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Abstract

The objectives of this research are to simulate the impacts of brine pumping process in the
northeast of Thailand using a scaled-down or physical test model in laboratory and to assess the effects of
the pumping well depth, overburden thickness, pumping rate, and groundwater flow direction on the
magnitude and location of the leached caverns and their corresponding subsidence. The brine pumping
area is scaled down and simplified in two-dimension, represented by a vertical cross-section with the
maximum overburden depth of 0.5 m and width of 1.6 m. Sorted sand (0.6-0.8 mum) is used to simulate
the overburden. Pure crushed salt (0.6 mm) simulates the underlying salt bed. Salinity of the pumped brine
is continuously monitored during the pumping test. All tests are performed under room temperature. The
results suggest that deeper pumping well {closer to the salt surface) induces greater magnitude of surface
and formation subsidence than the shallower well does. Under the same pumping rate the extent of the
surface subsidence over the shallow salt bed is smaller than that over the deeper salt bed. The deeper
groundwater level used results in a greater magnitude of surface and formation subsidence. The
groundwater level however has no impact on the extent of the subsidence area. The higher rate of brine
pumping used, the greater magnitude and the lesser extent of the subsidence is obtained. The location and
extent of subsidence is also controlled by the locations of the fresh water sources (recharge locations) in

relation to the pumping well location.
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Code Names Methods References
BEFE BEM (3D) Beddoes (1994)
VELMINA DDM (3D) Frayne (1998)
VNFOLD DDM (3D) Beddoes (1994)
FLAC FDM (2D) Itasca (1992}
FLAC FDM (3D) Frayne (1996, 1998)
ADINA FEM (2D) Pudewills and Hornberger (1996)
ANSALT FEM (2D) Heusermann et al. (1998)
ANSPRE FEM (2D) Honecker and Wulf (1988)
ANTEMP, ANSPP FEM (2D) Honecker and Wulf (1988)
ASTHER FEM (2D) Rolnik (1988)
CODE-BRIGHT FEM (2D) Olivella et al. (1996, 1998a, 1998b)
COYOTE FEM (2D) Gartling (1981a)
DAPROK FEM (2D) Harrington et al. (1991)
FAST-BEST FEM (2D) Pudewills (1993)
GEOQ/REM FEM (2D) Serata (1991), and Sexrta and Fuenkajorn (1993)
GEOMEC FEM (2D) Nguyen-Minh and Menezes (1996)
JAC FEM (2D) Biffle (1984)
LUBBY-1 FEM (2D) Rokahr and Staudtmeister {1996)
LUBBY-2 FEM (2D) Lux and Schimidt (1996)
MARC FEM (2D) Van Eekelen (1988)
MERLIN FEM (2D) Gartling (1981b)
SANCHO FEM (213) Stone et al. (1985)
SPECTROM-32 FEM {2D) de Vries and Callahan (1998)
VIPLEF FEM (2D) Vouille et al. (1996)
VISCOT FEM (2D) INTERA (1982), and Frayne (1996)
SUVIC-D FEM (21)/3D) | Julien et al. (1998)

Notes: FEM is finite element methad, FDM is finite difference method, DDM is displacement
discontinuity method, BEM is boundary element method, 2D is two-dimension,and 3D is

three-dimension.
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Groundwater Level (12.5 cm)
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Groundwater Level:(18 cm)
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Formation subsidence
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Groundwater Level (12.5 om)
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Formation subsidence
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Formation
subsidence (inm)
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FORMATION SUBSIDENCE
Overburden Thickness (11 cm).
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FORMATION SUBSIDENCE
Overburden Thickness (50 cm)
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FORMATION SUBSIDENCE
Pumping Rate (20cc./min)
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FORMATION SUBSIDENCE
Pumping Rate (100 cc./min)
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FORMATION SUBSIDENCE
Richard Area (2")
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Richard Area (6")
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Continuous withdrawal
Vertical flow depth of pumping (0.5 cm)
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Continuous withdrawal
Vertical flow depth of pumping (2.0
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Continuous withdrawal
Vertical flow depth of pumping (3.5 cm)

