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Yasuhiro Masui*, Koji Kawada®*, Arata Katoh*, Takashi Tsuji*, Mizue Suwabe**
Abstract

It is very important to estimate the facies distribution of heterogeneous
sedimentary rocks for geological disposal of high level radioactive waste. The
heterogeneousness of sedimentary rocks is due to variable distribution of grain size
and mineral composition. The objective of this study is to establish the evaluation

method for heterogeneous sedimentary rocks based on forward model.

This study consited of geological study for Horonobe area and the development of

soft wear for sedimentary model.

Geological study was composed of following items.
1. The sedimentary system for Koetoi and Wakkanai formations in Horonobe
area was compiled based on published papers.
The cores of HDB-1 were observed mainly from sedimentological view.
The facies and compaction property of argillaceous rocks were studied based
on physical logs and core analysis data of wells.
4. The structure maps, isochrone maps, isopach maps and restored geological

sections were made.

The soft wear for sedimentary model to show sedimentary system on a basin
scale was developed. This soft wear estimates the facies distribution and
hydraulic conductivity of sedimentary rocks on three dimensions scale by

numerical simulation.

Work performed by JGI, Inc. under contract with Japan Nuclear Cycle
Development Institute

JNC Liaison: Repository System Analysis Group, dJapan Nuclear Cycle
Development Institute, Tokai Works

*JGI, Inc. Japan Petroleum Exploration Co.
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(m) (m)

1993 41.7|N45° 04'22.5"|E141° 52'21.4" 5,050
SK-1 1984 21.7|N44° 56'21.9"[E141° 48'01.3" 4505
R-3 1949 112(N44° 56'23.6"|E141° 47'14.4" 2316
R-1 116.3[N45° 02'25.7"|E141° 53'12.7" 1,925
R-11a 1955 62.8|N45° 01'54.2"[E141° 53'45.1" 2,004
NR-1 1962 30{N44° 58'19.2"|E141° 55'27.5" 1,003
TC-1 1958 5.5|N45° 00'33.6"[E141° 48'37.3" 1,501.50
R-1 1924 20(N45° 04'24.5"|E141° 50'28.0" 960.6
R-2 1948 21.3[N45° 04'46.0"|E141° 50'23.5" 864
R-3 1957 20{N45° 04'08.2"|E141° 50'43.8" 901.3

TSOH-A-1 1972

TMHR-1-2 1975

SHRB-1 1975

TYKT-V-1 1977

STSO-A 1977

KTWG-A 1977

HORO-2 1983

(D) TP90-1D 1990

’92 T92-1 1992

ST96-2 1996

Line-1,2 2002
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1988 bioturbation
A E
AGE FORMATION |THICKNESS(m) LITHOLOGY
0 .
" SARABETSU ; alternating beds of conglomerate, sandstone
= 400 and mudstone, intercalated by coal seams
S
= 9
= YUCHI ' toose fine — medium grained sandstone
500
diatomaceous pebbly mudstone and sandy silt-
o 600 stone
= KOETOI t basal part:tuffaceous fine-medium grained
e 1400 sandstone
L [ uppermost part:siumping structure
= 2
w L]
= - 0 siliceous turbiditic mudstone(intercalation of
[ | non-siliceous mudstone)
2 LG 600 basal part:andesitic volcanic breccia and
b= tuffaceous sandstone :
i 0 alternating beds of conglomerate, sandstone
S| MASUPORO I and mudstone, intercalated by "slumping"
= 1600
£ beds
Fig. 1. Stratigraphy of the Late Neogene in northern Hokkaido. Modified from Fukusawa (1985).
3.1-2 1987
1988
10 30m
1988 A E

1000m CT

CT
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1988

3.2-1

3.2-1

1988

LAYERING corour  BIOTUR-  BASAL BASAL SORTING GRAIN SIZE GRADING  LAMINATION INTERPRETATION
TYPE BATION SAND CONTACT
T ——
i+ resent o T
{ light-dark common P absent T sharp planer poor  sand i¢ clay  present lenticular #COMPOSITE ACCUMULATION
| : episodes of rapid deposition of terfigengyg
a mud againist constant supply of sang
. Il : episodes of rapid deposition of tel’riger‘»'.uS
sharp planer paralie! herizontai sand i
] dark rare rare of Irregular good sand absent or cross
" moderate i v
i light common absent sharp planer to poor silt to clay absent (massive) @ COMPOSITE ACCUMULATION
episodes of turbidity current deposition {11}
B of terrigenous sand and/or mud againist
- | constant slow deposition (1) of siliceaus
u dark rare common S"a(;‘;c';sg)“ 2" good  sandto clay  common tenticutar tests
h R ' . CDMI;DSITE Abc‘cFUMULATIDN
. sharg irregular i episodes of turbidity current deposition
I light rare rare (erosion) goad sand to clay rare lenticular of aificeans 185Ts agamist coneian aluv{ 1}
daposition{ 11) of rerrigenous mud
c © SEDIMENTARY DIFFERENTTATEON
itional separation of silicecus tests { 1}
u dark rare absent :rhzrrgd"a'ﬁgﬁgl ’"&dg;ﬁe sit1oclay  sbsent  pacallel horizontal  and terrigenous mud ( 11) from a mixture gy
turbidity current 4
present or  gradational to  mederate icula
1 dark rare absent sharp planer to good silt to clay absent lenticular
D ® DIAGENETIC DIFFERENTIATION?
[} light rare absent g;ﬁ;’fp"‘;]‘:r',e‘}‘ good sand to clay absent lenticular
. CQM{PGOSIT'E' ADC.?'?MULATI'O‘;’I it
. . " episodes of turbidity current deposition {1 |
] light rare absent sharp glaner good silt to clay absent P?é?‘s‘fé._"“ci‘hf:.?s‘l of siliceous tests againist constant slow
deposition { 1 | ) of terrigenous mud
E & FLUCTUATING PRODUCTION OF SILICA
erisodes of rapid (1} and slow (11 produciicy
[} light ? absent sharp planer good silt to clay absent ? of silica-secreting organisms in surface water
againist constant supply of terrigerous mud
1; INDURATED LAYER Il : NOT INDURATED LAYER
Classification of Neogene bedded siliceous rocks in northern Hokkaido.
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bioturbation
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A
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bioturbation
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TYPE A 0 50 100
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—
\v IA/ /qu/t:>=
v/ B3
\' A
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/ \_ T
¥ 2 E
\. a’ \a-
/ A Y
v A Q,
Dg Po
] AN
A RN /
¥ ~a a o
{ < 4L
™~
Y e )
/ A |
v a4 o
grain density{g/cm3) 2’5 "alo
loc. Uruyagawa,
Magaribuchi porosity(%) 40 50

Vertical change of detrital materials, porosity and grain density with a type A sequence.
Sample collected at Magaribuchi, Tenpoku region. Fs: feldspar {solid triangles), Qz : quartz
(solid squares), Dg : grain density (open triangles), Po : porosity (open squares). 1 : indurated layer
It : not indurated layer. I/Iza0 : intensities of quartz (101), feldspar (002) and opal-C'T' (101) /in
tensity of zinc oxide(101). The arrows show horizons of investigated chip-samples, collecting
within a sequence.

