























































































































(5 days), 61 mm (2 days), and 53 mm (5 days) did not result in recharge. Varations in antecedent
soil moisture, rainfall intensity, vegetation cover, runoff and surface redistribution of rainfall are
all important to recharge, in addition to rainfall amount. However the above analysis suggests that
more than 100 mm of rainfall in less than one week is generally required to initiate recharge.

4.3 Rainfall - recharge relationships from model simulations

To extend the measured data from a limited number of seasons, rainfall/recharge relationships
were studied over the period 1953-96 for a profile with red clay soils using the two-layer tank-type
soil water balance model i1n the ACRU modelling system (Schulze, 1995; Smithers & Schulze,
1995). Daily rainfall data for this period was taken for Chendebvu Dam and potential evaporation
was determined using temperature data from Masvingo. The parameterisation of the ACRU model
and testing of results against measured runoff, soil water content, soil evaporation and drainage
for the Romwe catchment are described in more detail in Chapter 5.

Figure 4.4 shows a simulated relationship between rainfall and drainage for a profile with red clay
soils and pyroxene gneiss geology. Drainage is simulated to occur in all years with 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 drainage in years where drainage occurs actually
predicts a threshold rainfall value of 507 mm (correlation coefficient of 0.83). The slope of this
relationship is 0.50 which suggests that above 507 mm, each additional | mm rainfall results in 0.5
mm drainage. This esimate 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 permeability soils which both result in calculation
of a higher threshold. Simulated annual drainage is relatively high with a mean of 100 mm, which
1s about four times greater than the estimate of 24 mm for historical recharge on this soil type using
the chionde balance method (Macdonald er al., 1995). Temporal vanability is high with a standard
dewviation of 130 mm and a range between 4 and 420 mm.

In Figure 4.4, a number of years where simulated drainage is close to the average rainfall/recharge
relationship (within arbitrary limits of + 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 rainfall and drainage (Group 5).

The annual distribution of rainfal! for years belonging to the first four of these groups is shown in
Figure 4.5. In years with an average rainfall/recharge relationship (Group 1) there is considerable
vanation in rainfall distribution, although all years have a single month of high rainfall (over 200
mm). In the three years with relatively high drainage for the rainfall received (Group 2) a large
proportion of rainfall occurs within a single month fairly early in the rainy season, in December
or January. In the years with relatively low drainage for the amount of rainfall received (Group 3),
rainfall 1s 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 evenly distnbuted rainfall and generally lack a single month with
hugh rainfall (over 200 mm). These years cover a large range of annual rainfalls and include years
of up to 619 mm rainfall when drainage was still closeto 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.100-140 mm rainfall in a week is
necessary to initiate recharge (Figure 4.5¢). 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 response of 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 1994 were analysed to
compare response in the unsaturated and saturated zones.

Deep so1l moisture storage and groundwater levels along the inselberg hillslope transect are shown
in Figure 4.6 together with monthiy 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 area in 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 infiltration. Although recharge -
did occur in 1994/95 at both piczometers N5 and N6, with a groundwater response to rainstorms -
in mid-January, mid-February and late March, wetting of the lower sotl 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 thercfore not the soil matrix in the immediate surroundings.

An altemative 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
Figurc 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 unsaturated zone to depths of up to 12 m was not
studied. However, drainage at 2 m is strong evidence that direct 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 distributed and recharge by this process was confined to the red clay
soils and to locations just behind contour bunds where surface redistribution of rainfall resulted
in enhanced infiltration. In cropped fields, therefore, soil profile and surface management are 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-clay soils.

Table 4.1 Annual rainfall and mean groundwater level rise

Season Rainfall', mm Mean groundwater level rise, m
Collector well All sites
observanon boreholes

1992/93 570 2.06

1993/94 740 2.81 2.72
1994/95 738 0.64 1.09
1995/96 990

1996/97 1140

Note: ! corrected to ground-level gauge.
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Figure 4.6 Comparison between rainfall, soil moisture storage and groundwater
fluctuations along the inselberg hillslope transect.
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5. MODELLING HYDROLOGICAL CHANGE IN THE CATCHMENT
5.1 Introduction

[n 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 the current field pattern
including the contour bund and storm drain system was established (Butterworth ez al., 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 pertod 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
groundwater levels were predicted as a function of drainage, aquifer storage and water 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 ievel of
input data available. Full details of the modet 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 depends upon net rainfall
after runoff and canopy interception losses. Interception losses were determined using the Von
Hoynungen-Huene method (1983), which relates interception to gross rainfalt 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 stormflow eguation (United States
Department of Agriculture, 1985). Soil water storage for a two-horizon soil profile is determined
by parameters for pcrmanent wilting point, ficld 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 honzons. 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), LAl, soil moisture content and the relanve distribution of active
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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
:2"':1'_

