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CALCULATION VERIFICATION WORKSHEET 

Associated Document or Activity: Project Number: 

20.14002.01. W 
I 

352 

I I 
Locat ion o f  Calculation(s): Scientif ic Notebook #: 872 Page Number@): 5 7- 7 3  

Locat ion of Corresponding Data In Document (Table or Page #, When Applicable): - 1  
!den!Ify the Calculation Tools Used and Over 
Checks Needed. 

Controlled Software: Check input for 
accuracy and output for reasonableness. 

Other Calculation(s): Check inputs an 
perform check calculations. /'-- 

Document the Calculation Verification: Which Calcuiations Were Checked; How They 
Were Checked, Software Used for the Original Calculation (When Applicable), and 



~~ - -  
PROJECT NUMBER 
2014002.01.352-- 

DOCUMENT NUMBER 
~ ~~~ ~ ~~ - 

DOCUMENT DATE 
variable ~ ScientlficNotebook(SN) 872; p a g e s m 3 - -  

TITLE: ' Scientific Notebook 872 
COMMENTS: 

Note: The comments that follow were prepared in response to a request from MGFE 
manager Asad Chowdhury to verify certain calculations associated with the subject 
document. These comments are an attachment to the associated Calculation Verificatiofi 
Worksheet. 

1. Page 57. The geometrical representation used in the calculations is appropriate. In 
particular, the drift dimension of 5.5 m diameter was revised from the octahedral cross- 
section used in previous calculations to be circular. This is seen as an improvement over 
previous calculations. 

2. Page 57. The host rock above the drifts was zoned as a series of 10 circular arcshayers ( 
elements. This is a reasonable assumption for homogeneous rock masses with relatively 
symmetric loading conditions. The assumption about homogeneity of the rock mass needs 
to be explained further in the SN because of the known occurrence of fractures with 
dominant orientations, as well as variable lithophysal zones in some portions of the 
repository horizon. Information is needed about whether and if so the extent to which this 
assumption could influence the calculation results. The assumption about loading conditions 
is appropriate based on these and previous calculations and does not need to be addressed 
further. 

6. Pages 60-69. A visual check (the area was not calculated) indicates that the amount of 
rubble that accumulates around the EBS is reasonable compared to the amount of rock in 
the overstressed zone of each preceding calculation. This important factor was checked 
throughout the calculation time frame. 

3. Pages 57-58. The approach to remeshinglrezoning appears reasonable. Although it may 
help address the concern expressed in Comment 2 (it is being done because the analysts 
recognize that failures will not necessarily be along element interfaces), the rezoned areas 
nevertheless appear to remain essentially circular arcs. 

4. Pages 57-73. Need to explain and document in the SN the basis for not rezoning the inve 
and lower right-hand side of the computational grid where the rock mass is overstressed. 
This comprises about 80 degrees of arc or nearly half of the modeled cross-section. Althoug 
gravity can be argued to keep the invert in place, this is not the case for the sidewall. 
Intuitively, if the sidewall slumps, the cross-section could become distorted. This, in turn, 
could modify the stress field around the opening. 

5. Pages 60-68. Need to explain the apparent distortion (or rezoning?) that appears in the 
un-rezoned mesh (the tan area) beginning in year 101 (Fig. 4). The distortion increases 
progressively throughout the calculation (see Figs. 6, 8, IO, 12, 14, 16, 18, and 20). 

IESPONSES: 

I. No response is required to these observations. 

i. No response is required to these observations. 



. 
7. Page 73; DVD titled Drift Degradation 2009, Run 01, 2-Element Degradation. Material 
properties were reviewed using print-outs provided by R. Kazban because the reviewer does 
not have software to read the files on this DVD. In discussions with Kazban 11/10/2009, he 
confirmed that none of the thermal or mechanical properties were changed relative to the 
analyses previously checked by this reviewer in November 2007. Spot checks were done or 
(i) global model thermal properties, (ii) global model mechanical properties, (iii) submodel 
thermal properties, (iv) submodel mechanical properties, (v) two-element thermal properties, 
and (vi) two-element mechanical properties. All selected and assigned properties appear to 
be appropriate based on these spot checks. Particular attention was given to the 
reassignment of properties associated with gradual degradation of the rock mass. The 
transition times and associated changes in properties were determined to be appropriate for 
both the failed rock and the resulting rubble. 

8. Page 73. Figure 26 is incorrectly labeled Figure 25. This should be corrected and initialed 
ir! !he SN. 

9. Page 72. The overall approach to the 2-element degradation approach is reasonable. All 
material properties, stresses, and the like were kept the same. The calculation up to 100 
years was the same as for the previous model, which supports the intended purpose of 
evaluating solely the effect(s) of removing only two of the overstressed elements rather than 
the entire area calculated to be overstressed. 

IO. Page 73, Figure 26. The reviewer noted that the stress scale for Figure 26(b) is different 
from that used in Figure 26(a) and all other figures in the preceding calculation sequence. 
Whereas all preceding figures use a range for the “overstressed” region (shown in gray color 
to span 1.000 to 1.764 (average of 1.382), Figure 26(b) uses the range 1.000 to 3.038 
(average of 2.019). As a result, the visual interpretation underestimates the magnitude of tht 
stress increase for the 2-element degradation case relative to the previous models. Although 
this is technically acceptable, the reviewer suggests that the SN be annotated to indicate this 
is the case. 

I 

11. Page 73, Figure 26. Given the unusual shape of the stress contours-particularly the 
average overstress calculated, it would be useful to 
include additional steps. This would better address the 

]request may by NRC &ff,her$ers andpay furJK6,kesolution of this topic. 

1. No response is required to these observations 

0. -- 
I .  This can be addressed at the discretion of the principal investigator because it i: 
programmatic rather than a technical matter. 

,/’ LESPONDER SIGNATURE: DATE: //-/+- 
: resolutipn cannot be aK@.; 
I f  authority. 

’ ’ 
I.ktdmad6rf shad be elevated to the next level 



REPORT REVIEW I COMMENT RESOLUTION RECORD /PAGE i  OF i i PAGES 
PROJECT NUMBER DOCUMENT DATE DOCUMENT NUMBER 
20.14002.01.352 Varable Scientific NoGbO%<SN) 872; pages57-73 

TITLE: 1 Scientific Notebook 872 
COMMENTS: RESPONSES: 

~~ ~ 

document. These comments are an attachment to the associated Caicuiation Verification 
Worksheet . 

1. Page 57. The geometrical representation used in the calculations is appropriate. In 
particular, the drift dimension of 5.5 m diameter was revised from the octahedral cross- 
section used in previous calculations to be circular. This is seen as an improvement over 
previous calculations. 

2. The intention of the analyses is to gain insight into a potential behavior on the 
emplacement drifts, and not, necessary, to obtain quantitative predictions of the drifl 
performance. Therefore, although the rock mass around emplacement drifts may 
not be homogeneous in mechanical or thermal properties, the homogeneity 
assumption in the model allows investigation of rock behavior within the range of 
estimated properties. This particular model was not used to explore the effect of the 
uncertainties in the rock mass mechanical and thermal properties. Based on the 
previous studies, the mechanical properties of Category 5 lithophysal rock were 
chosen to investigation roof failure. 

5. Pages 60-68. Need to explain the apparent distortion (or rezoning?) that appears in the 
un-rezoned mesh (the tan area) beginning in year 101 (Fig. 4). The distortion increases 
progressively throughout the calculation (see Figs. 6, 8, 10, 12, 14, 16, 18, and 20). 

2. Page 57. The host rock above the drifts was zoned as a series of 10 circular arcs/layers c 
elements. This is a reasonable assumption for homogeneous rock masses with relatively 
symmetric loading conditions. The assumption about homogeneity of the rock mass needs 
to be explained further in the SN because of the known occurrence of fractures with 
dominant orientations, as well as variable lithophysal zones in some portions of the 
repository horizon. Information is needed about whether and if so the extent to which this 
assumption could influence the calculation results. The assumption about loading conditions 
is appropriate based on these and previous calculations and does not need to be addressed 
further. 

3. Pages 57-58. The approach to remeshinghezoning appears reasonable. Although it may 
help address the concern expressed in Comment 2 (it is being done because the analysts 
recognize that failures will not necessarily be along element interfaces), the rezoned areas 
nevertheless appear to remain essentially circular arcs. 

4. Pages 57-73. Need to explain and document in the SN the basis for not rezoning the invert 
and lower right-hand side of the computational grid where the rock mass is overstressed. 
This comprises about 80 degrees of arc or nearly half of the modeled cross-section. Although 
gravity can be argued to keep the invert in place, this is not the case for the sidewall. 
Intuitively, if the sidewall slumps, the cross-section could become distorted. This, in turn, 
could modify the stress field around the opening. 

I Accepted. 

