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NANTIPAT PONGSRI : DEWATERING IN DUMP SLOPE IN THE MAE MOH MINE
USING DEEP WELL SYSTEM
PROF. SUKSUN HORPIBULSUK, Ph.D. 72 PP.

Keyword: perched water table/waste dump area/landfill slope failure/and deep-well

dewatering system

The Mae Moh Mine in Lampang Province, Thailand, is the largest open-pit
lignite mine in Southeast Asia. On March 18, 2018, a large-scale failure occurred at its
west dumpsite due to water seepage and inadequate drainage in the foundation. The
perched water table, formed above less permeable layers, reduced matric suction and
increased pore water pressure, weakening the soil mass and lowering its shear strength.
This study investigated the efficacy of deep well dewatering to address perched water
table reduction and slope stability improvement challenges. A dewatering system was
installed in the failure zone, with submerged pumps positioned above the weak
foundation. Water level patterns under Single Well Pumping (SP) and Plane Strain
Pumping (PP) conditions revealed consistent phases: a negative slope during pumping
and a positive slope during recovery. Water level reductions of the observation wells
(OW) were greater closer to pumping wells, though heterogeneous soil permeability
influenced equidistant wells. PP demonstrated superior efficiency, achieving faster
water level reductions and a broader effective range exceeding 40 meters compared
to SP’s 20 - 40 meters. Longer recovery durations (R = 48 and 96 hours) increased
recovery levels by 20% at R = 96 hours compared to 24 hours and this study
demonstrates the suitability of deep well dewatering systems for large-scale earth-fill
operations, Mae Moh Mine has adopted these findings, implementing dewatering
systems to stabilize waste dumps and serve as a model for sustainable mining practices

globally.
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Clayey silt, greyish-brown, slightly moist, very stiff, low plasticity o Sampte AT ey wit
3201 -
| I _A— c
100 500 600
Horizontal distance (m) Horizontal distance (m)

Clay soil categories Claystone fragment Sand and coarse soils categories
k = 2x107° to 7x10™ cm/sec k = 3x10™ to 5x107° cm/sec k = 3x107 to 6x10™ cm/sec

al o 1 aa A =2 a § o0 o Y A a
E‘U‘VI 1.5 ANLAUIVGUNNNTUNNDANWINIIIULABINTAIATUNIULITILLDUTBIAY

nsvanatevestuAuny dnlasudvdnaaintadeuniee wu ssauinlafuiisy tadssnim
YDITUAUONALALAIIUAUUIFS Richards et al. (1981) na13}371 seavinladufisuingn
i lvaduasginuaavestuiuauiagavauagvilotuaunia1nuBuriude dawali



Puudusadeuvesiuanasuazyilviafiosnmanuaaduliisiung Steiakakis et al. (2009)
Feradedunaiduiumieiluannedudiazndssontsfimasgeneldaniedlaifiong
szunei shlfussduihlugnsudatuifadosnmestufuoniigusnanas uasviean
AelAnITRluRuiaafuny Tuguiuy Active wedges ua Passive wedges

nnsAnwuddeluein nudr Seddeannuneld@nuiAsitungfinssuuas
wadesnmuesainduluiufindies uandiiuin mswmansvestufuousininainnsdy
ruvesaugtunmsiliannsnssueteaninduiuaylFosamnyay anmetuiadng
At lugngunnifull dwaliadesnimvesaniunuanas nsddnluauesmsivn
wiRndunuvouirnvesianiunuLay AusTsumAfiogiuans Inslamedletufunumd s
SnvnuzmsBiuriuiuaza i unusadoufiuanaty ilesneuatosvosainfiuou
waznsgadurosunindanas vilarmdudilugnsunigluduiuoudiindu (Msanaswos
AsATaTEUsEAVE A A8 TR

Adeiiiagusrasdlunsfinmenudululfuesmfaisssuussunesiuuuiedn
(Pumping well) lumagu ieszunstimeluainfuanduss fuanvemileausiiung fui
Anvazegluinaimasvesiufiundlull wa. 2561 wazardrdnamsluiuiiniinisazan
vonildfaAy ﬁwmiam&gﬁzumzmaﬁwLLUUﬂa%"ﬂLLamN%mqufW (Submersible Pump) g9
nigusnAuAnidniios nsmaassguin 2 dnsase ldun msguuuuteiie (Single
Pumping, SP) LLﬁBﬂWiQUW%@NﬁU‘ﬁQﬁ’]MMQN (Parallel Pumping, PP) LLazmaaqquﬁﬂma
Ufusspziaiazan1izn1squinluguuuusngg lefmuadsiidussansamgegalunisan
seiuildAu wagldsunnuoyemsiannma nve. lunsdudunufiadeedaunnnisal
(Observation well) ngsaurastaguin nismaassnpaunlddisoqans uarldfunisdudy
Trsesuthanaeeheditod @y

1.2 IngUIzaAIAY09UTY

1) iileAnenUsEans nmussnsansesutnvessruvansE UL LUUYeAnluduhuIana
Wisuneluainfauou

2) Lﬁaﬁﬂmﬂszam%mwmadé’ﬂwmzmiamzﬁuﬁﬂugﬂLL‘U‘UG\'NG] \ieLfiatiesnnees
anAun

3) lefnwiadefvanyandmiunisansesuiniiofuaiosnwuesaaiuay

1.3 Wmiangvesulde
1) nuddvdnavesssssinsseUssAvinmuesnisansduii
2) ‘1/m‘u5q§w'ﬁwmaqé’ﬂwmzmsquGiaﬂsaﬁ?m%mwsuaqmiamzﬁuﬁw
3) neuddvinavessroznmmIruiareUsEAnsnmuasnisanseduth
4) anansafmuaduseunsguliaennaeaiuauansalumsufiRamase



1.4 vaulanlun15ALEUN15398 (Scope of Research) / aoufisniunisive
LL%’I::’WW‘L!']

ﬁuﬁﬁﬂmwagiiuu%nmﬁwmaﬁum%’juﬁuaﬂuﬂ WA, 2561 uazazsimamzluiuAfa
MsazaNvo SRR uULYesiufiiaans Tnedveulumnsisossd

1) msAnwlusesumaauy Wumsansanudululdvesnisindawasnsus sy
USY AV N MUDISEUUARSERULLUUUBEN UsEnausie Msvnasineadnassuuanssut
LLUUﬂaﬁﬂw%famﬁLﬁumigumaaﬂuﬁuﬁﬁﬂmﬁmaawu%uﬁgf]mmaLﬁau UarAIIVIATTAU
dldRunazaudu

2) T IATIEIERETANUEIRARITEUVARSEFULLUUUAN 91nHaNsATI9TRsERUL
wazauuLiluauy

ﬁﬂt’f"lxﬁiﬁu‘lﬂﬁ
uavumﬁ'

UM 1.6 suvdsiunfananenlddnunlumuide

1.5 Ustloaifianadnazldsu

1) anseimaumMBhugseiunsiufvenildfuiinafuiala ndminnsgu
uiiasa Ssiiusglovdetrannlunsuimsiamsssosnarivansavdmiumsduiunisgy
ihlunaauny

2) Lwdwmm1iamwummmmaumaaﬂwaamaaaﬂummmmmlumsﬂgummmiq

3) n9udiEnsasesEuUTTUIETILUUU AN foanse U luduh iR fouas iy
iy snnvesaaRuaNeg19iUTEANSAN
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USNANITIUNTTURAZINUILNNYIVDY

2.1 dWRVINTIVAYDIAINAY

msivAvesamfueainnnteduanauenuaznielu Jadenieuenlduianivndisinli
Aamaifistureshousadoulunaedhdsumuisaieuresfanauin n1sivhenaiin
ilasnnmsiiiuanutuvesaniuay uagusiuulmn Wudu Jadeneluldunamg vl
AemnuiedeuinvesnailaeyanmaUasuwUarnudulazmsusadeuluianain
A mLmﬁ”l,ﬁmLﬁaau’mﬂmﬁamawmﬁﬁqﬁwummmLﬁ'au%ﬂawLﬁmmﬂ'lil,ﬁu%uﬁum
AuAulngs n1svzdnaveande (Leaching of salt) Nsuanaalevadiussid euusyaiu
595179 (Breakage of cementation bonds) LLaxmﬁLLaﬂLUSEJuUSW (lon exchange) \u
Fu venandadendnianudrfaddadedug 8n laud msanavessziutiegeTIniE
(Rapid drawdown) wagn1sanniousesidafiu tusu

anwazn1IvRvesaafuinieduananwazlnge é’mamﬂugﬂﬁ' 2.1 laun 1) N3
\PAOUFILUU Rotational slip Feszunvithenadudiuldeisnas (Circular rotational slip)
videdlAsiliifulanay (Non-circle) lasvialu nsiedeusiauuudulfeitliifuianauiin
wulufui fauaudiliaiiaue (Non-homogenous) 2) n13duluauuy Transitional slip
Wway 3) NM3iAAeUFILUY Compound slip nsideufdesdnvaslininfutuiuseud
Maseginiioduiundmiefiu ssunuitfanAnssninssossdovestuiuiiaes nsadous
WUU Transitional slip ﬁﬂLﬁmLﬁa%uamv'ﬁw%a%guﬁuagj@fm’j’]ﬁammﬁu&imﬂﬁﬂ FEUIUNIT
ST ltufevAnluuruuiutunuudodeduiiu dumsiedeuiuuy Compound
slip ﬁﬂLﬁmﬁa%guﬁw'%a%guﬁuaaﬁszﬁuﬁﬂ fatu mawedeusindumsnanvesdiulfauay
FEUY



Rotational slides

Circular Noncircular

Translational shides

Slab slide

Compound slides

R — 7
T
Competent stratum Falls

JUN 2.1 dnwaenivivesandu

2.2 \elwsnmvdsauganisieairsuasisfissnmilssezinanatiud

mynseiadosvesaniuazdosnsgiiluaeansd Aewadosnmmdsduganisieatn
(End of construction) wagiafiosninduszegtiaiaius (Long term condition) dledinng
RoasnuAAvTer Atz Aans AL UaesR AT (Total Stress) Tusia
fu dwaliiAnauddsuutaserudui sasdudasnseasiaananienusui
Lﬁmﬁuﬁ]umsﬁqﬁm@ﬁwﬁqm (an3ng ) Lﬁ@ﬂ’J’]ﬂJﬁ’Uﬁ’]ﬁﬁ’]ﬂﬂﬂfiﬂ

2.2.1 uAUaY

nsouduriliiAnnsfiaduresanudusuneludifuameswasnieluiy

5IN§U FanaliAnnsfvduvesmuduh (maufuwhduiuianduun dnsouiu

AATUIUNAIBUTIALS I VUTUAUN T HUUSZANS ANUT U URT ANAuLdIUAUETAILIN

NgAVAIAUAANTTROEs 18 WazarilAanasdAanYTnesyeeLa18ud (Long term condition)

9 9

D.

]

flan1gndsd uaanisnead e (Short term condition) AMsAIuIMLAT BTN MYBIATATY
mmsaamﬁdﬂauﬁwqﬁﬂismLmuhhzmsﬁgw (Undrained condition) fidn1ieil shsndau
Uasnfaziaoniian vaedl fisvoziatotius (Long term condition) Anudurindauiiu
wameTidluLAuaruuIuauIunIsadganzauna duiu nsouAuuuRumisagon
Saunddafienuidesiensisiluannevdsdugansneaing (Arwduniduduiidigean)
nMsiuaResnmvesiuaueavilaensreadiedng wislimadanmsiiuanudusiunly
Au WU nsltimatia Vertical Drains %39 Horizontal Drains



2.2.2 Mmyaszsdmsunsil =0 (FanutAusIn)
ABNMTUATIEALVUTINIEE T UNMTIATIE AN 85N N8I 1A A UL T D LAY
me1 (Saturated soil) meldan1iglissuigin maliasgviedendnmsiiisudruauga

293015941 (Moment equilibrium) sgurunsivagniiasantndudiuldsveaisnay 7
wanalugun 2.2

(b)

UM 2.2 Nmszidmsunsal =0

wseviliinnsryuratanfuseuyn O Wuusuilosainiminviunmiessuiuns

a wva

R (W sipa11e17 1 1193) Nan1eauna MasiIumuLsudey (T) vesiunasriniulse
a ~

a & a va = Yo | &
WRDUNENATUNIULLUIIUA (T) wazausalaulansaunsaelul

T:T_f:i (1)
FS FS
Wa = % Lr (2)
FS
Fatiy
L
Fs = Sbr (3)
Wa

AMsTAsEREiosnnvesatnAuIzdesingq Tagnsiasugansu O LazuLIuYed
Taiaud (1) ilevndnsnautaenseiimiian Tunsdififisosusn (Tension crack) ifndufifiafiu
ANNE1EIULAS L, FzdA1te8ad LLasé’ﬂﬁﬁﬂ@&jLﬁmaa%ﬁaﬁ 98NS IRULN (Hydrostatic
force) nszThdeaIniuunsesdn Fuhlisndulasadoidanas
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IngoAInaNNIIANUARIYAFLTIAUIAGIR Geomatric similarity Taylor (1937) lelaue
SuUsvansanuaaesnw stability coefficient dmsunsIATIERERosA NYesaIRRUTS
AnanTRaausuazdmngaviiy H duszansenuadosnin (N) dmiussuiuiohss
fadndulasadodgaie

Sy @

N, =
(FS)YyH

N ffuegiuarutuvesarniu (B) uazladeanudn (Depth factor, X) Fanldain
JUT 2.3 dnsdiudaensde (FS) anansamlaainaunisaail

FS = S, (5)
N yH

Tag@l N, mleangud 1.15 Wevsuamaruduvesainiu (B) wazladeaudn ()

Firm stratum

0.25

0.2C

8 //7;77

NS A

0.1¢
/

0.05

0 10° 20° 30° 40° 50° 60" 70° 80° 9¢°
B
JUN 2.3 dulszavdanuadesninues Taylor dmsunsdl §=0 (Taylor, 1937)

2.3 nMaeszsimsiadeuialuuiszuy

dsvuvitReglulnvnuiviiaadu waraafuiaudndosmnniflefisuiuning
11 o19fisaNIaefuiaNenlidin finnsanguit 2.4 anuduvesaadusiug B fu
uunuauMarAmLEnYessIUTTRWAY 2 seduilifugnfinnsarindfanisutuiuaanm
FuroIaARuLAZUINAY mz (0<m<1) Wiloszunuith nslmaduesthgnauuiinduuuy
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BoUlURANIUUIUNUTZUIUITR kSIINTEVNUULAALAIUYDILAATUIULUIAIN ALV AULA S
ARAN19nsanugnL

5UN 2.4 nsAURKUUSIUIY

v

1A8N1TIATIERLUUAINNLANUSEENSNE (Effective stress analysis) ATSIATUNIULTS
LROUVDIAUAADATTUIUIURAD

7, =c'+(o—u)tang (6)

Lﬁla

o={(1-m)y+my,,}zcos’ B (7
r={(1-m)y+my,, } zsin Bcos 8 (8)
u =mzy, cos’ f 9)

A c =0 wag m = 0 (WadukazszuuAITRLBuAed) azla

t ’

Fs = ¢ (10)
tan

f1c =0 uay m =1 Gefuhlifiuegfiinvesainiiu) azld
/ t !

