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CEO Chief Executive Officer

CMS Catchment Management Strategy

CP Counterpart Personnel

GIS Geophysical Information System

Glz German International Cooperation

GPRS Global Packet Radio Services

GPS Global Positioning System

GSM Global System for Mobile Communication

HQ Headquarter

IWRM Integrated Water Resources Management

JICA Japan International Cooperation Agency

KMD Kenya Meteorological Department

KEWI Kenya Water Institute

KWSCRP Kenya Water Secutirty and Climate Resilience Project

MWI Ministry of Water and Irrigation

MWS Ministry of Water and Sanitation

NWMP National Water Master Plan

o&M Operation and Maintenance

RGS Regular Gauging Station

RM Regional Manager

RO Reginal Office

SRM Sub Regional Manager

SRO Sub Regional Office

SWO Surface Water Officer

TCA Tana Catchment Area

WB World Bank

WRA Water Resources Authority

WRM Water Resources Management

WRUA Water Resources Users Association
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[
Length Money
mm = millimeter KSh = Kenya shilling
cm = centimeter US$ = U.S. dollar
m = meter ¥ Japanese Yen
km = kilometer
Area Energy
ha = hectare kcal Kilocalorie
m’ = square meter kW = kilowatt
km? = square kilometer MW = megawatt
kWh = kilowatt-hour
GWh = gigawatt-hour
Volume Others
1, lit = liter % = percent
m’ = cubic meter 0 = degree
m?/s, cms = cubic meter per second ! = minute
CM = cubic meter " = second
MCM = million cubic meter °C = degree Celsius
BCM = billion cubic meter cap. = capital
m’/d,cmd = cubic meter per day LU = livestock unit
BBL = Barrel md = man-day
mil. = million
Weight no. = number
pers. = person
mg = milligram mmho = micromho
g = gram ppm = parts per million
kg = kilogram ppb = parts per billion
t = ton Iped = litter per capita per day
MT metric ton
Time
s = second
hr = hour
d = day
yr = year
=T E KERERT KA F—XH I HA T ERRA ST
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1 Tulxl FOBE
1.1 Tuvxs NOEER

r=7EIE. AAK 4,318 T (HHERPHIM, 2012 4F) | mff 58.3 5 km?> TH V. [E LD 83%
ZREJE - RIS (O T D, [FIETIE, EOROAKRRITINZ ., B 2 KFFEAH AR L
TEY, KEFROBEY)2EHENEERRE L 2o TWND, E, EEORREHEICT TREK
BIR~ AL —7F > (IHM/P:1992 F5RE, 1998 4F £ F/KE DB DO ALET) BNMER Sz, =7
EEFIL 2002 EOKEOHIELUR, KE7 X —1 73 —2E2H#EDTEY, ITEA RPN H
M/P SRERFD B RIEIZZEL L TE TV D, 2007 ik, BHIBRFHIEE Y s & LT, [Kenya
Vision 2030) (BA'F [Vision 2030) &%) 2EE I, 2030 FE T/ =7EH% [T¥EEIh
ey T ADOERICEZ, TRTCOERPENTEOBWERZRET D) Z a2, Z0FE
BUZMANT T, (1) #RpEBRAFE. (i) LR ORIM, (i) BUROUHE, O3 DOEEZFLE LIciE
TR STz,

=7 REDD 20 FLL ERGE L, FHEONESLKGRAKSCE RO FH DB LB L 72> T H M/P
X, EROHSREABIEENCID > 7oK EREBABB L OEHO 7 L— LAY — 7 2R T52 L%
HIZ, AR BB LdMToivz, B EEAERT 572012, =7 2FH 6 itz %51,
SEEBOFEEE LEE LI, [REKEHR~AXY—772 2030 SKEZn =7 b (BLF,
INWMP2030] &9%) 2NEME S, FOREEEEN 2013 4 10 A ICBH S,

FOWRT, 5H%OKEHEBY - BHEZiRbT 57010, KEJR GEFHAK - HITK - K oREH
DX VNN - R =2 Y U TIRFRER 2B HED HRE EO|REN RS, A
DERICES>TWD,

1.2 ¥BEDBEH

EALBEAEE, [KEJRT (WRAD I K2 KEREBEENNELESND] &, 2, Turv=7
FEREIX, [WRAIZCKDAKFHR~F—T A MDD EILESND] Z&Th D,

1.3 XISHuR

AREHIL., WRA REIZBWCEREE 23T 5, 7272 L. BIEToOERMRIEENZ SV T,
EBHIE% . WRA LD B, 6 DO O O X kX &2 31 7 v Ml e L TRET S
ZETHRE L

14  EhuargRs

(1) EfTHERS : MWS?  Ministory of Water and Sanitation
(2) FJEr%Rd : WRA  Water Resouce Authority

15 2fTELEABEEOX R/

ARFEBOYY)FHEARIL, PRk 29 F (2017 ) 1 A 10 BB Rk 31 4 (20194F) 2 A 28 H&E
TOHKI26 » AR TH 7=, —J7, 2018 4F 7 JHIZEEPE T WRA 23T ERIG 318 2018-2023 & {ERLH
(2019 4£ 3 HESER TIE) W) Z EVHH L, %O ROk (K7ev =27 Ok

URZEBBMAIE (20174E 1 H) 1. TWRMA] 72 - 72725, New Water Act 2016 [ZHEHL L 2017 4£ 4 H1Z [TWRAJ I
SRS, o T, AMEE T, JFHIE LT TWRA] ORKFLTH—T 2.

2 RIEBRRMAHIEL. MWL 72572728, 2018 4E 2 HiZtkim & IMWS) tieodz, #Eo T, AEEETE, R
LT IMWS] ORRETH—T 5,
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B3) ICEDONE bR T RE LW SN2 & D, 57w TS EERYIMSE I CLEEL, 7
0y x/ NEROEFEZ 4 » ARIERE L, 201946 A 28 HE TEAE I,

W, AR EORSRIM GEEVEEIFM) 12, Fa 294 (2017 4F) 1 A 10 HBHAERED 5 R 31
H (20194) 3 H31 BETORH27 » ARITH 5,

16 AEBEZEEHOMER
(1 v H—si—F

B BZ—r3— K (CP) ORERKIZHOWT WRA L EEMFF— AMTHE LR, HKEYE
(Surface Water officer) 2 HL.IMI B 5 194 23201744 A 11 B TH##L (Chief Executive Officer: CEO)

NHRTO 2y DO H—sR— K E L TEMINTZ (WRA Internal Memo & L TAER., &

M IRfTERNL ),

D%, 2018 2 H KRR E CICAFREEDLD Pl 34O EER N H -T2,

x 11l AV F—1N—LDOERE

IH CP K4 Btk cr R4 B3l
Mr. Geoffry Wachira | 4 F- it [X Mr. Benard S. & i X
s B TR Omuya HUsCF B TR
Mr. John Kinyanjui [A] Mr. Philip K. [
BeAhr 2 I B P = Munyua B 2 g T
OKFIHEFEY)
Mr. Lawrence Thooko | K72 =7 h® WRAMIOY | /i EEML | EFER
nYxl bR =T x— O (201942 H)
AR E (F— 2 FEEY)

MU JICA BFIZEF— A

2) vy =7 MEEIORNE

Tul el MEBEED TV ET. ARICOWVWTAE L TBLL I EREELEZZ LN TR 3
HIF|ZOWT CP & HEMFE T — A Thhis L. A EFIH%Z TechnicalNote & L THLY £ L&, 2017
FA4H1R2BMTESL - LE SR IRTER2)

(a) FHEMM OZEM OKNLER & EF OB E B0
(b) 7uY =7 MEEBREDSHE (WRA, JICA OV JICA HAFEF— 1)
(c) 3D HERILEB IR D BIRBNE (RIS KNLBLT & % O ES1)

Fo, EREEIZEE LT, 44 Technical Note | Cik, HrHUIERE T 2 KALBHIFT 2 WRA & Y5
F—LBFEOBMBEELB L TRETLL LW, ZOREEXZT, 201746 H 13 H~15 H
(2 A RIS A 23 FE e S AvT-, & ORGSR BEAF O BRIX I N (Intra-Management Unit) #1737 (4F 10,
XA =2 )R) HEERXBHTE LT ET3T52 4T WRA fllEAEL. ZORRE
Technical Note No.2 & L THLY £ & 201746 H 27 B TEL - LT7- (B IBRAMAEES),
U, ZOEEFHITH> THEEX2FERT 22L& LT,
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172 EBHE

A7V =7 ME, 340 AARNEMAZ TR S, 4 4 OFREAN TR S TWS, HfEF
—LADHEBE R OBEERZITIF 120280 TH D,

# 1.2

BARF — b DOEEHE

59 B # (MM)
H 4 H 4
1 a K it =
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2 HEENA
21 ARELICETAIES
R TITARDIEENE, LFD 6 > Th D,
o IREHI1 FEIIL, WELNEAKIZENT, REFEBIHHLEOREZ R T D,
o JEENI2 K& KBy NU—TORELEET D,
o JEE)13  KSCEBLANCAHE M4 28 OWHE 21T 5,
o EE) 14 KT EEAMERL D 72 DIARET I,
o IEENL1S KRB - ARABINETOEHSEI W 2B EIT O,
o IHEHN16  {JIKERITEORE LS D,

211 FEZEFJI, #WBEEKCBT 2ARBAMAOREXE [FHFE 1. 1]

TRED 1.1 ISR 2 EBNAIEL. (1) W), I8 L OVEKOBEFEOBIRINAE OfER. (2) F3
WL I M OB OIS OFR ESM OMERR « Fgt, BIOY 3) W, W K OYEKD
BIHS ORERMORELE, O3 OTH D,

(1) EZRI, 78 K ONEK O BEAFE DBLRIN S DR
A FI)NFREIC BT, WRA M L TWAKRNMEHRIFTIZ, 3£ 21 0@ Th b,
# 21 ZFHIFEBOKMEFHE LI OZOBEE

BEE BRI E T
EZFBLNET (National) 1
EIXBIHPT (Management Unit) 11
B I N BLIIFT  (Intra Management Unit Station) 18
FeEBLIET (Special) 24

& &t 54

HUBL : WRA 153 % & & 12 JICA B R F— A 3MER

FBMFTIZOWT, WRA ARFTHE 22 IR THAZEH LI-BIIRNEFH I TV 5,
# 22 WRAODEIETEHEINTWAIEE

HHE R AA ikl
TYPE 1. Manual 2. Automatic
Priority 1. Natioqal 2. Mana.gement Unit 3. Intra Management
Unit Station 4. Special 5. Others
Station_ Ty 1. Sj[aff gauge 2. Weir station 3. Seba 4. OTT 5.
Thalimendes
Region 1. LVN 2. LVS 3. RVCA 4. ATHI 5. TANA 6. ENNCA
LOCDESC Location Description
Sub_Basin Sub Basin Code
Last Repai Last Rehabilitation Date
AREA Catchment Area Km? above the location of the station
LOGAUGE Reduced level of Lower Gauge
UPGAUGE Reduced level of Upper Gauge
BMDIR Type and position of the BM Concrete, top of the right side of

AARTERA S 2-1 =7 E KERERT RAA Y-
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the Bridge aburtment
BMDIST Distance of Bench Mark from First Gauge
BMAL Assumed level
GAUGERL Reduced level Metres above sea similar
ACSSDESC Description of Accessing the staff gauge
CTRLDESC Description of Control (natural or artificial) Natural Control - channel or bed
outrock across the river channel
OPEN Year Year Opened
CLOSE Year Year Closed
LONGITUDE Coordinates in Decimal Degrees
LATITUDE Coordinates in Decimal Degrees
ALTITUDE Altitude of the station (masl) On top of the Benchmark
SEDIMENT If a sediment station 1 if not 0 Sta‘ugn N armarked for sediment
monitoring
ACTION_URG Urgent action required
ACTION REQ Action r‘equested Rehab 1, upgrade 2, relocation 3,
- abandoning 4

DATE VISIT Last date visited
NOIATT No of staff gauges (0-1.5, 1.5 - 3.0, 3.0- 4.5, 4.5 - 6.0)

Daily History File existing 1, Not 0, with rating curve
Daily_Hist 2, photo Qf statioq 3, crossection 4, .lon.gitutidal section

= 5, more information refer below list if all present 7,

partial 8, none 9
SUB _REGION Indicate name
Photo Paste a photo of the station (best short)
RELOCATION | Any previous relocation(s)
REMARKS General remarks
(R}EAESI]EER WRMA staff 1, Honoraria 2, WRUA 3, Others specify

Hd . WRA 53R % & & 12 JICA H9% F— L 2MERK

EREIEE LS,

EIEICIZUL TOEE OBZANLE L E 2 5,

- HMEERB 04T

- Gauge Reader D4 Hij

- BEROEHH

- BB E o FEHE H

- BT AL oo FE e B

- AT H~Q it o> B B

- T AR ZAEE S TW A BT — % O EI

- BRI O T~ — 2 DA

£, AR =V 0 Eed (KRIER) £V 7 TR —9 25 2 & 2Rz,

Bl LTS BERD D,

Fr A AET — 2 &

WRA X, 7 7 VU BEEE & KR TRKLT—XOIHFA B L L7z, Inter-Governmental Authority
On Development (IGAD) O 7' 1= 7 MIBWT, LLFOHMIA TAKALEE (telemetric equipment) %
RE LTS, YEBIZEIT D Tana IR TIL, &5 2 &7 (Tana (4G01) & Kathita (4F19) )

PS5,

=7 E OKERERT RAA 2R 2-2
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£ 23 IGAD 7uv=7 MR ETHIIBERUOKMAEH—E
= FEARAKANL . = g
BRIP4 RiE - BE | BAVNED SO WitE s — — X @ED
&5 [2— F No. ] BAOTE Y e DA T sm
1 Archers Post[SEDO1] O O GSM/GPRS
2 | Sio[IAHO1] O O O GSM/GPRS
3 | Mara[ILAO4] O O GSM/GPRS
4 | Migori[IKBO5] O O GSM/GPRS
5 Nyando[1GD03] @) O @) GSM/GPRS
6 Sondu[1JG04] O O GSM/GPRS
7 | Tana[4GO1] O O GSM/GPRS
8 Sabaki[3HA08] O O O GMS/GPRS
9 Umba[3KGO01] O O O GMS/GPRS
10 | Kathita[4F19] O O GSM/GPRS
11| Athi[3DA02] o o GMS/GPRS
12 Kerio [2C08] O O GSM/GPRS
13 Malewa [2GBO01] O O GSM/GPRS
14 Ewaso Ngiro South o o GSM/GPRS
[2K10]
15 Turkwel [2B21] O O GSM/GPRS
A &t 15 6 9 6
JH17E : GSM=Global System for Mobile Communication ~ GPRS=General Packet Radio Services
it WRA 15# % b & 12 JICA HRZE T — AW ERR
(2) FZJI IHE & OV 7K OBLIIHLR DR E S O fifesd - it
WRA (T, RIEKBIHIFTIZBEIL TE 24 1077 4 SDOFFIZK L TWD,
& 24 WRA D 4 >OKMEBFT OB EUE
BLRIFT O REEE BIEONE
a. EZFBWAET - EFBLE O OEEME RO « ARNEAE
National (N) - T ZITEOKERORNEZMBLT HIERE RV HD - B BKALELH] -
- [EFHNCEEIED B D)1 - KIKOGENIALET S ROk E
- WS ONOEEXBHFT (MU) (IZBET 2 cT—Fal—
- & 2 COKREROBLNT AP EZAIC R THRD TR E
VB RO
- AR HEBB A BfE T
b, EEXE T  BEHXOWH O (ORI E OFWERAT) IShLET 5  IRNZAE
Management Unit - FREOERXIZHEIT HKEEOKRILE T OKE - K | - BEKAZEIR] -
(MU) H) RLEREETE
- BRI oOREAEHEEIN TN D cF—Anu -
- ERZABBIHA BT
c. HREXINBLEIET | - AV TEHRKIBOWRH A (—RIJNOGEAAT) (AL |« KAEE
Intra Management =95
Unit (IMU) CFEEOY T EBKICET DARERORINE R OKE -
KE)
< KECROKFEEHD =D DT — X g4 %
- KB AF A 7T 5
d. FrEBLRET JRE SN H D RFEOKERORM A BT D (B T | - KRAEE
Special (S) K. HEK, )
- FEE DA - R ERIDTZOIZRET S
- K EDN D DIGETICERET D

HL - SRR IR D WRA B

FHERIL JICA B F— 4
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L L2RR6, 44, EiLok 5 OREO S L BHFTORE T RO, FUTIZE W TR
IO OREREIEE L THLIICAZ T NS, EZFEBUAFT (National) 1%, #FEE % & <
UGk - BEZ 3 L T\ 5, £70, EEXBIHFT (Management Unit) 345 K —23
IET DB R s & LT, B - BELAER L TV D, B IZRBWTER) 2 51k
LTV LIFEWNIT W, Eio FHXI AN BT (Intra Management Unit) & £7EBLHIFT (Special)

2R3 D RNLBLAATIR, MRS BN TE 7 < & D RFEESEZ S 72 L TR WV O MBI
Thb,

FANBRFT O T Y —IZOWTOREMIE, BRI SIVIZKALZ ED X D ITIEH S5 D0
B TIZ2Wzd, ANEEHTOMLERH L EEX D, L, BHIZOWTIE, KRB O
HHB LOFIHOH T S TR WROHL EZZITOERE 2V EESELDTHLWEERX D,

WRA 1%, Z < OEHIFTZ AT L TWAD 0N, BEICBW T, AKNEBHZ &P Cld TV #5823 %
< b, Frio, FEXILNBLRIFT (Intar Management Unit) 35 S OVREEBLHIFT (Special)  1Z5%%4 3
DARNBLAFTIZZ O X 5 2 M H D, AKABUAID KR TE RWERBRIT, E@METH Y,
W8 U0 70 HERF R B (MU i/ U 7 US55 ) #4381 L 2 B IR 722 BE Ao RA AR 8BRS (Gauge
Reader) (2 X 2 HEDRUE SN2 WBUIKMIEO R L BE LT WEB X DD, o, KAAEE
DORHRLHEINFEL TH, ME SRS . BN D 7 —2A083% 0, 12120, #BlAHE
FFERZRUEL T, T ICBEER R 2500 8 5 203, MEDOIRROFREIXZE 5 fHE TILR0,
BUEOIRUKNAT %, R @S Ic< War 7 ) — MUA LR L TV 2 e B3 Bbng
e TEO—2EEZLND, HIZWRAIXZINZHELED LS & LT\,

—J7. EZBNFT (National) LEELXELAFT (Management Unit) X, FF—, & LIZr=7
BUFIZ X2 &I XD, AN BIII Z T T\ o, BT Z Wiz, T X TOBLHIT A £ =
ZY U ZETE TRV, WRA (TR EET 2L L, B LAa~THIREN 217> T\ 5%,

EIZ BT (National) @ Garrisa, 38 & OV OMOEELXBEIHFT (Manaugement Unit) DX & H #Y
AW THD bOD, BT — 2 OIEMITENAHEICER SN TWRWZD, RERLTEE L FEERD
OB B OFEA YA R DT 5 & 2AFTIFEANRTE TV ARV, BEITSIINE ZF
JIAE & OATE PR EEE X BT (Manaugement Unit) Z 3% L T\ 572, BlE (B L TR
X2 NE B BIDD, EDOKAMT — & OIEH GBI STV 2RV, KACBLHIET OFR & H
RCOBM B BT — & OFEFEOTEH & 23, #fE L TWanetn ) SRMETH D,

FERESL TR ICE L TiE, ¥ 7 HIBEEEFTR  (Sub-regional Manager) & DHFRIZIWT,
AALBRNET O 57 =V — B TEEJEAIIC I L TV 2RI TE oo T,

(3) FEZHAJI, VE K OB K O BLHI b A D B E S DR E S

ATET COMFHE RN O FRTRIDKABLIT ORRE S & LT, 8 Eofs 226 THRE
D) AT T 20BN D D L BT 5, BATOREREH S >ob, —i, BHIHAH
HSNTWAEb Az oD, E-> T, &F 6 XIZHE > T, & 6 1T LIZBI{EDRRE K
HWEDOUET 2B NHED D FIL, D2 > THRELZB S ERERH 0 | Y ITBIT O & 2 ke
LoD, BHUZIH > TEEEEZALCL, HEA2EDIRE LEZD,

=7 E OKERERT RAA 2R 2-4 AT ERA S
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212 X% - AXBEFRY hU—2ZDORELOXE [EH) 1. 2]

TEE) 1.2 [CBHE T 2 BNAEIT. (1) KRG - AKCBRIAR v U — 27 OBLRAEE L38O0, BEL O
Q) B&t- KXBH Ry FU—7 ORELXED 2 S5>TH D,

(1) K&« KRB v b U — 27 OBLRIERE & RE T

WRA DG« KB A > b U —2 % BSEAE T R E BIHATRCE OBLE D RE L E7-1T
BHEXITE A ETOILTR, 8o T, EBRITEANREAE LT2SGAIC, ORI R OKMNT —
B BT REDIBESN TR0, WRA & L TEURICENS L BUKHI PRS0/ KR 7 & BAR
M7t R AR D Z E L,

BARRHRIZB L Cid, Bk TN 7 =7 58T (KMD) OEBDHEIZH YT 5729, WRA TiE,
UKD BARAY 72758 GaFR) A Fhi L7-RBRIZIER 122 L, — T, HiKkik 2016 TiE, #lk
KNGS WRA OFHEL 725722 L 5 H W . WRA TlE NWMP2030 THE/R U 72 oK B S (21 5
At Z NI CIE 2 T OWOKBIMAZ T2 2 L2 HE L TWbH, 1o T, KEJREH
. WRA & KMD @ Z v TULEICBE R EENRD LT D,

s e B ALK oy
LVNCA 1. Yala Swamp I‘A" \
(v7 FY 7L JT¥?\‘ i
) LR ¥ \Lﬂﬁy/afpf
LVSCA 2. Kano Plain r'\ K -
(7 RV 7iE |3. Sondu Rivermouth E X P
Btk x) 4. Kuja Rivermouth ¥ 6 Ka §
5. Kisumu
RVCA 6. Middle/Lower Turkwel L ()
(U7 hNL— 7. Lower Kerio /g Y-
kB 8. Nakuru ‘f;ﬂ,ﬁaxm- N\
9. Narok by ¥ 2 ,r‘ N
10. Mogotio 'd ,ﬂ% ,.i\ e
ACA 11. Downmost Athi “‘g/ ) (B
(77 4TI X) 12. Lumi Rivermouth . T \
13. Nairobi City .
14. Kwale
15. Mombasa
TCA 16. Lower Tana Proposed
(& FHHRIX) 17. Tjara Qo Arca
ENNCA 18. Middle/Lower Ewaso Ng'iro
(=Y ¥n North
itk X) 19. Wajir
20. Mandera
21. Isiolo

Hifi:  NWMP2030
X 2.1 NWMP TR LTV 5 Btk B ik

— T, 2018 -3 ANG 5 AIZ/T TH FINW T, KRB 2B F4E Lz, Tilko Garrisa
DRI BT, Rk ASf vy b= U 7 THILER A LT, AAREEOERRNELZET
LHe. Pyl T, Bk BOKEEERAEY A7 TEmWEE B, BT, =7 ILE THE
HERN D> TG, BokE — 27 BNEFH CRIET 2 ERENH D720, WKE=F 1 7 Oif
EREE L Th D, BUAMSE OB, FREEIZBT D KRNAROEI (miEmEmE) OBl
DABMEE & BT, FERICIE BEER OWRGUIISE U T) REBMAKER S 27 ADEA SR
DOERMNRHH LD EEZBND, ZO%LE, BLWKREEME T CLE LBERELY &9 IR
D, FHE KON AT AREFOBENOBFEN RN R EZZE L T ZENEE LR D,
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(2) KRG ARBLRIRY N — 2 D FIEL S

211 Q) CHERB LICIEZ E 2, £ 7 vy =y NEBIZE U CERE LB ROMm LA o g
2y MRRICBIT 258 - KBS - *y N —7 ORE LARRE LTz, £ OmaHkiEs oL
TITRTS
(a) Y AT LRE LT —F DU
2019 43 ABUE, =T ENOT L A =2 8T, BilKAMED 23 &, HExG8
Bk (PERvE, XOE. WA, R, BUE) 25 6 BTG5t 29 HATICaRE S, A
AN HERET — 2 DB ST A v ElZ & 5 WRA AR 10 FE ICT Section (NHIF Building,
Upper Hill) (2425 H 41, HEIEYIZ File Trasnfer Protocol (FTP) H—/N—[TH&HA S 4L DX
Lo TWD, o, FBIFTOEIRORI & A THR TE DV AT LMER E 2> T
%o BHIFTOWNRE . 2019 4 3 H 31 HEFROBHT — X ORILRHLTE 2.5 DY TH
%, ICT Section D HFE WA HEH, 7 —F DRI AE T = v 7 LTWDH, ZF i
BXIZIE 4 ST E S AL, £ DO b3 EIAPBET CTh o, K7 v = b OIEEIRI5E]
MHfFD—->T& % 4BE10 (TanaRukanga) %, 2018 /£ 4 H OU/KTT — & v J—HNZ2/KT
—IEE@MEIE Lz, 2070, 7 —% a i —3— B A S AEEIEENFE S T,
Z D% AEBEHDOT — X 0 H — LT TIZ 4BEI0 [T SV, ARE~D T — & F Rk
(32019 4F 3 A REFRTHEIE L TW2RL,

# 25 WRAMWNEHTIT L A—FHERONR (2019 4 3 A HIE)

. BHIET - 7 — & BRI
¥ 3
BeW | No. | |poee BT (2019 4F 3 B 28 A BEA)
1 1AHO1 Sio Yes
2 1GDO03 Nyando Yes
3 1JG04 Sondu-Miriu Yes
4 1KB05 Gucha Migoli Yes
5 1LA04 Mara Yes
6 2E07B Perkerra Yes
7 2FC19 Njoro Yes
. [ 2B33 | Suam Yes
(WMO =482) 9 2K04 Ewaso Ngiro South Yes
10 3DA02 Athi Yes
11 3HAI13 Sabaki Yes
12 3KGO1 Umba Yes
13 4BE10 Tana Rukanga Data logger recored, but
data is not transmitted
14 4GO01 Tana Garissa Yes
15 1HDO09 Awach Kibuon Yes
16 1FG02 Yala No: network problem
17 1LA03 Nyangores River No: (to be confirmed)
18 2C07 Kerio Yes
, 19 3BA29 Nairobi No: network problem
WRA #4775 3F09 | Athi Kibwezi No- washed away by
flood
21 4DD02 Thiba Yes
22 4EA06 Mutonga Yes
23 SDA07 Isiolo Yes
24 856895 Naromoru No
25 8937059 Nyambene No
CETRAD 26 857004 Wamba No
B4 27 859085 Marsabit No
28 49507 Nyahururu No
29 49417 Archers Post No
L [FHot WRA [] Tanadikx
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sRERLA

IGAD: The Intergovernmental Authority on Development (in Eastern Africa)
W7 7 U ) FEIE O WUk b ) 2 HEES 2 H T 1996 fEENE DORGR A5 TR S Tz, BUE, ¥
TFETFHET =T YR IT A=Fy vy S 2 T AL YD 8 s [E
THER S, REIEC 7 FOEHR Y7 T,

CETRAD: Center for Training and Integrated Research in ASAL Development
=T 3E CCOKREES 2R UE) & XA ZAETBUF O 2 FRE OB T, 2002 4,
Laikipia Research Programme  (1976-1997) % 5| & flk T TRRIL S 417z, AFEBIL, Nanyuki (Laikipia
County) 1255,

(b) VAT LERFFROREEEICEED S T D 15#H
IGAD > A7 AL WRA HE Tikal, M OffE - 2 #5 L, BLNFT) 5 AHE O FTP
PR ~DT —F 5tk « BN E CTEHY L, —J. FIP == L7=7 —
4% % ™ MIKE INFO % ffi- 7= GUI 1Epkid, 4R Water Security and Climate
Resilience Project (KWCRP) O—Eg TR S 4172, —F . WRA HOLE®IZ L 81l X
7 %, NARIANA Enterprises Limited (K702 =7 D [KAFFORKE - &g & T
BEIN OBEFER) M. &EF - REZHEY L,

(c) FXTE T A BLII 2 OO MR8 BRI
EF. TV A= X BT OHEEFE EL O BETIX, Ak SRO 3H H R& L Z A2 SRO D
2By ZIIBEEEIR OB Z 2 1T TV DHEEME T, BIED & 2 AARTOM Y E 23 > T
%o TEREIZIE, o> RGS [AIEE, 4% RO £7-13EHED SRO WEMLEFFO L D LH#ELR X
o,

(d) BEFBIET (FiK) ORBEROT —H_—2

WRA @ Data Management Section TERAT « FEL L TV D BT AR DFEMIZ OV T,
A 2. ISR 7= L B0 T, FUkX Z L ICEH I TWD, —JF, KWSCRP TERK &
T4 6 P X DA X b U — (BExcel 7 7 A /L) % 201941 H, WRA Zi@ L CATF
L7z, %F 121X, [Vandarism (155) Ofalitt] OEE L EATWDIE, BHIFTZ &0
TruY e/ MK DFHE (MBI Z Mk X & G D) LB (Note il : TR
HNZPE > TRidkd v || [BUAIFTALE S HITEEE SRO TEMER 72 &) it STV 5,
A PRI X O B SIS ORMBLAIET % "5 L. WRA AR TiX 156 f&fT, KWSCRP
TIX 186 T T 5, ZOFERIL, %EITIT WRA FEELSOBIFT b GTe/-D & A5
b,

(e) Z FINPIIX DG « KB FR v b U — 7 BB mIT T2 %
NWMP 2030 73 & )1 X CTHEZE L TV B Ry 2 8T8 (K& RS B ) o
D—HEREHE L L THRE) DI, £ 2.6 Di@HY ThHDH,

