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1 Introduction

1.1 Background

The Department of Environmental Affairs and Development Planning (DEA&DP) appointed Zutari (Pty)
Ltd to facilitate stewardship and develop a Framework Plan for future investment in the Huis River
catchment in support of improved water security for the town of Barrydale, other water users in the
catchment as well as the ecosystem. The Framework Plan promotes Water Sensitive Design (WSD)
principles, restoration, and collaboration with the objectives of improving the health of the community
and catchment, environmental sustainability as well as improved water security and resilience for the
residents of Barrydale.

1.2 Context

The town of Barrydale is in the Western Cape Province (see Figure 1-1). The town as well as several
commercial and small-scale farmers obtain their water from the Huis River. The catchment is already
considered to be under water stress, a state when the water resources in an area are insufficient to
meet the water needs of the urban, agricultural, and ecological environments. The effects of the stress
are felt primarily in the summer months and are exacerbated by drought. This also has an impact, not
only on the livelihoods, health, and wellbeing of the residents of Barrydale, but also on the sustainability
of the critically endangered Redfin fish species that is endemic to the Huis and Tradouw Rivers.
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Figure 1-1: Locality map of Barrydale and the Huis River Catchment

The Swellendam Municipality has recognised that the water stress in Barrydale is among the biggest
challenges for implementing the 2020 Swellendam Municipality Spatial Development Framework (SDF).
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Pollution and water quality is also a concern. The presence of invasive alien plants (IAPs) in the
catchment area is known to have a negative impact on water availability, as well as on the habitat for
the Redfin and could also contribute to increasing flood risk. In future, the combination of the expected
population growth and climate change will likely further contribute to increasing water security
challenges and flooding.

Figure 1-2: Barrydale and Huis River layout plan

As DEA&DP have recognised with the initiation of this study, it is important for the town to consider
alternative practices to move to a more water sensitive settlement and a water wise town. A holistic
approach to sourcing, managing, and using water is required to achieve water security. DEA&DP has
driven several aligned projects and studies within the Western Cape to promote water sensitive
settlements including the Berg River Improvement Plan (BRIP), which was developed to address the
water quality of the Berg River, and the Environmental Resources Protection Plan for the Breede River
Catchment. BRIP is an excellent example of a programme that uses a multipronged approach to achieve
the goal of improving the water quality. Activities include monitoring, upgrading wastewater treatment
works, upgrading informal settlements, promoting best practices for land uses, establishing a river buffer
zone, calculating the economic value of the river, monitoring, and improving the ecosystem resilience,
and promoting tourism opportunities within the catchment.

A water sensitive city is a city that is designed to manage water resources in a sustainable and integrated
way, considering the natural water cycle and the needs of the community. The goal of becoming a water
sensitive city is to improve resilience to increasing climatic uncertainty and to address development and
inequity issues, which are characteristic of developing countries (OECD, 2021). In the Western Cape,
South Africa, the City of Cape Town has identified the goal of becoming a water sensitive city as one of
five commitments in its new water strategy (Atkins, et al., 2021). The city aims to become a water
sensitive city by 2040, and to achieve this, the city benchmarked itself using the Water Sensitive Cities
Index Tool. It is also employing the concept water sensitive urban design (WSUD) to move towards a
water sensitive city.
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1.3 Study Objectives

The study objectives were as follows:

Understand the water system in Barrydale and its connections with the Huis River.

Confirm existing stakeholders and identify additional stakeholders required to facilitate a water
stewardship forum, including roles and responsibilities.

Follow a collaborative consultation process, including one on one interviews and workshops
with relevant stakeholders to assist with determining types of interventions, technologies, and
approaches which would be appropriate for Barrydale and this catchment.

Recommend appropriate interventions for Barrydale and the Huis River for improved water
resource and water quality management and ecological restoration based on a review of
relevant nature based and water sensitive design technologies, approaches and case studies.
Compile a Framework Plan with recommendations for potential future implementation of
activities, including how these can be taken into future planning and possible funding
opportunities.

Enhance capacity building of all stakeholders in terms of Nature Based Solutions (NbS) and
WSD principles, resilience, sustainability and the future implementation of these principles.

1.4 Overview of the Approach and Methodology

To understand the opportunities for moving to a water sensitive settlement, the study team mapped the
system and have conducted a system analysis of Barrydale and the Huis River Catchment. The project
team also engaged with stakeholders and initiated facilitation of stewardship of the Huis River. The
Catchment Characterisation Report details the findings from the analysis and stakeholder engagement.

This framework plan combines the information and lessons learned from NbS and WSD practices and
approaches, with the in-depth catchment characteristic information and identifies potential interventions
for future investment. Ultimately this Framework Plan aims to address the water security challenges for
Barrydale and improve the conditions for the Redfin.

1.5 Stakeholder Engagements and Water Stewardship

The stakeholder engagement and water stewardship process are detailed in the Stakeholder
Engagement Report, included in this report as 0. The approach used to identify and engage with the
stakehol ders is best descriiwhedindigidualsaverd sontactedfar their
input and asked to recommend others who may be interested and can provide insight into the topic.
Informal discussions with individuals and individual stakeholder groups were held in-person and
telephonically. Additionally, two formal workshops were conducted in person at the Karoo Art Hotel.

