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1. Introduction 
I was requested to make an assessment of the irrigation developments on Blaauwater Farms. Two 
areas have been converted from firstly, old lands (Block A) and, secondly, a silted dam (Block B) to 
a dam bay irrigation system that uses run of the river inflow from the Sundays River. The works 

were carried out in 2017-2018 prior to any Environmental Impact Assessment by the DEFF. This 
report contributes to the retrospective environmental assessment. 

The activities requiring assessment are given as: 

1. Vegetation was cleared upstream of the dam spillway. The site is situated within a terrestrial 
CBA as mapped by the ECPCP. 

2. The expansion of dams or weirs where the dam or weir is expanded by 10 square metres or 

more or within 32 m of a watercourse, measured from the edge of the watercourse. 
Infrastructure was constructed within a water course (two instances).  The sites were situated 
within a terrestrial CBA as mapped by the ECBCP. 

3. Infrastructure or structures with a physical footprint of 100 square meters or more, where such 
development occurs (a) within a water course and (c) of no development setback exits, within 
32 meters of a watercourse, measured from et hedge of a water course. The site is situated 

within a terrestrial CBA as mapped by the ECBCP. 

4. More than 10 cubic metres of soil was moved in a water course; the site is situated within 
terrestrial CBA as mapped by the ECBCP. 

5. Vegetation was cleared. The site is situated within a terrestrial CBA as mapped by the ECPCP. 

According to the Background Information Document, July 2019, the following actions had taken 

place: 

1.1. Changes relating to the dam 

1. Irrigation basins were created within the dam basin by moving and levelling silt to construct 
berms. Each berm has a sluice gate that allows water to move to the next basin. 

2. Approximately 9 ha of vegetation have been cleared prior to construction of the irrigation 
basins. 

3. A sluice gate was constructed in a water course in order to direct water from the Sundays river 

towards the irrigation basins. 

4. The Sundays River was diverted to the east of the irrigation basins by means of a berm. 

1.2. Changes relating to the revitalisation of old lands 

1. A sluice gate constructed to direct water along an existing channel that has been recently 

cleared.. 
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2. The old fields have been converted in to dam basins by constructing berms. 

3. A watercourse has been filled in.  

1.3. Objectives of the assessment 

The following objectives were addressed during the assessment. 

1. Identify the impacts associated with the construction of these facilities and recommend measures 
to remedy any construction impacts. 

2. Identify operational phase impacts and recommend measures to ensure operational impacts are 

avoided or reduces and any beneficial impacts are enhanced. 

3. Identify potential beneficial and adverse impacts as the environmental investigation progresses. 

4. Determine the significance of impacts and whether additional investigation will be required. 

This report is based on a visit made to Blaauwater Farm on the 5th and 6th September 2019 and the 
report submitted by Mr Justin Kingwill. An interview with Mr Kingwill was held on 5th September 
and a site visit was made on 6th September. The report by Mr Kingwill was made available on 9th 

October. Email correspondence with Mr Kingwill clarified some points from field observations and 
his report. Additional spatial information was obtained from Google Earth imagery available for 
2006 (poor quality), 2013, 2016 and 2018. It was hoped that aerial photographs dating back to the 

1950s would be available through the Department of Geography at Rhodes University but a 
computer failure in the department prevented this. Monthly rainfall data for 1948 to the present was 
supplied from the Blaauwater farm records and daily rainfall was captured from the original data 

books for the years 2008 to the present. The report is also informed by my own research into 
rainfall variability and sediment processes in the Karoo over the last thirteen years. 

2. Background information 

2.1. Location 

The irrigation developments are located on the Blaauwater Farms in the upper Sundays River 
catchment, quaternary catchment N11A, draining the Sneeuberg mountain range. They are situated 
in two different locations and are designated Block A and Block B. Block B refers to the irrigation 

developments on the former Blaauwater dam (grid reference 31º 49 min. 40 sec.S, 24º 48 min. 13 
sec. E); Block A refers to downstream developments on former lands situated on a terrace 
approximately 3 to 4 m above the river bed (grid ref. 31º 50 min. 06 sec. S, 24º 48 min. 29 sec. E).   

2.2. The catchment 

Quaternary catchment N11A is designated by the ECBCP as a terrestrial Critical Biodiversity Area 
(CBA). The catchment area of the former dam is estimated as 23 km2 and is characterised by steep 
rocky back slopes, typically 26%,  and gentler colluvial footslopes (typically  6%).  The catchments  

of the dam and the lower irrigated area are shown in Figure 1. There are local areas of badland 
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erosion evident from Google Earth, specifically on the slopes to the east of the former dam and in 
the catchment of a small tributary feeding into Block A (Figure 2). Elsewhere in the Sneeuberg 
catchments widespread gully erosion is evident from the earliest aerial photographs from the 1950s 

so this is not a recent phenomenon (Keay-Bright and Boardman 2006; Rowntree 2013, Boardman et 
al. 2017). Erosion bunds have been build in this catchment prior to 2006 in an attempt to slow down 
runoff and sediment movement but these are vulnerable to breaching during extreme runoff events. 

Figure 1. The catchments of the Blaauwater dam and the lower irrigated lands. Google Earth Image from 
2006, a relatively wet period. 
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Figure 2. The eroded subcatchment draining towards Block A. 

2.3. Precipitation and hydrology 

Precipitation over the catchment falls mainly as rain, although snow may occur for short periods in 
the winter. Through conversation with a number of farmers in the area it is apparent that snow fall is 
important for recharging groundwater and sustaining springs (fountains). Increasingly warm winters 

are having a significant negative effect on snowfall. Annual rainfall variability since 1948 is shown 
in Figure 3a. Anomalies from the annual mean of 406 mm are shown as the difference from the 
mean divided by one standard deviation. Data for the years 1968 to 1974 are missing. The last four 

years (2015 - 2018) have been successive dry years following a wet period from 2006 to 2014. 
Although the recent drought has had serious effects on farms in the area, more severe droughts have 
been experienced in the past, as in the mid 50s to mid 60s. 2011 was the wettest year on record, due 

to heavy rains in January, February and March which were responsible for widespread flooding. 
Rainfall over the last ten years is shown in Figure 3b. Totals are shown for both the calendar year 
and the hydrological year, October 1st to September 31st, to better capture the seasonality of 

rainfall. The 2019-2019 year has been especially dry. 

