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1.0 INTRODUCTION 

1.1 Object ives 

This study i s  an i n t e g r a l  p a r t  of the  High-Level Waste Canister  Envelope 

Study Program whose prime ob jec t i ve  i s .  t o  develop design c r i t e r i a  f o r  

the can is te rs  t h a t  w i l l  conta in  the  s o l i d i f i e d  high- level  r ad ioac t i ve  

waste from commercial reprocessing operations. .Rockwell Hanford Opera- 

t i ons ,  a  prime cont ractor  o f . t h e  Department of Energy, engaged . . i n  
chemical processing and management.of radioactive wastes, has been, g iven 

the r e s p o n s i b i l i t y  f o r  conducting t h i s  program. The program i s  p a r t  o f  

the systems study of the Nat ional  Waste Terminal Storage Program managed 

by the Of f i ce  o f  Waste I so la t i on ,  Union Carbide Corporation, Nuclear 

Div is ion,  Oak Ridge, Tennessee. 

The primary ob jec t i ve  o f  t h i s  study i s  t o  i d e n t i f y  codes, standards and 

federal regu la t ions t h a t  are app l i cab le  t o  the design and const ruct ion 

o f  HLW canis ters .  This task i s  one of a  number o f  program elements o r  

tasks t h a t  have been i d e n t i f i e d  f o r  study t o  achieve the Rockwell 

Hanford Operations program ob ject ives.  Up t o  the  cu r ren t  t ime, no 

s p e c i f i c  codes o r  standards have been i d e n t i f i e d  t o  govern the  design, 

fabr icat ion,  and inspect ion o f  the  high- level  waste (HLW) can is te r .  

Some basic regu la to ry  requirements, app l i cab le  t o  processing, packaging, 

hand1 ing,  t ransport ,  and disposal o f  h igh- level  wastes do e x i s t  and w i l l  

apply t o  waste can is ters .  However, the re  s t i l l  e x i s t s  a  need f o r  

f u r t h e r  development of requirements and acceptance c r i t e r i a  f o r  these 

can is ters  f o r  various phases o f  t he  an t i c i pa ted  can is te r  l i f e  cyc le  t o  

ensure environmental safety. 

I n  considerat ion o f  pub l i c  sc ru t i ny  and acceptance o f  such containers 

fo r  ensuring h igh i n t e g r i t y  and 1 ong-term containment o f  h igh- leve l  

waste, i t  i s  essent ia l  t h a t  s p e c i f i c  codes, standards, and l i cens ing  and 

q u a l i t y  assurance requirements be i d e n t i f i e d  and implemented fo r  canister . ,  

design and use. rn.cases where e x i s t i n g  requirements of these documents 

are  no t  considered sa t i s fac to ry ,  o r  do no t  address the  essent ia l  factors,  

qddi t i ,ona l  requirements must be esta.bl i shed and. incorporated i n  appropr iate 

documents f o r  appl i c a t i o n  t o  -the above-stated ob ject ives . .. 

1-1 . 



This study d e a l s  p r ima r i l y  w i t h  i d e n t i f i c a t i o n  o f  those e x i s t i n g  codes, 

standards, and l i cens ing  documents . (o r  port i .ons the reo f )  t h a t  we recommend 

be made appl. icable t o ' t h e  design, f ab r i ca t i on ,  and inspect ion o f  high- 

l e v e l  .waste can is ters .  This study a l so  makes recommendations f o r  develop- 

ment o f  add i t i ona l  appropr iate standards and requi.rements t o  ensure 

safe ty ,  and the i n t e g r i t y  o f  these can is te rs  throughout . . the  var ious 
phases of the an t i c ipa ted  l i f e  cycle. 

. . a . . . 
. g ound 

A t  the.  present time, no p l a n t  f a c i l i t i e s  are  being operated commercially 

i n  the United. States f o r  reprocessing o f  spent nuclear f ue l  and s o l i d i -  

f y i n g  the high-1 eve1 1 i q u i d  waste generated from reprocessing operation's. 

No commercial containers have been deqigned and constructed f o r  packaging . . 

these sol  idSf ied wastes. 

T i t l e  10,' Code o f  Federal Regulations Part.  50 el0  CFR 50), Appendix F, 
requ.ires t h a t  h igh- leve l  rad ioac t i ve  1 i q u i d .  waste produced from re-  

processing o f  nuclear f u e l  , be converted t o  a dry sol  i d  and. ?laced i n  a . 

sealed container (canister)  w i t h i n  f i v e  years a f t e r .  reprocessing and 

t ransfer red t o  a '  Federal repos i to ry  wi.thi.n 10 .years a f t e r  processing. 

A t  t he  repos i tory ,  the  Nuclear Regulatory' Commission (NRC.) w i l  I take 

t i t l e  t o  the rad ioac t i ve  waste mate r ia l  and emplace i t  i n  geologic 

storage. 

The c a n i s t e r . i s  considered t o  be p a r t  of an in tegra ted  handl ing . . and 

storage system. During i t s  l i f e  cycle, the can i s te r  w i l l  be exposed t o  

a v a r i e t y  o f .  environmental. c0nd.i t ' ions. The can i s te r  '1 i f e  cyc le  w i  11 

Tnclude the  fo l lowing stages: <. 

. . 

(a)  Waste Sol i d i f f c a t i o n  

(b) I n t e r i m  Storage a t  the Fuel RepFocessing P lan t  
(c') Shipping 

(:d ) Geologic Repository 



The high-1 eve1 waste can i s te r  i s  def ined as the primary, h i gh - i n teg r i  t y  

b containment b a r r i e r  between the s o l i d i f i e d  rad ioac t i ve  waste and the 

environment. As such i t  must - 

o Main ta in  i t s  i n t e g r i t y  wh i le  i n  i n t e r i m  storage a t  the f u e l  re-  

processi.ng f a c i l i t y ,  dur ing shipment, and f o r  a r e t r i e v a b i l  i t y  

per iod  o f  up t o  f i v e  years a f t e r  emplacement i n  geologic storage. 

o Be designed and fabr icated t o  permit  a remote weld c losure and 

D remote nondestruct ive .examination o f  the closure. 

o B e f a b r i c a t e d o f  a m a t e r i a l  t h a t  i s d e c o n t a m i n a b l e a n d i s c o m p a t i b l e  

w i t h  the waste form and storage environment. 

o Be compatible w i t h  a1 1 hand1 ing, shipping, and storage equipment 

and f a c i  1 i t i e s .  

o ' Be reasonably economical t o  fab r i ca te .  

1.3 ' Scope 

The scope o f  t h i s  study p r i m a r i l y  encompasses the fo l low ing :  . . 

(p) I d e n t i f i c a t i o n  and i n t e r p r e t a t i o n  of appl i cab le  codes, standards, 
and regulat ions,  governing the  design, fabr icat ion,  inspect ion,  
and 1 icensing o f  h igh- level  waste canisters;  

(6) Development. o f  pre l iminary  can is te r  c losure desig'n concepts for  
can is te rs  which meet al.1 app l icab le  codes i d e n t i f i e d  i n  (a); and, 

(c) Determination o f  . a  t e s t i n g  . . program necessary f o r  can is te r  design 

ve r i f i ca t i on .  

To complement the  above, t h i s  study includes i d e n t i f i c a t i o n  of qua1 i ty  

assurance standards t o  be appl ied t o  the des,ign, fabr icat ion,  and 

t e s t i n g  o f  the can is ter .  



Further, investigations have been made relative to such considerations 

as overpacking of the canister and materials for fabrication. It is not 

within the scope of this study to make specific recommendations based on 

these investigations. Rather, discussions of such parameters are 

included with particular emphasis on identifying various advantages and 

disadvantages of utilization of certain materials for various phases and 

options within the canister life cycle. Similar discussions are also 

provided on the necessity of overpacking the canister. These discussions 

are considered pertinent as a reference source for further development 

of canister design criteria, requirements, and standards for the high- 

1 eve1 waste canister. 

Rockwell Hanford Operations has identified certain assumptions to be 

utilized in this study. These assumptions are outlined in Section 3.2 

of this report. 



2.0 SUMMARY 

A study which identifies codes, standards, and regulatory requirements 
for developing design criteria for high-1 eve1 waste (HLW) canisters for 

commercial operation has been performed. This study program is part of 
the systems study of the National Waste Terminal Storage Program managed 

by the Office of Waste   sol at ion.   he primary responsibility for 
conducting this program has been assigned to Rockwell Hanford operations. 

Direct application of existing codes and standards to development, 

design verification, manufacture, or testing of an HLW canl ster is 
1 imi ted; however, .it is considered that certain provisions of existing 

documents will be useful as a baseline for development of canister 

design. Some basic regulatory requirements for sol idif ication, packaging 
and disposal of high-level- waste are contained in 10 CFR 50, Appendix F. 

In 10 CFR 71, basic packaging . . requirements are identified for transport 
of large quantities of radioactive materi.al for both normal and accident 
conditions. However, further development of requirements and acceptance 

criteria for the .canister is needed. 

Based on results of this study, it has been determined that the canister 
should be designed as a pressure vessel without provision for any 

overpressure protection type devices. Section 111 of the ASME Boiler 
and Pressure Vessel Code is the most comprehensive existing code that 

can be applied to design, fabrication, inspection, and performance 

testing of the canister. Rules for the design and fabrication of three 
different safety classifications of nuclear-grade pressure vessels are 

contained in Section 111. It is the recommendation of this study that 

the HLW canister be designed and fabricated to the requirements of the 
ASME Section I11 Code, Division 1 rules, for Code Class 3 components. 
As an alternative, a new subsection for Section I11 of the Code can be 

developed specif ical ly for the HLW canister, and based principal ly on 
existing rules for Code Class 3 components. Identification of other 

appl i cab1 e industry and regulatory guides and standards are provided i n 

0 this report. 



Prerequisi te t o  the design. o f '  an acceptable MLW canis ter  .. i.s . the. develop- . . .  

ment o f  Desfgn C r i t e r i a  which w i . l : l .  del ineate th.e overal.l,.. funct ional  
. . . . .  . .  

requirements and standards. the canister must meet. . Pursuant. t o  :the 
. .  . .  

Design C r i t e r i a  w i l l  be.. the-devel bprnenf o f  . a .  detai.1 ed . Deqign Specif tca- 

t ion. .kh ich w i l l  p r o v i d e  t o  .thci;,cani.ster derigner . and fabr icator  minimum 

requirements :for i n t e r f a c e  l o a d  capab i l i t y ,  environmental qua1 if i c a t i o n  , 
mater ial  procurement:, @a1 i t y  assuriince, f a b r i c a t i o n s  tandardn, i n -  

spection, test ing, shipping, gtc'.  . ~ e ~ u i r e m e n t s  f o r  the Dezign . Specif i- 

cat ion 'a re  found i n   ASME ME sec t ton  I1,TCode. ' . 

A comprehensive design. v e r i f  icat i .on program . f o r  the HLGl .canisters i s  

considered imperative. It' i s  the recommendation o f  t h i s  study tha t  

design v e r i f i c a t i o n  b e  conducted pr inc ipa l  l y  w i th  prototype t e s t i n g  

which w . i l l  encompass normal 'and 'accident service condit ions du.ri,ng a l l  

phases o f  the canis ter  l i f e .  - .  

Adequacy. of ex is t ing  qual i t y  assurance and l icensing standards f o r  the 

c a n i s t e r H  investigated. One o f  :the recommendations deri,ved from 

t h i s  .study i s  a requirement that'..the canister be N:stamped.. . I n a d d i t i o n ,  

acceptance standards f o r  the HLW. waste should. be es.tab1 ished and the 

waste qual i f  led  t o  those standards before the caniister i s  sealed. 

Selection of a spec i f i c  mater ial .  f o r  fabr ica t ion  o f  the. HLW canister i s  

outside the scope o f  t h i s  study.:. Mowever,~an:overview study was made 

assuml,ng c a r b ~ n .  steel  , stain1 ess Etee l ,  and. Incone l  a n d  Incol  oy. aeries 
s tee ls  t o  be. the most su i tab le  mater ia ls  f o r .  withstanding. the required 

envlronmental condit ions. '   el ect4on o f  a spec i f i cx  mater lal . :wf l l . .  regutre 

a thorough. invest igat ion o f .  the envlronmental condit ions' t ha t  the. 

canis ter  must w i  ths'tand duci,ng.'.the. various. phases o f .  i t s .  l i f e  cycl  e. 
- .  . 

A preliminaryinvestigatio'n o f  :use o f  an overpackfor:-  the canis ter  has 

been made. Based on ; t h i s  i n v & t i g a t i o n  . . ,i't i s  t h e  o p i n i o n  i f  x~uclear 

Services corporation tha t  the use o f  an. overpack, as an i n teg ra l  pa r t  o f  
. . .  . . 

0 overa l l  canf s t& des,ign, i s  und'esirabl e, b o t h  from a des ign  and' economics 



s tandpo in t .  U s e ' o f  an overpack may.also demonstrate l a c k  o f  c a p a b i l i t y  

t o  a t t a i n  a reasonable s e t  o f  t radeo. f fs  between f a c i l i t y  requirements 

and c a n i s t e r  design. However, use o f  sh ipp ing  cask 1 i n e r s  and overpack 

t ype  conta iners  a t  t h e  Federal r e p o s i t o r y  may make t h e  c a n i s t e r  and HLW 

management s a f e r  and more cos t  e f f e c t i v e .  

There a r e  several  poss ib le  concepts f o r  c a n i s t e r  c l o s u r e  design. These 

concepts can be adap;ed t o  t h e  c a n i s t e r  w i t h  o r  w i t h o u t  an overpack. A 

remote seal. weld c losu re  i s  considered t o  be one o f  t h e  most s u i t a b l e  

c losu re  methods; however, mechanical seals should a l s o  be inves t iga ted .  



3.0 DESIGN BASES AND CONSIDERATIONS 

3.1 Study Bases 

Outlined below are the study bases and alternatives within the canister 

life cycle as defined by Rockwell Hanford Operations for this study. 

Waste Management System 

The system associated with management of commercial waste is 

composed of: 

(a) Fuel reprocessing plant (FRP) 

(b) Post-reprocessi ng waste solidification 
(c) High-level waste canister 

(d) Inter,im storage faci 1 i ty associated with FRP 
(el, Transportation 

(f) Geologic storage at the Federal repository 

The above waste management components have been, incorporated by Nuclear 
Services Corporation into three phases, as shown in Figure 3-1. Phase 

one concerns those activities associated with the 1 icensed reprocessing 

facility; phase two, the shipping cask; and phase three, the Federal 
repository. 

3.1 .2: . Waste Conversion and Transportation 

(a) Waste to be converted to a dry solid and placed within a 

sealed. canister within five years after reprocessing. 
. . .  

[b): Canister. (with solid waste) to be transferred to Federal 
repository within ten years after reprocessing. 

3.1.3 Waste sol idification procedures 

(a) In-can zone melting to form a glass-type waste, or 

(6) Continuous melting to form a glass-type waste, or 

(c) Calcination and post-stabil ization to form a calcine. 



FIGURE 3-1: THE THREE PHASES OF 
HIGH ' LEVEL 'WASTE ' (HLw) 'MANAGEMENT 

PHASE - ENV l RONMENT 

I ' A 
CONVERT HLW 
TO DRY, SOLID 
D I SPOSAL FORM 

1 LOAD WASTE I N  

HCW CANISTERS L l  CENSED 
ONE I REPROCESSING 

F A C I L I T Y  

SEAL HLW CANISTERS 

1 INTERIM STORAGE 

(OPT I ONAL) 

Y 
1~ 

\ 

LOAD HLW CANISTERS 
I N  SHIPPING CASK. 

(FORM THE 
SH I PP l NG PACKAGE) 

TWO 1 SHIPPING 
CASK 

f 

TRANSPORT PACKAGE 
BY COMMON CARRIER 

A 
T 

SURFACE HANDLING 
OF HLW CANISTERS 

THREE 1 UNDERGROUND HLW FEDERAL 
CANISTER HANDLING REPOSITORY 

1 PERMANENT DISPOSAL 

OF HLW CAN1 STERS -. 
\ 
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3 .'2.4 Waste Density 

Solidified high-level radioactive waste will have approximately 
3 the same density as aluminum (3 g/cm ) 

3.2.5 Canister Fabrication 

(a) Roll and longitudinally weld a right cylinder 

(b) Form and circumferential ly weld a lower end cap on the 

cyl i nder 

(c) Form and circumferentially weld an upper end cap con- 
taining an opening for waste filling and including a 

fitting for mechanically locking and weld sealing a 

closure cap 

.(d) Seal we1.d the closure. fitting after filling 

3.2.6 Canister Fi 1 ling 

Filled to 80% with high-level solidified waste 

3.2.7 .Canister C.losure 
The canister should be designed to permit remote weld closure 

and remote NDE of the closure weld. The weld closure should 

be assumed to be made in air. 
I 

3.3.1 Pressure Retaining Requirements 

~ a r l ~  in the study, special interest was expressed by Rockwell Hanford 

Operations for a determi nation of the' necessity and/or desi rabi 1 i ty of 
designing the canister as a pressure vessel. Existing regulatory 

requirements were reviewed to determine if there were any licensing 

standards that would require that the canister be designed to hold 
internal pressure., Such pressure could result .from gases released by 

the waste with time, or expansion of air with.in .the canister during 

heating and cool ing.  . . 

