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EXECUTIVE SUMMARY 

 

This report investigates with the different methods that could be used to raise the Full Supply 

Level (FSL) of the Tzaneen Dam. 

 

The previous study on the raising of Tzaneen Dam identified the following options 

(BKS, 1998): 

 

• Hydroplus Fusegates 

• Fishbelly Flap Gates 

• TOPS Gates 

 

The latter two gates are both of an all-steel construction with a significant number of moving 

parts, which will require ongoing maintenance and inspections.  With the present skills 

shortage in South Africa it is not recommended that such a system be implemented. 

 

For the present study the options as listed below have been considered.  The estimated 

capital and maintenance costs are as follows: 

 

• Hydroplus fusegates  R59 million 

• Labyrinth spillway  R42 million 

• Side channel spillway  R72 million 

 

The comparison was made for a 3 m raising of the FSL to level 726.9 masl.  The amount by 

which the FSL and Non Overspill Crest (NOC) can be raised is limited by the soffit levels of 

the Sybrand and Marietjie van Niekerk Bridges and the fact that additional land may have to 

be acquired for the dam basin and surrounding buffer strip. 

 

The side channel option, whilst technically feasible, was discarded as an option based on 

cost.  The two remaining options are both considered to be technically feasible.  However, 

given the fact that the labyrinth spillway option is the most cost effective solution coupled with 

the fact that this option has no future maintenance costs, it is recommended that this method 

of raising be adopted. 
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1. STUDY INTRODUCTION 

1.1 BACKGROUND TO PROJECT 

The catchment of the Groot Letaba River has many and varied land uses with their 

associated water requirements.  These include significant use by agriculture in the form 

of irrigated crops, commercial afforestation, tourism (particularly linked to the Kruger 

National Park, which lies partially within the catchment), as well as primary demands by 

the population in the catchment.  The water resources available in the catchment are 

limited, and considerable pressure has been put on these resources in the past, with 

periods of severe and protracted water restrictions occurring over the past 25 years.  

This situation has been investigated at various levels by the Department of Water Affairs 

(DWA).   

The first major study undertaken for this area was the Letaba River Basin Study in 1985 

(DWAF, 1990), which comprised the collection and analysis of all available data on 

water availability and use, as well as future water requirements and potential future 

water resource developments.  This was followed by a Pre-feasibility Study (DWAF 

1994), which was completed in 1994.  The focus of the Pre-feasibility Study was the 

complete updating of the hydrology of the Basin.  The next study undertaken was the 

Feasibility Study of the Development and Management Options (DWAF, 1998), which 

was completed in 1998. 

The Feasibility Study proposed several options for augmenting water supply from the 

Groot Letaba River.  These included some management interventions, as well as the 

construction of a dam at Nwamitwa and the possible raising of Tzaneen Dam.  These 

options would enable additional water to be allocated to the primary water users, would 

allow the ecological Reserve to be implemented and could also improve the assurance 

of supply to the agricultural sector.  

This Bridging Study was initiated by the (then) Department of Water Affairs and Forestry 

(now DWA) in order to re-assess the recommendations contained in the Feasibility 

Study in the light of developments that have taken place in the intervening 10 years.  

Other contributing factors to the DWA’s decision to undertake Bridging Studies were the 

promulgation of the Water Services Act and the National Water Act in 1997 and 1998 

respectively, and the recently completed Reserve Study on the Letaba River. 
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The study area is shown in Figure 1.1 .  It consists of the catchment of the Letaba River, 

including the Groot, Middle and Klein Letaba Rivers, as well as the main Letaba River 

downstream to its entry into Mozambique.  The catchment falls within the Mopane 

District Municipality, which is made up of six Local Municipalities.  The Local 

Municipalities that lie within the catchment area are Greater Tzaneen, Greater Letaba, 

Greater Giyani and part of the Kruger National Park.  The major town in the study area is 

Tzaneen, with the urban centre of Polokwane located just outside of the catchment to 

the west.   

The site of the proposed Nwamitwa Dam is also shown in Figure 1.1 . The focus of the 

Feasibility Study was the Groot Letaba catchment, with the catchments of the other 

rivers being included to check that environmental flow requirements into the Kruger 

National Park were met, and international agreements regarding flow entering 

Moçambique were met.  This focus was kept for the Bridging Study. 

1.2 SCOPE AND ORGANISATION OF PROJECT 

The Department’s Directorate: Options Analysis (OA), appointed Ninham Shand in 

Association with a number of sub consultants (listed below) to undertake this study.  The 

official title of the study is: "The Groot Letaba Water Development Project: Bridging 

Studies: Technical Study Module". 

An association exists between the following consultants for the purposes of this study: 

• Aurecon (previously Ninham Shand) 

• Semenya Furumele Consulting 

• KLM Consulting Services  

• Urban-Econ Developmental Economists 

• Schoeman & Vennote  

The Bridging Study comprises a number of modules, namely: an Environmental 

Management Module (EMM), a Public Involvement Programme (PIP), and a Technical 

Study Module (TSM).  This Report focuses on part of the scope of work for the TSM. 
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Figure 1.1 Project area 
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1.3 SCOPE OF THIS REPORT 

This report investigates with the different methods that could be used to raise the Full 

Supply Level (FSL) of the Tzaneen Dam. 

 

The previous study on the raising of Tzaneen Dam (BKS, 1998) identified the following 

options: 

 

• Hydroplus Fusegates 

• Fishbelly Flap Gates 

• TOPS Gates 

 

The latter two gates are both of an all-steel construction with a significant number of 

moving parts, which will require ongoing maintenance and inspections.  With the present 

skills shortage in South Africa it is not recommended that such a system be 

implemented. 

 

For the present study the following options have being considered: 

 

• Hydroplus Fusegates 

• Labyrinth Spillway 

• Side Channel Spillway 

 

The comparison was made for a 3 m raising of the FSL to level 726.9 masl.  The amount 

by which the FSL and Non Overspill Crest (NOC) can be raised is limited by the soffit 

levels of the Sybrand and Marietjie van Niekerk Bridges and the fact that additional land 

may have to be acquired for the dam basin and surrounding buffer strip.  
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2. PRINCIPAL DETAILS OF TZANEEN DAM 

Tzaneen Dam was completed in 1977.  It comprises a mass concrete gravity spillway 

section flanked by earthfill embankments.  The spillway is an uncontrolled ogee type 

91.44 m long with a crest level of 723.90 masl.  The NOC is 1 063.5 m long with a crest 

level of 730.60 masl.  Both upstream and downstream faces of the earth embankments 

are protected by interlocking concrete blocks.   

