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1 Executive summary 

This report covers a detailed description of all aspects of the Blaauwater dam bay irrigation 

development. It first outlines the geographical location of the farm along with the climatic 

factors and environmental issues that are prevalent to the farming operation. 

A basic overview is then given on the dam bay irrigation system, its infrastructural 

requirements and operation along with the various advantages and disadvantages of the 

system. 

Chapter 4 outlines the basic hydrological assessment that was conducted along with all 

calculations carried out of expected peak flows for various storm events. An analysis is also 

conducted on the spillway of the dam to investigate its peak flow capability. A few pointers 

are also listed of the basic hydrology of the area derived from local knowledge and 

experience 

The development that commenced was divided into two Blocks. Block A is discussed first. A 

detailed description is given along with illustrations of the area prior to the development. 

This shows where existing infrastructure was located and how it was used. This consisted of 

the damaged fountain dam, the old lands, the feeder canal, the weir and off take sluice.  

The design of the new layout along with the required infrastructure is then explained along 

with the relevant calculations. The construction of block A is then detailed showing the 

construction process and materials used. A mention is then made of infrastructure still 

required to complete the development of Block A along with the impacts of the severe 

thunderstorm that caused damage to the river bank and lower dam bays. A summary is then 

given of the perceived environmental, economic and socio economic impacts of the 

development 

Block B s development follows a similar format with a description given of the old existing 

land use functions of the relevant components within the development footprint. This 

consisted of the dam, the water course the old road and man-made diversion channel. A list 

of the most prevalent species of vegetation is also given along with their estimated 

presence to the area. 
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The main motivating factor for the development is due to the safety concern of the spillway. 

A list of options is shown to be explored with the most viable being to divert the river past 

the side of the spillway and develop the dam footprint itself. 

The survey and design of the relevant infrastructure is then discussed along with the 

hydraulic calculations presented in tabular form to show the various sluice plate settings at 

varying head of water. All canal and river calculations used manning equation to estimate 

flow rate and velocity 

The construction of the relevant infrastructure is then illustrated and listed. All construction 

was meticulously carried out to ensure stable structures. 

Chapter 13 then discusses the impacts of the development of Block A. This chapter clarifies 

the difference between impacts of the development and impacts of intense rainfall that fell 

in February 2019. The impacts of the development are then listed with special attention 

shown to the agricultural output and job creation. 

The summary combines the effects of the development and the advantage it will have on 

the farming business along with the negative impacts. 
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2 Introduction  

Blaauwater farm is situated 60km north east of Graaff Reinet. The farm is located at the foot 

of the Lootsberg mountain range. The average altitude of the farm is 1510 meters above sea 

level. The climate is characterised by cold harsh winters and warm to hot summers. The 

average annual rainfall is approximately 400mm P/A which predominately falls in January, 

February and March. 

The Lootsberg range is part of the broader Sneeuberg Mountains, the area is widely known 

as a harsh farming environment due its high altitude, short growing season and 

predominantly sour veld. The significance of sour veld is a poor soil type with a low Ph. This 

results in grasses and plants also being poor in nutrients, particularly protein. Furthermore 

to survive severe winters these grasses withdraw nutrients from the leaves and store them 

in roots. These reserves are then used to start growing again in the spring. Sour veld grasses 

are therefore particularly unpalatable in the winter and are very low in nutritional value 

(Fritz van Outshoorn, 2002)  

This poses a major challenge for small and large stock farming in the area as animals rely on 

protein levels to sustain themselves and reproduce. To add to the nutritional challenges of 

maintaining animals in this area problem animals such as black backed jackal (Canis 

mesomelas) and caracal (Caracal caracal) have exponentially increased in numbers over the 

last few decades. These animals cause immeasurable damage to flock numbers and their 

ability to reproduce.  

Currently the farming business supplements approximately 100t of feed at a rising cost of 

R500 000 per annum to sustain animals from nutritional deficits in winter months. This is 

exacerbated by the presence of problem animals whereby safe intensive grazing areas are 

required to keep small stock safe during lambing seasons. This demonstrates the need to 

develop cultivated pastures on a sustainable basis to close this gap and mitigate the threat 

of problem animals. 
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3 Background 

Before the advent of modern irrigation systems previous generations devised various 

methods of developing cultivated pastures. These systems all relied on flood water from the 

rivers, hence the development of these pastures along the major water courses. In my view 

these systems are extremely effective as they make use of two valuable resources at ones 

disposal, namely deep fertile soil and flood water. 

Of the flood-land systems developed, the “Saai dam” or “dam bay” system I believe to be 

ingenious. This system is specifically designed for Lucerne (Medicago sativa) as it establishes 

an extremely deep tap root reaching depths of 3-5m when mature. The development of this 

type of system involves constructing a series of dam bays connected to a feeder furrow. The 

feeder furrow runs through each dam bay and is controlled by means of a sluice gate. The 

dam bay is levelled with a negative gradient towards the feeder furrow and sluice gate. This 

is to prevent any water pooling in the dam bay after draining so as to protect the Lucerne 

from drowning. The dam bay is also levelled so that the highest point of the area in the bay 

is just lower than the top level of the sluice gate. The idea is that when flood water is 

available all the sluice gates are set closed. The water will fill up the first dam bay and start 

over topping into the next bay as soon as it has covered the surface area of the first bay. The 

system will continue operating in this manner until such time as all the bays are full, or the 

run of water has ceased. The water is then left to stand in each dam bay for 24hrs. The 

sluice gates are then opened to allow the water to drain. This is done from the bottom dam 

of the system back towards the top dam. 

Consultation with farmers in the area who have employed this form of irrigation for 

generations, revealed that approximately three to four flooding per year, depending on soil 

type, were required for productive Lucerne to be grown. Heavy clay soils were ideal as they 

held moisture in the soil for long periods of time 

This form of irrigation practise has caught the eye of international researchers who have 

realised its value as an effective and sustainable means of water harvesting. Figure 1 shows 

the system in operation. 
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Figure 1: Dam bays of Block A in operation. 

Advantages of the system 

 The water can be continuously recycled and used from one dam bay to another or 

from one irrigation block to another. 

 Excess water can be released back into the water course. 

 The feeder canals act as means of stream flow reduction during times of peak flow. 

 Subsurface soil is wet deep down, allowing for established Lucerne to continue 

producing for long periods of time without water. This can also be beneficial for 

underground water sources. 

 No running costs on the system. 

 No pumping from underground water sources. 

Disadvantages of the system 

 Establishing the Lucerne plant is the biggest challenge. This requires   timed 

flooding’s, or rainfall, after planting. Follow up rain or flooding is required at regular 

intervals until such time as the root structure is developed and can sustain the plant 

for longer periods without water. 

 High input costs to construct infrastructure initially. 



BLAAUWATER FARMS IRRIGATION DEVELOPMENT  REPORT 10/05/2019 

  
 

11 | P a g e  
 

4 Hydrological assessment 

4.1 Rational method 

The rational method was used to do a basic hydrological assessment of the catchment. This 

data was used to design and plan the river channel to bypass the spillway as well as to 

assess the volume of runoff water available. The catchment was divided into two areas as 

each sub catchment has a dominate water course. Catchment 2 s data was added to 

catchment 1 with the peak flow being the sum of the catchments at convergence. 

 

Figure 2: Catchment areas 

From figure 1 the following data could be assembled      

Table 1: Input data for rational method 

Input data 

 Catchment 1 Catchment2 

Size  (A) 10.6km2 13.4km2 

Longest water course (L) 5.68 km2 6.23km2 

MAP 400mm 400mm 

Average slope 6.2% 3.8% 

Rainfall region summer summer 
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Table 2: Run off coefficients for rural areas (Van der Merwe, 2005) 

Run off coefficient for rural area 

Surface slope (cH) Catchment 1 (%) Catchment 2 (%) 

Vleis and pans 0 0 

flat 25 30 

hilly 50 55 

Steep areas 25 15 

CH = 0.123 0.114 

Permeability (cD)   

very permeable 0 0 

permeable 60 60 

Semi permeable 35 35 

impermeable 5 5 

CD = 0.0885 0.0885 

Vegetation (cP)   

Thick bush 0 0 

Light bush and farm land 45 45 

Grass lands 50 50 

No vegetation 5 5 

CP = 0.130 0.130 

CH + CD + CP = 0.342 0.333 
 

Time of concentration 

The time of concentration where a defined water course exists can be determined from the 

following formulae developed by the United States soil conservation service. The results of 

calculations are shown in Table 3. 

   (
      

            
)
     

 (Van der Merwe, 2005) 

 

Table 3: Time of concentration results 

 Catchment 1 (hr) Catchment 2 (hr) 

Tc  0.76 0.89 
 

 

Rainfall intensity 
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The rainfall intensity is related to the Mean Annual Precipitation (MAP) of the rainfall region 

(Haarhof & Cassa, 2009). Using the regional factor, MAP factor and frequency factor the 

following data can be compiled. 

                         
     

                   
 (Haarhof & Cassa, 2009) 

                      

           
                

   
 (Haarhof & Cassa, 2009) 

            0.87 

   
         

   
 (Van der Merwe, 2005) 

 

Catchment 1 

 Years 2 5 10 20 50 100 

C 0,342 0,342 0,342 0,342 0,342 0,342 

MAP Factor 0,87 0,87 0,87 0,87 0,87 0,87 

Frequency 
factor 

0,47 0,64 0,81 1 1,3 1,6 

Regional factor 61,78 61,78 61,78 61,78 61,78 61,78 

I (mm/hr) 25,3 34,4 43,5 53,7 69,9 86,0 

A (km2) 10,6 10,6 10,6 10,6 10,6 10,6 

Q (m3/s) 25,4 34,6 43,8 54,1 70,4 86,6 

 
      

Catchment 2 

years 2 5 10 20 50 100 

C 0,333 0,333 0,333 0,333 0,333 0,333 

MAP Factor 0,87 0,87 0,87 0,87 0,87 0,87 

Frequency 
factor 

0,47 0,64 0,81 1 1,3 1,6 

Regional factor 55,46 55,46 55,46 55,46 55,46 55,46 

I (mm/hr) 22,7 30,9 39,1 48,3 62,7 77,2 

A (km2) 13,4 13,4 13,4 13,4 13,4 13,4 

Q (m3/s) 28,1 38,3 48,4 59,8 77,7 95,7 
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Return period 
Catchment 
1  
(m3/s) 

Catchment 
2 
 (m3/s) 

Total 
Peak  
(m3/s) 

Reduction  
factor  

Total 
peak 
(m3/s) 

realistic 
peak 

2 25,4 28,1 53,5 0,75 40,2 30,1 

5 34,6 38,3 72,9 0,8 58,3 43,7 

10 43,8 48,4 92,3 0,85 78,4 58,8 

20 54,1 59,8 113,9 0,9 102,5 76,9 

50 70,4 77,7 148,1 0,95 140,7 105,5 

100 86,6 95,7 182,3 1 182,3 136,7 

 

Summary of data 

Where Catchment 1 and 2 peak flows converge equates to the resultant total peak flow 

illustrated in Table 4. In my view this data is inaccurate and unlikely due to the following 

reasons:  

 The time of concentration for the two catchments differ slightly. 

 Thunderstorm patterns move from North West to South East. 

 From figure 1 it can be seen that the two catchments fall in A NW-SE direction so 

therefore catchment 2 will receive rainfall fairly long in advance from the South East 

corner of catchment 1 thus making it highly unlikely of a simultaneous peak flow. 

 Based on experience I am of the view that a more realistic figure would be to use the 

peak flow of one catchment in addition to half the peak flow of the second 

catchment i.e. adding an additional factor of 0.75. This has been illustrated in the last 

column of table 4. 

 I believe this is a more realistic approach and the results yield more credible figures. 

 

4.2 Additional hydrological analysis 

A further hydrological analysis was conducted on the existing spillway of the dam to assess 

its outflow capacity. The dam has been in place since 1954 so I believe it could give a fairly 

accurate assessment of design flow. Figure 3 shows the spillway in its current form. 

 

Specifications 
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Current spillway depth (dam side)  1m    

Spillway length    35,6m 

Spillway breadth    0.450m 

Spillway height    3.4m 

Support buttress height   3m  

Support buttress base    2.85m 

No of support buttress   10 spaced 2,85m c/c 

Freeboard     1,2m 

 

 

Figure 3: Existing Spillway 

 

Using equation for a broad crested weir 
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          (   
  

  
)

 

 
 (Chadwick, et al., 2013) 

Setting h as 1,2m (maximum freeboard height) 

And  

              (Chadwick, et al., 2013) 

With  

     As the spillway is very narrow to its length 

Therefore  

Cd = 0.848 

At maximum flow neglecting velocity head (this would be negligible) 

Q= 67.85m3/s 

This is close to 76m3/s in Table 4 which is calculated as 1:20 year storm event for realistic 

peak flow. 

4.3 Hydrology from experience 

The following points were also noted based on intimate knowledge of the area. 

 In an average rainfall year approximately 4-5 runs of water could be expected. 

 An average run of water yields 20-30m3/s. 

 The average run of water lasts 1.5-2hrs in duration. 

 The most likely months to receive run off is February followed by January then 

March. 

 This is followed by December, November April and October 

 The least likely months are June, July and August. 
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5 Development Block A 

5.1  Historical land use. 

The area consisted of old fallow lands that were no longer in use. Their design utilized the 

conventional flood leading system. The block is situated on Blaauwater, Farm 65.No records 

exist as to when this infrastructure was developed, however I am of the opinion it was 

established in the early 1900s. The reason for this is Farm 65 was purchased by Walter 

Kingwill (my Grandfather) in 1933. According to my father, Charles Kingwill, he remembers 

as a young boy that this infrastructure was already in place and was not developed by his 

father Walter Kingwill. 

