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INSTRUCTIONS

1. The primary purpose of this notebook is to
protect your and the Company’s Patent-
Rights by keeping records of all original
work in a form acceptable as evidence if
any legal conflict arises.

2. « When starting a page, enter the title, project
number, and book number.

Use ink for permanence -- avoid pencil.
Record your work as you progress,
including any spur-of-the-moment ideas
which may be developed later.

Avoid making notes on loose paper to be
recopied.

Record your work in such a manner that a
co-worker can continue from where you
stop. You might be ill and to protect your
priority it could be urgent that the work
continue while you are absent.

3. « Give a complete account of your
experiments and the results, both positive
and negative, including your observations.
Record all diagrams, layouts, plans,
procedures, new ideas, or anything
pertinent to your work including the details
of any discussions with suppliers, or other
people outside the Company.

Do not try to erase any incorrect entries;
draw lines deleting them, note the
corrections, sign and date the changes.
This extra care is worthwhile because of
the necessity of original data to prove
priority of new discoveries.

4. o After entering your data, sign and date
the entries.
o Explain your work to at least two wit-
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nesses who are not co-inventors, and
have them sign and date the pages in
the place provided.

¢ Record the names of operators and
witnesses present during any
demonstration and have at least two
witnesses sign the page. If no witnesses
are present during an experiment of
importance, repeat it in the presence of
two witnesses.

. Since computer programs can be

patented these instructions apply to the
development of computer software. In
this case a description of the structure
and operation of the program should be
recorded in the notebook, together with
a basic flow diagram which illustrates
the essential features of the program. In
the course of developing the code, the
number of lines of code written each
day should be recorded in the
notebook, together with a statement of
the portion of the flow diagram to which
the section of code is directed.

. This notebook and its contents are the

exclusive property of the Company. It is
confidential and the contents are not to
be disclosed to anyone unless
authorized by the Company. You must
return it when completed, upon request,
or upon termination of employment. It
should be kept in a protected place.

If loss occurs, notify your supervisor
immediately, and make a written report
describing the circumstances of the
loss.
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TWOM Repository Scale Thermal-Mechanical Model

L d

Objective: To examine spatial and temporal variations of tunnel stability at the repository
- horizon considering spatial variations of rock-mass quality (derived from ESF
- mapping) and possible temporal variations caused by degradation of infact rock
» under sustained long-term loading and wall-rock weathering of rock joints.
i 1. Analysis will be based on a north-south vertical 2D section along the exhaust main (drift).

Section is about 3,500 m long north to south. Each model will be executed in two stages
because of the large vertical extent required to simulate the appropriate thermal and
mechanical boundary conditions: First, a model extending over a vertical height of about
1,000 m (elevation 500 to 1,500 m above sea level), referred to as the Jull model, will be
analyzed using a coarse mesh to develop the histories of temperature and vertical
displacement at the top and base of the second, smaller model. The vertical height of the
second model, referred to as the submodel, will be limited; its exact top and base elevations
will be determined from preliminary analyses of the full model.

Only the emplacement drifts will be represented in the model. Each emplacement drift will
be modeled as a square opening separated from adjacent drifts by pillars.

Each analysis will consist of a heat-conduction stage followed by a thermal-mechanical stage
based on linear elasticity. Mechanical analyses of the submodel will include processing of
the calculated stresses using a failure criterion to identify zones of overstress.

Rock-mass strength will be modeled using the Hoek-Brown failure criterion, with parameters
calculated using NGI Q values developed by the DOE based on ESF data. Rock-mass
degradation due to joint wall-rock weathering will be represented through a degradation of
Q values.

The hypothesized rock-mass degradation process is likely to depend on time and the
availability of moisture, warm temperature, and oxygen. However, the dependence of rock-
mass quality on these factors is currently not known quantitatively. We will be able to
estimate a long-term rock-mass quality from the current Q values and our hypothesis of rock-
mass degradation from wall-rock weathering.

Our strategy for evaluation of the analysis results is to examine tunnel stability (through
over-stress analyses) at selected times using both the current and estimated long-term rock-
mass quality (Q) values. Any differences between the tunnel stability calculated using the
current and long-term Q values may help determine possible impacts of rock-mass
degradation on repository design and performance.
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Figure Distribution of permanent (i.e., inelastic) strain intensity for the analysis case
with current values of Young’s modulus, degraded values of friction angle, cohesion, and
intact-rock strength, and nondegraded concrete lining. Result is presented in ten
sections, each 280 m long (in north-south direction) by 35 m high (vertical dimension).
Ten white squares within each section represent emplacement drifts, and the numbers
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if (!'ma}l
sprintf (sessageBuffer, "No valid input in file ¥a",matPFile);
return (ERROREND] §

I

*xCoord = new float[nn];

]
*mmQ =~ new float{nn]: - -
- |

if (! (*xCooxrd) || !{*xmQ)){
sprintf (messageBuffer, "Memory allocation fallure on matP vectors®);
return (ERROREND] ;

]

