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Overview 


Site Characterization Plan as the Basis 

Implementing the SCP Licensing Strategy 
Through the Program Approach 

Thermal Strategy Perspective 

Sequencing the Exploratory Studies Facility 
Testing Program 
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Site Characterization Plan (SCP) Examined 

Repository Regulatory Requirements 


Developed strategies for functional performance 

Resulted in goals for component performance 

including thermal goals 


Thermal aspects of strategies primarily described in 
postclosure repository design portions of the plan 
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Linkages Between Preclosure and Postclosure Design 
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SCP Thermal Design Goals 

Have Been Revisited 


Summary of SCP Design Goals for 

Thermal Loading 


GOAL 

T < 200"C ONE ML~rF.R FROM BOREHOLE WALL 

T < ¢)75"C AT BOREHOLE WALL AND 
T < 350"C AT CONTAINER CENTERLINE 

AT < 8"C ON SURFACE AND SURFACE UPLIFT 
< 0~ cm~r  

NO INTACT ROCK FAILURE OR CONTINUOU~ 
JOINT SLIP 

LOCAL 8A~JRA~ON <~0% 

BORE]HOLE WALLS ABOVE BOILING > 300 yrll 

T < t15"C IN TSw3, CH¢~ ANO CHnv 

POSSIBLE 
EFFECT ON DESIGN 

VARY PACKAGE LOADING, 
BOREHOLE AND DRIFT SPACING; 
UMIT APO 

VARY PACKAG ~: LOADING, 
BOREHOLE AND DRIFT SPACING; 
LIMIT APD 

LIMIT APID 

UMIT APO 

UIMIT USABLE AREA 

RAISE PACKAGE LOADING AND APO 

LIMIT APO 
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Implementing the SCP Licensing Strategy 

through the Program Approach 
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111 

Phasing the Site Characterization Plan Strategies 


1. Develop logical breakdown 
considering compliance 	

0 

o=arguments 	
E 
0 

2. Identify products that can be 	 ( -

defended for suitability, EIS, 
"0  

Q.and licensing 	
U 
4) 

UJ 

Ensure sufficient information 
at each step to demonstrate 
that health and safety can be 
protected appropriately 

SCP Strategies 

Can strategies be broken 
Into steps? 

Is there a logical set of products 
that can be delivered earlier? 

TIME > 
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Phases of the Program Approach 
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Develop Safety Argument in Steps 
Preclosure Period: Operations 

Build confidence in the performance of system by 
demonstrating the safety of engineered components 
-	 Engineered components of design that are important to safety 

are addressed first 
- Safety evaluations, including appropriate demonstrations of 

retrievability, criticality control, and robust canisters provide 
high confidence in the ability of a repository to safely function 
during operational time frame 

Reduce uncertainty during operational phases through 
performance-confirmation monitoring 
- Allow licensing decisions on configuration and final 

demonstrations of long-term performance to be based on many 
years of additional data gathered under actual conditions 
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Develop Safety Argument in Steps 
Postclosure Performance: Waste Isolation 

O Bound natural barrier performance through arguments 
with sufficient flexibility to accommodate a range of 
conditions 
-	 Goai is to provide sufficient information to docket 2001 


License Application (LA) 

-	 Use time between License Application and Construction 

Authorization (~3 years) to gather additional data, strengthen 
safety arguments, and address specific licensing-related 
issues 

Increase confidence in the long-term performance of the 
repository through performance confirmation 
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Operational 
Robust Gradual Natural-~ Safety 

Canister / Releases / Barriers 

10 



Program Approach to 

Increasing Confidence 
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T S S I D E I S  - 1 9 9 8  L A J C A  - 2r)01 C A  - 2 0 0 4  U L A ~ & P  - 2 0 0 8  uR,p 20~0 Perf. Confirm. * 

GWI-r Bouncled Sub. Finisl)ed Final 

Sclmiinot Bounded Bounded Sub. Finished Final 

SuOsy,J=em Aria ~f~es Bounded Sub, Fmished Final Updated 

TSPA Sourcl Te rm Oounded Mo~el Bounded Model Complete Confirmed 

Po~ C4 TSP A Bounded BounOed Sub Finished Final 

REPOSITORY DESK;IN ACD Tnle 1 Title II T~Je III Title III TItJe III 

Tr'de I (Flex) Demonatmted Decision 

Matanats Inllcn Bounded Bounded Matl's SeL 

Rat nevabdl~ Title I Proof of Pnnc. D e m o ~ t e d  

At Pwr Den Bounded Bounded APD Decision Final APD 

E molecemem Mode Title I Decision 

Pred PA Bounded Sub. Finished Final 

Lag Storage ACD Title I Title II Title III 

Rad Spur CD Title 1/11 Title II/111 T~le III 

WASTE PKG. DESIGN ACD/TItIe I Title II (P1)/)e) Full Scale Plype Tested Trde III Oper'na ConL 