4

h

where A, - 4, is the groundwater rise between times ¢, (start of day)and ¢, (end of day) due to an
amount of drainage D at a site with aquifer storage or specific yield S, expressed as a fraction
(Price, 1996). Owing to the difficulty of obtaining reliable measurements of S, for the Romwe
aquifer (Macdonald et ai., 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 S » The
degree of weathering decreases towards the base of a profile (Chilton & Foster, 1995) and this was
represented using a linear function to describe S, as 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 recharge was assumed
to be zero, following procedures described by Bredenkamp er a/. (1995) and based on the work
of Ernst (1962), De Vries (1974) and Gieske (1992). An exponential equation of the form:

ht)(".!li'R)'hd‘ ”

was used to describe the groundwater recession curve at a given site, where A,y is the
groundwater level above the base of 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 £. 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

" D
h,=h,e +(—]
S,

51



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 series may be denived from first principles.
For a specific aquifer, water levels will fluctuate according to the cumulative rainfall departure
from the mean with a proportionality coefficient = @/S, where a is the fraction of rainfall that
constitutes recharge and S, is the specific yield. The CRD method is analogous to a simple bucket
or tank type soil water balance model where the mean nainfall defines the size of a soil water store.
For periods when the mean rainfall is exceeded, this store overflows, resulting in drainage and
groundwater nse is simulated. When rainfall is below the mean value, groundwater levels fall by
an amount related to the difference between rainfall and the mean.

Improved relationships between CRD and groundwater levels may be obtzined 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 (Bredenkamp et af., 1995). The short-term
memory accounts for the time-lag in groundwater response to rainfall and can incorporate carry-
over of recharge from year to year. The long-term memory represents the period over which the
long-term reference rainfall is calculated. The equation used for calculating the CRD at a certain
time interval / may therefore be expressed in the form

"CRD, ( ZRf )—(kxl injJ+(CRD;_,)

}-l-(ﬂ'l 1) h sui={n=-1)

whcre m is the short-term memory period, 7 is the long-term memory period, Rf,is rainfall at the
J* interval and k is a proportional factor which for natural conditions equals one.

Cumulative rainfall departures were calculated using monthly rainfall totals. Calculations were
made using various short- and long-term memory periods and the most appropriate averaging
penods determined from correlation analysis with observed levels.

5.4  Comparison between measared and simulat\ed groundwater levels. .
Data collection

Groundwater levels were measured weekly at an un-cased 100 mm diameter observation borehole
(piezometer G, Figure 4.1) over four rainy seasons from late 1992 . The piczometer was 10.5 m
deep with a gradual progression from soil to weathered material at about 1.5 m. Depth to bedrock
in this area is about 12 m. However, the deepest water 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 tocation.

Measurements of net radiation, wet and dry bulb temperature and wind speed were made at the
catchment from February 1994 for calculation of potential evaporation using the Penman (1948)
equation. Potential evaporation for the peniod 1953-94 was calculated from daily maximum and
minimum temperatures at Masvingo using the Hargreaves & Samani (1985) equation with a
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correction factor determined by comparison of results with Penman (1948) calculations over 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 metre apart. Radiation
interception was determined regularly using tube solarimeters positioned above and below the
canopy for complete days at five locations within the Red sub-catchment. Leaf area index was
determined from the fractional radiation intercepted by the canopy using a modified light extinction
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 parameters were used each year of the simulation because maize is the most frequent
crop. No attempt was made to vary the vegetation cover to account for differences in crop
development due to differences in rainfall between years. The effective rooting depth was assumed
to be 1.3 m and the root distribution pattern that suggested by Smithers & Schulze (1995).

Porosity, soil water content and potential that nominally represent permanent wilting point (=1.5
MPa) and field capacity (-0.01 MPa) were calculated from a laboratory denved soil moisture
characteristic curve (Butterworth, 1997). Soil water redistribution factors according to texture and
streamflow parameters were taken from vatues given by Smithers & Schulze (1995).

ACRU Model results

The soil water balance model was tested against measured values of runoff, soil water 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
redistribution of rainfall (Chapter 3), ACRU runs were repeated using 70, 80,90, 100, 110, 120
and 130% of measured infiltration. Comparison of measured and simulated values of groundwater
level over the period 1992-96 are shown in Figure 5.1. Groundwater levels simulated using ACRU
to model drainage follow the observed levels closely. Both the timing and magnitude of the
groundwater rise and the pattern of recession are well described. The optimised values of specific
yield used in the groundwater level simulation were 6.0 x 10 at 8 m depth (at the base of the
aquifer) and 1.6 x 10 at the ground surface, with a linear interpolation between these depths.

