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Scenarios evaluation (1)

Three alternate scenarios were subsequently taken forward:

WRPM and WRYM,;

Ecological consequences (assessment of responses to various flow
scenarios were based on the approach developed by Kleynhans for
application in the Habitat Flow Stressor Response Model); and

Economic implications of each were assessed.

of the twenty IUAs In the CWMMM catchments These
| scenarios and associated MCs will be based on what is
practical and achievable; while at the same time ensuring

wabar dffaiue the water resources of the WMA are not degraded.
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Step 1. Delineale the unils of analysis and describe the

status que af the water resourcs or Waler reSources;

L

Biep ?: Link the soclo-econamic and ecologheal value and
condition of the water resoUrce or waler FresoUroes;

| Step 3: Quantify the ecolegical water requirements and

changes in manwater guality ecasysiem goods, senvioes and

: !

Step 4: Determine an ecologically susiainable base
configuration scenario;

resource mmmnn process.

| Step 6: Evaluate the scenarios with staksholders; and

Step T: Gazette and implement the class configuration
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Figure 1: Scemario evaluation as part of the dassification process
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Objectlves of Step 5 of the WRCS

The following activities were undertaken as part of finalisation of Step 5 of the
WRCS process:

Inclusion of the additional three scenarios (except for Matlabas which has only
one additional scenario) proposed;

Water Resources Planning and Water Resource Yield Model analysis and
adjustment;

Reporting of ecological consequences and IUA- level ecological condition;
Assessment of water quality implications;

Description of the macro-economic implications;

Evaluation of the overall scenario implications for the WMAs, and
Selection of a subset of recommended scenarios.
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Visioning

A visioning exercise was undertaken at the second PSC meeting
held on the 12t September 2012;

Helped to translate stakeholder issues and concerns;

The vision will ultimately be translated into management objectives
that will drive operational management; and

It will help link management actions to the vision and ensure that
societal values and management objectives are linked and realised.
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A Altered riparian &

wetland habitat

4
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quality

* AMD
*Nutrient risk

Water yield
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IUA 11a
IUA 11b
IUA 12
IUA 13
IUA 14
IUA 15
IUA 16
IUA 17a

f
A 17D

GDP/IUA

553,145,588,549
2,167,252,061
12,122,943,794
26,195,260,257
7,985,313,445
856,411,214
367,033,377
144,946,502
110,482,943
10,944,006,526
897,071,192
1,843,963,214
611,612,971
3,553,919,882
3,583,181,119
36,396,585,663
685,831,154
3,179,735,512
176,012,095
213,467,299

ES/IUA

722,298,632

61,370,726
112,065,817
261,783,644
323,628,058
136,239,290

97,286,588

54,048,104

58,341,734
426,521,164

47,364,181
317,914,585
645,084,738
107,047,686
456,874,668
546,285,341
335,138,076
285,290,125

23,153,426
180,290,628
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Ecological water requirements quantification

The classification process requires the quantification of ecological
water requirements (EWRs) (previous Reserve studies; additional
Rapid Ill; extrapolation).

« See table handed out showing EWR data; and

The Present Ecological State (PES), Ecological Importance (El) and
Ecological Sensitivity (ES) per hydro-node were provided by the
Reserve determination studies and the DWA desktop PES, El and ES
study that was undertaken for the Crocodile West/Marico WMA and
Limpopo WMASs during 2012 (DWA, 2012). In situations where the
selected hydro-node is an existing EWR site from a previous Reserve
study, the PES and EIS information provided was obtained from

B these studies.