The conversations allowed the study team to map the stakeholders and identify their concerns,
perceptions, challenges, and barriers to engagement that they have. While the workshops served to
share and collect information which allowed the study team to build a collective vision, share the
challenges of stakeholders in a safe setting and collect ideas and feedback around the proposed
interventions. The figures below illustrate the type of stakeholder engagements held over the study
period.

Document number 1002900/02, Revision number C, Date 2023/11/17 SvA
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Image Description

The Water Bailiff took the study
team on a tour of the water supply
system. He showed us the
infrastructure and explained how
the system is operated.
Additionally, he explained the
challenges he faces while
performing his duties and
explained some of the challenges
he sees arising in the town during
drought.

) { b ,
Figure 1-3: The Water Bailiff taking the study team on a tour of the water
supply system

Some DEA&DP officials
accompanied the study team on
site. They joined the tour of the
leiwater system given to us by a
resident of Barrydale and the
WWTW overflow dam. They
resident shared knowledge about
the challenges that the residents
face and potential misuses of the
leiwater system. The DEA&DP
officials also shared information
about previous and ongoing
activities in the Huis River
catchment.

y

Figure 1-4: DEA&DP officials accompanying the study team and a
Barrydale resident

After a meeting with the small-
scale farmers, a few farmers gave
a study team member a tour of the
sewerage system problems they
face in Smitsville. This in turn
impacts their ability to access
clean water for livestock and
irrigation.

Figure 1-5: Small-scale farmers and residents of Smitsville explaining the
sewerage system problems
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Image Description

Stakeholders were actively
engaged in both workshops. This
image was taken from Workshop
1 during the second exercise of
the day. The exercise asked
groups to put themselves in
anot her st akelk.ng.)l
small-scale farmers, municipality,
etc.) and asked them to imagine
what they want to see happen to
the Huis River and their water
system and what they could do to
help.

The workshops enable the study
team to gather input and feedback
into the proposed interventions
put forward as part of the
Framework Plan. This image
shows a representative of a
stakeholder group providing the
workshop attendees with their
feedback on which proposed
interventions should be prioritised.

— - s

Figure 1-7: Stakeholders providing feedback on proposed interventions

1.6 Framework Plan and Objectives

This Framework Plan is the final deliverable for the study. It was critical to the study team that the
Framework Plan provide a feasible blueprint that can be used to secure possible funding for
interventions that shift Barrydale and the Huis River Catchment towards water security. The objectives
of this Plan are to:

Articulate the vision and measureable goals of making Barrydale and the Huis River Catchment
a water sensitive settlement and surrounds,

Outline the guiding principles and strategies used to identify interventions,

Identify and describe suitable interventions,

Prioritise interventions based on cost and positive impact, and,

Provide a monitoring and evaluation plan to measure the success of the interventions.

1.7 Framework Plan Structure

After the Introduction in Section 1 of the Framework Plan, Section 2 contains a description of appropriate
principles and strategies pulled from NbS and WSD approaches. Section 3 summarises the water
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system and key takeaways from the context analysis detailed in the Catchment Characterisation Report
which forms part of this study. This section also includes a high-level water balance for the Huis River.

Section 4 defines the vision for this Framework Plan and the goals and metrics for success.

The proposed interventions are explained in Section 5 with Section 6 providing an implementation plan
to prioritise efforts. Section 7 defines how the implementation of the Framework Plan should be
monitored and evaluated against the goals. Finally, Section 8 contains a conclusion and
recommendations on the way forward.
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Information from the Catchment Characterisation investigation as well as the many stakeholder
engagement events held throughout the study were foundational to the Framework Plan. An in-depth
local understanding combined with the principles of WSD and NbS are required for the Framework Plan
to be effective. This Chapter describes the transformation to a water sensitive city while highlighting
unique challenges to the South African context and finally presents two case studies from successful
implementation of WSD and NbS principles in similar contexts.

2.1 Defining a Water Sensitive City

The concept of a water sensitive city is particularly relevant in the face of urbanization, population
growth, and climate change, as it offers a holistic and sustainable approach to managing water
resources within urban areas while promoting the well-being of residents and the environment. Many
cities around the world are adopting these principles to enhance their water resilience and sustainability.

The Cooperative Research Centre (CRC) for Water Sensitive Cities (CRCWSC) defines a water
sensitive city as a place where people want to live and work, that (CRC, 2021):

Serves as a potential water supply catchment, providing a range of different water sources at a
range of different scales, and for a range of different uses;

Provides ecosystem services and a healthy natural environment, thereby offering a range of
social, ecological and economic benefits; and,

Consist of water sensitive communities where citizens have the knowledge and desire to make
wise choices about water, are actively engaged in decision making, and demonstrate positive
behaviours such as conserving water at home and not tipping chemicals down the drain.

A water sensitive city is both a concept and approach to urban planning and development that places a
strong emphasis on sustainable and integrated water management within the context of urban areas. It
is an urban water management approach that delivers benefits to enhance sustainability, liveability, and
resilience. The goal of a water sensitive city is to ensure that water resources are used efficiently and
sustainably while also addressing environmental, social, and economic objectives.

