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VRYBURG MUNICIPALITY3

Northern Ca'Pe~

REPORT ON THE PROPOSAL TO OBTAIN A
SUPPLYOF WA ER FROM T AA A ~ SCHEME0

by

HAWKINS ~ HAWKINS & OSBORN.

Congultin~ and Chartered Civil En~ineerse

,INTRODUCTION, .

Vryburg 1s situated in the Northern Cape, in an
area of low rainfall, and it obtains its water supply trom
a system of boreholeso The amount ot water available is
limited, and as the town is continuing to grow and the
demand for water is steadily increasing~ it 1s advisable
to investigate other sources of supply"

Conditionsin the Vryburg area do not favour the
collection and storage of surface water because of the low
rainfall and the absence of suitable catchments and river
basins. The Council has therefore turned to the river
Vaal as the only major source of raw water within a reason-
able distance of the to'toJn$The river itself' is over 80
miles away, but the Union Department ot Irrigation has,
under the Vaalharts Irrigation SCheme, constructed a canal
which carries a supply of water almost to Pudimoe, more
than halt of the way to Vryburg. We have been asked to
report on the possibility ot supplying Vryburg with water
from this source" .-

ED FOR THE VAALHARTS SCHEME

In September, 19;;, we submitted a report Qn
proposed improvements to the town's water supply" In
accordance with our terms of reference, this report dealt
only with the supply available from existing sources"
We gave as an estimate that, with the proposed improvements
to the existing supply system, about 780,000 gallons per
day could be obtained from the existing boreholes. It
was also estimated that the maximum unrestricted demand
for water in 19;; would be 7;0,000 gallons pei' day during
the period of sustainedsummerpeak.

Therefore, although it appears that the town Us
immediate needs can be met by the existing supplies, it
1s clear that augmentation of the water supply will soon
become an urgent matter$

, It is possible that the underground resources.
can be exploited further. tfuen a Municipality wishes to
augment the amount of water drawn from such sources, and
applies for a Government subsidy, the scheme has to be
approved by the Geologica~ Survey Office of the Department "

lot ".....
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ot Mines$ In order to determine the supply that can
be continuously and safely pumped, this Office requires
observations to be regularly taken on the water levels
in the boreholes and records to be kept of the quantity
of water pumped over a fairly long periodu

The amount of undergroundwater which it \>li11
be safe for Vryburg to pump, has not yet been determinedo
If'additional water can be abstracted, the need for such
a scheme as the Vaalharts will not be 1mmediate4 It
seems doubtful, howev~r, if all the townws future require-
ments can be met by the underground supplies, and event-'
ually, if the progress of the town is not to be retarded
by the lack of water, this, or some other scheme to
obtain a surface supply will become' essential.

~
. The following drawings are bound in at the back

of' this Reports-

Map showing the Vaalharts Scheme.
Graph showing the Estimated Demand for Water.
Sketch of the Proposed Layouts at Pudimoe and

Vryburg.
Graph showing the most economical size of

Pipeline.
Longitudinal Section of Pipelinee

THE VAALHARTS mRIGATION WORKS.,

The Vaalharts Irrigation Works commence at a
weir across the Vaal River about 6 miles above Warrentono
Under this Scheme, a portion of' the flo~l of' the Vaal is
diverted from its own catchment by canals, into the valley
of the Harts, where there is land suitable for irrigation.

The distributionof' water is entirelyby gravity,
and the canals decrease progressivelyin size as water is
led off to the irrigation farms ~ A main canal extends to-
wards Vryburg in a northerlydirection,but when it
reaches a point about two miles south of Pudimoe, there is
no longer sufficient fall of the ground available for it
to continue any appreciable dist~~ce without resorting to
pumping..

The Irrigation Department would agree to the
abstractionby the Municipality,of' water from the end
ot the canal, which we are advised, is large enough for
the extra supply required by Vryburg. The water generally
contains little suspended matter and is comparatively
clear. However, purification in a Waterworks would be
necessary before the water could be used as a Municipal
supply.

The IrrigationCanal is periodicallyclosed
down for maintenance purposes and water may be stopped
tor eight or nine days every three or four months. A
break in the supply through damage to the canal eago

/by 0....
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by stormwaterp is also possible,so that it would be
adv1sa~r Vr-YPU!'&t_to"prov~f'or oecas~
stoppa~es or up to at least~
PERIOD FOR WHICH SCHEME IS DES+-,-GNEDII

Capital works of this kind are generallyplanned
for a period of 2; or 30 years, the eost beingmet by a
loan repayable over the same periodo

In the case of pipelines it is found that the
larger the d~ametert the lower is the unit eost of the
line per gallon or water conveyed, and it is economie
to design pipelines for the full period of the loano As
pipelines have a relatively long life expectancy the use
of the longer design period is justified! We have there-
fore planned the scheme for a period of 30 yearso

Those sections, such as purification and pumping
plant, serviee reservoirs, etco, which can readily be
extended in the future are, however, i1'\..1tia11y designed
tor half the ultimate capacity and duplicated later when
the need arises..

DEMANDFOR WATER BY VRYBURG.

