B2 PRESENT CONDITION OF PROJECT AREA AND AVAILABILITY
OF METEO-HYDROLOGICAL DATA

B2.1 Present Condition of the Project Area
B2.1.1 Climatic condition

The Tana river basin with a total drainage area of some 10,000 km? originates from the
Mount Kenya and flows down for a river course of about 1,000 km to finally pour into
the Indian Ocean. In general, the upper areas spreading on left bank of the Tana
mainstream are blessed with potentials of water resources development, exhibiting high
annual rainfall and lesser evapotranspiration which are attributed to the geographical
condition.

Figure B2.1 shows a broad isohyetal map of the whole Tana basin, which was prepared
by DHV. According to the ischyetal map, the annual rainfall in the Tana basin varies
from more than 2,000 mm in the mountainous areas located around the Mount Kenya to
less than 300 mm in the low-lying areas near Garissa in the lower reach of the Tana
mainstream. In the downstream reach of Garissa, the annual rainfall increases gradually
to the river mouth where annual rainfall amounts to aboui 1,000 mm.

The areal distribution of annual rainfalls in the project catchment, which is herein defined
to be a catchment covered by the Grand Falls dam site or existing stream gauging station
4F13 (SGS 4D13), was prepared based on long-term mean rainfalls at some 160 rainfall
stations in and around the project catchment. The locations of these rainfall stations are
depicted in Figure B2.2. The detailed isohyetal map for the project caichment thus
worked out is illustrated in Figure B2.3. The Figure exhibits that high annual rainfall of
more than 2,000 mm takes place in the northern and western areas of the project
catchment. In general, it decreases as the altitude goes down toward the Tana
mainstream, coming to less than 800 mm in the right bank side area downstream of
existing Masinga dam.

Climatorologically, the Tana basin is characierized by the separate two rainy seasons
which take place within a year. Usdally, the first wet season occurs between March and
May, while the second one between November and December. During these wet
seasons, the rainy days last consccutwely for 30 to 60 days, resulting in the occurrence
of flood of long duration in the Tana mainstream, There is a general tendency that a
heavier rainfall takes place in the first wet season rather than the later one, but the annual
maximum discharges on the Tana mainstream were observed in either of the two wet
seasons to date. Especially, this is endorsed by the recorded maximum discharge in the
upper Tana basin, which took place in November 1961.

The streamftow of the tributaries in the project catchment are divided into two types,
namely the perennial river and seasonal river, being dominated by the rainfall amount as
well as the geographical position. The scasonal rivers appear in the area on the right
bank side downstream of the Masinga dam, where the annual rainfall is less than 1,000
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mm as shown in Figure B2.3. In these scasonal rivers, no surface flow is scen during
the dry periods.

The meteorological records obsetved in the Tana basin are shown in Table B2.1, The
annual evaporation in the Tana basin varies largely with altitude, ranging from about
2,700 mm at the Garissa station with altitude of 138 m to 1,400 mm at the Sagana State
Lodge station with altitude of 1,846 m. In most parts of the lower reaches, the annual
evapotranspiration exceeds two times the annuval rainfall, assuming that the annual
evapotranspiration of the basin is approximated 10 be equivalent to 70 % of the annwal

Pan-A evaporation, Thus, the downstream areas in the Tana basin are completely dried
up during the dry season.

B2.1.2 Existing dams in the upper reach

The planned Grand Falls dam site is situated about 300 km upstream of Garissa, It
covers a catchment area of 17,234 km2, which is equivalent to about 17 % of total
catchment area of the Tana basin. The Mutonga dam site which occupies a catchment
area of 15,365 km? is located about 40 km upstream of the Grand Falls dam site. In the
reach between these two proposed dam sites, streamflow of the Tana mainstream is
augmenled by the Kathita river which joins thereto from the left bank side. The water
resources in the upper Tana basin have been developed to date mainly for the purpose of
hydropower generation. At present, there exist five {5) dams on the upstream reach of
the planned Mutonga dam site, of which two existing dams are developed as a reservoir
type scheme, as listed below:

Existing Dam on the Upper Reach of the Tana Mainstream

No. Nane Catchment  Type Year Effective Installed
of Area of of Storage Capacity
Dam Development  Completion Volume :
(km2) {Million m3) (MW}
1. Masinga 7335 Reservoir 198} 1.410. 40.0
2. Kambun 9,520 Run-of-River 1974 135. 942
3. Giaru 9,667 Run-of-River 1568 12.5 1450
4.  Kindaruma 9,807 Run-of-River 1968 1.5 44.0
S. Kiambere 11,975 Reservoir 1988 485. 144.0

The table above implies that the streamflow in downstream reach of the Tana mainstream
has been regulated by the upstream reservoirs since 1968, Especially, the streamflow at
the planned Mutonga and Grand Falls dam sites have been affected by the upstream
reservoirs to a considerable extent since completion of the Masinga dam in 1981, or
presumably since the commencement of impounding before that. Hence, the runoff
analysis for estimating the naturalized flow at the planned Mutonga and Grand Falls dam
sites needs 1o be carried ou'_l taking into consideration that the streamflow records at

stream gauging station 4F13 have been affected by the reservoir operation of the
upstream existing dams after then.
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In addition to the aforcsaid hydropower development, the following small hydropower
stations are provided on the upper reaches.

Existing Smal! Hydropower Stations in Upper Tana Basin

No. Name of Commissioning Installed Capacily
L PowerPlan  Year _ MWy
1. Mesco 1933 0.38
2. Sagana Falls 1933 1.3
3, Wanji 1953, 1958 1.4
4. Tanal 1932, 1950 6.4
Tanall 1955 . 390

As seen in the above table, the streamflow of the Fana river has been utilized for the
hydropower generation since 1930'. At present, the streamflows of upstream tributaries
the Masinga dam are diverted in a complex form for the purpose of utilizing them for
those small hydropower plants as shown in Figure B2.4.

B2.2  Availability of Mctco-hydrological Dala
B2.2.1 DMetcorological Data

The meteorological records in Kenya are amanged and preserved by the Kenya
Meteorological Department (KMD). KMD set up the computerized data base system to
store the daily rainfall records. During the field investigation, the Study Team attempted
to collect the whole records of rainfall stations in and around the project catchment by
means of copying the original records into floppy disketles. Unfortunately, however, a
complete set of daily rainfall records could not be obtained from the data base of KMD
due to break-down of some part of the computer system. Therefore, some parts of the
daily rainfall data were copied manually from the original data sheets in the KMD's
office.

In addition to the rainfall records collected from KMD in the present hydrologicat fietd
investigation, those collected through the National Water Master Plan were effectively
utilized to supplement in terms of the missing records in the KMD's data base. As a
result, daily records at 154 rainfall stations were made available up to the year 1990. The
locations of these rainfall stations are shown in Figure B2.2. The available periods of
daily rainfall records at those stations are listed in Table B2.2. As seen in the Table, the
available periods of the records differ station by station and the availability of the records
for the period before the year 1957 is very low.

With regard to other meteorological data than rainfall, only the monthly records were
available from the Climatorological Statistics for Kenya published by KMD.
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B2,2.2 Hydrological Data

The hydrological data in Kenya are handled by the Minisiry of Water Development
(MOWD), MOWD also set up the computerized data base which stores the following
hydrological data concerning each of stream gauging stations in Kenya:

- Position of station (latitude and longitude)
- Daily stage heights

- Results of discharge measurements

- Stage-discharge rating curves

The above hydrological data were wholly collected for each of the key 15 stream gaunging
stations which are listed in Table B2.3 together with the available periods of stage height
records. The locations of these stream gauging stations arc shown in Figure B2.2, In the
course of the hydrological data collection, however, a lot of discrepancies in the stage
hieight records were found out. Therefore, the Study Team elaborated to check the stage
height records by comparing with the original ones read by the gauge readers so as to
comrect the wrong data. In such a way, the slage heights in the data base were made
complete for every stream gauging station.

In succession, the Study Team plotted the accurate position of each stream gauging
station on 1:50,000 scaled topographic maps in accordance with latitude and longitude
thercof obtained from the MOWD's data base so as to confirm if the data on catchment
arcas obtained from MOWD are accurate. Thus, catchment area of each stream gauging
station was measured with plannimeter on 1:50,000 scaled topographic maps to compare
with the MOWD's data. Concerning the stream gauging stations 4BE2, 4DD!, 4F19, the
catchment area plannimetered was adopted for the present hydrological analysis, since a

large gap between the catchment areas given by MOWD and measured this time was
found oult.

In the upper Tana basin, the stream gauging stations have been installed by MOWD on
the Tana mainstream and the perennial rivers originating from the mountainous areas on
the left bank side and in the western part of the project catchment. On the other hand,

there are no stream gauging stations on the seasonal tributaries which flow down from
the right bank side to join to the Tana mainstream.

Of the 15 stream gauging stations, located on the Tana mainstream are the following four
(4) ones:

Stream Gauging Station on the Tapa Mainstream

No. of Stream Catchment Arca Available Peried of
Gauging Station (km?2) stace heights

4BE2 3,672 1958 - 1981

4ED3 9,520 1951 - 1971

4F13 17,234 1962°- 1990

4Gl 32,892 1940 - 1950
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The stream gauging station 4ED3 was located adjacent 10 existing Kamburue dam site, but
it was abolished in 1973, Although available period of the stage height records at SGS
4ED3 are as short as 21 years between 1951 and 1971, they are considered to be very
useful in analyzing the naturalized flow of the Tana mainstream for the period before
completion of the existing upstream dams,

The stream gauging station 4F13 is located close to the proposed Grand Falls dam site.
The stage height recording at SGS 4F13 has been performed to date by reading manually
those on staff gauges once a day. However, it was suspected that the stage heights
thereat would have been more or less affected by the operation mode of the upstream
hydropower stations since the completion thereof in the later part of 1960's as explained
in the foregoing Subsection B2.1.2. Concerning the stage height records at SGS 4F13
before 1968, in addition, the higher stage records are associated with uncertainty in
relation 1o the sloped staff gauges as discussed in the succeeding Subsection B3.4.2.

The stream gauging station 4G1 is situated at Garissa, far downstream of the Grand Falls
dam site. The catchment area covered by SGS 4G1 is 32,892 km?2, which is equivalent
to about 1.9 times that by SGS 4F13. It appears that the meteo-hydrological condition of
the downstream catchment of SGS 4F13 is much different from that of SGS 4F13,
owing to the lesser basin rainfall and higher evapotranspiration as compared with those in
the upper catchment.
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Table B2.1 Meteorological Records in the Tana Basin (1/5)

(1) Name of Meworological Station : Erabu Met Station

SutonNo.  190.37/202
Location  1Datitude s 00° 30'S, Longitide ; 37° 27 B
Altitude P 1508 m

Moath T Teppacir (1577-80) Keluive Humidiy  _Radnfal (1577 -30) Number Monthiy Wind -
Means Exremes Dew Point “Monthly Mar. 24 of Days Evaporation  Speed
<) s * C)atGMT: %) st OMT': Rainfall Hour Rain- of (I971-80)  (1977.80)
Max, Min.  Highest Towest 600 1200 3 600 1500 {men)  fall (mm) Rain_ Thunder (v} (kniots)
Jan. 244 121 84 20 13.% 150 B T 61 63 84 7 3 158 &
Feb. 2680 13 29.7 19 14.5 14.% 85 74 54 60 536 4 4 159 L
Mar, 263 140 N4 108 152 143 88 M 52 11! 400 1 4 163 1
Apr. 248 154 29.3 12.7 164 159 95 88 68 n 834 20 5 143 b
May 2.7 9 225 11.2 154 154 95 85 63 18% 488 3] 4 131 4
Jug. n2 133 258 25 136 142 b/ 60 23 334 4 1 % 3
Jul. 208 126 250 74 122 126 4 85 64 13 176 ¢ 0 ” L)
Aug. 217 124 258 8.5 12.8 127 % 88 61 “ 133 0 1 a0 [}
Sep. 247 127 289 85 131 it4 92 83 46 40 456 4 4 128 4
Ocl. 258 119 29.5 9.4 14.3 121 9 82 48 157 £9.4 12 2 146 5
Now. 226 136 264 8.5 183 157 3 83 66 259 740 17 4 134 7
Dec. 233 128 269 8.7 145 15.7 90 3 65 54 263 5] 2 145 7
Year 240 134 314 1.9 143 14.1 92 82 39 1344 894 123 M 15713 5
(2) Name of Mcicorological Station : Embu, Mwea Experimental Station
SuionNo.  :90.37/112
Location : Latitode ; 00" 41" S, Longitide ; 37° 20 B
Aliwde M9 m
Month Tempeeeturg (1955 77) Refative Tumidity _ Rainfall {1560 - 70) Number Monthly
Means Exiremes Dew Point . Monthly Max. 24 of Days Evaporstion
) &) _CCINGMT:  (%)sGMT:  Rainfall Hour Rain- of (1963773
Max. "Min. Highcst Lowwsi 6'.00 12:60 J:00 6:06 1200 {mm) _ {a} {mm) Rain {mm)
Jan, 287 137 339 12 149 144 . 66 H 41 19.3 4 207 -
Feb. 303 143 34.7 78 143 134 - 66 38 3 45.7 3 212 -
Mar, w04 163 35.6 100 155 14.6 . &9 42 64 508 7 22 .
Apr, 2846 114 333 106 17.% 163 . 16 5t 2i8 1100 13 1719 .
May 212 172 L7 12.0 16.7 16.4 - " 4 139 90.7 10 149 -
Jun. 264 156 KR | 9.9 148 i5.3 - 74 52 21 615 3 132 -
Jul. 251 152 306 33 140 138 - Ti 53 28 839 k) 21 - *;
Avg. 54 152 T 39 13.7 13.6 - 5 51 Il 43.3 4 143 . N
3 282 158 350 89 140 13.0 - 70 42 v 316 2 186 .
OcL 295 169 36.1 39 154 134 - 70 40 86 30,0 8 214 -
Nov. 275 164 328 100 159 159 - 78 51 189 785 15 158 -
Dec. 212 141 33.3 9.3 160 159 - 72 53 45 6.8 5 179 -
Year 2.9 157 3461 1.2 154 4.7 - 72 48 893 110.0 77 2103 -
{3) Name of Mctcorological Station : Garissa Met. Station
Sution No. 1 90.39000
Location : Latitude ; 00" 28' S, Longitide ;39" 33'E
Altitude t138m
Month Tempercture (1940 - 20} Relative Humidity  Rainfal{ {1931 - 80} Number Monthly Wind
Means Extrernes Dew Point Monthly Max. 24 of Days Evaporation  Speed
(0 €O CCHamGMT: (%) aGMT:  Rainfall  Hour Rain- of _ (1962:80) (1341-80)
Max. Min.  Highest Loweat 6:00 12:00 3. 600 1200 {mm) fall (mm) Rain  Thu {mm) ('knol_s)?
Jan, 353 223 383 16.1 208 19.2 57 74 43 13 2 2 206
Feb. 3.2 230 e 18.5 210 19.4 83 74 42 i 35 6 1 2 206 6
Mar, 367 242 41.4 200 221 200 85 5 42 33 125.7 L 2 243 5
Apr. 353 24 196 03 228 209 89 1% 46 68 1320 6 3 224 6
May 345 233 5.4 194 213 19.3 85 KX 45 20 1187 2 1 234 9
T, 330 217 315 162 199 178 B5 73 L2 3 29 2 0 29 10
Jol. 323 0o 59 128 19.1 6.9 B4 n 42 3 13.9 1 L] i)} 11
Auvg. 324 212 37s 16.4 19.4 16.7 85 7 42 8 351 2 1 247 11!
Sep. 336 216 312 139 195 17.1 83 72 40 ? 14,0 1 1 254 10
Oct 348 228 3.4 g4 206 18.1 85 72 41 24 133 3 2 254 9
Nowv. Hs NS 335 194 210 0.2 %0 76 47 el 1270 8 3 208 b
Dec. 3.0 229 382 13.4 219 20.5 20 5 50 n 95.2 5 2 176 5
Year 34.4 227 414 128 208 189 84 fl) 4 352 1320 37 19 271 [

Data Source : Chimatological Statistics for Kenya, Kenya Meteorological Depariment
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Table B2.1 Metcorological Records in the Tana Basin (2/5)

