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Scientific Notebook No. 296: Repository Scale
Thermal-Hydrological Model of the
Emplacement Area of the Proposed
Repository at Yucca Mountain (02/03/1999
through 04/20/2000)
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- Repository-Scale Thermal-Hydrological Model

! of the Emplacement Area of the Proposed Repository at Yucca Mountain

Objective: To examine the effects of repository thermal loading on the distributions of water saturation,
- percolation flux, and flow patterns within the repository block from the ground surface to

the emplacement horizon. The effects of site stratigraphy, orientation of stratigraphic
- interfaces, major faults such as the Ghost Dance Fault and the Solitario Canyon Fault, and

infiltration rate will be examined.

i The hydrologic characteristics of the fractured rock mass will be represented using the dual-continuum model

¢ (DCM). Analyses will be conducted using the METRA modules of MULTIFLOW (P.C. Lichtner and M.S.
‘ Seth, 1998. MULTIFLOW User’s Manual Version 1.2B. San Antonio, TX: Center for Nuclear Waste

- Regulatory Analyses).

! - Both two-dimensional and three-dimensional models will be considered for the analyses. However, analyses
| will be performed first using a series of two-dimensional sections. The first of such sections consists of a

LT vertical plane parallel to the emplacement drifts, along line AA' in the figure on page 4. The DD’ portion of
| the section line corresponds approximately with the alignment of drift #64 (#1 is at the north end of the

. emplacement-drift array). The section will extend vertically from the ground surface to the water table and
‘ will be extracted from the Department of Energy’s three-dimensional geological framework model of Yucca

- Mountain.

- Investigator ~ Goodluck I Ofoegbu

- Signature

o

— Initials CAQ




-
B

b=

4

‘3

s g
H

PISUMUHT CRRHTITIRE 04 W GO0 ST epal s el Py pd
LR ARG & LPan aears pev, | ey

s e o ik e
TP rF\RIFCSITCRY
oo e A

P R |

2T UnS

| SO L s
N
I

K &2 o
)

Q
=

.

i nywon s R0 w30 = i

rf H P — :

. -TCR I35 1M 1‘ i =

i (e i L3 : ,'I[‘ I ¢ 2% OO 7

3§ £ 3 J i
S RILL -CLE i L I L BLITISLRY —ne i
¥ Foe-rteiche / Pt / TR e :
s s od sme amaes 04 0 .JA. . wane . viwes wigemn v By ca i b a e v

. \1_.- - -

S ‘ N
a' R _,f’%i}!-;
x; ;‘f;z ;‘i}f %/‘ /;"7%?{;;%3:, l

S

ESF Seuth Raun

. '.rf £ ;

i Hagry .', f.'..'f:'?
= %5,?1; , sl
5 =‘_z )

=

2Rs -7

Fl i
ANGAIIRTATE SEPIS I TOHY L

" G ro (Deift H4 ok nerk ewd of drray) L RESSKNL 1) £2UL 1% ol

Coorvdinafis: A (546744E; 4,078,457N)

A’ (su44,758E; 4,077,.970N)

D (547,R12E; L—[-:O78,7Q8N>

D (548,571E; L ,0T78,254N)
D Qmm&xee—m&s uﬁ(aw%tmaj&l»\ wr th

t?fgif, %ﬁ*‘/‘l/@\'& of It 764 frem Novih end

4 Kao. x| )@l rmedil dndt arveong .

”T\ﬂe. @wa AN 1) o calio D\,@ ) LRion w LAA‘)

1S 0bso drovens im e et o [ 5 whith (s 90 LiRer

thwktx) hore Voo ome o Wus wm,géwﬂquS
Wiks _projecked B G diffeved cosvdivali Svptern (lo Row

oesone .a.‘. i..;‘. .

€ 173 000

£ 172 000
€ V71 000
€ 170 000

ZLaorTOM OF REPOS 1 TORY
HOST ORI ZON

000 LEZ N

4
A GRAPHIC SCALE

Ml(‘:h e

tYOP OF REPOS|TORY
HOST MORIZON

000 $6T W

L“I'M OF REPOSITORY
HOST NORN I 200

000 $€2 N

E 173 000

("29”

'~ SOL | TARIO CANYON
FAULT SPLAYS

AvajLaBLE

_ SITE voLUME

agement System, Management and Operating

%ou ramp,” and the portion of the “east main”

€

Proposed layout of the underground facility (Civilian Radioactive Wast
1997a). The Exploratory Studies Facility loop consists of the “north ra

between the two.

Figure “258.

Contractor,

—

.



\WP@VM 2 eundau Cor dMbions
ot Mg  Wakin _—rOL.H.ﬁ—

dhe weler falde is lowKed ad o dopkt op '

R0 = D50 v ok MHee, rv-t\aConne T
Wevizon. The loase e& g V\A@A«)\ wll o, \ewlrd
O\.‘\'jw vieo K0 \Naﬁf/r ‘Q"C\ua [CEN BrofLevns
V‘w@%"v@m—fsu&e, who Aol (l“e&veff:z.d &ﬁl on
p- '7\-\1,\1‘ Kao/wmoJL bméaj«\\« condlnon ot Ho
MMMLLS_&&% of Modei-\ V\m_s é\}euc—\.e& as
I WORMOR =Y e
nﬁ b(hg_sost&v«:’ibé Zove e icake SquQ-mu—:k UNENSSL
WMH— e g Nmr*sc&d\i_ {be.e.. refsS On
\>‘7\ -
\:,_., Uao.' vy ek \ar—o\cd‘ a_Semo~ s
| Swn.b\m wiodel wi\U Lo uusec\ % %me ol
drpocal .. brasto ok @, ek —alle e
SRS Varpe e Mstom WAl \ae
beu&:\ al, \o@wweLM WA«.\-\W W the, woent
\*‘L:?r'w.s o de .

As S . Dl W ADE ™

&Mekp\ wa A o del % eshs e "’Céﬂn?a-zm
wsw ok Vo wakir talle
o
0‘7 () The wm\‘)ﬂvm \/G\.&&ew—q‘ 18 defienunmed \Ma:uuﬂ\z
\Dv;‘ g, v onad ba«é&v\:‘) aind heal tomducion

1
|
|

|

l

EFOEGB\A; G1:,A-C. Bagbzoaleu B T (reom, Gmd M A Muler.

14999 ELO L, of hevcned wEBEr on {hevnmalln dvivem
N\oxs\—vm.-c. Llow aob Hao Profosed Mucca M«smm-w\

"‘«2)0—0

\'35’. 225 — 253 .

\\’"

M

__t}uscuecm"r A ond T T Ms*‘a,o 1993 . Reposidem-tety
— drivenn Mwmmag Clow ok \\V\U.—G\V\ﬁun:km
Lact 1 N\OA»QXNM o S M‘JW\%\.S N dhe. o

—'—rpdnvxowé\/\ lOL.L LHS"*L/-LLE

HAUKWA,C: and M- 5. Wu \496 . “L\QNMJ te«aw\a
‘g\—w&eb Using Hne. umnsainralZd —zovve wsoéaﬂ
IN G.S- @oAVM«S—Spm Cned T- M. Qwr‘a\qa feé)
Site-scale. wnoabaraled ‘Zey)&__\m&i_ﬁg____
\&\&,c/oa ’N\:m/w»\'mv\ Mwo\,éa, (B GA Y

L

“'(/\m@‘(n re %%%md‘ .

(D) Comuede flow m Wre safiafed zone S

Uiy o \oe umpo bk,

@> Meoislae awd qas Llovo . Ko umsatoaied

Zswe. \nane. M‘\M’%W effed— on

WA v P ' P %:a,w\\x“ = v e I




As o8 r'eSw}\t dekosled \MAA—«v\»eqacal V\ND&QXAMA
of Hne. umsc\h»rom "Ze—-ne, e c@wcnée/«eé
u.awv\e,ce/%éav«w -ga_e_él—xv\,\m M‘hmb@-«m

‘—T\r\g, \N\OA«QX Wse,d Lov o Maﬂm% |

'(reﬂwmc&% MGM as W\OAQX, \/GT'OA.\WS,;S

og a MO\'a\Ma\L\M At e~ Vol \?\me .ol

-~ L of O wn

qrvng-é- S~ Cacg. (\ODOM \celous Koo, vocXe~—

-—b\bu,\ Te  vwaodef ig sKg‘\'a(ne.&on e 1.
“The. wwsalun oz ALINN.

'Hnr‘w ™o A \Mex'.s A
af U~e %b thad s aeé»\,amea. Mb@v\*\% \-%m

te P lm (PMKV%Q’\»%\A-QQ hewwekéeé.\ \LMAT\_ a fack |

waddle o Laner dssraned TSR ('T ol SMM

welded waid Q\ re.zree;,y»&cﬁnw. Mw‘tq Ann > Ok.\),

100 -w, “z.erv\__c.__gtz_&a._&u‘_sp. w\fu..u\’\ %’cvrwés beXow

Mre wsalF~ talofo gagé s ass«\,&v-;e.c\. CHan (Culm

e sabwn B A zowme below the CTHun want

1S vepwsembed lor one rode laver casigmed
____Ha,e.__‘(z:.&Q&lL?A o@ Unz ‘Pr-aquast, VO w

650 —p—

O —>X ()

\7700

TUWZ ~50wmA

l
|

Ewplateved zome ~ 10w Harek
R ——.

MUZ ~550u,

X="T00w

Wak ov tuble.

2V72~50m

T ESL~650m

\f@\rhc& Wowe ab X=oO ‘s WS%MMQA\JP

NeAdcal Qone o x=1700 treated as fur fatd

LZMO noval £ (Ve

Base: FMyed \e/w«‘:e,ro\tlm , pressa~re, omd
.So\ - \-—c{jtuw

Top - Bed Bnperalinet tnd wass Pl T

W2, -9
6'b'w P'%"rf"\

Ak

i

O S



roce urmts.

10 | o=\ ‘ o 1
ﬁ%vwmw 1O A9 o 097 W o [ @ | ;
| {W\W’\ 9/“0\"” } o S o .

‘D*P\IQXBBW’QJ\/& OQ UnS'\\r\A—CM G—V\,$ \V\Pag | _ g ‘: 9‘ rmq 1?{ ';,?\% _@%@eﬁ‘mf\ et al
_ Edae baSt" Blocke £ MERRA METRA = / f [ (299, aabo
/Fs/‘/?f),ho b ] f&‘)" Daxlg
‘:\Mré\’(/ww AQMMW oﬂ. Hne cS\.W\h&/\z%—e,(\ _ / | f’ Pwoenolrs cee
o deh d&%o\ﬁw [oaval b Cl W&SM&A_ | _ @ | , A =7 worbiodis
o wer on the @Ndmmm of wnsbeamdined —~ | @ @ b wrgheve, Red
dr-»c\/ v«nl}nx‘)‘ for WMET RA . Uon sk ed grads 3 | g L~ @) Daarcloers amt
“(ioe., arids toad den't Deceseaiin folow a e e, d l ¥ ”g?g A b locke w;cj,_}
Pec/\mmhkw %a‘\‘\-*ww\ wrll ke Pec\m% = Fe - T o _ <3, u(":" In § il strata
___eé‘;sg;s«\—xsw _scabe wodeh becmice in erdew 7\%@ 7 38T bledes tak
A ‘me.s&,;)?__igl Convecl C{@owsaf\vw eg‘ o @/ / ) ‘é ;‘_{ witl be Kscuetiaad
S\N‘A}rwm"ab\fwc_ ws‘ve,rC&r,pg, q,.—.d W gk . ’ i ‘&2-& US Caambirvaous

Ao V\Q“"‘ w\\n—-lﬁecj‘ A t—\c.\ﬁ*\r' Gw\quecs Yor ' _

eMambXp (N QM O ,‘5\.\ A -
@Cee,a‘o-“ et ol (‘.G\‘M\ECA\"Q,A o P, s aLes -

| hgnexﬂaggaha& m\%%rseoef'a%} Ee'\‘v\%sm&%ﬂ\e@w -

odd end  wAll Lo &M&s_@&__eﬁ% - A
2 uns\i~cn e A qrwé.s | _A . | | ‘

A ceripulanr “ede AMESH obtarmed  _ | | | {
,ﬁrm Eenest Ovlpnde Lanscence \Qodnevwﬁ \—M‘G&@ B |
(B\QA‘\QQ&M Q,a\nﬁnnwwx wnl ke used 16 _gewerate |, -}
e Aerneit  vohumes omd  Conne iy oWy Qakg Lo N
The umstondouved geid Lo wedh). -5

Feou JE -

— G
CGZ KX %, 450
(590.2, 620)

B Glhost Downce

®
B

\

|
s— Y

i

120 b
\70
2320
240
470
6320
660




’ |
i M,M,_M\qqq b o
AMESH regquires tae use~r B Spendy the _ | VW'K/‘M Z
el Coe-v-‘éf‘»v\ms (‘C‘e\\ \Localons weihz‘\gn_ei* The \,(—‘v“/o-m‘:fs o les Visre. e AWJ’”\“A vy
bom\—wwsl_ﬁgf._&&_‘_qg;é_é@ Av exam e \neondhe Voo tagles WG v D12
is. s baplows. \C{ﬁz/“e)l‘)‘)
.- (1) RIkToNodes O %Mﬂw&d

SQO‘-{W Dv\-—\?-lb e

AMEsH gmy_ﬂ_ls
e cefl volumes

T S Cohhedb\'y\\?\'
deka.

\ Node: vwed B e floel o&véﬁ#ﬂm

mber Caies B auend @ \aqqed merlae
e Hws oe.

“loskes B be Q—C%%&;_é\nﬂé- v orde, " Use

AMESHY % gw,«aﬁ?o wnsbhudliied grmd {4 METRA

() Neode plate ek code
@) €ode © tramsldde AMESH  cuctpal

inke METRA  imput™ 13 The o vt fren  Code RikToNodes s
(3)  (ode ' pldt wiesh using AMESH sufpul™. passed o AMESH b obboun elovne s

P%A“%:(}Gkglw(ﬁﬁ i




14

\/OM»—M% A Coreme.c byt \ -

e AMESH evdd‘m.dz = \\>—<fov:4¢ééeé \A&Lmﬂ"

MELOMESH S revovide Cth\ed:\ULc\' dekl
bs GV“iTGU\ &%r(fVHdék
BLKTOPROPS %&%M PHIV and
DLMPAR mpud Lladks for
V\C?Tﬂ&L/\
RCoN o s ol BCoN] fm\amﬂ‘
bLleck G METRA
A ‘\Ime\Q v A (’MSWYQ/AQ«:\A -
e )
USa\~n W%@é-e)a e Shpawna L-.-.rd.ow , .
@’0> = @/\ [T T[T K“OO’O)

ESSESESS HH+ T
a9 5 J 11171
D e e e S 111
. ; B B O e e T B B 1 11111 ] .
 EE i Oy e B B 8
EmonE: M
= 111 i
o o o o 1
WEES e i T
s e e —-::—————-
T e o o
- L 1
T T T XK
S S O O LA L ILL N N —
- O e
B A A i
T S
. T ] —
}‘1111‘}11}1111111111111111111‘1;{_‘1 ‘L%E
T o B -
“ Eorssast T
15 I
BN s o 5 2 20 s s —
—H ] i
o HH
SEzzer
— E/F—J— e
» T == —
H 5 TRy

(0,640)

blkToNodes .cpp P l
W"m"m“mum"m"m"”axfyhuﬂs,hiim"mm

blkToNodes

This code is part of an evolving preprocessor for MULTIFLOW. This module
generates nodal points for a domain and passes the nodal-point descriptio:
to the code AMESH through an input file. The nodal-point information i:
also placed in a series of files to enable plotting with an x-y plotter sucl
as XPLOT.

