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YA NP FRBELE - BEYS
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X

E B

2006 4£ 3 H, HAREBUFD» S OMEE &M ICE > T1H 8000 b > OEKitiFEsY T LY
T v TR L, FE o, JICA IT& - THElS N ARE/KiERERm X, o)
ORMFRERRT 2D TIEH 54, MK, EWHIZEHFRIOKFEbksL, 73—
IVOBBMEEBEE G Z 20 LB NEDTH %,

L AHEITBNTIE, 7y a— )V ERO—iEKIE 2SI L, ENRNEEKICE->T

ED LI ITHI T RSB SN 0T D0T, b L7z,

2. K7 4 =Y EVTA EHFKIZBET2HAEIIBNT, ThoDFHEICBAL T2 2D
THENEIN TS, —DI3, AHOEBICIAMTKMOETEZZ TN &
THY, fho—>213F, HWBILTOA A= X LOBENATHTHEILETHD, Tva—
WIZBOTE, HBOWT - & L0, BHICX25E  BERICX2EBICX->TH
A5DTH 5,

3. BRI MTER L7z BMIZ B 0TI, RTIVHEOBKDEE S & TKIGL DR
IANOEEA T T 270 DB Y X7 L% BT 208N H 5,

4. VAT A DJERID S DK ED, PHXT A DS FEEHK O %3213 T 3 Ffl o /KH
K oM FADIRE, HEA L&D LT b5HId 2 0805 5 9,

5. O XS MHITKEHBET OBRIFERE, BKkOAL ST, KTIVITKBEKDHE

ORI &SN, 73— VEBRNTH U TENEER TR N K DI, HEE S, H
TEKBHOIcHIZbIEHESNE N&ETH 5,

F—0— KT ra—)y, WFKEK, EERE, EEG IR

B1E B

ZH1T, 1994 FEHh o BAREBUF T » a— Vi F— 24 (JSA: Japanese Government
team for Safeguarding Angkor) THEROHEVIILBEEIEENIZSML T &7,
VILYT vy T, 7Ty a— VEMERCEEEET A2 A0 17.3 75 (2008 4E) @ HEZER

JFEs2 AT H © 2008 4E 12 H 2 H
JRFGZEE 1 2009 42 H 13 H
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MiTdh sy, EEEHHFHER JICA @ B, Okl EERBIEE &, Y2207y
TN DKBEKIFIZ DN T OFE etk A (Feasibility Study: F.S.) (LI# F.S.&
FlaB) % 1996 4FA» 5 2000 T THEEE L Tnb, FHIT JICA O F.S x4 51E3%
WRRESIISMT 241587, 7 v a— VSO Tk &g o R, KIEKE,
K Y 2T LOfEHEME, R & OHERFE I E A B A I TR G U 7oA, JKIEE L
T T ROEIKZ Rl & LT 2000 FFicir s i, Z ORERRO®, 2003 453 H»
5 [EAE 10 I T, FED 7 D IR NFES 7z,

2000 FRE DI L1825 7 v 3 — )V FEF O IR B S 5 AR BIRCE D RS S A 1+43
THHI L%, JICAILh, #HYa VYL v MTHIEA 2, BlEBERITbNE I &
12K, HEARFEFHITER U, C OFER 2006 FEAICIE, NS 1 ORI, BKkIFERNE
L, Y27y FIHIRT 272DDIKSY v 7 5K L 7o,

AEITBOTIE, 7 v a—)VHIZ B 1 2 KICL DR Z 123 F KA O =L H) & 2
DERIZONTHN, 51T, TOEKMFIEEI I L AN T v I —)VIROKRE
iR Tz 0,

$£2F T7ra-IVEFOHTEHEHE

7 v a— IV EHOMIERK A Fig. 1 1IZRUL7ens, k27 —LV VIR, ®ME b LYy
7t O B ALK 50 km ORI IR B LK FETH 5, 7 — L v IR H — vhkis
WA THS0km OES T2 IITEREN, My U¥y Tl E2E - 70T
FLTWa, 7— L I3EEHK400m 2320, [HORMAREZ DS, (Lot
HWBEDO LI ITTVERERZHRIETBRERL TS,

7—=L OO EIZ+60m WA T, by LUHy FIbED S I E TOEEEA 50 km
O TEEARIE 1/1000 E WS BABLTH 5, 7 — L VI 2 BN IZERK 1800-
2000 mm THZIZHEPTEH, 7 —LrloaghiTcigsh, 1o fE» siiEnit 3
2, TZ, YILUT v FNOEREREL, FREZEC TN S 2 i3,