 

The gross storage capacity of the dam is 157.3 million m3 (DWAF, 1999).  This would be 

increased to 193 million m3 with a 3 m raising of the FSL.  The firm yield from the dam 

would be increased from 60 to 64 million m3 per annum. 
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3. FLOOD HYDROLOGY 

3.1 INTRODUCTION 

The flood hydrology for the raised Tzaneen Dam was investigated as part of the 

Preliminary Design Report for the proposed Nwamitwa Dam.  Relevant extracts from 

Appendix A  of the latter report have been included in Appendix A  of this report for 

ease of reference. 

3.2 SPILLWAY FLOODS 

The Tzaneen Dam is a large dam (>30 m high) with a high hazard potential (due to 

extensive downstream developments) and has been classified as a Category III dam in 

terms of the Dam Safety Regulations.  As the proposed raising of the dam would 

constitute a new design, it was considered “necessary to perform hydrological 

calculations appropriate to the site” for a Category III dam in accordance with Sub-

Clause 3.4.2 of the SANCOLD Guidelines (SANCOLD, 1991). 

 

The recommended floods for the sizing of the raised spillway have initially been selected 

in accordance with the SANCOLD Guidelines to be as follows: 

 

• The Recommended Design Flood (RDF) was the 1 in 200 year recurrence interval 

(RI) flood. 

• The Safety Evaluation Flood (SEF) was the Probable Maximum Flood (PMF) (Sub-

Clause 5.2.2). 

 

Further justification for the selection of the PMF as the SEF could be found in ICOLD 

Bulletin 59 (ICOLD, 1987).  Sub-Clause 3.2.2 states that “All available hydrometric and 

pluviometric data should be taken into account when determining the design flood.  

Probabilistic and/or deterministic methods, such as the Probable Maximum Flood (PMF), 

may be used.  The latter should derive from the combination of maximum precipitation 

with maximum runoff conditions and is to produce the design flood hydrograph.” 

 

Flood peaks were also determined for the 1 in 100 year RI flood to determine 

expropriation levels in the dam basin. 

 

The following calculation methods were used: 

• Unitgraph techniques using dimensionless regional unitgraphs (HRU, 1972). 
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• Empirical flood techniques in the form of the Francou-Rodier approach, used by 

Kovacs to develop the Regional Maximum Flood (RMF) peak (Kovacs, 1988). 

 

The results of the flood analysis are shown in Table 3.1 . 

Table 3.1 Comparison of Inflow Flood Peaks (m 3/s) 

Flood 
Regional Unit Hydrograph 

Technique (1) 

RMF 

Approach  

1:100 year RI  1 741  1 750 

1:200 year RI  1 935  2 150 

RMF (Region 5.2)  n/a  3 240 

RMF+∆ (Region 5.4)  n/a  4 120 

PMF  7 365  n/a 

 
(1) Represents maximum inflow flood peak for critical storm duration. 

 

It is evident from Table 3.1  that the PMF is significantly higher than the RMF and the 

RMF+∆, with the PMF in the order of 2.3 times as high as the RMF.  This relatively high 

PMF/RMF ratio confirms the results of Görgens et al (2006), who, as part of a Water 

Research Commission (WRC) Study on Extreme Design Floods, investigated PMF/RMF 

ratios at 109 flow gauging stations across South Africa and found that at 46 out of 51 

gauging stations and dam sites in Limpopo, Gauteng, North-West, Mpumalanga and 

KwaZulu-Natal, the PMF/RMF ratio exceeds 2.0. 

 

As stated above, both the SANCOLD Guidelines and the ICOLD Bulletin 59 specifically 

mentions the use of the PMF method in designing spillways for large dams with a 

significant or high hazard rating, as in the case of Nwamitwa Dam.  However, in the case 

of the PMF approach being followed, the SANCOLD Guidelines also recommend upper 

limits of 6.0 and 2.0, respectively, to the PMF equivalent K-value and the PMF/RMF 

ratio.  In the case of Nwamitwa Dam, these upper limits are exceeded:  The equivalent 

PMF K-value is 6,2, while the PMF/RMF ratio is in the order of 3,0.  Therefore, taking 

cognisance of the HRU 1/72-based PMF-related concerns expressed in the findings of 

the Water Research Commission (WRC) Study on Extreme Design Floods, the use of a 

SEF lower than the PMF-routed values determined during this study, but higher than the 

RMF (unrouted), is recommended as an alternative to the HRU 1/72-based PMF.   
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As it was not possible, under this Feasibility Study, to do any fresh research on extreme 

rainfall-versus-flood patterns in the region of the Groot Letaba catchment, a lead was 

taken from the SANCOLD Guidelines, which specifies the use of a Safety Evaluation 

Discharge (SED) for safety assessments on existing dams.  According to the Guidelines 

the dam spillway must be capable of discharging the SED so that, although there may 

be extensive damage to the structure, it will not fail.  For the “Large Dam/Significant to 

High Hazard” category (in which Tzaneen Dam falls), the SED is set as the RMF+∆, i.e. 

the RMF for the region one step higher numerically than that in which the study 

catchment lies; in this case for K = 5.4.  It is therefore recommended that the unrouted 

RMF+∆ value of 4 120 m3/s be used as an alternative SEF to the outgoing flood peak of 

an HRU 1/72-based PMF for the preliminary spillway design for a raised Tzaneen Dam. 

 

For the 1 in 100 year and 200 year RI floods at Tzaneen Dam, the floods as determined 

in accordance with the HRU 1/72 regional unit hydrograph method, are recommended.  

The order of magnitude of these design floods were broadly confirmed through 

application of the empirical RMF technique.  The simulated 1 in 100 year and 200 year 

RI flood hydrographs for a range of storm durations were routed through the raised 

Tzaneen Dam in order to determine the effect of attenuation on the simulated flood 

peaks.  