The Sundays River is an ephemeral river with short lived floods. Seepage from groundwater may 
form isolated pools as were seen below the dam spillway (Figure 4), or may give rise to fountains 

(springs) on the river bed. Kingwill (2019) estimates that floods normally occur four to five times a 
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year, the flow lasting for 1-2½ hours. A storm of about 20 mm is needed to produce significant 
runoff. The daily rainfall record for 2008 - 2019 shows that on average eight days had 20 mm of 
rainfall a year, some of which would be on consecutive days, which supports Kingwill’s estimate. 

Kingwill describes a “nice run” as peaking at 25 m3 s-1 (pers. comm.). 

Figure 3. Rainfall variability at Blaauwater farm homestead. (a) Rainfall variability from 1948 to the present. 
(b) Annual rainfall and seasonal rainfall totals since 2008. Seasonal rainfall is from September to August. 

There have been a number or more extreme flood events that can cause significant damage to 
infrastructure and erosion of soils. The largest flood in the last twenty years occurred on the 9-12 

February 2011 when 181 mm fell on an already wet catchment, causing an extreme flood event that 
caused damage to the dam wall. Flooding was widespread through this area of the Karoo and 
severely damaged a number of farm dams, causing erosion of sediment from behind the broken dam 

wall and release of this sediment downstream. Boardman and Foster (2011) estimated prior to the 
2011 flood  that 50% of farm dams in the region are full of sediment and 30% are breached. 

Other recent damaging floods occurred in December 2006 and February 2019. No estimate of  peak 

flow is available for the 2006 flood. Kingwill (2019 pp. 19-20) calculated the peak flow for the 

5

-3.0

-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

19
48

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

Standard anomoly

Annual Rainfall Total

An
nu

al
 to

ta
l (

m
m

)

0

250

500

750

1000

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

average Calendar year
Sep-Aug standard deviation

(a)

(b)



2019 flood at ∼65-70 m3 s-1 when 63 mm fell on the 10-11 February. He estimates this flood to have 

a recurrence interval of 1:20 years. A previous widespread extreme flood occurred in 1974 and was 

responsible for dam wall breaching (Boardman and Foster 2011). Boardman and Foster (2011) state 
that prior to the 2011 flood ∼50% of dams in the Sneeuberg region were filled with sediment and 

∼30% were breached. 

Figure 4 Seepage forming pools in the Sundays River below Blaauwater dam (6/09/2019) 

2.4. Blaauwater Farms 

The Blaauwater Farms cover an area of 7250 ha. Given the dry and mountainous environment the 
only viable farming activity is livestock, supported by irrigated pasture. The main threats to farming 
in this landscape are drought and predators. Both regional and local floods caused by severe storms 

can also cause damage to built and natural infrastructure as noted above. Caracal and black backed 
jackal predate especially on lambs. Their numbers have increased greatly in recent years; many 
farmers blame the spread of game farming and the lack of predator control in these areas. 

Successful stock farming is dependent on irrigated pastures to supplement feed, especially during 
the winter and through droughts, and protection against predators. The farm is presently stocked 
with between 1500-1600 ewes and in September 2019 ∼2400 lambs. Wool and lamb are important 

products. The breeding stock is kept largely in the valley bottom where there is better feed and 
greater protection from predators. Hamel (castrated rams) are kept on the higher ground. The farm 

also carries 200 breeding cows.  

Irrigation is used primarily to grow lucerne as a fodder crop. This is a deep rooted perennial grass 
which has good tolerance to drought if there is sufficient soil water storage. 
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2.5. The Blaauwater dam 

The dam on Blaauwater Farm (hereafter referred to as the Blaauwater dam) was built in 1954 as a 
water supply to irrigate lands immediately downstream of the dam wall. These lands had not been 
used for some time by 2017. The extreme flood in February 2011 damaged the wall of the dam to 

the east of the spill way, which further reduced the functionality of the dam. According to Kingwill 
(2019 pp. 48) the dam did not conform to government specifications, had no steel reinforcing and 
used poor quality fine and coarse aggregate. This raised concerns about the present safety of the 

dam wall which would have been vulnerable to further breaching in the future. Repairs would have 
been very expensive and not financially worthwhile given the current low economic value of the 
dam (Kingwill 2019 Table 11). Many other farm dams in the area were breached during the 2011 

flood, and also during an earlier extreme event in 1974.  Breaching of farm dams not only renders 
them dysfunctional, it also causes the erosion of the sediment behind the dam wall which is then 
released downstream. Potentially, large amounts of trapped sediment can be made available to the 

downstream river (Foster and Boardman 2011). 

The original water holding capacity is estimated by Mr Kingwill to have been 120 000 m3 but this 
has been reduced to 25 000 m3 due to deposition of sediment carried in from the catchment. In 

2016, prior to the conversion of the dam to irrigated basins, the area of open water during the 
summer wet season was 4.3 ha, a reduction of 1.7 ha since 2006 (areas estimated from Google earth 
imagery). The original surface area is estimated to be between 104 ha (Google Earth mapping) and 

80 ha. Figure 5 illustrates the loss of water surface area since 1954;  projecting the rate of change in 
to the future indicates that all open water would be gone by 2036. Likewise, if the rate of water 

storage capacity loss is projected into the future, the dam would be completely filled in 12 years 
time (c.2030).  Both these estimates point to the short life span of the dam. 

