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SUMMARY 

The P a c i f i c  Northwest Labo ra to r y  (PNL) has completed an e v a l u a t i o n  o f  t h e  

Mon i to red  R e t r i e v a b l e  Storage (MRS) Fac i  1  i t y  . Th is  performance assessment was 

conducted as p a r t  o f  PNL's Mon i to red  R e t r i e v a b l e  Storage Program sponsored by 
i 

t h e  U.S. Department o f  Energy (DOE).  

T h i s  r e p o r t  p rov ides  a  performance assessment o f  t h e  des ign f o r  t h e  s t o r -  

age and s h i p p i n g  ope ra t i ons  o f  t h e  MRS f a c i l i t y .  These a c t i v i t i e s ,  r e f e r r e d  t o  

as back-end opera t ions ,  i n c l u d e  hand1 i ng can i  s t e r e d  spent f u e l  and secondary 

waste i n  t h e  s h i e l d e d  canyon c e l l ,  i n  o n s i t e  y a r d  s torage,  and i n  r e p o s i t o r y  

s h i p p i n g  cask l o a d i n g  areas. The model used t o  o b t a i n  t h e  performance assess- 

ment (FACSIMIMRS-2) i s  one o f  t h e  FACSIM models developed by PNL's n u c l e a r  

waste h a n d l i n g  f a c i l i t y  s i m u l a t i o n  e f f o r t .  A  performance assessment o f  MRS 

r e c e i v i n g  and h a n d l i n g  o f  a r r i v i n g  spent f u e l  and o f  c o n s o l i d a t i n g  and can i s -  

t e r i n g  a c t i v i t i e s  ( t h e  f r on t- end  o p e r a t i o n s )  i s  p resen ted  i n  FACSIMIMRS-1: 

Cask Recei v i  ng and C o n s o l i d a t i o n  Performance Assessment ( Lo t z  and Shay 1987).  

Th i s  r e p o r t  v e r i f i e d  t h e  adequacy o f  MRS f r o n t - e n d  ope ra t i ons  and es t ima ted  

t h a t  th roughput  r equ i  rements cou ld  be achieved w i t h  equipment u t i  1  i z a t i  on r a t e s  

o f  70% o r  lower .  The s i m u l a t i o n  model used t o  complete t h e  a n a l y s i s  o f  MRS 

s to rage  and s h i p p i n g  ope ra t i ons  i s  desc r i bed  i n  FACSIMIMRS-2: Storage and 

Sh ipp ing  Documentation and User ' s  Guide (Huber e t  a l .  1987). 

The two major  t ypes  o f  m a t e r i a l  f l o w  th rough t h e  s h i e l d e d  canyon c e l l s  a re  

1) c a n i s t e r e d  spent f u e l ,  and 2 )  secondary waste. Can is te red  spent f u e l  con- 

s i s t s  o f  spent f u e l  t h a t  has been disassembled and conso l i da ted  i n  t h e  f ou r  

s h i e l d e d  process c e l l s  i n  t h e  f r o n t  end o f  t h e  f a c i l i t y .  Secondary waste con- 

s i s t s  of non fue l  -bear i  ng spent f u e l  assembly components remain ing f rom d i s a s-  

sembly, and ons i te- genera ted  h i  gh a c t i  v i t y  waste. 

T h i s  a n a l y s i s  v e r i f i e d  t h a t  t h e  MRS f a c i  1  i t y  back-end ope ra t i ons  as 

designed a re  capable o f  h a n d l i n g  3,600 m e t r i c  tons  o f  uranium (MTU) pe r  y e a r  i f  

t h e  f a c i l i t y  operates seven days p e r  week (24-hour days).  The cask c a r t  u t i  li - 
z a t i o n  r a t e  i s  h i ghes t ,  i n  use about 50% o f  t h e  o p e r a t i n g  year .  Cask c a r t  

u t i  1  i z a t i o n  r e f e r s  t o  t h e  u t i  1  i z a t i  on of t h e  s h i e l d e d  canyon c e l l  r e p o s i t o r y  

s h i p p i n g  cask loadout  p o r t  ( a l s o  r e f e r r e d  t o  as t h e  e x i t  p o r t )  and t h e  cask 

iii 



c a r t  t h a t  serves t h a t  p o r t .  The r e c e i v i n g  and h a n d l i n g  f a c i l i t y  des ign  spec i  - 
f i e s  two l oadou t  po r t s ,  one f o r  each s i d e  o f  t h e  f a c i l i t y .  Th i s  a n a l y s i s  a l s o  

determined t h a t  a  th roughput  r a t e  o f  3,000 MTU p e r  y e a r  cou ld  be achieved w i t h  

f i  ve-day week f a c i  1 i ty  o p e r a t i  on. 
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1.0 INTRODUCTION 

T h i s  r e p o r t  p rov ides  a  performance assessment o f  t h e  des ign f o r  t h e  s t o r -  

age and s h i p p i n g  ope ra t i ons  o f  t h e  MRS f a c i l i t y .  These a c t i v i t i e s ,  r e f e r r e d  t o  

as back-end opera t ions ,  i n c l u d e  h a n d l i n g  c a n i s t e r e d  spent f u e l  and secondary 

waste i n  t h e  sh ie l ded  canyon c e l l ,  i n  o n s i t e  y a r d  s torage,  and i n  r e p o s i t o r y  

s h i p p i n g  cask l o a d i n g  areas. The model used t o  o b t a i n  t h e  performance assess-  

ment (FACSIMIMRS-2) i s  one o f  t h e  FACSIM models developed as p a r t  o f  P N L ' s ( ~ )  

nuc lea r  waste handl i ng f a c i  1  i t y  s i m u l a t i o n  e f f o r t .  The s i m u l a t i o n  model used 

t o  complete t h e  a n a l y s i s  o f  MRS s to rage  and s h i p p i n g  ope ra t i ons  i s  desc r i bed  i n  

FACSIMIMRS-2: Storage and Sh ipp ing  Documentation and Use r ' s  Guide (Huber 

e t  a l .  1986). A d d i t i o n a l  MRS f a c i l i t y  performance i ssues  n o t  r e l a t e d  t o  s t o r -  

age and s h i p p i n g  ope ra t i ons  a re  i n c l u d e d  i n  FACSIMIMRS-1: Cask Rece i v i ng  and 

C o n s o l i d a t i o n  Performance Assessment ( Lo t z  and Shay 1987). 

PERFORMANCE ASSESSMENT OBJECTIVE 

The o b j e c t i v e  o f  t h i s  performance assessment was t o  v e r i f y  t h a t  t h e  des ign  

f o r  t h e  s to rage  and s h i p p i n g  f u n c t i o n s  i s  adequate t o  meet t h e  requi rements 

s p e c i f i e d  i n  t h e  Func t i ona l  Design C r i t e r i a  f o r  an I n t e g r a l  MRS F a c i l i t y  (PNL 

1986). The des ign c r i t e r i a  f o r  t h e  MRS s p e c i f y  t h a t  i t must be capable o f  

r e c e i v i n g ,  handl i ng ,  and s h i p p i n g  3,600 m e t r i c  tons  o f  uran ium (MTU) p e r  y e a r  

based on 7  days pe r  week, 24 hours pe r  day opera t ion .  Th i s  a n a l y s i s  sought t o  

v e r i f y  t h a t ,  g iven  expected equipment r e l i a b i  1  i t y ,  t h e  MRS would be capable o f  

h a n d l i n g  t h i s  th roughput  requi rement  w i t h o u t  excess ive  equipment u t i l i z a t i o n  

r a t e s  o r  r e p o s i t o r y  s h i p p i n g  cask tu rnaround t imes,  and w i t h o u t  exceeding i n -  

b u i  1  d i  ng 1  ag s to rage  capaci  t i es. 

The rev iew o f  equipment u t i l i z a t i o n  r a t e s  concent ra ted  on t h e  35- ton 

cranes s e r v i c i n g  t h e  i n - b u i l d i n g  l a g  s to rage  and loadout  area and t h e  cask 

c a r t s  used f o r  r e p o s i t o r y  s h i p p i n g  cask load ing .  U t i l i z a t i o n  r a t e s  measure t h e  

c a p a b i l i t y  o f  equipment t o  hand le  f l u c t u a t i o n s  i n  th roughput  and p r o v i d e  a  

measure of t h e  equipment ' s  ab i  1  i t y  t o  recover  f rom unscheduled downtime. 

( a )  P a c i f i c  Northwest Labo ra to r y  i s  opera ted  f o r  t h e  U.S. Department of Energy 
by B a t t e l  l e  Memorial I n s t i t u t e .  



Repos i t o r y  s h i p p i n g  cask t u rna round  t i m e  p rov ides  a measure o f  t h e  e f f i  c i  - 
ency o f  t h e  MRSIrepos i tory  t r a n s p o r t a t i o n  system i n t e r f a c e .  Smooth f u n c t i o n i n g  

o f  t h i s  i n t e r f a c e  (i.e., min imal  unnecessary cask d e l a y s )  would r e s u l t  i n  m i n i -  

mum r e q u i  rements f o r  t h e  r e p o s i t o r y ' s  s h i p p i  ng cask f l e e t .  

Adequate p r o c e s s- c e l l  l a g  s to rage  would compensate f o r  f l u c t u a t i o n s  i n  t h e  

a r r i v a l  o f  spent f u e l  and ensure t h e  smooth f l o w  o f  m a t e r i a l  t h rough  t h e  f a c i l -  

i t y .  The adequacy o f  i n - b u i l d i n g  l a g  s to rage  was eva lua ted  u s i n g  a v a r i e t y  o f  

o p e r a t i n g  scena r i  os and th roughput  r a tes .  

1.2 ANALYSIS OVERVIEW 

T h i s  performance assessment o f  MRS f a c i l i t y  back-end o p e r a t i o n s  was p e r -  

formed by s i m u l a t i n g  f a c i l i t y  ope ra t i ons  u s i n g  commercial l y - a v a i  l a b l e  s imu la-  

t i o n  sof tware.  The so f twa re  used, c a l l e d  SIMAN, i s  a  S I M u l a t i o n  ANa lys is  

1  anguage f o r  model i ng genera l  systems (Pegden 1985). The model i ng approach and 

use r  gu ide i s  desc r i bed  i n  FACSIMIMRS-2: Storage and Sh ipp ing  Model Documenta- 

t i o n  and Use r ' s  Guide (Huber e t  a l .  1987). 

