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Title 2 IMPACT OF UNDERGROUND SALT MINING ON GROUNDWATER FLOW
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Abstract

Salt is a mineral that is important to humans. In addition to cooking salty, salt also
has many other benefits such as preservation,e.q. dried salty fish and chemicals. In the
northeast of Thailand, a large amount of underground salt rock is found at shallow depth of
5-50 meters and at more than 500 meters from ground surface.

Currently, -there are 2 types of salt production techniques. Thefirst method is
pumping saline groundwater up to boil or dry. The second methed is underground salt
mining dissolution, which requires advanced technology and capital investment but the
impact of the manufacturing process is less than the first method. The potential impacts in
salt production areas are that soil may not be cultivated and the sink holes might be found.
These problems occur due to the lack of production control and technique. Among the
problems have been studied, Asst. Prof. Dr. Kittitap Foungkajohn designed salt cavity features
and considered structural stability of salt cavity. However, there is no study on the effects of
such the underground salt mine on groundwater. This study investigates the mining impacts
on the groundwater flow by using the computer program called Visual Modflow. The
methodology investigates the pressure and direction of flow of groundwater at Huakur
Village in Kantaravichai District in Maha-sarakham Province, the terrain maps from the
program Goosgle Earth, obtain local fundamental data such as hydrology, hydraulic
conductivity, river flow rate. All information is used to formulate the conceptual model and

boundary conditions. Visual Modflow is run according to several scenarios. First case is the



baseline case assuming no salt cavity in the area. The other scenarios include a number of
salt cavities, i.e. 1, 4, 9, 16 and 25. The result of the groundwater flow in all cases are
compared. The results found that when the number of salt cavity increases, the pressure of
ground water in layer 1,2, and 3 increases slightly and so the wider radius influence. When
varying the hydraulic conductivity of the salt layers from K=10"to 10" and 10°m/s, the
flow of groundwater was slightly altered. In conclusion, salt mining characteristics designed
by Asst. Prof. Dr. Kittitap Foungkajohn in the study area is well designed such that the salt

mining affects the flow and pressure of water very little.
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4) MIAMUAAT Boundaries

4.1) \@an Boundaries > Recharge > Yes
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4.2) \@en Boundaries > Constant head > Yes
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4.3) \@en Boundaries > River > Yes
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5) N5 Run Program
5.1) nA

gﬂ'ﬁ 4.24. TUsunsu Visual Modflow 115 Run Program
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6) UaAINanN1s Run Program
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gﬂﬁ‘ 4.26. Tusunsa Visual Modflow awadwsnisdiaes Output

wiierunitugilnaaauivnlddmusd g uneiuanaduninisivang
vonhlaifuuaziannsa@engawineIdiiunnTuaIn Left bar nssdIds Head 157813730

. < o @ 4 A
neglavansegwann1swdeu Head 1udidindndu

1 7 wrdoms Coptorgt = T} Chageer Linndy - M. B wvdey - Moresclt

3U# 4.27. Tusunsu Visual Modflow 1dengsedu Head tuima

40



N L e

T Wi Cvany -

< as & H
U# 4.28. Tsunsy Visual Modflow gssfiu velocities 1una

4.4.2 NM359aNLUVENIUNIIIINaas (Scenario)
« -t 4 = o = l“d 1 |
i]']ﬂ'ﬂ‘ﬂﬂ'ib’ﬁﬁﬂﬂ'l'iﬂﬂ’d'] l'ﬂi]ﬁﬂ'tﬂﬂaﬂ'J'S‘ﬂ'U%']ﬂﬂ"i‘i'ﬂ']Wlllﬂﬂaza"lﬂ’/l!.lﬂa@aﬂ’l‘il'lﬁﬂ
@ 1 Vear o ot ¢ o - v ' ' - o
wazusLYeN U IR AurETaYIvesnwuuanuntsnidiaes naGudulifivawndeluiud

& - & e ' [ - =
VINUUABY IWIUBLAGBUUITLIUA NS UARIANATIT NN 4.3. 3'1&asl.’elﬂﬂ‘t‘lﬂﬂ’i‘iﬂﬂﬁi]d

