o  t he  Safe ty  Ana lys is  Report f o r  Packag- 
i n g  (SARP) f o r  t h e  T-3 sh ipp ing  package f o r  spent f u e l  (Ref. 2) seeks approval 
f o r  t r a n s p o r t  o f  p lutonium ox ide  powder. The PuO, powder i s  t o  be r e t a i n e d  
i n s i d e  EP-61 vessels which are n o t  c u r r e n t l y  author ized f o r  t r a n s p o r t  i n  t h e  
T-3 package. Two EP-61 vessels are t o  be contained i n  a  Fuel Storage Contain- 
e r  (FSC). Two FSCs are  t o  be t ranspor ted  i n  t he  T-3 package i n  the  c u r r e n t l y  
au thor ized payload Type 9, F i s s i l e  Class 111, con f i gu ra t i on .  Composition o f  
t h e  PuO, payload i s  de f ined i n  Sect ion 1.2.3 (Contents o f  Packaging4 o f  t h e  
Addendum. Maximum b u l k  dens i t y  o f  t he  PuO powder i s  t o  be 11 g/cm . Each 
EP-61 vessel can con ta in  up t o  403 g  o f  P U ~ ,  payload and up t o  t h e  equ iva len t  
o f  1 g  water. Th is  a l lows up t o  806 g  PuO, payload per  FSC, o r  a  maximum T-3 
payload o f  1612 g. The contents maximum decay heat  i s  l i m i t e d  t o  150 W per  
EP-61 vessel,  which i s equ iva len t  t o  300 W per  FSC and 600 W per  T-3 payl oad. 

1.2 F indings and Conclusions 

The s t a f f  has reviewed t h e  T-3 SARP Addendum (Ref. 1) and concludes t h a t  it 
conta ins  t h e  i n fo rma t ion  requ i red  t o  demonstrate compliance w i t h  10 CFR 71 
(Ref. 3) and DOE 5480.3 (Ref. 4).  Th is  conclus ion i s  based i n  p a r t  on p r i o r  
reviews o f  t he  T-3 SARP (Ref. 2) and i t s  acceptance f o r  c e r t i f i c a t i o n .  

2.0 STRUCTURAL EVALUATION 

2.1 Area o f  Review 

The s t r u c t u r a l  ana lys i s  t h a t  was presented i n  t he  T-3 SARP Addendum (Ref. 1) 
was reviewed f o r  t h e  proposed a1 t e r n a t  i ve payl oad. The proposed payl  oad 
cons i s t s  o f  two EP-61 vessels braced i n s i d e  an FSC. Each EP-61 vessel can 
con ta in  PuO, having a  maximum b u l k  d e n s i t y  o f  11 g/cm3. Two ho lders  and th ree  
spacer assemblies are used t o  center  t h e  two EP-61 vessels a x i a l l y  i n  t h e  FSC 
and t o  separate t h e  vessels w i t h i n  the  pr imary containment vessel (FSC). The 
weights o f  t h e  i n d i v i d u a l  components w i t h i n  the  FSC are: 

EP-61 vessel : 
Hol de r  : 
Spacer: 

To ta l  weight  o f  components i n  t he  FSC: 34.5 1b 



2.2 Findings and Conclusions 

The s t ress  c a l c u l a t i o n s  presented i n  t h e  T-3 SARP Addendum (Ref. l), f o r  
s t resses generated by t h e  proposed a l t e r n a t i v e  payload arrangement i n s i d e  t h e  
FSC under t h e  hypo the t i ca l  acc ident  cond i t ions ,  have been reviewed. The 
margin o f  sa fe t y  i s  considered t o  be adequate f o r  t h e  FSC t o  con ta in  t h e  
proposed a l t e r n a t i v e  payload. Thus, t h e  s t a f f  concludes t h a t  t h e  T-3 r e v i -  
s ions de f i ned  i n  Sect ion  2 o f  t h e  T-3 SARP Addendum (Ref. 1) are  i n  compliance 
w i t h  t h e  requirements o f  10 CFR 71 (Ref. 3). 

3.0 THERMAL EVALUATION 

3.1 Area o f  Review 

The thermal eva lua t i on  presented i n  t h e  T-3 SARP Addendum (Ref. 1) was 
reviewed f o r  t h e  proposed payload. The the r~ i i a l  performance o f  t h e  T-3 package 
when t r a n s p o r t i n g  t h e  proposed payload has been reviewed t o  assure t h a t  t h e  
c r i t i c a l  components o f  t h e  package and i t s  contents would no t  be impaired t o  
t h e  ex ten t  t h a t  contents  would be re leased du r ing  t h e  normal t r a n s p o r t  and 
hypo the t i ca l  acc ident  cond i t i ons  de f ined i n  10 CFR 71. 

Decay heat from the' PuO powder payload i s  l i m i t e d  t o  150 W f o r  each EP-61 
vessel,  300 W f o r  each FSC, o r  600 W f o r  t h e  7 -3  package. 

3.2 Acceptance C r i t e r i a  

The requirements o f  10 CFR 71.51 can be s a t i s f i e d  i f  temperatures and pres-  
sures i n  t h e  containment system do n o t  exceed those al lowed f o r  containment as 
de f ined i n  t h e  T-3 SARP (Ref. 2). Thermal expansion o f  components i n  t h e  FSC 
must no t  r e s u l t  i n  i n t e r f e r e n c e  st resses i n  t h e  FSC. 

3.3 Review Procedure 

The EP-61 vessel assembly and i t s  contents a re  assumed t o  be t h e  same as 
descr ibed i n  t h e  SARP f o r  t h e  Westinghouse Savannah R ive r  PuO, 5320 sh ipp ing  
package (Ref. 5).  That i s ,  t h e  EP-61 conta ins  an EP-60 product  c a n i s t e r  
con ta in ing  PuO, powder. The EP-60 c a n i s t e r s  a re  sealed w i t h  a threaded cap 
and metal O-r ing.  The EP-61 vessels a re  sealed w i t h  a threaded p lug  and cap 
and two s i l i c o n e  rubber O-r ings. ( I n  t h e  c u r r e n t  EP-61 design one o f  t h e  
rubber O-r ings i s  replaced by a metal seal .) The two EP-61 vessels are 
conta ined by an FSC assembly which inc ludes  i n n e r  and ou te r  vessels t h a t  a re  
weld sealed. 

Data presented i n  t h e  T-3 SARP i n d i c a t e s  t h a t ,  f o r  300 W contents heat, t h e  
FSC temperature i s  410°F. Assuming o n l y  one-dimensional r a d i a l  r a d i a t i o n  heat 
t r a n s f e r  from t h e  EP-61 t o  the  FSC, t h e  EP-61 maximum temperature d u r i n g  
normal cond i t i ons  i s  900°F. Corresponding temperatures o f  t h e  EP-60 and t h e  
PuO, powder, de r i ved  from t h e  5320 SARP (Ref. 5), are 925°F and 1210°F, 
r e s p e c t i v e l y .  Th i s  i s  a conserva t ive  method f o r  es t ima t ing  these temperatures 
because heat t r a n s f e r  would a c t u a l l y  i nc lude  convect ion and a l so  be two- 
dimensional.  