Fs =2t (11)

y tan B

@ Y1 P ' [ 1 1Y 1 K =
‘\]BL‘VI'UIWN W c' =0 E]G]i’]ﬁ’l‘u‘ﬂai’]@ﬂEJbLQJ‘U‘UE]gﬂUﬂ’J’]?,Jaﬂ z
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2.4 MIFAATILVLENYINTNVDIAINAY

uwishldRumneislasairmiessdinefiamnsadnivuasdsiniliauld Yan
vinifunanildfuasisnsuilideudetu 1wy newagnsndiliufeia Wuiogsvos
g ldfuuiede Twhusafeniu faquinuuvanildfuidufumier dedgngulu
Unannusladlfideudaiu Tassadrafananianansafnuihldivindu wilsianunsodeio
il Beanmuandoumssiivenusssumaiuansiurasdiuiilitu wdeliAnssuy
grningfiusnanstu fuiu sdudsduildfuoondussnming uasildfuiiog
Frofu 3 Ussuaw 1dud uwidaiildAuuuudasy widsilifuwougndita uasumaaiildiu
ey

wasildRudase (Unconfined aquifer) flotudrldnudidinessesiuinldaududaiy
omludaiu wazarudusifuauiuussenia Ssenansaduiandsuldluiuilas
3Bk ugnsudeuderulaadluauduilifu filusuit 2.5 Taouandliiy
msutstuiuduandu neduuugeasduduimasilifuieglituinfuh waedudisan
Hulwutansud

* bd %
— o.,';,..,-:::’ =% :._., ::°:°. : Aquifer
Wt e v %Y | .
2 ,:....‘ ..,.: .‘&& mpervious Layer

» ° o o 3 0y 2 Water table & upper
m surface of the zone

of saturation

5UN 2.5 uvaalefunuudase

uwiawhléfufignaaia (Confined aquifer) asgnvivauwazeglidunudlaifush ($u
fiurd) uansfsgudl 2.6 Liosngniivandeduiiui Jdldfimsiisduvesildfulnenss
ndufinnluundsi widduaglvaduanguuuisuififuasnididgdutve sy
fu Fudldfuaslidudatuonidlagnss il lifuganiussduussema

Top confining layer o8
Top of the L

« Aquifer W e —
e 0% @ T v‘ .
®e j e® L3 %e* Q& - <

» A3
Bottom confining Iayerm — = = — Piezometric surface

JUN 2.6 unaaladuwuugnafin
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uwnasunldRuien (Perched Aquifer) AedutnldAuiloguuussnastuiivinfioginile
seiuthliAuese wanadegudl 2.7 Tnewinarnnisiindurinududuiiladum uwignudaedu
fuhoraduiudadeduiumieiifounadluifanumnuiugauesliansadus
1 vihlhazauegluiui unduhlifuioutniindululsuillidui ssiiviunudhegliun
wagdvniiwntuiivihveduinfufenafndi@ilusssnunduiinAudoddy

Well Tapping Water Table Well Through
Perched aquifer Perched aquifer

Perched Water Table

31]17; 2.7 unasthlanuiiion (Perched Aquifer)

wiesnmdudsddbesieniseenuuunarieasisaniu Tnevilu mswimanevesan
Auduegfutatednuaenssdivewazanmniona seiuiilifudion (Perched water
table) 90 ganinseduiilddunan (Main water table) SnuAnlufufunuitliasiiane
(Non-homogeneous) wazilauufn1sduniutifunnaady iildausvaranluduiiuii
(Impermeable layer) uazdsnalinauausatunsivadur (Seepage flow) melusufiu
wAnsNaL wazeINReNIITWIEEREsNTBaIRAY (Huat et al, 1999) dnwarasstuih
UInaLfien wanadsgunl 2.8

3UN 2.8 dnwauzvestuiiuinnaliiey (Perched water table)
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wuus1aeadanienm (Physical model) JUuvumngg gnimldlunatsnuideiiie
anutlafenalnuazieoulusineg filugmswmansvesaniu 1wy Feulvniswamans
anwENIIMENMUDIAINAY Lazrdinvesiu lWudy Huat et al. (1999) Anwmansenuves
Fuhumaiteuseiesnmeesainiulunanedd Wiud suvdwestunuiidaduuszans
A58 ue wwan1511983 (Dipping) vestuiufi A dudszans n1sTurulas Srusu
getuRuiiiAdudsrans msfuriudii wazanududu Tngldlusunsunsinaduei
(SEEP/W) uazlusunsuiAszsilaiesnInvedainiu (SLOPE/W) $auAUNAN1TAdaUAIY
wuusaesenenmluieliifinig wui dudlifuiesdmwalfatosnmuesaniuan
sas Inslanizeg b stumanuiidadasauvesduussansnsfuruivesfuduuuse
Fuudruansgs fagudl 2.9 uonand Sruauduiimadisuiiiuiuinaliiadosninaes
AnfuanaLY Uy ﬁ’qgﬂﬁ' 2.10 wazamAuT i undasuinuiniafisusindtasdl
wadesniininainfuiidtuiiuisaiieslugudsiigandt §agufl 2.1 Rolando et al.
(2004) $raeamsiinanevesanRuisnmsnafivenildnulusuusassdediu wun
nMsRmangvesaafuinasiintuiiemnuiuiivovvesatniu (Toe slope) Wnlndrdus
Fenhuiiusnaturesduiifmansasdussetuilo sty warlduzidhd e
fdululsielndazifnniswimansvesainiu fo nmsduifedmesiuiinganigluainiu
LaeN13AoRITBILANS1IMTONNTLAA B URAYLNALEN Beddoe and Take (2016) Anw1taded
danasian1siURvesanAuinreunaInluluUTIaegedIuIBANST 1 ¢ WAZAIINLIIES
i1 1 g wud1 MmsIvAvLInEnTivauTesaafiu (Toe slope) thlugnsiasuaaiuzfu
vouval (Liquefaction) vesduildaveruvanduiseinioniniildfuiiguwesaniu
Okeke and Wang (2016) Anwianuaiavamansinganaziioulvgusrsunnsaiureain
fusonsivRvesaranull eeannnisivaduvesildfuluaniizasda (Steady-state
seepage) lunuustaetuuseail (Flume model) wuin eomuduluiuiintumuainva
mansiiAiinty wardmaliiensinmzuariamnudinazBeaaunadulns (Seepage
erosion) LLa::Lﬁammmmﬁamamﬂﬁm%mu‘ﬁqﬁﬁmqm A1PAUILNANITIVRA

EFFECT OF PERMEABILITY RATIO  [—e—RraTi0 = 30000
(permeable against impemeable strata)

185 —o— RATIO = 40000
18 F _
- —a— RATIO = 50000
E O 1.75
L 5 —=—RATIO = 60000
< < 1.7
W w
1.65 —¥— RATIO = 70000
18 - ——RATIO = 80000
0 5 10 15
TIME INCREMENT (1000 SEC) —&—RATIO = 100000

JUN 2.9 NaNTENUTRInIEINYeIENUTEAVENSTUHIUUNTDAUA U LU B TURLATLA
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foonIIEIUANUARNN8YRIaInAY (Huat et al., 1999)

EFFECT OF NUMBER OF PERMEABLE LAYER (1M THICK)

1.85

FACTOR OF SAFETY
»
J
w N

- \‘\‘\_‘\\‘

0 2 4 6 8 10 12 14

TIME INCREMENT (1000 SEC)

JUM 2.10 HANTENUYRITILILTMNUINAT BN adn I duAINUARA B YRIaARY
(Huat et al., 1999)

EFFECT OF POSITION OF IMPERMEABLE LAYER

1.8 1
1.75 3

—&—2m BELOW

—=—3m BELOW

—A—4m BELOW

FACTOR OF
SAFETY
- m —
D o N

1.55 5m BELOW

.
(&)

—¥—6m BELOW

0 2 4 6 8 10 12 14
TIME INCREMENT (1000 SEC)

‘U‘ﬁ 2.11 Naﬂﬁu‘VI‘UsUf’NW]LL‘W‘UQ%‘U‘N']U']@']@LWSN@]@@W?W&?U@’NN‘U@B@J\EJGUENﬁ'm@u
(Huat et al., 1999)

i""U‘UﬁGﬁ muuﬂmmmmwaaﬂ (Deep well devvatermg system szﬂsummﬂmisum
LzuaiafaUoszunetnuan i”UWEJ‘L!’]E)EJﬂRﬁﬂ‘Uaﬂ’JEJ‘fjiJﬁUU’]LLUUﬁ]ZJ (Submersible
pump) LWULRLINUVUOUINEA mgﬂm 2.12 syuuvedngnldegaunsvaglunisaiunusyeu
ihlfAudeoifiuaiosnmussaaiudomnssduilifuiigs nisauaussduildfuazdae
anuseutilufu ﬁzuuﬁeﬁﬂé’qgﬂiﬁﬁaaﬁﬂLé’umqmﬁlwa%maﬁf’l (Seepage) USLIUFIU
yosanduiiaiuiaiosnmlusenimsyevienufu wagdesfumaiAausngmvionans
(Piping) N15@AUI (Heaving) desnmslvaduvesiluiu msisseszuuteanluusnnd
fdeulomessiineiwvanrauaziisanusesurinlufuusnuainauldegeann (Preene,
2015) svUuUeanNEdmSUTURUNS BT TuRULER wardnsutuRiuuardunus sy
aunsafRanli 7 Audnuinnda 100 was SPUVUBANDIALT TS UL YEYINTA
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(Vacuum) dvsuiudinazidoniidanissuriem éﬁ’ﬂgﬂﬁ 2.13 izuuqmmﬂmﬂ%ﬂhmﬁu
ALARsaAIERS (Hydraulic gradient) Iﬁﬁ’uﬂaLLaza%’wﬁyuﬁqigﬁy’mﬂiuﬁmau%’w uay
Fredesiumsinafuvenildfuiioudhe ssuuledneniiiismislonionaneve usazde
fdnunzidurelunguiaizuiuis SzUWSﬁW@@ﬂR)’]ﬂU@ﬁ’JS%M@Uif’]LLUU?j&J FaildnuwaziFen
wazdvunaannivienielurguians N1590NLUUITEUUUDANITAIMUA FIUIU TWIA T2ELNS
LaEENIINIIEUIELIENIINU T dunTaansE R ULl R UMS or LR U R Benns (oint
Departments of the Army, the Air Force, and the Navy, USA, 1983)

EXCAVATION
DISCHARGE PIPE
~a

CONSTRUCTION
S PIEZOMETER

e g

-———— - .
3 _—— -

= - i T T .

-

g‘l.l‘ﬁ 2.12 seuussungtnlaaukuuuaan Joint Departments of the Army, the Air Force,
and the Navy, USA, 1983)

VACUUM HEADER
DISCHARGE HEADER' /

SEE DETAIL ABOVE

INTIAL WATER TABLE

CLAY,

WELL
SCREEN

b

JUN 2.13 szuussuieinlafuwuuyednginiugaa1nia (Joint Departments of the
Army, the Air Force, and the Navy, USA, 1983)

MIRvangvosiufifsfudunyYunnvonilowsiung anmsAnwves Hoy., (2024)
a5y mmwé’ﬂmaqm5ﬁqmmammﬂmﬁmhusuaqﬁwLLavmmmmaﬂumﬁzm813’1*71'
lmwmwaﬁuawuﬁmsm mmlmaassummJuUiL'gmsaamaiwmﬂnam@uam LL@JU‘U%’]‘L!T]ﬂ
aauLLaaaLuaamﬂufaumumumﬂﬂﬂamaa ‘i‘]ﬁm&Jmﬂmwaqmaimﬂmmiwwm&Ju Aomsifindy

[

‘UEN“UUU’]SLGWWWIE’J@J (Perched water table) danalimanssnmvesaintuanategsiitivdAey

o

Re
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Fetwilgauiiinennsazauiimietuiuifidinisfurud dawaliaueieaumin
(Matric suction) anas luvausit wsadiui (Pore water pressure) Taauintu nsdsuutas
Fand1avinliauduifusednsam (Effective stress) anas danalianafugeouuouay
ALANLTOLUNTIUULISRIUTDIRUARa RN UE

Fonasuly Fandumiluiiuiifsiudafudsenoude Tandaverufiianuuduse
Aoudnags nmsdenaninas esannauAsuutamesiagléfuiineiunaenssoziaani
g1 (Auas-nae1) ’;’Q%’ﬂﬁmdﬁfﬁﬂﬁi’aﬂLLmﬂéhLﬁuaumﬂﬁumﬁawmmﬁﬂﬁé’mLLu'u
UeE1MaINY wasilvoadnauTy aqmalwmﬂmwuqLLiqsuamamamaa %u@umummﬂumu
smemLﬂﬂmﬂmﬁmuaﬂuwumumﬂLaammwamuﬂu Lummﬂmiayamamamuaw
Wndunaznisfuriureniiy slfadesnmvedasiadisanas nadeuanmuostugiu
snidlosututuildi dwmalimmudunanainiiivinasessevesgusn sudeliia
ANsWanatgvesatnfuay 9 wind uludnvaznalnnisi TALUUE u (Wedge failure
mechanism) FaUsgnoufien151Aa oui luLILe B IAIUENTATULSILUY Passive wedge
warn1IngaRaluLuIAsresdIuULTiSuLTILUY Active wedge mAtRTIFUFouinlugns
Lﬂﬁauﬁaadwaﬁﬁaﬁnﬁwﬁu’%nmmi’m (Toe) uaruiagen (Crest) Fauansliiliiudnungy
miwqwmmwwmaam (Multi-wedge) wammw’mmummmaﬂsuvmiamummﬁﬁmswm
gnninen madevanimuasidn waztugiusinfidesanm dalldwriliAansiimaieves
Nuifiapu (Hoy et al., 2024)

nsfnwilfunuidoiudindonn Hoy et al. 2024 Frgtofiuaiosninvesiudig
fudunzTunnvoaniiowalwny 1ieafunsldssuussureduuuyedn (Deep well
dewatering system) m3guihuuutazdniadunadaddgluniseuguiildiu egn
thanldfuegaunsnanslunudeat aniiesus uaslassadsiiugiu enisansedudlifu
I#oehaiiuszAvBnm @Suaiosn musgIun LazmUANNITUe YR ELUUEN
wihaguszavarudifauudlunsldnumand uwimsussgndldinadadsnalusuon
Auruelnaiiidnvausduiuiiulsunuguazaseuaauiuiinisune Sasdinisdnyiuay
Wi ianstn maiwadeduldluanmiuiificududounsgliidudodortudul
naliiAnAuimienIunatinegwn wasidaloniad1nsun1siaundauinnssulunis
Famstudildfu saudmsiimadesnmmsssdimeda lunisinui Wiudunistiad
STUUTEUIBTLUUUEAN (Deep well dewatering system) nnelulwaiiudifiinnisianans
Tneratiuth (Submereed pumps) iﬂuﬁzﬁmamﬁu%gugmimﬁm%mmw Tnefnwdndna
voeszpvauardoulansguinguiuusie Wefnwiisnmsguihiifiussavsamgeaelu
nsanssdutilify
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A5N15A L HUN15IY

v
o

mMssiudunsiseUsenaudie 3 daundn teun dwdl 1) ddunsindesyuuansesuin
WuUUeAn (Pumping Well, PW) luduiilgiudenlufiuiidnwvesaniuitensnsain
seduthuazausuiludedananisaluagiinsesiiaiosnan waznsinssUadannnisal
(Observation Well, OW) dudulngseussuussusiLuuean suduanulasnsiniiide
nanusUszelne (nlw.) d@udl 2) msmaaaquﬁwLﬁaﬁﬂwwﬂisﬁw%mwmiamzﬁuﬁ;waq
suuuamué’l’uﬁflLLUUﬂaﬁﬂiu%uﬁwuwmﬂaLﬁﬂu msf[,éfiULLUUﬂ'ﬁau 2 dnuaiz louA 1) N13gu
LL‘U'U'UE)LG]H’J (Single Pumping, SP) wag 2) maauwaauﬂummwau (Parallel Pumping, PP)
wazduii 3) NTIATIEALALATUNANITNIAG D GuumaumimLuumma}ammmaiﬂimmu

3.1 Jagnldluanuide

JUT 3.1 viewmdnwesenavviemanduaioudingd unsgiugaavnssulng BS-M
WA 277

JUN 3.2 509A118 U IUIMaLUURLAZYIY
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v
o

Y1Uaan

3.2 Muddedaudi 1

vluduidmidunisiasiingssruvanseduinvuteanduwuuluduinlgaudenly
MuAdne Wensnsratnseiuinnarmuduiiluledananisel mssndunisiduney
Fastoluil
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msneadvszuusrUhegluedidiviinaniguaredlusund gy dundsesnis
reafsldannismaaeunsssaiandlunis@nwiues Hoy et al (2024) wansfaguil 3.6
nsfadssruusznsiuuuledn Ingliviemdniafeudingdifianaudidestumsianion
MIUNINTFIUEAEMNTIUING BS-M vianeia 277 idusuaudnaiasiniu 101.6 Ui, uay
AMUANYINAY 123 LUATIINEIFY (SEAURIAN 420 MSL) S2eevinavasuaviniu 10 1As
peAvUsznauuarlasiaisvasathdnuansdegudl 3.7 TnefivedndunuuluiuiiAnwiae
wuau 2 Uszamlaun 1) Uegu (Pumping Well, PW) uaz 2) Uadunanisal (Observation
Well, OW) aguuuiagsunisiidaseduanugevosnisieainets PW wag OW Tufiud