(4) Name of Mcicorological Station @ Kindaruma Fisheries
SutionNo. 82391176

Location tlatitade ; 00 48'S, Longitide ; 37" 48'R
Ahitude :92m
Month Temperctuce (1573 - $0) Relative Humidity  _Ruinfall (1973 - 86 Nurnbes Monihl
Meany Extremes Dew Polnt onthty Max. 24 of Days Bvapmt!m
_F_('_'E e L0 _émgms}w _ﬁgﬂu OMT': Rsinfall How Rain- of (1973-30)
fax. “Highest_Lowest 6 1Z:00 &0 wﬂ_i_ 0 (mm ) fa%t im:_n)s Rl {mm)
Jan. 308 ISS 152 60 1% 1% S (1) ET X 2 TR 3 -
Reb. 378 169 330 40 19.2 18.0 . 79 42 31 644 2 192 .
Mar. 333 181 %5 125 189 16.3 - ™ 43 49 500 4 216 -
. 318 139 365 160 12.6 185 - m 5t 152 26.0 i0 iR .
3y 30 180 355 140 182 176 - n 52 58 437 b 151 -
Jum, 05 110 335 123 163 5.1 - 69 43 12 508 1 146 .
Jul. 2935 167 3316 123 155 139 - n 43 4 54 ] 152 -
Aug. 00 170 339 11.8 14.5 127 -8 k] 4 3] 2 164 -
Sep. 581 173 346 123 16.1 123 - " 35 2 n7 4 197 .
Oct 310 184 5.7 125 17.2 134 - 68 kL) P4 457 3 101 -
Nov. N2 134 3.5 145 199 192 - 81 3] 01 85.4 14 149 -
Dee. 29.3 111 31.9 123 tR.4 17.9 - i) 59 78 409 4 163 .
Yeur 338 174 330 6.0 17.6 160 - 73 46 686 96.0 53 2109 .
(5) Name of Mctcorological Station : Meru Mct, Station
SutonNo.  :89.37/065
Location  :Latitde; 00° 05 S, Longitide ; 37° 39 B
Alutude :1555m
Month _ Tempereture (1979 - 80} Retasive Hunidity _ Rainfall (1975 - 80) Numbes Monthly Wind
Means Extremes Dew Point Monthly Max. 24 of Daya Evaporation  Speed
(] LY ) g' C) 2l GMT: (R) st GMT: Rainfall Hour Rain- {1976-80)  (1975-80)
Max. Min. Highest Lowest ; 12 00§00 1200 {mm}  fall (m.m) Rain iﬁ (rmm} (Imol_s)_g
Jan. 234 114 26.0 &4 14.4 143 gt 19 67 &0 7 120
feb. 47 119 283 69 14.8 14.7 a1 78 50 39 28 7 & 1 19 8
Mar. 257 130 298 92 15.) 143 41 8 55 126 91.3 8 8 157 8
Apr. 241 143 8.6 10.6 160 16.2 25 1] &7 282 102.2 17 il 134 8
May 228 137 255 89 154 16.4 95 83 k! g6 544 10 5 1n? b
Jun, 221 129 252 7.0 134 t4.1 94 81 63 5 63 3 1 1S 10
Jal. 215 119 246 7.5 12.3 12.4 95 84 61 10 75 3 2 115 "
Avg. 225 120 262 85 123 1.9 93 83 56 8 6.1 3 i k) 10
Sep. 4.4 123 231 7.8 129 11.8 93 78 49 16 199 4 3 148 11
Oct 251 135 300 9.0 143 119 9 ” 49 140 105.5 9 2 170 9
Nov. 28 131 57 92 - 152 155 96 83 H 328 93.0 17 8 110 7
Dec. 227120 5.7 8.0 15.1 16.1 95 8l 73 139 90.1 12 1 111 7
Newr 735 126 00 64 143 14.1 54 81 (] 1259 105.5 9 61 1539 9
{6) Name of Meteorological Station : Nycri Met, Station
Sation No. 190361288
Lecation : Latitude ; 00" 26' S, Longitide ; 36" 58°'E
Alttnde 1815 m -
Month Temperctore (1976 - 20) Relalive Humidity _ Rainfali {1973 - 80} Numbex Monthly Wind
Means Exuancs Dew Point onthly Max. 24 of Days Evaporstion  Speed
< G C ClaGMT: {%)ut GMT : Rainfall Houwr Rain- of {1971-80)  (1976-80)
Max. Mo Ri lighest Lowest _ & - 200 300 600 1200 (mm) Tl {riun} Rain  Thunder {rmom) {knots)
Jan. 247 103 238 .57 12.4 129 - 76 54 i03 3B ] 4 127 []
feb. 237 ns 303 47 129 2.7 - 77 50 68 295 1 4 137 10
Mar, 258 118 N4 55 133 131 . 77 51 9 61.0 11 2 143 10
Ap. 240 140 230 . 115 W49 14.8 . 85 &4 23 %9 14 9 117 10
May 226 141 262 95 - 143 1.7 - 88 £5 213 56.0 16 2 123 9
Jun. 1.2 125 2140 8.7 13,0 135 - 85 &85 44 28.7 6 1 94 8
1. 200 NS 215 8.3 122 126 - 90 &6 20 107 6 2 79 9
Avg. 206 118 253 6.3 122 122 - 90 68 3 223 7 2 94 9
, 33 124 oA 13 12.3 1).4 - 82 50 19 282 4 4 136 10
Oct. 5 1 1.4 8.0 13.3 11.2 - 79 50 120 44.7 10 2 161 i0
Nov. 230 124 1.0 67 140 139 - 82 65 152 4.2 M 6 109 8
Dec. 235 114 238 4.1 134 143 - 79 64 72 25,7 [} 118 []
Yess 232 122 314 41 13.2 132 - 83 9 1023 810 H] ] 1438 e

Data Source : Climatological Statistics for Kenya, Kenya Meworological Department
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Table B2.1 Meteorological Records in the Tana Basin (3/5)

(7) Name of Metzorological Station 1 Sagana Fish Culiural Farm

Staion No. 1 9037056
Location s Latitede ; 00" 40° S, Longitide ;37" 17 R
Akisde 1120 m
“Month Temperginse (1971 - £0) Fehative Humddity __RainfaW (1977 80) Hamber Monthly ™
Meany Extrgmes ew Point onth] Aax. 24 of Days EpOCRLicn
(] cO M&R?M_GMT}_ R) R GMT: Rn‘mhl{ Hour Rain- of {1977-80)
_Max. Min Highest Lowest 6.0 1200 300 600 1200 (mm)  fall{mm) Rain {mm}
Jan 16 143 326 9.8 [EA] 154 - 8f 3 35 219 s 1359
Feb. 2846 149 319 90 136 14.7 - 6 4 &% 56.0 3 165
Mar, 25 157 328 85 16.1 151 - 68 49 13 320 9 181
Apr, 276 112 354 {04 130 17.3 . 80 5 k7 987 17 146
May 7 170 2.9 120 17.2 113 - B0 60 213 856 18 149
Jun, 255 154 350 2.1 158 160 . B2 61 % 245 s 12
Ju, 4.5 W7 328 95 s 149 - 8 60 " 9.0 4 107
Avg. 249 144 325 7.0 144 159 + 8 58 18 80 4 114
Sep., %9 148 30.6 55 15.2 148 - n 51 26 214 4 152
Oct. 8.0 158 322 6.2 16.2 151 - 35 49 134 835 1 183
Nov. 267 1586 312 134 17.2 1617 -7 b3 267 516 15 162
Dec, 268 151 PO 102 164 169 - 59 n 89 7 146
Year 269 154 354 55 182 158 - 33 1340 937 103 1776
(8) Name of Meicorological Siation : Sagana State Lodge
SutionNo.  :90.3W158
Location tLatitade ; 00" 22§, Longitide : 37" 4 E
Altinde : 1846 m
Month Temperetuze {1971 - 80) Relative Humidity _Rainfall {1971 - 80) Nuomber Monihly
Means Exiremes Dew Polay Monthly Max.24 of Days Evaporstion
[y} () { ClaiGMT: (%) R GMT : Rainfall Hour Rain. of (i971-80)
Max. Min,  Highcst Lowes 600 12:00 3.00 600 12:00 (mm)  fall {mm) ain___ Thondet {mm)
Jan. 254 33 295 20 11.8 133 - N (3 49 3 T - 123
Feb. 262 50 Mz 24 120 126 - N % 58 820 3 . 119
Mar, 263 98 312 1.5 128 133 .4 53 52 535 7 . 14
Apr, 242 123 %9 5.5 146 148 - B &5 116 423 15 - 1 {17]
May 28 131 257 1.5 143 147 - 82 56 11s 820 13 . m
Jun. 218 118 255 58 129 135 - B2 64 17 298 6 . 99
Jul, 211 114 63 43 120 1.5 - 84 65 21 1.8 4 - 94
Avg, 21,7 113 238 49 114 1.9 - B 61 12 103 s - 109
Sep. 2.2 115 208 40 7 12 - n 50 29 263 4 - 139
Oct. 249 120 285 5.2 13.0 122 . 8 52 79 21 g - 128
Nov, 234 12 275 51 13.2 139 - n 66 125 751 15 - 100
Dec. M3 93 28.0 1.7 12.8 144 -1 63 i3 402 i - 109
Year 219 110 k1] 15 127 11 .13 39 761 820 103 - 1367
(9) Name of Metcorological Station : Thika Horticultural Res. Station
Station No. 1 90.37/130
Location s Lavitude ; 007 59 S, Longitide ;37 4'E
Alsitude 1549 m
Month Tempereture (1562 - 74) Relative Humidity _ Rainfalt {1954 - 74 Number Moathly
Means Exiremes Dew Point Monthly Max. 2 of Days Evaporation
[ ] [WlY] ( CYatGMT: (%) at GMT - Rainfall Hour Rain- of {1963-74)
Max. Min.  Highcst Jowest 600 12.00 300 600 12:00 {mm)  fall {mm) Rain {mm)
Yan. 282 131 E1N ) 56 1495 183 . 1% 53 35 500 4 194
Feb. 213 134 313 61 152 13.9 - 76 47 47 214 4 158
Mar. 221 155 322 89 158 14.4 - 80 49 119 432 9 194
Apr. 248 163 322 110 165 162 - 84 6l 07 . B2 16 152
May 250 152 N3 83 158 159 - 84 64 168 866 n 145
Jun. 235 134 31 12 14.0 150 - B2 64 35 137 4 9%
Jul. 27 126 326 61 127 138 - W 63 27 49.5 4 9%
Aug. 230 123 290 56 (RN 139 - B4 62 e 363 5 101
, 252 128 30.0 6.1 133 138 -0 » 53 14 56.0 2 14
Crt. 263 145 333 39 15.1 146 - BO 52 s 16 5 180
Nov. 241 151 322 110 153 163 - 84 63 164 638 15 142
Dec., 255 139 3.7 39 15,5 159 - 79 59 66 9.7 7 171
Year 251 141 333 56 143 149 . []] 58 1004 914 86 1303

Data Sousce : Chimatological Suatislics for Kenya, Kenya Mcteocological Department
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Table B2.1 Meteorological Records in the Tana Basin (4/5)

(10) Name of Meteorological Station : Tebece C.R, Station

SutionNo.  1903%17Y
Location s Latitude ; 00" 37 8, Loagitide ;37" 20E
Altitude tH5m

‘Meath Tempercture (1974 - 80 RelaGve Fanidicy _ Raonafell (1974~ SOF Number Monhly ~
Mans Exvemes Dew Point’ fonthly 1 of Days Evaporaion
O O CCInOME: __ (R)uOMT: Rainfall Hour Rain- of (131480

War. Min ilghot_Lowea 600 1200 300 & 00 {mm)  fall{rvn) ~ Rain thonder {mm}

Jn 284 137 0 9.3 156 15t . - - 32 MO 6 A N
Feb. 297 1437 127 98 152 153 - - . £y 420 s .
Mur, 300 163 338 W00 17} 155 . . - 7] 650 6 .
Apr. 219 174 325 140 182 16.7 . . - 286 1258 i5 .
May 268 169 %0 130 173 16.7 - - - 12 481 9 .
Jun 255 158 %3 10.5 152 148 - - . » 4.5 5 - .
Ial, 243 153 285 20 144 144 - - - 43 524 5 . .
Aug. 249 151 2.1 9.5 142 133 - - - 15 123 4 - .
Sep. 215 153 325 105 146 134 . . . 27 57 4 - -
OclL 238 163 20 80 165 14.7 - . . 85 612 & . -
Nov. %9 1610 05 1o s 164 - - - 218 104.2 13 - -
Dec. 269 147 305 110 158 16.2 . - - 41 1 7.

Yeur 773 157 313 80 162 1572 - - 1014 12538 8% -

{11) Name of Mcicorological Station : Hola, Tana River Irrigation Scheme

Station No.  : 91.40/006
Locstion : Latitvde ; 01° 28' S, Longitide ; 40° OO E
Aliitude :91m
Month Tempereture (1566 - $0) Relative [fomidity _ Randal} {1957 - 80} Rumber Monthly
Means Exuemes Dew Point fonthly Max. 24 of Days Evaporstion
CC (] ¢ .CYstGMT: Ty at GMT 2 Rainfal! Houw Rain- of {1966-80)
Max, Min.  Highest Lowest 600 12:00 EE ; $2 () fall {mum) Rain {mm)
Jan. M6 23 %3 142 21.6 23 - 75 43 2 £0.0 3 203
Feb. 358 228 398 140 217 197 - 1 44 17 46.9 3 195
Mar. 359 2337 395 190 226 204 - T4 46 37 37.6 6 pi)
Apr. 350 240 396 200 213 218 - n 54 70 55.5 7 196
May N4 27 198 182 13 212 - n 59 a1 81.1 6 194
Jun. 320 206 386 148 208 19.8 - 76 55 3 1.7 4 192
- Jul. 31.8 00 398 155 202 188 - 7% 54 18 353 3 1856
g 3 Aug. 3ty 199 315 164 20.1 183 - 76 s3 18 422 4 02
- Sep. 328 203 37.0 153 012 173 . n 46 % 856 2 215
OcL M1 212 396 126 213 19.1 - 73 47 30 422 4 pry)
Nov. 43 230 338 196 228 20.5 - 71 51 36 54.7 8 176
Dec. Ml 26 394 186 225 20.7 -1 52 535 55.7 5 16%
Year 338 220 328 126 216 19.9 -__ 16 51 47 111.7 _35 2366
(12) Name of Metcorotogical Station : Maricne Coffee Sub - Siation
Stajon No.  : 9037124
Location + Latitude ; 00" 00 §, Longitide ; 37° 39 E
Aliitude 11615 m
Monih Temperctare (1961 - 80} Relalive Humidity _ Rainfall (1961 - 80} Numbey Monihly
Means Exwemes Dew Point Monthy Max. 24 of Days Evaponation
o O ¢ CIAGMT: _ (F)m gxrr Rainfali  Hous Rain. of {1666-80)
ax. Min.  Highesi Lowest 600  12:00 3 00 61 00 65 {mum) fall (mm} Ran _Jhunder {mm)
Jan. 242 115 284 3.0 147 160 0 95.0 [ - i
Feb. 254 115 302 76 150 158 . '15 68 64 1143 s - 143
Mar. 56 121 3090 7.0 15.5 159 - 63 145 £0.1 i - 161
Apr. 82 107 2.5 55 163 16.9 - 30 T 363 126.1 18 - 175
May 9 nsg 230 7.5 154 16.4 - 80 72 i74 170 3] - 157
Jun. 21.8 - 105 259 50 137 150 - 15 67 19 533 3 - 113
Jal. 09 105 255 25 129 138 - &0 67 5 76.2 4 - 110
Auvg. 215 106 262 42 321 12.8 - 80 61 17 363 4 - 123
Sep. 24.1 106 284 44 129 126 - 5 51 35 106.7 4 - 160
OcL 246 124 310 12 14.5 136 - 76 55 298 125.7 13 - 195
Nov. 29 128 28.0 66 152 161 - 9 72 437 146.1 21 - 165
Dec. 22 119 890 85 i5.t 16.4 - 77 (s 141 88.2 12 - 128
Year 134 116 310 15 145 15.3 - 77 &6 3754 146.1 il - 1772

Dat2 Source : Climatological Suatistics for Kenya, Kenya Mcteorological Department
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Table B2.1 Mcteorotogical Records in the Tana Basin (5/5)

(13) Name of Mcieorological Station : Thika Agromel Res. Statlon

Suiion No.  :91.37048
Lecation tLatitude ; 01" G1°S, Longitide ; 37 05 B
Altitude 11477 m

‘Mocth Tempesetore (1976 - 80) Relative Hhumnidity  Rafnfall {941 - 88) Number Monthly Wind
Means Extremes Dew Point Moathly Mar 4 of Days Evsporation  Speed
¢ ¢ C} C CINGMT:_ (%)M GMT: Rainfall Hour Rain- of (1576-80)  {1976.80)
Max. Min. Tlighest Lowest  &00 1200 300 600 12.00 {mm)  fatl {mm} Rain {mum} {knots)
Tan. 62 Ba FEX 15 143 125 - n 41 46 556 6.0 - 10
Feb. 212 136 306 80 149 125 . n 43 40 618 40 . 1l
Msr. 26 17 36 15 158 133 . 3l 45 in 843 840 . 12
Apr. 258 151 8.7 101 163 142 - 84 54 210 0.9 160 - 9
May 250 145 282 1090 15.5 142 - 82 57 129 73 110 - g
Jun. 239 123 212 &80 13.5 128 . i 53 25 334 40 - 6
1, 26 12 258 63 129 120 - 84 55 18 380 4¢ . [
Auvg. 236 109 278 68 127 116 - 82 51 16 169 50 . 8
Sep. 265 126 304 33 132 10.9 - 7R 41 2 620 40 - b4
Oct 212 134 3038 9.0 143 $1.1 - T4 40 60 no &0 - Ed
Nov. 252 137 28.5 10.4 15.3 14.7 - 81 50 158 805 140 - 9
Dee. 250 1.1 232 9.0 154 142 - BO 54 70 44.0 80 - 10
Year 255 131 ns 6.8 14.5 129 - 80 49 905 0.9 90 - 9
{14) Name of Mcteorologica! Station ; Marima Nii, Meru
Swation No. 2 90.37%160
Location : Latitude ; 00" 0F 8, Longitide ; 37° 59 B
Altitede 1537 m
Month Temperewre {1971-80) Relative Humidity _ Rainfall (1971 - 80) Nurnber Monthly
Means Exiremes Dew Point Monthly ax. 24 of Days Evaporation
0 ) ¢ CIRGMT: (%) GMT: Rainfall Hour Rain. of (1971-80)
Max, Min.  Tlighesy Lowest — 6:00  12:00 30 & 12:00 fmm)  fall {rm} Rain {mm)
Jan. 319 184 LT E B F X - - 73 32 50 Hs.2 q 159
Feb. NE 198 kIR 126 . . n 49 24 334 3 77
Mar, 46 209 382 170 - - K| 45 68 876 4 225
Apr. 331 214 378 174 - - - 75 39 7 1173 12 181
May 322 208 39.5 170 - - - IE) 4 112 129.2 6 166
Jun. T 192 356 14.5 - - - 64 45 7 4.5 2 168
Jul. 0 194 353 145 . - - 54 4 4 74 2 180 .
Avg. 313 195 352 155 . . & 4 5.1 1 208 2
Sep. 332 200 366 14.6 - - 51 41 11 210 1 242 ’
OcL u2 1 5.9 1.2 - - - &4 42 70 1224 4 254
Nov. 00 203 %6 16.4 - - - Bl 59 223 913 12 173
Dec. 309 189 351 141 - - .50 sl 5 103 6 154
Year 323 200 7395 126 - - T 49 LA Y5 Y I 7287

|

Data Source : Climatalogical Statistics for Kenya, Kenya Moteacolopical Department

<
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Table B2.2 Available Periods of Daily Rainfall Data in and around the Grand Falls Catchment (1/5)
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Table B2.2  Available Periods of Daily Rainfail Data in and around the Grand Falls Catchment (2/5)
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Table B2.2 Available Periods of Daily Rainfall Data in and around the Grand Falls Catchment (3/5)
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Table B2.2  Available Periods of Daily Rainfall Data in and around the Grand Falls Catchment (4/5)
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Table B2.2  Available Periods of Daily Rainfall Data in and around the Grand Falls Catchment (5/5)
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Table B2.3  Available Periods of Discharge Data Rclated to the Project
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B3 RUNOFF ANALYSIS
B3.1 Method Adopted for Runoff Analysis

The runoff analysis principally aims to estimate the naturalized long-term runoff data at
the planned Mutonga and Grand Falls dam sites as well as the existing five dams located
upsiream of those planned dams, which were ultimately utilized for the TeSeIvoir
operation therefor, taking into account the anificial floods planned to improve the
environmental condition in the downstream areas. To accurately examine the effective
storage capacities of the ptanned dams required for the artificial floeds, the runoff
analysis needs to be carried out on a daily data basis,

Taking into the existing meteo-hydrological data related to the project catchment, the
methods applicable to the runoff analysis for estimating the aaturalized long-term mean
daily discharges at the planned dam sites are conceived as follows:

i) To estimate and adopt the mean daily discharges observed at stream gauging
station 4F13 for the period from 1962 to 1990,

ii) To estimate the mean daily discharges released from the upstream reservoirs
based on reservoir storage capacity curves, and the long-term records of the
reservoir operation which include the records of power generation, reservoir
water levels, gate aperation and reservoir evaporation,

iii) To apply the rainfall-discharge simulation model to the respective subbasins
so as to generate daily runoff data from daily rainfall data over the period
when the rainfall data became completety available. In the method, the long-
term runoff at the planned dam sites are estimated to be a sum of those of the
respective subbasins for the period, which are to be derived through the
simulation model.

