SHIMANTO

U5 - SR =
%84 $oS

We Love “SHIMANTO"

e



A+ - mEBEEEE EEZ8Y R+
(HVH 2 BIE)

ARl EEE EERSRE), WA @ GRERFEEMRTEE), £ #1E (R
HEER), A W (NPOJEANERBEORZ 55), —6& @ (M RFEERFE),
LR 5 (BBREEICEE), Tl (R, B, KE —mk (KX
RERFR), RE HfE (GmRFEFE), KR FEl (RKEEHESEET), ME EZ
((BR) 78 B ARHEEARIERT), IR sBA (KBRS, 4611 B (EsniFRKFEEEE),

AR @ (AARRFEHEL), Bl Je—8 CGRRRFEMEEN), ERAE— (UF5+
NI BRI, B EBR (WHKRFRFER), ik e (BL2a84E), #F0 &
BE (FEx>U=7Yr7 (K), @i Bx (GHFJIEDRESEF, €8 —2 &
ENR SR S RABRTEHE), i i (’\"? FNAZ 7% T774), Al B— (HEES
MRS, FOIEE ELRSAEG LEM), G B (BALE B), PH R (R
EAERBEAIAER), kI 2 (SR, EP\] HEF (NPO UG H)IRSERR v hU—2),
PEAR L ((Oh) JLEEREIMIZEAT), R ER (S RFIbEE), /£R FE (E
MNKRF), #k 2HE (FRRSLPREDE), KE 0 (BATE (K), B8 #Z (®
MEEIAE), BE M3 () MEAARFENWIZERTD, \k A ((BR) W H AR
WERFZERT), #@oC RS (BIERFREE), duf EF (REAREEEes), #T # (&R
THERT), BE BitE (BaMRKFEAEFER), A R @MRKFEACFER), =% M
F (EBRHABEE), B I Eol), Ak FEE GRIRREREETER), 1
B - (B IEMEEMAE), WT HE (ERARIZER)



mMAE+-nEBEESE £85 F 25 (2009)
= x

EWHE
(RO KGN

A (BRI P A M BERETERL) v v vomowmnvms s s sio s sumin dossirnsisns b ks ves i bnios 1
B L) |~ A A2 —BIHE

.%,’g. ﬁm(ﬂ]i‘lkijﬁ":}'—"[ﬁ) .................................................................... 3
(975 +ANED | — I 2T S H5 < —

%}% E$ﬂ(f’5fﬂﬁ%j§"—"ﬁj{‘fb¥%5) ............................................................. i

TITE A LR RT3 D RHEER 2 B T ARRI A OTe b R BT F U A
S 0E A0 S R (T ot e a0 T A N IR T 15

Groundwater Resources Development and Management Policy

Bui Hoc (Research Center for Geological Environment )s«eesessrerrrerreriiriiriiiiniiriiineennnens 27
WE/—k
oL S D 7K A ESR T B9 B (RS - SEAHIZM)

B AR (TS P A I FRARE T TR T (R B KA AT BT TR oo 37

W

5 9 B 5+ sk 7 2 AT R R = (T T L)
P’
IS e

% 9 [BI0U 5 - ik ke S A (REEH
P05+ B e A FETE B D v evrrrrorrrsesssortnantsstssssasessstssssssssssssssossssssnsnnnes 43
BLot
M5+« IR 5k HriFEs (RfEEXT7+—~<vh)
mﬁ‘_{-.(ﬁjﬁ@iﬁ.ﬁ;&.tﬂ}ﬁﬁgé .......................................................... 57
WSRO BRY
EERTEER NPO KBV —2 (BB IR KB IR D) cvovverrrrrrrmrereeerneenenennn, 62

2T
IR —ER-E [KhKEDHSBH TR

FETK A e e st 63

Z30]
@734‘%&3—"%%@] .............................................................................. 64
L8 R 1 e e g = ) B N LT L R R PP PR 67
i F T R LR R EEE TR T ETRTRTTTE 68
D B B () 7 RPN+ v e v e e e e et ettt 69
AL ceeerereraii et e te i e s ss s 70
DU J5 -« s B S G BT SR (JR R o7 IL) veeer ettt 71
R o R R 75

P07 IR EE S JRBNL Bleeerrrororossossrnsroracsarsossssasssrssssossssnsanssosonsnssonsasnoisssores 76



(U754 EEEERE Bek $F28 1-2 2009)

KOKEE
f8rxx BN+

S5 26 FERTO 1983 4F, BT IASCERA MRS AT R C R O A F 3 a D IEFIc b 0 Sn-
NV T FN=T FREBOWE CEFIERETICHREE Uiz, 4B, WERHEIIREOME STy, 2ThH
BREERETEDLEIBION TV Ao, LALOEEAT >-FIMTTHHEER L W 5 Sl b 230
<V AF VI TOWEHMBARTAUERWIZE VWL E L £ 1985 4 & 1996 EOF 3 FME T 1 Y
=7 MIBMLT, L LBREOREIIAZNRMBEZLOT, 2 CHERROMBIZKDOH Y Hi- &
Tholz, MREMBEHITIVED LEAFTIEH 7208, LR —OHEOEEMTLHY 1 FAELHE
ELTWe, I TORICHETIEROBLCEITHELFATE TH 7=, — B o4 12 BEEIE 1 E 5
Ko L LIEMIR SR 725 LR 2 b O C, (MR LEIKIZN S LR A Z LWL A at-, #
(ZIKBE b A VIZHWAKIZKREIT, L THAOAESLNTHT AL b o2 BRUEUABHE XS T
Tl REDORPEIZ, ¥ T—THoTWDRPTHAKICH o= &d, b A LRFEERVEDKIZEET
HERITRER 2D olz, LOLAELFHEOBIFO, HAWLORHARW, 20 L5 2 TOEET,
AFXaADA2FERITICASL, FEABRRBY, AXFVaTliCEK-7256 3 AlX@hhiw, ALEx
RoltbEZONIEEEDIEIRWE HAEDICEIN TV, RERLAFa NI AEEZBE N
b, REZZEZZR®RMORTHIF 2O EL LENL—4BMIH#L S, ACboixllbhTab i
WEEZDONR—FHFICH L TRILICE D EEZ 2 TS, ZHIRIFEAO—HIT, WEPFRLLI R
EIHAIEILRBRBR LTz, AFaTOMRFELOETLELTWTIEI ZTIHEATWT 2,

ANZE-TH, HRIZE->THRIFAEMOIFETH S, BED W%IIKTTETEY, KOENLZAT
BRREFOITHENLE V) OR—RZRFTBRTH o7, FOAXDOEFIZELE > T—H 12 BRI OBk
HHTCIEH DN, EREEPTIEETRARAVOLFECL DI, #WICE - T 12 B oEkiTEic 12 HR
DifgkEEZ, DRI FATEME N2 DO THS, KOFIAMREZEB L, A AT A THES
N JibERE OV, 225 _KDEER A T L HIC LT, WD THENRB LD A, Ax o
POLHBEREL T, BARNIKENTZRNTE D LTHEEZENDIONEREHEL ORI, REE.
HATIHIBEZENOWFEARNBEE I TV, BREANTIRERS 2, APESEt kv L @EiRic v #Ed
ML, HRICIERHENRENDZ LU HDH720THD, MNREY ZER2WEHIZ, BKRKITFICLDF—A
Wekhs, A THWKNBERE 22> TN, BEIDB 0 . KOBEEKASZ W, F2KONTTE 1T EENS
DFSER A RAEE LI A2 B RB(E L, BREIBEAFERET S, AARORZREE~0O 8 EKOENT, B
B, KB EAD LT DITIISERAR EZ 2, RO ERE L, HRIZEDIZ, 4 TlEafEEK
Y= VRENZ 2> TETCWD,

KOEBATRELLNRWI L THLIN, ZRETONAEZL - XL R - F - 7V /L ERESELR
Rl HROFEMOREARD 100 2 Y LLFOIWEMAERD 30%% HHTWA He A IHEFIEIC, MO
KEBATHRALEZOEREL, BETHRACHEIRZZ b oz, BATIREKDOREROEL O
. AKORGIEHBUEN B 25, HEITAKNH D ON Y- ATE WD RIENTE, KROKRTS2HEEL, /2
D OHIKA, HERO EWRINIEET Z oL ol L T b2z,

FNTRAF R & W R ORI DY, R EZBL COKOREEE2mMY . FIZFEEBICYH
HHLBNTND, F—IZ, ABMOAMER L 25, Fiicbh b 0EFEICHEE B HEIEE2 RAVE, T

*TAR K F RS BT R T790-8566 FL L3 TESHT &

-1 -



ALHOELWBROEI TN, fehrR2bilZ2bhboirdbsd W, FIIK, BEICRS, EICR
WAoo TIUHFZEITKNIEEKIOESNNSREY ., BXRL T, fESEEINS, BT, ANMEHER
L&, FREBENMTINNEROTAEVDRAZ EDWE D, SHKOFDFIABR OGNS X O IZFE
oTb\éo

W ESEE & U CHERENCEL A E a3 A A 72 B B R ER B L 13t A 2l | Bk & i =i
FELUZO, bLLHRFOAMBEDICEL £, HATEBTIICIERER, DARRABICHEL EIZk
HOBANE L TONIZE L EEANTATHA I,

KBHLHPO ZEEPLRAX BAEEHIENTE D, EMERDOBEKR, T ABLAKOBEERRSHED R
FHCIRIEND K 3> T 5,



(7G4 - FHEBEEE $8& 28 36 2009)

<fif

glﬁ

=

AN &R A RE—HHE

58 =L+

River Engineering and River Meister

Yukihiro SHIMATANI*

1L AN A A2 —wHE &L ?