F3E JICAICKBKERE

EB T EER JICA) &, YT L4V 7 v 7iliicd 2/KEICET 5 F.S. % 1996 4
5 2000 412 THN Lo, FHIPHEEBOHMRK E LT JICA 1T X 52HAERRED
TFEEFRESICHE L TZOEBEM B A1,

COEBEZITULaVY LY v MR, BEAonBKEE LT, Ok, @6
5S4, @) T v T, BLXUDM LYy FiiZRD LFCTHEEL T, Zhso
D 4 DDOED WG DFER, TP KOBKDBIRETHSEND T ETH 72, MHDOKIHE
BKEBE ST NED, LYy TMMhSORUKE (BUKLIKEYZ L) T v 7O
oK E TEKL, HKBREKT %) &, WIKOHEROEE & @3 PR FHIKD 2
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o7,

Fig. 1 Topography of Angkor plain

boring points
@® RP (royal plaza), BY (Bayon), AW (Angkor Wat) by JSA, 1995,
O WT1,WT2 WT6 WTS8by JICA, 2000

GBI LN bDTH -7, FEHEZE, @MUy FTHIEIIHLT, 61T, br
LYy T oMRICH 27 0 LEOES+50 m Hibicksy v 7283 <T, 2ov v
MoY AT 4 RUTHIREE 30 m DI T AT TEKT 2 FENIRETH 5 EE - T
Lo ANTAMS YT LY Ty TNNTHKL, YT 0Ty ZTHFETHILL T, KiEHE
EFNIE, FINOKEHIMIE > TEHERIL S ERINE E 0 D TH 5,

M FHEIKIC K AT 2ITS 7odic, 9, BB W, RO 1TFEMIET v a -
B O FKEZBN B 21T - 720 £ DM T IKELOFHEZE D > I 2 V—¥ g3 VITHESCHT
Hr K O IKELE R EWET L7,

T IKAL DRI R A B %2, ABRZESEIC X 2 RERMBT (MODFLOW 96) THiBiLL,
J—VVINEOREMN, 7va—7y bk 10km LM OBEREZIEREBER KM, FEI
MUYy TR 6 m 2 BEAUKEER & L THA, HTKREIESR & U T
L, Mo @ KA Lic, UL, ZBREEZELICWNKDOHER D S DA DD
FEF LS TO R, HERD» 5> OHEMIC X 2T RMLOE FEZEIhTHRED,

FEBRITIE, HiBd B L9102, 7 v a— IV FEROM PRI, 0K DI E D
5 GL-—0mBEITAELTHEN, WES HOWNZFEIZA > TREIC LA LT, WEOHK
HDOD 10 HOKD DIZIIHEHEIT S FTERD, WFRICAS EHTFKRMIFMEF LT
HEODKDLYD 4 HKIZIE, GL-5mEEETKRTFT2DTH 3,
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JICA #i (2000) 1260 T, ERBER® & ORRHIT & 1258 & H T KD KFEH#S)
72T, 7Tra—IFEICH B 50 LU EOHFIKALOFEiZALE S I 2V —bT BT LT,
KILERDREZRA TS, T v a—)VIEO M FKEB)E, FEIRIC & 2K 5 &K
ICEBKEEFTHBH 0, KBEICEET v a— I FHO /KK RERA TS TH
5o WBEDABIZ L M FKDOEK FALAMCEEIN TR Y I 2 b—Ya vyDedl,
WRIZB T A P KMEEPEBTETORWERENL > T 5,

S HIT, WL TEEITNT 2EAD, AT THS, HTFKEMETTS I LickD,
FHOMERDRA LT, MEEIOEMIL2MHETH S EMESNTHS, L,
JSA O T — iz &L, HBNERET 2 2 SIS ZBTEEHDOFHKRTH - 72,

JICA OIEEM F.S. 5, HARFRFTH - 72 2003 4F, FEH X, F.S. OMRBENLEZ)
DR THNT &4 JICA OHMEE BT, T UYLy Y MTHAL, BT s X5k
DI, TOHRBADHKE G, MW, EAZFELTLIH0 b rofkasd
BRI O K E A K EAs D, 1F3EL, BAOBBSAEMIEA LT, 2006 4E 3
HIZRER( LicoTh %,