500.0 -
400.0 - )
- 300.0 -
P ] -
e 1 4
7S ] e
2 £ 2000 - - =
s 5 5 . 102.13 - =
= = 3 . =
Z 2 £ 1000 S
= 3 g B =
& = 2 N =
= = = o
o) = = -~ A b ag
= & = 0.0 —HorOGIRIRIcION RO A NN IOKH & 0.00 'S
ag a = n <
& 2 E o - I~
T 5 F - JEAUHIA WAL =
2 =2 = -100.0 F - e
e ® ¥ - P
€ g = n a‘e}R«é
g = - - 0
roo .
£ € -2000 -
N FEAUUBIAIAU -+ -1.20
-300.0 3 wdsnndmangeda I
-400.0 :
"500.0 ) 1 [} i T T 3 ] ] T ] T 1 ¥ { 1 [ T 3 "2.40

0 20 40 60 30 100

o =
spusIngAgUIna1s Ings (wudums)

U 4-3 wan1sA1IUA7Y Profile Function $1ANINATDUNINANTENUYBITLEZY AN AE
I3 Y
yefEunaIn1AY 3.5 3. Taeshmsguuuvdsiieaayifianiaveumanivay

NN HATUUY




Periodic withdrawal
Vertical flow depth of pumping (0.5 cm)
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Periodic withdrawal
Vertical flow depth of pumping (2.5 cm)
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Periodic withdrawal
Vertical flow depth of pumping (3.5 ¢m)
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Periodic withdrawal
Vertical flow depth of pumping (2.5 cm)
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Periodic withdrawal
K Vertical flow depth of pumping (3.5 cm)
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Continuous withdrawal
Vertical flow groundwater level (6 cm)
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Continuous withdrawal
Vertical flow groundwater level (12.5 c¢m)
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Continuous withdrawal
Vertical flow groundwater level (18 cm)
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Continuous withdrawal
Horizontal flow groundwater level (12.5 cm)
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Continuous withdrawal
Horizontal flow groundwater level (12.5 cm)
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Continuous withdrawal
Horizontal flow groundwater level (18 cm)
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Continuous withdrawal
Horizontal flow groundwater level (18 cm)
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Continuous withdrawal
Vertical flow overburden thickness (11 cm)
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Continuous withdrawal
Vertical flow overburden thickness (25 cm)
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Continuous withdrawal
Vertical flow overburden thickness (50 cm)
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Continuous withdrawal
Vertical flow withdrawal rate (20 cc./min.)
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Continuous withdrawal
Horizontal flow Richard Area (2")
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Continuous withdrawal
Horizontal flow Richard Area (6")

2

400.0
300.0 -
o i o~
" ] .
s . 5
o % 20007 165.67 T &
~ 22 ] 3
S 5 = ] =
4 " B =
T = & 1000 - &
= E E B - (=
e ey E N g
A i e i =
g & = . 1o &
§ Gg qg 0.0 LA A A O R N A e by o o A S i S eSS ) - 0.00 3%
e b a5 1 e
e Lrd - - =
(@__ = el N e a e e .
P ® FERUHIAUIAL i [
€ i & . c
2 2 B -100.0 A &
= G € 7 ) =
E:" = T o A o;| que
=& 1 syauvesfiifu - B
fowmt
-200.0 1 o a w -+ -1.60
41 HaIINUNITNIAAD
~300.0
-400.0 T T O T OO R A -3.20

0 10 20 30 40 50 60 70 80

TruzINgAgUanma Twsa (v uAes)

U 20 Han1IRIMINAY Profile Function 210MSNATDUHIHANTENUYDIVUIANIUT VDA
k4 k4 1 E4
uvasiawiny 6 17 Taeiinsguuuvaeriipumeiieamasamaniidamen

o oW
NWATHAN




ANANUIN A

wam s Ie1Usunsu SALT_SUBSID |







Distance form Pumpmc Well {cm)
-250 -150 -50
0 A
~1 ; Subsidence
g
2 ]
82
S 3
B3
2 ]
a4
5 Calculate by program

sfia-1 mslfowfeuninisngadisznilenIInAaeUNIINTENINUAZNTTAIUINAY

Tsunsu

Distance form Pumping Well (cm)
-250 2060 -150 -100 -

0 ] 1 1

Calcuiate by program

|3 I

g

E W U%90 TO0 SO IOJ00  T T T  I  Y 4

Subsidence (cm)
(U8

tn

1 T o
qifi a2 mamsfUINYes Salt_ SUBSID (nsdif ) /hnisfiniinduiinagimsgy

uunasiiies Tavlie1 b = 0.5 @i 1Az d,= 25 .




