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Abstract

The purpose of this development was to produce I8ieth curtailment curves that can be used to deaithen and how
severe curtailments need to be in periods of wsltertage. At the same time it is also importamh#intain the vast amount
of knowledge and system characteristics captuad fietail stochastic yield and planning analysb&ined by utilizing the
power full and advanced Water Resources Yield M@@&RYM) and Water Resources Planning Model (WRPM). The
simplified curtailment curves were developed basedhe output obtained from the WRPM. The requirssueance of
supply of the users is built into the curves. Theves are a simple tool which can be used, withaoming the WRPM each
year, to quickly read of the curtailments that neethe imposed on the system, depending on thagstdevel in the dam.
The curves will remain an effective tool so longths hydrology and/or demands in the system havesigmificantly
changed, where after another set of curves may twalle established. The curtailment curves wereessfully developed
and tested for the Luvuvhu system.
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1 Introduction

The development of the simplified curtailment cwrveas carried out as part of the Luvuvhu River Sgsdanual Operating
Anaysis For the purpose of this paper the focuslvélon the development of the simplified drougpemting rules. It is,
however, important to also provide some of the stoackground and results, to enable the readenderstand and see the
broader picture.

The Luvuvhu River is located in the north eastem pASouth Africa, and is a tributary of the Limgam River, which is an
international water course shared by South Affigetswana, Zimbabwe and Mozambique. The Luvuvhu Riegrsverses
the northern section of the Kruger National Parkere the Luvuvhu (Lanner) Gorge and the Pafurididain are prominent
features. Rainfall in the Luvuvhu catchment vafiesn in excess of 2000 mm per annum (for a relatigenall portion of

the catchment) to about 400 mm per annum in theeleaand western parts of the catchment. The tattahment area for
the Luvuvhu River, excluding the Mutale tributary,3 425 km? and produces 333.6 million m3/a (MAR 824 to 1992
record period) runoff under natural conditions

Water use by afforestation, irrigation, and moreergly domestic use to supply the large populatiothe Luvuvhu River
catchment with water, as well as the constructiblame dams in the catchment, has an adverseteaffethe flow in the
Luvuvhu River, particularly in the Kruger NationahfR. Steps are therefore required to ensure tigatdnsumptive water
requirements from the Luvuvhu River can be suppligtiout harming the riverine and riparian ecosystenthe current
water use by afforestation is estimated at almosnlion m3/a. Irrigation is the largest consunoémater with the current
total use estimated at 126 million m3/a. Urbandstdal/rural demands, which are dependant on cerfeater resources, are
estimated at 17 million m3/a at the 2003 developrterel, and is expected to increase to 24 miltig/a by 2025.

The new Nandoni Dam and Xikundu Weir, together wiith existing Albasini, Vondo, Phiphidi and Tshaktaudams (and
the associated bulk purified water supply infrastiee) are known as the Luvuvhu River GovernmenteWatheme. This
scheme needs to be managed as an integrated systender to supply water for domestic/industriatigation and the
ecological component of the reserve.
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2 Study Objectives

The main objective of this study was to update ¢kisting hydrological models for the Luvuvhu Riveysg&m and to

develop operating rules and a decision supporesy$or the Albasini, Vondo, Damani, Tshakhuma, Ridpand Nandoni

dams. These operating rules and decision suppstera need to be applied on an annual basis antlinulisde reservoir

storage trajectories. The operating rules andaomént curves needed to be simplified so thaviild be used easily by
DWAF regional offices to enable them to determihe required curtailment during drought periods @madimpose

restrictions in water use accordingly. As part loé bperating rule, monitoring systems need to leatified to track the

movement of water and storage in the system.