= =t
A9 4.3, FWETLDYAYANTINAADY

dounnsaidnass : sﬁua:ﬁamaeqﬂmsmaae
HO Huuingdlifivewnas
H1 fivainde 1 ve
Ha fivawnde 4 Ue
HY fiuainde 9 ue i
H16 HUBLNg® 16 Ue
H25 ivawnde 25 Ue

Pnusmhdanumsaisiaeni 6 ISusdnsyansnistusi (K) voatuitunde
TiiAistuandy k=10"" Wu k=10"" wazk=10" whenwgu mnu#uqnanszwﬁﬁsﬁa
mslnauazuswureniima ieen K vestundaidsuuiasiy

IWAUBIATIBINGD AIUNTI B0 AT AITNEY 60 WA SEBEWITENILNGS

240 WN5 ANUANINRIAY 315 WAS

a1



fredransnvuatandsluaatunisalishass

= J 1 o ¢ o
E“JVI 4.29. ﬂ?ﬁﬂ?ﬂﬂﬂﬂﬂlﬂﬁﬂiﬂﬁﬁ?ﬂﬂ?3&11'0’1?15]\1 HOwas H1

JU# 4.30. nsimusveindeluanumsaisiasd Hauas H9

JUN 4.31. msdmuavainasluaniunisaisiass H16 uay H25

ar

wemg: (1) nIadununuiainde Faazegfisviuau@n 175-235 wnsanfaiu
(Layer 8 uar 9) (2) nFad@lsunugudu meluliea (3) nSeaRunutuiuuenlang f99y

lLivhandna (nactive Cell)

42
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ol 45 - di' + I': 1 e ‘9 =i 4
mMsSeuisuntudu Layer 3 oA k Fundewiniu 100 m/s Wisuiieusenin

" as < s ol « «
gamaaey HO, H9 wuirdmiinisidsuutausaiu 3500 wns way Anadslesidunnis

-l w -3 & -
iwasuusanu 3x10 l'lJﬂil%’IJﬂ

|
AT 5.4. agunaniIviaasy

yavaaes | Falimswasuulawseiu wes | Anedswefidudnisasunsiy
Layer 1 Layer 2 | Layer 3 Layer 1 Layer 2 Layer 3
K=10" 1300 1200 1500 | 3x10° ax10° ax10°
m/s
K=10" 3500 3500 3500 1107 1.2x10° | 1x10°
m/s
K= 1§} 3500 3500 3500 3x10° 3%10° 3x10°
m/s
AATTNaNINAaas

WeA k vasuatndalulineadinnmiadu vialvensaimsdsuuanswuiudusag

TawAn k Ws@n k = 10 m/s Wk = 10" m/s Smiinswasuudasusedudiuen 1300

A i ar A q' ’9 ar o
wasihy 3500 Wns wavAsiwindY 3500 wes ety k = 10 m/s WINESAUNTS

- w g S b gy = « i [ o a
wWasuwasussiuaseuranlieauds dmivawaseiduinisdouusiu Weifiaen k

- ' @ e - X
YU ALTIUNsRUasuLUan NIy
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5.3. uan1sAneInauasunlasdsuianisivavesniiuima

