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of  Ke~y U n nt-------y"c----e rta i 
ESF Activity Perched Water a n d S , /  E••nt Monitor Seeps During 

1. Construction Monitoring 

2. Geologic Mapping 

3. Consolidated Sampling 

7 
Testing ')
Program j 

f 	

Surface Based Activity 

. 	Sampling of perched water 

wherever encountered e.g., 

UZ-14 and UZ-16 




Unce"ain____ 
r water to reach ESF Activity 


~ t o r y  and water c h e m i ~  


Heater Tests 
- Water Chem Samples 

" 	 Observe distribution and 
Precipitation of minerals 

/ " 
Testing 
Program 

f Surface Based Activity "~ 

In Surface-Based Boreholes, etc.: 

1. 	 Collect and Analyze CI Isotope 
Distributions and CI Concentrations. 

2. 	 Collect and Analyze Isotopic 
Distributions in Gas and Water 
Samples 

= Hydrochemistry of Perched water 

J 

3 



Key Uncertainty 
Focusing/Channeling ~ 0  ESF Activity ' /
of Infiltration Flux ., 

bserve and Sample 
Seeps 

Testing 

Program 


f Surface Based Activity 

l o  Neutron Borehole logging (98) 

2. LIDAR (Evapo transpiration) study 
3. Artificial Infiltration control Plot Studies 

J 
! ,z 



NEUTRON BOREHOLES 
EXISTING BOREHOLES USED IN INFILTRATION STUDIES 
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Waste Package Performance 

Radionuclide Mobilization 


Release Through EBS 
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ESF Activity 
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UZ BOREHOLES (EXISTING) 
SITE STUDIES / HYDROCHEMISTRY / WATER QUALITY 
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UZ. BOREHOLES (for TSS) 

SITE STUDIES / HYDROCHEMISTRY / WATER QUALITY 
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UZ BOREHOLES ( f o r  LA) 
SITE STUDIES / HYDROCHEMISTRY / WATER QUALITY 
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PNEUMATIC TESTING BOREHOLES 

BOREHOLES USED IN PNEUMATIC STUDIES FOR TSS 
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 PNEUMATIC TESTING BOREHOLES 
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) : : 

• T 

~ ' 1 1 ~ i ' ~  ~ ,,.~ .~ 

°. 

Y 

° . ~ 

a t 

\ I C '  
~ : i  ~ : -

~ ' , j l  
r 

~" 

, / 

'~ \i' 

... 

• , 

' ~\ 

,. 

\ ~. 

s,~x-,.y • 

: ! f ~i "~ 

MidwaTl 
.s 

~-_~ ~.~, '~ 

~ ~ ". 

" ; /  ] 
f~ 

, f~ 

r, 

/ 

i-
<: 
.s 

/ /,,J " 

, ,\,,, 

~z ter 

~.  ~ I 



I-' ¢ ,  " : : .:,,  . . . . .  : , , - :  , ~ - - - ~ , .  :;J" c;,,',,..'-" " '.,, ,',, " .. -'...." : : , ;  "; , " , : :  i " - - " ' ~  "~ . . . . .  , ; , . . . . .  . . . .  , . . . . .  : .  

"-": ' ' : '  ~ ~ : ; " : ' : : : :  ""' .~'~ I - ' ~ : " , '  , :.,-, ? . ~ - ' , c ' . ' , ' , . . . . .  ,." '. { "  : : . : . , . .< , - , . . 7"~ . ' , '"  ~ . - " \  j ' " ,  . . . .  : ' .  : . . . . .  ~ : '  ' "~ . '  -, . , '  .~  ,. " : -:. ; {~ : . . . . . .  .." . . ;  .. , - .  .. - .  "-, ~ : : - , . , . ; ' , '~ ,.... : ~ . ' , . .  • . / \ ,. 
. . . .  . ' . ~ . i ;  . . . ' " ' - "  ~ / . .. " k , , ,  . . . .  .?. - ' . .  , , .  • . ; :  , : :  , , , "  . ; /  

, :  . . . .  ~l ~ ~ ' . "  , " ~ . .  • - ,  . . . . . .  . . . . .  , , s . , ,  , , , , ,  