Fin.seekg(0.ioa::bag);: }_,- Rewind input file
int | = 0;
while (Fin){
Fin.getline(buf, 100);
istratream LnpLine (buf, nBuf):
inpLine >> x1 >> g >> yml >> phil >> cpl}
if (inpLine.good(}}{
f*xCoord) [i] = x1;
[(*emQ) [1] = g¢
L Af ((1+i) >= an)
b E

1
|}

*numData = nn;
raturn [HOAHALERD] ;
]

i

/4 Functien LipearInterp evaluates the relationahip fit) at testTemp

/4 using linear-polynomial assumption for f(t). Calling program provides
// pointers to arrays of t and f values that define the f£{t) relationship.
/4 Function LinearInterp asaumes that the t arcay gives values of t in

T T T T T T T T T
// increasing order and that no two t values are equal. T T T T T T T T T ! T l.. --l o3 = v

L float Linearinterp(const float® t, const float* f, float atTemp, int n) - = .- e —
| - -- - .
] I [l (e

if (atTemp <= t[0])
return (£{0]1;

iAf (atTemp >= E{n-1]]
return (f[n-1]1)7

for (int i=1; i<n; L++)
if [atTemp <= t{i])
return|(
f1i-1) # (£14) = L[4=1])*(atTemp -"cli-1))/060d] - t(i-1})
i

zaturn(f{n-1]1: // This line is never resched: it was added to avolid
/4 Borland-Compiler warning
]

——
void DeleteVectors(float** X, float** g)
i
daletel] *x: e
daleta(] *q;
]
wvoid DumpAndQuit () L
{
cerr €< "\n" << nessageBulfsr «< "\n*“;
deletal] messageBuifer; T
cerr << “Press any key to and: *;
geteh () 2. L. )
RmqAsField. cpp
exit(l);
)
—_—
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{

mat <-

mat <-
strn <-

pLevels
rmgleve
plot (rm

if(fig)

}
- if (tbl)

function(fig = F,

rry

)
scan(infile, what = mat, skip = 1)

<- seg(0, 1, 0.05)

{
ps.portrait () )
dev.print (device = postscript, file = figfil)

{

gMin <- 0.729

gMax <- 13.573

xq <- gMin + (gMax - gMin) * rmglevels

cat (paste ("ScaledRMQ", "RMQ", "CumYield%", "\n",
file = tblfil)

mi‘%

~ . T, H T T Y Y
toh = B A\A«CJ’V\‘;‘-\,S -?o—r V\n"\"ea\“mhw \zs:nm \wsde,., P‘dﬁu [
subdir <- "RepoScale/PlasticModel/" : T T T . .
infile <- paste(subdir, "s0150ScldProp.dat™, sep =
figfil <- paste(subdir, "s0150g00rmg.ps", sep = "")
tblfil <- paste(subdir, "s0150g00rmqg.dat")
list(x =0, y =0, q =0, eMod = 0, fric = 0, cpar = 0, strn = 0

Cage ©

rmg <- ml;li;z?;-i?n > 0] G E)(‘H'GC"Q @ Va @;ﬁ;ﬁl@g&w

N
1s <- quantile(rmg, probs = plevels) ‘ > O .
gqlevels, 100 * pLevels, type = "1", xlab = T 1 T ¥ T T 7 i T
"Scaled rock mass quality", ylab = "Yield percentile™) C ! k@ & _
O i i ; f T
€
!‘W‘T"!W‘Tzaar:j‘r‘dws‘“r&”ﬂ

g

f'\

PopdalAonn .
H 1 ! ] 1 T 1

i

cat (paste (format (rmgLevels), format(xq), format(l100 * pLevels),
U\n", sep = " "}y, file = tblfil, append = T) S A Y

resulf;

- T T
‘Cés(\ry\nth‘: :
)' T WY i ] ¥ 1 f H i T i
N—
YT
e ScaledRMQ RMQ Percentile
L 0.000 0.729000 0
B 0.058 1.473952 5
T 0.089 1.872116 10
B 0.108 2.116152 15
0.131 2.411564 20
0.161 2.796884 25
0.166 2.861104 30
0.166 2.861104 35
0.166 2.861104 40
0.166 2.861104 45 — R
0.166 2.861104 50
0.166 2.861104 55 PR
0.177 3.002388 60
0.208 3.400552 65 e
- 0.262 4.094128 70
T 0.302 4.607888 75 S A
B ~ 0.356 5.301464 80
e 0.406 5.943664 85 T YT
e 0.472 6.791368 90 .
I 0.581 8.191364 95 T L B
R 0.994 13.495936 100

