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ABSTRACT 

Preliminary acceptunce cr i t er ia  have been developed for pack- 
ages containing nuclear waste which must be stored or disposed- 
of  by the U. S. Department o f  Energy. Acceptance cr i t er ia  are 
necessary t o  ensure thut the waste packages are compatible with 
aZZ elements o f  the Waste Management System. The acceptance 
cr i t er ia  are subject t o  revision since many o f  the constraints 
that  wi l l  be imposed on the waste packages by the Waste Manage- 
ment System have ei ther not been defined,or are being revised. 
DeZineation of the a c c e p t m e  cr i ter ia  wi l l  provide bases for 
handling, transporting and disposing o f  the comercia2 waste. 
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1.0 INTRODUCTION 

The Code o f  Federal Regulations (CFR), T i t l e  10, Pa r t  50 (10CFR50) has 

estab l ished the requirement t h a t  h igh- leve l  waste from nuclear.  f u e l  . . re-  

processing p lan t s  must be s o l i d i f i e d  and placed i n  a sealed conta iner  

( can i s te r )  w i t h i n  5 years a f t e r  reprocessing and t r ans fe r red  t o  a federa l  

repos i to ry  w i  t h i n  10 years a f t e r  reprocessing. 

On September 12, 1974, the U. S. Department of Energy (DOE) issued new 

proposed standards f o r  t ransuran ic  (TRU) waste disposal  (39FR32922). The 

new standards requ i re  t h a t  a l l  TRU waste, generated by the  commercial 

nuclear indust ry ,  be t r ans fe r red  t o  the DOE fo r  storage as soon as prac- 

t i c a l ,  but  w i th i -n  5 years a f t e r  generation. The proposed regu la t i on  def ines 

TRU waste t o  inc lude a l l  mate r ia ls  contaminated t o  10 nanocuries per  gram 

as a lower 1 i m i  t and a1 1 wastes except those def ined as h igh- leve l  waste 

as an upper l i m i t .  Fuel c ladd ing h u l l s  are s p e c i f i c a l l y  inc luded as TRU 
,."_. waste. 

(..... 

I n  view o f  t h i s  , i n  February 1976, the DOE announced an expanded program 

f o r  the management.of commercial r ad ioac t i ve  waste. To implement t h a t  

e f f o r t ,  the Nat ional  Was.te Terminal Storage (NWTS) Program was estab l  i shed. 

I t s  mission was " t o  provide f a c i l i t i e s  i n  var ious deep geologic formations 

a t  m u l t i p l e  loca t ions  i n  the Uni ted States which w i l l  s a f e l y  dispose o f  

commercial r ad ioac t i ve  waste which must be de l i ve red  t o  a federa l  repos i -  

t o r y  f o r  terminal  storage." The Oak Ridge Operations O f f i c e  o f  DOE was 

assigned responsi b i  1 i ty  o f  o v e r a l l  coordinat ion,  and an O f f i c e  o f  Waste 

I s o l a t i o n  (OWI) was estab l  ished w i t t i i n  the  Union Carbide Corporation - 
Nuclear Div is ion,  t o  provide program management.* 

*Effective July 1, 1978, the program rnanugement was fianeferred ti 
the Office of Nuclear Waste I s o k t i m  (ONWI) within the Boject Manugement 

L- Division of the BatteZZe CoZwnbus Laboratoees. 
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P r i o r  work f o r  both defense and commercial waste had generated data on s a l t  

repos i to r ies ,  waste s o l i d i f i c a t i o n ,  near-surface storage f a c i l  i t i e s ,  and 

waste packaging ; however, adequate coord inat ion and f i n a l  c r i  t e r i  a were 

lacking. Wi th in  the NWTS, the need f o r  a program deal ing w i t h  commercial 

waste packaging was c l e a r  and the OW1 selected Rockwell Hanford Operations 

(Rockwell ) , former ly  A t l a n t i c  R i c h f i e l d  Hanford Company, t o  have manage- 

ment responsi b i  1 i ty f o r  development of sa l  t repos i t o r y  acceptance c r i t e r i a  

f o r  h igh- leve l  waste packages, TRU waste packages, packages f o r  f u e l  h u l l s ,  

and the demonstration o f  c r i t e r i a  appl i cabi 1 i ty v i a  the development o f  f u l  l y  

, t es ted  and 1 icensable containers f o r  the  var ious waste forms t h a t  w i l  I. be 

received by DOE f o r  storage and disposal. The Rockwell program i s  e n t i t l e d  

the Commerci a1 Waste Packaging (CWP) ~ r o i r a m .  ( l )  

Ear l y  i n  1977, a "-no reprocessing" p o l i c y  was estab l ished by the White House 

and, as a resu l t ,  the DOE'established a program t o  study near-surface storage 

a1 te rna t i ves  f o r  s t o r i n g  spent unreprocessed fuel elements. Rockwel T was 
. .- assigned r e s p o n s i b i l i t y  by DOE f o r  management o f  the program. I t s  mission 
.: was t o  estab l  i sh the r e q u i r e d  techno1 ogy and, u l  t ima te l y  , a Spent Unreproc- 

essed Fuel (SURF) F a c i l i t y . *  The scope o f  the  program was expanded t o  

inc lude a SURF package su i t ab le  f o r  geologic disposal. which would be com- 

p a t i  b l  e w i t h  the waste management system which includes reprocessi.ng. 

The cumulative ef fect  i s  a requirement t h a t  spent. fuel and a l l  TRU waste 

generated from nuclear f u e l  a c t i v i t i e s  be t r ans fe r red  t o  a DOE repos i t o r y  

f o r  custody and storage. I n  view o f  t h i s ,  spent unreprocessed.fue1 pack- 
. . 

ages were added t o  the scope o f  the. CWP ~rog'ram. The purpose o f  th is 'docu-  

ment i s  t o  present p re l im inary  rad ioac t i ve 'was te  package acceptance c r i t e r i a  

f o r  .waste packages t h a t  w i  11 be received by federal '  r epos i t o r i es  f o r  storage 

and disposal  . Issuance o f  these acceptance c r i t e r i a  meets the i n i  ti a1 objec- 

t i v e  o f  the  CWP Program. The c r i t e r i a  w i l l  be updated as the NWTS program 

progresses. 

- - -  

*The mission has been changed t o  emphasize packaging of spent fuel for 
..__. .. storage or disposaz. The name has been chunged t o  Ifspent FueZ HandZing and 

Packaginq Progmm. I f  



2.0 COMMERCIAL WASTE PACKAGING PROGRAM 

- 
2.1 OBJECTIVES 

The long-range ob jec t i ve  of the  CWP Program i s  t o  develop f u l l y  tes ted  and 

l i censab le  containers f o r  the a r ray  of commercial wastes which must be re-  

ceived by the DOE. The i n i t i a l  ob jec t i ve  o f  the  program i s  t o  develop com- 

merc ia l  waste package acceptance c r i t e r i a  which w i l l  assure t h a t  the packages 

are compatible w i t h  a l l  federal r epos i t o r i es  , t h e i r  hand1 i n g  equipment 

a1 1- o ther  pa r t s  of the waste management system such as t ranspor ta t ion ,  

regula t ions,  reprocessing, and l i cens ing .  These var ious packages must 

r e t a i n  t h e i r  i n t e g r i t y  and c o m p a t i b i l i t y  w i t h  a1 1 par ts  o f  the waste manage- 

ment system throughout a de/i ned per iod o f  r e t r i e v a b i  1 i t y  a t  the  federa l  

r epos i t o r i es  and subsequent r e l oca t i on  t o  a l t e r n a t i v e  storage and disposal  

i f requi  red. 

2.2 'PROGRAM SCOPE 

The program i s  d iv ided  i n t o  f i v e  a c t i v i t i e s  conducted essen t ia l  l y  

s e r i  a1 l y :  

1. ' ' Package ' Acceptarice ' C r i  t e r i  a - sets f o r t h  se lected c r i  t e r i  a which. 

a package must meet i n  order t o  be transported, received, handled, 

stored, and disposed o f  w i t h i n  the waste management system. These 

c r i t e r i a  are based on con t ro l  l . i ng  system. cons t ra in ts  such as. 

phys ica l  dimensions, shape, weight, thermal . . power,: radiat ion."; level,  . - . . 

sur face contamination, etc. .  
L 

- .  

2. ' 'Container ' Desiqri C r i  t e r i . a  - estab l  ishes conta iner  design con t ro l  

f o r  the  various packages. Again, the design c r i t e r i a  are based 

on c o n t r o l l i n g  cons t ra in ts  which each p a r t  of the'system imposes 

on the  container. The l e v e l  o f  con t ro l  i s  g r e a t l y  increased and 

provides cons t ra in ts  on features such as metallurgy,'methods o f  

fabr i ca t ion ,  and s t r u c t u r a l  design. 



3. Container Prototype Designs - designs f o r  a1 1 containers requi red 

f o r  commercial wastes w i l l  be prepared f o r  c r i t i c a l  review and 

p r e l  i m i  nary acceptance by p a r t i c i p a t i n g  agencies and concerns 

p r i o r  t o  fabr i ca t ion  and t e s t i n g  o f  prototypes. 

4. Desiqn Conf i rna t ion  Test inq - prototype containers w i l l  be f a b r i -  

\ cated and tes ted  as requ i red  by the  waste management system t o  

provide desi gn v e r i  f i  c a t i  on and demonstrate t he  appl i cabi 1 i ty and 

a c c e p t a b i l i t y  of containers under spec i f i ed  accident scenarios... 

5. F i na l  Report ing and L icens inq Support' - th i s .  phase i s  scheduled 

and designed to. provide the requ i red  technica l  repor ts  and docu- 

mentation necessary t o  support the l i c e n s i n g  e f f o r t  fo r  the  f i r s t  

s a l t  r epos i t o r y  scheduled t o  be estab l ished i n  1985. 

2.3 PROGRAM BASES 

Several bases were estab l ished f o r  the CWP Program. Some appear t o  be i n  

the process of being modified; however, new guidance wh.ich would j u s t i f y  

s i g n i f i c a n t  mod i f i ca t i on  of. these bases has no t  been provided. 

1. To provide f o r  several f u e l  cyc le  a1 te rna t i ves ,  containers f o r  

a l l  waste forms should be prepared. (Thus, high-.level waste, 

TRU waste, and spent f u e l  are considered i n  the study.) 

2. A federa l  r epos i t o r y  i n  s a l t  w i l l  be estab l ished f i r s t ,  i n  calen- 

dar year 1985. (This basis inf luences program t im ing  and schedu- 

1 ing, and i s  c u r r e n t l y  under review by the DOE and the ONWI. ) . 

3. To es tab l i sh  a system o f  r e l a t e d  storage and disposal  f a c i l i t y  

options, "waste packages" are needed f o r  a l l  waste forms. To 

keep a l l  storage and disposal  opt ions open, the  conta iners  must 

be compatible w i t h  a l l  elements of the  system. 

4. The "waste package" i s  the  common denominator w i t h i n  the  system. 

(One f a c i l l  t y  design may be independent from others so !ong as 

they can accept the "package" .) 



5. Waste form research and development i s  ahead o f  f a c i l i t y  develop- 

ment, and s u i  tab1 e waste f o rms  a& 1 i k e l y  t o  e x i s t  w i t  h i  n present 
-. . . . 

o r  thresh01 d techno1 ogy. 

6.. There i s  t ime t o  achieve c o m p a t i b i l i t y  w i t h  respect  t o  the  "waste 

package" and "system" by the  i t e r a t i v e  process o f  c y c l i n g  waste 

package acceptance c r i  t e r i  a., conbai ner des i gn c r i t e r i a ,  design and 
. . 

.. ... . .  . t e s t i n g  in fo rmat ion  through the var ious fac i  1 i ty development pro- 

. grams f o r  comment and refinement. 

7. ' The waste management system i s  defined as: 

a. Waste i m o b i l i z a t i o n  and/or packaging 

.b. T ranspor ta t i  on 

c. Storage at.: 

Surface f a c i  1 i t i e s  

Geologic r e p o s i t o r i e s  

.d. Re t r ieva l  from storage 

e. Reprocessing ( i n  the case of spent f ue l ) '  

f. Disposal a t  federa l  r epos i t o r i es :  

S a l t  

Basa l t  

Shale o r  grand te .  

g. ~ e d e r a l  and s t a t e  regu la t ions.  
. . .  . . . . - . . ., . - . . . - . . . - - . . . . . - . . .. . . - - . . 
8. Some waste forms w i l l  n o t  l o g i c a l l y  be exposed t o  se lec ted e le -  

ments o f  the wastemanagement system. Where t h i s  can be deter-  

mined, the program w i l l  p rov ide bases f o r  e l i m i n a t i n g  a need f o r  

c o m p a t i b i l i t y  o f  a p a r t i c u l a r  waste form package w i t h  the  spec i f i c  

element o f  t h e  waste system. 

9. 'Assumptions must be i n  compliance w i t h  the CFR, T i t l e  10, P a r t  50, 

. Appendix F. "A1 1 waste packages must be s tored i n  a r e t r i e v a b l e  

mode f o r  a per iod  o f  f i v e  years i n  geo log ic  r e p o s i t o r i e s  except 

f o r  spent f u e l  elements, The r e t r i e v a b l e  per iod  f o r  spent fuel  

elements s h a l l  be 25 years i n  geo log ic  storage." 



A1 1 e x i s t i n g  regu la t ions  , codes, and standards which c o n s t i t u t e  

cons t ra in ts  on waste form, waste container,  o r  shipment and storage 

o f  packaged waste s h a l l  be used as bases. I n  add i t i on ,  t rends i n  

1  icens ing and new regu la t ions  s h a l l  be an t i c i pa ted  where f eas ib l e  

and used as base's where appl i cab1 e. 

C r i t e r i a  developed s h a l l  be based on the  bes t  data and in fo rmat ion  

ava i lab le .  Where technology i s  n o t  a v a i l  able, screening techn ica l  

s tud ies w i l l  be performed where f e a s i b l e  and warranted. Judgemental 

decls ions w f l l  be made based on the  bes t  ava i l ab le  opinions from 

cognizant sources. 

12. C r i t e r i a  w i l l  be improved o r  per fec ted by the i t e r a t i v e  process 

of review, comment and incorpora t ion  o f  new data p r i o r  t o  t rans- 

1  a t i n g  acceptance c r i  t e r i a  i n to  desi gn c r i  t e r i  a, design c r i  t e r i  a  

t o  design, and design t o  pro to type containers f o r  t es t i ng .  

... The . re la t ion '  o f  waste packaging . t o  the waste management system i s  depicted 
, . 
... . i n  Figure 2-1. 

. . . . . . . . - . . . _ _ _ _ _  . - . .._ ..- . . .. . . . . . 



