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ABSTRACT 

A Ten year data on seepage, elevation, reservoir capacity and Tail 

water race was obtained. The analysed data showed that the maximum 

seepage value was 7.2 x 10-2 m 3/hr while the minimum was 4.32 x 10-2 

m 3/hr. The maximum and minimum elevation was 382m and 329m 

respectively. Similarly, the maximum head was 70m while the 

minimum was 17m. The maximum reservoir capacity showed 5.9 x 109 

m3 and the minimum was 1.5 x 109 m 3. Even at the maximum seepage 

value of 7.2 x 10-2 m3/hr the dam is still structurally safe. However, the 

cumulative seepage value for the ten year period amounted to 73.8 x 

10-2 -m3/hr. A wear box stationed at the down stream close to the 

turbine adequately takes care of the water loss due to seepage. The 

maximum head of 70m also showed that there was no any incident oj 

over topping as it is still within the maximum design height of 115 m . 

.. 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 A BRIEF HISTORY OF SHIRORO DAM PROJECT 

In April 1957, the Northern Nigeria Government and the then 

Electricity Co-operation of Nigeria (ECN) jointly authorized an 

investigation of the hydroelectric potential of River Kaduna, a 

Shiroro Gorge. The investigation was carried out by Sir, Alexander 

Gibbs and partner in collaboration with Messers. Preece Cardew & 

Rider. In February 1959, preliminary report on Hydroelectric 

development of the Kaduna River at Shiroro Gorge was published 

by sir Alexander Gibbs & partners and Preece Cardew & Rider. In 

1977, Design works and consultancy works was awarded to 

Messrs. Chas T. Main of Boston, Mass, U.S.A. respectively. By 

March 1978 the main civil works contracts for Shiroro Dam was 

awarded to Messrs J.V. Torno for Shiroro joint venture of TORNO 

Switzerland and TORNO Milano, Italy. TORNO started work at 

the dam site in 1978. By 1980, resettlement of the villagers 

displaced by the construction of the Shiroro Dam project 

commenced. Compensation were paid -to the villagers as demanded 

by them. Within the same year, construction of the new tail road 

relocation commenced as the design of the dam demands. 
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In 1989 excavation and construction of the spillway, the 

Shiroro Dam power house commenced but its completion was held 

up due to lack of payment from the owner hence it was not 

completed as scheduled in the contract plan. 

1984, the Shiroro Hydroelectric Dam lake reserVOir was 

successfully inl.poundcd. As of 1985, demobilizatjon civil 

contractor J.V. TOI~NO for Shiroro started after successfully 

completion of the civil works. 

In 1988, a presidential Task force was set up by the then 

Head of State, General Ibrahim B. Babangida to oversee the 

completion of the Shiroro Dam Project which has suffered delay in 

completion due to lack of funds and other bureaucratic problems. 

The task force was headed by Engr. M.K. Ibrahim who performed 

creditably well towards tl1.e final completion of the shit'oro project. 

His appointment was a boost.er and big relieve to all working at the 

shiroro Hydroelectric project and this contributed in no small way 

towards the completion of project, which was then 4 years behind 

schedule. 

In 31st OCT. 1989; Unit No. 4 and the first unit to be 

completed was commissioned. 

29th Nov. 1989; Unit No. 1 was commissioned and synchronized 

into thc National Grid. 
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21st bEC.1989; Unit No.3 was commissioned and synchtonized 

irtto the National Grid. 

21 st January, 1990; Unit No. 2 was commissioned gnd 

syhchto11ized into the National Grid. 

20th June, 1990; Power station was commissioned by Genetal 

Ibrahim t3abangida, the then presidential and commartder-iti-chief 

of the Nigerian Anned Forces. 

13y 1991, two yeats maintenance contract was awatded to tilt 

tortttactots involved in the construction of the shiroro Hydtoeletttic 

project to undertake the Training of NEPA staff 011 the operation 

atld maihtenance of equipment installed by respective ~ortttattors. 

These was later extended for another two yeats, totali11g 4 yeats by 

1992. 

1.2 bACkGROtiNO ON SEEPAGE STUDIES 

the development of the water resource of a coUt1tty pMtnount 

~d ctticiai to the ovetall economic upliftment of the hatitH1; this 

developit1ent inc1udes improvement 1n its ptodUctidtl artd 

disttibutioh ptocess by harnessing the natural existirtg watet (Le. 

surtace and sub surface) into dams, reservoir, underground stotage 

e.t.c, and lnaking it available for human uses at heed or wil1. 

Most dams are presently SUffering from the much heeded 

~Hetitidh especi~ly in tetms of monitoring, truiintehttitce a~ whi1~ 
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~s tecotds keepirtg. This is as tesult of decreasirtg level of 

cdtntnitinertt ort the part of staff and the supetvisirtg agetlcies ot 

such existirtg structures or project. 

The heed to maximize the existing data by developihg a 

re1ationship with other depend nt variable can not theretore be 

overemphasized. A relationship so developed can be used to fot cast 

seepage for exrunple, at a future time. Where the futUte tecotd is 

ttvai1ab1e, it fotms a bases for comparison and whete sUch future 

recotd is hot there or absent, it gives a useful infonnatiotl. 

L~ CtUl~tRAtN1'S ON SEEPAGE STUbIES. 

A retictb1e seepage irtfortnation depends ort the available dahL 
\ 

the mote the rtutnber of years of data, the more accuracy attd 

IreliabiHty of future seepage forecasting. A twertty to 30 yeats 

~eepage 'data is more authentic in studying seepage ttertd fot future 

ptedidiort or forecasting compared to the only 10 years seepage 

data th~t is avaiiable for this project stUdy. 

Record ot ihtottnation on piezotneter readihg wou1d have 

ehab1e during artalysis to note the maximum head of seepage tise 

which should be genetally less than one third of the tota! height of 

tock fil1 dam to gUarantee safety of structure agairtst pote-tillitet 

fjtessute. 13ltt the ihfortnation ort this is comple~ely hOti-exi§tehce, 
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therefore forcing concentration on the recorded seepage 

measurement. 

Note, seepage water will increase with the following: 

(i) Volume of water available 

(ii) Reservoir area under consideration 

(iii) And head of water in the reservoir. 

It therefore follows that seepage is dependent on the above 

three parameters if all other condition that promote seepage are 
" 

constant e.g. void, low water table e.t.c. 

Data record kecping or Data banking which has being 

manually done in Shiroro dam not by computer i.c. kept in 

hardcover note book) has seriously contributed to missing seepage 

data of some periods e.g. 1998 & 1999 years. 

1.4.0 THE IMPACT OF SHIRORO DAM ON IT'S 

ENVIRONMENTS 

1.4.1 THE METEROLOGICAL AND CLIMATIC EFFECTS: 

The creation of Shiroro lake has led to a change of climatic 

condition in and around the lake area. The lake itself has four 

principal and about 8 minor tributaries contributing to its sum 

total capacity of about 8 x 109 m 3 inflow with Kaduna River being 

the major contributor of almost 700
/0 of the total capacity. 
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the mOhthly tainfall schedule for the year Ca11 be divided into 

4 petibds namely: 

Jatillaty - April: Minimttm rainfall period ninging ftom about 

ttttT1 in JahUaty to a maxinlUm of about 70mm in April. 

May - July: Raihfall within this period varies from 180ttitrl -

August - October: Rainfall about this period constitute the 

peak of the rainy . season with rainfall ranging from 250ttlt11 -

Nov. - Dec: This period is similar to the fitst tJeriod or 

January - April and rainfall ranges between 5tntrl -

20mtn. 

The etrects of the rainfall and the lake in Shiroro ate:­

Siltatiot1 and sedimentation 

Excess water storage in the 1ake especially betweetl Julj ~d 

octobet of each year. 

Dep1etion of the lake due to evaporation from November td 

May. 

temperature effect. 

the cteation of the lake has tnodified the relative tettlpetltH1te 

tlf the catchments atea resulting in cool/warm zot1e itl tHe ~h!t(jtb 

Ibt::a.i {}tlvettlmeht Atea. the Northern atea where the lak~ 'i~ 
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~itUgted has a co1der temperature than the southerh part of the 

tocal gdvethh1eh t. 

v. Humidity Factor. 

The Shiroto lake catchment area records a highet humidity 

tecord thah the southern area that falls outside the lake. 

1.4.~ ECONOMIC AND soCtAL IMPACT 

These inclttde the following: 

i. The take, power house and switch yard cot1stitute a toUtist 

cehtte where people from all works of life visit for tourism dutihg 

hoHdays and weekends. 

ii. The ptesence of the st.ation has created job opport~nities at 

various leve1s for indigenes, and nOh -indigenes too . 

'Hi. the indigenes feel a sense of belonging by way of cOhtributit1g 

to hatiohat development through power generation Irom shitoto 

power station. 

iv. the statibh tepresent a unique engineerihg fitm fat stucl~t1t~ 

otl excutsion, and provider a good training grouhd for ihdustria! 

ttaihit1g 01 students of engineering and allied courses ot study as 

t:>teserttly t have decided to embarked upon. 

v. the statioh cohtributes immensely towards sciet1ce education 

by fjtdvidihg higher ihstitutiohS with instructional matetials Hke oid 

t:hlli§tdtttiets~ e1ecttlt tnotots, pumps etc. 
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vI. the construction of shiroro Dam has tesulted 111 imptoved 

tevehUe geheratibh fOf the slate and local goverhn1eht thtough 

bikes ftom civi1 setvants and various levies from othet settiers. 

1.4.3 ttSlttNG: 

Fishing activities around shiroro on River Kaduha was ttltnost 

hon-existent before but with the creation of the lake, aftet the 

itnpounding of the dam in 1984, a total surface of about 320 sq. 

ktrt at elevatioh 382m was covered with water which how forms the 

lake with 1:1 v'ety strong avenUe of fishi11g , 

1.4.4 tMMtdttAtlON: 

The cteatio11 of the lal{e has attracted immigtahts rt~tn distaht 
\ 

areas such as Edo State, Sokoto, Botno and even Niget ahd Mali 

I cOUhtties outside Nigeria. 

the cteatioh of the Shiroro lake has therefore given rise to the 

fo11owirtg: 

i. Commerciai Fishing Activity. 

H. 1thVroved hUttitiortal value on the diet of the vi11agets. 

Hi. A1terhative Commercit'11 activity and soutce of irtcotne ihstead 

ot the usuai farming activity along. 

IV. Imptoved Socia1 status since additional ihcotne is genetated. 

\7. tmproved social interadiort with the imtrtigtatiot1. ot vebple 

tttlth fat lli1t1 wide settling among the 10ca1 people. 



1.4.5 AtlttttUL TURE 

Before the improving of the lake, the vegetation of the 1and 

along the t{adutla River is mainly savannah with patches of few 

wood lartds along its tributaries at Guni, Muye e.t.c. 

Howevet, the cl-eation of the lake has improved the fo11owing 

agticuittlral activities in a large scale: 

a. Livestock production 

b. Fadruna Farming. 

J c. Al1-yeat tound farming by irrigation from the lake. 

d. Notmal tainy Season farming, the ITlajor crops grown in the lake 

c~tchtr1ent area inclttde maize, Rice, yam and Guinea-coth. 

Also, the fadatna area yield the following crops: sugat cane, 

Vegetation i tomato, pepper e. t. c. 

1.4.6 ! tcbLOGY OF SHIRORO 

Wild lite commonly found a'round shiroro catchment atea ate 

Mbhkyes, Antelopes, Baboons, Gttine -Fowls and Grass cuttets.) 

Cotlcehttation of reptiles such as snakes, variotts classes of Hzatds, 

rtre ~J~o foutld the around the vegetation close to lakes. The mote 

deadly wild life like Hons, Tigers and pythons which ate usual1y 

ctJttlthtHi ttl tivet gorges have been kept at bay by the noh~~ ot 

ctH1~ttutHtjh wotk~, the presence of human being in 1atge rtuthbet j 

[tid ltitt~~H:H~t! hUtrta.rt activities withirt the area. thi~ tJttJvities tl 
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tematkab1e improvement in the safety of villages within the shitoto 

1ake environtnents. 

1.4.7 ttYnoLoGY OF stttttORO tAKE: 

the hydtological studies of a tiver is of prime impbttahce to 

the effective plarthihg, construction and operatioh of at1y hydto 

ptoject. The lohget the period of observation the bettet, especia1ly 

as the advetse effect of any inadequate study could be catasttophic. 

t-tydtological studies of an man-made lake like shlroto battl 

pll:l.yed vital role in the construction atld operation ot the te~etvoit 

ptbpet trta1ntenat1ce culture, analysis of existihg hydrological 

~ttUctUte cart ~so be ascertaihed ftom hydrological studI~s. 
I 

i.5.(j SCOPE OF WORK: 

the ptoblem of seepage water can best be appteciated by 

considerihg the various havoc that can result from excessive 

seepage ftotn dartls and reservoirs. 

The washitig away of slopes, sledging ahd pipihg tallUte, 

toUtidaHoh failute, ctushing and overturning of strllcttttes, 19tetai 

1ttovett1etit ot tetaining structure due to active seepage fotceM Eiteg 

illl fotms of failUtes associated to seepage . 

ttl the tight of above, seepage studies have gathed ttiuch 

dttetltiort aimed elitnihating or teducing the above tisk itl Earth ahd 
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Rock fill dams to the bearest minimum. Previous works on seepage 

by various scientific method shall be reviewed under chapter two. 

1.6 AIMS AND OBJECTIVES 

The aims and objectives of these seepage studies include the 

following: 

(i). To analyze seepage records in relationship to head of water in 

the reservoir with respect to reservoir capacity. 

(ii). To carry out an in depth analysis of seepage problem on 
~. 

Shiroro Dam (a rocktill dam) and proffer a long lasting solution 

within the limit of the available information or data. 

(iii). To find out the period which seepage problems IS well 

pronounced i.e considered peak and minimum values within a 

calendar year and its effect if any so that recommended solution 

can be drawn. 
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cHAPTER TWO 

2,1 tttEltAtURE REvtEW ON SH1RORO DAM 

the Dat11 is of the tock fill type and stands 115m high a.bove the 

btigihai rivet bed e1evation, across shiroto Gorge tot a trest letlgt1i 

ot 70bm. 

the width ot the datTI at its toe is over 300tnetets whilst its 

crest, which accommodates a service road of 7. 50m wide. 

the ctest of the dam has a heavily reinforced concrete patapet waH, 

more than 5tn high, which is also designed to protect the top of the 

dam ftom the waves that will build up in the lake, uttdet wind 

ptessUte. 

the body of the dam has ho central impervioUs cote; the 

hrtpetviot1sness of the sttucture is ehsured by a cbrititttibtiS 

reintotcetl cohctete slab placed with a specia1 techniqUe dlt its 

upstream face. 

~.1.1 THE POWEll INTAkE 

The (JOm high reinforced tower of the power irttake with rt 44 x 

15m tedartgu1a.t p1ah is 10cated on the tight bank itt the ~toxitt1ity 

df the spillways sttUcture. 

At the bottotn, there ate fout opehihgs, 5.50irt wide and ibm 

high, thrbUgh which, and a ttansitioh area itt the Cbticrete 

§tttictUrt:!j the «rater frow · the reservoir etttetf3 the dtcuhtt 
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penstocks to be finally conveyed to the turbines In the power 

house. 

The bottom of the tower has a 1.50m diameter low water 

release outlet to maintain a flow, when the turbines are not turning 

to be used by people living along the river, down stream from the 

dam. 

The intakes can be shut by means of gate operated by dranvic 

hoists located in chamber at the top of the tower which is 

accessible from the dam crest through a steel bridge. 

2.3 ROCKFILL DAM 

A dam with the diaphragm compnsing mostly of rock 

materials is termed as rock fill dam. The term rockfill also refers to 

the dams constructed entirely of rock. 

Alternatively, a rockfill dam can be defined as an embankment 

which uses rock of various sizes to provide stability and an 

impervious membrane to impart water tightness. The mass stability 

is developed by the friction and interaction of one particle on 

another rather than by any cementing agent binding the particles 

together. The water pressure is resisted only by tJ1.C weight of ilie 

rock. 

Rockfill dam are less flexible than earthen dams but more 

flexible than gravity dams. The foundation requirements are more 
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tigid than eatthert dams but not so strict and rigid as fat gtllvity 

dams. 

The foundatioh requirements for rock fill dams are: 

(1) Essetltiaily, the found~tion consists of hard durab1e tack 

which is hot softened or eroded appreciably by water petco1atirtg 

from the teservoir. 

(ii) Fouhdatiol1 free from faults, shear zones or other shucturill 

weakhess. 

(iii) Mihimum of foundation settlement. 

(iv) Rock fill clams are suitable for areas where there is scattity of 

e~th fi11 materials but durable hard rock is avt1ilable fat 

CdtisttUctiOtl of the dam . 

I 
I 

. (v) A tack fill dam is not suitable when the hotmal d~etaUbt1 of 

the tesetvoir does not permit periodic inspection of the itnpetviou!3 

membtane cOhstructed on the llpstream slope. 

(vi) H is also essential that the dam is not overtopped in time of 

Hood ahd (is such spill way, usual1y of side chantle1 type of 

fidetJ.uate tapacity is provided. 

~E o1i' ittlCid;t'tLL flAM. 

~as~d oh the type of impetvious l(iyets iii ~ tdckti11 drttt1§1 it 

cl:ti1 b~ tli1ssHied ttl two mairt type: 

1 lllitJetviotts ttietnbnlli~'typ·e . . 
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2. the Earth core type. 

2.4.1 tHE tMPE}tvtoUs MEMl1~AN~ TYPE 

This is the type where the impervious layer cohsists of a 

tnetnbtahe of concrete, as phalic concrete or occasionally steel, 

placed oh the upstream scope of the rockfill. The lnembrane test Oh 

a rubble cushion of hand placed stone which in tuth tespottses on 

the dumped tockfill as shown below 

''''ERVIOllS M~MrJRi\NE 
LJIJIjLED ('US I liON IH JM PE[) RO(,KrlLL 

Fig.2 .1 IMPERVIOUs MEMaRANE TYPE 

2.4.2ttt~ EAtttlt CORE TYPE: 

'this is the type where the impervious layer is in the [attn of a 

cote 01 impervious earth in the body of the dam. SUch a dattl is gjso 

khbwn as eatth rock darn . The earth core may be cehitgi and 

vertical as in case of eatth dalns or un systematically l1t1d sibpihg as 

shown below 
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Fig. 2.2 A EARTH CORE TYPE (EARTH - ROCK) 

~E~tiAOE FROM DAMS: 

the Uhdetgtound flow of water has significant cohsectUehce 
I 

l:llid tefets to a wide range of ptobletns. It is Usual tb dttssity 

IgtoUnd watet flow into two categories: seepage ahd gtoutld water 

fiow. 

Seepage problems are generally classified as the petcolatiort of 

Watet thtough datns, rivet bahks or into excavatiott. 

Cotttt-ol1ihg seepage is ot great importance, ohe of the objective 

is tb ptevettt ot at least reduce it to a small value. 

the cortttol of seepage is not the only reasOh fot artalyzing 

seepage ptob1ettts; other consequehces such as excessive 

~atUtaHoh, seepage forces and uplifttnen t presSuteS cElli l~E1d to 

failutes ltotrt bams. Frequently, seepage forces are oh1y tCH1sideted 
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when they reach their final steady - State value. However, 

whenever seepage paths are distur bed the transition from the 

original to the new condition can take a significant time. In certain 

instances critical conditions can occur during this changes and it is 

therefore important to investigate time variant seepage behavior 

(Rushton and Redshaw, 1977). 

2.5.1 SEEPAGE STUDIES ON ROCKFILL DAM 

In Nigeria, Rockfill dam is not very common. This is due to the 
-t. 

construction material , requirement which in most cases are non 

available at economically haulage distance. The volume of granite 

rock adjacent shiroro Dam site necessitated the construction of the 

rockfill dam. 