'" ' " " ' ( I  : ~ " " :  , ' " " ~  " . ' > ' " ' - - : ' . ' " .  ~ " . " ;  , ~ . : '  L / 
/ 
i <, . . , .  t . . - , ' .  ~ . ' , " \ ~'- . ,  ~ 'd,. '  --- ' .  .... '.. ,"-.>, . . ' ~ . - \ ' .  ,. . . . . . . . .  : ' .~5 ,, i 2 : . , 
~ " " 5 . . ' /  

• " ' ',,;. . ; ; : : : . . . .  , - - . . ;  .. , • -, ,,. , . . ' , i  " J  i ~ . /  . /  : : 
, ." . f 

"! / / °) " ;  ) t i :  : " - ~  " \ : . - , " .  ' -?"  " '"  
a , 


:~ ".' 'i i r "  ." . . . . .  • . . . . . . .  , '.. . . , .  , % 


=- ",..!:ii= ,-. <. i./~:", ,' . , , ,  , , , : . ,  .- a.i: ' % . "  ,3 

x . .  ! :  ~'~ : . "  ", 


~: '~ '  < : ' <  " ! ,x,..,' 

"'"::" " I~ " i"  '-eL"Y/?"):;., ,,.,,..., ",. ',, k 
.~:--,~ -~~~. +.,.,.., 


:;,.~ / . "  e" '-' '-~ " : '  I ~- " . "-,,  " '. k~-L'L.. " • ,, y ~.. ..:. I. 

.,'. i 'e~ :,.. <: , , . " . . ' "  <.., . 


i .,. 
: ,  ? %  

" ""'"LT'~k=' ",e.,'-L:'" ". 

; ,'" i ...... >:. .<! ' ...~:." d.. .  " 2 ,  ~,p i
I ' 
:.. :. ~. .., .~-.. ~.i)~,{ , : :  - - , , . . ~  ...', , ,  


/ ::ii,:'..":'.".::..~,,.: : ,  ~-".- .  :..'7 "~ . . . . . . .  """. ,, _}',.~. . ' f  f X 

/ , ~ . .  ".. ; 1~ ." ... ._:~" ,, - /:,.....?,.:--:.. y
,.] 


: : /  "7 ..-. . '-- ' . '> 

, " < : : : ' - : : ' : .--.-. -,~ I , ,. / . ~  ' - "  ".,:. . . . .  . . - ~ , , , ~ ! :  

4 - - "~--L." " = ' " ' - ~ - ~ .  , ' :,-TY-- ,/ ,...... • .... . CO 
T I 

"N / / 
o 

', .,,. il ', ) 

• ,~ , J . . ,  

o 

'.: ,) \ !  /,? ., 

" '  <t'  > "" ' :  " : " :  ' <  
: " " ;  "<' ' ~  ' . . , , " - .  ,r~' ;', ".': ".," i ~'k : ",' : " . - " ' " '  ' ~:..': .; ~'~. ,, , .,< ~ ,', i- - , . .  <.: ..~ ) ", # 

k " . %  ' ,~.",.~" t ,. ' :  -)-.~ - - - "  ~ . ~ ; ~ .  " - . - .~¢~ -~Z~-'¢--
¢ 

iiC-~ ": ,i !..!i:'< _ _ ~ _ ~  e~,n .'l~acer, Com~ez,.~._ ,-- ' .  

J 
/ 

:"" '~ :i:': ' ',..' ,...,'~ . ,,." "-,k ,! , ..'..-s: ,:',~; . /

\ ; . "  ..,' ::, . . . . .  ; ." 


~" . ' - ' i ' ~  ~ , k " .  . . . . . .  q , .. i ' '. ' :  , / 


. . ,  . . . . . . . .  . , : .  ' .7,  , . . ,  . . . .  / / 

_ ~  . . . .  - , . . .  ,. . , : ' , ,  / '  . , , , ,  . , ~  j /  

.,,-s ....... -\i ..... .:
..-

'.. ; ; ' !  , ' ,, '.. " . "  t . ' - '  ', ' , " - , _  . "-" "~: 

'..~ : . ' . .:  ; '>.~ ~. \  ",. , ( ,~ ,. ' . ' - .  ; : ..,, 


~ :/ i t  ;::~ : , .  t.... ~"  ' !  " ' i  " / : " " "  / ' " "  "> ' " ": .... ":: .... ;:.>:" 
 '7 

7 . 