Estimates of maximum temperatures i n  t he  package du r ing  hypo the t i ca l  acc ident  
thermal t e s t  cond i t i ons  are g iven i n  t he  T-3 SARP (Ref. 2) f o r  contents heat 
g rea te r  than t h a t  s p e c i f i e d  f o r  t he  proposed PuO payload. Thus, package 
temperatures du r ing  hypo the t i ca l  acc ident  thermaj t e s t  cond i t i ons  are expected 
t o  be below al lowed l i m i t s  de f i ned  i n  t h e  T-3 SARP (Ref. 2). A n a l y t i c a l  data 
i n  t h e  T-3 SARP i n d i c a t e s  t h a t  t he  maximum temperature increase o f  t h e  FSC 
du r ing  hypo the t i ca l  acc ident  thermal t e s t  cond i t i ons  i s  approximately 80'F. A 
conserva t ive  method f o r  es t ima t ing  EP-60 and EP-61 temperatures i s  t o  i n c r e -  
ment them t h i s  amount above the  normal c o n d i t i o n  temperatures g iven i n  t he  
preceding paragraph. 

EP-61 temperatures du r ing  hypo the t i ca l  acc ident  thermal t e s t  cond i t i ons  are  
h igh  enough t o  cause decomposit ion and outgassing o f  the  rubber O-r ings i n  t he  
EP-61. Th i s  gas genera t ion  w i l l  c o n t r i b u t e  t o  pressures i n  t he  EP-60 and 
EP-61. A method f o r  es t ima t ing  these pressures i s  descr ibed i n  t he  5320 SARP 
(Ref. 5). Based on experimental  data, a conservat ive es t imate  o f  t he  amount 
o f  gas generated by t h e  two O-r ings i s  0.111 moles and the  t o t a l  amount o f  gas 
i n  t h e  EP-61 i s  0.197 moles. Since the  FSC i s  t he  pr imary containment vessel, 
i t  i s  assumed t h a t  gas pressures i n  t he  EP-60 and EP-61 vessels a re  vented 
i n t o  the  FSC. For t h i s  c o n d i t i o n  and when maximum temperatures occur du r ing  
the  hypo the t i ca l  acc ident  thermal t e s t ,  the  pressure conta ined by t h e  FSC 
inne r  vessel i s  approximately 48 ps ig .  I f  the  gases are  vented t o  the  FSC 
ou te r  vessel,  t he  pressure i s  approximately 40 ps ig .  Stresses developed i n  
t h e  FSC vessels by these pressure: are l e s s  than 1,000 l b / i n  , which i s  we l l  
below s t ress  l i m i t s  (20,000 'Ib/in ) f o r  t he  FSC. 

Pressures developed du r ing  normal cond i t i ons  w i l l  be l e s s  than pressures 
developed du r ing  hypo the t i ca l  acc ident  cond i t ions .  Stresses developed i n  the  
FSC du r ing  the  hypo the t i ca l  acc ident  impact t e s t  a re  a l so  w e l l  below al lowed 
st resses.  Pressure s t r e s s  con t r i bu tes  on l y  a small f r a c t i o n  t o  the  t o t a l  
s t ress  ( i .e . ,  (3 percent) .  The margin o f  sa fe t y  f o r  s t r e s s  w i l l  be n o t  l e s s  
than 25 percent.  

3.4 F indings and Conclusions 

Based on t h e  rev iew descr ibed above, temperatures, pressures, and st resses i n  
t he  FSC are w i t h i n  al lowed l i m i t s .  Thermal expansion est imates o f  a l l  
components i n  t h e  FSC do no t  r e s u l t  i n  i n t e r f e r e n c e  st resses.  

The s t a f f  concludes t h a t  t he  thermal design fea tures  descr ibed i n  Sect ion  3 
(Thermal Evaluat ion)  o f  the  T-3 SARP Addendum (Ref. 1) w i l l  assure compliance 
w i t h  t h e  performance requirements o f  10 CFR 71. 

4.0 CONTAINMENT EVALUATION 

The pr imary and secondary containments are the  FSCs and T-3 cask. These 
containments are  descr ibed i n  t he  T-3 SARP (Ref. 2) and were p rev ious l y  
reviewed and c e r t i f i e d  f o r  the  Type 9 payloads as beiug i n  corr~pliance w i t h  the  
requirements o f  10 CFR 71. These containments are app l i cab le  t o  the  PuO 
powder payload def ined i n  t h e  T-3 SARP Addendum (Ref. 1). Thus, t he  s t a f f ' s  
conclus ion o f  a rev iew o f  Sect ion 4 (Containment) o f  the  Addendum i s  the  



containment design fea tu res  w i l l  assure compliance w i t h  t h e  containment 
requirements o f  10 CFR 71. 

5.0 SHIELDING EVALUATION 

5.1 Area o f  Review 

The requi rement  s p e c i f i e d  i n  10 CFR 71.47 (Ref. 3) i s  t h a t  t he  dose equ i va len t  
r a t e  a t  any p o i n t  on t h e  ex te rna l  sur face  o f  t he  package does n o t  exceed 200 
mrem/ h r  . 
Requirements s p e c i f i e d  i n  10 CFR 71.51(a)( l )  a re  t h a t  under normal c o n d i t i o n s  
o f  t r a n s p o r t ,  t h e r e  be no s i g n i f i c a n t  increase i n  ex te rna l  r a d i a t i o n  l e v e l s  
and no s u b s t a n t i a l  r e d u c t i o n  i n  t h e  e f f ec t i veness  o f  t h e  packaging under t he  
t e s t s  s p e c i f i e d  i n  10 CFR 71.71. 

The requirement s p e c i f i e d  i n  10 CFR 71.51(a)(2) i s  t h a t  under hypo the t i ca l  
acc ident  cond i t i ons ,  t he  dose equ i va len t  r a t e  a t  any p o i n t  1 meter from t h e  
ex te rna l  sur face  o f  a  Type B package does n o t  exceed 1000 mrem/hr under t h e  
t e s t s  s p e c i f i e d  i n  10 CFR 71.73. 

Approval i s  requested f o r  t h e  t r a n s p o r t  o f  PuO, powder i n  t h e  T-3 Cask us ing  
t h e  e x i s t i n g  and approved payload Type 9 c o n f i g u r a t i o n .  The powder i s  t o  be 
r e t a i n e d  w i t h i n  EP-61 vessels,  and two such vessels  may be braced and centered 
a x i a l l y  w i t h i n  a  s i n g l e  f u e l  s torage conta iner .  Transpor t  o f  one o r  two f u e l  
s torage con ta ine rs  i s  c u r r e n t l y  author ized.  

With t h e  approved SARP (Ref. 2) showing the  s i d e  sur face  o f  t h e  cask as t h e  
l o c a t i o n  o f  maximum dose equ i va len t  r a t e ,  t he  s t a f f ' s  rev iew focussed on the  
r e l a t i v e  d i f f e r e n c e  between t h e  dose equ i va len t  r a t e s  a t  t h e  s i d e  sur face  o f  a  
s i n g l e  cask from the  t r a n s p o r t  o f  PuO, powder and t h e  dose equ i va len t  r a t e s  a t  
t h e  s ide  sur face  o f  a  s i n g l e  cask associated w i t h  t h e  t r a n s p o r t  o f  m a t e r i a l s  
i n  t h e  approved payload c o n f i g u r a t i o n s  o f  t h e  SARP (Ref. 2). I n  t h e  con tex t  
o f  t h i s  review, t h e  dose equ i va len t  r a t e s  associated w i t h  t h e  t r a n s p o r t  o f  
m a t e r i a l s  i n  t h e  approved payload c o n f i g u r a t i o n s  o f  t h e  SARP (Ref. 2) a r e  
assumed t o  have been c a l c u l a t e d  c o r r e c t l y .  

