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This volwiac saculd be seen as thcjsecdnd one in a serics
on rural watcr sunply in Zast ..fricae, - It contains the Proccodings
of thc Confercnce on Ruwrel nter Supply in Bast Africa held 5-3
Lpril 1971 at the University of Dar cs Salecane The earlicr
voluiic contains thc Proccodinzs of the Workshop held 17-19 Decciber
1969, also at the University. Jlthoush the worltshop was invended
to ve preparatory to the conference, thd papers-which were
presented at the 1969 buicshop hardly ovierlap with those of the
rccent conference, The 1969 workshop was held soon after <he
cevernients of Kenya ond Tonzaonia had corritted thenselves to
vastly accclerated weotcr supply programiics, and the neetings
concentrated nainly on rcoorts on f£icld rescarch, health, anc the
woxx of the differcnt :jovernuental, internctional, and voluntcor
oianizations.

The developnents which took pleoce betiween the holding

o the 1969 workshop and the 1971 conferhacc shifted the atication
wo other topics. The feolloviny night bc scen as sonle of the
principal advances. Hhe rolc of the water developnment deznite
nentg of the respectdve Jovernicats increcsed to such ean

xtent that the efforts of other agencies, although iaportant

in their own risht, have receded into the backzround; the nced

to take health fzetors into account when designing water supplics
has been recognized in »rinciple, with a corresponding adjustient
in design of newer projects; ways and ticans are now being viorited
out in the attenpt to cone to grips vith the enorsous task of
iaplenenting the gigantic water supply programes; the prepurﬂtLon
of naster plens for weicr developuent hos beaune

E

The conferencce consentrated therefore priarily on planning
ané policy igsues, ond on ztudics in hy<reneteorolosy and hydrolosy
as tine swost Dimdatentsl cie of the required inpuits for water
developiient plande

Je wiyn to ac’mwoviledze the help received from nany peoyle
in the University of Sar ¢s Sclazn and the iiinistry cf Tater
Developaent and Powrer, neuh before and curing the conlcere cnec,
Socciﬂl thanits go to Lwit Jerry, the foruer Dircctor of BRALUP,

to ULL Riise feor tokin: on a sizegkle shore cf the orsanizing
vork, ond Pu-Chin Vailc Tor sorvin~ as ad:inistrative assistant
to the Conference. o clso wish to ackmowledze the jenerous grant
received from the Poxd gouncatlon which covercd roat of the

Costs of the ¢onferencc, including this volwace

Gs Tschannerl .
dugust, 1971




P L TR e [

TAGE
TITROSUCTION by Gerhard Tschannerl g 1
OFCHITE ADDIEES Hinisver for Vater Jevelogrent and Power 7
I, FLAILTIG AMD ©°OLICY
ﬁ - Flexibility, Coordinatian, exxi Choice in Water .esource Plarming:
- The Utility of ifecent Plarning Innovations for Water Developuent
in Tancacia by Robert U, Iates 13
Planning for Twal “ater Develoment in Tancania
' by lLen Berry and biana Conyers 35
Towvards a fationale for Water Sussly lolicy in Developing
Countries by Ian Durtan _ W7
« Impact Studies of Rural Water Sugply
. by J.D. ieijnen and Diara Conyers 53
, Problems of Benefit Jost Analysis in Plarzxdng of Rural Jater
"- Y Suzply by George W. Irvin 67
v The Use of lathermtical ilodels in Water Suptly Flarnirs
l}: by . Gerhard Tecchamerl 81
N\ Investigatians, Swrvey and Design of Dlurel Water Suzpliis »
.‘ by Andre Harlaut 5¢
IT. HEALDI
h . Significance of Fluorine in Tanzaien Drindng Jater
: by S.L. Bugaisa 107
§ Infective Disease anc Damectic Water Supslies
A by David J. Sxadley 115
.;‘ oI, EYDROLOGY AliS 1WTZQT0LOGY
ju Rainfall Variability in Caibiz ‘
_ by S. ilieuwolt 133
‘ o 0On the Distribution of Yain Showers in the Tanga Region 8}0
h Tanzania by 1.T, lidrtn 137
Assessment of Water llesources Under Caiditions of Scarcity
Y of Data by J. Bear, A. Issar and Y, Litw".2 151
D Snallow Artificial Rechard of CGroundwabter .
by Zlfatinh A, Hasan 187
i Rural Water Supplies in Sed-Arid Corlitions - Permwable Daails
Tty .l. Laiikes 20:
T ;




Iv. IESIGH AlD ITMPLOMEITATIC

% Basic Consicerations for the iesign of ~wwal “ater Supplies
by Andre Harlaut '

y Intemediate Tecimology and Rural Watcr Suppliecs
! by Gordon I, Batermn

Q Maji na liaendeleo Vijijini: The Excerience with Rural Self-Help

Vater Scheres in Lushoto District
by Riie latango and D, ayerle

’ Saue Problems of Water Rescurce Develomient in Developing
N\ Countries ' by Z. Jalon and D, liezer

\ The Use of T;Iindpower in Rural Water Suprlies
\ by Franz van de Laaic

y Field Investigations on Friction Losses of "Sirba" Plastic Pipgs
N S :

by Fudi. Todorov

APPEIDIX A, . Final Reccmendations
AYPEITDIX B. Conference Progrenme
APFEIDTX C, . List of Participants

List of BRAILUP Publications

4
x
1
f]
i

o

R R AT o SR g

e




Al. "II.

209

215

229

21

2L5

251

257
261

267
275

C——————

. by
Gerhard Tschannerl

Largely because ol the topography and geology of Egst
Africa, water is not rcodily available fron traditional sourccs
in the rural areas. It :wust often be fetched fron several uiles
avroy; a 3 to 5 mile distance from the house to the water sourco
iz not uncorrion. Zven then the quantity of water available
in the dug hole or well ivizht be very low, and in sone ares
there is a severe wiater quality probleis

4s a consequeince, the quantity of water used for donestic

Durpoges is relatively saall; the per cc )l}g daily consumption

Tanzania averazes only gbout 15 litres There is strong
evidence to suggest that this is 1na&equato from the health stand-
pointe The long distance which has to be covered to fetch the
vinter takes up a lot of tvine — adding te the already heavy burden
on the wonen - and conswites a lot of physical energye. The
generally low quality of the water itselrd, due to bactereolo:ical
and cheaical pollution; has on adverse effect on health.

Conparing the wvater availability in the three countrics
of the East African Comwunity, the situation appears to be siniler
in Tanzania and Xeaya, iere the whole ranze of problens ~ quantitys
quality, and convenicice ol location of sources for donestic viater
sup»ly - is present, but not necessarily always cccuring togzethicr,
Ugonda is by and large more fortunate with quantity and location,
but has to deal with scvere quality problens,

Recognizing that he welfare of the rural population urzently
requires the provision of inproved water supplies, and hoping that
the provision of thesc aupplies will be a driving force for econonic
and social development, the countries of Zast Africa have given
rural water supply a hish priority in their national developuent
pPlanse

The Kenyan govermmient ains at providing water supplics
through coirmnal outlets in all parts of Kenya within the next 20
years, and at installing house connections for the entire population
in the 10 years after thet.To ‘achieve this, the Five-Year Developw
nent Plan provides for an increase ol available funds for canital
outlay .fron 10 million ‘shillings in 1969 to 38 million shillings
in 1974.

The Vater Developinient Departient. oi the Ministry of
Aariculture is .in che rge of all aspects of rural water develop-
nent, including the desi:n of schomes and the preparation of
a naster plan for the 30-year period- As a further boost to
viater developnent, an Intcrninisterial Comiittee on Rural Tatesr
Developnent was set up in 1959.

Tanzania has rccently shortened its pericd within which
to provide an inmproved woter supply to all the people in the
comatry from 40 %o 20 years. The budzet allocation in the
Sccond Five-Ycar Plan Tor watcr develownent and irrigation is

187 :dllion shillingzs, or 6.8 percent of total -developnent expenditure,

1This figure is approxiiiate’ 7 the averase of the results fron
several water supply studiecs. They are ligted in "later Developuent
Tanzania®, BRILUP Rescarch Paper ¥o.12. In couparison, the per
capita daily domestic woicr use in USs is about 300 litres, 805

of wnich is disposcd ol as viaste wateXs
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The investrnent in rurcl water supply during fiscag 1970/71 rcached

1901 million shillin s, which represcents a 35% ingrcase over £

fiscal 1969/70. !
i

The inportance aviached to water supply in Tanzania found
expression in the beginniag of 1971 by the creation of the new
iinistry of ater Developient and Irrigation Division (Ministuy
of ascriculture) and the Jobter and Drainage Division (Ministry of
Lands) and will to soic ciztent regulate the Tangania Electric
Supply Conmpany. One ol the tasks to be undertaken by the new
inistry is the prepezpivion of water naster plens for each of
the Regions. '

Research on ater Developnient has been one of the main
activities of the Bureou of Resource .assessuient and Tand Use
Ploaming (BRALUP), University of Dar es Salaai, ever since its
inception in 1967, Clocely cooperating first with WD&ID and
nov with the Ministry of Tater Developnent, BRLLUP has conducted
and sponsored a nunber of shorteranse and lons~range research
projects on rural viater supplys This includes research on (1)
design criteria, gquantity and quality of water to be supplicd,
location and frequency of standpipes, and population forccastus
(2) hydrologic atudics (flow simulation, siall catchment
characteristics, sedinent transport); (3) project selection and
planning (standardizaticn of procedures, cost curves, computer
use); and (4) the role of weter in intesrated plamning (resional
developuent plans, se%tlcucnt patterns, land use, soil ercsion,
transportation, etc,

In lime with BRALUP!s interest in water studies, a
Hoxicshop on Rural Water Supply in Dast ifrica was held in
Decenber 1969 at the University of Dar es Salaan; it was orgzanized
jointly with the Zcononics Researchh Bureau, University of Dor-
es Salaane.

The Objectives of tie orkshop werc os followss
(1) to acquaint the porticipants with the various existing

prograuies of rescarch and inplenentation on rural water
supplics in East Jiricas '

(2) to identify corrion problens faced by the participants
(3) to compare idecos cnd experiences dealing with these

problens; ond

(4) to set out the nnjor issves for deliberation-at the 1970
East Jfrican Coixierciice on Rural Vater Supplye.

L muiber of pepul: were presented at the 1969 workshop
end o list of reco:miendcotions drawn up, which have been publisiwed
as BRLLUP Research Paper Ho,11, The topics of the workshop
vierc: field research, hcalth, technical aspects, implementation,
corrunity develepnent, ond planming, One of the recomriendations
arising out of the worksiiop was that a follovaup conference be
ncld because a number o wisolved gquestions had been rapised
vihich needed further ottention.

1

"4 list of BRALUP publications is given in the back of this volwic,




Consequently the Confercnce on Rural Water Supply in
Tesizania was called for 58 4pril 1971 under the joint sponsoi-
ghiip of the University of Dar es Salcan and the Ministry of
Water Developnent and Pouere. Some 120 delegates participated,
3ost ol whom cane fron Tangania. They were affiliated with a
varicty of govermnental, acadenic, intermctional, and privatc
inctitutionsed

The diversity of institutions which were represented vas
perhaps one of the nost fruitful aspects of the conference, as
: delczates discussed cach topic from a variety of viewpeoints
- dencnding on their back round and the kind of institution they
: served, That led to a better understanding of the different
= roles that institutions had to plan in resard to water research
! plaaming, design, inplcicentation, and operation. Such discussions

= ool place, for excunle, between regional water engineers who

Shed ‘mizht be keenly awarc of day~to-day problens, university
M rcscarches who night be cutimusiastic about what long-tern research
*) can offer, and consuliant engineers who night concentrate on ‘

brinzing in the expericnce gained from other; not always partincnt,
situations. '

T R b

The confercnce wag divided into four nain thenes: plaming
and policy, health, hydirology and neteorology, design and inplencnt-

t,
F . ation, Because of a grcater nunber of papers subnitted anc the
by considerable interest in the subject, the thene called plamting

s sub-divided into nasver plans, planning procedures, and the
6 broader context of plammins. The programe of the conference
—F called for the presentation and discussion.of papers under the
different themes, followed by several workshop sessions for

" ized closer discussion in interest sroupss The discussion groups
also drafted recomendations which were approved at the last
sesgion by the conference as.a wholes

-,

>

L
13
|t

The renainder of this introduction 1s an attenpt to
hizhlight sone of the nain points raised during the conference,
Any such sumary is naturally biased towards what its author
o Tinds the most striking end iuportant in the context of his owm
- worlt and background, ond cammot do justice to the various
contributions nade by the participantse. 4s a partial renedy,
the papers which were presented at the conference are printed
in this wolume in their c:}tiretygz and sone of the points
raised during discussions found their way into the final
reoommiendations of the confercnce.

¥

T
e,

0 Plouning —~ Master Plons
. Thile the decision of the govermaents of Tenzania and
-t g Xenya to prepare nasicr nlmms for water devcloprnient found
10 wholchearted support, woile words of caution were raised as to
" the nature and netiod of preparation of such planss
) 4 '
wions
L r .
! *Sce the. list of dclegates
N
o 2Three out of twenty—three papers presented at the conference
— could not be included in this voluue,.for the reason either
~~luie, ' * that tac author had viathdrzwn it or that it was not available

by thc tine the proccedin;s went to print,
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The principal advice was chout thF provisicl o :
cioice in the plang. =oites gave F nuniber d qﬁggples todshovr

L]
howr present estiantes, alils, and projectiorns might changé wichin
‘the next 20 years, wid hovi the mjstcr plon gshenld lend itsell
to periodic revisions o toke acg¢ount of tlfsd'Changes. i The
process of arriving at ti:cse plams als013u% ngke it possible

that the inportant checices be nafle by thosd whe should ndke
thane This point was olso strejssed by th dgdster of fater
Developnent and Power i his opdning addreds,. who went e&en
further to say that nost decisigns, even iR they seem entirely
in the realn of enzincering or ¢cononiics, gaveya political
content which must be dealt with by politie

ans because they are the
oneg responsible for policy natters. ‘

illed are discussed

Data needs and how they fmight be fu%

by Berry and Conyers. They stress an ingesrated approach 1o
ploaning, whereby water devclopment is onlyg an integrated

approach to plammingz, vaercby water developuent is only onc ol |
nany develbpnent aspects, all jof which nus¥ bo considered togetner,
agriculture, settlenent programes, cattle§ aarketing, all
indlucnce the denmnd for water with aifferdnt useg, ondé are in
turn closely affected by water schenese FPlans should therefore ..
be dravm up for all ol inhese jointly, athsrfthan for each of

the activities in isolcation. )

In the course of %he ¢iscussion, tlie Principal Secretary
of the .dnistry of Tater Devplopment and Bwer, Governuent of
Tanzania, explained that theLfirst tasic oi] the teains preparing
naster plans is to asscas the quantity, qublity and location
of %the availablc waber, as yell as the 1iMEly water denand
for the differcnt uses, T¢ans fronm othexr countries will be
invited to preparé theze ulgns (except foxF Dodona Region which
the linistry itself hes alvcady talken up)g but their work
should be liaited to fdctofﬁ vhich can be measured and studied
in gome sgystematic woy, e kontinued., Soéio-ccononic -and
political factors should noft be decided by the teaas, whose
tasic in that respect viould be to provide the relevant inforiation
with which such decigions cpn be nade by the right persons in
accordance with national volicye ‘ - '

N

e

Plonning - Policy

wgvmsnm

Burton offercd coue feflections onithe desirable level of
investaent in water sunoly.| He suggested.ihat Tanzania is
presently in the first phos¢ of a long-tefn programne, during
virich the provision of .inixlal water requircients, prinmarily
for rcasons of health cnd soeial welfarc,fis the nain objective
and requires heavy goveriicilt expenditurcs He rnaintains thav in

the next phase the incrcasefl incone of the beneficiarics will
cnanle then to finance Turther investients in inproved water
mg&ytmmmrms,m:ﬂmtgvmnmntmm&ﬂ?an%rtM&

luvegtnent vill dininishe. rton's analysis brings Ihe old
avguient of ‘'water supily as a social sc%vige to be provided

freco of charge to the people (Tanzania's Qolipy)" versus 'water
a3 an econo.ic. good for_wﬂich\people should be asked to pay

(Xenyals policy)® in o now peyspectives £ »
. ”.

Impact studics oy rurall water supj‘y provide vital
infornation for the establishnent of poliey. | Onc inportant
itan, about which not cuoush ip lmovm, age the actual benelfits
fron rural water sup»ly.  Heijnen ond Ceyers conpared a iict
ol categories of b:nc:its~whici are genegally? assuned to arise
Lron rural water sup.lico withlthe eviceniee available for cach
case, and found sup exvii, cvidence for §mly a Tow categorics

0 supnoscd beneilitag,

|
| |
o
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Ploaing - Proceduics

Harlaut presented a functionsl division of the plamning
and design process accoding to the noture of the work involved
and according to whatv vody rlocal or ccntral) ghould carry it
oute This Jave risc ©to a lively discussiony which euphasized
that adntenance, oif scherics must be an intesral p-rt of thet
precess and nust be considered already at the different desirm
stoses OF o project. Li0eer point eiphasized was the inporimnce
of Fecding the rogsulve Tro: the scheine back inte the desimm
process. There was disagreccitent about whether design engincers
ghwoulé take the tiae to caryy out that lengthy task,

b projecf seleetion procedure which differs from thet
advanced by Kates was niesented by Tschannerl. It relics
on cxpressing the choracteristics of a project in the form
of a nathenatical nedel, and on soie special properties of
such a for.ulation in oxder to arrive at a prelininary selection
of projects to be implcienied in one tine period for which a
specific budget alloccation has been mnade. The Bpeed of that
conputation allows the cxploration of nany alternative policics
and alternative projcctions for the inputs (such as future
population or crop specializationy

Health

One of the hihlisats of the confercnce was Bradley's
bricf suwiiary of what is _mownm about the cffects of water supnhly
on healthe  He outlincd the relationship beiween water quautity
cud gquality on the one handy and the occurrence of different
discaseg on the other, The supporting cvidence that he presented
susgests that a significant improvenent in hcalth can be reachned
only through the nrovision of houschold comncctionse Qucstions
were raised fron the floor about the cost of carrying out thé
studies which would ifurnish nore conclueive ovidence on that
rclationship and whether this expenditure would be' justified,
Qucstions were also raiced about the cost of house comnections
as conparcd to communal tapse

Hydrolozy and ketcorolosy

The long distance between rain gauges nakes it difficult
to study rain showers. DBascd on soiie previous experiments,
Morth conputed several yivological neasures of storms in Tansa

Region: intensity, frequciicy of occurrence, and spatial distribuiions

Hicuwolt analysed the couses for rainfall variebility in Zaabia.
The ncdd for more precise and reliasble data for necaningful hydro-
neterologic studies wvias ctronsly enphagized in the course of the
discussion, . .

- Project plans rmnt oftcen be made on the basis of scarce

datas Bear, Issar, and Iitqin gave a detailed description of
how they dealt with such o situation in their work on the
preparation of watcer developrnient planse They zive a nethod
for supplenenting scarce data viath other, related, data, which
is an cxanple of how cidsting data of various description can
be used optinally for the analysis of a particular water
resource problcile

Hasan discusscd Cifferent forus of ertificial groundwaoticr
rcehorge vhich have/successful in . the Sudan, and suggested that
reciiarze should be nore cloccly considered in Bast ifricas



1 D

£

LA A ML IS b L e e v

o A o

[rVON

i
Conclusion A iﬁ

: caolc don for flood control and
Beussed by Railes, This kind of

£ ideally suited for countries lile
Mi0lly of hizh intensity and short

The successful design ol @
sroundwater recharse vas. §
structure, he npintaincd,
Tonsauis where storris ~rcl
durcation,

Degi-m and Igp ciacntotion 3

Winter supply projects were discusse
at sonie length y
Toir solic proje wfh as design horizon, water

: cnd storase capacitye It was
ing bhO \1¢v48510n that sone of these criteria

ﬂo noed for furilcr rescarch,

¢specially into conSUﬂoti$ufdata, wes roised., Manpower training,

~

for reeruitiient and promotion. of
fins discussed at sone length,

and specifice
certain level

Two specific dculm
proposed a lgw-cost o Lu_Or
taidcs based gqn experinentgld

ufgeotlons were nade, Batoman

£ building rainwater catchnent
'n Botswana and Swaziland, and Van
de Laak intrgduced a vAndspowercd pulp as suitablc way of
lifting water under certa:}% wind conditions, The latter also -
stressed thejneed for Leti®r wind datzo as a prerequisite for
feasgibility jstudics on th; use of wind power,
&
¥ .

Selfdhelp for building schcucs is important to reduce
governmment éxpenditurc ungaﬁor the zobilization of the peoplca
Llatenza andjilgyerle rc>ori§h on the expericnce with self=help
schenes in Tushoto DlSGT10§ Havinz achicved a good degrece of
success in ghe constructlo@'of schenes with self-help labour,
they analysed the reaso:ns for possible failures and suggested

e renedipse  Sinmdlar Yo thé earlicr discussion on design
criteria, ift was again pointed out that no generally applicable
standard for self-hclp coulfl be estagblished, Results of
cxperinentsi on the frictionfcoefficient in SIMBL plastic pipes
vere reportbd by Todorov, 2

~.>~

The

jonforcice, tojdgher with tae 1969 workshop, had a
rather unique ChdfﬁCuCL, QLlnﬂ focussed on thc very specific
topic of ru water supoply®in East Lfrice, and bringing
together peopld from all idrts of 1nst1t'ulon It fulfilled
a ¢recat need{in that reg, ﬁd% and has perhaps provided the
push to cont‘nue this 1n tdRehan 5Ce With developments in
water supply fin Bast Siri g%{happ°nin" at such a rapid pacc,
the focus of tcntlon drge soon shift to other topices from
the ones erthléC& in unwéwnlervace, but as the 1969 WO Xl
shop nade an inporiont confguoutlon at the tine it took plucc,
tie 1971 conference aCalu;dlbh sone of the key issucs in water
developnient in| Sast Alrica at this tine,
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PEAD OF THL OPWNING ADisiwsdb GIVLH 8Y Ti MINIS:ER wOR
WaTiid DEVELOPMENT AMD POWi.i, DR. #.K. CHAGUIA, AT THE
CONFERENCE ON i{URAL WATE: SUPPLY IN EAST ArRICA AT
THE UNIVERSITY OF DAR 1S SALAA ON 5T APRIL, 1971

Mr. Chairman, Your Excellendes, scholars, ladies and gentlemen:

It gives me much pleasure to have been given this privilege
of addressing you at tihis opening session of this international
Conference on Rural Water Supply in East Africa.

First of all, I should like, on behalf of the Government of
the United Republic of Tanzania to extend to you all a very warm
welcome to Tanzania. It is my sincere hope that the exchange of
views and ideas among yourselves during the Conference, while you
are also enjoying tue intellectually stimulating atmosphere of
this beautiful Campus of tue University of Dar es Salaam, will
make this Conterence the success that we all believe it should be.

In most developing countries which are really serious about
the development of their peoples, the vast majority of whom live
in the rural areas, rural development, in all its varlous aspects,
is being implemented very energetically within +the limitations of
manpower and material resources which are usually some of the
constraints which developing countiries encounter in the implementa-
tion of their development prograumes. One very essential aspect
of rural development in East Africa, including Tanzania, is the
provision of water to rural areas. In fact, without the provision
of adequate and wholesome water supply to our rural areas there
can hardly be any rural dwelopment in Fast Africa. This, apart
from causing a stagnation in our rate ol economic growtia, would
undoubtedly aggravate many of tie problems of rapid and unplanned
urban developuent, particularly unemployment and crime. Stated
positively, the provision of safe and sufficient water to our
people in the rural areas will lead to greater productivity through:

(1) the resulting reduction in illness and general
’ deblllty,.
(ii) the saving of effort and time previously expended

on non~productive transport of water;

(iii) the reduction in the medical bill facing each famlly
and he nation as a whole;

(iv) the possibility of stabilization of settlements in
which small industries and such social services as
schools and healtn centres could be established;

(v) the use of irrigation ror agricultural purposes;

(vi) the availability of water for livestock.

Thus the provision of water ior our rural population should
be regarded as a social service whose main objective is the

improvement of their standanxd ol Living, health, and general produ-~
ctivity and is a prerequisite to economic and social development.



e

R R

-3

LA

: One of the factors which must aflways be considered in any

: programme of providing water to rural greas is the cost involved.
Mr. ‘Chairman, as most of the participagts at tnis Conference know,
Lanzania has decided that as many peoplle as possible should live -
and work in Ujamaa Villages. Apart irdm this poliecy being an
instrument of economic, social, and polfitical development of the
people, it also aims at minimising the Jcost of providing safe and
adequate water to our rural areas in Tdnzania. ror, it is obvious
that it is mucn cheaper to supply water to people living in a
compact village than to the same numbery of people living in home-
steads scattered over a large rural arca. I am very glad to report,
Mr. Chairman, tuhat the rural population) of Tanzania, in general,

are actively and practically supporting tihis TANU's and Government
call urging them to live in Ujamaa Villages and which is already
paying dividends.

-

The Government of tne United Republic of Tanzania has recently
decided that within the next 20 years alll Tanzanians living in
rural areas should be provided with safe and adequate water supplies
which should also be within reasonable geach of everyone all the
year round. As at present only about 1ML2 million out of 12 million
Tanzanians living in rural areas are prpvided with adequate and
wholesome water, tihe magnitude of the task remaining to be done is
staggering. Lowever, the Government ofy Tanzania is determined to
accomplish this task within the next 20:year period. To this end,
Mr. Chairman, participants at this ConfLrence will be interested
to know tnat a new lilnistry of “ater De%elopment and Power has been
establisned in the Government of Tanzania and is being organised
on a functional basis so that it could gffectively implement this
ambitious rural water supply developmen& programme. To prepare the
grouud 1or the design and execution of §he thousands of rural water
projects that will be constructed during the next twenty years, the
Ministry will, in the next 3 to 5 years, complete the preparation
of a wWater Master Plan ior the wihole of mainland Tanzania. - This
will be done largely with the technical assistance of a number of
friendly countries. ‘ ' ’

Mr. Chairman, I notice from the programme of the Conference

that among the themes ror discussion at:the Conference are such
topics as "water policy™, "design standdrds and criteria®, "equipment
innovation", "construction and operation of water supplies" and the
public health aspect of rural water supplies. . ith the exception
of ‘the first, most of tuaese sound innocuous and appear of interest
only to professional engineers and hydrologists. But, in my
experience, the implementation of the recommendations of professionals
and academics on such topics will always depend on political decisions.
ifor instance, in Tanzania tiie decision that all water supplied from a
public domestic point or kiosk, whether'in town or in rural areas,
snall be free of charge was a political;decision. The purchase
or importation of equipment for rural water supplies, including
its innovation, must also ultimately be the result of a political
decision as will also be the provision of the necessary finance
by governments for the manpower which will be needed-for the construct—

ion, operation, and maintenance of a comprehensive rural water supply
programme. finally, I¥r. Chairman, even tne public health criteria
of rural water supply must ultimately be influenced by political
decisions based; of course, largely on the advice and recommendations
of a country's public health autilorities. A case in point in Tanzania
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is tne disturbing fact that the vater from a large number of our

rural borenocles bas an undesireably high content of fluoride.  The
question which immediately faces us is whether we should discard all
water borenoles with a Ligih Tluoride content inspite of +..e fact that
the average cost of a water borehole is around shs. 60,000/= to

sns. 100,000/= Tanzania shillings! Obviously a compromise will have

to be struck. Confermnce participants will be interested to know

that we in Tanzapia have recently establisaned an inter-liinisterial
Committee known as water osupply ilealt. standard Jommittee which will

be recommending on tueestablismment of a local water safety standards,
It is more than likely thot wiien tnis Committee nas completed its task,
Tanzania may be iorced by circumstances to accept a higher ceiling

of water fluoride content than that currently accepted by the World
Health Organisation (1.5 parts oi 1luoride per million parts of water).

Mr. Cnairman, I have laboured the importance of political
decisions in rural water supplies because, much too often, engineers,
economists, academicgs, and professionals in general fail to '
communicate or explain their ideas or advice to policy makers.
Alternatively, policy makers sometimes base their decisions on
insufficiently understood information from engineers and professi-
onals in general. Both defects are undesirable in the East iafrica
of to-day. I am very glad to note that at this Conference Keynote
Papers will be submitted from various experts in the field of water.
In addition, I am glad that my Ministry has enabled ocur Regional
dater ungineers and hydrologists to come and participate at this
important Conference. Both these groups of persons should inject
realism and a practical approach intoc your discussions. It is from
them also that you should expect statements regarding the effective-
ness or otherwise of policy makers in each Country as regards the
implementation of our respective rural water supply programmes., For
example, one guestion whicia will have to be discussed at this
Conference is whether the procurement of equipment (P V.C. pipes and
pumps) for our rural water supplies is as efficient and fast as

‘Regional Water Engineers would like it to be! A related question

will be whether we policy makers are tackling this seriows problem
sufficiently energetically.

At this junecture, lir. Chairman, allow me a brief digression so
that I can, on behalf of the Government oi Yanzania, express our deep
gratitude to the Government and people of Sweden, for tue very generous
soft loans they aave made available to us, through the Swedish
International Development aAgency (s1va), for our rural water supply
progremme during the last seven yenrs. This generous bwedish credit
up to date amounts to 88 million Swedish Kroners, sas. 123,000,000/=
and symbolises, in practical terms, Swedish resolve to assist
Tanzanie in as many aspects oif her development as possible for which
‘fanzania is very grateful.

Finally; my Ministry would also like to extend special gratitude
to the Bureau of Resource Assessment and Land Use rlanning (BRALUP)
of the University of Dar es Salaam waich, in addition to co-sponsoring
tiiis Confercnce, itag made a major contribution to the implementation
of our rural water supply programue througi studics tihe results of
whict will greatly improve the e¢ffectiveness of tue distribution
system from Bulenya 1ills and iliwamapuli Dams in Nortun Bast Nzega and
from otiler rural water sources. As these projects will cost many
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3? millions of Tanzenia vhillings waen completed,§BRALUP's contribution
#.is an example of the many ways in which the Nagion's.University can,
" in a practical way, assist the Governwent to determine how it could

% most effectively utilise its scarece resources

3

? HMr. Chairman, as a laymun in tue area of rural water supply

> Qdevelopment, I can do no better than simply introducc the subject

5 %o the various experts, engincers and economists who are participating
ﬁ in tnis Conference. - As I now feel I have accoﬁplisned my task, on

behalf of the Government oif Tanzenia, I have micu pleasure in
declaring open this “Conierence on Rural water:Supply in East Africa®,.
Mr. Chairman, ladies and gentlemen, I wish your Conference every
success and it is my sincere hope tnat the results of your delibera-~

tioms will serve to advance East Africa further along the long and
difficult path of development.
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FLEXIBILITY, COORDINAMION AND CHOICE IN JATER &0U4CE PLANNING:
THS UTILITY OF RECENT PLANNING INNOVATIONS KHOR WATER
DEVELOPMENT IN TANZANIA '

by
Robert 4. Kates
Clark University, worcester, Mass., U.S5.A.

Two years has brought marked change in the commltment, organization
and knowledge of Tanzanlan water resource planners. The returning scholar
finds: a major national commitment ior the provision of improved water
supply to every Tanzanian, a good consultant review of the potential
for a massive rural water supply programme, a2 ministerial reorganization
providing for greater administrative unity in tne development of this
critical resource, an applied research programme yielding data -and
understanding unique for developing countries, and the launching of a
series of water master plan stidies which are to provide the perspectlve
for regional water development over a twenty year perlod.

Upon these master plans rest the critical noeda for improved
hydrolygical and geophysical data, Tfor the orderly programming of the
massive pational objective for rural water supply, for the identification
3f new opportunities for water based development, and for bringing the
entire programme within the investment capacity of Tanzania. Indeed
viewed in the context of the overall planning effort in Tanzania, the
water master plans may be the most ambitioirs - planning effort, to-date.
Only one otner comparagble exercise, that of high level manpcwer planning,
had a long-term goal; other planning efforts being limited to the five
year development plans. And planning for improved water supply for all
Tanzanians twenty years hence, appears to be 3 more complex and
dirfficult exercise, tnan the impressive and successful effort at long-term
manpower planning. Thus, because of their key role in extending the
planning horizon to longer-term perspectives, themaster plans should in
their design benefit from the widest cxperience of* comprehensive water.
resource planning.

Some recent innovations in cchprehensive water resource
planning, particularly in North America, seem to be relevant. Not that
the experience is simply transferrable, ior the differences in levels of
resource development, avuilable data, manpower and investment capability,
and criteria of social choice are well known. And the opportunities
for socialist planning and choice in Tanzania make unnecessary some of
the peculiar games water resource planners play when they try to plan
social investment by the rules and standard of the private enterprise
capitalist system. Dut what does appearrelevant .-are gome of the
experience and innovations roelated to turce apparently universal
probleme of longer-term comprehensive regional planning exercises;
problenms of flexibility, coordination, and choice. This paper identifies
these problems from the viewpoint of one knowlcdgeable about water and
planning in Tanzania but lacking tue intimate knowledge of those with
day-to~-day rcsponsibility in this fic¢ld. +{he paper then suggests
some adaptations ol new techniquuw that could be: realietically applied
in the Tanzanian contcxt to help mecet these problems.
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Problens of Longer-Term Compreihensive Water R:source'Planniqg

To plan is to anticipate and to guide chamge. Independent
Tanzania is ten years old, the master plan is 1og a period twice that
life. Reflect on the tremendeous changes of tuefpast ten years and
try to project -those twice that distance into tn; future. IHow can
that unusual vision be incorporated into the masger plans? And at
the seme time how can the flexibility to prov1de i0or unforseen
changgs be made part of th« plan?

To plan is to coordinate, but now will the master plans, each
a regional study carried out by teams of differing national origin and
moke-up, be coordinated? How will they relate to the ongoing economic

-~ and social effort and the growing need and capability for regional and

district planning and development? -

And finally '"to plan is to choose’, but consultant reports
shaould not pre-empt the choices to be made by Tanzanians as to how,
where and when their critical water resource developments should take
place. And over twenty years, choices made now,: siould not pre-empt
choices required in tie future under differing conditions and needs.

How cen the master plans present in understandable, non—technlcal form
1nformatlon Tor such cxitical choices? :

The problems, altaough posed in the Tanzanian context, are
universal and a variety of techniques and innovations, many still
under development, have been evolved to deal with them. To guide and
anticipate change, the use 6f data banks, perspective planning,
computer modeling and simulation, and the neo-science of futurclogy, have
been advanced. To provide for coordination, water planners jincreasingly
use gtandard teciniques, assumptions, and projections. These are
frequently prepared by specialist agencies wita advanced knowledge of”
economic and -demographic trends or by such specialists wio are part of
interdisciplinary or interministerial teams. To provide ior choice,
programme budgeting, cost-effectiveness and multiple-abjective-cost-
benefit tecuniques have been developed. At the same time simpler, more

readily understood medes of publlc presentation and d130ussmon have
been sought.

On reflection, tnis armory ef techniques and innovations
appears to be a mixture of tools and toys, science and fad, complexity
prompted by necessity and complexity designed to conceal the critical
cooices of post-industrial societies. Wuut, if any, oi these
techniques might be useful in tie Tanzanian context and now suould they
be applied?

The Deﬁelopmcnt of a Set of National Perspectives

Over twenty yecars very significant -ciianges will or could take
place in Tanzaniz afiecting thie planning of water development and
the provision oi improved rural water supply. Changes over twenty
years in income and population distribution, available investment,
social znd political needs and organizatiori, tecnnolmgical change and
industrizl development, as well as cinanges in the ‘standards of wrat are

considered lmprnvedwstcr supplies; will seriously affect plans d831gned
over tne next two to four ycars.
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0t quality and delvery will change a3 well.

To chart such changes it uis been found useful to develop a
sct of perspcctives, broad statements of direction nd possibility, as
contrasted to more speciiic projections oi future trends. In the
present context they are needed as a iramework within which to fit the
regional master plans. And such perspectives need not be fuzzy
extensions ot present direction. Rather, ior a planned society, they
siould include visions of what ougut to occur, wuat is necded, and waatg
is socially desirable.

Consider some examples of perspective cnanges and the questions
these pose: Among the imitial master plans, will be studies of Dodoma
and Shinyanga Regions, areas of highly contrasting patterns of popula-
tion and water availability. Yet by tie end of the plan period, Dodoma
district is likely to have a population density equivalent to that found
today in Shinyanga district, and bhinyanga, a population density
equivalent to suciy densely-populated areas as Arusha or Lusioto district.
Should the approaches to water supply adopted in these regions be
expected to markedly cnange by tue end of the plan period?

Present allocations of regional development funds are on the
basis of parity for all regions; the allocation of water development
funds is proportional to the regional huwman and cattle population;
more recently Devplan has suggested for discussion tne desirability of
adopting a compensatory formula - more aid for the lesser-developed
regions. What assumption as to regional investment capablllty siould
govern the'prOgrammlng of project?

The number of Ujamaa Villages has about doubled each year since
the end of 1968. The impact of such villages on water development is
considerable as they lead to great concentration of population and they.
are given preference in the development of water supplies. But such a
growth rate as a yeariy doubling obviously cannot be maintained. What
perspective as to tue rate of growtn, distribution and character of
tie Ujamaa village Programme should govern the master plans?

The next twenty years will contain major advances in tecunology related
to water development, can any of these be expected to alter tue present
practices for providing rural water supply? .For example, would a low-
cost plastic material with the durability ciharactsristics of butyl rubber
shift the cost-curve away from pumps and gravity schemes in fawour of

the now, relatively high-cost, rain catchments and charcos schemes?

Or would low-cost power associated with major hydro~electric schemes

meke feasible rural electrification in selected areas and make available
low-cost, low-maintenance electric pumps, tube-wells and sprinkler
systems?

Weter planners assume a rising level oi water demand over the plan
period, an assumption well in accord with most experience. But not
only will total water demand change over twenty years but the standards
! Bu the end of the planning
period, will supplies witinout chlorination and filtration be as accept-
able as they are today? And will a distance of 400 metres to & water
point be adequate as. a measure of iuprovement? #ill a movement develop
in more iavoured economic and climatic areas for housewold self-supply
by roof cisterns, nand pumpa and wells, or iouse connection from plped
Supplies?



ot all perspectives deal with extermal factd s oif population
or technology that aifect plans for water developmerlt, there are
important “backward’ linkages as well. IYor cxample:

A twenty year plan opens up fresh possibilitigs for a
specialized internal market for inddstrial gopds. Bought as
they are now in small quantities on an annual or project
basis, tuey are with few exceptions (plastic pipe, concrete
products)‘the products of ioreign manufacturecl But if one
considers the entire plan period, a base market

-on which to build local industry can be assurkd,

Providing water for 20,000,0G0 people might

require 50,000,000 feet of plastic pipe, 100,000

taps, 50,000 hand pumps and 5,000 diesel pump sets.

Indeed, even water supply techniques might change

to accommodate industrial development possibilities,

as for example, if butly rubber could be produced

cheaply in a.petrc-chemical complex. Water development
commands between six and twelve percent of development
spending, aow can crucial supporting linkages to other
sectors of the economy be idcentified and strngthened?

National perspectives of long-term trends and desired
direction, such as the foregoing, can be developed by a study group or
seminar representing the various ministries, toneir planning units,
the University and otuer locally available experts. These national
perspectives, in turn, can serve as a basis for the preparation of
region-by-region projections to guide the master plans.

Consistency. Between Regions: Projections, Arecas and Design- Standards

Some common problems of coordination are found in systematic
water planning. The arcal unit favoured by water planners, frequently
river basins, do not coincide with either tihe administrative regions
or the economic regions =mployed in developument planning. Seldom is
the water plan well-coordinated with the overall planning effoit, and
tiae comparability between regions or river basins is difficult to
insure especjally when the planning teams vary in background and skills.
Various stratagems iave becn developed to minimize these problems.
Increasingly, tie river basin, an area of water supply, have given way
to arces of water demand, these service areas conforming morc readily
to administrative and economic considerations. ILiaison with the
overall development planners: to prepare the specific projection of
expected and desired growth and development that serve as the basis
for deriving water demand. And cowparability between plans nas been
enhanced wuen the terms—of-reference suggest a standard set of sub-
regional units, wien major cconomic and demograpnic projections are
centrally provided, aad waen a common set oi design standards and
assumptions are adopted. Building~in consistency this way: seems more
cfrective than the use of coordinating or liaison committces wnicii in
pracftice seldom seem to function well.

In tne Tanzanian context, consistency betwecen regional plans,
coordination with development planning, and withh the regional and
district administration can be eniianced in similar ways. A set of
sub-regional areal units are now available for over hali the countiry.
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These agro-economic zones, being prepared by BRALUP for general
plauning use, coniorm te district, regional and census enumeration
area boundary lines, are relatively nhomogeneous with respect to
agriculture, ecology and economy, aad include & basic set of prepared
data. An cxample of tnese data ior the zoue oi Eastern Kahama,

is given in Appendix A along wita a map of tue zones ior Sukumaland.
If tunese zones were adopted for water plaenning & master plan for
vhinyanga region would contain fifteen sub-regional units.

A standard set o1 regional projections can be prepared Ior
each region in a consistent menner by a specialivt group such as the
negional Plooning Division of Devplan. This goup, with degional
sconomic Secretaries and District rlanning assistant in most regions,
could construct tiie set oi regional projections tiat should serve as
a basis for deriving water demand. Ten and twenty year projections
might include: '

Regional population énd its distribution
itegional Income

Available investment trends

kiajor economic activity

Urban growth and emphasis

Requirements ior social, educational and health services.

These projections will probably be reguired ior regional planning
purposes in any event and can be prepared region-by-region on a rolling
basis as arrangements for master plan studies are made. Preparing these
projections externazlly would free the master plan team to concentrate
on its major field of expertise - water development. It would also
use the existing knowledge oi social and economic conditions currently
available and provide automatic liaison with Devplan and the regional
planners.

New standards for deaign znd assumptions oi. water demand are,
Irom current reports, apparently being developed. The responsibility
for providing comparable assumptions and standards for each master plan
would seem to rest best with the Iinistry, perhaps witu the jorthcoming
planning unit. In all, a healtny division oi labour can envisaged vwith
the :egional Plenning Division of Devplan providing specific regional
projecticons of major demograpulc and cvconomic variables, BRALUP
providing a set oi viavle sub-regional planning units, and tie Hinistry
offering guidelines a8 to water demand assunptions and design standards.
These, if followed by the master plan teams, would encourage a
considerable standarud of comparability for a minimum etfort oi central
control.

Information for Choice

That "to plan is to cnooue' has been widelyrecognized,; that
the planners should not necessarily be tae cuousers is. also well-known,
but th.:t the planned - for the people themselves might help to wmake
choices, uas only reccived belated recognition. ﬁonetheless, under a
wide spectrum of social systems, planners are. seeking to find ways of
public participation in the planning process, some secking meaningful
ways, wnile others uniortunately seek to erect only the facade of
participation.



One critical problem is aow to provide informhtion on projects
in such foiw that tue cu:oosers, whetiaer they are pldnnera, designers,
represcntatives ol the people;, or the pcople thbmuelyeb, can make
judgements. ‘The problem aus been compounded by tne fact tuat unperts
professionals of all types frequently make Judgemcnta by exzperience,
skill, intuition or c¢ven pre¢judice, without spe011y1ng to themselves or
others the busis for the judgement. In wost cases tiis may be adequate,
for example, one goes to a doctor precisely to ootuln f1is judgement.
But in the case of water development, the critical choices may well be
“mon-technical, such as a decision to favour Ujamaa villages in providing
water supply. Thus it is now increwsingly realized tiaot projects
serve msny purposes and nave many possible scales. Emphasizing onc

X r-sﬂl:ax i

tiiosé w..0 prepare or approve th: master plans today will not participate
in the many revisions and updutlng of the plans tuat the future will
require. -

PRI

In one current effort seeking to specify the #arying objectives

of euch project on national econowic growtn, regional econowic growth,
and environmental guality are estim&ted. In another proposcd sgystem, a
fourtls broad factor would be added, the well-being oi people. In such
exercises, & specific project; 1or e.omple a uydro-electric dam, is
seen to save varying impacts irom eaci. point oi view and even thougu
these impacts are not iully quantifiable or even known, tney do
prOvidc,a sounder basis ior choice than teat oi ignorance.

_ These crlterla, of course, ‘are not sensibly appllcwblc in

trie Tun/anlan context. <Criteria:oi cacice in Tanzania should be
related to the actual cuoices being mude. Apart fiom the importent - 4
choices of ‘engineering design, most projects of & specific scale and
phasing have tarece critical aspects: the project has some service
potential - to provide health and convenience ior people; some develop-
ment potential -~ to increase the productivity of the population; and a
diifering cost structure - money, time, supervisiony, and otiier scarce
resources. To balance these qualitievs ol service, development, and cosy
is desirable - more service for less cost, service with devilopment
where~possibfe, etc. But tne possibilitics are not always intuitively
obvious. ror example, the service potential of a given project ctn- .
vary with the degree oi population density, but this need not be taken
as given but can be changed as througn the Ujamaa Village Programme,

Or the developuent potential can vaery zreatly depending whether
ancillary investmeat, plenning, and coordination takes place as has been
shown in studies of North-BEzst llzega. Tie cost-eriectiveness of a
project differs not only in total and unit cost, but in requirement

for foreign exchange, mechanical ecquipment, technical supervision or

the potentinl to employ seli-help. .
Can tuese many possibilities be evaluated in a4 sensible and
comparable way? Tables 1 and 2 set out such on analysis. for o project
which has received study roughly comparable to thuat of the master plan.
The format can be used in the design process to cnalyse different
alternatives, scales and pnasing o: the same project or to display

the qualities ol preierred or recommended projects. wimple ingicators
are used to measure service potential: population served by distance

and

purpose or scale may mean foregoing others. Vays, hopefully understandable;
should be devised to make such comparisons possible. 'The need to formally
set out sucHAinformation is not obviated by the master plans, foir most of

of water development and trade-ofis between these objectives, the effects
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gzones, potenti:l consumption, reliability, water quality, and tuec number
of facilities served. 1Indicators of development potential include:
Ujamaa villuges, cultivable land made accessible, irrigated land,
livestock watere4, fishponds, and rural industry. Cost~effectiveness
indicators include: money, time, and tie various constrants of scarce
resources.

