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VAAL RIVER SYSTEM ANALYSIS
BUFFALO-VAAL SUBSYSTEM ANALYSIS
EXECUTIVE SUMMARY

The Buffalo River flows south-eastwards from its origin on the
Eastern Transvaal escarpment. A major tributory, the Ngagane River,
joins the Buffalo River at Newcastle from where it continues to the
confluence with the Tugela River. Two ma jor water resource schemes
were developed in the Buffalo basin. The Ngagane Government Water
Scheme (NGWS) was constructed first to supply the demands of the
Newcastle complex. Subsequently the Slang River Government Water
Scheme (SRGWS) was constructed in one of the upper tributaries to
supply water to the Majuba power station in the Vaal River basin and
to augment the supply from the NGWS to Newcastle whenever
neccessitated by the growth in demand. Surplus water from the Slang
River scheme, whenever available, will be transferred to the

Grootdraai Dam in the Vaal basin.

The influence of the Slang River scheme on current and future
abstractions from the Buffalo River for Newcastle, necessitates that
the SRGWS and the NGWS be analysed together as one system, while the
transfer of water to the Majuba power station and especially to the
Grootdraai Dam constitutes it as part of the overall Vaal River

system. The subsystem is thus named the Buffalo-Vaal subsystemn,

The major components of the Buffalo~Vaal subsystem are situated in
the Tugela basin and comsist of two dams on tributaries of the
Buffalo River. These are the Zaaihoek Dam situated on the Slang
River near Volksrust, with a catchment area of 676 kmz, and the
Chelmsford Dam situated on the Ngagane River with a catchment area
of 830 kmz. Water is diverted from the Schurvepoort Weir on the
Buffalo River to the Ngagane purification works. Water can also be
pumped from the Roy Point Weir on the Ngagane River to the Ngagane

purification works.




(ii)

The aim of the study is to investigate the yield - reliability
characteristics of the subsystem with respect to the respective
users, that is Eskom and Newcastle, and especially considering the
transfer capabilities to the Vaal River. Yield analyses based on the
historic inflow records only were first performed to establish the

basic subsystem yield capabilities.

The historic inflow hydrology used in the analysis was derived from
an evaluation of the net basin runoff at selected points on the
rivers in the Tugela catchment area. Net basin runoff is equal to
the naturalized streamflows minus the uncontrolled irrigation and
afforestation abstractions within the catchment at the 1984 level of
development. Stochastie inflow hydrology was in turn derived from a
statistical representation of the npaturalized streamflows, the
gstochastic net basin runoff being evaluated in a similar manner to

the historical procedure.

The effects of the present and of a new operating policy on the
historic yield characteristics of the subsystem were examined. By
analysing the  Thistoric simulation results a historic critical
hydrologic sequence was identified. The eritical sequence is from
April 1978 to October 1983. An optimization analysis was performed
on the Buffalo-Vaal subsystem for the established critical
hydrologic sequence with the new operating policy only, to determine
whether the new operating strategy would have achieved the maximum
firm yield from the subsystem, had one had full foreknowledge of
future events. The optimal firm yield and reservoir drawdown
patterns were compared with historic simulation results to confirm
that an appropriate operating policy had been developed for the
Buffalo-Vaal subsystem. From the results of both the optimization
and simulation analyses it was found that no support to Newcastle is
required from Zaaihoek Dam at the present level of demand, with the
likelyhood that it will not become necessary within the next five

years.,




(iii)

To maintain simplicity and parsimony, 1t was thus decided that the
stochastic analysis and any further investigations be performed
separately on the Zaaihoek and Chelmsford parts of the subsystem;
with greater emphasis being placed on the Zaaihoek Dam and the
transfer of water to the Vaal. The Zaaihoek Dam is therefore treated
as the only active part of the Buffalo—-Vaal subsystem from the point
of view of the integrated Vaal River system. The full subsystem
configuration will, however, again be required for any analyses
covering the period when water supply from Chelmsford Dam needs to

be supported from Zaaihoek Dam.

Long-term stochastic yield characteristics, comprising 41 64-year
generated sequences, were analysed for the Chelmsford and Zaaihoek
Dams respectively. Short term characteristic curves for operational
decisions, based upon 201 S5-year generated sequences, however, were
only required for the Zaaihoek Dam as the currently active part of

the integrated Vaal River system.,

Summarized results from the analyses are presented in Tables A and B

below.

TABLE A: RESULTS OF HISTORIC AND LONG-TERM STOCHASTIC ANALYSIS

FIRM YIELD FOR INDICATED HISTORIC YIELD
DaM RECURRENCE INTERVAL (106m3/a) (106m3/a)
1:20 1:50 1:100 1:200 Firm Total
Zaaihoek 64 58 52 48 47,2 54,0
Chelmsford - 85 80 74 75,3 79,3




(iv)

TABLE B: RESULTS OF SHORT-TERM STOCHASTIC ANALYSIS (ZAATHOEK DAM)

FIRM YIELD FOR INDICATED RECURRENCE
SYSTEM START VOLUME
AS PERCENTAGE OF FULL INTERVAL (106 m3/a)
SUPPLY CAPACITY

1:20 Yr 1:50 Yr 1:100 Yr 1:200 Yr

100 % 88,0 73,5 64,5 57,0
80 % 78,0 65,5 54,5 45,5
60 % 68,0 56,5 47,5 40,0
40 % 55,0 43,0 36,0 30,0
20 % 41,0 29,0 22,0 17,0
10 % 22,5 17,0 13,0 9.0
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VAAL RIVER SYSTEM ANALYSIS

BUFFALO-VAAL SUBSYSTEM ANALYSIS

INTRODUCTION

The aim of the Vaal River System Analysis is to investigate
the utilization of water resources in the Vaal River
System. This investigation includes a number of subsystem

analyses, of which the Buffalo-Vaal is one.

The Buffalo-Vaal subsystem consists of two interdependent
Government Water Schemes, namely the Slang River Government
Water Scheme (SRGWS) and the Ngagane River Government Water
Scheme (NRGWS). The Slang River Government Water Scheme
consists of the Zaaihoek Dam and its associated pipelines,
The Ngagane River Government Water Scheme in turn consists
of the Chelmsford Dam, Schurvepoort Weir and a river

abstraction installation at Roy Peoint,.

The geographical layout of the Buffalo-Vaal subsystem is
given in Figure 1. The Slang River Government Water Scheme
has been planned with the intention to supply water to the
Majuba power station, the Ngagane River Government Water
Scheme, to supplement the water supply to Volksrust and to
provide compensation water for irrigation. Any surplus
after these demands have been met is available for transfer

to the Vaal River.

The purpose of this part of the study is to determine the
yleld-reliability characteristics of the Buffalo-Vaal
subsystem for inclusion as part of the integrated Vaal River
system; and to this end both historic. and stochastic
analyses are performed. The existing operating policy is
reviewed and refined, with the final results based upon the

revised strategy.
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The yield analysis of the Buffalo-Vaal subsystem ig
evaluated in two phases. Firstly in terms of yield from the
Zaaihoek Dam (Slang River Government Water Scheme), but
including the total Buffalo-Vaal subsystem configuration and
with operating rules reflecting the existing policy,
Secondly, the Slang River GWS and the Ngagane River
Government Water Scheme are separated and the yield from
each system (scheme) is determined. In each instance the
yield 1is modelled as a single demand point and the firm
yield obtained from the analysis can therefore be allocated

as required.

In the analysis of the existing operating policy the
compensation flow is treated as a seperate demand on the
system to be supplied downstream of the confluence of the
Buffalo and Ngagane Rivers. Uncontrolled irrigation and
afforestation abstractions are subtracted directly from the
naturalized streamflow. Municipalities reliant on the
Buffalo-Vaal subsystem are treated as separate demand

points, separate from the main yield channel.

Where the Zaaihoek Dam (5RGWS) 1is analysed separately fronm
the whole Buffalo—Vaal subsystem, compensation flows are
abstracted as a first priority and are not reflected as part

of the yield.

Water not captured by the dams in the Buffalo-Vaal subsystem

flows to the Indian Ocean via the Tugela River.

2361C/0899R/DA
1989-09-25




2.1

SUBSYSTEM DATA

DESCRIPTION OF PHYSICAL SYSTEM

The Buffalo-Vaal subsystem consists of the Slang River
Government Water Scheme (SRGWS) and the Ngagane River
Government Water Scheme (NRGWS). The SRGWS comprises the
Zaaihoek Dam on the Slang River, an upper tributary of the
Buffalo River; and a pumping station and pipelines across
the watershed to the Majuba power station and the Vaal
River. The NRGWS consists of the Chelmsford Dam on the
Ngagane River, a major tributury of the Buffalo River, a
diversion at Schurvepoort Weir on the Buffalo River, a pump
intake on the Ngagane River at Roy Point and a system of
pumping stations and pipelines to transfer water from the
abstraction points to the respective demand centres. The
geographical layout of the Buffalo-Vaal subsystem is given

in Figure 1.

From the Zaaihoek Dam, water designated for irrigation and
to supplement the NRGWS and for irrigation will be released
into the Slang River., The water for Majuba, Volksrust and
for transfer to the Vaal River will be pumped over the
basin-divide upstream of the Mahawane Dam. Water for
Volksrust, when required, can be released upstream of the
Mahawane Dam or supplied directly into the purification
works from the pipeline. From the basin-divide the water
will flow via a gravity main to Majuba and the water to be
transferred to the Vaal River will be released into a
tributary to the Schulpspruit upstream of the
Amersfoort Dam. Water thus transferred will pass through
the Amersfoort Dam before it flows into the Rietspruit and

then into the Vaal River upstream of the Grootdraai Dam.

