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Overview of study

objectives & tasks
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STEP 1: DELINEATE CATCHMENT &
DESCRIBE STATUS QUO

STEP 2: LINK ECONOMIC & SOCIAL
VALUE

Outcome: How economic value &
social wellbeing influenced by
ecosystem char. & use of water

Outcome: IUA & nodes

Socio-economic SOCIAL WELL BEING

Zones ECOSYSTEM INDEX

ECONOMIC PROSPERITY

Complete

Study Status

STEP 5: EVALUATE SCENARIOS WITHIN
INTERATED WATER RESOURCE
MANAGEMENT PROCESS

STEP 3: QUANTIFY THE ECOLOGICAL
WATER REQUIREMENTS AT EACH NODE

Groundwater

Estuari
Complete stuaries

Significant water

Outcome: Evaluate scenarios

| - Frosre:s

~

Outcome: EWR node table

resources

Groundwater
Rivers in non-water  guality  EGSAs
Provide a tahle of EWRs for each
node at  various levels of

Wetlands

Integrated Units

ecological integrity.

MNode: refer ta differe nt Ecalagi-

of Analysis

cal Base Conditions

Complete

STEP 4: SET A BASELINE FOR
ECOLOGICAL SUSTAINABILITY

STEP 6: EVALUATE SCENARIOS WITH
STAKEHOLDERS

Outcome: ESBC scenario
Complete

Outcome: Scenario configuration

-

STEP 7: GAZETTE WATER RESOURCE
CLASS CONFIGURATIONS

Outcome: Gazetted WRCs



Delineation of Resource Units

and Integrated Units of Analysis

* 12 Integrated Units of Analysis
(IUAs) identified In Study Area.
_+ Catchments G1, G2 and G40A.
45 river nodes identified.
S . 8 existing Reserve Sites with

- akly, <\ ) o Bl  EWRs already determined.
MR i 1 b= ~ .+ 3 additional River EWR sited
[ Langebaan (A2) A

(3 st Const () \ » ~ determined at Rapid Level lIl.

Lower Berg (B4)

— et « 22 estuaries nodes identified.

[ Sir Lowrys (D7)

B Upper Berg (08) Diepl oo 08 « RDM studies undertaken to
[ Middle Berg (D9) :

(21 D (010 TR, determined EWRs for 8 key

B Peninsula (E11)

3 Cape lts (E12) 7 QAL estuaries in G2 catchments.
Water Resources - P sebouw o 10 Groundwater Resource Units.

— Rivers

Il Estuary

Drak Wetlands

I floodplain wetland

- channelled valley-bottom wetland
unchannelled valley-bottom wetland

[ flat

EGI Wetlands

I Floodplain wetland

~ Channelled valley-bottom wetland
Unchannelled valley-bottom wetland

I Vvalley-bottom wetland

B Flat
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Scenarios to be Considered

* Consider G1 and G2 catchments separately
* G1 focused on the EWR impacts on the yield from WCWSS.
* G2 focused on impacts on estuaries and wetlands.
* Selected Groundwater scenarios considered separately.
« Scenarios to be considered:
* Ecologically Sustainable Base Configuration (ESBC)
* Present Ecological status (PES)
« Recommended Ecological Category (REC)
e Current and Future Developments
e Possible Impacts of Climate Change
« Scenarios to be compared in terms of:
e Overall ecological condition for river and estuary nodes
 Wetland impacts
* Water quality impacts
* |mpacts on water availability (Yield from WCWSS)
* Groundwater impacts
* Ecosystems Goods Services and Attributes (EGSA)
* Additional infrastructure costs to provide shortfalls
Overall socio-economic costs/benefits.



Scenario 1 (PES) Current day infrastructure with 0.5 m3s-t minimum flow to the estuary.
. Current Day infrastructure with ESBC at reserve sites and 0.5 m3
Scenario 2 (ESBC) . ‘
minimum flow to the estuary
Current day infrastructure with REC at reserve sites and 0.6 m3
REC minimum flow to the estuary
: Future infrastructure 2040 with ESBC at reserve sites and 0.5 m3
Scenario 4 (ESBC-FI) ..
minimum flow to the estuary.
: Future infrastructure 2040 with REC at reserve sites and 0.6 m?3
Scenario 5 (REC-FI) ..
minimum flow to the estuary.
Scenario 6 : : : :
Future infrastructure 2040 with no environmental constraints
No EC-FI
. Climate change hydrology, Future infrastructure 2040 with ESBC at
Scenario 7 (ESBC-CC) . 2=l gy. .
reserve sites and 0.5 m3 minimum flow to the estuary
: Climate change hydrology, Future infrastructure 2040 with REC at
Scenario 8 (REC-CC) . ge iy = .
reserve sites and 0.6 m3 minimum flow to the estuary.

¢

Scenario 9 Climate change hydrology, Future infrastructure 2040 including no
(No EC-CO) return flows from treatment plants and no environmental constraints.




For estuaries with significant WWTW contributions.

# | Scemario | Descripion _________

n Natural Reference condition

Present Present day flows and conditions

Present day flows but all effluent from WWTW to be

treated to DWS Special Standards
Reduce inputs from the WWTW by 50% and treat the

remainder to DWS Special Standards
Reduce inputs from the WWTW by 75% and treat the

remainder to DWS Special Standards
Scenario 4 Divert/recycle 100% of effluent from WWTW

Scenario 1

Scenario 2

Scenario 3

Alternative future development scenarios for other
estuaries (i.e. Langebaan, Sandvlel, Lourens).
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ecommended Water

Resource Classes

WATER IS LIFE - SANITATION IS DIGNITY Toll Free: 0800 200 200  www.dwa.gov.za



Determining the Water Resource Class

escription of the meaning for each Water Resource Class

;3 - |Water Resource Class
x Minimally used
. |Class Il Moderately used

Class Il Heavily used

2lines for determining the IUA class based on ecological condition

¥
#

A

';1’;

_ Percentage (%) of nodes in the IUA falling into the indicated groups

I AorA/B BorB/C CorC/D D <D
60 40 20 1 -
Class I 60 30 5 -

Class lli 70
Either:

i

» -
' i et
A’ roe



Comparison of Scenarios — Water Resource Classes

Future Climate Future Climate Future Climate

IUA Name IUA Code PES Future ESBC Future REC Future No-EC Change ESBC Change REC Change No EC