Based on regulatory provisions of 10 CFR 50,. Appendix F y  the high-level 

waste must be'' "chemical ly, thermal ly, and radiolytical ly stab1 e to the 



extent that the equilibrium pressure in the sealed container will not 

exceed the safe operating pressure for that container during the period 
from canning through a minimum of 90 days after receipt at the Federal 

repository." (For this study, per Section 3.1.7, a canister retriev- 

ability period of five years was used.) Thus, this regulation implies 
that the canister should be designed and constructed as a primary 

container to withstand internal pressure. Stabilization of the waste 
material, based on requirements of 10 CFR 50, Appendix F, is further 

discussed in Sections 5.1.3 and 6.1 (d) . 

The desirability of designing the canister as a pressure vessel, from a 

technical basis, was also evaluated. If the canister were not designed 

to retain pressure, airborne radioactivity could be released at the Fuel 

Reprocessing Plant, during transportat'ion, or at the Federal repository. 

At the FRP and Federal repository, airborne radioactivity could endanger 

site personnel' and place strong requi rements on the plant venti 1 ating 
systems to fi 1 ter 'and remove particulate and gaseous acti.vi ty. Both of 

these consequences were considered h,i ghly objectionable. ~uring trans- 

portation, '.release of airborne particulates and, gases from the canister 
would pl a.ce 'additional restrictions on the shipping cask and pose 

hazards 'to' the pub1 ic. Thus, from a technical basis, it was also 

considered desirable to design the canister as a pressurk vessel. ' 

It is, therefore, the recommendation of this study that the canister be 

designed as a pressure vessel. 

3.3.2. 'Overpressure protection 

Subsequent to the decision that the canister should be des.igned as a 
pressure vessel, the necessity for overpressure protection was also 

examined. That is, the canister will be sized and fabricated for a 

specific design pressure. 

.Section 5.2 of this 'report recommends that. the ASME Sectton I1 J Code* 

be. appl ied to design and construction .of the canisters. Part ND7l  lO(.b) 

*American Society of Mechanical Engineers Boiler and Pressure Vessel Code. 



of Section I11 specifies that "individual components which are isolable 

from system overpressure protection shall be reviewed to determine 
whether additional individual overpressure protection is necessary (NB- 

71 55). " 

Overpressure protection could be designed into the canister, which would 

prevent it from rupturing. Rupture discs and relief valves are two such 

design mechanisms. Thus, if high pressures were encountered in the 
canister, a rupture disc or relief valve would operate, relieve the 
pressure, and prevent the canister from rupturing. However, radioactive 

material would be released to the environment. 

Possible sources of overpressure were then examined to determine if 

canister rupture is a credible accident. Kaiser Engineers' studies 
(Reference 1 )  examined internal canister pressure that would result from 

entrapped air expanding during c'ani ster heating. These studies indicated 

a calculated pressure of 30 psia 'resulting from air at 14.7 psia and 
80'~ (during closure) being heated by the waste to 650'~. Kaiser Engineers 

subsequently selected 100 psia as a conservative preliminary design 
pressure. 

The other source of canister internal pressure would be gases released 

from the waste. . However, appropriate . . stabi 1 i zation of waste material 
per requirements of 10 CFR 50, Appendix F.(as described in Section 3.3.1 

and 5.1 . 3 )  was tc gas re1 ease from being n source of internal 
pressure. . . 

- 
It should also be noted that in the unlikely event the canister were to 
rupture at the FRP or Federal repository, the radioactive material 

would be contained within the faci 1 i ty containment structures and the 

filter exhaust systems would prevent. release of , th is  inaterial . . to the 

environment. If the canister were to rupture inside the shipping 

container, the'contai.ner could be designed to retain the waste and 

prevent it from endangering the pub1 ic. 



It i s  thus the recommendation o f  t h i s  study t h a t  the can is te r  be de- 

signed wi thout  incorporat ion o f  any overpressure. p ro tec t i on  type devices 

such as r e l i e f  valves o r  rup tu re  discs.  Emphasis should be placed on 

s t a b i l i z i n g  the waste before sea l ing i t  i n  the can is te rs  and thus 

sa t i s f y i ng  the prov is ions o f  10 CFR 50, Appendix F. Prov is ion should 

a lso  be made f o r  moni tor ing gas re lease from the unsealed can i s te r  f o r  a  

f i n i t e  period, and f o r  leak t e s t i n g  the sealed, can is ter .  Maximum, gas 

re lease and leak ra tes  should be establ ished as p a r t  o f  the acceptance 

c r i t e r i a .  Test ing o f  the can is te r  i s  discussed i n  Sections 3.6 and 5.3. 

As an add i t i ona l  means t o  ensure can is te r  q u a l i t y  and, as described i n  

Sect ion 5.1 o f  t h i s  repor t ,  the can is te r  should be designed and manu- 

fac tured i n  compliance w i t h  the  ASME Code (e.g., N-stamped) . 

3.4 Mate r ia l s  

Se lect ion o f  a  mater ia l  t h a t  would provide an acceptable l e v e l  o f  

performance w i t h i n  expected environments i s  among the more s i g n i f i c a n t  

problem areas t o  be resolved i n . t h e  design and f a b r i c a t i o n  o f  HLW 
canisters.  A thorough i nves t i ga t i on  o f  f ac to r s  a f f e c t i n g  the se lec t i on  

o f  can i s te r  mater ia ls  i s  outs ide the scope o f  t h i s  repor t .  However, an 

overview o f  ava i lab le  informat ion,  which provides a  framework f o r  code 

and standard studies, i s  presented herein.  

Optimally, a  s i ng le  mate r ia l  w i l l  be selected from candidate mate r ia l s  . 

t h a t  e x h i b i t  acceptable l eve l s  of st rength,  d u c t i l i t y ,  cor ros ion res is tance 

and ease o f  decontamination. 

Careful cons iderat ion must be given t o  se lec t ion  of a  mate r ia l  t h a t  w i l l  

wi thstand the environmental condi t ions t o  which the mate r ia l  i s  exposed 

dur ing the var ious phases o f  the can is te r  l i f e  cycle.  These phases are 

i l l u s t r a t e d  i n  Figure 3-1. Section 3.1 (Study Bases) i d e n t i f i e s  the 

var ious a l t e rna t i ves  and opt ions f o r  the  l i f e  cyc le  phases. During the 

f i r s t  phase o f  i t s  design l i f e  the can is te r  may be i n  t h i s  event, used 

as a  container employed i n  the waste s o l i d i f i c a t i o n  process. I n  t h i s  

event, the se lec t ion  of a  me l t  and f i l l i n g  process f o r  the s o l i d i f i e d  



waste should have as a goal, minimum fabrication degradation of the 

canister. The method of filling the canister should ensure that the 

seal weld area remains free from contaminants and that the external 
surface is easily decontaminated. The canister should also be supported 

to maintain design dimensions during canister filling. One concept of 

canister filling that accomplishes these goals is shown in Figure 3-2. 

The concept involves the use of a double walled funnel to fill the 

canister from a continuous melt furnace; a barrier to prevent contamination 

of the exterior surface of the canister, and the use of an inert gas 

cover during filling and canister cooling. It should also be pointed 
out that preformed and cooled waste in slug, pellet (or other form) 

could be loaded into canisters. This would eliminate such canister 
degradation problems as high temperature, stress corrosion, yield, and 

distortion. 

If suitable environmental protection can be provided, during canister 

fill ing and a material selected to withstand the fi 1 1  ing environment, 

then the canister may be produced without reliance on an overpack 
canister. However, subsequent phases of the canister. 1 i'fe require 

suitable material performance during interim storage and long term 
geologic storage, ,which impose additional constraints on the choice of 
canister material . 

Candidate materials'that. have been assumed for this study to be most 

suitable include carbon steel, stainless steel, and Inconel and Incaloy 
series steel s. 

Carbon steel, although economical and easy to fabricate, exhibits rel- 

atively poor resistance to corrosion. The most. wi'dely used material in 
the nuclear industry for corrosive environments, and which requires a 

high degree of cleanliness, is low carbon content austenitic stainless 

steel . This material., however, becomes susceptible to stress corrosion 
cracking if used in a sensitized condition.. High temperatures associated 

with t'hewaste solidification and canister filling processes (e.g., in- 

can zone meiting cotild result in sensi tizat,ion of stainless steel material s. 
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Regulatory requirements which preclude use o f  sens i t i zed  i t e e l  are  

provided i n  Regulatory Guide 3.37. Aus ten i t i c  s ta in less  s tee l  exhi b i t s  

poor cor ros ion res is tance upon emplacement i n  a s a l t  bed environment. 

A l loys  such as Inconel and Inco loy have a lso been proposed because o f  

t h e i r  res is tance t o  cor ros ion and apparent lack  o f  s u s c e p t i b i l i t y  t o  

s t ress cor ros ion cracking. 

It i s  the  recommendation o f  t h i s  study t h a t  mate r ia l  se lec t ion  be based 

on the use o f  a mater ia l  t h a t  provides the  most appropr iate balance of 

the  f o l l ow ing  cha rac te r i s t i c s  and f a c i l i t y  tra,deoffs: 

e. 

f .. 

9 

HLW s o l i d i f i c a t i o n  process and 1 oadi ng p lus  processing 

qual i ty assurance 

cor ros ion res is tance 

adequate s t rength and d u c t i l i t y  f o r  can is te r  design pressure 

r e l a t i v e l y  easy t o  procure and f a b r i c a t e  

weldabi 1 i ty o r  mechanical seal 

ease o f  decontamination 

cos t  economy 

I f  possible,  the  mate r ia l  should be selected from a l i s t  o f  mate r ia l s  

p resen t l y  accepted by the  Nuclear Regulatory Commission f o r  use . i n  ASME 

components (see ~ e b u l a t o r ~  Guide 1.85), and confirmed by a su i t ab le  

qual i f  i c a t i o n  program (see 'Section 3.6). 

3.5 Overpack 

The use o f  an overpack has been. proposed (Reference 2 )  as an acceptable 

method f o r  maintain ing the primary b a r r i e r  f unc t i on  o f  the can i s te r  f o r  

condi t ions i n  which degradation of the can is te r  mater ia l  cannot be 

c o n t r o l  1 ed t o  an acceptabl e degree. 

Nuclear Services Corporation has made a p re l im inary  i nves t i ga t i on  of 

the use 'of a can is te r  overpack. as an i n t e g r a l  p a r t  .of  th.e design. The 
. . 



th ree phases o f  the can is te r  1 i f e  cyc le  ( r e fe r red  t o  i n  Section 3.1 .I ) 

w i t h  prov is ions f o r  overpack were considered. Based on the r e s u l t s  o f  

t h i s  inves t iga t ion ,  i t  i s  the op in ion o f  Nuclear Services Corporation 

t h a t  t he  use o f  an overpack, as an i n t e g r a l  p a r t  o f  design, r e s u l t s  i n  

an undesirable design and economic cons t ra i n t  on the waste management 

system. Th is  determination i s  p r i m a r i l y  based on our r a t i o n a l e  t h a t  the  

overpack woul d : 

a. Need t o  be constructed t o  standards equivalent  t o  the can is te r .  
. . 

b. Provide increased thermal i n s u l a t i o n  o f  the  HLW mate r ia l .  

c. Complicate design, tes t ing ,  and hand1 i n g  o f  the conta iner  

system. 

Cer ta in  advantages o f  using an overpack have p rev ious l y  been discussed 

(References 2,, 3, and 4).  These advantages are out1 ined below and are 

re l a ted  t o . t h e  above-mentioned three phases o f  the can i s te r  l i f e  cyc le .  

Nuclear Services corporat ion has i d e n t i f i e d  poss ib le  a1 t e r n a t i  ves t h a t  

would e l im ina te  the  need f o r  overpack f o r  these -cases. 

A. Phase 1 - A e t i v i  t i e s  Associated w i t h  .Licensed Processing Faci 1 i t y  

(1 ) Faci 1 i t a t e  decontamination 
'A1 t e r n a t i  ves 

.o Use preformed, so l id ,  g lass slugs, pe l l e t s ,  buttons, e tc .  ' 
t o  fill' the  can is te r  and e l im ina te  use o f  the can i s te r  i n  

. . the s o l i d i f i c a t i o n  process. 

o Provide a b a r r i e r  and an i ne r t ,  gas cover t o  preclude 

contamination of the e x t e r i o r  surfaces of the. can i s te r  

. (See Fi'gure 3-'2). 

(21 Rep1 ace can is te r  due t o  degradation dur ing i n t e r i m  storage 



A1 terna ti ve 

o Select  a can is te r  mate r ia l  capable. o f  w i ths tand ing the  

environment and con t ro l  storage environment t o  prevent 

unacceptable mate r ia l  degradation. 

(3 )  A c t  as a primary b a r r i e r  i n  t h e  event t h a t  the can i s te r  i s  

breached as the reprocessing f a c i l i t y .  

A1 t e rna t i ve  

o The FRP wi.11 be a l icensed f a c i l i t y  which i s  provided 

w i t h  containment s t ruc tu res  and h igh e f f i c i e n c y  f i l t e r i n g  

systems t o  contain and remove pa r t i cu l a tes  and gases 

released from the can is ter .  F a c . i l i t y  operat ing procedures 

can be implemented t o  ensure proper con t ro l  o f  equipment 

and systems. 

B. Phase 2 - S h i p p i n q  Cask 

( 1 )  Act  as a primary b a r r i e r  i n  the event t h a t  the can i s te r  i s  

breached dur ing shipping. 

A1 t e r n a t i  ve 

o The can is ters  w i l l  be t ransported i n  a shipping cask 

under a Nuclear Regulatory Comrni s s i  on 1 i cense. The 

shipping cask w i l l  be designed and tes ted  f o r  normal 

t ranspor ta t ion  environments and design accidents. The 

shipping cask can be designed t o  serve as a -sealed 

secondary b a r r i e r  t o  prevent re lease of, gases and p a r t i -  

cu la tes from the can i s te r .  t o  the envirsnment. The 
damaged can is te r  can be returned t o  the  FRP ' f o r  rewor'k 

and cleanup. The. shipping cask can be designed w i t h  a 

removable 1 l ner t o  faci:l i t a t e  decontamination. . 



C. Phase 3 - Federal Repository 

(1) Act  as a  primary b a r r i e r  i n  the event t h a t  the can i s te r  i s  

breached a t  the Federal repos i tory .  

A1 terna ti ve 

o  The Federal repos i to ry  can be, designed w i t h  su i t ab le  

containment s t ruc tures and f i l t e r  systems and equipment 

t o  prevent re1 ease o f  p a r t i c u l a t e  o r  gaseous a c t i v i t y  

from the .can is te r  t o  the  environment. ' .Faci l  i ty operat ing 

procedures can be implemented t o  ensure proper con t ro l  

o f  equipment and systems. 

(2 )  . Provide add i t i ona l  res is tance t o  cor ros ion dur ing near-term 

geologic storage. 

. . 

A1 t e r n a t i  ves 
. . 

o  Provide adequate wa l l  thickness f o r  the can i s te r  t o  a l l ow  

f o r  corrosion.  

o  Sleeve the geologic storage medi'a t o  separate the can i s te r  

from the cor ros ive envi ronment . 

~l though the planned use o f  an overpack can i s te r  as an i n t e g r a l  p a r t  o f  

the waste management system i s ,  considered undesirable, some means o f  

overpacking may be usefu l  f o r  accident s i t ua t i ons .  For example, i f  the 

can i s te r  were breached a t  the Federal repos i tory ,  an overpack may 

p rov ide  a  convenient containment package f o r .  t ranspor t ing  the damaged 

can is te r  back t o  the  FRP f o r  recanning. Use, o f  shipping cask l i n e r s  

and p rov is ion  f o r  an overpack type conta iner  f o r  can is te rs  a t  t he  Federal 

repos i to ry  may appreciably increase the sa fe ty  and cos t  e f fec t iveness o f  

the HLW management program. 



A thorough, testi,ng program, . . properly:  . . .  int,egrated . . w i t h i n  _the . . overa l l  . . . .  