The current version assumes that the problem domain consists of a series ol
gently dipping strata that may be offset by one or more faults. The geometr)
of each stratum is described using one or more blocks, each of which i:
bounded either by faults or by a section of the domain boundary. The usei
provides the geometry of the series of blocks through an input file

The format for the input file is as follows. A line that starts with the worc
"Block” or "block" signals the start of input data for a rock-layer bloci

Comment lines <- (as many as needed)

Block <- Start of input data for a bloc)
blkIndex nRow nTopCol nBasCol <- Node specification variables

x1 y1 <- Corner coordinates for block, starting
x2 y2 <- at the top-right corner and proceeding
x3 y3 <- in counter-clockwise order through al.
x4 y4 <- four corners

beF1 beF2 beF3 beF4 <- Length fraction of near-boundary cell:

<- starting with the top boundary anc
<- proceeding in counter-clockwise ordei
<- through all four boundaries

Comment lines may be placed between input lines, but the input data must bc
given in the order specified.

Author: G. I. ofoegbt
Date: February 24 199¢
System: C++ Compiler

(Code developed using Borland C++Builder 3,

B L T L L R T A R

#include <stdio.h>
#include <iostream.h>
#include <iomanip.h>
#include <fstream.h>
#include <strstrea.h>
#include <conio.h>
#include <stdlib.h>

#pragma hdrstop
#include <condefs.h>

char* outFile = “tm4Nodes.out”;
char* inFile = "tm4Blk.inp";
char* modelName = "tmd";

char* messageBuffer;
void DumpAndQuit();

int ERROREND = 1;

int NORMALEND = 0;

const float zCoordinate = 0.0;
const float elemThickness = 1.0;

struct FBLayer({
int nRow;
int nTopCol;
int nBasCol;
int blkIndex;
float xb[4];
float yb[4];
float beFrac[4];
Yi

int GetBlockData(FBLayer* theBlock, istream& Fin);

int NodeGen(FBLayer* theBlock, ostream& Fout, int& nodelndex);

void BElemCoord(float* xBnd, float* yBnd, float a, float b, floatk X,
float&k y);

//====--- --e- e
#pragma argsused

int main(int argc, char **argv)

{

// Allocate memory for possible error messages

messageBuffer = new char [151];

if (!messageBuffer)(
cerr << "Memory allocation error for messageBuffer\n";
cerr << "Press any key to end: ";
getch();
return (1);

}

// Open input file
ifstream Fin(inFile);
if (!Fin)({
sprintf (messageBuffer, "Unable to open file %s",inFile);
DumpAndQuit () ;
}

// Open output file (AMESH input file)
ofstream Fout(outFile);
if (!Fout)({
sprintf (messageBuffer, "Unable to open file %s",outFile);
DumpAndQuit() ;
)

Fout << *locat* << endl;

// Read input data one block at a time.
// For each block read, invoke function NodeGen to generate nodes for the
// block and write the node data and block geometry to files

int nodeIndex = 0;
char buf[100];
size_t nBuf = sizeof(buf);
while (!Fin.eof()){
Fin.getline(buf,nBuf);
if (!strncmp(buf,"Block*,5) || !strnemp(buf,*block",5)){
FBLayer* theBlock = new FBLayer;
if (!theBlock){
sprintf (messageBuffer, "Memory allocation error on variable theBlock');
DumpAndQuit() ;

}
if (GetBlockData(theBlock,Fin)
DumpAndQuit () ;
if (NodeGen(theBlock,Fout,nodeIndex) == ERROREND)
DumpAndQuit() ;
delete theBlock;
}

ERROREND)

}
// Done

delete[] messageBuffer;

cout << "Done ... Press any key to end: *;
getch();

return 0;

}

int GetBlockData(FBLayer* theBlock, istream& Fin)

blkToNodes .cpp

§ dhas b0l Paﬁe, 2 o&‘. 3

size_t nBuf = sizeof (buf);

int blkIndex,nRow,nTopCol,nBasCol;
float X,Yy;

float fO0,f1,f2,£3;

int numsFound =
int coordsFound 0;
int fracsFound = 0;

while (!Fin.eof())(
Fin.getline(buf, nBuf);
istrstream inpLine(buf,nBuf);
if (!numsFound) {
inpLine >> blkIndex >> nRow >> nTopCol >> nBasCol;
if (inpLine.good()){
theBlock->blkIndex = blkIndex;
theBlock->nRow = nRow;
theBlock->nTopCol = nTopCol;
theBlock->nBasCol = nBasCol;
numsFound = 1;
}
}
else if (coordsFound < 4){
inpLine >> x >> y;
if (inpLine.good()){
theBlock->xb[coordsFound]
theBlock->yb[coordsFound]
coordsFound++;
}
}
else if (!fracsFound) (
inpLine >> £0 >> f1 >> f2 >> f3;
if (inpLine.good()){

X;
Yi

theBlock->beFrac[0] £0;
theBlock->beFrac(1] £f1;
theBlock->beFrac(2] £2;

theBlock->beFrac(3] = f3;
fracsFound = 1;

}

}
if (fracsFound) break;
}

if (!numsFound) {

sprintf (messageBuffer, “Node specification not found for current block');

return (ERROREND);

if (coordsFound < 4){

sprintf (messageBuffer, *Only %d corner coordinates found for block",

coordsFound) ;
return (ERROREND);

if (!fracsFound){

sprintf (messageBuffer, "BE fraction data missjng for current block");

return (ERROREND);

return (NORMALEND) ;
}

int NodeGen(FBLayer* theBlock, ostream& Fout, int& nodeIndex)
{
char* geomFile = *D:\\HydrTherm\\GeomPlot\\bbbbbG99.out*;
char* nodeFile = "D:\\HydrTherm\\GeomPlot\\bbbbbN99.out";

sprintf(geomFile, "D:\\HydrTherm\\GeomPlot\\%sG%02d.out",
modelName, theBlock->blkIndex) ;

sprintf (nodeFile, *D:\\HydrTherm\ \GeomPlot\\%sN$02d.out",
modelName, theBlock->blkIndex) ;

ofstream Fg(geomFile);

if (!Fg){
sprintf (messageBuffer, “Unable to open file %s",geomFile);
return (ERROREND);

)

ofstream Fn(nodeFile);

if ('Fg){
sprintf(messageBuffer, "*Unable to open file %s",nodeFile);
return (ERROREND) ;

int i,3;

Fg << "Block " << (theBlock->blkIndex) << " corner coordinates" << endl;

Fg << setw(12) << "xCoord"
<< setw(12) << "yCoord*
<< endl;

for (i=0; i<4; i++)

Fg << setiosflags(ios::fixed) << setprecision(2)
<< setw(12) << (theBlock->xb[i])
<< setw(12)-<< (theBlock->yb[i])
<< endl;

Fg << setw(12) << theBlock->xb[0]
<< setw(12) << theBlock->yb[0]
<< endl;

Fg.close();

Fn << *"Block * << (theBlock->blkIndex) << * nodal data" << endl;

Fn << setw(12) << "NodeIndex*
<< setw(12) << "xCoord*
<< setw(12) << "yCoord*
<< endl;

A A

int nRow = theBlock->nRow;

int nTopCol = theBlock->nTopCol;
int nBasCol = theBlock->nBasCol;
int midRow = nRow/2;

int nCol;

float XTR,XTL,XBL,XBR;

float yTR,yTL,yBL,yBR;

float xCoord,yCoord,alpha,beta;
float xFirst,xLast,yFirst,yLast;
float ratio;

float fTop = theBlock->beFrac(0];

float fLeft = theBlock->beFrac([1];
float fBase = theBlock->beFrac[2];
float fRight = theBlock->beFrac(3];

// Compute coordinates of near-corner nodes

// Top right near-corner node

alpha = 1.0 - 2.0*fRight;
beta = 1.0 - 2.0*fTop;
BElemCoord(theBlock->xb, theBlock->yb, alpha, beta, xTR, yTR) ;

// Top left near-corner node

alpha = 2.0*fLeft - 1.0;
beta = 1.0 - 2.0*fTop;
BElemCoord(theBlock->xb, theBlock->yb,alpha,beta, XTL, yTL) ;

// Bottom left near-corner node

alpha = 2.0*fLeft - 1.0;
beta = 2.0*fBase - 1.0;
BElemCoord(theBlock->xb, theBlock->yb,alpha,beta, xBL, yBL) ;

// Bottom right near-corner node

(e
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blkToProps.cpp P ‘3 Dg q P q' 6 q
ifstream Fvol(volFile); E nodelndex)==ERROREND) { &%2» g

if (!Fvol){ delete theBlock;
sprintf (messageBuffer, "Unable to open file %s",volFile); ) DumpAndQuit () ;
andQuit ()
} pump © ( DoProgressReport (theBlock->blkIndex) ;
delete theBlock;
// Read and discard first line in volFile }
Fvol.getline (messageBuffer,100); }
// Open output files // Done
tream Fphk(phkFile);
zzs(fgphk)€ e delete[] messageBuffer;
sprintf (messageBuffer, "Unable to open file %s",phkFile); cout << "Done ... Press any key to end: ";
DumpAndQuit {); getch{};
} return 0;
ofstream Fdcm(dcmFile); }
if (!Fdem){ . ) . . ) )
sprintf (messageBuffer, "Unable to open file %s",dcmFile); ?nt GetBlockData {FBLayer* theBlock, istream& Fin)
AndQuit () 7
} pume. Quich) char buf{100];
ofstream Ftc(tcFile): size_t nBuf = sizeof (buf);
if (!Ftc){ int linesFound = 0;
sprintf (messageBuffer, "Unable to open file %s",tcFile); . i
DumpandQuit () ; while (!Fin.eof())({
) Fin.getline (buf,nBuf);
i ; i i i buf,nBuf) ;
ofstream Flc(lcFile}; %strSFream inpLine ( ,
if (1Flc){ if (linesFound < 1)( // Input line 1
sprintf (messageBuffer, "Unable to open file %s",lcFile); int blkIndex,nRow,nTopCol,nBasCol;
DumpAndQuit () ; inpLine >> blkIndex >> nRow >> nTopCol >> nBasCol;
} e ! if (inpLine.good()){
ofstream Fbc{bcFile); theBlock->blkIndex = blkIndex;
if (!Fbc){ theBlock->nRow = nRow;
sprintf(messageBuffer,"Unable to open file %s",bcFile): theBlock->nTopCol = nTopCol;
DumpAndQuit () ; theBlock->nBasCol = nBasCol;
} ' linesFound++;
ofstream Frc{rcFile); ) }
if (!Fze){ ) ] ) ) .
sprintf (messageBuffer, "Unable to open file %s",rcFile); elga if (linesFound < 2){ // Input line 2
DumpAndQuit {); if {!strncmp(buf, "top=",4)
) if ((buf[4] == 'B’) || (bufl4] == 'b’)){
Fdem << "DCMParameters" << endl; tbeBlock—>top = BOUNDARY;
Fdem << ": Ml M2 INC SIGMAF AREAMOD XLM YLM ZLM" ) linesFound++;
<< endl; .
Fte << "BCON" << endl; else if ((buf[4} == ’'D’) || (buffd) == 'd’)){
Ftec << ": Ml M2 INC fPorosity mPerm" << endl; t?eBlock—>top = ROCKDOMAIN;
Fle << "BCON®" << endl; linesFound++;
Flc << ": M1 M2 INC fPorosity mPerm” << endl; )1 .
"BCON" << endl; else( o ]
giz :: ": M1 M2 INC fPorosity mPerm" << endl; sprintf (messageBuffer, "Invalid input line: %s",buf);
Fre << "BCON" << endl; return (ERROREND) ;
Frc << ": Ml M2 INC fPorosity mPerm"” << endl; , }
L tput files one block at a time else if (linesFound < 3){ // Input line 3
// Read data and write outpu e et 5))
; if ((buf[51 == 'B’} || (buf(5] == ’b’)){
:?:: Euiéigoi'sizeof(buf); theBlock->left = BOUNDARY;
int nodeindex = 0; ) linesFound++;
hil tFin.eof (}){ .
* ;i:.éetline(buf,nBuf); else if ((buf(5] == ‘F’) || (buf(5] == "£')){
if (!strncmp(buf,"Block",5) || !strnemp(buf, block",5)){ theBlock->left = FAULT;
FBLayer* theBlock = new FBLayer; linesFound++;
if (!theBlock) { . . .
* sérintf(messageEuffez,“Memory allocation error on variable theBlock"); else if ((buf[5] == 'D') || (buf(5] == 'd')){
DumpAndQuit () ; theBlock->left = ROCKDOMAIN;
3 > ' linesFound++;
if (GetBlockData (theBlock,Fin) == ERROREND) { ilse(
heBlock; . o )
gﬁ;;;:déuit(?? sprintf (messageBuffer, "Invalid input line: %s”,buf);
i

} return (ERROREND) :
if (UpdateFiles(theBlock,thk,chm,Ftc,Flc,Fbc,Frc,Fvol,

8T

blkToProps.cpp

P 5 blkTo S ., CP) P q
a %!£2L ét fs ©
} % 7 theBlock->fracSpacn{0] dxFrac; g. é &

el?e if (linesFound < 4){ // Input line 4 theBlock->fracSpacn(l] = dyFrac;
1f'(!strncmp(buf,"base:“,S)) theBlock->fracSpacn([2] = dzFrac;
if ((buf{5] == 'B’) || (buf[5] == 'b’)){ linesFound++;
theBlock->base = BOUNDARY; }
linesFound++; }
else if (linesFound < 10 / Input line 10
else if ((buf([5] == ‘D’) || (buf[5] == ‘a’)){ float éereft,fdrRightZ( / v
tpeBlock—>base = ROCKDOMAIN; inpLine >> fdrLeft >> fdrRight;
linesFound++; if (inpLine.good()){
} if ((fdrLeft < 0.01) || (£drRight < 0.01)){
elss{_ . . sprintf (messageBuffer,
sprintf (messageBuffer, "Invalid input line: $s",buf); "Invalid values: fdrLeft=%.3f, fdrRight=%.3f: block No. %d",
return (ERROREND) ; fdrLeft, fdrRight, theBlock~>blkIndex) ;
) } return (ERROREND);
else if (linesFound < 5){ // Input line 5 iheBlock->fereft = fdrLeft;
1£.(!strncmp(buf,"rlght=",6)) theBlock->fdrRight = fdrRight;
if ((buf(6] == 'B’) || (buf[6] == 'b’)){ linesFound++;
theBlock->right = BOUNDARY; )
linesFound++;
} if (linesFound == 10) break;
elge if  ((buf[6] == 'F‘) || (buf{6] == '£')){ }
theBlock->right = FAULT;
linesFound++; if (linesFound < 1){
} . sprintf (messageBuffer,
else if ((buf!6] == 'D’) || (buf[6] == 'd"))¢ "Only %d of 10 input lines found for current block", linesFound);
theBlock->right = ROCKDOMAIN;

return (ERROREND) ;

linesFound++; }
} else if (linesFound < 10){
else(‘ o . sprintf (messageBuffer,
sprintf (messageBuffer, "Invalid input line: %s",buf); "Only %4 of 10 input lines found: Block No. %d4d*,
return (ERROREND) ; 3 linesFound, theBlock->blkIndex) ;
) } return (ERROREND) ;
s : }
else if (linesFound < 6){ // Input line 6 return (NORMALEND) ;

int istFrac,istMatrix, iTherm;
inpLine >> istFrac >> istMatrix >> iTherm;
if (inpLine.good()) {

theBlock->istFrac = istFrac;