# 26 NWMP 2030 D#RRBEFTE (# FHRKRX)

BT OfEER R R

F KB PT 26

M &AL 47

Hi R AKBLIRIPT 18

FEMEREK 3 Higt - NWMP 2030

AARTERA S 2-7 =T E KERERT R Y —
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FEWARBRIFTIZ OV T, NWMP 2030 CTHEDE 2« OBHIFT 2 BLRIZH S LA T v U=
7k OFHMFE R (2019 42) L 4L2, KWSCRP DA X2 b U =658 9 28T D =
Ay hEfH L, GOETIRAMAER 4 IZHD £ L7, CP (KB, EmbuRO) OER S
WA L CHRET L7 R, RIERHI R0 G5F 27 ST ORIEKBIIIT 2 1£ET 5, £
LOWRIZE 2.7 D@EY TH D,

#® 27 AZ7uvxzy b TREYTDLRIUKBRFTEONR (& FiikiX)

7 R N &R B H
25 FEFTIE NWRM2030 (2[R U | ZKSCFROBLE DN B | ST - A 00 32 28]
(4CCO3 1 LF ¥ L WS &2 TN TREEL WD, 95 20 fET
4CC08 THRFESE D) DSBS T M & 2O PR CIERRLE)

ARk 27 T
(FifiK)

FThHD, (2019 4F 3 AMEE)

2 AT (4CCO8 & 4F10) Z3BAN | 4CCO8 1% 4CCO3 DI, 4F10 1%, R
IBEPTE T, Aev=s N THE
B TS A& (HIBALE 2018 422 A D)

HEL : JICA HEMZET— 24 GEHIIRMTEE 4 220

WRA O A EfRHIIZ. % SRO T Surface Water Officer 1%, 1~2 ZAFEE Lo\, R
T HIAIRN > TV D T2, (EENT, 2L RO 650, FEERIX, BE@mEICLD
Ll O MR DL L OB O B Y AW e S L 0 | {EEIRHIR STV 2 ORBLRT
&%, EmbuRO EJAKHYF ~OM X H 0 IZ LiuE, BIE, BT — % B3 EHHICEY
TETWVWDLDIFTISBRIFTICEE > TVWH LD L7257 (2019 43 H 26 H Dk

UL, Z iR CEIHATE & LT, 40~50 STz i+ 2 08N H 5 & D
HiZotel=d, ZO BB HWEERE (89 LTZOEBRMELRON) ZRDz, Eid
TR L FIZ LD L, AKFREEE WRUA 234E25 9 2 KRB KEROEHED -
DICHE L DOFHHATH 72, 72771, #£ 27 IR LEABERER LIZEAT & kT L, Bl
IO B %Z — D2 —DfFETE HHMERERIIH/ O Tz, 7272 L, BE LT 27 T
OBBIFTIZ DWW T, A%8I - MERFEEL A L T < 2 & TEERS b,

BIE, WRA ML TWET L A—XKIZ X 55 — % AEhfink ©F — Z [ D& 111k
XA D A3, BT S (BLIAERR 20 OIS EOHERFEBEO A (N5 & a2 A 1)
IS 25 ETPREND, BIITO RO KOSRO OEEMER (HIZ ABIZT TR BELE X
NDHDAXNERBEFHFOEEZFIE CTE 5h) NEL BT 22, REMNICKETE A
WEBLRZBET 2 & BRFTO BEME &3, BB O AL & B E RAICED
HRELEZEZD,

—J, MoEZHE LT, BIIHIZIE U T, 7o @lflix, WRUA ICBET 57
&L MMBIEEERE b o - A E A L WRA (35 & A BT O EEE, T —4
DI BRI T — 2 OELREIN S F v 7| TR R—A~OBEE) | W
BF— 2L AEBICHENT 5 2 L @R L L TRET & L B2 5,

. NWMP2030 Tid, MEBHFTIZ, FlXAE O RE 7 2 5D 2 irfas . iaito
LRRHIE . =T T AT T iz D & LB & D R IRIK Sy &L B
EABELTRESN TS, ZADLOREFEITHRF R TR LA L, 51T,

=7 E OKERERT RAA 2R 2-8 AT ERA S
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FEVE S O 3 EPTIEARF IRV 2 T (Ritiko 4BE10 L OVl o> 4G01) . i D 3k

Thika JI[1Z 1 AT (4CC03=4CCO8) CTHH LMEUIREE B2 Db, £z, M FAE

PIFTIZOWTIE, ZORYELHB CE D ERNAFETE R oTIoD, £ 2.6 ITRT
NWMP2030 O&LHSisEE 2 G & U THEFRFT 2 2 & &35,

2.1.3 KIBBNERT 284 OHE [158) 1. 3]
(1) ARNBLENZ AR 2 Kk D RFFHE

% < OKRMBRFTClL, BRHOFERICEFEL T L B 11, AMAEOFTHE Y 12X VKA A
L TW5D, TR OBIGLGEITAH SRO ~2H &4, SRO IFZTnE HE (Excel) IZATL T
%, A7av=r FCid, BllABLOHEZ BRI B —, T—F e i—KkOFT—% 2
L7 2 —D—X & 4y MEG LT,

K 2.8 WRA ~EE U7 KA BLRIEET

E5 Bkt ol bk
1| Kk ry— 4 | SENSEZ #t#d, J£ /7, A3 HM-910-10-20-CN (HAHY)
2 | F—xay— 4 | HIOKI #H:8, A (LR5042) (HAHY)
3 | F—x=Lux— | 4 | HIOKI A8, A5t (LR5092) (HAMY)

HL : JICA B F — 4

B 42> P9 H 11> b% MeruSRO MNEHET 5 4F10 AN EHIFTICERE L. FEMF]HIC
BT 2HHEZFEE Lz, HHETIE, UTIRTEBD, MM OREN LB ORTE L, T
— Z [\, T —Z OFIEFEIZOWT, SROBE E1EE L) s OB E 52 1To 71,

& 29 KB OEHIHEEBNE

_ BhE O
5 B . %@ e
BE Eiti B Ehi 5 i R HEDANE
1 20183 8 1H 4F10 Meru SRO Kk o —&F—& ol —ORE
2 | 201849 A 26 H 4F10 | Meru SRO ;g53V75H%ﬁ%LkT~&EW@
F—BIREDT- DY T RN =T D PC -~
3 2018 FE9 B 27 H Meru SRO | Meru SRO DI L B
T—H 0 = CERE SN E O KN RL ek
4 |2019% 18158 EmbuRO | RO, SROs (Fsr) I

Hidl: JICA M ZEF— A

() TREBICAR DM OIHE

EBANCAER T 28 O~ =27 vid, BUEFEE T, DB TOEINBERFEERTH D, 1o
T, % SRO COBIMAFERBIEE L RRDDONEETH D,

HELEBO T, MEBNE 2018 43 ANSEM L, 3 A 8 H, Embu OHGTHFHEHTIZT
BEFEER L LD B IRV —7 v a vy TR E | REBIN LA IZ DT BT,
BSOS « MATFIEC OV T ZIT 572, WRA 8Efii L CW A FEBIIL, $/-~==2
TMEEINTELT, EAZ Y 7ONEIEKFLTEY, —EDOMEEMHRL TWD EITFEZR
W, BTSSR OANT) 7 +— 2% IR L ., BLHTOEHI7T 2 &~ (4BE10: Tana Rukanga) % id U T,
B COREFIEL ONZO%ROEHEORE LT T2,

AARTERA S 2-9 =T E KERERT R Y —
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F a2l —FKROHY] F— gLy B —hE, PC ~DIR F—FPEESTEOH I
Hii: JICA BEHZE T — 4

X 22 BHFEORREER

KA o — 5% L7z 2018 4 2 AL D T — & Z U U KOAEZ B ARELH L 7-fif & ik LT

23 D LBV ARBEKZEER L=, fHBIFREIE 09959 LIEFICEEMEOESWERNE LN, =

DUTUERRZ VTR P —EZ KA U, BB & bl U7k SR A2 3 2.10 12777,
FAZEIE 3 emBA T EFERICEMRBIIEN SO D Z LA MR SN, b T — X BRI

WL 72 it B 2 ERL L C CP AR L7z (B IRMTERES) o ZoZ#ikE2 -HvC. 8Ll

ZPtG L7 2018 45 2 A LIRERIF 9 H £ COARMBIRMEZ X 24 1xT L0 7T 7Lz, 4 A

24 HITHEKAL 2.4m L8R L TV D Z E 3R S iz, £/, WIE T3 2% H-Q HifR 2 Hw

THBRICHRE L-27 7 7 b 0TI 24 1TRT,

Correlation Diagram

y =10.515x - 10.472
R?=0.9959

0.00
1.010 1.020 1.030 1.040 1.050 1.060 1.070 1.080 1.090

Automatic Observation (Sensor) WL(m)
M JICA IR T — A
23 FHEAX (B#EIE v Y —1E & AKMAZFEE Y fE)

=7 E OKERERT RAA 2R 2-10 AATEHRA ST
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# 210 KNEBREIT —Z OFE (4F10 BHEIFT)

B K48 B R EBAITE ‘ K — AR L
(REH 1| (1) ki | T—FOA—EERIE Zifs | KEE
EE) m | me | @KE gy | @K (D9
Bfss #®=Y (m) (m)

2018/3/27 9:50 11:34 0.54 10:00 1.050 10:00 0.57 -0.03
2018/4/19 9:08 9:18 0.91 9:00 1.083 9:00 0.92 -0.01
2018/5/2 14:00 15:18 0.84 14:00 1.076 14:00 0.84 -0.00
2018/6/7 11:25 13:05 0.72 12:00 1.064 12:00 0.72 0.00
2018/6/8 14:25 15:55 0.70 15:00 1.062 15:00 0.69 0.01
2018/6/12 12:38 13:47 0.65 13:00 1.056 13:00 0.63 0.02
2018/7/9 14:14 15:39 0.48 15:00 1.040 15:00 0.46 0.02
2018/7/23 9:30 10:25 0.40 10:00 1.033 10:00 0.39 0.01
2018/7/29 9:22 9:59 0.36 9:00 1.030 9:00 0.36 0.00
2018/8/25 10:35 11:15 0.28 11:00 1.022 11:00 0.27 0.01
2018/9/13 12:01 12:29 0.25 12:00 1.019 12:00 0.24 0.01
2018/9/14 9:35 10:00 0.32 10:00 1.027 10:00 0.33 -0.01
2018/9/22 9:35 10:00 0.30 9:00 1.027 9:00 0.33 -0.03

BE: ZE4as (3) = 10.515 x(2) - 10.472
Ko T(D)AKM TR EBN OB (B & TR (&T) BLIAKN O FEHMEE =T,
HiEL: TICA B ZEF— A

3
25 «— MAX2.4mon 24 April
€ 2
K]
>
215
=
j
=t
©
= 1
0.5
0
3-Feb 17-Feb 3-Mar 17-Mar 31-Mar 14-Apr 28-Apr 12-May 26-May 9-Jun 23-Jun  7-Jul  21-Jul 4-Aug 18-Aug 1-Sep 15-Sep 29-Sep 13-Oct
100
%0 4| MAX 89m?3/s on 24 April
80
— 70
2
-
£ 60
& 50
@
S 40
2
O 30
20
10
0
3-Feb 17-Feb 3-Mar 17-Mar 31-Mar 14-Apr 28-Apr 12-May 26-May 9-Jun  23-Jun  7-Jul  21-Jul 4-Aug 18-Aug 1-Sep 15-Sep 29-Sep 13-Oct

Hi B JICA P F— L

X 2.4 KAEROHRESRFER (4F10 EHET)

BHEIZ S 7= Meru SRO DHALHRKEIE, 10 & 2 AT 7 — ¥

FLER DA, T — UL

B L 7T —ZEHE, T—2F%x V7 L—a U HEREIZOWT, JUunyzEEL
2o F&V 3 &y PO Ot ¥— . F—2ul—) b45%, KEOBENRTLE 8o TH
BT oBMFTZEE L. HBBHARGSND TETH D, 4%IT. B/ LIERELEN L TE
EDORENRHOND & EbIT, ABLAHEIND Z & T —Z&OHEMN, 7 — 2 {FHEMEm L

BRELZL DR EROLND T ENHFIND,

AARTERA S

2-11
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214 KNHEEEBRIEROT-DDZE [EH 1. 4]

TEE 1.4 1T 2 EBNAIE. (1) BEfFOKNBLIFT O E T 02 4% OfGE, (2) BEfFDK
NCBLRIFT OERE - o R F 721 THBUKALBLIRIT ORRE . (3) BEAF O KNBUAIFTIZ 35T 2 1] AR i &
B L O EBHRLOFIE, @) BEAFOKMHEEMBROFEAMN & BB L, (5) EHA0722 5 &BL ok
e, D5SHOTHD,

(1) BEAF DIRALBLFT DR E 5 i O 2% 4 PE DO HERE

2ok (20171 H, 4 A) & WRA L OARFEOBMFAE (2017 46 H) #1170, Z IR
W, BEfFOBLRIET Tk n o, HIB OB RN BRI 2 1122 L7=, WRA DMHEE L TV S0
FEDEV Y Management Unit 2D 35 2 & A HATGE & L, & )| Btk o @il 2 F1z
A L=, 2B 0BMIFTE, TRTABRATRADO )N EFBANALE L (RINAKNOE KD
BEZIT RN D HOHFREOIEMZRTr) |« IBFTERTEXMICRE SN TWD Z L 2R L
oo 1 FEAEDY A MIHERECAM WK O biZenE b, 72720, CP &bl
HwORER, 4F10 (Kathita) (ZB8 L TIIBERR OBV NE)IERMI T, ZHLL EORERENLTF DT
DI, WNTIC X DT 2% L=, 5|2, 4BEI0 (TanaRukanga) (ZBH L Cid, BEREBFICA
I > THEAL D KIS & o TERVNEO KSR RE SN ERIERH o 72720, HHhoOR
HICHEKEE GEER 15m) Z&ek L7z, ZAUC X0 #iZRm O RRKEIEHEKEE 28 0 (O PRI
BRIERTEHL )1 oT,

MG ET DKNMBIHFTZRET DITHTZD | MRISTEEINTE 52 L2BETH L, 77 1A
DR SFEELRMERMNTH D, £z, AREBERIPT & UTHLE-ST 72 4F10 13, HEARAELH
G LTS, BRI K0 ARALAESCKNE G MR L. BRI I X CW i Th 5, Tt
\ZHED B D08, D BTV T2 DA & LTt &oHIbT L7,

S HITARJNTEWIZEHE &/ T%  Grand Falls
Dam (GFD) S&EEE 3L, fFklrKuhn c¢&
=% . FHEWAN. (HWL) X0 +2izEn

Meru SRO

BT AL E S D 72 OHKR O EIIZ T 722 L EOS
L BEEREN DR LT-, o> T, 4F10 Kerugoya SRO \

E. H DEEBROMTIZN0D b PRI . v4F10
Kathita || Wi & B2, EHT 5 L CEEL W, I}
BEZHND, Y ™

) 22 Yl GFD
EBAER L LT WRA & 7% L7k BIpT Norheml 6~
frER AR 2.5 277, RIS 6 BRI S

Fr OB ClE, WREBH S 35 L, KA
B (H-Q h—7) ZERL7-, BIHE{EH
FR21ICELDTHEEH L,

\; Legend
k @ Resional Office
Sub-regional office

Wi

Sutr-tasin Boundary
River
® Management Unit

High: JICA BEFFE T — 2

Intra Managament Unit
»  Special

Izl 25 ﬁ%& Lfcm{jgﬁ'mug?ﬁi%‘ w (o 10 20 30 &0 km
==
=T E KERERT KA F—XH 2-12 AAR T E RS
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£ 211 KA EEBRIER D3t SR BRI — &
o BARITR
BLEIET - - BT
=] YH <A, * }:‘:F F;F a L
S | pgyg | BWFA . et R BT R
1 4BE01 | Maragua 1212 0°44'59.29"S | 37°0927.91"E Muranga
2 4BEI0 Tana 1,107 0°43'41.56"S | 37°15'32.00"E Muranga
Rukanga

3 4CCO8 Thika 1,305 1°4'16.90"S | 37°19'18.34"E Muranga

4 | 4DD02 Thiba 1,050 0°44'02.22"S | 37°30'38.28"E Kerugoya

5 4EA07 | Mutonga 616 0°2243.65"S | 37°53'47.45'E Meru

6 4F10 Kathita 567 0°09'43"S 37°58'47.00"E Meru

JEIE + *{nr) [ AR RS SR 5 (2017 4R 8 1) i JICA HMZE T — 2

(2) BEAF DAKRNLBIIFT OERE « SR F 72 13T UKALBLRI T O R &

BB ZEFEEG O—o L LT, 2 EpTO#IMIFT (4DD02,4BE10) MEIHE . 1 T (4F10) %58kl
WERE L7z, M, 4F10 (2B L CiE, BiEESCld Management Unit T3 72 < Intra Management Unit
DN ETg o TODH D3, BIEI(D)THRAT@Y | A% & b EELBIHTTE 55720, WRA &
bk ORE R, FHBHIFT O/ E L Management Unit (27 L— K7 v 7§52 L TCEE LT,
AREBPIARE R CTIE, KR B BOKETHEE L, Bl T Tn o7z,

(3) BEFOKNBLRIFTIZ 351 2 10 AR & ds & ONR B8RRI O i A

BERR O AN BTV, IR EORERIISE S o oiz, —J, &SN (H-Q #
—7) WL TR, AKEICT—HOBRFT CERIZIET 52 LN TEL, ZhbeTmy=7r
T & DA B & DRI OV TIRIREIG) TR 5,

(4) BEFOKALHE R RO & fiE L

WRA [IAN BB 2 RET 72012, 3 » BIC—EOFREBII MO TV A, TR OH
K DT LS EMMICIEFEM TE T, 4 SRO VL, Wi EBIH O M - BT LD
DHEEOITHDR Lo TWRWORRETH D, £o, EEIZ B OEHCY A R~
72 L, RO OEMNB AR EZEZBNDH, BEREHEHARON TV &L biERIh
7=. E7-. WRA AT QKA R Z R L=, 2R LR EENT — & 08 E L2 e,
T OOKNL B I M LTz & & ORI o I 72 & OFERIFER PG DR o To, Ak,
RO DEELEZ LMD, T EDOEFERITEUNEE ST,

W, X% 6 T 95 3 {4577 (4DD02, 4EA07. 4F10) ORI EMBENSINE, R T, 21
5% 8 IR,

H approved [m]

15000
Q approved [m"3/s]
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H approved [m]

I I I
I I I
I I I
— —— ——t——T—T—————— ——t——T—T————
(o] 50 100 150 200 250 300 350 4

a0l | 4F10 |

w
o
|

H approved [m]
N
o
|

=

o
|
T

©
o
.

; ; |
(o] 200 400 600 800 1000 1200
Q approved [m”3/s]

Higi : WRA 22 BUIUE LT B RN
X 26 BLEFOKAMEEHBR (WRA)

Bl 2.6 D7 T 7121, MEBIGELY 7oy LN S 5729, WRA B & CEIIGS B30 E
LTWAIETER, ZNO0OTT —FILRnR L2V MR TX o=, A O &8RS s
SYERL L T2 AL B iR 2 X 9 IRT 725, 6 & D Elk, K 2 BLUHIET = & IS DL I 5,

O 4DD02 : WHIC KX 2RFENH S (WRA TiE H=2.0 m T 500 m¥/s., H=3.0 m THK
3,000m’/s. S EIFHA TIX., THENDOKNMNT 74 m¥/s. B 184 m'/s)

O 4EA07 : 1 ZIERIL-~ULIZH D (WRA Tix, H=1.0m T 54 m’/s. A [EFHA 58 m’/s)

O 4F10 :ZERL-~ULICHD (WRA Tit. H=1.0m T30 m’/s. S EFHA 36 m’/s)
4ADDO02 (ZEA L T, #EshoD 27— L3R 0 N D AlBEME N 8 D 7= 0. WRA IO YL E L & Wi
L. MEBAFEROTT — % OMR L & HITHBOBIEZE LT,

(5) EHRIZ i EELI DRk

B RS2 @ L C, GrF o0 [ (FEEXIL 94 [m1506) ORI 2 £t L=, B REm
I, 2> F 77 % — (NARIANA 1) OREREZFICHBIN TS, W, BB S, i
BN TIEOFEMORE RO HIEEOBRIZFEZ HINE L, A, RO LT SRO O CP %4
F2EOUV—r a7 EEB L, TOMEZLITNIRT & &b, Bk - A LR e
—RNEBROIRMER 5 I 5,
O H1EV—ryayS/
® S H/AGA 1 2018453 A 8 H~9 H., WRA MU FH#iT2i#%= (Embu)
o Hi 7Y MEBIOBES, WESNOFEE HQ V— T HIE
Fik, WESNOEEE (4BE10)
® ZN#E%k 224 (Expert Team RO kT 7 X —B &G L)

=7 E OKERERT RAA 2R 2-14 AARTERA S
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O $H2Ev—rvavs
® i BT : 2018 4E 6 H 26 H~27 H, WRA HIFHFT 2% (Embu)
e HiN D BRI R OB PRER/MH-Q I —T A =2 T ORER,
® ZN#E% i 244 (Expert Team KON b T 7 X —BNEETe)

—H O EBIIE R 2 IR 6 A DO H-Q A —7 Z2HE LTz, ZORREZLTICRT,

H-Qst 4BEO1 H-Qat 4BE10
3.0 3.5
25 3.0
[¢]
o 25
- S
£ > =
~ @ 2.0
— > o
T 15 3
] B 15
5 <
g =10
=
0.5 05
0.0 0.0
0 20 40 60 80 100 120 140 0 20 40 60 80 100
Discharge (m?3/s) Discharge (m3/s)
H-Qat 4DD02 H-Q at 4CC0O8
20 4.0
3.5 &
15 3.0 ©
€ —
= é 2.5 o
) =
> [}
g0 3 20 ©
— — ’
5 =
2 & 1s o_©
= =
0.5 1.0
0.5
0.0 0.0
0 10 20 30 40 50 60 0 20 40 60 80 100 120
Discharge (m?3/s) Discharge (m3/s)
H-Qat 4EAQ7 H-Qat 4F10
10 15
0.8
0.6 €10
E T
?>) 0.4 §
g g
T 02 S os
g = °©
=
0.0
10 20 30 a4
02 Discharge (m?3/s) 00
0 10 20 30 40 50
0.4

Discharge (m3/s)

Hih: JICA BEPIZEF— A
X 27 WEHBAFEREHQI—T
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BHUE TRELZ H-Q h—7 (¥ 2.7) OFRIRITFR 2.12 DBV THS,
# 212 H-Q A—7 IR X0EERHRE

et} B4 ﬁﬁf_ﬁgﬁw H-Q #— I

4BEO1 Maragua 16 Q=27.756 x (H-0.310)*
4BE10 Tana Rukanga 15 Q=17.685x (H+0.152)
4CCO08 Thika 18 Q = 8.889 x (H + 0.025)?
4DD02 Thiba 15 Q =25.004 x (H — 0.285)*
4EA07 Mutonga 15 Q =33.784 x (H + 0.306)>
4F10 Kathita 15 Q=37.199 x (H—0.010)?

Hig: JICA B 5T — A

W, RN EOBREET AR 90 [ (FHLS 15 [E) 7228, —&, B A ofEN 72 <
HAREDOHIEIZK LKMZEIRNZ LWVEIE L e 2 &R b oTclod, av o774 —LDEE
Db L T4BEOL & 4CC0O8 Tl, FHFZMSLZNZERL 16 Bl & 18 FIOBLRAIEE S L, AkDH
MEERTDZEE L GEBREFERL) |

215 K& - AIBRFTOZER%E AT 7-XE [58) 1. 5]

THED 15 TR T 2 EBNARIL. (1) A& - KNVBLAPT OHERE BRI O L FEO 58T, B &
W (2) K& - KNBRIFTOEHYGEZMIT 2 XE, ©2>Th D,

(1) K5« KALELIET OHERFE BRI O & B O 54T

RK7a =z N THEE LT 6 EETOKMBIAIPTIZ OV T, % SRO IZHEFFEFLO BRI OV TH
SR RAEZIT o AR Z R 213 IR T HEREHZHY LTV AREIZ 1 405 24 T,

F— FUIVELCHAE, TEIRIREI 2 AR 1 [|E/ L TW5, IEBIRIFT & 2 E A & OBEE X
WO SRO & KNEIFTE R U THD EDEIZETH-T-,

& 213 KACBRIET OMERFEERI
Upper Tana SRO: #ERFEEISIEIL 2 4

BRI . . HE
pgg | BUFE | BN SER | s | wR =
4BE10 ;’fgg T 70 HA A BA | HEE R
4BEO1 ;;;7/ v 1950- 5 A A 5 A
accos | 7= 200 A A A ?ﬁt;fgggl £07—
Meru SRO: HEFFEHIEEIX 14
BRI . ‘ S
e | BEFE | RREE o e T e
4EA0T | T T - A A wA | B st
v =27 — 4 f S AK7al=s7 hCTT—H
4F10 | S0 (%] ] BA Ly amEs
=T KGR A — 2-16 A T E Bttt
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Kerugoya SRO: #RrFEBIEEIL2 4

BT s ~ BB
DEe | ERVE | RN o e i

~== 7))/ - S f IGAD 712 =2 }FCT L
4pD0O2 | 15T - i/ 2% B asmasam

Hil : JICA HHZEF— A

i % SOt R DR A T IEOHMERFE BEOFEM 72 SIZ oW TR, LT DT A R A THAD W THER S
TN %,

(1)  Guide to Hydrological Practices, WMO-No.168
(i) ISO 1100-1, Measurement of liquid flows in open channels

(iii)) Guidelines for Assessment of River Gauging Stations

WMO  (World Meteorological Organization) 23317 L CW\% EFRG)DH A R4 %, Hik7eN
BHED THEMICREFESENTREINTWDZ 0D, @Rl A RIA4 2SR L TRk
EEBLTVWDEEZ D,

¥, EROMEMIZEEE LIZ L0 2 FEETOBLAFTIZ I T B BFHAE AN &% L TERE D H ik
W5 TN E O BB S L7z, 45 SRO VEEL L TV D EIAIFTAIRIT. Zh b s o 5ok
WMAEF SNV TH D Z & bR ST, EMRLENER LIRS n e | w2k
FFEHLGE LW EZ 2 b, BGHTHRORERIAENRERFETH L EEZOND, HEFFEH
DFEANIIRY BN DA, T SR OO S A2 EFRNCIERER L, BEfEa BT &
BUAIFTIZ OV CREBSAYICETE L, B RERMERERZZT T2 2 EDNEHEETH D,
(2) K&« AKOLBLNFT O A SE 16 72 3
MEFFE R B 208 U TS DN ORFIRA F = v 7 U 2 MIFEEE L T, RO RO & [f#H
HHETDOITHA RTA L EAFRR LTz, HA BT A Tl MR HIEENC ST 5 SROL RO &
OAREORERLTF = v 7 U A ZIFRIEAT D FHiE O LI OV TEERICHE L, W
KO ALLTICRT E EHIC, A FTA 0% (B8 IRTERT7) IcBiid 5,
F: KB OAMERFE BT A R T A
(GUIDELINE FOR MAINTENANCE OF REGULAR GAUGING STATION)
HiR:
1. T4 K74 DHR (Objective of Guideline)
2. AT U AEEDOEBE (Management of Maintenance Work)
2.1 A 7 A{E# (Maintenance Work)
22 Fx=v 7 UANORY VY (Handling of Checklist)
3. HfESE (Roles and the Tasks)
INTE B
B KSCBIFTHERFE RO F = » 7 U A | (Checklist for Maintenance Work of
Regular Gauging Station)
B F=>7UXKI}27L (Sample of Summary Table of Checklist)

Fzv I VAROY TNV ROFREORNELL FORFIRT, T2 7 U A M, BEHE
B CRIBENHER SN LE R EIC W TR T A 2 3% F 7=, SRO BWERLT-F = v

AARTERA S 2-17 =T E KERERT R Y —
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7 J A h% RO RHCAEAEHT 5 Z & T, FHRLAZX Y #EY 2SR AK 6D K978 F
oW e Lz,

b4 R4 % SRO O RO, AFBICHEAR LT, 2018 4% 10 A W 3EREH 2 320 LAk
BOBRZRER L7z, FIZ SRO 2O A ROMEITHEN ST E THREOARPERKENE DR
NHENTz, 72720, MERFFEEIRENIIBINT — 2 OIEFEE LG En., BA T — X BT 5%
ERbLHZ N, Ty 7 A MNERBTO2HEITIARME T2 2 & CRENICERE LT,

Atk ML CTF = v 7 U X FARE S, BUAIKMG R OMERFE B 351 2 BB R BRI A S
5 T, BB OB E T MEE S D Z & 75)%%?%2&50 B, MEFFE P RICIIRE
BB Z Linb, 2.1.2 {iTHET L7z B BINET 2 B JeiITERE LT, AR MR E BEEh I
FTHZENEETH D,

#F 214 Fzv 7 VROV U TN (HERFEH)

