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6-1 General

Development potentlahtles and scales of development of S1tes =
Lentatwely selected on topographical maps {scales of 1/50, 000 and/01
1/250,000) and bar;ed upon aerial inspections were 1oughly studied W1th
iegard to f1ve major rivers of Liberia, the Mano, Lofa, St 'Paﬁl
St. John and Cestos Rivers, -and accordmgly, a- general pohcy for future -
in'vestlgatlons for hydroelectric power development projects in Liberia

has been formulated.

" The following Sths were a,pphed in studymg hydroelectrlc power

development projects.

{1} For ev.ery project site tentatively selected, the maximum

output, annual energy productwn and constructlon costs were

roughly calculated takmg the capamty of the reservoir 1nto con-

sideration. From an economic stand- ~point, priority was determmed
. upon comparison with the economics of an alternative thei'mzil

power plant.

(2)  For each site sclected as described above, the possibility
of maximizing the output of the project through more effective
utilization of the stream discharge during the rainy season is studied

to determine the developrﬁent scale,

(3) TFor each site selected aCCOI‘dIHg to (2) above ‘the possibili-
ties for development of other sites located in the- downstream area
were also studied taking the effect of reservoir régulat‘ioﬁ at the
upstream site into c'on'sideration Then, the.recommendable scale
of the development is estimated for the case of devclopmg all

possible project sites on the river in series,



6-2 Hydrology

6-2-1  Stream Gaging Stations and Meteorological Observation Stations
The locations of stream gaging stations and metem'ologi'cal

observation stations m the Republic of L1ber1a on which ‘the Survey Team

obtalned 1nformaf.10n and data are 111ustra,ted in Fig. 6-1. The per1ods

for which data have been recorded at these gagmg and observatlon stations

are shown 'in Table 6~ 1 and Table 6-2, reSpectwely.

. Almost all of the stream gaging sta_ti'ons. were cstablished from _
1958 through 1961 du'ri.n‘g'which_ the hydroelectric power development survey
was performed by the Stahley Engiheel'ing Company, As a result, data on
‘stream flow from 1958 onward have come to be cwaﬂab}e As xegards
".these data, the longest permd of c0nt1nuous observatlon covers 14 years
wh_1_le sorne. data_prov1de the values_ of ob_se‘rvatlon covering only one year.
These gagihg glations are u.nc.ler the control of the Mxinistry of Lands and

Mines,

Most of the observatwns of stream flow are being made by reading
staff gages. per10d1ca11y every day, but there are a few stahons where
observatlons are being carr1ed out with autornatm recordmg gages
The ratmg curves for convertmg elevatwns read on staff gages into
stream d1scharges were established by the' Stanley Engineering Company

frorn 1958 through 1961 ‘and are still bemg used at present.

: Me’ceorologmal data are obtamable flOm the meteorologlcal obser-
vation stations under the control of the D1v1sion of_Meteor_ology, Depart-
‘ment of P_uh"lic .Works__and' Utilities and from stations controlled by

concessions,

- Most of the meteorologuzal observatmn stahons in th1s country
started observatlons from 1951 or later. Data and 1nformat1on regardmg

stream ﬂow discharge and precipitation are shown in Appendlx

_‘70_
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Tqble 6"2 Rdi'nf_d!l'Observot_ory Station 'u'nc_i ExiSting Dota :.(Mo'nthly Records)

Coun'ty No. |Name of Stotion |'80| '61|'62]'53]'54{'s|'s6 |'57|'58 |'59|’60 |'61 |'62 |63 |'64 |'65 |'66 ['67 68 69 [70 71 72|73 | 7a
| Belléyelio Jun. p { Aug. | Feb. fF—=f|Nav. QOct. b {[raov.
® " Bopolu Moy P {Sep Mar:} Nov.
. ®1{ Kolahun Now. | {Sep. | Moy} {[Mov.
Lotﬁ . Sdlqyeb May | { Aug.
@ Voinjama Nov. } L Dec.
Zorzor Jon. {Apr.
. @ Zuie Sep. | o] Jut N
Grand Cope Mount Robertsport Morr..‘ —t ‘ —iDec.
: @ “Blozie - Noy. pemmmatud Mar . _ b
" Bongmines - ‘ _ | hJeal mometeee Oc1. | JURb—d—{ Aug.
Bong (D] Salala et . WA S TP 1 '
o (2| suakoko Jol. 1 . ' ' o - Oct. Alg_ = Dec.
| @] Tototo . Pan: - Oct.
' @ "Bomihills ~ SE'D  Jut. Nov | |Nov,
@ ~Goodrich’ . " Jen. b — Dec.
Moniserrode -  Horbel N ——{Dec
@ Klie Jun't = Dec.
Monrovio Jup : 3|0 [Jon. Dec
Robertfield Y25 _ Dec.| Moy Dec
Grand Bosss | @] Buchonon Sep. b= LMay
®. Cocoapo 1 Sep.} } ' Dec. |
. @ Cocoape 1 . ' 'JUI‘I'L! ~ iNoV.
& conto NI, i m— . oy
Nimba .| @3] Kpein Moy {Ap:
@ Mount nimba Jan, Dec.
@ Sanokole Oct. } - | Nov. Jun. | 1 Aug
@ Tapeto - Jul. } - -t Dec.
@ | Nyooke | Moy | { 3yl Jan. - Aug. Jon. Nov,
_ : @ Pine town Moy b Dec.
Grond Gedeh @ Zia ‘town - Jon. [~ i | NOV.
@' Zwedru  on. = | Nov.
32| chiehn Jun | e Dec
@ Flohun fown Jul.} 4 Scp.
Sinoe @ Greenvilte Jan. - e e o Dec,
@9 1| Sincetalls Jun. b | Jon. ' :
9| Buoh Jun. i Aug
Mory.lond @ Covella Jon| 1928 Dec. B
' @ Harper Mar. } Dec.
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6-2-2  Precipitation

Th_e _RepuBlic of Liberia is situated'betw_e.e'n 4°30! _.and 8°30" north
latitude and its climate is classified as Ysavanna climate" due to its high
temperature ana high‘ humidity. |

The ramfall dlStI‘lbuthH of this area is strongly affected by the
location of the 1ntertrop1ca1 conv01gonce front. From December through
April of the followmg year, the front is apt to stay near the seacoast
and there is little rainfall owing to northeast seasonal wmds from the
Sahara, whlle on. the other hand from May to December, the front moves
rniorth a,nd there is abundant ra1nfa11 due to the southwest seasonal wmds
from the Atla.nuc Ocean. In cffect, a dlstmct dlfference between dly and
rainy seasons of the year eicist_s in the ra1nfa11 pattern’ of Liberia.
'Moﬁthiy r_ai'nfa;li pa.tterns'ét‘a ty.pi'cal meteorological observation station

are illustrated in Fig. 6-2.

R.e:gional distributions of annual rainfall in Liberia_ is showh as
‘an isohyet'é.l m.ap, Fig.“ 6-3, derived from the 'precipitation data issued
by the Ministry of Lands and Mines from 1953 through 1973. X¥rom this
:figure, a belt of 60: to 70km in width along the seacoast has over 4,500
mm of ra'infall' annually, the hlghest in the country 'The amount of
prec1p1ta’c10n gradually decreases going inland and comes “down to 1,700
mm - 2,000 mm. The lines of the isohyetal map fun parallel to the
(_:oas'tline except in the Mano and Lofa River basin areas where they 'ar_é

bent inland indicating more rai'nfa_ll than in other areas,

6-2-3. ‘Stream Flow Discharges : -

The major streams in the Republic of Liberia are the six rivers
of Mano, Lofa, St, Paul, St. John, Cestos and Cavalla. These rivers
flow parallel to each other in a northeast to southwest direction owing to
t0pographica1. and geological conditions, and pour into the Atlantic Ocean.

The catchment areas of the rhajor rivers are as shown in

 Table 6-3.
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Table 6-3 River Basins

RI'VER BASIN in sq. km

RIVER TOTAL IN LIBERIA
MANO RI_VE-R | 8,250 6, 320
LOFA RIVER | 10, 620 9,195
s, PAUL RIVER 21,910 12,810
ST. JOHN RIVER 17,220 14,760
CESTOS RIVE'R 12,560 10,100
CAVALLA RIVER 30,225 13,730
Source: Sta"n'ley.( Enéineer.ing' (;Ompa.ny.,. Power—.Res.ource.s,

Re:(juirementsand Development, Republic of
Liberia, 1960
Comparlsons of Spec1f1c d1scharges at repzesentatwe gaging statwns _

on the magor rivers are as 1nd1cated in Fig. 6-4 which shows that with the
‘exception of the St John River, ‘the Mano and othe1 r1vers in the west
have comparatwely hxgh SpCC].flC d1scharges, whereas the Spec1f1c dlscharge
Cof the Cestos River in the cast is low. Accordingly, it can be said that
the specific d1scharges of the major rivers in Liberia have a tendency to
become lowerer from west to east. The annual stream flow d1scharge
records are as summarized in Flg 6~ 5 from which the return period of

rainy and dry vyears is judge’d t(_)' be appr0x1_ma_tely 10 years.

The monthly variations in spec1f1c dlscharges of the various rivers
are given in Fig. 6-6, Accordlng to thls, the compamsons between
' September when d1scharges are - largest and March when they are smallest
result in a ratio of 40:1 for the St. John River with the poorést stream
' reglme and. approx1mate1y 71 for the Cestos R1ver which has 'a compara-
tlvely good ‘stream reglme, whlle for the Mano River and the St. Paul
Rlvel, the ratios are 101 and 1-21 1'espect1ve1y In effect, it may be
'.sald that the d1scharge of & river in. leerla dulmg the dry months is

approx1mately one -tenth of that in ra1ny months.



(olomDg ) (SilejuyoL IS} {o1hamo) ( 3doyman ) E::o:}ov: Cuonis Hubng;
S0LS30 NHOL LS anvd s o V4071 ONV I . S d3anny

o~
' jiouny 3ij13adg

- 1676
wc‘
G
"
S~
| | | S
— : - . 00t %
; . i . : wZ
Q0¢g

0961 ul pouny hmzm 40 uosupdwo) -9 3unbi4

— 78—



ICEYSPENT

1L, O 69 8 .9 93 63 9, €9 29 19 09, 65 885

v t

| >
. 002
$'9 ojoMDg @ .
s'®  -onog o
.m.w S|oJuuor s v
- [k m;wsw x \ .0}
ST9 uUnyo|imoy O T
puaben i
/{ —100's
\ 008
- |
Qoo

S jjouny |oauny  G-9 m\__:m_m :

3!“33&3

jjouny

(N Q01 /S 4w}



sop a4

TG TADN

L]

Y UOH ,
20 ‘dag © Tbay .,._=h

“unp

.._..a v

AN

Aol

~

<

51~ (010MBS) 50163

-8z~ ( .,:_:VL./.,_

N
N

H3IAIY 501539
H3MM NHGE IS

{91 AdR0lEAY TRD 1S
JiRpoo gAY M 1S
H3AIN Y307
H¥3IAY ONVN

puaban

O o & x0DJ

-29'2 ~{

-09'¢~ (un

\

\

~D9'%y ~sbosnry

{ s110)uyof gy

NHOL LS\

o0%

00g

— OO0

aoel

oov |

jjouny Apyjuow  9-9 aunbry

3112905

{1 0017 Sfgu) Jjouny

ae):-TH



6~3 Topography and Geology
6-3-1 Topography:

Topographic maps of Liberia having contour lines available are _
of scales of 1/250,000 and 1/50,000, and the mapped scopes are as shown
in Fig, 6-7,

The 1/250, 000-scale topographic map covers all of Libevia, but
With the '1/50, 000- seale map, only a very small percentage of the main

part of ‘the - country has been surveyed

Liberia is on the west coast of Afrxca situated frofn 4°20' ‘to 8°25
'.north latitude and 7°20' to 11 30! west long1tude The area of the land .
is approx1maf:e1y 110,000 kmZ, and is a roughly 1‘ectangular shape of
apprommately 500-km length aIOng the Atlantic Ocean coast and 160-km
to 240-km w1dth.

The topography of Liberia, except for the coastal plains, is re-
presented by a low, ‘rolling hilly area., Mountainous areas are in the
northcentral pért and the northwestern part. The southeas'tern'part is a

broad plain with scattered hills,

‘The topography of Liberia may be divided into four t0pogr_aphic
provinces parallel to the coastline and with different elevatioﬁs, as
indicated in Fig. 6-9(1). |

: ._ (1) Co’astal Plains

7 The W1dth of the coastal plains ranges between 16 km to

40 km with elevatmn being between 0 m and 30 m. There are

-locatlons such as Mt, Barclay near Monrovia and a part west

of Greenvﬂle which are h1gher than 45 m, The coastline is even

‘and is featured by lagoons and sand-bars at the mouths of rivers,

The rivers run all over the plains at times formmg ox-bow .

lakes.

(2) 'Rouing Hills
Next to the coastal plains, there is a low hlll)f reglon with

-gentle undulations and ‘elevations between 60 m and 150 m.
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The southern part of this reglon has many hills such as Mt, Coffee
(El 180 m) while in the case of rivers therc are numerous swift
streams as those near White Plain and Nyaak At the northern

~part the topography rises sharply to become a transition area from

the hilly and plateau zone,

(3) Pla.t'eaux and Mountai_n.s' ‘Zone _

The area of -this regio'n occupies more than half of the interior
of Liberia, and the p01t10n of greatest width between the Lofa |
River and the St. Paul R1ver is as much as 130 km in the north-

south d.irectic')n.' The normal elevation of thlS ‘Tegion . is frorn
180 m to 300 m. |

On the other hand there are several ‘mountain rangeé of
which elevanon is between approximately 400 m and 600 m.

Among them are mcluded the G1b1, BOng, Mano and Putu MOuntam
Ranges.

: At" the transition "area with the northern highlands, there are
numerous raplds and waterfalls to be seen as represented by the
waterfalls near Tengata on the St, Paul River ar1d near Bo on the
St. 'Joh.n- River. |
(4) Ndr_thern : Highiands B

“The highlands of the northern part of Lofa and Nimba Counties
are a part of the Gninea_ highlands known as “the .Futa, Jalton Mountain
R'ange.- ' ) |

' The -fea'tures. of the ner_thern highlands ai‘e leng mountain
ranges and dome—shaped'hills' : _ _
| ‘The length of the .Wolog1s1 Mountain Range in the western
.part is 60 km with the elevation of Mt. Wologisi being 1,335 m.

. The Nimba Mountain Range runs for 30 km on the Guinea
side and its eleyatibn.reaches 1,820 rn.“' The. highest peak at the
" Liberian side is Guest House Hill in the concession area of
_LAM.CO af 1,360 m. Domeshaped hills, or granite domes, are

seen in the Vainajama district.



The general direction of the mountain ranges is from northeast
to southwest reflecting the geologic structure.
The gradients of the -rivers of Liberia, as shown in Fig, 6-8;

are from approxi'rnately 1/700 to about 1/2,000 with river valleys

‘generally being flat. Consequently, there are almost no sgites

where high dams of 100-m class can be constructed and with

-da.ms of 50~ to 60-m class there wo'uld :be dikes required at several

places in each reservoir, while with dams of 20-m class, crest

lengths would be as long as 400 to 500m.

Geology. [ef. Figs, 6-9(2)and 6—9(3)}

(a2}  General

Accord1ng to the geolog1c map on a scale of 1/5 000 000 by
ASGA-UNESCO?), the 1/10,000,000-scale geologic map compiléd
by S.A. Musylev, et al. 3) and the 171,000, 000-scale geologic map
by the M1nlstry of Lands and Mines, Republic of Liberia 4) the
basement complex of the Liberian natlonal area is composed of
Precambman rocks which are the oldest on the earth

The rocks in the Precambrian formatwn are granitic series and :

various kinds of meta,morpmc rocks which in cases have- been

changed into gneiss, crystalline schist and quartzrte. Durmg this
process of metamorp‘msm, strata of iron-silica formed rock of

1ron—quartz, namely, itabirite, The abundant itabirite résources.

' comprise a basis for. the iron ore mining industry of the country.

Also, it is reported that a dlstrlbutlon of an Archean stratum of
width of 20 km to 100 km along the St. Panl River3). It appears
that d1st11but10ns of ‘Post- -Precambrian formatmns are not wide.

The strat;.graphy of the L1ber1an land may be summamzed as

shown in 'Iablc 6-4.
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Table 6-4  Summarized Stratigraphic Sequence in Liberia

Types of Rocks

Principal Area of

quartzite .

