TR R AT A B 4R
( B 8 %M %)
(R 4 B L 6HALEHYN)

yr

IR ¥ B G bR R R F)
SR REHER

o A%k A F
HEWE £ 23]

HEHM A+ AEAR—B
E+—A++t8

HEAH RAATEZA =0



#

o

rml

e

o

[N}

(]

s

T HE a5 E
AT A




F o by HERSE

# R
By B A K A AR A E B AED ST R
AEZ AT MG SR £ DR 2R
¢ RHAFIEYRCHAZ AR B REHE - B
e B RN R ES RS S Rk E
ARBHBRAETE T A — BAKEETY  ARRRE

7‘)IL > HL% E%VF% A’:b ﬂié&z&%@‘g‘&%f jF Iég‘t

IS

FE-E LT PECKE S £

35

b B MR SR TR EE AR

~

Phz ZTHERBRHBARITL

Pobpsainit,; THERSBEEENFE
RAEd L Ea8 s EaE BV EanslAsemiz
ZWEIBERRAB LT FR TSR B ER
AW —TEBE HRARYF  UAHRERZEE -

"PROBAS" A stk At E ¥ » ARER 2 T &3 dr o TR

=,

BorTERANTRBEARLEZ HAZY > LAEA
CRESKEHERBELER AR TEBSABEFERTLE

tE AL B 0 WA B AR

1



rElﬁ%%ﬁf@ \ﬁ.ﬂ Efgﬁ""‘

i

rs
=)

ALBAREERE "L ARBINW 0 KK LS
ML ERT o AREEASNT BB EMIEE - K EHH
BXERB AT BR800k IR E RS S -
BEMRABER ZHE-BABEIN > FEBEN 2 55
A6 A ABPERXR TR R Lx}é‘fséézkziﬁ%&tlé
A AR AL BRSP4 © A 8] B R k2R S4B &
BRI > SHH L =45 B 4 X RIS R 2 4 > AiE
FRA AT ATEMRE > AmE P aLsER - &
PN HREFBEZARFEEREENLEAMILRKREHT
AEM - LWRBRBFERTF 2R BRHELREE
MERSE > MEHAERHBEAZGMAI R
WEABEZH -

ARBGUBERUREB @Y OB ES X HA
EMZAE > A B R AL R KPR RAT LA
%@mmﬂmmmMMMmﬁ®m®’k%ﬁ§%%%
BHKDBRNELR AANZA T oHA ??fﬁ..yl‘.éﬂ(petroleqm

system project) » H45% A % Dr. Wang & Dr. Berry » ¥4



8 Z B A AR R 2 B MR LEA RS T RPTR
2 IRBERLHWE  TEUETERITRE TR
BEREB D Wang 5% - T ERBOHBUT ITRAR
EoME o b ERGHIHR LW A KBRS A
2R B IR R N HREERRE S R -
B -3 " LaiE"d Dr. Berry 35 % » b3l X B4
MW % A5 R ZALE AL 0 WA ERT T B RZEY
Fik > RBEGHERS THERLHAG F FHLRAEZ
B o BB et Y o A 0 B Dr. Wang B8535 6
HAAESWZHEBRNEREIBBZIBRER - &
AL ENB LR —FH R EREEFRYD > RHEER
HLFRA BB Y2 YEERB T REZFF -

ARENBZORE THERALTH ) o ARRER
AARBZARN > A ARG XA BHN KRR -2
ZoMAMEE - RBREHRAMEBRT 0 EHERKE
FRAAANZEREH -

T oMty 2 ERLERER KA

&5 # 2 £ &% Jk(main school) :
1 ~ #& B % & (German school)

2



Welte and Yukler(1981)7& 34 3-D # X, 2 %4 » 4t ¥k
BB R AR A DR BT S B ARG TR R AR 2k R
& Ak o Welte(1983,1988)5# 7K 77 4% H 4% #x(hydraulic
conductivity)su N A 88 7 42 R\, » 12435 /1 (permeability) it 7%
AINEFT R - XF#H 4 Yalcin et al(1987)
Wygrala(1988) & Yalcin(1991) > # £ 7 #2 A #] A Eulerian
frame > ¥ 7L R B R 1 AL ARG H -

» 7% B % Jk (French school)
EE2DBMABRERASEZAE EEREAE
Institut Francais du Petrole (IEP) —Durand et al (1984) ~ Tissoted et
al (1987) ~ Ungerer et al.(1990) ~ Burrns and Audebett(1990) ~ % j&
#| A Lagrangian coordinate system, B 4% % & J; ~ i B 58
BIINT RN mRERE 5 - ZENILREZRD
STE T RIE S A RN 2 B4 -
3 ~ 47 % £ & (1llinois school)

Bethke(1955) % # # i/ 174 2% 42 38 R 5 7o 35 2 Wb 2 A
X HERR A ExxonOilCo - H 4% 25 258 HA M > 42
BRAOZMG > LZERREBHEBRERZBE -
Sharp(1983)7F & st 2 k2 — & -

3



4 ~ & & % R 434 ) (The South Carolina school)

Lerche and Glezen(1984) » 24 Gulf Oil Co = &k 4t
&3 - #) A Lagrangian coordinate system 2% 22 » 38 2570
Rl (void ratio) ¥ 4 2 & 1 2 LB B4k - FLR R BLIRE
ZHABEN LRI BRA SRR -

5~ 48 %, & % % (Univ. of cal, Berkeley)

LRk BEENRRAE Az e R ERAEE
BHEEGCETWZEE  FMRARATRE K> by
A5 % % PROBAS » ##h % (heat flow) ~ 5282 ~ BRA/E A -
B AL S M Z BT 0 R AR E A A B R R Xk
HAfhk - SR EN S whau e R 13
ERETH AR ANt SRt ier— %%
ZGALR & o FF B HHTE BRI Dr. Wang 35 5 F > # F
SLRRALH AR AT 0 AR R SRR A B A 7
IR R

