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INTRODUCTION
Purpose of this Report

The hydrological report investigates the hydrological performance of the proposed

dam envisaged for the Verkykerskop development project.

The proposed dam, with a full supply capacity of some 330 000 m3 and a full supply
area of some 7 hectares is situated at the point of outflow from the property to
maximise the extent of the catchment flowing into the dam. The dam wall site was
chosen at the narrowest part of the valley to minimise construction cost.

The proposed dam is situated so as to impound the active erosion. With the
headwater tailing up to the beginning of the wetland, it does not encroach onto or
submerge any wetland.

The runoff, storage properties and physical attributes of the proposed dam were
analysed to generate time series of mass balances for different yields of the
system. These time series were then analysed to determine the firm yield of the
system.

The incorporation of borehole water into the system was subsequently analysed.
The firm yield of the system, with the inclusion of borehole water was determined.
The effect of the borehole water was specifically analysed to determine whether the
inclusion of such water has a significant effect on the assurance of supply from the
system.

The report firstly analyses the total yield that may be expected from the available
water resources and the performance of the dam at different levels of assurance of
supply. Subsequently the performance of the system at the stated project
requirement level is analysed.

The firm yield is defined in this report as the yield that can be obtained from the

system without any failure occurring in any month over the period of analysis.

Accounting for the relative short period of record (70 years) and in the absence of
any stochastical analysis, the firm yield is the minimum margin of assurance of
supply that should be accepted for any project that supplies household water.
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2.1

Hydrological modelling

The modelling approach used is based on the publication Surface Water
Resources of South Africa — WRC Report No. 298/2.1/94 by Midgley et. al. This
method is commonly known as the WR90 model.

Simulated natural runoff data for the catchment of the dam was obtained from
Volume Il — APPENDICES of the said WRC Report.

For purposes of this report a mass balance model, based on a monthly resolution
stretching over a period of 70 years (i.e. 840 months) was set up. Different
scenarios were investigated and the results are shown, both numerically and in

graphic format.
HYDROLOGICAL ANALYSIS
Catchment properties

The catchment of the dam is situated within quaternary catchment C81L, as
defined in WR90. The relevant hydrological characteristics of C81L are shown in
Table 1:

Quaternary | C81L | Area 795 km?2 MAR 63,8 10°m2
Rain zone | C8A | MAP 740 mm
Evaporation zone | 12A | MAE | 1350 mm

Table 1: Characteristics C81L
In Table 1: MAP = Mean Annual Precipitation; MAE = Mean Annual Evaporation and MAR = Mean

Annual Runoff

The catchment of the dam was determined to be 6,80 km?. This subcatchment is

situated in the north western corner of C81L, as shown in Figure 1:



2.2

Figure 1: Catchment locality

The catchment of the dam drains into a tributary of the Meul River, which in turn
joins up with the Wilge River, a major tributary of the Vaal River.

Detail of dam catchment

The location of the dam with a proposed capacity of some 330 000 m3 is shown in
Figure 2:



Figure 2: Dam location

The topographical features of the catchment of the dam and the dam basin are
shown in Figure 3:

Figure 3: Topography



2.3 Rainfall

The mean annual rainfall within C81L is 740mm. The seasonal distribution of the
rainfall is shown in Figure 4:

Mean Monthly Rainfall
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Figure 4. Mean monthly rainfall

Analysis of the long term annual rainfall shows a marked variability around the
mean. This is shown in Figure 5:



Annual Rainfall

Figure 5: Annual rainfall

The maximum recorded rainfall over the 70 year period of analysisis 1 175 mm in
1956 while the lowest is 473 mm in 1981.

The assured annual rainfall is shown in Figure 6:

Assured Annual Rainfall
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Figure 6: Assured annual rainfall
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Runoff

The monthly time series of natural runoff from C81L was calculated by using the
WR90 model. The mean annual runoff was calculated as 63,8 million cubic metres
for this quaternary catchment. The proportional mean annual runoff from the
catchment of the dam was determined as 545 600 cubic metres.

The annual flows generated for the catchment of the dam are shown in Figure 7:

Catchment Runoff
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Figure 7: Dam catchment annual runoff

The maximum runoff of 1 790 239 m3 occurred in 1956 and corresponds to a
runoff of 263 mm, or 22,4% of the rainfall during that year. The minimum runoff of

51 748 m3 occurred in 1981 and is equal to a runoff of 7,6 mm, or 1,61% of the

rainfall during that year.