The main source of water supply for the NRGWS is the
Chelmsford Dam on the Ngagane River. Raw water is released
via two pipelines for Eskom's Ngagane power station, other

smaller users and for the Ngagane purification works. Raw
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water is also supplied via another pipeline to Dannhauser,

Durnacoll and farmers along the route.

Releases to the Ngagane River are made for ISCOR, Utrecht,

Dundee - Glencoe, Nqutu and for compensation water.

The Ngagane purification works supply potable water to
Newcastle, Madadeni and Osizweni. The raw water supply from
the Chelmsford Dam to the purification works is supplemented
by pumping from the Ngagane River at Roy Point and by a

gravity feed from Schurvepoort Weir on the Buffalo River.

Potable water can also be supplied to Newcastle from the

Boschhoek purification works on the Ncandu River,

Dams and Weirs

The elevation, storage volume and surface area relationships
for the Chelmsford and Zaaihoek Dams were obtained from
report P CO00/00/4385 "Description of physical systems and
operating rules" and are shown in Table 1. A summary of the

data is given in Table 2,

The capacity of the dams is expressed as a percentage of the
mean annual runoff (MAR) in the last row of the table to
give an indication of the efficiency of the dam in gapturing

the basin runoff.

PiEelines

Details of the pPumping capabilities of the Buffalo—Vaal
subsystem were obtained from  report P C000/00/4385
"Description of physical system and operating rules”. The
pumping capacities and capacity constraints of the
connections in the subsystem are given in Table 3. Refer to

Figure 2 for the configuration and channel references.
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TABLE 2: PHYSICAL DETAILS OF DAMS 1IN THE BUFFALO-VAAL
SUBSYSTEM

DESCRIPTION ZAATHOEK DAM CHELMSFORD DAM
Full supply level (m) 1 730,00 * 1 245,11 =*
Dead storage level (m) 1 700,00 = 1 230,63 *
Volume at FSL (100m3) 199,26 * 199,10 =*
Volume at DSL (106m3) 7,00 *=* 0,61 *
Surface area at FSL (kmz) 12,69 * 34,43 *
Capacity as % MAR 226 % 180 %

SOURCE: * Report No. PCO00/00/4385, "Description  of

physical system and Operating rules"™, Page B-5

** Report No. PV300/02/0285, "Uitbreiding wvan
Slangrivier-Staatswaterskema: oorplasing wvan

water na die Vaalrivier”, Page 19 Table 8
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TABLE 3: CHANNEL AND PIPELINE CAPACITIES IN THE BUFFALO-VAAL SUBSYSTEM

CAPACITY LIMIT
;gAN' FROM TC UPPER | LOWER TYPE COMMENT

(m3/5) (m3/5)
61 Zaaihoek Yield 3,000 |0,327 P
62 Zaaihoek Schurvepoort | N/A |0,000 G INatural channel
63 Chelmsford Roy Point N/Aa ] 0,000 G |[Natural channel
64 Schurvepoort Confluence N/A 0,000 G |Natural channel
65 Roy Point Confluence N/A | 0,000 G [Natural channel
66 Confluence Compensation | 0,514 [0,514 G
67 Zaaihoek Volksrust 0,000 10,000 P |No demand at present
68 Zaaihoek Schurvepoort | 0,000 | 0,000 R |Volksrust return flow
69 Schurvepoort Ngagane P/W | 0,300 |0,000 G |Pipeline limitation
70 Chelmsford Ngagane P/W | 0,860 (0,000 G |Pipeline limitation
71 Roy Point Ngagane P/W 0,610 | 0,000 P |Pumping limitation
72 Ngagane P/W Newcastle 0,526 | 0,526 P |Pumping and demand
73 Ngagane P/W Confluence 0,275 {0,275 R |Newcastle return flow
74 Chelmsford Dannhauser 0,018 0,018 P [Demand
75 Roy Point Iscoer 0,270 [0,270 P {Demand
76 Roy Point Confluence 0,040 10,040 R |Iscor return flow
77 Mines Chelmsford 0,015 [0,015 R [Dewatering limit

SOURCE: Report No P C000/00/4385 “Description of Physical

system and operating rules.”
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HYDROLOGICAL DATA

Naturalized Inflows

The naturalized streamflows at the Schurvepoort Weir, Roy Point
Pumpstation and the Zaaihoek and Chelmsford dams were obtained
from report no P C000/00/5386, "Hydrology of Tugela Basin". The
recorded streamflows of the gauges at each site are compared to
gauges upstream and downstream to confirm the consistency of the
recorded wvalues. When the record at a particular gauge is
shorter than the 64 years required for the analysis, the gauge
record is patched against suitable streamflow and rainfall gauges
using the procedure outlined in report no P C000/00/4285
"Analysis and Patching of hydrological data™. When the record at
a particular guage is longer than the 64 years required, it 1is
reduced to the 64 year period used in the analysisg, This
approach 1is adopted to keep the results from the analysis

consistent.

The streamflows at the different sites are for incremental
catchment areas. The net basin runoff for the historie analysis
is obtained by subtracting the afforestation and irrigation
abstractions of the upstream catchments from the naturalized
streamflows at the appropriate site. The naturalized streamflows
used in this analysis are given in Appendix A, subsections A.6 to
A.9, The catchment areas and incremental MAR at each node

considered in the analysis are given in Table 4.

TABLE 4: CATCHMENT DETAILS FOR NATURALIZED INFLOWS 1IN THE
BUFFALO-VAAL SUBSYSTEM

cauce | MEAN ANNUAL | T
INFLOW STATION NO RUNOFF ARFA
(10%m3/2) (km?)
Zaaihoek Dam V3M05 89,73 676
Chelmsford Dam V3ROl 110,86 830
Schurvepoort Weir V3M02 129,98 842
Roy Point Pumpstation - 28,27 212
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Rainfall

The rainfall on the surface area of the dams is obtained by
multiplying the monthly rainfall values expressed as a
percentage of the MAP (presented in report no P CO00/00/5586
"Hydrology of the Tugela Basin”) by the mean annual
precipitation at the site of the dam. The rainfall files
used in the analysis are given in Appendix A, subsections

A.10 to A.13.

Evaporation

The monthly gross evaporation values used in this analysis
were obtained from report no P C000/00/5986 “Evaporation

from reservoirs in the Vaal river system project area”.

Stochastic Streamflows

The Stochastic Streamflow Generating model as discussed in
report P C000/00/5186 “"Stochasic modelling of streamflow" is
used to generate the stochastic hydrology for the analysis.
The stochastic streamflows are generated for the incremental

catchments.

An auto-regressive moving-average (ARMA) stochastic
streamflow model is used to generate annual streamflows. A
number of specified gauges are used in the determination of
the reference hydrological year for disaggregation of the
annual values into monthly values. The method of stochastic
streamflow generation and disaggregation 1is discussed 1in
report P C000/00/5186, "Stochastic Modelling of Streamflow".
The irrigation and afforestation abstractions for each
reference year are subtracted from the stochastically
generated streamflows to derive stochastic net basin runoff

values. The monthly rainfall corresponding to the reference
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hydrological year for streamflow disaggregation, is used to

calculate net evaporation from the reservoirs.

WATER DEMANDS

Irrigation

The area within the Buffalo-Vaal subsystem which was under
irrigation at 1984 levels of development was obtained from
estimates made in report P C000/00/5586 "Hydrology of the
Tugela Basin"”. This area was used to obtain an estimate for
the irrigation abstractions in the subsystem using the
following methodology. The irrigation requirement of the
type of crops grown in the Tugela catchment was deteruined
on a monthly basis. Irrigation requirement was assumed to
be the difference between the evapotranspiration and the
effective rainfall. The effective rainfall was considered
to be 60 percent of the actual rainfall, except in months
with a total rainfall of less than 15 mm, in which case the
effective rainfall was considered equal to the total
rainfall. The irrigation demands were then taken as being
the product of the irrigation requirement and the area
irrigated during the specific  vear. An  drrigation
efficiency of 80 percent and a return flow of 10 percent was
assumed. Irrigation demand for the full period from
September 1984 was assumed to be constant at the level

required for the area under irrigation in September 1984,

The files of the uncontrolled irrigation abstractions used
in the analysis are included in Appendix A, sub section A.1l
to A.4, for reference. A summary of the mean annual values

is given in Table 5.
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TABLE 5: MEAN ANNUAL VALUE OF UNCONTROLLED ABSTRACTIONS FROM
THE BUFFALO-VAAL SUBSYSTEM

NODE IRR%G%TION AFFOR%SEATION
(10°m~/a) (10°m~/a)
Zaaihoek Dam 1,75 0,00
Chelmsford Dam 2,17 0,00
Schurvepoort Weir 3,97 0,78
Roy Point 0,56 0,00

TABLE 6: RETURN FLOWS IN BUFFALO-VAAL SUBSYSTEM

CHAN, RETURN FLOW
No  |RETURN FLOW DESCRIPTION (10603/2)
SUB-TOTAL TOTAL
77 | DANNHAUSER 0,48
Mine Dewatering 0,48
76 ISCOR 1,25
73 | NEWCASTLE 8,66
Newcastle 4,28
Madadeni & Osizweni 4,38
10,39

SOURCE: Report No P CO000/00/4886, "Historiecal and future

water demands and return flows".

A  demand of 42 x 106m3/a, to be supplied from the
Chelmsford Dam was used in the analysis. More details of
the Buffalo-Vaal subsystem dJdemands can be obtained from
report No. P C000/000/4886 "Historical and TFuture water
demands and Return Flows”. Table 6 gives a summary of the
return flows influencing the operation of the subsystem,
while Table 7 gives a summary of the water demands in the

Buffalo-Vaal subsystem.
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The annual demands as set out in Table 7 were assumed to be

uniformly distributed throughout the year.