FA4E T7rI-IFEHFOMBES

JSA 131994 iz, HiEABE TET S 100m OERK—) v 7% 2 OIS Tz
MiL7z (JSA (1995)) A%, 2517, ZhilkeT, JICA bHADOHER—V ¥ 7 %
L7z (JICA Report (2000)), Z DS, 7 a— L EFIZHNTIE, HEHBEK 40 m
DEEPUALIE D 2V NEPT, 20 FITIEHE 3B oM EE RIS E, 80 m Iz ilis
BEDIHLGDFENHONER > TExT, ThoDKR—Y v 7 hiiEE, Fig 21Tk U1,

KA O AL 2 A HE A B N (NfE& R, HEA-V v 73ERIC, 17
AL U 7o SRR IS 21T E AL, 30cm BAICHELITRETH 5, @H NH 10
PIFE, dkygdg Spidn ) ko B AP R T Fig. 2 128 Uic, N AR I & i 1+
ETIEHNSS T, HELELICHINNTZ, ZOFEMNLEOHER, 2 >OHEIZS TS
EMTE, LBEiEY OV MEIEMPE T NAEE 20 IR T, FEEBBERUD VIV NEE
TN LT N=30-40 &7 5 2 EBZ 0,

LI, e, FEEEREEORROMER TE R EE b, KiETh B, N
liroAs &, EHEOLEIE, B0 o “PAICHE - 727 BET, MroitiEE
PRIk E 72 S K KHiE - REBOETH B,

T VA=)V B A HL KL, HiZE < OFIUR & S A OHERE IR LTV S
EEZOND HICIEPE AL 3 A ZE RN W I O IR RE N — IR AT IS R 2 W,
ZOHTH, HULEO 2OV NEHENTORFE B & CRENFEEDS, Hh P KRR A R
SIFThWbERbNhE, TDOFAITH 55 =HEE, FHULEIEnE, ERi/han
N, WIRPBERPSNE, MTARBHEL, REICHFGLTW3EEEZ 5N 5,
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| Angkor Thom | | Angkor Wat |
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Fig. 2 Geotechnical section of Angkor in NS direction (see Fig. 1 for boring point)

F£5F T7YVI—IWEFICEIFIBRKNZEMTKEUDEHES

Fig.3 ® EEBIZ 1999 4EE D > T 1) 7 v TRARBNFTIC B T % HFEHNE & 0 2R,
BLUZhooBBEREZR U, RKO FHICIE JSAITL - TEHlI i N1 3 v J5BE
LSO T RO HEALZ /R LTc, 9, WREAREEZASL L, TV X—VHIHITH
57 KRT 4 TICBOTIE, 5 HPSWENEE O 10 H F TOREERICERSES L,
FERIFERN I3 1,500 mm Th %, ZiE, ZFENBETHEEOENDH S DD,
MR U CEFIICEBN S, FRAREE 1,500 mm T, ERFERREEFE L0,

B & FKAEZEA L E R & 5o BRDWEZED 1 Mo 4 H % T PRI P2
DEett, 5 HOMFEICA->Th o ERICHET 2, BESTURIEERICE->THRTL, %
WAL NIE EF LTS, WEOKRIICIE, PRI FIFHEREIE < GL—05m 2
EEThAT 5,

BEIIBOT, BT, RICBOTREIICHEY LT PRI, WEICE
WL TR OZBTI L L W), B, FHIICK > TI O &S BFENEN S D
EAREFHICEY, KERBIZE S 600, HEZVEEERIICLS 0N, EEODDH
HEkelT 7o, ¥R, ZOHNTE T AT KALAZEE, BEMIC K 5 BA EZ&RUT X 2T K
KFOERTHEELTNAE I ENHH LI, BTITBOTIE, HITAEHIT X 2K F
EEHIT, BRI EADBR SN S 0D, HHSHET &M - T 5,
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Fig. 3 Rain fall/Evaporation/Water Level in Angkor Plain

B 720 2 H ol FRALOZkIZ1F13 20 mm/day O —FHEETFEL TS, Zhi
XIhd % AR EE 5-7Tmm/day Th 5, REEOMEIIHE FOMTH L, Hbhis
ETRAMBRIIOME O ZENMEL L5, HMEERMIEA B OB IZ B L TR,
MNEER CROEMNH O, 0K BEHFTH T /KERRTNIE, LI RIZKEIC
B35,