Era or Period Economic
: T or Deposits ‘Distribution Value
: Lagoon and coast Lagoons, coast and
Quater- = S .
sands and river rivers
nary - T
: deposits
Ceno- ' . 7
z0ic Coastal sandstone Sandstone: coastal
Tertiary and lateritic soils region _
- Lateritic soils: Bauxite ?
covers of most
areas of land
Diabase and Unmetamorphosed
' peridotite dykes ? sedimentary rocks:
Mesozoic peticotite dyke sedim I ty Foexs
Wacke and - central to northern _
conglomerate - areas of coastal Diamond
- — region
Paynesville  Igneous rock:
. .sandstone’ scattered dykeés in |
Paleozoic A ; s
Diabase, norite northern mountain
and peridotite lands
Granitic rock, . Bedrocks of almost Iron ore
p gneiss, crystal- entire land area (itabilite)
Precambrian : .
h line schist and . Gold

The Paleozoic system, according to Geological Survey Special

Paper No, 35), is distributed at part of the coastal area of Liberia

from the capital of Monrovia to ‘about 60 km sou_theast by east in

a width of around 15 km. This Paleozoic systern is divided into

two portions by a M_e'sozoic system distributed in the vicinity of

Marshall. ~ The Paleozoic system is composed of two rock units

of Paynesville sandstone and Monrovia diabase.



Paynesmlle sandstone is an unmetamorphosed scndlmentary rock which is
fine- gla.med with well rOunded quartz grams cemented by quartz over-.
growths in which can be seen detr1tals of plagmclase and small amounts
of muscovite and opague minerals. There are w1de1y spaced vertical
_]Olnts in this sandstone, and although the surface p01 tion of the 1*ock has
become porous and frlable due to weathelmg of the plagmclase, it appears

'poromty is low in unweathered portlons at greater depths.

- Monrovia diabase 1ntrudes Paynesv1lle sandstone in the forms of
dyke’:s and stocks. The dlabase is f1ne to medlum grained w1f.h joints
widely spaced and its resistance to weathering action is greater compared

with other rock types distributed in the coastal area.

_ The Mesozmc system has been found in the v1c1n1ty of Marshall
and to the northwest of Edina, but the aréa of its distribution is small
and it has been named the -Farmmgton River FormatlonS). Th1s formatmn
is chleﬂy composed of the two rock facies of wacke (a sandstone hlgh

in arglllaceous matrix content) and polymict conglomerate These two
facies are interbedded in places, but the conglomera_te is more abundant

at the basal part of the Mesozoic system.

There are basic or_ultfabasic rocks which Have inl':rqded'a.nd filled
.nurher'ous cracks and faults in the Precambrian strata and Paleozoic |
formations. Most of these.._int_r.'usive'rocks are _diabas.ic rocks or peridoﬁtes, _
both of which are méinly distfibuted frorﬁ the .nort.heas't part of the country
near the Guinea and Ivory COaéIt.Borders: foWérds the interior.. Other than
the above, kimberite and pegmatlte are known to e}nst although in small
quantities. In part1cu1a1, klmbente is known to contain diamonds, and
the diamond export was 214, 254 carats of industrial use and 536, 192
carats of gem stones and cutables, in 1968 )

Some of intrusive rocks previo’_uély mentioned \;vould_ be derived from

igneous activities at the Mesozoic era.



Cenozoic formations are ‘represented by the coastal sandstones
and soils, The distributio_h of thé coastal sandstones is limited to a
.belt of approximaté:ly 20 km along the coas_tliné, and these appear to he
not consolidated deposi'ts. S50ils may be clas.sified as lateritic soils,
saﬁdy soils along the coast, and.'sWam:p' soils in the coéstal lagoons and
i1.1 the iﬁferio’r, and it is said lateritic soils cover 75% .of. the nafional
‘area. |

The geologic structure of Prccambman rocks is pledOmmant in
the NE-SW direction and. the arrangement of fold axes, faults and intrusive
rocks are g0velned by the direction of the stluctule On the coﬁtfary,

the structure of consohdated Post—Cambrlan rocks follow a NW-SE dii'ection.

Crossing with the older geolog1c stiucture 0r1ented in the NE Sw
d1rect1on there is a zone of parallel faults from a p01nt apprommately |
30 km upstream f{rom the estuary of the. Mano River, formmg the boundaly
between Liberia and Sierra Leone, Wthh Tuns- roughly parallel to the
coastline until it plunges under the sea al a point approximately 50 km
southeabt of the city of Rwel Cess. . This faul_t zone has a’ length of more
.t_han'300 Km, and particulérly, ‘between ‘the St, Paul and. St. John Rivers,
there are’ many 'parallel faults. Almost all of the majér rivers appear

‘to have tectonic valleys produced by the faults in the NE-SW _difection..



Table 6-5 Geographic and Topographic Condition of Proposcd Damsites

(b) Engineering Geoiogical Consideration

There were ten dam and power station sites on which studle';

were conducted

conditions at these sets are as gwen in Table 6-5,

The outlines of the geographlc ‘and topographic

o . Distance “Elevation T'o_"p'CJg;"é,phy - _
R..]'.VBI. 'P'r'oposed from 1/ of River of Pr?lj?Ct L 2/ L/H-Z—/'
System Site Coast Bed x H~ Area =
' (km)
Approx. Approx. _ _
Mano No, 1 25 15 x 30" Goastal plains 500  16.7
M . _ : _ :
“*® " Mano No. 2 70 80 x 50  Lower plateaux - 400 8
| Lofa No. 1 25 15 x25  Coastal plains 400 16
_ ofo Lofa No. 2 56 70 x 30 Rolling hills 400 - 13,3
St. St, Paul. o - : . o
Paul No. 1 3Q 70 x 28 Coas.tal plains 950 34
St, | ' L
. John 20 35 x 25  Rolling hills 600 24
No. 1
John St N;’ n2 50 95 x 25 Rolling hills 450 18
St. John 90 140 x 40 Lower plateaux 350 8.8
No, 3
| Cesl\%zs . 55 30 x 20 Rolling. hills 500 25
Cestos . | . o | :
Cexzs ) 105 70 x 30 Lower plateaux 1,700  56.5

1/ cf. Fig. 6-9(1)
2/ L, length of crest:

H, height of. _dam

These dam s1tes are genera]ly in- the southern ha,lf of the country,

selected resPectwely at swift parts of rivers, while the helghts of dams

proposed are all low to medium scale.

similar in many respects,

an- overall sté,ndpoi_nt.

Since the t0p0g1;aphic-ahd geologic features of the dam sites are

only the geological view will be stated from



(1)  The Mano No. 2, St. John No. 3 and Cestos No, 2 sites are
located in the lower plat'eaux zone, but many of the sutes are in

the coastal plains or the rolling hills zone.

(2) Dissection by rivers has progressed in the plateaux and ‘rolling
_ hills zones and the topography is that of gentle undulatlons wh1le
river valleys are wide. The undulations are even more gentle in
the coastal plains zone and the riv_ér valleys are still wider. |

The shapés of the valiéys at the respecf:ive dam sites in terms of
L/H ratio (H; height of dam, L: leng.th' of crest) show the ratios

to be large as indicated in Table 6-5. Cons.eque'ntly, all of the

- dams are to be fill dams.

(3) 'Reservoir areas are low and flat, while parts of rnouﬁté'i'n
masses surr oundmg reservou' basms are lower than the proposed 7
normal high water surface levels so that saddle dams will be requn‘ed
to be provided in view of the t0pography And even when ground
surface levels are- hlgher than the p1 oposed normal hlgh water surface
levels, in cases where impervious beds for practmal puposes are

at low elevatlons proper works for protectmn from leakge will be

required.

(4) The basement in terms of gool_ogy' consists pri'ncip.ally of
Precambrian granitic rocks while in part there are also aréas .of
~metamorphic rocks. These rocks where fresh and undlsturbed are
consudmed to have adequate bearmg capac1tles and shear fr1ct10n
resistances for the action of _the_dams proposed. Howevel, with
regard to_.permeab.ilities, the results of in-situ testing ut111z1ng-

holes of core. boring and auger should be awaited.

(5) - According to the geologm map of the Liberian Geolog1ca1
Sul‘V8y4), except for the St, Paul River where the ex1bt1ng
Mt. Coffee Dam and P0wer Station and the pr c)posed St, PauI No, I

Project are located, all of the project rivers have tectomc valleys



Seen from the dlStllbU.thn of rock types, the bedrocks are fa1rly
prormnently dlsplaced by these tectonlc 11nes. " Also, since the
valleys are along tectonic lines, it is thought that the pl‘op'osed=
dams and power stations, although with some d1f£erences in degree.
cannot escape bemg influenced by these lines, A tect_omc 11ne in
the WNW—ESE direction also crosses the St. Paul No. IPrOJect site.
Consequently, it is necessary for caleful consuﬁlmatmn to be gwen
to the ex1stence of the tectonic line in selectlon of locahons of
c1v11 structures, espemally dams, and in- o1der to find the tectonic
line or geologic defects due to the line in regard to the dam and
power S1tes selected every method available including core borlng
and seismic prospecting should be used in carrymg out a thorough

geologlc inve stigation,

{6) 'Solut_)le rocks are not known to exist at the basements of the
reservoir ba'.'si'ns However, the po'ssi.bil.ity of leakage of stored’
water occurrmg cannot be precluded because of the ex1st1ng tectonic
lines and resultmg defects. It would be important from’ such a

viewpoint to know the characteristics of the tectonic lines.

(7) _ Weathermg has progressed considerably due to the humid
tr0plcal cl1mate and the relative flatness of the t0p0graphy, and
hillsides are covered w1de1y with fairly thick lateritic soil and

' re51dua1 soil. Conse_quently, wea_the'red_ rocks and soils rust be -
taken into consideration as foundations for dams., - Tn such case,
the properties of these fenndatiens- s’hoUl:d'be ascertained through
in-situ and laboratory .tests'a,nd the re'sul't's used in determining
excavation hnes for dam foundations and in studymg fOundaLmn

works and tre atmenf.s

(8)  Due to transgresmons in the Cenozoic era, there are unconsoli-
dated sand layers depos1ted as far as approx1mately 15 km inland |
_1n the MOHI‘OV].E!. dlStl‘lLt and there are areas where thlcknesscs

exceed 20 m. Da.m51tes have been selected avoiding such geologic

cond1t10ns, but since it is 1mag1nable that there will be former



river channels, terraces and thick riverbed deposits in valleys
causing upheavel and subsidences of the earth crust, thorough

surveys will be necessary,

(9) For. embaﬁkméht Vm.éterié.l.s. for fill dams, it is conceivable
for lateritic soil and weathered rock to be 11tii_ized as impervious
materials, As for rock"mat'erials.'é.nc:l aggregate for concrete,
these would prob‘ab'ly be taken Irom consolidate'c_l rock masses, such
as granitic rocks, meta.t.norp'h_ic' rocks, igneous r.ocl.cs and Pre-
.'_l"er'tiary sedimentary rocks, distributed near damsites,

In selection.'of_qu.ai"ries, monadnocks will serve as guides.
Needleés _tQ: say, the qualities of soil .and rock’ m aterials for
erhbankm'ent, and concrete_aggregates should be in&'estigated through
testings. . |

(10) The national territory of Libel;ia. is at a far distance f.i'Om
the seismic zone along the Mid—Atlahtic Range, while earthquake
nests are not known to exist in the count'fy and the earth mass.

is thought to be stable.
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6-4 Selection of Project Sites

6-4-1

Basic Conditions for P1*oje¢t Planning

(1) General

As results of aerial 1nspect1ons and on the baS1s of topograph1cal
maps of scales of 1/50,000 and/or 1/250 000, probable pro;ect sites
were selected in conformity with the basic considerati'on‘s described
below t#king account of the electric power éituation, ._hyd'ro.logical
charécteristics and topographical conditions of the country. |

1) ~ The power demand of the Monrovia Power System in

_ the future, that is, .the po\;ver necessai‘y f'i"om' now generating

facilities will be around 110 MW and 150MW in 1981 a.nd 1986,

respectively, ‘and the duration time of the peak dernands w111

be around 18 hours.

2) Since there is a shdrp dlfference in stream flow between
the dry and ramy seasons, with Lhe d1scharge in the dry '
secason becommg one tenth that of the ramy season, in order
to secure a power source capable of effectively utilizing '
river water and supplying reliéble electric, ;;b'wer, the dam
site should. be one wheré a r_eser{roir of a-oapé_oity as large
as pos_siblé can be constructed enabiing ye'a,rly régu_latio’n to

be perfo_frned‘ :

3) Since the grad1ents of rivers are very gentle, run-off-
river type p0wer stat1ons are not advantageous and da,rn—
type power statlons securmg heads w1th dams should be

constructed.,

Based on the above, one to three sites were selected on the
major rivers for a total of 10 sites. The locations are shown in

Figs. 6-10 through 6-15.
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{2) 'Estimationé of Stream Flow Discharges at Proposed Damsites

In Liberia, the return period of hydrological phenornena is
predicted to be around ten y_ezirs-as illustrated in Fig, 6-5.

The Gweyie Gaging Sta.tio_n on the St, Paul River was selected as
a. 1'epi'esentative station hairing sufficient .gaging records to cover
the hydrological return .period while the data are 'cdmljafativély
c Om.'p'le. te, | _

On the basis of stream flow __dischai'ge. data for 14 vears at
Gwelyi_e Gaging Station, 'ty.pical-_ design yéafs were sélected_ in order
to respectively estimate firm discharge- aﬁd calculate energy
prbdu_c_tion. _ ' | _ _

_Tﬁe design year_'fol- estitnai:ion o'f_ the .f'i'rm .('iisré'hal;g'e is 1961
which is the séc‘onﬁ'di‘iest year in the series of data for the 14
years from 1959 .to"1972. Meanwhile, 1960 'waé sélécted as.'the
design year for calculation of energy producti_on_'be.ing close to
) the mean for the 14 ye.ars, o _

As fol-_ the variations in the specific discharges by cait'c'.hrﬁ.ent
area for the St, Paul River, there are hardly differences depeﬁding
on size of ,czitc_hfnent area as shown in.Fig, 6-16, but there is a
trend of élight increase clos_ér to thé estuary. As a resul_f, the
applicable gaging station and _dis'c_hai'ge calculation method for each

project site were determined in accordance with Table 6-6,
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Table 6-6 Caleculation Method of Run-off at Proposed Project Site

Name of Proposed Name of Gaging ' . -
River ' Project Site Station C.ulcqlatlon Equatlor.l
MANO MANO No. 1 KAVILAHUN G.S. Qp=Q_ ( xoal
' - 'MANO No. 2 o T G. S,
. LOFA No, 1 ' . . CA
OFA : £ o ~ . p
LOF LOFA No, 2 NEW .HOPE G.5. Qp QG.S. XCA
A : G, S.
ST. PAUL ST, PAUL No. 1 MT. COFFEE . _CAp
G S. . QP—-QG. S. Ho—— .,
CAg, s,
ST. JOHN No. 1 .
; _ A
ST. JOHN ST, JOHN No, 2 °'+ JOHN FALLS . = AP
_ . | G. S. G.5 "Ccac g
ST, JOHN No. 3 o
CESTOS CESTOS No. 1 ¢ woro a.s. Qp=Qq. s, S x &
.~ .CESTOS No. 2 . _ CAg, s,
Note:  Qp: Run-Off at Proposed Project Site
QG.s.: Run-Off at Gag‘ing Station

CAp: Catchment Area of Proposed PrOJect _
CAG 5. Cathment Area of Gagmg Stat1on
L+ Specific Run-Off Obtained from Fig. 6-15

{3) = Firm Discharges
In case flrm d1scharge were .to ‘be based on the d1scharge '
of the dr1est year, there would be the advantage of dlscharge _
.belng guaranteed every year, but this would be excesmvely con-
.servative and is apt.to'imp.am the econornics of- a project, while
water res_oarc.es would not be eff.ectively. utﬂizéd, and thereforé,
- does not result in. the optimum scale for a development plan,
The firm discharge in this study was taken to be :slig.htly
.largel than discharge in the driest year in ‘which shortage in power
supply occured, Up to now, such deficit has been made up for

by dint of the reserve capacity of the power system.
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C'onsequntly, an inflow mass-curve was prepared for each of
the proposed istes based on 1961, the secon_d driest year, and the
firm discharge of each site was determined in accordance with the

cffective storage capacity of the'.site._.

(4) Maximum Discharge

As explained in the preceding Chapter, the duf’r.ation'tiine of
peak demand in the future will be approximately 18 .-ho.urs.
'l‘hei'efére, the maximum _disc.harge for each prop(_)s_éd site wasg
.c_letér.'r'nined in accordance {rv_ith the fi.r'm.diSChar'ge_an'd on the basis

of operation for 18 hours of 'pe'ak dem and duration time.

