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Dear Sir,

REPORT NO. 1966/5862 : WATER SUPPLY : PROPOSED FOXWOOD DAM

It is with pleasure that we submit herewith our report in the above regard.
A brief summary of our findings is as follows :

» Adelaide’s existing water supply, even under normal conditions, has for some time been
inadequate to meet even the domestic demand.

o Previous investigations into the water supply options in the area showed that the only
possible source to satisfy the future demand would be to construct a dam on the Koonap
River. The only suitable site in the immediate vicinity of Adelaide is the so-called
Foxwood site.

L Farmers downstream of the proposed dam have indicated theu interest in obtaining
irrigation water from a dam.

* A dam at the Foxwood site with a capacity of 17 million m? would, together with the
existing Municipal dam, provide sufficient water to meet Adelaide’s domestic and
irrigation demand until 2020. Water would also be available for 790 ha of farm irrigation.

° The estimated capital cost of a dam at the Foxwood site is given in Section 7 on page
27. Alternative costs of R24 000 000 and R20 000 000 are given, depending on the
spillway types.

° It is shown in Section 8 on page 29 that the scheme is economically beneficial.
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The Town Clerk 5862/17
Adelaide Municipality -2- 30/9/92

The procedures to be followed for the implementation of the scheme are set out in Section 9 on
page 37, and a complete summary of the report is given in Section 10 on page 39.

We trust this report meets with your requirements and we look forward to discussing the report
with your Council and the other parties involved.

Yours faithfully,
NINHAM SHAND
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INTRODUCTION

Adelaide is an established Karoo town situated on the banks of the Koonap River,
approximately 200 km. north-east from Port Elizabeth. The locality of Adelaide and

the Koonap River are shown on drawing 5862 PE100, bound into this report.

The Koonap River, which is a tributary of the Great Fish River, has a total
catchment area of 3360 km? and is approximately 220 km long. The Koonap River
is the only major undevelcped river in the area. The abstraction of water at present

is by means of either canals or pumping.

Aithough a relatively small town, Adelaide is the business centre of the Koonap
River iIrrigation area. Itis the largest municipa! development in the area and the only

town situated on the banks of the Koonap River.

Since the early 1980's Adelaide has experienced reqular water shortages. Since
1880 only three years, i.e. 82, 85 and 86 have been without restrictions. This
situation is partly the result of the extended drought in this region, but can also be
attributed to the increase in the black population and the upgrading of services
presently being undertaken. It will be shown in this report that Adelaide’s existing
water supply, even under normal conditions, has been inadequate for some time.
At present the water situaticn in Adelaide is critical. Water is being transported in
railway tankers from Cookhouse at a cost of R48 000 per month. Severe rationing
has been introduced and houses are allowed a maximum of 7000 litres of water per
month. This report deals with the long term water supply to Adelaide and does not

cover the critical situation being experienced at present.

Based on previous investigations into the water supply options in the area, it was
apparent that the only possible source able to satisfy the future water demand

would be a dam on the Koonap River.

In September 1281 the Adelaide Town Council appointed Ninham Shand to

investigate the feasibility of a dam at the so-called De Beersdrift site.

A dam at this site was investigated, but it soon became obvicus that due to the
topographical limitations of the area, it would not be possible to build a dam large

enough to meet the water demand.



It was therefore necessary to find another site in the vicinity of Adelaide. Foilowing
consultation with the Council it was decided to investigate the feasibility of building
a dam at the Foxwood site. At this time farmers downstream of this site indicated

their interest in obtaining irrigation water from a possible dam at this site.

This report therefore discusses the construction of a dam at the Foxwood site to

satisfy the domestic and irrigation demand in the Adelaide area.
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MUNICIPALITY'S ECONOMIC DEVELOPMENT PLAN

The need, from a socio-economic point of view, to stimulate development in
Adelaide is clearly identified in the report "Die Potensiele Rol en Impak van die
Koonap Rivierontwikkelingsprojek op Streekontwikkeling in Adelaide en Omliggende

Gebiede” - Institute for Planning Research, University of Port Elizabeth (April 1989)°.

As a result of the water shortages experienced since the early 1980’s development

in Adelaide has reached a standstill and is in fact deciining. The present situation

is as follows :

® The white population as determined by the 1991 census is the same as that in
1951,

® The coloured and particularly the black population has shown a steady growth.

® There is no demand for new white housing.

® No demand exists for industrial sites which are readily available.

® The lack of development combined with growing coloured and black popuiations

has led to increasing unemployment.

The Municipality recognised the urgent need to stimulate development in the area

and in 1920/91 proposed the following development plan.

® Aporaximateiy 200 ha irrigable commonage be divided into garden lots to create
jobs for the poorer population groups. The Municipality plans to deveiop up to
@ﬁim@ﬂ@yﬁ water supply is avaiable and thereafter to make the garden
lots available as required, to be used for the upliftment of the coloured and black
population.

® To develop tourism of the area by promoting the natural beauty of the Ad elaide
region together with the recreational facilities which would be created i>y the
construction of a dam on the Koonap River.

® To supply affordable irrigation water to farms in the vicinity of Adelaide wwhich

would provide a strong stimulus to the economy of Adelaide.

The division of irrigable commonage into 50 m x 25 m garden lots could provide

food for & family. The scheme would initially be aimed at subsistence. A s the
ability of the "gardeners” improves, the size of the plots could be increasedto allow

the occupier to make a proper livelihood,



50 ha utilized in this way could therefore immediately provide foad for up to 400

families.

The increased income generated as a result of farm irrigation would also lead to

increased job opporiunities and growth in the economy of the region.

The cost of creating sufficient jobs in industry to support a similar number of people

in Adelaide would be prohibitively expensive.

The consequences of not providing job opportunities for the growing coleured and
black populations would lead to a migration of people to the larger centres, e.g. Port
Elizabeth and Uitenhage. Housing and jobs would therefare need to be provided in

these areas at an even greater cost.

In view of the above it is therefore evident that the Municipality’s development plan
is the most economical way of providing employment opportunities for the poorer

population groups in Adelaide.

This, when considering the alternative of providing housing and jobs in the Port

Elizabeth/Uitenhage area, would represent a significant saving to the country as a

whaole.

It will be shown in Section 3 of this report that Adelaide’s water supply even under
normal rainfall conditions is at present insufficient. This, together with the above

development plans means that a reliable water source urgently needs to be

developed.



3.1

3.2

EXISTING WATER SUPPLY SYSTEM

DESCRIPTION

At present the Municipality of Adelaide obtains its water from a diversion \f‘e_ii_i‘r]_the
Koonap River, situated approximately 12 km upstream of the town. The water is
transported via a concrete lined canal, two inverted syphons and a tunnel, to an off-
channel storage dam situated near Adelside. The capacity of the dam is

approximately 760 00Q m®. The canal is in extremely poor condition and is subject

to severe siitation. The layout of the existing water supply scheme is shown on

Drawing 5607 PE100.