2007 FAIZT)I= A R Z—HHE L W D ZRIOPHE Zbhd T, BEREA L)~ A A2 —L L, FOHHE
2R DOPFILKFEOIHKSEER, B EREORAELR, Z L TIUWNKZEORBBEETHD, 20
HHEIE, 3 AORBOKFHBNAROREM LN ZEHEELBEL, BEMLBAICW SO
PR R L, BIRZEZTRIERIC OV TORENRNEZBLI L VWHILOTHS,

MK, BHBBMATEDOREFET, N—Fy LU r—F—THLTHDN, IPCC (RELEHNICBIT HEL
JEl SR IZRWTHTER L, FREOMROKIGESE 14 ADA =D — AL LTHRShAIEE T
b, FLRRLEBBRIA TEORE FHEE T, LRHRFELZEME L, BAMICE > TR LHDE,
MEOMHIMEDORE L Wbh TWA ¥ —E4 1 b (RFAHRY) ORMEEHRIC> VW THLHFIEL TV A,
AAXZRET 5 LRAFIZEHETH D,

HREOKRFL, BFHRMRAREETH Y, WIS T AR A2 r R H &Iz vk
RIChH B, REFEDEREELTIIT2IEY, BEOTIICHT BMRENBGICHLREVENI DLy
Y BB, LHPPDLT, ZRARTAIIRENLHEANABELHRELROLATVS,
DL RRROPT, ZOPHERXLEE LI=DTH 5,

2. fERERIGEAIER & B DANIEFIZ DT

RN DI E > = DIFHIEERICA 7 VA bR ENZBEVIAEADIBKEENLTEEED
N5, ZOFEMFIERIZ L > T, bAEOFNEINTAARBFEFICE SO 2 ERMN CRBREBHE Ay
TGRS F RO KBER ) [ FE~ L REER L, ZofFiiiEradic AN L, tF o
BERELPTHRTHY, BEOCELOBAE Lt WnWI EATIIRELHEMTE 5,

—HT, EFNEDOGEHARTINBEMMTIZEEA KD T LE o7z, EMT, KHEBKICHL
TIRHEERREEE L, FIRENE —ELiorm, ittt TOMMIEMCbENRZRIFZZ 2 H55, #FHL
WHIIT AR Z B X ARBIZIZ LA ETRATLE VS TNWEEZOHINER TE- T LE -T2, BFSER Y
EHER e TIRIZBEARIZB W THEDR TWA AR, Zh b 2MAEhE T 5 FHEGRO RN )IENZIEE A
Yo Tz,

S TR FE TORMIINERIC W TR EIZR =20,

9, RAKREFKE—FEHICABETAIEM CThol b VWHIRATH D, Bz Xix, ZoHEfoZ & %K
FEANT & ATV D, BTE, THKIERELAGEE, MEMAKITEKE, THERK, BEAAKITREEES,
EAKITEAER & EOBBEIZ L » TIMET 2 EHENR PN TWD, THISHIE L THER, KOBOHE 0
THHINERB R >T WS, LLehd, NEKOBERTZFIAROER (BKDOEEOKETERIZE KA
NAHFKELCEERGH) ), ¢EbhdL HITbattE TiIaKEFIKIZT—FEHICLBEINTE, 4
RIWBOELZE D FHHRBIEK EOBEEREFTh 5 &L RFFHC, BEALBKROFIK EOFKATHL H

* JUMKRSE ASPe TH8FZEbe  T819-0395 &M e[ c 744 FHT B 24

_3_



%, ¥-BRIITHOBKREZIKET 5 72 ¥ Oifk EOBHREEN Y TRL, TR, LICEKZRASHE,
MRk B A TR 5 & D, FIKEIIE HEF - Tz, 2O & 5 ITHEK EFIKS —FRICLE Eh 5K
WEZRTHH Z & BRI OR#EO—2TH S,

WIS, ZRACHAKEH S ZEBTERVOT, WAEHEZBRBIEH-OOKRL RFREF T
WHATHD, THICIHHBRERELVEINERCRANLERSRB S TV, LEFEAS
THUCIZR SRR E RV h B VITEET 572 POHE, B K CILEEET XY 5, SR 2 g (K
IR H HEEN - 12B5) 2 AW CKEBARIHEKRT S, KEMHAAKE BT LR O FAMSRICE R O it
PR EES,

D& D A A BT O EA I R A AR X, Ax ORDL LB eh biThbh g7
Hicholbnz s,

KB ERIEOEE, KA WEILK, HoKEE, 2KBOIE L & o JILEL HAO 1 #KR T,
WEIZZL OITITbA TERER, EFEIFLAETORRL Rotz, TTIRAKIITIE 1 RSUEIZHET
L, {MEAOIRHICRAT R 08 EFoiig & & A L 23K ROD v FRPLTHS.

L Leds, EEMIBERCERINDLOBREDL-TETWA, BRICEL TEEEREZER S
KFHERBARHAKRE, SHBEOMKBBREOMBLERICANS L, ThETOL D ITHKEZRIIEC
EEIEZF (EBRIAETHLREERHSIENBTER LEZ DN TWEbIT TIRAZWR) b, L&
FHZ HEENRIERK L ARWVEKFRA~ORERHITOND. ZhiZB@atKicB W THILEAKICHT 523 E
HHVNE, WYY 7 MER L E DT, RAMARMKIE~DIERTH S,

Fi, BF, EBROBECHTZERPEE O RESN L BN EHE S 2 LEPIHTE -, 49
ORERFT, TAABELZF-E- LT, MBNICREREZMZ -0 ThH o720, TR TIE+HRR
BRI LAY 2o, ROl TIRIRETET & IaK B — 1k & e o 1o AR 22T Bl ~ DL 23 B 5
na, EE, JUNIIIOHENTERENED Gz, MEERHEKS SR, R LY b )IEIER 248 5%
SEAHREOEARFAIL, AHoO4BRECTIFIAOE»S LT F7ATHY, KEpHMHERY A4
vl

S blz, W, LRERIEEREOMEORKE, MERHERROKREE L TORIIO®REIDMNE LT
HABRFEB SN TWA, INTEICYESEETAETORTII R 0P THERFEEEINEY, B
B2V THEEREMTHS, LOLAENRL, BRRZEZ LI LEBXE, MIEFTCREICLEL
FTHRIBEBEA~LOH> TN E B E2ER,

LLED X 5 B DM il ORI BAMT A3 7= £ > TE BEE D BEO RN S BREH A 0K
KRS TERELRAZLENTED, TIVLLBERTIE, TttE COEMMRIINENRZIRY B> TH
A ENBRARBRERSTERLZL TS,

3. TRETOTHEIZDINT

N FE TIIHBROZEI, WHoHE), EEEoRF)INBWTHHEZER_ L T&7-. ZhETO
WHEIZ DUV THHR OB E TR ISR~z 0,

LE) TP REGER AR T T 5 EWHHBEOIEEICZ W TH S, Lo LA E S lRERE T
ML LTD, (RO YO RBARERFET 2 mBERENRKRBICRAEINhTWS, Lilin b oLt
AN S5 12D O RO R TS LD R OREMEPITOhAREE H T T s, EiRo -/
AEMORIITT S E UL, MEMICAEL L LfHE a2 ba—AT5DREK LEDLOTEH LW &
MECEETE S, TS THL@ER O LWREIZ1T 5 &iE~O L HERNED T 5720, WKE
FHERE L OOREEXHETAOOEENTOhTWA, BEIC W2 MEIEFI2E 2R s FE
BB WIHEAKR ZHE Ltk &+ S E THREH LT WITERIARF S h TW5. WESOEEMN
BOTEETHY, TRICEHWEZRTLOMLINERETES, T, ZENLLOLEWITEKE, /&
WRZ7~EHNTHN, TABRF—EFAL AL bERoTEMMETHRTL, EWERZRTHM
i & L ChEMICH LT S, FEMIZAICENRE L TL 28R EIZEEAR E v, ZEITIREEL LTH
WROHHEL 2o 1=,



PN T, ETWMAEO 7 ABUKREEE 2 5% Uiz, 7 ABUK & 0 g ok N LR+ 5 &
EIT, WKO LIZRDTUKEZIEAMICEI AN T, BEMKE LTHATIRUKGEDZ ETHS, HH
WMITWOENRE LK mITH RS, ZOFMOEAFH UL-BUKRIRN T ARATHD, HEKE
MFERL L TH HEUKA 2 SRR SN TH SR T ARARTbh e > TETWA, KE T
DFEEZFIRA L, BHRRBUKVATATHD. PHREBTIRILAES R¥E L. 1663 FEICfEbh, 17224
BRUCEZ®VIRL, 1790 FCHEEFICLVERSINE, BEVYOELVWEEETHD, Z DHENRTER
(2L D 370ha (236 L SKEA~OFEENRFREIZ R o7, BELZORREZRLAZBLFHAINTWAS, Eifio
TZE - REF AT, ROBEBHAFITOVWTEALE. TEF LTI, 195 T7TENH1 97 0FEIIMHTT
FESRHY 72 & A SCHEE) Tdh 5 %O IR SR K bz, ZoMSILBERKOF LARHESH TH 5
D, HHMRERIEOE L2 X Z0HONERXOH Y HFITKERERL 5 27, RESHOPLADTH
HERKO TALFETIITH, By, ffiotbldhde bl v ) 53, BHEOALE
KAEEWTHLEICHLBMUD, MITERAEETHD, FEFRISELY, RIFEFLAOTHROKLII (i
NOEREZZDO LS ITMEATWD) OHERFRESHMEINZ., Zhid, #EFE4EO R L e LT M
T EEEENART OB ALLHBOFREE Y, Tk 10 £ 5 ACHATE - figSEE~ T
RE 10 4 7 AISIERILETR R S E~KERMOEZERRE N, ZOFEROFE2ZIICHER - K
BT SR DR - JWIER - TUNES (BR) ~)IHERFR RO E B, k11 8 AR
AHBEPERICEVEESNDICE 7Tz, KIWINEMAT3 A 21 ALV 9 B30 BETIE 45 m/ s,
10 A1 B263A20 HETIL 1.8 nl/ s THEEEKR SN, BEWINET 204 BRI EITKE LK
REZTFTCTHLN, BEICEHEZEZ DL I OICRESECHRERNRHND L ORERESA TS, NF
HINCH BB R HEHTHA . HENTIE, KHAERECOWTORHEL R oT-.

