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1.0 GENERAL 

1.1 Area o f  Review 

The Addendum t o  the  T-3 Spent Fuel Shipping Cask Safety Analys is  Report f o r  
Packaging (SARP) f o r  t h e  shipment o f  t h e  Intense Pulsed Neutron Source (IPNS) 
Enriched Uranium Booster Target Assembly (BTA) i n  t h e  T-3 cask (Ref. 1) seeks 
a u t h o r i z a t i o n  t o  sh ip  a s i n g l e  BTA i n  t h e  T-3 as exc lus ive  use, F i s s i l e  Class 
111. The BTA w i l l  be i n s t a l l e d  w i t h  support spacers s i m i l a r  i n  f u n c t i o n  t o  
t h e  a l ready approved FTR D r i v e r  Fuel Assembly support f i x t u r e s  f o r  Type 4 
Contents shipments. The BTA conta ins 25.3 kg o f  77.5 weight % enriched 
uranium metal (19.7 kg o f  U-235). The BTA has 19 grams o f  U-235 burnup and 
w i l l  have a decay heat load o f  l e s s  than 12 wat ts  when shipped a f t e r  May 31, 
1992. Composition o f  t h e  IPNS BTA payload i s  de f ined i n  Sect ion 1.2.3 
(Contents o f  Packaging) o f  t he  Addendum. The BTA conta ins 13 Z i r ca loy -2  clad, 
nominal f o u r - i n c h  diameter enriched uranium d iscs  (77.5 weight % U-235), 11 o f  
which are nominal ly  1/2- inch t h i c k  and two are one inch  t h i c k .  A 1/2- inch 
t h i c k  d i s c  conta ins  1.7 kg o f  uranium metal (1.3 kg o f  U-235), a one-inch 
t h i c k  d i s c  conta ins  3.5 kg o f  uranium metal (2.7 kg o f  U-235), and t h e  e n t i r e  
BTA conta ins  25.3 kg o f  uranium metal (19.7 kg o f  U-235). The payload weight 
and decay heat are lower i n  comparison t o  c u r r e n t l y  l i censed payloads. 

1.2 Findings 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  i t  
conta ins the  i n fo rmat 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 h e  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 is  presented i n  t h e  T-3 SARP addendum (Ref. 1) was 
reviewed f o r  t h e  proposed a l t e r n a t i v e  payload. The proposed payload i s  t h e  
Intense Pulsed Neutron Source (IPNS) Enriched Uranium Booster Target Assembly 
(BTA). The payload i s  supported w i t h i n  t h e  T-3 cask c a v i t y  w i t h  a spacer tube 
and an upper i n s e r t  a t  one end, a lower i n s e r t  a t  t h e  o ther  end, and a 
c i r c u l a r  c y l i n d r i c a l  p r o t e c t i v e  l i n e r  around i t s  ou ter  circumference. The 
i n s e r t s  and spacer tube are made o f  6061-T6511 aluminum a l l o y  and t h e  l i n e r  i s  
made o f  1100-0 aluminum. 



The support f i x t u r e  weighs approximately 64 l b .  according t o  ANL Drawing 
#N4620-0003-DD, Rev. 6. Hence the  payload ( the  BTA assembly) weighs approxi -  
mately 552 l b .  (616 l e s s  64 Ib . ) ,  o f  which 55.7 I b .  (25.3 kg) i s  77.5 weight % 
enriched uranium metal.  The uranium metal i s  located i n  t h e  t a r g e t  assembly 
o f  t h e  BTA. The metal cons is t s  o f  13 Z i r ca loy -2  clad, nominal f o u r - i n c h  
diameter d iscs .  Two o f  t h e  d i s c s  are  one inch  t h i c k  and t h e  remaining 11 are 
1/2-inch. Each o f  t h e  one-inch t h i c k  d i scs  conta ins 7.7 I b .  (3.5 kg) o f  
uranium metal, and t h e  1/2- inch d i s c  conta ins 3.7 l b .  (1.7 kg). 

