Chapter 11
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Analysis around Lake Beseka
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I L7z FEE2RETH, £72. Beseka {HILIEDFRIA & L TIA < ik S 40T A S
X5 DARFIKFEANZDWNT, TOREMEEZRGET 2 & WO BlA G, Beseka 1 DIk
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T VAT R T o T2, DLTICZEOREREZRET 5,

11.2  Beseka #D#L3REIRE

11.2.1 BesekajfiD IRk
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11.2.1: Beseka #fIiERX

Beseka iffild 1960 44X 0> B KNL 52 4h 6D 1970410 B T 4T K 2 BB N BAE(L L,
WELOEE 4 B8, $hE, BE-OEERINZK - K% LT, 1969 10# LUK, Beseka
WOARNMITH 12m EH L, WEAEIE 3.6 km? 235 55 km2 ~ LK LT 5,

AL EFATHLT % 7 BETFE IS SOH0E O i B0 [m] #E o i ik 7 &4 TR O kR A3
WMo T&Z, £/2, KMIEKREZ FIF572006K MO T& 7z, 2004 4£(2i% 8 #ED
A7 (AR L173misec) Z AWk BtES =t O, Wm LA XY 2009 4
IR TOR T HKE UEEEREIZH > 7o, 2011 XKL T U2 2 )~ 3 5
O OHEKE (BIKE) NEHIIZ, LoLAans, FiROKMAE D ORHE
25 T CRIBEAK S N S O it 7 — X 2012 4RI TS S 7=, BIFE. IKIZBIKE O
BRGSO — b EE L, i SV ET U v 2)INICiE L TN S
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11.2.2: Beseka jiDIFIK

\

Beseka i1 D KN EF-OFEKR A B = R LT HONWTIIRE & 7258 - e e ST b,
ZD 5 HLLLTOREMIEICET 2 HMEENAF R TH D,
® Study of Lake Beseka, May 1999 (/K& R4 . B/KEM = x /L ¥ —4)

® Growing Lake with Growing Problems: Integrated Hydrogeological Investigation on
Lake Beseka, Ethiopia, 2009 (Eleni Ayalew Belay %)

® Study and Design of Lake Beseka Level Rise Project 11, August 2011 (7K L7t - &tk
HEAE . Water Works Design and Supervision Enterprise; WWDSE)

® Assessment and Evaluation of Causes for Beseka Lake Level Rise and Proposed
Immediate Mitigation Measures, July 2013 (Oromia 7K Ti% &t « dEa%kME. Oromia
Water Works Design & Supervision Enterprise; OWWDSE)

EEFRAMFSE Tl Beseka 1 &> 2 W RENHRI D KIS DUV T O AR H T
D 11.2.31% Ayalew (2009) |Z & 2 EHIKIESARILOEHTHER TH 0 | Beseka itk
~OFER] 30.5 57 mP OH R KA ZHEE LT\ D,

Precipitation .
Evaporation
(24.9)
Recharge Surface Runoff (61.8)
(17.4) (7.7
(0.2)\‘

Lateral Inflow from Outside

Groundwater Domain Beseka Lak
+0.2 . +3.9

(33.8)
(1.3) I l (15.4)

Groundwater Reservoir
(Storage)  +14.1 [Unit: Million mé/year]

Mt g, 7 -0 ZEEHO

11.2.3: Beseka itz 0 /KU L 2T HE R (Ayalew, 2009)

11.2.41% WWDSE |2 L D KUK ENTARE R 2R L2 b DO TH D, K OEE L 2010 4F
& 2011 F-DOFENTHE R ORI TEIE TH D, RIFEANTIZ I Tid Beseka I KIS 2 & O
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Precipitation

Evaporation
26.8
Surface Runoff (268) (100.9)
(21.9)
\ Gravity Canal
Groundwater Inflow from Outside (zg_o)
(43.0) — Beseka Lake
+20.1
Discharge released from /
Irrigation Areas [Unit: Million m3/year]

(54.4)
Hill : FAEM, T—% 0 : EEEOQ

11.2.4: Beseka j#iiftist 0 KIRZ fEATH#E R (WWDSE, 2011)

BEAFRAAITEIC LD &0 B A9 % Beseka WKL EHFK & L TULFORRZET b
TWo,

o HUVENG DOHEK

® JEMEH LK B DK - 1215

® - 7o MR AN ENEE N 5| E i 2 Lotk o M R oK R BN 2k

® JEHET U 7 OFrax e LI OBAFEIZ K 5 R RO

® [HEOIEIN

AR, SR E LTI T O DR BES ATV D,

® i) FERIKIED T A =7 i) XTI D KR O, 8 K Wiy
~ T ERRGD OPKE I X 5~ D i A= DA,

® HEKKOBEHIKIZE DT U = )ll~OHEKEHM

o KEHIHK DS T

11.2.2 Besekai#fiDKEIZEE & HKE

Beseka 1] D /KNI OILIRRIEN Rk S /-1, 1976 4 7 A LIk ST\ 5,
%] 11.2.51% MOWIE OF —Z |[ZEESE FKAED 12 AR EOWMIKMZ 72y FLT-2b D Th
%)O
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11.2.5: Beseka j#i/KELDEFRF|T—42(1977—2009)

BEFERAAIC L 5 & Beseka WIKNLIZZ D OFHEENTIH D H DOMRLE L TV iz,
e L b 1912 15 1967 FFIZHT T I FEITHZZRIC 3km?, FNZET 5 km* B E Th
ST INTWD, ZHAEBIKMICHE T2 &8 941 m YT 5, 22z, MoWIE
IZ X DA E (1999 4F) 205, 19724 1 H OWMKNLT — X M AFRRETH 5,

2B OFEHRZ M L 7= Beseka /KN ORERYT — 2 %X 11.2.6127~7,

954

952 /,,.-“
950 o
948 M/

’
946 //
944 /
942

e

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

Hill - AR, 5—4% 1 : 225G KRV
11.2.6: Beseka jHi/KEIDEERF|T—4(1912—2009)

Elevation (masl)

77 712K D L 1960 AR 6 1970 AR T HNT COR KL 10 ARRICTHAKAL
A ER LTV, 1970 U LA TR B LT ER LT s 00 |
AEIFNESL RTINS,

MOWIE T Beseka {3 5 T4y — B 2 3z, WIAN (H) C#imEsE (A) BX
WK E (V) OBRT 205 H-A i KO H-V #ifR 2 El L T o, 2 b o
WA 1127177,

L1QIAERE M OWIHARIL, YT T 4 AT RN E VT F R SPGERE DD T TV ADZ V=T I LD fERE
NIZHTERK Z R E LT\ 5,
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Volume (10°m3) Water
400 350 300 250 200 150 100 50 0 Elevation | o0 o neq| VOUME x:taer:

954 o — : - : - : . [EL.m] k] [10°m’] Depth [m]

S / 939.74 0.000 0000 -
S el / 940.00 0.520 0.068 0.13
950 S 941.00 3535 2.095 0.59
z Sso 942.00 7.527 7.626 1.01
Z o4s hi T 943.00 12.032 17.406 145
< / Ssee 04400 17.486] 32165 184
2 946 Sso 945.00 21.845 51.830 2.37
g / s 946.00 25.228 75.367 2.99
944 = Surface Area heN 947.00 29.674) 102.818 3.46
/ ——— Volume \ 9800 a2541] 133925 412
942 AN 949.00 34.888 167.640 481
/ \ 950.00 37.426) 203.797 5.45
940 : . : : ; 951.00 41.059 243.039 5.92
0 10 20 30 40 50 60 952.00 44.870 286.004 6.37
Surface Area (km?) 960.00 75.358] 766.916 10.18

e AN, 7—2c : 2EERO

11.2.7: 5 FHrD—ihFRI-EH < Beseka DK I—AmEIES LUK AI—HETES

EFEDOKRAT — 5 LR —IHTHE &

3

ELZ 77/ LT-b0&K 11.288 LUK 11.2.912R~1,

Hh

e B WA K OWIRT R B ORSR Y A H#E

"’”%%?xﬁi

/

5 7

1910 1920 1930 1940 1950 1960

Year

1970

CHAER, Tt 2EEHOKVO

1980

1990

11.2.8: Beseka ifiEfEND BRG] T—42(1912—2009)
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11.2.9: Beseka #iETEEDHRFIT—4(1912—2009)

2000

2010

11.2.101% Beseka TR mOBEDOE L (ZH) 2R L2b0TH D, FXIZIZTZ
Iz <, XM (42 5 4) POl &2 bR CRWIER) & 1967 £ 5 2009 4F %

TOZEDOFPIE (R#) ZHRL TS,
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20

| | | 1

15 = Change in Storage Volume (DS)

e DS (Section Average)
10 = + «DS (Average since 1967)

] ""A\.""W'_’"f'&
\

Delta S (10°m3)
w
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Hil : AN, F— 2t 2EGEEOR L 0O
11.2.10: Beseka #ErEENZEIL

BRI S, 1967 FELEOTHEHE B OBMIFE TR 717 B m* & 725, kb Al
PRASENIE 1971 FEN D 1977 AT TREZ » TR Y | FRIOMINEIL 18 5 m* ## x
Do F7z, 1992 FN5 1999 AT T HEFYE) 9 BT m3FEEE OWTR B N384 L
TW5, 735, 1967 E 5 1977 4F F TOFEFEMIT R B 501% 11.07 &5 0 m®, Z LI
2009 E £ TIX 583 H I m* ThH -7z,

Beseka itk N Metehara /i E&BHIFTIZ 31T 2 F MK E & MITRE &0 Z L EO G E
ARLTZH DMK 11.211TH D, BUTITIKNAL TR & L Ttk S gKEEeR - 7o
WAEZZ T TRV 1977 005 1998 DT — X 27 1y F LTV 5D,

20

15

10

Annual Change in Lake Water Volume (10°m3)
(0]
X
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Ht  SRAEH, 7 =400 2EERO

11.2.11: Metehara 8AIFT D EE/KE L Beseka T B E L DR (1977—1998)

B HIE, H8R72705 S Metehara BLIAT O ][R B & TR BT IS IE OB L
b, —H T, [FHBOERMBK RIS T DI EIZIIRE RIERH D, Zhid, i)
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Metehara #isifi & (AN HE) & Beseka Witk & (HFEN®E) OEV, i) WET —Z X
T —% (H-V B OREE, i) B SR ~DO MU O BRI X % 587 O sl
HEDLISTELDBEDEBZ LD,

REOZEIT L LAAWITRE EICEET LIERZTHDLH, LrLERG, & 2 BEIIRL
LB T UL 2 RN OHETEIZ OV T S BHE R IT R b T,
F 72, ¥ 11.2.12/3 Metehara Huik\Z & 2 Wl 5512 361F 2 1963 4725 1996 2T T D
FEMEAKEOHBE TH S, 1960 FEREVATOT—Z TV oo, K 11.2.12% R AHR Y
EDAM AR & W o 72 ERITR SR,
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————— 5-yr Moving Average
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WEH, 757 BEEROD
11.2.12: Metehara i O HERIZICH T HEMBKEORLAN VK

'
/

2004 PR R 23 ik S 4L 5 LART, PHERIE C & % Beseka WTEIET 7 o = )1 & 13
DB TN oTe, TROL, T KBEA~DOFZECRENER TE 5T EIT/hEWN
ERETIE, WO H T AKEFHEOWMRAENEDL L b, MmO
FEEITLL T O MR Lo THEE S LD,

VEIake = Alake x Cpan x Epan /1000

: : L:\ VEIake:

WA= [H 0 m

Alake: A AR [kmz]
Chpan: UARE (MOWIE (1999)iZfiv > 0.80 % ik )
Epan: Metehara 5 T/ 783 & [mm]

BT & 0 HEE L 7= Beseka il & DR FE & % 2004 4 LA D HEK R 2> & Ot & & &

HITK 11.2.1312R7,
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120
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Hih  RER, T—%x . 2EEEO

X 11.2.13: Beseka #inoDHEFREE

ERicka e, WMEARETWEBEICLA L CHEMT 5, 6 1 EZECTRLEZEEBD,
Metehara {1 DA ZR S &30 3,000 mm TH D Z &b, MR Lkm?ILiE+ 25 Z LT
HH AR E T 24T mENT 52 L2/ d (U485 E LT080 ZH L7-5HA

o

11.2.3 BesekajfiE AN ERETE &R

ko> &350 | Beseka HIOILIRIL 1960 AR K DInE 7o Wb TS, Z Ol
PEAEDME £ HHEHIIT Beseka AL CTT7 UL 2 Il 2 KR E T M 0 Y = 7 FASBRMS &
NHRH L EHAe > TV 5D, BEEOFHESCHEDIZIES UIRHER 7 1Y =7 b2 D
DARFIK DS Beseka LR Z HIWV T D LR T D2,

Beseka #IJE0 O RIZFERER TH Y 1L LTHERT 7 ¥ Lo RS ICEH 2R
LTW5a, [RHIBICEHE W THHMEIZ T3 <, FERER b3 0 HiZ2 8 L TR
KIZEDZH FUERa R M ERa v EEZ2ITo TVWARETHDL, LR -T,
Beseka Wi is T OFEEILIHIFT 5 D[EE Metehara WoBE 255 (Metehara Sugar Estate; MSE)
AT O Abadir 245, il 5> Nura Hira A& RS, 36 KO Fentale 7' = & = 7 |k
WIREL S 5 (K 11.2.145H) . 2528 Beseka Wit ds K ONTLR O KBS 7 = o~
=7 FTH D,

2 Ayalew (2009) DHFFE TIZARALZES ML RLA ST 20> b BEMEHE K OREBHIIELL L 5 D LfF S TV 228, 2o
AFAHEZR A C TR AR 2 TE AR L A2 LTV D,
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Lake Beseka

I Abadir Farm of MSE
Nura Hira Farm

- Fentale Irrigation Project Area

/\ Intake Point

“~— lIrrigation Canal (existing)
“"%~-- Irrigation Canal (planned)

it AR, T—2o0 ZEEROB LU L0 —HIEIX

11.2.14: Beseka #fBANDEBRTOC UL

PLTFICE 2 DT =7 MZOWTEFDOMELZ RS,
a. AbadirZ5

MSE 13 1960 EA1L H- TR S AL To KB 2 (B = LRI ZE TH 5, [z BT 5
FEPER 31T 1968 4R I8 A S AUIE-CHIB D B, STz, 20k, 1978 4EICY b
F U LRI MR ELE ST,

BUED MSE (C & 25 mfE x4 5 10,218 ha TH 5, HEMAMALEZY FoxEe 7T
YT =T a VI 3HIX T 2R B i) Abadir #iX (7D =2 I RAD L 0i) FRESE (TU Y
2 AN DI ROMK) | BLOViil) X (70 v 2 )IERMD) 2nBlsh
%, Abadir FEWEESIIT U > 2 )OI AL E S5 3,158 ha DESETH 5, HEREHKIX
T Uy 2| EOBUKE ZE U TG Sh T B, AT Beseka {04 <RIICALE L
T3, Abadir 542K 5 5 2,315 ha 2% Beseka IFEI PN ICALE L T 0 SFIKIXFH
IZERND,

Abadir FE5OFERE S AT ATBUK O, FKEE BE L/ L) | BUKE., oK, 7o
DU, SHRAAKE, BISRAAKE., 5l IARKEE XOMRNSERIND, EKBIER
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IZ8km TH 5,
7% 11.2.112 MSE (2 £ 0 Jl7E S 4#17= Abadir 285~ O UK & % 7~ 97, 1977 427> © 2009
BT TOEHBUKEITR 102 55 mé 3.24m¥fp) TH 5,

3 11.2.1: Abadir ESDOEUKE

Hk & Hk & Kk &
F (87 m) F (#5755 m?) F (55 m)

1977 111.9 1988 91.4 1999 No data
1978 87.0 1989 91.4 2000 104.5
1979 100.4 1990 91.4 2001 104.4
1980 90.3 1991 109.0 2002 103.8
1981 125.9 1992 109.0 2003 81.7
1982 119.6 1993 109.0 2004 84.2
1983 130.3 1994 92.7 2005 100.9
1984 129.0 1995 97.1 2006 111.9
1985 83.7 1996 107.0 2007 104.7
1986 93.9 1997 102.7 2008 1155
1987 87.9 1998 92.7 2009 103.2

Hh : AR, 7—% % 25ERE

b. Nura Hira 235

Nura Hira 235 O KRR RIFE X 6,335 ha TH D, 2D H 5 1,529 ha 7% Beseka i#iEg va #E D
FRIPICAZE LTV, Nura Hira 25 OREES 27 MTBUK O, FAKEK (BB T2 L) |
FoKEE, ZWROKEE, 7o, SRS, BISCRRTIKEE, 51&IAZIKEE R KOs b
EN D, FARBEOIERIX 345km ThH D, FEGTIET UV a)ihbBukL ALy,
~ UV hutray hv b, AvxX, WIESESEEMEEE L TV D,

7% 11.2.2(Z Nura Hira 23512 X 0 JIE S - #EBUK & 2R3, 1977 4575 2009 412
DT CTOVHBUK &L 105 55 m® (3.34 m¥fp) Th 5,

¥ 11.2.2: Nura Hira 250Uk E

Kk & Hk & ok &
F (57 m) F (575 m?) F (£ 5 m)

1977 107.1 1988 117.7 1999 No data
1978 95.8 1989 111.3 2000 No data
1979 139.9 1990 86.5 2001 91.4
1980 116.7 1991 86.8 2002 98.4
1981 139.4 1992 88.9 2003 90.2
1982 86.2 1993 95.7 2004 98.2
1983 101.7 1994 91.2 2005 100.6
1984 109.4 1995 94.8 2006 99.8
1985 141.0 1996 70.7 2007 97.9
1986 166.1 1997 85.2 2008 108.9
1987 160.8 1998 89.4 2009 102.6

Hh - AR, 7—% 0 2B5ERE
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C. FentalefElt "2 =7 k

Fentale JEMEII KB e o R 2 =7 M EETH S, huEra v HiEAE, Y
XU, XV RX, ke EEFIEMOIEEE SN T D, F/KEEIE Nura Hira 255 030350
ZA Y Fentale U F CTET 5, TAKERIZLA6km THY ., KENLDEFHER A Z 2
D128, Eﬁ%ﬁ%v‘%x TV AR BWEN SN TWD, KBNS TRKE - =
WK AT 218 U CHEEA K MR S D,

Fentale i~ 1 ¥ = 7 b O EMITA 18,000 ha TH v, IEWEREE AL 16,000 ha T

o BUfE. 76,000 ha 23S L THR Y T4 S OBEFEFEHIITIE 4T Beseka I IZ
ainéo

Beseka itk N O FERE 7 0 Y = 7 b OB EFE 11.2.31TR7 7,

F 11.2.3: Beseka #iiEAOETEER IO UL

HEREZ = > | HEIREBA AR Rr A A T 9 5. Beseka =7
BV e
Abadir Farm 1968 3,158 ha 2,315 ha | Sugarcane
Nura Hira Late 1960’s 6,335 ha 1,529 ha | Orange, Mandarin, Maize,
Tomato, Onion, Cotton, etc.
Fentale 2007 18,000 ha 6,000 ha | Maize, Groundnut, Sugarcane,
(not completed) Onion, Forage, etc.

