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~ne top of the Lilter is covn’cu ~: :sotut ~I.5 N

~) Lgh-Lly compactedbackfiil t) pruuant. developmont

of ~ direct meopagc p-’-h into the filter. The filter

is brererabl~placed s~chthat bio perm~Rblestrata

of the reservoir are adjacent to the filtnr~ These

penneablostrata are frequently round in th~old ri-

t-er bed, it’s banke and in branches Qf tno river, ~

SJi)r. - - -

As the dam struc~ure is normal3y located at the nar-

r-owest section of the yalley, & bay type vafley eec—

tion is found uphtream, accornadatingthe roservèir.

Alluvial depositp of higher pnrmeability are fre—

quently ehcounte4~ed within thi’s reach which’favoiai-s

the placing of the filter system. - -

The filter pipe is connected to * draw-off pipe whiçh

loads to the valve chamber located downntream of the

damÇ A. public water polrit is connected with this val—

v~bhamber, see Figure 2. For supply of t}-ïecattle

troizgh the coitventioust_1 draw—off system sho4ld ba

chosen in order t-a ssfe the filtored water ton hutan

co4umptior~. T -

Special ttentionha~ to b. paid during the tplacing

of the draw-oft pipse and the construction of the
core trench of the dam, as negligence duning that

stage of conatruction could lead t~ tvcntual piping

aud failure of the structurs. - - t
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- -4,5- -~ The test series on the Integral Filter System- was

t - etarted at Waiya Dam and is foilowed at Kakuyuni, - -

- 1 t- t- }lekilingi an& Huthetheni dams, which are prése~nt1y -

t - - - - - ---- --~-s~

- - l’nder construötion. The ealient fe;turee of .11 four --

1—- ~-~-t -- — -: -- - -, --

- ~ L pr6jects are shown in T*ble 1.
- —t t!— t-~t-t~~- - -t)- —~ - -~ ~ ~t-ê-~---~-.- — -t-- 7t t- -

~ ~t-4 rt-’ -ttrt~~

4~.:~ ,t~t — ~~t1 * —~~-t~!

t-ft t -t- ~

t~ t- -t? 1 -Ç r~ ~ bi_t ~-1

T2bt f ~ — ~-- - -~ -~ ;-- --

~, tfl - -_ - — t-

£~ S 7 : It- ~ h4~

M~b~5]~amè4t3iIntegral flltersyatente -- -_ --

- - - t-

- -.~: ~t~t_L t-~t-t~ttt -t -- -- -~

Salient Featunsa Waiya Kakuy’unt Mekilinfl Muthetheni

t -~ t*7~t 47~ -1 -k- -t-

- ~ OatchmentAre. kin2 2.5 8.3 12.6 - 7.3
— i~. 4-4

t~- Ave. Annual Ï~ain- - - --- - - -L--t_, - ~ 1 -fail -; mm 706 560 ~

~ Ave. Annua1Pot.~ - - - -- t~ -_ - -

-1- - t-t ~ - t- -~t-- - -~

r~t-! Evaporation - -- mm 1,990 2.030 - 2.050 1.990
t- t-~ - - t - ~tt; -: -t --~~ - - -~ - -~ - - — t -- - -

- fl~. Annuaj. - - -- -~

t - - tJ
- -t-- ~uri.-off - -- nr’ 112.000 186.000 272.000 ~00.0O0

- - -~. - - - - 7 -~ t- - - -

~ ;- Groas Storage -- rr~ 70.000 1k3.000 202.000 - 207.000
Reservoir £nea ha 3.8 6.1 7.6 ~ —

t-~t~t,Js Dom fteight m 8.8 9.5 12.5 10.6
[ Dam Length in 168 176 2414. 320

t -,J .j; EmbankmentVolume m3 20.000 23.000 - 50.000 - 55.000 -

t- ~-. Spillway C*pacit~m3/ø 25,5 k2.1 49.0 : 5h0 -

~4 ~ L ç ~- t- t--t& jj s—-~.- -t
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- ~_ _~t_~ ~t-t-tt~t -- ~t~t.-t~t -—t - tt__ - - t~t-t~ t -4 t_~—t-1
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S ~ The aubsoil condftions throughout the reservoir