(5) Outpuf and Energy Production _' _

The mstalled capamty -and rated output of each prOposed site
were eshmated based on the prevlously descrlbed maximum dis-
charge and firm dlscharge -

The probable annual energy. product1on of éach proposed site
was calculated by means of the inflow mass-curve for the site for

1960, the year of average annual stream flow discharge,

6-4-2 General Descriptions of Projects

The outlines of the p103ecfs based on the 10 selected gites are given

Sin Tabie 6-7,

6-5 Compai‘isbns of Project Sites
6-5-1 . Method of Economic Evaluation
(1) . Selection of Al_terna_tive Thermal -P.ow_er' Plant
1)  The scale of the alternative thermal power plant is
assumed to' be approximately equivalent to the__'rnaximunfl
capacity of the hydroeleciric power station which can
" .physically be developed in Liberia,
2} The location of the alternative ther.mal power plant is

to be in the area adjacent to the City of Monrovia.
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Takmg the above conditions into consldelatwn, the alternatwe
therm al power plant was assumed as bemg an oil-fired thermal
pOW_eI‘ plant with an installed capacity of 50 MW, comprising 1. unit,

constructed in the vicinity of Monrovia.

(2)  Annual Costs of Alternative Thermal Power Plant

“The annual costs of the said alternatwe thermal powe1 plant
(the oil-fired thetmal power plant) with an 1nstalled capacity of
50 MW can be d1v1ded into annual fixed costs and variable costs,
as summed up in Table 6-8. _

The benefit per KW of the hydroelectric power plaint' is assumed
to be equivale:n't to the value obtained by multiplying the annual fixed

costs per KW of the alternative thelmal power plant by the KW

- adgustment factor.

The benefit per KWh of the hydroelectric power plant is
assumed to be eq‘uiv'alenf: to the annual variable costs per KWh

of the thermal power plant.

Consequently,
Annﬁal benefit per KW: $91/KW
Annual benefit pex KWh: 22 miills/KWh

Table 6-8 Altelnatlve Steam Power Plant

Plant Capacity _ | 50,000 (KW)

Plant Factor S N (%)
 Annual Enérgy Producti:on . 306.6  (Million KWh.).

Stati.on Service Use o ' _ 5 - {%}

Thermal Eff1c1ency at Sendmg End 32 (%)

Construct1on Cost o C37, 500 (Thousand $).
* Serviceable Life | 34 (Years)

.Intere'st' : V 7 | (%)

Annual Cost : (Thﬁusand_ $) .

leed Cost
Amortization o _ 2,91 8 '
.. Cperation ;in'd Maintenance = 600
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Annual Salaries

Adminstration Cost

Sub-total
Variable _Cost
Fuel Cost =

Operation and Maintenance

Sub-total

‘Total Cost
Fixed Cost
Variable Cost

Total Cost

30
60

3,608

6,592
150

6,742

10, 350

76

22

34

O $/xwW)
- {Mills/ KWh)
(Mills/ KXWh)

(3)  Annual Costs of Hydroelectric Power Plant

The annual costs of the hydroelectric power plaﬁt are separated

into the costs of power generating facilities and the costs of power

transmission facilities,

multiblying’ the respective construction costs

by equalized cost factors corresponding to the respective servmeable_

l1vcs The annual cost factors are calculated according to the

conditions given below and the details are shown in Table 6-9.

1) The discount rate is to be assumed as 7%.

2) The serviéeable life of the power generating facilities

is to be taken as 50 years since the construction cost' of

the dam constitutes a large pr0p01t10n of the total constructlon

cost. The selvmeable hfo of power transmission facilities

is to be 40 years ‘as is cornmonly used

Table 6o 9  Annual Cost

Transmission Line

Item Generating Plant
-Serviceable Year 50 Yedrs 40 Years -
Annual Discount Rate 7.0 % 7.0 %
(1) Annual Cost Factor 1.25 % 7.50 %
'~ Amortization -
- {2) Operation and Maintenance 0.70 % 2.50 %
(3) Administration 0.30 % 0.30 %
Total 8.25% -10.36 %
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6-5-2  Comparisons of Project Sites

The main features of the project sites and their economics are

compaled in Table 6-10.

In order to 1egu1ate the entire strearn (low discharge to’ be.completely
uniform throughout the year, although dependmg on the stream regime to
an extent, a reservoir havmg a capac1ty of about the__Same gize as the
annual inflow at the site is'necessar;y In other words, a veservoir having
a 1egu1at1ng eff1C1ency of 100 per cent would be requlred However, at
damsites in L1ber1a because of the tOpographlcal characteristics, dams
can be bullt no higher than 20 to 50 meters dammmg up to the limits |
permitted by the topography. .Reservoirs thus forrned_ will only have

regula't'ihg_éffioiency of around 20 percent at the most.

Of the 10 sites s"elected'by: the Survey Team, the Mano River No. 2
and the lSt.' John No, 3 sites are écono'mic'é,_lly a’dvan'tagooos with relativel'y

high heads available while storage capacities are large.

The project sites on the Lofa.and St. Paul Rivers have relatively
large 1nflows, but heads are low and storage capac1t1es are small, and -
in add1_t_10n, conc:e551ona1re—-owned ra11roads and maJOI' h1ghways would be

inundated, so that the economics are somewhat poor.

The project sﬂ:e on -the Cestos River would provide a large storage
g capamty due to 1ts topograph1cal featules but the hcad would be low and

the inflow is small - while the access road and power transmissijon distance

" would be long 0 that the economics would be poor.
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6-6 Power Development Scales of Project Sites
6-6-1 Examination of Installed Capacities .

Examinations were made for 111c1'eas1ng installed capac1t1es to
effectively ut1hze stream flow dlschalges in the rainy season with" regard
to the Mano River No. 2 and St. John River. No. 3 “sites found in the
preceding paragraph to be economlcally advantageous compared with the
. other sites, The results are summed up in Table 6-11 and Fig., 6-17 for
_the Mano River No. 2 site and in Table 6-12 and Flg 6-18 for the
St. John River No. 3 site,

_ As easily séen'from Figs. 6-17 and 6-18, the optimal scale of the
Mano River No. 2 Site and St. John River No. 3 Site would be approxi—'
mately 74 MW and 52 MW, respectively in order to enable net benefits

(B-C) of these sites to be maximized.

In the fﬁture when more peak supply becomes required in the power
system it w111 be p0531b1e for the Mano River No, 2 Plo_]ect to be brought
on load for peak duration time bands of 9 hours and the St John River
No. 3 Project for peak duration time bands of 13 hours, which Will'furthér

improve the economics of these projects,
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Table 6~11 ‘Studies on -Scale ‘of Mano No, 2 Power Project

Item

Uni_t

Ratio (B/C)

Remarks
Effective Head - m 35
Maximum Discharge. - m3/s 257
Maximum Output Kw .74, 000
Annual Energy Production 108 KWh 439, 4
Utilization - Ratio of River Run-off % .73
Regulation Raio % 10. 8
Plant Factor % 68
Generating ~Rdh , :
e 103 119,500
Facility $ 9 _
~Transmission " | l. 600 'L:_8_'Okr'h
Construction Facility T 11O KV
Cost Total 103% 121,100 '
Construction | .
Cost/KW _.$ 1,640
Construction -
Cost/KWh $ 0.276
: Net Benefit (B=C) 103 - 2, 430
- Project : : : : .
Economics Benefit/Cost 126
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B-C

Figure 6-17 Sludy on Instailed Capacity

“of Mano No2 Power Station
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Table 6-12  Studies on Scale of St. John'No. 3 Project

Item - ~ Unit - Remarks
Effective Head o om 29,9
Maximum Discharge E m3/s 212
Maximum Output KW 52,000
Annual Energy Production ~ 106KWh 367. 4
Utilization Raio of River _
Run-~off %o 50
Reglilation Ratio %o - 6.8
Plant Factor _ % 81
Generating o 103% 114,000
Facility - |
Transmission " 1,400 ~ L=70km
S Facility | 110KV
Construction : _ '
Cost Total o 115,400
Construction - % _2,_2.00 _
Cost/KW _ :
Construction ' $ T 0.314
Cost/KWh
| Net Benefit 103 1,600
Project (B-C) _
conomics Benefit/Cost 1..17

Ratio {B-C)
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‘Figure 6-18 Study on Installed Capacity

Instailed Capacity ( MW }
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6-6~2 - Hydroelectric Power Development on Mano and St. John Rivers

In general, in series development of a river, a power station with
a large capacity rescrvoir is planned on the upstleam part of the river
and the stream flow cllscharge regulated by this reservoir is taken in by

power stations planned in succession downstream,

The scales in case of series develoPment of the Mano and St. John

Rivers which were found to bhe ec0n0m1ca1 were therefore studled.

(n Deveiopment of Mano River
The Mano River Mo, 1 site is a damsite downs_trear;u of the
.No. 2 site studied with respect to installed capacity _ih the preced-
ing paragraph. | As a result. of examination of the development
gcale for the No. 1 site varymg the maximum available dlschalge.
taking into account the regulating effect of the upstream No .2
site, it would be economically advantageous and net ben_efit (B-C)
would be a maximum at a $cale of 56 MW for the No, 1 site as
shown in" Fig.. 6-19_. Therefore_, added to the optimum scale for
the No. 2 site of 74 MW, it is possible for a total of 130 MW to
be develOpe_d on the Mano River. The outline of this projéct is

given in Table 6-13, The project layout is shown i.n'l*'_‘ig.' 6-20,
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Table 6~13 Studies on Scale of Mano River Project

Item Unit No. 2 No. 1T popal
P, S. P.S.
Maximum Discharge 'm_3/s 257 313
" Maximum Output’ KW 74, 000 56,000 130,000
Annual Energy Production 106K Wh 439, 4 333.8 773, 2
Utilization Raio of River % 73 18
Run-off
‘Regulation Ratio % 10. 8 1.8
Plant Factor % 68 68
Genetating 103§ 119, 500 94,200 213,700
Facility
| Transmission " 500 1,650 2,150
Construction Facility
Gost Total " 120, 000 95,850 215,850
Construction % 1,620 1,710 1,660
Cost/KW _ :
Construc_tioﬁ $ _ 0.273 0. 296 0.279
Cost/KWh - '
Net Benefit 103 2, 500 1,500 4,000
Project (B-C)
- Economics ‘Benefit/Cost 1.26 1.19 1.23
Ratio (B-C)
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Figure 6-12 Study on Instolled Capacity
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(2) Development of St. John River
Two damsites, the No. 1 and No. ‘2 sites, can he c'on‘sidered
downstream of the No, 3 site on the St, John Ri_ver. However,
for the No, 1 site, as a result of examination for independen_t
development in 6-5-2, the ’be’nefit-cost ratio B/C' was found to
be low at 0.52 and even if the legulatmg effect of the reservmr
at the No. 3 site were to be considered. in determmmg the instal-
led capacity, there would be no possibility of B/C becomlng more
than 1, and therefore, ‘the No. 1 site was eliminated from the study.
Consequently, an exammatzon of installed capacity was made
for the No. 2 site con31der1ng the 1egu1at1ng capacity of the reser-
voir at the No. 3 site as in the case of the Mano River and the
resulting 0ptim_um development scale was 48 MW (see Fig. 6-21).
.T.herefore, together with the Optlmum development scale of
- 52 MW for the No. 3 site, the deve10pment scale for the St. John.
River would be 100MW. The outline of the project is given in

Table 6-14. The project layout is shown in Fig, 6-22.
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Table 6-14 Studies

on Scale of St, John River Project

Ratio (B/C)

Ttem Unit No. 3 No. 2 Total
: P. S. P.S
Maximum Discharge m3/s 212 339
Maximum Output KW 52,000 48,000 100,000
" Annual Energy Production 106 Kwh 367. 4 316.1 . 683.5
: Utiliiaticm Raio of River % 50 53
Run-off '
Regulation Ratio . % . 6.8 2.4
Plant Factor % 81 75
Generating 103 ¢ 114,000 93,000 207,000
Facility
_ _ Tranhsmission o 800 900 -1,700
Construction Facility :
Cost. Total " 114,800 93,900 208,700
Construction - $ 2,210 1,960 2,087
Cost/KW :
Construction $ 0.312 0.297 0.305
. Cost/Kwh -
Net Benefit 1034 1,660 1,640 3,300 -
Project {(B-C)
Economics Benefit/Cost 1.17 1.22 1.19
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Figure 6-21 Study on Installed Copacily
Bec ' of St. John No.2 Power Station
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6-7 Summary
The followmg -conclusions were arrived at as a vesult of various
studies on hydroelectnc s1tes in the Republic of L1ber1a selected by the

“Survey Team taking into consideration information obtained in the field

investigations, topographical conditions and hydrological phenomena.

(1)  Of the 10_hydi‘0e1ectric power development project sites
selecte'd.by the Survey Team, the sites WHieh when developed
1ndependent1y, show B/C ratios of more than 1 are the No, 2 site on
the Mano R1ver and the No. 3 and No 2 sites on the St. John

River.,  The said dam sites are located in pla.ces' where relatively
hi.glh ‘dams for Liberia can be built and large storage capacities
.will be obtained and the annual inflows are a.lso"com.p.ére.tiiyely'

lai'ge.

(2) The optimum development scales for the Mano River No, 2

and St. John River No. 3 sites are 74MW and 52 MW, respectively.

(3) When the No. 1 site on the Mano River'is developed utilliz.'ing
the'.river' water regulated by the reservoir' at the No. 2 site, the
‘economics of the N 1 site will be 1mpr0ved with its development
| scale beCOmmg 56 MW and development of a total of 130 MW

together with the No, 2 site w111 be made possible.

(4) When the No. 2 site on the St. John River is develeped |
utilizing the 1‘i'§er Water'regulated by the Teservoir .at the No.. 3.
site, the economics of the No, 2 site will be improved with its
deve’lopment scale .b.ec'or.ning 48MW and deve.].Opment.Of a total of

100 MW together with the No. 3 site will be made possible..

(5) Hy.dr.oelectr'ic power development of the Mano River would be
:lthe most ec'onomica._l, but it is an 1nternat10na1 river flowmg along
the border with Sierra Leone, and in order to proceed with this.
‘project it will be necessary for diplomatic arrangements to beé made

with Sierra Leone
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(6) On the etﬁer hand, althou_'gh_ hydroelectric power development
of the St. John. .Ri've'r would be 'sli'ghtly p'o'orer in economics than
in the case of the Mano River, the 1mp1ementat1on of any

plOJeCtS on the St, John River will be free flom any international

restrictions,

(1)  Project sites on both the Mano and St. John Rivers are judged
fo be economical. Howev'er, the present stuc'ty was made based

.on. an extreme.ly bri’ef:fieid investigation and with very rough basic
info'rrﬁation'su'ch as 1/50,000~ and 1/250, 000-scale topographical
maps to examine the possibility of hydroelectnc power development
in leerla from a broad point of view. Consequently, the techmcal
and economic fea31b111t1es shOuld be examined by conducting -
detailed _stu‘dies such as field reconnaissances, topographical.

surveys and hydrological investigations.

6-8 Itemns _fo_r.'Future Investigation

Which of the two, the Mano River Project and the St. John River
Project, to be taken up is a matter for the G0vernment of the Repubhc
of Liberia to d_ec1de. In thlS 1'egard it will be essent1a1 that a feaS1b111ty
study incorporating the fqllowing' items be performed in connection with the

project that will be decided by the said Government as soon as possible,

(1) I-.Iydr.o'lo'g'i'cal Surveys

.Hy'd_rological data comprise important basic infor’mation for
prbje'et-plahning'in hydreelectric development, and therefore,
gagmg stations on the Mano and St. John R1vers shOuld be fully

'pr0v1ded and efforts made to gather accurate data
(2) - Topographical Shrveys
Aemal photogrammetrlc maps on a scale of 1/10,000

.Wlth a Contour llne 1nterva1 of 5m should be prepared for the

project areas 1nc1udmg reservoir areas,
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(3)  Geological and.iMaterials Surveys
'(.}eological' éur\}eys of the pfojéct areas and'investigat.i'ons
of matefials in respect of their quality and quantity for dams and
related structures should be pefférmed by specialists.
(4) . Sedimentation Stﬁdie’s
It is essential that necessary s'étliiment'ation studies be

conducted on the reservoirs.