FRT LR ERXI A e BT AR
H——IHLZ e

EAN it ELE
ARDAEZHNEEBE ML RRERER & 45

4



RALAH 0 B AR RZ ERAS D LRM O ZBER
B % : D32 # ¥ (burial history) ; @ % # % (thermal history)
ROk A AR - BB L - b E R R LIE AR
AL > ERELT
A~ FIH R R 2 RE B B
S L2 AR TR G TG T A
B do bz ik ML E 2T ARG LR
2 # (thermal conductivity) » 3% 2 F KRB R % M @
B o B LB T ARFESZRIE  THRAUAK
My BB Al AL R R B E o b B T By AT SR T S0 T
(critical time) % SMETA R T RABE LR - B %
EHOBWETRBZEE Rz al  WRILKA
EREZ A FILEHZ B ERMBBE  HEES
% RSN E R RS RRE R TR - BHR
BTHEARAFTER  WERSRERBBF - LI
W, & 2 [F $(parameters) ¢4 T A5 A& i 35 X R B BT
BRI 2 MR A ERENH  RBRFRET
MR BN Z MG BEERTRZE  AHH A
K z X b 45 (isostatic response to sediment load) & AL

3



B 2% F ot & (backstripped crustal subsidence) @ $LEBp 4
BTRERERFURGFHZREE - BEH TR
AR ERAEXGE  LAEEATELER - HHEMR
Z HHEE R M XA GRE 0 RALMER
B S AL BN R BEHTTH A BT ETZ o A AR
HWEE - EBERERNGE - SRR TERERZ
B ] S0 RS AR T AR BRAE 0 SRR BASEEL By A AE 2 AN
2
W J 32k A R RIS & MR 3@ o I T b
& B AR S 2 3B R R B R X 8L - B R F
JE J& 55 % B (compaction effects) » A A ¥ & S FRx L4+
RERERAME > £BRRERRRARE  Ald
B BRETiAECHEFMRZIRE > FIHRIE#E
(backstripping process) = #& 3" 4. & 3 i &£ - {2iE R &
BX > AEFRLAXEREZRETRRELERZ
YlbmARE - BATEL AL R ELGRE > WM
HRERESN YHERERBREZ/HR  HLA
# & % )& % 4 B (decompaction effects) » A7 432 i 3

J& R B BURE A BA A - Hinte(1978)3. 9

6



ERGHEWEEEE A BB T BB
BE > BILFRERO do - hABEILE R - B R=T(1—
OVA-(1—do) > b XE TG 2 B E LS 2 FZE
Bp %R & 2 % # - Sclater and Christie(1980)3& 3L 7L 4 %
Z B naXo=0e o FILIRFELRELZ ¢ 7L
RELMK z=08F > C=FHURRE HMHmE) -

% —#84% K & Falrey and Middleton (1981)#2 # >
AR XL R BRI T RRAES > BEEH AR
J&(loading effects) » H- A K ANK A do/o=—kedL ; @ ¢
=¢/1-p B dL=(1-0)/dz ; dz k% A B B ERE2
bk BMESR - B EXZME 1/0=1/0p+kz ; ¢ :
MEFLIRE > 2 RE - X RBEMZAF » FREZ
A AF I G

B 2 1/0=1/0.74+243z

% 1/=1/0.4+120z

BrEr g 1/6=1/0.53+2.18z

2 BAE B O=doe”“ » dp/o= —kedL > B
BEEBNIEM AN RREA 21 B 2,0 B

hs=[1—¢(z)]dz

7



hs=(z:—z1) — (¢o/c)(e™ —e™*)
(ze—2z1) — (1/k)
B
zy—2zz=hs-+ (1/K)In[(1/¢(s)}/(1/¢o+kz3)
ko R AT PR EGE - HHFRE - FRAEAK
Ko BIAR B TRR > TH R -
ANEIRERERZ R EFARELSZHB A
TR =ZHEF AT RERES
1 ~ 7% F4) Ef (depostional hiatus)
R REEY BZREERFREBMEMEME
R (o FRHAFZMERERFE)
3~ M ARSI AT EEREE
AGEg=(R;xAGE; + RyxAGE,)/(R, +R,)
1% 4% 2 B =R x(AGEg— AGE))
AGEg : F¥# &4z FK ~ AGE, ~ AGE; : FE 4
EFZHFRRIAR BARESE LT RHEHZIR
BB 2SR 0 ERXBERRE AFRZ

R BREMATE B HAEMEREAEM

8



NZEE » THAXTHEATAREZHHR
(Steckler and Watts,1978) :
Y =S[(Pm-Ps)/(Pm-Pw)] + Wd — A s [Pm/(Pm—Pw)] »
Pm: P iFEHE ~Pw: FHREE ~Pst T34
REMEE ~ Asyt FHEBRBZET Y &L
MM BRAKEBREBZRE Y L FRERAEE
NBEZWRTLE WIRAg HEABEE
fHEH -
B Aozt RARE L
AIMEEB L EE B ENTFER LW
BZRAERBHEZIEE X BAR A RHAL W
WAAEEATABAEMMEREBETHHEL
B (DAZHEMEE  EEXIFAETE
MAZE (DA - BB EHEER >
BRIEEHREHGHE 32 hACES
BEERE > BT EVEANE®RE T (A)FEE R
RKEBFZME -
LB EE EA AR HEEXAA
Bh¥> B3 B A8 2 iE Bk o Tissot and Welte(1978)

9



BB EHEXARR IS Y S B o
BEZ B F— RIS R ) A 3% 23R 0
N EZH BT K

dx/dt=kpx; ; k;=A;e BAOTO
Xi' FABCEWZEE kT RBRE kg
KR FH A RBRF(REBELR)E
EALAE ~ T() * AL iR BB E 2 K3 -
— R BT E A ZEE A (type T ~ T ~ 1)
HRETRAER 6 R E 2 bPsk L5 bz
%8 % 10~80Kcal/mole » Al A4 X, & i
R BEZBREHRE E+E+ ... +E¢> #1 F
AARBZhBEHIREAARARZE AR
Xf-ZhBEAETEHEHALREMEZ
G B BRI HIRE 2 42 K, - Tissot
and Welte(1978)F] A B € 3.5 45 & 7 sb AR
K, Bim ik & (heat flux)#8, 4 55 6% 1 8446 >
THELBN - HAF K
dr/8e=(pc) "7 o(KVT) +(pc) ' Q(t)3(z — Zbesement) *