%

nsANwNg 2 d agdlumsned 3.1 uasuandlugui 3.6

A19197 3.1 fuvaiiinsEAuANgveINIIAeaT e PW uaz OW luiiuitdnw

Fovs Uszinnvesue | fidamawile (N) | @fanld (B) | dmatugs (MSL)
PW1 Uogu 3501.42 -5148.28 420.98
PW2 3509.72 -5147.37 420.42
PW3 3520.67 -5144.59 420.89
ow1 Uadanmnisal 3504.61 -5159.77 420.99
Oow?2 3521.08 -5153.24 420.81
ow3 3496.54 -5141.95 420.86
owa 3517.03 -5136.09 420.43
Oowb5 3512.43 -5156.59 421.02
Owe6 3506.37 -5138.89 420.07

A13197 3.2 umbaiiasauaNgaran1sneasaue OW luiuidnwm

Fove Uszimvesue | dfamewide (N) | #damald (F) Armaugs (MSL)
owT 3515.89 -5169.68 421.34
OW9 3485.50 -5164.85 421.89
OwW10 Uadananisal 3473.19 -5167.48 422.36
Oow11 3502.38 -5123.25 421.57
ow12 3498.85 -5104.85 422.49
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JUT 3.6 JULUUN IMARBIReasIsEUUTEUIBLUUURANLUIuNAN W

3.1.1 ReulunsisadeszuussuBtiwuUUedn

msAndsszuvansiuinlusinaanvlumiissiunzsuiunisiaenisieadne
UaSNAULUUTUIAHUHINANENA18YIIAY 101.6 sy, ANENYAAY 120 1WAT 31NHIAY
(szAulafy 420 MSL) tnevienguaidurawdngudened wazvienseuduvieiminyudangd
Lezmi'aa AINLINITFIUAMNIWYIDIANYURINZE BS-M 1en.277 miauﬁwﬁ'n,ﬁumsﬁwl,ﬂ%'m
aumLL‘U‘Uﬁm (Submer5|ble PUMp) TUIA 1.5 139807 LLavisuaUﬂsm Electrode MUANNITFU
ansziuthRnsaTistRuAmENYINGL 80 WwAs (340 MSL) 9nafu ’maﬂiwmﬂ“lumsﬂﬂmu
Usznausiy 1) LWaﬂﬂmamwammswzmwaqumaﬂizammwmaqmiamzmum 2) i
ﬁﬂmﬁw%wamaqé’ﬂwmzmsqwiaﬂizﬁw%mmmmsamzé’fuugﬂ 3)1fleAnwdniwaveq
SYHEANTT AT USYAVIE MNweIN1TansER UL Lag 4) Iiiead saunnsviuneni AU,
Y995R VLN LaTEUBRUINIINISansEaUtlua aRuny sULuuNIneastsiadnduluy
sUluUMIAeaiauAnasgUR 3.7
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Drainage

Ground base concrete

Dewatering PVC pipe
Dia. 25 mm

60 m

le— Steel pipe BS-M TIS.277-2532

|
|
|
|
|
|
|
|
: Dia. 101.6 mm
|

|

Casing slotted PVC pipe

o | Dia. 152.4 mm
® I
g |
o I |
= -
Separated screen wrapped geotextile
{
r—-Slotted distance
Pump installation level Submerged pump
End pipe level
I<——I
101.6 mm
152.4 mm

=3

sUft 3.7 sUuuunsneaistednduuuuluiuiiAne,
3.1.3 JunaumsnaaiieszuusEUIBLULLaEN
1) yhnsdenfiufineadiaszuuussuisiiunis (PW1-Pw3) AWNUIVBINGY
Bt
2) wiguiuiineadns niewamadumisiinsihnisuaaty uansfagud 3.8
3) nyvdeUANLNS BN P asdnsLaY TanaUns izl lunsvihay wansdagy
3.9

=D.

8) dndunsyaaneiissduanudnuinndd 120 was (1nszduiufn) dae
irsesinsynnglensedndunzany uanafaguil 3.10 uaznIvdeUAANYBIUS LAYINTE
ogvosilifu uaneia Uit 3.11

5) \leyanziaszduidmuauda nsidrshenuazeianielunguians
dieliuin Laviiu siedauantasudug ngasenainyslinniian

6) ARG 1Y ULTHUIEL IR Imaﬁméﬁgmaﬂq%’umw YA 101.6 uu. AANAN
120 - 123 A3 faevienginedes uon. 277-2532 9u1A 101.6 ual. ftudeushilednase
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[
a v 1

Geotextile #iAMAN 60 — 120 WA uazAnRWiangAiU wen. 277-2532 1M 101.6 ual. 7
AYIAN 0 - 60 1M5 AUATU WansdsgUd 3.12

7) sufiumaiannveuaznageusnsmslnaroni uamafaguil 3.13

8) findtatluguinawia 1.5 usef (Sasnisguivindu 1000 Ans/Aalag) fisedu
AEN 80 LIRS (340 MSL) NN uanafaguil 3.14

9) fasasruussuihuuueuitessneifignguiuuantednuunadiilvaas
TduneTusen (ua1svesaInfiung) LLamé’qgﬂﬁ 3.15

10) vienyazenngluiuiineasnaliseusoy

UM 3.10 anflunisyaangluiundny
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SUN
U

JUT 3.12 Weduiun1sgaenziesedu 123 was insfianwioman uen. auin 101.6 .
Miuseumgunuledunsie Geotextile
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5UM 3.15 1wiesyungt il sy uagauareInuInaiiuiinagey

3.1.2 nsfeasNUadunanIsal
uludIULALTUNSANAISEUUUAELNANI58] (Observation well, OW) LisLfA

9ndifegudr 91U 5 90 (OW7 OW9 OW10 OW11 uag OW12) Fsilszezriaainyegu
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PW2 winfiu 20 30 waz 40 1iAT SEAUAINEAN 120 WS NAAY (3UN 3.6) ThgUsvasA
YoaMsneasavedunanisal ielimsuiisdninavesszusvinsdeussdniamlunisguin
nsAluuieasNlATUANURILATIEIIN NHK. LansieguR 3.16

JUN 3.16 nMsneaseszuuvaandLnanisaliuAslunufng

3.3 93T 2

nsfnundvinaveanisanszduinmuiunislaenisguinanseduildfuiuaude
seRUANAN 80 W5 (340 MSL) 3niadu Tnelddnsnnisguasiivindu 1000 ans/9lue
MntuldesliseduinAuiafssezinainisfudandsainnisgu (1) wiidu 24 48 uay 96
Falus ilofnwdvinavassrgiantsiufreUsyansnwuaamsanszdui Taefisuuuy
nsguitasuyadu 2 fnvarnisqu QU 3.17) 1dun 1) nisguiuuyeii on Single
pumping, SP) kae 2) msqnw%’auﬁ’uﬂgammqu Lﬁaﬁi’waaqmiqmmmww (Parallel
Pumping, PP) Han13n 319 iavisanssuuun1sguagshlinaudn navesdnuaznisgusie
UsyAnBTnueInsanseA UL ﬂﬂﬁLU§SULLUaG%aQiSﬁU1§WLﬁjENﬁ]'lﬂmiQU WaZN13AUAIYDY
o PW agtiufinnn 15 undl degunsaianeiasziuiinuugu mavdsuulasmesseduh
\osa1nnsguuaznisAuiivests OW azduiinuuusnlus@indae Piezometer with
Automatic Data Recorder d1%13UN59UVBIN15NARBIGY warnnue PW uay OW Tudiudi
Anw
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O Pumping Well (PW)
Obser Vell (OW)

Elevation (m)
EL.460
EL.420
EL.380
EL.340

EL.300

500
(ﬂ) Horizontal Distance (m)

QO Pumping Well [PW)
se

Elevation (m)
EL.460
EL.420
EL.380

EL340

EL300

f
800 900 1000 1100

(GU) Horizontal Distance (m)
31]17; 3.17 migmwuﬂaﬁ&n (Single Pumping, SP) wag () mﬁqmmuﬁﬁzmu (Parallel
Pumping, PP)

1) MsguukuuUatifie (SP) TasguihannvetinansUaiien (PW2) uagians
Wasuuasmesssiuihanveihiindilaeseu

2) M3guinkuuszuny (PP) Tasnisguimdauduanteiaiute (PW1, PW2
uay PW3) ilosassan1iynsguiuussusas IansUa sunUasuessedutinanyetid
Andalngsou

3.4 9ATuduil 3

miseluduiinlunmsinssiddntotulssans ameesssuussuetuuudedn
TunsudladymssiuihldaudenlufiufianfuansunsTunnvewniiowdiune fulu
Hadudddoaivsnmuasninualndy sudunsiesigiainuanaaeulunnauudiléann
uideludnd 1 uwavdiud 2 dsvazidennisinszieadl Swﬁwamaaé’ﬂwmumﬁawia
UszAnsnmwasnisanszduin Tnefldnuas #1199V 2 JUkUY lmm 1) MIGUUUUUBLALY
(Single pumping, SP) wag 2) mﬁauwmmummwam 199189915 ULUUTEUIY
(Parallel Pumping, PP) amﬁwamaﬁvsvnmﬂ'lﬁﬂummaﬂivammwmaamiamvﬂum JGE
waqmnmsauuwumamwmwum TntuldeslissiuiAudissesnainisiud
M&991NNTGUIYINAY 24 48 uaz 96 Falus BvBwavesszuzviaeUsEANSANYRIN1TAn
seduih Tnliemginndeyaseduihiituiinldandedunnmsnifioglassou wagnsasns
aunsiuemsfuiivessedunshusivesildfuiinarfudileg udnmaguudnata
Failuszlevdegnannlunsuimsdanissseznaimunzandmsunsdniunisguasdy
aaau Weliaunsoimunduiuseunsgulisenndesiuauanunsalunsufoanu
939
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NANISANEILAZAISILATIEN

4.1 Swﬁwanﬁquﬁmuuﬁmﬁm (Single Pumping, SP) Aian1sildsuudasuas
sesutnldAuTisTeziaaIn1sAusa (Recovery Period, R) 24 47134
meifeilsudumslaensindassuuanssduiuuuUedndunuuluiiufiaafuouiiin
MR uazmsiauuumdlumsanszduiluaefusuvesiufifisiu eifisafiosnm
yosmaduliannsaldmuldmuinguszasdidely Uodndunuudsogiiszdu +420 MSL
YAFURILANEINA 4 i wageudin 120 wns AnfaAu vienguailuvemdngudnsa
wagvionsealuramanyudingdignzses munnsgiuaun niewmdnyudinegd BS-M uen.
277 MafeadszuvITUIBLILYeAnLazATI TaseAu L unsnoadssEuanTE AU
wuutedniifiszezinsuomintu 10 wes luiluiidnw Teefivedndunuulufiuiidnwiae
wuadlu 2 Yseianldun 1) Yeau (Pumping Well, PW) wag 2) Uadaunanisal (Observation
Well, OW) Tussazﬁf:uﬁuﬁuaﬂmimmi’mszé’uﬁﬂmaiauﬂaquﬁﬂ sriunslagldlothdanm
fifoguds 1dun Ow1 OW2 OW3 OWa OW5 wag OW6 9w uldiinsasnelevdung
dudsdusiuan 5 9a delimsudseyarianinisafuiaiinmsguinfdussansnmuas
wansenuluiiuiiinw sosisvosoguuarUadungmaniuansiasuit 3.6
miﬁﬂm§m%wasuamfﬁamxﬁufﬂﬁﬁLﬁumﬂmamsquﬁﬂmmzﬁuﬁﬂéfﬁmamﬁm’mﬁﬂ
400 MSL (A31udnUseunas 20 LIRS 9INRIAW) AUAITEAUAIINEN 340 MSL (AITUEN
Usanas 80 was aniafw) Taglddasmaguasiiuiniu 1000 Amssiodalug nduldesly
sgivihduiiiszazinainisfufandaannnisgu (R) wihiu 24 48 uay 96 92lus efnw

NSNAVRITTEELIIAINITAUAINBUTEANSAIMTBINITANTEAUL LaeTisUuuunsgulune 2

[ '
=~ =

fluiinisAnwazudady 2 Snwaznisgu 1dud 1) msguiuudeiien (Single Pumping, SP)
uay 2) Magundouiuriaaumau Wied1aesn13guiUUTEUIL (Plane Pumping, PP) kans
nsaniatsansgubuumaguagialinaudninavesdnuignisguseUsansnmussmsan
sedui mﬁLﬂﬁauLLUawaqszﬁuﬁnﬁaqmﬂmiguLLazmsﬁuﬁaﬁuaqﬂa PW qgduiinnn 15
unit Fegunsaimenszduiuuuy naBsuamosssduinieninnisguuagnishu
Av83UD OW gUuiinuuudnludfnae Piezometer with Automatic Data Recorder 9
Sufinnn 15 widt wenanil Seldddumsneassguiuuusadeadudiuunarsseu (N)
Tnousazsautsznaudesrognainmsguinauiaseduiiduauagssorinainisiuiaves
seuthaufanatiimuun (R = 24 48 wag 96 $21u9) MInAapsguiLUURaIdosazde
Aemeinansznulusrare1anNnssEUIB LU Seasdsnadesyiuihldfuilonainu
(Y
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400 Start pumping operetion
395 o PW1
I ® PwW2
390 +# v PW3
X A OW1
5 385 ! m OW5
g 380 o Ow2
¢ OW3
< 375 o OWe
5 370 Lo A OW4
2 {'._
% 365
g 360
§ 3ss
& 350
345 ©
340 3 %
335 ~
0 1 2 3 4 5 6

Number of pumping cycles (Cycles)
JUM 4.1 nswdsuudasvesszauihnnglddvnsnaainnisguuuy SP e PW 2 1 R = 24
Flug

SUTl 4.1 memmé’uﬁuﬁ‘maqmauJ%‘lauLLUaﬁsé’fuﬁfmfmﬁm%wamaamiqmwu sp #ive
PW2 idunudusiusnaivasunlassedutinsenoufeaestag Idud 9ransgu Fenans
Tnsiduanuduiusifinnuduiuau wasdremsauia Jauanddasiduauduiusianu
Fuduvan nisguuuy SP e PW2 L‘%'mmﬂmizj‘uam336’1’U‘1§ﬂ§f§ummzﬁu 399.02 MSL
unseisseAutldfuanasufiesedu 30032 MSL (A11wEN 80 wums 91nfaAu) 9Inty
UdetlszduihAumuuudassiung (R) wihty 24 Falus nan1svaaoukandlfifiuiingg
JUUUY SP five PW2 iiBvEwasaniswdsuuaswesseduiilunnte PW uaz OW Tngms
auive PW2 dwaliseduivestelnssavanas wagnsAudvasssduindusuyne
Aetunesfundsanduaanisay Tnedanaldindnvazvendunnuduiusvonisgu uas
n1sAufivesiata PW uay OW fanuaenadasiu udidfidnaasiiaauazgaganiaiy
JuagfudulsvBninisturnuiesiusouteguin navaaasiaiansiduiusounsgud
ditudwmalvinnuduresdunmduiusnisguiindu (szesaannisgurestuiolidenany
An 80 w3 9nAIAY Aeduas) uwiszRuthlFRundsnmsAusiidinfud R = 24 T
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410
405
400
395
390
385 .
380 ' ;)5‘27.7217
375

370
365
360 e
355

350
345
340
335
330

20

Piezometric level (MSL)

[ Before Testing
[ After Testing 0

Intitial perched piezometric level is at 420 msl.