» See table showing hydronodes and PES per hydronode
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Catchment scenarios
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Alternate scenarios description

Molopo

Klein Marico

ESBC: Ecological = PES, present water use
1) Reductions in groundwater (outflow from dolomitic eye), PES, present water use
2) Reductions in groundwater (outflow from dolomitic eye), REC, present water use

3) Reductions in groundwater (outflow from dolomitic eye), PES, future water use

ESBC: Ecological = PES, present water use
1) PES, future water use
2) REC, present water use

3) REC, future water use

Ngotwane

Groot Marico

ESBC: Ecological = PES, present water use
1) Reductions in groundwater (outflow from dolomitic eye), PES, present water use
2) Reductions in groundwater (outflow from dolomitic eye), REC, present water use

3) Reductions in groundwater (outflow from dolomitic eye), PES, future water use

ESBC: Ecological = PES, present water use
1) PES, future water use
2) PES, AIP clearing, future water use (including emerging farmers)

3) REC (MAR_EWR3 from C/D to C), AIP clearing, future water use (incl emerging
farmers)

Crocodile West

Mokolo

ESBC: Ecological = PES, present water use

1) PES, future water use (mining — Rustenburg area, transfer of water to Mokolo —
MCWAP)

2) REC, present water use

3) REC, future water use (mining — Rustenburg area, transfer of water to Mokolo —
MCWAP)

Water quality — nutrients, AMD

ESBC: Ecological = PES, present water use

1) PES, future water use (groundwater abstraction, transfer of water to Mokolo —
MCWAP)

2) REC, present water use

3) REC, future water use (groundwater abstraction, transfer of water to Mokolo —
MCWAP)

Matlabas

ESBC: Ecological = PES, present water use

1) REC, present water use

U]
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that were included in
the setup for the
scenarios

IUA 1Th

The following were considered as part f?me sCEnanos
evaluabions:
Present day waler use for irrigation, mining,
domestic, rural and affarestation as provided in the
ISP and WRI005 reports: and

A
e 2
_ The fallowing wene considered as part of the e
1) seerarins: svaluations: o

Future demand
Significant additional future (2030) water use
requirements directly to: Industrial and
power generation = 110 million m¥a

/

2

Scauring of rver = Mokale transfer pipeline crossing i
o,

The follawing were considerad as part of the scenarios
evaluations.

Present day or fubure waber use for irigation, mining,
demestic, rural and afierestation as pravided in the
waber requirements and waler resaurces reparl thal
forme part of the reconcilistion sirategy,

Reductions in gutflow of dolomitic eyes in Upper
Marico and Malmanies (upper Klein Marico),

Redustions in greundwater (outflow frem dolemitic
oyes in Mgotwane and Molopo catchmenis);

‘Water quality — especially relating to the wiban areas
of Mafikeng. Zeerust Swartruggens and the town of
Denokana. VWWTW discharge from thesa areas and

Magor Drainage
Present day or fulure water use for irrigation, @ HydroNooes
mining, domestc, rural and afforestation as W Fagidiss
. provided in the waler requirements and waber -
resgurces repart that formes part of the El
reconcilislion strategy; and % L oot hieen
Groundwatar abstraction; e .
" Transfer of water to Makalo — MCWAP, I 2 cama
i Urban & s

Ralsing of Mckals Dam not consldered;

Waber quality — Acid mine dramage, WWTW
i {Lephalade ), and

AP ER
% » & Development of Walerberg area
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| Crocodiiy VWasl Calshmend
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Mckaln Calchment
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The following 'AI'E'JI\;‘EEIHMEM &8 part ¢ | Hgotwane Cate hisnt
evaluations: FEE] creunausr Mansgsman Uni
Present day or fulure waler wse for irrigation, mining By I [ ] enamtmmany cotermanis

domestie rural and afforastation ae aroyidad in the
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forms part of the reconciliation stralegy;

Future water uge (mining = Rustenburg area, transfer
of water ta Makalo = MCWAR; and

]
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Al mpﬂﬂl &M . " & 5
PRI I:Iarrl?' fiur Gonderiinl Dy *  |rrigation = no new regquirements
. Marlos Bosveld Bariaid V * Mining = 10 million m*/a (~20% increass in mining demanc)
1] Malatedi Dam e " — Water transfer to Mokaolo required
A = ———
EER _,";'; = 110 million m*fa (+10% conveyance losses)
e S e e o O o e TR P : o ;
Lomer Vsl VAR r: v EEses EEpsanaary; SERLER ST =] @Iwamruﬁalm
o E T s weabrn e T st = ’ m’” BOUTH ATEIA
3 REPUBLIC OF SOUTH AFRICA