:

When drawing up our report of September, 1955,
we made a careful estimate of Vryburg's demand for water
for the period 1955 to 1980. The earliest the Vaalharts
scheme could be put into operation would probablybe
about the end of 1958, and our new estimateshave there-
fore been taken out for the period 1958 to 1988. Wehave
adapted the figures previously used to cover this periodt
and the estimated demands are shown on a gra.ph at the
back of this report.

The figures for the first and last years of the
proposed scheme are as fol10ws:-

Ave:ra~e Susta1ned summer
peak", . -

900,000 g.p.d.
2,,00,000 gop..d.

19,8
1988

700,000 g.p.d.
1,850,000 g.p.d.

Demands for the intermediate years-- are shown
on the graph.

The water supply,whether from the boreholes or
the Vaalharts Scheme, must be ableto meet the sustained
summer peak demand" Some of the factors affecting the :use
of thesetwo sourcesof supplywillnow be considered.

CONTINUEDUSE OF THE BOREHOLES.~ . . . . - -

Conservation of underground water is commonly
regarded to be in the national interest and when an al-
ternative source of supply is available to the town, the
Council may be asked to ned~ce the pumping rate from --

.
/the "'..411...

... 3 ...



~ 4 -

the existing boreholese

On the other handi water from the existing
boreholes will always be very much cheaper than that
from the Vaalharts SCheme, under ~mich there will be
interest and redemption on a relatively large loan and
the costs of chemical treatment of the water and of
pumping over a high lifto On economic grounds, therefore,
the maximum possible use should be made of the boreholeso

The sustained summer peak demand for water may
last for weeks at a time" In addition, there are short
periods each day when the demand for a few hours may be
double the averageo These are provided for by storage
in service reservoirs" It is not .economic,houaver, to
provide for the sustained summer peak by means of such
reservoirs, which would have to be unduly large, and that
it is usual to make the delivery main from the source of
supply large enough for this sustained pesko

However, in the case of Vryburg there is the
possibility of using the natural underground storage from
,which the present supply is drawn, as a reservoirfor
balancing seasonal peak demandso This would reduce the
maximum demand from Vaalharts and enable the pipeline,
which is the most expensive item of the sCheme, to be de-
signed for a smaller flowo

A saving in the cost of the Vaalharts Scheme
would also be effected by using underground storage to
supply Vryburg during the periods already referred to
when the flow in the irrigation canal may be interruptedQ

Accordingly we recommend a scheme in which the
existing boreholes are used to supplement the proposed
supply from the Vaalharts Irrigation canal in the most
economical manner6 For the information of the Council
we have, however, given details of two other arrangements
that would be possible@

VARIOUS SCHEMES POSSIBLE..

The three different sizes or scheme for bringing
water from the Vaalharts irrigation canal ~o Vryburg that
we have considered are:-

Scheme 1.

This scheme makes use of the to\~fS underground
supplies of water to meet the following requirements:-

(ii)

Keeping the town supplied during the periodical
closing down of the Vaalharts canal.

Supplying the increase in demand during the
period of sustained summer peak draw-ofro

(1)

(ili) Supplementing the supply from Vaalharts as
"

lmuch &~.."
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much as possible during the remainder of the
year~-

Scheme 2.

This scheme uses the underground suppliesof
water merely to supplement the water from Vaalharts at
a steady rate of pumping throughout the year. The
pipeline and purification works would be large enough
to supply a portion of the town's average and sustained
summer peak demands, and storage would be provided for
periods when the Vaalharts canal is shut down.

~
Under this scheme no use at all would be made

of the town's underground supplies. The pipeline and
purification works would be made large enough to supply
the town's sustained summer peak demand and~ as for
Scheme 2, storage would be provided for perIods when
the Vaalharts canal is shut down.

The pipelines would be successively larger in
each case. The cost of ,Scheme 2 would be higher than that
of Scheme I and for Scheme 3 it would be still more.

UANTITY OF WATER AVAILABLE FROM UNDERGROUND SOURCES0

As already stated, the records at present
available are probably insufficient for the Geological
Survey Oftice to be able to give a decision as to the
total quantity of underground water available. It iS

ltherefore, not yet known if the amountof 7801°00 ga Ions
per day, whioh we recommended in our Report or September,
1955 should be pumped to meet the town's immediate needs,
can be abstractedindefinitely. Accordingly,we consider
it safer, for the purposes of this Report, to assume that
the future amount which can be drawn continuously from the
underground sources will be an average of about ;°°1°00
gallons per day. This is the equivalent of 182t million
gallons per year, and is approximately the quantity being
used by the town at the present time.

SCHEME I.

The underground suppliesof water at Vryburg
are thought to be dolomi tic 0 Water trom such sources may
be pumped out at a high rate without detriment, provided.
that the total quantity abstracted does not exceed the.
amount by which the underground reserves are annually
replenished.

We propose that .,he total annual amount ot l82t-
million gallons should nbt;pe drawn uniformly throughout
the year, but that the rate ot abstraction should be

.-

/adju$ted .,...

- 5 ...



"'" 6 ...

adjusted to meet the particular requirements of this
scheme0 (see Page 4)n

We have assumed that the periodical closing
down of the canal for maintenancepurposes (Requirement
(1» will occupy a total period of four weeks every year~
during which time the whole of the townts needs will be
suppll~d from the boreholes.

