
Step 5: Scenarios 
evaluation to



Sustainability

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. 

Scenarios evaluation (1)

The outcome of this process will result in the 
recommendation of scenarios and proposed MCs for each 

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 
the water resources of the WMA are not degraded.



Sustainability

Visioning 



Sustainability

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.

Objectives of Step 5 of the WRCS



Sustainability

• A visioning exercise was undertaken at the second PSC meeting 
held on the 12th 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.

Visioning
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S O C I A L  A C C O U N T IN G  M A T R IX  F O R  G A U T E N G
[Rand millions;  2006 prices]

N a t i o n a l  A c c o u n t i n g  M a t r i x  f o r  G a u t e n g

C a p i t a l  a c c o u n t   

C e n t r a l P r o v i n c i a l L o c a l

A c t i v i t i e s -                1,175,389         -          -               -            -           -          -            -        -            -                   -          -          -        -        -          -           -        -                 1 , 1 7 5 , 3 8 9   

C o m m o d i t i e s 727,110         -                   -          -               -            350,786    16,125     14,909       15,817   10,629       103,870            -          242,999   -        -        181,781   -           -        5,479             1 , 6 6 9 , 5 0 6   

C u r re n t  F a c t o r  L a b o u r 187,488         -                   -          -               -            -           11,483     28,915       10,553   -            -                   53,260     -          -        1,574     -          -           -        -                 2 9 3 , 2 7 3     
a c c o u n t s P a y m e n t s

C a p i t a l 249,985         -                   -          -               -            -           -          -            -        -            -                   63,841     -          -        11,946   -          -           -        -                 3 2 5 , 7 7 2     

I n s t i t u t i o n sE n t e r p r i s e s -                -                   -          177,404        -            -           35,628     2               725        -            -                   -          -          -        -        -          -           -        -                 2 1 3 , 7 5 8     

H o u s e h o ld s -                -                   216,539   -               156,702     6,117        15,400     4,464         -        -            -                   -          -          492       -        -          196          -        -                 3 9 9 , 9 1 0     

G e n e ra l  G o v e rn m e n t 1 0 , 8 0 5       5 8 , 2 2 1          -       5 , 8 3 9        5 1 , 1 2 9    4 3 , 2 0 8   3 9 , 3 5 4   3 5 9        -      -         -              -       -       -     -      -       1 , 1 3 2     -      -             2 1 0 , 0 4 7     
C e n t r a l  G o v e r n m e n t 1,517            58,221              -          5,678            47,325      42,714      2,636       -            -        -            -                   -          -          -        -        -          1,132        -        -                 1 5 9 , 2 2 3     
  -  Property  incom e -                -                   -          5,678            -            -           -          -            -        -            -                   -          -          -        -        -          -           -        -                 5 , 6 7 8         
  -  Trans fers -                -                   -          -               11             111           -          -            -        -            -                   -          -          -        -        -          1,132        -        -                 1 , 2 5 4         
  -  Direc t tax -                -                   -          -               47,313      42,603      -          -            -        -            -                   -          -          -        -        -          -           -        -                 8 9 , 9 1 6       
  -  Indirec t tax 2,258            60,116              -          -               -            -           -          -            -        -            -                   -          -          -        -        -          -           -        -                 6 2 , 3 7 4       
  -  Subs idies 742-               1,895-                -          -               -            -           2,636       -            -        -            -                   -          -          -        -        -          -           -        -                 -            
P ro v i n c ia l  G o v e rn m e n t 480               -                   -          161              655           -           32,863     -            -        -            -                   -          -          -        -        -          -           -        -                 3 4 , 1 5 9       
L o c a l  G o v e rn m e n t 8,809            -                   -          -               3,149        494           3,855       359            -        -            -                   -          -          -        -        -          -           -        -                 1 6 , 6 6 5       

C a p i t a l G o v e rn m e n t -                -                   -          9,676            -            -           21,640     14,488-       10,429-   -            -                   -          -          -        -        -          -           -        -                 6 , 3 9 8         
a c c o u n t

A l l  o t h e r  s e c t o rs -                -                   -          50,171          5,744        1,611-        -          -            -        -            -                   -          -          -        -        -          -           -        -                 5 4 , 3 0 4       