Impact of EWR (PES) at major dams

Yield without EWR

Yield with EWR (million

Major Dam Catchment (million m3/a) m3/a)
Klein Maricopoort A31D 5.38 3.98
Kromelmboog A3lE 2.61 2.44
Marico Bosveld A31B 21.54 9.19
Molatedi A32C 11.37 11.9
Mokolo A42F Eﬁgsnding on  operating 3.48
Hartbeespoort A21H 237.9 231.0
Roodekopjes A21L 59.0 55.0
Lindleyspoort A22E 3.4 2.7
Bospoort A22H 1.3 0.9
Vaalkop A22] 6.5 3.4
Roodeplaat A23A 37.5 35.0
Klipvoor A23J 24.5 28.0

This
configuration
of ecological
categories
ensures that
a sustainable
level of
ecosystem
functioning is
maintained in
the study
catchments
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Alternate Scenarios
methodology used
per EWR site
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™ The following scenarios |
were evaluated: '

Nat: Natural flows

Prs: Present day flows

Scl: Present day
water use (2015), PES
Sc2: Future water use
(2030), PES
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Main concerns at
this point:
o ff e A - - Upstream:
LY - nutrients

&

Downstream:

- irrigation
Increased flows
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CROC_EWR Site 3: hydrology

Optimun base flows - May (wet for Feb) and Aug (dry)
February August

Average Percentile % Average Percentile %
Nat 10.439 7.357 | 30 2.154 4421 0.1
Prs 13.228 11.080 | 30 0.967 5.066 0.1
EWR3_CD 3.941 5228 | 30 0.810 0.915 0.1
Scl 14.720 12.657 | 30 1.131 6.075 0.1
Sc2 14.424 9.745| 30 3.792 7.536 0.1

CROC_EWR3: Crocodile West River
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CROC_EWR 3: Ecological Consequences

Natural Present EWR 3 C/D Scl Sc?2

Fish dry A
Fish wet A A A A
Fish integrated A C A A
Invert Dry DE  [ID D A
Inver wet A A C A
Invert integrated C C C/D A

B C B/C A
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WRCS study has found that PES and REC are very similar

Socio-economic consequences

Resultant scenarios:

ESBC: PES/REC + present water use
Scenario 1/3: PES/REC + future water use

Socio-economic consequences of these scenarios:

Water supply do not constrain the economy (excl Agriculture)
No additional water supply costs (flow)

No trade-offs required Iﬁ
No negative impacts on long term GDP

Dam levels to fluctuate R'million/a

Water quality costs:

— Cost of water treatment Agriculture
* AMD treatment ___Mining
_— - meniLcmoval - __:-_"""d.-..'*—: Manufacturing
= —— =SSP Utilities

Other commerce

; Value added
water affairs
= : Value Added
apartmant:
Water Affairs
REPUBLIC OF SOUTH AFRICA

CWM ESBC

31,500
225,857
1,392,602
47,427
822,990
664,839
100%

CWM PES/REC,
future water use
(mining —
Rustenburg area,
transfer of water
to Mokolo -
MCWAP)

42,016

260,997

1,809,046
59,845 _ =
[

1,052,696

846,976

127%
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ity at the site

D/s Hartebeespoort Dam: Orthophosphate (mg/l) 1992-2013
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D/s Hartbeespoort Dam: Sulphate {(mg/1) 1992-2013

D/s Hartbeespoort Dam: TDS (mg/l1) 1992- 20132
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Water quality implications related to AMD and nutrients

e Sub-scenarios:
— Neutralise AMD to 2776mg/L resulting in
» 15% salinity increase in the Hartbeespoort Dam corresponding to

« 50 000tons/a salinity load and 50mg/L TDS concentration increase
In the long term

— Neutralise AMD to 100mg/L resulting in
e 4 -5% increase In salinity levels in the dam
e Significant reduction in impacts

e The findings of the considerations for the implementation of the WDCS in
the Hartbeespoort Dam catchment are:

— An interim phosphorous concentration of 0,085mg/L in the dam

— A final phosphorous concentration of 0,055mg/L in the dam,
_ corresponding to a phosphorous load reduction of 81% from
S 348,000kg/a to 68,000kg/a. —

il
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Maloneys Eye and
Tarlton Dolomite
Area.
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High yielding DLMT system

Yield: Irrigation at Tarlton and Steenkoppies
Comp.;

Quality concern!