• " . . :. ' : . ' : - - ~  ,." '. '~ . \ ~ . : ] . : : ' ~ - -. / , /  • I : ' - ., : : '  ' . . .  , ~ ~ x . i  : - .  ,, 

~ ,~ . .  . .  . : : : ~ " . . ~ . . . : ~  , ,  
: : , .  " . . . '  \ ; .~ .: ." • ~ : ' . l . "  . . .  , :1 / . . . " . \ ,  " :  " 

,:,-2 .,,,... ..~. ',~ '- '...; ' ~,. ~, -,.~. ~"...,,>-.., ,<'." ~.' i ..,, )";, ---." 
• 1."t , !  " - /"., " " " " -> "J" ~.,' ~ .... ."~,: " : ' : /  ; 

0 ' 0 0 '  I l I ' l f W  11~" l $ ' 1 ~ '  

LEGIND ' ~ ; o 1 TUCCA gOUNTAIN 
I MILLS

" Planned Bozehole ] o SITE Cl]AL~CRIIZATION PItO]ICT 

K I L O M H I L f  PLANNEDSOUTHERNTRACERCOM 
UlConlour Inlerva] .200 Feel ¢..,~ c ~ ; , ~ G  Y ~ . ~ . ~  



/• ESF Activity 	 / 
= Radial Boreholes Testing 

Fracture Mapping /
Monitoring and sampling of ESF Seeps 
Major fault tests t 

/ 

"4~T::;irngm
~ 

f 
Surface Based Activity 

1. 	 C-Well Pump tests and Tracer experiments Unsaturated 

Zone Flow Model 


2. Laboratory Analysis of Rock samples 

3. Pneumatic Testing and monitoring 

19 




Possible Test Configuration 

for Hydrologic Properties of 


Major Faults 

C r o s s - S o c t i o n a l  V i o w s  

0 0 

o 0 

o 0 

/ 	 \ 
0 

I 	 O,.=or o,. Cluster of 
Coreholes Coreholes 
Parallel to Perpendicular
Fault to Fault 

FaultFault 	 Fault 

Main Drift 

~ u u ~ 

Test Alcove i 

0 



///"IKeyUncertain~ 

~, Dispersion Caused By 
, ~ - S c a l e  H e t e r o g e n e ~  

) 

7 

ESF Activity 

. In-Situ Transport 
Experiments in Calico 
Hills and/or P-Tunnel 

Program 

f 

Surface Based Activity 

. 

. 

C-Wells test using 
microspheres to 
simulate colloid 
transport 

Transport tests at 
Southern Tracer 
Complex 

21 

Radionuclide 
Transport 
Model in 

Unsaturated 
Zone 
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Possible Test Configuration 

for Hydrologic Properties of 


Major Faults 

C r o s s - S o c t i o n a l  

0 

O' 0 

/ 
Cluster  of- 
Coreholes 
Paral lel  to 
Fault  

0 

Fault_ Fault  

Test \• 6~. 
Alcove 

Main Dri f t  

Test Alcove 

• ! 

V i o w s  

0 0 

\ 
0 

C luster  of 
Coreholes O3 

Perpendicular 
to Fault  

Fa u l t  
= 

1 




e_____~y U n c e ~ a i n ~  

ersion Caused By ) 
-Scale Heteroge~ 

ESF Activity 

= In-Situ Transport 
Experiments in Calico 

j 
Hills and/or P-Tunnel 

f 

Surface Based Activity 

1. C-Wells test using 
microspheres to Radionuclide 
simulate colloid Transport 
transport Model in 

Unsaturated 
2. Transport tests at Zone 

Southern Tracer 
r,~mnlex 

J 



Field-Scale Transport Experiment at 

P-Tunnel, Rainier Mesa 


Objectives 

Evaluate transport mechanisms in vitric and zeolitic tuffs 
similar to the Calico Hills Unit. 
Investigate processes that may affect the ability of tuffs 
similar to the Calico Hills Unit to retard radionucl,de 
transport. 

• Determine scaling effects for f low and transport parameters 
between laboratory and field scales. 