4. The area above the springline is remeshed as necessary because any broken 
rock in this area is likely to fall due to gravitational forces; whereas, broken rock 
below the springline is protected by underlying material and rubble accumulation. In 
other words, broken rock above the springline would require tensile resistance to 
remain in place; whereas, broken rock below the springline can still be restrained b l  
frictional forces. 

. Accepted. r 
5. Figures 4, 6, 8, 10, 12, 14, 16, 18, and 20 depict finite element meshes used fo r i  
given analysis step. Changes in finite element mesh (seen in these figures) do not 
represent any material deformation, and were introduced to obtain appropriate 
mesh transitions. 



. -  

6. Pages 60-69. A visuai check (the area was not caicuiatedj indicates that the amount of 
rubble that accumulates around the EBS is reasonable compared to the amount of rock in 
the overstressed zone of each preceding calculation. This important factor was checked 
throughout the calculation time frame. 

6. No response is required to these observations. 

7. Page 73; DVD titled Drift Degradation 2009, Run 01, 2-Element Degradation. Material 
properties were reviewed using print-outs provided by R. Kazban because the reviewer does 
not have software to read the files on this DVD. In discussions with Kazban 11/10/2009, he 
confirmed that none of the thermal or mechanical properties were changed relative to the 
analyses previously checked by this reviewer in November 2007. Spot checks were done or 
(i) global model thermal properties, (ii) global model mechanical properties, (iii) submodel 
thermal properties, (iv) submodel mechanical properties, (v) two-element thermal properties, 
and (vi) two-element mechanical properties. All selected and assigned properties appear to 
be appropriate based on these spot checks. Particular attention was given to the 
reassignment of properties associated with gradual degradation of the rock mass. The 
transition times and associated changes in properties were determined !o be apprgpria!e for 
both the failed rock and the resulting rubble. 

8. Page 73. Figure 26 is incorrectly labeled Figure 25. This should be corrected and initialed 
in the SN. 

8, ~i~~~~ labeling was corrected and initialed. 

7. Accepted. 

9. Page 72. The overall approach to the 2-element degradation approach is reasonable. All 
material properties, stresses, and the like were kept the same. The calculation up to 100 
years was the same as for the previous model, which supports the intended purpose of 
evaluating solely the effect@) of removing only two of the overstressed elements rather than 
the entire area calculated to be overstressed. 

9, N~ response is required to these observations. 

IO. Accepted. A note was added as follows: “Note, that the stress scale for Figure 
26(b) is different from that used in Figure 26(a). On Figure 26(a), a range for the 
“overstressed” region (shown in gray color) spans 1.000 to 1.764, whereas on 
Figure 26(b) it ranges between 1.000 and 3.038. As a result, the visual 
interpretation underestimates the magnitude of the stress increase for the 2-elemen 
degradation case relative to the model presented on Figure 26(a).” 

m that used in Figure 26(a) and all other figures in the preceding calculation sequence. 

to 1.764 (average of 1.382), Figure 26(b) uses the range 1 .OOO to 3.038 
019). As a result, the visual interpretation underestimates the magnitude of the 
e for the 2-element degradation case relative to the previous models. Although 

a programmatic rather than a technical matter. 



_--- - ---- - 

C:\Documents and S e t t i n g s \ r k a z b a n \ , D e s k t o p \ D r i f t  Degradat~on\DD~AfterRev~ew\m2C,lobalmodel\tMater~als.def 

* * *  Thermal Material Definitions 
* * *  To be expanded as rock layers fail 

* * *  Thermal conductivity J/ ( yr-m-K) 
* * *  Density kg/m"3 
* * *  Specific heat J/ (k9-K) 

"Material, name=rockMat 
* Conduct i vi t y 
5.869695E7, 
*Density 
2325. 
*Specific Heat 
969.0, 0.0 
969.0, 92.0 
4741.0, 96.0 
4741.0, 112.0 
988.0, 116.0 
988.0, 150.0 

* * *  

* * *  

* * *  

* * *  
*Material, name=metalMat 
*Conductivity 
3.502894E8 , 
*Dens it y 
8690. 
*Specific Heat 
423. , 

*Material , name=airMat 
*Conductivity 
3.155760E8 , 
*Dens it y 
1.2 
*Specific heat 
1000.0, 

* * *  



C:\Documents and S e t t i n g s \ r k a z h a n \ , D e s k t o p \ D r i f t  Degradation\DD~AfterReview\m2Globalmodel\mMaterials.def 

* * *  Mechnical Yaterial Definitions 
* * *  

* * *  
* *  
* *  Linear-elastic model 
* *  Parameters from high-grade lithophysal-rock data 
* *  Mean strength properties 
* *  Stress distributions post-processed to calculate 
* *  stress/strength ratio distributions 

* *  Young's modulus: 2.OE4 PIPa 
* *  Friction angle: 40 degrees 
* *  Cohesion: 7.06 Mla 

*Material, name=rockMat 
"Elastic 
20000., 0.20 
*Expansion 

* *  

* *  

7.14e-06, 0. 
7.14e-06, 50. 
7.47e-06, 75. 
7.46e-06,lOO. 
9.07e-06,125. 
9.07e-06,225. 

*User Output Vairiabl e s 



C:\Documents and S e t t i n g s \ r k a z b a n ' , D e s k t o p \ D r i f t  Degradation\DD_AfterReview\mZSubmodel\tMaterials.def 

* * *  Thermal M a t - e r i a l  D e f i n i t i o n s  
* * *  To be  expanded a s  r o c k  l a y e r s  f a i l  

* * *  Thermal c o n d u c t i v i t y  J/ ( yr-m-K) 
* * *  D e n s i t y  kg/mA 3 
* * *  S p e c i f i c  h e a t  J/ (kg-K) 

* * *  

* * *  

* * *  
* M a t e r i a  1 , name=roc kMa t: 
* C o n d u c t i v i t y  
5.869695E7, 
*Dens it y 
2325. 
* S p e c i f i c  Heat  
969.0, 0.0 
969.0, 92.0 

4741.0, 96.0 
4741.0, 112.0 
988.0, 116.0 
988.0, 150.0 

* * *  
*Mater i a 1  , name=me t alMa t 
* C o n d u c t i v i t y  
3.502894E8, 
*Dens i t  y 
8690. 
* S p e c i f i c  Heat  
423. , 
* * *  
* M a t e r i a l ,  name=airMat 
" C o n d u c t i v i t y  
3.155760E8, 
" D e n s i t y  
1.2 
* S p e c i f i c  h e a t  
1000.0, 
* * *  Layer  b001, r o c k  t o  a i r  a t  1 0 0 - 1 0 1  y r  
* M a t e r i a l  , name=b00 lMat 
* Conduct 1 v i  t y , d e p  en  d e  n c i e 5; = 1 
5.869695E7, 25 0, 0.0 
5.869695E7, 25 0, 100.0 ,/' I 
3.155760E8, 25 0, 101.0 
" D e n s i t y ,  d e p e n d e n c i e s - 1  
2325.0, 25.0, 0 . 0  
2325.0, 25.0, - L O O .  0 '* 
1.2, 25.0, lO1.0 
* S p e c i f i c  Hea t ,  d e p e n d e n c i e s = l  

___-__------- 

-1 I L L ~ D  t. ~'bl .f!j\~ 

969.0, 0.0, 0.0 
969.0, 92.0, 0.0 
4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 
988.0, 150.0, 0.0 
969.0, 0.0, 100.0 
969.0, 92.0, 100.0 
4741.0, 96.0, 100.0 



4741.0, 112.0, 100.0 
988.0, 116.0, 100.0 
988.0, 150.0, 100.0 

1000.0, 150.0, 101.0 

*Mat e r i  a 1  , name=bO 0 2Ma ti 
* C o n d u c t i v i t y  , dependeric i e  s= 1 
5.869695E7, 25..0, 0.0 

3.155760E8, 25..0, 102.0 w'' 

* Dens i t y , d e p  e ride n c i e s ==1 
2325.0, 25.0, 0.0 
2325.0, 25.0, :101.0 
1.2, 25.0, :102.0 
* S p e c i f i c  Hea t ,  d e p e n d e n c i e s = l  

Layer  b002, r o c k  t o  a i r  a t  101-102 y r  . - "-._. 
i 1000.0, 0.0, 101.0 

* * *  

5.869695E7, 25 ., 0, 101.0 .,e' 

969.0, 0.0, 0.0 
969.0, 92.0, 0.0 

4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 
988.0, 150.0, 0.0 
969.0, 0.0, 101.0 
969.0, 92.0, 101.0 
4741.0, 96.0, 101.0 
4741.0, 112.0, 101.0 
988.0, 116.0, 101.0 
988.0, 150.0, 101.0 

1000.0, 150.0, 102.0 

* M a t e r i a l  , name=b00 3Mat 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
5.869695E7, 25 .. 0, 0.0 
5.869695E7, 25 ,. 0, 102.0 
3.155760E8, 25 .. 0, 103.0 
* Densi  t y, d e p e n d e n c i e s = l  
2325.0, 25.0, 0 . 0  
2325.0, 25.0, lO2.0 
1.2, 25.0, 1103.0 
" S p e c i f i c  H e a t ,  d e p e n d e n c i e s = l  

