Pre-feasibility Study into Measurements to Improve Draft

the Management of the Lower Orange River

Appendix A
Figures
Description Figure no.
1) Vaal River Basin sub-catchments A-1
2) Orange River Basin sub-catchments A-2
3) Fish River Basin (Namibia) sub-catchments A-3
4) Integrated Vaal River Water Supply System A-4
5) Larger Orange River Water Supply System A-5
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Pre-feasibility Study into Measurements to Improve Draft

the Management of the Lower Orange River

Appendix B

Sizing of Re-regulation Dams

Description Table no.
1) Boegoeberg Re-regulating Dam B-1
2) Komsberg Re-regulating Dam B-3
3) Vioolsdrift Re-regulating Dam B-4
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Pre-feasibility Study into Measurements to Improve Draft

the Management of the Lower Orange River

Appendix C
Short-term Stochastic Yield
Characteristics for the Current Orange
River system 2005 Development Level

Description Graph no.

1) Short-term stochastic yield curves 100% start storage C-1

2) Short-term stochastic yield curves 80% start storage C-2
3) Short-term stochastic yield curves 60% start storage C-3
4) Short-term stochastic yield curves 40% start storage C-4
5) Short-term stochastic yield curves 20% start storage C-5
6) Short-term stochastic yield curves 10% start storage C-6

7) Short-term stochastic firm yield lines C-7
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Pre-feasibility Study into Measurements to Improve Draft

the Management of the Lower Orange River

Appendix D

System Schematics

Description Schematic no.

Reference Scenario 1

1) Upper Orange schematic with penalty structures D-1
2) Lower Orange schematic with penalty structures D-2
3) Fish River sub-system with penalty structures D-3
4) Upper Orange schematic with water balance D-4
5) Lower Orange schematic with water balance D-5
6) Fish River sub-system with water balance D-6

Reference Scenario 2

7) Upper Orange schematic with penalty structures D-7
8) Lower Orange schematic with penalty structures D-8
9) Fish River sub-system with penalty structures D-9
10) Upper Orange schematic with water balance D-10
11) Lower Orange schematic with water balance D-11
12) Fish River sub-system with water balance D-12

Reference Scenario 3

13) Upper Orange schematic with penalty structures D-13
14) Lower Orange schematic with penalty structures D-14
15) Fish River sub-system with penalty structures D-15
16) Upper Orange schematic with water balance D-16
17) Lower Orange schematic with water balance D-17

18) Fish River sub-system with water balance D-18
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the 2005 analysis
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Penalty structures for
the 2005 analysis
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Water Balance for

the 2005 analysis
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Pre-feasibility Study into Measurements to Improve Draft V1.1

the Management of the Lower Orange River

Appendix E
WRPM Results

Description Schematic no.
1) Reference Scenario P3 Curtailment level plot E-1
2) Reference Scenario P3 Storage projection plot E-2

3) Scenario P3a (Full starting level) Curtailment level plot E-3

4) Scenario P3b (Limited irrigation growth) Curtailment level

plot E-4
5) Scenario P3c (Vioolsdrift re-requlating dam) Curtailment

level plot E-5
6) Scenario P3d (Vioolsdrift re-regulating dam full starting

storage level) Curtailment level plot E-6
7) Scenario P3e (ORRS EFR) Curtailment level plot E-7
8) Scenario P3f (ORRS EFR & real time modelling)

Curtailment level plot E-8
9) Scenario P3g (ORRS EFR & real time modelling &

Vanderkloof Lower Level Storage E-9

10) Required intervention time for various options versus

the most probable demand growth E-10

Hydrology, Water Quality and Systems Analysis — Volume A 12 October 2004



Risk Priority

Criteria % Boxplot derived from 1000 stochastic sequences Class
ol N
S =
I
0
1 | 1
L
>
Y
\ 7 Ve
- \ Yo \ E
o P d \V’ / v 7 3
S y \/ =
<
— MIN% lﬂ_f I’
.. 05% =) i
- 1% I [ T i | I
5 0/0 _ -
25 % - = T - T T
50 % e %
n -
75 %
95 %
= 9%
.. 995 % - 0.0 1
. MAX % ! ! !
Exceedance 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026
Probability (%) YEARS
WRP_P0076_Graphics_Fig50b.cdr
LOWER ORANGE RIVER MANAGEMENT Reference Scenario P3
PRE-FEASIBILITY STUDY Curtailment level plot E-1




10000.0

l i
‘

|

il

8000.0

H

H|

I

H

\ I\ By

Start Storage 6539———»
"E 6000.0 Live Storage
S 6883 mcm
o)
E
i
2 4000.0
—— MIN % [0
0,5 % o
o 1% [ |
5% n
25 % v
2000.0
50 % M.O.1
—= 1653
75 %
95 %
- 9%
.. 995 % 0.0
— MAX % | | | | | | | | | |
Exceedance 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026
Probability (%) YEARS
WRP_P0076_Graphics_Fig51b.cdr
LOWER ORANGE RIVER MANAGEMENT Reference Scenario P3 E 2
PRE-FEASIBILITY STUDY Gariep & Vanderkloof Storage Projection Plot




Risk Priority

Criteria % Boxplot derived from 1000 stochastic sequences Class
- 3.0 -
0 <
S o
T
a
+ 12,0 - +
>
i
-
- £
o 4 =
- LéJ g
- =
<
 MIN% E
.. 05% )
1% T %) 1.0 - 1
5 0/0
25 %
50 % o %
0w B
75 %
95 %
__ 99 %
... 995% 1 0.0 | | | 1
— d::t: * 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026
Probability (%) YEARS

WRP_P0076_Graphics_Fig47b.cdr

LOWER ORANGE RIVER MANAGEMENT Scenario P3a Full starting storage
PRE-FEASIBILITY STUDY Curtailment level plot E-3




MIN %
0,5 %
o 1%

5%

25 %
50 %
75 %

95 %
99 %
99.5 %
MAX %

Exceedance
Probability (%)

Risk

Criteria %

0.5

1.0

5.0

Boxplot derived from 1000 stochastic sequences Class
3.0 I
=
=l
=" es
l' * \
22.0— """" '.'\ """" '\: """" r---------- /x""“""a"’ """"" ;{ """" hjgeoooc choooooooc 1T
=~ (IR VR R U ! \, .
w ; v ) ' / . ’ / .
— | \. ] \ S ey I\ / \ \"
= :, \* !/ \ ~ S
LY \’
= ! v/ NN v =
<
> ] v ~J
3104 ; ---------------------------------------------------------------------------------------- -
i
{ 3
o
J -
0.0 T I I T T T T T T 1 I
2004 2006 2008 010 012 014 016 018 2020 2022 2024 2026