Regarding the method i) above, it was considered that the availability of hydrological data
were very low with respect to the availability of the stage-discharge rating curves in the
present study stage as explained in the succeeding Subsection B3.4.2. Even though the
stage-discharge rating curves will be made available consistently through the intensive
current metering from now on, however, the other approaches wilt have to be introduced
to estimate the long-term naturatized mean daily runoff data before 1968 and 1980's for
the following reasons:

a) There are no sufficient data for relating the present stage heighis in higher
portions to those before 1968, which were measured with sloped staff
gauges.

Bl-1



b) After 1968, the streamflow of the Tara mainsiream at the Mutonga and
Grand Falls dam sites is affected by the regulation ¢ffect of upsiream
reservoirs. Especially, the sireamflow has been significantly regulated by
the completion of the Masinga reservoir which was created in 1981,

In case of ii) above, the hourly records related to the reservoir operation of the upstream
reservoir are required to accurately restore the inflow series to the existing reservoirs,
During the field investigation period, the Study Team could not get such a detail records

of reservoir operation on the upstream dams which suffice the requirements for the
method.

The method iii} above was considered to be more effective way, as compared with the
former two methods, taking into consideration that there are a sufficient nimber of
rainfall station in and around the project catchment as mentioned in the foregoing Chapter
B2.

Taking into account the comparatively high availability of rainfall data as well as the short
period of stage height records in the project catchment, it was determined that the long-
term naturalized mean daily discharges be estimated by means of the rainfall-discharge
simulation mode! based on the meteo-hydrological data in the project catchment. As the
simulation model, the Tank Model method was selected to generate runoff data from
rainfall data. The Tank Model was originally developed by Dr. Sugawara in Japan and
have been widely and successfully utilized not only for river basins in Japan, but also for
those in other countries for the simulation purpose. It was verified through the present
runoff analysis that the Tank Mode! was applicable to the Tana basin with the sufficient
accuracy.

B3.2 Division of Project Catchment into Subbasins

As discussed in the succeeding Section B3.4, seven (7) stream gauging stations were
selected as the key ones for the runoff analysis. To make the low flow analysis
consistently, at first, the project catchment area of 17,234 km2, which is covered by the
Grand Falls dam site, was divided into the following fourteen (14) subbasins in
consideration of locations of existing dam sites and those of the selected key stream
gauging stations which are discussed in the succeeding Subsection B3.4.3:

B3-2
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Subbasins Sctup for Runoff Analysis

No. Name of Subbasin Catchment Arca
(km2)
1 4BE2 3612
2 4CB4 316
3 4CA2 518
4 MASIRL 2829
5  4DDI 1,961
6 KAMB.RL 24
7 GITA-RL 147
8 KIND-RL 140
9 KIAM-RL 2,168
10 MUTO-L 1,045
11 MUTO-R 455
12 4EA7 1,880
13 GRAF-RL 196
14  _4F1% 1,613

Total (Grand Fallsdam site) =~ 17234

The above subbasins are depicted in Figure B3.1. Of the 14 subbasins above, seven (7)
subbasins, 4BE2, 4CB4, 4CA2, 4DD1, 4EA7 and 4F19, are covered by the stream
gauging station. Thus, these subbasins were categorized into the "gauged subbasin”,
while the other seven (7) subbasins into the "ungauged subbasin”, On the other hand, a
catchment of the stream gauging station 4ED3 with an area of 9,520 km? is formed by
four (4) gauged subbasins, 4BE2, 4CB4, 4CA2, 4DD1, and two (2) vngauged
subbasins, MASI-RL and KAMB-RL as depicted in Figure B3.1.

Climatorogically, the ungauged subbasins located downstream of SGS 4ED3, which lie
on the right bank side of the Tana mainstream, are characterized by the seasonal flow
with smaller annual rainfalls in comparison with those in the gauged subbasins, called
“Lagas".

B3.3 Rainfall Analysis
B3.3.1 Infilling of Daily Rainfall Data

As seen in Table B2.2 presented in the foregoing Chapter B2, the rainfall stations on
which the rainfall data before 1957 are avaitable are very less. Taking into consideration
the available periods of daily rainfall data at the 154 stations located in and around the
project catchment, it was determined that the simulation was to be made using the Tank
Model to generate the runoff data for 34 years between 1957 and 1550,

On the other hand, there are a lot of interrupted periods of rainfall observation at the 154
rainfall stations for the period from 1957 to 1990 as seen in Table B2.2, In utilizing the
rainfall data for the Tank Model to generate discharge from rainfall, the daily rainfall data
need to be made complete throughout the period for which the simulation is made.
Hence, the frequency analysis was made to infilt the daily rainfall data for the interrupted
period of rainfall observation.
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Prior 1o the frequency analysis, the correlation analysis was made concerning the
following data at the neighboring two rainfall stations:

- Daily rainfall
- Monthly rainfall
- Yearly rainfall

Concerning ¢ach of the 154 rainfall stations, the other rainfall station which show the
higher correlation coefficients was selected 1o be applied to the regression analysis to
infill the daily rainfall data for the interrupted periods. The combinations of the two
rainfall stations thus selected are shown in Table B3.1 together with the estimated
correlation coefficients.

To infill the daily rainfall data for the interrupted periods, the following linear regression
formula was derived based on the rainfall data observed for the concurrent periods:

R(a)=A + R(b)

where, R{a) : Daily rainfall at Station - A
R(b): Daily rainfall at Station - B
A Coefficient estimated through the regression analysis

Through the aforesaid correlation and regression analyses, the daily rainfall data at the
154 stations were made available throughout the period between 1957 and 1990,

B3.3.2 Estimate of Basin Average Rainfall

To estimate the basin average rainfall for the project catchment as well as each of the
subbasins for 34 years from 1957 to 1990, the Thiessen's polygons were worked out
for the entire project catchment as shown in Figure B3.2.

With regard 10 each of the project catchment and subbasin, the basin average rainfall was
calculated applying the weightnesses of the respective rainfall stations whose polygons
lie in the catchment. The weightnesses of the respective rainfall stations for each
subbasin are summarized in Table B3.2.

The annual basin average daily rainfalls between 1957 and 1990 were estimated applying
the Thiessen's polygons for each of the fourteen (14) subbasins. The estimated annual
monthly rainfalls are shown in Tables B3.3 1o B3.16. As a result, the basin average

rainfall for the project catchment with an area of 17,234 km?2 was derived to be about
1,249 mm/fyear as shown in the following table:
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Basin Averape Rainfall of Subbasin between 1937 and 1990

No. Name of Subbasin Catchment Arca Nos, of Rainfall Basin Average
, (km?2) Stations Applicd _Rainfall (mm)

1 4BE2 3,672 58 1,471.3
2 4CB4 316 12 1,835.8
3 4CA2 518 16 16193
4 MASI-RL 2,829 22 967.9
5 4DD1 1,961 24 14944
6 KAMB-RL 224 q 7040
7 GITA-RL 147 b 7234
3 KIND-RL 140 5 707.2
9 KIAM-RL 2,168 10 767.1
10 MUTO-L 1,045 18 1,063.2
11 MUTC-R 465 6 8025
12 4EA? 1,880 24 1,605.3
13 GRAF-RL 196 4 855.8
14 4F19 1.673 23 1.380.2
Total Grand Falls Cajchment 17,234 154 1.24%

In the Water Master Plan of Kenya, the basin average rainfall for the Grand Falls
catchment is estimated to be about 1,050 mm/year for 32 years from 1959 to 1990,
However, the previous study was carried out at a level of master planning applying the
quite limited number of rainfall stations to estimate the basin average rainfall, while in the
present study it was estimated applying the rainfall data at a total of 154 rainfall stations.

B3.4 Estimate of Observed Mean Daily Discharges
B3.4.1 Stage-Discharge Réting Curve

MOWD is sesponsible for collection and preservation of hydrological data in Kenya and
is engaged in construction of stage-discharge rating curves based on the current metering
results to process the stage height records into mean daily discharges at the respective
stream gauging stations, Conceming every stream gauging station, MOWD adopts the
following exponential equation as the stage-discharge rating curve:

Q=(H+a)®

where, Q : Discharge in m3/sec
H : Stageheightinm
a, b : Coefficients

MOWD modified the stage-discharge rating curve as required when a change therein is
judged to occur based on the current metering results. The stage-discharge rating curves
at the 15 stream gauging stations in the project catchment, which were constructed by
MOWD, are shown in Figures B3.3 to B3.10.
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B3.4,2 Reliability of Runoff Data at Stream Gauging Station 4F13,
Grand Falls Dam Site

The stream gauging station 4F13 is located about 2 km upstream of the proposed Grand
Falls dam site. The stage height reading on staff gauge has been done once a day from
1963 to date with some interruption, Needless to say, it is the most recommendable that
the long-term runoff at the proposed dam sites are determined based on the runoff data at

SGS 4F13 taking into account the geographical condition, provided that the runoff data
are verified to be consistent.

First of all, the long-term observed mean daily runoff at SGS 4F13 were computed
applying the stage-discharge rating curves to the mean daily stage heights. Consequently,
the mean discharge at SGS 4F13 is derived to be 226 m3/sec based on the observed
runoff data for the period from 1963 10 1990 as summarized in Table B3.17. The mean
discharge for the 28 years corresponds to 413 mm/year, Figure B3.11 shows the annual
runoff depths and evapotranspirations for the project catchment together with those for
catchment of SGS 4ED3. As seen in the Figure, the annual evaporations for a catchment
of SGS 4ED3, which were derived from the observed runoff at SGS 4ED3 and the basin
average rainfall, fall within a definite range. On the other hand, some of the annual
rainfalls for the project catchment {SGS 4F13) deviate from the range. In particular, of
the annual evapotranspirations before the year 1968, only that in 1967 falled within the
range. Furthermore, those in 1967 and 1968 deviate from the range to a considerable
extent, showing quite small annual values. The small values of annual
evapotranspiration appear in the years when the comparatively large-scale floods
occurred. Judging from these facts, it appears that the higher runoff depth is caused by
the overestimate of discharge at the high stages.

During the field investigation, the Study Team attempted to gather the data and
information on the stream gauging station 4F13 to clasify the previous state thercof. It
was informed by the Engineer of MOWD that the inclined staff gauges were installed
thereat until they were released by vertical ones in 1968. Figure B3.12 shows the
inclined staff gages used up to the year 1968. Although the four (4) staff gauges were
installed with different incineration along the left bank, MOWD utilized the rating curves
for stage heights read on the sloped staff gauges. In principle, the stage heights need to
be converted to vertical ones to construct the consistent rating curves. On the other hand,
the Study Team could not get the data and information on how the staff gauges higher
than those ones were installed. For the time being, thus, it is too hard to revise the stage-
discharge rating curves for the higher stages accurately.

Concerning the runoff data at the stream gauging station 4F13 after 1968, the stage
heights would have been more or less dominated by the reservoir or pondage operation
of upstream hydropower stations. As mentioned in the foregoing Chapter B2, the Gitaru
and Kindaruma hydropower projects were completed in the end of 1960's. While, these
projects are of run-of-river scheme with a comparatively small storage capacity which
allows the daily regulation of inflow to pondage. Accordingly, these projects might not
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have a significant influence on the natural flow at SGS 4F13 except for the case that the
peak power operation be done during the dry periods,

After completion of these run-river-type hydropower plants, the reservoir type schemes
were constructed on the Tana mainstream, namely the Gitaru dam in 1974, the Masinga
dam in 1981 and the Kiambere dam in 1988. Of these reservoir schemes, it is obvious
that the Masinga dam with an outstandingly large effective reservoir storage volume of
1,410 million m3 have changed significanily the natural flow at SGS 4F13. This sitvation
was clarified by comparing the runoff series observed at SGS 4F13 with those obtained
through the simulation with the Tank Model as discussed in the succeeding Subsection
B3.4.

Taking into account the aforesaid conditions, it was considered that the availability of the
runoff data at SGS 4F13 was considerably low. In the present runoff analysis,
therefore, the runoff data at SGS 4F13 were used to assess the reliability of low flow
series estimated by means of the Tank Model.

B3.4.3 Estimate of Observed Natural Streamflow at Stream Gauging
Stations

Concerning each of the fifteen (15) stream gauging stations, recorded stage heights were
wholly converted into mean daily discharges applying the MOWD's stage-discharge
rating curves to compare with the annual basin average rainfall estimated the Thiessen’s
Polygons mentioned in the foregoing Section B3.3.

The Study Team checked those existing stage-discharge rating curves carefully and
modified them if they are judged necessary to do so. As a result, the following stream
gauging stations were selected as the key stream gauging stations to be used for the
runoff analysis from the point of view of their geographical positions as well as the
consistency of the processed runoff data in comparison with the basin average rainfall:

in ion

No. of Stream Catchment Area  Available Period of  Mean of Observed Discharge

Gauging Station {km?2) stage heights . {m3fsec)
4CA2 518 1947 - 1990 8.47
4CB4 - 316 1945 - 1990 6.61
4BE2 3672 1957 - 1981 67.12
4DD1 .. 1,961 1947 - 1992 . 25.69
4ED3 9,520 1951 - 1972 109.33
4BA7 1,880 1966 - 1950 30.32

4F|19 1.873 1966 - 1990 15.20

The estimated annual mean monthly discharges at those key stream gauging stations are
shown in Tables B3.18 to B3.24. The catchment areas covered by four stream gauging
stations 4CA2, 4CB4 4BE2 and 4DD! lic in that of SGS 4ED3.
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Table B3.25 and Figure 3.13 show a relation between the annval rainfall and
evapotranspiration for a caichment covered by each of the stream gauging stations,
These Figures exhibit the general tendency that the evapotranspirations in these gauged
subbasins, which are blessed with the comparatively large annval rainfalls, almost fall
within a range of 700 to 1,500 mm/year, depending on the annual rainfall amount. Thus,
the runoff data at these key stream gauging stations are judged to be consisient as a whole
in a view that annual runoff depth increased with the basin average rainfall as shown in
Figure B3.13, |

B3.5 Simulation by the Tank Model

B3.5.1 Concept of the Tank Model

The basic component of the tank model is a simple tank with holes to pass the water
content. The outflow from each hote is proportionate to the height between the hole and

water surface. Provided that a tank is accommodated with one bottom hole and two side
holes, as shown in Figure B3.14, the rule for outflow computation is as foltows:

yn = 0 (Xn<hy)
yn = @](Xn - hl) (ht <Xn<hy)
yn = o2 (Xn-h2)+at (Xn-h1) (h2 <Xn),
Zn = PBXa,
Xn’ = Xn-yn-zn,
Zn +1 = Xn' 4+ X0+l e n
where, Xn : water depth of stage n,

yn : oulflow from side holes of stage n,

zn : outflow from bottom hole of stage n,

xn : inflow of stage n,

o, 02 . coefficient of side holes, and
B : coefficient of bottom hole.

Normally, a tank model combining several tanks in a series makes a beiter simulation
results. In Japan, a number of river basins are successfully analyzed by the tank model
consisting of four tanks in a series. In such models, each tank interacts in the manner
described in the above equation (1). -The top-tank receives the rainfall as inflow to the
tank, while the tanks below get the supply from the bottom holes of the tank directly
above. The last, or the bottom tank only has a side hole. The aggregated cutflow from
all the side holes of the tanks constitutes the inflow into the river course. The basic
model above is illustrated in Figure B3.14,

Qut of the above simulation models, the simple model of four tanks is the most applicable
to the basin where the river flows scarcely dry up. However, in the basin where there
are dry seasons regutarly and the river flows deminish to a conceivably low level or
completely dry up, it is difficult to simulate such conditions in the above simple model.
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To effectively trace such dry conditions in the non-humid basin, several modifications are
made on the basic model. The model is firsily facilitated with a structure to simulate the
moisture content in the top tank. This sub-model is composed of two moisture-bearing
zones, which contain moisture up to the capacities of saturation. The moisture contents
in the two zones are expressed as the height, XP and XS, which are called the primary
and secondary soil moisture depth. Between the above two zones, transfer of water
contents takes place, as expressed below:

T2 = TC (XP/PS - XS§/88)ciiiiiiiininen, (2)

where, T2 : Transfer of moisture between primary and secondary zones (if
positive, transfer occurs from primary to secondary, and vice versa)
PS : Primary soil moisture capacity
88 : Secondary soil moisture capacity
XP : Primary soil moisture depth
XS : Secondary soil moisture depth
TC : Constant

If the primary soil moisture is not saturated, i.e., XP < P§, water is supplied to the
primary moisture zone from the lower tanks as a result of the capillary action, amount of
which is computed as below.