These figures compare with a measured specific yield of 1.6 x 10*determined at a nearby hand—
dug well from a short pumping test (Macdonald ef a/., 1995).

There are two notable deviations between the observed and simulated levels however. Simulated -
levels nise at the end of December 1992 considerably before the measured risc in 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 1993 rainfall data were from Chendebvu Dam located 12 km
from the catchment. Considerable spatial variation in rainfall over distances of a few kilometres
is a common feature due to the convectional nature of rainfall. As the actual nise in the catchment
was small it is likely that the catchment rainfall was actually less than at Chendebvu Dam.

The sccond deviation between observed and simulated water levels occurs in the 1994/95 rainy

season. A simulated rise in groundwater level in February 1995 of 0.94 m compares poorly with
the observed nse of 2.4 m. Underestimation of drainage from the unsaturated zone may exptain
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this. Simulated drainage for this season amounted to 7mm compared to an average of 24 mm
determined from soil moisture measurements using the ZFP method. When surface redistribution
of rainfall is represented in the model, considerably more drainage from the soil profile is simulated
in low recharge years. With infiltration represented as 70-130% of the lumped infiltration,
simulated drainage increased to 52 mm for the 1994/95 season, resulting in a slight overestimation
in groundwater nise rather than undcrestimation (Figure 5.1 b)

CRD Model results

The best correlation between measured groundwater levelsand CRD was obtained using short and
long-term memory periods of | and 12 months respectively (Butterworth, 1997). Groundwater
levels are simulated with less sensitivity than using 4CRU due to the monthly calculation on which
the CRD model is based. However, the annual fluctuations track the observed fluctuations
relatively well (Figure 5.1 ¢). Groundwater rise was also overestimated in the 1994/95 rainy
season using this method, due to the weli-spaced distribution 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 rapid method of predicting groundwater level
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 water points. 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 of land use changes on groundwater levels.-

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

Monthly groundwater levels for the period 1952-96 simulated using long-term rainfal! records and
the ACRU and CRD models are shown in Figure 5.2.

The simulated groundwater levels highlight large annual fluctuations as the shallow weathered
aquifer experniences relatively rapid recharge and discharge. The average annual rise in
groundwater levels, defined as the difference between the minimum level prior to recharge and the -
maximum levels reached during the subsequent wet season, was 3.03 m using the ACRU modei.
However, inter-annual vanability is high. The greatest nse 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), and this increased to 135 mm (range 0-540
mm) when surface redistribution of rainfail was incorporated. The large variation in rainfall
between years 1s responstble for this temporal variation in recharge and simulated groundwater
levels. Little or no recharge is generally simulated in low rainfall years. Comparison between
annual total rainfall and simulated recharge suggest that on average, total annual rainfait above a
threshold of 507 mm (or 466 mm if surface redistribution of rainfall is included) will result in
recharge, although the distribution of rainstorms in the year is important (Chapter 4).

Parucularly noticeable is the number and distribution of years when zero or negligible recharge was
simulated. Considenng the 4ACRU simulation (Figure 5.2 a), 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 seasons with 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 11 wet seasons. This period of groundwater drought is unprecedented in the
period since 1953. The simulation of groundwater drought is slightly less severe when the effects
of surface redistribution of rainfall on increasex 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 modets are shown in Figure 5.3.
The end of wet and dry season water levels were taken nominally as the 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-term 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 m 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 ground 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 use since 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 ¢ show cumulative total and daily rainfall and potential evaporation recorded
in Romwe catchment during 1994/95, 1995/96 and 1996/97. 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. i

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 the beginning of a "wet
cycle” of predominantly above-average rainfall. The problems of farming in this periodically semi-
arid environment are clear and flexibility in management is key. Inmany parts of 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 fucky 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 Runeff and erosion

Figures 6.2 a, b and ¢ show cumulative runoff measured from the different sub-catchments and
whole catchment for the same period 1994-97. Table 6.1 summanses 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 and grey 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
grasses and 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 the red and grey sub-
catchments, and 8.2 and 9.4 per cent from the woodland sub-catchment and whole catchment
respectively. This was a year of much higher rainfall, the main stream in the catchment flowed
continuously for 87 days, springs that had been dry for a number of ycars 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 decp red clay soils suggests that the 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 areas and to sustaining
baseflow recorded in the main stream. Further study of miombo woodland hydrology is required.
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1996/97 was also a year of relatively high rainfall in Romwe catchment. However, only after 300
mm of rainfall did significant runoff occur with the rainfall events of 11-25 January and 3-15
February. Runoff from the whole catchment this year was equivalent to 7.4 per cent of rainfall.