Distance form Pumping Well (cm)
=250 200 -150 -100  -50 0 50 100 150 200 250
0 ] 1 1 i ) 1 { i ! L | : ! 1 i 1 I 1 I ! !
11 Subsidence \.
=
L]
833 NSNS \
“ -
% 4 _ Calculate by program
5

1 ] ke
i a3 manisdiouues Salt SUBSID (nsdifi 1) sihms@mimindmuiagsiinisgy

wiuABKIDg Taglifh =2.0 9. unz d,= 25 W,

Distance form Pumping Well (cm)
-250 200 -150 -100 -50 0 50 160 150 200 250
0 . i | ' ! ] I 1 ! 1 [ 3 1 3 | L I ] ! ] ]
1 ] Subsidence
]
8 7
g7 \ /
] 9 ¥ v
O =
T 39
£ ]
& 4] Calculate by program
5 ]
sUf A4 mamsfuauues Salt SUBSID (nsdifi 1) Winmsdnheinduuusaziimagu

uuuaeiiied Taelin b =3.5 %) 18z d,= 25 W,




Distance form Pumping Well {(cm)
250 200 -150 -100 -50 0 50 100 150 200 250
0 ‘ ! 1 1 1 1 1 1 ! | 1 I} ! [ ] ! i 1 i I 1
1] -
g ] Subsidence
S 7
82
5
= 37
£ .
@ 4 E Calculate by program
5 3

] 14

sifia-s mamsfuouves Salt SUBSID (nsdlifi 1) iimsfmimind ez i msguuyy

dugaa Taedif1 b = 0.5 wu. az d = 11 %41,

Distance form Pumping Well (cm)
<250 <200 -150 -100 -50 0 50 100 150 200 250
O . L i L ] 1 ! ] ! \ 1 L | L I 1 ! L i ] J
1 Subsidence
£ ] \
REA-
827
b -
O 4 o
T o7 \
é ] Calculate by program
» 4
5

[] [ o
sl a-6 mamsduauves Salt SUBSID (nsdlfi 1) ms@uheindiuuuuasiimsgui

ifugaan Taelid b = 2.0 sy uag d,.= 11 2,




Distance form Pumping Well (cm)
-250  -200  -150 -100 50 0 50 100 150 200 250
0 . ) 1 1 | 1 1 1 1 1 1 ! 1 i 1 ! 1 ] ! 1 J
] Subsidence \
CRE
N
821
2 7
'_g 1
7 3 7 \
o
G 4
4 ] Calculate by program
5 J
17 A7 wan13RTIMIUYES Salt_ SUBSID (nsdifi 1) Hmsduihnnduuuazdhimsguuuy
g Taafle b, =3.5 9. usz d,= 11 @,
Distance form Pumping Well (cm)
-250  -200 -150 -100 -50 0 50 100 150 200 250
0 ] { ) ] S 1 1 1 1 } ! 1 } ] H ] ] 1 ] i 3
Subsidence measurement
~ 1 7
E
S ]
32" v\
= ]
Q) -
."g 3 E Calculate by program
'_D -
& 4]
5

1 ' ¥
3141 A-8 waN13AININYBY Salt. SUBSID (38N 2) Yimindwimindmuuuazdinsgy

wuudoiflos Taolifnd,= 11 9. b =2 @0, yag h,= 10 B,




Distance form Pumping Well (cm)
=250 =200 -150  -100  -50 0 50 100 150 200 250

0 § | L i 1 1 £ U_ \\l/ | ! L ! H i ! }
1 ™

Subsidence
2 measuremen

<

Caleulate by program

-

Subsidence (cm)
|98
T O O T T T O 0 O 0 S I O I B NI

Lh

U A9 wamsdiuauves Sal SUBSID (n3fifi 2) simmduthsinduvuuaziimigy

nyveioiiog Taedia d,=25 o, h =2 . uag h,= 24 95,

Distance form Pumping Well (cm)
=250 -200 -150 -100  -50 O 50 106 150 200 250
0 . L 1 ! 1 1 | 1 | 4 | L ] ) 1 ) H ] H L |
~1 7
g
=9 ] Subsidence
§ ] Calculate by program
5
93
v -
=R
w4 7]
5]

H . k3
U A-10 man1AIuYes Sal SUBSID (nyéifl 2) hims@uhainduunazfiimsgy

wuweeiies Taolif d,=50 @y, b, =2 @i unzh = 49 .