RADIOACTIVE WASTE PACKAGE ACCEPTANCE CRITERIA . 

3.1 PURPOSE 

The proposed cr i ter ia  del i neated herein are necessary for establ ishi ng 

gui del i nes for the acceptance of radioactive waste packages, i ncl uding 

packaged spent fuel, by a federal 'repository for storage and ultimate dis- 
posal. Such cr i ter ia  are a supplement t o  'existing regul ations pertaining 
to handling, storing, and shipping radioactive waste defined in the CFR, 

Ti t le  10 and Tit le 49, and a proposed amendment (39FR32922) t o  Tit le 10, 
Part 20, of the CFR. The cr i ter ia  are preliminary since much of the waste 
management system process and design information, as well as federal and 

s ta te  regulations, are either undergoing change or are yet to be developed. 
As new information becomes available, the cr i ter ia  will be updated. 

. ... 

Since. the f i r s t  federal rep'osi tory t o  become operational will be located 
in a deep s a l t  formation, the cr i ter ia  are more specific for this type of 
geologic storage media. As studies and conceptual designs mature for 
repositories located i n  other storage media such as basalt, granite, and 

shale, the cr i ter ia  w i  11 change to reflect  identified constraints. 

The proposed acceptance cr i ter ia  cover..packaged w a ~ t ~ s ~ r e s u l  ti ng from: the 
.- . . .. . . . .. . 

nuclear fuel cycle. The licensing of a repository and the waste management 
system will require that specific waste forms be used in a1 1 packages. 
These cr i ter ia  assume that typical waste forms developed by prior work will . a ; 

be suitable for storage and disposal and are referred t o  as generic classi- 
fication. The waste forms compati.ble with these cr i ter ia  are' shown i n  

Table 3-1. 

The proposed acceptance cr i ter ia  are tabulated in Table 3-2 a t  the end of 
this section. 



TABLE 3-1 

Waste Type . Waste Form 

Spent Fuel (SF) Unmodified f u e l  assembly 

High-Level Waste (HLW) Glass produced by in-can me1 t i n g  
o r ' x a l c i n e  produced by f l u i d  bed 

Cladding Waste ' (cw)  Compacted. o r  uncompacted 
. . . . 

. . .  . 
1:ntermed.i ate-Level' TRU. , . . 

. . . . 
Contained i n :  so l  id. ma t r i x  . 

. ,. . Waste. (:'ILTW')' ' .: . . . . 

Low-Level TRU Waste (LLTW) Contained i n  so l  i d  mat r i x  

3.2 LICENSING REQUIREMENTS 

The design o f  the  rad ioac t i ve  waste packages w i  11 be reviewed by the  

Nuclear Regul a to ry  Commission. (NRC) as p a r t  o f  the  1 i censi ng requirements 

o f  t ranspor ta t ion ,  f ue l s  reprocessing plants,  i n t e r i m  storage f a c i l i t i e s ,  

and the federa l  repos i to r ies .  It i s  assumed t h a t  l i c e n s i n g  and DOE man- 
,,.' ' , . 

( \ . . I  
agement o f  t he  waste management system w i l l  s t i p u l a t e  tha t :  

1. Only DOE-approved waste forms can be r o u t i n e l y  sent t o  

repos i to r ies .  

2. o n l y  DOE-approved containers may be used t o  package wastes and 

each waste form requi res a spec i f i c  container. 

3. Only DOE-approved manufacturers can f a b r i c a t e  a container. 

4. QA and QC procedures w i l l  be app l ied  a t  the p o i n t  o f  packaging 

t o  ensure t h a t  acceptab.le waste forms, containers,  and procedures 

are used. 
. .  .. . . . . 

. . 



3.3 ACCEPTANCE CRITERIA 

3.3.1 SPENT FUEL (SF) PACKAGE 

CRITERION 1, PHYSICAL DIMENSIONS AND WEIGHT 

A1 1 SF assembl i e s  must be packaged i n  standard DOE-approved can is te rs  . 
The . federal  r epos i t o r y  w i  11 accept packages w i t h  o r  w i thou t  overpacks w i t h  

the  f o l l ow ing  dimensional 1 i m i  t s :  

Number and Type SF 
Assemblies Per Package OD,, in .  Length, f t  

3 BWR w/o overpack 16 15.5 

3 BUR w overpacK 18 16.5 

1 PWR w/o overpack 14 17.5 

1 PWR w overpack 16 18.5 

The maximum acceptable gross weight s h a l l  be 10,000 pounds. 

CRITERION .2, THERMAL' POWER 

The thermal power l i m i t  o f  SF packages a t  the t ime o f  r e c e i p t  a t  t he  repos i -  

t o r y  s h a l l  no t  exceed 9.0 kW per package. 

CRITERION 3, RADIATION - - - L_IgT 

.. . The r a d i a t i o n  l e v e l  o f  t he  unshielded SF package s h a l l  not .  exceed 
3 x l o 4  rem/hr t o t a l  dose r a t e  measured a t  the surface o f  the  package. a t .  

the  midplane o f  the  l ong i t ud ina l  axis. 

The SF package i n t e r n a l  pressure s h a l l  no t  exceed an operat ing pressure 6f 

100 ps ia  from t ime o f  c losure through the end o f  the r e t r i e v a b i l i t y  peri.od 

i n  the federa l  r epos i t o r y  under normal operat ing condi t ions.  Records s h a l l  

be made ava i l ab le  by the packaging f a c i l i t y  t o ,  show t h a t  analyses have been 

completed t o  assure t h a t  t h i s  operat ing pressure w i l l  n o t  be exceeded. 



CRITERION 5, SURFACE CONTAMINATION 

There must be no s i g n i f i c a n t  removable rad ioac t i ve  surface contami na t ion  

on the e x t e r i o r  o f  the SF package. Removable (non-fixed) r ad ioac t i ve  con- 

tami na t ion  i s  considered s i g n i f i c a n t  i f  the  1 evel  o f  contamination, when 

averaged over any area o f  300 cm2 o f  any p a r t  of the package surface, 

exceeds any of the fo l low ing :  

Maximum permiss ib le  1 eve1 r 

Contaminant 
p ~ i  /cm2 d i  s/mi n 

1) 
Natural  o r  depleted uranium and 

na tu ra l  thorium: 

Beta-gamma 1 oW3 2,200 

A1 pha 10-4 220 

A1 1 o ther  beta-gamma em i t t i ng  10-4 220 
r a d i  onucl ides 

A1 1 o ther  alpha e m i t t i n g  2 2 
r a d i  onucl i des 

. , 

CRITERION 6, DESIGN AND FABRICATION 

Standard DOE-approved can is te rs  f o r  use i n  the packaging o f  SF which pro- 

v ide containment for  SF from time. of packaging through the r e t r i e v a b i l i t y  

per iod  i n  the  federa l  r epos i t o r y  s h a l l  meet the  requirements o f  Sect ion 111, 

D i v i s i o n  1, Class 3 o f  the' American Society for  Mechanical Engineers ' (ASME) 

B o i l e r  and Pressure. Vessel Codes. I f  the  waste conta iner  i s  overpacked, then 

standard DOE-approved overpacks s h a l l  be used and the  overpacks s h a l l  meet 

the same requirements. Manufacturer o f  t h e  conta iner  s h a l l  ob ta in  a C e r t i f i  . . 

: ca te  o f  Author izat i .on t o  use an "N" .type code stamp and s h a l l  a f f i x  ' the  "N" . . 
- 

stamp t o  the  conta iner  p r i o r  t o  re lease t o  the  waste packager o r  DOE. 

Canisters intended fo r  containment of SF s h a l l  be constructed o f  low carbon 

s tee l  , type ASTM.-A-53, ASTM A-36, o r  approved equal. Mater ia l  c e r t i f i c a t i o n  

records s h a l l  s a t i s f y  requirements of .Sect ion 111, D i v i s i o n  1, Class 3 of 

the ASME Code. 



CRITERION 8, HANDLING 

The SF package handl i n g  device shall be attached a t  the end center1 ine of 
the package and overpack, i f  used, by welding and shall remain operable 
af ter  a tipping or dropping accident. I t  shall be compatible with the 
Oak Ridge handl i ng mechanism. 

CRITERION 9 ,  PACKAGE IDENTIFICATION 

A metal label bearing an identification number and 'fuel .type (i.e., PWR, 

BWR) shall be permanently attached to the outside surface of the SF pack- 
age and overpack, i f  used, in such a manner that the label and inscription 
thereon will remain legible a t  least through the retrievability period a t  
the federal repository,- The label shall not impair the integrity .of the 
package or overpack. The label shall be legible t o  the repository operator 
using remote viewing devices during the handling process prior t o  emplace- 

. . ment in a federal repository. The label shall be fabricated, located, and 
,... 
i ,  attached to the canister and overpack,. i f  used, in accbrdance with prescribed 
(.. . , . , 

procedures furni s.hed w i  t h  DOE canisters. 

CRITERION lo., PACKAGE CONTENT ' AND DOCUMENTATION 

A se t  of permanent records bearing the identification number of the asso- 
ciated SF packages t o  be shipped shall be made available to the federal 
repository operator in advance of shipment. A second se t  of permanent 
records bearing the same identification number shall be maintained by the 
SF packaging faci 1 i ty. The permanent records shall include the foll  owing: 

Package- Coritent: 

Waste package i denti P i  cation number 
a. Type and number of fuel assembl ies 

Condition of fuel assemblies (disassembl ies , failed pins, method 
of stabi 1 ization, etc.) 

@ Date removed from reactor and name of reactor 
a Radiation measurement of package a t  time of shipment t o  federal 

repository 



* Thermal power measurement o f  package a t  t ime o f  sh.ipment t o  

federal . repos i to ry  

Gross weight measurement o f .  package 

a Date o f  measurements 

a: Accountab'i 1 i ty data. 

Package Documentation: 
. . 

.a ~ a b r i c a t i o n  h i s t o r y  and .supp l ie r  o f  the  SF can i s te r  and overpack, 
. . . . 

i f  used, mate r ia ls  o f  construct ion,  and : the QA procedures used 

t o  assure compliance w i t h  the design, procurement,. and fabr i ca -  . . 

t i o n  speci f i c a t i o n  

operat ing.  h i s t o r y  i nc l ud ing  1 oading,. c1 osure, pos t  load ing  t r e a t -  

. ment, hand1 i..ng, and .storage coridi t i o n s  

Surface contamination readings p r i o r  t o  shipment 

a. Calculated maximum pressur iza t ion  .dur ing storage under normal and 

abnormal operat ing condi t ions;  and prescr ibed accident condi.tions. 
... . .  . 

* . -  . 



3.3.2 HIGH-LEVEL WASTE (HLW) PACKAGE 

CRITERION 1,  PHYSICAL DIMENSION AND,WEIGHT 

A1 1 HLW sha l l  be packaged. i n  standard DOE-approved canisters .  The .federal 

repository w i  11 accept HLW packages w i t h  the fol  lowing dimensi.ona1. 1 i m i  ts : 

Waste Form Without Overpack W i t h  Overpack 

Glass : 

OD,  i n .  11 .5 13.5 

Length, f t .  14.0 15.0 

Cal c i  ne : 
OD, in. 8.5 10.5 

' Length, ft'." 14.0 15.0 

The gross weight of an HLW package and overpack shal l  not exceed 

5,000 pounds. 
. - . . . . . . . . . . . . . - . . . . .. . . . . . . . . . . . . . . . . - -. . . . . .. . . . . -. . .. . . . . - . - . . . - .. . - . 

CRITERION 2, THERMAL POWER, 
\. .... 

The waste heat content of the HLW package a t  the time of rece ip t  a t  the 
federal repository sha l l  not exceed 3.1 kW (glass  waste form) o r  2.8 kW 

. . 

(calcine waste form). 

CRITERION.3, RADIATION LIMIT 

The radiation level of the unshielded HLW package sha l l  n o t  exceed 
1 x lo5 rem/hr t o t a l  dose r a t e  measured 1 foot  from the surface of the 

. waste canis ter  a t  the midplane of the longitudinal'  axis. 

The HLW package internal pressure shal l  not exceed an operating pressure 
of 80 psia from time of closure through the end of the r e t r i e v a b i l i t y  

period i n  the federal repository. Records sha l l  be made avai lable  by the 

waste producer/packager t o  show t h a t  analyses have been completed t o  
assure t h a t  this operating pressure will  not be exceeded. 



CRITERION 5, SURFACE CONTAMINATION LIMIT 

There must be no s i g n i f i c a n t  removable rad ioac t i ve  sur face contamination 

on the  e x t e r i o r  o f  the HLW package. Removable (non-f ixed) r ad ioac t i ve  con- 

taminat ion i s  considered s i g n i f i c a n t  i f  the  l e v e l  o f  contamination, when 

averaged over any area o f  300 cm2 o$ any p a r t  o f  t he  package surface, 

exceeds any o f  the  fo l lowing:  

Maximum permiss ib le  l e v e l  
Contami nant 

p~ i / cm2 d i  s/mi n 
-- - 

Natural  o r  depleted uranium and 
na tu ra l  t h o r i  um: 

Beta-gamma 

. Alpha 

A1 1 o ther  beta-gamma e m i t t i n g  10-4 220 
r a d i  onucl i d e s  

A l l .  o ther  alpha e m i t t i n g  1 o - ~  22 
r a d i  onucl ides . 

CRITERION 6, DESIGN AND FABRICATION 

Standard DOE-approved can is te rs  f o r  use i n  t he  packaging o f  HLW and intended 

f o r  use as a means o f  p rov id ing  containment o f  t h a t  waste from t ime o f  

packaging through the r e t r i e v a b i  1 i t y  per iod  i n  the  federal r epos i t o r y  s h a l l  

meet the requirements o f  Sect ion 111, D i v i s i o n  1, Class 3 o f  the  ASME B o i l e r  

and Pressure Vessel Codes. I f  the waste conta iner  i s  overpacked, then a 

standard DOE-approved overpack s h a l l  be used and s h a l l  meet the  same re-  

qt j i  rements. Manufacturers o f  the  conta iner  s h a l l  ob ta in  a C e r t i f i c a t e  o f  

Author izat ion t o  use an "N" type code stamp and s h a l l  a f f i x  t he  "N* stamp 

t o  t he  conta iner  p r i o r  t o  re lease t o  the  waste packager o r  DOE. 