Priority

YEARS

WRP_P0076_Graphics_Fig47b.cdr

"YW

[ItT

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

Scenario P3b Limited irrigation
Growth - Curtailment level plot

E-4




Risk ) . Priority
Criteria % Boxplot derived from 1000 stochastic sequences

Class
I 3.0 I
T}
P "‘ o=y l' ‘\
] ’ 4 ‘
” . \‘ '¢ “ " |‘
1
-+ 020 4] .....’\....', ---------- P e g O LTI -+
> ,' / \ ' ' ! /\ ' A 5
1
IiIJ ! I \ ‘l ' ‘| " I \‘| l'
) = . V! ! N - AN \ . €
= n ;U A N N LT R W T E
s v/ Voo N / 4 ]
<=(| :/ \ ‘| :' / NN / =
— MIN% E :” \\ ‘.l / ~J
T O’f % 1 - | 1 0 I Bom e e e e e e e mmmmmmmaga————- I_ ______________________________________________________________ 1
- 1 0/o O .’ ‘ I
5% y \ 7
25 % ." 7
50 % o J %
n -
75 % {
’ [T
__  999%
.. 99.5% 1 0.0 &£ :’ -!_ T -!_ 1 ! | | | 1

) I I
- dMAX b 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026
Xceedance
Probability (%) YEARS
WRP_P0076_Graphics_Fig48b.cdr
Y I ‘ RASS— LOWER ORANGE RIVER MANAGEMENT Scenario P3c Vioolsdrift re-regulating
‘— IS {As—B it = PRE-FEASIBILITY STUDY Dam - Curtailment level plot E-5




Risk Priority

Criteria % Boxplot derived from 1000 stochastic sequences Class
— 3.0 —
[P =
o l"‘ Rz
¢ XI
- -y ’ +
" 1 v “
’ L i 1
1 g 730 J | l' .......... ‘| ...................... '.' .......... ‘; ............... 1
E : “ ' I\\| A ~
'} 1 '
-~ : ' ] I v £
= - B ' / \| ’ 5
o & ! N Tl N oS S
A}
2 AN SN =
‘ 1
— MIN% = ’ . 1 —_
. 05% % SRR | SR S
Do - (O EETRERREE STCTRE ST ST PER e TR T T P PP PR LT PEP P PEPP PP PEP PEEPPEPPRE -
o ' I\
5% 1 \ I
' / J
25 % '
h / \_ 3
50 % = ' / (o)
n Il 7 —
75 % ! //
[ ]
95 % l/
—_ 99% 1
.. 995% 1 0.0 :/ : : | | | | 1
— dMAX * 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026
Xceedance
Probability (%) YEARS

WRP_P0076_Graphics_Fig48b.cdr

LOWER ORANGE RIVER MANAGEMENT Scenario P3d Vioolsdrift re-regulating dam
PRE-FEASIBILITY STUDY Full starting storage - Curtailment level plot E'G




—— MIN %
... 05%
—_— 1 0/0
5 %
25 %
50 %
75 %

95 %
—— 9%
.. 995%
— MAX %

Exceedance
Probability (%)

Risk
Criteria %

0.5

1.0

5.0

CURTAILMENT LEVELS

Priority

Boxplot derived from 1000 stochastic sequences Class
3.0 I
N
Rl
P I
» o ¥
¢ V4 A
¢ L}
4 ‘| ¥ 5 : ‘\
1] .
20 ¢---------- P 3 ST ;" """ §ooooeeesaReasae0ceRe05s \ Uooooooooo AR :"‘ """"
’ ' ’ \} I ' . )
' ] ’ L Il . sV
" ' " “ f v, ) g
1
: L ! ' " 7\ ‘| ! ]
1 1 A} / \ 'Y U [})
! 1 1 > 'l 7 " =
: A ! \ /\ T -~ o 4 Vi
[ \ ! I/ \ - O Y / \ -~
./ PN T 7N
1.0 ¢4----9 " SRR \ aldoocooo "IV ------ \\ ---------------- / -------------- \- y Ak T
W \ I‘ ' I N T - J
: Il \ I' /
]
1] - J -
i
! TTT1TT
00 L T [T [T] -

T T
2004 2006 2008 2010 2012

2014 2016 2018 2020 2022 2024

YEARS

2026

WRP_P0076_Graphics_Fig54b.cdr

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

Scenario P3e ORRS EFR used
Curtailment level plot

E-7




Risk
Criteria %
0
o
e
-
—— MIN %
.. 05%
- - 1 % T
5 0/0
25 %
50 % o
n
75 %
95 %
—— 9%
.. 995 % i
— MAX %
Exceedance

Probability (%)

CURTAILMENT LEVELS

Priority

Boxplot derived from 1000 stochastic sequences Class
3.0 -
w ~
=
>
I
a
AR
I' u LN
Il -~
20 4------]---- e oz e A GAEEELEE LT L ELET FEETPLTSLE ST CRTLETLETPELTREPTREE -+
. ' . I 1}
] ' - Y ' .
|} ] L}
:' 1 y ‘\ 1 A\ "\ £
, \ ! \ 1 A MAREERY =
[} . ! R e L} ’ . g
! 1 ) M ! ‘v' =
] . " ‘~ .
] 0 IS ! N 7\
.l / A\ . U Se o “ ,' / N/ \
1.0 4----F CRCLALEEEEE A S TLITTrE ERLEEE /Aznznesanamst CREET P P T PP PR N -
' A ' / N A / - Q
[ ] / ' ! -/ \ v I
1
: I \ ' l' r- \ L~ J
/ \," N— 3
[} 4 o
' ~
ol v
/J
0.0 ] T T T T T T T T = T T L __
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

YEARS

WRP_P0076_Graphics_Fig54b.cdr

EF N WeE

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

Reference Scenario P3
Gariep & Vanderkloof Storage Projection Plot E-8




Risk
Criteria %

0.5

1.0

MIN %
--- 0,5%
- 1%

5 0/0

25 %

50 %

5.0

75 %

95 %
- 9%
99.5 % 1
MAX %
Exceedance
Probability (%)