Ht  FRAEH, 77— %00 2F3EROE L 0O

11.3  ihi-hE-thEEE
11.3.1 H#ufg

7uyxs MTHEA L2 ALOS (Advanced Land Observing Satellite) ¢ DEM

(Digital Elevation Model) 7 — % (K% 5 m, MEEREZE 5 m) Z JtiZ/ERk L7, Beseka
WELA ORER XM A K 11312, F 7B a K A FER (RERK. SPOT O
%, BEAFHENS) 2 i/ER L2 X 3 M A X 11.3.21277 7,

ML, Z OHUE O K LE Y, HEREY K OB AR IE S ORIC L 0 . K& < PR
#iE (Alluvial lower plane) Zil e (Basalt lower plane) . H[E i (Middle plane) .
mHhiE (Upper plane) | &Mtk ilia K—2 (Acidic rock dome) | B4y, o> 7 212X
s LTc, ENTNOREER 113U,

F 11.3.1: Beseka i#iEiD D XL H D¥EE

HIFEZ X 5y R
PR M i Alluvial lower | EIZT7 U2 =)l ORI & HREAET LWIEREEEIRKS  (Fentale 1 27
plane =T T4 ) BIBRET D RIROENE S A i, Mg s o L
WAL, bEEOERWHIEE CTH 5,
TP s | Pleistocene FICHE PR EEDIER T DR R IRE b - T it tiE,
{EGHi basalt lower FEICHT K —BEmOWHIEm 2T 203, [7 U < M as oo Jii
plane T A HIEE TH D,
P Middle plane Ut i AT TR A W= (i T TR N S 2 4 LAY AT TGN TE S | )
7 P8 ~ b AL H-FA P 5 A oW B TR S T\ B, EISHEET I~
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WTRKBERHE IOz b J7A4FI - LiR—F (W R—FT 425 LEKR—F) EEmERXEH
HFE X Sy LR

HFEHit o kLU Y (Dino £ 7' =27 F A b+ 0 Bofa Zit/a4H)
NIRRT DR i b /e il 2 b B, Mg o LI m o
TREDIERN D,

& Upper plane FIZHFHOE N ZEREE CHER S LA MBI T, E=FAETH
WO EERMBEZ R L T 5D,

Fe Mk 1l2a K| Acidic rock Fentale [LI, Kone 7/L5 5 Birenti |11, Hada [11%50 kL&D =55

— A dome EIGAT 28 AL DA A OWRCA AR b 7 A MEED R— A
PRHIFZ . F 7213 24 S OS2 B OB & H o HiFE,

e Gorge TU Y 2B Arba JINZ L 2 BIMTIC L o TR S - HiTZ, Arba

JIRWIZHE BT 20X, ALa-r v 7 oW g e & SPAT T 223,
M2 BT 327 U o 2 JIIROBEA L, WikE o Jim & Btk < 3
ELTND,

il Beseka Lake Beseka iifl

HEL : JAEN, 7 — %ot 4B oA R

Beseka 150 DHIIZIE, FITH =ALD LKA 0 KW HEREY) CRERL S 41 2 HIT# Ay W%
WO EEM#~EH I Y | ALR-FEE GO D E=F A v iR (MER) O F#iEE
T, IEWTEIC X o TR S 7o/ NI 7o 1 52 & i 2 4 0 3K L 7228 5 MER O H
A IR % FiF 5, Beseka i3 £ &2 D MER L0 B A ISR S L=t
WTHDH, 25 EMBICIH > TMERDOHLENTE £ > THAL TV 72 # F /K A3, Fentale
N2 Z o THIF CHEX (R DAL fE R, KA A E5F U CHIEDALE TR S
TnoHHbDEEZBND,

FHEAK (T 2)I) ICEALTH, &b ERBIESDIER MER OHLLEA FiiiL
TWzb O LFHE S L DAY, Fentale KILOHBUZ LV Z D 2 8 JH VI K& < EEl
HEDIEEBELTELDEBEZOND, FOFHLIZ, Beseka OH T, HIZAIIZ—B &
i % 7 7 2 2 JISBRNT L CTReRYEZE 170 m IZ R SIRWVIER Z R L T d, 7T v
2 )O3R Arba )11 T [FIERICERVIRAR N A HIVDH DY, Z ORI -FE 76 7 1 O Wi g
FEICAAT LT L TV D DITEE, Beseka A T U v 2 JINRWITHEET DA I,
Wi o Ji1n & BIfR R < HIEL TV 5,

7 U 2 )INZ X % Fentale [L10>3E (A1, Beseka 115> Metehara ¥ + ™7 3 & 2[5 o i 4
& LC, FE MER ORHIETIZ R S £ TOH 50 km IZ & ATV D,
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WILITBUR NEIRR G DR

B ERA 1t

|

H 3§

HAEF., 5 — %% : DEM 5 —%: ALOS, fi#{% ) 5m, FEERSE 5m

X 11.3.1: Beseka #iEIDESHHE
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Legend

Road

NS Trunk
/\/Feeder
/7" Unpaved

Elevation (m)

1,921 - 1,930
1,881 - 1,920
1,841 - 1,880
1,801 - 1,840
1,761 - 1,800
1,721-1,760
1,681-1,720
| 1,641-1,680
1,601 - 1,640
1,561 - 1,600
1,521 - 1,560
1,481 - 1,520
1,441 - 1,480
| 1,401 - 1,440
1,361 - 1,400
1,321- 1,360
1,281-1,320
1,241 - 1,280
1,201 - 1,240
1,161 - 1,200
1,121- 1,160
1,081-1,120
1,041 - 1,080
1,001 - 1,040
961- 1,000

881-920
861 - 880

921 - 960 (Lake Beseka)
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L - FAER, 7 — o0 YA BOFAR R (155 ASTER @ DEM 7 — 4 2> LAEL L 72 [RRE R IX)

%]

11.3.2: Beseka it A DX 5 &
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IFFAETET7D Y a)lhFsE 3T TR N E R G HE
WTRKBERHE IOz b J7A4FI - LiR—F (W R—FT 425 LEKR—F) EEmERXEH

Beseka {1 DAL 13 Fentale L 2 T2 A3 2 AU B G B M N N & 18 O TSRS 13
FVEMNCIE Kone V7 7 Wl & L CTRITERtO XREBEESER ML, 2ne
NHIEO@EE Y 2K LT 5, Beseka WO ML OFEMANCIZ, 7V ¥ =2 Il ORHEFE &
B oM IA< 3 L, £ DOKRESTY U F EREICHHA S TN D,

E A (X4 11312 8) CALl-F AT M oWriE (A-A’lE) %5725 & Beseka ilfl
HOEE N R BIRLS  WORMZRNLD T U v 2 )l & OMIZIEE S 10~15m FRE D/~ S
REMEVPFEL TS (K 11.3338) . S BITFHEMIE. V7 O EWERER DM
L. Hijfs & ISR A2 0 IR L7203 DR & I Rl MERm A LT 2, bl A maE s &
Fentale [ & Kone 77 /V7 7 ORIZAERC 72 BRI ORHLA R < 23, Kone #1/V7 Z LRI
JRH DARH & 1%, AEALH-FERE P ICIE N D ISR IZ K > THIFE R KB H AT %

A—A’ Section A’

1250 - e T e T
1.200 5 MER fault escarpments Fa

= Horst

£ 1w Small bank J

E 1;22 \ 4 Awash River f“wJ
1.000 FUJ\"‘\ | ake Beseka /\_,\f/
oW~ > Y Y SE

] 2,000 4000 5,000 a000  1gdon  1zdoo 14000 16000 IBBDD 2(DD)DB 22000 24000 26000 22000 s0Q00 82000  3eDoo 36000 &a000

Hl : JHEME, T —# o0 UM B O TR R
X 11.3.3: Beseka #EDNDILTE-FEERA MO AZETE (A-A’)

WY S molim (B-B' Wrmm) 2 7.5 &, A-A’ Wi TA 5 4u7- Beseka ?ﬂ;ﬁ@i&ﬁé@%
F VIO T NT, S HICHRIZEEIT LR BN D T Uy 2l EIOEEIZIFIEE Ch,
DTNCT U 2 IIOEFEMEV (K 11.3.4%8) , Beseka O A i?“—t (=pave;
A Kone VT 7 & TR I % BT bkt LT b,

B B-B’ Section B’

\ [\\ Small bank

Meandering of
Lake Beseka Awash River

0 2000 400 Gooe 8000 1obon 12000 refoo  1sboo  1aboo zn'nnnD zzhnn( )24_‘nnn 26000 oaboo sefoo #2000 sedon  sefon  sefoo  sndon 42000 4dfoo
istance (m.

Frofile Graph Subtitle

i SAAM. T —% o0 UM EORAER R
X 11.3.4: Beseka i#iEDDETEA RO AT (B-B)
F-Jb oW (C-C’ Wrii) TiE. Beseka WIFTHERIT A 2 R & XA 128
LTEY., AR Z R THERD OFEFKIL Beseka I ~EZEHAT DL EEZOND

(K 11.35%08) , 2015 4E 5 AICHE 23 =BT, SO =D RFEAK DAL T
X 7o Tn,
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IFFETET T alllFiR W TBUE NERR G hikiE

WTEKERHBE IO b T7A4FI - Lik—F (B R—TFT 1V FLHR—b) B ERA 1T
C C-C’ Section C’

< Awash River .~

R B — o s wa

£ 1100

£ \W\ Sugar Plantation / V\\ l

& n

= 1000 v Lake Beseka R e

950 T st § . S

0 2000 5000 5000 2000 10,000 12800 - 14.6?0) 16000 18000 20000 22000 24000 26,000

WL AR, F— &t HMF B O AR
11.3.5: Beseka DDA RO B E (C-C)

Beseka 11D TR X AL H-FE 7 7 AN CAH OV Wi e s 12 Bl S 40 TR 0 . 2 O IETH
ThbdIZ LD, FRTAO AN IZALH-F 7557 IO D EWTE O MUt A3 B35 1
H D, FIZITHE KK 20 m OB 0 &£V, Fentale [LEEIZ 77> TN IE W E O IE
ELBHMTHETE 5, 25 OWEREIT Beseka I OWHIEIC HIERE L TW5 b0 L AHE
b,

WiZe B EfENTIC & 5 Beseka i1JE52 o HiE fEHT

TaY e/ MNELVFEREBICAF L 3T KOMMZETE (X 11.3.6) 2 HWT, kil
X5y, g HFEARAT & O Beseka IR T 2 IHIE DfENT 24T > 72, 205 6, kil
HIZIX 4. K OV e HUTE AT O # B 1Z>U T Uk Beseka 11 &50 OV IR L T 5,

, 123ET17_111

. 123ET18 045 123ET17_112
. 123ET14_053
, 123ET18 046 123FT17 113

 123ET14_054
, 123ET18 047 123ET17 114

 123ET14_055
123ET18 048 , 123ET17_115

123ET14_056

,123ET18 049 - 12387_116

. 123ET14_057

123ET17_117
. 123ET18_050 | 123ET14_058

123ET17 (11
,123ET18 051 "

9 . 123ET14_060

123ET18 052 . LZETI7-LL

. 123ET14_061

123ET17_120

, 123ET18 053
., 123ET14_062

L 128ET18.054 /123717 121

123ET14_063

123ET18 055
, 123ET17_122

123714 064

L 123ET17_123

Hill : AN, 5 —# 5T : SPOT 2 i
B 11.3.6: BITICAVN-MESEMLER
MIZEEE X 1972 4 1 H (H28) 1[2Hxse Sz b O T, Beseka i _EH O HIHIZ H 7= 5,
FRGE 2 O CTHIZE BB 2 AT L 726 515 S 2 UEFOT O K OVE L o, jE O

SAAEK 11371077, £7-8b® T, 2008 FiICizEZ I ALOS EE»HE LT
Beseka DT (A4 KO ho ke EEO®E (k) ZFE CKIRT, 1972 0
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WTRKBERHE IOz b J7A4FI - LiR—F (W R—FT 425 LEKR—F) EEmERXEH

Beseka (O HifE (11.7 km?) 1%, 2008 DO f 2HE{E TR O L HFE (42.3km?) (25
L. K 28D KRE S THDH, Beseka IR PN IZIRHIAFT 23040 L TRV, & HITFHEMID
SIZIANT T 6~7 FD/MER R 6 d, MZEEENDIL, BEP R OGO RH]
12, T D DOTE FICEBICKDTEN T E 9 DNIMR TE - 7228, EICH
S THEAENRKEL TVWDLONRBIETE 5, /NLEITY b U EREE O LM OB R4 H
DIRE -S> TWAED, hE & BEOREBMRIIMEGEEDO LN LIIRHATH S, £-. it
2 EFRAT OFE G, FIRAKDTEMNTIFE LS TR SR n-o Tz,

i FRAN, 7 — &0 FAH B OFRARR

X 11.3.7: Beseka #FEEHN SR AT S IHMAE
11.3.2 #'HF
a. HE K3

Beseka {#l /&2 123\ T, ki Fentale [LAEPE 2> & FF 1% Nura Hira 245 £ oAtk iG-rd
R RO D /et (532 km?) IZ-DUW T, FEMIZe A 24TV, 10 553D 1 OHUE X
AR L7 (LT, AREICCTREMRA ML & 13 2 o/t Z2 8 9) . 2 ORI o BEAFH
X L L i, Kazminand Berhe (1978) ™ 25 J543® 1 }x (XEIGS and ELC (1987) @ 10
FD1LREFT N5, Bi#EIEL Nazret &7 5 Metehara £ T4 & TR B KT, =
D & EHESL ST HVE B R OHUE 4 1T BAEICE D £ TEOR DGR LR MEEFE TR D
IL<BIHEN TS, $BEIL, HMEBIRRED B & U CHEHM L - HERERE RO
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B ERA 1T

ThHY ., BADLFEIEE DTSN RHEZIT> TV D, WTHOHEKIZIWT
b, ZOHIICRE LI #EEF IO OWTITEEM R ERD T L IIE 2 TR SR H

D728, A EIOFHAE T I ZI 5T Lic, SEAMFHA e oo #UE  K VWi X 2 %] 11.3.8
KO 11.3.91277,

F7-, WEPLER|ICEEE S5 (L-BA*) TR LUEBATICOW T, SEMFEE ko
HE R PIZER L TWAD,
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IFAETFET I aHR ML ITBUE N B HHEE
HTRAKBAEHE IO b TrA4FI - LiIR— bk (B R—F 425 LKR—F) ERp RSt

Selected area (532km2)

River

P Awash river

Outcrop location

Hi B, 7 — 200 A B ORI

11.3.8: FFHIEAEMIZO#E R
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HTRAKBAEHE IO b TrA4FI - LiIR— bk (B R—F 425 LKR—F) EfSfEstat

Legend
=] (=1
ULy
900
vl scale
800 XY =110
D Dl

Mr. Female

100 1100
000 1000
900 900
800 800

(IJ | 20]00 | 40[00 | 60100 | 80[00 | 10([)00 | 12(|)00 | 14(1)00 | 16[[)00 | 18?00 | 20(|)00 | 22(])00 | 24([)00 | 26?00 | 28(|)00 | 30(])00 | 32([)00 | 34(|)00 | 36(])00 | 38(])00 | 40(|)00 | 42(|)00 | 44(])00 |

L AR, F— &0 HMHEOFRARS R
11.3.9: MR iz #h E WrmE X
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1)  Birenti-Hada it fCA 48

AHUIE L, FEAMER A HUE 0O Va2 & B VEET AL E S 5 | Birenti (L& OF Hada [L1ic =124y
9 DML~ HLRLOWEBCE T 5, F B8 R ORI R0 & | FEA0FH A sk e
o> Abadir [1)E34 K& OHEE D Dekaki [LJEIIZ 53403 2 ECa b REE LS L,

A DFREIL, —MRICIR A BIRK A ORIRL 72 ks C, WEITH 7 AE2bDOn%
<. EMEED LIXUIEHRET S, EANALRAOHSEDBEIET 5, —MRIICHIR
T < CIEBCKRETBEN RS 3 L, NIk 2 2295, Birenti [LUTAfTUEA G R HITHIT T
BIEADHIRITIS 7 LT D, E72BI5MIIZ Hada ILFGIZAZ1E % Mekidera [LClE 1
~3mm OEABEELDY B SL DML A2 TS 235045 LT B,

RFEHCHFEIL, Korke VT 7 ##% (L-BA0L) T Kone A Z'=>7Z A hZ, Birenti
b (L-BA02) THBLIUEHHIZ, HIC Hada LI (L-BA03) (2T Nura Hira
LREFICENENRES TEDN TV ORBIETE S,

PEROHE X, Kazmin and Berhe (1978) & (FEIGS and ELC (1987) Tidk. Birenti [LI—
HOMWEITZ N Z 4. Unwelded rhyolitic pumice and unwelded tuff X TY Welded ignimbrites
LINTWER, SEOFHE THRACEDIERE 2 b TWe X0 BIRHEFHIC M LT
V. FBELLAYPBESNTNEED S TAICAET D Z BRI N, Lizdio
T, AHikE % Birenti-Hada WiihCE 36 & Hi7- o LTz,

”
P d
N S — b
| Konef /=754 b | P
//
7
P e
7
/
/ Birenti-Hada
/’ TR
-
- -~
- —-——- Dl el S 2
| semttzates |

Kone A 7' =277 A MNZFi 5 Birenti-Hada 3t Bilenti [LITH)E D2 RIZ 0409 2 BiEH, L-BAO9
BUEYE,  (Korke BV ZALBE, BEE FHLOBEM

WEIIANT T 2D 5 mitt L a8

L-BAO1

| s cat |

_— e e o = e e e e
=5
=

| Birenti-Hadaifi 5 48 |

Birenti-Hada i BCEFE O BOIR i, FoE it LA E I B b S Birenti-Hada FiiCa HH,
L-BAO02
Hlt : SEFE. 7 — %00 Y EORER R

X 11.3.10: Birenti-Hada R SENEEEE
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) WA S=vTIA b

IS VAR ) © IRk 0D R ~ TS TSRS R K M OV A % B Lo FRERAS R IK A TR S
DINGA 7 =0T T4 N TH D, FEAFHA RSN CIRAE R IC A S AbdL s -rE rE v R
L RTHREDOWTEE (60~100m) ([Zih-> THwRH L TEY | & HIZFHMFRA R O
EVEF R~ 3 LTV 5, WEEOFMEE T, Fentale 1 7' =277 4 F3KiTEE
DR B CVWDDONBIEIND, KA T =0T T A MIEHEE ORI 588D
7r—a=y FTHRINTWD, HADOHENLITFentale f 7 =27 7 A b & OXGFIA
HEL WS, R DM EIZ IV T AR S O LI EEE T Fentale f 7 =27 7 A
N3 O KR HEE (L-BA04) THIZSINDZ &b, ZhbaXiLle (BH) |

WEA7 H#1E X1 (Kazmin and Berhe, 1978) T, Al A s/ O V8 J7 12 IR < 43403 % Nazret
Group DYEFEERKAFAIC KL S5,

| Fentalef 7 =77 A4 b |

[ qr=2754F |

BRI LSS =0T T4 FORBEBIKEEZ SA7=0774 BRI HAbdbE-mHrE N b
Fentale f 7'=>7 7 A b OFRFERIKENAEET L2 NOWEE, FRoxRHEOEH (Haro
78 9 #%5H (Haro Gersa) , L-BA04 Gersa) , L-BA10

it EM, 57—t Y EOFERR

11.3.11: 549 =V TSA D EEEE

3)  NuraHira Zit &%

ML, FEAFE AR S Nura Hira R EHAGE — #1009 5, B CEEE R
B LRAREECH D, RMEN AT 2 Hildix, RO ME X, Kazmin and Berhe
(1978) Tix., WHM LA L SN TV, SAFRHR OCHIER 2R R 2B E 2.

JEFFRNCRRE Lo R, Bzl 2 A X4 L, NuraHira ZEUEE &4 LT,

ARHE TR T 2 MR T L & Ctfe L Tl 0 . B Z < DVEARFICE DI
T5, ~RICARRABEITEIESE CH 52, JWATIC LY L mm BEOHACRE A O
BERABIERE S D, F o —EO AR TITHIEL (0.5 mm BRE) DA S A K OWEA D
BEEAE £S5 (Kubi Dimutu OALRISE) , MR E ST DI 1T RIS ILE RS A
MU,

AHLIE L, Hada LR #EIZ T Birenti-Hada JiACE 2 RIS TRV (L-BA03) | Nura Hira
Gy & Abadir 5% SERETAVY (L-BAOS) T, Kone A 7/ =27 7 A MIARESTHE
DINDDDERTE D,
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Nura Hira %55 4 |

e
—_——
——
—

[ Birenti-Hadaifi 8 |

Nura Hira Zit & 883->< 2 (Nura Hira 2% Birenti-Hada fiisUs 84 R9E4 T 5 Nura Hira %
JEFEER) HAMH (Hada [LF#) . L-BAO3

gt AR 7 — 200 B OFARR

11.3.12: Nura Hira ZREBENDEETE

4) DinoA 7 =774k

AU L, FICATHHT AU DR HER DT U o 2 IR D Arba JINZ 3T TIRS
AT D I A RSB EEE (Dino A 7 =7 7 4 k. Kazmin and Berhe (1978) ) DR
Th o, sHMFHAHIEN TIiX, Beseka WIRFTEER DR & 7o HlIZ DA L. BIRIZE
JEIEHEY (R 5 mAREE) o B D e MIE A2 A L T D, ALK B OG5
BEIRA T, ANABERABHEICHEA TS, Kone 4 7 =07 7 A b EJEHADBEREL L T
DM, P & A OEFEENFED DNRN END I NG ERBI L,

Nura Hira 7 7 — A & Abadir 7 7 — A Z 5 S9E VY (L-BA05) T, Nura Hira ZiXA
HICAREAS TEDND OB IND,

[ Dinof /=754 |

Nura Hiraz st e |

Nura Hira 7 7 — S EICAZE S 2 KBRS T D Nura Hira SRS %8 S Dino A 2 =27 5 A
Dino f /=774 K, L-BAll . L-BAO5S

Hh : FEAR, T — & ot HUH B O FE AR R
11.3.13: DiNO MY =V SA DEEEE

5)  Sobebor J (LR

AJE 1T Alaka ‘IR ORERICALE T 5 Sobebor [ (L-BA12) (2fkFE S, FoMzix
Fentale [LI75 # > Dinbiba (L-BA13) & . Sobebor 4> & B2 76~ 6 km (22 & 3% Boru
Arole % (L-BA14) @ 3 FEATICD A, #0072 A& < K 9 I2ELAI S 4u, SRSz L7 (L
K (X700 7) 2RELTWD, IWERBEEKNERT, FlCkER71L—4%— (A
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£205~1km) ZHLTWAZ NS, o2 =a ) 7 REEEMEZRICL TS, AHEIT
2~10 cm BREDFHN L FHET D, 1~2 mm OABEK LU~ L F THR S LD,
FilZ 1~30 cm D R ~ A A & e, JEEIX IR HL 5 EIBIZ A Ay > T—HEIC 20~30
JEfEAH L TV 2, Dinbiba Tid7 L —# =g O—MOLRBUF L, FLENSH LVK
RAA Gedrtt ZaadH) St LT %, Boru Arole Th HAEE L7l 2> HH LW &
HAEEENRE L TnD,

ek D 3k (Kazmin and Berhe, 1978 2 TNEIGS and ELC, 1987) TiL, Wi s Z D
BELZREENAT AT TAZA RELTWDEN, BZELIANAT BT TAXA NORK
HZERELLTHD, HDWVIEHEEONA T 7 T AL A NOEZRNBEL 2o T
borBbns, BUETIEINAT a7 TAXA REW) HFEE, KBHRES L7z K
FIZHWD R AHIEIZIZE D X 5 2RI O, A2 7oA E & IR0 |
~ I OREWE (v 7~ DEEER SN KIUEY) A EEATHRN
DD e Lo/ N A KR KB R OHEREM L B 2 b b,

