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DEVELOPMENT OF DESIGN REQUIREMENTS 
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EXISTING DESIGN REQUIREMENTS 


• 	 PROFESSIONAL JUDGEMENT USING 
AVAILABLE DATA AND ASSUMPTIONS 

• 	 SIMPLE ANALYSES 

• 	 PERFORMANCE ALLOCATION PROCESS 


• 	 CONSTRAINTS ON TEMPERATURES AND 

LAYOUT 
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PERFORMANCE ALLOCATION FOR 

DESIGN GOALS 
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SITE CHARACTERISTICS 

MAJOR SITE FEATURES IMPORTANT 
TO DESIGN 

TOPOGRAPHY 


FAULTS 


STRATIGRAPHY 


ROCK PROPERTiES~ 

REFERENCE INFORMATION BASE (RIB) 

CHANGES WITH TEMPERATURE 

EXAMPLES OF IMPACT ON DESIGN 
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PHOTOGRAPHS OF 

YUCCA MOUNTAIN 
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YUCCA MOI~TAIN AREA 

FEATURE/STRUCTURE MAP 


IMBRICATE FAU LT.ST URUCTURE . 

DRILL HOLE / / ~ " - ~ - ~ - - . ~ ~ : I~ .  -'%'~ / 

I ~ / . . . _ : . _ . - ~  ~ \ _ ~ . ~ ~ ~  i 


N MRQD5P.A24/3-19/20-90 8 




STRATIGRAPHY NEAR ESF O ~O 
4 5 0 0 ~  

ES-2 
COLLAR 

f 

O 
O ~  

~ 1 4 0 0  

O .  
= 3
(3
O 
r r  

Z 

ES-1COLLAR 

~ 1 2 0 0  

I -
1.1.1 
w 

u.. 

Z 

z 3500 ~ 

P-- ,-'c c':, 
<: ," 3"-O > -c]IrLI.U 

" '  ,,11~,, 
~ CI I~,W ~ 

(.hoT. l 11, " . .  

/ :;u, 

. TOPOPAH SPRING WELDED 
~::~ LITHOPHYSAE-RICH (TSwl )  ¢,t) 
I-L.. n -

LUi ! ! / U P P E R  DEMONSTRATION I--
BREAKOUT ROOM ILl 

. - - - . . =  . . . .  . "  . . . . .  . - . - .  . . . .  . , : - . . "  . . . , , ,  . : " : ~ .  / .  

":, .~'~'.." i::$:~~i } f~:i. { ~ (::.?: ~.~:.:;:; .: ~~"~_" : .  Z 

7 7 { TOPOPAH SPRING WELDED 
~-II ~, L ITHOPHYSAE-POOR (TSw2) 

-I1,, 'TOPOPAH SPRING WELDED 
~ ~/1~ VITROPHYRE (TSw3) 
,. ~1-\, . , 7 

,-. / 


m 

Z 
O 
I--

~ 1 0 0 0  ~ 
IJJ 
_1 
LU 

3 0 0 0 - - ~'~-MAIN TEST LEVEL 


EXPLORATORY 
DRIFTS (3). ~ 

, 
./ ~ - . ' 1 . , 1 -  ~ % ' "  

, 
, I  

• i / - - ~  
, - -

IL 1" 
--.-

CALICO HILLS NONWELDED V l l l l C  (CHnv) 800 

2 5 0 0 ~  CALICO HILLS NONWELDED 
ZEOLITIC (CHnz) 

WATER TABLE 

O 




EXAMPLES OF PROPERTIES FROM THE 

REFERENCE INFORMATION BASE 


• THERMAL-MECHANICAL STRATIGRAPHY 

• THERMAL PROPERTIES OF ROCK UNITS 
- H E A T  C A P A C I T Y  

- T H E R M A L  C O N D U C T I V I T Y  
- C O E F F I C I E N T  O F  T H E R M A L  E X P A N S I O N  

e MECHANICAL PROPERTIES OF INTACT ROCK 
- Y O U N G ' S  M O D U L U S  
- P O I S S O N ' S  R A T I O  

- C O M P R E S S I V E  S T R E N G T H . C H A R A C T E R I S T I C S  

e MECHANICAL PROPERTIES OF JOINTS 
- N O R M A L  S T I F F N E S S / S T R E N G T H  
- S H E A R  S T I F F N E S S / S T R E N G T H  

- S P A T I A L - G E O M E T R I C  D E S C R I P T I O N S -
- R O U G H N E S S  C O E F F I C I E N T  
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CMA~r(R 

SITE CHARACTERISTICS YUCCA MOUNTAIN PROJECT 

1) 
SECTtON 

GEOPHYSICS REFERENCE INFORMATION BASE 
ITEM 

ROCK THERMAL CONDUCTWITY 1 1 of 4 

Keywords: matrix thermal conductivity, rock mass thermal conductivity 

Description and Methodology 

Thermal  conduc t i v i t y  measu remen ts  have been made on samples  from several dr i l lholes and 
thermal /mechanica l  s t rat igraphic units I t  Yucca Mountain. Thermal conductivity experiments were 
performed using the transient-l ine-source technique. An electric current was applied to an axial heater 
wi th in a th ick-wal led cy l indr ical  sample and then the temperature/ t ime response was monitored. 
Measurements of this type were made at different temperatures for each sample.  An empirical model was 
used to analyze thermal conduct ivi ty data. Complete descript ions of the analysis and parameters are 
provided in two reports by Nimick (in preparation, a and b). 

