
D.R.F.N.

REFERENCE:_

LIBRARY ._

~/

DWA&F Report No. PYOOO/OO/OI93

DEPARTMENT OF WATER AFFAIRS
AND FORESTRY

Directorate of Project Planning

WALVIS BAY WATER SUPPLY
DESALINATION OF SEAWATER

LIBRARY

ALTERNATIVE DESALINATION PROCESSES

Compiled by:
Stewart Scott Inc
Consulting Engineers
PO Box 784506
SANDTON
2146

Volume 2
Detailed Economic Comparisons

.lilly 1993

No.2 Norwich Close
Sandown

2199

-



VOLUME 2

CONTENTS

Alterna Process Site Intake Pretreatment Annexure
tive

A RO Bay Seawells In- plant only A

B RO Bay Seawells UF & in-plant Il

C MVC Bay Seawclls In-plant only C

D TVC Bay Seawells In-plant only D

E MED Bay Seawclls In-plant only E

p RO l3ay OfT-shore Two-stage in-line coaglfi!tration F
through dual and multi-media

G RO Bay Off-shore In-line coag/filtration dual media G
fillers and ur

H MVC Bay Off-shore Screens & sedimentation II

J MED [Jay OfT-shore Screens & sedimentation J

K TVC I3ay Off-shore Screens & sedimentation K

L MVC Bay OIT-shore Screens & single media filters L

M MED llay OIT-shore Screens & singh.: media filters M

N TVC Bay Off-shore Screens & single media filters N

p RO Paaltjies Seawells In-plant only I'

R 1m Paaltjies Seawe!!s UF & in-plant R

S RO [Jay Seawells Single stage in-line coaglfilter S

Desert Research
Foundation of Namibia

Gobabeb Library
EAll1085\7a



R

ALTERNATIVE A

WALVIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEAWATER

REVERSE OSMOSIS

'WITH NO ULTRA-FILTRATION PRETREATEMNT

ANNEXURE A
PAGE 1

Raw Water Source

Raw 'Water Requirements

OUtput Capacity of Plant

Plant Design Factor

Annual Water Production

Sea WelLs Located near

11 200 mA3/d

5 000 m'3/d

90%

1 643 ML/annum

'Walvis Bay

Pretreatment Losses

FiLtration Losses

U.F .Plant Losses

R.O.Plant Recovery Factor

1%

45%

COSTS OF POWER

kw Charges/month

Unit Charges

Years

26.50 R/kU/Month

10.50 c/kWh

eiv; ls MechanicaL Desal Membranes
ELectrical Equ ipment R. O.

40 15 20 5

0.50% 4.00% 2.00%

DEPRECIATION PERIOD

MAINTENANCE FACTORS

PROGRAMMME RfQUIIREMENTS

Design Tender & Award

Construction

Start Up Period

9 Months
12 Months

1 Month

CAPITAL COSTS (See Page 2) Civils MechanicaL De~;al Membranes TotaLs

ELectrical Equip-nent R. O.
R*1000 R*1000 R*1000 R*1000 R*1000

100 100

7 795 780 17 500 3 000 29 075
1 810 180 2 330 400 4 720

188

Direct Non Depreciable

Direct DepreciabLe

Indirect
Start Up Costs

.--- __ _----_ .. _._--._----------_ _._------------ .._-_._-------
TOTAL CAPITAL COSTS 9 70S 960 10 830 3 400 34 083
----- - - - - - --- - - - - - - - - -._- - - - - - - -- -_.- - - - - - - - -- --------- - - -- - - - - - - - ..---_. -_ -. -- _ - - ..
ANNUAL MAINTENANCE COSTS 39 31 350 420
.._----- _--_ _-_ _------_ -._ -_._--------_ .. _-_._----_._._----_._-_ .. _--
ANNUAL RECURRING COSTS

Fixed

Flow ReLated (5 000 mA3/d)

R*1000

1 051

1 848

TOTAL 2 899

ECONOMIC ANALYSIS

Discount Rate 0.0% 4.0% 6.0% 8.0% 10.0%
-----_ .. _---_ _---_ __ ._------_. __ ._. __ ._ __ ._.-._--_ _--_ .. _--_ _-- __ ..

CapitaL NPV

Operat ing NPV
52

133
39

61

35

44
33

34

31

27
.. _ _. - _ - _ - _ - - -. _ _. _ _. - _ - - - _ _ -. _ .

TotaL NPV

~ater Produced Discounted
185

66

100

30

80

22

67

17

57

13
... _--_ _._ .._ _--._-_ _-_ _-._-- _----_ _---_ __ .

REFERENCE UNIT VALUE Rand/mA3 2.81 3.32 3.63 3.97 4.33._ _-_ _ _ _---_ -_._---_ _._--_ _ _-_ .. __ .-



~ALVIS BAY ~ATER SUPPLY SCHEME
DESALINATION OF SEA~ATER

REVERSE OSMOSIS

~ITH NO ULTRA-FILTRATION PRETREATEMNT
ESTIMATED CAPITAL COSTS

ALTERNATIVE A

ANNEXURE A
PAGE 2

DIRECT CAPITAL COSTS ClV 1 ls Mechanical De~:al Membranes Totals

Electrical Equipnent R. O.
Non Depreciable R*1DOO R*1000 R*1000 R*1000 R*1000

, Purchase of land 100 100

Depreciable
1 \.lelLfieLd
2 Del ivery Pipel ines

3 Site Development
4 Raw Yater Storage (2 000 rn"3)

5 Pretreatment \.larksand Pumpstations
6 Adninistrativc & MiscelLaneous Buildings
7 DesaLination Equipment Buildings (1 200 mA2)
a Desalination Equipment

9 Product Storage Reservoir (625 mA3)

10 Incoming Power Supply
11 Product Pipeline & Pumpstation
12 Brine Pipeline

Total of Depreciable Costs

INDIRECT CAPITAL COSTS
Contingencies 10.00%of Net Cost

Escalation O.OO%per Month

Engineering Fees

civil and Mechanical

Desal ination Equip-nent

12.0%

3.0%

Totals of Indirect Depreciable Costs

Hide This Line

425

50

200
950

40

100

800

445

3 735

50

7 795

780

1 030

1 810

275 700

50

260
950
95

100

1 800
20 500

445

230

3 895

50

60

55

17 500 3 000

230

160

780 17 500 29 0753 000

80 1 750 2910300

100 130
680580 100

180 2 330 4 720400

START UP COSTS (Pro Rata on Start Up Period)
R*1000

22Chemicals
Power

Electrical

Staff

118

49

Totals 188



AL TERNAT IVE A

YALVIS BAY UATER SUPPLY SCHEME
DESALINATION OF SEAWATER

REVERSE OSMOSIS

UITH NO ULTRA'FILTRATION PRETREATEMNT
ESTIMATED CAPITAL COSTS

CALCULATION OF ENERGY COSTS

ANNEXURE A

PAGE 3

Based on operation at fuLL rated output of 5 000 m"'3/d

ELECTRICAL ENERGY
Absorbed InstaL led % Average

Component Power ku Power ku Utilisation kUh/day
Seawater pumps 22 30 90.0% 4B4
Reverse Osmosis Feed Pumps 103 110 90.0% 2 233
Reverse Osmosis Pumps 962 1 260 90.0% 20 783
CLear Uater Pumps 60 75 90.0% 1 304
...... _-_. __ _--_._-.--------------._------._---------_._------------ ..

Totals 1 14B 1 475 2Li 804
------.---------------_._--------- .. _---------------.----------._."----------

Fixed Annual Power costs
Flow ReLated Power costs ELectrical Energy

R*100D

469

951

CALCULATION OF ANNUAL RECURRING COSTS

R*1000
FIXED

Salaries and Labour

Labour Overhead (30_0%)

Fixed electricaL energy costs

44B

134
469

Total 1 051

HOY RELATED
Power-ELectricaL

Chemicals
MiscelLaneous Supplies

R_O.Membrane RepLacement (5 YearLy)

951

259

3B

600

Total 1 848

STAFFING

Util No. Sal ary TotaL Salaries
R R

Super-intndt 101r'( 1 70 000 70 000
Snr Operator 100% 4 39 000 156 000
Jnr Operator 100% 5 32 500 162 500

Operating Asst 0% 0 12 400 0
Labourers 100% 3 12 400 37 200

lab_ Techn_ 20% 1 32 500 6 500
Mech. MainL 20% 1 44 BOO B 960
Elec. MainL 15% 1 44 BOO 6 720

------------------------------_.-----------------------

TOTAL 448 000



ALTERNATIVE A

WALVIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEA~ATER

REVERSE OSMOSIS

~ITH NO ULTRA-FILTRATION PRETREATEMNT
CHEMICAL USAGE

Dai ly Dosage Rate Annual Unit CostTotal Cost
Quant i ty Quant ity
m"3/d mg/l tons R/ton R

Sulphuric acid 11 200 25 91.98 300.00 27 594
Lime 5 000 20 32.85 495.00 16 261

Sodium bi'Sulphite 11 088 5 18.21 2 050.00 37 335
FLocon ( Anti'ScaLant ) 11 088 5 18.21 9 000.00 163 908
Chlorine Raw ~ater 11 200 5 18.40 700.00 12 8n
Chlorine Product ~ater 5 000 1 1.64 700.00 1 150
.. _ .. _._---_ .... _._-------_._----------------------------------------------------------

TOTAL FOR CHEMICALS 259 000
---------------------------------------------------------------------------------------

MISCELLANEOUS SUPPLIES

ITEM Annual Unit Cost TotaL Cost
Quantity

Unit Unit/a R per unit R
Cartridge FiLters No. 200.00 80.00 16 000

Citric acid Ton 0.50 8 750.00 4 375
Detergent Ton 2.00 7 000.00 14 000

Tannic acid kg 65.00 60.00 3 900
---------------_._------------_._------------------------------------------_.

TOTAL FOR CONSUMABlES 38 275
-----------------------------------------------------------------------------

ANNEXURE A
PAGE 4



UALVIS BAY UATER SUPPLY SCHEME
DESALINATION OF SEAUATER

REVERSE OSMOSIS

CALCULATION OF PUMP REQUIREMENTS
ALTERNATIVE A

CALCULATION OF PUMPING REQUIREMENTS

Based on operation at full rated output of 5 000 m"3/d

Sea Uater PU11pS 2 Reverse Osmosis Feed Pumps
Pumping Rate 130 lIs Pumping Rate 129 lis
length of Main 300 m length of Main 30 m
Diameter 288 "ID Diameter 288 rrm
Friction Head 3.0 m Friction Head 0.3 m
Static Head 10.0 m Stat ic Head 60.0 m
Total Head 13.0 m Tota l Head 60.3 m
Efficiency of Pump 75.0% Percent Efficiency of Pump 75.0%Percent
Power Absorbed 22 kY Power Absorbed 103 kY
Power Installed 30 kY Power Insta lled 110 kY

3 Reverse Osmosis Pumps 4 Clear Uater Pumps
PLJT4)ingRate 129 lIs Pumping Rate 58 lIs
length of Main 1 000 m length of Main 1S 000 m
Equivalent Diameter 280 "ID Diameter 288 ITlT1

Friction Head 11. 1 In Friction Head 33.2 m
Static Head 550.0 m Stat ic Head 45.0 m
Total Head 561.1 m Total Head 78.2 m
Efficiency of Pump 75.0% Percent Efficiency of Pump 75.0%Percent
Power Absorbed 962 kY Power Absorbed 60 kY
Power Installed 1 260 kY Power Installed 75 kY

ANNEXURE A
PAGE 5



~ALVIS BAY ~ATER SUPPLY SCHEME ANNEXURE A

DESALINATION OF SEA~ATER PAGE 6

REVERSE OSMOSIS
ALTERNATIVA ~ITH NO ULTRA-FILTRATION PRETREATEMNT

YEAR flOU flOU CAPITAL fiXED COSTS PROP MAINTNCE TOTAL

COSTS TO FLO~ COSTS

mA3/d ML/a R*1000 R*1000 R*1000 R*1000 R*100a

----------------------------------------------------------------------------------

1993
1994 3 986 3 986

1995 3D 097 30 097

1996 5 000 1 643 1 051 1 848 420 3 319

1997 5 DOD 1 643 1 051 1 848 420 3 319

1998 5 000 1 643 1 051 1 848 420 3 319

1999 5 000 1 643 1 051 1 848 420 3 319

2000 5 000 1 643 1 051 1 848 420 3 319

2001 5 000 1 643 1 051 1 848 420 3 319

2002 5 000 1 643 1 051 1 848 420 3 319

2003 5 000 1 643 1 051 1 848 420 3 319

2004 5 000 1 643 1 051 1 848 420 3 319

2005 5 000 1 643 1 051 1 848 420 3 319

2006 5 000 1 643 1 051 1 848 420 3 319

2007 5 000 1 643 1 051 1 848 420 3 319

2008 5 000 1 643 1 051 1 848 420 3 319

2009 5 000 1 643 1 051 1 848 420 3 319

2010 5 000 1 643 1 051 1 848 420 3 319

2011 5 000 1 643 780 1 051 1 848 420 4 099

2012 5 000 1 643 1 051 1 848 420 3 319

2013 5 000 1 643 1 051 1 848 {~20 3 319

2014 5 000 1 643 1 051 1 848 420 3 319

2015 5 000 1 643 1 051 1 848 420 3 319

2016 5 000 1 643 17 500 1 051 1 848 420 20 819

2017 5 000 1 643 1 051 1 848 420 3319

2018 5 000 1 643 1 051 1 848 420 3 319

2019 5 000 1 643 1 051 1 848 420 3 319

2020 5 000 1 643 1 051 1 848 420 3 319

2021 5 000 1 643 1 051 1 848 420 3 319

2022 5 000 1 643 1 051 1 848 420 3 319

2023 5 000 1 643 1 051 1 848 420 3 319

2024 5 000 1 643 1 051 1 848 420 3 319

2025 5 000 1 643 1 051 1 848 420 3 319

2026 5 000 1 643 780 1 051 1 848 420 4 099

2027 5 000 1 61+3 1 051 1 848 420 3 319

2028 5 000 1 643 1 051 1 848 420 3 319

2029 5 000 1 643 1 051 1 848 420 3 319

2030 5 000 1 643 1 051 1 848 420 3 319

2031 5 000 1 643 1 051 1 848 420 3 319

2032 5 000 1 643 1 051 1 848 420 3 319

2033 5 000 1 643 1 051 1 848 420 3 319

2034 5 000 1 643 1 051 1 848 420 3 319

2035 5 000 1 643 1 051 1 848 420 3 319

(1 382) (1 382)
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Al TERNATIVE B

~AlVIS BAY ~ATER SUPPLY SCHEME

DESALINATION OF SEA~ATER

REVERSE OSMOSIS

YITH ULTRA-FILTRATION PRETREATMENT

ANNEXURE B

PAGE 1

Raw \Jater Source

Raw Uater Requirements
Output Capacity of PLant
pLant Design Factor

Annual Water Production

Sea \Jells Located near
12 500 m'3/d

5 000 m'3/d

90%
643 ML/annum

\.IaLvis Bay

Pretreatment Losses
F i 1trat ion Losses
U.F ,Plant Losses
R.O.PLant Recovery Factor

1%

10%

45%

COSTS OF POUER

k\.lCharges/month

Unit Charges

Years

26.50 R/k~/Month

10.50 c/kI.Jh

eiv; Ls MechanicaL Oesal & UF Membranes

ELectrical EquiFntent U. F. R. O.

40 15 20 2 5

0.50% 4.00% 2.00%

OEPRECIATION PERIOO

ANNUAL MAINTENANCE FACTORS

PROGRAMMME REQUIIREMENTS
Design Tender & Award

Construct ion
Start Up Period

9 Months
12 Months

1 Month

CAPITAL COSTS (See Page 2) eiv; Ls Mechanical DesaL & UF Membranes Totals

Electrical Equif.:rnent U. F. R. o.
R*1000 R*1000 R*1000 R*1000 R*1000 R*1000

100 100

8 535 780 18 630 930 3 000 31 875

1 980 180 2 470 120 400 5 150

210

Direct Non Depreciable

Direct Depreciable

Indirect
Start Up Costs

TOTAL CAPITAL COSTS 10 615 960 21 100 1 050 3 400 37 335

ANNUAL MAINTENANCE COSTS 43 31 373 446

ANNUAL RECURRING COSTS

Fixed
Flow Related (5 000 mA3/d

R*1000

1 131
2 501

TOTAL 3 632

ECONOMIC ANALYSIS

Discount Rate 0.0% 4.0% 6.0% 8.0% 10.0%

Capital NPV
Operating NPV

56

163

43

75

39

55

36

42

33
33

Totat NPV

Uater Produced Discounted

219

66

117

30

93

22

77

17

66

13

REFERENCE UNIT VALUE Rand/mA3 3.34 3.90 4.24 4.61 5.00
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ALTERNATIVE B

WALVIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEAWATER

REVERSE OSMOSIS
WITH ULTRA-FILTRATION PRETREATMENT

ESTIMATED CAPITAL COSTS

ANNEXURE B

PAGE 2

DIRECT CAPITAL COSTS C;vi ts MechanicaL Desal & UF Membranes TotaLs

ELectrical Equi~ent U. F. R. O.
Non DepreciabLe R*1000 R*10DQ R*1000 R*10DO R*1000 R*1000

1 Purchase of Land 100 100
Depreciable

1 Wellfield 425 275 700
2 DeLivery PipeLines 50 50
3 Site DeveLopment 200 60 260
4 Raw Water Storage (2 000 m~3) 950 950
5 Pretreatment Works and Pumpstations 40 55 1 130 930 2 155
6 Administrative & Misc. Buildings 120 120
7 Desalination Equipment BuiLdings <1 680mA2) 2 520 2 520
8 Desalination Equipment 17 500 3 000 20 500
9 Product Storage Reservoir (625 m"3) 445 445
10 Incoming Power Supply 230 230
11 Product Pipeline & Pumpstation 3 735 160 3 895
12 Brine Pipeline 50 50

--------------------------- .

Total of Depreciable Costs 8 535 780 18 630 930 3 000 31 875
........ _--_ .. __ ._-------- .. _-_ .. _------._---------- .. ----------------- ... _------------ .... _------------ ..

INDIRECT CAPITAL COSTS

10.00%of Net Cost
O.OO%per Month

850 80 1 860 90 300 3 180Contingencies

Escalation
Engineering Fees
Civil and Mechanical
Desalination Equipment

12.0%

3.0-.
1 130 100

610 30 100

1 230

740
---_ .._-----------_._-------._----------_._._-----------------------_._-_._-------------.---_._----------

Totals of Indirect Depreciable Costs 1 980 180 2 470 120 400 5 150
------- ... _---------------------_ .._--------_ .._------------ .. _-----------------------------.------------

START UP COSTS (Pro Rata on Start Up Period)

Chemicals

Power

ELectricaL

Staff

R*1000

22

140

49

Totals 211



ALTERNATIVE B

YALVIS BAY ~ATER SUPPLY SCHEME
DESALINATION OF SEAWATER

REVERSE OSMOSIS

WITH ULTRA-FILTRATION PRETREATMENT
ESTIMATED CAPITAL COSTS

CALCULATION OF ENERGY COSTS

ANNEXURE B
PAGE 3

Based on operat ion at fuL L rated output of 5 000 m"3/d

ELECTRICAL ENERGY
Component Absorbed Instal Led % Average

Power kw Power k\.l UtiLisation kWh/day

Seawater pumps 26 30 90.0% 560
Ultra-Filtration 210 250 90.0% 4 702
Reverse Osmosis Feed Pumps 103 110 90.0% 2 233
Reverse Osmosis Pumps 962 1 260 90.0% 20 783
Clear \.later Pumps 60 75 90.0% 1 304

Totals 1 370 1 725 29 590

Fixed Annual Power costs
Flow Related Power costs

R*1000

549

1 134 Electrical Energy

CALCULATION OF ANNUAL RECURRING COSTS

R*1000
FIXED
Salaries and Labour

labour OVerhead (30.~h)

Fixed electrical energy costs

448

134
549

Total 1 131

flOW RELATED
Power-ELectricaL

ChemicaLs
MiscelLaneous SuppLies

U.F.Membrane RepLacement

R.O.Membrane RepLacement
2 YearLy)
5 YearLy)

134

264

38

465

600

TotaL 2 501

STAFFING

Ut iL No. SaLary TotaL SaLaries
R R

Super-intndt 100% 1 70 000 70 000
Snr Operator 100% 4 39 000 156 000

Jnr Operator 100"1. 5 32 500 162 500
Operat ing Asst 0% 0 12 400 0
labourers 100% 3 12 400 37 200

Lab. Techn. 20% 1 32 500 6 500
Mech. Ma int. 20% 1 44 800 8 960
ELec. Maint. 15% 1 44 800 6 720
-.- .... --- .... ------.---------------------------------

TOTAL 448 000
------------------------------------------------------



ALTERNATIVE B

WALVIS BAY WATER SUPPLY SCHEME
DESALINATiON OF SEAWATER

REVERSE OSMOSIS
WITH ULTRA-FILTRATION PRETREATMENT

CHEMICAL USAGE

Dai ly Dosage Rate Annual Unit CostTotal Cost
Quant ity auantity
ruA3/d mg/l tons R/ton R

Sulphuric acid 12 500 25 102.66 300.00 30 797
Lime 5 000 20 32.85 495.00 16 261
Sodium bi-Sulphite 11 125 5 1B.27 2 050.00 37 459
Flacon ( Anti-Scalant ) 11 125 5 1B.27 9 000.00 164 455
Chlorine Raw Water 12 500 5 20.53 700.00 14 372
Chlorine Product Uater 5 000 1 1.64 700.00 1 150

TOTAL FOR CHEMICALS 264 000

MISCELLANEOUS SUPPLIES

ITEM Annual Unit Cost Total Cost
Quantity

Unit Un it/a R per unit R
Cartridge Filters No. 200.00 80.00 16 000

Citric acid Ton 0.50 8 750.00 4 375

Detergent Ton 2.00 7 000.00 1{~000

Tannic acid kg 65.00 60.00 :; 900

TOTAL FOR CONSUMABLES 38 275

ANNEXURE B
PAGE 4



UALVIS BAY UATER SUPPLY SCHEME ANNEXURE B

DESALINATION OF SEAUATER PAGE 5

REVERSE OSMOSIS

W'ITH ULTRA-FILTRATION PRETREAHIENT

ALTERNATIVE B

CALCULATION OF PUMPING REQUIREMENTS

Based on operation at fuLL rated output of 5 000 mA3/d

Sea \Jater Plimps 2 Ultra Filtration Pumps

PLmping Rate 145 lis Pumping Rate 143 lis

length of Main 300 m length of MClin 20 m

Diameter 288 nm Diameter 280 nm

Friction Head 3.6 m Friction Hend 0.3 OJ

Stat ic Head 10.0 rn Stotie Head 114.0 m

Total Head 13.6 m Tota 1 Head 114.3 m

Efficiency of Pump 75.0% Percent Efficiency of Pump IS.O%Percent

Power Absorbed 26 ku Power Absorbed 218 kU

Power Installed 30 kU Power Ins ta 1 Led 250 kU

3 Reverse Osmosis Feed Pumps 4 Reverse Osmosis Pumps

pLJrPing Rate 129 lis pumping Rate 129 lis

Length of Main 30 m Length of Main 1 000 m

Diameter 288 I1Tn Equivalent Diameter 280 rrm

Friction Head 0.3 In friction Head 11. 1 m

static Head 60.0 In Static Head 530.0 m

Total Head 60.3 In Total Head 561.1 m

Efficiency of Pump 75.0% Percent Efficiency of Pump 75.0%Percent

Power Absorbed 103 kU Power Absorbed 962 kU

Power Installed 110 <U Power Installed 1 260 kU

5 Clear Uater Punps

Pumping Rate

length of Main

Diameter

friction Head

Static Head

Total Head

Efficiency of Pump

Power Absorbed

Power Installed

58 l/s
15 000 m

288 I1Tn

33.2 m

45.0 m

78.2 m

75.0%Percent

60 kU
75 kU



WALVIS BAY WATER SUPPLY SCHEME ANNEXURE B

DESALINATION OF SEAWATER PAGE 6

REVERSE OSMOSIS

ALTERNATIVE 8 WITH ULTRA-FILTRATION PRETREATMENT

YEAR FLO\.l FLOW CAPITAL FIXED COSTS PROPMAINTNCE TOTAL

COSTS TO FLOW COSTS

mA3/d Mt/a R*10QO R*10DO R*1000 R*1000

------------------------------------------------------------------------------------