Layer  b003,  r o c k  t o  a i r  a t  102-103 y r  
O * O ,  102*o I 1000.0, 

* * *  

969.0, 0.0, 0.0 
969.0, 92.0, 0.0 

4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 
988.0, 150.0, 0.0 
969.0, 0.0, 102.0 
969.0, 92.0, 102.0 

4741.0, 96.0, 102.0 
4741.0, 112.0, 102.0 
988.0, 116.0, 102.0 
988.0, 150.0, 102.0 
1000.0, 0.0, 103.0 ' 
1000.0, 150.0, 103.0 1 
* * *  Layer  b 0 0 4 ,  r o c k  t o  a i r  a t  103-104 y r  
* M a t e r i a l  , name=bO 0 4Ma ti 



* Conduct i v i t y , d e p  e nde r. c i e 5; = 1 
5.869695E7,  2 5 . 0 ,  0 . 0  
5 .869695E7,  2 5 . 0 ,  1 0 3 .  C 
3.155760E8,  2 5 . 0 ,  104 .  C 
*Dens it y , d e p e n d e n c i e s = l  
2325.0 ,  2 5 . 0 ,  0 . 0  
2325.0 ,  2 5 . 0 ,  1.03.0 
1 . 2 ,  2 5 . 0 ,  1.04.0 
* S p e c i f i c  Hea t ,  d e p e n d e n c i e s = l  

969 .0 ,  0 . 0 ,  0 . 0  
969 .0 ,  9 2 . 0 ,  0 . 0  

4741 .0 ,  96 .0 ,  0 . 0  
4741 .0 ,  1 1 2 . 0 ,  0 . 0  

988 .0 ,  1 1 6 . 0 ,  0 . 0  
988 .0 ,  1 5 0 . 0 ,  0 . 0  
969 .0 ,  0 . 0 ,  1 0 3 . 0  
969.0,  92 .0 ,  1 0 3 . 0  

4741 .0 ,  96 .0 ,  1 0 3 . 0  
4741 .0 ,  1 1 2 . 0 ,  1 0 3 . 0  

988.0,  1 1 6 . 0 ,  1 0 3 . 0  
988 .0 ,  1 5 0 . 0 ,  1 0 3 . 0  

1 0 0 0 . 0 ,  0 . 0 ,  1 0 4 . 0  
1 0 0 0 . 0 ,  1 5 0 . 0 ,  1 0 4 . 0  
* * *  Layer  b005,  r o c k  t o  a i r  a t  104-105 y r  
* M a t e r i a l  , name=b005Mat~ 
*Conduct i v i  t y , d e p  e nde 11 c i e = 1 
5.869695E7, 2 5  .. 0 ,  0 . 0  
5.869695E7, 25 ,. 0 ,  1 0 4 .  (1 
3.155760E8, 25 ,. 0 ,  1 0 5 . 0  
* Dens i t y , d e  p e ride n c i e s =:: 1 
2325.0,  2 5 . 0 ,  0 . 0  
2325.0,  2 5 . 0 ,  1 0 4 . 0  
1 . 2 ,  25 .0 ,  l 0 5 . 0  
* S p e c i f i c  Hea t ,  d e p e n d e n c i e s = l  

969.0,  0 . 0 ,  0 . 0  
969 .0 ,  9 2 . 0 ,  0 . 0  

4741.0,  96 .0 ,  0 . 0  
4741.0,  1 1 2 . 0 ,  0 . 0  

988 .0 ,  1 1 6 . 0 ,  0 . 0  
988 .0 ,  1 5 0 . 0 ,  0 . 0  
969 .0 ,  0 . 0 ,  1 0 4 . 0  
969 .0 ,  9 2 . 0 ,  1 0 4 . 0  

4741.0 ,  96 .0 ,  1 0 4 . 0  
4741.0,  112 .0 ,  1 0 4 . 0  

988 .0 ,  1 1 6 . 0 ,  1 0 4 . 0  
988 .0 ,  1 5 0 . 0 ,  1 0 4 . 0  

1 0 0 0 . 0 ,  0 . 0 ,  1 0 5 . 0  
1 0 0 0 . 0 ,  1 5 0 . 0 ,  1 0 5 . 0  
* * *  Layer  b006,  r o c k  t o  a i r  a t  105-106 y r  
* M a t e r i a l  , name=bO 0 6Mat: 
* C o n d u c t i v i t y ,  d e p e n d e r c i e s = l  
5.869695E7, 25 . .0 ,  0 . 0  
5.869695E7, 25 . .0 ,  1 0 5 . 0  
3.155760E8, 25 . .0 ,  1 0 6 . 0  
* Dens i t y , dep e ride n c i e s == 1 
2325.0 ,  2 5 . 0 ,  0 . 0  
2325.0 ,  2 5 . 0 ,  1.05.0 



1.2, 25.0, 1.06.0 
* S p e c i f i c  Hea t ,  d e p e n d e n c i e s = l  
969.0, 0.0, 0.0 
969.0, 92.0, 0.0 
4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 
988.0, 150.0, 0.0 
969.0, 0.0, 105.0 
969.0, 92.0, 105.0 

4741.0, 96.0, 105.0 
4741.0, 112.0, 105.0 
988.0, 116.0, 105.0 
988.0, 150.0, 105.0 
1000.0, 0.0, 106.0 
1000.0, 150.0, 106.0 
* * *  Layer  b007, r o c k  t o  a i r  a t  106-107 y r  
* M a t e r i a l ,  name=b007Mat 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
5.869695E7, 25..0, 0 . 0  
5.869695E7, 25..0, 106.0 
3.155760E8, 25 ., 0, 107.0 
* D e n s i t y ,  d e p e n d e n c i e s = l  
2325.0, 25.0, 0 . 0  
2325.0, 25.0, zL06.0 
1.2, 25.0, 1107.0 
* S p e c i f i c  Heat , d e p e n d e n c i e s = l  
969.0, 0.0, 0.0 
969.0, 92.0, 0.0 

4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 
988.0, 150.0, 0.0 
969.0, 0.0, 106.0 
969.0, 92.0, 106.0 
4741.0, 96.0, 106.0 
4741.0, 112.0, 106.0 
988.0, 116.0, 106.0 
988.0, 150.0, 106.0 
1000.0, 0.0, 107.0 
1000.0, 150.0, 107.0 
* * *  Layer  b 0 0 8 ,  r o c k  t o  a i r  a t  107-108 y r  
' M a t e r i a l ,  name=b008Mat 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
5.869695E7, 25..0, 0 . 0  
5.869695E7, 25 .. 0, 107.0 
3.155760E8, 25..0, 108.0 [ 
* Den s i t y , d e  p e n d e  n c i e s =:: 1 
2325.0, 25.0, 0.0 
2325.0, 25.0, 1.07.0 

* S p e c i f i c  Hea t ,  d e p e n d e n c i e s = l  

1 

1 1.2, 25.0, 1.08.0 j 

969.0, 0.0, 0.0 
969.0, 92.0, 0.0 

4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 



988.0, 150.0, 0.0 
969.0, 0.0, 107.0 
969.0, 92.0, 107.0 

4741.0, 96.0, 107.0 
4741.0, 112.0, 107.0 
988.0, 116.0, 107.0 
988.0, 150.0, 107.0 
1000.0, 0.0, 108.0 
1000.0, 150.0, 108.0 
* * *  Layer b009,  rock to air at 108-109 yr 
*Mater i a1 , name=bO 0 9Ma t. 
*Conductivity, dependencies=l 
5.869695E7, 25.0, 0.0 
5.869695E7, 25.0, 108.0 
3.155760E8, 25.0, 109.0 
*Density , dependencies=zl 
2325.0, 25.0, 0.0 
2325.0, 25.0, 1.08.0 
1.2, 25.0, 1.09.0 
*Specific Heat, dependencies=l 
969.0, 0.0, 0.0 
969.0, 92.0, 0.0 
4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 
988.0, 150.0, 0.0 
969.0, 0.0, 108.0 
969.0, 92.0, 108.0 
4741.0, 96.0, 108.0 
4741.0, 112.0, 108.0 
988.0, 116.0, 108.0 
988.0, 150.0, 108.0 
1000.0, 0.0, 109.0 
1000.0, 150.0, 109.0 
* * *  La.yer b010, rock to air at 109-110 yr 
*Material , name=bOlOMat. 
*Conductivity , dependeric ies =1 
5.869695E7, 25.0, 0.0 
5.86969567, 25.0, 109.0 
3.155760E8, 25.0, 110.0 
*Density , dependencies=. 1 
2325.0, 25.0, 0.0 
2325.0, 25.0, 1.09.0 
1.2, 25.0, 1.10.0 
*Specific Heat , dependencies-1 
969.0, 0.0, 0.0 
969.0, 92.0, 0.0 