1 bo of d&cieive importance foj- the perfdrmance - t

--
t:-t--$~ortheh1t~rsy~tem. In the four casesmentioned - - -

~t-~- ~ - - -- -1 ~- ~-t-~ t-j’~ before tl?e aequeiice and thickness of strata encoun- - t

:t~ ~ - t-c- 4~ -- - -

- - S~ ~ ~ tere4 at the dam sites was sometimeequite diffe— - - --

t t- ~_ttt~tIt*?ttt~tt ----?! ~- - ~---, -- -1 -~ T;,~~-rdï1t. A~Waiya a top soil layer of 0.2 - 0.5 m is - - - -

-~ i~ -t~tt-t ~Ve~’lying red soli of 0 — 1.0 m, tollowed by late—

1 ~ ~& rite (murram) of 0 - 1 .L~ m and then by highly de- - - T
L~4~J~ compösedrock of clayey silty aand composition. The --

1 - (» ~ left rlyert b~nk is formedby alluviols of 2.L~.m - -- -:
- -- - ‘t- ~t~l-~ 1 t - - - t - - t -

— - ~. ~~j-t~ thicknes~ The river bed itself is covered by all@-

I “~i t~t~ - -_ - -- _1 - - - - —- - $t-t Vions ~f 1 .0 m. ~he total thickneas of the strata - --

I — T overlying th~weatheredrock is in the range of- - ----t - LO — 3.6 in.

- --z~ rt - t- _-~ - - -

f ~jt-M-t - - - --:N At Hekilingi the strata encounteredwere top soli,

I - t$ red soil, laterite (murram), black cotton soil, de- -

- ~. L~eornpösedrock. The total thieknesa of these strata

1 -~ - ~ t~6Veriyiiig ~he weatheredrock Is in the rangeo{1~2»- -:-L- ‘tp~.5m. li Muthetheni the reopeatlve range is 1.5J - -~ to 3.3m. The eicounteredied rock material was ï~i

- -- -: - t all cases granifoide gneise, which ia predominant t-t - tR

1 t-it ~ -- - t -t t tttt 1- - t,-ît- t - - - - t - - - - -

— tc---t tt $n the Machakos area. .- - -

- ~ _: --

• I—r ~ — — — —— -~!1-— t-t- t——-

t-- - t-— ~ t~ The sub—soli conditions encounteredat the various -

- - ~ ,r~-t - t- - - - :. - - — -

t ~ f-, dam sites certainly ma~change throughout the re- -- 1- - --

1 - ~H
t4 s1~ti~ereaerv6irs. Sarnpie crosa-sections are pre- t-

- tt*~ , ~ ij~ dently investigatsd in the reservoir—areas of the - - -

1 ~ :-t~1; th~-eedamsundei~construation to confirm the prevai— -

- - - - tr~ 4 t-- ling conditions. These resulta will be used to esta—

1 -- - t ~ 1~- blish a first r~lationship beliween the possible - -

l
tt

tt4t ~ ~ounttof ~epagewater ii~ the reservöir basin and - - -

the hiter- fleld.. It is obvious, however, that not

I - _~t ~. t 41 ~eepago watir will roach eventually thiS filter
- 8)atem

1 Quite alt smottnt will percolats into deeper -

- --a ~-(2 tt~ ~t~t-t-~it-T ~ - -- -~7-~t 1

I --t--- p 2ti’ataandwill be lost tor extraction. - - -- —‘ -J ~ -. t~(jtfr4 — j~-~“ ~ -~

1 t 4~~t- ~ ~ ~- ~17~-L ~:jt-t~ ~- - -t-~~~-T~ ~- !-‘-~--.t ~--~‘~ --t~~—~- .- - -

L ~ ~t-t — t-~ ~ — -

1 t- t-i
t ~ —~- ~

- - - t- 4j+?~t - ~ ~- :-t_-t~
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Impounding of tte Waiya reservoir started with th~

onset of the s]ï~rtrains in Octoberi98l. The short - - -

- ~ rdins seasedin~November/December1981 and filled t-

t)ière~ervoir t630 % of it’s capacity. - -- -

T t- - ~t-

~-~- flr~t chemical water test~wereperforined on 2nd De— -

-- #- --t -

j~tcaber 1981. Samples iere taken from the rçservo±r - - -

tt -t-- i-

t_

t, --t -n~ ~rt-- -~-

- - - 4fld from the filterod water as well. The reuit-Uts~are--
-‘ -- -~ - - t-- - - - - - - - -t-- ~t-.-~_ --,~~-~--: t---. t-

