
















































































(5 days), 61 mm (2 days), and 53 mm (5 days) did not resultin recharge. Variationsin antecedent
soil moisture, rainfall intensity, vegetation cover, runoffand surface redistribution of rainfall are
all important to recharge, in addition to rainfall amount_However the above analysissuggeststhat
more than 100 mm of rainfall in less than one week isgenerally required to initiate recharge.

4.3 Rainfall - recharge relationships from modelsimulations

To extend the measured data from a limited number ofseasons, rainfalUrechargerelationships
were studied over the period 1953-96fora profile withredclay soilsusing the two-layertank-type
soil water balance model in the ACRU modelling system(Schulze, 1995; Smithers & Schulze,
1995). Daily rainfall data for thisperiod was taken forChendebvuDarn andpotential evaporation
was determined using temperature data from Masvingo.The parameterisationof the ACRU model
and testing of results against measured runoff, soil watercontent, soil evaporation and drainage
for the Romwe catchment are described in more detail in Chapter 5.-

Figure 4.4'shows a simulated relationshipbetween rainfalland drainagefora profile with red clay
soils and pyroxene gneiss geology. Drainage is simulatedto occur inall yearswith annual rainfall
greater than 610 mm, although significant drainage occurs in 3 seasons with rainfall below this
threshold. The best-fit line between rainfall and drainagein years where drainage occurs actually
predicts a threshold rainfall valueof 507 mm (correlation coefficient of 0.83). The slope of this
relationship is 0.50 which suggests that above 507 mm, eachadditional I mmrainfall results in0.5
mm drainage. This estimate of annual rainfall required for recharge to occur is greater than the
threshold value of 400 mm suggested by Houston (1988) for the region, although it is based on
ground-level rainfall values and relatively low permeabilitysoils which both result in calculation
of a higher threshold. Simulated annual drainage is relativelyhigh with a meanof 100mm, which
is about four times greater than the estimate of 24 rnm forhistoricalrechargeon this soil type using
the chloride balance method (Macdonaldet aL, 1995).Temporalvariabilityishigh with a standard
deviation of 130 mm and a range between 4 and 420 mm.

In Figure 4.4, a number of years where simulated drainageis close to the averagerainfall/recharge
relationship (within arbitrary limitsof± 50 mm rainfall)can be identified (Group 1). Either side
occur groups of years with high drainage (Group 2) and low drainage (Group-3) for the rainfall
received. Another group of years with zero or very low drainage can be identified (Group 4) and
there is a final cluster of years with expected high rainfalland drainage (Group 5).

The annual distribution of rainfall for years belonging tothe first fourof thesegroups is shown in
Figure 4.5. In years with an average rainfall/recharge relationship(Group 1)there is considerable
variation in rainfall distribution, although all years have a single monthof high rainfall (over 200
mm). In the three years with relatively high drainage forthe rainfall received (Group 2) a large
proportion of rainfall occurs withina single month fairly early in the rainy season, in December
or January. In the years with relatively lowdrainage for theamountof rainfall received (Group 3),
rainfall is distributed more evenly and if there is a high rainfall month (over 200 mm) this tends
to occur later in the rainy season in February or March. Years with zero or very low drainage
(Group 4) are characterised by evenlydistributed rainfalland generally lack a single month with
high rainfall (over 200 mm). These years cover a large rangeof annual rainfallsand include years
of up to 619 mm rainfall when drainage was still close to zero.
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Comparison between simulated drainage and maximum weekly rainfall over the 43 year period
from 1953 to 1996 generally supports the observation that •I00-140 mm rainfall in a week is
neressary to initiate recharge (Figure 4.5c). There was significant drainage in only two years with
maximum weekly rainfall below 100 mm, and considerable drainage in all but one year where
maximum weekly rainfall exceeded 140 mm.

Groundwater recharge processes

The rapid responseof groundwater to rainstorms, with levels at many locations rising only a few
days after rainfall, raises important questions about the processes responsible for groundwater
recharge. The most rapid responses were observed along the inselberg hillslope transect (Figure
3.4) where groundwater hydrographs were particularly 'flashy'. Combined measurements of soil
moisture content and groundwater level made at this site from February 1994were analysed to
compare response in the unsaturated and saturated zones.

Deep soil moisture storage and groundwater levels along the inselberg hillslope transect are shown
in Figure 4.6 together with monthly rainfall totals. Soil moisture storage is shown as the total
amount of water stored at depths between 1.3 m and 2.1 m, with the exception of site N3 where
limited tube depth permitted measurement to 1.9 m. Over this depth in fields cropped mainly with
maize, the amount of water extracted by plants is likely to be negligible, as shown by maximum
observed ZFP depths of 1.2m within fields of maize on this soil type (Chapter 3). However, at site
N2 (Figure 3.4) deep rooting trees and shrubs close to the piezometer and neutron probe access.
tube mean that it is unreasonable to assume that extraction of water by plants is small.

In 1994/95 significant fluctuations in deep soil moisture content occurred at only two sites (N2 and .
N4). Run-on enhanced infiltration at these two sites, with runoff resulting in lower infiltration and
wetting to only limited depth at other sites (Chapter 3). In the previous 1993/94 season large
fluctuations were indicated at four of the five sites with only a small fluctuation at site N3. These
observations suggest that drainage from the soil profile occurred over a larger areain 1993/94 than
in 1994/95. In 1993/94 significant rainfall early in the season was sufficient to overcome soil
moisture deficits at most sites and thus initiate drainage. In 1994/95 drainage was only initiated
at sites where surface redistribution of rainfall resulted in enhanced infiltratiot. Although recharge
did occur in 1994/95 at both piezometers N5 and N6, with a groundwater response to rainstorms
in mid-January, mid-February and late March, wetting of the lower soil profile did not occur. At
these sites, located just below a contour and in the middle of a field respectively, the source of
recharge was therefore not the soil matrix in the immediate surroundings.

An alternative source of recharge down the hillslope are sites where enhanced infiltration occurs
due to surface redistribution of rainfall, such as N2 and N4 located just above contour bunds. For
the period in which groundwater levels responded to rainfall in 1994/95, moisture content deep
in the soil profile at sites N2 and N4 and groundwater levels at sites N5 and N6 are compared in
Figure 4.7. Groundwater at both sites rose by one metre or so during the week after the 16
January 1995 rainstorm. Although deep soil water content at site N2 did not change due to this
rainfall, there was wetting at 2 m depth at site N4. Larger rises in groundwater level of up to 3
metres followed the 17/18 February 1995 rainstorm. Wetting of the deep soil profile at site N4
continued and an increase in soil water content at 2.2 m was observed at site N2. Rainfall in late
March caused further increases in soil water content at site N4 but not at site N2.
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The movement of soil water through the entire unsaturatedzone to depths of up to 12m was not
studied However, drainage at 2 m is strong evidence thatdirect recharge through the soil matrix
beneath cropped fields is an important source of groundwater recharge in the catchment. Even
where the response of groundwater to rainfall is rapid, it appears that direct recharge probably
through macro-pores in the soil profile is the important process. However, in the year studied,
rainfall was relatively evenly distributedand rechargebythisprocess was confinedto the red clay
soils and to locationsjust behind contour bunds where surface redistribution of rainfall resulted
in enhanced infiltration. In cropped fields, therefore, soilprofileand surface managementare the
two major controls on groundwater recharge. This confirms the potential importance in
groundwater protection of soil and water conservation methods such as contour bunds and
infiltration pits, particularly in areas of the deeper red-claysoils.