Matrix (zero porosity) thermal conductivi t ies (K=) were calculated from the measured values using the 
following equation: 

K= = [2(K)' - KK~ (3¢ - 1)]/[K (2 - 3¢) ÷ K~]. (1) 

where K is the measured thermal conductivity, K,., is the thermal conductivity of water at the temperature of 
measurement, and ¢ is the total porosity expressed as a volume fraction. 

Values of rock mass thermal conductivity (K,,) are based on a random mixture of two phases, solid and fluid, 
and are estimated using the following equation: 

e K,., = (1/4) {[3(1 - ¢) - 1] I~ ÷ (35 -1) K~ + [{[3(1 - ¢,)- 1] K= + (3¢- 1) K~}= + 8K~ K~] ,,2}. (2) 

where K~ is the thermal conduct ivi ty of the fluid phase. If the sample is saturated. K~ is equal to I~,. If 
saturation is incomplete, the fluid phase is treated as a random mixture of air and water, and the thermal 
conductivity of the fluid phase is defined by the following equation: 

K~ : (1/4) {[3(1 - s) - 1] K= + (3s- 1) K,, : [{[3(1 - s) -1] K= + (3s - 1) K~}= ÷ 8K=K,]'2}. (3) 

In Equation (3), s is the saturation expressed as a volume fraction and K~ is the thermal conductivity of air at 
the temperature of interest. For the calculations presented here, the in situ saturation values of Montazer and 
Wilson (1984) were used. 

Table 1 presents matrix thermal conductivit ies, I~, calculated for thermal/mechanical units above and 
including CHn2. Estimated rock mass thermal conductivities, K~, ere given in Table 2. The conductivity 
values in Table 2 have been estimated assuming that initial in situ saturation values do not change during 
heating until a nominal boiling temperature of 95"C is reached and that all pore water leaves the rock when 
the temperature is greater than g5"C. For other saturation histories, rock mass thermal conductivity can be 
estimated using Equations (2) and (3), the matrix thermal conductivi t ies from Table 1, and appropriate 
porosity data. 

The rock mass thermal conduct ivi t ies as calculated by Equation 2 are for nonli thophysal, unfractured 
material. Nimick (in preparation, a end b) demonstrated that the fracture porosity has a negligible effect on 
the thermal conductivity of a homogeneous fractured rock mass (assuming that conductivity does not occur 
across a single air-filled fracture). However, l i thophysal cavities do contribute to the rock mass thermal 
conduct iv i t ies of thermal/mechanical units TSwl and TSw2 (and by inference, TCw). In these cases, 
Equation 2 was used with the fol lowing condit ions: (1) K= is defined as the thermal conductivity, of the 
relevant nonli thophysal rock mass, (2) K~ is defined as equal to K=, and (3) ~ is defined as equal to the 

9) 
lithophysal cavity abundance for the relevant unit. The data for cavity abundances are taken from Nimick and 
Schwartz (1987). 
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Quality Assurance Information 

All thermal conductivity and porosity data included in ~e  analysis are supported by documentation in the 
Data Records Management System at Sandia National Laboratories. Data for thermal/mechanical units above 
and including CHn2 have been analyzed. The analysis was conducted under WBS Element 1.2.4.2.1.3S as 
part of Task B.2 as a Quality Assurance Level III activity. ~lesults of the analysis are summarized in the reports 
by Nimick (in preparation, a and b). The data subjected to analysis are presented in Nimick (in preparation, 
c); all of these data were collected, analyzed and interpreted under procedures for which satisfaction of the 
requirements of 10CFR60, Subpart G has not been demonstrated, 

Sources 
Montazer, P., and W. E. Wilson, 1984. "Conceptual Hydrologic Model of Flow in the Unsaturated Zone, Yucca 
Mountain, Nevada," USGS-WRIR-84-4345, U. S. Geological Survey, Lakewood, CO. 

Nimick F. B., and B. M. Schwartz, 1987. "Bulk, Thermal, and Mechanical Properties of the Topopah Spring 
Member of the Paintbrush Tuff, Yucca Mountain, Nevada," SAND85-0762, Sandia National Laboratories, 
Albuquerque, NM. 

Nimick, F. B., (in preparation, a). =The Therr~al Conductivity of Seven Thermal/Mechanical Units at Yucca 
Mountain, Nevada," SAND88-1387, Sandia National Laboratories, Albuquerque, NM. 

Nimick, F. B., (in preparation, b). "The Thermal Conductivity of the Topopah Spring Member at Yucca 
Mountain, Nevada," SAND86-0090, Sandia National Laboratories, Albuquerque, NM. 