Us ing  t h e  f a c i l i t y  des ign  drawings and m a t e r i a l  f l o w  d e s c r i p t i o n s  f r o m  t h e  

Conceptual Desi  gn Repor t  (Parsons 1985), a  s imu l  a t i  on model was developed t h a t  

r ep resen ted  a1 1 major  equipment components of MRS back-end ope ra t  i ons. Process 

t imes  f o r  these  ope ra t i ons  a r e  based on Parsons'  es t imates  and were modeled 

u s i n g  a t r i a n g u l a r  d i s t r i b u t i o n .  The t r i a n g u l a r  d i s t r i b u t i o n  rep resen ts  t h e  

mi nimum, most 1  i k e l y ,  and maximum t i m e  es t imates  f o r  each p rocess ing  a c t i  v i  ty. 

F a i l u r e s  o f  overhead cranes were i n c l u d e d  i n  t h e  s imu la t ion- based p e r f o r -  

mance e v a l u a t i o n  t o  de te rmine  t h e i r  impact  on r e c e i v i n g  and h a n d l i n g  opera-  

t i o n s .  These f a i l u r e s  were modeled as o c c u r r i n g  randomly, and t h e  t i m e  between 

f a i l u r e s  was assumed t o  be exponen t i a l  l y  d i s t r i b u t e d .  

A d e s c r i p t i o n  o f  back-end f a c i  l i t y  ope ra t i ons  i s  p resen ted  i n  Chapter  2.0, 

and t h e  performance assessment f o r  MRS back-end ope ra t i ons  i s  p resen ted  i n  

Chapter  3.0. 



2.0 DESCRIPTION OF BACK-END MRS FACILITY OPERATIONS 

Back-end MRS f a c i l i t y  ope ra t i ons  handle spent f u e l  f r om t h e  p o i n t  a f t e r  

c a n i s t e r  we ld i ng  t o  emplacement o f  t h e  c a n i s t e r  i n  a  l a g  s to rage  v a u l t  c e l l  o r  

w i t h i n  a  s to rage  cask o r  a  r e p o s i t o r y  s h i p p i n g  cask. I n t e r a c t i o n s  between t h e  
'I 

f a c i l i t y  y a r d  s to rage  and t h e  r e c e i v i n g  and h a n d l i n g  (R&H) b u i l d i n g  a r e  a l s o  

i n c l u d e d  as p a r t  o f  back-end opera t ions .  The major  areas o f  t h e  f a c i l i t y  

i n c l u d e d  i n  t h e  a n a l y s i s  a r e  shown i n  F i g u r e  2.1, which shows one h a l f  o f  t h e  

R&H b u i l d i n g .  

The R&H b u i l d i n g  i s  composed o f  two ha1 ves, which a r e  e s s e n t i a l l y  m i r r o r  

images o f  each o ther .  One h a l f  handles spent f u e l  f rom p ressu r i zed  wa te r  

r e a c t o r s  (PWRs) and t h e  o t h e r  handles spent f u e l  f r om b o i l i n g  wa te r  r e a c t o r s  

(BWRs). Areas One th rough Four, shown i n  F i g u r e  2.1, were i n c l u d e d  i n  t h e  MRS 

f ron t- end  performance assessment r e p o r t  ( Lo t z  and Shay 1987). The f o l  1  owing 

s e c t i  ons d e s c r i  be MRS spen t- fue l  hand1 i ng a c t i  v i  t i  es f o l  1  owi ng c a n i s t e r  we1 d i  ng 

i n  Area Four th rough  r e p o s i t o r y  shipment p r e p a r a t i o n  i n  Area E igh t .  

2.1 BACK-END CANISTERING AND LAG STORAGE 

A f t e r  disassembly and c o n s o l i d a t i o n  i n  one o f  t h e  f o u r  process c e l l s ,  

spent f u e l  i s  can i  s t e r e d  and t h e  c a n i s t e r  i s  we1 ded, i ner ted,  decontaminated 

and inspected.  The average PWR and BWR spen t- fue l  assembl ies a r e  assumed t o  

c o n t a i n  0.462 MTU and 0.186 MTU, r e s p e c t i v e l y .  Three conso l i da ted  PWR spent -  

f u e l  assembl ies a re  p laced  i n  a  c a n i s t e r ,  r e s u l t i n g  i n  1.386 MTU/canister.  

Seven conso l i da ted  BWR spen t- fue l  assembl ies a r e  p laced  i n  a  c a n i s t e r ,  

r e s u l t i n g  i n  1.302 MTU/canister. 

The c a n i s t e r  l o a d i n g  and we ld i ng  area i n  t h e  s h i e l d e d  canyon c e l l s  con- 

s i s t s  o f  a  welding, decontaminat ion,  and i n s p e c t i o n  system, as shown i n  F i g -  

u r e  2.2. One we ld i ng  machine s e r v i c e s  two s h i e l d e d  process c e l l s .  F o l l o w i n g  

we ld i ng  and decontaminat ion,  a  he l i um leak  t e s t  i s  per formed t o  t e s t  t h e  weld 

sea l ,  a swipe f o r  con tamina t ion  i s  completed, and t h e  c a n i s t e r  i s  then  t r a n s -  

f e r r e d  t o  an u l t r a s o n i c  t e s t  s t a t i o n  t o  t e s t  t h e  i n t e g r i t y  o f  t h e  weld. 
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@ In-Building Lag Storage 

FIGURE 2.1. MRS Rece i v i ng  and Hand1 i n g  B u i l d i n g  (Parsons 1985) 



1 Welding Power Generator/Equipment 
Room 

2 Canister Lid Supply System 
3 Canister Welding Station 
4 Canister Decon/Helium Leak Test 

Chamber 
5 Chamber Isolation Valves 
6 Canister Upender No. 1 
7 Storage Canister 
8 Ultrasonic Test Station 
9 Canister Cutting Station 

10  Fuel Rod Bundle Push Rod System 
11 Forge Press Restraint 
12 Maintenance Hatch Jacking Mechanism 
13 Maintenance Hatch 
14 Plug Grapple 
15 Pintle Grapple 
16 Equipment Lifting Yoke 
17 Shielded Canyon Cell #6  
18  Maintenance Area Shield Door 

19 Crane Maintenance Room 
20 Observation Window 
21 Operating Gallery 
22 Clean Canister and Lid Supply Port 
23 Carousel Lift Mechanism 
24 Carousel Canister Rack 
25 Guide Rail Lift Mechanism 
26 Clean Canisters 
27 Shield Door 
28 Access Corridor 
29 Lift Mechanism Hydraulic Pump System 
30  Canister Lid Supply Support Tube 
31 Canister Upender No. 2 
32 Canister Pass-Thru Cart 
33 Canister Pass-Thru Shield Door 
34 35 ton Crane Rails 
35 Shielded Process Cell #2 
36 Decon Cell 
37 Shielded Canyon Cell #5  

FIGURE 2.2. C a n i s t e r  Loading and Welding Area 



I f  t h e  we ld  on t h e  s to rage  c a n i s t e r  i s  unacceptable,  t h e  c a n i s t e r  i s  sen t  

t o  a  c u t t i n g  s t a t i o n  f o r  l i d  removal, and t h e  we ld i ng  process i s  repeated. A  

c a n i s t e r  c u t t i n g  s t a t i o n  c o n s i s t s  of a  f u l l y  au tomat ic  p i p e  l a t h e  l o c a t e d  near  

t h e  we ld i ng  s t a t i o n .  I f  one o f  t h e  we ld i ng  s t a t i o n s  ma l f unc t i ons ,  a  canyon 

c e l l  c a n i s t e r  pass- through c a r t  i s  p r o v i d e d  t o  t r a n s f e r  spen t- fue l  c a n i s t e r s  

between t h e  s h i e l d e d  canyon c e l l  s. 

F o l l o w i n g  success fu l  comple t ion  o f  t h e  weld, t h e  c a n i s t e r  i s  p l aced  i n t o  

i n - b u i l d i n g  v a u l t  l a g  s torage,  f i e l d  s torage,  o r  d i r e c t l y  i n t o  a  r e p o s i t o r y  

s h i p p i n g  cask o r  i n t o  a  sca led  s to rage  cask. Both i n - b u i l d i n g  l a g  s to rage  

v a u l t s  have a  t o t a l  c a p a c i t y  o f  748 c a n i s t e r s  o r  about 1,000 MTU o f  spent  

f u e l .  The t o p  o f  t h e  s to rage  v a u l t  i s  covered w i t h  a  conc re te  f l o o r  w i t h  ho les  

on 3- foo t  cen te rs .  Each h o l e  has a  removable s h i e l d i n g  p l u g  w i t h  a  l i f t i n g  

p i n t l e  i d e n t i c a l  t o  t h e  one on t h e  c a n i s t e r .  Each i n - b u i l d i n g  l a g  s to rage /  

loadout  area i s  s e r v i c e d  by two 35- ton overhead cranes. P l a c i n g  a  c a n i s t e r  

i n t o  i n - b u i l d i n g  l a g  s to rage  r e q u i r e s  removing a  s h i e l d i n g  p l u g  w i t h  t h e  35- ton 

crane, emplac ing t h e  c a n i s t e r  i n t o  s to rage ,  and r e p l a c i n g  t h e  s h i e l d i n g  p lug.  

Time es t imates  f o r  back-end c a n i s t e r i n g  and l a g  s to rage  emplacement a r e  p ro-  

v ided  i n  Tab le  2.1. 

Mai ntenance o f  t h e  35- ton cranes i s  per formed i n  s h i e l d e d  mai ntenance 

bays. I f  one 35- ton crane i s  ou t  o f  s e r v i c e ,  t h e  o t h e r  35- ton c rane  i s  a v a i l -  

a b l e  t o  pe r f o rm  a l l  opera t ions .  I n  p r a c t i c e ,  e i t h e r  crane can p e r f o r m  a l l  

s h i e l d e d  canyon c e l l  l i f t s  a t  a  reduced pace. However, t h i s ' a l t e r n a t i v e  was 

n o t  modeled because of i t s  minor  impact  on average crane u t i  1  i z a t i o n .  