The infrastructure consisted of the following components illustrated in the satellite imagery 

of figure 4. 

 

Figure 4: Block A prior to development 

Diversion weir and sluice 

The diversion weir was built across the Sundays River with its location relative to the area 

shown in Figure 4. Figure 5 shows the old weir in its current form. It was constructed from 

sandstone blocks and mortar and later extended with concrete. Part of the weir was 

damaged in 2011 floods.  
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Figure 5: Old diversion weir with repaired wing wall in the distance. 

The weir was built prior to the dam’s construction in 1954. The original route of the river is 

also illustrated in Figure 4 with Figure 6 showing it currently. The off take sluice and wing 

wall was designed to direct water into the flood furrow. This infrastructure was aged and 

weathered and was also badly damaged during February 2011 when intense rainfall caused 

extreme flooding in the area. 

 

Figure 6: River bed of Sundays River prior to the dam’s construction. 

Feeder canal 
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This canal conveyed water to the flood lands. The route of the canal is illustrated in figure 4. 

This canal was silted closed and overgrown with vegetation and is difficult to see from the 

Satellite imagery. A large portion of the canal also routed through the poplar bush visible in 

the background of figure 7. Proof of the existence of this canal is the presence of the old 

flushing sluice shown in Figure 7. 

Flushing sluice 

The flushing sluice was designed to flush silt deposited in the first 50m of the canal as the 

gradient of this region of the furrow is very slight. Figure 7 shows the old flushing sluice with 

the feeder canal running behind it. 

 

Figure 7: Old flushing sluice. 

 

Fountain dam. 
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This dam, clearly visible in Figure 4, was designed to act as a small holding reservoir to 

irrigate the lands below it. It received the excess flood water from the canal as well as 

fountain water from a small weir located in the river. This water was conveyed by means of 

an old asbestos pipeline. 

   

Figure 8: Old pipe line conveying fountain water to dam with damaged weir structure. 

Figure 8 show the old pipe line along with the remains of the small weir structure that was 

also damaged during the 2011 floods. 

The dam was also designed to receive water from the small water course that can be seen in 

figure 4. An emergency diversion was put in place in January 2007 as localised flooding 

broke a section of the earth berm of the dam during December 2006. Figure 4 shows the 

location of the break, however due to the establishment of large bushes on the earth berm, 

the break is not visible from satellite imagery. The diversion was put in place to prevent 

further damage and erosion to the berm when a run of water occurred. It was decided not 

to repair the dam as it no longer served a purpose. It was also poorly designed with no 

designated spillway installed. The dam has therefore never had the ability to hold any water 

except for a very shallow pool that collected from localised run off. This has usually dried up 

within a week or two after any rainfall. From the satellite imagery of the area provided by 

google earth it can be noted that the last time the dam was full of water was the 22.11 2006 

(Figure 9) This was as a result of 75 mm falling in the area during October 2006 (refer 

annexure 1 rainfall records). The damage to the berm was caused on the 23rd December 

2006 when a total of 68mm was recorded in two rainfalls on the 21st and 23rd.  
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Figure 9: Small fountain dam last with water. 

Subsequent imagery of 30.07 2013 in Figure 10 shows the dam bone dry despite other 

water bodies in the area still holding water.  

 

Figure 10: Fountain dam dry. 

Imagery of the 27.02.2016 in Figure 11 shows the shallow pool of water mentioned above. 

This is despite a total of 258 mm being recorded for January and February that year.  

Since 2007 the footprint of the small dam has been a barren piece of earth and not a critical 

biodiverse area as demarcated on the National Freshwater Ecosystem Priority Areas desktop 

study. Although this study provides a valuable platform in identifying critical ecosystems it 

fails to take into account the reality of these water bodies on the ground and possibly 

conveys a mistruth of the actual situation. 
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Figure 11: Superficial ponding from local runoff. 

Cultivated pastures 

The lands to the North of the small fountain dam received water from the furrow, each 

flood acre was equipped with a small sluice structure allowing water into the field as well as 

one adjacent in the furrow. 

The lands below the dam were irrigated from the dam itself. It is estimated the lands were 

last reworked in the mid-1990s, however until 2011 efforts were made to “no till” winter 

crops in the bare acres. This was largely unsuccessful as the infrastructure was old and in 

need of repair. 

5.2 Motivation for development 

 The area was originally zoned and authorized as cultivated lands and had existing 

infrastructure. 

 The area was situated along the water course and had high yielding potential due to 

deep arable soil. 

 The soil type is predominately heavy clay thus making flood type irrigation more 

effective. 

 The area in its current state was fallow and unproductive. Very little natural 

vegetation had re-established. 
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 The small holding dam was damaged and no longer in use. 

 The infrastructure that supplied water to the dam was damaged, however had 

potential to be restored. 

 The dam’s footprint consisted of bare ground as no natural vegetation had re-

established.   

 Due to climate change and global warming the project is part of a wider initiative to 

harvest and utilise water more effectively. 

 

 

 

 

 

 

 

 

 

 

 

 

6 Design  

6.1 Dam bays 

Survey 

The plan for the area was to utilize the existing infrastructure where possible but to alter the 

means of irrigation from the conventional flood land system to the dam bay system. 
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The survey revealed a fairly steep negative gradient (approximately 1.5%) running from 

north to South. The most suitable plan was to divide the area into 13 dam bays each with 

their own sluice structure. The small holding dam would be extended and incorporated into 

a dam bay itself with the purpose of acting as a short term storage facility, for the bays 

below it. The last bay would discharge water back into the river. 

Water requirements.  

The basic Hydrology assessment, conducted in chapter 3, proved without doubt the 

feasibility, in terms of runoff water available, to redevelop the old lands in Block A.  

Table5 illustrates the water requirements per dam bay. The total volume   shown in column 

7 is the total volume each bay will reach before overtopping into the next. It is estimated 

that approximately one third of the water is lost to infiltration. 

The great advantage of the system is that water can be continually recycled so it is not 

necessary that the total amount of 16880 m3 is required per flooding. As an example a run 

of water lasting 1.5hrs, with a design flow of 1.5m3/s, will yield a total volume of 8100m3. 

This would be enough water to flood bays 1-7 and a quarter of bay 8. Assuming a third of 

the water is lost to infiltration the remaining water will be released from these dams and 

would be enough to flood the remainder of dam 8 and half of dam 9. Again, if a third of this 

water is lost to infiltration it would leave 3636m3 remaining and would be adequate to 

flood the remaining 4 dams as well as release  approximately 2000m3 back into the water 

course. 

 

Table 4: Water requirements Block A. 

Dam no Size 
(m2) 

Ave 
length(m) 

Ave 
depth 
(m) 

Volume 
(m3) 

Furrow 
length 

Furrow 
volume 
(m3) 

Total 
volume 

1 1799 78 0.195 351 83 82 433 

2 3252 60 0.150 488 70 70 558 

3 3748 40 0.100 375 69 68 443 

4 6131 58 0.145 889 92 91 980 

5 9387 57 0.143 1342 52 52 1394 

6 12539 67 0.168 2107 94 93 2200 

7 10738 54 0.135 1450 66 65 1515 
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8 18640 110 0.275 5126 39 39 5165 

9 7496 45 0.113 847 82 39 886 

10 9569 46 0.113 1082 47 47 1129 

11 9494 52 0.130 1235 54 53 1288 

12 5812 41 0.103 599 31 31 630 

13 2450 27 0.100 245 14 14 259 

Total  10.11ha   16136  744 16880 
 

An amount of 6000 m3 of water is therefore required to flood the area. The benefits of this 

system are self-explanatory. 

6.2 Dam bay Sluice structures.  

The hydraulic design of the sluice gate structures was essentially based on two formulas 

namely the broad crested weir formula and the sluice gate formula. Each sluice structure 

was   replicated for each dam bay. The design specification are vital as each dam bay acts 

like a mini dam. The sluice structure works like a mini spillway and if too much water is 

allowed through the off take sluice at the river it could lead to over topping of the earth 

embankments and damage to the system. 

Hydraulic design 

From the data tabulated in table 5 and based on the assumption a run of water lasts 1.5hr a 

design flow of 1,5m/s is used. This would yield a total of 8100m3 and is more than sufficient 

to flood the entire area. The broad crested weir formulae is used to calculate the size of the 

structure. Figure 12 illustrates the workings of the broad crested weir and the relevant 

symbols used. 

Broad crested weir 
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Figure 12: Broad crested weir diagram.

            
 

  (Chadwick, et al., 2013)    

             (Chadwick, et al., 2013) 

            
  

 
      (

  

         
) (Chadwick, et al., 2013) 

 Q = Discharge  (m3/s) 

 cd = coefficient of discharge = cf x 0.848 

 cf = correction factor  

 w = width of weir 

 b= breadth of sluice structure 

 ps = depth of structure 

 h1 = hydraulic head 

 

Given the above equation and making b as the subject of the formulae with the following 

parameters set  

 w = 0,33m 

 Ps=1m 

 h1=0,350m (allowable freeboard) 

Making Cf = 1.11 

Making cd = 0.94 
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Therefore Q = 1.5m/3  

 

This would make b =4.52m and would work out very costly to build 13 structures this size. 

The plan was then devised to set the parameters as follows 

 b=2,1m 

 Ps =1m 

 h1 =0.350m 

 w = 0.33m 

 Cf = 1.11 

 Cd = 0.94 

This would make Q= 0.7m3/s. Bearing in mind the formulae used has been for a broad 

crested weir. Half of b is in fact a sharp crested weir (as this is the top of sluice plate) it can 

safely be assumed that Q would be 0,75m3/s as a higher velocity would move over a 

narrower plate. Q is therefore half the required flow of 1.5m3/s 

To negate this shortage   in free board the standard operation would be to set sluice plates 

1-7 at a calculated opening to allow 0.75m3 through the system whilst the remaining 

0.75m3/s would fill each dam. These would then be closed as the run of water negates to 

ensure the dams stay full for 24hrs.Dam 8 would act as a storage for the lower block (9-13) 

The equation for the sluice gate is used with figure 13 illustrating the workings with the 

different symbols used. 
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Figure 13: Illustration of the sluice gate formulae. 

 Q= cdbyg √  y1   (Chadwick, et al., 2013) 

 Cd= cc/√            (Chadwick, et al., 2013) 

 Cc=0.61 

 b =0,944 

 y1 = 1m 

Setting yg as the subject of the formulae and using 0.75m3/s as Q 

 yg  = 0.3m 

Therefor the Hydraulic design of the sluice structure will be as follows (refer to figure14) 

 b = 2.1m 

 Ps  = 1m 

Sluice plate = 1m x 0.944 

Free board  = 0.550m 
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Figure 14: Sketch of sluice design. 

Check for type of flow 

 V = Q/A 

 V= 0.75/0.283 = 2.648m/s 

 Y2= ccyg 

 y2= 0.183 

Fr = 
 

√   
 

 Fr = 2  

The Froude number is greater than 1 therefore super critical flow conditions will exist. A 

suitable scour prevention apron would be required. 

From the flow calculations the following can be concluded. 

 The weir and sluice structure will be 2.1m in breadth and 0.550m in thickness 

 The free board will be 0.5m with an estimated flow depth over the weir of 0.35m 

 The flow rate over the weir will be 0.75m3/s and 0.75m3/s through the sluice plate 

when it is set at 0.3m open. 

 The weir and sluice could therefore accommodate 1.5m3/s of flow. 
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6.3 Feeder canal 

The design was done on a “like for like” basis. The length of the canal to the first sluice is 

400m. Annexure B Illustrates the longitudinal section of the recommissioned canal. The 

cross sectional dimensions is 1.2m at the base with an average side slope of 1:0.3.The 

average gradient is 0.776%. The gradient on average is fairly uniform along its length with 

the cross sectional area varying slightly. The calculations were based on uniform flow. 

Although this is not entirely accurate it gives a means to check dimensions against required 

flow. 

 

Figure 15: Feeder canal cross section. 

Using the manning formulae to check that dimensions, gradient and velocity fall within   the 

acceptable range: 

 

   
 

 
 
      

        
     (Chadwick, et al., 2013) 

 Q = flow rate m3/s 

 N = Manning roughness (for earth 0.02)) 

 A = area 

 P= Wetted perimeter 

 S= gradient (0.0085m/m refer to annexure B, Longitudinal section) 

 

Table 6 illustrates flow and velocity rates for varying flow depths. 
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Table 5: Depth to discharge rate. 

 

From the data calculated in table 6 it can be seen that for the required flow of 1,5m3/s the 

canal will be running at a depth of 0.524m. This is well within the specification of the canal 

as it was constructed with a height of 1.2m. 

   
 

 
 

V= 2.11m/s 

This will be used to calculate type of flow 

By calculating the Froude number this will define the regime of flow 

   
 

√   
 

Where 

 Fr = Froude number 

 V = Velocity (2.11m/s) 

 g = gravitation acceleration (9.81m/s) 

 Dm = Hydraulic mean depth (area/top width) 

Using the information above and inserting into the above equation 

 Fr = 0.98 

This can be summarized as follows 

 For Fr < 1 the flow is subcritical 

flow 

depth(y)

(m)

base width 

(b)

(m)

side slope 

(x)

area (A)

(m2)

wetted 

per(P)

(m)

n 1/n
slope

(m/m)

S½

(m/m)

flow 

rate(Q)

(m3/s)

velocity(V)

(m/s)

0,3 1,2 0,3 0,39 1,83 0,02 50 0,0085 0,09220 0,63 1,64

0,35 1,2 0,3 0,46 1,93 0,02 50 0,0085 0,09220 0,81 1,76

0,425 1,2 0,3 0,56 2,09 0,02 50 0,0085 0,09220 1,09 1,93

0,45 1,2 0,3 0,60 2,14 0,02 50 0,0085 0,09220 1,19 1,98

0,5 1,2 0,3 0,68 2,24 0,02 50 0,0085 0,09220 1,40 2,07

0,524 1,2 0,3 0,71 2,29 0,02 50 0,0085 0,09220 1,50 2,11

0,55 1,2 0,3 0,75 2,35 0,02 50 0,0085 0,09220 1,62 2,16

0,6 1,2 0,3 0,83 2,45 0,02 50 0,0085 0,09220 1,85 2,23
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  The velocity is slightly slower than the critical velocity. 