3.2-1 A 1988

~GRAINED - -
FINE-G Ppellet ? diatom=tich
SANDSTONE a S - glauconite-rich
poorly-sorted
[

SANDY
J
SILTSTONE diatom-poor
glaucenite-poor
——————————— moderately-sorted

FINE-GRAINED
A sketch within a

SANDSTONE diatem-rich
Lo St glauconite-rich indurated layer of type A
. o L I fy= 4
i . Jee. TS e ] pooriy=sarte sequence. Sample collected
0.5cm at Magaribuchi.
| PO — |

3.2-2 A 1988
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bioturbation

sharp irregular

3.2-3

TVYPE B I/ 1z00 X 100 d(1o1)spacing(f\]
o s 100 4.05 .10
v [ ] @ o]
[V A {
RNV \ y
. s/ / N ] . Vertical Fhange
" Taz TCT l% /ﬂ T of detrital and biogenic
v ) $ e o silica materials, porosity
'! \_\ el‘\ Dg} /\§° (L and grain density, and
I". . e { e J) d(101) spacing (open
L .><. AN T, O/ circles) of opal-CT
I l ./ | j,ﬁ' C‘/ within a type B se-
. L .}’ \L ‘\A \D \\O quence.  Sample col-
\ | \ \ \ ‘ lected at Kabaoka,
'.\ /° '\ ‘t\ D\ , /O Tenpoku region. CT :
lm _ L . - L opal-CT (solid circles).
o Kanaoka grain density(g/cm®) 2.0 I2.5 Other symbols are re=-
porosity(%) 35 40 45 ferred to Fig. 3.

3.2-3 B 1988
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[ ]
1/ 12,0 X 100 d(101) spacing(;)
Q 5]0 100 4.05 .10
TR e
— \Q _— T d
',/ T/ >. A/ D/ }%
JFs AN \
[ /o ’\\cr ”Q\A HND AN
;] e ]
LLN } j/ )
L )
Lt /
T
IL- \./ - g\u\\g\ﬁuf“- c’—-/3
grain density(g/cm3) 2.0 2.5
loc. Uttsugawa T T v
porosity(%) 10 20 f{+] 40
3.2-4 C
D
o I
11 1 11

10

composite burrows

Vertical change
of detrital and biogenic
silica materials, porosity
and grain density, and
d{101) spacing (open
circles) of opal-CT
type C  se-
Sample  col-

Uttsugawa,
Tenpoku region. CT:
opal-CT (solid circles) .
Other symbols are re-
ferred to Fig. 3.

within a
quence.
lected at

1988

composite burrows
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. AB,C,E D

d(101)spacing(A)
1/1z,0 X 100

TYPE D

] 50 100 4.05 .10 Vertical chay,
—— ' T I detrital and bioges.
1] ¥ s . 4 o o o genie
- / .,/CT_ /// \4 e ), silica materials, parogy,
]Fs ./ / n\A . o C‘\ and grain densily, gnd
e \ N 400D spacing (opy
\ \.\ . | \ O/ circles) of opal-CT wity.
¥ atz » a :
| ]/ / v / | in a type D sequence,
f 7.\ T\ °\ Sample  collected 4
.\ .\u\ }m\ (l’ Toikanbetsu, Tenpgly -
| /, .\ 7\ B /D region. CT : opal-GT
. v oo = 4 T o (solid circles).  Other
T e Nukanangawa, grain density(g/em®} 2.0 255 sytmbols are referred ¢
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1988

3.2-7

1988

12

Vertical change
of detrital and biogenic
silica materials, porosity
and grain density, and
d(101) spacing {open
circles) of opal--CT with-
in a type E sequence.
Sample  collected at
Toikanbetsu, Tenpoku
region. C7T : opal-GT
(solid circles). Other
symbols are referred to
Fig. 3.

1988
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TYPE A TYPE B TYPE C TYPE E
(i)
e G
1)
() AR )
&
@ 1) ()
g
j s0d oo 30 30 30
Q
= .
] |
= 25 . 25+ 26 25
g
e .
L]
s 20 ® 20 204 20-{e
*
[ D *
2
g 15 154
g 15 . L 15 . 0 3
£ e ' .
0 10+ e 10- o0 10-°*
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¢ L ]
*
5 i j
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.
¥ T o T 7
° 5 10 15 20 0 s 1o 15 z'ooo s ° 5

THICKNESS OF NON-TURBIDITIC LAYER (cm)

=( 1)

et ( )} )

{ 1) : INDURATED LAYER
{11) : NOT INDURATED LAYER

Schematic sketches and variation diagrams showing relationships between thickness
of individual turbiditic and non-turbiditic beds within individual layering types.
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HE b T Tcase sova

Wakkinaiv
R

WRAL— X 7 Wi

LAYERING TYPES OF
BEDDED SILICEQUS ROCKS

'TYPE A
:TYPE R
:TYPEC
t TYPE D
:TYPEE

wlolelole)

VOLCANICLASTIC ROCKS

TERRIGENOUS COARSE~GRAINED ROCKS
DATA POINTS

FAULT

20km
—

Distribution of the five layering types
of the Wakkanai Formation with the isopach map
(Fukusawa, 1987). The hatched field shows the
area covered with no deposits or, if any, very
thin deposits.

3.2-8 A E 1988
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SOUTHWEST<— (A) —> NORTHEAST
Onighika Haboro Enbetsu L Tolk Shoutonbetsu
AVERAGE Chikubetsu Fault Higashino Fault Nukanan Fauit glél;[m-
s SITY K J4
pePTH  PORO! S 4 sokms N 19 M L J1J2 ia ¢ 20Kkm §
——— d =
_ 50— Mp
1—
- = ChepotsunailFm.)
/ Wk
= e ~" Mp(Kotanbetsu Fm.) )}(\m
- - (Higashino Fm.. \@
Mp -4
- - . " Cretaceous
- o Opal-A and Well-preserved diatoms e
(%) 3 Opal-CT (and Tridymite) DISTRIBUTION OF LAYERING TYPES
©  Tridymite @ . TYPE A /é
- 777 Opal-A/Opal-CT boundary ® : TvPER ® Wakkanal Fm.(wk) ~~ Cretaceous
= D Wellpreserved diatoms ® : TveeC ® -
_ v Non-marine diatoms(ARATO,1982) ® : TYPED ® 6] Jaas| Volcaniciastic rocks -
o G Glauconite ® : TYPEE ® © +| Conglomerate —2
* Stratigraphic position of Type A shown in Fig.4 ® ©
L 3 5| Sandstone km)
xm) : m  Stratigraphic interval and position of parosity measurement ® - ®
) Local names of Late Neogene Formations in northern Hokkaido ¢ 20km

Hokkaido.

Distribution of the five layering types within schematic profiles (Fukusawa, 1987) of the
Late Neogene Formations at the post-depositional stage of the Sarabetsu Formation in northern

sections correspond with those of Fig. 2.

3.2-9

60m/my

3.2-10

286m/my

15

1988

A : Onishika-Haboro-Enbetsu-Uttsugawa-Toikanbetsu-Shoutonbetsu,
Plain-Toyotomi-Magaribuchi.
Formation, Yc : Yuchi Formation, Sb : Sarabetsu Formation.

B : Sarobetsu

Mp : Masuporo Formation, Wk : Wakkanai Formation, Kt : Koetoi
Location symbols of the columnar

1988
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DISTRIBUTION OF LAYERING TYPES

CAPE SOYA
® : TYPEA
® : TYPEB
© : TYPEC
{® : TYPED
® : TYPEE

M —'L‘
ONBETSY / ~—
4 UTANOBORI

Cretaceous 20km

500m
Serpentinite

Cretaceous
SO'km

Masuporo Fm. Soya coal-bearing Fm.

VOLCANIC AND VOLCANICLASTIG ROCKS H COAL SWAMP FACIES SUBLITTORAL FACIES
DEPOAXIS “ SUGGESTED DIRECTION OF GRAVITY FLOWS E GLAUGONITE

Distribution of the five layering types in the recenstruction map (Fukusawa, 1987)
of the sedimentary basin of the Wakkanai Formation.