T r a d e R e s t  o f  R S A -            2 2 6 , 8 6 1        7 4 , 3 3 1   5 4 , 0 7 4      -        1 , 2 3 7     -       -         -      -         -              -       -       -     -      -       -        4 , 0 9 0   -             3 6 0 , 5 9 3     
A c c o u n t s  -  F a c t o r  P a y m e n t s -                -                   74,331     54,074          -            -           -          -            -        -            -                   -          -          -        -        -          -           -        -                 1 2 8 , 4 0 5     

 -  G o o d s  a n d  S e rv i c e s -                226,861            -          -               -            -           -          -            -        -            -                   -          -          -        -        -          -           -        -                 2 2 6 , 8 6 1     
 -  T r a n s f e rs -                -                   -          -               -            1,237        -          -            -        -            -                   -          -          -        -        -          -           -        -                 1 , 2 3 7         
 -  B a la n c e  o n  C u r re n t  A c c o u n t -                -                   -          -               -            -           -          -            -        -            -                   -          -          -        -        -          -           4,090     -                 4 , 0 9 0         

-            
R e s t  o f  t h e  W o r l d -            2 0 9 , 0 3 5        2 , 4 0 4    2 3 , 1 3 0      1 8 1        1 7 3        1 9 , 5 9 2   -         -      -         -              -       -       -     -      -       -        5 7 , 8 8 6-  -             1 9 6 , 6 2 9     
 -  F a c t o r  P a y m e n t s -                -                   2,404       23,130          -            -           -          -            -        -            -                   -          -          -        -        -          -           -        -                 2 5 , 5 3 4       
 -  G o o d s  a n d  S e rv i c e s -                209,035            -          -               -            -           -          -            -        -            -                   -          -          -        -        -          -           -        -                 2 0 9 , 0 3 5     
 -  T r a n s f e rs -                -                   -          -               181           173           19,592     -            -        -            -                   -          -          -        -        -          -           -        -                 1 9 , 9 4 7       
 -  B a la n c e  o n  C u r re n t  A c c o u n t -                -                   -          -               -            -           -          -            -        -            -                   -          -          -        -        -          -           57,886-   -                 5 7 , 8 8 6-        

C a p i t a l -                -                   -          -               -            -           -          -            -        4,230-         49,566-              -          -          -        -        -          -           -        -                 5 3 , 7 9 7-        

D i s c r e p a n c y -                -                   -          5,479            -            -           -          -            -        -            -                   -          -          -        -        -          -           -        -                 5 , 4 7 9         

T o t a l 1 , 1 7 5 , 3 8 9   1 , 6 6 9 , 5 0 6     2 9 3 , 2 7 3 3 2 5 , 7 7 2     2 1 3 , 7 5 8  3 9 9 , 9 1 0  1 5 9 , 2 2 3 3 4 , 1 5 9    1 6 , 6 6 5 6 , 3 9 8      5 4 , 3 0 4         1 1 7 , 1 0 1 2 4 2 , 9 9 9 4 9 2     1 3 , 5 2 0 1 8 1 , 7 8 1 1 , 3 2 8     5 3 , 7 9 7-  5 , 4 7 9         
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S O C IA L  A CC O UN T IN G  M A T R IX  F O R  T HE  N O RT H  W E S T  P RO V IN CE
[Rand millions; 2006 prices]

Na t io na l  A c c o u nt i ng  M a t r i x  f o r t h e  No rt h  W e s t  P ro v in c e

C ap i t a l  a c c o u n t   

C en t r al P ro v in c i a l L o c a l

A c t i v i t i e s -          201,099       -        -               -            -           -        -            -      -            -                   -        -        -        -       -        -        -        -             2 0 1 , 0 99 

C om m o di t i e s 112,775   -              -        -               -            54,396      740        734            1,052   6,945         20,496              -        32,052   -        -       72,948   -        -        937            3 0 3 , 0 75 

Cu rre n t  F ac t o r L a b ou r 35,400     -              -        -               -            -           1,435     1,423         702      -            -                   30,462   -        -        301      -        -        -        -             6 9 , 7 24   
a c c o u n t s P a y m e n t s

C ap i t a l 51,063     -              -        -               -            -           -        -            -      -            -                   11,059   -        -        2,288   -        -        -        -             6 4 , 4 10   

In s t i t u t i o n sE nt e rp ri s e s -          -              -        22,406          -            -           175        0               48       -            -                   -        -        -        -       -        -        -        -             2 2 , 6 29   

H ou s e h old s -          -              37,418   -               17,152      790           1,721     220            -      -            -                   -        -        598       -       -        42         -        -             5 7 , 9 39   