Based on the results of the above analyses, the following spillway floods have been 

selected to size the raised spillway: 

• 1 in 100 year RI flood      1 170 m3/s 

• Recommended Design Flood (RDF) (1:200 year RI)  1 360 m3/s 

• Safety Evaluation Flood (SEF) (RMF+∆) (Region 5.4)  4 120 m3/s 

 

The 1 in 100 year and 1 in 200 year RI flood peaks were obtained by routing the 

respective hydrographs through the Tzaneen Dam reservoir with a 3 m raising of the 

FSL with a labyrinth spillway in place. 

 

The SEF resembles an unrouted flood peak.  In order to generate an incoming 

hydrograph for the Hydroplus option, the Probable Maximum Flood (PMF) hydrograph 

producing the highest outgoing flood peak of 4 700 m3/s was scaled down in the ratio 

4 120/4 700.   
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4. DISCHARGE CAPACITY OF RAISED SPILLWAY 

4.1 OGEE SPILLWAY 

The discharge capacity for an ogee spillway is given by the following relationship: 

 

  Q = Cd*L*Ht 
1.5 

 

Where  Q = discharge in m3/s 

Cd = discharge coefficient (1.587 + 0.593 (Ht/Hd)0.5 = 2.18 at 

   design head Hd) 

  L = crest length in m 

  Ht = total head on crest in m 

 

The discharge capacity of the existing spillway was calculated to be 3 500 m3/s. 

4.2 HYDROPLUS FUSEGATES 

The discharge capacity over the spillway sill (with all the fusegates having tipped) is 

given by the following relationship: 

 

  Q = Cd*L*Ht 
1.5 

 

Where  Q = discharge in m3/s 

Cd = discharge coefficient = 1.86 

  L = crest length in m 

  Ht = total head on crest in m 

 

The discharge capacity over the fusegates has been determined by model studies of 

similar layouts and will be confirmed by a hydraulic model study of the final layout if 

accepted. 

4.3 LABYRINTH  SPILLWAY  

The design procedure for the labyrinth spillway was adopted from “Design of Labyrinth 

Spillways” by (Tullis et al, 1995).  The procedure provides a design calculation presented 

in a spreadsheet format, as shown in Table 4.1 . 
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Table 4.1 Labyrinth Dimensions  

RAISING OF TZANEEN DAM 

CALCULATION OF LABYRINTH DIMENSIONS FOR SEF 

Parameter Symbol Quantity Units Comment 

       

Maximum flow Qmax 4120 m^3/s Input = RMF + ∆ 

Maximum reservoir elevation res 733 m Input = 2.4m raising of NOC 

Approach channel elevation  684 m Input 

Crest elevation el 726.9 m Input 

Total head Ht 6.1 m Ht = res - crest - loss 

       

Estimated inlet loss at Qmax Loss 0 m Estimated 

Number of cycles N 8 -  

Crest height P 8.54 m Set P approx = 1.4 Ht 

Angle of side legs alpha 15 deg Normally 8 - 16 deg 

       

Thickness of wall at top  t 1.2 m Input  

Inside width at apex A 1.2 m Select between t and 2t 

Outside width of apex D 3.04 m D=A+2*t*tan(45-alpha/2) 

Total head/crest height Ht/P 0.71 - - 

Crest coefficient Cd 0.416 - Equation relevant to alpha (Equ 2 - 9) 

Effective crest length L 222.63 m 1.5*Qmax/[(Cd*Ht^1.5)*(2*g)^0.5] 

Length of apron (parallel to flow) B 14.63 m [L/(2*N)+t*tan(45-alpha/2)-A]*cos(alpha)+t 

Actual length of side leg L1 13.90 m (B-t)/@cos(alpha) 

Effective length of side leg L2 12.98 m L1-t*tan(45-alpha/2) 

Total length of walls L3 256.37 m N*(2*L1+D+A) 

Distance between cycles w 11.44 m 2*L1*sin(alpha)+A+D 
Width of labyrinth (normal to 
flow) W 91.50 m N*w 
Length of linear weir for same 
flow  121.79 m 

1.5*Qmax/[(Cd*Ht^1.5)*(2*g)^0.5]: (Cd for 
linear weir = 0.76) 

Distance between cycles/crest 
height w/P 1.09 -  

 

The upper block lists typical input data that would come from the hydrological analysis of 

the system.  This includes the maximum required spillway flow, the corresponding 

maximum reservoir elevation (NOC) and the FSL. 

 

The second block contains assumed data.  The number of cycles has a significant effect 

on the overall layout of the labyrinth.  The value of N is varied to determine the most 

appropriate number of cycles that gives the least cost and a hydraulically effective 

layout.  An increase in the value of N reduces concrete volumes.  The value of N = 8 

was chosen to fit the labyrinth within the existing length of ogee spillway.   

 

The third block of data contains the detailed calculations identifying the geometry of the 

labyrinth.  Such calculations are most efficiently done using a spreadsheet.   
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5. HYDROPLUS FUSEGATES 

5.1 DESCRIPTION 

The Hydroplus proposal comprises the installation of ten 6.3 m high fusegates on the 

spillway.  The existing spillway crest level will be lowered by 3.3 m to form a platform 

which will carry the fusegates. 

 

No tipping of any fusegate will occur up to the RDF, an event which has only a 0.5% 

probability of occurrence in any specific year. 

 

The SEF will be passed over the spillway with the maximum water level at the present 

NOC level of 730.6 masl.  All the fusegates would tip during the SEF. 

 

Routine maintenance of the fusegate system will be restricted to visual inspections only, 

which could be undertaken by the DWA operating staff situated at the Tzaneen Dam.  

Major maintenance will be required every 20 years during a period of natural low water 

level in the dam, during which time the fusegates need to be jacked free of the base, the 

rubber seals replaced and the corrosion protection of the steel components attended to. 

 

Further details are provided in the Hydroplus proposal in Appendix B . 

5.2 IMPACT OF RAISED FSL 

Properties around the dam basin of Tzaneen Dam had been expropriated up to the level 

of the NOC.  A 3 m raising of the FSL would therefore not involve any additional 

expropriation. 

5.3 IMPACT OF FUSEGATE ROTATION ON YIELD 

A study has been carried out by WV Pitman, MD Watson and WD Hakin on behalf of 

DWA involving 30 river catchments in South Africa to assess the possible impact on the 

firm yield of a reservoir caused by the rotation of a fusegate.  The results indicated that 

the risk of fusegate rotation impacting on the firm yield is extremely low, especially if the 

first tip is designed to occur for floods of 1 in 100 year recurrence interval or greater, and 

that the reinstatement period is only of a few month’s duration. A report on the study is 

included in Appendix C . 
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5.4 COST ESTIMATE 

Hydroplus provided a cost estimate for the conceptual design and the detail design and 

construction stages of the fusegates. 