The committee on large dam (COLD) classified dam risk as 

follows (Umolu, 1985). 

Causes of failure % Rating 

Foundation 400/0 

Inadequate spill way 23% 

Poor construction method 120/0 

Uneven settlement 10% 

Act of war 3% 

Inept Orunskillfull operation 2% 

High pore pressure 5% 
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Figute 2.0 shows some proposed Dams and majot bam 

sttJtage with Hazatd potentials ih the country (Nigetia). 

Table 2.1 shows inventory of some maj01- dam stotage with 

hazatd potehtials ih Niged a. 

Ahd a1so table 2 .2 shows some itlventory of dam failute due to 

seepage prob1ems. A well designed rock fill dam is ohe th~t is 

capable of withstanding the effect of water or that which has sollie 

built i11 t11eastite fot seepage teduction. 

Most cases of ptactical solution to seepage ptoblettl ate 

developed with flow hets Dat-cy's law. The laplace equatioh a11d Now 

tiet depend on the validity of Darcy 's law and assumptioH that flow 
\ 

is lamina and not turbulent. 

In tockfill datns , with coarse materia l formatioh and coarse 

opeh gtaded aggregates, it is likely that flow will sotrtetirne~ vary 

ftorn semi-tutbuleht to tutbuleht situation . 

the idea is to adopt barcy 's law to solve this kind of situatioh. 

13asicaliy, when flow is lamiha the velocity of f10w ihctease ih 

direct ptoportion to the hydraulic gradient. This ttleahS that, wheti 

. the velocity is doubled , the hydraulic gradient is equat1y dOUbled . 

t3ut ror semi-turbul ent to turbulent flow, the seepl3.ge veldcity 

itictease at a sma11et tate than at the hydraulic gtadietit. 
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Fot fully turbulent as open channel, the ve10city itlcregSe to 

sqUate root of the slope and hydraulic gradient as exptessed by 

Chezy's formula. 

v = .J RS . . .. ..... . ........ . ... .. ... .... ... .. . equation 2 .1 

Where V = velocity 

c = chezy coefficient 

R = Hydraulic tadius 

S = Hydraulic 'gtadient or slope 

So g four fold ihcrease in hydraulic gradient will ot1iy dOUble 

the velocity. Various investigation have looked into now conditioh in 

ctlUtse gravel and rock to develop a variety of fotITIulae td tepteSetH 
\ 

the avetage ve10city ih the pore space. 

Lep (1973) gives a good summary of works dot1e Ellid ptesetHs 

a hUtnbet of formula for estilnatihg flow velocity ih cleati gtavel bt 

tdtk fil1 dam. He quoted that al1 investigation appears to agte~ that 

the basic equation for flow through rockfill is a fotmula fot 

tUtbUleht flow which can be expressed as follows: 

vA = WMO.5io.54 . .. .. .. ..... . . .. .. .... .. . ..... . . . . equation 2.2 

Whete VA = average velocity in the void of rock. 

W = empirica1 constant fat a given material which depetld oh 

toughhess of tock particles. 

M = HydtauHt hteat1 tadius (R it1 Chezy fotthUht). 
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i = Hydraulic gradien t (S in chezy formula) . 

Apart froIn depending on above fonnula, a ptototype labotatory 

wdtk tart be Use to determine permeability of tock. When this is 

tldlle the toefficieht will have correct magnitude fot estitl1atihg 

seepage troin batey's 1aw (Cedergren , 1967). 

FUtther apptoach is to make pettneability test fot a rru1ge .of 

hydrau1ic gradient. This will also include a low hydraUlic gtadiertt 

that will produce lamina flow to high gradient capable of ptoducing 

various degree of turbulent.. 

the result can be presenled In form of graph 01- histograph 

whete hydraulic gradient (i) ahd the permeability (k) ate piotted. 
i 

Fot semi - turbulent to turbulent flow Datcy's law does hot 

hold but quasi - Darcy relationship cart be applied. 

Q = kiA ot kCiA .................................... equation 2.3 

Whete K = Lamina coefficieht of permeability detertnined by test 

at a very smaH hydraulic gradien t. 

C = an experitnental factor that varies with hydraUlic gtadietlt. 

ki = is the effective pertneability equa1 to KC. 

2.~.2 tAt1SE~ OF SEEPAGE ANtl REMEJjtALM~AsttttItS 

the forces ahd pressure of water can pose a seH(ju~ !1ecUtHy 

td daft1s if hot fjtoperiy contro11ed . Therefore, seepage ctha1y~is and 
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cOhttol ate of considerable important In the design ahd 

cohstructiort of a safe rockfill dam. 

The major cause of seepage in rockfill dam is its toundatiort. 

Most dam foundations are t overed by gravely or sand, soil, a.hd 

ofteh, this layer of fine sand, silt or clay. The ~nder1ying bedtock is 

ottert telatively tight but it may be highly weathered, joit1t::d ot 

fi~sUted . It may also contaiti crevices, permeable zOhe, faulty piatt 

or othet hiddeh ihconsistertcies. Mineral soil ot geologica! detail 

which exist ih foundation of many dams, cart cause clartgetoUs 

~eepage tohditioh if hot detected and control1ed. 

1h Shitoro rock fill datn , the rockfill by injecting gtoutttlg to 
\ 

~eal off the cracks. 

'Ohe of the faulls has no traces of seepage water while the secohd is 

tHe ptesetlt soutce of seepage (ISA Shiroro 1998). 

The secohd source of seepage water in tockfil1 da.tt1. is the 

tlattite of Upstteam blanket material. Various impervioUs rnediutrl 

tangihg ftoni timber, stell plate or cOhctete imperv.ioUs, ate possible 

superiot element: Lack of provision of this impervious elemeht wilt 

ti:iUse setious seepage between each rock dumped. 
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~EMEOtAt, MEAstJ~ES At SEEPAGE REbUctttlN IN 

ROCtttttt DAMS 

(1) The ptocess generally involved In conttollihg seepage it! 

tocktill dam are: 

(A) those that keep the water out ot redUce the see~age 

ttUahtities 

(13) the applicatioh of drainage method to seepage. 

Ftom (A) , abdve , the following means are undertakeh to keet> 

water ot reduce seepage qualltities . 

(i) cut off trench (COT): - These ensure ptoper foutlclation 

excavatioh and inttoduction of cut off waH at the upstream fot poot 
\ 
I 

fdtil1datiot1 conditiohs . 

I (ii) Sheet - pit tnethod:- This done to poot fOUhdatioti wh~t-e the 

depth ot tock is sb deep to attain a solid foundatiort. 

(iii) GtoUhd ctittain: - this method involves pumpirtg t1ttid fjaste 

through small diameter drilled holes into crevices and joints ih 

tocks. This is geherally the stahdatd treatment fot tightehihg a 

tocky foUhdatioh. In Shiroto rockfill darn this method wtis 

ettiployed. 

(iv) Upstteam 131anket:- tt is possible to case a thlh l}1tet ot 

totitrete ttlhgihg from Scm to 20cm thickness tiiohg th~ upsherun 

ef the dgffl. this was also u~ed ih 'shiroto upstteatn fite; 
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It can be placed as a form of pre-cast or insitut, general 

reinforced. 

From (8) (The application of drainage method to seepage.) 

Less emphasis is placed on fliter in rockfill dam because there 

is less of small grain material that can be washed into solution as 

in the case of Earth dam where internal erosion are common. The 

level of fliters arrangement or involvement in rockfill dams are 

those that are put in place at the toe of the down stream to check 

rains splash which can cause erosion of the foundation by 

removing soil under it. Most fliter arrangements can be design by 

using Darcy's Law (state that the rate of water movement through a 

soil is proportional to the gradient of the soil water potential (which 

is the driving force behind the movement). 

(a) Establish a trial thickness and calculate pcrmeabiJjty. 

K = Q/IA 

Where K = coefficient of permeability 

Q = volume of water (m3) 

I = hydraulic gradient 

A = area (m2) 

Try various d (diameter) or A for various K values. Q is the -, 

infiltration rate which is already known. 
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(b) se1ect one or more permeability materials that witt produce 

ecohomical1y available local aggregate with acceptable gtadihg to 

detertnihe their thickness. 

A = Q/Ki 

Whete A, Q, K, and I are as defined in (a) above. 

The highest head that can safely develop drains withoUt 

causing hartnful hydrostatic pressure, L is the drain path length . 

I.e. t = HI L 

Where i = is as defined in above equation. 

(2) Ahother method that can control seepage in tockfill or Efltth 

clam is provisioh of telief we11s along the downstteam of the dam. 
\ 

there is water rise in the well ahytime seepage w~ter irtcrease 

within the dam, therefore reducing its effect to deve10p to 

hydrostatic or pore pressute forces. 

ttt a highly seeping dam, a well spaced relief we11 ate gehet-ally 

effedi.ve. The closer the relief well the mote its effettivehess. At 

Shit-orb bam, thete ate three (3) Nos situated at the dbwt1stteELth 

toe itt math taulty zone of' associated shear zohe extertdit1g tbdt!t'th 

at 33m tdt seepage cart trb1. . 

(3) bthet ateaS of seepage control or rerr1ediatioh i~ the ability 

t3.t1d facilities tor propet tnonitoting. Generally, analysis of ~eepage 
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through h1onitored data should be able to predict dangetous 

seepage. 

Piezometer reading and interpretation are mostly effective as a 

tnonitotitlg too1 of seepage. At shiroro dam, piezometet sehsots are 

situated betweeh 5h1 and 40m be10w bedrock itl or adjacent to the 

malti fault of Shitoro tockfill dam at the foHowing IdcaHotis. 

(a) At the upstteEttn toe of the daitl, thete ctte six (6) NbS whith 

ru-e at the upstteilin of the gtOl.1nded curtain which gre eledtical 

operated arid 4 numbers that are pneuttlatic (gas). At the 

dowhstteam of the grout curtain, 9 numbers are e1ectticity 

opetated and 5 nutnbers are pneumatic. 

(b) At the dowtlstream toe 4 numbets are electricity opetated atid 

I 4 hllhibers pneUttiatic. Tubes ahd wire extend [toh1 these ~et1Sbts 

on the upstteam toe of the dam, beneath teservoir to a teEtd but 

statiotl situated at the left abutrnent of the dam crest. 

the vibrating wires are more sensitive than the pl1eUt11atic 

type but mote vulnerab1e ahd prone to damage during CbhsttUctiol1 

br due to the natutal elemeht. 

tt1stal1ation of both type ate suppose to a1low fat ~uch pre­

trlature damage but prior to this, enable a useful metilis of ttbS~­

theckihg results. But uhfortunate1y during data. col1ectitHi at the 

tlatt1 ~ite ; btjth ~ystetn ate 'no~' functional. ihforitiaHtjtl frbill the'tivii 

25 



engineerihg dept of Shiroro darn during data collection indicate that 

they packed up, ouples of year after the project was 

commissioned. 

2.tl.3 PAST STUDIES ON SEEPAGE 

A wide range of techniques are available for the study ot 

seepage. Each of the techniques is suited to a patticulat class ot 

ptoblem ahd may we111ead to accurate result wheh applied in othet 

situatioh. 

The fol1owing methods have been used to ahalyzed seepage: 

:l.5.3. i ANALYTtCAL METHOD 

Cettain ahalytical solutitil1S are available fot seepage arid 
I 
I 

ground water flow problems. In a few cases, analytical exptession 

can be obtained by direct integration of the appropriate diffetehtial 

equation. A tange of problems can also be analyzed by conformal 

transformation techniques. Polubarinova-Kochinc (1962) used 

ahalytical method to analyze seepage. 

Also, Harr (1962), de wiest (1965) and Carlaws and Jaeget 

(1959) used ahalytical tnethod to analyze seepage. 

2.5.3.2 FLoW NETS: 

MUch of the understahding of seepage ptoblems htl~e beel1 

gairted thtough the construction of flow hets. A thotough 

clescHtJHoh of the methods of flow-nets COt1sttuctitjti ' wa~ 
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undertaken by Cederdgren (1977) and it shows how flow net can be 

investigated for a wide range of seepage problems. 

2.5.3.3 PHYSICAL MODELS: 

Sand tank model provides a useful means of examining flow of 

water in soil conducted studies by Prickette (1975). 

The actual physical shape of the medium is modeled and the 

boundary conditions are simulated as head of water or as drains. 

Simon (1982) in a steady seepage studies presented to A.B.U., 
" 

a project thesis uses sand tank model to study steady seepage. 

Bear (1972) and Pricket (1975), have include seepage through 

dams, seepage dams, see water intrusion, regional water flow and 

multiple layer aquifers. 

2.5.3.4 MATHEMATICAL MODEL 

A lot of development in recent years in the analysis of seepage 

and ground water flow have been by means of mathematical 

models. An excellent review of the method was given by pricket 

(1975). Resistance and resistance-capacitance electrical network 

represent an analog model from work conducted by Karplus (1958), 

Rushton and Barrister (1970), and ·Prickett (1975). With analog 

com puters the equation of electricity model is identical to a [mite 

differential equations. 
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Digital Inathematical models, where alternative method of 

solution simultaneous equations which present the flows process 

within the aquifer. 

The earlier methods were based on finite difference 

approximations and solution to seepage problems were obtained by 

the head calculations of the relaxation method. 

Allen 1954 used this to study seepage. 

Also, Pricket and Ionnquist (1971), Thomas (1973) and 

Trescott et al (1976) applied this method to solve seepage problem. 

Sienkiwiez (1977), Pinder and Gray (1977) and Davis (1975) 

used matrix techniques to solve seepage problem. 

Kolina-Polubarinova (1952) correlated the exist point of the 

free surface to the characteristics dimension of the section ill 

unconfined shallow foundation to solve scepagc proble:r;n. 

Zhukovsky (1949) applied a special mapping techniques to 

solve the problem of unconfined flow in a deep foundation. 

Schottish Uginchus and Davo (1930) employed the method of 

part (segment) to calculated seepage in earth dam. 

2.5.4 SEEPAGE MEASUREMENT AT SHIRORO ROCKFILL 

DAM 

2.5.4.1 LOCATION OF STRUCTURES: 

There are two numbers (2 Nos) of weir boxes downstream of 

the dam, one immediately 
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(1) adjacent to the Ad.ministration and control Buildihg (Weir t30x 

1) and the other (2) adjacent to th e toe of the dam at its deepest 

point. (Weir Box No. 2) 

FUNcTIOn 

Seepage water through or under the dam strl1ctute is 

channeled toward two deep collector trenches. These were 

excavated and concreted to form a cut-off at the two majot faults 

zone from the original river valley. 

Seepage water flows to the weir boxes which is designed to 

teduce thrbulence in the now and give a steady discharge over a V­

notch . The seepage measurement is obtained by notirtg the water 

depth on. the v -notch . It is not advisable and also not the practice 

I to trteasure the depth of water directly oh the V -notch a~ it will 

affect the flow. 

A level is marked on the side wall of the weir, with alteady 

knowh 1evel of V-notch base, the water depth can be obtairted by 

measuring to the water level from the marked-off leve1. 

the difference between the surface waler level on the weir and 

the leve1 at the base of the weir gives the depth of water in the V-

hatch. 
r 

Let d 1 be measure leve1 to the water [tom the top bt the \Veir. 

H follows that d 1 to do ~ 50CII1S 
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Whete 50cm is the total depth of water in the V -tiotch trom 

the base. 

Water depth = SOcms - d, 

Seepage discharge therefore (Q) = 1.397 (dol 100) 2.Stn3 I sec. 

Example : if 31.Scms are measured fr-om t.he level tnark to the top of 

water , the seepage flows is calculated as follows: 

so - 31.S = 18.Scms (depth of water) 

18.52.5 X 0 .01397 = 20.56litres/sec 
. '---'- . 

At higher discharge the buffer wall of the box does hot 

elitnirtate ehtirely the formation of wave and it is hecessary to 

tecotd maximum and minimum value of cIl over the space of a few 

minutes and then takes the means. 

2 .6 tttSK OF t1AMING 

tne itnpoUhdtnent of water in any form, itnposes ati element 

of tisk to life and propetties downstream and in some caSes 

upstream, depending ort number of circun1statltiai factors . 

Accotdirtg to Gruner (1963) this can be classified as foHows: 

(i) Geology: The physical, Chernical , Mechanical properties of 

tock ahd soil at site . 

(ii) Hydraulic Features: Unexpected floods, overtopping, seepage 

pipitig, dogging) scouting, sloughing, wave actibl1, atHsat1 

watet e.t.c. 
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(iii) Type of dam and construction method which inc1ttdes design 

features , dam size, qua lity control and construction techniques 

e.t.c. 

2.7 bEStGN OF ROCKFILL bAMS 

Rock fill dams originated in California (Golze 1905) about the 

middle of the nineteenth century as a result of the need to ittlpOUhd 

watet for mining operation s in remote areas . Suitable l-ocks wet e 

abundant and rock handling operation were familiar to the tninets. 

Some of the early darns were slnall and consisted of a loose, 

dUtnped tockfill forming the mass of the dam, and an itrtpetvious 

upstream facing. 

The American Society of Civil Engineerihg (1960) defihed 

I tockfill datns as one that relies on rock either dumped itt the lifts ot 

compacted in layer as a major structural element. inclUded are 

tock fill dams with : 

(i) Sloping earth core 

(il) Thin ceh ttal cote 

(iii) Thick cen tra1 core 

Although the histoty of rock nIt dam is shott compated to that 

bf bther types of dams, the developtnent of this type ot datrt dutittg 

the last several decades has been tapid in the litrtited states thatl 11'1 

bthet toUtitties . 
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2.7.1 DESIGN PARAMETERS: 

1. Top Width: The top width normally adopted, varies between 3m 

min.imum for dam 30m high and 6m maximum. 

2. Slope: The upstream slope usually has hand placed stones and 

as such slope of 1/'2 : 1 to 1: 1 is adopted. For dams over 50m 

height, the slope adopted is 13: 1. The downstream slope made of 

dumped rock usually corresponds to the natural slope of the 

rock varying from 13 : 1 to 15 : 1. For high dams, beams are 

provided. 

3. Base Width: The overall base width usually ranges between 2.5 

to 3 times the dam height. 

4. Settlement: Usually an allowance of 2 percent of height IS 

provided to take care of settlement. 

2.8 ROCKFILL DAM WITH IMPERVIOUS FACING: 

Rock fill dam with impervious facing was defmed by J.D. 

Galloway Goize, (1905) in his paper entitled "The Design of Rock fill 

Dams", published in 1939. As impervious face next to the water 

and a rubble cushion between the two. 

In most cases rock is dumped loosely in position and there is 

no attempt to orderly arrange the individual rocks, nor is there any 

other material introduced to bind the rocks together. The mass of 

rock is some what consolidated when placed in position and further 
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consolidation takes placed by settlement under self load and action 

of weather. 

Resistance to the forces imposed by water is obtained from the 

weight of the mass of rock in the dam. There can be no arch action, 

nor can there be any action such as the cantilever offset of a gravity 

masonry dam. 

As the mass of loose rock permits tlle free passage of water, it 

IS necessary to provide the dam with an impervious element to 

make it water tight. 

Several arrangements ranging from earth backed by rock fill 

have been used; but these arrangements are not properly rock fill 

dam. The most usual arrangement is to place the impervious 

element as a facing on the water side of the dam. The impervious 

face can be of timber and concrete. In recent year, it has been made 

of concrete usually reinforced. Steel sheet has also been used. 

Gust (1905) lists 29 important rock fill dams in the United 

States, eleven (11) of which were in service or under construction 

before 1900. Seven (7) of the eleven dams had timber facing, one a 

rubble facing and two have steel core. Of the eighteen built between 

1900 and 1932, 12 have concrete facings, 2 timber facing and one 

has both concrete facing and rubbed faced. Shiroro rock fill dam 

has reinforced concrete impervious face. 
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2.9 MATERIALS SELECTION FOR ROCKFILL DAM 

There have been a considerate opinion among rockfill dam 

designers as to the optimum size and gradation of rock dumped. 