The BTA assembly has two major components, t he  t a r g e t  assembly a t  one end o f  
t h e  BTA and t h e  l inkage/hose asserr~bly a t  t h e  o the r  end. 'The t a r g e t  assembly 
o f  t h e  BTA i s  a c i r c u l a r  c y l i n d r i c a l  vessel made o f  304 s t a i n l e s s  s tee l  
conta in ing  t h e  uranium metal d i s c s  and t h e i r  separator d iscs .  A 304 s t a i n l e s s  
s tee l  separator  d i s c  i s  placed between two adjacent uranium d i s c s  t o  prov ide  
f l o w  channels f o r  t h e  coo l i ng  water needed dur ing  t h e  BTA operat ion.  The 
l inkage/hose assembly i s  used dur ing  t h e  BTA opera t ion  t o  l i f t  and i n s e r t  t h e  
BTA i n t o  a bore tube o f  t h e  IPNS and t o  supply coo l i ng  water t o  t h e  ta rge t .  
The assembly w i l l  a l so  be used t o  l i f t  and i n s e r t  t h e  BTA i n t o  t h e  T-3 cask 
c a v i t y .  

The SARP concludes t h a t  t h e  proposed contents i s  acceptable s t r u c t u r a l l y  based 
on t h e  f o l l o w i n g  observat ions: (1) t h e  t o t a l  weight o f  t h e  proposed contents 
i s  l e s s  than t h e  contents weight l i m i t  and i s  on ly  a small f r a c t i o n  o f  t h e  
t o t a l  weight o f  t he  T-3 cask; (2) t h e  t o t a l  decay heat generated by t h e  
proposed contents i s  much lower than t h e  l i m i t  o f  t h e  cask; (3) t h e  support 
f i x t u r e  provides adequate clearance f o r  thermal expansion, and (4) t h e  BTA 
assembly w i l l  be d r y  f o r  shipment, and the re  w i l l  be no l i q u i d  o r  gaseous 
product t o  cause h igh  i n t e r n a l  pressure o f  t h e  cask. 

2.2 Acceptance C r i t e r i a  

The payload i s  deemed acceptable i f  i t  does n o t  cause adverse s t r u c t u r a l  
e f f e c t s  on t h e  containment, sh ie ld ing ,  and c r i t i c a l i t y  f unc t i ons  o f  t h e  T-3 
cask which can r e s u l t  i n  the  noncompliance o f  t h e  T-3 w i t h  federa l  regu la to ry  
requirements (10 CFR 71). 

2.3 Findings and Conclusions 

The s t a f f  concurs w i t h  t h e  app l i can t  t h a t  t h e  proposed payload has i n s i g n i f i -  
cant  s t r u c t u r a l  e f f e c t s  on t h e  sa fe ty  performance o f  t he  T-3 cask and i s ,  
there fore ,  acceptable as an a1 t e r n a t i v e  pay1 oad. The reasons are  as f o l l  ows: 

(1) The payload and support f i x t u r e  have a t o t a l  weight (616 l b . )  l e s s  
than t h e  approved maximum contents weight o f  t h e  cask (700 Ib . ) ;  

(2) The contents weight i s  a very small percentage o f  t h e  t o t a l  cask 
weight (38200 l b . )  and, there fore ,  t h e  prec ise  d i s t r i b u t i o n  o f  t h e  con- 
t e n t s  i s  immaterial  ; 

(3) The heat generat ion o f  t h e  payload (12 wat ts  t o t a l ,  o r  1.66 wat ts  
pe r  i nch  o f  t h e  a x i a l  l eng th  o f  t h e  heat source) i s  s i g n i f i c a n t l y  lower 



than t h e  approved maximum l i m i t  f o r  t he  T-3 cask (1400 wat ts  t o t a l  o r  
9.55 wat ts  per  i nch  o f  cask c a v i t y  length) ;  

(4 )  The design o f  t h e  payload support f i x t u r e  has provided s u f f i c i e n t  
c l  earance f o r  f r e e  thermal expansion; 

(5) The payload i s  n o t  expected t o  produce a s i g n i f i c a n t  amount o f  gas 
s ince t h e  SARP addendum ind ica tes  t h a t  t h e  BTA i s  d r y  before  load ing and 
t h e  t a r g e t  assembly does no t  produce an appreciable amount o f  gas 
f i s s i o n  products. Thus, t h e  r i s e  o f  t h e  i n t e r n a l  pressure i s  due on ly  
t o  t h e  heat ing  up o f  t he  d r y  a i r  i n  t h e  cask c a v i t y .  It should be lower 
than t h e  maximum i n t e r n a l  pressure pred ic ted i n  t h e  T-3 SARP, which a l so  
inc luded t h e  e f f e c t  o f  t h e  complete leakage o f  pressur ized gas i n  f u e l  
p ins.  