3 Basis used for the Operating Rules

The new operating rules that were developed fodifierent sub-systems within the greater Luvuvlyst&m were based on
the knowledge gained from the yield analyses, ixjsoperating rules, understanding of the totaltesys and its
requirements, as well as important operating ppiesi These operating principles include the foihgy:

e General operating principle — Operate the systemnastegrated system in order to obtain the marinyield benefit
from the system.
¢ Maintain the assurance of supply to users — Thikégprimary objective of the operating rules amdthe operation of
the Luvuvhu System.
¢ Cost saving operating rules — The secondary obgdaivthe operating rules is to implement rules thiét where
possible, reduce the cost of water supply.
* Restriction of demands — The operation of the sysiesds to be based on the principle that demaredseatricted
during severe drought events.
0 The objective of these restrictions is to redugeputo less essential use to be able to protecasisurance of
supply to more essential use.
o0 The basis on which restrictions are implementediéfined by means of the user priority classificatio
definition as given in Table 1 of Section 4

Two trigger mechanisms are generally used in treraimg rules. The first trigger mechanism usespiscifically selected
fixed levels in dams which are widely used to cointhe event when supply to a specific user shaelasse or commence,
and to be able to reserve water for users thabognbe supplied from this resource.

The second trigger mechanism is the use of thet-sbiwn yield capability of the sub-system whichcmmpared with the

demand imposed on the sub-system. When the baknegative, water from another possible resoneszls to be used or
curtailments need to be imposed. This optioniggér mechanism was used for all the sub-systemsvais, in some cases,
combined with the trigger mechanism one (fixed dewels). The benefit of the second trigger mecéraris that the short-

term yield as well as the demand imposed on thiesysan be compared at the desired assurance tf\aipply.

4 Assurance of Supply

In arid and semi arid regions it is generally nobr@mical feasible to develop and operate a waturce system to meet
all the demands at all times This means that 1608%e demand can not be supplied for 100% ofithe aind shortfalls in
the supply will occur from time to time. If shals occur frequently the supply will have a love@snce and relative few
shortfalls represents a high assurance in supplgtriBons in supply during dry periods is therefasne of the few
management tools available for operators to cofie tve highly variable streamflow conditions we @av South Africa.

It is fairly obvious that different types of usegps or categories will require a different assaeaof supply. Irrigation will
typically be supplied at a lower assurance tharemfatr domestic and industrial purposes and watestrategic industries
such as power generation at even higher assuratlidssalso logic to sub-divide the supply to iat@gn into different
assurance levels, as permanent crops such as gxgpes would require a higher assurance tharxéomple cash crops.

Using only the available historic flow record of 8070 years it is not possible to provide yieldulés representing the yield
available at high assurances such as a 99% or 9&S#ance, which means a possible failure ofiD@years and 1 in 200
years, respectively. By using stochastic yield gsialit is possible to determine the system yi¢lditierent reliabilities or
assurance levels. At low reliability levels thetsys can typically provide a higher yield than woblel available at a high
reliability level. The stochastic yield characstigs therefore make it possible to supply theesystiemands at the required
level of assurance in planning and operational y@esl as well as in practice. For the purposehe$d analyses it is
therefore important to sub-divide the demand of diiféerent user categories into three or four ptyoclasses, which
represent different assurance or reliability levels

For the purpose of the study, the demands fronditierent user groups or categories were sub-divigeo four priority
classes, which represent different assurance @biltly levels. This was discussed at one of Stakeholder Forum
Meetings and a specific priority classification veageed on, as given in Table 1.
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The priority classification can also be referrecisoa set of guidelines on how to implement watstrictions within a water
supply system. The user categories that were d&cidevere Domestic/Industrial, Irrigation, EFR drubses.

The user categories were each split into four wiffe levels of assurance of supply as indicatedlable 1. In this way a
portion of the demand for a specific user categdoy instance Domestic/Industrial) can be supplda high level of
assurance (e.g. domestic consumption), while theairéng portion of the demand can be supplied &weer level of

assurance (e.g. garden watering).