The characteristics of a water-sensitive city include (CoA, 2020):
Reliable and safe water supplies:

i People in water-sensitive cities enjoy access to clean and secure water sources for
various purposes, including drinking, sanitation, and industrial use.

Flood protection:

i These cities are designed to mitigate the risks of flooding through appropriate
infrastructure and planning, ensuring the safety of residents and their properties.

Efficient water resource use:

i Water-sensitive cities prioritize the efficient use of water resources, minimizing waste and
optimizing water management practices to meet the needs of a growing population.

Cool, green landscapes:

i Urban environments in water-sensitive cities are designed to incorporate green spaces,
such as parks and gardens, which help to reduce the urban heat island effect and
improve the overall liveability of the city.

Connection with healthy ecosystems:
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i Water-sensitive cities strive to maintain and enhance connections with natural
ecosystems, such as rivers, wetlands, and coastal areas, to support biodiversity and
provide recreational opportunities for residents.

There are two, often overlooked factors that water sensitive cities put in place:

The first is an effective governance structure and policies that enable the implementation of
water-sensitive city initiatives. This facilitates collaboration between various government
agencies, stakeholders, and the private sector.

The second is a system to regularly monitor and evaluate the existing water management
practices and their impacts on urban environments. This helps prioritise initiatives and measure
the effectiveness of water-sensitive city strategies.

2.2 Transforming to a Water Sensitive City

The urban water transitions framework initially presented by Brown, et al. in 2008 and presented as
Figure 2-1 taken from a more recent article by the same authors, is a well-known and accepted diagram
illustrating the six stages of development that cities transition through when moving towards a water
sensitive city. This transitions framework however cannot be directly applied to the South African context
as there are historical inequities that must be addressed before a unified water sensitive city can be
achieved. This process is illustrated in Figure 2-2 which accounts for the unequal infrastructure
investment in the segregated communities during Apartheid, which continues throughout South Africa.

Though Barrydale is largely a formal town with only a handful of people living in informal housing in the
Gwarry, an area adjacent to Smitsville i the historical inequality is still prevalent as the town remains
largely segregated by race with additional apparent differences in plot sizes, wet erfs, or lack of, access
to the Huis River, and type and level of sanitation services between the areas.

Cumulative Socio-Political Drivers

A\

Water supply Public health Flood Social amenity, Limits on Intergenerational
access & protection protection environmental natural equity, resilience
security protection resources to climate change

Water Supply Sewered Drained Waterways Water Cycle Water Sensitive
City City City City City City

Adaptive, multi-

Diverse, fit-for- functional
. = purpose sources infrastructure &
Separate Pourustoifé:fuse & conservation, urban design
- 3 promoting reinforcing water
Supply sewerage Drainage, pollution AR
waterway sensitive values
hydraulics schemes channelisation management protection 8 behaviours

Figure 2-1: Urban Water Transitions Framework (Wong, et al., 2020)

Though water supply and sanitation services are present throughout the town, the different sanitation
systems in place result in disparate levels of service. Barrydale can be classified as a Sewered City, as
it has no formal stormwater drainage system in place. Access to water is unequal across the suburbs,
where small-scale farmers from the Smitsville community cannot easily access water for irrigation.
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Additionally, Smitsville faces a poor level of sanitation service when compared to Barrydale centre due
to overflowing water-borne sewers, despite the installed system being technically considered a higher
level of service than the septic tanks in the town centre. It is important to recognise that water sensitive
practices and implementation is not one-size-fits-all. The application of the principles must be tailored
to the local context (Wong, et al., 2020).
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Figure 2-2: South Africa's transition to water sensitive cities: "Two histories, one future" (Fisher-Jeffes, et
al., 2017)

2.3 Water Sensitive Cities Index and Transition Dynamics
Framework

The CRCWSC developed two tools relevant to this study to help cities assess and monitor their progress
towards becoming a water sensitive city: the Water Sensitive Cities Index (WSC Index) and the
Transition Dynamics Framework (TDF). The WSC Index benchmarks a city's current water management
practices and identifies strengths and weaknesses across social, technical, and ecological domains
(Wong, et al., 2020). The TDF maps the phases for transitioning to a water sensitive city and sets out
five types of enabling factors that help drive progress through the six phases of change (CRCWSC,
2022).

The WSC Index is a benchmarking tool to assess a city's current urban water management performance
against 34 indicators characterizing a water sensitive city (CRCWSC, 2023). The 34 indicators relate to
seven goals of a water sensitive city, including liveability, sustainability, productivity, and resilience. Each
indicator is scored on a 1-5 rating scale in a collaborative workshop process, and the data is entered
into a web-based platform that displays the results and enables them to be compared with results from
other cities. The WSC Index helps guide coordinated action among stakeholders as they navigate their
water sensitive city journey, and it provides a shared understanding of how a city is managing water
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today, greater insight into the outcomes from being a water sensitive city, and a better understanding of
local strengths and weaknesses for being a water sensitive city.

The TDF helps cities assess their progress towards becoming a water sensitive city (CRCWSC, 2022).
The framework maps the phases for transitioning to a water sensitive city and sets out five types of
enabling factors that help drive progress through the six phases of change. The enabling factors include
champions, platforms for connecting, knowledge, projects and applicants, and tools and instruments.