Efcre#p: BE -k #3285 % 5(2):

10



Dirac function ~ Q(t) : #a & A= H ¥ -
Fe 3-5km R & - s AT XM A
TEO=T(O+QMODMY/k(tz) > K+ Tyt) : %8 1R
WZREAFHZ K% > DU) : ZRZBEN
BuEr 2z o  k(tz) @ B4R A nk R
BORBEFHB - RAR ZE 2 RBE > LAl
Q(t) * D) A& k(t,z) » M k(t,z) & D(t)7T 83 325 &
B AT a2 QO)BRERE - st B+
Mo BreB AT GB RS2 MG EREY
SN R RAT ) R ARNEN S mab 2 R R 8
HEMMBE ARG REEESR I EL

FoRBEARERLHNILRE - £ 8 ETH
TERAZE  &ATHEEZk=kkJ/k) ok
ky & ks %) B 2 % (rock matrix) ~ K & L # W
ZAEEHE o QAHILIRE -
& Friedimger(1988) » # A2 4 85 & 4 :

k, =k 19

BTGB - RERER R T b AR
BB RBEZHELEHAE - OB 5 H

11



REZEALBARARLZHEE LB R

W BE WA BEAME T GETAEAR

WE o

C ~ &M ¥148 F v (back stripped subsidence) & # i &
(heat flow history)

B4 T ()T A A B X FRA o HaF—
WG A5 A bh B = T oL R TR B F vo(predicted
subsidence) ; X B ey A& dmE Tz £ £ 1 (1)

TIE S E R KT HEH 5 QF A s B X
RABFEL S QO)THREGEREBEAHER IR
SRz X B RA)TAR AL L R E 2 R BT S R
Z Wt HBEHMZ T E TR ERS BaE
>

AR TREHAG/ILAFRZERZAR
R BRZAEEH BT M M s — M
KTRERD o AR EA K AN MEZT
% (1)Mckenzie 5 % B 2 BAL S 5 (2) KA B IR
R - QAR B IRAEL K R (4)R I 3% % H A
Ko BHEXMEERZSERSN - BEZL

12



ZAEE NN BH ER R -
ARSI R A R AEE AR

ST HEAFER BRI H 2R G
FRHEFEEBRA - BB & BAF AL
FEEZBRETERGEBEZIFEUARBAZ
BR - e HES AR L Hmm2BY - JUREHR

v

BB EZ A A TRATZIHME -HAT
DFTZEESM o B FZ I - 2R KIE
EtE E o~ R E  RZERE - AL E
ST B 5 B BGR 2 F k o sbBUR 2 AE B VT TR A
BWEREMNEZ RAE -
—R"EWoI"ZHEEREZERT A
CERY CRNRBREUBRAAHER - EREE
LI S G SR 2R B S0 B Bk T e
FE - BégTLE P EREBTRE B
RBRERE AR TAEFHZHGE - & FaY
B2 B4R 8 - B R BRI H B &4 B ATer R
EAHTTDHREE - 8 A6 & R4 # i
B -SSR ARAFHTINE  F— B —H4EFY

13



AEHAZBLEGHZEIE 20 H LHEE
o BB ST o BAFEEZ
AR BATZ AR E T BT i H R R
ZBEREWHRE A Makenzie £ X - LU
KR HE R -
HAHBARBEETHAEB LT E TR
NARBEZHELER it BT EMRMAE
AIE SR B A" EERNZ
A R BB R AR
"ZiEER" B AMARD R T A —
AR T ot 0 MABBE TS EEZTF
ERNCREFRAR? ENATALEXTNFRETE
AR 0 A s AW AR Z LR L REZ Ty
R ARFEHLFMBAZ REEEHBRERZIK
ﬂ_— °
1~ Bt S48 1 3% 7
HEHAIERBEATERPERE?
—BTE B AR AR RE B R LR

14



BEARBE AN EREREREER &
FREEREEN AKX AEFE K
kR B RRERBEFERA -

Lopatin — Waples method {448& 3% /b2 K &
R FEGRAEN 10T > Hiwik B sblawfs
BT 0 BRI E  RIBRARK - W BB
IR A R &S Bl gk A e b
BT 20°C B R BE T S5 2L 3 v o IR BT
MEmEs > AL CRETEER it
2 AR R R — A M2 BT
CRBRLABRE - —FKWs 0 BAERN
200bar » B % % # Kk » 200-200bar L E R K »
B JE T4k 2 RS R B A b o KR
N—BE"THSW " RIAAEFREZAF -

Fl#hih AR ENFAELZZRF B E
THEMERRE > EHBARAGRY K
BEARFEE - AT X GANTTmRARIZH
Moo FLEBBHTRFwRBZEER -

2t G ABABRER?

15



—~ AR AE ~RAEERERE > 3t
REAERS 2R BEEIRERF K
BJE » SLRRET AR B R B X 3w iy A 0 AR
—F oMo —fETE 0 EALEEIEIE R H AR
ICBRse2 3 ERRGWEFRHBAL
THBEZER BAHNAEEBETHHE
iR R AR -

BEw Rk | i3 S 1B A 0
AR R BEEE 7 S AR N T S
AT R{ b R EEER 7

Hok Bl A h bt - AL EREEZ A
& 0 ko dy AL E R R R R AR B RIBLE R
FERBERKE - BB TERARAMCERD
REWFZRAFKE BB TSI "L ER

F~ a5
BB S H LRI ZREABAIRER
EGb®mAFTRE) BATZRERBENRE T
(BEE - BAY REBEFI-RMEBER -EELF)
BT L (e B hEC FLRE - 1L

16



g
E:D

MK WE) BB F ik — A A EAS R  FLIR
F5T A BB o AR A BT AR LR R R AR
B BB BEEEEG R B AT RS EZ B
AT H TTIRARSN ER M R E > s aftsd
Pt BRI F — R R BT 2N B ERRE ER
& DST B E » B4+ ERBEEZEE -

