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SUMMARY 

This report presents the results ora research projcctjoinLly funded by the University of Zimbabwe 

(UZ) and the Overseas Development Administration (ODA) of UK. The wor1c was carried out by 

!.he Department of Civil Engineering, University of Zimbabwe with supervision from the Institute 

of Irrigation Studies (liS), University of Southampton. 

It arosc from the concept of shallow ground-water as a widely dispersed, easily cx.pioiLed water 

resource and complements other ODA-UZ funded research such as the Dambo (wcLJand) Project 

and the Simple Irrigation Pumps project 'The report investigated shallow alluvial aquifers 

associated with present day river systems in the communal areas of Zimbabwc. The purpose afLhe 

investigation was to ascertain the extent of the walCrresourccs in these aquifers and to establish their 

suitability for use in small scale irrigation development projects. The occurrence of alluvial 

deposits in the specified areas has been mapped using aerial photography and parameters relating 

to their deposition have been identified. AQuifervolumcs and available water resources have tx:en 

estimated. 

Two alluvial aquifers havc becn developed using different tcehniques of drilling and well digging. 

These excavations have been geologically logged and the aquifer sediments have tx:en sieve 

analysed. TIle holes have been pump tested to ascertain well yields and water samples have been 

tested for irrigation water qUality. Agricultural soil surveys and geophysical surveys have been 

carried oulon these two aquifers. Different types of manual pumps were installed and small garden 

irrigation systems were developed. The institutional and community aspects of this type of 

development have been considered. 

The report is intended to fonn the basis for the funherdevelopmem ofinfonnal garden/subsistence 

irrigation from shallow ground water in alluvial aquifers. 
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PREFACE 

PARTICIPANTS AND STAFRNG 

This research project is ajoinl venture between the Department of Civil Engineering. University 

of Zimbabwe and the Institute of Irrigation Studies, University of Southampton. 

The wone. was carried out in Zimbabwe by Mr Richard Owen, a senior research fellow in the 

Department of Civil Engineering. appointed specifically for this research project. Field work was 

done by research assistants hired by the University of Zimbabwe for the project period. 

Supervision for the overall project as well as liaison with U1C ODA was undertaken by Or J. 

Rydzcwski, direclorofIIS, University of Southampton. Supervision in Zimbabwe was undertaken 

by Mr A. Windram and Professor W. R. McKcchnic of the Dcparuncm of Civil Engineering. UZ. 

FUNDING 

aOA, UK funded the materials and the equipment required by the project. 

UZ funded the salaries and office and subsistence requirements oflhe senior research fellow and 

the research assistants. Ministry of Energy and Water Resources Development, Zimbabwe 

undenook some borehole drilling for the project. 

DURATION 

The project commenced in September 1986 and ended in August 1989, a period of three years. 

STRUCTURE OF REPORT 

The repon has been organised to read as a logical progression. 

The introduelorychapteris designed lodescribe Zimbabwe, ilsclimate and agricultural production 

and thus to highlight the requirement for irrigation in Zimbabwe. The concept of small scale 

infonnal irrigation from shallow ground-water is introduced and its potential is emphasised. 

The ex.isting widespread use of thcsc shallow aquifers is detailed. 

Alluvial aquifers are then id~ntifled as the shallow ground-water resource studied by this repon, 

and a review of alluvial aquifer development elsewhere serves to introduce the panicular 

parameters of interest and relevance. 
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Ch.1ptcr 2 deals with UlC methodology for locating alluvial aquifers in general and chapler 3 is a 

review of the actual investigations carried Qut in locating alluvial aquifers in Zimbabwe. 

Chapler 4 gives Ihe results of these invcstigations and provides a detailed analysis of the alluvial 

aquifer occurrence in Zimbabwe, as well as the character and dimensions of these aquifers. 

Ch~lplcr5 discusses the available water resources in lhcscaquifcrs. Datagathcrcd during U1C project 

is evaluated and compared with other data available on alluvial aquifers. Aquifer capacities arc 

estimated as is the general resource potential for the communal areas ofZimbabwc. 

Chapter 6 is concerned with the construction of water abstraction points. both in the river channels 

and on Ihe alluvial plains. 

Chapler 7 deals with the pumping of the ground water and its distribution onto the aIJuvial plains. 

Chapter 8 considers the institutional aspects of the resource development and methods for 

promOling this type of infonnal irrigation. 

Chapter 9 is the conclusions and recommendations. 

Thc appendices contain specific data and detail relevant to the alluvial aquifer resources in 

Zimbabwe. 
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CHAPTER 1: 
INTRODUCTION 

1.1 ZIMBABWE: CUM ATE AND AGRO-ECOLOOICAL ENVIRONMENT 

Zimbabwe is a landlocked southern African country. lying between latitudes 15°5 to 23°S and 

longiludcs 25°E lO 33°E.1t occupies an area of approximately 39 million hectares and is pan arLhe 

great plateau of southern Africa. The physiography is dominated by a central and an eastern 

watershed running SW-NE and N-S rcslXclivcJy. The watershed region forms the highvcld with 

elevations from 1200 to 1500 rn, except for the eastern highlands where elevations reach 2600 m. 

The elevations oflhc lowvcld regions in the extreme south and nonh range from 300 to 800 m. The 

land slopes gently away from the central watershed. with the exception of the Zam1x:zi valley 

escarpment in the north, where slopes arc sleep and precipitous. 

Zimbabwe has a single rainfall season. which occurs during the summcr months from Novcmber 

to March. and has a national average annual rainfall of 675mm compared with the world average 

ligure of86Omm. The overall climate is rot vcry favorable for rain·fcd agriculture. and substantial 

areas are classed as scmi·arid. Zimbabwe's Meteorological Department. which has collected 

extensive rainfall and evaporation data over a period spanning almost 75 years. have stated that 

"potential rainfall deficits are much greater than potential surpluses." Based on this data, they have 

produced a series of monthly rainfaU deficit maps for Zimbabwe's seasonal rainy period as shown 

in Fig 1.1. The rainfall dcficit is calculated as the difference between (he daily rainfall and the 

measured evaporation, and delicits are considered to occur when evaporJlion is greater than 

precipitation. These maps show thallarge areas of Zimbabwe suffer a rainfall deficit even during 

the rainy season, and only in the nonh cast is there surplus rainfall. 

As a guideline to the agricultural suitability or the various areas. the country has been divided into 

5 natural regions. These natural regions have been bro:ldly defined by their minfall patterns, soil 

type and the type and intensity of agricultural activity appropriatc for thcir agm-ecological 

conditions. Fig.l.2 shows the distribution of these natural regions and Table I. I identifies their 

agro·ecological potential. Table 1.2 shows the land areas which fall within thcse natural regions. 

From these figures, it can be scen that 55% of the country is within regions 4 and 5 which are 

unsuited for rain·fed agriculture and a further 18% in region 3 can be classified as marginally 

suitable. or the communal lands, which arc available for peasant agriculture. 75% lies within 

regions 4 and 5 and 17% lies within region 3. Thus somc 92% ofZimbabwc's communal land is 

either unsuited or is only marginally suited 10 dry·land cropping. It is within this context that 

infonnal irrigation development in Zimbabwe must be considered. 
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TABLE 1.1 NATURAL REGIONS AND AGRICULTURE 

Zimbabwe is divided into five natural regions on the bases of soil type, rain fall and olherdimalic 
factors. The first three regions are suitable for intensive crop and livcstock production whereas the 
remaining two offer limited scope for agricultural development: 

Regkln 1: Spttel.llzed end dl.,.,.IfI.d 
farming 

Rain: More that 1 000 mm p&l' annum in 
areas lying below 1 700 m ahitude 
and more than 900 mm per annum 
at greater alt~udes . 

Production; Afforestation and production 01 
fruit and intensive livestock. In 
frost-free areas tea, collee, 
macadamia nuts and other 
plantation crops. 

Area : 7000 sq km (less than 20/0 of the 
total area 01 Zimbabwe). 

Farming: 74% is large-scale commercial 
land, 24%communalland and 2% 
small-scale commercial land. 

Region 2: Intensiv. fIIrming 

Rain : 7~1 000 mm per annum. In part 
ollhe region crop yiekls in certain 
years will be affected by relatively 
short rainy seasons or dry spells 
during the season. 

Production: Crops and intensive livestock 
production. 

Area : 58 600 sq km (15% of the total 
area of Zimbabwe). 

Farming: Almost 74% is large-scale 
commercial land, 22% is 
communal land land 4% smaU
scale commercial land. 

Region 3: Semi-Intensive farming 

Rain : 650-800 mm per annum. Fairly 
severe mid-season dry spells. 

Production : Livestock production together with 
fodder crops and cash crops. 
Marginal production of maize, 
tobacco and cotton. 

Area: 72 900 sq km (19% 01 the total 
area of Zimbabwe). 

Farming: Approximately 49% is large-scale 
commercial land, 43% is 
communal land. and 8% is small
scale commercial land. 

Region 4: Seml ... xtflnslve farming 

Rain: 450-650 mm per annum. Periodic 
seasonal drought and severe dry 
spells during the rainy season. 

Production : Livestock production, drought
resistant crops. 

Area: 

Farming : 

147800 sq km (38% of the total 
area of Zimbabwe). 

62% is communal land, 34% is 
large-scale commercial land and 
4% small-scale. 

Region 5: ExtenslvlJ farming 

Rain : Too low and erratic lor production 
of even drought resistant fodder 
and grain crops. 

Production: Extensivecattleranchingorgalne 
ranching. 

Area : 104400 sq km (27% of the total 
area of Zimbabwe). 

Farming : Approximately 45% is communal 
land, 35% large-scale commercial 
land and less than 20% national 
parks. 
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TABLE 1.2 TilE DISTRIBUTION OF TilE NATURAL REGIONS 

(AFTER TilE ZIMBABWE STATISTICAL YEARBOOK 1987) 

Communal Ar9SS 

%of total asa"of as a" of the 
Natural Region land Mea total land aF9S Communal arsas 

1 2 0,5 1 
2 15 3 7 
3 18 8 17 
4 38 23 50 
5 27 12 25 

Tolal 100 27 100 

1.2 AGRICULTURAL PRODUCTION IN ZIMBABWE 

Zimbabwe produces a wide range ofagriculrural commodities and is generaUy self-sufficient in ail 

her food requirements. The country produces surpluses for export in beef. sugar. couon, coffee, lca 

and tobacco. Other products, such as soyabeans. groundnuts, sorghum. miUct. beans, maize and 

wheat. arc produced for domestic requirements, with occasional surpluses. Fruit and vegclablcs arc 

a1so produced for local consumption and for a small bul cxpamJing export market. Despite this 

overall very favorablc position there remain scvcraJ problems. 

The first relates to lhccrratic rainfall pattern. MupawQsc( 1984) has slalcd that total rainfall has little 

mcaning and influcnce on production. Unreliable rainfall and the incidence of mid-season droughts 

represcnt the singlc most critical uncertainty facing the Zimbabwean farmer today. Droughts are 

very common in Zimbabwe and agrieullurc is vulnerablc. 

Thc othcr problcm rclatcs to the disposition ofthc agricultural producc. Pilditch (1987) shows that 

somc 90% of all maize produced by large-scaJe commercial farmers comes from the three 

Mashonaland provinces which have relatively high rainfaJl. In addition to this geographic 

distribution problcm there is a sectoral distribution imbalance as well. Between 1980 and 1985, the 

comm unal and small-scalc fanning scctorprovided only 24% of all maize produced, although this 

percentage has since increased. In 1982 these two sectors constituted 60% of the national 

population. These sectoral imbaJances can be accounted for by several factors including land and 

rainfaJl distribution,land quality, and resource and skills distribution. 

1.2.1 Rolc orirrigation 

Currently the bulk of agricultural production, with the exception ofwhcat and sugar, is under dry

land farming. But, with the high rale of populalion growth, it is recognized that irrigation can 

contribute to thc achicvement of nalionaJ economic objectives in several ways. The development 
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of irrigation can increase agricultural production. contribute toward food security in marginal 

agricultural areas, raise rural incomes, create employment opponunities and foster rural development. 

In addition irrigation development may cam foreign exchange by expon promotion or import 

substitution and may facilitate the c:r;pansion of irrigation-based industrial activity. such as the 

manufacture of pumps, piping and other equipment. 

At present in Zimbabwe there exist an estimated I 80,000 ha of irrigation. Every agricultural sector 

has an irrigation sub-sector as detailed in Table 1.3. 

This study is primarily concerned with the promotion of infonnaJ irrigation as developed by 

communal farmers in vcry small units from wells tapping shallow ground-water resources. 

TABLE 1.3 IRRIGATION IN ZIMBABWE 

Cultivable Command Area 

Irrigator Class ha %of Total 

large Company Estates 33,600 1. 
Private commercial farms 100,800 56 

Settler schemes 12,800 7 

State Farms 7,200 4 

Communal Area Schemes 5,400 3 

Informal Peasant Irrigation 20,000 11 

1.3 DEMAND FOR ACRICULTIJRAL PRODUCE 

Irrigation Syst9m 

Flood and sprinkler 

Sprinkler 

Flood 

Flood 

Flood 

Hand watering 

Thc previous section showcd that despite overall self-sufficiency. thcre is a dcmand for agricultural 

food products in many areas of the counU)'. This demand is most critical in natural regions 4 and 

5. which are more suited to livestock production than cropping. In addition to the shortages of staple 

grains experienced in these regions. a demand has arisen for horticuhural produce. This demand 

is related to economic development, education and a better understanding ofnutrilion and diel. The 

satisfaction of these demands may be met eilhcr by the importation of foods, or by increased local 

production. or by a combination of both. 

However. present agricultural practice in the communal areas in natural regions4 and 5 concentrates 

on dry-land cultivation of grain crops and on livestock production. This pattern has led. especially 

in drought years, to rcgularcrop failures. as well as 10 the transfer or grazing land to crop production. 

The development of small-scale informal irrigation for horticultural crops and food production for 

local consumption can help to reduce lhedemand for locally produced rain-fed grains. It would thus 

appear that an integrated rural development policy is required if the existing shortages arc to be 

elimfnated. This policy, based on informal irrigation. should aim at a major reduction in dryland 
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cropping, concurrent with improved livestock managemcnt on the resulling increased land area. 

Processed grain products could be obtained cheaply from the higher rainfall nalural rcgiort'S to 

supply the shonfa11 in the lower rainfall regions due 10 both the reduction in dryland cropping, and 

the unsuitable climate. 

1.4 OBJEcnvES OF RESEARCH 

Theproject's principal objecLive was to establish alternative watersourccs to enable the dcvelopment 

of small scale informal irrigation in the communal areas of Zimbabwe. Panicular emphasis was 

placed on establishing the suitability of shallow alluvial water resources for infornal sector 

irrigation development. Informal sector irrigation is targeted because of (i) the perceived low level 

ofinfrastruetural, technical and financial inputs bycentml government, and (ii) the need to mobilize 

rural communities in development aL a realistic level. The alluvial water resource is considered 

suitable as it is widely disLributed and can be developcd cheaply by well understood available 

manual technologies. Its development can fit in with existing socio-cultuml practices. 

The study had the following objectives: 

(i) Tomap thedistribuLionofalJuvial aquifers throughout the communal lands of Zimbabwe 
(macro-survey) 

(ii) To study the geometry and physical characteristics of alluvial deposits, and 10 identify 

depositional environments. 

OH) To identify techniques for exploiting alluvial aquifers, and 

(iv) To quantify the available water resources from Lhese aquifers. 

The concept of informal small-scale irrigation is discussed here in order to clari f y what development 

of this sub-sector entails and requires. 

Adams & Caner (1987) have defined small-scale irrigation as the management of the supply of 

water to crops which is initiated, organized and controlled by the landholdcr(s). The cxtent of such 

activities does nOL normally exceed 10 ha per family and may be as little as 0.1 ha. Kay, Stephens 

& Carr(1985) use the term "informal sector irrigation" which is irrigation practiced by individual 

farmers on a small-scale, under their own responsibility usually aL low cost with liltle or no 

government suppon and using technology they can understand and manage easily themselves. 

Most writers (eg. Underhill.1984) stress that "small scale irrigation is not large-scale formal 

irrigation made small. It is a tOLallydiffercnt concept". Underhill (1984) also comments Lhat formal 

irrigation development has often meant outside organizations developing thc land arKI water 

reSOurces with high inputs of modem technology and then expecting an uncomprehending. 

inexperienced and alienated people to achieve high returns with a technology that they susJX!ct has 

been introduced to exploit them to someone clses advantage. Thus, small scale infornlai irrigation 

is nOl intended to supplant large formal schemes, but the two approaches can be blended 

successfully if the appropriate elements of each arc taken. 
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Infonnal SCClOr irrigation requires a different approach. To become an "irrigator" is a decision 

which should be len to the individual. while developers should play a role which makes it both 

feasible and commercially worthwhile for the fanner to choose inigation. 

Such a rolc should include: 

(0 provision ofinfonnation about suitable ground and surface watcrrcsources which can be 

developed locally at a reasonable cost, 

(ii) ensuring the availability of suitable commercially viable pumping devices and spares, 

(iii) provision of suitable technical and extension advice for irrigation and irrigated crops. and 

(iv) securing the availability of finance on favorablc tcnns. 

The challenge for developers is to provide the right package of incentives for fanners to be able to 

choose irrigation as a commercially viable farming option. Given suitable conditions. the fanner 

can choose an acceptable irrigation system and install it himself at an affordable cost. Such an 

approach is likely to result in a steady indigenous growth of the infonnal irrigation sub-sector on 

a sustainable basis. Several writers ego Underhill (1984). Kay et al. (1985), Adams er al. (1987), 

Rydzewski (1984) have adequately covered the subject of infonnal small scale irrigation and it is 

unnecessary to repeat all thcirobscrvations. Nevertheless it is relevant to stress two particular points. 

The first relatcs to the time scale. The process of development must be slow and incremental with 

low investmcnt sustaincd ovcr a long period. This enables the rural fanning community to develop 

irrigation at its own pace with ensured support and backup from developers. 

The second factor is thc suitability of shallow ground-walcr for this type of dcvelopment. Shallow 

ground-water is oftcn widely distributed and can be exploited on a farm by fann basis. Adams er al. 

(1987) state that the scope for small-scale shallow ground-water use is frequcntly mcntioned in 

reviews of African irrigation. ''11lc extensive potential, especially of alluvia1 aquifers, is recognized 

in ancient dry valleys .... the most suitable aquifers tend to be sandy alluvia1 deposits with water 

tables up to 3 to 4 m below the surface. which receive annual recharge from excess wet scason 

rainfall and nood water." The important factors arc the widespread distribution. the relative ease 

ofdevclopmcnt and the overall suitability of shallow alluvial aquifers forinfonna1 scctorirrigation. 

'l1le present research is intended to highlight a water resource suited to this type of informal sector 

irrigation dcvelopmcnt. Moreover. it is hoped thatlhis type of irrigation can provide a key element 

of food security in a multi-scctoral integrated rural development program. 

1.5 REVIEW OF SIMILAR DEVELOPMENTS 

1.5.1 Informal Irrigation Development 

The rapid aevelopmcnt of informa1 irrigation in many areas of Africa has been in striking and 

favorable contrast to the development of fonnal irrigation schemes. In Nigeria whcre massive 
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investmems have been madeoverthe past 15 years, the expected expansion of irrigated land (formal 

schemes) was between 100 000 and 300 ()()) ha by 1982. In reality only 30 000 ha were developed. 

In contrast to the fonnal sector, Nigeria also offers an encouraging example, as, according to Kay 

et aJ .. 1985, small scale infonnal irrigation has expanded from 120 <XX) ha to more than 800 000 ha 

in the past 25 years. Similar examples have been reported in other countries. Rydl.cwski (1988) 

quotes figures showing that 84% (800 000 ha) of Madagascar's and 94% (800 000 ha) ofNigeria's 

irrigation is small scale infonnal irrigation, which also dominates the figures for Kenya. Mauretania, 

Niger. Senegal. Somalia and Tanzania. 

In Zimbabwe. 5700 ha is the total area of the fonnal communal sector irrigation. However. al 

present much ohms area isdefuncI and not under cultivation. In contrast, the Oamoo Research Unit 

(Bell cl al .. 1987) indicate that a total of 15 ()(x)""20 <XX) ha of infonnal garden irrigation takes places 

on dambos in Zimbabwe. 

1.5 .. 2 Irrigation Systems from Shallow Ground-water 

Many different infonnal irrigation systems, based on the type of water resource. have been 

developed in Africa. These systems have been classified both by Underhill (1984) and by Kay Cl 

al. (1985). Very broadly, these systems are divided into surface water systems, ground-water 

systems, and systems using both surface and ground-water. A typical example of such conjunctive 

use is recessional irrigaLion, impounding receding flood-waters on an alluvial plain. supported by 

ground-water pumping from the underlying shallow alluvial aquifer as the dry season progresses. 

Shallow ground-water resources suitable for irrigation may be su1xlivided into two main irrigation 

systems: 

i) Residual moisture orswamp irrigationon seasonal orpcrennial wet-lands. Irrigation may 

be supported by pumping from shallow open wells in the dry season, but is largely based 

on very high water tables providing moisture directly to the root zone of crops. In 

Zimbabwe, dambos. which arc seasonally saturated valley headlands. provide an example 

of this type of residual moisture irrigation. 

ii) Pumped ground-water systems. Here water lies deeper and must be lifted onto the crops, 

but this water is sLill sufficiently shallow to be exploited by Simple manual technologies. 

Shallow alluvial aquifers and ground-water in the weathered mantle of crystalline rocks 

are ooth used in Zimbabwe for infonnal irrigation. 

lnfonnal irrigation based on shallow ground-water is common throughout sub-Saharan Africa and 

Kay et al. (1987) cite several examples. Pearce (1987) points out the flexibility of shallow ground

water use in infonnal irrigaLion and quotes one study in India. where farmers taking water from 

wells, which they controlled and could tap at any time, were producing crop yields twice those of 

their neighbors who relied on irrigation water delivered as and when the managers of the scheme 

decreed. The development of small irrigation schemes controlled by fanncrs themselves is now 

seen as a viable and practical alternative to large fonnal conventional schemes. 
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In Zimbabwe lIlc useofa11uviaJ aquifers for water supply and irrigation does occur, bUllhc resource 

is undcr·utili1..cd . Commercial irrigation from aJluvial aquifers takes place in the Sabi river valley 

(midd1e Sabi and OIisumbanje schemes) and aJong the Limpopo (Noningham Estates) and 

Umzingane rivers. Some communal area schemes also exploit alluvia] aquifers (eg. Mutema. 

Chikwarakwara. Mambali, RusUers Gorge). 

At present, the use of alluvial aquifers by Zimbabwe's rural population is generally restricted to 

watcrsupply. Unlined wells or wells lined with tin drums arc COlL'ilNctcd within the river channel, 

and these wells arc subject to annuaJ flooding. InformaJ sectoruscofthis water for irrigation is rare. 

The construction of protected flood plain wells. as opposed to channel weUs, is nOI widely 

practiccd. 

Other developments in the region include the Botswana Sand Rivers Project. Botswana's Department 

of Water Affairs have studied sand rivers in some detail producing two rcpons in 1980 and 1985. 

In Nigeria, Water Surveys Group (WSG) produced a report (1986)on theirinvesligalion of shallow 

aquifers for lowland irrigation in Bauchi State. The aquifers investigated were the "fadamas" or 

alluvial plains of the major rivers. Other work has been done on alluvial aquifers in Africa and 

elsewhere. Hunting Technical Services have worked on alluvial aquifers, usually for large 

irrigation schemes, in Greece (Skoupcika 1974) Sudan (Jcbel Mara 1977) Malawi (Shire 1987), and 

Cyprus (Paphos 1973). OXFAM and UNHCR (1981) supplied domestic water to refugee camps 

in Somalia from shallow alluvial aquifers. The French Bureau de Recherchcs Geologiques el 

Mini~rcs (BRGM 1986) has investigated the alluvial aquifer on the Shashi river near Maun in 

Botswana. 

