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Results of first experiment
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(1) Hubbert®E5 /v (Hubbert, 1940)
(2) Toth®dEF /L (Toth, 1962, 1963) & & Hi F A E) S 2=

ZZT, hoKBUKEE, x, vy o KA ERIEEERL,

(3)Freeze & Witherspoon®E 7 /b (Freeze & Witherspoon, 1966, 1967, 1968)

Hi R K pRED R & i

(Toth, 1963) DiEFE : “a flow system is a set of flow lines in which any two
flow lines adjacent at one point of the flow region remain adjacent through

the whole region; they can be intersected anywhere by an uninterrupted
surface across which flow takes place in one direction only”.

R AR BR & 5 x5 FEARHIUL
B F A% (eroundwater basin) :” groundwater basin is defined as a "three—
dimensional closed system which contains the entire flow paths followed by
all water recharging the basin”
R MUY 722 BT C b B HER 40t (sedimentary basin) & —d 2 LIFRG 20,
H R KB R O F B
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FL—Y)—7Fuzy AN

SF A e e - HUS & MR KIREN R O DL
A9 5 H T KRR EN SR
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Groundwater Outcrop Erosion Model (GOEM)
EREEHICBIT2ERER



e pP= s il
TR k- SN ~-1-7
D2 . /

®74 HEEFEOMBT OB TAROFI (Hubbert, 1940).

sasi s sas s i
s o3 L ALSHARSE DUSCHARL e s
o J
i L
g MO - ov - 190 1079 2 b
= by &
~-0
N
i L
2 [A.;
o] i
[ a=]

T Vo]

Fig. 1. Quantitative flow net and recharge-discharge profile for & two-dimensional, noshomo-
gencous, isotropic composite ground water basio.

0.25
A
T T R=I0 G
075 035 045 055 0.65 075 085 0.95
B
F N kT
T K=100 : : ‘
0,45 0.55_0.65 _0.7S  0.85 0.95
c
O 05 0 IS 0.3 0.45 055 065 075 0.55 0.95
0.25
D
0.15

e oS 035 045 055 065 0.5 0.5 0.95

® 3.12 RUAEHoSH

()

] o

®-1 BRBRE (ERATAY. AEMIAERRDER

Bl R

-

3.10 HFK

5=20,000 ft

M
RN, B T—BCESL TV 284

ofiFE (Toth, 1962) ERZHE I #HL, TRILEW

k/ S EERR ) B (EQUES
/ ! | { ' | ' ' \ \\

! ' ! !

0

2,000 4,000 6,000 8000 10,000 12,000 14,000 16,000 18,000 20,000
5=20,000ft

B 3.11 #TKREZEEDOD 2BEDHE (Toth, 1963)

7/ 9/6—9/10
¥ ti9gs)
A . G
Gy T g ..... ##14.9mm
~ S
N el T -
\ \ i R ~~
CA AR e s
[ T U T L
[N N U W N —-—— ~
\ Yo v XY ~ s . S
o U \ v ~o ~o .
R N ~ e N
o ~ -~
\ ~ ~ ~
& =4 YN Y SN S N °
> O B » O
b oV o
a
3 10/10—10/12
(198s)
MR 32mm
S Tteel e TS o
SN S By, , S0cm
v % 3 S
\ N g, ~ ~_.”
T T T NI T S N
PR A A T T ~ae ~
e (N T L S~ \ 50cm
s [ \ N
e O L s N
I TR - N
s / TR T N e CRN
SO I T O Y v e
- I ' o \ <
g o Lo iy > N .~
o8 v » » w o % 10
@ o aw o ¢ N
74 10713
/) (1985)
w47 8mm
,
T
ol i
2 S
DN A
G A \
; . R \ TR, . Piezomelter
b - et "V Ne Seale
& do R - ~2,
. 2 Lo U ~
- Y] PR S N
& 8448 '
>

B-12 TR 1T B HPIKOFEED) (E = 5)



{ o m
t 4 —{560

/Wnlowving 7
\ 2 1800 e l
= S » o
z 1700 \ti
1600 A AN G o r IR HANRAN
Ny ﬂ@// "/6‘\\ \\\.\\10‘4:«4/,// J \1’\ 722, 1480
1500} s 5 Smise 1 X 722, ]
\
b 1400 — ’ il
N 0 400  800ft * T T1660 1
1300F oo ! | —1400
Surface run-oft | I .
0 100 200m
(T s o KBmEMELLA
FER i y
TR e BT UV

ATRI TS () TER
W

[ — EROH

| U8 « BYLEHTAENHM

@75w#ﬁfv—u—o7—st“:3wame®ﬁn.mﬁ
B L EEBOBRIE DR IOT, FEIERT VX MR EERL
TnAanz EicEE (Meyboom, 1967).