FIFIITIE, AIFIITR YK o BERFA Gl BN, )i P E2RE LE, AT
i, BAERD O EFMAHICTER U AbifE K S OR)IERTE, MBS ok BEE2 A, @0
BRI TERER] EMFENALOTHNOBROREE 2D EELEKEBRTHY, AR
DIEKIZENTH R D _METEAEN L, HAKITAD L ZOLHFIELIFNEREL WV, L
L, H2ANEE IS L CLsk, BRFIITIRMUKN2R Y a— by b3fThh, o B3R E)IsEic
TAENS RN o0, Zhicid, HhEFRERMIBRIZAEM TR W EBT-EX8FGHTHS &ER, W
M), [ERE, (EEEMsf a2 V— REE] 2B L, WMEOFRMETE LTHWSNR, J0iEE TIXH
FEICRWTHEEET o v 7 PERETEE L TTREBEICHOC LR TWA A, 2 AU IR SCE O H407 23k K
INTVNEHLOTHS.

ZDIENEIRITH o 1= OZFRHITT)TH H ) O L TRORETH B, S F)NTALdic
Yo TiaK, FlKE, EEARFIITHD, FIRHTIZERO KIS & 8 FE)INRTTFEL, SFNRTEH L
Bk B LT D, EICIZS RS ATH A BTS A, EIRY Ad3dh Y, HEHHE bR
L, WMENBEELLTWAINTHS, BRI o B 2RO R E P IA < WhEER LB S E Th -
T3, HEOLE EIC L VIERN OB LA HEA TWA, i FREIMRO OB AT 5 =
EMMELEZ HLRAD, HTENLBRBERGO-OBARKEREORMNRH Y, GEFMHSEH L &k
T LT WA, R4, 2EMICIZENONEOBAICAS LY, HkEoZeEOMELBEOR
SREBIOBAD - DI ENOBHREKIRT AL RoND LD ICRo/h, L I— LAt
WEL LR T, BEEIRLI ONITH>WTE, HERPEDIEZATHS, LBELETHELDEE
AITEE LWL 5 TH AN, B Th - A O 22 ER L Th 50 TiEZwnhr e n )
& aiEol-, NIEFELMFICEDD IO, AEERVAT LAOMIITHRRORETH S,

4. BhYIc

=~ A A5 —BHEIZ L Y 32O )IEFHE Lz, BEOF)I A iR 5 2 & 0 RY) & &S Tk
Lz, LT, ThEhoOf)INCIZEAOBMBFET S L EbIC, REIBORELFETLI I Lzl
DTSR L., ZOFHEICH I L T EE o7, LipEfzER, Pt rEfR, WG EEROE
Bk, WA A Y —OEEHREECIZTOP LB OFTER LIV EFLXT.



(RFZAT 200945 A 8 B) (JRFasc®E 200945 A 15 B)

&% - 5| AXM

2 %

UK, TTHRER(1977) : R OKE £, BriFi.
3%

FAENNZ DN T, B 3@ 5 W) | F T A — A_—

BB oWTIE, B 2SR 5E)RIEEH, BAEREITRAKABAEERTR LY LT
THAEIERE, WOPE—, REE—BS, HA%, MERR, Boxs, AR, (WEER, HEHERF2007):
BN BRI 30 A & AR BRSNS A IS 5 2 A R K TR 3C4E, 5 51 %%, pp. 12191224
AFFNNIZOWTEE, AEBERRE /R —LAR—Y

ZJEHEA, LA KME, AAF), AbHEE A hitp://www.hokkaido<in.jp/heritage/16_2.html 72 &',




(WA - FEMFEEE Wmed H25 713 2009

<f@& >

MEA+MNES] in REHET
—EALBNHHHMEICY —

BE B«

1. BRIz

AFEE, 2009 4F 6 H 6 BICHfE & TN A+ - fUkiEl ) 5 9 BIFMFAERERICBV T, it v v
aly OF+MNE S LEELT3MALDARY A MRRBELUEABICEKSE, a—F 4 R—F—%BHi-
£E5 (OB+»NEH ) BHHEEBSRIZAR) 2, B0 GEHEEHHHIHESL Y] 27—t iRY
APOBEREFEHLTE LO-EHRBLTHAS,

2. R YR FORE

ETRANC, TSRS AR CRE AT b, BN SRR BT AT, MR
BRI SN RERERIC LS [/ VTR0l bRSDE L BT 2Ok LRY) IKon
TRTWE Y, RRABEBIET 5,

o ok 3K o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ok oK ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ke ok sk ok ok ok ok ok sk ok ok sk ok ok ok ok ok ok ke ok o ok ok ok sk ok sk ok ok ok ok ke ok ok ok ok ke ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok sk ok

JUFIZRADHE DAL ERBET FTOMALRE
OfFEFEE (FatiaER)

1. }AOBE - -EEET (F#AT)
RZIE, WObLKEELZRTE-/- ! & b !
O BB W, OO ERT
O AR OE LVET HLEOFOENE !

2. B - BEIOBH
BRI, DhEWEND DREE) 2bo T~ YERO—
O BAR—ONYFO—AE Y OFH (EHET)
O BRARINREIGE
INEISE  SIM - DR T TR E
Ko /i
#19 iy - 7890
O AFRR - R
O RREEAREIE

1)
S

JE

3. BOBHZBHE ' BO/NAL—F
B - BH~OBROEE | T £ b OBIRELTST !
BB LRSS

¥ WEE TR SUEEFE SR T780-8515  mEnVRsEnTKESFET 5-15



4. B - B EES LI tiEL
HUOD N e DA B, ZRSHURTEM L D% — 7 — K

(1) sl ROME- TR

O BT HORTIZ MRV | IS
O VTR X BHT
O BBE AYAOl-icE
O HUEERAETRIC! EAARR)E
O KBESY
& T
(2) KFEKE BOIyar

5. BLEW! E8IARHE
BEoRLICEENRAROEE Y, T REOIMG{HE !
(1) AR, ZHudR—Heo sk
S T L—X - N NROBEE
(2) MRRREREIRE HXK W -EE WIo®d - [ IbEA
O PASEMIRRHS
O EBEAKE (B Tikvds, MerEsbohsd!)
O BEEOR BES R

6. ME8 MDFNA A DFEE Zhh oD - 2EAT
Erd, EHDFE--5, MEAHLT, HEHLL !
(1) B O oBRK - AL~z d vxd EONE D)
(2) MEOANL2DEEFR -5, 27K L—al (IVET) HWE - AOHNWE D)
(3) MEES6 BHRR) - "M Tz DaTFRL—ay (VVFICE%HiH)
(4) #E-1u- JNIOKBIR GED) LMLl ngd Txad FHLODWNWE D)

ZORFEPL, TR - Bd) 240 LICHETEEE, SV OBABRA TS 5, RO Ax D4 XHRZED
T EHURTEMACIC DR DX — T — FERD T L ERBS TV D, HBEROME L TRICE > T, Mk
Wit 7 VT ICEXBRTOLH, BBRETHEN Y ADII-EY T —, EARABRNEIC & DHEEROTS
fiie, REHES< D, =T 4 LB ADHH 2L, AlF - TRICK > THITEASEES A X35 2 & 270
ENTWD, PESDFNA =AW TDZ L E LT, REOPNE S ) [ - ADMNWE D) 7952
HABHMMNE D] ELDPNE S| ZREShE, Zhik, FEERa A bU MaE) TERE) M Mg
W) (ZORNRERETHD,

iz, WA HTRRESESR AR FSEEaRE2BO TR L2 ) IFEFRICL S [0 T
TP E S ) IZFELHN ITOWTRTWERY, BRNALET S,

Fhkkkkkkkkkhkckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kbR kkkkkkkhkckkkkkkkkkok ki kokkkkkkkkokk kR kkkkkkkkk ok kkkkkk kkkk

ZNo TEHF+MNES ] (ZHE 5380
ONIF#EF (UG +HITKE#EESESE - (SRR B ESSE)

1. 5. BENMYBATHNSI L
ZODHEE, )M, KIERT, HUFMEIEOFL CEHITAEAE LE L,



BUAE, FaEE, FENFHITO (w22 —75 ) S50, B LOMEEICM AT T8 ERASEE) oz T,
O 2 >OEEICERY A TOET,

HEOHZHEMTS UE+HNE ) 1E, AFEEFEEZEAT ETEIZ, BlRCH 3, £/, EERO
WORAR CIXFERA—T L AR—2 L LT, KEROERDEBEEEFT L B STV T, THs, (UH+H»
WED JHFLEDEMBRE S > TH L TR =TT URB IO PTRE LAY =A LD TEY T,
AT, KREESEPOIGERDIEE 7oL ZATTA, ZOWRY &, {THE HIEOMRE, FHEicfiEmmEL
TWAERTY,

2. BF. DENTTWAZ E, DEACE

(1) &7, BEVDOZLEHMD

(IEATE IO AL — AR T, BREANR26 14I1I2b LD L, -, ZHRETHA OBTHT, £VSIbA
I EWIZLbHoT, BEWHFOZ L ERSMLARAVRAYRH Y ¥, Lizhi->Clindi L-< VIiiAash
BRNZEBMA, HYET, BTN BAEZERT, BAVMHFOZ L 250, BMLH I &V L ZANPBH
BLTWET,

(2) A3 IHHENTHI L THUTBHIO H A A R EE % !