 

A ballpark rate for the demolition of the top section of the existing spillway has been 

included in the cost estimate. 

 

The maintenance cost of the fusegates was assumed to amount to R500 000 every 

20 years.  The replacement cost of a fusegate was assumed to be double that of the 

initial construction cost (approx R40 million / 10 gates x 2 = R8 million).   

 

The cost estimate for a 3 m raising of Tzaneen Dam with Hydroplus fusegates is 

R59 million .  Details of the cost estimate are shown in Appendix D.1 . 
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6. LABYRINTH SPILLWAY 

6.1 DESCRIPTION 

A maintenance free option to raise the FSL of the dam would be to modify the top of the 

existing overflow structure to accommodate a labyrinth spillway.  The preliminary layout 

comprises 8 cycles with 15º wall angles.  The top 7.5 m of the existing structure would 

have to be demolished to accommodate the 2 m thick labyrinth base and 8.5 m high 

labyrinth walls, thereby raising the FSL by 3 m.  The upstream apexes of the labyrinth 

would be cantilevered 2 m upstream of the existing structure to reduce the amount of 

overhang on the downstream side.  On the downstream side, the existing structure 

would have to be widened by 3.7 m by placing mass concrete on the downstream face 

to support the downstream apexes.  Details are shown on Drawing 401775 CEN 20 

Rev B in Appendix E .  In order to accommodate the SEF a gravity wall 2.4 m high 

would have to be constructed over the full length of the NOC. 

 

The RDF would be discharged over the labyrinth with the water level in the dam 1.6 m 

below the existing NOC.  

 

The initial sizing of the labyrinth was based on research where water was discharged 

into a sub-critical downstream pool, thereby creating high downstream water levels and 

a consequent reduction in the discharge capacity of the labyrinth.  If a labyrinth were to 

be constructed on top of the existing spillway structure, the outgoing water would be 

discharged freely.  This could improve the overall discharge capacity of the labyrinth 

thereby reducing the height of the gravity wall.  The potential higher discharge capacity 

would have to be confirmed by a hydraulic model study if the labyrinth option were to be 

selected. 

6.2 IMPACT OF RAISED NOC 

The raising of Tzaneen Dam with a labyrinth spillway would require a 2.4 m raising of the 

NOC.  As stated in Section 5.2, properties around the dam basin had been expropriated 

up to the level of the NOC.  The normal practice is to expropriate land up the 1 in 100 

year RI flood level plus 1.5 m (DWAF, 2001).  This could be accommodated below the 

existing NOC and no additional expropriation would be necessary. 

 

On 9 April 2008 a site visit was conducted to gain a clearer perspective of what 

structures would be influenced by raising the FSL and what information would be 

required to fully assess the impact of the raising. 
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From the 1:50 000 topographical map 2330CC Tzaneen specific areas of interest were 

identified where a rise in water level could possibly influence and/or damage existing 

infrastructure.  The areas visited are listed in Table 6.1 . 

Table 6.1 Road Infrastructure around Tzaneen Dam Ba sin 

Road 
Reference 

No. 
Description Latitude 

(dd,mm,ss) 
Longitude 
(dd,mm,ss) 

R36/R71 
Sybrand and 
Marietjie van Niekerk 
Bridges 

23º49’34.9’’ 30º07’51.9’’ 

R36 Culvert 23º48’52.2’’ 30º07’26.9’’ 
R36 Culvert 23º47’39.0” 30º07’14.0’’ 
Secondary 
road Bridge No. 3080 23º45’49.2’’ 30º08’22.6’’ 

Secondary 
road  

Bridge No. 3081 23º45’20.2’’ 30º11’11.8’’ 

 Railway Bridge 23º49’42.0’’ 30º07’43.2’’ 
 

Subsequent measurements at the Sybrand and Marietjie van Niekerk Bridges indicated 

that the soffit of the bridge deck is at approximately level 731.0 masl.  The bridge deck 

itself is at approximately level 734.0 masl.  The raised NOC of the dam would be at level 

733.0 masl.  The integrity of the two bridges risk during the SEF therefore requires 

detailed study during the detailed design phase. 

 

None of the culverts or the other bridges would require significant improvement. 

 

The railway bridge runs parallel to the Van Niekerk bridges.  Visual inspection indicated 

that the elevation of the railway bridge is much higher than the Van Niekerk bridges. 

6.3 STRUCTURAL DESIGN 

6.3.1 Introduction 

The ogee spillway is a concrete gravity dam and the structural stability of the revised 

section was checked in accordance with the publications "Concrete Gravity Dams" 

(Design of Small Dams, 1987) and "Gravity Dam Structures" (Kroon, 1984). 

6.3.2 Loadings 

The following loadings were considered: 

• Reservoir water at FSL 
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• Reservoir water at RDF level 

• Reservoir water at SEF level 

• Hydrostatic uplift below the base, excluding the effects of tail water 

• Silt in reservoir after 100 years 

• Earthquake loading applicable to the DBE 

• Earthquake loading applicable to the MCE 

The load combinations were as follows: 

Working load combinations: 

• RDF water level, silt and uplift (drains working) 

• FSL water level, silt, DBE and uplift (drains working) 

Abnormal load combinations: 

• RDF water level, silt and uplift (drains blocked) 

• SEF water level, silt and uplift (drains working) 

Extreme load combinations: 

• FSL water level with MCE and uplift 

 

A seismic hazard assessment for the proposed Nwamitwa Dam was conducted by the 

Council for Geoscience (Kijko and Singh, 2008).  As the Tzaneen Dam is in close 

proximity to the proposed Nwamitwa Dam, the same peak ground acceleration values 

were adopted, namely an OBE value of 0.024g and a MCE value of 0.14g. 

 

The stability criteria in terms of the limitation of tensile stress at the upstream face are 

given in Table 6.2 . 