CURTAILMENT LEVELS

Priority

Boxplot derived from 1000 stochastic sequences Class
3.0 I
V
=
=
I
a
‘4
¢
’ !
]
20 4------]---- ARREERD P EEEEELITIT I P EREEEEEEE T T
!
,' ! " )
Il L ' u £
d ' : ' 3
[} “ ] \‘ g
: 1 ,' + > ~ E
[l U ] ‘. ’ S .
1 ~ ,
l. / /\ ' " h = ) :, ¥ b ~
1.0 ¢t----4 ,'"'/ ----- \ R R === / N'\'"""""‘" “f------ L A ~r =t T
! / \ II / \ ' :'
: I/ \ ' \ ‘I y
[] I ' ¢ r- | - ] ! I\ S
: Mo ! RIS \ 9
1] \ \» ' / \ 7/ \ - |
]
Al S W, =Y e
y v,/
v 7
0.0 ] T T T T T T \I/ T T T -
2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026
YEARS

WRP_P0076_Graphics_Fig54b.cdr

EF N WeE

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

Scenario P3g ORRS EFR, Real time modelling
& Vanderkloof Lower Level storage - Curtailment level plot




Increase in Demand (million m’/a)

500.0

450.0

400.0

350.0

300.0

250.0

200.0

150.0

100.0

50.0

0.0

Total Irrigation & Urban
Industrial & Mining
VIOOLSDRIFT
STQRAGE (28(
REAL TIME/MODELING 4} (
| _
! / — b
| Pl _ &= — — 7 " Namibia Irr & 12/000ha
H T+ RSATIT.
1 —_-
: / -T 4
Pl -m =®
e d - VIOOLSDRIFTRE} . .-~ - Narhibia Irr and 4 000ha
' ORRS EFR P = R%ULATING ______ *- - RSA Irr
i — "I
[ - ) P
; /’:// L= ]
l Pt Lo
| -~ - .’ -
;/’ Loo’ VANDERKLOOF LLS
I . " -
e’ ORRS EFR e LORMS EFR >
2005 2010 2012 2015 2018 2020 2025
Time (Years)
WRP_P0076_Graphics_Fig58b.cdr

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

Required intervention time for various options versus

the most probable demand growth

E-10




Pre-feasibility Study into Measurements to Improve Draft V1.1

the Management of the Lower Orange River

Appendix F
WRPM System Schematics

Description Schematic no.

Reference Scenario P3
1) Upper Vaal, Komati, Usutu, Thukela North, Upper Thukela

South sub-systems F-1
2) Thukela sub-system F-2
3) Senqu, Caledon and Upper Orange sub-systems F-3
4) Vaal Dam to Vaal Barrage sub-system F-4
5) Middle Vaal sub-system F-5
6) Lower Vaal and Riet Modder sub-systems F-6
7) Witbank Dam Sub-system F-7
8) Middelburg Dam Sub-system F-8
9) Loskop Dam incremental sub-system F-9
10) Lower Orange sub-system F-10
11) Fish River sub-system F-11

Hydrology, Water Quality and Systems Analysis — Volume A 14 October 2004



I _— e e e e e e e e e e = — —
I I I |
: | | | TM269
I | I I Zaaihoek Dam I
| USUTU | 1729.50.[10 000] 192.99
I | I I 1715.60] 1 [65.72
| | | | 1710.00 7.08 I
| 1692.70 | [0.301
| | |
! |
I | | |
I I | | | \ 37
I | | |
| | |
I | Jericho Dam \
| Westoe Dam I 1466.4190000159.932 I Morgenstond Dam I Heyshope Dam
1551.43[90000] 60.762 | 146624 5 [58304 | 1551.43[90000] 100.773 | 1.303.00[90000] 453.44
I | 155000 1 [51.824 | 146606 3015658 | 1550.00| 30 |20.559 | 1291.00] 10 [78.24
| 1537.5 | 60 15091 1457.00| 20 _16.995 137000170 lo.168 1287.00] 600 [27.18 2.79 :
I 1529 0 | 144600350000 | 137000 0 | 1277.00 0 \ 57 752
I | DSC = 1.246 | DSC =0.653 | DSC =0.618 | DSC =27.18 N
| | |
|
| | |
I CHURCH 9 WEST 9 I JERI 9 I MORG 9 I HEYS 9 \
| A I I I
I I I \
I | | |
| | I
|
I 716
213 Heymoan oR |
| Churchill Heyshope 688
1114 | I
I a1y 115| 208
I | 1278.45
10
I I (0,80)I115 127700 57
| 21 ’
1553.00 714
AR L TN
I I 1 550,00 HEYD94N.CIR 752
I 1550.00 Dummy Dam
I I 554
| (0,20)1115
— e e o e [ —
200
1552.00
10
Eb
(0,627)18 (0373)I8 ‘
203
(5.0)
Balmoral ( 34 30 Dummy7 (I)Joam A
(1]
GROOT94.ABS
765

Bosloop
GEMS 9
19
212

1 105.00

10
1100.00
1100.00

omati
Armot
Hendrina,

1537.00

1530.00
1.530.00
(0,503)125 I
FROM NODE 1106 v
(See Figure F-7) KOMATI | TO NODE 1106
(See Figure F-7)

NOOIT9]

489

UPPER OLIFANTS

1533
1514

Grootd
1548.96

753
raai Dam

10000 356.02

1547.95

318.65

DSC = 1.246

138.01
0

200

150)¢

See Figure F-4)

o] 445 v

Vaal Dam

55 - QQihoek Zaaihoek
100 Dummy
_ _13_* [y Chelmsfof

Dem 20
TM319
Chelmsford.
00

606

Newcastle Return
low

To Node 284

ZAAIHOEK

1102

1103
| 275 Durnacoll, Dannhaustl
1
I 111 Dem 21 I
408
410 |
| ] CHELD75. IRD

Newcastle, Madedeni, Osizwe

~
~
~ Dem 10 /
Dem 11 RN - Dummy Dam
Dundee, Glencoe, Utrecht SO / 303

301 0179

85

85

LEGEND

Node/Junction sub-model

Reservoir sub-model

Channel/River reach sub-mode/

VAAL94.ABS
Wetland modelled within channel
reach sub-model 116
00 [ 1|
Salt washoff sub-model

Bed losses
Irrigation block sub-model

Demand / return flow modelled
as min - max channel

Demand centre sub-model

Controlled demand through
master control channel

Specified demands/Return
flows

Penalty structure

Incremental hydrology
boundary

Sub-system boundary

TMO029 I TMO069
19 I
1176.70 J - 9
s00 | | , 1071.80 I
1167.60 / I 80
2 8 |
, 6
<~
TM0275.IRD 7/ I
// TMO039 I
/ 53 I
1134.00
4 30

Sterk.
90000
10
15

1490.00
1.490.00

(0,323)17

ﬂ/

Dummy Dam

706
FRAN 9

<>

(0,039)17

705

708

WILG94.ABS

SAULT94.ABS

(0,638)17
709 20.

