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CONCEPTUAL DESIGN OF A REPOSITORY 


DESIGN BASIS 

• 	 REPOSITORY DESIGN REQUIREMENTS 

• 	 REFERENCE DESIGN DATA BASE 

e 	ANALYTICAL TOOLS FOR GEOTECHNICAL DESIGN 

• 	 STRUCTURES, SYSTEMS, AND COMPONENTS 

IMPORTANT TO SAFETY 


• 	 BARRIERS IMPORTANT TO WASTE ISOLATION 
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RELATIONSHIP OF SUBSYSTEM DESIGN 

REQUIREMENTS TO PRIMARY REQUIREMENTS 
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WASTE MANAGEMENT ~ / /  
SYSTEM REQUIREMENTS 

AND DESCRIPTION SRD ¢ 
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I 

PROGRAM ELEMENT LEVEL f/°. GENERIC REQUIREMENTS 
FOR A MINED GEOLOGIC DISPOSAL SYSTEM (GR) 

! 
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I 

PROJECT LEVEL - 

YUCCA MOUNTAIN PROJECT SR" 
SYSTEM REQUIREMENTS* 

( S R )  

SUBSYSTEM DESIGN 
DESIGNER LEVEL REQUIREMENTS* 

(SDR) 
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AERIAL VIEW OF 

YUCCA MOUNTAIN 
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SITE STRUCTURAL FEATURES: SCP-CDR 
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PRIMARY AREA FOR NUCLEAR WASTE 

DISPOSAL IN YUCCA MOUNTAIN 
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PRIMARY AREA (AREA 1) FOR THE 
UNDERGROUND REPOSITORY AND 

POTENTIAL EXPANSION AREA 
(AREAS 2 THROUGH 6) 
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SITE TOPOGRAPHY AND FLOOD 

POTENTIAL AREAS 
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CONCEPTUAL DESIGN OF A REPOSITORY 


REFERENCE REPOSITORY DESIGN DESCRIPTION 


• OVERALL FACILITY DESIGN 

• REPOSITORY OPERATIONS 

• SURFACE FACILITIES 

• SHAFT AND RAMP DESIGN 

-Q 
 SUBSURFACE DESIGN 

• BACKFILL OF UNDERGROUND OPENINGS 

• SEALS 

• RETRIEVAL 
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PRELIMINARY DRAWING OF 

PROPOSED REPOSITORY COMPLEX 
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SURFACE FACILITY AREA FOR THE SITE 

CHARACTERIZATION PLAN CONCEPTUAL DESIGN 
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CENTRAL SURFACE FACILITIES AREA 
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LOCATIONS OF THE SIX CANDIDATE 
/AREAS FOR THE SURFACE FACILITIES Jh 
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UNDERGROUND FACILITY AREA-FOR THE SITE 

CHARACTERIZATION PLAN CONCEPTUAL DESIGN 
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LOCATION OF SHAFTS AND RAMPS 
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DIMENSIONS OF REPOSITORY 

CDR ACCESSES 


OPENING 

WASTE RAMP 


TUFF RAMP 


EXPLORATORY SHAFT 1 


EXPLORATORY SHAFT 2 


MEN-AND-MATERIALS 

SHAFT 

DIAMETER 

HORIZONTAL VERTICAL 
LENGTH OR EMPLACEMENT EMPLACEMENT 
DEPTH (ft) SLOPE (%) CONFIGURATION (ft) CONFIGURATION (ft) 

6,603 8.9 21 23 


4,627 17.9 21 25 


1,480 12 12 


1,020 6 6 


1,090 20 20 


20
EMPLACEMENT AREA 1,030 20 

EXHAUST SHAFT 
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VERTICAL EMPLACEMENT CONFIGURATION 
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TYPICAL PANEL LAYOUT FOR 

VERTICAL EMPLACEMENT 


DETAIL OF 

VERTICAL EMPLACEMENT 

OF C O M M I N G L E D  WASTE 
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jr COMMINGLED 
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DRIFT 

o . - , . . . ~  

DHLW - DEFENSE HIGH-LEVEL WASTE 
H. HEIGHT 
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DIA. DIAMETER 
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25' DIA. "--~ 


TUFF MAIN 
Ig'H X 25'W 

0 200 400 6O0 FEET 
SERVICE MAIN I 1 I I15"H X 25'W 

200' . 