	

Table 4.1 Annual rainfall and mean groundwater level rise

	

Season Rainfall', mm Mean water level rise, m
Collector well All sites


observation boreboles

1992/93 570 2.06




1993/94 740 2.81 2.72
1994/95 738 0.64 1.09
1995196 990




1996197 1140




Note: ' corrected to ground-level gauge.
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Figure 4.2 Monthly rainfall totals and groundwaterhdyrographs at two
contrasting sites on pyroxene gneiss(red clay soils) and leucocratic
gneiss (grey duplex soils)
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5. MODELLING HYDROLOGICAL CHANGE IN THE CATCHMENT

5.1 Introduction

In comparison to many communal areas in Zimbabwe, the Romwe catchment is an area where
there has been relatively little land use change since settlement in 1952. The present layout of
cultivated land on the valley floor was developed by 1955, and by 1963 thecurrent field pattern
including the contour bund and storm drain system was established (Butterworth et at, 1995).
There has subsequently been almost no further increase of the cultivated area and the miombo
woodland on the rocky slopes and hills remains relatively undisturbed

In this chapter, long-term rainfall records are used to simulate groundwater levels in Romwe
catchment over the period 1952-96, and to evaluate the effects on groundwater of variations in
rainfall and land use. Two different modelling methods were adopted. First a soil water balance
model (ACRU) was used to simulate drainage from daily rainfall and evaporative demand, and
goundwater levels were predicted asa hinction of drainage, aquifer storage andwater table height
Secondly, the Cumulative Rainfall Departure model (CRD) was used to model groundwater levels
from monthly rainfall.

5.2 The ACRU Model

ACRU is a physically-based model for distributed catchment simulations on an irregular cell or
sub-catchment basis, developed at the University of Natal, South Africa. In this study, the soil
water balance component of ACRU Version 323 was used in lumped mode to calculate drainage.
Groundwater levels were simulated separately, due to limitations in the groundwater module of the
ACRU model for this particular study site. Currently ACRU can only simulate an aquifer which
is permanently connected to surface water courses. In areas such as Romwe the aquifer is
disconnected from surface water courses for most of the year and only discharges to streams for
a limited period in wet years.

The ACRU model can be configured in many ways to suit different conditions and the level of
input data available. Full details of the model and the supporting suite of utility programs are given
by Schulze (1995) and Smithers & Schulze (1995). ACRU is based around a two layer 'tank' or
'bucket' type soil water budgeting model. Infiltration into the soil profile dependsupon net rainfall
after runoff and canopy interception losses. Interception losses were determined using the Von
Hoyningen-Huene method (1983), which relates interception to gross rainfall and canopy leaf area
index (LAI). Stormflow is simulated according to net rainfall, antecedent moisture conditions, and
surface roughness, using a modified version of the SCS storrnflow equation (United States
Department of Agriculture, 1985). Soil water storage for a two-horizon soil profile is determined
by parameters for permanent wilting point, field capacity and porosity. 'Saturated' and unsaturated
drainage are simulated from the A to B horizon, and from the B horizon into the intermediate store
below the soil.layers. 'Saturated' movement occurs when the soil water content of the layer is in
excess of field capacity, and varies with soil texture. Slow unsaturated soil water movement is
simulated both upwards and downwards when a soil water content gradient exists between the
upper and lower horizons. Evaporation from both the soil surface and by vegetation is simulated.
Uptake of water and evaporation by plants occurs from both soil layers according to atmospheric
demand (ie. potential evaporation), LAI, soil moisture content and the relative distribution ofactive
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roots between the two horizons. The energy available for transpiration is determined from potential
evaporation and modulated by LAI according to equations by Ritchie (1972). Actual transpiration
equals potential transpiration when there is no soil moisture stress on plants. The level at which
moisture limiting conditions for transpiration commence depends on the vegetation critical leaf
water potential and atmospheric demand. Soil evaporation may only occur from the upper soil
layer and is calculated for wet and dry stages following the analysis of Ritchie (1972).

On days when drainage from the B-horizon was simulated, groundwater level rise was predicted
using the equation:

D

ha-te-




Sy

where he - k, is the groundwater rise between times t I (start of day) and t2 (end of day) due to an
amount of drainage D at a site with aquifer storage or specific yield Sy expressed as a fraction
(Price, 1996). Owing to the difficulty of obtaining reliable measurements of Sy for the Romwe
aquifer (Macdonald et al., 1995), this parameter was optimised over the period for which observed
groundwater levels were available. Preliminary analysis showed that a poor correlation between
simulated and observed groundwater levels was obtained using a depth-constant value for Sy The
degree of weathering decreasestowards the base of a profile (Chilton & Foster, 1995) and this was
represented using a linear function to describe Syas a function of depth Minimum and maximum
values were specified for the base and top of the weathered aquifer at the soil surface.

Groundwater discharge was predicted using a groundwater recession function parameterised from
observed measurements of falling groundwater levels during periods when rechargewas assumed
to be zero, following procedures described by Bredenkamp et al. (1995) and based on the work
of Ernst (1962), De Vries (1974) and Gieske (1992). An exponential equation of the form:

haomyh YI

was used to describe the groundwater recession curve at a given site, where horwo is the
groundwater level above the baseof the aquifer at the end of a day given no recharge, and y is a
response factor which describes the exponential decay in groundwater level over time t. This
response factor is inversely proportional to the specific yield of the aquifer and directly
proportional to the permeability or transmissivity. Groundwater levels were therefore calculated
on a daily basis as the sum of the initial groundwater level and calculated rise if drainage occurred
less the expected recession due to groundwater discharge. This may be expressed as

1)
= hoe
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5.3 The Cumulative Rainfall Departure model

Bredenkamp et aL (1995) note that cumulative rainfall departure (CRD) and groundwater level
are correlated and that the relationship between the two seriesmay bederived from first principles.
For a specific aquifer, water levels will fluctuate according to the cumulative rainfall departure
from the mean with a proportionality coefficient = a/Sr where a is the fraction of rainfall that
constitutes recharge and Sy is the specific yield. The CRD method isanalogousto a simple bucket
or tank type soil water balance model where the mean rainfall definesthe sizeof a soil water store.
For periods when the mean rainfall isexceeded, this storeoverflows, resulting in drainage and
groundwater rise is simulated. When rainfall isbelow themean value, groundwater levels fall by
an amount related to the difference between rainfall andthe mean.

Improved relationships between CRD and groundwater levels may be obtained using the most
appropriate short and long-term 'memory' periods for the aquifer in question, rather than
calculating the CRD from the long-term mean rainfall (ftredenkimp et al., 1995). The short-term
memory accounts for the time-lag in groundwaterresponseto rainfall and can incorporate carry-
over of recharge from year to year. The long-term memory representsthe period over which the
long-term reference rainfall is calculated. The equation usedfor calculating the CRD at a certain
time interval i may therefore be expressed in the form

1 I

	

CRD, =(— LeRf,) — (kx — Rf ji+(CRD,)
,.,-(.-I) n

where in is the short-term memory period, n is the long-termmemory period, Rhis rainfall at the
th interval and k is a proportional factor which for naturalconditions equals one.

Cumulative rainfall departureswere calculated using monthly rainfall totals. Calculations were
made using various short- and long-term memory periodsand the most appropriate averaging
periods determined from correlation analysis with observedlevels.

	

5.4 Comparison between measured and simulated groundwater levels-

Data collection

Groundwater levels were measured weekly at an un-cased100 mm diameterobservationborehole
(piezometer G; Figure 4.1) over four rainy seasonsfrom late 1992 . The piezometer was 10.5 m
deep with a gradual progession from soil to weathered material at about 1.5 m. Depth to bedrock
in this area is about 12 m. However, thedeepestwater level recorded at the borehole during this
period, which included measurement immediately after the 1991/92 drought, was 8.89 m
indicating that levels do not recess into the bedrock at this location.

Measurements of net radiation, wet and dry bulb temperature and wind speedwere made at the
catchment from February 1994 for calculation of potentialevaporation using the Penman (1948)
equation. Potential evaporation for the period 1953-94 wascalculated from daily maximum and
minimum temperatures at Masvingo using the Hargreaves & Samani (1985) equation with a
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correction factordetermined by comparisonof resultswith Penman (1948) calculationsover a 22
month period in 1994-95(Butterworth, 1997).