140 357

1175.56

From node 280
(See figure F-2)

UPPER THUKELA

FROM NODE 194

43

Saulspoort Dummy Dam

«

FROM NODE 236
(See Figure F-3)

I
L
I
I
i
I

(See Figure F-3)

am2se] L L o o o o — — — —

1070.48

1035.00
1034.00

84

TO NODE 64
(See Figure F-2)

TMO059

THUKELA SOUTH

P 0076_LORMS_ Graphics_Figure 59.cdr

EF N WeE

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

WRPM Schematic Diagram: Upper Vaal, Komati, Usutu,

Thukela North, Upper Thukela and Thukela South Sub-systems

F-1




THUKELA

il

| ™™119 159 (0.16)

Dummy Dam

s s

189 (0)_

I

I

I

| I
| I
I sTuti7s8R0 |
| I
| I
| .y |
: DN, Quecusiz Dam I
I

S

TMO079

Possible

192(0,30)
TM149 883

Dummy Dam
891

[o]

TM14_MUN.IRD <

892

192(0,70)

893

TM1475B.IRD <

T™M159

FROM NODE 112 7
(SEE FIGURE F-1) /

varseo L, ]
7

4

V3_RORK.IRD

1930) _
590\ : RORK75B.IRD
I -
NON75.IRD ¢ ,‘ o7 1060
597
| ,/~ Possible
| /10' Buffelshoek
| /=93 Dam
|
| 903
| [o] TM289
——————— | l-————————l—————————————I
_____________________ _| : TM329
| |
|
TM299 s oo Sl I

1
11110
|
|

I I
I I
I I
I I
I I
I 7 Jana Dam_ : w2 I ]
| 84 889 -~ 897 386 I
FROM NODE 54 »( 64 P 58 | | TO ESTUARY
(SEE FIGURE F-1) : o ~ ' 279 : : |
[1420] I
344 188 (0.85)
| 1o KLIP758.1RD | T g | |
I KLIP75A.IRD 2655 ' — i — | | |
| 4 From Mooi River |
| THSKDS75.E§D (Mooinew.in) | MHL75.IRD | |
| , - — ="
I 7 I
I

p— —— — woon
25343
\57/7
\," Deeldrit
186 (0.84)

258

TO NODE 44

186 (0.16) (SEE FIGURE F-1)

914

LEGEND

Channel/River reach sub-model

N 1 - /
odefJunction sub-mode Demand centre sub-model

Reservoir sub-model
Controlled demand through

master control channel

Specified demands/Return
Wetland modelled within channel VAAL94.ABS flows
reach sub-model
116

[09» [ 1| Penalty structure
Salt washoff sub-model

— — — — Incremental hydrology

Bed Bed losses boundary

loss

Irrigation block sub-model === mmm  Syb-system boundary

190¢ (|40

Demand / return flow modelled
as min - max channel

364
Estcourt Ret I

TM139

TM189

| TM309 |

P 0076_LORMS_ Graphics_Figure 60.cdr

()
LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

WRPM Schematic Diagram: Thukela Sub-system

F-2




r——————————————————————————————————————
FEeY T TTTIOS KATJES]
LEGEND I i !
|
Node/Junction sub-model Demand centre sub-model I 1 140 457 C A L E D O N
|
Reservoir sub-model Controlled demand through I 1
master control channel |
Channel/River reach sub-model I |
VAAL94.ABS gpeciﬁed demands/Return 1
Wetland modelled within channel ows I I
reach sub-model s 1
(0999 | Penalty structure I
I
Salt washoff sub-model L e e e e
— = — — Incremental hydrology
Bed Bed losses boundary I
loss
(1>  !migation block sub-model = = Subeystembounday | —_— e e —
l / P 140 Cap =35,70 m'/s
________________ / ToNode 43 <«
IKNEL9 1as 7 (See Figure F-1)
1 452.00
1 X
14121
Tonode 403 0
Riet/ Modder

Sub-system

)

712

KATSE.TRF 9
0-00 100
147
Tonode 149 1402.90
Riet/ Modder 3 | iass2
Sub-system 1383.00

(See figure F-6)

472

LHFP Losses —\160} ----------- - ToVaal Dam (Node 42)

/ UPPER ORANGE

581 (See figure F-4)
/ ToNode 481 ToNode 477 —
/ Riet/ Modder  Riet/ Modder HFDU9-|
Sub-system Sub-system

. 2053.00
Orange Riet 5 5 | 2047.00 (2 040.00)
IRR 075.00 30
/ 10 005.00 1989.00 Katse
Mohale 21 1895.00 Dam
/ J T X LA L N Matsoku

422 421

(PRI o |
-1

L1]1z7

166
FSL[90000] 1 170,50
5 1153.00

30 | 115153 -
DSL| 100 | 1147.78 s 1 el AN L
Ramah 350001 1 104.80
i o0 VS )]

584

501 .-

117050 = = = = = = = | — = 129(0,66)
20 1 }153.00
70 | 1147.78

1383.00

26,

N Mashai 505 o~ 129(0,328)‘

To

|
|
|
|
|
I Node 168
|
|
|
|
|
|

442

417

'.\
Lower 1875 =,
Vaal iEZ] -
' -

<
u-
\
7
N/

Douglas 0 n 540
1000
0 427 |
——————— t--!
1845 ! | F
EN = High Environmental |125 1758.00 | 1875.00
. ® bemand ) B ’ 1182567
Losses  Operating 164 Dummy 1 FSL [90000] 1 258.69] | 17500 | 101 150400
Reach1A L ——1198.00 2 1 | 163000 | 173800
0sses v | DSL_70 [ 1231.63 |
IRR | RBLI 3500 | 1202.88 | |
| 1190.00 Lowvaal I 1 I |
v I | I
IRR | ROOD9 1 |

WRP_P0076_Graphics_Fig46.cdr

LOWER ORANGE RIVER MANAGEMENT WRPM Schematic Diagram: F 3
PRE-FEASIBILITY STUDY Senqu, Caledon and Upper Orange Sub-system -