Dinbiba (L-BA13) 248\ T, Fentale f 7' =27 F A MIAREETHELONLTNDDONRHE
BT&E D,

Sobebor % 7 V v 7 DiE E, LA E D M2y TERNT 2 @ (Sobebor)

HEFERE S (AT ) OFEET D KU AJE,  Sobebor D7 L— & —N#E, L-BA12
(Sobebor)

Wl AR, F— %0 HAME OFAERSE
X 11.3.14: Sobebor XM EEBNOEEEE
6) A
AME X, Beseka D PEM— 87 K OB O—ERIC AT 2 LA AL XA 2 ) 7

JBTH D, HAOFICEY . A D AAEA ZRERS (a-type) K OBEREE A Lils
s LIRS E ZiUa s DRSS (b-type) O 2 FEIZIX Sy L7z,
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a-type | XTI L USSR AT 2 M D K0 &2 5o TV %, Ja A ORI, SRAaT
HPRL 72 FEIZ 0.5~1 mm BRE DA B AA KR OBEA DBEFR A 2% < & ATV D, MR
< CHWEITEFITHAE T, ZRALIELIEAGO ZREW (B6) [2L-> THD BN
TWD, BWAREIZT 7TEAOHRMEEZ R L, BWENRTZEREOEROZVHITEZ 7% L
TW5, Fo, FMREIRIC AT 2220 7 ORI IE, RLXEETEO 5347 Hitik
ICHFEL TR, L OHEGEEOMFN ML, WEOKER, ZhoDAa ) 7 %
PR E LTS ZERBEIND, B, AU T ERME%IC, 23 7 Eofnk
OIE D D EERH LTV D, 7222 7 Rl & [ CAcdbE-mE R 6 5 a2 Bls
SNTWVDLZ LN, 7 ~REDOTHHRICE>TEHLIEZbDEEZ BND,

b-type (FFEANFRAL sk v f5 | 2 AL AL B-FE P LS AE OV D /N R AT (Dodote~Tututi [E]) & &
#6 km, M 0.5~1 km DHiPH K& N2 D ILE Alaka P 5 O W fE B2 D —EHIZ D A gz T
%o HADREILE mm KOFREARSENE D, 1~3mmBEOHEA EVEDNAL A
FABERE DS RAET 2 BEDER Ll s & B0 2 REERELE Xlls TH S LD, 3
WERERE & WO ZEUE A 1R CHUBIZ A LTV 208, ENZENOEHO %R
EHERT DI EIXTE ol —HET b-type DIAEENT H/NE EIT atype DR
HENGMLTND 2 EnD, atype DEEFHIT b-type DEEHL D & BArd L7z,

AHIE T Fentale L ORFPEREICAIE T 5 A=Y 7 [ (llala)  (L-BA06) 2T, Fentale
T =T T4 MIREATEDIL, Korke V7 746 (L-BA07) (2T Birenti-Hada
MECEEHE NS TE Y OBNEESIND, Kone 4 /=27 T4 b OEEOBERITFEHE
THER T X e o 7o dy, i K OV A ORI b AHIE % Kone f 7= 774 R XV |
A7 & flr L7z,
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Beseka WP DWTIEEICEE T D 0 A b AAEA Alaka IR PSS OMEEICEE T 2 BEABRIR IR

Ziataa (atype) o L-BA1S AEA (b-type) . L-BAL6
| Fentalef 7 =774 b | T A
— — - -
-

——
— -
— o —
— —
— — e

[ ety |

[ Birenti-Hadajfikce |

Fentale { 7'=> 7 74 MIBEbN D EHIZRE  Birenti-Hada Wik e 4 8 5 Wik Ll s o 2
¥oA=a U7 (atype) (llala) , L-BA06 =27 (atype) (Korke /L5 F4bH) , L-BAO7

g AR, 7 — oo Y HIB O ARR

X 11.3.15: EHHAREFENOEZEEETE

7)) KoneA =TT A kK

AHIEIZ, Kone J1 /L7 T HEBIZ 4343 5 Ktk o~ K 4 D FRESHE ~ FEESHAE D BEIR S A K
OO X DR S D, BEPCE 1T 1~3 mm OFHROABIA B3 N Z < & £,
Hmm~F cm BREORE S %% < G,
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ATV T IO FEAEEIL TS Z e n, A E T Fentale KILEAMHE LTOL
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Fentale ‘K [LI’=%H% 7 5 Fentale f 7 =27 F 1 b, Beseka MICBIZET 258t Xl alas, L-BA28
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% 6 km |2 MOWIE %3 2014 A-\ZEE R IS HREI L 72 595 m O 7 OB IEHIZ L 0 | 1ZITHY
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c. J& Fext b

RS K O PRI X 2 8B OISR B L 72 R AS O AU 7o ARSI AR A sk o0 Jig 177 K OF
il & Oxfe 2R 11321 &0 5,

% 11.3.2: Beseka #iE DD EEF D fthithish D xftb &

FERX S & LA Kazmin and Berhe (1978) @fj?ﬁﬁ(ﬁlj
REEES
s E Qa | Alluvium
- | (Alluvial deposits)
BT | et LR Qb2 | Recent aphyric basalts Between 1810
wols | (Recent basalts) and 1830
4 @ (Buxton, 1949)
(AL Fentale 1 7'=7 7 A | Qi3 | Young ignimbrites of Fantale 1.1+0.1Ma
5?? (Fentale ignimbrites) (Gibson 1970)
?;u Fentale :k [LI5%8 Qf Pantelleritic volcanics of Fantale
(Fentale volcanic rocks) rhyolites, trachytes, tuffs and
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Kone f 7= 774 k Qi2
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(Pleistocene basalts) Qb1b
Sobebor K [LITEb A Qs | Basaltic hyaloclastites
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Dino f 7' =>7 5 A b Qi1 | Dino ignimbrites
(Dino ignimbrites)
Nura Hira ZECEH Tb | Bofa basalts
(Nura Hira basalts)
W r=0T754 1 Ti Nazret Group
% [pF |__(Older ignimbrites)
Birenti-Hada it #0558 Tr Older alkaline and paralkaline
(Birenti-Hada rhyolites) rhyolitic domes and flows
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(253 Hivsns (EIGS and ELC, 1987) | HUJZHY K OHUE A IERIIC 7+ 5 & | Beseka it & o
D& T HHIO T3, K0 M OIRHENCALE S 5 2 &b | IFEIO LAY Kone 77 /1
T 7R E T OIS, Beseka WAL ETOHUIKICEIT L CE T EATRIELT
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(1810~1830 4, Buxton, 1949) #H]->TW\\5 & ONFEIATHLE T& 5 (L-BA3D) .
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® Hydrogeology (Map) of the Nazret, EIGS, 1985
® Study and design of Lake Besaka level rise project I1I, WWDSE, planned by MoWE,
2011
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v,

H AR, 7—# 0 Z2FEROD 1), HR0D

11.4.1: Beseka #iE DD EREEFEHF.JICAHF

11-42



IFAEFTET7Z I )dR 3T TR N E R G HE
MTKBERESABE IO b IJ7A4FI - LiR— bk (B R—F 45 LR—F) EEmERXEH

Hh - AR, 7 —% 00 2FERO
X 11.4.2: JICA #F AW BH-3 OB F Ik & B xf Lt

W B, F— %0 BEEE@
H 11.4.3: JICA #F AW BH-4N O#IR& IR Lith B st Lt

11-43



IFAEFTET7Z I )dR 3T TR N E R G HE
MTKBERESABE IO b IJ7A4FI - LiR— bk (B R—F 45 LR—F) EEmERXEH

Hh - AR, 7 —% 00 2FERO
11.4.4; JICA #F AW BH-5 DHIRR ALK X & #h B %f Lt

11-44



IFFETET T L alliiiE

W TBUE ANERR G hikeE

= s o o — N o N = A
tTRKERHE IO b T4 FI - Lik—F (BR—F 1> FLKR=F) EEfMER S
& 1141 BREOHLBREFHF.IJICAHF
Existing Top of Top of FIKBEL
X Y No H SWL GWL GWL2010 |Total D (m) |Q(L/sec) Screen = Geology Aquifer
name Screen(m) (Elevation) T(m2/day)
[ I Bea 081,29 2004 95035 953.00 533 BHI-02 29.3 951.99 8088|XK /& : Fentale V' =L TS5/ (Qi3) . FAIIFEHHXHE (Qb1) (Qbl
— -3 Ry ;= 5 i 3 iy
c000a8|  o76634|  ge12 950 1530 94368 955.36 . 6.5/BHMR-20 12 947 965|R/E: HHEE. ThLlEFentale/ =0T 5CF(Qi3) hEBOR
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WILITBUR NEIRR T D18
EfMER K S

% 11.5.3: Beseka #iEIDKEY T )T Hhm) X

Number of Sampling Points Reference Coordinate
Zone or Region Detailed Place Type of Water Sourceg For PhYS'O_ For Isotope SL. | Location ID . . Remarks
chemical A No. [(Sample ID)| Easting Northing
. Analysis
Analysis
East Shewa Around Lake Besaka Awash River Water 1 0 B1-2R 587,951 968,181 [From BH-53 to River/Canal

Existing Well 1 0 B1-4 604,677 978,810 [From BHM-12 to R28

Existing Well 1 0 B1-5 604,309 975,247 |From BH-41to M21

Existing Well 1 0 B1-6 601,234 972,270 |From BH-64 to L11
Near the Tone spring Spring 1 0 B1-7 591,607 979,363 |Lake water?
Spring of Southwest Side of Lake Besaka|Spring 1 0 B1-8 591,608 976,552
North-western part of the Lake Besaka |Lake Besaka Water 1 0 B1-9 594,960 984,098
South-eastern part of the Lake Besaka |Lake Besaka Water 1 0 B1-10 595,100 977,400 [Same point with suggestion
South-western part of the Lake Besaka |Lake Besaka Water 1 0 B1-11 592,000 977,900 |Same point with suggestion
Central-western part of the Lake Besaka |Lake Besaka Water 1 0 B1-12 593,000 981,600 [Same point with suggestion
Drainage Channel of Lake Besaka Lake Besaka Water 1 0 B1-13 600,905 982,406 [Lake outlet
Along Wast of Lake Beseka Spring 1 1 B1-14 592,612 981,509
In Metehara Plantation Awash River Water 1 1 B1-15 598,077 972,974
From Nura Hera Farm Awash River Water 1 1 B1-16 592,729 967,092 |Irrigation water
Middle Awash River Awash River Water 1 1 B1-17 596,078 965,762 [River intake point
Metehara SP Awash River Water 1 1 B1-18 601,502 978,505
South of Lake Besaka Lake Besaka Water 1 1 B1-19 595,246 975,723
Tone Spring Spring 1 1 B1-20 591,674 978,734
Around Lake Besaka (AW BH-3) New Well 1 1 El-1 589,167 982,682
Around Lake Besaka (AW BH-4N) New Well 1 1 E1-2 587,754 977,437
Around Lake Besaka (AW BH-5) New Well 1 1 El1-3 601,565 980,024
West of Lake Beseka Lake Water 1 1 B1-21 592,146 980,409
West of Lake Beseka Spring 1 1 B1-22 591,536 979,199
West of Lake Beseka Lake Water 1 1 B1-23 591,532 979,193
South of Lake Beseka Lake Water 1 1 B1-24 593,045 975,249
South of Lake Beseka Lake Water+lrrigation 1 1 B1-25 593,044 975,228
South of Lake Beseka Lake Water 1 1 B1-26 594,247 974,998
South of Lake Beseka Irrigation Water 1 1 B1-27 593,243 972,517
East of Lake Beseka Lake Water 1 1 B1-28 598,897 980,437
East of Lake Beseka Lake Water 1 1 B1-29 596,741 978,173
East of Lake Beseka Lake Water 1 1 B1-30 598,698 984,130

31 20
HE AR, 7 — 400 ZEERO
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IFAETETIL )i

W TBUE NERR G hikiE

WFKEAEHBE IO 9 b T74FI - LiR—b (BR—F 4 JLKR—F)

= 115.4: BRET—2D') X (Beseka j#i/E3iD)

Code Easting | Northing | KJED % 1 7 ik
LBS-01 | 599,618 | 983,534 | Beseka iffi/k Beseka i#ldb 1T

LBS-08 | 598,860 | 980,515 | Beseka ik Beseka 13

DN-02 | 596,308 | 976,168 | #EEX Beseka 1§ 5

LBS-07 | 592,218 | 975,624 | Beseka iffi7k Beseka {1

LBS-05 | 591,670 | 976,881 | Beseka iffi/k Beseka i#iFd 75

SBS-4 591,533 | 979,204 | iRIR/K (FBJR) | Beseka ifflvh

SBS-05 | 592,019 | 980,096 | Beseka ifi7k Beseka #1745
SBS-001A | 591,669 | 976,913 | JER/AK (BEIR) | Beseka HIFi VG
ALPW-035 | 606,822 | 984,277 | BEfEFH EE 595 m (WWDSE, 2015)
BHMR-20 | 600,048 | 976,634 | BEfFitE~ Bel2 |Z[A U, EE 48m
BHI-02 | 592,664 | 986,463 | BEfFI 4 Be4 IZ[FI U, ¥ 53m

M AN, 7—2c : 2EEROD 4), @D 5)

T TR AR 11.5.9127 7,

E
)

iﬁ\éb
ot
=

. T—H0t BEERO®

11.5.9: Beseka #iEIDKES T T Hhm

a. NIV =T —FAT T T 505 BT KE DR

B ERA 1T

Beseka &0 D AKE ST OFERZHE 2 EOBRKERHIIRAM LIz, 209 HEFEA 4
ZHAWC NIV =T —=H AT 77 MIERL-ERAZX 11.5.1012x L2, ZOKNBEL
TOENERIND,
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TTKSPHEE K GEIE KN DK E LTS L TWD) 1, — %A IZCaHCO:!
mbi\%bm}w)f Bx27T 5, —ENaHCOM N B 5415 DL, Besekaiflur < T
KUIZZ LI DMIAKDEETH D,

Besekaiifl J&30 O REFH T CUNCAH: 1%, & e/ CHEIZALE L TR Y AEHIGRE
bLEEx TH DM, —EB &RV TNaHCO R D VR H T /K i L OPEIR 2 73, 1
IEMEE ORET, KEHTKE OMICALE L, XS04 & CINZL < & F i,
NaSOBL D b OB IFET 5, BEFHTCICAIE T O R KR 12 H 714 <°Beseka
1 & ONLE BRI K 2 KEMEROZEIE A S v, 20 Z &1, Besekallfizk
O OHTKIZK T 58 BITERD RN & 2R T,

IR, WO TER S EERNCEFT L THA LT\ %, £ < HBesekalfliz k% L T
WAHTeD | IBROIEMRIFHMEZET 5 Z &iﬁ%?il%ﬁ%é =77 L
AT Ot KGRI S 2> & FEAAISOR PE AR & DOFERRICI - TR LT b & -
bivd, BIROKEIL, %f#F%NA#F@E%%ﬁ/ﬁ%ﬁf%ﬂb;oﬁ
BICEBLTRBY, XA 72T L ETIENaHCOMUIZIENE L TV 5,

7K 1%, NaHCOs%! 7 Na,S0s8 % WM ENaCIRI Th b | KB4y i@?%?%%@@%
IR GEKAAITIEY) DB R D KEZRFF L TS, WIAKIZ, ZDR57)
FLTH I D 2T IRE R K @@@ﬁ®%%%§ﬁfwéo?@b%£%4ﬁ
Y TCOMAEDOETIE, HTK, BIROEELIIZ ) ITTWHKETH D,

— I H K DO AKEHEAL E TN DB B 0 . HUF K OB T B BE R 1
JEU T, ot F oo A o DEBGE)N LT O X 512281+ %,

(fzA A>)

HCOs; — HCOs + S04 — S04 + HCO3 — S04 +ClI- — CI' + S04 — CI
(BGA A )

Ca?* — Ca** + Na* — Na'

AT 775 ETEI = I = IVOXSIZH#bT 5, 2 b3 FARDOKEIZE
BINTKEOELLTH DD, AEIOK 115100 NV V=T =X AT 77 L5

E. KRB RTHKDOEENA A AL BB BN, o)k (—i
Eﬁm)i%%%#’@jbkﬁ%zﬂﬁb RN T AKIZA AT 7
A ETEINSALE U, RO KE 3 D3 RIRKED X A T T DIVICALET 5, =
D Z EVIAREZED D R TH B2 IR L 0 BB RN IR L
TWHZ &R,
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b. ANEXYF AT T T DD BIZKE DR

ANV HAT 7T NE, ZORNLKEDZ A TEHHTEDHLE, A X DR
FEMGFIN0 RN E WD B AE AT 5, K 1151121, Beseka #ifE LTV 7Y T
M L BAEERI OB DNV E AT T T haeForm Uiz, MK ~DFADATRENED
H5, - E ROV TAMEONEFZ AT 7T AETERK LT 11512~
115141277 L7,

Hh - AR, 7—% % 2F5ERO
11.5.11: Yo ) TthEmDAFTHYH (745 5 L (Beseka #[EiD)
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E1-1 B1-14
20 145 40 5 0 5 10 15 20 20 -;5 -;0 -é 0 é 1b 13 20
(megq/l)
(meqg/l)
JICA H 77 517G 18 D5 SR
B1-12
TAPEAR DOTAAK
-20 .;5 10 -% 0 é 0 1% 20
(meqg/l)
Legend
+
Na+K Cl
Ca \ HCO3
Mg SO4+NO3
-40 -éo -éo ;o 0 15 25 35 40
(meq/l)

AR, F—2 5t 2EEEO
11.5.12: Beseka #HiTEBIDRRBGAT YL ATIS L
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E1-2 B1-20
\ #-\\
20 45 40 5 0 5 10 15 20 20 5 10 5 0 5 10 15 20
(meag/l)
(meag/l)
JICA #7 151 VG181 0D 755 5
B1-11
15 P PE AR DT 7K
55 B oAb 8 & B A0 A& %
(meqfl)
B1-29
\>
_/ BRI WA

20 15 10 -5 0 5 10 15 20

A, 7400 BEERO

11.5.13: Beseka T EI DK RMGEAFTHET AT IS L
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MTKBERHBE IO I b T7AFI - Lik—k B KR=F 42T LKR=F) EEfERt St
B1-17
\/ Awash JI|OA >
A7
-20 -1.5 -1.0 I5 0 é: 1.0 1I5 20
(meall)
B1-27
B1-2R
TEREAK=TRT 1 7K
s & g |
-20 .;5 .‘;0 .‘5 0 é 1}) 1I5 20 -20 15 -10 -5 0 5 0 15 20
(meqg/l) Pistn
FERE K= 1| 7K
B1-25
W B L 7 \_///”
DREREK
-20 -1.5 -1‘0 5 Q 5 10 1.5 20
(meg/l)
B1-24
\ \ Na+K Legend
N\
\ > Ca _/HCO3
/ M +
15 e AR oD TR K 9] SOa*NO3
5 o s S 20 75 M0 5 0 5 10 15 2
20 -15 -10 -5 0 5 10 15 20 (meqfl)
(meqg/l)

HEL AR, F— %t 3EEH@
X 11.5.14: Beseka HiEBIDRRELGAT LA TIS L

INHDOENLLLFDOENERIND,
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® [¥ 115111213, BesekailflJ&id 7> & 0@t AL 7 iR A2 B D & < KD 129 R D HF 7
DO T KONFYZAT 7T AOFEREZR LIz, BIREBEIFIRE HFLIL T
FBYVNaHCOsBUZ BT 5, 9D 9 B (B1-6) 1HCI & SOZ DML & % < & &
No, NI V=T —=FZAT 7T LATIZIVONBEIZELTEY ., X0 EUH R
b OWEEOH T KRB ORENRE 2 bivd, FHFOWETS0m ~ 595 m & iF
DN, FlerWKBIIZRAETHY . REICERA < GREEH T KR O R
WA~ KCREAKIE, K& <I1ZCaHCOSMIC BT oM ¥ A 7 ThH v, B
FE B O APR L VARV, 571X Besekaifi O VEl, FIVEMICET L TRV, BROR
FEVIFH T O K EFARLT D, KEDH A T 1INaHCOsIZ & 3 5 e H T K i g Al
. Besekailfl a1, FE PE{IDN S OHITEAKDEEZZ TS (HDHWITHFKZED
HLOTHD) o K 11511TH > & b RIERORED E < SOLRCIDORE S Ev,
NaHCO3 % A ZIZJ& T 2K DA TE D, ~F VXA T 7T L0 5
b WIARKDOAKEITIRS HE TKOMADEBEZZ T TND Z ENRFARN D, — K
HNZITTRE R KL, Ao (k) [CERRMEE S, BICHZREEE T
NO3sCSOsMHRT 2 A A, FAAHIN T & H 7 O F/KIENOs°SO4HIH K
LTBOLTMIERTIEEEA TR (HEERASIZEEREL 2V LEbh
%

® [} 115121, H /oM Rk, BesekalflJfid DFER, KONV LZ AT 7T A
DIRE LR ERL TS, HFFOMTKEFBFRONTHZ AT 7T N%, BIR,
WL BICHEFICHEL L TR Y, BRITE TNaA A AHEML TV D, Naldkiz
WITRTWHEZ - TR0, HMTF/KBEIRE L CEHT 2 E TOMICIY AL
TFHRERTHA D, WKIE, NaAf F >, SOsf A2, ClA A2 K OEREEA A2 034
MMLTHEY BROMWEEZGIEME DD, KA 4 L DKM L - FER8m L
TWDDOWNH D, FRCRIEA A 0E, BRFOTAKE UCHEET D _ibxE
DKITFR L TRAEL TWA DA TEML TS, X 115136 FHEDO#E 5T
H v | FrlZBesekaltfl O FAMDOIHAKDO~FH XA 7 7Z LTI LV loF T LT
FESR, HEREBA A ROMMORRA A B IEIMEICH 5,