CONCRETE CASK YARD STORAGE 

The y a r d  s to rage  area i s  designed t o  t e m p o r a r i l y  s t o r e  spen t- fue l  can i s-  

t e r s  i n  sea led  s to rage  casks c o n t a i n i n g  12 c a n i s t e r s  i n  an open f i e l d  above 

ground. A diagram o f  t h e  s to rage  y a r d  i n  r e l a t i o n  t o  t h e  R&H b u i l d i n g  i s  shown 

i n  F i g u r e  2.3. T o t a l  s t o rage  y a r d  c a p a c i t y  i s  about 15,000 MTU. However, no 

more t han  a  t o t a l  o f  15,000 MTU can be s t o r e d  ons i t e .  

Storage casks a r e  f a b r i c a t e d  a t  t h e  MRS cask manufactur ing f a c i l i t y  and 

t r a n s p o r t e d  t o  t h e  R&H b u i l d i n g  when needed. Empty s to rage  casks a re  p repared  

f o r  l o a d i n g  i n  an area ad jacen t  t o  and below t h e  o u t l o a d i n g  area. 



TABLE 2.1. Back-End C a n i s t e r i  ng and Lag Storage Emplacement Time Es t imates  
(Parsons 1985) 

Opera t ion  T i  me 
Ope ra t i  on D e s c r i p t i o n  ( i n  m inu tes )  

I. A c t i v i t i e s  I n c l u d e d  i n  Front-End 
Performance Model 

Index  c l ean  c a n i s t e r  carousel  , 
r a i s e  rack, l i f t  p o r t  p lug,  s e t  
down p lug ,  l i f t  c a n i s t e r ,  p l a c e  
on Upender No. 1, rep lace  p l u g  

Downend Upender No. 1 ( w i t h  can- 
i s t e r ) ,  r o t a t e ,  t r a n s l a t e ,  and 
p o s i t i o n  t o  r e c e i v e  f ue l  bundle 

Recei ve f u e l  bundle f r om consol  i - 
d a t i o n  process C e l l  1 

R e t r a c t  f rom p o s i t i o n ,  r o t a t e  
c a n i s t e r ,  and t r a n s l a t e  t o  
we1 d e r  cen te r1  i ne 

I n s e r t  c a n i s t e r  i n t o  chamber, 
evacuate c a n i s t e r  and chamber, 
b a c k f i  11 w i t h  i n e r t  gas and weld 

T rans fe r  c a n i s t e r  i n  decontami na- 
t i o n  chamber, decontaminate,  d r a i n  
chamber and evacuate chamber 
f o r  leak  check 

Open a i r  l ock ,  swipe c a n i s t e r  
w h i l e  t r a n s f e r r i n g  t o  upender 

T r a n s f e r  welded c a n i s t e r  t o  
u l t r a s o n i c  s t a t i o n ,  i nspect  
and v e r i f y  we ld  

11. A c t i v i t i e s  I n c l u d e d  i n  Back-End 
Performance Model 

R e t r a c t  c a n i s t e r ,  t r a n s 1  a t e  t o  
open p o s i t i o n ,  upend c a n i s t e r  
and p lace  c a n i s t e r  i n t o  v a u l t  
l a g  s to rage  o r  r e p o s i t o r y  s h i p p i n g  
cask 
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FIGURE 2.3 Storage Yard Loca t i on  i n  R e l a t i o n  t o  t h e  R&H B u i l d i n g  (Parsons 1985) 



A f t e r  p r e p a r a t i o n  f o r  load ing ,  t h e  s to rage  cask i s  moved i n t o  a  l oadou t  

room l o c a t e d  beneath t h e  loadout  area, and a  con tamina t ion  b a r r i e r  i s  i n s t a l l e d  

between t h e  cask and l oadou t  area p o r t .  The loadout  area p o r t  p l u g  and t h e  

cask s h i e l d  p l u g  a re  removed, and c a n i s t e r s  a r e  loaded i n t o  t h e  s to rage  cask 

u s i n g  one o f  t h e  35- ton overhead cranes. 

Once l o a d i n g  i s  completed, t h e  l oadou t  area p o r t  p l u g  and t h e  cask s h i e l d  

p l u g  a re  replaced, and t h e  s to rage  cask i s  moved i n t o  an ad jacen t  area where a  

con tamina t ion  survey o f  t h e  cask t o p  i s  performed. A  metal  cask l i d  i s  

i n s t a l  l ed ,  sealed, we1 ded, and i nspected. The t r a n s p o r t e r  then  moves t h e  cask 

t o  t h e  s to rage  y a r d  where t h e  cask- hand l ing  crane removes t h e  cask f r om t h e  

t r a n s p o r t e r .  Time es t imates  f o r  s t o rage  cask h a n d l i n g  a r e  p rov ided  i n  

Tab le  2.2. 

Storage cask r e t r i e v a l  and un load ing  back i n t o  t h e  R&H b u i l d i n g  are,  f o r  

t h e  most p a r t ,  t h e  reverse  o f  l o a d i n g  opera t ions .  

2.3 REPOSITORY SHIPPING CASK RECEIVING AND HANDLING 

I n  a d d i t i o n  t o  t h e  s to rage  cask loadout  p o r t s ,  t h e  loadout  area a l s o  con- 

t a i n s  r e p o s i t o r y  s h i p p i n g  cask l oadou t  p o r t s .  The loadout  area a l s o  i n c l u d e s  

space f o r  equipment t o  overpack c a n i s t e r s  f o r  shipment t o  t h e  r e p o s i t o r y ,  which 

may o r  may n o t  be used i n  a c t u a l  opera t ion .  Time es t imates  f o r  r e p o s i t o r y  

s h i p p i n g  cask R&H a c t i v i t i e s  a re  p rov ided  i n  Table 2.3. 

A d e t a i l e d  diagram o f  t h e  r e p o s i t o r y  s h i p p i n g  cask l o a d i n g  area i s  shown 

i n  F i g u r e  2.4. I f  overpacks a re  used, t h e  r e p o s i t o r y  overpack a r r i v e s  a t  t h e  

R&H b u i l d i n g  and i s  p laced  on t h e  cask c a r t  s e r v i c i n g  t h e  r e p o s i t o r y  s h i p p i n g  

cask area. The overpack i s  f i t t e d  w i t h  a  con tamina t ion  c o n t r o l  adap te r  t o  

reduce a i  rborne  con tamina t ion  d u r i n g  t h e  t r a n s f e r  o f  t h e  r e p o s i t o r y  overpack 

i n t o  t h e  loadout  area. 

Once t h e  loadout  area p o r t  p l u g  i s  removed, t h e  35- ton crane i s  used t o  

p l a c e  t h e  overpack i n t o  t h e  r e p o s i t o r y  overpack we ld i ng  s t a t i o n  p i t .  The load-  

ou t  area p l u g  i s  rep laced,  and t h e  overpack containment c o n t r o l  adap te r  and 

cask c a r t  i s  r e t u r n e d  t o  t h e  r e p o s i t o r y  shipment area where t h e  conta inment  

c o n t r o l  adap te r  i s  removed f r om t h e  c a r t .  The overpack i s  loaded w i t h  f o u r  



TABLE 2.2. Concrete Cask Yard Storage Time Est imates (Parsons 1985) 

Operat i on 
T i  me 

Ope ra t i  on D e s c r i p t i o n  ( i n  m inu tes )  

Emplacement: 

Move cask i n t o  un load ing  room 
I n s t a l l  con tam ina t i on  b a r r i e r  and s h i e l d  r i n g ,  move i n t o  c o r r i d o r  
Remove s h i e l d  p lug ,  . i n s t a l  1  c a n i s t e r s ,  i n s t a l  1  s h i e l d  p l u g  
Remove con tamina t ion  b a r r i e r  and s h i e l d  r i n g ,  move i n t o  c o r r i d o r  
Per form con tam ina t i on  survey o f  cask t o p  
Remove p l u g  l i f t i n g  eyes, i n s t a l l  cover  and welder,  s e t  up we lder  
Make we1 d  
Remove we1 der  
V i s u a l l y  i n s p e c t  weld 
Per form magnet ic p a r t i c l e  weld i n s p e c t i o n  
Pressure  check cask i n t e r i o r  
Clean weld area and coa t  
Move cask t o  s to rage  area 
P o s i t i o n  l i f t i n g  f i x t u r e  and l i f t  cask 
Emplace cask and disengage 1 i f t i  ng f i x t u r e  
Compl e t e  thermocouple i n s t  rumenta t i  on connec t i  ons 
Return cask t r a n s p o r t e r  t o  Cask Manu fac tu r i ng  F a c i l i t y  
Set new cask on t r a n s p o r t e r  and move t o  R&H Area 

R e t r i e v a l  : 

Load cask on to  t r a n s p o r t e r  
Move cask t o  R&H B u i l d i n g  
Prepare cask f o r  un load ing  
P o s i t i o n  cask under e x i t  p o r t  
Remove s h i e l d  p l ugs  
Unload and decontami na te  can i  s t e r s  as necessary 
Rep1 ace s h i e l d  p l ugs  
Remove cask f rom un load ing  room 
Prepare cask f o r  temporary s to rage  p r i o r  t o  decommissi on i  ng 
T ranspo r t  cask t o  temporary s to rage  area, remove l i f t i n g  yoke 
P lace  cask on s to rage  pad 



TABLE 2.3. Time Est imates f o r  Repos i t o r y  Sh ipp ing  Cask R&H A c t i v i t i e s  
(Parsons 1985) 

Opera t ion  
T i  me 

Opera t ion  D e s c r i p t i o n  ( i n  m inu tes )  

R O / S C F R O ( ~ )  i nspec t i  on a t  gate 5  

Move RO/SCFRO/vehicle t o  p r o t e c t e d  area 15 

Check t o  determi  ne con ten ts  10 

Survey SCFRO/vehicle f o r  r a d i  a t i  on 4 5  

Move RO/SCFRO/vehicle t o  washdown area 15 

Remove road d i  rt f rom RO/SCFRO/vehi c l  e  45 

Move RO/SCFRO/vehicle t o  cask- handl ing area 20 

Remove personnel  b a r r i e r s  f rom v e h i c l e  3 0  

Remove impact 1  i m i  t e r s  and s h i  p p i  ng r e s t  r a i  n t s  30 

Per fo rm con tamina t ion  survey on SCFRO 3  0 

P lace  RO cask adapter  on cask c a r t  2  0  

A t t ach  g rapp le  and remove RO f rom t r a n s p o r t e r  15 

P lace  RO on cask c a r t ,  and i n s t a l l  r e s t r a i n t s  and RO l i d  3  0  