• Determine applicability of laboratory geochemistry work to 
predictions of field scale transport. 

• Identify and characterize potential fast flow paths. 
• Validate flow and transport modeling codes such as FEHM, 

TRACER3D and TOUGH. 
• 	 Provide input for the design of a flow and transport 

experiment in the Calico Hills Unit. 
25 



Schedule for P-Tunnel Tests 


A 

A 

A 
A 
A 
A 

A 

A 

A 



Uncertainty//••Key ESF Activity 

Steep hydraulic gradient ~ /  
• ~ to the north None 

j 
Program 

f Surface Based Activity 

1. Drilling & Testing of Moisture " 
WT 24 & WT 23 Movement 

Model in the 2. Pumping & Testing G-2 
Saturated 

. Drilling of G Holes in Zone 
NW Section of Project 
Area J 
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WT BOREHOLES (EXISTING) 

REGIONAL STUDIES / HYDROCHEMISTRY / WATER QUALITY 
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ESF Activity 

one 

A 

f 

Surface Based Activity 
Moisture 

1. Pump/Tracer Testing at C-Wells: 
Movement 

Model in the 

2. Pump Testing at Regional WT wells 
& Deep G-wells 

Saturated 
Zone 

3. Monitoring of P-1 
J 
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WT BOREHOLES (EXISTING) 

REGIONAL STUDIES / HYDROCHEMISTRY / WATER QUALITY 
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WT BOREHOLES (for TSS) 

REGIONAL STUDIES / HYDROCHEMISTRY / WATER QUALITY 
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WT BOREHOLES (for LA) 

REGIONAL STUDIES / HYDROCHEMISTRY / WATER QUALITY 
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Geologic Boreholes (G-HOLES) 

G-5, G-6, P1 Boreholes are to 
provide only penetration of 
paleozoic rock in site area; 
all located on seismic lines 

/ 

rlii(io<:"6it~ / 

G-5 
~-~- \ \  . M . I ~  

_ - - ~ " ~  

i 

e 
J 

G-6 
located 
to ;: l i t  
Severml 
kilometers 

B._.  

Or) 

• G . 7  

dropped from 
5-year Program 

2 4 MILE~ 

I I I 
2 6 K~I..OME--":S 

FY94/gS Reflection Seismic Lino LocilJon • Existing G-holes 

FYgS Reflection Seismic Line Location • SCP (1988) G-borehole 
proposN Joclllons 

PDB, CCB [ ~  S yeer plan G-hole 
propoeKI locations 

G.O_-_-= $-:. -2= ,~W---~ ..~..~ 

e 




Thermal Effects 




Key U n c e r t a i n t y ~  / / •  
( Effect of heat on Near-field / 

Processes and Waste Package ~/~ 
Environment 

ESF,c,ivi___ 
eater Tests in the ESF to study 
oupled thermal-mechanical- 
ydrologic chemical process 

7 i 

,A  

f 

Surface Based Activity 

• Systematic drilling program 
• Small block tests 
• Large block test 
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Proposed and Existing Locations 
WT23 0 1500 

I I FEET 

0 0.5 MILES 
I , i i I 
0 500 METERS 

NRG 
WT9 • • WTga 7/'/A 

SD9
• J  

NRG6 

SD3
• ISD4e 

rID 
SD8 q 

• SD6/ SD12 I 
H7 

7a I~'IUZ9 
UZ16 • 9a

9b  
UZ2 

SD7 

UZ12 SD11 
• • SRG3 

UZ11 • •  3a 

BOREHOLES AVAILABLE FOR SD PROGRAM 


SYSDRIL2.CDR. 125.NWTRB/1-3-95 



Proposed and Existing Locations 

WT23 0 

" i 

0 
I 
0 

1500 
| FEET 

0.5 
, ' .  I 

500 

MILES 

METERS 

WT9 • • WT9a 

SD3• ISD4e 

e •SD6/ 
H7 

SD8 q 
r,,.
03 

UZ2 

uz~ 
• • 

UZ11 

so. ~ ~  
SRG3 

• •  3a 

SD B O R E H O L E S  AVAILABLE BY 1/95 FOR TSS 

@ 1 / 9 5  (Present) 

e 

SYSDRIL2.CDR. 125.NWTRB/1-3-95 



Proposed and Existing Locations 
WT23 0 1500 

I I FEET 

0 0.5 MILES 
I , ' I 
0 5(~0 METERS 

N R G  
WT9 • • WT9a 7/7A 

Z 
N R G 4  

so4• 

S D 8  

•SD6/ 

H7 


[ ] U Z 9  
i • 9a  

9 b
UZ2 

SD11 

SD BOREHOLES AVAILABLE BY 9/96 FOR TSS 


@ by 9/96 (for TSS) 