: Checked by Checklist for Maintenance Work of Regular Gauging Station TANA BASIN 20191117
S/ |STATION [STATION | CONSTIT | COUNTY | LOCATION | REGION SRO CHECK ITEMS COMMENTS
e R == T ) b ™ =iy REGUIREVENTS
YES | NO | YES | NO | YES | NO |VES | NO | vES | NO
1 |4AA06 LOWER |KIEN] NYERI Kabaru forest TANA Upper Tana | (Observation sensor was broken and not | Observation sensor should be rephoed
SAGANA station to Homzibe | | finctioned
foest siaticn road M 0 0|8 & O @ 08 0
2 [4Aa07 USAGAN [KIENT NYERI Kabaru forest TANA Upper Tana | [None Nooe
A station to Hombe
foest station road | O = = 0O
3 [4AAl  [SAGANA |MATHIRA [NVERI |Rocky TANA |MURANGA S A I\/l P I— E | [ome Neme
4 [AAZ  |THEGO |KIEMI  [NYERI |Chaka-stste kodge| TANA  |MURANGA I 1 (e talf gauge had been fowed out To remsul a #aff puge 5 requeed
road
O 8 E 08 0@ 08 0
5 [4AAs (NAIROBI [NYERI NYERI mlﬂllfmf TANA MURANGA | Nome None
TOWN road
¥l 0 #® 08 0 =8 08 0
© |[#AAS  |SAGAMA |NYERI |NYERI |MamaKgampo |TANA  |MURANGA 1 1 1 | T | [wome Nene
TOWN Sagana bridge
¥l 0¥ 08 0 =2 0 =8 0
T [+ABOI  |MURINGA|NYERI  |NYERI  |KgmsjoNyenat |[TANA  |Upper Tama Nome None
1O TOWN Murngato bridge
¥l 0 ® 08 0= 08 0
5 [#AB0Z |MWEIGA |[NYERI |NYERI TANA  |Upper Tama I T 1 [ | T 1 [ [The revetment for sevurng observation hut | To repair the revetment & required
TOWN had been eroded partially
O ¢ ¥ 0 &8 0 =20 =8 0d
HHLIICA R F— 2
Sub-Regional Budget Allocation
Office (SRO) for Maintenance
Submission
of Checklist
(Monthly)
Regional
Office (RO)
Submission
of Checklist
Studying Strategy and (Quarterly)
Budget Formulation
of Maintenance Work by Head
Referring Checklist Quarter (HQ)

Hil: JICA B F— 4
2.8  KBHEIFTOMEREE

=7 E OKERERT RAA 2R 2-18 AATEHRA ST
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2.1.6 JIHEFREOREDIE [{58 1. 6]

=7 ENCIE, IR R E O S IFEET 5, 7277 L. Water Allocation Guideline (2010 4 3 H)
WZREH STV A TNIHERRE BT, BEFIEITED TV DA, S B HE A T O Y] 72 i & % 5% E
TOETIZE LTV, BHHIZ, KXT—FBRMLTWDLZERERFRTH D, HHT
— ZHEPE A TV D EZFBIMPT (National) TKILT —# AR L. ETIIMEFARELZRET 5
&, ENAETIIEIEAEL T BRI~ ET L 2 R YE EEZ LD,

TR R REOMAICE LT, F2m Y —2a v Q0184 6 H 26 A-27 A) T. o4&
=T OEZHTEARIBITIDERREDE 2 2L ESETHHALE (BB RAEE6)
IR, V=27 v a vy 7 THWZEEE OB (R : 2558) 24 LR A2 B35,

SSSSSSSSSS>>>

O [AKIE 2002 D% 8 Fix, WRMA (2 KEROELF D72 DJFAI, A N7 A >, FIEZBR%E
THEM) 2HEL TS, £/, WRMA 3FH ATRE 72K E IR D BL Sy 2 P E T 5 72 D IZ HEHL§-
RENA RTA L BRTTIZD KBS DTZODHA KF A (Water Allocation Guideline) | @
51 RRA, 2010 £F 3 JIZHA ST,

O -DOhARTANF, 4 DOKFEA~OE S EHEL TS, 2FD ., (1) ERERHERE. Q) A
WAL, 3) iii/KICBET 2 EENREE. @) FRTICEAEIAR~OE . TH D,

O [{&7FE5 (Reserve) | 1&. ERERMERF & ARIAEMFDOT-OOKEE L LT, MoOKFEFE L 135
ICEZ TEILERH D, HREHS (Reserve) | OFEEIL, &, BHE. BaHlEsIn s,
(. TIX)

v All other uses of water

resources are authorised
according to the criteria
of equitable allocations

-
Inernational obligations
\_/ _+_ interbasin transfers
Basic human needs

=S Reserve
Ecological need

CMS

Allocatable yield

Natural yield

]
|

| NWRMS

-

Hi L : Water Allocation Guidelines, March 2010, Kenya
B 29 ZF=7TIZBiF5KESCET HBEER

—J. NWMP 2030 Cix, Z® [E&7FE51 . [Water Allocation Guideline (WAG)] (ZH#EHLL T 10
FEMERIB KD OS%IEFEICHE ST HEE LTRELTWD,

Fo. HARIZBT 2BE T2 HFEOERITLLTOBEY TH D,

AATEHRA ST 2-19 =T E KEREERT R Y — R
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2019 =5 H
O “S0EEERLTND,
O —oHI%, fHE, 3 8D, WIIKEOHER, EARM EoBGIE, W OHZEOR Ik, )& 21

O

J:%EA\

MiE% DPRGE, H T KO, BorAlfE DR, AREREIRAE, I AR U7 fERIFE O RGE,

FHDOTDITREMICHLERIRE S L TERIND, ZoiaElE, HERFTE (Maintenance Flow

Discharge) | & FE5,

TOoORE, FIRBOMKICLEREE S L TERZ S, Zhud DKFRE (Water Utilization

Discharge) | & PSS, BEUNTH)IEERZAT 5 72012, BESZRD, Z OIS CHELR L7221

N7 B0 iEE LTZOXKFRENHESINS,

I bz, TEJEE (Normal Flow Discharge) | 7%, MZZS U CHRJINKE Z &z, —HF/HoO

HCELT DR R E KRR ELBE L7 EThkObiLD,
MEFHE] (LT LBV ERIND,

B ERREE MR R S KRR EO N e T AliEsE LTUTO LB EESND,

EERE = HEFRE + KFFRE

B EKEICZBNTh, IEFREDPERSNDOLEN DD, 16> T, EFETET, FRETHES
MDD TIE7RL BRI BRAR TH L 290 1S & () TS HEA TR T AU T 720 Vi )
EEZABND,

MERFIL R, KRR, ERREORMREZ FIFHL L I O A A — VK EIoRT L&

UTDLEBY &5,

3 33 — AR OEE@#EMLT
ﬁ{ Al FRiR A A—2] o pach i 3 i
= TR
| kaxE
| wemm | TEAR

5H 7H 9A”

CRDINRET R A A—2]

HwEHEaE

HAKFRMBIIFHMICEIVYELRTS

Hi i JICA BEPIZE T — 2
K 2.10 HERFME & KR EDOH =

AU O AR e oK R R AR /510 2 7o C U, AR K (L LR T L, 55002
VT — 41 Ro43 T oD B 0172 8 BN C T, AV B BT BT DRSS R L
Rl <& Th.,

=7 E OKERERT RAA 2R 2-20 AATEHRA ST
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22 BRE2ZETHED
R 2 IERDIRENIL, AT D 2 D ThD,
o WEEN21 ABKLT—HR—ADOBURIRETT,
o EH22 KK LT—HR—ROUEI AT AR RAT,

221 K& AT —EZR—Z2OHFIRIEE [75E 2. 1]
(1) T — 5 _— A~ OB D B SRR

WRA DKNLT —4, BEOR G K LT — & BBHIL T\, b0 MIFEERIL. K 2.12 1R
T EOIZ, WRA OARE (FAmw) | BLOHBK T (RO) | Y7 #illk H# i (SRO) ~#H ST,

« Fill the data to the form daily and send
to SRO by monthly

= Data is send by SMS and phone call
when a special need

Al. Report

e ‘ Sub-regional
w 2 S e Change the excel format and send to RO
by monthly

Honorary
GaugE readerns)

| ) A2. Feedback Bl. Report
= Anytime when the unexpected data was (Feedback)

found.

==
4 officer
-
. D1. Store 1
= Store the data into
Server by monthly (Feedback)

) A Headquarter
*3;’ { officer
-

D2. Store

* Store the data
into Server by

quarterly
B S O KAEEE BEH (Gauge reader) 23, f5] 9 B2 | CBLAIAT ~TE | RLEkz > T2,
B | TEBORNE | BEx | XEX o - WIEHEA ITENDEE
Al Report GR*1 SRO Filled Forum Monthly
A2 Feedback SRO GR*1 Call Anytime when the
unexpected data was found.
Bl Report SRO RO Quarterly Monthly
SRO RO Excel format Every month
B2 Feedback RO SRO Call/Write email Anytime when the
unexpected data was found.
Cl Report RO AR Export back-up Quarterly
C2 Feedback Call/Write email Anytime when the
unexpected data was found.
D1/D2 | Store PN Sever (Mike Basin) Quarterly
/RO
I ¢ *1. Gauging reader HiHL:JICA FHFE T — A

X 211 BHET —F OEERE
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(2) FEREDATE 2> 5 FL 7= LR

T = BN APFFONEEREI,

Bialb 2D LBEABND,

Statistica
analysis
function

2| A 7= 4 Dbl & R

s [ | BRGS0
4 | BEEEHE | fmora TS
s | watoriige | EEIE ST

e JICA B 5T — A4

B 212 F—Z_X—RADHKRE
INHD S OOHED S b, KFFEFHFTOEFHORIIL, LLFO@EY Th D,
£ 215 F—F_R—RRBEEBFOEE

FEEHOED
HrE AER Ik S PT W7 HUR IS AT
() (RO) (SRO)
T — X 5 O O A
JEAE P O O
T — X e O O
o BB B O O A
o Al O N
i O £7255B A #iaEs Higf: JICA BEFRF— 24

SRO 1%, BT =2 Z#HHTHZ LICEIRLTEY ., T—% O, FrlKNT — & O % i &
NEWET D T L IIAT o TR, SRO BB 21T 9 23, H-Q HFROVER L OUKALD & it o~
DOEHIL, RO BT TV 5D,

(3) BT — 2 PR

T2 EBET O TV AHYEDO N KL OT — & ORERN (K7 7 A4 v, EBRE) 220 T
TRICEA L7, 125753 SRO 234 1 44, RO L OKED 2 4 DIEH TF — 2 B Z1T> T D,
# SRO Tid, BIAMEHT 7 A MITIRE T 2L L BICT —F AN LI VT 7 A VXY
TUNRE LTS, 7272 L, RO EDTH—"—HD/XY 22 (Desktop Computer) [XATH L
THHT, ffIAD PC (Laptop Computer) (27 — & Z{RE L T\ %, BlfE:, Kenya Water Security and
Climate Resilience Project (KWSCRP) ({2351 T RO 2 O SRO {24 1 15 ¥ —/3— (Desktop Computer)

DRI D TETH D,
£ 216 T —F DRERIR
=

BETL | BEK | AR g
SRO Meru 1 O o* H
SRO Kerugoya 1 O O* A
SRO Upper Tana 1 O O* A
RO Embu 2 — o* H
A Nairobi 2 — O 37 At
{8 A H PC (Laptop) IZfRE & T Y H—3—H PC (Desktop) I1LFTHF L T 72wy,

WBDOFuayxy NTA%,

HiEL: JICA B ZEF— A

P—/ X—H PC (Desktop) M &SN 25 TiE,

=7 E OKERERT RAA 2R
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BIA BRI TN T EBY, A=A THIRE SN TWD, FHEITCL > TIMOSH LA
BEATBY., £, A7V ROMNRE STV D Z & B REFR OB LU VIR b RS
iz, 4 SRO OF — X EH U FIT 1 4 TT — X OWERESHRORE, T—X AT, T—
Z DEEZEZER L T D, SRO VD RO ~OFT—HEFITA 1 [BZEARELTNDHA, RO D
HLEZICE DL SROICE - TIET—FRENRHELIZ LD LD L TH 72, SRO T, FHIE
U CHABLIIPTIC 1 4 OB Y 2Bl U CBLIT —# Ol a Zit L TRV . EHRICEIEE
EOPLE LTREYTEXHB LTS, SRO ~DOBEEY HEOK R, TEMNEWNGAIIIHAN
MWAHEAENDHY, T— X EENRTMTHENHDL LD EThoTz, T, RO ~DT —
ZEEDM D EERO—2ThHdEEZLND, £, SRO DHYF LT — X FBLHE TIX/2 0
ZEnD, R ERORECTT — X ANFEOEEMEWT LR LFEERO—2 L LTHE X
bhd,

Muranga SRO | Kerugoya SRO Meru SRO

HB: JICA P FHEF— A
X 2.13 BE A ROEE R
@) T—H _R—=2FHITB T D BUROFRE

T N=2ZEHTIE, T OREEHRT DL EBITERIRESND ZEPEERAET
b, ZOBRNPOHROEHRNEZEEZ D L. PR - ABORE, W] - PCRIEORN R LD
x RREERHR SN, TR O RMERITHE - BE S TWRWN I &9 s EREE O XS
REMFTERWVRNTH D, ETIEHRROMERZEREMICLEL, BEREFRTHEREAT S
ZLUDPBRBRORELERETHL EEZXD,

222 AZB - AXT—HFR—-ROWECHEITT-XE [EE 2. 2]
BT — 2 ONWEEHERT D E L BICERIIT A REINDT=OIC, T—HFX—REHOTA
R4 aER LT (B IRAERT) , A RTA4 NI TOETHER SIS,

K KLT = FR=2EHOTA KT A~
(GUIDELINE FOR HYDROMETEOROLOGICAL DATABASE MANAGEMENT)

AATEHRA ST 2-23 =7 E KERERT RAA Y-
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Bk: 1. 4 K74 DBER (Objective of Guideline)
2. T—HR—=2EHOTNE (Procedure of Database Management)
3. %% (Roll of the Tasks)
4, FEB IO —X OV i\ (Handling of Documents and Data)
UNRE-YES
B F=v7 U AL (Checklist-SRO, RO and 4)
B 5=y 7 UXLMFr7L (Sample of Summary Table of Checklist)

SRO, RO K OKRERNT —H RX—RAEHTIT 9 REEESCE B Z VIR L, TN OEENERICET
éhfwéﬁ%%mu#@t&)@%: v 7 VANEER LT, T=v 7 U R ML, EEZITTE
otz %®$$&U§%%Eﬁf%é%% T, ZHUCED, T2 _X—REFHICE

ﬁ%%&ﬁ@ﬁﬁ%#ﬂ (2725, =27 UA K% SRO 2B RO Z#EH L TARENIZHEH &
N5 ZETHEROEAGNRH O, MEERICW T AT —2 & LTUEHTE %,

£ 217 Fzy 7 VROV TIN (F—FN—REH)

Lu'lih,t'=_ Checkeaty  Checklist for Hydrometeorological Database Management TANA BASIN 2019117
5/ | STATI[ STATION | CONSTIT [ COUNTY | LOCATION [REGI|SROC CHECK IEMS COMMENTS
Ne|ONID| NAMES | UENCY ox RO
RIVER SRO RO "o
Dats | Do | Guweed | Poper | eDam | Do | Owe | eDaia | Dama | eDum 1SSUES REQUIREMENTS
¥ Matching| P Filing | Swring | Filling |*==""= | Stering | Filling | Storing
ves|wo | ves| o |ves| 5o |ves| 5o [ves[wo ves [ wo [ves[wo [vis[vo vis|xo vis| w0
[T [aAa0e [LOWER [RENT  [NVERD [Rabarafoeest |[TANA|Upper [SRO: There = to server compuier for | SR The badget or peochassg oo
SAGANA manon 1 Mombe Tana merng et server computer is sequined
e smanon road e M OEOEOE00E9E08s 0@ &E0so i
RO: Neae RO: Neoe
T [4AADT [USAGAN [KIENT  [WVERD |[Kabara foerat  |TANA|Upper SR0: There s o wrver compater for | SRO: The budget for perchasing one
4 eason to Howabe Tass worng -3 server computer s s
et seicicn 10ad. = M OEOEOE00H@O0E 0900« 0 . .
RO: Neae RO: Neoe
T [4AA1 [SAGANA |MATHIRA [WWERI |Redy [TANA [MUR. [5RO: e |0: Tene
ANGA
P 080 HO80 =00 0 e 0 @ O @ g RO: Neoe
3 [iAA2 [THEGO [KIENI [NYERD |Chakwsaw lodge | TANA [MUR SRO; eae |50 eae
mad ANGA
£t E O = J E O O B O | C[Re:Xeae RO: None
5 |3AAZ [NAIROBT [NVERI [NVERI |Chaka wate bodge | TANA [MUR SRO: None [0: e
TOWN wad ANGA
& “ i ] O Res Qoo |RO: e
e | ggodgggOeQEooEqH oy Emum(umhelmmm peeparizg H- curve shosid be
conducted
§ [4AA5 [SAGANA [NYERI [NYERI |Masakamne |TANA|MUR SRO: None |sRO: e
Towx Sagna bridgr ANGA ) .
lmEDEDFDE}DEDEDEDPEEEED““‘”“ (RO None
[7 |4ABOT [MURDNGA|NYER] [NYERD |Kipamo-Npenar [TANA |Upper SRO: No batge g |50 The
T0 TOWN Murngan bedge Tana otaerving hesorary o chanong hosomry
i ! ! . -
O8oeds o8 o Ec 8ol o & o0 E Iﬂm_\m Ro: Nene
¥ [4AB0Z [MWEIGA [NTERI [NVERL TANAD SRO: e |sRO: e
TOWN Tama
fmte | ol O & O & O & O8O @ 0 & O & OO & &) ORo:Neae [RO: Nene
HHTICA HME T — 4

Data Collection
Report (Monthly) (Monthly) -

> [Sub-Regional N e [
: S (— | Office SRO) | ﬂ
' Feedback

Henorery Data Data Storage - .
Sending | | [LES N
ont y
Feodhack ( : SRO Server

Data Conversion
(Quarterly)

ol %lta St01l'a e
uarterly
H/"<:' ffice (RO) !"’!_i”
Dat_a RO Server
r\Feedback Sendin
(Quarterly

Data Storage B
Note: When the Head Quarter found any Head (Quarterly {’
issues, the issues should be handled in Quarter (HQ) —
cooperation with SRO and RO HQ Server

g JICA HMEF— 4
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ERC L7 T A R4 % SRO LTF RO, AFICHEAR LT, 2018 4% 10 H #ICHBRIEH 2 9k L%
BEDOERZRR Lz, AL RO 225 FRIORTEESFEICOWTEAAH S, BT
— X DAS % SROMPTHIZENLZID I RT—FOREENEETHY , T — X OREEEHOER
EARE L O ROICIMZTSROICH BN ETRETHLIEDER Th T, ZTOERZEEZ T
SROIZHIEEEBOEBZNET HEIICHA FIA v E2WET LT,

% 218 BENE (F—FX—REFH)

BERE
Hre

AR RO SRO
T — 2 & oV O? N
JERAE P oV O?
T — 2Bk ov O?
S]E%}E Ol) Ol) %#ODZ)
Kat o O A

B o : B-5EE A MBNARESE ) MEEHEEL 2) ERET

HiL: TICA B ZEF— A

BIfE, SRO LD RO 1I7 —# Z{RE T 5% —,3— (Desktop CP) % JTHF L T a7, 43
DOfE N PC (Laptop CP) 2/ LT\ 5, KWSCRP |2 X VW FHHEATICH —/I—CP NEA S
X, THICRE L TCEBT LD Thote, A PC IIRLEVORABTHD Z &bk
DY AT NoLN, AHP—"=D2FEINIUTHEDOY 27 B IND EEZXBND,

Ltk MR LTF 2y Z URARNEHONTT =X O L MEE OMERNINAZ LT, EELT
— A DOERENENDZ ENHFEEND, —F. T—H D8k - IREN SN TWARWERIFTIZ W
TiX, F=2v 7 VA MIFORREUCHRELZFHLATEDLLOICLTWAED ., FOFEERN G XL
WEMRPT 22 EHAEEICR D | MM O 2L ENKSND Z E RN D,
23 RE3ICHETHIER
WA 3 IR DIEENL, LFTD2>5Th D,
o JEEN3 =T EIZBTAENAEDORKOKERER T 0 ST AMIONWTHEEIT),
o IREN32 WHENKELRMEEZEEL. HET 0 /T AEERT 5,

231 F=THEHIZBIAIHRN/EOFROKERERE 077 ACET28E  [1E83. 1]

&) 3.1 (ZBET 2 Activity 13, (1) BEDOKEREHPBHORVMADO L E2— 2) F=TH
BT B KREFEEHEO T #OMR, BLO Q) KBEEH T 07T A~DHE, OD3O5TH5H,

(1) WEDOKEREBLSEF OO MHAD L E = — (JE#) 3.1 BE)
) F=7TEKEZ ¥ —OHE

=T ENCB S EE., EFRHERBEGE - 3 & kiE (Water Act 2002/2016) DO EZ | 2E/KETR
BHZE « BRI EOHRL L L BT 2.151TR LT,
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ERMEEE. BEF

1992--- 98 (99

00 (01|02 |03|04 |05

06 (07 | 08 | 09 1112|113 |14|15|16|17 |18 19 (20|21 |22

+=2030

+:-2050

BASE&HE - B3 (K 3T RS )

ERKBEK 1999/ 7 =F7##&% 2010

ERKBUE

7Ki% (Water Act 2002/ 2016)

=F7E T3 2030

ERKB%2012

B #E D BA

WRMA K& R E B T) 3%

EEHR

ERKERE R

WRMABE B & E12008 - 2012 (551:R)

WRMABEBE 5+ E12013 - 2017 (552:KR)

WRAH;BX 511#2018-2023

m:amiio

KARAS-FEHERETOOL I

2EKERIRE—T S (JICA)

(4)

(3)

()

FTIKkEII—DRBELIEL®

—

2EKERIRE—T 522030 (JICA)

*

A7OPx-H(2017.1-2019.6)

p——
EEEREE=—"1NEE

WE:

. “Water Act 2016 "= Kenya Gazette (20164F9 B 23 B ) (CiB#FH

. 2050 EBARELERBEBDZEICEDKEROMTEME. KERFIAATEERESEOFM

. 2030 ERBERELT-. HEATAEAK BREIR . MIARUVEBDO-HOMEKEFRAR- FEIRI—TSUEREAIKTE
. 20225 £ BERELE, WRMAII BT D KB REBENRIEOT /a0 TV DEE

. “The Aftercare Study on the National Water Master Plan, Nov. 1998, JICA”

B 215 EFRFAREE L AKEIRFAZR - BEEE & OBER

X 2.15 2R S 7=k - A (MWS) OKETRIT (WRA) (2K 5 FEARBEGR,

LEa—Ll, ZOfRE-HERE LTE 2.19 BT 5,

® 219 BESHKES Z—DFE - BEEH

AR, FEEIEHA

XEDL R

FATHEES

FATRFH

FRNE

The National Water
Resources
Management Strategy
(NWRMS) (2006-
2008)

Ministry of
Water and
Irrigation

2006 4 1 1

[HKIEIZEEADN T, AR K EFITE O F
#2160 TRUE L7z, B 2005 412
WRMA 232 LT\ 2, Bl &t & K hkiX
THRESND Z LT 2 Witk XA BEEH
(Catchment Management Strategy: CMS) D
A ZEdER Licb o L@ T B b,

WRMA Strategic Plan
2012-2017

WRMA

2012 4

WRMA O sk EHE Q #iH) <, LI

D 6 DOFWMNBLIER SN D,

(1) KEPFIEFROUE & EH L AT AD5#1b

Q) AREJRFHE, sy, HAESFEE

(3) KRR E D E

(4) KEFEEILR D FIERRE B OW K
Ik e

(5) FEARIAH OHENT & VE¥EBRBE Otk E

(6) EIRFHEDRAL & BHRO A4 2hF

National Water Master
Plan 2030

JICA

2014 £

2030 A BAFE HAREE & L7z 6 Ytk & & DK
TIRBHSE « B~ A F—TF 2, EDOHOK
v 4 —OERREORIZIX, LTS -5
MEND, 5 OOBFEFHE, 3 2% BT
LRI B LR DR S D, BUE.
HERIER DT, #6541 TV % Kenya Water
Security and Climate Resilience Project” Cld,

2 il TA JICA FRED R RONET — X &
EH LTS,

=7 E OKERERT RAA 2R
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4. Tana Catchment, WRA 2014 4 2 B X O etk X E BREH ], 45 6 JiRik D F
Catchment 10 A ENH 5, VERREEA R OF 7 L — A0,
Management Strategy NWRMS (2006) 27V, (FIFERE ONCTIERL
(2014-2022) ShTWa,

5. Water Act 2014 WRA 2016 4 | [HJK{E (2002 4F) Z&ET L., 2010 LEICHE &

W HEIEDER T D kb 2 k&t 7 ¥
—THIBULT D728 KIE 2014 BHE S
Nz, ZHIZEY WRMA I WRA &R E
. TR TOKBMRIERE O BEAEEN HE S
nic, R ¥17)

6. A Report on the WRA 2017 424 1 | WRMA HEBEFHE (2012-2017) DaFAffi L 7R —
Evaluation of the o WRMA OEEIRED 5 HICHES 7 —7
WRMA Strategic Plan Va vy AT, ENENLE 2 —#HY
2012-2017 BRSO, ZOWHEM Rz REFELLTELD

7o RHAOHERME FHERE O 72 80 DR & 2
ol EHTHMRH T,
7. Rapid Results Ministry of | 2018 4F BUTOFBUN Y 2018 4 1 H 28 HIZHE R LTz,
Initiative Waterand |5 H 24 H — 5 C, #HKE 2016 DHEICL W HESINT
Sanitation F 72 HATER OB R BB KD TV D,
FRIC, BRI E M M7 THH 235 E L,
100 A R OATEhEH 2 5K E L7,

8. Draft Sessional Paper | Ministry of | 2018 426 A | @ #EH O N7 7 M, BLAT D National
No.** 0f 2018 on Water and Water Policy (% 1999 fFIZHilE S 41, & D AR
National Water Policy, | Sanitation 1% 2002 FHIE D HAECG E /B, £ D
Version of 21 June . BKIE 2016 OGETIZEN 5, FFlT, Kt
2018 7 Z—NEIET 5 3 HEOHIKICE K LT

%, DFED (1) KLUV DKBERE & KALER Y
— B A, (2) KEWEBLOMETIVE, (3) Kk
REZORERE, THDH, ZOFEREHD
be&, 8ODEENITHZ-IT TV D,

9. Development of A WRA 2018 4F- 6 H | WRA 7 HIRERE G118 O 3R E & SN LRt T2
New Strategic Plan To DI SN T ATRRESR, Zhick-o& =
2018-2023, Terms of YNNG SRES L, EENRIRE L
Reference for the (CEO Mr. Shurie &%), (No.1l1 25% Dpl R
Consultants om)

10. Capacity WRA 2018 45 7 A | WRA 2MERK L 7= JICA (2K 2 SRAEFELIFE D
Development and W EORLE, EARMREEFEIL. (1)
Institutional WRA R % v 7 OREJ158 b, (2) BIIIERR DX
Strengthening for & - 5 - BEMbOHEE, 3) ¥ L DREKIR
WRA, A Concept for gk, O3 IHHE THRINTWND,

Support to JICA

11. WRA Strategic Plan | WRA 2019 4 3 FERRH (20193 H, Y a1y

2018-2023 A D L REEDN WRA IZHEH )

HiL: TICA B ZEF— A

T2 TCHEBATRET, JICA BT X 2 2EDKEJRBAFE - EHEIE Y 1992 4 (IH M/P) L 131F 20
FEROREZFET 2013 4 ( [REKER~AX—77 ] : NWMP2030) (2R E S, KEOHE
RNIEKERE BT (WRMA) OFESE K O ORBEEHE (RIS GTHE) % & B2 ERIch 5 2
ETHDH, F£7-. NWMP2030 28, #H/kik (Water Act 2016) 235 E T2 BICHRE SNz sl &
HVENG D, BE, WRA 1, Br/kiEIZH-S& . WRA Strategic Plan 2018-2023 & (2019 452 A
KIEET TE) OHEFEED TN D,
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2) NWMP2030 (National Water Master Plan 2030)

2007 -, HAEFER A 2030 & L-EFFEFEFE TH D 822 220300 BRE S Lz, AKIZIFE
BV g VICBOWTIRESNZHRESE X2 AN ERE LTHRESH, BV U E2ERT
D7D, BRERAICEE L o2 EIG FKCHEM A K, EERKOBEMNT 2 KFEEEZES 720
DAREIRBHFE - B EOW ) 72 Fha AR o OF BN MHEE 2 DTz,

—Ji, MR REEEIL, F=TIZBWTHRERMEL 2> Ty, JokEEKDOY A7
DHERLTWDLEORBENREE->TWND, ZDXHIT, kb7 Z—%ZH0&EARWDKE B
LTCWBH, KEFR~AX—77 > ([HM/P2002) OEFNMLIEL 2D | JICA DB IIOE & A~
AL =TT BN T S LT,

FRAHARIIEL, 2010 4F 10 A5 2013 4F 10 H £ TD 37 » AMTH 5, REmEEIT, 78I

B 52030 & HARFER & LT 6 kX BIOKE PR~ A X — 77/%%& mﬁmﬁﬁm&%m
LT DY TH D,

JEii Bt
(a) LAEFIHE (b) FAEFIE (o) WERMEBAZERIE  (d) KB (e) KEVRBHFEFT

]

B PRE

() KEFEEFE  (g) ok - BARKEEHEGHE  (h) SR G

HEL R ) B

() AEAE R R
AK7ayx 7 FTE, FRHZ, v~ 2 F =77 (6 fikXi]) @5 6 OAKENE G & Uk - K
KEEHFEICER L, TORENEZL, HFREFLT7+rv—7 v 7OHBNE WRA BEITKE
LTCH VB T—varaFmlle (WRA RESEE, 20074 H7H) ., EbiC, K rv
=7 MEBIGED (5% OW Gzt ORfE & U TR EER(LEHE DR RNA 2 iR
L7, ZORERIIARE [(3) KEREH T 0 7T A~OBE | 12k 5,

3) Catchment Management Strategy

[H /K35 (2002) D ZE R EFHTE (Section 15: Catchment ManagementStrategy) %3217, 45 6 Hiisk X o> sk & Bl
HEIE (Catchment Management Strategy:CMS) 25 2014 4E2>5 2015 FE 0T ORES V-, Ehe I I
2014 4 (F721% 2015 42) 235 2022 FETOHK) 7~8 F- M Th D,

ZOIABEIT, HAKEREHE IWRM) OEREZ LHIZL, KN OKEROEH, FIH,
BRZE, A, DHNCEET 28 & 5 9 RENE L > TWD, 7o, KEHRYIZ NWMP2030 R E
BIER ESNTZZ b HY ., TDOHF A L7 L—ARrHlNE L, FEAMIZIZ NWMP2030 DHEEN
BEPEEL->o8, RO Ons O E 7e> TWwWb, 121X, Tana Catchment Area CMS D
EERRIZLL F @Y Th D,

(a) Management Approaches (¥ #f)

(b) Water Balance and Demand Mangament (/KUY 3% - & H)
(c) Water Allocation and Use Management  (/KEZ 4y « FIH & EE)
(d) Water Resources Protection (K& JIR4)

(e) Catchment Consevation and Protection (it ¥ - R 42)

(f) Flood and Drought Management (k7K - ¥8/KEEHE)

=7 E OKERERT RAA 2R 2-28 AARTERA S
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(2) Climate Change Adaption (UEZ B~ /%)

(h) Water Resources Infrastructure Development (K& JRBEH A > 7 T DBHFE)
(i) Rights Based Approaches —(ZKFIFERE Bi)

(j) Livelihood Enhancement (“£§tf] |)

(k) Institutional Stregthening ~ (REA%FR1L.)