}

int UpdateFiles {FBLayer* theBlock, ostream& Fphk, ostream& Fdcm, ostream& Ftc,
ostream& Flc, ostream& Fbc, ostream& Frc, istream& Fvol, int& nodeIndex)

theBlock->istMatrix = istMatrix; {
theBlock->iTherm = iTherm; if
linesFound++; ( (theBlock->fdrLeft) * (theBlock->fPorosity) > 0.99) ||
) ) {(theBlock->fdrRight} * (theBlock->fPorosity) > 0.99)
s . )
else if (linesFound < 7){ // Input line 7 sprintf (messageBuffer,

float fPor, £xPerm, fyPerm, fzPerm;
inpLine >> fPor >> fxPerm >> fyPerm >> fzPerm;
if (inpLine.good{(}){

theBlock->fPorosity = fPor;

"Faultzone fracture porosity out of range: Block No. %d",
theBlock->blkIndex) ;
return {(ERROREND) ;
}

theBlock->fPerm[0] = fxPerm;
theBlock->fPerm{l] = fyPerm; int nRow = theBlock->nRow;
tbeBlock->fPerm[2] = fzPerm; int nTopCol = theBlock->nTopCol;
linesFound++; int nBasCol = theBlock->nBasCol;
) } int midRow = nRow/2;
else if {linesFound < 8)( // Input line 8 for (int rowNum = 1; rowNum <= nRow; rowNum++) {

float mPor,mPerm;

inpLine >> mPor >> mPerm;

if (inpLine.good()){
theBlock->mPorosity = mPor;
theBlock->mPerm = mPerm;

int ml = nodeIndex + 1;

int m2;

if (rowNum <= midRow) nodeIndex += nTopCol;
else nodelndex += nBasCol;

m2 = nodeIndex;

linesFound++;
} } // Append to top-boundary list if necessary
else if (linesFound < 9){ // Input line 9 if {(rowNum == 1) && {(theBlock->top) == BOUNDARY) ) {
gloag fAreaMod, dxFrac, dyFrac, dzFrac; int mml = ml;
inpline >> fAreaMod >> dxFrac >> dyFrac »>> dzFrac; if ((theBlock-»left) == FAULT) {

if (inpLine.good()){

T heBlock, Ftc, theBl - . , H
theBlock->fAreaMod = fAreaMod; BeonAppendTo (theBloc tc,theBlock->fdrLeft,ml, ml)

mml = ml + 1;

61
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Page 7og 9
C\ﬂ@ Fp << setw(5) << firstNode
<< setw(5) << lastNode

) _ P%ng Cf
if ((theBlock->right) == FAULT){ << setw(3) << vov

BeconAppendTo (theBlock,Ftc,1.0,mml, m2-1}); A L X .
BeonAppendTo (theBlock, Fte, theBlock->fdrRight,m2,m2) ; << setlosflags(los::sczentlflc) << setprecision(3)
<< setw(l2) << (theBlock—>fPorosity)*fdr

}

else BconAppendTo (theBlock,Ftc,1.0,mml, m2); 2 reralill gy (theBlock mperm)

R << resetlosflags(los::scientific)
<< endl;

}

void DcmAppendTo (FBLayer* theBlock,

int firstNode, int lastNode)

blkToProps.cpp

// Append to base-boundary list if necessary
Oostream& Fp, float fdr,

if ((rowNum == nRow) && ({(theBlock->base) == BOUNDARY) ) { (
int mml = ml;
if ((theBlock->left) == FAULT) {
BeconaAppendTo (theBlock, Fbe, theBlock->£drLeft, ml,ml) ;

float fsigma = (theB]ock—>fPorosity)*fdr;
float ratio = pow(fdr,1.0/3.0);

¢ float xIm = (theBlock->fracs ¢} io;
onAppendro ! pacn{0])/ratio;
) om. float ylm = (theBlock->fracSpacn[l])/ratio;
1t ((theBlock->right) == FAULT)( float zlm = (theBlock—>fracSpacn[2])/ratio;

BconAppendTo (theBlock, Fbe, 1.0, mml, m2-1) ;

BeconAppendTo (theBlock, Fbe, theBlock~>fdrRight ,m2,m2}) ; Fp << setw(5) << firstNode

) << setw(5) << lastNode
else BconAppendTo (theBlock,Fbc,1.0,mml, m2) ; ST osetwis) << o
) << setiosflags(ios::scientific)
<< setw(1l2) << fsigma
t—bounda list if necessar << setw(;2) << (theBlock->fAreaMod)
// Append to le =} ry Y << resetiosflags(ios::scientific)
if ((theBlock->left) —- BOUNDARY) << segl?ig}ags(igs::fixed) << setprecision(4)
dTo (theBlock,Flc,1.0,ml,ml) ; P DD
BconAppendTo (theBloc << setw(10) << ylm
<< setw(10) << zlm
<< resetiosflags(ios::fixed)

<< setprecision(3)

// If left-most element is in fault zone, update phik and dcmpar list

// with appropriate fault-zone modifier; b set
// then advance list to next element ) endl;
else if ((theBlock->left) == FAULT) { int PhikAppendTo (FBLayer* theBlock, ostreams Fp, istreams Fvol,
if (PhikAppendTo(theBlock, Fphk, Fvol,theBlock->fdrLeft,ml,ml) == ERROREND) . float fdr, int firstNode, int lastNode) .

return (ERROREND) ;
DemappendTo (theBlock, Fdem, theBlock->fdrLeft, ml, ml) ;

ml++;

float elVol;

) for (int node = firstNode; node <= lastNode; node++)
if (GetElemVolume(Fvol,elVol,node) == ERROREND)

i taken for the rest of the elements in the current row depend on return (ERROREND) ;
// Action ta float fPoros = (theBlock->fPorosity)*fdr;

// the location of the right-most element, on a boundary, fault zone, or

insi : Fp << setw(5) << node
// inside the rock domain I sSwis) << pode
<< setw(3) << "1*

== BOUNDARY){ // right-most element on boundary
<< setw(5) << (theBlock->istFrac)

if ((theBlock->right)

i i ,Fvol,1.0,ml,m2) == ERROREND
1f::z:::A?ggﬁgggég??BlOCk’thk ! ) << setW(S) << (?heBlock—>iTherm)
BeonAppendTo (theBlock, Fre,1.0,m2,m2) ; << setiosflags(ios::scientific) << setprecision (3)
DcmappendTo (theBlock, Fdem, 1.0, ml, m2) ; << setw(1l2) << elvVol
} << setw(5) << "1.0"
<< setw(l2) << (theBlock->fPerm([0])/fPoros

<< setw(1l2) << (theBlock—>fPerm[1])/fPoros

== FAULT){ // right-most element in fault zone
<< setw(l2) << (theBlock->fPerm(2])/fPoros

else if ((theBlock->right)

if ( . : - eI
(PhikAppendTo (theBlock, Fphk,Fvol,1.0,ml, m2-1) == ERROREND) || << res?thSflag§(los:fsc1ent1flc)
{PhikAppendTo {theBlock, Fphk, Fvol, theBlock->fdrRight ,m2,m2) == ERROREND) << setiosflags(ios::fixed) << setprecision(3)
<< setw (10} << (theBlock->mPorosity)

) return (ERROREND); . : ) ! X
DemAppendTo (theBlock, Fdem, 1.0, ml, m2-1) ; << resetiosflags (ios::fixed) << Setlosflags(los:;scientific)
<< setw(1l2) << (theBlock~->mPerm)

DemdppendTo (theBlock, Fdcm, theBlock->fdrRight ,m2,m2) ;
P << setw(5) << (theBlock->istMatrix)

' ' << setw(5) << (theBlock->iTherm)
else( // right-most element inside rock domain ) << endl;

i i ,Fphk,Fvol,1.0,ml,m2) == ERROREND)

if (PhikAppendTo (theBlock, Fp. Vo Lot (0 . s

return (ERROREND) ;

theBlock,Fdem,1.0,ml,m2); :
DemAppendTo { int GetElemVolume (istream& Fvol, floats elvol,

int node)
}
char buf{100];
RMALEND) ; : f s
} Tetum (N0 ) size_t nbuf = sizeof (buf);
void BconAppendTo (FBLayer* theBlock, int elNum;
int firstNode, int lastNode)

{

ostream& Fp, float fdr,

Fvol.getline (buf,nbuf);

Pase R of 3
blkToProps.cpp D:\HydrTherm\Ppmflow\tméProps*Iinp

D:\HydrTherm\Ppmflow\tméProps. inp Vmﬁa l a.’F 3

@aﬁ& ologq

if (Fvol.bad{)){ Nodal property specifications for Example model No. 4 1.24e-4 4.27e-13 4.27e-13 6.76e-12
sprintf (messageBuffer, "Error encountered in volume file for node 34", Adopted from model reported in Ofoegbu et al. (1999) 0.089 6.75e-18
node} ; 1.55e-4 0.5 0.5 0.5
return (ERROREND) ; Block No. 1 1.0 1.0
) 1 15 45 43
istrstream nLine (buf,nbuf); top=Boundary Block No. 7
nLine >> elNum; left=Boundary 7 12 41 39
if (!nLine.good()){ base=Domain top=Domain
sprintf (messageBuffer, "Invalid input found for node %d in volume file", right=Fault left=Boundary
node) ; 2 1 1 base=Domain
return (ERROREND) ; 2.33e-4 6.03e-12 6.03e-12 2.29e-11 right=Fault
0.066 5.40e-18 6 5 3
if (elNum != node) { 4.90e-4 0.5 0.5 0.5 1.24e-4 4.27e-13 4.27e-13 6.76e-12
sprintf (messageBuffer, "Node %d found in volume file instead of %d", 1.0 1.0 0.089 6.75e-18
elNum, node} ; 1.55e-4 0.5 0.5 0.5
return (ERROREND) ; Block No. 2 1.0 1.0
2 12 21 23
istrstream vLine (buf+20,nbuf-20); top=Boundary Block No. 8
vLine >> elVol; left=Fault 8 15 23 25
if (!vLine.good({()){ base=Domain top=Domain
sprintf (messageBuffer, "Invalid input found for volume of node %d", right=Boundary left=Fault
node) ; 2 1 1 base=Domain
return (ERROREND) ; 2.33e-4 6.03e-12 6.03e-12 2.29e-11 right=Boundary
) 0.066  5.40e-18 6 5 3
return (NORMALEND) ; 4.90e-4 0.5 0.5 0.5 l.24e-4 4.27e-13 4.27e-13 6.76e-12
3} 1.0 1.0 0.089 6.75e-18
void DumpAndQuit () 1.55e~-4 0.5 0.5 0.5
{ Block No. 3 1.0 1.0
cerr << "\n" << messageBuffer << "\n"; 3 4 43 43
delete[] messageBuffer; top=Domain Block No. 9
cerr << "Press any key to end: *; left=Boundary 9 15 25 27
getch(): base=Domain top=Domain
exit(1); right=Fault left=Fault
} 4 3 2 base=Domain
void DoProgressReport (int blkIndex) 6.94e-5 6.17e-14 6.17e~14 6.17e-14 right=Boundary
{ 0.469 8.80e-14 6 5 3
cout << "Working ... Processed block number " 0.479 0.5 0.5 0.5 1.24e-4 4.27e-13 4.27e-13 6.76e-12
<< blkIndex . 1.0 1.0 0.089 6.75e-18
<< endl; 1.55e~-4 0.5 0.5 0.5
) Block No. 4 1.0 1.0
4 4 23 23
top=Domain Block No. 10
left=Fault 10 15 39 37
. . P - N N b{:\si:Domain top=Domain
l A C 47 right=Boundary left=Boundary
M VV" Pvd %“Q tm({‘ mg . "Y)P) w ts 4 3 2 base=Domain
. 6.94e-5 6.17e-14 6.17e-14 6.17e-14 right=Fault
M - & M\f A 0.469  8.80e-14 8 7 4
3\(‘9\/\7\/\ own SLLOv a""é» 0.479 0.5 0.5 0.5 7.14e-5 2.88e-13 2.88e-13 2.88e-13
(bﬂ é, ! ‘ 5 V\)% %’Qé 1.0 1.0 0.321 5.50e-14
\/\,5 [N "L' 0.489 0.5 0.5 0.5
. C v.'s Block No. 5 1.0 1.0
. ) D:\HydrTherm\Ppmflow\tmdProps. inp 5 12 43 41
V\ )‘ l"’\ ‘,& ! ( Qé e top=Domain Block No. 11
right=Fault ane 3 OX 3 left=Boundary 11 12 27 29
- 10 9 5 base=Domain top=Domain
b\k iO P("OP& v 2 Y 7.14e-5 6.92e-13 6.92e-13 6.92e-13 right=Fault left=Fault
0.274 1.24e-15 6 5 3 base=Domain
5.13e-4 0.5 0.5 0.5 1.24e-4 4.27e-13 4.27e-13 6.76e-12 right=Boundary
P ‘7“‘2) 66 G:t@ 1.0 1.0 0.089 6.75e-18 8 7 4
ﬁw 1.55e-4 0.5 0.5 0.5 7.14e-5 2.88e-13 2.88e~13 2.88e-13
: Block No. 13 1.0 1.0 0.321 5.50e-14
ME - . 4 13 3 29 29 0.489 0.5 0.5 0.5
TEA W‘M S topDomain Block No. 6 1.0 1.0
left=Fault 6 1 41 41
i base=Boundary top=Domain Block No. 12
’/(NL Q,Xé\—\n Ph v».a,g‘l, (S I2N right=Boundary left=Boundary 12 2 37 37
10 9 5 base=Domain tep=Domain
'g g ) . 7.14e-5 6.92e-13 6.92e-13 6.92e-13 right=Fault left=Boundary
* 0.274 1.24e-15 6 5 3 base=Boundary
g 5.13e-4 0.5 0.5 0.5 .
1.0 1.0 N
‘ [ R e oo
| 2



Beon.cpp Bcon.cpp

/**t************************** b ok ok ot ok ok 3 ok o o ok o A & A ok ko ok ok ok sk ok ok ko b ko ko ok next = On P Q ?
= 0; 2
Bcon 6\%&‘ Oé‘j g 's %

};
This code, as part of an evolving preprocessor for MULTIFLOW,

generates the boundary condition input block BCON using information int GetAllBndNodes (BndNode** firstNode, int& totNumBc):
previously generated by two companion codes: MFLOMESH and BLKTOPROPS. int PrintNodes (BndNode* firstNode);
The following METRA boundary-condition types are assumed: int TopBconOut (BndNode* firstNode);
//int LeftBconOut (BndNode* firstNode) ;
Top boundary Type 5 (Specified liquid flux and temperature) int BaseBconOut (BndNode* firstNode);
Base boundary Type 1 (Specified temperature and pressure) //int RightBconOut (BndNode* firstNode);
Left boundary Zero flux int GetBconneData (BndNode* firstNode, int node, int flowDir,
Right boundary Zero flux f£loat& bDist,float& bArea, floats bDelh);
void DeleteNodes (BndNode** firstNode) ;
Author: G. I. Ofoegbu e e e e e e
Date: March 18 1999 #pragma argsused
System: C++ Compiler int main(int arge, char **argv)
" (Code developed using Borland C++Builder 3) { :