Berg Estuary

Langebaan

West Coast

Lower Berg

Berg Tributaries

Eerste

Sir Lowry’s

Upper Berg

Middle Berg

Diep

Peninsula

Cape Flats




Al

Berg Estuary

Langebaan

West Coast
Lower Berg
Berg Tributaries
Eerste
Sir Lowry’s
Upper Berg

Middle Berg

Peninsula

Cape Flats

Recommended Class

Langebaan (A2)

Berg Estuary (A1)

Lower Berg (B4)

_ Grpot Berg

/ 1 ") Berg
— 74 : ~— | Tributaries
Water Resource Class e S— (€5)
ii 1§4Biv: ) =0 =
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* C e =
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Estuary nodes Rietviei Diep — |\ e s
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. b W s 7%;5\9-{”8,:;’ eert Bviil3
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; . Bviii6 Byil7 ¢ 3
O Estuary EWR site - ue, fem o Eerste (D6)
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Methodology for

Scenario Analysis
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Scenario Evaluation Process

Aim of the scenario evaluation process:

* An appropriate balance between the level of environmental protection and
the use of the water to sustain socio-economic activities

Environmental —
Protection

Balance must consider
3 main elements:

L_ 1. Ecology

2. Economic benefits
3. Societal benefits

Sustain Socio-
economic
Activities

Scenario evaluation process estimates consequences of the
scenarios on the three main elements



Evaluation of Scenarios Methodology

Status quo [ Vision per ] | | Scenario steps

assessment 'UA [ ] Information feeding into the process

\ (1 Evaluation and analysis steps

Scenario

(_‘[ Description ]4\

Formulate
Alternative

Scenarios

( Ecological R rzrelsaﬁt E:Ea:;'::: Stakeholder
Ecosystem Services e vision Evaluation
Economics
Water Quality for
Compare, Rank \ Users Water
and TR
e Availabilit
Optlml_se Ana[vsisY
Scenarios

consequences

e




Evaluation of Scenarios

Ecology-driven scenarios, including the “bottom line” scenarios

Set Categories
A-D for each
resource unit

Determine flow (quality and
quantity) requirements using
EWR relationships

Could range from all A’sto all D’s

Calculate yield and
shortfall (if any), taking
WQ issues into account

\__

—

( Qutput; Costs of water supply \

-~

Economic costs
and benefits

) 4

Ecological consequences,
conservation outcomes &
capacity to supply
ecosystem services

<

Socio-economic
consequences

(.

N

\

)

J

Output Costs of water
supply
/ - - \
Determine residual flow (if > bottom line) Determine A-F for
Estimate or shortfall (after bottom line is met) each resource unit
demands - »

-

Determine water quality

Development-driven scenarios

using EWR
relationships
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Rivers
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The balancing tool

* The balancing tool contains:
* Baseline ecological conditions for rivers and
estuaries
 Modelled current day and natural flows
(TOTAL i.e. with floods)
 Modelled Reserve (E-flows) for a range of
ecological conditions based on various
Reserve studies
* Allows the user to toggle flow and see changes
in ecological condition
e Reports surpluses and deficit in flow relative to
current day
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B
il

Present Day and Future ESBC and REC

.
IUA Code |River REC |Node code | Sc1: Baseline/PES Sc2: ESBC Sc3: REC Scd: 2040_ESBC_0.5 Sc5:2040_REC 0.6
Wet % | Dry % Wet Dry % Wet % | Dry % Wet % | Dry % Wet % | Dry %
» EC MAR | EC MAR |EC MAR |EC MAR | EC MAR
/ nMAR |nMAR nMAR | nMAR nMAR |nMAR nMAR |nMAR nMAR | nMAR
" 4 Berg B I 98 98 8 A L 98 8 A L 98 8 I\ 98 98 8 A L 98 8
, Berg B 0.4 90 B 49 0 9 B 8 0
UB 0 B 3.7 0 3.7 0 3.7 0 3.7 0 3.7 0
0 B 16.6 21 8 16.6 2.1 8 16.6 2.1 16.6 2.1 8 16.6 21 8
D Bvii14 67.8 8 68.4 9 9 68 9 8 68 9 9 68.4 9 8
Berg B E 94.6 204.0 6 E VEINGE 290.6 S 2546 WRE E VAN 291.0 S 4 WLTNEN 297.9
Pomb 6 B 1342.6 | 3063.1 ¢ 1342.6 | 3063.1 G 1342.6 | 3063.1 6 1342.6 | 3063.1 |6 1342.6 | 3063.1 &
0 B 89.9 1.9 6 89.9 1.9 6 89.9 1.9 6 89.9 1.9 6 89.9 1.9 6
VB Berg Bvii10 43.6 4 IIF 189.9 0 0 189.9 6 Ik 189.9 0 I 189.9 4
Doring B 0.0 9 0.0 9 0.0 9 0.0 9 0.0 9
omp Bvii4 0.5 8 0.5 8 0.5 8 0.5 8 0.5 8
Berg B 17.9 66.7 B 94 98.0 88 B 9 98.0 86.8 B 9 98 819 B 96 98 88.8
BT Berg B 9.6 9 9.8 0 B 0.8
Berg Bvii16 23.8 23.9 8 23.9 8 241 9 242 9
g B 0.0 4 490 B 84 B 90
g B 67 4 06.6 8 9 99.0 84 9 404.9 90.0 46 9 90 4 40
B 8.8 6.8 4 9.0 6.8 9.0 6.8 9 6.8 6 9 6.8 6
g Biv4 131 49 13.1 49 131 49.8 13.1 0 13.1 0.9
Berg 4 Bvii6 8.4 8 449 69.0 96.6 6 69 96.6 9 0 6 07.6
LB B 0.6 6.8 0.6 6.8 0.6 6.8 0.6 6.8 0.6 6.8
Berg Bvii8 6 4 66 87.9 42.9 6 87.8 49.0 0 98 4 98.9 5488
oreesburgsp Bvii18 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0 00.0
g 3 44 0 9 9 9 8.0 60 9 4 60.9 9 4
0 B 99.6 00.0 6 99.6 00.0 6 99.6 00.0 6 99.6 00.0 6 99.6 00.0 6
Berg B 248 I D 0 9 D 0 6 18.6 06.4 21.2
i Berg B 468.7 B 4 B 19.2 0 21.8 8.4
"% ST 3




