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ABSTRACT
Provision for environmental flows (EFs) in water use and water-resource developments has been legislated in several southern and eastern African
countries. While much of the focus has been on the assessment of EFs for new water-resource developments, some attention has been paid to the pos-
sibilities of modifying the operation of existing infrastructure to deliver EFs. This paper summarizes research done to support the re-operation of the
Katse Dam in Lesotho, the Clanwilliam and Kogelberg Dams in South Africa, the Cahora Bassa Dam in Mozambique and the Nyumba ya Munga Dam
in Tanzania in ways that would reduce their downstream impacts. For each, the original and suggested new operating rules are presented, and the reasons
for the suggested changes are summarized. The negotiation and decision-making processes relevant to each dam are also discussed, and some of the
challenges faced at two of the dams (Katse and Kogelberg), where revised operating rules have been implemented, are reviewed.
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1 Introduction

The concept of environmental flows (EFs) and their assessment

were introduced in southern Africa in the late 1980s, and was

subsequently included in the national legislation of several

southern African Development Community countries. While

much of the focus in the intervening years has been on the assess-

ment of EFs for new water-resource developments, some atten-

tion has been paid to the possibilities of modifying the

operation of existing infrastructure to deliver EFs.

For many of the dams, these are still at the proposal stage,

with little or no clarity as to whether more environmentally

friendly operating rules will in fact ever be implemented. In

South Africa, the reasons for the slow progress in revising oper-

ating rules to reduce downstream impacts are embedded in

Department of Water Affairs (DWA) policy. This states that,

although the National Water Act (1998) requires that an ecologi-

cal reserve be implemented for every significant water resource

in the country, EF releases from major water-supply dams will

be implemented only if structural changes to the dam wall are

being planned. It is not clear how the relevant parts of the Act

can be implemented for any other regulated river, although nego-

tiation between the DWA Resource Directed Measures Chief

Directorate, who is responsible for implementing EFs under

the Water Act, and other directorates both in and outside the

department on this issue, is proceeding. In other parts of southern

Africa, the reasons for slow progress in revising operating rules

are less clear, but are probably related to the fact that the need for,

and implications of, EFs are still at an early stage of consider-

ation by governments. Another consideration may be that

water and power supplies are considered to be limiting factors

in economic development in most parts of the sub-region, and

EFs are still seen by many as a barrier to water supply and hydro-

power developments.

This paper summarizes the research done to support possible

re-operation of the Katse Dam in Lesotho, the Clanwilliam and

Kogelberg Dams in South Africa, the Cahora Bassa Dam in

Mozambique and the Nyumba ya Munga Dam in Tanzania to

deliver flows that would better support downstream river ecosys-

tems and (where they exist) their subsistence users. For each, the

original and proposed new operating rules are presented, and

the reasons for the suggested changes are summarized.
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The negotiation and decision-making processes relevant to each

dam are also discussed, and some of the challenges faced at two

dams (Katse and Kogelberg), where revised operating rules have

been implemented, are reviewed.

2 Katse Dam – Kingdom of Lesotho

2.1 Overview

The Katse Dam is the major component of Phase IA (of a poss-

ible four phases) of the Lesotho Highlands Water Project

(LHWP) (Figure 1). It is a 185-m high, double-curvature con-

crete-arch dam at the village of Ha Katse on the Malibamatso

River (Full Supply Level capacity: 1950 × 106 m3 a21) and

was completed in 1998.

The dam controls a large portion of the headwater flows of the

Senqu/Orange River system, which flow through Lesotho, South

Africa and Namibia, and was designed with no consideration for

EF releases. The economics of Phase 1A rested heavily on near-

maximum diversion of water, with only a minimal constant

release of 0.5 m3 s21 to the downstream river. This represented

a value for the Malibamatso Rivers that would only have

occurred naturally once every 10 years, and represented about

2.6% of the overall long-term yield of the Malibamatso River.

The ecological basis, if any, for these releases was not stated.

The need to determine more realistic and defensible releases to

downstream rivers was identified in 1994 when the Phase 1B

environmental impact assessment for the Mohale Dam was

initiated. The World Bank emphasized the importance of setting

EFs on a scientifically justifiable basis (Brown and Watson

2007), while international NGOs identified the absence of such

a commitment as a weakness in LHWP planning (Hoover 2001).

2.2 Key environmental considerations and the EF assessment

The bulk of the impacts of the Katse Dam are restricted to the

Malibamatso River (c. 50 km) although lesser impacts may be

felt for a further 250 km. Constructing more phases of the

LHWP would increase the downstream influence of the project

as a whole. Approximately 150,000 people in Lesotho alone

depend to some degree on the resources of the Senqu River

system downstream of LHWP structures and thus could be

adversely affected by changes in riverine ecosystem condition

(King et al. 2000; no assessment has been done of the social

effects in South Africa).

The EF assessments for the rivers downstream of existing and

proposed LHWP infrastructures were completed between 1998

and 2001 (King et al. 2000). The assessments were aimed at pre-

dicting the consequences for the downstream rivers and their

users of a series of flow-release scenarios for the Katse Dam

and other LHWP infrastructure. The initial suite of four scenarios

considered releases from Katse of 4.0%, 17.5%, 33.0% and

66.0% of the mean annual runoff (MAR), which represented a

range between the flows originally planned for release from

Katse (4%; see original and EF-adjusted operating rules below)

through to those that would result in minimum degradation of

the downstream rivers over and above those impacts resulting

simply from Katse’s presence. The temporal distribution of

flows associated with each of the annual volumes was also out-

lined in terms of the volume and timing of 10 flow categories

(Table 1).