***i—*t*tt************t***************ttt**t***************ii*************t****/

// Allocate memory for possible error messages

#include <stdio.h> messageBuffer = new char [151};

#include <iostream.h> if (!messageBuffer){

#%nclude <iomanip.h> cerr << "Memory allocation error for messageBuffer\n®;
i:.mciuge <fstream.h; cerr << "Press any key to end: *;

include <strstrea.h> etch{);

#include <conio.h> getun:) (1);

#include <stdlib.h> }

#include <math.h>
// Initialize output file (erase file if it already exists)

#pragma hdrstop ofstream Fout (outFile);

#include <condefs.h> if (!Fout){
sprintf (messageBuffer, “Unable to open file %s in append mode" ,outFile);
DumpAndQuit () ;

char* messageBuffer; } \

void DumpAndQuit () ;
BndNode* firstNode = 0;
int ERROREND = 1; int totNumBc = 0; :
int NORMALEND = {; if (GetAllBndNodes (&firstNode, totNumBec) == ERROREND) ¢

DeleteNodes (&firstNode) ;
char* mf2BcFile = "mf2Bcon.tm4"; DumpAndQuit () ;
char* nodeDumpFile = "testBcon.out"; }
char* outFile = "tmd4All.bc*; Fout << ": Total number of BCON definitions = *
char* tcFile = "tmd4Tbcon.out"; << totNumBc
//char* 1cFile = “tm4Lbcon.out"”; << endl;
char* bcFile = “tmdBbcon.out”; Fout.close();
//char* rcFile = "tmdRbcon.out";
if (TopBconOut (firstNode) == ERROREND) {
const fleoat topInfilRate = 10.0; // Steady infiltration rate (mm/yr) . DeleteNodes (&firstNode) ;
const float topAtmos = 93361.0; // Atmospheric pressure at top (Pa) DumpAndQuit () ;
congt float basAtmos = 101325.0; // Atmospheric pressure at base (Pa) }
const float topTemp = 20.0; // Temperature at top (Celcius) /%
const float basTemp = 30.0; // Temperature at base (Celcius) if (LeftBconOut (firstNode) == ERROREND) {
const float denWater = 998.2; // Density of water (kg/m/m/m) at 20 C DeleteNodes (&firstNode) ;
const float visWater = 1.002e-03; // ViSCOSIity ——-—memmmmm oo DumpAndQuit () ;
const float gravity = 9.8; // Gravitational acceleration (m/s/s)} }
const float secPer¥r = 365.25*24.0*60.0*60.0; // Seconds per yr */
const float meter = 1000.0; // mm per m if (BaseBconOut (firstNode) == ERROREND) {
DeleteNodes (&firstNode) ;
struct BndNode({ DumpAndQuit () ;
int flowDir; . }
int index; Vi
float bDist; if (RightBconoOut (firstNode) == ERROREND) {
float bArea; ’ DeleteNodes (&firstNode) ;
float bDelh; DumpAndQuit () ;
BndNode* next; }
BndNode (int dir, imt nd, float r, float a, float dh){ */
flowDir = dir;
index = nd; // Done
bDist = r;
bArea = a; if (PrintNodes (firstNode) == ERROREND) {
bDelh = dh; DeleteNodes (&firstNode) ;

Bcon.cpp Bcon.cpp P L+ > g
DumpAndQuit () ; :i a_g@ ‘g Og :g size_t nBuf = sizeof (buf); é s F
! Fout << ": Boundary condition type 5 at top" << endl;
DeleteNodes (&firstNode) ; while (!Fin.eof()){
delete[] messageBuffer; Fin.getline(buf,nBuf);
cout << "Done ... Press any key to end: "; istrstream inpLine(buf,nBuf);
getch () inpLine >> ml >> m2 >> inc >> fPorosity >> mPerm;
return 0; if (inpLine.good{)){ .
} float mFlux = (denWater*denWater*gravity/visWater)*(0.9*mPerm);
int GetAllBndNodes (BndNode** firstNode, int& numNodes) float fFlux = (qTotal - mFlux)/fPorosity;
{ for (int node = ml; node <= m2; node++) {
ifstream Fin(mf2BcFile); if (GetBconneData (firstNode,node, flowDir,bDist,bArea,bDelh)
if (!Fin){ == ERROREND) returm (ERROREND) ;
sprintf (messageBuffer, "Unable to open file %s",mf2BcFile); Fout << setw(3) << bcType
return (ERROREND) ; << setw(3) << flowDir
} << setw(5) << node
<< setw(5) << node
BndNode* preNode = 0; << getw(3) << "1"
*firstNode = preNode; << setiosflags(ios::fixed) << setprecision(3)
int nl,n2,n3; << setw(1l0) << bDist
numNodes = 0; << setw{1l0) << bArea
int dir; << setw(l0) << bDelh
int index; << resetiosflags (ios::fixed)
float bDist; << endl;
float barea; Fout << setw(5) << "0.0"
float bbelh; << setiosflags(ios::scientific)
char buf[100]; << getw(1l2) << mFlux
size_t nBuf = sizeof (buf); << resetiosflags(ios::scientific) << setiosflags{ios::fixed)
<< setprecision(1)
while (!Fin.eof()){ << setw(10) << topAtmos
Fin.getline {buf,nBuf) ; << setw(6) << topTemp
istrstream inpLine (buf,nBuf); << setw(5) << "0.85"
inpLine »>> nl »>> dir >> index >> n2 >> n3 >> bDist >> bArea >> bDelh; << setw(5) << "0.0" << setw(5) << "0.0"
if (inpLine.good() && (dir == 3)){ << resetiosflags (ios::fixed)
numNodes ++; << endl;
BndNode* curNode = new BndNode(dir, index,bDist,bArea,bbelh); Fout << setw(5) << "0.0"
if (!curNode) << setiosflags(ios::scientific) << setprecision(3}
sprintf (messageBuffer, "Memory allocation error for %d(th) node", << setw(12) << fFlux
numNodes) ; << resetiosflags (ios::scientific) << setiosflags(ios::fixed)
return (ERROREND) ; << setprecision(l)
3} << setw(10) << topAtmos
if (numNodes == 1) *firstNode = curNode; << setw(6) << topTemp
else preNode->next = curNode; << setw{5) << "0.85"
preNode = curNode; << setw(5) << "0.0" << setw(5) << "0.0"
} << endl;
} Fout << "/" << endl;
return (NORMALEND) ; ) }
}
int TopBconOut {BndNode* firstNode) ¥
{ return (NORMALEND) ;
ofstream Fout{outFile,ios::app);
if (!Fout){ /*
sprintf (messageBuffer, “Unable to open file %s in append mode",outFile); int LeftBconOut (BndNode* firstNode)
return (ERROREND) ; {
ofstream Fout (outFile,ios::app):
ifstream Fin(tcFile); 1f (!Fout){
if (!Fin){ sprintf(messageBuffer, "Unable to open file %s in append mode",outFile) ;
sprintf (messageBuffer, "Unable to open file %s", tcFile); return (ERROREND);
return (ERROREND) ; }
} ifstream Fin(lcFile);
float bDist; if (IFin){ .
float bArea; sprintf (messageBuffer, "Unable to open file %s",lcFile);
float bDelh; return (ERROREND);
float fPorosity; 3
float mPerm; float bDist;
float gTotal = topInfilRate*denWater/{secPerYr*meter); float bArea;
int flowDixr = 3; float bDelh;
int bcType = 5; float fPorosity;
int ml,m2,inc; float mPerm;
char buf[100]; int flowDir = 1;

L . |
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Beon.cpp

int bcType = 2;
int ml,m2,inc;
char buf{100];
size_t nBuf = sizeof(buf);

P%ch g

Fout << ": Boundary condition type 2 on the left side" << endl;
while (!Fin.eof()){

Fin.getline(buf,nBuf);

istrstream inpLine(buf,nBuf};

inpLine >> ml >> m2 >> inc >> fPorosity >> mPerm;

if (inpLine.good()){

for (int node = ml; node <= m2; node++}{
if (GetBconneData(firstNode,node, flowDir, bDist, bArea,bDelh)
== ERROREND) return (ERROREND);

setw(3) << bcType
setw(3) << flowDir
setw(5) << node
setw(5) << node
setw(3) << "1"
setiosflags(ios::fixed) << setprecision(3)
setw(10) << bDist
setw(10) << bArea
setw(10) << bDelh
resetiosflags (ios: :fixed)
endl; .
setw(5) << "0.0"
setw(5) << *0.0"
setw(5) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"
setw({5) << "0.0"
setw(5) << "0.0"
endl;
setw(5) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"

Fout <<
<<
<<
<<
<<
<<
<<
<<

v <<
<<
<<

Fout <<
<<
<<
<<
<<
<<
<<
<<

Fout <<
<
<
<
<
<
<
<<

Fout <<

}
}

AANAAAA

setw(5) << "0.0"
endl;
/" << endl;

}
return (NORMALEND)};

}
*/

int BaseBconOut (BndNode* firstNode)

ofstream Fout (cutFile,ios::app);

if (!Fout){

sprintf (messageBuffer, "Unable to open file %s in append mode" ,outFile);

return (ERROREND) ;

}

ifstream Fin(bcFile);

if (!Fin){

sprintf (messageBuffer, "Unable to open file %s”,bcFile);
return (ERROREND) ;

}

float bDist;
float bArea;
float bDelh;

float fPorosity;

float mPerm;

int flowDir =

; int bcType =

1:

int ml,m2,inc;

char buf[100]

i

3;

Beon.cpp

size_t nBuf = sizeof (buf) ;

Fout << ":

Boundary condition type 1 at base" << endl:

whi}o (!Fin.eof()){
Fln.getline(buf,nBuf);
istrstream ianine(buf,nBuf);

inpLine

N : .
> ml >> m2 >> inc >» fPorosity >» mPerm;

if (ianine.good())(
for (int node = ml; node <= m2; node++) {

if (GethonneData(firstNode,node,flowDir,bDist,bArea bDelh)

== ERROREND) return (ERROREND) ;
Fout << setw(3) << bcType

Fout

Fout

Fout
}
}
}

<< setw(3) << flowDir

<< setw(5) << node

<< setw(5) << node

<< setw(3) << 1w

<< setiosflags{ios::fji isi
Dt E<(bnistf1xed) << setprecision(3)
<< setw(1l0) << bArea

<< setw(10) << bDelh

<< resetiosflags(ios::fixed)
<< endl;

<< setw(5) << "0.0"

<< setw(5) << r"g.gQ"

<< setiosflags(ios::fixed)
<< setprecision(1)

<< setw(1l0) << basAtmos

<< setw(6) << basTemp

<< setw(5) << "Q.Qo"

<< setw(5) << "p.g"

<< setw(5) << "p,Q"

<< endl;

<< setw(5) << "p.g»

<< setw(5) << "p.Q"

<< setw(10) << basAtmos

<< setw(6) << basTemp

<< setw(5} << "g.g"

<< setw(5) << "Q.0"
<< setw(5) << "0.0"
<< endl;
<< "/" << endl;

return (NORMALEND) ;

}
/%

?nt RighthonOut(BndNbde* firstNode)

ofstream Fout (outFile, ios: :app) ;

if (iFout)(

sprintf(messageBuffer,
return (ERROREND) ;

ifstream Fin(rcFile);

if (!Fin)(

sprintf(messageBuffer, "Unabl R . )
return (ERROREND); € to open file $s",rcFile);

float bDist;

float bArea;
float bDelh;

float fPorosity;

float mPerm;

int flowDir

int beType =

=l,~
2;

int ml,m2,inc;
char buf{100];

size t nBuf

= sizeof (buf);

@m%&éogﬁ

"Unable to open file %s in append mode"

ve

9

Bcon.cpp

Fout
Fout
Fout
Fout
}
}
}
}
*/

{

bDelh
}

first =

}

{

theNode
first =

}
}

barea =

<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<<
<
<
<
<
<<
<<
<<

AAAA

|
|
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Fout << ": Boundary condition type 2 on the right side” << endl;
while (!Fin.eof()){
Fin.getline(buf,nBuf};
istrstream inpLine(buf, nBuf);
inpLine >> ml >> m2 >> inc >> fPorosity >> mPerm;
if (inpLine.good()){
for (int node = ml; node <= m2; node++){
if (GetBconneData(firstNode, node, flowDir,bDist,bArea, bDelh)
== ERROREND) return (ERROREND);

setw(3) << bcType
setw(3) << flowDir
setw(5) << node

setw(5) << node

setw(3) << "1"
setiosflags(ios::fixed} << setprecision(3)
setw(10) << bDist
setw(10) << bArea
setw(10) << bDelh
resetiosflags(ios: :fixed)
endl;

setw(5) << "0.0"
setw(5) << "0.0"
setw(5}) << "0.0"
setw(5}) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"

endl;

setw(5) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"
setw(5) << "0.0"

endl;

"/ << endl;

return (NORMALEND);

int GetBconneData (BndNode* first, imt node, int flowDir,
float& bDist,float& bArea, float& bDelh)

while (first){
if (((first->flowDir)==flowDir) && ({(first->index)==node)){
bbhist' = first->bDist;
first->bArea;
first->bDelh;
return (NORMALEND) ;

first->next;

sprintf (messageBuffer, "Conne data not found for node %3 with flowDir %d4-,
node, flowDir) ;
return (ERROREND);

} .
void DeleteNodes (BndNode** firstNode)
BndNode* first = *firstNode;

BndNode* theNode = first;
while (first){

= first;
first->next;

delete theNode;

Beon.cpp

int PrintNodes (BndNode* theNode)
{

ofstream Fout (nodeDumpFile);

if (!Fout)

{

nodeDunpFile) ;
return (ERROREND) ;

Fout << setw(5) << "pDir"
<< setw({5) << "Node"
<< setw(10) << "bDist"
<< setw(10) << "bArea"
<< setw(10) << "bDelh"
<< endl;

while (theNode}) {

Fout <<
<<
<<
<<
<<
<<
<<

theNode

}

setw(5) << (theNode->flowDir)

setw(5) << (theNode->index)
setiosflags(ios::fixed) << setprecision(4)
setw{10) << (theNode->bbDist)

setw{10} << (theNode->bArea)

setw(10) << (theNode->bDelh)

endl;

= theNode->next;

return (NORMALEND};

}

void DumpAndQuit ()

{

cerr << "\n" << messageBuffer << "\n";
delete[] messageBuffer;

cerr << "Press any key to end: H

getch();
exit(1);

%
3

Po\%q,goé??

sprintf (messageBuffer, "Unable to open dump file for Bcon testing"
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..\RepoScale\TestCase\tm4.dat

Test Model tm4 - Unstructured grid with DCM test case
Adopted from Ofoegbu et al (1999) model

Infiltration rate = 10.0 mm/yr

_— RSTART O
:grid geometry nx ny nz ivplwr ipvcal iout gravity pref tref href
— Grid DCMUNSTRUCT 0 O 0 1 1 1 0 0 0 0
Pckr :relative perm and pc keyword
: i type-curv swirm rpm(lamda) alpha swext sgc iecm
e 1 Van-Gen 0.13 0.232 1.15e-6 -1.0e+8 0.0 0 : (TCwl2
2 Van-Gen 0.01 0.492 2.95e-4 -0.0e+8 0.0 0 : (TCwl2
3 Van-Gen 0.10 0.326 4.30e-5 -0.0e+8 0.0 0 : (PTn24
4 Van-Gen 0.01 0.492 9.33e-4 -0.0e+8 0.0 0 : (PTn24
5 Van-Gen 0.18 0.323 1.140e-6 -0.0e+8 0.0 0 : (TSw34
6 Van-Gen 0.01 0.492 9.77e-5 -0.0e+8 0.0 0 : (TSw34
7 Van-Gen 0.06 0.222 8.65e-5 -1.0e+8 0.0 0 : (CH2vc
. 8 Van-Gen 0.01  0.492 1.17e-3 -0.0e+8 0.0 0 : (CH2vc
9 Van-Gen 0.07 0.310 1.81le-5 -0.0e+8 0.0 0 (PP3vp
10 Van-Gen 0.01 0.492 1.41e-3 -0.0e+8 0.0 0 (PP3vp
T 0
Debug 1
0