4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 
988.0, 150.0, 0.0 
969.0, 0.0, 109.0 
969.0, 92.0, 109.0 

4741.0, 96.0, 109.0 
4741.0, 112.0, 109.0 
988.0, 116.0, 109.0 
988.0, 150.0, 109.0 



1000.0, 0.0, 110.0 
1000.0, 150.0, 110.0 
* * *  Layer  a001,  a i r  t o  r u b b l e  a t  1 0 0 - 1 0 1  y r  
*Mater  i a1 , name=a 0 0 1Ma t 
* Conduct  i v i  t y , d e p  e nde 11 c i e :; = 1 
3.155760E8, 25..0, 0.0 
3.155760E8, 25..0, 100.0 
6.311520E6, 25 .. 0, 101.0 
* D e n s i t y ,  d e p e n d e n c i e s - 1  
1 . 2 ,  25.0, 0 . 0  
1.2, 25.0, 100.0 
2325, 25.0, 101.0 
* S p e c i f i c  h e a t ,  d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25.0, 0 . 0  
1000.0, 25.0, 100.0 
969.0, 0.0, 101.0 
969.0, 92.0, 101.0 
4741.0, 96.0, 101.0 
4741.0, 112.0, 101.0 
988.0, 116.0, 101.0 
988.0, 150.0, 101.0 

* * *  - a y e r  a002,  a i r  t o  r u b b l e  a t  
* M a t e r i a l ,  name=aO O2Mat 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
3.155760E8, 25..0, 0 . 0  
3.155760E8, 25..0, 101.0 
6.311520E6, 25 .. 0, 102.0 
* Dens i t y , d e p  en  d e  n c i e s == 1 
1.2, 25.0, 0.0 
1.2, 25.0, 101.0 
2325, 25.0, 102.0 
* S p e c i f i c  h e a t ,  d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25.0, 0 . 0  
1000.0, 25.0, 101.0 
969.0, 0.0, 102.0 
969.0, 92.0, 102.0 

4741.0, 96.0, 102.0 
4741.0, 112.0, 102.0 
988.0, 116.0, 102.0 
988.0, 150.0, 102.0 

3 -102 yr 

* * *  L a y e r  a003,  a i r  t o  r u b b l e  a t  102-103 y r  
" M a t e r i a l ,  name=a003Mat 
* C o n d u c t i v i t y  , d e p e n d e c c i  e s= 1 
3.155760E8, 25..0, 0.0 
3.155760E8, 25 ., 0, 102. Ci 

6.311520E6, 25 ,. 0, 103. (:I 
* D e n s i t y ,  d e p e n d e n c i e s = l  
1.2, 25.0, 0 . 0  
1.2, 25.0, 102.0 
2325, 25.0, 103.0 
* S p e c i f i c  h e a t ,  d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25.0, 0 . 0  
1000.0, 25.0, 102.0 
969.0, 0.0, 103.0 
969.0, 92.0, 103.0 
4741.0, 96.0, 103.0 
4741.0, 112.0, 103.0 



988.0, 116.0, 103.0 
988.0, 150.0, 103.0 

* * *  Layer a004, air to rubble at 103-104 yr 
*Material, name=a004Mat. 
*Conductivity, dependencies=l 
3.155760E8, 25.0, 0.0 
3.155760E8, 25.0, 103.0 
6.311520E6, 25.0, 104.0 
*Density, deperidencies=:l 
1.2, 25.0, 0.0 
1.2, 25.0, 103.0 
2325, 25.0, 104.0 
*Specific heat, dependencies=l 
1000.0, 25.0, 0.0 
1000.0, 25.0, 103.0 
969.0, 0.0, 104.0 
969.0, 92.0, 104.0 

4741.0, 96.0, 104.0 
4741.0, 112.0, 104.0 
988.0, 116.0, 104.0 
988.0, 150.0, 104.0 

* * *  La.yer a005, air to rubble at 104-105 yr 
*Material, name=a005Mat 
*Conductivity, dependencies=l 
3.155760E8, 25.0, 0.0 
3.155760E8, 25.0, 104.0 
6.311520E6, 25.0, 105.0 
*Density , deperidenci e s= 1 
1.2, 25.0, 0.0 
1.2, 25.0, 104.0 
2325, 25.0, 105.0 
*Specific heat, dependencies=l 
1000.0, 25.0, 0.0 
1000.0, 25.0, 104.0 
969.0, 0.0, 105.0 
969.0, 92.0, 105.0 
4741.0, 96.0, 105.0 
4741.0, 112.0, 105.0 
988.0, 116.0, 105.0 
988.0, 150.0, 105.0 

* * *  Lcyer a006, air to rubble at 105-106 yr 
*Material , name=aO 0 6Mat: 
*Conductivity , dependeric ies =1 
3.155760E8, 25.0, 0.0 
3.155760E8, 25.0, 105.0 
6.311520E6, 25.0, 106.0 
*Dens it y, deperidenci es=l 
1.2, 25.0, 0.0 
1.2, 25.0, 105.0 
2325, 25.0, 106.0 
*Specific heat, dependencies=l 
lOOO,O, 25.0, 0.0 
1000.0, 25.0, 105.0 
969.0, 0.0, 106.0 
969.0, 92.0, 106.0 
4741.0, 96.0, 106.0 
4741.0, 112.0, 106.0 



988 .0 ,  1 1 6 . 0 ,  1 0 6 . 0  
988.0,  1 5 0 . 0 ,  1 0 6 . 0  

* * *  Layer  a007, a i r  t o  r u b b l e  a t  105-107 y r  
* M a t e r i a l ,  name=a007Mat: 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
3 .155760E8,  2 5 . 0 ,  0.0 
3.155760E8, 25 . .0 ,  1 0 6 . 0  
6.311520E6, 2 5 . 0 ,  1 0 7 . 0  
* D e n s i t y  , d e p e n d e n c i e s - 1  
1 . 2 ,  25 .0 ,  0 . 0  
1 . 2 ,  25 .0 ,  1 0 6 . 0  
2325, 25 .0 ,  1 0 7 . 0  
* S p e c i f i c  h e a t , .  d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25 .0 ,  0 . 0  
1 0 0 0 . 0 ,  25 .0 ,  1 0 6 . 0  

969 .0 ,  0 . 0 ,  1 0 7 . 0  
969 .0 ,  92 .0 ,  1 0 7 . 0  

4741 .0 ,  96 .0 ,  1 0 7 . 0  
4741 .0 ,  1 1 2 . 0 ,  1 0 7 . 6  

988 .0 ,  116 .0 ,  1 0 7 . 0  
988 .0 ,  150 .0 ,  1 0 7 . 0  

* * *  Layer  a008, a i r  t o  r u b b l e  a t  107-108 y r  
* M a t e r i a l ,  name=a008Mat 
* Conduct i v i  t y , dependenc  i e :; = 1 
3.155760E8, 2 5 . 0 ,  0 . 0  
3.155760E8, 2 5 . 0 ,  1 0 7 . 0  
6.311520E6, 2 5 . 0 ,  1 0 8 . 0  
* D e n s i t y ,  dependencies . -1  
1 . 2 ,  2 5 . 0 ,  0 . 0  
1 . 2 ,  2 5 . 0 ,  1 0 7 . 0  
2325, 2 5 . 0 ,  1 0 8 . 0  
* S p e c i f i c  h e a t  ,. d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25 .0 ,  0 . 0  
1 0 0 0 . 0 ,  25 .0 ,  1 0 7 . 0  

969 .0 ,  0 . 0 ,  1 0 8 . 0  
969 .0 ,  9 2 . 0 ,  1 0 8 . 0  

4741.0,  9 6 . 0 ,  1 0 8 . 0  
4741 .0 ,  1 1 2 . 0 ,  1 0 8 . 0  

988.0,  1 1 6 . 0 ,  1 0 8 . 0  
988.0,  150 .0 ,  1 0 8 . 0  

--------- -- 

* * *  Layer  a009,  a i r  t o  r u b b l e  a t  108-109 y r  
* M a t e r i a l  , name=aO 0 9Ma t_ 
* Conduct  i v i  t y , depe  nderic i e c; = 1 
3.15576038,  25 . .0 ,  0 . 0  
3.155760E8, 25 . .0 ,  1 0 8 . 0  
6.311520E6, 25 . .0 ,  1 0 9 . 0  
* D e n s i t y  , d e p e n d e n c i e s - 1  
1 . 2 ,  2 5 . 0 ,  0 . 0  
1 . 2 ,  2 5 . 0 ,  1 0 8 . 0  
2325, 25 .0 ,  1 0 9 . 0  
* S p e c i f i c  h e a t ,  d e p e n d e n c i e s = l  
1000 .0 ,  2 5 . 0 ,  0 . 0  
1 0 0 0 . 0 ,  2 5 . 0 ,  1 0 8 . 0  

969 .0 ,  0 . 0 ,  1 0 9 . 0  
969 .0 ,  92 .0 ,  1 0 9 . 0  

4741 .0 ,  96 .0 ,  1 0 9 . 0  
4741 .0 ,  1 1 2 . 0 ,  1 0 9 . 0  



. .  