EMPLACEMENT DRIFTS 
22'H X 16'W 

PANEL ACCESS DRIFTS 
14'H X 21"W 

BARRIER PILLAR 
63'W 

PERIMETER DRIFT 
23' DIA. MIDPANEL DRIFT 

14'H X 16'W 
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PANEL DETAILS FOR 

VERTICAL EMPLACEMENT 
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HORIZONTAL EMPLACEMENT 

CONFIGURATION 


WASTE RAMP I I 
EXPLORATORY / - - - "  EMPLACEMENT EXHAUST SHAFT 
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IUFF 
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 'PI(;AL PANEL LAYOUT FOR 
H()RIZONTAL EMPLACEMENT 

WASTE MAIN 
25' D I A . ' - ~  DETAIL OF HORIZONTAL 


EMPLACEMENT DIMENSIONS 
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PANEL DETAILS FOR HORIZONTAL 

EMPLACEMENT 
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DRIFT AND RAMP CROSS SECTIONS FOR 

VERTICAL EMPLACEMENT 


73' BOISE D DU~ . 2~' BORED D IA  


21' CLEAR D I A  ,,~ . . . . . .  ~4' CLE AR D I A  . . . . . . . .  
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WASTE RAMP 	 WASTE MAIN EMPLACEMENT DRIFT PANEL ACCESS DRIFT 
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. . . . . ~ ) ' 80R$DDtA  . . . .  

I. . . .  24' CEEAR D I A  . . . . . . . . . .  

_6 	 . . . . .  2~' Cl  EAR D I A  . . . . .  I 
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X 	 " / 
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. . . . . . . . .  2 4 " C L E A R  . . . . . . . . . . 
. |~ .  

• 	 . _  2S" E X C A V A T E D  ( T Y P )  . . . .  ~.. . . . . . .  .,~'~' ( X C A V A  1{ O ( I YP | 

L ~ 7 ~  I I " - CO~IPAI~ 1' D | I| I" 

TUFF RAMP 	 TUFF MAIN PERIMETER DRIFT SERVICE MAIN 

DIA. - DIAMETER 

TYP. - TYPICAL 

CONV.  - C O N V E Y O R  
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DRIFT AND RAMP CROSS SECTIONS FOR 

HORIZONTAL EMPLACEMENT 
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t / , 
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TYPICAL GROUND SUPPORT CROSS SECTIONS 


BORED DRIFTS (TYPICAl.) VERTICAL CONFIGURATION HORIZONTAL CONFIGURA I ION 

FRICTION BOLLS 

GROUTED DOWELS FR'CT'O" BOL'S~X~ .~F GROUF(O OO.ELS FRICTION BOLTs 
/GROUTED DOWELS 

6", / ESH 

H 
.IN ' [ ]  ~ 

GROUIEO OOWEL $ 

FRICTION BOLTS 

GROU Tit O DOWELS PRIMARY: 3 = FIBER REINFORCEO 
5HOFCR[ T ~ ~  

FRICTION DOLLS 
GROUTED OOWELS- 

FRICTION BOLTS 

/ 
.ROCK CLASSIFICATIONS: 

.~ AVGJ* AVG. I~ ~ 6 ° AVG, ] - FRICTION TYPE ROCK BOLTS PLACED AS NEEDED FOR CONDITIONS 

] - WELDED WIRE MESH AS NEEDED IN CROWN WITH GROUIEB DOWIEL$ IN A 
PAITERN IN CROWN AND UPgER HALF 

[ ~  - WELDED WIRE MESH IN CROWN AND SIDES. SUPPORTED BY GROIJIED 
OOWELSP|ACEDINAPAFTERNAND )INCHESOF SHOFCREFE 

] - PRIMARY SUPPORT: FRICTION IYPE 80LTS WIIH ) INCHES OF STEEL FIBER 
REINFORCED SHO FCRE rE 
FINAL SUPPORT" GROUTED DOWELS, PLACED IN A PAI |EBN. WELDED 
WIRE MESH. AND | INCHES OF ADDIIIONAIL SHOICRE fE 

RDBCNVSP. 125.NWTRBIg- 18/: u,.'" ~.~ 



GENERAL UNDERGROUND FACILITY LAYOUT 

SHOWING DRAINAGE DIRECTIONS FOR 


VERTICAL EMPLACEMENT 

WASTE RAMP I . 