(I) Monitroing and Information Management (Bl -« {F#H&E #H)

(m) Financing the CMS (CMS & T H45 Bl

2 F et X Embu #U$5 #5712 T, Assistant Technical Coordination Manager (2%} L, EFZ CMS @
FRORDLUZONWTA F B a— L, TOME, EARICITEw EOTA FELTERTLHHD
D, THROGIKIND 5720, FRONKFLELEICEAL TE, FHEIT LV TERE S UEMN S
TWLONFETHD Z ENbhroTe, —05 B R TIE BKIE 2016 BHlESNTIZZ &b H D |
Al L 7= WRA Strategic Plan 2018-2023 233K E S 7212, T X TORIKX T CMS ORLE L, AN
KOEFMTOND b D LHELEIND,

4) Kenya Water Security and Climate Resiliance Project (KWCSRP, - ER1T)

HRIITOSE 22T, WRA N ELE MR L L TEfTTh o7 n =2 FThoH, 7 FUT
ALK D Nzoia )1 Z /34 v Mgl & UTAZERT T, Bk~ ZefifEh 2 BB L TV 5, WRA 72348
BT o977 7wy MILLTOEY TH D,
(a) Nzoia Watershed Management
(b) Lower Nzoia Flood Early Warning System
(c) Strengtheining Water Management and Planning
® Activity 1: Water Resources Knowledge Base
® Activity 2: Water Resources Planning and Allocation
® Activity 3: Institutional Capacity Strengthening and Partnership
[FIFRIIE, FHCTRH T RN S < FREBOEEMEN IR S TR Y i) TiE IWRM O
BICESFIEREDELR SO H D, E2, (b) TiE, HEBHOBEEE RS (1 US3.5 mil)
2& 0 2EOUOKEERIERS (NWMP2030 THRE) Zx15 & LT 16 » Ao HEKABLH S 27
LOEEGEDBHED BTN D, [, Nzoia JIIJRka %5 L LT, WRA &7 =757 (KMD:Kenya
Meteorological Department) Df# T, W JAEZENRE LIV, LERKGKLT —F OFEAEZHEDOM
HEDRK SN TN D,

Q) =T EIZBITLKEREHEO HHOMR (F8) 3.1 BHE)

1) #r/kiE (Water Act 2016)

2010 FITHIE SN FiBIED B D 5 oMb 2Kt 7 % —CHBULT 572912, 2016 F-H871/K
ENEAESNT, ZHI2E Y. WRMA IZ WRA SRS, ZOBEMEEZICHLLEENLLNS,
F7-. MBEREOLAFRL UL TFOMmY . AE I,

IBAKE HKIE
® Catchment Area Advisory Committee Basin Water Resources Committee
(CAAQ) (BWRC)
® Water Services Board Water Works Developmenet Agencies
(WSBs) (WWDA?s)
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2014 HKIEZRE S OFMBRUET OB A X 2.16 (2 L7123,

Redefined Roles and Responsibilities under Kenya’'s 2014 Water Bill

National Water

Water Tribunal
formerly Water Appeal Board

Water Sector

Hi B https://www.2030wrg.org/wp-content/uploads/2016/12/...

216 2014 FEXKERICE 2BRHEBROBER L ELEE
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6. Putin place water resources a) Develop and implement a National water 3 years
systems for continuous and resource assessment and monitoring
coordinated surveillance, framework for surface and groundwater
assessment and monitoring of resources, and water quality
basin areas, aquifers, and water | b) Establish a water resources systems
bodies coordination framework among sector 3 years
actors
12. Establish national system for a) Establish an integrated geo-referenced 4 years
acquisition, management and water resources database
sharing of water resources b) Develop and implement a framework on 1 year
information and data data and information sharing system

HilL : “Draft Sessional Paper No.** of 2018 on National Water Policy, Version of 21 June 2018, Ministry of Water and
Sanitation”
X 512, WRAShurie B'E% & Ok OBIZ, AT L7="Concept Paper (201849 H) "2k b L X
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— 7 Ok

(c) ¥ L ZEIAEDRF

LITIS, R zfE#d 5,
1. Strengthening and building institutional capacity for water resources management through capacity
development and technology transfer with focus on the Regions and Sub Regional offices

2. Enhancement of monitoring network through installation of telemetric and other monitoring
equipment on order to improve water resources management by WRA in line with the National
Water Master Plan 2030
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Acquisition, installation and calibration of automatic water level sensors, automatic river
gauges to provide telemetric automated hydrometeorological and water quality monitoring
stations in target counties in Athi Catchment.

Provision of telemetric automated ground water monitoring stations (drill and equip with
data loggers and telemetric system for 10 groundwater monitoring stations in

Kiambu (Thika-Delmonte-Kakuzi, Kikuyu Escarpment Forest)

Nairobi (Upper Hill)

Mombasa Town

Kwale (Ukunda)

Kilifi (Malindi)

Taita Taveta (Mzima Springs)

Makueni (Kibwezi Spring area)

Machakos

Kajiado (Ongata Rongai)

Acquisition of Acoustic Doppler Current Meter (ADCP) and Acoustic Doppler
Velocimeter (AVP)

Civil works which will include: Construction of automatic water level data logger housing,
construction of perimeter fence for automatic water level data logger housing and rainfall

YV VVYVVYVYY

stations, construction of ARG data logger stations, onsite construction of reinforced
concrete posts and struts for erecting staff gauge.

Development of dam safety regulations which will involve:
Development of guidelines and standards for dam safety
ii. Development of dam safety manuals

iii. Assessment if all existing dams

iv. Mapping and inventory of all existing dams in the country
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S & & Te)
AR
® KWSCRP D Jf# - 3l - 7
B, FEOMERR
O HERFE BR D 12 3D DORARR A
SV ZE bR TERT
=Th b,

(2) KFIFESEAS - &
ok

534 D KME 722 7K F E OB AN IS U ik
P TIEIEk ] 0D 37K 2 5 T K B I BR 8 3 e
e DM, BRI D KRR 52T -
TiE, Mg O 4% [k 5 kA (5
HIE) BNLETHD,

FrkiE 2016 D & BWRCs X° WRUA O
BEREN TR S oo b | KFIMED RS « &
HIX, WRA RS % bEEET S,

EF L~V O LU KGR 2 5
B> — I E B4 D HERR & HERE &
WRA NBAREICHES. L, 5819 5 LEN H
%, ZTDT=HIT WRA 1. KFIHE 5O
H D= DT R TOKE 7 ¥ —BHEERE S
£k %2 72 KR 2 Hifl C & D HER & K55
VENDH D,

2k D K FE B AN K ME A BN 2 Tk
AE DL & T 5 T2 DI2IE, KEP
BAJE D BEFE 70> & K FIME O 1E 224+ 523 72
ENDHZENREETHY , T XTONRFHE
& KGR BT % ik S 72 AKFIMED — I8
AR 3 KO TIRHI O L 72 D,

EtE A

® it X D IKFIMEFS R T 5
REFH A

® KFHERME (77— & ~_—2X)
DEAig - LB
(BHTHE P ORBUE, o
SIS RO R L |
%)

® KEZHA RTA
(WRMA, 201043 A) |
&, EHEEHOUGT

® SRS oAl (s
AT« 7 U B ET O

HEHA)
o U E B DHF - ik
R

® E N E LA HEHET DT,

AR H % HMT{T 9 O TIX
< XEHED)EADE
THEMT 52 &R L
EZHND,

(3) ks BEE 1 D

Wil L~V O 2 & O LD 5

HRETH E

RE S 7>, BWRCs (CAACs Z5|Efk<IET) @ | @ Kl X o & E 5l oD {EAL
% ST I f£ N Basin Water Resources B, s (kX
Management Strategy (BWRMS) OREN | - U7 1 D), F
BHEMATENTND, T Al « FJATA | AR O FH
— 5T, AT 6 KX D Catchment H.EAFR DAL
Management Stragey (CMS: itk (X BLEF | @587 CMS DERURIL & £ D
M) 1. TRTIHAE 2002 KON WRMA | NEOHEZR (KWSCRP & D
Strategic Plan2012-2017 {ZEDE{ER 4L | ##E) . WRA AEN TOAL
72b O T HKECHRFENC ST | BSOS BOR- AL LCE
NHETHDLH, ZONHETHRELTEE BE DO RERS
GIZ 1% 2018 4F 12 A CiREh A 45 11 L 7=, ®BWRMC (ZXf L, 731 1 v
BI{EIZ. KWSCRP O F T, 6 Wil DH kL IZ 3 1) 5 BWRMS
CMS NREHT20194HICH KT 7 b () DOREIE
FERT D EBZ HiILD (WRA BRE), ® WRUA [Z%f L, SCMP DR
EENIW-7 - Saveesin 2-39 =T E KEFEEET RS PR
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% 72, WRUA | Sub-catchment Management
Plan (SCMPs) DR EMNFZHTT HIL T
a3

HUs, L ~L Wi L~ L O KRS A L
DL TEFER, DRNHED D h, BAR
B BT, Z DAY EFT WRA Hiulii g
BEATIRD BV D X A7 13 ans, 70 B3R
FEIZEINBWERELEZ X TRNEH 5,
BT CMS O FERIRIL (ERGHE) E1r o
% & WRA, BWRC, WRUA M3tk DE
JEREE AR S L LT, IR B
(FHi# & Ehi O BZAFO UML) Z L
L TR EERICERHTRETH D,
HKIE 2016 O F TOKEWE BAH] % 7
L, BEOFHBEICEOND Z LR HE
OYED & 2 P s & BEEH SR E 3R 8 B 4L
W5,

AR
® ikl & BB ES - AHF
B

BB

® SRR BRI T
LAREMENR D H DT, Bk
HIZR R R A LY | ZhaR
H72IEEN AN TE 5 K 9 72kl
D,

(4) PR SEHE oy

EigoLitle

HKIEE 2016 T, WRA MK EHFLORERE.
FEAH S Z NGRSz, ZTHITrE
U, BN BRR 2 TR BIBR 4G GHE, fR .
KRB EORELET) BDROBND,
PRI L ITR S - B R & < B
L0 TR D T TE R0, BFE KO
T X OFRE & LT, NWMP2030 Df%H:
T IHAEOER A e Lis ECTHEMCTER
TREThHD,

FERAY 72 KA ZE B D J2 B A B HER E (R 1
W)« FAEIED ) \IZBET D MEN B D,
2019 £ 3 A, FY e —7 TRAELE
KPEEOHINEZ L Ea—LIENTZ N
KkoHBHND,

PRIKX Z & OFHEIL, CMS & BWRMS O
AR EHESEERDLEND D,

REHE E

® r =7 [E N DK S EE
B E OB RA - FEh
D LB = — 3 - ZFN 0%
#

® i 10 4ROtk E %
R OVRGIK LG D3
® NWMP2030 (= X % #ksk 3§
AU R HIBOL E 2 —
® fE B E BRI KL FHER B 0D W]
BrEORF M ey b7
nYxs hEREET)
| AT =2 A b ST IS WA
P K~ v 7 L OSBEE R ]
TERK

© JK SCARAT Je OV A6 28 B AT
BA

® KWSCRP ® Nzoia ) [{fii D
A - FHE AT LTV B,
o fEfEii & L CHRE ST
UWNZRUWHIBE T | ITAE, Bk
MFAELTNWD,

(5) & Ll g K
il O5RAE

WRA (X4 LR O FEE FARTIXZ2 003,
KREFEROELEZH NGNS X LD
LAREHOETE RO,

=T ENOBEFES L%, 3,050 e 5
b TEY ., BIE WRA TiX, 4> b
U —OIERAEREA FEih Th 5.

WRA 7% [Regulator] & LT, 5%, ¥4
DEEEBE TN T ME L
FTRDODLNLTWNDD, TN I T2 DT
DOIZIHT (Befir, ZEE. FF#, TH) 3%

IRETHE H

o r =T [END X LDEREH
& (FEME, AR, FERE
gt A, BEER F) &
R - BEINTND Y
LFETEOFERE,

LIk TR ) s e 6 R 1
TREHEE - AFL, LR, F
KBEBE BRI D ELE .
KRB oM - A
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i +oliEm L ¥ A7 Z W3 | @FE R &LE K DIER
EThHD, THUTHE ST, EERESCAM | @ ¥ LA 2EHILE (22) OfF
BRRO TG # 2T _&THD, WRA D | HK
BB I T E Z E THILFTREDN DRI | @ X NERT = v 7 - HERFE
HIWTTE A0, HOBGHHE (A 7y bk
X AR IE)
B
® X NERIEH ALY T f—
ZDEA, FBETRCR O
® WRA N BE T 5 {HE D
HER R
O R T D X L 2E B
IS (A m iR
FHEPL20184E 10 A 1 H),
HiE : JICA EfEF— A

232 HWHENVERBEDORELWES v 7T MMER (158 3. 2]
(1) WRA NORkEAHEIZEET 2 BURE2

WRA #H#EN DR EMHE (PNES - 450 1B 2 BURZHHE T 57290, #2585 (Human Resources
Management Office) IZEMZEIZ L DA Z Ea—Z2{T7R\, Til&kBZINE L,

(a) Training Needs Assessment

RN WRABKE (RAIMICIZEER) O%6 - I EONHEIE R —KE (K4,
WeE . HATEE)

(b) Trainings Plan for the Financial Year 2017/ 2018

SLENA - 2017 AEFE (2017 4E 7 H~20184F 6 H) IZFESN TV AHERE I F
—. EBESE. WAAE T Y (B - S5k ofE & . BeEEr (EWAL) |
FESMERL EFED— &R

(c) Training Requirements (— &)

RLARANAE ¢ HNER & BRSO T, IE CEGE LIANRIHE OFERE - T —~ -+ B
B"BIABV R Ty Ta~v, KOASE, Sl bhEE SNAHPHERE - 7—~ - @5l
fir, HEo—E#
EREERNa)E, FTED 7 4+ — 24 (Staff Appraisal Form) (2% A% v 7 RFEA L, & L7-&ERHZ K&
SEEREINTWND (2016 4) , HEAMICEHET A — L& EAG - B L, FHNFH S D0,
&R &R0 TV DT LRWAY v T U (FEET D, ZOHEITIE, U A b Eicii#siT
WWr—2AHH5H L0,

Fo, EREERND) 2K B & K KEPREF T, AREEE (MWS) 42 D KEWI (Kenya Water

Institute) 73, TNLN 3~4 HRIO 2 —ATFROT —~ THEH 217> T D, Fa—AL b 45
4D WRARRE 2L T 5,

® [Installation, operation and maintenance of hydrometric station training
®  Hydrometry and hydrological data processing (47 )1[Jitii X Huds FHH5 ATk B 200)

® Hydorlogical forecasting & time series analysis
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® Hydrological modeling and GIS applicaitons

ZOEEHTIE, JICA FED, THEAKEREE ], K SCREEN T — X OES)7275 ) O E=— A
LS,

(2) K3C -+ KEVEFER 7 2 DHHE =

EFREER @M HIX, TNEIVEANRBEST BT 2 v 7 s, BEEPN TV DRRES A E
LTV HOEHEI NN, HE & LTEBRBLRU FONHE=— X R OFENRE, T
x5,

@ =TI X—VALURNITTA
BIEHRHR~ X — A PR =y T hvRx—Y A MM
VR, %
® Uik FE
IT - 2 Ea—2HiF, KXT—Z OFR - T EA, GIS, TR BRI
(ADCP/ADV %) OH#fF - #ERFEHL, it Y 7 & O#AFEHEIN (MIKE Basin) , %5
o KA Y
dok - BB, B L AT A RAUKRIR, EFH SRS O B E -
HERFEER. GIS. IT BEEHAN, 45
® KA YE
KT —HEBL, GIS, ARJFFAALEL, HA/KEWREH, FUeE B, &

(3) JICA EEWHHET v 7T A~DYRiEHE

A U7z JICA D, THAKERER] . DKCRGHENT — 2 OBBEH721ER 1 O 2 DO
Ea—Z1%, 2018 4, 2019 4F & 5| E e sk 4L, WRA BRBIREIZAIT 72X EA FEh L=, B
BRI, HMEERE~DBIE ., EMBRIOZREFH - 2 A4 L7 A VT M EHH. 77V
r—a v 74— MMERSHE - BhE. HHETOATRRER O T KA A, SOIE#E21T-7-,

@) HRSNDHHET 17T A

=T ENTIE, BIE() T _72 KEWI EEOHHE 2 — AN EF T 5 b, KEWI L, 2001 4
IR STz, EEEE®O A BUN O OEBEZZ T TV D EEFERO—BFERETH Y . K
BT HHHE - A - 2oV LT 4 o 7 —E2EEBME L T D, FHERNEIL. KEIRY
Bp 2 LEARIY IR < I S— LT 503, EH 2 —2 (1L #EMAT#%) o7'v 7T &R LK, K
HER, KERER - PRA. VEALBLRE S B OREE N S, 1272 L, BINEEO & D EiE()IC A
LT~ bHIIEHLDOT, MEHITEFNOHROBE DS MERET RENEEZ D,

—J7, R —#BETFEOTHEICH 21T 5 L. GIWI/RLTZ JICA D 2 DOHHEN ikt WRA DR
NEIZTFVIR->THEY, 5B LBEBIICIET NE TH 5, £72, RERINHE « KK EYEE O
WAZAT 7255 230, 4% WRA BUHUKKEERALEIET L2 L 2BET 5 & TN GEH
Brater =7THREDIREZRFNT XX THD,

F7o, ITEE, oV a—2Ei, Y 7 hoHEEA, So=—b A 5N5, DHI %03 {T- T
W5, @Y 7 k MIKE ¥ U —XIZEET 58l 2 F—72 ENiZ4S4 5, S%0EAEe., %
L XN A HEHIFIZIS U T, BRI & L E2 5,
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24  ERFEILBEOIEE
241 FEIEEE
AREB BT, B3 0B RFEES L2 5HE LEk L7,
# 224 A7zl MBI IBEEEE—E
ixe) HAH AR R
L | )i (R OVED OFEHRE) | GFF 6 EATORJIFEEHE&E, (LU 5ET
1% AT O SRR R ) (201749 H)
2| AKNCERIFT ORE - ERE 2 fAFTOBEAKEDOERE, 1 BEATOBH 5ET
BRNFT DR E (20184E3 H)
3| EEH Pz & O 6 EATICK LT, 1 2°FT SET
15 [AIFRESE6E (42 90 [A]) (201941 A)

HiL : JICA BT — 4

(1) BRFEES - IR OB

1. BRFERKA

TR 1A T

2. BEREESLESL

RAMANI LAND Services Limited
fEFT : P.O Box 15353, Langata, Nairobi, 00509,
Kenya

3. HEERNEITHIR

201746 H23 B ~ 201748 H 31 A
201746 H23 3 ~ 2017410 4 13 H
(FHKIZEHE 1, 201748 H 21 H)

4, HEFERREROME

6 BLIFTIZ IS 20 AW HIE (G 18 BT

5. BESGIE

ka2 M ESEE (RMAEARL)

High : JICA BT — 4

(2) FFZEFEER UKL O E

- fERE) O

1. HERERKA

KOEBRIT OFR & - (EHRE

2. BEREEELES

NARIANA Enterprises Limited
fEfT : P.O Box 15353, Langata, Nairobi, 00509, Kenya

3. HERERAIBEITHIM

201786 H27 H ~ 2017411 A 15 8 (C44)
201746 H27H ~ 201841 H 31 H
(ZEHEH) 1: 2017 4£ 11 H 10 H)

201746 H27H ~ 201843 A9 H
(W2 2: 2018 4E 1 H 30 A)

4, HRFAEELOME

3BIFTIC I 1T 2 AR &
2 & T O KN BLII T DERE
1 & T O RN B AT D%
HEAKHE D E A

5. BEHIL

RAE = R MZESEE BEALL)

£ :
High o JICA BEfZ T — 4

(3) MY [ EEIN)

1. HEFERA4

i AL

2. BERLEES

NARIANA Enterprises Limited
fEPT : P.O Box 15353, Langata, Nairobi, 00509, Kenya

3. HEREEAVEAT I :

20184E3 H6 A ~ 20184F 10 H 31 H (44))
201843 H6H ~ 201941 H25H
(FHIZETE 1 :20184F 10 A 3 H)
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4. BERERKEBOME. 6 7 FTORABRFT COVEEBMIAA 15 Bl (EFF 90
EDES0
2 [BlDT—27 a7 B
5. ®ESE: a4 i RIS GRE

High « JICA BT — A

242 TEMERE

(1) T
AT %38 L CHRE LI, UIFOROBY Th b, TXTOMMIE WRA ~H#IEH» T
B. —EBIE EROFEICEE CRIEES (ENRANE - BAIE | BLEWRA DI 52
St B Sh GHED TR Y e s MEBICEDICIE Sk,

# 225 fESN-TEEE—E

&5 A ik B S
VAN Nl =R N <y Ay, = VAN
) " S ; ;Viliio%;ﬁﬁgﬁﬁﬁfﬁﬁ%@@3 R
2 | EstkrE IE 5t 4 iﬂg#ﬁ%ﬁﬂdﬁ%ﬁ?ﬁﬂﬁﬁ (4F10) DOHEEFHIFIC
X BT F-
3 KA 1.0 m 50 —EBIFARALBLAIET DERE A 5 2
4 F27 ~v 7 PC | Windows 10 2 HP ELITEDESK
5 VAN A BT — L —H— 1 HP Color LaserJe Pro MFPM277dw
6 |GISYZ7 =7 | ArcGIS 1 Spatial Analyst %3¢
7 Microsoft Office 2
8 GPS INVT 4 BAT 1 GARMIN eTrex 30X
9 UPS 1

Hil : JICA HHZEF — A
2.4.3 Newsletter
JNEEEN DO —BR & LT, At 71 (45 A4-2 H) @ Newsletter Z1Eal L, WRA A5 K O Embu 1
WEGAT (X X)) oERRICEE Sz, 720 WRADT =7 %A MZH T v 7 r—RE
. 7=l MERD WRA BMRE KOS V2 —%y MREA Ty =7 —RERIZAB STV
Do TOFRATEHH L ELARITIUTOERY TH D, IRMER10I1CF L THEHE L=,

+ 2.26 Newsletter OE

RS T BRNA
TaT=s NEE. A, EREE. EONE. G,
Nol 173N st A %OERTE, 5
- ot e ey | IR KNCBN O SLLH R . UL ETE RGO
: B | e B . AR OTEE T,
R, &R T 5 LT 5 Tl O, ) R 5
No3 W10 | et o, A%OEHTE. %

" s s | EBE, BB 5 bR, KB
: B - R RHFIZID) DR, AROEHTE.
s s g | EBEE, ERICET SR AT, vk (51

: R Ol SHOEHTE. 5
e s i 11| IR R e 5 RO KRR
: D e
g ot | I FRRI B 6 A RO, 7w
: B & Lok (Bmby) ORE. AROEHTFE. %

HiEL : JICA BEFY 5 F— A

=7 E OKERERT RAA 2R 2-44 AARTERA S



EWSE T WS E
2019 45 A

3 Tuvxy b EEEE EORE - TR -

(1) HESGEFHOHIL
M KT Y7 MHBRIZYTZ D | JICA K OVERIBEEI D WRA BT REA LTI G EERFIEL
o telod, HIKBOBEFHEZPTL L, AE LTI REERH -7,

Tk : WRA @ Shurie #8#%. F. Edalia IX (5 Technical Coordination Manager, 2017 4K % CTiZ5[i&
L. BUEIZRIFRER Td > 7= B. Mwaniki K23 74 URIE 2 4824) | L.Thooko I (Assistant
Technical Coordination Manager) & FEEZQC ik L7245 5L, Tehcnial Note & L CIEEINA %
B, TER L., HMZE T — L L DR TEL - R T 52 L & L (Rl HE 1.6 6EFH
DR (2)) ),

Zil: Y= MEBIOKRSIZH»O L BEGEFHINAE L, gl L3452 L,

Q) Fuv=zr s BEERICERZICESRT D CP ORE
FRAE - 2 ¥], Shurie EZE 0 5 4 DOARHMEPHTRE N 17 > Z—/X— K (CP) & LTHEHEEINT
Wi, Tev el FEESCTE SN SIEINCHERMICE G T a0 anb o7z,

TR R HINBR & 2 DOEE LD, FBEOTr Y =7 MEENISMT DAY v 7 %,
AREIZTF TS 1y MK OHIRFEBE IOV 7 IS TORA 2 v 72505 2 &
S LI, TORR, A TI04D0R Y vy 7NERIEMENT 0¥ =7 MEINISI
FTHZ LY, XM ay MK TOIREIN XY EFEICHE-ICES T 2N E N (K
WEE (1.6 ARFHOME (1)) ),

il v =r RO L EALICEUE L2 CP OBREZIZERT 5 2 &,

(3) 73 =y MEEXRIRRE (Hilk) o@E

M R7'a U= 7 NBRMGET (v & 2 REEERE) 121X, Lake Victoria North sl X 23 /31 &
v MK E L TEZHBN TV, LnL, 7uv=7 MHBREROX v 7 4728 (2017
1A 18 H) OJfi LT, Shurie #8322 ¥ FHKIKICET L, CEFERH Y B X
EEOMLEMERE LT,

TR : HEMFF—LOE T, RRAICY TMBXEZHLEE - AL, »oHIEGHTOBEERE L LE
RO L REE T LW E WRANZH LA, TAZS-, TO%OBMEEE (2017
F1H23H~25H) & —HOWHROMER, FtHSN TS ey =7 MEENZ, ¥/
TIREKICB W T o3FEiE T e L HIEr 21280 WRARIOIREEZZ ANDS Z & & LT,
EARPY72 Work Plan Z{ERK L, KB EGDH Z L THEICE-T-,

2N FERHEE OMITHOIEERH T e Y = 7 FOTICR bR nWE S, Fed s NOIREIN
RICTHMEZ - CPOEFRN— g L 2EETDHZ &,

4 AT B IR B D [Kenya Water Security & Climate Resilience Project] 7% Victoria North it [X 0> Nzoia J1| ik %
NRAay MIKE LTEY, ISP EET LI HFENTRE L ThoT,
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(4) WRA OFEMICHEE L 7= i O E

M Ra L MO RICE ENLTERM (e =2 METH WRA IZEE THedl)
D OB KR — FEEE, KAARX, BRIDS CTERENRRL RIEADRH D . —
AAZHHE LT SRMAMEZ T THEA L7256, Bit~O@E A HECHEWBEF, 4% O
PHIZZ DR VBRERD - T,

TR Afal b, AARRUCIR O PMERS & IERFoxtg L L, 2R < WRA IOE R %
FIEHIEN 24T o702, FFIC, U7 by MO E TEX D72 A== BLHY
T, HEOBREND CP & LI L., Wika ER, TOME, —EO0EEL S &
ICHEER AL, BIHUCERE L, »oBfE, BIMEEGEES REEN) S caaicfm
THZENFREL oo T,

Al AR Z 72D 6 PR AMED 72 597 BRI & CP DEAMEITALE L >
M 2 EET D2 &

(5) FEROKEFEHICTHES TE L7 1Y =7 MEBXFGKAEIIET OB E

A A |y b E L TTERIE SN Z TJIRT, D &9 a7 b TRMBIHIETOE
RECHTHUKNL B OFRE 21T 9 2>, MRBIHFTZRET D70 —EDHEHE (VT U A4) M
eI,

TR AR, BELEZT 0 Y=y MEBRGOKMEBIIAT 6 » Frid. 1 »F7 (4F10: Kathita JI|) %
FRUN T4 X T Management Station Td 5, FiZ, FERIGRD Z FIIARG & Gt 5 FHi
TOWEER (BH) ([TFH UEE Lo, E7o. RN &S00 S8 48 U CKSCE
B ERE S 4L, FRERANKERE B ORS LR E~OEHERIZALRE L7z,

il 7a T = NRROFER~OENEE A 37 MCEE LT EROETIZTERE T 2 2 &,

(6) $REFHE (NWMP2030) FfifEid « FRRRED B2

R © WRA TR B D HEIOBEEIT, HT/KiE 2016 DR L O OBLEIZESE D L2 AR
LTV ERBNTWD, —J T, NWMP2030 (%, [H/KE 2002 0 & TRE Sz,
s T, MIPOFTIRESINTZT 0 /T A7 2y =7 N ROEIEHT 7 > a V3, #Hik
1% 2016 IZHRG L, A% D WRA (2 & o TRIZ%DOEIEE ZFF > TE ST HAL5 0O Bl
L N ERIZ M o= — AOBFRAEN ML L 7o TN D,

T3 : WRA Startegic Plan 2017-2022 (WRA HEBEEHE) 13X 2019 45 HEHO AR Z HFE L T WRA
HEOFTREFRTTHDL UM FoviiiE I E#ET), NWMP2030 & ERcHE
W& O BEME 2 Z ONE Z )T LA T 5 2 &1 L o THER L 7o, AMEZEIE, K, WRA
WITRND 2 P22 BENCES | FERNIC TR ZMER LT < T2V R H 72,

23N AT D EAEFEIEET 58S (A ENE NWMP2030 233%24) . #BAkOH LW EHESCHE
NEIWHBBRMEICH Y, EZINED T LN DONERTH I L,
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(7) WERTr s DB