Similar developments in Zimbabwe include other ODA-funded research projects. The Dambo 

Project (Bell et al. 1987), the Simple Irrigation Pumps project (R. Lambert. in progress at UZ and 

University of Loughborough, UK) and the collector well project (in progress. British Geological 

Survey BGS) arc all programs which use shallow ground-water forinfonnal irrigation development. 

In all these rcpons, alluvial aquifcrs have been considered as suitable for infonnal irrigation 

development because ofthcir high yields, their rapid and regular recharge and the shallow depth 

at which water occurs. Difficulties frequently mentioned include the flooding of well points, 

collapsing fonnations and the need for good screening and effective well development. 



CHAPTER 2: 
METHODOLOGY FOR 

LOCATING ALLUVIAL AQUIFERS 

2.1 DEFINmON OF ALLUVIAL AQUIFERS 

In the Penguin dictionary of Geology, alluviwn is defined as detrital material which is transported 

by a river and deposited. usually temporarily, at points along the flood plain of the river. This 

definition may be modified to identify the types of alluvial aquifers studied in this report. 

Shallow alluvial aquifers are defined as alluvial deposits associated with presently active stream 

courses. occuning either in the channel or the beneath the flood plain. which are saturated. and 

which arc regularly recharged either by perennial stream flow or by annual flood waters. Such 

alluvial aquifers are considered a suitable water resource for infonnal smaJI sca1e irrigation 

development for a number of reasons: 

(i) The depth to the water table is shallow, frequently of the order of a few meters. and the 

water occurs in unconsolidated fonnations. This enables exploitation by simple manual 

technologies such as dug wells. Suction lift pumps can also frequently be used. 

(ii) Yields from alluvial aquifers arc likely to be sufficiently high to sustain simple infonnal 

irrigatiOn development. In two project areas in Zimbabwe. the average yield from alluvial 

plain wells was aoout O.7liters per second O/s), which is considered sufficient to irrigate 

approximately onc hectare, for much of the year. 

(iii) Aquifer recharge from river flow will, in most cases, be regular and sufficient to saru rale 

the aquifer. Long 1enn depletion of the ground-water is not considered a problem and 

these aquifers arc scen as a rencwable watcr resource. 

(iv) Many alluvial aquifers occur in Lhe lower rainfall areas and thus their development can 

alleviate the burden of drought, acommon OCCUrTCncC in such areas. In Zimbabwe, all the 

major alluvial aquifers are in the drier areas. 

2.2 REVIEW OF AVAILABLE TECHNIQUES 

The area of study is multidisciplinary and hence involves several different areas of activity. A 

macro-survcyofthe alluvial aquifers throughoutthc communal areas of Zimbabwe was undertaken 

to identify the distribution and approximate extent of the water resource. Two project areas at the 

Runde and Scssami rivers respectively, wercstudied in detail 10 quantify aquifercharacterislics and 

water supply parametcrs. Water wells and irrigation plOts were established at these two project 

areas in order 10 identify suitable construction and development methods, costs and possible 

problem areas, as well as social and infrastructural development requirements. 
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2.2.1 Macro-survey of the Occurrence of Alluvial Aquifers 

1llc preliminary phase of a macro-survey is a review ofthc available data. Relevant publications 

arc studied. Geological texts arc expected 10 be useful in identifying major alluvial occurrences. 

Literature from water development and agricultural ministries can assist in identifying localities 

where a11uvial aqui fers arc exploited, either for water supplies or for irrigation. Further information 

may be available from universities, local authorities, drilling contractors. engineering firms. farmer 

organizations. etc. 

In addition to lhis data. existing maps of all types can provide useful information. Geological and 

soil maps arc CXJXClcd to provide direct information on the distribution of alluvium. As alluvium 

lends LO occur in specific environments. these maps can help to locate these environmental 

provinces. The topographic maps provide data on slopes which can lead to the identification of 

alluvial provinces. In addition, astudyofthe sinuosity of rivers may help to locate alluvial deposits. 

Other maps can provide information relevant for development planning, such as population 

distribution and land usc maps, infra-structural development and electrification maps, etc. 

Remote sensing techniques are widely used for this type of macro-survey. Satellite images have 

been used in Ethiopia (orwaterresourcesdevelopmenl, and alluvial areas were successfully located 

using LANDSAT multi-spectral scanner data (Sida-Viak, 1984). Image resolution is about 60 m 

and images can be studied stereoscopicaUy. Moreover with satellite images. a bi-temporal analysis 

can be done using wet and dry scason images. 

Aerial photography affords a very clear view of alluvial aquifers. Individual aquifcrs can easily be 

identified and their boundaries marked. Aerial photography is available in many different scales 

usually ranging from I: 15 (XX) to I: 100 000. However fora macro-survey, the analysis of the entire 

air-photo cover for a country is a lengthy tedious process. It is relevant to preselect alluvial 

provinces using literature, map reading and satellite image analysis, and subsequently to use aerial 

photography for more detailed study. 

2.2.2 Geometry and PhysicaJ Characteristics of Alluvial Deposits. 

An assessment of the geometry and physical characteristics of alluvial deposits generally wiIJ 

requi re some form of field procedures. However a great deal of relevant information can be obtained 

from a review of existing data and a desk study. Subsequently, onc field visit to a typical occurrence 

in any panicular alluvial province can be used to measure or estimate these parameters and then, 

these data can be extrapolated to other similar aquifers in comparable areas. 

The surface geometry of alluvial deposits can best be obscrved by stereoscopic study of large scale 

( I :25000) aerial photography.The surface area can then be measured using a plani-meter. The 

subsurface geometry is more difficult to ascenain and generally requires field techniques such as 
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geophysical surveying and well logging. However before using field techniques it should be 

possible to roughJy estimate the subsurface extent of the saturated alluvial aquifer by skilled 

interpretation of surface alluvial features. Cbanncl and vaUeydimcnsions arc correlated 10 alluvial 

fill volumes and alluvial geometry (Burrin and lones 1987). The presence, size and density of 

riverinc tree species often indicate the extent of the saturated aquifer. The location of abandoned 

channels, the sinuosity of the meanders and the morphology of the alluvial valley can also assist 

in identifying the extent of the aquifer. For this interpretation, a clear undenitanding of alluvial 

processes is indispensable. 

Field techniques should always begin with the collection of all the data available locally, both from 

existing infonnation sources and from visible surface features. The ground data should be 

correlated with the aerial photography interpretation and relevant adjustments made to the laller. 

Geological logs and pumping data from existing wells should be obtained if possible. A field 

geomorphological survey can identify various alluvial features such as terraces, channels and point 

bars. Sediment samples may be taken from these various sub-cnvironmcnts and analyzed for 

panicle size distribution by sieving. The sample analyses provide an estimate of the aquifer 

potential. Water samples are taken from existing ground-water points, including open channel 

wells, and these samples arc analyzcd for irrigation water quaJity. Exposed rock outcrops are 

observed to identify the geology and the condition ofLhe bedrock and 10 ascertain probable seepage 

losses and barrier effects. 

The alluviaJ ocometry can be measured using both physical and geophysical data. An analysis of 

existing well logs and the driUing additionaJ holcs gives real infonnation on the subsurface extent 

of the aJluvium .. GeophysicaJ surveys can be used to locate the aJluvium-bedruck interface and also 

to locatc the water level in the alluvium. SeveraJ different geophysical methods have been used for 

this type of investigation and these include seismic refraction. earth resistivity, electromagnetic 

profiling, gravimetric and ground radar techniques. 

Electromagnetic profiling methods (EM) were used by Water Surveys Group 1986 in Nigeria to 

obtain lithological infonnation down to ISm. E.M. is a rapid walkover technique. To improve its 

accuracy. this infonnation may be "calibrated" against vertical electrical soundings (Earth 

resistivity) which yield infonnation on layer resistivities and thickness. Seismic refraction 

teChniques arc particularly useful forcslimating the thickness of loose superficial deposits such as 

a1luvium, where suchdepositsoverlydensc basement rocks. Ground radar is also considered useful 

to pick up shallow contacts between looscsandy overburnen and bedrock. Gravimetric surveys can 

measure variations in the earth's gravitational field and can be used fordetennining the depth to 

basement. 

Physical probing in the river channel is frequently used and provides a rapid method for measuring 

the thickness ofthc channel deposits. However probing frequently underestimates the the thickness 

of the aquiferdue 10 it's inabilityto penetrate cobble layers which often occur in alluvial sequences. 
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Hand augering may also be used 10 obtain shallow depth samples on the alluvial plain or in the 

channel. 

2.2.3 Techniques for Exploiting Alluvial Aquifers 

Alluvial aquifers exist either in open river channels or\x:ncath alluvial plains adjaccnt to the river 

channel. The techniques for exploiting these two types of aquifer are different. 

Alluvia] plains aquifers may be considered as a standard ground·walcr resource and the various 

drilling and well digging techniques arc applicable. The alluvium here is generally unconsolidatcd 

or slightly consolidated and penetration by dug wcllsor hand drilling is usually possible. Collapsing 

formations Ix:low the water table arc common and it is often necessary 10 driU or excavate inside 

a casing or a prccast well liner. High water yields from alluviums often require the use ofpowcrful 

de-watering equipment during the construction of dug wells. 1llc common presence of cobble and 

boulder layers causes difficult drilling conditions. Collector trenches have been used to increase the 

yield from low yielding aquifers (WSG 1986). Collector wells with horizontal radials may also be 

used in the exploitation of the plains aquifers. 

Alluvial channel aquifer exploitation generaUy requires different techniques and several systems 

are described here. DrivepoinlS may be water jctted or cvcn hammered into the channel sand. 

Alternatively screens may be sunk into the sand by vibrobailing (WSG 1986). During vibrobailing 

the easing sinks into the sand bed as the loose collapsing fonnation is bailed out from inside the 

casing. This method is used below the water table. Shallow open wells are often dug in the channel 

and these wells may either be lined or unlined. Such wells are only about one meter deep and are 

lost during river now but they can easily be reconstructed. Infiltration gaUeries may be dug linking 

the channel aquifer to a well dug on thc bank adjacent to the channel (Halcrow 1982). Channcl 

aquifers may also be exploited using sand dams or subsurface dams (Hanson 1987b). 

Frequently the choice of the type of water point is govem::d by the scale of the planned 

development. A small channel well lined with an old oil drum may supply a small garden irrigation 

plot whilc a high technology wellpoint system at the same locality may yield sufficient water for 

an irrigation scheme. 

2.2.4 Quantification of the Water Resources 

The available water resources in alluvial aquifers can be quantified by calculating the volume of 

the saturated aquifer and multiplying this volume by a specific yield value for that aquifer. 

Techniques for ascertaining the aquifer volumes have been discussed earlier in this chapter. To 

obtain the volume of the saturated aquifer it is necessary to consider natural water losses due to 

through flow, evaporation and seepage. Nord (1985) has identified these natural losses for 

Botswana sand rivers and measured the depletion of waterlevcls in three sand channels (Fig 5.5). 
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Due to the similarity of the geological and physical environments. these depiction levels are 

expected to be similar to those found in channel aquifers in Zimbabwe. 

The specific yield and transmissivity values can be estimated from sieve analyses of aquifer 

sediments. These aquifer values may also be calculated from pumping tests carried out in the field. 

A third meLhod ofcstimating aquifervaJucs is to use a penneameter in the laboratory on a selected 

sample. Pump testing is the most aecurate method as it measures the actual field vaJues while the 

other methods only measure samplcs. which arc unlikely to reflect the full heterogeneity of the 

alluvium. However pump tests are too expensive to use al every site. In this study. many aquifers 

were evaluated by comparison with similar sites where pumping tests had been done. with the 

specific yield or storage coefficient values being used to quantify the volume of available water 

stored in the aquifer. The transmissivily values are used to predict weU yields and pumping rates. 

Recharge of alluvial aquifers may be calculated using rainfall and runoff data and relating these to 

computed aquifer volumes and values. Several writers havecalcula[ed alluvial aquifer recharge and 

are in agreement that recharge occurs after relatively smaJl rainfaJls. (Halcrow 1982. Nord 1985. 

Thomas er al. 1972.) 

Water samples may analyzed to ascertain the suitability ofthc water for irrigation aJlhough it should 

be noted that alluvial water is generally of good quality due 10 its regular recharge. 

2.3 REASONS FOR METHODOLOGY ADOPTED 

The methodolgy adopted for the study of Zimbabwean alluvial aquifers was guided by the 

objectives of the research project and the availability of finance. equipment and expelt personnel. 

Since the final objective is to stimulate the infonnal peasant irrigation sector the methodology 

concentrated on the more simple locally available techniques. 

During the macro-survey the techniques listed below were used: 

I) Review of existing data. (Local data and reports from other counLries.) 

2) Map study. (All maps at I: I 000 000 scale. All geological maps and topographic maps 
al 1:250 ()()() scale.) 

3) Aerial photography study. (1 :80oooand 1:25000.) SateUite images were not used as they 

wcre not locally availablc and expert personnel and equipmcnt for thcir intcrpretation 

wcre unavailable. 

To study the geometry and physicaJ charactcristics of the alluvial aquifers. the following methods 

were used: 

1) Aerial photography analysis. (1:25 000.) 

2) Geophysical investigations. (earth resistivity. seismic refraction and gravity survey atlhc 
project areas.) 

3) Physical probing and hand augering. 
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4) Sediment sampling. 

5) Drilling and wclllogging.(at the project areas.) 
6) Comparative analyses with existing data. 

To identify suitable tcchniques for exploiting alluvial aquifers, some drilling and well digging was 

done and these methods were critically analyzed. Existing practices for obtaining water from these 

aquifers were alsoobservcd. Special attention was paid to methods suitable (afuse by rural peasant 

fanners. Some motorized drilling was undertaken and this enabled full penetration afthe aquifer. 

The available water resource was Quantified by calculating the aquifer valucs, transmissivity and 

specific yield. These values were calculated using both sediment sieve analyses and pumping LeslS. 

Comparison to other similar aquifers assisted in identifying aqui fcrvalucs. Pumping lests were only 

carried out al the project areas but some difficulties were experienced with these tests. Aquifer 

values were then applied to sabJrated aquifer volumes to calculate the tOlal water resource. 



CHAPTER 3: 
RESOURCE INVESTIGATION 

The resource investigation was carried out between January 1987 and November 1988 and 

consisted of two main phases: the general macro-survey of alluvial aquifers throughout the 

communal areas of Zimbabwe, and the more detailed study of the two project areas which were 

selected from observations made during the macro-survey. 

3.1 DESK STUDY 

The desk study techniques were the major tools for the macro-survey. However lhese techniques 

were also useful in the projcct areas at a more detailed level. Field techniques were mostly used for 

the study of me project areas, although some field work was also carried out for the macro-survey. 

The macro-survey fonned a major portion of the study and has made it possible to idemify the 

alluvial water resources in the communal areas of Zimbabwe. 

3. 1.1 Literature Review 

A survey of !.he relevant literature shows that there has been very little written on alluvium in 

Zimbabwe. Stagman (1978) mentions alluvium rather briefly in his review of Zimbabwe 's geology, 

although he doos identify most of the major alluvial occurrences. Only in the case of the Sabi valley 

deposits does he consider their potential as aquifers. The scarp alluviums of the Zambezi valley and 

the Mfungabusi plateau are identified. Reworked Kalahari sand is also identified as a source of 

alluvium but the extent of these deposits in the western regions is not mentioned . The alluvial river 

channels in southern Matabeleland are mentioned only in tcnns of diamond prospecting, and the 

largechanncl aquifers and mature alluvial plains in the south east arc not identified at all. In general 

Slagman has only considered extensive plains alluvium, and not channel alluvium. Lister (1987) 

also identifies the Sabi alluvium as a major aquifer and quotes Hindson and Wunel (1963) as 

estimating its water resource at 1.56 * 10" m'. There is little other direct literarure on alluvium in 

Zimbabwe. However a review of the communal area irrigation sector by the government of 

Zimbabwe (1985) provides indirect information on alluvial aquifers. Several of the communal area 

schemes obtain their water supply either by sand abstraction directly from the alluvial channel or 

from bore-holes drilled into the alluvial plains. Table 3.1 is derived from this scctor review and 

provides some data on water yields from various alluvial aquifers, but provides little Other 

information on aquiferthickncss, sediment analyses, well designs. water quality etc. In addition 10 

these data, Table 3.1 also contains information from some of the commercial farms which utilize 

alluvial water. Although these data lacks detail, they do provide a guideline to the di stribution of 

alluvium in Zimbabwe and to the possible range of well and aquifer yields. 
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TABLE3.1 IRRIGATION SCHEMES IN ZIMBABWE USING ALLUVIAL WATER 

Alluvial Warer IrrigaJed Commfmts 
SchfHJ19 Provinc9s Rwers Yield (Vs) area (ha) 

Chisumbanje Manicaland Sabi 760 2400 Stale farm scheme: 
Well point system in the river 

Middle Sabi Manicaland Sabi 600 12000 Commercial Scheme 
4 bore holes - part supply 

Mutema Manicaland Tanganda ?150 237 4 boreholes part supply 

Gudos Pool Masvingo Sabi 40 ? 1 sand abstraction unit 

Malikongo Masvingo Mwenezi 35 24 1 sand abstraction unit 

Manjinji Masvingo Mwenezi 17 35 1 borehole on alluvial plain 

Muleyo Masvingo Mkwasine ? 15 1 sand abstraction unit 

Fanisoni Mal. N. Shangani ? 11 2 sand abstraction units and wier 

Lakesi Mal. N. lokosi 15 12 1 sand abstraction unit. 
Insecure supply 

Bili Mat. S. Shashe '7 23 1 sand abstraction unit 

Chikwarakwara Mal. S. Umpopo 90 65 2 sand abstraction units and 
2 boreholes 

Jalukanga Mat. S. Shasha 113 '2' Sand abstraction unit 

Kwalu Mat. S. Umzingwana ? '20 Sand abstraction unit 

Mambali Mat. S. Shashe '0 28 1 sand abstraction unit 

Rustlers Gorge Mat. S. Shashe ? 70 Sand abstractkln unit 

Sabasa Mat. S. Tuli 43 60 1 sand abstraction unit 

Shashi Mat. S. Shashi 200 80 9 sand abstraction units 

Nottingham 
Estate Mat. S. limpopo ? 400 Well point system 

Estate River 
Ranch Mat. S. Umzingwane ? 1100 Well point system 

Groolvlei Masvingo limpopo 360 2 test boreholes -
no scheme developed 

3.1.2 Map Studies 

Zimbabwe has excellent topographic map coverage over the enti re country at threc scalcs: 1:50 CKXl; 

1:250 000 and 1 :500 000. There are also, at 1: 1 000 (XX) scale, sevcral single sheet maps of 

Zimbabwe whichcovcrsuch topics as natural regions and farming areas, geology, soils, hydrological 

zones, land classification, topography. population density etc. RainfaJl and temperature maps arc 

available at 1:2500000 scaJc.ln addition, approximately 50% oflhceountry iseovered by detailed 

geological maps. Such widcspread map covcrage proved to be an extremely valuable source of 

information and was frequently utili7.ed at all stages of the project. 

The macro· survey was designed to determine the distribution of alluvium throughout Zimbabwe, 

but with panicular emphasis on the occurrence of aJluvial aquifers in the communal areas. At this 

stage. the entire range ofmc 1: 1 (XX) 000 maps were useful 10 varying degrees. Land classilicalion. 

topography, population dcnsity and electrification maps were useful to ascertain infrastructural 

development and areas of interest with respect to the terms of reference ofthe study. The rainfall, 

temperature, natural regions and fanning areas, hydrologicaJ zones and population maps were used 
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to identify the likely irrigation demand and the ty~of demand. Certain areas require irrigation for 

a drought relief/subsistence purpose, while in others, it may be bcuer considered as an market 

activity. The geologica1, soil, topographic and rainfall maps were used to locate probable 

environments of alluvial deposition. 11lc 1: 1 000 000 geological map shows only major alluvial 

deposits, and many smaller but significant deposits remain unmapJX:d . Nevertheless the occurrence 

and distribution of these major alluvial aquifers is of considerable importance. The results of this 

study indicate that aUuvial aquifers occur in definable environments as a result of specific physical 

parameters. Therefore the presence of a large alluvial aquifer in an area will commonly mcan that 

other alluvial aquifers will occur within that general environment. 

In Zimbabwe, the 1: I 000 000 geological map indicates alluvium in the following localities: 

(i) the south cast lowveld 
(ii) the Sabi vaUey 

(iii) the base of the Mfungabusi plateau 
(iv) the Zambezi valley at the foot of the escarpment 
(v) the perimeter of the Kalahari sand deposits. 

Fig 4.2 identifies these areas. 

In general. these are the main areas of alluvial accumulation within Zimbabwe. T11c areas covered 

by Kalahari sand in the north-wcst and the channel alluvium in the south and southwest lowveld 

arc also alluvial provinces which have not been identified on the geological map. The alluvium in 

these two areas may be less extensive than in the southern lowveld. In the Kalahari sand areas the 

maps make no distinction between aeolian and alluvial sand although alluvium is common along 

the river valleys. Nevertheless the small scale geological map is likely to be a vcry useful 

fundamental tool in locating aUuvial provinces. The detailed geological maps are publishcd in 

several different scales and there seems to be no policy on uniformity of scale for gcological maps. 

The 1: 1 000 000 soil map should also identify soils of alluvial origin and thus assist in locating 

alluvial cnvironments. 

The small scale topographic maps provide two useful indicators which may be of assistance in 

locating alluvial provinces. Slope is the most useful indicator. Alluvium is frequentl y found at the 

foot of escarpments, where very rapid changes in slope occur. In other situations very shallow 

slopes promote the deposilion of alluvium. A rapid glance al a layered lopographic map is suffiCient 

to identify both areas of shaUow slope and areas of rapid slo~ change. In Zimbabwe. the average 

distance betwcen the major 300 m contour intervals is the greatest in two alluvial provinces. The 

south eastlowveld has an average distance of approximately 150 km octween the 600 m and 300 

m contour intervals. In the north-west on the Kalahari sand, the average distance octween the 1200 

m and 9(K)m contour is 200 km. The other paramelerobservable on a small scale topographic map 

is the sinuosity of the rivers. However this infonnalion is both more difficult to observe and less 

useful in identifying alluvial provinces. The rainfall map can provide clues as to the presence of 

alluvium. A river rising in a high rainfall area and then traversing a lower rainfall area is likely to 

lose stream power, and thus deposit its sediment load as alluvium. 
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The 1 :250000 topographic map sheets were used as the base maps for the macro·survcy study. and 

all the data on alluvial occurrences was transferred onlo these maps including data obtained fmm 

the air photo analysis. The 1 :500Cl0 map sheets were not useful during the macro-survey, bul were 

used as base maps for the study of the project areas. 

3.1.3 Aerial Photography Analysis 

Alluvial channel sands arc easily observed on panchromatic aerial photography and usually appear 

as a bold while deposit in the river channel. These deposits can be casily observed with the naked 

eye even al rcla\ivcly small scales. 

In Zimbabwe, 1 :80 000 photography was used to locale alluvial channel dcposiL~ and this 

infonnalion was martcd on the 1:250000 maps. It was generally possible LO use a rapid visual 

appraisal technique for this study, and thus me 1:80000 photography for me entire country was 

examined in mis manner. 

However, if alluvial provinces have been presclected by the map stud y techniques described in 

3, 1.2, then it should be sufficient 10 study onl y me aerial photography for those areas. Such a 

procedure would fail to locate small isolated alluv ial occurrences, which may have been deposited 

outside alluvia] provinces due to very localized condition.;;, but the vaslmajority of alluvial deposits 

would be observed. In Zimbabwe this certainly is the case, as only minor deposits are located 

outside the main alluvial provinces. 

I :25 £XX) photography was purchased for those deposits noted on the 1:80 000 photography and 

these were then studied stereoseopiealJy in detail. 

A WILD AVIOPRET APf I was used for the stereoscopic analysis of the 1:25000 photography. 

TIle ability 10 observe easily the entire photo s(ereoseopieally by means of the moving base table, 

and the ability to alter the magnification without moving the photographs were features of the 

instrument which were found to be extremely useful and time saving, This instrument is strongly 

recommended. 