The flow in the canal has in the past been supplemented by means of pumping

directly from the Koonap River into the canal feeding the storage dam.

Limited additional water supplies are drawn from an existing Municipal barehole

situated at the north-west side of Adelaide on the east bank of the Koenap River.
CAPACITY OF EXISTING SYSTEM

3.2.1 Capacity of Canal

Base on the longitudinal sections of the canal obtained from the
Department of Water Affairs, the canal fall varies from a magdmum of

1:1820 to a minimum of 1 : 3500.

Based on our observations on site as to the condition of the canal and the
gradient, we calculate the capacity of the canal to be approximately
100 l/sec.  Recordings taken during rains in 1991 agree with our
estimated capacity. We estimate the capacity of the two inverted

syphons to be approximately 350 I/s.

3.2.2 Pumping from Koonap River
The existing pumping equipment is situated on the river bank and is
removed to safaty when any significant flow in the river occurs. When
pumping does take place, the capacity of the canal is exceeiad and

significant spillage occurs.
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3.3

!

According to previous reports’, pumping can take place at a rate to

provide approximately 90 000 m%annum.

3.2.3 Boreholes
The existing borehole can, under normal rainfall conditions, deliver

approximately 79 000 m?/a.

INSUFFICIENCY OF EXISTING SYSTEM

An examinaticn of the records of flow in the Koonap River shows the flow to be

extremely irregular and characterised by relatively large flows of short duration.

The sufficiency of the existing supply system is therefore determined by the
capacity of the canal and the frequency and duration of flows in the river. The

pumping arrangement therefore need not be considered separately.

To determine the sufficiency of the existing canal and off-channei storage system,
we modelled the actual daily flow in the Koonap using computer methods. The

model was based on the recorded daily flow from 1933 to 1990.

Based on a presant estimated demand of 400 000 m%¥a, the simulation of the
operation of the system showed that the system had an assurance of less than

SC%. The aszurance whicn is normaily accepted for a domastic supply is 88%.

The existing system is therefore inadequate to meet even the present domestic

demand. Since 1980 only three years have been without restrictions.



4.1

4.1

A

WATER DEMAND

DOMESTIC
Population
The historical population figures for Adelaide, as pravided by the Central Statistical

Service (CSS) are given below.

TABLE 1 : Historical Fonulation

White Coloured Black Total
Popu-
Year Popula- Growth Popula- Growth Popula- Growth lation
uon Rate % tion Rate % tion Rate %
1951 1335 730 2404 4 4589
1960 1329 - 0,05 877 2,06 3362 3.80 5 568
1970 1174 -1.23 1385 4,75 4658 2,31 7 227
1980 1216 G,25 1498 0,72 4327 0,56 7 641
1985 1495 4,22 2008 6,04 9133 13,14 12 636
12994 1311 -2,17 1897 -0.94 9866 1,30 13 074
Average
1951-1291 - 0,08 2,42 3,59
19701991 0,53 1,48 .64 |

The 1985 census figures have been adjusted by the CSS. |t was qenerally accepted
that the original 1985 figures for the coloured and black population groups were
unreliable due to political unrest at the time. The 1991 census figures are
provisional. Once again, due to political factors, the response by the coloured and
black population groups to the 1991 census was extremely poor, and the census

figures for these population groups should be regarded as unreliable.

The Adelaide Municipality have advised us that there is a growth in the coloured
housing being provided and a negative growth rate as reflected by the 1991 census
figures is therefore unrealistic. In their opinion the growth rate in coioured
population sincz 1885 has been at least 1,5% per annum which gives a coloured

population in 1981 of Z2195.



The Lingelethu Town Council estimated the black population in 1991 to be
approximately 13 680.

In view of the unreliability of the 1991 census figures for the coloured and black
population groups, the above populations, i.e. 2195 for the coloureds and 13 680
for the blacks, as determined by the Municipality and the Lingelethu Town Council

respectively, will be used in the estimation of the future population.

For projecting the future copulation figures, the following growth rates were

assumed,

Whites : 1% p.a. Although the above table shows a negative growth rate of -
0.05% from 1951 to 1991 and a growth rate of 0,53% from 1970 to 1991, we
have assumed that the introduction of a reliable water supply will stimulate

development of the area, resulting in a steady positive growth rate.

Coloureds : The House of Representatives have advised us that they are at present
using a growth rate to 1995 of 2% p.a. reducing over the following 10 years to
1,5%, and thereafter to 1,2%. This agrees reasonably well with the average
growth rates shown in the above tabie and will therefore be used for the projection

of the future coloured population,

Blacks : The CPA : Office tor Community Services advised us to use the growth

rates as shown in the table beiow.

TABLE 2 : Estimated Future Population

White Coloured Black Total

Popu-

Year Popula- Growth Popula- Growth Popula- Growth lation

tion Rate % tian Rate % ton Rate %
1985 1364 1% 2375 2,0 14 865 2,1 18 604
2000 1434 1% 2584 1,7 16 252 1.8 20 270
4 2005 1507 1% 2783 1,5 17 681 1,7 21 971
2010 1534 1% 2954 1.2 19 047 1.5 23 585
i 2015 F 1665 1% 3125 1,2 20519 1,5 25 319
2020 ; 1750 1% 3328 1,2 22 105 1,5 27 183
|
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Water Consumption

The historical water consumption figures as provided by the Municipality are given

below.

Year Consumption (M)
1977 261
1978 288
1879 277
1980 313
1981 253 *
1982 326
1983 245 #
1834 I
1886 323
19886 342
1987 309 *
1983 293 +
1989 192 *
1990 k¥
1991 180 *

*

Water Restrictions
Consumption not available.

* %

The above consumption figures are obtained from meters at the storage reservoirs

and therefore include for industrial, school, and hospital consumption.

The Municipality have estimated that the present consumption can be divided as

follows :
Household 76,0%
Schooi 16,0%
Hospital 2,6%
Industry 0,4%
Municipal irrigation 5.0%
100%

The estimated future domestic water demand of Adelaide is shown in Table 3 on

page 11.
The following assumptions were used for the calculation of the figures in Table 3.
i} 1286 was the last recorded consumption without restrictions. The

consumption of water by the whites in 1986 was, according to the

Municipality, 2671 Ml.



i)

iii}
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Based on a white population in 1986 of 1463, and including School, hospital,
industria! and municipal irrigation demand, the per capita consumpticn was
499 |/d.

This appears realistic at present. Other Karoo towns with established reliable
water supplies do however have white per capita consumption figures as high
as 575 i/d (including industrial demand}. We therefore believe that with an
improved water supply, the consumption will increase. We have therefore
assumed that by 1285 the per capita consumption will increase to 525 1/d and
by 2000 to 550 l/d.

The per capita consumption of the coloureds was provided by the House of

Representatives.