Nimick, F. B., (in preparation, c). "r'hermaI-Conductiv'rty Data for Tufts From the Unsaturated Zone at Yucca 
Mountain, Nevada," SAND88-0624, Sandia National Laboratories, Albuquerque, NM. 
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Ci.IAIrr E R 
SITE CHARACTERISTICS YUCCA MOUNTAIN PROJECT 

SECTION R E F E R E N C E  INFORMATION BASE
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~TEM ;HAP'r E R SECTION }ITEM 2 I I='GE e 
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VERSION REVISION ~ RE,~,.EJI.~E DATE j RIB CONTROL NUMBER 

4 0 I 2/1/89 I DR10 

TABLE 1. ESTIMATED MATRIX THERMAL CONDUCTIVITIES (1~ 
\ 

Thermal/ Matrix Thermal Conductivity 0N/re. K) 

Mechanical 

Unit Mean Value Standard Deviation n, 


TCw ~ 1.g10 0.086 0 

PTn 2.330 0.298 2 

TSwl 1.910 0.086 4 

TSw2 2.231 0.047 11 

TSw3 1.348 0.115 3 

CHn lv  1.857 0.087 4 

CHn2v ¢ >_1.657 - 0 

CHn 1 z ,= 1.821 0.044 7 

CHn2z 2.135 0.160 1 e 
• n = number of samples. 

= The value for unit TCw is assumed to be the same as the value for unit TSwl. 

= The value for unit CHnlv  is assumed to be a lower bound value for unit CHn2v. 

= The c~ata given here are for the repository area and are based on samples from drillholes USW G-1 and 


USW G~. Values for USW G-2 are higher [see Nimick (in preparation, a) for discussion]. 

O 
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C M A F T E R  

SITE CHARACTERISTICS YUCCA MOUNTAIN PROJECT 
S r C T I O N  REFERENCE INFORMATION BASE 
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ROCK THERMAL CONDUCTIVITY 1 2 4 o f 4  
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TABLE 2. ESTIMATED ROCK MASS THERMAL CONDUCTWITIES (K~) 

Rock Mass Thermal Conductivity (W/m. K) 

In Situ Saturation Dry 
Thermal/ 
Mechanical Mean Standard Mean Standard 
Unit Value Deviation Value Deviation 

TCw. 

Lithophysae poor 1.506 m 1.423 

Lithophysae rich 1.390 1.313 

PTn D <1.611 m <1.450 

TSwl 

LJthophysae poor 1.506 0.155 1.423 0.141 

LJthophysae rich 1.390 0.100 1.313 0.088@ 
TSw2 1.910 0.083 1.839 0.064 

TSw3 1.304 0.136 1.285 0.113 

CHnlv 1.195 0.124 0.845 0.200 

CHn2v= >1.195 - >0.845 -

CHnlz ¢ 1.270 0.236 <0.543 d 0.042 

CHn2z 1.559 0.144 _<0.54,30 0.042 

• These values are assumed to be the same as the values for unit TSwl. 
a The values given are bounding values; these values should be used for the unit until additional data are 

obtained. 
= Data for samples from USW G-1 and USW G-4 used for unit CHnlz; data from USW G-2 resulted in 

lower values. 
= Values for K=, end therefore calculated values for K~, could only be bounded for high temperatures. 

@ 
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O THERMAL CONDUCTIVITY AND 
POROSI'I'V OF UNIT CHnlz 

THERMAL 
CONDUCTIVITY 

THERMAL 
CONDUCTIVITY 

THERMAL 
CONDUCTIV ITY 

~r 

1.1 
0 

(W/m-K) 

1.3 
O I  

LITHOLOGY 

1.5 1.38 

N~ 

(W/m-K) 

1.58 
I 

LITHOLOGY 

1.78 1.2 
(W/m-K) 

1.3 

LITHOLOGY 

1.4 
...,..,_. 

n 
u~ 
Q 
Orr 

Z 

f 
o e ~ . ~  "~  - ~  

100 . f e  
• ~ . - ~ - - .  • 

--\ 

I 

% 
%(,-

• ~ " - - " - ~ "  ITTTT~ 

O 
A
P-

~. 

200 

300 

0.30 

4 0 0 -

/ 

ee 

0.40 
POROSITY 

USW G-1 

0.S0 
• 

N 
I%
/

/
%-. 

.2 
% 

" 7  

r
! 

0.25 
POROSITY 

USW G-4 

0.45 

0 

0 
~- 5 0 0  -

/
\ 

/ 
/ 

0 
,.J • THERMAL CONDUCTIVITY VALUE ! 

\ 

,,, 
UJ 

600 

700 

[ ' m ~  NONWELDED i 

~-~ :o.,,~,~w~O. l~S.ws 
,,. . , , ,~.Y WE.,ED, 

Q 

! 
% 

/
% 

I 
~ 

I 

I ~  BEDDED 
I
! 