The stereoscopic analysis of the 1:25 000 photography fanned a major part of the study and 

provided considerable infonnation on !.he alluvial aquifers. Obviously certain observations nceded 

to be verified by site visits and infonnation for other localities was based on comparative estimates 

with these control sites. Stereoscopic photo anal ysis was used in the study of the projecl areas. 

Bascd on map studies and stereoscopic analysis of the photos each alJuvial aquifer site has becn 

identified and analyzcd in the following catcgories: 



(i) Locality 

(ii) Channel data 

(Ui) Alluvial plains 

(iv) Geology 

(v) Physical data 

1 :250 <XX> map sheet name 

1 :50 ()(X) map sheet number 

Grid reference 

Aerial photo numbers 

River 

Local business centcr or school (if applicable) 

Channel type 
Channel width 

Areal extent of channel deposits 

Natural or anificial barriers 

Alluvial sediment characteristics 

Saturated volume of the channel aquifer 

Area1 extent of plain 

Terrace clcvation(s) above the channel 

Saturated volume of the plains aquifer 

Rock type 

Seepage losses 
Structural features 

Slope 
Altitude 

Rainfall 

(vi) Social environment Population density 

Infrastructural development 

Land usage 

(vii) Irrigation potential WalCr resource 

(viii) Comments 

Soil resource 

Irrigation demand 

Development strategy 
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11 can be sccn that most of these data can be estimated or measured directly from maps and 

photographs. The areal extent of the aquifers can lx! measured using a planimeter, and the 

boundarics of the alluvial plain can be cstimated by studying soil type, topography, vegetation 

cover and meander pattern. In some cases, the indications obtained from the photo study arc not SO 

clear and then correlation with field information is required. Fore:Jtample, this may occur when the 

alluvial plain is elevated higher than the normal root wne Oflhc riverine vegetation, and thus there 

is no vegetation signature to identify the alluvium, or if thc plain has lx!cn clearcd by man. 
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Those factors which cannot be directly observed or measured arc: 

(i) Alluvial sediment characteristics. The aerial photographs show a clean white sandy 

alluvium. or a slightly graycr alluvium if the material is silt)' or clayey. The geological 

map shows the parent source rock of the alluvium and the topographic map shows the 

slop;: conditions of the deposilional environment and from Lhis infonnation a1luvial 

sediment characteristics may be inferred. If in addition, sediment samples from typical 

areas can be analY7.cd by sicving, then these analyses can be broadly applied to other 

alluvial deposits in similar environments. Specific yield values for the alluvium arc based 

on the comparison of sieve analyses with similar sites which have been pump tested. 

(ii) Saturated thickness and volume ofaUuvium. These values obviously CaMOl be observed 

directly from the desk study_ During field studies. it was observed lhat saturated alluvial 

lhickncsscs were comparable for rivers of similar dimensions within a particular alluvial 

province. Larger rivers generally produced greater thickness of alluvium, and smaller 

rivers produced less alluvium . . Bumn and lones (1987) showed a good correlation 

between alluvial geometry and valley parameters. 

In general the saturated thickness of alluvium has been estimated at each sile by 

comparison with field data from sclected sites for each alluvial province. 'The reliability 

ofthcsc estimates is considered moderate and there arc obviously areas of possible error. 

(Hi) Seepage loss estimates have been based on the geological and structural data at each site, 

and are only rough qualitative values. This information is derived from small and large 

scale geological maps and from air photo interpretation of lineament patterns and 

Iithologic units. 

Obviously, these approximations reduce the accuracy oflhc overall estimate of the available water 

from each aquifer. However, they are considered justifiable at the macro-survey level. Moreover, 

to obtain accurate data on these parameters would require time-consuming and expensive field 

procedures at each site. 

In addition to the specific data for each aquifer. a summary of alluvial aquifers on each 1 :250 000 

map shcct has been produced. This summary provides an overview of the alluvial deposits within 

the physical. hydrological and geological sctting. The human resources and development strategies 

have also been considered. 

The summary is presented in the following formal 

MAP NAME. 

Relevant Geological Maps: 

(i) Alluvial deposits 

~ ---

(a) Areal extent of channel deposits 

(b) Areal extent of plains deposits 

(c) Nature of the deposits 



23 

(ii) HydrologicaJ data (a) Catchment areas 

(b) Drainage patterns 

(Hi) GeologicaJ parameters (a) LithologicaJ units 

(b) StructuraJ elements 

(c) Gcomorpological Elements 

(iv) Physiographic Data (a) Rainfall 

(b) Slope 

(c) AlLitudc 

(v) Social Environment (a) Land classification 

(b) Population densi ty and distribution 

(c) Infrastructural development 

(vi) Irrigation potential (a) Water resources 
(b) Soil resources 
(c) ()cvelopment strategy 

(vi) Comments 

The map sheet summaries and aquifer analyses have been presented in Appendix A. 

3.2 FlELD iNvESnGATIONS 

Field investigations were used for both the macro-survey and 10 a greater extent for the project 

areas. For the macro-survey, field investigations were basically used to correlate the desk study 

information with actual field data. Investigations were carried out at a few Iypical sites, and the data 

obtained were cXlrapolated forolhcrlocalitics within similar alluvial environments. For the project 

areas the field investigation were generally much more detailed and some methods. such as well 

construction. were only used in the project areas. Many of the techniques for macro-survey and 

project area field invcstigations are similar. 

3.2.1 Geological and Geomorphological Investigations 

Geological investigations were useful in identifying the major rock type. Depth of weathcring. 

degree of jointing or fracturing and the JX>sition and area of outcrop were all studied. and provided 

much valuable infonnation concerning the alluvial aquifers. The composition and si7.£ distribution 

of a1luvium. ilS probable lateral and vertical extent. a more accurate estimate of me seepage losses 

through the bedrock and the presence of ground-water barriers arc all details mal were obtained 

from such investigations. 

Geomorphological investigations consisted of ploUing the Si7.£ variations of the channel and 

measuring the elevations. slopes and distribution ofme various alluvial terraces. Such investigations 
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can identify the different flow regimes in the channel and can differentiate between older and 

younger alluviums and highlight agricultural soil conditions and the possib!cc)ttcnt ofthcsalUratcd 

alluvial aquifer. 

3.2.2 Sediment Sampling 

Aquifer scdimcms were sampled from various depths and localities within selected alluvial 

channels. In me project areas, aquifer samples were also obtained from beneath the alluvial plain. 

Size distribution sieve analyses were pcrfonncd on these samples and the results correlated 10 the 

geological source of the alluvium, the environment of deposition and a specific yield value for the 

aquircr. These analyses arc discussed in Chapter 4 and presented in Appendix B. 

3.2.3 Water Sampling 

Walcrsamplcs from alluvial aquifers were collected both from the channel scdimcnlsand the plains 

scdimcnlS and thcy wcre analyzed in tcrms of water quality for irrigation. To obtain samplcs, 

advantagc was taken of many cxisting wclls, as wcll as sampling wclls constructed in the projcct 

areas. Whcn sampling existing wells, it was nol possible 10 obtain a geological log oflhc wcll. The 

results of thcse samples arc discussed in Chapler 5 and the data is presentcd as appendix D. 

3.2.4 Physical Probing and Hand Augcring 

These (wO LCchniqucs were used for both thc macro-survcy and in the project areas to obtain channel 

alluvial thicknesses. Augering was generally unsuccessful duc to collapsing formations. With 

physical probing, it was possible 10 obtain spot dcpths 10 bedrock. However it is possiblc thallhc 

probe may havc undcrestimatcd thc aquifer thickncss in somc ca1)CS duc 10 it striking a bouldcr or 

a cobble layer or to have overestimated thc thickness if thc probe pcnctrJted a highly wcathered 

bedrock. During the investigations of sand rivers in Botswana, Wikner (1980) and Nord (1985) 

found that a physical probe most frequently undcrestimated lhe aquifcr thickness. Wikncr, using 

a jeep mountcd powcr auger, frequenl1y found the aquifer to be thicker than the probed depth. 

Thomas & Hyde (1972), also working in Botswana, found that a probing usuaIJy underestimated 

the aquifer thickness with only grJvel layers reached in most places. The difference in alluvial 

lhickness has been dcseribcd only as "considerablc" and no figures arc shown. 

3.2.5 Geophysical Investigations 

Three types of geophysical investigations were used for the study: 

(i) electrical resistivity profiling and sounding (ii) seismic refraction, and (iii) grJvimetric survey. 

A limited amount of geophysical work was done during the macro-survey with geophysics largcly 

used for thc project areas. It was found that geophysics was mosl successful where a high contrast 

existed between the alluvium and the bedrock. 
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Seismic refraction and electrical resistivity investigations were carried out at both project areas. A 

gravimetric survey was done at lIle Ruode river project area. In both project areas a levcling traverse 

was carried out across the channel and flood plain and geophysical readings were taken along this 

survey line. 

(i) Electrical Resistivity. Electrical resistivity profiling and sounding appears to beof rather 

limited value. Il was expected to be able to identify the edge of the alluvial plain, the 
alluvium/bedrock interface. the saturated aquifer surface and to locale areas of coarser 

alluvium. Where rcsistivitycontraslS were high. such as a granite/alluvium boundary. the 

technique was successful. However where resistivity contrasts were low or where clay 
layers occurred, the method was not very successful. 

Profiling can be used to locale coarse alluviums within the alluvial plain. However, this 

tcchnique had only limited success. Where the aqui fer was relatively thin compared to the 

overburden or the overburden was clayey or silty, or contained a clay lens, then the 

resistivity profile readings were difficult to interpret and it was not possible to identify 

coa~ saturated alluvium. 

Vertical electrical soundings (YES) were used to ascertain the depth to the water table and 

the depth to bedrock. Once again, only limited success was obtained. Where the bedrock/ 

alluvium resistivity contrast was high, then the technique was successful. Where bedrock 

had a similar resistivity 10 alluvium, the method was nOI successful. In bOlh project areas 

and in many of the larger alluviums in Zimbabwe the bedrock/alluvium resistivity 

conlrast is low and the technique is not very successful. ResistivilY soundings on four 

wells in the Runde aquifer had very poor correlation with the goologicallogs. Thomas et 

al. (1972) found that resistivity is very sensitive to distortion by thin clay lenses in 

aquifers, and discontinued using the method even in river channels. Alluvial plains will 

almost invariably have clay hori7.0ns and thus resistivity cannot be considered very useful 

for such area~. 

(ii) Seismic Refraction Seismic refraction spreads were done at both project areas. At the 

Runde river project area, seismic refraction using both compressional p-waves and shear 

s-waves was used. The p-wave technique was used specifically to find the depth to 

bedrock and the depth 10 the water table. The s-wave data are not affected by the water 

table, and are thus able to give a more accurate depth to the bedrock refractor. P-wavedata 

is easier to generate and to read. The results from seismic refraction wefC good and 

provided accurate information on the subsurface geology. A seismic refraction travcrse 

using only p-waves was done at the Sessami river projecl area. Both seismic traverses 

were levelled. However interpretation of seismic data is a time-consuming and skilled 

task . Seismic refraction appears to be the most successful technique for obtaining the 

aquifer geometry and is certainly recommended where development of an irrigation 

scheme is planned. However for subsistence irrigation development, seismic methods are 

too expcru;ive. 

The results of the seismic wor1c: arc discussed in Chapter 4 in the section on aquifer 

geometry and calculated cross-sections of the alluvial plains arc presented. Such 

information is useful for calculating aquifer volumes. The data are given in Appendix C. 
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(Hi) Gravimetric Survey. Atlhc Runde river project area, a gravity survey was carried out 
concurrently with the seismic survey. The combination of the two techniques enables a 
higher resolution of the alluvium/bcdrock contact. Gravimetric survey techniques used 

alone are not considered suitable for investigating thin alluvial aquifers. 

(iv) Electromagnetic Tcctmiques (EM) Electromagnetic instruments were not available for 
the study. However these methods have been used elsewhere for the location of alluvial 

aquifers. Ha7.cII. Cratchlcy & Preston (1988) used a combination of EM and resistivity 

techniques to locate alluvial aquifers. They found that the complexities of alluvial 
sedimentation necessitated extensive computer modelling oftx>lh the EM field techniques 

and the interpretation. Selected combinations of EM inlcrcoil spacings were used La 

estimate aquifer lhickness and lhis melhod proved to be both extremely effective and 
rapid. 

In general geophysical techniques are valid for Lhc larger developmenLS, but appear to be 

unjustifiably expensive for the development of dug wells for subsistence irrigation. 



CHAPTER 4: 
RESULTS: 

ALLUVIAL AQUIFER OCCURRENCE IN ZIMBABWE 

4.1 FACIURS EFFECrlNG THE DISTRJ8lJTlON OF ALLUVIUM 

Alluvial aggradation occurs either when there is a loss of stream power, or when there is an 

increased sediment suWly. Such conditions of deposition occur within specific physical constraints 

which arc usuaUy controlled by climate, geomorphology and geology. 

Richard.s (1982) indicates that alluvial aggradation occurs when transport capacity is reduced by 

stream power loss due to: 
(i) a decrease in river gradient 

(ii) an increase in channel width 

(iii) a loss of stream flow by evaporation and infiltration 

or by an increase in the sediment supply due to: 

(i) the introduction of a fresh sediment source - e.g. glacial oulwash or steam capture. 

(ii) accelerated erosion due to climatic changes. deforestation by man or ovcrgrazing. 

In Zimbabwe. major alluvial deposits occur due to both loss of sltCam rx>wcr and due to increased 

sediment supply. Loss of stream flow further contributes to alluvial deposition in the soulhern 

alluvial province. Two factors are identified. All the rivers rise on the main watershed in a relatively 

high rainfall region and then proceed into a drier low rainfaU region. Scdiments transported from 

lhe fanner region are derx>sited in lhe laner as slreamflow decreases. Further, there is a marked 

periodicity to the annual rainfaU cycle and the decrease in stream flow at the end oflhe rainy season 

promotes alluvial aggradation throughout the catchment 

Increases in channel widlh result in loss ofstrcam rx>wer and in many cases arc associatcd alluvial 

occurrenccs. These changcs in channel widlh arc frequently a result of a change in tile bedrock 

geology. Several instances of geologicaUy induced changes in channel widlh are observed in thc 

field, with consequent alluvial dcrx>sits. 

Increased sediment supply into the river systems due to overgrazing and deforestation by man is 

ccrtainly taking placc in Zimbabwe but little information is available. Walling (1984) ascribes a 

tentative generalised suspended sediment yield for Zimbabwe of 0-100 tons/km1jyr. Ward ( 1980) 

estimates a mean sediment yield of 38 l/kmljyr for large Zimbabwean rivers. Ward (1979) gives 

a figure of 17 t/km1jyr for the Limrx>PO river at Beitbridge. 

These sediment yields arc rather low. but tIlcy are almost cenairuy increasing due to overgrazing 

and increased population pressures. StOCking (1984) indicates that vegetation cover is acknowledged 
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to be the principal determinant of erosion rates, and lack of vegetation increases the incidence 

of very high erosion. Stocking further identifies the 500--800 mm rainfall zone as the most 

precarious because rainfall is insufficient under any form of land use to give a reliably good 

vegetation cover. In this rainfall zone it is not uncommon to have field erosion rates considerably 

incxccss of IOOt/ha/yr. (10000 1/krn1/yr). 1bis information is directly relevant to Zimbabwe. which 

can be expected to face rapid1y increasing rates of erosion. 

ElwcU (1984) predicts that 50-80 !/ha/yr of soil will be lost from the communal areas and this 

represents river silt load of 125-200 million tons per year from the communal areas alone. 

These figures quoted from the various sources on Zimbabwean erosion rates differ by two orders 

ofmagnilude. One set offigurcs is based on sedimcnlloads in rivers, while the other set offigurcs 

is based on soil losses from the field. However. there can be littlc doubt that crosion rates are 

increasing and that this source of sediment win becoming more important in an estimation of 

alluvial aggradation in Zimbabwe. 

Walling (1984) has estimates of the bed load percentage of the total sediment load for Lhrcc 

Zimbabwean rivers. In the case of the Gwaai and the Limpopo the bed load is 9% of the total 

sediment load. These two rivers both have extensive alluvial aquifers. The Umsweswe has a bed 

load of 5% and this river sbows only minor alluvial aggradation. 

Three main types of alluvium are identified in Zimbabwe, and these deposits tend 10 occur in 

specific alluvial provinces. 

4. I. I Mature River Alluvium 

Thesedepositsoccurin the south east and southern lowveld areas. Direct distances from the central 

watershed vary between 150 km in the south west to 350 km in the south east. A combination of 

processes are involved. A gradual decrease in river gradients with increasing distance from source 

occurs in the southern lowveld. This effect is expected from an idealized alluvial cycle where in 

rivcr maturity, valleys become broad and gently sloping both laterally and longitudinally. 

(TItombury 1954). This is borne out by Sithotc's (1987) work on river gradients in Zimbabwe, 

which clearly shows a downstream decrease in of river gradient for the southern lowveld. Similar 

gradient changes are not observed so clearly on the northern rivers draining into the Zambez.i. 

The I: I 000 000 geological map indicates five localities in thc southern lowveld where geological 

changes are associated with alluvial deposits. 

A more resistant geology downstream can form a barrier promoting lateral erosion of the softer 

upstream formation, together with increased aggradation. An example is located on the Limpopo 

river, (Nottingham estates) where an extensive 3 km wide alluvial plain has been fonned on soft 
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Karroo sediments. Downstream resistant paragneiss rocks confine the river in a narrow incised 

channel. 

In the reverse situation with the resistant rock upstream, a nickpoinl may develop with increased 

vertical and lateral erosion downstream. Alluvium is subsequently deposited into the basin thus 

formed. Such deposits may be el(pected to be wedge shaped, thiMing out downstream as the river 

again assumes a graded pro(iie. There is some evidence of this wedging on the Runde river at 

Chilonga and Makosiya. Other alluvial deposits immediately downstream of such geological 

boundarys occur on the Mwenezi river at Malipati and on the Limpopo river at Chikwarakwara. 

4.1.2 Scarp AUuvium 

Scarp alluviwns occur at the base of escarpments and elevated plateaus where faulting or erosion 

has produced a major elevation difference. 

Major scarp alluviums occur in the following three principal localities in Zimbabwe: 

(i) the base of the Zambezi escarpment. 

(ii) the foot of the Mafungabusi plateau 
(iii) the Sabi valley. 

These thrceenvironments have different geological origins, but in tennsofalluvial deposition they 

all rely on a sWnilar mechanism. A major decrease in river gradients occurs at the base of the scarp 

and much of the sediment load is deposited there, either as alluvial fan deposits or it may be 

transported further and deposited along the river valleys downstream. 

The Zambezi escarpment is formed by the major Zambezi escarpment fault (Stagman 1978) and 

is downthrown on the northern side. Many of the rivcrs nowing over the escarpment become 

hcavily loaded with sediment, which is then deposited on the plains below. The t: I 000 000 

geological map shows two major and several minor alluvial deposits on the Zambezi valley noor. 

Funhcrmore ifthesc fan alluviums reach the Zambezi river, they are then reworlc.ed and depositcd 

as Zambezi river aUuvium. 

The Mafungabusi plateau is formed by a spectacularnickpoint between the lower Pliocene and the 

upper-post-African erosion surfaces (Lisler 1987). As is the case with the Zambezi escarpment, a 

rapid decrease in river gradients occurs at the foot of the plateau and alluvium is deposited on its 

nonhcrn margin. In the northwest, these alluvial deposits coalesce to form a piedmont alluvial plain 

or bajada. 

The Sabi valley is considered to be formed by a downfauhed block surrounded by mountains, the 

most prominent being the Chipinge southern mountains. Lister (1987) suggests that the Sabi river 

meandered back and forth across the 20 km wide alluvial plain during the Quaternary, so that 

--~-~~ ............ --------------------------~, 
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typically fluviaLilc material was deposited on a slowly sinking valley floor. This material may be 

intcrfingcred with escarpment tributary alluvium. The huge Sabi valley alluvial deposits appear 

therefore to be the rcsuh of two distinct processes. Intense cros;on has deposited large quantities 

of detrital material from lhc surrounding mountains into the Sabi valley and then this poorly sorted 

alluvium has been reworked by the meandering Sabi river. The Sabi vaJle), alluvium is the major 

alluvial aquifer in the country and has been estimated 10 contain 1,6 x 10 m] of ground water 

(Hindson and Wuncl 1963), This alluvium may be considered 10 00 a combination of scarp and 

mature river alluvium. 

4.1.3 Kalahari Sand Alluvium 

The nonh western part of Zimbabwe is covered by loose acolian Kalahari sand, and well developed 

alluvial aquifcrsare frequently associate~ with rivers nowingaeross the Kalahari sand. These rivers 

tend to haveshallow gradients and meanderingcourscs typical ofmaturc rivers. Howeverthcdircct 

distances from the alluvial areas to the river source arc approximately 100 to 150 km. It seems clear 

that the alluvial deposition and themature river pattern are innuenced by Ihe bedrock geology. Yery 

high infiltration rates into the unconsolidated aeolian sand results in loss of stream power and 

deposition of the sediment load . 

However, a more significant feature would appear to be the availability of a suitable rcadilyerodcd 

sediment source, the unconsolidated Kalahari aeolian sand. It is the ple~~nce of the Kalahari sand 

which is the primary cause of these alluvial aquifers. Similar conditions occur near Maun in 

Botswana where the Shashi river erodes Kalahari sand and redeposits it as thick sequenccs of 

alluvium (BRGM 1986). 

It isofinteresl thal rivers funhernonhwest exhibitliltle alluvial deposition. The explanation seems 

10 lie in the increased depth oflhe aeolian sand. In !.hese regions, Kalahari sand thickness is oflhe 

order or lOOm (Stagman 1978). It would appearlhat rapid infiltration intolhescthiek uneonsolidated 

sands so reduees runoff that little sedimenttranspon takes place . This point is well illustrated by 

the Gwabazabuya river, which has a catchment area of 18(X)() km"2 on the deep Kalahari sand, but 

remains a small incompetent stream. 

4.2 THE DISTRIBUTION OF ALLUVIUM IN ZtMBABWE 

As noted in chaptcr 3, actual alluvial occurrences have been marked ontO the 1 :250 000 topographic 

map sheets. A sample map sheet (Fig 4.1) reduced to A4 si1'£, is shown on the following page. It 

can be seen that the alluvial aquifers and lheirestimated watcrresoun::e, in hcctare ofirrigalion, arc 

identified on these map sheets. These maps are presented in appendix A togcther with individual 

aquifer data sheels and map summary sheets, as described in chaplcr 3, thus providing an atlas of 

thc alluvial aquifcrs in Zimbabwc's communal lands. It is cort';idcrcd convcnient to use theexisling 

map scale of 1:250000 to present the data. Subsequent researchers and developers will be able 10 
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FIG. 4.1 EXAMPLE OF A 250 000 MAP SHEET (NOT m SCALE) 
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locate a1luvia1 aquifers by direct reference to the standard maps without the difficulties ofsca1c 

changes. In addition. this appendix wiu contain maps of each alluvia) province. showing the 

distribution of alluvium within that province. It is intended that the Appendix A will be a practical 

useful document for the development of Zimbabwe's alluvial aquifers. 

It has been noted that Zimbabwe's alluvial aquifers occur in distinct alluvial provinces. Fig 4 .2 

shows the locality of these alluvial provinces. It can readily be scen that the alluvium generally 

occurs round the periphery of the country and • moreover, by reference to Fig 1.2, that it occurs 

almost entirely in natural regions 4 and 5. The Kalahari and the lowveld alluvial provinces arc the 

most extensive. but very significant aquifers occur in all the provinces. The distribution of the 

alluvial provinces highJighlS the relevance of this water resource for most drought prone areas of 

Zimbabwe. The western Kalahari alluvial province occurs in an area covered by thick sequences 

of acolian sand, and this condition has frustratoo dam builders and left the area disadvantaged in 

tenns of water resources. TIle alluvial aquifers located there provide an alternative water resource. 

