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Changes in Fracture Porosity and Permeability from Mechanical Deformation

Changes in fracture porosity and permeability can result from both elastic and inelastic deforma-
tions. The following discussion concerns changes due to inelastic deformations. Elastic changes
will be considered later. These notes replace the notes on pages 54-55 of Scientific Notebook #263
(though only the material on page 55 is actually modified).

Relationship Between Fracture Porosity Change and Inelastic Volumetric Strain

Definitions

vy = fracture volume

v = total volume (sum of fracture volume and solid-rock volume)
¢y = fracture porosity = vy /v

Consider a small rock body subjected to a complete cycle of loading and unloading such that all
recoverable deformations caused by the loading is recovered during unloading. Let the rock body
undergo inelastic (i.e., non-recoverable) deformation as a result of the loading and unloading cycle,
such that its volume changes from vy, at the beginning of the cycle to vy at the end. The change
in volume is accounted for entirely by a change in fracture volume from vy, at the beginning of the
cycle to vy at the end.

The inelastic volumetric strain e” is given by

Vg — Y v —v Av
N V% N fo _ BOVf )
Vto Vto Vto
where Avy = vf1 — Vo The initial fracture porosity ¢y, is
v
g0 = Yo (2)
Vto

and the final fracture porosity ¢y is given by

_m_v;°+Av/

¢n= Vg + Aoy (3)

un
which, dividing both numerator and denominator by v, and using the result obtained earlier for
&N and b0, gives
b0+ eN
1+6eV

on = (4)

Because 1+ ¢~ = 1, the foregoing equation implies
¢n=dpote" ()
which, using Ady = ¢71 — b0, gives

Agp =N (6)

g™
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That is, the change in fracture porosity resulting from inelastic deformation is equal to the inelastic
volumetric strain.

Fracture Porosity and Fracture Aperture

Consider a hypothetical rock body with a fracture spacing s that has the same value in three
perpendicular directions (i.e., the principal directions). Then the linear fracture density (number
of fractures per unit length) in any principal direction is 1/s and the volumetric fracture density is
3/s. 1t is further assumed that the fracture aperture b is the same for every fracture. The fracture
aperture changes from b, to b,+ Abas a result of inelastic deformation during a loading cycle such
as was defined previously. The corresponding change in fracture porosity is from ¢, to @7, + Aoy,
where

34b

Apy=—— o

and

Fracture Permeability, Fracture Porosity, and Inelastic Volumetric Strain

The fracture permeability x; of the rock body is related to the fracture aperture through the
equation (cf. Elsworth and Mase, 1993: Comprehensive Rock Engineering edited by J.A. Hudson,

volume 1:201-226) P
"5 b /.

Therefore, the fracture permeabilities ks, and 71, at the beginning and end, /rgspectiyely, of the

loading cycle are: e

3 and & (b + ABP

o = Toge ="
~ S A2 3 Q‘J

Using these relationships, the fracture permeability at the end of a given deformation sequence

(such as the hypothetical load-unload cycle), considering only the effects of inelastic deformation,
can be related to the initial fracture permeability and porosity as follows:

b\* agp\® NS
kg = Rurgo  where R,‘=<1+—A—> =(1+ ¢’) =(1+f—)
®f0 9o

(RY"

(8)

(10)
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SUBROUTINE UVARM(UVAR,DIRECT,T, TIME,DTIME, CMNAME, ORNAME,
1 NUVARM, NOEL, NPT, LAYER, KSPT, KSTEP, KINC,NDI, NSHR)

INCLUDE ’‘ABA_PARAM,INC'

CHARACTER*8 CMNAME, ORNAME, FLGRAY (15)

DIMENSION UVAR(NUVARM),DIRECT(3,3),T(3,3),TIME(2)
DIMENSION ARRAY(15),JARRAY(15)

Code KFRAC02 (Version 2 of Code KCHANGE)

Computes changes in fracture permeablllty
following procedure documented in CNWRA Scientific Notebook
#321, p. 29.

Values of inelastic strain required for the calculation are
obtained through ABAQUS user-interface subroutine GETVRM

@

Externally supplied input parameter:

PHIOF Value of fracture porosity at the strain-free state;
fracture porosity is defined as

total fracture volume per unit bulk volume

The calculated permeability ratio is stored in vector UVAR
at location UVAR(1)

Location in UVAR

Stored variable

1 Ratio (Rk) of current permeability to the initial
(strain-free state) permeability

[sEeNoNeNoRoNoNoRoNeNoNe o NrNoNe NoNe No N Re Re Re R e

PHIOF = 1.0D-4

c
c Obtain current values of inelastic (plastic) strain components €%
EE— c
JRCD = 0
CALL GETVRM(’PE’,ARRAY,JARRAY,FLGRAY,JRCD) é (/@'V'
c IF (JRCD .NE. 0) THEN 96
¢ WRITE(6,1000) NOEL,NPT,TIME(2) w\(\ w i0 ,
Py c RETURN g\
c END IF
: % ) Mﬂ W\
DPHIF = ARRAY(1l) + ARRAY(2) + ARRAY(3) 9 @ §
L - RPHI = 1.0 + DPHIF/PHIOF \“X
UVAR(1) = RPHI*RPHI*RPHI \)v
: RETURN
A c
Cm===67==l-=-m=u-m- b R d-neeennnn R R 7-%
‘e
1000 FORMAT(/,’ERROR IN UVARM-CALL FOR VARIABLE IE’,/,
—_— 1 10X, 'FOR ELEMENT NUMBER = ’,I5,/
2 10X, ' INTEGRATION POINT = ’/,I5,/ - M
3 10X, AT TIME = /,EL12.3)
. o A
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N !
/mn-unttngnnno':p.np'mnn*»nntpntnt.tnp-.nt.nnn.tnnnnnnnnn:-..* & if (!Fplot)(

TS

) Cerr << "Unable to open file * << plotFilé << endl;
Bda2DrftSrc ) cout << "Press return to end ",
This code calculates the heat source per upit volume of emplacement gz;ﬁ:’g)z 1;
drift for the EDA-II thermal loading option: 60 MTU/acre with 81 m ) ‘
(center-to-center) drift spacing.
end\
The input data are: Fout << "+**\nt,

if (theSection == SQUARE)

onThisline = 0;
enum SectionType (CIRCLE, SQUARE};