The flow is very near to critical flow thus energy is the lowest for maximum discharge. This is 

close to ideal flow conditions. 

6.4 Flushing sluice 

This has of yet not been recommissioned.(refer to figure 7) The calculation above shows 

that deposition will occur in the furrow particularly in the first 75m of the channel, therefore 

the flushing sluice will assist in removing silt in this area and the design will be based on the 

existing structure 

6.5 Off take sluice 

Design 

The opening of the off take sluice has been designed on a “like for like” basis, this being 

1.2m x 1.2m. The concrete structure has been increased in size to with stand heavy flooding. 

The wing wall on the existing weir has been repaired to its original condition. 

 

Figure 16: Poplar bush off take sluice design sketch. 

The flow calculations for various sluice gate openings are calculated using the following 

formulas. 
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Q= cdbyg √  h1 (Chadwick, et al., 2013) 

Cd= cc/√           (Chadwick, et al., 2013) 

 Cc=0.61 

 b = breadth = 1.2m 

 h1 = 0.8m (this is a minimum due to the wing wall) 

 Yg = sluice opening  

 

Table 7 illustrates the various flow rates that can be expected through the sluice gate based 

on the gate opening setting and the height of water (h1) in the river. This will be a minimum 

of 0, 8m as the wing wall acts as a depth control for the sluice itself. Table 7 shows the gate 

opening setting ranges from 0.5 – 0.6m for the design flow depending on the depth of 

water. 
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Table 6: Gate opening height to flow rates. 

 

To check flow conditions based on gate opening of 0.55m 

Y2 = cc x yg = 0.61 x 0.55 = 0.34 

V = 2,92m/s 

Fr 2 = 
 

√   
 

Fr = 0.87 

(yg)

gate opening

(m)

(y1) 

Height of water

(m)

cd

(b) 

width of sluice

(m)

cc

(Q)

flow rate

(m3/s )

V

(m/s)

0,3 0,8 0,5503 1,2 0,61 0,78 3,14

0,3 1 0,5608 1,2 0,61 0,89 3,58

0,3 1,2 0,5682 1,2 0,61 0,99 3,97

0,4 0,8 0,5340 1,2 0,61 1,02 3,05

0,4 1 0,5469 1,2 0,61 1,16 3,49

0,4 1,2 0,5561 1,2 0,61 1,30 3,89

0,5 0,8 0,5190 1,2 0,61 1,23 2,96

0,5 1 0,5340 1,2 0,61 1,42 3,41

0,5 1,2 0,5447 1,2 0,61 1,59 3,81

0,55 0,8 0,5120 1,2 0,61 1,34 2,92

0,55 1 0,5278 1,2 0,61 1,54 3,37

0,55 1,2 0,5393 1,2 0,61 1,73 3,77

0,6 0,8 0,5053 1,2 0,61 1,44 2,88

0,6 1 0,5219 1,2 0,61 1,66 3,33

0,6 1,2 0,5340 1,2 0,61 1,87 3,73

0,65 0,8 0,4988 1,2 0,61 1,54 2,85

0,65 1 0,5162 1,2 0,61 1,78 3,29

0,65 1,2 0,5289 1,2 0,61 2,00 3,70

0,7 0,8 0,4926 1,2 0,61 1,64 2,81

0,7 1 0,5106 1,2 0,61 1,90 3,26

0,7 1,2 0,5239 1,2 0,61 2,14 3,66

0,75 0,8 0,4865 1,2 0,61 1,73 2,78

0,75 1 0,5053 1,2 0,61 2,01 3,22

0,75 1,2 0,5190 1,2 0,61 2,27 3,63
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Check whether discharge is free 

From the channel calculations it was calculated that yn=y3 =0.55m (this is depth of flow in 

the channel) 

Y3/y2= 0.5 (√             -1  

 = 2.79 

 Y3= 0.34x 2.79 = 0.95m 

This is greater than yn of 0.55m so therefore the discharge is free. As the Froude number is 

lower than 1 sub critical flow will exist under the sluice gate therefore no requirement for a 

scour apron.  

 

 

 

 

 

 

 

 

 

 

 

 

 

7 Construction 

Construction of Block A commenced on the 28.11.2017  
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7.1 Dam bays and earth embankments 

 A total of 13 dam bays were constructed.  

 From the satellite imagery of figure 17 the layout of the dam bay system can be 

clearly seen. 

 The bays are labelled 1-13. The route of the feeder canal is illustrated along with the 

location of the off take sluice. 

 The earth embankments were constructed using a bull dozer (figure 18). 

 Figure 19 shows these being compacted, shaped and levelled by hand. The top 

height of the embankment was levelled according to the top height of the sluice 

structures maximum freeboard level 

 The dam bay levels were finalized using tractor drawn laser level scoops with 

gradients set within the bays between 0.015-0.03 % 

 

 

Figure 17: Block A: post development. 
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Figure 18: Bull dozer constructing earth Berms. 

 

Figure 19: Earth berms being shaped and compacted. 
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7.2 Sluice structures 

 All sluice structures were constructed from 25Mpa reinforced concrete, boxed in 

brick masonry work and plastered as illustrated by figure 20 and 21 

 

Figure 20: Early stage of construction of sluice structures. 

 

Figure 21: Construction of sluice structures. 
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 Part of the structure is keyed into the earth embankment and well compacted 

 The sluices consist of 3mm mild steel plate, reinforced on the downstream side with 

3 x 5x50mm angle iron. The sluice plate slides in back to back 50x5mm angle iron, 

spaced by a 50x 5mm flat iron, thus forming groves to slide in and operated by a 

simple chain roller system. 

 The wing walls were constructed from reinforced clay fired bricks finished with 

plaster. 

 Each sluice structure has been paved with a scour apron on the downstream side 

consisting of sand stone rock slabs and grouted with a 20 Mpa concrete. 

 Figure 22 shows the completed sluice structure replicated for all 13 dams. 

 

Figure 22: Completed sluice structure. 

7.3 Off take sluice 

Construction of the off take sluice entailed the following 

 Clearing and removal of poplar trees  

 Clearing and removal of the old structural ruins 

 Excavation and boxing of the old foundations 

 Casting of the 25Mpa concrete foundations with starter bars as seen in figure 23. 
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Figure 23: Casting foundations with starter bars. 

 Erecting of the boxing and reinforcing bars (figure 26). 

 Drilling starter bars into the old weir structure. 

 Casting of the 25Mpa concrete (figure 25). 

 Removal of the boxing forms. 

 Installation of the steel sluice plate and walkway 

 Clearing of the site and removal of plant and equipment. Figure 26 shows the 

completed structure. 

 

Figure 24: Erecting of boxing and reinforcing. 
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Figure 25: Casting of 25Mpa concrete. 

 

Figure 26: Completed structure. 
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 Embankments were also altered to the north of the structure to prevent the 

occurrence of 2011 where flood water washed through from behind the structure. 

This is shown in figure 27 and 28. 

 

Figure 27: 2011 flood damage route. 

 

Figure 28: Embankment altered to prevent excessive floodwater damaging sluice structure. 
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8 Development required to complete project 

8.1 Recommissioning of the flushing sluice 

As mentioned above the flushing sluice is required to assist with removing silt from the 

furrow. This is to be reinstated on a like for like basis. 

8.2 Suspension bridge 

A small suspension bridge is required to access the area (Block A) from the western side of 

the river when in flood. Access is required to operate the sluice gates and off take sluice to 

ensure the system is operating correctly. A suitable location has been identified adjacent to 

dam 13 of the system. 

8.3 Weir structure below dam 13 

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

into the river. This area was severely damaged on the 11 Feb 2018 when abnormal rainfall 

fell on the eastern side of the farm. It is estimated that in excess of 75mm fell in 30min 

resulting in a rainfall intensity of 150mm/hr or more. This caused heavy localised flooding 

and substantial damage to the bottom four dam bays of block A. Figure 29 shows the small 

catchment along with the normal route of the watercourse.  

 

Figure 29: Small catchment basin where severe rainfall intensity occurred. 
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The dark blue line illustrates the path of the flood water which breached the four erosion 

berms marked in red. This water swept into the bottom four dam s, subsequently causing 

catastrophic damage to the bays themselves as well as to the river bank as shown in Figure 

30. 

    

Figure 30 : Damage to dam bays. 

A basic hydrological assessment of the small catchment was conducted to reveal the 

possible peak flow rate of the run of water that occurred. 

Q= CIA/3.6 (Chadwick, et al., 2013) 

 C= Runoff coefficient. This was estimated to be 0.45 for the small catchment as the 

 area  was very bare with little grass cover. The rainfall was also of the first to fall 

 after the severe drought of 2018. 

 I = Intensity (estimated to be in excess of 75mm in 30min equating to 150mm/hr) 

 A= Area (from google earth measured at 1.1km2) 

Table 8 illustrates possible peak flows at varying rainfall intensity. 

Table 7: Peak flow rates at different rainfall intensity. 

Estimated reading(mm) Intensity (mm/hr) Peak flow (m3/s) 

75 150 20 

85 170 23.4 

100 200 28 

 

The possible peak flows in Table 8 illustrate an abnormal, severe run of water for the small 

catchment. This catchment usually only produces 4-5m3/s during average rainfall intensity. 
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The infrastructure was unable to cope with these possible flows thus resulting in the severe 

damage that occurred. 

9 Impact of the development 

9.1 Positive impacts 

Environmental 

 Fallow densely compacted bare ground with heavy capping has been aerated 

allowing for suitable moisture infiltration thus improving the water cycle of the area. 

 The area has been planted to Lucerne thereby allowing for a more substantial 

carrying capacity of animals. This in turn would stimulate a more robust carbon cycle 

that would promote growth and succession of natural grasses, despite the presence 

of Lucerne. 

 Dominant alien vegetation namely Nassella trichotomy has been eradicated. 

Economic 

 The carrying capacity of established Lucerne is estimated at about 25-35 sheep ewes 

per hectare. This equates to 3.5 – 5 LSU. Figures for the dam bay system receiving 

average annual rainfall point towards 2-2.5 LSU per hectare. 

 Prior to development this area could only sustain approximately 15 sheep across its 

entire area resulting in a carrying capacity of 0.14 LSU per hectare. 

 Based on these figures the business could increase stocking numbers by 150-200 

ewes. 

 Using the five yearly average gross margin figures for the business this would result 

in an increased profit of approximately R300 000 per year. 

 Table 9 illustrates the potential fodder value of the Lucerne if it is to be cut, baled 

and stored, for marketing during the winter months. 

 Table 9 also illustrates expected yields for various seasons. 

 In general one flooding of water will equate to one cutting of Lucerne. 

 The highlighted data is what should be expected during an average rainfall year. 
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Table 8: Estimated agricultural output based on the fodder value. 

 

Socio economic 

 The farming business operates at approximately 1 labourer per 200 ewes so by 

developing this unproductive area and establishing Lucerne the business could 

employ an additional member. 

 The construction phase employed 12 labourers on average for an 8 month period. 

This included machinery operators, building, fencing and general labour teams. 

 

Expected 

yield

(t/cutting)

No cuttings

per annum

Expected yield

(t/ha)

Area 

(ha)

Total yield

(t/ha)

Pice of 

lucerne

(R/ton)

Gross 

turnover

Input 

costs

(R/ton)

Gross profit

0,5 1 0,5 10,5 5,25 R3 500,00 R18 375,00 R850,00 R13 912,50

0,5 2 1 10,5 10,5 R3 500,00 R36 750,00 R850,00 R27 825,00

0,5 3 1,5 10,5 15,75 R3 500,00 R55 125,00 R850,00 R41 737,50

0,5 4 2 10,5 21 R3 500,00 R73 500,00 R850,00 R55 650,00

1 1 1 10,5 10,5 R3 500,00 R36 750,00 R850,00 R27 825,00

1 2 2 10,5 21 R3 500,00 R73 500,00 R850,00 R55 650,00

1 3 3 10,5 31,5 R3 500,00 R110 250,00 R850,00 R83 475,00

1 4 4 10,5 42 R3 500,00 R147 000,00 R850,00 R111 300,00

1,5 1 1,5 10,5 15,75 R3 500,00 R55 125,00 R850,00 R41 737,50

1,5 2 3 10,5 31,5 R3 500,00 R110 250,00 R850,00 R83 475,00

1,5 3 4,5 10,5 47,25 R3 500,00 R165 375,00 R850,00 R125 212,50

1,5 4 6 10,5 63 R3 500,00 R220 500,00 R850,00 R166 950,00

2 1 2 10,5 21 R3 500,00 R73 500,00 R850,00 R55 650,00

2 2 4 10,5 42 R3 500,00 R147 000,00 R850,00 R111 300,00

2 3 6 10,5 63 R3 500,00 R220 500,00 R850,00 R166 950,00

2 4 8 10,5 84 R3 500,00 R294 000,00 R850,00 R222 600,00

2,5 1 2,5 10,5 26,25 R3 500,00 R91 875,00 R850,00 R69 562,50

2,5 2 5 10,5 52,5 R3 500,00 R183 750,00 R850,00 R139 125,00

2,5 3 7,5 10,5 78,75 R3 500,00 R275 625,00 R850,00 R208 687,50

2,5 4 10 10,5 105 R3 500,00 R367 500,00 R850,00 R278 250,00

3 1 3 10,5 31,5 R3 500,00 R110 250,00 R850,00 R83 475,00

3 2 6 10,5 63 R3 500,00 R220 500,00 R850,00 R166 950,00

3 3 9 10,5 94,5 R3 500,00 R330 750,00 R850,00 R250 425,00

3 4 12 10,5 126 R3 500,00 R441 000,00 R850,00 R333 900,00

3,5 1 3,5 10,5 36,75 R3 500,00 R128 625,00 R850,00 R97 387,50

3,5 2 7 10,5 73,5 R3 500,00 R257 250,00 R850,00 R194 775,00

3,5 3 10,5 10,5 110,25 R3 500,00 R385 875,00 R850,00 R292 162,50

3,5 4 14 10,5 147 R3 500,00 R514 500,00 R850,00 R389 550,00

4 1 4 10,5 42 R3 500,00 R147 000,00 R850,00 R111 300,00

4 2 8 10,5 84 R3 500,00 R294 000,00 R850,00 R222 600,00

4 3 12 10,5 126 R3 500,00 R441 000,00 R850,00 R333 900,00

4 4 16 10,5 168 R3 500,00 R588 000,00 R850,00 R445 200,00
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9.2 Negative impacts 

Dust impact 

 Dust impact was prevalent during the construction phase. 