With the exception of leaf area index, all ACRU model parameters were determined from
measured or published sources without need to calibrate outputs against measured data. In
1994/95 maize was cultivated in both fields in rows approximately one metreapart. Radiation
interception was determined regularly using tube solarimeters positioned aboveand below the
canopy for complete days at five locations within the Red sub-catchrnent. Leafarea index was
determinedfromthe fractionalradiationinterceptedbythe canopy usinga modifiedlightextinction
coefficient of 0.25, because plant uptake for the sparse crop in widely-spaced rows was
overestimated when simulated using coefficients of 0.4-0.7 after Monteith (1969). The same
vegetation parameterswere used eachyear of the simulation because maize isthe most frequent
crop. No attempt was made to vary the vegetation cover to account for differences in crop
developmentdue todifferences in rainfallbetweenyears.Theeffective rootingdepthwas assinned
to be 1.3 m and the root distribution pattern that suggested by Smithers & Schulze(1995).

Porosity,soil watercontent and potential that nominally represent permanent miltingpoint (L1.5
MPa) and field capacity (-0.01 MPa) were calculated from a laboratory derivedsoil moisture
characteristiccurve(Butterworth, 1997).Soilwater redistribution factorsaccordingto texture and
streamflow parameters were taken from values given by Smithers & Schulze(1995).

ACRU Model results

The soil water balance model was tested against measured values of runoff, soilwater content,
drainage and soil evaporation for the 1994/95 season, and runoff during the 1995/96 season.
Further details are provided by Butterworth (1997). To incorporate the effects of surface
redistributionof rainfall (Chapter 3), ACRU runs were repeated using 70, 80,90, 100, 110, 120
and 130%of measuredinfiltration Comparisonof measuredand simulated valuesof groundwater
level over the period 1992-96are shownin Figure5.1. Groundwater levels simulatedusingACRU
to model drainage follow the observed levels closely. Both the timing andmagnitude of the
groundwaterriseand the pattern of recessionare welldescribed. The optimisedvalues of specific
yield used in the groundwater level simulation were 6.0 x 104 at 8 m depth (at the base of the
aquifer) and 1.6 x 104 at the ground surface, with a linear interpolation betweenthese depths.
These figurescompare with a measured specificyield of 1.6x 104determined at a nearby hand-
dug well from a short pumping test (Macdonald et al., 1995).

There are two notabledeviationsbetween the observedand simulated levels however.Simulated •
levels rise at the end of December 1992 considerably before the measured risein mid-February
1993, although a small rise was measured at the time of the simulated rise.The most likely
explanation is that up to November 1993rainfalldata were from Chendebvu Damlocated 12 km
from the catchment.Considerablespatial variationin rainfall over distances ofa few kilometres
is a common featuredue to the convectionalnature of rainfall.As the actual risein the catchment
was small it is likely that the catchment rainfall was actually less than at ChcndebvuDam.

The second deviationbetweenobserved and simulated water levels occurs in the 1994/95 rainy

season. A simulated rise in gflundwater level in February 1995of 0.94 m comparespoorly with

the observed rise of 2.4 m. Underestimationof drainage from the unsaturated zone may explain
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this. Simulated drainage for this season amounted to 7 mm compared to an average of 24 mm
determined from soil moisture measurements using the HP method. When surface redistribution
of rainfall is represented in the model,considerablymoredrainagefromthe soilprofileissimulated
in low recharge years. With infiltration represented as70-130% of the lumped infiltration,
simulated drainage increased to 52 mm for the 1994/95season,resultingin a slightoverestimation
in groundwater rise rather than underestimation (Figure5.1 b)

CRD Model results

The best correlation between measuredgroundwaterlevelsand CRD was obtained usingshortand
long-term memory periods of 1and 12 months respectively(Butterworth, 1997). Groundwater
levels are simulated with less sensitivitythan usingACRUdue to themonthlycalculationon which
the CRD model is based. However, the annual fluctuations track the observed fluctuations
relatively well (Figure 5.1 c). Groundwater rise was alsooverestimated in the 1994/95rainy
season using this method, due to the well-spaced distributiön of rainstorms in this year.

The two models offer different advantages for simulation of groUndwater levels in shallow
aquifers. The empirical CRD model is a simple and rapidmethod of predictinggroundwaterlevel
fluctuations from rainfall, requiring none of the parameters needed by the ACRU model, but
observed groundwater levels are required for each site for a reasonable period. Given this
simplicity, and the ability to include representation of abstraction, this method has potential for
routine use in the management of abstraction from waterpoints. The more physically-based
ACRU model has greater data requirements for parameterisation and testing but ultimately has
greater capabilities, for example, to simulate the effects oflanduse changeson groundwaterlevels.-

5.5 Long-term trends in groundwater levels, 1952-96

Monthly ttroundwater levels for the period 1952-96simulatedusing long-termrainfall recordsand
the ACRU and CRD models are shown in Figure 5.2.

The simulated groundwater levels highlight large annual fluctuations as the shallow weathered
aquifer experiences relatively rapid recharge and discharge. The. average annual rise in
groundwater levels,defined as the differencebetween theminimumlevel prior to rechargeand the •
maximum levels reached during the subsequentwet season,was 3.03 m using the ACRU model.
However, inter-annual variability is high. The greatest rise was 8.62 m, but for 17 of the 43
seasons zero or negligible recharge was simulated. The mean simulated recharge from the soil
water balance model was 100 mm (range 0-417 mm), andthis increased to 135mm (range 0-540
mm) when surface redistribution of rainfall was incorporated. The large variation in rainfall
between years is responsible for this temporal variation inrecharge and simulated groundwater
levels. Little or no recharge is generally simulated in lowrainfall years. Comparison between
annual total rainfall and simulated recharge suggest that onaverage, total annual rainfall above a
threshold of 507 mm (or 466 mm if surface redistributionof rainfall is included) will result in
recharge, although the distribution of rainstorms in the year is important (Chapter 4).

Particularly noticeable is the numberand distributionof yearswhen zeroor negligiblerechargewas

simulated. Considering the ACRU simulation (Figure5.2a),groundwater drought is predicted to
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recur throughout the period 1952-96. However, two periods are particularly noticeable. From
1953-67 groundwater drought is simulated in 7 out of 15 wet seasonswith 3 consecutive years of
no recharge from 1963-66. Even more extreme is the period from 1981-92 when no recharge is
simulated in 9 out of II wet seasons.,This period of groundwater drought is unprecedented in the
period since 1953. The simulation of groundwater drought is slightly less severewhen the effects
of surface redistribution of rainfall on increased recharge are represented (Figure 5.2 b), when only
10 out 43 seasons show no recharge.

Long-term trends in groundwater level predicted using the two models are shown in Figure 5.3.
The end of wet and dry seasonwater levels were taken nominally asthe end of March and end of
September respectively, and levels were smoothed using a three year average to reduce the degree
of annual fluctuation. This highlights the considerable long-tenn variation since the 1950s and
helps to show that this variation reflects cycles of above and below average rainfall. Trends
predicted by the ACRU and CRD models are similar and there was little difference when the
effects of surface redistribution of rainfall were included Simulated water levels fall during the
1960s and early 1970s during a period of generally low rainfall. They rise during the late 1970s
due to a series of higher rainfall years, fall again in the early 1980s, stabilise only slightly in the
second half of the 1980s,before falling to the lowest levels in the early 1990s prior to a significant
rise with the wet 1995/96 season.

End of wet season levels are shown to vary between about 3 m below ground level in the late
1970s to about 8.5 in depth in the early 1990s. This fall would be expected to have had huge
effects on the observed hydrology of the catchment, and in particular the duration of flow.of
springs and streams. End of dry season water levels are shown to fluctuate less,with a range from
about 6 m below wound level in the late 1970s to 9 m in the early 1990s: A fall of almost 3 m in
end of dry season regional water levels during the 1980s and early 1990s would be expected to
have had a substantial impact on well performance.

The simulations match community accounts of falling water levels during this period and the
concerted efforts they made to maintain their water supply. Between 1980 and 1992 many
existing wells were deepened and the number of wells in and around the catchment rose from 9
to 35 (Price, 1993). However, abstraction from even this increased number of wells remains low
(Chapter 6). With relatively small changes in land usesince the 1950s,the simulations indicate that
the main cause of falling groundwater levels in the area in the early 1990s was the long period of
relatively low rainfall from 1981 rather than human impacts on catchment hydrology.
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6. A PRELIMINARY WATER BALANCE OF ROMWE CATCHMENT


6.1 Rainfall and potential evaporation

Figures 6.1 a, b and c show cumulative total and daily rainfall and potential evaporation recorded
in Romwe catchment during 1994/95, 1995/96 and 1996197. The meteorological year 1 July to
30 June was assumed. Rainfall was corrected to ground-level measurements. Potential evaporation
was calculated using the Penman (1948) equation using meteorological data provided by the
automatic weather station in the catchment.