e
—
-
—
1 Drift geometry . Fout << "#*% Heat source strength function for a 5.5x5.5 square drift\n", %
. elge . —_—
2, U : :
3 :Z::i Z:Itje;u::u?fr;g t:igi:ﬁ;::g :; ll;garepositoxy Fout << "*** Heat source strength function for a 5.5-m diameter drift\n" ;
‘ L Fout << "##*n tl,ql,t2,92 ... etc\n";
4. Area mass loading (# of MTU per unit area) . . 9
> : Fout << "#%* t = time in yr; = Joules/m~3/yr\n" ;
5. Drift spacing i Fout << "#w\n"; . yri q /m3/yT\ — E :
The calculated source-strength history . . - ]
(J/yr/m3) is output following ABAQUS input format. Fplot << setw(12) << "Year® << setw(1l2) << "W/m~3" << endl; (A
, . float mpd = driftSpacing*amL/acre; = ¢
Set value of variable theSection as follows: while (Fin){ P
theSection = CIRCLE for a drift with circular section (drift-scale model ) : [:":.n.getline(buf,_lSO); . d
thesecti - ” P drift with tion (site- 1 del istrstream inpLine(buf,nBuf);
eSection = SQUARE for a dr. ith square section (site-scale model) inpLine >> year >> wpQ; -
. if (inpLine.good())(
g::h?r : flév;;xb 2§°§g§; sreStrength = mpd'(wpo/mtu'rotal)*megaJoule*secPerYear/xsacAren:
sysié:w C++ compiler Fplot << setiosflags(ios: :fixed) << setprecision(l)
(Code developed using Borland C++ Builder 4 :: f_etwéi'z)ff< ye:r : 1fixed
***!tt*’t**ft**t'*t*)!t't*w*'*’*"'*lt*t!*"*ttw*'l'!ﬁtit*"*tt'lfﬂ**!/ ese os Ags( 05..' xe ) N
<< setiosflags(ios: :gcientific) << setprecision(3)
<< setw(l2) << (srcStrength/seePerYear) . l
:i:zi‘zg: ::;:::j).p> << resetiosflags(ios::scientific)
<< endl;
tnctegs Sroem £, (onmhisiine = 31 ,
tinclude <maths Fout << setiosflags(ios: :fixed) << setprecision(3)
#include <strings << setw(l2) << (year + zeroTime) << "," ,.(\
tinolude <coniog << resetiosflags(ios::fixed)
<< setiosflags(ios: :scientific)
<< setprecision(5) —— -
foragms harstop << setw(12) << srestrength ‘S : :
<< resetiosflags(ios: :scientific) / ! «
using namespace std; Sx endl; ’

else{
e TR Fout << setiosflags(ios::scientific) << setprecision(3)
<< setw(1l2) << (year + zeroTime) << ", *
#pragma argsused 3 .,
int main(int arge, char *rargv) << resetiosflags(ios: ..fixed)A
( << setiosflags(ios: :scientific) /
SectionType theSection = CIRCLE; /7 Circular section :: :ztsfigisigné:éstrength << ", " —E L
i i = . i ’ ’
// SectionType theSection = SQUARE; // Square section ( << resetiosflags(ios::scientific); “
char buf[151]; onThisLine++; % § ‘_1
har* inFileN. = "d:\\ThermMech 11WPSrc.txt"; .
:h::* outFife:xan:le- ANS \\a. c if (year < zeroTime){ ,/ Keep flux constant thru first year S
if (thesection --ISQUARE) Fout << setiosflags(ios: :scientific) << setprecision(2)
> - ng. . " << setw(12) << (year + 1.0 + zeroTime) << ","
el::tFlleName d.\\ThermMech\\NARMS2000\\51teScale\\sDrftSrc.def ; ) << resetiosflags(ios: :fixed) "G
outFileName = "d:\\ThermMech\\NARMS2000\\DrftScale\\cDrftSrc.def"; :: ::Elosfiags(igs: :sclentific) ot
char* plotFileName = "d:\\ThermMech\\NARMS2000\\drftSro. txt" ; preclsion(3) -
int onThisLine = 0; << setw(1l2) << srcStrength << ", C"
float year,wpQ; << resetiosflags(ios: :scientific); -
’ ; ot .
float srecStrength; onThisLine++; ‘ﬁ
size_t nBuf = sizeof (buf); ) w
float megaJoule = 1.0e6; } d 2
float pi = 4.0*atan(1.0); " o ° N
float mtuTotal = 70011.; c::th<<~ Done ... Press return to end: " B N
float amL = 60.0; Sooniyi ;
float driftSpacing = 81.0; ) return 0;
float driftHeight = 5.5; ’
float secPerYear = 365.25%24.0%60.0%60.0; \
float acre = 4047.0; Q £
float zeroTime = 2.0e-6; g
float xSecArea = driftHeight*driftHeight; )
if (theSection == CIRCLE) XSeCArea *= (pisz4.0);
ifstream Fin(inFileName); ] S
if (t1Fin){
cerr << "Unable to open file " << inFileName << endl; . 9
cout << "Press return to end "; ! 'i >
getch(); g
return (1); /
ofstream Fout (outFileName); A
1f (!Fout){

cerr << "Unable to open file " << outFileName << endl;
cout << "Press return to end ";

getch();

return (1);
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Table 4-3. Lithostratigraphic Units and Their Bulk Density, Thermal Conducuvnty, and Specific Heat (References

5.12,5.54, 5.55, 5.60, 5.61, and 5.63)

; Thermal Conductivi Specific Heat
TM Unit SNL Unit Thickness | Bulk Densty T<x100C | T>1ot3c T<=84C | ucpegrw 1ac]  To>na
(m} (kg/m3) (W/m-K) (Wg-K)
—_ Tperv
Tpem
Tpepul
— TCw Tpepmn
Tpepl 284 2300 1.92 1.69 883.17 4076.00 912.13
Tpepin 60.9 2300 1.88 1.28 883.17 4076.00 912.13
—_ Tpepv 0.0
Tpcpvi 13.8 1460 1.07 0.51 1526.44 20076.03 1043.56
Tpbtd 1.4 1310 0.50 0.35 1701.22 22374.81 1163.05
I Toy 1.4 1790 0.97 0.44 1245.03 16374.86 851.17
PTn Tpbt3 04 1390 1.02 0.48 1603.31 21087.05 1096.12
Tpp 15.0 1130 0.82 0.35 1972.21 25938.94 1348.32
Tpbt2 55 1200 0.67 0.23 1857.17 24425.83 1269.67
47 1200 1.00 0.37 1814.58 19624.25 1410.00
Tptrv
24 X
Tewi Tptm 41.1 2380 1.62 1.06 872.90 5153.57 849.54
Tptrt 10.9 2130 1.68 1.27 975.35 5758.45 949.25
Tptpul 62,5 2130 1.97 1.07 975.35 5758.45 949.25
Tpipmn 297 2250 2.33 1.56 951.73 4657.16 970.62
* (jsw _=‘ ~ Tptpll 96.5 2210 2.13 1.50 968.96 .| 474145 988.19
—_— Tpipin 56.6 2270 1.84 1.43 943.35 4616.12 962.07
TSw3 19.1 2270 2.08 1.74 1018.63 8229.20 1008.33
Tptpv
162
— CHnt Tpbt1 36 1660 1.31 0.68 1577.11 21311.27 1190.87
Tac(v) 71.8 1520 1.18 0.59 1722.37 23274.14 1300.56
Tac(z) ’
CHn2 Tacbt 11.8 1790 1.34 0.70 142453 15131.62 1316.82
TSw2* 1828 | T 2235 2.06 1.49 958.12 4688.41 977.14

* Note: The thermal conductivity and bulk density values arc calculated based on the weighted average over three combining units, Tptpmn,

Tptpll, and Tptpln. The specific heat values are from Refercnce 5.12, Section 1. 13262, Table 5, p. 10.
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Title: Repository Ground Support Analysis for anblhty Assessment
Document Identifier: BCAA00000-01717-0200-00004 REV 01

Page: 22 of 140

Table 4-7. Rock Mass Mechanical Properties for TSw2 Unit.