Distance form Pumping Well {(cm)
=250 -200 -150 -100  -50 0 50 100 150 200 250

0 ) i i 1 L 1 i .l_.a/./l\|"—s‘ L 1 1 ] E 1 ] ]
é ] Subsidence
KA
[ 2 m
2 1
23] \
) _
0 4
A 4 3 Calculate by program
5 J

] T 14
51 a-11 Wan1sAwIuYeY Salt_ SUBSID (n38if 3) MnimAwmheindwuuuaziimsgy

wuuAnilind TaglAT h,= 6 w1 b =2 9. Uag d,= 25 %.

Distance form Pumping Well (cm)
=250 200 -150 -160 -50 0 50 100 150 200 250
0 . ] L 1 1 ] i ! ) 1 | i 1 1 i £ 1 ! | g J
] Subsidence
N \/\/
g2
5
= 33 \
8 ]
& 4 - Calculate by program
5

X ] o
3Uf a-12 wamafiuIuves Sale SUBSID (n3difi 3) shims@mhwindinunuazihinsgy

puuAeiied Taefin1 b, = 12.5 3. b =2 ¥, uas d,= 25 .




Distance form Pumping Well {cm)
-250 =200 -150 -1060 -50 0 50 100 150 200 250
O 4 3 | 1 1 1 ] 1 i 1 ! 1 ] ) 1 L ] 1 | r .|
. Subsidence
~—~ 1 "
5_;
8%
R
347 Caleulate by program
5 1

5U% A-13 man1sfuaures Salt SUBSID (As@if 3) mm@wnhaindiuuuuagiinisgy

wuvsioilod Tavilia1h, = 18 0. h =291, uag d,=25 Wy,

Distance form Pumping Well (cm)
-250 =200 -150 -100  -50 0 50 100 150 200 250

0 z i ! i I ] 1 o] 1 H 1 H 1 i X } I i i i

T

—
(|

Subsidence

(5
AR E R

Subsidence (cm)
3]

Caiculate by program

f=1

T ' 3
3% A-14  HANISATLIUYD Salt_ SUBSID (N34 3) wsifnhnndudaazdimsgu

uyudsties TaeliA1 b, =6 4. b =2 2. uag d,= 25 .




0

Subsidence (cm)
[ ] [T

W

o

250

Distance form Pumping Well {cm)
-150  -1060  -50 0 50 100 150 2060

: i 1 | 1 o] : 1 1 1 ! 1 i | 1 ! 3 ]

-200

1

Subsidence

£l

Calculate by program

| O T

1 ¥ 3
3% A-15 wamsAIUIUYDS Salt_ SUBSID (Asdif 3) Mimsiushaindmdrauazsimsgy

wyusaiiies Tavdia1 b, = 12.5 3. h =2 9. une d =25 BN,

Subsidence (cm)

~ v th R W N e O

-250

Distance form Pumping Well (cm)
-200  -150 -100 -50 0 50 100 150 200 250

i 1 L L ) { ! | 1 1 L i L { 1 L 1 1 i i

Subsidence

AN

Caloulate by program

Losoplpa g bas b beyondsaatbepg

1 T Y
JUfi a-16 wWamsAIUYBS Salt_ SUBSID (nsdif 3) Minsduthainaudaazdimsgu

uvvsioiiedlumgul Taefia b, = 12.5 930 h =2 . uay d= 25 3.




Distance form Pumping Well (cm)
-250  -200 -150 -100 -50 0 50 160 150 200 250
0 1 1 1 : { | ! ! -t - 1 i ! ! 1 H ) l 1 I
CRE
\C_)/ 4
i, ]
.'g_. E Subsidence
834 \
2
4 Z Calculate by program

[ ] ¥
51lfi a-17 wamsAuIuYee Salt_ SUBSID (n5difi 3) sinsd@mhandiudauagiimsgqu

uvudeties TaelA1h, = 18 9. b =2 1. uag d,=25 ¥,

Distance form Pumping Well (cm)
-250  -200 -150 -100  -50 0 50 100 150 200 250
0 - 1 i ! 1 } | 1 L 1 i i ! { s 1 1 1 1 J
1
g 31
5 3
© 43
2 5
& . E Calculate by program Subsidence
7 3