. X Rl L = T T T T ]
f“mtlo“(flg = F, tbl = F) Anrslne ts for ’C(DV:JL Lw&&?«.\‘i&v\,?
p - < ’ =
subdir <- "RepoScale/PlasticModel/" ‘POP\A C\T‘-Q“”; “j‘\‘EWw 6#
infile <- paste(subdir, "u0150ScldProp.dat”, sep = "") é"g&é; % WG o
figfil <- paste(subdir, "rmQ.ps", sep = "")
tblfil <- paste{subdir, "rmQ.dat")
mat <- list(x = 0, y =0, q =0, eMod = 0, fric = 0, cpar = 0, strn = 0 T T T T T T T T
) »
mat <- scan(infile, what = mat, skip = 1)&—— Q-Qaés -tq,(_:)iﬂ. AV "Y‘°. v :
mq <- mat$q fovrvmat defined O  Proview 2~\:§a,
plevels <~ seq(0, 1, 0.05) e < T‘QS(:” 3 i <z E W
rmgLevels <- quantile(rmqg, probs = pLevels) v -
plot (rmgLevels, 100 * pLevels, type = "1", xlab = e AT
"Scaled rock mass quality", ylab = "Occurrejce percentile") 1 ¥ ¥ V roT ¥ f
if (fig) { s Q:,§ <
ps.portrait () CD\.IQN i .
dev.print(device = postscript, file = figfil) I, \'“DQA(. . < g Q. ﬂt ‘1&
} . L_ l\ T | PR T T !
i) pavctitage evake' wn plavels
gMin <- 0.729 e p-t e’, S-{ U —
qMax <- 13.573
Xq <- gMin + (gMax - gMin) * rmqLevels ‘% . :’
cat (paste("ScaledRMQ", "RMQ", "Percentile", "\n", sep = " "y LA
file = tblfil) % E £ F 0 .
cat (paste(format (rmqlevels), format(xq), format (100 * plevels),
"\n", sep =" "), file = tblfil, append = T)
} T T T T T T T 7
} - .
m ( (\pl T T T T ;
T T T [] T T [ (X\VID T T u T T 1 T T 1 T 1 1 T T T [. T
1] T T T ] T T \ ) ‘Q(’G‘ T T T T T T T T T ¥ H T L] T T T T T ¥
4 T T T [} { | i vy T 7 T 1 T T 1 T T T T 1 1 ¥
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¥ ? T \W ) T Ty T T Ll v 1 ) F .
. “‘rom Page No. W m
$0150900rmq. dat =T ELP’ ‘hw . | o m - _ \é\ﬂw m@.ILw;\o —~5—~—~
ScaledRMO RMO CumYield$ See \IG_.N\'M _— ,W,[_em \h
0.0000 0.72%000 0 T"-\:‘" L \T =T —
0.0540 1.422576 5 s —@-\« wy@d«e. s
0.1076 2.111014 10 I:> % . T
0.1400 2.527160 15 e ' L S - ]
0.1660 2.861104 20 TPV S (ngg ' 100 ——
0.1660 2.861104 25 S S — ey
0.1660 2.861104 30
0.1660 2.861104 35 R— R - . ]
0.1660 2.861104 40
0.1940 3.220736 45 T - 80 - e
0.2330 3.721652 50
0.2740 4.248256 55 T T Y T T T 7 e °
0.3080 4.684952 60 - 8 A
0.3480 5.198712 65 e 1 s // .
0.3710 5.494124 70 ., € <—£L+All points
0.4100 5.995040 75 L L : 8 60 - o
.624396 80 I . e .
! 83388 3.822560 oo S S R S S | - g /,,’<——Y|elded points: stiff drift support
I 0.5680 8.024392 90 | — 4 Yielded points: degraded drift su E—
0.6930 9.629892 95 T J o // P 9 pport 1
3 0.9940 13.495936 100 S —— R S - 'ﬁ % .
— U4 T
e (g e e s wa b e SN L R S T ] . g 40 { S —
Re d/._. qus @ M.ﬂl/\.—"v’\i\ &S\'vm\a\mw s \BenS O .Q-‘w , . £ .
\}—?/ P—ev .—Egi mt‘%'ﬁ@ﬂw. | — O ]
33&4&& F-—A:fma&w " caseof shgL | —
\Y E % I T IKT T i H ¥ T ] T T T ™ |
a ¥ T ¥ T T T H H T T ] i T - o s s
u0150g00er.dat4,r7¢__¢__l-\ ) (—’-s."‘(é NW : (gv\() s
ScaledRMQ RMQ CumYield$% | I | |
0.000 0.729000 0 ___/l T T T T T 1 T 1 Y s SN ——
0.053 1.409732 5 - 0 0.2 0.4 0.6 0.8 1
0.091 1.897804 10 e = : T
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0.166 2.861104 30 i ¥ T T T i I 4 ! ¥ d UA‘UV/ i ¥ T T Y T H i T i T T T
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Changes’in Fracture Porosity and Permeability from Mechanical Deformation :
B SR
— Changes in fracture porosity and permeability can result from both elastic and inelastic de- T
— formations. The following discussion concerns changes due to inelastic deformations. Elastic '
,_ changes will be considered later. LA
» L
- Relationship Between Fracture Porosity Change and Inelastic Volumetric Strain U
= T
Definitions
N T
| vy = fracture volume R
v; = total volume (sum of fracture volume and solid-rock volume) —
@5 = fracture porosity = vy /v, B
. T
— 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 b(?dy undergo inelastic (i.e., non-recoverable) deformation as a result of the loading and -1
i unloading cycle, such that its volume changes from v, at the beginning of the cycle to vy 0]