We have also assumed that half of the stoppages
will occur during the period of sustained summer peak and
half during a period of average demando (Please see
estimatedaverage and peak demands given on page 3)0 The
total quantity that will have to be extracted from the
boreholes during the total period of four weeks will then
be about 61 million gallons in 1988, leaving l21t million
gallons to meet the other requirements@

Under drought conditions, the sustained summer
peak use of water may last for about 3 monthsc If the
boreholes are to supply the extra water required during
such a period, (Requirement (1i) and to supplementthe
Vaalharts Scheme during the remainder of the year
(Requirement (i1i)), the appropriate delivery rate for the
Vaalharts Scheme is round to be !-2/J (lG66?) million
gallons per daY6 '

In 1988, the undergroundstorageof 182t
million gallons would be used as fol1owss-

This means that for 8 months of the year the
pumping rate from the borehole system will be only
183pOOO g@pod. In order to keep the pumping costs from
Vaalharts to a minimum it is proposed that the initial
delivery rate should be for half ot the ultimate rateo
ioeo For t x 1e667 = o~833 million gopode This will
reduce the velocity of flow through the pipeline and
consequently the friction head against ~mich the pumps
will have to operatse

Pumps of this capacitywill be adequa.te until
about 1971 10ev not quite half of the life of the schemso
At that time the estimated demand for 'waterby Vryburg
will be (See graph)%=

IAverage o@o@<>o

'--

"" 6 50

2 weeks @ 2Q; million gap.do = 3; ml11ogalso) 61 millo
2 n @ 1.8;" " = 26" « } gals.
3 months @ (2; - 1.667) =

0.833 million gop.de = ?6t tt
"

) 121t
8 months @ (1.8; - 1.667) = ) millo

0.183 million g.pod. = 4, VI It
) galso

TOTAL 1821-
--
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Avera~et Sustained summer
Deak..

1,~~0,ooo g.p.d.1971 1,1~O,OOO gap.de

The underground supply of water will be used
as follo\o1s:-

2 weeks @ lo~5 million g.p.d.
2 » @ 1.15» »
3 months@ (1.55 - 0.833) =

0.717 million g.p.d.
8 months @ (1.15 - 0.833) =

0.317 million gap.d.

The present maximum rate of pUmping from the
borehole system will have to be approximately doubled for
the first 13 years of the scheme (i.e. increased from
780,000 to 1,~50,OOO g.p.d.) to meet the high rate of
discharge required for short periods. Later the capacity
must be increased again to 2,500,000 g.p.d. These increases
may be made either by replac1ng some of the existing pumps
with new ones of larger capacity or by equipping new
boreholes. The existing Kuruman borehole, now unused,
which is believed to be connected to the same underground
sources as the others, may be fitted with a pump.

Although the rates at which it 1s suggested that
the boreholes should be pumped when the Vaalharts canal is
closed down, are relatively high, it must be remembered
that water will only have to be abstracted at these rates
for very short periods. \tIeare of the opinion that, pro-
v~ded the annual quanti ties recommended above are not, ex-
ceeded, the underground storage system will be capable
of sUPPJ.y1ng water at the pumpingrates recommended.

The cost of the additional pumping equipment and
possible additional boreholes required will be small when
compared with the savings in the cost of the pumping main
trom Vaalharts and of the storage reservoirs, which can be
effected by using the underground storage in the above
manner.

OTHER CONSUMERS.

Although no detailed enquiries have been made
at this stage, we understand that provision might have
to be made for certain minor consumers along the route
of the pipeline. We are advised that the Railway would
probably require 10,000 g"p.d. at Pudimoe and a further
10,000 g.podetat other stations along the line between
Pudimoe and Vryburg. Miscellaneous farms would require
about 12,000 gallons per day and Tiger Kloof 28!000
gGpGd& The total additional demand, which woulCl have to
be provided for, would therefore be approximately 60,000
g.p.d. .

Provision for daily peak draw-offs would have

Ito ..84111

... 7 ...

--

= 22 mill. galso
= 16 mill. gals.

= 66 mill. gals.

=mill. gals.
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to be made by constructing storage tanks at each point
of supply. The periods when the supply in the canal 1s
interrupted would probably be best taken care of by
arranging for water to be fed back from Vryburg along
the pipeline.. .

A fuller investigation into the means of
supplying these consumers will, however, be necessary
before the scheme proceeds. In the meanwhile we have
provided a maximum total capacity of the Vaalharts scheme
as follows:

1,667,000
+ 60.000

1,727,000

gop.d.
g.p.do
gGpod~

=== --

The Purification Works, Pumping Station, etco,
,~11 be designed to operate for up to 20 hours per day
to allow time for maintenance and contingencies. The
final pumping rate will, therefore, be 1,440 gopomo
(3.84 cusecs).

Initially, and then for about the first 13
years of the scheme, the rate of supply need only be half
this amount, i.e. 720 g.p.m.

UALITY OF THE WATERFRor.r VAALHARTS.