EXPLORATORY
,HAFT FACILITY 

F EMPLACEMENT EXHAUST SHAFT 

TUFF _ _ _ \  
RAMP 

/ \ ~ r - - - - - - ~  - = - - z  

0 500 1000 FEET DEVELOPMENT 
SuPPoRr ~ o ~  I I I 

PANEL 
ACCESS LEGENDMEN AND DRIFTS

MA|ERIAES 
SHAFT "~='- -	 POSSIBLE DRAINAGE 

DIRECIlON 

M A I N  DRIFTS 
WASTE 

EMPLACEMENI 
$uPPORT SJ"IOPS WASTE MAiN 

TUFF MAIN 

SERVICE MAIN 

PERIME IER DRIFT 

NOTE : 	 ALL DRAINAGE WITHIN THE COMPLETED 
REPOSITORY IS TO IHE EMPLACEMENT 
EXHAUST SHAFT PUMP. 

L'$-I - EXPLO~AIOHY SHAFT I 

[~-2 - EXPLORAIOAY SIIAFF 2 

EMPLACEMENT 
DRIFTS 

Typ icA:  I I I l l m t ~  
,, PANEL!1 	 ~ . . . . . .  - ; I  

R D B C N V 5 P .  1 2 5 . N W T R B / 9 - 1 8 / 1 9 9 1  



AIRFLOW DIRECTIONS AND MAIN FAN LOCATIONS 

FOR THE WASTE EMPLACEMENT AREA FOR 


VERTICAL EMPLACEMENT 


WASTE RAMP I ,  r I 
~ %  PORTAL ~ '~" 

/ 
LEGEND 

EXPLORATORY 
T SHAFT DE VELOPMENI INTAKE TUFF RAMP FACILITY EMPLACEMENT EXHAUST SHAFT 


PORTAL DEVE~OPMEN T RETURN 

TUFF 
 WASIE EMPLACEMENT INIAKE 

E~,S000 
RAMP ~ ' ~  ~-'x~ ~-'NASTERAMP 

" WASTE EMPLACEMENI RETURN 
WASTE 

a COOLING OF 
WASTE EMPIACEMENI AIR LEAKAGE 

EMPLACEMENT THROUGH SEALED EMPLACEMENI ORIfT~ 
DRIFTDEVELOPMENT BULKHEAD

SUPPORT SHOP$ 

" ~  fAN


MEN AND 

MATERIALS ~ 0~-.  


SHAFT " 

NOTE AIRFLOW THROUGH TH| DRIFTS I$ 


LIMITED 8Y THE USE O/ DOORS 

WASTE EMPLACEMENT 


SUPI~RT ~tOF% 


DRILLING 

0 $00 1000 fEEl 
1 I I 

PERIMETER DRIFT 

e ~m000 

WASTE 

EMPLACEMENT 

OPERA TION$ 


MAIN 
DRIFI%

!1 !t 
RDBC NV5P. 125. NWTRB/9-1 f . ' , l j
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AIRFLOW DIRECTIONS AND PROPOSED MAIN FAN 

LOCATIONS FOR THE WASTE EMPLACEMENT 


AREA FOR VERTICAL EMPLACEMENT 


I, I 
LEGEND 

TUFF RAMP 

% PO~TAL EXPLORATORY 


DEVEIOeMENT ,mAKE 
% WASTE RA SH EMPLACEMENT EXHAUST SHAFT 


OE VELOPMEN 1 AT TURN 

TUFF _ _  PORTAL 


RAMP ~ r ~ 
 WASTE EKPJ~IJ~.CEIQIENE INTAKE 

t ,T,6Cr~00 


WASTE EMF%.AC|MENI RE TURN 

WASTE WASTE EMPLACEMENT AIR LEAKAGE 
- EMPLACEMENT TItROUGtl SEALED EMPLA(EMEHT DRltTS 

DEVELOPMENT OPERATIONS 

SUPPORT SHOPS ~ ' ~  BULKHEAD 


FAN 

MEN AND 

MAFFRIALS $-~ 
 NOTE: AIRFLOW THROUGH THE DRIFTS IS 


8 . - , ~  LIMITED BY THE U~E OF O00R$ 


WASTE EMPLACEMENT 

SUPPORT SHOPS 


"~lb'~ - ~ I /  

£XPLOttAIOIH¥ 5HAE| I I 
I ~ Z ,, , 

I 
in l lb . .  _ J 


[XPLO~ATOA¥ ~,IIA} l 2 


0 SGO IGO0 lEE 1 

I I ! 