Rock Mass Quality E—
Parameter Category Source
— L7 Lo 80 |
Elastic Modulus E (GPa) 7 0 \\ ¥'61 Reference 5.62, Table 4.
Poisson’s Ratio v 0.21 0.21 Reference 5.17, Table 7-6. —_—
- Cohesion ¢ (MPa) 1.5 5.2 Reference 5.62, Table 5. _—
Friction Angle @ (degrees) 43 46 Reference 5.62, Table 6.
* | Shear Modulus G (GPa) 3.21 13.48 Calculated using G=E/[2(1+ v,
Reference 5.52, p. 173.
Bulk Modulus B (GPa) 446 18.74 Calculated using B=E/[3(1-2v)], —_—
Reference 5.52, p. 173.
E— Tensile Strength g, (MPa) 1.32 4.21 Reference 5.62, Table 8.
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Figure 4 Wall Temperature During Continuous Ventilation at 10 cms.
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Figure 5 Air Temperature During Continuous Ventilation at 10 cms
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" Table A-1 Properties of air at P = 101.325 kPa
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" Heatloss.cpp
es r‘\-ﬂ,«g‘ l.eC 4
(4] >
HeatLoss

This code calculates the rate of heat removal by ventillatior
using the values of inlet and outlet air temperatures
and ventillation flow rate specified in DOE’s ventillatior
model (Document # ANL-EBS-MD-000030-REV. 00 of November 1999).
- Alr temperature is assumed to vary linearly over each 100-m drift segment.

Nodify the values of the following hard-coded variables as necessary:

tAirFile

airProprile

outrile

flowRate

driftDiameter

numAirDataPoints
! timeval

Author:
Date:
- System:

G. I. Ofoegbu
January 200C
C#+ Compliler

tinclude <stdio>
- #include <iostream>
#include <iomanip>
tinclude <fstream>
tinclude <strstrea>
#include <conio>
#include <stdlib>
#include <math>
#include <string>

#pragma hdrstop
tinclude <condefs>

using namespace std;

- char* messageBuffer;
void DumpAndQuit();

int ERROREND = 1;
int NORMALEND = 0;

struct AirProp{

bool init;

int numData;

float *temp;

float *dens;

float *sHeat;

AlrProp(int n){
numbData = n;

. temp =~ new float(n];
dens = new float[n};
sHeat = new floatin];
init = true;
if (ltemp || Idens {]

- init = false;

h

~AirProp(){
if (temp) delete{] temp;
1f (dens) delete[] dens;

- if (sHeat) delete[] sHeat;

}:

}:

{sHeat)

float LinearInterp(const float* X, const float* fOfX, float atX, int n);
int GetAirProps(AirProp* pAir, charw airPropFile);
int GetTAir(char* tAirFile, float* temp, int numbData);

7/

. #pragma argsused
int main(int arge, char* argv(])
{

int timeVal[] = {1,5,10,20,50,70,100,125};
- int numTimeval = 8;
float flowRate = 10.0; .
char* airPropFile = 'd:\\ventillation\\Data\\uirProps.dat";
int numAirpataPoints = 12;
£loat ductLength = 500.0;
- 174
// Name of the input file for air temperature (tAirFile) varies wit}h
/7 the ventillation rate RR and the year YYY as follows
// Also, the name of the output file (outFile;} varies with RF
Y

7 (&)
(Code developed using Borland C++Bu11der/
*r

HeatLoss.cpp ] ) P 2 °E’ q
char+* tAirFileb- 'ﬁ:\\Ventilgation\\mERea ta\\taRRYYY.out";

char* outFile = 'd:\\Vantu1ation\\vnchaek\\vnu.out';
/7 Allocate memory for possible error megsages '

messageBuffer = new char [151};
if (imessageBuffer){
cerr << "Memory allocation error for messageBuffer\n";
cerr << "Press any key to end: "
getch();
return (1);

// Read Alr Property data

ALirProp* pAir = new AirProp(numAirDataPoj.nu);
if (IpAir || I(pAir->init))(
sprintf({messageBuffer, *Memory allocation failure on PALr®);
: delete pAir;
DumpAndQuit(y;

}

12 (GetAirProps(paAir, airPropFile) =w ERROREND) {
delete pAir;
DumpAndQuit();

}

/7 Open output file and print heading informatior

int vRate = flowRate;
sprintf(outFile, 'd:\\Ventlllation\\VLCh'eck\\leozd .out”, vRate);
ofstream Fout(outFile);
if (1Fout){
sprintf(messageBuffer, "Unable to open file 8", 0utFile);
delete pAir;
DumpaAndQuit();

Fout << "Consistent Heat Removal Rate\n®
<< "For DOE's Ventillation Case with Flow Rate = *
<< setiosflags(ios::fixed) << setprecision(l)
<< flowRate << " m*3/8* << resetiosflags(ios::fixed)
<< endl;

Fout << setw(15) << "Time (yr)*
<< setw(l7) << "HeatLoss {kW/m)"
<< endi;

float temp(7};
int numTemp = 7;
for (int i=0; i<numTimeval; 1++)(
float year = timeval[i];
sprintf(tAirFile, "d :\\ventillnticn\\nomnesults\\ta%02dw3d .out*®,
vRate, timeVal(i});
if (GetTAir(tairFile, temp, numTenp) == ERROREND) {
delete pAir;
DumpAndQuit();
]

float kWLoss = 0.0;

for (int j=2; j<numTemp; j++){
float tAvg = 0.5¢(temp[3-1] + temp[j]);
float tDelta = temp({j] - temp{j-1];
float sHeat = Linearznterp(pnir->te.mp,pAir->sHeat,tAvg,pAir-)numbata);
float dens = Linearlnterp(pl\ir->temp,pAir->dens,tAvg,pAir->numData);
kWLOSs += (sHeat*tDelta*flowRate*dens);

}

/7
// There is no information for year=0; apply year=1 ventillation loss
// (which 1s at 1=0 position) to year=¢

if (i==0)
Fout << setiosflags(ios::fixed) << getprecision(l)
<< getw(15) << "0.0"
<< setprecision(4)
<< setw(15) << kWLoss/ductLength
<< endl;

Fout << setiosflags(ios::fixed) << setprecision(l)
<< setw(15) << year Al
<< setprecision(4)
<< setw(15) << kWLoss/ductLength
<< endl;