AR ¢ BIR L7 R 382 D TKenya Water Security & Climate Resilience Project] (%, #tod =2 R—
X2 PTCHEARS, TOFRIZIEFIART e Y 27 N EFRT HIES) (Bl X, By hU—
IRT =AY —TV A hOMIL) bEENTWD, A UEMEREO S & [FAREITT 2
a7 METTHAEIZHIE SNICRERRHGN LA L, WRA ~OEINBEZ e L |
NF IR b I S T b,

TR HMFETF— A, @E, R —20 WRA fHlOETESL AL Z > MIOTF—L T —
K LNE R E AT -T2, 20174510 H 6 BiZiX, =ZFHAFEE (JICA 7 =7 HFHHHY
FHHE) BMEZ R LA, FAEOEBRGSCER L TV DEEIZOWTHE#E LT, £
OH%LEEHRILAZK D, B, WRA OMRMAHCRE DR/ RIbIZBE L TR RagH#t
L. Z28FME LTAT e =7 FOIFECIRENARIZEY Az,

Al . 7wy =7 MRS, EREENSED S N —Ic ka7 Y= FEERL, LY T m
Tl MIRPENRD KO TRERET D L,

(8) TEENORNRMEICHE L= EE R E OFEE

B AT Y2 MI, 25 r Ao 70 Y =7 MEBIM T, BT YA A MR 2 40
HAFEEFTISMM LRGN TWD, ZOHIFH T, TE 57T 2R BB EE®) (58
NiEfb =87 e Y =7 NORALEST) BRkOL TN D,

T.J% : Work Plan SRER, &7 A A2 MIRNCRD B D ¥ A7 %087 « 5 LR 2 4 DR
BOXAIVTEFELIZ, DF0, #EIE2EE 017F 1 A6 4 AE7T) 13, {EE
FHE ORFRCB A ZFEO 72O OBLHUR MR, HUlFEBFTrco 7 ay =7 M, SR
FHRERD, EZTCZOWMIZITE 72 24N FRIFFICEMBECE 5 L O ICERE L, B
EL7, —H3EIBEURE 201747 ALK TREET) 1L, TEHE0ELL00REHMIT
JET, CP LHBOFESHHMEE<END Lo, FHAMEERLESOLOFELEE
X OB O Tk E I & RARBRER R E L 7=,

HE  HAROET A AL MBI OEBNAEICEE L., L ENREICRE RS L5 2R
REAMEICEE T L,

(9) MR GIS %75 (WRA WHHYE) ~D K {ZEE
MR R Y s M. KT — 2 EERONRLL - ik L & BT, WRA EifiAkT — 2 EH
RO GISEBOLBIZE L HFF — LA ~DOEFOEFE VI HANEENE T,

TR :7=7 ANGIS =F A= FERHEHEAOHTEN L, oORTey=s7 FTHALZ GR
MM E L) PCLEGIS Y7 Fu =7 (ArcGIS) ZA7%0EH L. WRA IO FE ) 72367
HBh L 72D KO BUE L7z, FEIC, WRA il GIS 3514 E & BIEENE OB EEEZIT W,
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Evaluation of Water Level Gauging Stations in Tana Catchment (Recommendaiton by the Project)
(based on the recommendation by NWRM 2030 and related infromation collected)

A B Cc D E F G H |
Station i Responsible | Operational Data. Evaluation and Comments by Evaluatlo.n and Cor:nments b¥_ .
No.| ID No. Location Recording WB Kenya Water Security and Climate Resilience Project
Name SRO Status JICA Expert Team
System (as of January 2019)
To keep as it is to continue monitoring. Station upgraded according to WRA. Coordinates require verification.
Tributary of . . It is important to monitor discharge at most upstream areas of [Current coordinates have been upgraded from their original version via
1| 4AA05 Sagana Muranga Operational Automatic . o o ) . . .
Sagana R. Tana Catchment with maintaining this site. Google Earth. Listed as automatic and operational, so continue to
monitor.
To keep as it is to continue monitoring for same purposes as Station coordinates need verification. Station appears to be near major
4AA05. roads, so access should be relatively easy. Discuss this station with
2 | 4ABO6 Amboni Sagana R. Muranga Operational Manual WRA to add to design. Station is also downstream of minor tributary
confluence, so could have delineation benefits. Station listed as
operational, so continue to monitor manually.
To keep as it is to continue monitoring. This is a questionable station. If it is needed in the town of Nyeri, then
The site is closed to Nyeri City proper. So, monitoring flood it could be beneficial. Otherwise, 4AA05 captures that tributary and
3| 4ACO4 | New Chania Chania R. Muranga Operational Manual water levels is also important for flood risk assessment and more. Better basin delineation size with 4AAQ05. Station is listed as
preparedness. operational, so continue to monitor.
To keep as it is to continue monitoring. Coordinates are most likely invalid for this station. Coordinates require
4| 4ADO1 Gura Gura R. Muranga Operational Automatic  |This is one of key stations at upper reaches of Tana Catchment. |verification with WRA. High priority and long history of data, so keep it
in initial design.
To keep as it is to continue monitoring. Coordinates require verification for this station. Flow is captured
Tributary of further downstream by station 4BC04. This could be a station to
5 4BB01 Ragati Muranga Operational Manual i i k
Sagana R. potentially add to the hydromet design, but station would create a
small basin.
To keep as it is to continue monitoring. Coordinates need verification. Station appears to be on a minor
Together with 4BB01, these two stations will help to monitor tributary. Station would delineate too small of a basin to use for the
flood water levels at surrounding of Muranga. hydromet network design. Station is in heavy agricultural area, so
6 | 4BCO4 Rwamutham | Tributary of Muranga Operational Manual could be a good potential candidate for water quality. Located ~0.5km
bi Sagana R. off Baricho-Kagio Rd (Google Earth road name) and southeast of
Kiandai Village. However, station listed as operational by sub-region,
so continue to monitor manually.
To keep as it is to continue monitoring. Coordinates require verification. Located on bridge along C71
. . Non- downstream of Muranga Town/Fort Hall. Station is listed as
7 | 4BDO01 Mathioya Mathioya R. Muranga Manual
Operational operational, so continue to monitor manually. (not operational from
0ct.2018, Re: information of Embu RO)
Target G/S of JICA Project. This station is listed as one that will be automated by WRA. 0 - 4.5 m
« 3 river cross sections are available (measured in Aug.2017). |gauges that are all in place. The third gauge needs to be rehabilitated.
- DM conducted and H-Q curve newly established. Automatic HOBO data logger and automatic water quality
Not- Two bridges are located and suitable for discharge multiparameter installed in 2015. There is also a SEBA hydrometric
8 4BEO1 Maragua Maragua R. Muranga Operational Telemetric |measurement. Need to renew the staff gauge posts and plates [MDS which is not operational. There is a benchmark at the right bank

at right bank.

old bridge crest. Installation of 2 extra concrete posts for anchoring the
boat during the high flow discharge measurements is recommended.

(Not operational by vandalization)
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Tana

One of the most important G/S in upstream area and target G/S
of JICA Project.
- 3 river cross sections are available (measured in Aug.2017).

This station is a HYCOS installed station so already has an automatic
data logger that is listed as operational. This station could be used as

a sub-regional pilot station (Phase B) that is upgraded to full

9 4BE10 TanaR. Muranga Operational Automatic - Staff gauge posts and plates were renewed. Bench marks telemetric.
Rukanga connected with national grid are available.
- DM conducted and H-Q curve newly established. A ditch for
protection of gauge house was constructed.
To keep as it is to continue monitoring. This station does not add any value hydrologically. If WRA wants to
10| 4BF01 Saba Saba Saba Saba R. Muranga Operational Manual This site will monitor the incremental discharge along Saba include it as a phase C or D station, then coordinates need to be
Saba R. flowing into Tana Rukanga (4BE10). verified to ensure accuracy.
To keep as it is to continue monitoring. Station is too high in watershed to provide value hydrologically. Station
The station is located near Thika City. Since a series of dam is |coordinates need verification. Potential discussion point with WRA to
11| 4CA02 Chania Chania R. Muranga Operational Automatic  |pjanned and designed in the Chania R. and Thika R., to monitor |see if station has other unknown benefits. Station is listed as
the discharge at this site is important. automatic and operational, so continue to monitor.
To cancel this site and substitute with 4CCO08 after verification |Station is captured by 4CC08 downstream. However, station is marked
of accurate location of both, since those are closed each other. |as operational, so continue to monitor, but only as a Phase D station
12| 4CC03 |Yatta Furrow Thika R. Muranga Operational Manual . . .
(meaning all sub-region Phase A-C stations must be managed
sustainably first).
Target G/S of JICA Project. Station located on canal next to river according to subregion. 4CC08 is
+ 3 river cross sections are available (measured in Aug.2017). |on the uninhibited river. See 4CC08 as the station referenced in
- DM conducted and H-Q curve newly established. design.
- A bridge is located at upstream of G/S and suitable for
* 4CC08 Thika Thika R. Muranga Operational Manual discharge measurement.
It is recommended to integrate in the network for long-term
monitoring to assess discharge of Thika R. flowing into Masinga
Dam.
To keep as it is to continue monitoring.
o . . X . _ |Too small of a catchment basin size to add value? Unless there is
This site will monitor the discharge from a tributary of the Thiba
. . . another purpose for this station. The flow this station is measuring is
13| 4DA10 Thiba Thiba R. Kerugoya Operational Manual R. .
captured further downstream by station 4DA07 and 4BE04. However,
this station is marked as operational, so continue to monitor manually.
To keep as it is to continue monitoring. Coordinates need verification. Station is too far upstream in watershed
Discharge through three gauging stations of 4DA10, 4DB04 and [to add value hydrologically. Station is next to town of Kimbimbi, so
4DCO06 flows and meet together into 4DD02. could be a potential candidate based for water quality monitoring.
14| 4DBO4 Nyamindi Nyamindi R. Kerugoya Operational Manual So, all important to know the discharge at tributaries. Station is also located within 0.5 KM of station 4DB04 and 4DA05, so
all coordinates need verification. If station is indeed operational, can
continue to monitor manually, but leave as a phase D (lower priority)
station for Thiba sub-region.
. ) ) . . To keep as it is to continue monitoring as same reason at Station closed according to WRA sub-regional staff. Information
15| 4DCO06 Kapingazi Kapingazi R. Kerugoya Operational Manual

4DB04.

collected November-December 2017 on ISC regional office visit.
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Target G/S of JICA Project.
- 3 river cross sections are available (measured in Aug.2017).
- Staff gauge posts and plates were renewed. Bench marks

connected with national grid are available.

Data logger at site is not working currently and needs rehabilitation
(battery replacement might be the only issue). The station has 1 - 4.5
m gauges that are all in place. Flood mark is approximately 3 m away
from the 3rd gauge (3-4.5) is bent. This level is above the last staff

16| 4DD02 Thiba Thiba R. Kerugoya Operational Automatic
- DM conducted and H-Q curve newly established. gauge. An additional 4th gauge to capture flood flow should be
It is recommended to integrate in the network for long-term installed. The benchmark is next to third gauge and should be re-
monitoring to assess discharge of Thiba R. flowing between established at higher grounds. Station to be upgraded to telemetric
Kamburu and Gitaru Dams. according to WRA.
Target G/S of JICA Project. Coordinates need verification. Station is very close to station 4EA05
- 3 river cross sections are available (measured in Aug.2017). |according to current coordinates. Station could be beneficial to capture
- DM conducted and H-Q curve newly established. tributaries originating from Mt. Kenya on the eastern slope. Station
It is recommended to integrate in the network for long-term appears to be ~1KM from major road C93, but access to exact
. . monitoring to assess discharge of Mutonga R. flowing into tana [coordinates looks challenging. Minimal roads to river from C93. The
17| 4EA07 Mutonga Mutonga R. Meru Operational Telemetric . . . ) .
mainstream at u/s of High Grand Fall Dam reservoir. station has 0-4.5m gauges that are all in place. The benchmark was
found at the old steel housing. The station has a recorder housing in
good order (4ft x 4ft x 6t with wash back tank installed on the roof).
Station is listed by WRA as one that will upgraded to telemetric.
To keep as it is to continue monitoring. Station could be used to further delineate above station 4EA07 (which
is included in design). However, station is upstream in watershed and
: : . would create a smaller basin. Discussion point with WRA. Station is
18| 4EBO7 Thuchi Thuchi R. Meru Operational Manual ) . . .
listed as operational so continue to monitor manually as long as all
other Phase A-C stations are sustainably managed.
Non- This site is not included in the WRA's ledger sheet. Need to o
19| 4EC04 N/A Ena R. - . - o <No description>
operational verification.
To keep as it is to continue monitoring. Station is upstream in watershed, so does not provide much value
. hydrologically for the hydromet network design. However, station is
20| 4F09 Ura Thanantu R. Meru Operational Manual . . o ]
operational so continue monitoring as a Phase D station as long as
Phase A-C stations are managed sustainably.
Target G/S of JICA Project. Coordinates need verification. If station is located on river upstream of
- 3 river cross sections are available (measured in Aug.2017). |4F11, then could be a good candidate for hydromet network design.
- Staff gauge posts and plates were renewed. Bench marks Need to verify location before including in design. However, station is
connected with national grid are available. marked as operational so continue to monitor manually as long as all
- Gabion mattress installed to protect existing gauge house other Phase A-C stations are managed sustainably.
Kazita (Kathita inst bank ion.
* 4F10 Kazita ( ) Meru Operational Manual against bank erosion

R.

- DM conducted and H-Q curve newly established.

It is recommended to integrate in the network for long-term
monitoring to assess discharge of Kathita R. flowing into future
High Grand Fall Dam, since 4F19 will be submerged by back
water of the reservoir. Need to further verification.
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A cableway across of the Tana mainstream and supporting
tower at both banks still exist. It is recommended to restore the

facility and to restart discharge measurement again, though this

Stilling well. Verify that this is a surface water station because
coordinates are not on any river and not near Kibuka. Grand falls are

approximately 3KM northwest of current station coordinates. No time

21 4F13 Tana Grand -Tana Meru Nor?— Manual station can be utilized untill completion of High Grand Fall dam. |series data provided for this station. Discuss this station with WRA.
Falls mainstream operational X i L. . . .
Staff gauges cover an enough range of river water fluctuation, |Station is marked as operational, so continue to monitor manually as
but needs to be rehabilitated. long as other Phase A-C stations are managed sustainably.
To keep as it is to continue monitoring. Station would capture other major set of tributaries off eastern slopes
It is better to continue monitoring at this site together with 4F10|of Mt. Kenya. Station is downstream of Gaungu and Marimanti, so
until completion of High Grand Fall dam. could be a good candidate for water quality before it drains to the Tana
River. However, station appears to be in a remote area, so access to
22 4F19 Kazita Kazita R. Meru Operational Manual . i . . X o
this station might be challenging. This station is recommended as a
Phase B station because its significance in the sub-region - this
station captures a large area of runoff before the confluence with the
Tana.
Gauge swept away. Need to rehabilitate. Better to restore and |No description to match, but coordinates put station on river.
23 4F28 Rujiweru Bisanadi R. Meru el - resume monitoring works, since this is only one gauge site
(right tributary) operational along the tributary.
Tana Only one National Station in the Tana Catchment and very Station closed according to WRA sub-regional staff. Information
24 4G01 |Tana Garissa mainstream Garissa Operational Automatic  |important to monitor low and high flow including water quality. |collected November-December 2017 on ISC regional office visit.
To keep monitoring.
This is only the station to monitor at lowest stretches of the Station is located along Tana River in town of Garissa. Station is
Tana Tana Tana mainstream. Need to upgrade and connect with crucial for flood forecasting and ISC recommends this station be
25 4G02 Garsen mainstream Garissa Operational Manual telemetering system to cover low and high flow. To keep upgraded to full telemetric. Sub-regional noted that the data logger is
monitoring. not always functional, but there is a consistent gauge reader to obtain
manual readings.
An important location to monitor at middle of the lower Coordinates need verification. Coordinates were updated from original
stretches of the Tana in terms of both low and high flow. It is versions via Google Earth. Station appears to be along major road
recommended to rehabilitate and upgrade into the telemetering[C112. Station appears to be downstream of town of Garsen. Station
26 4G04 Tana Tana Garissa Operational Manual system. could be used for flood forecasting purposed if WRA identifies this
Hola mainstream To keep monitoring. area of the lower Tana as one of top concern. Station would need to be
fully upgraded to telemetric - gauge plates washed away in flood
several years ago and have not been replaced.
Note:  Source of information and further explanation

Column A:
B:

T O mmOOo

Total 26 sites were recommended by NWRM 2030. Two sites marked "*" are added by current Project, but No.12 is recommended to cancel. Total 27 sites are recommended by the Project.
Master List (Ledger) of WRA

: Master List (Ledger) of WRA
: Confirmed by the current Project
: Confirmed by the current Project
: Master List (Ledger) of WRA
: Master List (Ledger) of WRA
: Evaluation by JICA Expert Team

Color coding: I:l Recommended by NWRM2030

: Extracted from the master inventory sheets prepared by KWSCR Project (shared by WRA)
[ ] Target sites for pilot activities of the Project

[ | Non-operational

[] Recommended to cancel
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Instruction for Data Adjustment of Data—Logger

The process of data adjustment for converting the record of Data-Logger to exact water level is explained
as below.
(1) The record of Data-Logger can be converted to exact water level by using utility software program
provided with the CD of Data-Logger
(2) The procedure of conversion is illustrated in the page 67 of instruction manual as shown in the figure
below.
(3) The operation of conversion is just to input two information A (slope) and B (offset) in accordance with
the guide as illustrated in the manual below.
(4) In the case of 4F10 station shown in the table 1 and figure 1 below, input 10.515 and -10.472 as A (slope)
and B (offset) individually.
(5) The converted data can be shown graphically by graphing editor of the utility program.

Note: You have also another way for conversion. The orijinal record of Data-Logger can be output as a CSV
file. Then the CSV file can be edited on Excel software. It is also easy way to convert the record.

Table 1 Data Conversion of Data—Logger ST. 4F10
Manual Obs. by Staff Gauge Reading Automatic Obs. by Sensor Correlation Diagram
Time Original of Data logger Converted Data WL 1.00
Date (1) WL Time (2) WL Time (3) WL | Difference 0.90
Start End (m) (m) (m) (1)-(2) _ y =10.515x - 10.472

2018/3/27 9:50 11:34 054 10:00 1.050 10:00 057 -003] | £0%0 RF=0:999
2018/4/19 9:08 9:18 0.91 9:00 1.083 9:00 0.92 -0.01 § 0.70

2018/5/2 14:00 15:18 0.84 14:00 1.076 14:00 0.84 —-0.00 § 060

2018/6/7 11:25 13:05 0.72 12:00 1.064 12:00 0.72 0.00 ®

2018/6/8 14:25 15:55 0.70 15:00 1.062 15:00 0.69 0.01 g 050
2018/6/12 12:38 13:47 0.65 13:00 1.056 13:00 0.63 0.02 é 0.40

2018/7/9 14:14 15:39 0.48 15:00 1.040 15:00 0.46 002 | F 030
2018/7/23 9:30 10:25 0.40 10:00 1.033 10:00 0.39 0.01 %
2018/7/29 9:22 9:59 0.36 9:00 1.030 9:00 0.36 0.00 s 020
2018/8/25 10:35 11:15 0.28 11:00 1.022 11:00 0.27 0.01 0.10
2018/9/13 12:01 12:29 0.25 12:00 1.019 12:00 0.24 0.01 0.00
gg]g;g;;g ggg :ggg 83(2) Ig:gg :gg?] Ig:gg ggg 788; 1010 1.020 1.030 1.040 1.050 1.060 1.070 1.080 1.090

Note: Conversion Equation (3) = 10.515 x (1) - 10.472 Automatic Observation (Sensor) WL (m)
slope 10.515 Figure 1 Correlation Diagram
offset -10.472

e

\ Select blank for [SI|Prefix]

since unit change i$ not

Available to be Downloaded:
https://www.hioki.com/en/products/detail/?product key=5687

A5-1
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Japan International Cooperation Agency (JICA)

Water Resources Authority (WRA)

Water Resources Management Expert

15t Workshop

--- Methodology of Discharge Measurement ---

March 8 to 9, 2018
Regional Office in Tana Catchment, Embu

JICA Experts Team
(Nippon Koei Co., Ltd.)

Contents of Workshop

Par 1. Project Briefing

Part 2. Methodology of Discharge Measurement
Part 3. Field Measurement

Part 4. Record and Computation

Part 5. Development of Rating Curves (H~Q Curves)

Part 1. Project Briefing
I I

1. Project Briefing
(1) Project Outline (1/2)

o Objective
To enhance capacity of water resources management in
WRA with the following three expected outputs :

o Output

¢ Output 1: Enhancement of surface water monitoring to
improve water resources management by WRA in line
with the National Water Master Plan 2030 (NWMP)

¢ Output 2: Establishment of appropriate hydro
meteorological network and its management

¢ Output 3: Guidance to WRA on future support for water
resources management through Japan’s ODA or from
any other organizations
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1. Project Briefing
(1) Project Outline (2/2)

O Pilot area:
Tana Catchment
O Project period
From Jan. 2017 to Feb. 2019
O Japanese experts
Two personnel (Mr. Motoki (TL) and Mr. Kato)
O Sub-contract Works
¢ River cross section survey (6 sites)(completed)

¢ Rehabilitation of existing gauging stations and installation
of new gauging stations (3 sites) (completed)

¢ Discharge measurement (15 times @ 6 sites)

1. Project Briefing
(2) Pilot area for project activities

Upper Tana Catchment was
selected as the Pilot Area at
commencement of the Project.
In particular, six river gauging
stations RGS) were selected as
target the sites for discharge

measurement.
{c
uﬂ
- 4EAOT || 0o ous gors ° 53'47.45'E  Meru

n 4DD02  0° 44'2.22'S 37° 30'38.28"E Kerugoya

n 4BE10 0° 43'41.56"S 37° 15'32.00"E Upper Tana

4BEO1 0 44 59.29"S 37° 9'27.91"E  Upper Tana

H 4CCo8 416903 37° 19'18.34"E  Upper Tana

4F10 0° 09'43"S 37° 58'4T'E Meru

1. Project Briefing (3) Work%chedule

1. Project Briefing
(4) Assignment Schedule of Experts

7

2017 2018 2019
1]2]3]afs]e[7]s]ofwofu2[1]2]p[4]s]6]7]s]9oro]u]12][1]2

MOTOKI [ [ ]

[kaTO [ [] L L] [ ]

Mr.Motoki: Total 180 working days, and 7 trips
(Year 2017: 108 days, Year 2018: 60 days, and Year 2019: 12 days)

Mr.Kato: Total 255 working days, and 8 trips
(Year 2017: 132 days, Year 2018: 105 days, and Year 2019: 18 days)
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1. Project Briefing
(5) Schedule of discharge measurement (tentative)

3 I 5] o

RO Remarks 05 12| 10| 26] 0 oof 16| 2] mo[l o 14| 21| 28] odf 1] 18] 28] oo oo 1
Meru 1 1 1 MR 1 1 1 1
Kerugoya _(rehabilation) 1] i 1 ] 1 1] 1 1 i
Upper Tana_(rehabilation) 1 B 1 1 1 1 1 1 1 1
Upper Tana 1 B 1 1 I 1 1 1 1 1
Upper Tana 1 i 1 1 1] 1 1] 1 1 1
Meru (New) 1 1 1 T e 1 1 1 1

[ - - - I~ Rainy reasqn

Expets (-3/15) Ramadan(5/14- 6/14)

SRO Remaris K 18 9 T 19]
Ve 25| o2 oo 16[ 23 a0 6] 13 2o 27| o] 10| 17 247 o] of] 15[ 29 aototal
Keugoya _(rehabilftation) |1 f 1 11 1 1 1 i 15
Upper Tana  (rehabilitation) 1] 1y 1| " 1 1] 1 Iy 15
Upper Tana 1 1 i [T 1 1 e 15
Upper Tana 1 B R 1 f i1 15
Meru (New) 1 1] L] 1] 1] 1= 15

1 1 f 1) 1 1 1 bl 15

Rpiny rdason
Expets (45 days) Expets (30 days) 9

1. Project Briefing
(5) Line-up of Counterpart Personnel

- \\I X ‘:-’(}'
N\ s H 2 | A >
Rear I
£ Eg; | -
3 3 :
1 dglid
i gi 11K “
- £t gt el gy
g Ly 8 B in dgdipt
= O - ;§§§§ iR
1HIH A
Elstiel all | L
R z5/5/F B
£} ; | [§3sfEdEs §§S§,
0F wiE 24 [ i
5285t -1 S R PR E;
H | iz g |5 3
e B b B p W

Part 2. Methodology of Discharge Measurement
I I

2. Methodology of Discharge Measurement
(1) Five key points for discharge measurement (1/4)

o Point 1 To select the ideal site for conducting
discharge measurement

Reasonably straight site or 5 to 10 times the
channel’s width both upstream and downstream from
the gauge site

Observations should be conducted at the sections
where there is straight channel stretching long
enough for observations where cross section nor river
width changes substantially

Free from rocks, weeds, and other obstructions

River flow that is parallel to the bank avoiding cross
flow or reverse flow

A stable river bed and banks - if a cross section

changes over time the discharge measurement will
change.
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2. Methodology of Discharge Measurement
(1) Five key points for discharge measurement (2/4)

o Point 2 To Measure the geometry of the channel
cross section

» Determine the cross-sectional geometry — Measure
width of the cross section and the depth at a certain
vertical

< Divide the river or stream into equal vertical
subsections, where ideally no subsection includes
more than 5 to 10 percent of the total discharge of river
or stream

<+ Determine the depth of river or stream for each of the
verticals

2. Methodology of Discharge Measurement
(1) Five key points for discharge measurement (3/4)

o Point 3 To apply right technology for measuring
flow velocity
» Check the consistency of the velocities along the
channel section

Distribution of water depth
and flow velocity

Water depth

—————— Flow velocity

Water depth
Flow velocity

2. Methodology of Discharge Measurement
(1) Five key points for discharge measurement (4/4)

o Point4 To use appropriate equipment

<+ Keep instruments in good conditions (to check before
mobilization to the field)

< Clean, oil and make the instruments operational

o Point 5 To assign qualified personnel
< Assign experienced hydrologists and instrument
technicians who are capable enough for field
measurements
Hire assistants from neighborhood who are familiar to
the river conditions

Part 3. Field Measurement
I I
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3. Field Measurement
(1) Procedure of discharge measurement

o Step 1 Record the readings of water level at staff gauges
o Step 2 Check flow conditions as discharge measurement
method depends on flow conditions
m For instance:
> Low flow - Wading measurement using current meter
or observation by boat using current meter

> Medium flow - Observation by boat using current meter
> High flow (flood) — Observation by float

O Step 3 Decide measurement method

O Step 4 Preparation of required equipment and setting

O Step5 Measure water levels and flow velocities

O Step 6 Record the readings of water level at staff gauges

O Step 7 Record of the results and data analyses

3. Field Measurement
(2) Required equipment (1/2)

3. Field Measurement
(2) Required equipment (2/2)

PSS e
,.:// e PPl

Float-release equipment

o _:_:E o
gl S | —
—_— T =T e
—/_A(;,.:/ﬁ: - ".‘
e ‘(_,'n

L.
e

e

Staff gauges 19

3. Field Measurement
(3) Measurement of water depth (1/2)

20
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3. Field Measurement
(3) Measurement of water depth (2/2)

Immediately aftar writing down
the water depth reading laken by
the sounder, the record keeper

must read back tha recorded
value to the sounder.

21

3. Field Measurement
(4)Time keeping (float measurement)

Start the stopwatch as
soon as the beep has

Read the time to
the nearest 0.1 s
(i.e., 24.3 5).

22

3. Field Measurement
(5) Setting of measurement lines

Flow velocity
measurement lines
must coincide with
water depth

measurement lines.

23

3. Field Measurement
(6) Spacing between measurement lines (1/2)

24
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3. Field Measurement

(6) Spacing between measurement lines (2/2)

Water surface width

(m)

10~15% of water surface

Less than 10

10 ~ 20

20 ~ 40

40 ~ 60

60 ~ 80

80 ~ 100
100 ~ 150
150 ~ 200

More than 200

Spacing between water

depth measurement lines

(m)

width

Spacing between
flow velocity
measurement lines
(m)
10~15% of water
surface width

2
4
6
8
10
12
20
30

25

3. Field Measurement
(7) Flow velocity measurement points (1/2)

Take the flow velocity at a measurement point at
60% of water depth the water surface as the
average flow velocity in the cross section.

26

3. Field Measurement

(7) Flow velocity measurement points (2/2)

as the average

T A
’/‘f/% Z

s

Take the average of the flow velocities at 20%
and B0% of water depth from the water surface
flow velocity in the cross section.

27

Part4. Record and Computation
I I

28
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4. Record and Computation
(1) Schematic image of discharge calculation

4. Record and Computation
(2) Simple theory of calculation

The cross-section channels were already divided into a
number of 'segments’.

The edge of these segments are called 'verticals’.

Discharge in each segment is calculated by multiplying
the area of each segment by the average flow velocity
representing the cross section area.

Discharges in all segments are totaled to derive the
discharge in the entire cross section.

29 30
4. Record and Computation 4. Record and Computation
(3) Sample recording form (Excel) (4) Items to be filled in recording form
o Calculation sheet (Current Meter, Float) An example of records filled by actual measurements in the Philippines
DISCHARGE CALCULATION FORM
(USING CURRENT METER METHOD)
Station Name: Date: 1 March 2015 Weather Summary of result: Computed by:
Pelaez Bridge Start Time: 10:53 AM Obs. Duration Cloud WL(m) 6.39
Cagayan de Oro River | End Time: 11:30 AV 0:37 hr Y Discharge(mls) 15.85 |Checked by
Obsenvers: Start WL: 6.44 m Start Width: 40.10 m Area(m?) 13.02
End WL: 634 m End Width: 40.00 m ean welocitmis) 1.22 | Approved by:
Diff.. 010 m Diff.: 010 m Method: ~ Wading
AverageWL” 639 m Average Width: 40.05 m Boat
Distance Water Depth (m) Velocity (m/s) Area (m?)
No. of "
e || | | o | e [ [ | st [
. ea(m
mentline waliyrne)dge meter(m) | (ms) (i) | depthim) Area(m?)