• design process,,:. i s  recommended.: . f o r  the canister'.:.. .The .canis ter .  func.ti.ons 
. . . . . . 

as a transportable, :pressure-retaining barr ier dur.i.,ng a l l  t h r e e  'phases 

of i t s .  design 1 i f e .  : Four m i i n  concerns. re1 &ed t o  ' the design. o f  the 

canis ter .  are described below. .-.The re1ati'onshi.p of t e s t  programs.and the 

designcode as t o o l s  i n  providing . . ci canis ter  t h a t  meets design object ives 

sa t is fy ing  these concerns 3 s  also provided. O f  primary. concern i n  the 

design o f  an HLGI canister i s  the prov is ion o f  the fol lowing: 

a. an acceptable level  o f  m a t e r i a l  compati b i l  i t y . . w i t h  design 

environments - (.waste processing. and so l . id i f i ca t ion ,  . . i n te r im  

storage, t ransportat ion and long term storage). 

b. adequacy f o r  a1 1 des,ign loads (e.g . , . in te rna l  pressure, 
hand1 ing  loads, thermal, gradients. and v ib ra t i on  during trans- 

por tat ion)  

c. adequacy f o r  low probabi1.i ty 'accident cond.itions 

d. assurance o f  proper funct ion o r  .operation. : 

3.6.1.' 'Environmental 'Tes t ing  

T e s t i n g  o f  canis ter  mater ials t o  determine e f f e c t s  o f .  chemical and 

radio log ica l  environments i s  reconmendkd. f o r  a l l  .stages of. the canis ter  

1 i fe-. This environmental : 'testing o'f. .candidate materi.al s. should be 

performed t o  insure that  the material' selected f o r  the canis ter  i s  

me ta l l u rg i ca l l y  cornpati b l c  w i th  the waite and a l l  ant ic ipated fab r i ca t i on  

and desjgn environments. : .sample. testi,ng should s p e c i f i c a l . 1 ~  i n c l u d e  the 

e f fec ts  o f  h i g h  residual i stresses t h a t  are l i k e l y  t o  be  present during 

. the canister . l i f e t ime  (due . to  such events 'as weldi.,ng and. d i f f e r e n t i a l  
. . 

expansion ' between. t h e  ca i i ts ter~and.  waste) .. Testing of mater ial  samples 

tha t  have been. &posed : t o  re@6eibntat ive fab r i ca t i on .  and des ign  processes 

can be performed us ing -  accel erated envi.rohmenta1 conditions'. Typical 

: des.ign rules, 'such as .%hoke o f  the: A ~ ~ ~ .  III code, assume t h a t  the canis ter  

m a t e r i a l  remains: duct i lk t f i roughout i  i t s ! l i f e t i m e  and t h i s  . . should be a 

v e r i f i c a t i o n  ~ b j B c t i v e  of. t h e  ma t i r f a l  e'nvironmental testi.ng. . Environ- 
. . 

ments considered i r i  devdbpt,ni  t e s t  requirements should include: 
. . . . . .  . .  



a. waste processing and solidification 

b. post-fill heat treatment 

c. closure and seal welding 

d. interim storage 

e . transportation 
f. geologic storage 

Special testing may be required to'evaluate and control possible sensi- 

ti'zation o.f some candidate material s . The material sample environmental 

testing. should have as a goal, demonstration of adequate canister 

material properties at the end of the canister retrievability period. 

3.6.2 Design'Qualification Testing 

The sui tabi 1 i ty of the canister to perform under specified design 

conditions such as internal and external pressure, thermal excursions, 

vibration, and impact situations can be demonstrated by test or analysis. 
Testing of the canister for. most design conditions would probably be 
unnecessary since pressure, temperature, and mechanical 1 oad effects. are 

readily evaluated by analysis for a ductile canister material. 

3.6.3 ~ccident Condition Tests 

During the.transportation phase of the canister des,ign life, the canister. 

becomes part of the cantster transportatf on package. However, during 
the initial and final stage of its des.ign.life the canister may be 

subject to accident conditions during hand1 ing and storage. , Of primary 

concern, are severe. impact (e.g., canister drop) accidents. The ob- 
jective of such testing is not to qualify the HLW canister for all 

possible alcidents :that thecanister might experience; but rather for a 
level ' of accidents for which .it need not ,be repaired or replaced. 

Although analytical procedures are available that provide methods for 

evaluating severe impact accidents, acceptance criteria may be difficult 

to define and analytical results may be open to question. Therefore, 

testing is recommended to assure that the canister remains sealed as 
well as structurally stable following the specified accident conditions. 



The types o f  t e s t i n g  t h a t  should be considered f o r  accident condi t ions 
. . 
are: 

a. Free drop o f  the  can is te r  onto an uny ie ld ing surface. Free 

drop heights and o r i en ta t i on  should be selected t o  encompass 

a l l  probable accident impact condi t ions dur ing phase one and f 

; t h r e e o f  t h e c a n i s t e r  d e s i g n l i f e .  

b. Free drop o f  the  canis ter '  onto an ob ject  w i t h  po ten t i a l  f o r  

penetrat ing the  canis ter .  The sever i t y  o f  t h i s  t e s t  should be 

developed considering hand1 i n g  and storage envi ronrnents , 
economic constraints,  e tc .  

c .  . I f  the can is te r  i s  water cooled, i t  may be des i rab le  t o  

perform loss o f  coolant  temperature excursion t e s t s  i f  con- 

s iderab le  uncer ta in ty  ex i s t s  from analysis.  

d .  Transportat ion.accident t es t s  should be ca r r i ed  ou t  wi - th in  a  

designated cask t ranspor ta t ion  package, using the  hypothet ical  

accident condi t ions speci f ied i n  10 CFR 71, Appendix B. 

Although.cask accident t es t s  are designed t o  determine the adequacy o f  

the cask.containment, i t  i s  recommended t h a t  func t iona l  c a p a b i l i t y  o f  

the  can is te r  a lso  be tested w i t h i n  the  t ranspor ta t ion  package. '. The 

capabi 1  i ty requirements o f  the can is te r  under these circumstances should 

be def ined i n  the system and design speci f icat ions.  

3 . 6 . 4 .  '~eal i ,  : ~ e s t  ' C r i t e r i a  Development 

Present conceptual c losure designs do no t  r e l y  on the  cl'osure sea l  weld 

t o  perform as a s t ruc tu ra l  j o i n t .  However, the proper funct ional  

requirements of the seal should be establ ished. , Leak t e s t i n g  can then 

be performed b y  the FRP t o  ensure establ ished. l eve l s  o f  leak t ightness 

have been met. 



The establ.ishment o f  1 eak . test.: acceptance. cri. teria.  requires .. studies of: 
. . . .  . . . . . . . .  

. . 

a. - -  Potential particle size' of the, waste .form:due . .to . .  breakup . . . i n  
. . 

the canister. ' ' 

b. Waste particle escaperates.as a .  function of canister defect 
. . .  hole size'. 

c. Surface contamination of:th& canister as a function of par-. 
. . t ic le  release rate. 

d. The sensitivity of various 1eak.rate defection methods and 
devices, and the ef fec t  of remote hand1 ing  on equipment 

. . sensitivity. 
e. The effect of canister'handling and age on defect hole size. 

If necessary, leak testing can be performed by purg ing  the canister w i t h  
he1 i u m  before sealing, then leak testing u s i n g  a helium detector. 
However, If an elevated internal pressure i s  desired as a d r i v i n g  force 
for the helium, the canister can be pierced, purged, and sealed using a 

a small diameter laser beam. The technology to perform t h i s  operation 
would require adaption of tes t  and fabrication equipment used by the 
nuclear fuel industry for fuel rods. 

3.7 .Other Design 'Cons'iderations 

3.7.1 Canister 'Stfesses. 
If the waste is in'.can .me1 ted ,.. the: canister: can .be expected . . to .experience 
secondarp type. residual :stresses: . 

. 
due to  :the difference i n  the ,coefficient 

. .  , .  . .  . 

of expansiori b e h e n  glass and. steel. . '. However, these residual stresses 
are not expected t o  s ign i f  icantly~'degrade the design mechanical. strength 
beha'vior o f  t h e  candidate canister materials . ' ~ ~ s ~ : l o , n ~  as t h e  canister 
material remains ductil e and > i s  not envirorimen.ta1~ly. degraded . due to such 
effects as 's t ress  corr.osion:;. the:  residual. strkss&s should have . . no significant 
effect . .  on. performance bf duct.il e metals,. Primary*: stress 1 oadings, 
. 

which .tend 'to ' cause,, hi.gh. strai.n$"and.. plastic: f 1 . o ~ .  of the metal .prl'or to 
fa i  1 ure, wil.1 overcome the infl u6nce: of.  the '1 ower order strains associated 
w i t h  residual stressef 'before . . 'any significant plastic flow , .  occurs. 

. .  . 
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I f  the can i s te r  mate r ia l  cannot be maintained i n  a d u c t i l e  s t a t e  

throughout i t s  design l i f e t i m e ,  then i t  may be necessary t o  s t ress 

r e l i e v e  a l l  pa r ts  o f  the can is te r  and consider mechanical devices t o  

prevent in te r fe rence  s t ress  between the glass and can is te r .  Such 

devices have been examined and are b r i e f l y  discussed below., ( I t  was 

assumed fo r  the  basic discussion. o f  codes and standards t h a t  a d u c t i l e  

metal can is te r .  mate r ia l  . w i  11 be used). 

One method of prevent ing the above-mentioned in te r fe rence  s t ress would 

be t o  i n s e r t  a > c o r e  i n t o  the can is te r  p r i o r  t o  waste cast ing,  which 

would crush upon waste/glass coo l ing  and d isp lace t h i s  f i . l l e r  core 

mate r ia l .  An x-shaped core d i v i d i n g  the glass i n t o  f ou r  segments o r  a 

1 i n e r  ( o f  t h i s  f i l l e r  core) adjacent t o  the can is te r  inner  wa l l  have 

.been considered as poss ib le  conf igurat ions.  I f  i t  becomes necessary t o  

avoid such in te r fe rence  stresses, one candidate mate r ia l  would be a cera 

b lanket  (8 1 bs/cu f t .). of approximately 1/2"  thickness, manufactured by 

the Johns-Manville Corporation. 

A crushable mate r ia l  should be capable o f  wi thstanding the cas t ing  

temperature (approximately 1 1 0 0 ~ ~ )  and be s u f f i c i e n t l y  r i g i d  t o  ho ld  i t s  

form dur ing cast ing. .  However, the mate r ia l  should no t  crush below 

approximately 30 psig.  I n  addit i-on, the crushable mate r ia l  should no t  

e x h i b i t  any gas, generat ion proper t ies  and should. have a nonporous s k i n  

t o  prevent sa tu ra t ton  w i t h : l i q u i d  waste/glass mix. If the  mate r ia l  were 

used as a l i n e r  i n  the can is ter ,  i t  should have high thermal conduc t i v i t y .  

*Primary and secondary stresses as defined by the ASME sec t ion  111 code. 
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3.7..2 . Load Combinations 
. . 

It  i s  recommended t h a t  a1 l appropr ia t e  . . l o a d  combinations. . . f o r  t h e .  . .  des ign . 

of  t h e  c a n i s t e r  be:identff.ied ,and 'stress .l imi.ts f o r  these .  condi.ti.ons.. be 
. . .  

s p e c i f i e d  a s  ASME ' service.limi ts : l \ ,  8 ,  6 ,  or.. D. . I t  is:. suggested . . t h a t  
t h e  s e v e r i t y  of  1 oad -combinations a n d  a p p l i c a b l e  ASME.. service ' 1 i m i  ts ' be 

. .  . 

determined by basing .it' on a . ra t ional !  approach,  t h a t  eval u a t e s  t h e  
probabi.1 .i ty of 'occurrence of - each' 1 oad o r  1 oad tombination. 

The recommendations of ANS-50 coordinat ing  working group 2 f o r  p l a n t  
design cond i t ions  i.1 l u s t r a t e s  a ' proposed .approach- . for .  power. p l a n t  de$ign 

- c&id i t ions   able 3-1.). . This  a p p r o a c h i s  based on a c o r r e l a t i o n .  between 

acceptable  r a d i a t i o n  doses a t  a 'site boundary d i s t a n c e  of  2500 meters, 
and probabil i t y  'of 'occurrence o f .  design and. ser.v i c e  loads  f o r  a .  power 
p l a n t  system. I t  i s  r e c h e n d e d  t h a t  equivalent ' .  c r i t e r i a  f o r  load c a t e -  
g o r i z a t i o n  be developed. f o r  waste c a n i s t e r  des ign,  based  on p r o b a b i l ?  ty 

' ,  of occurrence and consequences. This: approach is recomnended a s  . a b a s i s  
f o r  the s e l e c t i o n  of  ASME s e r v i c e  1 , i m i t s  ' for  a p p l i c a b l e '  loads  and t h e i r  
combinations i n  t h e  des,ign of c a n i s t e r s  . s o  a s  . t o  minlniize t h e  d i v e r s e  
and i n c o n s i s t e n t .  approaches which may .o therwise  develop.  

Loading cond i t ions  whfch 'should be c o n s i d e r e d i n  : t h e  des.ign of  an HLW 
c a n i s t e r  should inc.1 ude, but  .' no t  n e c e s s a r i l y  be Ilmi ted  :.to :. 

. . 

a. In te rna l / ex te rna l  pressure inc lud ing .  excurs ions  due t o  tem- 
pe ra tu re  f l u c t u a t i o n s  . . 

b. ' Linear and 'non-1 i n e a r  :thermal expansion e f f e c t s ,  a s  appl . icable,  
. due t o  . s t eady  s t a t e  and : dccident  t r a n s i e n . t . c o n d i  t i o n s  . '  

. .  . 

c. ~ e a d w e i ~ h t  o f .  mater ia l  a n d  con ten t s  . . 

d. Impact loads  r e l a t e d  t b e a r t h q u a k e ,  . hand1 i,ng , t r a n s p o r t a t i ~ n ,  
and stopage accident .  cot1d.i t j o n s  . 

. . ... 
. . e. sign. if  i c a n t  ' i . r i~rt i~l .1 gads re1  a t e d  t o  . t r a n s p o r t a t i o n  



TABLE 3-1 

SUMMARY OF EVENT CLASSIFICATION 

SYSTEM FOR POWER PLANTS 

Expected Best Pressure Retain ing 
Estimate Frequency I n t e g r i t y  & Support 
o f  Occurrence (F) S t a b i l i t y  f o r  ASME I 1 1  O f f s i t e  Dose 
Per Reactor Year Service L i m i t  L i m i t  

Planned .Operations .. A 

F > lo - '  B Appendix I t o  10 CFR 50 

' B 1% o f  1'0 CFR 100 

C 10% o f  10 CFR 100 

D 100% o f  10 CFR 100 
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4.0: 'PRELIMINARY'PROP0SED~CL;OSURE~DESIGNS 
. . . . .  . . . . . . . . . . . . . . . . . . . . 

1n t h i s  section, some descr ip t ions o f  proposed canister closure..des,igns 
... . . . . . . .  . .  . 

(wi th and w i  t h o i ~ t  overpack). a re ,  ?resented. (Refer t i  . . ' section. . . . . . 3.5 f o r  
. . . . 

discussion on canister overpack.:.):: The w i d e  va r iab i l  i t y .  o f  condit ions 

(i e .  , accessabil.fty, t b p e r i t u r e ,  materials, environment, safeguards) 

which must be considered, dddi e i m p l & i t y ~ t o  these designs. A S  indicated 

i n  sect ion 1.2 o f  t h f i  report, ' the basie canister c l  bsure method speci f ied 

f o r  t h i s  study i s  a remote weld. closure.: .It should be noted i n .  f u r the r  

studies r e l a t i v e  t o  'd&vklo~ment ~f canis ter  design tha t  .mechanical type 

seals could a1 so be considered; , . 
. .. 

Codes and standards that',may. be applied o r  made appl icable t o  the canis ter  

c.losure welds include ASME Bo i le r  and Pressure Vessel ..Code Section I X  

and other we1di:ng codes and standards l l i ~ t e d  i n  .Tables 5-2 and 5-3 o f  

t h i s  report .  Some o f  th.e bases considered f o r  the proposed closure 

designs are: . . 
. , 

a. . S imp l ic i t y  o f  operations 

b . ~ e a  kproof ness 

c. ' Shock resistance . . . 

d. Remote handling and i n s t a l l a t i o n  

e. Remote decon tami'na ti.on 

f . Remote seal'..wel di,ng 

g. Remote vTewing 

. ,  . 

Fol 1 owing are b r i e f  desck.iptions o f  canis ter .  closure :designs w i t h  and 

without overpack: (Refer t o  F i g u r e s  4-1 and :4-2 f o r  de ta i l s .  ) " 

4.1 ' Closure Desi'gns. "f6r 'Canister. .'with :M6 'Overpac k 
.. . 

Four proposed can.ister.closure . .  . c~ncepts,without..overpack are presented 

i n  Figure.4-,1.'. Deta.ils,and. b r i e f  discussfons 'of : thesa ' fou~:~es , igns  are 
. . 

presented i n the f ~ l . l ~ w i ~ ~ . ~ a ~ ~ r a ~ h s  : 

Concept l a  Hemispherical head ' covering canis ter  w i t h  threaded 

. coup1 incj connection and  Seal w e l d ~ d  'around the coupl ing 
by remote operation. ; The hemispherical. head on the top and 

.4-1 



probably on the bottom o f  the can is te r  (where a s k i r t  

should be provided f o r  s t a b i l i t y  purposes), i s  one o f  the 

most t y p i c a l  arrangements f o r  th is.  p a r t i c u l a r  use. 

Advantages are (1)  no reduct ion o f  access on top o f  the 

canister ,  and (2)  simple' i n s t a l l a t i o n ,  and (3)  good shock 

res is tance on the top and bottom. 

Concept l b  F l a t  cover w i t h  assumed cover thickness equal t o  1/4 of 

the diameter o f  the  canis ter .  The can is te r  she l l  i s  

welded d i r e c t l y  t o  the cover, tes ted and x-rayed p r i o r  t o  

f i l l i n g  o f  the can is te r  w i t h  waste. The p lug i s  i n -  

s t a l  l e d  by remote operat ion and seal welded. The f l a t  

cover on top may a lso be used on the bottom o f  the a 
canis ter .  The 6" diameter threaded opening provides 

necessary access f o r  f i  11 i ng . Disadvantages are : (1  ) 
decrease o f  access f o r  f i l l i n g ,  and (2) less shock 

resistance than l a .  