This implies

that in each month approximately one-twelfth of the total

annual demand has to be satisfied.

TABLE 7: WATER DEMAND FROM THE BUFFALO-VAAL SUBSYSTEM

L

CHAN DEMAND (106m3/2)
NO : DEMAND DESCRIPTION
SUB-TOTAL TOTAL
ZAATHOEK
61 Target draft 10,35(30,23)
Ma juba 10,12(30)
Wakkerstroom (19853) 0,18
67 Volksrust (1985) 0,00
CHEIMSFORD
74 DANNHAUSER 0,57
Durnacol—dam 0,27
—upstream 0,48
Dannhauser (1985) 0,27
Farms 0,03
Return flow -0,48
72 NEWCASTLE 25,26
Newcastle, Madadeni and
Osizweni (1985) 17,81
Ngagane Power Station 5,60
Chemical industries 1,85
73 ISCOR 9,97
Iscor 8,30
Newcastle (1985) 1,20
Durnacol 0,22
Dannhauser (1985) 0,25
66 COMPENSATION 16,23
Utrecth (1985) ¢,00
Dundee-Glencoe (DWA permit) 5,11
Nqutu (1985) 1,12
Irrigation (WP-M-83) 8,29
River losses 1,71
62,38

SOURCE: Report No P (€000/00/4886, “Historical and Future water

NOTE:

demands and return flows"

The demand consists of return flows and consumptive use,
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Afforestation

The area of afforestation at the 1984 level of development
was derived from report no P C000/00/5586 "Hydrology of the
Tugela Basin”, from records of the Department of
Environmental Affairs and from the report “Surface Water
Resources of South Africa™ (HRU 1981), The area of
afforestation obtained in this manner was used in the Pitman
(1973) model to obtain the abstractions due to
afforestation. The Pitman model was run for the catchment,
initially including the area under afforestation and then
without the afforestation ares, The difference between the
streamflows resulting from these tWo runs was then taken as
the afforestation abstraction for use in the subsysten

analysis,

The historic afforestation abstractions at the 1984 level of
development were calculated for 4 period of 64 vears
(1920-1983). The basin yield determined by this analysis is

therefore in addition to all afforestation abstractions.

The files of afforestation abstractions used in the analysis
are reproduced in Appendix A, subsection A.5 and summarised
in Table 4, From the table it can be geen that
Schurvepoort Weir is the only site upstream of which any
significant afforestation abstractions occur. ;

Compensation flows

Compensation flows require careful consideration when the
subsystem is considered in itg various configurations. These
include the combined system and the Zaaihoek Dam and the

Chelmsford Dam treated separately.

During the course of the study the SRGWS and the NRGWS were
found to be independent of one another at current demand

levels (refer paragraph  3.8). Greater emphasis wasg
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subsequently placed on the analyses of the Zaaihoek Dam (SRGWS),
the only part of the Buffalo~Vaal subsystem contributing to the
Vaal Systen. Compensation flows to be released from Zaaihoek Dam

were therefore specifically addressed during the study.

The following compensation flow below the Zaaihoek Dam was used

in the final yield analysis.

WPF - 85 4,8 x 106 m3/annum
Court Order: Volksrust Turbines 4 260 m3/day.

This is 6,36 x 106 m3/annum or 0,201 m3/sec.

When analysing the total Buffalo-Vaal subsysten, however,
compensation releases of 22 700 m3/day (0,262 m3/s) was
allowed for as specified in W.P. M 71,

DESCRIPTION OF EXISTING OPERATING RULE

The first part of the study deals with the existing operating
policy for the Buffalo-Vaal subsystem as described in report
PC 000/00/4385, "Description of Physical System and Operating
Rules”, and summarised below., As the SRGWS was s£till under
construction at the time of writing of this report, this
operating rule had never been implemented but rather reflected
the planned operating rule for the subsystem (a revised operating
policy was subsequently developed and alseo forms the basis for

the final results - refer paragraphs 4.3 and 4.4),

(a) Due to its strategic importance, Majuba power station has
to be supplied with water as a first priority, regardless

of the state of Storage in the Zaaihoek Dam.

(b) The restriction criteria for municipal users and irrigation
abstractions from the Buffalo and Slang Rivers are based on
the combined storage of the Zaaihoek and Chelmsford Dams.

The criteria are shown in Tablea 8.
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TABLE 8: RESTRICTION CRITERIA FOR SLANG RIVER SYSTEM

COMBINED STORAGE PE%ﬁiﬁ;ﬁgfég?ggggkﬁg?TA

IN CHELMSFORD AND

ZAATHOEK DAMS MUNICIPAL USERS IRRIGATION
ABOVE 19 % 100 % 100 %
19 - 15 % 90 % 50 %
15 -~ 12 % 55 % 35 %
LESS THAN 12 % 35 % NO RELEASES

Note: Releases from the dams are only made to supplement the

natural flow in the rivers in order to allow abstraction at

the above percentages of the quota.

(e)

(d)

2361C/08998
1989-06-19

The flow in the river is stabilized to allow the
abstraction of the full capacity of the
Ngagane River GWS (Buffalo River diversion) of
860 000 m3/month (0,30 m3/s) regardless of  the

storage of Zaaihoek Dam.

Water will only be transfered to the Vaal Catchment
when storage at the Zaaihoek Dam is in excess of 33 %

of full capacity.




ANALYSIS METHODOLOGY

The study of the Buffalo subsystem follows the basic
analysis procedure outlined 1in the Vaal River System
Analysis report P C000/00/4185, "Modelling Strategy and

Study Analysis Work Programme.’

The procedure basically consists of a simulation and
optimization analysis using the existing operating policy
and historic data, to determine the optimal operating
policy. A detailed historic and stochastic simulation
analysis was conducted using the optimal operating policy to

establish the probabilistic behaviour of the subsystem.

Network schematics of the Buffalo—-Vaal, subsystem were
developed for the existing subsystem. The schematic
representation (with associated channel and node numbers) as
illustrated in Figure 2 was used by the simulation algorithm
to analyse the yield of the Buffalo-Vaal subsystem. The
existing operating policy and a new operating policy were

investigated using the simulation model,

The network schematic as illustrated in Figure 3 was used by
the optimization algorithm to Investigate the optimal system
behaviour. The network schematics depicted in Figures 4 and
5 were used to investigate the yield from the Zaaihoek and

Chelmsford Dams as independent systems.

Simulation analyses of the Buffalo-Vaal subsystem over
64 years of historic hydrology (1920 - 1983) were performed
to evaluate the historic yield characteristics of the three
configurations of the Buffalo=Vaal subsysten,. The
hydrological year used in the simulation analysis commences
on May lst. From the 1initial simulation analysis, a

critical hydrologic sequence was identified. The critical
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hydrologic sequence represents the period in history when
the Buffalo~Vaal subsystem would have experienced its worst
yield when subjected to the full demands of the users at the
1985 demand 1level. The critical historie hydrologic
sequence was determined to be the period from April 1978 to
November 1983,

The operating policy proposed for the Buffalo-Vaal subsystem
in the "Eerste aanvullende verslag oor die voorgestelde
Slangrivier Staatswaterskema” and reported in Report
No P C000/00/4385 "Description of physical system and
operating rules” was evaluated to obtain a comparative
drawdown trajectory of the reservoirs in the subsystem. An
alternative operating policy was investigated where the
reduction in water supply during severe drawdown conditions
inherent in the proposed DWA operating policy were removed
in order to establish the unrestricted yield characteristics

of the Buffalo-Vaal subsysten.

The eritical hydrologic sequence identified by the
simulation model was analysed using the dynamic programming
model to evaluate the optimal reservoir drawdown strategy
and optimal firm yield from that sequence. The optimal
reservoir drawdown pattern and optimal firm vield were
examined to determine 1f an improvement in the operating
policies previously evaluated by the simulation model were

possible.

The drawdown patterns were very similar and reflected a
single reservoir type of operation. After obtaining
confirmation of the independence of the two reservoirs (at
current demand levels) by looking for vreleases at the
Zaaihoek Dam to supplement the Chelmsford Dam, the analysis
was continued seperately on each reservoir to obtain the

optimal yield from each dam.

After determining the best operating policy for the historic

yield analysis, the simulation model was used in combination
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with the stochastic streamflow genarator (report
P CO0C0/00/5186 "Stohastic modelling of streamflow”) to
perform a stochastic yield analysis for that operating
policy. Long-term stochastic analyses covering a period of
64 years were performed for both the Chelmsford and Zaaihoek
Dams. Short-term analyses spanning 5 years of projected
hydrology were performed with respect to the Zaaihoek Dam
only. Forty-one b64-year sequences and two hundred and one
5-year sequences were analysed. Different reservoir levels
were assumed for the start of the analyses of the short-term

stochastic series.

SIMULATION MODEL

The simulation model used in the analysis of the subsystem
is known as the Acres Reservoir Simulation Program (ARSP),
This computer program simulates the behaviour of the
reservolr system by making use of the continuity equation
for flow of water through a reservoir and a special linear
programming formulation. The latter requires the system to
be represented by means of a network consisting of nodes and
channels. Junctions and control points, such as reservoirs,
are represented as nodes, while natural or man-made Fflow

paths connecting nodes, are referred to as channels.