Figure 5. Measured and projected loss of water surface area on the Blaauwater dam 
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It is clear that in 2016 the dam had already lost most of its economic functionality and was fast 
loosing its benefit as a seasonal open water habitat. Its ability to attenuate floods had been greatly 
reduced as was its sediment trapping efficiency. The loss of volume capacity over the 64 year 

period from 1954 to 2018 indicates a catchment sediment yield of between 70 to 80 tonnes.km2.a-1, 
a very low rate for this area. Comparison with far higher rates calculated by Foster and Rowntree 
(2012) and Rowntree and Foster (2012) for other Karoo catchments indicate that the Blaauwater 

dam has had a very low trap efficiency for much of its life span so that significant amounts of fine 
sediment must have been lost downstream.  

If the irrigation developments had not taken place, the sediment filled dam would have retained its 

habitat function as an unchanneled seasonal wetland due to saturation of the deep sediment by flood 
water. Surface water would have been limited to surface depressions and would have dried up soon 
after flooding. This wetland would have no benefit with regard to augmenting downstream 

baseflow because, in the absence of leaks, all water other than splillage during a flood would be 
retained behind the dam wall. Likewise the wetland would not function to purify down stream 
water. There would be limited flood attenuation benefit. 

2.6. The downstream lands  

The second area of interest, designated Block A in Kingwill’s 2019 report, is located about half a 
kilometre downstream of the dam on a terrace flanking the left hand bank of the Sundays River. The 
channel is incised in this reach to a depth of ∼4m with a narrow inset bench up to 1.8 m in height 

related to more frequent flood events (field observations 6 September 2009, Figure 6). It is therefore 
unlikely that this area is an active floodplain. In the past it was irrigated by way of a furrow that led 

water from below the present dam onto the lands.  A stone weir across the river directed water into 
the furrow. Kingwill (2019) believes that these lands were first developed in the early 1900s, prior 

to the dam being build. Irrigation is believed to have ceased in the mid 1990s but there was a 
largely unsuccessful attempt to no-till crops in bare areas until 2011. 

In the middle of this area is a shallow dam known as Fountains Dam, with a surface area of ∼0.4 ha 

that acted as a holding dam for irrigation of the pastures below it. It received the flood water 
coming down the furrow that was in excess of the irrigation requirements of the lands above and 

also water from the Sundays River by way of a small weir across the river at a fountain and an 
asbestos pipe line (Kingwill 2019 pp. 20). The weir and asbestos pipe were damaged in the 2011 
floods. Prior to 2007 it also received flood runoff from the adjacent hillslope. Storm runoff from 

two heavy rainfall events in December 2006 (68 mm on the 21st and 23rd) broke the embankment 
of the Fountain Dam, significantly reducing its capacity to hold water. To prevent further damage, 
an embankment was built across the tributary stream to divert water away from the lands in January 

2007. This same tributary stream caused further damage to the four lowermost newly constructed 
the dam basins in February 2019 when a severe storm occurred over the eastern part of the farm. 
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Over 75 mm of rain fell in 30 minutes. The flood water also caused damage to the river bank. Mr 
Kingwill estimates the peak runoff from this storm to be between 20-28 m3s-1 from the 1.1 km2 
catchment. 

Figure 6. The Sunday River at Block A. (a) The incised character of the channel. Block A irrigation 
development is on the terrace to the right. Channel width at this point is 8 m. (b) Flood debris caught in 
trees on the right hand bank at an approximate height of 3.6 m. 

3. Conservation status of the two dams 

3.1. Classification according to the Eastern Cape Biodiversity Conservation Plan 
(ECBCP) 

The two dams lie in the catchment of the Upper Sundays, which is designated an aquatic 
biodiversity area category CBA 2 (A2a) and refers to quaternary catchment N11A. 

The mapped CBAs are shown in Figure 7. The Blaauwater dam is mapped as comprising a 6.8 ha 

area designated as an artificial channeled valley bottom wetland and a 2.8 ha area of natural 
9

(a)

(b)

3 m

1.8 m



channeled valley bottom wetland upstream. Below the dam wall is an 5.0 ha area designated as a 
natural channeled valley bottom wetland. 

The Fountain Dam is mapped at 1.15 ha and is designated an artificial unchanneled valley bottom 

wetland. The adjacent area is described as a natural unchanneled valley bottom wetland. 

Figure 7. The CBA areas as mapped for the Blaauwater dam and the Fountain Dam. Shape files provided 
by Irma van der Merve, DEFF. 

3.2.  Comments on classification 

Blaauwater Dam. The CBA unit designated as an artificial channeled wetland (B) covers the area 
that held surface water and includes a narrow fringing area that was probably vegetated by reeds. 
According to Mr Kingwill there was good bird habitat. The area should probably have been 

designated as an artificial unchanneled wetland. The area upstream (C) that is designated as a 
natural channeled wetland covers part of the area of the former dam that is now silted up. It is no 
more natural than the first area described above. Neither is it clearly channeled. The area below the 

dam wall (C) that is described as a natural channeled wetland lies largely over the terrace to the left 
hand of the former channel. The former channel no longer takes water and the present channel, that 
leads from the dam spillway, is highly disturbed. Thus much of unit C is not wetland and none of it 

is natural. 

The water surface and upstream saturated soils of the dam area are likely to have provided 
beneficial habitat for fauna as it was one of the few areas of seasonal open water and marshy 

ground in this dry area. Loss of bird habitat is probably the most significant impact on biodiversity. 
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Mr Kingwill (2019 pp. 52) reported that the dominant vegetation, making up ∼46% of the ground 

cover, was weeping willow (Salix baylonica) and New Zealand fescue (Festicu arundinacea), both 

alien vegetation species. Reeds, sedges and aquatic grasses made up a further ∼30%. He states that 

there were no rare or endangered plant species in the dam footprint area. 

Fountain Dam: The artificial wetland (E) consists of a shallow pond bounded on its lower sides that 
dries out shortly after flooding. The area lies on a terrace some 3 metres above the channel. This 
area could be flooded by the Sundays River under exceptional conditions such as the 2011 flood. 