PERIMETER DRIFT 

E $60(~0 
m 

DRILLING 
OPEAA|ION$ I 

/ 
I 

M A I N  DRIFTS 

!1 !1 
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AIRFLOW DIRECTIONS AND MAIN FAN 

LOCATIONS FOR THE WASTE EMPLACEMENT 


AREA FOR HORIZONTAL EMPLACEMENT 


~- WASTE RAMP PORTAL j LEGEND 

~s6~oo 

TUFF RAMP 
~ - PORTAL ~rTUFF ___ WASTE _ 

RAMP ~ RAMP - 

EXPLORATORY 
SHAFT FACILI1P( 

EMPLACEMENT EXHAUST SHAFT DEVELOPM| NI INTAKE 

DEVELOCquIE NI R|FURN 

WASIE EMPlACEMENt INIAK| 
WASTE IEMPtACEMEN! RETURN 

COOLING OF 
- WASTE 

EMPLACEMENT 

WASTE EMP'LA(EMFNT AIR LEAKAGE 
EHROIJGH SEA|EO EMPtACEI~ENI •RIFT$ 

ORIFT ~ H - - RULKHEAD 

DEVELOPMENT ___ - - ~ - ~  FAN 
SUPPORT SHOPS \ 

MEN AND 
MATERIALS "~ '~ ,~- - - -~ i  

SHAFT f" 
NOIE, AIRFLOW THROUGH TH| DRIFTS IS 

LIMITED BY THE USE OF IX)ORS 

WASTESUPPORTEMPLACEMEN1N-~,~SHOI~I .... 
AND DEGONTAMINAIlO 

AREA 

DRILLING 

OPERATIONS 


0 ~00 tO00 FEET 

! I I 

"-" PERIMETER DRIFT 

ES&00~0 

WASTE 

EMPLACEMENT 

OdPERATIONS 


M A I N  
DRIFTS 

RDBCNV5P.  125.NWTRB~:J- 18/1' " ~  



AIRFLOW DIRECTIONS AND MAIN FAN LOCATIONS 

FOR THE DEVELOPMENT AREA FOR HORIZONTAL 


EMPLACEMENT 

/ I t  r I 

LEGENDWASTE RAMP 
PORTAL 

DEVELOPMENT INI[AK E 
TUFF ~-- EXPLORATORY EMPLACEMENT EXHAUST SHAFT 

OEVE LO~P~IENT RE IUR~I - PORTAL SHAFT FACILITY 

1UFF , f - WASTE EMPLACEMENF INTAKE 

E ~ 5 0 ~  RAMP 
~ ,  WASFE EMPE.ACEMEN; RE F URN . 

WASFE EMF~LACEMENI AIR LEAKAGE 
THROUGH SEALED EMPI~CEIMENT ORIFI$ 

OULKNEAO 

- 4 - - - FAN 
DEVELOPMENT 


SUPPORT SHOPS 


NOTE: AIRFLOW THROUGH THE DIlIFT$ I$ MEN AND - - LIMITED BY r i le USE OF OOOR~ MATERIALS SHAFT 

ES-I 

WASTE E M P L A C E M E N T  - - ~ m . - - Z  

SUPPORT SHOPS " 
 iAND D E C O N T A M I N A T I O N  


AREA 
 ES-2 

0 ~ tom) fEET 

I J I 
WASTE 


EMPLACEMENT 

OPlERATION$ 


PERIME TqER DRIFT 

DRILLING 

OPERATIONS 


W 

m 

ES-I  - [ X P L ~ A T O H Y  $ I I A $ I  I 

ES'2 * [APE-OI]AIOHY SItAI F 2 

M A I N  
DRIFTS

!1 !1 
RDBCNV5P. 125,NWTRB/9- ! B/I 9-91 



• • • • 

GENERAL ARRANGEMENT FOR 

SHAFT SEALS ,/ 


/ 
 S U R F A C E  COVER 


O R E . 