3.0 THERMAL EVALUATION 

3.1 Area o f  Review 

The thermal eva luat ion  presented i n  t h e  T-3 SARP Addendum (Ref. 1) was 
reviewed f o r  t h e  proposed payload. The thermal 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 he  package and i t s  contents would n o t  be impaired t o  
t h e  ex tent  t h a t  contents would be released dur ing  t h e  normal t ranspor t  and 
hypothet ica l  acc ident  cond i t ions  def ined i n  10 CFR 71. 

The BTA conta ins  25.3 kg o f  77.5 weight % enriched uranium metal (19.7 kg o f  
U- 235). The BTA has 19 grams o f  U-235 burnup and w i l l  have a decay heat load 
o f  l e s s  than 12 wat ts  when shipped a f t e r  May 31, 1992. The BTA conta ins  13 
Z i r ca loy -2  c lad,  nominal f o u r - i n c h  diameter enriched uranium d i s c s  (77.5 
weight % U-235), 11 o f  which are nominal ly  l / 2 - i n c h  t h i c k  and two are  one inch 
t h i c k .  A l / 2 - i n c h  t h i c k  d i s c  conta ins 1.7 kg o f  uranium metal (1.3 kg o f  
U-235), a one-inch t h i c k  d i s c  conta ins 3.5 kg o f  uranium metal (2.7 kg o f  
U-235), and the  e n t i r e  BTA conta ins 25.3 kg o f  uranium metal (19.7 kg o f  
U-235). The payload weight and decay heat are lower i n  comparison t o  cu r ren t -  
l y  approved pay1 oads. 

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 not  exceed those al lowed f o r  containment as 
def ined i n  t h e  T-3 SARP (Ref. 2). 

3.3 Review Procedure 

The package design, i n c l u d i n g  containment and sh ie ld ,  has been approved f o r  a 
content  decay heat load o f  1400 W. Thus, s ince t h e  contents o f  t h i s  package 
produce a decay heat load o f  l e s s  than 12 W (which i s  l e s s  than f o r  t h e  
approved package), t h e  impact o f  t he  thermal loads on t h e  containment and lead 
s h i e l d i n g  should be l e s s  than t h a t  o f  t h e  approved package. Therefore, t h e  



containment and lead  s h i e l d i n g  conform t o  t h e  requirements o f  10 CFR 71 (Ref. 
3) 

3.4 Findings and Conclusions 

Based on t h e  rev iew described above, temperatures, pressures, and st resses i n  
t h e  T-3 package are w i t h i n  al lowed l i m i t s .  

The s t a f f  concludes t h a t  t h e  thermal design fea tures  descrlbed i n  Sect ion 3 
(Thermal Evaluat ion)  o f  t h e  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 containment fea tures  associated w i t h  shipments o f  t h e  Intense Pulsed 
Neutron Source (IPNS) Enriched Uranium Booster Target Assembly (BTA) payload 
remain t h e  same as those presented i n  t h e  T-3 SARP (Ref. 2) w i t h  t h e  cask 
p rov id ing  containment under both normal and hypothet ica l  acc ident  cond i t ions .  
Thus, t h e  s t a f f ' s  conclus ion o f  a review o f  Sect ion 4 (Containment) o f  t h e  
Addendum i s  t h a t  t h e  containment design fea tures  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 s h i e l d i n g  ana lys is  presented i n  t h e  T-3 SARP Addendum (Ref. 1) was 
reviewed f o r  t h e  proposed a d d i t i o n a l  payload f o r  t h e  T-3 package. The 
proposed payload i s  t h e  Intense Pulsed Neutron Source (IPNS) Booster Target 
Assembly (BTA), conta in ing  25.3 kg o f  77.5 weight % enriched uranium metal, 
which produced neutrons by s p a l l a t i o n  reac t i ons  r e s u l t i n g  from an impinging 
h igh-  energy pro ton beam and subsequent f i s s i o n s .  The BTA i s  assumed t o  have 
operated a t  450 MeV and 20 A (70 kW) w i t h  a 100% duty  c y c l e  f o r  270.5 days 
before  shutdown on August 9, 1991. (Actual opera t ion  was over a long per iod  
o f  t ime w i t h  a duty  cyc le . )  The burnup o f  U-235 i s  approximately 19 g (-0.75 
MWd/kgHM), and t h e  decay heat w i l l  be l e s s  than 12 W when shipped a f t e r  May 
31, 1992. The T-3 cask w i l l  be shipped as exc lus i ve  use, F i s s i l e  Class 111. 