Each channel is represented in the computer model as either
a flow channel or a demand channel. A flow channel can have
its full flow carrying capacity divided into a number of
discrete ranges. Each range has user-specified bounds, and a
penalty to reflect the relative desirability of having flow
in that range. Demand channels, on the other hand, have
user-prescribed penalties associated with not meeting the
imposed demand. In the case of reservoirs, discrete
intervals of reservoir storage, known as zones, are defined.
Each storage zone has a specified upper and lower boundary
and a user-specified penalty, that represents the relative

cost of water stored in the zone.
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Representing reservoir zones, demands, and channel flow
ranges in this manner permits the study. of trade-offs in a
water resource system subject to different operating
policies. An operating policy reflects the operating
strategy employed to optimize benefits within the water
resource system, and is defined by the channel and storage

zone penalties.

The total penalty to the system is the sum of all channel
and storage zone drawdown penalties. Thée network solution
algorithm determineas the flow-routing resulting in the

minimum total transfer cost for a given time step.

SUBSYSTEM REPRESENTATION

The schematlic representation of the Buffalo-Vaal subsystenm
used in the simulation analysis of the existing operating
policy is given in Figure 2. The schematie presentation
used in the simulation analysis of the yield from the
Zaaihoek and Chelmsford Dams as separate subsystems is given

in Figures 4 and 5.

The main difference between the rapresentations for the
simulation and optimization analysis is in the numbering of
the nodes and the channels. In the remainder of the report
reference will only be made to the channel numbers used in
the simulation analysis. In the division,. of the
Buffalo-Vaal subsystem into the Zaaihoek and Chelmsford Dam
partial subsystems, the channel numbers were preserved as

far as possible.

The resultant yield channel (after satisfying gspecified
demands) of the total subsystem 1s through the pipeline from
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the Zaaihoek Dam to the Majuba powerstation. This pipeline

is represented by channel 61.

The demands from Dannhauser, Iscor, Newcastle and Volksrust
are represented by chanmmels 74, 75, 72 and 67 respectively
while the return flows from Iscor, Newcastle and Volksrust
are represented by channels 76, 73 and 68. The return flow
from Dannhauser is represented by channel 77 which also
represents the mine dewatering flows from Durnacol. Demands
downstream of the confluence of the Buffalo and Ngagane

rivers are represented by channel 66.

The spillage from the Chelmsford and Zaaihoek Dam flows down
channels 63 and 62 respectively. Spillage from Roy Point
and  Schurvepoort flows down channels 65 and 64
respectively. Spillage from the system 1s represented by
channel 81.

ABSTRACTION CAPACITY AT SCHURVEPOORT WEIR

The abstraction capacity of the diversion weir at
Schurvepoort was investigated to determine if its maximum

capacity of 0,3 m3/s, on a monthly basis, was possible.

The daily flows for each month during the critical period of
May 1978 to November 1983 were screened and the number of
days with average daily streamflows less than g,3 m3/s was
obtained. A total monthly streamflow in the diversion works
was determined by taking 0,3 m3/s for the days with an
average daily flow of 0,3 m3/s and the actual average
daily flow for the days where the streamflow was less than
0,3 m>/s.

An efficiency factor was determined for each month by taking
the average daily draw-off as a fraction of the maximum
daily draw-off for each month. The average over the period

analysed was then taken to determine a mean for each month.
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The factor determined in this manner was inserted into the
program to define an actual monthly maximum allowable flow

through the diversion works.

EXISTING OPERATING POLICY ANALYSIS

The operating policy for the Slang River Scheme as described
in report P C000/00/4385 "Description of Physical System and
Operating Rules” was simulated by means of the subsystem

simulation model.

Additional irrigation channels were defined to implement the
irrigation restriction downstream of the reservoirs.
Irrigation wupstream of the reservoirs 1is  handled as

described in Section 2.2.1.

The reservoir and channel capacities as described in
Section 2,1.2 were used to complete the definition of the

operating policy.

SUBSYSTEM OPTIMIZATION ANALYSIS

An optimization analysis was performed on the historie
critical hydrologic sequence as determined from the
preliminary simulation analysis. The sequence consisted of

7 years of historic hydrology (Oct. 1977 to Sept. 1983).

The 7 year period was analysed using 28 three-monthly time
periods, The initial conditions of all reservoirs were
assumed to be full at the start of the historic critiecal
hydrologic sequence. The period analysed was extended
beyond the critical period so that start conditions and end
conditions did not affeet the optimal operation of the

system during the ecritical period.

The program determines the optimal yield during the ecritical

hydrologic sequence as well as the reservoir drawdown
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pattern required to achieve this optimal yield. The optimal
yield is defined as the maximum yield that can be supplied

without failure during the critical period.

The continuity equation used by the optimization program may

be stated as follows:

St - St-l = Qnet + Qin - Qout + (Rain - Evap)Area
where St = storage volume at end of time period 't'.
net = the naturalized inflow minus uncontrolled
irrigation usage and afforestation
losses.
in = Sum of flows in all inflow routes.
QOut = Sum of flows in all outflow routes.
Area = average reservoir surface area during
time period 't',
Rain = rainfall on the reservoir during time
period 't'.
Evap = 8ross evaporation during time period 't',

BASIC OPERATING POLICY

The following basic operating policy was established to

examine various reservoir operating strategies.

A  Dbasic operating policy is achieved by defining the
relative priority on reservoir drawdown among the two
reservoirs and defining priorities in transfer routes within
the system. The priority on reservoir drawdown is defined
using storage zone penalties as shown 1in Figure 3. The
priority on transfer routes 1is defined by route path
penalties as shown in Figure 3. The total cost to the system
is the cost of storage zone drawdown plus the cost of
deficit flows in the inter~node channels. The solution
algorithm solves for the flow routing which produces the

minimum total system cost.




3.6.,1

3-12

Operating Rule Curve Analysis

The priority on reservoir drawdown for the basic operating

policy is illustrated in Table 8.

TABLE 8: RESERVOIR DRAWDOWN PRIORITY - BASIC OPERATING POLICY

CHELMSFORD DAM ZAATHOEK DAM
ZONE A
Zone Penalty 1 2
Percent Storage Range 100 Z - 100 % 100 Z - 100 2
ZONE B
Zone Penalty 10 20
Percent Storage Range 0% -100 % 0% -100 %

The most desirable water level for all reservoirs is the
100 percent full supply level. At this level, the maximum
amount of water is available to meet the target demands.
When the target demand is greater than the net basin runoff

the reservoir will be drawn down to meet the target demand.

Reservoilr drawdown will occur in the storage zone with the
lowest zone penalty, to meet the target demand as long as a
flow capacity constraint is not encountered and as long as
water storage 1s available in that reservoir zone. If
either constraint is detected, then reservoir drawdown will
proceed to the storage zone with the next lowest zone

penalty.

The zone penalties also represent the relative desirability
of water storage among the dams and their respective zones.
For example if water was available in the Chelmsford Dam,
Zone B, Zone penalty = 10; and Zaaihoek Dam, Zone B, zone
penalty = 20 is below 100 percent full and compensation
releases continue to be supplied, water will be released
from the Chelmsford Dam rather than from the Zaaihoek Dam

until;
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1. a flow constraint is encountered.
2. compensation releases are sarisfied.
3. Chelmsford Dam zone B is empty.

Transfer Costs

Transfer costs are used to define the preferred paths for
routing water. Flow will be routed through the paths which

result in the smallest increase in total system cost.

If there are two routes from the same reservoir to the same
demand point the following procedure is adopted. If one
route results in a physical cost, for example pumping, being
incurred and the second involves no actual cost, then a
higher transfér cost is assigned to the route involving
pumping. The simulation model will route the water along
the path with the lowest transfer cost until a ecapacity
limitation is reached. If the demand is still not satisfied
additional water will be routed along the path with the
higher transfer cost until the demand is satisfied or a flow

capacity constraint is encountered.
SUBSYSTEM SIMULATION ANALYSIS

The yield analysis simulation model was used to analyse the
yield characteristics of the Buffalo-Vaal subsystem. This
model is described in the Vaal River System Analysis report
PC000/00/4185, "Modelling Strategy and Study Analysis Work
Programme” and will be documented in derail in a forthcoming

model documentation report.,

The initial yield analysis focussed on the Buffalo-Vaal
subsystem historic yield characteristics. For this analysis,
the 64 years of historic hydrology for the period 1920 o
1983 were used as the inflow hydrology. A monthly time
period analysis for a range of target demands was performed

using the following continuity equation:
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+ - + -
. Qin Qout (Rain - Evap) Area

where all symbols are as previously defined in Section 4.4

except:

Area = reservoir surface area at start of time

period 't'.

The historic yield characteristics of the Buffalo-Vaal
subsystem were evaluated using the operating rule curve as
discussed in Section 3.4. The firm yield characteristics of
the operating policy were also compared with the optimal
firm yield obtained form the optimization analysis. The
operating policy was adjusted to obtain as close to optimal

performance as possible.
DIVISION OF SUBSYSTEM

Both the optimization analysis and the simulation analysis
indicated that the Zaaihoek and Chelmsford Dams can act
independently to supply the respective water demands at the
1985 demand level.

The subsystem simulation analysis was repeated for the
separate Zaaihoek Dam and Chelmsford Dam partial subsystems,

and the operating rule for each of them was determined.

Using the selected operating policy (the policy which
resulted in the best yield characteristics), the
probabalistic yield characteristics of Zaaihoek Dam were
examined. Both long-term and short—term stochastic yield
analyses were performed using the vield analysis simulation

model.
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The analyses were performed over a range of target drafts,
also examining the effect of different reservoir starting

volumes on the short-term stochastic yield characteristics.

3.9 RELTABILITY ANALYSIS

Curves representing the probability of firm yield as a
function of target draft were derived from the results of
the stochastic yield analyses. The curves are derived by
fitting a least squares curve through the data points which
represent the reliability of supply at a given yield. The
curve fitting was done for both the long term and the short-—

term stochastic analyses.