Comparison 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 runoff and total area assumed for each soil
and land use is shown to be consistently greater than actual total runoff measured at the catchment
outiet (Table 6.1). In 1994/95, a year of relatively low runoff, the estimate is 2.8 times greater.
Although runoff occurred from the arable lands, it appears that most infiltrated probably along
ephemeral stream channels before reaching the catchment outlet. Better agreement between
estimated and gauged runoff is shown in 1995/96, a year of relatively high runoff, but in 1996/97
the esimated value is again 1.6 times greater than measured Again this may be due to infiltration
of runoff between cropping lands and catchment outlet, oritis because Grey sub-catchment runoff
is  too high for the soil type as a whole.

Comparison of runoff hydrographs recorded for each soil type and land use (Figure 6.2) suggests
that the catchment as a whole is behaving predominantly like the red ciay soil. The grey soil area
of 85 ha, based on soil colour and surface texture, is therefore too high. It seems likely that not
al! 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 also likely that some subsurface
interflow is entering the Grey soil sub-catchment from the woodland areas up slope, and that some
of this extra water is being recorded as "runoff” as it leaves the Grey sub-catchment weir.

Erosion

Only preliminary analysis of erosion and sedimentation rates in Romwe catchment have been
undertaken so far. As a guide, in 1995/96 erosion rates of 6.2, 0.4, 0.2 and 1.1 T/ha were recorded
from the Grey, Red and Woodland sub-catchments and the whole catchment, respectively.
Assuming a bulk density of 1.4 T/m’, approximately 500 T of suspended sediment left Romwe
catchment in the year, which equates to a siltation rate of 3.6 mm/yr if a small dam of area say 2
ha were sited immediately downstrean. At the erosion rate of 6.2 T/ha recorded from the Grey
sub-catchment, siltation of the same small dam would occur at a rate of 20 mm/yr.

6.3 Estimates of recharge

Groundwater recharge in dryland catchments is generally a small part of the water balance. It can
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 particutar,
evaporation varies across different soil and vegetation types and from season to season. Daily
estimates based on potential rates (Penman, 1948) often exceed actual rates, and cumulative
potential evaporation very quickly exceeds cumulative rainfall (Figure 6.1). Without rigorous
measurement of evaporation, groundwater rechargc cannot safely be inferred by difference from
an annual water balance.
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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 er al, 1990). Table 6.2 shows estimates of recharge and aquifer specific
yield S, for Romwe catchment inferred from the water balance during periods of groundwater nise,
and Table 6.4 compares estimates of recharge derived by other techniques. Inessence, the various
estimates are based either on measured groundwater nse 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 duning periods of groundwater nise are up to
15 times higher than historical values for Romwe determined using the chlonide 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 based on drainage from the red soil profile are generally similar to estimates
based on groundwater rise, especially when aggregate values at sub<catchment scale are 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 most drainage actually
flowing lateraily over this layer rather than to the watcr table below.

Agquifer specific yteld S,

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 S, 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 (2540%) 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 and grey 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 (K4, G, N6) and three on the prey 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 nise in groundwater level. The
end date for deriving the water balance was the date on which the water Jevel 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 of 3.4,2.2
and 4.5 per cent for pyroxene and leucocratic gneisses and the whole catchment, respectively.

These values of S, fall within the expected range for crystalline bascmcnt aqutfers and show
reasonable mter-annual agreement suggesting that the assumptions made in their derivation'are
rcasonable. 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 by Farquharson and Butlock (1992) for different annual
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rainfalls are shown in Table 6.3. The method does not work well for 199495, a year of relatively
low rainfall and runoff, but the average value for §,0f 0061 determined for the whole catchment
for the years 1995/96 and 1996/97 is similar to the average value of 0.045 determined above.

6.4 The annual water balance

‘Table 6.5 summarises the annual water balance of Romwe catchment for 1994/95, 1995/96 and
1996/97. The figures shown are not absolute, but they are estimates which are considered to be
of the correct order of magnitude. The values of groundwater recharge are taken from Table 6.2
inferred from the water balance during periods of groundwater risc. Changes in groundwater
storage are determined using average values for S of 3.4, 2.2 and 4.5 per cent for pyroxene and
leucocratic gneisses and whole catchment, respectively, and average changes in groundwater level
measured across the network of piezometers from 1 July to 30 June each year. Natural
groundwater recession is calculated as the difference between recharge and change in groundwater
storage. Human abstraction i§ ¢alculated as the sum of estimated abstraction (2.0 Mlfyear) from
the 26 traditional dug wells in the catchment (Macdonald et af, 1995) plus average abstraction (1.6
Mlyear) from the collector well measured from 1991-97 (see Section 7.3). Evaporation from soil
and vegetation, plus change in soil moisture storage, plus any other unaccounted losses, 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 mm across the catchment;