- 2 = ° . a a &
e ﬂ"ﬁlﬂaﬂuuﬂﬁilﬁu'\mﬂﬂil“aﬁﬂunﬂ'lﬂ maﬁ“mmalﬂaﬂlﬂuﬂu

Han1InAaay

= - - : 4 ‘
AN519N 5.5. Mass balance WisuisumsiasuuvalSununisivareaiiuinia wiedl

Sunuveindeiiniu
Cumulative Volumes Report(m’)
IN
Hole 0 1 4 9 16 25
Storage(m’) 0.00 0.00 0.00 0.00 0.00 0.00
Constant Head(m) | 268928576.00( 268928576.00 268928544.00 268913920.00) 268913856.00 268913792.00
Wells(m’) 0.00 0.00 0.00 0.00 0.00 0.00
Drains(m’) 0.00 0.00 0.00 0.00 0.00 0.00
Recharge(m’) | 74477960.00| 74477960.00| 74477960.00| 74477960.00| 74477960.00| 74477960.00
ET(m’) 0.00° 0.00 0.00 0.00 0,00 0.00
River Leakage(m’) 0.00 0.00 0.00 0.00 0.00 0.00
Stream Leakage(m’)| = 000 0.00 0.00 0.00 0.00 0.00
GeneralHead(m ) 0.00 0.00 0.00 0.00 0.00 0.00
Total IN(m?) - | 343406528.00 343006528.00 343406496.00 33391872:00 343391808.00| 343391744.00)
ouT
Hole 0 1 q 9 16 25
Storage(m’) 0.00 0.00 0.00 0.00 0.00 0.00
Constant Head(m )| 485185,63 | 48518563 | 48518563 | 48516541 | 48516541 | 48516541
Wells(m) 0.00 0.00 0.00 0.00 0.00 0.00
Drains(m ) 0.00 0.00 0.00 0.00 0.00 0.00
Recharge(m’) 0.00 0.00 0.00 0.00 0.00 0.00
ET(m’) 0.00 0.00 0.00 0.00 0.00 0.00
River Leakage(m’) | 343406400 | 343406400 | 333406432.00 343405376.00 343405440.00 343405472.00
Stream Leakage(m ) 0.00 0.00 0.00 0.00 0.00 0.00
GeneralHead(m) 0.00 0.00 0.00 0.00 0.00 0.00
Total OUT(m’) | 343891584.00| 343891584.00 343891616.00] 343890528.00( 343890592 | 343890624
IN-OUT(m") -485056.00 | -185056.00 | -485120.00 | -498656.00 | -498784.00 | -498880.00
Discrepancy% -0.14% -0.14% -0.14% 0.15% 0.15% -0.15%
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Wisuisunamsiasuudas deudwauvendadu 0, 1, 4, 9, 16 way 25 Ve
.x - ¥ :
lasnswasuudasuiinunisivatiuiena  Constant Head, Recharge, River Leakage,
- v P
General Head, Total (In-Out) ua¥ Discrepency fin1sIasuLUaIRINITIN 5.5 Mass

o x a4 aa 1 -
balance WiguifisunswasuwlanBunanisivateaiuina deiisnnulsindeiiatiu

Hole & Total IN Hole & Total OUT
N Ty
E e B e
— #3100 ——— a— 34353233
5 om0 R 5 sasen - -
2; »:mang L th g- 34339303 L e e e
K] | 3 2 £ " 2 3 2 »
2 2
.. Hole & Constant Head IN _ Hole & Constant Head OUT
E E
7 2553303 R
£ Eman | :'c‘; 43515
£ EZmon L e e
o] L&
a 3 ) 2 o -,'g 3 3 a 3
| B g
| Hole A E Hole 3
4 ;‘
! Hole & River Leakace '5 Hole & Discrepancy
| &
| E 348073 . 2r3% a
3 (B
| Q@ e boE %
| -] . a T3
’ 5‘ 33¢3503 AND S Pl g =
| = =
| 9 3 # ) 33 = 3 1 = k>
B
I Hole 9 | Hole a
. e 2 !

31191 5.24. nsmenaudniussenindnnutainde wazenmsivaveniuinia
n. nsmaudmusseninedutends warlSinanilvadviavun

¥, nymmdius s uUsnde wasUinaninlvasentiavan

A. n3AIILdURUSIEMI T ILIULUBLING® way Constant Head IN

2. i udWussEwInsduUeinde way Constant Head OUT

3. nMAdNRUSIEI uUeInds wasmsadueenIINwith

2. NIINAMUFURUS TENINTIILUBINE DUATA LA IALARBY
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9159199 5.5 Mass balance Wisuisunmsiasuwasinanmsnavenia