Table 6.2  Allowable Stresses and Factors of Safety  

 Working Load 

Combinations 

Abnormal Load 

Combinations 

Extreme Load 

Combinations 

Maximum allowable vertical tensile 

stress at upstream face 
Zero 100 kPa 200 kPa 

Maximum allowable compressive stress 0.25 x compressive crushing strength after 90 days 

Minimum FOS against sliding 3.0 2.0 1.5 

 

The results of the stability analysis are given in Table 6.3 . 
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Table 6.3 Stability Results for Raised Spillway 

 Working Load 
Combinations  

Abnormal Load 
Combinations  

Extreme Load 
Combination  

 
RDF + silt + 

tailwater + uplift 

FSL + silt + 
DBE + 
uplift 

RDF + silt + 
tailwater + 
uplift with 

drains 
blocked  - 

SEF + silt 
+ tailwater 

+ uplift 

FSL + MCE 
+ uplift 

Maximum stress at 
U/S face +410 kPa +290 kPa 0 kPa +210 kPa +380 kPa 

Maximum stress at 
D/S face +660 kPa +760 kPa +760 kPa +860 kPa +580 kPa 

Safety factor against 
sliding (Q) 

4.8 4.7 3.9 4.1 1.6 

 
+ indicates compression:  - indicates tension 

 
It can be seen from the above results that the spillway would comply with all the required 

criteria. 

6.4 COST ESTIMATE 

During the execution of the Vaal Augmentation Planning Study (VAPS), the Project 

Planning Directorate of the DWA recognised that the standard methodology developed 

during the study for the sizing and costing of water resource project components and for 

the economic evaluation of water resource development options would be a valuable 

tool for subsequent planning exercises.  It was accordingly decided to capture the 

guidelines in a single document which would be made available to planning 

professionals both within the Department and those consultants appointed by the 

Department to undertake specific assignments (DWAF, 1996). 

 

During the Lower Orange River Management Study (LORMS), the dam rates from VAPS 

were reviewed and updated to a base date of April 2004 (DWAF, 2005).  The following 

additional sources of information were used: 

 

• Maguga Dam 

• Mohale Dam 

• Inyaka Dam 

• Matsoku Weir 

• Paris Dam 

 

During the Lesotho Highlands Further Phases Study (LHFP), the dam rates from 

LORMS were again reviewed and updated to January 2006 (LHWC, 2007).  It was also 

compared with the Engineer’s Estimate for the Berg River Dam. 
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For the Bridging Studies of the Groot Letaba River Water Development Project, the 

LHFP dam rates were further escalated to April 2009.  Cognisance was also taken of 

rates for the De Hoop Dam. 

 

In order to obtain a realistic cost estimate of the demolition of the top section of the 

existing spillway, a feasibility level quote was obtained from Jet Demolition (Pty) Ltd, the 

same company that did the demolition of the top section of the Midmar Dam spillway.  

Details of the quote are provided in Appendix D.2 . 

 

The cost estimate for a 3 m raising of Tzaneen Dam with a labyrinth spillway is 

R42 million .  Details of the cost estimates are shown in Appendix D.2 . 
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7. SIDE CHANNEL SPILLWAY 

7.1 DESCRIPTION 

The topography of the left abutment of the dam lends itself to the construction of a side 

channel spillway.  As an alternative to the labyrinth spillway, a 3 m high fixed raising of 

the existing spillway was investigated supplemented by a 45 m long side channel 

spillway.  A gravity wall 2.4 m high would still have to be constructed over the full length 

of the NOC. 

 

In order to continue discharging the smaller floods over the ogee spillway, the overflow 

crest level of the side channel spillway was set 1.1 m higher than the raised FSL of the 

dam.  The raised ogee spillway would be able to discharge 3 000 m3/s, whilst the 

remainder of the SEF of 1 120 m3/s would be discharged by the side channel spillway. 

 

A conceptual layout of the side channel spillway is shown on Drawing 401775 CEN 21 

Rev A in Appendix E . 

7.2 IMPACT OF RAISED NOC 

The impact of the raising would be similar to that described in Section 6.2. 

7.3 COST ESTIMATE 

The cost estimate has been based on rates as described in Section 6.4. 

 

The cost estimate for a 3 m raising of Tzaneen Dam with a side channel spillway is 

R72 million .  Details of the cost estimates are shown in Appendix D.3 . 
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8. COMMENTS RECEIVED 

8.1 INTRODUCTION 

Comments on the draft Preliminary Design Report were received from the following 

sources: 

• DWA Directorate : Civil Engineering 

• BKS (Pty) Ltd 

• Knight Piesold (Pty) Ltd 

The comments, as well as Aurecon’s response, are attached to this report as 

Appendix F .  The response has been divided as follows: 

• Incorporated in the report as amendments 

• Rejected as noted in response 

• Listed for action during detailed design as shown below 

8.2 ACTION POINTS FOR DETAILED DESIGN 

• Stability analysis of embankment with raised FSL 

• Checking of integrity of Sybrand and Marietjie van Niekerk Bridges during SEF 

• Stability analysis of spillway with raised FSL 
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9. CONCLUSIONS AND RECOMMENDATIONS 

The following three methods were investigated for the raising of Tzaneen Dam: 

 

• Hydroplus fusegates 

• Labyrinth spillway 

• Side channel spillway 

 

The estimated capital and maintenance costs are as follows: 

 

• Hydroplus fusegates  R59 million 

• Labyrinth spillway  R42 million 

• Side channel spillway  R72 million 

 

The cost estimates include planning, design and supervision costs, but excludes VAT 

and land costs. 

 

The side channel option, whilst technically feasible, was discarded as on option based 

on cost.  Both the labyrinth spillway and fusegate options have a number of advantages 

and disadvantages as can be seen from Table 9.1  below. 
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Table 9.1 Summary of Advantages and Disadvantages 

Option Advantages Disadvantages 

Labyrinth spillway 1) Potentially lowest cost solution  

2)  Minimum maintenance 

3)  Low risk 

1) Potential impact on the integrity 
of the Sybrand and Marietjie 
van Niekerk bridges during very 
high flood conditions (flood peak 
in excess of 1:1 000 year RI) 

2) NOC has to be raised by 2.4 m 

Hydroplus fusegates 1)  Least construction impact on 
the dam wall itself 

2) No impact on Sybrand and 
Marietjie van Niekerk bridges 

3) NOC of dam wall does not have 
to be raised 

1) Loss in storage if fusegate 
topples (flood peak in excess of 
1:200 year RI) 

2) Potential loss in yield if a critical 
period follows directly after a 1: 
200 year flood event - 
probability of occurrence 
regarded as very low, but 
nevertheless remains a risk 