Table 1: User category and priority classificatiassagreed to be used in the Luvuvhu System

System and User Category Priority Classification (%)
Low Medium Low Medium High High
(90% assurance) | (95% assurance) | (98% assurance) | (99,5% assurance)
(1:10 year) (1:20 year) (1:50 year) (1:200 Year)
Domestic/Industrial 15% 15% 40% 30%
Irrigation 30% 30% 30% 10%
Losses 25% 25% 25% 25%
EFR 20% 0% 0% 80%
Curtailment level 0 1 2 3 4

Restrictions in water supply are applied first te thater use allocated to the low assurance levgkhnin this case is the
90% assurance level (possibility of a shortagéehergupply of an average, once in 10 years). OHenly start to impose

curtailments on the water use allocated to the @S8trance level, when 100% of the water use theltasated to the low

assurance level has been curtailed (curtailmerd tEv In a similar way curtailments will each &ronly be imposed on the
higher assurance level if all the water allocatethe lower assurance level, had been curtailéallin

These curtailments are determined by comparingstiogt-term stochastic yield characteristic cunfest were determined
with the Water Resources Yield Model (WRYM) for vars start storage levels, with the demands imposdtie system at
different assurance levels. The short-term yisl&éry sensitive to the available storage in tha d& the beginning of a
short-term planning period. When the dams are 10@P6the short-term available yield will typicgllbe higher than the
long-term stochastic yield at the same assuravet ¢¢ supply. At the other extreme, when the damesat a low level at the
beginning of the short-term planning period, thersterm yield will again be significantly lowerah the long-term yield at
the same assurance level of supply. Under suchitcamalit would then be required to curtail the derd to a level that will
protect the water resource and allow the water Igujgpnot exceed the predetermined risk of faillag,defined for the
different user categories.

5 Yield characteristics
Long-term stochastic yield analyses were carriedagsypart of the Luvuvhu River Dam Feasibility Studgd were used to
obtain the long-term yield at different assurareeels. This information cannot be obtained from Historic firm yield

analyses, as these only represent a 100% suppiyttevéistoric period. Long-term stochastic yiatthlyses were therefore

Table 2: Sub-system summary of yield charactesstic

Sub-svsten2005 | Historic Firm Yield Long-term Stochastlc firm Y]QId at |g1d|cated recurrence
2UD-SySteme . intervals (million m~/a)
Demand (million recurrence interval 1200
m°/a) (years) 1:10year | 1:20year | 1:50 year | 1:100 year y.ear
Albasini >1:200
22.3 (10.38)* 16.4 16.0 13.7 12.5 11.7
Vondo 1:70
16.1 (13.4)* 17.6 17.4 14.6 13.3 12.1
Tshakhuma 1. 142
587 (2.71)* 2.87 2.87 2.80 2.75 2.67
Damani 1:84
6.52 (5.67)* 7.10 6.90 6.05 5.60 5.27
Nandoni >1:200
36.2# (46.7)* 935 91.5 76.5 69.0 61.0

Note: # - 36.2 represents the projected demana(®@5.
* - Value in brackets represents the historic fiield
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carried out for the final selected scenarios.

summarized in Table 2.

Resibm these final selected scenarios for theerdffit sub-systems are

The long-term yield/reliability curves capture tlemg-term yield capabilities of the water resousté-system, providing
perspective on the long-term average behavior tfietdowever, these curves do not contain sufficieformation to make
short-term operational decisions. Decisions witkpeet to real time water allocations cannot onlybbsed on the current
situation, but should also account for safeguardimgsupply for the future. For relatively largeteraresource systems with
over-year storage and where major operational iesisare taken on an annual basis, a period ofabsyis considered
realistic for the projection of the probabilisticost-term behavior of a sub-system. The fact thatinitial storage level of a
reservoir significantly influences the short-teralg, requires that short-term yield charactersstieed to be determined for
different starting storage levels. For the purpafsthis study starting storages of 100%, 80%, 68985, 20% and 10% were
used and 501 generated flow sequences, each drS yelength, were used in the analyses. Resulis fthe short-term
stochastic analysis for the five sub-systems amensarized in Table 3.