FEFRATRER B 45 A XM H B R (Ge k)
HE -~ BHARTR - S ERRILERBE ARG Z
G HEZFHLEREZ - ARTHEERZA
e REABRRAFRSLR - RRLE - BERD
% o

Famasnibntyg P EEHEZ T/ LA

B GHENEEY LAY — LEAH R W2 FEW

WY ERAEZER Y-SR PR &R

MFaA e FPARO ML EET/F - 22T E O

mHE B Y 2 A QS B O gibatz kR

BEik 2 i @QFLMAER s AU ERBASEZ SRS &

RS ARRZBEARES AR ERERER -

17



ERBBER L AH 5B TRBBHH T2
BEAFRHTHZRAR o BFARARAE T > ATA k3
PROBAS : TRANTFRERBELE » ATKRE BHAEE
b Z B 5] R RE MR a2 B - AR B 2
EZBRTERMLRE IR 4 H PROBAS(%e
) BB RN T RERS @ FLELSHEE Z2H
B oo HE ZRER AT RASS 0 3 E PROBAS /& A £2 X,
R R R R sbie K2 AT B BFEAN
R AR RARE E

RAEEHER BB ERARHBER B2 €S
TR BENAAHME TR B RZHE T FEHEE
B R AR R EBIFRG T2 B AR E T &
NERE

B~ R ST
"R ARREWSW ) BEMRREE R 40
HebZRm - 22 bR AEESEZMR - FEHBA
H-RYERZESMWFME - K40 — B LM
HERZEN  CRTARFN R OENE - LEUAR

18



A% RN EEBELEEE B LENERSHZ

BHzERAERORMEINNEE -  BLFTASE
FEABMEMNER W TahiGaait, 22X
TAEENHEEL BT SRA AR TRBEZRE
o B R AT EA LI TRE HHARGTHR
ERME BT HATHALRFS HHARY®E
TR AR I B 8B AN AL A NBER
12 ARG FME -

P o AG2Wat ) ARAS & Chod ZHEZ
B ERNEBREARERA LT IREERASE
E oA RXRIAR  BABNEERRREAZIGE
AN 8) 7 T A SRR A ke TAF o

19



PROBAS #k 72 & 42 X545 £ 5 ¢
sbRAAB R RALE T a7 A2 R
MR AR B s IR R B A E A AR R AF -
ShE X EREEBREXAMAZERFILERE
X L4558 TPROBAS - 14 d1sb X A3t Z TR X >
BAAPEREZ WIS BT RAREMEELEGHZE
LB o BB A AN G AR L E X Z3BE 0 LA
PG 3 8 %38 ENEN A
"PROBAS" * &4 fa KI5 % L8 - (DAL E
(D BEHEHE > A EXTrAZBEHR - (DRHEE
R W& 2 %47 B4 (sediment layer and fault geometry
data material property data) ; ()% & Z4FHEH S
(3) & 475 % & (mesh geometry data) ; ()3 B F
% ¥ (geologic time data) & (B)RAERREM - (F3F
SR A ko BAE) 0 AR E ke T
(1) vk BT ST B 1 3 3 B R A3 & (B
CHARE) B L2 E T8 R RRAER
REVHE) > AR EHER S BHELETRRAA
BRCEFEERBEER  AEAX T - BPEHAEZ

I



RRAEZEA > BHEAHEHEREZETIHRE
2 QR SRR EF -
(DWEZBEER AL F ITHEDETHEZRAN
AR P SR 2 TR > BALRE
poro(3 & i) ~ T B4t (bl - & 8T ~b2:
FARKT) EABH(Sxo: £xF & ~Syo: £
v #5 #) ~ 2 E 4 % (heat :W/kg) ~ % £ tbf)(earth
% )~ gEA % B (ds T kg/m) ~ ezt (cs t J/kg
* k)~ BAREAE(w/n k) ~ %445 #(equation
number) ~ @ B - @ 1 B E (B R REAECK)) ~ A&
w2 E A (TOC%) ~ w8 (kerl ~ ker?2 ~ ker3 ~ ker4)
5 B 454 & (CaCls = %)
()& BBk A E 2 el WR2EeHF
(DG FREFR - EHBRRZEHFNK -
G)RBARENR | KZALFE - B - KA HZAE
HE a8 bz AN E o AR EMS A an/kg of
rock °
EHAAEKELRGE > A EXIARATHR
H A& A 2 X o4 AF F o

I



"PROBAS" & 3,838 B oMt A T

I ~ A E

3~ BT E EH
4 ~ ¥ q FE4%E R
5~ AR AR
I~ & Eort
I~ SEEH
2 @B HH
W AR K



PROBAS
- a Basin Modeling Program

User’s Manual

by
Chi-yuen Wang and Pengtad Sun

Spring, 2000



CONTENTS
1. Introduction

II. User Input Files

1. Sediment Layer and Fault Geometry Data

2. Material Property Data

3. Mesh Geometry Data

4. Geologic Time Data
5. Fluid Source Data

III. Graphics Output

IV. Appendix

1. Basic Equations

\_

Yy %ki

ﬁ - 0 o
: V AF | \/of._
Y

|



L. Introduction

Sedimentary basin is a dynamic system in which complex processes,
such as heat flow, the creation of fluid through compaction, dehydration and
hydrocarbon maturation, fluid transport, etc., interact with each other.
Fracturing, faulting, and the formation of fluid compartments further
complicate the situation. Furthermore, these processes are time-dependent
nonlinear and may significantly impact the expulsion and migration of
hydrocarbons in basins. Through the effort over the past decade, we have
developed a modeling tool, PROBAS, for integrated analysis of the thermal
evolution, hydrocarbon maturation and fluid migration in sedimentary
basins. The software tool is a two-dimensional finite-element code for
accurate and site-specific simulation of a rift basin with listric growth fault.
This code allows the users to simulate time-dependent sedimentation and
faulting at prescribed geologic rates, and to reconstruct the thermal
evolution and fluid (water, oil and gas) migration in the basin.