-~-127—









 APPENDIX



APPENDIX

" A-) PRECIPITATION



Belleyella

CATCHMENT AREA

Precipitation STATION a_ o seds o
... RIVER, 1N TIE BASIN OF ELEVATION. = UNIT
YEAR AFR, HAY . JUR, JuL, AUG. SEP, oCT, ROV, BEC, Jan, FEB, MAR, ARNUAL
[~ 1932 : 237 295 555 155 112 kY 2% 64 53 1
L 1953 34 271 378 260 378 261 296 66 o 20 97 148 2,495
- 1954 240 226 187 291 - | aas 434 265 44 91 293 R
| 1955 113 120 447 312 287 39 50 132 i
- 1956 201 151 198 ST V) 259 86 4 R
| 1957 " 264 05 366 393 322 53 69 ]
‘+ 1958 303 171 132 124 176 53 155 -
[ 1959 94 254 154 ) 1z 196 2 23 26 160 ]
L 1960 9% 142 125 65 512 261 154 138 42 0 76 -
| 1961 156 631 i
b 1952 i ]
- 1963 , 179 381 -
| 1964 453 413 933 256 109 )
L 1565 181 T |
1966 224 308 2 5 8
1967 i
L 1968 313 217 50 3 41 83 .
- 1969 143 178 43 281 15 106 h
| 1970 214 214 164 1535 149 ]
Precipication stamox  _ Bopolu CATCHMENT AREA pie
RIVER. [N THE BASIN OF : ELEVATION m  ENIT - 5 wo_ bl
T ANNUAL -
YEAR APR, MAY Jing, JUL. - AUG. SEP.. 9CT, ROV, DEC. JAN, FEE. HAR,

1952 268 107 “370 620 813 273 79 3% 18 160 |
- 1953 166 138 | 346 462 5646 374 370 70 66 59 102 169 2,868
L 1954 244 161 187 te 295 501 264 130 6 2 50 115 2,691 |
| 1955 97 224 271 404 . 587 . 407 430 48 1 0 ' 51 o]
I 1936 118 349 280 341 " 295 400 178 102 182 24 0 88 2,357
[~ 1957 . 137 118 253 259 268 319 469 2713 n 77 3 105 2,386 |
- 1958 165 252, 75 128 114 661 282 264 6 0 66 196 2,209 ]
- 1959 327 59 66 220 441 592 o 7 210 -
| 1960 173 185 381 208 104 417 431 853 55 23 45 E37 3,002
| 1961 179 196 223 312 406 508 324 166 55 29 4l 155 2,59
P 1962 | 227 360 408 571 836 |
™ 1963 135 ]
- 1964 206 100 333 560 491 87 151 4 4 0 .
1965 80 367 261 598 547 886 153 1ur - .




Precipitation STATION Kolabun CATCHMENT AREA' sk
_____ RIVER, IN THE BASIN OF R ELEVATION Ly UKIT __ maw 5 w hd
YEAR AR, | Ay Jum, JiL, Avg, SEP, 00T, vov.. | bee. | aam, FEB. | Ha®, ARNUAL
1952 59 L5 18 93
1953 30 213 kE3| 269 356 447 308 149 “18s 10 a2 247 2,817
1954 100 240 15 318 671 302 61 15 48 179’
1955 105 202 ny 395 635 560 559 152 132 0 10 46 3,214 ]
1956 36 195 335 384 438 418 238 328 87 5 S 97 2,563
1957 231 483 432 06 646 199 326 39 1 32 188
1958 169 215 348 669 430 465 27 25 24
1959 112 233 40 404 Cam 578 307 102 24 & 31
1960 125 195 167 343 189 226 0 " 80 52
1961 216 226 165 2t 246 125 123 21 1
1962 240 372 426 455
1953
1964 ) i
1965 194 297 181 375 364 281 219 1z 131
1966 85 215 85 ‘&4
1967 70 426 440 278 410 495 125 & 14 111
1968 363 466 402 78 12 58 149
1958 211 293 558" 487 ' 13 T 18 57
1970 137 394 435 156 254 283 173 155 '
Precipitation STATEON Salayes CATCHMENT ARFA 3q-ka
RIVER 1IN THE BASIN OF . FLEVATION o ENET o $ w he
YEAR AFR. HAY Jun, TUE. AUG, SEP, ocT. Hov, BEC. JAN, FEB, HAR. ARNUAL
N
1967 kT:33 217 214 56 56 45 15 115
1968 309 - 369 360 279 150 247 1z
196% 195 407




Precipitation

STATION ___Voinjsms ___ CATCHMENT AREA ' T Y T
—— RIWER, IN THE BASIN OF — ELEVATION Com o LNIT i & W

YEAR AZR. HAY JUN, JUL. AVG, SEP, T, Nov, DEC, JAN, FEB, MAR, | ANSUAL
[ 1952 95 3 16 104 195 1
- 1953 174 211 449 286 410 120 179 40 3 50 128 1
© 1954 133 159 300 . 256 295 401 364 3N 70 31 38 145 2,503
1955 123 125 352 195 41 16 330 .59 89 0 104 239 2,308 |
- 1956 147 124 21 420 242 386 201 221 30 6 3 160 2,237 -
[ 1957 227 402 466 935 463 406 419 an 5 90 127 289 4,260 -

1958 481 " 328 463 325 399 853 453 723 ) 0 11 o
- 1959 274 460 434 §62 g 456 64 i 135 157 D ] 167 1,478
" 1960 144 230 439 288 635 508 322 167 69 10 54
- 1961 178 131 4067 184 89. 0 68 39 E
[~ 1952 157 206 343 542 S&7 428 197 352 : 123 ) 1
[ 1963 367 267 246 382 230 17 152 ]
- 1964 104 154" £97 485 16 170 18 46 166 -
1965 194 167 204 445 In 153 64 }
L 1956 47 114 176 Fr 328 326 225 53 3 6 29 ]
r o167 86 - 219 507 489 388 181 66 26 4
[ 1968 277 2 513 246 s | 4 14 62 i
1969 159 80 350 39 12 104 -
1970 54 201 115 236 417 261 89 200 I

Pté:igltltlm STATION Zoggor CATCHMEKT ARFA e
RIVER, IN TRE BASIN OF ELEVATION o UNIT ™ s . w -

YEAR APR. MAY JUN, UL, suc, | sEe. ocT. Hov, DEC. JAN. FEB, MAR, ] ANNUAL
1954 “ a2 42 159 i
1935 170 199 200 592 414 152 12 53 50 151 - 1
1955 245 4 182 137 117 672 333 135 5 9 71 119 z,oél 1
1957 239 104 264 331 359 75 138 104 94 68 sy 109 2,438
1958 283 114 121 117 232 466 247 264 43 28 87 4
1958 97 228 101 273 w2 257 481 131 3 26 8 130 1,997 ]
1960, 149 78 146 132 ‘241 450 310 133 40 58 118 ﬁ
1961 133 ' ]




Precipitation STATION ) Zule (Zol) CATCHMENT AREA L ke

— __ __RIVER IX THE BASIN OF _____ ELEVATION J—— » UNT s w .
YEAR ATR, MY TUN. UL, _AVG, SEP, NOV, DEC. A, FEB, MAR, ARKUAL
1952 : 467 373 152 17 46 30 130
1953 248 207 34t 205 446 | 536 I 116 13 28 28 13 2,495
- 1954 9% 13 200 213 70 363 9 33 12 " a1 71
- 1955 71 188 | 434 3% 479 407 434 33 40 421 8
- 1956 2t 122 180 455 519 547 248 175 74 7 o 79 - | 2,817
L 1957 114 220 510 04 1,071 321 268 165 32 1% 148
[ e8| e 267 198 173 465 _ 20 13
[ 1959 23 wo 1 230 198 433 0 0
1960 : . : 188 187 Y3 37 105 319
L 1951 | aso s0z ! 705 608
) i
Presipiyation STATION  __ Robertsport __ CATCHMENT AREA s
RIVEA, [X THE BASIN OF : ELEVATION o wmr M 5 e w L
YErS APR. HAY Jun, ,, AVG. SEP. oCE. FOV. DEC. JAN, FEZ. HAR, ANKUAL
. 1951 _ _ 71
- 1952 35 . B4t 996 1,433 | 1,133 156 135 48 &7 75 58
[ 1953 225 607 1,312 1,29 559 899 473 135 123 17 76 123 5,845
1954 | 260 463 648 608 262 asé 514 258 48 30 32 19 4,148
1935 7 20 1,073 1,084 659 614 533 57 262 3 18 42 4,857
. 1956 154 . 544 956 1,197 194 545 298 265 244 7 17 A 4,454
" 1957 n 290 735 978 s 812 872 325 178 121 &4 124 5,281
1958 299 778 851 240 180 61 25 153 10t
1954 9 204 a8 Last 24 232 146 23 8 181
" 1950 165 373 914 764 563 135 316 114 142 38 o 83 3,603
1951 &8 i 227 939 1,33 677 62! 268 §0 "o &1 © 23 11 4,25%
1962 180 305 769 892 382 767 259 480 3 58 33 42 5,165
196 37 538 m 98 686 104 260 31 3 0 2
L 1964 3 294 732 1,061 134 | 1,089 250 764 z 45
1965 132 W7 781 1,064 s 781 851 165 ? 1 16 75
1966 - | 217 89 | 5% 1,106 1,050 565 822 142 111 . 1
1967 148 93 11,097 1,109 679 995 565 217 3 3 10
" 1968 115 : 598 1,196 46 | 2rs 105 Ty 41
. 1969 281 172 1,39 © 592 . 6 . 25
b 1970 » 14 Bl6 619 507 599 %3 79 1 o
. ]
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Precipleation STATION Bla:{s_' CATCHMEKRT AREA R TE T
—————————eeee.. RIVER, 1IN THE BASIN OF ELEVATION _ o LNt — il 5 .. . W .
YEAR APR, MAY JUN, JUL, AUG, SEF. OCT. NO\’. DEG, JAN, FEB, MAR, ANUAL
T 1958 9% 48 o 84 58 R
[ 1959 21 37 4 19 195 189 a8 171 126 4 0 22 27 1,795
L i
3 i
[ : 1
Precipitagion STATION ﬁongﬂines CATCHMENT AREA sq-ka
RIVER. IN THE BASIN OF ELEVATION s owm = R w .
YEAR AFR. MAY JUN, JUL, AVG. SEP. OCT. KoV, DEY, FAN, FER, MAR. ANSUAL
- 1962 8 138 ) ]
[ 1963 156 s | 464 413 509 580 401 110 20 7 1 14 1
[~ 1954 1,374 51 s92 .
- 1965 e 517 382 427 10 177 ]
_ L 196s 168 5 160 “a ;
1 1962 7
[ 1968 1,250 1,161 249 210 167 15 X 216 ]
1969 159 194 320 360 B

A5




Precipitation STATION Salals CATCHMENT AREA -
e RIVER, EN THE DASIN OF FLEVATION _= s W =
YEAR avr, | mar Ju, JUL. P Ave, SEP. oct, wov. | pee. JAN, ¥ER, we, | AEUAL
1951 597 124 ¢ s0 21
1952 189 356 42 98 299 24 42 i 52 .
1953 179 183 272 554 540 450 144 134 56 28 61 191 2,792 -
1954 192 205 171 88 191 407 393 189 0o 1 ¢ 9t f 150 2,277 ]
1955 146 199 284 485 357 520 538 70 19 | es 266 | 3,046 ]
1956 133 20 391 160 12 495 262 # .85 61 32 130 2,163 ]
1957 185 200 242 3 1 554 39% 98 100 49 8 211 2,729 7|
1958 133 as 140 129 287 378 299 . 65 1 40 99 1
. 3
1959 113 201 782 116 227 : -
190 229 85 9% .
1961 177 741 487 248 162 90 246 249 i
i J
Praciplietion STATIOS  __ Supkoko._.. . | CATCHMERT AREA ke )
RIVER, IN THE BASIV OF ELEVATION i o uwmY ___mE_ g . w .
) ” N . ANNUAL
YEAR APR, HAY JUN, JUL, AUG, sEP. oeT, KoV, DEC. JAR, FEB. W, ;
1951 06 | 25 418 iy 159 .
1952 207 309 138 222 442 259 95 23 n - 68 T .
1953 241 %1 87 270 138 237 178 44 18 &3 |7 277 1,850 ]
1954: 15% 148 125 79 - 6 274 191 2 7 99 17% ;-
1955 72 142 193 127 235 351 301 92 13 28 125 us 2,2074 ]
1956 | 213 217 233 87 3 356 19 70 104 0. ] 19 ‘113 1,971 ;]
1957 207 217 177 227 270 496 162 - 23 | 18 - 116 A
1958 194 168 % 18 74 215 248 151 40 E 106 235 1,660 ]
1959 193 260 200 275 - 361 277. 82 1 9 15| 248 -
1950 14% 268 263 144 398 43l 227 7% 82 0 7 8 2,052
1961 80 s 22 253 i 3N 120 62 8 122 63 1,177 ]
1962 138 179 280 168 272 291 130 - ° . 287 144 .
1963 - 180 211 170 197 12 - - - 1 0 0 ]
1965 . - - 62 - 123 1 . - 10 2% 40 ]
1965 100 137 198 - . 125 8 - - - R - E
966 - 108 - 109 - - 199 202 . - 2 - .
1967 14 74 124 23 154 201 130 - - . - - i
1968 - - - - - - - - - . - - .
1963 - - - - - - - - - . 10 % 1
1970 17 204 165 70 128 262 48 137 11 - - - ]
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.___Totota .

Precipitation STATION e __ CATCMMENT ARRA . D sk .
__RIVER, IN THE BASIN OF ___ . FLEVATION . e w uMT tma 5 . w o
YEAR AFR, HAY Jum. L, ANG. . SEP, 0T, Hov, DEC, JAN, FEB, MAR, ARKUAL
1955 10 7 290
- 1936 160 163 358 102 162 327 225 73 150 a2 I8 164 1,959
| 1957 158 189 183 327 332 495 182 157 123 64 7 200 2,617 |
1958 133 98 147 113 129 652 183 - - . - -
Precipitation - sTATIoN Bomi it111s | CATCHMEST AREA whn
RIVER. ¥ THE BASIN OF _ ELEVATION — " UNIT m s w .
YEAR AFR, HAY am, JUL, AUG. - SEP, | oCT. oV, ‘DEC. AN, ¥EB, HAR, ] ANNUAL
- 1951 . 400 ~ | 550 109 10 ° 4z 106
" 1952 160 216 430 528 747 550 - 155 7 3 L7003
1993 212 T 679 $29 418 | 862 - - . - 1 146
- 1954 219" 220 377 119 303 170 270 297 105 28 51 265 | 3,204
[ 1953 110 17 646 346 |- 743 705 i1 158 86 27 16 158 | 3,623
- 1956 153 286 359 m | w2 351 127 191 28 N 148 | 3,069
T 1957 154 308 2777 " 536 416 699 177 263 7 45 82 189 | 3,222
L 1958 198 129 167 .23 - . - - - - . -
- 1959 - - - - - - - - - - - -
. 190 - - - - - - - - - - - -
| 1961 - - - - . - - - - . - -
f 1982 - - - - - - - - - - - -
[ 1953 - : . - - - - - - - - -
- 1964 - - - - - - - - - - - -
" 1965 - - - - - - - - - - - -
L 1965 - - - - - - - - - - 278 64
1967 219 113 - 1,072 463 - 3 2,536 106 - . m
[ 1960 88 - - - 2,470 - w1 | 219 &2 1 68 7
- 1569 46 . - - - . - - . - 30 106
1970 180 LY ¥ 269 138 193 55 182 120 - - - -
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Precipication STATION . GCoodrieh __ CATCHMERY AREA