}
// Done

delete pAir;

delete(] messageBuffer;

cout << "\nDone .. press any key to end:";
getch():

return 0;
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HeatLoss.cpp

Page 2-f U4

Consistent Heat Removal Rate
For DOE's Ventillation Case with Flow

10.0 m"*3/s

ate =

: ime r HeatLoss (kW/m)
- z Function LinearInterp evaluates the relationship f(t) at t=atTemp T (yr)
// using linear-polyncmial assumption for f(t). Calling program provide: A 0.0 0.5130
// pointers to arrays of t and f values that define the f(t) relationship. 1.0 0 5130
// Function LinearInterp assumes that the t array gives values of t ir . .
« // increasing order and that no two t values are equal. 5.0 0.8650
- ‘ 0.0 0.9489
float LinearInterp(const float* t, const float* f, float atTemp, int n}) %O . 0 0 8703
. . 9
- if (atTemp <= t[0}) 50.0 O 646
oL 70.0 0.5193
1f (atTemp >= t[n-1}) 100.0 0.3886
o e 1 125.0 0.3675
for (int i=1; i<n; i++)
if (atTemp <= tii})
: TORIC] # (£14) - £14-11)%(atTemp - £[L-11)/(LL] - £(4-1])
)i ‘
-11); This line is never reached; it was added to avoid
- zetumn(f(n-1l) 5; Borland-Compiler warning
! Consistent Heat Removal Rate
. . . _ N
int GotAlrProps(AirProp* pALr, char® airproprile) For DOE's Ventillation Case with Fl6w Rate = 15.0 m"3/s
- ifstream Fin(airPropFile); Time (yr) HeatLoss él;vgém)
1£s;;i‘:z%{measngeauffer,'Unable to open file %s",airPropFile): 0.0 0.
return (ERROREND); 1 ] O 0 . 67 63
| 5.0 0.9645
int numbata = pAir->numData;
£1on: temp,dens,sHeat; 10 . O 1 . O 62 9
Size_c nut = atzeot(ouf) 20.0 0.9704
- size_t nBuf = sizeo H
' il (1Fih.eof()( 50.0 0.6827
1Fin.eo.
'hﬁ:.éen?ne(bufinsug);f sty 70.0 0.5513
L uf, ni i
- i:;:ig:e:: égp x>‘:(tlens >> sHeat; 1 00.0 0.4175
HahirDtempon) = ¢ 125.0 0.3833
pAir->temp[nn) = temp;
pAir->dens(nn) = dens;
pAir->sHeat[nn] = sHeat;
= if ((++nn) == numbData) % .
break; "
. - —
) (1) Bret, e hedl—sovce
if (nn < numData}{ Lo 2

sprintf(messageBuffer, "Only %d of %d air property data found in file 3%s*,
nn,numbata,airPropFile);
return (ERROREND};

- return (NORMALEND);
1

int GetTAir(char* tAirFile, float* temp, int numData)

{
- ifstream Fin(tAirFile);
1Fin i
1isl(n'im:;Emessageauffer,"um:ble to open file %s8*,tAirFile);
raturn (ERROREND);
}

char buf[100];
size_t nBuf = sizeof(buf);
float 4&,t;
int numFound = 0;
while (IFin.eof()){
Fin.getline(buf, nBuf);
istrstream inpLine(buf,nBuf};
inpLine >> @ >> t;
- if (inpLine.good()){
temp{numFound] = t;
if ((++numFound) == numData)
break;

}
umFound < numData){
Mx;[ggim:f(mes.-sageauffer,“Only %d of %d temperatures found in file %s*,

numFound, numData, tAirFile);

return (ERROREND);
L o gl L

}

HeatLoss,cpp P@ﬁ ,e

) return (NORMALEND);

- \(lold DumpAndQuit()

cerr << "\n" << messageBuffer << "\n";
delete[] messageBuffer;
Cerr << "Press any key to end: "

- getch();

: exit(l);
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prftSrc2001.cpp DrftSrc2001.cpp P

Pase.).o 0.4 ' : 2 of U —

iz (Getventillationbnta(ﬂimc,vLoua,nuvaouData,vmsaFile) == ERROREND) {
delete[] vIime;
deletel] vloss; ——

/
DrftsSrc2001

This code calculates the heat source per unit volume of emplacement

drift for the EDA-II thermal loading option: 60 MTU/acre with 81 2 DumpAndQuit() s
{center-to-center) drift spacing. ) }
The input data are: -
P : ifastream Fin(inFileName); -_—
1. prift geometry if (1Fin){

sprintf(messageBuffer, "Unable to open file 8", inFileName);

2. Initial heat output per uait length of drift rim
3. Ventillation loss per unit length of drift (decays with time; - dﬁ‘“” o e;
4. Heat source decay function (Decays from initial value of 1.0; gum;::géuzt(;:’ J—

The calculated source-strength history

}
(J/yr/m*3) is output following ABAQUS input format. ofstream Fout(outFileName):

1f (!Fout){
Modify values of the following variables as necessary B :ﬁi:tﬁms‘::;gfnuffer, *Unable to open file %s8",ocutFileName); —
23

delete[] vLoss;

maxvTime
airFlowRate DumpAndQuit();
maxDsrc - }
ofstream Fplot(plotFileName); —_—
Author: G. I. ofoegbt if (IFplot){
Date: January zogg sprintf(messageBuffer, *Unable to open file %s®,plotFileName):
System: - C++ compiler gaia:eH v:‘:’.me;
Code developed 1, Borland s elete[] vioss; —_
R ( eveloped using Borland C++ Buij.der 4; DumpAndQUit() 1
. }

#include <stdio>

#include <stdlib> -
#include <iomanip>

#include <fstream>

tinclude <strstrea>

#include <math>

#include <string> -
#include <conio>

Fout << **+*\n";
Fout << "#*+ Heat source strength function for a " —
<< getiosflags(ios::fixed) << setprecision(l)
<< driftHeight
<< "-m diameter drift"
<< resetiosflags(ios::£fixed)
<< endl; _—
if (ventillated)
Fout << "*** Heat source data INCLUDES *
<< setiosflags(ios::fixed) << setprecision(0)
- << maxVTime
<< * yr of VENTILLATION LOSS at "
<< airFlowRate
<< resetiosflags{ios::fixed)
<< * m~3/s\n";

#pragma hdrstop
#include <condefs>

using namespace std;

char* meassageBuffer; .
void DumpAndQuit();: R
int ERROREND = 1; R Fout << "*** Heat source data DOES NOT INCLUDE VENTILLATION LOSS\n";
int NORMALEND = 0;

’ Fout << "##+ tl,ql,t2,92 ... etc\n”
int GetVentillationData(float* vTime, float* vLoss, int num, char* fileName); - F°“: << ::::\t = time in yr; g = '7"“195/"‘”3/5(1'\“ ’
Fout << n*; _—

float LinearInterp(const float* x, const float* fOfX, float atX, int n);

Fplot << setw{12) << "Year*
<< setw(12) << "WPSrc kwW/m"
<< gsetw(12) << "vLoss kW/m®
<< setw(15) << "netSrc kW/m*® -
<< endl;

