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Recharge quantification with radiocarbon:
independent corroboration in three Karoo aquifer studies in Botswana.
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Introduction

The assessment of recharge is increasing in importance for ground water resource management.
Here, the "isotope snapshot" approach is attractive, as the alternative is the long-term
accumulation of water level and abstraction data in e.g. the equal volume method of
interpreting hydrographs.

Amongst the available models for isotope-based residence time calculation (piston flow,
dispersion, exponential) the latter is a suitable "lumped parameter" approach to phreatic
aquifers. Tritium is a conservative tracer but useful only in shallower and more actively turned-
over ground water in the southern Hemisphere. In the deeper multi-layer sedimentary Karoo
aquifers of the Kalahari, radiocarbon initial (recharge) concentrations can be reasonably
estimated and its subsequent behaviour in the saturated zone, mostly in non-calcareous
sandstone, can be regarded as conservative.

The the well-mixed model assumes that the pumped well produces a mixture of different transit
times from the different lithological units penetrated. In a simple approach, recharge R can be
estimated:

where T is the mean residence time, pi the porosity and Hj the thickness of the individual
saturated units (i) penetrated. Most sedimentary aquifers in southern Africa have both primary
and fracture porosity. In pump test analysis, the storage coefficient tends to increase with
increasing pumping time, as deeper seated water is released from the pores. Zuber [1] pointed
to the diffusive tracer loss into the pores of fractured granular aquifers, leading to unrealistic
residence times. It is argued here that an environmental tracer labels all the water in the aquifer,
through diffusion and advection and that the total porosity is the relevant parameter in recharge
calculations.

Isotope data was collected in three ground water investigations in Karoo aquifers of the
Kalahari over the past 20 years, allowing recharge estimates to be made. Long-term
conventional geohydrological observations are now available which allow recharge assessment
through independent approaches.

Jwaneng Mine well field

The 28 high yielding boreholes of the well field supplying Jwaneng mine in southern Botswana
tap a deltaic sandstone aquifer which dips below an increasing thickness of a mudstone
aquitard. Radiocarbon from 55 pMC to 75 pMC measured in 1983 suggest ongoing recharge
and lateral flow, and led to a first conceptual model of the aquifer's hydrology. Recharge values
of 3.7 to 4.7 mm a"1, were obtained using a mean porosity value of 0.15 measured on sandstone
aquifer drill cores. A decade later, an equal volume analysis of long-term hydrographs yielded
recharge values of 4 - 7 mm a"1 overlapping the range of isotope-derived values.
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Orapa mine well fields

Orapa diamond mine in northern Botswana is supplied with ground water from several well
fields. Fractured and jointed basalt confines the main sandstone aquifer locally, but allows
widespread hydraulic connection with the shallow overlying Kalahari Beds aquifer. Lateral
ground water movement is restricted, resulting in low radiocarbon values in the range 1.3 - 45
pMC. In the isotope assessment of recharge, the system was treated as a multi-layer phreatic
aquifer, with rest levels in the basalt. Mean porosity of 0.22 was measured in borehole cores,
and 0.02 estimated for fractured basalt.

Radiocarbon-based recharge values range from 0.6 to 2.4 mm a"1. Including an value of 21.5
mm a'1 near a basalt fracture gives a mean of 3.7 mm a'1; eliminating the outlier, 1.1 mm a"1.
Long term saturated volume fluctuations gave a range of 2.7 to 5.4 mm a"1, a reasonable
correspondence considering the uncertainties in parameters for both the isotope and rest level
fluctuation approaches.

Palla Road well field

Investigation the extension of the Palla Road well field, isotope data was obtained from existing
and newly-drilled boreholes over a wide, slightly sloping area. The fractured aeolian sandstone
aquifer mainly below basalt is extensively block-faulted. Radiocarbon values range from 65
pMC to 110 pMC, suggesting lateral ground water transport which is quite heterogenous,
ranging from major fracture flow to mainly intergranular conditions. A mean sandstone
porosity of 0.12 was measured on a long drill core; 0.02 was assumed for the basalt. For
boreholes with adequate lithological data, a mean recharge was calculated at 6.6 mm a"1.

Two independent recharge estimates using chloride balance gave a mean of 5.9 mm a"1 for the
saturated zone and 2 - 5 mm a"1 from shallow soil profiles, close to the isotope based estimate.

Conclusions

The good correspondence between recharge figures obtained using radiocarbon and
independent techniques in the three case studies presented (Table 1) lends weight to the
approach of using total porosity as a parameter in isotope-based recharge calculations. This
provides important information also on the nature of the studied sandstone aquifers, which do
not appear to have significant proportions of "dead" pores in which a tracer effectively will be
trapped on the relevant time scale.

TABLE 1

Site

Jwaneng well field

Orapa well tield
Palla Road well
field

Isotope-based recharge
assessment (mm/a)

3.7 (SH)- 4.7 (NW)

3.7 (high); 1.1 (low)

6.6 (mean)

Independent recharge
assessment (mm/a)

3.0 - 4.9

2.7 - 5.8
5.9 (mean)

2.0 - 5.0

Method of independent
recharge assessment

Equal volume;Moditied
Hill
Equal volume

Cl balance, saturated zone

Cl balance, unsaturated
zone

The concept of the "isotopic snapshot" coupled to borehole information and even a reasonable
estimate of" porosity based on a general knowledge of the lithology, can give at least meaningful
first estimates of recharge where more classical methods require many years of observations to
produce similar figures.
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