® X 11.5.14/FBesekaifiFAffll DWIKDKEDZEZ R L TV D, HIIKEDE ZND
SIEAEN TSR SNDK, & D WITHEERK E U TR Lok K
RO L E R LTz, B, &5 WIEFE RO FK, BREOHIKE B2 D
DI, KK TldCart AU AHRITE D Z L TH D, K, BL-25HLER
B1-2441 5 CTIZNaHCOB! Tixd 5 23, Caf A v DNE TR Hivd, BL-251FH#EREAK
WK DTS TERAK LTV D2, WIAKOFRELZB ZIF 0D, WL
THIIKRL Z Z TORFEMAKIL, SOsCCIH L HALH A, HCOs O i FE A3 it s 12 b
NTEWILEARBENTH Y, ZHIURER# TOY b U X EOREDRE & Bk
WZREFR L TW D ATREME A B,

0 ~XYHATTTANLIE, WIKEENH T KB IRORELEHEIITZIT TN D,
—J7BesekaifAFg Il Tlx. CaA A+ DAFLED B I AKSOFEE K D e A D B2 BE A F5 T
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IFFETET T )R W TBUE NERR G hikiE

WTRKBERHE IOz b J7A4FI - LiR—F (W R—FT 425 LEKR—F) EEmERXEH
Bivd, 7272 L. 3R L ORI O —E %2 BrR 72 23k O AKX Cart 4 v o4

AT 7T LBIFRHARNT ., JIDKOFZEN RN L 2R LT D,

® @ﬁ&ﬁ*ﬁﬁ##ﬁ%?? LR THREDEN ZHIL, 1ZLEALERLE
WTHY  ERVABEORELZ T TRMEL., WAKDOX Sz FiThholzZ
EMTHEND, DFY fﬁﬂ(@{éﬂm@/\*ﬁﬁ?% I, Caf A DOHENL R TH,
TR TIEZR VBROZBEZ T TR THD L 2R T 2,

o U EITMiAKOEM s EROEZENZEBIZIER VSRV, KD
YEAT 7T AOIRIE, BETHE L THEEOLDIZHEILTEY .,
(JBIR) OWEBEZBRIEZIDEETWIER Lo TWV D,

DK D~F
HF K

c. & E RN AT

EFNARSHIZ, JICA HFAIZEI LTI IAEA TEfi L=, —FHHEAOH FALSD
mmm<%ﬁm%§@>\@ﬁ&wmm B U CEERINLARIATIC & 2 I FKIREI O T

WAAT o7z, ZEFRINLARGIT OB & JERE R &2 £ 115510777,
& 1155 RERMAESTIALEHER

Detailed Place Type of Water Sourceq Location ID Refe_rence Coordina_lte Date _0 ' 57 8 %0
(Sample ID)|  Easting Northing Sampling (%o0) (%o0)
Around Ombole (Hombole) Awash River Water Al-1(D) 475873 925,842 | 2015/1/16 -2.69 -1.31
Around North of Gefersa Awash River Water Al1-2(D) 525,365 937,096 | 2015/1/10 5.81 -0.16
Around Awash Melkasa Awash River Water Al-3(D) 536,207 927,203 | 2015/1/10 9.11 0.35
Around Doni Awash River Water Al-4(D) 562,223 940,652 | 2015/1/15 8.43 -0.07
East of Metehara Sugar Plantation Awash River Water Al-5(D) 611,191 977,348 | 2015/1/15 15.39 1.89
Lake Koka Mojo River Water Al-7(D) 506,888 929,588 | 2015/1/16 6.08 0.36
Along Wast of Lake Beseka Spring B1-14 592,612 981,509 | 2014/7/7 -14.38 -2.76
In Metehara Plantation Awash River Water B1-15 598,077 972,974 | 2014/7/8 -12.78 -1.42
From Nura Hera Farm Awash River Water B1-16 592,729 967,092 | 2014/7/8 -11.22 -0.86
Middle Awash River Awash River Water B1-17 596,078 965,762 | 2014/7/8 -3.88 -1.06
Metehara SP Awash River Water B1-18 601,502 978,505 |  2014/7/9 -12.58 -1.02
South of Lake Besaka Lake Besaka Water B1-19 595,246 975,723 | 2014/7/9 31.64 3.29
Tone Spring Spring B1-20 591,674 978,734 | 2014/7/9 2.55 -1.74
West of Lake Beseka Lake Water B1-21(D) 592,146 980,409 | 2015/1/8 16.41 2.69
West of Lake Beseka Spring B1-22(D) 591,536 979,199 | 2015/1/8 -9.56 -2.68
West of Lake Beseka Lake Water B1-23(D) 591,532 979,193 | 2015/1/8 9.79 1.04
South of Lake Beseka Lake Water B1-24(D) 593,045 975,249 | 2015/1/9 25.55 2.97
South of Lake Beseka Lake Water+lrrigation| B1-25(D) 593,044 975,228 | 2015/1/9 34.28 4.81
South of Lake Beseka Lake Water B1-26(D) 594,247 974,998 | 2015/1/9 21.64 2.94
South of Lake Beseka Irrigation Water B1-27(D) 593,243 972,517 | 2015/1/9 6.45 0.19
East of Lake Beseka Lake Water B1-28(D) 598,897 980437 | 2015/1/9 25.71 4.55
East of Lake Beseka Lake Water B1-29(D) 596,741 978,173 | 2015/1/9 25.41 4.49
East of Lake Beseka Lake Water B1-30(D) 598,698 984,130 | 2015/1/9 26.26 4.44
Around Lake Besaka (AW BH-3) New Well El-1 589,167 982,682 | 2014/8/9 -9.79 -2.65
Around Lake Besaka (AW BH-4N) New Well E1-2 587,754 977,437 | 2014/11/12 -9.75 -2.72
Around Lake Besaka (AW BH-5) New Well E1-3 601,565 980,024 | 2014/4/2 1.65 -1.08
Around Feto (AW BH-6) New Well El-4 552,789 958,778 | 2015/8/11 -33.1 -6.24
Between Doni and Bofo (AW BH-9) New Well E1-6 555,025 936,983 | 2014/9/22 -12.87 -3.55
Around Sire (AW BH-11) New Well E3-2 553,313 916,009 | 2015/4/3 -12.2 -3.03
Around Balchi (AW BH-1) New Well E4-1 542,642 985,361 | 2015/4/8 -11.78 -3.11
Around Melka Jiro (AW BH-2) New Well E4-2 567,414 980,822 | 2015/7/21 -27.3 -6.10
Around Dehaye (AW BH-12) New Well E4-3 550,405 1,027,427 | 2014/10/20 -30.59 -5.41

*New wells were analyzed by IAEA

Hig

A, 7 —F 5 : 2EERO, HEMIT AAU KDVIAEA IZ LD

ZERNMMKE L TIAKEEMBEOR DI B, B2 D/KFEILE (EKFE: D, HD
VI 2H) LR 18 oHEIR T (FEEEE - %0) ZHE L. IO DRFIIARS T E
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R LIRS KR OBIFL Ry OKE) KV bEWIRETEERL TS, I
O ORNARS FI1x, ALFIICIEZEO O LR CEB AR L, WEWEO X 5 IZJEUWE
EDALFROS 2 Z Stz KIERICE T 2 M FARDIREI 2R 9 5 5 2 CHARM
M=% L LTHIATE S,

LEFRNARORIERE R, K 11L5A5OTNVE XA T 7T KR,

— B T BRSO AT R LT, KKER (Meteoric Water Line : MWL) & FEIEILD

5 D=8 '80+10

72 D AR, RS HOBEKDOBPERE RN HRO BTV D, FMAERLIE, KR
PR 25 L & Hic, MENELS DL EBIZZOMEITIH> TR 20 . HREZNE)
HDHVT THREDR) LIRS, ZOENFEMREOZbICIE, BKENREL DL
AR N E L 70D TREAKEZNR] | e < NS ADIE ERIMIREE D /& < 72
% TEEHE) . TNEEZNR) B bh b,

ETBIZET T 4 AT SN TOREARDRAK#RIL, L (Local) MWL & FEFRE 41, 1964
2004 FEM DB D E LT, § D=7.12 6 BO+123 NEFH STV 5, MWL = LMWL
13X 115151CF R LTV 5,

R 7K OB AL [R5~ 2 ) HK P R K D 6 VR RIS IS 0T %0 Rk 7 BRI 23
IRV AT T KD § X2 DOFHEDOREAKD S EOMEFIEICIZIEFE LN EEZEZD
N5, K 11.515TiE, HT/KDOFEIEH TH DIEROFNARLIZ, LMWL IZIEIEEEEL Tk
D, TT 4 AT XADREEKICER LT D AREMER & 5, WK D RN RE <,
B ClE 3 DOHMRRD HbiLd, WK (—HH#EMAK) ©o>5H, &bf Lo Al-5 (D)
DY TNREDRE T DOHFRIZEAK LT (D) O~ —7 Do LKL, il & g LT 6
EREL 7o TEY, ORIV OBEKEZNRPZO b, AL-5D)DH 7 ILiX
Beseka 1L 0 TIRICAZE L TRV WHAKEOREL R T TWD, &b FAAEKD
BIEIZE & E o723 IIAKRR S D28, ZHUIRBICHEAK L TB Y BRESRICE > T
RWFENARE & 225 T D, IHAKIZRIRIC KA E Y A TIZaMmL TR, KE b
e U TR IR O R\VVK OB Z Z T ol 2~ T, ERAROEBELZ T LA
i, s L KFEOGRINER D76 | KRR L 1T 72 D & O78FHR (Local Evaporation
Line : LEL) 1Zih> CIEME L T\ <, Z oL, BEFSCHK (Eleni, 2009) Z#ZML T, §
D=5.16 '80+5.5 & X TIED T MTIFWI K DEMITH > T D, ZOHUE, 7T v =2)lld
FNAEE B FD T ZENTED, ZOfKfE LMWL & DA AT, -3.40 % §0 &
-11.84 %0 6°H DETH Y . ZHRKKIZERT S, X0 LMo FKSE D RAMAEL &
I, £ 2o ORADFERKEI SN D, Beseka [PE 7 O N KDT — 21,
JICA DFIRHATT O HHENFF SN TE Y LEL & LMWL O EAHTEOH K (K 11.5.15
i) (AWBH-1,3,4N,9 K UV11) OFEEfEIE, -3.01 %0 60 £-11.28 % 6 °H DfET
HbH, ZOMIFERORRO SEEFELILTRY . X0 ALHECWE T 6 O KOFEA
I ETE 22, BRI Bk OBEFSCHRClid, Beseka i#1/Nitk a2 X S PEANZAT -
7o PRI T-2.8 %o 6 180 &-10.7 %o & 2H DAE D I Z /-9~ Hi FKIZ DWW TREIR LT 5,
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11.5.15: Beseka #iEBNDRERGIKLLDTILEZZATH S 1L

d. U F U LT

NUF T LGN 2E LT 7Y v SR ERERIT, UTFTORIR L, #TFKIC
BLTIE, 5% JICA HAIZBWTEMT 5 TETHDH, Al-l (D)~AL-7 (D) 1%, TV
v =)l B1-21~B1-30 1L K55 A% Beseka ik TH O . & D 5 H BL-22 |FHER, BL-27 1%
MK TH D,
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11.5.3

= 11.5.6: F)FOLDHIRAN LR

Reference Coordinate
. SL. | Location ID Final Result
Detailed Place Type of Water Sourceq No. | (sample ID)|  Easting Northing TU=050

Around Ombole (Hombole) Awash River Water 1| Al-1(D) 475,873 925,842 2.33
Around North of Gefersa Awash River Water 2| Al-2(D) 525,365 937,096 2.25
Around Awash Melkasa Awash River Water 3| Al-3(D) 536,207 927,203 2.23
Around Doni Awash River Water 4| Al-4(D) 562,223 940,652 2.17
East of Metehara Sugar Plantation Awash River Water 5 Al-5(D) 611,191 977,348 2.19
Lake Koka Mojo River Water 6| Al-7(D) 506,888 929,588 2.32
West of Lake Beseka Lake Water 7\ B1l-21 592,146 980,409 2.21
West of Lake Beseka Spring 8| B1-22 591,536 979,199 2.35
West of Lake Beseka Lake Water 9 B1-23 591,532 979,193 2.30
South of Lake Beseka Lake Water 10| B1-24 593,045 975,249 2.26
South of Lake Beseka Lake Water+Irrigation| 11 B1-25 593,044 975,228 2.14
South of Lake Beseka Lake Water 12| B1-26 594,247 974,998 2.27
South of Lake Beseka Irrigation Water 13 B1-27 593,243 972517 2.25
East of Lake Besek Lake Water 14| B1-28 598,897 980,437 2.13
East of Lake Besek Lake Water 15 B1-29 596,741 978,173 2.36
East of Lake Besek Lake Water 16| B1-30 598,698 984,130 2.29
Around Lake Besaka (AW BH-3) New Well 17 E1-1 589,167 982,682

Around Lake Besaka (AW BH-4N) New Well 18 El1-2 587,754 977,437

Around Lake Besaka (AW BH-5) New Well 19 E1-3 601,565 980,024

Around Feto (AW BH-6) New Well 20 El-4 552,789 958,778 2.43
Between Doni and Bofo (AW BH-9) New Well 21 E1-6 555,025 936,983

Around Sire (AW BH-11) New Well 22 E3-2 553,313 916,009

Around Balchi (AW BH-1) New Well 23 E4-1 542,642 985,361

Around Melka Jiro (AW BH-2) New Well 24 E4-2 567,414 980,822 3.01
Around Dehaye (AW BH-12) New Well 25 E4-3 550,405 1,027,427

Hh  ER, 7—% 00 2FEEO, AEMEIZAAU X VIAEA I L D

NUF U ACH)IE, KFBEOHSERNAT, BEHIE 3. FREHIIK 12.43 42C B AidE
LT 3He I2&b 5, MMEOKELZTO N F U MIUZTFHEIRREICH > T, TORE
IXHFEEORBKFTI0TURIR THo7m L Snd, Lo L 1952 4ELDIE, B 9281
LoTAL RN FULARKEICKKH, FRICEEBI R S hiz72 o, 1963 F-~1964 4F
DY — 7 REIZIE 1,000 TU &8 2 2880z, T OBIZFEEROE (- TR EE 34 2 5
L. 1990 X TIXIFIERIR L~V D 5~10 TU IZE - T 5, ARSI, Hko
FAEE T 2.245 TUL )1 T 2.248 TU Th 5, R IT L EFT721 Th 5208 2.35 TU 45372,
Seifu Kebede, et all, 2008 D EEAFSCHRIZ L 411E, Beseka {#J&: O F 7K T 1.5 TU X° 5.8 TU,
F 72 Fentale [LDIRIR T 0.7 TU LW o 72fEAFF TV 5, 1984-1997 4EDT 7 4 AT ~/RT
DT O b ) F 7 APREE I 5~15 TU OFiPH THER LT\ % (Eleni Ayalew Belay,
2009) . ZOFER. AEE LK, WKL OHAD N U F 0 AMEL, STEX

(1953 FELART) & E 4 (1953 HEER)DIEKBNIRE LT b D THhDH L EZ BILD,

EUHKEDHE
a. LI

Z 2 AT O RN O BRI, 1960 EAREE e B Ak E o 72 Beseka W OFE KA HERE A I A3
EOREFRLG LI DONEHETHZ L THD, HfE Beseka HFEIkNIZBHTRE ST b
VEIEE 241X Abadir 235, NuraHira 2%, BXOFentale 7 ey =7 FThHhs (X 11.2.14
ZH)
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1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010
Year

Operation of Abadir Farm of MSE

Operation of Fentale Irrigation PJT »

Hill AR, F—% 5 BEEEOK0E
11.5.16: Beseka DK EILEERTOD Y EIRRHA

Z 2Tk, AFARERBEAE T — 2 1235\ T Abadir B35 O BERERh R & Beseka il ~HEH
U152 HEREAR TR OHEE 238, LUT OBLE D HREEK S Beseka I AR K DA & &
oD LI LBET D,

®  Abadirf=25 DR F O R & Besekait ~DHE K & DOHEE

o TEIATH/K A BesekalfILIE DJFIK & L72A DKANT o A EDOEEEMEDRERS

WWDSE (2011)(Z L % &, Nura Hira 23512 S\ TGt O % (1984 4E) (2 kY
AT S Beseka I ~IRAT 5 Z &3/ oo T D, Ko TRBHZICH T DR
SITHEE LV, 7272 L. KT U REHFICE W T ERE (MOWR, 1999) THEE &
A7z 1977~1983 4F £ TOMEFEMHEH & 11.2 57 m® 22 Tt d %,

F7-.Fentale 7’1 ¥ = 7 3 2007 I —HE A A BAA L BIE B BAZE T TH 5, 1960
R LA O IKAL B R & IXHERIfR 72 O T Z OREt D IR T 5,

b. Abadir 5 DO EERERh R
b.1 FERRRCRAT HHEK L 2RFTMO B &

— LT BEREREE RS AET AT 11517 T RO b OB Y . TS IEEY
DOEBICEEREG LnWE R, TR, H2WIIHKE~RET2b0TH S,
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FKIE > B DFR3E
AR > B DGR R %5
KB D> B DIFAK
TR B DB

K& LRI S K
PEKEEA~D I H

T BRI L DK TR
Ei=U'S

SECRGECHCRCONG

O  PEKE~OFH
@ RELUIR~OUIR T

BlZE~DEKEFIZHKLET HIEX

11.5.17: EPBICREITIHIEHEL

FEWESh 2RI TR B F D22 & BGHEKF O R LB IT EDOE TR I NI LD TH
v | [ELE Ak 2R (Food and Agricultural Organization; FAO, 1989) (Z X % & | 50%~60%
TERIf(Good), 40%7% CT¥% Y (Reasonable), 20%~30% CA~ B (Poor) & X415,

b.2 BEEFAE C D AbadirBi5 O REBE SR E R R

Abadir E255 OFERZH 12OV T ld. MOWIE 12 X - CTHHCTORIE S & itEt 28 U T
UTFTDOX ) cHEShTn5,

= 11.5.7: BREFEICKS Abadir EIE0OERE

R IKEETEIREE (A) 5K (B) TEREEh = (A X B)
1977 — — 30%
1997 82% 65% 53%
2010 87% 65% 56%

Hil . Z2EEHOL VO

ERIZL D L, 1977 F 4T 30% & (KD o TR ER1T 1997 4E F TlZid 50%LL T
WELBRIFRL L EHRES TS,

b.3 AFAE TDAbadir 25 ORERLIRHEE
RICAFE CTIL BEEHA L 1B T 7 a—F 035 Abadir 235 O RE R 2 WG4 5,
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BAKHNZIZ, 1B OABICHLERKEZ RO BT, 2haz2T7 vy 2l oBukER
FOBH~DAZEN R L T 5 2 & TR EHEET 2,

Irrigation - - -
Efficiency (%) ™ -

il ;SR
11.5.18: KRFAETHTETHE IR
b.3.1 Abadir 235 ORKE

1977 M5 2009 4EI281 5 Abadir 25 OBUKRIZE 112U RLIZEBY TH D,
UK &1L 80~130 B m* TH Y . A FHBUKEITH 102 5 md (324 m¥ib) TH 5,
Abadir 235O E G 3,158 ha TH VD . =D 90% % BrHEH & 34U, FrthimAgix 2,842 ha
b, ZOZ LB, Abadir 5 TOFEFHTUKEIL 3589 mm L#E X5 (=102/
2,842 x10%) ,

b.3.2 YEAET D= DITHEIRKBEDHETE

WIZ, Abadir B35 CHIEE SN TV DY FUFERRET 57200 BEKEEZHTET 5,
FRUFEOMEKREFLULTOXTRD LD,
ET sugarcane = ETO X Kc
Z 21T, ETsugacane: ¥ M7 X EOXMEIKE (mm/4)
ETo: ZYEZAKEE (mm/4)
Ke: 1EWRE
Metehara K2 BRIFT O T —Z By~ —F T 4 — A (Penman-Monteith) 3% f
WTCETo #3HHRT 2 L. 224 mmliE & 72 5,
FAO I2L5 L,  hUFEDOEFERIIX 115190 80 TH Y | KBEBEDOHH &
Kefiil LT# 11580 L) ITRESHTW5,

% http://www.fao.org/docrep/x0490e/x0490e00.htm#Contents
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time [days)

= initial =+ 4= crop development=s+— mid season —+lale season+

Hi - Z2EERE
11.5.19: Y+OXEDE BT

& 115.8: YrIOFELEFREC LD EYHRE(Ke)

i HE (F%) Kc f&
Initial 35 0.40

Crop Development 60 *0.825
Mid Season 190 1.25
Late Season 120 0.75

1 : Crop Development B> Ke fEILfATH: D BRED Ke O FEHIE L Lz,
HE : ZEBER®
ERNG, FRO K2 U T & 5 IZEE LT,

B 35%x0.40+60x0.825+190%x1.25+120%x0.75
¢ 35+ 60+190+120

PAEDNS B b7 EAEE O DIZMLERF K &1 2,146 mm (= 2,224 x 0.965) & 72 5,

K =0.965

b.3.3 HEEREDOHE

B35 ~DENSEMOEFTICHIRT 5, EFRNED O b, fFMOLEFICHFS T LW E
(F#hf =) X FAO-AGLW (FAO Water Resource, Development and Management Services)

