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Abstract

The objectives of this research are to simulate the seawater intrusion into
unconfined aquifers and to assess the efficiency of the controlling methods by using scaled-
down physical models. The controlling methods to be studied here include injection barrier,
extraction wells, and subsurface barrier. Physical scaled-down model has been used to
simulate salt water intrusion into unconfined aquifer near shoreline. The results indicate that
under natural dynamic equilibrium between the recharge of fresh water and salt water
intrusion the salinity measurements agree reasonably well with the solution given by
Ghyben-Herzberg.  Fresh water pumping (usage) notably move the fresh-salt water
interface toward the well, depending on the pumping rates and the difference between the
far—field discharge (fresh water reservoir) and salt water level (Ah). Fresh water injection
near the shoreline is more favorable than salt water extraction. The fresh water injection
rate of about 10% of the discharge rate at the well can effectively push the interface toward
the shoreline, and keeping the pumping water free of salinity. The effectiveness of
subsurface barrier technique depends heavily on the depth of the barrier below the salt
water level. The optimum barrier depth of the barrier is equivalent to Ah which can

effectively press the interface below the depth of the pumping well.
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Steel Beam Acrylic Sheet

(front and back)
Rubber band

ater Pumping

Locations

Steel stand
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Acrylic sheet

(back)

Acrylic sheet
(front)

Water tube

Flat bars
secure the
footing

Flat bars are S N
placed at the N
corners . \
n
Flat bars are 2 & Et\ &
placed at the A

footing 6
C-shape Steel
(stand)

Steel beam

Steel bar and
Brass mesh

Rubber frames

/ (sides)

-

Rubber frames
(bottom)

C-shape Steel
(side)

C-shape Steel
(bottom)
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Flat bars are placed
at the corners

Acrylic sheet
(front)

Water tube

- Flat bars are
placed at the

i footing

Acrylic sheet | i
(back)
L #
Flat bars are placed at
the footing I
| i

C-shape Steel

L / (stand)

L4 |

Steel bar
and
Brass mesh

C-shape Steel

(side)
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sheet

_ / Steel beam
! / Acrylic
£ Steel bar

/ and
J Brass mesh

Acrylic sheet

(front) \
Steer beam A
\.
Water tube
\A

C-shape Steel

111l / (stand)
A==

C-shape Steel
(bottom)
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fiaulsAlaiunsnasay

AANTTNANDL Ah Q Qrr Qy Qqe Ds
(cm) (cc/min) | (cc/min) | (cc/min) | (cc/min) (cm)
NNNVTHN 10 62
TITNUF 5 24
62 0.2
10 85 10
120 100
MaguITAn 25 5
5 50 30
96 70
e 80 7
N19EAUIAANIN
WAz il > i P "
57 50
75 15
uuanaguiLAn 5 100 70 50
150 100
-5
uafiusn 5 96 70 10
-15
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Monitoring points
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20 4 /Measurement line Calculated line r 20
10 _%_‘_ _i____ % —_~—/— A -[hf L 10
- Ah =10 cm T N i (o
==\ &
05 [T T R e e e R e = - 0
- ? ANNDNAIVRNIUNAD Salt Water |
0 Sp) =0 %

-10 1 1% Q=62 cc/min (Ss) ’ 7 L _10
1> 50% 3 i
20 1 2R 1100% [ 0

K =0.35 cm/s & 5
110 100 9 8 70 60 50 40 30 20 10 0 -10 -20
Distance from shoreline (cm)
5191 4.3 NANITYIANELNTY AN BTN (1ERTL) 1Waufeuiun1sAunEIn
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20 1 Measurement line . r 20
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10 - L 10
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lgt ¥ o / ) i
“|Ah=5cm T T - - = = == === — | Xo
0 . K= ? _Cm ______________________ — > < M L- 0
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20 - ~ Voo L 20
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ANNT9UBY Ghyben-Herzberg solution (WH15%) 71 Ah = 5.cm

Ground surface

<
Water table/

I

Ocea
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Fresh water

Saline water
Interface

9
o/ o/
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20 9 A QFR:O-z cc/min [ 40
10 -';_%\i—\ 10 2
1 |Ah=10cm - f_}
0 |—pg——————————— E—MEL: o 8
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-20 100 % --20
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T AQrr = 5 cc/min r 20
l L 10
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201 AQrr =70 cc/min Qi =7 cc/min r 20
10 1 v - 10 g
1= x x N <
Ah=5 cm a 2 MSL =
04 |— F-— T~ 0 =
Salt Water 3
1= 0 % =
-10 4 ::: Q = 80 cc/min ° L _10 =
4 ™ Sp =50 % I
20 - -20
™ 100 %

110 100 90 8 70 60 50 40 30 20 10 0 -10 -20
Distance from Shoreline (cm)

51 4.12 NANT591889n19UA [ Teynn laeABnNsa3 NI AN ARTsEFUN M TaL NN AN

QN = 7 cc/min

40 5 TQFR:70 cc/min Q= 15 cc/min - il
10 - F 10 =
g
X7 + x 1% x * - 3
o] |Ah=Sem_ % F == = MsLl , 5
b Salt Water §
> 0% 2
-10 1 I3 Q=80 cc/min L 10 &

4 > L
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=20 1 100 % +-20

110 100 90 8 70 60 S0 40 30 20 10 0 -0 -20
Distance from Shoreline(cm)

51 4.13 NANN591889N190A [Ty laeAB N1 RSN AN AATIS LA UNAUALINNANY

QIN =15 CC/min
20 1 . - 20
AQer = 70 cc/min Qm = 50 cc/min
10 - 10 g
__Z + x L 8«
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] * Salt Water g
—_> 0 % 2
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\100 %
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Distance from Shoreline(cm)
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Fresh water reservoir Monitoring point
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Fresh water reservoir Monitoring point
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Fresh water reservoir Monitoring point Injection well
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Fresh water reservoir Monitoring point

Fresh-salt water Extraction well Salt water
interface
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