Table 3: Summary of short-term stochastic firmdgiedsults for different Sub-systems

. Start Storage (As Short-term Stochastic firm Y_igld at i3ndicated recumrence intervals
Scenario % of live storage) (million m~/a)
9 1:10year | 1:20year | 1:50year | 1:100year | 1:200 year
Albasini Sub-system
100% 19.5 17.1 14.8 13.8 13.3
80% 17.9 15.4 13.2 12.05 11.7
Ad 60% 16.70 14.40 12.05 11.05 10.50
40% 13.10 11.70 10.40 9.70 8.85
20% 8.70 7.80 6.95 6.25 5.55
10% 4.00 3.30 2.40 2.20 1.80
Vondo Sub-system
100% 225 19.0 16.0 15.0 13.6
80% 21.7 18.4 15.3 14.0 13.0
Vi 60% 20.0 17.0 14.4 12.0 11.0
40% 16.5 13.7 11.4 10.0 8.8
20% 12.2 10.3 8.3 6.0 5.3
10% 10.7 8.8 7.0 5.8 5.3
Nandoni Sub-system
100% 121.00 104.50 90.80 82.50 77.00
80% 115.50 99.70 87.00 77.50 73.00
N10 60% 107.00 93.30 80.00 69.00 65.00
40% 92.00 77.00 67.80 58.50 53.00
20% 67.00 56.00 49.70 44.00 39.60
10% 48.50 43.00 37.00 35.00 32.00
Tshakhuma Sub-system
100% 2.88 2.84 2.76 2.70 2.63
80% - - - - -
T2 60% 2.88 2.84 2.73 2.63 2.53
40% 2.88 2.82 2.72 2.62 2.22
20% 2.88 2.83 2.72 2.62 1.87
10% 2.88 2.8 2.68 2.52 1.73
Damani Sub-system
100% 8.85 7.8 6.7 6.3 5.8
80% 8.6 7.5 6.35 5.8 5.35
D1 60% 7.95 6.75 5.7 5.2 4.75
40% 6.65 5.7 4.9 4.35 3.9
20% 4.85 4,15 3.6 3.35 3.1
10% 3.8 3.2 2.75 2.55 2.4

Important findings from the yield analyses alsdude the following:

e Yield analysis results clearly showed that AlbaSnb-system is totally over allocated and that thosses are quite
high. Even when the demand for Makhado is not iradasn Albasini Dam and is supplied from Nandoni D@&mom
2010 onwards) the remaining demand imposed on Albstill exceeds the long-term yield available dgproximately
2.6 million m¥/a.

e lrrigation from the Luvuvhu mainstream as well efgation from tributaries within the Albasini Gavenent Water

Scheme, has a significant impact on the yield abaégl from the Albasini Sub-system.

e The yield from Vondo Dam is almost in balance wvilie demand imposed on the dam, and Vondo Dam hatefore

soon require support from another source to betatdapply its current supply area.
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e The yield from Tshakhuma Dam is in excess of theacty of the Water Treatment Works (WTW) at thendand it
seems that this dam can be utilized to supplygetaarea.

e The yield available for Damani Dam is almost indoale with the demand.

e The yield from the Nandoni Sub-system can signifiyabe increased when the incremental flow betwisandoni
Dam and Mhinga Weir is also utilized.

« The IFR estimates from the Desktop model severepasted on the yield available from the Nandoni Syftem.

«  With the “White Paper IFR” in place the remaininglgi available from Nandoni Dam is still more th&e tcurrent
demand and even the projected demand for 2025.

6 Curtailments based on short-term yield charactestics

The Albasini Sub-system was selected for the peptsillustrate how the short-term yield charasties are used to decide
on the implementation of curtailments. From thegléerm stochastic yield analyses it was clear tttAlbasini Sub-system

is currently totally over allocated. This can ateillustrated by comparing the short-term stotibggeld characteristics for

the scenario where Albasini Dam is at 100% fulthwhe current demand imposed on the system. Agtptd the agreed

priority classification the demand imposed on thiba&ini Sub-system at the different assurance sevslas shown in

Table 4.

