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Hierarchal Systems Engineering Design 

System Design ~ / o  System Integration 


*Segment Design ~ / =Segment Integration 


° S uls~~iiln e i~ iilslg R~ ~C. C i~i~iiltt e in t iiiltl r~i iOn 

• Constructionat the ComponentLevel 
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Hierarchal Systems Engineering Design (cont'd) 


• System Design 
- r e g u l a t o r y  r e q u i r e m e n t s  

- r e p o s i t o r y  g e o l o g y  

• S e g m e n t  Design 
- D O E  f u e l s  c h a r a c t e r i z a t i o n  

- P e r f o r m a n c e  A s s e s s m e n t  

• S u b s y s t e m  Des ign  
- M P C s  


- o v e r p a c k s  


- W a s t e  A c c e p t a n c e  C r i t e r i a  

• C o m p o n e n t  Design 
- i n d i v i d u a l  f u e l  t y p e s  

- c h e m i s t r i e s  

- ' n e u t r o n i c s '  

• Const ruc t ion  at the C o m p o n e n t  
- m a t e r i a l  s e l e c t i o n  

- M P C  c o n s t r u c t i o n  Q A  

• C o m p o n e n t  I n t e g r a t i o n  
- ' t r e a t m e n t '  

- d r y i n g  o p e r a t i o n s  

- a c c o u n t a b i l i t y  

• S u b s y s t e m  I n t e g r a t i o n  
- l o a d i n g / p a c k a g i n g  

- t h e r m a l  a f f e c t s  

• S e g m e n t  I n t e g r a t i o n  
- s t o r a g e  

- t r a n s p o r t a t i o n  

• S y s t e m  I n t e g r a t i o n  
- f i n a l  d i s p o s a l  

- b a c k f i l l ?  

- r e p o s i t o r y  c l o s u r e  

L e v e l  
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Page 3 of 14 




DOCUMENTATION CHRONOLOGY Date Issued 

YMP Waste Acceptance - Jan 93 
Systems Requirements Document (Rev. 0) 

EM-WAPS (Savannah River HLW Product) Feb 93 

INEL Performance Assessment ('93) Jan 94 

INEL Prel iminary Waste Acceptance Criteria Jan 94 

YMP Waste Acceptance - Mar 94 
Systems Requirements Document (Rev. 1) 

INEL Performance Assessment ('94) Apr  95 

INEL Waste Form Product Character ist ics Jan 95 

YMP MGDS License Appl icat ion Annotated Outline Mar 95 

INEL Performance Assessment ('95) expected early 96 

INEL Draft Waste Compliance Plan (for HLW) being drafted 

INE
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PICTORIAL SUMMARY OF INEL SPENT FUEL AND HIGH-LEVEL WASTE PROGRAM 


I SNF & HLW IDisposal 
I NRC Licensing t NRCEPAProcess State/Public

I CRWMSI MGDS Requirements I Requirements
I

i I 1 It 

I MRS System Transportation I InterfaceSystem Requirements I I Specification i 
Requirements 

General Information 
EIS 

SAR•_1 
Safety Defense & I

Security
Environmental 

~ Complete Construction Design of Operation 
AreaPerformance Objectives 


Underground Facility (Waste Qualification R~r¢)l 

" "" " " "  " } ' "  "' ='" , '  : '  " '," S i , ' , '  ' , ' : " . -- t :- -:~_t License Amendment I for Waste Packages [ ]  INEL SF & HLW Permanent Closure Program Boundary 
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MGDS Annotated Outline, Chap 5 Waste Form Product  
(EBS Degradation Mechanisms) C h a r a c t e r i s t i c s  

[YMP/94-05 Draft A 01125/95] [ I N E L - 9 5 / 0 0 6 3  Jan 1995] 

5 .2 .1 .1 .2 .1  S o l u b i l i t y  4 . 3 . 8  S o l u b i l i t i e s  

5 . 2 . 1 . 1 . 2 . 2  O x i d a t i o n / R e d u c t i o n  
React ions  

5 . 2 . 1 . 1 . 2 . 3  C o r r o s i o n  4 . 3 . 1 0  C o r r o s i o n  

5 . 2 . 1 . 1 . 2 . 4  H y d r i d i n g  4 . 3 . 4  Chemical ly  Reactive 
Species 