3.2-10 A E 1988

1988 A9 B’ Cy E D

1992
A, B C,D,E
3.2-8 3.2-9
A B C. E
AB C,E
B
3.2-11 1988
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Supply of silica

- : from land
OPEN SEA Blooming of Diatoms ? . an
. O D a0 2 Op0 D O v
%0 ©4 0 © UPWELLING% “oBo om0 % 00 g0 ¢ Al v dw pYy
R Om 5& jejeco Py a v 2 TERRIGENOUS
° o 7, oo c so g yoa " TURBIDITY CURRENTS
- , 4 / % a0 J

v
“Supply of silica and nuirients /
“from bottomvwater/r preventing influx of
B coarser-grained clastics

° - -
Diatom dissolution 2 2 into deeper basin oo Diatoms
54

vv Terrigenous mate|

DIATCMACEOUS TURBIDITY CURRENTS ¢ e Glauconite

‘STORM DEPOSITS™?

rials

TYPE E

TYPEC —— TYPE B — TYPE A LAYERING TYPES

TYPE D?

Depasitional scheme of bedded siliceous rocks,

3.2-11 1988

1992

,1992

N SUMMER WiND WINTER WIND

Ekman transport
Winter
~BLBOMING OF
= DiATOM
IN WINTER

SO BMNG OF DIATOR
IN SUMMER

Terrigenous -7 UPWELLING
Urbidity Gurrent

UPWELLING  Tesrigenous Turbidity
IN SUMMER g IN WINTER Current

Pt
oy Bmsrmeaus Turbidity Current e : Glauconite

L_gz\\ s ——

Sampling Points

Number of 25 Q)~'*""®\\ & oS
25

g
Diatom Specias* | 20 ﬂ\\@

2
Diatom Diversity*| |

Total Organic
Carbon
(Ave.%)

Distribution of

Latering Types

(Fukusawa,1988)

* : Diatom data are quoted from Arato(1282)

The relationship between diatom species, diatom diversity, total organic carbon content and
layering types of the Wakkanai biosiliceous shale (B), and presumed paleoceanographic en-
vironments (A) in the depositional stage of the Wakkanai Formation.

Diatom data are quoted from Arato (1982).

3.2-12
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1992

3.2-13

1992

o
\ Wakkanai
/

1
! ‘
o OHMAGARI FAULT

E=={ PRESUMED LAND == COAL SWAMP FACIES
U3 PRESUMED SWELL S &= MRECTION OF TECTONIC MOVEMENT
LY VOLGANIC AND VOLCANICLASTIC ROGKS Ed R DEPOAXIS

GLAUCONITE L PRESENT SHORELINE

SHALLOW WATER FACIES P FAULT

The reconstruction of the sedimentary basin of the Late Miocene Wakkanai Formation.

1 ~10 : sampling localities

3.2-13 1992
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1985 1992

Denticulopsis hustedtii zone

1985
1985
100m
50cm
1981
1992
1982
1993 1985 1987 1988
FT
1993
FT Haq et al. 1987
1993
12.5 8.5Ma 3.4-1
13 14 1992
HCS (Hummocky Cross-stratification)
D. katayamae zone 10Ma

19
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10Ma

3.4-1

D. kamtschatica zone

5.5Ma 3.4-1
5.5 4 3.5Ma 8.5Ma
1993
. Southern part of Haboro Basin Northern part of Haboro Basin
A%e‘ ) Diatom zone =" o = Vail Curve
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Fig. 4. Biostratigraphic correlation based on diatom zones and radiometric dating.

1) Shibata & Tanai(1982), 2) Kimura & Tsuji(1990), 3) Kimura(unpublished data). F-T;
fission track dating, K-Ar; potassium-argon dating. 1-21: sample numbers of fossil diatom.

Mec : Mochikubetsu Formation, Em ; Embetsu Formation, Og ; Ogawa lignite-bearing Formation,
Kn ; Kinkomanai Formation, Kt ; Kotambetsu Formation. (Ds) ; Diatomaceous Siltstone Mem-
ber, (Ss) ; Sandstone Member, (Ls) ; Lower Siltstone Member, (Us) ; Upper Siltstone Member.

3.4-1
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FT
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3.4-2

1993
D. katayamae zone Koizumi, 1985; Akiba, 1986
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H3
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1961 3.4-1 10Ma
16
Magaribuchi Toikanbetsu Chikubetsugawa-Enbetsugawa
-~ 16 senzawa

Enbetsu Shosanbetsu Chikubetsu
ot Mo

Kt

(] af] e =M =EI=l =y,

D1 : Denticulopsis lauta Dh : Denticulopsis hustedtii Dk : Denticulopsis kamtschatica

Dsf : Denticulopsis seminae var. fossilis

Correlation of lithostratigraphic units in three studied arcas.

a : tuff breccia, b :conglomerate, c :sandstone, d : non-siliceous siltstone, e : turbiditic
diatomite, f : diatomite, g : pebbly mudstone, h : turbiditic porcellanite, i : pebbly porc-
ellanite, j : “‘slumping”, Mp : Masuporo Formation, Ko : Kotanbetsu Formation, Cp :
Chepotsunai Formation, H1-H4 : Higashino Formation, K1—K% : Kinkomanai Forma-
tion, Wk : Wakkanai Formation (Nemoto e¢f al, 1979), Kt: Koetoi Formation
(Nemoto et al., 1979), En : Enbetsu Formation, Mo : Mochikubetsu Formation, Yc :
Yuchi Formation, dotted line : correlation based on Hata (1961), etc., solid lime :

correlation based on this study.

3.4-2 1985
1985
1985 1993
K3 H3 D. katayamae zone 10Ma
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w1 X2 W2 X W Xn W Xi < Xit1 ( i n-1)
X1 X Xn w Xi Wi Xi+1 Wi+1
X<Xx1 W=W1 X>Xn W=Wn
mx n
—CZ
p=¢,xe€
[0) W) @o V) ¢ (I/m) z : (m)

Berg Bryant
Berg

k =5.3x10° x n°! x Dn?

k md) n (%)
Dn P90
Berg 1975 Dn Berg

9.7%x 107(cm/s/md)

Bryant

14.30xn—-26.30
k=e

k (cm/s) n (viv)
Bryant et al 1975
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5.1-9 Suspension
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5.1-10
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5.1-22
5.1-12
5.1-12
(m) (my) (m) (my)
G2000 2000 T1 1

G1000 1000 TO5 0.5

G500 500 T02 0.2

Base 200 0.1 Base 200 0.1
G100 100 T005 0.05
G50 50 T002 0.02
T001 0.01
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5.1-13

IBM ThinkPad R32
Pentium 4 (1.7GHz)
512 MB
30 GB
0S Windows XP Professional (SP1)
5.1-13
(KB) (KB)
Base 800,000 22 20,252 81,498
G2000 8,000 <1 <1,000 964
G1000 32,000 1 2,052 3,404
G500 128,000 4 4,344 13,166
G100 3,200,000 92 76,952 322,426
G50 12,800,000 370 303,516 1,301,714
T1 80,000 3 3,248 8,373
TO05 160,000 5 5,152 16,498
T02 400,000 11 10,820 40,873
TO005 1,600,000 43 39,114 162,748
T002 4,000,000 104 95,784 406,498
TOO1 8,000,000 208 190,204 812,748
G50 12.8 6
300MB 1.3GB
Y=13 000 5-1-23
24 5-1-23
G1000 G500
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Depth