988 . O r  116.0, 109.0 
988.0, 150.0, 109.0 

* * *  Layer  a010,  a i r  t o  r u b b l e  a t  109-110 y r  
* M a t e r i a l ,  name=aOlOMat. 
* C o n d u c t i v i t y ,  depender- ic ies=l  
3.155760E8, 25 . O r  0.0 
3.155760E8, 25.0, 109.0 
6.311520E6, 25.0, 110.0 
* D e n s i t y ,  d e p e n d e n c i e s - 1  
1 . 2 ,  25.0, 0 . 0  
1.2, 25.0, 109.0 
2325, 25.0, llO.0 
* S p e c i f i c  h e a t ,  d e p e n d e n c i e s = l  

1000.0, 25.0, 109.0 
969.0, 0.0, 110.0 
969.0, 92.0, 110.0 
4741.0, 96.0, 110.0 
4741.0, 1 1 2 . 0 ,  110.0 
988.0, 1 1 6 . 0 ,  110.0 
988.0, 150.0, 1 1 0 . 0  

1000.0, 25.0, 0.0 

* * *  Layer  b001-aO10, r o c k  t o  a i r  a t  1 0 0 - 1 0 1  y r  
* * *  and a i r  t o  r u b b l e  a t  109-110 y r  
* M a t e r i a l ,  name=bOOl-aOlOMat 
* C o n d u c t i v i t y ,  dependencie : ;= l  
5.869695E7, 25.0, 0 . 0  
5.869695E7, 25.0, 100.0 
3.155760E8, 25.0, 101.0 
3.155760E8, 25.0, 109.0 
6.311520E6, 25.0, 110.0 
* D e n s i t y ,  dependenciesz=l  
2325.0, 25.0, 0 . 0  
2325.0, 25.0, l o o .  0 
1 . 2 ,  25.0, lO1.0 
1 . 2 ,  25.0, lO9.0 
2325, 25.0, l10.0 
* S p e c i f i c  Hea t ,  d e p e n d e n c i e s = l  
969.0, 0.0, 0.0 
969.0, 92.0, 0.0 
4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 
988.0, 150.0, 0.0 
969.0, 0.0, 100.0 
969.0, 92.0, 100.0 
4741.0, 96.0, 100.0 
4741.0, 112.0, 100.0 
988.0, 116.0, 100.0 
988.0, 150.0, 100.0 
1000.0, 0.0, 101.0 
1000.0, 150 .O, 101.0 
1000.0, 0.0, 109.0 
1000.0, 150.0, 109.0 
969.0, 0.0, 110.0 
969.0, 92.0, 110.0 
4741.0, 96.0, 110.0 
4741.0, 112.0, 110.0 



988.0, 116.0, 110.0 
988.0, 150.0, 110.0 



C:\Documents and S e t t i n g s \ r k a z b a n ' \ D e s k t o p \ D r i f t  Degradation\DD_AfterReview\m2Submodel\mMaterial~.def 

* * *  M e c h n i c a l  M a t e r i a l  D e f i . n i t i o n s  
* * *  

* * *  
* *  
* *  L i n e a r - e l a s t i c  model. 
* *  P a r a m e t e r s  f rom h i g h - g r a d e  l i t h o p h y s a l - r o c k  d a t a  
* *  Mean s t r e n g t h  p r o p e r t i e s  
* *  S t r e s s  d i s t r i b u t i o n s  p o s t - p r o c e s s e d  t o  c a l c u l a t e  
* *  s t r e s s / s t r e n g t h  r a t i o  d i s t r i b u t i o n s  

* *  Young's  modulus : 2 .OE4  MPa 
* *  F r i c t i o n  a n g l e :  4 0  d e g r e e s  
* *  Cohes ion :  ? . 0 6  MPa 

* M a t e r i a l  , name=rockMat 
" E l a s t i c  
20000 . ,  0 .20  
*Expans ion  

* *  

* *  

7.14e-06,  0 .. 
7.14e-06,  SO ,. 
7.47e-06,  75 ,. 
7.46e-06,lOO..  
9 .07e -06 ,125  .. 
9 .07e -06 ,225  .. 

* U s  e r Outpu t  V a  r i a b  1 e s 
1, 



Y 

C:\Documents and Settings\rkazban\Desktop\Drift Degradation\DD-2009RunOl\Submodel\tMaterials.def 

* * *  Thermal  M a t e r i a l  D e f i n i t i o n s  
* * *  T o  b e  expanded a s  r o c k  l a y e r s  f a i l  

* * *  Thermal c o n d u c t i v i t y  J/ (yr-m-K) 
* * *  D e n s i t y  kg/m" 3 
* * *  S p e c i f i c  h e a t  J/ (kg-K) 

* M a t e r i a l ,  name=rockMat 
* C o n d u c t i v i t y  
5.869695E7, 
* D e n s i t y  
2325. 
* S p e c i f i c  Heat  
969.0, 0.0 
969.0, 92.0 
4741.0, 96.0 
4741.0, 112.0 
988.0, 116.0 
988.0, 150.0 

* * *  

* * *  

* * *  

* * *  
* M a t e r i a  1 , name=me t a lMat  
* C o n d u c t i v i t y  
3.502894E8, 
* D e n s i t y  
8690. 
* S p e c i f i c  Heat  
423. , 

* M a t e r i a l ,  name=airMat 
* C o n d u c t i v i t y  
3.1557 60E8 , 
" D e n s i t y  
1.2 
" S p e c i f i c  h e a t  
1000.0, 
* * *  Layer  b001, r o c k  t o  a i r  a t  100-101 y r  
* M a t e r i a l ,  name=bOOlMat 
* C o n d u c t i v i t y ,  depender - ic ies=l  
5.869695E7, 25..0, 0 . 0  
5.869695E7, 25..0, 100.0 
3.155760E8, 25..0, 101.0 
* D e n s i t y  , d e p e n d e n c i e s  -1 
2325.0, 25.0, 0.0 
2325.0, 25.0, 1-00.0 
1.2, 25.0, 1.01.0 
* S p e c i f i c  Heat ,  d e p e n d e n c i e s = l  

* * *  

969.0, 0.0, 0.0 
969.0, 92.0, 0.0 
4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 
968.0, 150.0, 0.0 
969.0, 0.0, 100.0 
969.0, 92.0, 100.0 
4741.0, 96.0, 100.0 



4741.0,  1 1 2 . 0 ,  1 0 0 . 0  
988.0,  1 1 6 . 0 ,  1 0 0 . 0  
988.0,  1 5 0 . 0 ,  1 0 0 . 0  

1000 .0 ,  0.0, 1 0 1 . 0  
1 0 0 0 . 0 ,  1 5 0 . 0 ,  1 0 1 . 0  
* * *  Layer  b002, r o c k  t o  a i r  a t  101-102 y r  
* M a t e r i a l  , name=bO 0 2Mat 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
5.869695E7, 2 5 . 0 ,  0 . 0  
5.869695E7, 2 5 . 0 ,  1 0 1 . 0  
3.155760E8, 2 5 . 0 ,  102 .  C) 
* Dens i t y , depende nc  i e s = 1 
2325.0 ,  25 .0 ,  0 . 0  
2325.0 ,  2 5 . 0 ,  :101.0 
1 . 2 ,  2 5 . 0 ,  IL02.0 
" S p e c i f i c  Heat  ,, d e p e n d e n c i e s = l  

969.0,  0 . 0 ,  0 . 0  
969.0,  92 .0 ,  0 . 0  

4741.0 ,  96 .0 ,  0 . 0  
4741.0,  1 1 2 . 0 ,  0 . 0  

988.0,  1 1 6 . 0 ,  0 . 0  
988.0,  1 5 0 . 0 ,  0 . 0  
969.0,  0 . 0 ,  1 0 1 . 0  
969.0,  92 .0 ,  1 0 1 . 0  

4741.0,  96.0,  1 0 1 . 0  
4741 .0 ,  1 1 2 . 0 ,  1 0 1 . 0  

988.0,  1 1 6 . 0 ,  1 0 1 . 0  
988.0,  1 5 0 . 0 ,  1 0 1 . 0  

1 0 0 0 . 0 ,  0.0, 1 0 2 . 0  
1 0 0 0 . 0 ,  1 5 0 . 0 ,  1 0 2 . 0  
* * *  Layer  b003,  r o c k  t o  a i r  a t  102-103 y r  
*Mat e r i  a 1  , name=b 0 0 3Mat 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
5 .869695E7,  2 5 . 0 ,  0 . 0  
5.869695E7, 2 5 . 0 ,  1 0 2 . 0  
3.155760E8, 2 5 . 0 ,  1 0 3 . 0  
* D e n s i t y ,  dependenciesz=l  
2325.0,  2 5 . 0 ,  0 . 0  
2325.0,  25 .0 ,  l 0 2 . 0  
1 . 2 ,  25 .0 ,  l 0 3 . 0  
" S p e c i f i c  Heat d e p e n d e n c i e s = l  