Concept l c  Extruded cover reducing the can is te r  diameter t o  the 

mSnimum opening o f  6" w i t h  p lug remotely i n s t a l l e d  and 

seal welded. This concept i s  s imi lar '  t o  I b, except i t  

has be t t e r  shock resistance. I t  ha.s the same'access f o r  

fill ing. A semi-overpack may a lso be provided over the 
. . cover '(lsimi.lar t o  I d )  : 

Concept I d  .. Extruded cover reducing the can is te r  access t o  a minimum 
. opening of 6". A threaded p1,ug i s  provided. . This 

concept . i s  a t y p i c a l  . . gas holder arrangement. w i t h  reduced 

'access fo r  .fil 1 ing: Shock resistance of t he  cov'er i s  

' ' .  comparable t o  1 a .. . A  semi -overpack. qbove the cover may be 

provided t o  increase shock resistance on the top. 

Concepts l a ,  l c ,  and I d  are considered the most su i t ab le  fo r  the can is te r  

wi thout  overpack. 



4.2 ' .C1 osure ' ~ e s i g n s  ' f o r  'CanisteP 'wt:tfi :Overpack 

Four proposed closure concepts ' . f6r  the  can is te r  . . w i t h  overpack . . .  a re  pre- 

sented i n  ~ i ~ u r e  4-2 and the.f.01 lowing paragraphs.. ~ h e s e :  c losure 
. . . . .  - . , . .  

concepts  can be appl i ed  i f  use of a n  overpack proves necessary. 
. . 

Concept 2a This i s  a double she l l  arrangement w i t h  two i d e n t i c a l  
. . 

hemispherical Covers connected w i t h  coup1 ings t o  the 

can is te r  and overpack. A .I/!!" f i l l e r  seal w e l d  i s  used 

f o r  complete 'c losure .. . Advantages are s imi  1 a r  t o  those 

fo r  concept l a ,  w h i c h  provides f o r  f u l l  can is te r  opening 

and good shoe k .  resistance'. 

Concept 26 Canister  s i m i l a r  t o - l c  and.has an.overpack w i t h  inver ted  

cover whicti can be. .threaded: and .seal .  welded ,. o r  welded 

wi thout  threading b y  remote operation.. ,, This concept 

provides a heavy overpack wi th.  the can is te r  se t  deep 

ins ide.  . .Advantages ' include, good shock .protect ion on the 

ends, w i t h  the can is te r .  protected b y  the' extended wa l l s  

o f  the- overpack, ' re in forced by .tk cover .. 

Concept 2c Canister  w i t h  extruded cover. The overpack has an 

inver ted  cover and ,can be .threaded and seal we1 ded , . o r  

.welded w i thou t  threadi,ng by remote operation. Advantages 

s imi ' lar .  t o  t h a t  o f  Concept 2b. 
. . 

Concept 2d . Cani'ster and overpack a re .  assembled and.. tested . .  . .  ..before 

f i l l  ing.. ' ~ h e k f o r e , .  two plugs a r e  i n s t a l  l e d  and' seal 

. . .  welded by remote operation. . One. poss ib le  disadvantage o f  

t h i s  concept m u 1  d be secoridary s t resses caused by d i f f e ren -  

t f a l  expansion between a s ta i n l ess .  s tee l  , Inconel and 
. . 

l nco loy  can is te r  and a carbon: s t e e l  overpack. 

Concepts 26, 2c.; and 2d a re  cons.idered t o  be the most. s u i  tab1 e .concepts 

f o r  can is te r  w i t h  overpack. . ' 



CONCEPT 
NO. TYPE 6 DESCRIPTION MATERIAL WELDING PLUG 

1 2 3 4 5 

HEMISPHERICAL COVER COVER 6 BACKING 
INSTALLED 6 SEAL WELDED PLATE 
BY REMOTE OPERATION REMOTE WELDING 

(ASTn-364L, PROCEDURE NONE 
CARBON ZTEEL, 
INCONEL, OR INCOLOY) 

AROUND THE PLUG TOLERANCE + 1/64'' 

8 PITCH THREAD, 
4 THREAD PER INCH 

COMBINED COVER 
WITH THREADED PLUG 

013 INSTALLED 6 WELDED 
BY REMOTE OPERATION 

POLY-L.lK SEAL 

EXTRUDED COVER 

NOTES: 

1. PLUGS :FOR CONCEPT NUMBERS 1 b. I:, and l d  
SEAL h€LOED WITH APPROX 114' FILLET WELD. F i g u r e  4-1. P r e l i m i n a r y  C losu re  Design!. 

C a n i s t e r  W i t h o u t  Overpack 



OVERPACK COVER ' 
-CARBON STEEL 

HEHIS PHERI W COVER TOP 
6 BOTTOM ON CANISTER 6 

CANISTER COVER 

OVERPACK 

CANISTER, CAN I S 1  ER 
COVER, AND PLUG 
(ASTn-304L. CARBON 
m E L .  INCONEL. OR 
INCOLOY) OVERPACK 
& OVERPACK CYLINDER 



5.0 CODES AND STANDARDS 

5.1 Licensing for High-Level Waste Canisters 

5.1 .1 Licensing and Qua1 i ty Assurance Programs 

Radioactive material must be controlled to protect public health and 

safety. The Code of Federal Regulations (CFR) requires privately owned 
facilities that process or otherwise handle radioactive material to be 

licensed and to operate under a quality assurance (QA) program or the 

equivalent (i .e., a system of control procedures). Licensing ensures 

that adequate control capability is established; application of a QA 

program maintains proper util ization of that capabi 1 i ty. Since 1 i censing 

and QA programs work together to protect the public, they are addressed 
together in this section of the report. 

At the present time there are some 1 icensing and QA program requirements 
applicable to the waste management system. These requirements provide 

partial control over HLW canister applications, and have some effect on 

canister design. Additional licensing and QA program requirements are 
needed to adequately protect the public throughout the canister lifetime, 

and to enforce the application of verified criteria in canister design. 

This section descr'i bes existing requirements and indicates additional 
licensing that should be established for HLW canisters. 

5.1.2 General Requirements for'High-Level Waste Disposal 

Spent fuel as removed from a nuclear reactor contains a mixture of 

special nuclear material*'and by-product material .** A fuel repro- 
cessing plant (FRP) processes the spent fuel to recover the special 
nuclear material for reuse. The by-product material residue is call ed 

"high level waste" '(HLW) and is initially. in liquid . . form. 
/ 

* Special 'Nuclear 'Material - (a) plutonium, uranium 233, uranium 
enriched in the isotope 233' or. in the isotope 235, and any other 
matertal which the Commission, pursuant to the provisions of 
section 51 of the Act, determines to be special nuclear material 
but does not include source. material ; or (b] any materi.al artificially 
enriched'by any of the foregoing, but does not include source 
material. . 

** : 'By-Product 'Material - Radioactive material (except special nuclear 
material) .yielded in or made radioactive by exposure to the radiation 
incident-& the process of producing or utjl izing special nuclear material. 



10 CFR 50, Appendi.~ F specif.ies, ". . .A fuel  reprocessing p l a n t ' s  i n -  

ventory of h igh- leve l  l i q u i d  rad ioac t i ve  wastes w i l l .  be l i m i t e d  t o  t h a t  

produced i n  the p r i o r  5 years ... High-level l i q u i d  rad ioac t i ve  wastes 

sha l l  be converted t o  a d r y . s o l i d  as required,  t o  comply w i t h  t h i s  

inventory  I . im i ta t ion ,  and. placed i n  a sealed conta iner  p r i o r  t o  t r a n s f e r  

t o  a Federal repos i to ry  i n  a shipping cask meeting the requirements of 

10 CFR 71 . . .A1 1 these h,igh-level rad ioac t i ve  wastes s h a l l  be t rans fe r red  

t o  a Federal repos i to ry  no . la te r  than-10  years followi,ng separation o f  

f i s s i o n  products f rom the i r r a d i a t e d  ' fue l  . . . " 

5.1.3 High-Level Waste Management 'E f f ec t s  on Canister Design 

Compliance w i t h  the requirements i n  10 CFR 50, Appendix F y  requ i res  the 

C 
waste management a c t i v i t i e s  shown i n  Figure 3-1 and described below. 

Each of these a c t i v i t i e s  w i l l  p lace cons t ra in ts  on the design o f  the HLW 

can is te r  . 

Phase 1. The FRP, o r  another l i censed f a c i l i t y ,  w i l l  convert the  

l i q u i d  HLW t o  a s o l i d  form and seal i t  i n  can is ters  purchased 

from a manufacturer. 

10 CFR 50, Appendix F y  requires t h a t  ". . .The d ry  so l  i d  sha l l  be chemical ly, 

thermal ly,  and r a d i o l y t i c a l  l y  s tab le  t o  the ex ten t  t h a t  the equi 1 i brium 

pressure i n  the  sealed container w i l l  no t  exceed the safe operat ing 

pressure f o r  t h a t  container dur ing the per iod  from canni,ng through a 

minimum of 90' days . . a f t e r  r e c e i p t  ( t ransfer  o f  physical  custody) a t  the 

Federal reposi tory. .  .I, The methods o f  s o l i d i f i c a t i o n ,  l o a d i n g  and 

sea l ing as we1 1 as chemical compa t i b i l i t y  and, gas evo lu t ion  o f  the d r y  

waste form 'and: remote hand1 i n g  features ' o f  the  reprocessing fac i  1 i ty 

w i l l  have a bear ing on the des,ign and mate r ia l  . se lec t ion  f o r  the  HLW 

Canister  .. 

Phase 2. The FRP, o r  another l i censed f a c i l i t y ,  w,i11 load sealed HLW 

canis ters  i n  a shipping cask t o  form an acceptable shipping . . 

pickage a n d w i l l  arrange fo r  t r a n s p ~ r t  of t h e  shipping . . package 
t o  a Federal: repos i tory .  



P r i o r  t o  shipping, the FRP o r  o ther  f a c i l i t y  w i l l  be requ i red  

t o  ob ta in  a  shipping package l icense,  as prescr ibed i n  10 CFR 

71 f o r  a  " la rge  quant i tyu*  and based p r i n c i p a l l y  upon an 

ana lys is  showing the  c a p a b i l i t y  o f  the shipping package t o  

w i ths tand the cond i t ions def ined i n  Paragraphs 71.32, 71.35 

and 71.36 and Appendices A and B o f  10 CFR 71; mark t he  

shipping package and n o t i f y  the  consignee i n  accordance w i t h  

49 CFR 173; and t r ans fe r  custody o f  the HLW t o  the Federal 

repos i to ry .  

The design o f  t he  shipping cask and, i n  p a r t i c u l a r ,  the  support s t r u c t u r e  

f o r  can is te rs  w i t h i n  the  cask can impose anywhere from n e g l i g i b l e  t o  

r i g i d  cons t ra in ts  on the  design o f  the  HLW can is te r .  

phase 3 .  As a  minimum, the Federal r epos i t o r y  w i l l  handle the  HLW 

can is te rs  t o  the  ex tent  necessary f o r  removal from the  sh ipp ing 

cask, lower ing down the shaf t  t o  the mine l e v e l  and i o c a t i n g  

w i t h i n  the  storage tunnels. I n  add i t ion ,  the Federal r epos i t o r y  

may check can is ters  f o r  sur face contamination and leaks. 
. . 

Handling requirements a t  t h e  .Federal r epos i t o r y  w i l l  have a  bear ing on 

t h e  .design o f  t h e  HLW can is ter .  

5.1.4 '. E x i s t i n g  Licenslr ig and 'QA Proqram RequJremerits 'and Guide1 ines 

A review of e x i s t l n g  documents was perfurrned 'to i d e n t i f y  documented 

requirements app l icab le  t o  . l i cens ing  and QA programs i n  the  deqign, 

manufacture; a.nd app l i ca t i on  of HLW can is ters .  The types of documents 

reviewed i n c l  uded Federal regu la t ions  , Regulatory Guides, ANSI standards 

( .pr imar i ly  'the N-series) , RDT Standards, and the ASME B o i l e r  and P.ressure 

Vessel Code [ASME Code). The design o f  the  can is te r  w i  11 be determined, 

i n  pa r t ,  by '  t he '  t r adeo f f s  of cons t ra in ts  selected fo r  t he  can i s t e r  and 

i t s  environment' i n  each o f  the phases o f  app l i ca t i on  shown i n  F igure  3-1. 

* -. ' 1 0  'CFR71.4' ( f )  ; "Large Q u a n t i t y '  -. . . "a quan t i t y  o f  r ad i oac t i ve  
mater ia l ;  the a,g regate o.f which L i n  a  shipping package] exceeds. .. e . . 

50,'000 .cur ies. .  . and i s  - i n ]  'specia l .  form' .  . .' 



Therefore, the search f o r  app l icab le  documents extended t o  those f o r  

f ue l  reprocessing f a c i l i t i e s ,  l a rge  shipping casks f o r  r ad ioac t i ve  

mater ia l ,  and an t i c ipa ted  hand1 i n g  systems a t  the  Federal repos i to ry .  

The documents o f  i n t e r e s t  found by t h i s  revi:ew are shown i n  Tables 5-'lA, 

5-1B and 5-1C. 

5.1.5 A p p l i c a b i l i t y  of Ex i s t i ng  Documents t o  HLW Management 

Phase 1 and 2 a c t i v i t i e s  w i l l  probably be performed by the FRP .under a  

f a c i l i t y .  l i cense  per 10 CFR 50 (see Figure 5-1 an'd Table 5-1A). However, 

.s ince the h igh- leve l  waste i s  by-product mate r ia l  and con ta i ns  no 

spec ia l  nuclear mater ia l ,  these a c t i v i t i e s  could. be performed by another 

f a c i l i t y  under 'a  10 CFR 33 f a c i l i t y  l icense. 

10 CFR 50 requ i res  the l icensee t o  operate under a  QA program t h a t  

complies w i t h  the c r i t e r i a  i n  Appendix B. The scope requ i red f o r  a  

l i cense  and QA program i s  adequately prescr ibed i n  10 CFR 50. However, 

gu ide l ines are  needed t o  determine how t o  e f f e c t i v e l y  comply w i  t h  

• . 10 CFR 50. Amendments t o  10 CFR 71, which upgrade requirements f o r  
qua1 ity assurance o f  packagings , were made e f f e c t i v e  i n  October o f  1977. 

These amendments ' included rev is ions  t o  Sections 71.24, 71.51, 71.53, and 

71.54, and an add i t i on  o f  an Appendix E, " Q u a l i t y  Assurance C r i t e r i a  f o r  

Shipping Packages f o r  Radioactive Mater ia l , "  Appendix E, i s  pat terned 

c l ose l y  a f t e r  Appendix B o f  10 CFR P a r t  50. These, amendments should be 

appropr ia te ly  appl i e d  t o  the shipping package (Phase 2). A& shown i n  

Table 5-lB, some D i v i s i on  3  ~ e ~ u l a t o r ~  ~ u i d e s  have been issued f o r  f u e l s  

and mater ia l '  f a c i l i t i e s  and others are i n  preparat ion.  I n  add i t ion,  

American National.  Standards Comnii t t e e  N46 h.as been formed t o  es tab1 i sh 
. . .  . . . .  

QA Program Standards f o r  fuel reprocessing p lants .  

Ear l y  b a l l o t i n g  on proposed ANSI N46.2-series documents ind ica tes  t h a t  

t h l s  ser ies  w 9 1 1  e i t h e r  be very s i m i l a r  t o , t h e  ANSI N45.2 se r ies  f o r  

nuclear power p lan ts  o r  the ANSI N45.2 documents wi 11 be 'extended t o  

apply t o  both types o f  'p lants .  (See a1 so Table 5-1 C. ) 
.4. 



10 CFR 33 def ines an app l i cab le  type o f  1,icense c a l l e d  a  "Type A s p e c i f i c  

1  icense o f  broad scope. " For a  f a c i  1  i t y  o ther  than an FRP performing 

the  Phase 1 and 2 a c t i v i t i e s  above, paragraph 33.13 o f  10 CFR 33 sets 

r u l e s  f o r  the appl i c a n t  ' s  organ izat ion and con t ro l  procedures which 

should be equivalent  t o  a  QA program requi red i n  10 CFR 50, Appendix B, 

i n  ensuring pub l i c  hea l th  and safety. The new Appendix E t o  10 CFR 71 

adds QA program requirements s p e c i f i c a l l y  app l i cab le  t o  the can is te r .  

Since Phase 3 a c t i v i t i e s  are  by Federal r epos i t o r i es  owned .and 

con t ro l  1 ed b y  ' t h e  Federal Government, the f a c i  1  i ty  may be exempt f yon 

l i cens ing  and QA program requirements and sub ject  on ly  t o  special  

requirements estab l ished w i t h i n  the Department o f  Energy. 

5.1.6 Recommended..QA Program Bases t o  Ensure HLW. Canister  Q u a l i t y  

High-level waste can is ters  must provide h i g h - i n t e g r i t y  containment f o r  

rad ioac t i ve  mate r ia l  (see 5.1.1 above and 10 CFR 50, Appendix F) . As 

r e l a t e d  t o  the need f o r  q u a l i t y  i n  manufacturing, t h i s  f unc t i on  coincides 

w i th '  the safe ty- re la ted func t ion  o f  ,nuc lear  power p l a n t  components f o r  

which the ASME Code, Sect ion I11 was establ ished. Consequently, as 

discussed i n  Section 5.2 o f  t h i s  repor t ,  Nuclear Services Corporation 

recommends Federal regu la t ions requ i r i ng  a  special  l i cense  f o r  HLW 

canis ters  as requ i red f o r  shipping packages and making i t  mandatory t h a t  * 
HLW canis ters  be N-stamped. The spec ia l .1 icense i s  a  means by which 

appropr iate Phase 1 ( s e e ' ~ i g u r e  3-1.) processing and process q u a l i t y  

con t ro l  can be .enforced. Compliance w i t h  the ASME Code w i l l  e s tab l i sh  a  

base l ine of qua l . i t y  for.the.HLW canis ter ,  and. r equ i re  0,rganizations t h a t  

design o r  fab r i ca te  HLW canis ters  t o  operate under a  Code-compliance QA 
program and, thereby, ensure p red ic tab le  qua1 i ty i n  del  i ve red  i tems . 