1 . k4
U a-18 wamsAIIuYee Salt_ SUBSID (n3dif 3) Mms@uhondudiauaziinisgy

uuueotlunqulvi Tasliah, = 18 sy, h =2 9. uay d,= 25 .




f-10

Subsidence (cm)

CO =1 O W P W N e O

Distance form Pumping Well (cm)
-250 =260 -150 -100  -50 0 50 100 150 200 250
: Subsidence \
— Calculate by program

1 v ¥
3Uf 719 Han13AIMINYDY Salt_ SUBSID (nT6i1 3) madnveniitasindiudsdauniiy 2

y ]
fuaghimsquuuuderiod Taeliet b, = 12.5 ¥4, b, =2 o, uag d,=25 ¥y,

Subsidence (cm)

[ TR O T - N S T e

iy

-250

0

o

Distance form Pumping Well (cm)
-200  -150 -100  -50 0 50 100 150 200

i i I} ! L ! ! o 3 i s | ! 1 1 3 1 | ; i

NN EAE TSN AR AR R RN |

[

Subsidence

Calculate by program

3
o

3 20 waMIAILIUYB Salt_ SUBSID (n3dif 3) niadnusaihianindiuinaliauvaiy 6

3 .
i uagiimsguuvuanidios Taelath, = 12.5 9. b =2 3. 1Az d,= 25 TN,




fl-11

Distance form Pumping Well (cm)

=250 =200 -150 -100  -50 0 50 100 156 200 250
1 { i ! i | i 1 : i ] i ] } J 3 ] $ ' 3

01 T

g1 S

2, ] Subsidence Calculate by program

b4 . measurement

o

S 3]

S

o 4
5 3

s A-21 #EMIAIMINYDL Salt SUBSID (nsdift 4) Wimsdwimndwuuiasdinsgu

uuudoried Tasiied = 11 4. b =2 4. 182 h,= 10 cm IIMIgUNERs1 0 =20

VYA LAy 0 =100 au. ¥R







ANAANUIN

HANIIATHIAY

HUUIa0INONA NN (FEFLOW)







Velocity Arrow (m/d)

80 0 60 30 40 30 - -0 O T v 40 sb b 0 80
! I | i J LR VO [P ! i ! I | "
D L S e :::g

I S A -

o -5.‘ Y R :'15

]

v M \ ‘( A _—»i(}

- e ‘-\‘“- e e =3

~ b, i

AN
Hydraulic head (m)

S0 -7 60 S0 a0 .30 L | 0 10 20 30 40 50 6. T 80
1 ! | ! { | i i 1 | I | ! I a3

25 B

[+20

15

19

=

16713 s

£
o

3 © o =y 7 e Y o o |
51 ¢1 wamsdadisuuuiiasnouiioned Avuiullaiuianumu 25 su. dumu

b1
vioguegH1a9IndIunie 0.5 wu. SATINSFUAITY 100 A1




Velocity Arrow (m/d)

-30

S

o i

"'_".]0
il

1¢

20
s

+

)
vl

¥ N B P
'v‘_\.\l !

s-.,‘_\“\‘\‘/./.f'

-.-,‘-p“\.l/r’fr
. ./"K_‘Q"

x
B R A

-

Hydraulic head (m)

<80 -0 60 -50

=40}
! I !

¢ ¥
o Ao

314 2 mamsdradroyiassneufiunes Aduiullaiuinnumn 25 au. dunnis

3
HOqUOYHIIINTUINGD 2 . SA5IMIFUIIAY 100 a1 /AT




Velocity Arrow (nv/d)
4 70 -0 S0 40 300 200 b 9 o2 W40 S0 60 7 80
! ! l l [N IS [ B IO G I | I { I | a5
e e .L. FRN § l -If N T 20
P AT Y : -
,.*_u‘x\\lf.f.«,,,_ 15
» \,\. / SO e e ow .'TIO
- -u'-u\.""*-u\_; é //w oo :’5
Hydraulic head (m)
-8 iy =60 50 -40 30 =20 -10 g 10 20 30 40 50 60 0 80
| N N (SN S SR NN SN SN AN RN M S 2
25 -
20
15
10
3