Vid
#pragma argsused
int main(int argc, char **argv) -
{
bool ventillated = true;
int numVLossData = 9;
float* vTime = 0;
float* vloss = 0;
float maxvTime = 125.0;
float airFlowRate = 15.0;
float maxDSrc = 1550.0; //Heat source per drift length (W, at
float driftHeight = 5.5; P g (R/m) time zerc
float secPerYear = 365.25%24.0%60.0%60.0; h
chax* inFileName = "d:\\Ventillation\\allWPSrc.txt";

char buf[151];
- size_t nBuf = sizeof(buf);
int onThisLine = 0;
float year,wpQ;
float maxWPQ = 71.499486;
float wpSrc,lostSrc,netSrc;
float zeroTime = 2.0e-6; -
float pi = 4.0*atan(1.0);
float xSecArea = driftneight"driftneightt(pi/d 0);
float kiloWatt = 1000.;
while (Fin){
Fin.getline(buf,150); -
istrstream inpLine(buf,nBuf);
inpLine >> year >> wpQ;
if (inpLine.good()){
wpsSrc = maxDSrc*(pr/mawaQ)'secPerYear/xsacArea,
lostSrc = 0.0;
if (ventillated && !(year > maxVTime)) i
lostSrc = LinearInterp{vTime,vLoss,year,nunvLossData);
lostSrc *= (kiloWwatt*secPerYear/xSecArea);
- netsSrc = wpSrc - lostSrc;

//Max value of wpR (at time zero)

Vs

// The name of input file (vLossFile) and the output files (outFileName anc

// plotPileName) vary with the ventillation flow rate RR and ventillatior =
/7 time TTT as follows

V4

char* vLossFile = "d:\\Ventillation\\VLCheck\\VLRR.out";

char* outFileName = *d:\\Ventillation\\DrftScale\\SrcRRTTT.def";
char* plotFileName = *d:\\Ventillation\\VLCheck\\SrcRRTTT.txt"; -
int tMax = maxVTime;

int fRate = airFlowRate;

sprintf(vLossFile, "d:\\Ventillation\\VLCheck\\vL$02d.out", fRate);
sprintf({outFileName, "d:\\Ventillation\\DrftScale\\srct02ds03d.def",

fRate, tMax);
sprintf(plotFileName, "d:\\Ventillation\\VLCheck\\src$02ds03d. txt", if (netSrc < 0.0) netSrc = 0.0; )
fRate, tMax); Fplot << setiosflags(ios::fixed) << setprecision(l)

<< setw(12) << year

<< setprecision(3)

<< setw(l2) << (xSechrea*wpSrc/secPerYear/kiloWatt) R
<< setw{l2) << (xSecArea*1ostsrc/secPerYear/kilowatt)

<< setw(l2) << (xsecnxea'netsrc/secPerYaar/kiloWatt)

1f (ventillated){ -
vTime = new float[numVLossData];
vLoss = new float[numVLossData]l;

if (1vTime || !vLoas){
sprintf(messageBuffer, "Memory allocation failure®); << endl;
DumpAndQuit(); - 1f (onThisLine == 3){
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Dr{tSrc2001.cpp

o PO\QG/ gof. U
Fout << setiosflags(ios::fixdl) << Betprecision(3)

<< getw(1l2) << (year + zeroTime) <<
<< resetiosflaga(ios::fixed)
<< netiosflagn(ios::'cientific)
<< setprecision(5)
<< setw(12) << netSrc
<< resetionflagl(ioa::ncientific)
<< endl;
onThisLine = 0;

else{

Fout << setlosflags(ios::scientific) << setprecision(3)
<< getw(l2) << (year + 2eroTime) << *,*
<< resetiosflaqs(ioz::fixed)
<< setiosflags(ios::scientific)
<< setprecision(5)
<< getw(1l2) << netSrc << °,*
<< resetlo!flags(ius::acientific);

onThisLine++;

if (year < zeroTime){ / Xeep flux constant thru first year
Fout << setiosflags(ios::scientific) << setprecision(2)
<< getw(l2) << (year + 1.0 + zeroTime) << *,*
<< resetiosflags(ios::fixed)
<< setiosflags(ios::scientific)
<< setprecision(5)
<< getw(l2) << netSrc << *,*
<< resetiosflags(ios::sclentific);
onThisLine++;

)
}

// Done

delete[) vTime;
delete{] vLoas;
cout << "Done ...
getch();
return 0;

1

Press return to end: *;

int GetVentillationData(float* vTime, float* vLoss, int numbData,
. char* vLossFile)
{

ifstream Fin(vLossFile);

1f (i1Fin){
sprintf(messageBuffer, "Unable to open file 8%, vLlossFile);
return (ERROREND);

float time,loss;
char buf[100];
size_t nBuf = sizeof(buf):
int nn = 0;
while (IFin.eof(}){
Fin;getline(buf,nBuf);
istrstream inpLine(buf, nBuf);
inpLine >> time >> loss;
Af (inpLine.good()){
vTime[nn) = time;
vLosa[nn] = loss;
1f ((++nn) == numData)
break;

}
if (nn < numData){

sprintf(messageBuffer, *Only %d of %d air property data found in file %sv,

nn,numData, vLossFile);
return (ERROREND);

return (NORMALEND):

V4

// Function LinearInterp evaluates the relationship f(t) at twatTemp

// using linear-polynomial assumption for f(t). Calling program provides
// pointers to arrays of t and f values that define the f(t) relationship.
// Function LinearInterp assumes that the t array gives values of t ir

// increasing order and that no two t values are equal.
V4

float LinearInterp(const float* t, const float* f, float atTemp, int n)
{

1f (atTemp <= t[0])

Drftsrc2001.cpp

, P%@L/-vg. L

if (atTemp >= t[n-1])
return(f[n-1]);

for (int i=1; i<n; 1++)
if (atTemp <= t([i])
xeg?ieil + (£{1) - f[i-1])*(atTemp - t[i-1])/(t14] - t{i-1])
)i

return(f[n-1]); // This line is never reached; it was added to avoid

// Borland-Compiler warning
}

' void DumpAndQuit()
t

cerr << "\n" << messageBuffer << "\n*;
delete[) messageBuffer;

cerr << "Press any key to end: ";
getch():

exit(l);
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. UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. NS00t
October 22, 1998

Dr. Asadul H. Chowdhury, Manager

Mining, Geotechnical, and Facility Engineering
Center for Nuclear Waste Regulatory Analyses
6220 Culebra Road, Bldg. 189

San Antonio, Texas 78238-5166

SUBJECT:  REPOSITORY DESIGN AND THERMAL MECHANICAL EFFECTS (RDTME)
KEY TECHNICAL ISSUE INTERMEDIATE MILESTONE NO. 20-1402-671-845:
T™ DRIFT STABILITY ANALYSIS AT REPOSITORY SCALE

Dear Dr. Chowdhury:
I have reviewed the subject report entitied, “Effects of Spatial and Temporal Variations of Rock-
Mass Quality and Integrity of Support on Distributions of Potential instability at the Proposed

Yucca Mountain Repesitory for High-Level Nuclear Waste * submitted on September 24, 1998,
as an Intermediate Milestone (IM). The raport programmatically satisfies the requirements of

was submitted by the Center for the NRC review sometime back. ‘You may recall that the same

'ismeswerealsoraisedduﬁngowdisassionswhenlvbitadﬂ')eCenterduringaprogram

review meeting in April 1998.