Ti = TBA{l-XP/PS) eeeeiioiieiiiiriiiiiiiiiiiiisinaaeans
where, T1 : Transfer of capillary action from lower tanks
TB : Constant

For the purpose of simutating the area distribution of soil moisture, the drainage area is
divided into four sub-areas. In the beginning of the dry season, the arca at the outermost
fringe dries up, and the dricd area extends inwards until the innermost area becomes arid.
Four basic models are combined in parallel, as shown in Figure B3.14.

The tank mode! thus configurated has been used successfully in a lot of projects not only
in Japan, but also in other countries which include the arid basins in the Middle East
Region.

The simulation mode} thus constructed is calibrated with the observéd daily runoff and
rainfall data for each of the gauged subbasins. Trial-and-error method needs to be done
for determining the tank parameters which make the difference between the observed and
estimated runoffs minimize.
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B3.5.2 Methodology and procedure for Determining of Parameters of
Tank Model for Each Sub-Basin

In the present runoff analysis, it was attempted o construct the Tank Model for ¢ach of
the 14 sub-basins. Of those subbasins, 6 ones, namely, SGS 4BE2, 4CB4, 4CA2,
4DD1, 4EA7, 4F19, are categorized to be the gauged zone where runoff data applicable
to the Tank Mode) are available, as explained in the foregoing Section B3.2. Taking into
account the availability of the runoff data, the parameters for each subbasin were
determined in the following steps:

Step-1 :

Step-2 ¢

Step-3

At first, the tank parameters for each of the gauged areas were worked out
through the trial calculations to get the best coincidence of the mean daily
discharges observed and simulated for their concurrent periods. The
extent of the coincidence of the observed and simulated runoff was
assessed by comparing with the hydrographs and flow duration curves,
derived therefrom respectively on a daily data basis.

The parameters for the ungauged two subbasins located upstream of SGS
4ED3, MASI-RL and KAMB-RL, were attempted to be determined so
that the two hydrographs of mean daily discharges at SGS 4ED3, which
were derived from the different two sources of runoff data, became
almost coincideat in the low flow portions as a whole. Of these two
hydrographs, one was a hydrograph derived based on the mean daily
discharges at SGS 4ED3 and further extended by means of the Tank
Model. The other is a hydrograph derived by summing up the mean daily
discharges of the six subbasins constituting a catchment of SGS 4ED3,
which were parily extended for the gauged subbasins and wholly
generated for ungauged ones by means of the Tank Model. Again, the
parameters for the ungauged two subbasins MASI-RL and KAMB.RL
were determined so that the mean daily discharges derived by
syathesizing those in the upstream subbasins of SGS 4ED3 coincided
with the mean daily discharges derived based principally on those
observed at SGS 4ED3.

The parameters for the ungauged aréas in the downstream subbasins of
SGS 4ED3 were first assumed making reference to those of the gauged
ones downstream of SGS 4ED3, namely SGS 4EA7 and 4F19. The

~--appropriateness of the parameters assumed for the downstream ungauged

arcas were assessed by the extent of the coincidence of the low flows in
hydrographs of mean daily discharges observed at SGS 4F13 and of the
mean daily discharges derived by summing up those of the whole of the

14 subbasins, which constitute a catchment of SGS 4F13, the Grand
Falls dam site.
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B3.5.3 Simutation of Daily Runoff of Gauged Sub-Basins

Through a number of trial calculations, a combination of the tank parameters which gave
the best coincidence of the observed and simulated mean daily discharges at the seven (7)
stream gauging stations were derived as shown in Tables B3.26 and B3.33.

Figures B3.15 to B3.21 shows comparison of the two hydrographs of mean daily
discharges, of which one is construcied based on observed mean daily discharges, the
other on simulated mean daily discharges, with respect to each of the 7 stream gauging
stations. As seen in these Figures, the simulated mean daily discharges well coincide
with the observed ones at stream gauging station, especially during the dry periods.

The extent of the coincidence of the mean daily discharges observed and simulated by the
Tank Model was further assessed through comparison of flow durations curves
constructed based on each of these different two series of daily runoff data for the
concurrent period. The flow duration curves thus derived for each of the 7 stream
gauging stations are illustrated in Figure B3.22. These Figures reveal the distinguished
coincidence of the observed and simulated mean daily discharges concerning every
stream gauging station.

In principle, the tong-term naturalized mean daily discharges for the gauged subbasins
were derived adopting the simulated discharges for the periods in which the observed
ones are not available. The long-term mean discharges of the subbasins thus estimated
between 1957 and 1990 are summarized in the following table:

1 imglati n 1 in

Name Catchment  Basin Average  Mean Discharge Runoff
of Area Rainfall between 1957 and 1990 Coefficicnt

_Subbasin (km?2) {mm{ycar) {m3fsec) (%)
ACAZ 518 1,620 8.79 331
4CB4 316 1,836 7.11 ags
4BE2 3672 1477 6437 37.5
4DD1 1,961 1,494 26.60 28.7
4EA7 1,880 1.605 28.85 290
4F19 1,613 1.380 15.67 21,0
(Total) 10,020
SGS 4ED39.520 1.351 118,11 23.0

‘The estimated long-term mean monthly discharges for the six (6) gauged subbasins are

summarized in Tables B3.27 to B3.32.
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B3.5.4 Simulation of Daily Runoff of Ungauged Sub-Basins
(1) Ungauged 2 subbasins located upstream of SGS 4ED3 (MASI-RL and KAMB-RL)

The drainage area of SGS 4ED3 comprises those of six (7) subbasins, namely 4BE2,
4CA2, 4CB4, 4DD1, MASI-RL and KAMB-RL, of which the latter two subbasins
MASI-RL and KAMB-RL are calegorized into the ungauged subbasin, As explained in
the foregoing Subsection B3.5.3, the long-term daily runoff data at $GS 4ED3 were

consistently derived for the period from 1957 to 1990 through the simulation analysis

using the Tank Model. As well, those at the four gauged subbasins 4BE2, 4CA2, 4CB4
and 4DD1 were made available applying the same method.

The tank parameters for a catchment of 4ED3 were determined by means of the trial
calculations applying the observed daily runoff and average basin rainfall as shown in
Table B3.33. The simulated mean daily discharges are compared with the observed ones
in terms of their hydrographs and flow duration curves at SGS 4ED3 as shown in
Figures B3.19 and B3.22, respectively, As seen in these Figures, the observed and
simulated mean daity discharges exhibit the reasonable coincidence. Thus, the long-term
annual mean monthly discharges at SGS 4ED3 were derived through the same procedure
adopted for the gauged subbasins as mentioned in the foregoing Subsection B3.5.3 as
tisted in Table B3.34.

With regard to the ungauged subbasin MASI-RL and KAMB-RL, the wrial catculations by
means of the Tank Mode! method were made by varying the Tank parameters in order to
find the most suitable ones therefor, which resulted in the satisfactory coincidence of the
daily runoff data at 4ED3 and sum of those of the six subbasins constituting the
catchment of SGS 4ED3. As a result of the trial calculations, the tank parameters for the
ungauged two subbasins were derived as shown in Table B3.33. The long-term mean
daily discharges derived by summing up the runoff values of the four subbasins were
compared with those estimated based on the observed ones at SGS 4ED3 in terms of
their hydrographs and flow duration curves as shown in Figures B3.24 and B3.25,
respectively, These Figures reveal that these two series of runoff data are consistently
coincident with each other. Accordingly, it was determined that the daily runoff data for
the ungauged subbasin MASI-RL and KAMB-RL be generated applying the tank
parameters shown in Table B3.33 to the Tank Model.

The following table summarizes the calculation results for the ungauged subbasin MASI-
RL and KAMB-RL:
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Comparison of Loag-Term Meaa Runoff for a Caichment of SGS 4ED3 (C.A.=9.520 knid)

Case-1:  Estimate by Summing up Daily Case-2: Eslimate Based on Gbserved

— Runoff in Bach Subbasin Runoff at SGS 4ED3 |

No. Name Catchment  Mean Runoff No. Name Catchment Mean Runoff
of Arca between of Area between
Subhasin 1957 and 1990 5GS 1957 and 1990

km2)  {mdfsecy 0 (km2)._ . (m3fsec)

1 4BR2 3672 64.37

2 4CA2 518 8.79 1 48D3 9,520 118.11

3 4CB4 316 1

4 4DD1 1,961 26,60

§ MASI-RL 2829 11.01

6__KAMB-RL 224 0.13

Taotal 9,520 118,03 9,520 P18.11

The estimated mean monthly discharges in the subbasin MASE-RL and KAMB-RL
between 1957 and 1990 are shown in Tables B3.35 and B3.36, respectively. The mean
annual runoff coefficients for these subbasins are derived to be 15.9 and 3.1%, which
are considerably low as compared with those in the other four gauged subbasins which
range between 21 and 39%. This is attributed to the smaller rainfall in the catchment than
those in the gauged subbasins as discussed in the foregoing Subsection B3.3.2,

{2) Ungauged 6 sub-basins located downstream of SGS 4ED3 (GITA-RL, KIND-
RL, KIAM-RL, MUTO-L, MUTO-R, GRAF-RL)

There are five ungauged subbasins in the catchment enclosed by the two siream gauging
stations 4ED3 and 4F13 on the mainstream. During the field invesiigation, it was
informed by the local inhabitants that no surface water was observed in the tributaries
draining the basins of the right bank side during the dry periods when they were utilizing
ground water lying beneath the river bed. Thus, the tributaries in these subbasins are of
the seasonal rivers.

In the simulation by the Tak Model for these ungaged subbasins, the tank parameters
were first assumed making reference to those in the neighboring subbasins to estimate the
long-term mean daily runoff-at SGS 4F13, the Grand Falls dam site. Afier then,
hydrographs of the estimated mean daily discharges were compared with hydrographs of
the observed ones at SGS 4F13 with respect to the dry season's flow for the period from
1962 to 1967 when the natural river flows were observed at SGS 4F13. In case a
significant gaps were recognized in the low flow of the observed and synthesized
discharges, the same procedures were repeated until the satisfactory results had been
obtained.

As a result of the triat calculations, the tank parameters of the ungauged subbasins were
determined as summarized in Table B3.37. The hydrographs of observed mean daily
runoff at SGS 4F13 and those of synthesized ones of mean daily discharges in the
respective subbasins are illustrated in Figure B3.25. The Figure exhibits that the
synthesized daily runoff data coincides precisely with the low flow observed at SGS
4F13 between 1962 and 1967. This is also endorsed in Figure B3.26, which shows a
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precise coincidence of the mean daily discharges derived by the aforesaid different
methods with respect to the low flows belween 1962 and 1967. On the other hand, there
is a large difference between the high flows since the obscrved discharges were
overestimated. Besides, the Figure reveals that the observed ranoff data at SGS 4F13
between 1968 and 1990 are obviously affected by the operation of upstream reservoirs.

The long-term mean monthly discharges in the ungauged subbasins are listed in Tables
B3.38 to B3.43. The estimated long-term mean discharges therein between 1957 and

1990 are summarized below together with the mean annual runoff coefficients for the
same period:

Estimated Natoralized Mean Runoff in Ungauged Subbasins Located Downstream of SGS 4ED32

No. Nane Catchment Basin Average Mean Discharge Runoff
of Arca Rainfall between between Cocfficient
Subbasin 1957 and 1990 1957 and 1990

(km?2) {(mm/y¢ar) {m3/sec) (%e)

i GITA-RL 147 73 0.23 6.4

2 KIND-RL 140 707 0.20 6.3

3 KIAM-RL 2,168 767 321 6.1

4 MUTO-L. 1,045 1,063 5.33 15.2

5 MUTO-R 465 803 1.17 10.0

6 __ GRAF-RL 196 856 0.55 10.3

Total 4,161 848 10.69 9.6

As aresult of the simulation analysis cartied out by mean of the Tank Model, the runoff
coefficients in the ungauged subbasins downstream of SGS 4ED3 are in a range of 6.1%
to 15.2%, being by far less than those in the gauged 4F19 and 4EA7 which are located
on the right side bank of the Tana mainstream. This is considered to be attributable
mainly to the smaller basin average rainfalls in the ungauged subbasins, which are mostly
equal to or less than 1,000 mmyyear in the mean annual basin average rainfall, while in

the gauged subbasins 4F19 and 4EA7 the mean annual basin average rainfalls exceed
1,600 mm/year,

B3.6 Naturalized Mean Daily Runoff at the Planned Mutonga and
Grand Falls dam sites

The long-term naturalized mean daily runoff data at existing and Planned Mutonga and
Grand Falls dam sites on the Tana mainstream were derived by means of summing up

those at the upstream subbasins. The mean monthly discharges thereat thus estimated are
shown in Tables B3.44 and B3.45 and summarized below:

B3- 14

e



:  Runoft Analysis for Esimating Neturalized Runoff at Bxisi A Py St

No. NameofDam Existingor Catchment Arca  Hstimated Mean Discharge

Planped km2).  belween 1957 and 1990 (m3¥/sec)
)] Masinga Existing 1335 01.28
2 Kamburu Existing 9,520 118.03
3 Gitaru Existing 9,520 118.26
4  Kindauma  Exisling 9,807 118.46
5 Kiambere Exisling 11,975 121.67
6) Mutonga Planned 15,365 157.02
il Grand Falls Planped 17.234 173,24

As seen in table above, the mean discharge at the planned Mutonga and Grand Falls dam
site between 1957 and 1990 were estimated to be 157.02 and 173.24 m3/sec,
respectively.

B3.7 Comparison of the Present and Previcus Runoff Analyses

The results of the present runoff analysis was compared with those of the previous
hydrological analyses carried out for the upper and middle Tana basins, For the purpose,
the following reports worked out through the previous hydrological studies were
referred to conceming the results of runoff analysis:

i) Appraisal Report, Volume 2. Engineering, September 1976, by Watermeyer :
The hydrological studies were carried out to estimate the long-term monthly
runoff at the Masinga dam site through the runoff analysis on streamflow records
at key stream gauging stations, which include SGS 4ED1, 4ED3 (Kamburu dam
site),4F13 (Grand Falls dam site) and 4G1 (Garissa) located on the mainstream
of the Tana river and 4DD1 on the Thiba river, a tributary flowing down from the
left bank side to join to the mainstream upstream of Kamburu. As a result of the
runoff analysis, a long-term mean runoff at the Masinga dam site was estimated
to be 82.5 m3/sec or 2,602 million m3/year for the period from 1947/1948 to
1971/1972.,

i) Kiamb _ i velopm ibili Vol -
endices, April 198 Engineerin Power Development nsultant

(EPDC) Limited : The long-term natural streamflow at the Kiambere dam site was
estimated by adding that at the Kamburu dam site to that in the incremental
cremental catchment of some 2,400 km? to the Kiambere dam site. The
streamflow in the incremental catchment was derived from the streamflow at SGS
4F13 before 1968 and those after 1968 which were extended using the
streamflow records at 4G1 (Garissa). Consequently, the long-term mean natural
flow at the Kiambere dam site was estimated to be about 113 m3/sec for 31 years
from 1947 1o 1977.
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iii) Kenya National Power Dev ment P 2 Acres Intemationa
Limited, June 1987 : The hydrological study for the upper Tana basin was
carried out at a leve! of master planning for each of the subbasins which were
covered by the key stream gauging station. The study adopted substantially the
monthly runoff data estimated through the previous simulation by DELFT for the
period from 1947 to 1977 and generated new monthly runoff data between 1978

and 1990 through the regression analysis using the monthly data observed and
simulated by DELFT,

The aforesaid runoff analyses are mostly carried out on a monthly data basis. The results
of the present runoff analysis were broadly compared with those derived through the
analysis by Acores, the latest analysis, as follows:

Comparison of Results of Previos and present Runoff Analyses
{Unit :m3fsec)

Name of Mean Runoff Estimated Mean runoff
SGS by Acores estimated in the
o (1947 15 1990) present analysis
Subbasin (1957 10 1990)
1) 4BE2 64.37
1b) 4BC24+4BC4+4BEL 62.5
2) 4CA2 10.5 8.79
3) 4CB4 1.9 7.11
4) Ungauged subbasins 11.01

(Masinga dam site} (91.28)
5a) 4DN 26.60
5b)4DD2 26.2
6) Ungauged subbasins 179

(Kiambere dam site) (12L67)
Ty 4EAT 304 28.85
8) 4F19 149 15.67
9} Ungauged subbasins 7.05 -

Grand Falls dam site (173.24)

As seen in the table above, there is no large difference between the mean discharges at
each stream gauging station, which were estimated by Acores and in the present runoff
analysis, although the previous analysis generated the runoff data for the period from
1947 to 1990. Conceraing some of those stream gauging stations, the mean discharge
estimated in the present runoff analysis became smaller than that by Acores.
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Table B3.1 (1} Results of Regression Analysis for Rainfall Records