1993

1994 4 3,8 4 3~8

1995 32 977 32 9;7

1996 5 000 1 643 1 131 2 501 4/16 4 078

1997 5 000 1 643 1 131 2 501 4/.6 4 078

1998 5 000 1 643 1 131 2 501 446 4 078

1999 5 000 1 643 1 131 2 501 446 4 Oi'8

2000 5 000 1 643 1 131 2 501 446 4 078

2001 5 000 1 643 1 131 2 501 446 4 078

2002 5 000 1 643 1 131 2 501 446 4 078

2003 5 000 1 643 1 131 2 501 446 4 078

2004 5 000 1 643 1 131 2 501 446 4 078

2005 5 000 1 643 1 131 2 501 446 4 078

2006 5 000 1 643 1 131 2 501 446 4 078

2007 5 000 1 643 1 131 2 501 446 4 078

2008 5 000 1 643 1 131 2 501 446 4 078

2009 5 000 1 643 1 131 2 501 446 4 018

2010 5 000 1 643 1 131 2 501 446 4 078

2011 5 000 1 643 780 1 131 2 501 446 4 858

2012 5 000 1 643 1 131 2 501 446 4 078

2013 5 000 1 643 1 131 2 501 446 4 078

2014 5 000 1 643 1 131 2 501 446 4 018

2015 5 000 1 643 1 131 2 501 446 4 078

2016 5 000 1 643 18 630 1 131 2 501 446 22 708

2017 5 000 1 643 1 131 2 501 446 4 018

2018 5 000 1 643 1 131 2 501 446 4 078

2019 5 000 1 643 1 131 2 501 446 4 078

2020 5 000 1 643 1 131 2 501 446 4 078

2021 5 000 1 643 1 131 2 501 446 4 078

2022 5 000 1 643 1 131 2 501 446 4 078

2023 5 000 1 643 1 131 2 501 446 4 078

2024 5 000 1 643 1 131 2 501 446 4 078

2025 5 000 1 643 1 131 2 501 446 4 078

2026 5 000 1 643 780 1 131 2 501 446 4 858

2027 5 000 1 643 1 131 2 501 446 4 078

2028 5 000 1 643 1 131 2 501 446 4 078

2029 5 000 1 643 1 131 2 501 446 4 078

2030 5 000 1 643 1 131 2 501 446 4 078

2031 5 000 1 643 1 131 2 501 446 4 078

2032 5 000 1 643 1 131 2 501 446 4 078

2033 5 000 1 643 1 131 2 501 446 4 078

2034 5 000 1 643 1 131 2 501 446 4 078

2035 5 000 1 643 1 131 2 501 446 4 078

(1 457) (1 457>



ALTERNATIVE C

~ALVIS BAY ~ATER SUPPLY SCHEME

DESALINATION OF SEA~ATER
MECHANICAL VAPOUR COMPRESSION

\.11THNO PRETREATMENT

ANNEXURE C

PAGE 1
M

Raw Yater Source
Raw Water Requirements
OUtput Capacity of plant

PLant Design Factor

Annual Water Production

Sea WeLLs Located near
10 100 m'3/d
5 000 m"3/d

90%

643 ML/annum

Walvis Bay
Pretreatment Losses
FiLtration Losses

U.F.PLant Losses
pLant Recovery Factor

1%

50%

COSTS Of POYER

kl./Charges/month
Unit Charges

26.50 R/k~/Month

10.50 c/k~h

Years 40

MechanicaL

ELectricaL

15

Desal

Equipment

20

eiv; Ls

DEPRECIATION PERIOD

ANNUAL MAINTENANCE FACTORS
0.50% 4.00% 2.00%

PROGRAMMME REQUIIREMENTS

Design Tender & Award

Construct ion
Start Up Period

9 Months
12 Months

1 Month

CAPITAL COSTS (See Page 2) eiv; 1s Mechanical Desal Totals

Electrical Equipment

R*1000 R*1000 R*1000 R*1000

100 100

6 800 780 20 700 28 280

1 580 180 2 750 4 510
210

Direct Non Depreciable

Direct Depreciable

Indirect
Start Up Costs
-------------------------------------------------------------------------------------
TOTAL CAPITAL COSTS 8 480 960 33 100

-------------------------------------------------------------------------------------
MAINTENANCE COSTS 34 31 414 479

-------------------------------------------------------------------------------------
ANNUAL RECURRING COSTS

Fixed
Flow Related (5 000 mA3/d

R*1000

1 001

1 425
------- - - -------- - - - - ------- -- - - - - - - - - - - --
TOTAL 2 426

--------- -- - - - ----- - - - - - - -- ------- ---- ----
ECONOMIC ANALYSIS

Discount Rate 0.0% 4.0% 6.0% 8.0% 10.0%

-----------------------------------------------------------------------------------------------
Capital NPV

Operating NPV

54

116

39
53

35
39

32

30
30

23

-----------------------------------------------------------------------------------------------

Total NPV

~ater Produced Discounted

170

66

93
30

74

22

62

17

54

13

-----------------------------------------------------------------------------------------------
REFERENCE UNIT VALUE Rand/mA3 2.59 3.08 3.38 3.70 4.04

-------------------------------------------------------------------------------------.---------



~ALVIS BAY YATER SUPPLY SCHEME
DESALINATION OF SEAWATER

MECHANICAL VAPOUR COMPRESSION
WITH NO PRETREATMENT

ESTIMATED CAPITAL COSTS

WBCl

ALTERNATIVE C

DIRECT CAPITAL COSTS

Non Depreciable
1 Purchase of Land

Depreciable
1 Wellfield
2 Delivery Pipelines

3 Site Development
4 Raw Water Storage (2 000 mA3)
5 Pretreatment Works
6 Administrative & Miscellaneous Buildings
7 Desalination Equipment Buildings (560 mA2)

8 Desalination Equipment
9 Product Storage Reservoir (625 m~3)

10 Incoming Power Supply
11 Product Pipeline & Pumpstation

12 Brine Pipeline

eivi ls Mechanical Desal Totals

Electrical Equipment

R*1000 R*1000 R*10DO R*1000

100 100

425

50

200

950

25

80

840

445

3 735

50

275 700

50

260

950
80

80

840
20 700

445

230

3 895

50

Total of Depreciable Costs

-------------------------------------------------------------------_.--------_.------

28 280

60

55

20 700

230

160

6 800 780 20 700

---------_._._-----------------------------------------------------------------------

INDIRECT CAPITAL COSTS

Cont ingenc ies 10_00%0f Net Cost 680 80 2 070 2 830

Escalation O.007.per Month

Engineering Fees
Civil and Mechanical 12.0% 900 100 1 000

Desalination Equipment 3.0% 680 680

Totals of Indirect Depreciable Costs

--------------------------------------------------------------------_.-------_.------

4 5101 580 180 2 ;'50
-------------------------------_._---------------------------------_._---------------

START UP COSTS (Pro Rata on Start Up Period)

Chemicals

Power
Electrical

Heavy Fuel 0; 1

Staff

R*1000

Totals

--- -- - - - - - - - - - --- - - -- - ---- - ---_.- -- - - - - - - -- - - - - - - - - ---- ----

------------------------------------------------_.---------

5

159

5
39

207

ANNEXURE e
PAGE 2



ALTERNATIVE C

WALVIS BAY WATER SUPPLY SCHEME
DESALINATION Of SEAWATER

MECHANICAL VAPOUR COMPRESSION
WITH NO PRETREATMENT

ESTIMATED CAPITAL COSTS

CALCULATION OF ENERGY COSTS

Based on operation at full rated output of 5 000 m"3/d

ANNEXURE C
PAGE 3

ELECTRICAL ENERGY

Component Absorbed InstaL Led % Average

Power kW Po..er kw UtiLisation kWh/day

Sea ..ater pumps 19 22 90.0% 419

Clear Water Pumps 60 75 90.0% 1 304

Compressor 1 560 1 575 90.0% 34 020

Totals 640 1 672

- - - - - - - - - - - - - - - - - - - - _. - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - --
35 743

- ---- - - - --- - - - - - --- - - - -- - - - - - --- --- - - - - - - - - - - - - ~--- ---~ - - - - - - - - ~-- - - --

fixed Annual Po..er costs

flow ReLated Power costs Electrical Energy

CALCULATION OF ANNUAL RECURRING COSTS

FIXED
Salaries and Labour

Labour OVerhead ( 30.0%)

fixed eLectricaL energy costs

R*1000

532

1 370

R*1000

361

108.

532

TotaL

----------------------------------------------------------~------
1 001

- - - - ---- - - - - -- - - - - - - ---- - -- ---- - - - - - - - - --- ---- - - - - -- - ----- - - -- ---

FLO\..!RELATED

Power -E Lect r ica L

Chemi caLs
MisceLLaneous SuppLies

370

55

TotaL

----_._----------------------------------------------------------
1 425

-- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - ---- - - - - - - - - - - - - -- --- - - - --- - - - - --

STAFFING

Ut it No. SaLary TotaL Salaries

R R

Superintendant 100% 1 70 000 70 000

Snr Operator 100% 5 39 000 195 000

Jnr Operator 100% 0 32 500 0

Operating Asst 100% 4 12 400 49 600

labourers 100% 2 12 400 24 800

Lab. Techn_ 10% 1 32 500 3 250

Mech. Ma int. 30% 1 44 800 13 440

ELec. Maint. 10% 1 44 800 4 480

-----------------------------------------------------

TOTAL 361 000



M

WALVIS BAY WATER SUPPLY SCHEME

DESALINATION Of SEAWATER

MECHANICAL VAPOUR COMPRESSION

WITH NO PRETREATMENT

ALTERNATIVE C

CHEMICAL USAGE

Dai ly Dosage Rate AnnuaL Unit CostTotaL Cost

Quant ity Quant ity

m'3/d mg/l tons R/ton R

Lime 5 000 20 32.85 495.00 16 261

Ant i-SeaLont 9 999 4 13.14 2 000.00 26 277

Chlorine Row Water 10 100 5 16.59 700.00 11 612

Chlorine Product Water 5 000 1 1.64 700.00 1 150

-------------------------------------------------------------------------------------

TOTAL FOR CHEMICALS 55 000

-------------------------------------------------------------------------------------

MISCELLANEOUS SUPPLIES

ITEM AnnuaL Unit Cost TotaL Cost

Quantity

Unit Unit/a R per unit R

---------------------------------------------------------------------------
TOTAL FOR CONSUMABLES
---------------------------------------------------------------------------

ANNEXURE C

PAGE 4



WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

MECHANICAL VAPOUR COMPRESSION

WITH NO PRETREATMENT

ALTERNATIVE C

CALCULATION OF PUMPING REQUIREMENTS

Based on operation at full rated output of 5 000 mA3/d

Sea Water Pumps 2 CLear Water Pumps

pumping Rate 117 LIs Pumping Rate

Length of Main 300 m Length of Main

Diameter 288 rrm Diameter

Friction Head 2.4 m Friction Head

Static Head 10.0 m Stat ic Head

TotaL Head 12.4 m Total Head

Efficiency of Pump 75.0% Percent Efficiency of Pump

Power Absorbed 19 k~ Power Absorbed

Power InstaL Led 22 k~ Power InstaL Led

58 Lis

15 000 m
288 nrn

33.2 m

45.0 m
78.2 m

75.0%Percent

60 k~

75 k~

ANNEXURE C

PAGE 5



~ALVIS BAY ~ATER SUPPLY SCHEME ANNEXURE C
DESALINATION OF SEA~ATER PAGE 6

MECHANICAL VAPOUR COMPRESSION

ALTERNATIVE C ~ITH NO PRETREATMENT

YEAR FLO\.J FLOY CAPITAL FIXED COSTS PROPMAINTNCE TOTAL
COSTS TO FLOY COSTS

m'3/d Ml/a R*1000 R*1000 R*1000 R*1000 R*1000
............ __ ................. _ ....... - ........ --------- -_ ........... ----_ ... --_ ....

1993

1994 3 819 3 819
1995 29 281 29 281

1996 5 000 1 643 1 001 1 425 479 2 905
1997 5 000 1 643 1 001 1 425 479 2 905
1998 5 000 1 643 1 001 1 425 479 2 905

1999 5 000 1 643 1 001 1 425 479 2 905

2000 5 000 1 643 1 001 1 425 479 2 905

2001 5 000 1 643 1 001 1 425 479 2 905

2002 5 000 1 643 1 001 1 425 479 2 905

2003 5 000 1 643 1 001 1 425 479 2 905

2004 5 000 1 643 1 001 1 425 479 2 905

2005 5 000 1 643 1 001 1 425 479 2 905

2006 5 000 1 643 1 001 1 425 479 2 905
2007 5 000 1 643 1 001 1 425 479 2 905

2008 5 000 1 643 1 001 1 425 479 2 905

2009 5 000 1 643 1 001 1 425 479 2 905

2010 5 000 1 643 1 001 1 425 479 2 905

2011 5 000 1 643 780 1 001 1 425 479 3 685

2012 5 000 1 643 1 001 1 425 479 2 905

2013 5 000 1 643 1 001 1 425 479 2 905

2014 5 000 1 643 1 001 1 425 479 2 905

2015 5 000 1 643 1 001 1 425 479 2 905

2016 5 000 1 643 20 700 1 001 1 425 479 23 605

2017 5 000 1 643 1 001 1 425 479 2 905

2018 5 000 1 643 1 001 1 425 479 2 905

2019 5 000 1 643 1 001 1 425 479 2 905

2020 5 000 1 643 1 001 1 425 479 2 905

2021 5 000 1 643 1 001 1 425 479 2 905

2022 5 000 1 643 1 001 1 425 479 2 905

2023 5 000 1 643 1 001 1 425 479 2 905

2024 5 000 1 643 1 001 1 425 479 2 905

2025 5 000 1 643 1 001 1 425 479 2 905

2026 5 000 1 643 780 1 001 1 425 479 3 685

2027 5 000 1 643 1 001 1 425 479 2 905

2028 5 000 1 643 1 001 1 425 479 2 905

2029 5 000 1 643 1 001 1 425 479 2 905

2030 5 000 1 643 1 001 1 425 479 2 905

2031 5 000 1 643 1 001 1 425 479 2 905

2032 5 000 1 643 1 001 1 425 479 2 905

2033 5 000 1 643 1 001 1 425 479 2 905

2034 5 000 1 643 1 001 1 425 479 2 1)05

2035 5 000 1 643 1 001 1 425 479 2 905

(1 517) (1 ~i17)



WALVIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEAWATER

THERMAL VAPOUR COMPRESSION
WITH NO PRETREATMENT

ESTIMATED CAPITAL COSTS
ALTERNATIVE D

DIRECT CAPITAL COSTS

Non Depreciable

1 Purchase of Land

Depreciable

1 Wellfield
2 Delivery Pipelines
3 Site Development
4 Raw Water Storage (2000 m~3)

5 Pretreatment Yorks
6 Administrative & Miscellaneous Buildings
7 Desalination Equipment Buildings (543 m~2)
8 Desalination Equipment

9 Steam Generation Equipment

10 Product Storage Reservoir (625 mA3)
l' Incoming Power Supply

12 Product Pipeline & Pumpstation

13 Brine Pipeline

Totals of Depreciable Costs

Civi ls Mechanical Desal Tota ls

Electrical Equiprmmt

R*1000 R*1000 R*1000 R*1000

100 100

425

50

200

950

25

80

815

275 700

50

260

950

80

80
815

21 000

8 250

445

230

3 895

50

36 805

INDIRECT CAPITAL COSTS

Contingencies 10.00%0f Net Cost 750 830 2 100 3 680

EscaLation O.OO%per Month
Engineering Fees

Civil and Mechanical 12.0% 990 1 090 2 080

Desalination Equipment 3.0% 690 690

Totals of Indirect Depreciable Costs

60

55

21 000

750

445

7 500

3 735
50

230

160

7 525 8 280 21 000

1 740 2 7901 920

START UP COSTS (Pro Rata on Start Up Period)

Chemicals
Power

Electrical

Heavy Fuel 0; 1
Staff

Totals

R*1000

5

6 450

28

394

39

466

ANNEXURE 0
PAGE 2



ALTERNATIVE 0

WALVIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEAWATER

THERMAL VAPOUR COMPRESSION
IJITII NO PRETREATMENT

ESTIMATED CAPITAL COSTS
CALCULATION OF ENERGY COSTS

ANNEXURE 0

PAGE 3

Based on operation at full rated output of 5 000 mA3/d

ELECTRICAL ENERGY
Corrponent Absorbed Installed % Average

Power kW Power kU Uti lisation kWh/day

Seawater pw!ps 19 22 90.0% 419

Clear Water Pumps 60 75 90.0% 1 304

Additional Energy 208 210 90.0% 4 493

Totals 288 307 6 216

Heavy Fuel Oil Consumption
Boiler Efficiency

Required evaporation rate
Heavy Fuel oil Consumption Rat

82.0%

20.00 t/h

1. 28 t/h

Fixed Power Costs
Flow Related Power costs
Flow Related Power costs

Electrical Energy
Heavy Fue l Oi l

R*1000

98

238

4 7?6

CALCULATION OF ANNUAL RECURRING COSTS

FIXED
Salaries and Labour
Labour OVerhead ( 30.0%)
Fixed electrical energy costs

R*1000

361

108

98

Total 567

FLOU RELATED
Power-Electrical

Heavy Fuel Oil

Chemicals

Miscellaneous Supplies

238

4 726

55

Total 5 019

STAFFING
Util No. Salary Total Salaries

R R

Super intendant 100% 1 70 000 70 000

Snr Operator 100% 5 39 000 195 000

Jnr Operator 100% 0 32 500 0

Operating Asst 10cr~ 4 12 400 49 600

Labourers 100% 2 12 400 24 800

Lab. Techn. 10% 1 32 500 3 250

Mech. Ma int. 30% 1 44 800 13 440

Elec. Maint. 10% 1 44 800 4 480
-----------------------------------------------------
TOTAL 361 000



T

WALVIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEAWATER

THERMAL VAPOUR COMPRESSION
IJITH NO PRETREATMENT

ALTERNATIVE 0

CHEMICAL USAGE

Dai ly Dosage Rate Annual Unit CostTotal Cost
Quant i ty Quant i ty

m'3/d mg/L tons R/ten R
Lime 5 000 20 32.85 495.00 16 261

Anti-Scalant 9 999 4 13.14 2 000.00 26 277

ChLorine Raw Water 10 100 5 16.59 700.00 11 612
Chlorine Product \Jater 5 000 1 1.64 700.00 1 150

TOTAL FOR CHEMICALS 55 000

MISCELLANEOUS SUPPLIES

ITEM AnnuaL Unit Cost Total Cost
Quantity

Unit Unit/a R per unit R

TOTAL FOR CONSUMABLES

ANNEXURE D

PAGE 4



WALVIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEA~ATER

THERMAL VAPOUR COMPRESSION
WITH NO PRETREATMENT

ALTERNATIVE D

CALCULATION OF PUMPING REQUIREMENTS

Based on operation at full rated output of 5 000 m~3/d

Sea Water Pl.mps 2 CLear Water Pumps

Pt..rrping Rate 117 Lis Pumping Rate

Length of Main 300 m Length of Main

Diameter 288 nm Diameter

Friction Head 2.4 m Friction Head

Static Head 10.0 m Static Head

Total Head 12.4 m TotaL Head

Efficiency of Pump 75.0% Percent Efficiency of Pump

Power Absorbed 19 kW Power Absorbed

Power Installed 22 kw Power InstaL Led

58 lis
15 000 m

288 nm
33.2 m
45.0 m
78.2 m
75.0%Percent

60 kW

75 kW

ANNEXURE 0
PAGE 5



UBEl YALVIS BAY YATER SUPPLY SCHEME
DESALINATION OF SEAYATER

MULTIPLE EFFECT DISTILLATION
UITH NO PRETREATMENT

ESTIMATED CAPITAL COSTS

ALTERNATIVE E

DIRECT CAPITAL COSTS Civi 15 Mechanical DesaI Totals

Electrical Equipment

Non Depreciable R*1000 R*1000 R*100u R*1000

1 Purchase of Land 100 100

Depreciable
1 Yell field 425 275 700

2 Delivery Pipelines 50 50

3 Site Development 200 60 260

4 Raw Uater Storage (2 000 mA3) 950 950

5 Pretreatment Yorks 25 55 80

6 Administrative & Misc. Buildings 80 80

7 Desalination Equipment Buildings (800 mA2) 1 200 1 200

8 Desalination Equipment 21 000 21 000

9 Steam Generation Equipment 750 7 500 8 250

10 Product Storage Reservoir (625 mA3) 445 445

11 Incomi'ng Power Supply 230 230

12 Product Pipeline & Pumpstation 3 735 160 3 895

13 Brine Pipeline 50 50

Totals of Depreciable Costs 37 1907 910 8 280 21 000

INDIRECT CAPITAL COSTS
Contingencies 10.00%0f Net Cost 790 830 2 100 3 720

Escalation O.OO%per Month
Engineering Fees

civil and Mechanical 12.0% 1 040 1 090 2 130

Desalination Equipment 3.0% 690 690

Totals of Indirect Depreciable Costs 2 790 6 5401 830 1 920

Hide This line

START UP COSTS (Pro Rata on Start Up Period)

Chemicals

Power

ELectricaL
Heavy FueL 0; 1
Staff

R*lDDO

5

39

497

39

Totals 579

ANNEXURE E
PAGE 2



ALTERNATIVE E

WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

MULTIPLE EFFECT DISTILLATION

WITH NO PRETREATMENT
ESTIHATED CAPITAL COSTS

CALCULATION OF ENERGY COSTS

Based on operation at full rated output of 5 000 m'3/d

ELECTRICAL ENERGY

Component Absorbed Installed % Average

Power k\.J Power kW Utilisation kWh/day

Seawater pumps 19 22 90.0% 419

Clear Water Pumps 60 75 90.0% 1 304

Additional Energy 313 320 90.0% 6 912

---------------------------------------------------------------------------

Totals 393 417 B 635

-------------------*--------*----------------------------------------------

Heavy Fuel Oil Consumption

Boiler Efficiency

Required evaporation Rate
Heavy Fuel Oil Consumption Rate

B2.0%

26.00 t/h

1.67 t/h

Fixed Annual Power costs

Flow Related Power costs
Flow Related Power costs

R*1000

133

331
5 961

Electrical Energy
Heavy Fuel OJ 1

CALCULATION OF ANNUAL RECURRING COSTS

FIXED

Salaries and labour

labour Overhead ( 30.0%)