The years 1995/96 and 1996/97 were years of relatively high rainfall in Romwe catchment. They
suggest the end of a "dry cycle" of below average rainfall (Figure 2.2a) and thebeginning of a "wet
cycle" of predominantly above-average rainfall. The pmblems of farming in thisperiodically semi-
arid environment are clear and flexibility in management is key. In many partsof the valley, crops
failed in 1995/96 and 1996/97 when fields became waterlogged, especially on the grey duplex
soils. Maize planted in low lying areas remained stunted. Those farmers lucky enough to have
better drained land on higher slopes or with fields on the heavier red clay soils fared better, some
seeing bumper crops, although often only on the second or third attempt at planting. Those in
lower areas and on grey duplex soils who managed to obtain rice seed achieved good yields.

	

6.2 Runoff and erosion

Figures 6.2 a, b and c show cumulative runoff measured from the different sub-catchments and

whole catchment for the same period 1994-97. Table 6.1 summarises the runoff measurements.

In 1994/95, runoff was a relatively small proportion of the water balance, accounting for only 1.2
and 6.5 per cent of total rainfall in the arable sub-catchments with red clay andgrey duplex soils
respectively. The low runoff was due, in part, to the pattern of rainfall. There were only four
significant rainfall events and these were well separated enabling large soil moisture deficits to
develop. Runoff from both arable sub-catchments was greater, as a percentage of rainfall, than
measured from the miombo woodland sub-catchment and from the whole catchment, which
amounted to 0.003 and 0.5 per cent respectively. The presence of a good under storey cover of
grassesand shrubs during this wet season was a contributory factor in reducing runoff from these
catchment areas. Stocking densities were still low as a result of the 1991/92 drought, and grasses
and shrubs were not browsed to any great extent.

In 1995/96, runoff was equivalent to 4.6 and 20.5 per cent of rainfall in thered and grey sub-
catchments, and 8.2 and 9.4 per cent from the woodland sub-catchment andwhole catchment
respectively. This was a year of much higher rainfall, the main stream in thecatchment flowed
continuously for 87 days, springs that had been dry for a number of years flowed again, and on
a less positive note, many pit latrines overflowed and collapsed as a result of the rising
groundwater. The contrasting hydrology of the miombo woodland was highlighted by the slower
and more prolonged runoff response than recorded from both arable sub-catchments. The fact that
woodland runoff is greater than runoff from the deep red clay soils suggests thatthe rock beneath
the woodland is to some extent impermeable, and that lateral subsurface flow from the woodland
areas down to the arable fields may be important to recharge in these areasand to sustaining
baseflow recorded in the main stream. Further study of miombo woodland hydrology is required.
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1996/97was also a year of relativelyhigh rainfall in Romwecatchment. However, only after 300
mm of rainfall did significant runoff occur with the rainfallevents of 11-25January and 3-15
February. Runoff from the whole catchment this year wasequivalent to 7.4 per cent of rainfall.

Compartson of runoff hydrographs

Total runoff calculated by summation of estimates for the red clay soil, grey duplex soil and
miombo woodland based on measured sub-catchment runoffand totalarea assumed for each soil
and land use isshown to be consistentlygreater than actualtotal runoffmeasured at the catchment
outlet (Table 6.1). In 1994/95,a year of relatively low runoff, the estimate is 2.8 times greater.
Although runoff occurred from the amble lands, it appearsthat most infiltrated probably along
ephemeral stream channels before reaching the catchmentoutlet. Better agreement between
estimated and gauged runoff is shown in 1995196,a yearofrelativelyhigh runoff,.but in 1996/97
the estimated value is again 1.6times greater than measured Again this may be due to infiltration
of nmoff between croppinglands and catchmentbutlecor itis because Grey sub-catchmentrunoff
is too high for the soil type as a whole.

Comparison of runoff hydrogmphsrecorded for each soiltypeand land use (Figure 6.2) suggests
that the catchment as a whole is behavingpredominantlylikethe redclay soil. The greysoil area
of 85 ha, based on soil colour and surface texture, is therefore too high. It seems likely that not
all grey soils in the catchment are in fact duplex in nature or underlain by the impermeable clay
horizon present in the Grey soil sub-catchment. Furthermore,it is alsolikely that some subsurface
interflow is entering the Grey soil sub-catchmentfrom thewoodlandareas up slope, and that some
of this extra water is being recorded as "mnoff" as it leavesthe Greysub-catchment weir.

Erosion

Only preliminary analysis of erosion and sedimentation rates in Romwe catchment have been
undertaken so far. As a guide, in 1995/96erosion rates of 6.2,0.4, 0.2and 1.1T/ha were recorded
from the Grey, Red and Woodland sub-catchments and the whole catchment, respectively.
Assuming a bulk density of 1.4 T/m3,approximately 500T of suspended sediment left Romwe
catchment in the year, which equates to a siltationrate of 3.6mmlyr if a small dam of area say 2
ha were sited immediatelydownstream. At the erosion rateof 6.2 T/ha recorded from the Grey
sub-catchment, siltation of the same small dam would occurat a rate of 20 mm/yr.

6.3 Estimates of recharge

Groundwater recharge in chylandcatchments is generallyasmall partof the waterbalance. Itcan
be inferred by difference if other components of the water balance are known, or it can be
estimated by various techniques. At the catchment scale, both rainfall and evaporation, the two
principal components of the water balance, are difficult to measure accurately. In particular,
evaporation varies across different soil and vegetation typesand from season to season. Daily
estimates based on potential rates (Penman, 1948) oftenexceed actual rates, and cumulative
potential evaporation very quiekly exceeds cumulative rainfall (Figure 6.1). Without rigorous
measurement of evaporation, groundwater recharge cannotsafely be inferred by difference from
an annual water balance.

60



...

Given these difficulties, it is generally accepted that recharge in dryland areas should be estimated

in a number of ways in order to compare results and establish the likely magnitude rather than

absolute value (Lemer et al, 1990). Table 6.2 shows estimates of recharge and aquifer specific

yield Syfor Romwe catchment inferred from the water balance during periods of groundwater rise,
and Table 6.4 compares estimates of recharge derived by other techniques. In essence,the various
estimates are based either on measured groundwater rise or on deep drainage calculated from the

soil profile, and are determined either at point, sub-catchment or whole-catchment scale. Regional

estimates provided by Houston (1988) are shown for comparison.

Recharge estimates inferred from the water balance during periods of groundwater rise are up to
15 times higher than historical values for Romwe determined using the chloride balance

(Macdonald et al, 1995) or previous regional estimates provided by Houston (1988). It appears

that the chloride balance may not be a suitable method for estimating recharge in this environment

Recharge estimates basedon drainage from the red soil profile are generally similar to estimates

based on groundwater rise, especially when aggregate values at sub-catchment scaleare considered

rather than point values, and when infiltration after surface redistribution of rainfall is considered.
In contrast, recharge estimates based on drainage from the grey soil are in all cases higher than

estimates based on groundwater rise beneath these soils. This is because deep drainage from the
grey soils is severely limited by the impermeable sandy clay B horizon, with mostdrainage actually

flowing laterally over this layer rather than to the water table below.

Aquifer specific yield Sy

To convert groundwater rise measured in the network of catchment piezometers (Figure"4.1) to

a volume of water requires knowledge of aquifer specific yield Sy Data on specific yield is scarce

(Wright, 1992) but in a typical weathering profile developed upon crystalline basement rocks,

values may be expected to range from 0.25-0.4 (25-40%) in the upper soil horizons of high
porosity, from 0.05-0.25 (5-25%) in the weathered regolith, and from 0.01 to 0.05 (1-5%) in the

fractured and fissured rock of low porosity (Acworth, 1987).