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 vs; at the end. o
"~ The inelastic volumetric strain eV is given by
B T
] NV TV Vp — Vg Avg 1 T
Vo Uto ) Vto T
;
. where Av; = vy — vy,. The initial fracture porosity ¢y, is T
» _ Vg o
b= 2 ®
- and the final fracture porosity ¢s1 is given by |
Uf1 Vg + Avw
i ¢f1:'i": fo f (3) T
(%) Vo -+ A’Uf
T
which, dividing both numerator and denominator by vy, and using the result obtained earlier —r——m——
for €N and ¢y,, gives
SN
dfo + eN T
b= 4) — ]
+e
Because 1 + &N ~ 1, the foregoing equation implies
NA B
P11 = pro+ N (5) ——
T T Y T T T T T T T T T ¥ T Y Y 1 Y r T T T T ' To Page No.
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=~ which, using A¢; = ¢ — by, gives r
SN v rwr_m
Agy =¥ © -
- et
— That is, the change in fracture porosity resulting from inelastic deformation is equal to the r—r—
. inelastic volumetric strain. ]
. N
Fracture Porosity and Fracture Aperture -
- ™ T
| It is assumed that all the fractures in the hypothetical rock body can be consolidated into a S
- single fracture of aperture b. The fracture volume v; = bA;, where Ay is the surface area of
[ the consolidated fracture (i.e., area of an imaginary surface parallel to and midway between
— the fracture walls). The total rock volume v, = Ay, where ), is a characteristic length of ™1
- the rock body normal to the fracture surface. For example, if the rock body is rectangular o
__ with the consolidated fracture parallel to one of the faces, then ), is the fracture-normal _—
dimension of the rectangle. :
- R
It can be shown using the definition of fracture porosity that the consolidated fracture r.' }
apertures at the beginning and end of the load-unload cycle, b, and by, respectively, are
" related to fracture porosity as follows: T
— bo = Achso and b1 = Ac(ds0 + Ady) (7) —
— ‘ T
— Fracture Permeability, Fracture Porosity, and Inelastic Volumetric Strain T
"~ Fracture permeability x; is related to fracture aperture through the equation T
e ' ]
b2
- _¥ 2 ]
Kt =15 (8) T
| Therefore, using the consolidated-fracture concept, the fracture permeabilities Kfo and Ky, J
at the beginning and end, respectively, of the load-unload cycle are:
- SE—
— A 2 A Ade)? ——
Ko = (__Cﬂji_ and K = [ C(¢f0 + ¢f)] (9) T
— 12 12 E—
— Using these relationships, the fracture permeability at the end of a given deformation se- ™+
_. quence (such as the hypothetical load-unload cycle introduced earlier) can be related to the |
initial fracture permeability and porosity as follows:
— o]
kp1 = Rukgo where R, = (1 + ¢f) = (1 + — (10)
— Pfo $so L
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F Table 2-19. Matrix (a) and Fracture (b) Parameter Sets for the DKM Base Case (Minimum V; Present-
day Infiltration Divided by Three). (DTN: LB971212001254.002)
- Model Layer/ matrix matnix porosity  matrix van matrixvan | matrix residual matrix satiated
Block Name | permeability Genuchten | Genuchtenm| saturation saturation
S K SR EOR -_glehs-_l_-_@)-__L _____________
Ko (M) 4 () o (1/P3) M () Sm () S ()
e e
towl 5.37E-18 0.066 1.18E-0 0.232 0.13 1.00
. tew1z 5.37E-18 0.066 1.32E-0 0.236 0.13 1.00
w1 490617 0.140 6.46E07 0.427 0.33 1.00
- in2 3.09E-14 0.369 3.80E-05 0.231 0.10 1.00
pin2z 3.02E-15 0.234 8.71E-06 0.488 0.14 1.00
pin2s 32614 0.353 4.57E-05 0.287 0.17 1.00
- pin24 1.156-13 0.469 4.27E-05 0.349 0.10 1.00
ptn25 246E-13 0.464 1.95E-04 0.279 0.10 1.00
- 1sw3t 4.80E-17 0.042 1.00E-05 0.237 0.11 00
15w32 2.75E-16 0.146 2.29E-05 0,278 0.04 1.00
15w33 1.15E-17 0.135 6.76E-0¢ 248 006 00
- 1sw34 4.07E-18 0,089 1.02E0 0.322 0.18 100
tsw35 1.55E-17 0.115 331E0 0229 0.08 1.00
- isw36 8.91E-17 0.092 7.41E-07 0.414 0.18 1.00
tsw3?7, 1.29E-17 0.020 1.55E-0¢ 0.387 0.50 1.00
chize 38E-17 0.193 8.32E-07 0.366 0.36 1.00