The assured annual runoff into the dam is shown in Figure 8:

Assured annual runoff
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Figure 8: Assured annual runoff
Reserve

The Reserve for this particular watercourse has not yet officially been determined.
In order to allow for future reserve requirements, the estimated reserve, as
included in the National Water Resources Strategy (2004) was allowed to pass
through the dam unhindered. The quantification of the Reserve was done
according to Table D8.1 of Appendix D8 (Upper Vaal) of this strategy and is shown
in this report as Table 2:

Component/Sub-area | Natural MAR | Ecological Reserve
Wilge 868 116
Vaal Dam - upstream 1109 126
Vaal Dam - downstream 446 57
Total for WMA | 2423 299

Table 2: Reserve determination

All flows up to 13,36% (116+868 for the Wilge sub-area) of the monthly flows were
allowed to pass through the dam in the analyses.
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2.7

3.1

Water demand

The total annual water demand for the proposed development was calculated by
other consultants. The demand is set at 96 300 m3 per annum.

For purposes of this report, the monthly demands were calculated by increasing
the demand during holidays (April, July, October and December) with a factor of
20% above the average.

The monthly demands in cubic metres used in this analysis are shown in Table 3:

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

9028 | 7523 | 9028 | 7523 | 7523 | 7523 | 9028 | 7523 | 7523 | 9028 | 7523 | 7523 | 96 300

Table 3: Monthly water demands
Borehole water

To maximise the assurance of water supply the yield of an existing borehole was
included in some of the permutations of the analyses. An existing borehole was
tested to yield some 64 000 m3 per annum. A second borehole is being sunk some
200 meters away from the existing borehole. The expected test yield of this
borehole is some 75% of the existing borehole. The total expected test yield of the

groundwater resources is some 112 000 m3 per annum.

For purposes of the hydrological analysis a safe yield of some 56 000 m3 per
annum was accepted. As a proposed operating rule, the level of the dam was
allowed to go down to 75% of the full supply level before the borehole water was
introduced into the simulation.

RESULTS
System yield without borehole water

The maximum annual yield of a dam of 330 000 m3 excluding the effect of
borehole water was determined for different levels of assurance. The results of this
analysis are shown in Table 4:
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Assurance | Yield Surface | Borehole | Evaporation | Reserve Spill Downstream | Downstream
% m3 m3 m3 m3 m3 m3 m3 %
80 203869 | 203869 0 24208 72895 244650 317545 58%
85 176223 | 176223 0 25990 72895 270513 343408 63%
90 153688 | 153688 0 27458 72895 291580 364475 67%
95 131087 | 131087 0 28835 72895 312804 385699 71%
98 119549 | 119549 0 29372 72895 323806 396701 73%
99 112001 | 112001 0 29710 72895 331015 403910 74%

Firm yield | 105061 | 105061 0 30014 72895 337651 410546 75%

Project 96300
Additional 8761

Table 4: 330 000 m3 dam without boreholes

From Table 4 it appears that a dam with a capacity of some 330 000 m?3 will be
able to supply the 96 300 m3 per annum required by the proposed project. The
margin of safety is, however, rather small as the system only has a surplus yield of
some 8 800 m3 or 9% more than the project requirement. This margin of safety is
too low as unknowns such as future occupancy rates, possible expansions in
services such as water borne sewage systems and unprecedented prolonged dry
spells exist.

System yield with borehole water

The maximum annual yield of a dam of 330 000 m?3 including the effect of borehole
water was determined for different levels of assurance of supply. The results of
this analysis are shown in Table 5:

Assurance Yield Surface | Borehole | Evaporation | Reserve Spill Downstream | Downstream
% m3 m3 m?3 m3 m?3 m3 m3 %
80 241236 | 214103 27133 23999 72895 234625 307520 56%
85 219721 | 195054 24667 25341 72895 252332 325227 60%
90 198789 | 177522 21267 26605 72895 268600 341495 63%
95 178763 | 160163 18600 27757 72895 284806 357701 66%
98 164038 | 148505 15533 28382 72895 295840 368735 68%
99 158665 | 143731 14933 28611 72895 300384 373279 68%

Firm yield | 147439 | 134972 12467 29020 72895 308734 381629 70%

Project 96300
Additional | 38672

Table 5: 330 000 m dam with boreholes

From Table 5 it is evident that a dam with a capacity of some 330 000 m3, together
with borehole water will be able to supply the 96 300 m3 per annum required by
the proposed project. The margin of safety is acceptable as the system has an
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average surplus yield potential of some 36 700 m3 or 38% more than the average
project requirement.

The combined results of the analyses are shown graphically in Figure 9:
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Figure 9: System yield

3.3 Total yield mass water balance

The mass water balance for the analysis of the total system yield that excludes
borehole water is shown in Figure 10:
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