For example, Galloway in Golze (1905) states the nature of rockfill 

as one upon which difference of opinion will developed. It is 

believed that the rock should be com posed of individual rocks fairly 

uniform in size one rock bearing directly on another, usually 

expressed as "Rock to Rock". 

The specifications for cogs - well dam in (Gloze 1905) a 61m 

(200ft) structure completed in 1935 provide · for material for the 

rock fill to consist of three classes: A, B, and C of Large rock with 

the maximum on the downstream face and toe; with derrick-place 

rock, commonly known as packed rock placed immediately below 

the facing. 

The characteristics of all rock are to be hard, durable angular 

quarried rock, weighing not less than 2,562.9kg/m3 ; to be 

unaffected by wind and moisture and of such toughness as to 

withstand dumping without undue sheltering or breakdown. 

A minimum compressive strength of 351.5kg/m3 • 

Class 'A' rock for general use through out the main fill of the dam was 

to be well graded mixture, 40% of which are to vary in weight from 
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quatty chips 373.2 to ] 119.6kg and the remaining 30% from 

1119 .6kg to 5224.8kg. 

Class 'B' Rocks are selected [roin extra large rocks, ohe-half of 

which less than 5224.8 in weight while the other haIrs ate 1ess 

than 2239.2 kg. 

The gteatest dimensions of each pieces was not to be p1aced at 

the downstream toe and downstream face of the dam. 

Class 'e' Rocks are to vary in weight from quatty chip to 

5224.8kg. The telative proportion of the various size to be tegUlated 

according to the requirement of pIa ing to result ih a packed tock 

fi11 of maximutn density. 

2.1U.tl ADVA~TAGES AND DtsAbVANTAGES or ttOCkFttt 

bAMS 
2.10.1 AtlVANtAGES 

I 

this inc1ude the followihg: 

(i) Cheaper where suitable hard rock is available. 

(ii) Sllitable where suitable materials for earth datn ate not 

available. 

(iii) Economical ih remole locations where cost of cerrteht for 

tohctete dam is high. 

(iv) suitable whete foundation is not suitable fot conctete dam. 

(V) Can be constructed with r lativ ly n killed laboUt. 
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(vi) Cah be raised subsequently, if so requited, with out much 

difficulties. 

~.10.2 btSAvANTAGES 

this also includes: 

(i) Time taken in construction IS usually 4 to 5 yearS more 

th811 that required for a concrete darn. This is a ctucial 

facto.r. 

(ii) More to11sttuction equipment is required. 

(iii) Foundation requiremeJ1ts are more rigid than earthen dam. 

(iv) High maintenance cosl. 
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tAblE 2.1 ,)ARtIAL INVENTORY OF NiGERtAN DAMs 
-_ .. _-- - -

~/N Name of River SI:1le ''''pc Rc~crv~~ n eighl Tellglh- -Putpo!le Size Remarks 
bam Capacity III 

,"elll ._ . - ---- -- -
Lowet Abuja E 100 49 1350 Watet supply Large 

1 Us timan WS 
Gllbi 

1----
30.4 2 Bauehi E 27 3820 WS L 

~ badin kawa Bauehi R 

~ kafih Zaki Bauehi E 12500 Jr , WS L 
~ kawali Ballchi E Irrig. _. - - . . - ._ .. _-
~ tkpoba Ikpoba OClldcl E 1,:') R 600 WS Small 

7 Igant Bcndel 
r-------

Ojorami Oendcl 8 1---- -

9 Kid GOllgola 
1---- - -- --

10 Ajiwe Tagwai Kaduna E 22.7 14 786 WS,I,Recr L 
r----

Outsin Ma Dlitsin Kadlllla 10 Ws,trrig E 1.6 1036 

$ Ma 
12 Dagoma Ktlsheri kaduna E 5.5 17 2225 Ws,trrig L 
~ Zaria Galma l<aduna E 15 .9 15 549 ttecreation L 
~ Kangimi Kangimi l<ndunn E 59.2 19 1525 Ws,lrrig L 
~ Kubani Kubani Kadlllla E fU 822 Ws Median 
i-----'---'-

Mairuwa Sakoto Kadlll1u E 5,5 D .7 457 WS, trrig Med 

16 (Ftlnhla) 

~ Zobe Kadllna E 2(jJ 19 2700 trrig L 
~ 1101110 Bomai Kadllna E 

, 

r--------
Kachia Kogin Kadlllla E 

19 Kachia 
.Kainji Niger Niger E 15 .000 (j() 7750 WS,f-IYDRO L 

20 
Kwara ft c t-t,trrig 

- - -- , 
Jebba Niger Niger R.C 1.000 40 1940 HYDRO L 

2i Kwara 
22 

-- ----1----._-

23 Okana Okuhabi Kwara C 
-

0.27 II WS 
24 Aba Kwara C 77 .3 19 WS 
25 Agba Agba Kwara 

------
C WS 

26 Oytln Oyun Kwara 
1------

C WS 
27 Oriwa Oriwa Kwara C WS 

r 2a Sobi Imant Kwara C WS 
29 Jiblyet Katsina Katsina 

- -
C 121 WSJrrg L 

Koblil Swashi Niger 
- -.-.-. 

C 7.) Irrgi,WS 
Swashi 

, 30 
31 Nasko Nasko Niger E 2 WS,trrig Small 

132 Tagwai tASBA Niger E 27 WS,irrg L 
tungan 
Kawo 

Niger E 21 WS, lrrig L 
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Ri ver State Type 

Oyan 

Oshull __ 2)~ _ 
Arc 

Awol1 Oyo E 

Fawfaw E 

Oya E 

Sakata 

Reservoir 
Capacity 

32 .9 
14.6 

9.R 

8.7 

7.05 

, leight 

26 
-,~ ---. 

20 
( 13) 
15 

15 

13 

(94 2)7 (20) 