 This had no impact on human settlements. 

 The construction phase occurred during the non-growing season thus reducing 

impacts on vegetation. 

Noise impact 

 Noise impact was prevalent during the construction phase. 

 This had no impact on human settlements. 

 This was of little significance. 
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10 Development Block B 

10.1 Historical land use 

Storage dam. 

The dam was built by Walter Graham Kingwill in 1954. The dam’s construction was 

motivated for two reasons namely soil conservation and irrigation purposes. 

According to my father Charles Kingwill the dam’s construction was not subsidized by the 

government. The reasoning being at the time was that the project would work out too 

costly building it to the correct specifications, despite receiving Government aid, as opposed 

to doing the work privately and not conforming to specifications (see specialist report that 

confirms the structure being unsafe.) 

I believe the dam was well designed and constructed hence its ability to withstand the 1974 

and 2011 floods, however its limiting factor was that no steel reinforcing was used, as well 

as the poor quality of fine and course aggregate utilised in the concrete. This has brought 

the structure to the end of its life span. 

The spillway was constructed on a Metamorphosed (heated) sandstone bed (of the upper 

Balfour formation) (Rubidge, 2019). This provided a natural solid apron that prevented scour 

from the water over topping the spillway. Figure 31 illustrates where the sandstone bed is 

prevalent and visible in relation to the dam and spillway. The hardened rock also provided a 

solid foundation to construct the spillway on. This formation extends eastwards however it 

is unsure as to the extent of the exact formation. The sandstone bed is overlain and 

underlain by a mudstone shale. Figure 32 shows the Metamorphosed sandstone bed along 

with the underlain mudstone shale. 
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Figure 31: Blaauwater dam. 

 

  

Figure 32 : Metamorphosed sandstone bed. 

Prior to the dam’s construction the water course followed the route illustrated in figure 31. 

It is understood that this consisted of a deep stream bed marred by erosion and a lack of 

vegetation. The old stream bed is still visible below the dam wall as shown by figure 33. 
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Figure 33: Sunday’s river bed prior to the dam’s construction. 

A small silt trap was constructed to the north of the dam. This was to catch silt in the flow 

prior to entering the dam. 

No documents exist regarding the specifications of the dam, however from map studies and 

measurement s of the spillway the following information can be deduced: 

Storage footprint:   8ha 

Spillway height:   3.4m 

Estimated storage volume  125 000m3 -150 000m3 

Current storage volume 20000m3 - 25000m3  

Approximately 6 ha of Lucerne lands were developed below the dam as illustrated in Figure 

31. These could be irrigated by gravity flow using a network of furrows and sluices from an 

outlet valve below the dam wall. These lands were last in production in the early 1990s due 

to the silt build-up of the dam becoming problematic. 

Public road and diverted stream. 

Prior to the dam’s construction the route of the public road can be seen on figure 34. This 

route was altered in 1954 to its current location, to accommodate the footprint of the dam. 

I am of the view that the small stream illustrated in figure 34 was diverted to its current 

course when the old road was constructed.  
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Figure 34: Old road with manmade diversion. 

In my view this was to prevent the construction of a bridge. Instead the engineers decided 

to fill in the stream bed, divert the water course and reinforce the road prism with a stone 

packing evident in Figure 34. It would therefore make this water course a manmade 

structure. 

This water course followed the route illustrated in figure 34. After altering the route of the 

road to its current location, the old road was never used again and over time the stream in 

fact followed the roads route to the dam. This caused a small amount of scouring and 

erosion along this path. 

 

Vegetation 

Table 10 lists the vegetation prevalent in the area of the development footprint. This list 

may not be comprehensive, however certainly contains the majority of species. The 

estimated occurrence was derived using the satellite imagery of google earth. The footprint 

of the plants species known to have occurred with in the area was measured and divided by 

the development area. This is a very crude method of estimating their occurrence however 

it gives a rough indication of the prevalence of the species and the dominant vegetation of 

the area. 
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Table 9: Vegetation list falling within the development footprint. 

Scientific name common name Estimated Occurrence of 

total area (%) 

Salix babylonica Weeping willow 3.5% 

Rhus pyroides Taaibos 5% 

Lyceum cinereum Kriedoring 5% 

Scirpus inanus Harde Biesie 13% 

Scirpus dioecus Biesie 1.5% 

Cyperus marginatus Majiesgoed 0.5% 

Cyperus laevigatus  0.25% 

Typha capensis Bulrush 6% 

Phragmites australis Common reed 6.5% 

Juncus dregenus Biesie 0.25% 

Miscanthus capensis Daba grass 13% 

Pennisetum macrourum Riverbed grass 1% 

Pennisetum clandestinum Kikuyu 1.8% 

Festicu arundinacea New Zealand tall 

fescue 

41.1% 

Nassella tricotoma Poll grass 0.1% 

Merxmuella disticha Zuurpol 0.5% 

Elytropappus rhinocerotis Renosterbos 1% 

 

 Festicu arundinacea was established by Walter Kingwill post the construction of the 

dam. These efforts were in light of the bad erosion along the old water course. This 
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grass is still very prevalent along the river to the north of the development and south 

of the dam wall. It formed a robust base layer of vegetation that established in the 

northern footprint of the dam and the floodplain itself. 

 This grass provided the only grazing for livestock in the footprint.  

 No threatened or endangered species are known to have existed in the area. 

 Very little plant species besides Rhus pyroides, Miscanthus capensis and Scirpus 

inanus existed in the flood plain above the dam as this area was continually covered 

in silt when a run of water occurred. 

 All plant species are common to the area 

 An estimated 46.4 % of the vegetation is alien and not indigenous to the area. 

 

 

 

 

 

 

 

 

 

 

 

10.2  Motivation for development 

The primary motivation for the development was due to the safety concerns of the spillway 

of the dam. The structure was compromised during the 2011 floods. 

Additional factors involved 

 The dam’s redundancy as a storage facility. 
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 The agricultural potential of the silt deposit. 

A basic feasibility study, of the various options, was conducted by myself to determine the 

best course of action going forward. I consulted a number of experienced members of the 

community for advice and input. Table 7 lists the various options that were available along 

with their advantages and disadvantages.  

Table 10: Advantages and disadvantages of various options available regarding the safety of the spillway. 

Options Advantages Disadvantages 

1. Rebuild the Spillway.  This would make the 
structure secure and 
prevent possible failure. 

 Maintain the dam in 
current state. 

 Maintain the 
biodiversity of the area. 

 

 High capital outlay. 

 The dam would still be 
of no relevance as its 
holding capacity has 
been reduced to 75 
percent. 

 This would not be 
economically viable.  

 

2. Rebuild and extent the 
height of spillway. 

 This would make the 
structure secure and 
prevent possible failure. 

 The dam could be 
utilized for irrigation 
downstream. 

 Maintain the biodiverse 
area. 
 

 Higher capital outlay. 

 In addition the earth 
berm of the dam would 
have to be raised 
adding further costs 

 This would affect 
downstream users. 
They would only receive 
water once the dam 
were to spill over. 

 A dam has limited 
lifespan 

 Poor return on 
investment. 

3. Lower the height of 
spillway to current sediment 
height. 

 Reduce the risk of 
possible failure 

 Maintain a measure of 
biodiversity 

 Advantage downstream 
users. 
 
 

 Stability not guaranteed 

 Altering the structure 
could cause further 
compromise.  

 Challenging and 
expensive project for no 
economic benefit in 
return. 

 No water holding 
capacity therefore 
substantial reduction in 
biodiversity 
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 No agricultural benefit 

 Unsightly bare ground 
would  be exposed for 
long periods of time 
between runs of water 

 Constant risk to 
livestock/game getting 
stuck in mud after every 
run of water. 
 

 

4. Remove the spillway 
totally. 

 Remove the risk of 
failure. 

 Advantage downstream 
users. 

 Substantial erosion will 
occur in the footprint of 
the dam for long 
periods of time 

 Substantial 
sedimentation will 
occur downstream 

 Biodiversity will be 
destroyed 

 No agricultural benefit 

 Unsightly  

5. Channel the river past the 
spillway in existing flood 
plain. 

 Remove the risk of 
failure. 

 Advantage downstream 
users. 

 Biodiversity will be 
significantly reduced. 

 No agricultural benefit 

 Dam footprint will be 
left unsightly.  

6. Channel the river past the 
Spillway in existing flood 
plain and develop the dam 
footprint and flood plain 
into a dam bay irrigation 
system to grow Lucerne and 
other crops. 

 Remove the risk of 
failure. 

 Advantage downstream 
users. 

 Substantial, sustainable 
agricultural benefit. 

 A means of water 
harvesting. 

 Economically viable. 

 Increased agricultural 
output will result in Job 
creation. 

 Biodiversity will be 
destroyed 

 

11 Designs 

11.1 Dam bays 

Survey  
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The survey revealed that the gradient of the area was on average 0.6% running south to 

north. The distance longitudinally was approximately 530 m. This allowed for a 6 dam bay 

design in series. The average length would be 89m, with the fall being approximately 0.54m 

over this distance. This would be further reduced using cut and fill to approximately 0.1-0.2 

percent depending on the nature of the gradient within each dam bay. This would 

significantly reduce the water requirements of each dam therefore allowing a single run of 

water to irrigate a greater area. 

 

Hydraulic design 

The water requirements for block B are listed in Table 12 below. Block B differs slightly from 

Block A in that the size of the dams increase in size from top to bottom. The result of this is 

that more water is required from one dam to the next. Based on the assumption of losing a 

third of the water to infiltration, it is estimated that dam’s 1-5 water would be enough to 

flood 60 % of dam 6. A further 3460m3 would be required to fill dam 6 thus making the total 

water requirement 11510m3 to irrigate the complete block. 

 

 

 

Table11: Water requirements for Block B. 

Dam camp block 

Dam 
no 

Size  
(m2) 

Ave 
length 
(m) 

Ave 
depth  
(m) 

Volume 
(m3) 

Furrow 
length 
(m) 

Furrow 
area 
 (m3) 

furrow  
area 
(m2) 

Total 
volume 
(m3) 

1 7000 77 0,198 1386 99 0,99 98 1484 

2 9700 66 0,165 1601 77 0,99 76 1677 

3 11000 67 0,132 1452 83 0,99 82 1534 

4 15800 77 0,1 1580 100 0,99 99 1679 

5 22700 75 0,07 1589 88 0,99 87 1676 

6 52300 140 0,166 8682 147 0,99 146 8827 

Total  11,85 502   16289 594   588 16877 
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The added advantage of this system is that from dam 6 of block B, the water can be released 

back into the river and utilised on block A. This means 11510m3 of water could be first 

utilized on dams 1-5 with a small amount reaching dam 6. Dams 1-5 could then be drained 

into dam 6 to complete its irrigation requirement. Assuming 30% is lost to infiltration this 

would leave approximately 6100 m3 which is adequate to irrigate the complete block A. 

Based on these calculations the current development is utilizing far less water than the old 

storage dam despite it being three quarters silted up. This is beneficial to water users 

downstream as they are receiving water earlier than they would previously have. The added 

advantage is that the water is being used effectively to increase agricultural output resulting 

in added job opportunities and a more sustainable farming enterprise. 

11.2 Sluice structures 

Hydraulic design 

From the data presented above and based on the assumption an average run of water lasts 

1.5 hr a design flow of 2.5m3/s is required. This will result in more water than calculated 

above however provides a buffer for runs of water lasting less than 1.5hrs 

 

 

 

Sizing the overflow structure 

Using the broad crested weir equations. 

            
 

   (Chadwick, et al., 2013)    

              (Chadwick, et al., 2013) 

            
  

 
      (

  

         
) (Chadwick, et al., 2013) 

Inserting estimated value for the following 

 ps   = 1m 

 h1 (Free board)  = 0.450m 
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 w   = 550 

This results in  

 cf= 1.217 so therefore  

 cd= 1.03 

Setting b as the subject of the formulae and Q = 2.5m3/s 

   
 

         
 
 

 

b= 4.7 m 

Figure 25 illustrates the sluice design with the following dimensions 

 b  = 4.7m 

 w  = 0.550 

 Freeboard =0.700m with h1 (flow height) = 0.450m 
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Figure 35: Design sketch of dam bay sluice structure. 