= ch2zc 9.12E- 0.240 1.95E-0 0.220 0.20 1.00
chizc 12E- 0.240 1.95E-0¢ 0.220 0.20 1.00
! chdze 1,55E-17 0.169 7.76E-0 D477 0.33 1.00
chive 32E-1 0.265 6 81E-05 0.190 0.04 .00
ch2w 57E- 0.32 7.41E-05 0.224 0.06 1.00
chawe 57E- 0.32 741E-05 0.224 0.06 .00
chavs STE- 0.32 7A1E08 0.224 0.06 1.60
» pp3vp 82E-1 0.274 1.74E-05 0.311 0.07 .00
bfavt B2E-1 0274 1.74E-05 0.311 0.07 .00
tmavt  B2E-15 0.274 74E-05 o 0.07 1.00
= pp2zp .75E-17 0.197 1.66E-06 0. 0.1 1.00
bi2zb 75E-17 0,197 “66E-06 . 0.18 1.00
R tsw37/pcM37 .0BE-19 0.036 3.37E-07 372 0.20 1.00
. chizc/peMi1Z | 5.40E-19 0.288 1,90E-07 0.359 0.36 1.00
chdzc/pcM2z | 4.50E-20 .332 4.21E-06 0.228 0.20 .00
— ch2zc/peME2 4.50E-19 .332 4.21E-06 0.228 0.20 .00
chamEMgz 4.50E-19 .332 4.21E-06 0.228 0.20 .00
- chazc/pcM4z 8.40E-19 0.266 1.50E-07 0.476 0.33 .00
(@
Mode! Layer/ vertical horizontal fracture fracture van | fracture van fracture fracture fracture fracture-matrix
Block Name fracture fractura porosity Genuchten | Genuchten m idual i {req Y jon area
B | permeability | permeabiity| _ _ _ _ _ _| - agha_ | @ _ | sawrtion | saturafion | ___ . __ modification fagtor
ki (m?) k (m?) (X% o, (1/Pa) m () Sin ) S () f(1/m) Xiom ()
tow1 2.29E-11 621E-12 | 233E-04 | 5.73E-04 0.492 0.0 1,00 1.020 1.90E-01
tew 12 1.38E-1 6.0JE12 | 2099E04 | 4.88E-04 0.492 0.01 1,00 1.830 1.90E-01
tew13 2.82E-12 2.40E-13 7.05E-05 5.67E-04 0.492 0.01 1.00 1.270 1.90E-01
i tn2 5.25€-13 §,25E-13 4.84E-05 5.85E-04 0,492 0.0 .00 0.870 1.00E+00
— pmea 1.95E-13 95E-13 4.83E-05 | 2.74E-04 0.292 0.0 1.00 0,290 1.00E+00
- pin23 2.57E-13 57E-13 30E-04 6.18E-04 0.492 0.01 .00 0.290 .00E+00
pin2d 6.17E-14 17E-14 | 6.94E05 | 2.35E-04 0.492 0.01 .00 0.630 00E+00
7.76E-14 76E-14 B6E-05_| 4.14E-D4 0.279 .01 00 0.650 1.00E+00
P :ﬁr Fi= T.00E-12  98E-05 0.481 0.01 00 1,100 .00E-0
(Ejl” 1swag 1.51E-11 7.0BE-13 20E-04  53E-04 0,488 .01 00 1,010 1.90E-0
e tsW33 63E-11 8.91E- 0SE-04  76E-04 0.492 ; 00 0.690 GOEL
WV M swae 76E-12 4.27E; 24E-04 98E-04 0452 X 60 1,880 SO0E
tsw35 _80E-1 9.12E- 3.29E-04 3.40E-04 0.492 0.01 00 1.810 Q0E 01
- tsw36 _20E- 1.20E- 3.99E-04 .92E-04 0.492 .07 1.0 2.100 ‘S0E-0
tsw3?7 20E- 1.20E-12 | 4.92E-04 .77E-04 0.492 0.01 1.0 2.880 .S0E-0]
- ERNRILE ADES TA0E- 85E-04 0.492 0.0 00 0.067 1.00E+00
chaze 18E-14 1.18E-14 10E-05  85E-04 0.492 0.01 1.00 0.067 1.00E+00
ch3zc _18E-14 1.16E-14 0E-05  85E-04 0.492 0. 1.00 0.087 .00E+00
~ chazc 1.55E-14 1.55E-14 OE-05 B5E-04 0.492 0.0 1.00 0.067 1.00E+00
chive .74E-13 1.74E-1 7.14E-05 5.42E-04 0.492 0.0 .00 0.420 .00E+00
- chave  88E-13 2.88E-1 714E-05 | 5.42E-04 0.492 0.0 00 0.420 ~00E+00
chavc BBE-13 2.88E-1 7.14E-05 5.42E-04 0.492 0.01 1.00 0,420 1.00E+00
chawc BBE-  88E- 7.14E-05 42E-04 0.492 0.01 1.00 0.420 1.00E+00
- PE3VD S2E- .92E-1 7.14E-05 3E-04 0.492 0.01 00 0,420 1.90E-01
bi3vb S2E- S2E- 714E05 3E-04 0.492 0.01 1.00 0.420 1.90E-01
- tmavt 92E- 92E- 714E-05 53E-04 0.492 0.01 .00 0.420 1.90E-01
46E14 46E-14 10E-G5 85E-04 0.492 0.01 1.00 0.067 1.00E+00
bi2zb 46E-14 46E-14 1.10E-05 | 2.85E-04 0.492 0.01 1.00 0.067 1.00E+00,
- " ew37/pcMa? O4E-1 04E-1 492E-04 | 3.37E.07 372 0.20 1.00 2.880 1.00E+00
[ chize/pcMiz | 1.00E- “20E- 10E-05 0E-07 0.359 0.35 .00 0.067 1.00E+00
- ch2zc/pcM2z_|  3.S0E- 3.50E- 1.10E-05 4.21E-06 0.228 0.20 1.00 0.067 1.00E+00
| chzzc/pcME2 | 4.50E- 4.50E-1¢ 110505 | 4.21E-06 0.228 0.20 1,00 0.067 1.00E+00
[ ch3zc/ipcM3z | 4.50E- 4.50E- 110E-05_| 4.216-06 0.328 0.20 1.00 0,067 1.00E+00
o chdzc/pcMdz 8.40E- 8.40E-18 1.10E-05 1.50E-07 0.476 0.33 1.00 0.067 1.00E+00
[@%ﬁ 3.04E. _50E-13 4 92EG4 | 3.37E-07 0.372 0.20 1.00 2.880 1,00E+00
- (b)
v B00000000-01717-4301-00002 REV00 T2-20 August 1998
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\KChange £/
SUBROUTINE UVARM(UVAR,DIRECT,T,TIME,DTIME,CMNAME, ORNAME,