HDB-1
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Depth 385 m~ 395 m
Secale
Grain size
Deptk Description
385 £ — 615
= = IS = ¢ 20
6
= ﬁ = ¢ 15
r 1 &0 386.80 [
7 ~ .90
® << HLFCKILE?) ¢ 5
8
= ﬁ =¢5b
9 = = = ¢ 15
g
390 = =020
1
= @ =¢b
| o = ¢ 8
R
= | ® e 010 392,60 o
~ .68
3
= s = ¢ 30
> = ® =020 410
4 = o =0 154 W 8
395 | & &9
Hamarks:

f+-1(6)



JNG TJ8400 2003-093

No. ( /

Date: 2003 . 10
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Well: HDB-1 No.
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Well: mpB-1 oL
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-2
sed m.c

/********************************************************/

/*

/* Sediment Model (Basic) Program

/*
/* 2004/01/14 Kawada,JGI
/*

*/
*/
*/
*/
*/

/********************************************************/

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

#include "array.h"

/* Macro (Define Constants) */
#define SEDMAX 5

#define RWKMAX 5

#define NAMEMAX 64

#define EPSMAX  0.001

#define POLYMAX 5

#define MDTOHC 9.7e-7

/* Dcl. Types */

typedef struct{
double **c;
int cnum;

} Table;

typedef struct{
int xnum, ynum;
int xref, yref;
double x0, yO0;
double size;

} Grid;

typedef struct{

Grid g;

Table freq;

double **s[SEDMAX];
} Rework;

/*
/*
/*
/*
/*
/*

/*
/*

/*
/*
/*
/*

/*
/*
/*

Max number of Sediment

Max number of Event (2nd Sed)
Max length of Sed Name
Tolerable error: pore thick(m)
Max degrre of polynomial

Conv F. Perm(md) -> HC(cm/s)

Table(Vector) Data
Num of Data

Num of Cell
Ref Cell

Position of Ref Cell (Cell Center)

Grid Size (dx = dy)

Grid Info
Frequency of Evnets
Sed Info (grid data)

*/
*/
*/
*/
*/
*/

*/
*/

*/
*/

*/

*/
*/
*/
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typedef struct{
char  name[NAMEMAX];
double phi0;
int ptype;
int ktype;
union{
double pc[POLYMAX+1];
double cmpf;
} up;
union{
double kc[POLYMAX+1];
double gsize;
} uk;
double ***matrix;
} Sediment;

/* Time Data */
double timebegin;
double timestep;
int timenum;

/* Basin Size */
double basinx, basiny;

/* Grid Data */
Grid area;

/* Sediment Data */
Sediment sed[SEDMAX];
int sednum;

/*
/*
/*
/*

/*

/*

/*

/*
/*
/*

/*

/*

/*
/*

/* Coastline Waterdepth Sed.Rate */

Table coast;
Table water;
Table rate[SEDMAX];

/* Rework Data */
Rework rwk[RWKMAX];
int rwknum;

/*
/*
/*

/*
/*

Sed Name
Initial Porosity(V/V)
Eq Type(Phi) 0:Poly 1:Exp

Eq Type(HC) 0:Poly 1:Berg 2:Briant

Polynomial Factor(Phi)

Exponential (Compaction) Factor

Polynomial Factor(HC)
Pore Size(P90) for Berg

Matrix Thickness of Sed [t,X,y]

Time Begin (Ma)
Time Step (my)
Number of Step

Size of Basin

Target Area

Sediment Info
Number of Sediment

Position of Coastline func of [t]
Water Depth, func of [dis f/ coast]
Sed Rate, func of [dis f/ coast]

Rework(2nd Sed) Info
Num of Loc :Rework(Event)

/* Upscaling (Hydro. Conductivity) */

double omegah, omegav;

/* Depth Data */
double **topdepth;

/* File data */

/* Exp. F, (Horizontal & Vertial)

/* Max Burial Depth of Fm Top

[x,y]

*/
*/

*/

*/
*/
*/

*/

*/

*/
*/
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FILE *fplog;

char ipt[] ="input.ini";
char iptrwk[] ="rwk.ini";

char iptdepth[] ="depth.ini";
char opt[] ="sedmodel . log"';

/* dcl. prototype */

int read_general_data(void);
int read_table_data(void);
int read_rwk_data(void);

int read_topdepth(void);

int sedimentation_calc(void);
int compaction_calc(void);

int allocate_memory(void);
int free_memory(void);

double phi_calc(double, double, int);

double perm_calc(double, int);

double power_ave calc(double, double *, double *, int);
double liner_interp(double **, int, double);

/* kK kK kK ok ok

/* Main Loop

/* kK ok kK kK ok

int main(void)

{
int chk;

/*** Read Input files ***/
fplog = fopen(opt,'w');
if(fplog == NULL){

fprintf(stdout,”FILE NOT OPEN:%s"

return -1;

}

fprintf(stdout,"Read data ...

chk = read_general_data();
if(chk) return -1;

chk = allocate_memory();
if(chk) return -1;

¥n™)

, 0pt);
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chk = read_table_data();
if(chk) return -1;

chk = read rwk_data();
if(chk) return -1;

chk = read_topdepth();

if(chk) return -1;

/*** Main ***/

fprintf(stdout,"Sedimentation Process ..... ¥n'");

chk = sedimentation_calc();
if(chk) return -1;

fprintf(stdout, "Compaction Process ..... ¥n'");
chk = compaction_calc();

if(chk) return -1;

/*** Closing Process ***/

free_memory();

fclose(fplog);

fprintf(stdout,”SED M Completed. ¥n");

return O;

/**************************************************/

/*

Sedimentation Calc */

/**************************************************/

int sedimentation_calc(void)

{

int tn, xn, yn, sn, rn, xrn, yrn, rwkf[RWKMAX];
double xb, yb, xr0, yr0, xrl, yrl, xrr, yrr;
double bulk[SEDMAX]={0}, bulkprev[SEDMAX]={0};
double tb, bulksum, wd, cl;

for(tn = 0; tn < timenum; tn ++){

th

timebegin - timestep * (tn + 0.5);
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/* Coastline, Rwkfreq */
cl = liner_interp(coast.c, coast.cnum, tb);

for(rn = 0; rn < rwknum; rn ++){
rwkf[rn] = timestep *

liner_interp(rwk[rn].freq.c, rwk[rn].freq.cnum, tb) + 0.5;

/* X[O0]Y[O] loc on basin datum */

for (yn = 0, yb = area.y0 - area.size
yn < area.ynum;
yn ++, yb += area.size){

for (sn = 0; sn < sednum; sn ++) bulkprev[sn]

for (xn = 0, xb = area.x0 - area.size
Xn < area.xnum;
Xn ++, xb += area.size){

/* Water depth */
wd = liner_interp(water.c, water.cnum, xb);
if(wd >=0) continue;

JF o */
/* In situ Process */
JF o */

for(sn = 0; sn < sednum; sn++){

bulk[sn] = timestep *

*

*

area.yref;

0.0;

area.xref - cl;

liner_interp(rate[sn].c,rate[sn].cnum, xb);

bulk[sn] += bulkprev[sn]; /* add surplus */

bulkprev[sn] = 0;

}

/* ________________________________ */
/* Rework Process */
/* ________________________________ */

for(rn = 0; rn < rwknum; rn++){

/* Grid corner loc. on rwk datum (unit:rwk[rn].g.size) */
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xrQ0 = (xb - area.size * 0.5 - rwk[rn].g.x0)

/ rwk[rn].g.size

+ (rwk[rn].g.xref + 0.5);
yr0 = (yb - area.size * 0.5 - rwk[rn].g.y0)