Move RO t o  cask- hand l ing  and decontaminat ion room 10 

I n s t a l l  con tamina t ion  b a r r i e r  adapter  on RO cask c a r t  10 
adapte r  

Move RO i n t o  u n l  oadi  ng room, engage contami n a t j  on b a r r i  e r ,  2  0  
c l o s e  shadow s h i e l d  and c l o s e  s h i e l d  door 

Remove c e l l  e n t r y  p o r t  p l u g  20 

Unload overpack w i t h  l i d  and p lace  i n t o  weld/  
decont ami na t  i on s t a t  i on 

Exchange grapple,  remove RO l i d ,  and p l a c e  on f l o o r  10 

Exchange g rapp le  and rep lace  c e l l  e n t r y  p o r t  p l u g  t o  
p e r m i t  p repa ra t i ons  f o r  SCFRO 

Load conso l i da ted  f u e l  c a n i s t e r s  i n  R O Y  20 min/SF c a n i s t e r  6 0  

I n s e r t  RO l i d  i n  p l ace  and r o t a t e  we ld i ng  head i n t o  2  0  
p o s i t i o n  f o r  weld 

( a )  Repos i t o r y  Overpack (RO)/Shipping Cask f o r  Repos i t o r y  Overpack (SCFRO). 



TABLE 2.3. ( con td )  

Operat i on 
T i  me 

Opera t ion  D e s c r i p t i o n  ( i n  m inu tes )  

Weld RO l i d  v i a  e l e c t r o n  beam process and disengage we ld  
head f rom RO 6 0 

Per form v i s u a l  i n s p e c t i o n  on welded RO 10 

Open shadow s h i e l d  and s h i e l d  door, d isengage contamina- 2  0 
t i o n  b a r r i e r ,  and move cask c a r t  w i t h  empty RO cask adapte r  
t o  cask-hand1 i ng and decontami n a t i  on room 

Remove t h e  contami n a t i  on b a r r i  e r  adap te r  f rom t h e  RO cask 10 
adapte r  

Survey f o r  contami n a t  i on and decont ami n a t e  i f necessary 40 

Move cask c a r t  t o  r e c e i v i n g  and i n s p e c t i o n  area 10 

Remove RO cask adapte r  f rom cask c a r t  and p l a c e  i n  
set-down area 

Exchange 150- ton g rapp le  f o r  s h i p p i n g  cask yoke 5  

Engage SCFRO, r o t a t e  t o  v e r t i c a l  , p l a c e  on cask c a r t ,  and 35 
secure r e s t  r a i  n t s  

Move cask cart/SCFRO i n t o  cask-hand1 i ng and decontami na- 2 0  
t i o n  room, c l o s e  door, and i n s t a l l  con tam ina t i on  c o n t r o l  
b a r r i e r  adap te r  

Remove o u t e r  l i d  o f  SCFRO and remove a1 1  b u t  f o u r  b o l t s  o f  
i n n e r  l i d  3  0  

Move SCFRO i n t o  un load ing  room, engage con tamina t ion  b a r r i e r ,  20 
c l o s e  shadow s h i e l d  and c l o s e  s h i e l d  doors 

Remove c e l l  e n t r y  p o r t  p lugs,  u n b o l t  i n n e r  l i d  f as tene rs ,  4 0 
and l i f t  l i d  i n t o  c e l l  

Engage RO p i n t l e  g rapp le  and l i f t  completed RO i n t o  SCFRO 25 

Exchange grapple,  r ep lace  i n n e r  l i d  o f  SCFRO, t i g h t e n  8 0 
b o l t s ,  and r e p l a c e  e n t r y  p o r t  p l u g  

Open shadow s h i e l d ,  s h i e l d  door, d isengage con tamina t ion  20 
b a r r i e r  and move cask c a r t  w i t h  f u l l  SCFRO t o  cask- 
hand1 i ng and decontami n a t  i on room 

Complete SCFRO c l o s u r e  i n s t a l  1  a t i o n ,  remove b a r r i e r  
adapter ,  survey f o r  contami na t i on ,  and decontami na te  
if necessary 



TABLE 2.3. ( con td )  

Opera t ion  
Time 

Opera t ion  D e s c r i p t i o n  ( i n  m inu tes )  

Move cask c a r t  t o  r e c e i v i n g  and i n s p e c t i o n  area 10 

Remove f u l l  SCFRO f rom cask c a r t ,  p l a c e  SCFRO on t r a n s p o r t  35 
veh i c l e ,  and remove l i f t i n g  yoke 

I n s t a l  1  cask t iedown impact  l i m i t e r s ,  personnel  
b a r r i e r s ,  e tc .  

Complete p repa ra t i ons  f o r  r e l ease  o f  f u l l  SCFRO and 
t r a n s p o r t e r  f rom R&H Bui  1  d i  ng 

c a n i s t e r s  u s i n g  t h e  35- ton crane. An e l e c t r o n  beam we lder  i s  used t o  secure a  

l i d  t o  t h e  overpack, a f t e r  which t h e  overpack i s  i nspec ted  and decontami- 

nated. I f  overpacks a r e  no t  used, t h e  c a n i s t e r s  a r e  loaded d i r e c t l y  i n t o  a  

s h i p p i n g  cask. 

The r e p o s i t o r y  s h i p p i n g  cask i s  t r a n s p o r t e d  by r a i l  t o  t h e  r e p o s i t o r y  

shipment area o f  t h e  R&H b u i l d i n g ,  p o s i t i o n e d  i n  f r o n t  o f  a  cask c a r t ,  and p re-  

pared f o r  un loading.  The r e p o s i t o r y  s h i p p i n g  cask i s  then  t r a n s f e r r e d  t o  t h e  

cask c a r t  by t h e  150- ton crane. The cask c a r t  t r a n s f e r s  and mates t h e  cask t o  

t h e  l oadou t  area p o r t .  The r e q u i r e d  s h i e l d i n g  i s  p u t  i n t o  p l ace  and t h e  l oad -  

ou t  area p l u g  i s  opened. The r e p o s i t o r y  cask i s  1  oaded w i t h  an overpack o r  

c a n i s t e r s ,  t h e  p o r t  i s  c losed,  t h e  o u t e r  l i d  i s  inspec ted ,  and t h e  o u t e r  s u r -  

face i s  decontami nated. Fo l  1  owing decontami na t i on ,  t h e  r e p o s i t o r y  s h i p p i  ng 

cask i s  removed f rom t h e  cask c a r t  and p laced  on t h e  t r a n s p o r t  veh i c l e ,  and 

f i n a l  p repa ra t i ons  a re  made t o  r e l ease  t h e  s h i p p i n g  cask f rom t h e  R&H b u i l d i n g .  

2.4 SECONDARY WASTE 

Secondary waste r e f e r s  t o  non fue l  ma te r i  a1 generated by d i  sassembl i ng 

spen t- fue l  assembl ies and o t h e r  waste t h a t  must be handled, packaged and s h i p -  

ped f rom t h e  R&H b u i l d i n g .  Secondary waste i s  d i v i d e d  i n t o  two ca tego r i es :  

non fue l  - bear ing  components and ons i te- genera ted  h i  gh- ac t i  v i t y  waste. 

Nonfuel  -bear i  ng components ( r e f e r r e d  t o  as hardware) a re  t h e  nozz les  , 
g r i d s ,  guidetubes, etc., rema in ing  f rom spen t- fue l  disassembly f o r  



1 Welding Generator/Equipment Room 
2 Canister Welding Station 
3 Canister Decon/Helium Leak Test 

Chamber 
4 Chamber Isolation Valves 
5 Canister Upender 
6 Storage Canister 
7 Exit Port 
8 Lag Storage Cover 
9 Exit Port Jacking Mechanism 

10  Plug Grapple 
11 Pintle Grapple 
12 Equipment Lifting Yoke 
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14  Power Mast 
15 Manipulator 
16 35 Ton Cell Crane 
17 Maintenance Area Shield Door 
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24  Storage Cask and Transporter 
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26 Cask Cart 
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FIGURE 2.4. Repos i t o r y  Sh ipp ing  Cask Loading Area 

consol  i d a t i o n .  Onsi te- generated h i g h  a c t i v i t y  waste (HAW) c o n s i s t s  o f  spent  

h i  g h- e f f  i c i e n c y  p a r t i c u l a t e  a i  r (HEPA) f i  1  t e r s ,  spent c a r t r i d g e  f i  1 t e r s ,  spent  

r e s i  ns f rom radwaste systems, and evapo ra to r  s l u r r y .  

MRS h a n d l i n g  o f  secondary waste c o n s i s t s  o f  l o a d i n g  secondary waste i n t o  

55-gal l o n  drums, f o l  lowed by drum sea l  i ng and decontaminat ion.  The 



nonfue l- bear ing  waste drum p rocess ing  and decontaminat ion i s  accompl ished i n  a  

c e l l  l o c a t e d  between ad jacen t  s h i e l d e d  process c e l l  s. One non fue l  - bea r i ng  

p rocess ing  and decontaminat ion c e l l  i s  l o c a t e d  i n  each h a l f  o f  t h e  R&H b u i l d -  

ing .  Empty drums a re  brought  i n t o  a  process c e l l  by a  c a r t  and p laced  a t  t h e  

shredder  ou tpu t  f o r  f i l l i n g .  Shredder l o a d i n g  i s  performed by a  robo t  mounted 

on a  powered t r ansve rse  t r a c k  t h a t  removes hardware f rom t h e  disassembly 

c o n s o l i d a t i o n  s t a t i o n  and p laces  i t  i n  a  shredder  chute. The c a r t  t r a n s f e r s  

t h e  f i l l e d  drum t o  a  l i d  s t a t i o n ,  where t h e  drum i s  sealed, and then  i n t o  t h e  

decon tamina t ion  c e l l  where i t  i s  decontaminated and p laced  on a  pa l  l e t .  