800 -
(BEDDED UNITS ARE PRESENT 
BETWEEN MOST ADJACENT ASH FLOWS; 
NOT SHOWN IF THICKNESS 4 IT) 

J-° 
~ ' 0  

oi 
1( 

900 -

O 1000 e d 

. 1 0  0.30 
POROSITY 

0.S0 

110, USW G-2 



TEMPERATURE EFFECTS AND THERMAL 

AND MECHANICAL PROPERTIES 


APPROX. 
CHANGE TEMP. (oC) EFFECT ON DESIGN PARAMETERS 
BOILING AND >95 • DECREASE IN THERMAL CONDUCTIVITY 
REMOVAL OF (0-6% IN WELDED; 35-50% IN NONWELDED) 
PORE WATER 

LARGE INCREASE (FACTOR OF 2 TO 14) IN 
VOLUMETRIC HEAT CAPACITY DURING BOILING; 
DECREASE IN VOLUMETRIC HEAT CAPACITY 
(RELATIVE TO SATURATION) WHEN PORES DRY 
(0-15% IN WELDED, 42-44% IN NONWELDED) 

• 	 SLIGHT INCREASE IN STRENGTH OF INTACT ROCK 

DEHYDRATION 95-230 PROBABLE DECREASE IN THERMAL CONDUCTIVITY 
OF HYDROUS OF ZEOLITIZED UNITS (PROBABLE CHANGE <10%) 
MINERALS 
(MAINLY ZEOLITES) CONTRACTION OF ZEOLITIZED UNITS AND WELDED 
AND GLASS VITRIC MATERIAL 

• 	 SLIGHT DECREASE IN YOUNG'S MODULUS OF 
ZEOLITIZED UNITS 

• 	 SLIGHT INCREASE IN YOUNG'S MODULUS, 
STRENGTH OF WELDED VITRIC MATERIAL 

N MRQD5P.A24/3-19/20-90 16 



TEMPERATURE EFFECTS AND THERMAL 

AND MECHANICAL PROPERTIES 


(CONTINUED) 

APPROX. 
CHANGE EFFECT ON DESIGN PARAMETERS 

SILICA PHASE 150-250 • 	 LARGE INCREASE IN COEFFICIENT OF THERMAL 
TRANSFOR-	 EXPANSION 
MATIONS 
(WELDED, 
DEVITRIFIED ONLY) • 	 SMALL INCREASE IN VOLUMETRIC HEAT CAPACITY 

• 	 SMALL DECREASE IN YOUNG'S MODULUS, 
STRENGTH (AFTER THERMAL EXPANSION OCCURS) 

GENERAL HEAT >25 	 HEAT CAPACITY OF SOLID COMPONENTS 
CAPACITY CHANGE 	 INCREASES SLOWLY WITH TEMPERATURE AT ALL 

TEMPERATURES ABOVE AMBIENT (HEAT CAPACITY 
AT 250°C -.34% HIGHER THAN VALUE AT 25°C) 

NMRQD5P.A24/3-19/20-90 17 



PHOTOGRAPH OF G-TUNNEL 

HEATED-BLOCK EXPERIMENT 
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FIELD TESTS 

G-TUNNEL HEATER EXPERIMENTS 


• 	WELDED TUFF 
- E M P L A C E M E N T  HOLE T E M P E R A T U R E S  

UP TO 300 ° C 
-	 NO SPALL ING 

• 	 NONWELDED TUFF 
-	 E M P L A C E M E N T  HOLE T E M P E R A T U R E S  

UP TO 180°C  

-	 NO SPALL ING 

• 	TEMPERATURES PREDICTED 
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USABLE AREA FOR NUCLEAR WAST 

DISPOSAL IN YUCCA MOUNTAIN 
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• 	 e• 	 3-D GRAPHICS ~" • • 

R E P R E S E N T A T I O N  _ 	 HIGHVITROPHYRE : :INTERSECTION ~ ~" LITHOPHYRE 
OF YUCCA MOUNTAIN I ~ ) i INTERSECTION 

I - -  ~ i 
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e LOCATION OF EXISTING AND 

PLANNED COREHOLES 


Explanation 
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CHANGE IN TSwl ITSw2 CONTACT 

BASED ON LITHOPHYSAE VOIDS 
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REPOSITORY CONCEPTUAL DESIGN 
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ESF/REPOSITORY ALTERNATIVE 


Raised Planar Option (dip 4 deg. direction 95 degrees) o 
All shafts ore shown at reference SCP-CDR locations and depths 

, '"  

o f y  e n t r y  p a ~ t  a t  etlrvQtlon 3 1 0 0  f t ,  

SCP-CDR layout (Conforms to reference geology by Monsure and Ortiz, SAND84-Ot75, 1984) 

. .  . ,  , , - ,  

Yucca Mountain Project 
ESF/REPOSITORY ALTERNATIVES 

Vertical Exaggeration 3X Historical Option R-6 
PBQD 
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HIERARCHY OF FUNCTIONS 

AND COMPONENTS 


Y U C C A  M O U N T A I N  M I N E D  G E O L O G I C  D I S P O S A L  S Y S T E M  

I 
i 	 I 

1.0 PRECLOSURE WASTE D I S P O S A L  	 2.0 P O S T C L O S U R E  WASTE D I S P O S A L  

I 	 U 
2.1 N A T U R A L  BARRIERS 	 2.2 E N G I N E E R E D  BARRIERS 2.3 I N S T I T U T I O N A L  BARRIERS 

I 
I 

I 	 I I i 
| .1.!  DISTURRED ZONE 	 L I . 2  FAR FIELD 2.~r.l WASTE PACKAGE 2.2.2 REPOSITORY :L2.3 BHAFT AND 

l+t.t l NlPOSllOmV O ¥ I R I U q l ~ [ N  	 I . I .2 .!  # E ~ S I T ~ V  O t ' t R R ~ O E N  I.I o.t CONTAmSR ENGINEERED BARRIERS "BOREHOLE SEALS 
J. t , t+l  UNSATURATED TOPO~AH f~R~--'O 1.111 I I UNOWFIREHTIATIO Z.l.0.2 WASVl FOR** I ll.0 HOST ROC~ 
l . t+l .]  UNSATt."RA|IO CALICO ~ L O + V  