Scenario Results — Ecological Condition for Berg River

Present Day and Future ESBC and REC

Scl: Baseline/PES Sc2: ESBC

mA, A/B mA A/B HA A/B
=B, B/C n B, B/C =B, B/C
C,C/D 8 C,Cc/o C,C/D
®mD =D mD
mD/EtoF mD/EtoF mD/EtoF
1 Sc5: 2040_REC_0.6 1 Sc6: 2040_NoConstraint
1
HA A/B WA A/B mA A/B
= B, B/C u B, B/C w B, B/C
C,C/D C,C/D C,C/D
wD =D mD
mD/EtoF mD/EtoF mD/EtoF
Sc8: 2040CC_REC_0.6
mA A/B mA, A/B mA A/B
"B, B/C "B, B/C "B, B/C
c,c/D 8 c.c/o c,c/o
mD =D mD

mD/EtoF mD/EtoF mD/EtoF



Scenario Results — Overall Ecological Condition (G1)

% Change from Current

-18 -14 10 -6 -2 2 6

Sc1: Baseline/PES

Sc2: ESBC

Sc3: REC

Sc4:2040 ESBC 0.5

5c5: 2040 REC 0.6

Sc6: 2040 NoConstraint
Sc7:2040CC_ESBC 0.5
5c8:2040CC_REC 0.6

Sc9: 2040CC_NoConstraint




Target Ecoogica Conition TEC or River EWR sites

NI R N Y
i 3 excludes flood flows
A Buviiil D8  G10A Upper Berg River C C 31%
Bvii5 D8 G10D Lower Berg River D D 33%
. Heuningberg, upstream
BVII6 B4 G10J of Misverstand Dam D D 21%
. Nuwedrif, downstream of o
Bviil2 B4 G10J Misverstand Dam D D 24%
Bvii3 D9 G10D Kromme River D C 22%
Bviiill D9 G10D Pombers River D/E D 14%
, Bvi22 B4  G40A Steenbras River B/IC BIC 14%
< {% ' Bvi D10 G21D Diep River E D 14%
it - Bii6 D6  G22F Jonkershoek River c c 23%
Y - Bvii21 G22J Lourens River 15%
. -" i
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Water Quality
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Table 2.17. Water quality criteria used to assess the present water quality status.

Sensitive Sensitive Sensitive

Variable Units Bound Ideal user Acceptable user Tolerable user
Alkalinity (CaCOs) mg/l Upper 20 AAg. 975 AAg. 175 AAg.
Ammonia (MH-N) mag/| Upper 0.015 Eco 0.044 Eco 0.073 Eco
Calcium ({Ca) mg/l Upper 10 Dom &0 BHM, a0 BHN,
Chloride (CI) mg/| Upper 40 In2 120 In2 175 In2
EC mS/m Upper 30 In2 50 In2 85 Eco
Fluaoride (F) g/ Upper 0.7 Dom 1 Dom 1.5 Dom
Magnesium (Mg) mag/| Upper 70 Dom 100 Dom 100 Dom
MNO; (NOs-N) mg/l Upper 6 Alr 10 Alr 20 Alr
pH units Upper =8 In2 <8.4 In2

Lower =6.5 | Air, Aag. In2 =8.0 Air, Aag, In2

Potassium (K) mg/| Upper 25 Dom 50 Dom 100 Dom
PO.-P (Rivers) g/ Upper 0.025 Eco 0.075 Eco 0.125 Eco
PO.-P (Dams) mug/l Upper 0.005 Eco 0.015 Eco 0.025 Eco
SAR mmoll | Upper 2 Alr. i Alr. 15 Alr
Sodium (Na) mug/| Upper 70 Alr 925 Alr 115 Alr
Sulphate (50.) mag/| Upper 80 In2 165 In2 250 In2
TDS mg/l Upper 200 In2 350 In 400 In2
Si g/ Upper 10 In2 25 In2 40 In2

Mote on sensitive users:
users, Dom = Domestic users, Eco = Aquatic ecosystems, In2 = Industrial 2 users

Air = Agriculture: Irrigation users, AAg = Agriculture: Aquaculture users, BHN, = Basic human needs

WATER IS LIFE - SANITATION IS DIGNITY

‘Toll Free: 0800 200 200  www.dwa.gov.za




Scenario analysis — Status Quo

Berg at Jantjiesfontein
Berg River Estuary Chloride [ TDS NO3+NO2-N PO4-P

F 3
G1H023 + Station IUA 50 95 | 50
G1H023Q01 Al

G1H031 + Berg at Misverstand
Misverstand Dam Chloride DS EC NO3TNOZ N 5iF

Station UA | 50 | 95 | 50 | 95 | 50 | 95
L G1H031Q01 B4

G1HO013 + -
3 Berg at Drieheuwels
¥ —— Klein Berg River Chloride NO3+NO2-N PO4-P
j=]
@
@ v Voélvlei Dam Station IUA
G1H013Q01 B4
G1HO036 +

Wellington

Berg in Paarl

Chloride NO3+NO2-N PO4-P

Paarl
Station IUA
G1H020Q01 D7
%mmershoek Dam
Chloride NO3+NO2-N PO4-P
G1HO03 +‘— Stiebeuls River
Station IUA
G1H003Q01 D7

Franschhoek River

_-eAd] B o -

Dwars River

Stiebeuels River

(1]
—
I
o
X]
=1
H Berg River  +

Berg River Dam
Berg River




Scenario Assessment methodology

Qualitative assessment

* Based on the relationship between
flow and water quality concentrations

* Envisaged changes in flow (Scenarios)

* Continued impacts of point sources
and non-point sources



Scenario Results — Potential water quality impacts (G1)

Scenario 1 (PES)

A—

—

Scenario 2 (ESBC) 1

Scenario 3 (REC) 1
)

Scenario 4 (ESBC-FI)

*=* No change

Scenario 5 (REC-FI)

I
I
!
!
F smoern f
i
i

I H i

l Deterioration

Scenario 7 (ESBC-CC)
Scenario 8 (REC-CC)

Scenario 9 (No EC-CC)

Scenario 6 (No EC-FI) T
¢
f
|
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Estuaries
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100

%MAR,

% MAR

2. The ability of an estuary to
- support biodiversity drops to zero
before MAR drop to zero

3. It is often not possible to restore
health to 100% of natural through
restoration of flow alone due to other
non-flow related impacts