1 NUVARM, NOEL, NPT, LAYER, KSPT,KSTEP, KINC, NDI, NSHR)

From Page No.

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)

This code computes fracture-permeability change ratio (Kr)
following procedure documented in CNWRA Scientific Notebook
#263, pp. -- --

Values of inelastic strain required for the calculation are
obtained through ABAQUS user-interface subroutine GETVRM
The externally supplied input parameter is:

PHIOF Average consolidated fracture porosity
(i.e., total fracture volume per unit bulk volume)

i T (| 1 Y T T T 7 T
at strain-free state. | ; \ N Z, 1 1 T T 7 T T T T T ¥ T T T 7 T T ) T
T I ¥ H
] 1 T i I I

The calculated value of Kr is stored in UVAR(1) ‘ ! L L

T T T i 1 T T T T ] T T T ] T 1 T T (: ¥ { T T T T : T
PHIOF = 1.0D-4 go
b 1 f last 1 t T \ “”rﬁlrk‘#‘&&r 1 1 V\AW': W WA, @m Qe
Obtain current values of inelastic (plastic) strain components l P <\ .

T T 1T \ 1 H ¥ H T 1 [ H T 8101 VlV\l lbﬁ'kmllol Wg& 24

JRCD = 0
CALL GETVRM('PE’,ARRAY,JARRAY,FLGRAY,JRCD) ‘
IF (JRCD .NE. 0) THEN 'D\ SalkA\ed becwee ABLL

WRITE(6,1000) NOEL,NPT,TIME(2)

RETURN IRCh # O W -O\IM PE
END IF 15 ZexQ .

DPHIF = ARRAY(1) + ARRAY(2) + ARRAY(3)
RATIO = 1.0 + DPHIF/PHIOF

UVAR(1) = RATIO*RATIO |
RETURN

QOQ oo

QOO0

o
C----67--1----=---- 2--------- 3o 4o---mmmen R s Gr-------- 7-*
c
1000 FORMAT(/,’ERROR IN UVARM-CALL FOR VARIABLE IE’,/,
1 10X, ’FOR ELEMENT NUMBER = ',I5,/, v
2 10X, ' INTEGRATION POINT ", 15,/, i
3 10X, 'AT. T ', E12.3)

I

END
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pe Cavt Plots « \nil v Plastic ,3,’]‘\7"\’“";‘ T BV S
T ) T T T T 1 T L W T / Ll T [ T 1 T : /v(\ ’ ! f ! f f T I T T 7 T T T T T
—7/ - 7 T T T T T T i T ¥ T T ; ! Ay J Ty T T T T T T T T i T T
input, file=peContPars .def ' % ‘FLI\Z‘ D"Q'CQ/V‘;]‘ P\ *S . i " x’ r N \U/ T T T T 1 1 T T T 7 T i
i input, file=grpSOflO{:def def T _>| T T | T T T T T ‘\Il T T T T T T s ¥ H T 12 T T T i T T T T T T H T ¥ T T T ¥ T H T T T T T T
. ile=gl0PeContours.
input, file=g L T Y T ;

y ] T T T ] T H ¥ K EH T T N T 1 T 14 H T T T T T T v : " .
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.
S