Process c e l l  HEPA f i l t e r s  a re  boxed and removed t o  an ad jacen t  area where t h e y  

a re  compacted and p laced  i n t o  55-gal 1  on drums. The drums are  t hen  moved i n t o  

t h e  decontani inat ion c e l l  and processed i n  t h e  same manner as t h e  non fue l -  

b e a r i  ng waste drums. 

The load ing ,  drum seal  i ng, and drum decontamina t ion  o f  ons i  te- genera ted  

HAW r e s u l t i n g  f rom radwaste t r ea tmen t  a re  completed i n  nearby rooms. These 

drums a re  t h e n  t r a n s f e r r e d  d i r e c t l y  t o  t h e  l oadou t  area. 

Secondary waste i s  moved f rom t h e  decontaminat ion c e l l  t o  t h e  w e l d i n g  

s t a t i o n  area by a  t r a n s f e r  c a r t  c a r r y i n g  a  p a l l e t  o f  f i v e  55- ga l lon  drums. The 

p a l  l e t  i s  removed by a  35- ton crane and t r a n s f e r r e d  t o  t h e  o u t l o a d i n g  area. 

The o u t l o a d i n g  area con ta ins  a  l a g  s to rage  area assumed t o  be capable o f  con- 

t a i  n i  ng 15 drums o f  non fue l  - bea r i  ng components and 45 drums o f  h i  gh- ac t i  v i  t y  

waste. 

Drums are  p laced  i n t o  drum baskets  t h a t  h o l d  f i v e  drums stacked i n  a  ve r -  

t i c a l  p o s i t i o n .  A maximum o f  n i ne  drum baskets  i s  assumed t o  be brought  i n t o  

t h e  overpack area a t  a  t i m e  th rough t h e  r e p o s i t o r y  s h i p p i n g  cask l oadou t  p o r t  

i n  a  s i m i l a r  manner as r e p o s i t o r y  overpacks. The bot tom of t h e  drum basket  

c o n s i s t s  o f  a  t r i a n g u l a r  base p l a t e  s u p p o r t i n g  t h r e e  s i d e  suppor ts  f o r  t h e  bas- 

ke t .  The t o p  o f  t h e  basket i s  formed by a  t r i a n g u l a r  t o p  p l a t e  w i t h  a  l i f t i n g  

p i n t l e  t h a t  b o l t s  t o  t h e  s i d e  suppor ts .  Drum baskets  a re  l i f t e d  by t h e  35- ton 

crane th rough t h e  loadout  p o r t  and i n t o  t h e  overpack area, where t h e  t o p  p l a t e s  

a re  removed by 35- ton crane man ipu la to r s  and gu ide p i n s  a re  i n s t a l l e d  on t h e  

t h r e e  suppor t  members. The o p e r a t i n g  s t r a t e g y  assumed f o r  b r i n g i n g  i n  empty 

drum baskets  i s  t o  have an empty basket  ready f o r  l o a d i n g  i n  each empty 



d i scha rge  l a g  s to rage  basket  c a v i t y .  The d ischarge  l a g  s to rage  i s  assumed t o  

c o n t a i n  a  t o t a l  o f  12 basket  c a v i t i e s .  

Drum basket  l o a d i n g  begins a f t e r  t h e  drum p a l l e t  i s  p l aced  i n  t h e  l oadou t  

area. A  35- ton crane secures a  drum g rapp le  at tachment f o r  i n d i v i d u a l  drum 

l i f t s .  A f t e r  each drum i s  loaded i n t o  t h e  basket,  a  t r i a n g u l a r  p l a t e  i s  p l aced  

on t o p  o f  t h e  drum. A f t e r  t h e  f i f t h  drum i s  loaded i n t o  t h e  basket ,  t h e  t o p  

p l a t e  i s  i n s t a l l e d  and t h e  drum g rapp le  at tachment i s  exchanged f o r  a  b o l t  

man ipu la to r  and t o r q u e  wrench. The t o p  p l a t e  i s  then  b o l t e d  t o  t h e  t h r e e  bas- 

k e t  suppor ts  and l o a d i n g  i s  completed. The 35- ton crane t hen  exchanges t h e  

b o l t  man ipu la to r  f o r  a  l i f t i n g  at tachment,  and t h e  drum p a l l e t  i s  r e t u r n e d  t o  

t h e  t r a n s f e r  c a r t .  

Sh ipp ing  cask c a p a c i t y  f o r  secondary waste i s  assumed t o  be t h r e e  baskets  

o f  non fue l - bea r i ng  components, o r  seven t o  n i n e  baskets o f  h i g h  a c t i v i t y  waste. 

Secondary waste l o a d i n g  i s  completed t h rough  t h e  r e p o s i t o r y  l oadou t  p o r t ,  s im i  - 
1  a r  t o  1  oadi  ng s h i p p i n g  casks w i t h  spent f u e l .  Secondary waste can a1 so be 

s t o r e d  o n s i t e  s i m i l a r  t o  spen t- fue l  c a n i s t e r s .  However, f o r  t h e  purpose o f  

t h i s  performance assessment, i t  was assumed t h a t  a l l  secondary waste would be 

sh ipped o f f s i t e .  

A c t i v i t y  t imes  f o r  secondary waste h a n d l i n g  a r e  p r o v i d e d  i n  Tab le  2.4. 

A c t i v i t y  t imes  n o t  shown (e.g., p r e p a r i n g  secondary waste s h i p p i n g  cask f o r  

l o a d i n g )  a r e  assumed t o  be i d e n t i c a l  t o  a c t i v i t y  t imes  f o r  s i m i l a r  spen t- fue l  

h a n d l i n g  a c t i v i t i e s .  

A r r i v a l  r a t e s  o f  secondary waste t o  t h e  s h i e l d e d  canyon c e l l s  a r e  depen- 

dent  on t h e  MTU rece i ved  by t h e  MRS f a c i l i t y .  Each MTU o f  spent f u e l  r e s u l t s  

i n  0.4394 drums o f  non fue l  - bea r i ng  components and 0.3842 drums o f  h i g h  a c t i v i t y  

waste. A t  3600 MTU p e r  year ,  approx imate ly  2965 drums o f  secondary waste must 

be hand1 ed. 



TABLE 2.4. A c t i v i t y  Times f o r  Secondary Waste Hand l ing  

Ac t  i v i  t y  Time (minu tes )  

Unload Drum P a l l e t :  
- 35- ton crane goes t o  p a l l e t  10 
- Secure p a l l e t ,  move t o  d ischarge  l a g  s to rage  15 
- Replace l i f t i n g  g rapp le  w i t h  drum g rapp le  10 
- Place drum 1 i n t o  basket  5  
- P lace  spacer p l a t e  i n t o  basket  8  
- Place drum 2 5  
- P lace  p l a t e  2 8  
- Place drum 3  5  
- P lace  p l a t e  3  8  
- Place drum 4  5  
- P lace  p l a t e  4 8 
- Place drum 5  5  
- Place p l a t e  5  8  
- Replace g rapp le  f o r  p l a t e  b o l t i n g  man ipu la to r  10 
- Remove guide p i n s  5  
- B o l t  p l a t e  15 
- Replace man ipu la to r  w i t h  l i f t i n g  dev i ce  10 
- Retu rn  p a l l e t  - 15 

TOTAL 155 minutes 

Load i n  Empty Drum Baskets: 
- P lace  basket cask adapter  on cask c a r t  2  0  
- Place n ine  baskets on c a r t  ( 5  minutes each) 45 
- Move t o  h a n d l i n g  room, i n s t a l l  con tamina t ion  

b a r r i e r  adapter  2 0 
- Move t o  un load ing  room, mate t o  p o r t  2  0  
- Remove p o r t  p lugs  w i t h  35- ton crane 2  0  
- L i f t  n i n e  baskets i n t o  d ischarge  l a g  s to rage  

(10 minutes each) 90 
- Replace p lugs  20 
- 35- ton crane secures b o l t  man ipu la to r  10 
- Remove n ine  p i n t l e  p l a t e s  and s t o r e  (10 minutes each) 9  0 
- I n s t a l l  n i ne  s e t s  o f  gu ide p i n s  (5  minutes each s e t )  4  5  
- Exchange b o l t  man ipu la to r  f o r  l i f t i n g  dev i ce  - 10 

TOTAL 390 minutes 

Retu rn  cask c a r t  and remove adapters  80 minutes 

P lace  loaded drum basket  i n t o  s h i p p i n g  cask 20 minutes 



EQUIPMENT RELIABILITY 

MRS back-end equipment r e l i a b i l i t y  was rev iewed t o  determine t h e  impact  o f  

equipment f a i  l u r e  on f a c i  1 i t y  th roughput  capabi 1 i t y .  The f o l l  owing f i  ve t ypes  

o f  equi  pment were r e v i  ewed : 

1. 150- ton b r i d g e  cranes 

2. mob i l e  40- ton cranes 

3. cask c a r t s  

4. y a r d  cask t r a n s p o r t  v e h i c l e s  

5. 35- ton b r i d g e  cranes. 

The r e s u l t s  o f  t h e  r e l i a b i l i t y  a n a l y s i s  formed t h e  bas i s  f o r  model ing randomly 

o c c u r r i n g  equipment f a i  l u r e s  d u r i n g  t h e  s i m u l a t i o n  o f  MRS back-end ope ra t i on .  

Fa i  1 u r e  r a t e s  f o r  each equipment t y p e  and o t h e r  re1 i ab i  1 i t y  c o n s i d e r a t i o n s  a r e  

d iscussed  i n  t h e  f o l l o w i n g  sec t ions .  

2.5.1 150-Ton B r i  dae Crane Re1 i ab i  1 i t v  

The R&H b u i l d i n g  i s  served by one 150- ton crane i n  each o f  t h e  two t r a n s -  

p o r t  v e h i c l e  R&H areas. F a i l u r e  o f  a 150- ton crane would r e s u l t  i n  t h e  i n a b i  1- 

i t y  o f  one- ha l f  o f  t h e  R&H b u i l d i n g  t o  hand le  r a i  1 casks and would d i s r u p t  

r e p o s i t o r y  s h i p p i n g  cask hand1 i ng. To ensure maximum 150- ton b r i d g e  crane 

r e 1  i ab i  1 i t y  , p e r i  o d i c  p r e v e n t i  ve maintenance i s  assumed t o  be per formed i n such 

a manner as t o  m in im ize  unplanned downtime. Expected 150- ton crane outage 

r a t e s  a r e  p rov ided  i n  Tab le  2.5. 

