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Foreword

Rice has become a primary staple particularly in Africa. Its growing cities
depend on rice as daily diet, with consumption increasing by roughly 5.5 %
a year.

Despite the clear potential to boost regional production, most African
countries continue to rely heavily on imports for meeting their growing rice
consumption needs at an annual cost of USD 5 billion. Such a reliance of
most African countries on rice imports for their consumption continues to
pose a serious food security concern, as rice consumption is projected to
increase by130 % from (year) to 2035.Notwithstanding the rapid increase
in rice production in Africa since 2007, local rice production is unable to
keep pace with the increasing demand. It is noted that the demand-supply
gap 1s widening. This requires sustainable intensification of rice production,
based on enhancing biological processes of the ecosystem.

The Japan International Research Center for Agricultural Sciences
(JIRCAS), Ministry of Food Agriculture (MoFA), and Kwame Nkrumah
University of Science and Technology (KNUST) signed a tripartite
agreement to cooperate in the research on the “Study of Improvement of
Micro Reservoir Technologies for Rice Production in Africa”. Research
services were also sought from the Savanna Agricultural Research Institute
of the Council for Scientific and Industrial Research (CSIR-SARI). This
study had its main verification sites in the Ashanti and Northern regions of
Ghana.

This research is in conformity with the target goal of Coalition for African
Rice Development (CARD) to double the rice production in Africa from 14
million mt/y in 2008 to 28 million mt/y by 2018.

The main objective of the study is using micro reservoirs to increase the
yield and cropping times of rice production in Africa. The implementation
of double cropping in small scale irrigation paddy fields has been a
challenge as a result of seasonality of surface water flow. This has called for
the need to develop technologies for micro reservoir construction and
sustainable water use in these areas.



This manual contains research findings and recommendations to promote
more efficient and sustainable rice production systems in Africa through the
use of small reservoirs.

March 2017
Ag. Director, Directorate of Crop Services, MoFA

Seth Osei-Akoto
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oIz DKEWRSEM) ., THhadfk) THMRERESE) NS b
Ficdh b,
1) KEFSM:

BEAF D 1= O D K 2 B TR LS (@) ICRIA LT 5 i
T, AR E OB ECMAEO M EKEEREIICHRTTT 5
VBN D, -, #HAKD TR TOFAIZONT S ZET 5 MLEN
H 5,

2)  AEES

T2 OMEEITIT T R RN DT20, 2 A ZpEMnlEY & LTS
LTWAHITHD Z ENEFE LU,
3)  MEFEESRIE

HokmE izl nWT, B (72 ) REZICAFTERY (b
L<IFRATE 220 S T3 2 2 FB3W L B 6, RFrIC
RRIE72 5,

(2) AKHESEMH

(7= 2R H U7 KH Gzl 7=k Z2RH L TRE LizK
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FRAES N FIRE & 72 DK H) 1 IZB T D KBS, [HRKRAE TG
BRI K INHER T E WG & T FRTREZR T D3 72
SN THL (M1.3, K14),
1) HIRIREE CTARRRREFIC A3 72 K DR T & 22 WGP
7O DK AZRH Uz KRR (DADWERBRTE) 13, BIRIRRETK
FEAREZ T4y 72k (ROK & Holle U CUNE DY) AR WA CEfid
HHDTHD, ZOd, HRIREETKE S 2551 (BIE, WM D
EZEUK, @) IR S XA B2,
2)  ADIVN AT RE M
OO KIL, T2oh & M OKH) OMERR (BIRZESCRREE)
2L BREHINT AW ATREMEIZHIBR N B 5

TR BRBE

/ﬁ SRR RE T KA H IR TE TR RS \

(| B4y 7k / (25 TRk A3 R
M % Huis: B

D3 A7\ AT RE IR A

N\

RIK + B

KK
TomzFAHEL

KFmERES
)

1.3 AKHESEHE WES)




KK+ [Efg

R+ Hli e

KK+

X 1.4 KHEEMH (L A=)

1.1.2 1=HHhEH

(1) KEFSM:

oK, EBER (a2 XA B X0 OMIEY) [ZFIH S 51E0.
Wiz K-> TR, FEOEERKERE2->TWD, BER LA
TEH . S HOELNEN ITHIRIZ L - TN H 525, EIEEA S [
SER<AIEH. FEH ) &Mz W CEERICKEZFIHT 2B
WZIE BRI E WS ORI L T, BB ORIBN H D BN
b D, 8B, HIRIZ X - TIHFAKEOR AN A RE e itk & 5,
I 31 B AKCE TR (BEAKRFIHTEER) 13 26 2 A IS HRE
LTCIRDDLMERH D, DT T =2 AKF] AT HE &S R T
XBHZENVETH D,

Flz 11X, BEFE-omz R AT 5546

< AbEIN D HF > T ML, FICEH, FE. FSIHAHENT
W5,

c KERLHFNAHATERWGEIL, ¥y 7T U M R%EDTFE
LB,

c 2D, BEFEOT- OO KITEESMHEE DRI U, F e
(i B, B, Bt L) Z20ARWICHIAT 5,

(2) fh&=5
T2 OMEIEIZIT T A R0 D, ETMERFEBICOGERAD DD D,
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T ZIHEEIZEA OIS N2 WIGETIZE R & 7 5 7w, B
IREIZI, :%%ﬁmWW&LT%PLTméﬂWT%é &N
FLW, FEHFHEE TOAGEIE. 2 AZ AT L EDOEHZ L
[l D(FEIENHDVENH 5,

(3)  HMElHEE

T OMWMEEIZBWTHE (£728) RESGIZAFTEZ20 (H LKL
TR T 72\0) JATTIEER 2 A R L BT S, BREHIIZAF]
Eirs,
BlIZIXIANEA L NERBT 56, YA vEA S NMIEA S
N EHHO L ARE TEILEEZERT 26D THL, Y ALEAY
MIRED LORIESAA NS ERBTHMENRESERD
(AICEA S FETHLMEOBZWNEREN/NSLS D), ZDD
NS NN ENDGFTTRITIVUL, BEAXA Y MEEEDRZLI 2D,
FEN ARG LD,

1.1.3 KB EH

(1)  BNIREE CARREAEE I3 72 KN 72O IGET
1) JKEREE & kfmschs

H—FETEmM LTz JICA KARERREE =7 b
(H25 #&7) TiE, i AnNWEIT0o70< Th, LT X » Tidn
700 O EM EEERL TWD ETRREGIZELDE, LD T
AT )71y hT3.0t—39ha, 7~ T 4.0-6.6t/ha),

— ., FREIVE 2 —EIC L D & ABEN o R EIR (2007-2009)
I 2.1ttha, 7% 7 4 NOFELZJHUUT 1.1t/ha & 2272 DRV, Z D
e, N TATAT By MEIL DR EREORWGFTAZRE LT
W5, DFED | RAKFMEE 1TV - TH, HATIC LY BT RE < B
HZEWbND, £l KFEOKIEEMEOREICIL D & AKfFiLH 5
—EOHIN F TIIHED D FIHTE /KO L HIUIEMm4 5 =
ENRDo TN A,

LEDZ &G, FIUBENEEFER/ Y — O Th-> T, Hi
FEHNZAKBPEE LT WIEFNIRAK T 1 D X 9 IS 2 /54 57207
THIUISET S, —FH.EF VI WIEIFTFTIEDA DB VRMLEE L 7p
Do



2)  IKABAREF IC L T K & & K H S

AR~ =aT7 /LT, 3 ADONEITHR S ZELE AT TR 9>
SEIEHIE TONLANRNEITH I ZEELTWD (1.2 &), ZORF
HE, KEOKBEIZLVRVIREEBIZAR D K S 2D A DWW EAT 5 LE)N
Hb,

Irrigation Water Management training manual (FAO, 1986) Ci&, 72>AD3
WHNZ B 72K D &2 BB L% 20mm/H & LTV % (Semiarid, strong
wind, more sandy soil), A~ == 7 WAERICH T2 0 Bk %2 Fha L7213
5Tl 16.5mm/day TH o7z, DAL IELBIRIL 40 BRI TH
H 128, 660~800mm/40 H D/KNMLETH D,