The water from the existing boreholes contains
over 3,0 parts per million of hardness (mainly of the
carbonate type) which is considerably more than is
usually desirable. t'/atel" from Vaalharts will be softer
and when the two are mixed in the distribution system,
the water that will normally be supplied will be of very
good quality.

A minor objection to using the boreholes at
variable rates'of abstraction will be that the proportions
of borehole and Vaalharts water will varYt thus altering
the hardness from time to time. Howevert there will be a
general improvement over the present quality of'water and
only occasionally ~~ll the water be as hard as at presento
The variation in hardness should not prove troublesome"

PURIFICATION l.vORKS.

The Purification Works would be sited at Pud1moe?
near to the r8.\'1 water intake, rather than at Vryburgo
Pure water containingno abrasive solid matter may then
be pumped through the pipeline; the quantity of 't'later re-
quiring to be pumped may be reduced by the 2 or 3 percent
required for backwashing filters, etc., during purification,
and one superintendentcan supervise both the works and the
Pumping Plant.

Raw water will be pumped from the canal to the
works and discharged intd a .mixing channel or chamber

/where 000 .
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where chemicals will be added to promote the settlement
of suspended mattero After a short period of slow
stirring, to promote flocculation, the water will flow
into a settlement tank for the removal of the bulk of
the solids. It will then pass to rapid gravity sand
filters for the removal of the remaining fine suspended
matter. After sterilisation by chlorination, the water
will be suitable for all domestic use and will pass into
a sump for pumping to Vryburg.

The Purification Works as outlined would be
of conventional design and details have not been given
at this stage. The processes described are those generally
suitable for water from the Vaal river, but before detailed
designs of the works are prepared, an investigation should
be carried out by qualified chemists to determine the
most suitable chemical treatment.

The costs given in the estimate have been obtained
from average costs of similar works elsewhere.

PIPELINE ROUTE!

The railway line from Kimberley to Rhodesia and
the north runs almost parallel to the road along the
direct route from Pudimoe to Vryburg. No official approach
has been made to the Administration, but we have been
unofficially advised that permission would be given for
the pipeline to be laid within the railway reserve. This
would have two main advantages. First, the pipeline
would be protected by the railway fences and the pipes
could be laid at the minimum depth required to protect
them from frost and heat. Second it would simplify the
acquisition of the necessary servitudes of aqueduct. On
the other hand, delivery of the pipes from the nearest
railway station woulQ probably have to be made by lorry,
in which case access to the pipeline within the fenced-
off reserve would be more difficults Access for a
mechanical trench excavator might also be troublesomeo

All these aspects of the problem will have to be
taken into consideration before the scheme is proceeded
-w1.th,but for the present we have based our proposalson .

the assumption that the pipeline would be laid within the
railway reserve for most of its route.

Alongi tud1nal seetion of the line 'has been
obtained from the S.A.B. Administration. This shows
undulating ground between Ptldimoeand Brussels, with a
nett rise of just over ,0 feet in 17 miles. In the next
7 miles~ to Tiger Kloof, there is a rela'ti1lelysteep rise
of about 240 teet, followed by more undulating ground in
the remaining, miles to Vryburgs .

Just outside Vryburg the railway line and the
road separate as the former makes a detour to avoid high
ground. This is the rise, to the south of the native
location, on which (in our R~port of September, 1955)

Ion ...".
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we proposed that a new service reservoir should be built.
From the point where the railway line commences its
detour, therefore, the pipeline should ,follow the road
directly to this reservoir. .

The top water level in the proposed reservoir is
about 70 feet higher than the high ground at Tiger Kloof.
The pipeline will, therefore. lie below the hydraulic
g~dient level for the whole of its length as shown on
the longitudinal section accompanying the report.

Allowing for about 2 miles from the Purifica-
tion Works to Pudimoe, the total length of the pumping
main will be about 31 miles, and the total rise about
360 feet. ,

DIAMETER OF PIPELINE.

We have investigated the most economic size of
pipeline, bearing in mind that the lower initial cost of
a smaller pipe will be offset by the higher cost of pump-
ing against a greater friction head. The size recommended
is 15ft diameter. The friction loss, in a distanceof
16;,000 feet will be about 36; teet. The velocity ot
flow will be about 3t feet per second.

DESIGNO.F .P1PELINE.

The maximum working pressure in the pipeline
will be about 72; teet. For a 1;" diameter pipe for this
pressure a steel pipe with bitumen lining and o~tside
sheathing will be suitable and probably the most economical.
When ordering the piping, tenderers may be invited to offer
other types, e.g. pre-stressed concrete pipes, and the
final selection may then be made.

Steel piping with 3/16" walls will be sufficient
for ordinary working pressures up to about ;5; feet head ot
water. Thereafter pipes with walls ot 1/*" thickness must
be used. The lengths of each type are shown on the Longi-
tudinal Section.

From Tiger Kloof to Vryburg the working pressure
does not exoeed 1,0 feet of water. Asbestos-cement pipes
could be considered, but in this size are not likely to be
cheaper than steel pipes. Reinforced concrete pipes would
be cheaper but are liable to damage through water hammer
shocks in a pumping main. We therefore recommend steel
piping throughout. .