Table 4: Priority Classification for Albasini Subssgm demands

Priority Classification & Assurance of Supply
User Category Low Medium Low Medium High High Total
1:10 year 1:20 year 1:50 year 1in 200 year

Domestic/Industrial 0.40 0.40 1.06 0.79 2.64
Irrigation 4.55 4.55 4.55 1.52 15.15
Losses 0.00 0.00 0.00 4.54 4.54
Total 4.94 4.94 5.60 6.85 22.33
Cumulative* 22.33 17.39 12.45 6.85

* Note: Cumulative is calculated from the high éwlassurance, as used to plot on yield curves

The Albasini Sub-system demands at the requiredrasse levels (blue lines) are first imposed on ghert-term yield
characteristic curve for Albasini Dam, for the 108grting storage condition (see Figure 1). Th&imam target draft that
can be imposed on this Sub-system based on theatyggmand allocation to different assurance leigels.5 million m¥/a,
and the yield line representing this target drafstiown by the dotted blue line. Comparing thedyiigle (dotted blue line)
with the demands imposed on the curve, it is dlear demands allocated to the high and medium &sglarance classes are
lying below the yield line. This means that witke ttlam at 100% storage on 1 April, the availablé&yi only sufficient to
fully supply the demands allocated to the high mmedlium high assurances.

It is important to note that the demands allocatethe medium low and low assurance classes aeedity the yield line,
resulting in a deficit of 6.83 million m3/a. Thiseans that 100% of the demands allocated to theaksurance class (4.94
million m3/a) need to be curtailed and 1.89 millim#a or 38.3% of the demand allocated to the nmedaw assurance class
to be able to balance the available yield withdamands to be supplied.

7 Water Resources Planning Model (WRPM) Analysis

The Water Resources Planning Model (WRPM) is aneedty power full tool for operational and planniagalyses of
water resource systems, in particular when systmadairly complex such as the Luvuvhu System. WHRPM uses the
short-term stochastic yield characteristics asinbthfrom the WRYM, in planning and operational gseak to supply the
system demands at the required level of assur&ncethe purpose of these analyses the prioritysiflaation as defined in
Table 1, is included in the WRPM data sets, wherés iused in combination with the short-term stotibagield
characteristics to allocate the water supply toatehcenters and to impose restrictions when andenreguired.

Operating analyses using the WRPM usually need toabged out on an annual basis. For the Luvuwslesn it was
decided to do these analyses on tHe@flApril each year or soon thereafter, as mosthef summer rainfall has by then
entered the storage dams. For the purpose oftthdy the new proposed operating rules and moshtetmmand projections
were included in the WRPM setup for the Luvuvhu elyst The total system was analyzed by using 108€hastically
generated flow sequences for 5 year and 20 ye@qbian periods.

The operating analysis was carried to achievedhewing:

e« To check and verify the system model to ensure ttatmodeled results are representative of whabgerved in
practice;

e To improve our understanding of the system behauigrto refine operating rules;

e To check that the operating rules are working &ad the desired goals were achieved with the n@pgsed operating
rules;
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« To carry out sensitivity analyses to improve oudenstanding of the system and to determine theteffie results due
to uncertainties around the correctness of sontieecihput data;

* To determine whether curtailments need to be ingposesome of the sub-systems during this operatiag (2005/06);

e To determine the severity of the curtailments resgi

« To produce reservoir storage projections, which bancompared with the observed reservoir storagegluhis
operating yeatr;

e To determine when intervention measures are redjirée able to supply the users at their requaeirance over the
long term; and

e To determine whether the existing sub-systems lle ta supply the current users at the selectedrasse levels as
indicated in the accepted priority classification.

« To use results from the analyses to produce simgli€urtailment curves that can easily be usedeterchine the
required restriction, without having to re-run tMRkPM each year.
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Figure 1: Albasini Sub-system short-term stochaséld curve for 100% starting storage and 200%ateds
imposed on the curve
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In the final configuration of the WRPM, the datassetre defined to enable the model to impose sepanatailments to the
following sub-systems.

e Albasini Sub-system;

. Damani Sub-system;

. Nandoni Sub-system; and

e Vondo & Tshakhuma Sub-systems.