KHEEMEL, ZOKEPODPADWHIFFORNEZZE L[V
72Ky, BIRIRIEETRELR TE 2 WG CTh 5, &~ L (ALERIHNER)
RN LD L 10 FREREKAEIL 2000 FTH D, ZDEDDADD
H 9OHA1H2S10H 10 HETo 40 BR) OFNIX 287mm/40 H
ThHholz, ZDW, BERUSDIK E LTH 370~510mm/40 H H
ETX WA A~ = 2 7 VO % Sk & 72 5,

(2)  ADINA]RE HitE

B L VEENEWIGITIAKPEE D IZ WV, —H oMKz
NERHNLED LD LT HER/MICHT HIENL N, 2D, -
DUMDOKEZFIH L TOADBNEIT IR, EIIDADPNELT O LA
RS HIRE R D B WERER K 2 TIcde i TR T AL ERH D (b
LLIER AL DMADBY),, BRXIER EDOIZ7e 505, #iE
AN AR 72357 TIREAKIZ D D BN E L 720 FEFRRESES Loy
TERW (2R Lz KA & 722 5 720),

(3) KM%

FREFLEOLE, UTOLOIC5 (F1.1),
ORI BRI A DN M TEZR K (370~510mm/40 H) 3
PR C X 72N GAT
Q7= OMMD K TINADINEAT IS T2 0 BRI AR T 22\
EWH ZEiZh b,



F 1.1 AKHEND R, 7o ZF]H L 77K H i

RK A
KK + 1+ fili ke
KK+ e
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1.2 DA VETE

(1) FhEEE

MAISTE R A B 2 A O 10 FEffe SR8 /KA A 2l L HEAE
o )

DABVETEZFEET AHITHT- > T K EITIBAREL UL+
%o VE/KHERITMERFEZ R E < TIUXENTZ T OFARI R = <
25, ZDTH HEREIT/N S VT E R O H D ITRRER & 72
%o MERFIZONWTIX, BARAOKHBEOEGE 1/10 L EOH HILTWS (1
Mtk BaxaliE i - BEEHK OKH)), KRv==2T7 12BN ThH
ZOHEMEERA L TWS, dEEMICBWTIE 7 A oFEN R T
A EHEE DO FEE 1A

KEBITBWCIRE 51 FEOT — & D3> T2 ALE M % filic
EWREOREZIT T,

KEBIES 21T D 7T~9 H OFEMMN
WE L 725 7-8, FEERIL 7~9
AL+, YW 584mm, 12 v o RREN (96~
YEMFFET 118mm TH D, EROT
— X DIEHDAAREDRER, BED
Al P fEIX 0.04>0.01 & 72 o7, F
TeaIFE (&b 695mm) 1238
IF B EHAARREDRE R, EEDM
il P fE1Z 0.03>0.01 & 72 o7z, ZD
T~ OWERELZ KD D2, A
S 7 TRERIS IEF A LT FMERAR o
5] ELTHETAZ LTS,

10 MRS MR IE 584—1.2815 X 118=433mm (2000 4E ? 430.0mm
[ZFE )

5 MR R IE 584—0.845X 118=484mm (1966 5D 479.0mm

[ZFEY)
/4

o O O O O O O O O 9
o O O O O O O O O O
© >~ 0 & © 4 N N F 10

L R s B e B o R o R |




HHTD, MABN B Z 52 D0 IE7T~9 H L LT,

(2)  DADBWERE (AW (D))

* DAPNEA FONEICHK B E 5 2 DR 6
FEBAAE (40 A fH))

YO LB ZITEETH LN BEMIC LB 2K EHART D &
TZOMDBEENRRKEL 20 BERHNEGT, 2070, IO EF L
TERFE AW TR, FEFEIXFERERZITIT 90 D2ADRWITEA X DI E
Wi b B E 5 2 DR A & HFRBEAERT (40 BRE) 95 (&
1.2),

#£12 MOEBFTAT—T T LEONAKGE
A FDEBAT— | 3EHEH K 1 hoIRI5 ik
(Jasmin85 DFH)
PR~ = o0 1T DO ] 0~60 DAG | KKk
WFE S b ~BAAE ] 60~100 DAG | 2>AD30>
B A ~ [ HE 100~120 DAG | KKk
3% DAG : Day after germination : &34 H 4%

(3) H2ADBVIKE

s TR ADIWOREIIE, HEAKIRREEAR RO Z & & RA
c BOARVIKE= (BRI E—FHEEESE B A 2IEW)
S IO DINIER X 3 AU 73O H FE

1) ZARBuREE (BUKE)
RREBIRHEITKANMALIZEED 1 HHZY OKOBDET
BB, RFEIR S BITITIHITT B a A OAEF RN, 18 HEsaiE,
BEDIRDL, HEFKOMRBLIZ L 0 B7e 5, FHEAKEICRE S ZET 5
ZEMBERNGHEZITWVIE L TR MLEND D, BRBAFHET
ERIU T A D WEA O R EIR ZE =L 15mm/H TH o 7=,



R EEDORIE TIE
KL TWAKBIZBEDfMfEDONAZYTCT, BEVDO1HD
7= 0 D& &2 FHRIT D,

2) A=

HARTIE, FHEHKEIIZAFEBIREE (HBUKE) 6. ARINE
(H & 5~80mm @ 80%) ZJH L TR 2, 80mm LL E DR ILA
H226HSIVTEIFRE TE 72wy GLils, 1979) 728, 80mm LA EDORE
FNIE 80mm & L THY > T\ 5,

DFEY, BEOEIIZL Y AIREICEENDH S, BEREE 20cm LA
FoESTER L, FAKOEZRIT WA, 80mm UL EORER LA
IWEE LTEET S,

3)  MADWEhER

DA WNNERITHUK L72AKD 5 BIZHITIHAKTE T2 KO EER
THRLELOTH D, WML, EIC O BIFHICEAKT 5 £ TIZ
TS (FEKke R),

PEAk o ZARITEKITIED, A T T4 (5%), a7 U — FKE
(10%) . Tk (20%) 2LV HEips (EKke 2OHEIZTSBE),
FTAKBITIERENEL 25t n A2 50T KKE KK ET S
ek, CELRVIEEZESTHIENEE LV,
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1.3 FEEEFICETL2BENRXAKFIATREE (BRE) OF
5%

1.3.1 #ZE

MR PTRERBERAKEZRET D & &, [MBOKERIZEB T 5 BT
DARFNHZBET DHEND 5, FFIZ, FITETEHKNFE S O~
FASN WS bthzstg 75X, ZNOLOKFHEBAEL
N E I LT B,

MAKDMAIZ L > TEL L7205 ORIL, BHiTo L Z A4
AR E LS L WEOMOKERTHDH, 2T FEOT-D
MOITKEOLEEN 2R 5 2 & CHEREZH L, [TEENEER
AKFIHFTRER ) ZHEET D,

Z ZClX. Curvenumber £ (LLF. CN) Z#HAGA A TZ KIS %
FHWTHRELZE T 5 FIEICHOWTHEBAT %, 2B, [[E L HREIED
72O, RPEICLDHEGFHIIRIKRTY 2 o7 —F 20 EmE T
o

B ElL, LTFTOKN XKD EREZHETHZLICLVAETBS
N5,

Ik B E) = 72 O~ DL A &+ ~DEER
—FIHE-ARE-BRTREE - URE

HEANOPER

RErSnE. H l ARB(EERA. RERAGE)  TOBRAR

X 1.5 KIS AR SR
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1.3.2 T—2DIRE

Z T AR DOKELZDOFHREDT-DIZ, MR- O-Cxt 5 7=
OO JENTHELIVENSH DT —HIZOWNWT, TOHE AFHE
IZDOWTEFE 5,

(1) WD R iE

P, RABERO TS O OEEICLET
5.
 PESEREIL. MUV B (BB oM DRI R &
T

PRI RS 2 SR 6O A IITHIIERI N LB CTh 5, HEX % T2 &5k
KA VERL L. Vilkimfgz kb, 20 & X #HEROKER L= DO
HARZ I U T S LD & Th D, M NI 1/5,000 DL _E & HELES 2

IS ATFTE 220G A, Tl e O 72O O & 217 -
THIE Z 1B L, S50 L8 N H 5,

(2) WET—%#

- ET—%1X. Bli=®, FRREZHW 5,

- [HE CN ZHWBLEIL, MABRODREEICHRELZFERHT
5. EENIUIFER CN 2 W 285803, MABDE EITERERY
WEZEHT 5, *EHE CN, [BF CNIZHOWTIE, 1.35 %
SOz L,