B+ E 9 ) HEELEAOREIC LY, UL ITRO-A=ZHTHED HHEKHEE) L LT, BOHAY
Thpd b= HETH Y F9, FhaEd, iR oD FLER L, HiFICKf S& GRS Lz L ZATY,
L ZADBER, ERFENBSOELE L L T2 I OISR EWTLE 90 &9 LITEIRYE
FICRUS L, ERERESTWALICAZTORET, ZORE, (WA+AWEH ) OBELETF, F—rFur
LK &z LET, BEOHIIC L > T THE+INE D ) ITRIEL LLBERER T, ;L THEDE
BBV ETIEDH Y FHA, = A2 IORHIZHEEWTT,

T, TRMICTFHEBENEWIRE, ThETH->TI bR ERITHRERESH 5 TRb Y THAN ! [£
DN & EIEAERIE] SV ESLHY FT, SBRELTAZSHNEALL,, BEORESHRATE, RE/—
FF—E LTIHRES EEVESY,

(3) FAELEMRUHEH D

Wid, Pl b ENZEESITE VD ZE T, AELLOFRICZ L, LS Rhoc L BNET, F
fo, HEMICE L CARRARBEAIAEY » TWA DT, OELIHENK, =7 LW oBIEMICbEEh, B
EELTOL e b, BAZ b0 FHATLL, ZORR, LEIADSENERY ., fREREL]MIT T,
HEhORIZ KT, BORGICHED & Z AN ETholohE Bk,

L2 LBAEL, L minbits, MEtbtaicmit, TRl ERHm L, Mla i Law, YBEELT
HFEEED TV HRACEDY 2oh 0 £4, FAEXA T, BOUHA, . FHOMLEICBATNSEZS
T, BEEOALDHEY . HEMNEHL L TEAZRIANC, M TUA+MNE S ) ZifHietE L, Higo
EEEERY b O T,

3. BESDENAYI-AIHIFTHEDS

Q) EFEIAETZ &

A B E A O CEBICEEMA 0 97, B9, 15 ERTHEETIILRL, 1 KON U= ZELT
BULWERFE L ET, FFRIBEEEEM ST, HUSERMEOEMEER D <o LEfah, ThBFERELT,
HIROE LV TR TV ZEFHTANWTT,

(2) BAEDEIH 56 5 & —1RAHEL

PUE 8 DFENA 7 = A DA TAUT S KT A2 Al . BT LE BN HV ET, £ZT A
7 = A LEIA 56 5% — AR 8 L C BT S g oA EBRAL—XITHERE D ANEKD KIS LTEK
LnéBunEd,

F, YHIKICIEEN I CLEH I CO2oMRBEENS LHWVWTRY FT0OT, YHIK~DHAY ZEFIZT

_9_



HEEBIT, 1 CADOT 7 AEREEORICERESE, WK, Pk, HERREEORR L L TOHEL, SL LI
FlIEHLTRRLWEBNET,

Fio, N T A DBERT D &, FTACENBERTHL LFHERREBTOND Z LICHRY RERA, LI
ORE SRS B LW BERE AR 7o, MH1DHBAZEZLLNRNVEDTL L 222?

3) WhH+5H L SDfEHA

PUE 8 DFENA 7 = A (XEE & W4T L CUME DI EZTEL &, B Z L2220 E9, T EBITITE
bk, FRORERTTN, ThAH-> TEIZZ L, FHROEN INE 0 E S ) IZR>TLEIDTH
UG fEREhE T, ERLEAIC R EL T, RE XKL BET, T, TEE] 25 (BhE) L
& (W) EhaZlicbiehhFEti, b, BERHEH G R LT 2RECEEL, 27 U — i
FIEFHLUTKE, RELLELLNRET,

FIT, ARy FICHEAZHZ D, HDHVNTE=2 A2 M2EHET S, EMERNRERSEARZBTAREL
T, 77y b, BA+LLEZEHTERVEOTLL I35, £IFE. HHENTHIWER, EoTHIVE
B ZAl>TWeZ L OBEWWLET,

@) EROFEHMEFTTD

{TROI AN T, HIAIMEEH L, i Lbo TEER SN A T = A & bishuiE, HERFSCY
DiEK] & LTOBIENRFEZ, BEHLBOTKHEBVET, Zo4hiE, WWRIL, EEBBORT v b =21
e BABICAKZIE D &by, THER D Lh, HREENVELS £y, EATEROWHMELICTZ2REE, THH+0
9] 2#KHEIZ, KELZSFVETTUNI I ETHET T, {TERZLORREIH LT, BHRERERMEXS
IAMERICREEVT 2720 TR LT, EREERIEIFEL T, LB TR VT4 THRELEHES LAY
TL.X 9,

(5) #i- 72 BB ST DEERK

YHIKICEE & — b L7 2ETha=—2 g U x A BEmlhud, BiER S AR ED AT, WED
i, HHROGHERED, SLULICEREL, HILWIEREFENRS b0 LBWET, Z540hiE, TBbThlo
L) bERIICEEE2TLAZETL X 9, FIEORIIE 37 BFLATEAFAH Y 3, HlAE, YEAFL P
i TREBEAYR— M2 —] RB2LONRMEHENRY, HERE Y ER-oTW Z &bk LT, BTk
H Y FHA.

ZORENS, TNF+MNE D) B, vAF—XTZ B EFSBEOEIC > TWBH I L EEEMRESL
TWBZ ENn5, HIBTEHEEOEOIZIE, I bHERFRALOaI a=r— 3y, #RETEED
aIa=f—a VRRMERVWI ELEHASh TV, Zhtdhbb, SFEEMeitEs. SEittassE
[CDRBBHT L EEHR LTS,

WE8 DFNA T =AIZHIRFTAZEE LT, "M U=A LEES 6 5% —FAICE LT, BERTifh &
N Tz EBAL—XTHAERED ANHESZ LE2FTON TS, £z, FERFSIL VOER] L LTE
B 2 BMEMOFAE X, BEEIEOBERIZES TBLTRLOWM RELEF LA TWS, Zhid,
TROLEUEDOEHLIC L 2R EZ ETHD,

ﬁ%K\Eﬂﬁ%ﬁiﬁkiﬂ#&@&%%ﬁ\E%E@ﬁ&tié”797&%26%J@74EWF9
—7— MUHE+PWE D) BERE in BHT—) (ZOWTRTHE Y, BRAFEEET .

% % ok o o ok % K ok ok % % ok 3k o ok ok %k o 3 3k ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok s ok ok ok ok ok ok ok ok ok ok e ok ok ok ok ok ok ok ok ok ok ke ok ok ok ok ok ok 3k 3k ok ok ok ok ok e ok ok ok 3k 3k ok ok sk sk ok ook ok ke ok ok ok ok koK ok

Y O3I2&Z 58 DT4—ILFT—Y
— TEA+MNE S BLHE in RAAT—



OllErsets - ORBIAE (ManieFRKEILEEE)

L TEA+MNES) BXHEL(E

MU+ ED BRI, T 5+ FOLRZDNED | D7 N ThBE D A ) &l x B ) 0O8h7e 78
e OTEMALAE Bl ., AARRHOMWER WA+ SRE - 5o B #A-BEd - b A/ L 27—z, ME-
FARFHIIEOD LV VERE S<ICEVIT e Z e Ao E B _— AL Ui 2 T U 523 E9 I RBA L, Hiutsiod St iE IR OB
REEBIEEEZBITHOTHS, THETIZ, (12006549 H 127 HAZE 2 518 | B A (IB7E L) | (2)200749
RICTESES BB RA5E ) B FH2E (KA RTHE) (196 A - THUME IS | 3)2008F9A 7P FIc&25
18 | B AR (RWIET) 2175 Tz, 4%, (4200959 BT vaywAicsz A | M FHE GEEET) | 2175 F &
Thb,

2. EFRTOBEREAULE

EUSARTOO A\ N, AR 21 #E 1A RERAET, 13,560 A (B 6,377, % 7,183 A) , T 5,778 tH#ECTha, BFiETiX,
AN ER T TTHT | [T ) DA BHC L AHTLVETEL T, TR 184 3 A 20 BIZHEAEL-, TADER, BT,
AR A VEIEIZ, 2 OB — LA {EEL, HLWFELEL THELE,

N BE L RN AT (15 A5 RT - IBEEET)
FhpA b5 B EARNERENEIT vV 7 —NE ) AREW--- 1Y A ORI 22K AE

BT b=, INRODEDE, R B XL T, FF U BT AF, v =FaTIHERTS,

FRERHL: 7 2%, F T/ ThED - UbwiR, 7oF 7, Gffled, BT Tlofl T,

BT O &) : A—/S—TIL BIZTAFHRO LICROHE2 Ot O T, A0 L7 Y D5 TIRICIEET:
FF 3RO DORERBETO HE&EFF Tho,

EL TRV A
Ko OSRRER, EHMESCEE, L o/Fv—R— el E & T A TERR)
CM EITHEDIAIZE | RESMRLBIZELY,

BLTRE-WHE
Bt/ Z 31 VAR VR -2 e
) EEL (7o) B (TF)
R EX), k(&)
(FEXELTREWEH)
BIECIEE W AT BIXERTERLA2>THDDb
EDABITHhBA (—N=H1—F )
EhbHhobLN
(FEEFHRL CTRBE/ZVWER)
HLA0HY, BHEETIIBEA NN =2 T ADHEND

ELTRE W EE

PN ST
RIEFEDHBBIZR R D BAFE,



BLTLTRE WS

A—F R

TA—FL RV AR— | TA—E R AZETHDY A —F R AZTK)
REOFEDFRN DL
TSR ORHIL [ —F R 1 EFD
o RELL I et

3. FED

BHEFI 2B DT THVD B DRZ Y7 DS AL ED . BRIETO N2 HIZ, B HTcb i3 E 70T
RIYLIZFHEVERF - T, BT CERAED Aol BREIOH R, FHEORHLASRY | RVl T
B TLIEE o, TS TERTIEE L, ThEGATWEE2Leo TV, R OiEEN, PLT
HHUEI TR IT TEH IR 72V,

kkkkkkkkkkkhkkkkkkkhkkhhkkkkokkhkkokkkkhhkhkkhhhhkhhhk kb hhokhkhxkokkkhhkkhhkkhkkkkkkkkhkkk Xk kkkkkkk Rk k kR R R XX ¥