—— .o okkkkkkkkkhkkkkkkkkkkk

Thermal properties
KAk hkhkhkhkhkhkhkkhhkhkhkhkkkhkhx

———— : no = sequential number of data set

: rho = rock density (kg/m"3)
. cpr = rock specific heat (J/kg-K)
= 5 : ckdry = thermal conductivity of dry rock (J/s/m-K)
. cksat = thermal conductivity of liquid saturated rock (J/s/m-K)
crp = pore compressibility with pressure at constant T (1/Pa)
crt = absolute value of pore compressibility with pressure at constant T (1/Pa)
. tau = tortuosity for binary diffusion
: cdiff = vapor-dir diffusion coefficient, (m"2/s)

. cexp = exponent for binary diffusion

enbd enhanced binary diffusion coefficient
Thermal-prop
: no rho cpr ckdry cksat crp crt tau cdiff cexp enbd
1 2.510e+03 837.0 1.28 1.88 0 0 .5 2.13e-5 1.8 0. : (TCwl2
2 2.260e+03 1330.0 0.35 0.82 0 0 .5 2.13e-5 1.8 0. (PTn24
s 3 2.530e+03 948.0 1.56 2.33 0 0 .5 2.13e-5 1.8 0. (Tsw34
4 2.240e+03 1200.0 0.58 1.17 0 0 .5 2.13e-5 1.8 0. (CH2vC
5 2.580e+03 841.0 0.66 1.26 0 0 .5 2.13e-5 1.8 0. (PP3vp
s 0
conn tmé4 Read nodal-connections data from file tm4.con
PHIK tm4 | Read nodal-property assignments from file tmd.phk
L Init
M1 M2 INC P T SG XA PM ™ SGM XAM
1 45 1 9.3E+04 20.0 0.99 0.0 9.3E+04 20.0 0.75 0.0
i 46 659 1 9.3E+04 25.0 0.99 0.0 9.3E+04 25.0 0.75 0.0
660 680 1 9.3E+04 20.0 0.99 0.0 9.3E+04 20.0 0.75 0.0
681 3906 1 9.3E+04 25.0 0.99 0.0 9.3E+04 25.0 0.75 0.0
— 3907 3943 1 1.01289E+05 30.0 0.99 0.0 1.0129E+05 30.0 0.09 0.0
3944 4001 1 9.3E+04 25.0 0.99 0.0 9.3E+04 25.0 0.75 0.0
4002 4030 1 1.01289E+05 30.0 0.99 0.0 1.0129E+05 30.0 0.09 0.0
————— /

: Base boundary

matrix)

fracture)
matrix)
fracture)

matrix)
fracture)
matrix)

fracture)
matrix)
fracture)

[

matrix)
matrix)
matrix)

matrix)
matrix)

: Top boundary

: Top boundary

Base boundary
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Chapter 3 - Geology of the Unsaturated Zone and the UZ Mode!
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WELDING INTENSITY/FORMATION :
NAME MODEL LAYER | HYDROGEOLOGICAL
GEOLOGICAL UNIT (BUESCH ET AL., 1995) NAME UNIT . :
PAINTBRUSH GROUP
’ M,D! (Tpoooo) tewll A
Tiva Canyon Tuff tewl2 Tiva Canyon (TCw)
' D-Basal vitrophyre (Tpcpv3) tewl3
M (Tpcpv2)
NP (Tpcpvl) . : . o
Bedded Tuff N (Tpbt4) pin21 Paintbrush (PTn) - ..
Yucca Mountain Tuff N,PM (Tpy) ptn22
Bedded Tuff N (Tpbt3) ptn23
Pah Canyon Tuff N,EM (Tpp) ptn24
Bedded Tuff N (Tpbt2) ptn25
Topopah Spring Tuff NP (Tptrv3)
M (Tptrv2) tsw3l Topopah Spring (TSw)
D-Upper vitrophyre (Tptrv1)
M,D (Tptm) tsw32
M,D,L2 (Tptrl) tsw33
M,D,L (Tptpul)
D (Tptpmn) tsw34
MD,L (Tptpll) tsw35
D (Tptpin) tsw36
D-Basal vitrophyre (Tptpv3) tsw37
N,PM; may be altered (Tptpvl, chl(vc or zc) Calico Hills (CHn)
Tptpv2)
Bedded Tuff N; may be altered (Tpbt1)
Calico Hills Formation N; unaitered (Tac-vitric) ch2(ve or zc)
N; altered (Tac-zeolitic) ch3(vc or z¢)
Bedded Tuff N; may be altered (Thtbt) ché(vc or zc)
CRATER FLAT GROUP
Prow Pass Tuff N; may be altered (Tcp) Unit 43 (@
- PM Unit3 )
pp3vp
N,P; generally altered Units 2,1 pPp2zp '
Bedded Tuff N; generally altered (Tcpbt) '
Upper Bullfrog Tuff N,P; generally altered (Tcb)
Middle Bullfrog Tuff PM bf3vp
The Site-Scale Unsaturated Zone Model of Yucca Mountain, Nevada, for the Viability Assessment 3.7
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Model topography

(344.0,-57.5)

Actual topography

(49.8,-189.2)

Top-west corner of model
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D:\HydrTherm\RepoScale\EastWest01l\ew01lProp.inp

blkToProp (Version 2.0) input data for model ew0l
**************************************************************************************

blk: Block Number
rkName: Hydrostratigraphic model layer name
istM: Associated Van-Gen curve number for matrix in METRA input file
1stF: Associated Van-Gen curve number for fracture in METRA input file
iTh: Associated thermal-property curve number for matrix in METRA input file
*************************************************************************************i
blk rkName istM istF iTh
1 tewl2 1 2 1
2 tcwls 3 4 2
3 tcwl3 3 4 2
4 ptn2l 5 6 3
5 ptn22 7 8 4
6 ptn23 9 10 5
7 ptn24 11 12 6
8 ptn25 13 14 7
9 tsw3l 15 16 8
10 tsw32 17 18 9
11 tsw32 17 18 9
12 tsw33 19 20 10
13 tsw33 19 20 10
14 tsw33 19 20 10
15 tsw34 21 22 11
16 tsw35 23 24 12
17 tsw36 25 26 13 N
18 tsw37 27 28 14 d
19 chlve 29 30 15 W
20 ch2ve 31 32 16
21 chdvce 33 34 17
22 pp3vp 35 36 18
23 pp2zp 37 38 19
24 Dbf3vp 39 40 20
25 bf2zp 41 42 21
26 Dbf2zp 41 42 21
27 bf3vp 39 40 20
28 pp2zp 37 38 19
29 tewl2 1 2 1
30 tecwl3 3 4 2
31 ptn2l 5 6 3
32 ptn22 7 8 4
33 ptn23 9 10 5
34 ptn24 11 12 6
35 ptn2S5 13 14 7
36 tsw3l 15 16 8
37 tsw32 17 18 9
38 tsw33 19 20 10
39 tsw34 21 22 11
40 tsw35 23 24 12
41 +tsw36 25 26 13 =
42 tsw3?7 27 28 14 ”-\
43 chlve 29 30 15
44 ch2vc 31 32 16
45 ch2ve 31 32 16 W
46 chdve 33 34 17
47 pp3vp 35 36 18
48 pp2zp 37 38 19
49 pp2zp 37 38 19
50 pp3vp 35 36 18
51 chdve 33 34 17
52 ch2ve 31 32 16
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D:\HydrTherm\RepoScale\set3RkProp.dat

Cac )
S

Yucca Mountain Project Hydrological Rock Properties —

Property Set 3:

From Tables 3-10 and 3-11 of Near-Field/Altered-Zone Models Report UCRL-ID-129179

LA AR R R R R R R R R R R L R R L L T Ty uramrrrr o,

rkName:
fpor:
fKh;:
fKv:
mPor:
mK :
aFM:
blkLen:

Hydrostratigraphic model layer name —
Fracture porosity (volume fraction of fracture space relative to bulk space)
Horizontal fracture permeability (m~2)

Vertical fracture permeability (m~2)

Matrix porosity

Matrix permeability (m~2)

Fracture-Matrix interaction factor for DCM (AREAMODF in METRA)

Fracture spacing

Fracture-permeability values in this table were based on average flux normal to bulk area;

for DCM models, they are divided by fPor to obtain intrinsic fracture permeability. s -
**************************************************************************************************

rkName fPor
towll 2.33E-04
towl2 2.99E-04
tewl3 7.05E-05
< ptn21” 4.84E-05
ptn22 4. 83E-05
ptn23 1.30E-04
¢ ptn24 6.94E-05
ptn25 3.86E-05
tsw3l 8.92E-05
tsw32 1.29E-04
tsw33 1.05E-04
tsw34 1.24E-04
tsw35 3.29E-04
tsw36 3.99E-04
tsw37 4.92E-04
chlzc 1.10E-05
ch2zc 1.10E-05
ch3zc 1.10E-05
chédzc 1.10E-05
chlve 7.14E-05
ch2ve 7.14E-05
ch3ve 7.14E-05
chdvc 7.14E~-05
pp3vp 7.14E-05
bf3vp 7.14E-05
tm3vt 7.14E-05
pPpP2zp 1.10E-05
bf2zp 1.10E-05

i

AN ANANNINNHERFRIREMREREPORDIH AN NNGORN

£fKh

.03E-12
.03E-12
.40E-13

25E-13

L95E-13.
.57E~13
.17E-14
.76E-14
.00E-12
.08E-13
.91E-13
.27E-13
.12E-13
.20E-12
\20E-12
L40E-14
.17E-14
.17E-14
.55E-14
.74E-13
.88E-13
.88E-13
,88E-13
.92E-13
.92E-13
L92E-13
L46E-14
L46E-14

MNNNNNONNHFNOMOMRNPREWANRERNON UGN RSN

fKv

.29E-11
.38E-11
<82E-12-
.25E-13 »

95E-13~""
.57E-13
L17E-14
.76E~-14
.07E-11
.51E-11
.63E-11
.76E-12
.80E-12
.20E-12
.20E-12
.51E~14
.51E-14
.51E-14
.51E-14
.74E-13
.88E-13
.88E-13
.88E-13
.08E-13
.08E-13
.08E-13
.51E-14
.51E-14

mPor mK aFM DblkLen
0.066 5.40E-18 5.00E-04 0.5 —
0.066 5.40E-18 5.00E-04 0.5
0.14 5.69E-17 5.00E-04 0.5
.0.369 1761E-14 .5.02E-01 0.57™ _—
0.234 ‘3.30E%15 " "5,00E-01 0.5
0.353 5.40E-14 5.00E-01 0.5
v0.469 8.80E-14 5.00E-01 0.5 _—
0.464 - 3.18E-13 5.00E-01 0.5
0.042 7.76E-17 4,68E-01 0.5
0.146 1.82E-16 5.00E-04 0.5
0.135 2.04E-17 5.00E-04 0.5
0.089 4.08E-18 1.23E-03 0.5
0.115 2.22E-17 5.00E-04 0.5
0.092 8.70E-18 5.00E-04 0.5
0.02 8.39E-18 5.00E-04 0.5
0.193 1.36E-17 5.00E-01 0.5
0.24 2.50E-18 9.22E-01 0.5 ——
0.24 2.50E-18 9.22E-01 0.5
0.169 5.49E-18 5.00E-01 0.5
0.265 1.60E-12 5.00E-01 0.5 —_—
0.321 5.50E-14 5.00E-01 0.5
0.321 5.50E-14 5.00E-01 0.5
0.321 5,50E-14 5.00E-01 0.5 —
0.274 1.91E-15 5.00E-04 0.5
0.274 1.91E-15 5.00E-04 0.5
0.274 1.91E-15 5.00E-04 0.5
0.197 1.75E-17 5.00E-01 0.5
0.197 1.75E-17 5.00E-01 0.5
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D:\HydrTherm\RepoScale\thPropCurves.dat

METRA-DCM, Thermal and Hydrologic Properties:
From Near-Field/Altered-Zone Models Report UCRL-ID-129179
P2 X322 L 222222 RS R ARttt s YT Y P EE LT T

Hydrologic properties from Tables 3-10 and 3-11 of UCRL-ID-129179
KAKKIKRKKRKKRRKARKE AT AR R A KKK AN AR AR KA h ARk hhk kA hhkk
i = sequential number of material types
type = the characteristic curves (Van-Gen, Linear, tabular, and corey)
swirm = irreducible liguid saturation for the matrix
rpmm = Van Genuchten parameter for matrix
alpham = Van Genuchten parameter for matrix
swext = liquid saturation below which the capillary pressure
is calculated based on the slope dPcw/dSw evaluated at SWEXT.
sgc = residual (immobile) gas saturation, fraction
iecm = Equivalent Continuum Model (ECM) formulation
(0 do not invoke, 1 invoke, 2 ECM with tables)

swirf = residual liquid saturation for fracture, fraction
: alphaf = parameter in Van-Genuchten equation for fracture (1/Pa)
: phim = matrix porosity (fraction)
: phif = fracture porosity (fraction)
: permm intinsic matrix permeability (m~*2)