JE— BIVER, IN THE BASINOF _ . ELEVATICN ——
. RNUAL
YEAR APR, MAY I, JuL, AVG, SEF. 0CT. ROV, DEC. a8, | Fes. HAR. ARKUAL
I 1955 118 ) . 10 126 165 o
- 1956 107 385 468 308 236 760 353 105 169 - 20 4 - 61 T
[ - 1957 - - - 593 - 707 614 - 16 - 68 218 -
L 1958 152 173 107 155 135 T84 413 178 - T 33 - s i
E 1959 93 175 322 1,066 | 214 ‘939 278 183 - 26 21 134 -
| 1966 | 136 194 679 532 586 560 189 C3s Tos1 [ 0 100 3,418
L1961 | . 225 169 467 659 774 703} 248 - S 76 & 106 . E
TR 248 205 597 563 478 . 598 205 275 47 54 . 73 T
1953 | - 140 116 422 747 649 103 - 73 42 - - 81 1
L 1964 20 224 452 301 496 525 212 73 - - 17 - i
- 1965 157 97 286 649 are 289 o7 - S 28 42 . }
1966 189 232 465 445 1,422 665 552 224 a0 10 2 - ,
L 1967 212 136 428 593 558 695 380 82 67 - - 58 |
- 198 205 - - 1 - - - - - 53 - S13 - ’ 7]
| 196 | 133 - - 1,000 {1,134 - |- - - - - . i i
- 1970 102 - 273 159 451 545 - T 138 9 - - - .
© o - - - - - . - - - - - - i
'hggg!;g!jm ____ STATION Harhel CATCHMENT AREA 534n . _
__..___RIVER.IN THE BASIX OF ELEVATION o UNT S Lt W -
. ) . . ANNUAL
YEAR APR, MAY JUN. JUuL, AUG, . SEF. 0cT, Rov, DEC. JAN, ¥EB, MAR, .
- 1936 204 296 459 236 | 412 706 3i9 . 325 160 1 92 33 1,233
L 1937 108 3 278 454 388 594 534 o188 - 89 o 3 179 2,978 |
1938 218 351 301 339 404 618 524 145 53 7. 100 208 3,258 |-
1939 102 466 494 532 515 428 578 160 145 74 3. 116 ‘3,619 |
| 1940 151 211 %5 - 454 687 545 416 220 67 23 9 58 3,180
[ 1941 185 410 460 253 684 557 W7 129 45 53 Y A 84 3,024 7|
1942 172 241 265 611 361 599 G 209. 19 57 61 91 3,030
T 1943 203 264 436 ‘123 550 754 330 235 92 | 19 7 233 | 3,246
- 19464 76 150 518 764 495 805 118 147 135 53 . 52 0% | 3,612
- 1945 |, 162 199 63 432 356 ] 421 |- 4s6 169 30 27 9 169 2,793
- 1946 249 342 169 1253 11 619 556 138 52 2 37 a4 3,12
- 1947 206 256 644 538 910 . 716 288 ©o13s 139 - 1 S 16. . 85 1,9% -
| 1943 153 225 255 169 291 612 |- - 252 235 23 -8 ;53 113 2,589 -
L 1949 142 407 175 485 731 537 - 1- 288 ‘257 ‘&1 21 -9 |- ss 3,387
L 1950 128 98 423 420 321 670 1! 337 158 47 " 6h o126 7 | 7,865 -
| 1951 73 400 342 347 524 768 sis | 252 &5 7 3! 131 3,488
1952 1562 166 521 | s87 596 | 600 19 %6 1. 60 24 50 132 | 3,563
™ 1953 194 419 620 1,203 596 628 790 120 a7 48 104 201 4,460 |
- 1954 211 133 319 279 205 69t 407 213 | 80 .24 -141 364 3,073 ]
[ 1935 213 221 557 540 436 656 .| - 480 144 163 53 84 202 3,659
- 1956 218 295 507 179§ 182 653 385 18 99, 95 20 106 2,658
- 1957 180 210 407 563 546 557 646 137 143 52 59 125 3,735
L 1958 145 129 138 167 361 510 245 252 128 37 110 210 2,432 -
.. 1959 107 425 285 777 210 709 287 298 87 28 47 123 3,383
1950 127 251 681 ‘204 565 673 420 136 &8 18 71 154 3,388 |
| 1961 157 292 387 797 231 543 432 212 24 139 - - L
| 1962 - - - - - - - - - - - - i
- 1963 - - - 1 - - - - -. - - 14 53 1
" 1964 . - . 1,038 . | 'L, 568 - 2,286 - - - - - ]




Precipitation STATION _Kle CATCIMERT AREA- L suke
- __RIVER, IN THE BASIX OF — ELEVATION SR | mn s hd w S
) ANKUAL
VEAR APR. MAY JuN, JUL. G, SEP. L ROV, DEGC. JAN, FEB,- MAR,
: 1954 352 283 671 380 264 8 71 181 i
: 1955 232 331 537 49-’4. 790 753 471 71 55 4 110 140 3,988 :
1956 C124 280 T 488 363. 460 684 392 217 235 15 9z 1
- . 1957 98 239 > 320 678 433 924 4719 85 128 41 80 103 3,628 -
. 1958 24 216 221 328 282 832 . 461 161 55 -
e Precipivation sTAToN Honrovla CATCHMENT AREA e
: RIVER. IN THE BASIN OF ELEVATION - . m UNIT mm 5 - w i
- ; : T - ANNUAL
YEAR AR, MAY JUR, . JUL. Alc, SEP, | OCT. NOV, DEC, JAN, FEB, . MAR,
B .1944 41 53 26 6 k1 b
- 1945 109 373 1,003 475 117 467 404 191 77 & 5 66 3,293
L 1946 130 556 . 767 536 27 826 1,052 157 17 19 20 103 6,455
. 1947 .. 234 C
| 1948 : ]
[ 1949 o . ]
| 1950 . 1,1 523 251 vy 321 124 108 85 75 48
1951 201 . 328 . 9438 757 354 833 561 296 23 i 69 3% 4,717 7
T 1952 178 - 427 1,077 1,179 1,387 822 523 {1 60 46 kvl 45 6,017 |
- 1953 161 &85 1,067 1,356 NS b 697 757 254 91 29 1062 129 §,041 7
- 1954 191 437 - 489 T 561 102 732 792 175 28 28 40 104 3,679 ]
- 1955 254 427 1,364 - 1,071 305 s01 110 132 245 16 45 105 5,535
- 1956 265 454 11,326 522 149 687 504 188 296 88 14 131 4,624
- 1957 9% 544 921 ° T 675 586 513 865 235 142 88 51 86 4.822 -
L 1938 367 731 480 302 164 634 - 395 400 154 36 106 123 4,106
| 195% 11 - 389 8511 1,326 253 . 934 139 229 41 0 54 150 5,007
| . 1950 44 281 1,473 490 587 972 562 174 99 26 48 126 4,782
. 1961 210 447 1,078 1,298 826 . 788 492 164 140 101 260 303 6,107 |
| 1982 110 242 801 860 320 591 313 351 31 33 62 100 3,814
" 1363 800 985 . &32 591 . 138 61 15 1 28
[~ 1964 112 293 766 928 260 662 740 119 . 41 . 43
- 1965 204 453 784 735 713 607 | 344 145 60 135 42
. 1966 154 370 570 1,355 685 497 610 263 69 23
L 1967 150 251 1,027 652 150 681 997 242 150 12 79
L 15968 56 882 1,143 637 315 205 ’ 91
. 1969 397 1,181 755 526 49 48
_ 19370 1z 5B8 1,080 468 s 338 338 258




Pecoipitation STATION BRobertsfield CATCHWENT AREA ke

: RIVER, IN THE BASIN OF _______  ELEVATION e ® UNRT W . sl w .
YEAR AFR, HAY JUN, Ju, avG. ser, | oo, | wov. DEC, JAN, ¥ER. | MR, AHOAL
[ 1080 275 414 910 | 569 589 184 149 31 4z 10 97
[ 1950 9 179 - 643 511 296 [ 1,001 | 251 b1y 65 84 100 8 Tl 3,476 |
- 1951 61... 233 581. " 651 659 887 s1l 200 39 107 23 179 4,201 ]
- 1952 [ os2 N0 836 264 n7 875 455 189 50 4 _ 37 97 4,496
D15 |21 | az0 757 1,530 770 657 533 136 50 27 7 157 5,365
[ 1954 189 196 ] s09- | 497 172 520 478 448 55 27 120 154 3,363
ERTIT 2| 20 §05 659 470 771 596 91 146 8 3 126 4,096
[ 1956 281 381 359 1Y 240 709 326 | 167 0 9% 3. 68 3,082 -
aes7 | us | zse 902 | 955 179 828 549 9 162 50 43 82 6,753 ]
[ 1958 | 113 304 209 | 275 50 646 s 289 %0 15 165 158 | 2,991
[ 1959 112 89 455 1,181 ‘261 651 w12 b2es | 10s
1 L
Precipitation . STATION Buchensn . CATCHHERT AREA : ke _
RIVER. i THE BASDN OF ELEVATION = tmar m .5 - w .
YEAR AYR, MAY JUN, ‘P JUL. AUG, SEP, ocr, ROV, - DEC. JAN, FEB, MAR, ARNUAL
1958 ' . e 499 489 |- 2m 39 167 | 218
" 1959 s 414 &t7 949 3 a72 552 202 25 10 53 170 4,111

SR 1




Precipltation - STAYION - Cacoapa.l CATCHMENT AREA . ke

- RIVER, K THE BASIN OF . . ELEVATION = UNIT o 5 2 W ~
- P ANNUAL
VEAR T ] ARR, HAY T, JUL. AVG, SEP. ocT, Hov, DEC, FAN, ¥EB. HAX,
~ 1951 231 555 131 54 ¢ 13 252 A
1952 243 221 179 304 252 496 246 84 3 5 . 5t 36 2,183 |
+ 19m 90 128 337 353 195 . 520 | 271 35 1 14 w8 | 18k 2,23 |
" 1954 Y 170 228 250 283 491 287 168 - 67 0 97 293 2,583 1
- 1955 160 231 408 271 223 | 8 282 3 39 18 97 | 8 2,188 |
- 1958 163 e |0 289 144 170 319 143 120 :f . 53 17 221 A
|- 1957 124 78 205 296 253 w12 | 295 n - 48 3 217 . : ]
- 1958 112 149 163 &5 153 315 294 248 . 16 4 76 87 1,684 1
I 1959 135 247 185 376 126 601 186 i1 0 4 7 212 2.3{7 ]
- 1960~ 150 172 142 147 487 383 164 38 ‘155 26 7% ’
- 1961 L3 146 250 260 23 450 ‘ 70 4 3 64 203 ]
I 1962 34 .33 197 136 596 206 161 62 36 7 R ]
- 1963 221 07 281 344 363 [T 1 0 79 91 1
" 1965 | 133 225 37 235 o 87 ]
| 1965 185 19¢ 237 214 183 | 319 39 . 18 28 137 i
- 1966 206 151 306 268 441 260 278 77 54 : 28 78 ]
[ 1967 161 448 672 789 o0 - | 398 211 32 103 77 . ]
| 1958 417 262 X ‘ | o202 157 ) 25 35 8 E
" 1969 158 234 ) 237 272 b L 33 49 1
L 1570 . 115 138 253 80 208 g 78 108 1 §
_ i
Precipitation STATION - Cocoapa 1I CATCHMENT AREA e
RIVER. NN THE BASIN OF -~ ELEVATION = UNIT 5 ) w -
' : . ANHUAT
VEAR APE. MAY JH, JUL, AUG,- | SEP, | oOCT, ¥ov. . DED, JAH, FEB, HAR. .
| 1958 . 52 . 85 141 4549 : 231 si 5 70 158 .
| 1959 %0 284 393 . 402 .87 603 183 3 2 | 230 i
| 1960 202 " 180 184 134 496 466 119 29 . 64 o a5 60 2,042
- 1961 202 | 155 260 254 139 560 9% . 49 C10, '_ 2 82 135 1,942
- 1962 221 234 358 373 586 296 144 43 | 15 79 88 y
- 1963 81 406 276 . 272 439 107 1 26 97" -
| 1964 163 184 308 300 101 4
[ 1965 127 189 338 357 s ] sy : 33 . 22 24 . 188 i
- 1966 135 1o |- 312 218 548 488 251 - 100 21 22 ) 118 ]
- 1967 197 89 192 178 172 480 ETTY 54 26 [ ' 1
L 1958 223 | 2 _ 252 . 93 1




_Precipitation STATION Ganta CATCHMENT AREA sqka i
_RIVER.IK THE BASIN QF ELEVATION ; = UNIT mm 5 w L

VEAR APR, MAY Jin, JUL, AUG, .| SEP,. OGF, HOV, - DEC, JAN, FEB. MAR. ARKUAL

1927 . 217 C1e2 390 278 403 332 235 119 22 n a2 13 2,308

1928 126 229 361 238 4l a9y 224 42 o 20 50 145 2,746

1929 144 94 182 137 173 59 245 112 [} 13 35 135 1,699

1930 6h 211 340 - - -

1931 : - - -

1932 124 174 42 243 24 290 91 23 ] 79 -

1933 o [} 35 188 .

1934 117 95 257 207 39 305 183 60 o 57 41 127 1,843

1935 121 163 330 173 . 302 356 205 39 25 ] 83 58 1.922

1936 156 44 281 - 165 137 335 196 213 18 1 61 99 2,006

1937 5§ 206 227 285 297 543 203 43 0 0 50 198 2,110

1938 7t ) . ) : S0 3 110

193 | 129 201 | 289 400 227 an 305 182 22 4 k) 29 L 2,193

1940 117 151 295 383 - 318 405 405 83 18 31 [ 111 12,453

1941 ] - 295 40 380 3715 |, 2% - 148 147 44 7 14 113 2,322

1942 208 164 234 146 302 451 326 89 21 10 18 93 2,162

1943 180 268 283 130 373 k11 229 134 65 24 60 183 2,313 .
L1944 128 200 19 413 434 497 228 -41 4 19 35 128 2,323

1945 117 228 176 225 -2t 359 461 104 7 1 33 117 2,103

1946 85 67 215 116 160 412 536 11% 56 27 78 85 1,956

1947 40 217 450 350 278 " 969: 172 91 58 ] 83 109 2,457

1948 156 122 147 168 247 400 195 183 8 19 10 194 1,847

1949 198 151 298 3% 482 EY!s 176 126 [} 16 14 159 2,518

1950 132 210 195 - 283 176 375 318 92 24 47 162 65 2.07%

1951 186 212 310 167 392 274 402 398 20 3 .30 157 2,356
- 1932 114 155 azr 233 214 408 348 102 10 47 104 75 2,137
" 1953 207 257 230 354 278 406 267 95 9 28 47 203 2,372

1934 226 185 173 115 164 K11 211 165 L1 4 - 183 1,937

1955 138 274 281 341 276 439 227 145 91 0 126 51 2,541

1956 156 178 309 144 163 - 421 158 139 39 17 68 155 1,947

1957 163 217 B4l 255 329 34 173 151 36 0 27! 157 1,963

1958 156 116 95 52 100 510 265 270 46 16 99 131 1.756

o
Precipitation STATION Ganta CATCHMENT AREA sacke
RIVER, N THE BASIN OF ELEVATION - UNIT m s w .

YEAR AFR. HAY | JUN, JUL, Avg, SEP, ocT, ROV, DEC, JAN, FEB. MAR, ANSUAL

1959 86 183 244 299 104 393 151° 129 4 13 25 164 1,795

1960 180 155 162 . 246 386 400 254. - 719 60 ] 3 61 1,91

1961 111 125 296 07 165 559 119 173 - -4l - 130 ’

1962 114 434 450 349 415 519 305 - - - - 107

1963 201 - - - - - - 86 10 1 55 141

1964 20 280 - 559 828 s 300 127 - - - 89

1965 38 - - - 69 377 107 - 32 147 -

1966 - 332 248 286 393 - 397 - 107 86 - - -

1967 - 156 149 135 126 414 135 1 1 - - 46

1968 248 - 363 - 465 - 258 106 163 20 3 288

1969 99 ag - 5 [ - - - - 47 - 51

lgﬂ: 109 232 - 133 290 s 45 188 1 - - -

197 - - - - - - - - - - - -




_ ) ngg‘jg;;.;jm - "$TATION
. .

Kenin CATCHMENT AREA [T
RIVER, IX THE BASIN OF . ELEVATION =  UNIT it S W .
- : . - : ARNUAL
XEAR APR, HAY. TR i, AvG, SEP, oCT. wov. BEC, JAN, FEB, MAR, :
| 1958 158 7 67 150 460 180 | 177 4 6 12 17 |
F 1959 143 183 3 408 100 418 163° 83 8 0 29 151 2,099
- 1960 6
> .
N '
" Precipitatfon STATION Flahuntown CATCHNENT AREA weks
RIVER, [§ THE BASIN OF - ELEVATION " ow uNIT L] 5 W - .
YEAR AFR, HAY JUN, JUL, Auc, SEP, ocT, ROV, DEC; JAN. FEB, HAR, ANNUAL
[ 1953 599 217 597 210 133 82 259 5
- 1954 183 320 38 62 271 33 | 21 130 89 118 253 .
- 1955 268 268 683 179 176 507 392 261 3 157 s -
L 1956 293 473 a8 92 123 702 458 ' 223 7 149 267 ]
| 1957 292 310 1,037 197 - 463 438 i
[ 1958 48 7
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Pracipitation STATION Hount Mimba CATCHMENT AREA Ska

_ RIVER. [N TRE DASIN OF ELEVATION [ = T o w -

YEAR AR HAY T, JUL, 1 Aug, sEP, | 0GT, nov, DEC. | JaN. FEB, | HAR ANKUAL

1956 o 5 - 41 211 |
[~ 1957 179 147 4k 556 508 747 528 188 180 46 8 135 3,766
| 1958 135 99 19t 173 284 607 07 310 41 71 81 150 2449 ]
1959 uz’ 201 310 655 23 662 05 233’ 37 9 2 73 3,016 ]
" 1960 188 132 0 27 94 i
1961 173 11 an 319 " 656 ary " 89 16 126 195 ]
| 1962 217 3% 405 616 237 362 37 - 102 ]
[ 1983 99 322 304 504 610 156 61 196 1
| 1964 13 A
1965 548 205 259 ]
© 1966 199 0 n T 5% 15 1

Precipitation STATION Sanckole .. CATCHMENT AREA - 39-km
RIVER. IN THE BASIN OF ELEVATION n o UNIT oy W .