ZhuE, 2006 EENLERLTWE  TIH+HMANE S | BEFREICIIT 5 2008 FEOFEHNETHD, =
DRENL, BEET2EMH LI E57010F, MEY bYHIBERRTA T T4 T4 —2F O LBk TH
HMN0BH, HIRA~OFF LR LT, #ROEH LR EHVBRV ML THD, HIBEFER~DA 72
—DE, HTHERALIICLTWAONR, MEHCER L TlEEWER) & MBI L CR&EWAEE) T
hbH, BEELGIX, ZONREEERETLED., MH+ - EETFHNE D] (ME+0nE D) HEESHE) ©
HR=b—=DIZ, 74—V R =7 ORFE2EIR L TNA5,

3. HEEE e~ DY H A D 3ERE L RYE

3 OOEFOE Y A OIEREIL, 4 HHHIROLRIREAEMA L, TOHIRS LS 2T E—1LT5
LT, AEANLDORERICHORT TN, W Z ETHD, Fhit, BRREODEEESh-
8DFNA T A ~OHFOMT, TEIH, EHDE o126, FMEEHLT, HFEHLL 1| LATEEAZL,
(1) B CKEE) oBR-BARE—Mblint v=za EONPNE D), (2) MEO AL DA - ii7,
aZilb—ay ((YET) E - AO»WES), (3) IEHE 56 5 - M uxftDaFilL—vay
(7 VZ 2258, (4) - b JIOKBA BRE) LMLt vz JELOMNE D) 2EHTFD
nicRiz2% 5,

NREY A MORBEMLEONIZHOE, TES3K VIZAS NG L) Z ETRARWES I ), Tihbb,
L0 bHBEROT AT T 4 T4 —OFLAKEITHY . £, Mg UEFRROREE RE L1 SMEH 5
&, FLT, FELRROERE LTOES VIZORIFALERSH S LE 2D, BIE, BHLTFRFEULE
EOFAENRRY A TS, EHHIE L TREEWVERS - H5) FHUERICFESICHME A EREZ, Hilko
ALREFREROOICIX, LERAREEELD,

FOLT, JIMERBBETD LI, AL LE)] 2K5Z il @RYUIZALNAD L 7% TBH T
LD ZATBESUICE S V2L TAE Y a VOBRBNBKLEL REDTIERWES I s, 1TE L
HIBAERAH L, MEAH LAV, YBEEEL ThHEEZED T FRAIKEE L5261, TUH+H0nE )
OHIRTEMAL~Z - EORNR BT T TH 5.

(FFSEAT 20094206 H 24 A)  (EFS5E 2009 4E 06 H 30 H)



&% - IR

1 JIFZET (2009) TR+ ES BN TG+ FRBEE RS 9 RS FFERES
4] pp.1344

2) BREM (2004) [M3ULLBREL) O30 [UEEREE) ~), [UE+ - i EaiE] $35858 2 5. pp32

3) BREMRE Q008 [EEEKAMEDZA—AFY—7—[UH+H0ED B2 — 1. F 0 EHHE
BEAPEES

4) R (2009) (792825 bR SHSEERWRT o) | TG+ - e 9 migs-
FIHFFCRE R R, pp.1142

5) IIFFERL - RIRFAE (2009) T2V FHIRRDE|DT74—NRT—2 =TI+ ED A LFRFA in BT — ),
TPU75 - ki 2 55 9 [l - il se s e 4L . pp.1546



(W7A+ - fEERE BsE 28 15-26 2009)

<& FH>
POTEVR—ihig - iDERABEFIZHSITS
NG TKIAO-HOREBRESFTUA

i s
Conservation Policy Scenario for Sustainable Groundwater Use in Alluvial plain in Monsoon Asia
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Abstract

This paper concluded conservation policy scenario on groundwater use in monsoon Asia, which has
been dealt with in these journals as a series of the captioned theme for the last four years. Groundwater
has been used for long time for the people to survive in the upsurging populated alluvial plains in Asia
as main water resource. Specially in urban areas groundwater has been utilized for domestic, industrial
and agriculture. Problems appearing in each country are reviewed from a view point of geohydrology,
water use, groundwater hazards and water quality. Morcover the measures to alleviate hazards are
mentioned. The scenario comprises various categories of policy, which will be advanced stepwise by
way of technical, institutional and national levels in order not only from the standpoint of time
schedule but also from administrative process according to local conditions. Total flow of the studies is
illustrated in Appendix 1. Recommendations are summed up in the text and in Appendix 2.

Key words: Conservation scenario,groundwater sustainability,alternative water,rapid populated arca,alluvial plain
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Groundwater Resources Development and Management Policy
in Vietnam

BUI Hoc*

*Director of Rescarch Center for Geological Environment, Dong Ngac -Tu Liem —Hanoi, Vietnam (84.4) 8 389 002

Abstract
The total potential exploitable reserve of groundwater in Vietnam is 132,873,990 m3/day,i.e. about 48.5 km’/
year, however it is not efficiently exploited. Therefore, the objective of groundwater management is to protect
and develop sustainably the groundwater resources in terms of quality and reserve on the basis of integrated
and unified management of water resources by river basins. This paper presents the concrete tasks and

main solutions for this issue.

Key words : Groundwater resources, hydrogeological region, groundwater management, hydrogeological
characteristics, groundwater potential.

1 Introduction

Groundwater resources of the Vietnam territory are always interconnected with surface water resources. Therefore,
when working out a strategy for management and development of groundwater resources it is necessary to consider
the total amount of water available of the territory and of each river basin to set forth effective and sustainable
management solutions.

Vietnam has a total surface water flow of about 830-840 billion m® per year, of which only 310-315 billion m’/year is
formed by the rain water falling within the territory of Vietnam, accounting for 37%, while the remaining 63% comes
from the rainwater falling outside the territory. Vietnam has about 2,360 rivers with length over 10 km. Of 13 main
and tributary rivers with catchment area over 10,000 km® up to 10 areas have relation with neighboring countries, of
which 3 rivers have their upstream reaches in Vietnam downstream reaches in neighboring counties, 7 have their
upsiream reaches in neighboring countries and downsiream reaches in Vietnam. Due to this Vietnam must share the
water resources with other countries. Although the groundwater resources of Vietnam are relatively abundant (the
total potential groundwater resource is about 63 billion m3,fycar) they have not been adequately investigated and
assessed. According to the results of rescarch by Bui Hoc et al., in 2005, the total groundwater potential
exploitable reserve in Vielnam is 132,873,990m’/day. Irrational exploitation and use of groundwater have caused land
subsidence and water level lowering in some areas such as Hanoi, Ho Chi Minh city, salt water intrusion in many
coastal areas, affecting the fresh water aquifers. The groundwater pollution problem is causing many difficulties for
the groundwater quality management in Vietnam. According to the above calculation, the total potential groundwater
resource of Vietnam is 133 million m3/day, i.c 48.5 billion m3,fycar. If this is added with 840 billion m3/year of
surface water, the total renewable water resource of Vietnam is 888.5 billion m3/year. With the population of Vietnam
of 82 million (as of 2002), each resident of Vietnam owns 11,200m’/ycar of water, nearly double the world average
level (6,538m3/capila). These data are also consistent with the calculation of the World Resource Institute (WRI),
according to which the renewable fresh water resource of Vietnam is 11,189 m’/capita *’ .

The water resource originated within the fterritory of Vietnam reaches 4,400 m’/capita/year (that of the world is
7,400m3/capi1a/ year). According to the criteria of International Water Resource Association (IWRA) the nations with

* Hydrogeological Department, Hanoi University of Mining and geology, Hanol, Vietnam



water resource of below 4,000m’/capita/ year are considered as water shortage nations. Thus, Vietnam will become
one of water shortage nations in a very near future. (Actually if taking into consideration the water coming from the
foreign neighboring counties, the water resources are in average about 10,600m3/capita/ycar). The per capita water

resource value of 10,300 m’/year/capita of Vietnam, which is calculated with the population of 82 million and
thesurface water flow of 840 km3/ycar, is higher than the world average. If only the water originated from the rain
water falling within the territory of Vietnam which is 340 km’ /year is taken into account, the per capita water
resources of Vietnam is only 4,146 maf'ycar/capila. This means that Vietnam is approximately a water shortage nation.
Therefore, in a nation-wide scale the water flow is abundant but it can hardly considered sustainable. Surface water
resources are unevenly distributed in the territory and variety strongly with time, therefore shortage of fresh water has
been occurring in many arcas, especially in the Northern mountain and coastal plain region. This situation will be
more serious in the 21st century when the water demand increases drastically. On the other hand, the water demand of
Vietnam is ever increasing, as cstimated, by the year 2010 the water demand will increase to 121.5 billion m’ and that
of urban areas by the year 2010 will be 8.8 million mjlday and by the year 2020 will be 15.94 million m’/day.

With the population growth rate of 1.7%, every year the population of Vietnam is added by about 1 million. At present,
with the population of about 85 million, Vietnam has become the second most populous country in South East Asia.
With the present population growth rate, by the year 2040, Vietnam will have a population of about 150 million and
thus the pressure on the natural resources as well as the needs for food, water and energy supply will very much
increase.Based on the above mentioned issues one can see many in sustainable features of the water resources in
Vietnam as follows:

-The water resource originated from beyond the territory accounts for approximately 2/3 of the total water resource
available, and it is very difficult, even impossible for us 1o take the initiative in using it.

~The distribution of both surface water and groundwater is very uneven. The rain storms in the Central coastal zone of
Vietnam have reached the record level in the South East Asia region. Droughts occur seriously.

- With the increase of the population the water resource per capita is decreasing. For example, in 1943 the water
resource capacity was 16,641 mJ/capiia/ycar, if the population increases to 150 million the water resources per capita
will be only 2,467 m3/capila/ycar, approximating to the water shortage nations.