U 4.2 ssuumsanasesssduinfigufussduildiuduly zone 1 meldBvinaain
ASEULUY SP 7ie PW2 71 R = 24 Falas

Ul 4.2 uansszurumsanasesssi Ui luteguuaradunnnisal iieuiuseduile
fiunouguly zone 1 melddmiwanisguuuy SP ive PW2 Wiulddndt szapvieannvegudl
Bviswarenisanasuessziutn Tnevefiflssasvinennn PW2 desninaslésudviwaannisgu
111171 Ky n1sanasvesseduinldfuisdenlndiAssiunsanasosszduinlute PW2
freg1atu Ua PW3 (119910 PW2 0i1fU 10 wims) iinmsanaswassduiilafudawini
55.40 WA (370 398.49 MSL g 343.09 MSL) Tuwauzdl Ue OW3 Fefiszezvinsain PW2 1y
svoy 10.14 1005 \inn1sanasesssuinlddunintu 42.36 wes (@10 399.65 MSL fs
357.29 MSL) ogsl3Anna Us OW1 OW2 OW3 Lay OW6 7141558319210 PW2 Ly
(14.14 wn3) windulFFudndnasinnisgultvintu Tnsfive OW3 Ranisanaswesseiuiin
oufigavindy 42,36 1ng (370 399.65 MSL fa 357.20 MSL) Tusazil s OW6 1innng
amawaqszé’uﬁmmﬁqmvﬁﬁu 58.38.27 A5 (270 394.05 MSL 79 335.67 MSL) et
Aadesninanuuususiuvestuivluaiafun Inetedildsudnsnannnisgutasniy
o1vgnnoadlusufuiifiddudsyand nsduiudeiing dwmaldnmsanasesseduiiig
Atfeninfiszgisannuennassguifiediu
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4.2 Sw%wamsguﬁmuuszmu (Parallel Pumping, PP) AansiaguuUaag
sesuthldAufiszesinainisausa (Recovery Period, R) 24 42Tus

gil‘ﬁ' 4.3 LLamﬁamamaam’ﬁquﬁg’]m&fléfmsquLLUU PP fiUs PW1 PW2 waz PW3 910
syfuthlERusuduYingy 365.78 MSL 366.34 MSL way 366.14 MSL aunsyiissesutilému
anaIuiamIuan 80 WATAINAIAY FaflA1sEaumniU 340.98 MSL 340.42 MSL waz
340.89 MSL d3ute PW1 PW 2 way PW3 muandu anvulassldseduinausauuy
sasufuszezinan 24 $alus dumnuduiudifiauduuauudnsdinisanasmesssiun
osnnnisgu Tuvmsd @umudiiusiifienududuuanuanddemsfuiaosssduthnm
FITUVIR

375 :
|

T

| |

|
370 A start pumping operetion

365

360

355

PO mRD>DgQ OO
]
=
w

350

345

Piezometric level (MSL)

340

I
|
|
|
330 ‘

f
| | | |
| | | |
| 1 | |

0 1 2 3 4 5 6
Number of pumping cycles (Cycles)
5UM 4.3 Midasuulasvesseauinngladnsnaamnnisaukuy PP five PW1 PW2 uaz
PW3 Tu zone 1 91 R = 24 Falug

NIgULUU PP fivo PW1, PW 2 waz PW3 ﬁ@‘m%‘wam'@m'ﬁLUé"auLLﬂawaﬂszﬁuﬁgﬂunﬂ
Ua OW lngsou anmsmmﬁm?{auLLUaaﬁxﬁuﬁwmﬂmquLLazmiﬁuﬁaﬁmmaamﬂé’aﬁu
Tunnue Tnensguilte PWI, PW 2 uag PW3 dewaliiseiutiveso OW lnsseuanas way
maﬁu@fmamﬂﬁaLﬁwﬁuw§amﬁuwﬁq%1ﬂ§uqmmaqwazﬂdamzﬁmﬁwﬁuﬁa uaNANTSs
wuhauturesdunruduiusvesnisguiAniind uniuduiuseuguitiintu wassedu
nsAusvesiliAunelFnsguLLY PP fantieniin1sguuuy SP LHasmnmsguLuL PP
FudunsieaInnsguiuy SP udseRUNMsAufgeaad R = 24 $2lusannisguuuy PP
anasuUUANNELTUS Fadusioanmsguiuy SP vumnutudsdufanstiiiilugud
4.3 wamsvageuil LLamﬂﬁLﬁuﬁanﬁﬂiimaamiquﬁmwfﬁimﬁm MliszRuN1SALFIvY
ihanasil R = 24 Falus iosnusinahidunmeludetosas Suthiliduimansenud
feEhuveamssruneuuuseiios
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PW1
PW2
PW3
oW1
OWs
ow2
Oow3
OWe6
Oow4

| XoX Anuly N>Rl Nel

Piezometric levels (MSL)

335 T T T T T T T T
0 50 100 150 200 250 300 350 400 450

) Time (min)

370

PWI1
PwW2
PW3
oWl
OWs5
ow2
Oow3
OowW6
Oow4

365

360 !

355

POGIED>DCOO®

350

345 4

Piezometric levels (MSL)

340 -

335 T T T T T
0 50 100 150 200 250 300

@) Time (min)

3UN 4.4 maSeuifiguanuduiusvesnisgueaznshumly 1 seunisgunielaavana
N (M) ATFULUU SP Uag (V) NMIguUUUY PP 1 R = 24 Falug

U 4.4 WSsuilsumnudfusyesmsguuazmsauily 1 50U199MIguUIUY SP uaz
PP idunuduiusveansiuianieldnisguuuy PP fanududilndifssiufunisguuuy
sP audureadunisiufinanifeuiinaiilnadveissesnanlag falu maguits 2
nsdlfefivsz@niamiiisumindululdvessrezinaidudd ag1lsiniu n1sguiuy PP uans
dunnuduitusveamsguiiiauduganty Wunainanmaguwuy PP ansnsnanseiuily
Sanduuy SPiflesnniiduauedeaguiinunndy
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410
405
400
395
390 |
385 |
380
375
370
365
360
355
350
345
340
335
330

Piezometric level (MSL)

[ Before Testing 0
[ After Testing (Single pumping)
[ After Testing (Parallel pumping)

Intitial perched piezometric level is at 420 msl.
5UN 4.5 MIUSeUIgUszUIUNTanasuees T uIaIN1saueladvEnaInnIsguL Uy
SP kATNITEULUU PP 11 R = 24 93l

U 4.5 uansssuumsanaossziuimdsnsgunglddninaannisguuuy SP i
Ua PW2 uagn1sguuuy PP fivs PW1, PW2 wag PW3 azsiuldan N138UKUY PP 5¥unu
nsanaspsszdulndiAesiumsguuuy sP astuansliifiudnseduinludaze ow &
Msidousdety nmsfisteguiiilszervinavintu 10 s fiasouanuiluiiuuin 20 x 20 e
Fsaudtanszeznaimsguin dadsufunsguuuy P Funsldananuturaady
AnuduusnnsgUTigenituasstesnaImsguiitesnitvesnsguuuy SP luvaisil nnsgu
wuv PP lidwmatenisiudsuuasdsmmslvareshlifuilvadivadiaeutunsguuy
sP Funpananadugeaduanuduiusmsfudilndifestu uenainddamuimams
Inavostnidne Ow lunsdinsguiuy SP uagmsguuuy PP Sianlndidesiu Tutha R = 24
dlus desalaudureadunnudaiuimstusvesiaaesnsdifidlndiAsetu viena il
11N15auuuy PP dUsednSaimuinndinisausuy SP luwdveaiainisaiiuauaialy
AAAUIY
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4.3 3n3navessrezaAuianensasunlasvesssauinldauneldleuly
miguﬁ'll,wu PP

nsdifnwoluazjsandulufininavessrernanisudeslviAufngdsannisgu
fonisiUasunlaswossdutin Tngn1s@nwiazaniunisguuuu PP five PWI, PW2 waz
PW3 uazldeslvisydurnausidunat R = 24, 48 uaz 96 91l

380 ¢
O PWI
375 A e PW2
v PW3
370 A OWI
—  OW5
— o Ow2
§ 365 ¢ OW3
j = & OWe
< 360 A OW4
B
o 355
S 3504 4
g 8 ¢
LI
A s
340
335 } |
R= 24 hrs | R = 48 hrs |
I |
330 01 23 4 5 6 7 8 9
() Number of Pumping cycles (Cycles)
374
8
§ 370
Z 368
o
5 366
Q
‘2 364
5
£ 362
g 360
& 20
358
356
20
3 Recovery 96 hr 0
[ Recovery 48 hr 0
[ Recovery 24 hr
(sU) Initial perched water level is at 420 MSL

5UN 4.6 Mmidsuulasvasszauinnglasvsnaannmsauwuy PP i PW1 PW2 uay
PW3 71 R = 24 48 uaz 96 Falus
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g‘uﬁ 4.6(N) LAPIAIUFUNUSTEUINTLAVUIBALIZHLIAINITAUAIVDILN maléfmsqu
WUU PP #1Us PW1, PW2 uaz PW3 91 R = 24 48 uay 96 T1lu4 Nan1sanuikandliiuiiue
PW1, PW2 uaz PW3 fiduanuduiusvesssauiiwasssosiiainisiudineaeiulunnle
61 R Whgniu lngus OW lunnueiianuduvesduniuduiusyesssesiiatguuaznisiu
MifAaefuiuiel R eIty unndeiuiafiiafan warasan A1 R Aiuindu dawalv
Y] A W T9gva o 3 ' ~ ' A a = P v
seaunsAumveslafuiiuguluynus PW uaz OW ilasa1nan R AN Tuaziing i
U%mmﬁﬂuﬂaLﬁmqﬁuﬁé’mwmﬂwaLéﬁ’wﬁawiﬁu 8NAIBENNYY N15AUN R = 96 Falua &
U =l % 96’ Va 1 d' GIJ 1 U § %4 d‘ o U
LAUNIAUMIYBIIIAALEINIINITaUR R = 24 Talus winduTewas 20 lnewady dmsuyn
UD PW wag OW dunalaanguin 4.6(v) dwmaﬁuéfmaqﬁﬂéfﬁuﬂwaié’fﬁwﬁwaﬁmmiauLLU‘U
PP R = 24, 48 waz 96 92lus Sudunuuiiendty L‘Wsmmevmummamaqmiﬂum‘m
G]’Nﬂ‘u umuumaqmiﬁumﬁmmﬁau 24§39 9z mma@ Youedl seutnaty e R
NN m‘wmsmmmmwwﬂmnaﬂumsmummaﬁymummuﬁuu viliilvadetin
TounntuludnsinsivaltnAiviney

375

| ® R=24Hr
O R=48Hr
370 v R=96Hr

365

360

355

350

Piezometric levels (MSL)

345

340

335 T T T T T
0 20 40 60 80 100 120

Time (min)

UM 4.7 anuduiiusyassyiviinazszesiaily 1 sounsguvaius PW1 melagvsnaain
NSNSFULUL PP 1 () R = 24, 48 wag 96 Falus

Ul 4.7 wansnuduiusvosssAuiuarsveznailu 1 sounisguiiue PW1 neld
NIULUY PP 71 R = 24 48 wag 96 F3lus 9nwan1svagey wuln wie R untudwaly
goznalunmsguifiolifessduifudeddmundsuiu Wosnnuinudludeguasiiy
gelumusvoznaAuiifiinty (Ul 4.6(0) wintudummuduitusvesnmsuddmiumn
R finnutuiiaenadostu wionanléin R AfuundudiowsviliAnmsasanvesuiuo
ihlutemnniu uslidmansznudemaifiutiuressnsmslvade fudu ssurvvesnsiu
fmesseiui ity (U 4.6(2)) Tagetumudn R Mfintu uwinrududuauduiusns
Aud (AuduiusseninsTumsmsivadsenan) (guit 4.7) fadlndiAeatulunnnisiu
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AIndeaInNn1sau lnenanududuanudunusnisaudadaniniu 25.2 24.7 uay 25.3
dmTU R = 24 48 uay 96 AUAU

250
7 Ezza PW2
200
) %
% 150 A 7 7 7 7
g 7%
en
8 100
z ]
g
=
&
50 A
0 T T T T T T T T
1 2 3 4 9 6 7 8
(n) Date (Day)
374
[ OW1
372 o OW5
v Oow2
— 370 A Oow3
2 = OW6
> 368 o Ow4
P
S 366
2
2 364
£
362 A
A 360 A
358
356
1 2 3 4 5 6 7 8
() Number of Pumping cycles (Cycles)

JUN 4.8 §M5nAv09T1UIUTOVAURD () S¥8ELIAIMNTEU (V) SEAUNSAUFIN R = 24 F3lu9
AelaBnEnaNAITIULUY SP Nive PW2

Ul 4.8 LLamﬁm%wamaﬂﬁi’wmuiaUmimaaquiaﬁwmmmiquﬁfl LAZTEAUNITAY
fafl R = 24 Falus angldBvEnainnisguuuy SP five PW2 wud1 maifiud uweasuau
seumsauiinaliszazinainisgy (feszduilviogfiszdu 80 wes 91nAafw) anas (Ui
4.8(n)) uavdswalsszauinduiai R = 24 92109 (UT 4.8 (@) anadluynues OW n1sanas

¥
[y o A

UBNTE UUWﬂUﬁ’JLﬂUNaQWﬂﬂ’]iaﬂﬁﬂ%@ﬂgﬁiﬂﬂ'\ﬂﬁaﬂax‘]ﬁ’]L%ﬁﬂ@U%L’]mIﬂEJi@Uﬁi%&%L'Jﬁ’]
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N3AuFLAEIiY izﬁuﬁwﬁuﬁaﬁammﬁdqwaimaﬁm@iamiamawaw%mmﬁwﬂ'auﬁmmiqu
Tusaudaly (szdunisiushaevined 20 92l AesvduihBusunounisguluseudal) Sevh
Iifszozinanlunisguanas Fomnoaminsuuseunsquiniiniu dwalnensede
aruanansolunisivaditovesildfulaesevanasd R = 24 Falus ity

370

Single pumping Parallel pumping

366 -

364 -

362 ~

Piezometric levels (MSL)

360 -

358 T T ‘+" "1/ "—"—""T1T """ 1T/ 1T /71717
1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16

Number of pumping cycles (Cycles)
5UM 4.9 MU ulfigudninavesdnuIuTauNIauieN1sanatuedTeA U MaIN1SAUIT R
= 24 Fga nglansguiuy SP wagnIsauluy PP

U 4.9 \WSsuifiBuBnSnavesTuIusauNIsaUAsER ULV N 13AufIT R = 24
Falu9 Aglan1saunluy SP uaguwuu PP five PW2 Imaﬁmiamwu PP Susuifiunissoann
MTFUUUY SP INNANITNAFBUNUIT mmuaa‘umﬁaumwmu daaliszauimdimsay
ma@aqmmiammu SP uaguuu PP ImsmLaummauwusmaﬂmiamwu SP kAYMTGULUY
PP aguuauduRusIZudusediy Femnen1uIn mmuiavmiqwmeummamwu
aehqmmﬂ'amiamawaqszﬁuﬁ"jﬂﬁm%’umiquﬁgﬂ 2 n3dl w1 MaiinduuUegu (M3gu
wuv PP) luszeenne 10 wms aeluitudl lidwasenisanasesdnsinsaudaf R gty
LﬁaLﬂauﬁumiqmwu SP ¥38Na13LAIINTTAULUY SP WAENSEULUU PP dszezUsedniua
Tumsanssiutilute PW Indidesiu sgrslsiniy nansvageuidliiiudssansnngves
nMsguinamgiuinuiduiniy ddufiuiiduonaiinginssunisiuiavosidetuly
\fosanAnsFurnuiuasauivivesiiuaslunsastuinuauuroudaudsUsIu
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4.4 Swﬁwmmszﬂzmaﬁﬁﬂszﬁm%mwé’w%’uLﬁau‘lwnﬂsquﬁéumu SP uazns
guiuuu PP

mamaﬁnm@m%wa%ﬁxazmqm'amﬁLU?{UULL‘Uanﬁuaﬂwﬁufﬂéfﬁuﬁ’agﬂﬁ 4.10(n)
wu31 Msguuuy SP hidenansemusious OW12 fifszazvinisannte PW2 winfu 40 s
AW Tuvasdt Yo OWT war OW11 ddlszozriieainte PW2 winiu (20 was mu
wur9) TEuUBvBnaanmsguiuy SP Iasifnnisanseduinadiviniu 10 was wag 20
e @mute OWT way OW11 muddu wazdnudn n1sguwuy SP lidwnansenuseye
OW10 fiflszuzsinsainte PW2 Windu 40 was auwuen lusasiive OW9 fifiszazrig
3INUD PW2 iU 20 11T AULuIglasuBnsnaann1sguwuy SP lngiinn1sansesiu
dhassiiu 5 wns

mamﬁﬁﬂwﬂugﬂﬁ 4.10(%) WU NMSFULUU PP @nansadsmansevuludave Ow12 il
SyeyenInUe PW2 WAy 40 wns muuuiving Ineiianisanasuessesudnviniu 2 was
snnadanunsadsmansenuludiie OW10 Aiflsvagrinsainus PW2 wiadu 40 wns AL
91 TAAANT5anAwBIsER UL MR 2 s wasdanuin sedutnluts OW7 OW9 uas
ow11 meldmsguuuy PP fssdusmninilan3sufunisguuuy SP udnisanasesseiuin
Tuus OW1 OW2 OW3 OW4 OW5 Lway OW6 ﬁl,ﬁmmﬂmiqmwmwu PP uaglhuu SP dfn
IndiAeafiu ey Fegnananladnnisguiuy PP fnaliAnnsanaswessiuinlussesilna
71