ALLUVIUM 
ii 

I _
TIVA C~NYON \ ~ ' / ~ ' ~ ~  
WELDED TUFF " o , ~ - • 

• • o ° ' . '  

• ° • • I 

• o o ~ . ,PAINTBRUSH 7/,~ 
, ° ° ,  • ' ,  - - ANCHOR-TO-BEDROCKNONWELDED TUFF 

• ° o °  . . - . - . ,  --~'¢¢T'~7'J~ PLUG / SEAL 
° o  ° ° ° L~ 
~...~. :. 
• • j ' '  

TOPOPAH SPRING I • .: ~° °: .. WELDED TUFF 
j SHAFT FILL 

/ 
J SETTLEMENT PLUG 

~ / ~  (IF NECESSARY) 

•.'..: : 
S EXISTING LINER 

LEFT IN SHAFT 

• • , ., '.:..' ' , "  

. ' :  '. "...; 

?:.!!:
DRIFT BACKFILL / I /  
, . . - . ' . ~  


STATION PLUG I 


• i 

• • I , 

• " o 

o ,  
, 

, , . 
o • q, 

NOT TO SCALE 

RDBCNVSP.125.NWTRB/9-18/19-91 



GENERAL ARRANGEMENT FOR RAMP SEALS 


, 
FAULT 

TIVA CANYON 
WELDED TUFF 

/ SURFACE PLUG 

PAINTBRUSH NONWELDED TUFF 

EMPLACEMENT 
AREA 

~ ~ 

PLUG 

POTENTIAL 
INFLOW 

RAMP FILL 

TOPOPAH SPRING 
WELDED TUFF 

CALICO HILLS 
NONWELDED TUFF 

NOT TO SCALE 

RDBCNV5P. 125NWTRB/9-18/19-91 



CONCEPTS FOR WATER INFLOW CONTROL 


ROUGH ROCK .-~ 

SURFACE ~ t, , .  


(EXAGGEP.ATED) ~ ~')~ . 

' ~."~ r FRACTURE ZONE 

GROUT " - ~  ~ ~GROUTPIPE ~'.~ 

",. / FRACTURE ZONE 

~ ; ? i ~ f DRIFT 
__~ - : . . . . ~ , ;  . . . ; - . . . . :  

--~\'y?X ,v~//.X% ",J I ~ NOT yO SCAt E 

DRIFT 
CRUSHED TUFF 

INJECTION BOREHOLE FOR ~ ~,~ r FRACTURE r - BENTONITE PLACED IN ,; " . : ~ - . ~ - ' - -  - V . - - - ' - - - - ' :  . 
WETIlNG BE NTONITE AND / OR ~ ~',~ / /  ZONE / PRECOMPACTED BLOCKS ~ . ~ ~ , ~ . .  

GROUT WITH A BENTONITE SLURRY ~ ~ /  / " 
~.~ / j--,EVWA'~EX~ATED '~~:2"~, ~:'" " " :  " o  "~ g 

~ ~ ---.L--r THROUGH D~AGED ROCK / ~ SUMP 
_...--~------ i ;  ;. " '- ,  "! - ~ ,3-23'

_~. ~= .. , i  - .-: . . . . .  ; 


,- / , ~ :  : ' ; :~ .  ' - ' , '~-~ , 7 - ' ~ - - ~ - - - " ~ ~ - J  
 % ~X '~  " DRAINAGE 
" ~ ' ~ ' ~ X  BORE HOLES 

L .o,o -J 
FREE-DRAINING ~ ~ ~ ~ " , 

CRUSHED TUFF 


NOT TO SCALE N o r  TO SCALE 

C O N C E P T S  FOR ISOLATING MAJOR I N F L O W S  C O N C E P T  FOR I M P O U N D I N G  AND DIVERTING 
WITH G R O U T I N G  OR D R I F t  B U L K H E A D S  WATER I N F L O W  USING S U M P S  A N D  DRAINS 



PREDICTED TEMPERATURES FOR 

EMPLACEMENT BOREHOLES 


250 


240 
 DESIGN GOAL 

MAXIMUM TEMPERATURE OF 235 ° C 

220 

210 

200 


190 


I,,-


230 

180 


170 


160 


150 


140 


10 20 30 40 50 60 70 80 90 100 

TIME (YEARS) 

B O R E H O L E  WALL T E M P E R A T U R E  - VERTICAL EMPLACEMENT 

250 

24O DESIGN GOAL 

MAXIMUM TEMPERATURE OF 235 =C 230 

2~o 

210 

E 
200 

190el. 