5 . 2 . 1 . 1 . 2 . 5  Gas Generation 4 .3 .11  Gas Generation 

5 . 2 . 1 . 1 . 2 . 6  Thermal Effects 4 . 2 . 5  Temperature L imi ts  
on Waste Forms 

5 . 2 . 1 . 1 . 2 . 7  Mechanical Strength 4 .3 .1  2 Mechanical  Proper t ies 

5 . 2 . 1 . 1 . 2 . 8  Mechanical Stress 
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II I 

MGDS Annotated Outline, Chap 5 Waste Form Product 
(EBS Degradation Mechanisms) C h a r a c t e r i s t i c s  

[YMP/94-05 Draft A 01/25/95] [ I N E L - 9 5 / 0 0 6 3  Jan 1995] 

5 .2 .1 .1 .2 .9  Rad io lys is  4.3.1 3 Radio lys is  

5.2.1,1.2.10 Radiation Damage 4.3 .14 Surface Dose Limits 

5.2.1.1.2.11 Radionucl ide 
Retardat ion 

5.2.1.1.2.12 Leaching 4.3.9 Leach Rates 

5.2.1.1.2.13 Fire and Explosion 4.3.3 Explosiveness, Pyro-
Hazards phorici ty,  Explosiveness 

5.2.1.1.2.14 Thermal Loads 4.2.4 Heat Generation 

5.2.1.1.2.15 Synergist ic Interact ions 
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I III 


Quant i t y  of Waste [ i nven to ry ]  - (FSV [(Th/U)C2 particles in carbonaceous matrix (54% enriched)]) 

INN YMP DOE-SNF Qual i fy ing DOE SNF I n f o r m a t i o n  QA Type Data Est .  
Requ i rements  Requirements A s s u m p t i o n s  In format ion  Need Source Leve l  Q u a l i f i c a t i o n  Cost 

(R/TIE~M/P)" (Sk) 

5.1,2.2-2 Fable showing inventory values will ORIGEN calculations based 1. Develop table of the FSV fuels FSV currently stored dry; ~vallable ORIGEN 
mticipated bumup ~ccount for isotope )n estimated or genenc .~howing the bumup, age, and the 3rovide storage history data ;ode data needs Io be 
JistnbutiotYage of "listnbution of all )uroup values and time.-out- nformation could be included as n. May not be OA'd to level ~'alidated in 

~NF received at the ~clinide species, )f-reactor(TOOR) data may )all of the Prionty List INN 'leeded. ;omparison to 
eposilory as a ~oth for inventory )e the only radionuclide 5.1.2.2-1 ~,quivalent data 
unction of time and ',transport nventory information ::}rovided for CNF 
:umulative total from .~alculat ion s) and ivallable 
!010 to 2032. accountability (new 

INN specific to DOE Range of reactor operating 1. Identify typical and extreme 3umup, tlme-oul-of-reactor, ,~,va~la ble ORIGEN 
SNF) ;onditions (burnup, time-out- )ower levels in the reactor that )ower level, fuel position :ode data needs to be 

)i-reactor, power levels, fuel :Quid have been experienced by a ~,vailable on individual ,'alidated in 
>osltion) will be used to ypical fuel element DRIGEN data sheets :ompadson to 
)redict 'worst case' squivalenf data 
nventories :~mvided for CNF 

Data should reflect both U- 1. Individual actLnide '(es/No, see above Extract actinide 
.>35 and U-233 masses in .:oncentrations, with special nventories of interest 
uel elements (based on ]mphasis on fissile species, =tom individual 
DRIGEN code calculations) meeds to be tabulated by fuel ~RIGEN data sheets 
or both inventory and .=lement ~once approved) 
ransport]release rates 