The above problems show that it is necessary to evaluate the water resources potential (including rain water, surface
water and groundwater ) in Vietnam and there must be a strategy for appropriate management of water resources. In
this paper, the author refers mainly to the strategy for management of groundwalter resources. For the groundwater in
the teritory of Vietnam, to formulate a good strategy for management of groundwater it is necessary to study
adequately the regional hydrogeological characteristics, groundwater reserve, quality and possibility of its
exploitation for various purposes of the national economy.

2. Regional hydrogeological characteristics
2.1 Hydrogeological characteristics'?

Hydrogeological characteristics is understood as the distribution, occurrence and movement as well as the quality and
reserve of groundwater. The main information on water bearing capacity of water bearing formations, mineralization
and chemical types of groundwater are presented in hydrogeological map. Some basic information on groundwater
level, TDS, chemical type and issues to be noted when building structures on various hydrogeological regions are
presented in Table 1 and Table 2.

2.2. Groundwater potential in the territory of Vietnam ®"7® %10

According to the studies by Bui Hoc et al. in 2005”’ the potential resources of groundwater in each hydrogeological
regions are presented in Table 1. According to this Table, the total potential exploitable reserve of groundwater in the
territory of Vietnam is 132,873,990 mlf'day, or about 48.5 km3/year, accounting for 5% of the total resource or 25%
of the surface water resource originating from the territory of Vietnam.

—Groundwater exploitation reserves have been evaluated by exploration in over 200 arcas, mainly the urban areas and
important economic arecas with exploitable reserve of indusirial category (A + B) near 2 million m3/day, C, category
2.8 million m’/day and C, category 8.5 million m’/day. In Vietnam groundwater is distributed mainly in 5 main



water bearing formations: Unconsolidated sediments, carbonate rocks, basalt, terrigenous sediments and weathering
crust.

—The groundwater perennial yield of groundwater of Vietnam reaches 128,500,000 mjfday.

+ In the North of Vietnam, reserve of A category is 600,503 m"’/day; B category is 554,673 m3/day; C; category
is 897,521 m’/day; C, category is 5,284,951 m’/day.

+ In the coastal area of Nam B¢ and T©y Nguy®n: The potential exploitable reserve is 29,335,000m3/day. The water
supply capacity is 1.76 m®/capita/day.

+ In the Mekong river delta: Total exploitable reserve of industrial category is 103,000 m*/day, the storage reserve is
6,000,000 m*/day.

Table 1 Potential reserve of groundwater by hydrogeological regions *’

Hydrogeological Arca, . - . Potential reserve ,

No regions ) Main water bearing formations m3/day

1 West Bac Bé 35,530 Carbonate, terrigenous 15,521,338

2 East Bac Bé 66,434 Carbonate, terrigenous 27,995,374

3 Bac Bo plain 8,204 Quaternary unconsohdat.cd Carbonate & terrigenous 17,191,162
(marginal arcas)

4 North Trung Bé 51,095 Quatcma‘ry unconsohdalc.d (plau? areas); carbonate & 15,830,784

terrigenous (mountain areas); basalt (local)

- South Trung Bé = Quaternary unconsolidated (plain areas); terrigenous

2 coastal area 4,245 (mountain areas); basalt (coc bé) ki

6 TOy Nguy'n 54,701 Basalt, terrigenous 18,009,388

7 Nam Bo Plain 44,789 Quaternary unconfolldatcd; terrigenous; basalt 25,486,080
(Eastern arca)

T"‘“l;fu‘:l‘;;’h"lc 304,998 132,873,990

Not including island areas.

: : ‘ : . S 25.4).536);
Table 2 Main parameters of the main water bearing formations in Vietnam '’ #5200

No Water bearing Nduiter Main Thickness | Lithological 0 K M Chemical
formations 4 locations (m) composition (I/s) (m/day) (g/) type
Bac bé, Trung - Clay,sandy 0.5 0,5-| ClHLCa
Qi Bo, Nam bé o] clay 3.0 BIIG0 15 Cl-Na
1 Quaternary
sediments Q Sand n
Bac bé¢, Trung & i t 2.0 0,5= H-Ca,
Op Bo, Nambé | > 200 cobbles, 10025 95 | HCINa
d pebble
Neogene- S 4 H Na
2 Quaternary '}3?5:1 ggﬁf;‘; 2400 Basalt 2{.;% 5-10 | 0,5 | HClNa-
BasaltN-Q Mg
Mesozoic—
Paleozoic Northwest, thousands ; L& 0,5 - H-Ca,
. carbonate Northeast of meters Humestons 1A 10 =30 20 CI-Na
MZ-PZ

The distribution of the natural static reserve of groundwater of Vietnam is shown in Table 3.

Table 3 Perennial yield of groundwater in Vietnam

; By regions (m’/s)
Water . begting . * . g No(;lh Trung | South Trung | NamBo
formations North-East | North-west | BacBo plain bé bé lai
plain

Unconsolidated 2.25 9.095 88.865 83.17 48.535 158.25
Basalt - - - 13.005 51.300 -
Carbonate 12.55 40.97 - 22.8 - -
Terrigenous 35.85 27.91 - 120.517 47.530 -
Metamorphic rocks 27.65 86.945 - 69.565 62.84 -
Intrusive rocks 47.128 40.,79 - 72.904 108.62 —
Mixed 114.165 47.742 - 85.032 - -

Total 239.40 214.832 88.865 466.966 312.825 158.25




2.3 Hydrogeological zoning

According to the 1: 500,000 scale hydrogeological map of Vietnam compiled in 1988 with Tran Hong Phu as Editor—
in-chief (here only the mainland part is taken into consideration) and other documents, the territory of Vietnam is
divided into 6 hydrogeological regions (which are first order structure) and each region is divided into
hydrogeological arcas which are second order structure (Fig. 1 and Table 4).

Hydrogeological region is understood as a structure corresponding with a tectonic region, consisting of a system of
hydrogeological basins (stratal water basins) and hydrogeological massifs (fissure water massifs). In particular for
large Cenozoic basins filled by unconsolidated or weakly cemented sediments, with relatively large thickness, forming
complicated artesian basin such as the Bac Bo and Nam Bo plains are also considered as hydrogeological region. The
boundaries between the regions from I to IV are regional tectonic faults, in particular as follows:

—Red river fault is the boundary between the East Bac Bo and West Bac Bo hydrogeological regions.
—Ma river fault is the boundary between the West Bac Bo and North Trung Bo hydrogeological regions,

- Binh Son —Ngoc Linh fault is the boundary between the North Trung Bo and South Trung Bo hydrogeological
regions.

-Ba Rya —-Loc Ninh fault is the southern limit of the South Trung Bo hydrogeological region.

In particular the boundaries of the Bac Bo plain and Nam Bo plain hydrogeological regions are delineated along the
boundary between the Cenozoic cover and the older geologic formations.

Hydrogeological area is a hydrogeological structure which is smaller than the hydrogeological region, corresponding
with artesian basin (or artesian basin complex) and hydrogeological massif (or hydrogeological massif complex).
Hydrogeological arcas are differentiated according to their water bearing characteristics, type of water bearing
formation, recharge source, movement and discharge of groundwater. In principle, a hydrogeological area must have
continuous distribution. However, the hydrogeological areas in the North Trung Bo and South Trung Bo coastal zones
have discontinuous distribution, but in terms of hydrogeological structure they are porous-stratal water bearing
formations with similar forming conditions and hydrogeological characteristics, therefore within each hydrogeological
region they are grouped together into a separate hydrogeological area. Similarly, the coastal islands are grouped into
some hydrogeological areas such as: H! Long hydrogeological area belonging to East Bac Bo hydrogeological region,
Rach Gia Bay area belonging to the Nam Bo plain hydrogeological region. The hydrogeological characteristics of
Truong Sa and Hoang Sa archipelagos have not been studied. The islands are not presented on the maps attached to
this paper.
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Fig.1 Hydrogeological regions and areas



Table 4 Hydrogeological regions and areas in the territory of Vietnam

Hydrogeological regions and areas No HG structure Geologic structure
1. East Bac Bo hydrogeological region I Natlura! water bearing | East Bac Bo tectonic region
system
1 | Cao Bang L'ng Son hydrogeological area la HG basin complex East Bac Bo tectonic arca
2 | Ha Giang —Tuyen Quang hydrogeological area Ib HG massif complex Viet Bac tectonic area
I1. West Bac Bo Hydrogeological region n ;z;t[l:sl water bearing | West Bac Bo tectonic region
1 [ Lao Cai ~Hoa Binh hydrogeological arca 1la HG massif complex Song Hong anticlinorium
2 | Phong Tho -Tan Lac hydrogeological area ITb HG basin complex Song Da synclinorium
3 | Lai Chau —Thanh Hoa hydrogeological area 1lc HG massif complex Song Ma anticlinorium
II1. Bac Bo plain hydrogeological region 111 HG basin Hanoi superimposed depression
1 | Vinh Yen -Do Son hydrogeological area I1la HG basin margin Northeast uplift
2 | Hanoi =Thai Binh hydrogeological arca IIIb_ | HG basin center Hanoi depression
3 | Son Tay-Ninh Binh hydrogeological arca Illc | HG basin center Southwest uplift
IV. North Trung Bo hydrogeological region v Natural water bearing | Song _Ca -_Norlh Truong Son
system tectonic region
1 | Muong Te hydrogeological area IVa HG sub-basin complex | Muong Te synclinorium
Dien Bien —Ha Tinh hydrogeological arca IVb | HG sub-massif complex | Song Ca anticlinorium
S e S e Bl Son hudropsnlagial ates Ve HG sub-basin complex ilrl:::ng Son- Binh Son tectonic
¥ Suith Trung Bo Wydregealogical regian v Natural water bearing | Kon Tum massif and its margin
system
1 | Kon Tum -Tay Son hydrogeological arca Va HG massif complex Kon Tum massif
2 | Xerepok hydrogeological area Vb HG sub-basin complex | Xerepok margin arca
: if ¢ ) é zoic activated
31| Da Lt hydrogeolsgical arca Ve HG sub-massif complex i)(,‘im Lat Mesozoic activate
; . . 1G basin ¢ : ‘ B Ce i
VI. Nam Bo plain hydrogeological region VI iG husia complox Yot 4 4 e
superimposed depression
HG  basin  complex | NE  margin of Nam Bo
1 | Tay Ninh -Bien Hoa hydrogeological area Via margin Cenozoic superimposed
depression
. G basi - ex | Central subsided
2 | Moc Hoa —Tra Vinh hydrogeological area Vb i i eomplex ST S80r SF A
margin
3 Hydrogeological area Vie HG basin complex | Southwest uplift
Long Xuyen —Bac Lieu margin

3. Quality and pollution status of groundwater in Vietnam

3.1. Groundwater quality in respect to drinking and the domestic uses

Although there are many pollution sources or groundwater, in general the quality of groundwater in Vietnam is still
good, meeting the standards for drinking and domestic water supply, except some places with high iron, manganesc
and nitrogen contents and As content exceeding the permissible standards, appearance of petrol, oil, salinity, etc. At
present, groundwater contributes only 15% of the concentrated water supply while 85% is supplied by the surface
water. However, in many areas such as Hanoi, provinces in the Mekong river delta, etc., groundwater accounts for
100% of the drinking and domestic water supply. The quality of groundwater in many areas has been changed due to
socio-economic activities, such as the use of fertilizer in agriculture, domestic wastes, industrial wastes, due to

indiscriminate mining operation, or due to accidents in transport and tourist activities.