Fixed electrical energy costs

R*1000

361

10B

133

----------------------------*----------------------------------------------

Total 102

---------------------------------------------------------------------------

FLOU RELATED

Power-Electrical

Heavy Fuel Oi 1

Chemicals

Miscellaneous Supplies

331
5 ,'61

55

------ - - - - - -- - - - - - - - ---- - - - - - --- ----------- - --------- - -- ---- -- -- - - - - - - - - ---

Total 6 ?,47

- - - ------ - - - - ----- - - - - -- -- - - - - - - - - - - - - - - - - - ----- -- - - - - - - - - - - - - - -- - - - - - _. - --

STAFFING
Uti t No. Salary Total Salaries

R R

Superintendant 100% 1 70 000 70 000

Snr Operator 100% 5 39 000 195 000

Jnr Operator 100% 0 32 500 0

Operating Asst 100% 4 12 400 49 600

Labourers 100% 2 12 400 24 BOO

Lab. Techn. 10% 1 32 500 3 250

Mech_ Maint. 30% 1 44 BOO 13 440

Elee. Maint. 1Ir~ 1 44 BOO 4 480
-------------_ ..---------------_.--------------------
TOTAL 361 000

--------------------------------------------------_.-

ANNEXURE E

PAGE 3



E

WALVIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEAWATER

MULTIPLE EFFECT DISTILLATION
WITH NO PRETREATMENT

ALTERNATIVE E

CHEMICAL USAGE

Dai ty Dosage Rate AnnuaL Unit C,)stTotaL Cost
Quant i ty Quant i ty

mA3/d mg/l tons Rita!) R

Lime 5 000 20 32.85 495.00 16 261

Anti·Scalant 9 999 4 13.14 2 000.00 26 277

Chlorine Raw Water 10 100 5 16.59 700.00 11 612

ChLorine Product Water 5 000 1 1.64 700.00 1 150

TOTAL FOR CHEMICALS 55 000

MISCELLANEOUS SUPPLIES

ITEM Annual Unit Cost Total Cost
Quantity

Unit Unit/a R per unit R

TOTAL FOR CONSUMABLES

ANNEXURE E
PAGE 4



WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

MULTIPLE EFFECT DISTILLATION

WITH NO PRETREATMENT
AL TERNATIVE E

CALCULATlml Of PUMPING REQUIREMENTS

Based on operation at full rated output of 5 DOD mA3/d

Sea Water Pumps 2 Clear Water Pumps
P~ing Rate 117 lis Pumping Rate
length of Main 300 m length of Main
Diameter 288 rrm Diameter
Friction Heod 2.4 m Friction Head
Static Head 10.0 on Stntic Head
Total Head 12.4 m Total Head
Efficiency of Pump 75.0% Percent Efficiency of Pump
Power Absorbed 19 k~ Power Absorbed
Power Installed 22 k~ Power Installed

58 lis
15 000 m

258 rrm
33.2 m
45.0 rn
78.2 m

75.0%Percent
60 kW

75 kU

ANNEXURE E

PAGE 5



~ALVIS BAY ~ATER SUPPLY SCHEME ANNEXURE E
/;;I8FIV

DESALINATION OF SEAUATER PAGE 6
MULTIPLE EFFECT DISTILLATION

ALTERNATIVE E ~ITH NO PRETREATMENT

YEAR FLO~ FLOU CAPITAL FIXED COSTS PROPMAINTNCE TOTAL
COSTS TO FLO\.JCOSTS

m'3/d ML/a R*1000 R*1000 R*1000 R*1000 R*1000
wwwwww _____________ w ____ w ____________________________________________________________

1993

1994 5 462 5 462
1995 38 948 38 948
1996 5 000 1 643 602 6 347 791 7 740
1997 5 000 1 643 602 6 347 791 7 740
1998 5 000 1 643 602 6 347 791 7 740
1999 5 000 1 643 602 6 347 791 7 740
2000 5 000 1 643 602 6 347 791 7 740
2001 5 000 1 643 602 6 347 791 7 740
2002 5 000 1 643 602 6 347 791 7 740
2003 5 000 1 643 602 6 347 791 7 740
2004 5 000 1 643 602 6 347 791 7 740
2005 5 000 1 643 602 6 347 791 7 740
2006 5 000 1 643 602 6 347 791 7 740
2007 5 000 1 643 602 6 347 791 7 740
2008 5 000 1 643 602 6 347 791 7 740
2009 5 000 1 643 602 6 347 791 7 740
2010 5 000 1 643 602 6 347 791 7 740
2011 5 000 1 643 8 280 602 6 347 791 16 020
2012 5 000 1 643 602 6 347 791 7 740
2013 5 000 1 643 602 6 347 791 7 740
2014 5 000 1 643 602 6 347 791 7 740
2015 5 000 1 643 602 6 347 791 7 740
2016 5 000 1 643 21 000 602 6 347 791 28 740
2017 5 000 1 643 602 6 347 791 7 740
2018 5 000 1 643 602 6 347 791 7 740
2019 5 000 1 643 602 6 347 791 7 740
2020 5 000 1 643 602 6 347 791 7 740
2021 5 000 1 643 602 6 347 791 7 740
2022 5 000 1 643 602 6 347 791 7 740
2023 5 000 1 643 602 6 347 791 7 740
2024 5 000 1 643 602 6 347 791 7 740
2025 5 000 1 643 602 6 347 791 7 740
2026 5 000 1 643 8 280 602 6 347 791 16 020
2027 5 000 1 643 602 6 347 791 7 740
2028 5 000 1 643 602 6 347 791 7 740
2029 5 000 1 643 602 6 347 791 7 740
2030 5 000 1 643 602 6 347 791 7 740
2031 5 000 1 643 602 6 347 791 7 740
2032 5 000 1 643 602 6 347 791 7 740
2033 5 000 1 643 602 6 347 791 7 740
2034 5 000 1 643 602 6 347 791 7 740
2035 5 000 1 643 602 6 347 791 7 1'40

(4 560) (4 560)



R ~AlVIS BAY ~ATER SUPPLY SCHEME ANNEXURE F
DESALINATION OF SEA~ATER PAGE 1

REVERSE OSMOSIS
ALTERNATIVE F OFFSHORE SEAWATER WITH PRETREATMENT

WITH NO ULTRA-FILTRATION PRETREATMENT

Raw Water Source Sea Intakes Located near WaLvis Bay
Raw Water Requirements 11 500 m'3/d Pretreatment Losses 1%
OUtput Capacity of Plant 5 000 m'3/d FiLtration Losses 2%
Plant Design Factor 90% U.F.Plant losses
Annual Water Production 1 643 Ml/annum R.O.Plant Recovery factor 45%

COSTS OF POUER

k\.JCharges/month 26.50 R/kW/Month
Uni t Charges 10.50 c/kWh

DEPRECIATION PERIOD eivi ts MechanicaL Desal Membranes
Electrical Equipment R. O.

Years 40 15 20 5

MAINTENANCE FACTORS 0.50% 4.00% 2.00%

PROGRAMMME REQUIIREMENTS
Design Tender & Award 9 Months

Construction 12 Months
Start Up Period 1 Month

CAPI TAL COSTS (See Page 2) eivi ls Mechanical Desal Membranes Totals
Electrical Equipment R. O.

R*1000 R*1000 R*1000 R*1000 R*1000
Direct Non Depreciable 100 100
Direct Depreciable 12 750 4 645 17 500 3 000 37 895

Indirect 2 960 1 070 2 330 400 6 760
Start Up Costs 190

---------------_._-------------------------------------------------------------------------------

TOTAL CAPITAL COSTS 15 810 5 715 19 830 3 400 44 945
-------------------------------------------------------------------------------------------------

MAINTENANCE COSTS 64 186 350 600
-------------------------------------------------------------------------------------------------

ANNUAL RECURRING COSTS

Fixed

Flow Related (5 000 mA3/d)

R*1000

1 063

1 880

TOTAL 2 943

ECONOMIC ANALYSIS
Discount Rate 0.0% 4.0% 6.0% 8.0% 10.0%

-------------------------------------------------------------------------------------------------

CapitaL NPV
Operating NPV

69

142
52

65

47

47

43

36
41

29
-------------------------------------------------------------------------------------------------

Total NPV
Uater Produced Discounted

210

66
117

30
94

22
80

17
69

13
-------------------------------------------------------------------------------------------------

REFERENCE UNIT VALUE Rand/m'3 3.20 3.88 4.29 4.74 5.21
-------------------------------------------------------------------------------------------------



ALTERNATIVE f

~ALVIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEAWATER

REVERSE OSMOSIS
OFFSHORE SEA~ATER WITH PRETREATMENT

~ITH NO ULTRA-FILTRATION PRETREATMENT
ESTIMATED CAPITAL COSTS

ANNEXURE F
PAGE 2

DIRECT CAPITAL COSTS Civi ls Mechanical Desal Membranes Totals

Electrical Equil~ent R. O.

Non Depreciable R*1000 R*1000 R*1000 R*1000 R*1000

1 Purchase of Land 100 100

Depreciable
1 Sea Intake & Pumpstation 3 290 330 3 620

2 Delivery Pipelines 50 50

3 Site Development 200 60 260

4 Raw Water Storage (12 000 rn"3) 2 805 2 805
5 Pretreatment Works and Pumpstations 275 3 865 4 140

6 Administrative & Miscellaneous Buildings 100 100

7 Desalination Equipment BuiLdings (1 200 mA2) 1 800 1 800

8 Desalination Equipment 17 500 3 000 20 500

9 Product Storage Reservoir ( 625 rn"3) 445 445

10 Incoming Power Supply 230 230

11 Product Pipeline & Pumpstation 3 735 160 3 895

12 Brine Pipeline 50 50

Totals of Depreciable Costs 12 750 4 645 17 500 3 000 37 895

INDIRECT CAPITAL COSTS
Contingencies 10.00%0f Net Cost 1 280 460 1 750 300 3 790

Escalation O.OO%per Month

Engineering Fees

Civil and Mechanical 12.0",( 1 680 610 2 290

Desalination Equipment 3.0% 580 100 680

Totals of Indirect Depreciable Costs 2 960 1 070 2 330 400 6 760

START UP COSTS (Pro Rata on Start Up Period)

Chemicals

Power
Electrical

Staff

R*1000

22

122

49

TotaLs 192



ALTERNATIVE F

WALVIS B',Y WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

REVERSE OSMOSIS

OFFSHORE SEAWATER WITH PRETREATMENT

wITH NO ULTRA-FILTRATION PRETREATMENT

CALCULATION Of ENERGY COSTS

Based on operation at full rated output of

ELECTRICAL ENERGY

5 000 m"3/d

Absorbed Installed %

Component Power kw Power kW Utilisation

Seawater pumps 23 30 90.0%

Pretreatment Works 36 37 90.0%

Reverse Osmosis Feed Pumps 103 110 90.0%

Reverse Osmos is Pumps 962 1 260 90.0%

Clear Water Pumps 60 75 90.0%

Totals 1 185 1 512

Fixed Annual Power costs

Flow Related Power costs

R*1000

481

981 Electrical Energy

CALCULATION OF ANNUAL RECURRING COSTS
R*1000

FIXED

Salaries and Labour

Labour Overhead (30.0%)

Fixed electrical energy costs

Total 1 063

FLOW RELATED

Power-Electrical

Chemicals

Miscellaneous Supplies

R.O.Membrane Replacement (5 Yearly)

Total 1 880

STAFFING

Supcr-intndt

Snr Operator

Jnr Operator

Operat ing Asst

Lnbourcrs

LDb. Techn.

Mech. Main!.

Elec. Maint.

TOTAL

Ut II Salary

R

Total Salaries

R

100%

100%

100%

0%

100%

20%

20".
15%

70 000

39 000

32 500

12 400

12 liDO

32 500

44 800

44 800

70 000

156 000

162 500

a
37 200

6 500

8 960

6 720

1
4

5

a
3
1

1
1

448 000

ANNEXURE F

PAGE 3

Average

kWh/day

502

783

2 233

20 783

1 30/1

25 605

448

134

481

981

261

38

600



AL TERNAT IVE F

~ALVIS BAY ~ATER SUPPLY SCHEME
DESALINATION OF SEA~ATER

I:EVERSE OSMOSIS

OFFSHORE SEA~ATER WITH PRETREATMENT
~lTH NO ULTRA-FILTRATION PRETREATMENT

r.HEMICAL USAGE

Sulphuric acid

Lime
Sodium bi-Sulphite

Flocon ( Anti-Sealant

Chlorine Row Water

Chlorine Product ~ater
Coagulant

Dai ly Dosage Rate Annual

Ouant i ty Quantity

m"'3/d mg/l tons

11 SOD 25 94.44

5 000 20 32.85

11 155 5 18.32

11 155 5 18.32

11 500 5 18.89

5 000 1 1.64

TOTAL FOR CHEMICALS

ANNEXURE F
PAGE 4

Unit CostTotal Cost

R/ton

300.00

495.00

2 050.00

9 000.00

700.00

700.00

MISCELLANEOUS SUPPLIES

ITEM Annual Unit Cost Total Cost

auantity

Unit Un it/a R per unit R

Cartridge Filters No. 200.00 80.00 16 000

Citric acid Ton 0.50 8 750.00 4 375

Detergent Ton 2.00 7 000.00 14 000

Tannic acid kg 65.00 60.00 3 900

TOTAL FOR CONSUMABLES 38 275

R

28 333

16 261

37 560

164 899

13 222

1 150

261 000



ALTERNATIVE F

WALVIS (3,\Y \.JATERSUPPLY SCHEME

DESALINATION OF SEAWATER

REVERSE OSMOSIS

OFFSHORE SEA\.JATERWITH PRETREATMENT

WITH NO ULTRA-FILTRATION PRETREATMENT

CALCULATION OF PUMPING REQUIREMENTS

Based on operation at fuLL rated output of 5 DOD m'3/d

Sea Water PUfT'PS 2 Pretreatment Works

Pumping Rate 133 LIS Pumping Rate 133 lis

Length of Main 300 m Length of Main 50 m

Diameter 2BB om Diameter 2BB om

Friction Head 3.1 m Friction Head 0.5 m

Static Head 10.0 m Static Head 20.0 m

Total Head 13.1 m TotaL Head 20.5 m

Efficiency of Pump 75.0% Percent Efficiency of pump 75.0%Percent

Power Absorbed 23 k" Power Absorbed 36 kW

Power Installed 30 kY Power Installed 37 kW

3 Reverse Osmosis Feed Pumps 4 Reverse Osmosis Pumps

plITlpingRate 129 lis Pumping Rate 129 lis

length of Ma in 30 m length of Ma in 1 000 m

Diameter 288 om EquivaLent Diameter 280 nm

Friction Head 0.3 m Friction Head 11 .1 m

Static Head 60.0 m Static Head 550.0 m

TotaL Head 60.3 m TotaL Head 561.1 m

Efficiency of Pump 75.0%Percent Efficiency of Pump 75.0%Percent

Power Absorbed 103 k" Power Absorbed 962 kY

Power Installed 110 kU Power Instal Led 1 260 kY

5 Clear Water Pumps

Punping Rate

Length of Main

Diameter

Friction Head

Static Head

Total Head

Efficiency of Pump

Power Absorbed

Power InstaL led

5B lis
15 DOD m

288 ITIl1

33.2 m

45.0 m
78.2 m

75.0%Percent

60 kY
75 k\/

ANNEXURE F

PAGE 5



UALVIS BAY UATER SUPPLY SCHEf~E ANNEXURE F

DESALINATION Of SEAWATER PAGE 6

REVERSE OSMOSIS

ALTERNATIVF OFFSHORE SEAWATER WITH PRETREATMENT
OFFSHORE SEAWATER WITH PRETREATMENT

YEAR fLOI,../ FLOW CAPITAL FIXED COSTS PROPMAINTNCE TOTAL

COSTS TO FLOW COSTS

m'3/d Mila R*1000 R*1000 R*1000 R*1000 R*1000
----------------------------------------------------------------------------------

1993

1994 5 635 5 635

1995 39 310 39 310

1996 5 000 1 643 1 063 1 880 600 3 543

1997 5 000 1 643 1 063 1 880 600 3 543

1998 5 000 1 643 1 063 1 880 600 3 543

1999 5 000 1 643 1 063 1 880 600 3 543

2000 5 000 1 643 1 063 1 880 600 3 543

2001 5 000 1 643 1 063 1 880 600 3 543

2002 5 000 1 643 1 063 1 880 600 3 543

2003 5 000 1 643 1 063 1 880 600 3 543

2004 5 000 1 643 1 063 1 880 600 3 543

2005 5 000 1 643 1 063 1 880 600 3 543

2006 5 000 1 643 1 063 1 880 600 3 543

2007 5 000 1 643 1 063 1 880 600 3 543

2008 5 000 1 643 1 063 1 880 600 3 543

2009 5 000 1 643 1 063 1 880 600 3 543

2010 5 000 1 643 1 063 1 880 600 3 543

2011 5 000 1 643 4 645 1 063 1 880 600 8 188

2012 5 000 1 643 1 063 1 880 600 3 543

2013 5 000 1 643 1 063 1 880 600 3 543

2014 5 000 1 643 1 063 1 880 600 3 543

2015 5 000 1 643 1 063 1 880 600 3 543

2016 5 000 1 643 17 500 1 063 1 880 600 21 043

2017 5 000 1 643 1 063 1 880 600 3 543

2018 5 000 1 643 1 063 1 880 600 3 543

2019 5 000 1 643 1 063 1 880 600 3 543

2020 5 000 1 643 1 063 1 880 600 3 543

2021 5 000 1 643 1 063 1 880 600 3 543

2022 5 000 1 643 1 063 1 880 600 3 543

2023 5 000 1 643 1 063 1 880 600 3 543

2024 5 000 1 643 1 063 1 880 600 3 543

2025 5 000 1 643 1 063 1 880 600 3 543

2026 5 000 1 643 4 645 1 063 1 880 600 8 188

2027 5 000 1 643 1 063 1 880 600 3 543

2028 5 000 1 643 1 063 1 880 600 3 543

2029 5 000 1 643 1 063 1 880 600 3 543

2030 5 000 1 643 1 063 1 880 600 3 543

2031 5 000 1 643 1 063 1 BBO 600 3 543

2032 5 000 1 643 1 063 1 BBO 600 3 543

2033 5 000 1 643 1 063 1 880 600 3 543

2034 5 000 1 643 1 063 1 880 600 3 543

2035 5 000 1 643 1 063 1 880 600 3 543

(3 052) (3 052)



AL TERNAT IVE G

~ALVIS BAY YATER SUPPLY SCHEME
DESALINATION OF SEA~ATER

REVERSE OSMOSIS

~ITH ULTRA-FILTRATION PRETREATMENT

ANNEXURE G
PAGE 1

R

Raw Uater Source

Raw Uater Requirements
OUtput Capacity of Plant

Plant Design factor

AnnuaL Uater Production

Sea Intake Located near ~alvis Bay

12 600 mA3/d Pretreatment Losses
5 000 mA3/d Filtration Losses

90% U.f .Plant Losses
643 Ml/annum R.O.Plant Recovery Factor

1%

1%

10%

45%

COSTS OF POUER

Years

26.50 R/k~/Month

10.50 c/kUh

C ivi Ls Mechanical Desal & UF Membranes

Electrical Equipment U. F. R. O.
40 15 20 2 5

0.50% 4.00% 2.00%

kU Charges/month

Uni t Charges

DEPRECIATION PERIOD

ANNUAL MAINTENANCE FACTORS

PROGRAMMME REOUIIREMENTS

Design Tender & Award

Construction

Start Up Per iod

9 Months

12 Months
, Month

CAPITAL COSTS (See Page 2) civi ls Mechanical Desal & UF Membranes Totals

Elect;rical Equipment U. F. R. D.
R*1000 R*1000 R*1000 R*1000 R*1000 R*1000

Direct Non Depreciable 100 100

Direct Depreciable 13 405 2 850 18 6:10 930 3 000 38 815

Indirect 3 110 670 2 470 120 1.00 6 770

Start Up Costs 210

TOTAL CAPITAL COSTS 16 615 3 520 21 100 1 050 3 400 45 895

MAINTENANCE COSTS 67 114 373 554

ANNUAL RECURRING COSTS

Fixed

Flow Related (5 000 mA3/d

R*1000

1 140

2 526

TOTAL 3 666

ECONOMIC ANALYSIS
Discount Rate 0.0% 4.0% 6.0% 8.0% 10.0%

Capital NPV
Operating NPV

68

169

52

77

1.7
57

44

43

41

34

Total NPV
Uater Produced Discounted

237

66

129

30

104

22

87

17

75

13

REFERENCE UNIT VALUE Rand/mA3 3.60 4.30 4.72 5.17 5.66



ALTERNATIVE G

UALVIS BAY UATER SUPPLY SCHEME
DESALINATION OF SEAWATER

REVERSE OSMOSIS
UITH ULTRA-FILTRATION PRETREATMENT

ESTIMATED CAPITAL COSTS

ANNEXURE G
PAGE 2

WBG2

DIRECT CAPITAL COSTS C iv; ls Mechanical Desal & UF Membranes Totals

Electrical Equipment U. F. R. O.

Non DepreciabLe R*1000 R*1000 R*1000 R*1000 R*1000 R*1000

1 Purchase of Land 100 100

Depreciable

1 Sea Intake & Pumpstation 3 290 330 3 620
2 Dcl Ivery PipeL ines 50 50

3 Site DeveLopment 200 60 260

4 Raw Uater Storage (12 000 mA3) 2 805 2 805
5 Pretreatment Uorks and Pumpstations 190 2 070 1 no 930 4 320

6 Administrative & Misc. BuiLdings 120 120

7 Desalination Equipment BuiLdings(1 680mA2) 2 520 2 520

8 Desalination Equipment 17 500 3 000 20 500

9 Product Storage Reservoir (625 mA3) 445 445

10 Incoming Power Supply 230 230

11 Product Pipeline & Pumpstation 3 735 160 3 895

12 Brine Pipel ine 50 50

Totals of Depreciable Costs 13 405 2 850 18 630 930 3 000 38 815

INDIRECT CAPITAL COSTS
Contingencies 10.0~~f Net Cost

Escalation O.OO%per Month

Engineering Fees
civil and Mechanical

Desalination Equipment

1 340 290 1 860 90 300 3 880

610 30 100

2 150

740
12.0%

3.0%

1 770 380

Totals of Indirect DepreciabLe Costs 3 110 670 2 470 120 400 6 770

Hide This Line

START UP COSTS (Pro Rata on Start up Period)

Chemicals

Power
Electrical

Staff

R*1000

22

143

49

TotaLs 214



ALTERNATIVE G

~ALVIS BAY WATER SUPPLY SCHEME

DESALl NA TI ON OF SEAwATER

REVERSE OSMOSIS

WITH ULTRA'FILTRATION PRETREATMENT
CALCULATION OF ENERGY COSTS

ANNEXURE G
PAGE 3

Based on operation at full rated output of

ELECTRICAL ENERGY

5 000 m'3/d

Component Absorbed Installed % Average

Power kW Power k\J Uti Lisation kWh/day

Seawater pumps 27 30 90.0% 574

Pretreatment \.Jorks 30 30 90.0% 645

Ultrll"Filtration 218 250 90.0% I, 701

Reverse Osmosis Feed Pumps 103 110 90.0% 2 233

Reverse Osmosis Pumps 962 1 260 90.0% 20 783

Clear \.Jater Pumps 60 75 90.0% 1 304

Totals 1 400 1 755 30 241

Fixed AnnuaL Power costs
FLow Related Power costs ELectrical Energy

R*1000

558

1 159

CALCULATION OF ANNUAL RECURRING COSTS
R*10DO

FIXED
SaLaries and Labour

Labour OVerhead ( 30.0%)
Fixed electrical energy costs

448

134
558

Total 1 140

F LOW RELATED

Power-ElectricaL

Chemicals
MisceLlaneous SuppLies

U.F.Hembranc Replacement
R.O.Membrane RepLacement

2 Yearly)
5 Yearly)

159

264

38

465

600

Total 2 526
-----------------------------------------------------------------

STAFFING
Ut iL No. Salary TotaL SaLaries

R R

Super-intndt 100% 1 70 000 70 000

Snr Operator 100% 4 39 000 156 000

Jnr Operator 100% 5 32 500 162 500

Operating Asst 0% 0 12 400 0

Labourers 100% 3 12 400 37 200

Lab. Techn. 20% 1 32 500 6 500

Mech. Maint. 20% 1 44 800 8 960

Elec. Maint. 15% 1 44 800 6 720

TOTAL 448 000



ALTERNATIVE G

WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAwATER

REVERSE OSMOSIS

WITH ULTRA-FILTRATION PRETREATMENT

CHEMICAL USAGE

Dai ly Dosage Rate Annual Unit CostTotal Cost

Quant ity Quant ity

mA3/d !rl9/l tons R/ton R

Sulphuric flcid 12 600 25 103.48 300.00 31 043

Lime 5 000 20 32.85 495.00 16 261

Sodium bi -Sulph ite 11 088 5 18.21 2 050.00 37 335

Flacon ( Anti-Sealant) 11 088 5 18.21 9 000_00 163 908

Chlorine Row Water 12 600 5 20.70 700.00 14 487

Chlorine Product Water 5 000 1 1.64 700.00 1 150

Coagulant
-------------------------------------------------------------------------------------

TOTAL FOR CHEMICALS 264 000
_._------_ ..... __ .-_ ..... __ ._-_._---_ .. _---_ ..... __ ... -_ ... -._---_._._-_ ... _ .. _-_ ... -

MISCELLANEOUS SUPPLIES

ITEM Annual Unit Cost TotaL Cost

Quant ity

Unit Un it/a R per unit R

Cartridge Filters No. 200.00 80.00 16 000

Citric acid Ton 0.50 8750.00 4 95

Detergent Ton 2.00 7 000.00 14 000

Tannic acid kg 65.00 60.00 3 900
_ -------_ ----_ - - _ .. ------_.- _ _ ---_ -- _ .