Water hammer in ~ping mains can give rise to
very high pressures unless special precautions are taken.
To prevent these high pressures causing damage, the
thickness of the steel plates used for the piping is some-
times arbitrarily increased

ln
but considerable sums of money

can be unnecessarily spent this manner if the problem is
not thoroughly investigated.

The pipeline would be provided with isolating
valves and reflux valves at intervals along its length,

"

land......
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and with scour valves in valleys and all"release valves
at crestso

We have based the estimate ot cost on an
average trench depth of 36ft. This could probably be
reduced where rock is encountered. A final decision on

the depth of the trench required willthoweverj have to
be made when it is known whether the trench will be
within or outside the railway reserve, and it might also be
advisable when calling for tenders for the construction,
to invite alternative prices for different trench depthso

In estimating the cost of the trench, we have
allowed for meeting with a proportion of hard ground and
rock, excavation in such material being considerably
more expensiv& than in soft groundo

BIMPING PLANT.

We propose that there should be initially two
main clear water pumps each of the centrifugal high-lift
type designed for a delivery of 720 gopOmG Only one pump
would be used at a time, the other acting as a stand-byo
Later on when the demand increases a single new pump
capable of delivering 1,440 gopcIDewould be added, thus
doubling the pumping capacity and providing a 100%
reserve.

Initially, each pump will require about 200 hop.
for driving. We have been informed by the Electricity
Supply Commission that it is improbable that a supply of
electric power in the quant~~ies required, will be availa-
ble at Pudimoe for some yearso It would not be economic
for the Council to build their own electric power lineo
Accordingly provision must be made for ~perating the pumps
by diesel engines. The position can be reviewed again when
it is decided to proceed with the scheme or when the initial
pumping capacity has to be doubled. .

The Raw Water Pumps from the Irrigation Canal
to the Purification Works will be for a low-11ft and will
also be arranged in duplicateo They will require about
7* h.p* for driving and again diesel power will be used.

STORAGE RESERVOIRS.

In our Report of September, 1955, it was proposed
that the available storage of clear water should be in-
creased to 2,000,000 gallons by the construction of a
new 1,000,000 gallon covered service reservoir south or
the native location~ This will provide two days' supply at
the estimated average demand for water by the town in
1967/8. '

In view of our proposals to provide facilities
for the temporary over-pumping of the boreholes during
shut-down of the Vaalharts Scheme, we cpnsider that this
two days' storage will con~1nue to be sufficient. The sizes
of the additional servic~ reservoirs required in the fut~re "

/should ooo.e
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should be reconsidered when the need tor the further
storage arises.

ADDITIONS TO TOWN'S DISTRIBUTION SYSTEM.

Our previous report recommended the division of
the town's reticulation into two zones, one fed from the
existing service reservoir with new pumps and water tower,
and the other directly trom the proposed new service
reservoir. Both reservoirs will have the same top water
level. When the Vaa1harts scheme is proceeded with, about
,0% ot the water will be required at the new reservoir and
the balance will have to be conveyed on to the existing 1
million gallon reservoir north-west ot the town. A 12"
diameter pipe will be required tor this purpose. It the
recommendationsconta1ned in our 19" Report are adopted,
provision will already have been made tor a pipe of this
size to be laid down the full length of Warren Street, so
that all that will be required under the Vaalharts Scheme
will be to connect up to this pipe at the south end of
Warren Street, with a further length ot 12" pipelineo
Allowance tor this has therefore been made in the Estlmateo

No other major additions to or changes in the
reticulation system as proposed in our report of September~
19"

1
will be required except that it will be necessary to

prov de new connections from the larger borehole pumps
which we are proposing under the Vaalharts scheme and eon...
nections to any new boreholes that may be requiredo

ESTIMATE OF COST OF SCHEME I.

A preliminary estimate of the cost of the pro-
posed works is as followsz-

Raw Water Pump Stations
structure
Pumps and Piping

Chemical Dosing BOuse and
Equipment

Sedimentation Tanks
Filter House and Clear Water

Pump Stationz
structure
Filters and control gear
Pumps, Engines and Pipework

Office and Lighting Plant
Engineering Fees and Contin-

gencies

Pineline to Town.

Supply of pipes and tittingsz-

114" walls 60,000 tt. @ 44/9
per ft. I

I "

Carried forwardl .

-' 12 -

£ £

1,,00
1,700

2,,00
7,000

8,000
8,000

10,000
2,000

..itlQQ.

."

4, ,80°

134.2,0
l~4,2,0 4,,800

.-

.'"
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Brou.ght Forwards

3/16" walls 105,000 ftQ @ 39/'"
per ft Ii

Trenching and laying:

165,000 ft$ @ 6/6 per ft.

Engineering Fees and Contingencies

Reticulation System.

Increasing capacity of boreholes
SUpplying, trenching for and
laying 12" pipeline from pro-
posed new reservoir to Warren
Streett

1,300 ft. @ 35/-

Engineering Fees and contingencies

other Items.

Allow for legal expenses, acqui-
sition of ground, servitudes and
way1eaves. .

SUperlntendent~s house.
Resident Engineer's salary during

construction

TOTAL FOR SCHEME:

GOVERNJ.ffiNT SUBSIDY.