Table 6.2 shows values of S,,for pyroxene and leucocratic gneisses(red clay andgrey duplex soils)

and the whole catchment, inferred from the water balance during the wet seasons of 1994/95,
1995/96 and 1996/97. Three piezometers on the red soil (1(4, G, N6) and three on the grey soil

(K2d, P. S) spaced along the length of the catchment were considered. The start date for each

period was the date of rainfall event which triggered the first major rise in groundwater level. The

end date for deriving the water balance was the date on which the water level peaked. The balance
of rainfall less potential evaporation and runoff during each period was assumed to be available
for recharge (rather than to storage in the unsaturated zone or to lateral flow). Linking this

maximum value of recharge to measured groundwater rise gives average values for S yof 3.4, 2.2

and 4.5 per cent for pyroxene and leucocratic gneisses and the whole catchment, respectively.

These values of Sy fall within the expected range for crystalline basement aquifers and show

reasonable inter-annual agreement suggesting that the assumptions made in their derivatiorilare

reasonable. A value of 0.5 per cent was determined for the grey soil in Romwe catchment using

neutron probe measurements of soil moisture change (Butterworth, 1997). Alternative values of

S for the whole catchment inferred by considering the annual water balance but assuming ratios
of actual to potential evaporation provided bc Farquharson and Bullock (1992) for different annual

;
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rainfalls are shown in Table 6.3. The method does not workwell for 1994/95,a year of relatively
low rainfall and runoff, but the averagevalue for Syof 0.061determined for the whole catchment
for the years 1995/96 and 1996/97 is similar to the averagevalue of 0.045 determined above.

6.4 The annual water balance

'Fable 6.5 summarises the annual water balance of Romwecatchment for 1994/95, 1995/96 and
1996/97. The figures shown are not absolute, but they areestimates which arc considered to be
of the correct order of magnitude. The values of groundwaterrecharge are taken from Table 6.2
inferred from the water balance during periods of groundwater rise. Changes in groundwater
storage are determined using average values for S y of 3.4,2.2 and 4.5 per cent for pyroxene and
leucocratic gneisses and whole catchment,respectively,andaverage changesingroundwater level
measured across the network of piezometers from 1 July to 30 June each year. Natural
groundwater recession is calculated as the differencebetweenrecharge.andchangeingroundwater
storage. Human abstmctiori is-Caleidatedas the simi of estiMaiea abstiaction (2.0 Ml/year) from
the 26 traditional dug wells in the catchment (Macdonaldet al, 1995)plus averageabstraction(1.6
MI/year) from the collector well measuredfrom 1991-97(see Section7.3). Evaporationfrom soil
and vegetation, plus change in soil moisturestorage, plus anyother unaccountedlosses, comprise
the remaining balance.

The preliminary water balance for Romwe catchment highlights a number of important points:

present human abstraction of groundwater for domestic use and small scale irrigation is
trivial, equivalent to less than 1 nun across the catchment;

in contrast, natural loss of groundwater is a majorprocess up to 230 times greater than
present human abstraction. Initial inspection suggests that most of this natural loss is
probably through abstraction bydeep rooted evergreenvegetationthatcovers about 21 ha
of the valley floor rather than through lateral flowor leakage into the fractured bedrock;

recharge in any one year can be up to 12times higherthan previousregionalor long-term
estimates. However, the net gain in groundwaterstorageafternatural recession is always
far less, and of the order 60-100 mm/year in twoyears of good recharge;

recharge through the red soils is consistently4-5 timesgreaterthan throughthe greyduplex

soils, and in Rornwe contributes up to 60 per centof recharge to the whole catchment.

It will be important to substantiate these preliminary findings with more rigorous analysis and
modelling of the groundwater data now collected.
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Table 6.1 Runoff from Romwe catchmentin 1994/95, 1995/96 and 1996/97

1994/95 Sub-catchment Percentage Total area in Total runoff Percentageof

rainfall 738mm runoff(mm) of rainfall catchment(ha) (M1) total runoff

Red clay soil 9 I 2 84 7 6 15.7

Grey duplex soil 48 6 5 85 40.8 84.1

Miombovmocaand 002 0.003 255 0.05 0.1

Total catchment
(by extrapolatia)




424 48.5 100.0

Total catchment
(measuredat outlet)

4 0.5 424 17.0 35.1

1995/96 Sub-catchment Percentage Total area in Total runoff Percentageof

rainfall 990mm runoff(mm) of rainfall catchment(ha) (MI) total runoff

Red clay soil 46 4.6 84 38.6 9.2

Greyduplex soil 203 20 5 85 172.6 41.3

Miombowoodland 81 8.2 255 206.6 49.5

Total catchment
(by extrapolation)




424 417.8 100.0

Total catchment
(measuredat outlet)

93 9.4 424 394.3 94 4

1996/97 Sub-catclunent Percentage Total area in Totalnmoff Percentageof •

rainfall 1140mm runoff(mm) of rainfall catclunent(ha) (MI) total runoff

Red clay soil 64 5.6 84 53.8 9.1

Greyduplex soil 335. 29.4 85 284.8 48.4

Miornbowoodland 98 8.6 255 249.9 '. 42.5

Total catchment
(byextrapolation)




424 588.5 100.0

Totalcatchment
(measuredat outlet)

84 7 4 424 356.2 60.5

• Totalcatchmentassumedtocomprise84 hared claysoil,85 ha greyduplexsod, and 255ha miombowoodland • - -•-• ---
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Table 6.2 Groundwater recharge and aquifer specificyield Sy inferred from the water
balance during periods of rising groundwater

1994/95 Rainfall Potential Runoff BaIrice Average rise Maximum value




(mm) evaporation (mm) available for in groundwater of specific yield

Red clay soil 149

(nun)


88 9

recharge (mm)


51

level (m)


2.5

S,


0.020
17/2/95 - 6/3/95





Grey duplex soil 168 148 46 • -26 1.3 na
17/2/95 - 20/3195





Catchment 160 118 4 38 1.7 0.022
17/2/95 - 13/3195






1995196 Rainfall

(mm)

Potential

evaporation

Runoff

(rnm)

_Balance.,
available for

Average rise

in groundwater

Maximum value

of specific yield

Red clay soil 452

(mm)


98 46

recharge (mm)


308

level (m)


7.5

S,


0.041
14/1/96 - 15/2196






Grey duplex soil 485 153 194 138 4.6 0.03
14/1/96 - 27/2/96






Catchment 466 124 80 262 5 5 0.048
14/1/96 - 21/2/96






1996/97 Rainfall Potential Runoff Balance Average rise Maximum value




(mm) evaporation (mm) available for in grotmdwater of specific yield




(rnm)




recharge (mm) level (rn) S,

Red clay soil 527 221 25 281 7.1. 0.040
5/12/96 - 29/1/97






Grey duplex soil 713 360 303 50 3.6 0.014
5/12/96 - 3/3/97









,




Catchment 645 286 63 296 4.6 0.064
5/12/96 - 15/2/97

Table 6.3 Values of aquifer specific yield Sy inferred from the annual water balance

Year Rainfall Potential Ratio Actual Runoff Balance for Av. rise Specific
(July I - (mm) evaporation evaporation (rnm) recharge in water yield S,
June 30) (mm) (mm) (mm) level (m)

1994195 738 1071 0 35 375 4 359 1.7 0 211

1995/96 990 1417 0.45 638 91 259 5.5 0.047

1996197 1140 1423 0.5 712 81 314 4.6 0.075

• Ratio of actual to potential evaporation after Farquhanon and Bullock (1992).
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Table 6.4 Comparison of groundwater recharge estimates in Romwe catchment

Method Red Grey Miombo Whole
soil soil woodland catchment
(rnm) (nun) (nun) (mm)

7




52




100




135




24




0-300






51





91





6 89 0 48 (s)
327 264 36 295 (s)
87




2




121




21




51 -26 na 38




308 138 na 262




281 50 na 296




24 8




16 (s)

ACRUsoil water balanceappliedto piezometer G (Butterworth, 1997)

simulatedrecharge1994/95: withoutsurface redistributiai of rain

withsurface redistributionof rain
mean recharge 1952-96: withoutsurfaceredistributionof rain

withsurfaceredistributionof rain

Zero Flux Plane(Butterworth,1997)
meandrainageat 16 sitesinRed sub-catclunatt 1994/95
drainageat 6 sites in inselberghillslopeprofile 1994/95