5.2 Acceptance C r i t e r i a  

Cask s h i e l d i n g  i s  deemed acceptable i f  i t  can be shown t h a t  t h e  dose equiva- 
l e n t  r a t e  a t  t h e  s i d e  sur face  o f  a  s i n g l e  cask from t h e  t r a n s p o r t  o f  PuO, 
powder i s  l e s s  than t h e  s i d e  sur face  dose equ i va len t  r a t e s  i n  t h e  approved 
SARP (Ref. 2) .  

5.3 Review Procedure 

The rev iew i s  d i v i d e d  i n t o  t h r e e  main p a r t s :  (1) source s p e c i f i c a t i o n ,  (2) 
model s p e c i f i c a t i o n ,  and (3)  s h i e l d i n g  eva lua t ion .  



5.3.1 Source S p e c i f i c a t i o n  

The rev iew i s  d i v i d e d  i n t o  two p a r t s :  (1) gamma source and (2) neutron 
source. 

5.3.1.1 Gamma Source 

The o r i g i n a l  gamma source f o r  t h e  approved SARP (Ref. 2) i s  addressed i n  
Sect ions 5.2 (Source S p e c i f i c a t i o n )  and 5.2.1 (Gamma Source). It i s  a payload 
o f  21 c a r b i d e / n i t r i d e  p i n s  w i t h  a 90-day c o o l i n g  pe r i od  f o l l o w i n g  i r r a d i a t i o n  
t o  a maximum f u e l  burnup o f  80 MWd/kg. The source c o n s i s t s  o f  9.5 kg o f  f u e l  
m a t e r i a l  w i t h  a composi t ion o f  20 percent  PuC o r  PUN and 80 percent  UC o r  UN. 
The p i n s  a re  0.315 inches i n  diameter, w i t h  a 36.00-inch a c t i v e  f u e l  leng th .  
The gamma emission spectrum f o r  t h e  f u e l  i s  c a l c u l a t e d  w i t h  RIBD-I1 and 
tabu la ted  i n  a 16-group s t r u c t u r e  o f  mean gamma energ ies.  Bounding 1 i m i t s  f o r  
each o f  t h e  16 energy groups are  n o t  provided. A c t i v a t i o n  o f  t h e  f u e l  p i n  
support  s t r u c t u r e  hardware and i t s  associated gamma emission spectrum i s  n o t  
discussed. 

Sodium-bonded metal  and ca rb ide  f u e l  p i n s  a re  a l so  evaluated. T h e i r  gamma 
sources are  addressed i n  Appendix 5.5.4 (Sh ie ld ing  Eva lua t ion  o f  Sodium-Bonded 
Metal Fuel P ins  and Carbide Fuel Pins) o f  t he  approved SARP (Ref. 2) .  The two 
sodium-bonded metal sources c o n s i s t s  o f  21 p i n s  w i t h  a 90-day c o o l i n g  pe r i od  
f o l l o w i n g  i r r a d i a t i o n  t o  a maximum f u e l  burnup o f  200 MWd/kg. Each metal 
source c o n s i s t s  o f  5.326 kg o f  f u e l  m a t e r i a l  w i t h  one composed o f  20.00 
percent  Pu, 60.00 percent  U-238, and 20.00 percent  U-235 and t h e  o t h e r  
composed o f  60.00 percent  U-238 and 40.00 percent  U-235. The sodium-bonded 
carb ide  source c o n s i s t s  o f  24 p i n s  w i t h  a 90-day c o o l i n g  pe r i od  f o l l o w i n g  
i r r a d i a t i o n  t o  a maximum f u e l  burnup o f  70 MWd/kg. The carb ide  source 
c o n s i s t s  o f  12.343 kg o f  f u e l  m a t e r i a l  w i t h  a composit ion o f  23.00 percent  Pu, 
76.45 percent  U-238, and 0.55 percent  U-235. The a c t i v e  f u e l  l e n g t h  i s  36.00 
inches f o r  bo th  source types. A gamma emission spectrum i s  c a l c u l a t e d  f o r  
each f u e l  source us ing  t h e  f i s s i o n  product  c u r i e  i n v e n t o r i e s  from ORIGEN2. 
Each spectrum i s  t abu la ted  i n  a 16-group s t r u c t u r e  o f  mean gamma energ ies 
i d e n t i c a l  t o  t h a t  f rom RIBD-11. Again, bounding l i m i t s  f o r  each o f  t he  16 
energy groups a re  n o t  prov ided.  A c t i v a t i o n  o f  t h e  f u e l  p i n  support  s t r u c t u r e  
hardware and i t s  associated gamma emission spectrum i s  descr ibed as n e g l i g i b l e  
b u t  i s  n o t  tabu la ted .  

The gamma source f o r  t h e  Addendum i s  addressed i n  Sect ions 5.1 (Discussion and 
Resu l ts )  o f  Rev is ion  2 and Sect ions 5.2 (Source S p e c i f i c a t i o n )  and 5.2.1 
(Gamma Source) o f  Rev is ion  3 (Ref. 1).  The gamma emission spectrum i s  based 
on 1.612 kg o f  PuO powder. It i s  de r i ved  from t h e  o r i g i n a l  source da ta  and 
i s  t abu la ted  i n  a s t r u c t u r e  o f  mean gamma energ ies i d e n t i c a l  t o  t h a t  
f rom RIBD-11. Bounding l i m i t s  f o r  each o f  t he  16 energy groups are, once 
again, n o t  prov ided.  I n  add i t i on ,  major decay-daughter c o n t r i b u t o r s  t o  t h e  
gamma emission spectrum are  n o t  discussed. 

5.3.1.2 Neutron Source 

The o r i g i n a l  neutron source f o r  t h e  approved SARP (Ref. 2) i s  addressed i n  
Sect ions 5.2 (Source S p e c i f i c a t i o n )  and 5.2.2 (Neutron Source). It i s  a 



217-pin FTR d r i v e r  assembly w i t h  a 350-day c o o l i n g  pe r iod  f o l l o w i n g  i r r a d i a -  
t i o n  t o  a maximum f u e l  burnup o f  80 MWd/kg. The source cons i s t s  o f  38 kg o f  
fue l  ma te r i a l  w i t h  a composit ion o f  25 percent  PuO, and 75 percent  uranium 
oxide. The p i n s  are  0.23 inches i n  diameter, w i t h  a 36.00-inch a c t i v e  f u e l  
length .  Neutron emission i s  apport ioned as 90 percent  from spontaneous 
f i s s i o n  and 10 percent from a1 pha-neutron reac t i ons  between f i s s i o n  a1 phas and 
oxygen i n  the  f u e l .  The p r i m a r i l y  source o f  t he  spontaneous f i s s i o n  neutrons 
i s  Cm-242. The neutron emission spectrum i s  t abu la ted  i n  a 15-group s t r u c t u r e  
o f  mean neutron energies. Bounding l i m i t s  f o r  each o f  t h e  15 energy groups 
are n o t  provided. 