N13guULUY PP ﬁswsmwizﬁw'ﬁmaﬁlﬂaﬂ’hmiqmw‘u Sp Lﬁaqmﬂmsqmw PP 3
é’mwmiquﬁqmdwmigmwu SP T,maizasmwﬁzﬁw%malumiamzﬁ’uﬁwﬁm%’umig‘ULL‘UU
SP IuﬁuﬁﬁﬂmﬁgﬂwﬁwﬁmmumLLazmumNagﬂmf’Nmmdw 20 lUAS WAteynI1 40
wins Turniedl svognssyAndaalunisanseiuindmsunisaunuy PP lufiufidnuiisly
RNFARINE LA ANYeTA liBeNIN 40 1URS

410 { ®  before pumping test
O after pumping test

o ———

Piezometric levels (MSL)
2

310
T T T T T T 1 300 T T T T
0 10 20 30 40 50 60 70 0 10 20 30 40 50
(OW7) (OW5)  (PW2) (OW6) (OWI1) (OW12) (PW3) (PW2) (PWI) (OW9) (OW10)
( n ) Distance (meter) Distance (meter)
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410 4| ®  before pumping test 420
~ 400 © efter pumping e 4109 o
7 90 3400 afte

22

2 0 =
3 < 30
g S 370 4
- 2360
E 350 ‘S 350 4
g 340 2 340 4
g 3% g 304
& 320 2 50l

310 310 4

300 . . . . . " { 300 : . " v

0 10 20 30 40 50 60 70 0 10 20 30 40 50
(OW7)  (OW5) (PW2)  (OW6) (OWI1) (0W12) (PW3) (PW2) (PW1) (OW9) (OW10)
(GU) Distance (meter) Distance (meter)

JUN 4.10 Msivdguilassyiudmansguivingnniueny kazn1uu9nelasvsnasnn
(1) N1TGULUY SP Hag (3) N1TguUlkUy PP

4.5 AUN1SNTTUNBNITAURITBSEAULWMAINSFULILUY SP wazn1sgun
WUy PP

msdnyluiadedeuniind wui Swnuseunmsguiliistudmasomsanseduthesnad
Foddyneldideulariansguuuy SP uagn1sguLUL PP 919na13lé 0 srezaainsiud
yosszduimdanmsguin Wutladeddnlunsfnunssiudlifugeaadsniudents
ieufiafiosnmyesaniy gm?i 4.11 uansauduiusseninansiasuilasueaTun
1i191nMsAu (AV,) uazszeziiaiduda (0 a1elddninaainnsguuuy PP 1 R = 24
Falua it idninavesnisiuiroussavinmnnsanasossedu led AV, e
sedunsAUET Tr 1o audesyiunIshusiBudiy asdunliindnuazvonduninudung
fdnwasdunisluan lnegasdl 1 a1 AV, fanuduiusidadure Tr gy 91nt
Auduiuss At gdisd 2 ne AV, wdsuntandndessu Tr ffiudu angui
4.11 wuin Ueiiilserunmsausaisudusinds avilen AV, ﬁﬁ;mm?{aumumﬂf&’mﬁ 1 qjsthﬁ' 2

a1 (AnuanvesildfudasnniieuiuszAuaiiu) wazlnuduvesnudunusigs

'
=

wulugaedl 1 gendaf Tr windu ARuduveddied 1 naandiiainemnuainsalunsausia

Y
Y

WnNIA Tr Wity wienanfe sedunsAusaSuEusnEnase AV, i Tr wiiiu Tneil AV,
wiirnnnileszdunsAudiaGududdnios

Ua OW2 fiflssduAusiuduinniian (szduthanasanmsguliasiian) uansen AV, 7
LAsusUR NG 1 92901 2 bazauduestai 1 diign iy 0.0229 uag 0.0033
pmadu Turng?l Ue PW2 TiflsgduAuiasudulosiian (ﬁzﬁuﬁ’]amaqmﬂmiqwmﬁqm)
Lanan AV, TlganUasusnaIntaeil 1 g9l 2 uazauduvestaed 1 fdign winfu 0.425
uay 0.0054 Auddy ntudle AV, fusntuna Tr Ay @uauduiusasuaen
gt 2 Tunn Ue Taefinnuduvesidunrmdiniudlutied 2 fmnalndidssiulunnue
PW gy OW uanaInil S9mudn n15guiuy SP iagn1sguuuy PP Slenuduvesaaduiug
Tuvaeil 1 1lsusindu Megraau e PW2 danuduvesanuduiuslugied 1 winfy
0.0053 wag 0.0054 FmTUNNTNNTFULUY SP UaZNISEULUY PP Ansany

AV, et 2 Snsiasuwdasitessnnile Tr ity urtiuunltuiutudeios sau

a

= o lﬂ' = ! a o ! dl dl 1 1 d’ |
szurnaINIsAUA NI andslidnasiiuawnils AVHVH]Q@L‘L]QFJHNTH%'W‘U'NVI 1 gUIN
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eansyezalagTNd miuNsau srezialaeTiunanardralia N saiiNIwINTey

Re

n3guld uarduauseunsguilintussdsmalinsguiionnseduininUssvinagean
fetaty msguiistaznaimsaud R = 24 (aefiszeznainisgu 1 $rludlasiade) a
anansasudumsle Westuas 1 soumsgu Tuvmedl dwnnBunsguiiszesnaimsaudia
WinfugaUAsurIuR NG 1 §1aedl 2 (g 200 unit Tnelade + svoznanisgu 1 92l

Tngiade) aganansadniiunsle Geluag 4 s 5 saun1sgu

30

o PWI
e PW2
v PW3
25 4 O O O 9! A oWl
O O o & om
| ) 0‘0"A!$§.0n9‘.9‘$9.§—‘ o R
. © ) J «..0-,0,.«,«9. w 5 o
O KRS 202 <A> o
: “ -‘mﬂ* ‘ v 7 1 & OW4
E 15 ¢ “‘ 7 2 4 4
< O e
o . ]
] =
) ‘ v ‘ HHII)
l . ’ {13 lllllllll Tt llllllllllll
: e ananl
> / i en it
[ 'llll.-.-
éﬁl
0 & y I | | |
0 200 400 600 800 1000 1200
Tr (min
(n) .
30
o  PWI
® PW2
v PW3
A OWl
m OWs
o ow2
& OW3
O OWe
: A Ow4
—
>
<
0 200 400 600 800 1000 1200
Tr (min
() .

JUN 4.11 anuduiussenitamaivisuudasuesusunanilaiu wagssesianAumiveyn
Ua PW uaz OW mglddninaan (n) n1sguuuu SP uaz (¥) MIguiuu PP 7 R
= 24 Falug

° Y] A oA ) & a ~
aunsnIswgseaunsaual 7 Tr laq gnimunlususuvaunislamesiudn lned
W31EReIYaIANNITANIAMILAIINNTATNANUANTUSTENING T/AY, wag Tr Tuguuuy
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AnuduRus3ady (Ut 4.12) Bmstiiluismsnldlumsiwmedminussnnusedsves
w@nulag Chin (1970)

140

o PWI
e PW2
120 A v PW3
A OWL
" OWs
100 4 [m] ow2
—_~ < OowW3
g S OW6
g g0 A Oow4
g
—
2 60 -
=
F
40 -
20 A
0
0 200 400 600 800 1000 1200
Tr (min
() (min)
140
(o]
[ ]
120 A v
A
| |
100 4 I~
2 .
>
£ 80 - A
£
=
2 60
=
F
40
20 A
0 T T T T T |
0 200 400 600 800 1000 1200
Tr (min
@) (min)

JUM 4.12 auduiusves Tr/AV, waz Tr vaeynuUa PW wag OW aneldaninaain (n) n1s
JUUUU SP U@ (¥) ASEUWUU PP 71 R = 24 97114

=

sUn

=)

4.12 wansnrmiduiugues T/AV, uag Tr luguuuuanuduiusiBadu Taed Tr
dWududemalian Tr /AV, 1iindu wazauduresdunnuduiusininiuansds AV,
110031 TuP9e Tr WWeau dregragu 7 Tr = 800 wadl Ua PW2 fa1 Tr /AV, = 30 luvas
Yo OW2 A1 Tr /AV, = 100 fafu Uo PW2 fdn AV, = 27 wins uaz Ua OW2 a1 AV, = 8
WAs 9 Tr = 800 U1t 9nATIAsIzRanaaeurlEnTIUIN ANUTUTIAUANLAUTUS
YBINTFUUUY SP hazn1sguiuy PP dalnalAesiu endasgauy 7 Yo PW2 mrudunes
WuAudNRUSHA1InAY 0.0347 wag 0.0353 dmSUNITEULUY SP UagnISguLULY PP

-1

=b

=
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puaddy dadunisdudule miquﬁgqamé’ﬂwmzdmamwuLL‘UULﬁmﬁ’um'ami
WasuwdamesUiinasihudannnisguin wenanddamuin emruuandsves R lidwa
ngmusteRudLRUSYee Tr /AV, Wwag Tr HaneldBvEnaTnnIsguuuy SP kAENISgULLY
PP #agUdl 4.13 fuansliviudnanudustusues T/AV, uag Tr dm3u R = 24 48 uay 96
Falus oguunruduiudiBaduientu dmsunnve PW aghdlsfiom aruduiuddnanni
sgdamuansstumuiiaze PW aun1sn1svinune AV, 7 Tr laq angldnisguuuu PP
¥99UD PW uay OW annsauandlédenmduiusiaduielil

U8 PW 1 Tr/AV, = 0.0364(Tr) + 3.6733, R? = 0.996 (12)
«Ud PW 2 Tr/AV, = 0.0347(Tr) + 3.4318, R? = 0.996 (13)
«UB PW 3 Tr/AV, = 0.0357(Tr) + 3.1206, R? = 0.995 (14)
U8 OW 1 Tr/AV, = 0.0400(Tr) + 4.7688, R? = 0.999 (15)
U8 OW 2 TI/AV, = 0.0749(Tr) + 35.356, R = 0.999 (16)
«Ua OW 3 Tr/AV, = 0.0608(Tr) + 10.824, R? = 0.998 (17)
U8 OW 4 Tr/AV, = 0.0508(Tr) + 8.9833, R = 0.998 (18)
«Ua OW 5 Tr/AV, = 0.0391(Tr) + 4.6381, R? = 0.998 (19)
U8 OW 6 Tr/AV, = 0.0416(Tr) + 6.5782, R? = 0.999 (20)
250 1 o 7o ounr
o T=48hr
A T=96hr
200
E]
=] i
g 150
s
ﬁ 100
&
50
0

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

) Tr (min)
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250 1

200

150 A

100 -

Tr/AVr (min/m)

50 A

O T T T T T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Tr (min)

()

250 1 =24hr

48hr
96hr

>0 e
==
o

200 4

150

100

Tr/AVr (min/m)

50 4

O T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Tr (min)

(@)

Ul 4.13 enuduiusues T/AV, wag Tr nelddvidnaainmsguuuy PP vesus (1) PW1
(1) PW2 wag(@) PW3 nngldadnsnaainy R = 24 48 uay 96 Falus
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W
o

N
W
1

Piezometric levels (m)

® OWI Single Strain
O  OWI1 Single Strain predict by OW1 Parallel

0 (( T T T T T
0 200 400 600 800 1000 1200

Time (min)

JUM 4.14 mMsidSpuliisuanuduiugues AV, uag Tr 3nn1saTIainnaauiunelinisgy
wuu SP uavannisvinglagldaunis T/AY, uag Tr aneldnisguuuy PP veq
Us OW1 %R =24

Uil 4.14 uanamsiFsuiisuanudusiusves AV, uag Tr 99nn15nsI9TnAnAaUNL
aeldnsguiun SP uazannmsviuelagldaunisnisviune AV, @ Tr g anelénsgu
LUU PP 99908 OW1 mamsviwekansdnuuiaunisiivantutuasalivhue Ay, i
Tr Inq melédvdnaannisguita 2 nadildodnedussansnin endrogradu aumsd 15 9
a$19luaNNAMIFUILY SP aunsaviung AV, 7 Tr fildainnisnnainnieauminieléng
guULUY PP 71 R = 24 Falus IdiiszAvBam azviuldndusuduiusiildannnismsiaa
ApauULazIINNsYinelmalndiAgeiuegieun

aunsviuneseRutAui iRl uegliwAsuuladluinn lddesdunsguiuoy
Sp vidonisguiuuy PP uagldhadldsnautuguihisiey Wesmdnsmstusalude
fanafidwinian Gagnardalaeauanasalunisivadivesildfuanfiuilaesey aunisd
ﬁ'@umﬁuﬁfﬁmmﬁﬁmﬁsm?J'ﬂum'iﬁ'ﬁ’mm'ﬁLLmuﬂﬁquﬁéﬂumﬂaumﬁaéwmmzam eI 7}
annsniunToUNsgUAl AR AdeeuTRs g sURTR sl dog i seAnBam
pg1dlsfiniu auntsdananduannseldldeeivssans imiuituiidnuid gy dae
fodrialuidesvasdnisturing Fsdinamnanaravainuaisvestanay ufdriuiiAnui
desiiuiifenasliamsoasussiluaafunsimualfegsauysal wiftsanussiuiily
swyuluiiuiifiddyfianldesredivssdvsnmfioadosnmluszoren
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d3UNan153e

[
a (=

IednusiAnwrsruunisanseavinluvsnuaefulumilssdwsAlinn1sianane

1
v o v a ]

FoduladedrAgfieztiednviaiosnmvesanuaindu tneldusdnaunidurugudnans

o
=

4 1 wavewEn 120 was nRaRY efnwdadednsnasiey seUsyavSainnisanas
voaszutnldfy LLazLﬁuE?’]5&US$3V]§N]W%@QM?§U‘1§’]LL‘U‘UU'E]LaEJ’J (Single pumping, SP)
LLa:miQU‘jﬂLLUUﬂJU’m (Parallel pumping, PP) msf[,éfsaum'ﬁquﬁw (Number of pumping,
N) WazsrEzaINISAuRIvessEiULY (Water level recovery, R) Han15Idgannsoaula
Fasteluil

1. NM3gULUY SP fiva PW2 fidvSnasanisidsuutasosseduiiluynte PW uas
ow Tngmisguiive PW2 dewaliiszdutmestslngsouanas uagnsAufvessedutdmiy
ynveiintunieufundsnnduganisgu mafiusiuauseunisguiinaliszesiainisgu
anaq Lilesanmsanasessedunisfufdmalnenswionisanaswesuiinaineuiuns
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ARTICLE INFO ABSTRACT

Keywords: A Ia:ge -scale [ailme occurred at west dumpsite of Mae Moh Mine, Thailand due to perched water seepage and

Dewatering in the weak foundation. This study deep well g to reduce the perched

::'I’:" dumpsite water table and haiu improve its slope stability. A dewatering system with Single Well Pumping (SP) and

Gm:: Gnproyessent Parallel Well Pumping (PP) operations was installed in the failure zone. PP outperformed SP, achieving faster

Slope failure perched piezometric level reductions with a broader effective range lncrensmg pumpmg cycles (N) reduced
recovery levels and inflow rates due to aquifer rech li of ing N to
sustain dewatering efficiency. Under SP and PP opemncm, the measured recmery volume change (AVr) at
various time (Tr) could be represented by hyperbolic relationship. Mae Moh Mine has extended this innovation to
the real-world practice by implementing the dewatering system in the failed dumpsite to stabilize its slope
stability.

1. Introduction encompasses an extensive mining zone of 32 square kilometers and an

The Mae Moh Ming, nestled in Lampang Province, Thailand, stands
as the largest open-pit lignite mine in Thailand and Southeast Asia and is
governed by the Electricity Generating Authority of Thailand (EGAT).
Since 1955, the mine has served as a supplier of lignite mineral fuels for
the EGAT with approximately 16 million tons of lignite extracted

lly to g over 2,200 meg of electricity to 1to
the country’s energy demands. The Mae Moh Mine operndonal area
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external waste dump area spanning 42 square kilometers [1].
According to the EGAT's long-term master plan, Mae Moh Mine will
be excavated to a depth of 500 meters below the ground surface by the
next 10 years, pos:uomng it ns lhe sloba] dupcsl open-pit lignite mine.
The mining ion and waste trans-
portation via a conveyor belt system to designated disposal areas. These
areas were subsequently managed using a mega spreader machine
without undergoi ion. The wasted °s height targets at
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il

at the west

ly 1.56 square

Fig. 1. Failure (a) location and (b) directi

260 meters above the original ground level.