The curves are representative of the vield reliability
relationships discussed in the Vaal River System Analysis
report no P C000/00/4185, "Modelling Strategy and Study

Analysis Work Programme".

3042C /09548
1989-06-19
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RESULTS OF SUBSYSTEM ANALYSIS

INTRODUCTION

During the course of the comprehensive analysis of the
Buffalo-Vaal subsystem the focus of the study shifted

between a number of issues and sub-issues.

The major objective of the study was to determine the
yield-reliabiliry relationship with respect to surplus water
that can be transferred from the Buffalo subsystem to the

Vaal systenm.

Secondary objectives included the determination of the
degree of interdependence of the two dams in the Buffalo
system, namely the Zaaihoek Dam and the Chelmsford Dam; an
examination of the abstraction capacity at the Schurvepoort
Welir and examination of the characteristlics and behaviour of

the subsysten resulting from the existing operating policy.
The results of the subsystem yield analyses on the
Buffalo~Vaal subsystem are presented 1in five major

categories:

(i) analysis  of the  abstraction capacity  at the

Schurvepoort Weir;

(ii) the analysis of the existing operating rule for the

subsystem;

(i11) subsystem yield analysis including justification for

division of the subsystem;

(iv) yield analysis for the Zaaihoek Dam; and

(v)  yield analysis for the Chelmsford Dam,
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DIVERSION CAPACITY OF SCHURVEPQORT WEIR

Daily streamflow records for the Schurvepoort weir were
analysed to determine the proportion of Fflow passing the
weir that can affectively be diverted to Newcastle. The
period analysed stretches from October 1977 to
September 1983, covering the historic critical hydrological
period as obtained from initial simulation runs. Efficiency
factors to be applied to monthly streamflow values were

thereby determined.
The efficiency factor for the weir was defined as:

average daily drawoff %x 100 (L)

eff. max possible daily drawoff

The maximum possible daily drawoff was taken as 0,3 m3/s
during days when the average daily stream flow was greater
than 0,3 m3/s. In the instances where the average daily
streamflow iIn the Buffalo River was less than a,3 m3/s,
the maximum possible daily drawoff was taken to be equal to
the average daily streamflow for that day. It is therefore
possible to obtain a monthly efficieney of 100 % when all
daily flows are less than 0,3 mB/s for that month.

The average monthly efficiency rates were evaluated as

described in equation (2).

eff Oct(l) + eff Oct(2) + .... + eff Oct(n)
n

eff. Oct (2)

It should be noted that this is the expected scenario during
critical low streamflow periods. During periods with a base
streamnflow in excess of 0,3 m3/s the efficiency of the
welr will be 100 %. The analysis, however, concentrates on
critical low flow periods and these efficiency factors are
therefore added to the dinput data for the simulation

analysis.



WILSASANS TYYA-O1vd4dNd
Q JIDA HoodaAInyds je Ssanuad Ajyluow SISATYNY WALSAS ¥IAIY TvVA
yiuow
1dag Sny Inf unf Ae Jdy yalew o4 - uef 23 AON Hu_O
: . : . 3 or
=NEN N T T, NN B SINEND AT BINNA B /]
ﬁ“ N BRI BINA N/ A x/\,¥ d N/ NANA BNA % /W/\ 1Y
ANANP H\ PO B “ 4 x/“/\ N N ’ TN NA 7 | AN N\ H\/\
N BY] B BN BV VY BN BN BN B B
W Y B B B A B BV BT B B Y
N BN R BN I | L N BN Y N
] oa N
<Y N BP9 PPN PP NANA BTNA s\ Yl k& NN, KN N1t Y- 06
NN A b NN B NA M N LAY A TAY] i NV
NN 111 KN BNAY xn“/j mﬁ\ H/“/\ m”/“/\ 17 VN N NN/
X
N H EVA BV AT (I Y B BN A Y R
Hipd P P
“/“/\ Y mxum/\ ux”“7\ \Z\} Y xxnm/\ SANINT u“/U qu“/\ o /H/\ N2
Y B BN BT BT (A BT B B B HRAY T
\g AN RNY X NANA g NAA RN b4 N N N b AV NA 09
B B BN BN (Y BN B E N BNAY BN Y
N B B BNAY] B Y] N B A B & \/ NN
N NN BN P INNA ] NN N A NAY] B PRI \g
SNENK b 4 KM /\ 1 1 N ] A
sisAjeue up pasn anfep A m\/\ mxumu mxm‘m/u /NH\ w\1 ,/,“r\ uxm“ f mm/\ mx/“/\ ﬂ“/\ Um i
A NA o A M NA " N/ N/
] NN B U\ N g [ N pdi]A NAYT PPN ad
% NANA A 8 \ A Y N/ b N HINERT N/ v
% g [ NN N M N NA NA A N/ NAU  BNA N\ NN 0/
\d NN HbqNA NN A ] N [ PP % [A AY N/
£8-28 “ NN MNATT R B YA | LNAY] A BN [ B B LNNA
x 4 YN B NN \g AL VA Y N N NV \g
YN N NN BN NA N N N1 g SN / NN
\g NN BT BNAA BT ¢ NAY] W NIYT XN AV 5
NN KN HNA KA N | RAY] BN Y1 N BN NN
e N/l IS SINg # “ Y 4 NAYT XN N V]
-4 — ﬁ\/\ \/ M 1 SINPRN G ﬁ NAA N SN L N
N N/ N N I'NA BV Y] PPN A N a\7h
P e\ 1 BN INAA BTN \ N L N NN X NA AN NA
" 1 . NN mx/\ NN /\/\ V7 b N Xx/\f\ [ A 08
J P NA A mX/\ NN [ \ NI K N N X KA /\/\ [/
m YN N AN BT B N/ g AL mx/“/\ AU s | W A
18—08 ” b N U“ mx.n“/\ uxv,“/\ H“/x /“/\ /“ xxu\/\L 5 mxu“ d ﬁ\/ s “/\
b, X/\/\ N“ 1/ MX”“I\ mxrh“/\ X/“/\ N“/\ ﬁ“/\ KXN“/\ /“/\ WMXH“ A /“/ v.\/\
2 T BT BYH B B (B B AL TR (A B | N B T
W-6. LN 1 B0 BN BAY B BN A | RY] BHYAL B4 AT os
I | S 1B NN > NA
\ N NN 1 pix
N N A1 BNU BN BN U o (N UMY N NN AU
\ xxf\ NG % T X w Tl B /¥/\
N % SaNgNg N NN N/ NAXE / SIVINY \J/ \y
6.-8L N B{AH BN B B Y m“ 1 MNN LR Y] BNAM N B
CAS v sUNg N NA 2N N1 A A KR g
\ A0 Wb mx/\/\ "N NTW ] J A1 N/ mINENG A 4
ﬁ 4 14 ad & ﬁ N J=h K V_H L V.I 4 g L “hld r. 4.y =001
8L-LiL

ol

(S/¢W €70 1O %) Homelp Anieq




I~

4 - 4

The weir is very efficient during periods of low streamflow,
and the potential exists to extract more water from the
weir, since the maximum daily demand (current diversion
capacity) is very small compared to the mean annual inflow

from the upstream catchment.

ANALYSIS OF EXISTING OPERATING POLICY

A historic yield analysis was performed on the Buffalo~Vaal
subsystem using the subsystem yield simulation model with
the existing operating policy. The simulation yield
analysis investigates the drawdown trajectories of the dams
in the Buffalo-Vaal subsystem when subjected to the 1985
demand levels with restrictions imposed according to the
proposed DWA. operating policy. The yield analysis uses the

net basin runoff obtained from historie hydrology.

The definition of the existing operating pelicy does not
allow an analysis of the firm yield to be conductad, but is
rather aimed at evaluating the validity and effectivensss of
this operating strategy. At the current (1985) levels of
municipal demand, however, no support of the NRGWS 4is
required from the Zaaihoek Dam, leaving the results of this

part of the analysis as rather inconclusive.

Figure 7 indicates that the restriction placed on the
transfer of water to the Vaal from Zaalhoek results in
significant comnservation of water and ensures a continuous
supply of water to Majuba from Zaaihoaek throughout the
drought sequence. Nothing is achieved by the restrictions
placed on municipal users, because they do not in fact
become effective. The 1983 crirical sequence for Chelmsford
does not result in any restrictions because of irs surplus

storage.
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4.4

4.4,1

4 -6

Since the primary aim of the subsystem analysis is to obtain
the yield characteristics of the subsystem with respect to
the influence thereof on the transfer of water to the Vaal
system, the existing operating policy was not analysed

further.

COMBINED SUBSYSTEM YIELD ANALYSIS

An operating policy defining the relative priorities for the
supply from the different sources of the combined subsystenm,
namely the Zaaihoek Dam and Chelmsford Dam, was adopted as
an initial operating policy. The Newcastle complex is
supplied fronm Schurvepoort, Roy Point, Chelmsford and

supplemented from the Zaaihoek Dam when this is required.

This policy was tested using both the simulation model and
the optimization model and the results were compared to
determine which policy best emulated the desired behaviour
of the system in the simulation analysis. The results from
both models indicate that the Chelmsford and Zaaihoek Dams
act as independant reservoirs at the 1985 demand levels and
that no support is required from Zaaihoek to Chelmsford.
This will only hold true over the short to medium term as
long as Chelmsford ecan fully supply all the demands from
Newcastle. Once these demands exceed the yield-reliability
capabilities of Chelmsford Dam, the total Buffalo-Vaal

subsystem again becomes one interdependent unit.