More detailed maps of the alluvial provinces are included in Appendix. A. TIlese maps show the 

extent of the aJluvium within each alluvial province, but do not have the detail of the I :250000 map 

sheets. There arc three maps covering theiowveld aUuvial province consisting largelyofthe mature 

river aUuvium. One map shows the Kalahari alluvial province in the western region ofthc country. 

Two maps show the scarp aJluviums, which are more scattered, occurring in the eastern Zambezi 

valley below the escarpment and at the nonhern edge ofthe Mafungabusi plateau. The Sabi vaJley 

alluvial deposits. shown on a separate map. may be considered to be a combination of scarp and 

mature river alluvial types, and fonn the largest single alluvial occurrence in Zimbabwe. 

4.3 THE CHARACTERISTICS OF ALLUVIAL SEDIMENTS 

Alluvium is unconsolidated detrital material. transported and deposited by rivers. Sediment yield 

and sediment type arc both controlled by a set of interrelated factors . 

Sediment yield is controlled by rainfaU intensity. soil erodibility, slope length. slope angle, 

cropping and management practices and conservation measures. (Smith and Wischmeier (1957). 

Aeming (1969) showed that aJthough sediment yield always increases with stream discharge. it is 

highest at a given discharge in serub desert areas and lowest in mixcd broadleaf coniferous 

woodlands. The compicx.ities of assessing and measuring the sediment yield have been mentioned 

in section 4 .1. 

The sediment character. or type, is also related to several different factors . TIlcsc include: 

(i) Climate. Warm and wet climates promotechcmicaJ weathering resulting inthe production 

of sillS and clays. Cold and dry climatcs gcncrate coarse scdimenlS by mechanical 

erosion. Sands arc most important in hot. dry areas and areas of modcrate rainfall and 

temperature. Solute concentrations arc also climate dependcnt. 
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(ii) Topography. Sleep slopes and mountainous relief generally produce coarser scdimcnts 

while gentle relief produces finer grained scdimcnts. 

(iii) The parent rock. The mineralogy of the parent rock determines the relative amounts of 

stable and unstable minera1s in the sediment supply, with unstable minerals subsequently 

decomposing to form stable clay minerals and fine grained elements. Furthercomplexities 
arise when a river erodes more lhan one rock type. In general, basic igneous rocksoontain 
a higher percentage of minerals unstable at the surface than acid igneous rocks. 

Sedimentary rocks, having already undergone at least onc cycle of lranSlX>rtation and 
deposition, tend to consist ofmorc stable minerals. The grain size and grain shape in the 

rock mass relate directly to these parameters in the alluvial sediment 

(iv) Thedistance oftransport. Both the channel slope and the grain size decrease cxponcnLially 

with transport distance. Abrasion of panicles results in the decrease in grain size. 

Krumbein (1941) showed that size reduction is initially rapid as angular panicles break 

along cleavage plains, then slows as abrasion gradually reduces the size of smaller more 

spherical panicles. Yatsu (1955)showed that cobbles rapidly coUapse into theirconstituent 

mincral grains over a short distance and that particles of intermediate size are deficient 

Sorting also causes an exponential decrease in particle size downsLream as noted by 

Bradlcy et al. (1972) and Rana e/ al. (1973) in Richards (1982 pg 230.) 

With uniform discharge conditions. a direct relationship exists between channel slope 

and bed load particle size. Two interrelated mechanisms operate here. Gradient adjusts 

10 independently produced particle size variation. Abrasion reduces grain si7..c and thus 

the gradient required to maintain transport decreases. Contempcrancously, sorting of 

particles occurs as the gradient decreases downstream and the coarser particles can no 

longer be lransponed over the lower gradients. These two processes suggest a feedback 

relationship between sediment size and gradient with neither being strictly an independent 

variable in relation to thc other. (Richards 1982). In addition the grain si7..c distribution 

may be complicated by addition of material from tributary streams. 

(v) Envi ronment of de)Xlsition.1llc trans)Xlrted alluvial scdiments arc sorted during deposition 

resulting in aJluvial sediments typicaJ of their environment or deposition. Alien (1965) 

divides alluvial scdiments into the two major classes as follows: 

(1) Lateral accretion deposits or channel deposits, which include 

(a) channel Jag or basal gravel 

(b) channel fills 

(c) point bars 

(2) Vertical accretion deposits 

(a) levees 

(b) crevasse·splays 

(c) ,wale fills 

(d) flood plains 

In general coarscrchannel deposits arc overlain in the sediment column by finerovcrbank 

deposits resulting in a fining upward sequcncc characteristic of fluvial environments. 

Oruy thechanncl deposits areconsidercd to be userul aquirers, and thesegcncrally consist 
of sands and gravel. 
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FIG. 4.2 ALLUVIAL PROVINCES IN ZIMBABWE 



Fig 4.3 shows a mature alluvial plain. It can be noted thallhe older channel deposits and 

lateral accretion deposits occur throughout the nood plain al the base of the alluvium. 

Furthcr.lhcse coarse grained channel deposits arc largely below present river levels and 

thus will receive either constant or regular water recharge. These regularly saturated 

channel deposits arc the alluvial aquifers. and Ihcirdislribution, volume and chamclcrislics 

arc the resources studied in this report. 

(vi) Post depositionat changes. Post depositiona! changes such as compaclion. cementation 

and diagenesis can occur. usually reducing both the permeability and the porosity of lhe 

aquifer. As this study is concentrated on present day alluvial aquifers, these post 

depositional changes arc generally poorly developed. In the Runde river aquifcr, thc 

channel sands at the base of the alluvium were very slightly cemented. The overbank silts 

however were quite markedly cemented in selected horizons by caicrelc. In thc Sessami 

project area, such post depositional changes were not observed. 

4.3.1 Sieve Analysis of Alluvial SedimenlS 

35 

Many attempts have becn made to calculate the hydraulic conductivity of a sediment on the h:lsis 

of grain size and degree of soning alone, with the grain size distribution being dctcnnincd by sieve 

analysis. Hydraulic conductivity generally increases with an increasc in effective size, but othcr 

c · GOU.lNloll.. OEPOSITS olI..OHG IollLlEl SlOES 

II(I.vtl!HCAl ACCRE nON o[POSITS 

to ·UTtRAl ACCRETION o[POSITS 

' · SPlAYS ALONG FlLLEO CHANNEL 

kj ' lAG Dfl'()5llS 

cf· CHANNEL rill 

O- ALLUVIAl rA"S 

br· 8£DflOC~ 

FIG 4 .3 TyPES OF ALLUVIAL DEPOsrrS (AfTER HAPP RITTENHOUSE & DOBSON (1940)) 
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sedi ment characteristics tend to produce varying relationships between hydraulic conductivity and 

grain sizc. (Oriscoll 1986). Effective size is defined as the si7.e at which 10% (d 10) of the sediment 

is finer and passes through the screen. 

Rough estimates of the hydraulic conductivity (K) can be made from the grain size disLribution. 

however there is not yet an accurate way to calculate K values from such analyses alone. 

Nevertheless, wilh practical experience, it is possible by carefully considering the effective size 

(d 10). Lhc unifonnity coefficient (d60/d 10) and the shape of the grading curve, to estimate the 

relative K vaJues of different alluvial aquifers. Fig. 4.4 shows the grading curves for several 

scdimcnts and their K valucs. Two typical grading curves for alluvial channel sedimems found in 

Zimbabwe, Z I and 'Z2. have Ix:cn superimposed on Fig 4.4, and hydraulic conductivity values for 

these sedimcnts arc estimated. ZI represents a lypica1 Kalahari sand channel alluvium and has an 

estimated K value onolo 30 m/day. Z2 is a typical sediment from a lowveld alluvial channel over 

a crystalline basement and is estimated to have a K value of 40 to 60 m/day. 

Further sieve analyses from Zimbabwean rivers are presented in appendix B. An analysis of these 

grading curves reveals the following infonnation: 

(i) the mature river channel sands generally plot as coarse sands. These sands are generally 

derived from the erosion of a granitic basement. Fig 4.6 is a photo of a typicaJ mature river 

aJluvial sand. 

(ii) the finer alluvium derived either from the Kalahari sand or from Karroo aoolian 

sandstones generaJly plot as medium sands. Fig 4.9 is a photo of Kalahari s<'J1d alluvium. 

(iii) theborehole and well samples from the RundeaUuviaJ plainaquiferappearto be amixturc 

of two sediment populations; channel deJX)sits and overbank deposits. SevcraJ explanations 

for this arc possible. Samples may have become contaminated with fine overburden 

during the excavation process or samples may be subject to some post depositionaJ 

chemical weathering changes. thus producing fine material ortherc may have been some 

downward settling of fine overbank material into the lower sand aquifer after deposition 

due to ground·water movement. The hydraulic conductivity of these mixed samples is 

estimated at4-12 m/day. Fig4.7 isaphotographofaborchole augersample from a Runde 

river aJluvial plain well. 

It is interesting to note that an aquifersample taken with a bailer from the same borehole after well 

development displays a grading curve very similar to the open channel sands and has an estimated 

hydraulic conductivity of 40-80 m/day. Thus it may be concluded that aJthough hydraulic 

conductivity values are very variable. borchole development is likely to significantly improvc 

them. 

In addition to these sieved samples. mmori7.ed drilling and existing dug wells show that there 

frequently eXiSl<i a eoarsechannellag gravel allhc bascofthe alluvium and such horizons i fproperly 

developed may be expected to have very high hydraulic conductivity values in the region of 200 

m/day. 
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HYDRAULIC CONDUCTIVITY ESTIMATES BASED ON GRAIN SIZE DISTRJRlITlON 

CURVES (AFTER DRISCOLL 1986) pp 433 . 
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FIG. 4.6 AU.UVlAL CHANNEL SAND. RUNDE RIVER 

FIG. 4.7 CHANNEL SAND FROM BOREHOLE ON THE AU.UVlAL PLAIN. RUNDE RIVER 
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FiG. 4.8 FlNlNG UPWARDS ALLUVIAL DEPOSIT 

FIG. 4.9 CROSS BEDDED ALLUVIAL BAND OF KALAHARI/SCARP ORIGIN 
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In Fig4.5.lhe grading curves from Zimbabwean rivers are compared to and show good correlation 

with grading curves from Botswana rivers. The two Botswana samples, Bland 82, are alluvium 

derived from Kalahari sand and crystalline basement respectively and it can be seen that they are 

very similar to the two Zimbabwe grading curves, ZI and Z2. which were described earlier and 

shown in Fig4.4. Due 10 the similarity of alluvial sedimems in Botswana and Zimbabwe, it appears 

to be valid to correlate Zimbabwe sand rivers with Botswana sand rivers. Hydraulic conductivity 

values for alluvial charmel sediments in Botswana have been estimated by several different sources. 

TIlomas & Hyde (1972) related panicle size to hydraulic conductivity for the Mahalapshwc river 

sands, in Botswana. 'The penneabilities ranged from 20 m/day to 250 m/day with a median of 80 

m/day. They also consider the specific yield to faH within the range of to to 30%. Nord (1985). 

based on pumping tests carried out by several different companies. calculated an average hydraulic 

conductivity value of 260 m/day for three Botswana channel aquifers in eastern Botswana. These 

K values are for the aquifers over the crystalline basement. BRGM (1986) calculated a K-value of 

50 m/day for the Kalahari sand derived aquifer at Maun. Botswana. 

The median K-values calculated by Thomas and Hyde and by BRGM for Botswana rivcrs arc 

slightly higher than the values estimated for the comparable Zimbabwean aquifers. using Fig 4.4. 

and it is considered that these Zimbabwean values are acceptable. 1llc values calculated by Nord 

appear to be excessively high. 

Data relating to aquifer values obtained from borehole pump tests are discussed in Chapter 5. 

4.3.2 The Alluvial Sedimentary Columns 

A typical section through an alluvial deposit clearly shows that a complete alluvial sequence usually 

occurs as a "fining upward" scdimentarycolumn. The lowennostdeposits usually consist of coarse 

channcllagdeposits. which arc frequently gravel. These are then overlain by other bed load deposits 

such as channel bars and point bars which consist of coarse to medium sands. Overlying these 

coarser bed load deposits. are the venical accretion deposits. These generally consist of overbank 

deposits which have settled out from the suspended load and consist of fine grained scdiments, 

principally silts and clays. Where an aggrading river has meandered back and forth across an 

alluvial valley, such a fining upward sequenc~. or pan sequence, may occur more than oncc in the 

scdimentcolumn. Fig4.3. Fig 4.8. Fig4.lOand Fig 4.17 all illustrate alluvial sedimentary columns, 

or aspects of the alluvial sequence. Fig 4.8 is a photograph showing the coarser sandy alluvium 

overlain by the darker clay horizons. a clear example of a fining upward sequence, Fig 4, I7. a 

photograph, shows the coarse basal gravel in the well spoil from a well excavated on thc Runde 

alluvial plain. 

In tenns of aquifer perfonnancc, it is of great significance that the basal beds of the alluvial column 

are usually composed oflhc coarsest material. This ensures that the most suitable aquifer material 

will be eithcrcontinuously ormorc regularly saturated. Funhermore. good hydraulic contact with 
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the present day river charmel is likely. Jackson (1978) cites "lhe great continuity of sand and gravel 

reds with little lateral change in texture" as an identification critcrion for meandering stream 

deposits. This characteristic has an important effect on aquifer discharge and recharge. However 

for braided streams, the continuity of the sand beds is very limited. 

TwO stylized borehole logs are presented in Fig 4.10. The Runde river log is a composite derived 

from 7 boreholcs and wells. while the Scssami log is based on 5 tube wells. 1llcse two stylized 

borcholc logs show the influence of dCjX)sitional environment on alluvial aquifers. It can be seen 

that the Rundc alluvial aquifer conforms more closely to a fining upward sequence typical of a 

meandering river. The Sessami borehole logs show a less structured sedimentary column as may 

be expected from a scarp alluvium and the lateral continuity of the sand beds is limited. The 

hydraulic contact with the river may not be as direct as at the Runde river. 

The aquifer performance is detennined not only by the porosity and permeability of the alluvial 

scdimenls, but also by the lateral and vertical distribution of the most permeable layers and their 

contact with the river. To an extent, these parameters can be predicted from thesedimenlary history 

and the deposilional environment. 

4.4 THE GEOMETRY OF ALLUVIAL DEPOSITS 

Alluvial deposits arc described here as either 

(i) channel deposits or 

(ii) alluvial plain deposits. 

The geometryofthedeposils is important both in termsofthe volume of saturated aquifer and hence 

the volume of water, and also in terms of the now from onc area of the aquifer to another. 

Fig 4.11 presents several stylized cross sections through alluvial aquifers showing the types of 

deposits observed in Zimbabwe. These clearly show the importance of correctly identifying the 

geometry and type of alluvial deposits before attempting to exploit them. 

Alluvial channel deposits do not show a great variation in form and tend to occur in typical 

meandering channels. The sedimenlS accumulated in these channels usuaUy form a good aquifer 

consisting of coarse to medium sands. Wikner (1980) carried OUI extensive studies on the channel 

morphology of rivers in Botswana. but did not investigate the geometry of the alluvia] plains 

deposits. He produced typicallongirudinal and cross sections of a Botswana sand river as shown 

in Fig 4.12. Thomas and Hyde (1972) and Wikner both considered that the channel aquifers were 

divided into a series of discrete ground-water basins, separated by natural ground-water barriers in 

the form of resistant dykes or elevated bedrock sections. By using more powerful equipment and 

a denser probe spacing, Nord (1985) was able to build up a morc accurate picture of sand river 

channels in Botswana. He found that there is usually a continuous deep channel in the sand rivcr 

which is onJyoccasionally interrupted by a ground-water barrier, indicating that theaUuvium forms 

onc continuous ribbon aquifer, although the bed is not completely smooth. Barriers in the fonn of 
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dykes or other resistant rocks do occur, but infrequently. Nord also found that the thickness of 

alluvium was considerably greater than the thicknesses previously measured. It appeared that the 

basal gravel and channellag dCJX)sits were regularly not penetrated by previous probing exercises. 

Coarse gravel lend to occur on the deep channel floor as channellag deposits. Longitudinal and 

lateral bars may occur within the channel, while point bars occur on the insides of meander bends. 

These channel bars tend to consist of medium to coarse sands. 

It is considered thallhedata obtained from the Botswana sand rivers projcct is relevant to the study 

of alluvial aquifers in Zimbabwe. Thus the typical sand river cross·scclion in eastern Botswana 

shown in Fig 4.12, which has a channel widthof70m and a maximum alluvium thickness of7 rn, 

will also be typical of Zimbabwean alluvial aquifers in similar environments. The Zimbabwean 

lowveld alluvial province is contiguous with the eastern Botswana alluvial province, and aquifer 

dimensions are cxpected to be similar. In fact the Zimbabwean alluvium is expected to be more 

extensive and thicker, because the rivers are larger in Zimbabwe. This expectation is supponed by 

work done by Burrin and Jones (I987) who found very good correlation between catchment 

parameters, such as valley length and catchment areas, and alluvial geometry parameters such as 

nood plain width, cross sectional area, average fill thickness and other alluvial dimensions. While 

no comparable studies have been done in Zimbabwe, it is likely that some correlation exists between 

catchment parameters and aUuvial geometry. 

In this study the equipment used to probe the depths of alluvium would certainly have had difficulty 

in penetrating the gravel and cobble layers and it is considered that in many probes the true depth 

to bedrock was deeper than the probed depth. Further, the probe spacing was not generally sufficient 

Lo give a detailed accurate cross4 scction of the bedrock topography. Probing in Zimbabwe lend to 

indicate thinner aquifers, but this is probably due to both lack of penetration of the probe and the 

low density of probing. 

Alluvial plains may ex.hibit more varied cross4 scctions, somc of which may not be suitable aquifers, 

as illustrated in Fig 4.11. Three basic types are identified: 

(i) Valley nats, which are erosion benches covered with a thin veneer of alluvium. There is 

no direct hydraulic contact with the rivcrchannel and thesedcpositsdo not fonn aquifers. 

These occur more commonly with horizontally bedded sedimentary Slrata. 

(ii) Abandoned alluvial channels, which occur when the river changes course by a "neck cut

off', resulting in the old alluvial channel becoming isolated from the present river. Such 

abandoned channels may present suitable sites for well development. However in other 

cases, thcscoldchannelsmaybecompletelyhydraulicallyisolated from the active channel. 

(iii) Lateral erosion deposits. Where river channel migration proceeds predominantly by 

chute cutoffs and by lateral erosion, then the alluvium in the channel and in the plains is 

continuous and is in hydraulic contact. In this si tuation wells should be sited as close as 

possible to the present riverchanncl. There will frequently be coarse material at the base 

of the alluvial deposit and pcnneability and recharge will nonnally be good. 
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4.4.1 Geophysical Analysis of the Alluvial Geometry. 

11lC alluvial plains at the two project areas were investigated by geophysical methods. Seismic 

refraction was used to identify the alluvium/bCdrock interface and the water table in the alluvium. 

Gravity profiling was also used at the Rundc rivcrplain and correlated well with the seismic results. 

This wor1c. was carried out by Dr.C.Swain of the Physics Dcparuncnl at the University of 

Zimbabwe. ElcclIical resistivity vertical soundings were also carried out, but did not provide any 

useful rcsulLs. Based on the seismic surveys, two cross sections of the alluvial plains at the Rundc 

and Scssami rivers arc presented as Figs 4.13 and 4.14 respectively. The geophysical data is 

presented in detail in appendix C. 

Fig 4.13 is the interpreted cross-section, with a single borchoJe (BH 1) for correlation, through the 

Rundc riveraJluvial plain at the Makosiya project area. As may be scen from the figure. the alluvial 

plain is wide and the saturated alluvium extends almost one kilometer from the river channel. The 

saturated thickness of the alluvium varies between three and seven meters. providing an extensive 

aquifer. Aerial photography analysis indicates that this alluvial plain extends for several kilometers 

along the length of the river. Assuming an aquifer of 5000m by lOOOm by 4m. and a specific yield 

of 10%. then the volume of available water is calculated to be sufficient to irrigate 200 ha with a 

daily crop waLer requirement of5mm over200days.lhe seismic profile for the Runde river seems 

to indicate the presence of two deepcrchanncls below the plain. at 600m and al 1200m. Wells sunk 

into these deeper channel win tap a greater thickness of saturated aquifer. However. the recharge 

to the 1200m "inland" well will be slower and the water quality at that well will probably be more 

saline. 

Fig 4.14 is a scismiccross section through the Sessami river project area. There are three boreholcs 

for correlation with the seismic data. but only onc borehole penetrated through the saturated 

alluvium as far as the bedrock. Here the saturated alluvium also extends about 1 kilometer from the 

river and has a thickness of three to four meters. However. the alluvial scdiments in thi s area arc 

often poorly sorted clays and sands. and the specific yield value is expected to be less than that 

applied to the Runde river aquifer. Nevertheless. with an average specific yield of3 %. this aquifer 

is still able to irrigate about 50 ha over a 5 km stretch of river. This potential may not appear large. 

but in the communal areas of Zimbabwe. 50 ha of irrigation is a very considerable quantity. 

Fig4.15 is aseismic longitudinal profile on the Lukosi river. which occurs in north-west Zimbabwe 

in the Kalahari alluvial province. Here the data indicates a saturated alluvial thickness of the order 

of 10 m. Fig 4.16 is a photo of the Lukosi river showing a well developed alluvial terrace. The 

elevation of this terrace above the channel is only 2- 3 m and the size of the trees on this terrace 

suggests that it overlies saturated alluvium. It is clear that seismic refraction is effective in 

identifying the alluvial geomctry, but it may be considered too cltpensive to use for informal sector 

irrigation development. 
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FIG.4.16 ALLUVIAL CHANNEL WITH ALLUVIAL PLAIN. LUKOSI RIVER 
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FIG. 4.17 ALLUVIAL WELL SPOIL SHOWING BASAL GRAVEL 



CHAPTER 5: 
RESULTS. 

WATER RESOURCE ESTIMATES 

To estimate the total available water resource in the alluvial aquifers in Zimbabwe. it is necessary 

10 consider the following four factors: 

(i) The total volume of the saturated aquifers during peak now periods. 

(ii) The specific yields or storage co-cfficients of the different aquifer types. 

(iii) The annual aquifer recharge both by river flow and by precipitation. The aquifer recharge 
will also re dependent on the pcnncabililY of the alluvium. 

(iv) The alluvial aquifer losses both through natural processes such as seepage, through now 
and evapotranspiration and through pumping and abstraction losses. 

A consideration of these factors has been used for the assessment of the water resources in 

individual aquifers in Zimbabwe and this infonnation on the locality, extent and capacity of each 

aquifer is presented in Appendix A. 

Other important parameters related to the water resources are: 

(i) the water quality as irrigation water and 
(ii) the aquifer transmissivity and the specific capacity of the wells, which govern the well 

yields and thus thc scalc of each developed irrigation unit. 

These factors were analyzcd both for the macro-survey and for the projcct areas. The macro-survey 

analyscs were generaUy based on a number of broad assumptions, while thc analyses for the project 

areas wcre more rigorous. 

5.1 THE IRRIGmoN POTENTIAL OF S.<rUR.<rED ALLUVIAL AQUIFERS 

The generalized geometry ofaquifertypcs was considered in Chapter 4, and the analyses ofaquifer 

volwncs was based on this infonnalion. The areal extent of each aquifer was initially outlined 

during a stereoscopic study of the aerial photography and this area was subsequently measured 

using a planimeter. Although the surface extent of the alluvium was clearly visible from the air 

photo study, judgment was required to estimate thc cxtcnt of thc saturated alluviwn. Useful 

indicators included the sizc, density and type oftrccs on the rivcrine fringe, the gener.t.1 river plain 

topography, thc meander sinuosity and the comparative analysis of the catclunent parameters 

against thc predicted alluvial aquifer dimensions. 

The saturated thicknesses of the alluvium were estimated based on data from previous alluvial 

aquifcrwork, both in Zimbabwe (Owen 1984) and in Botswana (Nord 1985 and Wikner 1980) and 

data obtained from probes, drilling and geophysical surveys both in the project areas and in the 
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macrosurvcy during the present study. These dimensions are based on the water level when river 

now has subsided but the channel is still fuDy saturated. 