On March 18, 2018, during the dry season in Thailand, a large-scale
failure occurred at the west dumpsite (Fig. 1a), affecting an area of
approximately 1.56 square kilometers as presented in Fig. 1b. This
failure took place when the dump material reached a height of 135
meters above the original ground, at an elevation of 330 meters above
mean sea level (MSL). The failure mobilized around 70 million cubic
meters of material, spanning a length of 1.2 kilometers and a width of

1.3 kilometers. As a result, the stability of the dumpsite became a sig-
nificant issue for EGAT, necessitating urgent geotechnical investigations
and the impl ion of dial to ensure safe and
conti waste disposal op Despite the failure, this waste
Jumpsi i ial for inued mining and disposal opera-
tions due to the limited available space within the mine for waste
management. In other words, addressing the stability issues in this failed
dumpsite was considered necessary, rather than abandoning the site.
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Fig. 2. Soft soil layer at the base of the waste dumpsite confirmed by the
mudflow at the base Hoy et al. [2].

Consequently, EGAT conducted a post-failure investigation by soil
boring tests and field instrumentation. Fig. 1a shows the field instru-
mentation, including piezometers, observation wells, and inclinometers,
throughout the waste dump area, with a particular focus on the failure
zone to identify the cause of failure. Based on the site investigation, the
failure was a results of perched water aquifer in the saturated dump
slope and the weak foundation of the waste dumpsite [2]. The weak
foundation was confirmed by the observed mud at the base of the waste
dumpsite (Fig. 2).

According to Richards et al. [3], a perched water aquifer, which
forms when water 1 above i ble layers, red soil
shear strength and destabilizes slopes. Steiakakis et al. [4] also noted
that weak soil layers are particularly susceptible to failure under un-
drained conditions, where water remains trapped, increasing pore
pressure and weakening the foundation. The failure mechanism in these
cases often results in a two-wedge system of active and passive blocks,
where the upper block slides downward while the lower wedge moves
laterally. Yang et al. (5] demonstrated that perched water in waste
dumps, retained by low permeability layers, significantly contributes to
landslide risks. Similarly, Datta [6]) identified that localized perched
water accumulation due to impermeable layers affects both slope sta-
bility and leachate management in waste dumps. Mama et al. [7]
highlighted that p d water lation in waste dumps is a critical
factor influencing slope stability, particularly in heterogencous waste
material environments. The study emphasized that perched water de-
velops due to low-permeability layers, leading to localized water satu-
ration, increased pore water pressure, and a subsequent reduction in
shear strength.

For the waste dump area in Mae Moh Mine, the degradation of the
basal layer, combined with the presence in perched water aquifer,
formed a critical weak zone at the foundation interface. The slope failure
ultimately occurred in the form of a wedge failure mechanism, involving
horizontal translation of the lower, passive wedge and vertical subsi-
dence of the upper, active wedge. This complex failure mode resulted in

Results in Engineering 26 (2025) 104938

1 hni Vo

control g widely employed in construction,
mmmg, and infrastructure projects to efficiently lower water tables,
stabilize foundations, and control water ingress in deep excavations.
Hu et al. [8] investigated dewatering effects on landfills, observing a
decrease in moisture content due to dewatering. Shi et al. [9] examined
the impact of dewatering on groundwater levels and structural stability
in construction, highlighting that effective dewatering ensures stable
excavation conditions. Van Lopik et al. [10] emphasized that partially
penetrating wells (PPWs) in high-permeability aquifers are more

cost-effective and efficient than fully p g wells for
dewatering. Zhang et al. [11] developed an integrated d ing and
recharge system for deep foundation pits, und ing d i g's

role in managing groundwater levels and preventing ground sculcmcm

Despite its established success in these applications, its use in large-
scale carth-fill operations characterized by highly variable soil condi-
tions and extensive spatial coverage remains limited and insufficiently
addressed in the context of comprehensive research and practical

guideli pl ing this technique in such lex and hetero-
g soil envi pi ignifi hnical challenges and
the opportunity for i ive adv: in perched
water tables and enhancing geotechnical stability l‘) 13).

In this study, a deep well d ing system was installed within the

failure zone, posmomng submerged purnps in lhc waste material slightly
above the weak found, The pumping and conditions were
adjusted to determine the most effective method for lowering the
perched piezometric level. The dewatering system using deep wells has a
promising potential to reduce the perched piezometric level by lowenng
the confined hydraulic head effectively, allowi lled d
Unlike typical groundwater drawdown, which affccls a broader rtglonal
water table, the deep wells in this study specifically target the perched
system, ensuring a localized red: in water p while mini-
mizing excessive drawd p The field has been
full leted, and a sig reduction in perched piezo-
metric level has becn confirmed. Based on the outcome of this research,
EGAT is now installing the deep well system for improving the stability
of the existing dumpsite.

6

2. Previous study background

The current study extends the research conducted by Hoy et al. [2],
with a specific emphasis on creating an optimized solution to reduce the
perchv:d piezometric level in the waste dumpsite. To demonstrate the

and ity of the proposed solution, a y of the

findings is provided, blishing a ion 1 the

rcsulls of the current study and the prior ﬁ:ld investigation and nu-
merical analysis.

Post-failure geotechnical investigations at the Mae Moh Mine were
conducted to characterize the causes of the waste dump failure. The
boring logs revealed lhc presence of a weak foundation beneath the
waslc dump malcnal Pi and pipe data provided critical

i hy g the water within the waste dump.

The weak fnundadon was formed by the waste materials, having
been dumped on the swamped arca. This material was left for a long
period and transformed into degraded soil (Fig. 2a) layers in the satu-
rated state under the pressure of the overlying waste material. Since the
waste material was dumped over natural waterways as shown in Fig. 3b,
the pcmhcd water was naturally formed in the waste dump mass. This

significant displacement at both toe and crest of the slope, ill g
the multi-wedge nature of the collapse [2].

Building on the findings from the site investigation and failure
analysis conducted by Hoy et al. [2], this study is an extended task for
further exploration to reduce the perched water within the soil mass and
hence enhancing the stability of the existing waste dumpsite at the Mae
Moh Mine. The proposed solution involved using a deep well dewatering
system. Deep well dewatering has long been recognized as a pivotal

F ic level typically forms in non-homogeneous material
w:lh varying permeability, a characteristic observed in the Mac Moh
Mine dump area. The observed perched piezometric level above the
original ground surface is demonstrated in Fig. 4 [2].

ancdon F ig- At,the bsurface profiles at boreholes B2 and B3 reveal
a isting of al ing p ble and imper-
mnble hyels. Bomholc B2, located in the upper slope zone, is primarily
¢ d of cl. fi in the upper and middle layers, un-

dcrlz.ain by carb cl;y anda of sand and clayey silt at the
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Sample Properties
- Frictional Angle = 17.14°
- Cohesion = 68.49 kPa
- Coeflicient of Permeability = 6.39x10™ cm/s
Natural
Waterway
(Huai Luang) Waste Dump Area
Natural
Waterway
Natural
Waterway - (Huai Khhn‘)
(Huai Kwao) 1 / 4} \J
s Waste dump |
Natural
Waterway -
| (HuaiMatam) ‘_ﬁ:‘
g

>_/f 7 \T':*

- Failure of the waste

= dump area in 2018

— 4
v ’}/‘-,r Ty
\ ~a ‘\“\\4
Fig. 3. (a) Saturated soil within the studied location and (b) Water catchment area under the west dumpsite.
base. In hole B3, d in the mid-slope zone, contains tests: the k values between 3 x 10 to 5% 10 em/sec for claystone

stiff reddish-brown clay in the upper section, foll 1 by hard cl

fz 3% 10 *t06 x 10 * em/sec for sand and coarse-grained soils,

fragments, gravelly clay, and dense clayey sand in the lower layers. This
variability in soil composition contributes to highly uneven seepage
, with coarse-grained ials such as sand and gravel facili-
tating infiltration. At the same time, clay layers act as barriers that retain
water and form perched conditions.

hoh

and 2 x 10 ®to7 x 10 ® em/sec for clayey soil. With the low k values,
the run off is not possible to seep through the waste dump.

Hoy et al. [2) reported that the failure at the Mae Moh waste dump
occurred in the dry season of March 2018 due to the sustained high

petchtd water table within the waste dump. This pressure was not

Due to this heterogencous nature, the hy ductivity (k)
across the waste dump exhibits a wide range, as confirmed by labormory

ly infl ed by I rainfall but rather rcsulted from
long-term water retention within low-permeability layers, as evid: d
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Fig. 4. Observed perched water table forms in non-homogeneous material.

by pi itoring, which ded i ly high pore water
pmums cvcn dunng dry periods. Unlllu.- an unconﬁn:d nqulfu, which
dynamically to 1 the perched water table at

the Mae Moh waste dump was isolated above impermeable clay layers,
restricting drainage and allowing pore water pressure to accumulate
over time.

Fig. 4 also ill how p d water
above impermeable layers, crcaung a hydrogeological setting similar to
a confined system within the waste dump mass. The perched water ex-
(cnds horizontally across a sngmﬁcanl portion of the waste dump,
f a hydraulicall pped system that influences pore water
pressure and slope stability. The differences in piezometric heads be-

of high-water saturation. The presence of a perched piezometric level
was confirmed, with the water trapped above impermeable layers of
claystone, creating a significant hazard for slope stability, with the

highest detected level of the d zone at an ge elevation of
+400 MSL.

The application of ERT to i gate the existing perched water
aquifer and subsurface conditions has been d d in

studies, including Suzuki et al. [14] and Al-Fares and Al-Hilal [15).
Howcvcr, ERT has depth hrmlauons, particularly in dccper scclions
where i may d ish due to i

pressure and material heterogeneity. To enhance the r:habnlny of the
interpretations, the ERT results were cross validated using piezometer

tween B2, B3, and B4 (see Fig. 4) reflect the h i

5 Ping

bility variati and Joealized i

and borehole in the studied area. Soil samples were
collected from boreholes in the studied locations, providing additional
lidation of high-water content zones identified in ERT lmagls, These

differcnccsrconﬁnn that the perched water is not a singul. i

water body but a series of disconnected saturated zones, which d P
independently within the dump structure. Similar conditions observed

soil 1 firmed high moi content in | y regions
(Fig. %a), mim’orcmg the accuracy of ERT in detecting perched water.

in waste dumps were revealed by Steiakakis et al. [4]), where perched
water zones developed independently due to spatial variability in ma-
terial properties and samration levels.

The ERT hod was yed to provide a detailed und. di
of the subsurface condnions ln the failure zone. ERT is a geophysi

The in the studied area also confirmed the highest
pcrchcd piezometric Ievels at an average elevation of +400 MSL,
showing high water content zones trapped above impermeable layers.

The finite el hod (FEM) was ,,,‘usingPIaxisZD

imaging techmquc used to map rsisdvny variations, which in tum
pond to ch in perties such as moi content,
porosity, and the presence of walcr The ERT investigation in the pre-
vious study (2] covered multiple profiles, including LINE A, LINE B1,
LINE B2, LINE C1, and LINE C2, strategically positioned within and near
the failure zone. The depth of the ERT survey spanned from the surface
of the waste dump in the failure zone (+ 420 MSL) to the average original
ground elevation (+300 MSL). The ERT survey at dumpsite identified
inhomogeneous material, with significant varations in moisture con-

tent. The ERT profiles revealed zones of low resistivity, indicating areas

ft to analyze the stability of the dump slope. The simul
results showed that in dry conditions (no water table), the factor of
safety was above acceptable level. However, when the perched water
table was included in the simulation, the factor of safety dropped
significantly. This is because the pore water pressure within the dump
material causes the reduction in the effective stress and weakening its
shear strength.

In the FEM analysis, the perched water table was modeled as a semi-
confined aquifer, with the i ble basal found layer acting as
a no-flow boundary, preventing d d drainage. Due to the low
bility of the dump ial, the perched aquifer exhibited slow

r
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Unit Clectrode Spacing = 10.0 n.

Fig. 5. Location of dewatering system installation.

Arai 1 A "y

ge and mini in P to | rainfall,
causing it to act as a persistent source of pore water pressure. These
findings suggested that the perched water played a dominant role in the
failure process. In this study i d the effecti of
deep well d ducing the perched water p! , with the

objective of preventing future failures and improving the overall sta-
bility of the waste dump slope.
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i
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Fig. 6. Compositi

3. Methodologies

The studied deep-well d ing system was
at a critical zone (current failure mnc) identified th h pi ic

of deep well

ing system.

waterway beneath the waste dump (blue line beneath the dewatering
well locations), as located by the historical map data. Although other
areas along the original buried waterway (e.g., Line Bl in Fig. 5)

hibited similar ERT resistivity profiles, the selected location showed

monitoring and previous failure evidence (2], where pemhed water
pressure was highest and slope instability risk was most severe as
confirmed by imaging ERT results, and is illustrated in h g- 54 'nus e

the highest pore pressure in the adjacent area [2], making it the most
hydraulically critical zone for immediate depressurization.
The dedgn of the dewatering system was optimized based on

tem was implemented as a pilot project to assess the h geolog

b diti spatial and waste dump sta-

responsc of the perched water and to the eﬁ' i of
d deep well d ing under actual field conditions. The color
scale legend inthe gcophysncal sensitivity test results (Fig. 5) represents
subsurface resistivity variations (ohm-m), indicating moisture content
and saturation levels. Dark blue to light blue (2.00 - 8.00 ohm-m) sig-
nifies high moisture or fully saturated zones, often linked to pcn:hcd

bllily id The 40 m x 40 m dewatered zone, the three-well
configuration, and the well spacing were all sclected to target perched
water along the original buried waterway. These dedsions were sup-
ported by ERT, borehole, and pi data, 1g that the dew-
atering approach was bolh effccuvc and structurally safe The deep well

water. Green to yellow (8,00~ 25.0 ohm:m) rep
moisture levels, while orange to red (25.0 ~48.0+ ohm-m) indicates low
moisture or dry conditions.

To ensure efficient drai the | of the d ing wells
in this study was strategically allgncd with the onginal natural

system installati lved the ion of bored wells with a
di of 101.6-mm and a depth of 120 meters from the original
ground surface. Drilling was d to a depth ding 120 meters

using hydraulie erawler drilling machinery. Upon reaching the specified
depth, the wells were th ghly flushed to any soil, rocks, or
foreign materials, ensuring the wells were adequately cleared.
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PVC Casing Installation

Pump Operation System

Pumping Test After Installation

Fig. 7. Construction of dewatering system.

In this study, no borehole collapse or instability was observed during
well construction, indicating that the surrounding soil conditions were
sufficiently stable for installation. Furthermore, no signs of active
ground movement or lateral displacement were identified during field
investigation in the selected section. To further ensure the well system
could with 1 any p ial ground the wells were con-
structed using durable steel casings with high mechanical strength and
corrosion pecifically selected to perform under variable load
conditions typical of large-scale waste dumps. The deep well drainage
system was subsequently installed, starting with a 101.6-mm gravel

pack pipe at a depth of 120.00 - 123.00 m, followed by a 101.6 mm
slotted pipe (according to TIS 277-2532), wrapped in geotextile at a
depth of 60 - 120 m. A 101.6-mm solid casing pipe (according to TIS
277-2532) was then installed to a depth of 60 m. The pipes for this study
were checked the products quality and were zinc-coated with anti-
corrosive properties in accordance with Thai Industrial Standard BS-M
standard No. 277. The composition and construction of the deep wells
are shown inFigs. 6 and 7, respectively, while the locations of the
pumping wells (PWs) and observation wells (OWSs) are presented in
Table 1.
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Although the pump intake was positioned at 80 m, water was still
draincd from the initial perched piezometric level. This test was to
the of water in the aquifer, which could naturally

N. Pongsri et al.

Table 1

L ions of the ing wells and ob wells.
Number of Type of Wells North South Elevati
Wells coordinate (N)  coordinate (E)  (MSL)
PW1 Pumping 3501.42 -5148.28 420.98
w2 Wells 3509.72 -5147.37 420.42
PW3 3520.67 -5144.59 420.89
PW4 3537.65 -5135.2 420.98
PW5 3557.69 +5130.50 421.08
PW6 3577.41 -5123.91 420.74
owl Observation 3504.61 -5159.77 42099
ow2 Wells 3521.08 -5153.24 420.81
ow3 3496.54 -5141.95 420.86
ow4 3517.03 -5136.09 420.43
ows 351243 -5156.59 421.02
owe 3506.37 -5138.89 420.07
ow? 3515.89 -5169.68 421.34
ows 3540.42 -5146.7 420.60
ow9 3485.50 -5164.85 421.89
owio 347319 -5167.48 42236
owll 3502.38 -5123.25 42157
owiz 3498.85 -5104.85 422.49
owis 3560.13 514048 420.19
owl4 3581.20 -5133.69 420.54
owls 3552.29 -5120.41 420.44
owle 3598.17 -5121.26 42024
ow17 3508.81 -515.29 419.03
owis 3573.87 511234 420.49

The submerged pump was mstallcd at a depth of 80 m below the
waste dump surface, app col ding to the original
ground elevation (+300 MSL). This dcpth was selected to provide suf-
ficient space above original foundation for water lation within
the perched aquifer. The well casing extended from 0 to 60 m to resist
the collapsing of the borehole, while the screened section was located
from 60 to 120 m to facilitate water extraction from the perched aquifer.
After installation, the wells were developed and subjected to a field flow
rate test by installing temporary pumps to measure the natural flow into
the well per unit of time (well yield) without external intervention.

supply. Based on the flow rate test, which yielded approximately 970
liters per hour, a 1.5-horsepower submersible pump with a capacity of
1,000 liters per hour was selected and installed. An electrode system was
also deployed to control the final piezometric level, set at a depth of 80
m from the ground surface.