The per capita consumption of the blacks was provided by the CPA : Offica for

Community Services.

TABLE 3 : Estimated future water demand

White Calouted Black Tetal
Cansumpuen
‘fea
Papu- Ava daily cons Popu- Ava, daly cons. Popu: Ave. daly cans. Doty Annual
latien fatron [atran
e métd ite m e miid mid Al
1881 1311 2738 13680 130°*
pee, ol . - = 4 y ‘. e
1988 1364 Sas 716 2375 70 1686 14865 /8D 1189 2671 756
2000 1434 580 739 2E84 80 207 16252 50 1463 2483 888
200% 1807 580 828 2783 90 250 17881 (/100 1768 2847 1039
2010 1584 S50 871 3954 100 195 19047 110 2085 3281 1130
2015 16E5 550 918 3135 150 470 20519 'IZd 2462 3848 1408
2020 1780 S50 963 3328 150 429 22105 120 2853 4115 1502
' Recorded consumpition
4.2 MUNICIPAL IRRIGATION

The Municipality at present has 200 ha of irrigable land which can be developed.

In view of the water shertage the land is at present largely unused. As stated

previcusly the Municipality intends to develop 50 ha as soon as a reliable water

supply is developed, with plans to develop the remaining area in the future.
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The annual irrigation requirement for lucerne in Adelaide is 1115 mm?2.  This

includes 10% for losses (refer 4.2 below).

We however propose that, for the purpose of this report, a demand of

10 000 m?/ha/a be used, i.e. 1000 mm/a.
FARMING

The farming pattern and irrigation requirements along the Koonap River, both
upsiream and downstream of Adelaide, were investigated and reported on in detail
in the report by De Wet Shand Inc et al?. Although at present the crop most widely
grown is lucerne, the climate of the region is similar to that along the Kat River

where Citrus farming is highly successful.

Citrus farming has been carried out along the Koonap River for many years but, due
to the absence of a reliable source of water, development has ceasad, with the

result that the tremendous citrus potential of the area is nct being realised.

The following pertinent information is extracted from the above report :

i} The crop mast widely grown at present is lucerne.

i} The annuali irrigation requirement for Iw. The annual rainfall
for Adelaide and downstream farm areas is 463 mm which was assumed to be
40% effective. irripation required, alowing 10% fcr losses, was therefore
assumed to be 1115 mm per annum.

i} The total potential irngable land downstream of Adelaide is approximately
3330 ha.

iv) A water cost of up to R946/ha (June 1988) was shown to be economically

viable,

A summary of the irrigable areas downstream of Adelaide is given in Appendix A.
The information in Appendix A was extracted from the report by De Wet Shand

et al®,

Although previous feasibility studies have shown that a water cost of up to R950/ha
in 1988 was economically viable, discussions with the farmers ar that time showed

that they would not have been prepared to pay that much.
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R950/ha at today’s prices would amount to R1660/ha. This annual cost per hectare
in comparison with other schemes with which we are involved is very high and we
believe it can be ruled out that irrigators would be prepared to commit themselves

to this cost.

The inclusion of irrigators in the scheme is beneficial and in view of the above, and
the fact that the irrigation water would be made available at the dam, i.e. farmers
would have to distribute water at their own cost, it was felt that in order to
incorporate farmers in the scheme, water would have to be made available at a

mere attractive price.

The Council therefore proposed that a cost of R700/ha (1992 price) be proposed to

the farmers to determine their interest in the scheme.

To determine the farmers’ interest in obtaining water from a dam at the Foxwood
site, the Municipality sent out guestionnaires to selected farmers downstream of

Adelaide in April 1992. A copy of the questionnaire is enclosed as Appendix B.

The total areas for which the farmers who received questionnaires were interested
in obtaining water, amounted to 1227 ha. Based on an annual irrigation requirement

of 1115 mm, this amounts to 13,7 million m*/a.
TCTAL WATEX DEMAND

During our preliminary investigations into the construction of a dam at the Foxwood
site, we inter-alia looked at the affordability of various dam sizes, taking into

account the Municipal demand and varying irrigation demands.

The primary purpose of the dam is to provide Adelaide with a reliable water supply.
[t is however evident that there is more than sufficient demand from the farmers
downstream of Adelaide to substantiate the Municipality’s proposal to construct a

dam to provide water for both Municipal and some farm irrigation requirements.

During the preliminary investigation, we determined the approximate storage
required to meet varying deamands. An irrigation demand of 1C 000 m*/ha/a was
assumed (i.e. 16C0 mm/a). Adelaide’s domestic demand was, for comparison

nurposes, converied into an equivalent irrigable area.
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The results of our analysis are given in the table below :

TABLE 4 : Cost of various dam sizes

Area Irrigated Demand Storage Capacity | Annual Cost
{ha) million m*/a requirsd per ha
millicn m* {F}
350 * 3,5 9 5 300
1 140 11,4 17 1 850
| 1640 16,4 27 1750
I[ Z 140 21 .4 3 1 E30

* Municipal demand only, i.e. domestic 1,5 million m®/a plus 200 ha irrigation.

In calculating the annual costs the following was assumed :
il A 33.'7,% subsidy on the capital cost.
i) Finance at the following rates : 75% at 11,25%

25% at 16,5%

i) Contingencies, escalation and Professional fees have been included.

The above costs show that when irrigation demand over and above Adelaide’s
demand is included, the annual cost initially reduces drastically, i.e. RE300/ha to

Ri&53G/ha.

Inreply to the questicnnaires sent out by the Municipality, the farmers who received
the questicnnare have indicated that they would be interested in scheduling 1227
na at a cost of R700/ha/a. Water wouid be released from the dam at a rate of

10 000 m?/ha/a.

It is not possible at this stage to finalise the demand for farm irrigation. In view of
the financial implications to the Municipality, it is important to adopt a conservative

approach, taking the following into consideration.

1} Farmers who indicated their interest in the questionnaire may "back out" when
asked to commit themseives to the scheme.

i) Aithough 33EC ha of pctential irrigable land exists downs:ream of the dam,
extensive losses will occur in the river making it uneconomical for farmers

lower down the river to participate in the scheme.
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Table 4 above shows clearly that a dam for Adelaide’s Municipal demand only is
 uneconomical and the only feasible option is to construct a dam for both Municipal

and farm irrigation requirements.

Based on the foregoing it is reasonable to assume that a demand of
11,4 million m*/a would be obtainable. This would ultimate provide sufficient water
to irrigate approximately 790 ha in addition to Adelaide’s domestic and irrigation

demand.