The example given in fables la, by ¢, 2a, b, ¢, the iipango
Water Supply Project, illustr tes one use of tiese indicators. The
project is in two phases <nd Table la, b, ¢, preseats dita on
tnase I to be compared with fable 2a, b, c, wiich gives similar
information for the two phases combined. One possible comparison,
therefore, is between building the project only to tie scalc of
Phase I as against building the entire project (Phase 1 plus 2).

From the Tablus we learn thut the smaller project is
considerably cheaper. Its total cost is but a third of the combined
project, and tic capital cost pur capita or per liter is two-thirds that
of the larger project. Furtiermore, tiw operueting costs or the smaller
scale project are mucu smaller; while the demands on scurce resources
are only sligntly more modest.

In service potential, the larger project will servce irom
two to three times «s many people with similar quality and relizbility.
liore facilities will be served by the larger project. 4and in development
potential the larger project will nave considerable sceope as it
apparently provides water t0 those areas most in tue need for new
iacilities aod with greater potential for development.

What should be the choice between tiese projects? There is,
of course, no simple answer as it depends on the available resources,
other alternatiyes, regional and national priorities at tue time the
Cc.0ice needs to by uwade But the decision will not be made in total
ignorance o0i th. consequences if ftuese indicators ore reudily available
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PROJECT TITL: MPANGO WATLR oUPPLY CPHAGE 1
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DELCRIPTION: Viater Intake on;pcrenﬁial stream: gravity main 30 km.
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" 35 km. distribution line, domestic outlets in valleys
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‘REGIONAL/DISLRICT DEVILOPMENT PRIORITY: very high priority

A. COST/ Bry¥ECLIVENESS

1. CAPITAL COST

TOTAL COJT:  AFMER CONSTHUCTION 2,200,000 3Hs.

20 Y2AJS - R

5 YZA.S T sms)
10 YEARS - sHS.
20 Yl | - SHa.
AVERaGH:  ATER CONSTRUGeIoy PEX CAPINA  EEE WS Pul L/XDAY
_52 she. _ Shs. _1.7 Shs. '
10 Yiaks | - - - '

2. OPERATION & MAINTENAUCE: ARNUAL 14,000 ouS.

3. CAPIYAL CO.I CONTLNT: . .
% $OREIGN E.CHANGE 25%

MECHANICAL EQUIPMENT CONSTIUCLION 68
TECHENICAL wUPERVISION CONSTRUCTION  10%

SSLI-HELP LABOUR POTENTIAL 10%
4. ESTIHATED £IHE #OR COwPLELION: 1% YEARY

XLITEY
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TABLE lc.
©OJECT TILLs:  WPANGO WATER JUPPLY PHAGE 1
¢. DEVELOPLEHT POLsNIIAL
PYPE WITHOUT ADDITIONAL WITH ADDITIONAL INVELTMENT,
INVESLENT PLANNING, OR COORDINATION
NUMBLA NUMBER TYPS O INVESTMENT ESTIZATED
‘ COST OF ADD'L
INVESTHENT
(sHs)
1. UJAMAA VILLsGEo
NUMBER 0 - 0_Shs.
POPULATION 4000 0
2. RELEASED LABOUR
HOURS /ADUL: /DAY 0.7
3, CULLIVABLE LAND
AVAITABLS IN
TOTAL-SERVICE AREA (ha.) 12,080
CULTIVABLE, BUY NOW
UNCULLIVATED (ha.) 10,900 _ Shs.
SUBSISTLNCE CAXRYING
CAPACITY UNCULTIVaTLCD 38,000 0 - 0 Shs
4. IKUIGABLs LAND
POTENTIAL (ha.) 0 0 _ - 0 _Shs
5. PRODUCE HAKKEL
CO0-0f BUYING rOINTS 0 0 - O Shs
LOCAL uARKEDRS 0 0 - 0 _Shs
6. LIVESTOCK ANIMAL
UNITS WALTERED 0 0 - 0 _ wvhs.
DIPS . o) 0 - 0 Shs.
MARKEL'S 0 Q : - 0 Shs
7. PISU FONDS
SURFACS AakA (Ha) 0 D - 0 Shs

8. WULAL INDUSLRY
FvpPioYelrs Q 0 - 0 ovos

—n e —— — e ———e — L ———
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TABL: 25\.
PROJECT TITL.S:  HPANGO WATLR SUPLLY PHAGE 1 aND 2

DESCRIPTION: Water intake on;ggrenniai stream, gravity main 30 km.,
pump and rising mein 35 km., esrth dam rescrvoir
75 k., distribution line, domestic taps and cottle

troughs

REGIONAL/DISTICT DEVEIOPHENT PRIORITY very high priority

A, COuR/LEPSCIIVENSLO

1. CAPITAL COu®:

. --DOPAL COSI:  AuTEA CONSTRUCIION 7,000,000 SiS.
5 YIARS - SES .
10 YEARS - ST
20 Yiauo - SES.

o _ P.il CAPITA PER 5  PER LITGR/DAY
AVERAGE: AFIER CONST.UCTION 78 She. Shs. 2.6 Shs.

10 YEARS - = |
20 YEARS - L - lu

2. OPERaTION aND MAINTENANCE: ANNUAL * 90,000 SHs.

3. CAPILAL COLL CONIPLNT:

-y

fo PORBIGN BACHANG ' 27%

MuCHANICAL ZBQUIPHBHT CONSTRUCLION 12
TECHNICAL oUPsSuVISION CONSTRUCTION  8p

SELA~HEEP TADOUL POTLNLIAL 10
4. EUUIMATED Tl »0R COWPLe?ION: 25 YHARS

! "‘
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Table 2b

PROJuCT TITLE: LiPAIIGO WATSR oUPrLY PHavd 1 AND 2

B. SEiVICL POTuNTIAL: SERVICE AREa

500 KM

BELORE - COHoIKUCTION

L ; o AFTER AFTER AFTI
- L = WER - SRASON  DRY sEAGON CONSTRUCLION IO YEARS 20 YEA
- 1. ESTIMATED POPULALION - =77 7 7= T cr 7
I 3uRVICE Anka ©31,7007 31,7000 0 344300 59,000 89,0(°°*
= e ) T DoV oL
SERVICE POPULATION ‘
s - BY DISIaNCE: 400 LEMREs - _5%. 8% - 15% 15% 1508 _ope
oL & -~
S 800 METRES 20 4 20 20 20
| 1600 METHES 25_ 9 25 25 25
o 1600 METLES 50 87 40 40 40
;f 2. POTENTIAL COKSUMPTION '+ = UJ i
! AVAILABLE 1/DaY/CAPITA:." .40 1 20 1 40 1 35 1 301 i
i . ) T
| ACTUAL OR ANTICIFATED =~ 7 PO:UL
| % 10 l/day T 10% 184 10% 5% 0% B iwlin
- ) 1 OU (o
: % 10-20 1/day 45, 42% 505 50.  55p e
% 20 1/day 455 405 40% 455 45, §. CULLI
ce L R . 1r0oral
3. RELIABILITY
vl L R CULT1
% O YEAR SUPrLY AcsUndD ' UHCUL
! MAJOX TRADILIOHAL SOUACE _996 945 ) X x X
B Niv IMPROVED SOUACE x x 955 99, 97, | SUBS:
' Capal
4. GUALITY
_ . , s . LRI
: % OI' SERVICs POrULaPION WIi: FORE
- TRADITIONAL LOULCE 8050 88y 8% 8% -
| PRADITIONAL LOUACs~16H ¢ 5 o " .. P muoD
- kS ME ) a0 L—RIDK U 4 {0 2 <Y a Co_o
WPHOVED SOULCE T 145 90 10% 10% 105
. . HIGH. _ LG
. s :\ =) el ﬂ— — - .y - -
IMPROVED BOU.CE- [T ) =
THEAT D wOULCE - - 80, 80} 805, fe- LIV:
T E— T AT
5. FACILITIES (WUiBii) oI o
SCHOOLS 6 7 8 8 Sinsi
DISPEESARIES 4 6 8 8 ;
; . o I,
GO¥'T CeNTRES 0 0 0 0 SUn
OTiikit SuRVICE L
CLENT #ES 6 8 8 8 S 2




15%

20

25

40
35 1 30 1‘
50 55% 1
45% 455 1
. X
% 97,5
e 8o
20 %
Yo 10%
e 80

— 3
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Table 2c.

E 3
R A

lJLO}“/LL/HT POT»NL‘ IAL

CTYPE : WITHOUT AVDDITIONAL

WITH ADDITIONAL mvmmm ,
INVE D MENT ~ PLANNING OR COORDINATION
NUMBER NULBER TYPE OF INVESTLENT BoTILATED
COsT 0F AL
IBVESTHENT ‘i

. (sns.) &
3 UJ&LMAA VILLAGES )
NULBER K __}__6_“ , -0 - 0
,PO:ULA-HON ‘ 11,000 9 Lo e o

——m—

| CAPACTTY UNCULTIVATED - 142,000

7 HOURS /ADULT /DAY ‘ 0.7

CULTIVABIY LaND, AVAIiABLu

D ReLiieid LaBOGR o S ’

L 00TaL - SEWVICE auBia (na.) 42,500 -

¢ CULDIVABLE BUT NOw -
o UHCULT IVAL LD : 39,800

SUBSILTENCr CARKYING

',
IMRIGEABLE LoD , §
POTENTIAL (ha.) | -0 9 - S
PLODUCE MAHKRE , A m
C0-0r BUYING POINTS o 2 small godovms 50,000
IOCAL HaRKETGS - 0 - B |
. LIVELTOCK e :
ANIMALS UNITS WalsBRrED 0 0 - _0_ .{ ,
DIPS 0 4 cattle dips 60,000
i KKEL 5 - Q 0 | = 0 m
YIGEH PONDS . o '
SURKACE anBa (ila.) o _ o - 0 .‘,
N : -

RULAL INDUBTRY :
EuPLOY s i : C 20 gaw mill 125,000




- - increased water use.
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The indicutors based in the analysis might be expected to
improve as our understanding of the dynamics of rural water development
increases. For tie present, we do not knmow whetuer released labour is
in practice productively-used or to wadt degree is disease reduced by

Trias we cin only stute the possibilities and
speculate on the eifects. But current research now underway promises
to strungthen our knowlecdge oi tuese effects.

liastering trie laster rlan

A master plan is & document, planning is a contimiing process.
Increasinglyy the concern oi planners is shifting :rom the production
.0f documents to the piovision of planning services. In tune context of
Tanzanian resources, consultant assistance in prepering the plans seem
necessary. But long aiter the master plan teams depart, tie planning
unit of the hinistry will be cclled upon to revise, update, and reschedule
the programmed efiort. Will tue volumes of plans, many ol trem attracti-
vely printed and illustrated, lend taemselves to this tredtment? If tae
usual experience witu suca reports holds in the future, it is indeed
unlikely. Even as good und compctent a report as "Lanzania Rural
Water supply Development® does not lend itseli eusily to reprogromming
its suggested twenty yeur programme for rural water supyly. It siaould
seem reasonable to demand of eacik master plan the quality of eawsy
revision and review. The use ol consistent projections, unit areas,
ané design stand..rds will encouruge these gualities but the tormat
0oi presentation needs 1o be scrutinized as well with the view that
the plans strngthen and reinforce the future planning capability of
the ministry's own unit. o - '

Conclusion

An essential skill in si:ort supply in developing countries is the
ability to wisely use, guide, and direct consultants. Unfortunatly,
tais skill is not included in most lormil cducation, ruthyr it is
acquired by ezperience, some or it painful. -It is furthefed by a
comparative and current knowledge of the applicable techniques o:x
analysis. And it is maintained by the constunt strengthening of the
nation's own internal planning ond technical services.

The deeply - held desire of Yanzanians to provide improved
water for all deserves the vesy best oif consultant work. And tne
high costs oi suci work, compzrable to building major dams or
construcing irrigotion works, axgue for exercising tne same care in
the design oi consultant erfiort @s in tue desgn of & major vnginecering
structure. A smell e:sfort now by thu existing planning and tecinnical
services can insure that the water master plans are flexible to mect
thi changes of the future, arc consistent witu developuwent policy,
and. -are lelpiul in making nceded and souetimes diificult chioices.
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? APPEUNDIX

KAEARA DISTRICY (131) Zone 131.1: BEastern Xahama

LoCalION:
to : .
:velopment The zont includes a2ll of Kanama Division, Ngongwa Sub-Division of
itabour isg salala Division and the nrtu-casturn part oi Dakama Division.
iuced by . ‘
> and GullZinL FEATULSS
romises :
i This is a.flat to undulating zonme with large arsas oi mbuga,
sespg01ally in the east. It is an area oi f2irly long Jygmweal'
e settlement and the desity of population (waich is medium ) is much
Bhigher tihen in any ot:ier part off the district. Most people live in
rocess., Sithe west and central part of the zone, while the wbuga areas are used
duction gmainly for gracing. Paddy, wiich is becoming increasingly important,
mtext of Fis the main casn crop, followed by cotton. Other important crops
2NS ‘seem include maize, cassava, groundnuts and otaer legumes. As in all parts
lanning ¥0f the district, ridging is tue normal form of tilling but, in this

d reschedule jrarea, many formers use ox—ploughs. There are more livestock than in
o attrecti-t he western zones but less tnan in Zone 2. Unlike most of Sukumaland,

t? If tae ivestock owners use manure for cultivation.

indeed .

ral’ PiYSICaL RESQURCLES

Jramming ’

£ should ; The area is flat to undulating with a few granite outcrops

L8y ;and, especially in the eastern part, large areas of mbuga, On the
areas, . - 8lopes the soils are well drained, dark red lozms and sandy clay loams
smat B ;-whlle in tie valleys and the 11attcr arcae poorly drained, dark brown
that _~or very dark grey to blaci s.ndy clays cnd clays predomlnute. The

iy of -~aver4ge annual rainfall is probably 950-1000 mms.

; D. CROP_PuODUCEION

. L. Land availability and tenmre: Host land suitable for cultivation
is already in use but lund shortage is not & problem as in much of

-es is the

atly, Sukumalang. Land rignts are ueld on an individial basis and the normal
is means of obtaining land is by inneritance; land is occasionally sold but
a not normzlly rented or loaned.

oy ) T . . .

T the ' 2. Parm size: The averagoe arex cultivated per houseiold is mediuml,
although ticre are some very large forms. On the smaller forms most of
the land claimed is cultivated every year but tiiose who own a lerge

ed area may leave muci ol it fallow. In wost farms the plots are scottered.

ne

. 3. Crops: Paddy the main cash crop, is grown by most farmers and

¢ in is becoming increasingly important. It is grown in the valleys and

Aeering otuer low-lying areas. Cotton is <lso a major cash crop but it is less

unical importunt thun in zones 2 und 3. Liaize @nd cassava are tae main food

e et Crops wuile other crops include groundnuts, cnick peas and otiner
=Yy legumes, millet, sorgimum and sweet potatoes.

3
S

——

See Introduction for scale oi population density uscd throughout this
Yeport.

See¢ introduction for scale of farm size used tihouguout this report.
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4, Planting: "MHost crops excedt paddy and cotton are interplanted
or planted in succession. The times ol planting and narvesting tue
major crops are as follows:-

prlanting harvesting
paddy Dec, - Mar. 7 May - Aug.
cotton > Nov. - Dec. : June - Aug.
maize Nov. - Jan. . " Apr. - June
groundnuts . Hov. -~ Dec. March
millet/sorghum _ Nov. - Dec. - ~June - July
5. Tillage:i Ridges are normally used for all crops excepﬁ paddy
and chick—peas. .
6. Seed: Improved seed is used for cotton {(supplied free by the

Lint and veed Marketing Bourd and distributed through the Cooperatlves)
and occasionally for maize.

P Soil erosion and conservation: Therc is some soil erosion but
it is not serious as in many part of Sukumaland. Conseration measures
(other than ridging) are seldom practised, zlthougi sisal hedges are
occassionally planted. :

8. Soil.ferility: Since this area has been cultivated for a long
period of time measures to restore soil fertility are required. Those
farmers with livestock use manure, particularly for maize and cotton,
and a number oi people use artificial fertilizers. Other meusures -
includ: intercropping (practised throughout Lukumaland) ridging and,
where enougn land is available, the use ol fallow.

9. "atur control: Apart irow btihe construction of bunds in |
paddy fields to conserve water, there is usually no form of water
control. .

10. Hecuanization: Host cultivation is probably done by nand
but a considerable number oifarmers use ox-ploughs.

11. Grop protcetion: Tae uprooting and bmrning of cotton plants
after harvesting as a precaution against diseirse is compulsory and

most oi those people wno use arti:ical fertilizers alsc use insecticides.
The other main means oi protection is 1nd1v1duol or group chrlnb and
hunting of birds and animals.

12.  Labour: Hired labour is not widely used but co-operative labour
between neighbours is very common. It is used ifor mony agricultural
operations and other actiyities and payment is in the form oi food,

beer or reciprocal labour.

13. harketing: All cotton and mucli of tee morketed rice, maize
and goundnuts arc sold through the Co-operatives. Other produce is
sold .on local markets (incliuding black murketing).
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P ANIFAL HUSBANDRY

1: Cattle: The proportion ol formers owning cattle is medium/low.l
Phe average nerd is foirly smell (probably under 20 head) but there are
some large ones oi several hundred head. Cattle are an important

!_indicator of wealth and are used for dowry, milk, majure and work

put are seldom sold unless cash is urgently required. They are

Zebus und tiere are no improved stock.

of households owning goais and shecp
They are used mainly for meat

2. Swall stock: Tune number
is somewitt.t less tuan those with c.ttle.

' and for religious purposes.

A few farmers keep donkeys 1or transport

- 3. Donkeys:
purposes.

4. Pouliry: Almost everyone has & nuuwber oI poultry, used tor

meat ond eggs.

5. Husbandrry: When there are no crops in tae fields livestock

are grazed unywiere, irrespective oi ownership of the fields. A%

other times they are grazed on permanent pasture (land unsuitable for
cultiv.tion) or fallowlond. The low lying, poorly drained areas
(particulerly in the eastern part of the zone) are used mainly in tae
dry season and there is considercble seasonal migration, especially

of larger herds. Permanent pasture is owned coumunally and animals are
often herded communally among neighbours, tended by youths and men.
Herders are not uired but tue tending oi cattle ommed by others

in return for millk, manure¢ or the use o: ozen ig comnmon.

F. POPULATION AND oEyPLeldin
1. People: The main in tue Zone are tuae ﬂyamwezi but there are

als° a nuuber or Sukuma, Yusi and vumbwa.,

2. Settlement: lost settlemcnt is in tiae form of clusters

of homestezds (nousenold units) scattered through the zone,

although larger nucleated settlements form & long rosd or around
features sucu as shops and Co-operative buying posts. A homesteud
consists of one or more buildings,; often surrounded by a ifence or hedge.
The whoie area is divided into ‘'villages' but a ‘“village" is a unit for
administrative und identificcetion purposes rather than a nucleated
settlenent.
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PLANMING POR #(URAL Walo.x LSVILOPINE IH
TANGANIA 3
by !

L. Berry and
D. Conyers

BRALUP?, University of Dar es Salaam

INTRODUCTION

Rural water supply has been a priority of tne Tanzanian
development programme since Independence and in some areas even
before that, but it is only in tie last two or three years that
comprehensive steps nave been taken to reappraise tue whole problem
of providing an adequate supply to rural areus and to establlsh a
detailed plan for meetlnn national obJectlves in tuis fleld. :

We now have o policy ‘decision wnich aims in the next two -
decades to achieve this very considerable goal. To tackle this -
task we have to define our priovities in rural water supply and plan
to meet them in the most economicel way. The engineering task in
bringing water to millions of rural dwellers is immense and the
planning task is no less daunting.. However some clear guidelines

~are being laid down and from tiie beginning it has been agreed that

the first focus of planning should be at tue regionazl level with
work beginning almost immediately on thwe preparation of plans in
some priority regions. Such planc are essenticl 'if the great
investments to be made in the provision o water during tuais period
are to yield maximum returns and if they are to be fully integroted
into tae country's development. ilowever, to cid their success it
will be importunt to have 2 carefully designed general format within
wnich all the plans would be drawn up, particularly since tney are
to be prepared by a voriety oi difierent teéams, most of whom are
from overseas and so are relatlvely uniamiliar w1tn Taannlan con—

ditions.

In tuis paper we put Torward as a bawsis for discussion some
suggestions for the ioruw.t of a standard master plan. Je consider
tue factors on winich we tuink tue plan could be based, the types
of datu required ond their sources, tie Tormation of the plan and
its integrotion into other development programmes for tie region
and, ©inally, we congider brierly the coordination of the plans
for 211 regions at tiwe national level.

The¢ basis for o master plan

The aim of national water development policy is to supply
the whole of the count 1y with adeguate water by 1990. however,
“to plan means to choose™ and, in the context of water development,
this means ciioosing wnich areas or projects siould receive priority
and cu:00sing between alternative ways ol supplying them. The
purpose oi & water master plan is to aid thosce decisions.
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The first stage in the preparation o:x tne plan is to identify
tae factors wiich will determine tne cuoices.

These may be divided W oF

into iour main groups: s
Sl

(i) the quality of existing supplies; riz

(1i) the development potential and programmes for E;
development; it

(1ii) nydrological conditions and potential; 50+

(iv) menpower and financial resources.

1 The first two may be considered "demand factors and the second

low
S two "'supply" factors. . G
(‘ ! . 10!
'; _ On the demand side, the quaelity of existing water supplies is
' in an area determines the basic need ior improved conditions. in
' Thus, on these grounds priority would be given to areas where B Wi
the traditional water resources are most inadequate and on in
i improved sources have yet been provided. However,; one must also (s
W take into account the deveclopment potenticl of an area and Us
t programues for its development, partly because one must obtain nt
A the moximum economic as well 2s social benefits from investment
% : in water supplies and partly because adequate water supplies
essential for the success of any development project., For
example, given an equal need, a densely populated, highly
productive area might be given priority over one with & sparse ot
L population and low product1v1ty. The most diificult priority - Vi,
j\w decisions are wien the choice is between a project witn a v e
qﬂ' lower need but o higher return and one with o real social need pr
[ but no major economic return. However, in practice the issues it
1:5 arc rarely so clearly defined. iy
. : vit:
i : ‘The priorities in termo o the demand for water aav;, QL
R however, -to be reconciled agqlnst tne factors arfecting its tc
SR supply. The posglblllty of meeting any demand and the most t1
M feasible way of doing it cre deturmined by, on the one hond, or

4 hydrological conditions and, on the other hand, the availobility -

jﬁ of manpower and financial resources. o<

1h . . it

’t These arc the four factors which must be tcken into account 11

b if the master plan is to meet the greatest needs Tor water o

o development in the region and to be implementable with the . e,

j resources availcble. The next stage, therefore, is to collect ¥

i the relcevant information about these factors. a

i . | | i
.%I[‘ " Data collectionI -
iy " (i) Existing water supplies : o ©
ﬁﬁ It is necessary to understand existing patterns of water
TL use in tihe region ags a basis for evaluating future needs.

5: For tuis purpose various categories of water use can be ¢
_ﬂ~ distinguished: E
; i
hﬁi (a) rural (ig domestic .

P o (ii) livestock _ .

(iii) dirrigation ‘

wh A . . (iv) otner (imcl. mining, rur:l !
ithe ’ . industry, etc )
, L

| (b) urban (i) domestic

i \ : ii) industuy, coumerce )

o (iii) othur ’

o -

i A summary of the dai> requircd and its scurces is

given in
Appendix IX.
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Jor each category one requires informhtion on tlic sources of

wvater, the area ond approximate popuggtion served, the capacity

and reliability, tie quality oi the water and the perons or autho-
rities responsible for maintenance (if any). The dota will thus
include both traditional sources and#any iorm of improved supply.

In meny cases, particularly rural domestic use and livestock watering,
it will also be necessary to distinguisi between dry and wet season
sources. p

The informcation on improved supplies can be obtained from
local records oi tie Iinistry of wWater and Power, District Councils
and other bodies (for eximnple, missions) which may be responsible
for their construction or maintenance. Data on traditional sources
is less readily available. uowever, & general picture of conditions
in diizerent ports oi the region could be obtained irom discussions
with local oiiicicls at the regional, district wnd divisional levels.
This could be supplemented by simple sample surveys of water use
(similar to those used in the bureau oi Resource Assessment and Lond
Use Planning studies in Geiro and Handeni)l in selected, represe-
ntative areas or in areas wherye more detailed information is required.

(ii) Development potential and programmes

The relationship between investment in water and othér Iorms
of development is twofold. Firptly, the nsrovision of adequate
water supplies is essential for the success of any development
scheme, whether it be an Ujamea village, o state icrm, an extension
progromme, an industrial project or 2n urban housing sciieme. Secondly,
it is important that significant retunns are obtained from the large
investments made in water development. There will be many cases
where the returns from pariticular small schemes cannot be quantified
easily dnd tioe social and healti henefits will be the major returns
to the nation. .But in major investments,; projects which invelve
their own insrastructure and stddies,; roturns are 10 be cxpected
and worked for. It is likely taat in most cases substantial and
visible economic returns from investment in water supply will only
occur when such investment is accompanied by complementory innuts
into otuaer inirastructure, extension programmcs and so on. It is,
therefore, essential tiat the water plan be related to the develop-
ment potential of the region and tne plons and programmes which
exist ror other sectors.. loreover, cqually important is the need
for plunning in other sectors to.toke into cccount tae wiater
development programwe. In other words, the plan cannot be made
in isolation but must be an integrol part oi an overall develop-
ment plan for tie regioinn. This is consistent witn the increasing
emphasis now being placed on regionnl planning.

In preparing tue waeter plan it will tius be necessary to
colleect o variety or indormation related to the generul development
potential und prospects ox the region during %ue plan period. The
first nced will be to forwulote some broad perspectives for overall
development, whicit would form tuoe irawswork nos only ior the water
plen but 1or 211 forws of planning in cand for the region and, in
particular, for the Third iive Year Plan. This would involve the
identification oi: o '

1 ‘ :
See BUALUP, Reseorci ileports Wos. 15 and 22.
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(i) tae potential for development;
(ii) the main constraints;

(iii) the major policy goals or objectives, including
the activities on which attention would be focussed

(e.g. ranching, deirying, a particular crop or
industry, etc.s, and

~(iv) the types of strategy to be adopted to achieve
tuaese goals.

A large part (or possibly 2ll) of this work could be done not by
the water team but by local personnel, especially tne Regional
Beonowie vecret.ry and otaer members of the Regional vVevelopment
Committee, the Regional rPlanning Division of Devplan and perhaps
BRALUP.

Wituin tiais rremework it will tien be necessary to obtain
more specific material relating to individual sectors, including
population, agriculture, urban and industricl development and infra-~
structure other tuan water.

As water supply projects have a long design perod, probably
20 years in most cases,; the current and design population is a
most important factor. A vital component o the plan data base
o will consist o:x information on the present populztion ond its distri-
; bution and estimuates or its growtir rotes and iuture distribution.
: Settlement patterns ~ bovh existing ones and the hoped ~ ior future
i pattern ~ will also be importvant design information.

Agricultural cata may be divided into two types. First

there is information on the existing agricultural systems and
f the general development potential of ¢ach part of the region.
This will indicate the most productive agriculturcl areas -
eitner at present or in the future - which should receive high
priority for water development because trney will yield the
greatest returns to investment., Second, data is required on
proposals for specific agricultural or related rural development
projects during the plan period, so that the water programme
ccn be designed to support them. Examples of such projects
include major extension programmes (suca a3 the tea schemes or
dairy extension projects), irrigation scuemes, state farms,
ranching associations and, in particular, Ujamaa villages.
In rach case it will be necessary to know the timing, location
and water requirements of the proposed projects.

S wwkﬁ--

For the planning of urban water supplies ons ne<ds to know
the mesent and €stimated future demand for domestic, - industricl,
commereial or other purposes. One will therefore require informetion
on present population, expected growti rates, existing and
planned industrial and commercial development and any other
major zctivities. Tiaese will be related to any plans whicin exist
for tie overcl development oi the urban centre, especially in
the case of the nine ‘growth’ towns. Connected to this is the
need for iniormation on rural industries and any otacr major
ugers of witer outside tue moin towns, such as uines. Finclly one
requires data on inirostructure otuer than water,including
communications, marketing facilities, power, education, health
and otner social services, ) ’
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If the moximuw benefit is to be obtained from all investment,
including that in water, it is essential thot the plannigg of
2ll forms of infrastiructure be coordinoted and related to other
development programmes,

Information on development potential and programmes can be
obtained from a variety of sources (sev Appendix I). Data on
present population size and distribution is avuilable “rom the
1967 Fopulcotion Census :nd souwme simple wethods are available ior
naking projections_of future growth, as used; ior examnle, by
BRALUP in Handeni.l

some information on settlement patterns can be provided by

lacal oificials while loezl agricultural o.iicers uave considerable

knowledge or tne existing agriculturel conditions und potential of
diftecent parts of the region. ,Much of this date aas already been
collected by BALUP for about huli the country @nd plans are in
progress to cover remaining arcas in the near future. In consu-
ltetion with local Kilimo staff, districts have been divided into
fagro~economic zones'" and for each zone a brief description of the
existing agricultural system cni settlement pattern is given.2

As well as supplying some of the duta required for the master plan
the zones could also provide & basis for defining planning creas
within the region und a framework for the collection of otiher data.

liost oi the information on existing urban and industrial
development and on t.ue location of infrastructure can be obtained
trom the relevant ministries or from the Regional Economic Secretary,
although it may be neceswsary to carry out a few special surveys,
particularly in connection with urban facilities. Much of tais
material will be required ior plonning the nine 'growth' towns and
part ox it nas already been gathered by BRailUP,

Details oi development proposals in all sectors can be

obtained througii discussion with the ministries or other bodies

responsible for their planning and implementation. The discussions
should be a two-way process so that the otier sectoral progrummes
are related to water development as well as the reverse. It is
here that coordination between the various bodies is most important
and tne Regional Development Committce could act as a forum for

tne presentation apd discussion of 211 planning proposals. .

imeh ot the iniormation considered above is relevant not only
to water development but also to the planning of other secctors
and to regioncl planning in general. Considerable time ond efiort
could tuacreiore be saved if at least part oi the datz collection
for 2ll vorms of plaonning in tie region was orgonised centrally.
This could be done by the segional sSconomic Secretary, assisted
by the District rlinning Assistants and coordinated by the Regional
Development Committee. ‘he emphasis throughout should be on low
Cost metunods of collection, making moximum use oi Sccondiry sources
of material - such as local oificials - and only undertaking new
Surveys wuen absolutely necessory.

1
See BuaLUP, Researcn RHeport do. 22. ‘
See BrALUP, tlesearch Reports Hos. 13, 16 and 23.
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.The iniorwation nceds to be collecteu :or tiuc waole or the
plan period but obviously only very rough vestimates will be
available for tiae latter part. The period could be divided into
four five-yecir phases, ror which detailed information will be
available only for the iirst. For the remaining phases tne aim
will be to obtain & broad outline of the direction which develop—
ment will take and to identify the wain foctors which will aifect
the planning oi witer development in the future, so that additions
end adjustments can casily be made us more dota becomes available.

(iii) Hydrological conditions and potential

The possibility of providing any area with adequate water
and the most feasible way of doing it are determined, to 2

o large
extent, by uvhe hydrological conditions of the arxea. Knowledge of

the existing resources and their development potential is, therefore,

required. As it is lixely that a largc part or the skills of any

planning team will be centred on tie hydrological and engineering
conditions it is necessary only to summarise a few points here.

A recent BRALUP publicationd outlines in Chapter I some of tic
prevailing conditions in meteorological and hydrological data col-
lection und tne bibliography provides adequate supporting moterial.

While it is easy to get gener;l’rainfall datz from the longer
established precipitation stations< problems oiten arise in the
interpolation of these results into otiler areas with shorter term
and less efiiciently collected date. In brief the rainfall data
is less comprehensive than it appears at iirst sight.

Tanzania uas an admirable gauging network on many oi its
major strexms ond for some oif these there is a substantial period
of data. Inrormation on tae craracteristics of small basins is
naturally more scarce and this can be & problem as many rurcl
water supply projects (especially tiiose whici could be undertaken
largely on o seli-help basis) involve small basin hydrology. It
might be wortnwhile in some arccas and as part oif the planning
process to obtain date on represcntative small basins wiidch then
mignt serve as models for the region.

The greatest deficiency in hydrological data is at the moment
the lack of any overzll inform>tion on the potential of sub-surface
water for the rural woter development programme.  Steps hiave been
taken towards a better data buse but at the regionil level gpecial
studics are:rlikely to be needed.

While we have suggested some investigations wnich aced to
accompany the plan proposels it is importint in our view to mile
meximum use of the dota already aveilable. The iirst sitoge in
the survey oi hydrologic2l conditions will thus be a study of the
existing inforuation, inciuding published, unpublished ..nd orzl
records and reports. Hucih of this can be obtuined.ivom tire publi-
cations and files of tue Bust african imeteorological Departmunt
and the HMinistry of water and Power, from surveys carricd out by
consultant Ffirms and virious other groups or individuals and
through discussions with local ofiicicls. The next stuge will be by
moking comparisons with similar 2reas in other parts of tie country
for wiich date is avilable.

lWater Development in fonzania: a critical review ol research,
Regyearcua raper Wo. 12; 1971,

2See BRALUP, Rescarcu Notes Ho. 5a.
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" since they will consume o

"costing ox the projects will not beé necessory.

be required. However,
great deal of time and resources, they
should not be considercd until the ifirst two stages hove been
completued, thus revealing the major gaps in formation necds. How-
ever, they should be integrated into an overall adtional progromue
ror the improvement of unydrologicil recoras.

some aaditional surveys will inevitobly

(iv) Manpower aad finonecial resources

The other iactor affecting tane ifensibility of alternative
methods oi meeting water requirements is the acvailability of the
necessary manpower (especially technicnl) and finaneial resources
for the planning, construction ond maintenance of the schemes. One
therefore requires information on the expected costs in term of
manpower and finance or all proposed projects and the availability
oi these resources. In the early stages oi evaluation déetailed
In most casevs it
should b:c 2dequate to clagsify them into three levels - these which
could be corricd out by seli-help throug.. local egencies, those
hoandled by the regional water development department or other section
of government at tne regional level, and those vhicia would require
naotional or international assistance. These can tien be compared
with the availability of resources at e.ch level. However, more
detoiled costing will be required when croosing between alternative
projects of similer cost. ‘

Plan formulation

It might be useful to discuss what kind of water development
plan we need and wnat processes of plan formulation will best fit
the particular Tanzonian circumstunces. :

It seems important to us tinit in cocci region the ‘broad
strategy of the plon suould be formulated in tae context o the
overall development perspectives for t.e region. Within such a
broad strategy it will be necessary to outline more speciiic
objectives and projects tentotively ifor the five-year plan periods
of the programme and more specifically for tie ‘first five ycars.

It would secm to be usetul ii all projects were categorised into
self-help, regional und national levels of implcementation with
appropriste combinations oi these where necessury. At least in the
first phose of the progromue one would need speciiic dato on costs,
benefit implicitions and timing of sacn major project or important
set or small projeccts.

The first step in the formulation of such & progromme will
bc to rank creas or projects in order of priority in terms of their
demand tor improved woter supplivs. Wais will involve comporing )
tane areas winich nave priority becuause of the poor quality of existing
resources witn those winere improvements will be ol grestest benefit
to otuer forms oi developmeat, .nd producing a satisfactory compro-
mise between the two. "

The next step wiil be the identification oi 21lternative ways
0f supplying ecca of the prioriity arvas or projects on the basis
of the hydrologicsl conditions and potential. Preliminary costings
should v¢ wade i1or each feasible altern-tive and tie projects then
@ivided into the-threc possible levels ol iwmplementotion (self-help,
regionsl ond national). These mey be cowpared with the cvailability
of mainpower ond financiil regources at each level. '

_,.%__‘
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: fMinally, a revised priority ranking or projects con be drawn
' up, tcking into 2ccount both the demand for woter and the feosility
- and costs oi supplying it and allowing for alternative projects

or combinations o1 projects, wspecinlly in the later phases. The GJS
projects would be subdivided cccording to the level of implementa- 2
! tion and then grouped into tive ye.r phascs to produce thie final cut
! development programme. a8P-
; aspPe
J In mony cases tie cnoice nnd ranking of projects will be 33?
- fairly straigntforwerd bput in others it will not be so obvious *yé'
and some form of cost-benefit znilysis will be reguired. In such =
l t cases simple analytical tecnniques, ~long the lines discussed in P‘f’:j
| other papers at the confercnce, could be used. 1"“
" ‘ ‘Presentation and integrotion oi the plans . 5;2
We envisage thnot in most cases there will be close coordina- - et
f tion between the plaaning teams cnd the various ministries at all
* planning stages, so tuat as wide a group as possible are involved ’
i! ‘ in the pluonning process. In particular the Regional Development -
v Committees will haveé been involved in many stages. IHowever, it ;
ﬂ- will be important to prescnt tie drait plans both to the Regional ?OL
v Development Committees and to the national ministry oi ‘later and EDA
{ Power for comment and amendment so that the plans are formally T
'. | approved by both the future implementing bodies. - ‘;i
il At the national level a major task will be to establish the Ez‘
u“ - right kinds of priorities and allocations between the regions. L
Iiju There will obviously be a2 high demand ior finance and manpower L
1 resulting from the flurry or planning and much resolution of prio- vo
P ¥

rities between regions will be necessary. The regional allocction i
of funds suould be based on the same criteria used to determine
the choice of projeots witnin a region; using the datd presented
in the plons, the needs aand development potential ox esuch region
should be compared with the feasibility fnd costs of the proposed -
schenmes. :
i At tile regional level the Regional Development Cowmittees
" ' will consider tie feasibility of the plans in terms of regional

F resources and overall regional development proposals. They will
also be responsible ior ensuring that any action required by other
ministries to support the water programme is taken. . The need for
this was illustr..tud in the case or north-east Nzega,l where it
has becoume obvious thut considerable investment in other infrastru-
cture, agricultural extension programmes and so on will be required
to support the investment in weter supplies if maximur benefits
are to obtaincd. It would be advisable if, whercver a major water
projuct - like thuot in Nzego - is proposed, o mechanism werc
established to ensure tnat suca integrated development tokes place.

Manpower requirements

preparcd largely by outside teawms. Ilowever, ii the¢ rinal plans

arc¢ to be feasgible in terms of national and regional resources and
it they are to iorm an integral part oi overall developnent plans,
as outlined above, it is essential that, turougn the Regiomal Deve-
lopment Committee, they maintain very close contact with locul
offic’als, especiglly the Regional Water ongineer ~nd tne Regional
Beconowuwic oecretary.

Lsee BRALUP, Research Report Nu. 6/10.

|~ It appears that most of tine regionazl master plans will be
]
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In terms oi the composition ol these plunning teams it scems
to us tact tuey should be os broad-based 2s possible. This does
not refer 1o the need for travelling wany miles in & landrover
put to tie necd ior 2 careiul assessment of the economic and social
aspects as well cs the more obvious vngineering and hydrological
aspects ol tue operation. Local conditions will determine some of
the orientution of skills; for excmple, in some arcas a giound-water
hydrologist 1s essentizl and in others possibly oi little use. 1In
iact the 1inal composition of a team migat only be determinced after
perhcps 2 three montih period oir tecuniczl reconnaissance. In our
view The range of skills needed could be wet by a team including
tne following specialisations: hydrology, enginesring economics,
geography or land use studies and regional planning. Any otuer
skills - 1or c¢xample, those of a demograplier - could be coopted for
sihort periods as and when necessiiry, probably from within the country.

Conclusion

We have attempted here to put forward soms ideas on the role,
content and metuodology of water mastur plans and; at the same time,
to provide & guide to the sources ot soms of the data likely to be
required in preparing the plans. We ..ope that this will form 2
iocus -~ if o focus is in fact nceded -~ for.a discussion of the
problems of plunning ior rur:l water supply which auve arisen as a
result of the firm and cmbitious progrumme which has been launched,
It may be that viewpoints raised in our paper and the reactions to
it from the¢ various delegates to the conierence may be helpful
to the Tanzania Government in its definition oi the planning process

new

in tiiis field.
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Appendix @ Sources oi bata

1. Maps and air pPhotographs

1.

4

ggﬁe'mags: Topographical maps at scales oi
1:50,000 and 1:250,000 for 2 considerable port
of the country .nu district base maps ot varying
gcales for eacil district are available trow the
ourveys and mapping Pivision, Ministry of Londs

and Urban Development.

Geologicdl maps at a scale ol 1:125,000 are available

part of the country irow the mineral Resources
Division, Ministry or Commerce and Industries,

Dodoma.

Air phdtqgrdphs are available for &ll arcvas.but at

varying scales and dates; details may be obtained

from the Surveys and koepping Division.

Population Census 1Sv7 district Enumerction Area

maps, Irom Census Ofiice, Bureau of Statistics.

2. . Published data

() BRALUP publications

Agro-cconomic zones of north-castern lanzania,

Research iicport Ho. 13, 1970

Agro-—cconomic zonss of Sukumialand, Research ineport

‘No. 1o,+1970

Agro~cconomic zones of southern Highlards, Rescarcii
Report No 23, 1971

Extension o the Kisitwi-Rubeho pipeline. a planning

study, Researcu Report No. 15, 1970

tianduni water supply - prelimincory renort on design

eriteria, Rescarch iweport No. 22, 1971

Heiinen, J. Tize river basins in Tanzonia: a biblio-

graphy, Hesearcu Huites oo Sy 1970

Jackson, I.J., Rainfall staitions in Tanzania,

Researci Notes Ho. 5a, 1568.
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Nortu-~cast Nzega planning projects I'incsl report,

Resesrch Report Ho. 6/10, 1970

Water development in Tanzania: o critical review

of research, Rescarch Paper do. 12, 1971 (espcgially

8
‘ Ch. I and bibliographies)
(b) Otner publications
: . Bureau oi »tatistics, 1967 Population Census. Vol. 1
ilable H Stutistics ifor BEnumeration Are:s 1969; Vol. 2
§ Burcau oi Statistics, Recorded Population Chaanges
' 7
: 1948-67, Tanzania
!
at . Burcauw of Stutistics, Directory of Industries, 1967
4 :
§ East African leteorological Departmint, Various
T /
: publications.
. kinistry of Water and Power, Hydrological Ycar Book'
3. Ungﬁblished data
1. Ministry of Water und Powur (Ubungo a2nd regional offices):
records of existing improved supplies; hydrological data.
2. Regionzl, district and divisional ofticials (especially
Regional .iconomic Scereteries), District Councils, etc:
2 A, e
rt niscellaneous data on existing conditions, activities
and infrastructurc «nd proposals for future development.
reh 3, Intrastructure: Data on tie location of a wide variety
of infrastructure - including administrative and political
P facilities, ro.d nd thccommunicutions, commerce,
aning
social services znd cconowic facilities - has been
collucted by A. de vouza, University oi Dar es oalacm,
sign and will be published by BHALUP in the nesr future.
4, Urbun dzta: Dats on land use, populdfion and numan
1io-~ characteristics hos been collected ror 15 towns by

A.de vouza, University oi Dar ¢s Snhloaam, 2nd will

be available in tie near tfuturc.




TOWARDS A RATIONALE FOR WATER

SUPPLY POLICY Iij DEVELOPING COUNTRIES

by

Jan Burton

University of Toronto

The economic development literature gives only veiled hints
regording the desirable levels of expenditure on commnity water
supply at different periods in the economic growth of nations, and
sorie of the hints are £latly contradictory. Writers such as W.
Arthur Lewis and W.W, Rostow? have asserted the need for high
levels of social overhead investment at an early stage of develop~
nent. Others, notably Albert 0. Hirschaman, have argued the case
for "development by shortage" as a safer way to avoid overinvestnent.
It seems clear that economic development theory provides little
guidance for those who would moake rational resource allocation
decimions in the community water supply field. The way is left open
for some to assert the primary importance of water supply in eco-
mnic developnent and for others to downgrade its significance,

In neither case do the proponents have very convineing arguments,

A Policy Ratlonale

It is not the purpose of this paper to try to resolve a
complex and intractable issue, but rather to present a possible
rationale for water supply policy and to suggest scme of its
nerits., 4

The first proposition is that all people have certain minimal

wier requirements for survival, health and livelihood ai
"Is the responsibility of the whole society, usually at the national
levely to insure that these needs are met. A govermment charged
with the task of bringing its population more firmly and securely
into the nodern world might therefore well accept as high priority
item the provision of a2 safe minimal supply of. water to all its
citizens. In many countries this implies a significant allocation
of resources to community water supply at an early stage in the
developnent process., ‘

The criteria for investment at this stage are primarily in . .

the engineering design and health fields., The gquestion is how a
water supply system can best be designed at low cost to provide
such a quantity and quality of water to the consumer that a substa-
ntial improvement in health can be realized. One danger here, at
least in the East African area, is pointed out.by David Bradley
elsewhere in this collection of papers. If the improved commmnity

water supply fis adequate either in quality or quantity to achieve
the expected health benefits then the expenditures will be largely
in vain. Granted the extremely limited availability of capital
there is strong pressure to design systems at low cost.

1 W.A, Lewls, Theory of Economic Growth. London: Unwin, 1955
2 WI,Wi, Rostow,The stages of Economic Growth, Cambridge: Canbridge
' University Press, 1960
3 A.0. Hirsch nman, The Strategy of Economic Development. New Haven
and London: Yale University Press, 1066
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Nevertheless, many lov cost SJstens can add up to substantiul
suns of noney and if no significant ‘improvenent in health occurs
the money will have been wasted.