Important findings from the operating analysis irgd the following:

« The new proposed operating rules, which includeueof the short-term stochastic yield resultgevoven to work
well, and were able to protect the resources, éwetine Albasini Sub-system which is totally ovépeated.

« Although the Albasini Sub-system was sufficientiptected by the new operating rule, it was not idess$o supply the
users at their required assurances, even from @0d@rds, when the Makhado demand was supplied tihenNandoni
Sub-system.

e The Albasini Sub-system was the only sub-systerréuired curtailments for the 2005/06 planningryeThe base
scenario required irrigation to be curtailed by 5486 urban/industrial by 26%.

* In general the storage projection plots obtainemnfithe operating analyses compared very well with abserved
storage levels. This indicates that the modeledliseare representative of the physical Luvuvhuesys

«  From 2014 onwards the curtailment criteria for Yfando Sub-system were violated. This shows thatddahDam
needs to supply a larger area of Thohoyandou timiy 50% of the current R5 and R7 supply areas, tatile to
sufficiently decrease the future load imposed ondéDam.

e Curtailment criteria for the Damani Sub-system wexeeeded from 2020 onwards and therefore currefglynot
impose an immediate threat.

« Some of the projected demands supplied from NanBani and Tshakhuma Dam are currently totally exeeduy
observed demands. This is true for the MalamulBsnakhuma and Xikundu abstractions which arenacess of
300% of the projected demand, and therefore raisgsus questions with regards to the observedasseell as the
projected demands for these areas.

e The curtailment criteria for the Nandoni Sub-systeere only slightly violated for the maximum higbesario and
mainly for the initial filling period. This agreesth the yield results showing that the yield dafie from the Nandoni
Sub-system is in excess of the projected 2025 déman

8 Simplified Drought Operating Rule

Simplified curtailment curves were produced for thain storage dams in the system to be able tstagsérators at these
dams. These curves are a simple tool, which carsee to obtain a fairly good indication of thetailments that need to be
imposed on the system, based on tHe\firil storage level in the dams. These curveshangever only applicable for the
next approximately 3 to 5 years due to changesemahd and infrastructure within the Luvuvhu syst&@ime active time
periods for each sub-system curve differ and apeni@ent on several conditions for each of the gstems.

Two of the main sub-systems i.e. Albasini and Vagnddl be used to show and illustrate the use & #implified
curtailment curves in stead of running and updatimg WRPM. From the WRPM analysis output, the gsiesage and
related curtailment levels as imposed on eachebtib-systems were obtained for all of thel 00& 8equences analyzed.
A curtailment level versus gross storage was theated as shown in Figure 2 for the Albasini suttesy.

8.1 Albasini Sub-system

A brief description of the new operating rule deyed for the Albasini Sub-system, developed asgdatte ‘Luvuvhu River
System Annual Operating Analysis’ Study, is asoiot:

«  Each year on® April, use the curtailment curve based on sharhtetochastic yield characteristics to determine
whether there is a surplus or deficit in the suktay. When there is a deficit in the sub-systesms, this curve to
determine the required curtailment level. (SeeAthasini Dam curtailment procedure example inctljde

* With a deficit in the sub-system, impose curtailtseaccording to the agreed priority classificatemgiven in
Table 4. First curtail the low assurance use, thermedium low followed by the medium high andhhégsurance
use.

«  The required curtailment needs to be spread evarey the 12 months unti®April of the next year, when the
curtailment will be adjusted based on the storagellin the dam at that time.

* Under conditions when the flow diverted into Latanga and Levubu canals is less than the allocéiothat
year, support these users from Albasini Dam tontlasimum indicated by the curtailment curve on tReApril
that year.