T, XHR7 IO TSI F A RS 5 = L TR 5.
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X 1.6 <SEEHEE

(3) JKfL

c KNET =213, RBIZDMDIKNEDT —Z Th D,
- SEHMEIE, R0 IR STV B R L T2,

KNLT — & 2 DAL, FefaIfRI R O RCak 23 AT RE 70 1 7 — & FF
O EE HND Z L 2RSS,

(4) A=

- FIFHEIL., BAIEHKSE S OHOKE ED =D oK OF|H
EORBFZ ™7,
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H & 72 0 BALA K B 2 HERT 2% HERHTIE, #2100 72 D it oD 7K
I DBARE S 2 EERIZHH AN (IR TH 3 H)  CORMAEZFHET 5,
B 203, ATE K B OHEFHZIE, A BT L7oAds & HSH
BN TR L, TORAAEZFET 5, FEOPUKEITL, Hz
ek L. TRUICRLIE 1HHZ Y OFUKENOREZ IR T 5,

7% 1.3 Estimated water requirement and voluntary intake of livestock under Sahelian conditions

Voluntary water intake

(Litres/d) (27°C)
Species Mean live weight(kg) Wet season Dry hot season
Cattle 180 10 27
Sheep 25 2 5
Goat 25 2 5
Donkey 105 5 16

MoWR/EARO/IWMI/ILRI, Water resources for livestock in Ethiopia:Implications for research
and development, International Workshop held at ILRI, Addis Ababa, Ethiopia 2-4 December
2002, p70, Table 212488 STV HEE B & ITIEK

1.7 AJERAKD =D O KR DORET
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1.3.3 H-VE XU H-ABRIRDIERL

- H-V Hi# & H-A #ifix, =2k (H) LirkE (V)
DR, KA (H) EiimmmiE (A) 27771 CLiebDTH
60

- FPKECHE EE 2 KL HHEEH L. Ik EOEBLEA S
HI-ITEL

H-V dhifg, H-A #IROIERICIE., 72D NE O I &2 8R4 5
VNS D, T2 OO I 2 40183 5 1213, M RO &
kl/\/)f:jiyi_}zﬁ%éo

e OHNER DI 2048 L7 D FE &R ZER T 5, 72O OLET
KET, FFEERERICHENTZESBEORBEOM TR OLND, EEf
M BEONDEEEZ EOmEZHINT 5, FaEfkLEOERE
DFEEL A1, TEOFREORMELZ A2t LT EEE TROEREDZE
Zhid3oL, BEETFEICHENTITKRE Vaold, kL5,

V1_2 = (Al + AZ + 1/A1XA2)h/3

4

TRCOBMOITKEN S ONZD, WIENDKEE TOEED
REZE LAY TRITKELZRD 5,

JE DRTKE & KE, BRlOmEE & REDORERERIE Lt DA,
H-A BXOH-VHIEETH S,
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1.3.4 FHi/S A —2 —Ds

s KINEROFEH O EZ CHIARRE LB N RSB EIT. #H
e, Z=fi, SHISRMIC L > TR D,
BRI L2 RBOKNT —F AW T, HEETA20ERD D,

(1) 7%%=

* REBINT — 2 PR TE 25 E1T_ 0~ AETHEA
- ZTRLSME, KREEDT —Z b L TR E

1) X~k

WER A B (Wi &) OKIE. BE, BUEO HT — 2 BN AFAHE
G ARIIR~ B LV RREEZRET D, 2O EET AR (X
HR) (IR OIRAEIZ)S U THIRO DM H D05, Kl 0.06~0.12
Ty,

2) RHBHBT—F b L THEREE

FAO |2 X % & Semiarid HUIE O A HEZR TS & O Ml S FE 1L, 8~
9mm/d &L TV D,

I b (Yt 7 T v P & ek T A 0D Bb) 3R E WA 2R3 DS KAL
ZAGIZ RIE T BT R T,

7o & 20X, Wt 40, AR 1,000mm, FiEHER 20% TH 5
A WAL 8,000mmly, — AT EDN Imm/d B/p o T HAEKE T
365mm/y LR 5720, ZO7), 8mm TR L TH 9mm THE
BHLTCHHRBERETITIRE ITHE LW,

2) BTRA=

(e MiRE R (RAK) 13, FH o BERE R IIA O KA ZE I SR D
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HTHD EMRE L THRT 5, ZORF, KIEZIZLLTDO L 512725,

Hr K Ii B (FE [ A9 1))

=REICL DL EFFMIC L 2B E+

+ [ TRZEIC XL DD &

A\

T REBICE DD EZBHLEHT D &

e MiRd s kA =
= ET7}<{JﬂZ’}\ 7R8I

LB,

£ 2 Bk B L D &

PRI ADADHERREFR T 5 [Tt ~Difi N &) OFE M

c:%‘g‘@% 50

—MRIZCNIE, 14D LBV HHFIH, HEESEM, AR I
FOEREEN., LUTOXREZHNTHEEN S OMHENSE IR S,
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R>0.2s DRf,
Q = (R — 0.25)2/(R + 0.8s)
=254 (100/CN-1)
R<02s D, Q=0

Q : HEFEVRH F(mm), R: H /K E(mm)
s PR7KFR % (mm), CN:Curve Number

4

#F 1.4 1%FEH72 Curve number

Hydrologi
Cover Hydrologic
soil group
condition
Land Use Treatment AY B C D
Fallow Bare soil - 77 86 91 94
. ) Poor 48 67 77 83
Brush-brush-weed-grass mixture with brush the
Fair 35 56 70 77
major element
Good 30 48 65 73
Poor 57 73 82 86
Wood-grass combination
Fair 43 65 76 82
(or orchard or tree farm)
Good 32 58 72 79

D" A: Low runoff potential, B: Moderate infiltration rate, C: Slow infiltration rate, D: High runoff potential
USDA Natural Resources Conservation Service, National Engineering Handbook, Chapter9,2004 [Z#5# ST\ D& % b L IZ/E

54

ARK~=aT7 VT U TOHEICZLS CN OB ETIEHRET S,
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i) EECN

HF DHEFEAR I TS0 6 I DCNEZ R ET 5
i) AH)ICN

FEKEIZ XK > THEOCNEZ R ET S
iii) [FIJFHCN

Bk & BERAZEDOEIFRIZE > TCNEZRET D

i) [EE CN

TR S DO AREE ., B—D CN W TEHT A HFETH S,
CN WIHIE CTHEE L7=GHEMAE & | K EZLEN LB L 7=
MAEZLEE L, CN I OELEEZ1TV, [EHE CN 252 ET 5,

ii) ZH)CN

TR D DA EE BFRKEOKRE TS CRE LT-#HE D CN T
BHT 5 HETH D, BKEBNLHERARELZEL L, 2O E
"o CN Z[RET D,

R S & ARG ON % 2~4 BXBSRRIE OBERIIC ) 1 CREE L
s 2 BT 2

) HFE/KE 36mm LA EOR;, CN=72, HFE/KE 10mm 2L E
36mm Al OFF, CN=81, HPE/KE 10mm AKJiii OKF, CN=95

iii) [EJF CN

TIRN D DA REE, FKEEERBEOBEIFTH LD CN T
BT A HETH D, BKELLENOHAERARZH B L, T O
B H CN ZEIET 5, [[E L7Z CN & FKEN SRR 2 LT,
[a])F CN 23K 5,

6D CN O, FIREEHERITIUTDO LB TH D,

1-19



#F 1.5 CN OF%
& 3H B 5 S 5 EE

[E & CN e +

AL CN DOEH LN S OMHENMEE TE 20 E 9
L, ERTEONZIKEZL SN S OB EEZRE L., £
HALEZCNMOEH L-AERHE L T 5 2 & THLMNTR D,

FREF 1ROV T, [1.3.6 CN OfEE) (Cic#T 5,

1.3.6 CN &3

cBHALEET LD CN 2, NS OMHEZFEE TE TV
B, FERIE & OEIZ X > THREET 5,

FRMEIE, 1.3.2 (3) THE L= FHERAKNAL D BFE L 7= itiEkn & O
HE TR, Wb OMAEDRIEIL, FEHIKA & 1.3.3 TER L
7= H-V i bk &2 b x B L, AKICGEHWTEET 5,
AR, RE L ON K> THE SN WS O &4 5
7,