TOTAL FOR CONSUMABLES 38 275
_____ ••• - _ •• ••••• _. __ ••• M. _.M •••• _ ••••• --. ----------- ••• -- •••• --_.

ANNEXURE G

PAGE 4



ALTERNATIVE G

~ALVIS BAY ~ATER SUPPLY SCHEME

DESALINATION OF SEA~ATER

REVERSE OSMOSIS

WITH ULTRA-FILTRATION PRETREATMENT

CALCULATION OF PUMPING REaUIREMENTS

5 000 m'3/dBased on operation at full rated output of

Sea Water Pumps

PL!l1pingRate
Length of Main

Diameter
Friction Head

Static Head

Total Head

Efficiency of Pump

Power Absorbed

Power Instal led

3 Ultra Filtration Pumps

Pl.It'pingRate

Length of Main

Diameter

Friction Head

Stat ic Head

Total Head

Efficiency of Pump
Power Absorbed

Power Instal led

5 Reverse Osmosis Pumps

PLITlpingRate

Length of Main

Equivalent Diameter

Friction Head

Stat 1c Head

Total Head
Efficiency of Pump

Power Absorbed

Power Installed

1l.6
300

288

3.7
10.0

13.7

75.0%

27

30

143

20

288

0.2

114.0

114.2

75.0%
218

250

129

000

280

11. 1
550.0

561.1

75.0%

962

1 260

lis

m
I1rn

In

m
m

Percent

k~
k~

Lis
m
ITlTl

m
m

Lis
m

ITlTl

m
m
m
Percent

k~
k~

2 Pretreatment Works

Pumping Rate
Length of Main

Diameter
Friction Head

Static Head

Tota 1 Head

Efficiency of Pump

Power Absorbed

Power Installed

4 Reverse Osmosis Feed Pumps

Pumping Rate

Length of Main

Diameter

Friction Head

Static Head

Total Head

Efficiency of Pump

Power Absorbed

Power Installed

6 Clear Water Pumps

Pumping Rate

Length of Main

Diameter

Friction Head
Static Head

Total Head

Efficiency of pump

Power Absorbed

Power Instal Led

ANNEXURE G

PAGE 5

146 lis
30 III

2BB mil

0.4 m

15.0 rn
1'5.4 m

75.0%Percent

30 k~

30 k~

129 Lis
30 m

288 rrrn
0.3 m

60.0 m

60.3 m
75.0%Percent

103 kw
110 k~

58 Lis

15 000 m

288 IlTIl

3:L2 m
45.0 m
78.2 m

75.0%Percent

60 kW

75 kW



WALVIS BAY WATER SUPPLY SCHEME ANNEXUHE G

DESALINATION OF S~AWATlR PAGE 6

REVERSE OSMOSIS

AL TERNAT rVE G WITH ULTRA-FILTRATION PRETkEATMENT

YEAR FLO\.l FLO\.l CAPITAL FIXED COSTS PROPMAINTNCE TOTAL

COSTS TO FLOW COSTS

m"3/d ML/a R*1000 R*1000 R*1000 R*1000

- - - - - - - - - -- - ------ - - - - - - - - - - - - - - - - - - - - - - _. - - - - - - - - - - _. - - - - _. -_. -- _ .. - -- - - - - - - - - - _. --

1993
1994 5 6/)2 5 662

1995 t,O 23t, 40 2:14

1996 5 000 1 643 1 140 2 526 554 4 2;~O

1997 5 000 1 643 1 140 2 526 554 4 220

1998 5 000 1 643 1 140 2 526 554 4 220

1999 5 000 1 643 1 140 2 526 554 4 220

2000 5 000 1 643 1 140 2 526 554 4 220

2001 5 000 1 643 1 140 2 526 554 4 220

2002 5 000 1 643 1 140 2 526 554 4 220

2003 5 000 1 643 1 140 2 526 554 4 220

2004 5 000 1 643 1 140 2 526 554 4 220

2005 5 000 1 643 1 140 2 526 554 4 220

2006 5 000 1 643 1 140 2 526 554 4 220

2007 5 000 1 643 1 140 2 526 554 4 220

2008 5 000 1 643 1 140 2 526 554 4 2:!O

2009 5 000 1 643 1 140 2 526 554 4 220

2010 5 000 1 643 1 140 2 526 554 4 220

2011 5 000 1 643 2 850 1 140 2 526 554 7 070

2012 5 000 1 643 1 140 2 526 554 4 220

2013 5 000 1 643 1 140 2 526 554 4 220

2014 5 000 1 643 1 140 2 526 554 4 220

2015 5 000 1 643 1 140 2 526 554 4 220

2016 5 000 1 643 18 630 1 140 2 526 554 22 850

2017 5 000 1 643 1 140 2 526 554 4 220

2018 5 000 1 643 1 140 2 526 554 4 220

2019 5 000 1 643 1 140 2 526 554 4 220

2020 5 000 1 643 1 140 2 526 554 4 220

2021 5 000 1 643 1 140 2 526 554 4 220

2022 5 000 1 643 1 140 2 526 554 4 220

2023 5 000 1 643 1 140 2 526 554 4 220

2024 5 000 1 643 1 140 2 526 554 4 220

2025 5 000 1 643 1 140 2 526 554 4 220

2026 5 000 1 643 2 850 1 140 2 526 554 7 070

2027 5 000 1 643 1 140 2 526 554 4 220

2028 5 000 1 643 1 140 2 526 554 4 220

2029 5 000 1 643 1 140 2 526 554 4 220

2030 5 000 1 643 1 140 2 526 554 4 220

2031 5 000 1 643 1 140 2 526 554 4 220

2032 5 000 1 643 1 140 2 526 554 4 220

2033 5 000 1 643 1 140 2 526 554 4 220

2034 5 000 1 643 1 140 2 526 554 4 220

2035 5 000 1 643 1 140 2 526 554 4 220

(2 407) (2 407)