These aqui fer volumes were then convened into volumes of watcrby multiplying them by a spcci fie 

yield value for that particular aquifer. The specific yield values of alluvial aquifers are considered 

in section 5.2 of this chapter. The resultant water volumes are then converted into inigation 

potential in lenns ofirrigablc areas. based on a 5 mm daily water requirement for a200day irrigation 

period. The remaining 165 days ofthc year are during the rainy season or immediately following 

the rainy season, and water abstracted for irrigation during this period is considered to be at the 

expense of river now and not aquifer storage. Thc 5mm daily water requirement is an average 

annual figure.lncSlimating the lotal volumesofZimbabwc'saUuvial aquifers, conservativc values 

have been used for the aquifcrthickncsscs.11le irrigable areas quoted in Table 5.1 arc conservative 

estimates which are considered to be of the correct order of magnitude, but which would require 

futher study before any intensive development takes place 

TABL.E 5.1 IRRIGATION PoTENTIAL. FROM ALLUVIAL. AQUIFERS IN TilE COMMUNAL. AREAS 

OF ZIMBABWE (EXPRESSED AS HA. OF IRRIGATION USING AVAILABLE WATER) 

Afluvial environment Channel d9pOsits (ha) Plains deposits (ha) Total (ha) 

Lowveld alluvial provinces 3500 1000 4500 

Lowveld x scarp depos~s 2700 1 300 4000 

Scarp alluvial provinces 220 180 400 

Scarp x Kalahari deposits 130 170 300 

Kalahari alluvial province 1500 900 2400 

Non-alluvial province occurrences 400 400 

Total 8450 3550 12000 

II can be seen from Table 5.1 that the lowveld alluvial province has the largest alluvial aquifer 

resource, with an irrigation potential of8500 ha. The Kalahari alluvial provinceaquife~can irrigate 

about 3000 ha. Asexpresscd earlier, conservative values have been used in making these estimates, 

and the 12000 ha total potential stated is considered a minimum value. It should be noted that the 

figure of 12000 ha refers to the communaJ areas alone, and if the commercial farming arcas and the 

NalionaJ Parks lands areconsidercd, then the irrigation potentiaJ using alluvial wateris considerabl y 

greater. Most of the alluvial aquifers in the Zambezi valley are in National Parks land and 

considerable alluvial water occurs on commercial land in all alluvial provinces. Moreover, the Sabi 

valley aquifer nOM of Chisumbanje has not been considered because abstraction from this vast 

aquifermay jepordizc existing surface waterwolts in the Sabi river. It is also of interest to note here 

that most of the alluvial irrigation potential oceurs in drought prone areas, where irrigation demand 

is highest. 
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5.2 THE SpECIFJe YIELD OF THE AQUIFERS 

Specific yield is defined as the ratio of the volume ofwalCT that a given mass of saturated rock or 

soil wiu yield by gravity to the volume of that mass. This ratio is slated as a percentage. (Oriscoll 

1986). 'The specific yield is equivalent to the cocrficicm of storage for WlConfined aquifers. Most 

alluvial aquifers arc unconfincd or semi-unconfinoo. The product of the specific yield and the 

volume of the saturated aquifer gives the total available water. The specific yield of an alluvia] 

aquifer varies with its sediment size distribution and packing density. It is assumed that recent 

alluvial aquifers of similarscdimcnt type will have similar packing densities and hence have similar 

specific yields. 

Accurate speCific yield and storage co..cfficicnl determinations usuaJly require full scale pump 

testing. with drawdown readings in several observation wells. However full scale pumping tests arc 

expensive (0 conduct typically costing around Z$70 000 per well. An additional cost is the 

construction of the observation holes and the well itself costing a further Z$70 000. (Figures for 

British costs in pounds convened to ZS. HamilJ L & Bell F G 1986). TIle cost of carrying out a full 

scale pump test in Zimbabwe is not accurately known. but it is not expected to be cheap. The 

equipment and finance required for pump testing on this scale was beyond the scope of the project 

To assess specific yields and storage co-cfficients. sediment size analyses from untested aquifers 

have been compared to sediment analyses from pump tested aquifers. These comparisons arc 

supplemented by limiLed pumping tests done on wells in the project areas. 

5.2.1 Comparison of Sand Size Analyses 

Alluvial sediments vary significantly both within an alluvial deposit and between different 

deposits. These variations have been discussed in Olapter 4. The sediment samples taken and 

analyzed for the projcct wcre latera1 accretion channel sand deposits. From samples taken in 

Zimbabwe. two distinct channel sand populations arc cvident and these popuJations relate to the 

geology of the source rock. These two alluvial channel sand types may be broadly described as 

(i) crystalline basement alluvium; and 

(ii) aeolian and sedimentary alluvium. These two sediment types are closely comparable to 

two alluvial sediment types found in Botswana. as shown in Fig4.5. which compares their 

grading curvcs. 

The alluvial sediment samples taken from river channels nowing over crystalline basement rocks 

tend to be dominated by the coarse sand fraction. Such sediments arc found in the southern and south 

eastern lowveld. and in eastern Botswana. in the mature river alluvial aquifers. Samplcs taken from 

river channels nowing over aeolian and sedimentary deposits arc usually medium to fine grained 

sands and arc found in northwcstern Zimbabwe and in western Botswana. These two sediment 

populations will be assigned different specific yield values. 
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5.2.2 Pump Test Data 

Aquifer parameters derived from pump-testing are available for several alluvial aquifers in 

Botswana. In Zimbabwe, some pump test information from alluvial aquifers is available, but this 

is not very detailed. 

Table 5.2 shows typical aquifcrproperucs for Botswana sand rivers. 1l1e crystaJline rock alluvium 

values arc based on pump tests carried out at seven localities in eastern Botswana (Nord 1985), and 

the tested rivers are very similar [0 rivers in the lowveld alluviaJ provincc of Zimbabwe. The 

Kalahari sand alluvium values are based on pump tests done on the Shashi aquifer ncar Maun in 

Botswana (BRGM 1986). This aquifer is deep in the Kalahari sand and is expected to be similar 

to aquifers in the western Kalahari sand alluvial province in Zimbabwe. 

The BRGM reponon the Kalahari. sands aquifer states that the 6% specific yield value is lowcrLhan 

that which could be hoped for fmm the grain size analyses. They suggest that the sand might be 

slightly cemented. Textbooks suggest aoolian sand should have specific yield values of 30% 

(Wallon 1987). This feature of lower than expected specific yields for some buried alluvial 

material, as opposed to open channel material, is also observed in Zimbabwe. 

It can be seen from the Botswana data. that the two alluvial aquifer types have very different 

properties. 

TABLE 5.2 ALLUVIAL AQUIFER DATA FROM BOTSWANA 

Alluvial type 

Crystalline rock 

Kalahari sand 

SpecifIC 
yNikJ ("J 

15-20 

6 

Transmissivity 
rri'lday 

1300 

500 

Aquifer 
thickness (m) 

5 

10 

Hydraulic 
conductivity mlday 

260 

50 

Pump test data from Zimbabwean alluvial aquifers is not so readily available. and not as 

comprehensive as t.hc data from Botswana. 

The main body of infonnation comes from the Government of Zimbabwe (1985) report on 

communal area irrigation schemes. Infonnation for those schemes which obtain their water either 

from sand abstraction well points in the channel or from boreholes on the river bank which tap the 

alluvial aquifers was extracted from the report. This infonnation is rudimentary and merely consists 

ofthc water yield to the seheme and was presented earlier in Table 3.1. It can be seen from this table 

that alJuvial aquifer yields vary considerably. with some very large yields being aChieved, 

particularly from the Sabi and Limpopo aquifers. 

d 
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More detailed infonnation is available from a feasibility study carried out at Groot Vlei on the 

Limpopo river (Hindson 1970). The grading curves show that the channel sands in the Limpopo 

aresimilarto the grading curves fortheeastcm Botswana sand rivers which were estimated to have 

a specific yield of 15-20% and a transmissivity of 1300 m2/day. 

Hindson carried out two pumping tests on the alluvial aquifcr at Grootvlei and reponed aquifer 

parameters as shown in Table 5.3 . 

TABLE 5.3 TEST PuMP RESULTS FROM GROOTVLEI. ZIMBABWE 

Test sire 1 Test sire 2 

(a) Transmissivity T 4849 m2lday 9847 mZlday 

Storage coefficient S 7.35)( lO-~ 344)( 10-' 

Specific capacity 11 .5 IIs/m 15.911s1m 

Theoretical yield' 107 Ifs 255 Vs 

Hydraulic conductivity K 264 m/day 254 m/day 

Aquifer thickness 19 m 38m 

(b) Transmissivity T 2845 mZlday 9485 m2lday 

Storage coefficients S 3.1% 7.4% 

Hydraulic conductivity K 150 m/day 250 m/day 

, 50 per cent efficiency from a 300 mm borehole wilh pumping level at 10 m 

Hindson 's specific yield (S) values appear to be rather low for an unconsolidated alluvial aquifer, 

which is e:Jtpected to be unconfined. The recalculated S valucs are still small compared to the quoted 

values of 15-20% for the eastern Botswana sand rive~ (Nord 1985). However these boreholes are 

drilled into a buried aquifer which may be semi-confined. The hydraulic conductivity values 

calculated appear to be reasonably accurate and compare well with the BOlswana data. 

Ot.hcr data on Zimbabwean alluvial aquifers comcs from the Technosyncsis (1985) repon on a 

section of thc Sabi valley alluvium in the Musikavanhu communal area. Based on pumping tests 

carried out both by the Ministry of Water Development and byTechnosyncsis. this repon concludes 

that uansmissivity values vary between T = 101 and IO'm2/day. Those wells with the highcrTvalues 

all lie close to the Sabi river where the alluvium is a coarse well sorted sand. 

The storage codficient S values range from 10.1 to HP. The higher values (1(}-1) indicate an 

unconfined aquirer. but the lower values (10') and 104
) indicate a confined or semi-confined 

aquifcr. An c:Jtplanation suggested by Technosyncsis is that due to vertical and horizontal variations 

in penneability. the aquifer will be locally an effectively confined or semiconfined aquifer. 
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Water Surveys Group (1986) carried oul an investigation into alluvial aquifers in 8auchi stale, 

Nigeria. AUuvial aquifers, locally known as fadamas were drilled and pump tested in both 

crystalline bedrock and sedimentary bedrock environments. Most of lhc aquifers are unconfined 

although a few arc classed as confined or scmi..confined in the wet season. Table 5.4 shows this data. 

TABLE 5.4 BAUeH! STATE, NIGERIA - ALLUVIAL AQUIFER PuMP TESTS (SUMMARY) 

Aquifer Type Transmissivity Storags Aquifer Hydraulic 
m'/day coefficient Ihidcness m conductivity mlday 

Crystalline max 3400 max 0.286 m., 15 m., 620 

13 tests min 145 min 0.005 min 2.3 min 43 

av. 1052 av. 0.119 .v. 6.03 av. 181 .6 

Sedimentary ma' 10200 max 0.28 max 16 max 640 

171esls min 100 min 0.01 min 1.8 min 13 

av. 2000 av. 0.111 av. 7.12 av. 230.12 

In pump tests carried out for the Zimbabwe project, amy the pumped wells were monitored as no 

observation wens were available. Wells were construcled on the alluvial plains and nOI in the 

channels. Specific yields could nOI be calculated from these tests, although well yields and 

lrarlsmissivity values were obtained. This dala is presented later in the report in the section on well 

yields. 

5.2.3 Application of Specific Yield Data 

In order to quantify the aquifer water resources, it is necessary to assign specific yield values to the 

various types of aiJuvial aquifers. The previous discussion indicates that the specific yield values 

are very variable. 

From the data al Grootvlei, Limpopo river and Musikavanhu, Sabi river it is apparenlthat buried 

alluvial aquifers below alluvial plains have lower specific yields than active channel aquifers. This 

may due 10 the presence of fine materials in these aquifers which may have settled out from 

overlying silt deposits subsequent to deposition. due to ground-water movement. Alternatively it 

may be that some of these plains aquifers are confined or semi-confined. For this reason, alluvial 

aquifers are lreated in two sections: 

(i) the present day channels and 

(ii) the alluvial plain aquifers. Specific yield values have been assigned to the diffcrent 

aquifer types based on comparable aquifer values obtained either from local aquifer 

testing or from the Botswana data. The reliability of these values is unknown, but is 

considered to be of the correct order of magnitude. 
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Table 5.5 summarizes the specific yield values assigned to different types of alluvial aquifers in 

Zimbabwe. 

TABLE 5 AVERAGE SPECIFIC YIELD VALUES (%) USED FOR ALLUVIAL AQUIFERS IN 

ZIMBABWE 

Aquif9r typ9 SoUfC9 Rock Alluvial Plain qwn Chann91 

Well sorted aquifers Crystalline 5-7 15 

(Mature river and Kalahari type) Sedimentary 5-7 15 

Aeolian 3-7 15 

Poorly sorted aquifers Crystalline 2-<3 10 

(Scarp aquifers) Sedimentary 2-<3 10 

Aeolian 2-5 10 

lbesc values are broadly in agreement with the available data and form the basis for calculating the 

available water resources in the alluvium. The general observation both in Botswana and in 

Zimbabwe is that the aquifer parameters of speci fic yield and transmissivily are significantly lower 

for the alluvial plains material than for the channel material. This suggests that the aUuvial plain 

material is rather heterogenous and contains considerable quantities of fine material. 

Several reponers (Water Surveys Group, Technosynesis, Brian Colqhoun, Hugh O'Oonnc1 and 

partners, BROM.) have all calculated very low specific yield values from a small numbcrofpump 

test analyses and have suggested that in areas the alluvial plain aquifers may be confined. Storage 

co-efficient values as low as Ifr'I have been reponed. Such low values have not been reported for 

channel aqui fers. 

Alluvial aquifers are generally expected to be water table aquifers but the presence of clay lenses 

and lateral and vertical variations in permeability could result in the aquifer being locaUy under 

pressure (Technosynesis 1985). Despite the resultant low calculated storage coefficients, BROM 

(1986) expects the real effective specific yield of such alluvium, during long duration pumping of 

several months. to be equivalent to values calculated for the unconfined areas of the aquifer. 

5.3 RECHARGE 

The recharge characteristics of alluvial channel aquifers are generally good. The most important 

factor is that rain falling over a large catchment area is concentrated into the riverchanncl. and this 

water recharges the ehannel aquifer. In addition, alluvium is commonly found in the mature 

downstream reaches of rivers, thus ensuring that large catchment areas supply water to these 

alluvial aquifers. Figs 5.1 and 5.2 show the Runde river in the dry season and in Oood and illustrate 
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FIG . 5.1 RUNDE RIVER . DRY SEASON 

--

FIG. 5.2 RUNDE RIVER IN FLOOD 
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the effect of large catchment areas, which arc particularly significant for arid areas. The aUuvial 

plains aquifers arc also recharged by river flow, but not as rapidly as the channel alluvium. This is 

due (0 both the Jowcrtransmissivityofthe plains alluvium and 10 thcirdistance from the riveT now. 

In general, the channel aquifers are recharged very early in the rainy season while for the plains 

aquifers. recharge is dependent on the transmissivity of the aquifer scdimcnts and on the distance 

from the channel. The critical factor for tile recharge afme plains aquifers is the duration of surface 

now. rather than the volume of water in the channel. ScveraJ studies support these observations. 

Because of the limited size of many alluvial aquifers. it is importanllo have accurate data on the 

length of periods between recharge (Nord 1985). Many writers have noted that recharge of the 

channel alluvium is rapid following rainfall. Thomas et al. (1972) quote a report by Sir Alexander 

Gibb and partners which indicated that one or two days of surface flow would be sufficient to 

recharge the aquifcrcomplcte1y, and that probably no surface flow could occur unless the aquifers 

were fuDy saturated. 

Nord (1985) has indicated that recharge is rapid in the channels. He quotes some examples from 

Botswana: 

(i) After an unscasonal rainfall of approximately 30 mm the ground-water levels in three 

sand rivcrs: the MotJoutsc, Shashe and Mahlapshwe all rose aj)proximately Im. 

(ii) The first rains in October 1982 of 91 mm total were enough to fully recharge the 

Mahalapshwe river at Mahalapye, where the water level had dropped I,Sm duc to 

abstraction. 

(Ui) The sand aquifer in the MoLloulSC rivcr was reported to be fully saturated in March 1973, 
although no surface now had occurred since April 1972. 

(iv) Genera1 records from 31 ground-watcr lcvel observation stations in the Botswana sand 

rivers over a four ycar period, of which 3 were drought years, show a regular pattern. The 

sand aquifcrs arc recharged by the early season rainfall during October to December and 

are then saturated untillhe dry season starts between January and April. 

Sir William Halcrow & partners (1982) provide some interesting data on recharge of the riverbed 

aquifers in Somalia. Thcy cite the duration and frequency of river flows as the critical factors for 

recharge. The magnitude of the floods is overrated as a governing factor in recharge. Quoting a 

SOGREAH report, they state that in the given region major floods arcgencrated mainly by a rainfal1 

threshold of 24 mm/day or more. On average 4 flood generating stanns occur each year and 

virtually every flood carries more than enough water to satisfy aquifer recharge requirements. In 

39 years of records, there was only one year in which no flood occurred. Ha1erow further suggest 

that a rainfall of 18 mm/day can also produce a flood ifit has been proceeded by a few rainy days 

of lesser intensity. Fig.5.4 from the Ha1crow report illustrates the rainfall and flood gencrating 

stonns over a 39 year period for Hargeysa in Somalia. 
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As may be scen from the figure, the average annual rainfall at Hargeysa is433 mm. which is similar 

to the lower rainfall regions in Zimbabwe. From Fig 5.4. it appears that a threshold rainfall ofaboul 

200 mm per year is all Lhat is required to effect recharge in the channel aquifers in Somalia. It is 

therefore not unreasonable to assume that under Zimbabwean conditions. with a slightly higher 

rainfall averageoverlhemajority afme catchment areas, the alluvial channel aquifers will recharge 

fully during most years. 

Recharge of the aquifers beneath the alluvial plains is not as direct nor as rapid. 11lecritical factors 

arc considered to be: 

(i) the permeability of the aquifer. 

(ii) the distance from the channel, and 

(iii) the duration of river flow. Several reports mention a delay between river flow and 
recharge for wells away from the channel. 

In Maun, Botswana, several borcholcs on the alluvial plain were monitored over a one year period 

from November 1984 to November 1985. A small flood occurred from 25 September 1989 to 

15 October 1989. From six boreholes monitored, three showed an almost immediate sLrong 

recovery in water level. Twoothcrboreholes began to show a slight recovery on 4th October about 

midway through the flood period. The sixth borehole slabilil..cd temporarily and then continued la 

decline (BRGM 1986). 

Calculations by Hunting Tcchnica1 Services (1977) in Sudan show that recharge of the plains 

aquifcrs will becontrolled by rates offlow into the aqui fer rather than the availability of water. After 

an initial rapid filling of the wadi (channel) deposits, these saturated deposits wil1 remain as a 

recharge sourcedespitc the interrnillenlcharacterofthe floods. The water table amplitude response 

genera1ly decreases and the time to respond gcneraUy increases with increased distance from the 

wadi channel. 

In Zimbabwe, water level measurements were taken from wells on the Runde river alluvial plain 

and show a response similar to that observed by Hunting Technical Services. The readings were 

taken largely during the post rains period and monitored the water levcl decline, ahhough a pre

rainy season levcl was available from three wells. Fig 5.3 shows these watcr level fluctuations. 

Ground-watcrchemislry has been used 10 estimate mean annual recharge to unconlined aquifers 

(Allison and Hughes 1978). These researchers were able to estimate mean annual recharge using 

both the tritium and the chloride concentrations in the ground-water. The chloride concentration 

measurement was considered to be the more uscfultcchniquc. Such techniques would be useful for 

measuring aquifer recharge beneath thc alluvial plains, panicularly where complete recharge is not 

an annual certainty. Considering the limited volume of most alluvial aquifers, such information is 

required in order to plan abstraction rates so as not to dewater the aquifer. 
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5.4 WATER STORAGE AND AQUIFER LoSSES 

In section 5.1, the peak saturated aquifer volumes and the resultant irrigation potential were 

calculated. However these volumes are in excess of the lotal available water because natural 

ground· water losses occur from the aquifer during the dry season. Natural losses arc caused by 

evaporation. transpiration through riverine vegetation, seepage into the underlying bedrock. and 

ground-water flow. 

5.4.1 Evaporation 

Evaporation losses from a sand rivcrtx:d occur at high rates immediately roDowing saturation, with 

the rate decreasing as the water table drops. 

Wiplingcr(1958) carried out experiments on the evaporation of water from fine sand in a cylinder. 

(010 = 0,01 mm and Vc = 2.5). He was able to show that the rate of evaporation decreased 

asymptotically until no further evaporation lakes place. On another typical sand sample, the 

maximum depletion of thc water rabIc by evaporation was to 1,1 m below lhcsurface. Thisdeplelion 

took placc over a two year period, but by 40 days the rate of dcplction was almost zero. 

Fig 5.5 shows the evaporation from sand based on Wiplinger's work. It also shows watcr level 

depletion in three natural sand channels. It can be scen that evaporation is initially the most 

important fonn of water loss from the sand bed, but within two monthsotherfonnsofaquiferlosses 

become more important. Thcsc other losses also tend to decrease with lime. It is ofintercst to note 

that for one samplc. Shashe SHB85, the water depletion curve is shallower than the Wipplinger 

evaporation only curvc. This is presumably duc to the difference in sediment sizes. 

5.4.2 Transpiration and Secpage 

Eachnatural sand rescrvoirwill have its own losses to transpiration and loscepage and it is difficult 

to make valid quantitative statements for all sand rescrvoi~. 

Transpiration via the root system, is not likely to be very high from the sand channel. However 

where a densely vegetatcd alluvial plain exists and this plain is hydraulically cOMCcted to the 

channel then water losses through transpiration may be considerable. A rough calculation serves 

to illustrate this relationship.lfone assumes an annual evaporation rateof2000 mm per year, which 

is typical for many ofthc alluvial aquifer areas ofZimbabwc (Dcpt Mcterological Services) and a 

crop co..cfficient Kc of 1.0 for dense riverine vegetation, then an alluvial plain lOOm wide and 

10 km long, covered by such vegetation, would use 2 x IO' m' of water per year. This is clearly a 

substantial volumeofwater, and the transpiration losses would beconlrolled by thcdensity and type 

of riverinc vegetation. the elevation of the alluvial plain above the channel and the hydraulic 

connection between the channel and the plain. Such effects arc likely to be more pronounced in 

smaller river channels which may become entirely dcpleted by nalural losses each year. 
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Seepage losses arc even more difficult to ca1culate and can only be estimated from a water budget 

analysis. Seepage losses win be controUcd by the permeability and porosity of the bedrock, which 

is. in turn, controlled by the geology. the degree of fracturing and jointing and also by the discharge 

from the underlying formations. A study of the local geology should enable onc to make a 

qualitative estimate about seepage losses. 

5.4.3 Ground-Water Flow 

The water stored in the sand is flowing slowly and the retention ofthc water from onc flood season 

10 the next is due to the frictional resistance to flow through sand and not to the presence of any 

positive underground rock barrier as observed by Wipplinger (1958). This is in general agreement 

with Nord's (1985) findings that the river channel was not divided into a series of discrete basins 

separated by underground barriers as had lx:cn proposed by Wikncr (1980). 

In time. given no recharge. the ground-water will eventually discharge at the river mouth or other 

local base level. The channel aquifer may also either discharge laterally or be recharged by lateral 

inflow depending on the level of the sunuunding water tablc. 