There is still very inadeguate understanding of the relation-
ship of water supply to health. In general it scems that in large
dties where the danger of typhcid, cholera and other epidemic
diseases is present the key Tactor is water quality. In some
rural areas where population density is less and the nuuber served
by a single system is much smaller the diseases prevalent are more
often associated with quentity of water use, At the present time
the Government of Tanzania has embarked upon a substantial rural
waher supply prograrmme largely upon the besis of the first propo-
sition described above., It is vitally importent for the success
of the programme to gain better understandings of the relationship
of engineering design to health and some further research and
possibly experimental work in this direction seens highly desirable,

Proposition two is that as the level of income rises and as
the requirenments of proposition one are met, then the basis for
.dnvestment in community vater supply must switbh from engineering
and health criteria to more strict financial criteria, At this
stage additions to the water supply system would be based directly
on.a commnity'!s ability and willingness to pay. Thus the water
supply operation would cone to function on the basis of raising
its own capital and pajlng off the debts by raising revemue fron
those served. .

Acceptance of propositions one and two should produce over tine
a growth of per capita water supply investment as shown in Figure.
1. At Phase 1 a rather sharp rise in investiment is needed to neet
basic requirenents. This is the Phace now represented in Tanzania
by the rural water supply progracms, Phase 1 may last for a .
considerable period of years and ends only when basic requirements
have been met. By this time the substahtial majority of the
potential health benefits will have been realized. The outstanding
questions during Phase 1 center around the de31gn of water supply
sygtems in relatlon to hez lth benefits.

" Purther expansion and inprovements in the quality- -and quantity
of supply are reguired as inpute to productive ectivities and for
convenience., At this point the criteria beconme financial. Can a
cormunity afford an improved water supply?  Will the revenue raised
from productive activities cover the gogtg? or will the consumers -
be willing to pay? As standards of living inmprove  the denand for
better quality water in greater quantities may be expected to grow
and per capita investment will slowly rise, he key guestions
during Phase 2 center around eificienty water utility management
During Phase 2 investnent in water supply is likely to rise very
slowly, hOWever, as more pressing nceds are dealth with., As
the economy approaches o noxe affluent standard the rise may eve-
nbually accelerate as shown in Stage 3,

e

Consequences of Deviation?

It is a matter for research to fix the values and levels
illustrated diagranmatically in Figure 1, As shown in Figure 2

there is a wide variety of stend@ords at present applied and no clear

pottern emerges. In sone countrics rmch higher levels of consu-~
nption are found at siniler levels of economic development than at
others, Without knowing where the proposed curve in Figure 1
actually lies it seems that 1t is not being generally followed,
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What are the consequences o
1 some countries have not yet sta
in community water supply that is
A consequence is that health stax
that national development is hand
death rates remain relatively high and that the population pressures
being generated are not as great Jas would otherwise be the case,

1

rted the substantial investment

Phase 1 will continue on up res
at Phase 2 than would otherwise
overinvestment in water supply ta

Rural and Urban Differences
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deviation? In the case of Phase

needed for basic requirements.

dards remain relatively low and
iicapped. It may alsoc be that

Another possible deviation s that the trend established in

ting in higher levels of invesiment
e the case, This implies an

Cities are
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the detriment of other needs.

The ecurve in Figure 1 does ént refleet rural and urban diffe-
rerpaa, It is perhaps usually the case that cities are further
along the curve than small townsfor rural o—commnities. The o
greater wealth accumilated in cijies msy mean that there is a gre-
ater tendeney to eentinue Phase
the plans. proposed for urban wat
in the. developing countries suggest that a tendeney t0 averbuild
- 18 net unknown.

trends into Phase. 2, Certainly
supply systems in some large.ciiies .

‘The alloeatimn of o.nsideraﬁle swes te urban water supply mey -
be a sound rationale,
where new industries are being e
cated concentrations of population demand higher quality services. R
In the design of urban water supply gystems, therefore,.it seems -
. partiecularly importmnt that the financlal congtraints of Phase 2
be applikd and be reflected in the designs., Not to do so may
deprive much of a nation's populaxion in the rural areas of basia
water needs, -

the growing points of the ecanamy,
ablished and where the better edum.
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IMPACT STUDISo Ox RURAL VATER DUPELY
By ,
J.D. Heijnen,
LIDEP, Soni
and -
Liana Conyers
BRALUP, University oi Dar ¢s Salacn.

SXISTING STUDIES

Impact studies are designed to examine the effect of new
and improved domestic water supplies in the rur.l area. Id»dllj,
therefore, they suould be conducted over & number of years. A
base line" study ought to establisi the relevent foets before the
construction o. thie. improve. supply, waile furtioer investigatiouns,
after the construction, suould measure the impact. Preferably
these cnanges should be- traced over-at lewst several years.

Applying these criteric, it should be cdmitted tuat very
few-if any - true impoct studies hove been done in Tanzonia.
During tic past cew y¢ars, nowever, some attempts have heen made
in this dircection, cltaougi: the recsults are available only in a
preliwinary form. Tae main studies are as follows: '

(1) The most comprehensive study sas been undertuken
by D. Warner of tiic Economic itescarci Burcau He
conducted a survey in 26 villages in 10 d@iffercnt
districts. In 10 of tuesc villages an improved
supply was installed during the study, so that
observation could be uwade before and aiter
improvement. Yuc ficldwork is now cowpleted and
prcllmlnﬁry reports aave buen issued.

(ii) Another otudy of this klnd is bclnv conduct :d in
Ismani (Iring. District) by J.D. ueijnen or
BRALUY, in cooperction with kir. and urs. D.
ieldman (ERB) and the Max Planck Nutrition Unit.
The baseline study, which attempts to measure water
use before the construction oi the pipeline, is
copiplete. A first evaluation oi the changes in
witer consumption has been doney, and a follow-up
study is now in progress.

(iii) BRALUY has undertaken a coupregensive surv»y in .
North-Eust Nzegr District, combining an evalurtion
of the existing Bulenya Hillb pipeliane «id a
planning study of the arew to beé served by pipelines
from the new Lwamtpuli Vam. fuis does not constitute
a true ‘peiore-after’ study and oaly some 01 the erfects
oL the Bulenya i1.ills pipeline woere measured.
nowever, souwe conclusions can be drawn wnd the dote
could be used os & base-line study, to be 10llowed
up atter tue construction os the new pipelinces.

(iv) A short questionneire nids been given by J.D. ileijnen
to 100 respondents in wlola, Lushoto District,
where on luprovsd witer supply nes just beun
completed,
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In addition,; some inioruction cin be gained {rom otier

vela gec
studies although these werc not designfed primarily 2s impact 5 J“DPL'
studies. The¢ most comprehensive of thwse is that by G.F. Wuite, : poli
Bradley and A.U. White. fThey studied water use in twelve situs Therel
in Bast Africa, including two in .Tanzania, together witn an ; STOsIng
analysis ot health statistics and the existing literature. Another | !
example is the planning study carried out by BRALUP for the exte- LYEOFE
nsion of the Kisitwi - Rubelo pipeline in the Gairo Area o: Kilosa Py
District. -Tuis included a survey oi water use - both around the '
pipeline and in the area ol the proposed extension. “stﬁj
al ann
Other sources of information are reports on the progress H B |
of certain rural development projects, whicih included improved ] | “ll% l
woter supply. One example of this is thne project of the liax Planck : remao.
Nutrition Researcu Unit in M:yo village (Lushoto District). Irom 1 arfa“
a research point of view, however, thc¢ problem is that, in these i tra
cases, water is only one of a wunole packagc oi dchLOpment inputs | p°13'y
into the area. §W§§9.
o 1-'1‘0‘:7
" PROBILELS 0¥ EVALUATION ; 3% 3
: ‘ is al,
The main problem in evaluating the effects of improved H ;omiw
water supply is that they are so manitold, and often present i 9Oy ).
) . \ . R . . 1 e
great problems to the researcher. This is particularly truc since indic
proper impact studies neced a number of years, during which the E (ig'“
situction ir the arec may cihange due to other inputs ... etc..

seal
rurthermore, impactis need not nccessarily be ‘‘positive;

for example, it can eesily be imagined thit an influx of catile
as a result oi iwmproved water supplies in North-iast Nzega could
haove a serious effect on the rate of s0il erosion. -Thus in 3
each casc, depending on the type oi improvement and tiw area, :
one needs to set out with 2 nuwber ol presumcd efiects 2nd these
hypothesss must tucn be tested.

Liis BNl ITS O IwPROVuD «aT.oit SUPPLIES

In Tanzania the view is taken thet rural water supply is
basically a sociul service although with some economic beneiits.
Thus it becomes impartont to register what the socicl buncfits are.
This dot¢s not mean, however, that the cconomic side con be neglected.
Indeed, unless the cconomic ramificctions are substantial, the
question could be asked whethery, at the present stage of its deve- 4
lopment, Tanzania can afrord to invest heavily in (largely) non-
productive projects. Most of thu prescnt projects are financed
with owedisn aid. Even though tne terms are very liberal, sooner
or later the loans and intecest will have to bo paid back. Thus
the present policy objeetive, to supply the whole of rurul
Tanzonia with iwproved water supplics during the hext twenty
yuars, will place a great financial burden on the next guneration.

An additional problem in cvaluating the effects is that
few . of .these are purely socicl or wconomic. Thus improved health
lecds tu o feeling oi greoter well-being (social) as well as to
grenter capacity t0 produce (econowic).
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Ye shall now proceed tc cxamine the most important hypotheses
related to the social and ecracmic benefits of improved rural
supplies. ©Tne benefiis which we consider are those wiiich are most
important in terms of natioual goals and aspirations and they
therefore form the basis ior justifying the rural water supply
prograume.

Hvpothesis 1: The distance travelled to obatin water

decreases

It is generally assuwed that improved supplies reduce the
distances which people have to travel to fetch water. In part,
the problem appears to be one of comparison. The improved supply
will provide water all the ycar round (so that the distance travelled
remains the same). Under the -raditional regime, however, in many
areas there is a significant differcnce between the distance
travelled in the wet and ir the dray s2ason. From the economic
point of view often the dicstance travelled in the wet season
(which is the f.rming scason) would he. the most important measure.
¥rom the social angle, a decriese in the dry season, especially
as walking distances of cne hcur and1 more are frequently involved,
is also an important bensi-., Avotner consideration is that, in
some cases, the distance trawvell=2d may octually increase because
more trips are made. To non~ oxtent evidence is contradictory.
Warner's prelimivnary figurnss. using aversges for the wihole year,
indicate a significant decreuse. The first Ismani results show
(1n so far as the people used the supply) a decrease in the dry
season, but an increase in tae wel season.

Obviously, the situaticn would ckange by improving the
distribution systemn. Butb bﬂlﬂfﬂqb the wadtzr to wiaere the people
are now might clash with cnother government policy objective, namely
villagisation. ihere the people are already living in villages,
however, substantial bcrefits can often be gained. Unfortunately,
dispersed settlement ig the rule, rather than the exception, in
Tanzania. The cost o a p er distribuition system would, moreover,
often be extremely high.

nep

Lastly we would want %o mention our strong impression tnat
ndny schemes are construcied in settlements where people are already
better oif than others in the same area, who are not served at all
by the new supply. The data ccllected in Ismani aund uWlola appear
to support this thesis, The explanation mignt be, that relatively
dense settlement patterns will only occur in titose arcas where
water is obtairable at a reasconable distance. '

liypothesis 2:

The qualiyh or water used improves:

At first sight, this appears almost a truism, yet the
findings of research donc go far indicate taat uniortunately it is
not. 4As for the notion of ‘guality', we must distinguisia between
(1) chemical conter’t (amount »C Tolxe wolids, etc.) and (ii) the
degree of pollution. Fot orly does tae canemital content of the
water iniluence the taste, pbut it migaet also have an important
effect on nealth (ior c.auple, if certein elements are present in
excessive amounts). HNaturally, tie "improvemeat' as far’as the
cuemical content is conceruecd, is oasily measurable and new water
supplivs are normally seamples tc sceo vhetiher the water is acceptable
in this respect. The w.ll.o. sloucaris are not cpplied in Tanzania as
it is felt that these redes are too vigid., As yet, no definite
standards have been set 1in Tavmania itself.
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Bacteriological pollution,vﬁainly oi animal origin, gives
rise to sowe further comments. In cases waere surface water is
used, this water is generally heavily polluted. In order not to
make the supplies too expensive, a filtration plant is oiten owmitted
(as in Ismani and Bulenya Hillss - In Ismani, where Xreysler cou-
nted coliforms, tue purity of the{supply at the taps was reasonably
good, at any rate presumably much; better than that of traditional
surface water resources. Howevery tie water taken irom the over-
flows (wnich wes also used by the people) was very heavily polluted.
lioreover, aiter tiw weter irom tne taps was carrivd home (in debes)
the colitoim counts indicuted a significant increase. rurthermore,
untreated water may spread otier diseascs e.g. Bilharszia
(c.f. hypothesis 8).

Observations are as yet too few in number to make any difinite
statement. Yet it is clear that research cannot overlook this
hypothesis.

Hypothesis 3: 4Yime and energy expended decreases

The time and energy expended on obtaining water is at least
partly a function of the distance travelled, yet other factors
may be important, such as the nature of the journey, the conditions
of obtaining water, and otuer activities,; sucir as queueing and
telking.

White et al undertook a complex analysis oi energy expended
by estimating distances, speed of travel and time taken and con-
verted into energy requirements,; in terms oi calories and costs.

A much simpler method was adopted by Warner and :eijnen and .
in Nzege, wihen merely the tiwe spent was recorded. As might be
expected there is a rfairly close corrclation with the distance.
However, in both Nzega dnd Ismani an important new tfactor was the
time spent in queueing for water. Furthermore, in &lola it was
found tn:t people living less than five minutes from the tap, in
a number of cascs spent morc time collecting water than before
owing to increased consumption. ’

Eypothesis 4: The quanity oi water used increases

White et al did a detailed study of tiie various factors
affecting the quantities used. Thus the size o1 thehousehold,
wealti, cost . (purchasing), season, distance and energy spent, type
of source ctec., may aifect tie quantity as might also the quality
in certain extreme conditions.

The results obtaincd in the varbus impact studies vary
considerably. Warner's study shows an increace in the quantities
used. But in Ismuni {(after one ary season) the.increase per head
per day was statistically not significant, and in klola the
increase was significant only for those living within 5 minutes
of the tap. Finzlly, in Gairo people using the taps claim to
use less water tnan those using only traditional sources.

The question of quantities used is an important onc. Apart
from the health aspect (hypothesis 8), the expected rate oi consu-
mption is obviously directly relevant ior the design of the supply.
In Ismani, for instance, it was found th.t tuc average quantity
taken nome amounted to just over 10 litres per day and similar
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quentitics were recorded ior people using the taps in- botia Gairo
and Nzega. Yet, tie design in Ismani is based on 22.% litres,
i.e. more tian twice that amount, and thé standara estimate used
by the Ministry oi Jdater and rowver is jO litres per head.

Again, more work needs to be done in order to establish
proper criteria in tais respect. rresumably, however, a fairly
lerge sample would be required. Beirore anu aiter measurements have
for practical reasons to be done with & relatively short period. -
Furthermore, the consumption per head tends to vary tremendously
between individual families (in Ismani between 1 and 54 litres per
person per day), so that large standard deviations must be expected,
which will make it difficult to cone up with statisticelly mea.nin0

ful cuanges.

Hypothesis 5:A Improved'squiies are more reliable

When the 1mproved supply draws its water from underground
water (boreholes), tne availability becomes léss dependent on
ariations in climate. The same probably holds true for the larger
gsurface reservoirs and perennial streams. The problem, however,
is tne distribution system. wvoth-in Nzego and in Ismani the new
supply is often interrupteo because of pipe breakage and maintenance
(cleaning of pipes and tanks). Also at times the pressure is insu-
fficient to fill the storige tanks. 1In the case of boreholes the
najor problem is connected with maintenance. “The pumps are freque-
ntly out of order and apparently it is oiten & long time before
they are repaired due to the shortage of technically qualifified

- personnel and, especially in the past when the District Councils

were rebponSible for maintenance of the supplies, lack ef finance.

Hypothesis 6: All<pqule who do not live too far from : 0
the improved supply will moke use of it i

In Ismani this undoubtedly nolds true, although the full
distribution network is not yet complete in this area. The
Teriticel'’ distance appears to be somewhere between l "and 2 hours
walking. But here the improveument in the weter (tuste, smell,
turbidity, etec. )is very noticeable and apprecicvec by eveiyone. \
Dats obtained in Nzega prove, nowever, tuat this hypothesis is not i
an aziom. Some people at least travellong distances to traditional
sources, when taps have bven installed much nearer, Similer results
are reported by illmon in hanangl., Warrner does not mention this
phenomunon in his sumplu villages.

White et al suggest tuat the reaisons ior using a particulaer
source are complex, but based on rational crituria such as smell
and toste; whilc many other factors, such as social relationships
and expected rate of pollution also play an important part.. If ;
people are convinced thaet the new supply is thtur, tacy will use ‘
it. This is supported by evidence from dzega, where the frequency
witir whichh ¢he pipeline breaks down is probably the main reason kP
why it is not always used. & @

Clearly, the cvideunce obtainced so for is 1nsuiiic*eﬁt
and in tnis ilulu also muci remaring to be done. |

Personal communications.
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Hypothesis 7: ©The additional timd made available through
improved water supﬁly may be put to
productive use.

There is a great problem htﬁp, namely how to examine the
hypothesis in practice. It is easy cnough to compare the time used.
to obtain water "before" and "aftdri. But to investigate how the
time saved (if any) is used, is quite a different matter. At a
minimum it would require two separate time expenditure studies.

Warner attemptcd to evaluﬂtb this impact; by taking down
statements of thu respond»ntg. The quegtion isy, however, lLiow much
reliance can be placed on this. Tie results ior (i) domestic work

and (ii) shamba work could easily be biascd in view oi the prevalent

positive attitudes of xespondentb in Interview situations.

Obviously, there is a big gup in our inowledge here. Another
matter is whether White et al have, taken the right approach by
simply assuming that the extra time is uscd productively. It is
somewhat simplistic to contend thaet tize time spent on certain acti-
vities is and on certain others is not productive. ifor example,
how does nne classify more time spent on cooking and clezning the
nouse? rurthermore, aosumlné thot there are health benefits, it
would be reasonable to expect tact leds time would be lost by visi-
ting dispensaries, through illness. These “secondury eifects” also
have to be taken into account, .urking thc problems ol measurement
even moru complex.

We would here venture the thesis that any time saved,
especially by women, has social zond economic benefits at the
present stoge of Tanzania's development, since at least the energy
saved will moke it easier to meintain tihe often preccorious balance
between nealth and disease,. threatening undernourishment, ete.

3

Hypothesis 8: Imorovud su glggyu°ns ‘botter “cwlth

In so far as tinc quality of the improved supply is signifi-
cantly better, it could easily be imugined that tiais would be the
case, As we noted ‘earlier, however, particularly if the water is

- left untreated tie numbers ot coliforms may still be very high by

the 'time the water is actually consumed at home, Furthermore,
it saould be noted thot miny more consumers will now use the same
source. If the surface water supply is not treated; the dangers of

B % s e Sk 1 e

sudden e¢pidemics (e.g. typhoid) are thus very much greatcr. Watering

points may become contaminated witis hookwors cte., whilc diseascs
like biluorzia con be "distributed" with the water.

If the amount of watur uscd increases, especially the quantity

used for washing clothes and bathing, the incidence of other dise-
ases, such as lice born diseases, miy dccrease. Other possidle
benefits, such .s the tiuwe stved, may lead to improved nutrition
and health. ‘

The problem is then, o to measure the cu_nblné liealth
conditions. Obviously two surveys - onc "beiore’ ond one 'aiter-
will be required, iurthermore, again the samplec will have to be
rather large - because o:r thie likely observational crrors - so the
costs will be high. » ’
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Lven tien, however, laboratory counditions cannot even be
approached. ‘fhus one cannot very well examine a thousand people
without also treating the diseases found (bilharzia, nookvorm,
malaria etc.). fThese diseases would not disappear anyway, no
matter how significant tine improvement. Therefore, at Yeast one
other sample -~ outside the sphere oi influence of the pipeline but

- otherwise similar - will have to be included.

The only attempt in Tanzania so far nas been in Ismani where
Kreysler of the .ax Planck Researci Unit conducted a baseline survey,
comprising both villages supplied by the new pidpeline and areas
further away from it. This survey will iiopefully ve repeated in
1971.

.’,

Dispensary records have been used both .in Ismani and Kzega,
but tineir value is limited because of the fairly broad categories
of diseases used and tne possible diagnostic errors. Lastly it
should be mentioned that several studies of factors affecting
specific diseases (e.g. bilharzia in Mwanza) may contribute evidence
indirectly.

The limited evidence available so far nevertheless allows
one to draw some tentative conclusions: ,

(1) It is not sufficient to supply “improved®
water unless iealth education on aspects such
as treatment ol water, is also provided. -the
people in the rural area tend to think that
if the new supply is clean, it is safe to
drink etc. without boiling.

’ /lv"'ut.,"‘«

(i) Presumably, in order to reap the maximum beneflt
in this sector it would be worthwhile to consider
treating the populations for existing water
related diseases.

(1iii) The contention tuat any "improved” supply has
a positive impact - even if the water is not
treated - does not seem to be true. While
the incidence of cebtain diseases may decrease,
other health hazards like epidemics, hookworm
and perhaps bilharzia may outweigh this
benefit.

By providing more and bevter water for
livestock an improved water supply increases
the returns ‘rom animal husbandry.

Hypothesis 9:

Since lack of water is one of the main obstacles to livestock
production in most parts of the country there-is a tendency to
assume that the provision of better water ifor livestock is desi-
rable, because it will improve the coudition of existing animals
and ullow larger numbers to be kept. This is reflected in the
fact that one of the criteria used by the Linistry of +Jater and
rower to justify a project is tue nuwber o live.tock which it will
Serve, two livestock units being equivalent to one human.



However, when the question is examined ih wore deta{i’ it
becomes apparent tinat this hypothesis is not lways true. ; In the
first place, although more irequent watering improves tne}quallty
of animals, improvements in other aspects of iusbandry, espe01ally
disease control, are equally if not more important. Secondly in
many areas which already suffer from overstocking an increase in
livestock numbers is not desirable since it will only result in a
shortage of grazing (and therefore, deteriorption in the quallty of
animals) and erosion. Erosion is particularly likely where animals
concentrate around the new water points. <Chirdly, even il improved
water produces more and better livestock, this will have Iittle
economic value unless it is also accompaniedjby higher sales oi
animals or animal products.

or refute tuese hypothesis. No direct studiles have been made and,
in any case, the effects are likely to vary /greatly from one area

" to another, depending on the existing livesjock s1tuat10n3 The
main source of information is observation ip north-east Nzega. This
area is already overgrazed and an increase fin livestock is definitely
undesirable. The effect of introducing watier on livestock numbers
gseems to depend on the part of the area concerned. In areas where
cultivation is possible, the increase in cultivation is fdrcing
livestock out but in grazing areas there is likely to be an increase
in livestock numbers. In both cases, the pressure on grazing will
increase and there is already evidence of greater erosion, parti-
cularly amumd water points., Very little information is available

on the efiect of water on the quallty of animals or livestock sales
in the area.

There is very little evidence'availabye to either cdnfirm

Hypothesis 10: The economic benefits oi water supply-
projects may be increased by using
_excessg water for small scale irrigation.

Where an improved water supply is constructed primarily for
domestic or other (such as tlood control) purposes there is often
excess water available ana it may be argued that this can be used
for 1rr1gat10n, thereby increasing agrlcultural productlv1ty and
perhaps also 1mprovin6 nutrltlon.

l.(

The maln 1mpact studies do not consider tuis agpect. However,
BRALUP made a study of threce such villages {in Dodoma and Singida
Regions 1o examine the way in which water whs used for irrigation.
It was found that in none of the villages wgs the full potential
for irrigation developed. The main reason for this was tifat the
1nhab1tants, w10 are unfamiliar with 11rgatii agrlcultureﬂ received
inadequate ‘assistance ‘in the form of organishation, supervilsion and
extension. Connected with this w.s the fact] that irrigation is a
form of jntensification of agriculture and a preoent tnere is no
population pressure in these areéas to act asjan 1nccntlve to inte-
nsification. Other important reasouns 1nclude\1nauequ&t¢.m9rketlng

and other 1nfrastructurL, poor'001ls and the %ack of drainape
fa0111t1es. !

-2 -/

|

: . \
. One may, therefore, conclude that, when |considering ftue use

of excess water.lor irrigation, allowance shoulld be made ibor the
variety of other inputs whicn will de regquired) in order <ol obtain
benefits in tie form of increased productivity} ]
. |
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fhe economic benefits of surface water
resources may be increased by using
them for fishing.

Hypothesis 11:

This hypothesis is very similar to tuat relating to the
use of water ior irrigution, being based on tune assumption taat
subsidiary benefits from surface water projects muy be gained by
using tiem for fishing. Ho systematic studies have been made buil
some evideace is available i1rom the BaR.LUP survey of irrigation
villages and from experience in otiler reservoirs., Three conclusions
may be drawn irom tuis. Firstly, some spontaneous fisning is
likely to develop in most reservoirs but, in areas where f{ishing
is not a traditional occupation, the fishermen will usually be
immigrants wnile the local inhabitants will show little interest
in either catching or buying fisn, unless there is a major
campaign of education and extension. Secondly, infragtructurs in
the form of transport and marketing facilities is required. Thirdly,
if a reservoir is to be used Jor fishing the vegotation should be
cleared before the land is flooded to avoid both pullution of. water
and damage to nets.' '

Hypotliesis 12: An improved water supply provides a
stimulus for the develonment ol secondary

-economic activities.

One of the supposed benefits of a new water supply is that
it encourages the growth of economic activities other than
agriculture and fishing, especially water-using industries and
commerce, and the acquisition of new skills. The only impact
study to include this hypothesis in its initial terms' of reference
is that by Warner, for which results are not yet available. How-
ever, some ev1dence can be gaincd from observations made by BRALUP
in north-east Nzega and by the lMax Planck Unit in Mayo village,
Lushoto. : . '

In Nzegu the 1ntr0duct10n of water has been accompanied by
a marked increase in both water-using industries (notaoly brick-~
meking) .ad commercial activity. As the wuole area is already
experiencing rapid economic development it is iwmpossible to say
how much of this is directly attributable to water, but it appears
that at least part of it is since tiiose villages wuich have water
points are growing more rapidly than others. In Mayo village the
provision of witer, combined witii a campaign to build better
houses; encouraged an increcse in bricksmaking, wviiile the pipe
installation provided training in the fitting and maintenance of
water pipes.

A new water supnly will encour.ge the
clustering ol settlement around tne
water point.

Hypothesis'IB:

This is a hypothesis winich is particularly important in
Tanzania at present beccuse of the esfort being wade to bring people
together into villages. A major policy iussue with regard to the
provision of water is whether watcerpoints should be located waere
people live at prescnt or wherc onc would like them to live. This
issue cannot be resolved unless one is able to predict vhe effect
of water points on setilement pattern and tae information required
to do this is not yet available.
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In order to test the hypothesis properly repe.ted observs
tions for a considerable length of time are required and no su
study hus been made. OSome evidence can be gdained from observafion
of settlement patterns in norta-cost Nzega anc from studies by
Whive et al of factors arfecting the location ol existing sett:
ments. These results tend to refute the hypothesis In Hzega
rapid growth oif settlcuwent seems to have occurred around woter
points located in existing villages, and more moderate growth
around those located not in a village but on & road, the combiga-

- tion of road and water providing a nucleus. However, those points
located elsewhere have not yet attracted any noticeable settledent.
These observations were supported by farmer interviews in Nzegu and
by the conclusions madc by White et al, both of wnicr suguzest ﬁhﬂt
water is not the moin Factor determlnlng the loc.ition of settlement.

However, the evidence is at present very meagre and further
impact studleo oi this important aspect are urgently requlred 3

"Hypothesis 14: The input oif improved water dcts as an
incentive to overall rural development.

o e

One of thne hypotheses oiten used to justify the installation
of an improved water supply is that it will encourage other aspects
of rural development, such as better living conditions, new agri-
cultural practices, education; Ujamaa and so on.

Evidence on this topiccan be obtained from various sources.
In the BRALUP study of irrigation villages and of settlements along
the Bulenya iills pipeline in Nzega a number of criteria were used
10 measure the degree of "Community of the viilages. : viarner is
using these und other criteria in his stvudies but the results are
not yet available. Other information is available from the observa-
tion ofvarious projects in-'which water his been installed, including
the pipelines in north-east Nzega and Ismani, the Shinyanga 1ift
pump in Sukumaland and various Ujamaa villages which have been
supplied with water. The other wajor study in this field is that
in Mayo village, Lushoto District, where the circumstances were
ratuner different. Here water was only one of a mimber of inputs,
including improvements in healtii, nutrition and education, which
were introducted as a ‘“package dexl, and the villagers were involved
in the planning and implementation of the project from the start.

The results of these studies suggest that water alone is
not enough to stimulate rural development. Various resaons have
been suggested for this. ror exauple, Duffy attributes the ;
failure oi the Shinyanga pump to encourage development, to the%
lack of community feeling among the Sukuma, while: Cunningham |
meintains that the key . oo successfiul Ujamaa is the quality of
local leadersaip. However,.the most valuable results are those
from Mayo village, wnere thec combination of water aund other inputs
has resulted in a definite increc.e in tne level of overall deve-
lopment. It appears, thereiore, thit water must be provided as
part of a 'puckoge deal'™ and thet the - local people should partl—
c1pate fully in the project from its inception. {
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COIICLUSIONS

In discussing each oi tie above hypothese it has onliy
been possible to draw very tentatiye conclusions with regerd
to the impact of new or improved water supplies, because of the
lack of iniormation. Consequently, large sums of meney are at
present being invested in rural water supplies on the basis of
inadequaie infoimaticon on impact benefits. We have secen that
genuine impact studies are diificult and costly to plan and
implenent, but in view of tie size and long term nature of the
rural water--development programme, the r.te of return on such
studie¢s will be high.
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PROBLLMS JOF BANESIT COof ANALYSIS IN PLAKNING
$ 0 RURAT, WAT4R SUPLL

Sussex, England.

Introduction

The flollowing paper is concerned wiih some of the problems
onfronting {the economist and the professional planner in planning invest-
ent in rural water proi’Esn.on for domestic use. Not the least of these

-\?G
1 L4 P hne o

s that notja great dealfhas been wrltm,n on the economcs of rural water

. by- - |I
1 George Irvin

I ";‘lititute of Development Studies l '
1 . '

esource d

etc. The :
cal guidelines, than an ttempt to deflne a rigorous fTheoretical frameworkl

aspects of| benefit- costmnalys1s, notably problems of shadow price deri-
vation, thk estimation Of social time preference, etc., are not dealt

with. Rather, the dluciz%s:mn ig confined to problems in the identifica=
tion, and [to a lesser d oree, the measurement of net welfzre in a context
where the |scope for alteﬁrnatlve design choices facing the plannér is !
complex, ‘nd the planner( must weigh up a number of objectives of policy ll
amultanepusly.- ‘It has :zglso been attempted to set the discussion in the
context of a planning iramework, in which cost benefit analysis is seen i
as only onc contr:Lbutoryal elemcnt in 1mprov1ng the effectiveness of the l
overall pll.a.nning> process%.

ThE section whicl§ follows (section II) looks at some of the B
Problems 0f ecvaluating bBenefits and costs of rural water supply. Section ll
III considlers rurzl wo.tezr supply in the context of a policy of income
redistribution as well ,?s that of the growth of rural incomes. Section :
IV deals with 1nvestm.n‘ choice within a plannlng frz:mework, and sectlonl
V summariges our main conclus;Lons.

II (1) Cost end Benviltg of Rural wWater buoply 'l‘
s? ]
Given the distinftion drawn between the provision of rural water
Supply foridomestic usef ond its provision for agriculture, it is appa- )
rent that dfficulty in drawing up a precise analytical i
framework for empiricalilinvestigation in the former case arises from the
fact that the distinctign itself is unsatisfactory. It is hardly ever l

St 1 100 8 FM i 1 4 - e b

the cuse thiit village w ter supply schemes make no contribution whatever
to loeal agriculture. Typlcqlly, scmz part of the benefits associated
With readil acces31blé~bupplles of clean wiater .- notably better health
and increasdd leisure -4have an impact on productive potential, and in
S8ome cases o part of +tHe total supply will be used for watering stock, or
€ven small siale 1rr1gftlon of subsistence plots. Indeed, some of the
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For a recent survey o 1113(.1"‘1.111.11‘(. pertaining to the Dast Afrlcén context,

. 8ee "Mater evelopment, Panzania - A critical review of research" BRALUPI

Research Paper Wo. 12 the University of Dar ¢s Salaam, 1970.
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empiric2l work carried out suggests thaet a substantial portion of the
benefits derived from such schemes arises from tie use of water as a

direct agriculturzl input. Nevertheless, let us maintain the disti-~

nctions, even only as one of degree, and consider a number of headings
under which benefits and costs might be placed.

II (2) Benefits of Rural Domestic Water Supply

The first heading under which benefits of water supply schemes are
usually comnsidered is that of health. Where existing woter supplies are
polluted, or simply unreliable, provision of extra water will have impo-~
rant implications with respect to the number of men days lost through
illness, the incidence of disease - or what may be more important, the
relative incidence of different types of disease - and more generally on
infant mortzlity rates, life expectancy, and ultimately the size and
structure of village populations. TVWhere we come to measuring such
benefits, it is clear thot starting from the question fwhat is the value
of a life saved?? is unlikely to be helpful. Immediate benefits - those
arising from the often dramatic short-term improvement in village health
may be measured in a number of ways. Firstly, in the form of increased

- output, though, of course, there are often multiple factors at work here.
More water may mean more man days available - and this will be particu-
larly important where drought or contamination of existing water supplies

- coincides with peak labour requirements for subsistence agricullure -~ but

it will also.mean an increased capacity to make use of otuaer inpuis
complimentary to .labour. igven in the short term, therefore, the increase
in outpub arising from a chonge in the health and size of the work force
may be only partly attributable to increased water supplies. Dloreover,-
" there are the usual dynamic effects - e.g. a first. round of increased
food output and consumption per capita will have furtaer impact. on labour
.aveilability in the second round, and so on. Useful measurements of

" what we might call "health induced" benefits will therefore turn

virtuclly on the ability of the investigator to relate changes in the

village production possibility boundary to changes in the availability
of time-~dcted inputs, and to identify the sorts of input complimentao-—

rities which may be at work, both in a static and dynamic sense.

An important componeunt of total health related benefits may
equally acetrue os a saving in resources. Firstly, to the extent -that
lack of adequate water can be related to a serious shortfall in local
production, investment in rural water may be a partial substitute for
Government famine relief programmes. Better rural health will also
ease the pressure on skilled medical resources,; which in the short term
may be extremely important given the diiferential gestation lags in
the production of more wells as opposed to more doctors. While this
gort of saving is extremely difiicult to measure on an individual
project basis, it can hordly be ignored when speaking of a national
programme. We arey; oi course, not arguing that these resources can
or should be thought of as fully substitutable. Ilore doctors 2and hezlth
workers will remain a priority item on the agenda of most national
plans for a good many years. But for those who argue that rurcl water
schemes are particularly costly in terms of fopreign, exchange, it is well
to remember that doctors, and the drugs tliey administer, ore almost
pure foreign exchange costs.

The second heading under which we moy coasider the returns to
rurel domestic water provision is that of labour saving aad leisure.
It is often argued thaet the labour freed from iae inefficient cnd cu-
nbersome task of water-carrying would, witn the provision of av imse-
diately accessible water source, be released for wore prodictive activity.

‘Again, this is onc o1 those hypotheses wihica is intuitively satisfying

while apparently immune to empirical validation. The short answer is
that one can say little without refeérence to particular cases, and that
tne variety of experience encountered makes any generalisation difficuly.
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qater-carrying is in mbny African countries a sex—specific task - the
range of alternative productive activities for which labour released
from water-carrying c¢an be put is itself therefore likely to be
delineated by social custom. While the labourreleased from water-
carrying may cmount to as much &s several labour hours per doy wihich
pultiplied over the yeor and by tihe number of village families may bve
substantial, tue key guestion is usually one of timing. Ii, say, the
siortage of harvest labour is serious and all members of the village
participate, tien the returns to marginal labour released from water-
carrying may at this time of year be very significant. This is typically
the case in an agriculturzl setting where peak labour demands are set
by highly time specific aperations - e.g. where the harvest must be got
in. and new ground preparad beforc the first rain falls. MNMore labour
may mean not only bigger harvest; it may mean the possibility of later
planting and higher yields, and a change in the cropping pattern and
cropping calender will in turn hove implications ifor the mnrginal
returns to labour released at other times of the year. The point may
sound unnecessarily esoteric for the general purposes of our argument -
nevertheless, it is precisely sucn dynamic effects which are crucial

to evaluation and which tend to be ignored.

.‘-
o

Even in those situations where the use of labour .or water-
carrying may have insignificant opportunity cost, some gain in total
welfore will result from the provision of rural water supplies even if
time-saving is translated wholly into extra leisure.. Quantifying the
benefits arising from extra leisure time is, of course, difficult,
though certainly not impossible. A rougn guide to benefit estimation 4%
in such a case isoften best obtained where the family or village group
is confronted with & choice of morginal investments - the Government’
will provide either more x (where X is a new well) or more v but :ot
both! Assume that v is a progect whose net benefits are more readily
measurable than those of x. If x is cuosen; net returns froem Xx can
be assuméd to have a lower bound set’ by the net returns on v. TIf sonme
new choice option, 2z, is now presented, and proves to be preferred to
X or v, an upper bond for X can be established. And so on until net
returns from X can be assessed to lie within a reasonable interval.
Although the use of such a roundaboud proccdure for measuring 1ntong1ble
benefits by questions of the form "how much would you pay for x if you
could buy it?" is usually highly misleading where provision of the
service in question is thought to be a2 natural responsibility of Govern-~
ment. Nor can benefits aceruing in the foim of leisure be ignored simply
because they are difficult to mensure; whilc it mey not be possible to
devise a stondard procedure for quantification of leisure benetits, some
guide is provided by reference to other iields of economic analysis
wnere time-savings is a eritical foctor - viz., transport economics.

ERr

e

In addition to the types of benefits we have discussed so fur, l
the provision of rural water, even if primarily iatended for household
consumption, will usually have some use as a direct input into tradi-
tional farming. Typical examples are the use of a village well or l
standpipe for the wotering of domestic animals, and where the installa-
tion permits, for providing a direct supnly of irrigation watcr to nearby
fields or garden plots. ©ven with the provision of quite modest 1nstullg~l
tion, daily flow capacity is likely +to be in excess of dxily drinking
requirements.l Morecover, with few exceptions, the technology of water
provision is such that fixed investment cannot be trected as coninuously I
divisible, and marginal costs of water will fall in the range between
each new lump of required capital. In short, it will often be cconomical
to provide cipacity in excess of domestic requirements, even where the
marginal return to wo.tcr in non~drinking use is Ialling. I

i

1 ) . .
This is usually the case for gravity schemes.
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‘Where existing water supplics are not only distant but unreliable
i.e. subject to periodic "drying up", the impact upon the livestock
economy of assured water supply may be quite striking. Providing other
complenentary re¢sources are ocvoilable; not only are jields per head likely
to increase, but the size and composition of the herd mzy change,
Existing grazing practices, previously limited by the need to lead cattle
to a distont source, can now benefit frow a more rational rotation of
existing pesture and potential access to new pasture.l Water reliabi-
lity may mean a gradual change in herd composition and the introduction
of less hardy but higher-yielding breeds. So, too, the provision of
an immediately accessible source may have repercussions on tie communal
organisation oi stock rearing, it now being possible to water - and
therefore to keep - stock individually. Such changes are unlikely to
be observed in the short-term, given the complex nature of economic and
social constraints governing the livestock economy.

Use of water for small-scale irrig-tion is an equally critical
consideration in the planning of water supply. iven in rainfed areas
where total seasonal rainfall is relatively high, the key problem is
often tae timing of crop moisture requirements and the confidence which
can be placed on rainfall at certain specific times of the year. The
provision of small-scale supplementary irrigation facilities ~ e.g.
designed to meet temporary moisture deficits, not the total seasonal
moisture requirements of tiae crop - can be of decisive importance,
particularly where local population pressure is starting to be Felt
in relation %o land, and wiere Ifood yields per acre are at a premium,

The critical effects on yields of moisture deficits at particular ‘
times in the growing season for certain types of high-~yielding staples
is well known - particularly in passing from coarse food grains (sorghum,
millet) to those of higher nutritive valuc (wheat, maize, rice).
lioreover, watér reliability is critical to be effective use of comple-
mentary inputs suca as fertiliser which high yielding vorieties require.
In such cases, the return to assured water at fthe mergin.will be extremely
high. Moreover, if water, even in small quentities, can be assured at
key times of year, not only wyields, but the entire cropping patitern nmay
be affectec. Jtaggered planting of subsistence crops a phenomenon which
for years has dified the recsoncd arguments of extension workers thot
highest yields arc obtained by planting as close to a particular date

as possible, is a typical response to the vagaries of intra-year rainfall
patterns. So, too, the mixing of low-yield drought resistent varieties
with higher-yielding vorieties, even where cultivation takes place on

a very small scale. With the advent of reliable water supplies, the
rationzle for these traditional forms of crop insurance is weakened,

and a series ol practices which make more eflicient use of land ranging
from the selection of optional varieties, and the use of complementary
ianputs, to major changes in the cropping pattern become possible.

As with the case of the livestock economy, changes in the crop
econony typically take some time to work thimselves out. Indeed, the
whole notion of adjustment poths between equilibrium positions is
misleading in an agricultural environment where small cuanges can set
off a cumulative serics of reactions which in turn alter the environment
in very dramatic ways. What is importint to recognise in any analysis:

lAn interesting example is cited in tne cuse of the Ambaseli Basin in
Kenya. This region ihas an excellent tourist
but is also used ior seusonal stock watering
in an assured witer source for stock outside the region, thus breaking
the migratory pattorn, the tourist potentizl of the region could be more
fully developed. Sce I. Carruthers, "Issues in Selecetion zand Design of
Rural Water rrojects", Discussion Paper 88, IDJ University College,
Nairobi, December 1969. ' '
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“B of this kin? is that recping the large potential benefits from -
l; - change apparently so innocuous as the provision of single village well
1y

s

le

. identify the complex nature of the constraints system governing present:

‘an extra unit of water taken above may be x, and the return on an

' large cumulative repercussions.

. than estimating benefits, the decisions which determine the cost stru-

t

'

or weteringi point will turn critically on the planners' ability to
production, and to include water as onc element in a package of com-
plementary resources. To take a simple example, while the return on

extra unit of fertiliser taken above may be 2x, the return on both
togetner may be 5x. iiecognising such complementarities will be cri-
tical if full value is to be had for the resources invested. So, too,
the planner must sense the agricultural environment as a carefully
balanced set of inter-relationships in whiclh small changes can have
This is why the business of predieting
responses in anything but the very short-term is so difficult, and in
agriculture the very snort-+ term can be a notorlously misleaging gulde’
to policy. :

1I (3) Costs of fural Water Supply
While estimating costs of rural water supply is less difficult

cture require careful appraisal. The complex nature of policy alter-

. natives facing the planner such as rate of build-up, scale of provision,

input mix, andimport content makes for a situation in which whether
or not the project is socially beneficial depends as much on how it is
done as on how farmers respond to. it. Wwhile very elaborote models

"can be worked out to determine such matters as optimal scale and

timing of investment and optimal technology on a regional or even
village~-by~village level, this sort of perfectionist appreach has o
significant cost in terms of skilled manpower, and even more important,
in terms of deéay. HNot only is it important that the planner should '
carefully consider the alternatives open to him, it is e¢qually impo~
rtant that he chould fairly quickly be able to reduce the choice set
to mcnageable proportions, even at the risk of moking mistakes.