In the field experiment, submersible pumps were used to extract
water at a rate of 1,000 liters per hour. The pumping duration, defined as
the time required to lower the piezometric level to a depth of 80 m, was
meticulously recorded to evaluate the dewatering system's efficiency.
Foll g this, the pi ic level was d to recover y at
different target recovery durations (R) of 24, 48, and 96 hours, facili-
tating an assessment of the system's water reduction performance
wnlhm the pumpmg zone. Upon reaching the designated recovery

ing d, with the highest water table

being rccordcd as the last plczomclrlc level before pumping recom-
llowing the p level to return fully to its

original level. This cxpcnmcnt hypolhulzcs !ha! an efficient dewatering

system will d inp over succes-
sive lesls as evidi d by a prog 1 Iowcr ic level before
Additionally, it is lhat the recovery piezo-

mcmc level at specific R will increase with each test cycle, indicating a
decline in water inflow into the well as the dewatering process reduces
the volume of available perched water aquifer. The field experiments
were divided into two pumping methods (Fig. &) described as follows:

1. Single Well Pumping (SP) by pumping from a single middle-well
(PW2) and measuring the variation of piezometric levels by the
surrounding PWs and OWs

2. Parallel Well P g (PP) by pumping simul ly from three
wells (PW1, PW2, and PW3) to slmulalc multiple pumping condi-
tions and measuring the variation of piezometric levels by the sur-
rounding OWs.

Pumping well (PW)
Observation well (OW)
INISWSI_Elev. +420 m

Elevation (m)
ELA6
ELA20
ELJ3s0
EL340
By [ "Oyicinal Ground
L A A A A N Y TS
(a) Horizontal Distance (m)
Pamping well (PW)
Observation well (OW)
NISWSI_Elev, 4420 m
Elevation (m)
EL4s0
EL420
EL3S0
FL0
EL3
1
. wo
(b) “Horizontal nlm-w (m)
Fig. 8. Field experimental programs, including (a) Single Well Pumping (SP), and (b) Parallel Well Pumping (PP).
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Fig. 9. Variations in piezometric levels in OWs and PWs, resulting from pumping in well PW2 under SP at R = 24 hours.

Thc evaluation of SP and PP operations was conducted under

1 condi to the i e of perched

water inflow variations and precipitation effects. The field experiment
was performed in a controlled period, ensuring that both SP and PP tests
were not d to diffcrcnl | water table fluctuations. The

results from both p hod ide insights into the i

of each method on lhc efficiency of pcrchcd piezometric level reduction.
The changes in piezometric levels due to pumping and recovery in the
PWs were recorded every 15 minutes using water level dip meters. For
the OWs, the changes in piezometric levels due to pumping and recovery
were automatically recorded using piezometers with automatic data

ders. These were taken for each pumping test and
for all PWs and OWs within the study area. The use of manual operation

numerically define high and low permeability layers based on Fig. 4, the
k values were determined as follows: high-permeability layers range
from 3 x 10 *to 5 x 10" em/sec, while low-permeability layers range
from2 x 10 ®to 7 x 10 % em/sec.

For the SP condition in the initial phase at R = 24 hours, the varia-
tions in piezometric levels in OW and PW, resulting from pumping in
PW2 are pr d in Fig. 9. Pi level were
recorded at pumping wells PW1 and PW3, as well as observation wells
OW1, OW2, OW3, OW4, OWS5, and OW6 for cach 15 minutes. In Fig. 9,
number of pumping cycles (N) refers to distinct dewatering cycles,
where each cycle consists of a p g duration (depending on bore-
hole’s efficiency in g water) followed by a specific recovery
pcnod (R =24, 48, 0or 96 hours) Tracking N helps analyze how repeated

in the PW was primarily due to budget ints and the short durati
of this pilot project. In Thailand, manual operation is more cost-effective
than an automatic system when considering equal working durati

ing affects the perched piezometric level over time, providing
msnghls into the long-lcn'n impact of multiple cycles rather than

g on individual time Each 1 N at R = 24 hours

Despite this, real-time p ric level ing was still imple-
mented, and manual operation allowed for consi: at
the exact time, ensuring the accuracy of the results. To align the data-
sets, the OW data polnls were selected at the exact time when the PW
started pumping 11 g for a direct P of hy-

draulic hcad rsponsc betwr:cn the OW and PW locations. This approach

lnclnds 1440 minutes (24 x 60 = 1440). Similarly, 1 N at R = 48 hours
includes 2880 minutes (48 x 60 = 2880), and 1 N at R = 96 hours in-
cludes 5760 minutes (96 x 60 = 5760). This means that each N repre-
sents a complete cycle of pumping and recovery, with the recovery
phase lasting R hours before the next cycle begins.

Each N showed two distinct phases: the pumping phase, depicted by

ensures that the initial perched water table conditions were cap din
OWs before significant drawdown effects were observed in PWs. By

anegative slope (the pi iclevel d 1 as time increased), and
the recovery phase (the piezometric level increased as time increased),

selecting OW data at the of PW i n, the analysis isol P d by a positive slope. The reduction in the piezometric level
the impact of pumping on perct tri lcvcls ing that the implied the p ial to impi the stability of the waste dump. The
drawdown cﬂ‘ccts were accurately lmcrpretcd submerged pump at +340 MSL was installed within a confined perched

aquifer. While the hard foundation was i ble, the waste dump
4. Results and discussion mass facilitated water drainage through porc spaces, allowing down-

ward seepage into the pumped zone for effective perched water removal.
4.1. Influence of single well pumping conditions on the in The perched piezometric level, initially detected at -20 meters from

perched piezometric levels at recovery duration of 24 hours

jadon iIn hed

waste dump surface (+420 MSL), was lowered from +400 MSL to +340
MSL dunng SP at PW2, achieving 60 meters of drawdown. The initial
ic level at 400 MSL refers to the elevation at which

In the initial phase of (hc p

i ic levels in resp to the p g effect was d using
lhc available observation wells (OWI 0W2 OW3, OW4, OWS, and
OW6). Additional observationavells were subsequently constructed @™
phase) to gain further insights into the effective pumping radius and its
impact on the study area. The distance between each OW and PW for the
1% phase of the study was uniformly set at 10 meters for all OWs and
PWs, and the distances of OW in the el phase are illustratedin Fig. 5. To

pcrchcd \va(cr V\as first rccordcd in PW2 before the pumping operation,

g with p ic 1gs from OWs. This measurement rep-
resents thc prc-dcwatcring plmm:tnc head within the perched water
system. At 100 m depth, the original ground acted as an impermeable
basal ' layer, icting further drai ERT and borchole data
confirmed that perched water was more extensive at deeper levels,
where low-permeability layers restricted vertical drainage, making
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20

Fig. 10. Plane of piezometric level reduction in PWs and OWs compared to the initial piezometric level before SP operation at PW2.

deep-well pumping crucial for red and ensuring
slope stability.

In Fig. 9, the recovery level at R = 24 hours is not solely influenced
by aquifer recharge but is also affected by residual water movement
within the waste dump mass. The heterogeneous composition and low
permeability layers within the dump allow water to be redistributed

ing pore p

gradually, leading to a slower but continuous recovery even after
pumping operations.

For a specific N, the results d d that SP operation at PW2
had a notable impact on the piezometric levels in all other PWs and OWs.
‘The behaviors and slope of the relationship of the pumping and recovery
phases in PW1 and PW3 and OWs were consistent. However, the

375 — - :
{ 1 i o  PWI
370 {start pumping operetion i ! i | e PW2
1 1 v PW3
a oWl
3 = OWS
o ow2
£ w0 . oW
3 o OW6
3 35 P
3
‘350
3
£
g 345
2
& 340
335
i
1
o 1 2 3 4 S 6
Number of pumping cycles (Cycles)
Fig. 11. Results of in pi ric levels in to the pumping effect under PP at PW1, PW2, and PW3 at R = 24 hours.
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Fig. 12. C: of the relationship b pumping and

and i level values varied, probably
depending on the pcnneabih(y of the soil surrounding the deep well.
The experiment also indicated that as the N increased, the slope of

150

200 300

Time (min)

y versus time during a specific pumping cycle (at the same N) for both SP and PP.

PW2, For instance, PW3, which was located 10 m from PW2, exhibited a
piezometric level decrease of 38.50 m (from 381.59 MSL to 343.09
MSL) ln conlms!, OW3, positioned 14.14 m from PW2, showed a

the pumping phase became steeper, reflecting a shorter pumping dura-
tion to reach the target depth of 80 m. In addition, the final recovered
piezometric level at R = 24 hours tended to decrease as an increase in N.
The baseline recharge capacity diminished with rep d pumping cy-
cles, as observed in both SP and PP operations, where the perched
piezometric level failed to return to pre-pumping conditions. This in-
dicates that the perched water is largely influenced by internal move-
ment of existing water within the waste dump rather than external
recharge sources.

Fig. 10 ilk the plane of pi ic level reduction in PWsand
OWs compared to the initial perched piczometric level before SP oper-
ation at PW2. It was cvident that the distance from the pumping well
significantly affected the piezometric level reduction. Wells located
closer to PW2 were more impacted by the pumping operation, resulting
in hed pi ric level d ble to that observed in

P P

ric level reduction of 26.15 m (from 383.45 MSL to
357 30 MSL) However, despite being equidistant from PW2 (14.14 m),
the influence of the pumping on wells OW1, OW2, OW3, and OW6
varied. OW3 experienced the smallest reduction in piezometric level at
26.15 m (from 383.45 MSL to 357.30 MSL), whercas OW6 recorded the
highest reduction at 41.27 m (from 376.93 MSL to 335.67 MSL). This
variation in piezometric level reduction might be attributed to the het-
erogeneity of the soil layers in the waste dump area. OWs less affected by
pumping may have been constructed in soil layers with lower perme-
ability, resulting in smaller reductions in piezometric level despite being
located at the same distance from the pumping well.
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Fig. 13. Plane of water recovery level influenced by SP and PP operations.

4.2. Influence of parallel well pumping conditions on the ion in

perched piezometric levels at recovery duration of 24 hours

Fig. 11 illustrates the results of variation in piezometric leveis in
response to the pumping effect under PP condition at wells PW1, PW2,
and PW3 at R = 24 hours. In Fig. 11, the variation in piezometric levels
in response to the pumping effect under PP condition was continued
after the SP condition. The initial piezometric levels for PW1, PW2, and
PW3 were recorded at 365.78 MSL, 366.3¢ MSL, and 366.14 MSL,
respectively. These levels were reduced to 340.98 MSL, 340.42 MSL, and
340.89 MSL, c ponding to an 80-m drawd from the ground
surface. Following the pumping phase, the piezometric levels were
allowed to recover freely at R = 24 hours. Similar to SP condition, the

g slope of the relationship ill the decline in pi ri

where continued PP after SP resulted in a further decrease in water re-
covery levels due to the cumulative impact of reduced recharge capac-

ity. The figure confirmed that the perched pi ic levels under PP
did not fully recover to the pre-p g level, highlighting the sus-
tained effect of dewatering on the aquif:r system.

Fig. 12 p the relationshi, g and recovery

versus time during a specific pumping cycle (at thc same N) for both SP
and PP conditions. The recovery curves for PP exhibited slopes similar to
those observed in SP. The slope of the recovery curve represents the rate
ol water mﬂow into the wells over nrne Therefore, both SP and PP
parable recovery p ic level at a specific time.

, the relationship of the pumping phase under PP displayed a

steeper slope comparcd to SP. Thls indicated that PP achieved a faster

levels during the pumping phase, while the positive slope reflects the
free recovery process. The PP operation at PW1, PW2, and PW3 signif-
iuntly inﬂucnced piezometric levels across all surrounding OWs.
C ic level behavior to SP operation was observed
during both the pumping and recovery phases for all wells. Pumping
from PW1, PW2, and PW3 induced a reduction in pi ric levels in

dj OWs; with recovery g across all OWs after
the cessation of pumping and the initiation of the recovery period.
Addlllonnlly. it was noled that the slopc mpn:cmmg the piezometric
level red pened as the N i ing more rapid
drawdowns. The water recovery levels durlng PP were consistently
lower than those observed dlrlng SP. The mvnmum recovery lcv:l atR

duction in pi levels due to the presence of multiple pumps,
enhancing the rate of water extraction compared to SP. The steeper slope
of the pumping curve for PP suggests more effective dewatering over a
shorter time frame, attributed to the i d pumping capacity in the
PP configuration.

Fig. 13 depicts the plane of recovered pi ric levels infl d
by pumping under SP and PP operations at R = 24 hrs. In the same area
studied, the PP had an insignificant impact on the recovered piezometric
levels, as noted by the same plane of piczometric level as the SP con-
dition. In other words, the PP condition is more efficient than SP in terms
of pumping duration.

of recovery duration on the variation in perched

= 24 hours during PP sh d a linear red trend, 1g the 4.3 Influ
gradient established during SP, as depicted in Fig. 11. These tsults
d the ded effect of ial

* q e e B

13

piezometric levels under parallel well pumping conditions

Fig. 14(a)ill the relationship b i

ric levels and
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N under the influence of PP operation at wells PW1, PW2, and PW3 for R
= 24, 48, and 96 hours. The finding;: d that the pi i
level-time curves for PW1, PW2, and PW3 exhibited consistent behavior
across the different R values. Similarly, the OW demonstrated consistent
slopes during both the pumping and recovery phases at each corre-
ponding R value, with vani, only in their minimum and maximum
piezometric level points. An ded R value resulted in higher perched
water recovery levels across all PWs.and OWs. N = 0 refers to the sta-
tionary state after 30-day pause in pumping. The pumping for cach N

7

8 9

Number of Pumping cycles (Cycles)

20

ric level versus N, and (b) water recovery planes for under PP at PW1, PW2, and PW3 for R = 24, 48, and 96 hours.

compared to R = 24 hours. The extended recovery period allows more
water from low-permeability zones within the waste dump to redis-
tribute into the dewatered area, leading to a higher observed recovery
level. For R = 96 hours, the highest recovery levels were observed. The
longer recovery time enabl hed water to gradually migrate back
into the well area, restoring the pi ic level. This implied that
longer time allowed more water to flow into the wells at the same inflow
rate. For instance, pumping at R = 96 hours exhibited a higher water
recovery level compared to R = 24 hours, with an average increase of

was termi when the perched water pi level
reached the 80 m depth below the waste dump surface.
At R = 48 hours, the perched water table recovered to a higher level

pproxi ly 20% across all PWs and OWs.
As illustrated in Fig. 14(b), the recovery planes for perched piezo-
metric levels under the influence of PP at R = 24, 48, and 96 hours
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Fig. 15. Impact of N on both the pumping duration and the water recovery level at R = 24 hours under SP at PW2.

maintained a similar pattern, differing primarily in el The

piezometric level recovery plane after a 24-hour pumpmg period wus
the lowest, while the elevation of the planc i las R was
It is suggested that the ion from a toa v state
depends on the observation period. Determining a stationary state re-
quires long-term observation and analysis of the perched water redis-
tribution dynamics.

Fig. 15 demonstrates the impact of N on both the pumping duration
and the water recovery level at R = 24 hours under the SP operations at

prog ly. This implied that the cycles of pumping reflected a
gradual decline in water supply to the well over time, due to the reduced
recharge capacity of the surrounding aquifer.