High-level waste should be s t a b i l i z e d  p r i o r  t o  placement i n  the can i s te r  

o r  s e a l i n q t h e  canister.. Acceptance standards should be estab l ished f o r  

the  s o l i d i f i e d  waste. I t  should .be assured t h a t  the  waste meets these 

standards before sea l ing of the can is ter .  

* Compl iancewith theASMECode, Section 111, D i v i s i on  1 maybe 
required, bu t  N-stamping s p e c i f i c a l l y  excluded f rom.the requirement. 
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TABLE 5-1A 

FEDERAL REGULATIONS 

APPLICABLE TO HLW MANAGEMENT LICENSING 

Requirements i n  Federal regu la t ions cons is t  o f  l i cens ing  and QA program 

c r i t e r i a  f o r  a f u e l  reprocessing p lant ,  general admin is t ra t i ve  con t ro l s  

requ i red f o r  o ther  by-product mate r ia l  l i c e r i s e d . f a c i l i t i e s ,  special  

1 icenses f o r  shipping packages, and shipping requirements. 

10 CFR 50 Licensing o f  Production and Ut i1 , i za t ion  . F a c i l i t i e s  

(app l i cab le  t o  f a c i l i t y  l i cense  f o r  FRP complex) 

10' CFR 50 App. B, Qual i t y  Assurance Program 

10 CFR 50 App. F, Po.l icy Rela t ing t o  the  S i t i n g  o f  Fuel 

Reprocessing Plants and Related Waste Management F a c i l i t i e s  

Pa r t  33.13 - Requirements f o r  the issuance o f  a Type A ' spec i f i c  

1 icense o f  broad. scope 

10 CFR 71 - packaging o f  Radioactive Mater ia l  f o r  Transport.. . . 
Pa r t  71 .24 Qual i ty Assurance 

Pa r t  71.31 General Standards f o r  al.1 packaging 

Pa r t  71.32 . ' s t r uc tu ra l  standards f o r  Type B and l a rge  

quan'ti t y  packaging 

P a r t  71.34 Evaluat ion o f  a s i ng le  package 

Pa r t  71.35 Standards f o r  normal condi t ions of t ranspor t  f o r  

a s ing le  package 

P a r t  71.36 Standards for hypothet ica l  accident condi t ions f o r  

a s i ng le  package . . 

P a r t  71.51 Establishment and maintenance o f  a q u a l i t y  assurance 

program 

' pa r t  71.53 Pre l  iminary determinations 

Pa r t  71 .54 Routine determinations 



Appendix A - Normal Condit ions o f  Transport 

Appendix B - Hypothet ical  Accident Condit ions 

Appendix E - Q u a l i t y  Assurance C r i t e r i a  f o r  Shipping Packages 

f o r  Radioact ive Mate r ia l  

49 CFR TRANSPORTATION 

P a r t  1'73.22 'sh ipper 's  Responsi b i  1 i . t y  

P a r t  17.3 ' Shipper 's  General. Requirements .and Packagings 

Pa r t  173.389(b) Large ~ u a n ' t i  t y  Radioact ive Mate r ia l  

Pa r t  173.398 Special Tests (Same as 10 CFR 71 , Appen. A&B) 
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TABLE 5-1B 

REGULATORY GUIDES APPLICABLE TO HLW 

MANAGEMENT LICENSING 

The Nuclear Regulatory Commission, issues Regulatory Guides under t e n  

sub jec t  headings, c a l l e d  d i v i s i ons .  The d i v i s i o n s  o f  pr imary i n t e r e s t  

t o  t h i s  repor t ,  and the  documents t h a t  a re  appl icabl.e, a re  l i s t e d  i n  

t h i s   able, Also inc luded a re  new Regulatory Guides o f  i n t e r e s t .  t h a t  

a re  under development. 

Regulatory Guides a re  the  p r i n c i p a l  mechanism employed by t he  Nuclear 

Regulatory Commission (NRC) t o  implement Federal regu la t ions .  These 

documents s t a t e  the  p o s i t i o n  o f  the  NRC, endorse more de ta i  1 ed documents 

such as ANSI Standards and the  ASME Code, and genera l ly  request  t h a t  

1 icensees conform t o  the  Guide o r  es tab l  i s h  an equa l l y  e f f e c t l v e  a l t e r n a t e  

system. 

D i v i s i o n  1 - Power Reactors 

1.26 Q u a l i t y  Group C l a s s i f i c a t i o n s  and Standards f o r  Water, Steam, and 

Radioact ive Waste Containing ~ o m ~ o n e n t s  o f  Nuclear Power Plants.  

(Provides a basis f o r  cons t ruc t ion  o f  the HLW Canister  t o  ASME 

Code, Sect ion 111, Code Class 3.) 

1.28 Qua1 i ty Assurance Program Requirements (Des,ign and Construct ion 

of Nuclear Power P lants)  ., (Endorse ANSI N45.2) 

1 a D i v i s i o n  3 - Fuels and Mate r ia l s  F a c i l i t i e s  

3.3 Q u a l i t y  Assurance Program Requirements f o r  Fuel Reprocessing 

Plants and f o r  Plutonium Processing and Fuel Fabr i ca t ion  Plants.  

(Endorses a QA program f o r  the  Fuel Reprocessing f a c i l i t y  t h a t  

conforms t o  ANSI. N45.2-,1977. ) 



The f o l l ow ing  Regulatory Guides are under development : 

a. Q u a l i t y  Assurance f o r  the Design, Construct ion, and Operation 

of Fuel Reproces-sing P lants  

b. Guide f o r  Design o f  I r r a d i a t e d  Fuel Receiving and Storage 

F a c i l i t i e s  

c. Temporary Storage o f  High-Level L i q u i d  Waste a t  Fuel Reprocessing 

Plants. 

D i v i s i o n  7 - Transportat ion 

7.5. Admin is t ra t ive  Guide f o r  Obtain ing Exemptions f r o m c e r t a i n  NRC 

Requirem~nts Over Radioactive Mater ia l  Shipments. 

(Provides a mechanism f o r  NRC l icensees t o  ob ta in  an exemption 
from DOT regulat ions.)  

• 7.7 Admi.nis'trative Guide f o r  Ve r i f y i ng  Compliance w i t h  Packaging 

Requirements f o r  Shipments o f  Radioactive Mater ia ls .  

('~ndorses ANSI  N14.3-1975. ) 



TABLE 5-1C 

STANDARDS APPLICABLE TO HLW 

MANAGEMENT LICENSING 

The American Nat ional  Standards I n s t i t u t e  issues admin is t ra t i ve  and 

technica l  standards i n  a number o f  f i e l d s .  The ANSI  N-series, f o r  the  

nuclear power industry,  i s .  o f  i n t e r e s t  f o r  t h i s  repor t .  The appl icab le  

issued ANSI N-Standards, and.others under development and o f  i n te res t ,  

are l i , s ted .  There are no RDT Standards appl icab le  t o  HLW Management. 

5.8-1967 Radioactive Waste Categories, D e f i n i t i o n  o f  

14.5 (being Leakage Tests on Packages f o r  Shipment o f  .Radioactive 

developed) , ' Mater ia ls  

14.10.1-1973 Administrat ive.Guide f o r  Packaging and Transport ing 

Radioacti.ve Mater ia l  

14.10..3-1975 Admin is t ra t ive Guide f o r  Ve r i f y i ng  Compl iance w i t h  

Packaging Requirements f o r  .Shipments o f  Radioactive 

Mater ia ls  

15.13-1974 Fuel Reprocessing F a c i l i t i e s ,  Nuclear Mater ia l  

Control System (a  guide t o  p rac t i ce )  ! 

45.2 & 45.2.X QA Program Requirements f o r  Nuclear P lan t  (may be 

Series made appl icab le  t o  Fuel Reprocessing Plants, o r  e lse  
46.2 and 46.2.X ser ies  now being developed w i l l  be 

issued) 

101 .3-1972 Guide t o  Pr inc ipa l  Design C r i t e r i a  f o r  Nuclear Fuel 

Reprocessing Faci 1 i t i e s .  

305-1 974 Design Objectives f o r  High ly  Radioactive So l i d  

Mater ia l  Hand1 i n g  and Storage Fac i l  i t i e s  i n  a Re- 

processing Plant .  



5.2 Development and 'Des ign 'Ver i f i ca t ion  o f  the HLW Canister  

5.2.1 Current Status o f  Requirements 

A t  the present time, as shown i n  Sect ion 5.1 o f  t h i s  repor t ,  f a c i l i t y  

1  icense requirements (admin is t ra t ive  con t ro l  s )  e x i s t  f o r  waste processing 

f a c i l i t i e s .  Shipping package l i cense  requirements are  shown t o  be adequate 

f o r  HLW can is te r  t ranspor t .  Sect ion 3.0 shows t h a t  s p e c i f i c  concepts 

a re  under study fo r  the Phase 1 (see Figure 3-1) operations o f  h igh- level  

waste forming and can is te r  load ing and seal ing, and l i m i t i n g  dimensions 

have been selected fo r  can is ters .  However, s ince design and app l i ca t i on  

c r i t e r i a  f o r  HLW canis ters  are meager a t  t h i s  time, d i r e c t l y  app l i cab le  

codes and standards are  l im i t ed .  Those t h a t  may be appl ied o r  made 

app l i cab le  t o  the development and design v e r i f i c a t i o n  o f  the  HLW can i s te r  

are  presented i n  Table 5-2. Th is  t a b l e  includes some codes and standards 

which can be appl ied t o  fab r i ca t ion  and t e s t i n g  f o r  the  can i s te r  development 

and design v e r i f i c a t i o n  phases. 

The 1 i m i  t ed  number of appl i cab le  codes and standards ava i l ab le  now i n  no 

way de t rac ts  from the pro jec ted usefulness f o r  these ty.pes o f  r u l e s  and . . 

guidel ines.  Such documents w i l l  p l ay  a  major r o l e  i n  def in ing q u a l i t y  

cha rac te r i s t i c s  and prov id ing f o r  v e r i f i c a t i o n  o f  qua1 i ty achievement i n  

HLW canis ters  t o  ensure pub l i c  hea l th  and.safe ty .  

I n  the  fo l lowing paragraphs, codes and standards are  b r i e f l y  d,escribed 

and.appl ica t ions are  recommended'. 

5.2.2 Codes 

5.2.2.1 Purposeandscope 

Codes a re  intended t o  provide a means f o r  ensuring a  basel ine o f  q u a l i t y  

(i .e., sa fe ty  and r e l i a b i l i t y )  i n  a l l  i tems of a  type o r  f o r  a  g iven 

funct ion.  The scope o f  codes var ies  from a s i ng le  aspect such as design 

t o  a  complete con t ro l  system over a l l  elements of a  spec i f ied item. 



5.2.2..2 The ASME Code 
. .  . 

The ASME A oiler and:PressuceVessel Code (ASME Code) i s  the most compre- 
. . . . . . . . . . . : . 

hensive . . code . . appl i cab le  t o  the!. dezign, fabrication., . . inspect ion . . .  and  

tes t ing  o f  pressure re ta in ing  components and. comporient- supports whose 

f a i l u r e  could, i f  not controlled,: enda,nger:the publ ic  safety. 
.. . 

The ASME Code cur ren t ly  includes eleven sections, o f  which, f i v e  (Sections 

I, 111, IV, V I I I  and X )  address spec i f i c  types. of containers o r  containers 

u i t h  a common safety-related. function;. f i v e  '(Sections. II.,. V:, VT., V I I  and 

IX)  provide supporting' ru les for., materials.;. design o r  ' selected operations ; 

and one (Section XI )  addresses' inservice . inspection: a t .  nuclear power 

plants..' ' 

5.2.2.3 Selection o f  Applicable ASME Code Section 

The HLN canis ter  w i i  1 perform two' safety-re1 ated functions : 

a. Containment o f  rad ioact ive mater ial .  ' . 

b. Containment of gas and'vapor a t  modest but f i n i t e  pressures (probably 

less than 100 ps i )  due to:  . . 

(1 ) A temperature increase i n  the canis ter .  resul  t i n g  i n  
contained , a i r  heating o r  ' increase' i n  the vapor. pressure 

o f  vo lat iqe mater ials such as cesium and ruthenium 

compounds, o r  . .. 

(2) He1 ium bui ldup by ac t in ide  (a,n) reactions. 

Based on the containment; .functions, .eith,er Section.. 11.1 ,. "Nuclear* Power 
. . .  . . 

b l a n t  Components,"-Division1 . - ;. "Metal  ~ompohents" o r  sect ion VIII, 

"Pressure ' ~ e ~ s e l s , ' ~  Elf vfsi'on :I or 2 cou ld  be gel k t e d .  
. .  . . , .  

. . 

Section I t1 ' i s '  spec ia l . 1~  ta i l o red  i f o r  nuclear .appl icat ion.  .. The primary 

safety  consideration i s  containment of rad ioact ive mater ial  under 
. . . . 

pressure. Section 111 1 drov:ides spec i f i c  &l k s  f o r  vessel 

mater ick ' ,  fabr icat ion,  a n d  inspett ior i ; .  I n  Section . V I . I I  t h e  primary 

safety considbratidn ii pressure conta'inment and does ho t  general l y  

provide speaific.~u.les:for.vessel materials, fabr icat ion,  and...inspection . 



consequently, .Section 111 . prov.ides . a  be.tter match.up. w.i.th the cani.sterl s  
. -  . . . . .  

funct ion and thus 1 i n  r&&nmended . .  . . b y : ~ u c l e a r . . ~ e ~ ~ i c e s  ~ o r ~ o r a t i . o n  . . .  f o r  

appl icat ion . .  t o  . canister manufacture ( d e t a ~ l  design, fabfi;cati:sn, . . and 

qua1 f ty control  ins@&t ion and testi,ng . .  . du r j ng  fabr icat ion) .  

For appl icat ion o f   ASME ME code, S e c t i ~ n I I I ,  D.ivision :l- to. :;he manu- 
. .  . . . .  . . , .  . . 

fac ture o f  canis ters ,' the &be i t a temen t  i n  NA-ll:00 could be modified 

or a code case issued to' '  include HLtl canfsters. 
. . 

. . 

5.2.2.4 . Applicable ASME code Subrkction 
. . . .  

The ASME Code, Section 111; ~ i v i s i o r i .  i . includes r u l e r  f o r .  three Code 

b l  asses (subsections NB, NC and ND) and. three specid l  types o f  components 

(Subsections NE, NF and. NG) . 

The in te rna l  pressure and corrosion, rad ia t i on  effects, and external 

loading ant ic ipated f o r  the HLGl canisters are s im i l a r  t o  those f o r  

nuclear power p lan t  components for which Regulatory Guide 1.26. recommends 

Code Class 3. On t h i s  basis o f  comparison, appl icat ion of Code Class 3 

fo r  the canister i s  considered t o  be sat is factory.  The ex i s t i ng  design 

ru les  i n  Subsection ND are considered adequate w i th  possibly two ex- 

ceptions: (1) ru les  f o r  fa t igue i n  the event t ha t  v ib ra t i on  during 

transportat ion o r  temperature excursion c y c l e s  dur ing f i  11 i ng  become 

s jgn i f i can t  l im i ta t i ons  ort design; and ( 2 )  design ru les  (e.g., stress 

1 i m i  t s )  f o r  low probabil i ty accident  occurrences. (e.g. , service 1 evel D 

occurrences for ASME components). :. I n  t h i s  event,, fat,Sgue ru les  could be 

appl i e d  from subsection NB-3200 and. s e r v i c e 1  e v e l  design 1 . im i ts  f o r  

severe accidents could.. be appl l ed  'from Apperidix:F o f  Section 1.11 .. With 

these possible exceptions;. i t  i s .  not.  conslde?ed necessary : t o  impose the 

more s t r ingent  r u l e s :  of ~ o d e ~ l a s s e s  -1 - o r  2 unless:. i t  i s  v e r i f  l ed  

through subsequent: analy&$ and test i ,ng.  that .  c l a s s i f  icat ion..of  Code 

Class 3 wil.1'. resu1.t t n  questionable . 
. 

can,ister;'..in!egri'ty. 
. . 



Remote hand1 ing  and h,igh temperature gradients.. . during canis ter .  1 oading 
. . . .  . . 

and seal i,ng , and long-term . . exposure:to . . . . .sal t o r .  other.  . .  .  disposal^. mi.ne . media . 

are unique considerations. ; ~ n e  a l te rna t i ve  imul d be t o  a d d  a : new. 
. . .  

subsection NH, . "HLN - .  ~ a n i s t e r i " : .  .. .. t o  . . ' t h e  ~6ction::'1~1.~;code , . . . . .  t o  ?rovide 

guidance t o  cope' w i th ,  these unique. condit ions. t ~ h e  ASME. previously d i d  
. . . .  2 

t h i s  f o r  Class MC components c ~ " b i e c t i o n  ' NE). ;  ~omponent ' ~ u ~ ~ o r t s .  (Subsection 

NF) and core support ~ t i u c t i i e i  ( ~ u b i ~ c t i ~ i  ; . .  NG j]. . . . . 