3.2. Status of groundwater pollution in Vietnam

Due to the differences in hydrogeological characteristics and structures, and different groundwater extraction
techniques, the degrees of groundwater pollution in different areas are different. The main features of the status of
groundwater pollution can be summarized as follows:

3.3 Northern mountainous provinces such as Hu Giang, Cao Bang, Lai Chau, L'ng Son, Tuyen Quang, Hoa

Binh, Quang Ninh, etc.,




These provinces use groundwater mainly from carbonate sediments. In general, the quality of groundwater here is
satisfactory. Some parameters to be noted are high turbidity, high iron content, very high bacteria content in some
place, but the water can be treated to be used for drinking and domestic water supply.

3.4 Provinces and cities in the Bac Bo plain

These provinces use groundwater mainly from Quaternary unconsolidated sediments. In general the groundwater
quality is satisfactory, but in some places there are indications of groundwater pollution to different degrees:

~In Hanoi, there are indications of high pollution by inorganic and organic nitrogen in some water exploitation wells.
As and Hg contents in Thanh Tri exceed the permissible standard, in some places the As content is greater than 0.1 -
0.5mg/l, in some places the Mn exceeds the permissible level by 57.1 times (Mn = 5.57mg/l). The area of Van Dien
graveyard has indications of pollution by nitrogen compounds and bacteria in gh aquifer. The BODs and Coliform
contents exceed the permissible standard by hundreds times (BODs = 300 —400 mg/l), the Coliform content reaches
hundreds thousands bacteria /100ml (Fig. 2).

~In some other areas of Bac Bo plain relatively high As content has been discovered in gh and gp aquifers such as in
Nam Dinh, Ha Nam (in the well at the Bo De health station, Binh Luc district, Ha Nam, with As = 0.73mg/l,
exceeding the permissible level in 2002 standard of the Ministry of Health by 73.3 times) and in many places with
high nitrogen content such as Hai Phong, Hai Duong, Hung Yen.

—Salt water intrusion during the process of groundwater extraction has also appeared in Hai Phong, Hai Duong, Hung
Yen,etc..

3.5 The provinces in the Central region and Tay Nguyen

These provinces mainly use groundwater from Quaternary unconsolidated sediments, coastal sand dunes or basalt
formations (in Kon Tum, Gia Lai, Dak Lak, etc. province Some problems to be noted are as follows:

—Salt water intrusion usually occurs in coastal provinces from Thanh Ho  to Khanh Hoa.

—In some areas of Tay Nguyen such as Sa Thay, Duc Co there is a risk of groundwater pollution by agents orange
such as dioxin, CS, etc., but these have not been adequately studied.

—In Kon Tum town an area with groundwater pollution by oil has been identified. The total content of oil in the
groundwater of gh aquifer is 2 to 7 mg/l. Thus is caused by the petroleum depot in the airport of this town which was
destroyed during the war in the period 1974 -1975.

~Fluoride (F ) coming from the deep layers along the groundwater gives in Khanh Hoa and Phu Yen relatively high
fluoride content usually 10 —20mg/], affecting the health of the people (dental, intestinal diseases, etc.).

3.6 The provinces in Nam Bo plain
These provinces use groundwater mainly from the Quaternary and Cenozoic unconsolidated sediments.

—The main groundwater contamination is due to salt water intrusion near the fresh/saline boundary in the aquifers
being tapped such as the Pleistocene, Pliocene, Miocene aquifers.

—In Ho Chi Minh city the volume of waste water is about 1,000,000 m’/day, polluting the surface water and the
groundwater of gh and qp aquifers. Some places in Bien Hoa city the dioxin content in the soil and the mud at the
bottom of ponds and lakes is relatively high.

The status and sources of groundwater pollution in various hydrogeological regions are presented in Table 5 & Fig. 2.
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Fig.2  Locations of groundwater pollution sources in Hanoi area

Table 5 Sources of groundwater pollution in Vietnam

TT Hydrogeological region Sources of ground water pollution
Wastes, fertilizer, mining, flood, flash flood, insecticides, non-degradable organic
1 Northwest ’ & » 5 g
compounds
2 Northeast Wastes, industrial wastes, fertilizer, domestic wastewater, mining
3 Bac Bo plain Wastes, fertilizer, insecticides, organic compounds, Fe, Mn, nitrogen compounds, As,
p Hg, cyanide, grave yards, waste dump sites, craft villages
4 North Trung Bo Wastes, fertilizer, insecticides, toxic chemicals, organic matter
= 2 2 Wastes, industrial wastes, chemicals, fertilizer, toxic chemicals, fluoride, metallic
5 South Trung Bo
elements
; Wastes, industrial wastes, fertilizer, insccticides, hcavy metals, toxic chemicals,
6 Nam Bo plain :
organic matter

4. Strategy for management of groundwater in Vietnam

4.1 Objective

To protect, efficiently exploit and sustainably develop the groundwater resources in terms of quality and reserve on
the basis of integrated and unified management, of water resources by river basins. It is necessary to attach the

2).3)

groundwater management with the protection of the environment, ecosystems and other related natural resources.

4.2 Activities

- Establish suitable organizational model and management system for management of the water resource by river
basins consisting of institutional framework, organizational structure and implementation measures for groundwater
exploitation with high efficiency and sustainability, ensuring the autonomy and self responsibility of the localities

within the river basins according to the law.,

~Implement and supervise the implementation of the Law on water resource. Concretize the policy of giving the first
priority to the exploitation and use of groundwater for drinking and domestic water supply, especially in the water

scanly areas.

—~Combine the exploitation and use of groundwater and surface water.




-Quality management: Invest properly in the construction of a system for monitoring, warning and prompt
notification about the groundwater quality and groundwater pollution incidents in order to take appropriate
mitigation measures. Organize monitoring network for groundwater quality, impacts of the pollutants on the
groundwater quality to take prompt mitigation measures against the accidents and for sustainable management of the
groundwater quality.

—~Quantity management: Plan for rational groundwater exploitation, minimize the uncontrolled exploitation exceeding
the perennial yield leading to depletion of the groundwater resource. Carry out investigation and assessment of
groundwater reserve within river basins, assess the status of groundwater exploitation and the self-protection
capability of aquifers to serve the sustainable management of groundwater resources.

—~Groundwater resources management: Carry out groundwater artificial recharge, build reservoirs for retaining water,
plant and preserve watershed protective forests, conduct water to water scanty areas such as Binh Thuan, Ninh Thuan.

—-Encourage the recycling and reuse of wastewaler sources.
4.3 Main measures

—Carry out outreach and education programs, enhance the awareness and encourage the participation of the
community.

—Strengthen the legal enforcement, enhance the effectiveness in the implementation of the Law on water resources.
—Increase investment and strengthen the socialization of water—related services.

-Develop scientific4echnological human resources and strengthen international cooperation, pay special attention to
the cooperation with neighboring countries which share water resources with Vietnam such as China, Laos,
Cambodia, etc.

-Renovate the financial mechanism, mobilize investment capital for rational exploitation, utilization and sustainable
development of water resources in general and groundwater resources in particular.

5. Conclusion

1)Groundwater resources management must be integrated with surface water resources management by river basins.

2)The total renewable water resource of Vietnam is 888.5 billion m3/ycar, of which the total potential reserve of
groundwater is 48.5 billion m’/year and the surface water resources is 840 billion m’/year. However, Vietnam is
facing the risk of water shortage as the average water resource per capita is 4,400 m3/capita/year with the
population of 85 million and ncar 2/3 of the surface water resource originates from outside the territory of Vietnam.
If no measure is taken for effective development and management of water resources, definitely in a near future
Vietnam will suffer water shortage when the population increases.

3)The groundwater in the territory of Vietnam is relatively abundant with total potential exploitable reserve of
132,873,990 m3/day, or about 48.5 km3/ycar, of which the groundwater reserve in the unconsolidated sediments
accounts for 53,7% (71,347,890 m3/day), in carbonate and terrigenous sediments 32,8% (43,517,712m3/day), in
basalt 13,50% (18,009,388 mj;’day). The total perennial yield of groundwater in the territory of Vietnam is
128,500,000 m3/day. However, groundwater is unevenly distributed and the irrational exploitation and use of
groundwater has caused ground subsidence, groundwater level lowering and saltwater intrusion. Therefore, it is
necessary to invest or studies and work out an effective groundwater management strategy for sustainable
development.

4)The main objectives of the strategy for management of groundwater are to protect, efficiently exploit and
sustainably develop the groundwater resources in terms of quality and reserve on the basis of integrated and unified
management of water resources by river basins. It is necessary to attach groundwater management with the
protection of the environment, ecosystems and other related natural resources.

