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Keywords: matrix thermal conductivity, rock mass thermal conductivity
Description and Methodoiogy

Thermal conductivity measurements have been made on samples from several drillholes and
thermal/mechanical stratigraphic units at Yucca Mountain. Thermal conductivity experiments were
performed using the transient-line-source technique. An electric current was applied to an axial heater
within a thick-walled cylindrical sampie and then the temperature/time response was monitored.
Measurements of this type were made at different temperatures for each sample. An empirical mode! was
used to analyze thermal conductivity data. Complete descriptions of the analysis and parameters are
provided in two reports by Nimick (in preparation, a and b).

Matrix (zero porosity) thermal conductivities (K,) were calculated from the measured values using the
following equation:

K = [2(K)? - KK, (3¢ - 1))/[K (2-3¢) + K,], M

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:

Kim = (1/4) {{3(1-8) - 1] K, + (3% -1) K 2 [{[3(1- @) - 1] K + (3% - 1) K}2 + BIG K] "7}, (@

where K, is the thermal conductivity of the fluid phase. If the sample is saturated, K, is equal to K_. |f
saturation is incompiete, the fiuid 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(1-8) - 1] K + (35 - 1) K, £ [{[3(1 - 5) -1] K + (35 - 1) KU} + BKK, ]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 conductivities, K,, calculated for thermal/mechanical units above and
including CHn2. Estimated rock mass thermal conductivities, K.,,, are 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 95°C. For other saturation histories, rock mass thermal conductivity can be
estimated using Equations (2) and (3), the matrix thermal conductivities from Tabie 1, and appropriate
porosity data.

The rock mass thermal conductivities as calculated by Equation 2 are for noniithophysal, unfractured
material. Nimick (in preparation, a and b) demonstrated that the fracture porosity has a negiigible effect on
the thermal conductivity of a homogeneous fractured rock mass (assuming that conductivity does not occur
across a single air-filled fracture). However, lithophysal cavities do contribute to the rock mass thermal
conductivities of thermal/mechanical units TSw1 and TSw2 (and by inference, TCw). In these cases,
Equation 2 was used with the following conditions: (1) K, is defined as the thermal conductivity. of the
relevant nonlithophysal rock mass, (2) K, is defined as equal to K,, and (3) & is defined as equal to the
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 the 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 lil activity. Results 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, anaiyzed and interpreted under procedures for which satisfaction of the
requirements of TOCFR60, Subpart G has not been demonstrated.

Sources

Montazer, P., and W. E. Wilson, 1984. "Conceptual Hydrologic Mode! 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,” SANDBS5-0762, Sandia National Laboratories,
Albuquerque, NM.

Nimick, F. B., (in preparation, a). “The Therfmal Conductivity of Seven Thermal/Mechanical Units at Yucca
Mountain, Nevada,” SANDB88-1387, Sandia National Laboratories, Albuquerque, NM.

Nimick, F. B., (in preparation, b). "The Thermal Conductivity of the Topopah Spring Member at Yucca
Mountain, Nevada," SANDB6-0090, Sandia National Laboratories, Albuquerque, NM.

Nimick, F. B., (in preparation, c). "Thermal-Conductivity Data for Tuffs From the Unsaturated Zone at Yucca
Mountain, Nevada,” SANDB8-0624, Sandia National Laboratories, Albuguerque, NM.
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TABLE 1. ESTIMATED MATRIX THERMAL CONDUCTIVITIES (K,)

Thermal/ Matrix Thermal Conductivity (W/m«K)
Mechanical

Unit Mean Value Standard Deviation ns
TCwe 1.910 0.086 0
PTn 2.330 0.298 2
TSwi 1.910 0.086 4
TSw2 2.231 0.047 11
TSw3 1.348 0.115 3
CHn1v 1.657 0.087 4
CHn2v< >1.657 - 0
CHn1z¢ 1.821 0.044 7
CHn2z 2.135 - 0.160 1
* n = number of samples.

® The value for unit TCw is assumed to be the same as the value for unit TSwi1.

¢ The value for unit CHn1v is assumed to be a lower bound value for unit CHn2v.

d

The data given here are for the repasitory area and are based on samples from driliholes USW G-1 and
USW G-4. Vaiues for USW G-2 are higher [see Nimick (in preparation, a) for discussion].
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obtained.

lower values.