I f  requirements do not vary to@ g rea t l y '  among. HLN..canister :madel s , the 

addi t ion of a new Subsection NH..may, o f f e r  di.stinct..advantages: 

a. ' NH;;2000;."Materials".- Specif ications could be l i m i t e d ' t o  mater ials 
. . 

proven by development and des;ign v e r i f i c a t i o n  tes t ing  t o  b e  appl i cab le  

t o  a. pa r t i cu la r  phase o r  t h e  enttre c a n t s t e r  1i:fat ii~~r: 

b . NH-3000; ' "Design" . -: Methods' and data could be . l - i m i  ted . to  those 
proven by development and 'design v e r i f i c a t i o n :  tes t ing  o r  analysis 

t o  he applicable t o  the 'canister.  

c ... NH-4000, 5000;" 6000rand '.8000. (Fabrication, Testi,ng , Examination and 

Nameplates, stamping and ~ e ~ o r t s )  - These ru les could be the. same 
as the corresponding : ND Ar . t i c l  es . 

d. NH-7000, ' 'Protection 'Agairis.t:~Overpressure". -..Rules o f .  t h i s  type are 

presumed-to be ~~nnkcessary. . . . .. 

Thus, there i s  a choice, e i ther  Code Class 3 could be selected and 

special requirements prescribed i n  standards and enforced by Regulatory 

Guides, o r  Subsection NH could be established t o  cover both common and 

special requirements appl icabl  e t o  a1 1 HLM canister models. However, 

the establishment o f  a new Subsection would requi re a few years t o  
implement w i th  a considerable time investment o f  the ASME. Nuclear 

Services Corporation recommends that the se lect ion be deferred u n t i l  

fu r ther  character izat ion o f  condit ions and tradeoffs have been completed, 

and the scope of- requirements i s  be t te r  understood. A t  t h a t  time, the 

advantages o f  one means o f  promulgation over the other w i l l  be easier t o  

determine. 

5-1 5 



5.2.3 Standards 

Standards are  wide ly  d i s t r i b u t e d  documents addressed t o  a p a r t i c u l a r  

t o p i c  and publ ished by one o r  more techn ica l  soc ie t ies .  standards may, 

as examples, de f ine  admin is t ra t i ve  cont ro ls ,  techn ica l  methods, fab- 

r i c a t i o n  processes,' q u a l i t y  assurance o r  q u a l i t y  con t ro l  measures, o r  

acceptance c r i t e r i a .  The f l e x i  b i  1 i ty and avai l a b i  1 i ty o f  standards make i 

them very usefu l  f o r  c rea t ing  q u a l i t y  base. l ines,  o r  f o r  assur ing 

app l i ca t i on  o f -un i fo rm,  proven methods i n  c r i t i c a l  a c t i v i t i e s .  I n  the  

nuclear indust ry ,  the  ANSI  Standards and p a r t i c u l a r l y  the ANSI N-Standards 

have proven t o  be h i gh l y  acceptable and e f f e c t i v e .  . Adherence t o  o r  

app l i ca t i on  o f  a standard i n  the nuclear i ndus t r y  i s  genera l ly  enforced 

by promulgation o f  a Regulatory Guide by the Nuclear Regulatory Commission 

(NRC) t h a t  endorses the standard. This places an ob l iga t ion ,  on li'censees 

t o  adopt the  standard o r  develop equiva lent  .measures t h a t  are  acceptable 

t o  the NRC, and t o  requ i re '  i n  purchasing documents t h a t  l owe r - t i e r  

organizat ions.  a .1~0 conform t o  the standard. 

- ~ e s t i n g  requirements and procedures f o r  q u a l i t y  con t ro l  of the processing 

f a c i l i t y  (see Sect ion 5.3.3.5) should .be establ ished i n  ANSI N Standards. 

5.2.4 Development Object ives 

There i s  much work y e t  t o  be accomplished t o  develop and v e r i f y  design 

requirements f o r  the high- level  waste can is te r .  An essent ia l  p a r t  o f  

t h i s  development must be a coordinated e f f o r t  t h a t  w i l l :  

a. Request the ASME t o  extend the scope o f  Section I11 t o  inc lude 
' 

design and manufacture o f  h igh- leve l  waste can is ters .  
. . 

b. ~ d o ~ t  the  r u l e s  o f  Subsection ND (Class 3). of the ASME Code, 

Sect ion I 1 1  f o r  the canisters,  o r  c reate  a new Subsection NH t o  

estab l  i sh. an. adequate base1 i n e  o f  r u l e s  f o r  can i s te r  qua'l i ty . 

c. ( . I )  Adapt 10 CFR 50 (or 10 CFR 33, see Section 5.1) t o  cover a1 1' 

requirements common t o  any type of f a c i l i t y  l i censed t o  perform the 

Phase 1 a c t i v i t i e s  i n  Figure 3-1,. o r  



(2)  Create Federal regu la t ions t h a t  inc lude special 1  icense 

requirements f o r  f a c i l i t i e s  t h a t  perform Phase 1 a c t i v i t i e s ,  

inc lud ing  the p rov is ion  o f  Design Spec i f icat ions t o  Manufacturers 

f o r  product ion o f  h igh- level  waste can is ters  (see Figure 5-1). 

d. Develop ANSI N-standards f o r  the un ique  requirements i n  t he  Phase 1 : 
o r  2 a c t i v i t i e s  o f  Figure 3-1. 

e. . Develop Regulatory Guides t o  enforce conformance t o  the ASME Code 

and ANSI  N-Standards'.for requirements no t  enforced by Federal 

regulat ions.  

f . Develop Regulatory Guides (and, perhaps, ANSI  N-standards) t o  

estab l - i  sh acceptance c r i t e r i a  f o r  h igh- level  waste can is ters  a t  the 

. Federal reposi tory.  

5.2.5 Desiqn Development Output 

There are three options t o  be considered as the output o r  p o i n t  o f  

completion f o r  HLW can is te r  design development and design v e r i f i c a t i o n :  

1. Deta i led design documents f o r  use i .n de f in ing  and manufacturing 

one o r  more f ixed-design models o f  the canis ter .  

Design Spec i f icat ions (see ASME Code, NA-3250) . f o r  use i n  de ta i l ed  : 

design o f  can is ters  t h a t  r e f l e c t  the requirements f o r  one o r  more 

def ined HLW management systems. 

Design C r i t e r i a ,  v e r i f i e d  t o  be i n  compliance w i t h  Federal regu- 

l a t i o n s  .and codes and standards appl icab le  t o  HLW canis ters  manu- 

fac tu re  and use i n  the three phases o f  can is te r  appl icat ion,  and 

t h a t  provide s u f f i c i e n t  d e t a i l  from which t o  der i ve  can is te r  Design 

Spec i f icat ions f o r  a  particu1,ar HLW management system. 



Option No. 1 appears unl - i  ke ly . . to  be selected ,.. a.t 1 east . i n  the, foreseeable 
. . . . . .  . . . . . .  

future. . . Option NO.. 2 may event ia l ly :  . . .  . b e  . . selected;. . . . . . . bu t .  probably ? o t  u n t i l  

considerable HLM management . and disposal experience. . . has .been . . both 

by t h e ~ e d e r a l  and: t h e  p r i va te  organizations : i n  :.the system: , ~ h u s ,  i t  i s  

assumed tha t  ~ ~ t i o r i ' ~ o . '  3 w i i l  : b e  selected' f o r  i n i t i a l  app l ica t ion  and 

may remain the pr inc ipa l  basis for  some time. 

Appendix B o f  1Q CFR 50 and a1 1 standards, such as ANSI N45.2 and ANSI 

N45.2.11, tha t .  p o v i d e  c r i t e r i a  f o r  design c o n t r o l  requi re design 

v i r i f ' i c a t i o n .  Each document pennits design v e r i f i c a t i o n  by document 

review, a1 ternate calculat ions ,'lor. test ing, as appr.opriate t o  the 
. . 

pa r t i cu la r  case. However, there ' i s  also the question o f  when.design 

e'l ements ' f o r  the HLW cant ster should be vela-Wed. 

It i s  assumed'in t h i s  repor t  . that HLW canister Design C r i t e r i a  must be 

the keystone f o r  design con t ro l .  Then, as described i n  sect ion 5.3, 

Design. Speci f icat ions wi.1'1 be derived ,from the c r i t e r i a  and t rans lated 
. . 

i n t o .  deta i led des,ign documents for  use i n  .manufacturi,ng . 

<bes:ign v e r i f i c a t i o n  f o r  these a c t i v i t i e s  should be 1 imi ted t o  reviews 

and a1 ternate calculat ions t o  v e r i f y  that.design . information has been 

properly understood and correct ly . t rans lated.  

A1 1 design development and design ve r l f  i c a t i o n  of prototype canisters t o  

a prove the acceptabi'litjr o f  design..features and data.must be. performed t o  

establ i s h  the .HLN canis ter  design .c r i te r ia . !  ' I n  other words, a1 1. information 

accepted f o r  inc lus ion .  i n -  the ..HLW canister. design c r i t e r i a  must. have 
. . 

been previous1 v e r i f i e d  for. compl lance and dppl.icabi.i i ty. . .O.rgani zations 

such as fue l  reprocessing p lan ts ,  t ha t  w i l l  use :these c r i t e r i a  w i l l  not  
. . 

have appropriate fact1 i t i e s :  o r .  the backgr'ound data. necessary . fg r  des,ign 

v e r i f i c a t i o n  as;ociated.with design developent. . . 

, .. . . .- : . . .  
. . .. . 



5.2.7 . '  Design:Cri ter ia 
. . .  

As the keystone f o r  d e s i g n  control  , t h e  HLN can is te r .  Des,i.gn .Cr i ter i .a  
. .  . . . . . . . , . . .  . . . .  - . .  

must account for  the condit ionifmposedon.. . . 
. 

the. . .  canister..duci,ng each of 

the three phases of ~~~~~~~~~~use. :.:.These.. condit ions. A i l 1  i n c l u d e  both 
. . . .  . . ,  

, normal and accident .condit ions associated- wi.th: '. 

w 
Phase 1.-.Waste processi,ng faci l i ty.:design; processing, methods applied 

f o r  remote handling, 'decontamQnati.on, , inter im storage, and 

qua1 i t y  control  . . .  , 

Phase 2 . -  Transport condi t ions- t ransmi t ted . .  . through the shippi,ng cask 

t o  the HLW canister., such as thermal, gradients and trans- 

por ta t ion  v ib ra t ion  o r  the effects o f  incomplete support f o r  
: . . .  . I the canister.  . . 

Phase 3 - Acceptance c r i t e r i a  f o r  loaded can is te rs  a t  t heFedera l  

repository, hand1 ing 'methods on:.the sur.face and., underground. 

As design development and design*.ver i f icat ion:  progresses, t h e  work and 

resul  t s  should ;.be pub1 ished i n  ~ n c l a s s l f  i e d  repor ts . .  Proven. c r i t e r i a  

may then. be incorporated i n  Federal regulat ions f o r  special 1 icenses t o  

use.HLW canisters, the ASME Code for a p p l i c a t i o n ' i n  manufacturing and, 

as appropriate, i n  ANSI N-standard% enforced by :Regulatory ~ u i d e s  . 
. . . .  . . .  

5.3 - Manufacture .and '.Use ' o f  ' the '.HLW '.Canister 

. . 5.3,. 1 Scope 'and.:Status 

This sectiori. covers appl..ication. of.. the. HLW . . canister Deri.gn .Cr i . ter ia  

a f t e r  development and design: ve r i f i ca t i on  of prototype canisters have . .  . . .  

been completed. * ~ t '  :includes the. . p reparat ion . o f  spkci:f  i ca t ions  (see ASME 

code, NA-3250) .f& & m i s t e r  pfocuremen,t', manufhc&ing i ~ ' : ~ o m p l ' i i n c e '  

kith ,$et t ion 111,: bivis'i 'on 1 o f  the ASME Code, c a n l i t e r  1 oading, seal i,ng 
. . .  

and transport  under s p e c i d l ' l  lcenses; and f ina l .  disposal . a t  the ~ e d e r a l  

repository. ' 



Most o f  the requirements and gu ide l ines f o r  HLW can is te r  manufacture and 

use w i l l  de r i ve  from the development work covered i n  Section 3.6 and 5.2 

o f  t h i s  repor t .  The codes and standards t h a t  may be app l ied  o r  made 

appl icab le  t o  can is te r  manufacture and use inc lude  those i n  Table 5-3, 

as we1 1 as those i n  Tables 5-1A, 5-lB, and 5-1 C and the codes as presented 

i n  Table 5-2, which are r e l a t e d  t o  f a b r i c a t i o n  and t es t i ng .  

5.3.2 Proposed Control System 

The con t ro l  system f o r  manufacture and use o f  HLW canis ters  t h a t  i s  

proposOd b y  nuclear Services Corporation i s  o u t l i n e d  i n  Figure 5-1 and 

discussed i n  Sections 5.1 and 5.2. The proposed system may be summarized 
. . 

as fo l lows:  

a. HLW can i s te r  design c r i t e r . i a  - Documented poss ib ly  i n  ANSI N- 

Standards . 

b. Design Spec i f i ca t ions  f o r  can i s te r  procurement - To be der ived from 
- t he  HLW can i s te r  Design C r i t e r i a  and t o  be i n  compliance w i t h  the  

spec i f i ed  subsection i n  the  ASME Code, i.e., Subsection ND o r  NH. 

Canister  procurement i s  assumed t o  be' the r e s p o n s i b i l i t y  o f  the  

f u e l  reprocessing p l a n t  or. o ther  l icensed, waste processing f a c i l i t y .  

c. Canister  manufacture - Required by the Design Spec i f ica t ions t o  be 

i n  compliance w i t h  the spec i f i ed  subsection i n  the ASME Code, 

.' Sect ion f I S ,  D i v i s i on  1. and t o  be perforrr~ed by a manufacturer 

'ho ld ing an appropr iate ASME C e r t i f i c a t e  o f  Author izat ion.  N- 

stamping each can is te r  i s  recommended. 



d. Phase 1 use of the canister (see Figure 3-1) - ~equired by Federal 

regulations to be performed under a special license, or by Regu- 

latory Guides that obligate the fuel reprocessing plant or other 
licensed, waste processing facility to employ specified processes, 

qua1 i ty control , canister hand1 ing procedures, and other measures 
to ensure public health and safety. 

e. 'Phase 2'use'of'the canister - Required to control operations as 
stated in d. above. The FRP will obtain a special license for the 
shipping package that contains loaded canisters per 10 CFR 71 and 

to control transport of'this package to the Federal repository per 

.49 CFR 173. 

f. Phase 3 use o f  the canister - As required by the ~e~artment of 

Energy for operation of the Federal repository which (itis rec- 
ommended) includes acceptance criteria for loaded canisters trans- 

ported to the Federal facility. 

5.3.3 App1,ication of the System 

When the HLW canister Design Criteria have been established and the 
: proposed control system implemented, canister manufacture and use will 

proceed as follows. 

5.3.3.1 ' The fuel reprocessing plant (FRPJ* will derive De~ign Speci- 
fications from the Design Criteria for use in canister procurements. 

Prior to use in procurement, the Design Specifications will be required 

to be reviewed to ensure that criteria have been fully and correctly 
applied. This is a form of design verification. 

5.3.3.2 The canister. manufacturer will translate the Design Specifications 

into deGi  1 ed design documents for use in manufacturing, as prescribed 
in his 9A program. prior to use, these design documents will be required 

to be reviewed -to ensure that specifications have 'been fully and correctly 

applied. This, too, is a form of design verification. 

*or 'other 1 icensed, waste processing faci I i ty throughout this section. 



5 . 3 . 3 . 3  The can is te r  manufacturer w i l l  p lan and con t ro l  manufacturing, 

i nc lud ing  procurement o f  mater ia l ,  items, and services., i n  accordance 

w i t h  h i s  QA program. Manufacturing con t ro ls  w i l l  inc lude:  

Fabr i ca t ion  per documented plans, 

Performance o f  special  processes per wr i t ten ,  q u a l i f i e d  procedures 

and by qual i f  i e d  personnel , 
Performance and documentation o f  inprocess qual i ty  con t ro l  , e .g . , 
inspect ions,  witnessing, and tes t ing ,  

.Independent.inspectDons and document reviews by an Authorized 

Nuclear Inspector (ANI) , 
Performance o f  f i n a l  inspect ion and pressure tes t ing ,  witnessed by 

the  ANI, 

Preparat ion of Data Reports and c e r t i f i c a t i o n  by the ANI., 

M-stamping each HLW canis ter ,  i f  required, 

Shipment o f  completed can is ters  and documentary evidence o f  q u a l i t y  

t o  the  FRP. 

5 . 3 . 3 . 4  The FRP w i l l  convert  the hig.h-level l i q u i d  waste i n t o  an. 

acceptable dry ,  so l  i d  form,. and load t h i s  sol  i d  waste i n t o  can is ters .  

The conversion and load ing may- b e  separate steps o r  combined. As d i s -  

cussed i n  Section 5.1.6, prov is ions should be included t o  v e r i f y  t h a t  

the  chemical composition o f  the  d r y  was& form meets acceptance c r i t e r i a  
t o  ensure c o m p a t i b i l i t y  between the waste and can is ter .  Waste should be 

stabi.1 i zed  pr-ioi* t o  placement i ,n  the  can i s te r  o r  sca l ing  the can is ter .  

