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Air injection into the soil to temporarily alter the groundwater flow direction
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Abstract

In underground construction or maintenance projects in

high-groundwater areas, groundwater management or
dewatering is a critical process to enable construction activities.
Common methods include directly pumping water out of the
work area or pumping from surrounding areas to lower the

groundwater level. However, managing the pumped water

depends on the availability of space, and in cases where there
is insufficient room for water retention ponds surrounding the
construction area, the discharged water may be released into
public areas, potentially causing social or environmental
impacts. This study aims to develop a novel dewatering method
using air injection techniques, where pressurized air is injected
into the soil to temporarily alter the groundwater flow direction,
preventing groundwater from entering the construction area and
reducing issues related to managing extracted water. Laboratory
experiments simulated the proposed method using tempered
glass fragments as a substitute for sandy soil (cohesionless soil),
with the material’s transparency allowing for clearer observation
of groundwater flow. This test result demonstrates the behavior
of 6-bar Air injection added to porous material at a level of up
to 8 centimeters from outlet of air injection. The findings are
expected to support the development and application of this
technique in underground construction and maintenance
projects, improving groundwater management efficiency and

minimizing environmental impacts.

Keywords: (3-5 keywords must be given) abstract, format,

methods
o -]
1. AU
Construction dewatering AanszuIuNITIANTUNLARUN
v & 4o oy oA v Sava vy v X A1y
Inadhgiuiihnuneaine wedestuilifuldlidndiunneads

U
v

weilieldiuiivhuutwazasass nsvuunisdananiedu
aafUsznauddlununeads Tnsamzlutiadudurestasinisi
Rendeatulassaindldfiunugui 1.1 Wunwihgunnvedasinig
Aoafrsernsioaeu Yminnse szuu dewatering v udunewdi
suduronunadafiedestuliymiiuiiuiiye uasnsesnuuy

E]?J"Nwiﬂﬂ%ﬁilLLa5@]3’3%?‘@‘U@Ehﬂﬂél%ﬂﬂ\i’]uwlﬂﬁﬂﬂﬁQUﬂﬂ LUULBA

WRE-09-1



NCGCE3()

N15U529039IN153AINTTATESIUKIYIA TSN 30 The 30™ National Convention on Civil Engineering
Uil 28-30 NawA1AN 2568 2.UT2AUAITUS

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

W (active pumping techniques) MuFUN 1.2 vuguinganlagnss
waz3UMl 1.3 wialla wellpoint Aonisansauiildfuneudiunya
funumddglunsatvauulinisneaidassaddlaaudndululs

LA e a o
g 1lUTEANIN I NULazUaDRNY

E
E

[

Uit 1.1 didhgRunudeadisgunnlassniseasy Smin
n34 2024

33714 pump Tun15veugy Sump method Aenisudesly
hlfAudingiuiiyaudaguinesn Tuarmdnliiu 3 s augui
1.2, Well point Lﬂu?%'msquﬁwLﬁaamizé’uﬁﬂﬁﬁudawﬁﬁdﬁuﬁ
yadodrindedovildluszduanudnlaiiiy 6 wasmugui 1.3
Ejector \umaiiaruisaiu well point Aonisansesuinewd
fuflyadusuuuugueendnguuuuidas Tnefiauaansalunisgu

a ada

#in ¥laAuiisl low permeability wianansavilgluannudndilisida
uag Deep well point Luiiounvuis well point uaam1savile lu
Anudninnnd 16 wns wrfialddnelunsléisiige Tnefinasins
denldunnsdsiuesnlununaaudfvesfiu wagseauaiudn [1]
nsyanzeginiseduilanu dildfuansnsadsmanszmuegad
Hoddernulaonfovesern medanmildauiedanusniu
dietlastumnuidsiionaiiatulunszuaumsneadns 21 38ms
Famsumanduien 1%3:UU1JaquwmmimjémﬁuﬁﬂLLW@ﬁu'Eﬁ
fnazgnialfifioanssduilifumeluveysluszmitenisyaane
wagslsfimumsdamsthieisimedsndudesiuiifiosesty
ihilgueen uaznisguieandsnsenusie vinlisssuihldfuana
(drawdown) @ snaliinaaalaiaunavosusaduiaf nsgsisie
Tassafnaseuriuiifiguiiesn anuluaugadasiausedudh
(seepage forces) fivhlwlassadrandeududrdulusazdmaliiin
mswsﬁwﬁ’uﬁ'mﬁm [3, 4] LBNINLNNTTANITUALANTIE UL LAl
wanzaulunszurunsguilddulununeaiiaaunsailug
wansEnUsasadonlivanuszns fogiaty mﬁmmﬁﬁwﬁlgn