134,2'0 45 f 800

204,75'0

53,62;

49,375 442~OOO

5',000

2,300

700

8,000 8,000

5',000
3,200

2,000

10,200 10,200

&,06.0°Q.-

A Government subsidy will probably be obtainable
for the scheme. This will be calculated on the above
figures with the exception of the legal expenses and the
cost of the superintendent's house, so that the subs1-
disable total will be £497,800.

The subsidy payable is normally as 'followsa-

On the fi. 'st £30,000, 33t% = :£10,000
On the second 30,000, 2;% = 7,,00
On the third 3°,000, 20% = 6,000
On the remaining 407,800, 10% = 40,780 64,280

The nett cost of the scheme to the Municipality.
will therefore be about £441,720.. The cost of raising
the necessary loan has not been includedo

... 13 ...

.
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COST OF WATER",

rf a loan is raised at ,t%repayable over 30
years, the ~~ual interest and redemption charges will
be about 7,,1% per annum.. The annual overhead costs of the
scheme will thereforebe approximately:-

Interest and redemption charges
Staft: salaries and wages
Maintenance, repairs, transport

and sundries..
Contribution to renewals fund (t%)

£31,360
2,000

1 to 00
- f6 500

£36,860

In addition there would be the costs ot

running the diesel engines used in pumping, and chem1cal~
used in puriflcation9amountingto about 9d. per 1,000
gallons of water supplied" The IrrigationDepartment
will make a small charge for the supply of raw water.. We
are informed that this will be 3d. per 1,000 gallons,
giving a basic cost at Vryburg of 1/- per 1,000 gallons,
wi thout overheads.

~
During the first 13 years of operationof the

scheme the average consumption from the Vaalhartsscheme
WOU1

.

d be 42;1°00 gallons per day, resulting in an
.

. expen-
diture of 42, x 1/0d. = £21.;.0. per day, viz. about
£7,800 per annum on productioncosts. This makes a total
annual expenditureof approximately£36,860 + £7,800 =
£44,660 for bringing a supply of Vaalhartswater to Vryburgc

In addition to the 42;,000 g.p.d. from Vaalharts,
the town will also consume an average of ;00,000 g.pcdo of
borehole water. Therefore, in order to obtain the over-
all unit cost, the cost of this latter supply must be
added to the figure of £44,660 a~rlved at above. From page
24 of our report of September, 19", it will be seen that
the estimated annual expenditure on the production of
600,000 g.p.d. of borehole water was £17,~8. The only
saving in cost which would result from reducing the quantity
would be in respect of electricity for pumping, and we are
therefore adopting an arbitrary figure of £17,;00 per
annum, as the cost of producing ,00,000 gopcd~ of borehole
\'i1a ter (t

The distributionof a total average quantity of
92,pOOO g.p.d. will, however, result in increasesin
administration charges, and the cost of meter reading etc.
for which we are allow1ng a total of £1,000 per annum.
We therefore estimate that the total annual expenditure
on the production of a combined supply of water from
Vaa1harts and from the town boreholes will be:

£44,660
17, ;00

1 000~
ISpreading ...s

... 14 -
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Spreading this over the annual average consumption
of 92;tOOO g.ped., the average cost will amo\mt to 3/9de
per 1,000 gallons for the first 13 years of operation of
the scheme.

First year of operation of the scheme.

Assuming that operation of the scheme is commenced
in 19;8 and that the initial conswmption of water is an
average ot 700 000 gallons per day, the cost ot water
will be approxImately 4/7d. per thousand gallons, during the
first year. The cost will be lower in subsequent years
as consumption increases.

~
By about 1971 it will become necessary to increase

the capacity of the purification and pumping plant and to
provide further clear water storage at Vryburg. The cost
of this work will be about £;0

1
000. Overhead costs,

including interest and l"edempt on charges and extra wages,
etc., will be increased by about £4,000 per annumo

Due to greater friction in the pipeline at the
higher pumping rate, pumping costs will be increased giving

. a basic cost of the water at Vryburg of about 1/3do per
thousand gallonse

Allowing for the increased consumption of water
and an increase in administration charges, cost of meter
reading, etc., we find that the cost of the water will
amount to an average of approximately3/- c per thousand
gallons, during this second period of the schemeo

?g~s 2 -YiP. 3....

LOCATION OF STORAGE.

As stated, under these schemes a considerable
amount of storage would be required to provide for periods
when the Vaalharts canal is out of commission. It 1s
less expensive to provide storage for raw than for clear
water, as the former need not be covered and the cost ot
roofing forms a high percentage ot the cost of a reservoiro
From economic considerations therefore the bulk of the
storage to be provided under Schemes 2 and 3 would be for
raw water&

There is an existing earth dam behind the hos-
pital at Vryburg and consideration was given to using
this and a surveyof its capacitywas made. Althoughit .
would be attractive to make this a permanent lake for the
town, there are too many objections to making this a
practicable scheme. The main disadvantage would be that
the purification works would have to be situated at the
Vryburg end of the pipeline and purification at the Pudimoe
end is preferable for the reasons already given.

Consideration was given to using one of the natural
vIeis at Pud1moe for storage~ HOwever, in our opinion,
these are unsuitable III Th~y.arf;! shallow and los sestrom..

Iseepage .1110..."