[drilled between 1/95 and 9/96] 


SYSDRIL2.CDR.125.NWTRB/1-3-95 



Proposedand Existing Locations 


NRG 
7/7A 

~-~00FEET 

0L I 0.5 MILES 

0 500 METERS 

• "¢ 

NRG6 

NRG4 

SD3 

O 
O}
03 

SD7 

SRG3 
ee 3a 

SD BOREHOLES AVAILABLE BY 9/99 FOR LA 

O O by 9/99 (for LA) 
[drilled between 9/96 and 9/99] 

SYSDRIL2.CDR. 125.NWTRB/1-3-95 



Proposed and Existing Locations 

0.5 MILES 
, ' I 

0 5(~0 METERS 

BOREHOLES AVAILABLE FOR SD PROGRAM 


O 1/95 (Present) 

@ by 9/96 (for TSS) 
[drilled between 1/95 and 9/96] 

@ by 9/99 (for LA) 

[drilled between 9/96 and 9/99] 


SYSDRIL2.CDR. 125.NWTRB/1-3-95 


O 



Axisymmetric Heater Test 


MPBX ANCHOR 

THERMOCOUPLE 

HEAI'IR 

O 
• "° . , , ' ~ J  J J  ~ o 

NEUTRON 
PROBE HOLE 

rHERMOCOUPLE 

S e 

HEATER.J ROCK SURFACE 
PRESSURE UNff 
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Information Needs Satisfied 

By 


Axisymmetric Heater Test 


Information Needs 

Rock-mass properties over a range of  
temperature 

• 	 Thermal capacity or specific heat 

• 	 Thermal conductivity 

• 	 Thermal Expansion 

• 	 Deformation modulus 

• Strength 

Near-field T-M-H-C environment 

• 	 . Propagation of  "drying front" 
(heterogeneity) 

• 	 Residual water saturation "dry zone" 

• 	 Reflux of  liquid by fracture flow 
(heterogeneity) 

• 	 Conductive/convective heat transfer 

Axisymmetric Heater Test 

Primary 


Primary 


Secondary 


Secondary 


(Primary, only for optional roof test) 


Primary 


Primary 

Secondary 

Primary 



i 

Tunnel 


Alcove 

Single Element Heater Test, 
Horizontal Configuration (plan 

view) 
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Information Needs Satisfied 

By 


Horizontal Heater Test 


Information Needs 

Rock-mass properties over a range of 
temperature 

• 	 Thermal capacity or specific heat 

• 	 Thermal conductivity 

• Thermal expansion 

Near-field T-M-H-C environment 

• 	 Changes in rock saturation 

• 	 Water chemistry (liquid reflux) 

• 	 Propagation of "drying front" 
(heterogeneity) 

• 	 Residual water saturation in "dry 
zone" 

• 	 Reflux of liquid by fracture flow 
(heterogeneity) 

• 	 Rock mass and fracture permeability 
changes 

• 	 Conductive/convective heat transfer 

Horizontal Heater Test 

Secondary 


Secondary 


Primary 


Secondary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 



Heated Block Test 


~ L O T  
' • ° 

o e  

i 0  

a v r l ~ , A L  J U I ~ I  i 5 m x z m P L A T J A C K  
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Information Need Satisfied 