I,ength 
Purpose Size Remarks 

244 WS Med 

1218 Itrig L 974 21 
~~~--------+-------- I'-----'---'---- '--~------- I--~~~---__ --~----------+----~~----

Sokoto E,C 450 48 Irrig L 
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TAnLt 2.2 pARtiAL LIST OF DAM FAILURES OUE 'to 

SEEPAGE ACTION. 

NO. NAME LOCATION liT. DATE or CORE REMARK REFERENCES 
rAILURE --- _ .. _--_. -_. - ---

Eng. News record Pleasaht Valley Utah 6.1 1928 Puddle eut Settlement 
ofT earth & piping 
fill . __ ._-

idem vol. 77t>. 2 Woisse Pass Bohemia 42 1916 steel 
River 139 

3 Jyaman Arizona 65 1915 puddled Idem vol. 73 , p 
764 

4 Hotse creek Colorado 56 1914 none Ideal vol. 7 t p. 
828 

5 Lake Goor Colorado 56 1914 i ih ' State En . lte ort 

6 / 
Hatch town Utah 65 1914 Seepage Ehg. hews record 

along vo. 75 p. 60 
culvert --- -- . - -~- - .. ---- - . . -- .-.----. -

7 Davis Reservoir California J<) 1914 piping Idem, v. 72 p. 
t06 -----

8 West 1ulesburg Colorado 50 1910 none Seepage State Engr. teporl 
along letJge 
rock 

9 Zuni Back rock 70 1903 none Rock piping Engr. News va. 
Mexico 602, . 597 

10 hecaxa Mexico 193 1909 cia ldeht, v. 60 . 1 
11 Lake Avaloh New mexico 48 1904 ldem, v. 54 . 9 
12 Cteer1lic Pennsybaan;a 60 1904 Idem v. 52, p. 

scottsdctlic 107 ------ -
13 Lake Ftancis California 50 1899 none Seepage ttahs. V. 58, 107 

alohg outlet 
conduit 

14 Swansea SOllth Wales 80 1879 puddle piping Sanitary Ehgt. v. 
Great Britain 3 . 437.sssss 
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3.(1(1 MEtHoDOLOGY 

3.10 INtRODUCTION 

chAPTER ThR~E 

ttl the case of seepage, it is interested in: 

a) What quantity of water is due to seepage at a patticular time 

of irtterest and location? 

b) What is the nature of or pattern of seepage? How does it te1ate 

to seasons, reservoir capacity, reservoir elevation, and head of 

water in the reservoir e, t.c? 

c) It should be able to forecast a futufe occurtence, 

3.iCJ P1ttlJEC1' AREA DESCRIPTION. 

Shitoro dam is located in the northern part of Niget state of 

I Nigeda, 1t is of the rock fill type and stands 115 metets h1gh above 

the otigihai river bed elevation, across shiroro gorge fat a ctest 

length of 700 meters, 

the width of the datn at its toe is over 306 metets; white its ctest 

that accommodates a service toad is 7 ,50m wide. 

thettest ot the dam has a heavy reinforced conctete parapet waH, 

ttlore thaJ1 5111 high, designed to protect the top of the dgtrt ftom the 

\Arc1.ve that wil1 be build up il1 the lake, under witld ptessute. 

the body of the dam has no central irrtpetvious cote; the 

itrtt:H:~tvlbUshess of the structute IS ensured by a cotHitluoUs 
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reinforced concrete slaps placed with a special technique on its up 

stream face. 

The project is 550km down of this confluence of Kaduna River in 

Niger State and Dinya River. 

The dam has a reservoir area of 312km 2 at normal operating 

elevation of EL.382. It has minimum operating range of 342. 

The gross storage capacity is 7.0 billion m 3 and power storage 

capacity of 6.05 billion m 3 (chase-T- main international INC, Boston 

Massa chusetts manual on Shiroro Dam, 1985). 

3.3.0 SEEPAGE AND HEAD. 

Seepage is said to occur when there is a pressure difference, 

or when there is potential head difference. It can therefore be 

rightly said that the head of water in a reservoir is a deterministic 

factors of seepage if an other conditions causing prevailed e.g. the 

ground level at the adjacent area to answer above question, we 

have to analyze seepage to a particular trend. 

3.4.0 

3.4.1 

METHOD OF DATA COLLECTION. 

Personal Contact 

Personal visit to shiroro dam 'project and verbal discussion 

with the staff of the project for permission to practically viewing of 

some project structure. 
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Also, request for hydrological data with the hydrology section 

was also made. This all, enables the obtaining of Seepage Data 

From Shiroro Dam which includes daily records of: 

a) Reservoir elevation (m). 

b) Reservoir capacity (m3 x 109 ). 

c) Seepage flow (m3/ s x 10-5). 

d) Tail water (m). 

e) Weir box (H/cm). 

The daily data obtained is per attached appendix A, B, C, D, E, F, G 

&H. 

Similarly, evaporation and rainfall data as from 1985 to 2000 

equally obtained as per attached appendix I & J. 

3.5.0 METHOD USED FOR THE ANALYSIS. 

3.5.1 By Arithmetic Average. 

In Shiroro Dam, which is designed for electricity generation 

and other purposes, energy requirement varies from month to 

month. Therefore head of water in the reservoir decrease by amount 

of released for turning turbine. The amount of seepage therefore 

will vary with respect to head available. 

In this analysis, the summation of all seepage water occurring 

In daily of the montlls of January for example divided by the 

number of available days i.e 31 days, gives the average seepage 
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watet fot that tn011th. These applied to all other month within the 

yeats of the available data and their average values obtained. 

Similarly reservoir elevation, r rvoir apacily, tail watet race 

daily data were also averaged or computed the same as per above 

tor ali the years ahd values recorded in tabular form. 

Aiso; the summation of all the seepage elevation, tesetvoir 

capacity, tail water race e.t.c. occurring per average tnohth of a 

particu1at year e.g 1994, divid ed by the nutnbets of available 

tnonths in that years i.e months gives the average fot that 

parametet" within the year. 

3.5.2 HEAn VAtUE COMPUTAttON. 

The gtound surface elevation is confirm ed to be 312 atid fot the 

ihead (til), we subtract the ground elevation from the tesetvoit 

e1evatiotis to gives a head (m) within that patticu1at te~etvoit 

elevatioh. Fot exatnple, in January 1994, average elevatibt1 tot the 

month is 378. Therefore, 378 subtracted by ground sUtrate 

e1evatioh of 312 equals 66 i.e 378-312=66 which is the avetage 

head (ttl) of th::1t reservoir elevation water in Januaty 1994. 

3.t;'(1 nitotlti l'ARTtERN OF tHE DATA. 

~.f71 Y~Akt,y ANt> MONtttLv tlttOUPtNtl. 

After ·the computation, the data are grouped ih tabUlat fotms 

tvhete the x-axis is the yeal and y-axis is the months ot the year. 
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The average values ate then recorded after the month and finally 

their table of va1ues obtained as in table 4.~ to 4.19 

3.6.2 MONtHLy AVAREGE GROUPtNG FOIt ALL TUE 

YEARS. 

The average values for all the month in a year ate te-gtouped 

fat all the available years. Its summation divided by the number of 

yeat and the avetage for that month of the year is obtained. For 

examp1e, January average values for seepage e1evation, head & 

I teservoit capacity of all the years i.e 1994 --- 2003 ate col1eded 

ahd grouped in a single table . the summation divided by 8 yeats or 
available data to give the average for January month. 

Also that of February the same to December month and theit 

tables of values obtained too . 

ORAPHS. 3.7.0 

'3.7.1 METltOt> tJSEb IN PLOTTING. 

Two methods are used for this graphical analysis which 

ihc1udes: 

1 Line gtaph method. 

2 Histograph method . 

Ftotrt the table of values fot all the re -grouped data the graphs 

ate plotted and displaced in chapter fout as figUres. 
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Fihally the trend of behavior of the entire hydtologicru 

compoheht obtained as a result in Shiroro dam fully discussed in 

the hext chaptet (four) . 
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CHAPTER FOUR 

4.0 RESuLTS AND DISCUSSION OF RESULtS . 

4.1 trttRobUC1'tON: 

Aftet the data have been computed and grouped in tabular 

forms in mouths of year concern per the year of occUtreiice. the 

Tab1e of value so obt.ained are then plotted in graphica1 forms and 

their figures a lso produced . 

The table and figure will be discussed one aftet the other 

according to each hydrological parameter and the way they relate or 

affect each other with respect to season with the years. 

4.2 tt"-ltifaU Oata Ahalysis (1985- 2000). 

The rainfall is for a period of 16 years and from figUte 4.1, the 

. rainfall il1tensity ranges between 8.2mm which is the 10west in 

1987 to 146mm the highest in 1990. Also, the trend of tainfa1l 

within Shiroro Dam is in zig-zag form . 

4.2.1 Motithly Raihfal1. 

(a) The tnonths of January and Februarys of all the yeats on1y 

tetbtded rainfall once in January of 1988. Otherwise, theit was ho 

any fdrtrt of rainfal1 recorded. (Table 4 .1) 
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MONTH 

JANUARY 
I FEBRAURY 
I MARCH 

APRIL 
r MAY 
I JUNE I 
! JULY 
I AUGUST 
I SEPTEMBER I 
I OCTOBER I 
I NOV I 
I liU=CEMBER I 
r ¥EARLY I i AVERAGE 

TABLE4.1 RAINFALLiRECORDFROM SHIRORODAM (mm) 1985-2000 

YEARS 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
3 

34 13 13 3 6 1 3 22 1 42 
14 I 59 14 155 91 175 22 75 27 59 2 44 63 

119 I 66 63 88 190 160 300 198 69 75 108 165 192 
107 187 I 218 175 153 228 146 I 183 165 226 132 214 190 
244 272 1 152 I 240 I 153 416 450 188 378 107 192 190 309 
485 I 279 189 I 290 290 278 238 280 258 265 444 234 271 
367 350 245 361 I 118 350 158 363 335 209 178 307 I 473 

30 61 I 85 12 I 81 145 38 I 139 238 148 88 181 142 
1 35 I 
i ! I 1 I 

112 1 110 L 82 110 I 90 146 113 119 124 91 95 111 140 

1998 1999 

1 
69 37 

103 111 
186 221 
278 201 
281 196 
195 411 
142 182 

105 113 

.'2000 

10 
113 
182 
214 
365 
168 
100 

96 

0'\ 
-.:t 



(b) Match :Raintal1 

The month recorded a scanty rainfall pattern intensity, in which 

the highest was in 1997 of 421nln and lowest of ohe (mtn) in both 

1996 of 1998 respectively as shown in figure 4.2.0, 

(c) Simiiatiy, April t110nth recorded a different patteth of taitlfa11 

with 175mm as the highest rainfall in 1990 while 2mtn tainfall 

being the lowest il1 1995 as shown in figure 4.2.1. 

(d) The tnay month recorded a highest rainfall In 1991 with 

300mm intensity and lowest in 1987 of 62mm intensity i.e this 

gives the tahge for the many month for those numbets ot yeats as 

pet figLtte 4 .2.2 

(e) Jtli1~ Months 

;Rainfall pattern tanges between 226mm the highest 107mh1 the 

lowest in 

Highest-226MM IN 1994 

Lowest-107tnm in 1985 

the Rain fall gives the range between 226tnm and 107tntr1 as shbw 

itt figtlte 4.2.3. 

m du1r MtH:tUiS. 

Highest R.rutlfa11- 450tnm ih 1991, 

Lowest Raitttal1- 107mm ih 1994 
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this gives the rahge between 450mtn and 107tr1tr1 with thdse 

humber of yeats as shown in figure 4 .2.4 . 

(g) Augtu;i: M()t1th~. 

Highest Rainfall -485mm in 1985 

Lbwest Rainfa11- 189mm in 1987 

this is the month that gives the highest intensity df taittta11 with 

aih1dst high tJatteth of rainfall as shown in figUte 4.2 .5. 

(h) ~~liH~ttibet MHttUt!;. 

Highest ~~hfWl - 473inm in 1997 

Lowest ~ainfal1 - 118mm in i 989 

this gives the range of rai11fall patteth within those yel:its with it 
\ 

ttehd as showti i11 figute 4.2.6. 

1(iJ (jt:t~Ht!t MtHtUi~ 

I-HgheM kaitHa11- 238mtn in 1993 

LbWest ~llitita11- 12tntn in 1988 

1'11113 ill§d gives the tahge at hiinfa11 patteth withih thb~~ yeat tllicl 

treht! tdt September petsort of all the years as shoWh it1 figute 

4.2.7. 

OJ N6\f~ttibet Itftd tlecetttb~t MtHttlt§. 

h1s tetbtded d111y once taihfa11 within each of the mdhth. 

NtWettlbet month bnce in 1986 i.e. 35tnfnraihfa11 atltl becefubet-

HioHth tjrtte iti 19S9 Le . lrr1W taihta1i. 
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4.~ EvalitlttlHuti Ahalysis (1985-2000) 

The Year 1991 , 1992 and 1993 experienced missirlg data. ih 

~ltr1ost ail the tno11.ths. This may not gives the actuill pichite tjt the 

e apotatiotl ttertd expected but with the available data the highest 

evapotation was tecorded in 1990. The lowest evapotaHott itt 1 t]t] 1, 

i 992 cti1d 1993 tespectively as can be seeh in Table 4.2 tmd tigute 

4.3 Le. oh1y october data availab1e fot those yeats. the tterttl bf 

evapotatib11. is sh6wh i11. the same figUre 4.3 artd the tat1ge is 

betweeh Bcm ahd 14.1cm. 

4.3.1 Mbrtthty Evaporation 

(li) JdttUatt MtHtUts 

. l-tig11.est eVapotatiort- 21.41 dtl in 1990 

I Lowest evapbtatioh - 8 .09cm ih 1 ~85 

this giv~~ the tabge in which the evaporation occUts wHhiti thdse 

tiltmbets of yeats as of January period, The tre11.d is !is ShdWh itt 

figUte 4.3.1. 

(b) FebfUtlty MtHtths 

Highest: evapotatiotl- 25 . 2crtl i11 1990 

Lowest: evaporatioh- 9. 41cm in 1986 

fhl§ illst1 gives :i tange which evapotatioh bcctit§ wfthih tho~e 

HUt11b~t df yeats !is of FebtttaJ-y period. The ttend ot eva,1='oratloh a§ 

Hi Febtltdt"y is as shown 'ih' fIgute 4.3.2. 
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:t"ABLE4.2 ~ONTHLY AVERAGE EVAPORATiON RECORDS FROM SAIRORO DAM (em) 1BB5-2DDD 

YEARS 

MONTHS 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 .2000 

JANUARY 8.44 8.09 10.13 9.34 10.9 21.41 18.8 .20.21 15.75 15.6 19.04 17.31 18.25 

FEBRAURY 11 .42 9.41 11.05 11.92 12.28 25.21 10.9 24.12 15.02 18.04 21 :5 12A9 22.83 

MARCH 9.1 8.11 10.49 112 10.23 25.6 10.52 21.76 21.11 11 .14 19.7 14.66 20.75 

APRIL 7.08 7 .79 11.38 7.75 1 . 9.36 13.06 6.96 16.83 9.6 7.51 11.61 11M -1L7 

MAY 7.77 6.06 1 9.36 6.94 1 5.99 7.62 622 11.26 6.84 5.9 6A9 ~9 8.57 
tr) 

JUNE 4 .83 5.38 6 .12 5.51 4.68 6.94 5:58 7.04 5:48 4.2 3 .14 6:31 -5.75 

JULY 
1 

7.7 4.16 4.77 5.32 1 3.94 5.87 4.91 4 .59 4.84 4.7 3.92 4.25 424 

AUGUST I 7.74 1 4 .71 4 .39 5.85 1 6.31 7.32 7.08 4 .99 5.12 0.04 5.54 4.06 .5.15 
I 

SEPTEMBER 8.69 6.6 4.94 525
1 

9 .1 12.28 7.25 8.02 9.3 9.79 10.18 8.83 7.39 

OCTOBER 5.82 5.19 5.95 6.12 11.31 13.13 13.3 12.31 13.94 12.04 10.14 12.03 12.64 11.19 11.73 9.9 

NOVEMBER 8.54 6.21 7.89 7.95 19.12 15.92 16.36 11.16 17.94 12:41 1.5.94 15.32 15.7.9 

DECEMBER .8.63 9.48 9.07 8 .5 20.5 14.37 24:41 15.62 17.41 17.5 17.59 .20.84 '17:B9 

YEARLY 

1.21 AVERAGE 8 6.8 -8 7 .6 10.3 . 14.1 1.1 1 11 13 11 10.4 1.2..3 1L'3 124 
.. 

! 
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(c) March Months 

Highest evaporation- 25.6cm in 1990 

Lowest evaporation- 8.11cm in 1996 

The range of evaporation is between 25.6cm and 8.11cm within 

those period of years for March month period. 

Trend of evaporation within the same period is as shown in figure 

4.3.3. 

(d) April Months 

Highest evaporation- 16. 83 in 1995 

Lowest evaporation- 6. 96 in 1994 

This gives the range at which evaporation occurs within those 

years as of April month period. The trend of Evaporation for April 

months is as show in figure 4.3.4 

(e). May Months 

Highest Evaporation - 11.26cm in 1995 

Lowest Evaporation - 5.9cm in 1997 

The range of Evaporation occur within the above i.e 11.26 em 

and 5.9 em for the May Month period of those years. The trend of 

evaporation for May Month is as shown in figure 4.3.5 

(f) June Months 

Highest Evaporation - 7.04cm in 1995. 

Lowest Evaporation -------- 3. 14cm in 1998 
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thi~ gives the tange of Evapotation that octt1t~ withlh May 

trtotiths of those years. The trends is as shown ill tigut~ 4.3.6. 

(g). July MtHtUt§ 

Highest Evaporation - 7.7 crrt in 1985 

Lowest Evaporation - 3. 94cm in 1998 

the tange of Evaporation is between 7.7ctr1 atld 3.9ctn tot July 

tt1bt1th~ of rul the yeats. The trend is as shown itl flgtite 4.3.7 . 

(h). Au~u!;t MtutUts, 

Highes,t Evapotatioh - 7.74ctn in 1985 

Lbwest Evaporatioi1 - 4.06ctn in 1999 

the tat1g~ at which Evapotation occUts is betweeh thi§ 7.14~tt1 atid 
\ 

{06cttl fat AUgust 1110hths of all the years. The ttertd i~ as howrt 

I itt tigut~ 4.3.8. 

(1) ~~iJhHrlbet MtHttii§ 

Highest EvatJdtatiott - 12 . 28ctrt in 1990 

Lowest Evapotatiort - 4 .98cm itt 1987 

the hill.ge ~t which Evapotation occurs is betweeh Hils 12.1~kth 

fitid 4,98ctrt for September petiod of a11 the years. the ttend is s.s 

shown irt figute 4 .3. g . 

U). tlbibbt!t M«StlUts 

Highest Evapbtatiotl - 13. 94ctrt in 1993 

LtJwe§t EvafjoNttidti ~"§ . 19ctt1 itl 1986 