CRITERION 7 ,  MATERIALS OF CONSTRUCTION 

Canisters f o r  use t o  package HLW s h a l l  be constructed o f  s ta i n l ess  steel ' ,  

type 304L (ASTM A-312) o r  approved equal o r  be t te r .  Mate r ia l ,  c e r t i f i c a t i o n  

records s h a l l  s a t i s f y  requirements o f  Sect ion 111, ~ i v i s i o n  1, Class 3 o f  

the ASME Codes. 
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CRITERION 8, HANDLING 

The .HLW package handl i ng device s h a l l .  be attached a t  the end, center1 i n e  of 

the  package and overpack, i f  used, by welding and s h a l l  remain operable 

a f t e r  a t i p p i n g  o r  dropping accident. It s h a l l  be compatible w i t h  the  

Oak Ridge handl i n g  mechanism. 

. . 
. . CRITERION 9, PACKAGE IDENTIFICATION . 

A metal l abe l  bear ing an i d e n t i f i c a t i o n  number and waste type ( i  .e. ,. HLW) 

s h a l l  be permanently attached t o  the outs ide surface o f  the  package and 

overpack, i f  used, i n  such a manner t h a t ' t h e  l abe l  and i n s c r i p t i o n  thereon 

w i l ' l  remain l e g i b l e  a t  l e a s t  through the  r e t r i e v a b i l i t y  per iod  i n  the 

federa l  repos i tory .  The labe l  s h a l l  no t  impa i r  the  i n t e g r i t y  o f  the  pack- 

age o r  overpack. The labe l  s h a l l  be l e g i b l e  t o  the  repos i t o r y  operator 

using remote viewing ' devices dur ing  handl i n g  p r i o r  t o  emplacement i n  the 

federa l  repository..  The 1 abel s h a l l  be fabricated, 1 ocated , and attached 
/" .  t o  the conta iner  o r  overpack i n  accordance w i th '  prescr ibed procedures 
i, .... ' fu rn ished wi th '  DOE containers. 

. . 

CRITERION 10 ,. PACKAGE CONTENT AND DOCUMENTATION 

A se t  o f  permanent records bear ing the  i d e n t i f i c a t i o n  number o f  t he  asso- 

c i a ted  HLW packages t o  be shipped s h a l l  be made ava i l ab le  t o  the  federa l  

repos i to ry  operator i n  advance o f  shipment. A second s e t  o f  permanent 

records bear ing the  same i d e n t i f i c a t i o n  numbers s h a l l  be maintained by the 
. .. shipper. The permanent records s h a l l  i nc lude  the f o l  lowing: 

Package Content: . 

a. Waste package i d e n t i f i c a t i o n  number 

a Waste type 

a Waste form' ( i  .e., glass, ca lc ine,  ceramic, etc.) 

a Maximum waste process i ng temperature 

a Thermal power measurement a t  t ime. o f  shipment t o  federal 

repos i t o r y  



@ Name o f  reprocessor/packager 

Radiation measurement a t  time o f  shipment t o  federal  repos i to ry  

@ Gross weight o f  package 

Date o f  measurements. 

Package Documentation: 

Fabr icat ion h i  s to ry  and supp l ie r  of the canis ter  and overpack, 

i f  used, mater ials o f  construction, and the QA procedures used 

t o  assure compliance w i t h  the design, procurement, and fabr ica- 

t i o n  speci f icat ions 

Operating h i s t o r y  inc lud ing  f i l l i n g ,  closure, post f i l l i n g  

treatment, handling, and storage condit ions 

Surface contamination readings 

Calculated maximum pressurizat, ion dur ing storage a t  the federal  

reposi tory  under normal and. abnormal operating condit ions. 
. . 



-- 
3.3.3 CLADDING WASTE (CW) PACKAGE 

CRITERION 1, PHYSICAL DIMENSIONS AND WEIGHT 

A l l  CW s h a l l  be packaged i n  standard DOE-approved containers. ' The federal 

r epos i t o r y  w i l l  accept CW packages w i t h  the f o l l o w i n g  dimension and weight 

l i m i t s :  

The maximum OD o f  the  conta iner  s h a l l  n o t  exceed the  ASTM standard 

f o r  a nominal 24-inch s tee l  pipe. 

a The maximum o v e r a l l  l eng th  o f  the  container,  i nc l ud ing  l i f t i n g  

f i x t u r e s ,  s h a l l  no t  exceed 8 feet  6 inches. 

a The maximum gross weight of the waste package s h a l l  no t  exceed 

10,000 pounds. 

CRITERION 2., THERMAL POWER 
-. . . . .. . .. . . - . . - . 

The thermal power o f  a ' CW s h a l l  n o t  e x c e e d - ' i d k l l  . .  . . upon recei p t  : 

a t  the  federa l  repos i tory .  
.... . . . . 

i .  '. . .._. . CRITERION 3, RADIATION LIMIT 

The r a d i a t i o n  l e v e l  o f  a CW package s h a l l  no t  exceed 4 x 103 rem/hr 

measured a t  the surface upon r e c e i p t  a t  a federal repos i tory .  

CRITERION 4, INTERNAL PRESSURE LIMIT 

The CW package i n t e r n a l  pressure s h a l l  no t  exceed an operat ing pressure 

o f  70 ps ia  from t ime o f  c losure through the  end o f  the  r e t r i e v a b i l i t y  

per iod  i n  t he  federa l  repos i tory .  Records s h a l l  be made ava i l ab le  by the  

waste producerlpackager t o  show t h a t  analyses have been completed t o  assure 

t h a t  t h i s  operat ing pressure w i l l  no t  be exceeded. 

CRITERION 5, SURFACE CONTAMINATION LIMIT 

There must be no s t g n i f i c a n t  removable rad ioac t i ve  surface contamination 

on. the  e x t e r i o r  o f  the package. Removable (non- f i  xed) r ad ioac t i ve  con- 

taminat ion i s  considered s i g n i f i c a n t  i f  the  l e v e l  o f  contamination, 



when averaged over any area of 300 cm2 of any part of the package surface, 
exceeds any of the following: 

~aximum permissible .level 
Contami n a n t  

uci /an2 di s/mi n 

Natural or depleted uranium and 
natural thori urn: 

Beta- gamma loo3 2,200 
A1 pha 1 oo4 220 

A1 1 other beta-gamma emi t t i  ng 220 
radionuclides 

A1 1 other alpha emitting 1 o - ~  22 
radi onucl ides 

CRITERION 6 ,  DESIGN AND FABRICATION 

Standard and DOE-approved containers for use in the packaging of CW and 

intended for use as a means.of providing containment for t h a t  waste from 
,C.-- / 

t time of ?ackaging through the retrievability period in the federal reposi- 
\, 

tory shall meet the requirements of Section 111, Division 1 ,  Class 3 of 

ASME Boiler and Pressure Vessel Codes. If the waste container i s  over- 
packed, then a standard DOE-approved overpack shall be used and shall meet 
the same requirements. Manufacturers of the container shall obtain a 
Certificate of Authorization t o  use an "N" type code stamp and shall affix 
the "N" stamp. t o  the container prior t o  release t o  the waste packager or 
DOE. 

CRITERION 7 ,  MATERIALS O F  CONSTRUCTION 

Containers for use as packages for CW shall be constructed of low carbon 
steel , type ASTM A-53, ASTM A-36 : or approved equal. ~ a t e i i a l  certification 
records shall satisfy requirements of Section 111, Division 1 ,  Class 3 of 
the ASME Codes. 

'CRITERION 8,'HANDtING 

The CW package handling device shall be permanently attached a t  the end 
centerline. of the package by welding and shall remain operable after a 



'; 

t i p p i n g  o r  dropping accident. It s h a l l  be compatible w i t h  the Oak Ridge 

handl i ng mechanism. 

CRITERION 9, CRITICALITY 

The quan t i t y  o f  f i s s i l e  mate r ia l  i n .  i n d i v i d u a l  packages o f  C t l  s h a l l  meet 

the  requirements o f  49CFR173, 10CFR71, and s h a l l  meet the requirements o f  

c r i t i c a l i t y  sa fe ty  based on conta iner  c r i t i c a l  mass volume, and ant ic i .pated 
. storage arrangements. Calcu la t ions made by t he  packager t o  assure, c r i  ti- 

c a l i t y  sa fe ty  s h a l l  be ava i l ab le  t o  the  federa l  r epos i t o r y  operator upon 

request. 

CRITERION 10, PACKAGE IDENTIFICATION 

A metal l abe l  b e a r i n g ' a i ~  i d e n t i f i c a t i o n  number and waste type ( i  .e., CW) 

s h a l l  be permanently attached t o  the  outs ide surface of the CW package' i n  

such a manner t h a t  the labe l  and i n s c r i p t i o n  thereon w i l l  remain l e g i b l e  

a t  l e a s t  through the r e t r i e v a b i l i  ty  per iod a t  t he  federa l  repos i tory .  The 

l abe l  s h a l l  n o t  impai r  the  i n t e g r i t y  o f  the package o r  overpack. The l a b e l  

sha.11 be l e g i b l e  t o  the  repos i t o r y  operator  us ing remote v iewing devices 

dur ing .the handl i n g  process p r i o r  t o  emplacement i n  a federal repos i tory .  

The labe l  s h a l l  be fabr icated,  located, and attached t o  the package i n  

accordance w i t h  prescr ibed procedures furnished w i t h  DOE-approved containers . 
CRITERION 11 , PACKAGE CONTENT AND DOCUMENTATION 

' A se t  of permanent records bear ing the  i d e n t i f i c a t i o n  number of the  asso- 

c i a ted  CW packages t o  be shipped s h a l l  be made ava i l ab le  t o  the  federal 

r epos i t o r y  operator  i n  advance of shipment. A second s e t  o f  permanent 

records bear ing the  same i d e n t i f i c a t i o n  number s h a l l  be maintained by t he  

CW packaging f a c i l  i ty. The permanent records s h a l l  i nc lude  the f o l  1 owi ng : 

Package Content: 

Waste package i d e n t i f i c a t i o n  number, 

a Waste type \ 

Radiat ion measurement of package a t  t ime o f  shipment t o  federa l  

repos i t o r y .  
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@ Thermal power measurement o f  package a t  t ime o f '  shipment t o  

federa l  repos i to ry  

@ Gross weight measurement of package 

0 Date o f  measurements 

F i s s i l e  mate r ia l  content 

Source o f  waste 

m Date' o f  waste generat i  on 
, . Date- . o f  packagimg.. . . 

Packaqe Documentation: 

Fabr ica t ion  h i s t o r y  and supp l i e r  of t he  CW can i s te r  and overpack., 

i f  used, mate r ia ls  of construct ion,  and the  QA procedures used 

. t o  assure compliance w i t h  the  design; procurement, and fabri .ca- 

ti on speci f i c a t i o n s  

Operating h i s t o r y  i nc l ud ing  loading, c losure,  post  load ing  

treatment, hand1 i ng , and storage condi t i o n s  

e Surface contamination read ings .p r i o r  t o  shipment 

r. Maximum p r e s s u r i  r a t i  on and cal'cul ated maximum dressur i  z a t i  on 

dur ing  storage under normal and abnormal operat ing condi t ions,  

and .prescr ibed accident condi t ions.  
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3.3.4 INTERMEDIATE-LEVEL TRU WASTE ( ILTW) PACKAGE 

CRITERION 1 , PHYSICAL DIMENSIONS.' AND WEIGHT 

A1 1 ILTW . sha l l  be packaged i n  standard DOE-approved containers. The 

federa l  r epos i t o r y  w i  11 acc ip t  ILTW packages w i t h  t h e  f o l  1 owing dimension 

and weight l i m i t s :  

The maximum OD o f  the conta iner  s h a l l  no t  exceed the ASTM standards 

f o r  a nominal 24-inch s t e e l  pipe. 

8 The maximum o v e r a l l  l eng th  o f  the  container,  i nc l ud ing  1 i f t i n g  

f i x t u r e s ,  s h a l l  no t  exceed 8 feet  6 inches. 

The maximum gross weight o f  the  waste package s h a l l  no t  exceed 

10,000 pounds. 

. . . . . . . - . -. . . . . . . - . . . . . 
CRITERION 2, THERMAL POWER 

. . 

The thermal power 1 i m i  t o f  an ILTW package s h a l l  no t  exceed' 25 watts upon 

r e c e i p t  a t  a federal repos i tory .  
-.. 

CRITERION 3, RADIATION LIMIT 

The maximum surface r a d i a t i o n  l e v e l  o f  an ILTW package s h a l l  no t  exceed 

15 rem/hr upon r e c e i p t  a t  a federa l  repos i tory .  

CRITERION 4, INTERNAL PRESSURE LIMIT 

The ILTW package i n t e r n a l  pressure s h a l l  n o t  exceed an operat ing pressure 

o f  50 ps ia  from t ime o f  c losure through the end o f  the  r e t r i e v a b i l i t y  

per iod  i n  the federa l  repos i tory .  Records s h a l l  be made ava i l ab le  by the 

waste producer/packager t o  show t h a t  analyses have .been completed t o  assure 

t h a t  t h i s  operat ing pressure w i l l  no t  be exceeded. 
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CRITERION 5, SURFACE CONTAMINATION LIMIT 

There must be no s i g n i f i c a n t  removable rad ioac t i ve  surface contamination 

on the  e x t e r i o r  o f  the package. Removable (non- f i  xed) r ad ioac t i ve  contami- 

na t i on  i s  considered s i g n i f i c a n t  i f  the  l e v e l  o f  contamination, .when aver- 

aged over any area o f  300 cm2 o f  any p a r t  of the  package surface, exceeds 

any o f  the fo l low ing :  

Contaminant 

Natural  o r  depleted uranium and 
na tu ra l  t h o r i  um: 

A1 pha 

A l l  o ther  beta-ganha e m i t t i n g  
r a d i  onucl ides 

A.11 o ther  alpha e m i t t i n g  
rad ionuc l ides 

.'.Maximum. peniiss:ib.le': l e v e l  

CRITERION 6, DESIGN AND FABRICATION 

Standard DOE-approved canis ters  fo r  use i n  t h e  packaging o f  ILTW which pro- 

v ide containment f o r  ILTW from t ime o f  packaging through the  r e t r f e v a b i l i t y  ' 

per iod i n  the federa l  r epos i t o r y  s h a l l  meet the requirements o f  Sect ion 111, 

D i v i s i o n  1 , Class 3 o f  the  ASME Boi l e r  and Pressure Vessel Codes. I f  the 
waste conta iner  i s  overpacked, then standard DOE-approved overpacks s h a l l  

be. used and the overpacks s h a l l  meet the same requirements. Manufacturers 
. . 

. . ' o f  the  conta iner  shal ' l  ob ta in  a .  C e r t i f i c a t e  o f  Au thor i za t ion  t o  use an "Nu 

type code stamp and s h a l l  a f f i x  the  "N" stamp t o  the  conta iner  p r i o r  t o  
. re lease t o  the waste packager o r  DOE.. 