[
o

51l &3 mamsdnoufisuuiasineniunes Aduiudaiulinaumun 25 . dusni

[
VOFUBIHINIINTUNGD 3.5 1. §ATINITFUMINY 100 a4/




Velocity Arrow (m/d)

20 -1 0. 0. 2
l Hlsililuh. |

[T ¢_’~¢ <
FEESE Y PAFET I
* _'“"';'"‘-v'é LS

Hydraulic head (m)

M
=)
Ly
=]

.
s
=
ES
=3

.
A
=)

20

et o 9! @ a ¢ =
‘g‘ﬂ‘l’i -4 HANITATHIMAIBULUIIDDIADUWUADT N

2/
VORUOH I INTUINGD 2 9. BATINITEUIVIIAY 100 AU/

3
ar

FURUTANUIANUNUL 11 Y. §1UHUS

ar




Velocity Arrow (m/d)

£ 0. D .50 4D g0 - D e 20 3 40 50 60 70 40
| i wbow b 1 lls PR | | H | | 2%
o ),§1 AR el :_20
S T N ST A S S L
DR LV A AR 13
~ "I

TN N ] F AR AR -—IG

- s % \\- él /n’ oo & 3

T
Hydraulic head (m)
s 70 -60 s0 @0 .30 20 0 0 19 20 3 40 50 a0 70 80
| ! I | ] — ! ] | I 25
25

‘_—-2{)

15
-

]

V¥
ot

i a a £ o o ey o et a '
gﬂ‘ﬁ 35 ﬂamimuamﬁammumamﬂaymmas Wﬁuwuﬁﬂ%wmmwm 25 WU anHu

1
=i

o
NeQUBEH1ININTWING® 2 1. SATINFFUIIAY 100 AU.wUAA




1-6

Velocity Arrow (m/d)

S0 '-'-*/i{é 40 S0, 40 30 2 A0 0 00 20 2 4'{(; 500 6 W 8
- ok L ] A, & i i

Hydraulic head (m)

(A

40

¥
das o

37 -6 mamsdnadisuuuiiastneniiunes AvuiuTafulianuvun 5o @y, dunnia

1 1

B4
VOGURIHNVINFUING® 2 . SATIMFGUIMIINY 100 av.aru./A




Velocity Arrow (mm/d)
-850 -0 ~60 -30 -40 -3 -3 -# ] 10 20 30 40 30 5 0 30
A N IS M | | S AN S ”
¥
PR 'J_-’"__/HJ—Q_ o * _—
[ o F_"-‘-.\‘\ Lo
. l ST e T e .___._,_\7 L
LI P i S Al ==
~ e - ) -
s
Hydraulic head (m)
-£0 -7 <60 50 ~4{) <10 ~20 -1 4G 1z 20 30 60 70 36
I I I ! I i I I l Il f i ! l a
/ [ 20
\ \7 ip 12 5 N :H
5 N 15
- 10
2
o)

1 o © = o o qs.;‘ A ey o s =
E']_h'?l 37 Wﬂﬂ‘l'ﬁﬂ’]u?ﬂlﬁ?mlﬂﬂ%?ﬂ@\"iﬂ@l’W'}Lﬁ@fi ﬁ“ﬂuﬁu‘ﬂﬂﬂﬂﬂﬂ?-lﬂwu'] 25 WU, NENIN

1] b4
=

1 o
fyweamasihiiainnuauduiszdninnaasiinu 6 au. Sanmsguiiny

100 811 /UTH




-8

Velocity Arrow (m/d)
-8 ] -G0 S0 4% 30 =20 10 0 10 20 30 Lt 50 60 Fil] iy
SN I U S RN VRS S N A (VR S SN A S ”
+ AT e e = P e g e :,..20
L S K -
LI A G R S —15
M ey o -
— Ve 10
v b l / " p— — o F- L
Ny t‘:‘/ T e A — e e e ¥ :_5
¢ .
Hydraulic head (m)
-80 =70 -6 =50 40 =30 -20 - 4 I0. 20 an &0 70 80
LT T I N N [ I L 2
U -
y 10 _—15
3 —10
. 2 =5
[ :