5.3.3.5 The FRP w i l l  seal the can is ter ,  by mechanical means, welding, 

o r  both, t o  form a h i gh - i n teg r i t y  containment b a r r i e r  f o r  the high- level  

waste. P r i o r  t o  sea l ing i t  must be ver i f i ed ,  by measuring the r a t e  o f  

gas evo lu t ion  o r  o ther  means, t h a t  any gases released by the waste w i l l  

be w i t h i n  speci f ied l i m i t s  so as no t  t o  exceed maximum design pressure 

o f  the can is ter .  Af ter  seal ing, can is ters  must be leak-tested, by the .. - 
use of a  hel ium leak detector  o r  o ther  means, t o  ensure t h a t  rad ioac t i ve  

const i tuents  i n  the waste cannot be released t o  a i r  o r  water i n  con- 

cen t ra t lons  exceeding those spec i f i ed  i n  10 CFR 20. 



Sealed HLW can is te rs  must be tes ted  fo r  removable surface contamination, 

by swipe-tests o r  o the r  means, t o  ensure t h a t  acceptance c r i t e r i a  a t  the 

FRP, f o r  i n s e r t i o n  i n t o  the  shipping cask, and f o r  acceptance a t  t he  

Federal r epos i t o r y  a re  met. I f  excess contamination i s  detected, the  

can i s t e r  should be decontaminated before any f u r t h e r  hand1 i n g  i s  permit ted.  

5.3.3.6 The FRP' w i l l  ob ta in  a  spec ia l  l i cense  f o r  the  shipping package 

cons is t ing  of the shipping cask, i n t e r n a l  can i s t e r  supports and loaded, 

sealed can is ters .  The spec ia l  1  icense w i  11 be. obtained from the Nuclear 

Regulatory Commission on the  basis o f  an ana lys is  o f  t he  c a p a b i l i t y  o f  

the  package t o  w i ths tand the  Appendix A and B cond i t ions and o ther  

load ing cond i t ions as prescr ibed i n  10 CFR 71. 

5.3.3.7  h he FRP w i l l  i d e n t i f y  the  shippi.,ng package, n o t i f y  the consignee 

[Federal repos i to ry )  and arrange f o r  t r anspo r t  i n  accordance w i t h  49 

CFR 173. 

. . 
5.3.3.8 The Federal r epos i t o r y  w i l l  probably conduct r ece i v i ng  inspec t ion  

o f  1  oaded can is te rs  t o  ensure compl iance w i t h  acceptance c r i t e r i a  imposed 

by t he  repos i to ry .  Accepted can is te rs  w i l l  be handled w. i th in the 

. . Federal r epos i t o r y  f a c i  1  i t y  and placed i n  underground medi a  f o r  d i  sposal , 
i n  accordance w i t h  r u l e s  t o  be generated by the Department o f  Energy. 



TABLE 5-2 
CODES-A3D STANDARDS ' 

CANISTER DEVELOPMENT AND DESIGN VERIFICATION 

CODE, STANDARD OR REGULATION APPLICABLE PARAGRAPH DESCRIPTION OF REV I S  IONS COMMENTS ON 
(CSR ) OF DOCUMENT NEEDED I N  CSF DOCUMENTS REVIEWED 

Reg. Guide 1 .26, Qua1 i ty Group P . l l  (2 )  New CSR required. Include For nuclear power p lants .  However, 
C lass i f i ca t ions  and Standards appl i cabi 1 i t y  t o  HLW i t  is 'cons idered t h i s  could be appl ied 
f o r  Water-Steam, and .. . - . . . . . canister .  t o  can is ters .  Gives guidance on code 
~ a d i o a c t i  ve-waste-~ontai  ning" c l a s s i f i c a t i o n  o f  components. 
Components o f  Nucl ear Power ). 

Imp1 i e s  can is te r  would be i n  q u a l i t y  
Plants (Rev. 3, 2/76) ' standard Group C (ASME Sec. 11 I, 

Class 3). 

Reg. Guide 1.31 Control o f  A l l  
F e r r i  t e  Content i n  S ta i  n l  ess 
Steel Weld Metal 

Reg. Guide 1.50 Control o f  
Preheat Temperature f o r  
Welding o f  Low A l l o y  Steel 

10 CFR 50 Appendix B requ i res  t h a t  
measures be establ ished t o  ensure. 
mate r ia l s  con t ro l ,  special  processes 
(such as welding) con t ro l ,  and proper 
t e s t i n g  performance. This guide des- 
c r ibes  a method acceptable t o  the NRC 
s t a f f  f o r  implementing these requ i re-  
ments w i t h  regard t o  t he  con t ro l  o f  
welding i n  f a b r i c a t i n g  and : j o i n i ng  
austeni t i c  s t a i n l ess  s tee l  components 
and systems. 

NA This guide describes an acceptable 
method o f  implementing the 10 CFR 50 
Appendix B requirement t h a t  measures 
be establ ished t o  assure con t ro l  o f  
mate r ia l s  and o f  special  processes 
such as welding and t h a t  proper process 
moni tor ing be performed, w i t h  regard 
t o  the  con t ro l  o f  welding f o r  low-a l loy  
s tee l  components dur ing i n i t i a l  
fab r i ca t ion .  

, NOTES : 

(1 ) Ful  l y  Appl i cab1 e 
(2) P a r t i a l l y  Appl i cab le  
NA, 'Not Appl icab le  



.... TABLE 5-2 ( ~ o n t )  

CODE, STANDARD OR REGULATION APPLICABLE PARAGRAPH DESCRIPTION OF REV ISIONS COMMENTS ON 
(CSR) OF DOCUMENT NEEDED I N  CSR DOCUMENTS REV1 EWED 

Reg. Guide 3.28 Welder 
Q u a l i f i c a t i o n  f o r  Welding 
i n  Areas o f  L imi ted 
Accessi b i  1 i ty i n  Fuel 
Reprocessing Plants and i n  
Plutonium Processing and 
Fuel Fabr icat ion Plants 

Reg. Guide 3.29 Preheat and Al' 1 
Interpass Temperature 
Control f o r  the We1 ding o f  
Low-Alloy Steel f o r  Use i n  
Fuel Reprocessing P l  ants and 
i n  Plutonium Processing and 

V1 Fuel Fabr icat ion Plants 
N 
V1 
' .. 

Reg. Guide 3.36 Nondestruc- 
t i v e  Examination o f  Tubular 
Products f o r  Use i n  Fuel 
Reprocessing Plants and i n  
P l  u ton i  um Processing and 
Fuel Fabr icat ion Plants 

This document i s  s i m i l a r  t o  Reg. Guide 
1.71 and' could apply t o  the seal weld 
o f  the f i l l e d  can is te r  a t  the f u e l  
reprocessing p l a n t  and t o  the seal: 
weld o f  the overpack d f  one i s  used. 

This guide describes a method 
acceptable t o  the  NRC s t a f f  f o r  
meeting the requirements o f  10 CFR 50 
Appendix B and 10 CFR 70 Paragraphs 
70.22(f) and 70.23(b) w i t h  regard t o  
the con t ro l  o f  welding o f  low-a1 l o y  
s tee l  components f o r  f u e l  reprocessing 
p lan ts  and f o r  plutonium processing 
and f u e l .  f a b r i c a t i o n  p lants .  This 
document cou ld  apply t o  the can is te r  
as p a r t  o f  the f u e l  reprocessing p lant .  

This guide describes a method acceptable 
t o  t h e  NRC s t a f f  f o r  meeting the 
requirements o f  10 CFR 50 Appendix B 
and 10 CFR 70 Paragraphs 70.22(f) and 
70.23(b) w i t h  regard t o  speci fy ing,  i n  
the  i n t e r e s t  o f  standardizat ion,  
procedures acceptable t o  the NRC s t a f f  
f o r  the nondestruct ive examination o f  
h i gh - i n teg r i t y  tubu la r  products. 

NOTES: . . 

(1 ) Ful  l y  h p ~ l i c a b l e  
(2) P a r t i a l l y  Appl i cab le  
NA Not Appl icab le  



-. . .,' 
TABLE 5-2 (Cont) 

CODE, STANDARD OR REGULATION APPLICABLE PARAGRaPH DESCRIPTION OF REVISIONS COlvaJlENTS ON 
(CSR) OF DOCUMENT NEEDED I N  CSR DOCUMENTS . REV I EWED 

Reg. Guide 3.37, Guidance f o r  C2 through C7 (2) 
Avoiding In tergranul  a r  
Corrosion and Stress Corrosion 
i n  Aus ten i t i c  Sta in less Steel 
Components o f  Fuel Reproces- 
s ing P lan t s .  

Reg. Guide 7.6 Stress A1 1 
Allowables f o r  the Design 
o f  Shipping Cask 
Containment Vessels 

ul 
I 

R) 
QI 

NOTES : 
(1 ) F u l l  y Appl i cab1 e 
(2) P a r t i a l l y  Appl i cab le  
NA Not Appl icab le  

N A provides guidance on qua1 i f i c a t i o n  
t e s t i n g  and o ther  guidance f o r  
avoiding i ntegranul a r  cor ros ion and 
s t ress cor ros ion i n  a u s t e n i t i c  s t a i n -  
less  s tee l  components o f  f u e l  
reprocessi ng p lants .  

Precludes the  use o f  sens i t i zed  s tee l  
components. 

Provide s t ress al lowables f o r  the 
design o f  shipping cask containment 
vessels. , 

Reg. Guide 7.6 s ta tes t h a t  there a re  
no design standards f o r  eva luat ion o f  
the s t r uc tu ra l  i n t e g r i t y  o f  cask 
conta i  nment vessel s . Therefore, the 
s t a f f  has adapted por t ions  o f  Sect ion 
I11 o f  the ASME Code t o  form acceptable 
design c r i t e r i a .  

Normal condi t ions + serv ice l i m i t  A 
(as adapted) 

Accident condi t ions serv ice l i m i t  D ' 

(as adapted) 

NOTE: Containment vessel i s  def ined - 
as the receptacle on which 
p r i n c i p l e  re1  iance i s  placed 
t o  r e t a i n  the rad ioac t i ve  
mater ia l  dur ing shipment. 

Does no t  a l low buckl ing; accident 
r esu l t an t  primary membrane. stresses 
must be maintained below the  lesser .  
o f  2.4 Sm o r  .7 Su; membrane p lus  
bending must be less  thah 3.6 Sm and 
Su . 



I . . TABLE 5-2 (Cant) 

CODE, STANDARD OR REGULATION APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS COfrIMENTS ON . . 

(CSR) OF DOCUMENT NEEDED IN CSR DOCUMENTS. REVIEWED ' 

Reg. Guide 7.8 Load ~ombina- .A1 1 . ' :' FIA Load combinations f o r  the s t r u c t u r a l  
t i ons  f o r  the4 S t ruc th ra l  ana lys is  o f  shipping casks. 

:Analysis. o f  Shipping Casks A copy .o f  the suggested load combina- 
t i o n s  f o r  normal and accident condi t ion:  

. . o f  t ranspor t  i s  provided. 

ASMI BPV-I 11-1 -ND, Nuclear (See below) . I f  the . can i s te r  ' i s  designed as an 
Power. P lan t  Components, ASME Class 3.component, then t h i s  

' 

Class 3 Subsection NO appl ies.  . (See remarks 
under Reg. Guide.1.26 i n  t h i s  com- 
pi lat ion. .  ) ' 

UI 
I 
n, 

Mater ia l  
w .  

NOTES : 

(1 ) Ful  ly  Appl i c a b l  e 
(2) P a r t i a l l y  A 
NA Not Appl ica  

N A Includes var ious t e s t s  requ i red f o r  
mate r ia l s  o f  components, bu t  does n d t  
apply t o  the design o f  a s p e c i f i c  item. 

Revi sed CSR.'.requi red. 
Depending upon the f i n a l  
process. evol ved f o r  
f i l l i n g  the can is ter ,  i t  
may become.necessary t o  , 
rev ise  t h i s  a r t i c l e  t o  
i n c l  ude treatment o f  
design and. t e s t i h g  en- 
t a i  1 i ng .the process 
temperatures involved. 
More l i k e l y ,  a spec i f i c  
Code Case could be w r i t t e n  
f o r  t h i s  i f  an ex is t i ,ng 
one does no t  cover the 
process t h a t  w i l l  be 
evolved. (See discussion 
o f  ASME Code Cases N-47 
through. N- 50 below. ) 

Appl ies t o  components t h a t  are  intended 
f o r  use a t  temperatures no t  greater  
than given i n  Tables 1-7.0 and 1-8.0 
Appendix I. This i s  no t  incons is ten t  
w i t h  the 350°C (662OF) assumed as 
equ i l i b r i um  can i s te r  temperature dur ing  
e a r l y  storage period, bu t  some o f  pro- 
posed can i s te r  f i 11 i ng processes w i  11. 
e n t a i l  temperatures i n  excess o f  those 
given i n  the  Tables. 



TABLE 5-2 (Cont) 

CODE, STANDARD OR REGULATION APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS COMMENTS ON 
.(CSR) OF DOCUMENT NEEDED IN CSR DOCUMENTS.REVIEWED 

ASME BPV-111-1-ND, Nuclear 
Power Plant Components, 
Class 3 (Cont) 

Design (Cent) ND-3131.2 (1 ) 

.. .. 
'Fabrication r-.; . ' .  (1 1 

.. ND-4000 . 

c a l l s  fo r  proof t e s t s  t o  establ ish 
maximum allowable pressure i f  design 
cannot be adequately determined by 
rules  given f o r  analysis. (See ND-6900.) 

Depends on welding Art icle  ND 4000 t i t l e d  "Fabrication and 
process used. Instal  la t ion" contains subsection 

ND-4100 General Requirements covering 
acquisition of acceptable material f o r  
fabrication; Subsection ND-4200 
"Forming, F i t t ing ,  and Aligning", 
covering material cut t ing,  forming, and 
binding; forming tolerances, f i t t i n g  
and aligning of parts ,  requirements 
f o r  welded joints  i n  components, and 
welding end t ransi t ions;  subsection 
ND-4300 We1 di ng Qua1 i f ica t ions  covering 
types of processes permitted, welding 
qual if icat ions,  records, and identifying 
stamps, and general requirements f o r  
welding procedure qua1 i f i ca t ion  t e s t s  ; 
Subsection ND-4400 rules governing 
making, examining, and repairing welds; 

\ Subsection ND-4500 brazing; Subsection 
ND-4600 heat treatment including welding 
preheat and postweld heat treatment; 
Subsection ND-4700 mechanical jo in ts  
and ~ u b s e c t i  on ND-4800 expansion jo in ts .  

MOTES : 
(1 ) Ful l y  Appl icable 
( 2 )  P a r t i a l l y  Appl icable 
NA Uot Applicable 



TABLE 5-2 (Cont) 

CODE, STANDARD OR REGULATION APPLICABLE PARAGRAPH DESCRIPTION OF REV ISIONS COMMENTS ON 
(CSR) OF DOCUMENT NEEDED I N  CSR DOCUMENTS REV I EWED 

ASME BPV-I 11-1 -ND Nuclear 
Power P lant  Components, 
Class 3 (Cont) 

Examination 

Test ing 

. . . . . . . . .  ,.:, 

. . . . .  

~ r o t k c i i i n  Against  
Overpressure 

, 
ND-5000 
I n  ND-5200 t h r u  
ND5242 .It depends upon 
category chosen. A1 1 
the  r e s t  except para- 

. . . .  
'.graphs :..:i . : . -.- 
ND-5260, ND-5272, ND-5274 
ND-5276, ND-5280 
t hru ND- 5283.7 
ND-5700 and ND-5720 

Nameplates, Stamping ND-8000 (1 
and Reports 

NDE requirements i n  a d d i t i o n  t o .  those 
l i s t e d  i n  Section V. 

N A Gives requirements and procedures f o r  
pressure t e s t i n g  o f  components f o r  
usual and spec ia l  s i tua t ions .  

N A Gives requirements f o r  p ro tec t i on  
aga ins t  overpressure and f o r  t e s t i n g  
pressure r e l i e v i n g  devices. However, 
i t  i s  considered undesirable t o  have 
any such device on the  HLW can is te r .  ' 

NOTES : 

(1) F u l l y  App l icab le  
(2) P a r t i a l l y  App l icab le  
NA Not App l i cab le  



TABLE 5-2 (Cont) , 

CODE, STANDARD OR REGULATION APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS COFiENTS ON 
(CSR) OF DOCUMENT NEEDED I N  CSR DOCUMENTS REVIEWED 

ASME BPV-III-1-A, Nuclear A r t i c l e  11-1000 (1 1 N A Provides r u l e s  f o r  substant ia t ing,  by 
Power Pl  an t  Components,. experimental s t ress  ana lys is  , the 
Appendices c r i t i c a l  o r  governing s t ress i n  pa r t s  

fo r  which theore t i ca l  s t ress ana lys i  s 
i s  inadequate o r  f o r  which design r u l e s  
are  unavai 1 a b l  e. 

ASME Code Case 47, Class 1 (2)  Revised CSR requ i  red. Provides guidance f o r  design and 
Components i n  E l  evated Depending upon the process . t e s t i n g  o f  Class 1 components f o r  
Temperature Service and serv ice temperatures elevated temperature service. Can be 

. involved i n  the  f i l l j n g  appl i e d  t o  Class 3 components. 
and sea l ing process f o r  the 
HLW canister ,  . t h i s  Code 
Case may 'provide adequate . U1 

I 
w guidance f o r  the can is te r  
o design and tes t ing .  I f  

not, i t  should be nod i f i ed  
as necessary t o  cower the  
can is te r  case. 