~-; flown in Table. - -- - - - - - t-J-- -- --- :11:

t-- ~ ~ ~ —- T~/ ~
t- t = t-L,_~St- ~ ‘

I~ ui~1t t rt- c

ttP-~~-ttt-t-t- 1t~ ~tT_

-~ -t-t- ‘_~-~_-_u_-.t-- -4-t~t-;~~~-t -

-t - - --~t-ftt--t- - - ~ ~ ~ - —~t-~ t_~ rt-t- !tat. 2 -t-~ ~

-toet Pesulta otT~aw and Filtered Wat!r - — - -- -- - - -

t- - 1_ ~:

~:tt~?bsta~ce ~ - - - - Sam~leDate WHOpermissible --

: bharacteristio 2. 12.1981 - leve~1t-

1’~-t~- t-Lj4 t- ‘-- ~ -~ -tt-.-’~w - tw.t- - ~ t - -.~_ - -

- -- -t — ~ 2 — nr~-Zn~ ~ -~ ~ - —~

- - $ ~ t- -t~trfl-Value - - - - 6.5 ~7.9 6.5 -i 9.2 - - -

- t~4~ii Tuflidity — T.U 325 .45 ‘t- - - -

Coh4uctiti-W ,43 62 680 - -

— Total I~ardnese mg/l Ca003 126 376 100 -t-- 500

Irôn mijl oj ci.6 - o.1~i.o - -- -

—t--- 1 -4 ttt.rI 1 - --t--
t- -- -‘t- Mangatiese mg/l -- -0.1 0.5 - 0.05 - 0.5 -

- - -ti__ t--- - -- - - ~tt-~t~

t?-t - t~t —--t

-~ Çalcium ~t- mg/l 1.3 - 114 75 -.t-200 t-

Magnesium - mg/l - 3.3 22 ~
t- ~i~-t Sodium mg/l 3.8 - 58 - - - --~ -~

-- t-- — --

1.. Total Alka-_ - - - --

linity mg/l CaCO
3 12 174 -t--- T

Chlor-ide ~ng/l 2.3 41 200 - 600
Fluoride hlg/l 0.4 0.4 - 0.7 1.0 -

- -~- -t-~ --. t-

R.W. t Raw Water, F.W. ~ flltered Water
- - -- -t- —-t1~---

-- :- - The resulta clearly indicate the influence of the -

- -: - vaz~’ious stra-ta through which the water is percola- -

- ting on 1-t’s path to the filter system at the bottom -
- �-tt~ ~ Öt the reservoir, The queetionrernat-ins,whether & S

~ - - -i t — - - . - - - - — - - -- -

- -- ~ wash—out effect would be achievsd,after a longer po- - -

-- - ~- -t- flt-- ;--~~ --

— ‘— & ~- - — —

t- -t - - -- t-t- -t- -t -- —t-- t--- -t- - - ---t--t -- - tt-tt_
-~ ,. t- t - t- ~ -

— t- - t t- - - -- --t--— ,-ttt ~--~ — -- - -- ---- -t —

- ~---~ tttt-~flT-~_t ‘ ~ --:~~- - - -- ~.—-:~-- t-~. ~ ~

t
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-~ -:~

t- - ;

-t, --

-t-

- -- t-st
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riod of operation which could result in a decrease

I of such parameters like PH—value, conductivity, to-

tal hardness etc. shown in Table 2.

-- A bacteriological best w~-erformed on 24th Febru-

1 ary 1982, which gave satisfying resultc of the bac-teriological treatment performance of the filter as

1 shown in Table 3.

1 -
Tab. 3

1 - BacteriologicalProperties o1 Raw and 5lltered Water

1 Test R.W. F.W.

I Presumpit-iveTest NPN/100 ml Water 1800÷ 5Confirmr~tiveTest “ 1 800-’- NIL

1 E. coli Test “ 25 WIL

MPN = MOTt Probable Number

1 -t- -

- tt-ccordlng to WHO standards for th! quality of drin-

1 king water the raw water is not suitable for human
consuruption- It contains both coliform organisms

1 (1800+ per 100 ml of the original water) and E. cofl

I (25 per 100 mi of tho original water). The filt~red \water is satisfactory bacteriologically. It neither

- - -contains coliform ctrganisms for E. coli.