LD TOXTHES 5,
Peff =O'6Pmonth -10 (Pmonth = 70mm)
Peff = O'8Pmomh —24 (Pmonth > 70mm)

Z ZIZ, Pmontn: H N & (mm)
Per: ﬁ?ﬁfﬁ% (mm)
Metehara BT 0> A AT HLT— 5 10 0> AT A0 B2 HETE LI A 26 1159007,
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- =

JhIT AT

BUE NERR% N iseE

WRKREHE IO SO b T7AFIIL - Lik—bk (BR—F 425 LR—F) Bl e e
£ 11.5.9: Abadir EBIZHTE2E8HR=E
/] N Emm) AR A BREMM) | AR
(mm) (mm)

1A 11 0 7 A 121 73
2 A 25 5 8 H 118 70
3 A a7 18 9 H 43 16
4 A 46 18 10 H 22 3
5H 35 11 11 H 6 0
6 H 26 6 12 A 8 0

it 508 220

Hl - AR, 7 — o0 HYHEBOFERR

VL B2t Abadir 25T

B 5EMBOAEMEREIL 220 mm EHEE S D,

3,589 mm
2,146 mm

b.3.4 FEREN R OHEE L& FHE
INE TOHEE F%%i&&)éEUT@k%D’C&)é
Abadir & BT D H UK &:
Abadir F—“iE' BT D HFM MBI E:
Abadir 351251 5 H 2l &

L7223 > T, Abadir BT
. BIFEHBTEND, o, ZiUEFR 1157108 L7BEE

DTH %,

7% 11.5.100F Eif L7 F95C Abadir 23512

220 mm

BT DHEWEh R

X, #54% (= (2,146 — 220) / 3,589) L #EE =
A DRGSR & S

T5b

B HEFOREMNEEHEE LD TH
%o BEMEEhERIT 40%7> 5 60%FEE & U I H D EEZ B D,

&R 11.5.10: Abadir EBIZBITAELDERNE

. . Ineffective
Intake Cultivation Efff:ctlve ETo Required Intake Irrigation FAO's
Year Volume Rainfall Kc Water . .
(10°m?) Area (ha) (mm) (mm) (10°m?) Water Efficiency | Evaluation
(10°m3)
1977 111.9 2,842 428 2,224 | 0.965 48.83 63.07 43.6% | Reasonable
1978 87.0 2,842 188 2,224 | 0.965 55.65 31.35 64.0% Good
1979 100.4 2,842 229 2,224 | 0.965 54.50 45.90 54.3% Good
1980 90.3 2,842 221 2,224 | 0.965 54.73 35.57 60.6% Good
1981 125.9 2,842 326 2,224 | 0.965 51.72 74.18 41.1% | Reasonable
1982 119.6 2,842 442 2,224 | 0.965 48.44 71.16 40.5% | Reasonable
1983 130.3 2,842 298 2,224 | 0.965 52.53 77.77 40.3% | Reasonable
1984 129.0 2,842 78 2,224 | 0.965 58.78 70.22 45.6% | Reasonable
1985 83.7 2,842 334 2,224 | 0.965 51.52 32.18 61.5% Good
1986 93.9 2,842 132 2,224 | 0.965 57.24 36.66 61.0% Good
1987 87.9 2,842 198 2,224 | 0.965 55.36 32.54 63.0% Good
1988 91.4 2,842 256 2,224 | 0.965 53.73 37.67 58.8% Good
1989 91.4 2,842 248 2,224 | 0.965 53.96 37.44 59.0% Good
1990 91.4 2,842 362 2,224 | 0.965 50.70 40.70 55.5% Good
1991 109.0 2,842 266 2,224 | 0.965 53.43 55.57 49.0% | Reasonable
1992 109.0 2,842 287 2,224 | 0.965 52.83 56.17 48.5% | Reasonable
1993 109.0 2,842 318 2,224 | 0.965 51.95 57.05 47.7% | Reasonable
1994 92.7 2,842 309 2,224 | 0.965 52.22 40.48 56.3% Good
1995 97.1 2,842 215 2,224 | 0.965 54.88 42.22 56.5% Good
1996 107.0 2,842 336 2,224 | 0.965 51.46 55.54 48.1% | Reasonable
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hTFKERHE IO b T4 FI - LiR—F B R—F 125 LKR—F) EEfMER S
. . Ineffective
Intake Cultivation Eff?ctlve ETo Required Intake Irrigation FAO's
Year Volume Rainfall Kc Water o -
6 3 Area (ha) (mm) 6 3 Water Efficiency | Evaluation
(10°m?) (mm) (10°m?) 6 3
(10°m®)
1997 102.7 2,842 218 2,224 | 0.965 54.82 47.88 53.4% Good
1998 92.7 2,842 233 2,224 | 0.965 54.39 38.31 58.7% Good
1999 254
2000 104.5 2,842 242 2,224 | 0.965 54.13 50.37 51.8% Good
2001 104.4 2,842 200 2,224 | 0.965 55.31 49.09 53.0% Good
2002 103.8 2,842 95 2,224 | 0.965 58.28 45.52 56.2% Good
2003 81.7 2,842 224 2,224 | 0.965 54.63 27.07 66.9% Good
2004 84.2 2,842 284 2,224 | 0.965 52.93 31.27 62.9% Good
2005 100.9 2,842 273 2,224 | 0.965 53.24 47.66 52.8% Good
2006 111.9 2,842 198 2,224 | 0.965 55.37 56.53 49.5% | Reasonable
2007 104.7 2,842 310 2,224 | 0.965 52.19 52.51 49.8% | Reasonable
2008 115.5 2,842 264 2,224 | 0.965 53.50 62.00 46.3% | Reasonable
2009 103.2 2,842 176 2,224 | 0.965 55.99 47.21 54.3% Good

il FHAEM, 7 — 250 - S R ORAERR

b.3.5 Besekalfl~DHEKEDHEFE

Abadir F235 ORISR N 54% Th 5 & UL, 720 O 46%IFEFICTHT 52 L7l
HERTLOKETHD, BERD L B0 FEPEHRUKEITR 102 57 m* Th 5720, FHHER
KREITR AT H T md &7 5,

Abadir 3 D4 g 3,158 ha @ 9+ Beseka il N O mifE I 2,315 ha & 36 L% 73.3%
EhODH, ZOZLEBETLHE, KB EL M (=47 BT x 73.3%) 7% Beseka sk
THAET HHEIIKE L 720 | 2 Abadir 25505 Beseka il ~Jii A U152 fix K OFEREAR
FIKE (VHx—rT7u—) LE2HND,

EBRZIZZ DO HOHLBEDEIGIT~ZET DANIAF T LR ELTERDILDIZ
TThd (K 115175HK) 2, TOFEEGEAEMHET 20IIRETHH7-D, LITF
DiFEmmITE O2ED Beseka {H~ELET 5D ERE L THED 5,

c. HERELTI/K & Besekalfizk N T o 2 o R

T ZCIE, ERCHEE CHEE L7z Abadir 28575 Beseka llifE~EA L 9 5 e K OFERE
RFKEDS Beseka K DEM AT L AN EDOREREL 5 200 % Hatd 5, BEARRIIZ
I, Beseka i Z 31T 2 R Ge  AKSLSRAERTAY A X7 B HERER TR DN E Do 72356 DK
NI UAEWE L, Z ZITHEERFEIRDSIND - 255 IS EREIE RS F G < AT &

DNk ELRTD,
c.l EHEAE O B L Aite &Y

2004 4RI iR D ek [ S LS AT, Beseka iIZ 7 U o = IR HANE L 7= B ZE Wik
PR L TV W TWS, ZOBAEOMImEANOKNNT 2 %K 11.5.20173,
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Lake Surface Area

< Catchment Area

Basin Runoff - Evaporation from Lake
, ) W= | Surface

Direct Rainfall on Lake

Surface

In case with Equilibrium LSA

L AR, F— %0 4B OFERE
11.5.20: AERBIZHITHKNTUR

W~ WAL ~ O BB & i D OFAD B S dv, 15 5 Ot X9
MHDEIEEEZ DD, WD OZAF BT FIT 5720, BHHIZEAN
A PRAREREEREIV A O KO RMEEPAFET 13T Th s, Dk 572
A% = 2 CILEHrH mEAE  (Equilibrium Lake Surface Area; ELSA) & &+ 5,

Beseka M 23 AR AE T ILIX, LU OBIRAEK Y 32D,

E-ELSA=R-ELSA+Q
ZZIZ.  ELSA: Pk
E: EHEARE (53)
R: FHRERE ()
Q: FEMOFHEN S OFARE (AR

R KSCIRPLEANE S 228 LU, B m R X A mig oL e+ 5
EEZHIND, YWKADWE CEMINTILR i/ T 5 2 L2V OFHEE ITH > TH,
MR A CZomEE b+ 5 2 L ITEWEEZ D,

KRG KSR DFEH . Metehara Hrl O - RERN R (T 508 mm, AR 7K id 3,023
mm LEHREATEY . 2% Beseka MIHRICE 5, SARKAEZBAEFAETHWS
NTWN5H08 &35 &, WmAREITFRM 2,418 mm (=3,023x0.8) L 725,

Tl & OWAR Q IZ 2V TR, TR E (R) It (C) 28N THET 2,
TR OHEEIZIL, KU CIRE LT FORE FVn 5,

C =1.090(A — ELSA) °**

Z 22, ELSA: Wi (km?)
A: Beseka Witk fE (= 532 km?)
DL EOSM TR 2 5 H T 5 L. 334km? L7 %,
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& 11.5.11: ELSA=33.4km2LL1=15E D Beseka i A=

HH G AR UEE)
A
W~ D [EHEFE R & 16.9 /7 m® | 508 mm x 33.4 km?
PRID> B DY 63.7 i 7 m® | 508 mm x 1.090 (532 km? — 33.4 km?)02% x
(532 km? — 33.4 km?)
w"AESE 80.7 §J m®
Vi
Wi DB DA & 80.7 i1 7 m® | 3,023 mm x 0.8 x 33.4 km?
RHEAF 80.7 B md
NT A 00BF m

Hl : SREFE., 7 — %00 Y EORERE

Direct Rainfall on
Lake Surface

16.9 MCM ,
Evaporation from

l Lake Surface
ll Y

80.7 MCM
[«
Lake Surface Area = 33.4 km?2
< Catchment Area = 532 km?

a o
Sin ,?0001? 63 7”//(,‘44

MCM: million m?3
il FRAM, T—# o0 UM B OFRERE R

11.5.21: ELSA=33.4 km?&L7-35E D Beseka D ERIK/NTU R

—J5. BEFEOEHIC L D & 1970 ELLRTICIE Beseka Wi fElE 3~5 km? FLE CTLE L
TWetEbhTnd, 2FEV | WEOFHEIHHEEIL 3~5 km? Tho7- L\ H Z L Th
D A ZAFEIC L DT DR TIIAK AN T o 2 ZBHITE v, ILKET O R H i % 4
km2 &4°2% L WEHAIEER 115121058 FT 280 L s,

% 11.5.12: ELSA=4km?2&LT-15E D Beseka #imHAE

HH LN FE (ES)
AR
W~ B N & 20 B 5 m3 | 508 mm x 4 km?
RE YRS ON W s 66.6 I 7 m® | 508 mm x 1.090 (532 km? — 4 km?)0-2% x (532
km? — 4 km?)
WAREE 68.6 5/ m®
it H
W2 B D7 & 9.7 57 m® | 3,023 mm x 0.8 x 4 km?
mHESE 9.7EHA md
NF VR 589 HH md

L AN, 740 AR ORI

TR 68.6 B Mo L CiHEIZ 9.7 B micil|mE ¢, AkNXT7 2 X589 55
M DOWABE TH D, 2F 0. ZOHAITERE 4 km?> TLET 5720121, LLF O
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EDELLNEENTHNEND D,
[ 1]
Beseka jifl7> 5 58.9 H 7 m3IC L S B DO FRHINFAE L TWAE, Zhvy [FH X &
55,

[
Lake Surface Area = 4 km?2 - 55-9 MCM
< Catchment Area = 532 km?

MCM: million m3

Ml BHER, F— It Y B O R R
11.5.22: ELSA=4 km2 &LT-1BE& D Beseka D ERK/NSUR R X 2KE)

[f57E 2]
VIO DOMARE 666 A M D9 H, 589\ miXiREd 57 L LT Beseka i~
BlETHZ el kbihvd, vk THEEAY) S,

Lake Surface Area = 4 km?

< Catchment Area = 532 knm?

MCM: million m3
Hilh  SRER. T—# o0 EYEEORES R

X 11.5.23: ELSA=4 km?2 &LT1=15E D Beseka D EEK/NTURFER Y ZIRE)

KNT U AFE T ERRO 2 oOREIFELFUERE DT, T, JEERIO
Beseka I/ IREE DM D TR o 72 &0 ) FRIZHE B UL, il St AR RE
SNTWE EHET HHFBAENTH S,

ZOZENS, UREOKNT CAFEOREE LTRE 2 (BKY) 28AT5,
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HBERY 2 RIAALTESHEE L RIAE 72 WEA @ Beseka /K3 X OV HIfE D Em D%
AFLENET—ZZTICEE L O %X 115248 XX 11.5.2512577,

954

— Observed
952 —— === Simulated
= - Simulated with Loss"Y" /
950 ﬁ
= NI A
................. gV “\
948 - ,

946

Water Level (EL.m)
S
\
\
\
L 4
-
s:‘
L3
-
'd

944

942

L
\

........... L .A,A,N'V\-.\,J\

940 T T T T T )
1900 1920 1940 1960 1980 2000 2020

Year

i G, 7 —2 o0« A B OFRARR

11.5.24: BRFEDKNTURFTEIZ KD Beseka /KGN ZEE

50
45 4 ——Observed 4
=== Simulated /
40 +—— — - Simulated with Loss"Y"
_ -
<~ 35 IN (X} Z
EFP [ mceemecccccceccccccea 1N 7 MMN
=3 Prae - VL,
o 30 7 v
g ! /
<25 +
8 ! [
£ 20 i I
n ]
L1s !
5 I /
10 1
5 ; / Ao
Y= . e o e o e o o fo . F N-I\
0 ; : : ; : ‘
1900 1920 1940 1960 1980 2000 2020

Year

Hil : AR, T—# 55 UM E O R
11.5.25: FEFEDKNSURETEIZKSD Beseka #iEBENZEL

BRY ZRIAERWGE . 1912 FOF RGNS IR A L, EL.948 m 2
FEWCET D, ZORE, WEAEIE 33 km? B CEMLRRE IS L, WM R B 2R 7
1960 414 MR IL A FFBL T & TV 7R,

BRY 2 RIAALTES & WARMIZLE L, KET — % B AF T E 72 1976 F-LARE TIEAF
EONEOENT L0 WA IS BN K 55 b OO EiE 4 km? f2EC
ZE L, WA ERATOWRPAEFBLL TN\ Z EB3nnd,

WIT, RESMEOBAL S PEIRRE S & ORERET D0 2R T 5720, LLFO4
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WTRKBERHE IOz b J7A4FI - LiR—F (W R—FT 425 LEKR—F) EEmERXEH
R T E T 21T - 72,
® & (508 mm/4) 7% 10%HEIR L 72356
® R HE (2,418 mm/AE) 73 10%HEIK L7255 A
FEHR A 1151310077,
= 11513 [IREEHICHTHFEENEEORESAHER
-10% 60% +10%
457 mm/4E 508 mm/& 559 mm/&
-10% 0.7 km? 4.5 km? 8.5 km?
2,176 mm/4f (33.4 km?) (37.9 km?) (42.7 km?)
@j 60% 0.7 km? 4.0 km? 7.5 km?
e 2,418 mm/4- (29.4 km?) (33.4 km?) (37.5 km?)
+10% 0.6 km? 3.6 km? 6.7 km?
2,660 mm/4E (26.4 km?) (29.8 km?) (33.4 km?)
¥ SN OSBRI R IR Y 2 A F 2 WA ORENITRE R TH D,

i GRE, 7 — 200 - Y E B ORARR

ERNSSND EBD, EE 10%IN S, AK¥EEE 10%ED &8 T b M mfE
1% 8.5 km?~ & H#INNT A ICim X3, BFITHA LI- 4 km? 225 50 km? B8~ D g HL K %

SKAEDEALDHRTIHAT D DIIRAREL E 2 B D,

c.2 BEHMRRIKEEZBR LTCAKNT RAFHE (BERYDHY)

b.3.5C Abadir 275 O K OFESTEIKEZ 35 55 md L H#HEE L7-, Beseka i#l~Dk
AEIZZ OFEMRTEKEINZ 7256 O ENnfE s FET H L, 214 km? Lpo7z (F

115148 L OK 11.5.26&H)

= 11.5.14: EHSREIKGBEEHA M)ESAEKNSURHERR

HH I FE /AR A AR UEE)
P E AL (ELSA) 21.4 km?
PEAE
i~ B N & 10.9 &5 m® | 508 mm x 21.4 km?
VLI B DN & 64.9 77 m® | 508 mm x 1.090 (532 km? — 21.4 km?)02% x
(532 km? — 21.4 km?)
LY 589 H T md
TR FIK 350 /5 m
RAREE 51.8 HJ m®
it
2> 6 DFEFE B 51.8 57 m® | 3,023 mm x 0.8 x 21.4 km?
mHESE 51.8 HJG m®

L FRAN, 7 — 200 HAH B ORARR
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WILITBUR NEIRR T N1
EfMER K St

IFFAETETI PR
WTRKBEEABEIOS O b T7A4FI - LiIR— bk (B R—F 45 LKR—F)

Direct Rainfall on
Lake Surface

ééwbﬁ 10.9 MCM :
64 Ynogr Evaporation from
9 /Wcﬂ// Lake Surface
) ; M 518MCM
O 44, / v
SS )/’, //,' '//
2\\,’ \/,’ M
L in ..
580, Gatj
.QMC/W |: :| 7 e’U/’/; £
Lake Surface Area = 21.4 km? Cly
< Catchment Area = 532 km?
MCM: million m3

Ml AR, F— %5 HSE B O RAR R
11.5.26: EBHREIK (35 BH m3)ES AT Beseka D FEREAK/NTUR

FEta TR/ B0 1977 45 1983 4EIZ AT TiE Nura Hira 23025 &4/ 11.2
B md OREEATIK DS Beseka I~GEA LTV & Wbilh, 2z bk U CREREAT
KEZA462EH T M &5 & EEHH AL 27.0km? & 72 % (F 115158 X O 11.5.27%H).,

& 11.5.15: EHBREIK(A6.2EBA M)EFESAEKNSUORAGFTERE

HH T AR AR FE (ES)
P EAE (ELSA) 27.0 km?
PR
W~ B N & 13.7 &5 m® | 508 mm x 27.0 km?
Ttk & DN & 64.4 7 )7 m® | 508 mm x 1.090 (532 km? — 27.0 km?)02% x
(532 km? - 27.0 km?)
HEY -58.9 1 7 m°
HERE 42 707K (Abadir) 350 5 m
TENEA T K (Nura Hira) 11.2 55 md
BAREF 65.3 5 m®
Vi
Wi DB DA & 65.3 1.7 m® | 3,023 mm x 0.8 x 27.0 km?
RHEAS 65.3 B m®

il G, 7 —# o0 A OMRAERR
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WILITBUR NEIRR T N1
EfMER K St

IFFAETETI PR
WTRKBEEABEIOS O b T7A4FI - LiIR— bk (B R—F 45 LKR—F)

Direct Rainfall on
Lake Surface

Sy 13.7 MCM
62, '?Uno,y ' Evaporation from
ey, l Lake Surface
4 65.3 MCM
LOSS :‘y’, l ?“
\:\\,’/ J/:/ M . s »
89, " Retyy
Wew < >! g Ap, ! /F/OW
-
= 27.0 km2 Nurg 1. 35.0
Lake Surface Area = 27.0 km ra /~/,,a.' 77 /gCM
< Catchment Area = 532 km2 < Mg,
MCM: million m3

HL B, 74 S B oA R
11.5.27: EEIREIK(46.2 BA m®) & & AT Beseka Bl D ERMK/INFTU R

X BlchRuE 72— 2 L LT Abadir 25 CoRUk &S E (102 55 m3, b.3.1RM) "%
DFE F Beseka WHIHEIVIAA TS E ONHIAIEE & K NT U ARG R EZF 115168 &
¥ 11.5.2812777,

£ 11.5.16: EBRREIK (102 BE M) EFESAEKNSURGTERR

HH TR AR FE (ES)
P EAE (ELSA) 54.8 km?
PR
W~ B N & 27.8 &5 m3 | 508 mm x 54.8 km?
RE YRS ON W s 61.6 F77 m® | 508 mm x 1.090 (532 km? — 54.8 km?)02% x
(532 km? — 54.8 km?)
HEY -58.9 1 7 m°
TR K 102.0 5 5 m®
w"AESEH 1325 5 md
Vi
Wi DB DA & 132.5 /55 m® | 3,023 mm x 0.8 x 54.8 km?
RHEAF 1325 5F md

HE  FRAEM, 7 — %00 - HYE B OMRAR R
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27.8 MCM

WILITBUR NEIRR T N1
B ERA 1T

[ 10
Lake Surface Area = 54.8 km? 2'0/‘40

A

Catchment Area = 532 km?