A oo ' R = ' e ' - ' o w
UINA WIBHINNUVBINGINNTY uay  JUT 5.24 wuil disusuiutende dewaviili
Uhinanhlwadviunanasiesas 0, 0, 9.32E-06, 0.00426, 0.00428, 0.00431 AN,
Vsinanhlvasenvianunanasiosay 0, 0, 0, 0.003, 0.003, 0.003 m1u@AyU, Constant
Head (W1amassiniduissas 0, 0, 1.19E-05, 0.00545, 0.00546, 4.76E-05, 0.0027
AuaMy, Constant Head 9an anasaniduiassas 0, 0, 0, 0.00417, 0.00417, 0.00417
AUEWY, NMsTusenINWithanatioas 0, 0, 0, 0.003, 0.003, 0.003 MUAIAY WAL

ﬁtﬂai"ﬁ'uﬁm']ma'imﬁﬁawadumaazjﬁ 0.14% §i1 0.15% 393U VBNED 0 09 25 Ue
AATIVHANITNAADY

i - 1\ abed =i - W
INHANINRADIEMINEN I s LU NURIRINAINUNTIURs UL Us dIA LB LINIY

[ [ - W ' -] : -
Wilng 0 FaliidawarensdsuwtasBinumsiraveniuena
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o H Y % o ° ' .
5.3.2. mawasuwlasiinanisivavesnuinia Tusuliiriiinsléguing - vilae Wefisuauveindaiudy

NANTIINARDY
A91971 5.6. Zone Budget Flow
Hole 0 1 4
Layer 0 1 2 3 0 1 2 3 0 1 2 3
Constant Head | in 0 35020 | 894.39.] 9255 0 35020 | 89439 | 9255 0 35020 | 894.39 | 9255
(m’/day) out 0 0 0 0 0 0 0 0 0 0 0 0
River Leakage in 0 0 0 0 0 0 0 0 0 0 0 0
(m’/day) out 0 0 47042 0 0 0 47042 0 0 0 47042 0
Recharge in 0 10202 0 0 0 10202 0 0 0 10202 0 0
(m’/day) out 0 0 0 0 0 0 0 0 0 0 0 0
To Layer 0 in - - 0 0 - - 0 - - 0
(m3/day) out - - 0 0 4 - - 0 - - - 0
To Layer 1 in = - 45163 . - - 45163 = - - 45163 -
(m®/day) out - : 0 \ \ = 0 " /7y | - 0 .
To Layer 2 in ’ 0 - 3426.2 > 0 ! 3026.3 y 0 . 3026.3
(m’/day) out ; 45163 \ 4350.9 : 45163 / 43509 : 45163 : 4350.9
To Layer 3 in 0 : 43509 5 0 ; 4350.9 ¢ 0 . 4350.9 :
(m’/day) out 0 : 3426.2 0 . 34263 ; 0 . 3426.3 -
i in 0 45222 | 50408 | 43517 0 45222 | 50408-| 43519 0 45222 | 50408 | 43519
Total (m"/day) ,
out 0 45227 | 50470 | 43519 0 452271 50470 | 4352.1 0 45227 | 50470 | 4352.1
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Hole 9 16 25
Layer 0 1 2 3 0 1 2 3 0 1 2 3
Constant Head | in 0 35020 | 894.39 | 9255 0 35018 | 894.37 | 92549 0 35018 | 894.37 | 925.49
(m’/day) out 0 0 0 0 0 0 0 0 0 0 0 0
River Leakage in 0 0 0 0 0 0 0 0 0 0 0 0
(m’/day) out 0 0 47042 0 0 0 47042 0 0 0 47042 0
Recharge in 0 10202 0 0 0 10202 0 0 0 10202 0 0
(m’/day) out 0 0 0 0 0 0 0 0 0 0 0 0
To Layer 0 in - - 0 - - - 0 - - - 0
(m’/day) out ) : 0 , : 0 \ i . 0
To Layer 1 in : A 45163 - ! 45163 : i : 45163 3
(m’/day) out . : 0 . s ? 0 : : : 0 2
To Layer 2 in ! 0 : 3426.3 ! 0 : 3426.2 : 0 . 3426.2
(m’/day) out 45163 - 4350.9 c 45163 ) 4350.8 - 45163 . 4350.8
To Layer 3 in 0 . 43509 ~_- 0 ; 4350.8 : 0 : 4350.8 .
(m’/day) out 0 : 34263 2 0 3 3426.2 ; 0 s 3426.2 .
; in 0 45222 | 50408 143519 0 85220 | /50408 | 43518 0 45220 | 50408 | 4351.8
Total (m’/day)
out 0 45227 | 50870 |- 4352.1 0 45227 | 50869 | 4352 0 45227 | 50469 | 4352
V8N
%u'iﬁtfnﬁ‘ﬁms’lﬁqtﬂm -uilom  Layer 1 fio Sufuflsedu 0 - 25 (ms, Layer 2 e Fuduitsesy 25 - 62.5 ums uax Layer 3 o Suduilsedu 62.5 - 110 wms