3) Replacement cost of the 
fusegates should they topple 

4) Long term maintenance costs 
associated with 20 year major 
maintenance   

 

Both the labyrinth spillway and the hydroplus fusegate options are considered to be 

technically feasible.  However, given the fact that the labyrinth spillway option is the most 

cost effective solution coupled with the fact that this option has very low future 

maintenance costs, it is recommended that this method of raising be adopted.  Should it 

be discovered during the detailed design phase, that the potential impact of the extreme 

flood events or the integrity of the Sybrand and Marietjie can Niekerk Bridges is 

considered unacceptable, then the hydroplus fusegate option would become the 

preferred option for the raising of Tzaneen Dam.  
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APPENDIX A 

 

FLOOD HYDROLOGY 

 

(Extract from Nwamitwa Dam Design Flood Analysis Re port, 

Nwamitwa Dam Preliminary Design Report, Appendix A)  
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A1 INTRODUCTION 

The flood hydrology for the raised Tzaneen Dam was investigated as part of the 

Preliminary Design Report for the proposed Nwamitwa Dam. 

 

The Tzaneen Dam is a large dam (>30 m high) with a high hazard potential (due to 

extensive downstream developments) and has been classified as a Category III dam in 

terms of the Dam Safety Regulations.  As the proposed raising of the dam would 

constitute a new design, it was considered “necessary to perform hydrological 

calculations appropriate to the site” for a Category III dam in accordance with Sub-

Clause 3.4.2 of the SANCOLD Guidelines (SANCOLD, 1991). 

 

The recommended floods for the sizing of the raised spillway have initially been selected 

in accordance with the SANCOLD Guidelines to be as follows: 

 

• The Recommended Design Flood (RDF) was the 1 in 200 year recurrence interval 

(RI) flood. 

• The Safety Evaluation Flood (SEF) was the Probable Maximum Flood (PMF) (Sub-

Clause 5.2.2). 

 

Further justification for the selection of the PMF as the SEF could be found in ICOLD 

Bulletin 59 (ICOLD, 1987).  Sub-Clause 3.2.2 states that “All available hydrometric and 

pluviometric data should be taken into account when determining the design flood.  

Probabilistic and/or deterministic methods, such as the Probable Maximum Flood (PMF), 

may be used.  The latter should derive from the combination of maximum precipitation 

with maximum runoff conditions and is to produce the design flood hydrograph.” 

 

Flood peaks were also determined for the 1 in 100 year RI flood to determine 

expropriation levels in the dam basin. 

 

The following calculation methods were used: 

 

• Unitgraph techniques using dimensionless regional unitgraphs (HRU, 1972). 

• Empirical flood techniques in the form of the Francou-Rodier approach, used by 

Kovacs to develop the Regional Maximum Flood (RMF) peak (Kovacs, 1988). 
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A2 CATCHMENT CHARACTERISTICS 

In order to determine representative design floods at Nwamitwa Dam, the attenuation 

effect of Tzaneen Dam, which is located within the upper Nwamitwa Dam catchment, 

had to be accounted for.  Consequently, the Nwamitwa catchment was split into two 

subcatchments as shown in Figure A2.2 .  The upper catchment, representing the 

Tzaneen Dam catchment, has an area of approximately 650 km2, while the remaining 

incremental catchment has an area of 1294 km2.  Relevant catchment characteristics are 

presented in Table A2.1 .  

The attenuation effects of other, smaller dams within the Nwamitwa Dam catchment 

including the Ebenezer, Dap Naudé, Magoebaskloof, Hans Merensky and Vergelegen 

dams were not considered in this study. 

Table A2.1 Catchment Characteristics 

Subcatchment Tzaneen Dam  
Nwamitwa Dam 

(incremental) 

Latitude 23° 48’ S 23° 45’ S 

Longitude 30° 10’ E 30° 29’ E 

Catchment area (km2) 650 1294 

Generalized veld type zone 8 8 

Extreme point rainfall zone 1 & 2 1 & 2 

Length of longest water course 
(km) 

75.2 72.0 

Distance to centroid (km) 37.6 33.8 

Average channel slope (m/m) 0.0066 0.003 

Catchment Index 34795 44433 

Basin lag (h) 8.2 9.0 

Unitgraph peak (m3/s) 29.1 53.0 

 

The Tzaneen Dam has a unique catchment in terms of topography and drainage pattern.  

The steep section of the Groot Letaba River along its middle reaches (Figure A2.1 ) 

results in an average watercourse slope of 0.013 as calculated by both the 10-85 and 

the equal-area methods.  Similarly, the oxbow shape of the river in plan view 

(Figure A2.2 ) results in an unrealistic estimate (10.0 km) for Lc, which represents the 

length along the main watercourse to a point opposite the catchment centroid.  Both of 

these estimates lead to the calculation of a short basin lag, which in turn results in very 

conservative (high) estimates of flood peaks.  
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In order to obtain a more realistic estimate of basin lag for the Tzaneen catchment, an 

alternative methodology for the calculation of the average watercourse slope was 

adopted in which the steep middle section of the longitudinal profile was disregarded and 

the average watercourse slope for the whole catchment equated to the average of the 

upper and lower reach slopes as shown in Figure A2.1 .  This resulted in an average 

watercourse slope of 0.0066.  Similarly, a value of 37.6 km (half of the total river length) 

was accepted for Lc. 
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Figure A2.1 Longitudinal Profile of Groot Letaba Ri ver in Tzaneen Catchment 
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Figure A2.2 Tzaneen Dam: Catchment Centroid in Rela tion to Longest Watercourse 

 

A3 DESIGN RAINFALL 

Estimates of design rainfall for the range of recurrence intervals that were considered 

were based on the minute by minute design point rainfall grid as developed by Smithers 

and Schulze (2002).  Estimates of Probable Maximum Precipitation (PMP) were based 

on envelope curves of maximum observed rainfall in South Africa as presented in HRU 

1/72 (HRU, 1972).  

In order to convert point rainfall to catchment storm rainfall, standard areal reduction 

factors (Alexander, 1990) and regional storm loss factors (HRU 1/72, 1972) were 

applied. The temporal distributions of storms were based on the HRU 1/72 distributions 

for medium-area storms. 