AN 5-Tmm T, HIF/KAN20mm K FT2E0I DI, 14 20mm OEFIIT
K emm OESHYDKREENTNEENIIETHENO, ZERRNK S0%FEE T
HBHNH LT D, HRODKRAZBEE T ITHRINTE 201d, HME & TRNENZER
mE BN THBEINTWEKETHS LD T EITH D,

Zhwz, 7va—IVo k5 BRI L Iz 0 TiE, S ETirishs
IKEOIERBEED, FIHTE S 2 FKEOEREIETH 5,

Bikd 2 K51, 7 v a— I PFHOFEHEMEIC K - THEF KD AKCERB)NE & b TR,

JSA 1T X B2 HU TR O BIIGE R A Fig. 5 1TR Uic, HllBo Rk, v NEHED THr~
HETO VIV M HE M ESRIEL THNT, HFD 2 208 - 2%E (GL—71m
BLGL—1561m) IZBF2HTFIKALEZE, [FUTEEO, FHZEC TR LED
IRBLDS O,

SO ER, FHIOKPENPS AR TEREICHEH L TWBEIEERLTNS, LH,
ROLIEDIKIEBMENDTHAHIMN? Zhid, RKOLHITEZLLoNhKD,

Ak cREMENTO2HEOEA, WKE &0 FIiRE UTKMAS ERT S &, K
JEOERRIC L D E BT, HWTFEHICBOL TS, KEBEAT 2, LHLAEAS, ARIFHR
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Fig.4 Seasonal Change of water level at two depths in Bayon Temples
(WF: GL-7.1 m, WE: GL-15.1m)

RBIZHsE, KEELTIERT S &3, HTFKRBEEIZRERF LTI TKIE L
FERB, T ra—I)VHIIB LTI, IR, HTKkEHFICL->TRIALTHS
FA 3K 10~30 m FEEE DR S £ T, m/l/b%mmf#ﬁﬂ%$ML WEBIZRY v
FNEANTHFHKEEZHALTRKSE TS, 20X A TH FKERA LT3
L, BKEICHI SR ) v MG SHETKRNERA LF o b 7cdiz, AU v bEL
O PR OKIENE T L, £ OKEMR FAMEITERE L T fowiz, HERA
T O F AT GBI TROAEN S LI U TRMIE PR ET 20 TH 5,

K OBEICTHITTE, HICH ImBEOKEENRSATHEY, ZhidH FKkok
HEFICE2BTHL EEBDNE, WNEIZKHS L, &%'ﬂ?*@%p&Lﬁ@%&@
0, WEOKINTIE, 131F, HEmAT & FEE & O RKESEKENSISE S0 T
52 ENREDON S,

TSI, BlRALNIE, FIEROEOKMD LAT 5, HiFD b KN5ELICEF
LT, ETok»ERL TN, EOEIZBT5KMED EAE, 7272612, TAOKAL
DEREBS>THNZRZITTHSH, ZDOFigbDkHiT, KElEARH L ENS I &
i, AEFETH S, IO oDMITHEKEDOHWEDS 5D TH 5,

FO6E EANRTELEBKHAFPHOEZE

JICA 1Z, Y4 7 7HIZk 15 LK DOKIEE U TR JREME 2R S 729 v
I LTy TR BKFIFE, MR A, HKElER7S &2 < O BihEk ,BiU,%
NTERBAEFE L 72, FOREE, #HYa o3Iy v ME, HTF/KEAZE (JICA Report,
2000) Zix#EFEE LU TRE L,

135



HDURT « PEEZ > D—IVICH T 2HTFIKIGKERE

2 S o Nl B A M | R

Fig. 5 Position of pumping wells by JICA plan 2003 Photo-1 Constructed Water Tank

Zhid, Fig. 51TRULicE i, WANSADORS, 7 v a— VT8O % SR~
JEVEITE 5 EE 6 FH TR > THI 10 AR DSk H23%1E L TH =& 8,000 + > D #5/K i
RERRTHLDTH S,

COFS 2%F7T, BAZRHEZEL TS EOITHERSA - TXx7 (JICA Report,
2003)c ME%a v HIVITERM LI E 2 A, [HEARREF &I, FS OHREOLVE 2 —bITL
2] LS JICADERTHSEENHIHIETH -7,