Combination of Rainfall Statiens Estimated Correlation Cogfficient for Regression Formula
No. Station No. Rainfall Records R(a)= AR{b)
(a) L) Daily Monthly Yearly Coelficicnt A
(For Rainfal] Stations Located in and around Thika River Basins)
H $9037124 $8937002 048 0.87 0.81 0.54
2 89037124 59037074 0.58 0.91 0.97 095
3 $8937038 $9037124 0.66 0.96 0.97 1.24
4 $8937065 59037124 0.65 095 0.96 LY
5 58937038 $9037124 0.66 0.96 0.97 112
6 58937072 59037124 0.62 0.94 0.94 1.24
7 58937072 $9037124 0.62 094 0.94 112
8 $8937014 $8937072 0.55 092 090 0.73
9 58937014 $8937019 0.56 0.94 0.96 0.83
10 §$8937053 58937014 0.55 0.84 0.93 1.0
11 $8937014 88937066 041 0.84 0.84 0.72
12 §8937014 58937099 0.50 0.89 091 0.78
13 $8937060 58937014 0.55 0.93 0.94 0.91
14 S8337060 5893709) 0.56 0.88 0.92 0.98
15 S8937060 $8937059 0.52 0N 0.85 1.1
16 $8937099 s9037221 038 0.85 083 0.73
17 56037221 $8937062 0.43 0.84 0.9 L13
18 59037221 59038010 0.34 0.88 0.84 0.4
19 $9035010 §9037187 0.42 0.89 0.95 1.19
20 $8937099 $8937021 0.36 0.84 091 0.88
21 §893701% $8937021 0.48 0.79 0.74 0.84
:_. 2 59038010 89037160 0.56 0.88 0.78 1.69
- (For Rainfall Stations Located in and around Upper Tana River Basins)
29 $9037064 $8937002 0.26 0 0.66 1.05
30 58937064 §9037120 0.26 0.72 0.83 1.13
3 $9036025 $9036164 033 Q.72 0.74 1.32
32 $9036217 59036025 0.23 0.59 078 0.79
33 89036157 89036217 044 .77 0.79 045
4 56036271 $9036157 0.54 0.85 0.92 0.82
35 $6037131 59037157 0.36 0.88 0.94 103
36 S$9037100 59037002 0.70 0.95 $.98 0.88
KY) 8592037100 $9037131 0.52 .89 0.94 1.06
38 $9037075 5503713} 0.39 0.86 0.85 0.50
39 9035017 59036043 0.52 0.85 0.80 1.04
40 59036017 59036288 0.60 093 0.50 1.03
41 59036288 $9037203 0.44 0.9 0.91 038
42 $9036282 89036017 0.50 0.81 0.86 0.88
43 $5036251 $9036017 0.52 0.93 0.85 1.15
44 $9037203 $9037100 0.33 0.88 0.94 L51
45 $9036247 $9036282 039 0.81 0.87 0.77
46 $9036247 $9036246 0.56 091 0.82 1.03
47 89036273 $9036247 0.63 0.90 0.86 1.09
48 $9036275 $9036273 0.51 0.85 0.92 1.48
49 $9036275 59036144 0.59 092 0.95 0.94
50 $5036274 59036275 0.79 094 0.99 091
1 S1 §9036297 $9036274 0.53 0.85 0.94 0.95
- 52 59036072 59036275 0.62 0.91 0.87 098
53 $9036268 59036257 0.58 0.94 0.57 1.14
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Table B3.1 {2) Results of Regression Analysis for Rainfall Records

Conmbination of Rainfall Stations Estimated Corrclation Coefficient for Regression Formula

No. Station No, Rainfall Records R(a) = A*R(b)

(a) (b) Daily Monthly Yearly Coefficient A
54 59037099 59037075 0.60 0.89 0.81 1.41
55 59037157 59036251 0.50 0.86 0.93 1.25
56 52036127 $90362N 0.77 0,90 1.00 1.24
57 59036128 59036127 042 0.86 0.88 0.59
58 $9036291 59036293 0.40 0.88 0.90 1.25
59 59036293 89036315 0.49 0.92 0.97 118
60 $9036315 55036106 048 0.88 0.95 0.80
61 §9036106 $9036302 0.51 0.90 093 0.86
62 $2036302 S303I7042 0.56 0.92 050 090
63 89037181 S9037042 0.58 093 0.95 1.10
64 $9037109 S6037042 0.54 0.89 0.75 126
65 59037096 5903109 0.60 0.94 0.93 .09
66 §%037109 59037063 0.52 0.89 0.88 1.24
67 $9036212 59036259 0.57 0.91 0.96 1.10
68 §9036292 59036212 0.49 0.87 0.94 1.06
69 52036314 S9036106 0.40 0.73 0.84 0.82
70 §9037037 59037650 0.42 0.85 0.87 1.28
" S9037137 §9037037 0.53 035 0.89 1.13
72 S9037137 $9037112 0.51 0.84 0.88 1.08

{For Rainfall Stations Located in and around Masinga River Basins)
29 S9037207 59037109 0.52 0.82 .83 1.18
30 $5037207 S8037001 0.39 0.93 0.92 0.96
31 59037061 59037001 0.36 0.91 0.94 0.86
32 $9037028 59137053 0.55 0.89 0.86 0.83
33 $9037028 $9037223 0.67 0.95 098 1.00
34 $9037223 §9037192 0.44 0.83 0.97 0.94
35 59037192 59137053 0.44 0.87 0.78 0.88
36 §2037061 59037001 0.36 0.91 0.94 0.86
37 59037061 $5037018 0.40 0.87 098 1.12
33 59037183 $9037050 037 (.84 0.98 1.75
39 $6037183 89037222 0.39 0.92 0.92 0.96
{For Rainfall Suations Located in and around Thiba River Basins) _

1 $9037110 S903718% 0.56 0.87 0.80 1.51
2 59031110 S9037169 673 0.94 0.89 0.88
3 S9037110 $9037147 0.55 0.94 0.94 0.96
4 59037110 59037112 0.52 0.88 0.93 0.98
5 59037169 59037039 0.60 0.91 0.91 1.04
6 59037169 59037165 0.60 0.94 0.90 0.95
7 59037103 §9037110 0.62 0.91 0.90 0.97
8 §9037103 $903N 79 0.67 0.93 0.92 0.94
9 59037112 $9037137 046 0.89 0.95 093
10 590371112 $9037050 0.1 0.96 0.93 1.34
11 $9037039 SS037104 0.41 0.94 0.94 0.92
12 $9037008 S9037103 046 0.97 1.00 0.89
13 59037008 $9037171 041 0.82 0.81 0.87
14 $903703% 59037008 048 087 091 0.715
15 §9037134 59037053 048 0.86 0.87 0.86
16 59037134 $9037077 045 0.85 0.86 1.10
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Table B3.1 (3) Results of Regression Analysis for Rainfall Records

L

Combination of Rainfal} Stations Eslimated Cornrclation Cocfficient for Regression Formuta
No. Station No. Rainfall Records R(a) = AsR{b)
(a) (b) Daily Monthly Yearly Coclficient A
17 89037129 $9037i34 0.38 0.83 0.82 0.93
18 §9037127 $8037129 0.50 0.86 0.64 0.78
(For Rainfall Stations Located in and around Kazita River Basing)
1 $9037124 $8937002 0.48 0.87 0.81 0.54
2 §8937124 §9037074 0.58 091 0.97 0.95
3 §8937038 $9037124 0.66 096 0.97 1.24
4 §8937065 $20317124 0.65 0.95 0.96 1.34
5 58937038 $8937000 0.56 0.94 0.95 1.03
6 $8937072 5037124 0.62 0.94 0.94 12
7 58937014 58937072 0.55 092 0.50 073
8 58937014 §8937019 0.56 0.94 0.96 083
9 58937053 58937014 0.55 0.84 093 1.00
10 $8937060 58937014 0.55 093 0.94 091
i §8937060 $8937091 0.56 038 0.92 0.98
12 $8937060 $893705% 0.52 0.85 0.94 113
13 S8937019 58937021 48 0.79 0.74 0.84
4 58937014 $8937099 0.50 0.89 0.91 0.78
15 $9037221 $8937062 043 0.84 091 1,13
16 §59037221 $9038010 043 0.84 091 0.74
17 $9038010 $6037160 0.56 0.88 0.78 1.09
18 §9038010 59037187 042 0.89 092 1.19
19 §8937059 $8937021 0.36 0.84 09% 0.88
(For Rainfall Swations Located in and around Thika River Basins)
1 $9036152 §9036164 0.52 0.86 0.56 L19
2 59036164 58936259 047 087 0.80 1.7}
3 $6036259 $9036233 0.66 0.96 0.97 0.84
4 59036259 89036286 0.63 0.90 0.90 0.15
5 89036286 §9036283 0.89 099 0.99 0.97
6 $9036286 9036052 0.50 0.30 0.86 1.04
7 59036286 $9036308 0.54 0.89 0.97 0.76
8 $9036308 $§9136029 0.53 0.86 0.85 0.67
9 $9136029 SO037MT 0.66 094 0.93 1.00
10 $9037010 $9037047 0.67 0.56 0.97 0.96
11 $6036308 59136063 0.51 0.91 0.89 0.80
12 $9036188 §9036303 0.58 0.88 0.80 095
13 59036283 $9036248 0.44 0.84 0385 1.14
14 59037047 89137048 043 0.81 0.75 1.49
15 59036191 59036286 046 0.86 0.92 1.49
16 $9136029 $9137002 0.51 0.87 0381 0.83
17 S9137002 59137053 0.60 093 092 1.10
18 $9037047 $9137072 0.53 0.92 098 0.8
19 $9137072 39137048 0.65 0.95 0.95 L06
20 $6137002 $9137053 0.60 AL 0.92 1.10
21 59137006 59137053 0.52 0.95 0.95 0.99
22 $9137053 $9137074 0.38 0.82 0.76 0.89
23 89137054 S$9137090 0.47 0.85 0.89 096
24 39137074 $5137058 045 0.91 0.81 0.95
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‘Tabte B3.1(4) Results of Regression Anatysis for Rainfall Records

Combination of Rainfall Stations Estimated Comrelation Coefficient for Regression Formula
No. Station No, Rainfall Records R{a) = AR
(a) (b) Daity Monthly Yearly Cocfficient A
{For Rainfall Stations Located in and around Mutonga River Basins)
1 59037085 §9037124 1.23
2 59037085 58937185 0.56 0.92 090 1.22
3 $9037185 $9037086 Q.54 0.94 0.92 1.20
4 59037185 $9037150 0.60 0.86 0.86 0.90
5 $9037150 S$9037186 0.53 0.87 0.97 0.94
6 59037074 $9037185 .66 0.95 1.00 1.05
7 59037011 59037185 0.56 0.93 0.97 1.16
g $9037186 §9037195 0.66 0.92 0.90 122
9 59037195 §9037123 0.65 0.93 094 1.15
10 59037195 59037153 0.65 0.93 091 0.87
11 §$9037195 59037034 0.68 093 093 0.93
12 $9037034 §5037199 0.70 0.94 0.95 0.97
13 §9037102 §9037086 0.58 093 0.91 0.98
14 §90370217 §9037195 0.55 0.82 0.95 1.16
15 50037065 59037186 0.43 0.86 0.89 1.06
16 §9037193 59037034 049 0.87 09t 1.13
17 §9037199 S9037133 0.40 0.88 0.50 0.72
18 55037161 59037133 0.58 0,92 0.95 1.31
{For Rainfall Stations Located in and around Ena River Basins)
i $9037077 59037134 0.48 086 0.37 0.91
2 S9037053 §9037199 047 0.37 0.95 1.09
3 S903N 72 59037199 045 0.78 0.80 1.48
4 S9017164 $9037072 0.48 0.87 0.95 0.99
5 59037142 59037166 0.44 0.88 0.92 0,92
6 59037163 59037135 0.24 0.71 0.49 1.37
7 §2031170 59038023 033 0.69 0.72 1.12
8 59038023 §9033002 041 0.82 0.81 0.58
9 59037146 §9037226 0.40 092 0.95 1.25
10 59037226 $9037227 0.28 0.92 0.91 0.99
11 590317224 $2138005 0.25 0.85 085 1.08
12 59038008 S8038001 0.46 0.94 0.94 0.98
13 SO038008 SO138008 0.43 0.85 0.83 1.20
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Table B3.2 (1) Weightness of Thiessen’s Polygon for Each Subbasin

i2-td

(3) Subbasin 4BE2 (it) Subbasin 4CB4 (iv) Subbasin MASI-RL.
Suion Meomn Annual  Weighness Station Mean Anmal  Weighuress Station Mean Anmual  Weightnoss Sution Mean Anmeal  Weightnoss
No, No. Rainfall baween  of Thiessen's No. No, Rainfall betwoers  of Thieasen's No. No, Rainfall betweeny  of Thiessen’s No. No, Ruinfall beaween  of Thicssen's
1957 and 1990 Polygon 1957 and 199¢ Polygon 1957 and 19%0 Polygon 1957 and 199¢ Polygon
(rm) %) () (%) (mm}) (%) {rrem} (%)
1 SHB6TS 1319.2 2.643 40 SHBT0Z 1,161.8 1396 1 59006164 15443 1.830 T 59036220 15314 0.030
2 3906247 LA 0.620 41 $HITI00 13253 0.957 2 S9006286 1,993.8 2592 2 SHNT0e? 1.015.0 156
3 59036246 1.489.7 1.004 41 59007131 13982 3.008 3 39036233 22192 5947 3 SHB60S2 20656 1538
4 SH61ST 17314 1.459 a3 oMM 14971 1569 4 39036259 26441 9.084 4 $HM7004 L1371 1953
$ 59067 21193 5621 44 59037042 1,645.8 2298 5 59036212 2,607.4 11.664 5 59137048 9424 2382
6 SO0602S 11681 1369 45 SN0 13096 2911 6 S9n6 1,926.7 6.404 & S6037072 1,1209 1.036
7 EH6164 15443 0.103 a6 59037063 16294 2340 7 SKDE220 15314 16543 7 SHIAT002 2433 2.008
3 SRS 26541 1479 47 S9037207 11089 1.427 5 $9037010 1,053.7 10063 s 59137006 9339 2749
9 S9006318 2,646.7 217 48 59037001 1.061.0 0.213 9 SO03T04T 1.015.0 10490 %  SS137053 9269 $.408
10 Soa6292 22743 0502 49 55037044 11371 0.066 10 SHU36052 2.065.6 24,442 10 S35 1.019.6 0.601
11 506212 24074 0520 50 59037037 10224 1.192 11 59137048 9424 0.534 11 5913074 2243 7616
12 SH0&052 20656 0.132 51 S90070% . 12020 4,378 12 59037072 11209 0.457 12 $9137090 9310 17920
13 SP036104 1,7876 1.450 531 SHONYT 029 1310 Dasin Avenags 31,8358 13 SN 1.053.5 788
14 §9006302 15250 1616 51 59007112 9746 0.184 Rainfall (mm} 14 SHOTER 1,1209 6534
15 59006108 20132 0.808 54 SHETT 955.0 0.500 15 S9057023 11228 3.440
16 SP3629 22478 0.565 55 SH0AM0N 15262 0.75% 16 SHMTN6 12405 6264
17 59036314 25758 2853 56 SO007075 17516 2443 (ilD) Subbasin 4CA2 17 S9037057 10224 1.660
18 S9(B6291 17989 1859 571 §9087115 2205.1 0.316 Staien MemnAanual  Weightness 18 SYM7IIY 929 :.
19 $5036128 14595 1,961 58 SemTINT 2389.4 0.949 No. No Rainfall berween  of Thicssen's 19 S9037050 1,304,1 2554
20 SO03E2IT 14781 2,063 Basin Avenge 14773 1957 and 1990 Polygen 20 SYONES 745.1 10.890
21 SR AL 1122 Rainfall {mm) (ren) %) 21 SKTR 7162 9.35%
22 S9M62ST 10299 1.106 1 59036025 1,168.1 0.228 22 SOYINONE 5139 2.
23 SHI46E 9045 0.659 2 So036164 15443 10482 Basin Avenage 9679
24 SP006274 9814 0533 3 SH036152 12966 10.728 Raindali {(mm)
25 SH006275 . 8912 0.925 4 55036138 1674 $.453
26 SH060T2 906 . 014 5 SY0E30S 15914 20507
27 SHBERSYT 2457 0596 4 S$9006191 13374 1.9
2% SP036017 9731 0.706 7 S9036286 1593.3 9570
29 S9036288 10023 151 B 59036233 22192 6.008
30 SOMGI 5354 amr 9 SHOBELSY 2,644.1 0598
31 SH37064. $97.6 4023 10 §9036283 19267 11,963
a2z SYONW 1,082 5325 11 SH036220 15314 13.672
33 SYOS 16415 1.763 12 59136063 1200.0 0207
34 SH009 1.249.1 0847 13 S913609 1.013.5 2252
35 $903M060 1,0424 2792 14 S3087010 10537 5924
36 SHOOT00 sTLY 2369 15 ST 1,015.0 0.114
37 SH0604 1,0009 1843 16 SN2 1,1209 0456
38 SHO6ZY 1,445.0 1420 Basin Avernge 1,619.8