We therefore propose that at this stage the total demand be taken as follows :
TABLE 5 : Assumed Water Demand

Annual Demand
million m?
Domestic 1.5
Municipal Irrigation (200 ha) 2,0
Farm Irrigation (790 ha) 7 o)
Total Annual Demand 11,4

We reiterate that it is not possible at this stage to finalise the demand (and hence
the dam size). Although the above assumptions with regard to future irrigation
requirements may be conservative, i.e. more area may be scheduled for irrigation
than has been assumed, we believe that the assumptions are realistic. [n our
apinion the actual demand will not vary substantially from the above and will be

finalised during the detailed design stage.
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ALTERNATIVE WATER SUPPLY OPTIONS

GENERAL

A number of alternative options to provide a reliable long term water supply to
Adelaide have previously been investigated. Brief details of the options are
summarised below together with our comments as to the sufficiency of each option.

The locality of the various options are shown on drawing no. 5862 PE100.
DE BEERSDRIFT DAM

We investigated the construction of a dam on the Koonap River at the de Beersdrift
site, in September 1991. A dam with a maximum capacity of approximately
3.5 million m* could be constructed at the site. Siltation is however a problem, with
silt accumulation over the life of the dam estimated as being approximately
2,8 million m®. The net available storage of 700 000 m? is insufficient to meet even

Adelaide’s domestic demand.
OFF-CHANNEL STORAGE

To provide Adelaide with a domestic supply only in the year 2020 {domestic
demand 1,5 million m?¥) off-channel storage capacity of approximately 2 million m?
would be required. The supply to the dam (either pumping or canal) would require
a capacity of approximately 1000 I/s. This however would not be sufficient to

supply any irrigation water to Adelaide.

Although the existing Municipal dam and canal is an off-channel storage system, the
dam wall has already been raised and we were advised that previous investigations
had indicated that the foundation conditions are unsuitabie for raising the wall any
further. Our observations on site show that the ground on the east side of the dam
falls away rapidly and the site is therefore not suited for obtaining additional

storage.

Based cn the 1 : 50 000 topographical maps and our investigations on site, there
appear to be no sites which are suited for off-channel storage sufficient to provide

water to meet Adelaide’s demand of 1,5 million m? in the year 2020.
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WATERKLOOF DAM

The development of this option to supplement the water supply to Adelaide would
entail the Municipality purchasing the existing Waterkloof dam from a private owner

{present purchase price R1,35 m} and constructing a pipeline to Adelaide.

The Waterkloof dam has a catchment area of approximately 90 km2. The dam,
which was constructed in 1980, initially had a full supply capacity of
1,79 million m3®. The spillway crest has subsequently been raised to give a full
supply level capacity of 1,96 million m®. The capacity of the dam has over its 30

year life been reduced by siltation to at most 1,5 million m®.

The spillway is in poor condition and requires extensive work?. No information as

to the condition of the embankment is readily available.

Allowing for a similar siltation rate over the next say 25 years, would reduce the
dams capacity to approximately 1,1 million m*. Our preliminary analysis shows that

the dam could provide approximately 700 000 m*/annum with a surety of 94%.

This together with the existing Municipal scheme could provide approximately
1.1 million m%a, which is insufficient to meet the Municipal demand in the year

2020.

GCROUND WATER

Ground water as a potential source was reported on by C.V. Joubert in November
19857 and A. Stone in October 1988°, Although the reports recommended the

drilling of boreholes, no significant ground water source was identified.

Based on the information contained in the above reports the Municipality has over

the years drilled numerous additional boreholes without success.
There are a number ¢f existing low yielding private boreholes in the town.
Tne cnly borehole which has been used successfuily by the Municipality is situated

at the north-west edge of town on the east bank of the Koonap River. This hole has

in the past vielded up to 79 000 m*/a at a rate of approximately 18 m*/h.
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The yield of this hole is however decreasing rapidly and at present is only pumped

for approximately 4 hours pér day.

As anemergency measure the Municipality has started using a borehole situated at
the school. The hole was previously used to water the school sportsfields and is

presently being pumped at a rate of 23 m*/hour.

As a further emergency measure a borehole situated approximately 3 km from
Adelaide is likely to be used to replace the water being transported in railway

tankers from Cookhouse.

In view of the above, in our opinion there is insufficient ground water to provide a

reliable long term water supply to Adelaide.
FOXWOOD DAM

A dam on the Koonap River at the Foxwood site was first investigated by the
Department of Water Affairs in 1962, with the most recent investigation being

carried out for the Koonap Irrigation Board by De Wet Shand in November 1989°.

The Foxwood site is ideally suited for construction of a large dam, and would utilise

the runoff from both the Koonap and Mankazana rivers. The site is suitable for

construction of a dam of up to 87 million mi-

CCNCLUSIONS

Based on the foregoing investigations it is clear that the only option with sufficient

potential to meet the long term water demand of Adelaide is the construction of a

dam on the Koonap River at the Eaxwgod Site
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PROPOSED DAM AT FOXWOOD SITE

DAM SITE

The proposed Foxwcod site is situated cn the Koonap River approximately 3,5 km

north-west of Adelaide at 329-41'S, 269-16’E.

The site is the only suitable dam site in the immediate vicinity of Adelaide. The
valley is the narrowest at the site chosen ard the storage volume : fill volume ratio

is favourable.
EXISTING INFORMATION

In 1962 the Department of Water Affairs carried out a foundation investigation at
the Foxwood site. Seven borsholes were drilled. On both flanks, fine grained
mudstone is overlain by megium grained sandstorie. The site is suitable for an earth
embankment dam and it is anticipated that excavation of the cut off trench into the

underlying mudstone wiil provide a suitable seal with a minimal amount of grouting.

During our investigation 67 a deam a* the De Beersdrift site, trial holes were
excavated to detarmine ine availability of material for the embankment. The reddish
brown ciayey silt found aocears to be typical for the Adelaide area and would be
suitable for the core cf an earth embankment dam. The general fill of an
embankmant could be corstructed from siit depcsits withir, the river valley. Itis

assumed that rock excavation from the spillway would be suitahle for rip-rap.

During the investigation of the area by De Wet Shand in 19887, a contour survey
of the dam basin was produced at a 1 in 5000 scale from aerial photographs of the

darea.

This survey was used 0 determine the capacity curve of the dam basin. The

capac:ty curve is enclosed as Appendix C.

Wkerever possible ail other available information was used in the preparation of this

report. A list of report references is given at the front of this repor:.
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DETERMINATION OF MEAN ANNUAL RUNOFF

1

The catchment area of the proposed dam is 1090 km?2.

A Department of Water Affairs streamflow gauge QSMO2 measures flow in the
Koonap at Adelaide and is situated approximately 7 km below the dam site. The
catchment area of the gauge is 1250 km? and has been in operation since 19286.

The recorded MAR at Q9MO2 over the 54 year record period is 50,7 million m3.

Adjusting the MAR at Q9MO2 according to the catchment area of the dam gives an

MAR at the dam site of 44,2 million m?.

Based on the HRU quartenary subcatchment information the virgin MAR at the dam

site is approximately 65 million m?.