Flow with sluice plate fully open 

• Control gate equation 

       √     (Chadwick, et al., 2013) 

 Where  

 Cd = coefficient of discharge 

 b = breadth of sluice gate 

 yg= gate opening in (m) 

 y1= height of water  

 g = gravitational acceleration 

To find cd  

Cd= cc/√             
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 Cc=0.61 

 b = 0,944 

 yg = 0.8 

 y1 = 1.25 

Which makes cd = 0.72 

Inserting data into sluice gate formulae 

Q= 2.62m3/s 

Check for type of flow 

 V = Q/A 

 V= 2.62/0.847 = 3.47m/s 

 Y2= ccyg 

 y2= 0.488 

Fr = 
 

√   
 

 Fr = 1.85 

The discharge will be free as the canal opens up and falls substantially from each structure. 

The Froude number is greater than 1 so flow under sluice will be super critical. An adequate 

length of apron will be required. 

From the flow calculations the following can be concluded. 

 The weir and sluice structure will be 4.7m in width and 0.550m in thickness 

 The free board will be 0.7m with an estimated flow depth over the weir of 0.45m 

 The flow rate over the weir will be 2.5m3/s  

 If the sluice is fully open a flow of 2.62m3/s can be accommodated 

 The weir could therefore accommodate a combined flow of approximately 5m3/s if 

the sluice is fully open and overtopping at a height of 0.45m above the weir 

Materials 
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 For aesthetic purposes the structures would be constructed from natural stone. 

 The weir part of the structure would be constructed from natural stone used as a 

boxing around y16 reinforcing bars and filled with 25 Mpa concrete. 

 The wing walls would be constructed from natural stone and mortar. 

 The apron would be constructed from natural stone with a concrete grout. 

 The sluice structure within the weir would consist of 800mm x 944mm x 3mm mild 

steel plate. The plate is reinforced with 3 x 5 x 50mm angle iron. They slide in back to 

back 50 x 5 mm angle iron, spaced by a 50 x 5mm flat iron forming groves and are 

operated by a simple chain roller system 

11.3 Feeder canal 

Hydraulic design: 

The design flow required = maximum of 5m3/s 

Using manning equation 

   
 

 
 
      

        
    And    

 

  
  

 

   
 

  (Chadwick, et al., 2013) 

 Q = flow rate m3/s 

 n = Manning roughness (for earth 0.02)) 

 A = area 

 P= Wetted perimeter 

 R= Hydraulic radius 

 S= gradient (0.006m/m) calculated from longitudinal section Annexure B 

 The average gradient is taken from the off take sluice to point A (Ch. 15) on 

longitudinal  section. 

The old diversion had a base of 2,5m and side slopes of 1:1. Table 5 illustrates varying flow 

depths for flow rate (Q) and velocity (V).  
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Table12: Depths of flow-to flow rate of old diversion channel. 

 

 A channel of base 2.5m with a depth of 0.67m will deliver the maximum flow that the dam 

bay sluice structures can accommodate namely 5m3/s at a velocity of 2.39m/s. For standard 

operation, a flow of 2.5m3/s is required. This would flow at a depth of 0.43m with a velocity 

of approximately 1.93m/s.  

To check type of flow at standard operation of flow 2.5m3/s 

  Fr = 
 

√   
 

 Fr = 0.97 

The flow would be classed as sub critical. It is however extremely close to critical flow 

therefore close to ideal flow conditions exist.  

For flow at sub critical conditions free board required is 0.2 (y). 

Minimum Free board required = 0.1 m. 

A gabion structure with a scour apron is required at chainage 15 as a sharp change of 

gradient occurs. Refer to Annexure B. 

11.4 Big off take sluice 

Survey 

A survey was conducted to determine an adequate site for an off take sluice structure to be 

constructed. This would allow for a controlled means of extracting water from the river 

when in flood. 

The proposed site in Figure 36 was selected as the best available location for the following 

reasons: 

flow 

depth(y)

(m)

base width 

(b)

(m)

side slope 

(x)

area (A)

(m2)

wetted 

per(P)

(m)

n 1/n
slope

(m/m)

S½

(m/m)

flow 

rate(Q)

(m3/s)

velocity(V)

(m/s)

0,3 2,5 1 0,84 3,35 0,02 50 0,006 0,07746 1,29 1,54

0,35 2,5 1 1,00 3,49 0,02 50 0,006 0,07746 1,68 1,68

0,425 2,5 1 1,24 3,70 0,02 50 0,006 0,07746 2,33 1,87

0,45 2,5 1 1,33 3,77 0,02 50 0,006 0,07746 2,56 1,93

0,5 2,5 1 1,50 3,91 0,02 50 0,006 0,07746 3,07 2,04

0,55 2,5 1 1,68 4,06 0,02 50 0,006 0,07746 3,61 2,15

0,65 2,5 1 2,05 4,34 0,02 50 0,006 0,07746 4,81 2,35

0,67 2,5 1 2,12 4,40 0,02 50 0,006 0,07746 5,07 2,39
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 Easy access could be  obtained from the public road 

 The river had encroached very close to the manmade diversion therefore very little 

excavation would be required to connect the river to the manmade diversion. 

 The sluice structure could help secure the bend and prevent further erosion of the 

old road prism and encroachment into the manmade diversion. 

 A natural obstruction was present in the river that would divert smaller runs of 

water towards the off take sluice whilst still allowing stronger runs of water to 

continue downstream. This provided a huge economical advantage as no weir 

structure was required to be constructed across the river bed. 

 

Figure 36: Off take sluice location. 

Hydraulic design 

From the calculations above a maximum flow of 5m3/s was required. As the structure itself 

had to be fairly large to secure the bend it was decided to install 3 individual sluice plates. 

This would also prevent sediment deposition occurring on the apron and constricting flow. 

Another reason to construct three individual sluices was to ensure a backup means in the 

event one of the structures were to get damaged or blocked during a run of water. 
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 A maximum flow of 1.66m3/s per sluice plate was therefore required. The sizing of the 

sluice plate was based on block A as to ensure standardisation across the system. The 

dimensions being 1.2m x 1.2m. To calculate the gate opening settings of the sluice plate, the 

control gate equation was used 

       √     (Chadwick, et al., 2013) 

Where  

 Cd = coefficient of discharge 

 b = breadth of sluice gate 

 yg= gate opening in (m) 

 y1= height of water  

 g = gravitational acceleration 

 

Table 9 illustrates the different flow rates at various gate opening settings and varying head 

of water in the river. The minimum height of water will be at 1,2m assuming the flow rate in 

the river is excess of 5m3/s. This is as a result of the base of the sluice structure being lower 

than the natural obstacle in the river bed    
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Table 13: Gate opening to flow rate calculations. 

 

The standard setting, for dam bay sluices set in the closed position (requiring 2,5m3/s), 

would be 200-250mm. This yields a velocity of between 4 and 5 m/s 

Check for type of flow 

 Y2= ccyg 

 y2= 0, 2 x 0.61 

 y2 = 0.122 

 Fr = 
 

√   
 

(yg)

gate opening

(m)

(y1) 

Height of water

(m)

cd

(b) 

width of sluice

(m)

cc

(Q)

flow rate

(m3/s )

total flow

(3 sluices)

(m3/s)

V

(m/s)

0,15 1,2 0,5880 1,2 0,61 0,51 1,54 4,11

0,15 1,5 0,5922 1,2 0,61 0,58 1,73 4,63

0,15 1,8 0,5951 1,2 0,61 0,64 1,91 5,09

0,2 1,2 0,5812 1,2 0,61 0,68 2,03 4,06

0,2 1,5 0,5866 1,2 0,61 0,76 2,29 4,58

0,2 1,8 0,5903 1,2 0,61 0,84 2,53 5,05

0,25 1,2 0,5746 1,2 0,61 0,84 2,51 4,01

0,25 1,5 0,5812 1,2 0,61 0,95 2,84 4,54

0,25 1,8 0,5857 1,2 0,61 1,04 3,13 5,01

0,3 1,2 0,5682 1,2 0,61 0,99 2,98 3,97

0,3 1,5 0,5759 1,2 0,61 1,12 3,37 4,50

0,3 1,8 0,5812 1,2 0,61 1,24 3,73 4,97

0,35 1,2 0,5620 1,2 0,61 1,15 3,44 3,93

0,35 1,5 0,5707 1,2 0,61 1,30 3,90 4,46

0,35 1,8 0,5768 1,2 0,61 1,44 4,32 4,94

0,4 1,2 0,5561 1,2 0,61 1,30 3,89 3,89

0,4 1,5 0,5657 1,2 0,61 1,47 4,42 4,42

0,4 1,8 0,5724 1,2 0,61 1,63 4,90 4,90

0,45 1,2 0,5503 1,2 0,61 1,44 4,33 3,85

0,45 1,5 0,5608 1,2 0,61 1,64 4,93 4,38

0,45 1,8 0,5682 1,2 0,61 1,82 5,47 4,86

0,5 1,2 0,5447 1,2 0,61 1,59 4,76 3,81

0,5 1,5 0,5561 1,2 0,61 1,81 5,43 4,34

0,5 1,8 0,5641 1,2 0,61 2,01 6,03 4,83
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 Fr = 3.656 

Extreme supercritical flow will exist for all scenarios and it is essential for a suitable length of 

apron. The flow is also required to change direction once through the sluice and therefore 

the need for a buffer wall on the western bank of the manmade diversion is also required to 

prevent scouring. 

11.5 Structural design 

The purpose of the structure was to provide a housing for the three sluice plates and secure 

the embankments of the turn. This required a robust design to withstand heavy flooding 

and provide ease of access to control the sluice plates. 

Foundations: 

650 wide x 400 deep cast with 25Mpa concrete incorporated with pairs of starter bars 

spaced 300mm c/c. Each pair of starter bars was 300mm wide c/c. 

The foundation was boxed prior to the concrete being cast. 

Reinforcing 

2.0m pairs of Y16s spaced 300mm c/c. 

R12 stirrups used at 400m c/c. 

Wing walls and sluice housing 

2.1m H X 0,550m W 

This was to be constructed from clay fired bricks used as a boxing form and filled with 

25Mpa concrete. The concrete wall is in essence 400mm in width. 

Sluice mechanism 

Guides: 60 x 6mm angle iron wielded back to back and spaced with an 8x 40 mm flat iron. 

The sluice plates consist of 1,2m x 1,2m x 5mm plate. 

The sluice is operated by a course thread and nut mechanism on a rotating wheel to lift and 

lower the sluice plate 
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Figure 37: Design sketch big off take sluice. 

Buffer wall 

1,5m H x 0,500m W x 10m L 

To be constructed from plastered clay fired bricks and filled with 25Mpa concrete cast with 

1.4m pairs of Y16 reinforcing bars spaced 400c/c and 250mmc/c. Y12 Stirrups at 300 c/c 

Access Bridge 

To be constructed from two short girders secured to the concrete structure and connected 

with 50 x 5 angle iron and covered with 3mm welded mesh. 

Scour apron 

Paved sandstone slabs approximated 120mm thick of various sizes and grouted with a 

20Mpa concrete. The front of the apron paving is to be finished with a 200mm X 400mm 

thick slab to prevent eroding of the apron. 
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11.6 Sundays diversion 

Survey 

A survey was conducted to plot a new route, within the flood plain of the dam, to form a 

new channel to divert the river around the Spillway. 

The route Illustrated in figure 38 was chosen for the following reasons 

 

Figure 38: Proposed route of diversion. 

 2011 floods damaged the earth Berm illustrated in Figure 31 on page 46. 

 The spillway was constructed on a metamorphosed sandstone bed (of the upper 

Balfour formation) that extended eastwards below the proposed mouth of the new 

river course. 

 This would prevent any erosion of the new stream bed beyond the level of the 

sandstone bed. 

 The gradient of the proposed channel was uniform and therefore made construction 

straightforward 

 The river would exit the channel alongside the old spillway and follow its existing 

route thereby having little to no impact on the watercourse below the spillway. 
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 Using the route illustrated in Figure 38 the dam footprint could be used in its 

entirety for agricultural production thereby unlocking the economic potential of the 

silt deposit within this area. 

 

Hydraulic design 

The design of the diversion channel is based on the following 

 1:50 year storm event from the hydrological assessment conducted in chapter 3.  

 The design flow from the hydrological assessment is 105m3/s.  

 The average dimensions of the natural water course above and below the dam.  

 The channel would be able to accommodate more water than the spillway could. 

The proposed cross section of the channel is illustrated in Annexure D. 

Using manning equation table 14 illustrates varying depths at various flow rates 

   
 

 
 
      

        
    (Chadwick, et al., 2013) 

 Q = flow rate m3/s 

 n = Manning roughness (for earth 0.02)) 

 A = area 

 P= Wetted perimeter 

 S= average gradient (0.007m/m from conducted survey).  
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Table 14: Estimated flow rates, assuming uniform flow, for diversion. 

 

 From the data above it can be seen that the channel can accommodate incredibly high flow 

volumes, however I don’t believe this to be correct. The design flow would be for 

approximately 107,67m3/s. maximum. The water course above the diversion would in any 

event be unable to cope with a greater flow. These calculations are also based on uniform 

flow which will not occur naturally as slope and channel design would not be precisely 

uniform along its length. The calculations do however give one a fair assessment of flow 

rates.  

Average Velocities for flow volumes above 50m3/s are very high, however flow depth above 

1m will cause the water to spread out the channel on the eastern side. Annexure C shows 

the cross section. This will result in average flow velocities much less than that in table 14. 

All flows will be super critical meaning that adequate scour preventative measures should 

be installed against the berm particularly on the slight bends and the mouth of the channel 

where the stream exits the diversion. 