Sodium-bonded metal and carb ide  f u e l  p i n s  are a l so  evaluated. The i r  neutron 
sources are addressed i n  Appendix 5.5.4 (Sh ie ld ing  Eva lua t ion  o f  Sodium-Bonded 
Metal Fuel Pins and Carbide Fuel Pins) o f  t h e  approved SARP (Ref. 2) .  The two 
sodium-bonded metal sources c o n s i s t  o f  21 p i n s  w i t h  a 90-day c o o l i n g  pe r iod  
f o l l o w i n g  i r r a d i a t i o n  t o  a maximum f u e l  burnup o f  200 MWd/kg. Each metal 
source cons i s t s  o f  5.326 kg o f  f u e l  ma te r i a l  w i t h  one composed o f  20.00 
percent Pu, 60.00 percent  U-238, and 20.00 percent U-235 and the  o the r  
composed o f  60.00 percent U-238 and 40.00 percent  U-235. The ca rb ide  source 
cons i s t s  o f  24 p ins  w i t h  a 90-day coo l i ng  pe r iod  f o l l o w i n g  i r r a d i a t i o n  t o  a 
maximum f u e l  burnup o f  70 MWd/kg. The carb ide  source cons i s t s  o f  12.343 kg o f  
f u e l  m a t e r i a l  w i t h  a composit ion o f  23.00 percent  Pu, 76.45 percent  U-238, and 
0.55 percent  U-235. The a c t i v e  f u e l  l e n g t h  i s  36.00 inches f o r  both source 
types. Only t o t a l  source s t rengths  are prov ided f o r  both source types. 
Neutron emission spec t ra  and the  apportionment o f  t h e  neutron emission 
spectrum between spontaneous f i s s i o n  and alpha-neutron reac t i ons  are  n o t  
t abu la ted  o r  discussed. 

The neutron source f o r  t he  Addendum i s  addressed i n  Sect ions 5.1 (Discussion 
and Resul ts)  and 5.2.2 (Neutron Source) o f  Revis ion 2 and Sect ion 5.2 (Source 
S p e c i f i c a t i o n )  o f  Rev is ion  3 (Ref. 1 ) .  The neutron emission spectrum i s  based 
on 1.612 kg o f  PuO powder. It i s  der ived from the  o r i g i n a l  source data  and 
i s  t abu la ted  i n  a $5-group s t r u c t u r e  o f  mean neutron energies i d e n t i c a l  t o  
t h a t  from t h e  approved SARP (Ref. 2). Bounding l i m i t s  f o r  each o f  t h e  15 
energy groups are, once again, n o t  provided. Apportionment o f  the  neutron 
emission spectrum between spontaneous f i s s i o n  and alpha-neutron reac t i ons  i s  
a l s o  no t  discussed. 

5.3.2 Model S p e c i f i c a t i o n  

The rev iew i s  d i v i d e d  i n t o  two pa r t s :  (1) d e s c r i p t i o n  o f  t h e  r a d i a l  and a x i a l  
s h i e l d i n g  c o n f i g u r a t i o n  and (2) s h i e l d  reg iona l  d e n s i t i e s .  

5.3.2.1 Desc r ip t i on  o f  t he  Radial  and A x i a l  Sh ie ld ing  Con f igu ra t i on  

Radial  and a x i a l  s h i e l d i n g  con f i gu ra t i ons  used i n  analyses o f  t h e  o r i g i n a l  
gamma and neutron sources are  addressed i n  Sect ion  5.3.1 (Desc r ip t i on  o f  
Radial  and A x i a l  Sh ie ld ing  Conf igura t ion)  o f  t he  approved SARP (Ref. 2) .  No 
d i s t i n c t i o n  i s  made i n  t h e  r a d i a l  and a x i a l  s h i e l d i n g  c o n f i g u r a t i o n  between 
normal and accident  cond i t i ons .  The 21 c a r b i d e / n i t r i d e - p i n  gamma source and 
217-pin FTR d r i v e r  assembly neutron source are modeled as homogenized c y l  i n -  
ders of equal l eng th  and 7.00 inches and 4.00 inches diameter, respec t i ve l y .  



The l e n g t h  o f  each c y l i n d e r  i s  i n i t i a l l y  s e t  a t  36.00 inches and t h e  source 
reg ions  a re  centered, r a d i a l l y  and a x i a l l y ,  i n  t h e  cask c a v i t y ,  54.00 inches 
from each end. I n  subsequent analyses, t h e  l e n g t h  f o r  each c y l i n d e r  i s  
ad jus ted  t o  96.00 inches w i t h  t h e  tops  and bottoms o f  t h e  source reg ions  
p o s i t i o n e d  13.50 inches from the  lower  sur face o f  t h e  sh ie lded p l u g  and 40.50 
inches f rom t o p  sur face  o f  t h e  pusher p lug,  r e s p e c t i v e l y .  

Radia l  and a x i a l  s h i e l d i n g  c o n f i g u r a t i o n s  used i n  analyses o f  t h e  sodium- 
bonded metal  and ca rb ide  f u e l  p ins  a re  addressed i n  Appendix 5.5.4 (Sh ie ld ing  
Eva lua t ion  o f  Sodium-Bonded Metal Fuel P ins and Carbide Fuel Pins) o f  t h e  
approved SARP (Ref. 2).  No d i s t i n c t i o n  i s  made i n  t h e  r a d i a l  and a x i a l  
s h i e l d i n g  c o n f i g u r a t i o n  between normal and acc ident  cond i t i ons .  The 21 
sodium-bonded metal  p i n  and 24 sodium-bonded ca rb ide  p i n  gamma sources are 
modeled as homogenized c y l i n d e r s  o f  36.00 inches l e n g t h  and 5.00 inches 
d iameter .  Homogenized models o f  a  5.75-inch l ong  lower  a x i a l  r e f l e c t o r ,  a  
1.40-inch l o n g  bottom end cap region,  and a  1.33-inch l o n g  t o p  end cap r e g i o n  
a re  a l s o  inc luded.  The t o p  and bottom o f  t he  f u e l  r eg ion  a re  pos i t i oned  69.45 
inches below t h e  lower  sur face  o f  t he  sh ie lded p l u g  and 41.67 inches above t h e  
t o p  sur face  o f  t h e  pusher plug, r e s p e c t i v e l y .  Th is  p a r t i c u l a r  l o c a t i o n  
corresponds t o  a  shipment w i t h i n  an I d e n t  1578 conta iner .  

The source r e g i o n  r a d i a l  and a x i a l  s h i e l d i n g  c o n f i g u r a t i o n  f o r  t h e  Addendum i s  
addressed i n  Sect ions 1.1 ( I n t r o d u c t i o n )  and 1.2.1 (Packaging) o f  Rev is ion  2  
(Ref. 1) .  The PuO, powder i s  r e t a i n e d  i n s i d e  EP-61 vessels,  w i t h  two such 
vessels  i n  each o f  two f u e l  s torage conta iners .  Each f u e l  s torage con ta ine r  
i s  made o f  41.00 i nch  long,  5 - inch  Schedule 40 s t a i n l e s s  s t e e l  p ipe  and i s  
seal welded a t  bo th  ends. On t h e  end oppos i te  t o  t h e  c losure ,  a  hemispherical  
0.25- inch r o d  i s  at tached t o  f a c i l i t a t e  hand l ing  operat ions.  A x i a l  p o s i t i o n -  
i n g  o f  t h e  two EP-61 vessels  w i t h i n  t h e  each f u e l  s torage con ta ine r  i s  
accomplished through t h e  use o f  two ho lders  and t h r e e  spacers, each o f  which 
i s  made o f  aluminum. P o s i t i o n i n g  o f  t h e  two f u e l  s torage con ta ine rs  i s  
addressed o n l y  through t h e  re fe rence t o  t h e  payload Type 9  c o n f i g u r a t i o n .  