: permf = intrinsic fracture permeability

Pckr :relative perm and pc keyword
i type-curv swirm rpmm(lamda) alpham swext sgc iecm
1 Van-Gen 0.13 0.2447 2.0le-6 -1.0e+8 0.0 0
2 Van-Gen 0.01 0.669 2.37e-3 -0.0e+8 0.0 0
3 Van-Gen 0.33 0.4548 3.74e-6 -0.0e+8 0.0 0
4 Van-Gen 0.01 0.669 9.12e-4 -0.0e+8 0.0 0
5 Van-Gen 0.10 0.2531 3.98e-5 -1.0e+8 0.0 0
6 Van-Gen 0.01 0.669 1.10e-3 -0.0e+8 0.0 0
7 Van-Gen 0.14 10,4925 7.94e-6 -0.0e+8 0.0 0
8 Vvan-Gen 0.01 0.669 1.85e-3 -0.0e+8 0.0 0
9 Van-Gen 0.17 0.3002 5.44e-5 -0.0e+8 0.0 0
10  Van-Gen 0.01 0.667 3.45e-3 -0.0e+t8 0.0 0.
<711 vVvan-Gen’ 0.10 0.3859 3.43e-5 X0 0e+8 0.0 0
{12 vVan-Gen 0.01 0.667 9.13e-4 -0.0e+8 0.0 0
13 "Van-cen 0.10 0.3195 1.81le-~4 -0.0e+8 0.0 0
14 vVan-Gen 0.10 0.320 1.81e-4 -0.0e+8 0.0 0
15 Van-Gen 0.11 0.2304 5.84e-5 -1.0e+8 0.0 0
16 Van-Gen 0.01 0.566 1.44e-4 -0.0e+8 0.0 0
17 Van-Gen 0.04 0.2861 2.00e-5 -1.0e+8 0.0 0
18 Van-Gen 0.01 0.667 1.42e-3 -1.0e+8 0.0 0
19 Van-Gen 0.06 0.2479 6.21le-6 -1.0e+8 0.0 0
20 Van-Gen 0.01 0.667 1.73e-3 ~0.0e+8 0.0 0
21 Van-Gen 0.18 0.3212 1.19e-6 -1.0e+8 0.0 0
22 Van-Gen 0.01 0.643 9.34e-4 -1.0e+8 0.0 0
23 Van-Gen 0.08 0.1983 4.,0le-6 -1.0e+8 0.0 0
24 Van-Gen 0.01 0.667 1.26e-3 -0.0e+8 0.0 0
25 Van-Gen 0.181 0.5138 8.08e-7 -0.0e+8 0.0 0
26 Van-Gen 0.01: 0.667 1.32e-3 -0.0e+8 0.0 0
27 Van-Gen 0.50 0.3709 5.30e-7 -0.0e+8 0.0 0
28 Van-Gen 0.01. 0.659 1.19e-3 -0.0e+8 0.0 0
29 Van-Gen 0.04 0.1592 7.60e-5 -1.0e+8 0.0 0
30 Van-Gen 0.01 0.669 1.18e-3 -0.0e+8 0.0 0
31 van-Gen 0.06. 0.2291 T 4.,12e-5 -1.0e+8 0.0 0
32 vVan-Gen 0.01 0.667 1.18e-3 -0.0e+8 0.0 0
33 Van-Gen 0.33 0.2291 4.12e-5 -0.0e+8 0.0 0
34 Van-Gen 0.01 0.667 1.18e-3 - -0.0e+8 0.0 0
35 Van-Gen 0.07 0.3142 1.66e-5 -0.0e+8 0.0 0
36 Van-Gen 0.01 0.667 1.42e-3 -0.0e+8 0.0 o
37 Van-Gen 0.18 0.3568 8.3%e-6 -0.0et8 0.0 0
38 Van-Gen 0.01 0.667 1.14e-3 -0.0e+8 0.0 0
39 Vvan-Gen 0.07 0.3142 1.66e-5 -0.0e+8 0.0 0
40 Van-Gen 0.01 0.667 1l.42e-3 -0.0e+8 0.0 0
41 vVan-Gen 0.18 0.3568 8.39%e-6 -1.0e+8 0.0 0
42 Van-Gen 0.01 0.667 l.14e-3 -1.0e+8 0.0 0

Gtd

(TCwl2
(TCwl2
(TCwl3
(TCwl3
(PTn21
(PTn21
(PTn22
(PTn22
(PTn23

i..(PTn23
(PTn24

(PTn24
(PTn25
(PTn25
(TSw31
(TSw31
(TSw32
(TSW32
(TSw33
(TSw33
(TSw34
(TSw34
(TSW35
(TSw35
(TSw36
(TSw36
(TSw37
(TSw37
(CHlve
(CH1lvc

(CH2/3vc
(CH2/3vc

(CH4vc
(CH4vc
(PP3vp
(PP3vp
(PP22p
(PP22p
(BF3vp
(Bf3vb
(Bf2zp
(Bf2zp

matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
matriXy~x
fracture)mﬁ
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
-~ matrix)
- fracture)
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
matrix)
fracture)
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kkhkhkkhkhkhkhkhkhdhhkkhhkkhkhkhkhkkhkhkhkhkhkkhkhkhhhhkhhhkhkhkkkkik
hermal properties from Table 3-5 of UCRL-ID-129179

B AEERIKEKTIARKRRIKKKR IR I ARARRRKR AR AN R A kR khkhhkhkkhkhkhkhhkhk
: no = sequential number of data set
: rho = rock density (kg/m"3)
: ¢cpr = rock specific heat (J/kg-K)
: ckdry = thermal conductivity of dry rock (J/s/m-K)
: cksat = thermal conductivity of liquid saturated rock (J/s/m-K)
: crp = pore compressibility with pressure at constant T (1/Pa)
: crt = absolute value of pore compressibility with pressure at constant T (1/Pa)
: tau = tortuosity for binary diffusion
: cdiff = vapor-dir diffusion coefficient, (m*2/s)

]
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: cexp = exponent for binary diffusion
: enbd = enhanced binary diffusion coefficient
Thermal prop
: no rho cpr ckdry cksat crp crt tau cdiff cexp enbd
1 2510.0 837. 1.28 1.88 0 0 .5 2.13e-5 1.8 0. : (TCwl2 - matrix)
2 2470.0 857. 0.54 0.98 0 0 .5 2,13e-5 1.8 0. : (TCwl3 - matrix)
3 2340.0 1080. 0.35 0.50 0 0 .5 2.13e-5 1.8 0. 1 (PTn2l1 - matrix) n
4 2400.0 849. 0.44 0.97 0 0 .5 2.13e-5 1.8 0. : (PTn22 - matrix) ’
5 2370.0 1020. 0.46 1.02 0 0 .5 2.13e-5 1.8 0. : (PTn23 - matrix)
6 2260.0 1330. 0.35 0.82 0 0 .5 2.13e-5 1.8 0. : (PTn24 - matrix) }————-
7 2370.0 1220. 0.23 0.67 0 0 .5 2.13e-5 1.8 0. : (PTn25 - matrix) g
8 2510.0 834. 0.37 1.00 0 0 .5 2.13e-5 1.8 0. ¢ (TSw3l - matrix)
9 2550.0 866. 1.06 1.62 0 0 .5 2.13e-5 1.8 0. : (TSw32 - matrix)
10 2510.0 883. 0.71 1.80 0 0 .5 2.13e-5 1.8 0. : {TSw33 - matrix)
11 2530.0 948. 1.56 2.33 0 0 .5 2.13e-5 1.8 0. : (TSw34 - matrix)
12 2540.0 900. 1.20 2.02 0 o} .5 2.13e-5 1.8 0. : (TSw35 - matrix)
13 2560.0 865. 1.42 1.84 0 0 .5 2.13e-5 1.8 0. : (TSw36 - matrix)
14 2360.0 984. 1.69 2.08 0 0 .5 2.13e-5 1.8 0. ¢ (TSw37 - matrix)
15 2310.0 1060. 0.70 1.31 0 0 .5 2.13e-5 1.8 0. ¢ (CHlve - matrix)
16 2240.0 1200. 0.58 1.17 0 0 .5 2.13e-5 1.8 0. : (CH2/3vc - matrix)
17 2440.0 1200. 0.58 1.17 0 0 .5 2.13e-5 1.8 0. : (CH4vc - matrix)
18 2580.0 841. 0.66 1.26 0 0 .5 2.13e-5 1.8 0. : (PP3vp - matrix)
19 2510.0 644. 0.74 1.35 0 0 .5 2.,13e-5 1.8 0. ¢ (PP2zp - matrix)
20 2580.0 841. 0.66 1.26 0 0 .5 2.13e-5 1.8 0. : (BF3vp - matrix)
21 2510.0 644 . 0.74 1.35 0 0 .5 2.13e-5 1.8 O, : (BF2zp - matrix)
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m20ThCurves.dat
- m20Prop. inp

—— - ; METRA-DCM, Thermal and Hydrologic Properties for model m20:

blkToProp (Version 2.0) input data for model m20 . : From Near-Field/Altered-Zone Models Report UCRL-ID-129179
hhkhkkdkhkhkhkhhkhkkh kb hkkhkhkhk kA A hk Ak Ak kb hhkhkdkhdhhhkhAh kb hh bk h bk kb hkkhhhkr kb b bk kb hkhkd bk bbb h bk hkh bk hkhkhhtkhh .

- . ] [ TRENR IR KT A TR EIRE AR KA RARR AR RARRRRR AR AR A NR ARk AR AR AR d ek d
blk: Block N ?r . : Hydrologic properties from Tables 3-10 and 3-11 of UCRL-ID-129179
rkName: Hydrostratigraphic model layer name . s Rk ARA KRR R KRR R R R R R R R AR A AR AR AR R AR A AR Rk R Rk AR R AR Ak AR AN AR R AR R AR AR
istM: Associated Van-Gen curve number for matrix in METRA input file i : i = sequential number of material types
istF: Associated Van-Gen curve number for fracture in METRA input file — - type = t?irggﬁgigﬁgriiti‘i’d":zsiaé‘i’gﬁ ?ﬁ?’tﬁinﬁiihiabular’ and corey)
iTh: Associated thermal-property curve number for matrix in METRA input file | ;r;éF=VanGemmhtalp;mmMEr for matrix

- **************************************************.************************************ ! . alpham = Van Genuchten parameter for matrix

blk rkName istM istF iTh i | swext = liquid saturation below which the capillary pressure

is calculated based on the slope dPcw/dSw evaluated at SWEXT.
tewl2 1 2 : sgc = residual (immobile) gas saturation, fraction
—_ ] : lecm = Equivalent Continuum Model (ECM) formulation

(0 do not invoke, 1 invoke, 2 ECM with tables)

ptn2l 3 4

1 1

2 2

3 tsw32 5 6 3 Bl ; swirf = residual liquid saturation for fracture, fraction

4 tsw33 7 8 4 | ‘ : alphaf = parameter in Van-Genuchten equation for fracture (l/Pa)
5 tsw34 9 10 5 — - ] : phim = matrix porosity (fraction)
6 6 .
7 7
8 8
9 9

tsw35 11 12 : phif = fracture porosity (fraction)

tsw36 13 14
ch2vc 15 16

: permm = intinsic matrix permeability (m*2)

~: pernf = intrinsic fracture permeability 7 \
ﬁckr irelative perm and pc keyword G/V\)J

pp3vp 17 18 ‘! i type-curv swirm rpmm({lamda) alpham swext sgc iecm
10 pp2zp 19 20 10 A4 — 1 van-Gen 0.13  0.2447 2.0le-6 -0.0e+8 0.0 0 : (TCwl2 - matrix) :
11 bf3vp 21 22 11 ) 2 Van-Gen g.g% 0.669 2.i7e-3 -0.0e+8 0.0 g : (TCwl2 - fraciure)
3 van-Gen . 0.3859 3.43e-5 -0.0e+8 0.0 ¢+ (PTn24 - matrix)
12 bf2zp 23 24 12 4 van-Gen 0.01  0.667 9.13e-4  -0.0e+8 0.0 0 : (PTn24 - fracture)
13 Dbf2zp 23 24 12 E— - 5 Van-Gen 0.04  0.2861 2.00e-5  -0.0e+8 0.0 0 : (TSw32 - matrix) .
14 bf3vp 21 22 11 6 Van-Gen 8.01 0.6679 é.4ie-3 -0.0e+8 0.0 0 : (TSw32 - fracture) *
7 Van-Gen .06 0.247 .21e-6 -0.0e+8 0.0 0 : (TSw33 - matrix) -
- 15 pp2zp 19 20 10 _— S 8 Van-Gen 0.01 0.667 1.73e-3 -0.0e+8 0.0 0 : (TSw33 - fracture) *
16 tcwl2 1 2 1 9 Van-Gen 0.18 0.3212 1.19e-6 -0.0e+8 0.0 0 : (TSw34 - matrix)
17 ptn21 3 4 2 10 Van-Gen 0.01 0.643 9.34e-4 -0.0e+8 0.0 0 (TSw34 - fracture)
_ 18 tsw32 5 6 3 11 van-Gen 0.08 0.1983 4.01le-6 -0.0e+8 0.0 0 (TSw35 - matrix)
— 12 Vvan-Gen 0.01 0.667 1.26e-3 -0.0e+8 0.0 0 (TSw35 - fracture)
19 tsw33 7 8 4 13 Van-Gen 0.18 0.5138 8.08e-7 -0.0e+t8 0.0 0 (TSw36 - matrix)
20 tsw34 9 10 5 14 Van-Gen 0.01 0.667 1.32e-3 -0.0e+8 0.0 0 (Tsw36 - fracture)
- 21  tsw3b 11 12 6 15 vVvan-Gen 0.06 0.2291 4.12e-5 -0.0e+8 0.0 0 (CH2/3vec - matrix)
16 Van-Gen 0.01 0.667 1.18e-3 -0.0e+8 0.0 0 (CH2/3vc - fracture)
22  tsw36 13 14 7 17 Van-Gen 0.07 0.3142 1.66e-5 -0.0e+8 0.0 0 (PP3vp - matrix)
23 ch2vc 15 16 8 X 18 vVan-Gen 0.01 0.667 1.42e-3 -0.0e+8 0.0 0 (PP3vp - fracture)
- — i —_— 19 Van-Gen 0.18 0.3568 8.3%e-6 -0.0e+8 0.0 0 : (PP2zp - matrix)
24 pp3vp 17 i8 9 ! 20 Van-Gen 0.01 0.667 1l.14e-3 -0.0e+8 0.0 0 : (PP2zp - fracture)
25 pp3vp 17 18 9 21 vVan-Gen 0.07 0.3142 1.66e-5 -0.0e+8 0.0 0 : (BF3vp - matrix)
- 26 ch2vc 15 16 8 22 Van-Gen 0.01 0.667 1.42e-3 -0.0e+8 0.0 0 : (Bf3vp - fracture)
I 23 Van-Gen 0.18 0.3568 8.39%e-6 -0.0et+8 0.0 0 : (Bf2zp - matrix)
/// 7/4//—~\\\\\ ! 24 Van-Gen 0.01 0.667 1.14e-3 -0.0e+8 0.0 0 : (Bf2zp - fracture)
0
o) 7 e H -

¢ opr = rock specific heat (J/kg-K)
: ckdry = thermal conductivity of dry rock (J/s/m-K)

¢ cksat = thermal conductivity of liquid saturated rock (J/s/m-K)
‘ : crp = pore compressibility with pressure at constant T (1/Pa)

(“‘I W/ L T
:  Thermal properties from Table 3-5 of UCRL-ID-129179
: s kkkdkkkhhkkhkkhkdhkhhhhdh bk hhhkkhhd kb kkhhkAakdhhhhn

. - ¢ no = sequential number of data set
//// \\\._,/’// ; : rho = rock density (kg/m~3)

crt = absolute value of pore compressibility with pressure at constant T (1/Pa)

: tau = tortuosity for binary diffusion
f : cdiff = vapor-dir diffusion coefficient, (m"2/s)
, ‘ : cexp = exponent for binary diffusion
» f . ' : : . N " g I ;. enbd = enhanced binary diffusion coefficient
: ) Thermal prop
- . . ) : no rho cpr ckdry cksat crp cort tau cdiff cexp enbd
- _ : b . : L] _— 1 2510.0 837. 1.28 1.88 0 0 .5 2.13e-5 1.8 0. ¢ (TCwl2 - matrix)
2 2340.0 1080. 0.35 0.50 0 0 .5 2.13e-5 1.8 0. ¢ (PTn21 - matrix)
s o 3 2550.0 866. 1.06 1.62 0 0 .5 2.13e-5 1.8 0. (TSw32 - matrix)
. . . ) , . . 4 2510.0 883. 0.71 1.80 0 0 .5 2.13e-5 1.8 0. (TSw33 - matrix)
g - - a—— 5 2530.0 948. 1.56 2,33 0 0 .5 2.13e-5 1.8 0. (TSw34 - matrix)
. 6 2540.0 9200. 1.20 2.02 0 0 .5 2,13e-5 1.8 0. (TSw35 - matrix)
- - 7 2560.0 865, 1.42 1.84 0 0 .5 2.13e-5 1.8 0. : (TSw36 - matrix)
v . - x > . . § N J . . . —— 8 2240.0 1200. 0.58 1.17 0 0 .5 2.13e-5 1.8 0. ¢ (CH2/3vc =~ matrix)
' 9 2580.0 841. 0.66 1.26 0 0 .5 2.13e-5 1.8 0. : (PP3vp - matrix)
. 10 2510.0 644. 0.74 1.35 0 0 .5 2.13e-5 1.8 0, : (PP2zp - matrix) ‘
. - ‘ X N 11  2580.0 841. 0.66 1.26 0 0 .5 2.13e-5 1.8 0. ¢ (BF3vp - matrix) : /
- > . ! . i —_— 12 2510.0 644. 0.74 1.35 0 0 .5 2.13e-5 1.8 0. ¢ (BF2zp - matrix) U (
| , : I’ ~1Y
. ’ . —
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Title: Repository Thermal Loading Management Analysis
ID: B00000000-01717-0200-00135 REV 00