CRITERION 7, MATERIALS OF CONSTRUCTION 

Containers f o r  use as packages t o  conta in  ILTW 'sha l l  be constructed o f  

low carbon s tee l ,  type ASTM A-53, ASTM A-36 o r  approved equal. Mate r ia l  

c e r t i f i c a t i o n  records s h a l l  s a t i s f y  requirements o f  Sect ion 111, D i v i s i o n  1, 

Class 3 of the ASME Codes. 



CRITERION 8, HANDLING 

The ILTW package handl ing device s h a l l  be permanently attached a t  the end 

cen te r l i ne  o f  the package by welding and s h a l l  remain operable a f t e r  a 

t i p p i n g  o r  dropping accident. It s h a l l  be compatible w i t h  the  Oak Ridge 

hand1 i ng mechanism. 

CRITERION 9, CRITICALITY 
. . . . 

The quan t i t y  o f  f i s s i l e  mate r ia l  i n  i n d i v i d u a l  packages o f  ILTW s h a l l  meet. 

the requirements o f  49CFR173, 10CFR71, and s h a l l  meet the  requirements o f  

c r i t i c a l  i ty  sa fe ty  based on conta iner  c r i  t i c a l  mass volume and a n t i  c i  pated 

storage arrangements. Calcu la t ions made by the shipper t o  assure c r i  ti- 

c a l i t y  sa fe ty  s h a l l  be ava i l ab le  t o  the  repos i t o r y  operator upon request. 

CRITERION 10, PACKAGE IDENTIFICATION 

A metal l abe l  bear ing an i d e n t i f i c a t i o n  number and waste type ( i  .e., ILTW) 

s h a l l  be permanently attached t o  the outs ide . . .  sur face o f  the ILTW package 

and overpack, i f  used, i n  such a manner t h a t  t h e  l abe l  'and i n s c r i p t i o n  
. . 

thereon w i l l  remain l e g i b l e  a t  l e a s t  through the  r e t r i e v a b i l i t y  per iod  a t  

the  federa l  repos i tory .  The l abe l  s h a l l  no t  impa i r  t he  i n t e g r i t y  o f  the 

package o r  overpack. The labe l  s h a l l  be l e g i b l e  t o  t he  repos i t o r y  operator 

using remote viewing devices dur ing  t h e  handl ing process p r i o r  t o  emplace- 

ment i n  a federa l  repos i tory .  The l abe l  s h a l l  be fabricated, located, and 

attached t o  the package and overpack, i f  used, i n  accordance w i t h  prescr ibed 

procedures furn ished w i t h  the DOE container. 

CRITERION 11 , PACKAGE CONTENT AND DOCUMENTATION 

A s e t  o f  permanent records bear ing the i d e n t i f i c a t i o n  number o f  t he  asso- - 
c i a ted  ILTW packages t o  be shipped s h a l l  be made ava i l ab le  t o  the federa l  

. repos i to ry  operator i n  advance o f  shipment. A second se t  o f  permanent 

records bear ing the  same i d e n t i f i c a t i o n  number s h a l l  be mai.ntained by the 

ILTW packaging f a c i  1 i ty. The permanent records s h a l l  i nc l  ude the  f o l  1 owing : 

Package Content: 

Waste package i d e n t i f i c a t i o n  number 

Waste type 
I 



8 Radiat ion measurement of  package a t  time of shipment t o  f ede ra l  
r e p o s i t o r y  

8 Thermal power measurement o f  package a t  time of  shipment t o  
f e d e r a l  repos i  t o r y  

8 Gross weight measurement o f  package 
8 Date o f  measurements 

.. . 
.8 Fissi le materi.al con ten t  
8 Name of packager 
8 Source of waste 
8 Date o f  waste genera t ion  
8 Date. o f  packaging. 

. . . . . . - . . . . - . . . . .- - - *. . . . . . . . - . . . - . .. . . . . .. -- - . . .- - . - - -. . . . - .- - - . - . -. . -- - - . . - . - - . . - 

package ~ o c u m e n t a t i  on: 

8 Fabr ica t ion  h i s t o r y  and s u p p l i e r  o f  the ILTW c a n i s t e r  and overpack, 
i f  used, m a t e r i a l s  o f  c o n s t r u c t i o n ,  and the QA procedures used 
t o  a s s u r e  compl i ance w i t h  the des ign,  procurement, and f a b r i  ca- 

. -. t i o n  s p e c i f i c a t i o n s  
8 Operat ing h i s t o r y  inc lud ing  loadimg, c l o s u r e ,  pos t  loading t r e a t -  

ment, handl ing ,  and s t o r a g e  cond i t ions  
8 Surface  contamination readings  p r i o r  t o  shipment 
8 Ca1:culated maximum p r e s s u r i z a t i o n  dur ing  s t o r a g e  under normal 

and abnormal opera t ing  cond i t ions ;  and p resc r ibed  a c c i d e n t  
condi t ions .  



3.3..5 LOW-LEVEL TRU WASTE (LLTW) PACKAGE 

CRITERION 1 , PHYSICAL DIMENSIONS AND WEIGHT 

All LLTW s h a l l  be packaged i n  s t andard  DOE-approved con ta ine r s .  Conta iners  
f o r  use i n  t h e  packaging o f  LLTW s h a l l  meet t h e  requirements o f  a 7A. package .. . . . . . . . 

and s h a l l  conform t o  Department o f  Transpor ta t ion  (DOT) s p e c i f i c a t i o n  
. numbers 17C and 17H, and s h a l l  n o t  exceed a volume o f  55 g a l l o n s  , and a 

gross  weight  of 800 pounds. 

CRITERION 2 ,  THERMAL. POWER 

The thermal power limit o f  an LLTW package s h a l l  no t  exceed 10 wa t t s  per  
package a t  the time of  r e c e i p t  a t  t h e  f e d e r a l  r epos i to ry .  

CRITERION 3, RADIATION LIMIT - 
The.maximum s u r f a c e  r a d i a t i o n  l e v e l  o f  an LLTW package s h a l l  no t  exceed 

,_..... 10 mrem/h.r upon rece . ip t  a t  a f e d e r a l  reposi-tory. 
I \  

1. . . .. 
'CRITERION 4 ,  INTERNAL PRESSURE'LIMIT . 

The LLTW package i n t e r n a l  p ressu re  s h a l l  n o t  exceed an o p e r a t i n g  p ressure  
o f  10 psig from time o f  c l o s u r e  through t h e  end o f  t h e  r e t r i e v a b i l i t y  
period i n  t h e  f ede ra l  r e p o s i t o r y  under normal o p e r a t i n g  condi t ions .  

Records s h a l l  be made a v a i l a b l e  by the f a c i  1 i ty.'t6 Show ' t h a t  
analyses  have been compqeted t o  a s s u r e  t h a t  t h i s  o p e r a t i n g ' p r e s s u r e  w i l l  
no t  be exceeded.. 



F',, 

CRITERION 5, SURFACE CONTAMINATION 

There must be no s i g n i f i c a n t  removable rad ioac t i ve  surface contamination, 

on the  e x t e r i o r  o f  the package. Removable (non- f i xed )  r ad ioac t i ve .  con- 

taminat ion i s  consi.dered ' s i g n i f i c a n t  i f  the  l e v e l  o f  contamination, when 

averaged over any area of 300 cm2 o f  any p a r t  of the  package surface, 

exceeds any o f  the f o l  1 owi ng.: 

. . . . . . . .  . . . . 
. .  . .'Maximum permiss ib le  l e v e l  

. .. . . . - Contaminant . . .  
u ~ i  /cm2 d i  s/mi n 

Natural. o r  depleted uranium and 
na tu ra l  t h o r i  um: 

. Beta-gamma 2,200 

A1 pha. 

A l l  o ther  beta-gamma em i t t i ng  1 o - ~  220 
r a d i  onucl i des 

A.11 o ther  a1 pha. e m i t t i n g  2 2 
. .  .- radi'onucl ides 

CRITERION 6, DESIGN AND FABRICATION 

Drums fo r  use as standard DOE-approved contai'ners f o r  LLTW s h a l l  be designed '. 

and f ab r i ca ted  i n  compl i ance w i t h  4 9 ~ ~ ~ 1 7 8  speci f i  c a t i  ons f o r  DOT-approved 

17C and' 17H containers. . '' 

CRITERION 7, MATERIALS OF CONSTRUCTION - - - - - . . -- 
Drums f o r  use as containers o f  LLTW s h a l l  be constructed o f  galvanized 

low carbon s tee l .  Mate r ia l  c e r t i f i c a t i o n  and spec i f i ca t ions  s h a l l  meet . 

the  minimum requirements o f  ASTM mater ia ls  f o r  A-569 low carbon s t e e l  o r  

" approved equal. . .  :. 



CRITERION 8, CRITICALITY 

The quant i ty  o f  f i s s i l e  mater ial  i n  ind iv idua l  packages o f  LLTW contained 

i n  DOT-approved 17C and 17H drums sha l l  meet the requirements o f  49CFR73, 

10CFR71, and sha l l  comply w i th  DOT special  permi t No. 5948 f o r  shipment 

of packages i n  approved "closed t ranspor t  vehicles". 

A metal label  bearing an i d e n t i f i c a t i o n  number and waste type ( i  .em, LLTW) 

sha l l  be permanently attached t o  the outside surface o f  the LLTW package 

i n  such a manner t h a t  the labe l  and i n s c r i p t i o n  thereon w i  11 remain l e g i b l e  

a t  l e a s t  through the r e t r i e v a b i l i  t y  per iod a t  the federal reposi tory.  The 
, ,_ . .. _ -. - -: , . :. ' -".' 

label  ' sha l l  no t  impair  the i n t e g r i t y  of the p a c k a g e o r  :.-.. _.... . _. ..... overpact. . . . -  . T h e  l abe l  
- - ,  . . .. 

sha l l  .be fabr icated, located, and attached t o  the package i n  accordance 

w i th  prescribed procedures furnished w i th  : ~ , e   container, - .  

-.- 

CRITERION l o ,  PACKAGE CONTENT AND DOCUMENTATION 

i 
. . A se t  o f  permanent records bearing the i d e n t i f i c a t i o n  number o f  the asso- 

c i a t e d - ~ ~ ~ ~  packages t o  be shipped sha l l  be made avai lab le t o  the federal  
. . 

reposi tory  operator i n  advance o f  shipment. A second se t  o f  permanent 

records bearing the same i d e n t i f i c a t i o n  number s h a l l  be maintained by the . 

LLTW packaging . fac i  1 i ty:--'.'The permanent records sha l l  include the f o l  lowing: 

Packaqe Content: 

Waste c l a s s i f i c a t i o n  (i.e., LLTW) 
' . 

0 ~ a d i a t i o n  measurement o f  package a t  time o f  shipment t o  federal 

repos i t o r y  
. ~ .  . . 

. * Thermal power measur'ement: o f  package-,at time. o f  shi-pment t o  
- - - . . .  . . ..- 

federal  reposi tory  

@ Gross weight measurement o f  package 

Date o f  measurements 

0 F i s s i l e  mater ia l  

0 Source of waste 

Date o f  waste generation 

Date o f  packaging. 



Package ~ocumentat i  on: 

@ Fabr icat ion h i s to ry  and supp l ie r  o f  the LLTW canis ter  and overpack, 

i f  used, mater ials o f  construction, and the QA procedures used 

t o  assure compliance' w i th  the design, procurement, and f a b r i  ca- 

t i o n  speci f icat ions 

Operating h i s  t o r y  inc lud ing  1 oadi ng, closure , p o s t  1 oadi ng t rea t -  

ment., hand1 ing, and storage, condit ions 
, . . .. . I' 

surface contamination readings p r i o r  t o  shipment , . . .  

@' Calculated maximum pressur izat ion dur ing storage under normal 

and abnormal operating condit ions ; and. prescribed accident 

condi ti ons . 
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4.0 RADIOACTIVE WASTE PACKAGE ACCEPTANCE CRI.TERIA BASES 

The proposed acceptance cr i ter ia  defined i n  Section 3.0 are based on the 

results of technical studies supporting the CWP Program and on information 
available from the NWTS Program. ''-12) Other studies conducted in support . 
of the overall national waste management program effort  are cited in the . .. 

cri ter ia  bases as required.. 

The basis for each acceptance criterion i s  briefly stated for ease of 
reading. Where warranted for added clarification, further discussions on 
the criterion bases are found in Section 5.0 



/-----., . 

..- 4.2 ACCEPTANCE CRITERIA BASES 

4.2.1 SPENT FUEL (SF) PACKAGE 

The SF package acceptance c r i t e r i a  are based on t he  f o l l o w i n g  assumptions 

concerning the  package contents: 

A package w i l l  conta in  e i t h e r  one PWR assembly o r  th ree  BWR 

assemblies. 
0 The assemblies have been 5 years out  of r eac to r  when packaged. 

The assemblies are unmodified (i .e., no t  disassembled o r  sheared). 

The assemblies may conta in  surface water when packaged. 

The package w i l l  conta in  an i n e r t  cover gas. 

CRITERION 1 BASES, PHYSICAL DIMENSIONS AND WEIGHT 

The basis f o r  maximum leng th  i s  the length of t he  longest fuel  element ex- 

pected t o  be discharged by 1990, p lus 2 f e e t  allowance f o r  can i s te r  b a i l  
', 

. . 
and overpack, i f  required. The maximum diameter i s  based on the  contain- 

ment o f  i h r e e  BWR f u e l  assemblies. The maximum weight i s  based upon twice 

the weight o f  the heav iest  f u e l  element expected t o  be discharged by 1990 

- plus tw ice the  ca lcu la ted  weight o f  a can i s te r  and overpack. 
.-.- 

CRITERION 2 BASES, THERMAL POWER 

The 1 .O-kW 1 i m i  t i s  the thermal' power o f  the  reference SF package being 

used by the Spent Fuel Handling and Packaging (SFHP) F a c i l i t y  conceptual 

design e f f o r t .  ( I 3 )  This l i m i t  w i l l  permi t  the storage o f  e i t h e r  one PWR 

f u e l  assembly o r  three BWR .- f u e l  assemblies per  package which have been 

aged 5 years. 

CRITERION -3- BASES, RADIATION LIMIT 

The r a d i a t i o n  1 i m i  t i s  based. on the  ca lcu la ted  dose r a t e  expected t o  r e s u l t  

from a s i n g l e  5-year o l d  packaged PWR f u e l  assembly t h a t  has been exposed 

t o  a burnup o f  33,000 MWD/MTU. The r a d i a t i o n  1 i m i  t i s  intended t o  ensure 

the sa fe ty  o f  personnel i n  f a c i l i t i e s  wherein the  SF package may reside.  