- in contrast, natural loss of groundwater is a major process up to 230 times greater than
present human abstraction. [nitial inspection suggests that most of this natural loss is
probably through abstraction by deep rooted evergreen vegetation that covers about 21 ha
of the valley floor rather than through lateral flow or leakage into the fractured bedrock;

- recharge in any one year can be up to 12 times higher than previous regional or long-term
estimates. However, the net gain in groundwater storage afer natural recession is always
far less, and of the order 60-100 mm/year in two years of good recharge;

- recharge through the red soils is consistently 4-5 times greater than through the grey duplex
soils, and in Romwe contributes up to 60 per cent of 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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Fable 6.1

Runoff from Romwe catchment in 1994/95, 1995/96 and 1996/97

1994/95 Sub-catchment | Percentage Total area in Total runoff Percentage of
rainfall 738mm runoff (mm}) of ramfall catchment (ha) (M) total runoff
Red clay soil 9 1.2 84 7.6 15.7
Grey duplex soil 48 6.5 85 40.8 84.1
Miombo woodiand 0.02 0.003 255 0.05 0.1
Total catchment _ _ 424 485 100.0
(by extrapoiation)
Total catchment 4 0.5 424 17.0 351
(measured at outlet)
1995/96 ‘Sub—catchment | Percentage Total area in Total runoff Percentage of
rainfal} 990mm runoff (mmy) of rainfall | catchment (ha) {M) total runoff
Red clay soil 46 © 46 84 386 92
Grey duplex soil 203 205 85 172.6 413
Miombo woodiand 81 82 255 206.6 495
Total catchment . _ 424 4178 100.0
(by extrapolation)
Total catchment 93 94 424 3943 944
(measured at outlet)
1996/97 Sub-catchment | Percentage Total area in Total nmoff Percentage of -
rainfall 1140mm runoff (mm) of rainfall catchment (ha) (M) total nmoff
Red clay soil 64 5.6 84 538 91
Grey duplex soil 335 294 85 284.8 484
Miombo woodland 98 86 255 2499 . 425
Total catchment _ _ 424 588.5 100.0
(by extrapolation)
Total catchment 84 74 424 156.2 60.5
(measured at outlet)

¢ Total catchment assumed to comprise 84 ha red clay soil, 85 ha grey duplex soil, and 255 ha nuombo woodland
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Table 6.2

Groundwater recharge and aquifer specific yield S, inferred from the water-
balance during periods of rising groundwater

1994/95 Rainfall Potential Runoff Balance Average rise Maximum value
{mm) evaporation | {mm) available for n groundwater |  of specific yield
(mm) recharge (mm) level (m) S,
Red clay soil 149 88 9 S5) 2.5 0.020
17/2/95 - 6/3/95
Grey duplex soil 168 148 46 . -26 13 na
17/2/95 - 20/3/95
Catchment 160 18 4 3 1.7 0.022
17/2/95 - 13/3/95 :
1995/96 Ramfall Potential Rumoff -Balance ..} Average rise Maximum value
{mm) cvaporation | (mm) available for in groundwater | of specific yield
‘ {mm) rechasge (mm) level (m) S,
Red clay soil 452 98 46 308 15 0.041
14/1/96 - 15/2/96
Grey duplex soil 485 153 194 138 4.6 0.03
14/1/96 - 2772196
Catchment 466 124 80 262 55 0.048
14/1/96 - 2112096
1996/97 Rainfall Potential Runoff Balance Average nse Maximum value
: {mm) evaporation | (mm) available for in groundwater of specific yield
{mm) recharge (mm) fevel (m) S,
Red clay soil 527 221 25 281 7.1 0.040
5/12096 - 29/1/97
Grey duplex soil 13 360 303 50 36 0.014
5/12/96 - 31397 .
Catchment 645 286 63 296 4.6 0.064
5/12/96 - 151297
Table 6.3 Values of aquifer specific yield S, inferred from the annual water balance
Year Rainfall Potential Ratio” Actual Runoff | Balance for Av. nse | Specific
(July 1 - {rmm) evaporanon evaporation (mm) recharge inwater | yield S,
Junc 30) {mm) {(mm) {mm) level (m)
1994/95 738 107} 035 375 4 359 1.7 0211
1995/96 990 1417 0.45 638 2] 259 55 0.047
1996/97 {140 1423 05 712 84 344 46 0.075