1. Relationship between health and
flow is logarithmic — health declines
increasingly rapidly as %MAR
declines

A. Models were developed which allowed us to
project likely changes in estuary health from A
to E category as flows decline based on data
from Reserve determination studies for
individual estuaries

Assigned Ecological Category

A B C D E F

, h ey B. Proportional changes in the size A 10 0S 07 05 03 01
B i, of macrophyte, invertebrate, fish . T T e B e
b . and bird populations were also
ht , . . . C 1.4 1.2 1.0 0.7 04 0.1
Senay b estimated using matrices developed 5 T T I R
%n § using data from Reserve ' ‘ ‘ : ' :
] determination studies for individual |82 2R 8| 7| 10 e
2 . § 3 estuaries F 104 90 73 54 32 10




Determining EWRs for Estuaries

Model relationship between Estuary Heath Index (EHI) and
changes in Mean Annual Runoff (MAR) and Water Quality

100 -
90 EHljmu
75
EHIl 00

gHi  ©0

40

R %MAR |- oo



Summary of Estuary Flow Scenario Results (G2)

90 . .. -
320460 - 51575 . Wildevoelvlei

R2=1 70 |
60 - y = 83.058In(x)- 282.5
50 R?=1

Rietvlei/Diep

EHI

y = 62.204In(x)- 211.57
R2=1

v =18.722In(x) - 30.111 ap
RZ=1 20 -

60.0 80.0 100.0

90 - . _ 00 |
| Zandvlei ¥ =34.744In(x)- 80 | Zeekoe
80 RZ=1 80
70 70 |
60 60 |
& 50 3 & 50 y = 58.141In(x) - 197.75
40 40 - RZ=1
30 1 20.3471n(x) - 46.854 301
y =20. n(x)- 46.
20 A RZ=1 20 y =30.779In(x) - 104.68
10 10 - Rz=1
O T T 0 T T T T
0.0 200 40.0 60.0 80.0 100.0 0.0 20.0 40.0 60.0 800 1000 1200
%MAR %MAR
100
90 |
s, | Lourens

y = 41.258In(x)- 95
RZ=1

60

=83.824In(x)- 298.02
50 | Y (x)

R?=1

EHI

y = 60.279In(x) - 214.83

y = 22.097In(x) - 50.888 R? =0.9935

RZ=1




Langebaan Lagoon

Base case 0 4.94 494
Scenario 1 135 6.53 7.88
Scenario 2 35 6.53 9.83
Scenario 3 55 6.53 12.03
Scenario 4 7 6.53 13.53
Scenario 5 12 6.53 18.53
Base case n/a n/a -0.6 -5.1 -5.7 -
Scenario 1 <0.1 <0.1 -0.6 -5.1 -5.7 -1
Scenario 2 <0.1 <0.1 -0.6 -5 -5.6 -3
. <0.1, increasing to 0.1-0.5
Scenario 3 ~680m from water <0.1 0.6 -5 -5.6 -4
. <0.1, increasing to 0.1-0.5
Scenario 4 ~500m from water <0.1 -0.6 -5 -5.6 -4
Legend N \
L _ ! Langebaan EFZ A Scenario 5 <0'1égz)°;e?ri'r‘f\fv‘)a&:'°‘5 <0.1 0.6 5 5.6 6%

WATER IS LIFE - SANITATION IS DIGNITY Toll Free: 0800 200 200  www.dwa.gov.za



Langebaan Lagoon
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92

95
90
90
90
50
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Legend N W 85

L-_-_' Langebaan EFZ A
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Natural Reference condition 60.804 100%

o S A Present Present day flows 57.957 95%

4_ e River ] Scenariol = Present day flows + special WWTW standards | 57.957 95%

. o 1 ' Scenario 2 | 50% reduction in contribution from WWTW + | 47.627 78%

S igiss ”ﬁ‘% . special standards
e g B Scenario3 = 75% reduction in contribution from WWTW+ | 42.462 70%
special standards
3 Scenario4 | Zero input from WWTW 37.297 61%
45
59 59 59 59 59
83 83 81 85 64
38 39 40 42 47
pr— 30 30 30 30 30
e 52 53 52 54 50
/' 45 45 45 48 50
30 32 35 38 40
16 20 20 24 40
40 40 45 55 30
61 61 63 64 61
Legen F 38 40 42 46 44
7771 Undeveloped EFZ N 45 46 47 50 47
[] piepEFZ

0 05 1 2 D D D D D

3
- e Kilometers |
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Zandvle‘EstuarY
b AN P Natural

Scenario 1

. Scenario 2

Scenario 3

Keysers River
Wetlands

Scenario 4

i

Sandvlei estuary
mouth

Legend N

(_-_-_-_-l Undeveloped EFZ
:I Sancviel EFZ
0 025 05 1

— e lometers
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Reference condition

Present day flows

Complete removal of the rubble weir and other obstructions (pipelines) at

mouth of the estuary to allow improved tidal flushing

Remove bank stabilisation (concrete banks in lower reaches of the estuary

and reshape banks) to create more shallow water marginal habitat

Dredge the upper reaches of the vlei to -2.0 m MSL to remove

accumulated silt and organic material
Combination of interventions for Scenario 1 and 2

93 93
20 40
43 49
10 15
41 49
45 61
25 35
68 83
45 55
63 72
49 61
45 55
D D

93
20
43
20
44

50
35
75

50
70
56
50

31.68
29.58
29.58

29.58

29.58

29.58

93
20
45
10
42

45
25
68

40
65
49
45

100%
93%
93%

93%

93%

93%

93
40
47
25
51

65
35
85

55
75
63
57
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arget cooglca Ohlthh l I !E; or stuarles
Estuary Minimum %MAR [ Minimum %MAR
! Node with Current WQ | with Improved wQ