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  expected dose 
r a t e s  do n o t  exceed t h e  l i m i t s  s p e c i f i e d  i n  10 CFR 71.47 and 71.51. For a 
more r e s t r i c t i v e  c r i t e r i a ,  cask sh ie ld ing  i s  a l so  deemed acceptable i f  i t  can 
be shown t h a t  t h e  expected dose r a t e s  w i l l  no t  exceed those o f  payloads 
p rev ious l y  approved f o r  t h e  T-3, which are s i g n i f i c a n t l y  below t h e  a l lowable 
l i m i t s  o f  10 CFR 71. ( I n  t h e  contex t  o f  t h i s  review, t h e  dose r a t e s  assoc ia t -  
ed w i t h  t h e  t ranspor t  o f  ma te r ia l s  i n  t h e  approved payload con f igu ra t i ons  o f  
t h e  SARP are assumed t o  have been ca lcu la ted  c o r r e c t l y . )  



5.3 Review Procedure 

The neutron and gamma source terms f o r  t h e  BTA were compared w i t h  those o f  t h e  
o r i g i n a l  design-basis sources f o r  which t h e  T-3 was i n i t i a l l y  approved. 

Source terms f o r  t h e  BTA were ca l cu la ted  i n  Sect ion 5.2 o f  t h e  Addendum using 
ORIGEN-S, assuming t h e  opera t ing  power l e v e l  presented above. Shutdown 
a c t i v i t y  i s  s ta ted  t o  be dominated by t h e  f i s s i o n  products o f  t h e  U-235 
f i s s i o n .  

The o r i g i n a l  gamma source f o r  t h e  approved SARP i s  addressed i n  Sect ions 5.2 
and 5.2.1 o f  Ref. 2. It cons is ts  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 
coo l i ng  pe r iod  f o l l o w i n g  an 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 conta ins 9.5 kg o f  f u e l  ma te r ia l  w i t h  a  composition o f  20% PuC o r  
PUN and 80% UC o r  UN. A1 though t h e  f u e l  mass i s  smal ler  than o the r  payloads 
( i n c l u d i n g  t h e  38-kg payload used f o r  t h e  bounding neutron source), i t  was 
selected as t h e  design-basis gamma source because o f  i t s  sho r t  coo l i ng  t ime. 

The o r i g i n a l  neutron source f o r  t h e  approved SARP i s  addressed i n  Sect ions 5.2 
and 5.2.2 o f  Ref. 2. It cons is ts  o f  217 mixed oxide p ins  w i t h  a  360-day 
coo l i ng  pe r iod  f o l l o w i n g  an 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 conta ins 38 kg o f  f u e l  ma te r ia l  w i t h  a  composit ion o f  25% PuO and 
75% UO,. The pr imary source o f  t h e  spontaneous f i s s i o n  neutrons i s  Cm-242. 

The burnup o f  t h e  f u e l  i n  t h e  BTA i s  s i g n i f i c a n t l y  l e s s  than t h a t  o f  t h e  
design-basis payloads p rev ious l y  approved f o r  t h e  T-3. P r i m a r i l y  because o f  
t h i s  very  low burnup (and a c t i v a t i o n ) ,  as we l l  as a  longer  coo l i ng  time, both 
t h e  neutron and gamma source terms f o r  t h e  BTA are s i g n i f i c a n t l y  l e s s  than 
those o f  t h e  o the r  design-basis sources, even f o r  t h e  conservat ive 100% du ty  
cyc le  assumed f o r  t h e  i r r a d i a t i o n  time. 