5.3.2.2 S h i e l d  Regional Dens i t i es  

Source and s h i e l d  r e g i o n  d e n s i t i e s  used i n  analyses o f  t h e  o r i g i n a l  gamma and 
neut ron  sources are addressed i n  Sec t ion  5.3.2 (Sh ie ld  Region Dens i t i es )  o f  
t he  approved SARP (Ref. 2) .  No d i s t i n c t i o n  i s  made i n  t h e  source and s h i e l d  
reg ion  d e n s i t i e s  between normal and acc ident  cond i t i ons .  The 21-p in  c a r -  
b i d e / n i t r i d e  gamma source and 217-pin FTR d r i v e r  assembly neutron source are  
modeled as hqmogenized c y l i ~ d e r s  o f  f u e l  and c l a d  and have m a t e r i a l  d e n s i t i e s  
o f  0.46 g/cm and 6.46 g/cm , r e s p e c t i v e l y .  Masses associated w i t h  t h e  f u e l  
p i n  c a n i s t e r  and assembly support  s t r u c t u r e  are conse rva t i ve l y  neglected.  

Source r e g i o n  d e n s i t i e s  used i n  analyses o f  t h e  sodium-bonded metal  and 
ca rb ide  f u e l  p i n s  a re  addressed i n  Appendix 5.5.4 (Sh ie ld ing  Eva lua t ion  o f  
Sodium-Bonded Metal Fuel P ins  and Carbide Fuel P ins)  o f  t h e  approved SARP 
(Ref. 2).  No d i s t i n c t i o n  i s  made i n  t h e  source r e g i o n  d e n s i t i e s  between 
normal and acc ident  cond i t i ons .  The 21 sodium-bonded metal p i n  and 24 
sodium-bonded ca rb ide  p i n  gamma sources are  modeled as homogenized cy l indefs 
of f u e l  and c l a d  and have m a t e r i a l  d e n s i t i e s  o f  0.528 g/cm and 1.202 g/cm , 
r e s p e c t i v e l y .  



Source r e g i o n  d e n s i t i e s  f o r  t he  Addendum a re  addressed i n  Sec t ion  1.1 ( I n t r o -  
duc t i on )  o f  Rev is ion  2  and Sec t ion  1.2.3 (Contents o f  Packaging) o f  Revision33 
(Ref. 1). The3density o f  t h e  PuO, powder i s  s ta ted  t o  vary  between 0.0 g/cm 
and 11.00 g/cm . 
5.3.3 Sh ie ld ing  Eva lua t ion  

The s h i e l d i n g  eva lua t i on  f o r  t he  o r i g i n a l  gamma and neutron sources i s  
addressed i n  Sec t ion  5.4 (Sh ie ld ing  Eva lua t ion)  o f  t h e  approved SARP (Ref. 2).  
No d i s t i n c t i o n  i s  made i n  t he  s h i e l d i n g  eva lua t i on  between normal and acc ident  
cond i t i ons .  Gamma dose equ i va len t  r a t e s  a re  c a l c u l a t e d  w i t h  t h e  three-dimen- 
s i ona l  p o i n t  kerne l  code QAC (a  d e r i v a t i v e  o f  QAD). Bu i ldup  f a c t o r  c o e f f i -  
c i e n t s  used i n  these QAC analyses o f  t h e  cask w a l l  and ends s h i e l d i n g  a re  t h e  
Tay lo r  c o e f f i c i e n t s  f o r  1  ead and s t e e l ,  r e s p e c t i v e l y .  Neutron and secondary 
gamma dose equ i va len t  r a t e s  a re  c a l c u l a t e d  w i t h  t h e  one-dimensional d i s c r e t e  
o rd ina tes  code ANISN. 

The s h i e l d i n g  eva lua t i on  f o r  t h e  sodiu~ii-bonded metal and carb ide  f u e l  p i n s  i s  
addressed i n  Appendix 5.5.4 (Sh ie ld ing  Eva lua t ion  o f  Sodium-Bonded Metal Fuel 
P ins and Carbide Fuel P ins)  o f  t h e  approved SARP. No d i s t i n c t i o n  i s  made i n  
t h e  s h i e l d i n g  eval  u a t  i o n  between normal and acc ident  cond i t i ons .  Gamma dose 
equ i va len t  r a t e s  a re  c a l c u l a t e d  by a  p o i n t  kerne l  ve rs ion  o f  t h e  th ree -  
dimensional Monte Car lo  code MCNP. Neutron dose equ i va len t  r a t e s  a re  es t ima t -  
ed f rom t h e  product  o f  t h e  source s t rengths  r a t i o  (sodium-bonded fue l /217-p in  
FTR d r i v e r  assembly f u e l )  and t h e  217-pin FTR d r i v e r  assembly dose equ i va len t  
r a t e s  o f  t h e  approved SARP. 

The s t a f f  s h i e l d i n g  eva lua t i on  i s  performed i n  two p a r t s .  The f i r s t  p a r t  
i nvo l ves  a  comparison o f  t h e  s ide  sur face  gamma and neutron dose equ i va len t  
r a t e s  f rom t h e  PuO, gamma and neutron sources i n  t h e  Addendum (Ref. 1) w i t h  
s i de  sur face  gamma and neutron dose equ i va len t  r a t e s  f rom the  o r i g i n a l  21-p in 
c a r b i d e / n i t r i d e  gamma and 217-pin FTR d r i v e r  assembly neut ron  sources o f  t h e  
approved SARP (Ref. 2).  The second p a r t  i nvo l ves  an eva lua t i on  o f  t h e  e f f e c t  
o f  source r e g i o n  d e n s i t y  v a r i a t i o n s  on t h e  s ide  sur face gamma and neutron dose 
equ i va len t  r a t e s .  No d i s t i n c t i o n  i s  made i n  t h e  s h i e l d i n g  eva lua t i on  between 
normal and acc ident  condi t i  ons . 
Computer codes used i n  t h e  s t a f f  s h i e l d i n g  eva lua t i on  a re  Mic roSh ie ld  and COG. 
M ic roSh ie ld  i s  a  microcomputer adapta t ion  o f  ISOSHLD, a  p o i n t  kerne l  code used 
f o r  t h e  eva lua t i on  o f  gamma dose equ iva len t  r a t e s .  COG employs t h e  Monte 
Car lo  method f o r  t r a n s p o r t  and i s  used t o  eva lua te  t h e  neutron dose e q ~ ~ i v a l e n t  
r a t e s .  With MicroShie ld,  t h e  s t a f f  used t h e  c y l i n d r i c a l  source f rom s ide-  
c y l i n d r i c a l  s h i e l d s  geometry. The s t a f f  determined t h e  gamma dose equ i va len t  
r a t e s  a t  t he  s i d e  sur face  o f  t h e  cask on t h e  source midplane. Bu i ldup  f a c t o r  
c o e f f i c i e n t s  employed i n  these Mic roSh ie ld  analyses are  t h e  Tay lo r  c o e f f i -  
c i e n t s  f o r  lead .  With COG, t h e  s t a f f  used a  three-d imensional  f i n i t e  c y l i n d e r  
ana l ys i s .  The s t a f f  determined t h e  average neutron dose equ i va len t  r a t e s  a t  
t h e  s ide  sur face  o f  t h e  cask. Areas used i n  t he  de termina t ion  o f  these 
average neut ron  dose equ i va len t  r a t e s  a re  over  t he  l e n g t h  o f  t h e  a c t i v e  f u e l  
source. 