4
sAu =

71l &8 mansdnnadionuufasseuiiunes AduRuiladuiiaumu 25 au. Tasunds

v 8
= s

¥
it eissiuhuaaciiy 12,5 @, Senmaguiniiy 100 au,

PU/UIN




$-9

Velocity Arrow (m/d)
40 0 6 S -0 3 200 - 0 T 30 4 50 & M %0
1 ST O S S A NN NSRS S S S S S 2
L il el o 0-—‘| ‘ "
L - P et il ey q-/./ L 0
v ooy e 3
N A n——-«—*“’e’(‘/ l
a&:l/ ""’"'——1—-"‘.——&’( * - _10
R CP'/ T e e e A e TR W—S
B~
Hydraulic head (m)
&0 .70 .60 .50 40 30 20 20 4 .50 60 M B0
| L R SR SO S S s
73 i
\ RN A
15 = 15
7o 10
3 -
Z\ "

’ Q 9 o s & = qs:
E'i.!‘ﬁ 4-9 HAMTATHIMAISUUYINGDIADUNAUADT 'ﬁ ‘Huﬂﬂ‘ﬂﬁuﬂ’nm’rm 25 HH, T\'P}E}LWI@Q

o
o &

13 o
damnnnmuedudefszaminnaamfu 18 4y, SarImsguviiy 100 aU.au/

=5
HIN




3-10

Velocity Arrow (m/d)

80 <70 ~60 50 -40 <30 20 -10 i 10 20 30 A 50 66 i 50
S U R S Y S (VU A Y OSSO S Sy SO O

-po-'-u._.-o-‘—.-,_'_._._,_-//i_.,ﬂ

L - e -
- T
. . - -
- - P s -
o F Y L - - . P e .
- e b - ~10
"1_/0—‘r\" L e " -
.

‘\IY./P“WP'—’—‘-'—.—’-“._V?l
£
L

Hydraulic head (m)

30 -0 -610 =50 -40 30 20 -10 ? 19 ?.!0

|

| | 25
25
ool
5 20
| 15

L\ P

-1§

)

40
[I
2

slo 60 ¢ 80

30
|
js R

el

: ] g - S e @
3 10 wamsiwradisuuuiiaosnefiumes Aduiulawuiiaunu 25 v Tae

@
3/ [ Y ]

2 £ E
Elﬂﬁ\iﬁ'ﬁﬂﬁiu?ﬁ 24 Llﬁﬁiﬂ%]"lﬂ‘l’l’]ﬂﬁ}ﬂ‘iﬂﬂ sy PHINATANAY 12.5 $U. 8957

PTG 100 a1.Fu./u17




4-11

Velocity Arrow (m/d)
50 =70 -61 -50 -4 -30 -20 -1 Q Y 20 30 40 50 9 70 80
R S N AN N A SN SN SO SN AUD A S SN N0
A
. _‘ L S e T . - : 1"_20
S P [ “ L
- - - - L
e T Lo
oy " S v . F
- [ T i S i T I e A Y 45
- e L
Hydraulic head (m)
-§0 -0 -60 -50 -40 =30 -20 -10 & 149 20 30 40 50 60 T 3
I N N A N SR S SN [ -
o |
\ \6 P
s
14 -
5 ) IR :’10
<18 = -1 3 |5
[N [ 1] :

i a o < & a rg o a
51_“?] 311 Wﬁﬂ'liﬂ'm‘}il!%?EJ%LU?J%'IE‘]EN?\@M‘W'BL@@S mmmwuwawuwuﬂﬂmu 25 Wi Tag

u

8
o a

£ a3 1
uraaidara 6 17 lannmedudts Arzdninneiamiy 12.5 gn.8asing

quIMAL 100 au.3u /A




= TRn 3oy

& o - ! ar o o w =t

210178 AT AlT¥e mwnsed nalieduh 14 Aueeu 2521 HTedanigauys oy

- oy = o = = o o =1 =t
asanlTyauenninuanndema lulasgsus  Tdsunsudmdsnssussd Tull we.
@ o o 1 o @ 1o = = R -] o
2550 eagiiumrsdumsornsdlsshegiaivunalulatssal dulndndenssusmans
ww Indoma Tuladasu’ Smdauassvfin Tanuduigmenimageudnnamand
Auludesfidnisuazaiaauin  misesnuvuuazmsiasizd laslduuudasinig

= o = W = o ] oo L4 = < Y ar <t
nounanes  iunIdedsehmueTienamaasssdl uazllum¥namdynaeainues

guAusIa el ssma lne