Changein moisturecontentat base of soilprofile(Butterworth.1997)
mean of 3 sites in Grey adacatchnient 1994/95: without surface redistribution
mean of 4 sitCS ill Grey sub-catalpa:at 1994/95: with surface redistribution

ACRU soil waterbalanceappliedto sub-catclunents(Butterworth,1997)
1994/95
1995/96
meansimulatedrecharge 1952-96: well managedgroundcover

poorlymanagedgroundcover

Er

Balanceavailableduringperiodsof recharge 1994/95
1995/96 _
1996/97

(Macdonaldet a1,1995)

mean rechargehistorically(exactperiodunknown)

PreviousStudies

Regionalvalue 2-5% of annualrainfall(Houston, (988)
1993/94 (rainfall740 mm) 15-37
1994/95 (rainfall738 mm) 15-37
1995/96 (rainfall990 mm) 20-50
1996/97 (rainfall1140mm) 23-57

s = summationof rechargeestimatesfor the red clay and grey duplex soilsassuming84 ha redclaysoil and 85 ha grey
duplexsoil and 169ha total aquifer area.
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Table 6.5 Annual water balanceof ltomwe catchment(calendar year 1July - 30 June)

1994/95
rainfall 738mm

Runoff
(mm)

Recharge

(rnm)

Changein

groundwater

storage(mm)

Natural

recession


(nun)

Human

abstractico


(rnm)

Balance(evaporation+

changein soilmoisture+


other losses) (mm)

Red clay soil 9 51 -19 70 1 677

Grey duplex soil 48 0 -19 19 0 690

Woodland 0 0 0 o 0 738

Total catclunent 4 38 -34 72 1 695

1995/96 Runoff Recharge Changein Natural Human Balance(evaporation+
rainfall990mm (mm) (mm) groundwater- recession abstraction .changeinsoil moisture+





storage(mm) (mm) (nun) other losses) (nun)

Red clay soil 46 308 +58 250 1 635

Grey duplex sod 203 138 +46 92 0 649

Woodland 81 36 na rla 0 873

Total catchment 93 262 +100 162 1 634

1996/97 Runoff Recharge Changein Natural Human Balance(evaporation+
rainfall 1140mm (mm) (mm) groundwater recession abstraction chime insoilmoisture+





storage(mm) (mm) (nun) otherlosses) (mm)

Red clay soil 64 281 4-50 231 1 794

Grey duplex sod 335 50 +24 26 o 755

Woodland 98 Ila 111 na o 1042

Total catclunent 84 2% 4-62 234 1 759

Change in groundwater storage calculatedusingaveragechange ingrandwater level measuredacrossthe network
of piezoineters, and assuming average values of specificyield S.= 0.034, 0.022 and 0.045 for red clay and grey
duplex soils and whole catchment, respectively.Groundwater recession calculated as the differencebetween
recharge and change ingroundwater storage. Balancecalculatedasrainfall - runoff- recharge- humanabstraction
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7. DISCUSSION

	

7.1 Surface water management

At the catchment scale, runoff from dryland catchments is generally a small part of the water

balance. Hence, efficiency of capture is often already high. In Romwe catchment, runoff in
1994/95, 1995/96 and 1996/97 was only 4, 93 and 84 mm, respectively. However, in volume this

represented 5, 109 and 99 times the total groundwater abstracted per year by the community for
domestic use and small-scale irrigation. Although a small part of the water balance, runoff

nonetheless still represents a major volume of water that could potentially be harvested.

Importantly, runoff from Romwe catchment is lower than reported from larger catchments in the
same physical setting For sub-catchments of the Chiredri river of areatypically 40-50 km2, figures

quoted for average annual runoff range from 200-350 mm (Butterworth, pers.comm.). Further

work is needed to assessif this difference is due to poorer land management within units of the
larger catchments and, if the results of Romwe remain valid, how they can best be scaled up to

achieve water resource management in this setting at sub-catchment and river-catchment scale.

The Romwe catchment study highlights that water harvesting to improve crop production is not

the same as water harvesting to improve groundwater recharge. Surface management practices

such as tied ridge and furrow, which harvest rain where it falls, can benefit rainfed crops and can
mean the difference between a farmer achieving some yield or no yield (Nyamudeza and

Nyakatawa,1995; Nyakatawa, 1996). However, the same practice, by preventing surface

redistribution and concentration of rainfall behind conservation structures, may actually prevent

groundwater recharge through the soil matrix. In years of low or evenly distributed rainfall, there
will be a trade-off between the benefits to individual farmers of improved crop production through

in-field water harvesting, and the benefits to the wider community of enhanced groundwater

recharge through water harvesting at a larger scale. A "whole catchment" approach to water

resource Management is needed, and modelling the outcome of various management scenarios is

likely to be critical to achieve the optimum balance (Butterworth, 1997).

Another practical implication for surface water management concerns the type of structure needed

to meaningfully enhance groundwater recharge. Studies in Romwe catchment of a recharge trench

comprising of three screened boreholes drilled to bedrock and sited in a trench to collect runoff

from the base of a large inselberg (Macdonald et al, 1998) showed recharge enhancement to be

severely limited by the volume of water stored in the trench. With infrequent but high intensity

storms, only numerous low-cost structures such ascontour channels, or more substantial structures

such as small dams, may be expected to store sufficient runoff to enhance recharge. Indeed, in
the.driest partsof Zimbabwe, the most reliable wells and boreholes are invariablythose located

downstream of small dams. With enhanced recharge, these provide water after the dam has dried

and other water points have failed. The second major advantage of adopting this conjunctive use

or "belt and braces" approach to reliable water supply in difficult areas is that local communities
can more readily sec the need to protect the local catchmcnt to protect the dam (reduce siltation)

'than to enhance recharge to protect the groundwater (Waughray et al, 1997).

A final practical implication concerns the desitm of contour channels that exist in most communal


areas of Zimbabwe today. Ironically, these channels were constructed in the 1950sto carry water
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away in a controlled manner and thereby reduce soil erosion. In most areas they have not been
maintained and presently contribute little to either controlling soil erosion (now recognised to
depend more on in-field management) or to conserving water. Adaptation of these contour
channels so that they hold rather than transport significant quantities of water would be a cost-
effective measure that would immediately enhance recharge,particularly in areasof red clay soil.

	

7.2 Groundwater management

The study has highlighted that natural recession in groundwater is a major hydrological process and
an important part of the catchment water balance. The recession recorded in Romwe is typically
exponential, as Bredenkamp et al (1995) also observed for various aquifers in South Africa. Initial
inspection suggests that this natural loss occurs through abstraction by deep rooted vegetation that
covers about 21 ha of the valley floor, and through lateral flow. Although. permeability in
crystalline basement aquifers is generally low, a relatively transmissive layer occurs at the base of
the regolith (Wright, 1992). Within the'datChrifefilthiS re'sults in a large east-west gradient in
groundwater levels. At the end of the dry season in November 1993, the gradient in levels was in
excess of 60 m over a distance of 2.75 km, a slope of 2.2 per cent (Butterworth, 1997).

The practical consequence of this natural recession in groundwater is that recharge in a particular
location may have little lasting benefit in that location, andcarry-over from year to year will be
limited by the natural recession. In these environments, groundwater should therefore be managed
to make full use of the resource, firstly by enhancing rechargeto ensure some replenishment every
year (Section 7.1) and secondly, by using the water while it is there. In particular, there is
considerable potential to increase abstraction while water tables are high. The number of seasonal
wells in Romwe catchment, for example, could safely be increased tenfold oirrnore arid still have
negligible impact on the natural recession of groundwater.