180 


170 


160 


1 SO 
 I I I I I I I I I 

10 20 30 40 SO 60 70 80 90 100 

TIME (YEARS) 

BOREHOLE WALL TEMPERATURE - HORIZONTAL EMPLACEMENT 
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PRINCIPAL STRESSES - VERTICAL EMPLACMENT DRIFT 


DRIFT AT TIME OF EXCAVATION AFTER 100 YR, UNVENTILATED AFTER 100YR, VENTILATED 

B 

I 
-t 

I 

- - I - -

I I I 

k __ f . - - --+...  
m 

- 6 

, . - . - . . ° . . - . - - , - . -
. . - . - . . ° . . . - . - . * . -

, , - , . . , , . . * . - . % . . .  

• . .  , , - . * . - , - , - . . ,  

, . - * . . . . . . . . . . . . . ,  
/ 

iiiiiii!iiiii!iiii ~r 
;iiiiii!ii!iiiiii~......... T 

~iiii!!i!ii!i!i r 
:;:;;;:;:;;;:;;;;; T 

"1" - f -

/. 
× -/. 

- 3 

E 
LLI 
L.) 
Z
< 
I.-
U) 
£3 

I ii I --L-- 0 

-!  6 

.... iiii!ii?i?i 

e .  

/ I I I 

iii!iiiiiiiiiiiiiiiiiiii!il 
_ _ ~ , 7  

-._ ll J I 

, 

- i 3  

0 

E 

ILl 
o 
z 
<( 
I -
(J0 
£3 

0 3 6 0 3 6 0 3 6 

DISTANCE FROM DRIFT CENTER LINE (m) 

RATIO BETWEEN MATRIX STRENGTH AND STRESS - VERTICAL EMPLACMENT DRIFT 
"i ~ RDBCNV5P.125.NWTRB/9-18/~ 



PRINCIPAL S T R E S S E S  - H O R I Z O N T A L  E M P L A C M E N T  DRIFT 


DRIFT AT TIME OF EXCAVATION AFTER 100 YR, UNVENTILATED AFTER 100 YR, VENTILATED 
I I ~ I I 

', f 

.t Jr 6 

::::::::::::::::::::::::::::::::::::::::::::::::,, . , , - - 4 - .:.;.;.;.;.:.,;:;;;;::;:;:;:;:-:,.11r.:::::::::::::::::::::::::::::::::: ,'r . , - - . - - E 

_ . 7 ~  + 

,._,t_ ,_.i,_. _ . + - - ' ' ' P -

I 

g 

i:::.:.:-...• 7 

:!i!!~ii!i::ii!ii::iiiiii!iii::!i!!i:~ 
!iiii!i!i!i!ii:i:i:i:~:i:iiiii~iii <- ~ i:!:i:!'!:i:!:ii!iiii!iii!i!i!iii 

iiiii;i;i:i:iiiii!!!iii'iiiii~i.~~ ~ ~  ~ ::::::::::::::::::::::::::::::::::: ~ 

I I I I I 
0 3 6 0 3 6 0 3 

DISTANCE FROM DRIFT CENTER LINE. (m) 

LU 

p-
03 
£3 

I 0 

6 

• ~ _ 

E 
l.IJ 

1-
03 
m 

a 

I 
6 

0 

RATIO B E T W E E N  MATRIX  STRENGTH A N D  S T R E S S  - H O R I Z O N T A L  E M P L A C M E N T  DRIFT 
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INDUCEDSTRESS PROFILE ON REPOSITORY 

HORIZON 50 YR AFTER WASTE EMPLACEMENT 


35 I I I I I I 

30 "X" PANEL ACCESS 
DRIFT LOCATIONS 

25 

Z STRESS 

2O 

V 

u~ 
I11 

15 X 

1-
10 

5 

Y STRESS 

0 

-5 t - ' ~  I I, V.  I I I 
0 200 400 600 800 1000 1200 

DISTANCE FROM CENTERLINE OF UNDERGROUND FACILITY (m)  