2.5.2 Mob i l e  40-Ton CraneICask Ca r t s IYa rd  Cask T r a n s f e r  V e h i c l e  Re1 i a b i  1 i t v  

Mob i l e  40- ton cranes a re  used i n  t h e  cask R&H areas f o r  s m a l l e r  c a p a c i t y  

l i f t s  ( i  .e., l i f t s  no t  r e q u i r i n g  t h e  use o f  t h e  150- ton b r i d g e  c rane) .  Spare 

mob i l e  cranes a r e  expected t o  be a v a i l a b l e  and no r e d u c t i o n  i n  f a c i l i t y  

th roughput  i s  a n t i c i p a t e d  t o  be caused by f a i l u r e s  assoc ia ted  w i t h  t h e  crane. 

The cask c a r t  t r a n s p o r t s  t h e  upended r e p o s i t o r y  s h i p p i n g  cask t o  t h e  s h i p -  

p i n g  cask l o a d i n g  room. Each h a l f  o f  t h e  R&H b u i l d i n g  i s  served by one cask 

c a r t  ded i ca ted  t o  m a t e r i a l  l e a v i n g  t h e  MRS s i t e .  A rev iew o f  cask c a r t  ava i  l a -  

b i l i t y  r evea led  t h a t  t h e  equipment i s  expected t o  have a low maintenance 

requi rement ,  and no cask c a r t  f a i l u r e s  were i n c l u d e d  i n  t h e  s i m u l a t i o n  

a n a l y s i s .  



TABLE 2.5. 150-Ton B r i dge  Crane Outages 

P o t e n t i  a1 Component Fa i  l u r e  Rates 

1. Planned overhaul ( p r e v e n t i  ve mai ntenance) 

2. Hook damaged - f a i  1s n o n d e s t r u c t i v e  
t e s t i n g  (NDT) 

3. Cable wear 

4. Brake s l  i p s l l o c k s  

5. Con t ro l  ma1 f u n c t i o n  

6. Motor problems 

7. T rave l  m a l f u n c t i o n  ( b r i d g e )  

8. Drum wear 

9. Power supp ly  . - 

10. I nspec t i ons :  O S H A , ( ~ )  t h i  r d  p a r t y ,  
o t h e r  mandatory checks 

11. S u r v e i l l a n c e  i n s p e c t i o n  each s h i f t  

T i  me 
Between 

Occurrences 

5 Y r  

5  Y r  

Repai r T i  me 
Each 

Occurrence 
(hou rs )  

168 

( a )  OSHA - Occupat ional  Sa fe t y  and Hea l t h  Admi n i  s t r a t i  on. 

Yard cask t r a n s f e r  veh i c l es  t r a n s p o r t  concre te  s to rage  casks between t h e  

cask s to rage  yard,  cask manufac tu r ing  f a c i l i t y ,  and s to rage  cask l o a d i n g  room. 

S i m i l a r  t o  mob i le  40- ton cranes, y a r d  cask t r a n s f e r  v e h i c l e  f a i l u r e s  a re  n o t  

expected t o  reduce f a c i  1  i t y  th roughput .  

2.5.3 35-Ton B r i dge  Crane Re1 i a b i  1  i t y  

Each s h i e l d e d  canyon c e l l  i s  served by two 35- ton remote ly  operated b r i d g e  

cranes t h a t  a re  used f o r  h a n d l i n g  c a n i s t e r e d  spent f u e l  and drummed secondary 

waste. Because f a i l u r e  o f  a  35- ton crane would reduce MRS back-end h a n d l i n g  

capabi 1  i t y ,  t h e  s i  mu1 a t i  on model used t h e  expected outages presented i n 

Tab le  2.6 t o  account f o r  l e s s  than  100% 35- ton crane r e l i a b i l i t y .  I f  needed, 

t h e  o t h e r  35- ton crane can be used when one i s  down. 



TABLE 2.6. 35-Ton B r i d g e  Crane Outages 

P o t e n t i  a1 Component Fa i  l u r e  Rates 

1. Planned overhaul  ( p r e v e n t i v e  
mai n tenance)  

2. Hook o r  mast-damaged, f a i l s  NDT 

L i f t  power package ma1 f u n c t i o n  

Brake s l  i p s / l  ocks 

Con t ro l  ma1 f u n c t i o n  

Motor  problems 

Trave l  ma1 f u n c t i  on ( b r i d g e )  

Power supp ly  

Remote mon i t o r  i n s t a l l a t i o n  

Audio 

L i g h t s  

I n s p e c t i o n s :  OSHA, t h i  r d  p a r t y ,  
o t h e r  mandatory checks 

Surve i  11 ance i n s p e c t i o n  each s h i f t ,  

T i  me 
Between 

Occurrences 

5  Y r  

Repai r T i  me 
Each 

Occurrence 
(hou rs )  

168 



3.0 EXPECTED FACILITY PERFORMANCE 

Us ing  s i m u l a t i o n  ana l ys i s ,  MRS back-end f a c i l i t y  performance was assessed 

f o r  a  v a r i e t y  o f  o p e r a t i n g  scenar ios .  For  each scenar io ,  t h e  expected per form-  

ance o f  t h e  f a c i l i t y  was rev iewed f o r  equipment u t i l i z a t i o n  l e v e l s ,  impact o f  

crane f a i l u r e s ,  th roughput  capabi 1  i ty, 1  ag s to rage  adequacy, and r e p o s i t o r y  

s h i p p i n g  cask tu rnaround t ime.  

The re fe rence  o p e r a t i n g  scena r i o  i s  t h e  s e t  o f  c o n d i t i o n s  t h e  MRS f a c i l i t y  

would exper ience based on t h e  des ign th roughput  r a t e  o f  3,600 MTU p e r  year .  

A d d i t i o n a l  o p e r a t i  ng scenar ios  i n c l  ude v a r i e d  th roughput  r equ i  rements , cask 

c a p a c i t i e s ,  and s to rage  y a r d  u t i l i z a t i o n  ra tes .  Each o p e r a t i n g  scena r i o  and 

cor respond ing  f a c i l i t y  performance e v a l u a t i o n  i s  descr ibed  i n  t h e  f o l l o w i n g  

s e c t i  ons. 

3.1 REFERENCE SYSTEM PERFORMANCE 

The re fe rence  system scena r i o  assumes t h a t  t h e  MRS f a c i l i t y  would r e c e i v e  

and handle 3,600 MTU p e r  year .  Th i s  r e s u l t s  i n  a  y e a r l y  t o t a l  o f  about 1,560 

c a n i s t e r s  o f  conso l i da ted  PWR spent f u e l  and 1,110 c a n i s t e r s  of conso l i da ted  

BWR spent  f u e l  and 2,965 f i f t y - f i v e  g a l l o n  drums be ing  handled by t h e  back-end 

s h i e l d e d  canyon c e l l s .  F l u c t u a t i o n s  i n  t hese  y e a r l y  t o t a l s  were cons idered  by 

i n c o r p o r a t i n g  random a r r i v a l  p a t t e r n s  i n  t h e  model ing ana l ys i s .  A d d i t i o n a l  

assumptions i n c l u d e d  i n  t h e  re fe rence  system performance assessment a re  l i s t e d  

be1 ow: 

25% of a l l  c a n i s t e r s  sen t  t o  y a r d  s to rage  

12 c a n i s t e r s  s t o r e d  i n  each concre te  cask i n  y a r d  s to rage  

4  c a n i s t e r s  p laced  i n t o  each r e p o s i t o r y  s h i p p i n g  cask 

a 5  r e p o s i t o r y  s h i p p i n g  casks p e r  t r a i n  

no overpack 

7 dayslweek o p e r a t i o n  

400 c a n i s t e r s  i n  l a g  s to rage  d u r i n g  t h e  f i r s t  y e a r  o f  opera t ion .  



Expected f a c i  1  i t y  performance i s  based on 11 years  o f  s imu la ted  f a c i  1  i t y  opera-  

t i o n .  The conc lus ion  o f  t h i s  r e fe rence  system performance assessment i s  t h a t  

th roughput  would be met w i t h  accep tab le  equipment u t i  1  i z a t i o n  r a t e s  and r a i  1  c a r  

t u rna round  t imes.  I n  a d d i t i o n ,  1  ag s to rage  would adequate ly  hand le  surges i n  

c a n i s t e r  a r r i v a l  and depar ture.  I t  shou ld  be no ted  t h a t  a t  3,600 MTU p e r  y e a r  

t h e  f r o n t  end o f  t h e  MRS f a c i l i t y  ( i  .e., cash r e c e i v i n g  and c o n s o l i d a t i o n  

o p e r a t i o n s )  would adequate ly  handle t h roughpu t  w i t h  a  d isassembly  s t a t i o n  

equipment u t i l i z a t i o n  r a t e  o f  about 70%. 

Equipment u t i l i z a t i o n  due t o  spent  f u e l  h a n d l i n g  i s  l e s s  t h a n  50%. Tab le  

3.1 summarizes u t i l i z a t i o n  ra tes .  It shou ld  be no ted  t h a t  crane u t i l i z a t i o n  

r a t e s  f o r  a l l  scenar ios  a r e  l e s s  t han  25%. The c a r t s  t h a t  c a r r y  t h e  r e p o s i t o r y  

s h i p p i n g  casks between t h e  r a i l c a r  and t h e  l o a d i n g  o r  e x i t  p o r t s  a r e  used 

most. However, c a r t  u t i l i z a t i o n  depends on t h e  amount o f  t i m e  t h a t  casks w a i t  

a t  t h e  l o a d i n g  p o r t .  The c a r t  s e r v i c i n g  t h e  PWR s i d e  o f  t h e  R&H b u i l d i n g  has a  

u t i l i z a t i o n  r a t e  o f  37%, and t h e  BWR-side c a r t  has a  u t i l i z a t i o n  r a t e  o f  50%. 