Sub Crop Con Complete Updated 

Cnlcalny Con Complete Updated 

Contr Rel Bounded Conserv. Calcs Complete 

Matenals Concepts Determinad Test Complete Modal Confirmed 

Wasze Form Srce Term E,nd'd Final Srce Term 

EBS Th*m~l Concepts Bounded 
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Synopsis of Program Approach for MGDS 

LA/CA - 2001 CA - 2004 

Sub. Finished 


Bounded 


Sub. Finished 


Bounded Model 


Bounded 


Title I "13tle II 

Title I (Flex) 

Bounded Matrs Sel. 

Title I Proof of Princ. 

Bounded 


Title I 


Sub. Finished 


Title I Title II 

Title 1/11 

Title II (P'type) Full Scale 
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Complete 
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Srce Term Bnd'd 
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is requi red  to start  dur ing site 

ULA/R&P - 2008 

Final 
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Final 
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Demonstrated 
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P'type Tested/Title III 
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Updated 
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L/R&P - 2010 

Title III 

Title III 

Title III 
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Final 


Updated 


Confirmed 


Final 


Title III 
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Final APD 


Oper'ns Conf. 


Model Confirmed 
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Bounded Model 


Bounded 


ACD 


Bounded 
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Bounded 


ACD 


CD 


ACD/Title I 


Bounded 


Concepts 


Concepts 


* P e r f o r m a n c e  conf i rmat ion  p r o g r a m  
~-"~. = cter izat ion and cont inue  until p e r m a n e n t  c losure  FR 60 ,140  (b)) 
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Thermal Strategy Perspective 


T' 
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Thermal Strategy Decisions 

and MGDS Design 


MGDS PRECLOSURE 
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MGDS POSTCLOSURE 
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CONFIGURATION 
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) ~  
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PERFORMANCE 

ASSESSMENT 
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PROTECTION 


GROUND-WATER

TRAVELTIME 
NRC SITING 
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Overall Thermal Strategy Perspective 

Maintain flexibility in design to allow modifications that 
could improve system performance 
-	 Identify key environmental and design parameters 
-	 Define envelope for key parameters 

Technical  Site Sui tab i l i ty  Strategy 
-	 Establish reference thermal loading (low range) based on 

current design concepts 
-	 Evaluate sensit iv i tyto range of thermal loadings under 

consideration 

Licensing Strategy 
-	 Determine range of conditions over which designs work 
-	 Use performance confirmation to show we are within 

those conditions 
-	 Modify strategy as needed to improve performance 
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Overall Thermal Strategy Perspective 
(Continued) 

Program Approach did not fundamentally change SCP 

Approach to Safety/Compliance Strategies 
-	 It did change DOE's plans for getting information in front 

of NRC 

Current Design and Performance Assessment 
understanding suggests different thermal Ioadings 
enhance different components of safety argument 
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Thermal Strategy--Different Perspectives 

Performance Assessment  Perspect ive 

- Minimal disturbance to existing site conditions for 1998 
Technical Site Suitability (TSS) and 2001 License Application 
may reduce uncertainties 

-	 This could provide a stronger technical basis for 1998 TSS 
determination 

Waste Package Design Perspect ive 

-	 Higher thermal loads may drive off water and reduce corrosion 
- Leads to increased confidence in robust long-lived waste 


package 


Reposi tory  Design Perspect ive 

-	 Assuming performance meets requirements, cost and 
efficiency may favor higher thermal Ioadings 

-	 O n ~ r ~ t i o n g l  c o n ~ i d e r a t i n n ~  c o u l d  f a v o r  l o w e r  the_rmal  Inad_e
I" 
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Sequencing the ESF Testing Program 
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Testing Perspective 


Use data from test programs to reach consensus on 
appropriate thermal loads for key decision points 

Redirect test program, as needed, to acquire 
additional information 

Use appropriate bounding calculations and ranges of 
data to develop performance and safety evaluations 

THRMLDMV19.PM4.125.NWTRB/11-17-94 19 



ESF Activities--Test Planning Package 91-5 


SUMMARY TABLE OF PLANNED ESF TESTg 
GROUPED BY CONSOL IDATED PROGRAM 

(SOURCE:  ESF  TPP 91-5)  