Current Meter Method Float Method

31

32
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4. Record and Computation
(5) Graphical Plots

o Graphical plots are very important to grasp hydraulic characteristics.

14.00 14.00
13.80 13.80
13.60 13.60
= 1340 = 13.4
g 1340

£ £
3 13.20 3 1320

2 H
8 13.00 & 1300

s 8
£ 1280 £ 1280
= 1260 2 1260
12.40 12.40
1220 1220
12.00 12.00
0 100 300 400 0 s0

®

100 150 200 250
Area (m2)

H-A (WL vs Area)

200
Discharge (m3/s)

H-Q (WL vs Discharge)

14.00 14.00
13.80 13.80

13.60 13.60
1340 = 1340
3 1320 3 1320
3 13.00 3 13.00
3 o i
£ 1280 £ 12.80
= 1260 3 1260
12.40 1240
12.20 1220
12.00 12,00

0.0 05 10 15 0 20 40 60 80
Velocity (m/s) Width (m)

H-V (WL vs Velocity) H-B (WL vs Width) 33

100 120

4. Record and Computation
(6) Quality check of field records

o To check accuracy after measurements, perform
discharge calculation on site/office

m Plot stage — discharge curves and check accuracy of
the plots
- If deviation is greater than 10% - repeat calculation
- If deviation is still 10% conduct discharge observation again

34

Part 5. Development of Rating Curves

(H~Q Curves)

35

5. Development of Rating Curves (H~Q curves)
(1) Importance of rating curve

» Arating curve is established by making a number of
concurrent observations of stage and discharge over a
period of time covering the expected range of stages at the
river gauging section.

> Periodical check of curve (fitting with the curve) and its
update is necessary to accurately convert from water level
to discharge.

» Quality discharge data is prerequisite for discharge quantity
management for water resources management including
appropriate water right control.

36
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5. Development of Rating Curves (H~Q curves)
(2) Equation of rating curve

o Equation of Rating Curve
Q=a(H+b)" where Q: Discharge (m3/s)
H: Water Level (m in MSL)
a: Multiplier (parameter)
b: Scale offset (parameter)
n : Exponent (parameter)

O Parameter Estimation 530
PIot_ H-«/Q. If plots are on a €5 | Jo=va(t+h -
straight line, n=2. £ 1300 o
Then, a and b can be £ c
estimated by simple linear = ..
regression least squares e s 0 s 2
method. H-VQ

37

5. Development of Rating Curves (H~Q curves)
(8) Examples of rating curves

o Rating Curves at Six Stations

“ Station Name Rating Curve

CDO1 Pelaez Bridge CDO River Q=76.94(H-11.66)2
CDO2 Cabula Bridge CDO River Q=131.49(H-39.78)?
CDO3  Uguiaban Bridge CDO River Q=6.86(H-140.75)2
CDO4 Liboran Bubunawan River Q=73.40(H-75.62)2
T1 Santa Ana Tagoloan River  Q=29.36(H-24.77)2
T2 Dalirig Tagoloan River  Q=205.43(H-121.13)2
T
30.00 = i vv‘vL. 19:62m
14.00 28.00 -—Peak Discharge:{5000-m?3/s**
13.80 26.00 * based-on-t f residents who residi rthe area
13.60 o 24.00 holed i by JICA FS FRIMP-CDOR (2014)
g E200 -
g 13.20 % 20,00 a
T :z‘gz o 3 1800
H 12:60 \E;:?(—\)/
1200 o=
* bischarge (ms) o e 0 1,000 2000 3,000 4000 5000 6000
Discharge (m3/s)
Example: Rating Curve at Pelaez Bridge 38

5. Development of Rating Curves (H~Q curves)
(4) Possible reasons of variations (1/2)

Scatters in rating curve might be due to:

o Variable backwater conditions arising due for example to
tidal influences or to high flows in a tributary joining
downstream

o Variation in the local acceleration due to unsteady flow

o Scouring of the bed or changes in vegetation
characteristics to erosion or deposition of sediment at the
stage measurement site

o Observation errors

39

5. Development of Rating Curves (H~Q curves)
(4) Possible reasons of variations (2/2)

. A :,1? /( //
,':7‘ > Wy y
A y e
A A b )
/ * /] A4
oo, 7
[T Joam [ o5, IAIEE
|
Rating curve Rating curve Rating curve
affected by affected by affected by
unsteady flow scour and fill aquatic vegetation

40




11-9V

Japan International Cooperation Agency (JICA)

Water Resources Authority (WRA)

Water Resources Management Expert

2nd Workshop

--- Progress of Discharge Measurement ---

June 26 to 27, 2018
Regional Office in Tana Catchment, Embu

JICA Experts Team
(Nippon Koei Co., Ltd.)

Contents of 2" Workshop

Day 1 (June 26, 2018)
Part 1. Quick Review of 18t Workshop
Part 2. Overall Progress of Discharge Measurement (DM)
Part 3. Check of Recording Sheets of DM

Part 4. Development of H~Q Curves and Conversion from
HtoQ

Part 5. Preparation of DM Manual (Draft)
Part 6. Incoming Schedule of DM Works

Day 2 (June 27, 2018)

Part 7. Outstanding Meteohydrological Records and Flood
Monitoring during Events in March to May 2018

Part 8. Status of Data Recording, Storing and Utilization in
Tana Catchment

Part 9. River Maintenance Flow

Part 1. Quick Review of 18t Workshop
I I

Quick Review of 1st Workshop

Day 1 (March 8, 2018)
Part 1. Project Briefing
Part 2. Methodology of Discharge Measurement
Part 3. Field Measurement
Part 4. Record and Computation
Part 5. Development of Rating Curves (H~Q Curves)

Day 2 (March 9, 2018)

Practice: Discharge measurement (by current meter) at RGS 4BE10
Participants: Total 22 personnel from HQ, RO and SROs
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Project Briefing
Project Outline

O Pilot area:
Tana Catchment
O Project period
From Jan. 2017 to Feb. 2019
O Japanese experts
Two personnel (Mr. Motoki (TL) and Mr. Kato)
O Sub-contract Works
¢ River cross section survey (6 sites)(completed)

¢ Rehabilitation of existing gauging stations and installation
of new gauging stations (3 sites) (completed)

¢ Discharge measurement (15 times @ 6 sites)

Project Briefing Work Schedule

Project Briefing
Pilot area for project activities

Upper Tana Catchment was
selected as the Pilot Area at
commencement of the Project.
In particular, six river gauging
stations RGS) were selected as
target the sites for discharge

measurement.
RGS

ﬂ - S ﬂ
- 4BEO1  0° 44'59°S 37° 09'28“E  Upper Tana
- 4BE10  0° 4342°S 37° 15'32°E  UpperTana
BN «ccos 1 o 17's 37 19°18'E UpperTana
4DD02 07 44°02'S 37° 30'38°E  Kerugoya
4EAQT 0" 2243'S 37" 5348°E  Meru
Bl #0 oovars a7 saTE Mew

Record and Computation
Graphical Plots (as sample)

o Graphical plots are very important to grasp hydraulic characteristics.

14.00 14.00

13.80 13.80

13.60 o 13.60 )
= 13.4( -
E 3.40 £ 13.40
3 1320 3 1320
3 13.00 § 13.00
£ 1280 & £ 1280 ® 8
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Part 2. Overall Progress of Discharge
Measurement (DM)
]

Schedule of Discharge Measurement
(set in March 2018)

3 4 e 6 7

SRO Remarks os| 12| 19| 26| 02| 09| 16| 23| 30" 07| 14| 21| 28] 04 11] 18] 25| 02f 09 16f
Meru 1 1 1 1 [T 1 1 1 1
Kerugoya _(rehabilitation) 1 1 1 ] 1 1 1 1 1
Upper Tana  (rehabilitation) 1 1 1 1 1 1 1 1 1 1
Upper Tana 1 1 1 1 ) 1 1 1 1 1
UpperTana 1 1] 1 | | 1 1 1 1 1]
Meru (New) 1 1 1 L T 1 1 1 1

SI™ 117 T 7 T "] reasdn

Expets (-3/15) Ramadan(5/14- 6/14)

RO Remaris 6] 7] 18 o T 19]
Meru 25| o2 oo 16| 23] a0 06| 13| 2o 27| o3[ 10 17| 247 o] of] 15[ 2 aorotal
Kerugoya  (rehabilitation) |1 1 1 11 1 1 1 i 15
Upper Tana _(rehabilitation) 1f 1] 1| 1 1] 1| 1y 15
Upper Tana 1 1 1 [Th 1 1 1. 15
UpperTana 1 1 R 1 1 L1 15
Meru (New) 1] 1 1 1 1 1] 1~ 15

1 1 1 1] 1 1 f Ll 15

Rpiny rqason
Expets (45 days) Expets (30 days) 10

Actual Progress of DM (as of June 25, 2018)

Work Plan for Discharge Measurement at 6 Sites in Upper Tana Catchment

MARCH 2018 APRIl
Activity / Month sl sslasl TR

5T

Ha
i
ii
(I
1
[

OCTOBER 2018
Sl o s

Summary of Progress of DM

Number of DM is summarized as follows:

Current Meter Float

4BEO1 Upper Tana 8/15 53 %

2 4BE10 Upper Tana 0 0 0/15 0 %

3 4CCo08 Upper Tana 4 10 14/15 93 %

4  4DDO02 Kerugoya 2 3 5/15 33 %

5 4EA07 Meru 0 0 0/15 0 %

6 4F10 Meru 5 1 6/15 40 %
Total 14 19

Initial setting of the Work Plan (in March 2018)

eptember 8, 2018
Total 167 days
days passed as of June 24: 91 days

‘ 91/167) of period has passed.




v1-9vV

Key Observation in DM Works in 1t Half Period of
the Contract (required improvement)

o Serious flooding in Tana Catchment during March to May
2018 have influenced to DM works at target sites.
m Deteriorated access road
m Strong current in the streams
m Heavy downpour
o No measurement at RGS 4BE10 and 4EAQ7 till date

m Need to apply more float method and reinforce more efficient
measurement and appropriate discharge computation manner

m Or, shall we shift to other RGS to complete the Contract?

o No participation to DM at sites from RO/SRO concerned
m In 1t Workshop on 9" March, all parties agreed that SWO at RO/
SRO participate once a month at RGS in their territory.
o The Contractor did not share the result of DM sheets among CP
immediately after field works by means of appropriate manner.

DM works at RGS 4F10 (Kathita)

Source: WRA HQ

Field observation:

4 H=0.65m at 12:40 on Jun.12, 2018 Tuesday (by current meter method)

€ No damage to the staff gauges, gauge house, steps and gabion mattress

4 Bolt and nut for fixing gauge plate (1st: 0.0m — 1.0m) were taken away.

¢ WL of flood mark might be 1.5-2.0m at maximum by debris remained on gabion.14

DM works at RGS 4BEO1 (Maragua)

Field observation: Source: WRA HQ

H=1.20m at 10:30 on Jun.11, 2018 Monday (by float method)

1st gauge (0.0-1.5m) has been washed away and 2" gauge (1.5-3.0m) is tilted.
Due to stable flow condition and straight stretches, the river section between
two bridges is appropriate for both current meter and float methods.

However, careful measurement is necessary because dead flow areas exist by
influence of bridge piers.

* S0

River Condition at 4BE01 on 22" May 2018

Old footpath bridge (d/s side)

o U

nd 3rd

New road bridge (u/s side)

Note: The 2" gauge (1.5m-3.0m) was almost submerged under water (around H=2.7m). ¢




DM works at RGS 4CCO08 (Thika)

Part 3. Check of Recording Sheets of DM
I I

No historical water level records available. Two steps for checking of recording sheets

Field observation: . . . .
H= 1.55m at 12:30 on Jun.11, 2018 O Checking recording sheets and supervision of

No damage to the staff gauges installed by Tanathi Water Services Board DM works at the site
It takes around 1.5 hrs. normally for preparation of boat, fixing ropes and current

meter, etc. from arriving site till commencement of measurement. ; ; ; ;
Both current meter and float methods are applicable at this site due to existence o SqueStlonS of correction on errors in submitted

of the road bridge at upstream. DM recording sheets
No serious flood damage was confirmed at this site.

* & G0
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Checking of Recording Sheets during DM Works
Actions to Check DM Recording Sheets at Site

O Ensure accurate record of information of parameters
from current meter reader

O Check accuracy after measurements through discharge
calculation at the site

O Recording, video taking and photographing of DM
measurement for reference

O Discussing as a team as DM is being done

O Taking notes of every site situation
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Quality Check of Field Records

O Checking for errors of submitted DM recording sheets
(items of parameters to be checked)

Station name

Date of measurement and members of measurement

party

Measured channel width, area, average velocity
Start and end of water level and time
Accuracy of formulas used

Discharge calculation done at site versus the one done in
the office

Submitted DM Recording Sheets

21 22
Missing
. . . values for th
Errors Identified in DM Recording Sheets  veiocity ana Summary of DM Results (as of 251" June)
width
- Error in Available data for H-Q curve development (by current meter method)
RGS Dat Ave. Gauge | Ave.Water Width of |Ave. Velocity TolAaI Flow Discharge
No. ate Height (m) | Depth (m) | River (m) (mis) (n:e;)‘ (m3ls)
1| 4BEO1 | 29032018 0.63 0.48 143 0.25 7.08 2.40
- 26 04042018 071 0.60 15.0 0.33 8.68 3.72
- oms| ome| omsl—poel sl om | = 1104 2018 1.08 1.04 17.0 0.76 17.63 16.61
a a.00 o.20 o0.209 o.z0 (‘:‘3‘? 0.32 o.az P - oea o0.20 2 4BE10 No record
. ] ) EEEES) S Missing o] o Errorasa 3| _accos | 29032018 070 054 19.0 022 10.17 310
- E T os0 oo o result of 04 04 2018 1.02 0.74 22.0 0.39 16.23 8.76
5 : Z depth o0 o[ o missing values 10 04 2018 1.10 0.93 220 0.39 20.49 9.38
— ; c ClEpin — oon P s 1106 2018 1.54 1.45 23.0 0.77 33.32 28.84
= o | wee|  aae o=l o2 4| 4DD02 | 28032018 122 1.07 29.0 0.62 30.89 22.19
e i ) I 10 04 2018 127 114 27.0 0.56 30.91 21.12
- oo i R MY R - = 5| 4EA07 No record
— — - = - = — 6] 4F10 27032018 054 0.64 35.0 0.40 22.26 10.25
oo i = === === 02 05 2018 0.84 1.13 37.0 0.52 4222 24.44
= =020 i I R e e 07 06 2018 072 1.03 35.0 0.42 35.34 0.97
= oo e . o s 0806 2018 0.70 101 35.0 0.39 35.75 16.92
= o 12 06 2018 0.65 0.93 36.0 0.44 33.61 16.03
23 24
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Part 4. Development of H~Q Curves and
Conversion from H to Q
I I

Available H-Q Curves at Six Target RGS (MU RGS)

RGS Year . . .
CEE T
1 ? ? ?

4BEO1 2 ?
2 4BE10 2 2 2
3 4CCo8 2 2 2
4  4DD02 2 2 9
5 4EA07 2 2 2
6  4F10 ? ? ?

Note:

We need to clarify any information about existing H-Q relation material
(tables and figures, etc.) to compare and validate the results of current
exercises to develop and improve reliable curves.

26

H-Q Curve Development (at 4BEO1)

H-W at 4BEO1

20 0
River Width (m)
27

H-Q Curve Development (at 4CC08)

28




H-Q Curve Development (at 4F10) H-Q Curve Development

o H-Q curves at 3 sites were tentatively set as follows:

As of Jun. 25, 2018

| ste | Equaon __|Available Data Set |
4BE01 Q =33.0 x (H-0.367) 2 3
4CcCo8 Q =18.8 x (H-0.330) 2 4
4F10 Q =26.8 x (H+0.104) 2 4

o The water level record should be converted to discharge by
means of the equations above at 3 RGS.

29
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Table of Contents of DM Manual (Draft Version)

1. Introduction of Discharge Measurements in Kenya
Preparing for Discharge Measurements
Maintenance and Handling Equipment
Calculation of Discharge
Validation of Discharge Measurements Results
Development of H-Q Curve
6.1 General Concept of H-Q Curve
6.2 Method of H-Q Curve Development
6.3 Update of H-Q Curve

Tables and Figures

Annex

Part 5. Preparation of DM Manual (Draft)
I I

I L T

o o
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Procedure and Time Schedule of H-Q Curve Development

o Compilation of DM results at least 15 cases (pair data of H
and Q) at 6 sites (by mid. Sep. 2018)

o Conduct first trial to fit H-Q curves on the graphics at 6 sites
o Revalidate and review of DM results at 6 sites (end of Sep.)
o Retry to fit H-Q curves at 6 sites (end of Sep.)

(Compilation of DM Manual in parallel) ‘ by NARIANA
o Compile daily water level records at 6 sites by each SRO
o Convert from H to Q by H-Q curves at 6 sites 1
o Compile daily discharge data at 6 sites

33

Part 6. Incoming Schedule of DM Works
I ]

Incoming DM Works Schedule (July to September)
(originally set in March 2018, need to modify)

‘ Activity / Month JuLY

10 nﬁn 1a[15[16]17] 18|19 20]21] 22| 2324 25 [26] 27 [ 262030 3L
[ [

e

AUGUST

10[11]12] 1311415 16]17] 1[0 [20] 21T 22[ 23] 24 [ 25 [26 27 ] 28] 29 30 31

4BEO1

4BE10

4CCo8

4DD02

4EA07

4F10
Activity / Month

4BE0L

4BE10

4ccos

4DD02

4EA07

4F10

Activity/Month

(=11%)

EPTEMBER
[16]1

4BEOL

4BE10

4CCo08

4DD02

4EA07

4F10

35

Recommendation for Further Enhancement for
Quality DM Works from JICA Expert Team

o Field measurement and verification of DM results
- Active participation from RO/SRO

o Practices to update of summary sheet of DM results
» Self-checking and update of H-Q curves

o Conversion from H to Q by applying rating curves updated
- Preparation of daily discharge series without
interruption period

o Storing records its sharing in appropriate manner
- Printing and filing of tables and graphics

36
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Part 7. Outstanding Meteohydrological
Records and Flood Monitoring
during Events in March to May 2018
I I

Presenters
Ms. A.W. Migui (Embu RO)
Mr. D. Gathima (Garissa SRO)
. F. Mbathi (Murang’a SRO)
Ms. L. Fundi (Kerugoya SRO)
Mr. A. Kimotho (Meru SRO)
Mr. E. Mwangi (Kitui SRO)

(m I N Y Y Y
<
w

Objective of Data/ Information Sharing in Part 7

It is essential to recognize that the experiences of flood events in
March to May 2018 provided us a good opportunity for reviewing
current hydrological monitoring routine including gauge reading,
collection/ transmitting of field records, data storage and analyses
and every related manual/ guidelines in the Tana Catchment.

In this context, we share the following information from each Sub-
regional office in this Part 7:

(1) Narrative description on overview of flood events

(2) Status of collected data and availability of records from January
2018 to date (June 2018) (The latest list of gauging stations be
included)

(3) Present status of gauging stations under territory of each sub-
regional office after floods (detailed damage to the properties)

(4 Pictorial/ graphical information on flood events
(5) Required actions to be taken for improvement in the future

Part 8. Status of Data Recording, Storing
and Utilization in Tana Catchment
N N
> Clarification of current status

through interviews at SROs and review of “Handing
Over Report”, by Mr. L.Thooko, 2016

» Discussions for strengthening and improvement for
meteohydrological data management

Current Monitoring Network in Tana Catchment

Summary of gauging stations by sub-region

|_Sub-region _| National | MU | Intra-MU | Special | Total | Operational (%)
8 6 16 44

Kathita/ 0 2

Mutonga

Lower Tana 1 0 0 2 8 100
Thiba 0 1 4 43
Tiva Tyaa 0 0 0 0 0 0
Upper Tana 0 4 9 11 24 75
Total 1 7 21 21 50 62
Operational (%) 100 57 62 62 62

Expected instruments:
T oument | Natonal | MU_| nrarU_
Gauge plates O (@) O
Weirs in selected stations O O O
Automatic WL recorders/ data loggers/ divers O O =
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Current Status of Data Management in
Tana Catchment (1/2)

Current issues :

€ Some RGS with absence
(not existence) are found.

@ Printing and filing of data
sheets should be
appropriately ensured.

@ Periodical quality check of
data should be conducted
as routine works of surface
water officers.

& Computer and server
system should be renewed.41

Current Status of Data Management in
Tana Catchment (2/2)

o | Aoion | Fom | To | Mamer | Tmingl Froquency |

A1 Report GR SRO Filled forum Monthly
Anytime when
A2 Feedback SRO GR Call unexpected data was
found.
SRO RO Quarterly Monthly
B1 Report
SRO RO Excel format Every month
Anytime when
B2 Feedback RO SRO Call/ write e-mail unexpected data was
found.
C1  Report RO HQ Export back-up  Quarterly
Anytime when
C2 Feedback Call/ write e-mail unexpected data was
found.
D1/D2 Store HQ/RO Server (Mike Basin) Quarterly

Note: *, Refer to previous slide
GR, Gauge reader SRO, Sub-regional Office RO, Regional Office 42

Way Forward for Future Enhancement
Action Plan (Short-term: 2018-2020)

Subject Means and Procedure Responsible Office

Hints: Necessity of improvement on,
monitoring network, equipment of gauging stations, system on
data acquisition and storing, computer system/software, training of
human resources, outsourcing of part time job, etc. 43

Part 9. River Maintenance Flow
I N
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Guidelines for Water Allocation in Kenya

o The Water Act 2002 Section 8 mandates WRMA “to
develop the principle, guidelines, and procedures for
the allocation of water resources”. The first edition of
the “Guidelines for Water Allocation” was issued in
March 2010 to set out the guidelines to be followed by
WRMA in decision making on the allocation of available
water resources.

o The guideline generally consider the allocation of four
demands of (1) ecological demand, (2) basic human
needs, (3) international obligation and interbasin
transfers, and (4) demand allocated for individual use
by means of permit. (Refer to the figure in next slide)

45

Definition of Reserve Discharge in Kenya

O “Guidelines for Water Allocation, Mar. 2010” defines as
follows:

o The reserve is the portion of the water resource which is set aside to
meet demands for ecological and basic human needs. The reserve
needs to be defined with respect to the quantity, reliability and quality.
(Detailed discussion is shown in WAG.)

In NWMP 2030, the “Reserve
Discharge” was specified as
“95% value of the naturalized
daily flow duration curve with
the probability of once in 10
years, based on the WAG
(Water Allocation Guideline).

-

46

Definitions of Related Terms in Japan (1/2)

o There are two types of flow discharge to be determined.

o The first is the flow discharge determined in total consideration of water
functions such as navigation; fisheries; tourism; maintenance of clean
river water; prevention of salt damage; prevention of river-mouth
clogging; protection of river management facilities; maintenance of
groundwater levels, landscape values, and ecosystems; and the
securing of opportunities for human interactions with the river. This
discharge is hereinafter referred to as “Maintenance Flow Discharge".

o The second is the flow discharge necessary for water utilization
downstream of the point for which the maintenance flow discharge has
been determined (hereinafter referred to as “Water Utilization Flow
Discharge"); this discharge is determined at a point that serves as the
reference point for appropriate river management.

o The “Normal Flow Discharge”, if necessary, should be determined for
each of the river reach represented by annual fluctuations in the
maintenance flow discharge and water utilization flow discharge.

47

Definitions of Related Terms in Japan (2/2)

o Normal Flow Discharge

m “Normal Flow Discharge” is defined as the required
discharge to satisfy the both “Maintenance Flow
Discharge” and “Water Utilization Flow Discharge”.

Water Utilization
Flow Discharge

Normal Flow Maintenance Flow
Dischagre Discharge

m Even in case of drought year, the one required for total
consideration of water functions is the “Normal Flow
Discharge”.

Therefore, the “Normal Flow Discharge” is not determined as
desired for normal year = Discharge to maintain water function at
minimal level.

48
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Graphical Image of Normal Flow Discharge

[River Discharge Data]

Discharge

‘ Normal Flow Discharge

May Jul Sep

[River Cross Section]

<—{ Water Utilization Flow Discharge ‘

<—{ Maintenance Flow Discharge ‘

Note: WUFD is fluctuated by seasons.

49

Consideration of Normal Flow Discharge
Schematic Diagram of Water Utilization (sample)

In case of Tedori River, Toyama Pref. in Japan

50

End of 24 Workshop
I I

Thank you for your active participation!




Part 7 Outstanding meteorological Embu RO
Records and flood monitoring during
events in March to may 2018

Tana catchment overview

* Geographically the Tana Catchment Area
extends from the crests of Mt. Kenya, the
Aberdares Ranges and the Nyambene Hills in
the north extending southwards to the Indian
Ocean bounded by the Yatta Plateau to the
west. the Catchment Area covers an area of
126,000 km2 .The bounded by Latitudes of 0°

Discharge measurement workshop

YZ-9v

PRESENTATION BY 30’ north and 2° 30’ south, and longitudes 37°
A.WANJIKU MIGWI 00’ east and 41° 00’ east.
Hydrometelogical network RGS status at the Sub Regions
 The Hydrometerological networks for region | | M| O e | | P
discharge and rainfall measurements allocated Thiba o I 3 R N 100
in the five Sub Regions in Tana namely, Thiba Upper 0 N N E
(Kerugoya), Upper Tana ( Murang’a ), Kathita Lower L 2 0 o [ 3 ]3 100
Mutonga ( Meru), Tiva Tyaa ( Kitui) and Lower Tty |0 o 5 o o [ o o
Tana ( Garissa). ka2 | 2 T e T 20
e Currently there are 69 RGS stations that are Tota i 5 T R IR BT

operational and 23 Rainfall in the Region are
operational.
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Rainfall network status

UB
region

Thiba

Upper Tana

Tiva Tyaa

Lower Tana

Kathita/Mut
onga

95

40

75

50

3

100

100

25

66

3

6 50 3 100 1 0

100

0

Rehabilitated RGS station By JICA from
Jan 2018 to May 2018

Sub Region
Thiba

Upper Tana

Kathita Mutonga

Tiva Tyaa

Lower Tana

4DD2 Thiba construction of stair case

4BE10 Tana Rukanga - construction of water
runaway canal

Installed 5 No. staff gauge
from 1.5m to 8m

- installed Bill board

4F10 kazita Installed 3 No. staff gauge
from 1.5m to 4m
- installed Bill board 2 no.

NONE
NONE

DATA Received from Rehabilited

STATION From jan to may
2018

Updated in the data base

Mutonga 4EA7

Kazita 4F10

Thiba 4DD2

Thika 4CC08

Maragua 4BEO1

Jan 2018 to feb

2018

Telemetric only

Jan to march 2018

None

From Jan to may

2018

the gauge reader stopped
taking data. From DEC 2017

Both telemetric and manual
Working

the gauge reader stopped
taking data. From October

2017

SWO unable to download
the data. ( equipment not
working)

Updated in the data base

conclusion

* According to the JICA Project objective, to
enhance capacity of water resources management in

WRA through ;

» Establishment of appropriate hydro
meteorological network and its management has
been achieved by about 70 % since most of 4
out of 6 rehabilitated stations are in good order
and have submitted data.
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Garissa SRO

Outstanding Meteo-hydrological Records
and Flood Monitoring
during Events in March to May

Lower Tana Sub Region
Garissa
By Daniel G Wanyumu

INTRODUCTION

Lower Tana sub region covers Garissa county, Tana River county, Lamu
county, part of Kitui and Malindi counties with a total coverage of
77,400Km?2, It is one of the five Sub regions in Tana Catchment. The sub-
region borders Ewaso nyiro North catchment area to the North, Athi
catchment area to the south west and Somalia to the east

It is classified as semi arid area falling under ecological zone 5,6 and 7
The weather is generally hot with temperatures above 30°c in most parts
The rainfall pattern is bimodal with long -rainfall season coming in the
month of April-May and the short rains in the month of October -
November

The annual precipitation is unreliable, erratic and varies widely across in
space and time, averaging below 300mm annually

The sub Catchment has an irrigation potential of approximately
205,000ha from Balambala to Kipini (Tana basin)

Lower Tana sub region Monitoring stations

Overview of flood events in March
to May 2018

Historically effects of floods in lower Tana have been
high during the short rains as illustrated in the graph
below.

However from 16t March 2018 the water levels rose to
3.40m from 1.69 the previous day. Flood alert in
Garissa starts at 3.50m.

The office started sending sms to all riparian area
through WRUA members and stakeholder especially
chiefs and County Commissioner.

On 24 April we created a WhatsApp group of 175
members involved with floods.

Frequent FM radio updates were given in local
language by the SRM.
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Effects of Floods in Lower Tana

* Tana River County

» The flooding affected mainly communities living along
the riverine and others in the hinterlands affecting
approximately 117 villages translating to 12,809
households. Total population affected was 64,045 (32,
205 female and 31,840 male).

» A total number of 9,539 acres of crops have been
destroyed by the floods.

» About 49 primary and secondary schools have either
been submerged or completely cut off.

» Health facilitates and Roads were affected prompting
high food prices fluctuations

» Water related diseases were reported with cholera
confirmed in Madogo.

Effects of Floods in Lower Tana

e Garissa County

» Approximately 10,926 people were affected,
including 1564 HHs who were displaced in
spontaneous camps. It was also reported that, 5
cows, 88 goats were drown, over 600 farms
washed away by floods.

» Water related diseases were reported

» Nairobi-Garissa, Garissa- Garsen -Lamu, Garissa-
Balambala and Garissa —Masalani Roads were
destroyed.