A Tirst choice in the provision of rural water is usually an
engineering type decision concerning how best to capture available
water resources. Where the water tabl: is nottoo deep, a well or
borehole may be perfectly adequate, estimited peak flow requirements
determining the number of holes sunk and depth required size of pump
at each. BEven within this limited area of consideration, there mey
be significant alternatives. Several hand or draught powered wells
may be preferable to a single diesel or elcctric pump set where the
water table is close to the surface, and hence digging costs per m3 low.
In other cases, however, where the location of the water table makes
individual village boreholes relatively expensive, it may be preferable
to dig a centrally-located high capacity well and pipe water to several
villages from 2 single point. Again, there msy be situctions where
domestic water can best be provided az an adjunct of a multi~purpose
river basin scheme by building suitable conduits. To some extent,
these options will be determined by purely technical considerations.
But where severazl options are techinically feasible, choice of system
will usually then mainly depend on envisaged scale of operation; e.g.
"if a high copacity system is envisaged, it moy be more sensible to
provide a central pumping station than a large number of individual
boreholes regardless oi the average depth of the waoter table. 1In
some countries, where weter is very scarce in reli:tion to land, high
cost centralised systems are justiiied purely on tae grounds of long-
term water table managvment, but this is unlikely to apply in the Last
African case.l

for instance, very claborate investment in underground pipes,
and personnel to supervise and enforce a com—
is thought to be necessnry because of the
noturcl resource.

lIn Israel,
water metering equipmernt,
plex system of water quotas
critically limiting nature of witer-as o
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projects take time, and tend tec tie up skilled engineering and. super-

~economic life of a rudimentary construction may be assumed shorter than

" egainst using self-help schemes zs & basis for rurel water provision -

Another area of choice facing the planner is tiie level of sophi-
stication of provision to be adopted. Is there a cise for piped water
to individual dwellings? Or is not, for adopting standsrds of mains
design which will make sucr pnrovision possible at a future date without
having to dig up tiue whole syciem? Or snodd o policy of minimum besic
provision be pursued - i.e. the wniversal adoption of rudimentary com-
muncl watering points, in order to sprecd benefits over as large number
of villages as possible. ” '

In addition to delimiting the arez oi choice with respect to
what we might c2ll the engineering-hydrological aspects of rural water
supply, the planner will also want to have a clear idea of the impli-
rations of using alternative imput mixes in the construction of a parti-
cular project. A fomiliar argument for this type of scheme is that,
given the general shortage of capital and foreign exchange which is
thought to characterise the situation of most developing countries,
wherever possible, local labour should be substituted to the limit for
these¢ resources. Of course, it is true that where a pool of unemployed
labour exists, or where the timing of construction can be organised
to coincide with labour slacks, every opportunity must be taken to
employ the low cost resource. But it must not be assumed thiat highly
labour-inteénsive methods are always best. It mAay be the case that, for
instance, the indiscriainuic wdopuvion of a labour-intensive construction
programme will lead to sub-optimal design of delivery systems which in
the long term will prove more expensive. Shzallow draught powered wells,
earthen conduits, small barrages, etc., are not always preferable to
more sophisticated sysiems, particularly where water ig in short supply
and efficiency of water use is at a premium. It is generally the case
that the higher the deliverg-capacity per capita enviseged, the higher
the real labour costs per m? water at the margin - not only in constru-
ctions but in mnintenance over the years. Moreover, large labour

vision resources - these costs, too, must be considered. Since the
that of a more sophnisticated design, the former alternative may simply
be a way of deferring caopital and foreign exchange costs which will
eventually have to pe incurred. <This should not be.taken as an argument

the point is rather that what is at issue is not some simple process .
of substitution of labour for capital at one point in time, but a rather
mnva AifPicult question of estimating. the relative present values of
alternative time profiles of resource costs.

II (4) The Costs_and Retwrns of Integrated'ﬁural Domestic dater Supply
and Irrigation

So far, the argument has procceded on the assumption that the
irrigation component of a rural water supply scaeme can be teken us
small or negligible. There is some evidence to suggest, however, that
really significant returns from woter supply only begin where a portion
of the flow is usedas a direct input into agriculture. We have already
argued thot water relicbility - and thercfore supplementary irrigation -
nay be a critical question even in apparently rain-abundant regions.
Where returns fto supplementary irrigation are large, it obviously poys -
indeed it may be crucial to the scheme's economic viebility - to design
systems of high enough capacity to meet such neud Undcr these condi-
tions, deulgn becomes very much more critieal. lhe scasonnlly peaked
nature of irrigntion requirements often mecns a substanticl iavestment
in capacity which at many times of year will be under-utilised, or
else provision of elaborate storage facilities. ‘there an irrigation
component is explicitly included “n the scheme, it is no longer possibhle
simply to estimate total water corsumption and provide low cost well
to meet it.' Rather, onc must judge the potential for supvlementary
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irrigation at those times of year wien a Zhortfall in water will be

most critical, and the likelihood thot fivgmers will in foct make use

of this potentlal if it is provided. Sho@ld cnou.l capacity be provided
to allow all rarmers to irrigate simultangously? Can some system of
water rationing be envorced? Can simple | ter storage systems be de-~
signed at an acceptable cost? How far wi an irrigation component

set oif changes in tiic local cconomy whlqvfalter the time profile

oi local vater use, and how far is it necgssary to plan Ior this

in designing highly ilexible systems? AXYL of these are questions which
have obvious bearing on how the conflguruﬁlon of technical and economic
is perceived at the start. Juch questlons can, of course, bc ignored
if the terms of reiference of the study are confined strictly to small-
scale water provision, but to do so may ftsult in an overall progroamme
which, though relatively inexpensive in 5@gregate, will fall short of

realising the very much greater returns @hlcn could be had for a slightly

greater cost.

I1I Distribution of Costs and BenefitsAof Rural Water Suoply

" One of the important retunns to 1nvestment in rural water eupply
arises from the apparently redistrlbutlon 1 naturz of such investment.
since the basic investment is small- scale, a given lump of resources
can be spread to the benefit of many puople, with consequent gains in
the credlblllty of Government's cloims t6 be helping the worse-offT
members of the cowmunity. Whether or not the programme really is
redistributive is another matter, As with most agriculturel invest- -
ment, the operative question about redistribution is more likely to .
be "How are investment resources divided.amongst different classes of
furmers?" then simply that of whether orinot transfer of resources
takes place irom town to country. a2l water supply schemes, dis-
regarding the irrigation component tney ma y have, tend to do well by
such a criterion if simply because rich and poor farmers alike have
equal access to the benefits conferred, irrigation schemes, on the
other hand, tend to benefit betier-off fgrmurs cnly because it is these

-who can alford the complementary resources wiich make irrigaticn fully

prciitable. Given the argument above for making fullest use of
resources by linking rural water supply 1nveotmcnt to meeting some
irrigation needs, there is an apparent didemmo. here. For a given
total of resources available natloaelly, an irrigation~linked approach
not only means greater investment per Cupltu (and therefore a smaller
total population directly affected), but&dl¢ferent1a1 ability emongst
those aiiected to nmake full use of irrigition potential.
i i

This argument neea not be telllag,.hOWeVer, if sufficient care
iz taken in the first instance to place y*gh per capito investment in
low per capita oreas. O0f course, irrigAtlon investment is high per
capita not only because of the need for %ore water, more sophisticated
delivéry systems, etc., but also Dec&uSL&lt requires otler clements
to be included in the "package® if the whole thing is rxeally to get
off the ground. For poor farmers pa rtlculvrly, it often means high
cost back-up services in the forw ol goog extengion workers ond
administr.tors as well as access to complementary agricultural inputs.
Moreover, even if the planner is successful in channelling tie right
resources to those who most need then, oeCﬂndiry ¢crfcets are sometimes
such ag to mitigate the primery redlutrlputlvc gains. Where local
conditions facilitate the development oi.oncpoly cenditions in distri-
butions, the private marketing of cash cigops by poor farmers cnriches
middlemen; even wherc co-operatives exisgi the gains are not always
cquitably distributed. Unless coare is ﬁa;cn to assurc the comtrary,
it is alwmost always the case that a par%%@f the toital benefits of the
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IV Rural Yater Supply within a Planning fromework .

So, far, we have been concerned with placing rural water supply
jinvestment witnin a general analytical iramework; e.g. raising some of
the questions associated with the identification and measurement. of
costs and bencfits. Successful planning is, however, much more than
just & matter of predicntion and measurement. Not only must the
planner be able to ask the rignt questions, he must be in a position
to relate information flows to tihe sequence of decisions through time
which make up the plannlng and evaluation process.

In an investment progromme which both cuommands high priovity,
and is likely to involive heavy resource commitments over 2 longnumber
of years — sucii as 1s the casce in Tanzania - the planner cannot afford
to await cumplete fnformation upon every aspect of the subject before
comnitting resvurces to investment. Rmtnur, thae planning process
itsell must be pezred ©o jcentiiication of the most urgent needs in
the initial phases; using selection criteria information. As the
progromic gathers momentum, however, it will be possible to identify
clternatives more clearly, drawing upon previous experience and
more couprehensive data to improve decision-making. To some
extent, too, it will be an aim of policy-makers to ensure that as
the investment programme dchlops, its efficiency in terms of
skilled manpower use improves - that is to say, that declslon—muklng
eriteria can be simplified and standardised fo an extent which will
sLift %the burden of choice in all but the very broad areas of
pclicy towards the local level, thus frecing higher level manpower
for ctzner planmig tasks, or put another way, that the  prograrme
will become increasingly routinised. These two characteristics |
of what we might call a "mature"” investment programme are not
always sirictly compatible. Particular care is needed in making
sure that selection and design. criteria are not overly standardised
in the interst of éfficiency, and tuat some .review procedure is
adoptéd which makes it possible to periocdically re-assess the overall
aims of the programme‘in the light of its achievements and failures.

Whot sorts of issues do@s this raise ia the context of the
Tanzanian prograe mme? The aims of the rural water supply programmc
are laid out in the Second Tive Yeor Plan; these are, broadly, to supply
conmunal watbrlng p01nto to the ve st majority of the rurcel. population
over the next twenty yeurs, a programme which will lay claim to some-
thing in the order of ten per cent or more of annual Mlnlsterlﬁl
development expenditure, 1 and involve o very elgnlflcant cost in term
of skilled menpower. To further this aim, the¢ Government has’ recently
launched a series ofregionzl master plans for water resource .develop-
ment, ‘and steps have been token to co-ordinate the various administra~
tive and teechnical services involved by bringing them togehter in a
new iinistry. The impressive noture of this long-term Cummltment to
water resource daVulopment as a social as well as an economic priority
is backed by 2n alreudy considerable collectlon of dota on regionmcl ,
hydrolugy, populutlon COBCLBtruClOH, resource endownents and .econonic

)
lThe Second rive Iear Plan allOC“uGS<ShS 4u6m. to this sector, or

according to Denis Warner, about 126 of sinistericl Development eXpC-
nditure. At present, -about 90% of ihe rural population is estimated
to have inadcquatezwater.prOVLSlon.; See D. VWarner, "The Scunomics

of Rural VWater Bupply in Tanzznial, EiB paper 74.19, The University
of Dar es Salaam.



potential arising irom % 2 work of Govermment departments, consulinnts,
and bodies such jas BiAL gﬁl On the face §f~it, thercifore, Tanzanicz
seems well placgd For la gchlng a successful programme.

Some reflection isg éceded, however,on hiow success of the pro-
gramme is secn gt pre«cnf andhow tiis mlght change over the future.
At the moment, fthe goal ?f universal watcE provision as a social
objective is seen as OVu{Ildlng, llmltatl ns on resources dicate that
in order for the prugrammg to be fcasible, investment will nave to be
spread thinly ¢ver the rﬁrul population az a whole, This means, pra-
ctically speaking, that per capita water consumption targets must be
set at a fairl low levbig and that engin¢ers will be asked to design
schemes which pre low cogst in terms of the use of presently limiting
resources, oftkn with bom§ penalty in terms of economic life and
maintenance requirementsis The political decision to provide rurcl
water - at locdst at commuﬁul watering points - free of charge, while
consistent wigh a pollcy which rightly stresses the welfare of the
neediast memhidrs of tho uommunlty, does effectively eliminate the
possibility of income redistribution through the.fineancial structure
of the scheme|itself, andirequorcos the tendency towards the adoption
of design criteria wnlchz imply minimize present costs per capita.

The burden off redistributdion is thus thrown on selecction criteria -
i.e. on evolvling a set of rules which will ensure that investment is
initially chamnelled to fhe ncediest, as identified by existing data
on per capitg income, population concentration, naturc of existing
water provisjon, incidenge of pollution-related disease, etc. But,
given that priority is also accorded to the co-ordinated development
of rural wat

it is mot clear that even‘thc redlstributloanl aim of the programme can
be follpwed With full consistency.

| %

If ‘it ‘s the qase,;broadly speaking, that the terms in which
success of the progrcmme;are presently defined bias design criteria
towards minijum standurdisnd woter provision using a technology which,
while cheap in the short term mey be incfficient in the long term,
and if it is{also truc to.say thet
towards routinisation ofﬁde01$1on—makinb is likely to imbue initially
policies with a certain sdnctity, it remains fair to ask whether there
is any recsonable alternatlve. In principle, such an alternative would
‘be the design of water del;very systems which maximised net social
benefits in each individ%&l case roather than minimizing costs subjecﬁ
to providing pinimum stondard benefits across the board. This wmight
imply, for insgtance, the prov1s1on of high capacity systems and of ,
individual house connpctlons in curtaoin cases wherc it could be shown
that really sijgnificant margln 1 returns to water were only poos1ble‘
far above the |'standard dranking¢eou1rument" threshold. Distributional
problems could] then be uOrtdd out by levying differmnticl tariffs
between bencfigicries. Therp arc two objections to this, however; one
theoretical and one pra Ctlcul. frstly, since we are considering the
social returns {to a whele investucnt programme over 2 very long period,
it is not necesparily thu cise that present value of-the net benefit
stream of a high-cost, d%fcrlmln :ting provision programme over, s2y,
forty years - suypposing this to be the time period necessary to efiect
such & programwd to cover) the whole of the rurzl population - would be
greater than tialt of the stondardised “cost-minimisation" aporovach.

And the practicall objectifon is simply that, given all the difficulties
of measuring potgntial negbeneiits associated with each bit of invest-
ment in the programme -— i.e., equating custs with soci2) benefit ot
the maergin in cadh case ¥ Such on approach is useless to th» planner.

Aﬁ '

r supply within the context of the Ujamaa village progranme,

the noatural momentum in the programme
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While the strength of these objections is sufficient to dismiss
the argumnent for totally recasting the terms in which the present rural
water supply progromme is secn, certsin points 2re neverthceless worth
retaining. Pirstly, present design criteria cannot be derived solely
from some notion of a universally valid target per capita water norm.
For one thing, it is not known with any degree of precision how
consumption standards 2dopted as the basis for present design will
change with rising incomes and a changing agricultural environment in
the next twenty years. And even if these norms can be set on a per
capita basis, population movenents - themselves possibly arising from
the atbraction of permanent water supplies - will complicate the
business oi forecasting total water demands zor ¢ach individual site.
Secondly, it is not clear to what extent a standardised minimum provi-
sion approach contributes towards the realisation of any'of the alleged
benefits of rurnl water provision over and above thiat of simply having
a village standpipe. for example, it has recently been suggested that
real gains in rural healtn cnd hygiene may only come with individual
house connections. The same is true for henerliits accruing in the form
of time-saving, not to mention benefits associated with such part of
water supplies as might be used as & direct agricultural input.

In short, even if a fully optimising policy is not practicable,
much more needs to be known about the impact of small-scale rural water
provision before the selection and design criteria aow in use can be
formalised or generalised witn any degree of confidence. 'Success" of
the programme needs to bc defined not merely in terms of the general
aim of providing adequateé supplies of clean water to all or most of
the rural population over the next twenty years - success indicators
in the field of rural health, time-saving, and impact on agricultural
potenticl will have to be worked out in detail, and d4n important role
allocated in the prograime to a rescarch and monitoring function which
has a feedback to the design and implcmentotion function.

Generally speaking, then, while a certain portion of the nece-
ssary information for successful design <¢nd implcmentation of Tanzania's
rural water supply programnme alrecady exists, and while additional
research into such things as hydrology, population, hexlth, ete., can
be initiated on a fairly standardised basis for regions not already
covered, research has not so for been geared to tell the planner very
much about the 1mpact of rurcl domestic water supplies or to link such
information to criteria of project design and a strategy of project
location. This state cf aifairs reflects, in part, the inherently
difficult nature ot devising adequate measurements of the phenomena
being investigzted. Ilore importont, it reflects a problem in research
Strategy. Assessing the impact of rural water supply investuent,
both in terms of the categories of potential benefits enumerated
8bove and in terms of the problems of complementority and dynamic
Tepercussions outlined in the early part of this paper is likely to
be, in the early stages at least, more of an exercise in gothering
new insights and formulating tcntutlvu nypothesus than a rigorous
Quantitative cxercise. To attempt to design & comprehensive survey
without sufficient attention to the complex nature of the interaction

. between water supply cnd the loczl ecunomy is likely to result in a

Situation where the obsorved variability of results is such that, even
within an apporently homogencous population, no conclusiuns can be drawn.l

—

See warner, D. "A Preliminary Assessment of the Impact of Rur:l feter

Supply upon Households and Villages", ExB paper No. T70.12, The University,
Dar ¢s Salacm. also, ‘‘Wiater Development - Tanzania; a critical review of
reseaprch', Research Paper No. 12, BialUP, The University, Dar es Salcom.'
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A practiczl und not too costily way of “providing such a starting
point for research would be the establishment of a small resemrch
team including, say, an c¢conomist, a sociologist, a rurzl health
speciclist, and a statistician. Such a teaw would iptially select
a small numbbr oi villages and corry out a series of in depth studies
over o period of, say, six nonths. The tvam,mlght initially be
linked to on academic establishment, though at & loter stage should
have direct access to policy-makers in charge of the investment pro- ./
gramme. The terms of reference of such o resecarch team would be to
draw up a blueprint Ior establishing a permanent monitoring system
within the context of the investment programme, 2s well as providing
guidelines for further acadenic research which might be carricd out.
Th¢ report on the former would include provisions with respect to the
size and location of a monitoring prescnce, the methudology and scope
of dato collection, and the interpretation of results cnd their
relevance to specific questions of désign and implement.bion oi the
programme.

v

A}

These suggestions are, of course, tentotive, and serve, at best,

a partial function in providing. for the formalisation of an information

feedback system within an investment programme as large as that pre-
sently being carried out in rural domestic water supply in Tanzania,
Certain general points, however, need stressing. Design ond locztion
criteria cannot, by their very nature, be fully evolved before an
investment programme of this sort is set into motion, but must be al-
lowed to mature with the development of the progracme. Identifica-
tion of actuzcl and potential benefits of rural weater supply, even
where a programme cannot be based on a comprehensive principle of
maximising net social returns, is still a key element in the develop-
ment of adequate critcria of investment design. VWhile the present
emphasis on the formulation of regional master plons for long-term
water resource use is laudable, and will provide a general framework
in whiech regional resource structure and economic pobentlul can be
related to priorities in the development of water resources with
respect to domestic water provision, irrigation, power generutlon, ete.
it is unrealistic to expect that detailed criterin can be laid down

in such plans. Such research os has already been carried out on the
economic and sucial impact of rural domestic water supplies, while
rcising a number of interesting issues, has failed to relate conclu-
siuvns tv location and design policy, in part because firm conclusions
have been hard to come by, and in part becouse no clear mechanism
exists Yor integroting rescarch - particularly where carried out by
academic institutions - and policy-makers. If this state of affairs
is to be remedied, & research and monitoring function will have to be.
built into the 1nvestmcnt progrcmme itself. The suggestions presented:
above represént one way of meking o start in “this dircction at mlnlmum
cost in manpower.

LI

v Conclusions

The cconomics of rural water supply is a field in which serious
work is only just beginning, though its implications for raising the
level of welfare in the countryside are obviously very great. While
speeital problems exist in tae identification and instruction of
benefits, these are not so insurfcerable as to meke the exXercise one
of pure guesswork. Indced, what is known suggssts that very substa-
ntial returns are possible, phrticularly in the field of health, and
in the direct and indircct contribution of assured znd convenicent
water supplies to- agriculture. The full estimation of such benefits,
particularly where such schewmes have a supplementary irrigotion compo-
nent, requires a sensitive cwarenesuy to problems of dynomic response
and complimentarity. Typically, the real source of benefit is not just

extra time or improved health, but the th oI cumulztive changes which
these make .possible. :

R N
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On the cost side, the area of choics in the provision of domestic
water, as with the provision of irrigation w.tir, is typiczlly very
complex. In the case of investoment projucts wiiere substitutobility
exists between inpuis at o given moment in time as well as between
inputs now and in the fufure, nu simple guidelines exist. While
teehnical constroints mey severcly limit the area of ciaoice in parti-
cular cases, the temptetion to cvelve simple rules such as “labour
intensive capitzl scving technology in a2ll czses' con sometimes result
in choices which in the long term ore inefiicient with respect to the
use of &1l limiting resovurces. :

It is probably the case that the highest returns per unit of
investment resources is to be had from projects sufijeciently sophisti-
ceted and located in such a wny as to have 2 supplementary irrigation
component. levertheless, if distribution of welfzre as well os its
maximisation is a cunsideration, an irrigation-linked strategy will not
always be optimal. Redistributive effects are an important aspect of
rural water supply schemes, and the planner must ensure thit consider-
able core is taken in planning the Iinancial side of the scheme if it
is to benefit those must in need. ‘

In the case of Tanzania, where the provision of domestic water
supplies to the rural population is seen as an over-riding socicl
objective, emphasis has been pliced on spreading resources thinly over
as large an are. as possible. - The scheme is not designed to be fina-
ncially self-supporting, though recipicnts cre expected to make some
contribution towards resource costs, mainly in the form of labour
donations. Genercally speaking, the risk involved in such o strategy
is thut, given the emphasis on wminimising costs per capita, provision
will be set ot a level incompatible with the realisation of many oT
the potential benefits associated with witer provision. Before design
and locztion eriteria can be formalised to effectively discriminante
between arens having vastly different needs, resources, aind econonic
potential, more reéscarch will be nceded into the impeact of domestic
water provision, and this rescarch specifically gearcd to improving
decision~making in the programme.

finally, the planning of rural water supplies, beccuse it touches
on the responsibilities and Functicns of a number of different depart-
ments of Govermment, raises o number of importont issues with respect
te the cu-ordinction of sequence of decisions vhere there are nmuliiple
decision-mnking centres. Benefit cost analysis of rural water supply,
while it can coantribute to effective decision-making, is no substitute
for a planning process in which alternatives are identified fairly
early on, and the sequence of decisions leading to a tinal progromme
is suificiently well zcpprecinted at the outsct to allow plonning to
proceed quickly and reasonably cfficiently in relation to the resources
available.



THE USE OF NMATHEMATICAL MODELS IN VATER .

SUPPLY PLANNING

by

Gerhard Tschannerl
BR.LIUP,; University of Dar es Salaan

Viater development planning in Tanzania is now at a crucial
stage., Up to now projects have largely been conceived and designed
in the regional offices, where the selection of projects for
implementation also took place, ;The mumber of proposed projects
was small enough so that the regional water engineer, together
with the regional administration,; could formulate a programme.
Projects were also falrly small in size and scattered throughout
the region, so that the possible'alternatives of water supply
strategy were limited by local conditions and engineering consi-
derations, *

Whether this planning procedure is in fact the best one
t 0 use under the circumstances w&ich prevailed up to now does
does not matter much at this stage, 1o doubt, some lessons
could be learned for future water plamming and for development
planming in other sectors of the?economy. But we must realige
that identifying past water development objectives and measuring
the degree to which these objectives have been fulfilled -
our means for judging pagt performance - are extremely difficult
tasks in the light of the intric%te decision making process which
involves several ministries and &ANU on the district, regional
and national level, ) : :

4

Two observations should, nevertheless, be made about past
performance. One is that the decdentralized nature of the decision
meking. process allowed the incorporation of some objectives which
would otherwise have been difficult to implement, such as local
economic and social development?priorities and the extent of
self-help, The other point is that this decentralization might
have retarded (a) the evaluation of how effective the programme
has veen in realizing_anticipatéd benefits (such as the movement
of isolated homesteads to a vi¥lage because a puvlic water supply
has been provided therel) 3

7

‘1. Por an excellent discussion 5f presumed explicit and implicit
tenefits, see the -~ article by Heijnen and Conyers in this
volume,




and (b) the czplamcion ol diifureat stretegies (such as

: assessing the saviozs in coet vhat wouldld occur due to economies
‘ ¢f scale 1 th~ wany rmall prejonts wore cons olidated into a
few bigger onas ¢ ) T

The reagon vy DUy phouaning procedures muct be critically
examined is that tho oo = ooozollished accelerated pace of
waler develormont “i: Tunion’s kA3 cemplotely altered the planning
picture, WNew initidlize 7o boiax telcem in the formulation and
selection of prejoets, videok coins. moinly from a strongly

expanded inveciment brdget ond Ifrem whe decision to prepare
- regional vater meocinm rl’”? Tor tho entire counitry. Suddenly
mien more effort i moncy wWill he spene on planning: many more
projects will havze 10 bo ;ﬂVCCLAﬁC"CQ‘ the consequences of
alternative cssumptious. for e.aaple of population growth, must
be looked at; altemaolives sush e groundwater versus surface
wter supply, met "y“t”ﬁ“‘L caliy he cirnlored; and the starting
time of constractica of + citfeorent projects within. the
20 year perind muas be "

These nevr denands on
- and sorting of alvernatar
paper is to show unat the
mathematical iedzls cen gred in +this gigantic task,
After some dlscussion ol th levels of decision making
needed for th: p"eﬁ=raf“cn of o meety2e plen, a simple model is
presented which, optliizes Sha d 5n u; - .«ch project according
t certain criterino "ud shes menkee the projects for the purpose of
deciding which oncs shovld b o;ﬂlm w1th the available budget,
and at wnat timz. ' ' ' - ' ’

for the rapid examination
cigns. The aim of this
viation and use of

‘ aobebenefit analysis is nothing but’
the weighing of.#Pe IefaloRrib rnoee 5icn ogainst the anticipated

gains from it. PBY L::s qot ion, ever'body uses cost~benef1t ,
~analysis, even in privouc *LLGV beczuse the desire for efficiency
of some sort.is bzuic tc numﬁn_endeav01c
Thecr1t101éﬁ o covt-Benefit dna"ysls as a planning tool
applies to i%s us2 under » much narrower definition, which usually
makes, among cthers, the xollcwing two assumptions about costs
and benefits, The firsi iz Shait the costs and benefits can be
measured in clearly deyincable wnits 2 such as the reduction in
the mumber of deaths due w0 2 g ven 1mnrovement in water quallty,
or the hours of rroluctive lobour gaineds The second assumption
goes a step further oud veauirec that the uwnits .in which the costs A
and benefits are ncacurad mush be She same 2 ; so that the : ' -
difference between benaliss and costs ean be computed,

1. Studies based on cost eruirates of implemented projects have
shown a con“1~nr“Lc’d°ﬁ edsc in project cost per unit of

capacity a8y the rroject size inereases. _ Cotd

e

2. There is usvzlly zowe & mroblem with measuring the benefits.
Non-measwizble bLeuefitn are ca2lled intangeable benefits.
1

3.08lled commencnmTbhillur.
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Since the biggest coft component |! is in monetory units (shillings)
the common measume that is usual sought is in those units.

The strict adherance to thesp two requirementas ~ and most
analysts aim 4t Rulfilling them —~{often leads to eryoneous
and absurd redghlts, because all the banefits and cofits which
cannot be directly aptributcd to fhe project in question and
measured in monet,'aryt units are simply neglected. Most analysts
have . suceeded inh convincing themselves that the non-monetary
benefits ara unimiaor?bant. To cite| ogo case, in a Ph,Ds thesits
from a well-knowny University, the act of a rural senitation
propragme Qn healjth } was measured stostly in terms of the geduction
in the wage loss ¥rom sickness and|death, thereby leaving out
persons not engagj,ed gn.n wage work ~ lall the women in that cese,

Another co'nsfequ}ence of the strict adherence to the two
_assumptions is thd insistence on measuring in monetary terms the
benefits from godds hmd services prqvided. This might be
appropriate for e%nnuinber of water uges, such as irrigation and
power, but for €o estic water supply the definition of benefits
as "the consumex¥s willingness to peiy" (Meass, 1966, p. 21) has
no practical v fue. l

The blane 1‘& this narrow applleation of cost-~benefit ana~
lysis is not éntifrely with economigtis; the most blatent misuse has
been made by people fin other profeggions who applied a standard
procedure withoutl adfequate apprecieifon of its limitations and
without knowing v{ays; of relaxing theé assumptions. There is
continued debate in the economics literature about the appro-
priate forms of cest-benefit analysj& to be used in varlous
areas of public q"ecis:@on making.?

R
I |
Levels of Decisidn Making ,

Returning ndw to water planni € In Tenzania, the central
problem to be tre”_at?d in this papel isirow to rapidly sort
through a large number of alternatfive projects proposals with the
aim of arriving at a selection of jproject to be implemented in
a specified time lperiod. The quedtion should also be taken a
step further to ﬂheisystematig: eyploration of alternative stra-
tegies and assumptions about the:|design inputs.’

3
[

t

§ i |
P /
' B
gl

1. The main cost#component consigte usually of construction
cost, and operatieon, maintenanpe, and replacement cost. Other
costs, not rei.dii-y expresged jin monetary terms, could be, for
exemple, the d&isplacement of jpaopl.c

-

2. See eSpeciallbz the following| refoercnces listed at the end of this

Fr&engan‘ and Haven
Majoi,Il 1969
Havenman, 19673

papers: 19703

5T the deterioration of other
water sources through th¢ imstallation of an additional well.
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Beforce discussing some techniques of analysis which would
be useful for water supply plamming in Tonzania, it might be well
to identify the following levels of decision making:

1. Engineering decisions: groundwater versus surface water
utilization}y the cheapcest way of meeting a given set
of objectives; etc.

2. Design input dccisions: medium, high and low population
projections; economic development potential; rainfall
probabilities; etc.

3. Poclicy decisicons (which dcal with thc sciting of
obgectxves)° todal expenditure level; degree of

preference for Ujamaa villages; desired quantity, quality

and distance to water; ared. concentration or dispss-
.sion of projectsjete.: o o

This clasdification, which in reality is never so clearly
divided, suggests .that there has to be a division of labour in
decision making. It is necessary to clearly define responsibili--
tics for each level and to establish guidelines about the desired
interaction between them. The necessity to do this should be
obvious; but it happens almost as a rule that those who are
responsible for engineering decisions also, in fact, make
decisions about the other levels, be it by default or for expe—
diency. Unless those responsible for the first level can present
the necessary choices to the other levels in an approprlate form
and accompanied by all relevant information, the decisions will
not always be made by those who should make then, - Convenlent ways
of presenting these alternatives are outlined below,

Two forms of choice

The desired selection of projects for implementation is
achieved by ranking all proposed projects (for one region and one
time period) in their order of desirablity. The size of the avail-

" .able budget will then determine for that ordered project list
the cut—off point which divides the projects to be implemented
from the ones not t6 be built. This ranking of proposed. projects
can be achieved in basically two alternative ways, (1) by meking
a list of all the inputs and outputs for each projéct 'and then
compering lists for different projects visually with one another
with the aim of ordering .the projects by some cirteriin of desira~
bility,! and (2) by wxpressing the relationship between inputs
and outputs entirely in the ferm of a mathematical model and then
ranking projects according to the degree to which each projoet
fulfills the stated set of criteria in the model. The advantage
of the former procedure is that the lists are comprchensive and
flexible; its drawback is the. impossibility to keep track of all
the factors in/comparison betfeen projects. The advantages of
the latter procedures lies in" the speed of computation, which can
be done on the computer; its disadvantages have already been

mnentioned,

, -
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TFor the plamming situation discussed here, a combination
of the two approaches seems the most appropriate. Those 1mportant
relationships which can be explicitly stated should form &a.
mathematical model, The remaining benefits (und costs) Wthh
cannot be 1ncornoruted in the model under one unit of measurement
are sinply listed for cach project alongside the results from
the mathematical model,

The ranking of projects is then carried out in two steps.
A preliminary ranklng is first achieved by the mathematicel model
alone, which is gygequehtly refined on the basigs of the
additional factors on the list,

The ILlethod

In the preparation of a regional water master plan, it is not
appropriate¢ te analyze, at the start, projects that are so 6 ..
small that they comprise only a few villages. It will be
helpful to delienate zones, waich form fairly homogeniqus units
of water supply and demand characteristics. One such zone could
be,for example, a large flat drainage basin with fairly evenly
scattered honesteads, limited groundwater availability and no
perennial streams. Another zone could be a #pydiby of high-
land plateaus on which villages are located., The preparation
of the master plan - would then involve dividing the region
into a number of such zones, based on initial field studies of
the water supply and demand conditions, A separate zone should
also be established for any area where there are major choices
about strategy to be made, be it the source of water (e.ge
pumping from the ground versus a pipeline from a nearbly
mountain range), or the overall development potential of the
area (future in or out migration, prospects for irrigation).

l. A single Zone

Each zone could first of all be considered separatély to
see which alternative means of providing watery thereafter

called water supply strategy,1 is the most advantageous for each ’

zone. Taking a certain population forecast and density
distribution for a zone, the minimum cost alternative for
providing . the water should be found.? Additional considerations,
such as the-reliability of the water during the dry season

and its quallty, should be recorded, and sometimes such
information might Be used to discard the minimum cost solution
in favour of one with more attractive other features.

.

1, 'The'férm project used in the beginning of this paper is
synonymous with water supply strategy.
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The mathematical model which can be used for the simplest
possible case of cost minimization for one zone is shovm in
Appendix A. Thé exemple comsists of a cost curve, one for each S
water supply strategy, as a function of the number of people
supplied, and of a constraint about the minimum number of people to be
served. In addition to finding the least-cost strategy, the
solution also finds the marginal value of water supplied to the
last person, which is implied by fixing the minimum number
of people to be provided with water. The marginal valuec of
water is equivalent to the previously mentioned unit benefit
(per person).] This fact is of considerable importance, because
it is a way out of the narrow definition of cost-benefit analysis
which was critisized in the beginning of this paper. Instead
of assigning a benefit, in shillings per person supplied, the
number of people to be served is fixed, which, as a property of
the mathematical model,implies & unit benefit,?2

An obvious implication of this relationship is that the
planning procedure currently used in Tanzania does not neglest
to consider the benefits from rural water supply, as is often
charged. It does not directly assign a value to the benefits,
but by setting appropriate constraints a benefit is in fact
implied. This gets around the futile endevour to assess
benefits from rural water supply through measuring the various
benefit components, such as better health, time reallocated to
production, and the boost to economic development of the area.

The numerical example presented here postulates a gone
with at least 12,000 people to be served. For simplicity only
one strategy (.i.e. one pos#iible way of providing water) is
assumed, with a cost curve as given in Appendix A (cost curve
for zone 1 in Pig. 1), The solution is to supply the 12,000
people at a cost of 815,000 shs. The implied unit benefit (per
person) is 94.4 shs., and the average cost is 67.9shs. If there
were several alternative water supply strategies for this zone to
choose from, the one with the lowest total cost should be
selected, unless - for other reasons a different alternative is
preferable.

2., Budget Constraint and Phasing of Construction

In this manner, the minimum cost solution and the implied
unit benefit are computed for each zone. Adding up the cost for
all zones gives thetotal budgetrequirement for the region over the
entire plan period. If this exceeds the budget that has been
allocated to the region, it follows that the water supply for
some of the zones canndt be built in the plan period., Those
zones which are preferable must be singled out for implementation.
Because the previous calculations already found the least-cost
design for each zone, and there/no further cost saving can be
obtained, a reduction in cost could only be achieved by lowering
the water supply standards (water quality, quantity, per person
per day, distance of fetching, etc.).

1, This is demonstrated in Appendix A for the example considered.
Henderson & Quandt, 19 show that this relationship is
true in . general,
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It is,of course, possiblé/gpproach to the problem of planning
under a budget constraint differently. One could reguire that
every needy person in the region must benefit from the water invest-
micirty and that as a consequence the water supply standerd must be
modified so that the total expenditure remains within the allocated
budzet. This is again a decision which must be made by policy
makkers and not by engineers or economists. The latter must
supply the information so that a choice can be made at the policy
level, Pplicy makers must be told that for a certain standard of
water supply the reguired budget is so much, but if another
standard is applied, the requirement is that much.

Ilo matter which approach to planning under a budget constraint
for the entire plan period is chosen, a preference ranking for
zones must still be established, Not all the zones can have thelr
schemes built at one time. Some will be built earlier, some
later, fhe ranking of projects according to their relative
desirability can help in meking the selection of zones to be
supplied first,

The relative desirablity of each zone's scheme is also a
useful indicator of the overall development emphasis that should
be given to that zone; if the prospect for the development of a
zone is poor, people should not be encouraged to settle there in
the future. The water master plans would thereby establish zonal
priorities for overall development and settlement of people from
the water standpoint, which would be of grcat help to regional
plamming because of the fact that water is serious problem for
nmost regions,.

To decide the phasing of construction of the schemes for the
zones in 2 region, the total plamning period must be divided into
sub-periods, and the most advantageous group of zones selected
for the first period, the next best group for the second, and so on.
Igre precisely, once the length of the sub-periods is chosen, a
budget constraint is assigned to each period. The selection of
zones for implementation in the first period is then carried out
from among all the projects as if the first period were the only
one in existence. Then the selected projects are set aside and the
choice from among the remaining projects made for the senond period
if it were the only one, amd so on.]!

3. Selection of Zones in one Time Period

Having broken down the problem of deciding which @ones should
be taken up in which sub~period into one of choosing the most

desirable ones for implementation in a specific time period,.all the

zones not implemented in other periods are ranked in descending
order of desirablity and the cut-off point for implementation
established, so that the budget ellocation for that period is
exhausted,

1. There are cases where this method does not give an optimal
ranking. Sec llarglin, 1963, pp. 28-29, 51-52, for a precise
statement of the conditions when it does. Domestic water
supply projects normallly mect these conditions.
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A number of different ways to rank projects have been emplo- Ce
yed in the past, not all of which give the correct ranking. In
fact, only onc of them always gives the corrcct ranking in the
precengc of a budget constraint, while some others do so under some
limiting conditions. It will be demonstrated with a numerical cxa-~
mple how other ranking criteria produce different rankings , which
are incorrect, C

The recommended renking procedure consists of computing an
index, which is the differencec between the total implied benefits
and the toal cost multipiied by a coefficient (see Appendix B).

Index = Benefit - (Coefficient) x (cost)

This coefficicnt represents the shadow price of capital (the cost

of one shilling, so to speak) and is an undetermined value; it is
greater than one. As the magnitude of the cocfficient increases, the
index decreases; until a point is reached where the index becomes
negative, Ffurthermore the ranking of zones according to the
mognitude of their indices might change with different values for the
coefficient, The desired ranking is obtained by adjusting the

value of the coe ficient until the cost for zones with positive
indices adds up to the budget allocated to that period. This
procedure , which is explained in some detail in Appendix B, ;
assures that those projects are built which best meet the given
objectives. ) : ' :

An an  illustration, four projeécts are given, each being
the best for its zone. Three of them cost 815,000 shs. each, and”
the fourth 1,630,000 shs. It is given that only 1,630,000 shs. can
be spent in that ime period, so thpt & choice of zones for
implementation must beé made. The tosts and benefits, in shillings,
are as follows: ! ‘

]

i

Project ~~ Total Benefit ,Total Cost Average Cost

1 1,133,000 - 815,000 67.9 ]
2 1,101,000 815,000 54,3

3 749,000  : 815,000 102.0 | }
4 2,040,000 1,630,000 8.5 -

For different values of the cbefﬁcient, denoted by s, the
following ranking of o zones by thg size of the index is obtained: -

_Zone §Index Total cost o
== 4 410,000 1,630,000 f
1 318,000 815,000 |
2 268,000 815,000 |
3 A -66,000 815,000
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wone Index Total Cost
= 1.25 1 113,000 315,000
2 80,000 815,000
B 4 o 1,630,000
3 -71,000 815,000

Yhen s = 1, that is when the index is simply the difference
between beneflts and total costs, the indices of three zones are
positive, indicating that’ "% for these zones should be built.
This exceeds the budget constraint, and so s is gredually incre-
ased to make the index of some zones nogative or zero. When s
= 1,25, only the indices for zones 1 and 2 are positive, and their
combined cost of 1,630,000 is egual to the size of the budget. It
should be noted that the ronking has changed with the increase in-
Se ,

It is interesting to compare the results obtained from diffe-
rent ranking procedures, out of which only the one using the s -
coefficient on the cost term is correct. Zones are ranked in

descending oerder of desirability.

(1) Renking index shown above(using s coefficient)

Zone 1° )
To be built
gone 2
Zone 3
zone 4

(ii) Difference between bénefifs'and costs (i.e. s ;‘1)
zone 4 ) To be built
Zone 1
Zone 2

Zone 3

(iii) Average cost

Zone 2
- )70 be built
Zone 1 )

zZone 4

Zone 3
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The fact that procedures (i) & (iii) lead to the same overall
conclusion, that is to build in zones 1 and 2, is a coincidence,
because one can show that if the budget constraint were 815,000 shs
instead of 1,630,000 shs, by increasing s to s = 1,35 the solution
would be to build i zone 1, This is different from the answer
obtained by procedure (iii), which say to build in zone 2,

I* follows that the importance presently attached to the
average cost is an inadequate measure of the relasive desirability

of projects.

So far the ranking has been carried out only on the basis of - the
results from the mathematical model. But as has been proposed in '
the beginning of the paper, additional factors reclating to aath -
project should also be taken into consideration for the final
ranking. These could be, for example, the eoonomic development
potential of the area, the foreign exchange component of constru-
ction, and the condition of the present water supply. Bringing in
these factors might change the ranking obtained with the help of the
methematical model, but the refining of the priorities will be
greatly facilitated if a preliminary ranking has 1 alrcady been
done, o

Conclusion

The planning picture can now be further expanded ~ and this is
only possible if project evaluation and selection are systematically
and rapidly handled - by sectting different projections, estimates,
and objectives, and exploring what the outoome, in terms of project
size, location, staging of construction, etc. would be. One could
for example, determine what difference it would make to the staging
of projects over a 20~year period in a certain region if for
example water stimulated rapid economic development in some sector
of agricultural production, and what it would be like if it did not.
A similar exercise could be done for projections of people living
in Ujamaa villages as opposed to homssteads scattered over a large
area. By holding some inputs fixed and changing.others, the link
between assumptions and their associated results can be fairly
simply displayed, so that the necessary decisions can be carried
out at the appropriate level,

ranking

The advantages of obtaining a preliminary project?;ith the aid
of mathematical models are not fully apparent in the simple example
which has been discussed. As more factors arce added for cach
project and as the number of projects increases, an intuitive
Judgement becomes more and more difficult. Too meny projects, too
many factors, and too many time periods have to be kopt in mind.
The situation is somewhat like that of a card player's who is a
player at every table of a tournament hall where different card
gomes take place, and who goes from table to table making a move at
every table when his turn comes. He has to remember and history
of each game and its present state, This is wherc mathemaiical
modelling and the use of the computer become valuable tools
in decision making.
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MODEL OF . STIELE PROJECT

The Objbctl:}'\. is to mininfze the total cost, C(x), of the - conclusior
project, "‘UbJ\.Lu o the constralnt that a mininum runber of pcople . S ?ecaussl;u]
P, nust be p;o uaﬁcd with water,| The variable, x (which is a duncy M - insteadi:
variable sincc o 7ays for thisodel X = P), is the actual nunber .3 - woulai be J”
of people to ‘m_ sypplicd. ~ ; obtama'.;]_;;

( g R

Model 1 : li%nimize ¢(x)

_ | averageior
Siflbjcct to x ¥ ; of prOJg

The solutioh to this probldn is obvious, the population to be '@ So . fit
served is x = P chd the cost boednes G(x) = zP) Te can, however, 3 results™"
gain an addi ulon:ﬁ picce of information if we keep X as a variable 3 the beg__
and solve the proplen by sone standard optimization techniques For B 2 project: s}
our case, the necthod of Lagrangenn rultipliers is appiropriates The rankn.ng—
Lagrangean fuactilon is T = C(x) + k (x = P) where k is the undew potenti
termined. Las rmjean multiplier agsociated with the constraint. . ctiong o

T - these f%',

The solutién is found by nakimizing L with recpect to x, ‘mathema

greatly .

{
dL: = C'(x) +k &0 done.
Where O'(x) is the first derivative of C(x) with respect to xe It 'Concluslcw
- follows thot k =:e G'(x) If l::
" The Langrangeon }nultlpller k represents the shadow piice of P, only pi

and Tapid:
and ob ;
§ size,
for examp:

i of proj
2 exampl

- of agricu

A simi :
2 in UJ 3
ared.

t between a:

iees the benefits foregone by nof supplying the (P+1) st
person. In our case the shadow price equals the nooa’clve
narginel cost evhluated at the golution point (ie.ce x = P)e

l

The reasor why lk should be dete%nined is that adightly different
problen foruulation leads to exfctly the sgne result, This .
alternative Jordulation is ' '

]

2

’ {
Model 2: Maxindze N = (=) x - o(x)

i

The ix -;erpretatlon given| to (—-k) here is the benefit

derived fron supplying one person with water. The solution ist 9 simply
i £ out at g
_d_.}\l:-'-k %C'(X)"O 3
dx . { ' Thee
! 1 3 of mat:!n
and it follows that k = —~C'(x). * which
i [ %’ project o
: ' § Judgem
1F ; : ) " T many T
or a proof umt the two alternative models always give the T o
e situa
same result see Hendeison & Quandt, 1958, ¢ :
t ; Player |
g 7 Gomes t':
) £ cvery tab.
‘ s Oof eachme
modell%
' © in deci®d
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en therefore vse cither model to arrive ot tiae sane
. For ocel 1 the wminimun number of people, &, nas
fixed, and for mocel 2 the unit benefis (—ks The
ion wihiclh fornulation to use dewnends on the abhility
s8ign actual values to these porameters. Iresent
wwhning in Tenzanic is done largely along the first
srulation (i.e. cost minimization subject to & minimuna
mber of »eople served).

anple:
Tie project cost, C(x) is com»osed of the copital
sty Cq (fixed cost) and operatlon/maintenance/

snlacenien 11 running coste)., The »Hresen o
slocenent (OIR, o stg) The »resesnt value
> thie annual Ol costs is cdenoted by CO“P

Lalt

. O(x) = CO + CUI.:R
‘ there Co = a + bxr

and COIIR = hx

C(x) = a + bx" + hx

This form of the fixed cost funotiin wias found
»£it past project cost catzs in Tanzania.

Setting a = 200,000, b = 0.0036, r =2, h= 8, and
F = 12,000, the total cost in shillings is:

L3N

C(x) = 200,000 + 0.0036 (12,000)% + & (12,000)

i

= 715,000 + 96,000 = 615,000 shs.
end C'(xJ = rbx*~1 + n = 0.0072 (12,000)

+ 8 = €4,4 shs.
It follows that the average cost is C(x) = 815,000/
12,000 = 67.S9 shs.

+ Techannerl ard :ilaki = "The Cost of Rural ‘‘ater Supply ™,
URALUP Report, in preparation.. & solution for models
1 and 2 can ve founda only if r>1; that is wien the
pmarginal cost curve increases (sce denderson & Quandt 16583).
- .- - E
The historical data showed invoriably functions with
r<1l., Using the the pest Trend,; hovever, these curves
viere extrapolated "to the point where r> 1, thereby
increasing the scale of projects. These consicerations
sugeest that water suptly priojects in Tanzania should
be built on a bigger scale than up to now in order
to realize some cconomies of scale.

