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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your
expectations, we will replace it free of charge. Simply write to us:

Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
‘the book title stamped at the bottom of the spine.
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One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease ® Columnar, Journal, and Record books. Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.
Made in U.S.A.
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/;/', 74’ @ICQ 1/4/14')( 7%/ oé # Mﬂ
1p Metra file for initial steady state saturations in near field tunnel region
—

1997

cé&%} 4/(/)1( Aw’ /-?L W M(%QI/} March 12,

/LP eslé/ é/( 4 “JMP Ml' 74’4/ /04(4 74»&4! S / THEDRIrT SPACING OF THIS MODEL IS 22 m ¢

/,“ , D/f 9'5.%/( /{S.u/ J ﬂng M "ﬂ . canister spacing is 19.0m
q < 9 o M S . Xyz- -multiple layer model of Yucca Mountain with repository heat source

' / / ., /
T
d’f'— ) . 4/5‘ A/@ ,0(9,‘/( /%4( { M . and air in the drift (no heat applied for steady state run)
dary condition command -

added 0.3 mm/yr infiltration using boun

4’{' % f// # M Q‘/(f’ // L E. l"}# . get upper element to large heat capacity

Qgﬂc‘*@r Prﬂ 27 \e{ &% 7?0)& U, # ) T irparnaa

/ o
es (0 - every time step?)

\ﬂ[ /N 1174»{ )th)z{ [{/@ A ot RSTART O . Designates the frequency of writing restart fil

‘

Q@ 0.3 mm ﬁ q,[ /Z&y s §WW : ; -
pren Sty of grel STS——— o -
: OTHER

wWiter
AY: bage 5 grotin¥ 4 7/ o) < e/t —— ’

B Y/ 7
(A/I)%l / / ﬂau/, ;% MO;? 2 . Define Grids

AARAEKERRRRARAE R TR AN

P tfend ;M ﬁ_/z._a//'&/f{// fZ:'r '
5" ‘ ’l = & nx = number of grid blocks in x direction

number of grid blocks in y direction

4'46”5 /<a// ‘o W, 2% fny =
e = number of grid blocks in z direction

nz =
0 - do not lower)

( / = 4 z ﬂéﬂ - . jvplwr = lower or don’t lower vapor-pressure of H20 due to capillarity (1 - lower,
0 - use correlations for water prop. 1 - construct tables) JR——

- : ipvtab = index for calculating water pvt properties (

‘ﬁ/’éﬂ /ﬂl'// % ,QJ Mﬂ W ‘
A . idir = whether D4-ordered direct method will be used (0 - not to be used, 1 - may be used)

% \L 7 DMM . / . pref = Reference pressure for pore compressibility
rd —r . tref = Reference temperature for pore compressibility I
d . href = Reference depth of grid block

/ — .
:grid geometry nx ny nz jvplwr ipvtab idir pref tref href

Grid  XYZ 19 10 43 1 1 1 0 0

Mi = / . MEERAARN ARAAERRERARERNENERREANRRXRA

Assigning elements to be monitored

b’ I / =) A lttttt*ﬁﬁtti**l!ﬁ*t*i*!*t*t!it*t..t!
f‘/zq/‘/?* / -~ . waste Package, Drift Roof, Drift Sidewall, Pillar T
o uon'itqr 4371 3611 4379 3782 4550 . —
/ i OUTUNON _
U : Debug options

/ H AARERRE TR RANNR
[
debug 1

/ | U -

/ T — L REEANEERRANRRERRRAERCAN * wRER RERK xRN LA L L il
/ . Define relative permeability and capillary pressure characteristics A
— T EREERRAKAARR NERKRAERRRN AEARRARRRAAREREXRN KERRNERK t 2.4 KRR RNRR
/ : i = sequential number of material types T
/ : type = the characteristic curves (van-Gen, Linear, tabular, and corey) R
| peeeeoSWirM = irreducible liquid saturation for the matrix
/ i : rpmm = Van Genuchten parameter for matrix .
/ ™™= . alpham = van Genuchten parameter for matrix .
)}_ﬁ_ : swext = liquid saturation below which the capillary pressure is calculated based T
/ ! : on the slope dPcw/dSw evaluated at SWEXT. S—
e 8QC = residual (immobi le) gas saturation, fraction
/ ! : iecm = Equivalent Continuum Model (ECM) formulation (0 do not invoke, 1 invoke, 2 ECM with tables) T
/ ’,{r"‘—“'- : swirf = residual liquid saturation for fracture, fraction
] : alphaf = parameter in Van- Genuchten equation for fracture (1/Pa) o