The belief amongst rural communities that abstraction should be limited to "save" the groundwater
is to a large extent a fallacy. Natural recession will occur irrespective of any local reductions in
use, and in fact will predominate. In other words, if the groundwater resource is not used while
it is there, the opportunity will be lost

The belief that groundwater can be "saved" is understandable, but is caused by a misunderstanding
of why wells and boreholes fail. In Romwe, some traditional wells, particularly in the southern
part of the catchment, typically run dry towards the end of the dry season. This is due in part to
the natural recession in groundwater catching up with the limited depth of wells in the area. It is
also due to low aquifer permeability. This can cause steep cones of depression to develop in the
water table in the vicinity of pumping wells and boreholes, which on its own, or combined with
extended periods of low recharge, can cause a serious decline in yield (Macdonald et al., 1995).
When local people reduce abstraction to "save" groundwater, they reduce the cone of depression
around the well, thereby maintaining a low but consistent yield until natural recession causes well
failure. As discussed in the next section, there is considerable potential to significantly increase
abstraction without acceleratingthe natural recession by careful siting and design of water points.

	

7.3 Water point siting and design

Although implemented in 1991 at the time of maxim um perceived groundwater stress, the Romwe
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collector well (sited by exploratory drilling to identify favourable aquifer properties and designed
with lateral boreholes to overcome the permeability constraint) has successfully sustained an
average yield of 1.6 Ml per yearjust less than the sum of the abstraction (2 MI per year) from all
other 26 traditional dug wells in the catchment (Macdonald et al, 1995). Monitoring of the
collector well since 1991 (Figure 7.1) shows that this relatively high abstraction from a single well
has been achieved despite natural groundwater recession (indicated by piezometer G) and without
any adverse effects upon the groundwater resource. In fact, groundwater levels show a complete
recovery to pre-drought levels and above during the period 1993-97.

In low permeability aquifers, the siting and design of a water point areclearly critical to the amount
of water that can be abstracted. Of the two, siting appears to be of paramount importance. To
avoid well failure through natural recession of groundwater levels, particularly during extended
periods of low recharge or drought, siting must locate the maximum depth of saturated aquifer.
To avoid failure through the formation of a cone of depression around the well, siting must locate
an aquifer of reasonable transrnissivity or permeability. Well design can help, butthe key is proper
initial siting Figure 7.2 shows data from the pilot project: Small-scale irrigation using collector
wells (Lovell et al, 1996) which suggeststhat the improvement in yield achieved by drilling lateral
borehol esto overcome the permeability constraint decreaseswith decreasing aquifer transmissivity,
and is minimal if initial siting puts the well in an aquifer of transmissivity less than 1 m ?day, unless
one of the laterals intercepts a major water bearing fissure as in the case of site I (Figure 7.2).

In the pilot project Small scale irrigation using collector wells (Lovell et al, 1996), exploratory
drilling was found to be vital to locate optimum well sites because neither water divining nor
present geophysical methods have sufficient resolution in terrain of such high spatial variability.
The findings from Romwe catchment reinforce the need for, and the value of, improved well siting
methods, and it will be important to investigate the cost-effectiveness of exploratory drilling and
to quantify by how much the yield and reliability of simple dug wells can be improved when sited
by this new approach The policy implications for rural water supply and drought mitigation are
discussed in the next section.

7.4 Policy implications for rural water supply and drought mitigation

Monnor groundwater

Groundwater provides a buffer against individual dry years. The massive failure of wells and
boreholes that occurred throughout southern Africa in the early 1990s need not have come as a
surprise. Long-term trends in groundwater levels are apparent and reflect cycles in rainfall. If
groundwater levels and rainfall are monitored, groundwater drought can be predicted well in
advance. 'Ibis can allow planned and more sustainable long-term drought mitigation programmes
to be implemented, and avoid the need for "emergency" drought-relief projects which have often
been put in place only after the event and which have rarely been cost7effective (Waterkeyn 1997).

Develop family wells and communal water points

The cause of low groundwater levels in the early 1990s is shown to be the extended period of low

rainfall from 1981 rather than human impacts on catchment hydrology. Above average rainfall

since 1993 has completely restored groundwater to pre-drought levels and above. Boreholes and
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wells successfully sited during the low groundwater period are likely to be sustainable through
future periods of drought. However, many being constructed now during a period of generally
high water levels will probably not be sustainable. In particular, the current trend to implement
traditional family wells (Morgan et al, 1996; Mtakwa andChi mbunde, 1997; Morgan, 1997) is
worrying if this is to be at the expense of siting reliable, relatively high yielding communal water
points in a coordinated programme.

Family wells are often low yielding because siting with respectto the homestead rather than aquifer
properties is not optimum for water supply. Average abstraction from family wells in Romwe is
only 210 litres per day (Macdonald et al, 1995). Moreover, they are prone to failure because if
sited where permeability is low, they fail prematurely due to localised dewatering around the well,
and if sited where saturated weathering is shallow, they fail due to natural recession in the
groundwater, especially during drought With increasing population, and increasing reliance on
groundwater for domestic use and production, the section of population at risk during low rainfall
cycles is growing Areas of best groundwater potential arefrequently under land already "owned"
by individual families. It will become increasingly important in water resource development-to
ensure equity of access to these water resources. This canbest be achieved by development of
reliable, relatively high yielding communal water points in these locations.

Although development of traditional family wells offers important advantages of simplicity,
individual ownership and low cost, and undoubtedly adds togeneral security and wellbeing in times
of plentiful rain, there is equal need to develop reliable communal schemes asa backstop for times
of low rainfall and for those families without land suited to a family well. Given the nature of
crystalline basement aquifers and the cyclical pattern of rainfall, a policy to develop a mix of both
individual family wells and more reliable communal water points with irrigation schemes is
recommended (Moriarty and Lovell, 1997).

Rehabilitation of existing water points offers the most cost-effective way to provide reliable
communal water points in many areas. Rehabilitation in thiscontext is not the same as repair. The
pilot project "Small scale irrigation using collector wells" (Lovell et al, 1996) highlighted that many
existing water points are under-utilised at present because pumpcapacity is far less than potential
safe yield. By increasing pump capacity, these water points can be turned into "productive water
points" and support income generating activities such as small scale irrigation. Giving water an
economic value in this way creates the incentive to maintain and repair, and helps to ensure that
this water point at least is always maintained by the local community (Waughray et al, 1997).

During the rehabilitation process, pumping test analysis is required to determine the maximum
sustainable yield. The Romwe study reinforces the need to model the abstraction that can safely
be sustained during prolonged periods of natural groundwater recession. Suitable modelling
approaches are described by Thompson and Lovell (1996) and MacDonald and Macdonald
(1997). This appraisal should form an integral part of rural water supply programmes but can
provide the basis for an immediate increase in water supply and development of small scale
irrigation with the respective communities.

7.5 Bydrogeological zones of different groundwater potential

Development of small-scalc irrigation using groundwater in semi-arid areasunderlain by crystalline
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basement rocks has the potential to be of very considerable benefit both to local people and to the

local environment (Lovell et al, 1996; Waughray et al, 1997). This potential extends far beyond

Zimbabwe and includes many countries in southern, central and western Africa (Wright, 1992).

In zones where hydrogeology is similar to that of Romwe catchmcnt, the present study indicates
enormous potential to safely and significantly increase groundwater abstraction to support small-
scale irrigation and other income generating activities through the development of low-cost
seasonal wells and relatively high-yielding perennial wells. However, not all areaswill hold the
same potential or require the same mix of well types. The potential to develop productive water
points across the region is linked to rainfall, parent rock mineralogy and surface morphology as the
three principal factors affecting recharge and chemical weathering, permeability and hydraulic
gradient, respectively. These factors combine to determine the weathering profile and relative
position of the water table, which in turn determine the most appropriate exploration and
development strategy. A plot of parent rock type against rainfall becomes a valid projection upon
which the various groundwater provinces can be plotted and provides a useful meansof classifying
the various occurrences of groundwater (Acworth, 1987). Applying this approach, zones of
different groundwater potential in southern Zimbabwe are mapped in Figure 7.3and described in
Table 7.1 in terms of the relative numbers of productive water points and most appropriate
development strategies anticipated.