Limitations in the design of the outlet structures of the dam

meant that an optimal re-distribution of flows was limited as

the dam did not have the capability for releasing mid-range

intra-annual floods (Classes 3 and 4, plus the 1:2 and 1:5 year

floods – see Table 1).

For each of the scenarios, the following information was

provided:

. expected ecological condition of the downstream rivers

expressed as State I–V, where State I is the natural and State

V the severely modified;
. predicted changes in river resources valued by downstream

communities, as a percentage of amounts in 2000;
. the affect on the yield of the Katse Dam;
. the affect on Royalties received by Lesotho from the sale of

water to South Africa; and
. the costs of compensating the downstream communities for

predicted losses in river resources.

2.3 Negotiation and decision-making processes

The EF scenarios formed the basis for protracted negotiations

between the Lesotho Highlands Development Authority, the

World Bank, and the governments of Lesotho and South

Africa, which led to agreements on the volume of water to be

released from the dams, the timing of releases, and the compen-

sation payments to be made to people living downstream (Brown

2008).

2.4 Original and EF releases

An Instream Flow Requirement (IFR) policy, based on the

outcome of the negotiations, was finalized by LHDA (2003),

which specified, inter alia, EF releases and operating rules for

the dams. The original and the resultant EF-adjusted operating

rules for the Katse Dam are summarized in Table 1. The EF

releases represented an increase from 4% to 15% of the MAR

of the Malibamatso River at Katse, excluding floods of a return

period 1:2 years and greater.

The operating rules make provision for changes to releases

depending on climatic conditions, so that some natural variation

is maintained. LHDA uses statistical methods to classify the oper-

ating year in terms of whether it is a wet, average, or dry year.

There are five hydrological classes, based on percentile flow inter-

vals, from which to choose (Pemberton and Brown 2007).
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0–20th

percentile:

PLUS2 – extremely wet years;

20–40th

percentile:

PLUS1 – wetter than normal years;

40–60th

percentile:

AVERAGE – years with near-normal rainfall

and runoff;

60–80th

percentile:

MINUS1 – drier than normal years; and

80–100th

percentile:

MINUS2 – extremely dry years.

Each quarter LHDA updates the LHWP hydrology and uses

the updated information for classification of the subsequent oper-

ating period (LHDA 2003). Once a hydrological classification

has been agreed on, the average EF immediately downstream

of the Katse Dam is adjusted as shown in Table 2. The mean

hydrological classifications for the two periods shown are as

follows:

2003–2005: Average.

2005–2006: Plus 1.

2.5 Challenges faced by implementing new operating rules

The two main challenges with making environmental releases

from the Katse Dam are: achieving an appropriate distribution

between low flows, high flows and so-called ‘Blue-Sky’ flood

releases, i.e. flood releases in the absence of any rainfall.

The year-on-year annual volumes for low flows and high

flows downstream of the Katse Dam relative to the target flows

are provided in Figure 2. The ‘target’ bar indicates the average

target EF and the dashed line provides an indication of the vari-

ations in the target annual volume with hydrological characteriz-

ation (LHDA 2003). Although the seasonal volumetric

requirements for the EFs were not met downstream of Katse

during the 2003/2005 period, more water than was required for

the EF was actually released from the Katse Dam (IFR Site 2)

during the 2005/2006 period. Most of this volume was released

as elevated, constant low flows, however, and the target number

of flood releases was not achieved. The near-constant flow con-

ditions in the downstream river resulted in invasion of the

channel by exotic woody vegetation, and hampered fish persist-

ence because of the lack of spawning floods.

Figure 1 The location and layout of the Lesotho Highlands Water Project (Odendaal 2007). The Katse Dam wall is shown in the inset.
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The issue of flood releases is complicated by two conflicting

factors. The first is the need to link with natural climatic events in

the system (and to mimic the shape of the appropriate natural

flood hydrograph for the flood class that is released). This

ensures that the runoff from the incremental catchment downstream

of the dam will augment the flood peak and volume, thereby mini-

mizing the volume of water required for release from the dam. The

second is related to the need to warn people in the downstream

catchment that there is a flood release on its way. Communication

is extremely difficult in the remote Lesotho Highlands, and is

accomplished mainly through radio announcements, which

require a considerable lead time (e.g. 24 h). Thus, the need to

provide flood warnings effectively negates the ability of the dam

operators to link the flood releases with natural rainfall events,

and has led to several ‘Blue-Sky’ flood releases, which are confus-

ing for the locals and often means that the required magnitude is not

achieved in the downstream reaches, which means that the flood

does not achieve its intended goals (Pemberton and Brown 2007).

3 Kogelberg Dam – South Africa

3.1 Overview

The Kogelberg Dam, which was completed in 1988, is the fourth

in a series of five dams in the upper and middle reaches of the

Palmiet River in the Western Cape, South Africa (Figure 3).