: phim = matrix porosity (fraction)




—p—

6

: phif = fracture porosity (fraction)
pore compressibility with pressure at constant T (1/Pa)

: permm = intinsic matrix permeability (m*2) ~ | :crp=
: permf = :ntrinsic fracture permeability “"““~y_~—_—{ . crt = absolute value of pore compressibility with pressure at constant T (1/Pa) ——
) i . tau = tortuosity for binary diffusion
) %“ﬁmh-$~—‘—‘1 : . . N . P
Pckr relative perm and pc keyword ; . cdiff = vapor-dir diffusion coefficient, (mr2/s) . —
i type-cury swirm rpmm{ lamda) alpham swext  sgc iecm B NI cexp = exponent f?' b‘"afy d1ffus1on o
swirf rpmf(lamda) alphaf phim phif permm permf ) . enbd = eahanced binary diffusion coefficient
. (TCw) TTTNN—— B
1 van Gen 0.002 0.3600 8.4e-7 0.0 0.0 1 —— Thermal-prop
0.040 0.7636 1.306e-5  0.087 1.8¢-3 9.7e-19 3.9e-12 : no rho cpr  ckdry cksat crp crt tau cdiff cexp enbd —
: (PTn) *mwm~._+_’____ 1 2.580e+03 728.0 1.6 2.23 0 0 .5 2.13e-5 1.8 o
2 VYan-Gen 0.100 0.8500 1.53e-6 0.0 0.0 1 2 2.58Ce+03 422. 0.61 0.81 0 0 .5 2.13e-5 1.8 0
. . . . . e U . s
0.040 0.7636 1.305e-5  0.421 1.8¢-3 3.9e-14 3.9e-13 3 2.580e+03 840.0 2.10 2.78 0 0 .5 2.13-5 1.8 0
: (TSwW) : 4 2.580e+03 948. 1.28 1.68 0 0 5 2.13e-5 1.8 0
. W”«”"..-——-—-' T ——
3 Van-Gen 0.080 0.4400 5. 8e-7 0.0 0.0 1 § 2.580e+03 488.0 0.84 1.1] 0 0 .5 2.13-5 1.8 0
0.040 0.7636 1.305e-5  0.139 1.8¢-3 1.9e-18 3.9e-12 8 2.580e+03 526.  1.42 1.B8 0 0 .5 2135 1.8 0 )
: (TSv) 7 2.580e+03 9e+50 1.69 2.23 0 o .5 2.13e-5 1.8 O
. - S—
4 Van-Gen 0.080 0.4438 5.8e-7 0.0 0.0 1
"'*iti:(**'!i'iitl
0.040 0.7636 1.305e-5 0.0865 1.8e-3 1.89e-18 3.9e-12 e )
: (CHnv) ! . Backfili material SR—
5 Van-Gen 0.041 0.7400 1.63e-6 0.0 0.0 1 —— "'*'i“"'**"""
0.040 0.7636 1.305e-5 0.331 1.8¢-3 2.7e-14 3.9e-13
: (CHn2) B 8 2.580e+03 840.0 0.60 0.79 0 0 .5 2.13¢-5 1.8 0.
6 Van-Gen 0.110 0.3800 3.13e-7 0.0 0.0 1 I
. RRAR P T IEEI2ES 22 L) ——
0.040 0.7636 1.305e-5 0.306 1.8e-3 2.0e-18 3.9e-12 ! -
i3 Metal Waste Package