?’ BXIl G10M Berg River Estuary D C
Bxi3 | A2 G1OM Langebaan Estuary B A VH 94 94
Bxil2 %] G21A Modder Estuary C C M n/a 33
Bxi7 D10 G21F Rietvlei/Diep Estuary D C H n/a 33
m E12 G22K Zandvlei Estuary D C H n/a 56
NP E12  G22D  Zeekoe Estuary E D U 110 60
S0 E11 G22B  Hout Bay Estuary E D u 35 26
Bxill E11l G22A Silvermine Estuary D D U 35 26
SR E11 G22A  Elsies Estuary E D u 35 26
Bxil8 E11l G22A Buffels Wes Estuary F D u 66 67
- [ Bxil7 E1l G22A Krom Estuary A A U 95 95
b Bxi16 E11 G22A Schuster Estuary A A U 95 95
% E11l G22A Bokramspruit Estuary C C U 65 42
E11l G22A Wildvoelvlei Estuary D C M 79 62
m D6 G22H Eerste Estuary E D M 61 26
. m D7 G22)J Lourens Estuary D D u 69 56
2 m D7  G22K Sir Lowry’s Pass Estuary E D u 35 26
D7 G40A Steenbras estuary B B U 97 35
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Wetlands
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JER oy Wet

 Wetland Resource Units will be assessed qualitatively at individual
river/estuary nodes in terms of impacts from surface and
groundwater usage

 Wetland Resource Units will be assessed qualitatively at the
catchment scale for all scenarios in terms of indirect impacts

WETLAND REGION

\, Ecological + Ecosystem
Importance Services

Ramsar Threat status Climatic region Dams

NFEPA cluster Size Census and
Surrounding land | households
NFEPA frog use (land cover)

» Specific impacts/thresholds for individual priority wetlands to be
investigated during the development of RQOs.

WATER IS LIFE - SANITATION IS DIGNITY Toll Free: 0800 200 200  www.dwa.gov.za ‘



Identification of Priority Wetlands

Xl »

~-@ - CHANNELLED @ -

O . Wi s
b WETLAND { BrrTAANRATERS ; WETLAND

{ (< = CHANNELLED MFLOW *

- ENERLAND INFLOW

¢ {¢

FLUCTUATING
VIATER TARLE

DAFFusE
UNIDIRECTIONAL Fiow

WHTER, LEVEL
INTURATIN  FLACTIATIONe e NOT ALUAYS PRESENT INFLOW %

* NOT ALWAY( PRESEAST

Surface/groundwater Indirect impacts
usage impacts



Surface water usage impacts:

Lower Berg (B4)
\ « Berg River Floodplain wetlands
/ threatened by water abstraction due

N

Langebaan (A2) esrnans River,VI&i : .
) ‘? Semaies  to reduction of flow in the future
3 ' Berg River Floodplain (€5) scen ari 0S
8V‘ 12 y - - - -
Bl A N » Climate change increases this impact

¢ 'Koekilespan
> aKiekoesvlei |*

s ! ; Groundwater usage impacts:
¥ V - Increased abstraction of Langebaan
o K] Road Wellfield impacts Berg River

-

Yzerfontein Soutp\an Bviii3
Rooipan

;" Floodplain
‘k\\;\  Uncertain extent of impact to Geelbek

WR1: South Western Coastal Belt_Sand d I rect Im p acts:

WR2: South Western Coastal Belt_Shale . .
WR3: Western Folded Mountains Ay Bii2 * Future scenarios with no catchment

" WR4: Southern Folded Mountains

Silverstroom Bviii4

Wetland Region e i ‘ﬁ' é Middie wetlands due to Elandsfontein
Berg (D9)

/¢

Berg3 (/. TP management results in

Klein Sout) _Bviii10

Diep (D10) Ly

B Wetlarid Resauioe Unit RS TRES, transformation of wetland habitats,
e iz BeTg5 increased stormwater flow etc.
Sous e * Future scenarios with catchment

Kenilworth Racecourse

Biii2 Biv5
Cape Flats
BuE12) Eer1 {Bergla o kb
Nooiensfontei|n Biv8 Biii6 \\ ‘
Edith Stevens Wetland Park J
/. O

Associated Khayelitsha Pool

management results in less

Bwt .
ot By we i Ol s i Y3 transformation
Above Silvermine Dam Zeekoevlei ol Loul Eerste (D6)

Noordhoek Soutpan BVt

Bokramspruit yid Zeckoeviel Lourens WBvii21

Silvermine
Glencairn viei" gigies Berg8-~ Bviii9
BN Bvii2
Schuster ; Steenbrass °
Groot R‘ondev|e| Sir Lowrys (D7)

Krom 3 sirkelsviei
N

QGIS A 0 10 20 km
Datum: WGS84 [ —

“Toll Free: 0800 200 200  www.dwa.gov.za

Peninsula (E11)



Lower Berg (B4)

Boesmans River VIgi

Langebaan (A2)

Berg
Tributaries
(C5)

Berg River Floodplain

Bvii12
Berg4 _Biis
Bilts® DM
Bvii6
Bvii17 Bviil6
Biv4
Koekiespan Bivi Biv3
Kiekoesvlei
-‘3:Yzerfontein Soutpan Berg7 Buiill
Rooipan
akkals T ) Bvii5
i} Bv1, Diel
: Modde N\ Buji4 .
Wetland Region . gt Middle
£ 5 ; Bvii15 Berg (D9)
WR1: South Western Coastal Belt_Sand _ % Xoiine oK
Silverstroom - Biii4
WR2: South Western Coastal Belt_Shale ) - S dis -
WR4: Southern Folded Mountains " S 3296
WRS: Southern Folded Mountains_Peninsula L,/ . . \ Ve “Berg3 g::;:"
West Coast (A3) Bili3 | o ito (D8)
I Wetland Resource Unit
Ri';tvfei- ! Bvi2 Berg5
Rsxztvlei Diep - i a A Biii2 «. BIVS
UtARes ¢ pe Flat
5 sFE12) BivEer]l Bergl Bvé'\[,.l.l
Noo:e\n;fontem Biii6 ,ﬁb >
P i Assocrated Khayelitsha Pool
Hout Bay wetlands nr;:s;(so:;lel o ‘\ 3 /
= ¥, loul Eerste (D6)
Noordhoek Soutpan,Bvif Zeekoevl e Eerste N 4 i2
Bokramspruit 213 Sl :m o o
Glencairn VIEIEIIs:/esr ! Berg ? Bviil9
Schuster \,Krom Steenbrass \ )
Groot Rondevlei Sir Lowrys (D7)

Sirkelavlel

N 3\ Buffels Wes
QGIS 0 10 20 km
Datum: WGS84 [ —

Peninsula (E11)

Surface water usage impacts:

» Wetlands associated with estuary
scenarios
Rietvlei floodplain wetlands need to
maintain overtopping of banks

* Wildvoelvlei needs to maintain
seasonality

« Zeekoevlei and Rondevlei need to
maintain seasonality

Groundwater usage impacts:

* Currently seep and depression
wetlands associated with the heavily
used Atlantis and Malmesbury GRU
may be impacted.