- ,1; ...
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seepage and evaporation would be high. The vleis are used
for watering cattle and are the home of innumerable birds,
nth the result that the quality of water is interior to
that delivered by the canal. Purification costs would,
theref'ore~ be higher.

In our opinion, it would be necessary to construct
an artificialdam to provide the requisite storage. This would
probably take the form ot a circular excavation, with the
excavated ground banked up to provide a retaining wall. The
bottom of the excavation and the wall would be consolidated
and stabilised,using the principlesot soil mechanics. A
thin lining of reinforced concrete or gunite would then be
appliedto preventlossof waterby seepage" Occasional
cleaning out would be necessary, but whilst this was being
done the water supply would be maintained by pumping direct
to the purification works. '

SCHEME 2 "

, Deducting this from the town's estimated maximum
rate ot demandof 2,,00,000 gallons per day, 2,000,000 gop$do
remain to be obtained from Vaalhartso

Adopting a working day of' 20 hour s, as \d.th
Scheme 1, this gives a delivery rate of 1,670 g.p.m. Again
allowing ;0 g.p.m. for the intermediate consumers, we arrive
at a pumpingrate of 1,720g.p.m. It is found that the
economic size of pipeline for this tlow will be 16" in dia-
meter. The velocity of flow would be 3* teet per second~ .

and the maximum working head 715'feet of watero

We estimate that the cost of this pipeline would
be as follows:-

~u~~lY of DiDes and ritt1n~s:

114" walls 62,000 ft. @ 47/3 per ft~ = £146t47;
3/16tt walls 103,°00 fto @ 41/6" n = 213,72;

16,,000 tto @ 7/- per ft. = ;7,7;0

= 52.05Q......

£470,000

Fees and contingenoies

-
This represents an increase of £28,000 over

the pipeline required for Scheme 1. '

The purification works and pumping plant required
will also be larger and we estimate that the additional
cost of these items will be £10,000.

Under this scheme we consider that increased
clear wa.ter storage will be required at Vryburg. Wehave
allowed for storageequivalentto 2 days' pumping from,

/thee.....
"
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the boreholes, vizo 2 x ;00,000 = 1,000,000 gallons plus
an amount equivalent to 3 days' average consumption trom
Vaalharts. In 1971 the latter will amount to 1,1;0,000
g.p.d. - ;°°,°°0 g.p.d. so that 3 days' storage is, saY1
2,000,000 ga~lons9 making a total clear water storage or
3 million gallons.

Under the scheme dealt with in our Report ot
September, 19;;, 2 million gallons' storage has already
been allowed for so that under Vaalharts Scheme No.2 an
additional 1 million gallon service reservoir will be
required. The cost of this is estimated at £17,000.

With regard to the raw water storage at Pudimoe,
we have stated that we consider it advisable to provide
tor interruptions in the supply of up to 12 days. Although
it is possible tor such an interruption to occur during a
period of sustained summer peak demand in the town, the
period tor which the Irrigation Department normally shuts
the canal down is only 6 or 7 days., In view of this and ot
the allowance of clear water st~rage in Vryburg equivalent
to three days' average supply trom Vaalharts, we consider
that 1t will be adequate to provide raw wa.ter storage at
Pudimoe equivalent to 10 days' average draw-off from the canal.
It would be economic to make this artificial dam big enough
at the commencement of the scheme tor the estimated ultimate
demand. The capacity required iS l therefore, 10 x (1!8;O,OOO -
;00 000 gallons) = l3t million ga Ions. The estimated cost
ot !his uncovered raw water storage reservoir is £33,000.

To summarise, therefore, the extra cost of
Scheme 2 over Scheme 1 will be as followsl

Raw Water Storage ... ...
Additional cost of Puri-

fication Works. ... ... 10,000
Additional cost or

Pipeline ... ... ... ... 28,000
Additional Clear Water

Storage ... ... ... ...~

£
33,000

£ 88,000

Less saving on equipment
for increasing output
ot boreholes ... ... ~

83,°00

Less Government Subsidy
(10%) ... ... ... ... ~

Total additional cost of
Scheme 2 to Municipality. 74,700

This increased capital outlay will result in an
increase in interest and redemptioncharges (7.1% per
annum) of approximately £;,300 per annume

ICost ....... ,<

... 17 -
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Cost ot Water.

The total quantity of water pumped annually
from the boreholes and trom the Vaalharts scheme will

be the same as under Scheme No.1, so that other costs
will be as already estimated for the latter scheme.

The unit cost ot water under Scheme 2 will there-
fore, exceed that under Scheme 1 as follows:-

(i) Extra average cost tor first 13 years of operation
of scheme when the average demand will be
92~,OOO g.p.do 4d. per thousand gallonso

Extra cost during the first year ot operation ot
the scheme when the average demand will be
700,000g.p.d. 0 ,d. per thousand gallons.

(i1)

~
The boreholes would not be used under this scheme.

The pipeline would therefore have to be capable of de-
livering water to the town at the estimated maximum rate
of demand of 2,;00,000 g.p.d. Again, adopting a working
day of 20 hours and allowing ,0 g.p.m. for intermediate
consumers, the required pumping rate is found to be 2,140
g.pom. The economic size ot pipeline will be 18" in
diameter, with a velocity of flow of 3t ft. per second
and a maximum working head of 660 feet of water.