I . I , I+I  2 TP/A CANYON 	 1.1.1.1UmOIROROm<Oo~tm-~os
1 l+l 11] PAINT BRUSH 

1.1.1.4 UNSRTURATIrO CALICO HI tLS  ~j' 	 I.t11,$ 4 T ~ O P A H  SPRINO I . l , l . l  R I [ ~ S I I O R Y  S I A L •  
I . l . I s l  UNSATURATID |OPOPAH SII~INO 

I+1 l . )  UNSATUNAVIO CALICO HII.LS-¥ 

I+t+l.4 O N S A I U R A I I O  CALICO 14StLS-Z 

J . l , I . I  UNSATURATED PROW PASS . 
l+t ! I O N S A T U R I T l l )  UtP~CR CRATER FLAT 

| l . l . l r  ONIRTUflAIr  [ O  ROLLFIqO0 • 

I+ l  I I  ONSATURATEO M~DOtLE CRATER FLAT 

I. l+l.O I A l U l l A l l O  ZONI 

I 	 I I 
1.1 SITE 	 1.2 R E P O S I T O R Y  1.3 W A S T E  E M P L A C E M E N T  P A C K A G E  


I+|.1 SURFACE 

!.$.:m SUBSURFACE 


I I I I I 
1,2.1 MINING I , | .2 WASTE HANDLING 1.2o3 PERFORMANCE 1.2.4 DECOMMISSIONING I.d.S SUPPORT 

I I ! I ACCS|S CONSTRUCTION $.J,2+1 RllCtl M N O  CONFIRMATION 1.1.4.1 UNOE RGIIOUND t , I  $. !  IN fONI IATION 

! I t 1 DlqWVCONSTRUCTION I . t J  t PREPARATION I . I .3 . |  IIFASlrs [VALUATION CtOSURE | I S,I AO**IlMSVRATIOTI 

! I S.] I O R t t e I I t S  CONSTRUCTION 
I ! t 4 ROCll HAHOLiWO 

I I I I WATER RE**OVAL 

| 11| I l l ~  
¥1NIItATION 

12 I+3 ITONAOE 
121,4 EIM~tLACIMENlr 

|.I+|.S I~[ THiS VAI. 

I,II.i SHNqqNO 

l . | J . 7  WASTI[ -HANDLING 

|+1.) 2 OEOtOOIC EVALUATION 
$ .1+!.~ HAT~JflmAL AND 

ENGINI[ERIO ISARNIENS 
| V A L U A I i O H  

1.2.3.4 DESIGH **OOIIrlCA l i O N  

|,!,41SIJRFACS-FACIILITV 
O[( ;OMMISSlOMNO 

1,1+4.] INS l I IUT IONAL-  
NARRIIR I**PLS MI[ H- 
TA| ION 

! I,S $ PERSONNEL SERVlCSS 

t T,S 4 SECUR|IY • SAFEGUARDS 

l I,S s • U ~ t ~ [ |  
12  S,ll * *AiNISNANCg 

$,1+!7 U T I L f I I ~ •  
V tHT ILA t  |ON | |,S O I l lANSPONTAlrToN 

$+I+2.i CONTAIMNATION 
CONTROL 

$,1.$ O MOrn  IONING 
|.|.S+I.t RADiOLOOICAIL 

MONI TOIi lNO 

I,I.S,S,I NONIIIAOIOt OOICAL 
MONl lORINO 

t I $ , l t  I * * I R G I N C V  
P R [ P A R [ O N I  SS 
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PARTS OF THE YUCCA MOUNTAIN MINED 

GEOLOGIC DISPOSAL SYSTEM 


BOUNDARY OF 
ACCESSIBLE 

ENVIRONMENT 

• ~ : : . . . :  ~ S 

REPOSITORY 
SURFACE 

FACILITIES 
BOUNDARY 

ACCESSIBLE 
ENVIRONMENT 

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

• 

•" . ' * *  ~ . ' ~ ' ; ~ * . ; ; ~ "  

: . 1 % - ; : :  

" . . "  

" ; ' "  

' . 

" . . .  

" . ~ $ 1 1 z 1 ~  

• " °  " "  " 

" 

: .  • 

, .  : "  " ~  - ' "  

: " 

" " . ,  

• • . t .  

" • " :  

;" . 

~1 , "  " . ' .  

' 

' t , "  

"" 

, ~ " "~  

" 

" 

, 

" 

. 

" "~ ' - t . , , , , , ~  

• - - - - - - . ~ q l j ~  ~1REPOSITORY . . . . .  