TRTDHMAEHIEL, LT 25ThH D,

i) FEXRRZE
ii) Nash-Sutcliffe efficiency(LL T, NSE)

REEDRRIT. 720 TR D BB 0 2 IR U FRATS-
DL L,

i) FTHXIRR 2=
MRREZEIL, LTFTORXTRD 5,
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FRAZE (%) = GHRE-EHME) / SZHIE X100

ii) NSE £
NSE [ZLL F DO TR D 5,

2
) (Vobs - Vcal)

2
X (Vobs - Vave)

NSEfE =1 —

Vobs: %?/E\Mﬁ\ Vcal: %-l’%'fﬁ\ Vave:gﬂé?/ﬁxu{ﬁ@ I‘Zi‘@'fﬁ

4

NSE fEix, B 5 (2013) iI2k2 &
NSE fE< 0.50 Unsatisfactory
NSEfH 0.50~0.65 Satisfactory
NSE fE 0.65~0.75 Good
NSE fE> 0.75 Very good EXTEINTWD,

1.3.7 FEEEFOBANEXRAKFIATERE (BRE) OFHE

I}

FRFE L7 CN Z W= KINZ R L0 | B YR OB & 2 H#
RSN

BEFR L. BRI A X2 M X o CTlROMDAT KRR IR b 2 &
THEUL D, FIRRNZRT D702, BfEa & 272 CN & ik
IS B BT7K B (Qutore) ZFHHIT 2, FERNDBR D HT7K 43 77 (Qresiaual)
ERRTEAE (Qutakinflow) DBEIFRIZIG U2 /KN & AW T, #iik &
HeEH9 %,
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(1) 7= DN OITKEDOHERT GRIGAEDPITKR T 2B 2WGEE)

RT3 3 A L 22 WD KN S 520 & K o & (X 1.8) &R,

Qstore @i_% = Qtotal—inflow(f: &bﬂﬁf\@?}:ﬁ]\ + ﬁﬁ’\@[@ﬁﬁ
- FIHE - A%E - B TRER)

Qresidual(/ﬁ\?7k/4]:‘§jj ) > Qtotal-inflow @%/El\\ Qoverﬂow =0

Qtota l-inflow
P I — |
Qoverﬂow_o

1
:

1.8 RN TAE LA WEEE OKILK

BB, FIAKRIE, IOMBAEERNOITKEZSIWEEE T 5,

(2) FRKRAN D D05, Tz ERIDZIRARNH Y | B AT
%6

BARBR IR H D0, Tk ERIDMANRAE LGS B3 384

T 5, ZORFOERELXZHET 57200 KIN A EBSXK (K 1.9)
BN,
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Qoverflow
= Qtotal—inflow (f: &b?ma@iﬂiﬁ]\—l_ﬁ'ﬂ @J\@ IS%EE
FIHE-AEE-BF T RER)
- Qresidual (E\?ﬂ(%jj)

0< Qresidual(/ﬁ\?j(%ﬁ) < Qtotal-inflow @%/ﬁ\

r hY
1 I
h 1 Qto!aivinﬂow ]
o - ———— R max [§ i
1 | 1
_______________ \

1 | S g il ,

1 Qoverﬁow : Oresldual I

__________ o

hstore
Qsto e

1.9 Bk ZBALENIKR A, BRI ET 256 DKIL
=

G AR DN EL Rl (RiKE) (ICEERNAH YD . BORSEET S

50
WAKRHCRERTA 0 R S/E LIS, IEARNIEE B Th BTz,

I AR SR EIZE LS D, ZOKOMKELZREITH7-00
AR E S (K 1.10) 207,
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Qoverflow
= Quotal-inflov (72 ORI~ D HE A+ T~ D FFE R
FIHE-AEE-F T IRER)

Qresidual(,ﬁ\?j{ééjj) =0 DA

r Qio!al-innow

hs!ore= hmax

che rflow

X 1.10 JEKRFCFERN S Y, RN ET 56 DKINK

1.3.8 FHEXNRMZEFH & LI-5tEH
(1) Jesse s

ST, P—& /L 25— 3> (STS £k TSS200. LLF TS)
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# 1.6 ol KEFE
K (m) i FE(m?) TREERIZFE(m®) BHEA (M)
1 0 0 0 0
2 0.1 200 7 7
3 0.3 411 127 134
4 0.5 1,773 325 458
5 0.7 3,257 538 996
6 0.9 4,231 805 1,801
7 1.1 4,797 1,032 2,832
8 1.3 6,338 1,207 4,040
9 1.5 6,753 1,383 5,423
10 1.7 7,678 1,552 6,975
11 1.9 8,819 1,709 8,685
12 2.0 9,005 911 9,596
13 22 9,109 1,891 11,487
2
1.5
E
T
§ 1
0.5
0
2,000 4,000 6,000 8,000 10,000
Storage volume(m?3)
111 X &7= o> H-V Curve
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22 HHREADROEIO BB A D VIKE & FHLORTKE
(2005 4£)

FimKE B AR MEEE BOE o
m’ mm/d m’ m’ m’ m’
8A 258 5.3
8H 268 0
8A27H 04
8A28H 0
8H29H 0
8A30H 13.2
8A31H 0
9AIH 5,000 0 0 0 628 571
9B 2H 4372 0 0 0 650 597
9A3H 3,723 0 0 0 645 597
9A4H 3,078 0 0 0 642 599
9AsH 2,437 10.6 0 27 35 -
9A6H 2,428 9.6 594 24 35 -
9A7H 3.011 2738 1,286 70 40 -
9A8H 4327 0 0 0 617 564
9B 9H 3,711 0 0 0 473 425
9B 108 3.238 0.5 0 1 468 425
9AI11H 2,772 9.4 558 24 465 425
9A12H 2,389 0 0 0 40 -
9B 13H 2,349 0 0 0 40 -
9F 148 2,309 14.8 30 37 40 -
9A15H 2,836 325 2,087 81 656 616
9B 16H 4,349 218 506 55 594 542
9B 17H 4315 144 20 36 432 379
9 A I8H 3,939 14.2 15 36 323 273
9B 19H 3.668 19.1 260 48 48 -
9208 3.928 0.5 0 1 50 -
9H21H 3,879 0 0 0 48 -
9B 2AH 3,831 6.5 146 16 200 153
9A23H 3,793 0 0 0 363 315
9H 248 3431 54 53 14 437 392
9A25H 3,061 1.1 0 3 506 464
9F 268 2,558 0 0 0 38 -
9R27H 2,520 26.9 1,151 67 38 -
9 A28 H 3,701 10.4 0 26 48 -
9F29H 3,680 5.7 74 14 513 466
9A30H 3.255 25 885 63 489 446
0WAIA 3,714 0.2 0 1 465 418
10F2H 3.250 0 0 0 362 320
10A3H 2,388 0 0 0 40 -
0A4H 2,348 0 0 0 40 -
10A5H 2,308 0 0 0 40 -
108 6H 2,768 5.3 47 13 551 511
0A7H 2,277 0.5 0 1 574 539
10 A8 H 1,705 0 0 0 668 638
10A9H 1,037 0.2 0 1 661 636
10A10H 377 243 795 61 18 -
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HDUENRHDHZ ENgnoTe, £, HEIRY =2 — A3 &
F7500m3 2B T EnbhroTl, TORGHTZESE, Hixd
HBEREENOH LRV 2L, BB LZ 200 THEE
Thotz, B, M LITHZICFEH LT,

7
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R
r r/
7

Ground Design
— 'y
$ o Toward
S0m 10.0
A2 R?
‘ a1 I
‘ A
“ Detail of the Embankment
‘ & lg_5.0m
2 FH=-27 it
30m | —
L 10,0 ]
R3
Al [Point [FH
A4 = A -027
¥ A =27
A -0.69
Ad -2.7
e .
Pegs Information
Distance
53.15 i " P Pl -RI | 1000 m
A-A n P4-R2 | 1019 m
50m
Al R1 1
A3 o R?
A2 Ad
52.65 e
B-B ; - y
? z 2.0 nd § R
50m " t GL [Peg Head |GL GL Peg Head
BM 0
= 0.476) 0.896|R1 0.361 0.811
Bl I P 1.064] 1.514
20m B3 P —0.269] 0.241
B2 o . B4 P -069] -028[R2 -0981] -0571
- "
1.65 "