- Bnly
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APPENDIX B

PROJECT RANKING IN ONE TIME PERIGD

e

Four zones:

Four ( mutually exclusive) zones are to be ranked according

to how well the proposed water supply project for each

would fulfill the criterion of cost minimization subject to_supplyingv'

a fixed minimum number of people. The first zone is the one

discussed in Appendix A.

in Appendix A.

T T B T 0
i

(x =P )

Co = capital cost

Cgmvg= recurrent cost

The other zones have the same cost function
as the.first, but they have different values for the cost parameters,
Ihe following is a summary of the notation which was introduced

= constant in the capital cost function
= slope in the capital cost Fuhction

exponent in the capital cost function
= present value of OMR cost per person

= minimum number of people to be served-

C(x) =€ + Cavg total cost

'MC = C'(x) marginal cost evaluated at x

AC = C(x)/x average cost

B = total berefits (present value)
NB = B~C net benefits o
Ri{ = ranking index for ith zonse
s = shadow price.on capital

The value for the parameters (a,b,r,h, and P)for the four
zones are given in table 1

computation,

together with the results from the

~dippe can th
“esult.
Aio be £ilE
“Yiecision v
w R0 85818

A Phlanning
Yrormulatio:

-umber oirg
. . _ oot

xafple

N }3
~ost l

Uluceuep

rF J
£
3
:
&
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TABLE 1, COSTS AND IMPLIED BENEFITS FROM THE FOUR ZONES .
coSsT parametefs No. ofﬁ -cost, in shillings(notation on pievious page)
peopleﬂ
] ﬁﬁ '
“one a b I h Py Ce Comn c(x) MC AC B NE
£y
| j
1 200,000 ,0036 | 2 8 12,Gﬂ04 719,000 96,000 315,000 94.4 67.% 1,133,000 318,000
i ;
| [ j
; 1 ’
;2 f 0 2313 1.5 16 lS,OODJ 575,000 20,000 215,C00 i V3.4 543 1,101,000 236,000
: i |
R . - ' U S ) :
’ ; ) :.
s ! ; a
i3 ! 400,000} .00523] 2 10 8,000{ 735,00 | 60,000 | 815,000 93.6 | 102.1 740,000 -67,000
] ) | \ _ :
4 500,000} .154 1.6 8 20,000{:1,470,000{ 160,C00 1,330,000 102.0 81.5 2,040,000 410,000
{
NOTE:

by e - e

1.A11 the cost figures are computed with the equation given in Appendix A,

2,The cost curves for the 4 zones (all having the same function but different parameters) are shown in Figure 1,

e
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RANKING

The ranking index is defined as:
Ro= (k) - s C(x)

where s denotes the shadow price of capital due to a budget constraint
being present ( a scarcity of the shillings, so to speak). When the
budget constraint is binding, s is greater than 1. As explained in
the main text, the index R is calculated for each zone by setting

a value for s, and the desired ranking is cbtained when the value of

s chosen is such that for the first project (from among all the zones)
which cannot be built because the budget would then be exceeded, the

R is sgual to zero.

Setting the budget constraint at Shs. 1,630,000 and defining
Ri as the ranking index for the it zonag, the following ranking
occurg, in descending order of desirability:

s = 1 R, = 2,040,000 - 1,630,000 = 410,000
Ry = 1,133,000 - 815,000 = 318,000 .
R, = 1,101,000 - 815,000 = 286,000
Ry = 749,000 - 815,000 = -66,000 °

Zone 4 is the most desirable, 3 the least. The first three
zongs should be implemented, which violates the budgst constraisnt.
One, or two, zones (depending on which onmes they are) must bs driven
out, To achisve this, s is gradually increased until ons zone (other
than zone 3) has an R of zero., This is.reached when s = 1.25 .

s = 1.25: Rf{ = 1,135,000 - 1,020,000 = 113,000
Ry = 1;ioi,ooo - 1,020,000 = 80,000
Ry = 2,040,000.. 2,040,000 = 0
Ry = 749;000 -~ 1,020,000 = =~ 71,000

Remaining are zones 1 and 2, and their joint budget requirement
exactly exhausts the available budgst. The solution is therefore
to implement the sbhemes for these two zones. The remaining two
zones might still be taken up in a later time period, with the
selection being done by a separate ranking. It should be noted
that zone 4 has dropped from first place to third place with the
increass in s. This happened because the budget constraint makes

money scarce, thereby penealizing projects with a high cost
component, The cost for zone 4 is much greater than for the ather
zones, and an increase in s makes it less desirable relative to the
other zones.

Suppose a solution had not been reached at s = 1.25, what happens

when s is increased further? The R of the next projsct becomes
zero at s = 1,36 and the following ranking obtains:

1,133,000 - 1,101,000

s = 1,363 Ry = = 32,000
Rz = 1,101,000;~ 1,101,000 = 0
R4 = 2;940,000%~ 2,202,000 = -162,000
Rz = 749,000 ~ 1,101,000 = ~352,000

The ranking is unchanged from & = 1,25, but only zone 1 is to
be implemented, which does notv fuil utxl;ze the avallable budget.
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INVESLIGAL IONS ;. SURVEY, AU DESIGH

OF NUKAL WALSW oUrrLIly

By Andre Harlaut

Precnan, «

5wuC0 - VBB, stockholm, Sweden Objc
Wate
1. Generzl -
Havenan, :
bue to diificulties with communications and lack of accumu- me?;
lated information the investigations, surveys znd design for rural 4
water supplies aire often difficult to carry out within the limited Hend i
economical range aveilable. It is therefore necessary to develop e efsgg,
procedures in order to avoid unnecessary communications and delays. 95
I
The three principal bodies involved in a given project are ﬁMaass, “be
generally & Regional Oifice, a Head OUffice and specialist Jections * Mdf
such as ungineer Geologist, luboratories, etc. It is advisable 2 n
to establish & procedure which allows a division of work and ’ ,
responsibility between ti three bodies and facilitates compre-— »Maass, e
hensive overall planniag. gl Uni
- The scnematic procedure snould be based on the Tfollowing %Major, D?
main principles:- - : ng
. 6,
1. All work involving knowledge oi local conditions suiould . .
in the first place be the responsibility of the Regional Mar@ll?’
Ofiice. ' 1S
2. All work involving special knowledge or eguipment shoulad
be carried out by Specialists sections. Tec
3. All design work involving calculations, economic studies, Tschanner.
BR.L

details design and standard design should be the responsi-
bility of the i{ead Office.

4. The project work should preferably be divided into three
main phases. Tae Iirst phase should include all activities
in connection with the selection of the projects and the
nverall planning. <The second phase, resulting in a Project

. Report snould include all investigations and studies neces-
sary for the implementation decision. The third phase should
include all surveys and design ior the preparation ofi all
documents and drawings necessary for the construction.

RIS 8,

The various steps oi the procedure are schemctically
listed below:.-

W e

OVeit.LL PLAINNING

Vater Master rlan
Three years flaning

PROJECT PiulPAnL IO

Preliminary survey

Prograpme of investigation
of water source :

- . v
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TARE . SOLTUN LM~

prenye

Investigation ®:
Wa .er source

Pr_ject report
fre—investmentgstudies

Implementationzdecision
apu actions ; a

]
T
H

DE LIGH ;

Programme of surveys

H
Surveys and survey

-
Heports b

Countstruction documents

In order to achieve the preparation and design of the projects
dth teoe ninimum of expenses, the third phase should be commenced
mly after the implementation decision has been finally taken. It
-2y however be advisable in many cases to adapt the time schedule
-0 the specific conditions for each project and the project planning
spould find the most favourable time schedule Ior each project.
‘he procedure adopted Tinally for eack project suould always be
iiscussed with reference to the cost involved so that the cost of
sreparation and design or the project is kept on a reasonable level.

2. Overall Planning

.1 Water laster Plan

As a guide for the selection of projects it is in the long
un necessary to have in each region a degional Water Master
“lan summarizing the overall water situatiion in the Region.

‘he llaster Plan should saow information on the wmain factors

to be taken into consideration such as population, livesiock,
ixisting water supplies and sources, hydrology, hydro-geology,
;0ssible water resources, etc. The task of establishing such

3 aster Plan should probably be given to a central body or

to consultants, but the continuous revision and up-dating of
the rlan once establisned should be the responsibility of the
gegional Office. In many cases a preliminary ilaster Plan
could be compiled in the Region on the basis of available
information and used until the Water Master Plan for the whole
tountry is established.

2,2 Three Years Plenning

Since the preparation and design of a project requires the
copmon eifort of several bodies -- Regional Office, Specialists,
lead Office, etc. -r It is necessary, in order to avoid delays
ind improvisation to plan carefully the programme of work for
the whole organization for at least three years in advance.
lhe programme snoulﬁ be revised comtinuously and should be the
*esponsibility of agplanning section.

3. Project Preparation
3

3.1 Freliminary purvey

The zim of ﬂh prliminary survey srnoald be to collect the
lnformation necessary to access the main features of each project
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the results oi a survey should be recorded on
accompanied by a topographical sketch
information should be collected:-

As & rule
standard survey sheets
of the project. The iollowing

1. Zxisting water demand
Humber and location of:-

Population

Institutions (schools, hospitals, dispensaries, etc.)
Livestock.

Qther water consumers.

2, Existing water sources
Lype, nuaber and locetion, quality of water.
rresent estimated water consumption.

3. Anticipated development and water demand.
Existing plans.
hxpected development.
Estimated future water demznd.

4. Topographical sketch giving the main feature~ of
the area such as roads, paths, valleys, main
level differences, etc.

5. Possible water sources
Lype, number, location and elevation

6. FPossible layout of the schemes.
Locaztion and elevation of reservairs with
alternatives, if any.
Location of mains with altcrnatlves, if any.
Location of domestic points and home connections.
Possible extensions with alternatives, if any.

7. Special problems and otﬁéf‘informatidn of
interest concerning thne project.

3.2 'Programme of Investigation for Water sources

In many cases the preliminary survey may not give sufficient

information as to the availability of water. It should in most
cases be necessary to establish a programme for the required
investigations by specialists of all the likely water sources
to be executed. <The programme should include the inforration
needed by the specialists such as topographical sketches,
expected water demand, existing and possible sources, etc.

3.3 Project ¥lanning

The work of the specialists should be coordinated by
planning section which shoula estallish a time schedule for the
project. Close cooperation between involved bodies will have to
take place and a standard routine should be developed to avoid
unnecessary delays. It should be the duty of the planning
section to achieve <nd maintain efficient routlnes for the neces-
sary co-ordination.

Inv
wat

Pro

rre.

Con

: In

with tae n
only after
pay howeve
to the spe
should fin
The proced
discussed

reparatio

wat

» As .
run necess.
Plan summe:
The Master
o ve take:
gxisting We
possible w:
§ liaster P:
to consult:
the Plan o
Regiomal 0
could be c
informatio:
country is

2 Thre

Sin:
common eff.
Head Offic:
and improv:
the whole «
The progra:
Tesponsibi:

3. Pro:

i N

3.1

) The
informatior



"~ 103 -

LR RN S AT 2 S

The results o & level survey could simply be a plen and a
nuwoer of levelling sheets with tne corresponding calculations.
It should be the task of the Design Section &t the Head Oifice
to develop such standard routines.

It is also essenticl tiat all information of importance to
the project, e.g. nature of soil, obstacles, etc., is conti-
nuously noted during tae survey and adequately reported.

4.2 Construction Docunents

The construction documents should include the following
itens: -~

1. Construction drawings
2. Specifications
3. Bills of Quantities

4. Cost calculations

If and wnen it is decided thzat a contractor shall cons-
truct the project toen the documents 1-3 completed with the
Conditions of Contract suould form tie Tender Documents and later
on the Contract Documents.

Note:~ The present paper is based on exzperience from surveys
and studies of rural water supplies carried out by
BWiBCO0-VBB, Consulting fngineers and Architects, Stockholm,
oweden, in Tanzania and other countries.
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SIGNIFICANCE OF TFLUORINE IN TANZANTA

DRINKING WATER

by

S.L. Bugaisa,
Mineral Resources Division,Dodoma.

It is generally accepted that the health of commumnity depends
in large measure on the ample supply of a whole.some water supply.
Diseases of very varied character and nature can be, and are tra- -
nsmitted t» man by water, The casual agents conveyed by the water

' may be chemical poisons, pathogenic micro-organisms, and higher

forms of life, like worms. However, certain diseases have als” been
ascribed t> either deficiency or sver abundance of certain chemical
substances in the water supply; for instance, it is sometimes
claimed in “the medical field that absence of certain substance in
water, such as chlorine and calcium is detrimental to health. At
the same time the presence of certain substances in water such as
arsenieé, lead, and fluorine, leads to ill-health,

Mottled enamel, a develospmental defect of the téeth, was first
noted in 1901. among emigrapts from Pizzuole, Italy, and has since
been observed t> occur endemically throughout the world. From the
time >f the first recorded investigations, suspicion was cast
on the water supply, some abnormal constituent of which was believed -
to be the casual agent. But the exact nature of the latter was
discovered only in 1931 when Chruchill reported the presence of
fluorine in the water supply of various endemic areas in the
United States. Tater in the year some investigators produced the
condition in experimental animals fed Jn diets containing (a)

sodium fluoride, and (b) the residue of the drinking waters from the ]

affected areas, Ample evidence has since been forth-coming to confirm
the responsibility of fluorine in drinking water for thls
teetch condition in men and other mammals.

Poxr example in North Africa the presence of fluorine in soils

has been shown the cause bone diseases, in addition to dental
deffects in horses and cattle, Sometimes acute p01son1ng has been
reported in aluminium factories where flueride is present in the
dust. ‘However such severe effects are exceptional; most cases of -
chronic fluorisis are limited to the teeth and are due to the
continued ingestio>n during the early chlldbood of small amounmts

of fluorine in the drinking water. -

The té@th. disease, known as mottled enamel ~ chronic endemic
dental fluorisis - is almost entirely confined to the permanent
teeth, and occurs solely during the calcification. Hence it is
chidren up to thz age >f ten years who are susceptible, and the
defect does not become manifest until after the permanent teeth have
eruptéd, ie. from the ‘age of six years onwards.

The infected teeich lose their customary lustre and become
chalky white, later they develop disfiguring patches of yellow
Lrown, or black staining and may ultimately become pitted and
absolétely black. The defect once established is permauent and
incurable. However, one curlous result is that teeth only

i i
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iii) Serengeti area up to 150 ppm F.

iv) 0l Balbal depression - over 86 ppm F.

v) Mbulu District ~ Up to 99 ppm F.

vi) Iake Natron Basin - up to 330 ppm F.

(vii) Rivers from ¥,E, Meru area also known to contain
large concentrations of fluorine.

(iv) Musoma Region:

(Several thermal springs in Musoma District also carry
fairly large amounts of fluorine up to 25 ppm F.)

(v) Mbeya Region:

Rukwe. depression ~ fluorine concentrations up to 75 ppm have
been encountered at Ivumba. And in other areas within
Mbeya Region, concentrations up to 96 ppm have been recorded.

Generally, fluorine is a ratre constituent of groundwaters and the
high fluorine concentrations in groundwaters as outline above are
attributed to some geoclogical and hydrological processes and c¢ondiiions.

F1) Volcanic Activities:

(a) Volcanic rocks incdluding kimberlites, carbonatites, pyroclastic
ashes and salt deposits, The most obvious example of volcanic=
rocks, pyroclastic and ashes contributing to high fluorine
concentrations in groundwaters in general is the east and S.E.
Meru area including the Sanya Corridor. Borehole water in
South sanya corridor was found to contain up to 96 ppm F., while
further north weter contained only 8 ppm F. An area west of
Ngorongoro Crater and Lemagrut Volcenic Cone had fluorine
content in spring waters between 40 and 140 ppm. DProbably it

" originated from ash beds deposited in Serengeti Plains. A
borehole sunk north of the National Park boundary in basement
rocks has shown fluorine content of only 6 %o 10 ppm F.
Another area where it is suspected that springs and veleant:
ashes have contributed to the high fluorine content is N.E.-
Kondoa area., Again waters derived from kimberlites, as in
Shinyanga area show fluorine content of the order of 110

" to 250 ppm.

(b) Thermal springs situated in or near deep fracture and fault
zones and comnected with juvenile sources; this is exampli-~
fied by thermal springs in Musoma District which carry fairly
large amounts of fluorine; and some springs in HMbulu area which
drain into Leke Balangida show concentrations of up to 99
ppm. e Extremely high fluorine contents of 330 ppm have also
been recorded in thermal springs in ILake Natron.

2) Concentrations through evaporation in undraincd areas of saline
groundwater and mixed juvenile waters, This is -examplified

by the exceedingly high fluorine concentrations in waters of
Wembere, Bahi, Ol Balbal depressions; Rukwa, Manyara and Arusha
Chini - Pangani basins ond Serengeti lake beds.

3) The prescnce of minerals such as fluorine and apatite in rocks or
lzke deposits. For instance high fluorine content in Isanga
basin ~ Shinyanga area - is attributed to the mineral fluoride
which is known to occur in younger granites in Lake Region,



3 b In addition to these examples, certain rock formztions a.@e chara~ w
' :y cterised by relatively high fluorinc concentrations, Consequéntly i
. | _ groundwaters originating from these rock formations are hlghly conta~ [
: k . mirnted with fluorinc; for example the younger gronitic rocks, with £« ﬁ:
i orine concentrations ranging from 11 to 36 ppm. and the lyanzian forma- ;
tion have been shown to contaln relativély high fluorine values of

. more thon 4 ppm. » ﬁ
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CONCLUSION j l

The toxic action of fluprine from the waters of the contaminated Y

.- arcas may not at first be apparent as the ill-effects are not dramatic

"in the early stages, However, it should be borne in mind that toxic

action of fluorire in the long run is far-reaching and has ill-effects

on human beings and other mammals. In areas like Arusha, Kilimonjaro ‘

Mesailand , Mbulu, Kondoa, and Kongwa, 2 greater percentage of the g

communities loose their teeth or develop deffective bone structures

in their early youth and a gremt number of domestic animals (cattle,
g s sheep, goats, etc. ) are lost each year through bone breskage and
wear of teeth. All ‘bhese are belleved to be largely due to fluorine
o toxic action,
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utrition authoridbies reckon that water supplies with fluorine
concentrations greater than 2 ppm are unsuitable for humon consumption,
a particulaerly where such water supplies are used by children from the
age of 6 ycars onwards. : :

ol 2

B A research Chemist in the Veterdnary Department in Tanzania

-J-}; came to the conclusion in the course of a fluorine survey that fluorine
j concentrations of 18 ppm was the moximum amount compatible with good

il husbandry of cattle and.that the abonormal increase of bone breakages

‘ and wear of teeth was great above this amount.

Gl

Thus it is the duty of our water supply authorities,’ the nutrition
department, institutions like school and nurseries, and veterianary
K| departments concerned - ° with animal husbandry, to take necessary
: ~ steps to s&hfeguard our youth and domestic animols against fluorine toxic
BB action. As remarked earlier, once fluorisis has developed it is incurabje,
E - U Hence it is only through preventive measures that we can safeguard our _
" cormmmnities. This can be achived by either providing good fluorine '
e free water supplies and discouraging the use of fluorine conteminated r
} waters; or in areas where it is practically impossible to get fluorine
im free water to carry out possible chemical purification processes to
reduce fluorine concentratlons in these water supplies %o the permissible
llmrt:s.

SN .
-,/

, Some. investigations of the possibility of removing fluride from water
»5§-}' have been made and various methods have been proposed. Of these,
2' treatment by''Trica lecium phosphate" appears to be the most promissiong.

/ _ TABLE 1 SOME WATER ANALYSES

ot

LOCATION : pp.ste Fluorine

" Shinyanga

Bahi Swamp

Bahi Depression
W.D.D, Yard, Arusha
Wenmbere, Singida
Wembere '

Moutu, W, Wembere, Nzega
North Chubi

Tkasi, Dodoma
0ldonya Narok
Igombe, Tabora
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fumbi Velley, Tabora
Igombe Valley,Tabora
Uvinza, Nyanza Salt liine
Tkasi, Dodoma
Ikasi Dodoma
Singida Tovmship
Singida
Tikiti Spring Water
Moro 1 Spring iVater
Moru II Spring water
lMorangweni Spring Water
Kidamudango Spring water
NE.E, Eyasi Spring Water T1.
Endarihunc Spring Water 13,0
Endamifaz Spring Water 14.0
S.W, of Msughan and E. of Tkungi 10,0
Maji Moto Hot Spring
Hanyoni Hot Spring
Bukene
Iake Kindai, Singida
Teruta(D.S. 12)
Lake Singida
Kisangiro Moshi
Kisangiro loshi
Kikabogoy Morogoro
Seronera
Kitengure, Bukoba
Menyara, Singida
Mjimwema, Coast
Seronera, Serengeti
Magongo, kiwanza.
Lake Magadi, Serengeti
Munanka Warm Spring
Nyamosk Hot Spring
Faster Shore of Lake Eyasi Varm Spring
Crater Lake of Embagii 130.
L. lagadi, Moru, Area, Srengeti 280,
Merianmet Oldoway 40,0
Ereneet, Cldoway 24,0
Majo Moto Hot Spring 23,0
Bahi depression 92,0
Bahi depression 30,0
Bahi depression 7
Bahi depression 7
Igombe Valkey , Tabora 4
Sanya Juu 8
Sanya Juu ilission, Maswa 5
0
6
9
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Kiambai, Dodoma 10.
Kititumu, Iramba
Kinamba

*Taken from files of the Mineral Reeources Division, Dodoma.
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TUPECTIVE DISEaoLs AND DOLBSLIC JAT,ui SUPP]

by David J. Bradley

Sir william Dunn School of Pathology,
University of Oxford.

I have been asked to take a critical look with ygu at the
relations between domestic water supplies and health. By far thce
greater part of tinese concern infective disease; for this reason
and also because tie chemical problem of eilcess fluorid is being
covered admirably at this conference already, I shall rgstrict
nyself to infections. ' g

Traditional water supply thinking, deriving frousexperience
in municipal systems ior temperate countries, nas beenigominated
by tiw common source epidemic, and rightly so, but in the varied
tropical situations there are many other hazards. I therefore hope
firstly to broaden our view oi the ways in which improyed domestic
supplies can afiect healti.

becondly, it seems necessary tuat I should disti#nguish clearly
between what is known with assurance about the effects?of changing
supplies upon diseases and wnat is uncertain or speculdtive. You
may be rather horrified how little is certain, especially at the
quantitative level. Or course we cannot wait to do angthing until
all the relevant data is to hand - otnerwise nothing would ever get
done., But equally we should clearly distinguish between those
actions that are solidly based and tae points at which we are
compelled to guess.

Thirdly, I would like to make some attewpt to separate the
effects of increasing quality and quantity of water. ‘ihatever the
idealists may assert therc are frequently situations where it may
be possible only to altcr one oi tiese and I would like to consider
the health aspects of such alterations.

There is certainly plenty of room for changes. ' #Fig. 1 gives
some of the daily use levels for diiferent Bast Airicah communities
as determined in the rather widespread study by Prof. ‘/hite and
myself (vhite et al 1971).

Vie may iorconvenience in discussion, classify the infections

relateq to water as ifollows (Table 1). ;
Category 1A, the classical water-borne diseased are the
obsession of every temperate water-works. If a disease — typhoid
and cholera are examples - is to belong to tnis category the
minimal infective doce must be very low, that is, onlj a very few
microbes must be needed to inifect e recipient. Thete aren't very
many infections like tnis. Tor a common sourceé epidemic the water
supply nmust be polluted at some central point and thelinfective
water carried to the consumers. Ii the water supply }s chlorinated
the residual -chlorine will have killed the microbes before anyone is
infected. 8o three unlikely events for a town system.liave to occur
simultaneously: (1) pollution oi the common source (2) the polluter
needs to be a disease carrier (3) the culorination system must be
in abeyance. ‘fuae other mechanism by which this may occur is when
pressure in the mains falls greatly. There ig a considerable leak
from many distribution systems and i1 siwilarly leaky; sewers or
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sewage disposal pits are nearby there may be diffusion of infective
organism into the water supply. The size of the resulting epidetic
is chiefly proportional to tie number of users of the supply. <..e
likelihood of infective pollution is aiso related to the number T
people around who might pollute the supply, so tnat tiae ri@kof

this sort ol epidemic affecting a user of a system is propd%tional
to the size oi the system, other tiings being equal. Bo much for
large urban supplies, and tiae moral is clearly to maintain ﬁhe
pressure in the system arnd never stop chlorinating. 4

There is a second group of potentially water-porne d%sease,
These nave in the part been called faecal-oral infections, dhey
have higher infecting doses oi wicrobes and generally are transmitted
via faecal contamination of hands. In most circumstances water is
not sufficiently polluted tor their transmission. Howevery in
rural semi-arid areas one may get an exceedingly high level oi
pollution and I suspect that then these faecal-oral infections become
water-borne. The infective dose being hign, only few of the already
few users of such source get the infection so tiat it is almost
impossible to study the situation by classical epidemiological methods.
The nearest example on a macroscale was infective hepatitis
(infectious jaundice) in Delhi. Usually the sewage from Delhi goes
into a river, well below tiie town water intake. Once aiter a massive
flood the river flow was briefly reversed, much swaze got into the
water supply and before anything could be done many thousand people
were infected with hepatitis. The importance of this is that in
general the evidence is clear thet hepatitis is not water-boine. I
suspect that here our metiiodology acts as blinkers, and that there
is a great deal to be gained by getting as many sources as possible
away from tie ultrapolluted condition, @nd of course, persuading
people to boil their water.

R TR SR

1

The above infections are reduced by iwmproving water quality. ) .

Wnat about quantity? Here we snould be gquite clear that increasing .

the availability of water alone without improving guality at all

will reduce greatly the incidence oi several unpleasant infections. -

We have called them the water-washed diseases. They are infections '

of skin cr of tue intestine, and table 2 snows wihich they are, along

with the names oi the otuer watar-washed infections. Qualitative

evidence ior tieir reduction as water is made available is good, l;{;.‘-'

the degree of reduction is uncertain. The diarrhoeal diseases need ’

a more critical inspection. ‘These have tended to be put down to

poor guality water but carciul studies, admittedly using the rather

specialised Lnigella dyséntery as an indicator, show clearly that .

availability of waver is important in determining their incidence

(fable 3). Diarrhoeal disorders are a major cause of illness and

death in young cinildren in East Africa and althougn not all causes l

of them are water-rclated it seems reasonable 1o extrapolate to

saying that sowe are. Cutaneous water-washed-'infectiions are extremely

common (l'able 4) and are mainly at the nuisance level tuough some '

can be incapacitating. An attempt is made in rig. 2 to show the

eftects of cnanging the quality wnd quantity of supply upon the

health of a community. .
]

o

The wuter-based infectiong are locally of great importance.
Guinca-worm, though rare in Bacst Afcica, is onc¢ infection tuaav can
definitely be eradicated by simple water supply improvenents. l
Bilharziasis can be reduced but only greatly so by a rather carefully
balanced programme of water improvemcats or under particular circum-

stances. l
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Table 2

Water supplies and Inifectious Diseases

. Water % ‘

Disease Common Severe Chronic Effect Reduction W,
Cholera (3) 4 PPP 90 .
Typhoid 2 4 PPP 80
Leptospirosis 1 3 B 3% 80 i
Bacillary Dysentery 3 4 VVPP 50 .
Amoebic Dysentery 2 3 3 VVPP 50 .
Tularaemia 3 P 407 l}‘" :
varatypuoid 1 3 VP 40 i
Infective Hepatitis 3 3 2 P 107 l
Enteroviruses 3 VP 107 :
Gastroenteritis 4 4 VVPP 50 -
Skin ocepsis 4 2 2 Vv 50 lf
Chronic skin Ulcer 4 2 3 Vv 40 -3~' '
Trachons 4 3 3 VvV 60 ' |
Conjunctivitis 4 2 2 UAY 70 .
Scabies 3 2 2 'A'SS 80 l
Yaws 2 3 2 A 70 '
Tinca 2 2 4 50 l
Leprosy | 3 2 3 Vv 507 i
Louse~Borne Typhus 1 4 v 40 )
Louse-~-Borne Relapsing iever 1 4 v 40 "
Ascariasis 5 3 2 Vv 40 .
Urinary Schistosomiasis 3 3 3 Py 80 l’
Rkectal Schistosomiasis 3 3 .3 P 40
Guinea Worm (3) 3 3 pp 100
Yellow iever 1l 4 107
Onchocercilasis 3 3 3 209
Falaria 4. 3 107
Gambian vleeping Sickness 2 4

[00]
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Table 3 &

Vater-related visesse in the Rural U. o A.

Morbidity/1,000 Bobidity/1,000  %t+ve Ve

0-4 yrs. All Ages Shigella Ascaris

Water in

toilet in 428 139 1.1 7
Water in

toilet out 829 2338 2.4 25
‘Water out

privy out 1,140 360 5.9 42

EWater on
. premises 953 307 5.8 41
; Water §
i out Viater off
| (premises 1,320 413 6.0 4%
{
g Table 3 B
SHIGELLA in Celiforniz (iiigrants)
CABINS % Children +ve '
Inside water ‘ 1.2
Outside water 5.9
7% families +ve
* Paucet + shower/toilet in 1.6 2.5

) . Yaucet only in 3.0 6.2
? No inside water 5.8 11.0

Table 3 C

OiHIGELLA in California

A boderate Lconomic Status G.4
Vater Inside o
p.08 Socio-Eeconomic
B Low Economic SHtatus ' 2.1
dater Inside
».01 Housing & Sanitation
C Low Otetus. ¥ater Out 5.3
15 families/.aucct
p.0001 Water Access
D Low Gtatus. Hater Out 9.2

1% familics/Faucet
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Table 4.

Prevalence S} water-related disease
in Ankole pre-school cnildren

bcab&g&_

49.6 per cent
Skin sepsis 42.3% |
Scabies and sepsis | 26.1

. Dermatophytosis ! . 9.8

_ Total with one or more of above 70.1

Ascaris : 47.6

Table 5

Mean per capita daily use
‘ in litres

Connected Unpiped
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Table 6

fast African llavitats and Water

UrBAT RURAL

Characteristics Lowe? gigh‘ Sem?— Highlgnd Lowlapd

- Density Density  Arid Humid ‘Humid

Peopie/Source +++ 4+ ++ ++ +

Sources/Total Water + + +++ - -

Sources/Unit Area - ++ - ++ 4

Finencial Resources 4+ + - + -

Distance to water - + +++ ++ +

Source Pollution - +++ ++ + e

Dangers oi Disease + +++ +++ +4 +4

Needs .

Present iulfilment +++ - . —— - -
¥ iioderate rurity +++ ++ ++ ++
A Great rurity ++4

Volume ++ —

Increased Accessibility ++ Tt +4 ++
. New sources . : : o i+
; Suppression all. sources - ++
gE Special Measures ) ++ ' +
?' Costs
: lioderate Improvements ’ N S + +
;; Maximal Improvements : ++ +4++ + ++
E PRIORITIES - 1 1 2 3
g:

4 o o
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RAINFALL VARIADILITY IN ZAMBIA

By
. S. Nieuwolt,
Department of Geography,
University of Zambia.

Zambi-. is situcted between approximately 8 and 18 degrees
southern latitude, and like most regions in a similar latitudinzal
position receives all its precipitition during summer. To explain
this se.sonal distribution the synoptic situation over the vhole
of southern Africa suould be considered.

During the winter tihe circulation is dominated by a large
and intensive iigh pressure cell, whichlas 1its centre at about
25 degrees south. Hesulting winds over Zambia are the southesterly
trade winds. These winds bring continental air massces, which have
been stabilized by tile predominantly subsiding air movements in
the high pressure area. Consequently they bring no apprecicble
rainfall to Zambia. This situation prevails from about May to
weptenber,

In veptember the high pressure cell begins to weaken
as the result of stronger insolation and higher temperatures
over thu continent. The nigh pressure cell moves eastwards over
the Indian Ocean and the resulting winds over Zambic become more
easterly. They bring air-masses from tie Indian Ocean, which
are rather humid in their lowest layers. Though they have lost
most of their moisture over the mountain ranges of Mozambigue and
Halowi, tuey still cause convectional thunderstorms in Zambia,
winicih indicate the end oi the dry season. October anéd November
are the hottest montus in Zombis and the higii aiternoon surface
temperatures favour twne development of thunderstorms.

The mein rainy season lasts from about December to karch
in the southern purts of Zambdia, from November to april in the North.
During tnis period tne average pogition oi the I.T.C.Z. is over
Zumbia. Actually three moin air streams converge: from tie north-
east, from the soutinerst and from tne west. EBEspuciclly the last
air mass, the Congo .ir, is very humid .nd unstable, und it
yields lurge cmounts of xain waen forced to rise, as is usually
the c.sc along the Congo air Boundary, which can be considered
as pact of the I.T.C.Z4. In most parts of Zombii, about S0 per
cent or tie total seusonnl rainfall is associated with the con-
vergence zones.

In April the synoptic situution closely resembles that of
October, with easterly winds predominating. Thundcerstorms again
produce most ox the rainfall, but they occur most Irequently in
the nortnern part of Zambia, still relatively near toe I1I.T.C.2.

Couses of Roinfall Voriability

The =bove description of tne seasonal clivnges in the synoptic
situation over southern Africa is baged on broud generalizotions
and average conditions. Actual situations vary considerably from
tiiis basic outlinc. :



for “ambia's rainfall, the movements oi the I.T.C.2. and

its C.A.B. ~ brancu are of greatest 1mportan€e. Both its genera
- southward movement, during Octover and Noverhbcr, and its return
journey towards cquatorial latitudes in Marcg and April are often
and irregularly interrupted and sometimes even temporarily reversel.
And from December to March, when the average; position of the con-
~vergence zone is over Zambia, it actually osgillates between

extreme positions to the south and to the north of the country.
Sometimes, however, the: wiiole convergence areu remains in the

same position for weeks.

~
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The convergence zone ﬂloO shows stronb;v riations in intensity.
sometimes it cannot be located on wedther maps because there is
almost no convergence. Often the zone disappears, to reappear
aguin in an entirely different new p081t10n.; ”
These irregularities in the movements 2nd tue intensity j
of the I.T.U.4. are the main ccuse of rainfall variability in
Zambia. .

: .
But also of great importonce is the very localized rainfall

pattern associated with thunderstorms. Thes& produce large amounts 2

of rain over relatively small arecs cond differences between .
adjacent stotions can be very lorge, even 1if_they are only a few : '
miles apart. This second couse of varlablllty is mostimportant ’

during the beginning and end of the rainy segson, when practically e
all rcinfall comes iIrom small-scale systems.. During these periods y l,
ohe storm .can produce morc rainfall than the'monthly median amount. -
But it is also effective during tiae wmain rainy season, because

most of the rainfall in the convergence areas is the result of
local thunderstorms. )

short-term voriability

Mg BTN 2

This term describes the differences inlirainfall during
one single montih. It can be shwown only by dully roainfall flgures.

Even, during tii: presence of thne convergcncu arez over a .
place large variations in duily rainfall to6t3ls are possible.
liighest daily figures arc not necessarily relatced directly to the .
I.r.C.2. In Lusaka during 1969/70, the highest rainfall occurred l
wihen the convergence area wag well south of Lusaka. This empha- . :
sizes the main difference in conditions to the nortih and to the
south of the I.T.C.Z.: on thenonrthern side equaterial air masses '
prevail, which are humid, ware >nd unstable, !'and thunderstorums
develop frequently. But to the south of theconvergence relatively
dry and stable air masses predominate, which .do wdt produce wmany
thunderstorms. l '

-

Thig difference is clexrly illustrated by the irequency
of occurrence of dry spells at hbslu, in tie North of Zawbia, and
in Lusaka. In Lus.ko clmost cvery major displacemcnt of the
I.T.C.2. to the norti is followed by a dry spell. But in Mbala,
whlc“ during most of the period irom Hovember to March is to the
north of the convergence zone, interruptions of the rainy season
are rarc. i

T AT
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A third method to illustrate suort-term rainfall variability is

rally _: to indicote thie Ifrequency of occurrence of raindays with speci-
o} R fied amounts ol rainfull. This was done for 5 day periods (pentades)
:n {_ and for twenty years at Kasama. ‘he dicgram shows . clexr 2ttenu~
ersed. g ation of rainfall during Januiry, waen the I.T.C.Z2. is far to the
ane M south normally. However, this does not constitute an interruption

of the main rainy season.

%) -. :
TR

Long-term roinfoll variability

: ¥ Most articles on rainfall v.riability study tihe variations
ensity. & §& from year to yezr, becauge it is felt thot short dry spells are
2 1ften compenscted by wet periods. However, annuel (or, in Zambia
X preferably, seasonal) totals fail to show tue full extent of the
rainfall variability in its consequences for agricultural produ-
ction. The example of a stution in the Southern Province of
Zambia during the 1969/70 seasonal variations show the seasonal
total was about normnl, but the very dry November and the exceptio-
nally wet Dececmber both caused a great deal of damage to crops
and the production was very low. The result was widespread fomine
in tiae Southern Province during 1970.
unts

were collected for 1,4 stotions in zombic and were expressed in a
Variability Index, which is the gquartile deviation in percent of
the median rainfall, The normal period of observations was 30
years, but this was not available at all stations.

1ly ,
is g -
at. 4

k3

i

f

g - It is therefore prefereable to use monthly figures. These

! The metinod of quartiles and medians was used, because most
2 of the compilation of data and subsequent calculations were carried
i out by mathematically untrained students,; witiiout the help of
“,5 calculating machiines. This metnod is not very susceptible to
‘”% errors in calculation and it also copes well with skevmoess of the
frequency distribution of rainfull records.

2s. X The maps of tie Varicbility Inde. s.iow that the rainfall

; variaebility is generclly larger in tiae soutiiern parts of zombio
tiian in the norta. This is truce during 211 months and it con be
e¢xplained by the less frcquent intcerruption oi the rains in the
north and west of sumbiay caused by the previlence of equatorial
air masses.

The Variability Index also siows a very significant corre-
lation with elevation. Tiiis correlntion was cilculated after the
eifeets of latitude né longitude hd been excluded. The residuals
of the V.I. on longitude and latitude showed a negative correla- '
tion with heipiit which is significant at the 0.1% level during most
months of tue rainy season.
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ON_THi DISTRIBUTION OF BATN SHOWERS IN THE
. LANGA REGION O&LEANZANIA
'-t

f

by g
H. T. Md&rth

E.A. Meteorolog?cal Department.

INTRODUCTION !

\*

J

\

would be necessary to maintain very dense raingauge networks,
gauge. distance in the order of one kilometre.

network, with a gauge spacing around 25 km.

DATA

wing 16 stations have been used:

95.38.03  Amani 50 oéﬁs 380 38'L 2989
95.38.04  Ambangulu £. 50 03'8 389 26'E 4000
95.38.06  Pangani 50 26'S 380 59'E 30
95.38.07  Handeni 50 28's 38° 02'E 2222
95.38.08  Korogwe 3 50 14'S3 380 28'L 959
95.38.09  Sakura E. - © 50 3z'< 380 531E 130
95.38.11  Ngomeni 50 .0 % 380 54'n 600
95.38.13 Karimi I. 50 1 380 35'% 940
95.38.15 lagunga L. 50 0¢'s  "380 38'E 2000
95.38.17 siandera $isdl E, 50 19's 380 20'E 1400
95.38.18 Ngombezi Sisal . 50 18's 380 25'% 1100
95.38.19 Halkinyumbi E. 50 19'S 389 37'E 850
95.38.20  Kwamdulu Sisal E. 50 12'5 380 29'E 1000
95.38.21  Pongwe L. 50 O7'5 380 59!'E 330
95.38,22 flwera wm. 50 Bﬁ' 389 57'L 200
95.38,25 Kiwanda scnool 50 l% 380 47'n 750

The area is, apart from the coast hilly and includes th
Southern end of the Usambara mountains.

4

Daily rainfall records are taken aﬁ numerous rainfall stations
throughout East Airica. TFrom it are rouitinely derived and¢ published .
monthly and annual totals, number of raindays, averages and extremes,
For selected drainage areas the areal average rainfall is given.

These data all refer %o point values of rainfall, or to areal
averaging of point values. They give nd information on the size or
distribution of rain showers. For a direct measurewent of these it
with a

In the following, an attempt is mdde to derive, empirically, the
number, -size, and character of rain showers irom a conventional rainfall

.Daily rainfall as published by thg E.A.M.D. for the year 1959
has been used. The area is the geographical l-degree square bounded by
latitudes 5° and 6° South and longitudes 38° and 39° Bast, The Zo0llo-.
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Reports from the weather stations a2t Tanga and lombo indicate
that much of the rain falls from cumulus-type cloud, in the form of
showers.

ANALYGIS

The daily rainfall during 1959 was extracted for these stations
(16 stations x 365 days = 5840 station x days).

The days were grbuped into 17 classes depending on how many of
the 16 stations reported rain on a particular day, e.g. class 6 would
contain all those days when 6 out of 16 stations reported rain.

The area average of observed rainfall (Ao) was computed for each
day by adding all rainfalls reported by the stations and dividing the
sum by 16.

The maximum reported 24-hour rainfall (Mx) was noted.

The figures were then scrutinised for consistency. Only one
report, that of Ilandeni for 23rd December, was rejected when the station
reported a fall of 2.15 inches while all other stations received no rain.

The numbers of occurrence for the 17 classes as well as percen-~
tages and cumulative percentages are given in Fig. 1.

It was felt thut a division into 11 classes (0, L, eeve.....10)
would be more desirable. A class is then termed “Area Index', in
accordance with previous work (n rainfall in East Africa (1), (2).

A simple transformation to 1l classes was made and the result
for the number of occurrences is presented in Fig. 2.

The means oi Mx and Ao were then computed for all values in each
of the 17 classes.

The results are plotted in Figs. 3 and 4, and curves were fitted.

DISCUSS ION

———

Figs. 1 and 2 show thut, during 1959, on more than 80w of the
days, the Tanga region received rain tnat wetted less tnan half of
the .ground. On more tuan 20x of tine days there was either no rain, or
so little, that less tnan 1lO0% of the area was affected.

Fig. 3 indicates a linear increase with area index of the maximum
24-hour rainfall intercepted by one o:i the 16 gauges. The plot for 16/16
area index 10, is off the chart. Obviously, this class includes all rain
situations from the one where the showers just cover the total area to
any degree of overlapping. Therefire the plot does not belong %o the
statistical population iformed by the lower classes.

Pig. 4 shows a non-linear increase of observed area mean rainfall
with area index. Taking account oi the linear increase of IMx with area
index, this means that not only the intensity but also tie area size of
the showers musi grow with area index. » '

DESIGH SHOWmHS

Taking note of the above, and guided by some preliminary results
(3) of the Tropical Urban Rainfall Lxperiment in Dar es Salaam, the
following assumptions were wmade;

87
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Fig.4 MEANS OF AREA AVERAGE RAINFALL (AO)
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A rain shower g
a) does nov move, i
b) is circular in shape, 4
¢) has its maximum precipitation in the centre,
d) has a linear decrease of precipitation’ from the centre to the
circumference,
e) has a radius in km five times its centrul (maximum) rainfall in
inches e.g. for Mx = Q0.6 inches the snower radius is 3 km.

-

ERA T BRI WSy
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The precipitation amounts can therefore be represented by a
symmetrical cone and the mean precipitation over the shower circle is
1/3 of the maximum precipitation. :

Making the assumptions that in one 24—hour eriod

f) not more than one shower affects a raingauge,
g) the showers are all of the same size,
h) the showers are regularly spaced,

one can now, using the observed mean shower maximum lix for classes 1
to 9, compute foxr such design shower.

I

T

i; the size of the shower, l:

Ii) the mean rainfall in the shower area, :

iii) the meen rainfall (Ac) in a 10 -square,

iv) tie number of storms (N) in a 190 -square, '
v) the mean shortest distance (S) between showers,

vi) the mean longest distance (L) between showers.

compared with the area average means (Ao) that have been computed
from the observed data. <The divergence oi the curves above arez
index 7 should be expected as regularly spaced design showers
covering 80w or more of the square will actually overlap (see
shortest distance S in the table above). This will result in a

3,

e higher observed area average rainfall. <The values of area index

The results are preserited in the following table: l

Area Index 1 2 3 4 5 6 i 8 1

Wet Area (km?) 1210 2420 3630 4840 6050 7260 ‘8470 9680 10890 121i
Mx (inches) 0.19 0.38 0.57 0.76 0.95 1.14 1.33 1.52 1.71 1.90 .
S L x (inches) 0.06 0.13 0.19 0.25 0.32 0.38 0.44 0.51 0.57 O.6ff
S radius (km) 0.95 1.9 2.85 3.8 4.75 5.7 6.7 7.6 8.5 9.5
S  ic (inches) 0.006 0.03 0.06 0,10 0.16 0.23 0.31 0.41 0.51 o.f!"
f . G 400 200 146 105 86 1L 65 53 48 4
S s (i) 5.7 4.0 3.5 2.2 2.5 1.7 0.4 -0.1 -~1.3 -2.%@
4 ! 1 L (km) 6.0 7.2 7.3 7.5 T.4 7.2 6.2 6.1 5,2 4.3
. X ‘
: 1-. The theoretically derived area averages (Ac) are in rig. S l
é 3

10 have, for reasons given earlier, been omitted.

CONCLUBIONS
, .

The high correlation between the curves in i'ig. 5 encourages l
confidence in the basic assumptions on the structure ot design showers
and their distribution. One must, however, bear in mind that these j
.relations pertain to mean values, and that departures from the wnodel l
are likely to be large on individual days.



The above results provide a type of information that is normally
not available for larie areas. They are relevant to rainfall network
design, interpretation of point rainfall data, space diversification of
crops, and tie nydrology of small catchments.