Historie Yield Analysis

A historic yield analysis was performed on the Buffalo-Vaal
subsystem using the subsystem yield simulation model., The
simulation yield analysis investigates the firm yield and
the average annual yield of the Buffalo-Vaal subsystem over
a range of annual target drafts. The results of the historic

yield analysis are illustrated in Figure 8,
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A historic firm yield of 47,2 x 106m3 per annum for the
Buffalo-Vaal subsystem was obtained, this being the
resultant yield after specified demands and compensation
releases have been satisfied (refer to paragraph 3.2 and
Figure 2). The annual total yieid at a target draft of
47,2 % 106m3 per annum is 54,0 x 106m3 per  annum,
The total yield includes water supply above the target draft

when the subsystem is in a spillage mode.

Figure 9 gives the volume of the regervoirs during the
analysis of the higtorie hydrology subject to a target draft
of 47,2 x 106m3 per annum. It can be seen that the 1983
hydrological year gives the lowest reservolr drawdown for
both the Zaaihoek and Chelmsford Dams. Zaaihoek fails
during the 1983 hydrological year while Chelmsford is above

30 % of its capacity in the same year.

Optimization analysis

A dynamic programming optimization analysis was performed on
the Buffalo-Vaal subsystem. The optimization yield analysis
evaluates the optimal firm yield and reservoir drawdown

patterns for the selected hydrologic sequences.

A critiecal historic hydrologic sequence was selected from
preliminary simulation results. The hydrologic period from
1977 to 1983 was analysed using the optimization yield

analysis model.

A comparigon of the optimization results with the simulation
results using the selected operating strategy is presented
in Figure 10. The figure comparas the reservoir drawdown
trajectories of the optimal and simulated results over the
critical hydrologic sequence. The simulation trajectories
presented are for the operating strategy discussed in the

previous section.
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4.4.3

4 - 11
. . . 6 3
The optimal firm yield was evaluated as 48,4 x 107
per year (for the 1983 critical hydrological sequence) again

subject to certain specified demands such as for Newcastle.

The comparison of the drawdown patterns of the two
reservoirs illustrates that the optimal drawdown pattern is
essentially the same as the simulated drawdown pattern for
the selected operating strategy. The small differences that
occur between the trajectories can be attributed to the fact
that the dynamic programming analysis uses three month time
periods whereas the simulation analysis uses one month time
periods. The trajectories follow the drawdown pattern
expected from a single Treservoir operation for Tboth

Chelmsford and Zaaihoek Dams.

Division of Subsystem

Figure 11  illustrates the ° natural inflow into the
Schurvepoort Weir and spillage from the Zaaihoek Dam, which
indicates that the Newcastle complex draws no Support from
the Zaaihoek Dam. The trajectories obtained from the
optimization analysis presented in Figure 10 confirm the

single reservoir operation of the subsysten,

The preliminary analyses indicate thar Chelmsford can be
dedicated to the supply of the Newcastle complex thus
allowing Zaaihoek to be dedicated to the supply of Majuba
power station and Volksrust. Asg already described, this
strategy is subject to change due to growth in demand at

Newcastle.

The results of Zaaihoek Dam analysed on its own are shown in
Section 4.5 and those for Chelmsford which wasg analysed in
lesser detail are shown in Section 4.6, The emphasis is
placed on the Zaaihoek Dam since it is the only part of the
subsystem that gcan be used to transfer water to the

Vaal System. The importance of the ChelmsFford Dam in the
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4.5

4,5.1

4 - 13

subsystem arises from the fact that Zaaihoek might have to be
used to supplement Chelmsford in the future, thereby reducing
the amounts that can be transferred to the Vaal System. This

may only occur in about five vears time.

ZAATHOEK DAM YIELD ANALYSIS

Due to the current independance of the Zaaihoek and
Chelmsford Dams and because Chelmsford does mot vet require
any support from Zaaihoek, it is possible to eliminate
Chelmsford from the active system. All the results given in
this section relate to Zaaihoek Dam only and are synonymous

with those of the active part of the Buffalo-Vaal system.

Historic Yield Analysis

A historic yield analysis was performed on the Zaaihoek Dam
using the subsystem yield simulation model. The simulation
yield analysis investigates the firm yield and the average

annual yield over a range of annual target drafts.

Because of the definition of the yield channel (as 1in
Figures 2 and 4 and paragraph 3.2), the historic firm yield
for the Zaaihoek Dam is the same as for the complete
Buffalo—Vaal subsystem at 47,2 x 1O6m3 per annum. The
annual total yield at a target draft of 47,2 x 106m3 per
annum is 54,0 x 106m3 per  annum, The total yield
includes supply above the target draft when the subsystem is
in a spillage mode.

The yield of 47,2 x 106m3/annum (plus 6,36 % 106m3
compensation flow) obtained for the Zaaihoek Dam in this
analysis can be compared to the net firm yield of
61,4 x 106m3/annum published in WP E-86. The yield in the
white paper was however, obtained from a MAR of

125 x 106m3 compared to the MAR of 89,7 x 106m3 used

in this gtudy.
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Figure 12 shows the historic yield characteristics for the

Zaaihoek Dam, and is the same as Figure 8.

Stochastic Yield Characteristics

A stochastic yield analysis was performed on the
Zaaihoek Dam using the subsystem yield simulation model,
This simulation analysis investigates the stochastic nature
of the firm yield and annual average yileld of the Zaaihoek
Dam, Both long-term and short-term projection periods of &4
vears and 5 years respectively were investigated. The inflow
hydrology was derived using the stochastic streamflow

generator.

Long-Term Stochastiec Yield Analysis

The results of the long-term stochastic yield analysis for

five target drafts are presented in Figure 13 and Table 9.

Figure 14 shows a family of deterministically generated
long-term yield-reliability curves. Refer to Appendix C
for details of the coefficients of the equations of these

curves.

TABLE 9: RESULTS OF LONG-TERM STOCHASTIC YIELD ANALYSIS FOR
THE ZAATHOEK DAM

FIRM YIELD FOR INDICATED RECURRENCE INTERVAL (106m3/annum)

1:20 yr 1:50 yr 1:100 yr 1:200 yr Historic

64,0 58,0 52,0 48,0 47,2

3
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Figure 15 gives a comparison of the reservoir trajectories
resulting from the historical natural streamflow and a
typical stochastically generated streamflow record. It can
be seen that the stochastic Sequence results in a reservoir
trajectory that has the same pattern as that of the historic

trajectory.

Figure 16 shows a comparison of the stochastic vyield

analysis with that of the historic analysis for Zaaihoek Dam.




Gl

uosiredwiod nseydo)s pue

WALSASENS T¥VA-OTv4Ng

I

Juosly = weq yaoyieez SISATYNY WILSAS ¥IAI TvVA
“weq ypoyteez 1oy A10pelel) anseysos jesdAg
194 [exi8ojoipAy
066! 0861 061 0961 056l or6l 0te! 0cel
-q---q-—-n---u---u--—-n-.--—---.--—--—o- -—--n---
1 m O
- oY
- 09
mlom— <
C =
- o
F 3
- 091 2
3 o
3 3
—— - 007 &
1E9A |22180|0IpA} weqq yaoyieez 10y Arojdales) d10)SIH
0661 0861 06l 0961 0s6l o6l 0tel 0Z6l
--4--—n----—-----—----u-u-----—-q----—n--u-n-
e 0
= 0p
08
E 07l _
: =
B c
: 3
E- 091 ®
= 2

00¢




Yield (10°m3/annum)

70
. Total yield
T / Average yield
60 - f 51% '
E ,"(
Historic firm yield ;"‘ 64 % -"—- 37 %
47,23 x 105m3/annum
504
. -
40 4
Draft-yield
30+
]
] 5%
] 25% 1/50 year
201 stochastic
base yield
. —1 50% K
10 75% \
T 1/100 year
] 95%
i Reliability Historic base yield
(64 years) 1/200 year
T T T I T T e T T
20 30 40 50 70 80

Draft (16m3/annum)

Al

T

VAAL RIVER SYSTEM ANALYSIS
BUFFALO-VAAL SUBSYSTEM

Zaaihoek Dam : comparison
of long-term yield characteristics

16




4 - 21

4.5.2.2 Short~Term Stochastic Yield Analysis

The results of the short—term stochastic yield analysis are
presented in Figures 17 - 23, The Zaaihoek Dam partial
subsystem was analysed for system start volumes of 100 %,
80 %Z, 60 %, 40 %Z, 20 % and 10 Z of Ffull supply capacity.
The figures illustrate the family of curves for each system

start volume.

The salient results from the family of curves are presented
in Table 10, The coefficients of the curves used to
generate the short-term stochastic family of curves, for

each system start condition, are presented in Appendix C, C3.

TABLE 10: RESULTS OF SHORT-TERM STOCHASTIC ANALYSIS

FIRM YIELD FOR INDICATED
SYSTEM START VOLUME RECURRENCE INTERVAL (1093 /annum)
AS PERCENTAGE OF FULL
SUPPLY CAPACITY

1:20 yr 1:50 yr 1:100 yr 1:200 yr

100 % 88,0 73,5 64,5 57,0
80 % 78,0 65,5 54,5 45,5
60 % 68,0 56,5 47,5 40,0
40 % 55,0 43, 36,0 30,0
20 % 41,0 29,0 22,0 17,0
10 % 22,5 17,0 13,0 9,0
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CHELMSFORD DAM YIELD ANALYSIS

Interim results of the Buffalo-Vaal subsystem study have led
to the Chelmsford Dam being identified as  currently
independent of the Zaaihoek Dam and its yield being

allocated solely for use within the Newcastle Complex,

The purpose of further analysis of the Chelmsford subsystem
is to determine its yield for long-term planning purposes.
This information is required to determine the magnitude and
timing of any  support Chelmsford may require or,

alternatively, give.