Assumptions made i n  t h e  f i r s t  p a r t  o f  t he  s t a f f  s h i e l d i n g  eva lua t i on  are: (1) 
t h e  1.612 kg mass o f  PuO powder i s  n o t  d i s t r i b u t e d  b u t  concentrated i n t o  a  
s i n g l e  source reg ion ;  (25 t h e  mass o f  t h e  EP-61 vessels  i s  conse rva t i ve l y  
neglected; (3)  t h e  r a d i a l  and a x i a l  s h i e l d i n g  c o n f i g u r a t i o n  and associated 
source and s h i e l d  reg ion  d e n s i t i e s  f o r  t he  21-p in  c a r b i d e / n i t r i d e  source i s  
common f o r  t he  comparison o f  t h e  s ide  sur face  gamma dose equ i va len t  r a t e s  from 
t h e  PuO, powder gamma source i n  t h e  Addendum (Ref. 1) w i t h  t h e  s ide  sur face  
gamma dose equ i va len t  r a t e s  from t h e  o r i g i n a l  21-p in  c a r b i d e / n i t r i d e  gamma 
source o f  t h e  approved SARP (Ref. 2); and (4) t h e  r a d i a l  and a x i a l  s h i e l d i n g  
c o n f i g u r a t i o n  and associated source and s h i e l d  r e g i o n  d e n s i t i e s  f o r  t h e  
217-p in FTR d r i v e r  assembly source i s  common f o r  t h e  comparison o f  t h e  s ide  
sur face  neutron dose equ i va len t  r a t e s  from t h e  PuO, powder neutron source i n  
t h e  Addendum (Ref. 1) w i t h  t h e  s ide  sur face neutron dose equ i va len t  r a t e s  f rom 
t h e  o r i g i n a l  217-pin FTR d r i v e r  assembly neutron source o f  t h e  approved SARP 
(Ref. 2) .  To e s t a b l i s h  a  basel ine,  s i de  sur face  gamma and neut ron  dose 
equ i va len t  r a t e s  a re  f i r s t  c a l c u l a t e d  f o r  t h e  o r i g i n a l  21-p in ca rb ide -n i  t r i d e  
gamma and 217-p in FTR d r i v e r  assembly neutron sources. Next, t he  gamma and 
neutron source terms f o r  t he  PuO, powder a re  s u b s t i t u t e d  i n t o  t h e  models and 
t h e  s i d e  sur face  dose equ i va len t  r a t e s  reca l cu la ted .  Resu l ts  a re  then 
compared. 

Assumptions made i n  t h e  second p a r t  o f  t h e  s t a f f  s h i e l d i n g  eva lua t i on  are: 
(1) t h e  gamma and neutron source terms are those o f  t h e  PuO, powder; (2) t h e  
1.612 kg mass o f  PuO powder i s  n o t  d i s t r i b u t e d  b u t  concentrated i n t o  a  s i n g l e  
source reg ion ;  (3) t f ie  mass o f  t h e  EP-61 vessels  i s  conse rva t i ve l y  neglected; 
(4) t h e  r a d i a l  and a x i a l  s h i e l d i n g  c o n f i g u r a t i o n  and associated s h i e l d  reg ion  
d e n s i t i e s  f o r  t h e  21 -p in  c a r b i d e / n i t r i d e  source i s  common f o r  t h e  eva lua t i on  
o f  t h e  s i d e  sur face  gamma dose equ i va len t  r a t e s  from t h e  PuOg powder garma 
source; ( 9 )  t h e  gamma source r e g i o n  d e n s i t i e s  a re  0.046 g/cm , 4.6 g/cm , and 
11.0 g/cm ; (6) t h e  r a d i a l  and a x i a l  s h i e l d i n g  c o n f i g u r a t i o n  and associated 
s h i e l d  r e g i o n  d e n s i t i e s  f o r  t h e  217-p in FTR d r i v e r  assembly source i s  common 
f o r  t h e  eva lua t i on  o f  t h e  s i d e  sur face neutron dose equ i va len t  r a t e s  f rom t h e  
PuO p ~ w d e r ~ n e u t r o n  sourge; and (7) t he  feu t ron  source reg ion  d e n s i t i e s  a re  
0.0846 g/cm , 0.646 g/cm , and 11.0 g/cm . Side sur face  gamma and neutron 
dose equ i va len t  r a t e s  are c a l c u l a t e d  a t  each source r e g i o n  d e n s i t y  and the  
r e s u l t s  evaluated.  

5.4 F ind ings  and Conclusions 

Side sur face  gamma and neutron dose equ i va len t  r a t e s  from a  s i n g l e  cask from 
t h e  t r a n s p o r t  o f  PuO, powder a re  l e s s  than t h e  s ide  sur face  gamma and neutron 
dose equ i va len t  r a t e s  i n  t h e  approved SARP (Ref. 2) f o r  t h e  c o n f i g u r a t i o n s  and 
reg iona l  d e n s i t i e s  o f  t he  21-p in  c a r b i d e / n i t r i d e  gamma and 217-pin FTR d r i v e r  
assembly neutron sources. For  t h e  gamma and neutron source r e g i o n  d e n s i t i e s  
reviewed, t h e  e f f e c t  o f  source reg ion  d e n s i t y  v a r i a b i l i t y  i s  one o f  inverse  
p r o p o r t i o n a l i t y  on t h e  s ide  sur face  gamma dose equ i va len t  r a t e s  and a  t r e n d  o f  
d i r e c t  p r o p o r t i o n a l i t y  on t h e  s ide  sur face  neutron dose equ i va len t  r a t e s .  I n  
those ins tances  where t h e  source reg ion  d e n s i t y  v a r i a b i l i t y  leads t o  a  
r e l a t i v e  increase i n  t h e  s ide  sur face dose equ i va len t  r a t e ,  t h e  magnitude o f  
t h i s  inc rease i s  l e s s  than t h e  s ide  sur face  dose equ i va len t  r a t e  i n  t h e  
approved SARP (Ref. 2) .  



Th is  s e c t i o n  o f  t h e  appl i c a n t ' s  SARP has been reviewed t o  determine t h a t  t h e  
s h i e l d i n g  design fea tu res  have been designed i n  a  manner t h a t  w i l l  assure 
compliance w i t h  t h e  performance requirements o f  10 CFR 71.47 and 10 CFR 71.51 
f o r  a  general  package under normal cond i t i ons  o f  t r a n s p o r t  and hypo the t i ca l  
acc ident  cond i t i ons .  The scope o f  t h e  rev iew covers t h e  s h i e l d i n g  design 
fea tu res  o f  t h e  package, t h e  source and model s p e c i f i c a t i o n s ,  t h e  s h i e l d i n g  
eva lua t ion ,  and suppo r t i ve  i n f o r m a t i o n  o r  documentation. 