If the total potential irrigable land upstream of Adelaide is taken as 2980 ha? and
irrigation requirement taken as 800 mm per ha/a?, the net MAR at the dam site

allowing for upstream irrigation is approximately 41 million m?.

For the purposes of this report an average of the above net MAR's will be assumed,

i.e. 42,6 million m3.

SECIMENT

2ased cn Rooseboom'’s sediment yield map of South Africa {1978}, the catchments
upstream of Adelaide are in a zone of high sediment yield with a maximum expected

yield of 1000 t/km?/a.

This sediment yield map provides a rough guide for the maximum expected sediment
yields from a particular catchment. The values determined from the map can, and

in fact should, be adjusted based on iocal catchment information and experience.

In view of the high cost of providing dead storage, Prof Rooseboom was requested

to evaluate the conditions in the Koonap catchment upstream of Adelaide.
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In January 1992 Prof. Rooseboom inspected the catchment. Based on his
evaluation and new statistical analyses of data and information in the area, Prof
Rooseboom is of the opinion that the catchment can be categorised as having a
medium sediment vyield potential and recommended that the sediment yield of the
catchment be taken as 185 t/km#/a.

Based on the above, and assuming a 95%: trap efficiency, the sediment
accumulation in the dam over a period of 30 years was calculated as being

approximately 4,26 million m3.
STORAGE REQUIREMENTS

The Departmient of Water Affairs streamflow gauge QMO 2 measures flow in the
Koonap River at Adelaide. Flow records exist from 1926. The HRU have analyzed

records from Q9MO2 for the period 1926 to 1979.

These records show a large monthly and annual variation in flow in the Koanap.
Records of daily flows in the Koonap cbtained from the Department of Water Affairs
show that the flow is extremely irregular and is characterised by relatively large

flows of short duration.

The storage necessary to provide a yield of 11,4 million m?/annum with a 90%
surety, which is the normaily accepted surety for an irrigation scheme, was
determined by simulating the operation of the dam using the flow records at

Q9MO2 adjusted according to the catchment area of the dam.

The operation of the system was simulated using the following flow records :
I} Records from 1926 to 1979 as analyzed by the HRU
ii}  Records from 1926 to 1979 as above with additional flow records from 1979

to 1990 obtained from Department of Water Affairs added.

The assumptions usad in the analysis are given briefly beiow.
I} The storage in the existing Municipal dam was taken as 700 000 m? and was
included in the analysis.

i} Dead storage of 4,26 million m® was allowed for siltation over a 30 year period.
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i) At this stage it is proposed that the dam provide a vield with a 90% surety.
It is proposed however that storage for 6 months domestic consumption,
including an allowance for evaporation, be reserved in the dam. The assured

yield which is normally accepted for a domestic supply is 98%.

At the detailed design stage an analysis will be carried out ta determine the reserve
storage requirements as well as the economic effect of reducing the surety of yield

for irrigation water.

Based con the above, a dam with a gross capacity of 17 million m? vielded

11,4 million m*/annum with the following sureties.

Flow records Surety
1226 to 1979 94%
1926 to 1990 0%

FLOODS AND DAM SAFETY

Dam Safety Legislation

In terms of Section 9C of the Water Act, construction of a dam with a "safety risk"
requires a permit from the Minister of Water Affairs. A dam with a safetv risk is

generaily a dam of height over 5 metres and impounding more than 50 000 m®.

The regulations classify dams according to their maximum wall height, i.e. size, as
well 8s their hazard ratings which are combined to produce a safety risk category.
The safety risk category prescribes the degree of attention as regards design,

construction, commissioning, operation and maintenance of a dam.

Based on a dam with a maximum wall height of less than 30 metres (medium size)
with a high hazard rating, we have assumed that the dam will be classified by the

Department of Water Affairs as a Category 1 dam.
Guidelines
e guidelines used for the selection and determination of suitable design floods are

contained in the SANCCOLD publication "Guidelines on Safety in Relation to Flocds”

Report Mo. 4 {Sancold Cec. 1991).
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According to the Guidelines, the spillway system must be designed to accommodate

design as well as extreme flood conditions. The design flood forms the basis of the

design of the dam and spillway system. No damage should be caused by this flood.

The spillway system must also be able to pass the extreme flood with possibly

substantial damage to the dam and spillway but without catastrophic failure.

The design flood is termed the Recommended Design Flood {RDF) and the extreme

flood the Safety Evaluation Flood (SEF).

Flood peak calculations

6.6.3.1

6.6.3.2

Recommended Desian Flood (RDF)

Table 5.4 of the Guidelines recommends an RDF equal to the 1 in 200

vear flood for a dam of medium size with a high hazard rating.

Based on the HRU Unitgraph method we calculated the 1 in 200 year
flood to be 700 m3/sec.

Safety Evaiuation Flood (SEF)

According to the guidelines, the SEF for this particular dam size and
hazard rating must be determined by routing the Probable Maximum Flood

{(PMF) through the reservoir.

The PMF hydrograph was calculated using the HRU Unitgraph method and
using probable maximum precipitation values given in Fig C4 of HRU
Report No. 1/72.

The unrouted PMF was calculated to be 5500 m?®/sec. The PMF was

routed through the reservoir to obtain an outflow peak of 5280 m?¥/sec.
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DAM AND SPILLWAY TYPE
Spillway capacity equal to SEF

A comparison between the cost of a mass concrete (rollcrete) wall and earth
embankment showed the earth embankment to be much more economical. Based
on existing information (refer Section 6.2) there appears to be sufficient suitable
material to construct an earth embankment. A more detailed investigation will

however be required at detailed design stage.

The large magnitude of the floods associated with this size catchment make the
spillway structure relatively expensive. |n view of this a number of dififerent types
of spillways were investigated to determine the most eccrnomical spillway

arrangement.

Cost comparisons between the following spillways were carried out :
iy  Side channel (on left flank)
iit  Open channel with ogee crest (on right flank)

i) Combined mass concrete_cverflow and cpen channel-with-ogee crest

Option it} was found to be the most economical. The overall spillway width is 438
metres. The embankment has a 7 metre &eghoard tn allow a maximum flow depth
at the spillway crest of 7 metres. Details cf the proposed earth embankment dam
with combined mass concrete overflow and open channel spillway are shown an

drawing no. 5862 PE10Z.

The above spillways are all capable of passing the SEF and were therefore compared

on an equal basis.

Reduced Spillway Capacity

As stated previously, the size of the floods in this instance make the spillway
structure very expensive. It follows therefore that any reduction in spillway

capacity could lead to substantial initial cost savings on the overall cost of the dam.

The largar the spillway capacity, the lower the risk of substantiai damage or failure

of the dam.
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It is not possible to provide absolute safety against all floods. The objective is
therefore to balance the benefits of the dam against the cost of reducing the risk of
failure. This in turn must be balanced against the cost of damage, both to the dam
and downstream of it, should a flood release from the dam due to either a dam

breach or partial breach occur.