Attachment V
Page: V-1 of V-5

& A

Table V-1. Average Thermal Decay for All WPs
(A) (B) (€) (D) (E) (F) <-_LGi\6
(Sec. 4.3.23) (Sec. 4.3.23) (Sec. 4.3.23) (Sec. 4.3.23) (B)+(C)+(D)+(E) (F)/ (71.499488 x100%
Z
Total Heat Total Heat Total Heat Total Heat Total Heat
Year from 2,859 from 4,137 from 3,259 from 683 from All (10,938) Percent of
44-BWR Pkgs 21-PWR Pkgs DHLW Pkgs 12-PWR Pkgs Waste Pkgs Total Initial Heat
(MW) (MW) (MW) (MW) (MW)
(Total Initial Heat)
21.423086 37.436260 4.875464 7.764676 71.499486 100.00%
19.017122 33.491405 4.399650 6.610624 63.518801 88.84%
10 17.301296 30.536741 3.923836 5.890347 57.652220 80.63%
20 14.643423 25.862371 3.252482 4.839801 48.598077 67.97%
30 12.580315 22.215593 2.581128 4.051793 41.428829 57.94%
40 10.962790 19.329458 2.260442 3.448308 36.000998 50.35%
50 9.651849 16.991320 1.939757 2.961375 31.544301 44.12%
60 8.602695 15.112725 1.619071 2.577586 27.912077 39.04%
70 7.755189 13.588046 1.298386 2.268359 24.909980 34.84%
80 7.055883 12.335578 0.977700 2.017372 22.386533 31.31%
90 6.494939 11.315100 0.802091 1.818288 20.530418 28.71%
100 6.012681 10.456422 0.826482 1.646766 18.942351 26.49%
150 4.567073 7.878865 0.448438 1.145978 14.040354 19.64%
200 3.824607 6.569736 0.196061 0.909198 11.499602 16.08%
300 3.038994 5.220269 0.083430 0.682267 9.024960 12.62%
400 2.560330 4.412083 0.052579 0.560346 7.585398 10.61%
500 2.219442 3.838502 0.034363 0.482585 6.574892 9.20%
600 1.943922 3.378038 0.030191 0.422659 5.774810 8.08%
700 1.728933 3.016950 0.026020 0.377363 5.149266 7.20%
800 1.542874 2.706392 0.021848 0.339467 4.610581 6.45%
900 1.394818 2.458149 0.017677 0.309170 4.179814 5.85%
1,000 1.270218 2.248570 0.014340 0.284115 3.817243 5.34%
2,000 0.659264 1.219725 0.009370 0.160481 2.048840 2.87%
3,000 0.505804 0.954557 0.008588 0.127461 1.596410 2.23%
4,000 0.449766 0.853526 0.007806 0.114076 1.425174 1.99%
5,000 0.418991 0.795874 0.007034 0.106206 1.328105 1.86%
6,000 0.387847 0.736906 0.006747 0.097886 1.229386 1.72%
7,000 0.363303 0.690293 0.006460 0.091349 1.151405 1.61%
8,000 0.340257 0.646400 0.006173 0.085211 1.078041 1.51%
9,000 0.321149 0.609574 0.005887 0.080141 1.017151 1.42%
10,000 0.304807 0.578761 0.005602 0.075839 0.965009 1.35%
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Pércolation flux (mm/yr)

LigFlux.cpp

Percolation flux (mm/yr)

ge,qoxi\—\-
ofstream Fout{outFile)
if (1Fout){

sprintf(messageBuffer, "Unable to open file %5 ,0utFile);

return (ERROREND);

i)‘out << setw(B) << "ConNum®
<< setw(B) << "Nodel"
<< setw(8) << “Node2"
<< setw(10) << "xCoord”
<< setw(15) << "LigVel mm/yr"
<< setw(14) << "miigvel m/s"
<< setw{l4) << "mGasVel m/s"
<< setw(l4) << "fLiqvel m/s”
<< setw(1l4) << "fGasvel m/s"
<< endl;

while (first){
Fout << setw(8) << first->index
<< setw(B) << first->nodel
<< setw(B) << first->node2
<< setiosflags(ios::fixed) << setprecision(2)
<< setw(1l0) << first->x
<< resetiosflags(ios::fixed)

<< setiosflags(los::scientific) << setprecision A%

<< setw(l5) << first->ligvel

<< setw(14) << first->mbigvel

<< setw(14) << first->mGasVel

<< setw{14) << first->fLiqvel

<< setw(l4) << first->fGasvel

<< resetiosflags(ios::sclentific)
<< endl:

first = first->next;

)
return (NORMALEND);

void DeleteConData(ConData** first)

conData *p = *first;:
ConData *current = p;

while (p){
curreat = p;
p = p->next;
delete current;
}
)

vold DumpAndQuit()
(

cerr << "\n" << messageBuffer << "\n";
delete() messageBuffer;

cerr << *Press any key to end: °;
getch(};

exit(l);
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D:\HydrTherm\RepoScale\E200\fvHist.c
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C METRA
cluur "tnFileName - "h32_pra® e

for (1=0; 1<5; i+) ey W’i‘ ,é—; \;evwwv’—-
GetHistory(nodes(1),inFileName);
aeg bf»élc;:;¢¢54;/~r~1 .

#include <stdio.h>
#include <string.h>
#include <stdlib.h>

1nt nodes[] = {622,1024,1297,1432,1610};

}
GetHistory(int node, char* inFileName)
{

char buf[121};

char* outFile = "h32N1234.his";
int elem, step;

float time, dt, p, temp, sg, pa;
float msat,fsat,curTime,mTemp;
FILE* Fin;

FILE* Fout;

int-fNode = 2*node;
int mNode = fNode - 1;

Fin = fopen(inFileName,”r");
if (IFim)
DumpAndQuit (strcat("Unable to open file ",inFileName));

sprintf(outFile, "h32N%04d.his",node);
Fout = fopen(outFile, "w");
if (!Fout)
DumpAndQuit(strcat("Unable to open file ",outFile}):

fprlntf(Fout,"s‘lls%lzst125\12s\n‘,"Txme—yr',"Temp~c',"matsat",'fracSat'p

while (fgets(buf,120,Fin))
if (ss?anf(buf "$f $f %d ¥f $f S f ¥+*s %3",stime,sdt,selem, 5D, &temp, §89, 6pa, &5tep)
1if (elem == mNode){

msat = 1.0 - sg;

curTime = time:

mTemp = temp;

fgets(buf 120,Finy;

£(

(Tsc:?ff?uf "#f %f %4 Rf %f &f %f %*s ¥d",stime,sdt, &elem, &p, stemp, §59, 6pa, &5tep)
(elem |= fNode)

M

sprintf(buf, "Invalld input found for node %d at time %.3E" d
DumpAndQuit (buf); sRodecurtine):

1
fsat - 1.0 - sg;
) fprintf(Fout, \12 3E$12.2£%12.4£812.4f\n" , curTime,nTemp,msat, fsat);

fclose(Fin);
fclose(Fout);

1
?umpAndOuit(ch&x’ &)

printf("\n"y;
puts(s);
printf("\n");
exit(ly;
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. = [
— é {04 g_ Matrix porosity 0.369 0.0369 0.1845 0.1845
kS s G(,) Matrix permeability (m?) | 1.61E-14 1.61E-16 4.025E-15 4.025E-15
_ 0r Temperature ———p '5/ " Fracture porosity 4.84E-5 4.84E-6 2.42E-5 2.42E-5 _
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____________________________________ ﬂ;r \’17 permeability (m?)
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%07 107 10° 10° 10° \ (/P2)
Time since waste emplacement (yr) Matrix van Genuchten A | 0.3859 0.3859 0.5 0.3859
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This code extracts the connections data for nodal connections that cross
the repository axis (i.e., connections from a node above the repository
axis to a node below the repository axis). Connections data are read from
METRA’s CONNE input block (given in a named file). List of nodes above
and below the repository axis are read from files prepared by code
REPONODES. Modify the values of the following variables as necessary:

file containing METRA CONNE input block for model

conneFile

topFile 1list of nodes above repository axis
bhaseFlle 1ist of nodes below repository axis

outFile output file for across-axis connections data
nNinl nMini, nMaxl, nMin2, and nMax2 define the range
nMaxl of node numbers in the file topFile

nMin2

nMax2

zAtRepoline z-Coordinate at the repository axis

Author: G. I. 0foegbu

Date: February 2000

System: C++ compiler

(Code developed using Borland C++ Builder 4)
'ﬁ*iil!t.ﬁti!ﬁﬁllﬁ*ittﬂ!'i*ﬁ‘tiﬁtﬁlltuwu /

#include <stdio>
#include <iostream>
#include <jomanip>
#include <fstream>
#include <strstrea>
#include <conio>
#include <stdlib>
#include <math>
#include <string>

#pragma hdrstop
#include <condefs>

using namespace std;

char* messageBuffer;
void DumpAndQuit():

int ERROREND = 1;
int ‘NORMALEND = 0

struct NdData{
int node; p
float x;
float z;
NdData* next;
NaData{int n, float xo, float ze}{
node = n;
X = X¢;
zZ = zZO;
next = 0;
}
):

struct ConDataf{
int index;
int nodel;
int node2;
float x;
float area;
double cTheta;
ConData* next;
conbata(int nc, int nl, int n2)(
index = nc;
nodel = nl;
node2 = n2;
next = 0;
}
Yi

int GetNodes(char* fileName, NdData** firstNode);

NdData* FindNode(NdData* firstNode, int nodeNum);

float RepoLine(float xTop,float xBase,float zTop,float zBase, float 2z0):
double ConneCosine(float xTop,float xBase,float zTop,float zBase};

void StoreCon(ConData* current, ConData** firat, ConData** lastNode);
int PrintConList(ConData* first, char* outFile):

void DeleteNodes(NdData** firstNode);

void DeleteConList(ConData** firstCon);

#pragma argsused
int main(int argc, char* argv([])

char* conneFile = "d:\\HydrTherm\\RepoScale\\EastWest01\\m20.con";
char* topFile = "d:\\HydrTherm\\RepoScale\\E200\\rTopZone out’;
char* basefile = "d:\\HydrTherm\\Rep 1e\\E200\\rB: 2 out*;
char* outFile = "d:\\HydrTherm\\RepoScale\\E200\\rTBCons, out';

int nMinl = 882,

int nMaxl = 1655;

int nMin2 = 2897;

int nMax2 = 3116;

float zAtRepoLine = -433.86;

// Allocate memory for possible error messages

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

/"
// setup two node lists defining the top and bottom rowa of nodes
// to be connected pasbbsaddye

/

NdData* firstTopNode = 0;

NdData* firstBaseNode = 0;

if (
{GetNodes(topFile, &firstTopNode) == ERROREND) ||
((GetNodes(buseFilc,&firBtBuBeNode) == ERROREND)

DeleteNodes(&firstTopNode);
DeleteNodea(sfirstBaaeNode);

(ﬂ/\(;} ) DumpAndQuit();
7/

// Read node connectivity data from file and determine the connectivity
and ion top-zone and base-zone nodes

ifstream Fn{conneFile);
if (1Fn){
sprintf(messageBuffer, "Unable to open file %s",conneFile);
DeleteNodes( &firstTopNode) ;
(&firstB yi
) Dumpl\ndunit(),

int conNum = 0;

NdData* pTopNode = 0;
NdData* pBaseNode = 0;
ConData* firstCon = 0;
ConData* lagtCon = 0;
int topNode,baseNode;

ink nndal nwadad dum Annhin Aird.

float dl,d2,area,angle; a 3
char buf{100]; g ‘7 <
asize_t nBuf = gizeof(buf):
while (iFn.eof()){ // Begin #1 Loop
Fn.getline(buf,nBuf);
istrstream inpLine(buf,nBuf);
inpLine >> nodel >> node2z >> inc >> conDir >> dir2
>> dl > d2 >> area >> angle;
if (inpLine.good()){ // Begin #2 Loop
conNum++;
if (
({hodel >= nMinl) && (nodel <= nMaxl)) 1
{(nodel >= nMin2) && (nodel <= nMax2) )
{ // Begin #3 Loop
pTopNode = FindNode(firstTopNode,nodel};
if (pTopNode) pBageNode = FindNode(firstbaseNode,node2);
if ((pTopNode) && (pBaseNode)){ // Begin #4 Loop
topNode = pTopNode->node;
baseNode = pBaseNode->node;
ConData* current = new ConData(conNum, topNode, baseNode) ;
if (tecurrent)({
sprintf(measageBuffer, "Memx:y allocation erxor");
Del des(&fir P H
pel des(afirst Node) ;
DeleteConList{&firstCon)};
pumpAndQuit();

)]
current->x = Repoline({pTopNode->X,p de->x, pTopNode->2,
pBaseNode->z, zAtRepoLine) ;
current->cTheta = ConneCosine(pTopNode->x,p de->x, pTopNode->z,
pBaseNode->z) ;
current->area = area;
storeCon{current, &firstCon, &lastCon);
} // End #4 Loop
pTopNode = 0;
pBaseNode = 0;
1 // End #3 Loop
} // End #2 Loop
} // BEnd #1 Loop

if (PrintConList(firstcon,outi‘ile) == ERROREND) {
pel (&firstTop
DeleteNodes(&firstBaseNode) ;
DeleteConList(&firastcCon);
DumpAndQuit(};

// Done

Dpel des(&fi

DeleteNodes( &firstBaseNode) H

peleteConList(&firstCon);

delete[) messageBuffer;

cout << "Done .. press any key to end' H

getch(); °
return 0;

}
int GetNodes(char* fileName, NdData*w firstNode)
{

int nodeNum;

float x,2%;

char buf{100);

gize_t nBuf = sizeof(buf};

ifstream Fn{fileName);

if (1Fn){
sprintf(messageBuffer,”Umble to open file %s",fileName);
return (ERROREND);

}

NdData® preNode = %firstNode;
while {!Fn.eof()}{
Fn.getline(buf,nBuf);
istrstream inpLine(buf,nBuf);
inpLine >> nodeNum >> X >> z;
if (inpLine.good()){
NdData* current = new NdData(nodeNum,Xx,2)}
if (lcurrent){
sprintf(messageBuffex, "Memoxy allocation exrror"):
return (ERROREND);

if (1{*firstNode)){
*firstNode = current;
preNode = current;

else{
preNode->next = current;
preNode = current;
}
}

1

if (1(*firstNode)){
sprintf(messageBuffer, "No valid data found in file %a", fileName);
return (ERROREND);

}
return (NORMALEND); .