Basis f o r  acceptance i n  t h e  rev iew has been conformance w i t h  es tab l i shed  
g u i d e l i n e s  and c r i t e r i a .  The eva lua t i on  o f  t h e  s h i e l d i n g  design prov ides  
reasonable assurance t h a t ,  under normal cond i t i ons  o f  t r a n s p o r t  and hypo the t i -  
c a l  acc ident  cond i t i ons ,  r a d i o a c t i v e  ma te r i a l  can be s a f e l y  t r anspo r ted  i n  t h e  
package . 
The s t a f f  concludes t h a t  t h e  p r o t e c t i v e  fea tu res  prov ided i n  t h e  design o f  t h e  
package conform t o  a p p l i c a b l e  Regulat ions, Regulatory Guides, and i n d u s t r y  
standards, and a re  acceptable. 

6.0 CRITICALITY EVALUATION 

6 .1  Area o f  Review 

The c r i t i c a l i t y  eva lua t i on  inc luded i n  t he  T-3 SARP Addendum (Ref. 1) i s  based 
upon t h e  statement "The c r i t i c a l i t y  eva lua t i on  prov ided i n  t h e  T-3  SARP i s  f o r  
a  g rea te r  f i s s i l e  l o a d i n g  i n  an u n r e s t r i c t e d  a r ray  [payload 91. The evalua-  
t i o n  i s  v a l i d  f o r  t h e  proposed payload. No f u r t h e r  eva lua t i on  i s  necessary." 
Th i s  rev iew focuses upon v e r i f y i n g  t h e  f i s s i l e  l o a d i n g  and v e r i f y i n g  t h e  
s u b c r i t i c a l i t y  o f  t h e  i nven to ry  and geometry o f  f i s s i l e  m a t e r i a l  w i t h i n  t h e  
EP-61 vessel which i s  i n s i d e  t h e  f u e l  s torage con ta ine r  when loaded i n  t he  T-3 
spent f u e l  sh ipp ing  cask. 

The proposed payload c o n s i s t s 3 0 f  PuO, i n  t h e  form o f  powder, w i t h  a  b u l k  
d e n s i t y  between 0  and 11 g/cm , loaded i n t o  an EP-61 vessel .  The maximum 
load ing  i n  an EP-61 vessel i s  403 g. Two EP-61 vessels  a re  loaded i n t o  a  
s i n g l e  f u e l  s torage con ta ine r  w i t h i n  a  f u e l  assembly ho lde r  t o  assure t h a t  t h e  
c e n t e r l i n e s  o f  t h e  EP-61 and t h e  f u e l  s torage con ta ine r  are co inc iden t .  Three 
spacers a re  p laced around two EP-61 vessels  and t h e i r  ho lders  t o  ma in ta in  
l o n g i t u d i n a l  p o s i t i o n i n g  o f  t he  EP-61 vessels.  The EP-61 vessel i s  a  r i g h t  
c i r c u l a r  c y l i n d e r  ( c a v i t y  dimensions: 1.730+0.060-0.000 i n .  diameter,  
14.60f0.11 i n .  long)  w i t h  an enlarged end t h a t  incorpora tes  two threaded 
j o i n t s  w i t h  O- r ings  which i s  seal welded a f t e r  l oad ing  and assembly. Two f u e l  
s torage con ta ine rs  a re  loaded i n t o  t he  c a v i t y  o f  t h e  T-3 spent f u e l  cask so 
t h e r e  a re  a  t o t a l  o f  f o u r  EP-61 vessels  i n  a  f u l l y  loaded T-3 spent f u e l  cask. 

The d e s c r i p t i o n  o f  t he  conten ts  o f  t h e  packaging i n  t h e  T-3 SARP Addendum 
(Ref. 1) i d e n t i f i e s  t h e  bounding f r a c t i o n a l  co~ i i pos i t i on  o f  t h e  contents.  



6.2 Acceptance C r i t e r i a  

The requi rements of 10 CFR 71.61 can be met i f  i t  i s  demonstrated t h a t  t h e  T-3 
cask remains s u b c r i t i c a l  f o r  a l l  conce ivab le  c o n f i g u r a t i o n s  and environments.  
T h i s  i s  based upon a  s i n g l e  cask i n  each shipment. 

6.3 Review Procedure 

The i n v e n t o r y  o f  f i s s i l e  and n o n - f i s s i l e  n u c l i d e s  w i t h i n  t h e  EP-61 vessel  i s  
s p e c i f i e d  by t h e  bound on t h e  con ten t s  and t h e  upper bounds o f  t h e  f r a c t i o n a l  
compos i t ion  o f  t h e  con ten t s  o f  t h e  EP-61 vessel  as i n d i c a t e d  i n  Sec t i on  1.2.3 
(Contents o f  Packaging) o f  t h e  T-3 SARP Addendum (Ref. 1).  The s p e c i f i c  
va lues  o f  t h e  i n v e n t o r i e s  o f  each o f  t h e  i so topes  i n  t h e  pay load a re  presented 
i n  Table 6.1 where t h e  f r a c t i o n a l  composi t ions o f  t h e  f i s s i l e  i so topes  a r e  a t  
t h e i r  upper bounds. The f i s s i l e  i n v e n t o r y  i s  42.3 g  f o r  an EP-61 vessel  which 
i s  l e s s  than  t h e  f i s s i l e  i n v e n t o r y  represen ted  by pay load 9  ( 4  kg) i n  t h e  f u e l  
s to rage  con ta ine r .  

ANSI/ANS-8.15-1981 p resen ts  mu l t i - pa rame te r  l i m i t s  f o r  nuc lea r  c r i t i c a l i t y  
c o n t r o l  o f  s p e c i a l  a c t i n i d e  nuc l i des .  Paragraph 6.1 o f  t h i s  s tandard s t a t e s :  
" I n  PuO -H,O mix tu res ,  r ega rd less  o f  t h e  H/Pu atomic r a t i o ,  a  s u b c r i t i c a l  
1  i m i t  o$ 8  kg o f  p l u ton ium i s  v a l i d  p rov ided  t h e  p l u ton ium c o n t a i n s  a t  l e a s t  
67 pe rcen t  Pu-238, p rov ided  t h e  i s o t o p i c  concen t ra t i on  o f  Pu-241 i s  l e s s  than  
t h a t  o f  Pu-240, and p rov ided  t h e  sur round ing  m a t e r i a l s ,  i n c l u d i n g  o t h e r  nearby 
f i s s i o n a b l e  m a t e r i a l s ,  can be shown t o  inc rease  k - e f f e c t i v e  no more than  
enc los ing  t h e  u n i t  by a  con t iguous  l a y e r  o f  water  o f  u n l i m i t e d  t h i ckness . "  
T h i s  encompasses t h e  case where t h e  c a v i t y  o f  t h e  T-3 spent  f u e l  cask i s  
f i l l e d  w i t h  wate r  and t h e  c a v i t y  o f  t h e  EP-61 vessel  i s  f i l l e d  w i t h  a  m i x t u r e  
o f  wa te r  and p lu ton ium (and o t h e r  a c t i n i d e  i so topes)  such t h a t  optimum 
moderat ion i s  achieved. The maximum mass o f  a l l  i so topes  w i t h i n  t h e  EP-61 
vessel  i s  403 g, which i s  much l e s s  than  t h e  8  kg l i m i t  i n d i c a t e d  i n  t h e  ANSI 
s tandard.  The s t e e l  ends o f  t h e  EP-61 vessel  and t h e  w a t e r - f i l l e d  r e g i o n  
between vesse ls  approach n e u t r o n i c  i s o l a t i o n  so t h a t  each EP-61 vessel  can be 
cons idered as a  separate e n t i t y ;  however, t h e  f o u r  EP-61 vesse ls  i n  t o t a l  a re  
w i t h i n  t h e  8  kg l i m i t .  