MCM: million m3
il FRAM. T—# o0 UM B OFRERE R

X 11.5.28: FEBREIK (102 BF md)EE AT Beseka D ERMK/NTUR

PLEMG | Abadir B350 D OBEMSREIK O TIER L 5 2 EFEIL 20 km? F2E & T &
720 . Nura Hira B35 5 OFEMATIK Z IR L7856 TH 2T km? fREEIC & EF 5, FEEE
(LA S 4172 50 km? FBE DA i F 73 2B 9 2 (21X AE ] 100 B 7 m3FaLEE DR IR 03 3
Iif Beseka -~ AT D LB B 5,

T EIE Abadir 35 X O Nura Hira 2457 & OFEBEARFIK 234 T Beseka il ~JitdLiA LT &
BUE L7558 OEROKA, MEEZFHE LR RTH 5,

954

952 | —Observed 7
= - = Simulated with Probable Maximum Irrigaiton Release

950 | —== Simulated without Irrigation Release

©
B
%

Water Level (EL.m)
(e}
s
[e)]
!
-

’ .
l L R
944 /

942
1 "N
,———————————-———-—-’/-—-l‘-l \‘h'—"“\“—\‘ls’\
940 T T T T T )
1900 1920 1940 1960 1980 2000 2020
Year

L FRAM, 7 —2oc S B OFRARR

11.5.29: BEDKIINTURETEIZKS Beseka /KGN ZEL GERREIKHY)
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50

/7

=y
(%]

—Observed /.l
+— = - -Simulated with Probable Maximum Irrigaiton Release
=== Simulated without Irrigation Release /

I.
2\

L5

./_. —~e
i
|

1
! :
e—mm————m—e—m e e — e el VNS SN
v

N
o

w
(%]

w
o

N
o

4

Lake Surface Area (km~2)
[ N
192} (92}

=
o

»
5 A\
Y
0 T T T T T 1
1900 1920 1940 1960 1980 2000 2020

Year

W B, T — 4ot - Y B ORI R
11.5.30; E£EDKINSUREHEIZLS Beseka HEBENDLT 1L GERSREIKHY)

1960 £ 1% H-0> Abadir BEIESF3E O BIARIZfE - TWIKNIZ AT LR35, 1977 £ 5
1983 41T A ) T Nura Hira 24570 5 O 4RI S N4 O KALIX EL. 947 m (i i FE 30 km?)
BEICETERET AN, Tha b —2 & LTEL 945m (GHfEfE 23 km?) FLEICZET S
DINGTFIND

c.3 EMRRAKEEBRLUTANT S RFE BRYZRL)

WA, B2 DM L E R O LA S 2 4 km? &4 5708 A L-% Y (4[] 58.9
B md) Nl lpol ERE LT2RMHECTe2l RAEEDKANT VAR EZIT- T2,

FEMERRIKZ 35 57 md & LB ofi Ra4 R 1151786 LU 1153112, 102 H 4
md & LG E o R4 # 115188 X O 11.5.3212~7,

£ 11517 EHRKREIKGEEA M)EFEATEKNSURGFERZREEL Y L)

HH THIFE /AR A AR UEE)
P E RS (ELSA) 50.8 km?
A&
W~ B N & 25.8 /5 m3 | 508 mm x 50.8 km?
VLI B DN & 62.0 /77 m® | 508 mm x 1.090 (532 km? — 50.8 km?)02% x
(532 km? — 50.8 km?)
TR TR 350 5 m
RAREE 1228 A md
Vi
2> 6 DFEFE & 122.8 577 m® | 3,023 mm x 0.8 x 50.8 km?
mHEEE 1228 B md

g AR 7 — oo Y H B OFARR
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25.8 MCM

62 0”40/”

M 1228MCM

/r/./\'qaf/bn

Slyr,
[« > 3 N F
Lake Surface Area = 50.8 km? 5'0/‘40/14 low
< Catchment Area = 532 km2

MCM: million m3

il AR, T — & ot HUE B O FE AR R
11.5.31: EHAEIK (35 BHA m3)E2 AT Beseka HIDERE KNSR FEL Y %L)

F+ 11.5.18: EHMKREIK(102BE M) ESAZKNSURGFEFER (BK Y %L)

HH AN AR UEE)
P E RS (ELSA) 84.1 km?
AR
W~ D B N & 42.7 57 m3 | 508 mm x 84.1 km?
Tt B DN & 58.7 7 /7 m® | 508 mm x 1.090 (532 km? — 84.1 km?)02% x
(532 km? — 84.1 km?)
TEERRIK 102.0 5 5 m®
RAREE 2035 HF m®
Vi
2> 6 DFEFE & 203.5 5.5 m? | 3,023 mm x 0.8 x 84.1 km?
mHEEE 203.5 55 m?

i AR, 7 — oo Y H B OFARR

42.7 MCM

55].7440/W

203.5 MCM

M

e
Lake Surface Area = 84.1 km?
< Catchment Area = 532 km?

MCM: million m3
Hl : SRER. 7—% 00 HYHEORER R

11.5.32: EBRREIK (102 BA m3)EFE AT Beseka HIDERK/NTUA(HBL Y %L)

PLEDD, BRY & RIAERWGE . Abadir 50 bHEH S5 2HEEREIKIC X -
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C Beseka ilimAd (% 50 km? B\ £ THLET D AREME AN H 5, 7272 L. ¥ 115248 L O
X 1152512k L7172 BV . ZOEAITITHAN ERERTORBENHR TE TNz
LITHERETRETH S,

d.

B

CIETORBMEELDHEUTOLEREY THDH,

Abadirf2OBUKET — 2 EEY (U X E) AFOLOOMEKE, BIO
55~ DA NN DHEE LIRS RITMA% TH Y . BAFLHran D,

Abadir 2350 HHEH & 9 MR TEIKITR K THIBE M TH L3, i
FRFEWNCBET DRNCHERT2ELEATEY . EEIIXIINLEY HiE50
N EEZHND,

KT o ZRFE B, BEITLE LTV L Wb A IHHE S km* M- 5 726
(Z1%. Besekaifl ~Diiiigin b OWEAEITK L, AERI58.95 FmP DK (EKY)
T HIAD B B D,

RRY & RIAATES4A . Abadirfi i 7 & OFEIEATRIAISE Tmilc L - THER L 9
% Besekailflif& 1320 km?F2E . Nura Hiraf24545y 011.25 HmiZ ik L T $27 km?
FRETHY ., EfE (50km?) (2im < KT,

HBRY % FAAF WG4 Abadirf250 B OFEEAR RIS Tmilc k- Tk L
9 % Besekaifi i fE X EAHIC A D b DO L7220, ZOHEA . 85O VM fE
13334 km? TH Y | 3~5km* TLEL TW e LW O TR EFET D,

Ihb Okt z i CefimmiZLl Fo LB ThH D,

WAkE EROZ A7 (FEERRE & WE EARRBSICHAE -, K
11.5.16 2 /) OFEMERTEIK 2 RAAATZKNT  AFHE DG | HEEA T K 73 Beseka
APER & 4 < HERALR & 1S 2 72\,

LU S, FHYZEMTRES >72 & LT HE#EMARIK T Ciim ke
SHUIIR S, BUEMER ST 51 E ORI RIEHI T & 2,
ZNEBIAT 572 011E, HEERTEIKOTRASMIABRY OSHCH L, HDH 0
XIS DN D DWMA DR AT ERIOBEE IR FGE B X HNENRD D,

4 11.5.33/%Besekaifi/k D7 — % 6, 1960 A% LRI H A L 72~ DB
IRAREZHE L LOTH D, BEIZIE T EEZ LN DERTFIKITNZ,
2 BN D S OFAR (b L IFREYORD &) OFEE2 B RET 5
HDOTH D,
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IFAETET I 2)hikE

W TBUE NERR G hikiE

hTFKERHE IO b T4 FI - LiR—F B R—F 125 LKR—F) Eist st
955 140
Observed Lake WL /
950 +— 120
(left scale) \ff-/

945 — 100
_ / Total Additional Inflow to the Lake \ _! s
E (right scale) ) / vl s
% 940 \ _ 7 N ~ 80 é
g h / =
% 935 . Probable Max. Inflow from / PRVASA 60 &
& - ; Y ‘ A : S
© Irrigation Areas (right scale) 4 /s r =
3 R Ao A 3

s k MG <

930 \ ..... Aoy Y S 40

HELN AR
925 e 20
A AN ."’\ Unidentified Additional Inflow
920 - A’ v (right scalle) 0
1950 1960 1970 1980 1990 2000 2010
Year

i FRAR, 7 — &0 FAH B OFRARR

11.5.33: Beseka #i/KGIDEEFMNSFHEL-EMRAE

® WWDSE (2011)IZ3 W\ T b [AEROFER N/ R SN TE Y | FABIMERICH 2T

KIBADIFEEEZ R LTS (X 11.5.34%81) .

STORAGE CHANGE & GROUMDVUATER INFLOW VERSUS TIME

HH

]

VOLUMEMEN)

)

STOR

(n}
(9]

10.00

7

a
Y

N
1577 1985

1983
-10.00 F

s

19%5

-20.00

i
| |

il . 25880

11.5.34: WWDSE (2011)I<

REMERRI KIS LT

TIMEINYEARS

&% Beseka fi~DM T KAASHELER

X, LT ORI S TR OBEANEETH 5,
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WTRKBERHE IOz b J7A4FI - LiR—F (W R—FT 425 LEKR—F) EEfmERKX ST
® Abadir2HC HOWTIIBEIC BAF R BRI R 2 LTl D, ZALL Lo LTS

11.6

116.1

\,0)»
— —

DI,

Nura Hira 2452 > W CTIEBEIC R E A TH D,

Abadir=°Fentale7 & BEAF O 2 P 1L SH 2 OIEBLFER TRV,

KEBGY DUEFERTIK A I B 5 VM TG HE 7K 2 91 L T Besekalfl ~it A3 2 1%
FTTHY, ZNERAFNCIED D X 5 6 RITHIEZ TR,

LD ARIEMRTIKE LTRA LGSO & FEFRELYHET D (BUKE,

PARR T2 E) ZWNICHRE L, TV V2 )INET ZEDRRBBIENEE R D,

FEEARFIK E LTARIRA LG LOEBEZUTO LB HEET D,

AbadirfZ%; R3S E T me, A DN 7 O FEERFIK 3T OWIKIT 72

HE LT,

FentaleJEJE X 4ERH91E Tm3, Besekal#fl ik N O BEIEHIf5736,000 haTdh 5 =

L5 AbadirfZ (2,315 ha) & O mifgEELD HHEE (=35%6,000
/2,315)

Zhiv, A 126 A M (Am¥ED) Dititiak N MR E 72 %, Beseka i) B D HEK
FiE% 1T 2004 FELBERA SN TE Y . EtdKEENTBUROBAIKE (IEF) 7m, KiER 1.2
m. JEK 0.5 mifb &35 L HEKRESIL 420 m¥F)) THT TICHRESNTWAH EE X B

60

Beseka DK EERIE

Besekajtf FE D 0 ¥k ih

Beseka i D /KAL_EFIZEI T D JREIZ DWW TR, K& < 13X 1960 A5 Beseka il &l
TOY F X ERGNPIESNE Z TOREBHAKPRA LTe 2 &1 X2 EH 235
FHRIINZZERZOMOERBHEE SN TWDH, I 2 TIREBAKOTRAIZ K 51
KELD ER-OFEEMEICSOWTEF L2 W THE LT,

WETEH & Beseka IO EEIR A X 11.6.11Z7R L7 (SRTM F— 2 bE L #E
2 #R) . Fentale 2 X% O Fentale Vast IZELERRENRILIZ 720,
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11.6.1: Beseka #iEDDERHDLIER

Beseka WEG I D FFEislfrE LT % Abadir FEREHUIIAICTHE LT Y . FERERER S
DOFEE N LV ENDO T, ZFOREMEH ) S OFREEH KB HAT D[ REMEDH D &5 %
SY AR

11.6.2 ZEPMWHSORARE

TEEHIZ /K &30 U T S U7 HERE K DS ERE S E O EFIH STV B 0o Tl
TXHEE LAY, MOWIE 28 1977 4E~2011 4E F T Beseka I BEEHID & & OFEE O BN
ALTED EEAEIK) 2F LOEEELFE 116U LT,

# 11.6.1; ERIHA S Beseka fI~NDEERAE

Year Nura Hira Abadir Fentale | Total(MCM)
1977 13.4 20 0 334
1978 12 20 0 32
1979 17.5 2.9 0 20.4
1980 14.6 2.6 0 17.2
1981 10.8 3.6 0 14.4
1982 12.7 3.4 0 16.1
1983 13.7 3.8 0 17.5
1984 0 3.7 0 3.7
1985 0 2.4 0 2.4
1986 0 2.7 0 2.7
1987 0 2.5 0 2.5
1988 0 2.2 0 2.2
1989 0 2.2 0 2.2
1990 0 2.2 0 2.2
1991 0 2.8 0 2.8
1992 0 2.8 0 2.8
1993 0 2.8 0 2.8
1994 0 2.4 0 2.4
1995 0 2.5 0 2.5
1996 0 2.8 0 2.8
1997 0 2.7 0 2.7
1998 0 2.4 0 2.4
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hFABAFEHE IO b T4 FI - LR—F (HR—F 4> JLE—F) ] 27 S
Year Nura Hira Abadir Fentale | Total(MCM)
1999 0 1.8 0 18
2000 0 1.2 0 1.2
2001 0 1.2 0 1.2
2002 0 1.2 0 1.2
2003 0 0.9 0 0.9
2004 0 1 0 1
2005 0 1.2 0 1.2
2006 0 1.3 0 13
2007 0 1.2 0 1.2
2008 0 1.4 0 1.4
2009 0 1.2 317 329
2010 0 1.1 422 433
2011 0 1.1 64.3 65.4

11.6.3

BatoFiEE LCix, £ 11610 &2 T 7 LN O SO HFEIC &b
TRE SNV OREETHRL, SRR VFEL RS2 LI L,

7= & z2I1E. BT MITEBWT Fentale FEEHI BRI L7z v E0Z 873l CTH D, Th i
YA X 500x500 m TEHE T2 & | BEMEHLEFE O A FHIEAY 21,825 77 m? & 725, 2011
.0 Fentale HEIEM T T S 72 HEE /K 2 1E 64.3 MCM % > CHEEEH R FE DA FHE T
Brd &, BB/ OFETHRE LIZEEEMIL0.29 mAEL 7225, —J7. Abadir HERE ) &
HU7= 803 111 i ©d 5, Fentale #EIEH & [7] U 500500 m CatH3 2 & R
HOAFHEIL 2,775 7 m? & 72 %, OFERHC 2011 A2 fi b 7= EREHE A B 1.1 MCM
TEND LB VISR E LT REREH A B 0.04 mI4E L 72 D, SAEOER T AR 2 F
LThb, EFTANDRABEZEHIZ3 DD FA4 TV TETHE L,

%1 OMET, FEREHIGE AR D 50%, 5 2 [IHEMEHTEA RIS LUVMEICERE. B 31X
REMEHR A B2 AR5 & 9 ITRE LTz,

FLOMITRR

51 OMENTHRERITE 11.6.2127% L7-, Beseka AN 28 & EEREHE O AN B O L) & 1T
EFEHLTWD,
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11.6.4

Water Level of Lake Beseka

Irrigation Return Flow

Water Level of Lake Beseka (EL.m)
Irrigation Return Flow (MCM)

11.6.2: EHMRABEETIVICKZHIKEALEEEDFEITIER (50%FAME)

A L7z & B0, #EMERE 1960 5 TH 0 |, FEREH S DA 1960 40>
LR LB bivd, UL, 1977 FELARTORET — 21372\ T, #EEEDRE
L1977 FENLOT — X E#FH L TiTo 72,

1977 557> 5 2008 4 & C Abadir IR & Nura Hira FEREH 72 U BEREHL ) D DR AN 72 S
TWD, LarL, ZORMTiX Nura Hira #EEHE T, WAL DIT 1983 4% T
Thd, 728, 1977 405 1983 A= D[ Ti Abadir & Nura Hira #EREHE & & ICHEREHI)N D
DFWAPTONT WD, ET /ML > TPl L7ZFEROHF Tl 1979 725 1983 D[]
TILRNL O 2B & FEMEE ORI IX LRI R X 72 =8 LD 2 L il o T,

2008 4E £ THIKNL D ZEEN B %2 5 2 TV 5 O3 Abadir EREHIZ &% 2 S,
TEHRE A B OB A2 it L7z, 1977 4200 5 1978 4AE DRI R\ THEREH i A 1% 20 MCM
TlEdH D0, TOHMEYER L, FAME 3.8, f&/ME 0.9, EHE 2.1 MCM Th 5, 1977
D 1978 FOFEMRE L TR 110 Th b, TD72HIC, K 116.2IT R ST D X
21T, 1979 FENSIIKAA EFEFIC, D LT 2K 2 L5k o7z, »wTFhicL T
IS F M S D RTOHIARAL & FeNT, ZOBITHARMA EF LT3,

THKNL D EH OB IAE I 1978 A2 B4, Abadir FEREHID B 0O R & O fie KAE
E—HELTWD, MIIRRE LKL & e uE, 0.026 m EF- L7z, ZHUTERT, KL
A EDR/AMET 2003 42T D, Abadir EREH 72 T O e/ NEIEH R 2 {E (0.9 MCM)?D
R CH v . FIHIKNAL & b5 & 752 0.0005 m 721F EH LTV 5,

F2DMHTRER

5 2 OFFTRER. SE D PRS- HEREN KR L R U TiREE L
RxK 1163127 Lz,

E L7256 0k

e
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WARNL DB o — 35 1 OFTRER SIZIERICTH 0 | FEREHIE A O LB
STEL TNV D, 1978 FFITITFKRANMNAES DI, FIHIAKNL & b~puiE, 0.05 m k5
L. % 1 OREMHE AR D 50% %4 E L7cGa LK 2 5L o Tnd, KA ER&E
DfIMEIEE 1 LRI, Abadir FEEH O e/ NEBETTE A & 0D 2003 4EIZBLod, HIHIKAL
& HAUKAZAY 0.0009 m AL T2,

Water Level of Lake Beseka

Irrigation Return Flow

Water Level of Lake Beseka (EL.m)
Irrigation Return Flow (MCM)

11.6.3; EHMBRABLEETIVIZEDHKEESEDBNER CEHRAEERL)
11.6.5 EE3DMBRITHEE

% 3 OEMTRER. OFE VD TR SRR A & Z M5 L CRE L2 H a6 O/ R 2 X
11.6.4127R77,

AR DB D /85— X5 1, 55 2 OfFTHER & 0372 0 EBIL T Y | HEREHIE A &
DEEZ > TET D AR EF O KB 1978 4F THLDOIL, FIHIANE & H~i1iF 0.1
m b5 Uz, KA ESF-O R/ IME X 2003 4= TBLDIL, #WIHIKAL & HexC13 0.0018 m E5-L
TWD, wmKE, B/MEZ, F208K 260, HLOBROKAELR-oTND,

U bEOREREZZTHLND L0, S OFRARIC X DWIKRMOEBLIX, €T
N ETRHIFZEAEEEEZ T TWRNWZ ERET NS, A EZFIZEEL T
HIWAARNLO EFHEIZ01m TH Y, T A0 BRI, FEERAEN KA EHOE
SR &3 LIZ< vy,
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Water Level of Lake Beseka

Irrigation Return Flow

Water Level of Lake Beseka (EL.m)
Irrigation Return Flow (MCM)

11.6.4; EHHMRABEETILICES KN EELDBITHER CERRAZEDE)
AlEl, EHIET U Y 2 ) E OB FEHA~DHAED T — % 23 11.6.212 R LT,

= 11.6.2: KEHMADANINODFRAZ

Year Nura Hira Abadir Fentale | Total(MCM)
1977 107.1 111.9 0 219
1978 95.8 87 0 182.8
1979 139.9 110.4 0 250.3
1980 116.7 90.3 0 207
1981 139.9 125.9 0 265.8
1982 86.2 119.6 0 205.8
1983 101.7 130.3 0 232
1984 0 129 0 129
1985 0 83.7 0 83.7
1986 0 93.9 0 93.9
1987 0 87.9 0 87.9
1988 0 91.4 0 91.4
1989 0 91.4 0 91.4
1990 0 91.4 0 91.4
1991 0 109 0 109
1992 0 109 0 109
1993 0 109 0 109
1994 0 92.7 0 92.7
1995 0 97.1 0 97.1
1996 0 107 0 107
1997 0 102.7 0 102.7
1998 0 92.7 0 92.7
1999 0 99.83 0 99.83
2000 0 104.5 0 104.5
2001 0 104.4 0 104.4
2002 0 103.8 0 103.8
2003 0 81.7 0 81.7
2004 0 84.2 0 84.2
2005 0 100.9 0 100.9
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TFKBEARKHBE IO O b T7AFI - Lik—F (HR—F 1V FLKR—F) Eist st
Year Nura Hira Abadir Fentale | Total(MCM)
2006 0 111.9 0 111.9
2007 0 104.7 0 104.7
2008 0 1155 0 1155
2009 0 103.2 684.1 787.28
2010 0 16.17 900.3 916.5
2011 0 99.83 1359.8 1459.68

Z OFAEL, FEEH) 5 EHE Beseka WA T 2 b O TIH AW, RIZE 11.6.20
T TOIZRANEHE Beseka WA L7z & L THIAKMLOLES) & g2 &, X 1165

DEH>THL,
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o - 780 W
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— 9418 | Fo80 g
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« 9416 - - 180 f=)
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g - 20 —

941 4 -220
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99 9 e ey 9 99 Vo 0oy 07, Vss
Year

X 11.6.5: SAJIRAZEETIVIZKDMKMUESEDEFTERGRAZLEL)