Table 2-1: The TDF six phases and five enablers for driving change

Projects and Tools and
Applications Instruments

Platforms for
Connecting

Transition

Phase Champions

Knowledge

1. Issue Issue activists Issue Issues
emergence highlighted examined
- Sharing Causes and .
2. _Is_sm_Je Ind|V|d_uaI concerns and impacts Solutions
definition champions : . explored
ideas examined
< S Solutions
understanding Connected Developing a Solutions :
) - . . experimented
and issue champions collective voice developed with
agreement
. . . Solutions Refined
4_. Knov_vled_ge Influer}tlal Building broad Solutions demonstrated guidance and
dissemination champions support advanced h
at scale early policy
5. Pollcy and Government Expandln_g the Capacity _ Wldesprea_d Early regulation
practice agency community of buildin implementation and targets
diffusion champions practice 9 and learning 9
. Multi- Guiding o o Comprehensive
6. Embeddllng stakeholder consistent Monltorlng and Standardlsatlon policy and
new practice - evaluation and refinement .
networks application regulation

The TDF can help cities understand their current position in their transition to a water sensitive future,
identify priority strategies for advancing the transition, and set the framework for monitoring progress
over time. The TDF can be used in conjunction with the Management Actions Tool to develop actions
to advance a transition and monitor and model the likely impacts of those actions. Practitioners can use
these WSC Transition Tools to guide decision making and action development in real-world contexts,
while still being rooted in well-established transition research (Rogers, et al., 2022).

This Framework Plan works with the five enabling factors to drive change and in the proposed
interventions aims to put these pillars in place within the town and stakeholder groups.

2.4 Payment for Ecosystem Services

Payments for Ecosystem Services (PES) are incentives provided to farmers or landowners in exchange
for managing their land to supply ecological benefits (Fripp, 2014). PES operates as a market-based
mechanism that offers incentives to landowners and managers to promote the conservation of natural
resources (lIED, n.d.). In this arrangement, those who benefit from an ecosystem service make
payments to those who provide it. A PES program typically comprises a contract between consumers
of ecosystem services and the suppliers of these services. Nevertheless, most PES programs are
funded by governments and involve intermediaries, like non-governmental organizations.

PES represents an innovative approach to nature conservation that recognizes the value of ecosystem
services, ensuring their long-term provision (WWF, 2020). Ecosystem services encompass various
benefits derived from nature, including supporting services, provisioning services, regulating services,
and cultural services. PES schemes have emerged as potential sources of funding for natural resource
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management, which is vital to secure the continuous flow of ecosystem services, essential for both
people and the environment.

However, the design and implementation of PES schemes face certain challenges. One primary
challenge is the difficulty in quantifying and assigning value to ecosystem services (Jack, et al., 2008).
Another challenge lies in establishing effective governance structures and partnerships to foster
collaboration and coordination among different sectors and stakeholders (Fripp, 2014). Additionally,
capacity building and knowledge sharing are necessary to support the implementation of PES schemes
(Fripp, 2014). Finally, clear, and transparent rules and regulations are required to ensure the fairness
and equity of PES schemes (Jack, et al., 2008). Addressing these challenges is crucial for the successful
implementation of PES schemes and the conservation of natural resources.

2.5 A Gender, Equity, and Sustainability (GES) lens

Historically, conservation policy and planning have not actively considered gender-related concerns,
effectively rendering these practices "gender-blind." In recognition of an evolving understanding of the
pivotal role women play in ecological preservation, DEA&DP has articulated, within its five-year strategic
plan for 2020-2025, an explicit commitment to integrating and mainstreaming gender equality in both its
internal and external operations. This strategic framework outlines the following key objectives:

Catalyse a paradigm shift towards the mainstreaming of gender considerations across the
department's mandates.

Ensure that women's empowerment and gender equality are systematically integrated into
policy development, results-based planning, budgeting, and accountability processes.

Assure the provision of adequate resources for women's empowerment and gender equality,
even in fiscally challenging circumstances.

Contribute to the broader goals of inclusive growth, development, and socio-economic
transformation.

Support the realization of the Constitutional vision for a non-sexist society and gender equality.

To remain consistent with this commitment, the Framework Plan used a perspective that incorporates
gender and social equity (GSE). Such an approach facilitates the examination of power dynamics that
favour certain groups at the expense of others, delineated by factors such as gender, class, ethnicity,
and age. Recognising the pivotal role of GSE in future investment planning is essential, particularly
considering the amplification of structural disparities resulting from the ongoing impacts of climate
change and water-related risks. Vulnerable populations often rely heavily on natural resources for their
livelihoods and exhibit limited resilience against physical hazards. The schematic in Figure 2-3
underscores the significance of adopting a GSE lens in all sustainable planning endeavours and
provides practical illustrations of its implementation.
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* Ensures that a
project outcomes
are more efficient
and lasting and
that they benefit
from local
networks and
knowledge.

* Ensures that
groups share the
costs fairly and
that all groups
benefit from the
project equitably.

*» Ensures different
needs, interests
and priorities are
reflected in a
project to benefit
all community
members
equitably.

+ Ensures that
a project
objectives,
methods, activitie
s, and outcomes
do not make any
individuals
or communities
worse
off than before.