vear | AR, wy oo, L, ave, - | se, oct. | Nov, bEC, | aam, Fes, | owmm, | ARG
| 1951 376 113 8 g 88 % i
| 1952 152 132 158 157 372 293 100 31 &4 102 103 -]
[ 1953 102 275 192 402 546 364 387 - 58 5 15 39 721 2,706 |
[ 1954 128 148 331 7 | 134 43 356 190 14 3 1 64 2,209
[ 1955 101 119 4% 644 5645 " 468 280 73 60 . 4 183 152 3,125 ]
|~ 1956 114 446 658 559 734 176 56 18- 37 ]
- 1957 198 380 _ 496 311 158 61 38 48 102 :
| 1958 168 239 115 66 136 471 13 83 59 30 22 47 1,549 ]
| 1959 90 166 287 341 9 531 G4 ]
[ 1960 ]
| 1961 . ) i
I 1962 267 312 348 389 273 206 57 24 98 186 i
| 1963 144 340 278 71 543 845 408 18 53 111 .
1954 492 161 436 218 192 233 190 % 4
| 1965 9 217 333 223 731 354 462 133 5. 11 163 .
| 1966 80 224 340 449 361 343 424 142 20 © o8 -
| 1967 146 169 122 132 339 442 273 38 513 7 : 235 4
| 1963 253 278 398 69 163 - a3 3k 100 28 e
- 1969 87 233 248 4
- -1
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Preéipitation

STATION Tapeta CATCHMENRT AREA o

. __RIWER.IX THE BASIN OF . ELEVATION L m o UNT o g w s

YEAR - APR, HAY T, JUL., AUG, sgp; | oor, Hov. DEC, JAR FEB HAR ARKLAL
[ 1951 T 759 3 581 106 I3 0 88| 182
| 1952 13 290 212 188 146 431 303 92 40 5 85 104 2,092
" 1953 226 : 184 411 108 758 263 9 30 13 B4 39 ]
[ 1954 48 156 204 66 115 348 - 0 0 58 264 ]
| 1955 108 180 380 250 93 182 203 e 48 0 122 118 1,915 7
" 1956 170 234 24 101 104 360 914 41 18 a7 20 90 | 1.763
| 1557 95 250 331 219 172 376 309 .82 34 43 64 103 2,076 7
| 1958 135 9 184 14 7 174 255 37 33 91 82 i
[ 1959 11 329 302 121 . i _ 145 .
| 1960 ' 335 38 . A r . ) ]
| 1951 M 133 52 428 124 15 25 5 40 220 7
| 1962 210 208 421 163 225 350 174 : . ]
1963 _ 365 -2k 216 3 18 16 59 ]
L 1964 192 . 345 472 2,529 168 247 194 D14 15 88 ]
[ 1965 198 ‘254 350 273 361 407 27 53 42 70 ]
| 1966 _ 58 278 581 230 . 265 264 33 7. 23 97 ]
1967 169 140 278 196 262 i i
[ 1988 59 ' 533 779 26 1 102 46 ]
| 1969 273 - 204 162 174 33 45 ‘105 i

1970 160 125 32 211 318 133 56 17 i

Precipitation STATION - Hyaake . CATCHMENT AREA _ ke
RIVER, IN THE BASIN OF ELEVATION m UnIT -] s _ = w ___

VEAR APR, MAY | e | ave. ser. | ocr. Hov. DEC. | Jan. FER. | M. | MU
[ 1952 1L | 545 52 7 250 | 256 37t 32 7% 95 279 |
[ 1953 159 235 157 204 27 219 240 18 130 10 128 301 7,113 7
1954 225 197 D0 13 " 185 429 175 135 60 89 167 ;

| ess 190 249 307 19 71 s 229 480 ne 171 141 2 2,73

1956 194 355 200 2 a7 274 344 68 155 304 558 1
1957 553 . | a4y Cioa s 347 433 “359 1,503 79 278 86 280 5,584
1958 267 367 218 485 352 294 40 236 28 ]
i 1959 322 11 - 297 311 294 h
[ 1960 300 ]
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Preclpitation STATIN - Fine town CATCHMENT AREA sq-kn

RIVER, IN THE BASIN OF . ELEVATION . ___m UNIT - qpm § e W LA
" YEMR. APR. HAY . UL, AUG. SEP, ocr. KoV, DEG, JAN, FEB . MAR . ARKUAL
| 1952 . | 270 236 | . 23 759 402 a15 228 87 e % | 8
1953 | 438 380 86 {24 253 164 |78 120 101 176 2,077
| 1954 165 247 - 208 - 148 485 424 . 26 4 89 199 T
I 1955 | 170 79 361 255 181 136 427 110 41 Y] 211 166 | 2,551
| 1956 201 S 196 .. 60 84 416 350 165 185 17 L] 174 2,083
1957 150° 165 217 142 361 127 180° 169 ]
: 1958 42 ] i 14 27 45 " 364 266 252 108 . 128 160 ]
[ 1959 230 291 450 190 - 58 64 619 123 37 115 309 :
[ 1960 336 380 450 88 164 465 - 75 118 18 13 82 216 2,410
. 1951 298 173 293 220 I3 471 374 221 -3 110 3to ]
| 1952 165 156 588 - 65 108 o309 274 48 193 B
1943 283 26 |- 238 | 693 5% - | 375 220 T it 195 -
[ 1966 | 0a 323 | . 194 191 152 375 | ohe . 129 149 .77 ]
1965 . 40 428 214 - 367 283 101 164 ]
1966 215 286 672 . o207 193 697 123 } e .
[ 2967 . s 74 e 97 127 436 125 130 - 69 268 ]
" 1968 450 286 _ 350 210 208 43 29 292 ]
1969 267 427 179 209 ) _ & 108 195 ]
[ 1970 293 397 58 217 670 290 150 65 i
Praclpitation - - STATION ~ Zia town CATCHMERT ‘AREA sq-tm
RIVER. IN THE B[;SIN OF - ELEVATION o . UNIT forl 5 hd w .
_ —_——— . _ =
YEAR AR may | oaww | JoL AvG. | - SEFT 0CT. Hov. PEC. JaN. FEB. HAR. ARKUN
- 1952 . o a0 .93 3 365 241 113 T 3 48 291 N
- 1953 -} 1o 399 183 758 53 187§ 230 §- 79 121 27 129 70 2,537 -
- 1954 230 296 240 . 162 s 335 f . 99 n 23 85 .
[ 1455 197 130 406 166 | .90 896 | 308 123 1 138 32 154 195 2,630 ]
- 1956 338 145 146 - 53 105 232 403 7 132 10 98 231 1,969
[ 1957 © 248 294 241 129 335 326 373 s | 8o’ 141 97 150 2,582 ]
[ 1958 275 09 329 22 | 29 150 220 205 38 152 195 2,258 |
1959 38 373 179 222 53 296 2%3 T 5 % 130 ]
[ 1950 105 190 278 " 56 ‘111 195 288 T I S 31 ]




CATCHMENRT AREA

Préﬂﬁ_ﬁtnti?ﬂ STATION Zuedru s
RIVER, IR THE BASIN OF _ ELEVATION UNIT iy w L)
.VEAR ATR. ‘MAY JUR. JUL. AUG, SEP, ocT. | NOV. DEC. JAN. FEB. MAR. ARRUAL

[ 1959 15 51 159

™ 1960 132 66 203 37 9% 83 24 21 67

[ 1961 2 131 138 9 379 255 8 0 95

1962 145 13 399 100 172 227 149 239 55

[ 1963 146 339 752 296 428 404 49 7 el

| 1964 311 267 1 104 522 215 3is 41 99

" 1985 321 ‘128 125 159 92 28 211

f'i%s 106 225 ats 162 320 65 60 # 65

1967 238 117 "300 57 112 [hIA 281 14 8 80

- 1968 195 208 273 360 188 287 29 . % 119

1969 235 7 | 206 111 . 50 113

" 1970 166 170 2% 20 85 359 85 a8
.

: hgc‘igi;:ation . s-r.m;:m Chiehn CATCEMENT AREA sq-tm
RIVER, IN THE BASIN OF : _ ELEVATION .. - UNIT ) W .

| VEAR PR, | A am JUL, AVG. SEP. ocr, | Hov, DEC. JAN, FEB, AR, | ANWUAL
[ 1952 285 142 47 sl - 128 a1 o | 1wy 13

[ 1953 80 278 272 189 & 222 207 37 - ar 152 14%

- 1954 297 221 180 61 | 119 arr . | o297 14 18 47 Y 134 1,914
- 1955 196 320 13 142 148 402 359 118 53 7 146 ‘89 2,307
B 1956 229 120 184 121 84 359 212 80 152 4 21 110 1,732
[ 1957 164 210 a2 237 187 - 353 533 12| 12 62 . 66 2,411 |
| 1958 225 154 3 47 104 230 290 281 58 25' 60 125 1,676
- 1958 128 306 242 34 112 461 240 - o4 15 st 159

L 1960 46 230 281 66 203 306 295 9% 83
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Graenville

.28

Precipitation STATION CATCHMERT AREA R <q-km
_— ..__RIVER, I¥ THE BASIK OF ELEVATION — usy . mm 5 W hd
YEAR APR. wy | auw, JUL, ale, SEP, 0eT, sov, | pee. JAN, ¥EB, AR, ANKUAL
1851 3% 137
1952 80 552 '|1,066 182 33 " f,001 777 . 108 115 84 53 144 4,635
1953 293 829 | 626 - 735 125 611 . 994 192 - 182 29 236 )
1954 10 159 421 452 43 492 688 136 161 178 177 252 2,369
1955 230 492 951 202 106 766 868 366 489 103 104 279 4,956
1956 105 487 £50 125 b7 - 825 80z . 3712 645 ton 92 208 4,479
1957 173 542 . f1,529 212 k1:13 383 iL,099 468 259 373 239 205 5,868
1958 348 1,109 346 58 69 229 185 504 120 95 63 229 3,355
1958 160 64 6965 253 413 - 801 264 205 a7 133 376
1960 170 683 1,280 295 179 615 777 326 362 39 16 82 4,865
1961 &3 164 125 122 226 487 484 257 368 179 179 438 3,070
1962 a7s 492 468 90 165 - - 460 204 106 82 182
1963 232 193 - 1,310 474 650 312 203 149 91 61 .30
1964 £6 455 ‘922 281 113 528 . - 690 - 63 - 125
195 | 3n 127 957 214 1570 [ - 523 490 111 8. 9% 11
1956 139 221 |1,815 855 139 718 572 187 80 15 75 4 4,860
1967 345 188 751 59 112 £36 249 508 326 62 - 91
1968 82 . - 360 - - - 376 204 102 30 i9 212
1969 192 £63 - - 346 - - . - 166 43 136
1970 233 ass  |1,068 165 703 557 385 69
H
Precipitation STATION Sincefalls CATCHMENT AREA 9-kn
.__RIVER, IN THE BASIN OF ELEVATION UNIT o 5 w 3
YEAR AFR. MAY JUH. JUL. G, SEP, ocT. HOV, DEC, JAN, FEB, MAR. ANNUAL
1933 - - 697 488 238 - 691 172 114 - 83 274
1954 146 . 323 454 100 234 - 745 292 162 35 9 312
1955 284 348 763 2563 173 - 690 1464 223 43 74 136
1956 189 579 263 113 141 787 517 - 198 i) - -
1957
1958 106
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STATION

Buah

Precipitation . . CATCHMENT AREA  __ °  _ iqde -
P RIVER, 1N THE BASIN' OF e "ELEVATION n ounT __ Mg . W .
YEAR ATR. NAY JUN, JUL. AUG, SEP. | ocT. nov, DEC. | JAR. PER.. | MAR. ASNUAL
1952 421 12§ 43 - 785 67 51 9 191
[ 1953 170 273 312 207 33 225 3z 115 104 102 149 288 2,320 -
- 1954 184 236 167 44 103 259 294 267 44 27 77 243 2,065
[ 1955 184 206 250 .| 248 107 - - 282 211 53 80 | 169 o
- 1956 256 277 176 45 81 418 336 207 - 89 243 339
" 1957 353 23 459 178 676 453 411 459 492 154 64 249 4,119
. 1958 295 276 68. - 69 159 241 459 10 41 a8 94
- 1959 215 304 322 110 - - 458 234 51 19 49 2332
| 1960 - 392 - 107 220 478 - ss4 17 56 6 124
L 1961 253 305 370 39 v 283 |- wa 224 - 167 212 200
- 1962 a 366 535 74 71 | 284 194 - 153 53 158 206
1963 189 202 623 302 | 103 479 500 154 - 23 - 134
b 1966 148 358 350 “138 76 178 171 89 - 76 28 52
1965 147 352 - 61 124 195 193 137 65 1 83 234
- 1966 146 279 574 530 125 372 528 287 97 ag 94 Bl 3,151
F 1957 50 197 353, 785 ns 308 - 184 - - - 9%
| 1968 . - 404, - 341 - 425 - 121 - % 120
L 1959 299 “222 - 173 “ - - - 276 -
" ‘1970 267 309 - - ‘130 - -
]
P}:eeipitatiun STATION Cavalla CATCHMENT AREA ™ i
RIVER. IN THE BASIS OF ___ ELEVATION @ UNIiT s . w -
YEAR APR. MAY. JUH, JUL, AUG, SEP, 0CT ., Hov, " DEC. _ JAN, TEB, MAR, ASKUAL
— 1927-' ) 90 19 . 174
. 1928 183 43 519 415 205 455 31z . 231 a7 18 99 277 . 3,144
| 1929 256, 356 404 103 72 87 261 . 168 116 93 160 &8 2,174
[ 1930 88 - 430 411 126 46 191 150 245 96 98 54 113 2,058
[ 1931 118 313 190 7 156 266 | 428 138 113 9 153 157 2,075
[ 1932 60 432 490 179 33 190 119 282 125 79 78 287 7,554
1933 216 440 552 178 189 133 195° 319 167 4 5 254 2,922
- 1934 62 1831 234 427 204 370 541 145 115 95 39 . 81 2,49
- 1935 194 317 336 122 85 - 128 485 219 126 2 198 158 2,669
- 1936 200 419 357 109 29 204 287 347 264 10 133 141 2,500
- 1937 151 38 473 71 107 274 459 185 72 62 9% 107 2,383
L1938 208 595 305 66 22 404 178 356 . 77 96 197 280 2,786
| 1939 - 111 sl - 405 93 123 76 68 137 166 54 53 102 1,769
[ 1940 290 833 266 98 24 362 282 382 151 54 36 153 3,051
| 1941 226 649 365 196 207 39 166 244 180 182 8s 7% 3,170
| 1942 19 203 . | s48 100 35 215 275 15 135 49 158 06 2,258
1943 317 | 345 223" 52 135 127 66 328 183 % 82 244 2,636
o 33 116 902 190 171 | 493 391 156 130 110 177 120 2,919
- 1945 108 228 - 258 92 97 479 346 2t6 164 21 9 140 2,138
- 1946 172 37 238 1 31 294 648 270 83 14 13% 165 2,427
¥ isa7 264 169 558 202 446 - 408 358 232 82 73 126 122 3,034
L 1948 201 - 201 254 ¢ 105 115 353 728 141 105 128 59 118 2,018
- 1949 78 215 777 102 21 515 362 186 98 89 127 163 2,843
1950 229 151 763 0 19 134 397 175 132 130 38 112 2,417
| 1951 52 388 416 74 i 705 [1,026 340 134 19 136 306 3,727
[ 1952 133 330 621 145 . ar 40 | 30 370 221 108 92 236 1,028
| 1953 117 541 360 294 27 172 335 182 - 155 79 181 43 2,686
© 1954 233 316 342 22 97 457 509 317 177 105 158 308 3,061
1955 165 456 669 33 98 428 452 294 159 167 119 115 3,215
- 1956 179 38l | 104 53 44 136 421 378 216 89 158 221 2,572
- 1957 190 205 686 §7 166 129 310 183 11¢ 135 90 165 2,705
- 1958 348 672 98 12 56 118 144 119 294 52 140 163 2,316
- 1959 114 563 291 141 176 672 549 150 418
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Prec ipitation

STATION Harper EATCIMENT ARFA ke
P RIVER, I§ THE BASIN OF ____. ELEVATION mOUNT __ mm s .t Wi
YEAR APR, - MAY JUN, JuL, AUG, SEP, oCT, wOv. DEC, JAN, _E‘E'B: MAR, ARKUAL
[ 1954 168 ahz 636 244 61 | 339 430 470 199 227 124 E T ERTT
: 1955 228 1,133 1,483 R4 .234& 43% 323 115 482 136 249 117 5,223
:'1_956 85 364 &6 142 20. 256 305 464 410 231 119 us 2,582
__ 1957 - 83 417 534 2z iz 57 263 320 363. 213 83 216 2,743 :
. - 1958 565 428 69 - 55 718 13% 267 220 14 14 - :
1959 183 475 EL i 37 - 331 71 55 n T4 15 i
: 1960 42 51 468 147 9 234 299 285 188 ]