FHZ, INnT, FSHABICEB I 2 EARNBMENZETIET 52 ENTE, #HTFHK
EPOHORIZKEZu]EE. G H H0" W, ARG ZZELCa Iy Vb
JICA ORI S REMAVICE Z DI TAID, —EEILNIHBEOEEIINL L -1, #§
HJICA»SGoh/zary bTHE, FS. OREDOLE 12— &3, [FS Effilfhin oo
RIMOEALDOHER E T NI BIEEZFTH T EA2BK LD T, F.S OFROZ YL
HETHDOTIERAL] E0WH I EThH-T, 21U 6IE, BROMEETH 5,

PRI EEARZL G O H P DALE LT ALK R ZIRET 5 72D12, [EE 6 SIS,
KIFFEGEEIL, EHBKEOTHAE L U TZEOA, 24 B ok KR 2 92 < 1
720 ZODFEHE (JICA Report, 2003), Fig. 4 IZR&ENTWAS X 51T, 8 DOHKIT nE

W, KHF»S LIKHIZ 1,000 t/day EMERFEEEAIIC 100 t/day, #EF1HFHD
1,100 t/day 281 H 1 A7 D ke & ShTinvie, 2Ok B X kK
ﬁ%%@,ﬁ%%®%mﬁ%®#% oT%mT%E SEFHENC i 72 IR O I D3 - 723,
WP 2 LT, I3 AEARRR IR S N, 2006 FAFICTEK LTI T LY
7v7mﬁ«@%mm@mﬁ&Lfﬂmm%%émto
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FI7E T7YvIA—IVEEMEBANDZEFA

Fig. 4 IREIN T B K912, BkKIFFHOME L, HAEETHET I =T v b
R7 A=V LETOKFHEEL 6-Tkm TH D, BESFIFHIN TSN A A
Tk TIIH 2km OHEEICH B

JICA 7 4 =V EVY 7 48 (20000 12 &knid, ALEREITKT 2 EREA R T 2720
12, BARKICEBH T KMOIE TR T v a—b Ty PEAET30ecm U FET 3 X957
TRBKBEORESBRSN TS

F 7, JICA HAF +ﬁi(%%)fi 8$(%m51$ét@1umwmw)@#p
BT X 2 FARAAR FROHEEE “BlEmiR” ISk > TIT-o kR ELT, HAHNS 15
km%m1m57/:—w7/bHLTOMmmfﬁété iy cnsd, 2o “HigEt
B d, MERKEEEEL, MEDOEREKNZ D FIZH 5 HEKEEZIRE L THERK
JEIZHAT S ENIEHHRETINVIZE > T B, TOKBEFTIIZEBNTIE, EFEHIZIE

WA —EKRBLDRDBEEL, #HER/KIEDOKEZM T/RALE LT 5, FEEOHE T
Z D &) SRS B K IAAAE LI 0D, $kHDO R b U —F —EAHEE F 10 m
IEWZH - T, 10m LIEOHI TR FHICREIENEnS, ZOL5E “KETIV
THEIKEUTE 200 LA, o F/KEE T IVOEKEZ, HiIZHHBIh T
BIhEE ST, SBFMCLIRAEZETLMETH A9,

IhiE, BB K91, TENT A AEMD S OREMAKOKH D S HE T~ D SHE
REBICEAH T ARMBOBEEIN T A LHITBbN SN, Wit HET, KEEHE
WE LT D) E WD BARREER 72 0,

B8E HMTKBKIILZIRINEE

COFETIE, YT LY T v 7ITB 2 EREAMMR & UTAEMN T S TH 508,
BKIC X 2T AKIK F O BIMEEII DLW TELTAH LI,

9, Tra— IV PFRITE T 2 FKFRE, & 5T, HiFkIBKIC & B B SHFk
KFIZO>NWTEZ B,

Table 1 Estimated velocity of underground water in Angkor Plain

BIKREL k (cm/sec) 0.01 0.001 0.0001
L UESITEAL i (gradient) 0.001
(cm/sec) 0.00001 0.000001 0.0000001
B i Apparent velocity (cm/day) 0.864 0.0864 0.00864
(cm/year) 3154 31.5 3.2
® Velocity (m/year) 10.5 1.05 0.105
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8.181 MT/KDKIEIRE