Table A2.2  presents a summary of the design rainfall for the Tzaneen Dam catchment 

for the range of RIs and storm durations that were considered. 
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Table A2.2 Tzaneen Dam Design Rainfall 

Catchment characteristics  TZANEEN          
Catchment area   650.5 km2           
Veld zone   8 - (HRU 1/72 Fig. F1)       
Extreme rainfall zone   1 & 2 - (HRU 1/72 Fig. C3)        
Length of longest watercourse (L) 75.18 km    Point Rainfall Smithers and Shulze, 2002 
Length from centroid to outlet (Lc) 37.6 km    ARF   Alexander, 1990 
Height 0.85L     masl    Storm loss factor HRU 1/72 Figure G1 & G2 
Height 0.10L     masl           
Average channel slope (Savg) 0.007 -           
Catchment Index   34795 -           
Basin Lag   8.198 h (HRU 1/72 Fig. F2)        
               Design Rainfall                
               Return Period 10 years             

Duration (h) 8 10 12 16 18 20 22 24 26 28 30 32 34 36 

Point rainfall (mm) 151.6 160.4 167.9 180.5 185.8 191.0 195.8 200.5 201.4 202.4 203.3 204.2 205.2 206.1 

ARF 0.780 0.790 0.800 0.820 0.828 0.835 0.840 0.845 0.847 0.849 0.851 0.853 0.855 0.858 

Catchment rainfall 118 127 134.3 148 154 159 164 169 171 172 173 174 176 177 

Storm loss factor 0.747 0.737 0.727 0.712 0.706 0.701 0.696 0.691 0.689 0.688 0.687 0.686 0.684 0.683 

Storm loss (mm) 88 93 98 105 109 112 114 117 118 118 119 120 120 121 

Storm rainfall (mm) 30 33 37 43 45 48 50 52 53 54 54 55 55 56 

               Return Period 20 years             

Duration (h) 8 10 12 16 18 20 22 24 26 28 30 32 34 36 

Point rainfall (mm) 180.9 191.3 200.3 215.4 221.7 227.9 233.6 239.2 240.3 241.4 242.6 243.7 244.8 245.9 

ARF 0.780 0.790 0.800 0.820 0.828 0.835 0.840 0.845 0.847 0.849 0.851 0.853 0.855 0.858 

Catchment rainfall 141 151 160.2 177 183 190 196 202 204 205 206 208 209 211 

Storm loss factor 0.719 0.709 0.700 0.683 0.675 0.665 0.656 0.649 0.648 0.647 0.647 0.646 0.645 0.645 

Storm loss (mm) 101 107 112 121 124 126 129 131 132 133 134 134 135 136 

Storm rainfall (mm) 40 44 48 56 60 64 68 71 72 72 73 74 74 75 

               Return Period 100 years             

Duration (h) 8 10 12 16 18 20 22 24 26 28 30 32 34 36 

Point rainfall (mm) 256.4 271.2 284.0 305.4 314.2 323.1 331.1 339.1 340.7 342.3 343.9 345.4 347.0 348.6 

ARF 0.780 0.790 0.800 0.820 0.828 0.835 0.840 0.845 0.847 0.849 0.851 0.853 0.855 0.858 

Catchment rainfall 200 214 227.2 250 260 270 278 287 289 291 293 295 297 299 

Storm loss factor 0.650 0.643 0.636 0.627 0.625 0.620 0.616 0.614 0.614 0.614 0.614 0.614 0.613 0.613 

Storm loss (mm) 130 138 145 157 163 167 171 176 177 178 180 181 182 183 

Storm rainfall (mm) 70 77 83 93 98 102 107 111 111 112 113 114 115 116 

               Return Period 200 years             

Duration (h) 8 10 12 16 18 20 22 24 26 28 30 32 34 36 

Point rainfall (mm) 293.0 309.9 324.5 348.9 359.0 369.1 378.3 387.5 389.3 391.1 392.9 394.7 396.5 398.3 

ARF 0.780 0.790 0.800 0.820 0.828 0.835 0.840 0.845 0.847 0.849 0.851 0.853 0.855 0.858 

Catchment rainfall 229 245 259.6 286 297 308 318 327 330 332 334 337 339 342 

Storm loss factor 0.636 0.629 0.625 0.614 0.613 0.612 0.610 0.609 0.609 0.609 0.609 0.608 0.608 0.608 

Storm loss (mm) 145 154 162 176 182 189 194 199 201 202 204 205 206 208 

Storm rainfall (mm) 83 91 97 110 115 120 124 128 129 130 131 132 133 134 

               Return Period PMF HRU 1/72 Figure C4           

Duration (h) 8 10 12 16 18 20 22 24 26 28 30 32 34 36 

Point rainfall (mm) 520.0 540.0 560.0 600.0 610.0 620.0 625.0 630.0 637.5 645.0 652.5 660.0 667.5 675.0 

ARF 0.780 0.790 0.800 0.820 0.828 0.835 0.840 0.845 0.847 0.849 0.851 0.853 0.855 0.858 

Catchment rainfall 406 427 448.0 492 505 518 525 532 540 548 555 563 571 579 

Storm loss factor 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Storm loss (mm) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Storm rainfall (mm) 406 427 448 492 505 518 525 532 540 548 555 563 571 579 
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A4 SPILLWAY DESIGN FLOOD ANALYSIS 

A4.1 DESIGN FLOOD ESTIMATES 

The following calculation methods were used: 

 

• Unitgraph techniques using dimensionless regional unitgraphs (HRU, 1972). 

• Empirical flood techniques in the form of the Francou-Rodier approach, used by 

Kovacs to develop the Regional Maximum Flood (RMF) peak (Kovacs, 1988). 

 

The results of the flood analysis are shown in Table A4.1 . 

 

Table A4.1 Comparison of Inflow Flood Peaks (m 3/s) 

Flood 
Regional Unit 

Hydrograph Technique (1) 

RMF 

Approach  

1:100 year RI  1 740  1 750 

1:200 year RI  1 935  2 150 

RMF (Region 5.2)  n/a  3 240 

RMF+∆ (Region 5.4)  n/a  4 120 

PMF  7 365  n/a 
 
(1) Represents maximum inflow flood peak for critical storm duration. 