E.g., when
analysing urban
green cover in a
city might lead to
important insights
and
recommendations
for how
historically
excluded
communities may
also enjoy the
benefits of urban
green spaces.

Do No Harm

E.g., while
designing a public
park, including
local residents in
stakeholder
engagement,
specifically
women, children,
elderly and
people with
disabilities, can
ensure that the
park is designed
to be accessible
and safe for all.

E.g., meaningful
community
engagement can
create stronger
community buy-in
and better
harmonisation of
interests and
plans, reducing
the risk of
conflicts and
reputational and
financial losses in
the future.

E.g., strict forest

protection laws to
prevent
deforestation may
deny the local
communities their
access to
forested land and
its resources. A
GSE lens would
ensure that a plan
is in place to
mitigate such
harms to
communities.

Include Diverse Voices

Equitable Costs & Benefits
Improved Project Outcomes

Figure 2-3: Benefits of using a GSE lens

2.6 Typical Challenges of Implementing WSD and NbS

Through a global lens, there are several challenges that adversely affect the successful implementation
of WSD and NbS. Some challenges that centre around governance include, unclear leadership and
responsibilities, lack of funding, lack of cost data on sustainable stormwater management solutions, and
lack of long-term monitoring studies of water sensitive urban developments (Qiao, et al., 2018).

In Australia, impediments have included institutional inertia, lack of support and overall lack of
knowledge (Lee, et al., n.d.). Particularly a concern arising from stakeholders that the skills and technical
knowledge of planners, engineers and policymakers is inadequate for the initiatives to function as
intended. This concern is coupled with a general lack of standardised best practises that cause
confusion amongst agencies and developers as well as the requirement for multi-disciplinary teams,
responsible for the design and maintenance of WSD infrastructure, to overcome the historical silos of
institutions.

Additionally, WSD is also known by other terms with slightly different definitions which contribute to
difficulty in implementation. The transition from design to construction is also not well established
affecting the infrastructure efficacy. There is also a perception that WSD has a high economic cost when
compared to conventional infrastructure (Lee, et al., n.d.).

Overall, the challenges of implementing water sensitive design are multifaceted and require addressing
social, economic, political, institutional, and technological factors.

2.7 Key Takeaways to Apply

There are some key takeaways and lessons from the literature that are applicable to the Framework
Plan. These takeaways are intended to ensure the Framework Plan is grounded and implementable
using best practice and is guided by the learnings around NBS and WSD.

The key takeaways from the literature are:

3 A water-sensitive city promotes holistic and sustainable water resource management within
urban areas, addressing urbanization, population growth, and climate change.
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Characteristics of a water-sensitive city include reliable water supplies, flood protection, efficient
water resource use, green landscapes, and connections with healthy ecosystems.

Effective governance and monitoring are essential for implementing water-sensitive city
initiatives successfully.

The South African context faces historical inequities that must be addressed before achieving a
unified water-sensitive city.

Challenges to transitioning to water-sensitive design include governance issues, lack of support,
inadequate technical knowledge, and the perception of high costs.

Lessons learned from the case studies emphasize collaboration, long-term monitoring,
community involvement, and the potential for co-benefits in water-sensitive initiatives.
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3 Overview of the Water System

3.1 The Water System

In applying WSD principles to Barrydale, the water system must be considered holistically as the
infrastructure systems are connected to the natural systems. Barrydale receives all its water from the
Huis River. This must serve the agricultural, domestic gardening and municipal demands of the town.
The runoff from irrigation and rainfall events flows back into the river. The sewerage system discharges
into a tributary drainage path of the Tradouw River, the same river into which the Huis River flows.

3.1.1  The Water Supply System

Barrydale and its economy is almost completely reliant on the provision of water from the Huis River.
According to the 2016 Reconciliation Strategy for Barrydale the safe yield of the Huis River is 0.227
million m3/a which is less than the existing lawful use of 0.412 million m3/a (Western Cape Drought
Strategy, 2022).

There are five components of the water supply system which are briefly described in Table 3-1 and
shown in the schematic in Figure 3-4;

1. Shared

2. Commercial farmers
3. Municipal

4. Leiwater

5. Small-scale farmers

There are some private boreholes located in the area, these are primarily domestic boreholes (Schedule
1 use), though there are boreholes within commercial farming properties however it is not clear if these
are used for domestic purposes or to supplement irrigation. The boreholes do not form part of the formal
water supply infrastructure.

Table 3-1: Description of the five components of the water supply system for Barrydale and surrounds

Water
System

Supply Description
Component

1 Shared The shared system begins at a diversion in the
Shown as Donkergat pool on the Huis River. The diversion
yellow in structure is a weir with a sluice connecting to the
Figure 3-4 supply canal and a small 100mm pipe at the bottom

intended to supply the river with environmental flows
throughout the hydrological cycle. The sluice is a
manually operated spindle type sluice gate which
allows water to flow into the HDPE lined concrete
canal (see image to the right). This canal follows the
contour until it reaches a split above the
Verdeelstruktuur. At this point the canal splits with
each split controlled by another spindle type sluice
gate. The split to the west continues to the Municipal
supply, while the split to the east crosses the Huis
River and supplies the commercial farmers.
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Water

gﬁ;tpelr; Description

Component

Commercial  Following the split above the Verdeelstruktuur, the

Farmers water falls into a pipe which spills onto the side of the

Shown as valley. The spilt water runs into an earth canal which

purple in enters the Verdeelstruktuur (the old diversion

Figure 3-4 structure). The Verdeelstruktuur directs the water into
another earth canal that crosses the Huis River and
continues along the eastern side of the valley. The
earth canal transitions to a concrete lined canal
(shown in image to the right) which follows the
contour and supplies water to commercial farmers via
sluices into their properties.