SOOOJ\V 21_2' 3]3' E
' 1 : ; %
< 4,0001 pEACE ~ BUFFALO LLOON rpr WABASCA
Diverted 3,000{RIVER  HEAD HILLS . RIVER TROUT MT. piygr™
LEGEND 2,000 = ===
Water table . . . .. . ... s JR. - A

Line of equal head . . . . . . . s C———
Direction of groundwater movement. . " Water table alter infiltration .

Vertical exaggeration of scale. 10 times (approx )

Fig. 5. Generalized sequence of flow conditions near willow ring: (1) a condition of
“normal® downward flow, (2) a condition of groundwater mounds produced by infiltrating
melt water and (3) a condition of inverted water-table relief resulting from a cone of

depression around the phreatophytic willows. —4,000~:D‘_;;_;‘Dl 0 10 20 30 40Miles
vl
5,000 0 102030405060 km
KRN KET 4 — b
— SEFER /3 700-1,000
— BEF—ERT AL £==31,000-1,300
:C I 72 1,300-1,600

[I131,600-1,900
£==1,900-2,200

AN BT €3 2,200-2,500

| e— 34 11 C==22,500-2,800

TOKY0 BAY EARER =3 2,800-3,100
/2 >3,100
e "

o e *
l}>\/\\/
{5\ B 3.13 »F FhEic g pi T KOME

BN

}
A
7 / X
- /
b
;
_QV,'U'?“
Ls1uoy aRix

TOKYO BAY

300 Km
o

0O Observation Well )
Precipitation / 2
Station )

Well under flowing condition e
before 1971 )

Well under flowing cond\lion/"

Figure 1 Location of the study area. (a) to (d) denote the location of the obser- a . ™
vation wells. I:Iwasaki, Y:Yamada, An: Anegasaki, G: Goi, M: as of 1982 [
Murakami, Am: Ama-ariki, Ym : Yamada, O: Ooke, Um: Umatate, and <
Us: Ushiku. \
.
{
\

Figure 8 Pisltribulion of wells under flowing condition before 1571. Triangles
indicate the wells under flowing conditions as of 1982.



1972
IWASAKI

9.3

<= DIRECTION OF GROUNDWATER FLOW

Changes in approximate hydraulic head distribution in a section along
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A. represents the initial stage with unchanneled surface runoff and detenlion storage in
marshes in all scasons;

B. represents an intermediate stage with unchanneled surface runofl exclusively in the wet
period;

C. represents Lhe final stage with exclusively groundwater discharge in all seasons.

A, B and C reler to consecutive sub-stages within each stage of development of an
expanding stream system; thus sub-stage C will first be reached near the discharge base and
subsequently shift towards the divide.
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Theory of groundwater movement

In 1940 Hubbert [3] published the classic paper “The Theory of Groundwater Motion”,
which presented the physical laws governing the steady-state flow of groundwater. He showed
that the hydraulic potential, ¢, at any point in a gravity field could be equated as follows:

y—
P—Po )
P

=gz +

where g = acccleration due to gravity
elevation of the point P above datum

i}

7
p = pressure at point P
Pe= atmospheric pressurc
p = density of water

Darcy’s law for flow of water through a porous medium states that

29
el o 3
~ (3)

where V, = velocity in the x direction
K = coefficient of permeability
[4) hydraulic head = ¢/g.

i

The equation of continuity for steady flow of an incompressible fluid is of the form:

AV, aVvy Vg
— =t —=

ox | By 9Z 4)

The equation of continuity may be combined with Darcy’s Law to yield for a homogencous
medium (Laplace’s equation):

al¢ al¢ az¢
—_— 4 — +—— = (5)

ax? ady* oaz?

and for a heterogeneous medium (Richard’s equation):

d¢ a folo) 3 a9
— |K(xy,2) - |+ — | K(xy,2) —— |+ - | K(xy,z) - |= 0
§ =
3x ax ) dy oyl oz RV (6
Je—————— RECHARGE AREA e TRANS I T4 Oll-wfe DISCHARGE AREA ——— o]
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Higher TDS
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FIG.15. Groundwater generated field phenomena along an idealized cross-section.
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Table 2 Tritium concentrations in river waters in

dry season.

Basin Nov.1982 | Jan.1983
A 11.9 16.8
B 10.4 17.3
C 16.8 14.8
D 10.4 5.6
E 9.5 NF
F 11.2 9.6
G 7.8 8.5
H 9.0 12.1
[ 22.6 21.8
J 12.5 14.7
K 9.3 13.4
L NX 12.2
¥ 13.9 9.9
N 19.6 14.6
0 12.6 13.6
P 7.5 6.1
Q 13.1 12.1
R 13.4 NM

Note) NF:not flowed, NM:not measured.
UNIT:TU
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Fig.4 Potential distribution of groundwater in the bedrock of the island.
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Figure 13 Estimated directions of groundwater movement based on Figure 12.
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The oldest water in the basin occurs in the central region where the aquifer is at its deepest.
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