The major conclusion of the report raises some concemns. The report rightly states that the
spatial distribution of potentiaily unstable areas is primarily controlled by rock-mass quality
variations. This statement wouid lead the reader to expect that the areas of higher rock-mass
quality are likely to be more stable than the area of lower {poorer) rock-mass quality. However,
movements are more intense in areas of

has resuited from the premise of the analysis that there are weil-defined relationships between
rock-mass quality and stiffness properties of the rock, and rock-mass quality and strength
properties of the rock-mass. This seems to be the beginning of the prablem. Although the
report attempts to expiain the counterintuitive result (‘unexpected reiationship between rock-
mass quality and potential for instability...”), it does not explain the validity and defensibility of
using the empirical relationships as the premise for the analyses. if one examines Figure 2-6 of
the report (retationships between rock-mass quality and friction angle, cohesion, and the
Young's modulus), it becomes apparent that there is hardly any increase in the value of friction
angle and a very unimpressive increase in cohesion, whereas, the value of Young's modulus
increases quite dramatically, with increasing values of rock-mass quality. With cohesion and
fricﬁonanglebeingheprimaryconb'hnorstomngm;itseemsmattheomwneofm
analysis would be rather skewed, in that the empirical relationships are not truly representative
of the strength parameters at higher rock-mass quality values. if one can argue that higher
sﬁﬁnessleadstomorefac’lmehmda,onecanalsoeandmeargunennometemof

ce: W Fadricw
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Dr. A H. Chiowdhury 2

y

1 .
support and conclude that it is better to have degraded (poor quality) concrete support than a
high-quality (high-stifiness) concrete to support excavations (because, a higher quality/stifiness
would result in higher stresses and, thus, lead to higher potential instability). .

As discussed in our recent telephone conversation, | understand that you are planning on an
independent external review of this report before sending it out for publication in the
proceedings of the upcoming Rock Mechanics Confarence. | consider this a good idea and
encourage you to send the completed paper for an independent external review with particular
focus on the issues raised in this letter. However, itis entirely up to the Center to follow up in
any manner it deems appropriate. .

If you or Mr. G. Ofoegbu have any questions on the contents of this letter, please contact me at
(301) 415-8695 or via e-mail (msn1@nrc.gov).

Sincerely.
{orig signed by:)
Mysore S. Nataraja
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

August 11, 2000

Asadul H. Chowdhury, Manager

Mining, Geotechnical, and Facility Engineering
Center for Nuclear Waste Regulatory Analyses
6220 Culebra Road P.O. Drawer 28510

San Antonio Texas 78228-5166

RDTME KTI INTERMEDIATE MILESTONE NO. 20-01402.671.050: THERMAL-
MECHANICAL EFFECTS ON REPOSITORY DESIGN/PERFORMANCE:
DISCONTINUUM MODEL

SUBJECT:

Dear Dr. Chowdhury:

I have reviewed the Center for Nuclear Regulatory Analyses (CNWRA) report entitled: “Drift
Stability and Ground Support Performance Under Thermal and Dynamic Load in Fractured
Rock mass at Yucca Mountain Nevada.” | concur with the change of title, which better reflects
the contents of the report. | also concur with the decision to present the product in the form of
a report rather than a conference/journal paper. The subject report documents the results of
numerical modeiing of rock mass behavior to study drift stability under thermal load, taking into
account rock support provided by steel sets and reinforcing rock bolts. The report also
documents conclusions on ground support performance subject to vibratory ground motion.

The fact that the effects of ventitation are not factored into the analyses presented in the
subject report accounts for the overestimated temperatures and thermally induced stresses.
To make the results applicable to pre-closure conditions, the next phase of this modeling
exercise should account for the effects of ventilation on thermally induced stresses and drift
stability. There are two conclusions in the report that stand out: (1) thermally induced stresses
and deformation are greater in higher quality rock mass than in a lower quality rock mass; and
(2) the existing experience on ground support design gained from the Exploratory Studies
Facility and conventional underground mining and tunneling industry may not be appiicabls to
ground support design under thermal load (particularly at high thermal loads and for higher
quality rock mass).

The first conclusion is contrary to the common understanding that a lower quality rock mass
wollld experience greater deformation than a higher quality rock mass under the same loading
conditions. I have raised this point before when previous studies by the CNWRA came to the
same conclusions. Based on my discussions with Dr. Simon Hsiung and Dr. Rui Chen of your
staff, it is clear they understand my concerns, and they have assured me that the results are
not an artifact of modeling assumptions or limitations. | would strongly recommend that some
analytical verifications be done using simple closed form solutions to convince ourselves that,
indeed, the results are not artifacts of numerical modeling. For example, thermal stresses due

- to a point/line heat source can be superimposed on the readily available solutions for stress

distributions around a hole in an elastic plate. The results can be used to verify trends

observed in the numerical studies.
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“3 strsRoof.jnl
results, file=dm502 N
set, XYPrintFile:de02Roofstrs.ou:il’ Vo
readcur,name=sva,var=s22,elem=2036, centroid
readcur,name=sha,var=sll,elem=2036,centroid
readcur,name=ssa,var=sl2,elem=2036, centroid
readcur, name=s3a,var=s33,elem=2036, centroid
* kK

***% gjgn-change the stress histories

* kK
definecur,name=vstrs,operation=multiply, const=-1
sva
definecur,name:hstrs,operation:multiply,const=—1
sha '
definecur,name=sstrs,operation=multiply,const=-1
ssa .
definecur,name=h35trs,operation:multiply,const:—l
s3a

printcurve

vstrs,hstrs,h3strs, sstrs

end
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strsPillar.jnl
results, file=dm502 2 .
set, XYPrintFile=dm502PillarStrs.out \/EQIV—L
readcur, name=sva,var=s22,elem=1142, centroid
readcur, name=sha,var=sll,elem=1142, centroid
readcur, name=ssa,var=s12,elem=1142, centroid
readcur, name=s3a,var=s33,elem=1142,centroid
readcur, name=svb, var=s22,elem=614, centroid
readcur, name=shb,var=sll,elem=614, centroid
readcur, name=ssb,var=s12,elem=614, centroid
readcur, name=s3b,var=s33,elem=614, centroid
%k K

*** Average and sign-change the stress histories
* % %k

definecur,name=vstrs, operation=sum

sva, -0.5

svb, -0.5
definecur,name=hstrs, operation=sum
sha, -0.5
shb, -0.5

definecur,name=sstrs, operation=sum
ssa, -0.5
ssb, -0.5

definecur, name=h3strs, operation=sum
s3a, -0.5
s3b, -0.5

printcurve
vstrs,hstrs,h3strs,sstrs

end

“ XNPeatrEile

aoles

Cas LOLe o r
S e ey (E cocess .