UNDERGROUND ;" i " " ~ l ~  
FACILITIES :~.~:.i::i:-~:::/ 

. ; '  ".:'-;, : ' . . ' . ' , - ,  • , '~ ' ,~. '"  .-~; " t ~ "  

• . . " . : :  .~ . . . : , "  . . . . , . , . ~  

. . , :~ :i!.:~:~!=, ;:i i~:i" , 

/ : .  , . . ' :  : : . "  . , . . . " : .  : ; ; .  
~. ,:.: '~.:.~:,. : .,:'~- , ~ . . ,  , '~  
•" t ; . ' "  ,." " : " , ' ; / ~ ' : * ' ~ :  . ' : . ~ " . , ' ~ '  

)LE 

WASTE EMPLACEMENT 
PACKAGE (ENLARGED) 
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PARTS OF THE MGDS THAT WILL 

ISOLATE RADIOACTIVE WASTE 


i ! 

I' __ : _ _ ~ . t - - - ~ i 
! 

! 
 FF* - REPOSITORY OVERBURDEN I 

II I 
! 

i a I B B  IB m m m m ' m l  mB I~ ' ~ ' ~ ' ~ ' ~ , ~ " ~ ~ ~ ~ . . .  
I ~ " \ ~ ' ~ \ \ ' ~ "Z*- REPOSIT OR Y OVERBURDEN \ \ \ \ \ \ \ \ \ \ " ~ . .  - ~ ' \ \ '-'~-~-'~','~-"~'~'~-~\~,-~ D I 
I 

t
Z 
tU p , p ~  E N G I N E E R E D  B A R R I E R  S Y S T E M \ ~ ' ~ \  ~ ' ~ ~ . ~ t 

=E "(WASTE PACKAGES & UNDERGROUND F A C I L I T Y ) ~ ~ ' ~ ' ~ ' ~ ]  FF - UNSATURATED 
z . , -o , , , : , , , , , .O 
O: 
m ~ I )Z ' -  UNsA TIJI~ A TED" ]~01)0P'AH'SPFIII~G ~ . ~ ~ ~  ~- SPRING O___ 
Z 

~ - ~ ,  .~ ~-~.  ~ -~ ~_~_~, ~._-_ ~,_~ ~-~.-~ _~. ~._~_~_~ .~ ~_~, _~,_~ ~.~.-~-~. ~ - - 

~DZ - UNSATURATED CALICO HILLS (v, z ) \ ~ . ~ "  zLU l m i  l m m a l i i m i i i m i i i  D R  n u n i m i i m B  i g i m i i i d m  ~ / d O O p ~ , "  - ins 
UJ u,I. J  ,,Jm 

m 
m 

U'J 
W FF - UNSATURATED CALICO HILLS (v', z) U,I

rJ
(3< 

! 

! 


I FF - UNSATURATED PROW PASS I 
I 

! I 
I 
iiI FF- UNSATURATED UPPER CRATER FLAT 

\ II . .  

J FF - UNSATURATED BULLFROG 

! FF- UNSATURATED MIDDLE CRA'TE-R-FLAT . . . . . . . . .  


I-'--~--" - SATURATED 

D Z - D I S T U R B E D  Z O N E  N O T  T O  S C A L E  
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PHYSICAL BOUNDARIES AND INTERFACES 


e ENGINEERED BARRIER SYSTEM 

• DISTURBED ZONE 

• ACCESSIBLE ENVIRONMENT 

• WASTE P A C K A G E -  REPOSITORY iNTERFACE 

e SURFACE - UNDERGROUND INTERFACE 

• E S F -  REPOSITORY INTERFACE 

• EXTERNAL INTERFACES 

e, REPOSITORY - SITE INTERFACE 
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ENGINEERED BARRIER SYSTEM 


INCLUDES: 

e WASTE PACKAGE (INCLUDING ASSOCIATED 


COMPONENTS) 


• UNDERGROUND OPENINGS 

• BACKFILL MATERIALS 

EXCLUDES: 

• SHAFTS 

• BOREHOLES 

• SEALS 

• HOST ROCK (NRC POSITION) 
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DISTURBED ZONE 


NRC DRAFT POSITION: 

DISTURBED ZONE IS DEFINED "BY THE ZONE OF 
SIGNIFICANT CHANGES IN iNTRiNSiC PERMEABiLiTY 
AND EFFECTIVE POROSITY CAUSED BY 
CONSTRUCTION OF THE FACiLiTY OR BY THERMAL 
EFFECTS OF THE EMPLACED WASTE" (1986) 

"SIGNIFICANT" iS "ABOUT A FACTOR OF TWO CHANGE 
IN EFFECTIVE POROSITY, WHICH WOULD GENERALLY 
CORRESPOND TO ABOUT AN ORDER OF MAGNITUDE 
CHANGE IN INTRINSIC PERMEABILITY" (1985) 

MINIMUM GUIDELINES INTERPRETED AS 50 METERS 
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DISTURBED ZONE 

(CONTINUED) 

DOE APPROACH: 