It is a mass concrete gravity dam, and is linked to both the

Western Cape Water Supply System, which supplies water to

Cape Town, and to the Palmiet Pumped Storage Scheme,

which generates hydropower through pumping water from the

Kogelberg Dam up to the Rockview Dam during times of low

electricity demand and then releasing it back into the Kogelberg

Dam during periods of peak power demand.

3.2 Key environmental considerations and the EF assessment

Despite the plethora of dams in its upper and middle reaches, the

lower reaches of the Palmiet River flow through a wilderness

area, known as the Kogelberg State Forest, which is a Biosphere

Reserve with an extremely high conservation status. The eco-

logical condition of the river improves significantly in this

Table 2 EF volumes for hydrological year classes: the Katse Dam

(from LHDA 2003).

Hydrological class

Mean runoff

(×106 m3)

EF volume as %

MAR (%)

Average 576.0 15.3

Plus 2 – at 10th percentile 937.0 24.9

Plus 1 at 30th percentile 666.4 17.7

Minus 1 at 70th percentile 430.1 11.4

Minus 2 at 90th percentile 301.2 8.0

Table 1 The original and the EF-adjusted operating rules for the Katse Dam (Pemberton and Brown 2007).

Original EF-adjusted

Intra-annual floods (number per year)

Flow categories Magnitude (m3 s21) Total

Class 1 16–47 1 3

Class 2 48–95 0 2

Class 3 96–190 0 0

Class 4 191–380 0 0

Inter-annual floods ≥2 years

Magnitude (m3 s21) Presence/absence

1:2 years 380 A A

1:5 years 530 A A

1:10 years 665 A P

1:20 years 870 P P

Low flows (discharge ranges (m3 s21))

Wet 0.50–0.50 0.07–1.3

Dry 0.50–0.50 0.05–1.2

Annual volumes

Floods (×106 m3/year) 6.7 52.6

Low flows (×106 m3/year) 15.1 35.5

Total Volume (×106 m3/year) 21.9 88.1

Percentage of MAR 4.0% 15.3%

Note: A, absent; P, present.
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section, partly due to inflow from the unimpacted Dwars and

Louws tributaries. The lower Palmiet River riparian commu-

nities are remarkably well developed and are probably the only

remaining relatively undisturbed mature communities of their

type (Brown et al. 2000). The estuary is slightly impacted by

upstream flow abstraction and raised nutrient levels (DWA

2010), but is highly valued for its scenic beauty and recreational

importance, and its importance as a nursery area for commer-

cially exploited marine fish species.

The EF assessments for the river and estuary were done

between 1998 and 2000, as part of the drive by the South

African Department of Water Affairs and Forestry (DWAF) to

meet the requirements of the 1998 National Water Act that an

EF be set for every river in the country. The EF assessment pro-

vided four scenarios for each of the two sections in the Kogelberg

State Forest, i.e. upstream and downstream of the Dwars and

Louws Rivers. The volumes represented by each scenario

ranged from 17% to 54% of the natural MAR, and the expected

condition of the system linked to each ranged from seriously

modified to largely natural (Brown et al. 2000).

3.3 Negotiation and decision-making processes

Negotiations around the EFs for the lower Palmiet River were

initiated in 1996 following a decision by the Minister of Water

Affairs and Forestry to allow the abstraction of an additional

22 × 106 m3 of water per year from the Palmiet River for

supply to Cape Town (Common Ground 2000).

A Steering Committee that represented each of the sectors in

the basin was elected, and tasked with developing a Catchment

Management Plan (CMP) for the Palmiet Basin, an important

aspect of which was reaching agreement on the EF releases

from the Kogelberg Dam. The process adopted for the nego-

tiations of the EF followed guidelines set down by DWAF for

classifying water resources, which stated that:

This consultative process must address long-term (ecosystem)
protection requirements as well as account for economic and
social issues, in reaching a balance between protection for long-
term sustainability on one hand, and short to medium term

development needs on the other. The role of DWAF as public
trustee and custodian of water resources, both for this generation
and for future generations, is an important factor in this process.
(Common Ground 2000, DWAF 1999)

The public was kept informed through regular newsletters on

the CMP development. A public workshop was also held on 12

February 2000 to present information on the various EF scen-

arios. The public workshop effectively focused the subsequent

discussions on two scenarios, both of which would maintain

the downstream rivers in relatively good condition, thereby

rejecting the scenarios that would result in a serious degradation

of the downstream river ecosystem. At a subsequent meeting, the

Steering Committee re-considered the technical information and

the comments made by the stakeholders, and chose a single

scenario. A key factor in the motivation to improve and protect

the ecological condition of the lower Palmiet River was the

high level of involvement of retirees who live in the coastal

parts of the basin (Common Ground 2000).

3.4 Original and EF releases

Prior to the EF assessment, the Kogelberg Dam did not make any

downstream releases during the dry summer months (December

to March), although the dam spilled in the winter months once it

had filled. Thus, although the percentage MAR that reached the

downstream river was higher than that requested for the EF (65%

MAR), the poor distribution of this volume meant that floods

were late in the wet season and flows in the downstream river

were extremely low in the dry summer months. For instance,

the 50th percentile in February was 0.26 m3 s21 (Brown et al.
2000), whereas under natural conditions flows at that time of

the year seldom dropped below 0.52 m3 s21, and were usually

around 1.32 m3 s21.