Historic Yield &Analysis

A historic yield analysis was performed on the Chelmsford
Dam using the subsystem yield simulation model with the
adopted operating policy. The simulation yield analysis
investigates the firm yield and the average annual yield of
the Chelmsford Dam over a range of annual target draft. The
results of the historic yield analysis are illustrated in

Figure 24,

A historic firm yield of 75,3 x 1061113 per annum for the
simulation analysis was obtained. The total vield at a

6 3
target draft of 75,3 x 10 m per annum is

6 3
79,3 x 10 m Per annum. The total yield includes water
supply above the target draft when the subsystem is in g

spillage mode.

Stochastic Yield Analysis

Dam using the subsystem yield simulation model. The
simulation analysisg investigates the stochastic nature of
the firm and average yield of the Chelmsford Dam under the
adopted operating policy. A simulation period of 64 years
was investigated., The inflow hydrology was derived using

the stochastic streamflow generator,



80 x 107y PEr  annum and 85 4 107m Per  annum gyea

Presented in Figure 25 and Table 11,

TABLE 11; RESULTS oF LONG-TERM STOCHASTIC YIELD ANALYSIS FOR
THE CHEIMSFORD DAM

FIRM YIELD FOR INDICATED RECURRENCE INTERVAL (106m3/annum)I
1:50 yr 1:100 yr , 1:200 yr ﬁ]
84,9 79,5 / 74,3 I

82 box plot 0f the Stochastie yield .characteristics

highlighting the 5 percent, 25 percent, 50 percent,

draft. The dashed line Fepresent the Stochastic firm yvield
at reliability levels of 1/50, 1/100 apg 1/200 years of
supply ag the stochastic firm yield criteria,

3042C/09543
1989-06-2¢
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5.1

3.1.1

STUDY FINDINGS

The study shows that the Zaaihoek Dam is currently
independant of the Chelmsford Dam, but that this situation

will change 1n future as the demand of Newcastle grows and

The firm yield of the Zaaihoek Dam is far in excess of the
demands of the Majuba power station, facilitating the
remainder of the yield being applied to other users at
different levels of assurance. With the installed pumping
capacity from the Zaaihoek Dam to Ma juba and the Vaail basin
in excess of both the firm gnd average yields, even at very
low reliabilities of supply, substantial quantities of water
can over the medium term be transferred to the Breater Vaal

River System.

Chelmsford requires no support at 1985 levels of development
and no rapid changes in this situation are foreseen as
regards existing development trends in the Newcastle Complex,

SUMMARY OF RESULTS

Optimal Operating Rule Curve

The reservoirs in the Buffalo-Vaal subsystem can over the
medium term be operated independently. The Chelmsford Dam
can be wused to supply the Newcastle Complex and the
Zaaihoek Dam can be used to supply Majuba Power Station and
to transfer the Temainder of its fiep yield to the

Vaal System.



5.1.2

5.1.3

5.1.4

5 -2

Hisrorie Yield Characteristics

The historic firm yield for the Buffalo-Vaal subsystem ig
47,2 x 106m3 Per annum. Due to the common definition of the
yield channel for the Buffalo-Vaal subsystem and the Zaaihoek Dam
partial subsystem, thig also corresponds to the historic firm
yield for the Zaaihoek Dam. The total yield at a target draft of
47,2 x 106m3 PEr annum is 54,0 x 1061113 Per annum in both

cases.
The historic firm yield for the Chelmsford Dam is
75,3 x 106m3 Per annum. The total yield at a targef draft of

75,3 x 1061113 Per annum is 79,3 ¢ 1061:113 per annum.

Critical Hydrologic Sequence

1, The eritical historic hydrologic Sequence runs frop
April 1978 to October 1983,

2. The length of the typical historical drought sequence of
the Buffalo~Vaal subsystem is 5 to § years,

Stochastic Yield Characteristics

tabular form below (Table 12). Due to the common definition of
the yield chanmnel for the analysis of the total Buffalo-Vagl
subsystem and for the Zaaihoek Dam partial subsystem, the yields
for both Zaaihoek Dam and Chelmsford Dam are listed for Breater
clarity. The historic firp yields are algo given for comparitive

PUrposes,



TABLE 12: RESULTS OF HISTORIC AND LONG~TERM STOCHASTIC

ANALYSES
FIRM YIELD FOR INDICATED HISTORIC YIELD
DAM RECURRENCE INTERVAL (10°n3/,) (1053 /2y
1:20 1:50 1:100 1:200 Firm Total
Zaaihoek 64 58 52 48 47,2 54,0
Chelmsford - 85 80 74 75,3 79,3

Short term characteristic curves for real-time operational
decisions were only developed for the Zaaihoek Dam partial
subsystem as the currently active part contributing to the

integrated Vaal River System.

The results of the short-term stochastic analyses for

Zaaihoek Dam are presented in Table 13,

TABLE 13: RESULTS OF SHORT-TERM STOCHASTIC ANALYSES

SYSTEM START VOLUME
AS PERCENTAGE OF FULL

FIRM YIELD FOR INDICATED
RECURRENCE INTERVAL (10%03/annum)

SUPPLY CAPACITY 1:20 yr | 1:50 yr | 1:100 yr | 1:200 yr
100 % 88,0 73,5 64,5 57,0
80 % 78.0 65.5 54.5 45.5
60 % 68.0 56,5 47.5 40,0
40 % 55.0 43.0 36.0 30,0
20 % 41,0 290 2270 17.0
10 % 225 17.0 13.0 9.0




5.1.4

5.2

5-4

Long and Short-Term Yield Reliability Characteristics

The probabilistic yield—reliability characteristics
illustrated in Figure 14 and Figures 18 to 23 were derived
from least~squares curves which were fitted to the results

of the stochastic analyses.

The purpose of thig fitting procedure 1is Eo arrive at a set
of equations which describe the yield—reliability
characteristics in a deterministic fashion and thus
eliminate the need to perform excessive time consuming
stochastic simulation analyses, Thesge families of curves,
describing both the long and short~term yield—reliability
characteristics, can be generated using coefficient data

which is set out in Appendix C,

The procedures used are outlined in reports P C000/00/6886,
"Yield Analysis -~ Terms and Procedures” P C000/00/6986,
"Study Procedure Manual, Volume 1" and are sumwmarised in

Appendix C, C-1,

General Conclusions

1, The short-~term reliability of the Zaaihoek partial

subsystem declines rapidly with increasing yield.

2y " The Chelmsford Dam currently requires no support from

Zaaihoek Dam,

3. The long-term yield-reliability characteristics of
Zaaihoek indicate that it should be able to yvield

3
within a range from 45 to 65 x 106m per annum,

depending on the required reliability of supply.

3042¢/09548/DA
1989-10-02



APPENDIX A

INPUT DATA TABLES

1. [lrrigation Abstractions (1984) above Zaaihoek Dam

2. Trrigation Abstractions (1984) above Schurvepoort Weir

3. [Irrigatien Abstractions (1984) above Chelmsford Dam

4. hrigation Abstractions (1984) above Roy Point

5. Afforestation Abstractions (1984) above Schurvepoort Weir
6. Historical Naturalized Streamflow at Zaaihoek Dam

7. Historical Naturalized Streamflow at Schurvepoort Weir

8. Historical Naturalized Streamflow at Chelmsford Dam

9. Historical Naturalized Streamflow at Roy Point

10. Rainfall at Zaaihoek Dam

11. Rainfall at Chelmsford Dam
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APPENDIX B

LISTINGS OF DATA FOR

ANALYSIS PROGRAMS
Page
1. Optimization Program Input Files B-1
2. Simulation Program Input Files
2.1 Existing Operating Rule B-4
2.2 Combined System Simulation Files B-14
2.3 Zaaihoek Simulation Files B-23

2.4 Chelmsford Simulation Files B — 30
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APPENDIX C

COEFFICIENT DATA FILES FOR FAMILY
OF CURVES GENERATION

1. Introduction

2.  Coefficient data file for long-term stochastic
Family of Curves

3. Coefficient data files for short-term stochastic
Family of Curves
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ZXPLANATION OF THE FAMILY OF CURVES GENERATION

1,

INTRODUCTION

The aim of the family of curves analysis is to generate a
set of vyield vg, reliability curves with the same
characteristics as those derived from the stochastice
simulation results. A family is derived for each stochastic
analysis viz. the long-term analysis (41 b4-year sequences),
and the short-term stochastic  analysis (201 5-year
sequences) for the 100 %, 80 %, 60 Z, 40 %, 20 % and 10 %
start conditions. In the stochastic simulation analysis, the
System response over a number of generated hydrological
Sequences is investigated, for a specified range of target
drafts. Polynomial curves are fitted to the percent deficit
data for each target draft. Thereafter follows a rigorous
analysis of the coefficients of each curve (described in
detail later), after which a coefficient data file 1is
treated. The coefficient data file for a particular analysis
{(e.g. short-term stochastic, 100 % start) is used to
determine the yield-reliability characteristics of any range
of target drafts, without having to run a simulation
analysis for those target drafts. The defined family of
curves can also be used to geénerate the family of curves for

an intermediate start volume for the subsystem,

CURVE FITTING

The results from a stochastic analysis are in the form of
percent deficits of target draft, which are converted to

actual yield deficits by :

Yield deficit = (target draft) x (percent deficit)

Assume in an analysis of N Séquences that there were n
percent deficit (or n failure) values. Adding any one of the
zero deficit values to the data set means we have a set of

otl data points. These are ranked from largest to smallest



and assigned a probability of occurence as follows:
largest deficit : 1 / pt1
smallest deficit : n+l/n+1
(i.e. the zero deficit
point added to the data set)

The (X;Y) set for curve fitting is thus in the form:
(probability of occurence 5 yield deficit)

where O0g X1 and o = Y = largest yield deficit.