* These values are assumed to be the same as the values for unit TSw1.
® The values given are bounding values; these vaiues shouid be used for the unit until additional data are
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) TABLE 2. ESTIMATED ROCK MASS THERMAL CONDUCTIVITIES (K.n)
Rock Mass Thermal Conductivity (W/m«K)
in Situ Saturation Dry
Thermal/
Mechanical Mean Standard Mean Standard
Unit Vaiue Deviation Value Deviation
TCwe
Lithophysae poor 1.506 - 1.423 -
Lithophysae rich 1.390 - 1.313 -
PTne <1.611 - <1.450 -
TSwi
Lithophysae poor 1.506 0.155 1.423 0.141
Lithophysae 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
CHn1tv 1.195 0.124 0.845 0.200
CHn2vs >1.195 - >0.845 -
CHn1zs 1.270 0.236 =<0.543¢ 0.042
CHn2z 1.559 0.144 =<0.5439 0.042

¢ Data for samples from USW G-1 and USW G-4 used for unit CHn1z data from USW G-2 resulted in

¢ Vaiues for K,, and therafore calculated values for K,,,, could only be bounded for high temperatures.

d3=JAN-48 18:15:00
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TEMPERATURE EFFECTS AND THERMAL
AND MECHANICAL PROPERTIES

APPROX.
CHANGE TEMP. (°C) EFFECT ON DESIGN PARAMETERS
BOILING AND >95 e DECREASE IN THERMAL CONDUCTIVITY
REMOVAL OF (0-6% IN WELDED; 35-50% IN NONWELDED)
PORE WATER '
¢ LARGE INCREASE (FACTOROF 2TO 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 e PROBABLE DECREASE IN THERMAL CONDUCTIVITY
OF HYDROUS OF ZEOLITIZED UNITS (PROBABLE CHANGE <10%)
MINERALS
(MAINLY ZEOLITES) o CONTRACTION OF ZEOLITIZED UNITS AND WELDED
AND GLASS VITRIC MATERIAL

e SLIGHT DECREASE IN YOUNG'S MODULUS OF
ZEOLITIZED UNITS

e SLIGHT INCREASE IN YOUNG'S MODULUS,
STRENGTH OF WELDED VITRIC MATERIAL
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TEMPERATURE EFFECTS AND THERMAL
AND MECHANICAL PROPERTIES

(CONTINUED)
APPROX.
CHANGE - TEMP. (°C) EFFECT ON DESIGN PARAMETERS
SILICA PHASE 150-250 e LARGE INCREASE IN COEFFICIENT OF THERMAL
TRANSFOR- EXPANSION
MATIONS
(WELDED,
DEVITRIFIED ONLY) e SMALL INCREASE IN VOLUMETRIC HEAT CAPACITY
© SMALL DECREASE IN YOUNG'S MODULUS,

STRENGTH (AFTER THERMAL EXPANSION OCCURS)
GENERAL HEAT >25 e 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)

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



PHOTOGRAPH OF G-TUNNEL
HEATED-BLOCK EXPERIMENT



FIELD TESTS

G-TUNNEL HEATER EXPERIMENTS

e WELDED TUFF
- EMPLACEMENT HOLE TEMPERATURES
UP TO 300°C
- NO SPALLING

e NONWELDED TUFF |
- EMPLACEMENT HOLE TEMPERATURES
UP TO 180°C |
- NO SPALLING

e TEMPERATURES PREDICTED
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PLANNED COREHOLES
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REPOSITORY CONCEPTUAL DESIGN
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ESF/REPOSITORY ALTERNATIVE

Raised Planar Option (dip 4 deg. direction 95 degrees)

.

.....

SCP—-CDR layout (Conforms to reference

)

Vertical Exaggeration 3X

geology by Mansure ond Ortiz, SANDB4-0175, 1984)

All shafts are shown at reference SCP—CDR locations and depths
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ESF/REPOSITORY ALTERNATIVES

Historical Option R-6
PBQD
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HIERARCHY OF FUNCTIONS
AND COMPONENTS

YUCCA MOUNTAIN MINED GEOLOGIC DISPOSAL SYSTEM

=

1.0 PRECLOSURE WASTE DISPOSAL

2.0 POSTCLOSURE WASTE DISPOSAL

2.1 NATURAL BARRIERS

2.2 ENGINEERED BARRIERS

2.3 INSTITUTIONAL BARRIERS

J |

2.1.1 DISTURBED ZONE
2.0.0 { REPOSITONY OVERBURDEN
2.1.1.2 UNSATURATED TOPOPAN SPRING
2V LIUNSATURATED CALICO KiLLD-Y
2.1 1.4 UNSATURATED CALICOHRLS-Z

2.1.2FAR FIELD

2.1.2.1 REPOSITORY OVERBUADEN
2.0.21 LUNOWFERENTIATED
2.1.2.12 TIVA CANYON
2 1.3 1.3 PANT BRUSH
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2.2.1 WASTE PACKAGE
1.2 1.9 CONTAINER
1212 WASTE FOAM
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21 2JIUNSATURATED CALICO HMLS.Y
2024 UNSATURATED CALICO HILLS-Z
2123 UNSATURATED PROW PASS .