* Only hypothetical sites for Cape
Flats, but in general use of the GRU
would impact flat and depression
wetlands by reducing seasonality

Indirect impacts:

» Increased hardened surfaces will
increase stormwater flow to wetlands,
and habitats may be transformed
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roundwater
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Groundwater Balance, Use/recharge (stress) and Present
Status for Groundwater Resources Units in the Berg.

GRU Name Recharge Use GWBF Balance Use/Recharge | Presen

(Mm?3/a) (Mm?3/a) (Mm3/a) (Mm3/a) (%) Status
GRU-1: Malmesbury 47.19 10.48 10.37 26.34 22% Il
GRU-10: Atlantis 10.43 7.51 1.31 1.61 72% 1]
GRU-2: Cape Flats 38.34 11.78 7.57 19.00 31% I
GRU-3: Peninsula 11.25 0.10 3.93 71.22 1% I
GRU-4: Paarl-Upper Berg 86.92 10.77 19.79 56.36 12% I
GRU-5: Helderberg 45.21 3.31 8.25 33.65 7% I
GRU-6: 24 Rivers 49.85 2.00 8.41 39.45 4% I
GRU-7: Tulbagh 30.86 5.63 6.51 18.71 18% I
GRU-8: West Coast 153.50 8.92 5.47 139.11 6% I
GRU-9: Piketberg 44.19 17.52 1.71 24.95 40% Il

WATER IS LIFE - SANITATION IS DIGNITY

Toll Free: 0800 200 200 www.dwa.gov.za



cenario consequences on grounawater condition

Definition for groundwater status relates to alteration from
pre-development state: informed by use/recharge (‘stress’)
ratio

» Level of ‘stress’ used to determine the resulting groundwater
status per water resources classification scenario, resulting
from increases in groundwater use for future development,

or meeting surface water deficits

Use/
Generic Description Recharge
(Stress)

Groundwater
Status Category

2 . . Minimally ~ The water resource is minimally altered from <20%
S used its pre-development condition

h Moderately Localised low level impacts, but no negative 20-65%
";, used effects apparent

%,‘ Heavily used The water resource is significantly altered >65%
*’ from its pre-development condition

(modified from Dennis et al, 2013)




Scenario consequences on groundwater condition

« Results: maximum impact of planned development
according to All Towns water demand projections
» Groundwater use from 370 to 445 million m3/a

Present Groundwater Status Future Groundwater Status (ATS)

.

Category | = Category Il = Category lll Category | w Category |l = Category lll




Groundwater Status by quaternary catchment

. Future (ATS
Piketberg e o|o ment)\

Present

Piketberg

category | to Ik
notably G10M
G21B change Il to
1]

G22F significant
change (I to IlI)

Present Status
|

::. | A

Present Status
|
]
[}
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Scenario consequences on groundwater condition

Results: maximum impact of planned development
according to All Towns water demand projections and CCT
developments

» Groundwater use from 370 to 542 million m3/a

Present Groundwater Status Future Groundwater Status (ATS & CCT)

25

Category | = Category Il = Category Il Category | = Categoryll = Category lll




Project/Aquifer CCT GW use (UmVOtO,

CFA
Atlantis &

A Y P

2018)

Silwerstroom T e
SPD Y Ao T EE R VORNIRIE |2
o A gi(Peninsila 3

Helderberg s Ny N R A
Basin SRR AL L e
Berg River e e O

8 Atlantis & " 715 7 RN oh _
Valley Silwerstroom g E - Wemmershoek

Wemmershoek Aquifers \ii S " (Peninsula % ;
Helderberg Basin Aquifer) |

Voelvlei . L2t (Peninsula & ‘/

Total \ ‘Basement Aquifers) 2 BefQ River

5] 1 36 = (Penir::s;
< {Capéflats S .asemen
3 IO (36
Southern Planning /" ¥ e
District 7.3 Nuweberg
(Peninsula Aquifer) Steenbras & . Klipfonte
» Grabouw - - “(Peninsula & N

\

eninsula & Aquifers

From Umvoto, January 2018 ouw Aquifers) ™
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Impact on Water

Availability and Yield
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WCWSS : RECONCILIATION OF SUPPLY AND REQUIREMENT

>

Voélvlei
2&3

Desal

Desal

Desal
ASR

1 TMG

Re-use

T™MG

Re-use
Voélvlei

1000 — I l I
i High-growth scenario
o 3.38%/a)
X 900 (3.38% =
£ N
c \ .
2 .
£ 800 ,
E Low-growth scenario v
g - (2.3%/a) i o o
E
£ .
= 5
¢ 600 <
‘ I 3
]
3
=
1
<

Existing System Yield

Actual water use

400

Year

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040

Water Requirement
Sector

million m3/a

CoCT + Other
Municipalities

Ny .5

193
93
11

297

2017/18

2018/19 2019/20 2020/21

332 424 520 790

2039/40

Medium-Growth Urban

Current and Future Demands from the WCWSS

“Planning Scenario” of the WCWSS
Reconciliation Strategy

.
.
:
.
.
y
.

New Bulk water supply interventions for
WCWSS needed by 2039/40

Progression of projected annual water
requirements from 2017/17 to 2039/40



Legend
3 WMA
Boundary
m Dams
m Towns
—VETS
«++Canal

«**Pipeline
w=Tunnel

1

EWRs for River Nodes

FAC S

Berg1 Bviiil Upper Berg River
Bviii5 Lower Berg River D D D

Bergd W:)Vit:] Heuningberg, D D D
. upstream of
Misverstand Dam
G178 Bviil8  Nuwedrif, downstream D D D
- of Misverstand Dam
Minimum flow at Estuary

e« REC=0.6 m3s
« ESBC =0.5m3/s

Future Infrastructure:

«  Voélvlei Augmentation Scheme

West Coast Managed Aquifer
Recharge

*  Fully utilised WWTW return flows

Hydrology:

*  Current (1920 to 2004)

+ Climate change impacts by 2040
(10t percentile dry scenario)

Result = Firm Yield of System



Climate Change Impacts (Cullis et al.2015)