L RRRRANARNRTARN RN N AR

. AEREERRR AR A RRARENR

: Backfill material
- o 9 7.800e+03 450.0  50.0 50.0 o 0 .5 2.13e-5 1.8
7 Van-Gen 0.01 0.7000 1.11e-5 0.0 0.0 1 : o
0.04 0.7636 1.305e-5  0.50 1.8e-3 3.9e-14 3.9e-12 Tz TR —
Air
ww‘..__.'...___._., . RARKR
B Pt 22 AR 22 22 L8 2 2 4] B . RN
. Metal Waste Package [T
L REARRAAEAARRRRNARAS 10 1.2 57.4 20.0 20.0 0 0 .5 2.13e-5 1.8 0. —
8 Vvan-Gen 0.01  0.4400 5.80e-7 0.0 0.0 1 B : R—
0.01 0.7636 1.305e-5 0.1 D.1 3.9¢-99 3.9e-99 0
— —— . RAANKREARRRARARARRIRRRRRARAAERARNRAS
 ewnn . : Define size of grid-blocks
’ A' \ i H AARRRARARARRARRRRNRRRRNERERNAR R——T—
ir —
. awwan .Mwmwm3h~—~—~— : igrid = grid-type (0 - block centered, 1 - point-distributed, 2 - boundary node at the surface corresp. to CTOUGH)
: dx = block sizes in x-direction
g8 Vvan-Gen 0.01  0.4400 5.80e-7 0.0 0.0 1 -  dy = blook sizes in y-direction
0.01  0.7636 1.305e-5  0.99999 0.99999  3.9e-99 3.8e-99 ! SR o T
. —— : dz = block sizes in z-direction
0 : blank line to end pckr data : éxvz 0
A r———————
; RARXRNRRI TR A RN H (dx(i)'i=1‘nx) S
Debug options : ‘ — 0.25 0.25 0.25 0.25 0.375 0.375 0.375 0.375 0.5 0.5 J—
- - e 0.5 0.5 9.5 0.750.75 1.0 1.0 1.0 1.5
Debug 1 ’ : .25 .25 .375 .375 0.5 0.625 0.6256 1. 1. 1. —
0 e 2 1.1, 0,625 0.625 0.5 .375 .375 .26 .25 )
' e 2 (dy(j).j=1.ny) -
P —— — 0.5 0.5 0.5 0.75 0.75 1.0 1.01.51.51.5 R
: Thermal properties re———C L
L ORERERNARKIXTAAANERRRANR : element 1-6 TCw s—
: no = sequential number of data set T etement 7-10 PTn —
. : element 11-20 TSw above the opening
: rho = rock density (kg/mA3) ———
. iee — : element 21-22 backfill above the heater .
: cpr = rock specific heat (J/kg-K) . el ) S —
: ckdry = thermal conductivity of dry rock (J/s/m-K) »w~wmww“+”._“"ﬁ; : el:nen: é:-iz heater -
. cksat = thermal conductivity of liquid saturated rock (J/s/m-K) wmwﬂ}_____4 ) . ment 29'35 b'Ck:1:l below the heater
J— : elemen -35 TSw below the opneing



8

: element 38 TSv
: element 37-39 CHnv
: element 40-43 CHnz .
- 18,00 16.00 16.00 16.00 16.00° 15.00 14.00 13.00 13.00 13.00
15.00 26{30 34.00 30.00 <ii90/>30.00 17.00 10.00 §&5.00 2.50
.75 75 .50 .50 + .50 .50 .75 .75 2.50 5.00

10.00 20.0G 30.00 69;067 30.00 8.00 20:00 30.00 31.00 30.00
. -~ 3% —~
30.00 30.00 31.00

D AR AR R AR A AR RN A A E RN AR RN A RAR AR AN KR AR ARANAREAARRAN RN A RRAAAAN AR RN RN AN RSN

Rock porosity/permeability, depth and capillary pressure characteristics
. .*iiﬂitﬂ!*tﬁiit!t*!i.t*'ﬂ.*ﬁ't!ﬂ*tlk*tti*t**iﬁ!t!‘l!i*tt'ﬁt*it*i*it’t!’t!‘i'
: i j k = vegion to defined the property data
w0 jgt = sequential curve number
. ithrm = thermal properties data set number read-in by THERmal
: vb = block volume (mA3)
: por = porosity
: permx = absolute rock permeability in x direction (mA2)

(34

-~ : permy = absolute rock permeability in y direction (m~2) —
: permz = absolute rock permeability in z direction (mA2) -
- porm = matrix porosity
i permm = matrix permeabi ity
PhiK
s : i1 42 j1 j2 k1 k2 iist ithrm vb por permx permy permz pormm permm
119 110 1t 1 1 1 0 : Top boundary with high specific heat
- 119 110 1 6 1 1 0. : TCw
e 119 110 710 2 2 0. : PTn
118 1101120 3 3 0. : TSw
[ 1 8 1102122 3 3 O. : AIR above the heater
919 1102122 3 3 0. : TSw right of opening
- 1 41 5232 3 3 0. : heater
- 1 4 6102326 3 3 O. : Air behind heater
5 8 1102326 3 3 0. : AIR right of heater
s g19 1102326 3 3 0. : TSw right of the opening
1 8 1102728 3 3 O. : backfill below the heater (pedestal)
o 919 1102728 3 3 O. : TSw right of opening
— 119 110293 3 3 0. : TSw below the opening
119 1103636 4 4 0. : TSv
s 118 1103738 5 5 0. : CHnv -~
119 1104043 6 6 0 : CHnz