guinnegdlivung enansenuedaindexdioglndifies Snvianis

g 9 o ] o v & =
szunsinfilimngandsenailugnmaaiioudhevesansiulen

AelinANudseRedInded [5]

Initial ground water level

Sump pump
T

Permeable soil

. /
///

= Well points

U7 1.3 N5 dewatering A5 well point [6]

wadansiiveinia(Air injection) sudildlusu Wumaie

Liquefaction countermeasure way desaturate \Jumaden

a ¥

a 21 ° aad g a aa 1Y) a
WQWULLagﬂﬂ’]‘LmQ’]UW’] [7] jﬁuLUuﬂ’]ﬁLmﬂJa’]ﬂ']ﬂ‘ﬂl]ﬂ’l’]ll@ug\ja\ﬂuﬂu

P
a0 a

Adudih FevhlRutunatedufuilifidud wazainuuudiass

999 [8] Wu11n15ld Air injection au1saviliAan1sH U WA

= o

waanina N ule wazeudneiasaisadnnaida Air

injection 1A uluniswmundmsuldlusu Dewatering
ieludnullimadentvinisneads iedentnssnuneadeldfuld

denldlimanzausiuiuiiseld

2. gunsal uazdsnisfn

st uiflfidosnldfaamaununseiemunszaning
wWos Aagauindniimatifanuiuenvnn wagldvuiauiaimuung 7
mm. 4.75 mm kaz2.36mm Tasrutuilfneusanduromantag
Funumsesisaun Tisuan 66 fgenuguil 2.1 iethly
NAdaUAMANUANIITUH Y Hydraulic conductivity WazAnLdan

feg199 muzanlunisnaans Airinjection wagA1 Hydraulic

waa A

conductivitylhJunauauifngoulsaiunaaudfivemsgla

WRE-09-2



NGCE3(

N15U529039IN153AINTTATESIUKIYIA TSN 30 The 30™ National Convention on Civil Engineering
Uil 28-30 NawA1AN 2568 2.UT2AUAITUS

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

2.1 nsaazvwndan lnenisldiesoulaeingnss vua 7 mm
ATUNTAUDT 4 VLA 4.75 mm. LAZAZUNTIUDS 8 WA 2.36 mm

waginswanmugun 2.1 suuaninswl Temary

0}00

7
0% 100%

4.75 mm

a 1Y) | v
UM 1 sUuannsawl ternary 9RTINITEIUNITNANUDTIER)

2.2 Hydraulic conductivity

=

Arn1sFunuvestluiu (Hydraulic conductivity) 18w

M53masE A TUATHARIAIINENNTO NS TN W VDIRY T

awnsalszduldnieifnisnsrvaeunatsguuuy [9] 1w n1s
naaeumsBruihluiesufiinig dnsTuuvesilufu Jueg
Audadenianienmnalsusznis SINAAIUNTY VUIALAENTS
N3¥A18MIVE0UNA FUTNUBIDUNIA N1TIAEEIRMITEDUNA LAy
Haduduq Ineialuludedidgnguiidslignuiuanim dnnsduriy
voshazuandrslunusunneyma tnefagidufumdeiuansd
nsilansedini lusasinssuasnsinuansdniigeiu [10]
\n3esilenaaau Hydraulic conductivity Tnen1snageuiiudl
schematic diagram mui‘bﬂﬁ' 2.214 aUnsainaaeu Hydraulic
conductivity nsU 2.3 Insie3esilensasuiuildfndagunsal ¥a
head 1147 rouudamdaniiu porous media w1AnsEUBNTIUTTY
Fanduu1naue1 40 cm. wazit ui mindavasnszuaney i