APPENDIX

A-2 MONTHLY' DISCHARGE



HONTHLY DISCHARGE STATION. KAWTLAHUR _ CATCHMENT AREA 5,420 | agein

WOWO ___ iveR, v THE BASIN OF WAND BIVER ~ py puamin R T _M,M.s' _20_22'“5_5'\'; ws"
VEAR. | arm. HAY 0N, JUL. avg.. | sER, oCT, NOv, DEC, FaNy | FEBL | AR, | ANWUAL
1958 - - . . 1 18,400 | 15,995 | 13,837 | 7,421 3,421 1,19 1,522 ]
1959 1,529 &, 500 8,045 | 13,408 | 12:9167] 1e264 | 12,250 | 9,216 | 400m 2 093 1.540 682 | 88,490 |

1950 | 18m 4,120 6,627 1 7,161 | 18,259 | 19,050 | 11,780 8,670 | 1,260 1,423 n7 367 | 83.495]
196t | 819 2,496 4,587 [ 9,207 | 10,633 | 15,345 u.,t.qz 5,346 | 3072 125 580 1 65,667
192 1,800 1,867 s.a72 | 9,136 | 14,039 | 17,763 15,247 | 12,111 | 4,783 2,496 2,700 | 1,795 91,918
1963 1,167 2,414 8,874 | 7.881° '_13,-14.'7 15,173 | 23,333 10,523 | 4,802 2,414 2,151 2,069 | 93,943 ]

[ 1964, | 2,392 2,443 | 5,288 | 6,817 | w,210 | 7094 | az,7a8 | 7,976 | 5,493 2,990 1,765 1,637 | 80,250 ]
1955 1,250 2,615 | 6,207 | 12,075 | 10.845 | 20,102 | 16,370 9,326 | 4,630 s | - - ]
1966 - 2,069 2_,1_2& 11,305 9,780 | 30,074 |-13,297 10,022 4,658 | .2,443_ - - ]
1967 2,782 2,472 3,088 | 14,010 | 16,614 | 18,877 | 20,139 9,353 | 4,371 7,357 2,016 — 1 E
1968 2,921 4,716 n,zia 10,499 | 17,106 [ - - - - - - - - ]
Mean | 1,839 2,91 | - 6,083 { 10,050 | 13,550 | 18,015 | 15,765 | 9.578 | 4.662 2,322 | tese| 128 38,189
. MONTHLY DISCMARGE - sramon . SOLAHUN ' CAT.;“MEN; AREA s g _

: ZELIBA RIVER, IN THE BASIN 0F MARO RIVER ~ mievamion . < w ouwr _mis-d | j 8" 127-55"  10° 07'-45"
YEAR AFR, HAY JUN, L, avc. see, | ocr. Hov, DEC, JAN, FEB, map, | ANRUAL
1958 - - - - - 1,97 | 1,714 1,497 w1 | 360 185 155 ¥
1959 156 465 858 | 1,435 | 1,383 1,959 | 1,302 | 1,006 484 229 | 1s7 164 9,618 |
1960 237 " azs ssz | 933 | 1,851 1,953 1,262 %9 s | 220 123 s | 9,201
1961 138 214 294 862 1,676 1,638 | 1011 s19° 2710 158 12 | - 127 .6.k96:
1952 147 192 s46 |- 1,070 1506 | 1.905 1,634 1,623 81| s3] e ;u. 10.252 ]
1963 144 251 450 840 1,407 '1;525' 2,505 | 1,125 s_oa' 251 | 2238 214 9,564
1964 249 254 R 725 tse2| s | 1368 | s 583 M3 | 182 167 3,539 ]
1965 126 273 660 | 1,184 1,159 157 1785 | e | 430 2 |- - 1
1966 - 214 25 | 1,200 1,045 2,155 | 1,962 1.,071 a9$ 256 . - |
1967 291 257 2 | 1,500 [ 1,56 | 2,025 2,161 | 999 462 245 | 208 - i
1958 306 499 [ 1,200 | 1,122 1,838 - - - . - . - ]
Hean . 189 " 304 573 | 1,089 1,435 1,923 1 1,667 1,067 541 263 135 165 9,412

ﬁ
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MONTRLY . DISCHARGE

BOLAHUN

STATION - CATCHMENT AREA 104  sqim - .
HAVO ____RWER,IN THE BASn oF o MANO RIVER  grpvation . = uNIT m3/s-d" H__8°14'-0Q"_ 10°0%*-56"

YEAR | aRR, HAY Ji. | . auL, AvG, SEP. oot | wov. DEC, JAR. ¥EB. ag, | AENUAL
[ 1958 - - - - - 236. 178 139 60 33 20 .13 _
[ 1959 15 60 8 124 124 230 151 88 45 : 2::. 15 20 s ]
" 1960 17 44 42 86 147 156 125 92 §2 5 15 12 41 ]
[ 1961 26 47 64 121 115 177 105 57 3% 19 17 22 804 |
L 1962 30 a7 12 143 149 177 112 144 53 % 28 22 | 1,001 |
; 1963 15 53 53 59 149 ' 156 205 6 n 19. 12 25 81 |
: 1864 15 31 &6 74 140 - - - - . - . :
[ ean 20 as 66 101 137 189 146 98 4s 25 18 w | sz ]

MONTHLY DISCHARGE : STATION NEW HOPE. 'c_\'r(;,ﬂgg;'r AREA 10,650  sq-1a

LOFA RIVER. IN THE BASIK oF _ LOFA RIVER . ELEVATION ) = URIT _;QLM__,;‘ 6° 44'-ogr 109 58°-15"

YEAR APR., HAY . JURg JULY . AUGI. SEP. KT, ?\'U.V. DEC, JAR, FEB, HAR, ASTUAL
1958 3,360 | 3,813 5,980 | 4,309 6,417 13,;480 15,097 | 11,670 | 6,355 3,689 |. 2,492 1,798 | 82,460 |

[ 1959 2,150 .5.766 8,310 | 16,151 10,323 | 25,230 | 11,718 | 8,300 | 5,053 5,053 | 1,566 1,559 | 101 259]
960 | 2,30 3,930 7,650 | 9,455 | 24,986 | 30,750 | 17,232 | 10,920 7,378 4,588 921 785 | 121,885

[ Maan 2,647 4,503 6,980 '9_,971 13,908 | 24,820 | 14,849 10;310 6,262 4,443 | 1.659 | 1,380 |101,732




GAGING WEIGHE - i STATION DUQGOMAT ' CATCHMENT AREA 1,580 sqia

. LOFA__ RIVER.IN THE BASIN OF 1OFA RIVER ELEVATION e w UAM = s .- w e .
- - =
VEAR AR, | oAy JUM, JurL. A6, sEp. | -oct. KOV, | DEC. JAR, Fés, HAR, . | ANEUAL
. n - 1.06 1.32 1,53 2.36 2.59 2.1 L7 1.15 - - - N
| . - - - - - - 2.02 1.42 1.09 - . |
MONTHLY DISCHARGE STATION ‘MI. COFFE ' CATCHMENT AREA 21,430 sqim L

= —— . ; 3 BT 3357 107, 367250

5T, PAUL RIVER, IN THE BASIN OF ST. PAUL RIVER ELEVATION = ANT _wtfg-d k-3 W T
e a— . - - ANKUAL

YEAR AFR. HAY. JuN, | JuL, AVG, SEP. ocT, . %OV, DEC. | Jan, | FEB, MAR,

L 1958 3,000 7,806 9,792 | - 6,674 | -11,947 38,073 | 32,020 | 26,520 { 13,073 7,437 | 3 900 4,008 | 166,250 |
[ 19597 | amze | 16,99 20,994 | 26,812 | 21,285 | 42,396 | 20,482 | 17,553 1 8,736 3,528 | 2,455 3,119 | 185.824]
[ 1960 5,451 7,921 | 13,050 | 18,222 38,403 | 41,682 | 28,350 ' 17,94 | 10,112 4,139 1,842 1,569 | 188,705
| 1961 | z,84 6,389 | 11,124 | 21,756 27,113 42,273 | 30,966 |. 16,074 7,620 | 3,559 1,840 2,359 | 173,914
| 1962 5,178 | 10,512 | 17,682 | 25,085 | 35.042 | 41,772 _31',769 2?,_@61 13,491 6.845 | 5.328 6,836 | 226,801 ]
1963 5,127 | 11,300 | 15,528 | 29,332 | 41,560 | 43,077 | 46,075 | 28,383 | 13,707 6,482 2,842 3,661 | 246 154 ]
L 1964 3,111 7,508 1 15,888 | 21,725 | 40,365 | 47.499 | 32,175 | 20,181 | 13,718 7,753 | 4,197 4,002 | 218,122
| 1965 5,052 8,265 | 17,151 | 31,155 | 28,687 41,343 | 36,093 17,136 | 8,699 4,163 | 2,055 | 2;455 |202.25
[ 1966 | 4,389 5,689 | 13,248 | 16,560 | 39,007 | 40.88% | 29,450 | 18.000 9,300 7,595 | 2,352 | 2,852 189,396 ]
| 1957 45995 6,448 9,078 | 17,329 | 23,622 42,300 | 45,012 17,760 | 11,625 |- 9,57¢ | 5,510 |0 5,704 198,962 |
i 1968 7,428 9,920 | 25,260 [ 23,994 | 34,804 50,520 | 31,465 | 22,620 | 15,066 8,804 | 5,600 5,084 § 240 605 |
[ 1949 5,940 4,123 | - 7,980 | 15,438 | 31,341 29,880 | 30,721 26,4500 | 13,330 6,510 | 3,444 5,270 | 180,377 ]
[ 1970 6,480 6,510 16,920 9,951 20,677 | 28,860 | 17,484 10,860 | 5,890 3,038 |. 2,520 3,286 | 126,476.
191 ‘2,220 | . 4,712 9,090 | 11,935 21,142 31,560 | 40,982 13,050 | 18,631 9,021 4,843 2,604 169,790:
| Mean | 4,646 8,003 | 14,056 | 19,712 29,644 40,151 | 32,367 19,983 | 11,571 6,318 | 3.45% 3,772 {193,682 |
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MONTHLY DISCHARGE

STATION GWEYIE CATCHMENT AREA 10,790 qum
__STu PAUL wigp v THe gAsy oF ST, PAUL RIVER _ ELEVATION — o wn wsd 7T 20T-ART S 99750t
Cwes | arr. |y JuE. | oL, avG, SEF, ver, .| mov. | vec, aan. | res, HAg, | MEEAL
" vose | 1,500 | 2,875 | 4,800 | 3,317 6,879 | 30,201 15,872 | 13,260 | 6,572 | 3,720 | 1,952 | 2,006 | 93,954
[ 1952 | 1,9m4 7,468 | 8,559 | 12,902 9,750 | 21,198 | 12,605 | 11,733 ! 7,663 1,764 | 1.047 1.559 | 98,162 "
1960 | 2,778 | 4,656 6,420 | 832 | 19,200 | 20,84t ! 14,076 | 8,982 5,05 | 2,01 708 734 | 94,514 ]
© 1961 | 1,422 3,19 5,562 | 10,878 | 11,358 | 18,624 | 12,367 | 7,692 | 4,058 | 1,848 921 1,163 | 79,0691
 isz | 3,726 5,062 | 8,100 | 12,881 | 12,543 | 16,731 16,679 | 13,00 | 7,806 | 4,303 | 3,797 4,325 | 107,019 ]
B 193 | 3,609 3,729 8,367 | 22,009 | 19,598 | 21,00 22,689 | 12,294 | 6,295 | %vsi | 153 | 2,768 [128 475 ]
- 1954 2,040 _2',103 s_,'aéa_ 9,908 | 19,823 [ 23,751 | 15,40 5,690 | 7,285 4,795 | 3,018 3,140 |107,387 |
1965 | 2,667 | 4,628 8,577 | 15,562 | 14,607 | 22,365 | 14,697 | 8,85.] s.,62 | 2,009 | 1,299 2,052 102,580 |
[ 1956 | 2,904 3,419 ;6 | 7837 | 15.463 | 18,906 | 16,870 | 9,786 | 4,92 | 2.835 | 1.182 1,423 | 92.003"
1967 | 1sse | 3,220 | gusea | s.ees | 10,881 | 20,156 | 22,518 | 8,895 | 5,825 | 4,799 | 2,749 | 2,868 | 97,697+
[ wgss | 3,708 | aes0 | 12,263 ] moet | 17,616 25,272 | 15,736 | wmo | 7536 | aase | zzen | 2,548 [ 119,913 ]
U 196y | 2,979 2,065 | 4,035 | 7,738 | 15,621 | 16,953 | 15,357 | 13,208 | 6,662 | 3,267 | 1.722 | 2.641 | 90,286 ]
[ 170 | 3,249 | 3,277 | 5,457 | 4,97 [ 10,683 | 14,639 ] 8,762 | s3] 2oz | use2 | Lrs2 | 1,637 | 63,6097
P | oL,1m9 | 2,368 | oa,se8 | 5,977 | 10,580 ] 15,771 20,491 | 6,531 | 9,328 | &,517 | 2,434 1308 | 84,962 |
b Mean [ 2,515 | 3,859 6,742 [ 10,220 | 13,89 | 20,372 | 15,873 | 10,050 | 6,265 | 3.335 | 1,908 | 2,159 .
ONTHEY DISCHARGE STATION GBAKWELE CATCHMENT AREA 5,957 saim
VIA RIVER. I¥ THE BASIN OF 8F. PAUL RIVER p pyyinon w umr _ ®ifs-d R . - .
VEAR |- APR, . | - HAY s, foaue, ] ave. ser. | ocr. wov. | bEC, JAN. | ¥EB, g, | AU

[ 1958 354 918 1,287 784 2,173 12,4:.7_' 6,126 | 5,006 | 2,000 880 462 474 32,9a§j
[ 1959 453 2,43 2,946 | 4,821 3,435 | 8,490 | 4,690 | 4,335 [ 2,517 415 247 369 | 35,1527
[ 1ss0 657 1,197 2,006 | 3,032 | 7,58 | 8.3 | 5,399 | a1 | 1,373 490 216 8 | 33 5771
- 1961 336 756 1,623 [ 3,931 4,142 7,362 | 4,576 2,559 %1 437 216 213 | 27,1724
- 1962 | 882 | 1,78 2,739 | 4,811 | 4,662 '5,523 5,599 | a002 | 2,598 | 1,002 202 1,051 | 37.092 ]
| 1953 855 2,008 | 2,85 | 8,82 7,762 | 8,406 | 9,120 &ysm 2,136 887 s | 855 | 48,589
X 1955' 483 843 1,983 | 3,503 7,890 9,612 _5;9;7 3,435 | 2,353 1,259 714 744 | 38,756
1965 630 1,184 2,946 | 5,989 5,568 | 9,003 | s,608 | 3,05 | 1.420 496 305 - 484 | 35,708 ]
- 1966 487 809 1725 {2418 1 5,946 | 7,485 ] 6,563 | 3477 | 1,339 908 280 335 | 11,972
L 1967 78 763 1,167 | 2,957 3,931 | . 8,472 9,003 | 08 | L7 1,259 650 679 34,097 4
| 1968 | a7 1,330 4,557 | 4,421 6,801 | 10,281 | 6,066 | 4,148 | 2,451 |- 1,085 661 o1 | 43.267 |
- 1969 705 487 956 | 2,58 | 6,036 | 5,745 | 5,899 | 4,58 | 2,077 772 406 623 | 31,232 |
[ 1970 768 775 1,575 | 1,33 3,806 | 5,523 | 2,99 1,566 694 60 294 388 | 20,105 ]
[ 971 264 61 1,176 | 1,76 | 3,800 e,108 | 8,153 | 2000 | 3,209 | 1,135 574 310 | 29,356
| Mean 595 1,107 2,110 | 3,65 5,256 8,128 | 6,125 | 3,595 | 1,924 316 455 512 ]