39 SN 14426 2839 Rainfall {mra)




it-¢d

Table B3.2 (2) Weightness of Thiessen's Polygon for Each Subbasin

{v) Subbasin KAM-RL (vih) Subbasin GITA-RL (Ix) Subbasin KIA-RL {x) Subbasin 4EAT
Station Mean Annual Weighmess Sution Mean Annual Weightness Starion Mean Annoal Weighwess Station Mean Annual Weighuou
No. No. Rainfall between  of Thicssen's No. No. Rainfal]l between  of Thiessen's No. Na. Rainfall between  of Thicssen's No Mo Rainfall betwoen  of Thicesen's
1957 and 1990 Polygon 1957 and 1990 Polygon 1957 and 1590 Polygan 1957 and 1990 Pulygon
{mm} (%) {mm}) (%) () (%) {nm) (%)
1 59097183 745.1 4,606 1 S92 7i6.2 30172 1 59137076 6139 17278 1 3%AN27 23894 3.609
2 ssoan Ti62 35,876 2 89137076 6139 0.650 2 55037224 T34% 15883 2 SH0B70T7 19130 8537
3 §91370%6 613.9 27292 3 59037146 6833 20562 3 55133005 7919 18,766 3 ssmnm 1,103.0 1.994
4 S000TIO8 3324 12,225 4 59037104 2.4 43,621 4 S9037T27 8409 13.015 4 59037133 1,179.0 3247
Basin Avenge 7040 5 S5037135 10160 4,655 5 S5038008 693.7 5104 5 S9007141 8972 4.45%
Rainfall (mm) - Basin Avenige T34 6 S903%00% 7810 5.012 & SYINT $321 3.648
- Rainfall {mm) 7 5503767 791.1 11935 7 SwW3Ns? 10718 e
3 590072126 B52.% 5.582 g $9007065 13937 3.636
(vi) Subbasin 4DD1 9 59037146 6833 1.742 9 SHMTIN 14898 7252
Station Mean Anmual Weightness !"ml Subbasin KIND-RL 10 59037133 10160 5.690 10 3907153 16142 1482
No. No. Rainfall betwoen  of Thicszen's Sution Mean Ancual Weightness Basin Average 767.1 11 S90004 16828 3055
1957 and 1990 Polygm No. Ne. Rainfall between  of Thicssen's Rainfall {mm) 12 S%ne 1,636.0 4,862
{mam) (%) 1957 and 1990 Polygon 13 Symnn 20813 3.826
1 59007137 9029 0,223 {mm) (%) 14 S9BT195 13007 2.20K
2 SHA7NI2 9745 3.208 1 5907222 7162 5348 15 S5007186 14785 3.m2
1 5MNAT 9512 2.659 2 59137 613.9 1.248 16 390N 1559.0 7561
4 59037110 9895 29718 3 ssamn Tia9 20321 17 S507085 20813 1103
5 SYmNY 955.0 . 5378 4 SS03T146 683.3 69340 1% 59037102 21134 7.760
6 59007031 15262 9977 5 S9037135 1.016,0 3. 744 19 S3937002 9300 0412
7 59007075 1.757.6 0.690 Pasin Average 2072 20 SHPBITA 16613 0.1
& S9007115 2,205,1 5,953 Rainfall (mm) 21 S$9057011 135015 0.560
9  SHANAY 2,7§9.4 193%% 22 S9037185 1,7362 2.670
10 59007077 1.913.0 2.800 13 597150 15649 43532
11 390371 1,422 3557 24 S9M708S 14288 6583
12 SN2 1,869.9 LY Basin Average 1.605.3
13 S9007008 1,1372.3 4006 Rainfall (mem)
14 S9M053 14993 0,142
15 S900NTL 9913 2.037
16 - SHMT03 10164 2950
17 S%3716% 8§47 4136
18 S907IES 3324 5341
1% 59007050 13041 7.007
20 SYOTIR T45.1 2698
21 S9Q3TI08 8324 4599
2 SYBY 906.2 2422
27 SN2 1,1209 0.697
24 SOU3T164 11347 0213
Bazin Avenge 14934
Rainfall {mm)




tc-td

{xf} Subbasin MUTO-L

o

Swlion Mean Anmual  Weighinoss
Na No Rainfall betweens  of Thiessen's
1957 and 1990 Polygon
{mrn) {%)
1 89037077 1913.0 4218
2 S9N 1,742.2 0.805
3 39057053 14993 9.5322
4 55007171 9913 1221
5 ssmNne? 79141 0.666
& 55007029 9062 7315
7 5937133 10160 ant -
3 39006 7426 16149
9  S90071I66 1,065.7 7.686
10 59007072 1,120.% 6.183
11 55087142 1,160.3 5633
12 39007164 1,1347 6854
13 SemN7n2 1,103.0 - 406
14 590N 1,179.0 5,663
15 SsMN6 2 5910
16 SHMNI7 $321 12791
17 SeO7IRT 1,071.8 0.222
18 59037199 16360 0472
Basin Average 1,063.2
Rainfall (mm)
{xil} Subbasin MUTO-R
Suuon Moan Anrnal Weightness.
Na No. Rainfull between  of Thicssen's
1957 and 1990 Polygea
{mem) (%)
1 SSE009 ‘1810 6048
2 S983013 652.0 3340
3 S90N6T 7.1 9102
4 S903N6 7426 2743
5 590N 832t 9.102
6 SHI803 933.0 39326
Basin Aversge 3RS

Rainfall {mm)

Table B3.2 (3) Weightness of Thiessen's Polygon for Each Subbasin

(xiif) Subbasin 4F19 (xiv} Subbasin GRAF RL
Suton Mean Annual ‘Weightness Sugon Mean Annual Weightness
No, No. Rainfall beaween  of Thicasen's No. No, Rainfa)] between  of Trueusen's
1957 and 1950 Polygon 1957 and 1950 Polygon
{man) (%) (mum) {%)
1 SsmNz? 22594 0247 1 S9037170 32l 17.024
2 39038006 7569 0654 2 59038023 933.0 25.704
3 S9! 10718 $.389 3 $3038006 756.9 44307
4 S9037086 2,081.0 0313 4 S5037.87 1,071.8 12965
5 SY0eT102 21134 9.062 Basin Average 8558
& S3937002 9390 5920 Rainfall ()
7 S3937000 14542 5.904
£ SBY3IN06S 1.304.6 4,344
9 53937038 14121 143
10 $8937062 13716 3.985
11 S9037N24 1.751.7 B
12 59037074 1.661.3 1,538
13 5907011 15013 3146
14 5937085 1,428 8 5418
15 S0 9804 10,762
16 53033010 £93.4 172
17 S903M221 1209.6 £.995
15 58937072 1560.3 6.097
19 58937099 1.663.0 4524
20 53937021 1,867.5 1,643
21 53937066 15271 1414
22 SE9I7019 17563 1.467
23 S3937014 AR 1342
24 S8937053 2,135.4 0512
25 S3932080 23429 0565
Basin Avenge 13802
Rainfall {mm)




Table B33 Annual Monthly Ralafall for Subbasin 4BE2

e . (Urit: mm)
YFAR JAN. FFR. MAR. APR. MAY JTUN. JUL. AUQG. SEP. OCT. NQV. DEC. ANNUAT,
1957 985 330 1184 os? 3502 439 %8 332 539 1734 1930 1170 15989
1958 £53 1147 843 1905 3994 1008 a2 218 181 523 1758 180.1 15468
1959 (3N} 421 60.7 3000 3.6 00 154 &9 6 654 2009 LEE] 1,2512%
1960 65.0 498 140.0 2593 942 9.4 1315 ns 3712 1618 1264 M3 1,101.9
1961 172 01 894 2550 21102 $9.8 184 1029 1374 6419 AT 1510 24536
1562 156 18 88.4 w052 3060 451 452 219 352 1353 139 122 1309.5
1963 1042 611 1216 5635 3393 554 132 579 233 681 2043 724 1.2951
1954 421 i 1303 5160 11635 467 6035 95 275 1698 14 1413 LR07
1965 €93 20 621 148 1664 65 4712 456 394 1669 g 62 12593
1965 07 546 1684 4150 149.4 653 247 4246 288 My 2101 200 14499
1951 166 242 602 e 508 556 636 0 ina M9 2521 516 1.885.4
1568 159 1993 2035 4063 2189 846 6268 436 291 1828 4 1356 19845
1967 806 1019 1512 1124 1648 313 551 538 536 337 1414 492 1,1893
1910 150.1 164 1813 3398 1957 £0.0 456 589 al 980 tore 598 13930
191 420 148 780 248.2 2518 738 612 641 404 833 933 1093 1644
1972 635 1313 421 1319 nrs 728 357 348 2290 Eler 3] 2958 533 15958
1973 1.k 954 246 2761 1750 s 444 552 646 1304 1713.2 ns 1,193.2
1974 273 381 1193 2914 1282 138 1555 764 130 734 1723 606 13180
1975 166 240 555 2360 2190 518 89.7 553 %3 1542 93l 180 11435
197 265 608 425 1884 100 6.9 69 414 634 8217 192 1281 1,918
wn 300 529 114.2 4623 2793 431 508 519 383 1856 3315 1303 18222
1978 843 1102 2633 409 1421 567 519 604 200 151.2 1512 154 1,185
1579 145.1 1218 1493 2631 3637 1072 423 19 300 1296 1703 n1? 15387
1580 493 233 610 1672 2843 4058 155 838 13 106.5 2816 587 1417
1581 8 408 2475 3010 49 415 452 550 509 17%%0 172 1155 15322
1982 395 20.7 5.7 s 4203 543 414 460 103 3143 188.9 914 16084
1983 281 255 484 90 2630 759 358 529 346 1310 1125 1398 13021
1984 254 140 328 1512 636 287 455 152 azs M3 264 675 9345
1935 28.0 785 1747 3432 257.0 567 58% 343 420 1135 155.9 597 14032
1986 193 191 854 402.5 3142 842 213 203 316 1258 V115 128.1 14304
1587 419 ny 54.6 2432 2073 108.1 i76 0.3 199 413 2318 263 L1169
1988 530 85 105.4 557 8 188.4 765 621 919 986 191 ms 1336 13553
1989 829 614 922 PYEN 1814 19 191 725 842 16 2564 208.6 1.601.8
1590 £6.8 610 2822 310.8 195.3 369 340 386 N0 158.2 1696 1083 1,493.2
MEAN 60.6 59.0 1125 3556 2489 602 521 553 50.0 1564 2047 162.2 14713
Table B34  Annual Monthly Rainfall for Subbasin 4CB4 ‘ -
(Unit: mem)
YEAR AN EE8. MAR, APR. MAY JUN. . AUG, SEP, OCT. NOV.  DEC. . ANNUAL
1957 1176 1589 953 4488 540.9 1247 322 41 26.7 180.4 2333 & 19718
1558 658 1936 2838 2385 59156 1798 161 239 152 148 1572 1305 22039
1959 473 30 101.7 2173 3250 202 624 972 54 493 2559 1649 1426
1960 544 839 2417 3073 1333 45 247 245 732 1201 2565 60 14196
1961 269 N4 1295 2615 2012 70.7 35 9.2 1107 479.8 680 269 2450
1962 1295 3 146 4334 3306 £25 48.7 138.7 3 160.1 1836 125 1308.6
1963 129 844 1664 6169 3637 Bl 51 545 306 119 3342 296.6 22365
1964 618 147 219 5396 s 625 1199 821 56.2 153 2369 1616 2169
1965 874 437 324 3302 2598 522 521 45.7 598 1914 3108 1408 15664
1966 164.3 §8.2 2934 5534 2125 5.4 274 418 €15 169 2146 20 1819.4
1967 16 358 533 155t 541 2 95 95 74 341 291 264 524 15528
1568 31 n 124 217 2146 17 596 453 118 1886 41 200 22521
1963 101.9 t41.% 1147 129 1392 453 596 €05 423 8.7 1646 2139 13405
1976 1936 32 1314 5452 2888 $63 455 98 n? 1083 1673 492 1827
197 314 55 993 4154 3824 53 £16 353 181 76 1232 1316 14574
1972 854 139 613 1395 2616 937 307 7S 724 379 31312 954 17146
1973 139.3 92 131 331.7 1705 534 247 EY 5.7 15 187.1 247 1224
1974 123 0y 177 550.9 137.8 196 205" £35S 144 88 1972 418 1654.2
1975 129 89 B24 2447 278 $9.2 02 392 140.4 M8 1.2 712 13418
1976 361 i £04 2079 1571 7% 65.5 32 788 109 3481 g 13846
1977 1122 1509 1708 - 6359 an 831 €3 6.1 8 168 5454 1807 26338
1978 1138 1066 4586 7114 237 108. 995 64 137 1968 2448 21846 29234
1979 1586 1624 2813 £3.4 4318 106.3 454 585 413 1485 1975 ] 13841
1550 1196 271 99.4 1956 483 96 7 2 605 1165 6668 9 19957
1981 34 239 2859 4041 4062 425 568 399 39.3 1504 1533 195.6 18422
1532 403 141 1058 3188 . 3728 841 543 69 315 3819 237 1175 1936
1943 96 §5.2 612 3726 61 1026 489 571 256 1811 N4 2822 15185
1924 121 56 388 1905 119 71 664 3 474 2991 2835 123 1164
1985 72 157 2117 5302 2269 68 508 219 282 169 1628 535 16614 :
1956 361 18 1207 018 M8 0N 223 127 236 1373 263 140.4 16569 X
1987 29 326 8% LXER 2313 14 212 508 153 241 2525 459 1183
1988 1226 562 2455 7054 2615 134 78 953 94 852 1846 1856 23123
1989 1555 852 1456 3784 2316 sk 497 497 100 168.1 2624 2211 19132
1990 &3 67 414.7 1149 265.1 464 405 483 215 1959 1453 1438 17923
MEAN s 734 165.7 395 365 §18 607 541 573 1773 668 124.1 18353
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Table B35S  Aonual Monthly Ralnfall for Subbasin 4CA2

(Unit: won)
YEAR JAN. VESB, MAR APR  MAY JUN. . AUO. SEP, OCT. NOY. DEC.  ANNUAL
1951 1040 410 9.1 3510 399y 199 413 3133 K 1473 1766 643 16519
1958 411 2.6 1320 1358 3488 104 #1112 58 13 1106 1457 s 1,750
1959 681 10 1386 ms 2669 09 453 &1 513 559 1967 680 12564
1960 555 1122 PIAR] M7 1214 463 241 s £13 1444 1636 426 14353
1961 03 668 949 2400 2198 06 894 mao 1267 4063 140 2429 22458
1962 1795 61 1013 n2 3423 174 ns 745 31 1500 102 946 16391
1963 s 825 1t 5216 M2 652 73 654 249 101 2344 2452 1.949.1
1964 425 1427 1988 44654 M9 $13 ni 613 27 1153 1811 21 128
1963 900 519 33 2958 2604 n1 595 535 8.7 1549 21474 589 14217
1566 760 964 2457 4946 173 02 2353 841 544 1444 1608 ns 15905
1567 15 454 7.0 134 3839 764 933 692 34 2201 1990 586 16103
1963 £0 1507 918 mn2 1954 96.8 He 291 164 1522 1516 1494 13606
1969 824 1143 1315 658 IVA 368 a5 34 419 98.7 198 208 1,156.7
1970 0.2 352 w4 ms 255 913 363 538 363 963 17 150 1635.6
151 699 133 n 3516 ner 205 L1R1 536 s 874 106.1 E ) 14304
19N 223 1.4 60.7 1373 2349 D3 noy 06 369 113 M2 .6 1,666.7
1m 1228 1259 109 ma 1495 919 FLRY 4290 982 §9.4 1753 na 1,228
1974 128 21 1633 4566 1071 1405 1900 33 412 762 1840 453 14250
1978 128 155 1049 2118 49 417 509 415 785 1433 34 631 1,084.1
1976 324 (2] ] 866 1940 1641 132 61 555 948 731 1902 792 1,091
1977 1219 95.0 1430 S04.0 3702 s2t 612 04 288 s 483.7 120 2.240.8
1978 1172 895 Lo 2937 1598 02 411 435 (F1.) 2403 1430 194 119
1979 117.0 178 1809 aset 3159 1461 584 372 415 1094 1353 €9.7 13,7402
1980 &8 442 1433 531 3822 9.0 a2 5X] 1.7 1303 640.2 996 19858
1981 123 430 240.6 31t4.7 952 556 ns 418 710 1414 1543 1458 14146
1982 99 32 532 29 13%0 663 91 549 820 6.7 2544 186 1617
1943 27 873 573 2548 248.2 105.0 £90 556 336 1615 ma 1576 1,408
1584 3038 99 114 2003 1.3 193 78 506 8 2435 nn 746 10693
1585 140 11535 013 344 niz 756 6 204 287 1282 1204 k] X3 1,405.0
1986 3317 213 (EIR 1585 3256 752 119 102 220 1481 2445 143§ 15381
1987 597 513 584 3210 2109 1386 n? 536 40.7 193 2627 EYA] 13118
1938 2144 294 3202 879.0 246 ns 1453 1256 179 752 me 1320 26852
198% 0s 1048 1511 %66 2380 554 308 74 1003 1668 1912 2101 1.7974
199 820 775 3107 2965 2287 553 417 516 358 1415 HS 1216 15460
! MEAN 75.0 78.1 1554 3311 256.2 814 601 556 514 1522 2165 1008 15198
Table B3.6  Annua] Monthly Raiafall for Subbasin MASI-RL
. (Unit: sram)
YEAR JAN. FEB. MAR APR. MAY JUN. UL AUG. SEP. OCT- NOV.  DEC.  ANNUAL
1957 1280 113 95 2011 2780 163 74 78 18.7 714 19%5.0 653 10289
1958 285 401 950 425 3014 312 s 14 a9 411 1319 My 11021
1959 544 154 71 139.6 1788 21 179 209 56 107 2262 622 8S
1560 14 13 166.6 1251 363 66 61 41 68 127 562 424 6154
1961 80 03 845 199.1 776 180 92 88 252 3457 sus 146 14311
1962 654 16 533 8.7 1473 161 116 3 14 1214 (13 251 mo
1963 579 1S 13,7 2949 2140 0y 43 223 154 664 260.7 2831 1,428.0
1964 550 n1 1582 3282 IS 152 37 89 72 641 1354 4 1.004.0
1965 733 12 463 2165 457 5.7 61 1% 37 320 2018 196 729.8
1966 5137 187 1868 1923 415 95 17 79 191 618 1869 292 8218
1967 37 134 655 186.7 3604 136 163 09 232 163 148.8 161 1,0320
1568 01 1306 4268 2330 161.7 30 ER 109 29 708 4138 148.% 14553
1968 10 957 1S 444 149.4 76 kER | 189 122 514 158.0 303 760.4
1970 ns 13 1873 2438 1252 97 266 128 19.7 244 1047 409 1934
5921 257 28 467 309.2 1790 143 202 (X 23 120 1073 1250 1593
1972 390 512 511 478 1550 11 &1 k] 249 298 164.0 S £56.8
1973 954 129 142 1882 434 35 6% 43 47.2 51.7 1508 196 6440
1914 04 165 1163 %0 0 49 397 64.1 208 18 398 1536 38.2 L¥iB]
1975 128 28 965 nos 651 690 302 33 537 803 1351 120 798
1976 23 24 183 9 179 658 49 11 116 310 s 839 913
1977 432 339 829 4145 1216 149 £3 1 LERS 153 33 3428 1069 1L.B5S
1978 i N 2y 2208 2146 304 6.1 80 £X ) 318 1687 i744 95.7 1,161.0
1979 nnz 731 1683 1149 1288 228 59 50 12 330 2262 332 10694
1980 5k 50 524 14,1 2105 17 13 131 a2 kxR 327 192 8291
1981 104 40 2917 Fir R 16 C 63 19 1.6 124 749 1307 639 10047
1982 104 71 1801 2408 60.2 129 £9 29 168 2685 1968 794 1,000.0
1983 34 515 17 260.1 288 142 33 2.2 1.8 729 (IR il 6710
. 1984 127 0.7 417 1161 43 13 96 23 257 1668 1975 510 £735
I 1985 83 947 1453 s - 566 30 46 17 1.1 290 1561 416 §958
1936 203 74 981 266.2 3162 196 s3 140 71 1.7 2605 1361 10619
1987 519 468 611 2432 1352 6 %3 452 553 113 27198 230 1.107.7
1983 453 156 1548 4132 745 409 48 74 194 366 1513 1774 L1513
1589 936 14 1365 2952 106.1 122 106 83 135 1.1 w1 919 11355
1590 4732 510 104.5 3398 633 24 64 i3 132 1020 1684 140.4 1.251.1
MEAN a4 333 15.0 1363 114.5 187 13.1 110 16.6 902 196.§ 104 $62.9
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Table B3.7  Annuol Monthly Rainfall for Subbasin KAMB-RL