KN DB N2 — 1%, BEEIK BEOETI NS 5, 2008 4F F TOHRRAKN
E78 1983 4ETHLIbAL, FIHIAN LD L 0062 m D EHT KR TH D, AN EH
BEOR/MENE, Abadir FEREHID B OWEA B TR &7z 2003 I HBL L, FIHIKAL & b
T 5 LWKNLIE 0038 m EHTHFEREAoTe, T Lk, Wi ARE L LT, IR
FEMM 200 L, EHERA LA TH, 7L ETIEIKALITIEE A8 B3 59, 2011
FEORKHETH 06mMEED LHEZRTEETH D,

11.6.6 ETIICLBEHDMTKEE TR

Beseka WK ZEB DL 721F T <, B DK "), HrlCREREHER 5y T DK ZEE) &
WEt U7m, BEREE A SN E W kS L CU 5. Beseka IHFEHI > Abadir SEREHI O EF L
WK DT AN N OV THRET LT,

a. AbadirfEBEHI O HE T /KNS (EREHD O OWMABRTHE LEHE)

Abadir X Beseka 1D EWNCH D . L e D iICiEET 5, T UL -
THEMT UTo AN A B OFE ST 11.6.612777,
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Abadir FEREHN T O H T KL 2 B X Beseka I O KNI AENFE R R GE L TV 5, FRIC
1984 47> 2008 4D Abadir FEWEHLZZ R R STV DAETIE, HF AR OZE
BHLMBEDO THRREIEYE->TWND EE LD,

7235 2009 4EH> 5 2011 4E Tl Fentale HEREH DO HERE ) 1B E - 72, Fentale JERERL D —H( 4y
EX 11.6.1127R L7= & 9 1S Abadir #EEHI O EFRANCALE L TW A EATS H Y . BEEHIE
AT Abadir JEREHIIC BB L TV D EEbID, D72 2009 4~2011 DO RIIC
I% Abadir JEEHL B B OBEBEHITE A & IX56 EZE D> TV RV A Bl Fentale #EEHL>
SOFBELZIT T, KO EANRSNS, 7272 L 1977 425 1978 4= Abadir #EEH ©
B RVEREHI R A B A 500k L T2 4R L LR TET M F AN O LR EITD T TH 5,

Groundwater Fluctuation (EL.m)
Irrigation Return Flow (MCM)

11.6.6: Abadir EEIM TOM TR ESET L TR GEROLDRAE)

37547 T OREMHIEAEICLAET L ETOH FAMOLEEFNILLFTOL > Th
%o

1) EWEHE AR 50%DOAEEIZ Lz & & KA OB KMEIX 1978 4128
v, FIIRRE Lo KAL & T 0416 m E5H- L7-, H/IMEIX 2003 4E1C
B, WIMIERE LIz AKNL & < 0.0019m EH L7,

2) FEEEHEA B ERE L [ U EE Lz & & RN B O R KfEIE 1978
EICHIDI, FIIERE L72 KA & BT 0.227 m B5 L 72, B/IMEE 2003
HIZBL DL, WIIEE L 7o KAL & < 0.0038 m L5 L7,

3) FEMHURARZ 2EOMMEIC L &, AU X 5 ITHRKMED 1978 45,
/IMEAS 2003 4F TELO AL T2, IR E L 72 7KAL & He U RAE DY 0.443 m,
Be/MEZY 00075 m EHF5 2 Lo,

B KFEREHR AR D 1978 B W T 3 7 T4 7 U TR IER RO T /KN ZE) O KA
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& Beseka WIAKNLABY ORI & HR5 725 0.09,0.176 & 0.344 m L5H-$ 5 THIFR TH 2,
b. AbadirfEBE O M TR ZES) GAIJIITRAR TRE L1235 8)

NS OFMARLZE Lz & &I, MO FARMAT TN 1167055 TH
Do

Groundwater Fluctuation (EL.m)
Irrigation Return Flow (MCM)

11.6.7: Abadir ETOHM T AKEEBHET L TR GAIRAZETOHTE)

Abadir EEHI T 3 FREHD 7 T A 7 U 7R - 7o) A BT K 2 H R KAL O 288k
RE2VNITRT,

1) INRAREZS0%DEIC LIz & & KRAEE O HRRIEIT1983FIZH i,
FIREE L T2 KL & BN T0.136 m B L7z, f/IMEIF20034F (2B b, 4
HIRRE LKL & HerT0.085 m 5 L7z,

2) IR A RN TG & R U L AE Lo & & I REAN19834E fi/IMiE
2320034F THLUDOI Tz, FIHIERE L 7KL & B411$0.273 m& 0171 m B 5 L
7o

3) MR A B2 265 DB EIC Lc L &, FU & O ICHRRMEA1983F, K
/IMEAN20034E TH DL, WIIERE L T2 /KAL & HE 4T H K fE230.545 m,
I/MEZN0.341 mERTH 2 Lotz

BRI ARZAEE LT-, 1983 4E123\ T 3 FlRMEZR Ehb S O H T /KN B 0 i KfE
& Beseka WK ZE B OFE R & %725 0.101, 0.211 & 0422 m EH4 25 FllFEETH
%,

11.6.7 ZEPHFTAE &KL LR DB
Beseka i D /KNI 28 B & FEREHTE A B A iR L7/ R A X 11.6.81 /R LTz,
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7. 9)3 7 9&0 7, 9{93 7 990 7, 9‘93 ‘?000 < 005 ) 70
X 11.6.8: #KMUEBEERMTAZEDLE.

BT NVONTFEFRIR SN TND K 512, FEMHIR A EO LTI L WIKAL L)
T 5, OF D FEEEHID D OWEAN RSN OB S NOREE KT 2 L E2RT,

L2rL, K 1168127733 & 91, HEBEHIEAEN ENTEITEI L TH H 2 WIEHET T
EboblpneE LTh, WIAKMIZER L TnD, 1984 4:~2008 D], FEREHIHE AK HIX
Beseka 1D FHIZ & 2 EREH Abadir 7217 TR HIL TR Y EREHITEA = O F KM X 2.8
MCM. #/IME 0.9 MCM K ONEEIE 2.0 MCM Th o 72, &7 /L O #ESE TIEIAKAL
EREFIC, K TR E STV D,

—7J7. MOWIE OF —#Z |2 X HIKAIZIFIE LA LTEH Y 2003 2BV TIHHAMN
PR L HERT 498 miE & EH- Lz, 570 BT, S OMAERH - T
Beseka il DWA/KAL D EAITFR S BT 3R E L 725 CTITMIHIKALIZ -~ 2 & 2003
FIZHBWTIT B L7813 0.0018 m, H[EfEIE 0.0009 m, fx/IMiEIX 0.0005 m T, W34
LKA EZIER U CThHoTz, ZO X S ITHEEMIN D OMAEND RiVXET L ET
XA D EF13D 72 <. MOWIE O ERINC K 5 KA _EH O JFIK 23 FEREH 2> & DO it A &L
SO OERITER T 5 rIEEMEZ R LT D,

E3)

AETIL, Beseka WL DOHUIY - HUE - HUE A&, 36 KL UUKBEEHUE IS0 2 Al R &
W5 L L BIT, ZAVE T Beseka WA EF-O T DIFINE ST ZEEATIKIC
DNT, ZOHRIMEERIET H &V D BLEN G, Beseka 11 DR EARHT, Beseka s &
OJEL OKE 30T, HEMHE K BEOHEE R LUK T o At 24T > 12,

Beseka [ i DR FEEAENT Tl Landsat B O RINER 7 — 2 226 IEIRE D L%
MR D FEATRE R A 1572, WIENIRE Ok e ERIIHERK (TR BIIK) K0
AR PE R 72 LIZRE PR 2> D O IROEKOFHAZ RN & LZHiE 2 < orT 5 b
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DTHD,

Beseka {135 L OV D JE D AKE s T 6, BIED Beseka ik D/KE  (NaHCOz Y
£ L <1 NazSO4/NaCl AY) 23 JEL D FKRLEA (W T 4L h NaHCOs RIS edil) & I3IE
FUCHETHDZ EIVHH LT, KEEEOBLSND BRSNS EAK (BR) »HEEL
TWD Z EMmFRA LA, IR GEFEK) OFBITIR G, HEFKOEBRL, Hr
ORI BT DU TR SN/ CaAM AU TR TELDATHDH, ZOFRREND
b, WHERICKT U, HEREK DM BT 2 R Z KD H Z & OBEEMENRE SN,

Abadir 35 DR HRIEL FAO ORMEIZI G L TH+oIm < ZERmdEn it
T&7z, —FH T, RN CTOREN T Vv 2 )b OEKEME LOTHDHRY, H
FRENCITZ DR E GREIK) 1T 2R 2 I /EM T 5, K ZBE L 7oK
T v ARMTTIE, 1960 X% I B S 7o BERE IR D & O R FIK TWER 2 EI] T &
DMERRGE LT, TORR, MIGRIED FIZBEZ D DRRKOREKEZZDTEH, KA
T A RTINS 721E E OMIERICITBEZE LRNWZ LR g0 oTz,

B DTG, Beseka DK LA SR BT 2 AR O RAFITILL FO L B0 T
HD,

® 196041 LLATIZ 1% Besekallfl o> UL LM i FE4 km?F2 T E L Tz,
® 196045174 -7 b Besekallfl ~D HI F/K DFRA DM LIAD 5,
® [FEIFRFHICHAE - T HEEBH IS IZ L D RFIK OB L E - TR R EHT
Do
o I N /KDOWMAREITFEABML, BAEOHIZE TILIET 5,
® HIHEEN ERALTWSERLNDZ XD, Besekalifl~it AT 5 H FAKD
JCIXIAPE R & 3RAVA T mRIE K & [FEIR TH 5,
7272l BLFORIZOWTIAEIOMRE THRIET 5 2 LIXREETH Y | 5] i & 7l
7R RENEEN D,

® /19604 L N B R KPR ADEENN LERD 7= D>,
O IEAHANNT A M T AFEA TR I EOFLEE £ TN L. EEIREEIC R T
VI IZERE U D DD,
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1) Hydrogeology (Map) of the Nazret, EIGS, 1985

2) Evaluation of water resources of the Ada’a and Becho plans groundwater basin for
irrigation development project, WWDSE, planned by MoWR, 2009

3) Allaidege plain groundwater resources assessment project, WWDSE planned by
MoWR, 2009

4) Study and design of Lake Besaka level rise project I, WWDSE, planned by MoWE,
2011

5) Growing lake with growing problems: integrated hydrogeological investigation on Lake
Beseka, Ethiopia, ELENI AYALEW BELAY, 2009

6) Assessment and evaluation of causes for Beseka Lake level rise and design mitigation
measures Part II : Study for medium and long term solutions (Main report final),
MoWIE and OWWDSE, 2014

FEFFERRELER « FEP R - Bk ERBRELER

1) West Hararge ' — > O/KEH T D OBEAFH T — 4 (FERIX, Sk BRLeE
ie)

2) Arsi Y= OKREZGHNO OB T T — 42 (BRREK. HKRBGLE S )

3) East Shewa Y — > OKFHEF O OREFH T —4% (FRRK, Sk BRGELeES
ie)

4) Arerti (Amhara JI1) EB. Lomme (Oromia i) BRI F5epkitdk, EB1H 77—
v

5) WWDSE, 2014 #SMEHH 77— % (G 595m)

Z DA SCHER

1) BAHTARZESR ([FKkeRET 5] 1994

2) Hydrogeological map of Ethiopia (1:2,000,000) compiled by Tesfaye Chernet and the
Regional Geology Department, EIGS, 1988

PEMIC X 2BHGA, (22 —FroB{onlTr—2 BHEELET)
Study of Lake Beseka, Ministry of Water, 1999
Study and Design of Lake Beseka Level Rise Project I, WWDSE, planned by MoWIE, 2011

Irrigation Water Management: Irrigation Scheduling, 1989
(http://www.fao.org/docrep/t7202e/t7202e00.htm#Contents)

FAO Crop Water Information (http://www.fao.org/nr/water/cropinfo_sugarcane.html)
Manual for CROPWAT version 5.2. FAO, Rome. 45pp.

Growing Lake with Growing Problems: Integrated Hydrogeological Investigation on Lake
Beseka, Ethiopia, Eleni Ayalew Belay, 2009
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In response to the official request of the Government of the Federal Democratic Republic of
Ethiopia (hereinafter referred to as “the Government of Ethiopia”), the Japan International
Cooperation Agency (hereinafter referred to as “JICA”) dispatched the Preparatory Study Team
in September, 2012. And based on the discussion made in that time, both the Japan and the
Ethiopia sides had the agreed Record of Discussion (hereinafter referred to as “R/D") which was
signed on May 27" 2013,

Based on the R/D, JICA dispatched JICA Project Team (hereinafter referred to as “the Team”)
for THE PROJECT FOR GROUNDWATER RESOURCES ASSESSMENT IN THE MIDDLE
AWASH RIVER BASIN (hereinafter referred to as “the Project”) to the Ethiopia. The Team
discussed various matters described below in a meeting with the officials of the Ministry of
Water Irrigation and Energy (heremafter referred to as “MoWIE”) and other authorities
concerned with the Project. The list of those who attended this meeting is shown in Appendix-1.

1. Explanation of Progress Report 1 (PR/R 1)

The Team prepared twenty two (22) copies of the Progress Report 1 (hereinafter referred
to as “PR/R1”) for relevant authorities and submitted to the Counterpart Members
(hereinafter referred to as “C/P")) and GSE members by 16t April, 2014.

The PR/R1 was presented by the Team to the MOWIE and concerned authorities in the 1%
C/P meeting, held on 24" April 2014 in Addis Ababa, which was chaired by Ato. Zebene
Lakew (GWD and Project Coordinator).

In the meeting, the Team explained the summary of project and contents of the results of
study described in the PR/R1. Various matters are discussed among the Team, the MoWIE,
Oromia Regional Water, Mineral and Energy Bureau (hereinafter referred to as “OWMEB”")

and concerned authorities.

The Ethiopian side agreed on the contents of the PR/R1 such as objectives, schedule,
results of survey and activities in principle, and promised to provide close cooperation with

the Team during the Project period.
Major issues discussed in the 1t C/P meeting were as follows:

1) The possibility for increasing the study coverage area was discussed and it reached
common understanding that due to time limitation and other planning issues the study

should continue concentrating on its initial designated study areas.

A .-.....,__“

2) It was explained on Orox}jua reglonai g‘ovefmnent side that thereis anu _: s

e STTITAE




there is no realistic possibility for any consideration to indulge in any construction of water
supply before the schedule time as process of any rearrangement or rescheduling will take
long period. However, it is agreed that the OWMEB will notify the project office if Oromia
regional government go ahead financing by itself with the urgent construction of water

supply for any of the candidate project towns.

3) It is commonly reached an understanding that the role of counter parts is very important
for the successful accomplishment of the study. The roles of counterparts are mainly
providing over all assistance to the experts, indicate ways and advices for the proper
execution of the project. In this respect, C/P (or Steering committee member) from GSE are
expected to provide guidance and direction to the project team especially on tasks of

geological and hydro-geological mapping.

4) It has been agreed that the monthly activity report which has been thus far only
submitted to JICA should also be prepared briefly from 1 to 2 pages and to be submitted
monthly to Groundwater Directorate of MoWIE.

5) An issue regarding the use of the clay with the mixture of the bentonite for the test well
drilling has been raised by the counterpart since it may contaminate the groundwater.
However, Japanese side explained that the clay is used only at the upper part of the test well
to protect the well walls from collapse and it is not applied within the aquifer. Also,

circulation processes are made to keep the test well clean.

6) It is generally agreed that knowledge and skill transfer to counter parts is mainly done
through participation in practical activities at the field. However, in addition to this, the
short term seminar issue raised by MoWIE side may be considered by JICA provided that
the seminar request has to be presented with clearly defined objectives and rationalization

of the needs in a brief proposal.

Finally it has been told from the Japanese side that the next Progress Report 2 is scheduled to be

%/bmiﬂﬂ by the end of July 2014 LTEN ek,
Z ' \ Ad dluuﬁbaha,:
\ Ethiopia,””

o zz &J' %«f‘
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In response to the official request of the Government of the Federal Democratic Republic of
Ethiopia (hereinafter referred to as “the Government of Ethiopia”), the Japan International
Cooperation Agency (hereinafter referred to as “JICA”) dispatched the Preparatory Study Team
in September, 2012. And based on the discussion made in that time, both the Japan and the
Ethiopia sides had the agreed Record of Discussion (hereinafter referred to as “R/D”) which was
signed on May 27t 2013.

Based on the R/D, JICA dispatched JICA Project Team (hereinafter referred to as “the Team”)
for THE PROJECT FOR GROUNDWATER RESOURCES ASSESSMENT IN THE MIDDLE
AWASH RIVER BASIN (hereinafter referred to as “the Project”) to the Ethiopia. The Team
discussed various matters described below in a meeting with the officials of the Ministry of
Water, Irrigation and Energy (hereinafter referred to as “MoWIE”) and other authorities

concerned with the Project. The list of those who attended this meeting is shown in Appendix-1.

1. Explanation of Progress Report 1 (P/R 2)

The Team submitted nine (9) copies of the Progress Report 2 (hereinafter referred to as “P/R
2”) to the related counterparts and members of Geological Survey of Ethiopia (hereinafter
referred to as “GSE”). The P/R 2 was presented by the Team (Mr. Matsumoto, Mr. Sakai and Mr.
Ishida) to the MoWIE and relevant organizations on 24% July 2014 which was chaired by Ato
Tesfaye Tadesse (GD/Director). The discussion (refer below) has been made between the

counterparts and GSE members and the contents of the P/R 2 have been agreed.

2. Discussion issues

» It was explained by participants that the report is generally good but some
terminologies applied in some part of the P/R2 (in water quality sections for instance)
found confusing and in this regard, the Team agreed to take corrective actions using
easily comprehensible terms applicable to the field of the discipline under the Project.
Moreover, the Team also agreed to take editorial corrections that were observed in some

part of the P/R2.

» The Beseka Lake water level (dimension) historical analysis was presented in the report
only up to year 2010 and regarding this issue the Team explained that in the next phase

of the study analysis will cover up to latest data available year within the project

NG’
> MOoWIE side that cond concentration with

level of groundw the Team
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commented as much as possible to compare the relation well depth and fluoride

concentration as suggested.

It was explained that one of the result expected from the Project is to estimate the
cause/s for the continuous increase of Lake Beseka and in this regard, the MoWIE agreed
to supply all available study documents conducted thus far (including the recently
completed study by the WWDSE) to the Team and it was also suggested by the MoWIE
side that the simultaneous rise of the volume of Lake Beseka water with the start of
irrigation with Nura Hera & Abadir state farms in the past as well as its recent increase
with the launch of the Fentale project has to be given due analysis beyond its mere

coincidence matter and this suggestion.

It was commented on GSE side that the aquifer potential is not treated in the P/R2 and
the Team has explained that the hydrogeological map is not be prepared yet, and it is to

give necessary emphasis on this issue in its next phase study report.

It was considered by the Team that field assessment reports of Professor Suzuki and Mr.
Murakami on geology and quality of existing irrigation (canal) farm system, which were
prepared in April 2014 but not included in this report directly, may be included as annex
or supplementary report in the P/R2.

It was suggested by MoWIE that maintaining the planned depth level in the drilling of
remaining test wells is important and MoWIE has concerned in the procedure of
limiting depth of drilling before geological, hydrogeological and geophysical surveys.
The team said that the drilling depth in the study area was decided using the previous
data regarding the Rift Valley Lakes Basin Project and the geophysical survey results of
this project. It was also commented by MoWIE that since there is too much delay with
the performance of the drilling contractor, the Team has to take appropriate measures in
order to maintain the drilling schedule. The Team explained that it has taken
countermeasure to dispatch machine driller and technician from Thailand for the

drilling.

It is agreed that the Counterparts from GSE and MoWIE will participate in the field
work along with experts of the Team for preparation of geological and hydrogeological

maps.

told from the Team that the next Interim Report is scheduled to be
by February 2015.

AbD
opa
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In response to the official request of the Government ol the Federal Democratic Republic of
Ethiopia (hereinafler referred to as “the Covernment of Ethiopia”), the Japan International
Cooperation Agency (hereinafter referred to as “JICA”) dispatched the Preparatory Study Team
in September, 2012, And based on the discussion made in that time, both the Japan and the
Ethiopia sides had the agreed Record of Discussion (hereinafter referred to as “R/D”) which was

signed on May 27" 2013,

Based on the R/D, JICA dispatched JICA Project Team (heieinafter referred to as “the Team”)
for THE PROJECT FOR GROUNDWATER RESOURCES ASSESSMENT IN THE MIDDLE
AWASH RIVER BASIN (hercinafter referied to as “the Project”) to the Ethiopia. The Team
discussed various matters desciibed below in a meeting with the officials of the Ministry of
Water, Irrigation and Encrgy (hercinafter referred to as “MoWIE”) and other authorities

concerned with the Project. The list of those who attended this meeting is shown in Appendix-1.

The Team submitted twenty (20) copies of the Interim Report (hereinafter referred to as
“IT/R") to the related counterparts and steering committee members (Geological Survey of
Ethiopia (hereinafter referred to as “GSE”) and Addis Ababa University (hereinafter referred to
as “AAU")). The IT/R was presented by the Team (Mr. Matsumoto, Mr. Sakai and Mr. Ishida) to
the MoWIE and relevant organizations on 11" June 2015 which was chaired by Ato Zebene
Lakew (GD/ Project coordinator) after welcoming address by His Excellence State Minister, Mr.
Kebede Gerba. The discussion (refer below) has been made between the counterparts and
Steering Comnittee members and it was agreed that the content of Interim Report is good and
acceptable and it was also explained by participants that the presentation made by experts of the

Team was elaborative and good.