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the tatlge at which Evaporation occurs is between the 13.94ttn 

Ellid 5.19ctn fot october tnonths of all the yeats. The ttend is liS 

~hoWh in figure 4 .3 .10. 

(k). N6vtHt1&er Mdhths 

Highest Evaporation 

Lowest Evapotation 

the range of Evapotatioh occUts between 19. 12ctI1 at1t1 6. 12tttt fot 

NtWett1bet ttlbhths ' of all the yeats. The hend is as shb\*.rh itt figure 

4.3.11. . 

(1). t:U~~etttbet Mbhtlts 

Highest Evapotation - 24.41ctn in 1994 

Ltj\¥~st Evaporation - 8 .5ctn in 1988 

ITh~ tat1ge tit which Evaporation occUrs is betweeh 24.41 cf1i tllitl 

g,5th1 tdt betetnber period of ail the year. the tretld is fiS shd~h iii 

Ilgtite 4.3.12. 

4 4 ~tItIiAGE 

Thus, faced with tnissing data of 1998 and 1999 ~s cart be 

seen itl Table 4.4, this discUssion is based strictly on the avmlt:lble 

dtihi . 
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TABL-£ 4.3 AVERAGE NONTHL Y SEEPAGE (m3fs X 10-6) 

YEARS 

.ONTH 1994 1995 1996 1997 1998 1999 

JAN 1~9 1 ~t3 1:46 1:66 

FEB 1_99 1.6 1.45 1.54 

MAR "1;95 1.6 1:45 1.46 

APR 1.9 1.59 1.45 1.44 

MAY 1.8 1.56 1.4 125 

-JUN 1.4 1.51 1:4 125 

JUL 1.35 1.33 1:4 124 

AUG 1.35 1.33 1.4 125 

SEPT 1.516 1.38 1.53 1,43 

OCT 1.66 1.49 1.56 1.64 

NOV 1.67 1.56 1.65 1.65 

DEC 1.66 1.56 1.66 1.56 

AVERAGE 1.68 1.51 1.48 1.45 

2000 2001 

1.71 136 

1.-62 1.53 

145 1:46 

1:46 129 

125 1.22 

1.22 121 

1.25 121 

'1.23 1.38 

1.43 1.49 

'1.61 1.42 

1.56 1.58 

1.56 1.52 

1.45 '1.41 

2002 

1:45 

1.4 

1.'38 

125 

123 

123 

1 21 

1.47 

1.56 

1.56 

1.56 

1.56 

1.41 

2803 

1S2 

1:48 

1 .45 

1 .43 

1..27 

1..23 

1.34 

1.32 

1:49 

1A9 

1.49 

1A9 

"1:42 
- -_ ._--

i 

, 

00 
\0 

.. 



The ttend of seepage is as shown in figUte 4.4. the highest 

§eepage expetienced fo t those numbers of years is 1. 9th3 J S ;t id-5 itt 

1994, while the lowest is 1.45m3/s x 10'-5 it1 20'0'2. 

4.4.2 MdN1'ittY SEEPAGE 

Ftom figUre 4.4 .1 and figUt'e 4.4.2, the trto11thly seefjlige :tlHtly§i§ 

tttl1 be discUssed tis fol1ows: 

(~). Jlii1Uttt}t MtHHh§. 

t-tigHest 'seet:>age - 1.9 in 1994 as in figUte 4.4.1 
I 

L6west seepage - 1.45 in 2002 as in 2002 itl tigut-e 4.4.2 

the hlli.ge tating of seepage occutting in J anUaty ttldfHh tot- the 
\ 

y~tlts (S yeats as is betweert 1.9 and 1.45 (m3 / s) x 1 a-!>. fhe tfetld is 

I ~s showti 111 the bdth figure fot those years. 
, 

(bl. February trtotlths. 

Highest seetJage - 1. 99(11t3 j s) x 10-5 in 1994 as itl tigttte 4.4.1 

Lowest seepage - 1.4(rr13js) x 10'-5 ih 200'2 as in figure 4.4.2 

the tat1ge at whith seepage rating occur irt the tr10hth of FebtUary 

i betweetl 1.99 artd 1.4 (tn3/s) x 10'-5. The trend is 1:113 shown ih 

figure 4.4.1 attd 4.4.2 respectively. 

(e). MtUbh MdttUiA 

Highest seet:>age tate - 1.t95 i111994 as itt fi~te 4-.4.1 

Lb~~!H §@etJage tate- 1.38 itl 1002 as itl figure 4.4 : ~ 
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The tange of seepage occurring in the month of Match is betWeeh 

1.951tl3xi5s. the trend is as showrt in figute 4.4. i Md 4.41. th 

ye::tt 2001, 2d03, 2000 and 1996 aimost expetiehced the ~att1e 

seepage tatihg. 

(cl). AlStU tttortths. 

Highest seepage. rate- 1.9m3 /s x 10-5 in 1994 as itt figUt~ 4.4.1 

Lbwest Seepage tate - 1. 9m3 1 s x 10-5 ih 2002 as itt figure 

4.4 .2 

the tattge bf seepage occurring itl the mouth of Apri1 is betweeh 1. ~ 

and 1.25 (tn3 /s x 10-5). The ttel1d as showh itl figute~ 4.4.1 ahcl 

4.4.2 tespedively fot £111 the years concerned. 

(e). Mtt' HttHtt:its. 

Highest seepage rate - 1.8 m 31 s x 10-5 irt 1994 as itt figute 

4.4. i I 

Lowest seepage rate - 1.22 m3 /s x io-s in 20d1 

the t::thge of seepage occurtihg itl the month ot May is betweetl 1.8 

fuicl L22 (tt1 31 s x 10-5). The tretld is as showrt itt figttte itl figUre 

4.4. i at1d 4.4.2. 

(D. JUH@ MHHUi8. 

l-hghest see~age tate 1.511113/s x 10-5 itl 1995 as itt figute 

4.4.1 

10 



Lbwest seepage tate - 1.21 trt j 
/ s x 10-5 it1 1001 tis itl tigUte 

4.4.2 

The tatige bf seepage occurtihg ih the mortth of JUtle i~ between 

1.51 ahd 1.21 (tn3 /s x 10's,: The trend is as shown ih figute 4.4.1 

ahd 4.4.2 tespectively. Also by 2000 - 2003 the see~f1ge tatihg 

a1tr1tjst be the same from May and June period. 

(g). July tt1tHtth~. 

4.4.2 

Highest seepage - 1.4 m3/s x 10.5 in 1996 as i11 figute 4.4.1 

Lowest seepage - 1. 21 tn3 / s x 10-5 ih 2001 Et)id 1003 a~ itt f1g. 

the tartge of seepage occttrrihg it1 the mouth of JUly is 1:j1tweert 1.4 

ahd 1.21 (tn3 /sx10'S) . The trend of seepage is as showh iii figures 

i 4.4.1 and 4.4.2. 

(h) . Augu~t ttttUiUta. 

Highest see~age --- 1.4 7m3 / sx 10-5 

Lowest seepage - 1.23 fn3 / s x 10-5 in 2000 as irt fig. 4.4.2 

the t~ge bf seepage occuttit1g withih these month is b~tween 1.47 

mid 1.23 (tri3/s x 10-5) . the trehd is as shown in figUre 4.4.1 atld 

4.4.2. 

(i). §~~hHttb~t MtHiUt~. 

l-tigHe~t ~eetJ~ge - 1.56 mj 
/ s x 10-5 in 2002 a.~ irt f1gute 4.4.2 

L8W~ t §~ep~ge - 1.3$ irtii s x 10-5 i11 1995 ~§ itt fig: -~L4 l 1 ... 

11 
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the rattge ot seepage for the moh th (Sept.) is 1. 56 at1d 1. 38 (th3/ s x 

10-5). The ttehd is as shown ih fig . 4.4.1 and 4.4.2. 

U) . Ot:tijb~t MtHlths. 

Highest seepage - 1.66 m 31 s x 10-5 in 1994 as ih fig. 4.4.1 

Lowest seepage - 1.42 11131 s x 10-5 in 200 1 as ih figtite 4A.2 

the hllige df seet:>age tor the month (Oct.) is behveert .1.56 ID1.tt 1.42 

(tn3 /s x 10-5). The trend is as shown in figute 4.4.1 artd 4.4.2 

respectively. ' 

(k). Nb~~tt1bet Mtutlhs. 

Highest seepage - 1.67 m 31 s x 10-5 in 1994 as in tig. 4.4.1 

Lowest seepage - 1.49 tn31 s x 10-s ih 2003 a.s in fig. ' (.4.2 

the till1ge be seepage fat these mohth is betweert 1.67 atid 1.4~ 

i (tti3/~ * 10-5) . tHe ttend is as showh itt figUte 4.4.1 tuid 4.4/~ 

tespettively. 

(1) th!c~trtb~t MtHlths 

4.4.2 

Highest seepage - 1.68 m 31 s x 10-5 ih 1994 as irt ltg. 4.4.1 

Ld~est seepage - 1.41 m:11 s x 10-5 in 200 1 al1d 2d02 ~s iti rig. 

the htl1ge bt seepage fot the mOhth of becembet is b~t,*,eeti 1.6S 

rttld 1.41 (trt3/s x 10-5). the trehd is as showti itl tigut~ 4.4.1 tUid 

4.4.1 
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the genera! trend of seepage tight frotn January 1994 to 2003 is 

that the !;eepage titne have beeh from the highest to the low~st Eti1d 

that theit Hne bf liction have being crossing each othet. 

4.5 ItE~tttttTt)ttt ELEVAtION (Note, the gttiuttd AUffac@ 

Eh~vaHbti (tL) is 312) 

From Figure 4.5, 1998 and 1999 data ate missing as tart be 

~eett itt Table 4.4. The ahalysis is also strictly based tH1 the 

available dattt. 

4.!;.1 . Yefit1t tte~etvoit Etevatiort 

Ft-btn figUte 4.5 the lowest ~levatioh is 368trt itl 19t34 litid the 

highest e1evaHoh is 374 in 1995. The range of elevatioti \wHhitl the 

avai1able years is within 368m ahd 374m . The trend i~ as shoWh ttl 

I the sallie figure 4.5. 

RehtHttg E1evation to seepage, the higher the seetiage the 

1bwer is the elevation hegiecting rainfall as' this i:U1alysls has 

}?hysica1ly seeh itl figute 4.4 ahd figUre 4.5 i.e. 1994 experience a 

highet seepage tate while 1994 tesetvoir elevatiort dtdt:'t1~d loWet. 

4.~,~ MtHttlttr tte~ehr(jlt ktetTaHtHt. 

(~), dfllitUlty Mdtiilt!; 

t3etweeh i 994 to 2003, the Jahuaty period eXfjetiehcetl the 

, l1ighe~t ~levatioti of 382 it1 1995 and the lowest ot 35tJttl ttl 1 ~9a. 

T1t@ Hllig~ bt ~esetVoit klevaHbH wHhiti thi~ pet-loti bf ~vhllttble thlhl 

t~ 



i~ 382 :1hd 359(m). the ttet1d is as shown ih figUte 4.5.1 atid 4.5.2· 

tespedively. 

(b). Ff!bttiaty Mbhtits. 

Sitnilatiy, Highest Resetvoir Elevation - 379m in 1995 

Lowest Reservoir Elevatiot1 - 368m in 2002 

'the Range as of this period (Feb) for those yeats - 379 ~d 36S(m) 

ttehd is as shown in figure 4.5.1 and 4.5.2 

(t) . Mlltbh MtHitiUt 

Alsq, Highest Resetvoit £ievatioh - 378m i11 1995 

Lowest Resetvoit- Elevatioh - 366m ih 1997 attti 2002 

the Range as of this period (March) for those yeats L, 378 rutd 

366{tI1) . 

Ithe tretld is as shown ih figure 4.5.1 and 4.5.2 

the highest Resetvoir Eievation - 375m iIi 1 <395 

LbWest Resetvoit elevatioh - 352111 111 2002 

~artge tdt the thot1th - 375 ahd 352{rt1) 

the ttetid is showh ih figure 4.5.1 and 4.5 .2 

(~) . MAy MtHiUt§ 

Highest ~esetvoir ElevaHort - 372m in 1995 

Lt)wt:!st ~esetv(jit Elevatioh - 329tn ih 1994 
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The trend is as shown in figure 4.5.1 and 4.5.2. The Elevation 

drastically comes down due to the effect of low pattern of rainfall 

experienced in 1993, 1994 and 1995 as shown in figure 4.2.3; their 

was evaporation too as shown in figure 4.3.5, coupled with seepage 

within the same month of that year 1994. 

(1). June Months 

Highest Reservoir Elevation - 366m in 1995. 

Lowest Reservoir Elevation - 360 in 1994, 1997 and 2003. 

Range for the month - 366 and 360 (m). 

Trend of action is as shown in figure 4.5.1 and 4.5.2. 

(g). July Months. 

Highest Reservoir Elevation - 364m in 1996 

Lowest Reservoir Elevation - 360 in 1994 

Range for the month - 364 and 360(m) 

The trend is as shown in figure 4.5.1 and 4.5.2. Thus, the Elevation 

stand very closely to each other as of this month for those years. 

(h). August Months 

Highest Reservoir Elevation - 371m in 2002 

Lowest Reservoir Elevation - 360m in 1994 

Range for the month - 371 and 360(m) within the years. Trend of 

action is as shown in figure 4.5.1 and 4.5.2. The Elevation starts 
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I 

tisihg as of this month due to ihcrease i11 tai11fail' as Slid\t.rtl itt tigute 

4.2.5,4.2 .6 ahd 4.2.7 . 

(i) . ~~ttt~fttbet Mottths. 

Highest Reservoir Elevation - 381 tn in 2003 

Lowest Reservoir Elevatioh - 373 in 1995 

Range fdr the month - 381 ahd 373(tn) 

Ttertd of actto11 is as shown in tigt.tte 4.5.1 and 4.5.2. t1i~ Elev:ttibti 

also ihcreased as a result of high rainfall fig. 4.2. 7 les~ eval:>btatioti 

figute 4.3.9 plus less seepage figure 4.4 .1 a11d 4.4.2. 

0) . t1~tobet MtHiths. 

Highest Reservoir Elevation - 382m ih 1994, ~996 , 1997, 

2000 l 2001 ahd 2003. 

LtJ\Vest Reservoir ElevatiOr1 - 378m i11 1998 

Rat1ge~ fot the mOl1 th -

ttetid is ~s shown i11 figUte 4.5.1 a11d 4.5.2. the te§etVbit 

elev~Hoh is stili high as resetvoir elevatioh is stilt high a.~ te§ult of 

high taihfa.111ess seepage, tess evaporation atld Vtbbably less other 

c1ittH1tic conditioh e .g. Relative humidity and tempetature e.t.C. 

(k) . N61tetttb~f Mdttths . 

Highest Reservoir Elevatioh - 382m in 1994 atid 1 g~7 

LtJwest Reservoir Elevatiotl - 378th itt 1995 

ltruig~ fdr the ttiohth 387 tilid 378(m). 
." • I 

19 



......... ------------
MONTH 1994 1995 1996 

! 

JAN 378 382 359 

FEB 374 379 371 

MAR 370 378 369 

APR 365 375 365 

MAY 329 372 363 

JUN 360 366 363 

JUL 360 361 364 

AUG 360 364 369 

SEPT 374 373 377 

OCT 382 378 382 

NOV 382 378 381 

DEC 381 376 379 

AVERAGE I 368 I 374 370 

YEARS 

1997 1998 1999 2000 

376 378 

371 375 

366 372 

363 369 

361 365 

360 I 363 

361 I 362 

367 367 

377 378 

382 382 

382 381 

380 379 

371 373 

2001 2002 

376 370 

372 368 

368 366 

365 352 

363 363 

362 361 

362 362 

369 371 

377 376 

382 381 

379 380 

377 379 

371 369 

I 

2003 I 

374 i 
i 
I 

372 i 
I 

i 
368 i 

I 

363 I 

360 I 

360 I 
I 
I 

363 ! 

369 . 

381 

382 
i , 

381 
! 

i 

379 I 
i 

370 

o 
00 
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Thus the elevation still maintain its level but it start dropping 

within some of the years e.g. 1996 with one meter, 2001 with 3m 

e.t.c. This is as a result of lack of rainfall, Evaporation and figure 

4.3.1 seepage 4.4.1 and 4.4.2 still takes place e .t.c. 

The trend is as shown in figure 4.5.1 and 4.5.2. 

(1). December Months. 

Highest Reservoir Elevation - 381m in 1994 

Lowest Reservoir Elevation - 376m in 1995 
~ , 

Range for the month (Dec.) - 381 and 376(m) 

No rainfall as of this month but the elevation level is still fairly 

maintained thus there is reduction as other condition still prevailed 

e .g. seepage figure 4.4.1 and 4.4.2 and evaporation figure 4.3.12. 

Th e trend of action is as shown in fig. 4.5.1 and 4.5.2 

4.6 RESERVOIR CAPACITY 

The missing data for 1998 and 1999 as seen in Table 4.5 still 

affect this analysis. Thus, the discussion is still strictly based on 

the available data. 

4.6.1 Yearly Reservoir Capacity. 

From figure 4.6, the lowest reservoir capacity is 3. 1 m 3 x 109 

ill 1996 and 2002 respectively. While the highest is 3.8 m 3 x 109 

also in 1995 and 2000 respectively. Therefore the range of 

Reservoir capacity within those years is 3.8 and 3.1 (m 3 x 109)/ 
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MONTti 1994 1:995 

·JAN 4;6 :5.12 

FEB 3.84 4.83 

MAR 3 4.-54 

APR 2 .13 4.06 

MAY 1.59 3.37 

I JUN 1.51 2.42 

~ JUL 1.63 1.62 

AUG 2.05 2.05 I 
SEPT 3.92 3.58 

OCT 5.69 4.65 

NOV 5.72 4.67 

I DEC 5.42 4.28 

-AVERAGE 3.4 3.8 

:3 9 
- - - - - - - - - - - - - - -- - - - - - - ,- - - - - - - I 

YEARS 

1:996 1997 1-998 1999 :2000 

.3.7B - - 4.1.2 4.59 
., 

329 ,3.21 4.08 

2.79 2.38 3.49 

2.26 1.87 2.85 

1.84 1.68 2.15 

1.87 1.-46 1.82 

2.05 1.64 1.71 

2.05 5.83 I 2.55 I 
2.76 4.4 6.32 

4.52 5.68 I 5.71 

5.48 5.58 5.44 

4.82 4.99 I 4.84 
I 

3.1 3.6 I I 3.8 

:2001 2002 

4.12 3.11 

:3.44 2£7 

2.77 2.31 

2.15 2.06 

1.84 1.84 

I 1.49 1 ;68 

1.8 1.82 

2 .77 2.83 

4.53 422 

:5.55 ":5.3 

4.96 5.04 

3.9 4.43 

3.3 3.1 

2003 

;3.;'85 

~.'34 
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4 .6.2Monthly Reservoir Capacity (m3 x 109
) 

(a) . January Months. 

Highest Reservoir Capacity - 5.12 in 1995 

Lowest Reservoir Capacity - 3.11 in 2002 

Range for the month 5.12 and 3.11 (m3 x 109) 

The trend is as shown in figure 4.6.1 and 4.6.2 

(b). February Months. 

Highest Reservoir Capacity - 4.83 m 3 x 109 in 1995 
f, 

Lowest Reservoir Capacity - 3.21 m 3 x 109 in 1997 

Range for February month 4.83 and 3.21 (m3 x 109 ) 

The trend is as shown in figure 4.6. 1 and 4.6.2. 

(c). March Months. 

Highest Reservoir Capacity - 4.54 m 3 x 109 in 1995 

Lowest Reservoir Capacity - 2.31 m 3 x 109 in 2002 

Range for the month - 4.54 and 2.31 (m3 x 109 ) 

The trend of action is shown in figure 4.6. 1 and 4.6.2 

(d). April Months 

Highest Reservoir Capacity - 4.06 m 3 x 109 in 1995 

Lowest Reservoir Capacity - 1.85 m 3 x 109 in 2003 

The range is 4.06 and 1.85(m3 x 109 ) for the month of the years 

Trend is as shown in figure 4.6. 1 and 4.6.2 
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(e). Milt MtHtUtfJ. 

Highest Resetvoir Capacity - 3.37 m3 x 109 ih 199!j 

Lowest Reservoit Capacity - 152tn3xlo9 ih 2003. 

Ratige for the h1bhth is between 3.37 atld 1.52 [i113xl0t1] with thbse 

years. 

Trend is as showrt in figltte 4.6 . 1 and 4 .6 .2 . 

(f) . JUti~ MottUt§. 

Highest Reservoir Capacity --- 2 .42tn3x 109 in 1 ~95 

Low~st Reservoir Capacity --- 1.46rr13 in 1997 

Rat1ge tot the tt10hth is between 1.42 atld 1.45 (rn3jt 1 o~t withiti 

those yeats . 

the ttehd is as shown in figute 4.6.1 ahd 4.6.2. 

I (g) . July Muttths 

~ Highest Reservoir Capacity --- 2.05m3x 109 it1 1996 

Lowest Reservoir Capacity --- 1.6irr13xi09 itt 2003 

1{lliige Idr the h1drtth --- 2.05 and 1.61 [m3x 1 09 ) withit! thtH~e yertt~ 1 

ttertd bt action i~ as shoWh i11 figUte 4.6.1 illld 4.6.1. 

l-tighest Resetvoit Capacity --- 5.83tn3x109 itt 1 ~~8 

Lbwest Resetvoir Capacity --- 2.05tn3xl09 in 1 ~(j4-6 
, 

RW1g~ fdt the trtbttth is 5.83 and 2.b5[tn3;d09 j. FigUte 43:L 1 tilid 
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(i) ~~phHnb~t Mortths 

Highest Reservoir Capacity --- 6.32m3x 109 hi 2000 

Lowest Resetvoir Capacity ---' 2. 76m3x109 in 1996 

kattge tot the tnotlth is between 6 .32 and 2 .76[rr13x109J. 

the ttehd is as shown ih figure 4.6.1and 4.6.1. 

0). Oeibbet Mtitttits. 

Highest Resetvoir Capacity --- 5.9m3xl09 irt 2003 

Lbwest ResetVoit Capacity -- - 4.52tn3x109 itl 1996 

The tahge tot the mOhth is between 5.9 and 4.52[m3xl09] and the 

ttehd showh as in tigttre 4.6 .1 ahd 4.6.2. 

Nt>vethbet Months . (k) , 
\ 