Reactor-specific operating 1. Given the need to report Data from ORIGEN code ~vallable ORIGEN 
rata for individual fuels is adionuclide inventories, develop ~tcutalions needs Io be ;ode dala needs to be 
lvailable relative to dates, ~n 'age dlStnbulidn' for cumulative Jecayed to values used in ;ahdaled in 
turation, and location each uels in storage to account for =A work associated with ~ompanson to 
;lement was in the reactor, fecay/bulldup of radionuclides '(MP disposal dates based ~qulvalent data 
lnd at what power levels 3etween reactor discharge end ~n assigned shipment ~rovided for CNF 

3isposal in Ihe repository :)riodlies 

R = Records; T = Testing; E = Equivalency;  M = Model ing; P = Peer Review 
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Additional Waste Form Product Characteristics Requirements 

4.3 ,1  So l i ds  10 CFR 60.135(C)(1) 

4 .3 .2  L i q u i d s  10 CFR 60.135(b)(2) 

4 .3 .5  Neutron Absorbers DOE-ID 5480.5A 

4 .3 ,6  C r i t i c a l i t y  10 CFR 60.131(b)(7) 

4 . 3 . 7  Safeguards and Material Accountabi l i ty  10 CFR 71.55 

4 . 3 , 1 5  Radionuc l ide Inventory  4O CFR 191 
10 CFR 60.113 

4 . 3 . 1 6  Organ ics  10 CFR 60.135(a)(2) 

4 3 .17  Inert Gases 10 CFR 60.135(b)(1) 

4 2 . 1  Mater ia ls Cons idera t ion  10 CFR 60.135(a)(1) 

4 2 . 2  Waste Package Weight WASRD-3 ,7 .1 .2 .1 .2 .1  

4 2.3 Waste Package Conf igurat ions WASRD-3 .7 .1 .2 .1 .1 .2 .1  

4 2 . 6  Allowable Void Space WASR D-3 .7 .1 .2 .1 ,2 .1  

4 2.7 Package Labeling 10 CFR 60,135(b)(4) 

4 2 . 8  Waste Package Handling Features W A S R D - 3 . 7 , 1 . 2 . 1 . 2 . 1 6  
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DOE- SNF PA MODEL EVOLUTION 
for U-235 PACKAGING 

I N D I V I D U A L  

C A N I S T E R  


7 

M U L T I - P U R P O S E  
C A N I S T E R  (MPC)  

ASSUMPTIONS:  for  '93 PA 

• dea l ing  w i t h  H E U  (up t o - 9 0 % )  
• fu l ly  m o d e r a t e d  (excep t  for  sal t)  
• fuel  m a t r i x  r e c o n f i g u r a t i o n  p o s s i b l e  
• n o  c r ed i t  for  i n t e r n a l  n e u t r o n  a b s o r b e r s  

• low fissi le l o a d i n g s  
- 0 . 7 0 0  g m / c a n  (granite) 
- 10.0  k g / c a n  (salt) 

• d o u b l e  c o n t i n g e n c y  r e q u i r e m e n t s  
e x p e c t e d  t h r o u g h  life of  r e p o s i t o r y  

A S S U M P T I O N S :  for  ' 94  PA 

• d e a l i n g  w i t h  - 3 . 5  - 9 0 %  e n r i c h m e n t  

• n o  in i t ia l  m o d e r a t i o n  a n t i c i p a t e d  
• fue l  i n t e g r i t y  m a i n t a i n e d  

* f ixed  n e u t r o n  a b s o r b e r s  a c c e p t a b l e  
• h i g h  f i ss i le  l o a d i n g s  

- to  2 3 5  k g  p e r  p a c k a g e  (in tuff) 

• d o u b l e  	c o n t i n g e n c y  r e q u i r e m e n t s  

a s s u r e d  t h r o u g h  o p e r a t i o n a l  

p h a s e  o f  r e p o s i t o r y  
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< 58.3 in ~> 

/ 

Proposed Configuration of the 

PWR Subassemblies in the MPC 
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58.3 in 

i 

Proposed Shippingport-PWR Assemblies in MPC 
( 22.86 cm pitch) 
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X-Y Plot View of MPC Containing 85 ATR 

Fuel Elements per Layer (3 layers/MPC) 
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58.3 in 

Proposed Configuration of Ft. St. Vrain Elements in the MPC 
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