G e ne ra l  G ov e rn m en t 1 , 86 2    4 , 0 2 4       -      2 6 5           3 , 4 1 3     2 , 8 37     6 , 9 05   1 8          -    -         -              -      -      -     -     -      -     -      -         1 9 , 3 23   
C en t ra l  G ov e rn m e nt 190          4,024          -        257              3,171        2,804        302        -            -      -            -                   -        -        -        -       -        -        -        -             1 0 , 7 49   
  -  Property income -          -              -        257              -            -           -        -            -      -            -                   -        -        -        -       -        -        -        -             2 57       
  -  Transfers -          -              -        -               0              6              -        -            -      -            -                   -        -        -        -       -        -        -        -             6          
  -  Direct tax -          -              -        -               3,171        2,798        -        -            -      -            -                   -        -        -        -       -        -        -        -             5 , 9 69    
  -  Indirect tax 387          4,130          -        -               -            -           -        -            -      -            -                   -        -        -        -       -        -        -        -             4 , 5 17    
  -  Subsidies 196-          106-             -        -               -            -           302        -            -      -            -                   -        -        -        -       -        -        -        -             -       
P rov in c ial  G o v ern m e n t 68           -              -        8                  32             -           4,541     -            -      -            -                   -        -        -        -       -        -        -        -             4 , 6 49    
L o c al  G o v er nm e n t 1,604       -              -        -               209           33            2,062     18             -      -            -                   -        -        -        -       -        -        -        -             3 , 9 25    

Ca p i t a l G o v e rn m e nt -          -              -        2,901            -            -           227-        2,254         2,124   -            -                   -        -        -        -       -        -        -        -             7 , 0 52    
a c c o u n t

A ll  o t h e r s e c t o rs -          -              -        17,732          2,030        278-           -        -            -      -            -                   -        -        -        -       -        -        -        -             1 9 , 4 85   

T ra d e R es t  o f  R S A -       56 , 2 5 3     31 , 8 4 7 15 , 7 3 8      -        1 6 6        -      -         -    -         -              -      -      -     -     -      -     29 , 8 3 0- -         7 4 , 1 72   
A c c ou n t s  -  F ac t o r P a y m e n t s -          -              31,847   15,738          -            -           -        -            -      -            -                   -        -        -        -       -        -        -        -             4 7 , 5 84   

 -  G o o d s  a n d  S e rv i c es -          56,253        -        -               -            -           -        -            -      -            -                   -        -        -        -       -        -        -        -             5 6 , 2 53   
 -  T ra ns f e rs -          -              -        -               -            166           -        -            -      -            -                   -        -        -        -       -        -        -        -             1 66       
 -  B a lan c e  o n  Cu rre n t  A c c ou n t -          -              -        -               -            -           -        -            -      -            -                   -        -        -        -       -        -        29,830-   -             2 9 , 8 30-   

-       
R es t  o f  t he  W o rld -       41 , 6 9 9     4 6 0     4 , 4 3 0        3 5         30         -      -         -    -         -              -      -      -     -     -      -     28 , 9 2 5 -         7 5 , 5 79   
 -  F ac t o r P a y m e n t s -          -              460        4,430            -            -           -        -            -      -            -                   -        -        -        -       -        -        -        -             4 , 8 90    
 -  G o o d s  a n d  S e rv i c es -          41,699        -        -               -            -           -        -            -      -            -                   -        -        -        -       -        -        -        -             4 1 , 6 99   
 -  T ra ns f e rs -          -              -        -               35             30            -        -            -      -            -                   -        -        -        -       -        -        -        -             65        
 -  B a lan c e  o n  Cu rre n t  A c c ou n t -          -              -        -               -            -           -        -            -      -            -                   -        -        -        -       -        -        28,925   -             2 8 , 9 25   

C ap i t a l -          -              -        -               -            -           -        -            -      106           1,011-               -        -        -        -       -        -        -        -             9 05-       

D is c re p a nc y -          -              -        937              -            -           -        -            -      -            -                   -        -        -        -       -        -        -        -             9 37       

T o t a l 2 0 1 , 09 9 3 03 , 0 7 5    69 , 7 2 4 64 , 4 1 0      2 2 , 6 2 9    5 7 , 9 39   1 0 , 7 49 4 , 6 4 9      3, 92 5 7 , 0 52      19 , 4 8 5         41 , 5 2 1 3 2 , 0 5 2 5 9 8     2 , 5 8 9 7 2 , 9 4 8 4 2      9 0 5-     9 3 7         
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DEVELOPMENT IMPACT FOR THE DEVELOPMENT BANK OF SOUTHERN AFRICA