{Unit: un)
YEAR IAN. LR MAR. APR. MAY JUN, JUL. AUG, SEP, OCT, NOV. DEC. ANNUAL
1957 8 56 2 1306 1142 63 iL? 1% 252 663 1524 411 7234
1558 138 36 354 1603 2048 205 308 19 33 271 414 612 6764
1954 461 35 £8.1 1020 1219 23 h2 23 150 65 2.5 1135 561 6326
1960 9.2 54 1nse 654 187 52 23 49 13 1052 350 116 3540
1961 28 122 424 1502 831 150 107 9.7 01 2920 43 M7 1,145.4
1962 403 04 2 1487 e 10 152 433 59 766 64.0 53 6325
1563 36 536 1.3 382 1006 i58 13 169 95 513 1413 1146 859.4
1964 238 i76 852 259 405 2.5 127 59 11 141 915 1041 7.9
1965 143 00 201 1434 419 [A 107 119 33 602 1682 102 5023
1966 170 155 1230 109 451 6.7 155 51 120 7.7 1765 263 6933
1967 45 k% 69.2 1837 2949 106 155 216 233 119.8 1599 090 9181
1963 Gn 813 1365 2119 95.9 103 03 184 &1 685 2763 1137 16403
1969 68 724 1054 689 86,4 9 808 k1.3 251 $59 1713 123 312
1310 20.0 o0 126.5 1455 [ 2 45 150 s £8.4 83 EG1 258 6%1.7
151 04 53 340 1722 1100 133 420 81 23 212 1043 284 541.7
1822 EER 126 53 363 12334 125 10.4 41 s 1762 194 326 6315
1873 s 11 142 1055 pLE ] 313 109 101 i %) 1311 33 4220
1974 3 154 634 197 45.5 N4 598 130 o0l 114$ k] 478 605.6
1975 kX 1.7 421 1933 365 18 209 0.0 434 28] 163 194 S08.4
1976 00 %81 06 1598 190 FLR ] 03 00 12 116 1163 95.% 4539
1972 %2 3o 175 335 339 g1 00 52 357 0.0 2183 110.% 8902
1978 413 844 508 132 178 04 00 00 234 113 1806 792 Bi31
1979 1155 374 t07.1 1314 946 330 29 45 0.0 219 1910 264 8267
1930 64 0.1 45 1013 1nG 00 04 (4] 093 123 1114 125 4937
1931 34 05 2903 151.7 85 08 0t 01 126 4132 798 335 6989
1982 16 03 164 1758 518 43 3 03 147 1821 1291 421 6881
1383 4.6 15.9 M4 2321 215 03 . %) 12 18 404 385 61S 41546
1934 224 44 682 317 03 0.0 1.4 02 8o 1356 1615 949 6295
1588 63 159 B&7 2638 kL¥ 10 34 22 15 398 863 391 6403
1986 1 X3 35 1no 269.7 741 923 44 32 30 629 2349 624 7669
1947 515 241 407 1403 108.4 663 161 205 246 155 1518 328 6724
1988 40.6 33 1200 s 412 102 60 00 322 561 i49.4 i41.2 $1k
1989 545 3 11%35 2034 5 20 65 o0 44 1488 1350 49 887.2
1950 574 340 2013 2931 13.5 25 51 0.0 1.9 971 1208 943 991.0
MEAN 242 201 710 1754 787 106 142 101 1656 13 150.7 5489 T
Table B38  Annual Monthly Ratnfall for Subbasin 42D1 ]
{Unit: mm)
YEAR JAX. B, MAR. APR. MAY TUN. JUL. AUG, SEP. OCT. NOY. DEC. ANNUAL
1957 63.2 50 783 1629 2950 100 243 334 505 1661 2658 1383 14135
1958 236 624 57 2574 4363 BO2 8.3 15.2 75 395 2818 175.0 15533
1959 5214 45 830 237 2980 110 866 430 263 3635 120 803 12691
1560 241 132 118.6 1713 813 281 158 13.8 g9 1413 822 $23 68
1961 10.8 25 728 2420 1732 662 949 11T 1639 6169 5944 121.7 2.244.1
1962 216 5.7 738 2392 3130 2623 Eral 1204 512 1622 £78 116 13380
1963 6§33 12 1327 5013 3455 T84 31.6 674 22 806 2400 1750 18222
1964 419 480 1854 1587 1655 456 50.7 nure 41.6 189.0 14113 12561 15438
1965 566 208 533 2635 1458 ¢ 553 6135 384 114.0 3285 781 1259.7
1566 441 253 2002 3558 161 4 859 58.9 BN ELR) 240 2354 141 15228
1967 148 109 704 2537 5324 545 812 %02 569 2993 2674 78 13052
1968 10% 1748 33 383 a4l 1013 1138 769 183 1761 360.5 1785 10729
1969 oGk 913 13386 N2 NG 3 1% 1323 320 124.9 167.2 216 135G.6
1910 1288 51 023 3702 2523 4.0 63.0 165.0 58.1 1049 1382 40.7 15953
N 212 140 433 3210 2748 3.9 101.8 527 346 101 8.0 757 12252
1972 5.7 63.7 320 1261 3491 590 66.4 341 123.7 393.7 261.4 €30 LE3&0
1973 6%.4 512 249 2528 1267 4.6 513 565 555 1183 1968 308 “1,1828
1974 133 249 545 2415 1172 1461 200.1 LR 319 61.0 1411 40.9 11507
1975 52 33 309 393 268 576 32 103 646 1133 1608 531 11793
i976 128 352 22 103 2364 930 462 361 340 851 1888 893 12624
97 601 67.2 919 47 2511 568 698 593 461 §80.2 3533 930 18729
1973 432 9.4 2133 3.0 1090 598 111 625 109 1586 1207 109.2 16136
199 1379 785 1164 e 3862 119.0 25 524 293 924 204.4 13 16546
1950 450 45 720 1581 247.2 164 402 1048 172 126.9 4239 538 13514
1551 115 73 2652 3825 1290 iz 513 43 598 1451 1441 (FA 1,605.7
1982 346 04 850 3066 4143 569 758 613 938 3012 145.8 743 1,679.7
1113) LS 323 142 3na 305.6 782 541 432 394 1764 nz 1082 13514
1584 134 56 39 7 649 402 539 59 35S 2883 P2 Ry 357 1,077.4
1985 na 701 199.7 3306 2553 581 504 580 430 1268 119% 154 13712 ¥ -
1985 126 8.0 1% 3534 3803 683 198 221 512 %68 2810 504 14375 o
1987 395 8.1 422 2339 753 946 423 161.9 291 181 s 274 1,283.8
1988 582 266 152 B55.1 1424 516 216 0.0 630 2149 1523 310 20125
1989 882 238 e 385 013 100 18.1 596 153 2523 2427 1070 16138
1950 34.5 449 2636 3128 30 817 304 533 434 2183 1965 124.0 1,702.0
MEAN 458 40.8 106.6 3108 15943 621 655 658 523 1746 2142 856 i 4934
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‘Fable B39  Annual Monthily Ralnfall for Subbastn GITA.RL

(Uait: ran)

YEAR JAN. FEB. MAR. APR. MAY JUN. UL, AUQG. SEP. OCT. NOV, DEC, ANNUAL
1957 209 LAY 639 1198 1263 EN ] 95 &4 248 438 1393 761 6441
1958 1B56 M6 349 109.6 1826 130 200 10 1.3 1%.6 115 [13 6139
195¢ 501 1.7 e 109.6 1258 11 244 16 34 37 F LIRS 630 7.1
1960 04 127 793 583 222 3o 1.4 14 0. §2.8 104 619 3566
1961 62 223 %S 1651 610 6.1 55 X2 1556 N2 4522 441 139410
1962 506 23 33 pLYR S 933 06 26 13 62 439 598 63.7 6438
1563 57 510 106.0 1953 147 136 4% 2.5 199 340 1528 157.0 899.7
1964 515 1.0 534 2768 71 26 1.0 171 42 665 1435 W06 9073
15963 138 00 105 1234 192 3 41 57 9 4190 1429 198 4065
1966 189 36 0 1282 598 63 77 26 50 94 16834 138 8317
1967 41 82 954 1764 199.6 69 68 190 259 148 W6 13} w2
1963 0.0 6138 185.7 1514 156.4 300 101 92 30 472 1317 1260 12146
1969 9.1 £50 1190 32 1144 16 a8 242 125 454 40 190 1687
1970 5.0 0.0 1404 1459 648 32 16 132 413 129 §27 356 H41
9 12 13 258 ¥4 1215 39 215 32 12 195 1148 54.8 £29.2
1972 643 464 203 19 ns 152 56 20 21 19.0 1550 615 7126
1973 500 73 252 1494 "o 15 50 53 100 203 163.8 71 4683
1974 103 2%4 803 1793 243 26 306 4.3 00 Hno 1116 mne 530.5
1975 10 00 5t¢ 177.2 1.4 09 121 00 3t 584 340 212 5002
1976 0.4 2563 35 1428 1046 309 00 a0 141 124 139 100.1 4530
1977 34 50 7 4114 08 44 00 59 2 16 205 1531 1,169.1
1978 3 92 1153 120 L] 16 00 0.0 129 1465 1763 105.0 8388
1579 1334 288 717 208.8 no 163 39 31 0.0 421 1864 44 868
1580 12 00 181 498 202 o0 0.0 64 14 188 20719 137 406.9
1981 1.1 0% 2139 142.7 1.0 [19] 1 29 66 581 104.2 B4 6701
1582 60 01 628 1817 620 20 121 02 2.1 203.1 1830 454 ™3
1583 134 200 481 1716 244 00 463 00 08 256 £54 §72 429
1934 187 638 393 156.1 0. 00 0.0 0.0 74 1600 2003 $03 6339
1988 32 440 925 2401 436 a9 70 53 &3 £0.0 1053 402 6553
1986 i3 01 204 316 3.7 32 93 01 02 £53 2345 83 189.0
1987 386 84 240 993 1517 335 205 82 06 64 1363 Lt 5449
1988 1016 130 1085 3312 834 34 57 340 1440 1203 1964 1153 12819
1989 682 9.0 879 2294 100.2 35 93 0.0 54 4n3 2123 247 14724
1990 805 326 4ARS 287.7 2246 136 113 0.0 315 2302 1525 1327 16442
MFAN 312 214 313 1768 [T 8 187 1.5 19.4 3 1726 723 T34

] _
Table B3.10  Annval Monthly Rainfall for Subbasin KIND-RL

(Lnit: rm)

YEAR JANR. FEB. MAR. AFR. MAY JUN. JUL. AUG. SEP. OCT. NOV. DEC. ANNUAL
1657 is5 K] S92 962 590 06 51 1 [¥A] 186 1234 20.0 5216
1958 290 188 320 50.7 127.8 123 13 0.2 03 105 656 943 4904
1959 489 03 723 917 1056 02 154 64 06 07 2414 13 6552
1960 o5 144 689 4t 17.4 06 02 04 ol 56.0 246 630 2938
1961 &1 229 770 1489 394 23 11 32 1807 3522 4339 400 13127
19462 532 217 IR 2937 601 02 4.1 58 49 82 521 08 $91.0
1963 324 a1 109.7 1310 962 9.1 0k 35 210 128 1456 1616 mM3
1962 619 428 40 2579 127 09 2 76 16 454 1203 2113 8503
1965 41 00 302 238 338 18 09 16 06 87 1134 33 3144
1966 183 42 1049 9.4 59.2 65 14 05 1l 154 160.0 303 5612
1967 128 14 753 1705 636 12 13 139 321 1008 3002 13 7816
1968 o0 30 1815 2451 1544 221 18 16 0.5 28 4080 1218 1,177.4
1969 6.2 318 159.1 M2 945 10 73 210 22 IR 3146 04 7i5.3
1570 582 0.0 163.0 1421 462 20 13 44 141 16 724 6.9 600.6
1571 26 05 129 2293 160.1 32 17 06 02 79 1925 763 6837
1972 651 13 104 42 3.4 43 18 04 162 1406 1645 344 6158
1973 455 142 58S 1759 105 o3 03 0y 146 30 2000 243 $38.7
1924 52 454 833 1554 9.1 74 140 68 - 05 45 131 482 4983
1975 39 01 62 2250 799 o2 68 0.0 .7 247 63 334 4683
1976 13 59 42 1250 1) 404 oo 00 171 32 155.7 86 4485
1917 419 $8.0 72 s 593 32 0.0 32 147 73 3541 1461 10599
1978 51 1ot 93t 1262 Y3 6.1 6.0 00 7.5 1366 1533 1200 7874
1979 1617 160 657 1652 654 14 05 05 00 94 1707 47 70L4
1950 11 1.0 269 316 854 6.0 60 54 02 93 2089 104 4297
1981 02 0.1 1368 1330 499 0.0 01 03 12 148 - 1015 238 4668
1982 35 0.0 197 1443 249 04 11 0.0 13 150 2017 100.7 51635
1983 70 324 73 108.7 31 o1 418 o1 ol 5.0 391 105.2 I
1934 249 45 156 148.9 03 00 01 00 38 1567 209 459 £12.2
: 1 : 1985 06 341 358 1068 418 46 09 o8 05 23 S 3 K 456 N0
i 1986 Qs 02 27 7 £4.1 12 09 0.5 (131 387 22 89.2 889.7
1987 259 18 7.3 1202 540 403 24 15 11 12 1482 - 128 4166
1988 263 120 106.1 2730 65.1 106 14 645 1332 1000 2048 1204 51801
1589 518 1.7 §1.0 2015 958 27 85 0.0 40 44904 2377 2625 14286
1930 1250 42 3632 27183 2565 163 118 0.0 362 663 1596 2353 1,602.6
MEAN 330 200 £3.6 159.8 655 6.1 45 45 162 623 1813 840 707.2
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Table B3.11  Annunl Monthly Ralnfall for Subbasin MUTO-L