ALTERtJAT IVE H

~ALVIS BAY WATER SUPPLY SCHEME

DESALItJATION OF SEAWATER

MECHANICAL VAPOUR COMPRESSION

WITH SCREENING PRETREATMENT

ANNEXURE H

PAGE 1
M

Raw Water Source

Raw Water Requirements

Output Capacity of Plant

Plant Design Factor

Annual Water Production

St~a Intake Located near Walvis Bay

10 100 m'3/d

5 000 m'3/d

90%

643 Ml/annum

Pretreatment Losses

Filtration Losses

U_F _Plant Losses

Plant Recovery Factor

1%

50%

COSTS OF POWER

kw Charges/l1Ionth

Unit Charges

26.50 R/k~/Month

10.50 c/kWh

Civi ls Meehan icClI Desal

Electrical Equipnent
Years 40 15 20

0.50% 4 00% 2.00%

DEPRECIATION PERIOD

ANNUAL MAINTENANCE FACTORS

PROGRAMMME REQUIIREMENTS

Design Tender & Award

Construct ion

Start Up Per iod

9 Months
12 Months

1 Month

CAPlTAL COSTS (See Page 2) Civi ls Mechanical Desal Totals

Electrical Equipment

R*1000 R*lOOO R*1000 R*1000

100 100

11 520 865 20 700 33 085

2 670 200 2 750 5 620

200

Direct Non Depreciable

Direct Depreciable

Indirect

Start Up Costs

TOTAL CAPITAL COSTS 14 290 1 065 23 450 39 005

MAINTENANCE COSTS 58 35 414 506

ANNUAL RECURRING COSTS

Fixed

Flow Related (5 000 m'"3/d

R*10DO

1 001

1 412

TOTAL 2 413

ECONOMIC ANALYSIS

Discount Rate 0.0% 4.0%

Capital NPV

Opcrot ing NPV

60

117 53

6.0% 8.0% 10.0%
- - - - - - - - - - - - - .- - - - -

41 38 35

39 30 2/,

-------------
80 67 59

22 17 13
-._-- ------ ----

3.63 4_01 4_42

Total NPV

Water Produced Discounted

177

66

98

30

REFERENCE UNIT VALUE Rand/m"3 2.69 3.27



\.IBH2 \.IALVISBAY \.lATERSUPPLY SCHEME

DESALINATION OF SEA\.IATER
MECHANICAL VAPOUR COMPRESSION

~ITH SCREENING PRETREATMENT
ESTIMATED CAPITAL COSTS

ALTERNATIVE H

DIRECT CAPITAL COSTS civi ls Mechanical Desal Totals

Electrical Equipment

Non Depreciable R*1000 R*1000 R*1000 R*1000

1 Purchase of Land 100 100

DepreciabLe
1 Sea Intake & Pumpstation 3 290 330 3 620

2 DeLivery Pipelines 50 50

3 Site DeveLopruent 200 60 260

4 Raw \.laterStorage (12 000 mA3) 2 805 2 805

5 Pretreatment \.larks 25 85 110

6 Adninistrative & Miscellaneous Buildings 80 80

7 DesaLination Equipment BuiLdings (560mA2) 840 840

8 Desalination Equipment 20 700 20 700

9 Product Storage Reservoir (625 mA3) 445 445

10 Incoming Power SuppLy 230 230

11 Product PipeLine & Pumpstation 3 735 160 3 895

12 Brine Pipeline 50 50

~~~~~-----~-~~--------------------~--------------------------------------------------
Totals of Depreciable Costs 11 520 865 20 700 33 085

- - ----- - - - - - - - ---- - - - - - - - - - - - - - - - - - - - - -- --- -- --- - - -- -- - --- - - - - - - - - - --- - - - - - - - - - --
INDIRECT CAPITAL COSTS

Contingencies 10_00%of Net Cost 1 150 90 2 070 3 310

Escalation O_OO%per Month

Engineering Fees

Civil and Mechanical 12.0% 1 520 110 1 630

DesaLination Equipment 3.0% 680 680

------~-------------------------------------~----------------------------------------

TotaLs of Indirect Depreciable Costs 2 670 200 2 750 5 620

-------------------------------------------------------------------------------------

START UP COSTS (Pro Rata on Start Up Period)

Chemicals

Power

ELectrical

Heavy Fuel oi 1
Staff

R*1000

5

157

39
- - - - - - - - - - - 0- ~~ - - - - - - - -- - - - - - - ---

TotaLs 201

- - - - -- - - - - - - -- - - - --- - -. - -------- - -- - - --- - - - - - - - - -- --

ANNEXURE H

PAGE 2



ALTERNATIVE H

\.,IALVISBAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

MECHANICAL VAPOUR COMPRESSION

\.,11THSCREENING PRETREAH1ENT

ESTIMATED CAPITAL COSTS

CALCULATION OF ENERGY COSTS

Based on operation at full rated output of 5 000 m"3/d

ELECTRICAL ENERGY
Component Absorbed

Power kW

19

60

560

Installed

Power- kW

22

75

575

Seawater pumps

Clear Water Pumps

Compressor

Totals 1 640 1 672

Fixed Annual Power costs

Flow Related Power costs Electrical Energy

CALCULATION OF ANNUAL RECURRING COSTS

fIXED

Salaries and Labour

Labour OVerhead ( 30.0%)

Fixed electrical energy costs

TotaL

FLO\.,lRELATED
Power-Electrical

Heavy fuel 0; I

Chemicals

M isce t Ianeous Supp lies

%

Uti I isation
90.0%

90.0%

90.0%

R*1000

532

1 357

R*1000

1 001

Total 1 412

STAFFING

Ut it No. Salary Total Salaries

R R

Superintendant 100% 1 70 000 70 000

Snr Operator 100% 5 39 000 195 000

Jnr Operator 100% 0 32 500 0

Operating Asst 100% 4 12 400 49 600

labourers 100% 2 12 400 24 800

Lob. Techn. 10% 1 32 500 3 250

Hcch. Hoint. 301. 1 ',I,1\00 13 1,1.0

Elec. Hlllnt. 101. 1 l,t, 800 I, t,BO

TOTAL 361 000

ANNEXURE Ii

PAGE 3

Aver<lge

kWh/day
1,19

1 :104

33 696

361

108

532

357

55



M

WA:"VIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEAUATER

MECHANICAL VAPOUR COMPRESSION

\.11TH SCREENING PRETREAHIEllT

ALTERNAT IVE H

CHEMICAL USAGE

Dai Ly Dosage Rate Annual Unit CostTotal Cost

Quant ity Quant i ty
m~3/d mgjl tons Rjton R

Lime 5 000 20 32.85 495.00 16 261

Anti-Sealant 9 999 4 13.14 2 000.00 26 277

Chlorine Row Wnter 10 100 5 16.59 700.00 11 612
Chlorine Product \.later 5 000 1 1.64 700.00 1 150

Coagu Lant

TOTAL FOR CHEMICALS 55 000

MISCELLANEOUS SUPPLIES

ITEM AnnuaL Unit Cost TotaL Cost
Quant i ty

Unit Unit/a R per unit R

TOTAL FOR CONSUMABLES

ANNEXURE H
PAGE 4



~ALVIS BAY ~ATER SUPPLY SCHEME
DESALINATION Of SEAWATER

MECHANICAL VAPOUR COMPRESSION
~ITH SCREENING PRETREATMENT

ALTERNATIVE H

CALCULAT lot! Of PUMP ING REQU IREMENTS

Based on operation at fuLL rated output of 5 000 m'3/d

Sea ~ater Pumps 2 Clear ~ater Pumps

Pumping Rate 117 lIs Pumping Rate

Length of Main 300 m Length of Main

Diumeter 288 rrm DilJmeter

friction Head 2.4 m friction Head

Static Head 10.0 m Static Head

TotaL Head 12.4 m TotaL Head

Efficiency of Pump 75.0% Percent Efficiency of Pump

Power Absorbed 19 k" Power Absorbed

Power InstaLLed 22 k" Power Installed

58 lIs
15 000 m

288 rrm
33.2 III

45.0 m

78.2 m
75.0%Percent

60 k"

75 k"

ANNEXURE H
PAGE 5



~ALVIS BAY ~ATER SUPPLY SCHEME ANNEXURE H

DESALINATION OF SEA~ATER PAGE 6

MECHANICAL VAPOUR COMPRESSION

ALTERNATIVE H ~ITH SCREENING PRETREATMENT

YEAR FLO~ FLO~ CAPITAL FIXED COSTS PROPMAINTNCE T01AL

COSTS TO FLOW COSTS

m"3/d Ml/a ~*1000 R*1000 R*1000 R*1000 R*1000
--- ............ _--._ .. --- -_._------------------------------------ --.-.---------

1993

1994 4 716 I. 716

1995 34 259 34 ,B9

1996 5 000 1 643 1 001 1 1112 506 2 919

1997 5 000 1M3 1 001 1 1.12 506 2 919

1995 5 000 1 643 1 001 1 1112 506 2 919

1999 5 000 1 643 1 001 1 412 506 2 919

2000 5 000 1 643 1 001 1 412 506 2 919

2001 5 000 1 643 1 001 1 412 506 2 919

2002 5 000 1 643 1 001 1 412 506 2 919

2003 5 000 1 643 1 001 1 412 506 2 919

2004 5 000 1 643 1 001 1 412 506 2 919

2005 5 000 1 643 1 001 1 412 506 2 919

2006 5 000 1 643 1 001 1 412 506 2 919

2007 5 000 1 643 1 001 1 t.12 506 2 919

2008 5 000 1 643 1 001 1 412 506 2 919

2009 5 000 1 643 1 001 1 412 506 2 919

2010 5 000 1 643 1 001 1 412 506 2 919

2011 5 000 1 643 86~ 1 001 1 412 506 3 784

2012 5 000 1 643 1 001 1 412 506 2 919

2013 5 000 1 643 1 001 1 412 506 2 919

2014 5 000 1 643 1 001 1 412 506 2 919

2015 5 000 1 643 1 001 1 412 506 2 919

2016 5 000 1 643 20 70U 1 001 1 412 506 23 619

2017 5 000 1 643 1 001 1 412 506 2 919

2018 5 000 1 643 1 001 1 412 506 2 919

2019 5 000 1 643 1 001 1 412 506 2 919

2020 5 000 1 643 1 001 1 412 506 2 919

2021 5 000 1 643 1 001 1 412 506 2 919

2022 5 000 1 643 1 001 1 412 506 2 919

2023 5 000 1 643 1 001 1 412 506 2 919

2024 5 000 1 643 1 001 1 412 506 2 919

2025 5 000 1 643 1 001 1 412 506 2 919

2026 5 000 1 643 865 1 001 1 412 506 3 784

2027 5 000 1 643 1 001 1 412 506 2 919

2025 5 000 1 643 1 001 1 412 506 2 919

2029 5 000 1 643 1 001 1 412 506 2 919

2030 5 000 1 643 1 001 1 412 506 2 919

2:031 5 000 1 643 1 001 1 412 506 2 919

2032 5 000 1 643 1 001 1 412 506 2 919

2033 5 000 1 643 1 001 1 412 506 2 919

2034 5 000 1 643 1 001 1 412 506 2 919

2035 5 000 1 643 1 001 1 t.12 506 2 919

(1 669) (1 669)



ALTERNATIVE J

WALVIS BAY WATER SUPPLY SCHEME

DESALINATION Of SEAWATER

MULTIPLE EFFECT DISTILLATION

'WITH SCI~EENrNG PRETREATMENT

ANNEXURE J

PAGE 1
E

Raw Water Source

Raw Yater Requirements

OUtput Capacity of PLant

plant Design factor

AnnuaL Water Production

Sen Intake Located near WaLvis Bay

10 100 m"3/d
5 000 m'3/d

90%

1 643 ML/annum

Pretreatment Losses

fiLtration Losses

U.f .pLant Losses

PLant Recovery factor

1%

50%

COSTS Of PO\.IER

DEPRECIATION PERIOD

26.50 R/kYiMonth Hcnvy Fue L OiL 46.0 c/litre

10.50 c/kWh S.G. 0.955

Civi Ls Mechanical Desal

ELectricaL Equipment

Years 40 15 20

0.50% 4.00% 2.00%

kY Charges/month

Unit Chargcs

ANNUAL MAINTENANCE FACTORS

PROGRAMMME REaUIIREMENTS

Design Tender & Award

Construct ion

Start Up Period

9 Months
12 Months

1 Month

CAPITAL COSTS (See Page 2) [ivi Ls MechanicaL DesaL TotaLs

Electrical Equipment

R*1000 R*1000 R*1000 R*1000

100 100

12 630 8 365 21 DOD 41 995

2 930 1 940 2 790 7 660

590

Direct Non Depreciable

Direct Depreciable

Indirect
Start Up Costs
--------------------------------------_._--------------------------------------------

TOTAL CAPITAL COSTS 15 660 10 305 23 790 50 345

----------------------_.--------------------_.---------------------------------------

MAINTENANCE COSTS 63 335 420 818

--_._--------------------------------------------------------------------------------

ANNUAL RECURRING COSTS

Fixed
Flow Related (5 000 m"3/d

R*1000

602

6 524

- ------- - - - - - - - ------ - - - - - -- -- ------------
TOTAL 7 126

ECONOMIC ANALYSIS

Discount Rate 0.0% 4.0% 6.0% 8.0% 10.0%

-----------------------------------------------------------------------------------------------

CapitaL NPV

Operating NPV

83

318

61

145

54

106

50

81

46

64

-------_._-------------------------------------------------------------------------------------

Total NPV

Yater Produced Discounted

401

66

206

3D
161

22

131
17

110

13
--------------------_._-----------------------------------------------_. -----------------------
REFERENCE UNIT VALUE Rand/m"3 6.11 6.86 7.31 7.80 8.32

_ .._-----_ .._-------_._.--------------_._---------------_ .._---_._-------_._----------------_.-



UBJ2 YAlV[S BAY YATER SUPPLY SCHEME
DESALINATION OF SEAWATER

MULTIPLE EFFECT DISTILLATION

WITH SCREENING PRETREATMENT

ESTIMATED CAPITAL COSTS
ALTERNATIVE J

DIRECT CAPITAL COSTS CIV; ls Mechanical Desal Totals

Electrical Equip-nent
R*1000 R*1000 R*1000 R*lOOO

100 100
Non Depreciable

1 Purchase of Land

Depree iab l e
1 Sea Intake & Punpstnt ion 3 290 330 3 620

2 Dcl Ivery Pipet incs 50 50

3 Site Devc topmcnt 200 60 260

4 Raw Uater Storage (12 000 mA3 ) 2 COS 2 805

5 Pretreatment Works 25 85 110

6 Administrative & Miscellaneous Buildings 80 80

7 DesaLination Equipment Buildings (800 mA2) 1 200 , 200

8 Desalination Equipment 21 000 21 000

9 Steam Generation Equipment 750 7 500 8 250

10 Product Storage Reservoir (625 mA3) 445 445

11 Incoming Power Supply 230 230

12 Product PipeLine & Pumpstation 3 735 160 3 895

13 Brine PipeLine 50 50

Totals of Depreciable Costs 12 630 8 365 41 99521 000

INDIRECT CAPITAL COSTS

Cant ingenc ies 10_00%of Net Cost 1 260 840 2 100 4 200

Escalation O_OO%per Month

Engineering Fees

Civil and Mechanical 12.0"1. 1 670 1 100 2 770

Desalination Equipment 3.0"1. 690 690

Totals of Jndrect Depreciable Costs 1 940 7 6602 930 2 790

START UP COSTS (Pro Rata on Start Up Period)

Chemicals

Power

Electrical

Heavy Fuel Oi l

Staff

R*1000

5

38

~;12

39

Totals 594

ANNEXURE J

PAGE 2



\.JALVISBAY \.JATERSUPPLY SCHEME
DESALINATION OF SEA\.JATER

MIll TIPl F FFFFCT DiSTILLATION

Fixed AnnuaL Power costs
Flow ReLated Power costs

Flow ReLated Power costs

R*HlOO

133

325

6 144
Electrical Energy
Heavy Fuel 0; 1

,..AI ,..,,, AT.'''' nC 1I.,.nllll Ol':'rllOOllJr. rnC!TC! R*1flnn
FIXED

Salaries and Labour
Labour OVerhead ( 30.0%)

Fixed electrical energy costs

361

108

133

---------------------------------------------------------------------------

Total 602

----------------------------------------------------------------------_.

FLO\.IRELATED
Power-Electrical

Heavy Fuel oi 1
Chemicals
Miscellaneous Supplies

325

6 144

55

---------------------------------------------------------------------------

TotaL 6 524
-----------------------------------------------------------------------_.--

STAFFING
Uti 1 No. Salary TotaL Salaries

R R

Superintendant 100% 1 70 000 70 000

Snr Operator 100% 5 39 000 195 000

Jnr Operator 100% 0 32 500 0

Operating Asst 100",( 4 12 400 49 600

labourers 100% 2 12 400 24 800

Lab. Techn. 10% 1 32 500 3 250

Mech. Ma int. 30% 1 44 800 13 440

Elec. Maint. 10% 1 44 800 4 480
-----------------------------------------------------

TOTAL 361 000

ANNEXURE J

PAGE 3
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~ALVIS BAY ~ATER SUPPLY SCHEME

DESALINATION OF SEA~ATER

MULTIPLE EFFECT DISTILLATION

~ITH SCREENING PRETREATMENT

ALTERNATIVE

CHEM I CAL USAGE

Dai Ly Dosage Rate Annual Unit CostTotal Cost

Quant ity Quant ity
m'3/d mg/l tons R/ton R

Lime 5 000 20 32.85 495.110 16 261

Anti-Sealant 9 999 4 13.14 2 000 ..00 26 277

Chlorine Raw ~atcr 10 100 5 16.59 700.00 11 612

Chlorine Product Water 5 000 1 1.64 lOO.OO 1 150

Coagulant
------------------------------------------------------.-----_.--------_ .. _------------
TOTAL FOR CHEMICALS 55 000
----------------_.------------------------------------------.---------_ .. -------------

MISCELLANEOUS SUPPLIES

ITEM Annual Unit Cost Total Cost

Quantity

Unit Unit/a R per unit R

- - - - _. -- --- - - - -- - - - - - - - -- - - _. - - ---- - _. - _.- - ---- - - - - -_ - _. - --- - - -_.-
TOTAL FOR CONSUMABLES
-- _. - ._- - - - - - - --- - - - .-- - - - - - - - - - - - - - _. - - - - - - --_. __ .-----_. -- - - - _. - - - _. _. - --

ANNEXURE J
PAGE 4



~ALvrs BAY ~ATER SUPPLY SCHEME

DESALINATION Of SEA"ATER
MULTIPLE EFFECT DISTILLATION

~ITH SCREENING PRETREATMENT

ALTERNATIVE J

CALCULATION Of PUMPING REQUIREMENTS

Based on operation at full rated output of 5 000 m'3/d

Sea ~ater Pumps 2 Clear ~ater Pumps

PLrnping Rate 117 Lis Pumping Rate

Length of Main 300 m Length of Main

Diameter 200 ,em Diameter

Friction Head 2.4 m Friction Head

Static Head 10.0 m Static Head

Total Head 12.4 m Total Head

Efficiency of Pump 75.0% Percent Efficiency of Pump

Power Absorbed 19 k" Power Absorbed

Power Installed 22 k" Power Installed

58 lis
15 000 m

288 ITIn

33.2 m
45.0 m

78.2 m

75.0%Percent

60 k"

75 k"

ANNEXURE

PAGE 5



YALVIS BAY UATER SUPPLY SCHEME ANNEXURE J

DESALINATION Of SEAWATER PAGE 6

MULTIPLE EFFECT DISTILLATION

ALTERNATIVE J UITH SCREENING PRETREATMENT

YEAR FLOU FLOU CAPITAL FIXED COSTS PROPMA!NTNCE TOTAL

COSTS TO FLaY COSTS

m"3/d Ml!a R*1000 R*1000 R*1000 R*1000 R*1000

------------------------------- --------------------------- -----------------------_.

1993

1994 6 366 6 366

1995 1,3 979 1,3 979

1996 5 000 1 M3 602 6 52', 810 7 944

1997 5 000 1 M3 602 6 52', 818 7 9/,/,

1998 5 000 1 643 602 6 52/, 810 7 9""

1999 5 000 1 643 602 6 524 818 7 944

2000 5 000 1 643 602 6 524 818 7 944

2001 5 000 1 643 602 6 524 818 7 944

2002 5 000 1 643 602 6 524 810 7 944

2003 5 000 1 643 602 6 524 818 7 944

2004 5 000 1 643 602 6 524 818 7 944

2005 5 000 1 643 602 6 524 818 7 944

2006 5 000 1 643 602 6 524 818 7 944

2007 5 000 1 643 602 6 524 818 7 9t.4

2008 5 000 1 61.3 602 6 524 818 7 944

2009 5 000 1 643 602 6 524 818 7 944

2010 5 000 1 643 602 6 524 818 7 944

2011 5 000 1 643 8 365 602 6 524 818 16 309

2012 5 000 1 643 602 6 524 818 7 9'~4

2013 5 000 1 643 602 6 524 818 7 9t,4

2014 5 000 1 643 602 6 524 818 7 9/,4

2015 5 000 1 M3 602 6 524 818 7 9',4

2016 5 000 1 643 21 000 602 6 524 818 28 91,4

2017 5 000 1 643 602 6 524 810 7 9/,4

2018 5 000 1 643 602 6 524 818 7 9/+4

2019 5 000 1 643 602 6 524 818 7 944

2020 5 000 1 643 602 6 524 818 7 944

2021 5 000 1 643 602 6 524 818 7 944

2022 5 000 1 643 602 6 524 818 7 ?44

2023 5 000 1 643 602 6 524 818 7 944

2024 5 000 1 643 602 6 524 818 7 944

2025 5 000 1 643 602 6 524 818 7 944

2026 5 000 1 643 8 365 602 6 524 818 16 309

2027 5 000 1 643 602 6 524 818 7 944

2028 5 000 1 643 602 6 524 818 7 944

2029 5 000 1 643 602 6 524 818 7 944

2030 5 000 1 643 602 6 524 818 7 944

2031 5 000 1 643 602 6 524 818 7 944

2032 5 000 1 643 602 6 524 818 7 944

2033 5 000 1 643 602 6 524 818 7 944

2034 5 000 1 643 602 6 524 818 7 944

2035 5 000 1 643 602 6 524 810 7 944

(4 712) (4 i'12)



ALTERNATIVE K

~ALVIS BAY ~ATER SUPPLY SCHEME

DESALII!ATION Of SEAWATER

THERMAL VAPOUR COMPRESSION

WITH SCR[ENING PRETREATMENT

ANNEXURE K

PAGE 1
T

Raw Water Source
Raw Water Requirements

Output Capacity of Plant

plant Design Factor

Annual ~ater Production

Sea Intake Located near Walvis Bay
10 100 mA3/d Pretreatment Losses

5 000 mA3/d Filtration Losses

90% U.F.Plant Losses

1%

643 ML/annum PLant Recovery Facto- 50%

COSTS OF POWER

kW Charges/month

Un it Charges

26.50 R/kw/Month Heavy Fuel Oi 1 1,6.0 c/l itre

10.50 c/kWh S.G. 0.985

C ivils Mechanical DeSllL

ELectrical Equipment

Years 40 15 20

0.50% 4.00% 2.00%

DEPRECIATION PERIOD

ANNUAL MAINTENANCE FACTORS

PROGRAMMME REaUIIREMENTS

Design Tender & Award

Construct ion

Start Up Period

9 Months

12 Months

1 Month

CAPITAL COSTS (See Page 2) civ; ls Mechanical Desal Totals

Electrical Equ iprm;:nt

R*1000 R*1000 R*1000 R*1000

100 100

12 245 8 365 21 ouO 41 610

2 840 1 940 2 790 7 570
1170

Direct Non Depreciable

Direct Depreciable

Indirect

Start Up Costs

TOTAL CAPITAL COSTS 15 185 10 305 23 7QO 49 750

MAINTENANCE COSTS 61 335 420 816

F low Related (5 000 m'3/d

R*1000

567

5 019

ANNUAL RECURRING COSTS

Fixed

TOTAL 5 586

ECONOMIC ANALYSIS

Discount Rate 0.0% 4.0% 6.0% 8.0% 10.0%

Capital NPV

Operat ing NPV

83

256

60

117

54

86

49

65

46

52

Total NPV

~ater Produced Discounted

339

66

177

30

115

17

93

13

REFERENCE UNiT VALUE Rand/mA3 5.16 5.90 6.35 6.83 7.35



~BK2 \JAlvrs BAY WATER SUPPLY SCHEME
DESALINATION OF SEA~ATER

THERMAL VAPOUR COMPRESSION
\.11THSCREENING PRETREATMENT

ESTIMATED CAPITAL COSTS
ALTERNATIVE K

DIRECT CAPITAL COSTS elV; ls Mechanical Desal Totals

ElectricaL Equipment

R*1000 R*100D R*1000 R*1000

100 100
Non DepreciabLe

1 Purchase of Land

Depreci able
1 Sea Intake & Pumpstat;on 3 290 330 3 620

2 Del ivery Pipel ines 50 50

3 Site Development 200 60 260

4 Row \.later Storage ( 12 000 111"3) 2 B05 2 B05

5 Pretreatment \Jarks 25 B5 110

6 Administrative & MiscelLaneous Buildings 80 80

7 Desalination Equipment BuiLdings (543 mA2) B15 815

8 Desalination Equipment 21 000 21 000

9 Steam Generation Equipment 750 7 500 8 250

10 Product Storage Reservoir ( 625 m"3) 445 445

11 Incoming Power Supply 230 230

12 Product pipeline & Pumpstation 3 735 160 3 895

13 Brine Pipeline 50 50

.------------------_ _._---_._---------------_ _-_ _-_ _---
Totats of Depreciabte Costs 12 245 B 365 21 000 41 610
---_._--_ _._._---_ _-_.- _--_.-_ - _----_ _-
INDIRECT CAPITAL COSTS

Contingencies 10.00%of Net Cost 1 220 840 2 100 4 160

Escalation O.OO%per Month

Engineering Fees

Civil and Mechanical 12.0% 1 620 1 100 2 720

Desalination Equipment 3.0% 6<;'0 690
_ _-------_ -_._-_.- _-_ __ ._-------------_._----_ .. _ ..- .. _--_ _-_ ..

Totals of Indirect Depreciable Costs 2 840 1 940 2 790 7 570

w···· _. ._. _ ------- --- - _ - -. - --------. _ -.- - -' --.-.-

START UP COSTS (Pro Rata on Start Up Period)

Chemicals

Power

Electrical

Heavy Fuel Oi 1

Staff

R*1000

5

28

394

39
---_. ---_._. _. -' _ _ -_._-_ .. _ _ ..--_ .
Totals 466
._. ---- _ .. - - _ _. _ -----_. ---_ - - _ _- - -'

ANNEXURE K

PAGE Z



ALTERNATIVE K

~ALVIS BAY ~ATER SUPPLY SCHEME
DESALINATION OF SEA~ATER

THERMAL VAPOUR COMPRESSION

~ITH SCREENING PRETREATMENT

ESTIMATED CAPITAL COSTS
CALCULATION Of ENERGY COSTS

Based on operation at full rated output of 5 ODD m'3/d

ELECTRICAL ENERGY