Future work sihould extend this study in time, say over a period
of five years, and test tne validity of the resulis for othner areas.
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- ASSESSMENT OF VIATER RESOURCES UNDER
CONDITIONS OF SCARCITY DATA

by

J, Bear
A, Issar
Y. Litwin

Balasha~Jalon Oonsultants & Engineers Ltd.,
Haifa, Israel.

INTRODUCTION

An evaluation of the available water resources ig the first
step in plamming the development and management of water supply
systems, whether opg a small, local scale, or on a large, regional
or national-one, Egtimates of these resources are needed both at

~the general planning phase, as well as for the design of specific

elements of the system, Obviously, because we are dealing with

a natural phenomenon -~ water as part of the hydrological cycle — we
can aim at best, at estimates of long-texrm averages, expectéd values
or probability distributions of the sought quantities. The develop—
ment of procedures forpredicting . surface and ground water resources
has been the goal of engineers for many years and several such proce-
dures are described in the literature,

Different types of estimates are required for the two planning
phases mentioned abeve. In the first the general plamming phose,
estimates are needed mainly of the long~term average annual ground
water surface water yields. These are often expressed for each
available source of water in the form of a safe yield, defincd ag
the amount of water than can be withdrawn annually without producing
undesired results, and limits of withdrawal which constitute . o
constraints on the withdrawal based on present and future needs of
dovmstream areas, TFor the design of specific hydraulic structures
which constitute elements of the water supply systems; the data requ~
red include such items as peak rates of flow, annual and monthly
flows of specified frequency. etca

There is no need to elaborate on the fact that the only source

of information from which any estimates of the above planning and design
parameters can be derived is actual observations of various

elements of the hydrological. cycles: prec1n1tatlon, ground watexr
elevations, spring discharge, surface runoff etc, ,Because of the
variability of these observed parameters, resultlng from the randoin
nature of the precipitations, which may be considered as the input
to the hydrological cycle, it is the length of record which determines
the accuracy of any evaluation of water resources. Whenever a record
of basic data (e,g, streanflow for surface water and elevation for
ground water) is of a sufficient length ond is available at the
point of interest,; the reguired assessment of water resources is re~
latively simple and can bc obtained by a number of knovm empiricall,
mathematical or statistical methods. Unfortunately, in practice,
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especially as far as surface;water is concerned, it isfonly seldom

that data are available at the point of interest and for a sufficiently
long period. This is especi?lly true in developing codintries, where
the observation network is rarefled. In such cases, the assessment

of water resources for p01nt of interest must be based on a regional

aggroach.
f

In the regional approach, the hydrological behuvilur of a
watershed or a ground water. basin as a whole is taken 1nto account,
Obviously, the first step in such an approach is the definition of
the region whose regime is o be investigated. In ground water, it
is an aguifer or a group of aquifers., In surface water it is a single
watershed or a group of watersheds, which behave in a ginilar manner
from the hydrological point of view. Tests are availsable for
checking this homogeneity in a hydrological regime.

The more simple regional analysis procedures include the
extension of streamflow records by comparing them with those of
rainfall, Rairfall records are usually available for a much longer
period of time, thus enabling interpolation between stations for which
observed data are available, and establishing relationships between
flow and watershed parameters.

The problems and complexity of regional studies vary widely from
one climatic region to the next. For example the problems encountered
in humid areas differ considerably from those encountéred in arid or -
semi~arid areas, The size of the considered region and its geogra-
phical and toppgraphical conditions also greatly affect the selection
of an v appropriate regional study procedure. lioreover, because
of the large variability in these and other conditions, it is pro~
ctially impossible to develop a universally applicable prodedure
for evaluating water resources., There are, "¢ of course, certain
basic principles which are common to 2ll procedures, but beyond
these principles, procedures are based on such local conditions
as availability of data, homdgeneity of region, ete.

The objective of the present paper is to review briefly
several techniques commonly employed for the assessment of water
resources and to outline a methodoleogy developed in connection
with two large—scale development projects carried out by Balasha-
Jalon Consultants ond Engineers Ltd. In both projects, an assess-
ment of the water resources was required,

The two case histories to be discussed are the evaluation of the
water resources of the Benue Plateau State (B.P.S.) of Nigeraa as
part of a laster Plan for Water Resources Development (Figure 1) and
the evaluation of the water resources of the Jiroft Valley in Iran
ag part of the Jiroft Development Project (E. 2). In each of the two
cases, both surface water and ground water havebeen considered.

e

PROBIEMo ASSOCIATED WITH THE kSSESSNDHT OF SURLV.CE VATER RESOURCES

" The main feature of Jurfacé runoff is its variability which is
composed of both deterministic elements (c g« seasonal changes) and
random ones Wthh can be described by probabilistic methods.

Hﬁﬁm,“ﬁ, o igsg 4 {4 LA
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In view of the stochastic nature of surface runoff, three major
problemns of assessment may be distinguished:-
(a) determination of the frequency distribution of the various
parameters characterizing the flow (e.g. armual flow, peak discharge),
(b) analysis of Plow fluctuations (e.g. seasonal fluctuations,
occurance of wet or dry sequences and serial @orrélatiomﬁ),and
(c) analysis of the continuous flow changes in time. ‘henever a
record of sufficient length (approximately equal to the design period)
is available at 2 site of interest, the assessment of surface
.- _ flow is based directly on an analysis of the available record. When
' ‘ the area of interest consists of a number of secondary wetersheds, with
records available only at a small number of gauging stations located in
only part of these watersheds, correlations are established between
the flow paramters (e.g. annual flow, or annual peak dischage) and
watershed (measurable) factors shch as area, shape, size, elevation,
etc.

In practioe, especially in developing countries, the density
of gauging stations is low and the records are of a short duration.
In mary cases, although the total lergth of record seems to be of a
sufficient duration,; gaps and discontinuities exist .- in the record and
in some cases the station underwent continmious changes and shifts so that
the value of the record is questionable.

In order to overcome some 0f the difficulties mefitioned above,
methods have been developed fo£0mbINing records of individual
stations in a region. Several problems are encountered in applying
the regional onalysis method:

(a) Scarcity of data (streamflow, rainfall etc.) due to both
small number of observation stotions and infrequent observations,

o (v) The large fluctuations in hydrological = and climato-
logical data, These increase with the size of tne water—
sned and are especially high in mountainous arecs in arid and
geni~arid climates.

(¢) Inhomogeneity in watershed parameters (e.g. topography, shape,
slope, vegetaiion, cte.) as the considered region becomes
r clarger, ' '

1.3
h

A criterion for the success of a regionalimethod is the possi-
: bility of assessing thc accuracy of its results, using statistical
méthods. However, ir many cases, it is difficult to carry out this
assessment (e.ge in the form of confidence limits) because of the
snall nunber of actually observed data which are available,

Some of the methods enployed by engineers for the assess-
ment of surface water resources arc rather simple, especially
those based on a single paraneter. Others, which are based on
mlti~parameter nedels of watershed bchavior are conmplicated.
Obviously, there is no uge in utilizing sophisticated models
for cases where orly little data, and of poor quality (e.g.
reliability) are available. The various methods nay be classi-
fied either according to the typec of required output (e.g. peak
flows, monthly flows, amual rlows, etc.), or acerding to the
type of input information which they required {e.s. Tungff
records, roinfall records,; ctc,).
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METHODOLOGY OF EVALUATING SURFACDE WATER RESOQURCES UNDER CONDITIONS

OF SCARCITY DATA : !f | ﬁ

1 ,,/.L@L'

Most methods mentioned above are based on data on streamflbw : 'f

and rainfall available at the site of interest., In preparing the l‘

Master Plan for Water Resources Development in the Benue Plateau
State it was required to evaluate the water resources of the State
(area of 38,000 sq. miles) as a whole for the purposc of planning lv
the’development of rural and urban water supplies as well as r
irrigation projects (Fig. 1). The planners in this case needed .
data on available water resmurces not at a specific location, but ,
rather for all watersheds in the State. The results of the inve- .lﬁ
stigations had to be presented accordingly. Because no specific )
project was considered, the results included various types of - I
i

information, from mean annual flows through a frequency distribu-~
tion of the flow in the thirty driest days of an average year. In
the Jiroft Valley, on the other hand, the planners needed informa-
tion on water resources in comection with a specific project cove :
ring a specific watershed (Fig. 2). ‘@?
X

In both cases, the amount of measured data was insufficient
and methods had to be devised for producing synthetic streamflow
data from rainfall data which were available in larger quantities.
Accordingly, the analyses in both cases consisted of two steps:

golH e
NP

NPEN A

oL

(a) Collection and processing of available data and supple- -
menting records by synthetic data derived by specially developed f
generation medels in order to arrive, as far as possible, at
records of a uniform character. In the B.P.3. the record
thus obtained covered a period of 20 years, whereas in the
Jiroft Valley it covered a period of 50 years.

_II____II,..__].!'__._.J_'.’:.“_:.._T

B

(v)  Anelysis of the surface runoff records obtained in the
first step in order to arrive at the information requested
by the planners in each case,

Figure 3 summarized the methodology of *he investigations
of surface hydrology of the Benue Plateau State. A similar
sequence of investigations was developed for the Jiroft Valley
project (Fig. 4). Four common basic phases can be distinguished
in both cases:

fAs Preliminary analysis of available rainfall and streamflow
data,

B. Supplementing incomplete rainfall and streamflow records,
Ce. Producing of s§%hetic steenamflow and rainfall data.

D. Deriving the required plarming and design data by analyasing
the available records, and presentation of the'results,

Following is an elaboreticn of cach of these phases,

Ao As & Tirst step, the investigated region was defined and
tested for homogeneity (ﬁ};(Z). Essentially, the homogencity
tests determine whether recorded observations in o group of stations
differ from each other by amounts which cznnot reasonably be
attributed to chance. The analysis of data was then carried out for

1. Dalrymple, T., Flood Prequency Analysis, V,S. Geological Survey

35§ , Vater Supply Paper, 1953-4, Washington, 1960.
ﬁ%j 2. Report on the surface Hydrology of the Halil Rud Basin, Palasha~
EE; Jalon Consultants & Engineers Ltd., 1970,
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homogeneous regions only. The watersheds ocomprising of the home-
genecous investigated region, or regions, were also defined and

their physical characteristics studied. PFigure 5 shows the availa~
bility of rainfall data for the Halil Rud Basin in the Jiroft Valley.

Cat)

B. Because of the general scarcity of data, an effort was made
to complete the records in which data were missing for certain
v periods (frmndﬁya to months), so that they could be incorporated in
T , the analysis, V-arious methods are available for supplementing such
e data, depending on the intended use of the considered records, and
the type of data contained in them. For the B,P.S., the objective

;ﬁ; was to obtain continuous records of monthly rainfalls at stations
- . where a relatively small number of months was missing in each
.record.

When at least two rainfall measurements were available for the
considered year the rainfall in any missing month was assumed to

7j§' ’ be a product of the long~term average for that month and a
;;# coefficient (CR) calculated separately for the rainy season (in
. the case of B.P.S, six months from May to October) and for
y the dry season (durlng the remaining months of the year). In each
BT season:
. . < _ kt"‘ - )
for 1€k¢5 ¢, =1 § R./R, (1)
R o B By
k=1 .
£ = =
ork =0 CR 1

|- Where: C, = seasonal coefficient (there are two such coe-

’ R
o fficients for each year with R=1 or R=2 for the dry
or the rainy season, respectively.

k = number of moths with available record in a season
(k = 0,1,2,3,4,5) :

Rj = rainfall during the jth month

R,
J

mean rainfall in the Jjth month.

Because too large sampling errors were obtained by using CR
when only a small number of monthly rainfalls  was avallable
for a particular year, the coefficient Cp was replaced by an adju~
sted coefficient C vihich takes into account the number of months
within the season for which data were available:

4 ' e =1+ (cp-1) /5 (2)

By combining (1) and (2), the following expression
was obtained: '

R./R. (3)

JJ

! — H.
CR = 55k +

Uif—
-t
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It should be noted that for k = 0, C

—_ 1 =
for k = 54 Cg = Cr

The synthetic monthly rainfall (R*j) in any missing month

was therefore calculated by: ?

Fy=hoe R oW
- H li.'

Monthly rainfall data supplemented according to Eq. (4)
provéd . to fit measured rainfall data rather well,

In the Jifoft Valley, the length of rainfall record differed
from one station to the next. In this case, a procedure was
developed, on the basis of 44 years of record, for adjusting means
and standard deviations according to some common basic period. The
adjustment of means was based on a simple proportion between means
of corresponding years at stations which differ in length of measured
record, but which belong to a hydrologically homogeneous region.

The adjusted standard deviation was calculated from the adjusted mean
using the coeffleient of variation (C, ) which was assumed to be
independent of the length of record. This procedure may be illu-
strated by the following example,

Let Station A have N years of rainfall record with a mean RAN
and a standard deviationAiAN' both parameters calculated for
the.pgriod of N years, and Station B has M years of record with a
mean Rpy and a standard deviation Ogy’. Assuming that M >N, the
adjustment for a longer period of the first two moments of rainfall
data for Station A is done as follows-

(i) TFor the mean

Bpne _ Raw ors Rar = Rayy B (5)

oy B

&}ﬂ\
e

(ii) Por the standard deviaticn

OAN A
Cv B i) T ’ CVM - CVN - Cv. (6)
AN AM
Hence:
O - R o O s
AL =AM nl (7)
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Several additional methods were developed for supplementing

missing streamflow records: - b
(1) ' Recomstruction of hydrographs l
This méthod was employed when observations of water stages

in a stream were interupted for a few days only. In fsuch cases the
hydrograph was first drawn for all time intervals foﬁ which data on
streamflovw were available, Then the hydrographs werd extended to
cover also the periods for which 1o data were aveilable. PRinally
estimates of the missing streamflow values were readfﬁirectly from
the curves, 5

¥
(2) Streamflow recession at the end of the rainy season

Whenever the period for which data were missing.lasted not more
than several months, and occurred during the dry season or at the
end of the rainy season, continuing into the dry seagon, the flow
recession curve was employed for supplementing the incomplete
record, I'rom the preliminary analyses of hydrographé of streams for
which streamflaw data were available and the pattern?of roinfall
distribution during the year, it was concluded that for the dry
period, las*ting in- the Benue Plateau State from November -~ December
to March-ipril, the entire streamflow is a baseflow withdrawn from
storage in the adjacent aquifers. During this period the hydrograph
takes the form of a recession curve described by: !

Q = Q, exp (-t) | (8)
Vhere:
Q = Streamflow at the beginning of the recession period

Qt ~ Streamflow at time t

~ recession coefficient (X7 0) which depends on
watersued characteristics.
t - time
From Eq. (8) it follow that:

o, = o, (a/0, )" )

where: o

1l
o]

Q, = daily streamflow just prior to t

Q - daily stroamflow just following t = T

Eq. (9) may be cmployed for supplementing missing data'for
a period of T days. '
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(3) Correlation of streamflovs

In mony cases two or more hydrometric stations are located seve-
ral miles apart on the same stream. Usually the daily flows in two
such stations are highly correlated, with an cppropriate time lag. .-
Such a correlation, when found,; justified the supplementing of
incomplete records at one station by using the measurements taken
at another station on the same stream, This approach can easily
be = extended to a larger number of stations. For arid and semi~
arid regions, it was found convenient to carry out the correlation
analysis with respect to a dimensionless discharge variable Xi
defined by:

'Xi = éi/Qj ) (10)

where Q; is the daily flow, 1 is an index running through the
entire period of record and { is the monthly average flow for the
specific month to which Q; belongs (1 «j<12). The variable X5
is a measure of the relative streamflow at the station only when a
flow record is available; otherwise x; 1s undefined.

The various methods of supplementing missing records described
above have been repeatedly justified in the literature and shown tO

yielq Tesults which are accurate for all practieal purposes. By

employing these methods complete rainfall and streamflow records
were made available for the analysis of surface runoff. One should
recall that the alternative to the approach of supplementing missing
records, is the immediate initiation of a data collection programme
for several years at a larger nvmber of streams, This will.
postpone the evaluaticn of surface water resources needed for the
preparation of the project until more data become available,

In all cases,the actual computations were carried out by means
of digital computers.

C. In the Benue Plateau State, even with:all available stream-
flow records compléted as described above, the'number of years for
which streamflow data ore available is still dmsufficient for
a reliable evaluation of the State's wafter resources as required
for plamnming purposes. On the other nand, as in most other cases,
rainfall records are available for much longer periods of time and
at a larger number of gauging stations. These'records can be uti-
lized for the recconstruction of the historical streamflows at the
existing hydrorietric stations for the entire period for which
rainfall records are available, The reconstructed records can then
be used for the estimation of the mean and standard deviation of the
historical flows and for a frequency analysis of streamflows at each
station. e

The transformhfion of rainfall into streamflow data is carried
out by means of a generation model capable of producing a synthetic
record with frequency characteristics similar, in the statistical
sense, to those of the historical flows.

el
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- The following scheme desciibes the concept of this transformation:

Watershed

Transformation system output (stremni‘low)

Input  (Rainfall)

. The input consists of a sequence of average rainfalls over the
considered watershed, ' The output has the form of a sequence of
;n generated streamflows for the same period and the same watershed.
The watershed transformation systen may be described by various
mathematical or statistical models. In each case, the choice of
model depends not only on the paysical relationship between input and
output, but also on the type of input data and intended use of the ;
generated output data. A
In the case of the Benue Plateau State, & general milti-linear N
She regression model was employed. This model is descrbied by the ﬂ
Qe following equalion: ‘ :
h ( @ Il
- - - r v r L
Q341 = Qg1+ X(Qy = Qg) +P(R-RYL s F(Rygq=Ryyq )5 i€ (11) l
red
to Ilﬁ
24 where Q4 and Q4 are the monthly streamflows (1n volunme unlts) b
during the i—tﬁ and (i+1) moths, respectively, counted from the e
11d .. -
iing beginning of the generaih:od sequences; QJ and Q3+ are the me'}n l;,
e monthly streamflows during the j-th and”(j+1) fhonths respectlvely, i
withing a repetitive annual cycle of 12 monthsj; Rj and Ry .
the monthly rainfalls (in depth units) during the i=th ana (1+‘1 ) l'u
months respectively, counted fro: the beginning of the generated '
sequence; Ry and Ry,¢ are the mean monthly rainfalls of the calendar .
ns moath jJ a.nd j+1 jj_q j< 12 is o mtlplo regression coefficient m
of Qi4 on Q1 when R1+1 aro kept constant; Bis a multirle re- .
gre551on cocfficient of Qi1 On R4 when Ql is kept constant;
- is a multiple regression coeff¢01ent of Qi+t on Ry,q when B
'r Q "and R 141 are kept constant. v‘i_ is a random number dravm '
fTrom o normally distributed population; () ig the area of the i
rfth watershed; _1+1 is an independent error tertl. .
) (i
(’1 The model's details shovm schematically in Tdigure 6. Comparison I
' of measured and generated data {or a 3 years period is shown
- in Tige. 7 '
en The model as described above is -.based on the assumption that
N sufficient rainfall data is available. Quite often, rainfall .
the . B caa i .
ach records are also poor, ._Lholtl it is necessmf'y to generate them first l
and to use the generated rainfall data as input for producing
sequences of synthétic streomflows. (Fig. 8)e -t :
ig I‘rom the streamflow records, both measured and synthetic, general l

estimates of stremmflow parameters (flow duration curves, frequency of
occurence of ‘annual runoff, etc, ) can be derived for planning
purposes, Because data are generally available for a small number

of watersheds, the regional approach was emaployed for each of the above
strecamflow parameters. For example, to obtain a rsgional frequency
curve of annual runoff, frequcncy marves  are first developed for
each hydrometric station. Then these curves are transformed into

o dimensionless for (=ratic of annual rwnoff to its long~term mean)
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By comparing dimensionless frequency curves of stations belongirng -to
the sane region (defined by using a homogeneity test) a regional

freguency curve is obtained. Figure 9 shows an example of such

curve obtained for a certain region of the Benue Plateau State,

In order to estimate the annual flow in various streans, a vo
volume—-area relationship can be established for an investigated
region which includes watersheds of various sizes., The assuned
rekationship has the form:

v = o (12)

where:

v - mean annual flow volume
Cy n coefficients

A -~ area of watershed

Figure 10 shows the volume—area relationship obtained for
the Benue Plateau State )(excluding the hydrometric stations
on the Benue River itself). The high computed correlation coe-
fficient (r = 0.97) indicates a rather high reliability of this
relationship. Whenever a frequency of occurrence of a given
volume is required, it can be obtained by using the regional
streamflow frequency curve and the volue-area relationship
simltaneously.

In addition, flow duration curves and monthly distribution
of flows were prepared for the planning of water resources in the

State.

In the Jiroft Volley Projecty also becguse of scarcity of
measured data on surface runoff synthetic sfreanflows were obtained

by using rainfall data collected in the surYounding area. Thesc ares

available for much longer periods of record, The compiled data
were tested for regional homogeneity., The rainfall stations which
passed the tgst were included in the regional analysis of annual
rainfalls. This analysis, is characterized by an effort to utilize
the maximum amount of data available in the region of which the
investigated Basin is a part. Data from stotions included in this
analysis were used for deriving anmual rainfall-elevation relation-
ships for various frequenciss of annual rainfall., By combining the
hypsometric distribution with the obtained raintall-elevation
relationships, areal averages of annual rainfalls for specific fre-~
quencies over any basin inside the investigated rcgion were derived,
Employing the method of regional analysis, these averages were
used for establishing several frequency curyes of anmualreinfall
for various watersheds within the studied basin,
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After verifying the results by comparing them with short term
records neasured inside the watersheds of interest, the basic input
paramcters, 50-~yecars sequences pof annual rainfall were genecrated for
each of these two watersheds. These sequences then served as input
for additional models by means of which sequences of equal length of
syathetic annual and monthly streamflows were generated. Essentially
these madels were based on the relationship between the average
annual rainfall over the entire watershed and streamflow, determined
on the basis of a record of approximately 10 years, In a similar way
synthetic sequences of monthly rainfalls and streamflows were also
generated, These were later used for planning water resources
projects in the Jiroft Valley,

As emphasized in the introduction, because of the large
fluctuations in streamflows (especially in arid and semi-arid
regions), the available water resources connot be expressed as a
single figure. The type of information needed as an asseasment
of surface water resou.rcesdepend‘s on the type of the projcect
under consideration and its stage of planning and design. Several
methods were described above for obtaining the various types of
information under conditions of scarcity of data.

ASSESSMENT OF GROUNDVATER RESOURCES

Vhenever available, ground water is a most attractive source of
water which has o number of advantages over surface water, For
example because of the usually large volume of water available
in storzge in the aquifer ot any instant, this source is more
reliable and less subject to fluctuations which depné on climatic
conditions.,

It is also a source which is less susceptible to polution.
fhenever both surface water and ground watcer are available, their
conjunciive use is usually recommended. The decision in each case
however, is based on local conditions.

Unfortunatd.y, unlike surface water whosepresence is easily
determired and one has only to evaluate its quantities, the
utilization of ground water requires first an exploration phase in
which tze presence of aguifers and ground water basins has fo be
determired. Once these sources of water have been located, the
quantities available for exploitation have to be determined. Acco-
rdingly, scarcity of data in this casce means scarcity of data
for bvotz stages,

Yren ample data are availablce, ie,cs When thegquifer if well
defined, its hydrological properties (hydraulie conductivity, trans—
missivity and storativity)known, and records on water level

. elevations
erc available at a large mumber of observation wells and
for a sifficient length of time to yield a reliable statistical
averages, the available quantities of woter con be estimated
from tr= water balances prepared for an investigated aquifer,

These water balances, bascd on Dgrey's law take on the form:



m = ;
At()i:—*x ByPyJ; + N+ G+P) = § Ash (13)?
where:

A = Area of investigated region

S = Average storativity of investigated region

Ah - average - rise in watcr level over A during period
of balance t, '

N - natural replenishment over A
P ~ pumpage in A.
-G - = return flow in A

B.. - length of i-th segment of boundary of investigated
region, :

Ti’ ~ transmissivity along Bi

J, - hydraulic gradient normal to Bi

Obviously this quantitative evaluation of available ground
water resources cannot be carried out in the first stages of a
- regionnl development. Because of the large investments involved
in the exploration phase, especially in drilled wells, an approach
is recommcnded which combines exploration with the actual develop-
ment of a region of interest., According to this approach the
hydroeological investigoations of a region in which 1little or no
data are available consist of four stages:

Stage 1. Reconnaisance:

The purpose of this stage is to find out whether ground water
basins or aguifers exist at a1l in thc investigated region and
whether the area may be regarded as generally rich or poor in ground
water,

In order, to answer these questions, the general hydroeological
model of the region has to be established, This model is composed
of the following components: climate, geology, morphology and
surface water in the recgion.

The climate romponent con be established even on the basis of
rather scarce meteorological data, or with supplementary observation
from the vegetation and information gathered from inhabitants.
ffhen cven this is not available, information can be obtained from
comparison with other regions of the world with similar geographical
conditions.

The geological component has to be based on a stratigraphical
and structural analysis of the reglon. In the stratigraphical study
the geological scction is divided into hydrostratigraphical units,
i.e. into aquifers, aquitards and aquicludes, The thickness,
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The activities during this stage are similar to those
undertaken during the second stage, except that as more data
become available, the obtained results become more accurage. A
new feature in the analyses carrieddut during this stage is the
time factor. Additional and improved water balances can be
prepared and spring discharge fluctuations can be analyzed,

Stage 4. Accurate hydrological balance stage;

In this stage, more advanced methods of investigation, explora-
tion and evaluation arc applied in order to arrive at a higher degree
of accuracy in the estimation of the ground water development
potential. In this advanced stage possibilities of utilization of
one time reserve as well as artificial recharge, conjunctive use
techniques and detailed mangement programmes are also studied,

Data during this fourth stage is obtained from the actual
operation of the project. The emphasis in this stage is on improved
management procedures and on efforts to reach optimal utilization.
During this stage, ample data is already avajilable on the aguifers
end a mathematical model of it is usually established for the pu-

rpose of determining its optimal yield,

In the Jiroft Valley Project, Stages 1 and 2 have been completed
by now and a large nunter of wells are already in operation. These
wells served first as exploration wells which supplied information on
the quifer, and then were equipped as pumping wells., Pumping tests
in these wells provided information on aquifer parameters. Water
levels measure in these were used for drawing contour maps, which
were in turn used for establishing a prelimiary water balance of
the agquifer.

The project 1s now at its third stage of refining the information
on available ground water. Plans are also being prepared for conju-
netive use of surface and ground water resources based on the evalu-—
ation of surface water resources described in the previous section,

In general, actual development may start following the second
stage. As the development continues, more observations of water
levels (in tine and space) become available and the assessment
of water resources can be refined and up-dated continmously.

The various methods described above for supplcmenting missing
data, preperation of synthetic sequences of natural replenishment,
etc., can also be applied in the assessment of ground water reso-
urces.

The methods described above for the assessment of water
resources under conditions of scercity data, are by no means the only
ones or the best ones.. They were presented here as an example
of how relatively simple methods can be employed in-erder to
or ercome the barrier of lack of data, both at the prelimimarytstages
of plamning the development of wate;fésources and at the nore
advanced phases of detailed design of projects.
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SHALIOW ALPFrICIAL REGEAKGE OF GROUND

1. INT RODUCTION

Water trapped bendath the surf}pb of the earth occurs in two
zones which are separajed by the wajfer table. The water table exists
only in water-bearing formations whiléh contain openings of sufficient
size to permit appreciable movementfof water. The water table is
generally considered to be the loweg surface of the zone of aeration
and the upper boundary of the zone Bf saturation, which extends down
as far as thcre are interconnected gﬁeninés. The zone of aeration
is an unsaturated zone where voids g@vre filled with water and air
Ground water refers only to water wgthin tie zone of saturation or
below tne water table, wiiere the sd®l is saturated.

Ground water stored within tihe§izone of saturation is principally
produced by rainfall on the surface{oi the eurth that has gradually
infiltrated.down through porous soil str.ta or through cracks in rock
formations and reached tne zonc of aturation. when and where the

slow natural replenishment of groun® water storage was in adequate, man

has painstakingly tried and evolved’many metnods to artificially
increase tihe quantity of water stor¥d underground. .lhe addition of
water by man-evolved methods to grofind water storage is called
artificial recharge.

By e Gy

This paper discusses, with pasising reilerence to Bast Aririca, the
different methods developed by man gior sinallow artificial underground
storuge or shallow artificial recharge of ground water.

S

2. Shallow Artificial Recnarge. i

The rundamental principle oi §hallow'artificial recharge
consists of iirst replacing the aig within the zone of aeration
by water. The zone of aeration is@made up os a three-phase-
he solid mat¥er (soil), water and air. The

systew consisting of
zone of aerdtion are illcd with water and air.

void spaces within th

Shallow artiiicigl recuarge i¥ achieved only to the extent of
filling the aixr spaces withint thekzone of aeratiocn by water that is,
replacing the ground alir by water. ¥ vhen the zone or aerstion becomes
saturated with water, fdditional sﬁmf&ce water'"then seeps under the
influence of gravity td the zone oﬁ s.turation below the water
table, wnere it is held in storagel Bunallow artificial recharge is
ideal at locations wheie the zZonc Pi aeration is permeable ana
readily trunsnits surfdee water topthe zone of saturction where water
is neld in storage. I}, at such lpc.tions, tne water table is high
(i‘e. the zone ol aerctjion is not ;eep) o vetter situction exists.
The validity oi shallow|artificial® reclhiarge is determined by whether
the inriltration rate tirough the fzone oi aeration is adequate and
not depending on the ge logicznui%oil formations of the location

considerecd. ’

priae




All shallow artificial recharge methods involve the spreading
of water over the ground surface. Tne larger the wetted area over
which water is allowed to spread and eventually seep through the
zone oi aeration into the zone of saturation, the better. The
infiltration rate also increases with the length of time water is
allowed to stand on tue surface soil. Thus tie time and area over
which water is rechnarged influence the success or othzrwise of
shallow artiiicial recunarge methods.

ohallow artiiicial recnarge way be classified into five wethods.
It is outside tune scope oi this note to discuss the possible appli-
cation to Last africa of every metnod in detail. This is because the
topographic, geologic and soil conditions and otaer relevant factors
and parameters vary from one country to tue other in Bast africa,

and withing the same country irom one location to the other. However,

the particular experience in Sudan is referred to whenever it is
relevant. Wwhether that particular experience can be efrectiwly
applied here in sast airica is left for the rural engineers to judge,
each in nis own jurisdiction and according to the conditions
prevalent there.

2.1 The #looding w.eihnod.

This method can be used in rural areas where the topography
is flat or the land slopes are very gentle. It is particularly
suitable in the basins and deltas of flashy streams that flow only
for part of the year. <[ne geologic and soil formations of such
basins and deltas should, as a rule, be suitable to accommodate and
permnit the recharge of suriace water in tile zone oi saturation. This
method is mainly used to irrigate rural lands for the cultivation of
quick~ripening crops that satisfy their wat:r needs irom water
stored in the zone of saturation. It can also be used for rural
water supplies. An advantage or this method is that recharged
areas do not need to be elaborately prepared and the cost involved
is minimal.

In this method, the recnarged areas are first enclosed by low
banks or small canals to efiectively control the distribution of
water througnout trne 1tlooding period. Regulators are also needed
to regulate the release oi water at sulitable intervals over the
upper reacies of tne ilooded areas. Lrtractice in ,udan and elsewhere
tells us that it is better to flood the recnarged areas wit. a thin
,sheet of water and that this water should be made to flow at a
minimum velocity o as not to disturd tie soil.

In Sudan the flooding metnod is practiced to irrigate the
deltas of tue Gash river and tile Baraka river in the wastern Sudan
and in the Abu abl stream catcinment in the estern wudan. 7The
practice followed in the riveyp Gash catcument in Bastern Sudan will
be discussed here as an cxample.

The Gash river is a flasny, erratic streum Ilowing from the
sthiopian nighlands near Asmara.
{
The river is in i1low ifor about tharce montiis, the bulk of the
flood arriving between mid-July and early oeptember. 1'low is very
c - ) o 2 . s ;n
Variable «nd flusiies of 760 m” per second: have been recordcd. The
average flood volume rarely exceeds nali a milliard in any one year.

i
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The Gash delta in budun covefs roughly )UQ 000 hectared. The area
effectively 1rr14ated varles“Ponblder bly according to trie magnitude
of the Ilood and may resch 30,000 hectares in 4 fairly good year,
that is, 10 percent of tie tOtJl avallaﬁle area.

fig. 1 shows a plan cf tue Gash delta in Luden below Kassala
town. 'There are five head regulators wk 1ch regulate the flow of
the flood waters over the Gash delta. The opening in the head
regulators, which are usually about iive meirez liigh, are contro-
1led by means of stop logs wh}cn cre inserted and withdrawn by
hand -~ poerated steel hooks. " The water frow the river flows into
main canals through these head reguiators and from the cznals/the
plots by means of small water courses. The system of small water
courses covers the whole delta. The crops grown in the Gash delta
are miliet and cotton waich depend ior their water supply on the
water stored in thie zone o: saturction in the delta.

The flooding metnod in the Gosin delts is also used ior rural
water supplies. A head regulator with a design capecity of 20
cumecs feeds 2 natural spills channel, The diverted water is used
to replenisir the naturil underground sand reservoir at Gammem
village. Thne well centre at Gammam village is not iar irom the Gash
river, as shown on I"ig. l. - water is pumped from the Gammam well
centre into overhead tanks ior distribution by pipes to all parts
of the delta. Water pumped irom the well centre is of a far better
gquality than the contaminaxted silty water oi thne Gﬂvh river.

liore important still is tihie facet that except during the rainy
months of July, August und September wuen tae Gash river is in
flow, there is & severe shortage of water in the delta. Water
artificially recharged iato the Gammom aquifers duiing July, August
and Septemver, is the only source of woater in tixc deltz during the
est of the year. The system is designed to deliver 100,000 gallons
of water per day, with scope ior an additional 300,000.g=llons per

~day.

The flooding method is uscd in the Gash delta both for irri-
gation and weter supply purposes. The same metihpd Is successfully
adopted in the Baraka river catchment and the Abu Habl streameatch-
ment. The possibility of the adopting this method in Dast Airica,
both for rural irrigation «nd rural water supplies, could be the
subject of further studies.

2.2 The Basin hietliod

The basin method is used in rural arecs where the recharged
ared lies alongside a surface stream. The geologic and soil
formations o:r such rechurge arexs should be suitable for artificial
recharge. ‘The basin method is mainly used for rural irrigation
Projects and ruracl water supply Projects. With this method is
used, the land bordering the strecm om (i) one, or boith, banks is
divided into basins by the contruction of longitudinal banks
parallel to, and as near to the stream as they.could safely be
placed, and (ii) of cross banks joining longitudinal banks to
from a network ol inter-connected basiné in series. The layout,
size, and snape of these basins is dictated by the loecal topography
in each particular casc. DPig. 2 shows a typical system cf
recharze basing in series.

If necded a diversion structure iz built across the main
streaw cinonnel. Water iy then camitted through on inilow conal
into the upper basia. When toce first basin is fuil, waiter
overflows througih an section into the second bisin (at a lower
elevation), and so on, until the entire systeuw of basins is full.
Water is tiien cllowed to stand on the bagsins until
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percolation to taw Zone o. saturistion is cowmplete.

canal. Tie basins then is ready ior cultivation. ‘Vater stored in the
zone of szuturiition supporis tne plunts tarougnout tneir growing phacse.

The success of this method depends on tue infiltration rate
of the particul:ir locution considered. The method could be rulad out
in silty <nd clay formartions, where t.e infiltration rate is adver-
sely low. Recnargc rotes of up to 9.6 fect per dry had oseen observed
in Santa Ana gfivery California.

Today tne basin metunod stands out 2s the bust methnod of arti-
ficial recharge on account of ecconomy, cice of construction and
supervision, and eificient use oi space. Vast stretches of waste
lands have been reclaimed by using tnis method in many countries of
the world.

In Northern sudan this metaod is extensively and successfully
practiced in the Shendi and Dongola districts. The Shendi basins
are a series of notural depressions near the beanks of the Main Hile.
Just before itnne peak of tue annual Hile Flood, water is admitted
through a simple regulietor into these basins, filling them to an
average depth of two metres. It is neld therc for about 2 months
and then returned to the river Nile after its level had fallen
sufiiciently. The following table gives the arcas flooded in the
Shendi basins in a fairly good ye.r, in hectares.

Basin Area flooded, in ha
Hugna 840
Hanid 3,800
Basabir 2,100
Salawa 3,000
Sayal 1,300
Guw 1,300
Taiy 3,000
Kelli 4,600
Kumeir 1,300

The totxl arve floodeuw in o failrly good yeir is of the order
of 20,000 hectares. The 1looded arca depends on the extent of the
Nile ilood and may vary from 4,00 hectares to 40,000 hectares
depending on the floods. The crops grown are quick-maturing mainly,
millet and chickpcea because the basin wetuwod allows a single heavy
watering during autumn with a single crop grown during the following
winter.

The¢ Dongol: vasing are similar to the ohendi basinsg but the
only ones oi any importance are the Kerma basin and Letti ousin,
In a fairly good ywv.r they watcr 13,000 hectores and 3,000 hectates,
respectively. In order to iwprove the wioteriang of the Kerma bisin
and t0 augment tihe artiriicial recnarge of groundwater o system of
16 inch tube-wells we.ce drillcd coveriag tae Kermo bEHin,  The
results were immedicstely felt. YThe volume of water reciarged under-—
ground in the zone of suturcation increased appreciably to the extent
that a second crop was grown aftcer the firct woeg harvested. Peasants
in the Shendi and Dongola basine draw their water supplies from
wells which are recnarged by the .nnual flood waters oi the Nile
when aduitted into these basings.

The remaining excess
water can then be returned to tie main stream chianel througin an outflow
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2¢3 The Hatural Channel liethod

The essehce of this method is go increase tie time and ares
over which water is recharged from agnaturcl stream by both reitarding
the natural flow of water, and by spFeading it over the floodplain
of the stream. In this method, longitudinal banks running along
and some distance from either bonk oW the natural steam are ccoustru-
cted. Low check dams are then built@across the stream and connecting
the raizsed bandks on either side of Tie stream. These check dams
are spaced at predesigned intervals.} The natural flow of the stream
is then dammed upstream from these check dams — in such a manner
that recharge ponds are formed. Suriace woater from these recharge
ponds tilen seeps down to the zone offsaturation and replenishes the
underground storagze (see fig. 3). '

Another version of this metsod:is to construct a series of
staggered temporary earth dykes truversing -nd spanning the larger
portion oi the stream section from whicn they begin. The flow of
the natural stream vhen spreads across and is contained within the
banks on either side of the stream. The serpentine path followed
by the waters of the stream helps to retard the flow of surfuce
water, giving it more time to scep underground over the extended
rechorge area (see fig. 4).

The natural chiannel method is extensively used in sudan. A
typical example is the river Hahod. The river Lahad is a seasonal
stream, that flows in spates for tanree montas every year. ‘hen
the river bed is dry, the farmers build low check dams of rock and
wire across its dry bed. VWhen the river falls, rechirge ponds are
formed upstream from the check dams. Jurface water from these =
recharge ponds seeps down to the zone oi saturction and replenish
the underground storage. A variety of quick-maturing crops,'like
millet <nd water welon, are tiaen grown on the floodplain «f the Rahad.
Villagers depend fov tiweir cxistence on thesc crops on which they
live for the whole year. Almost all the domestic water supply of
the villagers along the river Rahad comes irom wells dug in the
floodplain of the river Rahad upstream Lrom the check dams.  The
same welle arc used to recharge the underground water storage when
the Rahad is in flood. Useful pasture lands are provided on the
Rahad floodplain upstream from the check dams, when the Rahad falls,
Villagers have also found that such recharge ponds provide them with
a good supply of fish. It can also be mentioned here that the Dinder
Nation2l Park Lodge dependc for its water supply on a system of wells
dug in the river bVinder floodplain upstrean o check dan.

The natural channel method is used here in Lnost Africa mainly
to reduce tie ilood hazards oi cerratic streams. There is however

scope 101 its use in water supply and irrigition projects.

2.4 The Diteh hethod.

i
This metihod is idecl ior unduleting land where the terrain

is not ilat. A ditch nctwork bordering one or both banks of a

natural stream is dug Gee fig. 5). The periphercl ditches should

be lorger than the intermedinte ditehiess As o rule these ditches

should be flut-bottomed, shallow and closely spaced to obtain waximum

water-contact area. VWater is tinen sdmitted into tie system of dit-

ches and kept tiere unitl percolition to the zone oi saturation

is conmplete. A collecting ditecir at tne dovmstre:m ¢nd oi the area

returns the remoining excuus water to the main stream.  Where the

lond slopes are stecep, citecks could be built ond incorporated in

the ditch system to facilit.te < bLetter water distribution.
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Engineers have developed many different designs of ditch
systems. wvach design is dictated by the local topography and
available recharge crea. In America, the contour ditch type, the
latoral ditch type, and the tree-shaped diteh type are most common.
The ditech method might be used in wxst Africa to advantage because
the terrain is generclly irrigular.

2.5 'The Pit uethod.

Vhere rather impermeable subsurface strata (hardpan, clay or
silt) within the zonc of aeration cannot transmit water readily
downward to the zone of saturction, the sprecding technigues outlined
above become invalid. “hen and wicre it is economicclly possible
to remove such impermeable intervening strata by excavation, arti-
ficial recharge in pits may be attempted. Pits are dug to such
depth that the impermeable geoiogic formxtions whiicir restrict the
dovmward flow oi w.ter to tac zone of saturation are removed. The -
sides of the excavited pits should be nearly vertical, wiich avoids
the depositien of silt on tne sides so that side infiltration is not
restricted. :

Recharge through pits can only be used for weter supply
projects, and not for irrigation projects. This is a considerable
drawback as fur rurcl artificial recharge is concerned, because
pits and shafts cost more to construct anc rech.rge smaller volumes
of water thun do other methods mentioned carlier. Also in Eaost
Africa the use oi the pit method to obtain potable, wholesomc rural
water supplies could be more cxpensive than tne conventionol chemical
treatment of surface water. In developed countries where the rivers'
water are polluted by industry, the use or the pit method could be
economically acceptable, but most probably not in Bast Airica:

Recharge through pits could be economically acceptable in
cascs such as abondened gravel pits bordering newly built roads, or
when tic excavated soil from recharge pits could be utilized
elsevinere. But often such cases occur only where there are no
rural settlements to maxke use oi them or where there are no surface
streams to feed the recharged pits.

Aftrificial recharge through pits and shafts could be ruled
out in Bast Airici due to, among other factors, the sconomic cost
involved ond the limit.tions in reciaarge volumes and consequent
limitations in tiie fidd ol application of this metiod.

3 - CONCLUSIOUS

The object of tais paper is ©to introduce the different methods
of shollow artificial rechirge ol groundwater. It is outside the
scope 01 thisc not to discuss tie posocible succussful application of
any one method in H.st Airica. This is governed by the local topo-
graphic, geologic and s0il conditions of thu different regions and
Locclities in iast Africa. buch conditions vary greatly Irowm onc
country %o the otier in inst Afric. .nd within any one countiy in
Bast Africa one region or locotion to iiie othoer. Abo tue successful
applicrtion of any one netood in Bist Alrica depends on the volumes
of available water to be recivrgoed and the ultiate water use,
whether 1or rural water supplics or rural irrigation projocts or
both. The lond value, water quulity and clincte my somctimes play
a decisive role und have to be congidercd. LEven if any one weihod

‘proves to be applieable here in izast Africa, the economic cout
D 3

incurred has to be reasonable and the cost-benefit ratio favourable.
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The shallow artifical récharge'me ods cost least and can
cts ana rural water supply

be used botlh for rural irrigation proje
projccts. These methods are thereiore b%en treated in this note.
The experience in Sudan is referred to vgaienever relevant. Of
course, the successiul application of tlhese metiods in Sudan does
not mezn that they can be successfully umplemented in East Airica.
This zgein depends partly on the topobr§pny, geology and soils

of the particular locction considered.
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= RURAL WATLR SUPPLIES Il SELI-ARID CONDITIONS
' ' PERMEABLL DAWS

by g
R.L. RaIKES
Raikes and Partners, Consulting Ingineers
and Hydrologists, Lome, Italy.
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P - 1.  INTRODUCTION

I am assuming that this conference is essentially concerned
with the practical aspects of unural Water Supply. These aspects
g range Ifrom the location and listing of sources of water; the
hydrological assessment of their long-term yields; the efficient
-3 long-term extraction of water from. them; its distribution to the s
U point or points where it will be consumed by people, animals or -t
3 - crops (under irrigation); purification of the water to the various
“ standards that good public health practice dictates for various
uses; and finally ensuring that used water, whether used by
: humans or animals or in irrigation does not contaminate water
. : sources and, ideally, that it does not get wasted..

iy concern is with location and extraction whether from
surface of underground sources and, since the long-term use of
underground sources can oanly be ensured if there is adequate
natural or artificial recharge of the aquifer, I am also concerned
witn waste water as a potential source of recharge.

As regards this last I will only say that conditions can, or

g: ' can foreseeably, be such that the full requirements of a particular
: ' scheme can only be met by a considerable degree of "recycling®” of

k . used water. The subject trat I have cihosen for this paper is that
g ' of intventionally leaking, or permeable dams. <They are sometimes

' .called detention dams as opposed to retention dams, the inference
being tnat detemtion implies short-term storage: they aie also
called recharge dams. All the descriptions are valid. The concept
L] has the advantage of intrinsiccheapness. It also has the advantage
3 of flexibility in use: e.g. it can be used for direct flood irrigation
. or for recharge (of pumped aquifers) or botii.