119 1104343 6 6 6.3e7

Initial pres, saturation, temp. and mole fractions of gas phase
. tl'l!t!tttﬂ‘tt'tt!t*i'!i!I.tﬁ.tt‘tt*ﬁIittt'*'iitit"l*'!ttttl’!‘i
: i j k = region for property data
: p = pressure for the defined region (Pa)
e : T = temperature for the defined region (C)
: sg = gas phase satuation for the defined region (fraction)
: xa = mole fraction of air in the defined region
: sgm = matrix gas phase saturation for the defined region (ignored if ECM is not used)

e IR

it 92§ j2 k1 k2 p t sg xg2 sgm
M““ Tt 191 10 1 43 1.01325¢5 27.00 0.75 0.0 0.75
0

D RRARRRRN ANARARRRRARANRRRANAR

! | . End of initialization data

AARARERRARAXRER AR RAX AR RN &

NWM\\j-a~—ﬁ Recurrent-data

et ARRRIRRREHARR RN

wMM\\F‘-_ . output 9ptions

ARRERRRNCRNRRR TR

4wm“1———~ . A= all the important arrays in tabular form
. ¢ = output of convergence summary

=" . p = output of pressure array
e T . T = output of temperature array
. G = output of gas saturation array
TTTe— . v = outpnt of all directional velocity arrays
— . B = boundary condition fluxes summary (not available)
R . @ = source/sink summary (not avai lable)
e . L = outout of liquid saturation

. ¥ = output of mole fraction of air in the gas phase
[y SRR output A=1 c=1

—
v ..!‘*ittﬂt*ttitii'i***'ﬂti*****i

— . Specify linear equation solver
. l‘t"t'*iNl*'itﬁ‘tiiﬁilﬁtllt!t.t'

I . isolv = solver selection (1-Thomas Algorithm for 1d, 2-D4 method for 2d, 3-Watsolv with GMRES,

—— . newtnmn = minimum number of Newtonian iterations before a check on convergence is made
. newtnmx = maximum number of Newtonian iteration for convergence.

B W . north = Maximum number of vectors for orthogonolization for Watsolv

: . nitmax = number of inner iterations for Watsolv
R . level = degree of fill in incomplete LU factorization for watsolv
- isolv newtnmn newtnmx north nitmax level
—

Solve 3 2 8 4 75 2

s T
T TTTITIIS LS 22 2t

. Boundary Conditions
s MARRRANERARATRNNRNR TR RN

N :
. nbe = sequential number of boundary conditions

) : itype = type of boundary conditions {1-Dirichlet, 2-Neumann, 3-velocity flux in meters/yr)
: iface = surface at which the boundary condition is imposed

 ay W . . s ies .
: i j = region on the designated face where the conditions are imposed

s : gbe = flux rate (if itype=2, kg/mr2/s)

: pbe = pressure at the designated surface with reference to the adjacent block center (Pa)
el : tbc = temperature at the designated surface (C)
: sgbe = gas phase saturation at the designated surface

— : xabe = mole fraction of air at the surface (for single phase and SGBC=1 or'O)
S : nbe
Beon 2
[ — :oityp fac i1 i2 j1 j2
2 TOF 1 19 110
I gy
: time gfix p T sg
. 0. 9.513e-9 0. 13.0 0.
1.¢20 9.513e-9 o. 13.0 0.
s h—— 0
: ityp fac i1 12 j1 j2
1 BOTYOM 1 19 1 10
. : time  gflx p T sg
0. 0. 1.01325e¢5 27.0 0.001
] 1.e20 0. 1.01325¢5 27.0 0.001
0
N ]
] I MR AR AR AR NRERRXARR NN RARRRARRRRTRR

Define auto time step calculation

4-watsolv with CGSTAB)

|
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S RN EARRAIANN AR TN ERNRNRRRRARRACNRNNN