The so called natural wetland (D) lies on this formerly cultivated high terrace. This area is neither a 
wetland nor natural. The vegetation of the old lands is described by Kingwill (2019 pp. 45) as being 
dominated by Nassella trichotoma, an alien invasive tussock grass (category 1b). This grass is 

unpalatable and endangers natural biodiversity (Invasive Species SouthAfrica - https://
www.invasives.org.za/legislation/item/829-serrated-tussock-nassella-trichotoma). This grass has 
now been cleared. There was said to be very little natural vegetation and the Fountain Dam did not 

support aquatic flora as it held water for short periods only. 

4. Irrigation developments 
4.1. The purpose and design of the irrigation developments 

Irrigation of pastures in these dryland areas are dependent on utilising flood runoff. Water can either 
be stored in a dam, where it is subject to direct evaporation, or stored in the soil where it can be 

used by plants and lost indirectly through transpiration. The objective of the dam bay irrigation 
method is to flood lands to allow maximum infiltration onto the soil where it can be used by deep 
rooted plants such as lucerne. Sluice gates in the berms at the lower end of each flood basin control 

the depth of water and allow water to be stored for a short period (24 hr) to promote infiltration and 
wetting of the soil before being released into the next dam bay downstream. The development of the 
irrigation dam bays is described in detail by Kingwill (2019) and is summarised below.  

The design of the irrigation structures was carried out and the implemented overseen by Mr 
Kingwill who graduated recently with a degree in Civil Engineering. This included modules in 
hydrology and hydraulics as well as reticulation design and management in the fourth and final year 

of the degree. Mr Kingwill is therefore a qualified if relatively inexperienced engineer. I have not 
checked his hydrological and hydraulic calculations in detail but can confirm that he used 

conventional methods for estimating peak flows from small catchments (the rational formula) and 
have no reason to doubt his hydraulic design calculations. 

11

https://www.invasives.org.za/legislation/item/829-serrated-tussock-nassella-trichotoma
https://www.invasives.org.za/legislation/item/829-serrated-tussock-nassella-trichotoma


4.2. The upper dam - Block B 

Figure 8. Irrigation structures in Bock B. (a) The upper sluice gate. (b) the upper sluice gate and feeder 
canal. (c) The dam spillway with lucerne growing in dam bay 6. (d) the lateral berm with diversion channel 
beyond. (e) Sluice gate on Dam 6. (f) Excess water spills out onto the terrace below sluice gate. 

A 9 ha irrigation system has been created from the clay-rich sediments deposited in the dam. The 
various structures are shown in Figure 8. The development of dam bays involved removing the 
vegetation that had colonised the sediments, reshaping and levelling the dam surface and 

constructing berms to separate six basins. A bulldozer was used to move the sediment. High berms 
were also constructed along the side of the irrigated area. Sluice gates located on the right hand side 
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of each berm control water flow from one basin to another. One further sluice gate has been 
incorporated into the spillway on the dam wall. Flood water from the Sundays River is led into a 
feeder canal by way of a large sluice gate located a the side of the river about 300 m upstream. The 

feeder canal takes the water to the uppermost irrigation basin. It makes use of a water way that was 
formed in earlier times by diverting a small tributary, that in the past (pre 1954?) joined the Sundays 
River at the location of the upper sluice gate, into the top of the dam.  

The height of the sluice gates below each basin is designed so that when closed the water would just 
reach to the back of the basin. The top sluice and feeder canal are designed to accommodate a 
maximum flow of 5 m3 s-1, or more usually 2.5 m3 s-1, for 1.5 hours, the expected length of a run in 

the river. This would be sufficient to flood the top 5 basins and part of the 6th. After 24 hours the 
water is released into the basin 6. The estimated infiltration loss is 30%. Any excess water can be 
released form the bottom sluice onto the terrace below the dam wall (Figure 8f) or through the 

sluice on the spill way, from where it will contribute directly to the streamflow and can be used to 
irrigate the downstream block. 

4.3. Channel diversion 

Below the large sluice gate that diverts flood water into the feeder canal, the Sundays River follows 

the course of the natural channel for 300 m after which it has been diverted along a new channel 
running along the left hand side of the irrigated lands for a further 450 m. The channel is straight for 
135 m before turning to the left (eastwards) and continues in a straight line for a further 315 m until 

it exits the diversion channel at the point at which the dam wall had breached in 2011. After this 
point the water flows over the sandstone capping, forming a wide bend to the right before passes 

over the water fall and joining the former Sundays River channel at the old weir downstream of the 
dam. A small curved retaining wall is planned for this area to direct flow below the dam spillway 
and towards the original Sundays River channel. The general nature of the diversion channel can be 

seen from Figure 9. 

The character of the natural channel can be observed upstream of the sluice gate and downstream 
for 300 m (Figure 10). The channel 75 m upstream of the sluice is approximately 8 m wide with 

banks of ∼1.35 m. Cobble and small boulder are found on the channel bed (Figure 10a) but towards 

the sluice fine gravel and sand dominates (Figure 10b) due to a natural obstruction of coarse 

material across the channel that cause the flow to pool upstream (Figure 10c). Downstream of the 
sluice the natural channel has a mixed bed ranging from sand to large boulder in size with some 
bedrock exposure (Figures 10d&e). The natural channel has a low sinuosity of 1.15, where 1.5 is 

considered to be the transition from straight to meandering (Gordon et al. 2004).   

The diversion channel was designed based on a 1:50 year flood of 105 m3 s-1, estimated according 
to the standard rational method. This is higher than the estimate of 75 m3 s-1 for the 2019 flood 

(Kingwill 2019 p.91). The channel has a design width of 15 m and a measured width of up to 20 m 
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and a depth close to 1 m. The right hand bank of the diversion channel is confined by the 2.5 m 
berm (Figure 9a) that also contains the dam basins. The design slope on the channel side is 1:2.25 
or 0.44 m/m. The berm is composed of dam sediments with a high silt and clay content. Further 

compaction is required to stabilise the slopes (Kingwill 2019 pp.81). 