The negotiated EF releases (see negotiation and decision-

making processes) represented 54% of the natural MAR, if the

large floods (return period of 1:2 years and greater) were

included, and 34% MAR if they were excluded. Because the

Kogelberg Dam did not have outlet structures large enough to

release a 1:2-year return period flood, the larger floods were

Figure 2 The annual volumes released from the Katse Dam in 2003–2005 and 2005–2006 relative to the target flows. (MCM ¼ x 106 m3)
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excluded from the planned releases (Table 3). The main differ-

ence between these and the original flow regime was that the

EF guaranteed higher low flows in the dry months.

3.5 Challenges faced with implementing new operating rules

The three major practical challenges with making environmental

releases from the Kogelberg Dam were the absence of real-time

information on the flows in the downstream river, the presence of

another dam, Arieskraal, immediately downstream of the Kogel-

berg Dam (Figure 3), and the difficulties in predicting floods and

droughts in the Western Cape.

The first of these was a challenge because without information

on the actual flows in the downstream river at any given time, it is

impossible to ensure that the releases are in fact meeting the target

flows downstream. It was overcome by taking advantage of an

abstraction of water for delivery to the City of Cape Town that

was over and above the allocated volume. Once the mistake was

realized, some months after the fact, Steering Committee were

offered one of two choices: either Cape Town’s abstraction in

the next period could be reduced by the amount that had been

over-abstracted, or the money received from the sale of the

water to Cape Town could be used to ‘help the river’. Since the

interim year had been reasonably wet, and the downstream river

had received good flows, the latter option was selected and the

money received was used to install real-time flow gauges upstream

of the dam, and in the river downstream of the Arieskraal Dam.

The second of these was a challenge because the Arieskraal

Dam trapped flood releases from the Kogelberg Dam. The Arie-

skraal Dam, which is situated immediately downstream of the

Kogelberg Dam, is equipped with a bottom valve that releases

turbid, cold water into the downstream river. Releases in the

dry summer months are relatively constant and have resulted

in degradation of the downstream riparian vegetation (Brown

et al. 2000). The dam cannot release floods, although it does

spill towards the end of the wet season. At this stage there is

little that can be done about the dry season flows because the

bottom release is the only outlet available, but the EF includes

Figure 3 Palmiet River, Western Cape, South Africa, showing the position of the major impoundments. Kogelberg Dam is shown in the inset (Photo:
Department of Water Affairs).
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a requirement for a small flood early in the wet season. To

achieve this, Kogelberg’s operating rules were adjusted to

require that water must first be released from the Kogelberg

Dam to fill the Arieskraal Dam, and then the flood can be

released so that it spills over the dam wall.

The third of these was a challenge because flood releases

from the Kogelberg Dam should be made to coincide with the

natural flood inflows and the incremental flood inflows down-

stream of the dam, so that the peak discharges released from

the dam are augmented by downstream inflows. However, the

lead time between a rainfall event in the mountains and a

flood at Kogelberg can be a little as one hour, which leaves

very little time to organize a release. An added complication

is that, until the flood has peaked it is difficult to know

whether or not it is a suitable flood on which to piggy-back

an EF flood release. The use of radar to predict basin storm rain-

fall so that rainfall/runoff modelling can be used to determine

flood peaks well in advance has been investigated, but no satis-

factory relationship between the radar images preceding flood

events and basin rainfall was found. The current approach

used in Kogelberg, and other dams in the Western Cape, is to

lag the flood releases relative to inflow and only commence

with a flood release on the receding arm of the natural flood.

Although not ideal, this does at least provide the dam operators

with some guidance on when and how to make flood releases. It

also requires accurate, real-time data for a representative, and

unimpounded part of the basin, which are used as cues for

flood releases.

Droughts present a similar problem. In South African law, the

EFs make provision for reduced releases during drought periods

(Table 3). The difficulty, however, is identifying the beginning of

a drought period. Typically, droughts are only identified as such

after drought conditions have prevailed for some time. There is

also the danger that dam operators will pronounce drought con-

ditions too often, in order to maximize the volume of water

stored. Controls have been put in place that stipulate the

maximum regularity at which drought EFs can be used

4 Cahora Bassa Dam – Mozambique

4.1 Overview

The Cahora Bassa Dam is a 171-m high, concrete-arch dam on

the Zambezi River in western Mozambique (full supply level

capacity: 510 × 106 m3 a21; Figure 4) and was completed in

1974. It was built primarily as a hydro-electric power scheme,

which generates electricity for sale to South Africa, Zimbabwe,

and some parts of Mozambique.

The dam, together with upstream impoundments such as the

Kariba Dam, controls nearly 90% of the catchment area of the

Zambezi Basin, and has resulted in substantial adverse impacts

in the downstream river ecosystem (Davies et al. 2000),

Table 3 Environmental flows for release from the Kogelberg Dam (Brown et al. 2000).