I A filter y±eld test was performed on the same day.

- fle initial -at-verage discharge during the first five

-1 - - - - minutes was 29 1/min. The discharge decreased to

- 22 1/min after two hours and remained constant at

-1 ---t-- -t--~~~~ - ~t 22 1/mi~ato th~e~,of the test after three hours

- of full opening of the filter pipe. The test resuits

-1 -- -- - re 0hôwfft-ih

1 -

-I
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1
1 fllter Yield of Waiya Dam at 30 % Reservoir fl1Un~

Time in Minutes 5 10 15 30 GO 90 120 180
from Test Start t

Average Yiald 29 25 25 24 2k 23 22 22
in 1/min

The yield of the filter system will increase with

further reservoir filling, up to the designednormal

storage capacity. Bub a decreasehas to be expected

over t±me,when part ~f the reservoir will te filled

by -edim-r~entsof various nature. Cert1inly-, this pro— -

cess wi1 ~e slower than in ~ost caties of similar

reservoirs elsewhere in the country, since a ~‘1Lstan-

tial soil conservatiork programme is inked to water

Jevelopmentactivitie~ under MIDP, thus for the Waiya

catchment as well.

COIL AND WATER CONSERVATION PLAN FOR WAIYA GATC~-1ENT

A concise soil an4 water consorvation plan was estab—

lished already in 1980 and it’s implementation started

immediately thereaftec with substantial assistanceof

NIDP. A summary of the actio~plan is shorn below.

Pastur~improvement with rural afforestation 111 ha

Peafforesbation 14 ha

Terrace improvement (sliglit) 88 ha

Terrace improvement (major) 33 ha

1) M. A. ZOEBISCH, Concise SoLi- and Water Conservation
Plan for Waiya Catchment,MIDP, 1980

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1-
~1~
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1

Total length of cut—off drairs

Total length of road drainage improvement

~o. of major ~ul1ies to reclame

No. of bulking plots for trees

Nr. of bulking plots for Bana Grass

No. of Dem~ns~ration plots for pasture

rec1amati~n

It is expected that the impact of these measures will

increase over time reducing the siltation process of

th~ re~rvoir consideratly.

COST FOR CONSTPIJCTION, OPERATIONAND MAINTENAIr~E

he coat for integral filter, conventional draw—off

~y3tem, public water point and cattie trough are show~

i,~ Taolct- 5~

Coat (in 1 ,000 KShs) for Filter, Conventional Draw-off,

Public Water Point and Cattie Trough at 1981/82 Prices

Waiya Kakuyuni Mekiling~ Muthether’i

Filter Length (m) 21 24 30 100
iilter 76 126 244 450
Draw-off 27 42 44 64
Cattie Trough 8 9 9 15
Public Water Point 6 8 8 18
Total Cost 117 185 305 570
Total Cost in % of
Project Coat 7 10 12 15
~‘i1ter Coat in % of
Project Cost 4 7 9 12

1
t
1
1~
1
1
1

5.6 km

4.6 km

4
1

2

1
1
1

Item

1
1
1
1
1
1
1

Project

1 1 $ US = 10.5 KShs

1-
•1
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The cost of the integral filter is about 3 to £ times

that of the conventional draw—off for raw water.

l Operation coat for the filter will practically not

ar±se due to it’s design. The day to day operation c~

I the small dams rests with local water committees cau—
- sing no expenditures either. There could be eventually

1 some maintenance required for the valve chamber of the
filter. But this would be included in the routine main-

1 tenance of the project, the coat therefore would te
~ low. It should be more a logistical problem to

1 get the maintenance on site at the time of requirement.

1 - -

1: -

CONCLUSIOIt-Y1—
t The integral filter system placed at the bottom of

Waiya reserv~iir is producing water of substantially

±niprovedquality and appears to be a viable step to-

— war~ssafer water supply in aL-id and semi-and areas.

Though the first resuits are very encous-aging, there

is urgent need to continue the test series to estab—

lish long term results on filter yield and treat-”ent

capacity. Further information is required on extend

and permeability of the soil and decomposedrozk

atrata in tlia reservoir basin to assesathe filter

capacity in relation to such parameters.

t? ~ “4- escv S~4‘Q~
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c/o Machakas Integrated Development Progi-amme
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