Highest Reservoir Capacity ---5.72m3xl09 in 1994 

Lbwest Reservoit Capacity ---4.67n13xld9 ih 1995 

Range tbt the tnonth is between 5.75 and 4.67[tn3xi091 atid the 

ttehd showh in figUre 4.6.1 and 4 .6 .2. 

(1) . tiecefubet Mtutths. 

Highest Reservoit Capacity --- 5.42m3xi09 ih 1 Sl94 

Lbwest Resetvoir Capacity --- 3.9tn3x109 itl 2001 

~at1ge tot the m011th is betweetl 5.42 and' 3.9 ttT13xlo~J ru1t! the 

treiid is liS ShOWh ih figUte 4.6.1 at1d 4.6.2. 

tH~rteta11yj betweeh JEtt1Uary and July bf all the yel:1ts 
... 

ttHttett1 ; Le. i 994-2003, the resetvoit capacity ttjtiHhU5U~ hj 
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dectease in voitune and between AUgust to octobet; it shuts 

irttteasihg. Latet by Novembet and becetnbet it ~tatt t1ect~aSil1g 

agaiti. 

'those shown that the raihfall pattern betweert Jf:ti1.uttty td 

JUne ot all the yeats h ave being decreasing and itlcreasirtg as ttbtn 

AUgUst atld Octobet of all the years. 

4.7 tAlL WATEtt tUCE 

Ftont tab1e 4'.6 , 1998 ahd 1999 data ate trtissitlg ti~ cElli be 

seetl ih tigUte 4 .7 . The discUssion is based on the avrul~ble d1:iht 

4.1. i Y~ltt1:Y' taU Wat:~t ltttce 

From figUre 4 .7 , the highest Tai1 tace tn is 370.33th ih 20b1 
I 
I 

ffi1d lowest is 269.15m in 1996. The range of elevatiotl withirt the 

~vailable yeats is within 370.3jm and 269 .15111, ltttd the ttertd i~ as 

§howtt 1tl figure 4 .7. 

4,7.2 MtU1lhtt TaU \Valet tt~t!~ 

(~). JtlHUflt~ MhltlHs. 

Highest trul Race (111) - 278. lOin in 1995 

Lbwest tall ~ace (ttl) - 269.68tn in 2003 

ttatige tot the tnotith is within 278.1 0 ~d 269.68{ttl} ruid the tl-et1d 

i§ as shbwtt itt tigtit-es 4.7.1 ahd 4.7.2 . 

(b). r@htUlttt MtHtUilJ. 

f.llghest taU Race - 270.5ih1 itl 1997 
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TABLE4.:S AVERAGE MONTHLY TAil WAT£RRACE(M) 
YEARS 

.MONTH -"1994 '1995 1990 1.997 1998 1999 :2000 

JAN 270.06 27B.1D 269.72 270:46 269:71 

FEB 270:41 269.50 269.85 1270.51 269.70 

MAR 271.99 269.25 269.80 270.50 270.05 

APR 270.14 269.88 269.80 269.68 269.91 
I 

MAY 269.64 270.78 269.60 i 261.09 127022 

JUN 269.01 271.03 269.67 1269.65 270.30 

JUL 270.05 261 .96 270.67 I 269.99 1270.35 
I I 

AUG 270:49 270.35 270.80 1270.00 I 270.38 
I 

SEPT 268.90 260.80 269.14 1270.15 270.32 

OCT 270.60 .269.45 261.65 270.48 27.0.33 

NOV 272.97 269.18 268.97 270.31 .270.20 

DEC 269.50 269.98 270.08 270.06 .270.18 
-

AVERAGE 270.31 269.1.9 269.15 269.41 270.14 
--

2001 

270140 

270.15 

270.39 

269.90 

269.33 

269.73 

270.29 

270. 17 

270.88 

.270.7 1 

271.07 

270.93 

270.'33 

2002 

269.135 

269.70 
! • 

269.59 

268.96 

268.94 

270.28 

271.06 

271.00 

270.83 

271.72 

270.48 

270:36 

270.24 

201)3 

269:68 

270.:34 

270.34 

269.,97 

268:54 

270. 17 

262.25 

270.-95 

272.38 

271.18 

270.23 

269.87 

269:66 

C"") 
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Lbwest Taii Race - 269 . 50n1 in 199 r.; 

~ange fat the 1nohth is between 270.51 at1d 269 .50 (m) &tid the 

ttehd is almost very dosed to each other as shown iii tigute 4.7.1 

atid 4 .7.2. 

(c). MAtcH MottHis. 

the highest Taii race - 271.99m in 1994. 

Lbwest Tall tace - 269 .25tn in 1995. 

The ta.t1ge is betw'een 271.99 and 269.25 (m) and the ttehd is as 

§howti ih the satrte fig . 4.7.1 and 4 .7.2 . 

(d). A.,tll MUt1~lt8. 

l4igHest tEtit Race - 270 .14m in 1994 

Lbwest T~i1 Race - 269 .68m in 1997 

i the t ahge is within 270 .14 and 269.68(tn) atid the te§~rvblt 

elevatibh and capacity start to decrease as shown in ttertd of figUre 

4 .5.1 , 4.5.2 , 4 .6. 1 and 4.6.2 respectively. 

(e). Mnt MtHtti1§.:. 

Highest Tail tace - 270 .78m in 1995 

Lowest taii tace - 261. 09tn in 1997 . 

~ili1g~ tot the e1evatioh and capacity contihUes t~ dett~fiSit1g 1 ~97 

it~ tii tlgUte 4.6 .1, 4.6 .2, 4.5.1 Md 4 .5.2. The ttertd 113 tt§ shtlwti itl 

figure 4.7 .1 ahd 4.7 .2 . 
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(n. JUfit4 MutiUig. 

Highest tali ~ace - 271.03m ih 1995 

Luwest tilll Race - 269.0 1tn ih 1994 

~W1.ge tor JUne period withih the year is betweefi 271.03 rutd 

259.01(m). the tace incteases ih year 1995 and the ttehtl i§ as 

shown ih figllre 4.7.1 and 4 .7.2 . 

(g). July Months. 

Highest 'tai1 Watet' tace - 271.06m in 2002 

Lbwest tail watet tace - 261. 96m in 1995 

~ahge tot the Ju1y period withih the years is betweert 271.d6 ~t1tl 

26 i. 96tti ahd the tail race 'decteases it1 1995 ahd 2003 but t)tlly 
\ 

§tabflizes between 270 ahd 271 (tn) irt the tettH:Ul1ing yeru-s. the 

I ttetld is as showrt ih tigure 4 .7.1 and 4.7 .2. 

Higlie~t tail watet race - 271tn in 2002 

Lowest tail water race - 270m in 1997 

Range tot the mOhth is 271 and 270(tn) and the rate W~S high ~s ~ 

.te~u1t bf high taitlfa11 expetiehte withitt August period tl~ ttl figute 

4.2.6 (August rainfall ah~ysis). 

(1). §(!jJl~thb@t MtUtUi~. 

Highe~t tail tate - 272.38m in 2003 

LuWe§l taU rt=1ce --' 260.80tr1·itt · 1995 . 

,.' 
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~Mge fat the month is 272.38 and 260.80(m) ah~ the ttehd is as 

1:;hdw11 in tigUte 4.7.1 and 4.7.2. 

U)· t)ctbb~t Moftths. 

Highest 1'ait water race - 271. 72 m in 2002 

Lowest Tail water tace - 261 .65m in 1996 

~anget for the month is between 271.72 and 26i.61(ttt) artd the 

ttertd is fiS shown ih figute 4.7.1 and 4.7 .2. 

Highest tail water race - 272.97tn in 1994 

Lowest tail water race - 268.97 in 1996 

~ahge fot the tnonth is between 272.97 ahd 268.97(ftl) a.t1tl the 
\ 

ttettd is shown irt figure 4.7.1 and 4.7.2 . 

I (1). )j~btHttbet MtHtths. 

Highesftait water race - 270.93m in 2001 

Lbwest tali water race - 269.50m itt 1994 

The rahge for becembet period of the years is between 21(j . ~3tti 

ru-td 259.50111 ahd the trehd is as shown in figUre 4.7.1 at1d 4.7.2 

4.8 Mt)ittlitr A'tT~tagej( 1 ~~4-2(03) 

t~, Jb.tlU~ty lt~tUH:t 

Ftblli. table 4.7, figUte 4.8.0, 4.8.1, 4J~.2 ahcl 4.a.3; 

fh~ hiax:itrtUtrt ~eepage = 1. tJm3 / s x 10-5 

99 
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t AtiLt 4.1 MdNtt-tLv AvtltAGE bA l'A FOR ALL tHE vtAtts 

SEEPAGE tn Is (x 10 

1.9 378 66 .6 

1.6 382 70 5. 

1996 1.5 359 7 

997 1.7 376 64 

999 

.7 378 66 .6 

200 .6 376 

2 1.5 370 5 1 

.5 37 62 

1.6 374 62 .2 

urface Elevation (EL) = 312 

.. 

lad . . 
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tnihltnutn seepage = 1. 5m3 / s x 10-5 In 1996, 2002 ~d 2003 

tespectlvely. i.e Figure 4.8 .0 

The tneat1 avetage seepage Elevation, Head and Reservoti" tapt:tcity 

Me i.6tt13/~ X 10-5 ; 374m, 62tn, and 4.2m3 x 109 . 

AHw th~ ttiaxirtiUtti eievation, Head and teservoit t!1~atU:y tit~ 3g2ttl 

i 70m atid 5.1trt3 x 109 tniniinutn elevatioh, Head ~d tes~t\roit 

t~t:'acHy ate 359m in 1996, 58m itl 2002, and 3.1m3xHW itl 2002. 

As ot 1994, seepage tatihg was high (1.9tI13 / sxlo-s ttiid shift§ to 

tbtrte dowrt to 1.5m3/ 5x10-s in 1996. 1n 1997 it tises to 

1.71113/5xl0·5 and starblizes up to year 2000. By yel:1t 20b1 j it 

shu-ted decreasihg back to 1.5tn3 /5xl0-s agairt as of 20b3 , wheh 
I 
\ 

~eepage is high , e1evation, head and resetvoir tcltH!ciiY clettet!SeS 

lru1d v1s- visa; When e1evation , head and tesetvdit t~tm.dty 

it1ctease~ seepage, 10-dectel1ses as can be seen ih the trehd§j this 
. . 

tnay be as a t esult of evaporation tating withirt the yeat fig cart also 

be seeh ih figtlte 4.3.1 (Jal1t.iaty evaporation rating). 

(b) fi'ebttulty Petlbtl 

Ftoth table 4.8, figute 4.9 .0, 4.9 .1, 4.9.2 and 4 .9 .3. the trtEUtlftitih1 

§eepage = 2.0tt13/s)t10-5 in 1994 ahd tnihitnUm seepag~ = L4ttlj /!3 

j(J tj-!5 itt 2002, Sitt1ilatly, tnmdtnum elevatiort head atitt t~~~t\rtitf: 

eEt~ttdty ate 379trt 111 1995, 67tr1 ih1995 ate 4.8tn3xl0~ 111 l~gEj ttm 
--

I MH11ttlutti eievatidrt, head W1d teservoit capfttit:Y ru-~ j(j~tfi ttl 

ltlj 



2002, 56th irt 2002 and 2.7m3 x109 in 2002 ,The trteah avetftge 

seepage, elevaHort, head and reservoit- capacity tot the tt10hth t:tte 

1.3tl13/s x 10-S, 373tn, 61tn and 3.6h13xl09. 

tn 1<]94, seepc:tge was high up to 2.01n3 /sxl0-5 and contihUe t(j 

dectease Up to 1997; By year 2000 it then i11creases to 4.6m3/sxl0-

5 i1hd tatet decreases to 1.4m3 /s xlO-5 by 2002, rises tb l.ShfJ/s 

~10-5 as tjf yeat 2003. The trends of action is ~s shtjWh it! the 

figUtes. 

The, decreases in seepage is as the tesu1t of tioh-tWtltal1 

*ithin the tndtith and high evaporation rating as ttl figute 4j.2 

tftebturu-y evapotatioh). 

(c) Mtlt-hlt iietfdd 

Ftom 'table 4.9 figute 4.10.0,4.10 .1,4.10.2 atld 4.10.3.the 

ttiaximuht seepage = 2. Om3 / s x 1 0-5 i11 1994, the thirtitrtUtti seepage 

= 1.41113/$ x 10-5 irt 2004. Also The maxitnutn elevatioti, heat! Ellid 

teservoit capacity within the same petiod (Match) ate 37ght itl 

19t]5, 66th in 1995 and 4.5tn3 x 109 111 1995 tninittttifrt eleVtlHdti; 

head ru-e tesetvoit capacity within Match are 366m in 2000, ~4ti1 itl 

200b at1.d 2.3m3 x 109 in 2000 respectively. 

the mean avetage seepage, elevation, he.ad lll1d te§etVbit 

ctlpacity between 1994 and 2003 ate 1.3m3x 10-5 , 370m, sarli, rutd 

B.tht13 :R 109 respectively. 1994 expetietice the rtH1.~lftiuth !3e tJ~g~ 



tADlt 4.H MONthLy ttE-ckourlNt; tJF AVEttAGE !lAtA Ji'tltt ALL tltt YEAtt 

MoNtHs or: FEBRUARY 

Y~A~ SEEPAGE h13/s (x 10.5) ELEVATION(tn) 
~ESERVOIR 

HEAD(ni) 
cAPAcltV(m3 5( iO~) 

1994 2 374 62 3.8 

1995 1.6 379 67 4.8 , 
199a 1.5 371 59 3.2 

1997 1.5 371 59 3.2 

1999 
-

1999 

20M 1.6 375 63 4.1 

2001 1.5 372 60 3.4 

2002 1.4 368 56 2.7 

2003 , 1.5 372 60 3.3 
I 

, 

AVERAGE 1.3 373 61 3.6 

T~tE4.9 \ 

MONTHS OF MARCH 

I YEA~ SEEPAGE m3/s x 10.5 ELt:VATION(m) 
RESE~VOI~ 

HEAD(JTi) 
CAPAtlty(tft iOb) 

1994 2 370 58 3 
~ 

1995 1.6 378 66 4.5 

1996 1.5 369 57 2.a 

19~7 1.5 366 54 2.4 

19M 

1999 

2000 1.5 372 60 3.5 

2ddl 1.5 368 56 2.8 

2002 1.4 366 54 2.3 

2003 1.5 368 56 2.6 

AVERAGE 1.3 370 58 3 

. , 
I1tlol1 EL "" j t2 • Nbtft dttlUHcl SUrface Elev () 

'109 
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abd thert faB down to 1996. It then stabilized ttotn 1 ~96 to 2bO 1, 

aftet which it later falls to 1.4 by 2002 a"nd theh tises back to 1.5 

again at 2003. 

the teasbnS fot this trertd of seepage, e1evatiot1; head and 

tesetvoit capacity is due to very low t'alhfa11 ihtetlslty pt:tttetrt 

expetiehced arid high evapotation tate withih the sru1H~ petiml as 

pet figute 4.2 (tainfal1) and 4.3 (evapotatiori) tJ1t.is othet 

tbnttlbuHng factors e.g high tempetature e. t.c . 

(d) AptU Petlod 

Ftoth 'table 4.10, figUte 4.11.0, 4.11.1, 4.11.2 @d 4.11 3. THe 
. . 

ttlEUtittluirt ~eepage = 1.9m3 x 10-5 i11 1994 at1d the thirtitttutn 

~eetJage = 1.3m3xiO-5 'in 2002. Also, the trtaximUiti elevaHtJtll head 

fllid tesetvoir capacity within the satne period ( April) atb 31fjrn itl 

. 19~5; 63tt1 ih 1995, and 4.1m3 x 109 in 1995. MirtittlUh1 elevaHoh; 
I 
head alid reservoir capacity within April ate 353tn in 2002, 40trt itl 

I 

2002 artd 1.9m3 x109 i11 2003 tespectively. 

Meart average seepage, elevation, head arid tesetvoit taf:Hicity 

betweert 1994 and 2003 ate 1.4m3 x 109 , 365m, 52tt1 tilitl 2.4tti3 j{ 

109 1994expetietlced the highest maximum seepage illio thetl 

tdhtitltie td tall dOWh to 1997. As of year 2000 it tise~ ' very smail 

(1.5) thert tal1s agaih down to 1.3 Up to 2002 and .1atet ti§es batk to 

1.4 tiS 2003. 

ito 
J 



the teasoh tot the tiseS ahd falls of the ttet1d of seer;ttge 

elev~Hb1i, head arid teservoir capacity experietlced. 'a~ pet vety low 

l'tlttetrt bf talh fall ihtertsity a11d also high evatH:>hHiotl tates 

expetiehced withirt the sarrte period as per figute 4.2 .1 (kainta11 tot 

, the ttlotith of April) and figure 4 .3 yearly evaporatiotl figute 4.3.4 

evapotation for the month of Apri1. 

(e) Mtt}t Petit1d. 

From tab1e 4.11, figure 4 .12.0,4.12.1,4.12.2 artd. 4J1.3. tHe 

ttla.ximuhi seepage' = 1.6m3 / s x 10,5 in 1994 ahd mihitnutt1 ~eepage 

= 1.2tn3 1tl 2003. Also, the maximum e1evation, head IDld. te~etVbit 

t::tpacity within the same May period are 372m in 1995,60trt itt 

1995,3.4rn3 x 109 il1 1995 respectively. 
,I, I 

Mean avetage seepage, elevatioh he~d atid te§etvoit 

icapacity between 1994 to 2003 ate:-1.43 /s x 10-S,36btti, 4Stt1 artd 

2.0m3 x ' 109 . 

1 tJ~4 ahct 1995 experience the' maximum seetJage bf i .6j it thehi 

ta11s clowt1 to 1.3 ih 1997 to year 2000 and latet ralis agt:Ut1 tltjWtt to 

1.2ti13/!3 x 10-5 as of 2001 and 2002 berote it finally ti~e~ titJ ttl 1.3 

agaih by yeat 2003. 
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fAbLE 4.10 MONtHLY RE-GROtJPING or AVEitAGE nAtA FOIt ALL tilt YEAItS 

-
MONTH-OF APRiL--

Y~AR SEEPAGE m3/s x 10-5 ELEVATION(m) HEAO(m) R~SERvoIR 
CAPACltY(m3 x 109

) 

19M 1.9 365 53 2.1 
1995 1.6 375 63 4.1 
1996 1.5 365 44 2.3 
1997 1.4 363 51 1.9 
1998 
1999 
2000 1.5 369 57 2.9 
2001 1.3 365 53 2.2 
2002 1.3 352 40 2.1 
2003 1.4 363 51 1.9 

AVERAGE 1.4 365 52 2.4 

tAtlLE 4. t t 

MONTH OF MAY 

YEA~ SE~PAGE tn 3/s x 10-5 ELEVATION(m) HEAO(m) 
RESERvoIR 

CAPAcI';tY(m3 x 109
) 

1994 1.6 329 17 1.a 
1995 1.6 372 60 3.4 
1996 t.4 363 51 1.8 

I 1997 1.3 361 49 1.7 
1998 
1999 
2000 1.3 365 53 2.2 
2001 1.2 363 51 1.8 
2002 1.2 363 51 1.a 
2003 1.3 360 48 1.5 

AVERAG~ 1.4 360 48 2 

NotE: Gtouhd Surface Elevation (EL) = 312 
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(f) June Period 

From Table 4.12, figure 4.13.0, 4.13.1, 4.13.2 and 4.13.3. 

Maximum seepage = 1.Sm3js x 10-5 in 1995 and minimum seepage 

= 1.2m3 j s x 10-5 in 2000 to 2003. 

Similarly, the maximum elevation, Head and Reservoir capacity 

within the same period are:- 366m, S4m and 2.4m3 x 109 

respectively. 

The mean average seepage, elevation, Head and reservoir capacity 
~ 

are 1.3m3js x 10-5 , 362m, SOm and 1.7m3 x 109 • 

1994 seepage falls to 1.4 and rise to 1.5 in 1995; later started 

falling in 1996, 1997 and stabilizes at 1.2 by 2000 to 2003. This is 

as a result in increases in rainfall intensity as compared to 

previous month as in figure 4.2.4 (June rainfall). 

Evaporation rate also tends to decreases as also related to previous 

month before June as figure 4.3.6 (evaporation for June). 

(g) July Period. 

From Table 4.13, figure v4.14.0, 4.14.1, 4.14.2 and 4. 14.3.The 

maximum seepage = 1.4m2js x 10-5 in 1994 and 1996 and 

minimum seepage = 1.2m2js x 10-5 in 1997, 2002 and 2002. Also, 

maximum elevation, Head and Reservoir capacity are 362m, SOm 

and 1.7m3 x 109 the same as that of June period. 
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Seepage within this petiod JUly stabilizes betweeh the tartge 1.2 

illld 1.4(tn3 / s x 10.5) like wise elevation betweett 360 illld 362(m). 

Head between 48 and S2(m) and Resetvoir capacity betweet1 1.5 

and 2 .1(m3 x 109 ). This is as a result of high intensity paHetn at 

rainfall as in figure 4.2. 5 and very low evaporatioh tate as also in 

figure 4.3.7. 

(h) AugUst Pettod. 

Fttim Table4.14 , figut-e 4 .15.0, 4 .15.1, 4.15.2 illid 4.H3.3. the 

ttlaxitnUh1 seepage = 1. 51n3 / s x 10.5 in 2002 and the ttlitlittlutrt 

seepage = 1.2m2 /s x 10-S iii 2000. 

Similatly, maximum elevation , Head and reservoir capacity ate:-

371m ih 2002, 59m in 2002 and 5.8 m3 x 109 and tninitnUtTI 

eievation, Head and reservoir capacity are; - 357m in 2003, 45m in 

2d02 and 2.1m3 x 109 ih 1994 - 1996. 

tHe ttleart average seepage, elevation, head ahd tesetvbit tat:Hlcity 

I 

ID-e 1.4h13 /s x 10.5 , 366m, 541n and 2 .9tn j x 109 and i~ highet thatt 

tHat tit April, May, June and July petiods. 

~eepage within this period (August) starts itt 1.4, fa11s to 1.3, 

tises batk to 1.4, fa11s again back to 1.3 and down to 1.2 and laler 

tises to 1.4, 1.5 itt 2001 and 2002; and finally falls down ttl 1.3 ttl 

2003. this is as a tesult of high rainfall t:H1ttetrt §patsely 

118 
,. 



, 
fAULt 4.li MONtHLY ItE-GROUPING OF AVERAGE UA r A FtHt ALL thE YEAft s 

-- ----- MONTHS OF-JUNE- -
--

YE:AR SEE:PAGE m' /s x 10-5 ELEVATION(m) 
RESERVOIR 

HEAO(m) 
CAPACliY(rri3 

X 109
) 

1994 1.4 360 
f---

48 1.5 
------------ --_. -_. __ .- --- -

1995 1.5 366 54 2.4 
- _. 

1996 1.4 363 51 1.9 
1997 1.3 360 48 1.5 

1998 

1999 ' V 
-

2000 1.2 363 51 1.8 

2001 1.2 362 50 1.5 