NaData* FindNode(NdData* firstNode, int nodeNum)

{
while (firstNode){
if ((firstNode->node) == nodeNum)
return (firstNode);
firstNode = firstNode->next;

)
return (0);

float RepoLine{float xTop,float xBase, float zTop,float zBase,float 2z0)

return (
XTop + (20 - zTop)/(zBase - zTop) * {xBase - XTop)
)i
}

double ConneCosine(float xTop,float xBase,float zTop,float zBase)

double theta = atan2(xBase-xTop, zBase-zTop);
double ct = cos(theta);
return (sqrt{ct¥ct));

}

void StoreCon{ConData *current, ConData *xfirgt, ConData **last)

{
if (1*last){ /* current is the very first item in the list */
*#last = current;
#first = current;
return;
1

ConData *old = 0;
ConData *p = *first;

while (p}(
if {(current->x} > (p->x))1{
old = p;
p = p->next;
elge{
if (old) { /* insert current at this point in the list */

old->next = current;
ourrent->next = p;



- P2

current->next = p; /* current becomes new firat element *,
*first = current;
return;
}
}

(*last)->next = current; /* current becomes new last element */
*last = current;
)

int PrintConList{Conbata* first, char* outFile)
{

1f (1first)(
sprintf(messageBuffer, "Empty list passed to PrintConList");
return (ERROREND);

// Open output file
ofatream Fout({outPile);
if (!Fout){
sprintf(messageBuffer, "Unable to open file %a",outFile);
return (ERROREND);

1

Fout << setw(10) << "ConNum"
<< getw(10) << "Nodel"
<< setw(10) << "Node2"
<< setw(12) << "xCoord"
<< Betw(22) << "cosTheta"
<< gsetw(12) << "area"
<< endl; -

while (first){

Fout << setw{10) << (first->index)
<< setw(10) << (first->nodel)
<< getw(10} << (first->node2)
<< setiosflags(ios::fixed) << setprecision(2}
<< setw(12) << {first->x)
<< setprecision(16)
<< getw(22) << (first->cTheta)
<< setprecision(3)
<< getw(1l2) << (first->area)
<< endl;

first = first->next;

return (NORMALEND);

void DeleteNodes(NdData** firstNode)

NdData *p = *firstNode;
NdData *current = p;

while (p){
current = p;
P = p->next;
delete current;
}
]

void DeleteConList({ConData** first)
{

ConData *p = *first;

ConData *current = p;

while (p){
current = p;
p = p->next;
delete current;
}
}

void DumpAndQuit()
{

cerr << "\n" << meﬁsageautfex << "\n";
delete(} messageBuffer;

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

exit{l);

/"ﬁt!ittni'i*'itﬁt'kn’ai'tti! *
RTBFlux N \ Od,_ L}.

This code calculates the vertical component of liquid flux across

e

the repository axis (in mm/yr) from METRA output of fracture and matrix
fluxes (given in m/s). Nodal connectivity data for connections that cross

the repository axis are read from the output of code RTBCONS.

Fracture porosity data, which are required to combine fracture and matrix
fluxes, are read from the METRA DCM input block for the appropriate model.

Some of the nodes below the repository axis that are used in fhe calculation
receive fluxes through both vertical, diagonal, and lateral connections. The

fluxes are combined to obtain the total flux into such nodes.

Modify the values of the following variables as necessary:

denFile DCMPAR input block for metra
fluxFile Gives matrix and fracture fluxes from METRA
conFile Defines node connectivity for a set of nodes
outFile Output file
minConNum Minimum connection index in conFile
maxConNum Maximum connection index in conFile
Author: G. I. Ofoegbu
Date: February 2000
System: C++ compiler
{Code developed using Borland C++ Builder 4)
* wRweR * EARRREE /

€

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

#pragma hdrstop
#include <condefs>

using namespace std;

char* messageBuffer;
void DumpAndQuit(});

int ERROREND = 1;
int NORMALEND = 0;

//char* demFile = "d:\\HydrTherm\\RepoScale\\E200\\M22Cases\\m22.dem" ;
//char* demFile = "d:\\HydrTherm\\RepoScale\\E200\\M33Cases\\m34.dcn";

char* demFile = "d:\\HydrTherm\\RepoScale\\E200\\M40Caaea\\mé6.dcm';

struct ConDataf{
int index;
int nodel;
int node2;
float x;
float cTheta;
float area;
float mLiqvel;
float mGasvel;
float fLiqVel;
float fGasvel;
float ligvel;
ConData* next;

ConbData(int conNum, int nl, int n2, float xe, float o2t, float a){

index = conNum;
nodel = ni;
node2 = n2;

X = XC;

cTheta = c2t;
area = a;

next = 0;

}

}i
int GetConData{char* fileName, ConData** first, ConData** last);

void StoreConData(ConData* current, ConData** first, ConData** last);
void gaveFluxData(ConData* first, int conNum, float mLiqVel, float mGasVel,

float fLigvel, float fGaavel);
int TotalLiqVelocity(ConData* first);
int GetFracPor(int node, float& fPor);

int BxtractDiagCons(ConData** firgtCon, ConData** dcFirat, ConData** dcLast);

void CombineFluxes{ConData* firstCon, ConData* dcFirst);

void AddDiagFlux(int theNode, Conbata* doFirst, floats fluxsum);
int PrintConData(ConData* first, chart outFile);

void DeleteConData(ConData** first);

//--
#pragma argsused
int main(int argec, char* argv{l)

{
// char* fluxFile = "d:\\HydrTherm\\RepoScale\\E200\\M22Cases\\m22Vel.out";
// char* fluxFile = "d:\\HydrTherm\\RepoScale\\E200\\M33Cases\\m34Vel.out";

char* fluxFile =

// char*t outFile
// char* outFile
chax* outFile =

"d:\\HydrTherm\\RepoScale\\E200\\M40Cases\\md6Vel.out';

= "d:;\\HydrTherm\\RepoScale\\B200\\M22Cases\\m22xrTBF1x.out";
= "di\\HydrTherm\\RepoScale\\E200\\M33Cases\\m34xrTBFlx.out";
*d:\\HydrTherm\\RepoScale\\E200\\M40Cases\\m4 6rTBF1x . . out";

char* conFile = "d:\\HydrTherm\\RepoScale\\E200\\rTBCons.out";
int minConNum = 2200;
int maxConNum = 8200;

// Allocate memory for possible error messages

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

/
// Setup the connections list defining the top and bottom rows of ncdes

// for which vertical flux data is required
/"

ConData* firstCon = 0;
Conbata* lastCon = 0;

cout << "Setting up connections database ... \n"
<< "from file "
<< conFile << " ... \n";

1f (GetconbData(conFile,&firastCon,&lastCon) == ERROREND){
DeleteConData(&firstcCon);
pumpAndQuit();

/"
// Read flux data from file and extract the flux data for the
/7 :

ions within the connections list that was setup previously

/7

ifgtream Fn{fluxFile);

if (1Fn){
sprintf(messageBuffer, "Unable to open file %s",fluxFile);
DeleteConData(&firatCon);
DumpAndQuit();

}

float mLiqVel,mGasVel, fLigVel, fGasVel;
char buf{100]};

size_t nBuf = sizeof(buf};
int conNup = 0;

cout << "\nAdding flux to database ...\n"
<< "Flux results from file "
<< fluxFile << " ...\n";
while (1Fn.eof{)){
Fn.getline(buf, nBuf);
istrstream inpLine(buf, nBuf);
inpLine >> conNum >> mLigVel >> mGasVel >> fLiqVel >> fGasVel;

£ (inpLine.good())
i 1§ ?E(’conuum »>= minConNum) && (conNum <= maxConNum))

gaverluxData(firstCon, conNum, mLigqVel ,mGasVel, fLigVel, fGasvel) ;

}
" total liquid velocities to database ...\n';
:g:: :: "}22223:2 porosity file: " << demFile << endl;
if (TotallLigVelocity(firstCon) == ERROREND} {
DeleteConData{&firstCon);
DumpAndQuit():
1

;; gplit the ConData list into two lists: a verticalConnections list and

/7 a diagonalconneotions list
/”
conData* dcPirst = 0;

Conpata* deLast = 0;
int nbc = ExtractDiagCons{afirstCon, &dcFirst, sdeLast);

cout << nDc << " connections transferred to diagonal list\n';

cout << "\nAdding diagonal fluxes to vertical fluxes ... "
<< "for connectlons to same node2\n";

CombineFluxes(firstCon,dcFirst);

cout << "\nPrinting results to file " << outFile << " ...\n";
if (PrintCOnDuta(firstCon,outE‘ile) == ERROREND) {
DeleteConbata{&firstCon);
DeleteConData(&dcPirst);
DumpAndQuit();
}

«// Done

DeleteConbata(&firstCon);
DeleteConData(sdcFirst);

delete{] messageBuffer;

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

return 0;

}
int GetConData{char* fileName, ConData** first, ConData** last)

int conIndex,nodel,node2;
float x;

float cTheta;

float area;

char buf(100];

asize_t nBuf = sizeof(buf);

ifstream Fn(fileName);

if (I1Fn}{
sprintf(messageBuffer, "Unable to open file %s",fileName);
return (ERROREND):

while (IFn.eof()){
Fn.getline(buf,nBuf);
istrstream inpLine(buf,nBuf);
inpLine >> conIndex >> nodel >> node2 >> x >> cTheta >> area;

if (inpLine.good(}){

ConData* current = new ConData(conIndex,nodel,node2,x,cTheta,area);

if (lcurrent){
sprintf(messageBuffexr, "Memory allocation failure");

return (ERROREND);

1
StoreConData(current, first,last);
}

1
return (NORMALEND);

void StoreConData{ConData *current, ConData **first, ConData **last)

{
if (i*last){
*last = current;
*firat = current;
return;
D]

ConData *old = 0;
ConData *p = *first;

while (p){
if ((current->x)} > (p->x)}{
old = p;
P = p->next;
}
else(
if (old) { /* insert current at this point in the list */

old->next = current;
current->next = p;
return;

current->next = p;
*first = current;
return;
}
}

(*last)->next = current; /* current becomes new last element */
*last = current;
}

void SaveFluxData{ConData* first, int conNum, float mLigvel, float nGasvel,

float fLiqVel, float fGasVel)

{
while (first)(
if ((firat->index) == conNum) {
first->mLigVel = mLiqvel;
first->mGasvel = mGasVel;
first->flLiqvel = fLigvel;
first->fGasvel = fGasvVel;
return;

}
first = first->next;
}
}

int TotalLiqVelocity(ConData* first)
(

float secPerYr = 365.25%24.%60.%60.;
float mmPerM = 1000.;

float fPorl;

float fPor2;

float count = 0.0;
int numDone = count;
while (first){

if ¢

(GetFracror(first->nodel, fPorl) == ERROREND) 3
(GetFracror(first->node2, fPor2) == ERROREND)
} return (ERROREND);

P2 g

/* current is the very first item in the list */

/* current becomes new first element *,

float mvel = first->mLigVel;
float fvel = fixst->fLigvel;
fVel *= fracPorAvyg;
first->liqvel = (mvel + fvel) *secPerYrvmmPer;
count += 1.0;
numbone = count;
1f (fwod(count,10.) < 0.09)
cout << "Working ... proc
first = first->next;
}

cout << "Done ... processed " << numDone << * connections\n";
return (NORMALEND);

float fracPorAvg = 0.5%(fPorl + fPox2) ¢
i: *

int GetFracPor(int node, floats fPor)
{

ifatream Fin(dcmFile);
if (IFin){
sprintf (messageBuffer, "Unable to open file %a",dcnFile);

return (ERROREND);

int ml,m2,inc;

float sigmaf,gasamod,xlm,ylm,zlm, lighmod;
char buf[151]);

size_t nBuf = sizeof(buf);

while (!Fin.eof()){
Fin.getline(buf,nBuf);
istrstream inpLine(buf,nBuf);
inpLine >> ml >> m2 >> inc >>
sigmaf >> gasimod >> xlm >> ylm >> zlm >> liqAmod;
if ((inpLine.good()) && (ml == node))}{
fPor = sigmaf;
Fin.close():
regjurn (NORMALEND);
}

}
Fin.close();

30&% 79

esged " << numDone << " connections\n";

sprintf (messageBuffer, "Fracture porosity data not found for node %d’,node);

return (ERROREND);

{
//

ions ahead of the first vertical

int ExtractDiagCons(ConData** firstCon, ConDatat* deFirat,. ConData** dclast)

// Go through the connections list until the first vertical connection
// is d. All

// connection are re-assigned to the diagonalConnections list. Thereafter
// re-assign firstCon to the address of the first vertical connection

14

int nDc = 0;

Conbata* theCon = *firstCon;

ConData* curbc = 0;

float minvCos = 0.5;

while {theCon){
if ((theCon->cTheta) > minvCos)

break;

curDe = theCon;
theCon = theCon->next;
curDc->next = 0;
nDo++;
StoreConData{curDc,dcFirst,dcLast);

}
*firstCon = theCon;

// Tranafer all diagonal connections to the diagonalConnections list

ConData* preVc = theCon;
while (preve->next){

theCon = preVc->next;
if ((theCon->cTheta) > minVCos)
preve = theCon; }
else{
cuxrDe = theCon;
theCon = theCon->next;
preve->next = theCon;
curbDe->next = 0;
nDo++;
StoreConbata({curDe,dcFirst, dcrast);

}
}
return (nDc);

}
void CombineFluxes(ConData* vcFirst, ConData* dcFirst)

ConData* theVc = veFirst;
while (theve){
float area = theVe->area;
float oTheta = theVc->cTheta;

AddpiagFlux(theVc->node2, deFirst, fluxsum) ;

exit(1);
theve->1iqVel = fluxSum/{area/cTheta); }
theve = theVo->next; /_\

void DeleteConData(ConbData** first )‘
{

ConData *p = *firgt;
ConData *current = p;

while (p){

void DumpAndQuit()
{

cerr << "\n" << messageBuffer << "\n"
delete[] messageBuffer;.

cerr << "Press any key to end: ";
float fluxSum = area*(thevec->liqvel); getch();

current = p;
P = p->next;
delete current;

)
1

void AddDiagFlux(int theNode, ConData* dcFirst, floata fluxsum)

ConData* theDc = decFirst;
while (theDe){
if ((theDc->node2) == theNode)
fluxsum += (theDc->area)*(theDc->liqgvel);
theDc = theDc->next;

}
int PrintConData(ConData* first, char* outFile) .

if (1first)(
sprintf(messageBuffer, "Empty list passed to PrintConData");
return (ERROREND);

// open output file
ofstream Fout{outFile);
if (1Fout){
sprintf(messageBuffer, "Unable to open file %s",outFile);
return (ERROREND};
)
Fout << setw(8) << "ConNum"
<< setw(B) << "Nodel"
<< gsetw(B) << "Node2"
<< setw(10) << "xCoord"
<< setw(15) << "LigVel mm/yr"
<< setw(15) << "effectiveArea"
<< endl;

while (firat){

Fout << setw(8) << (first->index)
<< setw(8) << (first->nodel)
<< setw(8) << (first->node2)
<< setiosflags(ios::fixed) << setprecision(2)
<< setw(10) << (first->x)
<< setprecision(3)
<< getw(15) << (first->liqvel)
<< getw(15) << ((first->area)/(first->cTheta))
<< endl;

first = first->next;

return (NORMALEND) ;
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generic geomechanically altered zones: a fault zone intersecting the PTn represented by

the sub-vertical ellipse centered at about (860,-240), and a thermal-mechanical altered zone

represented by the horizontal ellipse centered at about (500,-434).
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