.CRITERION 4 BASES, INTERNAL PRESSURE LIMIT 

RHO-CD- 568 

The fo l lowing data have been estimated and used t o  calcula. te maximum i n -  

t e rna l  pressure: 

V = Void space i n  can i s te r  

T = Maximum temperature (c ladd ing 
temperature) 

Nsf = Maximum number o f  moles o f  gas t h a t  29.6 moles/assembly 
can escape. from an assembly 

NG = Maximum number o f  moles o f  an i n e r t  . ' 7.4 moles/assembly 
gas medium a t  two atmospheres o f  
pressure 

N, = Moles o f  water adhering t o  a f u e l  26.3 moles/assembly 
assembly which has not  been 

. adequately ..dried 

Therefore, us ing the  i dea l  gas law, an approximation o f  t he  maximum i n t e r -  

na l  operat ing p.ressure i s  equal t o  100 ps ia  per package. 

CRITERION 5 BASES, SURFACE CONTAMINATION 

The l i m i t s  .- s e t  f o r t h  f o r  the  SF package are based on those f o r  sh ipp ing 

casks. These l i m i t s  are the maximum permiss ib le  l eve l s  as se t  f o r t h  i n  

the  CFR, T i t l e  49, paragraph 173.397. 

The ob jec t i ve  o f  the c r i t e r i o n  i s  t o  minimize, t o  a p r a c t i c a l  l e v e l ,  the  _-- 
t r a n s f e r  o f  r a d i  oac t i  ve contami nants t o  the federa l  repos i t o r y  rece i  v i  ng 

area. The purpose i s  t o  provide f o r  contact  maintenance operat ion a t  the  

federa l  repos i tory .  

sec t ion  111, ~ i v i s i o n  I-, Class 3 o f  the  ASME Code i s  s p e c i f i e d  f o r  

C r i t e r i o n  1 on the basis o f  an in-depth review o f  e x i s t i n g  codes and 

standards t o  determine t h e i r  appl i cabi  1 i t y  t o  desi  gn and f a b r i  ca t i on  of 

nuclear waste conta i  ners. (6 )  Add i t iona l  suppor t ive d iscuss ion i s  inc luded 

i n  Sect ion 5.0 o f  t h i s  document. Sect ion I11 i s  s p e c i f i c a l l y  t a i l o r e d  f o r  

nuclear appl icat ion.  It provides f o r  QA and QC procedures t h a t  are more 

s t r i n g e n t  than Sect ion V I I I  o f  the  ASME Code. . The use o f  an "Nu stamp 

w i  11 provide v e r i f i c a t i o n  t h a t  Sect ion I11 requirements have been met.. 



It should be noted, however, t h a t  the scope of Sect ion I11 and requirements 

for  "Nu stamping may have t o  be mod i f i ed . t o  permi t  d e l i v e r y  o'f containers 

t o  the  packager p r i o r  t o  sea l ing  and t e s t i n g  t o  Sect ion 111' ru les.  

CRITERION 7 BASES, MATERIALS OF CONSTRUCTION 

Low carbon s tee l  has been chosen as the reference mater ia l  f o r  t he  SF can- 

ister.. The chojce o f  . th is  mate r ia l  i s  supported..by two recent  mate r ia l  

these conclude t h a t  i n  the  absenceof water i n  the, . . ' .  . 

federal repos i to ry ,  cor ros ion would be low. If, however, there  i s  water 
. . 

present, cor ros ion could bemoderate t o  severe; moderate i n  basa l t  and . 
- .  

s  ha1 e, and severe i n  sa l  t.. Is01 a t i o n : l o f  .. .. the SF  package i n s 1  eeved implace- 
. . - . -. - - . . . .. , , . .. ..... . ..: ... 

ment holes i n  a s a l t  r epos i t o r y  t o  prevent contact  w i t h  the s a l t  media 

would be requ i red  t o  prevent loss  o f  package i n t e g r i t y  by accelerated 

corros ion dur ing  the r e t r i e v a b i  1 i ty per iod i n  the federa l  repos i tory .  

CRITERION 8 BASES, HANDLING 

. The Oak Ridge connector has been t e n t a t i v e l y  se lected as the  refe.rence 

1 i fti nkmechani sm based on i t s  extensive use i n  remote hand1 i ng oper'ati ons. 

F ina l  se lec t i on  o f  the l i f t i n g  mechanism f o r  handl ing SF packages w i l l  be 

made dur ing the  waste package design phase. o f  the CWP Program (see Sect ion 2.0 

o f  t h i s  document). __- 

CRITERION 9 BASES,'PACKAGE'IDENTIFICATION 

The metal, l abe l  a f f i x e d  t o  each S.F package i s  necessary f o r  i d e n t i f i c a t i o n  

o f  the  'package f o r  nuclear mate r ia l  con t ro l  from packaging th.rough the end 

o f  t he  r e t r i e v a b i  1 i ty per iod  i n  the  federa l  repos i tory .  

. ' CRITERION ' 10 ' BASES, ' PACKAGE ' CONTENT AND ' DOCUMENTATION .-- 
. 

SF package content and documentation w i l l  be necessary f o r  nuclear mater ia ls  

con t ro l  and accountab i l i t y ,  and provide f o r  easy t r a c i b i l i t y .  QA and QC 

records r e l a t i n g  t o  design, f ab r i ca t i on ,  and t e s t i n g  o f  the SF conta iner  

w i  11 be requ i red  t o  v e r i f y  adherance t o  Section 111, D i v i s i o n  1 , Class 3 

o f  t he  ASME Code. 



-._ 
I .: 

4.2.2 HIGH-LEVEL WASTE (HLW) > 

The HLW package acceptance c r i t e r i a  are based on the f o l l ow ing  assumptions 

concerning the  package and i t s  contents: 

The waste.forms are boros i . l i ca te  glass produced by the  in-can 

me1 t i n g  process and ca l c i ne  produced by the f l u i d i z e d  bed 
(14-16) process. 

The package i s  overpacked p r i o r  tb emplacement i n  the repos i tory .  

0 The ,package diameters and associated thermal power are constrained 

by e i t h e r  temperature 1 i m i  t s  on the waste, r epos i t o r y  geologic 

media, o r  can i s te r  and are as f o l l  ows: 

Boros i 1 i cate glass 800°C 

Calcine .. 700°C 

Sa l t *  

Basalt** 

Shale** 

.- Cani,s t e r  

CRITERION 1 BASES, PHYSICAL DIMENSIONS AND WEIGHT 

The maximum a1 lowable can i s te r  dimensions spec i f i ed  i n  C r i t e r i o n  1 are 

based on the r e s u l t s  o f  two-dimensional thermal modeling o f  an HLW package 

w i t h  an overpack conta in ing e i t h e r  boros i  l i c a t e  glass o r  ca l c i ne  waste form 

emplaeed i n  e i t h e r  s a l t ,  basa l t ,  o r  shale. ( I 5 )  The OD spec i f i ed  i n  

. - C r i  t e r i  on 1 w i  11 a1 1 ow emplacement o f  g l  ass-f  i 1 l e d  o r  ca l  c i  ne - f i  11 ed pack- 

ages i n  a s a l t  r epos i t o r y  on 30-foot centers. Emplacement o f  the same ' 

packages i n  b a s a l t  o r  shale w i l l  r equ i re  g rea te r  spacing ( p i t c h )  as shown 

i n  Table 4-1. The package length l i m i t  spec i f i ed  ?n C r i t e r i o n  1 i s  based 

* 250°C l imi t  on 1% and 200°C Zimit on 25% of the sa l t  i n  a un i t  ceZZ 
(a unit  ceZZ i s  the voZwne of saZt whose area i s  defined by the adiabatic 
boundary concentric with t e LW package and whose thickness i s  equal t o  
the height o f  the package. 21 78 

**Temperature l imi ts  on basaZt and shale have not been estabZished; 
hence, none. were assumed. 



on the length allowed f o r  'SF packages and l i m i t e d  by length r e s t r i c t i o n s  

imposed by the i n-can me1 t i n g  process: The gross weight l i m i t  i s  tw ice 

the  ca lcu la ted  weight o f  a g l  ass - f i  1 l e d  can i s te r  w i t h  an overpack. 

CRITERION 2. BASES, THERMAL POWER 

The thermal power l i m i t s  spec i f i ed  i n  C r i t e r i o n  2 were obtained by using 

those values shown i n  Table 4-1 f o r  a 10-foot can i s te r  and increas ing 

them by a f a c t o r  o f  1.5 t o  equal t h a t  which would be contained i n  a 

14-foot  package w i t h  a waste length o f  12 feet .  

CRITERION 3 BASES, RADIATION LIMITS 

The r a d i a t i o n  l i m i t  i s  based on the ca lcu la ted  dose expected t o  r e s u l t  

from the  reprocess ing.of  l i g h t  water reac to r  f u e l  assumed t o  be s o l i d i f i e d  

t o  the  equiva lent  o f  2.5 ft3 per 1 me t r i c  ton  o f  heavy metals charged t o  

. .. 
the reactor.  These r a d i a t i o n  l i m i t s  are no t  expected t o  be r e s t r i c t i v e  

for  present ly  forecasted HLW composi ti ons . 
i 
\.... 

CRITERI0.N 4 BASES, INTERNAL PRESSURE LIMIT 

The i n t e r n a l  operati.ng pressure l i m i t  spec i f i ed  i n  C r i t e r i o n  4 was devel- 

oped using the i dea l  gas law assuming t h a t  con t r ibu t ions  t o  p ressur iza t ion  

from the b o r o s i l i c a t e  glass and ca l c i ne  waste forms would be n e g l i g i b l e  

under normal opera t i  ng condi ti ons . H i  gher pressure woul d resu l  t f o r  

ca l  c i n e - f i l  l e d  can is te rs  under abnormal bpera t ing  condi t ions.  ( I 8 )  The 

l i m i t  o f  80 ps ia  includes a sa fe t y  f a c t o r  o f  3.0. 
/ 

CRITERION 5 BASES, SURFACE CONTAMINATION 

The l i m i t s  s e t  f o r t h  f o r  the  HLW package are based.on those fo r  shipping 

.casks. These l i m i t s  are the  maximum permiss ib le  l e v e l s  as s e t  f o r t h  i n  

49CFR173.397. 

CRITERION 6 BASES, DESIGN AND FABRICATION 

Section 111, D i v i s i o n  1, Calss 3 o f  the  ASME Code i s  spec i f i ed  f o r  .:  ' . .  

C r i t e r i o n  6 on the  bas is  o f  a review o f  e x i s t i n g  codes and standards f o r  

t h e i  r appl i 'cabi 1 i t y  t o  design and f a b r i c a t i o n  o f  nuclear wa'ste containers. (6) 



,/--., 

L ~ddi t ional  discussion i s  included in Section 5.0 of this document. 
Section 111 i s  specifically tailored for -nuclear application. I t  provides 
for QA and QC procedures that are more stringent than Section VIII of the 
ASME Code. The use of an "Nu code stamp will provide verification that the 
Section 111 requirements have been met. However, i t  should be noted t h a t  
the scope of Section I11 and requirements for 'IN" stamping may have t o  be 
modified t o  permit delivery of the containers t o  the packager prior t o  

. . . . . .  . 
seal ing and testing. 

CRITERION. 7 BASES, MATERIAL O R  CONSTRUCTION 

Type ,304L stainless steel has been the reference HLW canister material in 
past studies supporting the NWTS Program. (17919) An evaluation of type 
304L stainless steel as an HLW'canister material has been made. I t  i s  
specified in C.riterion 7 t o  provide adequate corrosion resistance, oxida- 
tion resistance, and required strength a t  operating temperatlures during 
the in-can me.1 ting process t o  produce borosi 1 icate glass waste form. As 

,....., 
.< -, 

. . .... 
waste form. development proceeds, the use of a1 ternate canister materi a1 s 
with improved elevated temperature properties and greater resistance t o  
environmental degradation may be specified as a replacement for type. 304L 

. . stainless steel. Regardless of type selected, overpacking with carbon 
steel would be.required before emplacement in direct contact with s a l t  t o  
survi ve the retrievabi 1 i ty period. 

CRITERION 8 BASES, HANDLING 

The Oak Ridge connector has been tentatively selected as the reference . 

l i f t ing  mechanism based on i t s  extensive use in remote handling operations. 
Final selection of the l i f t ing  mechanism for hand1 ing HLW packages will be 
made during the waste package design phase o f  the CWP Program (see 
Section 2.0). 

The metal label affixed t o  each HLW package i s  necessary for identification 
o f  the package for nuclear materials control from packaging through .  the end 
of the retrievabi 1 i ty period in the federal repository. 



CRITERION 10 BASES, PACKAGE CONTENT AND DOCUMENTATION 

HLW package content and documentation w i l l  be necessary f o r  nuc lear  mater- 

i a l s  con t ro l  and provide f o r  easy t r a c i b i l i t y .  QA and QC records r e l a t i n g  

t o  design, f ab r i ca t i on ,  and t e s t i n g  o f  the HLW conta jner  w i l l  be requi red 

t o  v e r i f y  adherence t o  Sect ion I I I, D i v i s i o n  1 , Class 3 o f  t he  ASME Code. 
. .. - .... . .. -. . . . . .  . . . . .  - . . , . . . . . . . . . - ... ..., 

. .. 



- 

4.,2.3 CLADDING WASTE (CW) PACKAGE 

To develop CW package acceptance c r i t e r i a ,  c e r t a i n  assumptions were made 

concerning ' t he  waste form t h a t  would be permi t ted i n  the package. On- 
. . going s tud ies may requ i re  mod i f i ca t i on  o f  . these assumptions, b u t  f o r  the 

present they are  as fo l lows:  

.. . 
Concentrat ion o f  nuc l ides present i n  a waste package . s h a l l  .conform 

. . . . . . . t o  regu la t ions  s e t  f o r t h  i n  4 9 ~ ~ ~ 1 7 3  and 10CFR71, and spec ia l  
. '  r egu la t ions  as developed f o r  the  s p e c i f i c  conta iner  s i z e  and 

shape. 

CW contents s h a l l  no t  exceed 0.5% o f  the ac t i n i des  and 0.5% o f  

the  non'volat i  l e  f i s s i o n  products o r i g i n a l  l y  contained i n  the  

' unreprocessed spent fuel. 
Residue from the  ac id  leach ing o f  SF cores s h a l l  be r i nsed  and 

-- thoroughly d r i e d  t o  prescr ibed acceptable 1 i m i  t s  p r t o r .  t o  p l  ace- 

ment i n  a r ad ioac t i ve  waste container.  The res idue may o r  may 

n o t  be compacted and s h a l l  be so i nd i ca ted  on the permanent 

.'' records fo r  each package. 
Fines s h a l l  be excluded t o  prevent exp los ive o r  phyrophor ic con- 

d i  t i o n s  from. e x i s t i n g  i n  the waste. 
Waste package confents s h a l l  n o t  exceed 80% of the  a c t i v e  volume 

o f  the waste container.  