Depths of flow are adequate for all flows and sufficient free board is available with the 

design height of the berm at 2,5m. For super critical flow conditions freeboard should be 0, 

3 x depth of flow.  

 

 

 

1/n 

(manning 

roughness)

50

side slope

RHS

(x)

2,25

Side slope

LHS

(x)

4,2

S 

slope 

(m/m)

0,007
Base width

(m)

depth of 

flow

(m)

Area 1

(m2)

Area 2

(m2)

Area 2

(m2)

Area total

(m2)

wetted P1

(m)

wetted P2

(m)

wetted P3

(m)

wetted P

total

(m)

Q 

flow rate

(m3/s)

V

m/s

0,35 0,138 5,25 0,26 5,65 0,86 15 1,51 17,37 11,16 1,98

0,60 0,405 9,00 1,51 10,92 1,48 15 2,59 19,07 31,49 2,88

1,00 1,125 15,00 2,10 18,23 2,46 15 4,32 21,78 67,70 3,71

1,20 1,620 18,00 3,02 22,64 2,95 15 5,18 23,14 93,38 4,12

1,30 1,901 19,50 3,55 24,95 3,20 15 5,61 23,81 107,67 4,32

1,40 2,205 21,00 4,12 27,32 3,45 15 6,04 24,49 122,93 4,50

1,50 2,531 22,50 4,73 29,76 3,69 15 6,48 25,17 139,18 4,68

1,60 2,880 24,00 5,38 32,26 3,94 15 6,91 25,85 156,41 4,85

1,70 3,251 25,50 6,07 34,82 4,19 15 7,34 26,53 174,64 5,02

1,80 3,645 27,00 6,80 37,45 4,43 15 7,77 27,20 193,87 5,18

15
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12 Construction of Block B  

Construction of Block B commenced on the 28.11.2017 

12.1 Dam bays and earth embankments 

 The dam bay earth embankments were constructed using a bull dozer. 

 The earth embankments were constructed from natural silt deposit pushed up 

within the dam bay itself. 

 The embankments were hand compacted and finished off to ensure as uniform 

shape as possible. 

 Special attention was given to compaction against wing walls of sluice structures. 

 Tractor drawn laser level scoops were used to ensure the dam bays were levelled to 

the correct specification as can be seen in figure 39. 

 Levels were set at 0.1-0.2 % fall within the bay itself. 

 The highest level in the dam bay was set to the top level of the sluice plate.  

 Special attention was given to ensure gradients provided for effective drainage 

within the dam bay. 

 

Figure 39: tractor drawn laser level scoops finalising levels within the dam bay 
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12.2 Sluice structures 

 The sluice structures were constructed according to the design specification 

 Foundations specifications were 5.5m x 650mm x 400mm cast with 20 Mpa concrete 

 Y16 starter bars were set in the foundation 

 

Figure 40: Casting of foundations of sluice structure. 

 Natural sandstone and mortar was used to construct the structure. 

 The weir part of the structure was filled with 25 Mpa reinforced concrete. 

 Figures 41 show various stages of construction of a particular sluice structure 

 A total of 6 structures were constructed with Figure 42 showing a completed 

structure. 
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Figure 41: construction of sluice structure 

 

Figure 42: Completed sluice structure. 

 

12.3 Feeder canal 

The man made diversion provided an excellent facility for the feeder canal. It was situated in 

close proximity to the river and required little work. It had more than adequate free board 

and a consistent gradient. This was opened up on a like for like basis. The only alteration 

that had to be made was the level downstream had to be lowered so as to ensure the canal 

remained below the level of the first dam bay. This resulted in a sudden change of gradient 

and would require a gabion or weir type structure to prevent erosion. Refer to annexure C 
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showing the longitudinal section of the canal and position of the step. The construction of 

the canal is not entirely completed and requires the following works to complete 

 Gabion structure at point A on Annexure C 

 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. 

12.4 Big off take sluice 

Construction of the off take sluice involved the following 

Excavation of the old road prism and river bank 

 Figure 43 shows excavation about to commence on the proposed site. 

 

Figure 43: excavator commencing preparation of site 

 The excavation entailed removing the old road prism and earth embankment so to 

create an opening between the river and the manmade diversion that could 

accommodate the sluice structure. 
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Foundations 

 The foundations were marked out according to the design specifications as seen in 

Figure 44. 

 

Figure 44: Foundations marked out. 

 The foundations were then excavated by hand. 

 The foundation boxing and starter bars were installed as in figure 45. 

 The 25 Mpa concrete was cast and levelled accordingly as shown in figure 46. 

 The foundations were cured for 7 days prior to further construction. 
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Figure 45: Foundation boxing and starter bars 

 

Figure 46: Casting 25Mpa concrete foundation. 
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Construction of brick boxing and reinforcing bars 

 Hardened clay fired bricks were used as a boxing for the structure as can be seen in 

figure 47. 

 75 mm brick force was installed between each course to provide additional support 

when casting the concrete filling. 

 Figure 47 also shows how the outer brick work was completed first to allow for the 

reinforcing bars to be installed before the inner level of brick boxing is done. 

 Sluice frames were set in position and connected to the reinforcing bars of the 

columns adjacent to each sluice frame. These columns can be seen in Figure 47. 

 

Figure 47: installing reinforcing bars and inner brickwork. 

 The inner brick work was built up in levels and then filled with 25 Mpa concrete as 

shown by figure 48. 

 The completed structure was plastered to provide added durability and improved 

aesthetics 
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Figure 48: casting 25Mpa concrete filling in layers. 

Buffer wall 

 Figure 49 shows the  buffer wall being constructed in a similar fashion to the sluice 

structure itself 

 

Figure 49: construction of buffer wall. 

Steelwork 
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 On completion of the concrete and plaster work the sluice plates and operating 

mechanisms were installed. 

 This was followed by the installation of the catwalk and safety rails. 

 The access bridge was then installed. 

 All metal work was primed and painted to prevent corrosion 

Scour Apron 

 The scour apron was constructed from large sand stone slabs. 

 These were installed with the use of a TLB.  

 The slabs were set according to the surveyed level of the channel. 

 20Mpa concrete grout was used to fill the gaps between the slabs 

 A 20Mpa concrete slab was cast in front of the apron to ensure no eroding of the 

apron could occur. Figure 50 shows the completed structure.  

 

Figure 50: Finalised off take sluice structure complete with buffer wall, scour apron, safety rails and Access Bridge. 

12.5 Sundays diversion channel 

Construction of the channel was to be carried out in 3 phases 
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Phase1: 

Phase 1 construction has been completed. This entailed the following. 

 Excavation and removal of the dam wing wall to the east of the spillway to allow the 

river to route past the spillway. This was opened up at the same site that the wing 

wall was damaged in 2011 floods (refer to figure 31 page 46).  

 Initial construction of the diversion berm commenced at the spillway and continued 

northwards. Figure 51 shows construction and shaping of the berm from the 

spillway. From Figure 51 It can be clearly seen that the diversion or channelling of 

the water course is still within the dam footprint. 

 

Figure 51: initial construction of diversion berm. 

 The berm was constructed from silt deposit and soil from within the footprint of the 

dam. No material was transported in. 

 The extent of the berms construction can be seen in Figure 40 which shows the 

layout of the development. 
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Figure 52: Layout of development. 

 The primary reason for phase 1 work was to get an initial diversion in place past the 

spillway so to allow work to be concentrated on preparing the dam bays, sluice 

structures and feeder canals. The reason for this was to get the Lucerne established 

during the summer of 2019. 

 Annexure 6 illustrates the longitudinal section survey post phase 1 construction 

along with the cross section that is required to be finalised in Phase 2. 

Phase 2: 

Phase 2 work has not been completed. This would be a more precise and fine tuning work 

involving the following 

 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 

refer to figure 53 for the relevant locations 



BLAAUWATER FARMS IRRIGATION DEVELOPMENT  REPORT 10/05/2019 

  
 

82 | P a g e  
 

 

Figure 53: Location of scour preventative measures. 

Scour prevention would involve a stepped gabion structure as shown in figure 54. 

 

Figure 54: Typical section of gabion scour prevention. 
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The small curved retaining wall would be a low wall approximately 1m high built from 

natural stone. The stone work would provide a boxing for reinforced concrete to be cast 

into it. Y16 bars would be drilled into the sandstone bed to ensure a solid key. The wall act 

as a retaining structure to prevent erosion of the small stream beds connecting to the new 

channel. 

 It was envisaged to continue phase 2 work during the winter months as these months are 

generally dry and would provide adequate time to complete phase 2. This has however 

been placed on hold by the authorities. I believe that this phase is a matter of urgency and 

should be authorised to be continued to prevent damage to work already completed. 

Phase 3: 

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

 This was to be carried out during the spring and summer months. 
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13 Impacts of development 

Prior to assessing various environmental impacts of the development a clear distinction 

should be drawn between the following: 

 Impacts as a result of intense rainfall. 

 Impacts as a result of the development. 

13.1 Impacts as a result of intense rainfall 

On the 10th and 11th February 2019 intense damaging thunderstorms occurred within the 

area. The rainfall records for Blaauwater farm show that only 29mm and 34mm was 

recorded at the farms homestead gauge for the various storms, however it is estimated that 

double this fell in the mountainous region of the catchment. The intensity was 

approximately 1.5-2mm/minute. Proof of this is that the neighbouring farm Jagpoort, 

situated on the eastern side of the Lootsberg watershed at similar latitude, recorded a total 

of 120mm for the two storms. Each storm lasted 20-30 minutes. Figure 55 also shows a 

waterfall flowing over the cliffs of the mountains due east of the Blaauwater homestead. 

The photograph was taken on the 11.02.2019 at approximately 16:00 .This phenomenon 

last occurred in February 2011 when in excess of 230mm of rain fell over a period of 15 

days. 

 

Figure 55: Water fall over Lootsberg cliffs (Philip Piek). 
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The storms of the 10th and 11th February caused an immeasurable amount of damage to 

roads fences, erosion berms and even buildings across the farm. The situation was 

exacerbated by the extended drought of 2018, where no prior rainfall had occurred for the 

growing season, thus leaving the natural veld with significantly reduced cover. 

To assess the peak flow of the storm of the 11.02.2019 a site was selected in the diversion 

channel where a uniform base width and side slopes existed. This was taken at Chainage 24 

on longitudinal survey. 

The depth of flow was measured using the high level water mark left on the berm. An 

automatic level was used to measure this depth. Figure 56 shows the calculations carried 

out. 

 

Figure 56: Assessment of peak flow. 
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The calculations conclude a peak flow of 75,32m3/s occurred on the 11.02.2019. This is a 

substantial run of water and from the hydrological assessment possibly a 1: 20 year event. 

The calculations of the spillway of the dam concluded that it could only accommodate a 

maximum of 67m3/s running at maximum freeboard. It is therefore fair to assume that the 

run of water on the 11.02.2019 would have placed considerable stress on the spillway and 

possibly even collapsed the structure causing immense damage downstream. This possibility 

will be discussed in further detail under impacts of the development. 

On inspecting the water course in its entirety (upstream and downstream of the 

development) evidence of a fierce run of water can be observed. To imply damage to a weir 

structure, 1,3km downstream of the river shown in Figure 58, is a result of the diversion is 

nonsensical and short sighted. 

Kinetic energy is a function of velocity and velocity is a function of area. The water flowing 

down the diversion will be at a higher velocity than the water flowing over the spillway. 

Once this water exits the diversion channel the area expands rapidly despite having to go 

round a turn. This would cause a substantial reduction in velocity and a sudden release of 

kinetic energy through turbulence.  

Figure 57 shows substantial sedimentation deposit of fine and course material on the 

sandstone bed. This is a result of velocity reduction.  

 

Figure 57: Sediment deposit on the sandstone bed. 
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This turbulence and energy release would be short lived due to the substantial expanse of 

the sandstone bed which is in excess of 50m wide. The bedrock is also extremely rough and 

will act as a natural energy dissipater.  

The water flowing over the spillway would however have a higher potential energy than 

that of the diversion. This energy would be converted to Kinetic energy as it increases in 

velocity falling over the spillway. This water would then accelerate as it changes direction 

over the sandstone bed.  

I am of the opinion that very little difference will exist between the two flows as they exit 

the sandstone bed, if differences do exist these will be negated in a very short distance 

downstream and therefore no impacts or damage can be attributed to the diversion. 

The damage to the weir structure downstream can only be attributed to volume of flow.  

The peak flow measured was approximately 75m3/s. it could also be argued that the peak 

flow for the small catchment calculated in paragraph 7.3 could be added to this. If this were 

the case a peak flow 100m3/s could have flowed over the weir. Measurements taken of the 

existing structure show a distinct lack of capacity to handle this amount of water. 

 

Figure 58: Location of damaged weir structure with overlay picture showing damage of 2011 floods. 
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Figure 58 shows the same weir in question damaged during 2011 floods. The entire concrete 

wing wall that provided scour protection was ripped away and substantial scour was caused 

to the earth embankment. The concrete wing wall was never repaired post 2011, only the 

earth embankment was filled in again. 

The result of this would mean that any future volume of water that over topped the small 

sluice housing (seen in the overlay picture of figure 58, alongside the scoured opening) 

would compromise the earth embankment. 

In conclusion I am of the view that all damage experienced downstream of the development 

is a result of intense heavy rainfall occurring at the backend of a severe drought. I am of the 

view that this damage would have taken place regardless had the development not taken 

place. 

13.2 Impacts as a result of the development 

13.2.1 Positive impacts 

Environmental 

 The risk of the spillway failing has been negated. This should be seen as a substantial 

positive impact on the environment. Should the spillway have collapsed during the 

storm event of the 11.02.2019, or future storm events, catastrophic damage would 

occur. 