Ca lcu la t ions  summarized i n  Sect ion 5.1 o f  t he  Addendum i n d i c a t e  t h a t  t h e  t o t a l  
dose r a t e  on t h e  sur face o f  t h e  T-3 w i l l  be l e s s  than 1 mrem/h du r ing  shipment 
o f  t h e  BTA. 

5.4 Findings and Conclusions 

Arguments presented are  s u f f i c i e n t  t o  conclude t h a t  t h e  expected dose r a t e s  
from t h e  BTA are s i g n i f i c a n t l y  l e s s  than those p rev ious l y  approved f o r  t h e  T-3 
and w e l l  below t h e  l i m i t s  o f  10 CFR 71, when sub jec t  t o  t h e  l i m i t a t i o n s  
spec i f i ed :  

(1) The BTA s h a l l  have been i r r a d i a t e d  w i t h  a  450-MeV, 20- A pro ton beam 
(-19 g  burnup o f  U-235) f o r  no more than 270.5 days p r i o r  t o  a  shutdown 
date  o f  August 9, 1992; 

(2) Decay heat s h a l l  be l e s s  than 12 W, which s h a l l  be p r i m a r i l y  due t o  
f i ss ion -p roduc t  a c t i v i t y .  

The s t a f f  concludes t h a t  t h e  T-3 r e v i s i o n s  def ined i n  Sect ion 5  o f  t h e  SARP 
Addendum f o r  t h e  BTA are i n  compliance w i t h  t h e  requirements o f  10 CFR 71. 



6.0 CRITICALITY EVALUATION 

6.1 Area o f  Review 

Approval i s  requested t o  sh ip  a s i n g l e  Intense Pulsed Neutron Source (IPNS) 
Enriched Uranium Booster Target Assembly (BTA) i n  t h e  T-3 Cask (Ref. 1) as 
exc lus i ve  use, F i s s i l e  Class 111. The BTA w i l l  be i n s t a l l e d  w i t h  support 
spacers s i m i l a r  i n  func t i on  t o  the  a l ready approved FTR D r i v e r  Fuel Assembly 
support f i x t u r e s  f o r  Type 4 Contents shipments. The BTA conta ins 25.3 kg o f  
77.5 weight X enriched uranium metal (19.7 kg o f  U-235). The BTA has 19 grams 
o f  U-235 burnup. 

The c r i t i c a l i t y  design fea tures  o f  t he  package and t h e  adequacy o f  t h e  
c r i t i c a l i t y  eva lua t ion  are  reviewed f o r  a package t ranspor ted under normal 
cond i t i ons  o f  t ranspor t  and hypothet ica l  acc ident  cond i t ions .  I n c l  uded i n  
t h i s  rev iew are (1) t h e  package f u e l  loading;  (2)  t h e  model s p e c i f i c a t i o n :  
d e s c r i p t i o n  o f  t h e  c a l  c u l  a t i o n a l  model and the  package reg iona l  dens i t i es ;  (3) 
the  c r i t i c a l  i t y  c a l c u l a t i o n :  c a l  c u l  a t i o n a l  o r  experimental method, f u e l  
load ing o r  o the r  contents load ing opt imiza t ion ,  and c r i t i c a l  i t y  r e s u l t s ;  (4) 
t h e  c r i t i c a l  benchmark experiments: benchmark experiments and a p p l i c a b i l i t y ,  
d e t a i l s  o f  benchmark ca l cu la t i ons ,  and r e s u l t s  o f  benchmark ca l cu la t i ons ;  and 
(5) any support ive in format ion  o r  documentation. 

6.2 Acceptance C r i t e r i a  

The requirements o f  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  conceivable con f igu ra t i ons  and environments. 
This i s  based upon a s i n g l e  cask i n  each shipment. 

6.3 Review Procedure 

The c r i t i c a l i t y  eva lua t ion  o f  t he  Addendum f o r  F i s s i l e  Class I 1 1  inc luded i n  
the  SARP Addendum i s  based on c a l c u l a t i o n s  made w i t h  stand-alone KENO V.a and 
t h e  16-group Hansen-Roach neutron cross sec t ion  set .  An ar ray  o f  two packages 
was considered f o r  Normal Condi t ions o f  Transport and a s i n g l e  package f o r  
Hypothet ica l  Accident Condit ions. 