Annual flows: ×106 m3

Naturalized MAR ¼ 207 MCM a21

Present Day (1998) MAR ¼ 135 × 106 m3 a21

SD ¼ 56.51

CV ¼ 27.67

Total maintenance EF ¼ 70.6 × 106 m3 a21 (excl. ≥1:2 year floods) �34% MAR

Maintenance lowflow ¼ 57.36 × 106 m3 a21

Drought lowflow ¼ 12.60 × 106 m3 a21

Maintenance high flow ¼ 27.74 × 106 m3 a21 (excl. ≥1:2 year flood events)

Required month distribution (×106 m3 per month)

Distribution type

Month Natural flows Environmental flows (m3 s21)

Low flows High flows Total flows

Mean SD Maintenance Drought

Oct 16.63 9.9 7.78 1.43 0.35 8.13

Nov 8.56 5.2 3.56 1.53 0.70 4.27

Dec 4.06 2.1 1.94 1.59 1.06 3.00

Jan 2.54 2.5 1.63 1.50 0.53 2.16

Feb 2.07 3.3 0.86 1.55 0.53 1.39

Mar 2.67 3.2 1.18 1.35 0.53 1.88

Apr 8.87 10.3 1.41 0.69 0.53 1.22

May 21.37 18.5 1.96 0.68 6.06 8.02

Jun 36.65 24.6 7.69 0.47 1.35 9.04

Jul 39.29 19.1 9.35 0.58 5.70 15.05

Aug 39.88 17.8 10.08 0.60 10.05 20.13

Sep 25.22 10.7 9.92 0.63 0.35 10.37
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mainly as a result of the alteration of historic flow patterns and

the trapping of sediment in the reservoir.

4.2 Key environmental considerations and the EF assessment

Although the Zambezi River from Cahora Bassa to the sea is

important from both a social and conservation perspective, the

focus of the drive for more environmentally friendly releases

from Cahora Bassa has to date been for the delta. This area is

extremely important for biodiversity conservation and the eco-

system services it provides to the local and national economy.

Hundreds of thousands of rural villagers are dependent on the

natural resources of the region (Beilfuss and Brown 2010).

In 2003, the southbank of the delta (the ‘Marromeu

Complex’) was designated Mozambique’s first Wetland of

International Importance under the Ramsar Convention, and

the Government initiated planning for the restoration of the site.

Prior to regulation, flows into the Zambezi Delta reached a

peak in February/March and thereafter gradually receded, reach-

ing a minimum in November. The mean annual peak flood

discharge in the delta region was c. 9800 m3 s21 and the

annual flood pulse exceeded bankfull discharge (approximately

4500 m3 s21) during every year of record. Dry season discharge

was in the region of 700 m3 s21.

Over the first 30 years of the Cahora Bassa Dam operation,

there was no discernable period of high flows. The mean

annual maximum flood discharge was c. 3800 m3 s21 (39% of

the pre-regulation maximum), and bankfull discharge occurred

in only 43% of years (Beilfuss 2001). Dry season discharge

near the delta was approximately 2690 m3 s21 in October

(365% of pre-dam flows) and November (435%).

Numerous adverse biophysical changes have been associated

with the altered flow regime, including a c. 2-m down-cutting of

the main-stem channel, reduced water tables on the floodplain,

invasion of woody savanna and thicket vegetation into open

grassland and wetland, terrestrialization of alluvial channels,

and erosion of the coastal shelf and mangroves (Tinley 1977,

Beilfuss et al. 2000, Davies et al. 2000, Beilfuss 2001). Socio-

economic impacts include a reduction in recession agriculture

and a reduction in catch-per-unit-effort of river fish and estuarine

and marine prawns (SWECO 1982, Gammelsrød 1992, Tha and

Seager 2008).

A preliminary flow assessment for the Zambezi Delta was

done in 2006, in order to explore the potential for improving

the overall situation for delta users (agriculture; river, estuarine,

and coastal fisheries; large mammals; water birds; natural veg-

etation resources; water quality; and supply and navigation)

through varying the pattern and magnitude of flow releases

Figure 4 Map of the lower Zambezi Valley, from Cahora Bassa reservoir to the Zambezi Delta on the Indian Ocean coast (Beilfuss and Brown 2010).
The Cahorra Bassa Dam is shown in the inset (Photo: R. Beilfuss).
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from the Cahora Bassa Dam (Beilfuss and Brown 2010). Users

defined the future conditions they would like to achieve (target

conditions) and scored various release scenarios according to

the extent to which they either promoted or detracted from

their target condition (Beilfuss and Brown 2010).

Reinstating the annual flood was singled out by all but two of

the users (commercial agriculture and in-channel navigation) as

the most valuable change that could be made to the flow regime

that currently reaches the delta. While many users saw some

benefit in the reinstatement of large flood events, such as the

1:5-year flood, and reduction in the dry season low flows, the

benefits of these interventions where generally seen as lower

than those for reinstating the annual flood, and in some cases

the negative effects were undeniable (e.g. the danger represented

to human life by the 1:5-year flood). Additionally, there was gen-

erally greater conflict between users, and between delta needs

and hydropower generation, on the question of the reintroduction

of the 1:5-year flood and reduction in the dry season low flows,

than there was for reinstating an annual flood (Beilfuss and

Brown 2010). Furthermore, the negative effects of floods are

not altogether avoided by the presence of the Cahora Bassa

Dam, and could be better managed if the floods were more pre-

dictable (Beilfuss and Dos Santos 2001).