969 .0 ,  0 . 0 ,  0 . 0  
969 .0 ,  9 2 . 0 ,  0 . 0  

4741 .0 ,  96 .0 ,  0 . 0  
4741 .0 ,  1 1 2 . 0 ,  0 . 0  

988 .0 ,  1 1 6 . 0 ,  0 . 0  
988 .0 ,  1 5 0 . 0 ,  0 . 0  
969 .0 ,  0 . 0 ,  1 0 2 . 0  
969 .0 ,  92 .0 ,  1 0 2 . 0  

4741.0,  96 .0 ,  1 0 2 . 0  
4741.0,  1 1 2 . 0 ,  1 0 2 . 0  

988 .0 ,  1 1 6 . 0 ,  1 0 2 . 0  
988 .0 ,  1 5 0 . 0 ,  1 0 2 . 0  

1 0 0 0 . 0 ,  0 . 0 ,  1 0 3 . 0  
1 0 0 0 . 0 ,  1 5 0 . 0 ,  1 0 3 . 0  
* * *  Layer  b 0 0 4 ,  r o c k  t o  a i r  a t  103-104 y r  
* M a t e r i a l  , name=bO 0 4Ma t: 



* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
5.869695E7, 25 . .0 ,  0 . 0  
5.869695E7, 25 . .0 ,  1 0 3 . 0  
3.155760E8, 25 . .0 ,  104 .0  
*Dens i  t y,  d e p e n d e n c i e s = l  
2325.0 ,  25 .0 ,  0 . 0  
2325.0 ,  2 5 . 0 ,  1103.0 
1 . 2 ,  25 .0 ,  1104.0 
* S p e c i f i c  Heat  , d e p e n d e n c i e s = l  

969 .0 ,  0 . 0 ,  0 . 0  
969 .0 ,  92 .0 ,  0 . 0  

4741.0 ,  9 6 . 0 ,  0 . 0  
4741.0 ,  112.0, 0 . 0  

988.0,  1 1 6 . 0 ,  0 . 0  
988.0,  150 .0 ,  0 . 0  
969 .0 ,  0 . 0 ,  1 0 3 . 0  
969 .0 ,  92 .0 ,  103 .0  

4741.0 ,  9 6 . 0 ,  1 0 3 . 0  
4741.0 ,  1 1 2 . 0 ,  103 .0  

988 .0 ,  1 1 6 . 0 ,  103 .0  
988 .0 ,  1 5 0 . 0 ,  1 0 3 . 0  

1 0 0 0 . 0 ,  0 . 0 ,  104 .0  
1 0 0 0 . 0 ,  150 .0 ,  104 .0  
* * *  Layer  b005,  r o c k  t o  a i r  a t  104-105 y r  
* M a t e r i a  1 , name=b 0 0 5Ma t: 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
5.869695E7, 25 . .0 ,  0 . 0  
5.869695E7, 25 . .0 ,  1 0 4 . 0  
3 .1557  60E8, 25 .. 0 , 1 0 5 . 0  
*Dens i t  y , d e p e n d e n c i e s - 1  
2325 .0 ,  2 5 . 0 ,  0 . 0  
2325 .0 ,  2 5 . 0 ,  1.04.0 
1 . 2 ,  2 5 . 0 ,  1-05.0 
* S p e c i f i c  Heat ,  d e p e n d e n c i e s = l  

969 .0 ,  0 . 0 ,  0 . 0  
969 .0 ,  92 .0 ,  0 . 0  

4741.0 ,  96 .0 ,  0 . 0  
4741.0 ,  1 1 2 . 0 ,  0 . 0  

988 .0 ,  1 1 6 . 0 ,  0 . 0  
988 .0 ,  1 5 0 . 0 ,  0 . 0  
969 .0 ,  0 . 0 ,  1 0 4 . 0  
969 .0 ,  92 .0 ,  104 .0  

4741.0 ,  96 .0 ,  1 0 4 . 0  
4741 .0 ,  112 .0 ,  104 .0  

988 .0 ,  1 1 6 . 0 ,  104 .0  
988 .0 ,  150 .0 ,  1 0 4 . 0  

1 0 0 0 . 0 ,  0 . 0 ,  1 0 5 . 0  
1 0 0 0 . 0 ,  1 5 0 . 0 ,  1 0 5 . 0  
* * *  Lz.yer b006, r o c k  t o  a i r  a t  105-106 y r  
" M a t e r i a l ,  name=b006Mat. 
" C o n d u c t i v i t y ,  d e p e n d e n c i e s  =1 
5.869695E7, 2 5 . 0 ,  0 . 0  
5.869695E7, 2 5 . 0 ,  1 0 5 . 0  
3.155760E8, 2 5 . 0 ,  1 0 6 . 0  
* D e n s i t y ,  dependencies=zl  
2325.0 ,  2 5 . 0 ,  0 . 0  
2325.0 ,  2 5 . 0 ,  1.05.0 



1 . 2 ,  25 .0 ,  1 0 6 . 0  
* S p e c i f i c  Hea t ,  d e p e n d s n c i e s = l  

969 .0 ,  0 . 0 ,  0 . 0  
969 .0 ,  92 .0 ,  0 . 0  

4741.0 ,  9 6 . 0 ,  0 . 0  
4741.0 ,  1 1 2 . 0 ,  0 . 0  

988 .0 ,  1 1 6 . 0 ,  0 . 0  
988 .0 ,  1 5 0 . 0 ,  0 . 0  
969 .0 ,  0 . 0 ,  1 0 5 . 0  
969 .0 ,  9 2 . 0 ,  1 0 5 . 0  

4741.0 ,  9 6 . 0 ,  1 0 5 . 0  
4741.0 ,  1 1 2 . 0 ,  105 .0  

988 .0 ,  1 1 6 . 0 ,  105 .0  
988 .0 ,  1 5 0 . 0 ,  105 .0  

1 0 0 0 . 0 ,  0 . 0 ,  1 0 6 . 0  
1 0 0 0 . 0 ,  150 .0 ,  1 0 6 . 0  

" M a t e r i a l ,  name=b007Mat 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
5.869695E7, 2 5 . 0 ,  0 . 0  
5.869695E7, 2 5 . 0 ,  1 0 6 . 0  
3.155760E8, 2 5 . 0 ,  1 0 7 . 0  
*Dens i t  y, d e p e n d e n c i e s - 1  
2325.0 ,  25 .0 ,  0 . 0  
2325.0 ,  25 .0 ,  1 0 6 . 0  
1 . 2 ,  25 .0 ,  1107.0 
" S p e c i f i c  H e a t ,  d e p e n d e n c i e s = l  

Layer  b007,  r o c k  t o  a i r  a t  106-107 yr * * *  

969 .0 ,  0 . 0 ,  0 . 0  
969 .0 ,  92 .0 ,  0 . 0  

4741.0 ,  96 .0 ,  0 . 0  
4741.0 ,  1 1 2 . 0 ,  0 . 0  

988 .0 ,  1 1 6 . 0 ,  0 . 0  
988 .0 ,  150 .0 ,  0 . 0  
969 .0 ,  0 . 0 ,  1 0 6 . 0  
969 .0 ,  92 .0 ,  1 0 6 . 0  

4741.0 ,  96 .0 ,  1 0 6 . 0  
4741.0 ,  112 .0 ,  1 0 6 . 0  

988 .0 ,  1 1 6 . 0 ,  1 0 6 . 0  
988 .0 ,  150 .0 ,  1 0 6 . 0  

1 0 0 0 . 0 ,  0 .0 ,  1 0 7 . 0  
1 0 0 0 . 0 ,  1 5 0 . 0 ,  107 .0  

*Mat e r i  a 1  , namc?=bO 0 8Ma t 
* C o n d u c t i v i t y  , d e p e n d e n c i e s = l  
5.869695E7, 25 . .0 ,  0 . 0  
5.869695E7, 25 . .0 ,  1 0 7 . 0  
3.155760E8 , 25 .. 0 ,  1 0 8 . 0  
* D e n s i t y ,  d e p e n d e n c i e s - 1  
2325 .0 ,  2 5 . 0 ,  0 . 0  
2325 .0 ,  2 5 . 0 ,  lO7.0  
1 . 2 ,  25 .0 ,  1.08.0 
" S p e c i f i c  Heat ,  d e p e n d e n c i e s = l  