Component Absorbed Instal led % Average

Power k~ Power k~ Utilisation k'Wh/day

Seawater pumps 19 22 90.0% 419

Clear \Jeter PlunpS 60 75 90.0% 1 304

Additional Energy 208 210 90.0% 4 493
M ~ •••••• ~ • _~~ - - - - - •• --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

Totals 288 307 6 216
___ M ---------------------

Heavy Fuel Oil Consumption

Boiler Efficiency

Required evaporation rate

Heavy Fuel oil Consumption Rate

82.0%

20.00 t/h

1.28 t/h

Fixed Annual Power costs

flow Related Power costs

Flow Related Power costs

R*1000

~8
2~,8

4 726
Electrical Energy

Heavy Fue l oil

CALCULATION OF ANNUAL RECURRING (OSTS

FIXED

Salaries and Labour
Labour Overhead ( 30.0%)

rixed electrical energy costs

R*10ClO

3b1
108
98

----_ ..------_.---------------------_ ..--_. __ .... -----.------_.---------
Total 567
--------------_ ..-------_.---------------------------------_.------------_.
FLQ\./RELATED

Power-Electrical

Heavy Fuel oi l

Chemicals

Miscellaneous Supplies

2:18

4 726

55

--_.----------------_.---------_ ..--_._--------------------------------_ ..-
Total 5 019
--------------------------------------------_._--------_.------------------

STAFFING

Ut it No. Salary Total Salaries

R R

Superintendant 100"1. 1 70 000 70 000

Snr ~rator 100% 5 39 000 195 ODD

Jnr Operator 100% 0 32 500 0

Operating Asst 100"1. 4 12 400 49 600

Labourers 100% 2 12 400 24 800

lob. Techn. 10% 1 32 500 3 250

Mech. Moint. 30% 1 ,,,, [lOa 13 1,',0
Elee. Heint. 10% 1 44 BOO 4 4BO
-------------.------------------~--------------------
TOTAL 361 000
----_._--------------------------_ ..-----_ .._._------

ANNEXURE K

PAGE 3



T

YALVIS BAY ~ATER SUPPLY SCHEME
DESALINATION OF SEAWATER

THERMAL VAPOUR COMPRESSION

UITH SCREENING PRETREATMENT

ALTERNATIVE K

CHEMICAL USAGE

Dai Ly Dosage Rate AnnuaL Unit CostTotal Cost

Quant i ty Quant ity

m'3/d mg/L tons R/tan R

Lime 5 000 20 32.85 495.00 16 261

Anti-Scalant 9 999 4 13.14 2 000.00 26 277

Chlorine Raw Water 10 100 5 16.59 700.00 11 612

ChLorine Product Yater 5 000 1 1.64 700.00 1 150

CoaguLant
____ o -------------------------------

TOTAL FOR CHEMICALS 55 000
-- 0 --------------------------------------- _

MISCELLANEOUS SUPPLIES

ITEM AnnuaL Unit Cost TotaL Cost

Quantity

Unit Unit/a R per unit R

------ - - - - - - ---- - - - - - - - --- - - - - - - - - - -- -- --- -- - - - - - - - --- - --- _.- - - --_ --
TOTAL FOR CONSUMABLES

ANNEXURE K

PAGE 4



~ALVIS BAY ~ATER SUPPLY SCHEME

DESAL It~ATION Of SEA~ATER

THERMAL VAPOUR COMPRESSION

~ITH SCREENING PRETREATMENT

ALTERNATIVE K

CALCULATION OF PUrolPINGREQUIREMENTS

Based on operation at full rated output of 5 000 m"'3/d

Sea 'Water Pumps 2 Clear ~ater Pumps

punping Rate 117 lis Pumping Rate

Length of Main 300 m Length of Main

Diameter 288 "'" Diameter

Friction Head 2.4 m Friction Head

Static Head 10.0 m Static Head

Total Head 12.4 m Total Head

Efficiency of Pump 75.0% Percent Efficiency of Pump

Power Absorbed 19 kU Power Absorbed

Power InstaL Led 22 kU Power Installed

~;8lis

15 000 m
2[\8 Il11l

33.2 m

45.0 m

78.2 m

75.0%Percent

60 kW

75 kW

ANNEXURE K
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WALVIS BAY WATER SUPPLY SCHEME ANNEXURE K

DESALINATION OF SEAWATER PAGE 6

THERMAL VAPOUR COMPRESSION

ALTERNATIVE K WITH SCREENING PRETREATMENT

YEAR FLOW FLOW CAPITAL FIXED COSTS PROPMAINTNCE TOTAL

COSTS TO FLOW COSTS

m"3/d Ml/a R*1000 R*1000 R*1000 R*1000 R*1000
....... _------- - - _. - ._-_. _. - ------ _ .... - - - - - - - - - _ .. --- . __ . _ ..... - - - - -- --- - _. _.- _. _ .. -

1993

1994 6 295 6 295

1995 43 455 43 455

1996 5 000 1 643 567 5 019 816 6 402

1997 5 000 1 6lt3 567 5 019 816 6 1.02

1998 5 000 1 643 567 5 019 816 6 402

1999 5 000 1 643 567 5 019 816 6 402

2000 5 000 1 643 567 5 019 816 6 402

2001 5 000 1 643 567 5 019 816 6 402

2002 5 000 1 643 567 5019 816 6 402

2003 5 000 1 643 567 5 019 816 6 402

2004 5 000 1 643 567 5 019 816 6 402

2005 5 000 1 643 567 5 019 816 6 402

2006 5 000 1 643 567 5 019 816 6 402

2007 5 000 1 643 567 5 019 816 6 402

2008 5 000 1 643 567 5 019 816 6 402

2009 5 000 1 643 567 5 019 816 6 402

2010 5 000 1 643 567 5 019 816 6 402

2011 5 000 1 643 8 365 567 5 019 8'16 14 7~17

2012 5 000 1 643 567 5 019 816 6 402

2013 5 000 1 643 567 5 019 816 6 402

2014 5 000 1 643 567 5 019 816 6 402

2015 5 000 1 643 567 5 019 816 6 402

2016 5 000 1 643 21 000 567 5 019 816 27 402

2017 5 000 1 643 567 5 019 816 6 402

2018 5 000 1 643 567 5 019 816 6 402

2019 5 000 1 643 567 5 019 816 6 402

2020 5 000 1 643 567 5 019 816 6 402

2021 5 000 1 643 567 5019 816 6 402

2022 5 000 1 643 567 5 019 816 6 402

2023 5 000 1 643 567 5 019 816 6 402

2024 5 000 1 643 567 5 019 816 6 402

2025 5 000 1 643 567 5 019 816 6 402

2026 5 000 1 643 8 365 567 5 019 816 14 767

2027 5 000 1 643 567 5 019 816 6 402

2028 5 000 1 643 567 5 019 816 6 402

2029 5 000 1 643 567 5 019 816 6 402

2030 5 000 1 643 567 5 019 816 6 402

2031 5 000 1 643 567 5 019 816 6 402

2032 5 000 1 643 567 5019 816 6 402

2033 5 000 1 643 567 5 019 816 6 402

2034 5 000 1 643 567 5 019 816 6 402

2035 5 000 1 643 567 5 019 816 6 402

(4 702) (4 702)



ALTERNAT IVE L

WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

MECHANICAL VAPOUR COMPRESSION

WITH SINGLE ~IED!A FILTRATION

ANNEXURE L

PAGE 1
M

Raw Water Source

Raw Water Requirements
Output Capacity of Plant

plant Design Factor

Annual Water Production

Sea Intake Located

10 300 mA3/d
5 000 mA3/d

90%

near' Walvis Bay
Pretreatment Losses
Filtration Losses

U_F _Plant Losses

2%
1%

643 Ml/annum plant Recovery Factor 50%

COSTS OF POWER

DEPRECIATION PERIOD

26.50 R/kw/Month

10.50 c/kWh

Civi ls Meehan ica l Desal

Electrical Equipment

Years 40 15 20

kw Chargcs/month

Un it Chnrgcs

ANNUAL MAINTENANCE FACTORS

0.50% 4.00% 2.00%

PROGRAMMME REOUIIREMENTS

Design Tender & Award

Construction

Start Up Period

9 Months

12 Months

1 Month

CAPITAL COSTS (See Page 2) civi ls Mechanical Desal Totals

Electrical Equipment

R*1000 R*1000 R*1000 R*1000

100 100

11 675 2850 20 700 35 225

2 710 670 2 750 6 130

200

Direct Non Depreciable

Direct Depreciable

Indirect

Start Up Costs

TOTAL CAPITAL COSTS 14 485 3520 23 450 41 655

MAINTENANCE COSTS 58 114 414 586

Flow Related (5 000 m'3/d

R*10DD

010

434

ANNUAL RECURRING COSTS

Fixed

TOTAL 2 444

ECONOMIC ANALYSIS

Discount Rate 0.0% 4.0% 6.0%

Capital NPV

Operat ing NPV

66

121

55

62

52

48

8.0% 10.0%
--------

51 50

39 33
--------

90 53
17 13

TotaL NPV

Water Produced Discounted

187

66

117

30

101

22

REfERENCE UNIT VALUE Rand/mA3 2.84 3.90 4.58 5.36 6.24



WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

MECHANICAL VAPOUR COMPRESSION

WITH SINGLE MEDIA FILTRATION
ESTiMAfED CAPITAL COSTS

UBL2

ALTERNATIVE L

DIRECT CAPITAL COSTS

Non Depreciable
1 Purchase of Lilnd

Depreci<1hle
1 Sea Intake & PumpstDtion
2 Del ivery Pipet ines

3 Site Development

4 Row \.InterStorage (12 000 rn~3)

5 Pretreotment \.Iorksund PUllipstDtions

6 Administrative & Miscellaneous Buildings

7 Desalination Equipment Buildings (560 m~2)

8 Desalination Equipment

9 Product Storage Reservoir (625 m~3)

10 Incoming Power Supply

11 Product Pipeline & Pumpstation

12 Brine Pipet ine

Totals of Depreciable Costs

INDIRECT CAPITAL COSTS

Contingencies 10.00%of Net Cost

Escalation O.OO%per Month

Engineering Fees

Civil and MechanicaL

Desalination Equipment

12 0%

3 0%

Totals of Indirect Depreciable Costs

C ivils MechanicaL Desnl Totals

Electrical Equipment

R*1000 R*1000 R*lQOQ R*1000

100 100

3 290

50

200

2 B05

WO

80

840

330

60

2070

20 lOO

445

3 735

50

230

160

11 675 2850 20 700

3 620

50

260

2 805
2 250

80

840

20 700

445

230

3 895

50

35 225

1 170 290 2 070 3 530

1 540 380 1 920

680 680
- - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 710 670 2 750 6 130

START UP COSTS (Pro Rata on Start Up Period)

Chemicals

Power

EtectricnL

Staff

Totals

R*1000

5

160

39

204

ANNEXURE L
PAGE 2



ALTERNATIVE L

WALVIS BAY WATER SUPPLY SCHEME
DESAL!NATION OF SEAWATER

MECHANICAL VAPOUR COMPRESSION

WITH SINGLE MEDIA FILTRATION
ESTIMATED CAPiTAL COSTS

CALCULAliON OF ENERGY COSTS

Based on operation at full rated output of

ELECTRICAL ENERGY

S 000 m"3/d

Component Absorbed

Power kW

20

Installed

Power kW
22

30

75

575

Seawater pumps

Pretreotment Works

Cleor iJater Pumps

Compressor

60

560

Totals 1 665 1 702

Fixed Annual Power costs

Flow Related Power costs Electrical Energy

CALCULATION OF ANNUAL RECURRING COSTS

FIXED

Salaries and Labour

Labour Overhead ( 30.0%)

Fixed electrical energy costs

Total

FLOW RELATED
Power-Electrical

Chemicals

Miscellaneous Supplies

%

Utilisation

90.0%
90.0%

90.0%

90.0%

R*1000

541

1378

R*1000

1010

1378

56

Total 1434

STAFFING

Ut it "0. Salary Total Salaries

R R

Superintendant 100% 1 70 000 70 000

Snr Operator 100% 5 39 000 195 000

Jnr Operator 100% 0 32 500 0

Operating Asst 100% 4 12 400 49 600

Labourers 100% 2 12 400 24 800

Lab. Techn. 10% 1 32 500 3 250

Mech. Ma int. 30% 1 44 800 13 440

Elee. Maint. 10% 1 44 800 4 480

TOTAL 361 000

ANNEXURE L
PAGE 3

Average

kWh/day

'130
~;24

1 30/1

33 fJ96

3S 9S4

361

108

541



M

WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

MECHANICAL VAPOUR COMPRESSION

"ITM SINGLE MEDIA FILTRATION
ALTERNATIVE L

CHEMICAL USAGE

Dai ty Dosage Rate Annual Unit CostTotnl Cost

auantity Quant i ty

mA3/d mg/l tons R/ton R

Lime 1 000 20 33 491.00 16 261

Anti-Sealont 9 991 4 13 2 000.00 26 216

ChLorine Row Woter 10 300 5 17 700.00 11 842

Chlorine Product \.later 5 ODD 1 2 loo.nQ 1 110

Coagul ant

TOTAL FOR CHEMICALS 56 000

MISCELLANEOUS SUPPLIES

ITEM Annual Unit Cost Total Cost
Quant ity

Unit/a R per unit RUni t

TOTAL FOR CDNSUMABLES

ANNEXURE L

PAGE 4



~ALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER
MECHANICAL VAPOUR COMPRESSION
WITH SINGLE MEDIA FILTRATION

ALTERNATIVE L

CALCULATION OF PUMPING REQUIREMENTS

Based on operation at full rated output of 5 000 m'3/d

Sea Water Pumps 2 Pretreatment Works

Pumping Rate 119 lIs Pumping Rate

Length of Main 300 m Length of Main

Dinmctcr 288 nlTl Dinmcter

Friction Head 2.5 rn Friction Head

Stat ic Head 10.0 rn Stat ic Head

Total Head 12.5 m Total Head

Efficiency of Pump 75.0% Percent Efficiency of Pump

Power Absorbed 20 k" Power Absorbed

Power Installed 22 k" Power Installed

3 Clear Water Pumps
Pumping Rate

Length of Main

Diameter

Friction Head

Static Head

Total Head

Efficiency of Pump

Power Absorbed

Power Installed

119 lIs

30 m
2BB llyn

0.3 III

15.0 m

1).3 m

75.0%Percent
24 k~

30 kW

58 lIs
15 000 m

288 nm

33.2 m

45.0 m

78.2 m
75.0%Percent

60 kW

75 kW

ANNEXURE L

PAGE 5



I,.JALVISBAY I,.JATERSUPPLY SCHEME ANNEXURE L

DESALiNATION OF SEAI,.JATER PAGE 6

MECHANICAL VAPOUR COMPRESSION

AL TERNATIVE L I,.JITHSINGLE MEDIA FILTRATION

YEAR FLOI,.J FLOI,.J CAPITAL FIXED COSTS PROPMAINTNCE TOTAL

COSTS TO FLOI,.JCOSTS

m"3/d Ml/a R*1000 R*1000 R*1000 R*1000 R*1000

------- --- - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - --- -~- - - - - - -- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - --

1993

1994 5 12:1 5 123

1995 36 532 36 532

1996 5 000 1 643 1 010 1 434 586 3 030

1997 5 000 1 643 1 010 1 43/1 586 3 030

1998 5 000 1 643 1 010 1 434 586 3 030

1999 5 000 1 643 1 010 1 434 586 3 030

2000 5 000 1 643 1 010 1 434 586 3 830

2001 5 000 1 643 1 010 1 434 586 3 030

2002 5 000 1 643 1 010 1 434 586 3 030

2003 5 000 1 643 1 010 1 434 586 3 030

2004 5 000 1 643 1 010 1 434 586 3 030

2005 5 000 1 643 1 010 1 434 586 3 030

2006 5 000 1 643 1 010 1 434 586 3 030

2007 5 000 1 643 1 010 1 434 586 3 030

2008 5 000 1 643 1 010 1 434 586 3 030

2009 5 000 1 643 1 010 1 434 586 3 030

2010 5 000 1 643 1 010 1 434 586 3 030

2011 5 000 1 643 2 850 1 010 1 434 586 5 880

2012 5 000 1 643 1 010 1 434 586 3 030

2013 5 000 1 643 1 010 1 434 586 3 030

2014 5 000 1 643 1 010 1 434 586 3 030

2015 5 000 1 643 1 010 1 434 586 3 030

2016 5 000 1 643 20 700 1 010 1 434 586 23 730

2017 5 000 1 643 1 010 1 434 586 3 030

2018 5 000 1 643 1 010 1 434 586 3 030

2019 5 000 1 643 1 010 1 434 586 3 030

2020 5 000 1 643 1 010 1 434 586 3 030

2021 5 000 1 643 1 010 1 434 586 3 030

2022 5 000 1 643 1 010 1 434 586 3 030

2023 5 000 1 643 1 010 1 434 586 3 030

2024 5 000 1 643 1 010 1 434 586 3 030

2025 5 000 1 643 1 010 1 434 586 3 030

2026 5 000 1 643 2 850 1 010 1 434 586 5 880

2027 5 000 1 643 1 010 1 434 586 3 030

2028 5 000 1 643 1 010 1 434 586 3 030

2029 5 000 1 643 1 010 1 434 586 3 030

2030 5 000 1 643 1 010 1 434 586 3 030

2031 5 000 1 643 1 010 1 434 586 3 030

2032 5 000 1 643 1 010 1 434 586 3 030

2033 5 000 1 643 1 010 1 434 586 3 030

2034 5 000 1 643 1 010 1 434 586 3 030

2035 5 000 1 643 1 010 1 434 586 3 030

(2 467) (2 467)



E ~ALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

MULTIPLE EFFECT DISTILLATION

WITH SI~GLE MEDIA FILTRATIONAl TERNAT IVE M

Raw Water Source

Raw Water Requirements

OUtput Capacity of Plant

Plant Design factor

Annual Water Production

Sea Intake Located near Walvis Bay

10 300 m~3/d Pretreatment Losses

5 000 mA3/d Filtration losses

90% U.F.PLantLosses

643 Ml/annum Plant Recovery Factor

COSTS Of POYER

kw Charges/month

Unit Charges

26.50 R/k~IMonth

10.50 c/kWh

Heavy Fuel 0 i l

S.G. 0.9135

Years

Civils Mechanical De-sal

Electrical Equipm~nt
40 15 20

DEPRECIATION PERIOD

ANNUAL MAINTENANCE FACTORS

0.50%

PROGRAMMME REOUIIREMENTS

Design Tender & Award

Construct ion
Start Up Period

9 Months

12 Months

1 Month

CAPITAL COSTS (See Page 2) clvi ls

Direct Non Depreciable

Direct Depreciable

Indirect
Start Up Costs

R*1000

100

12 785

2 970

TOTAL CAPITAL COSTS 15 855

MAINTENANCE COSTS

ANNUAL RECURRING COSTS

Fixed
Flow Related

R"'1000

611

6 546(5 000 m~3/d

TOTAL 7 157

ECONOMIC ANALYSiS

Discount Rate

Capital NPV

Operating NPV

Total NPV

Water Produced Discounted

REFERENCE UNIT VALUE Rand/m~3 6.26

4.00%

MechanicAL

Electrical

R*1000

10 350

2 410

12 760

64

0.0%

89

322

411

66

2.00%

Desal

Equipnent

R*1000

21 000

2 790

23 790

414

4.0%

65

147

212

30

7.06 7.53

46.0

Totals

R*10DO

100

44 135
8 170

600

53 005

420

6.0%

58

108

166

22

8.04

ANNEXURE M

PAGF.

2%

1%

50%

c(litre

898

8.0"1. 10.0%

53

82

49

65

135
17

114

13

8.59



WALVIS BAY YATER SUPPLY SCHEME

DESALINATION OF SEAWATER

MULTIPLE EFFECT DISTILLATION

UITH SINGLE MEDIA FILTRATION

ESTIMATED CAPITAL COSTS

UBM2

AL lERNAT IVE M

DIRECT CAPITAL COSTS

Non Depreciable
, Purchase of Land

Depreciable
1 Sea Intake & Pumpstation

2 Delivery Pipelines

3 Site DeveLopment

4 Raw Water Storage (12 000 m~3 )

5 Pretreatment ~orks and P~npstations

6 Administrative & Miscellaneous Buildings

7 Desalination Equipment BuiLdings (BOO m~2)

8 Desalination Equipment

9 Steam Generation Equipment

10 Product Storage Reservoir (625 mft3)

11 Incoming Power Supply

12 Product PipeLine & Pumpstation

13 Brine PipeLine

Totals of Depreciable Costs

INDIRECT CAPITAL COSTS

Contingencies 10.0~/~f Net Cost

Escalation O.O~~r Month

Engineering Fees

Civil and Mechanical

Desalination Equipment

12.0%

3.0%

Totals of Indirect DepreciabLe Costs

Civi ls Mechanical Desal Totals

ElectricaL Equipment

R*1000 R*1000 R*1000 R*1000

100 100

3 290 330 3 620

50 50

200 60 260

2 805 2 805

180 2 070 2 250

80 80

200 1 200

21 000 21 000

750 7 500 8 250

445 445

230 230

3 735 160 3 895

50 50

12 785 10 350 44 13521 000

1 280 2 100 4 4201 040

1 690 1 370 3 060

690690

2 970 2 410 8 1702 NO

START UP COSTS (Pro Rata on Start Up Period)

ChemicaLs

Power

ELectrical

Heavy Fuel Oi L
Staff

Totals

R*100Cl

5

41

512

39

596

ANNEXURE M

PAGE 2



ALTERNATIVE M

YAlVIS BIIY YATER SUPPLY SCHEME
DESALINATION OF SEAWATER

MULTIPLE EFFECT DISTILLATION

WITH SINGLE MEDIA FILTRATION
ESTIMATED CAPITAL COSTS

CALCULATION OF ENERGY COSTS

ANNEXURE M
PAGE 3

Based on operation at full rated output of

ELECTRICAL ENERGY
5 000 m'3/d

Component Absorbed Installed % Average
Power kW Power kW Uti Lisation kWh/day

Seawater pumps 20 22 90.0% 410
Pretreatment \.Jorks 24 30 90.0% 524
Clear \.JaterPumps 60 75 90.0% 1 304
Additional Energy 313 320 90.0% 6 7<11

TotaLs 418 9 019

Heavy Fuel Oil Consumption
Boiler Efficiency

Required evaporation rate

Heavy Fuel Oil Consumption Rate

B2.0%

26.00 t/h
1.67 t/h

Fixed AnnuaL Power costs
Flow ReLated Power costs
Flow Related Power costs

Electrical Energy
He<lVY Fue 1 Oi L

R*1000

1/.2
3,\.6

6 144

CALCULATION OF ANNUAL RECURRING COSTS

R*1000
FIXED

Salaries and Labour
Labour Overhead ( 30.0%)

Fixed eLectrical energy costs

361

10B

11.2

Total 611

FlQ\,/RELATED
Power-ELectrical

Heavy FueL oi L

ChemicaLs
MisceLlaneous SuppLies

31+6
6 144

56

Total 6 546

STAFFING

Uti L No. Salary TotaL SaLaries

R R

Superintendant 100% 1 70 000 70 000
Snr Operator 100% 5 39 000 195 000

Jnr Operator 100% 0 32 500 0
Operat ing Asst 100% 4 12 400 49 600
labourers 100% 2 12 400 24 BOO
Lab. Techn. 10% 1 32 500 3 250
Mech. Maint. 3et. 1 44 BOO 13 440
ELec. Maint. 10% 1 44 BOO 4 4BO
-----------------------------------------------------

TOTAL 361 000



E

WALVIS BAY \.JATER SUPPLY SCHEME
DESALINATIm! OF SEAWATER

MULTIPLE EFFECT DISTILLATION

WITH SINGLE MEDIA FILTRATION

ALTERNATIVE M

CHEMICAL USAGE

Dai ly Dosage Rate Annual Unit CostTotal Cost

Quant i ty Quant ity
m"3/d mg/l tons R/ton R

Lime 5 000 20 32.B5 495.00 16 261

Anti-ScaLant 9 991 4 13.13 2 000.00 26 256

Chlorine Raw \.Jater 10 300 5 16.92 700.00 11 842

ChLorine Product Water 5 000 1 1.64 700.00 1 150

CoaguLant
---------------------------------------------------_.----------------------_.--------

TOTAL FOR CHEMICALS 56 000
-----_._---------------_ .. -----------------------------_._ .._-------_ ... _------------

MISCELLANEOUS SUPPLIES

ITEM AnnuaL Unit Cost TotaL Cost
Quantity

Unit Unit/a R per unit R

TOTAL fOR CONSUMABLES
------------------------------ .... _--_._----.------------------------------

ANNEXURE M

PAGE 4



WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

MULTIPLE EFFECT DISTILLATION

WITH SINGLE MEDIA FILTRATION

AL TERNATIVE M

CALCULATION OF PUMPING REQUIREMENTS

Based on operation at fuLL rated output of 5 000 m'3/d

Sea 'Water Pumps 2 Pretreatment 'Works

PLmPing Rate 119 lis Pumping Rate

Length of Main 300 m Length of Main

Diameter 2BB nm Diameter

Friction Head 2.5 m Friction Head

Static Head 10.0 m Static Head

Total Head 12.5 m Tota 1 Head

Efficiency of Pump 75.0% Percent Efficiency of Pump

Power Absorbed 20 kY Power Absorbed

Power InstaL Led 22 kY Power InstaL Led

3 CLear Water Pumps

Pumping Rate
Length of Main

Diameter

Friction Head

Stat ic Head

Total Head

Efficiency of Pump

Power Absorbed

Power InstalLed

119 lis
::iO m

2118 nm
0 ..3 m

15.0 m

15_3 m

75.0%Percent
;~4 kW

30 kY

':;8 lis
15 000 m

2;-38 nm
33.2 m
45.0 m

78.2 m

75.0%Percent

60 kW

75 kY

ANNEXURE M

PAGE 5



~ALVIS BAY WATER SUPPLY SCHEME ANNEXURE M
DESALINATION OF SEAWATER PAGE 6

MULTIPLE EFFECT DISTILLATION

Al TERNAT IVE M WITH SINGLE MEDIA FILTRATION

YEAR FLO~ FLOW CAPITAL FIXED COSTS PROPMAINTNCE TOTIIL
COSTS TO FLOW COSTS

m'3/d Ml/a R*1000 R*1000 R*1000 R*1000 R*1000
-----------------------------------------------------------------------------_._-- .. -

1993

1994 6 7T3 6 7"/3

1995 46 232 46 232

1996 5 000 1 61..3 611 6 546 898 8 055

1997 5 000 1 643 611 6 546 898 8 055

1998 5 000 1 643 611 6 546 898 8 055

1999 5 000 1 643 611 6 546 898 8 055

2000 5 000 1 643 611 6 546 B98 8 055

2001 5 000 1 643 611 6 546 898 8 055

2002 5 000 1 643 611 6 546 898 8 055

2003 5 000 1 643 611 6 546 898 8 055

2004 5 000 1 643 611 6 546 898 8 055

2005 5 000 1 643 611 6 546 898 8 055

2006 5 000 1 643 611 6 546 89B BOSS

2007 5 000 1 643 611 6 546 898 8 055