T aA—=IVERIC B AT KOREIEEZ TAHA LS, Ty a— I FEREILic s L Y
OB TEES+60m fEid b Ly Z#lodbE T2 ORI OHEEEIEK 50 km TH 5H 5,
SR o EAHZ 60/ (50 x 1000) =1/1000 E WS BRI TH 5, FE O HL /K DR B # I
i FIKAL O RENMEE & 1, BEAKEEE kK & LT

v=1i*Kk

EIREIND, T A=)V FEOME OFEKEEIT VOV MEI E OO REN S K& HITH
Bbo-Td k=10 "~10 *cm/sec BETH 3,

22T, i=10"° k=10 '~10 *cm/sec & U TifiBhdi/& %K, Table 1122 DfEHE
R EE, #EE L TRL,

CITRMATHEEE NS DI, HTF/KOREY 2 HEMHIT—ARICHEI LT 5 EFZ
BM5T, EBRTIE, ZEEESIETEREBL TSNS, EEES O 5D B HE L THIE
THEMENRD L, ZORTIIERIEEZ r=30% G FETHEMLUICEREEZEM) £LT
HMEZRDILTOBY, HREELTRRELENZ LD, LEMTOT2 10m BEOR
FLHLBN ENGNE, UEDXH1, HFoBOEKIRETO Y v a—ILFiFICE
o BIKOKEREE, FELEZ SHT,

8.281 REMBEKICKDHTIKIET

BificE#EmLick 1T, 7=V oo b Uy y FHICmTTT v a— I EROHT
IKDIKFEFRENZ /N E g

ZOEHITHERD, FIFZKFETHBT v a— I FHTENICO - T FKEIK AT
ZAE, BKHAED S H FARALOK FAsFEd 5 2 &3l Shis, HF/KOK i
B & & b, AHICIERT 5, 22T, 1M ELTLIHHAD 1,100 t/day T
i 8 HOBHDBKN RO % A 5 72012, 8,800t/day D HiH: & L THIF AR DIKT
ZEE L TAT,

HFKEFREELTRDA4DDNRIA—=FITL->Tb, THbDLL, HKERES (H),
K IEDFEKGRE (k), wKEDOARNZERE (B), 8800t/day DHI:& L THF/KALD
KTFAEHRELTAT,

HFKEFREELTRDA4DDNRTA—=FITE>Tb, THbL, HKERES (H),
i /KIEDEKRE (k), HWKEOHBZERR (B), BIUKHEYOH/KE (Q/t) TH5,

TITE, Trya— VB KEEHE L TRD X5 SAEERE L,

HKIEE S H=45m

M ET k=10 "*cm/sec
ARNZERRAR £=0.10
HY o ks 8800t/day
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Fig. 6 Drawdown of the underground water with time
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Fig. 7 Change of underground water table with time
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Fig. 8 Drawdown of underground table in north-south direction
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Table 2 Drawdown of the underground water and ground settlement

Drawdown of underground water Expected ground settlement
2.5m 5 mm
10.0 m 10 mm
10.0 m 20 mm
15.0 m 20 mm
20.0 m 40 mm
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The Problems of Underground Water Caused by
Pumping Water in Angkor

Yoshinori IWASAKI

A huge capacity pumping station was completed at the south of the West Barai
in March 2006 providing 8,000 tons per day in Siem Reap as a gift from Japanese
Government to Cambodia. The constructed pumping facility by JICA is to improve
the water supply system in the region, however at the same time, it is anticipated to
cause serious problems of lowering of the underground water in the plain in long
range and may cause adverse effects on the cultural heritages in Angkor.

1. In this paper, the author shows general aspects of water balance in Angkor
plain and how underground water becomes affected by the pumping water
from the ground in the long range.

2.In the feasibility study for the project by JICA, two basic problems are
required further study. They are the effect of evaporation to underground
water and the mechanism of ground settlement. The evaporation effect was
only considered to decrease total rain fall to obtain water supply. In the
reality, evaporation causes lowering of underground water. JICA considers
the settlement by only compression of soil layers by the increase of vertical
load by dewatering. In Angkor, the ground settlement and heaving are
considered as caused by drying and wetting process of unsaturated soils by
evaporation and raining.

3. It is needed to operate monitoring system to confirm water balance and to
prevent any adverse effects upon heritages by the pumping of underground
water.

4. Effects of leakage from base of West Barai as well as surface leakage from the
rice field into the underground should be monitored and included in the
analysis.

9. The monitoring results shall be fed back to the evaluation of effects of
pumping not only by the pumping constructed by JICA but also Hotels
nearby and used to control the pumping to avoid any adverse results to the
Heritages in Angkor.

Keywords: Angkor, pumping underground water, conservation of heritage, JICA
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