6.3.1 Package Fuel Loading 

Sect ion 6.2 (Fuel Package Loading) o f  t h e  Addendum conta ins f u e l  load ing 
in fo rmat ion  f o r  t h e  BTA. The BTA conta ins 13 Z i r ca loy -2  clad, nominal f o u r -  
i nch  diameter enr iched uranium d iscs  (77 weight % U-235, 11 o f  which d i s c s  are 
nominal ly  1/2- inch and two are  nominal ly  one-inch t h i c k .  A 1/2- inch t h i c k  
d i s c  conta ins 1.7 kg o f  uranium metal (1.3 kg o f  U-235), a one-inch t h i c k  d i s c  

conta ins 3.5 kg o f  uranium metal (2.7 kg o f  U-235), and t h e  e n t i r e  BTA 
conta ins 25.3 kg o f  uranium metal (19.7 kg o f  U-235). The uranium metal 
dens i t y  i s  18.75 g/cm . The f i r s t  seven o f  t h e  1/2- inch t h i c k  d i scs  a t  t h e  
bottom o f  t h e  BTA and t h e  n e x t - t o - l a s t  one-inch t h i c k  d i s c  a t  t h e  top  o f  t h e  
BTA con ta in  a Z i r ca loy -2  thermowell i n t o  which s i n g l e  thermocouples are placed 
t o  moni tor  d i s c  temperatures dur ing  operat ion.  The Z i r ca loy -2  c l a d  on t h e  
d i s c  faces, circumference, and thermowell i s  g rea te r  than 0.017 inches t h i c k .  



6.3.2 C r i t i c a l i t y  Ca lcu la t ions  

Table 6.1 i n  Sect ion 6.1 (Discussion and Results) o f  t h e  Addendum presents k -  
e f f e c t i v e  c a l c u l a t i o n s  f o r  s i n g l e  packages under accident  cond i t ions .  The 
c a l c u l a t i o n s  were performed w i t h  t h e  KENO V.a Monte Car lo code us ing t h e  
standard 16-group Hansen-Roach neutron cross sec t i on  set .  The app l i can t  
homogenized t h e  BTA fuel  r e s u l t i n g  i n  a f u e l  c y l  i nde r  con ta in ing  u ran i  um a t  a 
dens i t y  o f  14.1 g/cm p lus  d i l u e n t s  o f  i r on ,  chromium, n i c k e l ,  zirconium, and 
manganese. 

Conf i qura t  i on 
BTA i n  cask, submerged and f looded 

K - e f f e c t i v e  +/- siqma 
0.883 0.005 

BTA i n  cask f looded w i t h  10% dens i t y  water 0.791 0.003 

BTA i n  cask, submerged, i n t e r n a l l y  d r y  0.776 0.004 

BTA i n  cask, submerged and flooded; no 0.881 
c r e d i t  f o r  Boron and Copper i n  back p l a t e  

Table 6.2 i n  Sect ion 6.1 (Discussion and Results) o f  t h e  Addendum presents k -  
e f f e c t i v e  c a l c u l a t i o n s  f o r  two T-3 casks w i t h  t h e  BTA payload under a number 
o f  cond i t ions .  

Conf i q u r a t i o n  K - e f f e c t i v e  +/- siqma 
Flooded casks i n  water; 0.0 cm separat ion 0.888 0.004 

Flooded casks i n  water; 2.5 cm separat ion 0.879 0.004 

Flooded casks i n  water; 5.0 cm separat ion 0.891 0.005 

Flooded casks i n  water; 7.5 cm separat ion 0.884 0.004 

Flooded casks i n  water; 10.0 cm separat ion 0.885 0.004 

Flooded casks i n  water; 20.0 cm separat ion 0.883 0.004 

Flooded casks i n  water; 200.0 cm separat ion 0.882 0.005 

Unflooded casks i n  water; 5.0 cm separat ion 0.777 0.004 

The s t a f f  reviewed KENO models i n  Sect ion 6.3, Model S p e c i f i c a t i o n  o f  t h e  
Addendum used by t h e  app l i can t  f o r  dimensions and number dens i t i es .  The s t a f f  
performed an independent bounding c a l c u l a t i o n  discussed below. 