One equation type is used when fitting curves to the yield

deficit vs. probability of occurence data:

3
A+ Bx + sz + Dx (pelynominal to degree 3)

24
L]

where Y = yield deficit X = Probability of deficit occurence

and A, B, C, D are real numbers

The equation may be used in a straight line, quadratic or

cubic form.

Thus a family of curves ig always a family of polynominal
Curves up to degree 3. The curves are called
yield-reliability curves and are plotted in the form of base
vield wvs, exceedance probability (an explanation of this

transformation will be given later),

Note: The probability of zero deficit occurence, w.r.t the
number of sequences analysed (as opposed to the number
of deficits that actually occured), defines the Firm
Yield Point. Inp terms of reliability, the firm yield
points for each target draft curve define the Firm

Yield Line.



COEF.B

TD

05

0,0

~05-

-1,0
-15
-2,0
-25
-30

~35
-40

ESTABLISHING THE COEFFICIENT DATA FILE

Once the curves for each target draft have been defined, the
characteristies of each of the like~coefficients (i.e. all
the coefs. 'A', 'B', 'C' and 'D') are studied w.r.t. target
draft (TD). The value of each coefficient of each curve is
non-dimensionalised by dividing by the relevant ID value,
and then plotted against TD. An example of g graph of

coefficient factor vs. target draft, is given in Figure C.1.

Either of the equation types 1 or 2 below, are used to
define the curves of coef/TD vs. Target Draft (TD) for each
coef. A, B, C and D, The curve type giving the best fit is
selected,.

aeb.TD " ced.TD + £

a + b(TD) + c('l‘D)2 + d(TD)3

Type 1 : Coef/TD
Type 2 : Coef/TD

60 70 80 90 100 110 120 130
TARGET DRAFT (TD) {x 106 rny? /annum)

Figure C~1: Typical graph of coefficient value vs, target draft



4, THE COEFFICIENT DATA FILE

A typical coefficient data file is listed below.

Column
(1)  (2) (3 (4) (5) (6) (7) (8) (N
1 1 -5.801 -0,021 0.0 0.0 1.354 0.0 1.0
2 1 ~0.146E-02 0,648E-01 0.185E-01 0.0 0.0 =-3,5 0.0
0 1 0,0 0.0 0.0 0.0 0.0 0.0 +3999,
4 2 3,062E+03 =8.161E+01 0,725 -0,215E-03 0.0 -2,8 0.0
5 2 0,0 0.0 0.0 0.0 0.0 -9999, +9999,
6 1 1.298 0.305E-03 0,701E-09 0,157 -1,327 =9999, +9999,

Col(l): Definition for each coefficient of a vield deficit curve
1 =A,2=38, 3= C, 4=D, 5=F
Line 5 1is no longer used, but originally accommodated the
defination of coefficient F in the equation type:
y = AeBX + CeDX +F
Line 6 defines the firnm vield line. Its (x;y) coordinate set
is in the form of : (target draft; risk (as Z of sequences

observed N)).
Col(2): Coefficient curve type (l:exponential 2:polynominal)

Col(3) to Col(7): Coefficients a, b, ¢, d, f for coefficient

equations

Col(8): Minimun allowable value of function, i.e. minimum value of

Coef /TD.

The shape of the polynomials used in the family of curves
definition, is governed by the magnitude and sign of the

coefficients. Criteria can be established which define the



The curve number for the coefficient to be defined in terms
of the others is therefore assigned zero in Col(l) and

further information is not required.

THE TRANSFORMATION FROM (YIELD DEFICIT wvs. PROBABILITY OF

DEFICIT QCCURENCE) TO (BASE YIELD vs. EXCEEDANCE PROBABILITY)

It should be noted that once the coefficients of a Yield
Deficit vs. Probability of Deficit Occurance curve have been
determined, the curve must be transformed into the form of
Base Yield vs. Exceedance Probability. This 1is done as

follows:

Suppose that there are n yield deficits from a
stochastic simulation of N sequences, for a target
draft (TD).

One zero-deficit value is added to the data, making
ntl points. The vyield deficits are ranked from the
largest to the smallest (zero) wvalue, and assigned
probabilities of occurance of 1/n+l through to n+l/n+1
respectively. Curves are then fitted to this data,
where the probability range is from 0 to 1 for every
TD curve. It is necessary though, to reference the
number of yield deficits to the number of sequences
(N) analysed, to obtain the true probability of

occurence of each yield deficit.

-*« Risk of largest deficit = 1/N = (1/n+l) , (n+l/N) ;
Risk of zero deficit = n+1/N = (1/n+l) . (n+l/N) &
Exceedance Probability = 1 -~ RISK.

(Note: The Firm Yield Exceedance Probability for a
specific target draft is thus: 1 - (n+tl)/N))



To plot the results in the form required (i.e. Base

Yield vs Exceedance Probability):

Base Yield = 1 ~ Yield Deficit and,
Exceedance probability = 1 - x.(n+l/N)

where Osx=<1

For exceedance probability increasing from zero (0 %),
base yleld remains equal to target draft until the
Firm Yield Exceedance Probability is reached.
Thereafter, the base yield decreases according to the
defined curve, to the base yield at 100 % exceedance

probability.

0129D/s55/124338
1989-05-02
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P NN ND

1.00
-9.35

0.0
-5.4

0.0

3.44471

0.00 0.0 0.0 0.0 0.
0.138 0.0 0.0 0.0 =3
0.0 0.0 0.0 0.0 0.
0.07 0.0 0.0 0.0 -3.
0.0 0.0 0.0 0.0 =-99399.
0.00959085 -0.0013508 0.0825635 -~5.13947 0.

Coefficient data files for Long-Term stochastic Family of Curves
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9999,

9999,
9999.



1 2 1.00 0.a0 G.0 0.0 0.0 0.2 1.0
2 2 0.4 -0.02 0.0 g.¢ 0.0 =2.50 0.0
0 2 0.0 0.0 0.0 0.0 0.0 0.0 9999.0
4 2 1.2 ~0.02 0.0 0.0 0.0 -2.00 0.0
5 2 0.0 0,.C J.0 g.0 0.0 =9799,0 9999.0
6 1 0102387 .0363643 .00000060933 .123596 0590908 Q.0 9999.0

L Coefficient data for system start volume at 100 % of Full Supply Volume

T 2 1.00 0.00 0.0 0.0 0.0 9.0 1.0
2 2 0.6 -0.026 0.0 0.0 0.0 2.5 0.0
0 2 0.9 0.0 0.0 0.0 G.0 0.0 9999.0
& 2 1,2 =0.022 0.0 0.0 0.0 -2.0 0.0
5 2 0.0 0.0 0.0 0.0 0.0 -2899.0 9999.0
6 1 0.114358 0.0104761 0.226852-04 0.11088 =-0,.162717 0.2 9999.0
2. Coefficient data for system start volume at 80 % of Full Supply Velume

1 2 1.40 0.00 0.0 0.3 0.0 0.0 1.0

2 2 1.2 -0.032 0.0 0.0 0.0 =-2.5 0.0

0 2 0.0 0.0 0.0 0.0 0.0 0.0 999%.0

4 2 1.20 =-0.02 0.0 0.0 0.0 =3.0 Q.0

5 2 0.0 0.0 0.0 0.0 0.0 =9999.0 9992.0

& 1 0.562284 0.000602346 0.00200104 0,0686373 ~0.581505 0.0 9997.0

3. Coefficient data for system start volume at 60 % of Full Supply Volume

1 2 1.00 0.00 0.0 0.0 0.0 0.0 1.0

2 2 0.8 ~0.037 0.0 0.0 0.0 -2.5 0.0

0 2 0.0 0.0 0.0 0.0 0.0 0.0 999%.0

& 2 1.20 -0.02 0.0 0.0 0.0 =3.0 0.0

5 2 0.0 0.0 0.0 0.0 0.0 =-9999.0 9999.0

& 1 0.204663 -0.0106728 0.0279532 0.0452527 ~=0.233223 0.0 9999.0

4.  Coefficient data for system start volume at 40 % of Full Supply Volume

1 2 1.00 0,00 0.0 0.0 0.0 0.0 1.0

2 2 -0.645 =-0.02177 0.0 0.0 0.0 -3.2 2.0

g 2 0.0 0.0 0.0 0.0 0.0 0.0 2999.0

4 2 0.8 -0.028 0.0 0.0 0.0 =3.0 0.0

5 2 0.0 0.0 0.0 0.0 g.0 -9999.0 2999.C

6 1 =0,356637 0.0112748 0.115884 G.0384265 0.236720 0.0 9999.0
5. Coefficient data for system start at 20 % of Full Supply Volume

1 2 1.00 0.00 0.0 0.0 g.90 G.0 1.0

2 2 -0,23 -0.084 0.0 0.0 .0 =3.0 0.0

0 2 0.0 0.0 0.0 0.0 C.0 0.0 9999.0

& 2 1,17 -0.078 0.0 0.0 0.0 =3.0 0.0

5 2 0.0 0.0 0.0 0.9 0.0 =9999.0 ?2999.0

6 1 0.125477 0.0178975 0.290B6E-02 0.180991 ~-0.137364 6.0 2999.0

6. Coefficient data for system start volume at 10 % of Full Supply Volame

Coefficient data files for short-term stochastic Family of Curves