2. RELLVANCe TO TANZANIA

Yfuch of Yanzania is semi-arid. These conditions are on the one
hand aggravated by low latitude and on ne otiner are somewhat mitigated
by fairly high altitudes. <The conditions are unowever, as far as
climate is concerned, fairly characteristic of semi-arid tropics:
high evapo-transpiration; high ma.imum temperatures; high diucnal
range of temperature; pronounced seasonality or rainrall (often
bi-modal); rainfall characterised by high intensities, uigh totals .
for single storms, short duration of individual storms and hHigh l

seasonal ana areal variability.

2.1. Under suca conditions the run-oif tuat results irom rainfall

is almost always more or less ilashy in character and oiten with '
high peak discharges. 1 am only concerned in tnis paper with areas,

such as ior instance parts of the Jerengeti, where torrenit beds

are dry except immediately aiter flood-producing rain. The 3
hydrograph of a typical flood from even a small catclmaent of sub- l;
catchment (of the order of say 500 sq. km. arc.) is celdom the
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product of rainfall over the .holec of sucn catchment or sub-catchment;
it is more likely 1o be the result of a single storm system (generally
moving) of wuich only a part may cover the catciment in question or

of wiaicn tuhe wiole may only cover a part of tae catchment. The shape
of the hydrograph under such conditions is ewxtraordinarily constant

as between one part of the world and anotuvr, particularly as

regards the time base or duration. The run—-off from larger catciiments
tends to take a more complex feorm since in eifzct the hydrograpns

of various individual storms are superimposed on each other with
various lag times. The overall effect remaing nowever umuch the same;
with nigh combined disciarges of relatively snort duration or maybe

a fairly quick succession of flood peaks at the outlet of tue cachment.
The outlet of the catchment for present purposes is tie point

under study at whicu it is ploposed t0 conserve water for rural

water use,

3.  PERMGABLE DAL

The basic intention hehind a permeable dam or detention dam
is to convert highly variable flood discharges into long-term flow
of low variability (generally a combination of surface and sub-
surface flow) with the smallest and cheapest structure practicable
The conversion is acuieved by:

(a) Allowing water impounded behind the dam to leak safely through
it and under it (vhicn requires tnat there should be permeable
river-bed alluvium) and

(v) By using either a pezménently open draft pipe or conduit, or
one with a valve or penstock, to discharge water at prede-
termined rates depending on the head (1 €. maximum at full
supply level, minimum at the take-oif level) to direct flood-
irrigation use or for recharge of an aquiier waose top surface
is at a lower level. '

Very often the aguifer is the same river bed alluvium,
dowvmstream or the dam, and if tnis is of not very great capacity
complete absorption of outilow for recharge may require several
kilometres.

4. CHOICE O uIZsi-8TC.

Detention of all, or a predetermined proportion of, discharges
at the outlet would require a very much larger capacity and larger
dam structure than would be requirea for detention of all, or
the same predetermined proportion ofy dischergel at eack sub--
catchment oullets. But assuming that the main outlet site and
sub-catchment outlet sites have approximatcly similar siapes as
regards longitudinal slope, sidc slopes, proportion of widtn of
channel to height of dam (i.c. much narrower at sub-ostchment
sites) and form oi upstream basin, tiie same capacity as is achieved
by one dam of height H at the main outlet can be acaieved by 8
dams of height X at sub-catcnment outlets.

2 s
,, . 3 3 |
l'or capacity & height”™ and H = 8.
(BN
(5)3

The ratio of 1:2 for heignhts is cnosen for illustr:tion only.
Since the volume of material in any eartih bank 1s, in practice
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and when account is taken of berms and of some additional top
vidth and free board in the case of uigher banks, approximately
proportioned to HJ it follows thut the volume of material in
multiple sub-catciment detention structures would be approximately
the same as tioat in a large structure at the main outlet.

5. AOVANTAGES OF WMULTIPLL SHALL DARS

However there are cevtain very great advantages, some more
obvious than others, in using wmultiple low dams. They may be
grouped under tite headings of hydrology, hydraulics and T
construction:- f

'5.1. Hydrology

Provided that reliable rainfall data are available, particularly %
as regards intemsity/duration, daily depths, and their distribution
in time and provided that some (probably short-term) related run-off
data are either available or are made available during a preliminary
phase o. a water supply project, it is not difficult to determine
the approximate thalweg length of a sub-catchmeat (for length is
more important than area) for which the maximum probable flood
event would be that due to a single storm. This is not necessarily ‘@
a storm covering the whole oi the sub-catchment since the durbions mﬁ

i
critical for shorter thalweg lengihs are associated with higher Lk
intensities of raintall. The long-term flood regime of such a
sub-catciiment is generally easier to forecast with less dependence
on subjective assumptions or onlong-term flood records than that

of the main catchment would be.

In studying rainfall and its related run-off tae
establiskment of criteria we are searcuing to gquantifly such
concepts as initial loss, surface detention storage, infiltration
rate and so on wiich are often without much eiror treated as
constants for a4 given catcliment although not in fact so. Both
initial loss and infiltration rate, however agsessed, so diminish
rainfall available for flood generation (rainfall e.cess) that
an increase of rainfall intensity from i mm to (i + i) mm
may double the peak discharge resulting.

The outflow regime and its effect on available storage in
similar downstream structures is genecrally of little more
signiiicance nydrologically than low base flow even ii overall
cost eifectiveness requires detencion of only a part of available
flows (aiter malking allowance ior designed outflows) with some
occasional substantial spillway discnarges. The routing of
floods through storage for arriving at economical and effective
combinations of storege and spillway capacity is mucn simplified
in the case of careiully selected sub-catchments.

5.2.  Hydraulics 4 .
There i3 firctly the guestion of flow turough and under the 1

dam determined normally by the flow-net metunods originally

developed in India {or dams and berr-.ges on permeable foundations. '

Phese metiiods although neat und eirective are considerably dependent

on assumptions maue «s to the degree ol cowpartness of relatively

course material in the dam itseli. Jhile tiie use of under-driinage '

or toe drainage can eliwinute almost all risk thet e.cessive seepage



'may cause flotztion of particles of the dam meterial (piping) the

risk nevertheless remains. In the c«se ol a small dam the
construction of a downstream berm to increase the flow path can
be quickly and fairly cheaply done and is a permanent cure.

The larger the dam tice longer this operation would teke and time
mighit be importsnt. A large penstock controlled outlet or use
in emergency is advisable if tne dam is Jjust upstream of a
settlement. :

Secondly there is tne question of the drait pipe which I perfer
to visualise as permanently open without valve or penstock. The
selection of the size of tnis is not very easy, tle main problem
being that of limiting tne velocity of flow in the pipe. This
requires careful consideration of nead. As part of tuis question
tiiecre is also that of siltation: it is recommended that the designer
accept an amount of dead storage winich represents the estimeted

"amount of siltation in a given number of years. This may be at

as much as half the ieight oi the dam wuile representing only some
10% -~ 15% of its volume. It is recommended that tne draft pipe be
set horzontal at tais level with o simple screened intake structurec.
It siiould be sited at a distance upstream from the dam, and at one
side of the impounded basin, such that tiae velocity in the pipe is
within the safe limit for the material used. This will still
normally be a fairly considerable wvelocity and it is therefore
recommended thut the horizontal draft pipe be led to a small stilling
pond downstream of the dam (2nd on the flank of the valley) from
whiich tke water can be conveyed to the river bed by an open cnannel
in cascade.

5.3. Construction

On tiie one nand a large dam enables equipnent to be used
for o longer period in one place while possibly iavolving longer
leads: on the other hand tac multiple small dams wmean shorter
periods of use between moves but possibly shorter lecads. Dams
should preferably not all be constructed simultaneously unless
completion before the flood secason can & guaranteed since it is
essential that upstream dams be completed first il the scheme
is to opurate as planned.

5.4. laterials

selection of the material to place in tae dam requires
considerable judsenent. Clay is out of the questidn 5ince it is
impermeable: a predominantly silty material is proge to "piping"
and therefore requires morc accurate Ilow-net calculations and
very careful design of "inverted rilters” at underdrains; neither
0f these factors justifics rejecting silt but they both require
thut the design Dbe undertaken by e.pericnced engineers.
A sand/silt mix is generally easy to deal with buf,.even sand alone
can be usedif very finc. However sand ncs the disadvantage thet
the grent permcability requires a longer flow patiyand ther fore
wider scction und greater volume. At the sume time sand unles
very fine and rounded can be relatively difiicult to load ftot
into scrapers wi:ile being casicr taan some materiz 1u,to compzcte.
all these constiuction itctore, qid other not mentioqud nave
to be teken into account wnen designing.

e et e IR« S - |



6. OPasaT ION ;
'

The end product of a system of permeaple dams isv that rloods
gencreted above caca unit cre temporarily sgored (and pernaps
partially spilled) by that unit :ihich, so éﬁng w5 there is water
in the unit, will be discharging botu throudgn the draft pipe and
underground. rhreatic levels in tae river beds will rise 2nd in
certain circumstances .ustained flow may result nll tiwougn the
rainy season. Phreatic water may be esirzcted by pumping, from
wells or galleries, any large volumcs of aguifer that may be
identified by geophysical soundings: naturally toe wells must
be near wherve the water is required. Uuch pumped pearts oi the
aquifer will act as drainage sumps for both surface and underground
flow. In the case ol suszstained ilow it may be most efiective to
lead this oli at suitable points ifoxr irsvigation or it mey be allowed
to flow unchecked to those dri.inage sumps. Extriction ol groundwater
can be¢ done in seversl ways ~ shallow bore holes, pumped galleries,
gravity-fiow galeries etc. depending on thé conditions. It is
worth noting that thes¢ detention structures perform a valuable
flood control task as well: indeea one could zlmost say that
they are bosic flood control and utilisatien structurcs.

Although I have referr:d specifically to terrents tnzt are normally

dry it is not difficult to modiily tue printiple so us o apply it to

small sustained seasonal streams. In thesé cuses tie main benefit
is irom increased surface flow for irrigation oxr other uses. Any
recnarge of groundwater in these circuustances can generally only
be achieved by diverting regulated surfacefto potential groundwater
reservoirs away from the river. :

s
N

T. CONCLUS ION

The foregoing describes a cheap type of earth dom that avoids
the cost und difficulties of an impermecdble core and deep cut-off.
Any mobile earth-moving equipment coan be used ond skilled labour
and rigid meterials are required only for ftuc¢ spillway, draft
pipe and, in certain circumstznces, for tie toe drain. Foints
to watch in-design are:-~ the estimated tﬁ%nsmissibility of the
dem material and the measured tronsmissibility of t:e undisturbed
material below it 2nd their use in constr&%ting o flow net; the
risk of slips in &tncupstream face due to relatively rapid drawndown
if a silty material is used. However the most impoitant point of
all is to get the hydrology wight before design sterts!  This method
oz construction, properly designed and corried out, can control
and utilise irregularly occurxing {loods by combined use of
short-term suricce storage =2nd loag—tesm Zround storzgc.

o

of
LA

N

Ry .



WA Ly

INPLEMENTATIONW

AND

DESIGH

5

Loaide et g, .
o »Jt..\n

w7 Ry
LR E
2+ 3 < s g -




o

i

BASIC COWSIDuATIONS JOR 'm;fm D3 5IGNH

O RURAL Wil 5Ufr1ﬁgb
]
4

&

By André Harlaut ﬁ

. 1
SWECO-¥B3, Stockholm, “wed%n

1. General

The final objectives of any public water supply
system are:~ §

to supply safe and wholesome water,
to supply water in adequate quantity,

to make water readily available.

From the purely public health point of view there is no doubt
that the above objectives should be fuliilled also for rural water
supplies. Unfortunately full satisfactory water supply systems
are expensive and beyond the financial means of most rural water
supply programmes. Alternative solutions must be compromises
between econcmic realities and public health necesgsities.

However, the search for economical sclutions which will serve
a maximun of conswaers within a given finanoial frame should not
result in the implementation of 1nadecuate systems which in the
long run do not improve the public health condltlons and may
thus be even more uneconomical than more elaborate and expensive
systems. The implementation of limitedzsystems is justified
only as a first step towards a wmore complete solution. The
possibility of extending and improving the systems in the future
should always be borne in mind.

A single water supply system whﬁch could apply to the whole
country does not ewist. The types of water resources available
and the water requirements dirffer W1dely and, consequently, a
great variety in conception and design of water supplies is required,

The rural population is very often scattered over large areas
or is grouped in small communities. Concentratlon is being encou-~
raged by the development of Community Vllld»es but the process of
concentration will most probably be sloy and for many years to come
a considerable part of the rural population will remain scattered.

for villages and communities whese an increasing concentra—
tion and a future development can be foreseen, provision should be
made, wherever possible, Tor the ultimate distribution of safe
water to points easily accessiole by the majorjity of the people.

" The distribution layout and the general design should iccilitate

future extensions and future individual house connections. The
first step towards developing a more comprehensive water syster
could be a piped supply witii limited distribution facilities buy
with tae main structures designed so that future extensions could
be easily carried out.

For areas witn scattercd populagions it is not generally pos-
sible to provide tae same distribution facilities as for communities.
An improvement of the water situation can be obtaincd by creating
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safe and winolesome water sources or by improving existing water
sources. Wells, boreholes or water points with ample protection
against pollution and equipped with mechanical lifting devices
should at many places be a satisfactory solution. In most cases it
would not be feasible to provide distribution facilities.

2. Design Period

The period of operation for which a new water supply system
should be designed is governed by a number of considerations, the most
important of which are the anticipatca growth of the population and
water consumption, the durability of materials irom which the com-
ponent parts or the works are to be coustructed and financial rates
of interest and amortization.

Theoretically it should be necessary to have a reliable
prognosis ox the anticipated water consumption for a period longer
than the most durable part of the works and, considering all the
above mentioned factors,; to search ifor each componnent part the
most economical dimension.

However, since unexpected alterations in the prognosis made
must always be anticipated, it is usually economical and reaso-
nable to 1limit the design period ior a water supply system to the
period for which the prognosis can be considered as reasonably
reliable. The general possibility to extend the works in the future
should, however, always be borne in mind.

For urban conditions it is usually considered as economical
and reasonable to limit the design period oi a water supply systex
to 30 to 40 years. For mecunanical equipment such as pumps and i
motors which have a4 high rate of depreciation and for those parts
of tre works that can easily be extended or doubled the design
period may be 15 to 20 years or even less.

ifor rural water supplies there is no agreementl@esigners /betueen
as to a suitable design period, but it is advisable to consider
wherever possible an overall design period of at least 20 years.
The system snould be planned {or the final stage at the end of
the 20~years period and the possibility of dcvelopment in stages
and the necessity of replacing certain items of equipment at
certain intervals sinould always be consideé¢red. The general possi-
bility of extending and improving the system in the far future
should always be borne in mind.

o o a————

3. Number of Water Consumers to be Served

In order to arrive at an estimate of the number of water E
consumers to be expected throughout tiie whole design period it is .
common practice to consider the changes which have taken ploce in the ’
past. In rural conditions, however, even the determination of the
present population is in itseli a difficult task, and attempts to
forecast the future population generally encounter great difficulties.

The degigner amust consequently excercise considerable judgement in
predicting the future development.

4. Water Consumption per Capita

In rural witer supplics the consumers are mainly the domestic
consumers, the institutions. such as schools wnd dispensaries and



e tue livestock. In certein cases iirigation may be combined with
MR comcstic water supply but in this case special studies are
it SR rcquirced which are not considered in this paper. Generally
i ’ there are very few reliable datco regarding the present water
s consunption in rural areas. srom the few rescarch studies avai-
lable the iollowing observations cin be mad.:-

.em _l

most - The average daily consuaption of water providced from public A

A tap seems to be less than 5 gallons (23 litres) per capita ey
. per day.

- The average daily consumption of wuter provided tarough _
k' house connections 1s considerably higher bui does not seem ).
- . to exceed 20 gallons (91 litres) per capita per day. @

Generally it is considered that, including lezkage and waste, —
<8 an average of 10 gallons (45 litres) per capita per day is re-

- - quired- for domestic purposcs, i... drinking, cooking, ablution ~
3 and laundry and that the provision of 25 gallons (about 110 litres) -

de per capita per day is wost desirable in hot countrics. l§

bince the construction costs and the operation costs of water 4
supplies are dependent on tne amount of water provided it will )
be necessary to reach a compromise and adapt the final goal ' ;
of tlie rural water development to the financial means available.
tiowever, since liwmiting the water consumption is always connected l‘*

i3

-
Y

P U

ure

11 ',3' — with tectinical and social disadvantages it is necessary to be.

s ' prudent in this matter and always make provisions for an unelupected-s
ly rapid growth of the water demand. As a first approximation

to be confirmed by study of the rcal conditions it seems reasonable lﬁ
to assume that wien water is available in sufficient amount the

vater consumption including lcakage ond waste grows as follows:-

Average daily consumption per capita

N
o
@
o
o .
0Ly
-

1st yeur lot§ear 20thyear
litres gallons litres gallons litres gallons

Domestic Consumpiion

ol

: In densely populated
- = areus with piped sup-
. T plies ana easily ac-—

P cessible public taps 30 45 10 70

&)
]
Ui

)

— —:

- Ditto wita house

connection i 90 20 135 0 180

A\
o~
o

“In sparsely popuiated
areas without distri-
bution facilities or
vwith poor distribution
facilities 15 3 18 4 23 5

1

'Livestock Consumption
(per livestock unit) 25 5 23 5

ne
N
(o2

Taking into account local wvariations oi conditions highicr or
lower volues should be considercd in certain areas. For the livestock
hither valucs should apply if and where the future plans imdude
the implementation of organized dairics.
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5. Water oource

Before installing o water supply system, investigations ol the
aveilable water gources are an important part of the design., It
is necessary before deciding to invest considerable sums in systems
such as extensive piped supplies, which in themselves attract a
population concentration wuround the new facilities, to make sure
tizat the water sources available wili be sufricient not only in
the near future, but also in tie long run. The water source finally
selected saould in any case be capable of meeting the water demand
expected after 20 years, and further reserves should exist ior
considerable extension if required after the considered 20 years
period.

6. Pump Capacity

Phere is little information available as regards the dura-
bility oi pumps and motors in rurzl conditions. It seems, however,
reasonable to provide a pumping capacity sufiicient to satisty
the expected water Jemand after 5 - 10 years and to make provisions
for install.tion of larger pumps wunen required.

It is generally recommenaed to provide ior a certain emer—
gency capacity, However, for economical reasons provision of such
emergency reserves should always be welghed agceinst the possibili-
ties of obtaining water from other sources during cmergency
periods. Por most supplies tue provision of two pump units
together capable of delivering the daily demend with an effective
pumping time of 12-16 hours per day should provide sufficient
emergency reserve. The capacity of each pump unit should be
chosen in each particular case with due cunsideration to the
characteristic curves for pumps and wacer mains,

T Storage Capacity

Generzlly the cost of storage tanks is an important part
of the construction costs. Storuge tanks are usually provided
in pumped supply systems in order to maintain a ﬁecessary balancing
effect as well as & certain emergency ressrve. Considering the
construction costs involved, it is advisable to imvestigute the
nccessary storage capacity for cach particular case taxing into
account the cdvantages of a reserve in relation to the investment
cost. [or < pumped supply gystem equipped with two pumps as
described above the need for rescerve is less than for a pumnped
supply from one single borcehole with onc single pump. In many cases
it may be cconomically and technic2ally advantageous to construct
a small tank in a first pnase 2und to add o new tank in cihe future
when the water consumption h.s increased. Ouch possgibility of con-
struction in puuses should be considered in ecach particular case.
For supplies by gravity from ponds or streams it may not be neces-
sary in many cases to provide any stor.ge capacity in the distri-
bution system.

As a general indication i1t seewms advigable to deterwiae the
storage capacity to ve installed in o Iixst phase on the basis
of the water consunption egpected aiftcer 5 - 10 years with due con-
sideration given to the future posuvible extensioas.
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and water shortage.

The volume required for baloncing the daily variatiouns in
consumption can be calculated ii the expected variations aive known.
ior urvan conditions this volume is usually 20-30 % of the daily
consumption. iHowever, if it is accepted Lor econoiical reasons )
that snhortage of water may occur during shiort periods of tae day, R
the said volume could be less. ' :

The need ior reserve will vory f{rom project to project as
mentioned above, but tlie storage copacity shiould always be sufii-
cient to mect the watexr demend during the short intcecrruptions

of operation wuich wmay be required for daily or weekly routine
mointenance. It does not seem economical to provide reserve

for major repairg witch, iy trey cannot be made within & few
hours, will pirobably nced several days of attendance. Imergency
of this kind sanould be met by other means and principally by
rationalization and increased efiiciency of the maiantenonce
routines.

Ground reservoirs are mucit cheaper trnan elevated tanks and
should be preferred waen possible. 'The storage capacity could be
chosen somewihat larger for grceund reservoirs than for elevated
tanks.

1t must be borne in mind when choosing the storage capacity

that the operation of the water supply systewm is more complicated
wiien the reservolr volume i3 small and if one wants to avoid waste

8. - Pivework and Distribtuin tacilitices

Depending on tile loyout of tue particular scheme and on
the relutive location of tue water source, storage tznk and ;
distribution poinits, tue ilow to be t-ken into copnsider.tion . I’f’
in dimensioning the pipes will vary between & value equal {o the s
punap or intake i1low «und a value equal to thne peak consumption.

N It is thus important to design tne generzl layout so tuet '
a minimum cost is obtainsd Tor tue winole or tie supply systen. "
a4 development of tae water mains and networks in phases should \ L
always be considered. l"ﬁ

In most cases the pipework und distribution system are
the most costly components of the water supplies. If and where
a reduction of the ilaitizl constiuction cost is requird, it seems
adavisable to. consider in the fivst place 4 reduction of the distri-
bution focilities providing that due consideration is given to
possivie ruture eitensions. such o reduction will involve a certain
amount of inconvenience tor tne population serveu, and «ill in
itself result in a lower consumption of water. The risk ¢i the con-
sumers twming away from the supply towards easier but pernaps
unsater water sources should alwayse he borne in mind.

As a general rule thes dimensione of the pipes should be
calculated Tor the flow cxpected aiter 10 - 20 yezrs. Jhen pumping
is involved 1t is usual to determiae un econowical diczmeter for
tie pipes by taking into consideration the balavice of the con-
struction costs 1or tuae pipes agulast tike operation costs ior the
pumping. ' '

o N
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9. Dams and Chorcos

Very often dams and charcos are not provided with distribution
facilities other than hand pumps or intake wells in tie immediate
vicinity of trne embankment. Conoldcrlng the rather nigh costs
involved, the iwplementation of daus aand chaircos without piped
distiibution systewms should always be based on a serious investi-
gation of the real possibilities ior the population surrounding
the site to obtain water from the supply. -

10. V Otuner i'catures

Considering the distribution of a population where a large
part o. the rural population is scattered and considering also
the costs involved in the implementation oi piped:supplies, it is
necessary to provide, in the water development programmes, ior
simple and cheap torms of water supply tuat could be installed in
areas where i:.e construction costs of well engineered piped supplies
would be prohivbitive. In this conncction, it secms advisable to
initiate special studies in order to examine and develop possible
innovations. In the first place two objects seem wortiyy of special
attention:-

1. The development of design and construction met..ods for
low cost shallow wells with high hygienic sivandard and
equipped with hand pumps preierably oi locel fabrication.

2. The development of standard types of small rainwater catch-
ments with prefebricated or locally mads tanks for areas
where groundwater is not available. The possible usc
plastic material should bhe investigated.

11. Wiater Teatment

The question of the water quality and the ﬁecemsity 0oif treat-
ment is not discussed in this paper but snould al&ays be subject to
initial examination. i

Note:- The present paper is based on ziperience érom surveys
and studies on rural water supplies carridd out by
LWECO -~ VBB, Consulting bngineers and arcRitects, otockholm,
Sweden in Tanzaniu and other countries.
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INTERMIUDIATE TLECHNOLOGY AND RURAL WATLR LUPPLIES

by
Gordon H. Bateman
Department of Applied raysical bceience
' University of Rexding

INTRODUCTION

Water supply in tne rural areas of developing countries is a
subject thut for too long has been 'seriously neglected, ond it is
heartening that interest in Bast africa has now reached the stage
where o major confercnce on the subject is being held.

In considering rurcl woter suppliecs it is interesting to look.
ot the way in which the whole subject of development in the developing
countriecs hos been approached in the past. Consider the country
depicted in Pig. 1, which could be almast any developing country. It
has the natural resources shown in the diagram. The traditional
approach to development would be to send o team out t¢ review and
advise on how to develop the resources of the country to the most
ecovnomic advantage, i.¢. 10 reduce large-scecle imports cna expand
large-scale exports - the factors which are basically involved in the
econouly of the country in relationto other countries. The team .
identifies the resources in Fig. 1. The river then prov1des a dam
site, which lcads to hydro-electric power and irrigation. The puwer
means the nineral deposits can be readily exp101tcd and industry
developed (¥ig. 2).

From the capital, and from the iwpak/export balance sheet of
the country, all looks well. But ior the voest mejority of the people
of the¢ country, who are living in the greater part oi the country
(rig. 3) life is just the same. They subsist un rain-fed agriculture,
they hove no large rivers, no mineral deposits, no naturnl resources
of note: hence the survey tecm mentioned above made no recommendations
for the development of theixr part of the country. But they arc
people and they must be involved in development just as much s the
others if the country in the longer term is to truly develop. If
thicy ore nut involved in development, they will migrote to the
industriclised crecs cnd overload them -~ there are plenty of slums
and shanty towns in the world to berr witness touthis fact. The
only logical way to reduce this migration is to develop the rural
arcas sufficicntly so that 211 benefit, thus removing much- of the
incentive to gou tu the big citices.

How con these areas be developed? Briefly, the ooproach
should be to start with what the people alrcudy hove, with whot they
are doing wnd to bulld on it step by step. This is the 2pproach
developed by the Intcermediate Technology Development Group ond the
recder is referrcd to thneir various publicotitms for o nmore detailed
study of it.

The Necds for Water

In the traditional approach to development ovutlined abovey
the attitude was, in the ctse of witer, "Here is water, o large river,
what cen we do with 1it?" and the answer was “Build a daow, generate
electricity and irrigate crops. In the rain-fed arcas the approach
should rather be, fhere is a nced for water, how are we to weet 1t77,
i.c¢. stort with a definite nced..

ey ot



Wh>t are the needs with regord to water? Consider o typical
individual household in the arca. vt 2re the 2ctusl water needs at
the home? Woter is required for drinxing, cooking, w:shing the pots,
and for bathing and wasling clothes. The latter twoluses could be
performed away from the home, though the prefurcence is most definitely
for them tu be carried out at the house. ‘The point of consumption is
in the house itsely ond idenlly the wrter should be supplied ot the
nouse, This is the first set of needs cnd it 2pplics just as much in
every house in the rural areas as it does in the big cities. Waat
can be done to meet the need? '

The second case is thet of o farmstead: agnin ihcre is 2
need for water at the house for domestic uses, but in addition there
is a need {or water for the animels for irrigating 2 vegotable
kitchen garden (not for field crops as it ic a rain~fed agriculture).
What con be done for this set of needs?

Thirdly, cunsider a complete village together with its lands
around the village. In the village itself there are 211 the houses
providing points of consumption for domestic water. There are all the
little vegetable gardens, all the animals both near the house (especially
chickens ond goats) and out on the posture land, and also water for the
animals and men working on the arable land. ow can all these needs
be met with a supply of water right at the point of consumption, so
that the traditional and very coustly system of corrying water can be
eliminated?

Possible Sources of Water

In seeking possible sources of water I think it is useful to
consider the hydrological cyclc, which I hove depicted in PFig. 4.
There are to my nind three wajor points at which water cnn be extracted
from the natural cycle and put to man's uses: :

(a) surface water
(b) ground water
(¢) rainwater.

The use of surface water tuv precisely neet the needs listed
above is coustly - because those needs not only indicgte a guantity
of water, nor only a quality of water but also o loahtion - the point
of counsumption to which ovur water supply scheme musg deliver the water.
The obitaining of surfaces water will perhaps includg 2 dam or weir, as
well os a distribution system of pipes and taps, aond in places where
gravity feed is not possible, pumps or hydraulic raws are necessary.
It is technically possible to prouvide 2 piped water supply to 2lmost
anywhere - but the scounomic factors mrke it impossible,

Ground water may be 2 possibility, although tiere wre plenty
of places where groundwater is not present. I shallow whter is
available then there is o good chance thit people are alrezxdy using
it - I reczll the winy hond-dug wells I saw in India. Deep ground-
water is more diificult, of course, >nd its tapping is an expensive
operatioun, including the inherent risks thoet not every” borehole will
be a success giving a gooud yeld. There is the need for o pump,
which on deep borcholes will almost certainly need tov be power operated.
Alsou, must borenovles give suificient woater to supply 211 the needs of
a considerable arca (which they wust to meke taem fincneizlly worth-
while) - and thot enteils nn oxpensive distribution systoms os
previously mentioncd., sven with sh:illow wells it is quite likely
that each well will have sufzficient yield for o large number of
houschoulds.
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Thus buth surface water znd groundwiteryjcexcept perhaps very
shollow groundwater, generally have the Gisadventages of requiring
an expensive struccure tu obtain the watery and of having o lot of
water in une place which then needs distributing to the points of
counsumptiovn, i.e. the availability is poor.

However, the third source of water is r-dher different,
obvivusly su in its availability. The aren is; bised on rain-fed
agriculture, so there is rainfall cverywhere, i.e. ot every point of
consumption., All thot is required thereiorc is a means of catching
and storing the woter. The fact that 1 inch of roin falling on 1 £t2
gives about 0.5 gallons means thet ecven with Jhly a modest rainfall
of 10 inches and & catchment arec of 100 £t2, the yield is about 500
gallons, assuming almost 1005 run-off. Lorger cotchment areas will
give greater yields. Rainwater hos an advantage from a purity point
of view as it is pure until it hits the ground (we are not concerncd
here with industrial areas and attendant air ﬁollutiun), su if our
catchment and storage system is counstructed sd as tu keep the water
clean there will be no need for expensive purification plant for the
domestic water. (I shall return later to the imatter of purification).
Indeed rainwater catchment and storage is an anient system of water
supply, but it has taken on a completely new Iook with the advent of
modern impervious membrancs, plastics, resinsy ete.

I was pleased to see that rainweter catéhment tonks appemred
in the Workshop on Rural Weter Supplies held §n Dar es Salaam in 1969,
in a paper by Barker (1), where the use of butyl rubber membranes was
described. While this is a perfectly gouod method of cunstruction,
it is very expensive and I will briefly outlined 2 metiiod which is far
cheaper ond in s.me respects technically superior.

The Mu@/folythene/Sausqgc Method of Cunstructing Rainwater
Catchment Tenks }

]

This particulor désign was first developed in Kordotzn rrovince
of the Sudan by kiG. Iunides, Project Hanager $f an 1*.A O. Land cnd
Water Use Survey Project. Iv has since been ?sed in Botswaona, ond more
recently in Swagziland, :

g

ort on the Introduction
ion to Botswana (2).
roxinmete size required
ular hole 20ft x 1&ft at
tom, with a depth of

The design is fully explained in the re
of Reinwater Cotchment Tanks and Micro-Irrigx
Briefly the method is to dig a hole to the op
(e.g. o 10,000 gallons tank wight be a recta
the surfoce, sloping to 16ft x 12it at the b
6.5ft). The systeu of lining is to put in thg tunk a scries of
layers of mud and polythene interspersed with® "suasages''. The
Tsausages” are layflot polythene tubing whichj is 4 or 4.5 inches
wide, nade of 150 gauge polythenc. The tubiﬁL is cut into lengths
of about 18 inches and £illed either with dry sond (sand sausages) or
a cement-sand mix (cement sausages). The cement sausages are
illecd with 2 dry mix of 15 parts of s.nd 1o one of cewent (compared
with 3 or 4 o 1 for ordincry cement work). Xnots are tied ot both
ends and it ¢ssentisl thot the sand is complately dry ond the mix is
well tamped dowa in the saustge for full compoetion. In the cose of
the cement sausages, small holes :re pilerced plong one side oy the
sausage, it is 1lz2id holes duwn in obout half an inch of water just
long enough to absorb copillary water, :nd then loid in position.

In this way only just <nough water tuv cure the cement is used and
nearly 100% cumpactiun i3 achivved. " It is fur this recson, together
with the mix being enclosed in polythene and therebre in idezl curing
conditiuns that such o weak ceient-sand mix can be used.
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. The order of the various layers in the lining is showm in
Fig. 5. It can be seen that the cenent sauscges provide afprotective
revetment. This lining w2s used in the tonks built in Botgwana for
irrigating vegetables, and the cost of materials on site 1n Botswana
in 1967 was £12.50 sterling for a 10,000 gollon tank. Ther were no
labour costs beczuse theschoul chlldren (even the eight ye%r old
ones) built it. The proucess is made up of a series o very repetative
operatiuns which can be quickly learnt. Clearly a 10,000 gullun tank
is a very small ovne, in the Sudan tanks up to 0.5 mllllun g°llons were
‘built: the larger tanks have a lower rativ of lining to vollume stored,
but there will be limits on size impoused by other ¢actdrs,;c.g.
availability. ror dowestic uses, a scnd filter system cangbe built
as shown in Pig. 6. <The "beehives" are also made from cement
sausages reinforced with wire pins, i.e. they are reinformced concrete
structures which require no external shuttering. ' ’

However, much further work nceds to be dome 2nd other types
of lining need tu be evulved. At present I am working in Ghana,
where polythene is over twice the price of polythene in Southern
Africe - making the exercise not such an atiractive ovne. .

Table 1 gives the approximate quantities of materials
required for a 10,000 gollon tank (drinking woter type). These
figures are based on the experience of uy colleague raul Hoody.

Other Pactors to Consider

To leave the deteils of these particuler desings nnd return
to my earlier argument on the use of rainwater comnpared with other
sources of water, it should be realised that the cost per unit
voluwe of water is greater for catchment tanks than for other: svurces,
e.g. dams and boreholes. Upton found this when he made an economic
appraisal of irrigation in Botswana (3). Such conclusiovns are’ o
typical of many facets of life -~ the small-scxle itewn costs more per
unit than the large-scale., However, there is the question of the
availability to consider - whether or not the water is oviilable
exactly at the points of cunsumption it is tu serve. In ﬁhe case
of rainwater catchment tanks it is nearly always technlcully possible
to build a tank just where the water is required. Sucih a'stotement
cecnnot be mode of damws znd boreholes. JFurther, catchment  tonks
lend themselves tu selr-help (indeed they would be must unattractive
financially if they were built with paid libour) - and itiis beconing
increasingly recognised thit the only way the developing countries
will develoup is by helping themselves, by using local matérinls as
much as pussible and by cupitalising their labuour,

I have alrecdy wentioned the matter of water purification in
relation tu rainwater. Houwever, tocre is a wore generzl point thot
should be made., There is a school oif taought which takes the
attitude th..t if any iwmprovewent in drinking water supplices is to
be wade, the system must provide pure water, up to world fHealth
Orgonisation standards. Thnerce is soune strength in this argument
when applied t, 2 water supply schemwe which will serve severol
hundreds if not thousands of peuple - for if an infection’ like typhoid
or cholera did enter the systew then o large numboer of people would
be affected. But when token literally the unreosovnableness oi o the
arguement is demounstr.ted by the cose of o village in Ghanz. The
village peuple have twou sources of woter. - one is a very low yielding
underground seep which contaings guinew wore ativngst wany other
infectiuns. Tahe uther is o spnll dug-out wiich I would 1muginc ironm
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the colour znd from tile numbors of small worws and larvae in it tu be
worse tinan the seep. On une occasion & witer supply mon visited

the village, tested tihe witer irom tue two sources, .ad declared the
water unfit ior huuan consuption. He thnen told the peuple nut

to drink it, and departed - miling no further attewpt to iwprove tae
situction. Yo him and to all of similar persuasion I would point out
that the huwan body has unfortunctely the ability to proeduce pangs of
thirst, and that it is just o little unreasonable to uxpect peuple to
live for years and not to drink fron their sources of water (their
only sources) because tie water h.s been declared unfit for huucn
consunrptisn.

The water frow the drinking water design of catchment tank I
have described abuve is uut pure, but at least it is reasonably clean
and is a big step forward. We 2ll hopse that vne day everyons will
have pure water, but th.t day will not come overnight, and in .rder
that the greatest number might benefit from some improvement
internediaste steps are necessary.

However, I do nut wish ts lecve tle iwmpression that I
consider rainwater catchment and stor.ge as the only possible way
of providing water - it is nut. But it is a most neglected subject,
one that almost never figures in the standird engineering textus.

The viterzture Aveilable

Thig in fact is what is required - a text of ideca and
methods on wnat Ionides calls tiic "Theory and froctice of Village
Ynter fechnologies'. There are o nuwber of references here ond
there on this level LI technoulogy, but they are rather few and far
between. At Interrediate lechnoulogy Pevelupueny Group I carried out
a literaturce review on low-coust witer technulogies, which was published
es o Bibliograochy (4) and o few idews and sources of information
cace to light. Volunteers for Internctiunal Technical Assistance,
New York, have published a number of idens, principally in tne Village
Technology Hondbook (5). The Community Witer Supply Research and
Develoupuent rrogramme of J.H.0. have produced two backg.vund papers,
"The Village dlank 2s a source of Orinking vWater” (6) and "'Biolugical!
or 'Slow Sand! Filters® (7). ithe tirst of these in particular
contains o nunber of ideas .n siwple picces of equipwent which could
be wade fairly eoasily in tiw viilage - tuwugh I understond from W.H.O.
that nwost 0T the ideas Love not been cctually tried out, so far as
is known.

Various ideas have been put fourwarda icr simple pumps - perhaps
the dicophrogm pump is uvne that will come intos vegue more 2ad more with
the availability of ploastics ond synthetic rubbers, making the
diaphragn itseli nore relicble. fention should be aade of o specicl
reprint of a series of articles by :.cdunkin and Vesilind (8) on tie
subjeet oI practienl hydraulics tur the enginecr. It is 211 basic
material on thc essenticls of hydrostaitics anc nydrodyncwics, bringing
into a cumpact fornat tiac voriocus equations for flows in pipes ond open
papers and ideas which to o vorying extoent contribute to knowledge of
low-cost woeter technologies have been included in thie Bibliography.
The overnll counclusi.n whiech I very definitely came to was that very
little has becen recordea on the technigues of village witer supplies.

future Vork

In asgociction with Internediote fechnolugy, further work on
pumps is being done by a research worker at the University of
vanchester Institute .f Science and Technology. Desalination is a
subject that is often raised ag cnswering wony problews, but while it
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has its place, it should not be allowed to grouw out Jf persﬁectlve:

there are only o limited number i places where saltwater id available.

One aspect of it, solar distillation, is being looked ot byn post-
graduate student ot Glusgow University. at the Hotional College

of Agriculturzl snginecering o poustgroadunte student is studying tuae
problems of utilizing catenment tank witer for irrigation iR the
most econowic way pussible - hopefully producing the poor man's
answer to trickle irrigoation. : ;

Ly own work is tu identify (quantitatively, qualitatively

.and specially) the water dewards and nceds of selected villoges in 5. E.

Ghana, and also identify 211 tuae locnl resources -~ pruesent water
sources, s.ils, topougraphy, village skills, traditioncl construction
techniques, etc., th.t could have a becring on the chovice of design

of water supply system, including the matericls tu be used.. The
intention is then to call uvn tecimicul expertise in Britdin to suggest
how the use of imported goods (imported tu the country and/or tne
villages) using the overzll concept of rainwater catchment anu storage.
It seems likely thatl other designs, whica would be alternztives to

the vne outlined above, cuvuld be developed. In particul:ir tae

work is centred on providing guod drinking water.

Much further work is neceded, interest nust be gencerated wnd
ideas exchanged. Hence I was very pleused to learn of the growing -
interest in Bast Africz in rural water supplies, which his led to the
present conference taking place.

PRES PRSI
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. Dimensions:

top
floor
depth

Tocble 1. Haterials required for & 10,000 gdllon

fud/Polythene/souscge Catchment Tonk -
Incurporating o Sand Pilter

20ft x 16 ft
~ left x 12 £t
- 7t

Imported liaterials

(1)
(i1)

(iii)

(iv)
(v)

(vi)

Loecally Avoid

Polythene sheeting (150 gouge, clear)
3 rolls, 6 £t wide cnd 100 yds loung

Polythene tubing ('Loyilat® 4 or 4.5 in wide,
150 gauge, clear) 13 rulls of 500 yds.

Wire (8 gauge, plain galvanised)

4 Tolls uf 100 1lbs each (=pprux. 485 yds

each)

Cenent
30 puckets (94 lbs/pucket)

Insccticide (505 Ditldrin powder)
3 lbs.

String (meduim sized r.lls)

laole Materials

(1)
(i)

Labour

lud (free of stones, grass, etc.)
sand (as clean ©s possible)

Tutal of approx. 250 man-days.

|
!
!
%
’é
¥

42 1bs.

70 lbs.

400 1bs.

2,820 1bs.
3 1bs.
5 rolls

Approx. 5 tons
Approx. 24 tous
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- MAJI NA MAEITDELEQO VIJIJINI:
THE EXPERIENCE WITH RURAL SELF-HELP WATER SCHEME
IN TUSHOTO DISTRICT

by

R.R, llatango
. Maendeleo -~ Imushoto

and

Mayerle
LIDEP -~ Water Development Section

GENERAL BACKGROUND

The importance of water for himan needs is understood not only
as an absolute hecessity for life, but also because its quantity
and quality make significant contributions to national development -
of any country. Tanzania has contrasting water-problems, ranging
from arid and semi-arid areas withoutv any water, to areas with
plenty of water: some areas have either dirty water or scattered
waterpoints where women have to walk long distances to fetch it;
some have very little water, in which case the women have to queue
for long hours at the wells for watsr. Tanzania's Rural Development
. Policy has purposely given & high priority to rural water supply -
"for provision of better domestic water supplies (for health reasons),
to reliease labour for other productive purposes and to allow a more
efficient pattern of settlement",

Besides the natural contrasts of water problems, there exist
great imbalances between demands of water in areas where it can
be nade available, and the administrative resources to meet thenm,
between the meagre ovailable funds for water and the non-existance
of already trained persomnel to implement them in the villages,

In the following pages an attempt is made to show what has been

done and is being yardsticks for economic growth; the experiences
with water schemes in Iushoto may not apply to other districts of
this country but it shows what people have managed to do with

little funds, technicians and craftsmen and the problems encountered.
One should in mind that an inportant aim of providing water in the
rurel areas is to serve where possible as a catalyst for Rural
Development, besides being an economic investment and a social
service,

Plamming and Implementation

The Ministry of Regional Administration and Itural Development
released Shs, 5495/00 for 10 shallow wells under Rural Self-Help
schemes in Tushoto District, at the same time provided one
technician and one lorry to form a Mobile IMeld Unit for Iushoto.

Funds were released and transfered to the Reglonal Office in
Tanga. The area to stort work was picked out’ '0f Imshoto District
Second Five Year Developricnt Plan. Iushoto Division (Ubiri) was
one of the areas indicated for starting rural water supply in
1970/71 -~ if funds are ovailable, Ubiri was therefore selected
for being in the plan and nearcr to the Administrative centre
to people of Ubiri in the schemes was strongly felt, and it vas
realized that a self-help spirit among the peopley, we had to avoid
full involvement in the rvnning of the schemes The TANU-branch
Chairmen, Diwanis \councilors), ond Village hnd Divisiondl Executive
Officers from the wards in Iumshoto Division (Ublrl) were invited to
a neeting at the Vard's Headquarters.



- At the meeving, uile lssue 0L Waley SUPPLY Wds dilslUsseufau Leng o
| and the decision wasrmade, first to.elect a Divisional Rural Vater
Supply Committee, made up of 5 TANU-branch Chairmen (from 5{Wards),
ward Executive Officers (Village Executive Officers), 2 Tenf$Cell
Ieaders from each Ward, and 5 Diwanis (councillors). Secongly,
15 small cormittees made up of ten-cell leaders with TANU Chairmen
and the Ward Executive Officers as ex—officios, to be elected by the
people in each area where a scherle would be started, Thesefsmall
committees had to supervise the work, and in particular to gnsure
that every person in ten cell units reported for duty. If & person
failed to do so, the committee would devise ways and means {o
prevent absentism and create deterrents., It was also theiryduty
to impress upon their people that the solution of water proplens
.. was within their own means, while Maendeleo Division could provide
the technical know-how, ‘

The Divisional Committee had the power to allocate the materials
to these water schemes and to withdraw or transfer the samégm@ierials
for schemes in which people are not willing to participate,;and to
re~allocate the materials to other schems where people are prepared

" to work*, '

Another duty for this cormittee is the allocation of ma&erials
to water projects, and to serve as peoplel!s représentative in the
whole operation. i

There was a feelings to involve TANU at a higher level than the
branch Chairmen.  Two members of parliament were involved &s eatalysts;
one in laying a foundation stone and doing the actual work .for some
days together with the people. A cineme~van came from Maendeleo
Regional Office for a dual~purpose in reinforcing the campaign to
complete the water schemes; firstly, by showing films on the spread
of waterborne diseases and effects of drinking dirty water, and
secondly, it showed films on self-help work done in West African
countries, and the effect of such projects on rural life. \

The Mobile Training Unit under the District (MTU) leader, is
collavoration with a district Health Officer; followed in the

footsteps of the film—~van and conducted lessons on the need for

clean water foe domestic supplies, waterborne diseases, their prevention
and cure, While the work was in progress, Maendeleo Staff served

the schenes in advisory capacity (Washauri), except for technical
organisation and supervision with the people badly needed, In sone
schemes there was good response from the people, in others a very

poor one., A number of reasons for these tendencies were observed,

in areas where people turned out in great numbers to work, the
-balozis were capable to organise the people and there was fittle
friction amongst them, In areas where there was a poor résponse,
. we observed that people felt it was the duty of Maendeleo inision
teo to construct the water schemes for them and expected to be paid
; .' some wages they turned up for duty. Also there was littleg
- ° ¢ co—~operation among the balozis, ?