: DPMXE = estimated maximum pressure change in any grid-block during a time step (.10e5 Pa)

1 DSMXE

estimated maximum saturation change in any grid-block during a time step (.04)

: DTMPMXE = estimated maximum temperature change in any grid-block during a time step (5 C)

: DP2MXE = estimated maximum air-phase pressure change in any grid-block during a time step (.l1e5 Pa)

: TACCEL = acceleration parameter for automatic time-step size calculation
: IAUTODT -
: FACY =

:AUTO-step OPMXE DSMXE DTMPMXE 0P2MXe
AUTO-step 1.0E+4 0.03 5.0 1.e4

D AR NAARA AN AN AR RN L RRANARAXNXRARRARRAARAXRNARRANANRRRRARR

Overrides or modifies the tolerances for convergence

R AN RA AT AR A AN AN AN KRN ERERNA R AN ARREARRRAARRNR AR

: TOLP = pressure tolerance (10 Pa)
: TOLS = saturation tolerance (0.0001)
: TOLT = temperature tolerance (.001)

: TOLP2 = air partial pressure tolerance (10 Pa)

: TOLM = tolerance on mass residual (0.001)

: TOLA = tolerance on air residual (.001)

: TOLE = tolerance on energy residual (.001)

: Residual (L2) = max abs for total mass, error and energy equations
: RTWOMAX = rtwotol (initial residual norm)

: RMXTOL = absolute value of residual

: SMXTOL = max of (dx, dx/x)

:TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE
Tolr 10. 1.e-4 1.e-3 1.e+1 1.e-5 1.e-3 1.e-3 1.e-15 1.e-15 1.e-15

AR AR AN A AN A AN TR R AR AR AR R AN AN RN RN I NRXRRAERARRR RN AR NNRRENRRRRNRRARR AR NN

Set limit for the maximum change in the primary variables during a time step

R L I T e e e e P r e S L e e e )

: DPMX = maximum change in pressure over a time step in any block (.5e5 Pa)
: DSMX = maximum change in saturation over a time step (.10)

: DTMPMX =.maximum change in temperature over a time step

: DPAMX = naximum change in partial air pressure over a step

: DTMN = minimum time step size allowed

: DTMX = maximum time step size allowed -

: ICUTMX = maximum number of time-step cuts allowed during a time step

:L

imit dpmx dsmx dtmpmx dpamx dtmn dtmx icutmx
LIMIT 1.e5 .08 10. 1.e5 3.171e-8 1.e5
: SKIP : skip the heating part for obtaining the initial conditions

-

s R A KA ENARARNENR R AR A RN ERRRRENRRATRARARRRRRRRARKRRRRANRRNRARRRER R AR

Assigns a set of tables for sources and sinks as a function of time

AR R AR AT RN AT R AR AR AN AR AR RRARAAR AR RAARARARARENAARENRRRRRNERAARREARR

: NS = total number of sources and sinks

: FACH = scale factor of energy

: FACM = scale factor of mass

: is1, is2

: js1, js2

: ks1, ks2

: istyp = '‘ndex for type of source/sink (1-mass rate specified, 2-not used, 3-heat rate with no mass specified
: TIMEG = time in seconds

: QHT = temperature (if istyp=1), heat rate (if istyp=3)

: QMY = mass rate (if istyp=1), 0 (if istypa3)

: source NS FACE FACM

.Source 6 2.2 1.0

. water sources along the top surface & heater sources

. sources it the top boundary surface

; timeq(sec) T/ght (C/(J/s)) amt (kg/s) BOAPD ¢

is1 is2 js1 js2 ksl ks2 istype
1 4 11 1 1 N

.0. 13.0 2.378e-9

5 8 1 11 11N
p. 13.0 3.576e-9

9 13 1 11 1 M

.0. 13.0 4.757e-8

14 1 1 1 1 1 1

.0. 13.0 7.135e-9

. 16 18 1 111 m
.0. 13.0 9.513e-8

.18 19 1 111N
.0. 13.0 1.427e-8

: print all at every target time
rstart 1 0
PLOTS 1 & 4371 3611 4379 3782 4550
:Steady[y] 1.e-6 1.e-§ 1l.e-8
target dt dpmx dsmx dp2mx  dtmpmx
Time[y] 10.
Time{y] 1000.
Time[y] 10000.
Time{y] 130Q0000.
Time{y] £50000.
:NONSKIP
Ends
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