* Ratio of actual to potential evaporation after Farquharson 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 | cachment
(mm) | (mm) | (mm) (mm)
Based on Soil Water Measurements
ACRU soil water balance applied to piezometer ‘G’ (Butterworth, 1997)
simulated recharge 1994/95:  without surface redistribution of rain 7
with surface redistnbution of rain 52
mean recharpe §952-96: without surface redistnbution of ram 100
with surface redistribution of ram 135
Zero Flux Plane (Butterworth, 1997)
mmdrnnmgeathmmRedsub-catdxmaﬂl%m‘% 24
drainage at 6 sites in inselberg hillslope profile 1994/95 0-300
Change in moisture content at base of soil profile (Butterworth, 1997)
mezn of 3 sites in Grey sub-catchment 1994/95: without surface redistribution 51
mean of 4 sites in Grey sub-catchment 1994/85; with surface redistribution 91
ACRU soil water balance applied to sub-catchments (Butterworth,1997)
1994/95 6 89 0 48 (s}
1995/96 327 | 264 |36 295 (s}
mean simulated recharge 1952-96.  well managed ground cover 87 2 :
poorly managed ground cover 121 2}
Based on water balance
Balance available during periods of recharge  1994/95 s1 |-26 |na 8
1995/96 _ 1308 [138 [na 262
1996/97 281 50 na 296
Based on chloride balance (Macdonald ¢! af, 1995)
mean recharge historically (exact period unknown) 24 g 16 (s)
Previous Studies
Regional value 2-5 % of annual rainfall (Houston, 1988) '
1993/94 (ramfall 740 mm) 15-37
1994/95 (ramfall 738 mm) 15-37
1995/96 (rainfall 990 mm) 20-50
1996/97 (ramfall 1140 mm) 23-57

5 = summation of recharge estimates for the red clay and grey duplex soils assuming 84 ha red clay soit and 85 ha grey

duplex sotl and 169 ha total aquifer area,
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Table 6.5 Annual water balance of Romwe catchment (calendar year 1 July - 30 June)

1994/95 Runoff | Recharge | Changein Natural Human Balance (evaporation +

rainfall 738mm {mm) (mm) groundwater | recession | abstraction change in soil moisture +
storage {mm) (mm) {mm) other losses) (mm)

Red clay soil 9 51 -19 70 l 677

Grey duplex soil 48 0 -19 19 0 690

Woodland 0 0 0 0 0 738

Total catchmem 4 38 -34 72 1 695

1995/96 Rurnoff | Recharge Change in Natursl Human Balance (evaporation +

rainfall 990mm (mm) {mm) groundwater | recession | abstracton {. change in s0il moisture +
storage (mm) {mm) (mm) other losses) (mm)

Red clay soil 46 308 +58 250 1 635

Grey duplex soil | 203 138 +46 92 0 649

Woodland gl 36 na na 0 873

Total catchment 93 262 +100 162 | 634

1996/97 Runoff | Recharge | Changein Natural Human Balance (evaporation +

ramfall 1140mm (mm) (mm) groundwater | recession | abstraction change in soil moisture +
storage {mm) (mm) (mm) other losses) (mm)

Red clay soil 64 281 +50 231 1 794

Grey duplex sou 335 50 +24 26 0 755

Woodland 98 na na na 0 1042

Total catchment 84 296 +62 234 1 759

*  Change in groundwater storage calculated using average change in groundwater level measured across the network
of piezometers, and assuming average values of specific yiedd S, = 0.034, 0.022 and 0.045 for red clay and grey
duplex soils and whole catchment, respectrvely. Groundwater recession calculated as the difference between
recharge and change in groundwater storage. Balance calculated as rainfall - nnoff - recharge - human abstraction
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7. DISCUSSION

7.1 Surface water management

At the catchment scale, unoff 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 catchmemnt is lower than reported from larger catchments in the
same physical setting. For sub-catchments of the Chiredzi river of area typically 40-50 km 2 figures
quoted for average annual runoff range from 200-350 mm (Butterworth, pers.comm.). Further
work is needed to assess if 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 ndge 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 matnx. In years of low or evenly distnbuted 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 necded, and modelling the outcome of various management scenarios 1s
likely to be critical to achieve the optimum balance (Butterworth, 1997).

Another practical imphcation for surface water management concems the type of structure needed
to meaningfully enhance groundwater recharge. Studies in Romwe catchment of a recharge trench
comprising of three screened boreholes dnlled to bedrock and sited in a trench to collect runoff
from the base of a large inselberg (Macdonald e af, 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 as contour channels, or more substantial structures
such as small dams, may be expected to store sufficient runofT to enhance recharge. Indeed, in

the driest parts of Zimbabwe, the most reliable wells and boreholes are invariably those tocated

downstream of small dams. With enhanced recharge, these provide water after the dam has drned
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 necd to protect the local catchment to prolect the dam (reduce siltation)
‘than to enhance recharge to protect the groundwater (Waughray et ai, 1997).