Besides these setbacks, there were other factors whgchf
necessitated the progress in these schenes to be slow, Whén
the work started, for instance, people were fasting (Ramndfjani)
and were at the same time expected to work on their shambas,
There is a fixed timetable for self-help work in the Divisfon
(twice a week), Water schenes, therefore, increased the faber

+ of days these people have to work on self-help and so deprived
them of part of their free tine. §

?

#In fact, up to now, it has occurred only once, when the
Committee withdrew sand, aggregated and coment from one
schene and re-allocated then to anothier for failing to

- conply with the requirements.
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In addition, there are other seious problens which have
brought some of the schemes to a complete halt. The technical
advice available could not serve every scheme at the time it was
needed.

There was only one technician whose movements were limited
partly by lacking transport to reach the schemes or to deliver
the materials, and sometimes was necessary to spend two to three
days with one scheme before entrusting the work to the local
croftsmen. Materials could not reach the schemes in time, because
they had to be purchased in Tanga or Dar es Salazm, or because
there were no transport facilities for the affected schemes, ILack
of some tools like orga bits or bunka~drillers nade the outcome
of borehole-schemes uncertain. - In some cases people thought there
was water underground, but after digging ten feet they did not find
water; such schemes are lagging behind nowa

Despite all these dlfflcultles there is progress. Three wells
are now complete (see Appendix 1) and three more are nearing
completion. More precautions are being taken to avoid problems
to the villagers, particularly delays of materials and technical
advice. Maendeleo Division has approached LIDEP (Iushoto Integrated
Developnent Project, Soni) which also has some experience on rural
water supply in Funta, Mayo and Mlola, with request to merge the
two field units after which their services can be maximised to
benefit more people than before. Already this new move has made
it possible to complete Kwemlazi Water Scheme in a shorter period than
was anticipated. IIDEP and Maendeleo have also agreed to share the costs
in some of these schemes. It was mentioned above that the Ministry
of Maendeleo had given Shs, 5495/00 for ten wells, Already this amount
could not suffice even to construct ten wells (see costs in Appendix 1.
To strengthen the merged field units, the Ministry has now employed
2 more technicians who have, however, to undergo an on-the-job training
in this field before they can work alone in the villages.

Opportunitiés and Problems of Self-help in Rural Water Supply

It is not intended to raise an argument of whether or not there .
are potential opportunities yet to be exploited in our endeavour to
develop the rural areas, Mwalima Nyerere's authentic statement of2
"while some nations aim at the moon, we are aiming at the village"",
made in 1961 has its relevance here. Which is the best rural development
strategy to use if we have to aim at the v1llage9 Do we maoke plans
in the central govermment and impose them upon the people of the
rural sector for implementation, or can we plan and affect rural
development from the bottom by giving some autonomy to loesal units,
like Ward Development Committees (WDCs)? Or can it be done by
compromising on using two principles of working from top to botton,
and vice versa together, which might mean abandoning all of them? .
Besides the choices of where plans are nade, there are questions
of improving quality and quantity and even technical designs to
facilitate repairs and anticipate the likely future demands for
nore water through increased population, charige of peoplels
attitudes to water use and animals; and the elemination of water

pollution,

For the experience gained in various self-help work in
Lushoto and elsewhere in Tanzania, there are convincing reasons
for the need to exploit more the field of self-help, There is
firstly the need to understand the people!s problems, more so
to those unknown to the villagers., Secondly to educate the
people so that they understand their positions as individuals
in their socieity, nation or the world; making them aware of the



rights they deserve and what they can do to change their envirorments
to reach their desired goals. To this end we can bring our peop
relations closer, as a group of common problems rather than tha¥
blood relationship. It is true that every villager feels the nded
to have a water point at the door step but not every one knows Row
ruch pathogenic organisms in the water contains, nor does he reglly
know into how much productive use could his idle labour or wastgél
time on fetching water be? We need not draw instances from outgide
Usembara which show that people!s attitudes change according togtheir
knowledge and feelings at given situations, Between the period

1885 and 1914 the Gernans in the Usambaras found it difficult te

get sufficient labour fource to work on their coffee plantationsg.,
They resorted to recruiting the labourers from Tabora, and madefuse
of Hehe captives in constructing roads; later on they had to usg
force, Merensky, one of the German missionaries - (a) protested
against the use of raw force to obtain labour (b) advocated the;
protection of the African from exploitation, and (¢) advised the
German administrators to get to kmow the language and the culture

of the Snnbaas.

Certalnly in this way he felt there was need to kmow the
problens, attitudes etc. of the people first before involving
then in a prograrmme. Today the Sambaas are among the well organlsed
Tanganians in doing self-help work if only they know how the preaect
would benefit them.

The second %nstance is cited in an article by Dr. J. Kreysler,
"UHURU NA MAJI"” ., While collecting survey date for his Nutrition
Research in Lushoto District, he found the Mayo village population
highly infected with intemtinal parasites. This was brought to the
peoplets attention, and then guidance was given to make use of :
latrines and an improved piped water (supply) system for the village.
People responded positively by doing the work themselves, collecting
funds from amongst themselves to meet any necessary expenses. This
because a group of leaders who were develop4ent conscious set the
rolling but it is also because the people were educated, felt the
need, and were given guidance and the necessary assistances,

. _ , ;

The third instance comprises self-help projects in this A
district, The Maendeleo Annual Reports for 1969 and 1970 on
self-help shows that in 1969 there were 59 different self-help !
projects, If we can examine the money saved on the completed !
projects in 1969 we get the figures of Shs, 312,065/75 while the
figure for the 110 projects in 1970 is Shs. 724,256/70. This i'
is a clear indication that self-help schemes could provide a
viable rural developnent strategy if approached through the
ﬁght channels,

e, e

P

It does not suffice to write only on miracl

to see in this field without exposing the problems facing
self-help schemes, In fact at times those who advochte the
promotion of self-help spirit are accused of being saboteurs
of the schemes when they want to employ higher efficiency to
complete the work in the shortest time possible. It has

happended in several cases that when the labour force which
was expected to come through self-help was not forth coming,
a2 decision was nade to employ paid labour to completo the work.
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In our introductory remacks above the problem of lack of
technicians is emphasised and the instances mentioned where we
encountered problens with our rural celf-help water schemes.
There are many challenges which arise out of the analysis of

self~help projects,
or yardsticks in

Do we

the field of seli-help?

have any staandards, judgement values
Have we any evaluation

units to determine whethel our inputs for self-help and the outputs
have relationship to the rural development strategies?

While we acknowledge the importance of planning, we need to
survey our ovn rescurces for enhencing better plans on the village

level.

Without this, it is most likely that risks of -starting

ambitious self-help projects, which village resources can not meet
We must also look into the better utilization of
funds and skills and determine how %o motlvate the people and
forrmlate training prooLammeso

will be great.

The totality of all this would amcunt to formmlating a policy -

for rural development.

These arc some of the very serious problens

facing a developing country like Tanzenia and a conference as this

would recommend ways to improve the situation.

Maintenance and repair

Nearly all the self-helr projecis in Iushoto face, shortly after

cormpletion, problems of maintencnce and repair,
not considered in the initiel plamming.
half-working projects, the interest of the people rapedly fades.
could very often be prevented by simple planning:
design and materials and providing -

This problen is usually
ithen this results in broken-down or
This
choosing the right
training and funds for repair.,

Some of these problems car te illustreted by the experienée at

Funta.

As a source fcr improved supply 2 wells were available; one

at a destance of one kilomeire from the village, but: about 40 metres
below the village, the other 3 kilometres away abt a site 18 metres

higher,

The latter site had ¢

o sruller flow and a night storage -

tank would have been required with an additional costs of Shs. 3,000/00,
The village favoured the first site; enthusiastic for: having a piece

of modern technology.

But the cxperience in the Usambara ‘and elsewhere

showed that shortly after instailation, pumps operate at half their

xpected eff101epty and frequently break dowm,

Also. the petrol cost

of ‘Shs. 55/00 per month would in 5 yeurs outbalance the hlgher cLut

of the tank

Other design provlens include taps:
attract the children to open and cloge ther,

the sfopcoéks at Funta
But the usual answer,

spring taps, provide even greater attration and loss -of water, . _

liore successful was the moterial chosen for the tank:

locally

available stones and galvonized bati roof,nedSily replaceable,

To provide for repalr cervices ‘her a prOJcct is being finished,

a mamber cf the village 3¢ trained 1
necessary tools are supplied Shs. 60/00.

to carry out minor repairs. The
This ma# was not paid but

having been selectcd by the inhabitents of the village, he therefore

was freed of all other comrmcn duiicy.

This solution is not regarded

as optimal because scre of thesc men leave the arce or change

villages.

In the midéle of
Rural ilechanics

ot Soni.

1970,

IIDE? started a training programme for
The six--risnth training course also covers

skills required for mainteravce :wid repair of water supplies.,

The trainees,

suprorted by

regvlar smell workshops (outfit Shs. 650/00),

are expected to remoin in thelr villages,



_that 4,840 people will be served with an improved water supply for a

Almost all of the trainees come from areas where the LIDEP-
MAENDELEO Iield Unit dis in operation on water project; this sol®tion
which combines water repair with & basic trade can be regarded &s
more successful,

But the best solution would be if the Field Unit of Maendelégo
could be a permanent operation over the years, and included a '
prograrme of maintenance and repair of self-help projects in their
operations plan. Purther, the tillagers could be encouraged tog
provide a small contribution (for exanple per house and year i
Shs. 3/00, while tho WD & ID rate per ronth is Shs. 6/00). The,
collection of this fees should be done by the responsible body of the
village, (village Headman, TANU Chairmen, VDC) for the expected;
upcoriing repairs of the Water Supply (washers, taps, etc,) One
characteristic which all self-help projects have in common (Food Mills, -
Water Supply) and should be encouraged is the creation of a personal
and comrmnal feeling of pride for their achievements, thus making
each villager feel responsibility for taking care of the proaect,
which is the best form of malntenanCe.

Costs of Self-Help Water Schemes

Fron the point-of view of district development the crltical cost
problen is how to provide the maxirum improvement in water for people
given a limited budget for materials with the available manpower and
transport. The economist's point-of-view is somewhat different:for
he is concerned with "opportunity" costs, maintaining that even the
labour from self-help is not really free, if the labour can be nore
productively used elsewhere,

—

For the 15 schemes in Iushoto Division and the other 4 schemes
located elsewhere.in the district, the estimated costs are shown
in Table 1 along with quantity of water supplied, population.served,
and quality, where available, Excluding Punta, Mayo, Mlola, Mbula B
and Majenga. where complete data are not available, it is anticipated

total cost of Shs. 63,730/00, including Shs, 26,490/00 for naterials,
Shs. 10,500/00 for technical supervision, self-nelp work Shs., 13,840/00
and transport estimated at Shs. 11,900/00. This gives a per capita
cost of Shs. 13/10, reflecting both the ready availabliity of water

in nountain areas and the considerable economics of small-scale—-self—
help project. Maintenance and repair are similarly low-cost involving
sone training costs, a set of tools worth Shs. 60/00 and self-help
labour at each project site. !

et -

Change in Water Use

A programme of base line studies and evaluation, by Dr. J. Heijnen
of the Bureau of Resource Assessnent and Iand Use Planning, Uniwversity
of Dar es Saloam who at present attached to LIDEP, accompanies #the
prograzme of Rural Water Developments The research is still underway
but results of a short question given to 100 residents of IMlolgjare
available, Of these 59 residents lived within 5 minutes distance
from a tap, the others had to walk an average of 21 minutes to freach
the new water source. All respondents used the tap water exclusively,
no rainwvater was employed. !
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The first results glve rise to a few preliminary corments:
1. The system of distribution appears to be of paramount importence.
- Tine savings only occurred in a significant wey Ffor-those within
a short distance from the tap.

Average tine spent (in minutes) to collect water

5 min nore than Total
or less 5 minutes

Before tap
installation = 0203 108,95 94,84
After tap

installation 25406 105,15 57.89

A Number, of ' - ' -
2 pooyes 59 no 100
- (a) Significantly different fron "before tap" time

B . (at the 0. 1 level)

] (b) These are manrequivalent units after Colllnson who used
Ql to make comparlsons between men, women and children,

2. In part tiis is caused by the fact that meny people (58 in a
i total. sample) collected more water. For exanple, .those 15
ninutes away. from the tap often would spend nore tlme actually

;T fﬂ ‘ carrying water,

3« A significant increase in conswnption per head could only be
demnonstrated for these living in 5 minutes wallt from the tap.

Consunption per head in litres

- - 5 min nore than Total
or less 5 minutes

Before tap 13.4 13.4 13.4

After tap 19,2% 15.7 17.8

(a) Significantly different from 'before tap"
(at the 0.1 level)

—~ - Although a single study in a specific environment is, of course,
-4 far from enough to justify any sweeping statements, there are sone
< . points to be learned, at least for future research on the subject,
Yi " The increase in the consumption per head of the uncontaminated improved
7 . supply is presunably one of the main justifications for supplying the
water at all. Secondly, there is the time saved and both elements
K have medical, social and cconomic aspects, If it is true that only
-~ 3 a supply brought within 5 minutes from the house will bring the
desired effects, that is a significant increase in consumption and
time save, than the cost of a programme to supply the rural areas
with inproved supplies will go up tremendcusly. The present design
criterion is to supply water within a distance of one mile,
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It is suggested here that a carefully designed study be set @ip
to measure the effect of even small distances on changes in consfnption
rates., Unfortunately the sample will have to be rather large injview
of the large variance encoumtered in surveys of this nzture,

The multiplier effect of self-help water schenes on Rural Develdbment

It is an accepted fact that in Usambaras, and everywhere in flanzanic

and the rest of Africa, women work hard and for long hours on %
shambas, They go a long way to fetch water and they queue for long
hours to get it., First, it is obvious that the amount of tine ted
walking long distances and queuing at the water points can be fully
utilised for other productive activities if the women can get water
right in the village., Seanndly the labour which is wasted in ecarrying
water across the fields can olso be employed somewhere else foribetter
profit., We have observed women queuing for hours at Kwemlazi and they
even now contirue gueuing at Nkesse where it takes about 20 nmim wtes

to get 4.5 litres of water., The population which depends on this
source of water is €25 of which about 200 are adult women, It ﬂ

not amazing to learn that besides the time they waste, the water they
draw is not clean., It is open for all possible contermination ghich
in turn mekes them not healthy, feeble and unable to work hard to
produce nore than the subsistence level, The improvement of

water supply would provide more opportunities to improve soolal
economic and political conditions of the rural people,

If we take same improvements intc large settlements like Ujamaa
villages and other communities, we shall have set the pace to create
mltiplier effects in rural dovelopment, particularly if from the
planming stage considerations for future expansions are taken into
account and necessary data collected for future plans. Villagers,
being trained to combat their own problems right from the planning
stage to implementation, will it possible for their plans to be in
line with national plans,
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Preliminary estimates of population served, qguality
and cost of Lushoto District Self-ZLelp Schemes

" Wio4 Tame oI | Type | Flew | Popu~} &, Cest | Cost jCost Tecunical
- « 3 7| Scheme 1/min lat- [ Colil of of of Supervi=- ..
da 2] ion t mate-} Self~{ trans~} sion "
' s rial | Zelp Iy
i o lab- @
$§ Ty oy ourxr
iﬁ - o
ﬁg' Lushotc Div,.
28 1) Mbula Af SC | 24.¢ 285 Juil {1125 | 1040 Tstim 'Ec
&l 2] vuili SC 7.5 217 {uir§ 880} 380 total FC
. 3J Kwemlazil SC 3.8 322 |ulil 605 Llo 10,500 YC
L} Mhelo S SC 10,8} 465 {(Nil 375 360 100 IP
- 54 Mhelo K4 SC L,38 325 | Ni1 375 ¢ 450 time EF
6] Zwemdimu SC na 635 | Nil 850 555 1 fundi |IP
7] Nkesse BB na 625 | na 895 350 1 tecn. |SP
3] Mhande sC na 395 | na 745 630 60% timel}IT
94 Kabei scC na 176 | na 745 600 1 tech, 2
104 Bondei 5= na 325 { na £20 275 assnt. S¥
114 Mabughai B= na 295 I na 600 L1338 30 timelllS
) 12§ Mazumbai BX na 255 | na 620 L33 1 deve. 2
) 134 Maindei| B3I na | 220 | na 830 i 378 organ.) |SF
14) 1bula BT na na na na l na SE
154 Majengo SC na na na na na SA
QOther Div,
16] Rangwi W ne. 30 I na {18000 § 7500 ir
174 Funta PV 11.8 750 {wi1 j ©00C | k20C IC
16§ Mayo PV na } 800 | 1ii1 130400 [3159/80 rc
Mlola P na 650 | na 6650 na e
~ e St . s a— T -
B Total of ] i
14 proje- 3Lo !26h90i13840 11900 10599
cts only i :

Grandtotal of costs: Shs, 63730/= or Shs, 13/10 per capita

Xey to abbreviations:

_ 4 SC = Spring catchment PC = Project Completed
- B~ = Zorehkole IFP = In Progress
g PW = Fipe System SP = Slow Progress
3 na = not available s = ifot Started

- ;&f SA = Scheme Abandoned

— A *The locaticn of schemes is shown in Ifun 1
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LN DEVSIOPING COUNIRILS

By #ny. 4. Jalon & Ung. . Mezer
of 2alasha-Talon, {‘anenltanis & fnginecgs Ltd. =
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ABS T RACT

The object of this peper is to btring out pfoblems encountered
in planning, implementation and managment of v-:a‘ce'i resources
specific to developing countries. The objectives§of water
resources development and the metiodology of planﬁlﬁg are summarized
and illustrated by projects recently completed byyBalasua-Jalon
Consultants and cngineers Ltd. in Africa ani in Iran.
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In developing countries the major objectives of water
B development are:

(a) Provision of adequate, cloce at hand, hygilenieally safe

- and dependable domestic water. This immedfately and

T radically improves public health, serves als a basis for

- - permanent seitlements, botin rural and urbain and provide »ue

b necessary prereguisite ior modern social gnd economiC
activities. ?

(b) Provision of irrigation water, espccinlly in arid and semi-
arid regions. This faciliates a rapid indrease in agricultural
production to provide adeguate nourishment to the population

= . as the iirst priority, and may also produce exportable

- casi crops to provide income for continued development.

Irrigation will also greatly mitigate the effects of

droughts. Irrigation, cowoined with other meodern agricultural

tecnniques, will also replace saifting agriculture by

permanent settlements. y

g A

: . iy . . ] < .
(e) Provision of water Tor industry, with due regard to quality
requirerents of specific indusiries.

(a) Flood protection and drainage of agriculti al lands an.

urban area.

Erlorltles in the implementation of thesef objectives a.e
assigned according to local conditions and devellopment polici:s,

In developing countries, types oi projects, degree of -zheir
technological sophistication and rates of implementation wmust
conform to the technical ability of the pOpulutlon and the
availatility of skilled manpnwer for execution %nd management of
tae projects. Water development must be integrdied in the
framework oi the national econowic development.

A

' Because of budgetary limitations and thefgridual inci: -se o
of demand, ifrom the imitial very low rates to tlde considerab:iy N
higher ultimate rates,; projects must be implemelted in stagee. '{’
Staging must be suchh that tangible benefits canfbe derived

in reasonably snort times and especially witn relatively wocost A
investments. In many cases this gives groundwzager exploitation 'j"
: a decided advantage over suriace water utilization (e.g. a well g
: field wita gradual, well by well expansion, <85 &gainst a danm %f
and impounding reservoir). ';-;‘.‘.
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In developing couniries, water planning is usually
characterized by a lack of basic data, ranging from scarcity
of maps, flow records, rainfall data, etc. to loosely defined
development objectives. Demographic data on existing and future
population, rates of demand, economic and social trends, etc. are
very hazy in most cases. Therefore, techniques for producing
synthetic data and correlations have to be evolved. Also,
continuous collection of additonal data has to be incorporated
in the design and the normal operation of the .rojects,
especially in their initial stages. The initial, basic data
can thus be reviewed and updated so that the design of
subsequent stages is based on more reliable information. Designs
have to be inherently flexible enougit to permit radical adjustments
within the lifetime of the projects, as new data becomes available.

The normal stages of planning are:

(a) Bvaluation oi present and future demands, by stages, for
domestic, agricultural and indusirial coasumption. In
forecasting future demands, special attention must be paid
1o the feedback effect of the development and the ensueing
rise in standard of living.

In many cases, plans for economic growth and agricultural

and industrial development, wnich establish future water
demands, are totally lacking. It tien becomes the task of the
planning team to outline such development programmes in
sufficient detail to permit it to estimate future water
requirementse. :

(b) Evaluation of available water resourcesy; of both ground and
' surface water. Quantity and quality and their areal and temporal
distribution must be ascertained.

(c) Planning of water supply projects, basically accomplished by
the superposition of present and Tuture demands on the
available water resources. Eccnomic evaluations oi the
projects themselves, as well as their impact on the overall
development scuneme, scrve as a basis for decision making in
the planning process. However, in addition to economic consi-
derations, intangibles, like social factors, national aims
and local traditions must not be overlooked.

The planning approach should be regional, so that all pertinent
factors are taken into accrunt. The resulting optional solutions may
take eitner of two forms. - intergrated regional schemes, or independent
local schemes, covering thc entire region. In developing countries,
the latter form is nften preferable, in view of trhe foregoing remarks
on technical capability and the need iTor staging of counstruction. The
design, howeveg must envisage the possibility of a future integration
of local sciemes, wnen local conditions arc ripe in order to increase
flexibility and dependability.

The construction, operation and mangpement of modern water
resources projects requires an administrative framework based on appro-
priate legislation. Guidelines for the necessary administrative and
legal steps must be integration in the planning.

. e e e
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Three examples irom the recent practice of Balasha-Jalon
Consultants and ungineers Ltd., are presented to illustrate
the application of tae above concepts Lo actual engineering
designs. '

The Tirst example is a douestic water sup»sly system, installed
on an area of about 1,600 sq. km., in the Nzegza ilegion, in Central
Tanzania. Although the soil in tais area is relatively good, the
area was sparsely populated and served only ior seasonal
grazing because of lack of drinking water in it. By the
introduction of a domestic water supply system and the provision
of stock watering facilities, the are. iz opened for full agricultural
utilization and previously semi-nomadic population are expected to
establish permanent settlements.

The second example is a lMaster Plan of Water Resources
Development in the Benue Plateau State of Nigeria. 1In this
iiaster Plany; a programme for the development oi the water A
resources throughout the 3tate, up to the year 2000 is presented.
The programme provides the Government with a fundamental
policy document on water development and can serve as a basis
for the detailed design of the various schiemes recommended in it.

The third example is the Jiroft Valley Development Project,
in the semi-arid regions of south~eastern Iran. Here, detailed
designs and plans ior an area of 20,000 hectares of integrated
development is provided, including agriculture, flood control,
infrastructure and the required domestic and irrigation water
supply project. Thereby, the present practice of soil robbing,
shifting agriculture will be replaced by a modern, eificient
agriculture.
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THE USE OF WINDFOWER IN RURAL WATER SUPPLIES

by

F.J.Hs van de Laak
Mdoleleji Water Development Scheme

1. INTRODUCTION

Rural Water Supplies have high priority in Tanzania, especially
low-cost projects benefitting a large number cf people. Villages,
especially Ujamaa villages with their development potential, receive
priority because of their population concentration,

In many areas where villages are still few and widely scattered
and where water sources allow this, it will be often cheaper to
construct small supplies For individual villages rather than a large
supply where water is piped to many villages from a esntral source.
Also, small village supplies may be a temporary or not so temporary,
alternative to waiting many years until a large central supply
becomes economlcally possiblec.

‘Water sources for one-village suprlies may be concrete lined
wells in the sands of river beds, lined wells dug into the water
bearing strata of the sub-soil, or bored wells. Often such wells
arc located some distance from the village, and pumped supply '
‘riped to a storage tank in the village may be desirable, lHowever,
small piped water supplies in rural areas present some problems
which grow larger as the number of such supplies increases.

Piped Water Supplies for Rural Villages

Engine powered supplies

Once it is decided that a village should be provided with a
piped water supply, a2 power source must be chosen to pump the water
to the village. Generally the employment of an engine is thought
of as most obvious and reliable, The question is whether this is

true.

Engine powered supplies have substantial recurrent costs
aggravated in rural areas by the disftance from the supply and
repair facilities, and the conditioms of the roads to the
villages. Engines need fuel to run,! and they need a daily
attendant, either employed from public funds or recruited from
an Ujamaa village itself, The reliability of the system and
the frequency of breakdowns and costly repairs depend mainly-
on the skill of this attendant. Days may be lost in reporting
breakdowns and for the repair team to reach the village,

If brealidovms occur -during the rainy season, the village may
well be out of water for weeks because of impassable roads.

If a power-source could be found with lower runnings-cost
and repair characteristics and without diminifhing the reliability
of the supply or requiring a substantially larger investment for
its installation, such a power-source would be more in accordance
with the lov~cost requirements of the Second Five Year plan and
its alternative to engine powered supplies deserves careful

attention.
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It is my contention that in many instances a;wind—powered
supply compares favourably with engines for pumpifig water in rural

areas. :

Wind~-powered Rural Water Supplies

Experience in the Shinyanga East Region with-an 18 ft Climax
windmill, and more recently with a locally manufactured 16 ft
windmill, show that windpower can be a cheeap and relizble power
source which can easily complete with engines, provided that
the choce of the mill is adequate for the work it has to do.

1., Windmills, one instclled, require no fuel and not daily
attention. They operate automatically and protect themselves
from stom damage, Repairs are few. Maintanance is limited
to at most{ a half-yearly oil change and check-up. Erection
is relatively simple and cheap., A correctly installed mill,
receiving its required maintanance, will cften operate trouble- -
free for twenty years, and more. Mechanically, therefore,
they are much better suited ‘than engines to meet rural
conditions., Hence, the main argument against windmills is rot
on 1ts mechanical features but on the availability of wind.

2. Investment costs for a windmill installation appears to be the
same or only little higher than an engine powered installation.

Wind-data

When designing a pumping plant an engineer whe recommends an
engine feels a security which tends to desappear when he wants to
prescribe the use of a windmill.

The reason is that while engine performance cen be accurately
predicted from the manufacturer'!s specifications, in the case of
windmills this information has to be supplemented with data about
the reliability of the wind at tne site of the plant., In Tanzania,
windrecords suitable for windpowered plant design are scarce and
usually inadequate; for most areas they are non-existent. The
design of windmill plants then becomes only guess-work. '

Considering the superior mechanical features of windmills as
a power source in rural areas, it would pay tc install the necessary
with recorders at strategic central points, preferably at the district
level., Reliable datz on windregimes will ithen become available, -and
wind-mill performance predictions can be made with increasing
accuracy in the course of years, making their reliabhility comparable
with those of engines,

The recorders should be of the automatic type where windspeeds
are continously recorded on a chart, When further windrecords are
made at the site of the proposed plant, and at times shown in the
central records to be crucial for windmill performance, comparison
of these records with, the central charts will show the relative
windregime at the site, and an adequate windmill plant can be
chosen,

’,
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To my knowledge, windrecords available at prescnt are often
on a 24 hour mileage basis. Such records arc inadequate for inland
conditions. Experience in the Shinyanga East Region has shown that
at crucial times, usually at the change of theseasons, thc 24 hour
mileage record may show, for example 70 miles of wind. In reality,
a windmill may pump on that day enough woter for the daily require~
ments of the pump at all., The reacon is that the mileage show may
in fact be an hourly wind average of 2,9 miles/hr, at which speed no
windmill will operate. The successful pumping may occur when the
reading of 70 miles per 27 hour indicates a day of calm, except for
two hours of hard wind exceeding 25 miles/hr. & normal occurance in
the rainy season, During such a period, our climax mill which we
have installed at Ndoleleji would pump in excess of 1500 gallons.

In the Shinyanga East Region, days of complete calm are few and
occur only during the rainy season. Prolonged periods,; exceeding
three days consecutive calm, are very rare and are often followed
by days of hard winds, Three years in Ndoleleji showed only four
calm periods - crucial for the water supply — the longest of which
was seven days. It should be noted that villagers, depending on a
windmill operated system, soon find out "its peculiarities and tend
to be careful with water ducing calm days., The wason for the shortage
can be noticed eusily, as it is o natural phenomenon which farmers
experience each day,

Contrary to what is generally assumed, a windmill plant need not
operate on a 24 hour basis 1o be reliable, provided storage is
available, Inland wind conditions arc of a nature where winds
occur over limited periods during the day. In Ndoleleji; night
breezes often pump more water than the few hours of hard during
the day.

For Rural Water Supplies, the dry season with its regular winds
does not usually present a problem, The rainy season with its
irregular winds, varying from l.ght breezes to periods of calm
followed by hard gusty wiads, is a crucial time. Windmills should
be designed to work with reasonable pumping capacities during light
winds, at the same time being able to make use of short periods of
hard winds. As punmping capacitiles rise to the square of the wind
velocity, this ducl demand presents no large problem, Vindmills
therefore, should in general be designed to match rainy weason
conditions, and excess water punped in the dry season can be used
for cattle drinking water, or irrigating a village garden,; or it
can be returned to the well via a float valve and pressure relief
valve system, Float systems in tne well, operating a return valve
for the water; can take care of the problem of exceeding well
outputsa

The demand for power in low winds calls for large sizes. of
nills matcked to large pumps. For that reason many windmills
which perform unsatisfactory in Tanzanita are t06'"small. These
depend on long hours of operation in suitable winds., It is
interesting to note that Australia, with its vast inland area,
depends for many of its sheep farms on windpowercd supplies and,
to my knmowledge, the Australion monufacturers are the only ones
whe manufacture mills in sizes larger than 18 £t diameter sails,



In the Shinyanga Region, windmills generally perform well if
there size is determined on the basis of a 5.6 miles/hr., wihd and
the actual size of windmill and pump is one size larger tha% that
recormended on the windmill chart.

Windmill Construction

e JIMER  Slat.
¥ it
ke

) The ordinary automatic governed-type windmill, sui&ﬂﬂ% Lor fﬁ
rural areas, is the so-called multibladed windmotor. It is simple &
and robust and makes use of reciprocating pumps. The connectlon
between the mill head and the pump is a wooden pumprod, moving
between guiles in the tower.

The rotaﬁing action of the sails is translated into a,
reciprocating action by means of two large gearwheels to which
an accentric is connected. Usually the motion is geared down from
three to four revolutions of the sails to one up and down stroke
of the pump. Some Australian manufacturers (Comet, and Southers Cross)
have direct acting mill heads, whereby the reciprocating action is
obtained by means of a crankshaft. One revolution of the sails :
results in one up~and-down movement of the pumprod, The results v QEA
is an extremely simple constiuction with few moving parts, especially 31
the Comet mill. The manufacturers of Comet have added to this
feature whereby the dead weight of pumprods and connections are .
balanced on the sailarms, taking some of their weight off the
active stroke of the mill,

A disadvantage of the conventional type mill is that only about
half of the windmill capacity is used for active worke. The down
stroke is a free stroke,

In the 16 £t locally mexufactured windmill, at present
installed in the water supply of Shagihilu village in Shinyanga
East, the construction on this mill allowed for it to be used
to full capacity. Because of lack of means to manufacture the
nermel moving yul“to, car pexrts were used., A landrover gear axie
was placed horizontally on top of an Austin rearwheel which was
fixed vertically on top of the tower, Another landrover axle was
placed dovm, The differential pinions were made to face each ;
other and were connected with a pipe. To the wheel end of the top axle !
a8 gearbox, activating a crank, was connected. The crank operates a i
seesaw via s short comnecting rod, and to the seesaw the pumps are
i attached, each on one end of the pivot. The seesaw enabled the ;
: balancing of the mill with connecting rod and crank, and the
balancing of the output, whercby on the up-stroke of the crank
one pump operates, and on the downstroke the other pump, on the
far end of the seesaw, opcrates,

° The windmill starts in very low winds, and when necessary

: the output can be more than doubled by a simple shift of gears,
It may be worthwhile to investigate the possibility of further
developing this system for local manufacture, pos31bly dlmlnlshlng
the capital costs of windmill plants,.

o Recently, experiments and development of windpower have

o resulted in windpower plants maicing use of propellors., A Canadian
experinent deserves mention in vhis respect where the Broce Airscrew
windmill was developed incorporating a 32 It three bladed Airscrew which
operates a centrifugal pump. In its experimentol stage it was used

for irrigating a 10 acre plot and performed satisfactorily., In

18,5 miles/hr. winds the mill developed 10 HP, and in 30 miles/hr. .
winds 50 EP. It can be uscd for water supplies aond, depending on

wind power available, for irrigating ficlds end operating maize '

grinders,
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Another propellor—type wind power pump is manufactured in
Germany by Lubing, Barnstorf. These are cheap and range in price
from Shs, 600/00 to Shs, 1000/00. They are used for small capacity
cattle drinking woter and garden irrigation, Their outputs are
from 444 gallons to 1320 gallons per day at a head of 20 £t and
in winds of 6.7 miles/hr, The firm also manufacturers larger
plants on the same system suitable for small village supplies
under certain circumstances, costing up to Shs. 6000/00,

Conclusions

Trom the above it may be concluded that the use of windmills
for pumping water in rural weter supplies should be seriously
considered. Satisfactory windmill operated supplies enable funds
and manpower, otherwise used on existing supplies, to finance new
supplies, They are a means to speed up considerably the spread
of rural water supply, which has high priority in the Second Five

Year Plan.



- 251 -

FIELD INVESTIGATIONS ON FRICWION TOSSES
OF "SIIBA" PLASTIC PIFES

: ~%i
by '

P.li. Todorov
Regional Water Engineer, Ministry
of Water Development & Power

I. INTRODUCEION

The friction losses along the water supply pipes are the
basic element on which 211 hydraulic calculations are based,
The discharge coefficient !'C', which is most commonly.used for
designing water supply, is based on experimental data. The
possible deviation by using different formulas can be neglible
in the comparison with the possible errors caused by a wrongly

estimated friction coefficient,

While for the GST those values are quite well established
and properly used, this is not the case for the comparatively
- - neéwly fabricated.plastic pipes. This paper is intended as.
o modest contribution to the problem of producing more accurate
values for the friction 103ses of "Smba" plastic pipes,

The presented data are the result of the fleld expemments

carried out in W.,D & I.D. depot at Tanga,  The findings should

k3 "7 f0t be treated-as-final, since-the:mumber of-the pipes . e
measured is rather Small. Further investigations are still

‘going one : _ _ i o . - )

1I. METHOD OF EXPERTMENTATION :

For the field mvestlgatlons, a simple experimental stand
has been installed and used (sece Fig. 1). The test plastic pipe
p. ¢ has been connected to a watex supply steel tank as a water source
and the outlet of the pipe commected with a stop~valve, where the
water discharged is to be measured by a V-notch spillway. . Two
transparent pipes are fixed and graduated at both ends of the test
»pipe to show the differences between piegzometric level by varylng
’che water discherge., Knowing the actual volue of the water
discharge and the hydraulic gradient, and with the Yelationship

LYY - . - .
i=2b Be
it is possible to draw graphs of the actusl friction 1osses for

~different diameter pipes. .

For the purpose of better analysis and discussion of the
results, the Hazen - Williams formula has béen used to caleulate
the actual values of 'C', TFor this calculations the old

"foot—~cusec!" system has been used:

Coes
CPP) 2 x4 0.54 (2)

0.432 x ¢ x D27 x g 054 . (3)

@

V = 1.318. x

v
n.

OR Q =

b}
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As the logarithmic scale is most suitable for the case, the calculations

of 'C! are made on the basis of: TN
Ig ¢ = IgQ + 0.36453 ~2,63LgD-0541gi (4)
9. 2
The dimensions.of 'G! are £t O*2 x Sec ~' or in the metric system
0 x Sec -1 , and if we take the metric value of C: ° 3

I 3

O(M) = 0.3048 X C(ppy = 0.55210 44y - (5)

000 ©0 O ©
—y B d O W

Tor easier comparison the values in the table are given in the
English systen,

III. RESULT AND COMMENTS

The results are show in Taovle 1., An increase in the coefficient
10! with pipe diemeter can be observed. The result of the 3" pipe
does not seem correct and it most likely not representatlve since
only one pipe has been tested.

owe N® o b L
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Table 1
PITE Nos. of Nos, of VATUE OF C (IMG. STANDARD) | PIPE—
pipes Experis Actual Reduced Recomme—~
Experi~ ments average by nded B :
nented carried | Exp. 12.5% T
out value : :
lg 30
1% Class ‘ , — < a0
1Bt 2 - 12 171.1 149.7 150 .} 1v (B) P soi
13" Clasg ' : oo
¢t 3 12 172.6 151.0 150 131(c) 1; 00
. . P YO
13" Olass oo
11 3 13 204,2 178.7 175 13"(B) g
2" Class ! }z s
B! 2 9 204.,0 178.5 175 2" (B) I *°°.
3" Class ' ln 300 -
15! 1 6 167,5. |  146,5 145 2 (B) .
S0C
For the practice a friction diagram with reduced values in 600
recomend (ss Fig. 2). Here 1237 allowances are nade, accounting I
for the imperfect pipelaying and the different fittings, a0
R RN o]
Uni‘ortunatelj, no data for the change of the roughness of l
the plastic pipes with age are available; therefore such experiments
are strongly recommended. S . woo!
. ] N ot ‘
Iv, CONCLUSION : , ‘ ‘ =o~..o'=
The use of available data for tkhe friction coefficient 'C! ivoel
could often result in vrong calculaiions, causing fechnical LR
failures and cconomically unjustified projccts, nR e
Field experiments cen produce the actual values of the 10,(‘:

friction losscs, and such investigation are therofoer recormanded
for all new types of pipes.

/
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- , PINAL RECOMMENDATIONS1

- : Planning and Policy

1

(1) Conzidering the large nuaber of regions for which water
development master plons are to be prepared, the conference
recorzaends that guidelines be established to stgndardize
the approacihh to study teans enzaged in the prepuration of

_ such mester plans in order to facilitate the Tincl decision

— making process. The standardization shquld ianclude the

design, and analysis of nrojects, as well as selection
criteria, construction cost, naintenance cout; water quantity
~and quality standards, terms of finance, etc,

(2) The conference draws attenition to the need for an inter-

: digeinlinery approach in the preparation of notional and

regional master plans for the development of vioulr resources,
: brinsing in and strengtheining a variety of institutions on
- the national and regional level. PFurthcrmore, the preparation

- e of- re;ional master plans by various teams should be preceded
by preporatory work, on an interdisciplinary basis, by the
goveriennt of the respective country, so that <hie teams can
be givein uniform guidelines at the start 9f voelr studiess

(3) The conierence recommends that intensified comparative research
on tite social, economic and health effects of vater supply

o ' in difierent rural environments be undertaken -oid a national

agnd invermeotional level,

Hydrology and ‘ieteorology

- . (4) The con’orence rotes the inadequacy of metecrolo-ical data

: in Zast Africa as reported in the Workshop on Rural ﬂgter
Supply in Zast Africa, Decenber, 1969, Dar es Salaam,
- which is highlighted by the proceedings of tids conference,
Considerins the urgent present and future needs Ifor
: : . ’ adequate and high-quality meteorclogical data Zor development
: plaming, it is recommendad tos

(a) bring the exdisting rainszauge network to existing standards
of operation, ‘ '

(b) ensure & regular inspection end meintenance of all
neteorclogical stations, at least twice a yecr for main
-~ stations ond once in two years for rainfall stations,

(c) expand the raingauge network tc neet needs for data
8parse areas,

(d) ingtall an adequate network of wind recorders (apart
fron its neteorological imporiance this would »nrovide. .
plamming data for windmills and other engincering projects),

1

The recormendations vere draited by the viorikshops znd approved
in the fiunl session of the conference.

2See D, Warmcr (ed.),.Rural Water Supply in Bast Africa, proceedings
of the worlzshop on Rural Water Supply, BRALUP Rescarch Poper Hol.11,

1970.
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(e) upsrede -all main meteorological stations-to Penman
standards, and

(f) qualiry the publication of meteomlogcal data by
indicating the date of last inspection ancuor sandzation
responslble for it,

The econfercnce further recormnends:

(a) plocing Jreader importance on adequate naintcaance of

the oxisting hydrolopzical network,
(b) expanding the networi in areas lacking data, and

(c) glving particular attention to instxumentg.tlon and data

"sollection in small catelmentse

The conference, noting that different types of instruments
provided by different countries are presently in use in
the meteorological and hydrologzical services nov operating

.in Bast 4frica, recommends that appropriate arrangenents

to be nade by the responsible authorities in the neteorological
and hydrologzical services to ensure standardizotion of
instrunents in wse by these services, It 2ls0 recommends

the standardization of observing and maintenance procedures,

and of staff training. This standardization should be
effected by means of close liaison between the respective
services, through eooperation between the IHD national
comiittees; to becoue operative as soon as possible. The
conference also recommends that the presentation and publication
of data in these fields be standardized as far as possible,

Desim, Implementation and Health

(1)

(e)

(9)

Further research is needed to provide a betteéer basis for
the selcction of desim criteriag, including per cgpita
water coasumption, water quality, length of design period,
storage taniz capacity, puap capacity, peak Ilow, and
naterizl of nipes. This research migzht be ccrried out by
the couniries' research institutes in conjunction with the
respective departnents ~f water development, :

Present pelicy in East .dfrica assuues that a larze part of
the health benefits from improved water ‘supply can be obtained
by providing standpipes. The evidence to support this
assuaption is not strong,; and there is some evilence,

relating to infectious diseases, hat suggests itae contraly.
The confereice strongly recomiends a comparative study in
Tanzarials Ujanaa villages of the benefits and costs of
designs in relztion to healthe

e

The conierence stresses the importance of coau_n.uod
enphasis on training of nanpowver on all levels in the
field of water resource developnent. In particuler,

a major shortage of technical staff exists to work under

the dircciion of professional engineerse Tiie rural .
water supply . programics could be acceleratcd it more
tecimuitians were avallable, Ve reconmend thot, in

collaboration with the .inistries of Education, an ine
service training and advancenent scheze be establis hed to
assurc the promotion of speciclly able serving technical

- officers and works foremen according b their ability.
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Monday, 5th April Introduction: Dr. I. Katoie, -.s:ocia

-
te Dean,
Paculty of irts and Sceisl Seisnce
e .o U1uvers1ty of Do.r ¢33 Salaauz.

9430 o 4 Qpenln"' uddress. Dr. vf )& Cnagul~ Minister
for Vater Develom.leﬁt and Po:':cr
(dellverﬁ by Hr, F.X. L*?e;
Prineipal -Secretary, on nis bei-17)

11400 = 12,30 | Planuing - Master Plons

Chairnan: ... FKe Livezarulila .

Robert W, Kates, "I‘lex:Lbllloy, Coordination
and Choice in Jatver Resource
Planning: The Utility of Recent
Plamming Innovaiions for Water
Development in Tanzonia™

- B Len Berry and Diana Conyers,
o N "Planning for Rural Water :ma .

v

Developnent in Tanzaniag" %

& O - Rushdhi Henin, "Determination of the ™
R : I Base Population of the irea and
Future POpulatJ.on Size"

>

2,30 = 3,30 o Plannlnr‘ - POll",Y_'

N ) S )

Chalnnan: . Teshonsa Workie

-Ian Buxton, . ... . » e
"Poviards a Rationale for Water
Supnly Policy J.n Develo:aing
Countries"

‘{ural Water

Supply"
4,00 - 5a30 Plawmin« - The Broader Context
th-.iman: - Hamisi Myrinyd zohs e

Horsmut Walter "Educationcl ¢ Ecclogical
aneC'ts of Rureli ‘hter p:I.a,rm.inn'"

Roger Woods, "Social Structure and Water'
Supply = Questicas of Rural
Developnent Stratesies in

Lanzanl'*
- Tuesgday, 6th Lpril
9.00'- 104,30 N Plamning — Procedures
o Ched mans ¢, Sehultzbers

George We Irvin, "Problems o7 Benefit Cost
fnalysis in Plenring of Rural
L Tater Supply’

C - _ oo Ge.i-b.ard Tgchamerl, "The Use of iathenatical
' Models in Water Smply Plonning”

4ndre Harlout, "Investigations, Survey and
Design of Rural ater Suppliec"




11,00 —~ 12,30 ) Hydrolopy =i1d Lieteorology (coﬁt;%_:med)

T . +-
‘,‘inkj_ng ChD.II‘L.&n. H. T. MaI‘ bh
Elfatih 4. Hasan, "Shallow Lrtificial
Yisease , Recharge of Groundweoter'!
"1iesn 1o . )
o ReI. Roikes, "Rural 7ater Susnlics in
Seni-irid Conditiong -~ Pemmeable
. Dans"
B 2430 = 4,00 VYorkshops (see below)
s for the 4,30 - 5,30 Workshiops
'Bupplies!
wechnoloay Thursday, 8th JApxil
“ 8" ' ,
- Morning . Visit to Kerege Ujanaa Villaze
na :
: 2430 =~ 3,30 Reports fron the Vorkshops
‘elf-~Help T
P District¥, 4,00 ~ 5,00 Adoption of resolution and closing address
_:Lemsof ¥ K K W K K K GE K % WK K %N KN K KRN KN R XU R KKK KRN
lent in
S T . YORKSHOPS 3 groups neet concurrently i the afternoon
_ of the 7th. They have the followring thenes,
- GROUP 1 PLUWMING JKXD POLICY - ARTS S®EiIll..3 ROOM B
Choirman:  G. Dekker
pLel i ' -
e GROUP 2 HYDROLOGY .¥D METZOROLOGY - ARTS SEMINAR ROOHM C
A Chairnan: U, Riize S
1s on , :
1oat GROUP 3 DESIGH, IPLEENT.II0N ND AT
: ~ ARTS SZIN.R ROCH D
hairaon: VeTe Kiossev
- Wives, The chzimen revert on the discussion in their greoup and draft the

final resolutious,

of Rain
_Region of*”
% ‘

. . ) . R B ' \

Hesources
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