4.3 Original and proposed EF releases

The changes in the flow patterns in the lower Zambezi River as a

result of the Cahora Bassa Dam are illustrated in Figure 5 and the

timing of the maximum 1-day inflows and outflows at Cahora

Bassa is shown in Figure 6.

At this stage, there is no ‘EF requirement’ for the Zambezi

Delta. Rather, perceived benefits increase in the delta with an

increase in magnitude and duration of the annual flood, provided

it occurs sometime in December to February (Figure 7). Benefits

to the delta users are however offset by costs in terms of hydro-

power loss, although indications are that a more predictable

Figure 5 Impact of the Cahora Bassa dam on the magnitude of flow in the Zambezi River immediately downstream of the dam (1975–2000; Beilfuss
and Dos Santos 2001).

Figure 6 The timing of the maximum 1-day inflows and outflows at Cahorra Bassa (1976–1998; Beilfuss and Dos Santos 2001).
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release regime will assist the delta without adversely affecting

hydropower production. Thus, in order for improvement in the

delta to be achieved some trade-off will need to be made, and

it seems likely that that trade-off will need to involve a reduction

in hydropower generation.

4.4 Negotiation and decision-making processes

The results of the EF assessment were presented to a range of

government and other stakeholders at a workshop held in

Maputo, Mozambique, on the 5th and 6th of September 2005,

and the reports were distributed thereafter. Discussions on the

future operating rules for Cahora Bassa are ongoing. However,

there is anecdotal evidence to suggest that the operations at the

dam have recently changed to provide a more people and

environment-friendly release pattern from Cahoraa Bassa. A

second hydropower project, Mpanda Nkua, is proposed for the

Zambezi immediately downstream of Cahora Bassa, and

should become the focus of efforts to ensure that the needs and

aspirations of the delta residents are taken into consideration in

designing the flow releases, and hence the flow regime in the

lower Zambezi River.

5 Nyumba ya Munga Dam – Tanzania

5.1 Overview

The Nyumba ya Mungu Dam is situated on the Pangani River,

Tanzania, at the confluence of the Kikuletwa and Ruvu Rivers,

which are the headwaters of the Pangani River (Figure 8).

The live storage capacity of the Nyumba ya Mungu Dam of

1100 × 106 m3 is equivalent to about 71% of the MAR at the

dam, which is c. 1540 × 106 m3.

The bulk of the yield of the Nyumba ya Mungu Dam is

reserved for hydropower generation. A small portion of the

power is generated at the dam itself (8 MW) and the rest at

Hale (21 MW) and Pangani (66 MW) power stations, which

are situated some 200 km downstream of the Nyumba ya

Mungu Dam. The dam is also used to regulate the Pangani

River for abstraction to irrigation schemes and domestic supply

in the central part of the basin. At present, no releases are

made for environmental purposes (PBWO 2004).

As a result of the steep growth in water use in the Kikuletwa

and Ruvu catchments, surface runoff to the Nyumba ya Mungu

Dam declined sharply over the last two decades. In addition,

land use practices in the catchment of the dam have contributed

to substantial sediment deposits in the dam basin. Both of these

phenomena have hampered hydropower generation (PBWO

2004).

5.2 Key environmental considerations and the EF assessment

The most pressing environmental consideration for the operation

of the Nyumba ya Mungu Dam is that of the restoration of the

90,000 ha Kirua Swamp, situated immediately downstream of

the dam. Before the construction of the dam, the Pangani River

flooded the swamp annually. However, regulation of flooding

flows by the Nyumba ya Mungu Dam and channelization of

flows through the swamp to facilitate delivery of water to the

downstream power stations mean that Kirua Swamp, once the

largest wetland in the basin, is now essentially dry; under

present day conditions swamp inundation is c. 4% of natural.

Figure 7 Combined ratings for users who expressed a preference of reinstatement of the annual flood for the 18 possible changes in the timing, dur-
ation and magnitude considered. Units ¼ m3s21.
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A once-vibrant fishery in what is one of the poorest areas of the

basin has declined drastically and is now mainly confined to the

river channel. Flood-recession agriculture and furrow irrigation

are also greatly reduced, although some continue in a few

areas close to the river.

5.3 Original and proposed EF releases

A paucity of pre-Nyumba ya Mungu data on the channel geome-

try through the swamps means that it is difficult to estimate the

discharges that would have resulted in inundation of the

swamps. However, under the present-day channel geometry, dis-

charges greater than 25 m3 s21 are required to overtop the river

banks and flood the floodplain (source: PBWO officers, based on

operational understanding from Nyumba ya Munga). Thus, to

ensure that water released for downstream power generation

does not enter the swamp, releases from the dam are usually

kept below this 25 m3 s21 threshold.

The EF releases aimed at improving the situation in Kirua

Swamps maintain current annual volumes but reintroduce

Figure 8 Major rivers, lakes, dams, and floodplain areas in the Pangani Basin (PBWO 2008).
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some of the natural flow variability, such that flows exceeding

25 m3 s21 (Class 2 and higher floods) occur at some times of

the year (Table 4; PBWO 2009).