ASME Code Case 48, 
Fabr i ca t ion  and I n s t a l l a t i o n  
o f  Elevated Temperature 
Components 

Gives pressure t e s t i n g  1 i m i  tat io 'ns.  

Provides r u l e s  f o r  f a b r i c a t i o n  and 
i n s t a l l a t i o n  o f  ASME Section 111, 
.Class 1 (and therefore  C,.l.ass 3) e le-  
vated temperature components, i nc l ud ing  
var ious mate r ia l s  q u a l i f i c a t i o n  t es t i ng .  

. NOTES : 

(1 ) Ful  l y  P,ppl icab l 'e  
(2) P a r t i a l  l y  Appl i c a b l e  
MA Not Appl icab le  



TABLE 5-2 (Cont) 

CODE, STANDARD OR REGULATION APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS COlvlMENTS ON 
(CSR) OF DOCUNENT NEEDED I N  CSR DOCUMENTS REV1 EWED 

. ASME Code Case 49, 
Examination o f  Elevated 
Temperature ,Nuclear Components 

Refers t o  nondestruct ive examination 
o f  Section 111, Class 1 (and therefore  
C1.ass 3) elevated temperature components 
Does no t  .apply t o  design v e r i f i c a t i o n .  

ASME Code Case 50, Test ing o f  61 1 7(2)  Revi sed CSR requ i red Gives r u l e s  f o r  t e s t i n g  o f  c losure 
El evated Temperature 61 18 t o  permit  t e s t i n g  a t  welds, spec ia l l y  designed welded 
Components 6209 temperatures which exceed seal s , and hydros ta t i c  t e s t s  a t  

those f o r  which Sm values elevated temperatures dur ing the 
a re  l'isted i n  Table 1-1.0 const ruct ion o f  Section 111, Class 1 
However, such t es t j ng  a t  (and therefore  Class 3) e lcvated 
serv ice temperature would temperature components. 
on ly  be needed i f  sa t i s -  

V1 
fac tory  design v e r i f i c a t i o n  

I 
W 

could no t  be achieved 
d ana l y t i ca l  Jy o r  by extrapo- 

l a t i o n  o f  ambient tempera- 
t u r e  tes t ing.  

ANSI ~14.5 - 1974, Leakage 6.2 (1 
Tests on Packages f o r  Shipment 
o f  Radioactive Mater ia ls  

Gives 1 eakage t e s t  requirements f o r  
design v e r i f i c a t i o n ,  permissib le 
leakage, and suggested t e s t  methods. 

->, . .  . .. . 
ANSI N101.3 - 1973, Guide t o  '.-... , .  New @R requ i red :. . provides guidance i n  the preparat ion 

. ., . 

P r inc ipa l  Design C r i t e r i a  f o r  - . ,. ': S im i la r  docume,nt. ..:i; o f  General Design C r i t e r i a  (GDC) f o r  
Nuclear Reprocessing Faci 1 i t i e s  special 1 y f o r  HLW nuclear f ue l  reprocessing f a c i  1 i ti es. 

can3 ster; 
. . 

, . .  . :. , .. .. . -. .. . ,... . ',;. 1.F ' . , " , , . .1 .:'- . '. . .  . 
;. , ,, ,.; ' , . ","" " , . . I t . . ,  . . .  

. .. . . ' f , , , ' . "  . ' . . . .  ; . . 
. . .. . . .. . 

. NOTES : 

(1 ) Ful  l y  Appl i c a b l  e 
(2) P a r t i a l l y  Appl i c a b l e  
NA Not Appl icab le  



TABLE 5-2 (Cont) 

. 'CODE, STANDARD OR REGULATION APPLICABLE PARAGRAPH DESCR'PTION OF REVISIONS COMMENTS ON 
OF DOCUMENT NEEDED IN CSR DOCUMENTS.REVIEWED {CSR) 

ANSI N145-1973 E f fec ts  o f  
High-Energy Radiat ion on the  
Mechanical Propert ies o f  
Metal 1  i c  Mater ia l  s  

ANSI N305-1975, Design 
Object ives f o r  H igh ly  Radio- 
Ac t i ve  S o l i d  Mater ia l  Hand1 i n g  
and Storage Faci 1  i t i e s  i n  a  
Reprocessing Pl  an t  

?" ASTM E 8-1972 Tension Testing 
o f  M e t a l l i c  Mate r ia l s  

ASTM E 184-62 (1 968) E f fec ts  
o f  High-Energy Radiat ion on 
the Mechanical Propert ies o f  
Metal 1  i c Mater ia l  s, Standard 
Rec. Prac t i ce  f o r  ' 

ASTM E208-69 (1 975 ) Conducting 
Drop-Weight Test t o  Determine 
N i l - d u c t i l  i t y  T rans i t i on  
Temperature o f  F e r r i  t i c  Steel s  

A1 1  HA None 

A l l  

A1 1  

New CSR required. I n c l  ude Defines design ob jec t i ves  r e l a t e d  t o  
design object ives,  c r i t e r i a  Saci 1 i t i e s  f o r  the hand1 i ng  and 
and v e r i f i c a t i o n  requ i re-  .. .?storage o f  h i gh l y  rad ioac t i ve  
ments f o r  HLW canis ter .  mate r ia l s  i n  s o l i d  form. However, 

t h i s  reference does n o t  t re.at  design 
ver i f ica t ion. .  

None 

None 

None 

NOTES : 

(1 ) Fu l  l y  Appl 1 cab1 e 
(2) P a r t i a l l y  Appl i c a b l e  
NA Not Appl icab le  



TABLE 5-2' (Cont) 

CODE, STANDARD OR REGULATION APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS COMIENTS ON 
(CSR) OF DOCUMENT NEEDED I N  CSR DOCUFlENTS REVIEWED 

. . 

ASTM A 262-75 Suscepti b l l  i ty A1 1 NA. None 
t o  In tergranular  At tack i n  
Stain1 ess Steels, Standard 
Rec. Pract ices f o r  Detecting 

NOTES : 
(1 ) Ful l y  Appl i c a b l  e 
(2) P a r t i a l l y  Appl i cab le  
NA lffot Appl icab le  



TABLE 5-3 
CODES AND STANDARDS 

CANISTER MANUFACTURE AND USE 

CODE, STANDARD OR REGULATION APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS COMMENTS ON 
(CSR) OF DCCUMENT NEEDED I N  CSR DOCUMENTS.REVIEWED 

deg . Guide 1.71 We1 der 
~ u a l f f i c a t i o n  f o r  Areas of 
L imi  tjed Accessi b i  1 i ty  

ASME BPV-I1 Mater ia l  A ,C 
Speci f ica t ions 

VI 
I 

% ASME BPV-V Nondestrtictive Depends on method 
Exami na t ion  used 

ASME BPV-IX Welding and Depends on welding 
Brazing Q u a l i f i c a t i o n s  process used. 

ANSI N45.2.11-I974 6(1 ) 

This regu la to ry  guide describes 
qual i f i c a t i o n  and requal i f i c a t i o n  
requ i red when the welders physical  
and v isua l  accessi b i  1 i ty . t o  a weld 
are res t r i c t ed .  

Appl icable t o  order ing o f  can i s te r  
raw mater i  a1 . 
Par t  A Ferrous Mater i  a1 s 
P a r t  C Welding Rods, Electrodes and 
F i l l e r  Metals 
Appl icable par ts  dependent on choice 
o f  can is te r  mate r ia l .  

Section I X  o f  the Code wou'ld be used 
as the qual i f i c a t i o n  standard f o r  
welding and brazing procedures, 
welders, brazers, and welding and 
brazing operators.'. ' 

.... :. . 
. . 

Establ ishes de ta i l ed  requirements f o r  
design v e r i f i c a t i o n .  Possibly use fu l  
t o  FRP i n  w r i t i n g  design spec i f i ca t i ons  
f o r  can is ter .  

, NOTES : 
(1 ) Ful l y  Appl i c a b l  e 
(2) P a r t i a l l y  Appl i c a b l e  
NA flot Appl icab le  



TABLE 5-3 (Cont) 

CODE, STANDARD OR REGULATIOH APPLICABLE PARAGRAPH DESCRIPTION OF REVISIONS COFIMENTS ON 
(CSR) OF DOCUMENT NEEDED I N  CSR DOCUMENTS REVIEWED 

ANSI 945.2.1 3-1974, QA 10.3.1 (2) Revision i n  CSR required.  Treats procurement o f  i terns and 
Requirements f o r  Control o f  10.3.3 Include mention o f  f u e l  includes design v e r i f i c a t i o n  by 
Procurement o f  Items and A.4.d reprocessing and waste supp l ie r  and qua1 i f  i cat ion  t e s t i n g  
Services f o r  Nuclear Power management f a c i l i t i e s .  and acceptance t e s t i n g  a t  source. 
P lants  Possibly usefu l  t o  FRP f o r  processing 

o f  can is te r .  

ASNDT 

SNT-TE- 1 A- 1 97,s Recommended A1 1 
Prac t i ce  f o r  Nondestructive 
Test ing Personnel Qua1 i f i c a -  
t i o n  and C e r t i f i c a t l o n  

ul 
I 
0 
ul 

NOTES:: 

(1 ) F u l l y  Appl icab le  
(2)  P a r t i a l l y  Appl i c a b l e  
NA Not Appl icab le  



6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Licensing and Regulatory Guides 

E x i s t i n g  Federal regu la t ions provide a  basis f o r  l i cens ing  and con t ro l  

o f  h igh- leve l  waste (HLW) management. Appendix F  o f  10 CFR 50 c l e a r l y  

def ines the o v e r a l l  HLW management po l i c y .  However, there i s  a  need fo r  

f u r t h e r  development o f  spec i f i c  regu la to ry  requirements and acceptance 

c r i t e r i a  . For example, i t  i s  recommended t h a t  requ i  reinents be estab l  i shed 

f o r  a  special  l icense, o r  requirements be made ob l i ga to r y  through 

Regulatory Guides t o  : 

a. Develop Des4gn C r i t e r i a  t h a t  are  based on r e a l i s t i c  and cos t  e f f e c t i v e  

t r adeo f f s  between can is te r  des,ign and mater ia ls,  and the environments 

f o r  which the  can is te r  i s  exposed dur ing i t s  three phases o f  use. 

These -Design C r i t e r i a  should de l ineate  ove ra l l  object ives,  func t iona l  

requirements, and acceptance c r i t e r i a  fo r  the var ious HLW management 

opt ions.  

b. Develop a  de ta i l ed  Design Spec i f i ca t i on  f o r  design and f a b r i c a t i o n  

o f  the HLW canis ter ,  which implements the requirements o f  the 

Design C r i t e r i a  f o r  a  s p e c i f i c  HLW Management System. 

c. Require t h a t  HLW canis ters  be manufactured i n  accordance w i t h  the  

ASME Code Section 111, D i v i s i on  1, r u l e s  f o r  e i t h e r  Code Class 3 

vessels o r  i n  accordance w i t h  a  new Code Section I11 subsection t o  

be developed. 

.d. Control the  s o l i d i f i c a t i o n  procedure f o r  the HL wasteand s t a b i l i z e  

t he  waste which i s  placed i n  the HLW canister ,  t o  comply w i t h  

requiyements o f  '10 CFR 50, Appendix F. This w i l l  r equ i re  the 

appl i c a t i o n  o f '  v e r i f i e d  processes a n d  processing t o  estab l  i shed 

acceptance c r i t e r i a .  

e. Control the  seal welding fo r  the HLW canis ters  i n  accordance w i t h  

q u a l i f i e d  procedures, inc lud ing  v e r i f i c a t i o n  t h a t  acceptance 

c r i t e r i a  have been met. 



:, I f  i s  f u r t h e r  recommended t h a t .  ..the Department o f  Energy es tab l i sh  

acceptance c r i t e r i a '  f o r  HLW can is te rs  a t  t h e  Federal r epos i t o r y  

which w i l l  be r e f l e c t e d  back i n t o  the can i s te r  design c r i t e r i a .  

6.2 Codes 

It has been concluded t h a t  the can i s te r  should be designed as a  pressure 

vessel w i t h  no prov is ions f o r  overpressure p ro tec t i on  devices such as 
. .  . 

r e l i e f  .valves o r  rup tu re  discs. Since the can i s te r  i s  t o  be no t  on l y  a  

pressure vessel 'but a l so  a  container o f  rad ioac t i ve  materi-a1 , i t  i s  

cbncluded . that  ASME Code, Section 111, D i v i s i o n  1  r u l e s  are the most 

appropr iate f o r  de ta i l ed  design and manufacture o f  the can is ter .  

Code Class 3 r u l es  (Subsection ND) provide f o r  acceptable can is te r  

qua l i t y .  However, i t  may prove advantageous t o  es tab l i sh  a  new Sub- 

sect ion NH spec i f  i c a l  iy f o r  -HLW canis ters  t h a t  inc lude  the general Code 

Class 3  ru les,  and a lso  requirements r e f l e c t i n g  the  unique condi t ions,  

processes and acceptance c r i t e r i a  from the three phases o f  can i s te r  

app l i ca t ion .  I t  i s  recommended t h a t  the se lec t i on  o f  Subsection ND o r  

NH be deferred u n t i l  l a t e r  i n  the Rockwell Hanford Operations Pro jec t .  

6.3 Standards 

From t h i s  study a  determination was made t h a t  a  l i m i t e d  number o f  

e x i s t i n g  standards o f  the type, ANSI N, are pe r t i nen t  t o  can i s te r  

design, manufacture, and tes t ing .  However, i t  i s  recommended t h a t  ANSI  

N-Standards, s p e c i f i c a l l y  addressed t o  aspects o f  can i s te r  design, 

appl i c a t i o n  and qua1 i ty con t ro l  , and acceptance f o r  d isposal  , be generated 

and enforced by appropr iate Regulatory Guides. 

6.4 Desiqn C r i t e r i a  

I n  considerat ion o f  the p o t e n t i a l  output  opti.ons a t  the  Rockwell Hanford 

Operations P ro jec t  f o r  completion of HLW can is te r  design development and 

design v e r i f i c a t i o n ,  estab1.i shment o f  .Design C r i t e r i a  i s recommended t o  

be the f i r s t  s t ep .  These Design c r i t e r i a  must be the  keystone fo r  

cani s t e r  design i npu t  and con t ro l .  



It i s  recommended t h a t  the can is te r  Design C r i t e r i a  represent the  

cons t ra in ts  app l i cab le  t o  the can is te r  r e s u l t i n g  from r e a l i s t i c  t r adeo f f s  

between.canister design and requirements f o r  (1)  the waste processing 

f a c i  1 i ty, can is te r  loading, and i n t e r i m  storage; (2 )  the shipping cask 

w i t h  1 oaded can is te r ;  and, ( 3 ) .  Federal repos i to ry  can i s te r  handl i n g  and 

disposal .  The Design C r i t e r i a  should provide an adequate basis f o r  

conversion i n t o  .Design Spec i f ica t ions.  Acceptance c r i t e r i a  should be 

estab l ished f o r  r e c e i p t  of loaded can is te rs  f o r  disposal a t  the Federal 

repos i to ry .  

6.5 Canister  Design Features 

Although t h i s  study deals w i t h  a seal-weld type can i s te r  closure, 

mechanical c losure designs should a lso  be included i n  fo l low-on i n -  

vest igat ions.  A thorough study shuuld be made o f  welding techniqucs t o  

ensure t h a t  h igh i n t e g r i t y  seal welds can be made by remote means, us ing 

remotely operated equipment . Remote nondestruct ive examination w i  1 1 

a lso  be requ i red due t o  the high- level  r a d i a t i o n  of the loaded can is te r .  

The can is te r  should be leak tes ted a f t e r  c losure (by use o f  hel ium leak 

detector  o r  o ther  means) t o  ensure t h a t  rad ioac t i ve  mate r ia l s  are  adequately 

contained. 

For t h i s  study an assumption has been made t h a t .  su i t ab le  mate r ia l s  fo r  

can is te r  f a b r i c a t i o n  inc lude Carbon s tee l ,  s ta in less  s tee l  , and Inconel 

and 1nco loy.ser ies  s tee ls .  A thorough f o l  low-on study should be made o f  

requirements and tradeoffs f o r  each o f  the three phases o f  can i s te r  ; 

appl i c a t i o n  t o  determine the most su i t ab le  mate r ia l  f o r  can i s te r  f ab r i ca t i on .  

It has been concluded t h a t  the use of an overpack as an i n t e g r a l  p a r t  o f  

the cani step ;design r e s u l t s  i n  an undesirable design and economic 

a , cons t ra i n t  on the waste management system. A thorough study should be 

made r e l a t i v e  t o  overpacking o f  the can i s te r  i n  the form o f  removable 

shipping cask l i n e r s  o r  containers ho ld ing more than one can i s te r  i n  

disposal before a determination i s  made as t o  whether o r  no t  t o  employ 

any overpacking. The study should i nc l  ude such considerat ions as : 

(1 1 t h e ,  necessi ty t o  const ruct  an overpack t o .  acceptance c r i t e r i a  equ iva lent  

t o  the  can is ter ,  (2) usefulness i n  i n t e r i m  storage, (3)  heat t r a n s f e r  

problems. (4) advantages i n  can i s te r  handl i,ng, tes t jng ,  t ransport ,  o r  
geologic storage; and, (5)  cost  ef fect iveness.  

. .  . . 
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