Municipal Returning to the split above the Verdeelstruktuur, the

Shown as sluice gate on the west allows water to continue along

dark green the contour, remaining in an HDPE lined concrete

in Figure 3-4 canal. At the end of the HDPE lined concrete canal,
water is diverted into two 450kl open top concrete
reservoirs (see image on the right). The reservoirs
supply the water treatment works (WTW) which then
supplies Barrydale. When the reservoirs are full the
water continues in a grassed channel to Wit (Coke)
Dam. Water can be pumped from Wit Dam to the
reservoirs.

Leiwater The grassed channel continues beyond the sluice

Shown as gate into Wit Dam and makes its way to a sluice

blue in diverting water into Swart Dam. When Swart Dam is

Figure 3-4 full, water flows into a grassed channel on the west
side of the dam wall and continues into Rooi Dam.
Rooi Dam is used to store the supply for the leiwater.
There is a valve at the toe of Rooi Dam which is
opened to supply the wet erfs? via the network of
leiwater canals in Barrydale town centre. The image
on the right shows the leiwater canals entering wet
erf properties.

1 A wet erf is a property that is connected to the leiwater canal distribution network, the property owner
can opt to pay the municipality for access to the leiwater for domestic use. An erf that is not a wet erf
cannot access the leiwater.
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Water
System

Supply Description
Component

5 Small-scale  From the sluice gate diverting water into Swart Dam,
Farmers the grassed channel continues around Swart Dam to
Shown as the Kleinboere Dam (see image on the right). The
light green channel also captures runoff from the small sub-
in Figure 3-4 catchment of the Huis River. The small-scale farmers

must collect water from the Kleinboere Dam using
their own resources.

The water distribution system currently operates on a time basis, i.e., the number of hours or minutes a
sluice gate is open to supply a particular user. The main diversion above the Verdeelstruktuur operates
on a two-week hourly basis. Where the sluice to the Municipality (and leiwater and small-scale farmers)
is open for 88 hours a week, and the sluice to the commercial farmers is open for the remaining 80 hours
a week. The total 160 hours available to the commercial farmers is divided up dependingonthef ar ms
irrigation requirements, farm size and distance from the Verdeelstruktuur. The wet erfs receive leiwater
in 30-minute intervals weekly, usually this is stored in small dams on the property. The Verdeelstruktuur
and leiwater sluice gates are owned and operated by the Municipality, the management of the system
is the responsibility of the Barrydale Water Bailiff. The Water Bailiff also takes responsibility for
negotiating additional hours of water supply from the commercial farmers for Municipal use in times of
drought.

The small-scale farmers are vulnerable to drought, as the way the system has been set up means that
only once the Municipality has filled its storage will the excess water continue along the grassed channel
to the Kleinboere Dam. The sluices to both the Wit and Swart Dams are simple boards and leak water
into both dams even if closed, reducing the supply to the Kleinboere Dam further.

3.1.2  The Wastewater System

Barrydale town centre uses individual septic tanks which are emptied by a honeysucker truck owned by
the Swellendam Municipality. Smitsville, the lower income and predominantly non-white suburb of
Barrydale is serviced by a fully waterborne sewerage network. All sewage is treated at the Barrydale
wastewater treatment works (WWTW) which is a series of ponds. The honeysucker discharges into a
screening grate at the entrance to the WWTW, whereas the Smitsville sewers are gravity-fed directly
into the first two ponds. The treated effluent, as initially designed and authorised, is used to irrigate
grazing fields used by the small-scale livestock farmers. Overflow from the WWTW and irrigation runoff
is captured by an earth dam in the drainage path which joins the Tradouw River.

The sewerage system is in a poor condition. The sewerage network in Smitsville experiences frequent
blockages and overflows, resulting in raw sewage flowing across front gardens, streets and into the
natural environment. The WWTW is among the worst in the country, achieving a compliance score of
31% in the 2022 Green Drop Report. It is also undersized with the added issue that the fields are irrigated
from any of the last three treatment ponds rather than from the last pond as designed. The WWTW,
being an oxidation pond system, is not authorised to discharge effluent to a water resource.
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Figure 3-1: First pond filling up and becoming overgrown (left), and overflowing manhole in Smitsville
(right)

3.1.3 The Stormwater System

There is no record of an underground or piped stormwater system within Barrydale. There are
stormwater channels on the road edges throughout the town. There are reports that the leiwater system
acts as drainage channels during rainfall events which occasionally results in the properties connected
to the leiwater network being flooded. While flooding was not raised as a major area of concern for
Barrydale during the stakeholder engagements, there are areas that experience flooding.