5.4 Negotiation and decision-making processes

The 10 scenarios considered in the EF assessment have been

presented to the Pangani Basin Water Board, who will be

responsible for decisions of future water use in the basin.

Water for agriculture is still a dominant concern among board

members, and there is little indication at this stage as to which

of the scenarios, if any, will eventually be chosen for implemen-

tation. Meanwhile, the Pangani Basin Water Office requested

four additional EF scenarios, which included climate change

so that they could form part of the suite of scenarios being

considered by the board. These considerations are currently

ongoing.

6 Clanwilliam Dam – South Africa

6.1 Overview

The Clanwilliam Dam is situated in the middle reaches of the Oli-

fants River in the Western Cape, South Africa (Figure 9). It is a

43-m high concrete dam with 13 crest gates and a maximum dis-

charge capacity through two bottom-outlet pipes of approxi-

mately 10 m3 s21 (Bester et al. 2006). The dam is operated in

concert with Bulshoek Diversion Weir situated c. 30 km down-

stream, releasing water that is diverted at the Weir into a major

canal system that supplies farms in the lower parts of the basin.

No EF releases are currently made from either the Clanwil-

liam Dam or Bulshoek Weir. In dry periods, leakage from Bul-

shoek Weir into the downstream river is also pumped back into

the canals. The total irrigated area dependent on the Clanwilliam

Dam and Bulshoek Weir is more than 140 km2 at an estimated

1:5-year assurance of supply. During drought years when the

Clanwilliam Dam does not fill, water restrictions are placed on

the irrigators (Brown et al. 2010).

The Olifants/Doring basin is essentially a tale of two distinctly

different rivers. The Olifants River valley is more suitable for

agriculture and hence more populated, and the perennial Olifants

River is fairly heavily impacted. The Doring River valley, on the

other hand, is more arid and sparsely populated, and (at least in its

middle and lower reaches) the non-perennial, unregulated Doring

River is relatively undisturbed compared with the Olifants River.

Present day flows to the lower Olifants River and estuary are

largely supported by the contributions of the Doring River.

6.2 Key environmental considerations and the EF assessment

The Olifants River estuary is a vitally important nursery area for

commercially exploited marine fishes and supports a subsistence

fishing community. Although slightly degraded, the estuary is in

a relatively good ecological condition, mainly as a result of the

flows received from the Doring River.

The river system is important from a conservation perspective

mainly because it is inhabited by nine indigenous fish species,

eight of which are endemic to the basin – the highest number

of endemic fish south of the Zambezi River (Paxton et al.

2002). The largest and possibly the most prized of these is the

Clanwilliam Yellowfish (Labeobarbus capensis), which can

grown up to one meter in length. The Doring River and the

upper reaches of the Olifants River also flow through spectacular

landscapes that are widely recognized for their aesthetic and rec-

reational appeal. The reach of the Olifants River between the

Clanwilliam Dam and Bulshoek Weir is in a moderate to poor

ecological condition, but does have a resident breeding popu-

lation of Clanwilliam Yellowfish.

EF assessments for the Olifants River and its estuary were

completed in 2006. These were followed by a basin-wide stra-

tegic assessment, which evaluated a series of options for water-

resource development in the basin and for meeting various EF

targets at key points in the basin. The outcome of this assessment

Table 4 Original and suggested releases from the Nyumba ya Mungu Dam to restore parts of Kirua Swamp. P ¼ present; A ¼ absent.

Size class (m3s21 daily peak) Present Day Scenario 1 Scenario 2

SWAMP inundation volume ×106 m3/a (excl. low flows lower than 25 m3) c. 54 c. 259 c. 275

875 800 953.13

Mar–Jun WSLF – Volumes (×106 m3) 281 316 368.55

Jul–Feb DSLF – Volumes (×106 m3) 560 258 413.78

13–27.2 Class 1 – Annual Frequency 0 0 0

27.3–54.5 Class 2 – Annual Frequency 0.5 2 2

54.5–108.9 Class 3 – Annual Frequency 0.3 2 2

109–217 Class 4 – Annual Frequency 0 4 4

242.00 1:2 0.1 A P

297.00 1:5 A A P

345.00 1:10 A A P

419.00 1:20 A P A
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was a series of recommendations for future water management in

the basin that took into account the human utilization of the area,

and that aimed to make additional water available for agriculture

while still providing the EF requirements for the rivers and

estuary, viz.:

. Maintain the ecological integrity of the Doring River, and in so

doing ensure sustainable utilization of the Olifants estuary, i.e.

no large dams or water diversions to be allowed in the Doring

River sub-basin.
. Maintain the ecological integrity of key tributaries on both the

Olifants and Doring Rivers, thereby ensuring variability of

flow, as well as provision of refuges and source areas.
. Raise the Clanwilliam Dam by between 10 and 15 m, and keep

EF releases from the Clanwilliam Dam and Bulshoek Weir to a

minimum, so that water supply from them is maximized.

In terms of these recommendations, the releases from the

Clanwilliam Dam need to meet two main criteria:

. augment summer low flows, and major (winter) flood flows, to

the estuary;
. mitigate, to the extent possible, the impact of irrigation

releases on the section of river between the Clanwilliam

Dam and Bulshoek Weir.