ANSI/ANS-8.1-1983 p resen ts  s ing le -parameter  l i m i t s  f o r  c r i t i c a l i t y  c o n t r o l  o f  
f i s s i l e  m a t e r i a l s  o u t s i d e  r e a c t o r s .  Paragraph 5  o f  t h i s  s tandard s t a t e s :  "A 
l i m i t  may be a p p l i e d  t o  a  m i x t u r e  o f  f i s s i l e  nuc l  i des  by cons ide r i ng  a l l  
components o f  t h e  m i x t u r e  t o  be t h e  one w i t h  t h e  most r e s t r i c t i v e  l i m i t . "  
T h i s  i s  combined w i t h  t h e  c r i t i c a l i t y  c o n t r o l  l i m i t s  presented i n  ANSI/ANS- 
8.15/1981 t o  address t h e  a c t i n i d e  i so topes  o t h e r  t han  Pu-238, Pu-239 and Pu- 
241 t h a t  a re  p a r t  o f  t h e  proposed payload. Table 6.2 summarizes t h e  s u b c r i t i -  
c a l  mass l i m i t s  f o r  these a c t i n i d e  nuc l i des .  



Table 6.1 I n v e n t o r i e s  o f  F i s s i l e  and N o n - F i s s i l e  I so topes  i n  EP-61 Vessel 

Pu-236 
PU - 238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Am- 24 1 
U-234 
Th-232 
Np-237 

q (metal  ) 

T o t a l  I nven to ry :  355.3 1403.0 
T o t a l  Plutonium: 355.2 1403.0 
T o t a l  F i s s i l e  I nven to ry :  87.4 199.1 

Table 6.2 Comparison o f  C r i t i c a l i t y  Mass L i m i t s  and Contents 

L i m i t  f o r  
I s o t o ~ e  S u b - c r i t i c a l i t y  EP-61 Contents T-3 Contents 
(Pu-240)O2 70 kg 0.403 kg* 1.612 kg* 
PU - 242 60 kg 0.355 kg** 1.420 kg** 
(Am-241)02 40 kg 0.403 kg* 1.612 kg* 
(Np-237)02 140 kg 0.403 kg* 1.612 kg* 
Pu-239 0.450 kg 0.087 kg*** 0.348 kg*** 
Pu-241 0.200 kg 0.002 kg*** 0.008 kg*** 

* Mass o f  ox ides  o f  a l l  i so topes  i n  vessel  
** Mass o f  heavy meta l  o f  a l l  i so topes  i n  vessel  
*** Mass o f  heavy metal  o f  Pu-239 and Pu-241 

6.4 F ind ings  and Conclus ions 

The most r e s t r i c t i v e  mass l i m i t s  f o r  c r i t i c a l i t y  c o n t r o l  presented i n  ANSI/- 
ANS-8.15/1981 presented i n  t h e  p rev ious  sec t i on ,  i n d i c a t e  t h a t  t h e  i n v e n t o r y  
o f  f i s s i l e  and n o n - f i s s i l e  i so topes  w i t h i n  t h e  EP-61 vessel  w i l l  remain 
s u b c r i t i c a l  when i n s e r t e d  i n t o  a Spent Fuel Conta iner  which i s  then i n s e r t e d  
i n  t h e  c a v i t y  o f  t h e  T-3 spent f u e l  sh ipp ing  cask. The conserva t i sm o f  t h e  
va lues presented i n  t h e  s tandards i s  assured by t h e  peer r ev i ew  t h a t  t h e  
s tandards r e c e i v e d  p r i o r  t o  p u b l i c a t i o n  and adopt ion  w i t h i n  t h e  n u c l e a r  
i n d u s t r y .  

On t h e  b a s i s  o f  t h e  comparisons between t h e  mass l i m i t s  f o r  c r i t i c a l i t y  
c o n t r o l  i n  t h e  ANSI s tandards and t h e  i n v e n t o r i e s  o f  f i s s i l e  i so topes  i n  t h e  
proposed payload, t h e  s t a f f  concludes t h a t  t h e  T-3 cask i s  designed t o  
m a i n t a i n  i t s  con ten t s  i n  a s u b c r i t i c a l  s t a t e  when c o n t a i n i n g  t h e  proposed 
pay load and o n l y  one cask i n  a shipment i n  compl iance w i t h  10 CFR 71.61 d u r i n g  
t r a n s p o r t a t i o n  and s torage.  



7.0 OPERATZNG PROCEDURES 

The o p e r a t i n g  procedures descr ibed  i n  t h e  T-3 SARP (Ref. 2) a r e  a p p l i c a b l e  t o  
t h e  p l u ton ium pay load d e f i n e d  i n  t h e  T-3 SARP Addendum (Ref. 1) .  A d d i t i o n a l  
o p e r a t i n g  procedures s p e c i f i e d  i n  t h e  Addendum w i l l  v e r i f y  t h a t  p r i o r  t o  
l o a d i n g  t h e  EP-61 vesse ls  i n t o  t h e  FSCs, t h e  PuO? pay load con ta ined  i n  t h e  
EP-61 vesse ls  i s  w i t h i n  t h e  bounds f o r  mass and i s o t o p i c  m ix  as s p e c i f i e d  i n  
t h e  T-3 SARP Addendum. 

T h i s  s e c t i o n  o f  t h e  T-3 SARP Addendum has been rev iewed and determined t o  
c o n t a i n  o p e r a t i n g  procedures t h a t  have been d e f i n e d  i n  a manner t h a t  w i l l  
assure compl iance w i t h  requi rements o f  10 CFR 71 (Ref. 3)  and DOE 5480.3 (Ref. 
4) .  

8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM 

The acceptance t e s t s  and maintenance program presented i n  t h e  T-3 SARP (Ref. 
2) a re  f o r  t h e  Type 9 payloads. The payloads descr ibed  i n  t h e  T-3 Addendum 
(Ref. 1) do n o t  inc rease  t h e  containment pressure, package s t r u c t u r e  tempera- 
t u res ,  o r  impact l oads  above a l lowed l i m i t s .  Thus, no r e v i s i o n  o f  t h e  
acceptance t e s t s  o r  maintenance program i s  r equ i red .  

T h i s  s e c t i o n  o f  t h e  T-3 SARP Addendum has been rev iewed and t h e  s t a f f  con- 
c ludes  t h a t  i t  con ta ins  acceptance t e s t s  and a maintenance prograli i  t h a t  have 
been d e f i n e d  i n  a manner t h a t  w i l l  assure compl iance w i t h  t h e  requi rements o f  
10 CFR 71 (Ref.  3 ) .  
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