Most basin models neglect the processes of faulting and fault
diagenesis. It is well known, however, that faults sometimes provide major
pathways for fluid transport and, on other occasions, become major barriers
for fluid movements. Significant oil and gas fields are associated with fault
zones, but the question why some faults are sealing while others are leaking
remains to be one of the most challenging problems in hydrocarbon
exploration. Thus it would be vital to integrate the processes of faulting,
fault diagenesis, and their time-dependent changes, together with sediment
and hydrocarbon maturation, and migration, in basin models.

The PROBAS system consists of four major components: 1. User
specified input, 2. automatic generation of finite element meshes, 3. finite
element calculation, and 4. graphic output of the calculated results. Only the
first and the last components of the system will be of concern to the users.
The first component (user specified input) allow users to define the
necessary input files. The last component (graphic output of the calculated
results) allows the user to make various graphic outputs of the computed
results. Generation of the finite element mesh (the second component) and
subsequent finite element computation (the third component) are fully
automatic and require no effort from users.

(W8



1I. User Input Files

The required input files by the PROBAS system consist of two
categories: geometrical data and material data. These files contain user-
specified information for sedimentary layering and time of sedimentation,
fanlt geometry, mesh density, and sediment properties. All these files are
stored in the “data” subdirectory. The nature and the required format for
these files are described in the following:

1. Geometric data

The geometric data for the PROBAS basin modeling come from the
2D seismic profiles. It consists of a vertical cross-section of a sedimentary
basin, with the vertical dimension converted from the seismic travel time to
depth (in km). The major boundaries between the sedimentary layers and
faults on the cross-sections are digitized at selected(key-pointy and the
coordinates (in distance and depth) of these boundaries and faults are
tabulated and stored as the basic input information for modeling. Back-
stripping of this digitized cross-section, performed by a separate program, is
carried out one layer after another, until the basement 1s exposed. The
results of the back-stripping, each marks a specific time frame, of a basin
with n layers of sediments, are stored in the files mesh.0, mesh.1, .....,
mesh.n, where mesh 0 1s the cross-section for the present time, mesh.1 1s
the cross-section with the topmost layer stripped, etc., and mesh.n is the
cross-section with the basement exposed, i.e., at the very beginning of basin
formation. All these files have the same format described as follows:

1) Geometric data for sedimentary lavers
File names: mesh.#

Sedimentary layers are arranged from top to bottom in the order of 0,
1, 2, ....n. The 1st number on the line immediately preceeding the x- and y-
coordinates gives the layer number. Each layer are defined by the positions
of their upper and lower boundaries and separated in the lateral durection by
faults (or the vertical continuation of faults for those that do not reach the
surface or the basement). The uppermost surface of the sedimentary column
(at depth 0) 1s not specified. The faults in turn are arranged from the left to

1

the right in the order of 0. 1, 2, .... Their positions are specified by the x-



coordinate (the horizontal distanice from a chosen origin) and the y-
coordinate (the vertical depth from the surface of the sedimentary column)
of selected key-points on the fault. Thus there are two side-boundaries for
each layer; they can either be a model boundary or a fault (or a vertical line).
The nature of the side-boundaries of a layer is indicated by the 2" and the
3™ humber on the line. A number of -1 means the left boundary if it lies in
the 2nd, and the right boundary if it lies in the 3rd. The number 0 means the
first fault (or vertical line), and 1 means the second fault (or vertical line).
When both the 2nd and 3rd numbers are 0, the x- and y-coordinates marks
the position of a fault, and the 1st number gives the fault number (or vertical
line).

All the layers, including those back-stripped, must be included in
each of the mesh.# files. For the back-stripped layers, the vertical
coordinates are specified as ‘0’. The following format is used in prescribing
the positions of the sedimentary boundaries in each mesh.# file:

(1st boundary beneath the surface)

layer number fault on the left  fault on the right no. of key-points

(nolay) (nolfau) (norfau) (numdlay)
horizontal coordinate (x) vertical coordinate (y)

(a total of numslay rows)
horizontal coordinate (x) vertical coordinate (y)
layer number fault on the left  fault on the right no. of key-points

(nolay) (nolfau) (norfau) (numdlay)
horizontal coordinate (x) vertical coordinate (y)

(a total of numslay rows)

horizontal coordinate (x) vertical coordinate (y)



(2™ boundary beneath the surface)

(etc.)

where nolay, nolfau, norfau, numdlay are integers, X and y are real numbers,
and distance and depth are in km.

2) Geometric data for faults

Additional files are needed to describe the position of faults in the
sedimentary basin. The fault geometry is also stored in the mesh.# files,
when both the 2nd and 3rd numbers are zero. The format of these files is as .
follows:

(1st fault from left)
fault number, 0, 0, no. of key-points
(nofau) (numdfau)

horizontal coordinate (x) vertical coordinate (y)
(a total of numdfau rows)

horizontal coordinate (x) vertical coordinate (y)

(2nd fault from left)
fault number, 0, 0, no. of key-points
(nofau) (numdfaun)

horizontal coordinate (x) vertical coordinate (y)
(a total of numdfau rows)

horizontal coordinate (x) vertical coordinate (y)

6



where nofau, numdfau are integers, x and y are real numbers, and distance
and depth are in km.

2. Material property information

Two categories of data are used in defining the material properties of
a specific layer: 1) geometrical coordinates for the material property data in
the present cross-section, and 2) a library of the material property of rocks.
The use of geometrical coordinates for the material property data enables
the use of multiple kinds of material within the same layer, for example,
river channel deposits within a layer of fine sands. The x- and y-coordinates
for the layers must be accurate enough so that the entire cross-secction is

covered with assigned material properties. No x- and y-coordinates for the
basement are needed.