SCPB 
SCP TEST ACT IV r rY  REFERENCE I SCP PROGRAM NAME 

NUIER  

• ~ & ~ 3 6  Musu~n',erd's of Percotat~m at YM 	 e.3. ~ z.z 2 I ~ t r /  
• Mat~x Hyde  ~ Testing 	 6312231  C*.~0~*f~ o~  
• 	 PemYoglc S t r=~ohy  of 0~e Topopah Spnng Member 8.3 I 32 I T Gco~ydlolog~ 


s 3 1 3 z 1 z E, eohyd,ology 


• Fra~um M ~  Studms of the ESF 	 0.3.132 ! ] c, eohy(fm;ogy 
• HIsto~f of Mtmmmlogi¢ wld ~ Al~nlbon of YM 	 B,3 %3,2.21 G4~hydrok)~ 
• B ~  ~ amd Transport IL3.1.3.4 2 G4t~lydrok)0y 
• 	 ~ Tern (Then'~ & ~ U I~  ,3ampm "~41e Nof~ I Thenxt,d & M0¢.'1. Ro¢~ prlop. 

6,3 4,2,4+4,Z "v'~k'J~t e p ~  

B.3.1.2.2.4.1 Geohydm;~  
83.1.Z.2.4.2 GeohyCb'o~o~ 
6512 .244  C-eo4~noJo0y 
B 3 1.2.2 4.3 GectrldnJogy 
S 3 I 2.2.4.5 

IB,~ I 2 .Z.41 Geoh~td~o~ 


r e ,m  ,n t t~ ~ o 31 Z.2,4,6 
IS 3,1.22.4 10 GeOhyd~;Ogy 
8.3.1.2251 ~=ot~ym~o~ 
e313 .7 .22

YM 
o 31.4,2.2.4 Ro(;~ G  ~ 
8,31,4.2.2,~ ROCk ~n ldJo l  

constn~t~n t,~na~nng" 

Ev~m~n of Mi~z~ MethotJs 8 3.1.15.1.E.1 ~ & MecI1. ROCk pI10~ 
of C-nm~ Suppod Systems 0.3.1.15.1.62 lhermlJ & Mech. ROCk Pr0~. 

0.3,1,15.183 Thermal & Mgch ~ p~  
T rmmwx~o ,  wcw  Pn~e~s -

Hearer Expedment In I ~v l  83,1 .1~1§ 1 ~ern~&Mech, KO~Pmp, 
~ - ,S~e  HeW~ Exp*~m~  8.3.1.15.1.5.2 Them~ & Mech ROd( Prop 
Ya~a Mo~ntl~ Heard Block 8,3.1.1~.1.§.3 ThmmaJ & Mech. R(X:~ Pr0~ 
11wm~ Sulm~ M===~eme~s a.3.1.15.1.5,4 TtNlflnaJ & MICh. ~ F/op 
s~ r ,  tw  orm um~  6.3.1.15.1.5.3 T]~¢mld & Me(:fl. Rock Prop 
Hut=d ~ E~edme~ B.3.1.151 §,5 l"nlnll lJ & MOOI, ~)ck PR~ 
Pk~  ~ T*st~l BroOk B.3.1.151.{.1 Tl~nl~d & M,~O~ I~*OOk #=S'Op 

6.3.1.15 1.7.2 331entl,~ & Mech. ~1o(~ prop 
5.3.1.15.2.1.2 ~ & MeCh. K0~  Prop. 

A~ ~ - y  w~  v ~ e  r=ur#enmem 53 .1 .15184  Tnecrr~ & MK/I.  R0¢~ Prop 
O 3,3.2.2.3 ~ Gharac~hstlcs 

~= r . r - ~u  ~ , w ~ c ~  Pmpenm-
M,G- -  ;..,; N ldbu tn  	o~ I~m W'~te pad~t0e Emimnme~ 8.3,4.2.4,3 II Wsst8 p~Gt,tg~ 

I Chmm:~aK~¢= 
R ~ T  Ho~on New-Field Hydn~  I ~ 834244 .1  	 i w=....=.,. 

Construction Monitoring 
Access Convergence Test at the ESF 
Evaluation of Mining Methods 
Monitoring Ground Support Systems 
Monitoring Drift Stability 

Thermal/Mechanical Properties 

Heater Experiment in TSwl 
Canister-Scale Heater Experiment 
YM Heated Block 
Thermal Stress Measurements 
Sequential Drift Mining 
Heated Room Experiment 
Plate Loading Tested Block 
Rock Mass Strength Experiment 

..Overcore Stress Experiment in ESF 
ESFACTV.CDR.  1 20 
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Thermal-Mechanical Testing in the 

Exploratory Studies Facility 


- :.:,=!.
::ii:~ C 0 n s t r u c t i o n l P h a s e , T B M  E n v e l o p e  ' i :,.~-

4 	

i=~ i ~ : : i i ~ i  i~!i ~I~ i i~ i ,  ~̧ ~~!~!~:~: !i~i~i~i i . :  ~ / - ~: : . ' ~: ,: : - ,  . 