NATIONAL ACCOUNTING MATRIX FOR LIMPOPO
[Rand millions; 2006 prices]

Capital account  

Central Provincial Local

Activities -             200,872             -                          -                   -               -              -               -                        -          -                        -         -            -          -                -            -          -          -          -          ######

Commodities 108,527     -                     -                          -                   -               79,685         1,397            2,738                    887         2,381                    24,014   -            37,853    -                -            64,406    -          -          936         ######

Current Factor Labour 36,196       -                     -                          -                   -               -              9,330            5,311                    592         -                        -         22,458      -          -                320           -          -          -          -          74,206  
accounts Payments

Capital 54,143       -                     -                          -                   -               -              -               -                        -          -                        -         14,082      -          -                2,425        -          -          -          -          70,650  

Institutions Enterprises -             -                     -                          38,665              -               -              201               0                           41           -                        -         -            -          -                -            -          -          -          -          38,907  

Households -             -                     42,864                    -                   33,002         765              9,716            820                       -          -                        -         -            -          332               -            -          44           -          -          87,542  

General Government 2,006        13,310              -                         907                  4,987          7,150         27,034        66                        -         -                       -        -           -         -               -           -         -         -         -         55,460  
Central Government 594            13,310               -                          877                   4,690           7,122           760               -                        -          -                        -         -            -          -                -            -          -          -          -          27,354  
  -  Property income -             -                     -                          877                   -               -              -               -                        -          -                        -         -            -          -                -            -          -          -          -          877        
  -  Transfers -             -                     -                          -                   0                  10                -               -                        -          -                        -         -            -          -                -            -          -          -          -          10          
  -  Direct tax -             -                     -                          -                   4,690           7,112           -               -                        -          -                        -         -            -          -                -            -          -          -          -          11,802  
  -  Indirect tax 740            13,924               -                          -                   -               -              -               -                        -          -                        -         -            -          -                -            -          -          -          -          14,664  
  -  Subsidies 146-            614-                    -                          -                   -               -              760               -                        -          -                        -         -            -          -                -            -          -          -          -          -          
Provincial Government 314            -                     -                          30                     120              -              23,730          -                        -          -                        -         -            -          -                -            -          -          -          -          24,194  
Local Government 1,098         -                     -                          -                   177              28                2,544            66                         -          -                        -         -            -          -                -            -          -          -          -          3,912     

Capital Government -             -                     -                          1,232                -               -              20,325-          15,259                  2,393      -                        -         -            -          -                -            -          -          -          -          1,441-     
account

All other sectors -             -                     -                          7,691                881              195-              -               -                        -          -                        -         -            -          -                -            -          -          -          -          8,376     

Trade Rest of RSA -            79,516              30,854                   16,525            -              116             -               -                       -         -                       -        -           -         -               -           -         -         52,286-  -         74,725  
Accounts  - Factor Payments -             -                     30,854                    16,525              -               -              -               -                        -          -                        -         -            -          -                -            -          -          -          -          47,378  

 - Goods and Services -             79,516               -                          -                   -               -              -               -                        -          -                        -         -            -          -                -            -          -          -          -          79,516  
 - Transfers -             -                     -                          -                   -               116              -               -                        -          -                        -         -            -          -                -            -          -          -          -          116        
 - Balance on Current Account-             -                     -                          -                   -               -              -               -                        -          -                        -         -            -          -                -            -          -          52,286-    -          52,286-  

-         
Rest of the World -            29,128              488                        4,696              37               21               -               -                       -         -                       -        -           -         -               -           -         -         32,825  -         67,195  
 - Factor Payments -             -                     488                         4,696                -               -              -               -                        -          -                        -         -            -          -                -            -          -          -          -          5,184     
 - Goods and Services -             29,128               -                          -                   -               -              -               -                        -          -                        -         -            -          -                -            -          -          -          -          29,128  
 - Transfers -             -                     -                          -                   37                21                -               -                        -          -                        -         -            -          -                -            -          -          -          -          58          
 - Balance on Current Account-             -                     -                          -                   -               -              -               -                        -          -                        -         -            -          -                -            -          -          32,825    -          32,825  