The ground-water now through the aquifer depends on the lransmissivity and width of the aquifer. 

and the hydraulic gradient as expressed in the Darcy equation. A perennial now is considcred to 

occur in the large sand rivers and these alluvial aquifcrs ncverdry out :omplctcly. The rate of now 

is rather slow due to the shaDow gradients. Nom (1985) estimates the now to be 1-2 m/day for 

Botswana sand rivcrs, 

In Zimbabwe, evcn shallower slopes (1:1000) often occur in alluvial channels, but the range of 

slopes in alluvial channcls varies from I :250 to I :2(0), Using avcragc hydraulic conductivity 

valucs (K) forchanncl aquifers ranging from 50 m/day t0250 rn/day, the ground water velocity may 

be calculated by Oarcy's law, For the finergraincd scdimcOlS (K = 50rn/day). actual flow velocities 

arc calculated as 0.08 m/day and 0,67 m/day respectively for slopes of 1 :2<XXl and I :250. For the 

coarser scdimenlS (K = 250 mJday), the flow velocities vary from 0.42 m/day to 3.3 m/day. TIlese 

figures are in broad agreement with Nord's data for Botswana. 'The flow is rather slow and cven 

a ground-water flow velocity of 3 m/day will only dewater 810 m of charmel over a 270 day dry 

period with no recharge. 

5.4.4 Aquifer Models 

In describing the water resources in alluvial aquifers Thomas et al. (1972). Nom (1985) and Gibb 

(1970) all proposed models which attempt 10 describe the water storage in such aquifers. 

Thomas et aI, (1972) proposcd dividing the aquifer into four depth zones: 

(i) sand banks above the lowcst surface Icvel and which drain as surface flow subsides at thc 

fall ofmc flood is "material not available for storagc". 



(ii) the section between the lowest surface level and the water level at the end ofttle dry season 
is "shallow depth storage", This zone contains the water that is lost annually by 
evaporation, transpiration and seepage. 

(Ui) "mid depth storage" is below the shallow storage zone and extends [0 the expected water 

table depth 30 montlu; after saturation with no recharge. This depth is generally expected 
to be between 4 and 5.5m below the surface. 

(iv) "Deep storage" is the remainder ofthc aquifer below mid depth storage. 
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For an 82 km investigated section of the Mahalapshwc river, l1lomas found that 33% of the water 

was held in shallow depth storage. 48% in mid depth storage and 19% in deep storage. 

Gibb (1970) proJX)scd a somewhat different model which divided the aqui ferinlo three zones based 

on the drainage over natural ground-water barriers: 

(i) the "short (Cnn" resource is that volume of water which, keeping a constant hydraulic 
gradient. occurs above the first ground-water barrier. 

(ii) the "mid-term" resource is the volume ofwaler from the first intersection oflhe ground

water barrier (above in (i» to the depth when the water table is horizontal and all water 
has drained over the barrier. 

(iii) the "long-term" storage is the volume of water which remains below the lowest drainage 
outlet (as in (ii) above) and the river bed. 

In a 22km reach of the Motloutse river Botswana. Gibb found that 72,5% ofthc water was held as 

"short-term" resource, 16,6% as "mid-tcrm" and 1 0,9% as "long-term". The percentage distribution 

of these rcsoprces shows that barriers do not play a very critical role and that the aquifer is not 

significantly divided into a series of basins. 

Nord (1985) proposed another model which is a modificalion of Thomas & Hyde's model and this 

modified model is considered to be the most appropriatc for describing actual field conditions. 

1be aquifer is divided into two zones: 

(i) the uppcr"nalural losses" zone, which is me water lost every year during the dry season 

by evaporation, seepage etc. 
(H) the lower "water in storage" zone which is the water remaining in the aquifer at the end 

of the dry season. 

When pumping from such an aquifcr, the abstracted watcreithcrcomes from the naturallosscs zone 

or from the water in storage zone. During the rainy season wbcn the aquifer is saturated, pumping 

is at the expense of the natural losses zone. If the rale of pumping does not exceed the rate of recharge 

by stream flow. only naturallosSC8 water will be pumped. At the end of the rains. for the first two 

months of the dry season, pumping at a rate equivalent to the evaporation will be at the expense of 

the natural losses water. Pumping at a higher rate will be at the expense of water in stomge. 

Subsequcnt pumping in the dry season will be al the expense of the water in storage. Nord (1985) 

further assumed that the last 15- 20% of water in storage could not be abstracted due to technical 

and practical COnditions. 

J 
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It can be seen that Nord's model is similar to Thomas & Hydcs. exccpt that the mid-depth storage 

is combined with thc deep stornge to make up the "water in storage" component. Calculations by 

Thomas et al. (1972) on the MahaJphswe river then show thal 33% ofthc water is in the "natura] 

losses" wne and 67% is in the "water storage" woe. 

If this model is applied to the total volumes of the saturated aquifers. then safe abstraction rates can 

be calculated. The volume of available water at different levels of depletion have been calculated 

for two Botswana aquifers and are presented in Table 5.6. 

TABLE 5.6 WATER RESOURCES IN CHANNEL AQUIFERS AT DIFFERENT LEVELS Of 

DEPLETION (AVERAGE OF 2 AQUtFERS IN BOTSWANA) 

Level of Depletion (m) Water Volume (y 10'm') " of Total " loss 

0 369 100 0 

250.5 67.9 32.1 

2 150 40.7 27.2 

3 79.7 21.6 19.1 

4 30.6 8.3 13.3 

5 11.0 3.0 5.3 

6 2.2 0.6 2.4 

It can be scen that the upper portion of the aquifer contains the most waler. Therefore, although 

evaporation losses may only affect the upper meter of the aquifer. these losses may still be 

significant. In the examples shown in Table 5.6, for an aquifer 7 m thick, the top I m of aquifer 

contains 32% of the total water resource 

5.5 WELL YIELDS 

The previous discussions have been aimed at caJculating the lolal available water resource in the 

aJluvial aquifers. However it is also of interest to know the rate al which water ean be abstracted. 

or the well yields. The well yields are a function ofthc hydraulic conductivity (K) ofthc fonnalion 

and the thickness (b) of the penetrated fonnation. Fora fixed well size and aquiferthickncss, Q. the 

yield is proportional to K, the hydraulic conductivity. 

Three genera1 methods are used to delenninc the aquifer transmissivity and the hydraulic 

conductivity: 

(i) analysis of pumping test data 

(il) grain sii'..c ana1yses of aquifer material 

(iii) the analysis of water flow through a sample of aquifer m atcrial in a penneameter. During 

this study. wells were pump tested and aquifer samples were sieve analyzcd, but the 

penneameter method was not used. 
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Pumping tests are considered the most accurate because they can reflect the aCluaJ hydraulic 

conditions in the aquifer. With the other two laboratory methods, it is difficult to fully account for 

the heterogeneity of the aquifer. 

During this study, the test pump had a maximum capacity of 1 Vs. Actual well yields were very 

variable with. in some cases, zero drawdown at maximwn delivery. and in other cases wells were 
dcwatcrcd at 0.5 Vs delivery. 

TIle pumping tests were not very satisfactory due [0: 

(i) the lack of observation wells 

(ii) the erratic operation of the pump 

(iii) the low maximum delivery of the pump, and 

(iv) the inefficiency of the wells. 

AlLhough one observation well was used on the Runde aquifer. other pumping tests were carried 

out without the benefit ofobscrvation wells. This is due to the considerable expense and difficuhy 

involved in conslIUcting wells and borcholcs. Further, it was considered that funds available for 

well construction would be better employed in testing other areas of the aquifer where such ICS! 

holes might subsequently become productive wells. 

It was unfortunate that the project had available only a 1.5 kva petrol JXlwered generator to operate 

the test pump. This small engine often ran erratically which made it difficult lO conduct a constant 

rate pump lest. Further, the submersible pump sometimes became partially clogged with fine 

sediment which also resulted in erratic now rates. 

The test pump capacity of I lIs was considered suitable because the aim of the project is the 

development of informal subsistence inigation, and actual pumping rates arc expected to be less 

than this. However, such a low delivery was insufficient to dewater the surrounding aquifer 

sufficiently for meaningful accurate readings to be taken in observation well. 

Due to the lack of observation wells, the pumping test readings were taken in the production wells, 

which are expected 10 be rather inefficient. As hand drilling machines were used, it was imJXlssible 

10 carry out proper well development. In addition, only bench slolled PVC sereens were available. 

and il is assumed that such screens would partially clog up, further reducing the well efficiency. 

Unconsolidated alluvial aquifers require proper development and screening. and as a result it is 

expected that the project wells were inefficient, which will have caused further inefficiencies in the 

pump tests. 

Table 5.7 gives the measured well yields for the Runde river and Sessami river alluvial plain wells 

and shows that, in spite of all the problems outlined above, all the wells in the alluvial plains at the 

two project areas provided enough water to inigate a vegetable garden ofO,5 ha or more. Such yields 
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TABLE5.? YIELDS OF WELLS IN THE RUNDE AND SESSAMl PROJECT AREAS 

Depth R.W.L. Aq. Ihic/c. Y;e/d Draw down SpecifIC 
Locality Diameter m m m Vs m capacity Vs/m 

Runde River Project Area 

Garden 2 165mm 23 17.87 4 0.63 1.37 0.46 

West River 1.2 m '5 11.80 3.2 0.5 2.15 0.23 

Mulunzana 1.0 m 16.8 16.2 0.6 0.86 O. , 3.6 

School 1.5 m 16.0 14.45 1.55 1.0 0 10.0 

Garden t 165 mm 25 16.85 6.0 '.0 0.16 6.25 

Garden 3 165 mm 25 12.47 5.0 0.42 2.2 0.19 

Av. 20 14.94 3.4 0.74 , .0 4.3 

Sessaml River Project Are. 

BH3 165mm 4.44 2.47 1.97 0.59 0.62 0.95 

BH2 165 mm 8.48 2.50 5.98 0.44 4.0 0.11 

BH4 165 mm 4.4 1.95 2.45 0.85 1.55 0.53 

BH5 165 mm 7.63 4.10 3.53 1.0 1.09 0.92 

Av. 6.24 2.75 3.48 0.72 1.82 0.40 

arc idea] for infonnaJ hand pump irrigation. Construction of more efficient wells will enable higher 

abstraction rates and rcsuJt in more irrigalioncapacity. Three wells on the Rundc aquifcrhave ralller 

high spcciliccapacitics and could warrant motorized pumping. with a greater level of development. 

No alluvial channel wens wcre pump tested in Zimbabwe, but it is expected that the aquifer 

characteristics for alluvial channel material will be significantly octICr than for plains aquifcrs. 

Tests in Botswana (Nord 1985) indicate that, for an 100 % efficient wen in a typical sand river 

channel, yields would be approximately 50 Vs. As can be scen, the alluvial plain wells have a 

somewhat lower yield. This is considered to be partly due to the di ffercnces in the aquifer material, 

with thc alluvial plains materials exhibiting a considerably higher proportion of fine material. 

However inefficicnt wens and partly penetrating wells also contribute substantially to the 

difference in yield. 

The coarsest material with the highest transmissivity generally occurs at the base of an alluvial 

aquifer, and if a well onJy partially penetrates the fonnation, the well yield may be considerably 

lower than thatofa well which penetrates the basal gravel in the same aquifer. A theoretical example 

shows that in a 6m thick aquifer consisting of a basal gravel (T = 10 000 ml{day) Im thick and 5m 

of medium to coarse sand (T = 1000 ml{day),lhen a 4m partially penctrating wen would yield about 

35 I/s while a fully penetrating 6m well would yield about 130 Vs. 
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WeD efficiency also contributes to the lower yields of the alluvia] plain wells. Given the higher 

percentage of fine materials in these aquifer.;, well development and correct screening assume 

greater importance. As neither high quality screening nor well developing techniques were 

available for the wcUs constructed during the project. wells arc expected to have low erficiencies. 

Molosiwa (1987) was able to calculate efficiencies on two channel wells in Botswana. Onc well 

had an efficiency of 61 % at a discharge of 2.3 Vs. and this decreased to 24% at a discharge of 

liS Us. 1llc second well had an efficiency of only 20% at 1 Vs discharge. and this crficicncy 

decreased to less than 10% at 2,3 Us. 

Obviously such low efficiencies do create severe limitations on the volumes pumped from the 

aquifers. Without actual pump test data, the efficicncies ofthc wells construcLCd in Zimbabwe arc 

not known. but it is estimated that they vary between 5% and 30% at 21/s discharge. If we assume 

a 20% crticicncy at I I/s, then the yields of the constructed wells are all surticienl to provide ll/s 

which is enough for hand pump micro·sca1e inigation. 

Three critical factors were identified for high production weUs: 

(i) full penetration in order to tap the coarse basal gravel 

(H) good quality screening to be correctly instaUed. 

(Hi) proper wel1 development. 

In some cases, substantial yields may be obtained. sumcient to suppon several hectares of 

inigation. This study has highlighted that such good yields are not all that common, but yields for 

hand pump inigaLion (1l/s) are almost always available. Propcrborehole design and effective weB 

development may increase the yield very considerably. 

5.6 W.<rER QUAUTY 

The watcrquality of alluvial water is generally fairly good due to the rcgularrccharge and flushing 

out of the aquifer by flood waters. Waterqua1ity appears to decline with distance from the present 

day channel and water from local micro--cnvironmenlS, such as backswamparcas, may al so produce 

unacceptable waler qUa1ity. Table 5.8 shows the results of waler quality sampling from both the 

Runde river and Scssami river project areas. 

The two wells into basall,Shown in Tablc 5.8. are more salinc than any of the alluvial water samples. 

Nevenhclcss. it is also clear that not all a1luvial water is suitable for inigation water, especially in 

the 10wcrrainfa11 areas such as the Runde river. It is recommended that all al1uvial water be anaJyzed 

as inigaLion water before commencing with inigation development. Howcver, it can be sccn from 

Table 5.8 most alluvial watcris, in fact, quite suitable for irrigation. Full watcrquality analyses arc 

in Appendix D. 

• 
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TABLE 5.8 SUMMARY OF WATER QuALITY RESULTS 

Locality Conductivity Sodium 
maomhoslcm p.H. Absaplion Ratio Commlmt 

(a) Runde River Project Area 

River pool 579 9.1 2.1 
BH IN) 1335 9.2 4.6 in basalt 
Well 1 775 9.1 4.3 
Well 2 525 7.5 1.6 
Well 3 610 7.4 1.0 
Wen school 560 10.5 3.0 
BH 1 420 8.4 0.5 
BH 2 520 7.2 0.6 
BH 3 1450 7.3 2.3 in basalt 
WellPvt 1085 7.4 3.0 

(b) S.ssaml RIVer Project Area 

River 120 7.1 0.3 
Oxbow 319 6.9 0.6 
BH 2 490 7.5 0.9 
BH 3 500 7.1 0.4 
BH 4 740 7.1 1.6 
BH 5 510 7.1 0.8 

BRGM (1986) found that the alluvial water of the Shashi river near Maun , Botswana has an 

exccptionaUy good chemical quality, which they consider as tx:ing due to the low mineralization 

of the river recharge water and the pureness arme reservoir sands. Thomas et al. (1972) analysed 

some 30 samples of water extracted from the dry sand beds in the rivcrchannclsofcaslcm Botswana 

and commented that "it is obvious from the data lhat walcrquality is nOI a limiting factor for its use 

for agricultural, industrial and human consumption," Wikncr(1980) also sampled lhe alluvial water 

from BOL~wana 's sand rivers. He was less convinced of their quality and reponed bactcrial 

contamination in some samples and a high concentration ofsulphalC ions. He was however able to 

trace this comaminalion back to the Phikwe mining area upstream. In areas unaffected by industrial 

pollution his analyses generally concurred with Thomas' (1972) views. 

Wipplingcr (1959) found that alluvial water quality was good in humid and semiarid arcas, but in 

arid regions high salt content occurs in most sand rivers. He studied an area with an average annual 

rainfall varying from 25mm to I50mm per year. In this environment he found that: 

(i) water quality improves after floods, and then salinity increases throughout the dry season 

until the next noods. 

(H) water quality tends to be better near the top of the saturated sand bed. Wipplinger also 

noted that granitic areas usually produced good quaJity water. 

In Zimbabwe with its relatively higher rainfall, aUuvial water quality, particularly water abstracted 

from or near the channel, is nOlexpected to be a problem. Water from the alluvial plains in the lower 

rainfall areas may however be of doubtful quaJity. 



CHAPTER 6: 
WATER ABSTRACTION METHODS 

In lcnns of the construction and installation ofabslraction systems, alluvial aquifers can bcdivided 

into two categories; channel aquifers and plains aquifers. Table 6.1 summarizes the major 

differences between these two sutrcnvironments in terms of well construction. 

TABLE 6.1 COMPARISON BETWEEN CHANNEL AND ALLUVIAL PLAIN WELLS 

ADVANTAGES 

PlaIns 

(i) installation, may be p.,mananl (loss 
maintenance) 

(ii) water is lifted directly on to the allwiat plains 
which are good agricuhuratlands 

(iii) no water rights necessary 
(iv) screens will not rapidly sih up 

Channels 

(ii) coarse, high yielding aquifer 

(iii) recharge by annual flow is certain 
(iv) depth 10 waler is very shallow «1 m usually) 

DISADVANTAGES 

PlaIns 

(i) exist only as isolated pockets 

(ii) may halle claylsih layers - not good aquifer 
(m) depth to water is lIatiable, but may be +20m 
(ill) recharge depends on aquifer permeabil~y 

and hydraulic contact with riller channel, and 
is not certain. 

Channels 

(i) installations will be flooded and damaged 
regularly (more maintenance) 

(Ii) wato, must be ,olocaled to ag,iculMalland 
(iii) water righls must be aquired 
(iv) screens may be silted up rapidly and require 

regular cleaning 

As can be scen, there are very significam differences between the alluvial plains and the channels 

and, in terms of water abstraction, different techniques arc required. 

6.1 ALLUVIAL I'LAINs 

For the aUuvial plains, three possible construction techniques arc discussed. 

6.1.1 Dug Wells 

Hand dug wells may be constructed relatively easily into alIuvial plains. The material is generally 

soft and easy to excavate without blasting. The depth to water is reasonably shallow, usually 

between 2 and 20 m. Standard well digging techniques are known and practised throughout 
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Zimbabwe. Well digging contractors arc widely available in the rural areas, and many fanners dig 

their own wells. Contractors arc generally used when blasting is required. or other difficulties arc 

encountered. such as collapsing fonnalions. TIle ingenuity of African well diggers is often quite 

remarkable and Fig. 6.1 shows a rural well digging unit. 

During the project five dug wells were constructed. all on the Ruodc river alluvial plain. In all cases 

experienced well diggers, trained by a Lutheran World Federation (L WF)program. wcrccmployed. 

Three fanner-dug wells were also monitored in the same region. Two main problems arc 

encountered when sinking wells into alluvium. 

TIle first is the presence of non-cohesive collapsing sands. These sands general! y become a problem 

in the saturated zone below the water table. In two cases, collapsing was observed in fine, even 

grained sandy layers above the water table. The second problem relates to thcdepLh of penetration 

below the water table. Without powerful motori7.cd dewateringequipment. it is not usually possible 

to excavate more than 2 to 3 m below the water table. However, as seasonal water levels nuctuate 

quile widely in alluvial aquifers. this may result in the well subsequently drying up. In addition. 

panial penelration of lhe aquifer wiU also result in reduced yields. 

The standard construction technique is to dig an unlined well as far as possible, and line it after 

complction. If collapsing horizons are encountered, precast concrete well liners (Fig 6.2) arc 

lowcred to the bottom of thc hole, and material is excavated from insidc the well liners. which 

gradually sink. This is known as caissoning. Caissoning will only be used from the collapsing 

section downward. The upper section of the well is lined with brick, cement or ferro-ccment. 

Hanson (1987) indicates that when too many well liners are introduced, the caisson may not sink 

any further due to frictional resistance, or it may start to deviate from the vertical. He also 

recommends a CUlling edge on the lowest well liner which reduces friction and allows the ring to 

sink more smoOlhly and evenly. In collapsing fonnalioru;, well rings with rebates in the top and 

bottom to allow interlocking of the caisson are recommended. This reduces the amount of loose 

sediment which nows into the well betwccn the liners. In Zimbabwe it appears common to start the 

hole at a largerdiameter, approximately 1,.5 m, and then to reduce 10 1,2 m diametcratthecollapsing 

section and introduce 1,0 m well liners. In Ethiopia, special filter rings to allow inflow into the well 

arc manufactured. In these filter rings, a central band 10-15 cm wide is made up from a onc pan 

cement to four parts river gravel mix. The river gravcl sizc should be 8-10 mm (Hanson, 1987). 

Complete wcll digging units are manufactured in Zimbabwe and arc sold for approximately 

Z$1500. These consist of a windlass and buckct. shutters for placing a Cement lining, a platform 

on which to work down the well while constructing the lining. a well liner mould and a well collar 

mould. Local villagers do dig wells with much simpler equipment. 

Of the five project wells, three were uru;ucccssfu l due to the non-availability of precast concrete 

well liners. These three wells collapsed at the at the water table. A foul1h well, sunk into non-
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FIG. 6.1 RURAL WELL DIGGlNG EQUIPMENT 

FIG. 6.2 RECAST CONCRETE WELL LINERS WITH LIFIlNG HOLES 

$ 
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collapsing material, penetrated 3 m below the water table, and iscom;iderod successful. The average 

depth oflhcsc wells is 15 m. The construction ofthcse wells was was carried out by unsupervised 

L WF well diggers. Excavation proceeded rapidly and easily but. without precast well liners, they 

were unable to deal with the collapsing below the water table. Subsequently borcholcs were sunk 

at two of these localities and a fifth well was successfully completed using precast concrete well 

liners. This well has 1.5 m ofprccast concrete well liners below the water table. and a brick lining 

above the water table. The well penetrates 1.5 m below the water table. but could not be dcwatered 

sufficiently to deepen it further. 

Of the three farmer dug wells, two struck bedrock (basalt) refore the water table and were 

unsuccessfu1. It is of interest that collapsing foonations were not a serious problem above the water 

table. Where collapsing did occur, it was usually minor and could be stablized by a temporary 

makeshift wooden shullering constructed of light polcs. Funher, coarse basal gravel were located 

at the base of the alluvial column and this horizon would provide a very high transmissivity layer 

in a saturated formation. The successful farmer-dug well terminated onc meter below the water 

table and was able to supply in excess of I Vs for a short term 3 hour pump test with only 0,2 m of 

drawndown. 

It would appear that wells constructed by farmers or by contractors hired by farmers are a viable 

possibility, provided they are sited correctly, and that prccast well liners arc available in the event 

of collapsing formations. 

The cost of well construction arc moderate and typicaJly cost between U50-Z$100 p:r meter. Thus 

for UICXX> or less, it is usually possible to have a well constructed, lined and fitted with a cover 

slab. Obviously deep wells and wells which require blasting will cost more, but the price is still 

usually less than Z$2(XXl Although well digging contractors are widely available in the rural areas, 

farmers will oftcn dig their own wells and only use contractors when they are unable 10 proceed 

themselves. 

6.1.2 Hand Drilled Wells 

SmaJl diametcrtube wells were also used successfully to penetrate the aquifcron the alluvial plains 

in both the Runde and the Sessami projecl areas. 

A locally designed and manufactured hand drilling rig. the Vonder rig, manufactured by V & W 

engineering, was used by the project (Fig 6.3). This drilling rig was highly successful in cenain 

gcologies, but was unable to penetrate some formations. The Vonder rig drills a 165 mm diameter 

hole using a auger type bit and ean reach depthsofup to 20m. lIS principal features arc a worktable 

which guides the drill string ensuring a vertical hole, a tripod, winch and cable, rigid threaded drill 

stems, a cross bar for turning the drill string and various drill bits. The unit is robust and well 

engineered and retails in Zimbabwe for ZS3CXX>. It has been widely used in rural communities, 
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collapsing material, penetrated 3 m bclowthe water table, and isconsidcrcd successful. The average 

depth ofthcsc wells is 15 m. The construction ofthcsc wells was wa<; carried oul by unsupervised 

L WF well diggers. Excavation proceeded rapidly and easily but. without precasl wcU Iincrs,lhcy 

were unable (a deal with the collapsing below the water table, Subsequently borcholcs were sunk 

at two of these localities and a fifth well was successfully completed using prccast concrete well 

liners. This well has 1.5 m ofprecasl concrete welllincrs below the water table, and a brick lining 

above the water table. 1bc well penetrates 1,5 m below the water table. but could not be dcwatcrcd 

sufficiently to deepen it further. 