Flood photos

RGS 4G02 in Tana Garsen

Effects of Laghas during floods
during flood

Farms destroyed by floods in Garissa RGS 4G01 manual and telemetric housing

flood photos

Floods in winsor estate
Garissa Farms in Hola destroyed by floods
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Required actions

* Installation of an RGS upstream of RGS 4G01

for early warning for community downstream

of RGS 4G01. It should be downstream of RGS
4F13 and Dry river beds from Kitui and Garissa
(Tyaa, Rahole, Al amin moju and Chanyigi)

Develop a model that can give early warning
using WRA data.

Murang’a SRO

WATER RESOURCES AUTHORITY -
UPPER TANA SUB REGION.

Catchment overview

The Upper Tana Sub-Region is one of the five
sub-regions in Tana catchment Area. It has an
approximate area of coverage of 5,202Km2
out of the 126,026 km?2.

Is between Aberdare and Mt kenya water
towers .

Has an estimated population of 1.9 million
people and an average population density of
365 persons per Km2 .

Catchment management
units.

* For management purposes the Sub-Region is
divided into five management units namely

Sagana Gura — Drainage area 4A

Lower Sagana — Drainage area 4B
Upper Thika — Drainage area 4CA
Thika Urban — Drainage area 4CB
Lower Thika — drainage area 4CC
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Overview of floods events

* The onset of Long rains started in early March
2018 and most part of Upper Tana Catchment,
received little rainfall which was not evenly
distributed.

e During the months of April and May 2018,
there was intensive increase in rainfall and
most rivers registered high flows. which
coursed flash floods in all areas and river
induced flooding in lower zones.

Cont, overview of Floods

* With the continues extremely heavy
precipitation which occurred in the month of
April and May 2018, generated high volume of
runoff in excess of the drainage capacity
coursing flooding in most of the sub reginal
rivers

* Many Springs were spawned out .

Cont, floods overview
-Rainfall

e March 2018-The onset of Long rains.
Registered little and moderate rains not well
distributed within the sub region.

e April 2018- heavy rainfall well distributed
e May 2018- intense rainfall well distributed

cont. Rainfall

The chart below depict rainfall comparison for 3stns-Ndakaini R/stn
registered more rainfall than Muranga R/stn and Nyeri R/Stn.

o RAIFALL COMPARISON Yr. 2018.

Rainf comparisos
MOW
reri 700
WRA Muranga Ndakaini ~ Nyeri(mm)
officel Rainfall9m €D
rainfallmm)  m) 500
400
300

20.6

12.7
Februar 100
y 77 0
2077 JANUARY  FEBRUARY MARCH APRIL MAY
2675 2906 ‘

ril 551.9 558.53 208.2 B WRA Muranga officel rainfall(mm)

m 4753 680.8 2021 = Ndakaini Rainfall9mm)

MOW Nyeri(mm)
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Dams Capacity

e Sasumua Dam —100% full capacity
(15.91MM3) by 11/5/2018

* NDakaini dam by 11/5/2018 was 50.54%
(35,377,651M3) out of 70MM3.

* Ndakaini capacity was 82.34%
(57,637,680MM3) BY 31/5/2018.

DAM WATR LEVEL TREND

NDAKAINI DAM CAPACITY IN %

™ NDAKAINI DAM CAPACITY IN %

R R IR IC I SRR
R I R M MR M MR O MR MMM NReN
\,\o,\ ’a\"\ %\o,\ /\\o,\ q\"\ ’;&,\ ,@\ ,{,\ «3\ \’q\ 'L"\ ,c,\ '1‘5’\ ,‘:\\ ,&\ 6’»\,\

Effects of flooding

e Land slides
e Mad slides
e Aquiver severe cracks

* Infrastructure destructions- Regular gauging
Stations,bridges, water intakes, water channels,
Roads ,Buildings etc

* High erosion coursing high river siltation.
e Deaths and Relocation of people.

Cont,
Effect of floods

5 RGS Were Damaged .

1.4BE1 R. Maragua 1%t staff gauge washed away.it was automated with
multiparameter and hobo data loggers.

4AA02 R. Thegu mutiparameter and hobos washed away.

4BE10-Tana Rukanga —telemetric house was submerged by flood these
affected the telemetry data logger equipment. The 3 gauge plate was
damaged. The floods mark was beyond the last staff gauge - 8M
4BDO01 R. Mathioya —Vandalized

4AA1 R.Sagana —gauge plate damaged.
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COLLECTED DATA

* Discharge data- 74 gauging from 24 Stations.

* Water level data- from 17 RGS, 9 No.Hobos
downloaded

* Water quality data-1200 water samples
collected and analysed . Insitu water
parameters collected from 24 RGS.

e Rainfall data-data collected from 8 No.
stations

* Evaporation data-3 stations

Status of Monitoring Netwok

Regular gauging stations- 58
Rainfall stations-19
Evaporation stations-3

Full weather statio-1

RGS STATUS

automated
nonoperation with hobo  telemetry
category total operational  al data loggers data loggers
N 0 0 0
MU 4 2 2 1
IMU 10 9 1 4
SP 44 35 9 16

Total 58 46 12 21

—_

RGS STATUS

TOTAL OPERATIONAL NONOPERATIONAL AUTOMATED WITH HOBO DATA  TELEMETRY DATA LOGGERS
LOGGERS

=N ®MU #IMU ®=SP =TOTAL
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STATUS-WEATHER STATIONS

OPERATIO NONOPER TELEMETR
STATIONS NAL ATIONAL TOTAL 1C
RAINFALL STNS 17 4 19 5
EVAPORATIN 3 0 3 0

REQUIRED ACTION FOR
IMPROVEMENT.

-More facilitation for establishment and
rehabilitation of monitoring network

-Automation and upgrading of station

-Ensuring the data software is available to all
sub regions.

--introduction of mobile SMS code to ease data
data transmission.

4BE10 FLOODED-RECORDER HOUSE

WATER LEVEL-SAME DAY




SE-9vV

4BE10 -2NP Gauge plate damaged.

FLOW MEASUMENT AT 4AC3
R.SAGANA —ADCP.

discharge Measument —ADV and lab
analysis

Floods-Relocation
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R.MARAGUA -FLOODED

Land slides

Loss of properties.
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FAITH MBATHI-
THANK YOU

Kerugoya SRO

THIBA SUB REGION
2"d DM workshop presentation

Flood event

* Thiba sub region like other parts of the

country, received above normal rainfall whose
onset was the first week of March 2018.

Rains intensified with time and by the moth of
April and May the sub region was already
reporting flood situation in various areas.
Most affected was the lowlands to the south
of the sub region.

Flood events cont’

 All rivers recorded high water levels, with

some exceeding highest starve level thus
marking of flood points was done.

At least 10no human beings were reported to
have drowned (Rupingazi, Icakimangu, Rutui,
Thiba, Ena, Dallas swamp.)

Several houses were sub merged (eg. Thiguku
village recorded 50houses, Dallas area
recorded 35 houses)
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Count’

* Infrastructure, including foot bridges, were
also damaged.

 Several feeder roads were cut off, crop
damaged and livestock died

e About 140 persons were displaced at Thiguku
village, 35 at Dallas

Data collected

Water level data

Flood plain marks

Rain fall

Evaporation

No of displaced human and livestock

No of sub merged and destroyed houses
Estimated acreage of damaged crop

RGS status

e All 13No RGS are functional.

* 3No RGS were rehabilitated just before the
onset of rains under capital project

Flood events: Data comparison

Station Date (2018) |WL (M) Date (2017) WL (M)

THIBA 15/5/2018 Over 5m gauge | 15/5/2017

4DD2 187
16/5/2018 4.94 16/5/2017 173
17/5/2018 3.97 17/5/2017 1.68
18/5/2018 3.42 18/5/2017 1.60
19/5/2018 3.07 19/5/2017 157
20/5/2018 2.90 20/5/2017 1.53
21/5/2018 2.99 21/5/2017 148
22/5/2018 3.35 22/5/2017 142
23/5/2018 4.86 23/5/2017 133
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Required actions

Mapping of wetland riparian areas
Marking of all flood plains

Riparian and catchment rehabilitation for
infiltration and reduced surface runoff
velocity

High flow measurement for updated rating
curves

Early warning systems established and
improved

Flood situation

Conti’

Meru SRO

KATHITA MUTONGA DATA
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COMPONENT

* Rainfall stations
* Evaporation stations
* River gauging stations

MU Rainfall stations

e Meru DWO

e Meru forest

e Maua DO office

* Kionyo dispensary
* Gacuru

* Kinna

e Mumbuni

* Ura

* Marimanti

Other Rainfall Stations

*DO OFFICE Nkubu
*Nkubu water supply
*Kaguru FTC
*Mikinduri Pry school
*Marimba farm
*Chuka forest
eKiamuriuki

*Kibugua

*Thuci barrier
*Mwangarimwe
*Chogoria gate
*Chiakariga Kewi Campus

MU Evaporation Stations

*Meru DWO
*Maua DO office
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Other evaporation station

* Chiakariga Kewi Campus

Operational Rainfall Stations

Meru forests

DO office Nkubu
Maua DO office
Mikinduri Pry School
Meru DWO

Operational Evaporation Stations

e Meru DWO
e Maua DO office

River Gauging Stations (RGS)

Tana grand falls 4F13 Liutu 4FB

Kathita 4F19 Thuci 4EB4

Kathita 4F31 Thuci 4EB7

Kathita 4F10 Ruguti 4EB5

Thingithu 4F17 Ruguti 4EB6

Mutonga 4EA7 Maara 4EB16

Tungu 4EB9 Maara 4EB12

Kithinu 4EA3 Maara 4EB13

Mutonga 4EA6 Maara 4EB11
Thangatha 4F8 Kinyaritha main 4F new
Nithi 4EB1 Kinyaritha minor 4F new
Mutonga 4EA1 Thanantu 4F20

Kathita 4F29 Ura 4F09
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stations priority

Kathita 4F10
Mutonga 4EA7

Thanantu 4F20
Ura 4F9

Ruguti 4EB6
Tungu 4EB9
Mutonga 4EA6
Thingithu 4F17
Maara 4EB11

Tana 4F13

Tana 4F16

Ruuji Rweru 4F18
Kithino 4EA3
Thangatha 4F8

Kathita 4F19
Kathita 4F31
Thingithu 4F4
Nithi 4EB1
Mutonga 4EA1
Kathita 4F29
Liutu 4FB
Thuci 4EB4
Thuci 4EB7
Ruguti 4EB5
Maara 4EB16
Maara 4EB12
Maara 4 EB11

Kinuvaritha main AF

Discharge measurement Jan to Jun 2018

DM(M3
)

Kathita 0.16 0.3669
4F31

Thingit 0.46 0.4024
hu 4

F4

Muton  0.44 1.8268
ga

4EA6

Maara 0.19 2.0846
4EB11

Ruguti  0..52 0.7385
4 EB6

Thuci - 0.3390
4EB7

Tungu 0.09 0.0.079
4 EB9 4

South  0.16 0.4773
Maara

4 ED12

Kithino - 0.3125
4EA3

GHT

0.12

0.4

0.35

0.11

0.47

0.0

0.07

0.36

DM(M3  GHT

)

0.2809

0.2333

1.7107

2.0329

0.4544

0.0288

0.0482

0.3207

0.0290

DM(M3  GHT
)

0.12 0.2809 0.53

0.35 1.7107

0.11 2.0329

0.47 0.4544

0.0 0.0482

0.07 0.3207

0.39 0.0716

DM(M3
)

GHT  DM(M3 GHT DM(M3
) )

0.39 1.4356
0.9 5.5966
2.28 BLNIT2
1.24 12.731
2

1.68 5.7709
1.45 8.705

1.0 2.9316
0.87 3.7752
1.0 8.288

Status of the Stations

T e T

Station okay

Kathita 4F10
Mutonga 4EA7
Thanantu 4F20
Ura 4F9

Ruguti 4EB6
Tungu 4EB9
Mutonga 4EA6
Thingithu 4F17
Maara 4EB11
Tana 4F13
Tana4F16
Ruujirweru 4F18
Kithinu 4EA3

Operational

Operational

Not operational

Operational
Operational
Operational

Operational

Not operational

Operational
Operational
Operational

Operational

A~ st

Station okay

No gauge plate

Station okay

Station okay

Station okay

Station okay

First gauge swept away

Station okay

Station okay

Station okay

Station okay

Station okay

Status of other Stations

T e

Kathita 4F19
Kathita 4F31
Thingithu 4F4
Nithi 4EB1
Mutonga 4EA1
Kathita 4F29
Liutu 4FB
Thuci 4EB4
Thuci 4EB7
Ruguti 4EB5
Maara 4EB16
Maara 4EB12
Maara 4EB13

Not operational
operational

Not operational
Not operational
Not operational
Not operational
Not operational
Not operational
Operational

Not operational
Not operational
Operational

Not operational

Needs to be rehabilitated
Station okay

Install first gauge

Needs to be rehabilitated
Needs to be rehabilitated
Needs to be rehabilitated
Needs to be rehabilitated
Needs to be rehabilitated
Station okay

Needs to be rehabilitated
Needs to be rehabilitated
No gauge reader

Needs to be rehabilitated
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Flood Events

Flush flood events were experienced in the region.
The following are the affected stations
e Thangatha 4F8
e Thingithu 4F17
e Thingithu 4F4
¢ Thuci 4EB7
¢ Kathita 4F10
* Maara 4EB11
Kithinu 4EA3
* Thanantu 4F20

Lesson Learnt

Challenges of anchoring concrete pillars
Vandalism of gauge plate
Gauge readers not co operating

High flow requirements are required

Introduction

 Tiva-lyaa (Kitui Sub Region) covers an Arid
and Semi-arid area characterized by small
hills and flat areas which are well drained.

* The River courses are well defined and
most of them maintain the flash floods
within their River banks, hence, very few
and occasional incidences of floods of
negative impacts are reported.

Data Collected

The sub region has no river gauging stations.
However, trends on rainfall data collected from Kitui
Met Station are shown below. The data covers a
period of 5 years.

While it is apparent from the demonstration that
more rain was received this year compared to the
last five years, most of it came in March and April. In
fact, May 2014, 2015 & 2017 was wetter than May
2018 in Kitui.

The month of April was consistently wetter than any
other month throughout except in 2014 when
march received more rainfall.

Some flood data was collected and some pictures
are shared in the presentation




-9V

MAM Rainfall Comparison, 2014 to

2018

KITUI_MET_STATION_2014 TO 2018

Months of March 2014 to 2018

KITUI_MET_STATION_MARCH
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TOTAL MAM RAINFALL 2014 - 2018

TOTAL RF [March April May]

3,500.0

3,000.0
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S

3 2,0000
g
H
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2 1,500.0
2
e

1,000.0

500.0

) 2018

(mm)

2014 2015 2016 2017
IlTotaI RF 2,411.0 2,373.5 2,269.2 2,544.8 3,119.2
HWINIL

FLOOD EVENT PICTURES

The following pictures were taken
at Thua river during a flood survey

Kalambani Market

Kalambani Market




9-9vV

Kalambani Market

Thua River at Kalambani

The right river bank that had vegetation was protected while the left bare river bank
where the market is located suffered a lot of deposition

Kalambani Market

Kalambani Market
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Kalambani Market

Water Level

A ‘Makuti’ structure formerly
located here washed away

Thua River

Huge trees carried by
the flooded river and
deposited in the market

Kalambani Water Supply

Wat€r level at
the pump house

Pump destroyed by the floods

Thank you

THE EéND
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GUIDELINE FOR HYDROMETEOROLOGICAL
DATABASE MANAGEMENT, SEPTEMBER 2018

1. Objective of Guideline

This guideline aims to support the management of maintenance work of RGS (Regular Gauging Station)
in WRA (Water Resources Authority). The consistent maintenance work of RGSs should be achieved
for keeping the quality of observed data high by means of checklist form. It is expected that the
communication and information sharing of the RGS’s status between each office will be improved by

using the checklist, and then appropriate management of maintenance work will be established.

2. Management of Maintenance Work

2.1 Maintenance Work

The staff of SRO (Sub-Regional Office) engages in maintenance work of RGSs. The maintenance work
should be complied with a letter “Maintenance of Regular Gauging Station” issued by ATCM (Assistant
Technical Coordination Manager) on 28™ January 2014. The letter indicates three reference guidelines

for maintenance work of RGS. The maintenance work should be implemented on a monthly basis.

Table 1 Maintenance Work

No. Item Contents
1 | Person in Charge Staff of SRO (Sub-Regional Office)

2 | Items of Inspection | Devices of observation, Structures of station, Calibration of gauging,

Clean up the area of station

3 | Regulations Comply with a letter “Maintenance of Regular Gauging Station” issued
by ATCM on 28" January 2014
Reference Guidelines:

B Guide to Hydrological Practices, WMO-No.168

B[SO 1100-1, Measurement of liquid flows in open channels

B Guidelines for Assessment of River Gauging Stations

4 | Frequency On a monthly basis

2.2 Handling of Checklist
The Checklist is prepared, transferred, compiled and stored in accordance with the following procedure:

- The Checklist form attached on this guideline should be filled after completion of maintenance
work by SRO’s staff, and SRO submits the Checklist to RO (Regional office) on a monthly basis.

- RO compiles the received Checklists from SROs and submits to HQ (Head Quarter) on a quarterly

basis.

- HQ compiles the received Checklists from ROs. HQ utilizes the compiled Checklist for studying

strategy and budget formulation of maintenance work.
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Figure 1 Management of Maintenance Work of RGS

3. Roll of the Tasks

The roll of tasks for management of maintenance work are indicated in the table below;

Table 2 Roll of Tasks

Responsible Institution
Function
HQ RO SRO
1. Inspection oV Ok
2. Maintenance oV O?
3. Securing Quality of Facilities ov 0?2
4. Planning Strategy O AN
5. Budget Formulation O A

Note: o : Main roles, A : Assisting roles
1) Responsibility of quality securing
2) Responsibility of work implementation
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Attachments

B Checklist for Maintenance Work of Regular Gauging Station
B Sample of Summary Table of Checklist
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Checklist
for
Maintenance Work
of
Regular Gauging Station

Month and Year of Checklist: in
Office Name:
Recorded by
Recorded Date:

The maintenance works had been checked with the items below and summarized on the attached

summary table.

Check Items for Maintenance Works

No. Check Items Check Contents

1 | Facility The facilities such as observation hut, staff gauge and bench mark

have been functioned without significant damage

2 | Device The devices such as sensor, recorder and telemeter have been
functioned
3 | Replacement The necessary replacements such as battery, recording paper and

cartridge pen have been replaced with new ones or remain enough

balance until next inspection

4 | Calibration The recorded data coincided with the value of observation at the

time of site inspection

5 | Cleanup The cleanup works such as grass mowing, wiping devices and

taking stuck branch off facilities have been accomplished

Signed by Office Manager:

Name :

Position
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1. Objective of Guideline

This guideline aims to enhance the hydrometeorological database management in Water Resources
Authority. The consistent data storage should be achieved by clear demarcation of the tasks of each
office by means of checklist form. It is expected that the communication and data sharing between each
office will be improved by using the checklist, and then appropriate hydrometeorological database

management will be established.

2. Procedure of Database Management

The observed hydrometeorological data are recorded, transmitted and stored in accordance with the

following procedure:

(i) Sub-Regional Office (SRO)

- The observed hydrometeorological data is recorded on a monthly record form by a staff of Sub-
regional Office,

- When the staff found any unexpected data, the staff should research the reason and update the data.
If the trouble could not be fixed, note the reason and requirement on a table of checklist,

- The staff of Sub-regional Office sends the excel file of monthly record form with attaching a PDF
file of checklist form (CHECKLIST-SRO) and excel file of summary checklist table to Regional

Office on a monthly basis,

(ii) Regional Office (RO)

- The staff of Regional Office converts the water levels into discharges by using a latest H-Q curve,

- The converted discharges are recorded on a monthly record form and stored into a server at
Regional Office,

- The staff of RO compiles the received summary checklist tables of SROs in one excel file, and fills
the checklist table in accordance with the attached checklist form (CHECKLIST-RO),

- The staff of RO sends the excel file of monthly record form with attaching two PDF files of
checklist forms (CHECKLIST-SRO and CHECKLIST-RO) to the Headquarter on a quarterly basis,

(iii) Headquarter Office (HQ)

- The staff of the headquarter compiles the received summary checklist tables of ROs in one excel
file, and fills the checklist table in accordance with the attached checklist form (CHECKLIST-HQ),

- The staff of the headquarter stores the monthly record and summary checklist table into a server at
the Headquarter.

- When the staff found any issues on the summary checklist table such as requirement of repairing
and replacement of some equipment, the Headquarter handles the matter in cooperation with SRO

and RO.
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Figure 1 Communication for Hydrometeorological Database Management

3. Roll of the Tasks

The functions of database are divided into five categories as shown in the figure below. The roll of task of each

function is indicated in the table below;

1 Storage function Sourced data on a
daily/monthly basis and
develop a repository.

2 Source function Retrieve and organize
the data

3 Register function | Add, amend and delete
data as required

4 Quality  control | To ensure the integer

Observation

Observation

Source
functio

analysis

function (function) and consistency of the
data

5 Statistical analysis | Utilize the date for

(function) rationalization by

statistical analysis.

Figure 2 Functions of Database

Table 2 Roll of Tasks
Responsible Institution
Function

HQ RO SRO
Storage function oV 0¥ A
Source function oV 0O?
Register function OV R
Quality control oV ov Obo
Statistical analysis O A

Note: O : Main roles, A\ : Assisting roles
1) Responsibility of quality securing, 2) Responsibility of work implementation
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4. Handling of Documents and Data

The handling action and timing for hydrometeorological database management at each office, are

sumurrized in the tables below:

Table 3 Preparation of Documents

Office Documents of Preparation File Type | Timing
SRO | (1) Monthly Record Form at regular gauging station Excel Monthly
(2) Checklist of form ‘CHECKLIST-SRO’ in handwriting PDF Monthly
(3) Summary Checklist Table Excel Monthly
RO | (4) Monthly Record Form at rainfall/ water level gauge station Excel Quarterly
(5) Checklist of form ‘CHECKLIST-RO’ in handwriting PDF Quarterly
(6) Summary Checklist Table Excel Quarterly
HQ | (7) Checklist of form ‘CHECKLIST-HQ’ in handwriting PDF Quarterly
(8) Summary Checklist Table Excel Quarterly

Note: PDF file is prepared by scanning the checklist paper in handwriting

Table 4 Transmission of Data

Office Data of Transmission Transfer to | Timing
SRO | (1) Monthly Record Form at rainfall/ water level gauge station RO Monthly
(2) Checklist of form ‘CHECKLIST-SRO’ Monthly
(3) Summary Checklist Table Monthly
RO | (4) Monthly Record Form at rainfall/ water level gauge station HQ Quarterly
(5) Checklist of form ‘CHECKLIST-SRO and RO’ Quarterly
(6) Summary Checklist Table Quarterly

Note: Data is sent by SMS

Table 5 Storage of Data

Office Data of Strage Server Timing
SRO | (1) Monthly Record Form at rainfall/ water level gauge station SRO Monthly
(2) Checklist of form ‘CHECKLIST-SRO’ Monthly
(3) Summary Checklist Table Monthly
RO | (4) Monthly Record Form at rainfall/ water level gauge station RO Quarterly
(5) Checklist of form ‘CHECKLIST-SRO and RO’ Quarterly
(6) Summary Checklist Table Quarterly
HQ | (7) Monthly Record Form at rainfall/ water level gauge station HQ Quarterly
(8) Checklist of form ‘CHECKLIST-SRO, RO and HQ’ Quarterly
(9) Summary Checklist Table Quarterly

Note: SRO and RO should also file and store the paper of Monthly Record Forms at each office

A8-4



GUIDELINE FOR HYDROMETEOROLOGICAL
DATABASE MANAGEMENT, SEPTEMBER 2018

Attachments

CHECKLIST-SRO: Checklist of Sub-Regional Office
CHECKLIST-RO : Checklist of Regional Office
CHECKLIST-HQ : Checklist of Headquarter

Sample of Summary Table of Checklist
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GUIDELINE FOR HYDROMETEOROLOGICAL
DATABASE MANAGEMENT, SEPTEMBER 2018

CHECKLIST-SRO

Checklist

for
Hydrometeorological Database Management
at
Sub-Regional Office

Month and Year of Checklist: in
Office Name:
Recorded by
Recorded Date:

The database management had been checked with the items below and summarized on the attached

summary table.

Check Items for Hydrometeorological Database Management of SRO

No. Check Items Check Contents

1 | Data Filling The monthly record form was filled by observed data without

missing value

2 | Data Matching The observed data is correct data at the target station

3 | Expected Data The observed data did not include any unexpected data such as

high water level without raining

4 | Paper Filing The monthly record form filled by observed data was filed on
paper based, and the file was stored in a shelf

5 | e-Data Storing The excel file of monthly record form with attaching a PDF file
of checklist form (CHECKLIST-SRO) was stored to the server
at Sub-Regional Office

Signed by Sub-Regional Manager:

Name :

Position :

CHECKLIST-RO
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GUIDELINE FOR HYDROMETEOROLOGICAL
DATABASE MANAGEMENT, SEPTEMBER 2018

Checklist
for

Hydrometeorological Database Management

at
Regional Office

Month and Year of Checklist: in
Office Name:
Recorded by
Recorded Date:

Check Items for Hydrometeorological Database Management of RO

No. Check Items Check Contents

1 | Data Filling The monthly record form was filled by observed data without
missing value

2 | Data Conversion The water level was converted into discharge by using latest H-
Q curve
#Note: In case of rainfall gauge station, marks ‘YES’ as no
issues

3 | e-Data Storing The excel file of monthly record form was stored to the server

at Regional Office

Signed by Regional Manager:

Name :

Position :
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GUIDELINE FOR HYDROMETEOROLOGICAL
DATABASE MANAGEMENT, SEPTEMBER 2018

CHECKLIST-HQ

Checklist
for
Hydrometeorological Database Management
at
Headquarter

Month and Year of Checklist: in
Office Name:
Recorded by
Recorded Date:

Check Items for Hydrometeorological Database Management of HQ

No. Check Items Check Contents
1 | Data Filling The monthly record form was filled by observed data without
missing value
2 | e-Data Storing The observed electric data was stored to the server at
Headquarter

Signed by Assistant Technical Coordination

Manager:

Name :

Position :
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Sample of Summary Table of Checklist

GUIDELINE FOR HYDROMETEOROLOGICAL
DATABASE MANAGEMENT, SEPTEMBER 2018
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Water Resources
Management Experts

JICA Experts Team

Beginning of January 2017, two Japanese Experts commenced the project JICA Experts for Water
Resources Management. During the first stay in Kenya, they carried out the kick off meeting and site

reconnaissance in Tana Catchment Area.
recently.

1. Project outline

A study of “The National Water Master Plan 20307,
which was conducted in 2013 with the assistance of
JICA, formulated the National Water Master Plan
towards the year 2030 taking into consideration of
climate change.

One of the outputs of the National Water Master Plan
(NWMP) is the Water Resources Management
Authority (WRMA) action plan on strengthening of its
capacity on water resources management by; 1)
establishment and operations of Catchment Forum for
strengthening of river basin governance, 2)
strengthening of hydro meteorological information
management, 3) improvement of flood and drought
disaster management are proposed as the urgent and
priority actions to be undertaken among the others.

To achieve this action plan, WRMA has been making
efforts to enhance its water resource management
capacity by strengthening of the hydro meteorological
monitoring system, and formulation of catchment
strategy and sub catchment management plans.

MOTOKI Yoshihiro KATO Yusuke
PL, Water resources management ~ Water resources managemen
expert and database expert

ﬁlmut 1:

N
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This newsletter describes the project outline and work actives

There are however emerging challenges on low level of
monitoring, evaluation, analysis and collection of water

resources data, resulting in poor data management. In
this regard, there is an urgent need for capacity
development of WRMA staff engaged in hydro
meteorological monitoring as the information generated
is essential for water resources management including
water allocation decision making, water resources
investment projects, production of water situation
reports, etc.

2. Objective

The Project is a technical cooperation project and
objective is to enhance capacity of water resources
management in WRMA with the following three
expected outputs through JICA Experts Team.

Enhancement of surface water \
monitoring to improve water resources
management by WRMA in line with the
National Water Master Plan 2030

(NWMP)

Output 2: Establishment of appropriate hydro
meteorological network and
management of the same

Output 3: Provision of guidance to WRMA on

future support for water resources
management through Japan’s ODA or
from any other organizations

3. Project Duration
The Project is carried out in the process of about 26

months from January 2017 to the end of February
2019.



4. Working Activities

To achieve three outputs, total 10 activities will be
conducted with the assistance of JICA Experts Team.

Output 1

Activity 1.1

Activity 1.2

Activity 1.3
Activity 1.4

Activity 1.5

Activity 1.6

Output 2

Enhancement of surface water
monitoring to improve water
resources management by WRMA in
line with the National Water Master
Plan 2030 (NWMP)

Assistance in the determination of the
location of gauging stations of main
river, lakes and springs

Assistance in updating the
meteorological and hydrological
observation network

Training on how to operate the
equipment for discharge measurement
Assistance for stage-discharge curves
(H-Q curves)

Assistance for the improvement of the
operation system for the meteorological
and hydrological gauging stations
Advise on the determination of the
discharge amount for river maintenance
flow

Establishment of appropriate hydro

Activity 2.1

meteorological network and
management of the same
Confirmation on the current condition
for the meteorological and hydrological
database

Activity 2.2 Assistance in the improvement for
meteorological and hydrological
database

Output 3 Provision of guidance to WRMA on

Activity 3.1

Activity 3.2

future support for water resources
management through Japan’s ODA
or from any other organizations
Advise on the past performance of water
resource management

Specification the required items for
training and preparation of the training
program

Contact: JICA Experts Team
Rm902 WRMA, NHIF Building, Off Ngong Road, Nairobi
Yoshihiro MOTOKI
Tel 0799-008-122
E-mail motoki-ys@n-koei.ip

Yusuke KATO
Tel 0799-008-121

E-mail kato-yk@n-koei.ip
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5. Project Area

There are six catchment areas in Kenya in the WRMA
catchment boundary. Tana Catchment area is the project
area for the implementation of activities, especially for
Output 1 and Output 2.