2002 1.2 361 49 1.7 

I 2003 1.2 360 48 1.5 
I 

AVERAGE: 
1---

50 1.7 1.1 362 
------- --- ----- - --- - ---.. - _ .. 

tABLE4,tj , 

MONTHs OF JULY 

ELEVATION(m) HEAD(m) 
RESERVoiR 

CAPACltY(m3 x 109
) 

1994 1.4 360 48 1.6 

1995 1.3 361 49 1.6 

1996 1.4 364 52 . 2.1 

1997 1.2 361 49 1.6 

1998 

1999 

2000 U 362 50 
- --

200 1.2 362 50 

2002 1.2 362 50 1,8 

2003 1.3 363 51 1.6 

AVERAGE 1.3 362 50 1.7 

NtJttt: Otbutid Surface Elevatioh (EL) == 312 
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t AJiLt 4.14 MON1JtLv kt-GttOtJPtNG OF A vtllAGt OAt A rot{ ALL tHE ytAtts 

MONTH-OF AUGUST 

Yt::AR St::EPAGt:: mJ/s x 10-5 ELEVATION{m) HEAD{m) 
RESt::~VOI~ 

cAPActtY(m3 x 109
) 

f---
1994 1.4 360 48 2.1 

1995 1.3 364 52 2.1 
. ---'---'---1996 1.4 369 57 2.1 

-------. ----.- ------
1997 1.3 367 55 5.8 

-----------1998 

1999 

2000 1.2 367 55 2.6 

2001 1.4 369 57 2.8 

2002 1.5 371 59 2.8 

2003 1.3 357 45 3·0 
-

AVt::RAGE 1.4 366 54 2.9 
_. 

t A.i3Lt: 4.15 

MONTHS OF SEPTEMBER 

RESERVOIR 
YEAR SEt=PAGE m3/s x 10-5 ELEVATION(m) HEAO(m) 

cApAcltY(m3 x 109
) I 

I 

1994 ---- -----3 74 62 3.9 \ .5 

1995 1.4 373 61 3.13 

1996 1.5 377 65 2.8 

1997 1.4 377 65 4.4 

1998 

1999 

2000 1.4 378 66 6.3 

2001 1.5 377 65 4.5 

2002 1.6 376 64 4.2 

2003 1.5 381 69 5.4 

AVERAGE \ .5 377 65 4.4 
'--

NotE: ot-otlHd Surrace Elevation (EL) = 312 
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disttibuted within the years as of August petiod. FigUre 4 .2.6 

(August taihfall). A1so, evaporation rate in August is very 1ow. 

(i) Setitettiber Period 

Ftom Table 4.15 , figute 4 .16 .0,4.16 .1,4.16.2 and 4.16.3, 

maximum seepage = 1.6m3/s x 10-5 in 2002 and mihitrtUtl1 ~eeiJage 

= 1.4m3 / s x 10-5 ih 1995, 1997 and 2000. Also maximtitti elevaHoh, 

head artd teservoit capacity are 381111 in 2003, 69th 1h 2bd3 ftlld 

6 .3m3 x 109 ih 2000 and rhihitnU111 elevation, head artd tesetvoir 

capacity ate 373m in 1995, 61m in 1995 and 2 .8m3 x 109 i11 1996 

tespectively. 

Mean average seepage, elevation, head and teservoit cl1padty ate 

1.5tr13 /s x 10-5 , 377m, 65m ahd 4.4tn3 x 109 higher thart August 

but lowet than October. 

The trend of seepage action is the same as that of August 

petiod. Thus, taihfall intensity also very high within the yehls as 

can be Seen in figUre 4 .2 .7 and evaporation rate very low. 

U) t)ett>bet Peritjd 

Ftohl table 4.16, figure 4.17.0,4 .17 .1, 4 .17.2 atld 4.17.3 

the maximum seepage = 1. 7m3 / s x 10-5 in 1994 

MihitnUtrt seepage = 1.4tn3 / s x 10-5 ih 2001 
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Similarly, maximum elevation, head, reservoir capacity ate:-

382tn in 1994, 1996, 2000 and 2003; 70m in 1994, 1996 - 2000 

firtd 2003; 5 .9m3 x 109 in 2003 . 

Also tnihimutn elevation, head, and tesetvoit capacity ate 

378m in 1995 , 66m in 1995, 4 .5m3 x 109 in 1996. 

the mean average seepage , elevation, head, atid tesetvbit 

capacity stands at 1.6m3 /s x lO-5, 381m, 69Jn and 5.41n3 x 109 

te specti vel y. 

the seepage trend by 1994, was high 1. 7m3 / s x 10-5 at1d falls 

to 1.5tn3 /s x 10-5 , tises to 1.6m3/s x 10-5 by 1996 - 2000, 

decteases to 1.4tn3 /s x 10-5 as at 2001, then back 1.6tn3/M ;t 10-5 

by 2002 a11d back to 1. 5m3 / s x 10-5 by 2003. this rise ~cl taU is as 

a tesult of high raittfa11 intensity expetience during the hit>tlth 

september /Octohet itself thus octobet taittfa11 it1tet1~Hy hE1S 

seriously decteases conlpared to september figute 4.2.7 ahd 4.2.S 

tainfal1 fot the mouth of September and october. 

(k) Ntlv~tithet Petidd 

Fdtttl t~ble 4.17 , tigure 4.18.0, 4.18 .1, 4.18.2 artd 4.1S.3 

M~itnutn seepage = 1.7tn3 /s x 10-5 ih 1994, 1996 'at1d 1997 ahd 

htiuithUtrt seepage = 1.5 m3/s x 10-5 in 2003. 

AistJ, maxitrtum e1evation, heE1d and tesetVdit taJjadty ate 

3g2tti Hi 1994 ~d 1997,70tn in 1994 ahd 1997, 5}h13 ~ 109 irt 



'tAtlLt 4.16 MONtHLY RE-GROUPiNG OF AvtRAGE DAtA FOtt ALL tttE YEAtts 

------ - -"-'- --- .- MONtHs OF OCTOBER 
_. ---.-------

--
RESERVOIR 

YEA~ SEEPAGE m3/s x 10-5 ELEVATION(m) HEAD(m) 
CAPACITY(tn3 X i 09) 

1994 L7 382 70 5.7 
-

I 1995 1.5 378 66 4.7 

1996 1.6 382 70 4.5 

1997 1.6 382 70 5.7 
-

1998 

1999 

2000 1.6 382 70 5.7 

2001 1.4 382 70 5.6 
-

2002 1.6 381 69 5.3 

II 2003 1.5 382 70 5.9 

AVERAGE Hi 
'1--

381 69 5.4 
-- _ .. _- ,- .-- - -

tAt3LE 4.17 
\ 

MONTH OF NOVEMBER 

YEAR SEEPAGE m3/s x 10-5 RESE~VOI~ 
ELEVATION(m) HEAD(m) 

CAPACITY(h1 j( 109
) I 

1994 L7 382 70 5.7 

1995 1.6 378 66 4.7 

1996 L7 381 69 5.5 

1997 1.7 382 70 5.6 

1998 

1999 

2000 1.6 381 69 5.4 
-

2001 1.6 379 67 5 
-

2002 1.6 380 68 5 

2003 t .5 381 69 5.4 

r 
AVf:RAGE 1.6 381 69 5_3 

NotE: Gtoutid Sutface tlevation (EL) = 312 

, "n 
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1994. The minimum elevation, head and reservoir cafjacity are 378 

in 1995, 66m in 1995, 4 .7m3 x 109 in 1995. 

Meah average seepage , elevation, head and tesetvoit capacity 

ate 1.6tn3 /s x 10-5 , 381m, 69m and 5 .3m1 x 109 . 

Seepage tate from 1.7 m 3 / s x 10-5 in 1994 falls tb 1.6t1f3 / ~ x 

i 0-5 ; ihcf-ease back to 1. 7m3 / s x 10-5 in 1996 ahd 1997. Latet ta11~ 

dowrt to 1.6m3 / s x 10-5 as of 2000 - 2002 and firtally ta11s back to 

1.5m3/s x 10-5 by 2003. This period expetienced high Seepage 

rating, elevation, head and reservoir capacity as a result of the h igh 

tainfa1l intensity experienced in September ahd october mOhth. 

Thus, thete was not any rainfall recorded but ohiy, eva}jotaHotl tate 

as pet figure 4 .3.11. 

(1) beceritbet P~rlod. 

I 
I 

FtOin Tab1e 4.18 and figures 4 .19 .0,4.19.1,4 .19.2 attd 4.19.3 . 

the maximum seepage = 1.7 m 3 /s x 10-5 ih 1994 attd 1996. 

Mihimum seepage = 1.4 m 3 /s x 10-5 in 2001 and 2003. 

Also, the maximutn elevatioh, head, ahd tesetvdit capacity ate 

3~1tt1 ih 1994, 69trt in 1994, 5.4m3 x 109 in 1994 

Mihithum elevation, head, and teservoit capacity ttte 376trl itt 

i~95, 64th irt 1995,3.9 in 2001 tespectively. 

the llieah avetage seepage, elevation, head, at1d te~~tVoit taj:;atHy 

ate tti3/~ x 10-5, 379m, 67m, 4.7m3 x 109 . 
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There was no rainfaI1 by December it was ohly evapotaJiol1 

that occUr as per figure 4.3 .12 . The tt"end of actioh fOt seepage 

elevation, head and reservoir capacity is as sl10wh it1 the above 

tigtltes. 
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tAbLE 4. t g MUNtttt Y lU>CROlJl'tNG OF A VEttAGF: hAt A FOtt All tHE YEARS 

MONTH OF DECEMBER 

RESERVOIR 
YEAR SEEf:'AGE rn 3/s x 10.5 HEAD(rn) ELEVATION(m) 

cAPACITY(m3 x 109
) 

1994 1.7 381 69 5.4 

1995 1.6 376 64 4.3 

1996 1.7 379 67 4.9 

1997 '-6 380 68 5 

1998 

I 
1999 

2000 1.6 379 67 4.8 

2001 1.5 377 65 3.9 

2002 1.6 379 67 4.4 
, 

2003 1.5 379 67 4.8 

AVERAGE 1.6 379 67 4.7 
.L 

I 

, NotB: Ground Surface Elevation (EL) = 312 
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cHAPTER FiVE 

!5.U cUNCLUSION AND RECOMMENDATION 

This chapter presents conclusion and recotntrtetidatiol1 based 

011 the Data analysed for the period under study. 

5.1 ctJt-icttJstOI'l 

the following conclusions were deduced: 

1. the telationship l betweeh seepage and hegd had beetl 

developed fot ' each mOlith and years. (1994-2003). 

I 2. The Month of January, February, March and Aptil ate tlie 

periods that always experienced the rnaximutn seepage ot 7.2 

X 10-2 tn3 /ht at Shiroro Dam teset-voir, May, JUhe Mld August 
\ 

experienced the minitnum seepage of 4 .32 x 10-2 m3/ht. 

13. Similarly, January, Octobet and Novembet ~etibd. ~~O 

experienced the maximum and tninimum e1evatibtl or 3~2trt 
at1d 329m tespectively. January and Novembet period has the 

maximum head of 70m and May month with a mihi111Utrt head 

ot 17111. The month of September showed the tna.xithutn 

tesetvoir capacity of 6.3 109 m:J while the minimutn ot 1.5 x 

109 tn3 irt the tnonth of May and June. 

4. Seepage is as a fUhctiOt1 or-head and can be ttatt§totttled itlto 

tiheat telationship. 

141 



5. With the maxlffium seepage value of 7.2 x 10-2 m 3 /hr the 

Shiroro Dam is still structurally safe, with the proper 

channeling of the water lost from the Dam to a wear box down 

stream close to the turbine adequately take care of the 

seepage water. 

RECOMMENDATION 

1. It is advisable that further studies on seepage be conducted 

with further data input In the subsequent years 

experiencing when the available data is up to between 25 to 

30 years. This will facilitate an authentic research studies 

and long term data base. 

2. It is also recommended that NEPA should look at the 

possibility of converting the sophisticated gas I electrical 

piezometer sensor which are presently out of use to manual 

one's so that water level in the piezometer can be obtained 

by survey instrument. 

3. Also, the present water release from the dam should be 

used for practicing irrigation farming downstream of the 

dam project (relevant agent e.g Federal ministry of water 

resources, State ministry of Agriculture e. t.c should take it 

up). 
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4. The only information on piezometer level or reading can 

estimate the approximate seepage line (pheratic line) in 

rockfill dam, unlike Earth dam where information like an 

reservoir head and tail water level can give an idea of 

seepage line pheratic line). 

5. With a prototype laboratory work on rockfill in place, to 

determine permeability of the rock is conducted, a modified 

equation of Darcy's Law can be used to determine seepage 
~ . 

quantity, viz., 

Darcy's equation q = kiA. 

Where q = quantity of seepage (m 3 Is), 

K = permeability coefficient, 

i = the hydraulic gradient (hi L) and 

A = surface area considered (m 2). 

Modified equation of Darcy's Law: q = KcIA. 

Where q = quantity of seepage (m 3 Is) 

Kc = permeability coefficient of specific rock 

determine in laboratory, 

i = the hydraulic gradient (h/c) and 

A = surface area considered (m 2). 

6. That data record keeping g in Shiroro Dan should be with the 

aid of computer to enable proper data handling and 

processing plus other research studies. 
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APPENDIX A 

SEEl'AGE DATA FH.6·~1.SJ-liROH.O DAM FClH. TIlE YEAH. 1994. 

Jann:ll-Y 

5. 378.550 -_._------
6. 378.4 80 --_._.-
7. 378.390 ---_._----- -
8. 378.330 M_. __ ·_ 

9. 378.260 ---_.-
10 . 378.t80 . ----~.-.--

11. 378.120 - --.- .... -

20. 377.340 ... _--- --
21. 377.250 ._._._--_ ... _- -------=---
22. 377.170 ----
23. 377.100 

24. 377.010 

----~--------

Flow 

230 0.0000199 ---- --'----" 
230 0.0000199 

230 0.0000199 - -_._-
230 0.0000199 

4.4700 48.0 2JO 0.0000199 --1-------------_··_·_-----_ .. -
4.4534 48 .0 230 0.0000199 --- - ---
4.4380 48 .0 230 0.0000199 

4.4 182 230 0.0000199 

. __ .. _- _._--
I 

Tllil ,Hacc 

269.80 

269 .80 _ .. _--' 

269.80 

270.30 

270.20 

270 .00 - -_ .. _- ---
270.00 

270.30 · 

25 . --_ .. __ . __ . - 376.920 4.4094 
--=--::"':":-=::~----l---

48.0 

48.0 230 0.0000199 270.30 - .-. ----- -- ---
26. 376.820 ----- 4.3790 48.0 230 0.0000199 269.80 

--------~------. . ----.. .. ----- -------_. -
I 

7.7 . 376.7 .10 4 .3543 48.0 230 o.OOO() 199 270.20 ... ~-.. ----- -.-.----1---,-__ ....... _____ --.--.-.----.. _._ ... _ .. __ . .,. -.- ...... --_._ ... .. .. _ ..... -....... . 
........ 2 ~.:_ .... ____ 376_.6_)2_1 _ . _ __ 4.1_34_4 ____ ._.:'_8._0 _. _____ ._~10 _ __ . __ _ . O.OOOO.L9_9 __ _ _ 2_0_9._8Q_. __ 

\ r~~~~=-- ~-=~~;~ I~ :~~: ~~~ __ ~t __ ~_~~~~:lt:~j::~l== ; 
IzL , . 
I . 

_---I 



:j 

_. 

____ 1..: _____ -=:3~8.:::..:0.=_56.:::..:0=__+--.::.-5.-28-'-3-0--.1--4-4--._5 _____ 1_92 ____ 0_.(~~ )Qg_166 _ ._268.50_ 

550 5.2800 44.0 186 ...ilJ!_()9~~~ 268.50 2. 380. 
3. 380.540 5.2770 44.0 186 ~J(~(L~ 60 _ 268.5_CL 

-- -----
". ____ ._ ... _ ...::.3...::..80.::-..-=...52_0 ___ 1-_.-:..5.:..::.2:...:....7.:....:1 0 __ 1-_4_4._0 ______ .---.:...1 ___ 86.:......) __ 1--0_. ()~lQ~~_!_60 ____ 26_9_. 8~_ 

___ ...5_.' _______ --=-:38:....::0...::...4....:.8..:;...0--1--5.-2-25-9-0-1---4-4--.0--1------18-6 ___ __ (_).q~~QQ!.60_. 
380.440 5.2470 44.0 186 

----~-~...::..----+---
6. 0.0000160 

269.80 

269.50 

268 .S0 

.-
I 

r--;.-- 380.390 5.2318 44.0 186 0.00001...60 
f--~---l---':::'''':::'''::':::'''::'''':'~-I--:::'':'::;:::'''':'':::--+--~-=---I-'--'----- -.----... "-" --------.--.-----

5.2220 44.0 1 R6 O.O() f)(1I60 269.'10 
-I---:-:-:....:~- ---------. ---' -- ,----- -... - ---------,---.. --8. 380.360 - _ ._.,. 

9. 380.320 5.2090 44.0 186 0.OO()OI60 269.RO 
f------- --. -=--:::...::...::=--=--=--I-----=~:..:....::..--I__------=--.--...".......---.- --.- -.. . -.-.. -----'-1---'---

10. 380.280 5.1970 44.0 186 O.OOO() 160 270AO 
1--- --=-..:::...::.:.::..::....::~-4------=~~--I__--=--~-I·-----=----------- .- .. ---+--' ------ .-

" 11. .380.180 5.1695 44.0 lX6 O'(H.HJUI(jO 270.00 

f--__ -l ~_ 380.140 5.1585 44.0 186 -- _ O.(;U,~~_)_~~--i~~~.O(~--- --
13. 380.110 5.1503 44.0 ... 186 0.OOOO!'60 ' 269.60 

,------l--------l-~----l----.!:.-I__---------. - -.---

380.080 i~" 5.1420 44.0 186' 0.0000160 269.g0 
---'~', -1---'-----+-----=------=---1-----1------· ------- .. - ----'-' -------- -. 

14. 

15. 380.040 5.1310 44 .0 186 0.0000 I GO 270.tIO ---------------I------I-~-----------.-. . --.---------

16. 380.000 5.1200 44 .0 186 0.0000 I 60 270.40 -------_.------------+- --- .---------_.----_._--,,----'- ._-----_._. ---,-,,-- -.----_._,,-- " 
17. 379.920 5.0976 44.0 186 O.()OOO I (,0 269.RO 

---~=----.:-......:.-.--+ - -----,--- --_._-----_ . --

, ____ _ .' __ ~ • __ 1 ___ -=-3 7.:...;:9...::... 8::....:9....:.0 __ 1-----=5:...:....0::....:8:...:...9...::..6-- ____ 4_4. ~ ___ , ___ ._l? 6 _____ . __ QJJ.~)(~Q.1_0g __ . ___ ~? 6 9.:_~S.~ _ . . ' 
1 (). 379.820 5.0728 44.0 18() ' O.OOr)(l I GO 2(j9.RO 

1--'_·- --,- -1---- - ,1-----'--- -------- .-------- - -----'" .--... -".-- .- .. - .. --,------. , 

_~Q_. __ -I-__ 3_79_.7_7_0 __ 1 __ 5_.0......;5~96.~_I--4-4-.-0=-----I--....::..l~6--._._ . __ .2.:~~~H.lQ ,!~~(~ ___ ~ ___ ?G9:gi) _" 
1-----_2_'1 __ . ____ . __ 3_7_9_.7_50 __ +_.:...:5 . ....::..05:...4.....::.0_. , __ 4_4. 9=---. __ 1----.:1....:: 8_~ _______ ~_). 0.01 19_,I_.0.g ______ }_6_8 .Q~l __ _ 

22. 379.730 5.0484 44.0 186 0.0000 160 268.GO 
f------II----=---=----I----=....:....::......::...:...--l-------I--------- -----".------ -----

23. 379,690 5.0370 44.0 186 ~_(~()Q. !.90 __ '_" 269.50 

379.670 5.0310 44 .0 186 0.0000160 269.50 
I------f----=·---..:--=--.:.....--+-~.::.....::...:::...--__I_-...:....:.:..~--I------=:....::...::..-- - --'-- --.-- --- --

24. 

25. 379.620 5.0160 44.0 186 O.OOUOI()O 269.10 
-·--.. - ·---· .. ,----=....:....:.....:....::~--I--=-:..:.:...:..:.:.:::...-- ------- -------- ----.- .--- ,--- --,----- .- - .- , 

26. 379.600 5.0100 44.0 186 0.()0l)OI60 269.30 ----------·------1----=---1---,----,-------------... .-,------ --,----- --
.. _, ____ ?? '.._ ...... ,, ___ . _" .. _,, _}1,9,590 __ . ___ _ ~,:.QQ.~_Q... .. ___ . ___ i1:i! _____ .. _ . __ .l~[!... ... ,,_, ___ _ ".g}!.IH)_(~ ,100 __ ."_ .. 1:f'<) . (~~~ ,,. __ _ 

I ___ 2L ______ 379,570 5.001W 44 .0 18_~~ ___ ' '' __ 0_.OQ.PQ,LG_'O ___ }_68_.5~ __ 
i 

I 2(). 379.550 5.0000 44.0 J R6 O.O()()OI CiO 2GB.50 
---------.- -·------~I---=-----.:..--I-------- ------ ----... ---------.-----

·1 10. 379.510 4.9920 44 .0 186 0.00110 I 60 269.on 

1 

·--,---,-----1- --=-......::-.---=--1--.....:..:...::.....::..=...:....-11---......:......:..;..:...--- .-------.---,,- .-,- -----... ... , ,,,--. - .... --.. - - .--- -.. - ,--.-

, 

:\ 
l 
I 
·1 

31. 379480 4.9840 44.0 186 O.OO( If)IGO 2()f).60 '--__ ,_. __ '-___ • __ ....J-_________________ , __ • _______ L __ . __ __ ._ , . . ___ ._l ________ ._ .. _. 

" . 
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APPENDIXC 

SEEPAG.E DATA FROM SHIRORO DAM FOltTHE YEAR 1996. 
______ ~------.----._------li------~r_--------------·--~--------~ 

r' .January Reservoir Reservoir Weir box 
;, ________ ~~e~le~v~a~tio~n!--+.......:c~·a~pac~·it~·y _ 1,------1---------,--·- -·---·-

9 / 11'\.1 X 1()9 
J) m mJ. X 10 H / em L sec. 

f--. ____ 
at

_
c 
.. __ J----------l----------I--------t----------.-.----+----------1 