(0,136)20 604

Increased
Urban Runoff

(0,397) 124

I
I
I
I
I
I
I
I
I
I
I
I
I ERGO.Q
I
I
I
I
I
I
I
I
I
I
I
I

¥

Bed

(0,214) 120

Dummy
Dam
0

608
Dummy
A Dam

Increased
Urban Runoff

(0,283) 12

From Node 40

853

(0,107) 112
Increased
Urban Runoff

0,0)112

245 (0,583)112
864

KLIPR 9

(0,257) 112

ToNode 261

To Grootdraai

Rand Water
Region A

75

BOREHOLE.ABS

UPPE

R VAAL

(See

Figure F-1)

From Grootdraai Sub-system
702

Irrigation
Return Flow

SEEPVA.Q

0,0)121
+.201
N

SR

From Sterkfontein / Frankfort Sub-system

774

== —From Lower Tugela I

—_—— 419 Salt Washoff, I
Tl TR
S~ ==~ From LHWP |
Small Town 685~~~ _ )
e Teel (See Figure F-3)
61 I

61

858

(0,446) 12 I

(0,166) 12

&>

337

857
:@4

/'

854

856

VAAL BARRAGE

76

164 I

— e s | . . - — e . . e -
)4 I
39 @ 271
862 sol 164 m Sasol 1 I
(oo [ 1 | g
1000 I
73
0,95 164 I
y 860 I
0 7 859
|
Not active
69 I
77
158 I
Rand Water
Region A& C I
ISCOR &
ESKOM I
EASTM.Q
CENTM.Q-, 832, I

240 (0,012

Vaal Barrage

890 .-~
WESTM.O-"
S — — — o mm mm m— m— —
90
694
7\

MIDDLE VAAL

N Possible
£ 61\, kromdraai
(See Figure A-5)

Chann

Bed

@6 (|DaA®

as min

Node/Junction sub-model

Reservoir sub-mode/ Direct

Wetland modelled within channel
reach sub-model 116

Salt washoff sub-model
loss Bed losses
Irrigation block sub-model

Demand / return flow modelled

LEGEND

Demand centre sub-model

Controlled demand through
master control channel

Iigation

VAAL94.ABS Specified demands/Return
flows

Penalty structure

0-0

T
om0 1

Incremental hydrology
boundary

I
I
I
I
el/River reach sub-model I
I
I
I
I

Sub-system boundary

- max channel

P 0076_LORMS_ Graphics_Figure 62.cdr

EF Y WeE

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

WRPM Schematic Diagram: Vaal Dam to Vaal Barrage

F-4




— e ———————————————————— | ——————— | ——————— o

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ey e e e e e e e e e e e e e e e e

KLERK 9

9 230

Klerkskraal

I Return flow from Node 40 From Barrage Return flow from Node 38  (See Figure F-4)

©0)l14 (025)114
592, 561

» KLERK.DEM

53 229 d

(0,38)116
563

0,014 7/
~ 7/
600 M~ y:
KROM9 7
—————————————————————————— - ——————— ——————————————————— — — —
I RIETF 9 p; KOP 9
| KOPPIES.DEM
I L7 2.48 k'’ 1.65 kan’
|
19 | , 16 15
0.3 km’ I o I 110,
BOSMDW.Q Mi (0,016 777, 776 173
--- T BN Dewal[r:'ing I 29 | 0 __ oo
~ 79 I :'.7‘5\5‘ 783 248)4 T 7% 778 249 172 (562
>~ _BOSKBLAQ ! [ictad [Looo] | C
LN . | L | . 591
787 .- A | Possible "\ ¢, 781 | Koppies \, Dummy Dam
Shall towns /. Rietfontein 12.19 779 I \ 784
(0,14)14 1 s 0116 I (0,013 (0,84)113 (0,16)113
, POTCH.DEM : <> <> <>
786.789 750 10.91 km I
BOSKRET.Q Nett effect of Bed Loss = 8.4 Mm/ a Midvaal WC I
Vaalreefs |
_________________________________________________________________ e e e e e e e, —— -
| KROONS.DEM
KLIPD 9 | <>
I 819/,(0,0)110 818l,(o,soomo
| - ”
Mine |
Dewatering |
KLIPRET.Q |
|
BLOEM9
|
Sedibeng | 12.22 km’
@ : 334 5.08 km’ ‘@
‘\ I 827 (0,195)110
COZIIIN | s 2
HN
125 . V77 Pg 828 < 185
| '7Z/F g5 [T000]
! Possible Kiipbank < S
| Possible Klipban| iy 0 s
| 50,0110 KLIPB 9
1 @ 0 332> SSk’
| (0,305)110
|
|
______________________________________________________________________________ S
| RO I
| 507 023118 |
| 10,7718 I
Dam I ) | 50.5 km’ 7.7 km
12.00 k* : 2.75 k' I @ Dummy Dam
24 | 0.25)11
' I
) @ | 810
I o1 |
| 1235
RIETS 9 120 219 190 - 1 I Dummy Dam
1250] | 4 I @ 4.81 - Gross !
L 609 I .01 244 ' I I
___________ = | <\ I I
LEGEND ! Johan Neser | BLOEMEXC —__ | | ¥
) 0,5)115 |
N - / I ALLEM 9
lode/Junction sub-model Demand centre sub-model : : Bloemhof | I
; NESER 9 |
R - / | |
eservoir sub-mode — Controlled demand through : | I 816" SEEPVET.Q I
Imigation master control channel WELKOM.Q
Channel/River reach sub-model b o o o o o o e e e e e e e e e /400 O .: d e e o
8.1 km®
. VAAL94.ABS Specified demands/Return | | 331 m
Wetland modelled within channel flows 645 I |
reach sub-model | I 812 S35 O (0.20)16
Penalty structure | | L7602 570
Salt washoff sub-model Bloemhof Dam I 134 1 80 >« 586 228 552 192
Incremental hydrology 122850, 101124228 | 1 -
-— - 121822 46.6 .
Bed Bed losses boundary 21359 15 |18 96 | I 41.76 Dummy Dam
loss 1210.82 0 - |
it I (0,80)16
rrigation block sub-model === mmm  Syb-system boundary | 27
1 SAND 9 TALLWAT.Q | .
| 54,14 km®
To Lower Vaal g
Dem 21 Demand / return flow modelled M I D D L E VAA L (}0 HV\:J: F»;a 1 1 ERF 9
as min - max channel 0 | 1
1

C

fek

r

EF N WeE

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

WRPM Schematic diagram: Middle Vaal Sub-system I:_5




USWENTZD

LOWER VAAL SUBSYSTEM

(0,24)1181

(0,76)1181

WENTZEL
/.\DUMMY DAM

L —— - (es

BARBERS

S

(1)1}8(]