X 2.19 -l OFEAEGH][X
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2.2.6 FMftEiEs
(1) ZKBGIET

[%?@&i@%ﬁ%ﬂ%ﬁ&:%b\f\ R BIRAKT SRR D 5D T, Bl J

HDYErR ETRA IEZX %,

1)

THUT ISR BRI L DG ANCRGE L2\ VO T, R H
DFEKRERB WG TH D Z LB TRIND, ZD72, FHIERK
IR EWATERME D 8 D D TIKR R AT H MERH 5,

B ORI IIRBERIZ L 0 iR HEIEN CE - LA HER L 7=
LD TH D, DORFITMN < BRBREIHR, Z D=, ZDiEK
MEDARVMEZ FHLOEICERRT 2 2 SIS L VIRABIEER S, fF
THMMORZRIT 52 &2k b, BthOITkKAEZEHHEINT 5,

K hi(em) HIEJEEIE  L(em) R METEE KGRIk (cm/s) |
—HBDOKE h2 (em) & L7z & EDZRKEHITA (24) TKRED
(ERALZKRERIZ I 1T 2B AREBREL DR D TT) o

h

k =2303——log,o—>
303 86400 %8107, (2.4)

I, BAKREEAE—TE L XORAKE (h-hy) 1. /K% h
EREIE L O E D,

72 OMIZIBWN T, IR LD M@ AKENRE L, B @il (31%)
L72KIFIESCZ T HIZIRIET 5 EIRE LIza . BBl Eie 0%k
KEREE 1X10° (em/s) & L7z & Z DOKEGEERKEDBERITR 2.6 D
EB P ZIEHERIEE 10cm & L7235E OFR/KEIZHR KT 17mm/d
Thsd (5ecmBE1E 34mm/d),
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%wﬁi@m%ﬁ%ﬂﬁ(D?W%btkﬁmmﬁmiéﬁm%
mm/d

(cm)
5 10 20 50 100
200 34| 1.7 0.9 0.3 0.2
40| 69| 34 1.7 0.7 0.3
60| 10.3] 5.2 2.6 1.0 0.5
80| 13.7| 6.9 34 1.4 0.7
100| 17.1| 8.6 4.3 1.7 0.9
120 | 20.6 | 10.3 5.2 2.1 1.0
140 24.0| 12.0 6.0 2.4 1.2
160 | 27.4|13.8 6.9 2.8 1.4
180 | 30.8 | 15.5 7.8 3.1 1.6
200| 343|17.2 8.6 3.5 1.7

X 2.21 b E ~DEEE

=Y
X

%] 2.20 F-HLEEACIRIL
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2) VEDBERIEDOITE ;5

(
DA 21E 0, fi TR &< 725,

i TIE 2R 2N H D,
-

T, TWAKEEDADWARERE. LEEDNT VAN G

HEREIL, BEWVIEERARIIRD TS, —F, BEWE c‘:“ﬁ”ﬁk%\

)

Gt X0

DU IE, BERE & AR W RIREmFE 2 fH R EFEICB W THEE
L7=fl<Td 5,
FHLOHAL ¢ 50m*x50mx2m
INAUISUNNER 1 95%, ZRFEEUR T & - 18mm/d, 7 HREWr AW
XSO A TR B = 50mx50m> (2m— R (20cm) — & /=)

7% 2.7 Irrigable area depending on a thickness

thickness S5cm 10cm 20cm 30cm

Irrigable area 1.84 ha 1.97 ha 2.01 ha 2.00 ha

%27 L0 BE5~30cm ORI TIHIE E A ENARWVEEICE
X2 WZ ERDAD (5em & 20ecm TONA DIV A REHEFE D ZE X
0.17ha), 7=272L. BJE Secm CTIZHLERED 125m® (i TEITA
% 5 THFEY) THDDOITk L, 20em TiX 4 5D 20 T H X2
ERD,

—7J7. ha 72 Y OEIHLLIE 2,000GHS/4E (8 HH) FRETH
% (B 2t 0 4t (IZHEN L, B ERENZILL72WEEES),

DT, Sem DEEEDIRERBFRICEHF L 72508, 5ecm Tl T
DAY — L7y (BFEEELZEE). LA BEIT»S O
KT HREND DD, ZDO=OREITIEELE 10cm & L=,
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(2) FHIERREXR

[ FHIIER 137 « »N (Chrysopogon nigratana) (2 X 0 {ri# }

F-HIRHNER IR EORBIZEI VA LTV, D7), 4
JBRERTR P MLETH D,

ERRERRE LTI LTFRET NS, MEIO AT LT &,
RO FE/L C A L GRET S LB,

1) BB IR

2) HERICHEKEE 2RI CERKIZL A1EEZBLIE

3) IEBICERM & R
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fE TG (T 4 N7 T AEFR)

EE ORiE & L CLBEMTREN IR SN TWDH T
(Chrysopogon nigratana) %3 A L7= (X 2.15), #E#IX 50cm fH
fECEM LT, X7 4 N IHEET D FE TIHEBKEIT I,

T 4 NOfRE TR, —48 (50kg) T 60GHS (92,100 ), —
RCTHEEIZ 60~80m (Rl 2 A+ T[S IE 50cm F2EE : [X] 2.16)

b _-",

222 FIHLIE~NT 4

X] 2.23 T ¢ SHEECR L
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(3)  FuhdmE LB - BE AR
1) 7% -ALet

TR A LA RIS RN GA T, PRI R L

S AEEIT A Z ik 0 ERENREET S, B, <ITHOH
ODRERLCEREZEE LTRHHTE 2581, AFHTL2Z &0
EFE LW, LML, BRI AT WA, ERE % i
INBET BT, FHDOFEDVIZEEY SITAH, ARIFIENRIAE I
L350 FHICERTKNERERA LWL 912, 7o B
425 (B &1 50em L),

REONLTCHEGEIL TR O T 2 &K/NMRIZE ED 572D, 50cm
T EBUKRIZT NV R—FTHREOEOZITO T EDREE LU,

2) Rtk R

F-ta LITERAR 2 I K S 1RE (898)

FHUIHE TR TH Y | FOEOHDOKOAFEREE L, £
EERIEITED ST THOBRICE VML BEIND ATHREMENH
Do ZD, MfE D L IIXWMAKIC L AEROIRREAZVIIET 5720
I, EEEYENIZEY ZENAENTH D,

BARWy 7 iEmpRiER R & LTlE, LR d 5,
a) BRI X A IRGE

b) A& IEIEIZHEGER

c) EINAZILKEDT

d) FEAREZ T

7R AR & O UF I, BRI EE DKy D3 7 i AU B BT B RN
WX VIREINO T LICIIEEA2ET 5,
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BRI L B ERE D A

EmEE S FEE L TH—FTEIATMNOREZDERICHAH S
TWHE BERAME U THTESICATRRE ; LI BIRM) 25|
H Lt%@%fn)l T %, ALERIN TITEABA X, BEME 1.5m £ S 16m
DHEDORTRONTED, BIROBEERERIIIHT->TUIEDOE EFH
LCW5, SEITEROEINBBEE 5Sm THHZH, @BF DR
MOYDOEIOLOZME L (—HK 4.5GHS=160 [:2015 4 2
R)o BIEMIZESNHL 2o TWAH DT, 31 5 BIZ1E 50cm 2
BTy 7IFTCHHALE (¥2.24),

S e

BARMIC X B iEmRE DR
BIRM OO L72 LD, BEEFEOHWBERDOEITR 28 DLEBY
(Image) (2 X DfEHT), ZOFER, BRMH Y OFR R L X0 k&
RN 2500 EEvy (X 2.25. 26),

2.8 ERFRIC L AEROEN

B B il PR
NiE (BIRM & 50.8% s (BIR#M 72 19.4%
) L)
A+ B & RS
Wit (BRM & 58.9% shiE (BIR#M 72 29.2%
) L)
b+ e & b+
SErE) (GRLAi) 54.9% ¥ (AR 24.3%
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RiRH D)

EIRM 72 L

X 2.25 EARKM ORYER L ORI
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bl e » -

% AT

Wik (BIRMH D)

F+ A (Imaged 12 &

SME B+ R

ik (BIRM &5 V)
% fRAT)