A final practical implication concemns the design of contour channels that exist in most communal
areas of Zimbabwe today. [ronically, these channels were constructed in the 1950s to 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, panicularly_in_arms of 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 er 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 thé catchrieiit this reésults 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 stope 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, and carry-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 recharge to 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 or more and 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
1t 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 peniods of low recharge, can cause a serious decline in yield (Macdonald et al., 1995).
When local peopie 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 wetl
failure. As discussed in the next section, there is considerable potential to significantly increase
abstraction without accelerating the 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 maximum 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 year, just less than the sum of the abstraction (2 Ml per year) from all
other 26 traditional dug wells in the catchment (Macdonald er af, 1995). Monitoring of the
collector weil since 1991 (Figure 7.1) shows that this refatively 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 peniod 1993-97.

In tow permeability aquifers, the siting and design of a water point are clearly 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 transmissivity or permeability. Well design can help, but the key is proper
imtial siting  Figure 7.2 shows data from the pilot project: Small-scale irrigation using collector
wells (Lovell e al, 1996) which suggests that the improvement in yield achieved by dnlling lateral
boreholes 1o overcome the permeability constraint decreases with decreasing aquifer transmissivity,
and 1s mimimal if inttial siting puts the well in an aquifer of transmissivity less than 1 m 7day, unless
one of the laterals intercepts a major water bearing fissure as in the case of site 1 (Figure 7.2).

In the pilot project: Small scale imigation using collector wells (Lovell er 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
Monttor 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. This can allow planned and more sustainable long-term drought mitigation programsnes
to be implemented, and avoid the need for "emergency" drought-relief projects which have often
been put in place only afier the event and which have rarely been cost-effective (Waterkeyn 1997).

Develop family wells and com_mumﬂ water points
The cause of low groundwater levels in the early 1990s is shown 10 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. Borehotes 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 er af, 1996; Mtakwa and Chimbunde, 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. v

Family wells are often low yielding because siting with respect to 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 ez 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 are frequently under land already "owned"
by individual families. It will become increasingly imporiant in water resource development to
ensure equity of access to these water resources. This can best 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 as a 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 pattem of rainfall, a policy to develop a mix of both
individual family wells and more reliable communal water points with irrigation schemes is
recommended (Monarty 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 this context is not the same as repair. The
pilot project "Small scale irrigation using collector wells” (Lovell e al, 1996) highlighted that many
existing water points are under-utilised at present because pump capacity is far less than potential
safe yield. By increasing pump capacity, these water points can be tumed into "productive water
points” and support income generating activities such as small scale imgation. 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 af, 1997). .

During the rehabilitation process, pumping test analysis is required to determine the maximusm
sustainable yield. The Romwe study reinforces the need to model the abstraction that can safely
be sustained during prolonged periods of naturai 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 Hydrogeological zones of different groundwater potential

Development of small-scale imigation using groundwater in semi-arid areas underlain 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 es af, 1996; Waughray er a/, 1997). This potential extends far beyond
Zimbabwe and includes many countries in southern, central and western Africa (Wright, 1992).

In zones where hydrogeology is simiiar to that of Romwe catchment, the present study indicates
enormous potential to safely and significantly increase groundwater abstraction to support small-
scale imgation and other income generating activities through the development of low-cost
seasonal wells and relatively high-yielding perennial wells. However, not all areas will 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
positton of the water table, which in tumn determine the most appropnate 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 iseful means of classifying
the vanious occurrences of groundwater (Acworth, 1987), Applying this approach, zones of
different groundwater potential in southern Zimbabwe are mapped in Figure 7.3 and 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 trom 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 Dnstricts, and to a lesser extent in drier zone 2a to parts of Beitbndge, Gwanda, Mberengwa -

and Mwenez Districts. The findings are also relevant to dambo management in wetter areas to
the north (McCartney et af, 1998), and the study has answered many of the questions posed in
recent dambo reports concerning the effects of climatic vaniation and land use change on dambo
resilience and appropnate water resource development strategies (NRI, 1997).

7.6 Catchment management in communally-managed dryland areas

In catchments simular to Romwe, recharge through red clay soils will generally be 4-5 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 source 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 appropnate on the grey duplex sotls, probably
as a system of broad ndges and furrows across the contour which can provide flexibility in this
peniodically semi-and, 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 wel years, when a perched water table forms on top of the impermeable B
honizon, maizc can be grown on the ndges 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 programmes in dryland areas are being implemented on the basis
of scant and often inappropriate information. The Romwe Catchment Study is an example of the
type of study needed to obtain the fundamental hydrological, agricultural and socio-economic
information needed to ensure that these programmes do not end in disappointment. Instrumented
small catchment studies simifar to Romwe are required in other principal physical and social
settings throughout the region. In Zimbabwe, smail catchment studies are particularly required to
quantify water resource potential and identify appropriate agricultural development strategies in
the driest and most degraded catchments that typify Communal and Resettlement Areas in
hydrogeological zones 1a, 3a, 4 and 5 (Figure 7.3; Table 7. I') and to identify the principles and
local organisational structures best suited for water resource management in these different settings.