The findings and recommendations from Romwe catchment are relevant wherever communally-
managed catchments are located in areas of younger undifferentiated gneisses with Agricultural
Rainfall Index (ARI) greater than 40 (Bernardi and Madzudzo, 1990). In Zimbabwe, this
hydrogeological zone.covers a total area of about 30,000 km' in the south-east of the country
(zone 2b in Figure 7.3). The findings are directly relevant to parts of Bikita, Chivi, Masvingo and
Zaka Districts, and to a lesser extent in drier zone 2a to parts of Beitbridge, Gwanda, Mberengwa
and Mwenezi Districts. The findings are also relevant to dambo management in wetter areas to
the north (McCartney et al, 1998), and the study has answered many of the questions posed in
recent dambo reports concerning the effects of climatic variation and land usechange on dambo
resilience and appropriate water resource development strategies (NRI, 1997).

7.6 Catchrnentmanagement in communally-managed dryland areas

In catchments similar to Romwe, recharge through red clay soils will generally be4-5 times greater
than through grey duplex soils, and will contribute significantly to recharge of the whole
catchment. Although preliminary, these findings suggest that areas of red clay soil should be the
focus for development of wells, and should be managed to enhance recharge using modified
contour channels (Fanya juu) rather than in-field water harvesting. In contrast, areas of grey-
duplex soil contribute little to groundwater recharge but are the major seurce of runoff and
interflow. This could be harvested in small dams and used to water livestock and perhaps irrigate
pastures. In-field water harvesting would be more appropriate on thegrey duplex soils, probably
as a system of broad ridges and furrows across the contour which can provide flexibility in this
periodically semi-arid, periodically waterlogged environment (Mharapara, pers.comm.). In dry
years, staple crops such as maize can be grown in the furrows and benefit from localised rainfall
concentration. In wet years, when a perched water table forms on top of the impermeable B
horizon, maize can be grown on the ridges and rice grown in the waterlogged furrows, the excess
water from the furrows flowing to the small dams.
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Many catchment management programmesin drylandareasare being implemented on the basis
of scant and often inappropriate information. The RomweCatchment Study isan example of the
type of study needed to obtain the fundamental hydrological, agricultural and socio-economic
information needed to ensure that these proganunes do notend in disappointment. Instrumented
small catchment studies similar to Romwe are required in other principal physical and social
settings throughout the region. In Zimbabwe, small catchmentstudiesare particularlyrequired to
quantify water resource potential and identi&appropriateagricultural development strategies in
the driest and most degraded catchments that typify Communal and Resettlement Areas in
hydrogeological zones la, 3a, 4 and 5 (Figure 7.3; Table 7.1) and to identify the principles and
local organisational structures bestsuited forwater resourcemanagementin thesedifferentsetting.

An objective of the Romwe catchment study was to providea long-term research facility for the
region. The problems of natural resourcemanagement incommunally-manageddrylandareas are
long-term, and the solutions may not be rapid. A researchfacilityto enable continued work was
considered important. Excellent relationshavebeen maintainedwith theRomwecommunitysince
initial development of their collector welland irrigationschemein 1991. The catchment is fully
instrumented to measure all componentsof the water balance,and sub-catchmentsprovide detail
on the two major arable soils and miombowoodland. Hydrological,social andeconomicbaseline
information has been assembled with the participationof the local people, and a comprehensive
database is established. The study offers an ideal opportunity for Zimbabwean students.

It is hoped that the study can be expandedto become a long-termassessment of the physical and
socio-economic benefits of taking an integrated approach to community-based management of
natural resources in semi-arid areas. For the peopleand environmentof Romweand areas like it,
the present project will be a success if the local participation and infrastructuredeveloped since
1991 can now be used to introduceand quantify the impactof some of the identifiedmanagement
options, and the research facility can become the first in a number of demonstration catchments
for visiting extension staff and communities from similar environments elsewhere in the region.
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Table 7.1Hydrogeological zones of different groundwater potential in southern
Zimbabwe and likely development methods

Zone Description Groundwater
potential

District(fraction of) Development
method (%)

I a Older gneiss complex Low to Gwanda 40% Boreholes50




Agricultural rainfall Moderate Mberengwa: 30% Coll.Wells25




index < 40 (1-2 schemes Shurugwi: 10% Small dams 25




per ward) Zvishavane: 30%




Chivi: 30%




Bikita: 10%




1b Older gneiss complex Moderate to Shurugwi: 80% Boreholes50




Agricultural rainfall High Zvishavane: 10% Coll.Wells50




index > 40 (3-4 schemes Masvingo: 20%





per ward) Zaka: 30%





Bikita 20%





Gutu: 10%




2a Younger undiffer- Low to Beitbridge: 5% Boreholes60




entiated gneisses Moderate Gwanda: 30% Coll.Wells40




Agricultural rainfall (1-2 schemes




30%




Mberengwa




index < 40 per ward) Mwenezi: 30%





Bikita: 10%





Chivi: 20%




2b Younger undiffer- Moderate to Zaka 50% Boreholes40




entiated gneisses High Bikita 20% Coll.Wells60




Agricultural rainfall (3-4 schemes Masvingo: 30%




index > 40 per ward) Chivi: 30%




3a Younger intrusive Very low Gwanda 20% Boreholes40




granites (0-1 scheme Mberengwa: 30% Coll. Wells10




Agricultural rainfall per ward) Zvishavane: 10% Small dams50




index < 40




Chivi: 20%





Bikita: 10%




3b Younger intrusive Low to Zaka: 20% Boreholes50




granites Moderate Bikita 30% Coll. Wells50




Agricultural rainfall (1-2 schemes Masvingo: 20%




index > 40 per ward) Gum: 90%




4 Beitbridge paragneiss Moderate Beilbridge: 50% Boreholes80




(2-3 schemes Mwenezi: 40% Coll.Wells20




per ward) Chiredzi: 30%




5 Karoo basalt High Beitbridge 50% Boreholes50




(4-5 schemes Gwanda 10% Coll_WellsSO




per ward) Mwenezi: 300/,





Chiredzi: 60%




Agricultural Rainfall Index (ARI): 100 x (80% EDR / El) %
EDR: Estimated dependable rainfall (mm)
ET: Potential evaporation (nm)

(Source. Bemardi and Madzudzo, 1990)
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8. RECOMMENDATIONS

Fducation 


There is need to prepare extension materials and popular articles to put communities, extension
staff, local authorities and NGOs in touch with the findings of this study, particularly regarding
the fallacy of "saving" groundwater and the potential to safely use more groundwater for
income generating projects, especially while water tables are high.

e

Governments and Donors to consider developing programmes to convert existing, under-
utilised communal water points into productive water points that support income generating
activities such as small scale irrigation. Appraisal should include pumping testsand modelling
of groundwater recession to determine yields sustainable during drought, and selection of
appropriate pump technology matched to these yields, but can provide the basis for immediate
increase in water supply and development of small-scale irrigation with respective communities

Agencies involved in water resource development in dryland areas underlain by crystalline
basement rocks to investigate the improvement in yield and reliability of simple dug wells sited
by low-cost exploratory drilling.

chmen ana em •

Governments and Donors to consider instrumenting small catchments asan integral part of
larger water resource development programmes. Sited in principal physical and social settings,
these studies can provide the fundamental hydrological, agricultural and socio-economic
information needed to underpin development. In Zimbabwe, small catchment studies are
particularly necded to quantify water resource potential and identify appropriate agricultural
development strategies in dry, degraded Communal and Resettlement Areason basalt, granite
and gneiss in areas with mean annual rainfall less than 600 mm.

Further work is needed to assess if management strategies for micr6-catchments such as
Romwe can provide the building blocks for catchment management Research is required to
identify the principles and organisational structures best suited for catchment management in
the different physical and social settings, and to investigate and test the institutional relations
and bio-physical links between micro-catchments needed to scale up to management at sub-
catchment and river-catchment scale. In Zimbabwe, this information is neededto help develop
the national Water Resources Management Strategy (WRMS).

Study of miombo woodland hydrology is required to quantify the importance to overall
catchment hydrology. Study of natural groundwater recession is required to partition the
process to abstraction by deep rooted vegetation, lateral flow and leakage into the fractured
bedrock, and to determine the importance to downstream water supplies•

As more information becomes available, trade-offs between resource management options
become clearer. It will be important for researchers to develop user-friendly decision support
systems such as Bayesian belief networks that integrate the available information, and help
policy makers, catchment planners and extension staff to reach sound management decisions.
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