Figure 9. General character of the diversion channel. (a) View looking downstream showing the straight 
alignment of the channel and the berm on the right. Cobble and gravel deposits can be seen on the 
channel bed. (b) The rock pavement below the dam spillway that takes the flow from the diversion channel. 
The configuration of the sandstone capping over shales can be seen in the inset photograph. 
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Figure 10. Characteristics of the Sundays River channel above the diversion. (a) cobble and boulder 
upstream of the sluice gate. (b) looking back towards the sluice gate with fine gravel deposits. (c) 
Transverse cobble bar crossing the channel causing pooling upstream. (d) and (e) Channel below the 
sluice gate.  

The natural channel has also been widened upstream of the diversion for about 100 m. The excess 
material has been pushed up to form a berm on the left hand bank (Figure 11a). Behind this berm 
there is an area of reeds, tussock grass and what could be flood debris. This area may be a small 

wetland fed by hillslope runoff or by previous overbank flooding. (Figure 11b)  
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Figure 11. The diversion channel. (a) The left hand berm near the start of the diversion. (b) Reed growth 
behind the berm indicating possible inflow from a hillslope tributary ((c) A tributary bring gravel in from the 
east (let hand bank) (d) Gravel and exposed bedrock near the end of the diversion channel. (e) The exit 
point of the diversion channel showing rough bedrock upstream. 

The bed of the diversion channel has been scoured out from the consolidated sediments and bedrock 
that formed the bed of the dam. This is now partially covered with sand and fine gravels brought 
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down the main channel during the February flood (Figure 11d) and also from side tributaries 
(Figure 11c).  Cobble is present locally (Figure 9a&11d). Over time the gravel patches will extend 
and, given the width of the channel, are likely to form braid bars. This is a natural response to high 

energy flows and high sediment bedload and is an adjustment to increase the roughness and reduce 
velocity. Over a longer time span the channel may to take on a wandering pattern with alternating 
lateral channel bars and a sinuous low flow channel. The length of time for the channel morphology 

to reach quasi-equilibrium will depend on the magnitude and frequency of flood events but ten 
years is probably a reasonable estimate.  

The gradient of the channel floor over the first 360 m is 0.009 m/m which puts it into the upper 

foothills category. According to Rowntree et al. (2000) these channels are characterised as follows:  

Moderately steep, cobble-bed or mixed bedrock-cobble bed channel, with plain-bed, pool-riffle or 
pool-rapid reach types. Length of pools and riffles/rapids similar. Narrow flood plain of sand, 

gravel or cobble often present.  

In addition to sand and gravel, cobble will also be introduced into this section of the channel - as is 
already evident in some places ( 10a and 11e). In the long term (∼50 years?) the channel may 

therefore be modified to be more similar to the characteristic upper foothills channel as more cobble 
is introduced. This will provide a relatively heterogenous channel habitat with a possibility of pools 

being maintained for some time after flood events. 

The lowest 100 m of the diversion channel has a much lower, and at times negative, gradient. 
Bedrock exposures create a rough bed. The predicted channel morphology over this stretch is a 

mobile sand bed channel, probably braided. 

4.4. The Sundays River as a corridor 

The Sundays river previously flowed into and through the dam area, exiting over the 3.4 m 

spillway. Although the dam created a wetland it also created a significant barrier to movement along 
the Sundays river corridor. A new channel has been created that bypasses the former dam. This 
therefore impacts positively on the river as a corridor. There is now free flow of water and sediment 

down the channel. This will however be short lived due to the seasonal nature of the river unless 
there is some groundwater seepage into the river.  

At present the diversion channel lacks natural structure but over time the transport and deposition of 

sediment from upstream is likely to produce a more natural channel with heterogenous habitat in 
terms of bed structure as postulated above. How long this takes will depend on the future sequence 
of flood events. 

4.5. Downstream lands - Block A 

Block A consists of 13 dam bays which receive flood water via a feeder canal that starts shortly 
below the old dam. The various structures are shown in Figure 12. The old sluice gate was replaced 
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with a new structure and the wing wall that directs flow from the main channel was repaired. The 
old furrow that used to lead water onto these lands was also cleared of silt and debris.  

Figure 12. Irrigation structure in Block A, (a) The upper sluice gate that takes water form the Sundays River 
to the feeder canal. (b) The dam bays. (c) The lower sluice gate. 
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The system operates in a similar manner to Block B, with the flow of water from one bay to the 
next being controlled by sluice gates. Excess water leaves the system by way of a sluice gate that is 
located close to the Sundays River channel. An unfinished gabion structure is designed to control 

this flow and prevent erosion of the river bank (Figure 16b). 

The right hand (western) lateral berm that contains the 13 basins follows the line of the Sundays 
River which in places has a tortuous meandering style. The edge of the former lands to a greater 

extent conformed to the 32 m set back between the river bank and the irrigated area. At one point 
the edge of the irrigated area was with 14 m of the river, due to an active meander bend that may 
have eroded laterally since the lands were established. The new berm has been erected ∼5 m 

towards the river so that in a number of places the new works are within the 32 m set back. Given 
that the land surface on which the dam bays have been developed is over 3-4 m above the channel 

bed and rarely flooded, if at all, it is reasonable to presume that the irrigation developments are not 
acting negatively on the present-day aquatic ecosystem. Of more concern is the possibility of 
channel encroachment into the new lands that could endanger the structures and possible cause 

significant effects on the channel if flood water breaks through the structure. For most of the length 
of the irrigated lands the Sunday River follows a straight course and bank erosion is not likely to be 
a concern. However, in its lower course the river becomes sinuous and there is a greater possibility 

that channel migration could impact the newly built structures. Figure 13 shows the point of main 
concern. The berm is now only ∼5 m from the edge of the channel. To increase the safety of the 

berm it would be sensible to move it away from the river bank at this point. This would also mean 
repositioning the sluice gate. Another possible cause for concern is that by increasing the water 
infiltrating into this area, saturation of the channel banks could exacerbate slumping and increased 

lateral channel migration. This is another reason for moving the berm and irrigated area away from 
the river bend. An alternative solution would be to reinforce the base of the river bank to control 
further erosion. This would need to be designed by an expert hydraulic engineer in order to prevent 

unforeseen consequences and further damage.  