1) geometrical coordinates for the material
File name: mate.dat
material index (norock) no. of key-points (numdrock)
horizontal coordinate (x) vertical coordinate (y)
(a total of pumdrock rows)
horizontal coordinate (x) vertical coordinate (y)
material index (norock) no. of key-points (numdrock)
horizontal coordinate (x) vertical coordinate (y)

(a total of numdrock rows)

horizontal coordinate (x) vertical coordinate (y)



(etc.)

where norock and nundrock are integers, x and y are real numbers in km.
2) Material Parameter File
File name: rift. mat

Tlus file supplies a table of material properties parameters for
sediments and fault.

The first row specifies (1) the number of different kinds of material in
the table (mmate) and (2) the number of different properties for each

material (nmate).

The second row specifies the first kind of sediment properties, the
third line gives the second kind of sediment properties, etc.

The last two lines (nmate-1 and nmate) specify the properties of faults
and of the basement, respectively.

A total of 17 material properties are listed as separate columns in the
table; these are:

poro: porosity at surficial condition,

bl: compressibility parameter in the Athy’s relation during loading (in
Pa’ ),

b2: compressibility parameter in the Athy’s relation during unloading
(in Pa™),

sx0: specific surface area in the X-direction (in m2/m3),
sy0: specific surface area in the Y-deirection (in m2/m3),

heat: rate of heat production (in Wkg),



earth: clay content (in percentage),

ds: density of the solid grains (in kg/m3),

cs: specific heat of the bulk sediments (in unit of J/kg 0K),
sk: thermal conductivity (in W/m 0K),

"equation number" for porosity calculation: 1 for shale (Athy’s law).
2 for sands; or fault thickness (in m),

toc: total organic content (in percentage),

ker]: kerogen type I (in relative ratio),

ker2: kerogen type Ila (in relative ratio),

ker3: kerogen type IIb (in relative ratio),

ker4: kerogen type I1I (in relative ratio),

CaC03: carbonate content (in percentage).
3. Mesh generation data

File name: mesh.dat

The total number of sedimentary layers is numlay, and the total
number of faults (or vertical lines) is numfau. The faults (or vertical lines)
cut each sedimentary layer into rmumfau+/ lateral subdomains. For the finite
element calculation, each of the subdomains is further divided into a number
of meshes. The first line in this file specifies the number of lateral divisions
in each subdomain. The second line in this files specifies the number of
verical divisions in each sedimentary subdomain. The number of vertical
meshes for all the subdomains in a particular sedimentary layer is the same.

Thus the format for this file is:

nx(1), nx(2), ....., nx(numfau+1)
ny(i), ny(2), ....., ny(numiay)



where nx(i) indicates the number of meshes in the lateral direction in the ith
subdomain; ny(j) indicates the number of meshes in the vertical direction in
the jth sedimentary layer.

4. Geologic age data
File name: re time0

Each boundary between sedimentary layers corresponds to a
particular geologic age. For a basin with numlay sedimentary layers, there
are numlay+1 boundaries, corresponding to numlay+1 distinct geologic
ages. In this file, the beginning of basin formation is taken to be 0.0 and is
listed at the top line. The lapsed time between this beginning and the other
sedimentary boundaries are listed in sequence in the subsequent lines. The
format for this file is then:

0.0
time(1)
time(2)

time(numliay)

where time(i) indicates the accumulated time since the beginning of basin
formation to the complete deposition of the ith sedimentary layer.

5. Fluid source data

There are five files for fluid sources: The first of the these specifies
the rate of water production from clay dehydration in the sediments. The
other four files specify the rate of production of natural gases from the four
types of kerogen.

1) The production of water

File names: h2os.mat



The production of water from clay dehydration is a function of
temperature. The format of this file is:

Number of rows (num1l) number of columns (numc=2)

Temp(1l) water-production (gm/kg of rock)
Temp(2) water-production (gm/kg of rock)
Temp(numl) water-production (gm/kg of

rock)
2) The production of hydrocarbons
File name: ch4s.mat

The production of hydrocarbons (currently limited to methane gas) is
calculated from kerogen maturation (which itself is a function of
temperature). Since each type of kerogen contributes to the hydrocarbon
production, the format of this file 1s:

Number of rows (numl) number of columns (numc=>5)

Ro(1) HC (gm/kg of rock) HC (gm/kg of rock) HC (gm/kg
of rock) HC (gm/kg of rock)
Ro(2) HC (gm/kg of rock) HC (gm/kg of rock) HC (gm/kg

of rock) HC (gm/kg of rock)

Ro(mumDHC (gm/kg of rock) HC (gmvkg of rock) HC (gm/kg of
rock) HC (gm/kg of rock)

3) The production of carbon dioxide

File name: co2s.mat

The production of carbon dioxide 1s calculated from kerogen
maturation (which itself is a function of temperature). The format of each of

these files 1s:

Number of rows (numl1) number of columns (numc=2)
Ro(1) CO,-production (gm/kg of rock)



Ro(2) CO,-production (gm/kg of rock)
i{o(numl) CO»-production (gm/kg of rock)

III. GRAPHICS OQUTPUT

The calculated temperature, HC-maturation, excess pore pressures,
fluid flow, hydrocarbon migration, and porosity at each time step are output
as two-dimensional diagrams. The calculated results are first converted into
a format for graphics output by editing the file demofile by typing write
demofile. Changing the number on the first line, where "1" = "excess pore
pressure”, "2" = "temperature”, etc., will allow the user to convert different
types of results for graphics output. To execute the graphics, type:
movie.bat.

IV. APPENDIX
1. Basic Equations

The basic equations used consist of two major types: (1) differential
equations which govern heat transport, fluid transport and solute transport,
and (2) empirical (or theoretical) relations which connect material properties
with pressure, temperature and porosity.

e Differential Equations:

There are three types of differential equations in the IBM system:
one for heat transport, one for fluid transport, and (to be implemented later)
one for each of the solute components in the pore fluids. In order to closely
simulate the in situ processes, these transport equations are fully coupled
and solved together.