/ rwk[rn].g.size
+ (rwk[rn].g.yref + 0.5);

xrl = xrQ + area.size / rwk[rn].g.size;
yrl = yr0 + area.size / rwk[rn].g.size;

/* Inside rwk area? */

if(xrl < 0 || xr0 >= rwk[rn].g.xnum ||
yrl < 0 || yr0 >= rwk[rn].g.ynum

) continue;

if(xr0 < 0) xr0 = 0;
if(yrO < 0) yr0 = 0;
if(xrl > rwk[rn].g.xnum) xrl = rwk[rn].g.xnum;
if(yrl > rwk[rn].g.ynum) yrl = rwk[rn].g.ynum;

/* Add reworked sed. to bulk */
for(yrn = yr0; yrl > yrn ; yrn ++){
for(xrn = xr0; xrl > xrn ; xrn ++){

((xrn + 1 > xrl) ? xrl : xrn + 1)
-((xrn < xr0) ? xr0 : xrn);
yrr = ((yrn + 1 > yrl) ?2 yrl : yrn + 1)
-((yrn <yr0) ? yrO : yrn);

Xrr

for(sn = 0; sn < sednum; sn++){

bulk[sn] += rwk[rn].s[sn][xrn][yrn]

* rwkf[rn] /* SHOULD BE MODIFIED */
* Xrr * yrr
* rwk[rn].g.size * rwk[rn].g-size
/ area.size / area.size;
}
}
}
}
/* ___________________________________ */
/* Total bulk thickness */
/* ___________________________________ */

for(sn=0, bulksum=0; sn<sednum; sn++) bulksum += bulk[sn];
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/* _________________________________________ */
/* Comp. with waterdepth & modify bulk */
/* (surplus to be added to [x+1] grid */
/*  IMCOMPLETE: OUT OF AREA -> NOT CHECK */
/* _________________________________________ */

if(bulksum > -wd){

for(sn = 0; sn < sednum; sn ++){
bulkprev[sn] = bulk[sn] * (bulksum + wd) / bulksum;

bulk[sn] -= bulkprev[sn];
}
}
/* ___________________________________ */
/* CALC SED MATRIX THICKNESS */
/* ___________________________________ */

for(sn = 0; sn < sednum; sn ++){

sed[sn].matrix[tn][xn][yn] =
bulk[sn] * (1.0 - sed[sn].phi0);

}
1}
}
return O;
}
Y Aeisihiaisishnisidsisinisissiaiaisidsiainisissiaiaiaisiaiaidsinisidsisinisidsiainisidsiaiaiaiaie
/* Compaction Calc */

/********************************************************/

int compaction_calc(void)
{
int tn, xn, yn, sn;
double dtop, dbase, deps;
double matrixsum, poresum;
double bulk[SEDMAX], pore[SEDMAX], phi[SEDMAX], perm[SEDMAX];
double permh, permv;

/* Results Header */
fprintf(fplog, "¥nRESULTS:¥n™);
fprintf(fplog,” T X Y
"TopDepth(m) Thick(m) Phi(v/v) HC h(cm/s) HC v(cm/s) ");
for(sn = 0; sn < sednum; sn++) fprintf(fplog, Sed%2d(v/v) ",sn);
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fprintf(fplog,"¥n™);

for(tn=timenum-1; tn >= 0; tn--){

for(xn=0; xn < area.xnum; xn++){
for(yn=0; yn < area.ynum; yn++){
for(sn = 0; sn < sednum; sn++){
phi[sn] = bulk[sn] = perm[sn] = pore[sn] = 0.0;
}

/* Total matrix thickness */
for(sn=0, matrixsum =0.0; sn < sednum; sn++){
matrixsum += sed[sn].matrix[tn][xn][yn];

}

if(matrixsum == 0) continue;

/* Initialize depth data */
dtop = topdepth[xn][yn];
dbase = dtop + matrixsum * 2.0; /* initial porosity :0.5 */

/* _______________________________ -k/
/* Calc Porosity (iteration) */
/* _______________________________ -k/
do{

for(sn = 0, poresum = 0.0; sn < sednum; sn++){
phi[sn] = phi_calc(dtop, dbase, sn);
pore[sn] = sed[sn].matrix[tn][xn][yn] * phi[sn]/(1-phi[sn]);

poresum += pore[sn];

}

deps = dtop + matrixsum + poresum - dbase;
dbase += deps;

Ywhile(deps <= - EPSMAX || deps >= EPSMAX );

/* __________________________________ */
/* Calc permeability (hydro-cond) */
/* __________________________________ */

for(sn = 0; sn < sednum; sn ++){
bulk[sn] = pore[sn] + sed[sn].matrix[tn][xn][yn];
perm[sn] = perm_calc(phi[sn], sn);
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permh = power_ave calc(omegah, bulk, perm, sednum);
permv = power_ave calc(omegav, bulk, perm, sednum);

£ */
/* Output Results */
£ */

fprintf(fplog," %4d %4d %4d %10.4F %9.4F %7.4F %.3e %.3e "
,tn, xn, yn, topdepth[xn][yn], matrixsum + poresum,
poresum / (matrixsum + poresum), permh, permv);

for(sn = 0; sn < sednum; sn++){
fprintf(fplog,” %.3e ",
sed[sn].matrix[tn][xn][yn] /7 matrixsum );

}
fprintf(fplog, "¥n™);

/* Set top depth of next layer */
topdepth[xn][yn] += matrixsum + poresum;

“—

return O;

/* —_— —_— —_— —_— —_— —_— —_— —_— Kk [

/* Liner Interpolation */
EAEAAAAKAAKAAAAAIAAAAAAAAAAAAAAAA AR A AAAAAAAAAA A A A A Ak A AAAhhkik%
/ /

double liner_interp(double **11 ,int nn, double mm)
/* Category should be in ascending order */

{

int i;
if (nm >= H[nn-1][0]) return H1[nn-1][1];
if (mm <= HI[0][0]) return 11[0][1];

/* simple search SHOULD BE MODIFIED => binary */
for(i = 1; mm > H[LI][0]; i+t);

return(M[i-11[1] + (Wi - WLE-20) *
(mm - DITi-13[0]) /7 (MILi][0] - M[i-1][0]) );
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}

Y Aeisiiiaisishnisidsiinisissiainisidsiainisissiaiaiaisiaiaidsinisidsisinisidsiainisidsiainiaiaie
/* Porosity (Average) Calc */
/* t: Top depth */
/* b: Bottom depth */
/* s: Sediment Num */

/********************************************************/

double phi_calc(double t, double b, int s){
int i;
double p, q;

switch(sed[s]-ptype){
case 0: /* Polynomial Eq (Integral Ave) */

p = q = sed[s].up-pc[POLYMAX] / (POLYMAX + 1);

for(i = POLYMAX -1; i >= 0; i--){
p=p*t+ sed[s].up.pc[i] /7 (i+l);
g=09g*b+ sed[s].-up.pc[i] /7 (i+l);

}

p*=t

g *=b;

pP=@-p 7/ b-1;

break;

case 1: /* Exponential Eq (Integral Ave) */

p = sed[s].phi0 7/ sed[s].up.cmpf
* (exp(-sed[s].up.cmpf * t) -
exp(-sed[s]-up.cmpf * b))/(b - ©);

break;

}

return p;
}
/********************************************************/
/* Hydrolic Conductivity Calc */
/* p: Type of Func */
/* s: Sediment Num */