elset,elset=pgrp0l, gen

1409, 4309,100
1410,4310,100
1411,4311,100
1412,4312,100
1413,4313,100

elset,elset=pgrp02, gen

4409,7309,100
4410,7310,100
4411,7311,100
4412,7312,100
4413,7313,100

elset,elset=pgrp03, gen

7409,10309,100
7410,10310,100
7411,10311,100
7412,10312,100
7413,10313,100

elset, elset=pgrp04, gen

10409,13309,100
10410,13310,100
10411,13311,100
10412,13312,100
10413,13313,100

elset, elset=pgrp05, gen

13409,16309, 100
13410,16310,100
13411,16311,100
13412,16312,100
13413,16313,100

elset,elset=pgrp06, gen

16409,19309,100
16410,19310,100
16411,19311,100
16412,19312,100
16413,19313,100

elset,elset=pgrp07, gen

19409,22309,100
19410,22310,100
19411,22311,100
19412,22312,100
19413,22313,100

elset, elset=pgrp08, gen

22409,25309,100
22410,25310,100
22411,25311,100
22412,25312,100
22413,25313,100

FEle.  arpsOL
Ty TV T

v

0. dels

25409,28309,100
25410,28310,100
25411,28311,100
25412,28312,100
25413,28313,100

28409,31309,100

-1 28410,31310,100

28411,31311,100

' 28412,31312,100

o 28413,31313,10 /'\

elset,elset=pgrp09,gen

elset,elset=pgrpl0, gen

T ¥
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* % %

*%%x Plot Drifts #100 thru 91

* Kk

detail,elset=pgrpOl
set, clegend=on
cont, v=peeq =
pause

* %k

*** Plot Drifts #90
* ok ok

detail, elset=pgrp02
set, clegend=on
cont, v=peeq

pause

* k%

**x*x Plot Drifts #80
* kK
detail,elset=pgrp03
set, clegend=on
cont, v=peeq

pause

* % Kk

**%x Plot Drifts #70
* kK
detail,elset=pgrp04
set, clegend=on
cont, v=peeq

pause

* % Kk

*** Plot Drifts #60
* %k

detail, elset=pgrp05
set, clegend=on
cont, v=peeq

pause

* %k Kk

*** Plot Drifts #50
* Kk k

detail, elset=pgrp06
set, clegend=on
cont, v=peeq

pause

* % Kk

*** Plot Drifts #40
* Kk Kk
detail,elset=pgrp07
set,clegend=on
cont, v=peeq

pause

* %k

*x* Plot Drifts #30
* %k

detail, elset=pgrp08
set,clegend=on
cont, v=peeq

pause

* ok ok

*** Plot Drifts #20
* K Kk
detail,elset=pgrp09
set, clegend=on
cont, v=peeq

pause

* ok Kk

*** Plot Drifts #10
* %k %

detail, elset=pgrpl0
set, clegend=on
cont, v=peeq

Domiannt Ala
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"
(counting down, i.e., South to North)
S
YT
[ S e
thru 81 (counting down, South to North) L
B R i
S
T
thru 71 (counting down, South to North) gy
[ s
B nass s
]
thru 61 (counting down, South to North) ]
, [ s paa
thru 51 (counting down, South to North)
S
[P
E——
thru 41 (counting down, South to North) '+ ' |
S
SE——
T 1
thru 31 (counting down, South to North) ,
[ T
T 1
i T
thru 21 (counting down, South to North)
T T
T 7
S
thru 11 (counting down, South to North) T
SRR
e
?yku 1 ¥ounting down, i.e., South to North) T
! !
QIV \ V4 / ¥ T H T 1 T T H H T T L) ¥ H
N T i 14 H T ¥ T ¥
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68 BAaal Ria T E TITLE ' : " Rem 69
7 glOKContours.def — . gl0QContours.de e
From Page y( ok k From Page No. - . ,
e S ***% Plot Drifts #100 thru 91 (counting down, i.e., South to North) T R t 7 ot Plot Drifts #100 thru 91 (counting down, i.e., South to North) —r—
4 * %k
' detail, elset=pgrp0l
detail, elset=pgrp0l T ) Py T T ’ - JEE——
set, clegend=on Set£lege$g—on
cont, v=uvarml oo cont, v=iv B
. pause
T T T Eigse L T ¥ i % bl I
* % & 3 . . .
*** Plot Drifts #90 thru 81 (counting down, i.e., South to North) U Plot Drifts #90 thru 81 (counting down, i.e., South to North) :
! ' ! * % % ! T T T 1/,\\ D * k%
. ] ) detail, elset=pgrp02 y
AR aE Y e o
ree= cont,v=fvl .
1 . T gzﬁzév—uvarml A N 1 T T T pause e s
. * %k ke
S —— * %k T T T L) * %k : . . ]
*** Plot Drifts #80 thru 71 (counting down, i.e., South to North) o, *kw Plot Drifts #80 thru 71 (counting down, i.e., South to North)
Y 1 T * ok ok T T T = d . .
detail, elset=pgrp03 S:Ea1i,elsg§=pgrp03
T T T set,clegend=on ! ! ! ! conéc Ege? -on L