6.3 Original and proposed EF releases

The releases from the Clanwilliam Dam are driven by the

need to supply water to Bulshoek Weir, and thence to the

irrigation canals, during the summer months. The magnitude

of these releases, and the degree of seasonal reversal of

flows between the two structures, is expected to increase

with the raising of the height of the Clanwilliam Dam

(Figure 10). It was accepted that natural seasonal flow vari-

ations would be impossible to achieve as long as the river is

used as a conduit for irrigation supply. Thus, the EF rec-

ommendations for the Clanwilliam Dam focused on the

fact that the existing (bottom) outlets were unable to meet

the EF discharge- and temperature-requirements for small

floods in October to January to trigger the spawning of the

Clanwilliam yellowfish;1 and, the irrigation releases of c.

8 m3 s21 during the summer months, apart from being sig-

nificantly more than natural summer flow, were fairly con-

stant and so did not provide any cues for spawning of

Clanwilliam yellowfish.

The EF adjustments to the proposed releases were to:

. include multi-level outlets in the design of the raised the Clan-

william Dam wall to allow the temperature of the releases to be

controlled.

Figure 9 The Olifants-Doring River Basin in south-western Cape, South Africa. The Clanwilliam Dam is shown in the inset (Photo: E. van der Berg).
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. stagger irrigation releases as a series of small flood events,

rather than a constant release of 8 m3 s21, to provide spawning

cues for the Clanwilliam yellowfish;
. allow a portion of the staggered irrigation releases from the

Clanwilliam Dam to spill over Bulshoek Weir to ensure that

the minimum dry season flows into the estuary do not drop

below 1.5 m3 s21;
. instigate compliance monitoring to ensure that irrigators do not

intercept these EFs.

7 Discussion

Prior to 2000, the focus of much EF work in southern Africa

was to establish the legitimacy of EFs by ensuring that water

for ecosystem maintenance was encompassed in national laws,

international treaties, and similar treaties. These efforts have to

a large extent been successful, and many of the national laws

of the countries now include some form of requirement for

EFs. Experience in South Africa, however, has shown that

implementation of the requirements of the national legislation

is a complex process, which may well take one to two decades,

even where the political will, funds and technical skills exist

(King and Brown 2009). As such, implementation is still in

its infancy in southern Africa, and there are insufficient

examples, particularly on the re-operation of existing dams to

generalize.

Nonetheless, the case studies presented here may offer some

guidance for future initiatives (Table 5). In summary, the main

points are:

. Apart from the South African examples, the work was initiated

by an outside international organization (World Bank, IUCN,

and International Crane Foundation). While government

organizations were active participants in each case, the per-

ceived need for re-operation did not come from within the gov-

ernment, which may considerably extend the interval between

the EF assessment, and any adjustment in the operating rules

of the dams. In addition:

(a) Political buy-in of EFs in the face of the perceived need for

water-resource development is low (e.g. the Cahorra

Bassa Dam).

(b) Infrastructure designed without consideration of the

downstream environmental flows limits options for

changes in management and/or water use (e.g. the

Nyumba ya Munga Dam).

Table 5 Summary of EF case studies.

Name Country Capacity

EF

releases Challenges

D/s river

condition

EF work

funded by

Katse Dam Lesotho 1950 × 106 m3 10% MAR Outlet structures too small for flood releases Good LHDA and

World BankDistribution between low flows and high flows

Linking flood releases to rainfall

Kogelberg South Africa 19 × 106 m3 34% MAR Linking flood releases to rainfall – partially

solved through real-time flow gauging

Very good SA DWA

Downstream dam traps flood releases

Cahorra Bassa Mozambique 510 × 106 m3 None Formalize new operating rules that include

EF considerations

Fair International Crane

Foundation

Nyumba ya

Munga

Pangani 1100 × 106 m3 None Hydropower plants that rely on dam releases

located 200 km downstream of dam, which

severely limits conjunctive management/use

Poor IUCN

Clanwilliam South Africa 356 × 106 m3 None Translating EFs into operating rules Fair SA DWA

Ensuring that agreements around

trade-offs honoured

Figure 10 Annual hydrographs for the natural and present day (2008) flow regimes of the Olifants River at and the estuary for two options for raising
the Clanwilliam Dam (10 and 15 m).
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(c) Whereas agreement on water use and abstraction is incor-

porated into legal agreements, agreements related to the

protection of resources as trade-offs are not, which

means that these are more open to being disregarded

(e.g. the Clanwilliam Dam).

. Where EF releases have been incorporated into the operating

rules:

(a) the EF releases that were possible were limited by the orig-

inal design of the dam. In the case of the Katse Dam, the

outlet structures were not able to release mid-range

floods, which are important from an ecological perspec-

tive. At the Kogelberg Dam, the efficacy of the releases

was considerably reduced by the presence of the Arie-

skraal Dam, which does not have any capacity for

making variable releases.

(b) operationalization of the releases required some infra-

structure development, in particular some means of

measuring flows in the downstream river in real time

(e.g. the Kogelberg Dam).
. A genuine commitment to monitoring and adaptive manage-

ment is key for implementing EFs.

Note

1. The Clanwilliam yellowfish spawn downstream of the dam in the
summer in response to small increases in discharge, but will not
spawn at temperatures below 188C (Cambray et al. 1997; King
et al. 1998).
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