/********************************************************/

double perm_calc(double p, int s){

double k;
int i;

if (p<=0) return 0.0; /* check phi */

switch(sed[s]-ktype){
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case 0: /* Polynominal Eq */
k = sed[s].uk.kc[POLYMAX];
for(i = POLYMAX -1; i >= 0; i1--) k = k * p + sed[s].uk.kc[i];
break;

case 1: /* Berg Eq (for arenite) Conv md = > cm/sec */
k = pow(p * 100, 5.1) * 0.0053 *
sed[s]-uk.gsize * sed[s].uk.gsize * MDTOHC;

break;
case 2: /* Bryant Eq (for shale) */
k = exp(14.3 * p - 26.3);
break;
}
return k;
}
/********************************************************/
/* Power Average Calc */
/*  [in] */
/* w: Omega (Coefficient of Power Ave.) */
/* *b: Bulk data (weight of Perm. data) */
/*  *k: Perm data */
/* s: number of Perm data */
/* */
/*  [out] */
/* m: power-averaged Perm */

/* —_— —_— —_— —_— —_— —_— —_— —_— Kk [

double power_ave calc(double w, double *b, double *k, int s){

int i;
double m, bs;

ifs<=0 |Jw>1]]w<-2)m=-1; /* Out of Range */

else if(w == 0){ /* Geometric Mean */
for(i =0, m=Dbs =0.0; 1 <s; i++){
if(k[i] > 0){
m += b[i] * log(k[i]);
bs += b[i];
}
}
m = (bs <= 0)? 0 : exp(m/bs);
}

else { /* Power Mean */
for (i =0, m=bs =0.0; i <s; it+t){
m += b[i] * pow(k[i], w);
bs += b[i];
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m= (bs <= 0) ? 0 : pow(m/bs, 1/w);
}

return m;

/* —_— —_— —_— —_— —_— —_— —_— —_— Kk [

/* Read General Data */
KEAKRAAKRAKRAAXRAARAKRAAXRAAAAXRAAAAAhdhhdhhrdrhkhhhirhhhhhihhhhihiiik
/ /

int read_general_data(void)
{
FILE *fp;
char buf[1024];
char *bb;
int sn, rn, i, j, Ip;
double n[POLYMAX+1];

for(sn = 0; sn <SEDMAX; sn++) rate[sn].cnum = O;
for(rn = 0; rn <RWKMAX; rn++) rwk[rn].freg.cnum = 0;
water.cnum = 0;

coast.cnum = 0;

sn =rn = 0;

fp = fopen(ipt,"r");

if(fp == NULL){
fprintf(stdout,"FILE NOT OPEN:%s", ipt);
return -1;

}
fprintf(fplog, ™ **** GENERAL DATA *****yn");

while(fgets(buf, sizeof buf, fp)){
if(strncmp(buf,"#",1)==0);

Y £ */
/* Time Data */
Y £ */

else if(strncmp(buf,"TT",2)==0){
sscanf(buf+3, "%If %If %d", &timebegin, &timestep, &timenum);
fprintf(fplog,” Time begin %5.2fMa  Step%5.2fmy"
num_step%5d¥n”,timebegin, timestep, timenum);

}

/* _____________ */
/* Area Data */
/* _____________ */

else if(strncmp(buf,"BT",2)==0){
sscanf(buf+3, "%If %1f", &basinx, &basiny);
fprintf(fplog," basin size X:%8.1fm  Y:%8.1fm¥n",
basinx, basiny);

-2 (13)




JNC TJ8400 2003-093

}
else if(strncmp(buf,"AG",2)==0){
sscanf(buf+3, "®If", &area.size);
fprintf(fplog, "¥n=== AREA INFO ===¥n"
" grid size %5.2fm ",area.size);
}
else if(strncmp(buf,"A0",2)==0){
sscanf(buf+3, "%If %If", &area.x0, &area.y0);
fprintf(fplog,” datum X:%8.2fm Y:%8.2fm¥n", area.x0, area.y0);
}
else if(strncmp(buf,”AR",2)==0){
sscanf(buf+3, "%d %d", &area.xref, &area.yref);
fprintf(fplog,” ref _datum(%4d,%4d)¥n", area.xref, area.yref);
}
else if(strncmp(buf,”AN",2)==0){
sscanf(buf+3, "%d %d", &area.xnum, &area.ynum);
fprintf(fplog,” num_grid (%4d,%4d)¥n™, area.xnum, area.ynum);

}

/* ____________________ */
/* Count Table Data */
/-k ____________________ */

/* WD Data */

else if(strncmp(buf, " WD",2)==0){
water._cnum++;

}

/* CL Data */

else if(strncmp(buf,"CL",2)==0){
coast.cnum++;

}

/* SR data */

else if(strncmp(buf,"SR",2)==0){
rate[sn].cnum++;

}

/* RF data */

else if(strncmp(buf,"RF",2)==0){
rwk[rn].freq.cnum++;

}

) £ */
/* Sediment Data */
/* _________________ */

else if(strncmp(buf,”ST",2)==0){
sscanf(buf+3, "%d", &sednum);
fprintf(fplog, '"¥n=== SEDIMENT INFO ===¥n"
" TOTAL%2d¥n¥n", sednum);
}
/* Sed. No. */
else if(strncmp(buf,"SI1",2)==0){
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sscanf(buf+3, "%d", &sn);

fprintf(fplog,” No:%2d¥n", sn);

sn -= 1;

if( sn <0 || sn >= sednum){
fprintf(stdout,"INVALID [SI]™);
return -1;

}

}
/* Sed. Label */

else if(strncmp(buf,”SL",2)==0){
for(i = 0; 1 < NAMEMAX; i++){
sed[sn]-name[1] = buf[3+i];
iT(buf[3+i] == "¥n"){
sed[sn]-name[1] ="¥0";
fprintf(fplog," Name: %s¥n",&sed[sn].name);
break;

}
}
/* phi0 */
else if(strncmp(buf,”SP",2)==0){
sscanf(buf+3, "%If", &sed[sn].phi0);
if( sed[sn].phi0 <= 0 || sed[sn].phi0 >= 1){
fprintf(stdout,"INVALID[SP]");
return -1;

}
fprintf(fplog," Phi0: %5.3f(v/v)¥n",sed[sn].phi0);

/* phi parameters */
else if(strncmp(buf,”SC",2)==0){
for (bb = buf + 3, i = POLYMAX; i > 0; i--, bb += Ip){
if(sscanf(bb, "%If%n", &n[i], &lp) == EOF) break;
}

/* Exponential Eq */
if(i == POLYMAX - 1){

sed[sn]-ptype = 1;

sed[sn]-.up.cmpf = n[POLYMAX];

fprintf(fplog,” Phi_calc:Exponential Eg¥n™);

fprintf(fplog,” Compaction facotr %.3e¥n(1/m)",sed[sn].up.cmpf);
}

/* Polynomial Eq */
else if (i == 0){
sed[sn]-ptype = 0;
sed[sn].up-pc[0] = sed[sn].phiO;
for(j = 1; j <= POLYMAX; j++) sed[sn].up.pc[j] = n[il;

fprintf(fplog,” Phi calc:Polynomial Eq¥n');
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for(j = 0; j <= POLYMAX; j++){
fprintf(fplog," Coeff[%d]% .3e¥n", j, sed[sn].up-pcj]);
}
}

else {
fprintf(stdout,”INVALID[SC]™);
return -1;

/* perm parameters */
else if(strncmp(buf,”SK",2)==0){
for (bb = buf + 3, 1 = POLYMAX; 1 >= 0; i--, bb += Ip){
if(sscanf(bb, "%If%n", &n[i], &lp) == EOF) break;
}
if(i == POLYMAX - 1){

/* Bryant Eq (for shale) */
iT(n[POLYMAX] == -1){
sed[sn]-ktype = 2;
fprintf(fplog,” Perm_calc:Bryant Eq¥n");