awfvds

- “_,,-11-4 1 X AL & s W -0'41--1 - 1
LAIDIVULNY A LUAUNTITUNARTUNUNUUEG YD BNUYUNUIAD WUUNTIEOURD

Layer 0 fi® Fuuiisedu 110 - 400 ims
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NN 5.6. Wisuiiisuranswasuuasmsivaveniaalusulwhiiting
Ul - vilna (Layer 1 - 3) diausuauvendadu 0, 1, 4, 9, 16 uar 25 Ve ule
fi9nsaniies Hole azUszneuistes Layer 0 - 3 Tngdulshitiinslégulag - v3lan
(Layer 1 - 3) e Layer 1 fe Fuduiisedu 0 - 25 wms, Layer 2 e Fududiszeu 25 -
62.5 M3 uax Layer 3 Ap JuAUTASTAU 62.5 - 110 w3 druilvde Layer O Ao Fudyil
598U 110 - 400 w3 lasiadeamne “-” Ae Lifinslvakuiuiiiug annsadenfiansan
|.1Fs'amﬁﬂumsn’qtfm'u"immn1'iluavz’hsanrhu%uﬁuﬁ’uﬁﬁa‘lw&aqﬁ'mﬁ'mﬁa fie Constant
Head, River Leakage, Recharge, To Layer 0, To Layer 1, To Layer 2, To Layer 3 uaz
Total @ty

- a0 ' n-u -'1

Layer 0 to Constant Head, River Leakage, Recharge, Layer 3 ons1n15luadinn
wasan, Layer 0t Layer 1 - 2 Lidinaslvasitu

Layer 1 to Constant Head #n3inislvaidn 35020 m’/day §msinsluaseniien
Uswun, Layer 1 to River Leakage 8nsnsivaiinwiosiin, Layer 1 to Recharee 8n31
mslvaid 10202 m’/day shsnisivaseniiatiasinn, Layer 1 to Layer 0 uaz 3 lifins
Inasiny, Layer 1 to Layer 2 msluadhiianiossnn snsinislwasen 45163 m /day, 8n51
m3luad Layer 1 Yavaie (Total - IN) 45222 m /day, - $rsn13lvaeenaan Layer 1
viavum (Total = OUT) 45227 m’/day

Layer 2 to Constant Head #n31n15lvaida 894.39-m /day $m31n1slvaseniian
uewun, Layer 2 to River Leakage dmsnslvawdnfianiosnin dnsinislvasen 47042
m’/day, Layer 2 to. Recharge' 8n31nnslvaiistaasn, Layer2 to Layer 0 lifinslva
WY, Layer 2 to Layer 1-8msamisiunaidn 45163 m /day 8nsinislvasenilaiessnn,
Layer 2 to Layer 3 dasimsivawdn 4350.9 m*/day snsanislvasen 3426.2 m’/day, 8as1
nslvadn Layer 2 iavae (Total - IN) 50408 m’/day, 8nsnslvasenain Layer 2
yiawum (Total - OUT) 50470 m*/day

Layer 3 to Constant Head 8m31n13lvaidn 925.5 m’/day snsmsluasenilantios
47, Layer 3 to River Leakage, Recharge, Layer 0 5m'i’m'ﬁ'lwaﬁfhﬁaﬂmn, Layer 3 to
Layer 1 Lifin1slwarity, Layer 3 to Layer 2 nsluaidn 3426.2 m’/day sasinslwasen
4350.9 m’/day, Sasimsluawdn Layer 3 Yamue (Total - IN) 4351.7 m’/day, §asmsiva