AMD Case (Untreated to treated scenario ,




Implications for Management Class

* Proposed Class: Il
e Hard working system
« Key RQO considerations:
— Water quality targets related to AMD and nutrients
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MAR__EWR 3:
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below Marico Bosveld Dam
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Nat Natural
flows

Prs  Present day
flows

Scl  Present day
water use, PES
Sc3  Present day

water use, REC
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Main concerns at this
point:

Irrigation;

Resource poor
s farmers require
[Groot Marico dis of the dam) water

Google earth
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MAR_ EWR Site 3: hydrology

Optimun base flows - June (wet for Feb) and Sep (dry)
February September

Average Percentile % Average Percentile %
Nat 3.747 4.252 20 1.286 1.915 1
Prs 3.496 2.442 20 0.022 0.180 1
EWR3_CD 1.796 2.477 20 0.576 0.647 1
EWR3 _C 1.847 2.633 20 0.733 0.833 1
Scl total 2.666 2.483 20 0.566 0.646 1
Sc3 total 2.510 2.617 20 0.652 0.831 1

MAR_EWR3 Marico River

I
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MAR_EWR 3: Ecological Consequences
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Socio-economic consequences

e Scenarios:
— Klein Marico: REC and PES is the same at EWR 5, thus ESBC is maintained
— Klein Marico: No additional future use possible

— Groot Marico: Scenario 2 (PES, AlP clearing, future water use (incl resource poor
farmers))

— Groot Marico: Scenario 3 (REC (MAR_EWR3 from C/D to C), AIP clearing, future water
use (incl resource poor farmers))
» Socio-economic consequences of these scenarios:
— No additional future use possible
— Water constrained local economy
— PES and REC will require trade-off with other water users (~11 million m3/a)
» Major risk to local economy
e Other considerations:
— Risk to supply of dolomitic water
— Nutrient pollution from WWTWSs

il
& water affairs
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Supply of dolomitic water

» Risk to water supply and ecological health
e Important to manage dolomitic water much better than we currently do




Klein and Groot Marico: Water quality implications related to
nutrient pollution

o Zeerust WWTW Information (from: Green Drop Report 2012):

— Treatment design capacity: 3,5ML/d
— Operational % in terms of capacity: >100%
— Wastewater risk rating: >100%

— Highest risk area: Poor effluent compliance with no flow monitored




Water qullty at the site

D/s Groot Marico Marico: TDS (mg/1) 1987 - 2013
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- Water quality good,;
5.7 - Zeerust and - Yield: Irrigation and domestic;
Marico/Holpan - Resource management concerns that need
Dolomite Area: urgent attention to secure future 10% and 25%
scenario’s;
g 5 98 = - Urgent requirement for monitoring program.




Implications for Management Class

e Both Klein and Groot Marico MC: |l

 However:
— Alternative EWR permutations to be assessed
— Strict water quality RQOs required
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Ecological
Consequences overall
summary




EC overall summary: Crocodile West

Nat: Natural flows Prs: Present day flows Scl: Present day water Sc2: Future water use
Water use (2010), PES (2030), PES
UA | Cesource EWR sites '
Ecological Ecological Ecological Ecological
EC at EWR Con- Recomme EC at EWR Con- Recomme EC at EWR Con- Recomme EC at EWR Con- Recomme
site (PES) | sequence ndation site (PES) | sequence ndation site (PES) | sequence ndation site (PES) | sequence ndation
of flows of flows of flows of flows
. CROC_EWR 2
Jukskei (A210) E A V E B Vv E B Vv E B v
1
. CROC_EWR 4
Pienaars (A238) C C/D X C B/C Vv C A Vv C A Vv
Upper CROC_EWR 9
3 | Crocodile ffzolfj)—EWR 3 ) B v c/p c v ) B/C v ) A v
CROC_EWR 6
4 Hex (A22)]) D X C Vv C Vv C Vv
CROC_EWR 13
. CROC_EWR 7
13 | Crocodile (A240) na X D X B/C Vv A v
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EC overall summary: Marico