0.00283 sq.m. wazuIuIAIUINRIAT Hydraulic conductivity 910

@1N15v04 Darcy aunnsii (1)
q=kiA ()

Tne g Aedwnsinistualcum/s), K AoAn Hydraulic conductivity, i

fio A1 hydraulic gradient waz A AoNuntNFnUBINITEUBNNAABY

Pressure
gauge

| Upstream side

Pipe

‘\_,

g‘d‘ﬁl 2.3 w3nsilevadeu Hydraulic conductivity

2.2 Air injection

v v

a = & aa A a da s 9w
IMAUANITRNBINTA [7]L‘Uu’)ﬁﬂ’]31/]LUﬁEJ‘LJﬂuW’EJiJG’]'JWQEJU']IW

o

& a anoia o I = Ao Y Y 1o a
nmeduiuilidudiii Tngnisdaennandanudugadidduiiu

JANg
Wail Anduuszans n1sfunauvetenia (air coefficient of
permeability) gﬂrfmumimsssé"ummﬁﬁéf’s‘uaaﬁﬂuﬁuasﬁaﬁ
dud1Aey nanfe deszrumnudusveniluiuanateann fn
dudssAvdmsturnuvesenimasiisduaufisrmnniige uaslums
nduiu Woszsunruduivesiniindu Adulsvaninsduriues
1nFAzanas [11]
Tunszurunisdneniauiioanssiuaududvositluiu (2]
WuInsed sufivetermaanunsaduldunldAueanuazannisdu
puhuuiiaanldegnafivssansam venand nsaaennieds
dreanAnstuiuresiuluusnalndsuiuiidssonisiianis

LA URIVDIAY

WRE-09-3




N15U529039IN153AINTTATESIUKIYIA TSN 30 The 30™ National Convention on Civil Engineering
Uil 28-30 NawA1AN 2568 2.UT2AUAITUS

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

a

rnansAnuduandliidiuin nsaaennae (Air Injection) @sse
afntunslvavenilfulfosaiisyavsam nadnsdina1iannse
lvlddunumslunsimuisesendmsumsuszandldimaianis
dnormeluny anseiuildau (Dewatering) tiowfissyansanly
nsmusunsinaveshlfmlunuimnssusely
\nsasilonadau Air injection

luniswaaau Air Injection leidanld Seepage Tank Wugunsal
nndmiuiuauiiannsnadusaiuldgegn 8 v1f iesudunis
VA N1seanLuUkazdnIvgUnsaivageuiulumuununmda
1A39a579 (Schematic Diagram) iugﬂ‘ﬁ 2.4 uaz3Ure4 Seepage Tank
Tugui 2.5

nsvaaesysiuluinsTinsgianuduiussendng usedfu
gmaild Tuszeriinnsasuuamwesssdui Tneidenld Air
Pressure 7 2 - 6 Un$ tiaSsuiaunadnsile uenand TéAnds
gunsalmuANLsITuILAY (U7 2.6) USiam Outlet vastuax

WialanunsauSusesuusasuanialaagnawdugn

Air injection outlet | s¥aUuINBU

air injection

4
e A L
I'_-I'-:_::_'-:_'-:_'-:_'-I'-I'-I'- S ut,

air

injection

gﬂﬁ 2.4 schematic diagram n15AE@BU Air injection

| Y-

JUN 2.5 1384 seepage tank Uagluau

JUN 2.6 fuANANLAY Air pressure

3.MaN15ANEN
3.1pauants Hydraulic conductivity 98939

NNINAFOUAINITTUNUYOTINEa (Hydraulic Conductivity)
VeeTanNI8NI1dIUNTHANNINUA 66 AI0E19 HANITNARDIYN
dnawaluguwuunsivl Ternary Contour auviuanslugui 3.1 ua
AFAATILINUIN AnsiEuresiareaAensyanmulesninig
N3EANVUINOUNIAATNTEAUBE YN 88-140 winsiedu (m/day) B
A o = = o wa a ' (]
WethluwssuisuiuAinuanfveduuszansia 9 wuiie
v v o e
fananinnulndidesiunuandfives nsaane1u (Gravel Coarse)
punnanslun1sen 3.1