28N3N Layer 3 fl.:muﬂ (Total - OUT) 4351.9 ma/day
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e 4 o ' o o
5.3.3. Mmaasuuwdastiuanisivavesituiana wWisvsindeasiaiuiu 9

[l ar " ar . 8 -9 = [ ar L -
U9 wasUiuAduuszaninisdusituvastuiunds (k) windu 10°, 10 waz 107" m/s

HAaN1INAaDY

d 4 . -~ A ° ' as U al 4 - 1
AN 5.7. Mass balance WaUslNaaAnITuIUL 9 Us wazuiuamaduussansn1sduniu

e - ) -9 -10 -11
YaIvUNULNGe (k) vnu 10, 10 waz 10 m/s

Cumulative Volumes Report (m’)

parameter K 10* m/s 10™ m/s 10" m/s
N
i Storage(m) 0.00 0.00 0.00
Constant Head(m®) |  26901734.00 26892844300 | 26892848000 |
/7 weusthd—G -¥:> Moga 0.00 0.00
Drainstm’) 0.00 000 0.00
Recharge(m) 78477960.00 74477960.00 74477960.00
ET(m ) 0.00 7000 000
=~ Rier Le—al;a—gz{;n_)— W S50 0.00 Yo
Streamn Leakage(m ’) 000 0.00 P A;ﬁiﬁ
GeneraLHead(m ) 0.00 0.00 0.00
" “Total IN(M) 34349529600 | 343A06400.00 | | 34300643200 |
ouT
Storage(m’) 000 0.00" 500 i 50
 Constant Head(m®) | 484936.78 485184:63 48518500 |
O Welkm) - 9 0.00 - 000 0.00
| Drainsi 000 am - | - apeg il
it Recharge{;n_)_- S i —_f-Jaﬁ e OE S i 050 Sl
B a e SR e 000 3. ]
River Leakage(m’) 343374016.00 343407744 00 | 343406464.00
| Stream Leakage(m”) | 000 0.00 0.00 ¢
Hméerﬁtfead?m U o 0.00 0.00 o
[ Tomloutmd | 34385894400 | 30389292800 | 34389164800 |
IN-OUT(m’) -363648.00 486528.00 485216.00
| Discrepancy(%) 0.11 014 A
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AT 5.7. Mass balance wiaualnasnmatuIu 9 vs uwazusuamaudszananisey

' - - " e -9 -10 -11 -
NTBItuAWNGD (k) WU 10, 10 waz 10 m/s laemsiasuudas Constant Head,
Recharge, River Leakage, General Head, Total (In-Out), Discrepency FuanwwawSeruiiisu

Lo Ld al
TYNEAU AN

AATIANBANTIINAADY

HansasuwanSinanisivareniuime devendendenau 9 ve dleuius
&usrdvsnsturuvesduiitings 0 wiriu 10°10%waz10” Tasmswsuuvaswes
Constant Head, Recharge, River Leakage, General Head, Total (In-Out) ﬁﬁhm‘ilﬂﬁ'ﬂuuﬂaﬂ
vemnnviselindvuutases hidmasenswasuanBinumslvavestiiima
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6.1. dgUunan1sAn

o o - - 4
INMTINaBINIIIMNeEzaunaalaslusunsy  Visual Modflow fiefins
NANIENUIINNISIIMIlBsazatsiinanenisivalasiswurosiivianalufiuiituwidn
2.AUNTITY LUMEITAY WUIINIT IVaRaTLIIRUTaIIUIgTa Jin1swasuulaslutiesuin

1 v A% & H
lidawansznulas aourunaaluiiui

6.2. Ugymauasiauastatauauus
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fawausuyy meliladeyatigndpausiudunniy 5am‘sﬁmsaanﬁuﬁuﬁuﬁagamﬂ
Adnfutu sedninnme, Ve, ssauthwinh, savdeaveaih warduq el
Lunaiilndifssrudiusianniian
6.2.2 mal¥eulusunsy Visual Modflow 4.2 TuUsunsy Visual Modflow 4.2
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