/a58\ BARBER%PAN

L
1
l
l
l
l
l
l

DSWENZD

________________________1.___

(0,25)137

667,
SPITSKOP

DUMMY A

DAM  ZBI2\

(0)I181

.- 927

I
|
1
I
|
1
1
1
1
I

PART TAUNG

96

I
|
-J
I
|
1
I
|
1
I
1
1
I
|
1
I
|
1
J

Evaporation Losses
=78.1 Mm'/a

VHARTS9

Distribution
Losses
(45,03)

PART TAUNG AND
NORTH CANAL
IRRIGATION |

|
64

(0,63)137, %0
486
669
(0,12)137
648

IN
355,

Hartu7.abs
650 (0.12 Mm'/a)

RR
383

SPITS9

652

HARTDS7.ABS'

297

729
SPITSKOP DAM

VAALHARTS WEIR /

s E
Dem = 61.25

i (DI39

697

7\ FSC=48
DEHOOP9

KIMBERLEY.DEM f VARIOUS.DEM
729 IN 730
- —— — —————— —— — —————— —— — — — — 404
-
I
Dem = 43.0:
| [INIES
1
1
I " 735
1 W
| Gos
e e e e e =
C3H013 (D183 DE HOOP WEIR
Q& / Operating Losses = 115.35 Mm'/a
VAAL-GAMAGARA
C9HO007

RIET/MODDER SUBSYSTEM

THABANCHU.DEM

748

(0,208)142
932
MOCKES
DUMMY /ia15\ R
DAM 935 416

936
8000

(0)142
s mnun ‘756

A@k

(0,43)142 $ 949

933

963
li 758 .
KRUGERDRIFT

H DAM

N
16000

MOCKES
DAM

THABAN,CHU
D/C 411

(0,208)142

:
489

956

(0,046)142

(0,51)143

736

GROOTHOEK
COMBINATION
DAM

THABANCHU
RETURN
FLOWS

749

931

/

BOT.DEM

[0 ]

(0,49)143

$
965,

(0143 ‘% o3

918 .

.sﬂfnm ‘ﬁ RUSTFONTEIN DAM

uuu

por [1250 |

287D>L
0)172
> @ KNELPOOHT DAM
624
137
[o]

BLOEMFONTEIN
D/C 422

(0,109)142

954

955 948

KRUGERSDRIFT
DUMMY DAM

(0,70)145

TWEERIVIER
WEIR

g (0,10)141
191

TIERPOORT
DUMMY DAM

a (0,90)144

2560

AR
461

(0)14’%

(0,90)141 021 %o

923 158

“ FsL
158\ KALKFONTEIN

524

To Node 1862
Lower Orange

To Node 1801 g

Lower Orange

Losses
reach 1b

FROM
UPPER
ORANGE
NODE 1804

1875

Upper Orange
Irr. Growth

DAM vor (1501
Small I
Users/
Towns an WELBEDACH# I
(1)140 DAM
wor e T I
RICHIE URBAN
ORANGE RIVER I
KNOFFELFONTEIN I
528
FROM
VANDERKLOOF
DAM I
AUCAMPSHOOP
WEIR |

UPPER ORANGE SUBSYSTEM

/\

/1483)\

"
&

s
[ooo T 1]

Node number

Reservoir node

Natural runoff

Salt Washoff

R}

Penalty structure

LEGEND

147

FsL

- -
oSt
DL el Reservoir storage penalties

Total loss node
. Irrigation Block

— — — — Incremental hydrology
boundary

—
Sub-system boundary

WRP_P0076_Graphics_Fig44.cdr

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

WRPM Schematic Diagram: Lower Vaal & Riet/ Modder Sub-systems F.B




LEGEND

Node/Junction sub-model

Reservoir sub-model

VAAL94.ABS

Channel/River reach sub-
model

16
09999 [ 1

0-0 om0

Wetland within
channel reach sub-model

Salt washoff sub-model

6 () mae

Bed losses .
Eikeboom

Irrigation block sub-model

Demand / return flow
modelled as min - max

10

Demand centre sub-model

Controlled demand through
master control channel

Specified demands/Return flows
Penalty structure

Incremental hydrology boundary
Sub-system boundary

Mine Sub-model

1545

channel
168
Dem - Dem “
0-Dem
UOLIC.DIR DAVEL.INF 16121613 & 1614
167 Flow - Flow “
Dem - Dem 0-Flow
(1122
1488
(0,345)I128 1386
o o] 7] IFANT
Dem - Dem 0 S
0 - Dem L

UPPER REACHES

1354
(0,0657)1129

(0.43)1123
1347

164

(01127
1457

Flow - Flow

0 - Flow

1327

145
(01127

1538

1165

1530, 1531
Flow - Flow
0 - Flow

% 1529

0
11.000|

116

1552

(01123

553 & 1557

1553, 1557, 1559, 1560.
1561, 1562, 1567, 1569,

MU 3

MU 9

Goedehoop
House section

72, 1573,
0] 1575 & 1577

(0)1129

(0,3814)1129

TRICHARDTSPRUIT

144
Flow - FI(\W-O
0-Flow |11 006]

MU 1

145
Flow - Flo\\'
0-Flow |11 008|

(021
1458 316
Dem - Dem

0-Dem | 250

—
(0,68)112; @

156

1312, 1313 & 1314

1153

I X Ret - Ret MU 2
’T"e‘ 0-Ret [11014 a8 .
Power .
: Mine Flow - F]m\
IRIETSPRUIT' Station e
1155
(0,32)112;
1085 192 {1510}« 21088 4 -
1666 1800

OU22 1157 1160, 1324,

1504, 1579
Flow - Flow
0 - Flow

1152
Matla

& 1655
0
000y

11

1
(O)1127

STEENKOOLSPRUIT

(O)1127
Atcom

11 000)

Douglas (1378

MIDDLE OLIFANTS

: (0,798)1124

180

Dem - Dcm

(0)1129
ToNode 1149
OLI.DIR ,(See Figure F-9)
204 1210,
1388 v
1104
205 10,4069)1129, <
Dem - Dem n

0-Dem 1205

1636
ToNode 1149 1211
(See Figure F-9) =7~

MU4|

I From Node 31

(See Figure A-1)

0)1129
(0,202)1124 B ©
O 1382 241 1356
I Witbank Dam
@ 1184 1635
01/ | (1 1105
I Go 41212 1208\310 1302'
ToNode Industrial I m
1149
(See Figure
I ToNode 159 ~9 I
oNode
| (Seefigure F-1) ToNode 1374 |
(See Figure F-8)

1213

PHOEN:
INP

STP.