Since the major storm events in late September 2023, the study team did receive a few videos of a
failing stormwater system on a road between residential houses and agricultural fields. Figure 3-2 shows
that during one of the storms, the canal system is dry, while the road surface is getting eroded. The
image quality is poor as they are screenshots from a video. It must be noted that the canal pictured
looks like a water supply canal to the commercial farmer and not necessarily a stormwater canal.

Figure 3-2: Stormwater canal dry while road is eroded during a rainfall event
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This type of uncontrolled runoff is concerning from several perspectives. There is potentially a drowning
risk at the river crossings. There will also be significant cumulative damages and costs implications over
time even if the storm events are minor. From a landowner perspective, the commercial farmer is losing
crop yield and the resi denWhélslowers anpualrinicome and praperty t i n g
values. Additionally, the municipality will need to spend significant resources fixing the roads throughout
the town 7 which may be a continuous cost incursion unless a stormwater system is installed.
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Figure 3-3: Agricultural field flooded as reeds block the water from draining to the river and the road surface
being washed away

The flood events and associated concerns are likely to get worse under climate change.
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Figure 3-4: Barrydale water supply system
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3.1.4  Water Balance (for Barrydale and the Huis River Catchment)

A high-level water balance of the Huis River at the Donkergat diversion weir was determined based on
measured flow data from a previous project. The water balance considered the following elements of
the Huis River system, and the results of the water balance are presented in Figure 3-5.

The inflow to the Donkergat weir from the Huis River

Flows passing the weir and continuing down the Huis River

Flows diverted into the concrete canal

Flows measured at the Department of Water and Sanitation (DWS) flow gauge (H7H004, Huis
River @ Barrydale), in the Huis River at the downstream end of Barrydale

Flow data were available from a previous project, the aim of which was to look at options to improve
matters for the Barrydale Redfin. The previous project included installation of stage (water level) loggers
in both the Huis River and the concrete canal, and determination of rating curves (stage-flow
relationships), so that flows could be measured in these systems. The loggers collected data from May
2013 until August 2017. The data from the two loggers are the only known flow records available for the
canal and Huis River.

The flow data collected by the loggers unfortunately had a high degree of uncertainty, due to leaks in
the canal and the rating curves that were adopted. These are discussed below.

At the time of the logger measurements, cracks were present in the canal downstream of the canal
logger resulting in leaks from the canal into the Huis River, meaning that the flow rate measured at the
canal logger was not the flow rate that was reaching the division box and subsequently the water users.
To complicate matters further, the logger in the Huis River was located downstream of both the canal
logger and the major canal leaks so that water that leaked from the canal back into the river may have
been measured twice, first by the canal logger and then again by the Huis River logger. These issues
introduce uncertainty into the determination of a water balance.

During the previous project an attempt was made to estimate the percentage of water in the canal that
was lost, by measuring flow in the canal at the logger and at a position just upstream of the division box.
Unfortunately flows were only measured at these two locations once. Leaks from conduits like canals
depend on the water level (head) in the canal: the higher the water level, the higher the leak rate. Hence
it is preferable to measure the flows at these locations several times to gain a picture of the relationship
between the leak rate and the flow rate in the canal. The leak rate from the canal was estimated based
on the single point measurement and the typical head-flow relationship through an orifice, but
unfortunately a successful reconciliation of the correction for leaks with the flows that were measured at
the Huis River logger remained elusive.

After the previous project came to an end the canal system was upgraded and lined with HDPE to
reduce the water losses in the canal. Unfortunately, the loggers were no longer active after the canal
was upgraded.

Another source of uncertainty in the flow data collected during the previous project was with the rating
curves (the relationship between water level and flow). The observed flows determined from the logger
stage data and rating curves for the Huis River and canal, were compared to the Department of Water
and Sanitatond6 s f | ow gauge at B/&004 shaula previdd ddt@ ¢f Supetigr accuracy
to those determined from the two stage loggers, as it is located at a weir specifically designed for flow
measurement and has been carefully rated. The Hui s River | oggerés r a
a few measured low flows in the river close to the site, and modelling of floods using a single cross-
section. This simplified method was adopted due to budget constraints on that project. The data
comparison revealed that flood events determined at the Huis River logger were significantly larger than
the same flood events measured at H7H004 (Figure 3-5). This indicates that the high flow portion of the
rating curve determined for the Huis River logger probably overpredicts flows. It is likely that the low flow
portion of the rating curve is reasonably accurate due to it being based on two measured flow points.
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The rating curve for the canal logger is likely to be reasonably accurate as it was based on a hydraulic
model of a 50 m section of canal, with several cross-sections and measured flow and water levels that
were used for calibration of the model.

Despite the uncertainties, it was decided to compare the data but to keep the uncertainties in mind. The
flows at all three gauges were available at 30-minute intervals and were accumulated to determine
monthly flow volumes, as it is much easier to understand the flows when viewed on a monthly or annual
basis. The time series of monthly flow volumes are shown in Figure 3-5. A gap in the canal flow data is
evident between June and October 2015.

Huis River Monthly Flows

volume (Mm3/month)

Monthly

——— DONKERGAT UPSTREAM INFLOW HUIS RIVER ANAL

Figure 3-5: Monthly flow volumes determined during water balance.