Of the three farmer dug wells, two struck bedrock (basalt) before the water table and were 

unsucccssfu1.1t is ofinterest that collapsing formations were not a serious problem above the water 

table. Where collapsing did occur, it was usua1ly minor and could be slabIized by a lemporary 

makcshi n wooden shultering constructed of light poles. Further, coarse basa1 gravel were located 

at the base of the alluvia1 column and this horizon would provide a very high transmissivity layer 

in a saturated rormation. The successful farmer-dug well terminated one meter below the water 

table and was able to supply in excess or I Vs for a shon term 3 hour pump test with only 0,2 m or 

drawndown. 

It would appear that wells constructed by fanners or by contractors hired by ranners are a viable 

possibility, provided they arc sited correctly, and that precast well liners are available in the event 

or collapsing rormations. 

The cost or well construction are moderate and typically cost between Z$SO-Z$1 00 per meter. Thus 

ror ZSIOOO or less. it is usually possible to have a well constructed, lined and fitted with a cover 

slab. Obviously deep wells and wells which require blasting wiU cost more, but the price is stiU 

usua11y lcss than ZS20CXl. Although well digging contractors arc widcly available in the rural areas, 

rarmers will orten dig their own wells and only use contractors whcn they arc unable to proceed 

themselves. 

6.1.2 Hand Drilled Wells 

Small diameter tube wells were also used successrully to penetrate the aquireron the alluvia1 plains 

in both the Runde and the Scssami project areas. 

A locally designed and manufactured hand drilling rig. the Vonder rig. manufactured by V & W 

engineering. was used by the project (Fig 6.3). This drilling rig was highly successrul in certain 

geologies, but was unable to penetrate some rormations. The Vonder rig drills a 165 mm diametcr 

hole using a auger type bit and can reach depths or up to 20 m. Its principal features arc a worktablc 

which guides the drill string ensuring a venical hole. a tripod. winch and cable, rigid threaded drill 

stems, a cross bar ror turning the drill string and various drill bits. The unit is robust and well 

engineered and retails in Zimbabwe ror ZS3000. It has been widely used in rural communities, 
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FIG. 6.3 ThE YONDER RIG 

• 

• 

FIG. 6.4 SIMPLE CHANNEL WELL WITH LID 
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parucularly by Ministry of Health primary water supply teams. TIle Ministry of Health has 

produced a simple user's manual for the Vonder rig. 

At the Rundc river area, onc lubcwcll was successfully completed but three other holes were 

unsuccessful. The rig was unable to penetrate coarse gravel and cobble layers in the alluvium. 

However, at Scssami river, four tubewells were rapidly and successfully completed largely due to 

the absence of cobble beds. The auger bit and the holcsaw arc used in soft and hardcrcohcsive layers 

respectively, and penetration is relatively quick through these fonnations. Hard fresh rock carmOI 

be drilled, but weathered fonnations can be penetrated with the holesaw. PcncU'ation rates as high 

as 8 m/day were achieved in the soft surface l ayers. but these decreased to less than I m/day in 

weathered rock and calcrctc horizons. 

A common feature of alluvium is non-cohesive sand. which frequently collapses below the water 

table. While the auger bit can easily penetrate such fonnations. it is unable to lift such material out 

of the hole. The introduction of clay into the hole can stabilize the formation sufficiently for it to 

be lifted. To penctratecoUapsing sand. the drill is supplied with a bayonet junction temporary steel 

casing unit. with a cutting edge casing shoe at the base. The casing is turned into the fonnation 

through the collapsing sands. and narrower diameter bits are used to drill the fonnation out. Two 

different bailers are also used to lift out the loose sands, butthcsc are only effective below the water 

table. One bailer is a simple tongue bailer and the other is a nap bailer with a 100 mm "throat". The 

bailers are both reasonably effective at recovering loose sand, although the bailing action tends to 

compact the sand at the bottom of the hole. Therefore the auger bit must be regularly used to loosen 

the sand during bailing operations. Sometimes the sand became so compacted that the casing unit 

became jammed at the bottom of the hole. Several casing lengths were lost in this way. Penetration 

rates using the bailer arc slow, gencra1ly less than 1 m/day. At Sessami. where the holes were 

considerably shallower (4-8 m),lhc casing unit never became jammed. 

In suitable conditions. the Vonderrig must be considered a very succcssfultool for tapping alluvial 

aquifers. The actual cost of tube well construction will be lower than the cost of dug well 

construction. At Scssami, wells were being completed in 2 to 4 days and were costing as little as 

ZS300. However, for the rural peasant fanner, well digging has the advantage that he can proceed 

without outside assistance in the form of a drilling rig and a trained operator. Table 6.2 compares 

the dug well and hand drilled well methods for a1luvial aquifers. The two tcchniquescompare well 

and it is difficult to make a selection. 

6.1.3 Motorized Drilling 

The motorized drill was quick and successful, but the availability and cost of deploying such a rig 

makes it unsuitable for peasant farmer initiated development. However, because of the productivity 

of many alluvial aquifers, motorized drilling is cenainly an option formore intensive development. 

In the Runde river arca,only themotorizcd rig was able 10 penetrate the fullthicimessofthe aquifer. 
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TABLE 6.2 CoMPARISON BETWEEN DUG AND DRILLED WELLS 

Hand dug weUs Tube wells (hand drilled) 

(150mm diameter) Yonder Rig 

ADVANTAGES 

(i) Technology well understood in rural areas 
and well diggers are available 

(H) can easily penetrale aliLNium 
(iii) can penetrate gravel/cobble layers 
(Iv) can be easily deepened if it dries up 
(v) equipment rei cheap ($1500) 
(vi) water In storage 

(i) very quick 

(ii) can penetrate deeply below the water table 
(iii) collapsing formations can be easily cased 

with temporary steel casing unit. 

DISADVANTAGES 

(i) slow process 
(iil cannot penetrate deeply below water table 
(iii) more difticu~ to penetrate collapsing layers 

(but can be done with pre-cast well liners) 

(i) cannot penetrate gravel!cobble layers 
(ii) requires skilled poeralor 
(iii) equipment costs are moderately high 

(ZS5000) 

(iv) limited pump types can be used 
(v) no waler in slorage 

A standard cable 1001 percussion drill was used, drilling a 165 mm diametcrhole 25 m deep. Three 

holes were drilled. PVC screening was installed in a1l holes from the water table to the base of the 

hole. The top section of the hole above the water table was lined with steel casing. The steel casing 

had been driven to the base of the hole during drilJing but was subsequently partially withdrawn 

to the water table once the PVC screens were installed. No gravel packs were used and the holes 

were developed by bailing for 3 to 5 hours. These oorchole designs and completion pr.tctices are 

standard for the MEWRD, who deployed the drill as a support to thc alluvial aquifer research 

program. 

6. J.4 Collector Wells 

Collccwr wells and collector trenches can be used to improve the yield from alluvial plain wells. 

They would only normally be considered where the yields are too low and the aquifers arc very thin. 

Collector trenches have been used in Nigeria on the fadamas and the British Geological Survey is 

considering the use of collector wells in the aUuvium in Zimbabwe. Generally, the capital and 

recurrent costs of these methods are high and it may be more appropriate to construct scveral 

ordinary wells or tube wells. 

6.2 ALLUVIAL CHANNEL AQUIFERS 

Where alluvial plains exist, it is considered more satisfactory to exploit them than to exploit the 

channel aquifers. The installations can be pcnnanent. only a single stage lift is required and the 
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walcrcan be placed directly onlO the lands. OIanncl aquifers may. however. produce much higher 

yields. a more secure supply and bcucrquality water. In the alluvial provinces, channel aquifers arc 

ubiquitous. while alluvial plains are generally isolated occurrences. and lhcrcfore it is obviously of 

considerable imponancc to be able to exploit these channel aquifers. 

tn thcaUuvial provinces it wasobscrvcd that the largcrchanncls(channcl width >50 m) tend to have 

long continuous sand beds stretching for scvcraJ kilornctcrs. Probing in these channels usually 

showed a saturated aquifer onc or more meters thick. For the purposes of the macro-survey of 

alluvial aquifers in Zimbabwe, sand filled river channels 50 m wide or more with a minimum dry 

season saturated depth of I m were considered to be productive aquifers. 

Several differem techniques arc used forcxploiLing these aquifers. but they all face two problems. 

The first is the destruction and wash away of the installation when the river is in flood. and Lhe 

second is Lhe need to transport the water to agricultural land for use. 

6.2.1 Channel Wells 

Shallow channel wells arc widely used in the alluvial provinces by village communities as a primary 

water sourcc. The technology is extremely simple; either a wide unlined hole is dug to the water 

table, which is generally of the order of 1 m depth; or a 20 1 or 200 I drum, open at both ends, is sunk 

as a caisson into the sand bed. A lid may be fitted to the drum as shown in Fig.6.4. The lined well 

permits deeper penetration below Lhe water table. These wells arc expected to be washed away or 

filled up during river flow. but they can be easily be reopened and cleaned out. h is possible 10 use 

precast well liners or wide diameter concrete pipe to construct slightly deeper wclls by caissoning 

these into the sand bed. The low cost, low technology requirements for such simple, easily-repaired 

wells makes them very attractive and suited to community initiated rural development. Such wells 

can probably be constructed for less than ZS50. Moreover, the shallow depth of penetration is not 

necessarily a signi ticant drawback, as in the high transmissivity channel material, reasonable yields 

can be achieved with vcry small drawdowns. 

Table 6.3 gives the drawdowns and yields in channel wells in the Mahalapye river, BOLSwana, and 

illustrates thc favorable relationship between yield and drawdown, for this channel aquifer. 

Water Surveys Group (WSG 1986) woric.ing in the alluvial fadamas areas of Nigeria calculated the 

expected drawdowns for 12 aquifer systems at two yields: Q = 41/s and 2,5I/s. Assuming 100% 

well efficiency, at Q = 2.5I/s, drawdown values vary from 0,05 m to 1,8 m with an average value 

of 0,54 m drawdown for 6 hours pumping per day. With Q = 4,0 I/s. the drawdown vaJues range 

from 0,09 t03.2 m with an average value ofO.89m. Thcorclicallychannci aquifers are able to supply 

considerable yields for low drawdowru; if efficient wells arc used. 

Other types of channel wells arc wide diameter wells excavated into the channels and then lined 
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TABLE 6.3 YIELDS OF OIANNEL BOREIIOLES, MAIIALAPYE RIVER, BOTSWANA (AFTER 

M OLOSIWA) 

Aquifer Specific 
Oopth " .. Id RWl. thickness capacity 

m Vs! m m Vm/s 

5.0 B.O 0.97 • 2.0 

B.5 7.7 0.96 7.5 1.02 

12.0 3.3 1.75 • 0.83 

12.0 2 .• 2.5 1.12 

12 2 .• 1.68 • 0.7 

12 2 .• 2.0 10 0.28 

1. 5.6 0.93 5 , .12 

12 5.6 12 0.47 

12 3.6 0.85 9 0.' 

12 2 .• 0.85 9 0.31 

Av. 11.2 m 4.5 Vs 1.25 m 6.7 m 0.83 

with a reinforced brick lining and covered with a wood and animal hide cover. The river sand is 

replaced on lOp of the cover and these then fonn permanent channel wells. A permanent outlet pipe 

is fitted into the well. These wells were designed by the irrigation branch of the Ministry of 

Agriculture in Botswana (K. Logcswaran. 1989) 

6.2.2 Channel Tube WelJs 

PVC lu1x:wclls can be sunk imo the channel aqui fer very simply and rapidly by augering to the water 

level, and then bailing sand out from a temporary casing which has been driven below Lhe water 

table. Once bailing is completed, PVC screens arc placed inside the temporary casing which is then 

removed. This technique is ana1ogous with the bailing techniques dcscrired in Section 6.1.2. 

Because of the sha1 low depths, very lightweight equipment can re used. 

In Nigeria, such ture wells in channels are simply closed during floods. Eventua1ly the PVC well 

tilts over and is lost, but recause of their low cost, they can easily re replaced (Preslon 1987) 

6.2.3 Drive Points 

Drive points or weU points may be driven or jetted by water into the sand river beds. In the most 

simple case, a galvanized stcel pipe may re closed alone end with a hammer to form a sharp point. 

and then slOls cut in it with a hacksaw. The resulting drive point is then hammered into the sand bed. 

A series of such drive points may be hammered into the channel and then connected to a manifold . 

The water is then abstracted by suction lift pumps. Such systems are used by some commercial 



84 

fanners on the Limpopo and Um1.ingwanc rivers in southern Zimbabwe. Alternatively, a steel well 

point may bejcttcd into the channel aquifcrusing a high pressure watcrjct This technique is known 

as water jcuing or washboring. However, a compressor, high pressure hoses. seals and water 

supplies arc required. and it is therefore not an appropriate technique for rural communities in 

Africa. However. the hammered galvanized iron drive point is cheap and simple to install, costing 

little more than the price of a length of pipe, and this system should be suitable for small scale 

development. Wash away of the installation and sand pumping are two problems associated with 

these methods. The advantage of these techniques is that collapsing formations do not present a 

problem. 

6.2.4 Ground-Water Dams 

Ground-water dams have two functions; firstly they reduce the ground-water now through the 

aquifer. and secondly they lrap coarse scdimcnlS and thus artificially increase the aquifer 

dimensions. Hanson (1987b) identifies two types of ground-water dam; subsurface dams and sand 

storage dams. Commonly a ground-water dam is a combination of the two types. 

(i) Subsurface Dams. 

Subsurface dams are designed to reduce ground-water now through the aquifer. which 

is generally a function of the topographic gradient Thus subsurface dams can only be 

justified at certain minimum gradients, generally at I %--5% slopes. (Hanson. I 987b). In 

Zimbabwe's alluvial provinces, gradients are generally very shallow. and subsurface 

dams cannot tx; justified. TIlcy may however. have a role to play in other areas of the 

country where minor alluvial aquifers are located. In particular, they may prove valuable 

for alluvial aquifers accumulated at the foot of escarpments or mountainous terrain. 

(ii) Sand SLOrage Dams. 

Sand storage dams arc designed to trap the coarse bcdload transported during floods. The 

dam wall is raised by shallow stages, so that the fine suspended load is not retained. l1lC 

purpose is to increase the size of Lhe sand aquifer and thus the water resource. 

Sand storage dams could have a more widespread application in Zimbabwe. Many of Zimbabwe's 

shallow weirs and poorly designed dams (e.g. Berejena mission) have become unplanned sand 

storage dams by silting up. In particular, the larger degrading streams and rivers which drain 

Zimbabwe's heavily eroded communal lands could be suitable forthc construction of sand storage 

dams. 

In existing alluvial provinces. Lhe need to excavate to bedrock to construct a sand storage dam may 

prove too costly. Interesting experimental work has been carried out althe Department of Civil 

Engineering. University of Zimbabwe on a foundationless, porous sand storage barrier. A sand bed 

was placed in a flume, and a gabion mattress was placed directly on top of Lhe sand. At flow 

velocities of 0.5 m/so the sand bed was mobilized and flowed downslrcam until Lhe bed load was 

trapped behind the barrier{Mukata 1988). In a continuous alluvial river reach. such a technique has 
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the possibility of increasing the aquifer dimensions by stages. without the costs involved in 

constructing an impervious sand storage dam founded on bedrock. Obviously there will tx: an 

increased hydraulic gradient over the sand barrier resulting in increased discharge. Some of this 

water may become available downstream, but funhcr experimental work is required. 

6.2.5 Infiltration Galleries 

Infiltration galleries arc used to increase the supply to a vcrtica1 well and consist of onc or more 

horizontally laid screens placed in pcnneablc alluvial sediments. In (enns of the alluvial aquifer 

project. the construction of an infiltration gallery wou1d typically involve a vcnica1 well on the river 

bank and a trench excavated from the well into the channel scdimcnts. A screen would be placed 

horil..onlally in the trench and connected to the vertical well. TIle screen showd be sunoundcd with 

filter pack material. 

Collector wells are a somewhat similar construction. However, the horizontal screens (or latera1s) 

are not placed in a dug trench, but are jacked ordrilled horizontally into place. Infiltration galleries 

have the advantage that, while the hcadworks are placed outside the channel secure from 

flood waters, nevertheless, the well is still tapping the highly permeable channel sedimems. 

WSG (1986) constructed a horizontal 'collector trench', and reponed many problems such as 

flowing sands and collapse below the watertablc. They recommend that such a technique only be 

used in areas where vertical well yields are unacceptably low. 

Halerow (1982) used a numbcrofinfiltration galleries to increase the yields ofvcnical wells on the 

banks ofrivcrs in Somalia. Galleries were dug in order to connect the wells to the coarse saturatcd 

alluvial channel sedimcnts. Yields improved markedly. but no quantitative data is availablc. 

For this project no work was done on infiltration gallerics. However, it was noted that at 

Chikwarakwara and Mambali irrigation schcmcs in southern Zimbabwe, pumps were housed in 

deep vcrtical shafts at the edge of the channel, and intake pipes were placed into the river channel 

sand bed. It is not known whether these pipes were placed in a dug infiltration gallery. or were 

jacked into place. In some places, horizontal screens are linked directly Lo motorized suction lift 

pumps, c.g. Maranda s.c. and Shashani. 

The costs of constructing sand dams or infiltration ga11cries is high and is assumed to be beyond 

the scope of individual peasam fanners. However rural communities can cenainly assist with the 

manual labour involved in these construclions and thus assist in the provision of acommunity water 

source. 

Each aquifercnvironmcnt has to be assessed individua1ly beforca decision can be takcn as to which 

type of abstraction unit should be constructed. However, for the purpose of informal inigation 

development, the simpler units are likely to be the most practical. 

1 
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6.3 WELL COMPLETION 

Work done by Molosiwa (1984) in Botswana indicates that well crticicncics in alluvium are 

frequently very low. Due to the generally rather limited drawdown available for alluvial aquifers, 

it isofimponance to have highly efficient wells where maximum yield is required. For hand pump 

garden irrigation low delivery rates arc generally sufficient. In such circumstances, the storage 

available in wide diameter wells becomes a significant volume of water and can reduce the need 

forcxpcnsivc well completion procedures. Tube wells will alJ tx:ncfit from correct well completion 

and development. 

Alluvial aquifers respond particularly well 10 propcrdcvc)opmcnl and appropriate screening. The 

following techniques arc appropriate for tube wells but not for dug weBs. 

6.3.1 Screening 

The selection oCme correct type and size of screening is critical for proper well development The 

slot si7.c on the screen should allow 60% of lhc fonnation to pass through. and retain the coarsest 

40% of the material. Further. the open area of the screen should be such that at the desired pumping 

rate. the average entrance velocity of water moving into the screen should not exceed 0,03 mts 

(Dnscoll. 1986). 

In Zimbabwe. typical screening for tube wells consists either of bench slotted or hacksaw slotted 

PVc. In open tube wells 160mm diameter screen is used and in collapsing wells. 125 mm diameter 

screen is placed inside the temporary casing. A standard slot si7.c of 0.58 mm is used for bench 

slotted PVC. Table 6.4 gives the open area per meter for these two diameters of PVC screen as 

manufactured in Zimbabwe. 

TABLE 6.4 % OPEN AREA FOR PVC SCREENS (ZIMBABWE) 

Bench slotted PVC pipe 
5101 widlh _ 0.58 mm. 

PjJe diameter (mm) 

110 
125 

140 
160 
180 
200 

%Open Area 

9,26 
8,44 
8,54 
8,09 
7.97 
8,05 

As a rough guide, Zimbabwean bench sloned PVC screens may be considered efficient at yields 

of 1 I/s per meter of saturated screen. Hacksaw slotted screens have about haJf of the open area of 

bench slotted screen, and should be efficient at approximately 0.51/s permetcrof saturated screen. 
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The foregoing argument assumes that no blocking of the slots takes place. However. Driscoll 

(1986) indicated that many well design enginccrs automatically assume that 50% of the slots will 

become blocked. This would then reduce the efficient delivery raLc of Zimbabwean bench slotted 

PVC screens to 0,5 Vs per meLCr of screen and of hacksaw slotted screen to 0,25 Vs per meter. 

Thc slot size of 0,58 mm is a fair compromise size. In the finer grained aUuvium derived from 

KaJahari sand, generally 70 to 90% is finer than 0.58 mm. In the coarser granite derived alluvium, 

on average only 15 to 35% is smaller than 0.58 mm. UsuaJly a SIOl size is selected which allows 

50--60% of the materia] to pass through the screen. However, because correct screens are often 

unavailable. it is considered worthwhile to place a filler pack around the well, par1icularly for the 

finer grained aquifers. 

6.3.2 Filter Packs 

Filter packs are the most effective when the alluvial aquifer is uniform and fine grained, and these 

conditions occur with the Kalahari sand aquifers. Filterpaeks are designed to improve well yields 

and to reduce sand pumping. 

A smaller diameter screen is placed inside the working casing and the filter pack material is 

introduced to fonn an annulus around the screen. 90% ofthc filtcrpack material should be retained 

by the wellscrccn, but if the filter material is too coarse, then fine sand may be pumped through the 

filter and into the well. 

Designing a filter pack is a skilled Lask requiring a range or screens. However, it would be more 

simple and reasonably efrective to use the coarse sand rraction rrom 0.5 to 2 mm ror a filter pack. 

This would mean that only two screens need to be taken on site and the filter paek can be sieved 

rrom thc river sand. 

6.3.3 Well Development 

For a manually drilled tube well, the development options arc limited. Two simple techniques can 

be used. 

The first is bailing. Using a standard tongue bailer, water is bailed out orthe well ror several hours 

until the water is clean and no more sand is coming into the well. Bailing may continue ror one or 

two days berore the water is clean. When the bailer is dropped, it causes the water in the tube well 

to now back under pressure into the rormation and thus agitates the rormation. When the bailer is 

lifted, water nows into the well carrying fines rrom the rormation which are then bailed out. 

The second technique is the use or a surge block. A solid surge block, only slightly smaller in 

diameter than the hole. is plunged up and down inside the hole. The mechanism is similar to that 
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described for the bailer, except that the surge block forces water into the formation with greater 

force. and this resullS in more cfficicnI dcvc1opmcnI. The well should be bailed frequently during 

surging. 

Natural well development corrects any damage that has occurred to the fonnation during drilling, 

and by removing fine material from the vicinity of the borcholc, it increases the hydraulic 

conductivity of the formation near the oorc and improves thc well yield. 

None of these well completion steps is carried out on dug wells and the inefficiency of dug wells 

lined with prccast concrclC liners is likely 10 be high, especially in stratified formations with 

relatively impermeable layers. 



CHAPTER 7: 
POTENTIAL OF ALLUVIAL WATER FOR IRRIGATION 

To utilize alluvial waLerfor irrigation. two aspects must be considered. The first is the land resource 

aspect which relates to the soil conditions and the topographical elements which dctcnninc the 

suitability ofthc land forinigation and influence thcdcsign ofinigation systems. The second is the 

engineering aspect which considers the pumping and distribution of the water onLo the land. and 

also influences the irrigation system design. 

7.1 AGRICULTURAL CONDITIONS 

7.1.1 Siles without Alluvial Plains 

Where a channel is incised into the bedrock, and no alluvial plain exists. then the agricuhuralland 

conditions adjaccnt to the alluvial channel arc variable and are not dependent on the proximity of 

the a11uvial channel. The agricultural conditions in such circumstances arc dependent on the 

gcology and on the erosional regime at that place. Few generali7..alions can be made, and the 

decision whether 10 exploit the alluvial aquifcr will have to be site-specific in tenns of the 

availability of and distance to arable soils. 

Where no alluvial plain exists, the river banks tend to slope toward the channcl and the soil profile 

orthesc banks is often ratherlhin. Thus they present poorsoil conditions and an erosion hazard, and 

inigation on such riverbanks should be strongly discouraged. In facI, in Zimbabwe, thcre is a law 

prevcnting agriCUlture within 30 m or any stream. Under such circumstances. the water must be 

conveyed some dislance away 10 suitable arable lands. 