L=-Kep

[. Heat trdnsport equation:

/B_—mv (KVT)=c, o, ayV T+ H
!



where DT / Dt is the rate of change of 7" in the Lagrange coordinate
system, ¢ and p are, respectively, the specific heat and density of the bulk

sediments, the subscript w indicate the corresponding properties of the pore
fluids, K is thermal conductivity of the bulk sediments, q is Darcy velocity

of fluids with respect to sediments, and H is heat source per unit volume of
sediments per unit time.

The boundary conditions used in IBM for solving the heat transport
equation are:

(1) 0 OC at the surface of the sedimentary sequence,
(2) 1300 OC at the base of the lithosphere (100 km below sealevel),

(3) no lateral loss or gain of heat at large distances from the two sides
of the basin.

2. Fluid transport equation:

DP k¢ DF, DT

S—=V-=VP)+f—L+opa,~—+0

Dt n Dt Dt
where § is the specific storage of the sediments, P is the excess pore
pressure, F, is the effective overburden pressure, k is permeability, 77 is
fluid viscosity, /3 is the bulk compressibility of sediments, ¢ is porosity,
o, is the thermal expansivity of pore fluid, and Q is fluid source per unit
volume of sediments per unit time.

The boundary conditions used by IBM for solving the fluid transport
equation are:

(1) zero excess pore pressure at the surface of the sedimentary
sequence,

(2) no flow across the boundary between the basement and the
sedimentary sequence,



(3) no lateral loss or gain of fluids at large distances from the two
sides of the basin.

3. Solute transport equation (not yet implemented in the available 2D
model):

DC,
PPy le =V-(Dp,,VC)-p,a-VC +E

where C; is the th component of the solute, where 7 =1,2,....n, D is the
coefficient of dispersion, and E; is the source of the i th component of the
solute per unit volume of sediments per unit time.

® Major Material Property Relations:

Porosity:
O = @gexp(=blL,) (Athy’s relation)
for shales (and limestones)
P,=59.4—-1.37¢+100/ ¢ (Ungerer et al., 1987)
for sandstones
Permeability:
¢3
k= 5 (Koseny-Carmen’s relation)
55,7 (1— ¢)?

Thermal conductivity:
KW o .
K=K (—)¢ (Lewis and Rose, 1970)
h)

where K, and K are, respectively, the thermal conductivity of pore tluid
and solid sediment grains.



Specific Storage:

S:/B+ @ﬁw

where /J and f3,, are the compressibility of the bulk sediments and pore
fluid, respectively.

Bulk Sediment Density:
P= ijw + (1“ ¢))p5

where p,, and p; are, respectively, density of pore fluid and the solid
sediment grains.

Bulk Sediment Specific Heat:
c=gc, +(1-Pc,

where ¢, and ¢, are, respectively, density of pore fluid and the solid
sediment grains.

The viscosity of pore fluid is calculated from temperature according
to the following empirical equation:

771 = 5380+ 38004 — 260 A3

where A = (1 —150)/100, T is in 0C, and 77in kg m-1 s-1,
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mesh.{C

TS|
u

0

0 -1 C 18
~3.000000284984715 2.010000120241267
-2.235294329988¢611 2.010000190241267
-1.470588374992508 2.010000190241267

-7.058824155564040E-001 2.010000150241267
5.882353499969954E-002 2.010000190241267
§.235294829958031E-001 2.010000120241267

1.588235444551907 2.010000190241267
2.352941399988011 2.01000018024126%
3.117647354984114 2.0100001802412¢67
3.882353309980217 2.010000190241267
4.647059264976321 2.010000190241267
5.41176521589872425 2.010000190241267
6.176471174968527 2.010000190241267
6.941177128964632 2.010000190241267
7.705883084860735 2.010000190241267
8.470589039956838 2.0100001902412¢67
9.2352948594952543 2.010000150241267
10.000000948945050 2.010000190241267

1 -1 0 18
-3.000000284984715 4.020000380482533
-1.6470589793991607 4.020000380482532

-2.9241176749985018E-001 4£.020000380482534
1.058823629994606 £.020000380482533
2.411764934287712 4.020000380482531
3.764706239980820 4.020000380482535
5.1176475448973923 4.020000380482534
6.470588849967035 4.020000380482536
7.823530154960137 £4.020000380482534
9.176471459953250 4.020000280482533

10.529412764946360 4.020000380482535
11.882354069535470 4.0200003804822534
13.235295374932570 4.020000380482534
14.588236679925680 4.0200003804£82534
15.941177984918780 4.020000380482536
17.294115289811880 4.020000380482535%
18.647060594905000 4.020000380482537
20.000001899858100 4.02000038048253¢6

2 -1 0 8
-3.000000284984715 6.030000z70723798
-1.058823629994604 6.03000057C7238C3

8.823530249855044E-001 6.030000570722789
2.8235296€75985614 6.030000570723800
4.764706334975726 6.030000570723803
6.7058829899658289 6.030000570723805
8.647059644855943 5.030000570723805

10.588236299946050 6.03C000570723807
12.529412954936170 6.030000570722815
14.470589609926270 6.03000057C723830
16.411766264816380 6.030000570723845
18.352942919906490 £.C030000570722876

0]
i—
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b

e

mesh. 0

20.294115574896600 6.030000570723908
22.235296228886700 6.030000570723957
24.176472884876820 6.030000570724011
26.117649538866520 6.030000570724093
28.058826194857030 6.030000570724185
30.000002845847150 6.030000570724310
3 -1 0 18
-3.000000284884715 8.040000760965063
-4.7058827898976018E-001 8.040000760965071
2.058823724989510 8.040000760965064
4.5882357299765621 8§.040000760965073
7.117647734963733 8.040000760965071
9.64705973995084¢6 8.040000760965077
12.176471744937960 6.040000760965087
14.705883749925080 8.040000760965112
17.2352985754912190 8.040000760965144
19.764707759889290 8.040000760965199
22.294119764886410 8.040000760965269
24.823531769873520 8.040000760965361
27.352943774860630 8.040000760965482
29.882355778847740Q 8.040000760965622
32.411767784834860 8.040000760965791
34.941179789821960 8.040000760965984
37.47059178480807C 8.040000760966201
40.000003759796200 8.040000760966432
4 -1 0 18
-3.0000002845984715 10.¢
~1.7647060495991023E-001 10.¢C
2.647059074886511L 0.0
5.470588754972124 10.0
8.294118434957737 10.0
11.117648114943360 10.0
13.9411777%4528360 i0.0
16.764707474914580 10.0
19.588237154%00200 10.0
22.411766834885820 10.0
25.235296514871430 10.0
28.058826194857040 10.0
30.882355874842650 10.0
33.705885554828260 10.0
36.529415234813860 10.0
39.352944914799490 10.0
42.1764745954785080 10.0
45.000004274770720 i0.0
0 0 0 6
10.000000945849050 0.000000000000000E+000
10.000000849949050 2.010000180241267
20.000001899898100 4.020000380482536
30.000002845847150 6.030000570724310
40.000003799796200 8.040000760966432
45.000004274770720 10.0