(0,14)1125

1186

BOSCHRET.INP

0)1125
1609 ©
0)1125
1486/ )
Boschmans
1 1596, 1597, 1598, 1599, 1580, 1581, 1582, 1584,
1605 1605, 1606 & 1609 1588, 1589, 1590 & 1595

Flow - Flow| 0

[ 0-Flow [11000

1627

1626

1629

1657

1384

(1,0)1126 @

195
Flow - Flo

0 - Flow

(0)1126

(0)1126 Greenside

628, 1629, 1630 & 1657

MU 7

172 MU 9
Dem -Dem| 0] (0,57)1123 o [ 0]
5 1175 ’ Flow - Flow|
0-Dem 176 \ 1o 0-Flow
1620 -
1489 1376| Goedehoop/Spring
(0)[129 618
1200 Flow - Flow] 0 |
I 1618 0 - Flow
I r——————————————————————
MU 5
| [oenbem SAAIWATERSPRUIT
I (0)1125
1599 1484 ’ . )
Phoenix (o125 Tavistock (01125 (oy125 Witbank Cons.
I ::;\II-BOENRET 1598 WITCORET.INP
(0)1123 o123 (0123
1571 I

SWTC.DIR

188
Dem - Dcm
0-Dem -\ 00

607
Flow - Flow| 0
0-Flow |11018
— e e s s o o o o o O T T S e EEe EEe EE e . e
(0)I129
1490
136.
1621 ) )
Kleinkopie 15; 162, 1623 8
Flow - Flow| 0
1624 |1362| 0-Flow [11000)
1623

1624

P 0076_LORMS_ Graphics_Figure 65.cdr

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

Witbank Dam Subsystem with Penalty Structure

F-7




LEGEND

Node/Junction sub-model

Channel/River reach sub-

Wetland modelled within 9%
channel reach sub-model [ o0 [aw]

Salt washoff sub-model

Bed losses "
Eikeboom

Irrigation block sub-model
Demand / return flow

modelled as min - max
channel

. Demand centre sub-model
Reservoir sub-model Controlled demand through
master control channel
model VAAL94.ABS  Specified demands/Return flows (See Figure F-9)
Penalty structure
« = = = Incremental hydrology boundary
mm— wmm  Syb-system boundary

Mine Sub-model

MIDDELBURG DAM INCREMENTAL | MV 13

ToNode 1146

(0)1135

(01133

0-TD
Min/max

(0,32)1135 I

1109

{05

1338,

———————————————r

~

(0)1133
Eikeboom 1@/
1206 1316 120 I 1378

TD - TD

0-TD |11 000]

Min/max

1517

1518

521
TD-TD

0-TD
Min/max

1519

(0.3)1134

TD-1D] 0 | I

0-TD |200

Min/max

v \

413 Min/max
Ret - Ret “
0-Ret |11000]

1413

Woestalleen

(0)1133
414

0-TD .

Min/max
1414 (0)1133

(0,23)1133
1337

—— s ——
1522

10

(1]

Demands

Middelburg

Urban
110 Demands
Dem- Dcm
Min/max
1310
From Node 1106

(See Figure F-7)

P e = ——

~ MU 14
~
MIDDLE KLEIN OLIFANTS
1105 1107 o
/ 1051 » MIDOLI.DIR
g .
MIDOLI.MIR E.
Dcm Den] 0 | ©.7)1134 >
0 -Dem
1101 Spec Dem

513
Arnot Ret-Ret[ 0
open cast| (- Rret [11000)
1513 Min/max

1461
45 (01132
e IBOSMANSPRUIT
103 Spec D
Dem - Dem|
;lo e 104 1332 (1.0)1132
1103
1086 BOSM.DIR MU 12
MU 11
ARNOTPS.INF
Arnot
underground

1448
&>WOEsz out
Spec Dem
WOES.DIR 1506
1096 0-TD |11 000| 1445 &1 443 Spec Dem
Min/max Dem - Dem| 0
1048 Optimum| 1446 Min/max
Ret-Ret| 0 | o133
1335 0-Ret
026)113 X 1443y, BREEDDS.OUT
Spec Dem
(0)1133 (0)1133 1412 x I 1,0)I130
(0,18)I133 429 Spec Dem I
Dem
"
1334 ZFDUST.OUT
@ (0,24)1133
MU 13 (O)1133 I UPPER (0)1131
WOESTALLEENSPRUIT ||KLEIN RIETKUILSPRUIT
I OLIFANTS
P 0076_LORMS_ Graphics_Figure 66.cdr
S w.E LOWER ORANGE RIVER MANAGEMENT Middelburg Dam Subsystem-
= PRE-FEASIBILITY STUDY With Penalty Structures F's




- T T T T TN

Mu30

Mu28

(0.853)1148

255
Irr - Irr
0-Irr

MU28B.MIR
658

Rct—RcI
0-Ret

Riverview
return flow

(0.147)1148

Py
al
7

7 l

LOWER KLEIN OLIFANTS

Ve I

649
Ret - Ret “
7/ 0- Ret
/ I Middelburg
/ return flow
(0,516)1147 I (0.241)1147 1995
7 1404 1403
I 1649
1148 )« 124 From Node 1055
il

Riverview
return flow

0-Ret 120 000] I

I
! 4 :
! Dam! 1
: : ! I
1 1 |
1 1 | =
1 1 |
1212: :1211 : I
[ | I
e |
1 1 |
: I I
1 1 |
: : ! |
1 1 |
| I : I
1 1 From Node 1104
: | (SeeFigure F-7) I
1 1
I I
| ! |
From Node 1106  From Node 1107 I
(See Figure F-7)  (See Figure F-7)
OLIFANTS |
(DOORNPOORT DAM) |

Node/Junction sub-model

Reservoir sub-model

Channel/River reach sub-
model

Wetland modelled within
channel reach sub-model

Salt washoff sub-model

lBed Bed losses
0SS
Irrigation block sub-model

Demand / return flow
modelled as min - max
channel

1 000 () BA®

Dem 21

LEGEND

VAAL94.ABS

Eikeboom

Demand centre sub-model

Controlled demand through
master control channel

Specified demands/Return flows
Penalty structure

Incremental hydrology boundary
Sub-system boundary

Mine Sub-model

Middelburg
return flow

growth
243
Ret - Ret “
0-Ret |I1016]
1368
(0,163)1147

Mu27b | Mu27a

(See Figure F-8)