2. Discussion issues

» It was suggested by participants that the rainfall trend calculation over the last 30 years
showed in the report little increasing or constant but some other studies indicated
decrcasing and in this regard, the Team responded that the calculation of the rainfall
trend was made using data collected from the Meteorological Agency. However, if there

is any miscalculation, the Team may try to review its calculation in the drafl final report;

~ In question raised by participants regarding.bo  he study reflect the
over recharge estimation, thy Team: explained tha recharge
on cal Jated by hydrology a11a]_y5i"~; and therefore, the stindyv iy ied
i g
N
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It was suggesled by participants that Lake Beseka is a shiucture lake and requested
B8 ) F

explanation how the study considers the different flow directions; in this regard, (he

Team explained that this issue may be checked with the analysis of the hydrogeological

map in the draft final report;

Participants 1aised the issue of the appropriateness of the sampling points where the
Team collected the water samples in Lake Beseka area to investigate the contribution of
irrigation to the expansion of Lake Beseka; and in this regard, it has been 1eached an
understanding on the difficulty encountered by the Team on getting adequate sample
points due to the swampy area between the irrigated plantation and Lake Beseka (as

samples were taken from surface level both from the lake and irrigation canal );

Regarding the content of fluoride and depth level relationship, it has been reached
common understanding by the participants and the Team that fluoride and depth leve]
is not always correlated. However, in the case of the presence of high productive basic
volcanic aquifers connected with regional groundwater flow at deeper depth, the deeper

we go the less will be the fluoride content in the water;

It was suggested by the participants that in the report there is use of pump test data
obtained from early period result of pump testing and in this regard, the Team has
agreed to recheck calculation if they were made by using figure obtained from the early

period result of pump testing and to make corrections accordingly;

It was suggested by participants that there are other studies which conducted TDS
analysis for identifying the cause of expansion of Lake Beseka but review of studies on
the result of this analysis not mentioned in this report and in this regard, the Team
explained that it may try to review studies which conducted TDS analysis in order to

identify the cause for expansion of Beseka Lake from the point view of this analysis;

In response to the question raised regarding the delay of drilling completion, the Team
has explained that the delay in the completion of test well drillings was mainly caused

due to the geological difficulties of the drilling areas;

It was suggested by participants that the coverage area of the hydrogeological map
mentioned in the report is less than the project study area and in this regard, the Team
explained that the hydrogeological map of some part (west part) of the study area are
already covered by recent GSE hydrogeological map and this part is not covered in this

study’s hydrogeological map; and which is the reason for difference of the area size

between , ogical map and project study area;
ny X
©of - L
It ts that the importance havinig comsulta ith
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facility planning and in this regard, the Team replied that while working on waler
facility planning there has been repeated consultation with the different concerned
departments of Oromia Water Mineral and Energy Bureau and this will continue to the

end of the project;

> Participants have also explained for importance of explaining in the study report for
unusual result of the relationship of well depth and yield in west Harerge zone and in
this regard, the Team responded that if possible it may try to review the situation and
reason out the cause of such exceptional results of the relationship of well depth and

yield in the draft final report;

» Regarding the methodology or technique thus far applied by the Team to solve the
drilling problems encountered in difficult geological area, the Team explained that
sometimes the Team applied casing methods to avoid such drilling problems in this area

for example;

Y/

It was suggested by the Team that it is important to get GTP2 for water demand analysis
of water facitily planning; in this regard, the Ministry side responded that GTP2 is not
yet finalized and promised to supply the information to the Team as soon as it is

officially announced;

»  Finally, the chairman/facilitator gave suggestion that the Team has to render more effort
to further identify the cause of Lake Beseka expansion and to give also emphasis to the

knowledge transfer issue.

Moreover, it has been told from the Team that the next Draft Final Report is scheduled to be
submitted by the end of October 2015.

END

of
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In response to the official request of the Government of the Federal Democratic Republic of
Ethiopia (hereinafter referred to as “the Government of Ethiopia”), the Japan International
Cooperation Agency (hereinafter referred to as “JICA”) dispatched the Preparatory Study Team
in September 2012. And based on the discussion made in that time, both the Japan and the
Ethiopia sides had the agreed Record of Discussion (hereinafter referred to as “R/D”) which was

signed on May 27, 2013.

Based on the R/D, JICA dispatched JICA Project Team (hereinafter referred to as “the Team”)
for THE PROJECT FOR GROUNDWATER RESOURCES ASSESSMENT IN THE MIDDLE
AWASH RIVER BASIN (hereinafter referred to as “the Project”) to the Ethiopia. Up on the
completion of the Project and submission of the Draft Final report (hereinafter referred to as
“DF/R”), the Team discussed various matters described below in a meeting with the officials of
the Ministry of Water, Irrigation and Electricity (hereinafter referred to as “MoWIE”) and other

authorities concerned with the Project.

1. Explanation of DF/R

The Team submitted twenty one (21) copies of the DF/R to the MoWIE.

The DF/R was presented by the Team to the MoWIE and concerned authorities, and was
discussed at the time of the seminar for DF/R on 27t October 2015 in Addis Ababa and at the
time of the steering committee meeting (hereinafter referred to as “SCM”) on the same date in

Addis Ababa. The attendant list of the seminar and the SCM are attached in Appendix-1.

Technical matters, such as geology, hydrogeology and water supply planning of DF/R were
discussed among the participants from the MoWIE, Geological Survey of Ethiopia (hereinafter
referred to as “GSE”), Ethiopia Water Technology Institute (hereinafter referred to as “EWTI")
and concerned authorities and the Team. The contents of discussion on DF/R in the seminar and

the SCM are shown in Appendix-2.

The Ethiopian side basically agreed with the contents of DF/R, understood the study results
of DF/R, and confirmed the maximum utilization of the Final Report (hereinafter referred to as
“F/R”) by the attached document titled “Actions to be taken for effective use of the outputs of the
Project” in Apendix-3.

Major issue and the content regarding DF/R are as.follows:

1) The Team explained that the if any comments,
and corrections on the DEF/R to 2015 by e-mail.
2) The Team also explained that as during the

the SCM, the ’correcti:_'on and would be

& Y
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2. Recommendations from the Team

The Team made the following five (5) recommendations on the groundwater resources study

and management in Ethiopia at the time of seminar and SCM.
1. Actual use of groundwater database (ENGWIS)
2. Good practices for the observation well and improvement of drilling technology

3. Effective utilization of the water supply plan

o~

Groundwater development and management
5. Countermeasure for the control of Lake Beseka level rise
Ethiopian side replied to the recommendations as follows;

The Ethiopia side generally accepted the above-stated recommendation given by the Team.

END
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Appendix-1

Ministry of Water Irrigation & Electricity (MoWIE)

Mr. Tesfaye Tadese
Mr. Muaus Amare
Mr. Seife Negash

Ms. Tiruwork Tadege
Mr. Mesfin Mulugeta

Mr. Dawit Kifle

EWTI
Dr. Markos Wijori

Mr. Geremew Game

GSE
Mr. Hunde Melka

Mr. Demisse Alamirew

Oromia Region
Mr. Abdurahim Hajison
Mr. Takele Mengesha

Others

Ms. Oona Raufiairen
Mr. Abebe G/Hiwot

Mr. Shiferaw Lilu

Mr. Esayas Tilahun

Mr. Moges Tigabe Asres
Mr. Getachew Geletu

JAPANESE SIDE
JICA Ethiopia
Mr. Kimiaki Jin

Project Director
Hydrogeologist
Hydrogeologist
GIS Directorate Representative
Water Sector Working Group
Secretariat Coordinator

Hydrogeologist

Irrigation Directorate Director

Drilling Technology Directorate Director

Chief Geologist
Hydrogeologist

OWMEB Deputy Head
OWMEB Head of Planning

One Wash Project

TAM Geo-Engineering General Manager

TAM Geo-Engineering Deputy General Manager
Hydrogeologist

Hydrogeologist
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Mr. Itsuro Takahashi
Mr. Ephrem Fufa Leta

JICA Project Team

Mr. Toshiyuki Matsumoto
Mr. Kensuke Sakai

Mr. Satoshi Ishida

Mr. Makoto Tokuda

Mr. Gebeyehu Berhane
Ms. Kidist Negussie Asrat

JICA Official Mission

Mr. Keisuke Yamagami

2. The SC for DF/R
ETHIOPIAN SIDE
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Project Formulation Advisor (water sector)

In-house consultant for water sector

Team Leader

Deputy Team Leader
Water Supply Planning
Project Coordinator
Project Assistant

Project Assistant

Project Planning

Ministry of Water Irrigation & Electricity (MoWE)

Mr. Dawit Kifle

EWTI

Mr. Geremew Game

GSE
Mr. Hunde Melka

Mr. Demisse Alamirew

Oromia Region
Mr. Takele Mengesha

JAPANESE SIDE
JICA Ethiopia Office
Mr. Itsuro Takahashi

JICA

Mr.

Mr. Sakai
Mr. Ishida

Hydrogeologist

Drilling Technology Directorate Director

Chief Geologist
Hydrogeologist

OWMEB Head of Planning

Project Formulation Advisor (water sector)



Mr. Makoto Tokuda
Mr. Gebeyehu Berhane
Ms. Kidist Negussie Asrat

JICA Official Mission
Mr. Keisuke Yamagami

Project Coordinator
Project Assistant

Project Assistant

Project Planning
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Appendix-2

The discussion on the DF/R

1. The Seminar for DF/R

The questions, suggestions and comments from the participants and answer from the Team were

as follows;

QUESTIONS AND ANSWERS ON GEOLOGY AND HYDROGEOLOGY IN WHOLE AREA

Q

Qo

Why the “executive summary” part not included in the Report?
This Report is only a draft report and the “executive summary” part will be included in

the Final Report.

How the capacity of staff in Groundwater Directorate up-graded during the project?
The knowledge transfer to the staff in Groundwater Directorate was done through
inviting them to participate in the geological and hydrogeological field surveys, and

provision of in-house training in the use of GIS and other related software.

What is the over-all water resource potential in the middle awash basin area as per the
result of the study?
The Team answered that the project scope is only groundwater and the groundwater

resources situation is adequately dealt and discussed in the DF/R.

What environmental aspect is threatening in the project study basin area?
The Team responded that there is no significant negative environmental impact in the 30
towns project area with the future implementation of the project; however, there is need

of further investigation in the other part of the project study basin area.

Since concentration of fluoride is somewhat related with the depth level of well, why this
aspect is not treated likewise in this D/F Report?

The Team responded to this question that fluoride concentration relationship with the
depth level of well is not always true because geological condition has also its own
impact and this issue is addressed and dealt in the D/F Report as per the scope of the

project.

The participants asked that since Awash river is most exploited river in the

“why the effect of industrial pollution to not fully in the i
The Team to the that as per the w
only expected water quality and has been \{\
project; the full lmEeicf to the river B
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with all parameters has to be executed.

QUESTIONS AND ANSWERS ON THE HYDROLOGY, AND HYDROGEOLOGY AROUND
LAKE BESEKA

Q. Regarding Lake Beseka, the participants asked that the cause for increasing of the
volume of the lake suggested in the Report as it could be the groundwater but why this
not supported by isotope analysis? And other parameters such as weathering, later al &
vertical fracture analysis were not discussed in the Report. Why?

A. The isotope analysis is still in the process at IAEA and as soon it is completed its result
will be included in the Final Report. On the other hand, the Team answered that the
project as its main objective is not focused on finding the real cause for the increasing
volume of the Lake but to see the impact of irrigation on the Lake and make its
recommendation. Dealing with all other parameter aspects (of the possible causes) for

increasing volume of the Beseka Lake is out of the project scope.

Q. What calculation or analysis is done to conclude the effect of Lake Koka for the

increasing volume of Lake Beseka?
A, The Team responded that nothing is done on analytical aspect on this issue and in this

regard the Ethiopian side is expected to make further survey and analysis.

QUESTIONS AND ANSWERS ON WATER SUPPLY PLANNING

Q. Why the water supply plan is stated as provisional plan and the design period is limited
to 5 years (2020)?
A. The water supply plan is provisional because if the project is going to be implemented a

further detail study is expected to be conducted before construction; and the year “2020”
is not stated as the end of the design period but in the Report it is mentioned as “target

year” for the start of new water supply system.

Q. It is not clear the suggestion stated in the Report that “the regional water bureau has to
procure pumps and generator”. Is it the matching fund?
A. The Team made clarification that the issue of providing “pump and generators” by

regional water bureau is during the- “Operation and Maintenance” period not at

construction phase which is covered by o AMVEC ;0
! ' *
- ’ 3'::’
v v A=
3
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2. The SC for DF/R
The questions and answers (Q&A) at the seminar for DF/R were further discussed with the C/P

in the steering committee meeting for the clarification of contents as follows:

Q

The Project was expected to conduct 30 small towns but accomplished a provisional
water supply plan of only 19 towns for various reasons. Why replacement was not done
in place of the canceled small towns?

The Team responded that as per the TOR and scope of the project , the Team was
responsible for screening eligible (for funding) small towns out of the 30 towns given by
the Oromia region water bureau to the project and to develop the provisional plan for
this selected number of towns. And accordingly, the project has prepared the provisional

water supply plan

The participants asked that without the detail analysis of the fracture and water flow
issues in the basin area; is it possible to use the project’s developed hydrogeological maps
as reference for well development in the area?

The Team surveyed the geological conditions with the structural analysis in the field and
also the parameters of aquifer units such as yield, specific capacity and transmissivity
included the geological information with fracture condition. Therefore, the Team believes
that the developed hydrogeological maps can serve as basic reference in the ground

water development projects.

The MoWIE and OWMEB will have the use of the findings in the report; however, what
is the further interest of JICA in advancing further development of the basin?

The representative of JICA Ethiopia Office responded that at the moment JICA has no
plan on this matter; however, if there is need of further development cooperation, the
concerned government agency can submit its request through MoFEC (Ministry of
Finance Economic Cooperation) and JICA may give its response on the submitted

request.

The participants asked that in the less fracture zone of the basin, what is the
recommendation of the Project Team-Is it better to avoid the area or to make further
investigation?

The Team responded that further investigation has to be conducted.

The participants asked whether the Team developed any standard groundwater
data monitoring or sheet data from zonal offices to MoWIE?

The Project Team copies but l
- oY,

A\
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groundwater monitoring sheet in its Final Report that include items (but not limited to)

of groundwater level, chemical aspects, fluoride level, etc..

")(i.‘g";"!'.(:
o 7«  END
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Appendix-3

Actions to be taken for effective use of the outputs of the Project

(Final Report including Geological/hydrogeological map and cross sections)

The most essential point for the effective use of the Project report by the Ethiopian side is to

ensure the delivery of the report to the agencies concerned. The Groundwater Directorate (GD)

of the Ministry of Water, Irrigation and Electricity (MoWIE) is responsible for this delivery since

it is the coordinating body of this Project. The agencies shown below shall receive the Final

Report:

»  Oromia Water, Mineral and Energy Bureau (OWMEB)

» Three (3) Zonal Water, Mineral and Energy Offices (ZWMEOQ) of West Hararge,
Arsi and East Shewa in Oromia Region (delivered through OWMEB)

»  Geological Survey Ethiopia (GSE)

» Addis Ababa University (AAU)

»  Awash Basin Authority (ABA)

Each agency concerned is expected to take the following actions, and fully utilizing the outputs

of the Project.

The GD of MoWIE is responsible for groundwater development planning for the entire
country including the Middle Awash River Basin. This Final Report shall be referred with
due consideration and through understanding, when the GD prepares a groundwater
development plan in the Middle Awash River Basin. Especially, the geological maps,
hydrogeological maps, and the cross-sectional drawings of each map would be powerful
tools for the acquisition of reliable hydrogeological information in the objective

groundwater development areas, and the preparation of proper development plans.

The ZWMEOs in Oromia Region have the responsibility to develop the groundwater
resources in its own zones. Moreover, when the ZWMEQOs make selections of areas, where
they need water resource development, responding to the requests of OWMEB, the
ZWMEQO:s shall fully utilize the delivered Final Report and geological/hydrogeological maps
with its cross-sectional drawings. In the event of the ZWMEOs find difficulties to
understand the contents of the Final Report, and maps/drawings, the OWMEB shall give
explanations on the contents. The Project Team is ready to give explanation to the OWMEB
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the adequacy of water sources, and to refer the planning methodology.

The Final Report, geological/hydrogeological maps, cross-sectional drawings of each map,
and the explanatory notes of this Project is expected to be stored and disposed in the library
of GSE as the same as the outcomes of the previous JICA project of “the Study on Jarar
Valley and Shebele Sub-basin Water Supply Development Plan, and Emergency Water
Supply (2013)”. Those outcomes shall be available for inspections by anyone, and are
expected to be referred as basic geological and hydrogeological information in the Middle
Awash River Basin by private geological survey companies, GSE, AAU and other donors,

etc.

The Project Team is ready to disseminate the information of where the Final Report can be
accessed, in the Technology Transfer Seminar or other occasions.
It is preferable if the GSE can make necessary arrangement for publishing and selling the

geological maps, hydrogeological maps, cross-sectional drawings and explanatory notes.

The ABA shall utilize the outcomes of the Project for better management of the Basin after

reviewing Lake Beseka issues. e e

AL

END
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KOKUSAI KOGYO CO., LTD.

Overseas Operations Department:
2 Rokubancho, Chiyoda-ku, Tokyo 102-0075, Japan
TEL:**81-3-6361-2452 FAX:**81-3-3237-5477

The Project of Groundwater Resource Ass  ment in the Middle Awash River Basin
in The Federal Democratic Republic of Ethiopia

Date: 1" August 2014

Ref: No.21/TM/14

Ministry of Water Irrigation & Energy (MoWIE)
Attention to Ato. Tesfaye Tadesse (Groundwater Directorate Director)

»

Dear Sir,

\

This is evidence that the following items procured by The Project of Groundwater Resource Assessment
in the Middle Awash River Basin in The Federal Democratic Republic of Ethiopia were certainly
handed o  to the Groundwater Directorate of Ministry of Water Irrigation & Energy (MoWIE ). The

equipments are listed in the attachment.

Groundwater Directorate surely received these items and promised to sustainably implement the project

activities using the provi  equipment.

as as End User IER
o~
3 .
Ny Che
Tesfaye
Groundwater
Mr. Toshi i MATSUMOTO Tadesse
Team Leader/Groundwater Resources Develop  t Groundwater Directorate Di  tor
& Management for JICA Study Team Ministry of Water Irrigation & Energy
Kokusai Ko Co,, Ltd. (MoWIE)

CONSULTING ENGINEERS; GROUND WATER DEVELOPMENT, SOLID WASTE MANAGEMENT, AGRICULTURE &
FOREST RESOURCES DEVELOPMENT, ENVIRONMENT CONSER  ION, PHOTOGRAMMETRY & GIS AND OTHERS

Of Erfiopve

3



List of Equipment
No. Item
] Handy GPS
2 Automatic Water Level Gauge / Data Logger
3 Portable Water Level Gauge (200m)
4 Portable Water Level Gauge (300m)’ .
5 Electrical Conductivity Meter (EC)
6 pH Meter
7 Oxidation Reduction Potential Meter (OPR)
8 GIS Software (ArcGIS)
9 Groundwater Modelling Software (Processing Modflow)
10 Cross View for ArcGIS
11 Cross View Editing Software (Surfer / Dig )
12 GPS Data Editing Software (MxGPS)
13 Multifunction Printer
14 Desktop PC
15 Laptop PC
16 External Storage Device
17 Microsoft Office
%
>
o d
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KOKUSAI KOGYO CO., LTD.

Overseas Operations Department:

2 Rokubancho, Chiyoda-ku, Tokyo 102-0075, Japan

TEL:**81-3-6361-2452  FAX:**81-3-3237-5477

The Project of Groundwater Resource Assessment in the Middle Awash River Basin

in The Federal Democratic Republic of Ethiopia
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CONSULTING ENGINEERS; GROUND WATER DEVELOPMENT, SOLID WASTE MANAGEMENT, AGRICULTURE &
FOREST RESOURCES DEVELOPMENT, ENVIRONMENT CONSERVATION, PHOTOGRAMMETRY & GIS AND OTHERS
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Date: 9™ August 2014

Ministry of Water, Irrigation & Energy (MoWIE)

Tem Hando

The Groundwater Directorate has temporarily transferred the following equipment for project

office of the Middle Awash Basin Groundwater Resource Assessment which were procured by The

Project and was handed over to the Groundwater Directorate of Ministry of Water Irrigation & Energy

(MoWIE). The equipment are listed below.

List of Equipment

e - e e e
\IO\UILL,.)[\)_.O\OOO\IO\UIAU)N._‘%

Item

Handy GPS

Automatic Water Level Gauge / Data Logger
Portable Water Level Gauge (200m)

Portable Water Level Gauge (300m)

Electrical Conductivity Meter (EC)

pH Meter

Oxidation Reduction Potential Meter (OPR)

GIS Software (ArcGIS)

Groundwater Modelling Software (Processing Modflow)

Cross View for ArcGIS

Cross View Editing Software (Surfer / Digger)
GPS Data Editing Software (MxGPS)
Multifunction Printer

Desktop PC

Laptop PC

External Storage Device

Microsoft Office
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For Mr. Toshiyuki MATSUMOTO

Team Leader/Groundwater Resources
Development & Management for JICA Study
Team

Kokusai Kogyo Co., Ltd.
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