2008 5 000 1 643 611 6 546 898 8 OS5

2009 5 000 1 643 611 6 546 B98 8 055

2010 5 000 1 643 611 6 546 898 8 0:'-5

2011 5 000 1 643 10 350 611 6 546 898 1B 405

2012 5 000 1 643 611 6 546 898 8 055

2013 5 000 1 643 611 6 546 898 8 055

2014 5 000 1 643 611 6 546 898 8 055

2015 5 000 1 643 611 6 546 89B 8 055

2016 5 000 1 643 21 000 611 6 546 B98 29 055

2017 5 000 1 643 611 6 546 898 8 055

2018 5 000 1 643 611 6 546 898 8 055

2019 5 000 1 643 611 6 546 898 8 055

2020 5 000 1 643 611 6 546 898 BOSS

2021 5 000 1 643 611 6 546 898 8 055

2022 5 000 1 643 611 6 546 B98 8 0~5
2023 5 000 1 643 611 6 546 898 BOSS

2024 5 000 1 643 611 6 546 898 8 055

2025 5 000 1 643 611 6 546 898 BOoS

2026 5 000 1 61+3 10 350 611 6 546 898 18 405

2027 5 000 1 643 611 6 546 898 8 0~i5
2028 5 000 1 643 611 6 546 B9B 8 0:i5

2029 5 000 1 643 611 6 546 898 8 055

2030 5 000 1 643 611 6 546 898 8 055

2031 5 000 1 643 611 6 546 898 8 O~;5

2032 5 000 1 643 611 6 546 898 B 055

2033 5 000 1 643 611 6 546 898 B 055

2034 5 000 1 643 611 6 5'16 898 8 055

2035 5 000 1 643 611 6 546 898 8 055

(5 510) (5 510)



T WALVIS BAY WATER SUPPLY SCHEME ANNEXURE N

DESAllNATlml OF SEAYATER PAGE 1

THERMAL VAPOUR COMPRESSION

ALTERNATIVE N WITH SINGLE MEDIA FILTRATION

Raw Water Source Sea Intake Located near WaLvis Bay

Raw Water Requirements 10 300 m'3/d Pretreatment Losses 2%

OUtput Capacity of pLant 5 000 m"3/d Filtration Losses 1%

Plant Design Factor 90% U.F.Plant Losses

AnnuaL Water Production 1 643 Ml/annum Plant Recovery Factor 50%

COSTS OF POWER

ku Charges/month 26.50 R/kW/Month Heavy FueL 0; L 46.0 c/L itre

Un it Charges 10.50 c/kYh S.G. 0.91\5

C;v; Ls Mechanical Desal

DEPRECIATION PERIOD ELectrical Equipment

Years 40 15 20

ANNUAL MAINTENANCE FACTORS
0.50% 4.00% 2.00%

PROGRAMMME REQUIIREMENTS

Design Tender & Award 9 Months

Construction 12 Months

Start Up Period 1 Month

CAPITAL COSTS (See Page 2) civi Ls Mechanical Desal Totals

ELectricaL Equipment

R*1000 R*1000 R*1000 R*1000

Direct Non Depreciable 100 100

Direct Depreciable 12 400 10 350 21 000 43 750

Indirect 2 880 2 410 2 790 B 080

Start Up Costs 470

------~-----.------------.-------------- ..-------------.----------~-~----------------
TOTAL CAPITAL COSTS 15 380 12 760 23 790 52 400

--~- - - - - ----- - - - - - - - - - -- - - - - - - - - - - - -- _. - - - - - - -- - - - - - - - -- - - - - - - - - - -- - - - - - - - - - -- - - - - ---
MAINTENANCE COSTS 62 414 420 896

~------------.-----------.--------------------------------------_.-------------------

ANNUAL RECURRING COSTS R*1000

Fixed

Flow ReLoted (S 000 m"3/d

576
5 0/,1

TOTAL 5 617

ECONOMIC ANALYSIS

Discount Rate 0.0% 4.0% 6.0% 8.0% 10.0%

- - --- - - - - - _. - - - -- - - - _. - - - - - - - - - _ .._. - - - - - - - - ---- - - - -_. - -- - - - - _. _. _. - - - _. _. - - - _. - - - - - -- _. - - - - - --
Capital NPV

Operating NPV

89

261

64

119

57

87

52

67

48

53

- - --_ ..- - - - - - --- - - - - - - ---- - - - - - - - - - - -- - ---- - - - - - - - - - - - - -- _. - - - - - - -- - - - - - - - - - - - - - - ----- - - - - - - - --
TotaL NPV
Uater Produced Discounted

349

66

1B3

30

144

22

119

17

101

13

-----------------------.------------.------------~--.------------------------------------------

REFERENCE UNIT VALUE Rand/m~3 5.31 6.10 6.57 7.07 7.61

--_.--------_._---------_._--------_ .._--------------------------------------------------------



WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

THERMAL VAPOUR COMPRESSION

WITH SINGLE MEDIA FILTRATION

ESTIMATED CAPITAL COSTS

YBN2

ALTERNATIVE N

DIRECT CAPITAL COSTS

Non Depreciable
1 Purchase of Land

DepreciabLe
1 Sea Intake & Pumpstation

2 DeLivery pipeLines

3 Site Development
4 Raw Water Storage (12 000 m"3 )

5 Pretreatment Works and pumpstations

6 Administrative & MisceLLaneous BuiLdings

7 Desalination Equipment BuiLdings (543m~2)

8 DesaLination Equipment

9 Steam Generation Equipment

10 Product Storage Reservoir (625m~3)

11 Incoming Power SuppLy

12 Product Pipeline & pumpstation

13 Brine Pipeline

Civi ls Mechanical DesaL TotaLs

ElectricaL Equipment

R*1000 R*1000 R*1000 R*1000

100 100

3 290

SO

200

2 B05
180

80

B1S

750

445

3 735

50

330 3 620

50

260

2 805

2 250

80

B1S

21 000

B 250

445

230

3 895

50

Totals of DepreclabLe Costs

_._-----_._--------------------_.-----------------_.-------------------- ..---------_.
43 750

60

2 070

21 0(10

7 500

230

160

12 400 10 350 21 000
--_ ..-----------------------------------------------_.-----------------_ .. __ ..--------
INDIRECT CAPITAL COSTS

contingencies 10.00%of Net Cost 1 240 1 040 2 100 4 3BO

EscaLation O_OO%per Month

Engineering Fees

Civil and MechanicaL 12.0% 1 640 1 370 3 010

DesaLination Equipment 3.cr. 690 690

TotaLs of Indirect Depreciable Costs

-_.------------_.------------------------------_.-----------------_._--_._-----------
8 OBO2 8BO 2 410 2 790

----------_._--------------------._------_.------_ ..-------------------_.----------_.

START UP COSTS (Pro Rata on Start Up Period)

ChemicaLs

Power

ELectricaL

Heavy FueL Oi L

Staff

R*1000

5

TotaLs

--------------------------------_.-------------------------

- - - - - - - - - _ ..- - -- ---- - -- - - - -. - - - - _. - - - - - ------ -- - - - - - - --

31

394

39

468

ANNEXURE N

PAGE 2



ALTERNATIVE N

WALVIS BAY YATER SUPPLY SCHEME

DESALINATION OF SEAWATER

TltERMAL VAPOUR COMPRESSION

WITH SINGLE MEDIA FILTRATION

ESTIMATED CAPITAL COSTS

CALCULATION Of ENERGY COSTS

Based on operation at fuLL rated output of

ELECTRICAL ENERGY

5 000 m"3/d

ANNEXURE N

PAGE 3

Component A~sorbed Installed % Average

Power k\.J Power kW Utilisation kWh/d.?y

Seawater punps 20 22 90.0% 1,30

Pretreatment Works 24 30 90.0% 524

Clear Yater Pumps 60 75 90.0% 1 3(14

AdditionaL Energy 20B 210 90.0% 4 4~13

Totals 313 337

Heavy fuel oil Consumption
Boi ler Efficiency

Required Evaporation Rate

Heavy fueL OiL Consumption Rate

B2.0%

20.00 t/h

1.28 t/h

Fixed AnnuaL Power costs

flow Related Power costs

Flow Related Power costs

ELectrical Energy

He£lvy Fuel oi 1

CALCULATION OF ANNUAL RECURRING COSTS

FIXED

Salaries and labour
labour Overhead ( 30.0%)

Fixed electrical energy costs

Total

FlQ\./RELATED

Power-ELectricaL

Heavy Fuel Oi 1

Chernica ls
MisceLlaneous Supplies

Total

STAFfING

Util No. SaLary Total Salaries

R R

Superintendant 100% 1 70 000 70 000

Snr Operator 100% 5 39 000 195 000

Jnr Operator 100% 0 32 500 0

Operating Asst 100% 4 12 ',00 49 600

Labourers 100% 2 12 400 24 800

Lab. Techn. 1cr. 1 32 500 3 250

Mech. Maint. 30% 1 44 800 13 440

ELec. Ma into 10% 1 44 800 4 480
- -- -* - * + - - - - - - - - - ---- + * _. - - ---- -- - - - - - - - - - - - - - - _ •••• -

TOTAL 361 000

6 751

R*1000

107
259

4 726

R*1000

361
108

107

576

259

4 726

56

5 041



T

WALVIS BAY WATER SUPPLY SCHEME
DESALUJATION OF SEAWATER

THERMAL VAPOUR COMPRESSION
WITH SINGLE MEDIA FILTRATION

ALTERNATIVE N

CHEMICAL USAGE

Dai ly Dosage Rate AnnuaL Unit CostTotat Cost
Quant ity Quant i ty

m"3/d mg/l tons R/ton R

Lime 5 000 20 32.85 495.00 16 261

Ant i-SeaLant 9 991 4 13.13 2 000.00 26 256

chLorine Raw Water 10 300 5 16.92 700.00 11 B42

Chlorine Product ~Dter 5 000 1 1.64 700.00 1 150

CoaguLant

TOTAL fOR CHEMICALS 56 000

MISCELLANEOUS SUPPLIES

ITEM AnnuaL Unit Cost TotaL Cost
Quantity

Unit Unit/a R per unit R

TOTAL FOR CONSUMABlES

ANNEXURE N
PAGE 4



WALVIS BAY WATER SUPPLY SCHEME

DESALINATION Of SEAYATER
THERMAL VAPOUR COMPRESSION

WITH SINGLE MEDIA FILTRATION

ALTERNATIVE N

CALCULATION OF PUMPING REQUIREMENTS

Based on operation at fuLL rated output of 5 000 m'3/d

Sea IJater Pumps 2 Pretreatment Works

Pumping Rate 119 lis Pumping Rate

length of Main 300 m Length of Main

Diameter 2BB "'" Diameter

Friction Head 2.5 m Friction Head

Static Head 10.0 m Static Head

Total Head 12.5 m Total Head

Efficiency of Pump 75.0% Percent Efficiency of Pump

Power Absorbed 20 kY Power Absorbed

Power Installed 22 kY Power Installed

3 Clear Water Pumps

Pumping Rate
length of Main

Diameter

Friction Head

Static Head

Total Head

Efficiency of Pump

Powe r Abso rbed

Power InstaL Led

119 lis
30 m

288 rrm
0.3 m

15.0 m

15.3 m
75.0%Percent

24 kW

30 kw

58 Lis

15 000 m

288 JTTIl

33.2 m
45.0 m

7B.2 m
75.0%Percent

60 kY

75 kY

ANNEXURE N

PAGE 5



'WALVIS BAY WATER SUPPLY SCHEt·1E ANNEXURE N

DESALINATION 0' SEAYATER PAGE 6

THERMAL VAPOUR COMPRESSION

AL TERNATIVE N WITH SINGLE MEDIA FILTRATION

YEAR FLOW , LOll CAPITAL FIXED COSTS PRoPMAINTNCE TOTAL

COSTS TO fLOW COSTS

m'3/d MIla R*1000 R*1000 R*1000 R*1000 R*1000

-_ .._.---_ .. --_._------_ ... -----_.-----------_.-------.----------_._----_.-----------

1993

1994 6 702 6 7G2

1995 45 698 45 698

1996 5 000 1 643 576 5 041 896 6513

1997 5 000 1 643 576 5 041 B96 6 513

1998 5 000 1 643 576 5 041 896 6 513

1999 5 000 1 643 576 5 041 B96 6513

2000 5 000 1 643 576 5 041 896 6513

2001 5 000 1 643 576 5 041 896 6 513

2002 5 000 1 643 576 5 041 B96 6513

2003 5 000 1 643 576 5 041 896 6513

2004 5 000 1 643 576 5 041 896 6513

2005 5 000 1 643 576 5 041 B96 6 513

2006 5 000 1 643 576 5 041 B96 6513

2007 5 000 1 643 576 5 041 896 6 513

2008 5 000 1 643 576 5 041 B96 6 513

2009 5 000 1 643 576 5 041 896 6513

2010 5 000 1 643 576 5 041 B96 6513

2011 5 000 1 643 10 350 576 5 041 896 16 8tJ3

2012 5 000 1 643 576 5 041 B96 6513

2013 5 000 1 643 576 5 041 896 6513

2014 5 000 1 643 576 5 041 B96 6513

2015 5 000 1 643 576 5 041 896 6513

2016 5 000 1 643 21 000 576 5 041 896 27 513

2017 5 000 1 643 576 5 041 896 6 513

2018 5 000 1 643 576 5 041 896 6 513

2019 5 000 1 643 576 5 041 896 6 513

2020 5 000 1 643 576 5 041 B96 6 513

2021 5 000 1 643 576 5 041 896 6513

2022 5 000 1 643 576 5 041 896 6 513

2023 5 000 1 643 576 5 041 896 6 513

2024 5 000 1 643 576 5 041 896 6513

2025 5 000 1 643 576 5 041 896 6 513

2026 5 000 1 643 10 350 576 5 041 896 16 863

2027 5 000 1 643 576 5 041 896 6 513

2028 5 000 1 643 576 5 041 896 6513

2029 5 000 1 643 576 5 041 896 6 513

2030 5 000 1 643 576 5 041 896 6513

2031 5 000 1 643 576 5 041 896 6 513

2032 5 000 1 643 576 5 041 896 6 513

2033 5 000 1 643 576 5 041 896 6 513

2034 5 000 1 643 576 5 041 B96 6513

2035 5 000 1 643 576 5 041 896 6 :;·13

(5 500) (5 500)



ALTERN.ATIVE P

YAlVIS BAY YATER SUPPLY SCHEME
DESALINATION. OF SEAWATER

REVERSE OSMOSIS

WITH NO ULTRA-FilTRATION PRETREATEMNT

ANNEXURE P

PAGE 1
R

Raw Water Source

Raw Water Requirements

OUtput Capacity of PLant

pLant Design Factor

AnnuaL Water Production

Sea WeLLs located at Paaltjies
11 200 m"3/d Pretreatment Losses

5 000 m"3/d FiLtration Losses

90% U.F.plant Losses

643 ML/annum R.O.PLant Recovery Factor

1%

45%

COSTS OF POWER

Years

26.50 R/kW/Month

10.50 c/kWh

Civi Ls MechanicaL DesaL Membranes

ElectricaL Equipment R. o.
40 15 20 5

0.50% 4.00% 2.00%

k\.JCharges/month

Unit Charges

DEPRECIATION PERIOD

MAINTENANCE FACTORS

PROGRAMMME REQUIIREMENTS

Design Tender & Award

Construction

Start Up Period

9 Months

12 Months

1 Month

CAPITAL COSTS (See Page 2) Civi ls MechanicaL DesaL Membranes TotaLs

ELectricaL Equipment R. o.

R*1000 R*1000 R*1000 R*1000 R*1000

Direct Non DepreciabLe 100 100

Direct DepreciabLe 11 910 8 650 17 500 3 000 41 060

Indirect 2 760 2 010 2 330 400 7 500

Start Up Costs 190

--~--- - - - - -- ¥¥- - - - - - - -¥ - - - - - - - -' - -- - - _. - --. - - - - -- _. -- - - - - --- -- -- - - - - - _ •• - - - _. - - - -- - _ •• - - - - - - - _. --

TOTAL CAPITAL COSTS 14 770 10 660 19 830 3 400 48 850

-~-------------------.----.----------------------¥--------------------_ .._------------------------
MAINTENANCE COSTS 60 346 350 756

¥---- - - _.. -- - - - - - - - -- - - - - - - - - -- - - - -- _... - - - - -- - -- ---- -----_. - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
ANNUAL RECURRING COSTS

Fixed
FLow ReLated (5 000 mA3/d)

R*1000

1 051

1 846

TOTAL 2 897

ECONOMIC ANALYSIS

Discount Rate 0.0% 4.0% 6.0% 8.0% 10.0%

_. ----- - - _. -- -- - - - - - - -- - - - - - - - - - - -.--------~------- - - - - -_. - - - - - - - - - - - - - - - - --- - - - - - -- - - - - - - - - - - - --
CapitaL NPV

Opcrat ing NPV

79

146

58

67

52 48

37

45

30

-- - - - - - --- - _ •• - - - - - -_. - - - - - -- - _. - - - - - - - - - _.- - - - - - - _ •• - - - - - - - - - _. - - - - - - ¥- - - - - - - _ •• - - - - - - --

TotaL NPV

Water Produced Discounted

225

66

125

30

101

22
85

17

74

13
-------------------------------~--------~- ••• -------------------¥---------------_ .. --------¥-----
REfERENCE UNIT VALUE Rand/m"3 3.43 4.16 4.60 5.08 5.59

- - - - - - - --_. - - - - - - - --_. - - - - - - - --- - - - _. - _. - - - - - - - - - - _. - - - - -_._-- -- - - - - - - - - -- - - _. - - _. - - - - - - - - - - - _. --



\.JAlVISBAY WATER SUPPLY SCHEME

DESALINATION OF SEA~ATER

REVERSE OSMOSIS

~ITH NO UlTRA"FILTRATION PRETREATEMNT

ESTIMATED CAPITAL COSTS

WBP3

ALTERNATIVE P

DIRECT CAPITAL COSTS

Non DepreciabLe
1 Purchase of land

Depreciable
1 \.JeLLfleld
2 Delivery Pipelines

3 Site DeveLopment
4 Raw Water Storage (2 000 mA3 )
5 Pretreatment Works and Pumps tat ions

6 Administrative & MisceLLaneous Buildings

7 Desalination Equipment Buildings (1200 m~2)

8 Desalination Equipment

9 Product Storage Reservoir ( 625 m"3 )

10 Incoming Power Supply

11 Product PipeLine & Pumpstation

12 Brine PipeLine

ANNEXURE P
PAGE 2

Civi Ls Mechanical

ELectricaL

R*1000

Membranes

R. o.
R*1000

TotalsDesal

Equipment

R*1000 R*10DO

100
R*1000

100

425

SO
200
950

40

100

BOO

700

50

260

950
95

100

1 BOO
20 500

445

B 060

8 050

SO

275

60

55

17 sao 3 000

445

7 BSO
50

B 060

200

Totals of Depreciable Costs

----- -- - - -- - - -~--- - - - - - ---- - - - - _. -. - - - --- - -- - - - - - - - - - - - - - - - - - ---- - - - - - _. _. - - - - - -_ ... - - -- - - - - - - - --
B 65011 910 1i'500 41 0603 000

INDIRECT CAPITAL COSTS

Contingencies 10.00%of Net Cost 1 190 B70 1 750 300 4 110

EscaLation O.OO%per Month

Engineering Fees

civil and Mechanical 12.0% 1 570 1 140 2 710

Desalination Equipment 3.0% SBO 100 6BO

TotaLs of Indirect Depreciable Costs

_.----------------------------_._.-.-----------------------.----------------_.-------------------
2 760 2 010 2 330 7 sao400

- - - - - - - - - - - - - - - - - - - - -- - - - - - - _. - - - --_. - - - - - - - - - - - - - --- ----- - - - - - - - - - - ---_. - - - - - - - - - - - - - - - - -- - - - - --

START UP COSTS (Pro Rata on Start Up Period)
R*1000

22Chemicals

Power

Electrical

Staff

118

49

TotaLs 188



ALTERNATIVE P

WALVIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEAWATER

REVERSE OSMOSIS

WITH NO ULTRA-FILTRATION PRETREATEMNT
ESTIMATED CAPITAL COSTS

CALCULATION OF ENERGY COSTS

Based on operation at full rated output of 5 000 m'3/d

ELECTRICAL ENERGY

ANNEXURE P
PAGE 3

Absorbed Installed % Average

Component Power kW Power kIJ uti 1isation kWh/day

Seawater pumps 22 30 90.0% 484

Reverse Osmosis feed Pumps 103 110 90.0% 2 233

Reverse Osmosis Pumps 962 1 260 90.0% 20 783

CLear ~ater Pumps 59 75 90.0% 1 270

Totals 1 147 1 475

..- - - _. - - - -- - _. - - - - - - -_.- - ..- - _ ... - - - - - - _ ..- - - - - -- - - - _ ..- -- - - - - - - - - - - - -- _. - --
24 770

- - ----- - - - - - _. -- -- - - - _. - -- --_ .... - - - - - - - _. - - - - - - - - - - _ ..- - - - - - - -- -- -- - - _. - ----

Fixed Annual Power costs

Flow Related Power costs Electrical Energy

CALCULATION OF ANNUAL RECURRING COSTS

FIXED

SaLaries and Labour

Labour Overhead (30.0%)

Fixed eLectricaL energy costs

R*1000

469

949

R*1000

448

134
469

TotaL

-_._------_.--------------_._----_.-.--_ .. _ .... _--_._._._----------
1 051

-------------------------_._-----_ •••. --------------------------->
FLOW RELATED

Power-ElectricaL

ChemicaLs

MisceLlaneous Supplies

R.O.Membrane RepLacement (5 Yearly)
_._--- -- _. - - ----- - - - - - --- - - - - - - - _. - - - _. - ----- -- - ----_. _._-- --------

1 846Total

949

259

38

600

- - - ---- - - - - - ---. - - - - - ---_.- - _. -_. -- - - _. --- - - - - - - - - _. - - - - - - - - - -- - - --

STAFFING

Uti 1 No. Salary TotaL SaLaries

R R

Super -intndt 100% 1 70 000 70 000

Snr Operator 100% 4 39 000 156 000

Jnr Operator 100% 5 32 500 162 500

Operating Asst 0% 0 12 400 0

Labourers 100% 3 12 400 37 200

Lab. Techn. 20% 1 32 500 6 500

Mech. Ma into 20% 1 44 800 8 960

ELec. Maint. 15% 1 44 800 6 720
_ ...-----_._ ..---------------------------------_._-----

TOTAL 448 000
-----------------_.-----_.------_ ....---_. __ .---------.



ALTERNAT IVE P

WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

REVERSE OSMOSIS

WITH NO UL1RA-fllTRATION PRETREATEMNT

CHEMICAL USAGE

lJaily Dosage Rate AnnuaL

Quant i ty Quant ity

flIA3/d mg/l tons

Sulphur ie ac id 11 200 25 91.9B

lime 5 000 20 32.BS

Sodium bi-Sulphite 11 088 5 18.21

Flocon ( Anti-Sealant) 11 OBO 5 lB.21

Chlorine Raw Water 11 200 5 18.i.0

ChLorine Product Water 5 000 1 1.64

TOTAL FOR CHEMICALS

Unit CostTotal Cost

R/ton

300.00

495.00

2 OSrJ.OO

9 000.00

700.00

700.00

MISCELLANEOUS SUPPLIES

ITEM AnnuaL Uni t Cost Total Cost

Quant ity

Uni t Unit/a R per unIt R

Cartridge Filters No. 200.00 00.00 16 000

Citric acid Ton 0.50 o 750.00 4 375

Detergent Ton 2.00 7 000.00 14 000

Tannic acid <9 65.00 60.00 3 900

TOTAL FOR CONSUMABLES 3B 275

R
27 594

16 261

37 335

163 90B

12 877
1 1SO

259 000

ANNEXURE P

PAGE 4



WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

REVERSE OSMOSIS

CALCULATION OF PUMP REQUIREMENTS

ALTERNATIVE P

CALCULATION OF PUMPING REQUIREMENTS

Based on operation at full rated output of 5 000 m"3/d

Sea Water Pumps 2 Reverse Osmosis Feed Pumps

Pumping Rate 130 Lis Pumping Rate 129 L/s

length of Main 300 m Length of Main 30 m

Diameter 2B8 rrm Diameter 28B nm

Friction Head 3.0 m Friction Head 0.3 m

Stat ic Head 10.0 m Static Head 60.0 m

TotaL Head 13.0 m Total Head 60.3 m

Efficiency of Pump 75.0% Percent Efficiency of Pump 75.0%Percent

Power Absorbed 22 kY Power Absorbed 103 kY

Power InstaL Led 30 ,y Power Installed 110 kW

3 Reverse Osmosis Pumps 4 Clear Water pumps

Pumping Rate 129 Lis Pumping Rate 58 Lis

Length of Main 1 000 m Length of Main 25 000 m

EquivaLent Diameter 280 IT" Diameter 324 nm

Friction Head 11.1 " Friction Head 31_2 m

Static Head 550.0 In Stat ic Head 45.0 m

TotaL Head 561.1 m Totat Head 76.2 m

Efficiency of Pump 75.0% Percent Efficiency of Pump 75.0%Percent

Power Absorbed 962 kY Power Absorbed 59 kY

Power InstaL Led 1 260 kW Power InstaL Led 75 kY

ANNEXURE P
PAGE 5



YAlVIS BAY YATER SUPPLY SCHEI~E ANNEXURE P

OESAllNATION OF SEAYATER PAGE 6

REVERSE OSMOSIS

ALTERNATIVP WITH NO ULTRA-FILTRATION PRETREATEMNT

YEAR FLOW FLOl,.J CAPITAL FIXED COSTS PROPMAINTNCE TOTAL

COSTS TO FLOW COSTS

m'3/d ML/a R*1000 R*1000 R*1000 R*1000 R*1000

------------------------"-----.------.---.----------~-----------------------------

1993

1994 6 230 6 230

1995 42 620 42 620

1996 5 000 1 643 1 051 1 846 756 3 653

1997 5 000 1 643 1 051 1 846 756 3 653

1998 5 000 1 643 1 as 1 1 B46 756 3 653

1999 5 000 1 643 1 051 1 846 756 3 653

2000 5 000 1 643 1 051 1 846 756 3 653

2001 5 000 1 643 1 051 1 846 756 3 653

2002 5 000 1 643 1 051 1 846 756 3 653

2003 5 000 1 643 1 051 1 846 756 3 653

2004 5 000 1 643 1 051 1 B46 756 3 653

2005 5 000 1 643 1 051 1 846 756 3 653

2006 5 000 1 643 1 051 1 B46 756 3 653

2007 5 000 1 643 1 051 1 846 756 3 653

2008 5 000 1 643 1 051 1 846 756 3 653

2009 5 000 1 643 1 051 1 846 756 3 653

2010 5 000 1 643 1 os 1 1 846 756 3 653

2011 5 000 1 643 8 650 1 051 1 846 756 12 303

2012 5 000 1 643 1 051 1 846 756 3 653

2013 5 000 1 643 1 051 1 846 756 3 653

2014 5 000 1 643 1 051 1 B46 756 3 653

2015 5 000 1 643 1 051 1 846 756 3 653

2016 5 000 1 643 17 500 1 os 1 1 846 756 21 153