21 20 UNSATURATED UPPER CRATER FLAT

29.27 UNSATURATED SWLLFROG -

2120 UNSATURATED MIDDLE CRATER FLAT

2129 SATURATED ZONE

1.1 SITE
1.1.1 SURFACE
1.1.2 SUBSURFACE

1.2 REPOSITORY

2.2.2 REPOSITORY

2.2.3 SHAFT AND
ENGINEERED BARRIERS BOREHOLE SEALS
22.2.0H087 ROCR

1.2.2.2 UXDERGROUND 0P2RINGS

2.2.2) REPOSITOAY SEALS

1.3 WASTE EMPLACEMENT PACKAGE

1.2.1 MINING 1.2.2 WASTE HANDLING 1.2.3 PERFORMANCE
1211 ACCESS CONSTRUC TION 1.2.2.1 RECEIVING CONFIRMATION
121208 Y CONSTRUCTION 1.2.2 2 PREPARATION 1.2.3.1 WASTE EVALUATION
12 1.3 9OREHOLE CONSTRUCTION 1.22.3 STORAGE 1.2.3 2 GEOLOGIC EVALUATION
1214 ROCR HANDLING 1.2 2.4 EMPLACEMENT 1233 ::"}\'l:!l[l.:';ﬂ. anmiEns
1213 WATER REMOVA 228 RETR
12.90 MpnG ‘ :;:: ;v:'::l . EvALUATION
VENTRATION 122.7 WASTE.HANDLING .2.3.6 DESIGN MODIFICATION
VENTRATION
1.2.2.8 CONTAMINATION
COMTROL

i I

|

1.2.4 DECOMMISSIONING

1.2.4.1 UNDERGROUND
CLOSURE

$.2.42 SURFACE-FACHITY
DECOMMISSIOMING

1.2.4.3INITITUTIONAL-
BARRIER IMPLEMEN.
TATION

1.2.5 SUPPORT
1.29.¢ NEORMATION
1295.2 ADMINISTRATION
1233 PERSONNEL SEAVICES
1235 4 SECURITY § SAFEGUARDS
1253 SUPPLIES
1.25.6 MAINTENANCE
1287 UTNLITIES
1230 TRANSPORTATION
1.2.5 9 MOMTORING

1.2.5.9.1 RADIOLOGICAL
MOMNITORING

1.2.9.9.2 NONRADIOLOGICAL
MOMITORING

129510 EMERGENCY
PREPAREDNESS
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PARTS OF THE YUCCA MOUNTAIN MINED
GEOLOGIC DISPOSAL SYSTEM

BOUNDARY
ACCESSIBLE
ENVIRONMENT

REPOSITORY
SURFACE
FACILITIES

BOUNDARY OF
ACCESSIBLE
ENVIRONMENT

BOREHOLE

D
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WASTE EMPLACEMENT
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REPOSITORY
UNDERGROUND
FACILITIES




| e

PARTS OF THE MGDS THAT WILL
ISOLATE RADIOACTIVE WASTE
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e | e e
PHYSICAL BOUNDARIES AND INTERFACES

o ENGINEERED BARRIER SYSTEM
e DISTURBED ZONE
o ACCESSIBLE ENVIRONMENT

o WASTE PACKAGE - REPOSITORY INTERFACE
® SURFACE - UNDERGROUND INTERFACE
e ESF - REPOSITORY INTERFACE
o EXTERNAL INTERFACES

e REPOSITORY - SITE INTERFACE
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ENGINEERED BARRIER SYSTEM

INCLUDES:

e WASTE PACKAGE (INCLUDING ASSOCIATED
COMPONENTS)

e UNDERGROUND OPENINGS

e BACKFILL MATERIALS

EXCLUDES:

e SHAFTS
e BOREHOLES
e SEALS
'@ HOST ROCK (NRC POSITION)
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P e ' e
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 GUIbELINES INTERPRETED AS 50 METERS
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|

DISTURBED ZONE

(CONTINUED)

DOE APPROACH:

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

EVALUATE AND CONSIDER OTHER REPOSITORY-
INDUCED CHANGES AS NECESSARY
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ACCESSIBLE ENVIRONMENT