The tu rnaround ( i  .e., r e c e i v i n g ,  load ing ,  and r e l e a s i n g )  t i m e  f o r  

r e p o s i t o r y  spen t- fue l  s h i p p i n g  casks a t  t h e  MRS was es t ima ted  f o r  bo th  

i n d i v i d u a l  r a i  l ca r s / casks  and m u l t i c a r  t r a i n s .  Tab le  3.2 summarizes s h i p p i n g  

cask tu rnaround t imes  and con f idence  i n t e r v a l s  on t i  me est imates.  Repos i t o r y  

s h i p p i  ng casks c o n t a i  n i  ng t h r e e  c a n i s t e r s  o f  consol  i dated spent f u e l  

(approx imate ly  4.0 MTU t o t a l )  a r e  rece ived ,  loaded, and re l eased  i n  about 

20 hours. 

TABLE 3.1. Reference System (3,600 MTU p e r  y e a r )  
Equipment U t i  1  i z a t i  on Rates 

Equi pment U t i l i z a t i o n  Rate (%) 

PWR Side:  

35-Ton Cranes 23.5 
Cask Ca r t  50.0 
150-Ton Crane 20.0 

BWR Side: 

35-Ton Cranes 19.0 
Cask C a r t  50.0 
150-Ton Crane 20.0 



TABLE 3.2. Repos i t o r y  Sh ipp ing  Cask Turnaround Times f o r  Spent Fuel  

Average 95 Percent  95 Percent  
Turnaround Conf idence I n t e r v a l  Conf idence I n t e r v a l  
Time ( h r )  Minimum Value ( h r )  Maximum Value ( h r )  

PWR Cask 19 17 2  8  

BWR Cask 19 18 36 

M u l t i c a r  T r a i  n  9 7  
(5  casks) 

Mu1 t i c a r  t r a i n s ,  c o n s i s t i n g  o f  f i v e  s h i p p i n g  casks each, can be rece ived ,  

loaded, and re leased  f rom t h e  MRS f a c i l i t y  i n  approx imate ly  97 hours o r  

4  days. The r e l a t i v e  t r a i n  tu rnaround t imes  a r e  shown i n  F i g u r e  3.1. 

F i g u r e  3.1 shows t h e  two most l i k e l y  t r a i n  tu rnaround t imes t o  be 2.5 t o  3.0 

days and 4.5 t o  5.0 days. The f i r s t  most l i k e l y  tu rnaround t i m e  o f  2.5 t o  

3.0 days r e s u l t s  f rom approx imate ly  50% o f  t h e  t r a i n s  a r r i v i n g  a t  t h e  MRS when 

t h e  s h i p p i n g  f a c i l i t y  i s  i d l e .  The second most l i k e l y  m u l t i c a r  t r a i n  t u r n -  

around d u r a t i o n  o f  4.5 t o  5.0 days i s  due t o  t r a i n s  a r r i v i n g  a t  t h e  MRS and 

hav ing  t o  w a i t  f o r  a  p rev ious  t r a i n  t o  be processed. 

3.2 EVALUATION OF LAG STORAGE CAPACITY 

The v a u l t  l a g  s to rage  areas i n  t h e  s h i e l d e d  canyon c e l l s  have a  combined 

c a p a c i t y  o f  1,000 MTU (approx imate ly  748 c a n i s t e r s )  and serve  as a  b u f f e r  

between spen t- fue l  c a n i s t e r i n g ,  r e p o s i t o r y  shipments, and y a r d  s torage.  Lag 

s to rage  l e v e l s  a r e  dependent on t h e  e q u i l i b r i u m  o f  spen t - fue l  a r r i v a l  r a t e s  

f rom r e a c t o r s  and shipment r a t e s  o f  c a n i s t e r e d  spent f u e l  t o  t h e  r e p o s i t o r y .  

I n  a d d i t i o n ,  t a r g e t e d  l a g  s to rage  l e v e l s  (i.e., l a g  s to rage  l e v e l s  a t  which 

c a n i s t e r s  a r e  p laced  i n  y a r d  s to rage  t o  a l l e v i a t e  s h i e l d e d  canyon c e l l  l a g  

s to rage )  a l s o  impact l a g  s to rage  usage. 

To address t h e  impact o f  d i f f e r e n c e s  i n  spen t - fue l  a r r i v a l  and depa r tu re  

r a t e s  on l a g  s torage,  an a n a l y s i s  was completed assuming t h a t  f rom 0 t o  

400 c a n i s t e r s  a re  i n  l a g  s to rage  when equi  1  i br ium i n  annual and depa r tu re  r a t e s  

i s  achieved. Furthermore, t a r g e t e d  l a g  s to rage  l e v e l s  were v a r i e d  f rom 400 t o  

700. The r e s u l t s  o f  t h i s  a n a l y s i s  i n  terms o f  average and maximum l a g  s to rage  

use a re  shown i n  Tab le  3.3 and F igu res  3.2 and 3.3. It should be emphasized 
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FIGURE 3.1. R e l a t i v e  Frequency o f  T r a i n  Turnaround Time 

t h a t  t h e  a n a l y s i s  was completed assuming t h a t  PWR and BWR c a n i s t e r s  would n o t  

be mixed ( i  .e., ded i ca ted  s h i e l d e d  canyon c e l l  l a g  s to rages) .  I n  p r a c t i c e ,  

c a n i s t e r s  cou ld  be t r a n s f e r r e d  f r om one l a g  s to rage  t o  ano ther  t o  p e r m i t  maxi-  

mum l a g  s to rage  u t i l i z a t i o n .  However, a d d i t i o n a l  canis ter- hand1 i n g  r e q u i  r e-  

ments would be p laced  on t h e  35- ton cranes. 

The r e s u l t s  o f  t h e  a n a l y s i s  i s  t h a t  s u f f i c i e n t  l a g  s to rage  c a p a c i t y  e x i s t s  

t o  handle expected surges r e s u l t i n g  f r om random spen t - fue l  a r r i  v a l  s  and depar-  

tu res .  Lag s to rage  c a p a c i t y  c o n s t r a i n t s  occur  when l a g  s to rage  l e v e l s  a re  more 

than  50% f u l l  be fo re  e q u i l i b r i u m  i s  reached and t h e  t a r g e t e d  l a g  s to rage  l e v e l  

i s  h igh.  A t  equi  1  i brium, requ i  r e d  surge c a p a c i t y  i s  approx imate ly  200 t o  250 

c a n i s t e r s .  There fo re ,  a t  t h e  des i  gned capac i t y  o f  748 c a n i s t e r s  and assumi ng 

optimum l a g  s to rage  u t i l i z a t i o n  (i .e. ,  m i x i n g  PWR and BWR c a n i s t e r s ) ,  



TABLE 3.3. Ana l ys i s  o f  Sh ie l ded  Canyon C e l l  Lag Storage 
(maximum l a g  s to rage  c a p a c i t y  = 748 c a n i s t e r s )  

D i  f f e rence  
Number o f  Average Number Maxi mum Number Between I n i  t i  a1 

Can i s te r s  I n i t i a l l y  o f  Can i s te r s  o f  Can i s te r s  and Maximum 
i n  Lag Storage i n  Lag Storage i n  Lag Storage Lag S to rage  

Targe ted  Lag Storage Leve l  = 400 Can is te r s  

0 5 0 137 137 

Targeted Lag Storage Level  = 700 Can is te r s  

0 50 137 

100 148 269 

200 247 419 

300 346 519 

400 ( a )  420 578 

( a )  S i m u l a t i o n  t e rm ina ted  p remature ly  because PWR l a g  s to rage  c a p a c i t y  was 
exceeded. 

approx imate ly  500 c a n i s t e r  s t o rage  l o c a t i o n s  can be used f o r  long- te rm s to rage  

w i t h o u t  a f f e c t i n g  t h e  s h i e l d e d  canyon c e l l ' s  a b i l i t y  t o  handle expected l a g  

s to rage  surges o r  f l u c t u a t i o n s .  

3.3 IMPACT OF VARIED THROUGHPUT REQUIREMENTS 

Throughput requi rements f r om 3,000 t o  3,600 MTU p e r  y e a r  were used t o  

assess back-end c a n i s t e r  h a n d l i n g  c a p a b i l i t y  f o r  t h e  MRS f a c i l i t y .  The 

f u n c t i o n a l  des ign c r i t e r i a  s t a t e  t h a t  t h e  MRS f a c i  1  i t y  must have adequate surge 

c a p a c i t y  t o  process 3,600 MTU pe r  year .  Excess p rocess ing  c a p a c i t y  would 

enable t h e  f a c i l i t y  t o  handle f l u c t u a t i o n s  i n  t h e  amount o f  spent f u e l  a r r i v i n g  

y e a r l y  t o  t h e  R&H b u i l d i n g ,  and would a l s o  enable t h e  f a c i l i t y  t o  recover  f rom 

an extended unscheduled outage. 
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FIGURE 3.2. Average Number o f  BWR Can i s te r s  i n  V a u l t  Storage 

As no ted  i n  Sec t i on  3.1, t h e  c a r t  t h a t  t r a n s p o r t s  t h e  r e p o s i t o r y  s h i p p i n g  

cask f rom t h e  r a i l c a r  t o  t h e  l o a d i n g  p o r t  has t h e  h i g h e s t  u t i l i z a t i o n  r a t e  o f  

any back-end f a c i l i t y  equipment. There fo re ,  th roughput  c a p a b i l i t y  would be 

l i m i t e d  by c a r t  a v a i l a b i l i t y ,  which depends on t h e  l e n g t h  o f  t i m e  t h a t  i t  takes  

t o  l o a d  casks a t  t h e  l o a d i n g  p o r t .  The s imu la t ion- based es t ima te  o f  c a r t  u t i  1-  

i z a t i o n  a t  3,000 MTU p e r  y e a r  th roughput  and 5-day week f a c i l i t y  o p e r a t i o n  i s  

l e s s  t han  50%, i n d i c a t i n g  t h a t  th roughput  cou ld  be achieved. 