In order to reduce the cost of the spillway structure we therefore propose that a
spillway containing a “fuse plug" also be considered as an alternative to option iii)

in 6.7.1 above.

The concept of this spillway is to design a service spillway capable of safely passing
a flood sogmewhere between the ROF and the SEF. The size of the flood would
ultimately be determined by comparing the cost of the spillway to the cost of
possible damage to the dam and downstream of it. This risk based analysis can

only be finalised during detailed design.

We propose therefore at this stage that the 50 m wide ogee portion of the spillway
be used as a service spillway. The capacity of the service spillway would therefore
be approximateily 935 m*/sec which is 235 m?/sec more than the RDF. A section
of the embankment is then designed to fail progressively to ultimately obtain a
spillway capable of passing the SEF. This "erodible fuse plug” would require

replacing should the PMF flood occur..

[f the risks associated with this option are found to be acceptable by the
Municipality, we recomm=nd that the proposal be submitted to the Department of

Water Affairs for approval.

Details of a combined service and fuse plug spillway are shown on drawing

5862 PE103.

H/J? to )/'(fv‘ .
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MUNICIPAL WATER SUPPLY

Domestic

To provide water for demestic consumption, we propose that water be pumped
from the Foxwood dam into the existing Municipal dam. The Municipal dam will act
as a balancing reservoir and pumping can therefore take place at the average

demand rate over say 22 hours per day.

The demand in 2020 of 4115 m®/day could therefore be met by pumping at a rate

of approximately 52 l/sec.

For the purposes of this report, we will therefore assume that domestic water will
be supplied from the Foxwood dam by pumping to the existing Municipal dam at a

rate of 52 [/sec via a 200 mm diameter pipeline approximately 1500 metres long.
Municipal Irrigation
Most of the Municipality’s irrigable land is situated below the low water level in the

Foxwood dam and we will therefore assume that irrigation from the dam will take

place under gravity via an earth canal.
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COST ESTIMATES

GENERAL

The costestimates below are based on preliminary quantities, available geotechnical
information and current rates {September 1292) for similar types of work. In view
of the poor economy and the low level of work in the Civil Engineering industry at
present, extremely competitive rates can be expected until, in our opinion, at least
the middle of 1993. It is however expected that rates will show a rapid and sharp

increase when the sccrnomy improves.

A 12 month construction period has been assumed with construction commencing
in July 1993. 10 month’s escalation at 1,25% per month has been assumed before

construction and an average of 6 months at 1,25% per month during construction.

EARTH EMBANKMENT AND COMBINATICN MASS CCNCRETE OVERFLOW AND
OPEN CHANNEL WITH OGEE CREST

Capital Cost
Embankment : 570 000 m® @ R12 & 840 000
Spillway excavation : 107 200 m*® @ R20 2 144 000
Core excavation 1 000 000
Mass concrete in wall : 12 000 m* @ R350 4 550 000
Concrete in wing walls and spillway apron : 510 m® @ R500
600 m* @ R350 465 000
Purchase of farm land below TWL, relocation of roads, power
and telephone lines 1 000 000
Municipal supply : Pumps, pipeline and canal 330 000
16 329 000
10% Contingencies 1632 300
17 961 900
Escalation - 16 months @ 1,25% (20%) 3 582 400
21 554 300
Frofessional Fees - say 10% 2 155 400
23 709 700
Geotechnical Investigation 200 000
23 208 700

Say R 24 000 Q00
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EARTH EMBANKMENT AND COMBINATION MASS CONCRETE, FUSE PLUG AND

P

OPEN CHANNEL

Capital Cost

598 000 m® @ R12
Spillway excavation : 107 200 m® @ R20
25000 m* @ R15

Core excavation

Mass concrete in wall : 1400 m® @ R400

Embankment :

Fuse plug :

Concrete in wing walls and spillway apron : 1400 m® @ R500

Purchase of farm land below TWL.
Relocation of roads, power and telephone lines

Municipal water supply : Pumps, pipeline and canal

10% Contingencies

Escalation - 16 months @ 1,25% (20%)

Professional Fees - say 10%

Geotechnical Investigation

Q

St

7 176 000
2 144 000
375 000
1 000 000
560 000
700 000

1 000 000

330 000

13 285 000

1328 500

14 613 500

—2922 700

17 536 200

1753 600

19 289 800

— 200 000

12 4889 800

R 20 0CO Q00
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8. FINANCIAL ASPECTS
2.1 DIVISION OF WATER DEMAND
The proposed dam will supply water to the following parties.
TABLE 6 : Division of Water Demand
Annual Demand in 2020
million m? Share of Demand
Adelaide Domesric
Whites 351,58 3,1%
Coloureds 182.1 1,6% [ 30,7%
Blacks a68,4 8,5%
Adelaide Irrigation 2000 17.5%
Farm Irrigation 7900 69,3% )} 69,3%
I
‘F 11 402,0 100%
8.2 FINANCING OF SCHEME
8.2.1 There are a number of financial scenarios which can be examined. The normal way

of financing a combined water supply scheme such as this would be to divide the
capital cost of the scheme based on the water demand. Table 6 shows that the
cost of the scheme would firstly be divided between the Municipality (30,7 %) and
tarmers (69,3%).

This would entail the formation of a nmew Irrigation Board for those farmers
participating in the scheme. Because of separate sources of funding, the
Municipality’s share would agasin be divided between the whites, coloureds and

blacks.

A subsidy on the cost of a water scheme such as this wouid normally be available

from the Cepartment of Water Affairs for both the Municipality and !rrigation Board.
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TABLE 7 : Division of Costs

Share of Cagpital Subsidy Average Interest and Redemption
Cost belare subsidy Interest of Capital 30 years
Party Rate
R24 mill. R20 mull Rz24 R20
Whites 0,744 0,620 33',’3 16,5 82 623 68 902
Coloureds 0,384 0,320 33'!_., 11,28 20029 25 024
Blacks 2,040 1,700 3311':, 11,25 159 528 132 240
Municipal irngation 4,200 3,800 33'4 16,8 468 760 388 966
Farm lrrigation 18,632 13,880 a3y, 16,5 1848 370 | 1 540 308
Total annual 1nierest and regemption 2537370 | 2156 140

The present domestic water price is approximately 68c/m?®.

Based on the annual domestic consumption of 624 CO0 m® and an irrigation area of
990 ha on completion of the scheme in say 1994, a domestic water price of say
R1-51/m® and a price per ha of R1840 would be required in the first year in order

to meet the payment of capital redemption and interest given in Table 7 above.

Although it can be shown that the scheme is economically advantageous in the long
term, the above unit prices would be unaffordable to both the domestic consumer
and the irrigators. This means that the consumers will initially not be able to cover
the cost of the scheme. However, it is proposed that it be accepted that a certain
deficit be accumulated over the first number of years {say § - 1Q years) and that this
deficit, together with the initial capital cost of the scheme, be paid off over the

remainder of the life of the scheme.