ES545000 ES555000 E565000 ES75000

W

[ ' . R
MAXIMUM ALLOWABLE . PROPOSED BOUNDARY BETWEEN CONTROLLED
EXTENT OF ’ ' AREA AND ACCESSIBLE ENVIRONMENT TO BE

CONTROLLED AREA ; MARKED WITH PERMANENT MONUMENTS
BOUNDARY ’ ‘ i
BASED ON

40CFR191

(o] .v'o
RRFCENTRAL

NELLIS AIR . LITIES AREA

ronce nance P R,

BUREAU OF 263095050500 %° EMPLACEMENT EXHAUST SHAFT
LAND 00%%°
MANAGEMENT

NEVADA TEST SITE

GEOLOGIC REPOSITORY CONTROLLED
OPERATIONS AREA /] AREA

ACCESSIBLE ENVIRONMENT: THOSE AREAS BEYOND THE CONTROLLED AREA PLUS .
ALL SURFACE AREAS WITHIN THE CONTROLLED AREA

1 2 MILES
f - T J
2 KILOMETERS

OO
—

N755000 N765000 N775000 N785000

N745000
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WASTE PACKAGE -
REPOSITORY INTERFACE

LOCALLY
DISTURBED
FLOW SYSTEM
BACKFILLED

DRIFT GASEOUS RELEASES

A EBS «
BOU NDARY

;’ 3% RADIONUCLIDE
RELEASE
FROM THE EBS

/f
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PRELIMINARY DRAWING OF -
REPOSITORY COMPLEX

EXPLORATORY \Lb\
SHAFT 2 _

-
EXPLORATORY ,MEN AND

TUFF RAMP

—~

. ~aWag; T WASTE HANDLING PSPt
- “ERamp " penrormance “monome oo v:,‘:;{g":“;“&'“@ ==

"~ EMPLACEMENT AREA EEL 7987 CONFIRMATION 2

EXHAUSTSHAFT = **2e . BUILDING

WASTE TREATMENT
/ R < o *

o WAREHOUSE i e

2 T T e N o e e T WASTE RECEIVING AND

= VL == =2 T N e INSPECTION AREA

GEOLOGIC REPOSITORY GENERAL SUPPORT _# = 3 e RS
OPERATIONS AREA FACILITIES AREA ¢ S R \ - _
(SUBSURFACE) ‘ 7 = N S J
\ \/ . > > GEOLOGIC REPOSITORY
> # = PERAT!
UNDERGROUND FACILITIES .. - OPERATIONS AREA
RN /’;»’*"". \// - ) /
™, = h %
;_\\‘__(/_f/

. ADMINISTRATION //
RN BUILDING

CENTRAL SURFACE FACILITIES

L
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ESF-REPOSITORY INTERFACE

-

. 20'DIAMETER ———z "

Mg, EMPLACEMENT
~Be e S EXHAUST SHAFT
S >
“'\4&(, 7 ey =

‘ ——==3 PERIMETER DRIFT
) [}
Q 7 ‘
A > ‘
\o _
N, y WASTE EMPLACEMENT _ \
\\ SUPPORT SHOPS i
A DECONTAMINATION "'
., STATION .‘

1+ "
| \
, [}
A
o
q%‘(
&7
e
A
A
N
&

EXPLORATORY
SHAFT
FACILITY

} EMPLACEMENT
\_- ExHAUST
el

PANEL
ACCESS

DEDICATED
TESTING AREA

Usw-G1

v,

MAIN DRIFTS
Dy WASTE MAIN
AN

TUFF MAIN
PANEL ACCESS DRIFTS \ SERVICE MAIN

© DRILLHOLE
GHOST DANCE FAULT

ES EXPLORATORY SHAFT
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PERFORMANCE ALLOCATION FOR
DESIGN GOALS '

FUNCTIONAL
REQUIREMENTS

PERFORMANCE AVAILABLE
ASSESSMENTS . SITE DATA

/ / \ \ ISSUE
RESOLUTION
LAYOUT  WATER PERMEABILITY THERMAL
USAGE CHANGES LOADING STRATEGY

DESIGN
-REQUIREMENTS / GOALS
N U N

LAYOUT - TEMPERATURE
CONSTRAINTS . « CONSTRAINTS
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o

REGULATORY BASIS FOR REPOSITORY |
| DESIGN REQUIREMENTS

e PRECLOSURE OBJECTIVES (60.111)

- RADIATION PROTECTION - 10 CFR 20
- RETRIEVABILITY

e FOUR POSTCLOSURE OBJECTIVES
(60.112, 60.113)