P+ (Imaged |2 &

X12.26 BB OZIELLE: (Image] |2 X 2 f#HT)
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2.3 TDS3EVAINEAVNERWEE YT 7Y MtKkHEDE L
(¥

o 7T ORPKEEZBINESE 5 kL LT, #ORRE, 17K
DIEAR e OB ED & EIFRE X b5, HEW OFRE K OLRIR D IE
@ikﬁf®m1 IZBR Y N D 72D — RN I EAEAR S F VD B 1
5o — 7, ok EiFidar 7 U — MEEMN —RETHY . A
TETLTHDHNE A b, 0 RO 2 AT 208, £ 7R
BRI T & W o =i a 3T 5,

ARETITERDEF> TWAHET Tl LA, oo &L VAt
Ay MWkt & B To3EFEIC DN TR S,

a7 ) — NEEY RO DR 0% & A P
(JF) &Y (S A1)
X227 & EFT (JEERIN)

H—FALEIZ BN TIX, £ 9 ZRECAEEY OMIEITH W T=61X
B CEISENTDZ R TEXS, L Lo 5 A KRITmANE
[ZRT, HEEM O LW UHEREZ R SR Rb 2 g x b b,
FZTHICEA L NERE YAV A L NEFEEME L, FElE O
ERERLITH Z & TMAMZEIMESED Z ENAREL 2D, B+
D ) 1XFEE D DT b OFIPe L L CTHERET 5,

RKETIETDOI EVANEA FERHWEH v 7T o FfKkto
& FITFEIC DWW TR 2.28 D ENE 7 v —|TiE-> Tk 5,
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;-ﬁlﬁﬁwﬁm
FET AL
el ANt Ay FERAR DR

\‘\\ / s SEEEM (local materialey
N FIFA) £o0T

B

BT EIBEZES
. . =2
T ‘ #ERT

v

B 228 T v —

2.3.1 HKALERE
(1) i CArESRE

[ﬁ’rﬁﬂﬁﬁciﬁtﬂdﬁ:’%@ﬁm%ﬁ@ﬁ%ﬁ%ézh\Jt@ 5 %mm;aﬁ;ﬁ%]

INE TR DG R EBET D,

SKH > 7T sOFEFE AN KM O FNEZ LI T IZEE T,
% > 777 7 Mid 887ha OEE/KIEFEA AT 5, CN % 72.R % 36.8mm/
HELESA, QL 251mm &7 0 Jii&EIE 22,248m® L 70 5,
AKHEIZZ OWMEZTE T TX DR E2H LT E e 570,

X~ 77 v b otkit & FO TR IZEB W T, S &k
iR Z A L, BUkomAKWm %2519 5, 0%, L0 5 FEAER
fi%%mﬁﬁﬁwkﬁb OWNmLL L2 R TE DAV E RS,

kS L <IEZF O TIRICB W CHUR & 23 8 b e VO HE AU
LTW\éo
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[ A7 (352 e -5l ]

X T MIEBEROmmD EH 50, & L IEm 084Kt
Thd, KEFOGZE, ¥ 7T T MEFEAREEREAB, CK
D RO E %2 L~V Tl L7= (X 2.29, & 2.9), £ DREE.
EFM O ES A R EH_TELS £72 D EBRRAKELPZED
M Bl W TS N RbEWZ e ol TS & L7,
%29 *EXTm 5]

AR | AEXRHE S
A Om
B -1.72m
C -1.20m
D -1.16m

229 S KT v Ty MNALE

RIZ D RIZEBWTIEE 2.30 D &350 A2 AR R & i
DEARZEIL 70ecm ThH o7z, 22 CEDO I AT I B (H S 30cm)
&L, B AKIE 40cm ZfERT D2 & & LTz, BREBLD 5 FEA
iOTL7kLﬁﬁ75>/BZ’}\ﬁ‘Z> EnD . MEZ A LBk E k
Wi 4.29 m> 12%F L 5.52m? Z #FE L 7=,

EE :E

EE Clas
12N
H=0.7m $
< 13.0m .
HE

{ H=03m

13.4m

2.30 Ji A E AT
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(2) +0 5 FAI7iE £ ooeeeseeess———) T
T DO—H %[5 N
H T30 {22 2.31 | ° YA AV D5+ EAb

KFEBEREDTZ D RO LD 2@ . -
TR &2 BRI A TRE T 1:. \ﬁﬁ

5, EETFHMOED S, Wk T 3,
Ciiégloaﬁbj}ﬁ)%\éi'@‘%ﬂ‘: E?}f@f;/fﬂﬂi B8
OFFEAE L, JEEBZ TRl m) SHRIICEE MR- E

%, EFo+o ik B 231 £o S AR
OTHEEMERSLER - EME YA e Ry P CRET S, 7 Lk
PNTIZARBE AN OME % - 1K B 2 338 LIRAKIC & 5 18 4 5
o METIZ E T L0 5 —J@sk@ I VA ' A > b & FRiE, &Gl
DEIT,

3) YA NLEAL NOEES

VAN AL MCERT D . B ALY P ROKE 2N S ORGHE
I EAEREE I L > THESNS,
- B

[mﬁﬁﬁwaﬁ%*%E%%E@&LE%%E%3Mmﬁkﬁ }

Do

VAN A MITRAKIZHT DR EEN RO LD, DB
2 — AR R & U BRI A 3N/mm? &35, [RMEIZRPPLHE
B RED L THRFOREBIEHZFFR TEX DEMLIT RO B D KK
MRETCTH D (WP H v Hifit o % —, 2011),

.

WcThdtzHND,

AN A MIHWAS HICBE L, 1 - v b oIk
0.0075mm LA . W3k 2mm LL R TH 5,

[%i-VWk%ﬁm%Xﬁ\ﬁo@%%mzkﬁﬁ$ﬁﬁ%$}
34
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210 A RAX L MZHWD O

HERK Kt (mm) | %
TR R N T <55
VR, R <0.0075 |<10
w <2
% <10 > 45

(R - HRBFZERT. B - H3~ 0 Hiirk o % —, 2006)

FEHZAE L TV D 0 Bt OS2 723 0N%, RiE T 2 E
it LF OfE RS SHMTTDMEN D D, 7R BRSO E i A3 L
WAL BEFOEHR ST 5,

EHT 5 HiE, lem BO&MEZHAWTSDLIWEITE1TH, £ OHE
X, BEA L FROKE KRET D720, TR, 3R &L
VRS Z & TH D, MA T REDRKE A FRE KEDEED -0 5
DN ZBG< &I D S S OREE O ZMEERICT S22 H AL
LTWb,

AR

[Eubbfvﬁmvgﬁﬁﬁvbﬁ>/Ft%:/F%ﬂ%\éo ]

B (EE D EEDTRWD) LTVt A FEHAWD,

- LA

L 8%D/KEMFHIT L L EREARLT S,
HELE XN AELARIT WD LY,

[i@ﬁ%ﬂﬁtﬂ%@%fyk\ikt%ybwéﬁéimﬁ J
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/Wc =WsXMc (2-6) \

Ww=(Ws+Wc) X Mw (2-7)

ZZ T,

We : & A hEEKkE)

Ws : T H &(kg)

Ww : /KE &(kg)

Mc : A FELE R, We/Ws, (%)

\3&:mﬁé$\WW(WﬁM@o@® J/

Mc 1L 7% % HAR L T DM, K&z EANOERIZ X Y EIER T4
ENHEF. L0 IR EBERMEO” L 22) 12250 TiE 10%
IZHEIINT A 2 EMEE LV, F7- Mwid 8% A HA L 3573, s
THHZIZRAEO o 22 BR LT 2%BNT %, £ 7- Wl TR,
T2 EOKGENEZ TWDAEENEL, BA LV M EDRE
TINFIC O VREICKEZF S T,

o Jazt

i T B LT RUKEAEITH 2 &,
VAT A MIERERZ > B EUL RIS hE > T\ b, BEERS
DK DIEIGNZ LV HEIND Z & 2P T DBKELEZVLTITH,
BARHIZ 1L, i THEAR P 0 BRI 70 EVEE TRETARE N A DA
F72 1 HOMEEKTHRICIT Y, Bl L5 TH S 5 BRIk LT
TR 5 (E+38®4, 2015),
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[Fd & =]
SHOEKEETHAICERASN-1 (K2.32) % 9.5mm 55 W\IZ
T, Rk URLEE AT 2 5800 L 72 RIEE£ 211 D & BV T
»HoT,

b SR

)2 34 5 6

U 232 SAEBRB(EEA) L H(FEA)