An objective of the Romwe catchment study was to provide a long-term research facility for the
region. The problems of natural resource management in communally-managed dryland areas are
long-term, and the solutions may not be rapid. A research facility to enable continued work was
considered important. Excellent relations have been maintained with the Romwe comm unity since
initial development of their collector weil and irrigation scheme in 1991. The catchment is fully
instrumented to measure all components of the water balance, and sub-catchments provide detail
on the two major arable soils and miombo woodland. Hydrological, social and economic baseline
information has been assembled with the participation of 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 expanded to become a long-term assessment 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 people and environment of Romwe and areas like it,
the present project will be a success if the local participation and infrastructure developed since
1991 can now be used to introduce and quantify the tmpact of some of the identified management
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 7.1 Hydrogeological zones of different groundwater potential in southern
Zimbabwe and likely development methods

Zone | Description Groundwater | District (fraction of) Development
potential method (%)

la Older gneiss complex | Low to Gwanda: 40% Boreholes 50

Agricultural rainfall Moderate Mberengwa: 30% CollLWells 25
index < 40 (1-2 schemes Shurugwi:  10% Small dams 25
per ward) Zvishavane: 30%
Chiva: 30%
Bikita: 10%
1b Older gneiss complex | Moderate to Shurugwi:  80% Boreholes 50
Agricultural rainfall High Zvishavane: 10% CollWells 50
index > 40 (3-4 schemes Masvingo: 20%
per ward) Zaka: 30%
Bikita: 20%
Gutu: 10%
2a Younger undiffer- Low to Beitbndge: 5% Boreholes 60
entiated gneisses Moderate Gwanda: 30% Coll Wells 40
Agricultural rainfall (1-2 schemes Mberengwa: 30%
index < 40 per ward) Mwenezi:  30%
Bikita: 10%
Chivi: 20%
2b Younger undiffer- Moderate to Zaka: 50% Boreholes 40
entiated gneisses High Bikita: 20% ColLWells 60
Agricultural rainfall (3-4 schemes Masvingo: 30%
index > 40 per ward) Chivi: 30%
3a Younger intrusive Very low Gwanda: 20% Boreholes 40
granites (0-1 scheme Mberengwa: 30% Coll. Wells 10
Agricultural rainfall per ward) Zvishavane: 10% Small dams 50
index < 40 Chivi: 20%
Bikita: 10%
3b Younger intrusive Low to Zaka: 20% Boreholes 50
granites Moderate Bikita: 30% Coll. Wells 50
Agricultural rainfall (1-2 schemes Masvingo:  20%
index > 40 per ward) Gutu: 90%

4 Beitbridge paragneiss | Moderate Beitbndge: 50% Boreholes 80
(2-3 schemes Mwenezi:  40% Coll. Wells 20
per ward) Chiredzi: 30%

5 Karoo basalt High Beitbridge: 50% Boreholes 50
(4-5 schemes Gwanda: 10% Coll. Wells 50
per ward) Mwenezi:  30%

Chiredz:: 60%

Agricultural Rainfall Index (ARI): 100 x (80% EDR / ET) %
EDR: Estimated dependable rainfall (mm)
ET: Potential evaporation (mm)
(Source: Bemardi and Madzudzo, 1990)
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8. RECOMMENDATIONS
ton;

« There s need to prepare extension matenials and popular articles to put communities, extension
staff, local authonities 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.

Productive groundwater development:

~ « 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 irmigation. Appraisal should include pumping tests and modelling
of groundwater recesston to determine yields sustatnable during drought, and selection of
appropnate pump technology matched to these yields, but can provide the basis for immediate
increase in water supply and development of small-scale irngation with respective communities

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

Catchment Management:

» Governments and Donors to consider instrumenting small catchments as an 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 needed to quantify water resource potential and identify appropriate agricultural
development strategies in dry, degraded Communal and Resettiement Areas on basalt, granite
and gneiss in areas with mean annual rainfall less than 600 mm.

» Further work is needed to assess if management strategies for micro-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 nver-catchment scale. In Zimbabwe, this information is needed to help develop
the national Water Resources Management Strategy (WRMS).

e Study of miombo woodland hydrology is required to quantify the importance to overall
catchment hydrology. Study of natural groundwater recesston.is required to partition the
process to abstraction by deep rooted vegetation, lateral flow and leakage into the fractured
bedrock, and to determ:ne 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 belicf networks that integrate the available tnformation, and help
policy makers, catchment planners and extension staff to reach sound management decisions.
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