In view of the above we propose the following :

{i) Initially the unit price for both domestic and irrigation water be limited to the
maximum affordable price. We propose that this maximum price be R1-53/m®
for domestic water {an increase of R0-85/m? and R750/ha for irrigation water.

{i} The price per hectare for irrigation water be kept constant for the first five
years after completion of the scheme, to enable the farmers to establish their
crops

(i) The domestic price initially increases at the rate of inflation {Assumed- to be
1E% per annum),

livl The proposed price structure in (ii) and (iii} above would mean that the price of
the irrigation water would decrease rapidly in real terms over the first five years

(refer tables 8 to 11). In order to ensure that the irrigators pay a feasonable



8.2.5

8.2.6

8.2.7

8.2.8

3.2.9

31

share of the cost of the scheme over its lifetime, it is proposed that the price
of irrigation water be inc'reased after 5 years at more than the rate of inflation
S0 as to reach a price of approximately R600/ha in real terms in say 2008.
(This is still well below the R700/ha they have declared themselves prepared
to pay in 1982).

(vl We propose further that the cost of domestic water be kept constant in Rand

terms after 2008.

Tables 8 and 9 show typical cash flow scenarios based on the above assumptions

for annual costs of R2,58 million (R24 million} and R 2,18 million (R20 million).

The above tables show that in both cases, a substantial cumulative deficit {including
interest compounded at 16% p.a.) occurs. Table 8 shows a maximum deficit of
R10,38 million in 2002 and Table 9 R4,53 million in 2000. The deficit is as a result
of the shortfall, during the first number of years, in income required to repay the

annual interest and redemption of capital on the loan to construct the scheme.

The only means of keeping both the water price affordable and to limit the deficit
in either amount or time period, would be to reduce the annual amount payable on
the loan. This could be done in either of the following ways.
i) Obtain an increased subsidy or grant to reduce the loan required

by the participants in the scheme.
i) Cbtain a loan at substantiaily reduced interest rates

iii) A combination of the above.

To illustrate the above, Table 10 shows that in order to imit the cumulative deficit
to say R3 million, an additional capital subsidy or grant of R3,7 million would be

required to afford a R24 million scheme.

Table 11 shows that to repay the deficit in say 5 years, an additional capital subsidy

or grant of R5,7 million would be required to afford a R24 million scheme.

The cash flows shown in Tables 8 to 11 show that a relatively small difference in
capital cost results in a large difference in the cumulative deficit. For example,

considering Tables 8 and 9 -
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Table Capital Cost Annual Cost Maximum deficit
8 R 24 milion ' R2.,58m R10,38 m
9 R 20 million R2.15 m R 4,52 m

This means that a relatively small amount of additional assistance makes a big

difference in the affordability of the scheme.

The same methad of financing could of course be applied to a scheme supplying
domestic water only. However, as shown below, such a scheme would be

prohibitively expensive.

Table 4 on page 14 shows that a dam with a capacity of approximately 9 million m?
would be required to supply water for the Municipal demand only. The annual cost

of the water would be approximately R1,86 miilion.

Based on the Municipality’'s domestic and irrigation demand of 1 164 000 m? in
1894, a domestic water price of approximately R3-34/m® would be required

(assuming R1840/ha for irrigation).

This is obviously unaffordable and a combined scheme is therefore the only feasible
option to provide affordable water to mest Adelaide’s Municipal and irrigation

demand.
CONCLUSIONS

It is evident from the above that there are many ways of financing the scheme. It

is clear however that a combined scheme is beneficial to all parties in the long term.

When negotiating the financing of the scheme, the overall long term benefits for the
area should be considered. Although the domestic consumers for example subsidise
the farmers to a certain extent, a Municipal scheme on its own is not affordable.
and it is therefore in the Municipality’s interest to attract participation in a scheme
which  will ultimately lead to increased income generation, increased job

opportunities and the overall growth in the gconomy of the region.
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PROCEDURES FOR IMPLEMENTATION

Before the scheme can proceed the following aspects must be dealt with.

This report should be submitted to the CPA, House of Representatives, Lingelethu
Town Council, Bezuidenhoutville Management Committee, Department of Water
Affairs, Department of Agriculture, Midland Regional Services Council and the
Koonap River Irrigation Board. The report should form the hasis for further
ciscussions between the above parties regarding participation in and financing of the

scheme.

In order to expedite decision taking during the initial stages and to control the
scheme on completion, it is proposed that a controlling body be formed on which

the different consumers are represented.

A decision should be taken as to whether the reduced spillway capacity option is
acceptable (lower capital cost) and if so this should be submitted to the Department

of Water Affairs for approvai.

Based on the discussions referred to in 9.1 above, preliminary agreements should
te drawn up regarding the unit costs applicable to each party. In view of the
influence cf the irrigaticn demand on the size of the dam and conseguently the cost,
it ig particuiarly important that an agreement be reached with the farmers regarding

S Cost oT the water and the amount available.

An appiication for a subsidy for both the domestic and agricuitural portions of the
scheme should be made to the Department of Water Affairs and the Department of

Agriculture and Water Supply.
~ source of additional capital and/or low interest loans, should be sought.

7 e dam will be impounding more than 250 000 m? and an application must be
~ade to the Minister cf Water Affairs for the issue of a permit in terms of Section
€8 of the Water Act. The processing of such application normally is time

zonsuming and the application should therefore be made as soon as possible.
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The total wall height of the propocsed dam will he greater than 5 m and an

application must therefore also be made for the issue of a permit in terms of Section

2C of the Water Act (Permit to construct a dam). Application for this permit will be

made during the detailed design stage.

Proposed Programme

To enable construction to commence in July 1993 we propose the following

programme.

9.8.1 Submission of this report

9.9.2 Application for 9B Permit

89.9.3 Decisicn to proceed

2.9.4 Geotechnical investigation, Survey, etc.

9.9.5 Design report for 9C Permit, dam design and
preparation of tender documents

8.9.6 Advertise tender

8.9.7 Report on Tenders and award of Contract

9.2.8 Contractor on site

9.9.9 Cormplete construction

October 1992
October 1992

end November 1992
January 1993
February to

April 1993

end April 1983
June 19893
July/Aug 1993
August 1984
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10.1

10.2

10.3

10.4

10.5

10.6

SUMMARY

The more important aspects of this report are briefly summarised below :

Adelaide has since the early 1980's experienced regular water shortages which has

led to restrictions in the use of water,

As a result of the water shoriages, development in Adelaide has reached a
standstill. The coloured and black population groups have however shown a steady
growth which has led to increasing unemployment. There is therefore an urgent
need to stimulate development in Adelaide and the surrounding area. The Adelaide
Municipality have a development pian which they are unable to implement until an

adequate and reliable water source is developed.