A C+% 2015 429 A (W#A) ZEREL VA vt X o b & {ER
LR A 2 C—fhEfE R Bk 2 3206 L 7245 5. Mc10%7>D
Mw10% &% X 12% D34 3N/mm2LL & 7257 (X 2.33),

£ 211 BIESHTRE

(%)
A 2mmLl L) 59.5
Bh42(0.075~2mm) 37.3
Mt -2 )LE5(0.075mmE i) 3.2
4.5
4 | =s=Mc=5%
NE 35
= 3 ——Nc=7%
=35 —
Y ——Mc=10%
& 2
o 15
H
0.5 ——
0
4 6 8 10 12 14

JKBEL & EMw (%)

233 Mc MO Mw & — 8l FE#i R EE o Ba6%
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X 2.33 O Felt (1955) ORBRFERNS . KOy BEDELNTHR
BIZREL BT AL OKSEBEOEHICEETAINERD S, £
72 Mc=8%%H L <1 9%, Mw=8%1% L < I1Z 10% T 3N/mm? (ZET
HA[REMENR B B,

ZITCYANEA S NOEREICERT D, YA EAY NI
DINDOHHRREREE SN T CEREZITO L ERD, F
THECIIBUKEAZHE L TR Y., FAIC X 258NN FiA
DBHEEZEZTZ, Lo T Mc X 10%TlE7e< . X UREDIE 7%
EL. Mw & 8% & L7-, BELGAELA TIX Mw IXEAIZEBIT A
oOAEEEL 10% & L,

SREEDORER DT, i TR Toh 5 2016 43 A (Fzi) |
FEELL Mc 7%. Mw 10% CTY A LB X M ZAERLL . BN kw
TRPEAEBKREEZITo-% —HEMREZRDIZE A
2.97N/mm? X 3.24N/mm2 ThHo7-. ZDZ ENSEKBEAIC L
HERERINRIL % E V2D, £7- Mw8% DA, [T EAT T
2.60N/mm?> CTH-o7=Z L, BUKkEAIZ L VREIL 2.83N/mm?
(ZET D EHEHI S T,

T EPRETCE THRRICERE L7 Y A b A 2k Z AV R
IZOWTC—BHEMRE 2RO L Z A, 2.6IN/mm?> ThHo722 &
MW, BHITHE T LY A LR NOBEITHKEEICLY
2.9IN/mm? & HEHI S 7, BAEEREIZIFIEZEL TWVWD EEZBILD,

2.3.2 T

(1) GEHERM

fis TCHA 2 &M ITR 212 K213 D LB Th D, SR
TAFARER b DL ARERR Y L T2 A FOERBEZ K%,
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3212 HEHT 2 EEHH

ﬁ T 54 Nal SV
%E¢$ﬁ.ﬁ9ﬁm€v7%%,%Eﬁwk?yPﬁfy%,
%»mH%mMﬁmmm¢éwx&5%y§

i — 2B A FEEHAWS L

'

=1

4 . s

% vy Z2[E b H.

H | #EELO A DOEAME, & | FFOEmICEHZE CTHEE LE
380 OMDERLUICHWS. L& | VX% I EEN Tkg/ AN
1 1:1 TRALULEHTS.

SN (i, AKH)

VNS

g

M1 em B, 5 cm A, 8T THERK.

+ o 9 FRiE DK E & 1
T 5. KE AN~y bR ML
THREAHE (X 2.34) .
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[~y bR MVEER L= 5 K2R O1ED )]

a) 77 AF v IR MUZKZF S ETAND, B MLaKEICE
NED,

b) A MO HE DO KNIZHIZ DT D,

c) M UMM TH M EZRIESHES,

d) c) LEEE. KALICEIZ 27 % (A2, B2),

e) KAHEELY, HIZS1F5 (A3, B3),

f) ~—H—"TA3 & B3 &fi5,

a) b)

c) d)

\

m
o @
i
B R
= =
fo

%] 2.34 & 5 K Egs DIEY
Hidl JIRCAS 2012
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e1EY T HINZ Z 0B R D72 AR B, Wi
AUl | RTWVIED AT BLE

N +, A b, KEFEH.

— i L e R

K27 THEHKIUGRE H, FEA 1.1t/(8

THMAK | EBROKEDN WSS T 2G5

AAXAR | BOKEAM. PidhTH A
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B MR E EEtH

BrTOITHRELRTALOICT S,

(2) i TFNE

- M

TEG O LA T £ CHERT 5, EMBEI &%, T
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F2U4EETE (L0 LEIE, BWLET)

HE TEENRE

B [ 55 W]

T v 35 CLIHE HI EEH & R b Hi 5=
SO, EEMDERET S, HHH]
TS DTS, RIEED R E 721,
Y OR, KOFZEZ R BR<,

[ +5E ]

SHVENT AR HIT 0 5 103
L DIEIT S, FOR. Lo S IR
= VTRV, AR bIITHS
Y %,

[#1kHet &)

FERT LY 2T 1 G
CHEF O REFELOOLN DT
—7 NUETHRT D,

BUHASE Mc=10%, Mw=10%)

+ : N 1RR (9 40kg)
AV b F~ MEIZ Tem 57 (4kg)
K . b= ME2H (4.4kg)
“ Lo AnE Mc=7%, Mw=10%)
+ : N 1RR (R 40kg)
A h: b MEIZ S5em 43 (2.8kg)
K . b~ ME 2 #f (4.3kg, 2

MBEFEDOERFETET D)
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2.4 Investigation of bunds erosion in the northern regions of Ghana

2.4.1 Introduction
Rice cultivation and consumption has become a very common practice in
Ghana and the sub region. Most valleys are being developed into rice
fields. Some of the rice varieties prefer water conditions and some grow
in relatively dry conditions, many rice varieties however grow in shallow
water. So, a field where rice is grown has to fulfil the following
conditions Yamaji (1995):

® The field is enclosed by bunds to conserve water
® Provision of inlet for irrigation.,
® Provision of outlet for drainage.

These above mentioned conditions are the minimal that any rice field
should have to meet. Other conditions which are preferable for good rice
growing are:

® Percolation should be controlled to keep water

® Field surface should be levelled to a uniform depth to ensure
homogeneous growth and water control,

® Field surface should be levelled to ensure uniform depth of water
and for ease of farm machinery operational activities.

® Soil is to be sufficiently fertile.

Bund construction is among the various soil conservation techniques also
practiced by some farmers in Ghana. It is with the aim of controlling soil
erosion, reducing runoff and also to increase infiltration. These bunds are
usually made with soils or stones normally from the farmland and also
with locally made tools. The soil properties and compaction have great
effects on the strength of bunds especially during the rainfall period and
on lands with steep slope. These farm bunds should therefore withstand
the adverse effects of rainfall and runoff to the end of the production
season.
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2.4.2 Main project activity
Bunds are small earth embankments, which contain irrigation water
within basins. The irrigation depth and the freeboard determine the height
of bunds. The freeboard is the height above the irrigation depth to be sure
that water will not overtop the bund. The width of bunds should be such
that seepage will not occur, and that they are stable

€

soil types. Specifically, this research is addressing the following:

~

he main project activity is to investigate field bunds with different

® (Construct field bunds with clay and sandy soil from the locality
® Monitor the resistance of the bunds to erosion.

\ )

Methodology

Study area

This research activity has been carried out in the Nwogu of the Kumbungu
district in the Northern Region. The community has access to basic
electricity, mechanized borehole and basic education to the primary school
level. The members of the community are engaged in both subsistence and
commercial farming. Motorbikes, bicycles and tricycle are the common
means of transport.

Materials

The following tools were mainly used for the construction the bunds; pick
axe, wheel barrow, mall hammer, wooden pegs, spade, rope and head pan.
All the listed tools were obtained from the local market. Core sampler was
used to take soil sample from the constructed bund for laboratory analysis.

Setting out the field

A 20 m x 10 m rectangular plot was divided into four. The base widths of
all the bunds were marked as in Fig. 2.36 before digging started. Due to the
sloping nature of the field, which will not allow water to pond uniformly,
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internal bunds were constructed to keep the sub-field (basins) level.

® For sloping fields, basins must be small for the ease of levelling so that field

water depths can be uniform.