¢ty Tun1smaaes Air Injection 3adanldAnisunsnuveslad
140 wasaeTu (m/day) 1urdegnsdwiunmsanuludunousely

hydraulic conductivity

145
141
137
133
129
125
121

17
113

0.50
4.75mm

3U7 3.1 n379 ternary contour UaAIAINFURUSTENINNTT

AAIUIATELAYNSEANMLIUBSWAE A1 hydraulic conductivity

WRE-09-4



N( .BE r N15U52903vIN53AINTTUTESUNIR ASe# 30 The 30™ National Convention on Civil Engineering
A" AV Uil 28-30 NawA1AN 2568 2.UT2AUAITUS May 28-30, 2025, Prachuap Khiri Khan, THAILAND

A1397 3.1 Representative Values of Hydraulic Conductivity [12] | I‘
} e
Material Hydraulic conductivity (m/day) \ l tl : :
Gravel, coarse 150 ¥ g
Gravel, medium 270 A l
o
Gravel, fine 450
Sand, coarse 45 : ‘ — R
Sand, medium 12
Sand, fine 2.5
Silt 0.08
Clay 0.0002

3.2 NMINAFBY Air injection

-~

INAITNAGINNTANDIAA (Air Injection) n1elddeulanseau

-

INIATIUIU 6 5EAU AWA 0 89 6 U5 muiluanslugun 3.2 3.3
34,35, 3.6 37 Wa¥ 3.8 AMUA1IAU WUI1IAIAIIUAUDINAL KA

TAgMSIRBNITANTEAULILAZNISIAATN WA WIS I ULLISIU lneRanTs

naaesagUlilunisnen 3.2

o ' o PN A
ﬁl’]ﬂ“ﬂay)alumi”ld ‘W‘U']’]LL§\1ﬂuaqﬂqﬂqQﬁﬂmlmuﬂ'WﬁWﬂaaq AD 6

U713 dINalTEAUEIanaIRNNAILTY Y 89N1988NYRIBINA (Air T

Outlet) lAUszanas 16 wuiwns wagyihldmdanuiurduiusuau Hiul

azUszann 8 .wudwng luvaeiiussiueiniaiiaainldlunismaass

4 < o Swy o a ' o : 1 0h
AD 1 U193 ﬁ’m’liﬂamizmuuﬂmL‘WEN'UW;J’]ZIJ 4 LYUNLUANT bHEIAY j i e A |

ausay AR NLAwA ISR UazUSEUe 8-10 LURLIRAS ) .

3U7 3.2 nsnaaeuneuld Air injection pressure 0 bar(nau

Uane Air injection)

U 3.6 Msvaaaunauld Air injection pressure 4 bar

WRE-09-5



N15U529039IN153AINTTATESIUKIYIA TSN 30 The 30™ National Convention on Civil Engineering
Uil 28-30 NawA1AN 2568 2.UT2AUAITUS

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

;Jﬂﬁ 3.8 Mnagaunauld Air injection pressure 6 bar

Horizontal distance from Air outlel {cm)
1 %6 4 12 1 8 6 -4 2 0 2 4 & 8 10 12 M 16 18

water level (cm)