A second cause for concern is the probability of storm runoff from the hillslope to the east causing 

damage to the irrigation structures. This has already happened recently in December 2007 and 
February 2019. Erosion control berms constructed to control storm runoff can break in 
unpredictable ways under extreme runoff conditions. The catchment itself, although small (1.1. ha), 

is badly eroded so that it is vulnerable to rapid runoff during storm events (Figure 2). Two measures 
could be taken to control storm runoff and to optimise its benefits. The first is to consider more 
effective erosion control measures in the upper catchment in order to reduce the storm response.  

The second is to redesign the area of the former Fountain Dam to capture and store storm runoff. In 
dry periods it could still be used as pasture. Both these measures would require input from the 
relevant professionals. 
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Figure 13. Sundays River channel meander bend encroaching on irrigated area of Block A. 

The flood of February 2019 caused damage to an earth berm on the right hand bank of the Sundays 
River downstream of Block A and below an old weir. This raised a concern by DEFF that the 
damage was a result of the irrigation developments. The primary cause of the damage was the 

severe flooding both down the main channel and from the hillslope to the east, resulting an 
estimated flow of between 75-100 m3 s-1.  Even if the upstream dam had still been in place it would 
have had little impact on the volume of flow in the river downstream, though it might have had a 

small attenuating impact compared to the diversion channel. The straight character of this channel 
and its smooth bed would have increased flow velocity but flow over the 3.8 m dam spillway would 
have also increased kinetic energy. By the point of damage 1.3 m downstream the difference 

between flow coming through the dam and down the diversion channel is likely to be negligible. 
The flow volume would also have been reduced slightly by offtake through the upper sluice. The 
significant runoff from the hillslope (∼25 m3 s-1) would have entered the Sundays River channel 

regardless of the irrigation works. If anything its volume and energy will have been reduced as it 
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passed through the irrigation bays. The cause of additional damage at this point attributable to this 
storm flow can be blamed on failure of previously constructed hillslope erosion control berms that 
were designed to direct storm runoff on a course to enter the Sundays River further downstream 

(Kingwill 2019 Figure 29). 

5. Development required to complete the project 
A number of works related to the irrigation construction are reported by Kingwill (2019) as 
summarised below. 

5.1.  Block B  

Feeder canal 
• Gabion structure at point where the gradient steepens close to the mid point of the channel 

• Side slopes and base to be completed to specification. 

• Removal and neatening up of disturbed soil, rock and debris 

• Planting of natural grass on channel sides and disturbed areas. 

Diversion channel 

Phase 2 

To have been carried out during the winter months, to be completed before summer storms. 

• Ensuring the earth berm is constructed to specification. 

• The channel base is to the correct width and level.  

• The correct slope along the section is ensured.  

• The side slopes are compacted and shaped accordingly. 

• Scour preventative measures are constructed and installed at the relevant locations; Figure 
53 of Kingwill (2019) shows the relevant locations (see Figure 14 this report). These would 

involve a stepped gabion structure. 

•  A  small curved retaining wall would be a low wall approximately 1 m high built from 

natural stone. The wall act as a retaining structure to prevent erosion of the small stream 
beds connecting to the new channel. 
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Figure 14. Location of planned scour preventative measures (Figure 53 of Kingwill’s report (2019) 

Phase 3  

To have been completed during the spring and summer months (growing season) 

• The planting and establishment of natural grass and vegetation on the earth berm. 

5.2. Block A 

• Recommissioning of the flushing sluice in the feeder canal to assist with removing silt from the 
furrow. 

• Construction of a small suspension bridge to access Block A from the western side of the river 
when in flood. A suitable location has been identified adjacent to dam 13 of the system. 

• A weir structure is required to prevent erosion to the river bank when releasing water back into 

the river. 

These is an urgent need to complete these proposed works. Other areas along this berm are also 

vulnerable to erosion. From the field visit in September there was already evidence of erosion of the 
diversion berm resulting from the February 2019 flood. Identified points that are vulnerable to flood 
damage are shown in Figures 15 and 16. In addition to those listed by Kingwill (2019) the channel 

bank at the upper sluice gate also needs to be back filled and strengthened as does the sluice gate on 
the feeder canal leading to Block A. The bank immediately downstream of the upper sluice gate is 
also vulnerable to erosion and needs protection. Locations on the berm alongside the diversion 

channel that are opposite tributaries to the east should also receive additional protection because 
there is a high likelihood that sediment from the tributary will be deposited at the side of the 
channel as a lateral bar, forcing flow further towards the berm. 
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Mr J Kingwill recommends planting grass seed to stabilise berm slopes. Additional short term 
protection could be provided from placing fibre blankets in vulnerable areas to protect the slopes 
from rain splash while grass gets established. The following guidelines are provided based on 

discussions in July 2019 with Heinrich Neethling, a DEFF erosion control oversight practitioner. 

Mr Kingwill plans to build a curved wall at the point where flow emerges from the diversion 
channel onto the bedrock pavement below the spillway. The purpose of this wall is to direct flow 
towards the original Sundays channel below the rock cliff. It important that the wall does not 

obstruct the flow from two ephemeral tributaries that converge onto this area. Stone paving could 
be laid across the floor of each tributary where it is crossed by the wall. 
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Box	1.	Fibre	blankets	

• Includes	Bio-jute	TM,	alien	fibre	blankets	

• Used	for	rain-splash	protec@on	of	uncapped	or	vulnerable	ground	e.g.	aCer	re-sloping	 
and	re-seeding.		

• Used	in	conjunc@on	with	reseeding	or	plan@ng	

• Can	be	used	on	a	range	of	slope	gradients	

• The	crea@on	of	weak	points	where	water	will	flow	should	be	avoided,	e.g.	don’t	have	 
an	overlap	of	material	along	the	flow	path.	Plan	the	blanket	layout	so	high	energy	 
areas	have	as	liKle	as	possible	joins.