Bund construction

The bunds constructed have approximate base width of 60-80 cm and a
height of 60-90 cm. It is supposed that the settled height of the constructed
bunds will be 40-50 cm (See Fig.2.37) as recommended by Brouwer, et al,
(1988). This settlement (consolidation of the bund) will take several months.
The bunds were constructed in varying ratios of clay material from the
Nwogu main reservoir (which was desilted) to local available materials as
stated in Table 2.16.
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FERMANENT BUND

k 130 160 ¢m )|I

Fig. 2.37 Shape and dimensions of permanent bunds

Table 2.16Bund types constructed

Bund tag Material composition Ratio ( clay:local sand)
A Clay only -
B Sand only -
C Clay and sand 1:1
D Clay and sand 1:2
E Clay and sand 1:3

An 8 cm deep trench has been dug along the bund track (see Fig. 2.38), and
then filled with the bund material to the required height. The bund material
were placed in layers of 0.1-0.3 m and compacted to average height of
0.7-0.9 m (See Fig. 2.39). Since the construction was done in the dry period,
water was added to the dry soil (bund material) in order to attain that high
level of compaction (Fig. 2.39). After the construction, rainfall values from
on-site weather station were analyzed to determine the amount of erosion.
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o

Fig.2.39 Bund compaction

Fig. 2.40 shows the completed constructed bunds. For the purpose of the
study all bunds were constructed as permanent bunds.
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Gnd Construction \

® The basin layout is set out and positions marked with pegs.

® Shallow trenches are dug to a depth of a few centimeters along the marked
positions.

® Bund material is placed in the shallow trenches in of about 0.1-0.3 m and then
compacted.

® The process of laying the material and compaction continuous until the desirable

height of the bund is attained.

Fig. 2.40 Constructed bunds

Plot levelling
Internal bunds were introduced to minimize the amount of levelling
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required after which the plots were levelled and prepared for cropping (see

Fig. 2.41). This was done to prevent water from stagnating at low points of
the field.

Fig. 2.41 Levelling of field inner perimeter

Data collection

The heights of the bunds were measured and continued at 2 weeks intervals
for the research duration of 6 months.

Soil samples of the bund were taken at three different locations using the
core sampler (Fig. 2.42) for laboratory determination of the bulk density.
Sampling has also been done at the matured stage of the rice.
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Fig. 2.42 Taking soil sample

2.4.3 Results

Sustainability of cropping of rice in the Northern Region will depend on
the availability of water. Hence water management practices become very
important. For water to be stored on the field, an effective bunding system
must be in place. At the JIRCAS experimental site at Nwogu in the
Kumbungu District of the Northern Region, a research work carried out by
the KNUST team on bunds stability.

Heights and volume of bund material

The heights of the bunds at various locations were measured and their
respective cross sectional areas were determined over the period. This was
done in order to determine the volume of bund material. The measurement
dates were ordered from 1 to 12 as in the table as follows:
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Date of measurement

Date of
Order
measurement

1 28-Jul
31-Jul
10-Aug
16-Aug
16-Aug
6-Sep
11-Sep
14-Sep

O 0 9 AN W Bk~ W

14-Sep
10 20-Sep
11 28-Sep

12 6-Oct

For the purpose of this study, the cross section of the all bunds was
approximated to a trapezoidal section. Each bund type was divided into
three sections.
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Top width, b, cm

Base width, B, cm

Typical trapezoidal bund section

e Height of the bund is H, cm
e Base width of bund is B, cm
e Top width of bund is b, cm
e Length of bundis L, cm
Cross sectional area (A) of the Trapezoidal, bund is given as:

B+b

A==

)x H, cm?

Volume of bund material (V) is given as
V=AxL,cm’

The mean bund height measured with time (Fig. 2.43) showed a trend of
decrease in height. This may partly be attributed to some amount of erosion
and consolidation of the bunds. The slope of decrease height curves of
bund type A (Clay) is more gentle than the other bund types. Similar
observations were made for the materials used for the volumes.
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Bund Type

Type B Type C Type D Type E

Type A

H1.00
900
700
5100
300
[ 00

.00

700
=00
300
100

r1.00

700
=00
300
™00

rM1.00
g0
700
500
300
.00

11.00
o0
=7 00
500
300
100

046 -

0.44

042
0.40

W WERY WAy

038 o

036 A

Days of measurement

Fig. 2.43: Mean bund height variations with time

Bund Type

Type B Type C Type D Type E

Type A

~11.00
[~9.00
~7.00
500
~3.00
~1.00

~11.00
=.00
[=7.00

3.00
I~1.00

~11.00
9.00
I=7.00
[=5.00
[~3.00
[~1.00

11.00
9.00
=7.00
5.00

™1.00

=11.00
9.00
~7.00
~5.00
I=3.00
~1.00

450

4.007

3.50
3.004

(W ‘ammjoa pung

2,50

2.00

Days of measurement

Fig. 2.44: Mean bund volume variations with time
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Bulk density

To determine the erosion rate, the bulk density of the bund material must be
known. The bulk density of all bund types was determined for the bund
materials at the beginning and end of the research.

The procedure for the determination of the bulk density is as follows:

/ Bulk density determination using the core-cutter method \

® Determine the volume of the core-cutter (V.), cm?

® Determine the weight of the core-cutter (W), g
® Determine the weight of the core-cutter plus the wet soil (W), g
® Weight of wet sample is given as (W. — W), g

Bulk density is then computed as follows:

W, - W,

\ Yo = SVC <, glem’ /
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Erosion rate
The erosion rate is determined as the weight of bund material eroded per
unit amount of rainfall over the period. Its computation was done as stated

as follows:
i _ Wetght of eroded bund materfal i a perfod, [M]
Srastan raie = Tutul rufnfull Mo e sume perfud, [
If

¢Cross sectional area of bund at the beginning of a period is A1, cm?
oCross sectional area of bund at the end of the period is A2, cm?

eLength of bund is L, cm

Volume (V) of bund is given as:

V = Cross sectional area x Length = A x L

eVolume of bund material at the beginning of a period is Vi=A1xL,
cm?

e Volume of bund material at the end of the period is V2=A>xL, cm®

e Volume of bund material eroded,

V

erod

=V,-V,, cm’
eThe bulk density of bund material is yb, g/cm’

e Weight of eroded bund material at the end of the period is M, g

M=y, xV,

erod

e Total rainfall within the period, I mm

FErosion rate = — _ o/mm

Plot of the mean erosion rate with time is as in Fig. 2.38. The erosion from
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all the bunds are similar in nature. The amount of erosion is least for bund
type A (Clay) and highest for bund type B (Sand). The mean erosion rate
for bund types A, B, C, D and E is below:

Bund Type
Type A Type B Type C Type D Type E
§.000]
b=
&
2
<" 4000
(=]
i
L
=
=
=
8 2000
[s]
(=}
[ﬁ N’\
000
JIIZIT TILIIT XIIFTIT IIITIT 313317
888&8gyg 88883y 8888gg 88883y 88884gg

Days of measurement

Fig. 2.45: Mean bund erosion rate variations with time

Cross sections of the constructed bunds were drawn with respect to time of

measurement. Fig. 2.46 shows the cross of the experimental constructed
bunds.
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Yield from the experimental plot
Yields obtained averaged at 30 bags of paddy per acre or 75 bags per
hectare. This yield is above the expected break even yield of 18 bags/acre.

Reference

Brouwer C, Prins K, Kay M, and Heibloem M. (1988) Irrigation water
management: irrigation methods. Irrigation and drainage paper 5, FAO,
Rome.

Yamaji E. (1995) Paddy structures and its improvements. J. JSIDRE. (Paddy
fields in the world): 269-280.
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# 4.5 R TEERIERORKER

Record of water distribution Name:
Date Plot Water distribution
Beginning time Ending time Duration
1/Sep A3 13:00 13:45 0:45
1/Sep A4 13:45 16:00 2:15
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& 4.8 Bl HMiE O L FAS
Income | Expense | Balance
Date Description note
(GHCO) (GHCO) (GHCO)
1-Oct-2015 110 110
9-Oct-2015 fuel cost 50 60
15-Oct-2015 fuel cost 10 50
15-Oct-2015 fuel cost 10 40
30-Oct-2015 Monthly duty 20 60 | All 10 members
Mr. #*** 15-Oct
30-Oct-2015 Penalty 2 62
irrigation
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