"’€l€5”bﬁ\xak7<1 ~§%>~r CL,vw,3§55C5>1C) ;

strsWall.jnl

results, file=dm502 ’ . .
set, XYPrintFile=dm502WallStrs.out 4 s ‘v-/\
readcur, name=sva,var=s22,elem=2113, centroid
readcur,name=sha,var=sll,elem=2113, centroid

readcur , name=ssa,var=sl2, elem=2113, centroid

readcur, name=s3a,var=s33,elem=2113, centroid

readcur, name=svb, var=s22, elem=2180, centroid

readcur, name=shb, var=s1l, elem=2180, centroid

readcur, name=ssb,var=sl2,elem=2180, centroid

readcur, name=s3b,var=s33,elem=2180, centroid

* ok ok

*** Aayerage and sign-change the stress histories
%ok Kk

definecur, name=vstrs, operation=sum

sva, -0.5

svb, -0.5
definecur,name=hstrs, operation=sum
sha, -0.5
shb, -0.5

definecur,name=sstrs, operation=sum
ssa, ~-0.5
ssb, -0.5

definecur,name=h3strs, operation=sum
s3a, -0.5
s3b, -0.5

printcurve
vstrs,hstrs,h3strs, sstrs

end

T

psRoof.jnl
results, file=dm502 .

set, XYPrintFile=dm502Proof.out Vwﬁbw
readcur,name=pl,var=spl,elem=2036, centroid

readcur, name=p3, var=sp3, elem=2036, centroid

bsi-levwy -
*** Sign-change the pl and p3 histories to obtain 1 ~\) ‘
%% pmax and pmin histories

o N k o :s;

definecur,name=pmax, operation=multiply, const=-1

pl
definecur,name=pmin, operation=multiply, const=-1 . . {)h ( . .
p3 E>g \ LLJKWV :isbﬂul l‘ Oy &?&?\v¥jt

printcurve
pmin, pmax

end

psFloor.jnl

results, file=dm502 t} NP l_l 3

set, XYPrintFile=dm502Pfloor.out i
= 1,var=sp1,elem=2257,centr0}d
T oD 2257, centroid

readcur,name=p3,var=sp3,e1em= . ‘ R
Lecors - LS , o0 U s
*** gign-change the pl and p3 histories to obtain

*** pmax and pmin histories

* kk . .xp
ration=multiply,const=-1 .S A _

definecur,name=pnax, ope ) L
pl .
¥ Pk Eile.
=

p3 §
printcurve i
pmin, pmax

end ’ ' CJ{AB

?p

psWall.jnl
results, file=dm502 :] . !
set, XYPrintFile=dm502Pwall.out J G ’ L%
readcur,name=p113,var:spl,elem=2ll3,centro%d
readcur,name:plBO,var:spl,elem=2180,centr01§
readcur,name=p313,var:sp3,eleme=2113,centro;d
readcur,name=p380,var:sp3,eleme=2180,centr01d
* * Kk
x** Average and sign-change the pl and p3 histories to obtain
*+* pmax and pmin histories
* ok k
definecur, name=pmax, operation=sum
pll3, -0.5
pl80, -0.5

definecur,name=pmin,operation:multiply,const:—l
—
o0 dmT0l,

definecur, name=pmin, operation=sum

p313, -0.5
D380, -0.5 D/v
printcurve

pmin, pmax

end

. psPillar.jnl
results, file=dm502 - -
set, XYPrintFile=dm502Ppillar. out] Vo~ %&S
readcur, name=pla,var=spl,elem=1142, centroid
readcur, name=plb, var=spl, elem=614, centroid
readcur, name=p3a,var=sp3,eleme=1142, centroid

readcur, name=p3b, var=sp3,eleme=614, centroid z
* Kk K

*** Average and sign-change the pl and p3 histories to obtain
* Kk %

max and pmin histories
***p P * (\/ﬂ

definecur, name=pmax, operation=sum
pla, -0.5
plb, -0.5

p3a, -0.5
p3b, -0.5 /5?

printcurve
pmin, pmax

definecur, name=pmin, operation=sum l

end | %E:
. ya
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SnAmvre, —

A

QQLKQJQ \'a—m:gé—-&é \L&»Z—S e EXCEL

Aodred Molavy . The wﬁ&@‘ Eles

e ammc\ ion Adokse, Wmsheiker (rai fleo)

Usian m Cwmamé Slen o b-q0=-491,

Vo\f\/\-(}"\ e VUcde \.:>e\40~\) \:\>€n-e_.. ecd u«t?';

MicROSOET Excel. S dnedhs Hads ave
a\go ‘Aﬁkexé Bd\,ow jmg (Q.)Loq Ot toce\nc& e
— %E}Hﬁﬁﬁﬁiié'&'Strs sl 3IKB  Microsoft Excel Wor...  8/28/2000 3:00 PM > \TherndMedn
dm500R oofStrs.xls HKB Microsoft Excel Wor...  8/29/2000 1:44 PH.
— ] dmB005Path.xls 43KB  Microsoft Excel Wor...  8/30/20001:37 PM \NARMS? m\bf‘f‘ﬁfgm‘
@ dmb00wW allStrs.xls JIKE  Microsoft Excel Wor...  8/29/2000 3:40 Al . '
— dmb5(1 PillarStrs. xls 32KB  Microsoft Excel Wor...  8/28/2000 3:07 PM w&m
] dm501 R oofStrs.xls KB  Microsoft Excel Wor...  8/29/2000 1:58 PM .
— %] dm5015Path s KB Microsoft Excel Wor...  8/30/2000 1:35 PM w~dy c&s dw"GoD 2
%] dm501WallStrs.xls 31KB  Microsoft Excel Wor...  8/25/2000 9:48 AM -
— %) dmS02PilarStrs. xis 32KB Microsoft Excel Wor..  8/28/2000 314 PM IS0, o A5G0 -
deUZFlonfStrs.Hls J1KB  Microsoft Excel Wor...  8/29/2000 2:04 P ’ <
— 9 dm5025Path. s 43KB  Microsoft Excel Wor...  8/30/2000 1:33 PM Plav, Rov [ Eloer,
/// %) dm502w/allStrs. ¥ls 31KB  Microsoft Excel Wor...  8/29/2000 10 02AM W) ’ N “P' i
@W : 28— QLT 000 B2 P oY Al s ~fome poiripd
13]0v4k KB OUT File 8/242000229PM  _SkeessS oy Strs Lor
9] dm500PilarStrs. out 4KB OUT File 8/28/2000 10:01 AM '
- 9] dm500Ppillar.out 3KB  OUT File 8/24/2000 2:29 PM Alces s CMM
8] dm500Proof.out 3KB OUT File £/24/2000 2:29 PM
_ 3] dm500Pwall out 3B OUT File 5/24/2000 2:23 PM arnd SPatl. Lo shwese
3] dm500R oofStrs. out 4B DUT File 8/28/2000 10:01 AM ?
_ ) dm500WallStrs.out KB OUT File* £/268/2000 10.01 AM haﬂ,\ v Steo ﬁrf
3] dm501Pfloor. out 3KB OUT File 8/24/2000 3:45 PM
— %dmﬁm PillarStrs.out KB OUT File 8/28/2000 10:01 AM slr-ﬁe,ge Ws M
B dmb01Ppillar. out 3KB  0UT File 8/24/2000 3:45 PM
— @ dm501Proof. out 3KB OUT File B8/24/2000 3:45 PM -l/(,\p‘ o) "(’ LLGS Ol
8] dm501Pwall. out 3KB 0OUT File 8/24/2000 3:45 PM
_ @ dmB01R oofStrs. out 4KB  OUT File 8/28/2000 10:01 AM OM.‘TM* of. ce <Le4 o
2] dmB01W allStrs. out 4KB  OUT File £/26/2000 10:01 AM N o
_ 2] dmB02Pfloor.out 3B OUT File 8/24/2000 4:14 PM p. A0 -4l o d He
8] dm502PilarStrs. out 4KB  OUT File £/28/2000 10:02 AM \
_ @ dm502Ppillar. out 3KB OUT File 8/24/2000 414 PM « X (_9 8—:\% O~
2] dm502Proof. out 3KB 0UT File 8/24/2000 4:14 PM " q7
. 8] dm502Pwall. out 3KB OUT File 8/24/2000 4:14 PM txcel vrwll.ﬂz\e,exz .
9] dmS02R oofStrs. out 4KB 0OUT File £/28/2000 10:02 AM PN
. 2] dmB02w alStrs.out 4KB OUT File 8/28/2000 10:02 AM