The monthly flows in the Huis River and supply canal were used to derive an inflow record from
Donkergat, by simply summing the two records. Since the attempt to account for the leaks in the canal
was unsuccessful, some water may be accounted for twice and this would be most significant during
low flow periods when the leaks make up a higher percentage of the flows. The inflow record to
Donkergat is therefore a product of the two logged flow records.

Figure 3-5 shows that for most of the months, the flow logged at the Huis River flow gauge were higher
than those at H7H004. This may not be correct for the floods, but it may be correct for the low flows
considering the abstraction from the Huis River that takes place between the two flow gauges. It also
shows that during the low flow months, most of water is diverted into the canal. The canal has a limited
capacity beyond which additional flow is rejected into the Huis River at Donkergat.

Figure 3-6 shows the annual flow volumes accumulated from the flow data. The flow volumes are shown
for hydrological years which start on 1 October and end on 30 September. The year shown is the year
when the hydrological year starts (e.g. 2013/2014 is shown as 2013). The figure shows that during the
drought the canal diverted most of the flow in the Huis River and that the annual flow volumes measured
at the Huis River logger are similar to those measured at H7H004.

There is a critical need to begin long term measurement of flows in the Huis River system including: the
flows that enter the Donkergat weir from upstream (the available water), the water diverted into the
canal, the water spilling over Donkergat weir or passing through the pipe into the Huis River, and flows
through Barrydale. These data will dramatically improve understanding of the system, will reduce
uncertainty in long term water resources planning for Barrydale, and will aid in monitoring of the system
status and the compliance of water users with their allocations.
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Figure 3-6: Annual flow volumes determined for the system

3.2 Opportunities and Threats from the Catchment
Characterisation and Stakeholder Workshops

In the first stakeholder workshop the stakeholders were asked to list the opportunities and threats to the
Huis River, captured in Figure 3-7. These findings were incorporated into the vulnerabilities and
opportunities assessment stemming from the findings of the Catchment Characterisation Report in the
following sections.
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Figure 3-7: The opportunities and threats to the Huis River

The vulnerabilities are identified to highlight pain points in the system while the opportunities identify the
available factors that the Framework Plan can leverage as well as the outcomes and co-benefits of
making improvements. The combination of the vulnerabilities and opportunities structures how the
interventions were identified and how they are grouped and prioritised by different user groups.

3.2.1 Vulnerabilities T Shocks and Stresses

Understanding the key shocks and stresses are critical to designing a resilient system. These shocks
and stresses are defined as follows, from (Choularton, et al., 2015):
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Shocks

i External short-term deviations from long-term trends that have substantial negative
effects on the systemdbs current state of
future shocks.

Stresses

i Long-term trends or pressures that undermine the stability of a system and increase
vulnerability within it.

Shocks and stresses are commonly categorised in terms of the source or types, e.g., natural, or man-
made (Sagara, 2018). They are also not isolated and the effects of one phenomenon may compound
the effects of another within the same time. Table 3-2 highlights the types of shocks and stresses that
the Barrydale and the Huis River Catchment have experienced or are vulnerable to in the future.

Table 3-2: Shocks (yellow) and Stresses (brown) in the Huis River Catchment?!

Geophysical Human Induced

Population pressure

Financial resources

Inadequate water management
Climate variability

Biological Technological

Invasive Alien Plants (IAPs) Infrastructure decay
Over-abstraction
Pollution

The resilience of both the Huis River Catchment and Barrydale in the face of water stress hinges on two
factors: the state of the water infrastructure, including its maintenance, appropriate sizing, upgrades,
etc.; and the condition of the catchment area, which involves factors IAP clearance, erosion control, river
buffer zones, etc. These factors ultimately dictate the rate at which Barrydale, and the Huis River
Catchment, can recover from various shocks and stresses to the water system, this influences their
overall water resilience.

To address these shocks and stresses, the town and surrounding catchment need comprehensive water
resource management strategies that focus on conservation, sustainable use of water, improved
infrastructure, and adaptation to a changing climate. Collaboration among local authorities,
communities, and relevant stakeholders is essential to ensure long-term water security.

This Framework Plan can be viewed as the initial step towards water security.

3.2.2 Opportunities

From the catchment characterisation exercise as well as the first stakeholder workshop held on 18
August 2023, it is evident that there are significant opportunities for improvement within the water
system.

There are several key opportunities in the Huis River catchment to become more resilient, including:

The residents of Barrydale are engaged and enthusiastic about the town, the river, the
environment, and each other.

1 text represents shocks and brown text represents stresses.
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Fostering a greater understanding of the water system will also help improve the relationships
and collaboration between user groups i especially in times of water stress and drought.
Improved monitoring and regulation of water and allocations will help improve efficiency
Improving the management of the water supply system will help:

1 Protect the environmental flows in the Huis River,

i Ensure water allocations are upheld,

i Reduce water losses and aid effective water billing for municipal and leiwater use, and
i Increase resilience of supply in times of water stress and drought.

Improving the sewer system within Smitsville will have a positive effect on the:

i Living conditions of the residents,
1 Natural environment, and,
1 Improve access to water for the small-scale farmers on the western side of the town.

Improving the wastewater treatment works infrastructure and operation will improve:
i Health and safety of residents and the quality of the livestock farmed in the area.

There is a drive within the town to protect the endangered Barrydale Redfin.
The development of a public open green space may provide a sense of community.
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