L_3~2:::.. ___ ~---=3~7::..5 I~l ~8 __ +--.-:4~. 0:..:::.3:::....04~+--....:..4.::....:3 . .::..,5 ---r---I 8..::.-0 __ -1--0-.0000 IS 6 269.80 

__ ._~3~3 .~_~ __ 23 7!..::.5~.1~2~_+~4::.:.~0 1~6~6_+_--4:::::3..:..::. S~-t--l:....::8:...::..0--1-0-.-0-OOO 1 56 270.00 

_. __ 3::..:4~. _-I-----=3~7-=-:5 .:::....06~---1f--....:...4...:...:. 0~0.::...1 0=__--+---43-.-S ___ 1_---=-1..::.-8°=----11---°-.0000 1 S 6 ~::::~ 
___ ~3~S~. __ ~ ___ ~37~5~.0~0 __ _+~3~.9~9~1~0---~~43~.~5 ---t---~18:....::0 ___ I __ 0_.0_OQ~1 . .::..,56~. _~------~ 

36. . 374.94 3.9810 42.5 170 0.0000 _14_7.:.....· +--_2_7_0._0_0----1 ___ ~~~. __ ~~~--+-~~~--r--------

Flow 

Tail Race 

37. 374 .85 3.9625 42 .5 170 0.0000 ]47' 1--_27_0_.0_°_' -i 

_ __=3~8~. __ ~---~3~74~.~76~~.--~3~.9~4:....::10=--~--4~2~.5=--~----17-0 ___ ~QO~0-14~7-+--2-6-9.-S0---

I 
1-_.~3::...::.9..:. ____ 1-__ :...::..3_74_ . .::...69~ _ __l---3-.9-2-53---1----4-2-. ...;;...5---+----1-7--0 .----0_.Q.QQ~_)1_47__l--27-0-.0-0-

40. 374.60 3.9208 42.5 170 0.0000_1_4_7_' 1--_27_°_'°_°_ 1 
. ~ " 

j ___ j_.:...:.1 . __ 1--_.....:3:....:..7....:...4.:....:..49=__---1 __ ..::.-3.:....:.. 8..:..84-=6_+-_4_2_.5 ___ 1-___ 1_7_0 _-i _ _ 0_.09 QS_) 1 __ 47_'-+-_2_7_0_.3 Q_ 

1
. 1_--.:..:.42::.:... __ -+ __ ....:...3:....:.7..:..4.:....:.4~0 __ _+_---=3:..:.... 8::..;7....:.6.::..,8 _+--'_"'....:...' 4-=-2:.-=-' 5 __ --I ___ -=1....:...7~0 _ --1 ___ 0. (~0(~~~ !_4o_7 -4-__ 2_6_9_._8_0 --

_____ 4_-=-3 . __ --I ___ 3-=-7_4~.2:..:....9 __ __I_-3=-. .::....84...:.:.2:...::..8-+_-4...:.:.2:...::... 5_-+ ___ 1....:,7~0 . ____ 0_, O~.)(~9 1 /_n_~ _ _ 27---r0_. 0_0 __ 

44. 374.19 3.8208 42.5 170 O.OO(JO 147'," 269.S0 
-------"--l----=--~---j 

45. 374.13 ,. .. 3.8103 42.5 170 0.00n014T 270.00 ---+---------1 

. __ 4_6:.:_. _ -1-_-=-3..:.,74....;. . .::..,06=__--+_-=-3.:...:... 7.::....96.:...:2=___ 42 .5 I 70 O. 0_0(_JO_14_~_' -+--_2_6_9._80 __ --1 

47. 373.98 3.7788 42 .5 170 0. 0000 147· 270.00 
- --------1-- ----

48. 373.91 3.7641 42.5 170 0.0000147 , 268.80 
--+---------

49. 37-3.84 3.7506 42.5 170 0.0000147 270.00 
--=----~~---=-~.::.......:...--4---=-.:...:...::..~-~--~~--.~----=-----------_+----~-~ 

~--=--50~. __ _+_---=3...:..,73:...:. . ..:....:75=---+-::..:'3 .:...:....73=-.:3:...::0 ___ 1----.:4:.=-2.:..:.. 5 ___ I-_...:l~70~· ___ 0_. ogyo ] 47 269.00 

51. __ 11---_3_73_._68_--+ __ . _3 __ .7..:.,18..:....:8=----+-_4~2~.5=__~-_.-17-0 _ _I--0-.OQDO 147· 269.50 

i----.s~ . 373.65 3.7128 42 .5 170 0.0000147- 269.50 ._ .- ._--' - ------

53_. __ -+-__ 3_7....:,3 . ..:..5.:.....9 _-1-___=_3..:..:.7-=-0..:..0 -=-1 -If-------.:..42::..: . .::..,5 __ -+-_-=-1 . ..:...70::..___ 0.0 0 00 147 269.80 

~-.-~--3-7-3 . .::...5..:..:0-~---=-3..:..:.6-=.8-=-28=--~--....:..42::..: . ..:..0 --~-....:.1~6S~-~--O_.~OOI45 269.80 

55. 373.403.6600 42.0 168 0.000014S, 269.80 
-II-------=----~----=--=----I· 

56. 370.30 -3.6425 42.0 168 0.0000 145 268.50 

57. 373.18 3.6206 42 .0 16 8 ____ I~O.:....:.. 0.::....OO:....:.0...:..,1 4~5--+--=2::.::6~9 .:..6-:..0~ ___ 

~_. __ .;:5_ R....:,._-I-_......:3::.......7-=-3..:...::.l:...::..1 _-l-----=3~. 6:...:.0-=.5-=-2 ._ 4_--.:4-=-2.:...:::.. 0 __ ___ 16_8 ________ 0. 0Q.0_O_1_4 S ___ . __ 2_6_9_.6_0_ ---j 

L __ ?::...:.<)..:.,' __ 1 __ -=3...:..,7.::...:3 .~04"':'--If--....:.3..:..::. S...:::.8:....:.92~-+-_..:...4 2=..:. . .::..,0 __ \--___ ...:.l .()~g ____ 0.000_0_1_4_5--1-_2_6_9,.;:.5_..:......0 __ 

j 61: ( 372.87 3.5598 ' 42-.0---I------16-S ---0-.000- 0 ~~-;- . 270.00 ti
l GO 372.96 3.5 740 42 .0 168 0.0000145 269.80 

:\ 62. __ ' __ -l __ 37_2_.7_7 __ --'-__ 3_.5_43_2_~. __ 4_2_. 0_---'I-_----l~8--~~L-. O-~;)~)-O I-_~~L ·-2-6;.-_~(-) ==1 
! 
I 

I 
J 
j 
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" SEEPAGE DATA FROM SBIR()I~O DAM FOl.t'TH'E YEAR 1.997. 

. , a lilt ;IIJ' Itcscl-voir Heservoir Weir hox Flow 

e1cvation callacify 

Date 111 01
3 X 109 H I em - ' " L I scc. m3 X 109 Tail Race 

I 

1. 377.49 4.5227 44.5 192 0.0,0:0 '()6 269.50 .. - " -- " 

2. 377.4] 4.5043 44.5 192 0.0000166 269.50 ,-

3. 377.35 £1.4910 44.5 192 0.0000166 269.<)0 
1-- ------

269.60 II. 377.30 4.4800 44.5 192 0.00001 (i6 

5. 377.26 4.4720 44.5 192 0.0000166 269.90 --- - " .... . 
6. 377.19 £1.4578 44.5 192 0.0000166 269.70 J 

7. 377.14 4.4468 44.5 192 0.0000166 269.90 

8. '376.98 4.4118 44.5 ~ 192 0.0000166 271.20 

9. 376.82 4.3790 44.5 192 0.0000166 271.50 
, . ,-

10. 376.67 4.3454 44.5 192 0.0000166 270.80 
• 

11. 376.52 4.3140 ii'4.5 192 0.00UOI66-' 270.60 

12. 376.40 4.2900 44.5 192 0.0000166 270,,00 

13. 376.26 4.2612 44.5 192 0.0000166 
.' 

270.80 

14. 376.14 4.2333 44.5 192 0.0000166 270.50 

15. 375.95 4.1920 44.5 192 0.0000166 270.80 
.. .. 

\(). 375.84 4. \ 694 44.5 192 O.OO(JO \ 66 270.80 .--. .- . .. ~. -~. 

\ i. 375 .67 4.13 \ 1 44 .5 192 O.OOW) 1 (;6 271.00 \ ._--- -- .. --
I g. 375.48 4.0924 44 .5 192 O.0(1f)OI6G 271. 50 

'-- -- --_.,,-
1 <J . 375 .30 4.0560 44.5 192' (J.() () i) 0 166 270.80 

20. 375 .16 4·.0258 44 .5 192 0.00001 66 270.20 

21. 374.97 3.9855 44.5 192 O.OOUO\ 66 270.20 .. _--

I 22. 374.78 3.9455 44.5 192 0.0000166 271.50 
, 

23. 374.55 3.8958 44.5 I cJ2 0.0000166 271.50 .. _-
24. 374.32 3.8494 44.5 192 0.0000166 27 \.00 

25. 374.11 3.8068 '14.5 192 O.oono 166 271.50 
1-

26 . 373.90 ·3.7620 44.5 192 0.0000 I G6 271.50 

27. 373.65 3.7125 44 .5 192 O. oono 1 G6 271..00 
1,·_ .. ·· .. ·,,---, 1--· - .. ".'_ ... ". ...... - ... - ... ~ .. " .... .-... --.. - ... _._-.--, 

2H. 373.52 3.6864 44.5 192 0.0000166 269.90 .----.--. ------- -_ .... _._---_ .. _- ,-

29. 373 .38 \ 3,6565 44.5 1<)2 O.O()OO I o(i 270.00 
, .. - ~ .. -.-- .... ~- _ .. _ .. _ -,--- ,- ----

JO. 373.24 3.6320 114 S I ~)2 O. O( )00 I (iG 2G9.70 
8 . ~. .. ------ .. -----_ .. _._. -_ .. -----_. __ ._. 

31. 
, 

373.12 3.6074 44.5 192 0.0000166 269.40 -_ .. 



-
APENDIX E 

SEEPAGE DATA FROM SlllRORO DAM FOR THE YEAR 2000. 

Reservoir Weir Box Flow Tail Water 
January Reservoir Raee 

Elevation Capacity 
M3 x 109 M M3 X 109 IDem Lisee 

Date M 269.70 46.0 205 0.0000177 
1 378.87 4.8375 

378.81 4.8225 46.0 205 0.0000177 269.70 
2 

378.74 4.8080 45 .0 198 0.0000171 269.70 
3 

378.68 4.7950 45.0 198 0.0000171 269.60 
4 

5 378.61 4.7775 45.0 198 0.0000171 269.60 

6 378.53 4.7589 45.0 198 0.0000171 269.30 

7 378.43 4.7366 45 .0 199 0.0000171 269.30 

8 378.36 4.7192 45 .0 198 0.0000171 269.70 

9 378.27 4.6984 45 .0 198 0.0000171 269.50 

10 378.18 4.6758 45.0 198 0.0000171 269.50 

11 378.11 4.6611 45.0 198 0.0000171 269.50 

12 378.03 4.6436 45.0 198 0.0000171 269.30 

13 377.98 4.6326 45 .0 198 0.0000171 269.60 

14 377.93 4.6216 45 .0 198 0.0000171 269.60 

15 377.86 4.6054 45 .0 198 0.0000171 269.70 

16 377.80 4.5910 45.0 198 0.0000171 269.70 

17 377.74 4.5784 45.0 198 0.0000171 269.70 

18 377.66 4.5614 45.0 198 0.0000171 269.70 

19 377.58 4.5438 45.0 198 0.0000171 269.70 

20 377.50 4.5250 45 .0 198 0.0000171 269.70 

21 377.43 4.5089 45.0 198 0.0000171 269.30 

22 377.34 4.4888 45.0 198 0.0000171 269.70 

23 377.27 4.4740 45.0 198 0.0000171 269.70 

24 377.19 4.4578 45.0 198 0.0000171 269.70 

25 377.11 4.4402 45 .0 198 0.0000171 269.70 

26 377.04 4.4248 45 .0 198 0.0000171 269.60 

27 376.96 4.4076 45.0 198 0.0000171 269.60 

28 376.89 4.3930 45.0 198 0.0000171 269.60 

29 376.82 4.3790 45.0 198 0.0000171 269.60 

30 376.75 4.3635 45.0 198 0.0000171 269.60 

31 376.66 4.3432 45 .0 198 0.0000171 269.60 

, 



APENDIX F 

SEEPAGE DATA FROM SlllRORO DAM FOR THE YEAR 2001. 

Reservoir Reservoir Weir Box Flow Tail Water 
January 

Elevation Capacity 
Raee 

M M3 x 109 Hlem Lisee M3 x 109 M 
Date 

1 377.42 4.5066 43 .5 180 0.0000156 270.80 

2 377.31 4.4822 43.5 180 0.0000156 270.40 

3 377.20 4.4600 43.5 180 0.0000156 270.20 

4 377.09 4.4358 43.5 180 0.0000156 270.40 

5 376.98 4.4118 43.5 180 0.0000156 270.40 

6 376.88 4.3910 43.5 180 0.0000156 270.40 

7 376.77 4.3681 43.5 180 0.0000156 270.40 

8 376.65 4.3910 43.5 180 0.0000156 270.40 

9 376.55 4.3200 43 .5 180 0.0000156 270.40 

I 10 376.44 4.2980 43.5 180 0.0000156 270.40 

11 376.33 4.2760 43.5 180 0.0000156 270.30 

12 376.23 4.2546 43.5 180 0.0000156 270.40 

13 376.12 4.2284 43.5 180 0.0000156 270.40 

14 376.01 4.2042 43.5 180 0.0000156 270.40 

1 
15 375.89 4.1799 43.5 180 0.0000156 270.40 

16 375.79 4.1587 43.5 180 0.0000156 270.40 

17 375 .68 4.1334 43.5 180 0.0000156 270.40 

18 375.56 4.1074 43.5 180 0.0000156 270.40 

19 375.45 4.0870 43.5 180 0.0000156 270.40 

20 375.32 4.0604 43.5 180 0.0000156 270.40 

21 375.20 4.0350 43.5 180 0.0000156 270.40 

22 375.08 4.0076 43.5 180 0.0000156 270.40 

23 374.95 3.9825 43 .5 180 0.0000156 270.40 

24 374.84 3.9600 43.5 180 0.0000156 270.40 

25 374.71 3.9298 43.5 180 0.0000156 270.40 

26 374.58 3.9013 43.5 180 0.0000156 270.40 

27 374.45 3.8768 43.5 180 0.0000156 270.40 

28 374.33 3.8516 43.5 180 0.0000156 270.40 

29 374.21 3.8248 43.5 180 0.0000156 270.40 

30 374.08 3.8006 43.5 180 0.0000156 270.40 
I 

31 373.95 3.7725 43.5 180 0.0000156 270.40 



APENDIX G 

SEEPAGE DATA FROM SlDRORO DAM FOR THE YEAR 2002. 

January Reservoir Reservoir Weir Box Flow Tail Water 

Elevation Capacity Raee 

Date m M3 x 109 Hlem Lisee M3 x 109 M 

1 372.22 3.4334 43.0 176 0.0000152 270.00 

2 372.10 3.4100 42.5 170 0.0000147 270.00 

3 371.99 3.3907 42.5 170 0.0000147 270.80 

4 371.84 3.3610 42.5 170 0.0000147 270.30 

5 371.70 3.3330 42.5 170 0.0000147 271.00 

6 371.50 3.3000 42.5 170 0.0000147 270.40 

7 371.35 3.2695 42.5 170 0.0000147 270.40 

r 8 371.15 3.2305 42.5 170 0.0000147 271.40 

9 370.90 3.1875 42.5 170 0.0000147 271.00 

10 370.80 3.1680 42.5 170 0.0000147 269.70 

11 370.73 3.1554 42.5 170 0.0000147 269.70 

12 370.66 3.1420 42.5 170 0.0000147 269.70 

13 370.58 3.1260 42.5 170 0.0000147 269.70 

14 370.50 3.1100 42.5 170 0.0000147 269.70 

15 370.42 3.0964 42 .5 170 0.0000147 269.70 

16 370.35 3.0840 42.5 170 0.0000147 269.70 

I 17 370.26 3.0680 42.5 170 0.0000147 269.70 

18 370.18 3.0534 42 .5 170 0.0000147 269.70 

19 370.11 3.0391 42.5 170 0.0000147 269.70 

J 
20 370.05 3.0285 42.5 170 0.0000147 269.70 

21 369.98 3.0160 42.5 170 0.0000147 269.70 

22 369.91 3.0020 41.5 162 0.0000140 269.70 

23 369.84 3.9910 41.5 162 0.0000140 269.70 

24 369.74 3.9745 41.5 162 0.0000140 269.70 

25 369.64 3.9576 41.5 162 0.0000140 270.40 

26 369.52 3.9345 41.5 162 0.0000140 269.70 

27 369.44 3.9229 41.5 162 0.0000140 269.80 

28 369.37 3.9115 41.5 162 0.0000140 269.70 

29 369.32 3.9015 41.5 162 0.0000140 269.70 

30 369.25 38878 41.5 162 0.0000140 269.70 

31 369.18 3.8740 41.5 162 0.0000140 269.70 



.... " • , " ~ ,., .. M _ • .- • • " . , . ,. ..... . ..... . , ... ,. ,_ .... _ .... .... .... _·f·· .. , ~- . 
APENDIX II 

.. 

SE1!:PAGE DATA FROM SJ11RORO DAM FOR THl"f, YEAR 2003. 

.....--- Reservoir Weir Box Flow Tail Water 
.January Reservoir Race ' ' 

Elevation Capacity 
-Lisee lye x 109 M 

Date 1\1 lVe x 109 H/cm 
0.0000156 269.80 , 375.68 4.1334 43.5 180 

375.59 4.1131 43.5 I 180 0.0000156 270.40 
2 - --

375.43 4.0924 43.5 180 0.0000156 270.40 
3 

375.42 4.0816 43.5 180 0.0000156 269.80 
4 

5 375.37 4.0714 43.5 180 0.0000156 269.80 

(, 375.30 4.0560 43.5 180 0.0000156 269.80 

7 375.21 4 ,0371 43.5 180 0.0000156 269.60 
; 

8 375 .14 4.0212 43.5 180 0.0000156 269.80 

9 375.05 4.0010 43.5 180 0.0000156 -. 270.40 

r-
IO 374.95 3.9825 43.~ f80 0.0000156 270.40 

11 374.85 3.9625 43.5 180 0.0000156 270.40 . .. 
12 374.74 3.9365 43.5 ISO 0.0000156 270.40 

j 

13 374.62 3.9096 "43.5 180 
1 

0.0000156~ 270.40 

14 374.51 3.8884 43.5 180 0.0000l56 270.40 
-' 

15 374.39 3.8688 43.5 180 0.0000156 
I 

270.40 ., , 

16 374.27 m:8383 43.0 176 0.0000149 ' 270.40 

1. 17 374.15 3.8 138 43.0 176 0.0000149 270.40 
l· .. 

18 374.02 3.7874 43.0 176 0.0000149 270.40 
.... _. -.-- 0'- ..• _... • . . . -- .. _. __ ._ ....... _- .. . .. - . . , " _., .. ..... ... ... o ... _ •• .. - --.------... - -- .. -. 

19 373.95 ,3.7725 43.0 176 0.0000149 269.60 

20 nJ .88 3.7582 43 .0 176 0.0000149 269.60 
-- .. 

21 373.80 3.7430 43 .0 176 ,. 0.0000149 269.80 
, 

22 373.75 3.7330 43.0 176 0.0000149 269.80 

23 373.69 3.7188 43.0 176 I 0.0000149 269.80 

24 373.62 3.7062 43.0 176 0.0000149 269.80 

, 25 373.49 3.6803 43.0 176 0.0000149 270.40 

26 373.41 3.6623 43.0 176 0.0000149 269.90 
..... 

27 373.33 3.6478 43.0 176 0.0000149 270.40 
1--" 

28 373.24 3.63 20 43.0 176 0.0000149 269.80 

29 373.16 3.6162 43 .0 176 0.0000149 269.80 

30 373.10 3.(j030 43.0 176 0.0000149 2(,9.80 

31 373.06 3.5B46 43 .0 176 0.0000149 269.80 



APPENDIX I 
TOTAL: MONTHLY EVAPORATION LOSS RATE RECORD FROM 1985 TO 2000 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER 
263.19 319.73 273.05 212.47 240.75 144.76 238.63 240.06 260.8 . • 180.55 256.15 267.64 TOTAL 

1985 8.49 11.42 9.1 7.08 7.77 4.83 7.70 7.74 8.69 5.82 8.54 8.63 AVERAGE 

250.93 263.4 243.23 233.58 187.86 161.29 128.91 145.9 197.88 160.77 186.15 293.99 TOTAL 
1986 8.09 9.41 8.11 7.79 6.06 5.38 4.16 14.71 6.60 5.19 6.21 9.48 AVERAGE 

313.92 309.43 314.59 341.25 290.23 183.22 147.74 136.16 148.26 184.45 236.72 281.24 TOTAL 
1987 10.13 11.05 10.49 11 .38 9.36 6.12 4 .77 4.39 4.94 5.95 7.89 9.07 AVERAGE 

289.68 333.66 335.89 232.55 215.25 165.2 164.81 181.48 157.51 189.58 238.38 263.51 TOTAL 
1988 9.34 11.92 11.20 7.75 6.94 5.51 5.32 5.85 5.25 6.12 7.95 8.50 AVERAGE 

337.92 343.81 306.94 280.77 185.55 140.32 122.02 195.55 272.90 350.71 573.51 635.49 TOTAL 
1989 10.90 12.28 10.23 9.36 5.99 4.68 3.94 6.31 9.10 11.31 19.12 20.50 AVERAGE 

663.73 705.78 768.01 391.92 236.31 208.07 182.03 226.77 368.32 406.94 477.59 445.58 TOTAL 
1990 21.41 25.21 25.60 13.06 7.62 6.94 5.87 7.32 12.28 13.13 15.92 14.37 AVERAGE I 

412.32 TOTAL 
.. " 13.30 AVERAGE . 1991 

381 .48 TOTAL 
1992 12.31 AVERAGE 

432.12 I TOTAL 
1993 13.94 AVERAGE 

583.04 305.18 326.66 208.66 192.86 167.48 152.1 219.43 373.13 490.93 756.69 756.69 TOTAL 
1994 18.8 10.9 10.52 6.92 6.22 5.58 4.91 7.08 7.25 12.04 16.36 24.41 AVERAGE 

626.37 675.32 674.64 504.91 349.02 211.09 142.41 154.68 240.67 314.37 334.33 484.33 TOTAL 
1995 20.21 24.1 2 21.76 16.83 11.26 7.04 4.59 4.99 8.02 10.14 11.16 15.62 AVERAGE 

488.17 420.47 375.33 287.87 211.94 164.52 150.03 158.6 279.64 373.02 538.69 539.69 TOTAL 
1996 15.75 15.02 12.11 9.60 6.84 5.48 4.84 5.12 9.3 12.03 17.94 17.41 AVERAGE 

483.46 505.1 345.25 225.38 182.91 126.3 145.71 156.37 293.84 391.84 372.26 543.37 TOTAL 
1997 15.60 18.04 11.14 7.51 5.90 4.2 4.7 5.04 9.79 12.64 12.41 17.5 AVERAGE 

591.92 602.1 6 610.63 348.18 201.12 154.06 121.46 171.88 305.52 346.76 479.76 545.22 TOTAL 
1998 19.04 21 .5 19.7 11.61 6.49 5.14 3.92 5.54 10.18 11.19 15.99 17.59 AVERAGE 

536.7 349.76 454.51 343.33 250.73 189.41 312.04 125.88 264.77 363.27 465.48 645.89 TOTAL 
1999 17.31 12.49 14.66 11.44 8.09 6.31 4.25 4.06 8.83 11.73 15.52 20.84 AVERAGE 

565.86 662.12 643.33 350.96 265.59 172.57 131.33 159.8 221.63 306.75 473.65 557.6 TOTAL 
2000 18.25 22.83 20.75 11 .7 8.57 5.75 4.24 5.1 5 7.39 9.9 15.79 17.99 AVERAGE 



APPENDIXJ 
TOTAL MONTHLY RAINFALL RECORD SHIRORO DAM FROM 1985 - 2000. 

(mm) , 

JAN. FEB. MARCH APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. Total Average 
Rainfall 

1985 NIL NIL 34.2 13.5 118.9 107.3 244.4 485.1 367.4 30.4 NIL NIL 1401 117 

1986 NIL NIL 13.4 58.8 66.4 186.9 277.6 279 350.2 60.1 34.5 - 1327 111 , 

1987 NIL NIL 12.5 13.5 62.5 217.5 151.5 188.7 245 84.5 NIL NIL 976 81 

1988 NIL NIL NIL 155.1 88.2 174.9 239.6 289.5 361.4 11.7 NIL NIL 1320 110 

1989 NIL NIL 2.5 91.2 189.8 152.6 152.5 289.6 118 80.5 NIL NIL 1077 90 

1990 NIL NIL NIL 175 160 228 416 278 350 145 NIL 1 1749 146 

1991 NIL NIL 6 22 300 146 450 238 158 38 NIL NIL 1358 113 
~. 

1992 NIL NIL 3 75 198 183 188 280 363 139 NIL NIL 1442 120 

1993 NIL NIL 22 27 69 165 378 258 335 238 NIL NIL 1327 111 

1994 NIL NIL NIL 59 75 226 107 265 209 148 NIL NIL 1179 98 

1995 NIL NIL NIL 2 . 108 132 192 444 178 88 NIL NIL 1204 100 

1996 NIL NIL 1 44 165 214 190 234 307 181 NIL NIL 1243 104 ! 

1997 NIL NIL 42 63 192 190 309 271 473 142 NIL NIL 1722 144 

1998 NIL NIL 1 69 103 186 278 281 195 142 NIL NIL 1255 105 

1999 NIL NIL NIL 37 111 221 201 196 411 182 NIL NIL 1357 113 

2000 NIL NIL NIL 9.7 112.8 181.6 213.8 364.7 168.2 99.72 NIL NIL 1151 96 