Capital -             -                     -                          -                   -               -              -               -                        -          3,823-                    15,638-   -            -          -                -            -          -          -          -          19,460-  

Discrepancy -             -                     -                          936                   -               -              -               -                        -          -                        -         -            -          -                -            -          -          -          -          936        

Total 200,872   322,826           74,206                   70,650            38,907       87,542       27,354        24,194                3,912     1,441-                   8,376    36,540    37,853  332              2,745       64,406  44          19,460-  936        
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GDP/IUA ES/IUA
IUA 1 553,145,588,549 722,298,632 
IUA 2 2,167,252,061 61,370,726 
IUA 3 12,122,943,794 112,065,817 
IUA 4 26,195,260,257 261,783,644 
IUA 5 7,985,313,445 323,628,058 
IUA 6a 856,411,214 136,239,290 
IUA 6b 367,033,377 97,286,588 
IUA 7 144,946,502 54,048,104 
IUA 8 110,482,943 58,341,734 
IUA 9 10,944,006,526 426,521,164 
IUA 10 897,071,192 47,364,181 
IUA 11a 1,843,963,214 317,914,585 
IUA 11b 611,612,971 645,084,738 
IUA 12 3,553,919,882 107,047,686 
IUA 13 3,583,181,119 456,874,668 
IUA 14 36,396,585,663 546,285,341 
IUA 15 685,831,154 335,138,076 
IUA 16 3,179,735,512 285,290,125 
IUA 17a 176,012,095 23,153,426 
IUA 17b 213,467,299 180,290,628 



Sustainability

The classification process requires the quantification of ecological 
water requirements (EWRs) (previous Reserve studies; additional 
Rapid III; extrapolation).
• See table handed out showing EWR data; and
The Present Ecological State (PES), Ecological Importance (EI) and 
Ecological Sensitivity (ES) per hydro-node were provided by the 
Reserve determination studies and the DWA desktop PES, EI and ES 
study that was undertaken for the Crocodile West/Marico WMA and 
Limpopo WMAs 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 
these studies. 
• See table showing hydronodes and PES per hydronode

Ecological water requirements quantification



PES at 
hydro nodes



Hydronodes
with PES 
higher than the 
overall IUA PES



ALTERNATE 
Catchment scenarios
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Alternate scenarios description
Molopo Klein Marico 

ESBC: Ecological = PES, present water use ESBC: Ecological = PES, present water use 

1) Reductions in groundwater (outflow from dolomitic eye), PES, present water use 1) PES, future water use 

2) Reductions in groundwater (outflow from dolomitic eye), REC, present water use 2) REC, present water use  

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

Ngotwane Groot Marico 

ESBC: Ecological = PES, present water use ESBC: Ecological = PES, present water use 

1) Reductions in groundwater (outflow from dolomitic eye), PES, present water use 1) PES, future water use 

2) Reductions in groundwater (outflow from dolomitic eye), REC, present water use 2) PES, AIP clearing, future water use (including emerging farmers) 

3) Reductions in groundwater (outflow from dolomitic eye), PES, future water use 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 ESBC: Ecological = PES, present water use 

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

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

2) REC, present water use  2) REC, present water use  

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

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

Water quality – nutrients, AMD  

Matlabas  

ESBC: Ecological = PES, present water use  

1) REC, present water use  
 

 



Specific considerations 
that were included in 

the setup for the 
scenarios

Future demand
Significant additional future (2030) water use 
requirements directly to: Industrial and 
power generation = 110 million m3/a 

Future demand
Significant additional future (2030) water use 
requirements directly to: Industrial and 
power generation = 110 million m3/a 



Sustainability

Impact of EWR (PES) at major dams

This 
configuration 
of ecological 
categories 
ensures that 
a sustainable 
level of 
ecosystem 
functioning is 
maintained in 
the study 
catchments

Major Dam Catchment Yield without EWR 
(million m3/a)

Yield with EWR (million 
m3/a)

Klein Maricopoort A31D 5.38 3.98
Kromelmboog A31E 2.61 2.44
Marico Bosveld A31B 21.54 9.19
Molatedi A32C 11.37 11.9

Mokolo A42F Depending on operating
rules 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 A22J 6.5 3.4
Roodeplaat A23A 37.5 35.0
Klipvoor A23J 24.5 28.0



Alternate Scenarios 
methodology used  

per EWR site



CROC_ EWR Site 3: below Hartbeespoort Dam 

The following scenarios 
were evaluated: 