e 2
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Rifv.mat
12 17 0
No sand shale lime coal
.E8 6.Z9 5.e-13 0.0 2450. 1000. 2.0 1 ©
0.0 phase 7 10 85 0 0
.E6 3.E7 5.e-13 0.0 2650. 1000. 3.0 1 0
0.0 phase 1 100 0 0 0
.E6 3.E7 5.e-13 0.0 2650. 1000. 3.0 1 ©
0.0 phase 1 100 0 0 0
.E8 6.E9 5.e-13 0.02 2450, 1000. 2.0 1 0
0.0 phase 7 10 85 0 0
.E6 3.E7 5.e-13 0.0 2650. 1000. 3.0 1 0
0.01 phase 1 100 0 0 0
.E8 6.ES 5.e-13 0.0 2450, 1000. 2.0 1 0

0.7 8.0e-8 6.9E-8
.0 1.0 0.0 0.0 O.
0.5 4.9E-8 6.9E-8
.0 1.0 0.0 0.0 O.
0.5 4.9E-8 6.9E-8
0 1.0 0.0 0.0 oO.
0.7 8.0e-8 6.9E-8
.0 1.0 0.0 0.0 O.
0.5 4.9E-8 6.9E-8
.01 1.0 0.0 0.0 O.
0.7 8.0e-8 6.9E-8

C)UJOLAJOUJOO\OUOOUJOG\OUJOO\OUJOL»JOO\
(]
(=]

.0 1.0 0.0 0.0 ©o. . phase 7 10 85 0 0

0.5 4.9E-8 6.9E-8 .E6 3.E7 5.e-13 0.0 2650. 1000. 3.0 1 0
.0 1.0 0.0 0.0 0. 0.0 phase 1 100 0 0 0

0.5 4.9E-8 6.9E-8 .E6 3.E7 5.e-13 0.0 2650, 1000. 3.0 1 0
.0 1.0 0.0 0.0 O. 0.0 phase 1 100 0 0 0

0.7 8.0e-8 6.9E-8 .EB 6.ES 5.e-13 0.02 2450. 1000. 2.0 1 0
.0 1.0 0.0 0.0 O. 0.0 phase 7 10 85 0 0

0.5 4.9E-8 6.9E-8 .E6 3.E7 5.e-13 0.0 2650. 1000. 3.0 1 0
.01 1.0 0.0 0.0 O. 0.0) phase 1 100 0 0 0

0.6 6.5e-8 6.9E-8 .E8 3.E9 0.e-9 0.0 2550. 1000. 2.5 1 0
.0 1.0 0.0 C.0 0. 0.0 fault 11 75 25 0 0

-0.0 5.0e-8 6.9E-8 E§ 3.ES 5.e-11 0.0 2650. 1000. 3.0 1 0
.0 1.0 0.0 0,0 0. 0.0 Dbase 13 0 0 0 0

Poro, b1, b2, sx0, sy0, heat, earth, ds, cs, sk, No.,
cot, kerl,ker2,kexr3,kerd,CaCo3
l/pa 1/pa nm"2 m~2 W/kg/t kg/m~3 J/(kg*K) W/ (m*K)

g
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m
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1. The specific volume (inverse of density) of water:
Let V be the specific volume of water in cubic meter per kg, P the
total pressure in pascal, (excess + hydrostatic), and T temperature in

centigrade.
V =0.001 + T(2) x (a + b x P(2)) + P{(c + d x T(3))

where T(2) is the square of T, P(2) is the squate of P, T(3) is the

cube of T, .
a = 3.85x10(-9),

b = 3.45x10(-26)

c = -4.32x10(-13),

d = -5.42x10(-20) .

For interpolation purpose, you could use this egaution to generate V in
a P-T space that includes the maximum values of P and T in the models.
Naturally, the more points you use in the interpolation, the more
accurate your results will be.

2. The specific volume of methane gas is obtained from solving the
following equation:

[P+ a/v(2)] x (V - b) = RT

where a = 0.225, b = 4.28 x 10(~5), R is the gas constant (8.314
- J/mole/K), and T is in degree Kelvin.

3. The density of o0il may be obtained from the following formula:
rho = 850 x exp [(-7.20x10(-4)x(T-To) + 5x10(-10)xP]

where rho (oil density) is in kg/m(3), T is in oC, To is surface
temperature in oC, P is total pressure in Pa.

4. The viscosity of water (with 5% brine):
u = 10(-3) x [5.38 + 3.80xA - 0.26xA(3)]
where A = (7 - 150 oC) /100 oC

U is in Pa-s and T is in oC.

5. The viscosity of hydrocarbon fluid:

U = wWg X ug + wo X uo

where

wg is the mass fraction of gas,
WO 15 the mass fraction of 0il,
Ug 1n Pa-s is the vicosity of gas, given by the £o]

‘I,_.' . -
ug :_lxlO(—S) + 1.5x10(-8)xp/rhs - 2.2x10(~§?;??g—f;éTUJd:
rhslls the bulk density of sediments,
‘ To 1is the surface temperature,
70 1s the viscosity of oil, given by the fornula below
uo = l.4186x10(—6)xexp(6597/T) ’
T is in oK,
P is total pressure in Pa.
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