Due to security concerns, JICA Experts Team in
accordance with JICA’s security regulation will not be
able to conduct activities in East Garissa and therefore
WRMA Staff of Garissa Sub-regional office are
requested to participate in activities conducted at the
regional office or at the other selected pilot sites in Tana
Catchment Area.

6. Site Reconnaissance in TCA from 23
Jan. to 25 Jan.

Experts Team carried out the site reconnaissance in Tana
Catchment Area with Headquarter Officer, Ms.Julia,
and Embu Regional office Manager, Mr.Wachira and
surface water O fficer, Ms.Migwi.

They assessed current condition of river gauging
stations and identified technical issues to solve this
project.

7. Way Forward

Two JICA experts are now ready to implement 10
activities to achieve the three outputs together with Cps
from WRMA. The project will run for two years, and
during which the stay of the JICA experts will be
intermittent. Corporation with WRMA staffs is key
factor in achieving the project goals.

JICA Experts Team



Water Resources
Management Experts

JICA Experts Team

After one month break, the JICA Experts Team restarted project activities for the Water Resources Management
Experts in the middle of May 2017. They conducted the site reconnaissance with WRMA counterpart personnel in the
Upper Tana catchment, which is the target area for the Project, to decide the sites for construction and rehabilitation of
river gauging stations and discharge measurement. The sites were mutually agreed by WRMA and duly recorded in the
Technical Note No.2. This Newsletter No.2 covers the major project activities carried out during the period covering
May to June 2017.

1. Outline of Activities 2. Site Reconnaissance
Major activities in connection with three Outputs In order to decide the sites for rehabilitation of the
achieved in this period are listed as follows: existing gauging stations (5 sites) and construction of

new gauging station (1 site) for project activities, the
JICA Expert Team conducted site reconnaissance with
WRMA representatives from the Headquarters and the
Regional Office (Embu) on May 23 and June 13 to 15.

Output 1: Enhancement of surface water
monitoring to improve water
resources management by WRMA in

line with the National Water As a result of the reconnaissance, the target 6 sites were
Master Plan 2030 (NWMP) decided as below:
Task 1-4  Study of current condition of N - River Cross
observation network No. | “orres River Section Survey G/S
Task 1-7  Confirmation of appropriateness of 1 | 4EA07 | Mutonga O -
location of existing G/S 2 | 4DDO02 | Thiba O To rehab.
Task 1-8  Rehabilitation of existing G/S and 3 | 4BE10 ﬁ?llliznga O To rehab.
installation of a new G/S 4 | 4BE01 | Maragua O -
Task 1-9  River cross survey at existing G/S 5 | 4CC08 | Thika O N
6 | 4F10 Kathita O To install

Output 2: Establishment of appropriate
hydro meteorological network
and management of the same
<No activity in this period>

Output 3: Provision of guidance to WRMA on
future support for water resources
management through Japan’s
ODA or from any other
organizations

Task 3-1 Advice on the past performance of
water resources management

Common Activities: Procurement of
equipment

At RGS 4F10 (Kathita River, Junel4, 2017)
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Upstream view of Tana mainstream from existing RGS
4F13(Jun. 13, 2017)

The WRMA representatives and the Expert Team
conducted reconnaissance at mainstream of Tana River
as well to find suitable site for river discharge
monitoring. They confirmed that mainstream may not
suitable for the Project activities such as discharge
measurement, because discharge amount is rather big
even within dry seasons. On the other hand, they
preliminarily confirmed possibility of restoring cable
and tower facilities crossing over the river.

3. Sub-Contract Works

Within this period, the Expert Team made two
contracts with local contractors for field works as
follows:
B River Cross Section Survey
» Objective:
To make river cross sections at Management
Unit Stations in order to utilize for developing
stage-discharge curves.
» Contract period: July to August 2017
» Target sites: 6 existing river gauging stations in
Upper Tana Catchment (Refer to the table in
Page 1)
» Number of survey line: 3 sections per site
B Rchabilitation of Existing Gauging Station and
Installation of a New Gauging Station
» Objective:
To enhance monitoring network with replacing
staff gauges and installing water level sensors
» Contract period: September to November 2017
» Target sites: Two for rehabilitation of existing
G/S and one for new installation of G/S (Refer
to the table in Page 1) in the Kathita River,
which is a tributary of the Tana River

A location map of target gauging stations is illustrated
in the following figure:
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Location Map of Target Gauging Stations

4. Tana Catchment Management
Strategy 2014-2022

The Expert Team collected information on the current
status of Catchment Management Strategy 2014-2022
for the Tana Catchment Area from Embu Regional
Office (RO). Among the programs which have been
conducted and accomplished by the RO, some
distinguished issues are extracted as follows:
Chapter 9: Flood and drought management
= 27 nos. of small catchment management plans
were developed
Chapter 10: Climate change adaptation
= 12 nos. of monitoring stations were rehabilitated/
upgraded
Chapter 14: Institutional strengthening
= On-going under JICA’s current project

The Expert Team will further analyze significant
achievements and future challenge based on the
document as well as interview to the staff concerned in
the regional and sub-regional offices.

5. Way Forward

The Expert Team will remobilize and continue Project
activities with WRMA CPs in September. Even during
their absence in Nairobi, the sub-contracted works will
continue.

Contact:

As for the Project, please make contact with us.
»  Yoshihiro MOTOKI: motoki-ys@n-koei.jp
»  Yusuke KATO: kato-yk@n-koei.jp




Water Resources Management Experts
JICA Experts Team

The JICA Experts Team remobilized and restarted project activities for the “Water Resources Management Expert” in
the beginning of September 2017. They proceeded activities with WRA counterpart personnel in the Upper Tana
catchment in accordance with the Work Plan including site reconnaissance to supervise contractor’s works for river cross
section survey and construction and rehabilitation of river gauging stations. Within the assignment period, equipment
purchased in Japan has been shipped and delivered to the Team’s office in WRA through custom clearance in Kenya.
This Newsletter No.3 covers the major project activities conducted during the period from September to October 2017.

1. Outline of Activities

Major activities regarding three Outputs achieved in this
period are listed as follows:

Output 1: Enhancement of surface water
monitoring to improve water
resources management by WRMA
in line with the National Water

Master Plan 2030 (NWMP)

Assistance for updating
meteorological and hydrological
observation network
Rehabilitation of existing G/S and
installation of a new G/S

River cross survey at existing G/S
and discharge measurement

Task 1-5

Task 1-8

Task 1-9

Output 2: Establishment of appropriate
hydro meteorological network

and management of the same

Task 2-2  Study and assistance for
improvement of meteorological and

hydrological database

Output 3: Provision of guidance to
WRMA on future support for
water resources management
through Japan’s ODA or from

any other organizations

Task 3-4  Preparation of training program to

improve the capacity of WRMA staff

Common Activities:
® Procurement of equipment
® [ssuance of Newsletter No.3

A10-5

2. Highlights in Output 1

The Experts Team and CP of WRA has selected the
contractors for both river cross section survey and
rehabilitation of existing G/S and installation of a new
G/S and made contracts in June 2017.

River cross section survey

River cross section survey at six gauging stations (G/S)
in the Upper Tana Catchment has been completed by the
end of September. Now a total of 18 cross sections at
six G/S are available. Following figure shows one of the
final products for example (at RGS 4DDO02 in Thiba
River). These outcomes will be efficiently utilized for
creating H~Q curves to convert from water levels to
discharge values through Project activities:

River Cross Section at 4DD02

Rehabilitation of existing G/S and installation of a new
G/S

Rehabilitation of existing G/S and installation of a new
G/S has been commenced in September at RGS 4BE10
(Tana Rukanga), 4DD02 (Thiba) and 4F10 (Kathita)
through a sub-contract. New water level sensor will be
installed at 4F10 and new staff gauges will be installed
at all three G/S by the end of November 2017.

It is noteworthy that these six stations will have
equivalent datum above mean sea level connecting with
national grid. Therefore, hydraulic computation by
means of observed water level records at these stations
can be conducted as an integrated river system.



Joint Site Inspection at RGS 4F10 (Oct.11, 2017)

3. Highlights in Output 2

The Expert Team as well as CP in WRA HQ conducted
interview survey at the Region/ Sub-region Offices
concerned in Tana Catchment to clarify the status of data
management of surface water. Manner of data transfer
and storage was confirmed and clarified issues as
illustrated below:

Current Mechanism of Data Transfer and Storage in WRA
(water level data)

Key Issues clarified

< To clearly define roles and functions in data
management among HQ, RO and SRO

< To improve hardware and software of computer
system in RO and SRO

< To enhance basic skill of data management in terms

of quality control at SRO and RO
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4. Highlights in Output 3

The Expert Team together with CP of WRA still need to
identify and justify the potential area for future technical
assistance in water resources management in Kenya. In
this connection, WRA’s current activities and
achievement are now researching and updating from
Tana Catchment with CP in WRA HQ.

In addition to such activities envisaged in the approved
Work Plan, the Expert Team proposed 1* Joint Meeting
with the “Kenya Water Security and Climate Resilience
Project”, which has been commenced in May 2017
funded by World Bank. The Project Manager of Project
Implementation Unit (PIU) called the key personnel
concerned in WRA and Team Leader of the ISC, and
organized the meeting on Oct.6 at PM’s office.

The Expert Team recognized that the purpose of the
meeting is to exchange information on outstanding
activities and achievements of the two on-going projects
in WRA aiming at further elaboration of project
outcome. Through the discussions, all attendants
acknowledged importance of sharing data /information
and building the knowledge base (database) on both
projects avoiding duplication which optimize the
available resources.

5. Procurement of Equipment

The Expert Team procured equipment from Japan as
listed below through substantial assessment and
acceptance with CP in WRA HQ. Those were delivered
and available already until Oct.12 at the office of Expert
Team. The items 1 to 4 in the table below will be
installed by the Contractor of “Rehabilitation of existing
G/S and installation of a new G/S”. Item 5 will be

utilized in “Discharge Measurements” which is
scheduled to commence from February 2018.
Procured Equipment from Japan
No. Name of Item Qty.
1 Water level sensor 4 units
(20 m@ 2 sets and 30 m @ 2 sets)

2 | Data logger 4 units

3 | Data collector 2 units

4 | Staff gauge plate with sticker 50 pcs

5 | Current meter 3 units

6. Way Forward

The Expert Team will remobilize and continue Project
activities with WRA CP in February 2018. Even during
their absence in Nairobi, the sub-contract works will
continue with assistance of local consultants.

Contact:

As for the Project, please make contact with us.
»  Yoshihiro MOTOKI: motoki-ys@n-koei.jp
»  Yusuke KATO: kato-yk@n-koei.jp




Water Resources Management Experts

The JICA Experts Team remobilized and restarted project activities for the “Water Resources Management Expert” in
the beginning of January 2018. They proceeded activities together with WRA counterpart personnel in the Upper Tana
catchment to supervise contractor’s works for construction and rehabilitation of three river gauging stations. In addition,
another sub-contract works of “Discharge Measurement” has been awarded and commenced on 6™ March. During the
contract period, procured equipment (current meter, etc.) through the present project will be effectively utilized. Further,
JICA Expert intensively discussed future assistance program/project, on which deliberation will be continued between
WRA and JICA Expert Team. This Newsletter No.4 covers the major project activities conducted during the period from

January to March 2018.

1. Outline of Activities

Major activities regarding three Outputs achieved in this
period are listed as follows:

Output 1: Enhancement of surface water
monitoring to improve water
resources management by WRMA
in line with the National Water
Master Plan 2030 (NWMP)

Assistance for updating
meteorological and hydrological
observation network
Rehabilitation of existing G/S and
installation of a new G/S
Establishment of appropriate
hydro meteorological network
and management of the same
Study and assistance for
improvement of meteorological and
hydrological database

Task 1-10

Task 1-11

Output 2:

Task 2-2

Output 3: Provision of guidance to
WRMA on future support for
water resources management
through Japan’s ODA or from

any other organizations

Task 3-4  Preparation of training program to

improve the capacity of WRMA staff
Advice on the water resources
management program

Task 3-3

Common Activities:
® [ssuance of Newsletter No.4
® Preparation of Progress Report
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2. Highlights in Output 1

The Experts Team and CP of WRA have checked
completion status of the rehabilitation of existing G/S
and installation of a new G/S from March 2 to 3, 2018.

Rehabilitation of existing G/S and installation of a new
G/S

Rehabilitation of existing G/S and installation of a new
G/S has been completed at RGS 4BE10 (Tana Rukanga),
4DD02 (Thiba) and 4F10 (Kathita) through a sub-
contract in March. New water level sensor was installed
at 4F10 and new staff gauges and signboard were
installed at all three stations. Beside the staff gauge
installation, river bank protection works by gabion
mattress and construction of small drain canal were also
completed at 4F10 and 4BE10 respectively.

Upon completion of the sub-contract works, the target
stations, can be utilized for monitoring water levels. In
order to properly maintain these facilities, close
coordination between the neighboring villages and
WRA RO & SROs will be prerequisite.



Discharge Measurement (DM)

The workshops (2 times in March and June 2018) on
discharge measurement are decided to be held for
capacity development of CP. The Expert Team delivers
lectures and presentation of technical knowledge on
detailed methodology of discharge measurement and
creating H~Q curves, etc.

Discharge measurement (DM) will be conducted 15
times each at six river gauging stations (total 90 times
until September 2018) in Upper Tana catchment where
river cross section survey was conducted in the previous
year, as illustrated below:

Location Map of Target Sites for DM
in Upper Tana

The first workshop was conducted at WRA Regional
Office in Embu on March 8. Mr. Motoki (Team Leader)
delivered lectures on technology of DM and facilitated
the workshop to 19 attendants of CP from RO and SROs.

On March 9, a demonstration and practice of DM at RGS
4BE10 (Tana Rukanga, one of the target 6 sites) were
conducted by means of a boat. As for the measurement,
a new current meter (Type MCM-3, MT precision),
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which was procured by the Project was used. All
personnel, who attended the workshop on the previous
day participated in the practice.

3. Highlights in Output 2

In line with the activities for assistance for improvement
of meteorological and hydrological database, WRA had
an urgent request to improve their database at HQ such
as water body registration and sub-basin layer update
with WRUA boundary harmonization, etc. As the results
of discussion with the Expert Team, the Team agreed to
help the GIS works under the Project.

4. Highlights in Output 3

The Expert Team collected information together with
Project Manager on the staff training in order to identify
the technical areas and themes demanded by WRA and
to recommend affordable and effective training program
in the future. Human Resource Department provided
three kinds of material, which consist of (a) training
needs assessment, (b) training plan for the financial year
2017/2018, and (c) training requirements. Based on the
references, the Expert Team preliminarily verified the
potential areas for staff training in water resources
management sector.

5. Way Forward

The Expert Team will remobilize and continue Project
activities with WRA CP in June 2018. Even during their
absence in Nairobi, the contractor will continue to
conduct DM with assistance of local consultants.

Contact:

As for the Project, please make contact with us.
»  Yoshihiro MOTOKI: motoki-ys@n-koei.jp
»  Yusuke KATO: kato-yk@n-koei.jp




Water Resources Management Experts

The JICA Expert Team remobilized and restarted project activities for the “Water Resources Management Expert” in the
end of May 2018. They proceeded activities together with WRA counterpart personnel in the Upper Tana catchment to
supervise contractor’s works of the “Discharge Measurement (DM)”, which has been commenced on 6™ March this year.
In this connection, 2" Workshop has been held at conference room of the Regional Office of WRA in Embu to discuss
the intermediate results of DM and exchange the latest hydrological information/ data in the basin. Further, JICA Expert
intensively discussed and supported to make up an idea of future program/project assisted by the Japanese Government,
on which deliberation will be continued between WRA and JICA Expert Team. This Newsletter No.5 covers the major
project activities conducted during the period from May to July 2018.

1. Outline of Activities

Major activities regarding three Outputs achieved in this
period are listed as follows:

Output 1: Enhancement of surface water
monitoring to improve water
resources management by WRA in
line with the National Water Master
Plan 2030 (NWMP)

Task 1-5 Assistance for updating the
meteorological and hydrological
observation network

Task 1-10 Review and updating of existing stage-
discharge curves (H-Q curve)
Task 1-14 Advise on determination of discharge
amount for river maintenance flow
Output 2: Establishment of appropriate hydro
meteorological network and
management of the same

Task 2-2  Study and assistance for improvement
of meteorological and hydrological
database

Output 3: Provision of guidance to WRA on
future support for water resources
management through Japan’s ODA
or from any other organizations

Task 3-3  Advice on the water resources
management program

Common Activities:
® [ssuance of Newsletter No.5
® Discharge Measurement (2™ Workshop)

2. Highlights in Output 1
Flood Situation at Tana Catchment in 2018

The Experts Team has collected information on flooding
occurred from March to May 2018 through newspaper
articles and web sites as well as from WRA Regional
Office in Embu. Tana Catchment has been serious hit
by extraordinary downpour. In particular, Garissa Sub
Region was most seriously affected among five sub
regions in the Tana Catchment.

The following figure illustrates a hydrograph at RGS
4G01 (in Garissa Town) and the peak water level
reached above 6m (more than 3.0 m higher than the alert
level was recorded.

April 27-28

Alert Level 3.5 m

Flood condition at 4BE10 (Tana Location Map of

Rukanga) on May 4, 2018
(one of target site for
rehabilitation of the Project)

Upper Tana

Target Sites for DM in



Discharge Measurement

Discharge Measurement (DM) has commenced from
March 2018 to update/create rating curves at six target
sites in Upper Tana. Nariana Enterprises Ltd. (the
Contractor) is undertaking the exercise with supervision
by Experts Team and will conduct a total of 15
measurements at each site until September 2018. The
picture below shows the DM works by current meter
method at RGS 4F10 in Kathita River.

2nd Workshop

The 2™ Workshop attached to the DM was held on June
26™ and 27™ at WRA Regional Office, Embu. The
participants were the counterpart personnel (CP)
assigned for the Project. The Workshop was planned not
only to share the intermediate DM results but also to
discuss current hydrological monitoring works during
the flood season for identifying crucial issues for further
enhancement to the monitoring network in each sub
catchments.

The contents of the 2-day Workshop were divided into 9
Parts and the CP has learnt the practical method to fit
discharge rating curves at three RGS, namely 4BEO]1,
4CC08 and 4BE10 by using their own Personal
Computers. The following graphs illustrate the rating
curves at 4BEO1 and 4CCOS.
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3. Highlights in Output 2

In line with the activities for assistance for improvement
of meteorological and hydrological database, the Expert
Team continued analyses by GIS together with WRA’s
engineers at Headquarter. One of outstanding complete
output is modification to harmonize between sub
catchment boundaries and WRUASs’ boundaries in all six
catchments in the country. This is expected to greatly
help management of water right in WRA with more
accurate estimation of water resources potential.

4. Highlights in Output 3

The Experts Team collected and thoroughly reviewed
related key documents in the Ministry of Water and
Sanitation (MWS) and WRA as follows:

(1) Gazette Notice N0.5628 (June 8, 2018)
“The Kenya Water Act” (dam safety task force)
(2) “Rapid Results Initiative (RRI)”

In line with formulating prospective project/ program,
the Experts Team will continue to discuss and assist
personnel in charge for further enhancement and
contribution to water sector reform by WRA’s initiative.

5. Way Forward

The Expert Team will return to Nairobi and continue
Project activities with WRA CP in middle of September
2018. The Contractor will continue to conduct DM
works with assistance of local supervio

Contact:
As for the Project, please make contact with us.
»  Yoshihiro MOTOKI: motoki-ys@n-koei.jp




Water Resources Management Experts

The JICA Expert Team of the “Water Resources Management Expert” together with WRA counterpart staff continued
their activities from September to October 2018. Within the period, Mr. Tokuaki Kawaguchi, senior hydrologist of
Nippon Koei Co., Ltd., joined in the Expert Team for substitution of Mr. Yusuke Kato to further enhance project activities
with the counterpart of Water Resources Authority (WRA). They conducted 4-day field reconnaissance to inspect current
conditions including completed rehabilitation works of the facilities of the target six gauging stations in the upper Tana
Catchment. In parallel, they supervised and advised the Contractor of the Discharge Measurements to expedite field
works and preparation of the outputs as stipulated in the contract agreement. Further, the Expert Team prepared draft
guidelines for supporting maintenance works of regular gauging stations and hydrological database management by
WRA. This Newsletter No.6 covers the activities conducted during the period from September to October 2018.

1. Outline of Activities 2. Highlights in Output 1

Major activities regarding three Outputs achieved in this Flood Reconnaissance
period are listed as follows:

During the field reconnaissance from Sep. 26 to 29, the
Experts Team inspected and confirmed status of the

Output 1: Enhancement of surface water completed works of installation of new gauging station
monitoring to improve water and rehabilitation of existing gauging stations in the
resources management by WRA in target areas. As the results, one piece of 1.0 m staff
line with the National Water Master gauge plate at 3" post (from 3.0m to 4.0) was washed
Plan 2030 (NWMP) away and lost. There is therefore need to place a spare

Task 1-5 Assistance for updating the plate, which was procured by the current project.
meteorological and hydrological Further, the Expert Team together with SRO CP staff
observation network collected water level records after installation in

Task 1-6  Training how to operate the equipment February 2018 to date at 4F10.

for discharge measurement
Task 1-12  Assistance for the improvement of the
operation system for the meteorological
and hydrological gauging stations
Output 2: Establishment of appropriate hydro
meteorological network and
management of the same

Task 2-2  Study and assistance for improvement
of meteorological and hydrological
database

Output 3: Provision of guidance to WRA on
future support for water resources
management through Japan’s ODA
or from any other organizations

Task 3-3 Advice on the water resources
management program

Common Activities:
® Issuance of Newsletter No.6
® Discharge measurement and check the results
(continued)
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Discharge Measurement

Discharge Measurement (DM) continued by Nariana
Enterprises Ltd. (the Contractor). A total of 80
measurements out of 90 of the target at six sites in the
Upper Tana as shown in the table below has so far been
carried out:

RGS River Name Method Improvement
No. CM | FM Works
4BEO1 | Maragua 12 4| -
4BE10 | Tana Rukanga 12 0 | New staff gauges
4CCO08 | Thika 12 5] -
4DD02 | Thiba 12 0 | New staff gauges
4EA07 | Mutonga 9 0] -
4F10 Kathita 13 1 | New WL sensor
and staff gauges
Total 70 10

Note: CM, Current meter method FM, Float method

The H-Q curves will be updated based on the DM results
by means of the methodology, which was delivered to
the CP during the 2™ Workshop in June 2018.

The Expert Team and the Contractor agreed that
remaining DM works should be completed by the end of
October 2018 assuming no extraordinary water level
fluctuation at the target sites. Further, due to the
interruption caused by extraordinary floods between
March and May this year, the contract period was
extended to January 25, 2019 (Originally October 31,
2018).

3. Highlights in Output 2

In connection with the activities for enhancement of
maintenance of Regular Gauging Stations (RGS) as well
as improvement of meteorological and hydrological
database, the Expert Team prepared two draft guidelines
and shared it with HQ, Embu RO and 3 SROs (Muranga,
Kerugoya and Meru) for trial utilization:

These Draft Guidelines include simple Checklists as
Quick Reference showing the latest conditions of RGSs
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and data collection status. It is expected that those will
supplement existing QMS documents of WRA.

On order to evaluate effectiveness and further elaborate
the Drafts, Embu RO and SROs are requested to submit
the Checklists periodically to the Expert Team within the
trial period from October to December 2018.

4. Highlights in Output 3

The Experts Team continued to collect and reviewed
related key documents in the Ministry of Water and
Sanitation (MWS) and WRA to identify appropriate
areas to cooperate in the future. In particular, following
two documents were reviewed in this assignment period:

(1) Draft Sessional Paper No.**of 2018 on National
Water Policy, Version of 21 June 2018, by MWS

(2) Capacity Development and Institutional
Strengthening for WRA, A Concept for Support to
JICA, July 2018, by WRA

In this connection, WRA is now preparing New Strategic
Plan 2018-2023. Since this document will demonstrate
further directives of WRA and prioritized areas to be
strengthened in water resources management, the Expert
Team will focus the details of the new strategy to wrap-
up their recommendation.

5. Way Forward

The Expert Team will return to Nairobi and continue
Project activities with WRA CP in the beginning of
January 2019. The Contractor will continue to conduct
DM works with participation of SRO staff concerned

Contact:
As for the Project, please make contact with us.
»  Yoshihiro MOTOKI: motoki-ys@n-koei.jp

»  Tokuaki KAWAGUCHI: kawaguchi-to@n-koei.jp




Water Resources Management Experts

After opening New Year 2019, the JICA Expert Team consisting of Mr.Y.Motoki and Mr. T.Kawaguchi remobilized
Nairobi to resume the Project activities on January 8 and stayed until 30" January. Within the period, they conducted a
Progress Meeting at Embu Reginal Office to share the latest project activities with the counterpart personnel. In particular
as reported in the previous Newsletter No.6, they created and distributed two kinds of guidelines, namely “Guideline for
Maintenance of Regular Gauging Stations” and “Guideline for Hydrological Database Management” in last October. In
accordance with the agreement, RO/SROs started to utilize them for their routine operation in tasks. The Checklist for
October 2018 was shared among the CPs and the Expert Team. Further, the Discharge Measurement, which has been
commenced from March 2018 and continued to date, was finally completed by Nariana Enterprises Limited. Based on
the results of the measurements, rating curves at 6 target sites in the Upper Tana were finally created and presented in
the Progress Meeting. This Newsletter No.7 covers the activities conducted between November 2018 and January 2019.

1. Outline of Activities 2. Common Activities

Major activities regarding three Outputs achieved in this Progress Meeting at Embu RO (Jan.15, 2019)
period are listed as follows:

In order to share the progress of the Project activities, the
Progress Meeting was held at Regional Office in Embu

Output 1: Enhancement of surface water on Jan.15, 2019 with the agenda as follows:
monitoring to improve water (1) Data management by means of Guideline and
resources management by WRA in Checklist
line with the National Water Master (2) Discussions on data calibration/ adjusting of data
Plan 2030 (NWMP) logger and sensor

Task 1-5 Assistance for updating the (3) Discharge measurement results at 6 target sites
meteorological and hydrological (4) Self-evaluation on Project activities and capacity
observation network development

Task 1-6  Training how to operate the equipment
for discharge measurement

Task 1-10 Review and update for existing stage-
discharge curves (H-Q curve)

Output 2: Establishment of appropriate hydro
meteorological network and
management of the same

Task 2-2  Study and assistance for improvement
of meteorological and hydrological
database

Output 3: Provision of guidance to WRA on

future support for water resources
management through Japan’s ODA

or from any other organizations A total of 12 counterpart personnel from WRA HQ, RO

Task 3-3  Advice on the water resources and SROs (Kerugoya, Muranga and Meru) attended and

management program shared latest output and information of the Project. On

Common Activities: Item (1) data management, the attendants discussed

® Progress Meeting responsibilities of respective offices in the aspect of

® Issuance of Newsletter No.7 database functions. As the results, they concluded the
® Hand over of the equipment procured demarcation as follows:
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Responsibilities for Database Management

Function of Responsibility
Database HQ RO SRO
Storage function oD o2 A
Source function - ob O?
Register function - ob O
Quality control obv obv A=)
Statistical analysis O VAN

Note: O, Mainroles A, Assisting roles
1) Responsibility of quality securing,
2) Responsibility of work implementation

Since the preliminary check of raw data (gauging reading
records) by SRO is important as first step, the “Quality
Control” at SRO was modified from “Assisting” to “Main”
roles.

On Item (2), Mr. Kawaguchi (Data Management) of
JICA Expert Team explained the calibration method of
records from data loggers of water level sensor at 4F10
(Kathita), which was installed by the Project in last
February. Although the sensor detected and recorded
fluctuation of water levels continuously, the records
were not yet adjusted to the same datum of staff gauge.
The following figure shows the correlation between
automatic records of the sensor and manual observation
during the discharge measurements.

The calibration was successfully done with a high
correlation ratio of 99.6%. The difference between
two data is in a rage of 2 to 3 cm only. Based on the
equation, the automatic water level records from
February to September 2018 were converted.

By applying the H-Q curve (Ref: A figure of 4F10
in right row), such water level data were further
converted to discharge data set at 4F10. The two
kinds of hydrograph were drawn in the following
figure:
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Data logger
installation

Water Level at 4F10
(Feb-Sep 2018)

Discharge at 4F10
(Feb-Sep 2018)

On Item (3), Mr. Motoki (TL/ Water Resources
Management) explained and shared the results of
discharge measurement with estimated H-Q curve
equations at 6 target sites. Nariana Enterprises Limited
has completed discharge measurements by Jan. 2019.

H-Qat 4F10

15

Water Level (m)

o

0 10 20 30 40
Discharge (m3/s)

H-Q Curves at and 4BE10 (Tana Rukanga) and at
4F10 (Kathita)
Handing Over of Equipment Procured by the Project
In January 2019, the following equipment, which have
been procured by the Project were transferred to WRA.

No. Name of Item Qty.
1 Water Level Sensor (with cable 4 sets
L=20 m @2 and 30 m@2)
2 Data Logger 4 sets
3 Data Collector 4 sets
Gauge Plate with Stickers
4 (L=1.0m/pc) 50 pes
5 Current Meter with Rod (L1.0m) 3 sets
6 Desktop PC 2 units
7 GIS software (ArcGIS with spatial 1 set
analyst)
8 Microsoft Office (Operation 2 sets
System)
9 GPS (Global Positioning System) 1 set
10 | UPS (Urgent Power Supply) 1 set

3. Way Forward

The Expert Team (only Mr. Motoki) will return to
Nairobi and continue Project activities with WRA CP in
the middle of March 2019. This is the last assignment
period for the Expert Team of the Project. Therefore,
active CP’s active participation would be expected.

Contact:
As for the Project, please make contact with us.
»  Yoshihiro MOTOKI: motoki-ys@n-koei.jp
»  Tokuaki KAWAGUCHI: kawaguchi-to@n-koei.jp
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