Layer  b008, r o c k  t o  a i r  a t  107-108 y r  * * *  

969.0 ,  0 . 0 ,  0 . 0  
969 .0 ,  92 .0 ,  0 . 0  

4741.0 ,  96 .0 ,  0 . 0  
4741.0 ,  1 1 2 . 0 ,  0 . 0  

988 .0 ,  1 1 6 . 0 ,  0 . 0  



988.0, 150.0, 0.0 
969.0, 0.0, 107.0 
969.0, 92.0, 107.0 

4741.0, 96.0, 107.0 
4741.0, 112.0, 107.0 
988.0, 116.0, 107.0 
988.0, 150.0, 107.0 
1000.0, 0.0, 108.0 
1000.0, 150.0, 108.0 

* M a t e r i a l ,  name=b009Mat 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
5.869695E7, 25..0, 0 . 0  
5.869695E7, 25..0, 108.0 
3.155760E8, 25..0, 109.0 
* D e n s i t y ,  d e p e n d e n c i e s - 1  
2325.0, 25.0, 0 . 0  
2325.0, 25.0, l08.0 
1.2, 25.0, lO9.0 
" S p e c i f i c  Hea t ,  d e p e n d e n c i e s = l  

Layer  b009, r o c k  t o  a i r  a t  108-109 y r  * * *  

969.0, 0.0, 0.0 
969.0, 92.0, 0.0 

4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 
988.0, 150.0, 0.0 
969.0, 0.0, 108.0 
969.0, 92.0, 108.0 
4741.0, 96.0, 108.0 
4741.0, 112.0, 108.0 
988.0, 116.0, 108.0 
988.0, 150.0, 108.0 
1000.0, 0.0, 109.0 
1000.0, 150.0, 109.0 

*Mater i a 1  , name=b 0 1 OMa t: 
* Conduct i v i t y , d e  p e n d e  n c i e c: = 1 
5.869695E7, 25.0, 0. (1 
5.869695E7, 25.0, 109.0 
3.155760E8, 25.0, 110.0 
* Dens i t y , dependenc  i e s =: 1 
2325.0, 25.0, 0.0 
2325.0, 25.0, 1.09.0 
1.2, 25.0, 1.10.0 
* S p e c i f i c  Heat ,  d e p e n d e n c i e s = l  

Layer  b010, r o c k  t o  a i r  a t  109-110 y r  * * *  

969.0, 0.0, 0.0 
969.0, 92.0, 0.0 

4741.0, 96.0, 0.0 
4741.0, 112.0, 0.0 
988.0, 116.0, 0.0 
988.0, 150.0, 0.0 
969.0, 0.0, 109.0 
969.0, 92.0, 109.0 

4741.0, 96.0, 109.0 
4741.0, 112.0, 109.0 
988.0, 116.0, 109.0 
988.0, 150.0, 109.0 



1000.0, 0 . 0 ,  110.0 
1 0 0 0 . 0 ,  150 .0 ,  1 1 0 . 0  
* * *  L a y e r  a001,  a i r  t o  r u b b l e  a t  100-101  y r  
* M a t e r i a l ,  name=a 0 0 1Mat 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
3.155760E8, 25 .0 ,  0 . 0  
3 .155760E8,  25 .0 ,  1 0 0 . 0  
6.311520E6, 2 5 . 0 ,  1 0 1 . 0  
* D e n s i t y ,  d e p e n d e n c i e s = l  
1 . 2 ,  25 .0 ,  0 . 0  
1 . 2 ,  25 .0 ,  1 0 0 . 0  
2325, 25 .0 ,  1 0 1 . 0  
* S p e c i f i c  h e a t  ,. d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25 .0 ,  0 . 0  
1 0 0 0 . 0 ,  25 .0 ,  1 0 0 . 0  

969 .0 ,  0 . 0 ,  1 0 1 . 0  
969 .0 ,  92 .0 ,  1 0 1 . 0  

4741.0,  96 .0 ,  1 0 1 . 0  
4741.0 ,  112 .0 ,  1 0 1 . 0  

988 .0 ,  1 1 6 . 0 ,  1 0 1 . 0  
988 .0 ,  1 5 0 . 0 ,  101.0 

Layer  a 0 0 2 ,  a i r  t o  r u b b l e  a t  101-102 y r  * * *  
* M a t e r i a l ,  name=a002Mat 
* Conduct i v i t y , depend en c i e :; = 1 
3.155760E8,  2 5 . 0 ,  0 . 0  
3 .155760E8,  2 5 . 0 ,  1 0 1 . 0  
6.311520E6, 2 5 . 0 ,  1 0 2 . 0  
* D e n s i t y ,  d e p e n d e n c i e s = l  
1 . 2 ,  25 .0 ,  0 . 0  
1 . 2 ,  25 .0 ,  1 0 1 . 0  
2325, 25 .0 ,  1 0 2 . 0  
* S p e c i f i c  h e a t ,  d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25 .0 ,  0 . 0  
1 0 0 0 . 0 ,  25 .0 ,  1 0 1 . 0  

969 .0 ,  0 . 0 ,  1 0 2 . 0  
969 .0 ,  92 .0 ,  1 0 2 . 0  

4741.0,  9 6 . 0 ,  102 .0  
4741.0 ,  112 .0 ,  1 0 2 . 0  

988 .0 ,  1 1 6 . 0 ,  102 .0  
988 .0 ,  1 5 0 . 0 ,  1 0 2 . 0  

* * *  Layer  a003,  a i r  t o  r u b b l e  a t  102-103 y r  
* M a t e r i a l ,  name=a003Mat 
* Conduct  i v i  t y , d e  p e n d e n c i e c: = 1 
3.155760E8,  2 5 . 0 ,  0.C 
3.155760E8,  2 5 . 0 ,  102.C 
6.311520E6,  2 5 . 0 ,  1 0 3 .  (1 
* D e n s i t y ,  dependencies -1  
1 . 2 ,  25 .0 ,  0 . 0  
1 . 2 ,  25 .0 ,  1 0 2 . 0  
2325, 25 .0 ,  1 0 3 . 0  
* S p e c i f i c  h e a t ,  d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25 .0 ,  0 . 0  
1 0 0 0 . 0 ,  25 .0 ,  1 0 2 . 0  

969 .0 ,  0 . 0 ,  1 0 3 . 0  
969 .0 ,  92 .0 ,  1 0 3 . 0  

4741.0,  96 .0 ,  1 0 3 . 0  
4741.0 ,  112 .0 ,  1 0 3 . 0  



988.0,  116.0, 1 0 3 . 0  
988 .0 ,  1 5 0 . 0 ,  1 0 3 . 0  

* * *  Layer  a004, a i r  t o  r u b b l e  a t  103-104 y r  
* M a t e r i a l  , name=aO 0 4Mat 
* C o n d u c t i v i t y  , d e p e n d e n c i e s = l  
3.155760E8, 2 5 . 0 ,  0 . 0  
3 . 1 5  57 60E8 , 2 5 . 0  , 1 0 3 . 0  
6.311520E6, 2 5 . 0 ,  1 0 4 . 0  
* D e n s i t y ,  d e p e n d e n c i e s = l  
1 . 2 ,  2 5 . 0 ,  0 . 0  
1 . 2 ,  2 5 . 0 ,  1 0 3 . 0  
2325, 25 .0 ,  1 0 4 . 0  
* S p e c i f i c  h e a t , ,  d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25 .0 ,  0 . 0  
1 0 0 0 . 0 ,  2 5 . 0 ,  1 0 3 . 0  

969 .0 ,  0 . 0 ,  1 0 4 . 0  
969 .0 ,  92 .0 ,  1 0 4 . 0  

4741 .0 ,  96.0,  1 0 4 . 0  
4741 .0 ,  112 .0 ,  1 0 4 . 0  

988.0,  116.0, 1 0 4 . 0  
988 .0 ,  1 5 0 . 0 ,  1 0 4 . 0  

* * *  L a y e r  a005, a i r  t o  r u b b l e  a t  104-105 y r  
* M a t e r i a l ,  name=a005Mat 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
3.155760E8, 2 5 . 0 ,  0.0 
3.155760E8, 2 5 . 0 ,  104.Cl 
6.311520E6, 25 .0 ,  1 0 5 . 0  
* Dens i t y , d e  p e n d e n c i  e s = 1 
1 . 2 ,  25 .0 ,  0 . 0  
1 . 2 ,  25 .0 ,  1 0 4 . 0  
2325,  25 .0 ,  1 0 5 . 0  
* S p e c i f i c  h e a t , ,  d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25 .0 ,  0 . 0  
1 0 0 0 . 0 ,  25 .0 ,  1 0 4 . 0  