*  When the flow diverted into these two canals exsdbd allocated volume for that year, the additieveter can
be used by the users from the two canals up tethemum of their long-term allocation.

* A storage projection plot for the current yearrislided and the actual observed storage on firsiaoh month
must be plotted on the storage projection to merite behavior of the system. If the observedasteris plotting
outside the projection plot, management need tmfoemed as additional actions might be requiregrmtect the
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Curtailment Curve for Albasini Dam

30

28
Full Supply Storage 28.24 million cub. m

/

26

/

24

/

22

/

20

18 —

16
16

7//

14

/

12

Storage (million cub. m)

10

6 Minimum Storage 4.04 million cub. m \
4 .

2 1.78 &
0 (S N N BN | S
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4

Curtailment Level
Figure 2: Albasini sub-system Curtailment Curve
The simplified curtailment graph is however onljidgainder the following conditions:

«  Priority Classification is as given in Table 5.

e Urban demands between 2.6 & 3.6 million m¥/a

« lIrrigation demands at the current +15.15 milliorian3

e lrrigation canal losses * 4.54 million m3/a

e Total system demand, losses included, between 22 toillion m3/a

«  Decision date for implementation of curtailmentsapril each year

*  Physical water infrastructure in or upstream of fleasini Sub-system the same as in 2005 with gaifcant
changes.

*  Hydrology and/or short-term stochastic yield chegdstics remain as given in the “Luvuvhu River 8ystAnnual
Operating Analysis — 2005". (Updated hydrology amdrt-term stochastic yield characteristics widloarequire
an updated curtailment curve.)

The purpose of this curtailment procedure is tdqmiothe resource from complete failure, but atsbe able to supply the
different user groups or categories (Domestic/ltritls Irrigation & Losses) at their required assure of supply. For the
Luvuvhu System each of the user categories weiteisf four different levels of assurance, Low, diiem Low, Medium
High and High assurance, as indicated in Tables®4 &/hen curtailments need to be imposed, therwete allocated to the
low assurance will first be curtailed, in this cd¥®6 of domestic/industrial, 30% of irrigation aB8% of system losses.
Only when the portions allocated teevel 1 (Low assurance) are fully curtailed, will curtaénts be imposed on the
demands allocated teevel 2 followed byLevel 3and finally byLevel 4.

Table 5: Priority Classification for Albasini Subssgm demands

Priority Classification & Assurance of Supply 2005
Level 1 Level 2 Level 3 Level 4 demand
el e (Low) (Medium Low) (Medium High) (High) glioy
1:10 year 1:20 year 1:50 year 1 in 200 year me/a
Domestic/Industrial 15% 15% 40% 30% 2.64
Irrigation 30% 30% 30% 10% 15.15
Losses 25% 25% 25% 25% 4.54
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If for example the storage in Albasini Dam on ti&April is 16 million m3, as indicated by the dotthmke on the curtailment
graph, it is evident from the graph that it wilgreére aCurtailment level of 1.78 This means tha00% of the demands
allocated toLevel 1 need to be curtailed artB% of the demands allocated teevel 2 The totaldomestic/industrial
demand therefore needs to be curtailed by ((1x1596j8x15%)) =26.7%, Irrigation by ((1x30%)+(0.78x30%)) §3.4%
andlossedhy ((1x25%)+(0.78x25%)) 44.5%. For a higher curtailment level of 2.8 it willetefore mean that00% of the
demands allocated taevels 1 & 2need to be curtailed, a®% of the demands allocatedltevel 3.

8.2 Vondo Sub-system

The Vondo sub-system includes Vondo, Tshakhuma i@Hdi dams as well as the run-of-river abstractiah Dzingahe and
Dzindi. Demands imposed on this sub-system thezéfeclude Thohoyandou & Vuwani areas as well agation supplied
from Vondo Dam. A brief description of the new ogi@rg rule developed for the Vodo Sub-system, dged as part of the
‘Luvuvhu River System Annual Operating Analysis’ &uis as follows:

e Each year on 1 April, use the curtailment curveedasn short-term stochastic yield characteristicddtermine
whether there is a surplus or deficit in the suteay. When there is a deficit in the sub-systess, this curve to
determine the required curtailment level.