The Nuclear Safety Guide TID-7016, Revis ion 2 (Ref. 5) conta ins t h e  f o l l o w i n g  
in format ion .  Table 2.2 g ives  t h e  single-parameter s u b c r i t i c a l  l i m i t  f o r  100 
weight % m e t a l l i c  U-235 as 20.1 kg. F igure 3.3 g ives  f a c t o r s  by which U-235 
metal s u b c r i t i c a l  mass l i m i t s  may be increased f o r  reduced uranium enrichment. 



At  80 weight X t h e  f a c t o r  i s  a t  l e a s t  1.4 r e s u l t i n g  i n  a  s u b c r i t i c a l  l i m i t  o f  
28.1 kg t o t a l  uranium, which i s  g rea te r  than t h e  25.3 kg t o t a l  mass o f  uranium 
i n  t h e  BTA. I n  f a c t ,  t h e  U-235 content  o f  t he  BTA, which i s  19.7 kg U-235, i s  
s l i g h t l y  l e s s  than t h e  s u b c r i t i c a l  l i m i t  o f  20.1 kg f o r  100 weight % m e t a l l i c  
U- 235. Th is  i n fo rma t ion  from t h e  Nuclear Safety Guide TID-7016, Revis ion 2  
shows t h a t  a  s i n g l e  package cannot be made c r i t i c a l  i n  t h e  Hypothet ica l  
Accident Condi t ions and supports t h e  r e s u l t s  o f  Table 6.1. The r e s u l t s  o f  t h e  
c a l c u l a t i o n s  made by t h e  app l i can t  and t h e  bounding c a l c u l a t i o n s  discussed 
below show t h a t  t h e  casks are i s o l a t e d  n e u t r o n i c a l l y .  Hence the  s u b c r i t i c a l  
l i m i t  f rom t h e  Nuclear Safe ty  Guide TID-7016, Revis ion 2  a l so  app l i es  t o  t h e  
two-cask s i t u a t i o n s .  

6.3.3 C r i t i c a l  Benchmark Experiments 

The app l i can t  asser ted t h a t  there  are no benchmark experiments i n v o l v i n g  
f i s s i o n a b l e  ma te r ia l  which would c l o s e l y  resemble t h e  77.5 weight X enr iched 
uranium d i s c s  making up the  BTA. The app l i can t  performed no c a l c u l a t i o n s  o f  
benchmark experiments. The app l i can t  asser ts  t h a t  t he re  i s  an e r r o r  o f  0.015 
associated w i t h  t h e  Hansen-Roach cross sec t i on  se t  and assumes a  modeling 
e r r o r  o f  0.010. The s t a f f  has no basis t o  judge t h e  accuracy o f  t h e  values 
f o r  these e r ro rs .  

6.3.4 Bounding Confirmatory Cal cu l  a t i o n  

The s t a f f  performed a  number o f  bounding conf i rmatory  c a l c u l a t i o n s  us ing  t h e  
SCALE/KENO V.a computer package w i t h  t h e  27-group cross sec t i on  set .  This 
combinat ion o f  code sequences and cross sec t i on  se t  has been va l  i da ted  by 
Jordan e t  a1 . (Ref. 6). The bounding conf i rmatory  model c o n ~ i s t e d ~ o f  a  
c y l i n d e r  o f  77.5 weight X uranium metal a t  a  dens i t y  o f  18.75 g/cm w i t h  a  
rad ius  o f  5.08 cm and l e n g t h  o f  16.64 cm. The uranium c y l i n d e r  i n  t h i s  model 
conta ins no d i l  uents. The f u e l  was surrounded by a  space t h a t  cou ld  f i l l  w i t h  
water and t h e  l ead  s h i e l d  and s t a i n l e s s  s t e e l  ou te r  w a l l  o f  t h e  cask. S ing le  
u n i t s  and two u n i t s  s ide-by-s ide  were considered. 