• Nat: Natural flows

• Prs: Present day flows

• Sc1: Present day 

water use (2015), PES

• Sc2: Future water use 

(2030), PES



CROC_ EWR Site 3: main concerns

Main concerns at 
this point:
- Upstream:

- AMD;
- 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 4.421 0.1 
Prs 13.228 11.080 30 0.967 5.066 0.1 
EWR3_CD 3.941 5.228 30 0.810 0.915 0.1 
Sc1 14.720 12.657 30 1.131 6.075 0.1 
Sc2 14.424 9.745 30 3.792 7.536 0.1 
 



CROC_EWR 3: Ecological Consequences 

 Natural Present EWR 3_C/D  Sc 1 Sc 2 
Fish dry A D D D A 
Fish wet A A A A 
Fish integrated A C A A 
Invert Dry A D/E D D A 
Inver wet A A C A 
Invert integrated C C C/D A 
  B C B/C A 
 



Crocodile-West: 
Scenario implications

• WRCS study has found that  PES and REC are very similar
• 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
– No negative impacts on long term GDP
– Dam levels to fluctuate

• Water quality costs:
– Cost of water treatment

• AMD treatment
• Nutrient removal

R'million/a CWM ESBC

CWM PES/REC, 
future water use 

(mining –
Rustenburg area, 
transfer of water 

to Mokolo –
MCWAP)

Agriculture 31,500 42,016 
Mining 225,857 260,997 
Manufacturing 1,392,602 1,809,046 
Utilities 47,427 59,845 
Other commerce 822,990 1,052,696 
Value added 664,839 846,976 
Value Added 100% 127%

Socio-economic consequences



Water quality at the site



Crocodile-West: Water quality 
implications related to AMD

• 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

• 4 – 5% increase in salinity levels in the dam
• Significant reduction in impacts

• 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 
348,000kg/a to 68,000kg/a.

Water quality implications related to AMD and nutrients



Maloneys Eye and 
Tarlton Dolomite 
Area:

Background:
- High yielding DLMT system
- Yield: Irrigation at Tarlton and Steenkoppies

Comp.;
- Quality concern!
- AMD Case (Untreated to treated scenario , 

although salinity of HBPD and downstream 



Crocodile-West: Water quality 
implications related to nutrient 

pollution

• Proposed Class: III
• Hard working system
• Key RQO considerations:

– Water quality targets related to AMD and nutrients

Implications for Management Class



MAR__EWR 3: below Marico Bosveld Dam

MAR_EWR 3MAR_EWR 3

• Nat Natural 
flows

• Prs Present day 
flows

• Sc1 Present day 
water use, PES

• Sc3 Present day 
water use, REC
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MAR__EWR 3: below Marico Bosveld Dam

Main concerns at this 
point:

• Irrigation; 
• Resource poor 

farmers require 
water
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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 
Sc1 total 2.666 2.483 20 0.566 0.646 1 
Sc3 total 2.510 2.617 20 0.652 0.831 1 
 



MAR_EWR 3: Ecological Consequences 
 Present EWR3_CD EWR3_C Sc1 Sc3 
Fish dry F C B/C C C 
Fish wet E/F A A A/B B 
Fish integrated F B A/B C/B C/B 
Invert Dry F C/D C/D C/D C 
Inver wet F A C/D A/B C 
Invert integrated F C B/C C C 
 F C C C C 
 



Crocodile-West: 
Scenario implications

• 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, AIP 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 

• Other considerations:
– Risk to supply of dolomitic water 
– Nutrient pollution from WWTWs

Socio-economic consequences



Crocodile-West: Water quality 
implications related to AMD

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

Supply of dolomitic water
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• 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

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



Water quality at the site



5.7 - Zeerust and 
Marico/Holpan
Dolomite Area:

General:
- Water quality good;
- Yield: Irrigation and domestic;
- Resource management concerns that need 

urgent  attention to secure future 10% and 25% 
scenario’s;

- Urgent requirement for monitoring program.