• Must	be	properly	keyed	in/folded	in	to	prevent	rolling	up	and	undercuMng.	

• Must	overlap	at	least	300	mm	(@led	parallel	to	main	flow	direc@on)	and	be	s@tched	 
together.		

• Preferably	protect	with	brush-packing	if	no	stock	control

• Alien	fibre	blanket	is	aKrac@ve	to	termites	whereas	Bio-jute	TM	is	not.	

• Concern:	includes	plas@c	neMng.



Figure 15. Points vulnerable to erosion at the top sluice gate and along the diversion channel. (a) scour 
behind the wall of the sluice gate. (b) Loose soil on bank immediately downstream of the sluice gate. (c and 
d) Slumping on berm. (e) Undercutting of dam wall at end of diversion channel. (f) channeling of sediments 
over bedrock pavement below spillway. 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Figure 16. Points vulnerable to erosion associated with Block A. (a)  Erosion at side of the sluice gate on the 
feeder canal. (b)  Unfinished gabion structure below Block A. (c)  Berm on right hand river bank below old 
weir. 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6. Environmental Impacts (Kingwill 2019) 
Environmental, economic and social impacts identified by Kingwill (2019) are summarised in Table 
1 together with comments regarding the veracity of Kingwill’s statements. 

Table	1.	Environmental,	economic	and	social	impacts	of	the	irriga@on	works	

Impact Comment

Environmental

Posi2ve

The	risk	of	the	spillway	failing	has	been	
negated.	Failure	could	lead	to	serious	
consequences	for	downstream	users	and	
infrastructure	and	for	silt	loads	downstream.	
Increased	silts	loads	would	have	consequences	
for	any	downstream	dams.

Agree	that	this	is	a	major	benefit

Dam	failure	would	cause	silta@on	of	the	
channel	bed,	impac@ng	on	ecology,	and	incision		
of	the	dam	sediments	by	an	erosion	gully	would	
have	impacted	nega@vely	on	the	wetland	
behind	the	dam	wall,	causing	drying	out	of	the	
sediment.

Many	other	dams	in	the	area	have	suffered	in	
this	way	as	a	result	of	high	magnitude	flood	
events.

Replacement	of	fallow	land	(Block	A)	with	
Lucerne	increases	carrying	capacity	of	the	land,	
promotes	succession	of	natural	grasses	and	
increases	carbon	stocks.	

Likely	impact.

Reduced	capping	of	fallow	lands	in	Block	A,	
increasing	infiltra@on	of	rainfall	and	improved	
moisture	reten@on	in	the	landscape.

Likely	impact.

The	invasive	alien	Nassella	trichotomy	has	been	
eradicated.

This	is	a	class	1b	invasive	species

Nega2ve

Loss	of	biodiversity	associated	with	ar@ficial	
wetland	behind	the	dam	wall.	3.5	ha	of	‘natural’	
vegeta@on	cleared.

Life	span	of	the	wetland	limited.	The	wetland	
was	created	by	the	dam	and	is	therefore	
ar@ficial,	much	of	vegeta@on	was	alien.

Economic

Posi2ve

Increased	area	of	cul@va@on	for	lucerne	adds	
an	es@mated	11%	to	the	farm	economic	
turnover.

Based	on	KIngwill’s	es@mates

The	increased	fodder	produc@on	reduces	the	
risk	imposed	by	extreme	drought	and	relieves	
grazing	pressure	on	the	natural	environment.

An	important	climate	change	adapta@on.

Fenced	enclosures	provide	security	from	vermin	
and	significantly	reduces	loss	of	lambs.

Loss	to	vermin	is	anecdotally	a	major	cause	of	
stock	losses	in	the	wider	area.

Impact
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7. Summary and recommendations 
The upper Sundays River where the iBlaauwater irrigation works are located is a semi-arid area 
with highly variable rainfall and a catchment that is prone to flash flooding as a response to short 

lined intense storms. These floods can occur over the wider region, as in 1974 and 2011, or can be 
more localised, being confined to one subcatchment. They are generally short lived but have high 
energy that is capable of destructive erosion, causing failure of erosion control and flood protection 

works as well farm dams.  

This flood water is also a highly valued resource in a climate that is prone to long dry spells and 

longer term droughts. Harnessing flood water for irrigation of lands close to the river course has 
been practiced by farmers for over a century and the sustainability of their farms depends on it. In 
many areas of the Sneeuberg (and in the wider Karoo area), farm dams have become dysfunctional 

because of sedimentation, so farmers have to make alternative survival strategies. This will become 
increasingly so as climate change threatens water resources through higher evaporation rates, more 
intense rainfall and less snowfall that is important for recharging groundwater.  

The irrigation works on Blaauwater Farms are one such strategy. A silted up and partially breached 
dam has been converted into irrigated pasture that diverts a portion of flood runoff onto the lands 
and an abandoned irrigated area downstream has been rehabilitated. This is estimated to increase 

the farm’s productivity by 11% without putting additional pressure on to the hillslopes and provide 
greater security against droughts. There has been some loss of biodiversity associated with a 
wetland that had developed as a result of siltation of the dam. The lifespan of this wetland was also 

threatened by further siltation or, more significantly, by future dam breaching. 

Social

Posi2ve

The	development	has	provided	substan@al	job	
opportuni@es	for	permanent	and	temporary	
labour,	employing	to	date	24	temporary	
labourers	for	a	14	month	period	and	through	
increased	stock	numbers	poten@ally	providing	
employment	for	two	permanent	employees	(an	
18%	increase).

Job	crea@on	is	an	important	government	driven	
concern.

General

Nega2ve

Prevalent	dust	and	noise	impacts	during	the	
construc@on	phase	but	did	not	impact	on	any	
human	seKlement.

No	evidence	for	this	other	than	Kingwill’s	report	
but	irriga@on	areas	are	not	close	to	any	human	
seKlement.