.. MONTHLY DISCHARGE

on STATION o JBELLEYELIA CATCHMENT AREA S 5L SR U R T
"IN THE BASI OF ST, PAUL RIVER ELEVATION w iy mYsed s _ .
MAY, JUN, Jut, G, sE¥, 06T, Hoy, DEC. JAN, FEB, AR, ARNUAL
| 1958 56 1 210 146 3064 2,5 | Lm0 | 879 288 164 B4 87 | 6,05 |
| 1959 8 329 417 231 s2v | nese 800 729 338 78 44 68 | - 5,895
[~ 1950 120 - 205 282 431 1,448 1,620 955 459 223 90 39 3% 5,996
- 1961 60 140 245 632 677 1,406 75 339 177 81 38 ) a,az_z':
; 1962" 162 223 32 ‘828 794 1,218 | 1,004 855 | - 344 189 165 189 | 6,369 )
L 1963 159 201, 399 | n72a | o1aes | Less | 1.7e9 783 298 164 81 i1 | og,932
" 196s 90 155 282 536 1513 | - 1805 ] 1,079 528 19 211 132 136 | 6,886 ]
[ 1965 117 205 1200 1,000 | 995 L7700 | 1,004 447 226 90 73 %0 | '6,2287]
- 1966 126 149 255 329 1,079 1,431 | 1,218 537 210 167 50 62 5,623
L 1967 69 140 we | als 632 1,653 | 1,770 450 257 m 19 126 | 6.038 ]
T 162 217 780 741 L7 | 2,085 | 1,107 687 332 192 123 112 7,979
[ 1969 129 %0 | s | Lo |onese | 1070 877 295 143 76 1ns | 54567
[ ‘1970 141 " 143 240 217 611 993 421 - 240 127 65 53 i 3,323
[ 197 48 102 201 264 s01 | 125 | 1,572 270 481 198 ios 56 5,022 1
- Mesn 110 183 299 609 931 1,575 | 1,120 577 280 146 84 9%, ]
HONTHLY DISCHARGE S'I:A;I'I-DH WENSGROﬁ ..cncn.m:m AREA 2,750 l'a'.\x - .
___FABMINGTOM_ ___ _RIVER JN THE BASIN OF -FARMIMGTON RIVER . . ELEVATION = UNIT _mgls;d—}; Lpﬁ:_'?q" 10°.. 23 -03" L
YEAR ATR. HAY TR, Jun,, avG. SEP.- | .oct, sav.. | pEc. JaN, FES. Max, o | VM

1955 - - - - - - - . : - 871 | 1,307 ]
[ 1956 2,324 | 2,540 5,966 | 6,238 | 2,452 | 5,377 s,oz'o aese | 2,2 1,222 729 986 | 39,000
- 1957 1,274 2,243 3,841 982 | 5.75 | 10715 | B.637 | 4630 | 4.126 1,506 974 1,325 :.5,;3oa
- 1958 1,494 1,339 1,285 | . 988 | 2,223 5,264 | 5,220 w02 | 7,803 | 1,20 906 1885 | 29,173 .
C19se | ey | 3,09 | aan | eos2 | sz [aoean [ 7136 | 3998| 2572 | 1167 826 | 1,187 | 28,680
" 1960 7,005 3,976 7,401 | 6,006 7,696 | 2,93 | 5,05 3,432 | 2,159 1,080 604 1,062 | 48,249
[ 1951 1,580 3,502 4,579 | 7,202 - . . - . - - - ]
' ean 1,682 2,928 | a,5% | 4,756 -| 4,600 1,862 | 6,414 1919 | 2,775 1.216 818 n297 7]
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HORTHLY 'DISC_HARCE

FIRESTONE PLANTATTON

SYATION €O, PIVISION 22 CATCHMERT AREA '5‘!17__‘__ ke .
DU RIVER. IS THE BaSks oF _PARMIRGTON RIVIR _ ELEVATION i o BT mMs-d ¥ 6° 2at-2g0 _10° 23'-p5"
VEAR APR, May JUR, AL, | Cae. | see: o ocr, wov, | oEe, aas, ] Fes, wap. . | ML
S -

a -4
1958 - R - - - 1,373 | 1,540 1,115 655 “ 15t 359 :

I 1959 188 9to 182 | 3,065 2,132 1,691 698 561 &1 244 10t 409 | 11,m27
- 1960 493 245 1,033 999 1,364 1,196 | 1.849 636 517 - 292 159 195 | 10,979 -
- o6t 264 476 t,732 | 2,279 . - - - - - - - |
L Mpan 315 544 1,182 | 2,114 1,748 2,087 § 1,362 804 534 268 137 1n ]
| A

MONTHLY DISCHARGE STATION PLEMO "CATCHMENT AREA 187 sam
o _DiF . RIWER. IS THE BASIN OF _FARMINGTON RIVER _ ELEVATION . . . w NT _m3f3-d % 6 236'45% _ 10 -25'50"
YEAR AR, HAY I, JUL. AUG, SEP. oCT. Nov, DEC. i, | Fxe. MAR. ANNUAL
[ 1958 - 61 1] 29 %0 375 371 140 62 57 57 - 1




MONTHLY DISCHARGE

CATCHMENT AREA 16,930 .4,

sr,_mbx MT, FINEY S
ST, JOMH _  RIVER.IN THE @ASIS or __ST. JOWN RIVER ELEVATION _omovsw ¥ /s-d ,ar: 4703 g tsangh

VEAR ATR. MAY JUN, JuL, A, | sew, act, OV, DEC, JAR, FEB. AR, ANSUAL
- 1957 - . - . 19,050 | 43,150 | 45,880 | 16.790 | - 4,417 - - s
- 1958 | A.aee | 3,266 | 2,643 | 2,503 - - - - - - - - ]

L
- ]
™ -
MONTHLY DISCHARGE STATION ST. JOHN PALLS CATCHMEST AREA 1,370 que )

5T, JFOHR RIVER, [% THE BASIN OF __SE. JOMH RIVER ELEYATION a T wifs-d - ﬁ‘ 8 .26'25%. 9 805"

VEAR APR, HAY JUN, s A, SEP, ocT, aov. | Dec. JAN, FEB. MAR, | ATRUAL
: 1958 . 1,914 13,919 13.,327 10,118 . ;3,978 1,%09 1,237 1,538 . :
[ 19se | 1,268 | 5,812 | 10,800 | 23,472 | 9,086 | 31,772 26,997 | 9,365 | s.o81 | 1,98 | 1,120 | 1.828 136,587 -
- 1960 3,971 5,616 5,820 | 5,942 | 24,866 | 22,665 | 21,155 | 9,344 | 4,800 1sse 1° 951 | 1,000 | 128,589
+ 1961 1,902 | 4,520 | 6,362 | 8,005 5,001 | 23,700 | 17,000 | Ts,oue | 3248 1,32 {193 Lt | 19,230
1962 5,267 | 29,230 | 40,348 | 24,226 21,9647 62,148 33,092 .| 20,051 | 6,67 | -1,33 | 3,885 1,841 {261,042
| 1963 2,463 4,477 8,240 | 21,617 | 45,647 | 55,897 | 49,266 | 23,275 | 5,082 2,282 | 1,067 1,229 | 220,689 |
C 1964 1,614 198 | 21,151 |o15,800 | $1.618 1,504 16,678 | 7,815 | 4,740 219 | 1508 | %ss 192,782 ]
f 1965 2,124 41t | 10,488 | 35,462 8,602 | 55,218 Aa.asg'; 8,070 | 3,3% 1,580 951 1,229 {179,953 ]
- 1965 2,124 2.897 5,001 | 13,166 | 45,208 | 62,863 | 66,714 | 10,873 | 4,300 2,107 9s1- | 225 |218 4gad
_: 1967 | 2,803 3,950 2,463 | 5,00 5,530 [ 35,488 | 44,066 | 5,691 | 2,458 1,404 903 1,580 | 110,427
[ 1068 3,483 7,313 | .959 | an.000 | 89,538 | 81,552 ] 66,959 | 30,495 | 19,223 3,072 | 951 3,248 | 379,902 |
[ 1969 | 3,398 - -1 - - - - - - - - - ]
[ 1970 12,552 19,837 | 30,985 | 58,989 | 93,446 | 36,233 | 15,200 | 15,185 1,931 L1190 | 1,053 :‘
- o7t 1,529 | 4,915 - . 28,088 | 69,659 | 24,314 | 3,823 | 3,823 - - - -
- Mean 7,662 7,73 | 15,069 | 20,600 | 30,455 | 53,447 | 35,942 | 13,012 | 6,407 2,087 | 1.285 1 505 ]
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'MONTHLY DISCHARGE

BALLA

CATCHMENT AREA’

SYATION 3,860  sqkm Do N
o 8T, JOUK RIVER. I THE Rasw oF ST, JON RIVER ELEVATION a N wife-d 1;. jﬁ!ﬁ?'\'\' _911"‘_::5;@
vEAR APR. | waAY am, | e, ave. | sEP. ocr, Hov. DEC. | JAN. FEB. w, | AL
i 1050 - - - - - 9,80 6,513 5,228 2,998 | 1,527 . 1,264 )
- 1950 g7 | 2,423 3,381 | 6,483 3,870 | 2,005 | 6,179 4,477 2,7 | 1,018 539 602 | 39,150
- 1960 1,393 - 1,440 1,427 2,23 .| 7,602 | 10,110 6,656 | 4,134 2730 103 495 461 | 39,828 ]
[ 1961 917§ 1,352 1,546 | 2,218 '} 3,248 7,926 4,740 2,752 1,448 | 793 . 983 136 | 28,679
| 1962 1,121 | 2,563 4,565 | 5,21 7,031 5,854 7,265 6,176 2,967 | 1,826 1,625 1650 | 51,998 ]
[ 1963 1,260 | 3,230 2,769 | 5,793 | 10,000 | 12,230 | 12,600 | 6,286 |- 2,984 | 1,736 | 1,150 l;a'as 68,716 7]
" 1964 1,460 | 2,458 | 3,589 | 3,906 8,339 | 10,580 | 6,057 4,502 3,511 f 2,063 1,506 1361 | 49,816 7]
- 1965 "'1',232_ 1,931 3,398 | 6,93 | s.e62 {1,430 | w0 | 4,502 2,501 1,604 872 1,053 | 52,460
[ 1966 1,402 [ 1,580 | 420 | 5,793 | 1us90 | 1210 | 1,670 15522 | 2,986 1736 513 658 | 53,098
| 1967 13| 1,887 2,888 1 4,036 6,93 | 5,260 | 15,270 4,757 3.028 | 1,975 903 1,229 | 49408
1968 1,656 | 2,458 5;776 | - 6,670 | 12,0701 14,270 | 11,810 4,502 3,336 | 1975 991 ‘668 | 67,183 |
| 2959 . 637 966 2,718 | 6.6m | 12,070 | 14,270 | 11,850 4,560 3,336 | 1,915 901 1668 | 61,612 ]
- 1970 637 966 | z.718 | 6,671 - - - B . - N . .
1973 - z.,aaiv 5,966 8,076 12,820 - 13,910 - 3,292 - - - B
| Mean 1,143 | 2,126 3,526 | 5,441 | 8,419 | 10,338 9,721 &, 777 2,879 | 1.600 988 1,168 B
HONTHLY DiSéEARGE STATION Ym o CATCHMENT AREA 1,040 +q-km
YA RINER, N THE BaSKs oF __ ST. JOMN RIVER  pupvamion. = UNIT mifs~d % 7 +03'25% 8 .52"14"
YEAR arR, | may Juw, g, avG, | sEP, ocT. OV, pec. | aan. FEB. Map, | MUAL
[ 1958 - - - - - 1,038 972 775 401 155 75 55 ]
B 1959 42 269 722 1;1'35 834 | 1,592 1,185 710 410 120 46 . ]
1950 TS 165 “321 508 2,179 | 2,612 | 1,525 671 483 163 61 55 9,021
- 1961 A 120 20 685 N . - - - - - - -
1 Hean 104 185 428 926 1,507 | 1,747 1,225 : 19 431 146 60 55 ]
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MONTHLY DISCHARGE

STATION SAWOLG

CATCHMENT AREA 4,580

sq-he

___UESTOS ~  pwem N THE BAsm o _CESTOS RIVER ELEVATION el = uwn_ ms-d Yo 626250 837255
[ YEAR APR, HAY i, JyL, Ave, SKP, ocT, oy, DEC. | JAN. FEB, AR, ANXUAL
| 1958 - - - - - - 8,146 2,809 3,388 - - 195 4
- 1959 390 351 2,056 ¢ 5,424 3,950 | 5,349 - - - - - - J
1950 *O8¥s o 902 | *2,139 [ 42,293 | *3,925 | *3,806 | %*3,143 | x2,883 | *1,567 [+ vea 1% 415 | & 298 (22,273
b- 1951 - - - - 2,370 1,406 | 03,355 | 2,984 1,682 632 526 196 1) B P
[ 1952 71| 1,632 2,95 | 4,020 | 3.2m | 4,407 3,674 2,675 1,562 | 1,132 872 ] 1,158 |28,029 -
- 1963 76 | 1,766 2,030 |- 3,195 | 4,512 | 4,583 5,530 2,997 1,650 912 77 588 | 28,814 |
- 1964 407 | 1,597 zse | 2,605 | 3,748 | &0m 3,265 | 2,085 1,698 983 772, 49y '} 24,977
| 1965 764 | 2,058 | 2,854 | 3,081 3,335 | 4,256 4,248 3,123 1,141 172 309 368 | 26,309 |
L 1966 853 | 2,062 2,939 | 3,449 3,879 4,402 4,942 2,395 1,657 930 53 474 | 28,328
™ 1987 866 991 1,061 1,746 1,667 4,281 4,406 1,749 1,193 S4b 500 557 | 19,561 t
| 1968 1,155 | 2,25 2,739 | 3,116 [ 4,275 ] 5,083 3,563 7,641 1,875 1,220 13 1,027 | 29,663 ]
- 1969 943 895 2,234 | 1,694 2,05 ] 2,973 4,275 | 4,723 2,951 Iz4 1,695 1,738 | 26,471
| 1970 1,783 | 2,056 3,26 | 2,317 | 2,852 | 5,009 2,335 1,435 807 [ "3s1 482 333 {e2,904 |
L 191 161 814 3,722 | 1,790 2,137 § 2,616 2,422 019 912 333 49 373§ 16,79
" 1972 501 991 2,34 | 2,070 F 2,141 | 3,600 2,984 1,529 - %38 237 368 N
| 1973 18 | 1,676 730 [ 1,518 2,207} 3,720 | 2,914 1,537 535 - - - ]
| Mean 748 | 1,457 2,386 | 2,728 2,960 | 4,175 3,974 1,412 1,521 704 614 643 ]
: * glvés estinated] run-off ¢f the St.{John Rivdr which wis obtaineld from . :
| cunsljtive corrklations with run-off observdd at Sowvelo Gagling ftation.
i (Jupe |- Nov.) | ¥ = 0.192 X + 1,885 i
‘Dec. |- May ) Y = 0.5]55X + 180 ]
GAGING HEIGHT STATION SEMNKWEEN | CATCHMENT AREA 5,330 .
____SEHNKWEMN ___RIVER. IN THE BASIN OF __SEMNKWEHN WIVER  ELEVATiON . = iy fe s . - .
YEAR AFR. HAY Jun, JU, ave, © SEP. OCT. Riw, DEC, JAR, FEB. JAR. ANNUAL
™ 1959 1.81 3.07 3.52 2.61 2.09 2.55 2,21 2.84 2.42 | 2.7% 2.47 2.23 §
- 1960 2,33 2.76 3.03 2.27 2.12 2,65 - 2,49 220 | 2.48 1.a1 1.88 .
- 1961 2.00 1.85 2.31 2.02 2.09 1.95 7.15 2.1 2.10 | 2.11 2.13 2.05 ]
. 1962 2.25 2.78 2.54 2.36 2.02 - - - - - 2.52 2.36 ]
| 1983 - 2.10 3.05 2.82 | 2.37 2.57 - 2.37 2.20 - - 2.21° ]
| 1964 2.29 | 2.87 2.99 - 7,32 2.1 - - - 2.28 - 2.59 ]
T 1965 - 2.60 3.05 - 3.03 - 3.32 2.82 - 2.29 2.31 2.30 iy
- 1986 2.91 - 2.77 2.91 8.26 3.12 3.07 2.81 - 2.42 2,27 2.39 1
1967 2.70 2.70 2.83 2.55 2.82 - 2.62 2.68 2.58 - - 2.47 .
L1968 2.68 2.72 2.7 - 3.37 3.30 2.92 2.76 - 2.45 - 2.45 i
[ 1969 2.5 | 2.79 3.l | 2.7 2.61 | 2.58 3. K4 2.69 2.55 | 2.53 - 2.78 ]
™ 1970 271 2.86 3.23 2.44 2.99 2.63 3.01 - - 2.61 - 2,39 1
- 1971t 2.41 2.58 - . 2.91 2.85 - - 2.5V | 2.47 - - .
- 1972 - - - 5.49 2.84 - - - . 2.30 2.60 2.60 1
| 1973 260 | 2.90 200 | 2.90 260 | 2.90 2,70 2.60 2.05 | 2.60 - - ]




STATION

WONTHLY DISCHARGE NYAAKR . CATCHMENT AREA 12,610  sis __ .
_ CAVALLA  pwkm, 1N THE BASIS OF _ CAVALLA RIVER ELEVATION ] ) mouNiT . _m3fs-d ‘; 4 {‘3!'00'1,- 7 o5t 300
VEAR | aem, MAY . | Jen. a6, b sep, ey, nov. vee. | gan: Fes. | omw, | A
[ 1958 - - - - - - '22.705' 28,373 - - - - i
..:1959 - - - - - - ol . . R - - g
1960 12,878 | 6,43k - 7,720 | 6,286 .| 15,134 | 29,560 | 29,016 | 16,888 | 6,92 | 5,122 3.087 5,941 |144,978 7
3 g
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