5)The activities should be focused on management by river basins, proper implementation of the Law on water
resource, management of groundwater quality and reserve combined with integrated exploitation of surface water
and groundwater, with proper attention on groundwater resources management and encouraging the recycling and
reuse of wastewater sources.



6)The main measures in the strategy for management of groundwater include: carrying out education to enhance the
awareness of the community, enhancing the effectiveness in the implementation of the Law on water resources,
increasing investment and strengthening the socialization of water—related services, developing human resources and
strengthening international cooperation and renovating the financial mechanism to mobilize investment capital for
efficient and sustainable management of water resources.
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Arthropoda appearing in rice paddies at hilly-mountainous and plain regions
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Abstract
Planktonic fauna were investigated at rice paddies located in hilly-mountainous and plain regions in Kochi,
Japan. A total of 46 species of Arthropoda (25 species of Branchiopoda, 11 species of Copepoda, 10 species of
Ostracoda) were recorded. Dominant species were Moina macrocopa and Cyclops vicinus. There are
significant differences in the densities of the large-sized cladoceran, Daphnia pulex and the copepods between
hilly-mountainous and plain regions. The densities of D. pulex appearing in hilly-mountainous rice paddies
were higher than plain region s one. On the other hands, the densities of Copepoda appearing in rice paddies
located in plain regions were higher than that of hilly-mountainous rice paddies. We cannot clarify the reason

of these phenomena.

Key words : rice paddy, plankton, Arthropoda, Crustacean, Daphnia, hilly-mountainous, plain, region
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Arthropoda i /& BP9
Crustacea X[
Branchiopoda £EHH
Phyllopoda 3} 5 i
Diplostraca #i% H
Cladocera %4 i H
Ctenopoda #ifH) T H
Sidae ¥ ##}
Sida crystallina (O. F. Miiller, 1776) ¥4
Diaphanosoma brachyurum Lieve, 1848 A7 I 2
Anomopoda EJH T H
Daphniidae X 2> 21§}
Daphnia pulex Leydig, 1860 I ¥ =2
Daphnia longispina O. F. Miiller,1785 /YU 54 I ¥v =
Scapholeberis mucronata O. F. Miiller,1785 74 A% I V2
Simocephalus vetulus (O.F.Miiller, 1776) A7 A I 2 =
Ceriodaphnia reticulata (Jurine, 1820) 7 I A xaEI Vo



Ceriodaphnia quadrangula (O. F. Miiller, 1785) # =¥ 3 2> =
Ceriodaphnia cornuta Sars, 1855 F /Y =¥ 3 Vv o
Ceriodaphnia dubia Richard, 1894 = %2+ 3 oo
Moina macrocopa (Straus, 1820) ¥~ I 2 =
Moina micrura Kurz, 1874 A1 4~ 32
Bosminidae /' 7 I ¥ afl
Bosmina longirostris (O. F. Miiller, 1785) ' I ¥ =
Bosmina coregni Baird, 1857 77V V73 2o
Macrothricidac 774 I 2 af
Ilyocryptus sordidus (Lievin, 1848) 7 hA 47 H 3 2o
Drepanothrix dentata (Euren, 1861) 7~ 747 H I Vv o
Macrothrix rosea (Jurine, 1820) 7 7 # 3 v =
Chydoridae v /L I 22 2§}
Camptocercus rectirostris Schoedler, 1862 & 7 % 3 > o
Acroperus harpae Baird, 1835 77/ 23 o
Graptoleberis testudinaria (Fischer, 1848) E n /i3I Yo
Alona guttata Sars, 1862 T 7 I 2
Alona quadrangularis (O. F. Miiller, 1785) >/ 7 I Vv =
Alona affinis (Leydig, 1860) A4 b7 I o
Chydorus ovalis Kurz, 1875 A A~ V2
Chydorus sphaericus (O. F. Miiller, 1785) /L 3 2> 2

Maxillopoda FREHHA
Copepoda 771 7 it
Neocopepoda #7047 3 F#
Gymnoplea Al I 5
Calanoida 77 X A H
Centropagidae 7 > b 2 /377 A F}
Sinocalanus tenelllus (Kikuchi, 1928) ¥ A A ¥+ H I V0o
Pseudodiaptomidae =t & 77 IV af
Pseudodiaptomus inopinus Burckhardt, 1913 =t v )b 3P0
Diaptomidac & 7 FH 47 I P af
Acanthodiaptomus pacificus (Burckhardt, 1913) Y~ b4+ 4 3 o
Eodiaptomus japonicus (Burckhardt, 1913) ¥~ e 5Ty vz
Podoplea 4 I H
Cyclopoida 7> X 2 H
Cyplopidae 77 > X > af}
Halicyclops japonicus Ito, 1956 A I A3 a
Eucyclops serrulatus (Fischer, 1851) / aX¥ U I
Paracyclops fimbriatus (Fischer, 1853) /XT X7 0 /A
Cyclops vicinus Uljanin, 1875 A+ I o
Mesocyclops ruttneri Kiefer, 1981 7 WA 43 P a
Thermocyclops hyalinus Rehberg, 1980 7 /VEX 7 0 X AR D 1 fli
Harpacticoida /\/V/37 F 27 A |
Canthocamptidae 77 > b 71 2 7" 5% AF}
Canthocamptus staphylinus Jurine, 1929 77 s 777 Z@d 1 F



Ostracoda 77 A 2 3/ i
Podocopa RN K=2/3 L H
Podocopida " K2 E°4 H
Cypridacea ¥ 7" U A LF}
lyocyprididac > 7 1A I ¥ 2 F}
Ilyocypris dentifera Sars, 1903 71217 14 1=
Ilyocypris japonica Okubo, 1990 >4 7 1A T2
Candonidae 77 > K7 F}
Physocypria nipponica Okubo, 1990 4 HA I ¥ H A I P =
Cyprididac ¥ 7Y AF}
Stenocypris hislopi Ferguson, 1969 4 Y+ WA I ¥ =
Ilyodromus smaragdinus Sars, 1894 Fot kA I Yo
Cyprinotus uenoi Brehm, 1936 27 /1A IV =
Heterocypris incongruens (Ramdohr, 1808) A A" I =2
Cypris subglobosa Sowerby, 1840 . EX ¥ /A I o
Cypretta seurati Gauthier, 1929 ¥ =AY A I VA
Cypridopsis uenoi Brehm, 1933 G I </ hiA I

b oHBREORN, LRt L OSEO WTFhOKBIZEWTHE 5L L TEVWEE TR S
D%, #~3I Y2 (Moina macrocopa) 35X UOAFH I a (Cyclops vicinus) Toh -7z,
= IVrald, PO 79 FEM AT 70 R, FHoO 82 FEMAT 66 A THIBSNIZ. AT 47
YIVraly, PR 79 FEEHA D 75 Hia, FHo 82 fRAATT 18 A THR SN Fv IV
AR XCATHr IV aofBBEER, Wb huiiithe P THEREETRD N1

(Fisher s exact method, # < I3 3 1 p=0.193, AT Ao I3 : p>0.999). KNPSO FHE TOH A
MRINTDIX, XRA T FTHr IV a (Sinocalanus tenelllus) ¥ LV A I Xy Ivra

(Halicyclops japonicus) T 7. WL TOHRER ShEHTIIHE L ad > fiEB o o h i
= ol

HBME, SV GGRB (25F), WA TVE (WF7XAB - IPraf -~sF 728
11ff), ALV (RFaEXE 108 O3BCHT, FhEhf il Eaicis) 2 M E s E
R LIz, EORER, A4 LV TRATCAEETRO bhiholz, IV TRmEICH BEN
WO BT (Unpaired test : df=122, p<0.0001). =@ I P U D WT H L & O FAE K B TR
L HBEBEGEEOSMAEZRHEe FRTRTEM1DEBY THS. IV afFoPTH P LIz T
FHCHBBEE S OB BEEEERE - 201, #RA 2mm (Z#ETHKEO I P 2 (Daphnia pulex)
ThoT. D. pulex DHBMEZ PLREH (79 #HAP 62 Him) & FH (82 #imh 37 #iR) OFWEKET
g 5L, PILMMICBWTHEICEWZ L AR I (Fisher s exact method, p<0.0001). RIERIZ
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ARECTHRONMAPOZORRERET DI LIZTERN o, FUIVraffiitEldae, K2
WCaRTERY IV TSP LI IR L TEOKBIZBWTHEAEBENR R E 5 (Unpaired
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A Simple Application of a velocity Sensor based on the Doppler Effect of Ultrasonic
Sound Waves for Measurement of Discharge from Small-scale River
1 172X 1

Masanori YOSHIDA and Toshifumi MURAKAMI % | %1 A% fkA—n I : 11t |
*National Agricultural Research Center for Western Region, 2575 Tkanochou, Zentsuji City, Kagawa 765-0053, Japan ¥l

1 f728 & -
T [ 54 225 opt. |
Abstract €7 ¥ A LA XEFR—F : 1ipt.

3 | A hydrometry of a small-scale river using a velocity sensor based on the Doppler effect of ultrasonic 3
;{ sound waves was discussed. Cross-sectionally averaged stream velocity was estimated from velocity ;E
;TJC measured by the sensor. Then, discharge data including storm runoff were obtained safely and accurately, ;
%% | by the way of multiplying the cross-sectionally averaged stream velocity by cross-sectional area of now | 22
2 estimated from water level. =
;; [n addition, the hydrometry using the sensor was revealed to have advantages as follows: %
A | 1) settlement of the sensor in a river is authorized casily, A
i} 2) cost spent on equipment and the settlement is low, ﬁ:
{& | 3) frequent and automatic measurement is available. {A&
= | From above results, the hydrometry using the sensor is concluded to be worth utilizing for a long-term =
:g”_‘ monitoring system to evaluate discharge and pollution load from small-scale river located on é‘

agricultural watershed in hilly and mountainous region.
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