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Presentation Overview 

• Objectives, of the study 

• General approach 

• Data needs and contr ibut ions from other studies 

• Numerical modeling approach 

• Results to date 

• Current work 

• Future work  

• Credibil i ty of the study 
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Why a Model? 


• 	 The 3-D model will integrate the available data 
and information on Yucca Mountain 

• 	The 3-D model will provide estimates of moisture, 

heat, and gas flow within the mountain 

• 	The 3-D model will be used to guide in the site- 
characterization effort ("enough" or "more" data) 
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Why a Model? 

(Continued) 

• The 3-D model will be used in sensitivity studies 

of the effects of spatial and temporal infiltration 

variations 

• The 3-D model will be used to predict effects of 

future climate changes on moisture, heat, and 

gas flow within the unsaturated zone 
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How will we Proceed? 

• General approach 

• Important hydrogeologic issues 

• Model development steps 
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Some Site-Scale Modeling Issues 


• 	 Uncertainties in f lux determinat ion 

• 	 Densely fractured welded units; mil l ions 
of fractures and matrix blocks 

° 	 Flow characterist ics of major faults 
(e.g. Ghost Dance Fault) 

• 	 Matrix vs, fracture f low 

• Gas f low (air + water vapor) 

° Thermal effects on fluid f low 

• 	 Lateral f low and perched water 

• 	 Fracture and capil lary barriers 
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Model Development Steps 


• 	 Development of a moisture flow model 

• 	 Incorporation of geothermal gradient 

• 	 Incorporation of gas flow components 

• 	 Periodic calibration of model against observed data 
(moisture tension, saturation, gas pressure, 
temperature, chemiCal concentrations) 

• 	 Periodic use of model for prediction of state variables 
at new well locations 

• 	 Periodic use of model for sensitivity studies of further 
data needs ("enough or not") 

• 	 Continuous use of submodels for hypothesis testing 
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What Data are Essential? 


• Data needs and contr ibution of other studies 

• Hydrogeologic maps 

• Important hydrological parameters 
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How will We ='Grid" the Mountain? 

• Factors control l ing horizontal gr idding 

• Factors control l ing vertical gr idding 

° incorpora t ion  of faul ts  and  f r ac tu res  

° Flexibility for grid modi f ica t ions  

• Development of new simulat ion techniques 
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Development of New Simulation Techniques 


• Decoupl ing of TOUGH 

• Analyt ical  f racture/matr ix model 

• Numerical  fracture/matrix grid gene ra to r  



Flexibility for Grid Modifications 


• 	The three-dimensional grid is almost completely 
computer-generated 

• 	Some manual patching of grid elements near 
faults is necessary 



What Have we Learned so Far? 


• Two-dimensional simulation 

• Effects of major faults 

• Other important issues 



Semi-Analytical Dual-Porosity Model 


"Old" method 
Fully discretized 
matrix blocks 

"New" method 
Semi-analytical 
sink/source term 

Best Available Copy [ 
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Sect. B, Inflow = 0 mm/yr, k~ = 10 -11 m2 
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Sect. B, Inflow = 10 -3 mm/yr, Kf = 10 -11 m 2 
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Sect. B, Inflow = 10 -3 mm/yr, k~ = 10 -11 m2 
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Sect. B, Inflow = 10 -z mm/yr, Kf = 10 -11 m2 
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Sect. B, Inflow = 10 - z  mm/yr, k~ = I0 -zz  m 2 
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Sect • B, Inflow = 5X10 -I mm/yr, K s = 10 -11 m2 

I .  .  .  .  I .  .  .  .  I .  .  .  .  I .  .  .  .  I .  .  .  .  i .  .  .  .  I ' ' ' 

Y u c c a  C r e s t  

1 5 0 0  H 5  
j , ~ G h o s t  

~ p . , . 

A PCAP 
. - I  

0.00 
.... _ G 4  

-2.50 

1 2 5 0  -5.00 
V 

-7.50 

-10.00 

O -12.50 

.,-I -15.00 

4-} -17.50 
¢1
b 
0 

, - I  

1 0 0 0  
j 

-20.00 

-22.50 
-25.00 

[,1 

7 5 0  

I i ,  , i I i i i i I ,  , ,  ~ I ,  L I , I i i , ,  I , ,  i ,  i ,  , , 

1 7 0 0 0 0  1 7 0 5 0 0  1 7 1 0 0 0  1 7 1 5 0 0  1 7 2 0 0 0  1 7 2 5 0 0  1 7 3 0 0 0  

Nevada Coordinate (m) 

Best Available Copy [ 
4TDSGV5 P31.125. NWTR B/4-21/22-93 



Sect. B, Inflow = 5×10 -I mm/yr, kf = 10 -11 m2 
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Sect. D, Inflow = i0 -z mm/yr, K~ = 10 -20 m2 
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What are We Doing Now? 


• Moisture f low report 

• Investigation of grid effects 

• 3-D simulat ions 
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Where are We Going? 

• Incorporation of geothermal gradient 


• Incorporation of gas flow 

• Development  of predictive capability 


• Model sensitivity ("enough data") 

• Tool for p e # o r m a n c e  a s s e s s m e n t  
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Why is the Work Technically Sound? 


• 	Quarterly modeling meetings 

• 	Publications in Inrernational High Level 
Radioactive Waste meetings and refereed 
journals 

• 	Periodic peer review (LBL, USGS, DOE, NRC, 
NWTRB, etc.) 

• 	Documentation through USGS QA program 
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Summary 


• 3-D site-scale model under development 

•, Major purpose of model to integrate the available 
data and to guide in the site-characterization 
process 

• Model will address sensit ivi ty of infi ltration 
changes both spacially and temporally and 

predict the effects of future climate changes 
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