U7 3.9 nsanuduiugsening Air injection pressure hag

' ¥
& A

SrurMAANUNLIAS

A15199 3.2 Nan1INAdEU Air injection

4. a5Unansnnaes

WUUTIADINNIBAINTBINITAABINA (Air Injection) 1ile
wWaguiiananislavesiruiinaisngu (Porous Media) wansli
Wind eanaaunsavi i ian it lnariuinarannanud uen
(Desaturation) Inga1nevimiinaiiowduiunaiionaszauiili
13 = & ' v oa yoa a a
A1ae NsANwIINUIIANRLERRUREInsadsuLUasiAenTs
Inavenildeghn 1 uns Failvisgdvtianamnifn 4 wufuns o
fumiaasgoinia wenanil deiuarududu 6 ung szauih
ansnanadld 8 wuAWRS waztBuNdUANgEAuRNSEEY 16
wuRweslul sz kadnsanauandliiiuifadendniivinla
Wunsdsunlainisivavesdiiiudinaangufs Audues
9INTA KATNIIAADINIAINITAATAIUNIDINIARBATUANLAY
wWasuwlasszauinldauld JeaunsailuvszendwazWannldly
nsidanlaRY (Dewatering) TuiuAniidedndnluFasnisszuieun

= a S 9 va a . o &
nion1sauAuiiannisivavenilddulunuimnssusely visdl

' = L g € o o a
madwansfnwiasdulssleniiensimuiuazUssandldmaina
nsanendluuiundu q ldwndunsdeTandanansiinlwa
WU 9T UL iBung AN IIUU09 Air injection Ll 8@ Hydraulic

conductivity Wasuly (Jusy
AnAnssuUsena

YBYDUA U A1ATIAAINTTNNA U AT AINTINAIANS
PN ING IR ﬁaﬁuaqulﬁy@lﬁaﬁawﬁﬁami \ndosiiouns
gunsalinaqiililunisvinisfinu saufaveveuamaaasduay
yeansvesaIaiv imnssuunasn ilinstasmdeuasli

MUSnwlunmsinisfnwaseaudnsa

0] 1} 25 4| o6 7.8 78| 78 7.8 7| 6 45 3 2| 05

WRE-09-6



NCGCE3()

N15U529039IN153AINTTATESIUKIYIA TSN 30 The 30™ National Convention on Civil Engineering
Uil 28-30 NawA1AN 2568 2.UT2AUAITUS

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

BNEN5D19D9

Roberts, T. and M. Preene, The design of groundwater
control systems using the observational method.
Géotechnique, 1994. 44(4): p. 727-734.

Xie, Z-F., et al, Envionmentally sustainable
groundwater control during dewatering with barriers:
A case study in Shanghai. Underground Space, 2021.
6(1): p. 12-23.

Huang, M., et al, Calculation of foundation pit
deformation caused by deep excavation considering
influence of loading and unloading. Journal of Central
South University, 2017. 24(9): p. 2164-2171.

Li, V., et al, Surface Settlement Damage Model of
Pile -Anchor Supporting Structure in Deep Excavation.
Advances in Civil Engineering, 2020. 2020(1): p.
1907526.

Bevan, M.A.,  Geoenvironmental impacts of
construction  dewatering. 2005,  University — of
Southampton.

Patel, A, Geotechnical investigations  and

improvement of ground conditions. 2019: Woodhead

Publishing.

WRE-09-7

10.

11.

12.

Okamura, M. and T. Teraoka, Shaking table tests to
investigate soil desaturation as a liquefaction
countermeasure, in  Seismic Performance and
simulation of pile foundations in liquefied and
laterally spreading ground. 2006. p. 282-293.

Catney, S. and R. Lynch, Experimental investigations
of air sparging to control contaminated groundwater.
Proceedings of the Institution of Civil Engineers-
Geotechnical Engineering, 2001. 149(4): p. 253-258.
Masaoka, N. and K.i. Kosugi, Improved evaporation
method for the measurement of the hydraulic
conductivity of unsaturated soil in the wet range.
Journal of hydrology, 2018. 563: p. 242-250.

Todd, D.K. and LW. Mays, Groundwater hydrology.
2004: John Wiley & Sons.

Fredlund, D.G., Unsaturated soil mechanics in
engineering practice. Journal of geotechnical and
geoenvironmental engineering, 2006. 132(3): p. 286-
321.

Morris, D.A. and A.l. Johnson, Summary of hydrologic
and physical properties of rock and soil materials, as
analyzed by the hydrologic laboratory of the US
Geological Survey, 1948-60. 1967, US Government
Printing Office.