2017 5 000 1 643 1 051 1 846 756 3 653

2018 5 000 1 643 1 051 1 846 756 3 653

2019 5 000 1 643 1 051 1 846 756 3 653

2020 5 000 1 643 1 051 1 B46 756 3 653

2021 5 000 1 643 1 051 1 846 756 3 653

2022 5 000 1 643 1 051 1 846 756 3 653

2023 5 000 1 643 1 os 1 1 846 756 3 653

2024 5 000 1 643 1 051 1 B46 756 3 653

2025 5 000 1 643 1 os 1 1 846 756 3 653

2026 5 000 1 643 8 650 1 051 1 846 756 12 303

2027 5 000 1 643 1 051 1 B46 756 3 653

202B 5 000 1 643 1 051 1 846 756 3 653

2029 5 000 1 643 1 051 1 B46 756 3 653

2030 5 000 1 643 1 os 1 1 846 756 3 653

2031 5 000 1 643 1 051 1 846 756 3 653

2032 5 000 1 643 1 051 1 846 756 3 653

2033 5 000 1 643 1 051 1 B46 756 3 653

2034 5 000 1 643 1 as 1 1 M6 756 3 653

2035 5 000 1 643 1 051 1 846 756 3 653

(4 633) (4 633)



ALTERNATIVE R

WALVIS B.I\YWATER SUPPLY SCHEME
DESALINATION OF SEAWATER

REVERSE OSMOSIS

WITH ULTRA-FILTRATION PRETREATMENT

ANNEXURE R

PAGE 1
R

Raw Water Source
Raw Water Requirements
OUtput Capacity of Plant

Plant Design Factor

Annual Water Production

Sed WelLs Located at PaaLtjies

12 500 m"3/d
5 000 m"3/d

90%

643 ML/annum

Pretreatment losses
FiLtration losses

U.F .pLant Losses
R.O.PLant Recovery Factor

1%

10%

45%

COSTS OF POWER

Years

26.50 R/kw/Month

10.50 c/k"h

Civi ls MechanicaL DesaL & UF Membranes

ELectricaL Equipment U. F. R. o.
40 15 20 2 5

0.50% 4.00% 2.00%

kW Charges/month

Unit Charges

DEPRECIATION PERIOD

ANNUAL MAINTENANCE FACTORS

PROGRAMMME REaUIIREMENTS
Design Tender & Award

Construction
Start Up Period

9 Months

12 Months

1 Month

CAPITAL COSTS (See Page 2) Civ; Ls MechanicaL Desal & UF Membranes Totals

Electrical Equ iptlent U. F. R. o.
R*1000 R*10DO R*1000 R*1000 R*1000 R*1000

100 100

12 650 8 650 18 630 930 3 000 43 860

2 940 2 010 2 170 120 400 7 940

210

Direct Non DepreciabLe
Direct Depreciable

Indirect

Start Up Costs

TOTAL CAPITAL COSTS 15 690 10 660 21 100 1 050 3 400 52 110

MAINTENANCE COSTS 63 346 373 782

ANNUAL RECURRING COSTS

Fixed
FLow Related (5 000 m"3/d

R*1000

1 131

2 507

TOTAL 3 638

ECONOMIC ANALYSIS
Discount Rate 0.0% 4.0% 6.0% 8.0% 10.0%

CapitaL NPV

Operat ing NPV

83

177

62

81

56

59

51

45

48

36

TotaL NPV
\.Jater Produced Discounted

260

66

143

30

115

22
96

17

83

13

REFERENCE UNIT VALUE Rand/m'3 3.96 4.75 5.22 5.73 6.27



WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

REVERSE OSMOSIS

WITH ULTRA-FILTRATION PRETREATMENT
ESTIMATED CAPITAL COSTS

WBR3

ALTERNATIVE R

DIRECT CAPITAL COSTS

Non Depreciable
1 Purchase of land

DepreciabLe
1 \.leLlfield

2 DeLivery PipeLines

3 Site DeveLopment
4 Raw Water Storage (2 000 m"3)
5 Pretreatment Works and pumpstations

6 Administrative & MisceLLaneous Buildings

7 Desalination Equipment BuiLding (1680 m"2)

8 Desalination Equipment

9 Product Storage Reservoir (625 rroA3)

10 Incoming Power SuppLy

11 Product Pipeline & Pumpstation

12 Brine Pipeline

Civi Ls Mechanical DesaL & UF

ELectricaL EquiP'TIent

R*1000 R*1000 R*10GO

100

425 275

50

200 60

950

40 55 1 130

120

2 520
17 500

445
8 060

7 850 200

SO

U. f.
R*1000

ANNEXURE R
PAGE 2

Membranes

R. o.
R*1000

930

3 000

TotaLs

R*1000
100

700

50

260
950

2 155

120

2 520

20 500

445

8 060

8 050

SO

TotaLs of DepreciabLe Costs

-------~-------.-------- ..-----------------------------~.------------.-.-----------------------.-------~-
43 86012 650 8 650 18 630 930 3 000

----------------~---------------------.-.------------------------------.---------~-----------------.-----

INDIRECT CAPITAL COSTS
Contingencies 10.00%of Net Cost

EscaLation O_OO%per Month

Engineering Fees

Civil and Mechanical

Desalination Equipment

12.0%

3.0%
------------------------------------------------------_.-------------------------------------------------

400 7 940Totals of Indirect Depreciable Costs

1 270 870 1 fi60

610

90

30

120

300 4 390

100

2 810

740
1 670 1 140

--- --- - - - - - - -- - - _. - - - -- -- - - - - - - - - - -- - _. - -_. - - - - - - - - - - - - - _. - - - - - - - - - - - - _. - - - - - - - - - - _. - - - --' - - -- - - - - -- - - - --
2 940 2 010

START UP COSTS (Pro Rata on Start Up Period)

ChemicaLs

Power

ELectrical

Staff

R*101)0

22

- - - - - - - _. - - - - - - - - - - - - _. -- - _. --- ------------- - - - _. - - - - - _. - --
Totals 211
-----------------------------------------------------------

140

49



Al TERNATIVE R

WALVIS BAY ~ATER SUPPLY SCHEME

DESALINATION OF SEAWATER

II.EVERSEOSMOS IS

WITH ULTRA-FILTRATION PRETREATMENT

ESTIMATED CAPITAL COSTS

CALCULATION OF ENERGY COSTS

Based on operation at fuLL rated output of 5 000 m'3/d

ANNEXURE R

PAGE 3

ELECTRICAL ENERGY

Component Absorbed InstaL led % Average

Power k~J Power 1<~ Uti Lisation kWh/day

Seawater pumps 26 30 90.0% 568

Ultra-FiLtration 218 250 90.0% 4 701

Reverse Osmosis Feed Pumps 103 110 90.0% 2 233

Reverse Osmosis Pumps 962 1 260 90.0% 20 7g3

cLear Water Pumps 59 75 90.0% 1 270

Totals 368 1 725

~----.-------~-------~----.-----.------+-----------------------------_.----
29 555

--_.------------------------_._._----------------_.--------------+---------

Fixed Annual Power costs

FLow ReLated Power costs ELectrical Energy

CALCULATION OF ANNUAL RECURRING COSTS

FIXED
Salaries and labour

labour Overhead ( 30.0%)

Fixed electrical energy costs

R"A·1000

549

1 133

R*1000

448

134
549

----------------------------------_ ... _-_ .._------_.-------------
TotaL 1 131
.-------------------_ .... ----------------_.----------------------
FLOW RELATED

Power-Electrical

Chemicals

MisceLlaneous SuppLies

U_F.Membrane Replacement

R.O.Membrane RepLacement

2 Yearly)

5 Yearly)

133
264

45

465

600

.-- - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ ... - - - ...-- -- - - - _. - - - --
Tota 1 2 507
-- ---- -- - - - - -- - - - - - - -- - - - _ - - - - -_ - - - - - - - - - - -- - - - - - - - - --

STAffING
Uti 1 No. Salary TotaL SaLaries

R R

Super -intndt 100% 1 70 000 70 000

Snr Operator 100% 4 39 000 156 000

Jnr Operator 100% 5 32 500 162 500

Operat ing Asst 0% a 12 1,00 a
labourers 100% 3 12 ',00 37 200

lab. Techn. 20% 1 32 500 6 500

Mech. Maint. 20% 1 44 800 8 960

E Lec. Ma into 15% 1 44 800 6 720

- - - - - -- - - - - - ---+ - - - - - - --- - - - - - -" --- - - - - - - - - _. - - - - - - --

TOTAL 448 000
------------------------_._.-_ ..._-----------------



AL TERNATlVE R

WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEA~ATER
REVERSE OSMOSIS

WITH ULTRA-FILTRATlmJ PRETREAH~E~IT

CHEMICAL USAGE

Da ily Dosage Rate Annual Unit CostTotaL Cost

Quant ity Quant i ty

m"3/d mg/L tons R/tan R

Sulphuric acid 12 500 25 102.66 300.00 30 797

Lime 5 000 20 32.85 495.00 16 261

Sodium bi-Sulphite 11 125 5 18.27 2 050.00 37 459

Flocon ( Anti-Sealant) 11 125 5 18.27 9 000.00 164 455

Chlorine Raw Water 12 500 5 20.53 700.00 14 372

Chlorine Product Water 5 000 1 1.64 700.00 1 150

TOTAL FOR CHEMICALS 264 000

MISCELLANEOUS SUPPLIES

ITEM Annual Unit Cost Tota 1 Cost

Quant ity

Unit Unit/a R per unit R

No. 200.00 80.00 16 000

Ton 1.30 8 750.00 11 375

Ten 2.00 7 000.00 14 000

kg 65.00 60.00 3 900

Cartridge Filters

Citric acid

Detergent
Tannic acid

TOTAL fOR CONSUMABLES 45 275

ANNEXURE R

PAGE 4



WALVIS B~Y WATER SUPPLY SCHEME

DESALINATION Of SEAYATER
REVERSE OSMOSIS

WITH ULTRA-FILTRATION PRETREATMENT

ALTERNATlVE R

CALCULATION Of PUMPING REQUIREMENTS

Based on operation at fuLL rated output of 5 000 m'3/d

Sea Water Pumps 2 ULtra Filtration pumps

pumping Rate 145 lis Pumping Rate

length of Main 300 m Length of Main

Diameter 2B8 nm Diameter

Friction Head 3.6 m Friction Head

Static Head 10.0 m Static Head

TotaL Head 13.6 m Total Head

Efficiency of Pump 75.0% Percent Efficiency of Pump

Power Absorbed 26 kY Power Absorbed

Power Installed 30 kW Power Instal Led

ANNEXURE R

PAGE 5

143 lis
20 m

288 nm
0.2 m

114.0 m

114.2 m
75.0%Percent

218 kY

250 kY

3 Reverse Osmosis Feed Pumps 4 Reverse Osmosis Pumps

pumping Rate 129 lis Pumping Rate 129 lis

length of Main 30 m length of Main 1 000 m

Diameter 288 on, Equivalent Diameter 280 rrm

Friction Head 0.3 m Friction Head 11.1 m

Static Head 60.0 m Static Head 5SCl.O m

Total Head 60.3 m TotaL Head 561. 1 m

Efficiency of Pump 75.0% Percent Efficiency of Pump 7S.0%Percent

Power Absorbed 103 kW Power Absorbed ~'62 kW

Power InstalLed 110 kY Power Installed 1 i:~60kW

5 Clear Water Pumps

Pumping Rate

length of Main

Diameter

Friction Head

Static Head

Total Head

Efficiency of Pump

Power Absorbed

Power Installed

58 lis

25 000 m
:-;24 rrm

31.2 m
45.0 m
76.2 m

7~).O%Percent

59 kY

75 kY



UALV1S BAY WATER SUPPLY SCHEME ANNEXURE R

DESALINATION OF SEAWATER PAGE 6

REVERSE OSMOSIS

ALTERNATIVE R WITH ULTRA-FILTRATION PRETREATMENT

YEAR FLOW FLOW CAPITAL FIXED COSTS PROPMAINTNCE TOTAL

COSTS TO FLOW COSTS

mA3/d ML/a R*1000 R'1000 R*1000 R*1000
----------_. - - - - --- --- - - - - - - - - - --- - - - - - _. _. - - - - _. - ---- - - - - - - - - - - - - - - - - - - -- _ ..... -.-.

1993

1994 6 603 6 6C3

1995 45 507 45 507

1996 5 000 1 643 1 131 2 507 782 4 420

1997 5 000 1 643 1 131 2 507 782 4 420

1998 5 000 1 643 1 131 2 507 782 4 420

1999 5 000 1 643 1 131 2 507 782 4 420

2000 5 000 1 643 1 131 2 507 782 4 420

2001 5 000 1 643 1 131 2 507 782 4 4CO

2002 5 000 1 643 1 131 2 507 782 4 420

2003 5 000 1 643 1 131 2 507 782 4 420

2004 5 000 1 643 1 131 2 507 782 4 420

2005 5 000 1 643 1 131 2 507 782 4 420

2006 5 000 1 643 1 131 2 507 782 4 420

2007 5 000 1 643 1 131 2 507 782 4 4(~0

2008 5 000 1 643 1 131 2 507 782 4 420

2009 5 000 1 643 1 131 2 507 782 4 420

2010 5 000 1 643 1 131 2 507 782 4 420

2011 5 000 1 643 8 650 1 131 2 507 782 13 070

2012 5 000 1 643 1 131 2 507 7B2 4 4;~0

2013 5 000 1 643 1 131 2 507 782 4 4?0

2014 5 000 1 643 1 131 2 507 782 4 4;~0

2015 5 000 1 643 1 131 2 507 7B2 4 420

2016 5 000 1 643 18 630 1 131 2 507 782 23 050

2017 5 000 1 643 1 131 2 507 7B2 4 420

2018 5 000 1 643 1 131 2 507 7B2 4 420

2019 5 000 1 643 1 131 2 507 782 4 420

2020 5 000 1 643 1 131 2 507 782 4 420

2021 5 000 1 643 1 131 2 507 782 4 420

2022 5 000 1 643 1 131 2 507 782 4 420

2023 5 000 1 643 1 131 2 507 782 4 420

2024 5 000 1 643 1 131 2 507 782 4 420

2025 5 000 1 643 1 131 2 507 782 4 4~0

2026 5 000 1 643 8 650 1 131 2 507 782 13 OlD

2027 5 000 1 643 1 131 2 507 782 4 420

2028 5 000 1 643 1 131 2 507 782 4 420

2029 5 000 1 643 1 131 2 507 7B2 4 420

2030 5 000 1 643 1 131 2 507 782 4 420

2031 5 000 1 643 1 131 2 507 782 4 420

2032 5 000 1 643 1 131 2 507 782 4 420

2033 5 000 1 643 1 131 2 507 782 4 420

2034 5 000 1 643 1 131 2 507 782 {I 420

2035 5 000 1 643 1 131 2 507 762 /1 420

(4 708) (4 708)



R ~ALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

REVERSE OSMOSIS

~ITH SINGLE STAGE FILTRATIONALTERNATIVE S

Raw Water Source

Raw ~ater Requirements
OUtput Capacity of Plant

pLant Design Factor

Annual \.JaterProduction

Sea Wells Located near WaLvis Bay

11 700 mA3/d Pretreatment Losses

5 000 mA3/d Filtration Losses

90% U.F.PLant Losses
643 ML/annum R.O.PLant Recovery Factor

COSTS OF POWER

k~ Charges/month

Unit Charges

26.50 R/kY/~lonth

10.50 c/kYh

DEPRECIATION PERIOD civi Ls

Years 40

MAINTENANCE FACTORS 0.50%

PROGRAMMME REQUIIREMENTS

Design Tender & Award

Construction

Start Up Period

9 Months

12 Months

1 Month

CAPITAL COSTS (See Page 2) civi Ls

Direct Non Depreciable

Direct DepreciabLe

Indirect

Start Up Costs

R*1000

100

7 935

1 840

MechanicaL

ELectricaL

15

4.00%

MechanicaL

ELectricaL

R*1000

2 795

650

DesaL

Equipment
20

2.00%

De~aL

Equipment

R*1000

17 500

;~330

Membranes

R. O.

5

Membranes

R. O.

R*1000

3 000

400

ANNEXURE S

PAGE

1%

4%

45%

TotaLs

R*1000

100

31 230

5 220
190

TOTAL CAPITAL COSTS 9 875

------------------------_.------------------------------------------_.--------_._-------_._------
36 7403 445 19 830 3 400

-------------_.-------_.------------_ ..._-----------------_.----------_ .. _-----------_ ..----------
ANNUAL MAINTENANCE COSTS 40 112 350 501

---- - - - - - - --- - -- - - - ----- - -- - -- - - - - - - - - - - - - _ ..- - - - - _. - - - - - - - - - - - - - - - -- - . - - - -- - - - - --- - - - - - - -- - - - --
ANNUAL RECURRING COSTS

Fixed
fLow ReLated (5 000 mA3/d)

R*1000

1 051

1 BSl
_._-- -- -_ ... - - - - - - - _. - - - - - - _. -_. _. - -- - - - - -_.

TOTAL 2 902

ECONOMIC ANALYSIS

Discount Rate 0.0% 4.0% 6.0% 8.0% 10.0%

- ----- - - - - - - - - --- - - - - - _. - - - - - - - --- --- ._------------ - - - - -_ ..- - - - - --- - - - - - - - - - - - - - - - -- - -. - - _. - - - - --
36

35

33
28

CapitaL NPV

Operat ing NPV

58
136

43

62

39

46

- - _ ..- - - - - - - - _. - - - - - -_. - - - - - - - - - - - ---- ---- ..- - - - - - - - - - - - - -- - -- - - -' - - - - - - _. - - - - - - - - _. - -_. - - - -- - - --
70

17

61

13
TotaL NPV

~ater Produced Discounted

194

66

105

30

84

22

REFERENCE UNIT VALUE Rand/m"3

----------------------_._-------------------------_.---------------------------------------------
4.19 4.582.95 3.50 3.83

-----------------_._-.--------------------------------._-------------------------_.----------_.--



ANNEXURE S

PAGE 2

WALVIS BAY WATER SUPPLY SCHEME

DESAl.INATION OF SEAWATER

REVERSE OSMOSIS

WITH SINGLE STAGE FILTRATION
ESTIMATED CAPITAL COSTS

ALTERNATIVE S

DIRECT CAPITAL COSTS

Non DepreciabLe

1 Purchase of Land

DepreciabLe

t WeLLfieLd

2 DeLivery PipeLines

3 Site Development

4 Raw Water Storage (2 000 m"3)

5 Pretreatment Works and Pumpstations

6 Administrative & Miscellaneous Buildings

7 Desalination Equipment Buildings (1 200 mA2)

8 DesaLination Equipment

9 Product Storage Reservoir (625 mA3)

10 Incoming Power Supply

11 Product PipeLine & Pumpstation

12 Brine PipeLine

Totals of DepreciabLe Costs

Civi ls Mechanical

ELectrical

R*1000 r,*1000

100

Desal

Equipment

R*'1000

Membranes Totals

R. D.

R*1000R*1000

100

425

SO
200

950

lBO
100

BOO

275 700

SO
260

950

2 250

100

1 800
20 sao

445

230
3 895

50

60

2 070

17 500 3 000

445

3 735

SO

230
160

7 935 17 sao 31 2303 0002 795

INDIRECT CAPITAL COSTS

Contingencies 10.00%of Net Cost 790 280 1 750 300 3 120

Escalation O.OO%per Month

Engineering Fees

CiviL and MechanicaL 12.0% 1 050 370 1 420

DesaLination Equipment 3.0% 5BO 100 680

Totals of Indirect Depreciable Costs 1 840 650 2 330 5 220400

START UP COSTS (Pro Rata on Start Up Period)
R*1000

22ChemicaLs

Power

ELectrical

Staff

Totals

118

49

189



ALTERNATIVE S

WALVIS BAY WATER SUPPLY SCHEME
DESALINATION OF SEAWATER

REVERSE OSMOSIS

YITH SINGLE STAGE FILTRATION
ESTIMATED CAPITAL COSTS

CALCULATION OF ENERGY COSTS

ANNEXURE S

PAGE 3

Based on operation at full rated output of 5 000 mA3/d

ELECTRICAL ENERGY
Absorbed InstaL led % Average

Component Powef' kw Power kW Uti Lisation kWh/day

Seawater pumps 24 30 90.0% 515

Reverse Osmosis Feed Pumps 103 110 90.0% 2 233

Reverse Osmosis Pumps 962 1 260 90.0% 20 783

Clear Yater Pumps 60 75 90.0% 1 304

TotaLs 1 150 1 475 24 835

Fixed Annual Power costs

Flow Related Power costs ELectrical Energy

R*1000

469

952

CALCULATION OF ANNUAL RECURRING COSTS
R*1000

FIXED
Salaries and Labour

Labour Overhead (30.0%)

Fixed eLectricaL energy costs

448

134
469

TotaL 1 051

FLOY RELATED

Power-ElectricaL

Chemica Ls
Miscellaneous Supplies

R.O.Membrane RepLacement (5 Yearly)

952

261

38

600

TotaL 1 851

STAFF ING

Ut iL No. Salary TotaL Salaries

R R

Super- intndt 100% 1 70 000 70 000

Snr Operator 100% 4 39 000 156 000

Jnr Operntor 100% 5 32 500 162 SOO

Operat ing Asst 0% 0 12 400 0

Lnbourt':rs 100% 3 12 400 37 200

Lnb. Techn. 20% 1 32 500 6 500

Mech. Maint. 20% 1 4L~ BOO 8 960

Elec. Maint. 15% 1 44 800 6 720
------------------_ ... -.----------------_ .. -._---------

TOTAL 448 000



ALTERNATIVE S

Sulphuric acid
lime

Sodium bi-suLphite
FLocon ( Anti-ScaLant

ChLorine Raw Water
ChLorine Product Water

TOTAL fOR CHEMICALS

WALVIS BAY WATER SUPPLY SCHEME

OESAllNATION OF SEAYATER
REVERSE OSMOSIS

WITH SINGLE STAGE FILTRATION

CHEMICAL USAGE

Dai Ly Dosage Rate Annual Unit CostTotaL Cost

Quantity auantity

m'3/d mg!l tons R/ton R

11 700 25 96.09 300.00 2B 826

5 000 20 32.85 495.00 16 261

11 115 5 18.26 2 050.00 37 426

11 115 5 18.26 9 000.00 164 307

11 700 5 19.22 700.00 13 452

5 000 1 1.64 700.00 1 150

261 000

MISCELLANEOUS SUPPLIES

ITEM AnnuaL Unit Cost TotaL Cost
Quant ity

Unit Unit/a R per unit R

Cartridge FiLters No. 200.00 80.00 16 000

Citric acid Ton 0.50 B 750.00 II 375

Detergent Ton 2.00 7 000.00 1/1 000

Tannic acid kg 65.00 60.00 3 900

TOTAL FOR CONSUMABLES 38 275

ANNEXURE S

PAGE 4



WALVIS BAY WATER SUPPLY SCHEME

DESALINATION OF SEAWATER

REVERSE OSMOSIS

CALCULATION OF PUMP REQUIREMENTS

ALTERNATIVE S

CALCULATION OF PUMPING REQUIREMENTS

Based on operation at fuLL rated output of 5 000 m'3/d

Sea Water Pumps 2 Reverse Osmosis Feed Pumps

Pumping Rate 135 lis Pumping Rate 129 tis

Length of Main 300 m Length of Ma in 30 m

Diameter 2B8 nm Diameter 288 rrm

Friction Head 3.2 m Friction Head 0.3 m

Static Head 10.0 m Static Head 60.0 m

Total Head 13.2 m TotaL Head 60.3 m

Efficiency of Pump 75.0% Percent Efficiency of Pump 75.0%Percent

Power Absorbed 24 kY Power Absorbed 103 kW

Power Installed 30 kY Power Installed 110 kY

3 Reverse Osmosis Pumps 4 CLear Water Pumps

Punping Rate 129 lis Pumping Rate 58 lis

Length of Main 1 000 m Length of Main 1~ 000 m

EquivaLent Diameter 280 nm Diameter 288 nm

Friction Head 11. 1 m friction Head 33.2 m

Static Head 550.0 m Static Head 45.0 m

Total Head 561. 1 m TotaL Head 78.2 m

Efficiency of Pump 75.0% Percent Efficiency of Pump 75_0%Percent

Power Absorbed 962 kY Power Absorbed 60 kY

Power InstaL led 1 260 kY Power Instal led 75 kY

ANNEXURE S
PAGE 5



WALVIS BAY UATER SUPPLY SCHEME ANNEXURE S

DESALINATION OF SEAWATER PAGE 6

REVERSE OSMOSIS

ALTERNATIVS WITH SINGLE STAGE FILTRATION

YEAR flOW FLOW CAPITAL FIXED COSTS PROP MAINTNCE TOTAL

COSTS TO FlOY COSTS

mA3/d Mt/a R*1000 R*1000 R*1000 R*1000 R*1000

------~~------------ ..---------------.---------------------.--~-------------------

1993

1994 4 393 4 393

1995 32 347 32 347

1996 5 000 1 643 1 051 1 BSl 501 3 403

1997 5 000 1 643 1 051 1 B51 501 3 403

1998 5 000 1 643 1 OS 1 1 B51 501 3 403

1999 5 000 1 643 1 OS 1 1 BSl 501 3 403

2000 5 000 1 643 1 051 1 BSl 501 3 403

2001 5 000 1 643 1 051 1 B51 501 3 403

2002 5 000 1 643 1 051 1 BSl 501 3 403

2003 5 000 1 643 1 051 1 BSl 501 3 403

2004 5 000 1 643 1 051 1 BSl 501 3 403

2005 5 000 1 643 1 051 1 BSl 501 3 403

2006 5 000 1 643 1 051 1 B51 501 3 403

2007 5 000 1 643 1 OS 1 1 851 501 3 403

200B 5 000 1 643 1 051 1 BSl 501 J 403

2009 5 000 1 643 1 051 1 BSl 501 3 403

2010 5 000 1 643 1 051 1 B51 501 3 403

2011 5 000 1 643 2 795 1 OS 1 1 BSl 501 6 19B

2012 5 000 1 643 1 051 1 851 501 3 403

2013 5 000 1 643 1 051 1 BSl 501 3 403

2014 5 000 1 643 1 051 1 B51 501 3 403

2015 5 000 1 643 1 051 1 B51 501 3 403

2016 5 000 1 643 17 500 1 OS 1 1 BSl 501 20 903

2017 5 000 1 643 1 051 1 BSl 501 3 403

201B 5 000 1 643 1 051 1 BSl 501 3 403

2019 5 000 1 643 1 051 1 BSl 501 3 403

2020 5 000 1 643 1 OS 1 1 B51 501 3 403

2021 5 000 1 643 1 051 1 BSl 501 3 403

2022 5 000 1 643 1 051 1 B51 501 3 403

2023 5 000 1 643 1 OS 1 1 BSl 501 3 403

2024 5 000 1 643 1 051 1 BSl 501 3 403

2025 5 000 1 643 1 051 1 B51 501 3 403

2026 5 000 1 643 2 795 1 051 1 BSl 501 6 19B

2027 5 000 1 643 1 051 1 B51 501 3 403

202B 5 000 1 643 1 051 1 B51 501 3 403

2029 5 000 1 643 1 051 1 B51 501 3 403

2030 5 000 1 643 1 051 1 851 501 3 403

2031 5 000 1 643 1 051 1 B51 501 3 403

2032 5 000 1 643 1 051 1 B51 501 3 403

2033 5 000 1 643 1 051 1 BSl 501 3 403

2034 5 000 1 643 1 051 1 851 501 3 403

2035 5 000 1 643 1 051 1 851 501 3 403

(2 191) (2 191)