 This would have disastrous consequences on existing infrastructure downstream 

such as weirs canals, fences and roads. 

 Serious erosion of the silt deposit in the dam would occur and continue for long 

periods of time. 

 Major sediment deposition would occur downstream affecting the ecology of the 

river 

 Livestock and people could be endangered. 

 Downstream users would be negatively affected. 

 Biodiversity of the dam area would be destroyed. Figure 59 shows satellite imagery 

of a dam on a neighbouring farm that collapsed in 1974. What’s notable is the extent 

of the finger erosion and lack of established permanent vegetation even after 44 

years. 
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Figure 59: Impact of dam failure from 1974. 

 The dam illustrated in figure 59   is half the size of the Blaauwater dam. 

 It is interesting to note that the dam in figure 59 is still shown as a body of water and 

a critical biodiverse area on the NFEPA study. This again illustrates the potential 

inaccuracy of this platform.  

Economic (agricultural Output) 

 The development of Block B essentially amounts to an area of 12ha of cultivated 

Lucerne. 

 The economic value of the development can either be illustrated by the increased 

carrying capacity of animals or the fodder value of the Lucerne as shown in Block A. 

 For simplistic terms the figures illustrated in table 15 will be based on the fodder 

value of the Lucerne. 

 The value of the Lucerne is based on hay stored and sold during the winter months 

 Table 15 illustrates different scenarios that can be expected year on year as the dam 

bay system relies on rainfall and flood water. 



BLAAUWATER FARMS IRRIGATION DEVELOPMENT  REPORT 10/05/2019 

  
 

90 | P a g e  
 

 It is assumed that in an average year where 4 runs of water can be expected, 4 

cuttings of Lucerne will be made. The highlighted section of table 11 illustrates the 

gross turnover to be R420 000 to be expected in an average rainfall year.  

Table 15: Expected agricultural output from Block B. 

 

 This amounts to a 7, 5% increase in total turnover for the business. 

 The added advantage of this development is the ability to provide emergency fodder 

during times of extreme drought as is currently being experienced. This relieves 

substantial grazing pressure from the natural environment. 

Expected 

yield

(t/cutting)

No cuttings

per annum

Expected yield

(t/ha)

Area 

(ha)

Total yield

(t/ha)

Pice of 

lucerne

(R/ton)

Gross 

turnover

Input 

costs

(R/ton)

Gross profit

0,5 1 0,5 12 6 R3 500,00 R21 000,00 R650,00 R17 100,00

0,5 2 1 12 12 R3 500,00 R42 000,00 R650,00 R34 200,00

0,5 3 1,5 12 18 R3 500,00 R63 000,00 R650,00 R51 300,00

0,5 4 2 12 24 R3 500,00 R84 000,00 R650,00 R68 400,00

1 1 1 12 12 R3 500,00 R42 000,00 R650,00 R34 200,00

1 2 2 12 24 R3 500,00 R84 000,00 R650,00 R68 400,00

1 3 3 12 36 R3 500,00 R126 000,00 R650,00 R102 600,00

1 4 4 12 48 R3 500,00 R168 000,00 R650,00 R136 800,00

1,5 1 1,5 12 18 R3 500,00 R63 000,00 R650,00 R51 300,00

1,5 2 3 12 36 R3 500,00 R126 000,00 R650,00 R102 600,00

1,5 3 4,5 12 54 R3 500,00 R189 000,00 R650,00 R153 900,00

1,5 4 6 12 72 R3 500,00 R252 000,00 R650,00 R205 200,00

2 1 2 12 24 R3 500,00 R84 000,00 R650,00 R68 400,00

2 2 4 12 48 R3 500,00 R168 000,00 R650,00 R136 800,00

2 3 6 12 72 R3 500,00 R252 000,00 R650,00 R205 200,00

2 4 8 12 96 R3 500,00 R336 000,00 R650,00 R273 600,00

2,5 1 2,5 12 30 R3 500,00 R105 000,00 R650,00 R85 500,00

2,5 2 5 12 60 R3 500,00 R210 000,00 R650,00 R171 000,00

2,5 3 7,5 12 90 R3 500,00 R315 000,00 R650,00 R256 500,00

2,5 4 10 12 120 R3 500,00 R420 000,00 R650,00 R342 000,00

3 1 3 12 36 R3 500,00 R126 000,00 R650,00 R102 600,00

3 2 6 12 72 R3 500,00 R252 000,00 R650,00 R205 200,00

3 3 9 12 108 R3 500,00 R378 000,00 R650,00 R307 800,00

3 4 12 12 144 R3 500,00 R504 000,00 R650,00 R410 400,00

3,5 1 3,5 12 42 R3 500,00 R147 000,00 R650,00 R119 700,00

3,5 2 7 12 84 R3 500,00 R294 000,00 R650,00 R239 400,00

3,5 3 10,5 12 126 R3 500,00 R441 000,00 R650,00 R359 100,00

3,5 4 14 12 168 R3 500,00 R588 000,00 R650,00 R478 800,00

4 1 4 12 48 R3 500,00 R168 000,00 R650,00 R136 800,00

4 2 8 12 96 R3 500,00 R336 000,00 R650,00 R273 600,00

4 3 12 12 144 R3 500,00 R504 000,00 R650,00 R410 400,00

4 4 16 12 192 R3 500,00 R672 000,00 R650,00 R547 200,00
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 Figure 60 shows the production of Lucerne currently in the old dam footprint. This 

Lucerne received 1 flooding after planting in February 2019. It has received no 

rainfall prior to this. 

 The development also allows one to combat problem animals by providing a safe 

area for sheep to lamb in. 

 The development conclusively assists the farming business in becoming more 

sustainable for the future. 

 

Figure 60: Lucerne growing in the old dam despite no rainfall for 7months. Picture taken on the 25.09.2019. 

Socio economic 

 The development has provided substantial job opportunities for permanent and 

temporary labour. 

 The project has employed on average 10 temporary labourers for an 8 month period. 

 This involved plant operators, building teams, to construct the various infrastructure 

as well as fencing teams and general labour. 
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 It is estimated that if the development of Block B comes into full production a 

further 1 permanent employee could be appointed. 

13.2.2 Negative impacts 

Critical biodiverse area 

According to the NFEPA (National Freshwater Ecosystems Priority Areas) desktop study, the 

old dam area and surrounds is classified as a Critical Biodiverse area. It seems from the 

study of the map that the common denominator in these areas is the presence of a body of 

water. It is also my understanding that a permanent body of water will have a much greater 

diversity of species than a seasonal body of water. It should therefore be assumed that if a 

body of water is reduced over time, so will the biodiversity of the area be reduced. 

The development has without doubt affected the biodiversity of this area however I am of 

the opinion that the negative impacts of this should be viewed in comparison to the 

negative impacts of the spillway collapsing.  

As illustrated in table 7 the various options available to me were looked at in detail. The only 

realistic options, that would preserve the biodiversity of the area, were to rebuild the 

Spillway. These options were not economically viable and a complete no go. 

The option of reducing the spillway height to sediment level would still not guarantee the 

safety of the structure and would also substantially reduce the biodiversity of the area (as 

pointed out above). The dam footprint would stand dry for long periods of time between 

run of waters. This would be unsightly and even pose a serious risk to livestock and game 

wanting to drink water. The reason for this is when a run of water occurs it will cause a 

shallow pan in the dam footprint that evaporates quickly leaving a mud trap surrounding 

the last remaining water. Animals trying to get to this water would get stuck in the mud. 

This is a constant problem encountered with the dam in its current state when the water 

level dries up. This option would also not benefit the farm financially and not create jobs in 

a country that so desperately need them. 

The option to develop the area was chosen as it had the most positive advantages. When 

one weighs up these positives along with the serious negative impacts that could arise from 
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the spillway collapsing the end product is a workable solution that benefits the farming 

business, the economy and provides job opportunities. 

Clearing of natural vegetation 

The total development footprint is approximately 14ha with the original dam footprint 

being 8ha. It is my understanding from consulting with DEDEAT law enforcement, namely 

Robert Stegman, that one is legally entitled to desilt a dam without authorisation as long as 

this is done on a like for like basis. 

It can therefore be assumed that any vegetation that has encroached within the dam 

footprint can be legally removed or cleared. Based on this assumption a total of 6ha has 

been cleared to allow for the development. 

From the list of vegetation in table 7 it was estimated that 46 % of the area was inhabited by 

alien species so therefore a possible 3.5ha of indigenous vegetation was cleared. 

Dust impact 

 Dust impact was prevalent during the construction phase. 

 This had no impact on human settlements. 

 The construction phase occurred during the non-growing season thus reducing 

impacts on vegetation. 

Noise impact 

 Noise was impact prevalent during the construction phase. 

 This had no impact on human settlements. 

 This was of little significance. 
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14  Summary 

This report covers the detailed development of two irrigation blocks on the farm, 

Blaauwater no 65, from November 2017 to March 2019.  

The geographical location and climate of the farm provide sufficient motivation to develop 

intense high productive areas, to cover fodder shortages during winter months and mitigate 

the impact of problem animals on small stock during lambing seasons. 

The basic hydrological assessment, confirmed the feasibility of the project and that 

adequate run off was available during average rainfall seasons. Peak flows for various storm 

events were also calculated to enable adequate designs of infrastructure. 

Block A s construction commenced on the 29.11.2017. It entailed the development of old 

fallow lands and infrastructure, into a well-designed functioning dam bay irrigation system. 

Old infrastructure was revitalised and re constructed where necessary namely the old 

feeder canal and off take sluice.  

A total of 13 dam bays were developed and planted to Lucerne. Each dam bay was equipped 

with a drainage sluice that could also act as a mini spillway and accommodate the design 

flow. The design flow was based on an average run of water lasting 1.5hrs. The design flow 

was calculated to be 1.5m3/s. A total of 6500m3 was required to irrigate the entire Block. 

Water could be recycled from one block to the next and excess water could be discharged 

into the river. Further infrastructure is still required to complete the project. 

The Lucerne in Block A was successfully established, however a large portion has died off 

due to the extreme drought. 

Block B s construction commenced on the 21.11.2017. The development was motivated by 

the safety concerns of the spillway of the dam. Options were investigated in detail as to the 

best way forward. After careful analysis it was decided to bypass the river around the 

spillway and make use of the economic value of the silt deposit in the dam and floodplain to 

grow Lucerne. 

The development entailed transforming this area into 6 dam bays. . Each dam bay was 

equipped with a drainage sluice that could also act as a mini spillway and accommodate the 
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design flow. The design flow was based on an average run of water lasting 1.5hrs. The 

design flow was calculated at 2.5m3/s if all sluices are kept closed and 5m3/s if the sluices 

are set fully open. A total of 11530m3 of water was required to irrigate this block. 

The added advantage of the system is that the water could be released back into the water 

course and used to irrigate Block A 

An off take sluice was built at a suitable location in the river which required minimal 

excavation to make use of a man made diversion channel to act as a feeder canal for the 

dam bays. This canal was opened up on a like for like basis with no need for a new 

construction. 

The Lucerne in Block B has been successfully established despite no rain for 7 months.  

A number of positive impacts of the development would be. 

Benefit to downstream users 

Downstream users are positively affected by the development. They will receive run off 

water earlier than they would have previously with the dam in place. The risk of 

downstream damage has also been mitigated. 

Significant agricultural output 

This can be expected provided normal rainfall patterns commence. Table16 provides a 

summary of the expected yield of both blocks combined. 

The area highlighted shows the expected average, assuming four runs of water occur in a 

year. In general one flooding of water equates to one cutting of Lucerne. 

The estimated turnover for the average rainfall year is shown as R596250.00. This would 

amount to an 11% increase in total turnover for the business. This is a substantial amount 

and shows the positive impact this will have on the farming business. 
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Table 16: Combined agricultural output for Block A and Block B. 

  

Job opportunities.  

 An estimated 2 permanent employees could be appointed once full production is 

reached. This would increase permanent labour employment by 18%  

 An average of 12 temporary labourers were employed for 14 months whilst 

construction commenced  

Skills development:  

 A number of permanent employees developed proficient skills in a number of fields 

such as metal work, masonry work and machinery operation.  