MU27ADIR

242
Irr - Trr

0-Trr

(0.08)1147

Mu26

0,585)1146
0z (08

SPOOKSPRUIT

249

Dem-Dem| 0
0 - Dem

200

MU26.DIR
248
Irr - Irr
0-Trr
1250
(01146 R n
BANKSTPINF [ 0-Ret
1 22— BANKRTD.INF
1451 JO() 500
Ret-Ret| 0
0-Ret
1451 1095 1099
On46 109~ 1099 & 1251
Flow - Flow| 0
0-Flow_[11000]
1251 1450
Bank

P 0076_LORMS_ Graphics_Figure 67.cdr

XY Wex

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

Loskop Dam Incremental
Subsystem-With Penalty
Structures

F-9




t t

Total Orange
River losses

1926
[o]

All Orange River Losses Reach 1 to Reach 7 to node 133

LOWER ORANGE SUB-SYSTEM

Losses Losses Losses 1971 AUGINC 611
Reach 6 Reach 5 Reach 4 0
627
189
1964 157 )« 1890 1980 l862) 541 From Node 188
<
N/ 0 /" 00 Lower Vaal Douglas
Total Namibia
Demand
1869
1966
1834)e—C D
1817 4 f
Namibia : P,
Growth 1817 o . Namibia
Irrigati Mine 1861 Irrigation (Namakwaland),
rrigation 1861
= = Aussenkehr [IRR-IRR] 0
Urban Rosh Pinah, Mines Rosh Pinah Noordoewer [0-IRR [210]
Skorpion, Oranjemund Auchas, Skorpion
Namibia Irrigation
(Vioolsdrift) 1859
1967
1816 1970
1816
1968 T ?
106
Losses Losses
Reach 3 Reach 2
1805
1880 1880 84,57
Losses 470
Reach 7 875,32 1844
74,3 1844 |5
631
. 639
Keimoes
Pellendif 20°Long. Neusberg Weir Upington I i
P 1904 P 1896 Vo 9 1962 ( }4 1856 < 1852 [\ 500 From Node 190
1827 >« 1825 )¢ 1823 181 1805 >« 1801)«
\Ne Boedoeber k ] Lower Vaal Douglas
L Vioolsdiif s goeberg
1827
232,02 1846
= 1889 ]
213,85 RET-RET] 0 — ‘()
i " 0-RET 10001 _
Fish Inflow [ 0-RET [10001|
From Nodg 1779 RSA Lower 1872 1854
Fish River Orange IRR, Growth 1872 854 1803
Sub-system
1924 1924 0-RET [10001
1918
1918
1818
Alexander Bay [DEM-DEM] 0 ]
0-DEM_|200
Transhex Small Mines Alexander Bay [ 0-DEM [200] DEM - DEM
Irrigation 1818 1855 1842 0-DEM |
1857 1884 [ TRR-TRR [ 0|
1835 1908 1898 1900 1894 1888 e
1908
1898 1900 1894 1888 1893 1855 1862
[IRR-IRR | 0 | |[DEM-DEM] 0 | |[IRR-IRR | 0 ||[IRR-IRR | 0 | 189 1862 [ IRR - IRR |
- 0-IRR 200 0-DEM | 250 0-IRR 200 0-IRR 200 0-IRR
1848
1848
1876
1928 1870 | 1870
amakwalan, amakwalan akamas River eimoes 0-IRR pington & others ocgoeberg rieska
Namakwaland Namakwaland Kak: Ri Kei Upi & oth B b Priesk:
Irrigation (%) Irrigation (%) Irrigation Irrigation Urban Dem Irrigation Urban Demand
Total Lower Orange - - Springbok i i i i
RSA D d Vioolsdrift and others Mine and Urban Namakwa Kakamas Canals Kakamas Upington Canals Upington River Middle Orange
eman Irrigation Mine and Urban Irrigation Urban Demand Irrigation Irrigation Irrigation
A 4 A4 A\ 4 v A4 A\ 4 v

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

WRPM Schematic Diagram: Lower Orange Sub-system

WRP_P0076_Graphics_Fig42.cdr

F-10




NAMIBIA: FISH RIVER SUB-SUSTEM

1771
1186 11350

643 -
11148
11099

1813
Herdap Dam
1813 1771 1799

Hardap Urban /¢

LOSS - LC
[1]] 1802

1190

553

) 4
1 7§ (Secheim Node)

1803

River Losses

P/ Hardap Irrigation

N
- 1804
River Losses 4—@

1804
LOSS - L
0-LOSS

V) Surplus Yield
7

20% 1188 B
River Losses
579\\\_1\A).'
7\
\ 1778

// 64,0

1187 , 1778\ & 710,0

=1 - 700,0

1811

80% 1188

1921

\ 4
Spill to Orange

1775

Naute Urban 732,0
30

11,3

03,5

1814
578
<+ \— 1189
Naute Dam

1806

0-IRR

Naute Irrigation

WRP_P0076_Graphics_Fig41.cdr

LOWER ORANGE RIVER MANAGEMENT
PRE-FEASIBILITY STUDY

WRPM Schematic Diagram: F l I
Fish River Sub-system Namibia =




	Appendix A
	A-1
	A-2
	A-3
	A-4
	A-5

	Appendix B
	B-1
	B-2
	B-3
	B-4
	B-5

	Appendix C
	C-1
	C-2
	C-3
	C-4
	C-5
	C-6
	C-7

	Appendix D
	D-1
	D-2
	D-3
	D-4
	D-5
	D-6
	D-7
	D-8
	D-9
	D-10
	D-11
	D-12
	D-13
	D-14
	D-15
	D-16
	D-17
	D-18

	Final.pdf
	Page 1
	Figure 51b.pdf
	Page 1

	Figure 47b.pdf
	Page 1
	Page 2

	Figure 48b.pdf
	Page 1
	Page 2

	Figure 54b.pdf
	Page 1
	Page 2
	Page 3

	Figure 58b.pdf
	Page 1


	F1.pdf
	Page 1

	F2.pdf
	Page 1

	F3.pdf
	Page 1

	F4.pdf
	Page 1

	F5.pdf
	Page 1

	F6.pdf
	Page 1

	F7.pdf
	Page 1

	F8.pdf
	Page 1

	F9.pdf
	Page 1

	F10.pdf
	Page 1

	F11.pdf
	Page 1



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