CommentImpact
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Section 1.1 and 1.2 list the changes relating to the dam and old lands that were identified in the 
Background Information Document. My own field observations on these changes are given in Table 
2. While some changes were observed in the field it is apparent that others were not reported 

accurately and inflated the apparent negative aspects of the developments. 

Table	2.	Observa@ons	on	reported	changes	to	the	dam	(Block	B)	and	lands	(Block	A)	(informa@on	
summarised	from	the	Background	Informa@on	Document	

The following objectives were addressed during the assessment. 

1. identify the impacts associated with the construction of these facilities and recommend 
measures to remedy any construction impacts; 

2. identify operational phase impacts and recommend measures to ensure operational impacts are 

avoided or reduced and any beneficial impacts are enhanced; 

3. identify potential beneficial and adverse impacts as the environmental investigation 
progresses; 

Changes	rela2ng	to	the	dam

Irriga@on	basins	were	created	within	the	dam	
basin	by	moving	and	levelling	silt	to	construct	
berms.	Each	berm	has	a	sluice	gate	that	allows	
water	to	move	to	the	next	basin.

Observed.

Approximately	9	ha	of	vegeta@on	have	been	
cleared	prior	to	construc@on	of	the	irriga@on	
basins.

This	vegeta@on	was	largely	alien	Salix	baylonica	
and	New	Zealand	fescue.	Reeds	were	also	
removed.	(See	sec@on	3.1)

A	sluice	gate	was	constructed	in	a	water	course	
in	order	to	direct	water	from	the	Sundays	river	
towards	the	irriga@on	basins.

The	sluice	gate	is	at	the	side	of	the	water	
course	but	does	impact	on	the	channel	bank.

The	Sundays	River	was	diverted	to	the	east	of	
the	irriga@on	basins	by	means	of	a	berm.

A	new	channel	has	ben	constructed	alongside	
the	berm.	Connec@vity	along	the	Sundays	River	
has	been	restored.	(See	sec@on	4.3	and	4.4)

Changes	rela2ng	to	the	revitalisa2on	of	old	
lands

A	sluice	gate	constructed	to	direct	water	along	
an	exis@ng	channel	that	has	been	recently	
cleared.

An	old	sluice	gate	was	replaced

The	old	fields	have	been	converted	in	to	dam	
basins	by	construc@ng	berms.

Observed

A	watercourse	has	been	filled	in.	 No	evidence	observed	for	this.
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4. determine the significance of impacts and whether additional investigation will be required. 

7.1. Identify the impacts associated with the construction of these facilities and recommend 
measures to remedy any construction impacts 

The irrigation works represent the transformation of land that was already impacted by past 
developments. This change has had some negative environmental impacts (loss of biodiversity in 

the former dam) and considerable positive economic and social impacts including increased farm 
productivity, drought relief, predator control and employment. It should be noted that the CBA 
classifications of wetlands in the two areas is not always accurate (Section 3.2). There are no natural 

wetlands that have been affected. Neither has there been significant areas of natural vegetation 
cleared. Much of the vegetation of the sedimented dam (block B) and the former lands (block A) 
was alien and, in the case of the former lands, invasive (category 1b). 

Areas of disturbed ground, should vegetate in time but recovery could be accelerated by seeding 
and planting. Some is already planned. 

In Block A, the developed area is in places within the 32 m setback from the river. For the most 

part, I am of the opinion that this is unlikely to impact negatively on the river environment but there 
is one particular location where the development is close to a river meander that is undercutting the 
outer bend, threatening the berm that is within 5 m of the bank top (Section 4.5).  If the berm were 

to fail there would be a high likelihood of irrigation water flowing into the river at this point, which 
would have negative impacts on the channel as well as on the irrigation works themselves. There 
are two ways in which this could be addressed. The first is to realign the berm away from the 

meander bend. This would also require the sluice gate to be moved. The second is to construct an 
erosion control structure at the base of the river bank but care must be taken over the design so as to 

prevent further unintended erosion. 

7.2. Identify operational phase impacts and recommend measures to ensure operational 
impacts are avoided or reduced and any beneficial impacts are enhanced 

There is high likelihood of heavy rainfall over catchment resulting in high magnitude, destructive 
floods.  Kingwill (2019) notes instances of such events in 2006, 2011 and 2019. Although January 

and February are normally the wettest months, rainfall records for Blaauwater Farm show that at 
least one storm of over 50 mm has occurred in October, November and December. The seasonal 
forecast from the South African Weather Service predicts that the end of the year could receive 

higher than normal rainfall and that in all months rainfall intensities could increase above normal. 
There is potential instability of some of the structures and there is an urgent need to provide 
protection before the next significant flood event. Recommendations are given in Section 5. Mr 

Kingwill had already planned a number of interventions and some of the damage already evident , 
caused by the February 2019 flood, could have been prevented had he been allowed to go ahead 
with these. 
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7.3.  Identify potential beneficial and adverse impacts as the environmental investigation 
progresses 

Not clear what this means. 

7.4. Determine the significance of impacts and whether additional investigation will be 
required. 

Significance of impacts 

The significance of impacts is indicated in Table 2. 

Table	2	:	Significance	of	impacts

Further investigation 

The condition of earth works along the diversion channel (Block B) should be monitored on a 
regular basis (annually or after a significant storm event). Further investigation is needed in order to 
make recommendations pertaining either to realigning the berm away from the meander bend 

(Block A) or stabilising the bend. Both requires input from a specialist engineer. It would also be 
useful to investigate how tributary runoff form the subcatchment to the east of Block A could be 
better controlled and put to beneficial use. 
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threatened	by	sedimenta@on

pos@ve regional long medium medium preven@on	of	dam	breaching	and	
loss	of	downstream	sediment	
flux

Infrastructure	
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runoff

Economic	
impacts

posi@ve local long high high Farming	more	sustainable,	
climate	change	adapta@on

Social	impacts posi@ve local short high high employment	of	temporary	
labour

posi@ve local long high medium employment	of	permanent	
labour
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