Adelaide’s existing water supply sysiem is inadequate to meet even the present
domestic demand. This, combined with the extended drought in the region, has

given rise to a critical water shortage in the town at present.

Previous investigations into the water supply options in the area showed that the
only possibie source to satisiy the future demand would be to construct a dam on
the Koonap River. The only suitable site in the immediate vicinity of Adelaide is the

so-called Foxwood site.

Farmers downstream of the proposed dam have indicated their interest in obtaining

irrigation water from a dam.

A dam at the Foxwood site with a capacity of 17 million m* would, together with
the existing Municipal dam, provide sufficient water te meet an annual demand of
11,4 million m®a, which would cover Adelaide’s domestic demand until 2020 as
well as the irrigation demand of 200 ha. Water would also be available for 790 ha

of farm irrigation.
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The estimated capital cost of an earth embankment dam at the Foxwood site is
given in Section 7. Alternative costs are given based on different spillway types,
i.e.
® Earth embankment with combination mass concrete

overflow and open channel spillway R 24 000 000
® Earth embankment and combination mass concrete,

fuse plug and open channel R 20 000 000

It is shown in Section 8 that there are various ways of financing the scheme, and

that the scheme is economically beneficial in the long term.
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11. RECOMMENDATIONS

It is recommended that :

11.1 This report be submitted to the Koonap Irrigation Board, Lingelethu Town Council,
Bezuidenhoutville Management Committee, CPA and House of Repressentatives, to

form the basis for further discussions.
11.2 A contralling body be formed on which the different consumers are represented.
11.3 This report be submitted to the Department of Water Affairs, Department of
Agriculture, and Midland Regional Services Council, in support of an applicaticn for

assistance with the financing of the scheme.

11.4 A combined decision be taken as soon as possible to proceed with the construction

of the Foxwood Dam.

S P BROPHY Pr Eng

NINHAM SHAND INC
PORT ELIZABETH
SEPTEMBER 1992



APPENDIX A
r
SUMMARY OF IRRIGAEBLE AREAS
Qnginal Fairm Sub-divisigns Owner Size Prasant Future
ungatron (hal posmbilitias
1 Kunap Past 188 Koonap Post Farm John & Robert Spaik 1651.3320 20 a5
1A Koonap Resarve 737 Ged 2 & Ged Liffoid J C Poigestar 548.48BB4 18 15
2 Lifforg Park 31 Rastant Sam Knott 1197.1482 62 18
3 Nelsrust 189 Ged 4 FJduTat 146.2382 12 20
4 Berudsnhcugtskraal 29 Gedd,6 7TRE F Jdu Ton 651.0691 20 20
5 Nalsrua1 189 Ged 3 & 5 + Restant W A Nal 293.5018 Nl 5
6 Gracs Gift Gedd4 & 6 WA Nal 269,6185 10 Nil
7 Aasvoilkrans Grace Gilt & Prissl C P du Preaz 1338.14 NIl 55
B Graca Gilt Walgaiuk N JEls COnbekand
BA  do Gosdgadegls N J s Onbekend
88 @a Vadersrux N J Els Onbekend Nil 70
8C do Vlakklea! N J Els QOnbekand
B0 do Lendhosk N JEls Onbekend
9 Ergormis Viaknak 1zak Malan 813,284 Nil 8.5
10 Dnafontein Edgahill B Barmard 235 MY Nil
11 Dnieiontain Gad 1 Sevenfonten C P du Presz £48.4887 4 4
12 Rengsierhosk Gad van A M van dar Marwe 685,37685 15 20
13 Engelas Dnft Lot B Hoé Haek G/E Dnit C P du Prasz 482,7913 a7 58
14 Vaderlands Wilganbogm Sastarus T F Dieyer 925,02 7 4
1S Engeisa Onit Inverimigh T F Drayer 1541.7 15,4 a
16 Hos Hosk HoéHosk & Frverside J B du Prasz 938,724 25 15
17 Khpplaat Dnft Ottarburn T F Droyar 1158,275 11 2
18 Kordomes Mend Ged Goodhope EW D Kaavy 91.6455 1,7 4.5
19 Klenghas Menad God ven EW D Knavy 91.6455 20 20
20 Klanghas Mand Gad Clfton & Loxiay H G Graaf! 1541.7 a0 100
27 Burgers Dt Gad van D J Malan 282 I8 40
22 Vaalekraniz Goed van F H C van dar Vyvar 3892 il 25
23 Burgersdnit God Laudarciale O I Malan 1027 8 NiL 70
24 Qlifantsbean Gahaal FHCvan der Vyvar 354 il 130
25 Grootte Ded Gahael H J Luttig & Seun 2355.375 128 127.5
28 Groanklool Géhea! S W Malan 1488.745 Nil 65
27 Paardelantain Gehesl S W Malan 1341.2789 Nil 4
2B Smutshoek Gahasl A\ Grobbelaar 1584 0 175
28 Elandskop Ged van HJlutug & Saun 685.2 Nit 85
30 Elandskop Resiant van P du Praez &04.7118 Nt 4
31 Leuwis Dnft Gad 4 1Eurekal P du Prsaz 822.9709 20 8
32 Louwns Dnilt Leauwwdnlt J H Dugmore 1510 1 25
23 Kliphosk Klainicntain Piol M Ekstean ag8 a5 88
34 Gannanoak 215 Gad van J 7 Basch 1370 14 128.5
35 Kiliphoak Gea san « H Enguibracht 659.505 28,2 Ni
356 Kaka Mouth 135 Frsiand & Kagtamond C H Bosch B816,2445 21.4 42,8
37 Mimwelings Ganea D R van ger Maulen 1558.83 ag i75
38 Blauwkrantz Gehsal D A van der Maulen 839.37 1 5
39 “Vagen Dnit Ganhaet Whyte Bank Farm 1421.79 Q) 14
40 Karfirs Hoak 192 Knree Valley F N Giaeil 8E6.5 15 15
41 Kaffirs Hosk 192 Ged ven D R van dar Maulan 445,38 a0 80
42 KaMlus Kloof Roxtyn J B du Prasz 1627.35 17 k|
43 Wateriall Ged van D R van der Maulen 256.35 75 MNil
44 Kunapa Porte Gad van L Pangls 85715 a0 22,5
45 Saxiord Park Gehoel L A D Danckwarts 770.85 130 145
48 Glan Lyndan Gad van Kerk Gronds Onbekand Nil 87,5
47 Kiipplaats Dpit 130 Haddan A Nishouse 2055.8 128.5 12.8
48 Klipptasts Dnft 130 Hatsos L Pangla 46.0636 Nil 18
49 Norwood 127 Ged van | P Pringla 90 a0 Nil
S0 Norwood 127 Geod van W P Xroon 1500 29.9 25,7
12271 2103.3
Ares of irngable land do wnstream of Foxwood site 3334
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