Fig. 16 compares the influence of N on the water recovery level at R
= 24 hours under both SP and PP operations recorded at PW2. An
i g N lted in a d in the water recovery level for both
SPmdPPltR 24 hours. The PP curve (started at N = 9) was posi-
tioned below the SP curve because PP was conducted after the

PW2. As the N i d, the d quired to reduce the piczo-
metric level to the target depth (80 m below the surface) decreased
(Fig. 15a). Furthermore, the watcr recovery level at R = 24 hours
(Fig. 15b) sh da i across all OWs. The observed
reduction in the recovery level was attributed to a decrease in the vol-
ume of water inflow to the OWs during the recovery period. This
diminished recovery level directly affected the starting piezometric level
for subsequent pumping cycles, as the final remvtry Icvel the

pletion of SP cycles, during which the piezometric levels had
already been lowered. In other words, the lative effect of' d
pumping cycles significantly infl the reduction in ic
levels for both methods. The similarity in the rccovcry slopa for SP and
PP in Fig. 16 can be attributed lo the i
and the sur ding hydrog: i of lhe waslc

dump While PP leads to a faster drawdown during active pumping, the
final plﬂolnm'll: level prior to the next cycle is governed by the sur-

initial level for the next cycle. C q the p
required to reach the target depth for cach cyc.lc dccmsed

rather than the ber of wells in op
This means that even with a more aggressive pumping strategy, perched
water recovery follows a similar trend in both cases. The rate of recovery
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Fig. 16. Comparation of the influence of N on water recovery level at R = 24
hours under both SP and PP at well PW2.

:

1 and as il d in Fig. 18. As shown
in h;, 18, the varhtinn in the plczmncu-ic lcvc] dlﬂ'ercd in both longi
tudinal and
properties across the dump mass. This vanabihty makcs it Inapproprialc
to use a single field as a rep for
hydraulic conductivity. OW7 and OW11, which were lmlcd 30 m
laterally from PW2, were influenced by SP operation (Fig. 18a). The
piezometric level reductions in these wells were recorded at 10 m and 20
m for OW7 and OW11, respectively. However, the SP did not affect
OW10, positioned 40 m longitudinally from PW2, while OW9, located
10 m longi ly from PW2, exhibited a pi ic level reducti
of 5 m due to SP operation.

In Fig. 18b led that the PP affected OW12, d 40
m lly from PW2, resulting in a 2-m d in pi ic level.
PP also impacted OW10, located 40 m longitudinally from PW2, with a
similar 2-m red: in pi level. Furth , the piezo-
metric levels in OW7, OW9, and OW11 under PP were lower than those
under SP. | , the p level reducti in OW1, OW2,
OW3, OW4, OWS5, and OW6 were similar for both SP and PP, suggesting
that PP ded the infl of p level over a
greater distance. Therefore, it was concluded that the PP had a more

1A

is controlled by the redistribution ability of | water

within the waste dump. Over time, this leads to an overall decline in
recovery levels, preventing the perched piezometric level from fully
returning to its original state. It should be noted, however, that this
explanation is valid primarily within the influence radius of the pump-
ing wells, where drawdown and rccmcry were observed. In other areas,

recovery behavior may differ due to localized hydrauli ditions and
limited connectivity with the actively dmmcd zone.
Fig. 17a the relationship | ic levels and

time during a single pumping cycle undcr PP condluons atR = 24, 48,
and 96 hours at PW1. As R increased, the duration required for pumping
to reach the designated piezometric level (80 m below the ground sur-
face) also increased, due to the higher volume of water in the p

ive effective range than SP. The effective range for piezometric
level reduction in SP within the study zone was found to be more than 20
m but less than 40 m in both longitudinal and lateral cross-sections.
Conversely, the effective range for PP exceeded 40 meters in both
cross-sections.

5. Water recovery level predictive equations

In the previous section, it was observed that an increase in N
significantly affected the reduction of piezometric levels under both SP

well cor ling to the ded recovery period. In other w!mls, an
increase in R resulted only in the accumulation of a higher volume of
water in the well. Therefore, the perched water recovery rose with
increasing R values, but the slope of the recovery phase (representing
the relationship between inflow volume and time) remained similar for
all R values. The average slopes of the recovery curves were recorded as
25.2, 24.7, and 25.3 for R = 24, 48, and 96 hours, respectively.

The increase in N more influenced on the reduction in the slope of the
recovery phase at the same R, as presented in Fig. 17b for PW1. An in-
crease in N (at the same R = 24 hours) resulted in a decrease in the slope
of the recovery phase. This reduction in slope indicates a decrease in the
volume of water inflow to the well at the same R value (i.c., a reduction
in the inflow rate), which subsequently leads to a lower recovery level.
The change in the slope of the recovery curve is a critical factor for
analyzing the decrease in pi ic levels. This beh suggested
that with repeated pumping cycles, the capacity of the aquifer to
recharge diminished, resulting in a lower rate of water recovery over
time. This observation is essential for understanding the long~lcn‘n

and PP iti This indicated that the d llowed for water
rccavcry was a crucial factor in determining the piczometric level

pi red: ired to enh slopc stability.
Fig. 19 ill the rel b the change in recovery

volume (AVr) versus time (Tr) undcr SP and PP operation at R = 24
hours, aiming to analyze the influence of recovery duration on the ef-
ficiency of piezometric level reduction. Here, AVr represents the dif-
ference between the recovery level at any givcn Tr and the initial
recovery level. The observed relationship exhibited a hyp trend:
1) Phase 1: AVr increased remarkably wnh Tr, and 2) Phase 2: AVr
showed minimal change as Tr continued to increase.
The analysis suggested that in Phase 2, AVr changed minimally with
ing Tr, though it inued to rise. Therefore, to optimize overall
pumping efficiency, the recovery duration should not exceed the tran-
sition point between Phase 1 and Phase 2. Shortening the recovery
duration allows for an increased N, enhancing the effectiveness of
hed pi ic level reduction. For with a recovery time
of 24 hours (and an average pumping duration of 1 hour), only one
pumping cycle per day is feasible. In contrast, if the recovery time is set
to the transition point between Phase 1 and Phase 2 (approxunatdy 200
minutes on average, plus 1 hour of p g), it is possible to 4
to5p ng cycles per day. The prcdlcuvc cquahon for recovery levels

hali

sustainability and cfficiency of the d ing process in i
desired perched piezometric levels.

4.4. Effective Dewatering Distance for SP and PP

Observation wells OW7, OW9, OW10, OW11, and OW12 were con-
structed in 2 phase to investigate the role of pumping on the perched
piezometric level reduction. The evaluation of SP and PP operations in

the 1% and 2™ phases was conducted under consi | condi-
tions to ize the infl of perched water inflow variations and
precipitation effects. The i igation involved conducting a SP at well

PW2 and PP at wells PW1, PW2, ‘and PW3 at R = 24 hours. The changes
in piezometric levels were then measured after pumping along both the

al any given recovery time (Tr) has been developed in the form of a

perboli ion. The of this can be dq ined
by blishing a linear relationship t Tr/AVr and Tr, as illus-
trated in Fig. 20,

Fig. 20 p a linear hip between Tr/AVr and Tr. A
lower slope in this relationship corresponded to a higher AVr for the
same Tr. For i at Tr = 800.mi! PW2 exhibited Tr/AVr = 30,
while OW2 showed Tr/AVr = 100. Consequently, AVr was 27 m for PW2

and 8 mfor OW2 at Tr = 800 minutes. Analysis revealed that the slopes

of the relationships for SP-and PP op were ble; for

example, in PW2, the slopes were 0.0347 and 0.0353 for SP and PP,

respectively. This similarity suggests that both pumping operations
imilarly affect post-pumping water volume changes.
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Fig. 17. Relationship b i ric level and time during a single pumping cycle at PW1 under PP at (a) R = 24, 48, and 96 hours, and (b) N = 1, 5, and
9 cycles.
Variations in R do not significantly impact the relationship between ™
Tr/AVr and Tr under both SP and PP operations. As depicted in Fig. 21, Owl. v - (0.0400(Tr)) + 4.7688.R 2= 0999 4
the relationships for R = 24, 48, and 96 hours aligned on the same linear £
trend for all PW wells. | , these relationships differed among Tr N
individual PWs. The predictive equation for AVr at any Tr under PP for owz, avr (0.0749(Tx)) + 35.356.R * = 0.999 ®)
PWs and OWs could be exp d through the following linear
relationships: OW3, o = (0.0608(Tr)) + 10824 R % < 0998 0)
PWI, Alw < (0.0364(Tr)) + 3.6733.R? = 0.996 (¢)) 1
ow4, A_\;r = (0.0508(Tr)) + 8.9833R?* = 0.998 @
PW2, %l-_ = (0:0347(Tx)) + 3.4318.R? = 0.996 2 T
OWs, = = (0:0391(Fr)) + 46381.R* = 0.998 (8)
Ti
PW3, To- = (0.0357(Tr)) + 31206,R * = 0995 @ 1
OwWe, = (0.0416(Tr)) + 6.5782,R* = 0.999 (&)

AVr
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Fig. 18. Changes in piezometric levels after pumping along both the longitudinal and transverse sections under (a) SP, and (b) PP.

Fig. 2. lysis b the relationship of dj hed zones, driven by hydrauhc head and permeability
AVr nnd Tr under SP npcrauon at OWI and the predicted AVr at any diffe Thcsourcc of rech primarily ori within the waste
given Tr using the developed dictive under PP pumping dump itself, particularly from moi: pped in b dump
conditions. The predictive mulls clearly demonstrated that (he equa- ials and perched water pockets above confining layers. During the

tion formulated from this study effectively estimated AVr at any Tr for
both SP and PP pumping scenarios. For instance, Equation 4, derived
from SP data, accurately forecasted AVr at Tr as observed in field
measurements under PP pumping at R = 24 hours. This was evident
from the close alignment between the field-observed and predicted

research durauon, if the pump exceeds the recharge capam(y, the watcr
rate will i as the perched pi ic level is depl

more rapidly. , as the ilable water in the perched aquifer

dlmlnishes in the long -term l:ondmon the rate of AVr would gradually
This p ly occurs | the limited water supply within

relationship curves. The equations developed in this study effectively

pmdimed pcrchcd water recovery levels at any given recovery time. The

hanged for both SP and PP (with any

of pumps) P b the recovery rate for a specific

OW is the same and is primarily governed by the recharge capacity of the

perched water from adj; areas. This capability is mslmmenul in

1 i hedules in field operati ng for

the ahgnmcm of pumpmg cyv:lcs with pracm:al operational ap.duu.

Even though lhe predicti q for perched water recovery

ical tool for evaluating d. ing efficiency, inde-

pcndem ﬁeld or laboratory lﬁﬁng mishl be necessary !o rcliably esti-
mate eq di y for other g hnical p

Developed from obscrvcd mlationships between Trand AVr, lhe model

follows a hyperbolic trend, r hed water to

5 P P

the waste dump mass restricts the amount of water that can be
redistributed.

Although a single dcwaler{ng station does not fully depressurize the
entire dumpsite, it effectively reds pore water pressure in the most
critical zone. For long-term stability, EGAT has adopted a phased dew-
atering plan that includes several well stations to cxpand coverage in the
failure area and high was
identified through ERT and b

6. Limitations of the deep-well dewatering approach and
suggestions

1.d. d

The decp system d clear effecti
in lowering pimmcu'ic heads (result from Piezometer data in those
OWs) within the i di zone, its infl i

ing
8

pumping cyclcs However, the empirical ooefﬁm:nu are site-specific,

d by low-p bility layers, ity, and
water recovery effects. This approach is on sound p and could
be apply to other dump snes with dlﬁ'emnt hydnuhc conductivity. The

ially limited due to the hydnullc properties of the dump mass. Re-
sults from PP (Fig. 18) showed an effective drawd radius in both
PWs and OWs extending hu:nlly up to 40 m, which is an improvement

effect of diffe hyd d would be reflected by different
iables in the predicti
The high capacity of pump can only affect the water ion in the

OWs and PWs but their recovery rate remains the same for a purtku]ar
N. The increase in AVr over time can be attributed to gr

water recharge, which follows a nonlinear recovery trend. lnhhlly, the
recovery rate is high due to i iate water from

overSP but i be‘hcl ition and
low hy li ductivity of the sur malcrials (7 x lo*cm/s)
Furth the recovery trends observed in Figs. 14 and 15 illustrate

that perched levels return gradually after each pumping cycle in both
PWs and OWs, indicating a slow redistribution of moi within iso-
lated perched zones rather than widespread depressurization.

Despite its effectiveness in the largeu:d failure zone, this dewatering

unsaturated zones, but over time, the recharge rate slows as hyd:
gradients decrease. The perched water system is influenced by delayed

water ion from low-p bility zones, which results in pro-

gressive water volume ry despite inued pumping effects.
The p 1 water is rechargeable b it beh as a semi-

confined system, where water can 1 above imp bl

layers and later contribute to recovery volume after

pproach has clear limitati Its i is confined to areas with
sufficient hydraulic connectivity to lhc pumplng \vells, and it cannot
effectively reduce pore p in'h i 1 zones located
beyond its effective radius. The low permeability and heterogeneous
nature of the dump mass ¢h ized by perched pockets restrict the
lateral extent of depressurization. As a result, the current system pro-
vides localized pore pressure reduction, but cannot, by itself, ensure

The main recharge sources include the lateral water movement from

stability across the full waste dump area. A site-wide solution requires a

67



N. Pongsri et al.

30

Results in Engineering 26 (2025) 104938

AVr (m)

PWI

PW2
PW3
owl
Ows
ow2
Oow3
owe
owd

rPoSmae0

(a)

800

Tr (min)

AVr (m)

PWI
PW2
PW3
owl
ows
ow2
ow3
owe
ow4

rPOGOBMD4A00

(b)

Tr (min)

Fig. 19. Relationship between the change in recovery volume (AVr) and time (Tr) at R = 24 hours of (a) SP and (b) PP conditions.

phased of the di ing system. P ly, Mae Moh Mine
has implemented the deep well dewatering systems across broader
failure and high-risk zones to extract perched water that

Mae Moh Mine, a key factor in slope stability. The findings highlight the
effectiveness of single well pumping (SP) and parallel well pumping (PP)

slope instability.

Even though thc pore pressure wzs not dimcdy influenced by sea-
sonal rainfall, as indicated by relatively stable p ric readings for
all year round [2]. The reduction of perched watu within the was(e
dump by lhn sludwd dewatering technique may still be affected by

To 1 this p ial infl further
long-term g is using lly placed pie-
zometers at muluple depths and locations, with continuous measure-
ment across both wet and dry seasons.

7. Conclusions

This study pmwds an m-dcplh evaluation of deep well dewatering
y in p ric levels at the west dumpsite of

it to under Itiple pumping cycles (N) and recovery durations (R), offering
ble insights for optimizing d ing op The key finding
of the study arc listed as follows:

PP achieved faster piezometric level reduction and had a broader
influence zone (> 40 meters in longitudinal and lateral directions) than
SP (20-40 meters), making it more effective for large-scale dewatering.
Despite faster drawdown, recovery behavior and inflow rates remained
similar for both SP and PP, indicating that perched water recharge is
primarily governed by internal redistribution from the water mass
within the waste dump rather than external recharge.

As N increased, the time required to reach the target drawdown

depth (-80 m) d 1, sh g that lative pumping enhances
efficiency over successive cycles. However, water recovery levels
declined with increasing N, reflecting a reduction in perched water

recharge capacity due to repeated extraction.
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Fig. 20. Linear relationship between Tr/AVr and Tr of (a) SP and (b) PP conditions.

Longer recovery durations (R = 48 and 96 hours) resulted in higher
perched water recovery levels, with a 20% increase in recovery observed
at R = 96 hours compared to R = 24 hours. This confirms that internal
water redistribution within the dump mass is dominant, with low-
permeability zones delaying complete drainage.

A hyperbolic relationship between recovery volume change (AVr)
and recovery duration (Tr) was established, effectively capturing
perched water rcsponsc under different pumping conditions. The pre-

dictive d high (R* > 0.90) across all OW
and PW wells, making it a reliable tool for estimating perched water
recovery trends. Additionally, SP-derived equations were full

modeling framework can be applied to similar geotechnical and
hydmgcologlcal challenges in other waste dumps worldwide.

g the pumping cap of the SP operation may enhance
the water cxlmcnon rate, but it does not significantly affect the water
recovery. However, it is unlikely to match the broader dewatering
impact of the PP approach, as SP's limited hydraulic influence and
narrower effective range restrict its overall efficiency compared to PP.
Compared to SP op the PP approach offers a faster dewatering
efficiency and broader coverage but involves higher initial costs and
cwgy consumpuon A cost-benefit analysis is nigessary to assess (hc

applied to PP operations, proving their versatility in forecasting dew-

atering performance under varying well configurations.

Mac Moh Mine has integrated these findings into its long-t
ing strategy, izing well pl and pumping sched-

ules for improved waste dump stability. The study provides a scalable

and adaptable dewatering approach for managing perched water in

hodttl a0

d,

of PP, such as reduced g cycles, imp:
slopc stability, and lower maintenance costs and is recommended for
future study.
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