 

Expected 

yield

(t/cutting)

No cuttings

per annum

Expected yield

(t/ha)

Area 

(ha)

Total yield

(t/ha)

Pice of 

lucerne

(R/ton)

Gross 

turnover

Input 

costs

(R/ton)

Gross profit

0,5 1 0,5 22,5 11,25 R3 500,00 R39 375,00 R850,00 R29 812,50

0,5 2 1 22,5 22,5 R3 500,00 R78 750,00 R850,00 R59 625,00

0,5 3 1,5 22,5 33,75 R3 500,00 R118 125,00 R850,00 R89 437,50

0,5 4 2 22,5 45 R3 500,00 R157 500,00 R850,00 R119 250,00

1 1 1 22,5 22,5 R3 500,00 R78 750,00 R850,00 R59 625,00

1 2 2 22,5 45 R3 500,00 R157 500,00 R850,00 R119 250,00

1 3 3 22,5 67,5 R3 500,00 R236 250,00 R850,00 R178 875,00

1 4 4 22,5 90 R3 500,00 R315 000,00 R850,00 R238 500,00

1,5 1 1,5 22,5 33,75 R3 500,00 R118 125,00 R850,00 R89 437,50

1,5 2 3 22,5 67,5 R3 500,00 R236 250,00 R850,00 R178 875,00

1,5 3 4,5 22,5 101,25 R3 500,00 R354 375,00 R850,00 R268 312,50

1,5 4 6 22,5 135 R3 500,00 R472 500,00 R850,00 R357 750,00

2 1 2 22,5 45 R3 500,00 R157 500,00 R850,00 R119 250,00

2 2 4 22,5 90 R3 500,00 R315 000,00 R850,00 R238 500,00

2 3 6 22,5 135 R3 500,00 R472 500,00 R850,00 R357 750,00

2 4 8 22,5 180 R3 500,00 R630 000,00 R850,00 R477 000,00

2,5 1 2,5 22,5 56,25 R3 500,00 R196 875,00 R850,00 R149 062,50

2,5 2 5 22,5 112,5 R3 500,00 R393 750,00 R850,00 R298 125,00

2,5 3 7,5 22,5 168,75 R3 500,00 R590 625,00 R850,00 R447 187,50

2,5 4 10 22,5 225 R3 500,00 R787 500,00 R850,00 R596 250,00

3 1 3 22,5 67,5 R3 500,00 R236 250,00 R850,00 R178 875,00

3 2 6 22,5 135 R3 500,00 R472 500,00 R850,00 R357 750,00

3 3 9 22,5 202,5 R3 500,00 R708 750,00 R850,00 R536 625,00

3 4 12 22,5 270 R3 500,00 R945 000,00 R850,00 R715 500,00

3,5 1 3,5 22,5 78,75 R3 500,00 R275 625,00 R850,00 R208 687,50

3,5 2 7 22,5 157,5 R3 500,00 R551 250,00 R850,00 R417 375,00

3,5 3 10,5 22,5 236,25 R3 500,00 R826 875,00 R850,00 R626 062,50

3,5 4 14 22,5 315 R3 500,00 R1 102 500,00 R850,00 R834 750,00

4 1 4 22,5 90 R3 500,00 R315 000,00 R850,00 R238 500,00

4 2 8 22,5 180 R3 500,00 R630 000,00 R850,00 R477 000,00

4 3 12 22,5 270 R3 500,00 R945 000,00 R850,00 R715 500,00

4 4 16 22,5 360 R3 500,00 R1 260 000,00 R850,00 R954 000,00
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The only negative impact of the development, in my view, is the destruction of the critical 

biodiverse area in the old dam. This however could be argued to be a result of the safety 

concerns for the spillway. The development is therefore a function of the problem and the 

result of a more workable, sustainable solution. 
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15 Conclusion. 

The issues of climate change and their impact on food security are increasingly recognised 

across the world with Africa being seen as the most vulnerable continent. The World Food 

Program (WFP, 2016) report shows that crop production yield per hectare is ,on average, 

increasing at a rate below that of global populations, implying that food production, which 

has been unable to meet global demand will struggle to do so in the immediate future.  

According to the Intergovernmental Panel on Climate Change (IPCC, 2007) reports 

agricultural productivity will decline from 21% to 9%, by 2080, due to climate change in sub-

Sahara. The reality of these predictions is that food security should be made a national 

priority across the globe. Governments and authorities should encourage and assist farmers 

to adapt and devise means to mitigate the reality of climate change and the threat it poses 

to food security. 

I believe the work detailed in this report has been well planned, engineered and 

constructed. I am also of the opinion the positive environmental impacts of the 

development outweigh the negative impacts. It is without doubt that this development will 

assist the farming business in becoming more sustainable and resilient to drought and 

climate change by harnessing water in an effective and sustainable manner when it is 

available. This in turn will contribute to South Africa’s ability to adapt and protect its food 

security. 

 I am however, not proud of the fact that the development has fallen foul of the law. I must 

stress that this oversight is not due to arrogance or disrespect but merely ignorance. 

Ignorance of the law is no excuse however, when authorities weigh up this case and those in 

the future they should introspect as to the role they play in educating and assisting farmers 

in these aspects, so as to prevent, honest hardworking South Africans from falling short of 

compliance. 

I implore authorities when looking at this case to understand the adversity and challenges 

farmers, particularly in the Eastern Cape, are facing. Our commodity prices have fallen 30%, 

we are fighting a disastrous drought that could, in all likelihood, cripple the sector. We 

receive no drought aid from our government, yet have to find ways of staying afloat. 
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I am not requesting special treatment but merely that my case can be given the due regard 

it deserves and that I will be treated in a fair and just manner with all things being 

considered. 
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ANNEXURE A (RAINFALL RECORDS) 
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Year January Febuary March April May June July August September October November December Total

1948 36,3 91,3 55,0 119,8 0,0 2,5 15,0 0,0 0,0 0,0 0,0 12,5 332,3

1949 8,8 33,5 2,5 49,5 77,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 171,3

1950 22,0 135,3 162,0 55,8 83,5 0,0 20,0 23,3 55,5 58,5 64,0 98,8 778,5

1951 77,0 87,5 20,0 5,0 0,0 0,0 18,8 0,0 71,3 9,0 0,0 0,0 288,5

1952 15,3 167,8 72,3 40,5 10,0 6,3 49,3 0,0 20,0 12,8 52,3 56,5 502,8

1953 9,0 99,0 15,8 43,0 11,3 0,0 0,0 48,0 40,5 78,5 85,0 101,3 531,3

1954 30,8 33,3 83,3 49,8 14,3 0,0 0,0 0,0 0,0 0,0 52,0 0,0 263,3

1955 79,1 7,1 36,2 69,8 0,0 0,0 0,0 0,0 0,0 16,7 135,7 0,0 344,6

1956 26,8 121,6 84,8 0,0 3,5 0,0 0,0 0,0 0,0 45,4 255,6 0,0 537,7

1957 36,6 62,3 23,5 17,5 0,0 0,0 0,0 0,0 0,0 0,0 0,0 67,5 207,3

1958 78,8 8,8 4,3 25,3 93,8 0,0 2,0 4,3 0,0 0,0 0,0 66,0 283,0

1959 27,3 43,8 39,8 29,8 31,8 0,0 32,5 14,0 4,3 0,0 0,0 41,3 264,3

1960 37,8 26,0 52,5 16,5 15,8 0,0 0,0 35,0 3,8 5,0 21,3 30,0 243,5

1961 54,0 23,8 2,1 48,3 39,8 29,0 15,5 46,8 0,0 0,0 23,0 25,0 307,1

1962 29,0 89,3 36,0 10,0 0,0 4,8 3,5 3,8 2,5 0,0 40,3 0,0 219,0

1963 228,0 11,5 140,5 67,0 0,0 10,0 29,3 5,8 12,5 61,8 79,8 27,5 673,5

1964 12,5 20,8 16,8 39,3 7,0 56,3 0,0 33,3 0,0 17,5 0,0 33,5 236,8

1965 18,8 31,8 20,0 69,8 7,5 53,8 75,0 10,0 0,0 54,0 58,5 0,0 399,0

1966 28,8 5,0 7,5 15,0 0,0 0,0 0,0 0,0 22,5 10,0 0,0 20,0 108,8

1967 125,0 47,0 94,3 NR NR NR NR NR NR NR NR NR 266,3

1968 NR NR NR NR NR NR NR NR NR NR NR NR 0,0

1969 NR NR NR NR NR NR NR NR NR NR NR NR 0,0

1970 NR NR NR NR NR NR NR NR NR NR NR NR 0,0

1971 NR NR NR NR NR NR NR NR NR NR NR NR 0,0

1972 NR NR NR NR NR NR NR NR NR NR NR NR 0,0

1973 NR NR NR NR NR NR NR NR NR NR NR NR 0,0

1974 NR NR NR NR NR NR NR NR NR NR NR NR 0,0

1975 0,0 88,0 107,0 55,0 4,0 52,0 20,0 0,0 15,0 0,0 50,0 93,0 484,0

1976 81,0 56,0 135,0 6,0 22,0 16,0 35,0 4,0 30,0 77,0 0,0 0,0 462,0

1977 23,0 170,0 20,0 42,0 40,0 0,0 0,0 0,0 0,0 19,0 44,0 66,0 424,0

1978 21,0 0,0 45,0 0,0 0,0 0,0 0,0 0,0 0,0 8,0 0,0 67,0 141,0

1979 66,0 132,0 22,0 48,0 0,0 0,0 47,0 18,0 10,0 103,0 37,0 0,0 483,0

1980 22,0 42,0 52,0 5,0 0,0 0,0 5,0 11,0 26,0 0,0 30,0 34,0 227,0

1981 80,0 78,0 81,0 15,0 80,0 5,0 5,0 87,0 0,0 38,0 39,0 53,0 561,0

1982 0,0 0,0 60,0 86,0 0,0 42,0 42,0 5,0 20,0 33,0 48,0 7,0 343,0

1983 20,0 23,0 14,0 29,0 36,0 38,0 40,0 0,0 25,0 50,0 85,0 79,0 439,0

1984 35,0 0,0 0,0 29,0 36,0 8,0 0,0 18,0 0,0 22,0 64,0 10,0 222,0

1985 123,0 97,0 15,0 36,0 0,0 24,0 10,0 0,0 0,0 70,0 83,0 193,0 651,0

1986 88,0 51,0 43,0 10,0 0,0 17,0 0,0 0,0 3,0 94,0 64,0 9,0 379,0

1987 0,0 28,0 0,0 17,0 18,0 55,0 30,0 0,0 100,0 17,0 124,0 0,0 389,0

1988 22,0 107,0 101,0 52,0 0,0 27,0 13,0 0,0 28,0 0,0 25,0 120,0 495,0

1989 183,0 58,0 21,0 71,0 0,0 0,0 0,0 10,0 0,0 37,0 103,0 29,0 512,0

1990 22,0 20,0 12,0 36,0 0,0 13,0 0,0 18,0 0,0 0,0 25,0 42,0 188,0

1991 50,0 39,0 47,0 9,0 10,0 45,0 0,0 0,0 12,0 115,0 12,0 74,0 413,0

1992 8,0 33,0 40,0 0,0 0,0 35,0 14,0 26,0 0,0 31,0 12,0 25,0 224,0

1993 40,0 73,0 43,0 44,0 8,0 0,0 15,0 0,0 20,0 23,0 61,0 78,0 405,0

1994 114,0 88,0 84,0 0,0 0,0 0,0 27,0 0,0 0,0 20,0 0,0 27,0 360,0

1995 36,0 50,0 63,0 6,0 36,0 0,0 0,0 9,0 24,0 6,0 53,0 100,0 383,0

1996 84,0 50,0 10,0 0,0 0,0 0,0 22,0 18,0 20,0 30,0 157,0 65,0 456,0

1997 76,0 33,0 31,0 69,0 34,0 39,0 12,0 0,0 0,0 20,0 0,0 29,0 343,0

1998 51,0 19,0 94,0 22,0 8,0 0,0 0,0 16,0 0,0 20,0 59,0 23,0 312,0

1999 68,0 35,0 45,0 0,0 66,0 0,0 20,0 0,0 11,0 20,0 31,0 92,0 388,0

2000 143,0 57,0 126,0 15,0 0,0 0,0 0,0 2,0 73,0 0,0 107,0 0,0 523,0

2001 63,0 40,0 121,0 103,0 0,0 0,0 20,0 0,0 78,0 0,0 34,0 86,0 545,0

2002 71,0 0,0 68,0 0,0 0,0 10,0 10,0 61,0 41,0 0,0 0,0 0,0 261,0

2003 0,0 121,0 44,0 18,0 61,0 0,0 0,0 18,0 0,0 16,0 16,0 0,0 294,0

2004 76,0 112,0 80,0 48,0 0,0 18,0 10,0 12,0 43,0 16,0 0,0 23,0 438,0

2005 121,0 57,0 51,0 30,0 23,0 2,0 0,0 0,0 25,0 52,0 49,0 8,0 418,0

2006 168,0 114,0 207,0 64,0 42,0 0,0 28,0 135,0 8,0 52,0 0,0 55,0 873,0

2007 18,0 45,0 47,0 46,0 15,0 18,0 0,0 0,0 21,0 106,0 5,0 154,0 475,0

2008 71,0 181,0 94,0 13,0 0,0 10,0 0,0 28,0 0,0 15,0 75,0 10,0 497,0

2009 23,0 211,0 69,0 17,5 15,0 25,0 12,0 17,5 0,0 80,0 19,5 11,0 500,5

2010 166,3 61,0 53,0 31,5 2,0 14,0 15,0 0,0 30,0 21,0 34,0 54,5 482,3

2011 126,0 285,0 190,0 33,0 83,0 32,0 43,0 0,0 0,0 44,0 0,0 100,0 936,0

2012 62,0 126,0 104,0 46,0 0,0 40,0 42,0 0,0 0,0 113,0 0,0 139,0 672,0

2013 32,0 20,0 93,0 0,0 0,0 8,0 0,0 0,0 0,0 25,0 60,0 189,0 427,0

2014 62,0 120,0 27,0 81,0 0,0 0,0 0,0 46,0 5,0 31,0 100,0 79,0 551,0

2015 46,0 0,0 83,0 0,0 0,0 45,0 99,0 0,0 52,0 10,0 17,0 33,0 385,0

2016 200,0 58,0 38,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 40,0 336,0

2017 140,0 117,0 33,0 0,0 0,0 0,0 0,0 7,0 0,0 53,0 0,0 43,0 393,0

2018 87,0 124,0 26,0 75,0 0,0 0,0 0,0 0,0 37,0 0,0 0,0 14,0 363,0

Average 62,0 68,2 57,9 33,0 16,4 12,7 14,2 12,5 15,7 29,5 41,1 46,6 406,4
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ANNEXURE B (LONGITUDINAL AND CROSS SECTION OF 

CANAL BLOCK A) 
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ANNEXURE C (LONGITUDINAL AND CROSS SECTION OF 

FEEDER CANAL BLOCK B) 
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ANNEXURE D (LONGITUDINAL AND CROSS SECTION 

SUNDAYS DIVERSION CHANNEL) 