Crocodile-West: Water quality 
implications related to nutrient 

pollution

• Both Klein and Groot Marico MC: II
• However:

– Alternative EWR permutations to be assessed
– Strict water quality RQOs required

Implications for Management Class



Ecological 
Consequences overall  

summary



EEC overall summary: Crocodile West

IUA Water 
Resource EWR sites 

Nat: Natural flows Prs: Present day flows Sc1: Present day water 
use (2010), PES 

Sc2: Future water use 
(2030), PES 

 

EC at EWR 
site  (PES) 

Ecological 
Con-

sequence 
of flows  

Recomme
ndation 

EC at EWR 
site  (PES) 

Ecological 
Con-

sequence 
of flows  

Recomme
ndation 

EC at EWR 
site  (PES) 

Ecological 
Con-

sequence 
of flows  

Recomme
ndation 

EC at EWR 
site  (PES) 

Ecological 
Con-

sequence 
of flows  

Recomme
ndation 

1 

Jukskei  CROC_EWR 2 
(A21C) 

E A √ E B √ E B √ E B √ 

Pienaars CROC_EWR 4 
(A23B) C C/D x C B/C √ C A √ C A √ 

2 Upper 
Magalies 

CROC_EWR 9 
(A21F)  B - √ B B √ B A √ B A √ 

3 Crocodile CROC_EWR 3 
(A21J) C/D B √ C/D C √ C/D B/C √ C/D A √ 

4 Hex CROC_EWR 6 
(A22J)  D D X D C √ D C √ D C √ 

5 Elands  CROC_EWR 13 
(A22E) C na X C C √ C E X C E X 

13 Crocodile CROC_EWR 7 
(A24C) D na X D D X D B/C √ D A √ 

 



EEC overall summary: Marico

IUA Water 
Resource EWR sites 

Natural flows 
Present day flows without 
EWR 

Present day water use (same 
as Sc1), PES  

Future water use, PES 

EC at EWR 
site  (PES) 

Ecological 
Con-

sequence 
of flows  

Recomme
ndation 

EC at EWR 
site  (PES) 

Ecological 
Con-

sequence 
of flows  

Recomme
ndation 

EC at EWR 
site  (PES) 

Ecological 
Con-

sequence 
of flows  

Recomme
ndation 

EC at EWR 
site  (PES) 

Ecological 
Con-

sequence 
of flows  

Recomme
ndation 

6a Klein Marico  MAR_EWR 5 
(A31E) C F X C C/D √ C E X C E x 

6b 

Groot 
Marico  

MAR_EWR 2 
(A31B) B B √ B A √ B A √ B B √ 

Polkadraais
pruit 

MAR_EWR 6 
(A31B) B/C D X B/C D x B/C D X B/C D X 

11a Groot 
Marico 

MAR_EWR 3 
(A31F) C/D F X C/D B/C √ C/D B √ C/D B/C √ 

11b Groot 
Marico 

MAR_EWR 4 
(A32D) C F X C C √ C C √ C - x 

 



EEC overall summary: Mokolo/Matlabas

IUA Water 
Resource EWR sites 

Natural flows Present day flows Present day water use, PES Future water use, PES 

EC at EWR 
site  (PES) 

Ecological 
Con-
sequence 
of flows  

Recomme
ndation 

EC at EWR 
site  (PES) 

Ecological 
Con-
sequence 
of flows  

Recomme
ndation 

EC at EWR 
site  (PES) 

Ecological 
Con-
sequence 
of flows  

Recomme
ndation 

EC at EWR 
site  (PES) 

Ecological 
Con-
sequence 
of flows  

Recomme
ndation 

15 

Mokolo MOK_EWR 1A 
(A42C) 

C/D E X C/D (B/C) F 
(C/D) D X C/D E X C/D E X 

Sterkstroom MOK_EWR 10 
(A42D) 

B/C B √ B/C B √ B/C B √ B/C na X 

16 Mokolo: MOK_EWR 3 
(A42G) 

B/C F X B/C D √ B/C D x B/C D x 

 

IUA Water 
Resource EWR sites 

Present day water use, PES REC, present water use 

EC at 
EWR site  

(PES) 

Ecologica
l Con-
sequenc
e of 
flows  

Recomm
endation 

EC at 
EWR site  

(PES) 

Ecologica
l Con-
sequenc
e of 
flows  

Recomm
endation 

17a 
Matlabas Zyn 
Kloof  

MAT_ EWR 1 
(A41A) 
 

B A √ B A √ 

17b Matlabas  MAT_EWR 2  
(A41C) C A √ C A √ 

 