}
/* Berg Eq (for arenite) */
else{
sed[sn].-ktype = 1;
sed[sn].uk.gsize = n[POLYMAX];
fprintf(fplog,” Perm_calc:Berg Eq¥n'™);
fprintf(fplog,” Mean grainsize% .3emm¥n",sed[sn].uk.gsize);
}

}
/* Polynomial Eq */
else if (i == -1){
sed[sn].ptype = 0;
for(J = 0; j <= POLYMAX; j++) sed[sn].uk.kc[j] = n[i]l;

fprintf(fplog,” Perm_calc:Polynomial Eg¥n™);
for(j = 0; j <= POLYMAX; j++){
fprintf(fplog,"Coeff[%d]% .3e¥n", j, sed[sn]-uk.kc[j]);

}
}
else {
fprintf(stdout, " INVALID[SK]™");
return -1;
}
}
/* ______________________ */
/* Rework data (grid) */
/* ______________________ */
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else if(strncmp(buf,”RT",2)==0){
sscanf(buf+3, "%d", &rwknum);
fprintf(fplog, "¥n=== REWORK INFO ===¥n"
" Total :%3d¥n¥n", rwknum);
}
else if(strncmp(buf,"RI",2)==0){
sscanf(buf+3, "%d", &rn);
fprintf(fplog,”™ No:%2d¥n™, rn);
rm -=1;
if( rn <0 |] rn >= rwknum){
fprintf(stdout, " INVALID[RI]™);
return -1;
}
}
else if(strncmp(buf,”RG",2)==0){
sscanf(buf+3, "%If", &rwk[rn].g.size);
fprintf(fplog,” grid size %5.2fm ", rwk[rn].g.size);
}
else if(strncmp(buf,”R0",2)==0){
sscanf(buf+3, "%If %If", &rwk[rn].g.x0, &rwk[rn].g.y0);
fprintf(fplog,” datum X:%8.2fm Y:%8.2fm¥n",
rwk[rn].g-.x0, rwk[rn].g.y0);
}
else if(strncmp(buf,"RR",2)==0){
sscanf(buf+3, "%d %d", &rwk[rn].g.xref, &rwk[rn].g.yref);
fprintf(fplog,” ref datum(%4d,%4d)¥n",
rwk[rn].g.xref, rwk[rn].g.yref);
}
else if(strncmp(buf,”RN",2)==0){
sscanf(buf+3, "%d %d", &rwk[rn].g.xnum, &rwk[rn].g.ynum);
fprintf(fplog,” num grid (%4d,%4d)¥n",
rwk[rn].g.xnum, rwk[rn].g.ynum);

}

) £ */
/* Upscaling Factor (perm.) */
) £ */

else if(strncmp(buf,”US",2)==0){
sscanf(buf+3, "%If %1f", &omegah, &omegav);
if( omegah > 1 || omegah < -1 ||
omegav > 1 || omegav < -1 ){
fprintf(stdout, " INVALID [US]™);
return -1;
}
fprintf(fplog, "¥n=== PERM UPSCALING FACTOR ===¥n"
" omega:h %5.3F v %5.3f¥n",omegah,omegav);
}

}
fclose(fp);
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return O;

/* —_— —_— —_— —_— —_— —_— —_— —_— Kk [

/* Read Table(Vector) Data */

/********************************************************/

int read_table_data(void)
{
FILE *fp;
char buf[1024];
int sn, rn, raten, wn, cn, fgn;

fp = fopen(ipt,"r");

if(fp == NULL){
fprintf(stdout,”FILE NOT OPEN:%s", ipt);
return -1;

}

wn =cn = 0;
fprintf(fplog, "¥n***** TABLE DATA *****¥pn'");

/* _______________________________________________ */
/* Read and Check table data (assending order) */
/* _______________________________________________ */

while(fgets(buf, sizeof buf, fp)){
if(strncmp(buf,"#",1)==0);

/* Water depth */
else if(strncmp(buf, " WD",2)==0){
sscanf(buf+3, "%If %If", &water.c[wn][0],
&water._cfwn][1D);

fprintf(fplog, (wn == 0) ? "¥n=== WATER DEPTH ===¥n"

x(m) depth(m)¥n"

fprintf(fplog,” %8.2Ff % 10.2f¥n", water.c[wn][O],
water._c[wn][1D);
if(wn > 0){
if(water.c[wn][0] <= water.c[wn-1][0]){
fprintf(stdout,”NOT ASSENDING ORDER[WD]™);
return -1;

WNn++;

-2 (18)




JNC TJ8400 2003-093

/* Coastline */
else if(strncmp(buf,"CL",2)==0){
sscanf(buf+3, "%If %If", &coast.c[cn][0],
&coast.c[cen][1D;

fprintf(fplog,(cn == 0) ? "¥n=== COASTLINE ===¥n"
age(Ma) dis.(m)¥n" : ");

fprintf(fplog,”™ %8.2f %10.2f¥n", coast.c[cn][0],
coast.c[cn][1D);
if(cn > 0){
if(coast.c[cn][0] <= coast.c[cn-1]1[0]){
fprintf(stdout,”NOT ASSENDING ORDER[CL]™);
return -1;

cn ++;

}

/* Sedimentation rate */

else if(strncmp(buf,”SI",2)==0){
sscanf(buf+3, "%d", &sn);
fprintf(fplog,(sn == 1) ? "¥n=== SED. RATE ===¥¢n" : '"");
fprintf(fplog,” No%2d¥n %8s %10s¥n",sn,"x(m)","rate(m/my)"™);
sn -= 1, raten = 0;

}
else if(strncmp(buf,"SR",2)==0){
sscanf(buf+3, "%If %If", &rate[sn].c[raten][0],
&rate[sn].c[raten][1]);
fprintf(fplog,” %8.2f %10.2f¥n", rate[sn].c[raten][0],
rate[sn].c[raten][1]);
if(raten > 0){
if(rate[sn].c[raten][0] <= rate[sn].c[raten-1][0]{
fprintf(stdout,”"NOT ASSENDING ORDER[SR:%d]", sn);
return -1;
}
}
raten++;
}

/* Rework frequency */

else if(strncmp(buf," R1",2)==0){
sscanf(buf+3, "%d", &rn);
fprintf(fplog,(rn == 1) ? "¥n=== REWORK FREQ ===¥n" : """);
fprintf(fplog,” No%2d¥n %8s %10s¥n",rn,"age(Ma)","freq(/my)");
rm -=1, fgn = 0;

}

else if(strncmp(buf,"RF",2)==0){
sscanf(buf+3, "%If %If", &rwk[rn].freq.c[fqn][0],

&rwk[rn].freq.c[faqn][1]);
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fprintf(fplog,"%8.2f %10.0f¥n", rwk[rn].freq.c[fqn][0],
rwk[rn].freq.c[fqn][1]);

if(fgn > 0){
if(rwk[rn].freq.c[fgn][0] <= rwk[rn].freq.c[fgn-1][0]){
fprintf(stdout,”"NOT ASSENDING ORDER[RF:%d]", rn);
return -1;

}
}
fan++;
}

}
fclose(fp);

return O;

/********************************-k*****-k*****-k***********/

/* Read Rework Grid Data */

/********************************-k*****-k*****-k***********/

int read_rwk_data(void)
{
FILE *fp;
char buf[4096];
char *bb;
int sn, rn, xn, yn;
int flg = 0,Ip =0;

fp = fopen(iptrwk,"r™);

iT(fp == NULL){
fprintf(stdout,"FILE NOT OPEN:%s", iptrwk);
return -1;