Change in Annual Runoff (Average 2040-2050): UCE

2.00 - g E—
Northern Eastern Cape jrme
: Catchments || | = Median
Province/ L . Western Cape Coi N o
Northern Cape catchments l L AT
1.00 -4 . . iR E VA I

(Y H
A 1
\ L

ge of potential impacts on MAR for Secondary Catchments for the
Unconstrained Emissions Scenario (UCE) (Cullis et al 2015)




cenario Resulits ror dan erg niver cstuary

Summer lowflow . . . Change in Historic
Historic Firm Yield Estuary MAR (1928- | Percentage of natural

< Scenario Name requirement at the - Firm Yield from - .
i, (Million.m?3) . " 2004) (Million.m3) | MAR reaching estuary
o estuary (m3s1) baseline (Million.m3)
y
< Current Infrastructure Development Scenarios - WCWSS
/

é‘-""" Scenario 1
: 05
Scenario 2
0.5 469 -84 545 58%

Scenario 3
(REC) 0.6

Scenario 4

05
Scenario 5

0.6 674 -5 528 57%

Scenario 6
(No EC-FI) OO

y Scenario 7
- | Scenario8

Scenario 9
(No EC-CC) 00

» ‘uldl
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Ecosystem Goodes,

Services and Attributes

WATER IS LIFE - SANITATION IS DIGNITY Toll Free: 0800 200 200  www.dwa.gov.za



Category of service

Types of
values

Description of
EGSA

Independent variables
related to estuary
condition

Subsistence

Invertebrates and

Invertebrate abundance

(Provisioning services) fishing fish collected on a | Freshwater fish
subsistence basis abundance
for consumption or | getyyary line- and net fish
bait abundance
Services Nursery Contribution to Abundance of estuary-
(Regulating services) [ value marine fish catches | dependent marine fish
ey~ o due to the nursery
habitat provided by
estuaries
Attributes Tourism A river, wetland or | Overall health
(Cultural services) value & estuary’s Line fish abundance
property contribution to Water quality
|| value recreation/tourism

appeal of a location




| ECOIOgical Tourism Proplerty NPV
| Condition of | sub-sistence | Nursery value & ( VE: He change in
the estuary Fishing Value property =ty EGSAs

| premium,

i (Current WQ) value annualised (R million)

| Sc1(PES) | C 0.2 8.1 31.1 11.0 50.4 0.0

B/C 0.3 8.9 32.7 11.0 52.8  42.3

B/C 0.3 8.9 32.7 110 528 423
Sc4

DC 0.2 8.1 31.1 11.0 50.4 0.0
Sc5

C 0.2 8.1 31.1 11.0 50.4 0.0

F Sc6

! C/D 0.2 6.9 29.5 9.4 46.0 -78.9

\ Sc7

B8 ¢ o2 a1 a1 mo s04 oo

. Sc 8

; C 0.2 8.1 31.1 11.0 50.4 0.0

t Sc9

E D 0.2 5.7 28.0 7.7 41.5 -157.7

Th :

}: 1 Net present value (NPV) of the change in the EGSAs value for

P 3 the REC (from PES) (NPV: 30 years @ 6% discount rate

kel



Change in NPV of
Total Value Total EGSA Change in
(R million/a) Value EGSAs
(R million/a) | (R million)

Property Tourism
ESTUARY Value Value
(R million/a) | (R million/a)

\lahgebaan| 26.99 1366 16359 A A 0.0 0.0
3271 624 911 D D 1 00 0.0
0.19 296 2079 D D 1 00 0.0
4.74 985 10324 D C 14 413 7312
1.62 8.2 982 E D 18 7.9 139.1
1.76 8.9 1066 E D 18 85 151.0
0.50 33 3350 D D 1 00 0.0

\-- 39.81 377.2 445.71 S7.7 1021.3
ey

Net present value (NPV) of the change in the EGSAs value for
the REC (from PES) (NPV: 30 years @ 6% discount rate)

2 IS | IFE
/ |
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Overall Net Economic Costs/Benefits: G1 Catchments

Net Economic Benefit for Berg River (WCWSS) Scenarios.

By 2040 it is assumed that the only viable additional water supply
option will be desalination of seawater (ultimate marginal cost).

Estimated capital cost for additional water supply = R18 / m?3

NPV of EGSA calculated over 20 years with 6% annual increase.

NPV of water supply NPV of EGSA direct
costs without/with CC value changes

Classification

scenario . .
R millions R millions

PES to No EC -48.7t0-97.5
ESBC 0-6,190 +18.5
REC 432-7,170 +18.5




Overall Net Economic Costs/Benefits: G2 Catchments

Overall Net Economic Benefit of proposed REC scenario for
the significant estuaries and IUAs in the G2 catchments.

NPV of EGSA benefits for Estuaries in REC =R 1 021 million

Cost saving from increase re-use of water (22 million m3/a) as
compared to alternative (i.e. desalination) = R 110 million

Infrastructure costs to meet dry-season shortfalls = - R 31 million

Net economic benefit of REC scenario (G2) =+ R 1 100 million
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Recommended Water

Resource Classes
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Determining the Water Resource Class

escription of the meaning for each Water Resource Class

;3 - |Water Resource Class
x Minimally used
. |Class Il Moderately used

Class Il Heavily used

2lines for determining the IUA class based on ecological condition

¥
#

A

';1’;

_ Percentage (%) of nodes in the IUA falling into the indicated groups

I AorA/B BorB/C CorC/D D <D
60 40 20 1 -
Class I 60 30 5 -

Class lli 70
Either:

i

» -
' i et
A’ roe



Comparison of Scenarios — Water Resource Classes

Future Climate Future Climate Future Climate

IUA Name IUA Code PES Future ESBC Future REC Future No-EC Change ESBC Change REC Change No EC

Berg Estuary

Langebaan

West Coast

Lower Berg

Berg Tributaries

Eerste

Sir Lowry’s

Upper Berg

Middle Berg

Diep

Peninsula

Cape Flats




Al

Berg Estuary

Langebaan

West Coast
Lower Berg
Berg Tributaries
Eerste
Sir Lowry’s
Upper Berg

Middle Berg

Peninsula

Cape Flats

Recommended Class

Langebaan (A2)

Berg Estuary (A1)

Lower Berg (B4)