O 	 IDENTIFY LIKELY PATHS OF GROUND-WATER 

TRAVEL AND MODES OF FLOW 


• 	 OBTAIN PREDICTIONS OF CHANGES IN MATRIX 
POROSITY AND PERMEABILITY(ASSUMES 
MATRIX FLOW) 

• 	 EVALUATE THE EXTENT AND DURATION OF 
CHANGES 

• 	 COMPARE GROUND-WATER TRAVEL TIME WITH 

AND WITHOUT A REPOSITORY TO EVALUATE IF 

PROPERTY CHANGES ARE SIGNIFICANT 


O 	 EVALUATE AND CONSIDER OTHER REPOSITORY- 
INDUCED CHANGES AS NECESSARY 
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O ACCESSIBLE ENVHRONMENT 
E 5 4 5 0 0 0  E 5 5 5 0 0 0  E 5 6 5 0 0 0  E 5 7 5 0 0 0  

MAXIMUM ALLOWABLE ROPOSED BOUNDARY BETWEEN CONTROLLED <. 
EXTENT OF AREA AND ACCESSIBLE ENVIRONMENT TO BE O. 

MARKED WITH PERMANENT MONUMENTS z aCONTROLLED OBOUNDARY7 
BASED O N  Z 

40CFR191  

Q 
Q 

O 
Ltb 
t ~PERIMETER OF p -

DESIGN REPOSITORY z 

MEN AND MATERIALS SHAFT, 

O 
O 

'CENTRAL ~ / / J / ~  Q 

~SURFACE u3 
,EXPLORATORY 

p~

O 
NELLIS AIR 'FACILITIES AREA 

FORCE RANGE Z 

BUREAU OF EMPLACEMENT EXHAUST SHAFT 
LAND 


MANAGEMENT 


Q 
Q 
O 

-L t3  

z 

~ GEOLOGIC REPOSITORY CONTROLLED 
OPERATIONS AREA AREA 

ACCESSIBLE ENVIRONMENT:r-! 
o 0 

I 

0 

THOSE AREAS BEYOND THE CONTROLLED AREA PLUS 

ALL SURFACE AREAS WITHIN THE CONTROLLED AREA 


1 2 MILES 
I I I 

1 2 KILOMETERS 



Q W A S T E  P A C K A G  L- -
R E P O S I T O R Y  I N T E R F A C E  

LOCALLY

DISTURBED l / FLOWSYSTE~f/ ~ 

. i/\ \  

O4 
< 
0,.
u3
Q 
O 
n -

z 

X \ ~ ~  

GASEOUSRELEASES 

EBS )),ou.o, 7/ 

// 

O 




PRELIMINARY DRAWING OF 

REPOSITORY COMPLEX 


~ , . ~ .  "°';~,'~'o',",'~'o. 

CENTRAL SURFACE FACILITIES 
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ESF-REPOSITORY INTERFACE 

WASTE RAMP 

20'DIAMETER 
EMPLACEMENT 
EXHAUST SHAFT 

~- ~ PERIMETER DRIFT 

WASTE EMPLACEMENT 

SUPPORT SHOPS t 


| 
| 

DECONTAMINATION 

,s STATION 


I 

EXPLORA~'ORY i EMPLACEMEN'r 

TRAINING SHAF" ~ EXHAUSt 

AREA F A C f U ~ i H A F  T 
,= PANEL 

, ~" ~ ; ~ ' ~  ACCESS 

DEDICATED 

%.,, TESTING AREA 

USW- G1 ,* EMPLACEMENT ~ 
® s SSS'B°S° s SSS s°s~' s ° °  DRIFTS; ' N DRIFTS 

WASTE MAIN ® DRILLHOLE 
"rUFF MAIN ES EXPLORATORY SHAFT 

PANEL ACCESS DRIFTS SERVICE MAIN 

GHOST DANCE FAULT 
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PERFORMANCE ALLOCATION FOR 

DESIGN GOALS 


PERFORMANCE AVAILABLE 
ASSESSMENTS SITE DATA 

~ F U N C T I O N A L  

ISSUE 
RESOLUTION 
STRATEGY 

DATA 
NEEDS 

I 

I1 I' I 

D E S I G N / ~  

MENTS 


( ~_ / / ' T~EEMPERA~URE\ LAYOUT . 
\ J 

I' ) 
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REGULATORY BASIS FOR REPOSITORY 

DESIGN REQUIREMENTS 


O PRECLOSUFIE OBJECTIVES (60.111) 

- R A D I A T I O N  P R O T E C T I O N - 10 CFR 20 

- R E T R I E V A B I L I T Y  

• 	 FOUR POSTCLOSURE OBJECTIVES 
(60.112, 60.113) 

• 	 GENERAL AND ADDITIONAL DESIGN CRITERIA 
(60.131, 60.132, 60.133, 60.134) 
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PERFORMANCE OBJECTIVES 


/ 
NATURAL BARRIERS 

ACCESSIBLE 
ENVIRONMENT 

UNANTICIPATED 
PROCESSES 
AND EVENTS 

/ 
/ ~  BOUNDARY OF 

THE DISTURBED 

f A 
ZONE 

ENGINEERED 
BARRIER 

TOTAL SYSTEM 
PERFORMANCE 

SYSTEM 

OBJECTIVE~ 
WASTE 

PACKAGE 

PERFORMANCE 
OBJECTIVES FOR 

PARTICULAR 
BARRIERS ANTICIPATED 

PROCESSES 

\ AND EVENTS 

\ TOTAL SYSTEM 
PERFORMANCE 

\ 
OBJECTIVE 

A 
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EPA STANDARD FOR RADIOACTIVE RELEASE TO 