}

fprintf(fplog, "¥n***** RYK SED THICKNESS *****¥n™);

while(fgets(buf, sizeof buf, fp)){
if(strncmp(buf,"#",1)==0);

/* rwk & sed number */
else if(strncmp(buf,"RS",2)==0){
sscanf(buf+3, "%d %d", &rn, &sn);
fprintf(fplog,” rwk:%ld sed:%ld¥n", rn, sn);
rn--, sn--;
if(rn >= 0 && rn < rwknum && sn >= 0 && sn < sednum){
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flg=1, xn =0, Ip = 0;

}

/* rwk sed. thickness [XY] */
else if(flg == 1){
for (yn=0,bb=buf; yn<rwk[rn].g.ynum; yn++, bb +=Ip) {
sscanf(bb, "%1f%n"™, &(rwk[rn]-s[sn][xn]1lyn]), &lIp);
fprintf(fplog,”™ %.3e",rwk[rn].s[sn][xn]lyn]);
}
fprintf(fplog,"¥n™);
if(++xn >= rwk[rn].g.xnum) flg = 0;
}

}
fclose(fp);
return 0;

/********************************************************/

/* Read Topdepth Grid Data */

/********************************-k*****-k*****-k***********/

int read_topdepth(void)
{
FILE *fp;
char buf[4096];
char *bb;
int xn, yn;
int flg = 0,Ip =0;

fp = fopen(iptdepth,'r™);

if(fp == NULL){
fprintf(stdout,"FILE NOT OPEN:%s", iptdepth);
return -1;

}
fprintf(fplog, "¥n***** Top Depth *****¥n");

xn = 0;
while(fgets(buf, sizeof buf, fp)){
if(strncmp(buf,”#",1)==0);
else if(flg ==0){
for (yn = 0, bb = buf; yn < area.ynum; yn++, bb += Ip) {
sscanf(bb, "%lf%n", &topdepth[xn][yn], &lp);
fprintf(fplog," %9.2f",topdepth[xn][yn]);
}
fprintf(fplog,"¥n™);
if(++xn >= area.xnum) flg = 1;
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fclose(fp);

return 0O;
}
Y Asisisiasisiinisiaisisssisinisiaidsssiainisisiaiddssiisisisisidsssisiniaisidassik
/* Allocate Memory for 2D & 3D Array */

/********************************************************/

int allocate_memory(void)

{

int sn, rn;

for(sn = 0;
sed[sn]-
}

topdepth

for(rn = 0;
for(sn = 0;
rwk[rn]

i s

for(rn = 0;
rwk[rn].

}

for(sn = 0;

sn < sednum; sn++){
matrix = create_array d3(timenum, area.xnum, area.ynum);

= create_array_d2(area.xnum, area.ynum);

rn < rwknum; rn++){
sn < sednum; sn++){

.s[sn] = create_array _d2(rwk[rn].g.xnum, rwk[rn].g.ynum);

rn < rwknum; rn++){
freq.c = create_array d2(rwk[rn].freq.cnum,2);

sn < sednum; sn++){

rate[sn].c = create_array_d2(rate[sn].cnum,2);

}

coast.c
water.c

for(rn = 0;
for(sn = 0;

create _array _d2(coast.cnum,2);
create_array_d2(water.cnum,2);

rn < rwknum; rn++){
sn < sednum; sn++){

if(sed[sn]-matrix == NULL ||
topdepth == NULL ||
rwk[rn].s[sn] == NULL ||
rwk[rn].freq.c == NULL ||
rate[sn].c == NULL |]
coast.c == NULL |]
water.c == NULL

) {
fpri

ntf(stdout,"FAIL TO ALLOCATE MEMORY');

return -1;
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e s

return O;

/* —_— —_— —_— —_— —_— —_— —_— —_— Kk [

/* Free Memory for 2D & 3D Array */

/********************************************************/

int free_memory(void)

{

int sn,rn;

free_array_d2(coast.c);

free_array_d2(water.c);

for(sn = 0; sn < sednum; sn++){
free_array_d2(rate[sn].c);

}

for(rn = 0; rn <rwknum; rn++){
free_array_d2(rwk[rn].freq.c);
}

for(rn = 0; rn <rwknum; rn++){
for(sn = 0; sn <sednum; sn++){

free_array_d2(rwk[rn].s[sn]);
1}

free_array_d2(topdepth);

for(sn = 0; sn < sednum; sn++){
free_array_d3(sed[sn].matrix,timenum);

}

return O;

array.h

#ifndef ARRAY_H_INCLUDED
#define ARRAY_H_INCLUDED

/* Allocate & Free Array */

double  *create_array dl(int);

double **create_array d2(int, int);
double ***create_array _d3(int, int, int);

int *create_array_il(int);

void free_array dl(double *);
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void free_array d2(double **);
void free_array d3(double ***, int);
void free array_il(int *);

#endif /* ARRAY_H_INCLUDED */

array.c

/***************************-k*****-k*****-k*****-k*****/

/*
/* Allocate Memory for (int) (double) Array
/* for (int) (double) Array
/*

/* 0000.00.00 JGI Library
/* 2003.12.06 Kawada (add initialize (Set 0)
/*

*/
*/
*/
*/
*/
*/
*/

/* kK ok ek kK ok ok kK

#include <stdlib.h>

int *create_array_il(int II)

{
return((int *)calloc(ll, sizeof(int)));
}
void free array_il(int *a)
{
free(a);
}

int **create_array_i2(int 11, int mm)
{

int i;

int **a, *ptr;

a = (int **)malloc(ll * sizeof(int *));
if (1a) return(NULL);

ptr = (int *)calloc(1l * mm, sizeof(int));
if (Iptr) return(NULL);

for (i=0; i<ll; i++){
af[i] = ptr + 1 * mm;

}

return(a);
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void free_array_i2(int **a)

{
free(a[0]);
free(a);
}
double *create_array di(int I1)
{
int i;
double *a;
a = (double *)malloc(ll * sizeof(double));
if (1a) return(NULL);
for (i = 0; i<ll; i++){
a[i] = 0.0;
}
return(a);
}
void free array_dl(double *a)
{
free(a);
}

double **create_array d2(int I, int mm)

{
int i, j;
double **a, *ptr;

a = (double **)malloc(ll * sizeof(double *));
if (1a) return(NULL);

ptr = (double *)malloc(1l * mm * sizeof(double));
if (Iptr) return(NULL);

for (i = 0; i<ll; i++){
af[i] = ptr + 1 * mm;

}

for (i = 0; i<ll; i++){

for (j = 0; j<mm; j++){
ali]li] = 0.0;

1

return(a);

}

void free_array_d2(double **a)

{
free(a[0]);
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}

free(a);

double ***create_array d3(int Il, int mm, int nn)

{

}

int i, j, k;
double ***a, *ptr;

a = (double ***)malloc(1l * sizeof(double **));
if (1a) return(NULL);

for (i=0; i<ll; i++) {
a[i] = (double **)malloc(mm * sizeof(double *));
if(1a[i]) return(NULL);

X

ptr = (double *)malloc(1l * mm * nn * sizeof(double));

for (i=0; i<Il; i++){
for (J=0; j<mm; j++){

a[il[j] = ptr + (i * mm + j) * nn;
1

for (i =0; 1 <1I; i++){

for G = 0; j <mm; j++){

for (k = 0; k < nn; k++){
a[i]0]Ik] = 0.0;

1}

return(a);

void free array d3(double ***a, int Il)

{

int i;
free(a[0][0D);

for (i = 0; 1 < II; i++) free(a[i]);
free(a);
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