_ Grpot Berg

/ 1 ") Berg
— 74 : ~— | Tributaries
Water Resource Class e S— (€5)
ii 1§4Biv: ) =0 =
| 5 Buil2 =
I — = N oo Cre— /4‘ A
i & / N\ a4 =\
— 1
Ecological Category | . N5 | N~
River nodes - -
e A Buiii3 : G Berg7) O =
Bl
o B/C e T\ @ ==
e C
e C/D Middle
& 5 Modder Berg (D9)
e DJ/E
e [ Buii3g
EWR sites , : Upper
¥ B/C Bviii10) — NGBii3gBe03 @ Barg
" West Coast (A3) o £ (D8)
* C e =
% D === =0
Estuary nodes Rietviei Diep — |\ e s
m A == &
. b W s 7%;5\9-{”8,:;’ eert Bviil3
. C = , RN
= D = g g
; . Bviii6 Byil7 ¢ 3
O Estuary EWR site - ue, fem o Eerste (D6)
Wildevoelviei BVﬁZ_D oand Zeekoeiviei Lourens & vt =
Groundwater Class s e
=8| i . Berg8 /u/oA
- Steenbrass
I scm:(s:r; Sir Lowrys (D7)
. Buffels Wes
QGIS A 10  20km
Datum: WGS84 | —




Berg Estuary (A1)

Langebaan (A2)

River nodes (REC)
o A
® B
BC

Estuary nodes (REC)

|
OOUUZDQ o 0O

" 8w

Important Conservation Areas

| Strategic Water Source Area

1 Protected area
B Ramsar site
Important Bird Area
N
QGIS N 0 10 20km
Datum: WGS84 />, [ —

West Coast (A3)

Wildevoelviei

Peninsula (E11)

Lower Berg (B4)

Berg
Tributaries
(C5)

Sir Lowrys (D7)

Berg Estuary (A1)

Langebaan (A2)

Lower Berg (B4)

Water Resource Class

Berg
Tributaries

(C5)

Ecological Category

River nodes

° A

© A/B
B/C

e C

e C/D

EWR sites

7t B/C
* C
* D

Estuary nodes

m A
m B
m C
= D

Estuary EWR site

Groundwater Class

II
III

N
QGIS
Datum: WGS84 \

Berg4 i
BviizsoB"”ag‘ S
Builb

I 0!
Bvii17,E BV||16
Biv4” 0

Langebaan, &

ol J
| A — Biv3aBivl
N/ = o

/
4

Berg7.
Bviill

Bvii5

Middle

|
Modder Berg (D9)

T—— . Upper
Bviii10 }® 7= B|||3 erg3 Berg
West Coast (A3)

Rietvlei Diep |§
*Ca pe Fla
vaB

Biii6 ¢ Y
BivoREf Lou1 Eerste (D6)
Wl Bvii21

Wildevoelvlei {BVii20 Lourens

Bergh 2
g

]
Steenbrass

Sir Lowrys (D7)

10  20km

Peninsula (E11)

Management Considerations for Water Resource Classes
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Discussion
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Sinkocand : G 4 Reference condition 18.36 100% -

Present day flows 17.14 93% 42.49
Scenario 1 (Present flow, Treat

effluent from WWTW to Special 17.14 93% 42.49
Standards)

Scenario 2 (50% reduction in vol

of WWTW inputs, treat 17.14 93% 21.25

remainder to Special standards)

Scenario 3 (75% reduction in vol

of WWTW inputs, treat 17.14 93% 10.62
remainder to Special standards)
Scenario 4 (Divert/recycle 100%
of effluent from WWTW)
Scenario 5 Flows as for Sc 1 but
facilitate access by marine and
estuarine fish into Zeekoevlei 17.14 93% 42.49
Zabicon ity riain BB and Rondevlei through

- construction of a fish ladder

; 4 ; Scenario 6 Flows as for Sc 4 but

(2] Undeveloped EFZ o s | facilitate access by marine and

o i s oyt estuarine fish into Zeekoevlei 17.14 93% -
— " ‘ . and Rondevlei through

construction of a fish ladder

17.14 93% -
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Impact on Ecosystem Hea|t|"| ana Bioaiversity: G2 Catchents

Component

Hydrology

Hydrodynamics and
mouth condition

Water quality
Physical habitat
alteration

Habitat health score

Microalgae

Macrophytes

il Invertebrates

Fish

Birds

Biotic health score

Estuary Health Score

Ecological Category

N
7771 Undeveloped EFZ A

[ zevkoe EFZ

0 025 05




Eerste River Estuary

Reference condition 114.81 100%
Present day flows 176.45 154%
Present day flows 176.45 154%
50% reduction in contribution from

138.95 121%
WWTW
75% reduction in contribution from

119.39 104%
WWTW

Zero input from WWTW 101.44 88%

35 35 39 43 40
74 74 80 80 89

21 26 30 33 42
30 30 30 30 30
40 41 45 46 50
25 25 30 30 35
35 35 40 40 45
10 10 15 20 25

: Eerste EFZ

0125 0.25 0.5
o— Kilometers

65 65 70 75 75
28 28 35 43 46

34 35 40 45 48
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Impact on Ecosystem Health and Biodiversity: G2 Catchments

Lot ui River Estuar : e
o N Scenario o Percentage of
e Description
_ : | name millio m3/a natural flows

Natural Reference condition 70.027 100%
Present Present day conditions 59.221 85%
L8 S - 4% from Present 56.793 81%
| Sldsgklierss - 11% from Present 52.887 76%
Slesieldle sl - 19% from Present 47.769 68%

. 50% reduction in
Scenario 4 . 64.621 92%
abstraction from present

Component | Present | Sc1 | Sc2 | Sc3 | Sc4 |
Hydrology 85 81 76 68 92
Hydrodynamics and
mouth condition
Water quality 53 52 51 50 58

s R ! Phy5|ca.|l habitat 30 30 25 20 30
7 1 Undevsloped EFZ NS RN RN : alteration
] tourensErz N ', ot o) Habitat health score 61 58 52 47 67
S it | Microalgae 45 45 45 40 65
Macrophytes 25 25 25 20 35
Invertebrates 39 36 34 25 45
Fish 40 40 40 30 65
Birds 53 50 48 45 65
Biotic health score 40 39 38 32 55

Estuary Health Score 51 49 45 40 61
Ecological Category D D D E C

76 69 57 51 90