By 


Heated Block Test 


Information Needs 

Rock mass properties 

• 	 Thermal capacity or specific heat 

• 	 Thermal conductivity 

• 	 Thermal expansion 

• 	 Deformation modulus 

• 	 Strength 

Properties of  fractures over a range of  
temperature 

• 	 Normal and shear compliance of  
fractures 

• 	 Shear strength 

• 	 Cohesion 

Heated Block Test 

Secondary 

Secondary 

Primary 

Primary 

Primary 	 t O  

Primary 

Primary 

Primary 



Room Scale Thermal Test 


boreholes for air ---
permeabi l i ty  measureme 
and l iquid reflux colle 

Heater Room 

lateral 
access 

drift 

neutron probe access boreholes ' 

zone of tension 

zone of compress ion 

lateral 
access 

ddf t  

=eater rods 

ner heater 

thermocouple arrays 
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Information Need Satisfied 

By 


Room Scale Heater Test 


Information Needs 

Rock mass properties 


Thermal capacity or specific heat 


Thermal conductivity 


Thermal expansion 


Strength 


Drift response/stability under thermal conditions 


Ground support and design features interactions 

at elevated temperature 


Rock mass-ground support interaction 


Effect of materials on near-field water 

chemistry 


Effect of near-field environment on ground 

support components 


Near-field T-M-H-C environment 


Changes in rock saturation 


Drift humidity 


Water chemistry (liquid reflux) 


Propagation of "drying front" 

(heterogeneity) 


Residual water saturation in "dry zone" 


Reflux of liquid by fracture flow 

(heterogeneity) 


Rock mass and fracture permeability changes 

(induced by construction and thermal load) 


Conductive/convective heat transfer 


T-H properties of backfill 


In situ WP material corrosion rates 


Room Scale Heater Test 

Secondary 


Secondary 


Secondary 


Primary 


Primary 


Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 

Primary 



Effects of Future Climate Changes 


49 




/ K e y  Uncertainty ~ ~ X  
ESF Activity 

~. infiltration, changes in UZ, 1/ 
~ a s e d  r ~ 

one 

j 

f 

Surface Base d Activity 

Infiltration Studies 
2. 

. 

Develop and utilize past, present, and future climate 

models 

- Collect and analyze fossil data from Lacustrine 

sediments 

-	 Detailed mapping of Holocene sediments 


cribe and sample soil profiles 

)nal meteorological monitoring 
 5 0  

Climate Models 




Effects of Tectonic Events 
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Key U n c e r t a i n t y ~  

f Potential effect of faulting and ESF Activity 
ground motion on engineered barriers 

\ Potentialdevelopment or renewal of Underground mapping - all 
,. flow paths along faults drifts - fault location and 

~ f o r water table r i s . ~ ~  

j 
characteristics 

Testing 
Program 

f 
Surface Based Activity 

1. Trenching/Mapping Quaternary faults 
2. Mapping 
3. Geophysical surveys 
4. Seismic Monitoring - Southern Great Basin Seismic Network 

tonic and hydrologic models 
Seismic Hazard Analysis J 
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Faults And Trenches At Yucca Mountain 
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SURFACE GEOLOGY MAPPING 


Pre 1992 
1992-94 

1995 

1996 

1999 

Scott and Bonk 

Detailed mapping along Ghost 
Dance Fault; pavements; sub 
regional (tectonics) 

Structural Map, central repository 
block 

Integration of Remote Sensing data 
sources, lineament map for repository 
area 

Incorporation existing surface geologic 
maps into site area 3D model 

Enhancement of Scott and Bonk, updated 
structure for Repository Area 

Compiled surface geology for site Area 

(Bare Mountain to Jackass Flats) 
Updated Surface geologic maps and 

incorporation in site area integrated 3D 
model 
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SCHEMATIC MAP 
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Effects of Volcanism 
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eY U n c e r t a i n t y ~  

E__SF,ctivi__ntial Volcanic Effects - ~ 
ository 
er table / I 

er packages nderground mapping -all drifts 
Itinglfractu r ~ ~ "  

j 

f 

Surface Based Activity 

1. Drill and sample V-holes to investigate magnetic anomalies 
2. Mapping, geochronology, geochem. 
3. Natural analog studies 
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Human Interference 
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EvaluatesaE:pi~~'--c:i-~r i~etallic 

sources 

Testing 

Program 


m 

Surface Based Acttivity 

1. Compile existing information on industrial, 
geothermal, hydrocarbons, surface marker 
Assess metallic resources 

. 	Evaluate core from all deep holes, especially G- 
holes 