• 	 Construction Monitoring 

~ H ~ . ~ C o n s t t u c t i O n P h a s e  A l c o v e s . ~ . ~  : ~  : ' ~ ~  ~"" . . . . . . . .  ~~ '~ : "~~ ~ . . . . . . . . .  ~ ~~=~ . . . . . .  ' ........ °"~~J~:~ 


• 	 Construction Monitoring 

• 	 Construction Monitoring 

,~i:.lV.i . I n : S i t O i i A l c o v e T e s t s i - i : ,  C o r e T e s t A r e a  t Ex tenS ionS i l i ~ - i~  i ,~;ii :i:, ~i:.,.... ~/. --,.s:,,,i~:..il :;~,~;~.:., :, ,~:..- ~. ::~,,~,i~.,.~., .:~:.,~,~~.~ .... 	 i ,  ~.~..,,..i, ,.:: i!i. , , ;  	 ,,, . . . . ~,,, , i  ,i~ . . . . . . . . . .  ' ,  , i . . . . . . .  , ,  . . . . . . ~ . . : ' : i i i : . : ~  " - ! ; " : i : . : ' . . . i - .  '. ~..~ ' . ' :  ~ :  ; , . - : : : : : i ~ : - . ; ~ .  : . : - . ' . ~ . ~ : . ~ :  : , ~ ! i : . : . - , ~ ' . - - : 


• 	 Construction Monitoring 
Thermal/Mechanical/Hydrologic Properties 

• 	 TSwl and TSw2 Heater (Axisymmetric Tests) 
• 	 Thermal Stress (Room Scale) Test 
• 	 Plate Loading Tests 
• 	 Heated Block 

• 	 Accelerated Thermal/Hydrologic Properties 

• 	 Sequential Drift Mining 
• 	 Heated Room Experiment 
• 	 Near Field Thermal/ 

Hydrologic Properties 

(TBD) 

I I 	 I I I I I I I 
1993 1994 1995 1996 1997 1998 1999 2000 2001 
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Thermal-Mechanical Testing in the ESF 

Program Approach Decisions 


~.  .  .  .  .  .  .  .  .  r::i; P~ ':':"%=i i ~..~'"" ~f.;' ; F.~ ~ ,:;. :.; ~.. 
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NAT.BAR.EVAL .... i~'.:~: ~~.~' ; ~ , i iV] ~)'~!['.'..4 t Y:(~ BoundedI : 
Sub. Finished 

~ Scenarlos,~ ~,~:~¢,..~ : ^ ~ ~ .  ~ t t~ ~ ~ ~ °" ~ Bounded ~B o'5~'~d~r ~ 
Subsystern'Analyses I .................................................................................................................................................................... Bounded ..... S iJb:  F i n i s h e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  


TSPA Source  Term ~ ~O~}S~'~°~ B ~ t ~ ¢ l ~ l  ~l~ili]~l~ ~O)ri E ~  Bounded Model 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
P o s t C I ; T S P A % - B o u n d e d  ........ Bounded ...... 
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A C D  T i t le  I 

Backfill/Seals "~[~ ~ ~" ) '~ ~ )` 

Materials Inter'n ~ " ~ % r ' !  ~ d  T I  ; vC~o~te~  (Ax i symmet r Jc  Tests}  Bounded 

Retrievability ~ " ~ ) ) ~ ? ~ ~ F ~  ~ ' ~  

Ar. Pwr. Den. ~ I:~8~,(~ L ~ d i i "  ~ t ~ : 1  Bounded 
" ~  ~ ~* i' ' ~Emplacement Mode ~ ) : <":"~}~ ~'.~ ~ ) { ' )~  T i t le  I 

Precl. RA.  Bounded ~ Sub. Finished 
Lag S to rage  ;~ ~CC,'~ @ ~ / ~  "[~" ~ [ ~ ' ~ B ~ / ~ y ¢ : , ~ O ( O ~ i C -  ~ r O p @ ~ ° ~  e ~ T i t l  e I 

Rail Spur CB {i~e.q ~(~i':~tial Odftl[v'l ininq, 
WASTE PKG. DESIGN ACD/Ti t le  I . ,  ,.:. ~ r.~, , .~ I T i t le  II (P tyR,e,) 

Sub  Crop. Con.  . . . . . . . . . . . . .  I '~ Complete 

Criticality Con. 

C o n t r .  R e l .  Bounded : " :1Conserv. Calcs 
...................................................................................... ....... 
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