We estimate that the cost ot an l8tt diameter
pipeline will be as follows:-

SUpplY of pipes and fittin~s.

19,000 ft. ot ,/16" @ 62/6 per ft.
62,000 ft. of 1/4" @ ,3/9 It ..
84,000 ft. ot 3/16"@ It-9/-" It

= :£ ,9,37;
= 166,62,
= 20;,800

16;,000 ft. @ 8/- per tt.

Fees and Contingencies
--

66,00°

62.200

£,60,000

--

=
.-

This represents an increase ot £118,000 over the
pipeline required for Scheme 1. The purification works
and pumping plant required will again be larger and we
estimate the additional cost of these items to be £20,000.

Again, providing storage equivalent to 3 days'
average consumption in 1971, the service reservoir storage
required will be 3 days at 1,1;0,000 g.p.d. = 3,4,0,000
gallons. The additional reservoir capacity required is,

/therefore ..... ,-
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therefore It million gallons and the estimated cost of
such a reservoir is £24,000$

Allo\i1ngraw water storage at Pudimoe equivalent,
as before, to 10 dayst ultimate average demand, the storage
required is 10 days at 1,8,0,000 g.podo = 1St million
gallons. The estimated cost of an artificial dam'of this
capacitYt similar in construction to that proposed under
Scheme 2, is £4,,000.

To summarisej the extra cost of Scheme 3 over
Scheme 1 will be as ro~lows'

Raw W~ter Storage 0.. ..0 .0. ...
Additional cost of purifi-

cation works@ 0.. ... ... ...
Additional cost of pipeline
Additional clear water storage

£
4,,000

20,000
118,000
_~4~ooQ

£207,000
. ~

Less saving on equipment
for increasingthe output
of the boreholes. coo 0.. ?~ooo--

202,000

tess Government Subsidy (10%) 20~200-

£181,800

This increased capital outlay will result in an increase
in interest and redemption charges (7.1% per annum) of
approximately £12,900 per annum.

Cost of Water.

In the case of this scheme there will be extra
annual expenses in respect of purchasing from the Irri-
gation Department, purifying and pumping 500,000 gcpede of
raw water which under Schemes 1 and 2, would be obtained
from the bvrehoies. Under Scheme 1 the total cost of pur-
chasing, purifying and pumping raw water was taken as 1/-
per thousand gallons# Under scheme 3 we shall take this
at lOde per thousand gallons to off-set the ~ost of pumping
from the boreholes as this pumping can now be dispensedwith~

The additional cost per annum will, therefore,
amount to 5'00,000 g.p.d" at lOde per thousand gallons =
£7,600 per annum.

The total additional cost per ann1Im of water,
under this SCheme, 1s therefore3-

£12~900 + £7~600 = £20,,00

The unit cost of water under Scheme 3 will, there~
for, exceed that under Sd~eme 1 as fol1owss= '-

/(i) ..0..
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(i) Extra average cost tor first 13 years of
operation of scheme when the average demand
Will 'be 925'9000 gep~do ..0.0 1/2td. per
thousand gallons.

Extra cost during the first year of operation
of the scheme when the average demand will be
700,000 gopode 1/7d. per thousand gallons&

(11)

SUMMARY OF UNIT COSTS OF WATER..--

CONCLUSION.-
The cost of water under the three different

schemes is considerably higher than that of the present
underground supply. Nevertheless, the charges which would
have to be levied are less than those paid by many towns
that have installed new water schemes in recent years, and
are not unduly high considering the long distance from
which the supply must be obtained. .

Scheme 1, the least expensive of the three we
have put forward, would be an economic scheme and the cost
of the water, even in the first year of operation, would
not be unreasonable. The average price of water during
the second period of the scheme 1s not much more than that
paid in Johannesburg. We are ot the opinion, therefore,
that it would be practicable for Vryburg to augment its
water supply from the Vaalharts Irrigation Scheme.

The question of the size of the pumping main
to be installed is, however, to some extent, ~ matter of
policy tor the Council to decide, in so tar as it is bound
up with the future development of Vryburge

We have stated that the soonest the Vaalharts
scheme could be put into operation would be about the end
of 1958. This would necessitate the scheme being put
through all the sta~es or Council, loan and subsidy approval
with the least possible delay. If, however, the scheme were
not proceeded ,nth until a later date, it might be necessary
for us to revise our calculations and to take a new design

.'

/per fod ~....
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1 2 3

1st year of operation 4/7 ,/- 6/2

Average for period 19,8-
4/11971 3/9 4/llt

Averae for period 1971-
198 3/- - -
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period running from a later anticipated date ot commence-
ment ot operation of the scheme. A slightly larger pipe-
line might then be found to be more economic due to the
normal increase in population and consequent increase in
demand for water. This would raise the capita.lcost of
the scheme, but, owing to increased consumption, there
would probably be no increase in the unit cost of the
water.

. If we can be of any further assistance,we shall
be pleased to place ourselves at the disposal of the
Council.

G~~.
for HAWKINSe HAWKINS & OSBOR~~

,-