Present day flows without Present day water use (same
Natural flows y y ( Future water use, PES
Wat EWR as Scl), PES
IUA Rezoerrce EWR sites Ecological Ecological Ecological Ecological
u EC at EWR Con- Recomme EC at EWR Con- Recomme EC at EWR Con- Recomme EC at EWR Con- Recomme
site (PES) | sequence ndation site (PES) | sequence ndation site (PES) | sequence ndation site (PES) | sequence ndation
of flows of flows of flows of flows
. . MAR_EWR 5
6a | Klein Marico (A31E) C F X C C/D Vv C E X C E X
Groot MAR_EWR 2
6b
Polkadraais | MAR_EWR 6
pruit (A31B) B/C D X B/C D X B/C D X B/C D X
Groot MAR_EWR 3
1la Marico (A31F) C/D F X C/D B/C Vv C/D B Vv C/D B/C v
Groot MAR_EWR 4
11b | \iarico (A32D) C F X C C v C C v C - X
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EC overall summary: Mokolo/Matlabas

Natural flows Present day flows Present day water use, PES Future water use, PES
IUA \IR/’\(/eZtCJeJrce EWR sites Ecological Ecological Ecological Ecological
ECatEWR | Con- Recomme ECatEWR | Con- Recomme ECatEWR | Con- Recomme ECatEWR | Con- Recomme
site (PES) | sequence ndation site (PES) | sequence ndation site (PES) | sequence ndation site (PES) | sequence ndation
of flows of flows of flows of flows
MOK_EWR 1A (BIC) F
et X X X X
Mokolo (A420) C/D E C/ID (C/D) D C/ID E C/D E
15
MOK_EWR 10
= X
Sterkstroom (A42D) B/C B vV B/C B Vv B/C B Vv B/C na
) MOK_EWR 3
16 Mokolo: (A426) B/C F X B/C D Vv B/C D X B/C D X
Present day water use, PES REC, present water use
Water . Ecologica Ecologica
155 Resource ShilE s EC at I Con- EC at I Con-
. Recomm q Recomm
EWR site | sequenc andation EWR site | sequenc endation
(PES) e of (PES) e of
flows flows
17 Matlabas Zyn '\iﬁ:k EWR1 A A
a Kloof ( ) v v
: f—g MAT_EWR 2
Matlabas =
17b (A410) C A Vv C A Vv
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Summary of water quality