969 .0 ,  0 . 0 ,  1 0 5 . 0  
969.0,  9 2 . 0 ,  1 0 5 . 0  

4741.0,  96 .0 ,  1 0 5 . 0  
4741 .0 ,  1 1 2 . 0 ,  1 0 5 . 0  

988.0,  1 1 6 . 0 ,  1 0 5 . 0  
988 .0 ,  1 5 0 . 0 ,  1 0 5 . 0  

* * *  L a y e r  a006, a i r  t o  r u b b l e  a t  105-106 y r  
* M a t e r i a l  , name=aO 0 6Ma ti 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
3 .155760E8,  2 5 . 0 ,  0 . 0  
3 .155760E8,  2 5 . 0 ,  1 0 5 . 0  
6.311520E6, 2 5 . 0 ,  106.0 
* D e n s i t y  , dependenc ie s=-1  
1 . 2 ,  2 5 . 0 ,  0 . 0  
1 . 2 ,  25 .0 ,  1 0 5 . 0  
2325, 2 5 . 0 ,  106.0 
* S p e c i f i c  h e a t ,  d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  2 5 . 0 ,  0 . 0  
1 0 0 0 . 0 ,  2 5 . 0 ,  1 0 5 . 0  

969.0,  0 . 0 ,  106.0 
969.0,  92 .0 ,  1 0 6 . 0  

4741 .0 ,  96 .0 ,  1 0 6 . 0  
4741 .0 ,  1 1 2 . 0 ,  1 0 6 . 0  



988 .0 ,  1 1 6 . 0 ,  1 0 6 . 0  
988 .0 ,  1 5 0 . 0 ,  1 0 6 . 0  

* * *  Layer  a 0 0 7 ,  a i r  t o  r u b b l e  a t  106-107 y r  
*Mat e r i a 1, name=a 0 0 7 Mat: 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
3.155760E8, 2 5 . 0 ,  0 . 0  
3.155760E8, 2 5 . 0 ,  1 0 6 . 0  
6.311520E6, 2 5 . 0 ,  1 0 7 . 0  
* D e n s i t y ,  d e p e n d e n c i e s = l  
1 . 2 ,  2 5 . 0 ,  0 . 0  
1 . 2 ,  2 5 . 0 ,  1 0 6 . 0  
2325, 2 5 . 0 ,  1 0 7 . 0  
* S p e c i f i c  h e a t  ,, d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  2 5 . 0 ,  0 . 0  
1 0 0 0 . 0 ,  2 5 . 0 ,  1 0 6 . 0  

969 .0 ,  0 . 0 ,  1 0 7 . 0  
969 .0 ,  92 .0 ,  1 0 7 . 0  

4741.0,  96 .0 ,  1 0 7 . 0  
4741.0,  1 1 2 . 0 ,  1 0 7 . 0  

988.0,  1 1 6 . 0 ,  1 0 7 . 0  
988 .0 ,  1 5 0 . 0 ,  1 0 7 . 0  

* * *  Layer  a008,  a i r  t o  r u b b l e  a t  107-108 y r  
" M a t e r i a l ,  name=a008Mat- 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
3.155760E8, 2 5 . 0 ,  0.0 
3.155760E8, 2 5 . 0 ,  1 0 7 . 0  
6.311520E6, 2 5 . 0 ,  1 0 8 . 0  
* Dens i t  y , d e p  e nde n c i e s = 1 
1 . 2 ,  25 .0 ,  0 . 0  
1 . 2 ,  25 .0 ,  1 0 7 . 0  
2325, 2 5 . 0 ,  1 0 8 . 0  
* S p e c i f i c  h e a t , .  d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25 .0 ,  0 . 0  
1 0 0 0 . 0 ,  2 5 . 0 ,  1 0 7 . 0  

969 .0 ,  0 . 0 ,  1 0 8 . 0  
969.0,  92.0,  1 0 8 . 0  

4741.0,  9 6 . 0 ,  1 0 8 . 0  
4741.0,  1 1 2 . 0 ,  1 0 8 . 0  

988 .0 ,  1 1 6 . 0 ,  1 0 8 . 0  
988.0,  1 5 0 . 0 ,  1 0 8 . 0  

* * *  Layer  a 0 0 9 ,  a i r  t o  r u b b l e  a t  108-109 y r  
* M a t e r i a l ,  name=a00 9Mat 
* C o n d u c t i v i t y  , dependeric i e  s= 1 
3.155760E8, 2 5 . 0 ,  0.C 
3.155760E8, 2 5 . 0 ,  108.C 
6.311520E6, 2 5 . 0 ,  109.C 
* D e n s i t y ,  d e p e n d e n c i e s - 1  
1 . 2 ,  2 5 . 0 ,  0 . 0  
1 . 2 ,  2 5 . 0 ,  1 0 8 . 0  
2325, 2 5 . 0 ,  1 0 9 . 0  
* S p e c i f i c  h e a t ,  d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  2 5 . 0 ,  0 . 0  
1 0 0 0 . 0 ,  2 5 . 0 ,  1 0 8 . 0  

969 .0 ,  0 . 0 ,  1 0 9 . 0  
9 6 9 . 0 ,  92 .0 ,  1 0 9 . 0  

4741.0,  96.0,  1 0 9 . 0  
4741.0,  1 1 2 . 0 ,  1 0 9 . 0  



988.0, 116.0, 109.0 
988.0, 150.0, 109.0 

* * *  Layer  a010,  a i r  t o  r u b b l e  a t  109-110 y r  
* M a t e r i a l  , nam#e=aOlOMat 
* C o n d u c t i v i t y ,  depende: ic ies=l  
3.155760E8, 25.0, 0.0 
3.155760E8, 25.0, 109.9 
6.311520E6, 25.0, 110.0 
* D e n s i t y ,  depe :ndenc ie s= l  
1.2, 25.0, 0 . 0  
1.2, 25.0, 1139.0 
2325, 25.0, 110.0 
* S p e c i f i c  h e a t  , d e p e n d e n c i e s = l  
1 0 0 0 . 0 ,  25.0, 0 . 0  
1000.0, 25.0, 109.0 
969.0, 0.0, 110.0 
969.0, 92.0, 110.0 

4 7 4 1 . 0 ,  96.0, 110.0 
4 7 4 1 . 0 ,  112.0, 110.0 
988.0, 116.0, 110.0 
988.0, 150.0, 1 1 0 . 0  

L a y e r  b001-aO10, r o c k  t o  a i r  a t  100-101 y r  
and  a i r  t o  r u b b l e  a t  109-110 y r  

* * *  
* * *  
* * *  m a t e r i a l  d e f i n i t i o n  f o r  b001-aO10 was chanaged  t o  b002mat 
* * *  f o r  0901Model which does  not go beyond 1 0 1  y e a r  
* Mat e r i a 1 , name=b 0 0 1 - a 0 1 OMa t 
* C o n d u c t i v i t y ,  d e p e n d e n c i e s = l  
5.869695E7, 25.0, 0 . 0  
5.869695E7, 25.0, 101.0 
3.155760E8, 25.0, 102.0 
* D e n s i t y ,  d e p e n d e n c i e s - 1  
2325.0, 25.0, 0 . 0  
2325.0, 25.0, :101.0 
1.2, 25.0, 1102.0 
" S p e c i f i c  Heat , .  d e p e n d e n c i e s = l  
969.0, 0.0, 0.0 
969.0, 92.0, 0.0 

4 7 4 1 . 0 ,  96.0, 0 . 0  
4 7 4 1 . 0 ,  112.0, 0 . 0  
988.0, 116.0, 0.0 
988.0, 150.0, 0.0 
969.0, 0.0, 101.0 
969.0, 92.0, 101.0 

4 7 4 1 . 0 ,  96.0, 1 0 1 . 0  
4 7 4 1 . 0 ,  112.0, 1 0 1 . 0  
988.0, 116.0, 101.0 
988.0, 150.0, 1 0 1 . 0  
1000.0, 0.0, 102.0 
1000.0, 150.0, 102.0 
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* * *  Mechn ica l  M a t e r i a l  Def j - n i t i o n s  
* * *  

* * *  
* *  
* *  L i n e a r - e l a s t i c  model 
* *  P a r a m e t e r s  from h i g h - g r a d e  l i t h o p h y s a l - r o c k  d a t a  
* *  Mean s t r e n g t h  p r o p e r t i e s  
* *  S t r e s s  d i s t r i b u t i o n s  p o s t - p r o c e s s e d  t o  c a l c u l a t e  
* *  s t r e s s / s t r e n g t h  r a t i o  d i s t r i b u t i o n s  

* *  Young's  modulus : 2. OELl MPa 
* *  F r i c t i o n  a n g l e :  40  d e g r e e s  
* *  Cohes ion:  7 . 0 6  MPa 

* M a t e r i a l ,  name=rockMat. 
" E l a s t i c  

*Expans ion  

* *  

* *  

20000., 0.20 

7 .14e -06 ,  0.. 
7 . 1 4 e - 0 6 ,  50 .. 
7.47e-06 ,  75 .. 
7 . 4 6 e - 0 6 , 1 0 0  .. 
9.07e-06 ,125  ,. 

9.07e-06 ,225  .. 
*User  Ou tpu t  V a r i a b l e s  

1, 