3.4 SHIPPING CASK VARIATIONS VERSUS FACILITY PERFORMANCE 

An i m p o r t a n t  measure o f  t h e  e f f e c t i v e n e s s  o f  t h e  MRS f a c i  1  i t y  des ign  i s  

t h e  f a c i  1  i t y  ' s  ab i  1  i ty  t o  meet th roughput  r equ i  rements g iven  p o t e n t i  a1 v a r i  a- 

t i o n s  i n  o p e r a t i n g  c o n d i t i o n s .  One area of p o t e n t i a l  v a r i a t i o n  i s  t h e  
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r e p o s i t o r y  s h i p p i n g  cask and t r a i n  t r a n s p o r t .  The s i m u l a t i o n  a n a l y s i s  of MRS 

f a c i  l i t y  ope ra t i on  was completed assumi ng t h e  f o l  l o w i n g  scenar ios :  

cask capac i t y  inc reased  f r om 3 t o  4 MRS c a n i s t e r s  

m u l t i c a r  t r a i n  i nc reased  f r om 5 cars  t o  10 cars  

a  r e p o s i t o r y  overpack o p e r a t i o n  was added a t  t h e  MRS. 

The impact o f  these  scenar ios  on t h e  performance o f  back-end MRS spent-  

f u e l  c a n i s t e r - h a n d l i n g  ope ra t i ons  i s  d iscussed i n  t h e  f o l l o w i n g  sec t i ons .  

3.4.1 Impact o f  Sh ipp ing  Cask Capac i ty  

The s h i p p i n g  cask capac i t y  f o r  r e p o s i t o r y  spent f u e l  a f f e c t s  t h e  number o f  

casks needed t o  meet s h i p p i n g  requ i  rements. As cask c a p a c i t i e s  inc rease ,  t h e  

number o f  s h i p p i n g  casks t h e  MRS f a c i l i t y  must handle decreases. A l though t h e  

a c t u a l  r e p o s i t o r y  s h i p p i n g  cask system may n o t  use t h e  MRS c a n i s t e r  c a p a c i t i e s  



o f  t h r e e  PWR o r  seven BWR spen t- fue l  assembles p e r  c a n i s t e r ,  t hese  c a p a c i t i e s  

were used t o  show t h e  b e n e f i t s  o f  i n c r e a s i n g  cask c a p a c i t y  f o r  MRS f a c i l i t y  

performance. 

The re fe rence  o p e r a t i n g  scena r i o  f o r  t h e  MRS assumes t h a t  t h r e e  c a n i s t e r s  

o f  c o n s o l i d a t e d  spent f u e l  would be p laced  i n t o  a  r e p o s i t o r y  s h i p p i n g  cask. 

Assuming t h a t  f o u r  c a n i s t e r s  would be p l aced  i n t o  a  cask, a  s i m u l a t i o n  a n a l y s i s  

was completed t o  measure t h e  r e s u l t i n g  r e d u c t i o n  i n  t h e  u t i l i z a t i o n  o f  t h e  

r e p o s i t o r y  cask t r a n s f e r  c a r t .  C a r t  u t i l i z a t i o n  i s  a  key performance measure 

because i t  has t h e  h i g h e s t  u t i l i z a t i o n  o f  any o f  t h e  MRS back-end equipment. 

The a n a l y s i s  i n d i c a t e d  t h a t  average c a r t  u t i l i z a t i o n  would be reduced by 

7.3%. The ne t  e f f e c t  o f  reduc ing  c a r t  u t i l i z a t i o n  by i n c r e a s i n g  s h i p p i n g  cask 

c a p a c i t y  would be an i n c r e a s e  i n  y e a r l y  th roughput  c a p a b i l i t y  f o r  t h e  MRS back- 

end f a c i l i t y .  

3.4.2 Impact o f  M u l t i c a r  T r a i n  S i z e  

A s i m u l a t i o n  a n a l y s i s  o f  t h e  s i z e  o f  m u l t i c a r  t r a i n s  f o r  t h e  r e p o s i t o r y  

r a i l  casks was completed t o  q u a n t i f y  t h e  impact o f  t r a i n  s i z e  on cask and t r a i n  

t u rna round  t imes.  A1 1  o p e r a t i n g  assumptions i n  t h i s  a n a l y s i s  a r e  i d e n t i c a l  t o  

t hose  f o r  t h e  re fe rence  scena r i o  except  t r a i n  s i ze .  

A comparison o f  cask and t r a i n  t u rna round  t imes  i s  p r o v i d e d  i n  Tab le  3.4 

f o r  5-car and 10-car m u l t i c a r  t r a i n s .  Both cask and t r a i n  t u rna round  t imes  

i nc rease  due t o  casks w a i t i n g  l onge r  t o  be serv iced .  Repos i t o r y  s h i p p i n g  cask 

tu rnaround t i m e  inc reases  f r om 19 hours p e r  cask f o r  5- car t r a i n s  t o  27 hours 

p e r  cask f o r  10-car  t r a i n s .  Th i s  r ep resen ts  more t han  a  40% i n c r e a s e  i n  t u r n -  

around t ime.  

TABLE 3.4. Comparison o f  T r a i n  S i z e  and Cask IT ra in  Turnaround Times 

Number o f  Casks Cask Turnaround T r a i n  Turnaround 
pe r  Mu1 t i  c a r  T r a i  n  Time ( h r )  Time ( h r )  

5  19 97 

10 27 206 



3.4.3 Impact o f  Overpack Opera t ions  

Space f o r  overpack equipment i n  t h e  s h i e l d e d  canyon c e l l s  i s  i n c l u d e d  i n  

t h e  MRS f a c i l i t y  design. The re fe rence  system scena r i o  does no t  i n c l u d e  over -  

pack ing  because t h i s  ope ra t i on  i s  most l i k e l y  t o  occur  a t  t h e  r e p o s i t o r y .  A 

s i m u l a t i o n  model w i t h  MRS overpack ing  was developed t o  measure t h e  impact o f  

overpack ope ra t i ons  on MRS equipment performance. A1 1  o t h e r  assumptions ( i  .e., 

3,600 MTU pe r  year ,  e tc . )  were kep t  c o n s i s t e n t  w i t h  those  assumptions p resen ted  

i n  t h e  re fe rence  system o p e r a t i n g  scena r i o  i n  Sec t i on  3.1. 

Overpack ope ra t i ons  i n v o l v e  b r i n g i n g  i n  an overpack on t h e  cask c a r t ,  

a f t e r  which a  35- ton h o t - c e l l  c rane l i f t s  t h e  overpack i n t o  t h e  s h i e l d e d  canyon 

c e l l .  Overpacks a re  then  1  oaded w i t h  c a n i s t e r s  o f  consol  i d a t e d  spent f u e l  , 
welded, and inspected.  F o l l o w i n g  i n s p e c t i o n ,  overpacks a re  p laced  i n t o  a  s h i p -  

p i n g  cask f o r  shipment t o  t h e  r e p o s i t o r y .  The a d d i t i o n  o f  t h i s  overpack a c t i v -  

i t y  a f f e c t s  t h e  u t i l i z a t i o n  o f  t h e  35- ton s h i e l d e d  canyon c e l l  cranes, t h e  

150- ton r e c e i v i n g  area cranes, and t h e  cask c a r t s .  A  comparison of equipment 

u t i l i z a t i o n  r a t e s  f o r  t h e  re fe rence  system scena r i o  and f o r  t h e  scena r i o  t h a t  

i n c l u d e s  overpack ing i s  presented i n  Tab le  3.5. As shown, cask c a r t  u t i l i z a -  

t i o n  inc reases  d r a m a t i c a l l y ,  f rom 50% t o  over  90%. The u t i l i z a t i o n  o f  t h e  

35- ton cranes inc reases  f rom 21% t o  39%, and t h e  150- ton crane u t i l i z a t i o n  

inc reases  f rom 20% t o  30%. 

TABLE 3.5. Impact o f  Overpack Opera t ions  on Equipment U t i l i z a t i o n  
(assuming 3,600 MTU p e r  yea r  t h roughpu t )  

U t i l i z a t i o n  U t i l i z a t i o n  
Equ i pment Wi thou t  Overpack (%) With Overpack (%)  

35-Ton Overhead Cranes 21.3 38.5 

150-Ton Overhead Cranes 20 .O 29.5 

Car ts  50.0 94.8 



3.5 IMPACT OF VARIABLE YARD UTILIZATION 

Rou t i ng  m a t e r i a l  t o  t h e  o n s i t e  MRS s to rage  y a r d  b e f o r e  shipment t o  t h e  

r e p o s i t o r y  inc reases  c a n i s t e r  h a n d l i n g  requi rements f o r  t h e  back-end MRS equip-  

ment. A  s i m u l a t i o n  model was completed t h a t  r ou ted  a1 1  o f  t h e  c a n i s t e r s  t o  t h e  

yard, and t hen  r e t r i e v e d  t h e  c a n i s t e r s  back w i t h i n  t h e  v a u l t  l a g  s to rage  area 

f o r  shipment t o  t h e  r e p o s i t o r y .  

The concre te  s to rage  cask w i t h  a  1 2- c a n i s t e r  capac i t y  was t h e  o n s i t e  s t o r -  

age concept used f o r  t h e  s i m u l a t i o n .  These casks a re  brought  i n t o  t h e  back-end 

1  oad i  ng p o r t  v i  a  t r a n s p o r t  vehi  c l  es , 1  oaded, sealed, and t r a n s p o r t e d  t o  y a r d  

s to rage  and p laced  on a  concre te  pad. R e t r i e v i n g  c a n i s t e r s  i s  t h e  reve rse  o f  

t hese  opera t ions .  The 35- ton cranes a r e  t h e  most a f f e c t e d  by i nc reased  y a r d  

u t i l i z a t i o n .  The model ing r e s u l t s  show t h a t  r o u t i n g  100% o f  t h e  c a n i s t e r s  

t h rough  t h e  s to rage  y a r d  inc reases  35- ton crane u t i l i z a t i o n  f r o m  21.3% f o r  t h e  

re fe rence  system t o  26.7%. Because t h i s  i nc rease  i s  w e l l  w i t h i n  accep tab le  

u t i l i z a t i o n  l e v e l s ,  r o u t i n g  a l l  c a n i s t e r s  th rough t h e  o n s i t e  s to rage  y a r d  does 

n o t  s i  gn i  f i  c a n t l y  reduce back-end MRS th roughput  capabi 1 i ty. 
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