In format ion .and data have been co l  l ec ted  from p a r t i c i p a n t s  i n  the  na t iona l  

waste management program. ( I 1 )  C o l l a t i o n  o f  t h i s  i n f o r m a t i o n  and data pro- 

v ides the bases for .  the  maximum package dimensions and weight  c i t e d  i n  

C r i t e r i o n  1. The dimensions o f  24-inch OD by 8 f e e t '  6 inches l ong  ( inc ludes  
- - -- . - . - . - . - . .. . . . . . . . . . - - - - - . -. - 

. hand1 i n g  f i x t u r e s )  and gross weight  o f  10,000 pounds are se lec ted  t o  be 

compatible w i t h  waste management f a c i l i t i e s .  



.---, 

3r 

CRITERION 2 BASES, THERMAL POWER 

CW i s  sufficiently well defined so as to permit the establishment of a 
thermal power cri teria.  Untreated and uncompacted CW a t  age 1 year was 
assumed t o  have a heat density of 21 W/ft . ) Under these conditions, 
a 24-inch OD by 8-foot 6-inch long package of CW would have a thermal power 
of approximately 450 watts. Compacted waste would result in heat loads in 
excess of 1600 watts for the same size container. Considering the maximum 
expected thermal power and allowing for unusual waste composition, a 1 imit 
of 2 x 103 watts per container i s  specified for acceptance of a CW package 
a t  a federal repository. 

CRITERION . 3  BASES, RADTATION LIMITS 

Anticipated radiation levels .of 1-year old CW were analyzed based on mixing 
end, be4 1s and/or grid spacers with the residue from acid leaching of the 
SF cores. (8) Grid spacers and end bells were assumed t o  be located a t  the 
outer periphery of the package and would see 10% and 100% of the flux, 
respecti-vely. 

Based on the above analysis, i t  was determined that the maximum anticipated 
radiation levels would be 3400 rem/hr. A maximum surface radiation limit 
of 4 x 103 rern/hr as specfFied in the criterion should provide the proper 
guidelines for acceptance of CW packages a t  a federal repository. 

CRITERION 4 BASES, INTERNAL PRESSURE 

Priorb t o  development of operating pressure limits for CW packages, certain 
assumptions must f i r s t  be made: 

The solid waste form will f i l l  80% o'f container active volume. 
The remaining 20% of active container volume will consist of dry 

60°F ambient a i r  entrapped in the container during remote 
seal i ng. 



The CW form will remain reasonably stable up t o  334OF and will 

only contribute small amounts of off gas and moisture t o  the . 

a i r  space. (8) 

Assuming a factor of safety of 3.0, a maximum operating pressure of 70 psia 
i s  specified. 

CRITERION 5 BASES, SURFACE CONTAMINATION LIMIT 
' 

: The limits se t  forth for the CW package are based on those for '  shipping 

casks. These limits are the maximum permissible levels as se t  forth in 
49CFR173.397. 

CRITERION 6 BASES, DESIGN AND FABRICATION 

Section 111, Division 1,  Class 3 of the ASME Code i s  specified for 
Criterion 1 on the basis of a review of existing codes and standards for 
thei r_.appl i cabi 1 i ty t o  design and fabrication of nuclear waste containers. (6) 
Additional discussion i s  included i n  Section .5.0 of this document. 
Section I I I i s  speci f i cal ly ta i  1 ored for nuclear appl i cation. I t  provi des 
for QA and QC procedures that are more stringent than Section VIII of the 
ASME Code. The use of an "N" code stamp will provide verification that 
the Section I11 requirements have been met. However, i t  should be noted 
t h a t  the scope of Section-?I1 and requirements for "N" stamping may have 
t o  be modified t o  permit delivery of the containers to the packager prior 
to  sealing and testing. 

Low carbon steel was specified for CW containers on the basis of recent 
e v g l u a t i ~ n s . ' ~ ' ~ )  In the case of CW, recommendations were t o  store the 
waste package i n  a control led 50% relattve humidity environment a t  the 
reprocessing and surface storage fac i l i t ies .  Storage of low carbon steel 
CW containers in a s a l t ,  shale, o r  basalt environment was also reviewed. 
~ d n c l  usions indicated t h a t  the expected low moisture atmosphere of a federal 
repository combined with isolation of the packages from direct contact with 
the geologic media should permit safe storage of CW d u r i n g  the 5-year re- 
trievable ~ e r i  od. 



CRITERION 8 BASES, HANDLING 

The Oak Ridge connector has been tentatively selected as the reference 
1 i f t i  ng. mechanism based on i t s  extensi ve use i n remote handl i ng operations. 
Final selection of the l i f t ing  mechanism for handl ing CW packages will be 
made during the waste package design phase of the CWP Program (see 
Secti on 2.0). 

CRITERION 9 BASES, CRITICALITY 

The requirements of Criterion 9 are needed to  assure that packages shipped 
to the federal reposttory are cr i t ical ly  safe in any storage array. The 
burden of proof i s  on the waste packager. 

CRITERION 10 BASES, PACKAGE IDENTIFICATION 

The metal 'label affixed t o  each CW package i s  necessary for identification 
of the. package for nuclear materials control from packaging through the end 
of .the retrievabil i t y  period in the federal repository. 

i '~, 
'CRITERION 11 BASES, PACKAGE CONTENT AND DOCUMENTATION 

CW package content and documentation w i  11 be necessary for nuclear materials 

". 
control and accountability and provide for easy tracibi 1 i ty. QA and QC 

records relating t o  design5 fabrication, and testing of the CW container 
will be required to verify adherence t o  Section 111, Di vision 1 , Class 3 

of the ASME Code. 



4.2.4 INTERMEDIATE-LEVEL'TRU WASTE (ILTW) PACKAGE 

The ILTW package acceptance c r i t e r i a  are  based on the  f o l l o w i n g  assumptions 

concerning the package content: 

Free l i q u i d s  s h a l l  be excluded from a l l  waste packages. 

Concentrat ion o f  nuc l ides present i n  a waste package s h a l l  con- 

form t o  regu la t ions  s e t  f o r t h  i n  49CFR173 and 10CFR71. 

Waste c l a s s i f i e d  as "combustible NHLTW* s h a l l  be i nc i ne ra ted  and/ 

o r  reduced t o  a so l  i d  s t a t e  t h a t  w i  11. meet the  combustion speci- 

f i c a t i o n s  o f  the  federa l  r epos i t o r y  designated t o  rece ive the  

waste. . . 
. - . - - - - .- - . . 

@ .  There s h a l l  be no known explosi've, o r  phryphoric mate r ia l s ,  o r  

condi t ions e x i s t i n g  i n  the waste. 

Waste package contents s h a l l  no t  exceed 80% o f  the a c t i v e  volume 

o f  the waste container.  
/- 

CRITERION 1 BASES, PHYSICAL DIMENSION AND WEIGHT 

In fo rmat jon  and data have been c o l l e c t e d  from p a r t i c i p a n t s  i n  the na t i ona l  

waste management program. C o l l a t i o n  o f  t h i s  in fo rmat ion  and data pro- 

vides the bases f o r  the maximum package dimensions and weight c i t e d  i n  

C r i t e r i o n  1. The dimensions o f  '24-inch OD by 8 f e e t  6 inches long  ( inc ludes . 

hand1 i n g  f i x t u r e s ) ,  and g'p&s weight  o f  10,000 pounds are se lec ted t o  be 

compatible w i t h  waste management f a c i  1 i t i e s .  

CRITERION 2 BASES, THERMAL POWER 

Heat dens i t i es  o f  ILTW are low and have been est imated i n  the 0.1 t o  , 

0.2 ~ / f t 3  range. ('O) A t  the h igher  range, the 24-inch OD b y  8 - foo t  6 inch  

package would d i ss i pa te  approximately 5 watts. Considering a sa fe t y  fac to r  

o f  5.0 and a1 lowing f o r  unusual waste composition, a maximum value o f  

25 wat ts  i s  specif ied. 



CRITERION 3 BASES, RADIATION LIMIT 

By definition, the lower radiation l imit  for  packaged ILTW i s  10 mrem/hr. (21 

The upper l imit  of 15 rem/hr specified in Criterion 3 i s  based on the colla- 

tion of information and data gathered from participants in the national 

waste management program. ( I1)  This l imit  will allow the design of adequate 

shielding for remote' hand1 ing of ILTW packages. 

CRITERION 4 BASES, INTERNAL PRESSURE 

The internal pressure l imit  cited in Criterion 4 was developed using the 

ideal gas law. The following assumptions were made for the calculation: 

@ -  The solid waste form will f i l l  80% of container active volume. 
@ The remaining 20% of active container volume will consist of 60°F 

ambient a i r  entrapped in the container during remote sealing. 
. . . . . . . . . . . . . - - .--. -- -- .-- --.-- . 

The cement or glass waste form wi 11 remain -reasonably s t ab l e  u p  t o  
--- 

1 20°F (the predicted maximum operating temperature) (8) and will 

only. contribute small amounts of off .gas and moisture t o  the a i r  
- space. 

Considering a safety, factor of 3 .0 ,  a maximum operating pressure of 50 psia 
i s  specified. 

CRITERION 5 BASES, SURFACE CONTAMINATION 

The limits s e t  forth for  the ILTW package are based on those for shipping 

casks. These limits are the maximum permissible levels as s e t  forth in 
/ ' 

, 49CFR173.397. 

CRITERION 6 BASES, DESIGN AND FABRICATION 

Secttori 111, Division 1, Class 3 of the ASME Code i s  specified for 

Criterion 1 on the basis of a review of existing codes and standards for - 

the i r  appl i cabi 1 i ty t o  design and fabrication of nuclear waste containers. (6 

~dd i t i ona l  discussion i s  included in Section 5.0 of th is  document. 

Section I1 I i s  speci f i  cal ly t a i  1 ored for nuclear appl i cat i  on. I t  provides 

for  QA and QC procedures that  are more stringent than Section VIII of the 

ASME Code. The use of an "Nu' code stamp will provide verification t h a t  the 



5 - Sect ion -11'1. requirements. have been met. However, i t  should be noted t h a t  

the scope o f  Sect ion 1.11 and requirements f o r  "Nu stamping may have t o  be 

modif ied t o  permi t  d e l i  very of the containers t o  the. packager p r i o r  t o  

sea l i ng  and tes t ing .  

CRITERION ' 7 BASES, ' MATERIALS ' OF ' CONSTRUCTION 

Low carbon s t e e l  was ;speci f i ,ed f o r  an ILTW con ta iner  on the  bas is  o f  recen t  . 

evaluat ions.(397) I n  the  case o f  ILTW, recommendations were t o  s t o r e  the 

waste package i n  a c o n t r o l l e d  50% r e l a t i v e  humid i ty  environment a t  the 

reprocessi  ng and s u r f  ace storage f a c i  1 i t i e s .  Storage. o f  low carbon s t e e l  

containers i n  a s a l t ,  shale, o r  b a s a l t  environment was a l so  reviewed. Con- 

c lus ions i nd i ca ted  t h a t  the expected low moisture atmosphere of a geologic 

mine combined w i t h  i s o l a t i o n  o f  the packages from d i r e c t  contact  w i t h  the 

geologic media. should permi.t sa fe  storage o f  ILTW dur ing  the  5-year re-  

t r i e v a b l e  period.. 
. . -  .. 

(" " 
CRITERION 8 BASES, HANDLING 

- 
The Oak Ridge connector has been t e n t a t i v e l y  se lec ted as the re ference 

]:ifti ng mechanism based on i t s  extensive use i n  remote hand1 i ng operat ions . 
. . F i na l  s e l e c t i o n  o f  the l i f t i n g  mechanism f o r  handl ing ILTW packages w i l l  . . 

be made dur ing  the waste 'package design phase of the  CWP Program (see 

Sect ion 2.0). 

CRITERION 9 BASES., CRITICALITY 

The requirements o f  C r i t e r i o n  9 are needed t o  assure t h a t  packages sh'ipped 

. t o  t h e  federa l  r epos i t o r y  are  c r i t i c a . 1 1 ~  safe  i n  any storage array. The 
burden o f  p roo f  i s  on the waste packager. 

CRITERION 10 BASES, PACKAGE IDENTIFICATION 

The metal l abe l  a f f i x e d  t o  each ILTW package i s  necessary f o r  i d e n t i f i c a -  

t i o n  o f  the package f o r  nuclear mate r ia l s  con t ro l  from packaging through 

the end o f  the r e t r i e v a b i  1 i t y  per iod  i n  the federal repos i to ry .  



CRITERIW 11 BASES, PACKAGE CONTENT AND DOCUMENTATION 

ILTW package content and documentation w i l l  be necessary fo r  nuclear 

mater i  a1 s con t ro l  and accountabi 1 i t y  and provide fo r  easy t r a c i  b i  1 i ty. 

QA and QC records r e l a t i n g  t o  design, fabrication,. and t e s t i n g  o f  the 

ILTW conta iner  w i l l  be requi red t o  v e r i f y  adherence t o  Sect ion 111, 

D i  vis. ion 1 , Class. 3 .  o f  the ASME Code. 
. . .  . . 

. . .  . .. 
. . . -. . - . . . . - . 

. . . . 

. . 
. . 

. , 



4.2.5 LOW-LEVEL .TRU WASTE (LLTW) PACKAGE 

The LLTW package acceptance c r i t e r i a  are based on the f o l l ow ing  assumptions 

concerning the. package content: 

Free 1 i q u i  ds s h a l l  be excluded from a1 1 waste packages. 

@ Concentrat ion o f  nucl ides present i n  a  waste package s h a l l  conform 

t o  regula t ions s e t  f o r t h  i n  49CFR173, 10CFR71, and speci a1 DOT 

permi t  No. 5948. - . - . 

@ Waste c l a s s i f i e d  as "combustible NHLTW" s h a l l  be inc inera ted  and/ 

o r  reduced t o  a  s o l i d  s t a t e  t h a t  w i l l  meet the  combustion speci- 

f i c a t i o n s  o f  the  federa l  r epos i t o r y  designated t o  rece ive the 

. waste. 