cont, v=uvarml auslv_ v _
L pause e E** e ]
* k%
wa— * ok k 4 . N
o *** Plot Drifts #70 thru 61 (counting down, i.e., South to North) 7 T Kkk Plot Drifts #70 thru 61 (counting down, i.e., South to North) o
* k% i
r " y . T I T T T detail,elset=pgrp04 N
detail, elset=pgrp04 ot ’
- s clegend=on
T T T set,clegend=on T T T T T cont,v=fvl N
cont, v=uvarml . Co pause
T T pause iy T T koK . e
* kX
* % % 3 . .
i *** Plot Drifts #60 thru 51 (counting down, i.e., South to North) T e e B K k% Plot Drifts #60 thru 51 (counting down, i.e., South to North)
* ok Kk
S AR R S detail, elset=pgrp05 T T T T 1 ggzaéiéeé§§§=pgrp05
set, clegend=on ' cont v—g 1 on
T T T cont, v=uvarml f ! ! f pausé i
pause ; . : * % %
1 T 1 * %k ! ! ! ' ! * Kk % 1 T
) *%* pPlot Drifts #50 thru 41 (counting down, i.e., South to North) ‘ ok k Plot Drifts 450 thru 41 (counting down, i.e., South to North)
T T . T i T T T ] 3 7
. ~ ‘ . . etail, elset=pgrp06
::EaéiégiigzgﬁgrPOG T T T T set, clegend=on S——
L cont, v=fvl
I N SE B ;zﬁgév_uvarml T i T T pause R a—
. * Kk k
i J T b ey T * Kk : , ) N
**+* Plot Drifts #40 thru 31 (counting down, i.e., South to North) . ek Plot Drifts #40 thru 31 (counting down, i.e., South to North) N
e * %k [ a— ‘ - " T T T i = T
detail, elset=pgrp07 | detail,elset=pgrp07 |
. .. set, clegend=on
T T T set, clegend=on ’ ! ! T ! cont, v=~fvl T
cont, v=uvarml : ; . : pausé
| T pause | (I T T e —
* k% I
" I . * ¥ % : : .
| ' ; %% Plot Drifts #30 thru 21 (counting down, i.e., South to North) — | . . . . o Plot Drifts #30 thru 21 (counting down, i.e.,.South to North) e
* ok k 1
. 1 detail, elset=pgrp08 AR
UL detail, elset=pgrp08 o -
set,clegend=on —— setéclfgend—on
cont, v=uvarml torr cont, v=tvi
pause
e — E)i.l;'lse e T ; T 1 * %k R
* k% : . .
S **% Plot Drifts #20 thru 11 (counting down, i.e., South to North) ] S— *xk Plot Drifts #20 thru 11 (counting down, i.e., South to North) S
* k%
. detail, el =
s detail,elset=pgrp09 e ‘ — ot cléeeizz Pgrp09 ]
set, clegend=on ! cont v=%vl on \
/N N R I cont, v=uvarml R B T 1 1 T pausé — -
pause /'4;\“ * %k
T T Y * * Kk e R T ¥ T T [\ [ Plot Dri £ . X T
//74—-[\ *** Plot Drifts #10 ounting down, i.e., South to North) i - © rifts #10 EEfu ! (counting down, i'e;L/Sfﬁth to North)
H T ) * % % I ¥ t ] 1 ] 1 0 + i ' ’ T A S st d . l //ﬂ i ; ¢ , Lo\ - \4‘;’ ; ; . . '
detail,elset=pgrpl srallrelset pgrp0y | ,0\ RS 7 ) \OI 6
set, clegend=on v / ' ! T ! T T T ! T To P N T T [ e set, clegend=on vV T |va—r T 1 'Al) - ]r
cont, v=uvarml oFageWo. cont,v=fvl / \ /)/W | { o Page No.
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DISTRIBUTION OF ROCK-MASS QUALITY (Q)
ALONG EAST BOUNDARY OF PROPOSED DRIFTS

it #3'.'-2] wze applied

4
Mjﬁr&rum_
() Thic $gme. s Spane s

%BLQMW 1o 3‘5-

1 1 T T T TR}
_,G;gw,,,, o
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G\PD 25 48 7.0 93 115 ——_—
ROCK-MASS QUALITY, Q ToPageNo.
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mumulmun ofthe square-root term through the simulation time. Therefore, the dlmbuunn of I¥ :% .
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INELASTIC STRAIN DISTRIBUTION AT 150 YR
DEGRADED DRIFT SUPPORT
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INDUCED PERMEABILITY CHANGE

STIFF DRIFT SUPPORT

10 20 30 40 50

¥

LA

Ade

See p.55 f .|
deBuidion of Ry

() MICROSTRAIN 3 i ’ (Cag PERMEABILITY RATIO
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(STIFF DRIFT SUPPORT) Capa Qa2 L, oy oma

Sppet Top plet is ot
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| MINIMUM ROCK-MASS QUALITY

‘ 100

MAXIMUM ROCK-MASS QUALITY

0.2 06 1.1 1.6 2.0
MICROSTRAIN

INELASTIC-STRAIN DISTRIBUTIONS
WITHIN 15 m ABOVE AND BELOW DRIFTS #41-50
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