EWR site River Quat
EWR 1 Crocodile: Upstream of the Hartbeespoort Dam A21H
EWR 2 Jukskei: Heron Bridge School A21C
EWR 3 Crocodile: Downstream of Hartbeespoort Dam in Mount Amanzi A21J
EWR 4 Pienaars: Downstream of Roodeplaat Dam A23B
EWR 5 Pienaars/Moretele: Downstream of the Klipvoor Dam in Borakalalo National Park A23J
E EWR 6 Hex: Upstream of Vaalkop Dam A22]
2 EWR 7 Crocodile: Upstream of the confluence with theBierspruit A24C
5 EWR 8 Crocodile downstream the confluence with Bierspruit in Ben Alberts Nature Reserve A24H
8 EWR 9 Magalies: Downstream of Malony’s Eye A21F
8 EWR 10 Elands: Upstream Swartruggens Dam A22A
8 EWR 11 Sterkstroom: Upstream Buffelspoort Dam A21K
EWR 12 Buffelspruit before confluence with Plat A23G
EWR 13 Elands downstream Lindleyspoort Dam A22E
EWR 14 Waterkloofspruit downstream Rustenburg Nature Reserve A22H
EWR 15 Lower Magalies before confluence with Skeerpoort A21F
EWR 16 Rietvlei upstream Rietvlei Dam A21A
EWR 1 Kaaloog-se-Loop: Below gorge A31A
o EWR 2 Groot Marico: Upstream confluence with Sterkstroom A31B
% EWR 3 Groot Marico: Downstream Marico Bosveld Dam A31F
<§( EWR 4 Groot Marico: Downstream Tswasa Weir A32D
EWR 5 Klein Marico Downstream Klein Maricopoort Dam A31E
EWR 6 Polkadraaispruit before confluence with Marico A31B
EWR la Mokolo at Vaalwater A42C
o EWR 1b Mokolo at Tobacco A42E
5 | EWR2 Mokolo at Ka'ingo A42F
é EWR 3 Mokolo below Mokolo Dam in the Gorge A42G
= [ EwRr4 Mokolo: Malalatau A42G
EWR 10 Sterkstroom A42D
n EWR 1 MatlabasZynKloof A41A
é EWR 2 Matlabas at Haarlem East (A4H004) A41C
E | EWR3 Mamba River Bridge A41B
= | EWR4 Matlabas at Phofu A41C




Discussion on:
Mokolo future
concerns?




General A42J:

- Future impact due to extended
coal mining;

- Impact of dewatering wrt to
surface runoff and interflow to
drainages;

- Generation of AMD.

Kilometres




Socio-economic conseqguences

Scenarios:
— ESBC: Ecological = PES, present water use
— REC, present water use
Socio-economic consequences of these scenarios:
— Very large future growth in coal mining, industrial and urban economic sectors

Other considerations: N

— Risk to ecosystem services due to coal mining effects
» Changes in streamflow as a result of dewatering

e Future AMD N

* Aesthetic effects Mokolo - present Mokolo - future
water use water use
R’ Million/a
e AQriCUITUIE 358 540
: ini 2,327 6,291
2,077 4,071 pum———

_ Utilities 966 10,187
w water affairs Other commerce 4,089 9,141
-S| Value Added 2,778 9,757
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Proposed
Management Class
per IUA
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MC Descriptions

Management Class Descriptions

Minimally used

Class | Water resource is one which is minimally used and the overall condition of that
water resource is minimally altered from its pre-development condition
Moderately used

Class I Water resource is one which is moderately used and the overall condition of that
water resource is moderately altered from its pre-development condition
Heavily used

Class Il Water resource is one which is heavily used and the overall condition of that water
resource is significantly altered from its pre-development condition

water affairs
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i Water Affairs
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Preliminary guidelines for determining the IUA class for
a scenario

Percentage (%) of nodes in the IUA falling into the

indicated EC groups

>=A/B >=B >=C >=D <D
Class | 40 60 80 99
Class Il 40 70 95
Either 30 80
Class Il or 100




S

Percentage (%) of nodes in the IUA falling into the indicated EC groups IUA Class for ESBC
Scenario
IUA >=A/B >=B >=C >=D <D

1 20% 33.3% 46.6% 11
2 50% 50% I
3 100% I
4 14.2% 42.9% 42.9% Il
5 100% I
6a 100% Il
6b 66.7% 33.3% I
100% |

nr*

100% I

10 nr*
11a 100% Il
11b 100% I
12 100% Il
13 75% 25% I
14 25% 25% 50% I
15 66.7% 33.3% I
16 66.7% 33.3% I
17a 100% I
17b 100% I

~

*Relates to groundwater use
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Proposed MC

per IUA

IUA 17h
EC: BIC
Mc:

S

IUA 17a
EC:BIC -
MC:l

IUA 11b

EC:C
MC: I

Major Cuminge
1A, Salinadbion

Wimar Managemeni Area
Major dams

M Lirtas Aseas

|| 7 | somunawater zones
Cracodie Wast Catehman
Marico Calicherand
Matiabas Catchmanl
Moknio Catchment
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I | Oratemary catchments
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EC: 11a
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