Water Quality



Summary of water quality
 EWR site River Quat PES EIS REC WQ 

C
R

O
C

O
D

IL
E 

W
ES

T 

EWR 1 Crocodile: Upstream of the Hartbeespoort Dam A21H D Mod D D 
EWR 2 Jukskei: Heron Bridge School A21C E Mod D D 
EWR 3 Crocodile: Downstream of Hartbeespoort Dam in Mount Amanzi A21J C/D High C/D D 
EWR 4 Pienaars: Downstream of Roodeplaat Dam A23B C High C B/C 
EWR 5 Pienaars/Moretele: Downstream of the Klipvoor Dam in Borakalalo National Park A23J D High C C/D 
EWR 6 Hex: Upstream of Vaalkop Dam A22J D Mod D C/D 
EWR 7 Crocodile: Upstream of the confluence with theBierspruit A24C D Mod D D 
EWR 8 Crocodile downstream the confluence with Bierspruit in Ben Alberts Nature Reserve  A24H C Mod C C 
EWR 9 Magalies: Downstream of Malony’s Eye A21F B V High B B 
EWR 10 Elands: Upstream Swartruggens Dam A22A C High B/C C 
EWR 11 Sterkstroom: Upstream Buffelspoort Dam A21K C High C C 
EWR 12 Buffelspruit before confluence with Plat A23G B/C Mod B/C B 
EWR 13 Elands downstream Lindleyspoort Dam A22E C Low C C 
EWR 14 Waterkloofspruit downstream Rustenburg Nature Reserve A22H B/C Low B/C B 
EWR 15 Lower Magalies before confluence with Skeerpoort A21F C/D Low C/D C 
EWR 16 Rietvlei upstream Rietvlei Dam A21A C Low C D 

M
A

R
IC

O
 

EWR 1 Kaaloog-se-Loop: Below gorge A31A B V High B A/B 
EWR 2 Groot Marico: Upstream confluence with Sterkstroom A31B B V High B B 
EWR 3 Groot Marico: Downstream Marico Bosveld Dam A31F C/D High C/D B/C 
EWR 4 Groot Marico: Downstream Tswasa Weir A32D C High C B 
EWR 5 Klein Marico Downstream Klein Maricopoort Dam A31E C Mod C C 
EWR 6 Polkadraaispruit before confluence with Marico A31B B/C Mod B C 

M
O

K
O

LO
 

EWR 1a Mokolo at Vaalwater A42C C/D High B B 
EWR 1b Mokolo at Tobacco A42E B/C High B B 
EWR 2 Mokolo at Ka’ingo A42F B/C V High B B 
EWR 3 Mokolo below Mokolo Dam in the Gorge  A42G B/C V High B B 
EWR 4 Mokolo: Malalatau A42G C V High B B 
EWR 10 Sterkstroom A42D B/C High B/C B 

M
A

TL
A

B
A

S EWR 1 MatlabasZynKloof A41A B V High A B 
EWR 2 Matlabas at Haarlem East (A4H004) A41C C High B/C B 
EWR 3 Mamba River Bridge A41B B/C Mod B/C B 
EWR 4 Matlabas at Phofu A41C B Mod B B 

 



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.



Mokolo: Scenario 
implications

• 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:
– Risk to ecosystem services due to coal mining effects

• Changes in streamflow as a result of dewatering
• Future AMD
• Aesthetic effects

R’ Million/a

Mokolo - present 
water use 

Mokolo - future 
water use

Agriculture 358 540 
Mining 2,327 6,291 
Manufacturing 2,077 4,071 
Utilities 966 10,187 
Other commerce 4,089 9,141 
Value Added 2,778 9,757 

Socio-economic consequences



Proposed 
Management Class 

per IUA
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MC Descriptions

Management Class Descriptions 

Class I 

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

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

Class III 
Heavily used 
Water resource is one which is heavily used and the overall condition of that water 
resource is significantly altered from its pre-development condition 
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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 I 40 60 80 99   
Class II   40 70 95   

Class III 
Either      30 80   
Or       100   
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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% III 

2   50% 50%  
 II 

3    100%  
 III 

4   14.2% 42.9% 42.9%  II 

5    100%   II 

6a    100%   II 

6b  66.7% 33.3%   II 

7   100%    I 

8       III* 

9      100% II* 

10       III* 

11a   100%   II 

11b    100%   II 

12    100%  III 

13    75% 25%  III 

14  25% 25% 50%  III 

15  66.7% 33.3%   II 

16  66.7% 33.3%   II 

17a  100%    I 

17b  100%    II 

*Relates to groundwater use 
 



Proposed MC 
per IUA
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Questions?