A91 s o l i d  o r  s o l i d i f i e d  waste c l a s s i f i e d  as noncombustible NHLTW 

s h a l l  e i t h e r  be packaged i n  the o r i g i n a l  s o l i d  forms o r  s h a l l  be 

shredded and compacted i n  a  s o l i d  matr ix.  
. _-- 

There s h a l l  be no known explosive, o r  pyrophor ic mater ia ls ,  o r  

condi t ions exis$ing i n  the  waste. 
.- 

CRITERION 1 BASES, PHYSICAL DIMENSIONS AND WEIGHT 

The DOT-approved 17C and 17H drums are c u r r e n t l y  being used f o r  storage of 

LLTW, The dimensions are _-- f ixed,  The basis f o r  the 800-pound gross weight - .  

l i m i t  i s  the DOT spec i f i ca t i ons  17C and 17H. 

CRITERION 2 BASESj  THERMAL. POWER 

The thermal dens i ty  of LLTW has been estimated t o  f a l l  i n  the  range of . . . . 

0.02 t o  0.1 W / f t  . (*O) A t  the  h i g h e r  range, a  17C o r  17H drum would con- 

t a i n  approximately 0.7 watt. I n  addi t ion,  the maximum thermal power l i m i t  

of LLTW packages shipped i n  a  closed t ranspor t  veh ic le  per DOT permi t  

No. 5948 is 10 watts per 55-gal lon drum. 

Considering the  expected low thermal power o f  LLTW and a l low ing  f o r  unusual 

waste composition, a 1  i m i  t o f  10 wat ts  f o r  DOT-approved 17C o r  17H drums 

i s  spec i ' f ied f o r  storage and disposal  o f  LLTW i n  a  federa l  repos i tory .  



> - ... 
CRITERION 3 BASES, RADIATION ' LIMIT 

The bases f o r  the r a d i a t i o n  l i m i t  o f  10 mrem/hr i s  the d e f i n i t i o n  o f  

LLTW.(*~) Th is  r a d i a t i o n  1  i m i  t w i  11 a l l ow  the  d i r e c t  hand1 i n g  o f  LLTW 

packages w i thou t  supplementary sh ie ld ing.  

CRITERION 4 BASES, IFITERNAL ' PRESSURE ' LIMIT 

Procurement speci f i  ca t i on  f o r  DOT 17C and l.7H :drums requ i res  15-psi hydro- 

s t a t i c  t es t .  ' A 10-psig maximum operat ing pressure i s  spec i f ied.  . . . .. 

CRITERION 5 BASES, SURFACE CONTAMINATION 

The 1-imi t s  s e t  f o r t h  f o r  the LLTW con ta iner  are based on those f o r  sh.ipping 

casts. ' ~ h e s e  l i m i t s  are  the maximum permiss ib le  l e v e l s  as s e t  f o r t h  i n  

43.CFR.173.397. The ob jec t i ve  o f  the c r i t e r i a  i s  t o  minimize, t o  a  p r a c t i c a l  

level, the t r a n s f e r  o f  r ad ioac t i ve  contami nants t o  the federa l  r epos i t o r y  

r ece i v i ng  area. The purpose i s  t o  prov ide f o r  un l im i t ed  access and e l  im i -  
( ' 

... nate undue r a d i a t i o n  exposure. 
.- 

CRITERION 6 BASES, DESIGN AND FABRICATION 

..  . 
Basic design s p e c i f i c a t i o n  f o r  DOT-approved 17C o r  17H drums are described 

i n  49CFR178. A s e t  o f  proeurement s p e c i f i c a t i o n s  are a l so  ava i l ab le  which 

describe necessa.ry spec i f i ca t i ons  f o r  drum capac i t i es  ,, mater i  a1 thicknesses , 
hoop d e t a i  1s , closures,  etc.  

- CRITERION 7 BASES, MATERIALS OF CONSTRUCTION 

Low carbon s t e e l  was s p e c i f i e d  f o r  LLTW con ta iner  on the bas is  of recent  

eval  uations. ( 3 9 7 )  Pro tec t ion  aga inst  accelerated cor ros ion  i n  env i  ronments 

w i t h  a  r e l a t i v e  humid i ty  g rea te r  than 50% can be achieved by ga lvan iz ing  

the e x t e r i o r  surface o f  the container.  
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CRITERION 8 BASES, CRITICALITY 
e 

The DOT Permit No. 5948 l i m i t s  the  TRU ( f i s s i l e )  content t o  200 g and 

'graphi te t o  90 kg f o r  each 17C o r  17H drum which provides c r i t i c a l l y  safe 

t r anspo r t  i n  a  "closed t r anspo r t  vehic le".  Fur ther  s tud ies w i l l  be needed 

t o  determine c r i t i c a l l y  safe storage arrays i n  a  federa l  repos i tory .  

CRITERION 9 BASES, PACKAGE IDENTIFICATION. 
. . 

The metal l abe l  a f f i x e d  t o  each LLTW packige i s  necessary f o r  i d e n t i f i c a -  . .  

t i o n  o f  the  package f o r  nuclear mate r ia ls  con t ro l  from packaging through 

the end o f  the r e t r i e v a b i l i t y  per iod i n '  the  federa l  repo'sitory. 
. . . .- . . . . . . . . . . . . . . . . 

CRITERION 10 BASES, PACKAGE CONTENT AND DOCUMENTATION 

LLTW package i d e n t i f i c a t i o n  and documentation w i l l .  be necessary f o r  nuc lear  

,mater ia ls  con t ro l  and accountabi 1  i ty and provide f o r  easy t r a c i b i  1  i ty .  QA 
and QC records r e l a t i n g  t o  design, f ab r i ca t i on ,  and t e s t i n g  o f  the  LLTW 

. . 
/' 
i. . . 

conta iner  w i  11 be . requ i red  t o  v e r i  fy adherence t o  49CFR178. 
.... . . .. . . . . .  . . . - 
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HEAT TRANSF'ER STUDIES , 
HLW PACKAGES, EMPLACED 

111 A FEDERAL REPOSITON 

CANISTER OD, I NCHES(A) 

I 
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5.0 DISCUSSION 

WASTE PACKAGE ACCEPTANCE CRITERIA 

A d iscussion o f  c r i t e r i o n  invo lves many common factors which are more common 

t o  the  c r i t e r i o n  than waste form. I n  view of t h i s ,  the  discussion sect ion.  

has been organized by c r i t e r i o n  r a t h e r  than waste form. Factors associated 

w i t h  the  var ious waste forms are discussed f o r  each c r i t e r i o n .  : Where the. . . 

. .  . 
. . . :  information presented i n  the bases sec t ion  (Sect ion 4.0) i s  considered 

complete. and se l  f expl anatory no addi - t iona l  d iscussion i s  presented' under 

t h i s  sect ion.  

5.1.1 'PHYSICAL DIMENSIONS AND WEIGHT 

Spent Fuel Package - The package leng th  c r i t e r i o n  must accommodate the  long- 

e s t  unmodified f u e i  assembly t h a t  i s  expected t o  be s tored through 1990. 
. . This w i ' l l  be a pressur ized water reac to r  (PWR) f u e l  assembly, 16..feet.. 

i'. " 6 inches i n  'length.;. produced by Combustion Engineering. The package leng th  
. a  .... 

, . c r i t e i - i on  al lows fo r  an overpack and.attached l i f t i n g  mechanisms. The 

maximum diameters were estab l ished by the  conceptual design study f o r  the 

Spent Fuel Handling and packaging Study. (13') The weight l i m i t  c r i t e r i o n  

w i l l  ensure t h a t  handl ing equipment i n  f a c i l i t i e s  comprising the  waste 

management system wi 11 be 'designed w i t h  s u f f i c i e n t  capaci ty.  

Hiqh-Level Waste Packaqe - A two-dimensional thermal model was used f o r  

t r ans ien t  thermal ana lys is  o f  overpacked HLW packages i n  geologic storage 

a t  r epos i t o r i es  located i n  salt., shale, and basa l t  formations. (5 )  These, 

s tud ies determined the  maximum a3,lowable diameter and thermal power f o r  

packages which would be cons is tent  w i t h  the temperature l i m i t s  f o r  the  

waste form, can is ter ,  and geologic media, These l i m i t s  are def ined i n  the 

preface. t o  Sect ion 4.2.2. (The temperature l i m i t s  f o r  basa l t  and shale 

have no t  been defined, consequently, none were assumed for  the  thermal 

analysis.  ) The dominant temperature cons t ra in ts  fo r  the  package diameters 

shown i n  t h e  Table 4-1 were found t o  be 350 '~  can i s te r  temperature 1 i m i t  

f o r  packages i n  basa l t  and shale. For packages emplaced i n  s a l t ,  the  s a l t  

temperature-1 i m i  t i s  t he  domi nan.t cons t ra i n t  except.  f o r  ca l  e i  ne-f i l 1 ed 



packages-at a pitch of 50 feet and greater where the waste temperature 

limit becomes dominant. 

The selected diameters and associated thermal loadings are for a 30-foot 

pitch. in a salt .repository. As repository designs are developed, it will 

facilitate cost-effective analysis of the diameter versus pitch for the 

various geologic formations. At that time, comprehensive systems analysis , 
encompassi ng. the compl ete HLW package 1 i'fe cycl e., shoul d be conducted to 

determine the cost-effective si'zes and the sensitivity of cost to variables 

such as package size, thermal power, repository design and operation, and 

transportation. It is conceivable however, that because of the system 

complexity, very little cost sensitivity may exist. 

Low-Level .TRU Waste Packaqe - The size and weight are consistent with a 
DOT-approved 55-gallon drum containing waste which. has been immobilized 

within a solid matrix having a density similar to concrete. It is appropriate 

to poi-nt out that repository designs have not been sufficiently. developed 

at this time to ensure that a 55-gallon drum should be the only size or shape 

container used for LLTW. Operating procedures, handling equipment and waste 

stacking and storage configurations should be more extensively analyzed 

when feasible. However, the DOT- approved 55-gal 1 on drum has been extensi vely 

and safely used in the past. The immobilization of LLTW in a solid matrix 

should improve the accepta&;l i ty of the 55-gal lon drum as a container for 

routine storage or disposal of LLTW. There will be a variety of wastes 
/ 

such as failed equipment and decontamination and decommiss.ioning (D8D) 

wastes whi.ch may not be.. amenable to containeri ration in .55-gal.1 on .drums. 
. . .  

Such packages may be dea1.t with on an individual basis or if' warranted 

another size LLTW package may.be designated for routine acceptance. Future 

studies are required as r'eposi tory designs are devel oped and LLTW- forms are 

fully cataloged. 

Intermediate-Level TRU and Cladding Waste Packaqes - A standard size con- 
tainer was selected for both waste classifications. ('' ) It was an objective 
that a standard size container should result in a minimum change to existing 

reprocessing facilities and at the same time satisfy the requirements of 

planned federal repositories. The external diameter of the container and 



l eng th  do no t  exceed values t h a t  w i l l  a l l ow proper hand1 i n g  through reposi-  

t o r y  e levators  and cor r idors .  I f  containers are placed i n  v e r t i c a l  holes 

i n  the  f l o o r  o f  the repos i to ry  geologic disposal area, the  OD o f  the  con- 

t a i  ner should conform t o  p r a c t i c a l  and economical d r i  11 i ng capabi 1  i ti es. 

5.1.2 THERMAL POWER 

High-Level Waste Packaqe - The thermal power 1  i m i t s  shown i n  Table 4-1 

were developed fo r  can is te rs  80% f i l l e d  (a  waste leng th  of 8 feet ) .  It 

i s  assumed t h a t  increas ing the  leng th  of the can i s te r  r e s u l t i n g  i n  greater  

thermal power per can i s te r  w i l l  have minimal e f f e c t  on the  spacing ( p i t c h )  

i n  the  repos i tory ,  ( t h i s  w i l l  be v e r i f i e d  i n  f u t u r e  heat t rans fe r  s tud ies) .  

consequently, thermal power l i m i t  values o f  3.1 kW-.for g lass waste and 2.8 

kW f o r  ca l c i ne  r e f l e c t i n g  the increased waste volume were s p e c i f i e d  f o r  

14-foot  long packages w i t h  a  waste leng th  o f  12 f ee t .  I n  add i t i on  t o  con- 

f i r m i n g  the ef fect  o f  increased waste length,  f u t u r e  thermal s tud ies w i l l  

be three dimensional r a t h e r  than two dimensional. 

The two-dimensional thermal model used i n  p r i o r  analys is  d i d  no t  a l l ow  

f o r  heat conduction through the  repos i t o r y  room wa l l  s  and p i 1  l a r s ;  hence, 

the data i n  Table 4-1 may be conservative. The two-dimensional thermal 

model was used f o r  an i n i t i a l  heat t r a n s f e r  analys is  i n  t h a t  i t  al lowed an 

eva luat ion o f  a  greater  n ~ k b e r  o f  parameters i n  a  sho r t  per iod  of t ime. 

Repository designs were a lso  no t  s u f f i c i e n t l y  developed fo r  representat ive 

modeling.. Since the  temperature l i m i t s  f o r  the  waste form, can i s te r  and 

repos i t o r y  media are being rev ised and repos i t o r y  1  ayouts are being more 

f u l l y  developed, add i t i ona l  t r a n s f e r  s tud ies are planned f o r  both HLW and 

SF packages. Three-dimensional thermal model i n g  w i  11 be used. Eva1 ua t ing  

the  ef fect  o f  heat conduction through the  repos i to ry  wa l l s  and p i 1  l a r s  t o  

the  surface w i  11 more c l ose l y  approximate repos i t o r y  thermal condi t ions.  

3  Cladding Waste Package - The maximum thermal power o f  2  x  10 wat ts  per 

package i s  based on a  waste composit ion of 0.5% ac t in ides  and 0.5% nonvola- 

t i l e  f i s s i o n  products. Recommended 1  i m i t s  on f i s s i o n  products f o r  CW range 

from 0.05 t o  0.5%. (23)  Add i t iona l  s tud ies o f  expected CW c h a r a c t e r i s t i c s  

are needed. - U n t i l  these are conducted, the  0.5% f i s s i o n  product 1  i m i  t w i l l  



be considered as the basis for  determining the estimated thermal power 
for CW. 

5.1.3 RADIATION LIMIT 

Intermediate-Level TRU Waste Packages - The only apparent res t r ic t ion on the 
maximum radiation level of an ILTW package i s  the  ab i l i t y  of the reprocessing 
plant and federal. repository to  remotely handle and dispose of . the .  packages. 
If 1LTW.packages a r e  emplaced i n  a federal repository in a manner similar 
to the, emplacement of HLW packages, the radiation levels expected shou1.d 
not present shielding problems. I t  i s  also anticipated that  ILTW packages 
can be adequately shielded to  meet a l l  transportation standards. 