Conf i qura t  i on 
S ing le  Cask Two Casks 

k - e f f  +/- siqma k - e f f  +/- siqma 

Dry ins ide ,  no water 0.7728 0.0020 0.7781 0.0021 
r e f l  e c t o r  

Dry ins ide ,  water r e f l e c t o r  0.7767 0.0022 0.7794 0.0022 

Flooded ins ide ,  water 0.9524 0.0024 0.9565 0.0021 
r e f l  e c t o r  

Jordan e t  a l .  (Ref. 6) l i s t  a  number of appropr ia te  c r i t i c a l  benchmark 
c a l c ~ ~ l a t i o n s  f o r  h i g h l y  enriched uranium metal which i n d i c a t e  t h a t  t h e  
SCALE/KENO V.a computer package w i t h  t h e  27-group cross sec t i on  se t  does n o t  
have a  negat ive b i a s  f o r  these systems. Hence t h e  s t a f f  concludes t h a t  t h e  
bounding conf i rmatory  c a l c u l a t i o n s  i n d i c a t e  s u b c r i t i c a l  systems under a l l  
cond i t i ons  considered. The benchmark i n fo rmat ion  from Jordan e t  a l .  i s  shown 
below. 

JAN 1 9 1993 



CASOl 93.8% U metal sphere, 
u n r e f l  ected (GODIVA) 

CAS07 93.5% U metal hemisphere s h e l l ,  
H20 r e f l  ected 

CAS08 93.2% U metal c y l  i nde r  annul us, 
g r a p h i t e  r e f l e c t e d  

CAS09 94% U metal cuboid, na tu ra l  U 
r e f l  ec to r  

CASlO 93.1% U metal hemi spher ica l  she1 1, 
o i l  r e f l e c t e d  

CASl 1 93.1% U metal hemi spher ical  she1 1, 
s tee l  center  and o i l  r e f l e c t o r  

CASl2 97.67% U metal sphere, H20 
r e f l  ected 

k - e f f  

1.0004 

6.4 Findings and Conclusions 

On t h e  bas is  o f  rev iew o f  t h e  app l i can t ' s  ca l cu la t i ons ,  t h e  s u b c r i t i c a l  l i m i t  
i n  t h e  Nuclear Safety Guide TID-7016, Revision 2 (Ref. 5), and bounding 
conf i rmatory  ca l cu la t i ons ,  t h e  s t a f f  concludes t h a t  t h e  T-3 cask i s  designed 
t o  main ta in  i t s  contents i n  a s u b c r i t i c a l  s t a t e  when con ta in ing  the  proposed 
Intense Pulsed Neutron Source (IPNS) Enriched Uranium Booster Target Assembly 
(BTA) payload and o n l y  one cask i n  a shipment i n  compliance w i t h  10 CFR 71.61 
du r ing  t r a n s p o r t a t i o n  and storage. 

7.0 OPERATING PROCEDURES 

The opera t ing  procedures described i n  t h e  T-3 SARP (Ref. 2) a re  app l i cab le  t o  
the  In tense Pulsed Neutron Source (IPNS) Enriched Uranium Booster Target 
Assembly (BTA) pay1 oad def ined i n  the  T-3 SARP Addendum (Ref. 1). 

This sec t i on  o f  t h e  T-3 SARP Addendum has been reviewed and determined t o  
conta in  opera t ing  procedures t h a t  have been def ined i n  a manner t h a t  w i l l  
assure compliance w i t h  requirements o f  10 CFR 71 (Ref. 3) and DOE 5480.3 (Ref. 
4) 

8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAMS 

The acceptance t e s t s  and maintenance programs presented i n  t h e  T-3 SARP (Ref. 
2) are f o r  t h e  Type 9 payloads. The Intense Pulsed Neutron Source (IPNS) 



Enriched Uranium Booster Target Assembly (BTA) payload described i n  t h e  T-3 
Addendum (Ref. 1) does not  increase t h e  containment pressure, package s t ruc -  
t u r e  ternperatures, o r  impact loads above al 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 programs i s  required.  

This sec t i on  o f  t he  T-3 SARP Addendum has been reviewed and t h e  s t a f f  con- 
cludes t h a t  i t  conta ins acceptance t e s t s  and maintenance programs t h a t  have 
been def ined i n  a manner t h a t  w i l l  assure compliance w i t h  t h e  requirements o f  
10 CFR 71 (Ref. 3) .  
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