*  When there is a deficit in the Vondo/Tshakhuma Sygtem, first increase the supply from Nandoni Darthe
common Nandoni/Vondo supply area before imposimtpdments.

e The support from Nandoni Dam also depends on th@usuavailable from Nandoni Dam at the time anddseto
be verified using the Nandoni sub-system curtailmeemve. The infrastructure to make this suppadsible is
expected to be in place only from 2008 onwardswitichlso be limited by the physical constraintstlire bulk and
internal distribution system.

e If there is still a deficit in the sub-system, inggocurtailments according to the agreed priorigssification as
given in Table 6. First curtail the low assuranse, then the medium low followed by the mediunhtégd high
assurance use.

e The required curtailment need to be spread evendy the 12 months until 1 April of the next yeahem the
curtailment will be adjusted, based on the stotagel in the dam at that time.

e Ifthere is a surplus in Vondo Dam or when Vondspdling, allocate the surplus to the common Namfiéondo
supply area to reduce pumping costs.

e Supply the maximum possible from Tshakhuma DarhéoTishakhuma service area.

e Supply whatever is available from the run-of-riaystractions at Dzindi and Dzingahe into the systaithen
water from the run-of-river abstractions is notfigignt, the relevant supply areas must be supddrtam Vondo
or Nandoni Dam.

e A storage projection plot for the current yearnrslided and the actual observed storage on firsaoh month
must be plotted on the storage projection to morite behaviour of the system. If the observedagimis plotting
outside the projection plot, management need tmfoemed as additional actions might be requiregnamtect the
resource.

Table 6: Priority Classification for Vondo/Tshakhudemands

Priority Classification & Assurance of Supply 2005
Level 1 Level 2 Level 3 Level 4 demand
el e (Low) (Medium Low) (Medium High) (High) it
1:10 year 1:20 year 1:50 year 1in 200 year me/a
Domestic/Industrial 15% 15% 40% 30% 16.57
Irrigation 30% 30% 30% 10% 0.0

The simplified curtailment graph is however onljidainder the following conditions:

e Priority Classification is as given in Table 6,

e Capacities of the purification plants at TshakhuBaingahe and Dzindi remain at current average ¢a@a®f
1.41, 0.73 and 0.73 million m3/a respectively,

«  Decision date for implementation of curtailmentsApril each year,

« No significant changes with regards to physicalevatfrastructure in or upstream of the Vondo, kshana and
Phiphidi dams as well as upstream of the run-adfrabstraction points,

*  No new resources are used to supply the requirenetitin the sub-system. (This means that as ssopart of
the system demand is supplied from Nandoni Dam¢hvis expected by 2008, a new curtailment curvé lval
required),

. For a total system demand between 16 to 18 mitiéfa, and

*  When hydrology and/or short-term stochastic yididrecteristics remain as given in the “Luvuvhu Ri8gstem
Annual Operating Analysis — 2005”. (Updated hydgyl and short-term stochastic yield characteristiitsalso
require an updated curtailment curve.)
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If for example the combined storage in Vondo & Tidhama dams on thé'April is 16 million m? as indicated by the dotted
line on the curtailment graph (see Figure 3), éuglent from the graph that it will requireCairtailment level of 1.13 This
means thafl00% of the demands allocated kevel 1 need to be curtailed, arid% of the demands allocated ttevel 2
The totalurban/industrial required therefore need to be curtailed by ((1xF{%13x15%)) =16.95% and forIrrigation

by ((1x30%)+(0.13x30%)) 33.9%. For a higher curtailment level of 2.8 it willetefore mean th&t00% of the demands
allocated td_evels 1 & 2will be curtailed and0% of the demands allocatedltevel 3.

Curtailment Curve Vondo/Tshakuma sub-system
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Figure 3: Vondo sub-system Curtailment Curve
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