Low-Level TRU Waste Packaqes - Maximum radiation l imits  for  packages of LLTW 

will depend on maximum allowable radiation l imits  a t  any stage of the packaging 
l i f e  cycle. The main factors that  must be considered prior to,establishing 
radiation 1 imi ts are whether "burn up"' of personnel will be a1 lowed, and the 
maximum a1 lowable 1 imi ts for  shipment under .present or proposed DOT and 
NRC standards . 
A 40-hour work week i s  normally used as a bas is . for  determining the maximum 
allowable radiation levels for  contact handling in a waste management f ac i l i t y .  
Under these conditions, a ID-mremlhr l imi t  for  container surface radiation 
should provide suff ic ient  protection to  transport the LLTW package from the 
packager to emplacement in the federal repository. Time and motion studies 
based on planned operations will ultimately be required to confirm this .  

Standards for  transportation of nuclear waste containers in "non-exclusive 
vehicles" l imit  the maximum radiation to  200 mrem/hr a t  the surface of the 
package. The use of "exclusive use vehicles" permits maximum limits  of 
1,000 mremlhr a t  3 fee t  from the package surface if enclosed in an approved 
"closed transport vehicle". Comparisons of these transportation radiation 
limits w i t h  those for  personnel protection indicate that  the controlling 
factor will be the-"burn up" times for  personnel handling LLTW packages. 

The recommended 10-mremlhr surface 1 imi t for  contact h'andl i n g  does not 
indicate that  the container must be unshielded. Shielding of a container 



.--.. 
I :  

> - .- t o  reduce levels to permit contact hand1 ing must be based on additional 
transport costs versus the option.to package and store the waste as ILTW. 
The additional' container weight due to  shielding the LLTW. package would 
also have t o  be evaluated t o  prevent the DOT-approved drum from exceeding 
safety.  standards required by 49CFR178. 

5.1.4 INTERNAL PRESSURE LIMITS 

All Waste Packaqes - The specified internal pressure limits are based on 
simpl.istic assumptions, one of which i s  the ideal gas law. Properties 
of assumed waste forms are not sufficiently well characterized to permit 
a rigorous determination of expected pressurization during normal operating 

. condi ti'ons throughout the package 1 i f e  cycle. Further studies are planned. 

The prime objective and result  of th i s  cri terion must be the assurance that  
HLW and SF canisters plus other containers shall not rupture ~ o p h i c a l l y .  L---- 

The .hi"'gh-integrity canisters are capable of constraining high pressures and 
-.. .. 

i .  would therefore cause wide-spread damage and spread of radioactivity i f  
... . ruptured, Safe operation must- be assured.and survival. of i ts  container 

. . . . --. . .. , - .. -. . .. . - . . . . - . . 
must be assured under c red ib le  d e ~ i . ~ - b a s i . ~ . . ~ c c j  den*. : Whether t h f  s is 

.... . . . .  

feasible with a1 1 waste forms has not .been determined. Studies relating to  
design c r i t e r ia  will aid in selecting al ternative approaches to the basic . . 

question of internal press>$e w i  t h i n  radi oactive waste packages. 

5.1.5 SURFACE CONTAMINATION LIMIT 

All Waste Packages - This- l imit  i s  a conservative and accepted l imit  fo r .  
shipping packages. I t  has been.specified as an acceptance cri terion for 
waste packages pending. the completion of studies to determine both reasonable . 

l imits for decontamination and the need for  lowering the cri terion l imits  
to maintain "clean" handling f a c i l i t i e s  within the waste management system. 

5.1 .6 DESIGN AND FABRICATION 

All Waste Packages Excludinq LLTW - The anticipated internal pressures of 
the waste packages would indicate that  ASME Codes should be considered fo r  
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5 - - the design and fabrication of the waste containers. How the ASME Codes 
would.be applied to  containers of nuclear waste i s  not precise a t  pr.esent. 
For example, i t  i s  d i f f icu l t  to  determine i f  a portable pressure container 
of nuclear waste, with or without a pressure re l ief  device, and exposed to  
the private sector of industry must be designed to  ASME Codes. The 
container will reside in or be protected a t  a l l  times by specially designed 
nuclear. faci 1 i t i e s  and by shipping casks d u r i n g  transport. Final decisions 
for des-igning nuclear waste containers to  ASME codes or other itandards 
will l i e  with the NRC d u r i n g  licensing of f a c i l i t i e s  i n  the waste management 
sys tem. 

Until. these decisions are made, i t  will be assumed that  a nuclear waste 
container should meet a1 1 requirements of Section I11 of the ASME Code. 
A discussionof the bases for determining the most applicable section and 
divisions of the ASME Codes follow. . 

. . ASME SECTION' VIIJ, DIVISION 1 
I' ' 

Section VIII, Division 1 ,  of the ASME Codes i s  normally specified for  
standard.'industrdal pressure vessel s and i s  considered to be appl icable for  
nearly a l l  non-nuclear pressure vessels. , Vessel design under Section 1 i s  
based on applying.the theory of maximum st ress  to 5/8 yield and 1/4 ultimate 
s t ress  limits.  This resuljs  in a safety factor of 4.0. QA and QC specifi- . 

cations are considered as minimal to meet the Cert if icate of Authorization 
for affixing a "U" stamp to the pressure vessel. 

ASME SECTION: VIII , DIVI.SION 2. 

Section VIII, Division 2 of the ASME Codes i s  normally specified for vessels 
where an extremely stringent s t ress  analysis i s  required. Vessels designed 
under th is  section are based on a principle s t ress  theory to 1/2 yield and 
1/3 ultimate s t ress  limits.  This resul ts  in a safety factor of 3.0. QA 
and QC, -although more rigid to  meet the additional s t ress  analysis, are 
basically the same as Section VIII, Division 1 .  



ASME SECTION III., DIVISION 1 , CLASS 3 

Class 3 under D i v i s i o n  1 of Sect ion I11 of the ASME Codes i s  the  on ly  c lass  

considered by  the  CWP Program t o  be appl icab le  t o  design and f a b r i c a t t o n  

of nuclear 'waste containers. Class 1, 2, MC, etc., under t h i s  sec t ion  

were considered t o  be. more appl i cab le  t o  design o f  nuclear reac to rs  and 

associated c r i t i c a l  components. 

Vessels designed under t h i s  sec t ion  are- based on a 5/8 y i e l d  and 1/4 u l t i -  
- -.?. 

mate s t ress l i m i t  s i m i l a r  t o  Sect ion V I I I ,  D i v i s i o n  1. QA and QC requ i re -  

ments, however, are more s t r i n g e n t  than Sect ion V I I I  , ~ i v i s i o n  1 o r  2 t o  

meet the  "N" stamp requirements o f  t he  nuclear indust ry .  

I n  general ,. a l l  mentioned sect ions of the ASME Code r e q u i r e  a pressure 

r e l i e f  device. -Sect ion V I I I ,  D i v i s i o n  1 o r  2, on ly  apply t o  vessels 

6 inches o r  l a r g e r  i n  diameter and i n t e r n a l  pressures i n  excess of 15 psig.  

Sect ion 111, Class 3, has no apparent minimum diameter o r  pressure l i m i t s .  
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7.0 APPENDICES 

Appendix A - Glossary 

1. A can i s te r  i s  a special  use conta iner  ( i  .e., spent f u e l  can is te r ,  

HLW can i s te r ) .  

2. A-con ta iner  i s  a m e t a l l i c  . o r  non-metal l ic  b a r r i e r  i n  contact  w i th ,  and 

enci6sing the rad ioac t i ve  waste. 

3. Claddinq waste includes s o l i d  fragments of z i r ca loy ,  s ta i n l ess  s tee l  

cladding, and s t r u c t u r a l  elements t h a t  remain a f t e r  d i sso lu t i on  o f  the 

spent f u e l  cores. This waste i s  h i g h l y  rad ioac t i ve  due t o  neutron 

a c t i v a t i o n  of the  c ladding and residua1,fission product contamination, 

and w i l l  normally generate a s i g n i f i c a n t  amount o f  heat. 

4. Closed t ranspor t  veh ic le  i s  a . l a r g e  cargo c a r r i e r  used t o  sh ip  Depart- 

.. . . ... ment o f  Transpor ta t ion (DOT) approved packages o f  waste. The veh ic le  

i. .. .must.be equipped w i t h  a securely attached. e x t e r i o r  enclosure which 

r e s t r i c t s  access by' unauthorized persons dur ing  t ranspor t .  

5. Disposal i s  the  emplacement of r ad ioac t i ve  waste packages i n  a f a c i l i t y  

designed t o  permanently i s o l a t e  rad ionuc l ides from the  biosphere w i t h  

no expectat ion of r e t r i e v a l  a f t e r  emplacement. 

6. A federa l  repos i to ry  means a f a c i l i t y  f o r  storage o r  d isposal  of packager 

constructed i n  an extensi  ve underground rock formati on having inherent  

p roper t ies  t h a t  provide e f f e c t i v e  i s o l a t i o n  o f  the  radionucl  ides from 

the biosphere. 

7 .  Hiqh- level  waste means the  s o l i d i f i e d  waste shipped t o  a federal reposi-  

t o r y  f o r  storage o r  d isposal  which meets the requirements of the Code 

o f  Federal Regulat ions T i t l e  10 P a r t  50, Appendix F. 

8'. Intermediate- level  TRU waste i s  defined as those mater ia ls  (o ther  than 

h igh- leve l  o r  c ladding wastes) t h a t  conta in  long-1 i ved  alpha emi t te rs  

i n  known o r  suspected concentrat ions greater  than 10 nanocuries per 

gram and a1 so have s u f f i c i e n t l y  h igh rad ia t i on .  1 eve1 s a f t e r  packaging 

t o  requ i re  sh ie l d i ng  before hand1 i n g  i s  a1 lowabl e. 
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> .  -. 9. The l i f e  cycle comprises the  various processing and storage environments 
the radioactive waste i s  exposed t o  from time of f i l l i n g  a t  the. pro- 
ducer 's  f a c i l i t y  unt i l  the end of the r e t r i e v a b i l i t y  period in a federal 
repository. 

10. Low-level TRU waste is defined as  those materials which contain plutonium 
or  other 1 ong-1 i ved a1 pha emitters i n .  known o r  suspected concentrations 
greater  than 10 nanocubies per gram, and y e t  have .su.fficiently low 

. . 
radiation 1 eve1.s a f t e r  packaging t o  permit contact hand1 i ng . 

11. An overpack is a permanently attached secondary o r  t e r t i a r y  ba r r i e r  
enclosing a radioactive waste package. 

12. Package means the  canis ter  and radioactive waste form contents. (May 
be used w i t h a  pref ix,  e.g., spent fuel package.) 

13. Package acceptance c r i t e r i a  means a l i s t  of l imit ing constraints  defining 
the chemical and physical properties,  heat content, radiat ion,  surface 
contamination levels., ex ter ior  dimensions, shape, and weight of packages 
w i t h  o r  without an overpack which an organization, agency, or  federal . 

repository operator w i  11 accept. 

14. Packaqer means the agency, company, or  organization packaging the waste. 

15. Packaging is  the operati.on of placing radioactive waste i n  a container. 
/.-' 

16. A s h i p p i n g  cask i s  a massive enclosure i n  which the radioactive waste 
package i s  placed t o  provide protection and reduce surface dose ' ra tes  
to  permissible leve ls  d u r i n g  transportation. 

17. S o 1 i d i f i c a t i o n . i ~  the process of converting the HLW solution t o  a ' s o l i d  
form. 

18. Spent fuel i s  i r radia ted  fuel discharged from a' 1 ight  water reactor and 
cooled su f f i c i en t ly  t o  a1 low transport .  

19. s torage i s  the re t r ievable  emplacement of radioactive waste packages . 
i n  e i t h e r  a surface or geologic repository. 

20. Retr ievabi l l ty  is the term used t o  describe, the a b i l i t y  t o  recover the 
radioactive waste package from surface or geologic storage without 1 oss 
of radioactive material or 1 oss of container in t eg r i ty  . 
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= .  21. Thermal power means the instantaneous amount . . .  o f  radioactive decay, heat. 

per container that'is emitted from the waste. The units are in watts- 

or kilowatts per container. 

22. The waste management system is an integrated handling and storage system 

comprising all facilities and transport systems wherein the radioactive 

waste package resides during its life cycle. 

23; A '  waste package consists of a waste contai ner.and the 'radioactive waste 
- -.-. 

form contents. (As appl i ed to transportation, "Shipping Package" in- 
cludes any shielded enclosure containing one or more radioactive waste 

packages . ) . 



Append.ix. B - Abbreviations 

ASME ' -  American Society f o r  Mechanical Engineers 

ASME Code American Society f o r  Mechanical Engi neers Boi 1 e r  and 
Pressure Vessel Code 

ASTM American Society fo r  Testing and Mater ia ls  

CFR . Code of Federal Regulations 
.- 

CW .-. C l  adding Waste 

CWP , .. Commerci.al Waste Packaging 

D&D Decontamination and Decommi ss i  oning 

DOE Department of Energy 

DOT Department of Transportation 

HLW High-Level Waste 

I LTW Intermediate-Level Transuranic Was.te 

LLTW .- Low-Level Transuranic Waste 

LWR L igh t  Water Reactor 

NHLTW Non-Hi gh-Level Transurani c Waste 

NRC ~ u c l e a r  ~ e & l  story Conmi ssion 

NWTS National Waste Terminal Storage 

0 D Outside Diameter 

ONW I Off ice o f  Nuclear Waste I s o l a t i o n  

OW I Off ice of Waste I s o l a t i o n  

QA/ Qc Qua1 i t y  Assurance/Qual i t y  Control 

SF Spent Fuel 

SFHP Spent Fuel Hand1 i ng and Packaging 

. SURF Spent Unreprocessed Fuel 

TRU Transurani c 



8.0 REVISIONS 

Waste Package Acceptance ~ r i ' t e r i a  provide a  design basis reference f o r  

the  waste management system, i nc l ud ing  t ranspor ta t ion.  A t  the  same time, 

these c r i t e r i a  must be responsive t o  and r e f l e c t  f a c i l i t y  designs where 

the inherent  p roper t ies  o f  the f a c i l i t i e s  create cons t ra in ts  which are 

unavoidable o r  too  c o s t l y  t o  m i t i ga te .  
- - -. 

Because of t h i s ,  these c r i t e r i a  have been organized w i t h  t h e  ob jec t i ve  
. . 

. . of being a  1; iving document sub ject  t o  r e v i s i o n  o r  update as t he  designs 

and regu la t ions  appl icab le  t o  the  waste management system mature. A t  

appropr iate times, rev is ions  t o  the c r i t e r i a  document w i l l  be issued. 

. Revision sheets ' 1  i s t i n g  the date, nature of the  rev i s i on ,  and pages sub- 

s t i t u t e d  fo r  each r e v i s i o n  w i l l  be furn ished w i t h  each r e v i s i o n  as a  

record w i t h i n  t h i s  sect ion.  