THE ACCESSIBLE ENVIRONMENT 


A C C E S S I B L E  E N V I R O N M E N T  

. ~ ~ - ~ - - " ~  " /  I - "  . .  ~ v . ~ / - ~  \ _. ~. ~ 1,~ / \ . /  I R A D I O A C T I V E  R E L E A S E  


......11''.~-~e~_-,~.~.~.,~. f 10,000 


• --.; - . : , ~  :.. : -  -'.-.'~ - . -  " MUST BE LESS THAN THE SUM OF: 

R A D I O N U C L I D E  C I / 1 0 0 0  M T H M  
. /  ~ '~  

r J ~ 
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PROBABILISTIC ESTIMATES OF RELEASES WILL 

INCORPORATE MULTIPLE SCENARIO CLASSES 


I SCENARIO J J NUMERICAL I C L A S S E SDEFINITION 

, { OEF, , o 
ICALCULATIONSJ 

- ,' 
I RESULTS J 

II 

• 

DISTURBED D E F I N I N G  

F 
L 

) 
I 

E i 

B I T  
S mR 

B 
• 

I 
D 

R I N  

• 

m m ~ 

F 

W 

EA OR CUMULATIVERELEASEAT ACCESSIBLE ENVIRONMENT 

VII. DISTURBED 
CONDITIONS 

{ 
DEFININGPARAMETERS 
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TOSPAc CALCULAT 
--~ 1.5 
0 3  

E CONCENTRATI ~̂ ,~,I~O.N OF I.129 
I:n 0,, ,,~/HE MATRIX 

CO 

I 1.0o 

z 
o 
F-
< 0.5 
F. .  

Z 

UJ 
0
Z 
O 0.0 

,q 

100 200 30'0 40() 50() 60() 

DISTANCE ABOVE WATER TABLE (m) 
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HYPOTHETICAL COMPLEMENTARY 

CUMULATIVE DISTRIBUTION FUNCTION 


Z 1.0 

E P A  
! U I R E M E N Ti 

~ ~ 1o-1 -

W,-J 

UJ ~ lO .2  -

,<.- P O S S I B L EW ~  V I O L A T I O N
~ 0  

~ lO-3 -


Or) 

~ lO-4-

,<> 

II1 

0 10 -5 I I I 
n 10_ 1 10+0 101 10 2 10 3 

MULTIPLES OF EPA RELEASE LIMITS 
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DESIGN REQUIREMENTS FROM 

PERFORMANCE ASSESSMENT 


PA

ON 


~f"i~CO NSIDE RATIO~" 

~~..DESIGN REQUIRE~ 
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SCENARIO SELECTION 


• ALL SUFFICIENTLY CREDIBLE NATIJRALPROCESSES 


A N D  E V E N T S  

- P> 10 .4 IN 10,000 YEARS 
- SiGNiFiCANT CONTRiBUTiON TO CCDF 

• HUMAN ACTIVITIES 
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BASIC EVENTS 

• 	 NOMINAL FLOW 

e 	 HUMAN INTRUSION 

• 	 BASALTIC VOLCANISM 

• 	 CLIMATE CHANGE 

• 	 TECTONICS. 

• 	 GAS RELEASE 

• 	 OTHER HUMAN ACTIVITIES 
.(e.g., IRRIGATION) 

e 	 CLOSURE OF REPOSITORY 
(SEAL FAILURE, etc.) 
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E V E N T  T R E E  
I BASIC EVENT 
OR CONDITION 

j .  j"

I,I PROBABILITIES 

I O O J EVENT OR 
I I ° PROCESS 

I 
j .  j .I,I 

iI PROBABILITIES 

EVENT OR 0 0 0! i I PROCESS 

I 

I i j .  j '  
PROBABILITIES1 

I 
I

, i  I I o o o I EVENT OR 

I PROCESS

I'j I I PROBABILITIES 
O 

O 
O 

O 
OII 

I O 

! I, EVENT OR 

V PROBABILITY 
PROBABILITY 

OF THE SCENARIO (ESTIMATE OF CONTRIBUTION TO CCDF) N MRQDSP.A24/3-19/20-90 46 



HYPOTHETICAL SCENARIO 


I 
SURFACE 
FLOODING 

FLOW ALONG 
PREFERENTIAL 

PATHWAY 

P = O.XX CHANGES THAT REDUCE 
POTENTIAL FOR 
PREFERENTIAL PATHWAY? 

P = O.YY CHANGE DRAINAGE 
REQUIREMENTS? 

PARTIAL FLOODING 
OF UNDERGROUND 

OPENINGS 

" P = O . Z Z  

CHANGE PACKAGE 
ORIENTATION OR SEAL 
REQUIREMENTS? 

FLOODING OF 
EMPLACEMENT 

BOREHOLES 
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