) {Unit: mun)
YEAR TAN. FEB. MAR. AFPR. MAY JIUN, L AUG. SEP. OCT. NOV. DEC, ANNUAL
1951 639 p2.4] 761 2648 1854 F &5 7.9 146 320 504 p 22K 1156 1,105.2
1938 03 427 872 2424 FILR FiR 4 380 45 13 422 2608 191 3.103.7
1959 26 19.% 553 1312 1381 .31 96 LI 107 213 2142 7048 £30.1
1560 kR | 86 180.4 1352 360 106 9.7 107 94 1434 1Hos 582 761.0
1961 151 59 LR 2208 1400 183 11 174 416 5487 549 483 B
1962 209 02 859 245.0 1331 27 959 443 [LX3 1636 754 $62 9478
1963 27148 498 1268 3948 1655 32 10.1 244 128 9 M2 1821 14433
1964 224 54 30 3682 453 227 136 133 12 1029 135.% 1494 10995
1963 09 02 489 2574 0.3 52 153 klory 127 614 3099 42 3356
1966 263 43.4 1901 mo 428 EA 14 44 56 159.7 79 358 10460
1967 121 8.1 318 352 3285 86 151 110 253 2566 359.1 24 13714.0
§968 00 1416 1869 156.4 931 25 i85 283 11 1438 4173 1434 15766
1969 246 912 1626 4359 1732 30 159 4714 26 918 2452 330 9733
1970 1248 04 2007 1096 595 161 152 3t 26 353 1295 405 9744
1974 21 00 401 3002 1360 187 164 24 13 M7 1533 525 3103
1972 532 19 Nz 652 1613 53 100 34 364 241.6 2 559 9208
1873 35 214 207 1734 34 59 158 129 193 444 191 42 368
1914 34 345 102.7 2553 7 202 351 23 15 592 1436 502 7590
1215 11 KR &38 3257 B33 60 21 $3 349 919 1452 %4 $i99
1876 02 niy 1046 1955 303 438 88 26 156 7046 1544 1148 6837
1% uo 349 1013 359 1289 153 143 144 351 417 5620 1485 14721
1978 847 1148 224 3834 354 2.3 228 136 94 1913 2568 1303 15793
1913 169.1 67.4 1106 2669 925 103 161 1.6 27 150 264.1 611 1,145.0
1980 182 0.3 418 1065 794 1.2 22 1456 30 63.6 3195 17.% 6763
1781 [ 6.4 2261 2630 1337 56 6.8 ixd 98 820 1456 319 663
1582 1.7 32 82 34 912 .23 6.1 17 22 3528 1780 1149 11821
1983 106 174 285 300 516 1.3 20.0 54 146 85.5 084 1663 7659
1984 13 42 3%6 1674 120 29 131 43 148 2766 s 6.7 7961
1985 kN 406 163.1 2192 756 101 164 244 147 100.8 1503 by b 9310
1986 (3] 4.4 582 2540 1035 9.7 74 40 105 5.1 3382 1073 987.3
1687 266 3.4 142 195.0 (XIS 232 38 %3 0.3 1.6 noo 325 681.0
1588 520 138 933 4709 622 268 107 442 6% 1398 3042 1756 14573
1559 675 166 1110 %566 Iy 95 129 159 126 3188 e 1543 14746
1$90 610 414 3384 3i2e 1463 100 159 il4 20 1349 2300 1683 1,594.5
MEAN 327 18§ 107.7 2620 i01.2 1314 179 174 174 138.8 2312 832 1563.2
Table B3.12  Anncal Monthly Ralnfall for Subbasin MUTO-R
(U;niz: rm)
YEAR JAN, FEB. MAR. APR. MAY SUN. JUL. ALG. SEP. OCT. NOY. DEC. ANNUAL
1952 456 50 1K) [EXES] 142 06 i5 20 51 269 2320 1119 7840
1958 205 286 76 2216 334 1.6 35 01 00 109 128.7 1803 551%
1959 526 64 596 948 1533 1.6 LY 163 1.1 i1 165.1 1602 5588
1960 &1 210 174.2 907 198 0.6 0.9 12 124 165.0 65.5 84.0 5820
1961 23 15 189 197.6 343 2.3 3 16 58 2857 6322 [{H R 12916
1962 131 360 1376 141 480 00 252 119.9 34 555 108.4 1258 §80.2
1963 100 183 1322 2263 247 66 02 40 43 207 2693 2426 95.1
1964 1020 353 1019 n 57 4.8 06 16 49 Ly N 1093 1575 7838
1965 Py 00 HLEY 165.1 144 122 14 60 22 915 3663 123 FIEA
1966 52 98 2313 2142 pitR) 46 00 33 13 248 %4 653 891.6
1567 1% 10 10.7 201 163.1 05 0.6 21 456 1449 4158 06 10069
%68 00 1487 1690 3330 485 34 36 32 0o 435 5308 1500 1489.6
1569 4215 9 1415 55 3318 035 1.4 83 57 94.9 1596 n4 721
1970 {1 0.0 1664 1347 153 32 (¥ 33 00 06 9.0 1.0 5769
1971 00 0.0 280 1847 454 130 0.0 0e 24 14 1322 1386 §532
1992 921 351 176 3 169 .0 0.0 [t31] 19 1238 2489 760 CoIRa
19713 123 350 105 1313 30 00 02 00 18 05 2094 341 402
1974 31 233 s 1169 18.0 10 156 00 01 Iz 13156 5% | 566.7
1975 51 03 L% SR IL¥ 3 615 0.0 180 00 163 212 2011 73 5600
1976 00 91 L8 938 145 114 03 00 04 2 016 180 500
1977 448 209 1031 3521 313 18 1R 4.5 129 1.5 4339 - 50 1,388
1978 09 BT N8 MY 24 0.0 25 0l .00 1571 2826 1508 1,2555
1979 ma 119 901 204 32 45 12 16 26 196 2351 140 1.000.0
1530 201 417 199 1263 12 00 o0 31 13 194 2415 21.0 475.2
1984 490 02 22812 165.4 5435 00 3o 0.1 13 659 1695 671 . 76538
1982 02 05 139 FMIE 740 0% 09 02 1721 3.6 2059 - 1932 17l
1983 43 20 56 1671 i3l .6 21 (] 1.4 352 10043 106.5 4419
1934 84 07 56 1258 38 1A 04 07 68 916 - 2086 569 6103
198% 150 197 1601 1600 699 1.5 18 19 15 394 916 682 5928 g
1985 00 24 636 36 420 18 09 S 07 14 U8 3999 1358 1,038.7 i
1987 534 04 261 156.7 651 303 00 122 0.0 o0 1218 34 4577
1588 " 141 o7 552 2267 49 164 23 24 65 294 8512 519 5120
1989 565 24 102 211 523 1.7 28 0.1 24 2057 no 140.3 1,233.9
1950 516 316 1820 2858 291 06 131 0.0 12 1440 185.6 PR 11763
MEAN 342 264 §32 1889 455 40 3.2 £0 S5 4 24) 953 305
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Toble B313  Annual Monthly Rainfall for Subbasin KEAM-RL

. Unit: mm)

YEAR JAN, IF8. MAR. APR MAY JUN, JUL. AUG, SEP. OCT, NOV. DEL. ANNUAL
1952 a 117 853 1421 1091 1.4 28 [X] 1. 31 152 [1X3 7233
1958 224 263 52 ins 5% 6.4 LA [ 3] 00 151 P49 108.1 6131
195% 546 31 649 X3 106.4 14 118 9.3 10 33 1548 1.8 698.7
1960 15 112 100.7 61.2 142 [1X) 0% [ 27 819 £57 14 4262
1961 36 319 369 1608 413 59 1.7 h &) 330 3333 5334 L¥3 13254
1962 41.3 3s 570 2505 s 01 174 144 43 547 1050 1018 7063
1963 038 418 ii6.7 1571 64.5 9.4 01 s 114 9.1 Ao 213 8858
1964 560 2937 $9.0 2405 83 49 12 51 jo 4933 1142 1.2 Bi64
1965 124 0.0 152 140.7 (A 60 27 55 43 550 2157 227 5154
1966 14.6 15.0 163 8 1688 418 83 00 04 1.7 63 342 359 1614
1967 92 33 65.4 2264 %80 18 14 120 326 1536 3404 14 94486
1563 0.0 714 1855 3046 922 146 43 42 0.0 390 4523 1350 13083
1969 167 848 1589 535 70 10 13 t.e 24 12 3002 713 7681
1970 903 00 1818 159.0 444 50 04 68 6.2 LN | 636 a5 606.0
1971 V.2 03 121 1914 103.8 49 0.0 11 0s bS 1615 109.7 3956
1972 508 341 133 34 10.7 22 0.4 27 ne 133 M4 837 6392
151 531 56 82 1485 16 02 05 00 NE 56 1527 209 4849
1974 B4 374 7136 034 141 50 59 18 03 151 1138 53.7 529
1973 41 1.1 280 2693 6319 090 51 00 304 393 §80 263 5658
1976 0.1 239 22 1589 61 7 0.2 0.0 102 38 1579 n2 anyg
1977 497 566 82 1594 616 34 00 4.7 87 34 4.7 1555 1,060
1978 457 1159 1269 1702 13 012 14 o1 15 1441 164.4 e S
1579 1859 7% %0 1701 556 37 20 04 2.1 218 2225 562 8364
1980 52 126 594 825 £94 02 0.0 76 05 13 2474 3s 5171
1981 08 04 22413 1560 531 0o as 04 23 488 1106 460 6437
1952 14 0.7 265 1525 n4 14 22 00 9.1 1714 w069 1619 7664
1983 45 219 124 106.7 169 08 103 09 02 191 4541 960 3396
1984 151 21 250 1640 29 0.0 1.7 01 38 1787 2420 8.1 s
1985 33 479 669 2040 4539 28 i 16 1 611 ne 650 619.1
1985 40 5.4 216 381 66.1 9.1 26 3.0 19 47.1 603 1273 9521
1587 n? 15.1 311 1436 566 13 93 189 155 93 1248 203 5256
1988 5t¢ 63 1294 1568 nt 157 23 347 614 3654 1588 1622 1,0429
1989 50.1 39 1059 2123 806 1.7 52 ot 45 145 2355 199.5 10354
1990 568 397 3257 30t5 1529 36 74 0.0 282 964 1843 3519 15913
MEAN 298 239 831 17935 538 59 34 45 121 650 2011 914 78671

Table 83,14 ° Annual Monthly Rainfall for Subbasin 4EA?

(Unit: mm)

YEAR  JAN. FEB. MAR.  APR MAY  JUN T AUG.  SEP. OCT.  NOV.  DEC.  ANNUAL
1957 513 374 1001 3430 2819 17 116 316 503 1950 3526 152.3 17153
1958 402 7.4 850 3250 581 28 9.1 154 25 g1.2 1429 3158 16683
1959 733 a3 s§2 2019 424 39 3 3348 94 44 4140 120.7 12900
1960 179 142 3083 250t 424 284 121 134 4 29 183.2 1298 1219.0
1561 188 136 931 3528 1730 296 108 397 782 8806 8143 698 2.594.4
1562 780 13 844 31 2245 62 112 638 68 26 12446 812 12852
1963 57 510 126 5191 208.8 352 233 33 49 1319 4121 ne 1,9503
1964 £33 54 206.0 4701 760 LrA) 233 430 155 1514 256.2 s 1,71t
1%5 445 ns 559 3088 1224 6.4 241 393 22 1654 400.9 0.1 32637
1966 153 802 2815 4200 146.0 a1.1 348 no 137 3328 2896 113 1,7107
1967 147 88 862 4167 4605 203 404 289 323 4359 5556 163 21363
1968 112 212 2963 493.0 1498 256 415 351 36 3240 5540 153 23286
1963 496 11 2120 618 2535 85 46 512 47 1928 3307 468 14783
1970 1411 102 293 AT 650 b 1% 275 480 151 1233 2309 435 13276
19 129 33 By 402 2040 g 40.2 285 212 1638 26422 800 13537
1972 506 §0.7 368 - 1401 2930 184 1009 180 561 4270 4485 423 1,752 5
1973 %4 264 168 . 1954 1205 i8.0 13 306 171 1260 2822 238 9642
1974 60 502 02 - 3923 7ed 467 5.7 191 151 1156 1814 748 13645
1975 120 80 470 3133 1465 254 306 22 444 205 1818 406 1,0759
1976 46 500 138 3R2 - i £4.2 214 174 294 1439 351 1694 1,2804
9n 55.0 513 i838 - 4545 M4 20 218 210 238 1340 n2 1610 19187
1978 840 1382 3513 4727 668 241 ng 210 562 3523 2619 1545 20621
1979 1803 703 1519 4078 - 216 325 269 48 82 1531 383.7 216 1,848.5
1980 404 44 69 W3 2354 5.0 23 157 40 1625 4324 465 13428
1981 7.7 323 3050 4316 2628 159 19.7 341 W6 1435 - 267 911 1659
1962 1748 98 683  AIMD 280 203 2 150 317 4352 2928 156.1 1,799.8
1983 22% 353 127 s 113 242 208 159 420 1828 345 258 1,356.0
1984 98 26 g 2016 78 il 240 89 155 4479 2834 1033 11740
ii 1985 175 852 2506 3556 1569 178 253 M9 213 1586 2629 196 14775
X, 1936 86 41 2% 3912 1835 33 103 52 259 1331 4508 1443 1522
1987 305 44 251 223 1421 W06 70 608 N | 239 3992 538 1,008
1968 858 171 1252 8005 1 260 213 413 680 2380 3456 2632 2,14%8
1989 930 B3O 085 3439 143.9 176 189 291 359 374 4444 15461 1,762.6
1950 53.0 490 3535 3708 1494 204 201 233 102 2743 2154 2460 } 855.1
TMEAN 50.4 438 1336 3604 1730 252 319 307 303 2342 3526 123.0 1,605.3
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Tzble B31S  Annual Monthly Ralafal} for Subbasin 4F19

N _ . __{Unic: )
YEAR JAN. FEB. MAR. ATR. MAY JUN. UL AUG. SEP. OCT. NOV, DEC. ANNUAL
1557 616 na 1213 2R 108 41 0.5 400 409 402 3619 1656 15150
1958 419 1110 583 109 1624 176 138 111 43 e 2587 W2 13544
1959 §08 F24] 410 1693 1952 0.1 133 123 163 586 Iné 1433 11608
1960 262 Joo 303 2528 102 21 B 60 1.7 pFak | 145.7 1395 VR
1961 11 PLS 410 EILE ] 1529 151 123 na 443 3182 6401 %0 22921
1962 829 118 708 LH K 2054 36 g0 87 48 m3 1220 1140 11894
1963 435 526 1141 4397 1416 21 &1 34 154 1240 428 3182 1,7525
1964 60.6 346 1433 1506 650 284 A 197 141 2068 an 398 13840
1565 157 $27 233 2451 530 03 113 51 102 2108 3158 n 1,106.0
1966 223 405 2627 5847 608 414 53 50 32 3186 3400 255 1,719.2
1967 191 10.4 107.1 3681 4133 152 124 103 175 408 6 K4 365 1540.9
1968 22 2069 2l 4203 1140 235 43 32 3.0 827 5699 1503 20529
1969 614 1515 2263 729 1246 06 817 131 206 1625 3269 453 12981
970 1069 27 1424 2144 453 16 18 149 50 83.0 416 418 N6
197 122 42 58 4031 105.8 100 4.7 58 45 it45 2418 534 1,033.7
19712 S4.1 654 203 834 440 154 50 8.1 3n6 1580 3763 503 13612
1573 s 185 233 205.1 65.4 13 100 10.7 227 9 21580 353 826.4
1974 66 452 2454 443.0 il 224 M2 84 32 1014 2896 985 134135
1975 133 (A 518 s 1568 194 5.1 55 123 1596 1753 631 L LIRY
1976 104 467 99 281.0 16 31 121 (A 182 272 2307 12 101723
1977 LYR 256 1046 3564 140 31 121 108 (1.2 ] 1031 4632 1733 1.506.0
1978 699 108.4 3569 4442 263 154 1ns 50 515 1545 2191 170.7 1,7333
19719 308.7 411 14638 3556 1441 1438 53 108 3g 944 39435 1125 1.630.9
1980 249 31 50.9 4 1516 0.2 0s 105 120 151 4102 38 1058.7
1984 9.0 185 391 M00 208.3 88 81 104 193 1684 295 1020 1350.0
1982 225 10 687 s 1623 96 53 25 257 3%6 2914 1613 14744
1983 135 281 80 3050 1387 a6 71 112 129 1048 1631 1964 M3
1984 58 7 140 1574 222 08 16 14 114 4187 3145 713 10403
1585 335 110 210.0 3398 163.1 63 1.2 4.1 83 1413 2432 1150 13158
1986 1.5 47 44 4031 871 33 38 0.1 43 146.2 IR40 161.9 13140
1987 408 53 409 2350 §06.1 484 L} 198 0.4 2.7 %42 699 80
1938 815 147 1275 564.2 417 330 533 448 49.9 181.2 3158 3008 18223
1989 646 154 942 a 1139 iz B 71 427 2880 362 1984 15304
1950 369 56.7 289.7 3109 63.1 31 60 35 9.2 262.7 2N3 m? 13374
MEAN 49.0 40.2 1341 3i6.2 1287 14.0 11.9 128 18.1 2111 320.5 133.4 13802
Table B3.16  Annual Monthly Rainfall for Subbasin GRAF-RL ¥
(Unit: mm)
YEAR _ JAN FEB.  MAR. _ APK MAY JUN. UL AUG.  SEP. OCT.  NOVY.  DEC.  ANNUAL
1957 59.3 10.0 EYRY ina i53.2 a6 03 16 122 362 2103 872 3363
1958 188 306 327 515 629 22 23 12 00 35.0 1124 1854 7396
1959 635 a1 8.8 1353 1213 15 43 110 2.0 214 154.1 1041 1080
1960 86 150 200.0 1584 134 3.1 0.9 18 6.1 1130 ney 826 . 6808
1961 1.8 81 38 295656 .7 3.7 21 18 19 31992 29 576 14931
1962 281 153 1257 1948 644 0s 254 2 32 1265 1169 98.2 §734
1563 124 222 1053 2780 604 62 05 56 49 348 801 254.2 1.045.0
1964 &8 245 848 185 128 125 03 34 18 470 987 1520 7812
1965 19.4 %1 253 M4 133 45 1.7 15 2.5 1540 76 158 65%.1
1966 51 229 2053 4009 13 101 0.4 14 0.0 68.0 2214 s 1,008.3
1967 90 04 363 2459 038 207 15 26 182 1247 2542 090 . 9184
1968 0.0 819 959 7069 223 132 14 00 090 611 78713 2542 2.023.3
1969 103.4 1285 2621 99.2 1M6 06 10 36 48 £0.0 2627 350 11158
1570 912 03 5212 2040 303 0.0 L] [ 3] 00 o0 1512 308 1925
191 0.0 0.0 1846 4 1240 %3 00 00 08 124 1736 6.0 625.3
1972 T4 41.2 335 4.0 630 L [12] 44 63 151.8 2187 57.6 656.0
1973 236 323 [ 1461 B2 11 15 G4 217 &8 1520 31} 4383
15374 0.4 [ XA jLuX.] 2143 181 20 37 138 1 537 1613 645 659.0
1575 n7 03 10 44 1126 06 53 00 118 850 152.0 174 604.1
1976 09 156 38 952 183 WS 02 02 03 289 1426 1108 4112
15717 12 60 109 2965 419 2 0.1 106 419 1.9 445 1702 1,121.1
1978 105.8 1544 2 3o 28 09 0.9 0.0 0.0 2394 2 1522 15698
1979 9.1 103.7 1230 2i58 417 33 0.0 47 1.2 18.0 342 149.0 1,343
1880 100 21 252 1144 512 00 00 12 04 o 2203 287 5428
1881 89 04 1683 1836 830 00 416 00 12 f1A 4 1773 515 1966
1982 00 0.0 333 1745 1458 0.0 0.0 0.1 85 3152 199 1623 9756
1583 2.2 15 213 188.2 Fib) 0.0 00 00 09 1.7 813 bR 4253
1984 49 03 35 1089 47 02 0.0 04 31 1734 1316 410 4801
1985 153 160 1293 1726 299 13 21 32 21 527 2018 1913 §23.5 ﬁ
i986 0.0 00 539 2935 518 34 08 09 24 213 2848 1242 8434 R
1937 41.8 oo 215 1662 929 233 o0 26 00 00 1232 192 4967
1588 164 00 409 2480 18 155 43 02 12 304 1.2 60.2 4%,
1989 715 46 12 2258 560 11 38 00 19 84.7 .35 111.7 9452
1350 180 66.6 1522 305.9 13.2 0.0 13,0 00 1.0 221.3 134.6 189.3 1205.6
MEAN 358 247 B2.1 2223 580 5.1 28 5.1 5.4 369 pr X 97.6 8558
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