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

S ACCESSIBLE
NATURAL BARRIERS ENVIRONMENT
UNANTICIPATED
PROCESSES
AND EVENTS
BOUNDARY OF
THE DISTURBED

ZONE

ENGINEERED
BARRIER

TOTAL SYSTEM / SYSTEM

PERFORMANCE
OBJECTIVE

PERFORMANCE
OBJECTIVES FOR
PARTICULAR
BARRIERS

ANTICIPATED
PROCESSES
AND EVENTS

—

/TOTAL SYSTEM
PERFORMANCE
OBJECTIVE
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EPA STANDARD FOR RADIOACTIVE RELEASE TO
THE ACCESSIBLE ENVIRONMENT

ACCESSIBLE ENVIRONMENT

>

. RADIOACTIVE RELEASE

1b,OGO
f R dt

0

MUST BE LESS THAN THE SUM OF:

RADIONUCLIDE | Ci/1000 MTHM
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PROBABILISTIC ESTIMATES OF RELEASES WILL
INCORPORATE MULTIPLE SCENARIO CLASSES

SCENARIO
. CLASSES

NUMERICAL
DEFINITION

l. EXPECTED
CONDITIONS

I!
I

DEFINING
PARAMETERS

. DISTURBED
CONDITIONS

DEFINING
PARAMETERS

Vil. DISTURBED
CONDITIONS

DEFINING
PARAMETERS

I

)

CALCULATIONS
| |
| |
] ]
| |
| ]
i I
| {
| [
| |
| E |

F 1B 7T

L }S{R

U | | A

1 'R I N

D {E s
L oap

F lElo

L 1A R

O{S{T

w E |
I I
| i
| |
i i
! I
I I
I I
| !
I |
] |

)

RESULTS

(N

RELEASE

CUMULATIVE RELEASE

AT ACCESSIBLE
ENVIRONMENT
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400 500

' 100 200 300
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HYPOTHETICAL COMPLEMENTARY
CUMULATIVE DISTRIBUTION FUNCTION

PROBABILITY OF RELEASE GREATER THAN
VALUES ON HORIZONTAL AXIS

1.0

10-1

10-2 -

10-3

10-4

10-5

|

l_

—

EPA

REQUIREMENT

F

_|— POSSIBLE
VIOLATION

E—

R

10-1

i
1010

]
101

-
102

103

MULTIPLES OF EPA RELEASE LIMITS
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DESIGN REQUIREMENTS FROM
PERFORMANCE ASSESSMENT

PROBABILITY RELEASE
OF SCENARIO TO ENVIRONMENT

IMPACT
ON
PERFORMANCE

CONSIDERATION OF
DESIGN REQUIREMENT




SCENARIO SELECTION

e ALL SUFFICIENTLY CREDIBLE NATURAL PROCESSES
AND EVENTS | |

- P> 10“IN 10,000 YEARS
- SIGNIFICANT CONTRIBUTION TO CCDF

e HUMAN ACTIVITIES
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e
BASIC EVENTS

NOMINAL FLOW
HUMAN INTRUSION
BASALTIC VOLCANISM
CLIMATE CHANGE
TECTONICS

GAS RELEASE

OTHER HUMAN ACTIVITIES
(e.g., IRRIGATION)

CLOSURE OF REPOSITORY
(SEAL FAILURE, etc.)
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EVENT TREE

PROBABILITIES

EVENT OR
PROCESS

PROBABILITIES

EVENT OR
PROCESS

PROBABILITIES

EVENT OR
PROCESS

BASIC EVENT
OR CONDITION
I |
________ . —J Jl' JL
-
}
: o o o
t
|
 Sem——— = f  F
|
| o o o
|
|
|
g —— 'l F
|
|
| o o o
|
|
1 ”
1 7
o
o
o
I |
!
|
|
Y
PROBABILITY

OF THE SCENARIO

(ESTIMATE OF CONTRIBUTION TO CCDF)

PROBABILITIES

o

(o]

o

EVENT OR
PROBABILITY
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HYPOTHETICAL SCENARIO

SURFACE
FLOODING

FLOW ALONG
PREFERENTIAL
PATHWAY

PARTIAL FLOODING
OF UNDERGROUND
OPENINGS

FLOODING OF
EMPLACEMENT
BOREHOLES

P =0.XX

P=0.YY

P=0.22

CHANGES THAT REDUCE
POTENTIAL FOR
PREFERENTIAL PATHWAY?

CHANGE DRAINAGE
REQUIREMENTS?

CHANGE PACKAGE
ORIENTATION OR SEAL
REQUIREMENTS?
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