However. where horizontall y bedded sedimenlS occur, or where deep and cxtensive weathering has 

resulted in planation, a degrading river may have incised a vertical channel into this cxisting 

horizontal surrace. Ir subsequent alluvial dcposition occurs in the channcl, thcn this alluvial water 

may be utilized adjacent to the channcl without creating an erosion hazard. 

7.1.2 Alluvial Plain Sitcs 

Where alluvial plains exist. certain common reatures do occur. Alluvial plains mayoccurcitheron 

bolh sides or only on onc side of a river channel. Generally alluvial plains are areas or slight relief. 

occuning as open flat plains and are lopographically suited ror agricultu re. Further, nalurallevees 

are often present and occur as low ridges which run par.tllel 10 the river channel. These ridges are 

highest near the river and slopc gently away rrom it. Nalurallevees will prevent shcct wash crosion 

rrom the agriculturallands directly into the river. The combinatioo or low relier and nalurallcvees 

on alluvial plains suggests that they present no erosion hazard and thatlhey are sare rorcultivation. 
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Alluvial soils are often cultivated because of their suitable topography, and deep soil profiles. The 

quality of alluvial soils is rathcrvariablc. ranging from sandy soils to heavy clays. In general alluvial 

soils arc suitable for cultivation. but on some of the lighter sandy soils the waLer holding capacity 

is low, demanding a vcry short irrigation cycle. 

Or A. Hungwehas reported on the alluvial soils3t both the Runde river and the Scssami river project 

areas. These reports are included as Apperxlix E. 

In the Rundc river area, Hungwe surveyed some 415 ha of alluvial plain. He concluded that 

approximately 300 ha (72 %) were suitable for irrigation; while 115 ha were sodic soils 

concentrated along a drainage line or Oood plain scour route and were unsuitable for irrigation. Of 

the 300 ha of irrigable soils. about 140 ha were rather sandy soils which would necessitate a short 

irrigation interval. 160 ha (40 %) was recommended for irrigation development. Hungwe also 

warns of the poor watcrquality in wens far from the Runde river channel. In Sessami, 160 ha were 

sampled and 70 ha (45%) were considered suitable for irrigation while the ba1ancc was considered 

too sandy, requiring an unacceptably short irrigation cycle. 

Hungwe indicates that 1 I/s pumped continuously for 12 hours daily should lx! able to irrigate in the 

region of 0,7 ha of subsistence garden on these alluvial soils. given the local evapotranspiration 

conditions and the efficiency of hand watering .. 

Alluvial plains have good arable soils. and the development of garden irrigation on aUuvial plains 

will usually lx! straightforward. 

7.2 PUMPING TECHNOLOGIES 

At present water is commonly lifted from open wells by bucket and carried to the garden (Fig 7.1) 

where it is placed directly onto the crop from the bucket (Fig 7.2). 

This section is not intended to lx! a comprehensive review of the different pump types available. 

It is intended to provide guidelines for engineers to consider when selecting pump types. It is of 

interest to note that ODA is presently funding a research program entitled "Simple Irrigation 

Pumps" and this program is ocing undcrtaken by R. Lambert at the University of Loughborough. 

UK and at the UniversityofZimbabwe. This program has initiated thccommercial manufacture and 

marketing inside Zimbabwe of the rope-washer pump (Figs 7.3 & 7.4) and the treadle pump (Figs 

7.5 & 7.6).11lcse pumps are specifically designed for peasant fanner use in Africa. 

7.2.1 Sites without Alluvial Plains 

For alluvial aquifers confined in the channels. a two-stage lift is required. The water must be lifted 

Lo the surface and then lifted out of the channel and conveyed some distance to suitable agriculturaJ 
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Fro. 7.1 W)(fER LIF11NG THE HARD WAY 

FIG. 7.2 WATER DISTRIBUTION BY BUCKET 
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HG. 7.3 R OPE AND WASHER PUMP 

FIG. 7.4 DETAIL OF ROPE AND WASHER PUMP 
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FiG. 7.5 THE TREADLE PUMP 

FiG. 7.6 ThE TREADLE PUMP. DETAIL 
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land. The initial lift to the surface is usually oflhc order of I to 2 m. The subsequent lift out ofthc 

channel to me land is much larger. Observations in Zimbabwe indicate that a secondary lift of 10 

to 20 m will commonly be required and thal arable soils may be 100 m or morc away. 

In addition. because ohhe probability ofannuaJ river now, the pump should be light and movable. 

Ouring periods of river flow, it may be necessary to pump directly from the river, rather than a 

channel well. Under such conditions, the pumped water may be silt laden. Pump specification 

would therefore require a suction lift up to 5 m and a delivery lift of 20 m. Delivery volumes of 

1 I/s arc required. However it must be noted that human power is not sufficient to sustain such a 

pumping rate, even if a suitable pump is available. 

Lambert (1989) has recommended a treadle pump for such a situation. These pumps are being 

manufactured and marketed in Zimbabwe and cost approximately Z$6(X). The treadle pump meets 

all the specified requirements, and includes a silt trap. 1bc pump is simple, easily repaired and 

appears suited for use in rural Africa. Work is being done on a drive to link the treadle pump to an 

animal/pair of animals walking in a circle. If this is successful, then higher delivery rates can be 

sustained. 

7.2.2 Alluvial Plain Sites 

Where the saturated aquifer extends beneath an adjacent alluvial plain, then the waterean be lifted 

once from a well dug in the alluvial plain and placed directly onto the agricultural land. Undcrsuch 

conditions, a permanent insta1lation can be constructed. Water must be lifted from 2 to 20 m at a 

rate of approximately 1 I/s. Discharge at the pump head may be directly into a tank (Fig 7.7) or onto 

the ground. Where the lift is less than 6 m, then a suction lift pump such as the treadle pump may 

be used. If greater lins are required, then the roIX and washer pump or a deep well pump must be 

used. 

At the Scssarni river project area, where the rest water levels were about 3 m, a treadle pump was 

successfully installed and deliveries of I Vs were achieved. At the Runde river project area, the rest 

water level was considerably deeper, varying from 13 to 17 m. Here the Zimbabwe bush pump, 

a deep well piston pump, was used successfully, although delivery volumes were lower, about 

0.3 Vs. 

Lambert (1989) indicates that the rope and washer pump has been tcsted in the laboratory up to lifts 

of 15 m at delivery volumes of I I/s, but the energy inputs required for sustained pumping will be 

beyond human power. Lambert's work shows that at 15 m lift, a man can achieve a steady delivery 

of about 0,3 Vs, and at 8 m lift, a delivery of about 1 I/s can be maintained. The rope and washer 

pump has OCcn linked to an animal drive, and using animal power, higher delivery yields should 

be possible. Rope and washer pumps are manufactured in Zimbabwe and cost about ZS200. Fig 7.8 

shows a garden irrigation system in Zimbabwe based on a rope and washer pump. 
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FIG. 7.7 W.<rER DISTRlBtmON BY DRUM, SIPHON AND FURROWS 

FIG. 7.8 ROPE AND WASHER PUMP. DRUM AND GRAVITY DISTRlRllTlON BY HOSE PIPE 
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Alluvial aquifcryiclds are frcquently large enough to sustain motorized pumping. However, forme 

type of infonnaJ development envisaged by the project. manual pumps arc more appropriate. 

7.2.3 Costs of Pumping 

The costs of pumping include the price of the pump, the reservoir and me delivery system. For 

infonnal irrigation development. several simple and cheap alternatives arc available. 

A detailed financial analysis, including fixed and recurrent costs, of various systems that could be 

used for infonnal irrigation has been carried out. (Lambert and Owen. 1989) A summary of the 

analysis is presented below in Table 7.1. 

TABLE?l COST· ANALYSIS OF PuMPING SYSTEMS (2.$ X 10(0) , 

System Bucket Bucket and pips Manua/pump Animalpump 

Plot size(ha) .01-.03 .04-.09 . 1~.25 

Plot(low) .10-.25 .20-.35 . 35-.45 
cost(high) .15-40 .70-1.0 1 .~2.7 

CosUha 9-15 4-18 2-19 

• Recurrent costs conV8f1ed to pwsenl value using 10% discount rate over 5 years. 

I Z$1.00 . US$O.50 

.5-2 

.... 
13-18 

3-26 

Dissslpump 

1-5 

920 
24-41 

4-24 

The table shows a range of plot sizcs and a high and low cost for each system. For example a 

manually pumped system can be installed foraslittieaZS300.lt will be noted that as onc progresses 

up the scale oftechnical complexity the level of risk increases. A farmer with high fixed costs must 

successfully cultivate a large arcaevery year and market the produce to repay these costs - the risk 

factor is very high. The analysis was carried out using a 10% discount rate, but a rate of 50-100% 

might be more appropriate from a fanners point of view, as he may wish to recover the capital costs 

for equipment in one to two years rather than in ten years. If a higher rate is used, then recurrent 

costs arc discounted much more sharply and the system with higher eapital costs becomes very 

unaaractive. 

7.3 IRRIGATION SYSTEMS DESIGNS 

Systems designed for infonnal small scale irrigation must be simple, cheap and robust and should 

be able 10 deliver sma11 quantities of water. Open furrow systems, particularly on sandy or alluvial 

soils. are wasteful ofhand-pumpcd water. A simple system that has been used in Zimbabweoonsists 

of a small storage gravity feed reservoir and some lengths of PVC pipes. The storage reservoir is 

small, often less than 0,5 ml, with the water being delivered along the pipes either to raised beds, 

or into small basins made by lying ridges every few meters. In this manner excessive infiltration 

in long furrows may be avoided. 
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In this field. research into a variety of suitable systems is being carried outby Zimbabwe's Ministry 

of Agriculture at the Chiredzi research station. Sub-surface, POt, calabash and drip systems arc all 

being studied. the systems being dcsi~d for minimum water use. In existing nutrition gardens, 

the most common water distribution system is by bucket or watering can, and any alternative 

systems should not 00 very much more expensive than these. 



CHAPTER 8: 
STRATEGIES FOR RESOURCE DEVELOPMENT 

8.1 DEVELOPMENT COSTS 

The cost of individual developments should be bome by individual fanners. who wish to become 

irrigators. In return the farmer will be the ownerofLhc irrigation system and have complete control 

and responsibility for the management of his system. In order for this to be rca1istic. there must be 

available on the market ancffectivecomplcteinigation system al a price which peasant fanners can 

afford and which they can afford 10 operate and maintain. Fig 8.1 illustrates a typical 0.5 ha unit 

with costs, which is applicable 10 Zimbabwe. An lhc material requirements for this system are 

available and the costs arc within the reach of many peasant farmers. 

This does not mean that government or developers have no rolc len in promoting thi s type of 

irrigation. Their role involves the dissemination of information and ideas, the provision of loan 

facilities, agricultural advice and other essential suppon services. Funhcr. the com mercial sector 

may need to be stim ulated to manufacture suitable pumps and to mar1c.etthem at realistic prices, as 

well as to supply other essential items 10 the irrigation sub-sector. The direct costs of irrigation 

development win therefore be borne by the fanners while the indirect costs arc borne by the 

development agency. 

8.2 LEGISLATION 

In Zimbabwe, two separate laws relate to the utilization of alluvial water for irrigation. 

The first law, contained in lhe Water Act (1976), indicates lhat a water right must be obtained in 

order to extract water for irrigation use from the sand bed in the river channel. However, water 

extractcd from a we1l on the alluvial plain is regarded as ground-watcr and as such it is subject to 

much less stringent regulation. 

The second law comes from the Natural Resources Protection Regulations and is known as lhe 

Strcambank Protection Act. This law states that "no person shall ... cultivate land within thirty 

meters ofthc naturally defined banks ofa public stream without the written approval ofme Natural 

Resources Board." 

Both of these laws are considered reasonable, but it is wonh making some comments. 

A water right can be obtained for a river, if the watcrhas nOI already been granted to a downstream 

user. In Zimbabwe, very few applications have been made for alluvial water. Thi s waterfrequcnLly 

occurs on the periphery of the country and there are few downstream users. Funher, it could be 

argued that the water is held in natural storage at lhe sileofLhe sand bed, and that lhis natural storage 
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should be regarded in the same light as a constructed storage reservoir in that it stores flood waters 

throughout the dry season. 

1bc strcambank protection regulations were enacted to prevent river siltalion and erosion. Where 

a river valley slopes toward the channel, such a regulation isobviously necessary. However, alluvial 

plains arc generally horizontal, and the channel is incised sub-vertically into the alluvium. 

Moreover, many alluvial plains arc protected by naturallcvccs, and arc often above the high flood 

level. Under such circumstances, it maybe safe to cultivate alluvial terraccsor piains less than 30 m 

from the channel, and it should be possible to obtain the necessary authorization in these cases. 

However, removal of any rivcrine tree fringe may lead to instability and undercutting of the 

rivcrbank. Each situation is site specific and authorization to cultivate should only be granted after 

a favorablc assessment by an officer of the Natural Resources Board. 

tn June 1989. a sub-commiuee from the Department of Natural Resources. set up specifically to 

rcconsider the strcambank protection regulations. met with research staff at the University of 

Zimbabwe in order to refonnulate these regulations. This movement by govcrnment is a direct 

recognition of work done during the Dambo Project and this project. which has highlighted the 

importance of wetJands and alluvium for the development of infonnal peasant irrigation. New 

regulations allowing easier access to these resources have not yet been enacted. but it is understood 

that this is only a matter of time . 

8.3 LocAL GOVERNMENT AGENCIES AND NON GOVERNMENTAL ORGANISATIONS (NGO's). 

In Zimbabwe, irrigation development falls under the authority of the Irrigation Branch of Agritex. 

Ministry of Lands. Agriculture and Resettlement However, the Irrigation Branch is fully occupied 

with fonnal irrigation schemes and generally does not have the staff to promote and assist in the 

development of infonnal micro-scale irrigation. 

Nevenheless. this type ofirrigalion development has not gone unnOliccd by the government. Three 

mimstries have collaborated and jointly taken responsibility for these "nutrition gardens". The 

national committec for Supplementary Food Production consists of officcrs from the Ministries of 

Agriculture. Health and Community Developmcnt. District committccs report to provincial 

committccs who in tumsubmit infonnation to the national commiucc. Thcsccomminccs are tasked 

to promote and control the development of such gardens. Allhough an adequate structural 

organi7.3tion exists. the committee does not have sufficient funds to implement a significant number 

of gardens. The committee has also indicated that it is short of technical staff. 

Frequently, particularly in the drier areas, existing primary water supply boreholcs and wells are 

used to supply small vegetable gardens. Thus this type of development is laking place wilhout any 

outside support. Outside agencies. such as NGO's, are often intcrested in this type of rural 

development in Zimbabwe. Possibly the national commiucc could request such agencies to 

undertake project implementation in relevant areas as selected by the national committee. 
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8.4 A DEVELOPMEi'IT STRATEGY 

Observations in the rural areas of Zimbabwe indicate that there is a very strong farmer and 

community demand for micro·scalc irrigation plots near the village or homestead. There is little 

need to ~U lhc idea to rural communities. Based on this existing demand, a fanner initiated 

development strategy is suggested. However in order for peasant fanners to proceed the necessary 

cquipmcnI, information and resourccs should be made available for [he construction and 

implementation of micro·scale irrigation. 11lc key cicmcnI is the availability of the necessary 

requirements. so that an individual fanner may realistically assess the viability of becoming an 

irrigator. 

In particular fanners would require. 

(i) information on suitable. cheaply available water resources and the means to exploit such 
resources; 

(ii) the commercial availability of suitable pumps at acceptable prices; 

(iii) information on suitable irrigation systems; 

(iv) access to agricultural extension advice; and 

(v) the availability of finance on acceptable tenns. 

When such conditions exist and are pennanently sustained, a fanner will be able to make a choice 

based on his own resources and motivation. The principal task of developc~ would be to ensure 

that irrigation does become a viable option for peasant farmers. The subsequent development of 

irrigation would probably be slow, but it would be an organic sustainable growth. In Zimbabwe, 

many of the elements of such a strategy are already partially accomplished . 

The Dambo re(X>rt (Bell et al. 1987) and this re(X>rt present information on shallow ground-water 

resources which can be tapped using existing manual technologies such as dug wells. 

The simple irrigation pumps project (R. Lambert, in progress) has initiated the commercial 

manufacture oftwo types of pumps- the rope washer and the treadle - at prices that many rural 

fannc~ can afford. 

Simple irrigationsyslem designs arc being studied atOliredzi research station. Moreover, although 

the major"system" used in Zimbabwe is the watering can orbuckel. some ofthc more enterprising 

farmers have already initiated simple tank and pipe or furrow systems. 

Agritcx already has a nationwide network of extension officc~ advising fanners on dryland 

cropping and livestock management. It is considered that short training courses forthesc exlcMion 

office~ will enable them to provide valuable advice to irrigators. Moreover. these officers can 

provide a link between the fanner and a central or district based technical eltpcrt in Ihis field . 

The availability of credit for rural fanners is at present restricted 10 annual inputs for controlled 

crops. Such finance is managed by the Agricultural Finance Corporation (AFC). However, there 

d 
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arc some indications that the AFC is showing interest in loans for the development of this type of 

irrigation. A National Fann lrrigation Fund (NAf) exists for the development of irrigation 

schemes. However, applications by communal fanners to the NAF have been minimal, and 

hopefully in future the AFC will consider utilizing these funds forinfonnal irrigation development 

8.5 INTEGRATED RURAL DEVELOPMENT 

Informal development of irrigation is likely to be an organic growlh wilhin an existing agricultural 

regime. This approach allows irrigation to be integrated with other developments which may be 

taking place in the rural communities. The irrigated garden is scen as havinglhc potential to become 

an additional component in the development of rural areas, rather than supplanting or detracting 

from other development. In certain areas, in time. it may become the economic mainstay of the 

farmer or the village. In othcr agro·ccological regions. it will and should a1ways be seen as an 

ancilliary developmcnt. 

An example of this type of devclopment will help to illustrate how such garden irrigation may not 

only integrate in but possibly lead rural developmcnt, wilhout becoming a majorcomponcnt of that 

dcvclopment. 

In agro--ccological regions IV and V in Zimbabwe, because of poor and erratic rainfall, the 

recommended agricultural system is livestock production and e:Jttensive ranching. Despite this, 

most farmers in these regions plant fairly large (5-10 ha) areas of dryland grain crops, in order to 

try and ensure sufficient food for their own consumption. Yields from thesedryland fields are very 

small. and frequcntly there is no harvest at all. Yet farmers persist with this practice. 

If garden irrigation is developed from alluvial water, or other ground· water resources, thcn food 

supplies can be secured. Once food supplies are secure, then farmcrs may no longer be interested 

in the generally unproductive dryland fields, which could revert back to grazing. With the 

addilionalland available. the farmer could thcn ocgin to improve his Iivcstock management, which 

is the appropriate farming technique for these regions. In different ecological regions. infonnal 

inigation development will interact differently with existing developments. 

Another advantage of this type ofincremental inigationdevclopment is that the farmer is not asked 

to risk all on switching to irrigation in one stage, but is able to leslthe system at a low level. TIle 

key clement of this type of irrigation is the ability to provide smaIJ quantities of irrigation water 

supplies over a largc area at a reasonable price. Shallow ground-water. in particular in darnbos 

(wetJands) and a1luvium. is often a suitable inigation source. If farmers are made aware of suitable 

water resourees in their local environment, then informal inigalion development. integrated with 

the e:Jtisting fanning systems. would be likely to develop. Developers will not be required to sell 

the system to farmers. but rather to facilitate its safe and economic implementation. Development 

is led by a scIf·motivatcd peasant farmer class. and as such. sustainable integrated rural development 

can be achieved. 



CHAPTER 9: 
CONCLUSIONS AND RECOMMENDATIONS 

In general. the project was successful in showing that alluvial aquifers constitute a viable irrigation 

resource in Zimbabwe. In addition. the work was carried out by a Zimbabwean national and the 

knowledge and exp;:rience gained will remain in the country. Moreover. it is expected that the 

procedures, techniques and development philosophy will have a wider regional application. 

9.1 ALLUVIAL WATER RESOURCES 

1) Significant quantities of irrigation water supplies are available in the aUuvial aquifer 

deposits of Zimbabwe. ooth within existing river channels and beneath alluvial pl ains 

which may occur adjacent to these channels. Although the ovcraU total irrigation 
potential may appear small (12000 ha), the development of this potentia! will have a very 
considerable impact in the economically deprived drought prone areas. 

2) The alluvial water supplies arc generally recharged annually by river now during the 
rainy season, and may be considered a renewable resource. 

3) The nature of alluvial sediments allows for relatively high rates of abstraction, usually 

sufficient for small-scale irrigation development. 

4) The depth to the water table is shallow and allows for exploitation by manuallechnologies. 

Dug wells and shallow lift manual pumps are cffective systems for utilizing these 

resources. 

5) Alluvial water quality is generaUy good due to annual river recharge, so the water is 

usually suit.able for inigation. 

6) Alluvial aquifers occur largely inspccificalluvial provinces and the aquifers within these 

provinces arc widely distributed allowing for decentralized development. Alluvial 

provinces are characterized by shallow slopes. or marked slope changes (e.g. base of an 

escarpment) or by highly erodible goologies (e.g. unconsolidated aeolian deposits and 
locs,). 

7) In Zimbabwe. alluvial aquifers occur in some of the driest regions of the country and 

could be useful in alleviating the affects ofthc rcgulardroughts that occur in these regions. 

9.2 iRRlGATTON DEYELOPMENr 

I) The development of irrigation from alluvial aquifers is frequently a technically and 

finanCially attractivc possibility. 
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2) Many commercial and government schemes arc irrigated by alluvial water. The low lift. 

high yields and lack 0 fhcadwork and conveyance structures are all important considerations 

al this scale of development. 

3) For the peasant fanning sector, alluvial aquifers present an accessible and chcap-to

exploit water resource. Moreover. the widespread distribution of such aquifers in the 
alluvial provinces cowd allow a decentralized approach to the development of these 

regions. and an integration of irrigation with livcstock fanning. In favorabJe areas, the 

development of irrigation could improve the viability of Lhc rural economy and provide 

employment. 

4) Irrigation dcvc!opmentcan take place at relatively low capital cost. Manual technologies 

can be used and small areas irrigated. Given the lack of capital in many rural regions of 

Africa, such low cost irrigation systems are the only systems that arc affordable for most 

fanners. Funher, by providing an irrigation alternative that fanners can reasonably install 

using their own resource base, this type of development will be able to mobilize the 

productive energy of this sector. 

5) The techniques used for the development of the project area aquifers were unsophisticated 

by world standards, but they employed locally available equipment, and therefore they 

can be used and sustained in the future. 

9.3 FURTHER STUDIES 

In Chapter 8, some of the requirements for development are outlined. These include funherstudies 

on the water resources, pumping and distribution technology, credit availability, agricultual 

cl(tcnsion, socio-cconomic and environmental factors. 

In the specific area of alluvial aquifers, further studies are required in the following areas: 

I) In tenns of resource availability, a large number of water level monitoring stations are 

required, both in the alluvial channels and on the aUuvial plains in order to plot the 
recharge and decay curves of the alluvial aquifers. Such a system could be established at 

relcvant Agritcl( field offices. 

2) Long tenn test pumping is also required from selected aquifers in order to predict their 

response to levels of abstraction likely under various irrigation regimes. 

3) Efliciency studies are required for the various types of dug wells and tube wells, and for 

various development techniqucs and types of wcll screens. 

4) Further work needs to be done on all types of channel well installations, their costs and 
their positive and negative features. Such research will be imponant forme full utilization 

of alluvial resources. 
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5) Work on various typcsofsanddams would be very relevant in the marginal alluviaJ areas. 

TIle concept of a gabion maUress to inerease the aquifer thickness deserves e:Jttensivc 

l aboratory testing. 

Because of the very low capitaJ costs of such irrigation development, it is considered lhat runher 

research could be Wldertaken concurrenLly with actual resource development. This joint approach 

10 research and development should provide valuable infonnaLion for both rescarchers and users. 
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