%m&g@ﬂ%& ()C}\LEA aleo e d ofenn,

%] dm500PillaiPSHist....
%] dm500PillarsHist. ps
=] dm500PilarSPath.ps
%] dm500R0ofPSHist...
%] dm500RoofSHist.ps
%] dm500R0ofSPath. ps
%] dm500W allPSHist..
%] dmS00WalISHist. ps
=] dmB00W allSPath. ps
=] dm501PillalPSHist...
=] dm501PillarSHist. ps
%) dmB01PillaiSPath.ps
%] dm501R0ofPSHist...
=] dm501RoofSHist.ps
=] dm501RoofSPath. ps
=] dm501WallPSHist....
5] dmS01WallSHist.ps
] dm501WallSPath.ps
5] dm502PilarPSHist....
=] dm502PilarSHist. ps
=] dmS02Pilar Path.ps
=] dm502R 0ofPSHist...
%] dm502R oafSHist.ps
%] dm502RoofSPath.ps
%] dmB02w allPSHist....
=] dmB02wWallSHist. ps
%] dmS02w allSPath.ps
"B dt331 T Contours. ai
%] dt331y025.ps
%) dt3319050.ps
5] dt331y100.ps
%] dt331y150.ps

roofSPath. ai
% wallSHist.ai

12KB
15KB
9KB
12KB
15KB
KB
12KB
15KB
KB
12KB
15KB
9KB
12KB
15KB
9KB
12KB
15KB
9KB
12KB
15KB
KB
12KB
15KB
KB
12KB
15KB
9KB
2,136KB
502KE
505KB
503KB
498KB
295KB
254KB
301KB
260KB
299KB

il N8

Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postscript
Postseript
Postscript
Postscript

Adobe llustrator Adt...

Postscript
Postscript
Postscript
Postscript

Adobe llustrator Adt...
Adobe lllustrator At...
Adobe lllustrator Art...
Adobe lllustrator Ar...
Adobe lllustrator Art...
oAdnbe Wustator At

8/28/2000 2:53 PM
8/28/2000 2:58 PM
8/30/2000 1:37 PM
8/29/2000 1:45 PM
8/29/2000 1:45 PM
8/30/20001:20 PM
8/29/2000 9:39 AM
8/29/2000 3:39 AM
8/30/20001:19 PM
8/28/2000 3:09 PM
8/28/2000 3:08 PM
8/30/2000 1:36 PM
8/29/2000 1:59 PM
8/23/2000 1:53 PM
8/30/2000 1:27 PM
8/29/2000 3:48 AM
8/29/2000 9:47 AM
8/30/2000 1:27 PM
8/28/2000 3:16 PM
8/28/2000 3:15 PM
8/30/2000 1:34 PM
8/29/2000 2:04 P
8/29/2000 2:04 P
8/30/2000 1:35 PM
8/29/200010:02 AM
8/29/2000 10:01 AM
8/30/2000 1:34 PM
3/12/2000 3:51 PM
8/31/2000 319 PM
8/31/2000 3:19 PM
8/31/2000 3:13 PM
8/31/2000 3:19 PM

- _ﬂn.e,se, Poﬁ‘f‘sc/vtaér

LEJQQ_WA

M_E&CEL:_

WJ\>.G§2

“hese fles sheo
(:ev?\'vurs

s erplatved (Hzr.

9/12/2000 2:49 ﬁ

941242000 3:55 PM
9/12/2000 3:45 PM
9/12/2000 3:53 PM
5/12/2000 3:47 PM

x& ——IAJL4b€L ol /\cianae:‘

Ae 3

VI2/20MN AB4PM_

)(\,\Aglr-r‘«}\-w &-d..e/v

k\>—os+Sc/vh|\§} - UC; Le.
MO L. 977 SR-2

M"WS

Gnm M C R SoET




94

A'v»a)\v\éeJL LAY NO clso W&w%c& 'St% &Moxm

95

( foq-,.,. Mf‘—ﬂé %\945 2

C/Dm\—w*; OQ Vmbwo{ﬁ;&w& ond tode - rpa\,\.&m,vc‘

355;2% E?gmg!;(@mc&aﬂ .Sa@eﬁ;\mﬁﬁ

QS S0

oo, o b \5o SES ‘Covbo«m\/\a

)
wvuslro, Wb\aw,me/vt& R\ Maﬁ«s«g

Qus Ol

(S;V\(\fz;l . \»—st:> l fJ\ Ck/»-£k,}\fV\fS|.S = 4k1i\

rRMAS DMWWJL% sed™

T™ Ws«e wa i, RMAQL

AW\E\Q— ' CV\P
| prW Se .

ﬁ'a

U wq (Y'b\

%5—6 (F\\&ﬁ a\g

e <:L€3-£3 ‘4:LL(_E3/f>

e

- e

de § v o Au/s (atze\fztem del

500 o del , dvn SOIElosnn. Ae,\-:c- Crmn

A 50 2Bl Aﬂja\ eodn tvolke Mo rea dirag

OC A vepo. 4-1\,9,3 o delivo. e Q/Qp/ww/mf

Cp/l/\\r')—c/(/\'ﬁ\h.\r—\.% The avee Hles ornpe

3200uads. Sef

Qursdrabic elesmrern s

A 20 Ty anabes - é&cﬁ

A20Eleoke. ok

’1[‘42>\nunu1(:>€l/-f‘CZ»\FﬂJ\«~r-‘l-—

CM)("WS N ~2 i\x—wd

\ACMM AGARUS [POST ard (e Lollevsing

input, file=nf1d50.def 1
set, fill

watiese | 4200 CuABe. del Setg PosT
st S oo 2 vico ot e Alps o
: ——

set,cmax=120

*** 25-yr temperature contour
* %

restart, step=2

2324 Conbornrs AQQC’

contour,var=ntll
pause | — oo %MF&VW
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Element Managers are requested to put the following statement at the conclusion of "manual” Scientific
Notebooks:

"I have reviewed this scientific notebook and find it in compliance with QAP-001. There is sufficient
information regarding procedures used for condugting tests, acquiring and analyzing data so that another
qualified individual could repeat the activitS(.

4-30-04

N

(Element Manager signature and date above line,
Name of Element beneath line)"