 

It is evident from Table A4.1  that the PMF is significantly higher than the RMF and the 

RMF+∆, with the PMF in the order of 2.3 times as high as the RMF.  This relatively high 

PMF/RMF ratio confirms the results of Görgens et al (2006), who, as part of a Water 

Research Commission (WRC) Study on Extreme Design Floods, investigated PMF/RMF 

ratios at 109 flow gauging stations across South Africa and found that at 46 out of 51 

gauging stations and dam sites in Limpopo, Gauteng, North-West, Mpumalanga and 

KwaZulu-Natal, the PMF/RMF ratio exceeds 2.0. 

 

As stated above, both the SANCOLD Guidelines and the ICOLD Bulletin 59 specifically 

mention the use of the PMF method in designing spillways for large dams with a 

significant or high hazard rating, as in the case of Nwamitwa Dam.  However, in the case 

of the PMF approach being followed, the SANCOLD Guidelines also recommend upper 

limits of 6.0 and 2.0, respectively, to the PMF equivalent K-value and the PMF/RMF 

ratio.  In the case of Nwamitwa Dam, these upper limits are exceeded:  The equivalent 
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PMF K-value is 6,2, while the PMF/RMF ratio is in the order of 3,0.  Therefore, taking 

cognisance of the HRU 1/72-based PMF-related concerns expressed in the findings of 

the Water Research Commission (WRC) Study on Extreme Design Floods, the use of a 

SEF lower than the PMF-routed values determined during this study, but higher than the 

RMF (unrouted), is recommended as an alternative to the HRU 1/72-based PMF.   

 

As it was not possible, under this Feasibility Study, to do any fresh research on extreme 

rainfall-versus-flood patterns in the region of the Groot Letaba catchment, a lead was 

taken from the SANCOLD Guidelines, which specifies the use of a Safety Evaluation 

Discharge (SED) for safety assessments on existing dams.  According to the Guidelines 

the dam spillway must be capable of discharging the SED so that, although there may 

be extensive damage to the structure, it will not fail.  For the “Large Dam/Significant to 

High Hazard” category (in which Tzaneen Dam falls), the SED is set as the RMF+∆, i.e. 

the RMF for the region one step higher numerically than that in which the study 

catchment lies; in this case for K = 5.4.  It is therefore recommended that the unrouted 

RMF+∆ value of 4 120 m3/s be used as an alternative SEF to the outgoing flood peak of 

an HRU 1/72-based PMF for the preliminary spillway design for a raised Tzaneen Dam. 

 

For the 100 year RI and 200 year RI floods at Tzaneen Dam, the floods as determined in 

accordance with the HRU 1/72 regional unit hydrograph method, are recommended.  

The order of magnitude of these design floods were broadly confirmed through 

application of the empirical RMF technique. 

A4.2 FLOOD ROUTING 

The simulated 100 year RI and 200 year RI flood hydrographs for a range of storm 

durations were routed through the raised Tzaneen Dam in order to determine the effect 

of attenuation on the simulated flood peaks.   

 

The storage-area-elevation relationship was obtained from the First Dam Safety 

Inspection Report of Tzaneen Dam (DWAF, July 1999) and is shown in Table A4.2 . 
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Table A4 2 Relationship between Stage, Area and Sto rage for Tzaneen Dam 

Elevation 

(masl) 

Area  

(ha) 

Volume  

(million m³) 

685 0.0 0.0 

690 7.4 0.1 

695 50.0 1.0 

700 200.0 6.9 

705 340.0 20.0 

710 514.7 42.3 

715 716.2 72.6 

720 951.5 116.1 

725 1229.4 170.3 

730 1544.1 237.2 

735 1900.0 316.1 

 

 

The stage-discharge curve for the labyrinth spillway is shown in Figure A4.1 . 
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Figure A4.1 Stage Discharge Curve for Labyrinth Spi llway 
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Based on the results of the above analyses, the following spillway floods have been 

selected to size the raised spillway: 

Table A4.3 Flood Peaks for Labyrinth Spillway 

Flood 
Inflow Peak 

(m3/s) 

Outflow Peak  

(m3/s) 

Water Level 

(masl) 

1:100 year RI  1 740  1 170  729.03 

RDF (1:200 year RI)  1 935  1 360  729.27 

SEF (RMF+∆ - Region 
5.4) 

 n/a  4 120  733.00 

 

 

The SEF resembles an unrouted flood peak.  In order to generate an incoming 

hydrograph for the Hydroplus option, the Probable Maximum Flood (PMF) hydrograph 

producing the highest outgoing flood peak of 4 700 m3/s was scaled down in the ratio 

4 120/4 700. 

 

The routed hydrographs for the 1 in 100 year and 200 year RI floods are shown in 

Figures A4.2  and A4.3. 
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Figure A4.2 1 in 100 year RI Flood Hydrographs 
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Figure A4.3 1 in 200 year RI Flood Hydrographs  
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APPENDIX B 

 

HYDROPLUS PROPOSAL 
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APPENDIX C 

 

IMPACT OF FUSEGATE ROTATION ON A RESERVOIR’S FIRM Y IELD 
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APPENDIX D 

 

COST ESTIMATES 
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APPENDIX D.1 

 

COST ESTIMATE FOR RAISING WITH HYDROPLUS FUSEGATES 
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APPENDIX D.2 

 

COST ESTIMATE FOR RAISING WITH LABYRINTH SPILLWAY 
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APPENDIX D.3 

 

COST ESTIMATE FOR RAISING WITH SIDE CHANNEL SPILLWA Y 
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APPENDIX E 

 

DRAWINGS 

 
 
 
Drawing No 401775 CEN 20 Rev B :  
Raising of Tzaneen Dam : Proposed Labyrinth Spillway Layout and Section 
 
Drawing No 401775 CEN 21 Rev A :  
Raising of Tzaneen Dam : Proposed Channel Spillway Layout and Section 
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APPENDIX F 

 

COMMENTS ON REPORT 

 

F.1 Comments by DWA Directorate : Civil Engineering 

F.2 Comments by Knight Piesold (Pty) Ltd 

F.3 Aurecon’s Response to Comments 
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APPENDIX F.1 

 

COMMENTS BY DWA DIRECTORATE : CIVIL ENGINEERING 
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APPENDIX F.2 

 

COMMENTS BY KNIGHT PIĒSOLD (PTY) LTD 
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APPENDIX F.3 

 

AURECON’S RESPONSE TO COMMENTS 
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F3 COMMENTS RECEIVED 

F3.1 INTRODUCTION 

Comments on the draft Preliminary Design Report were received from the following 

sources: 

• DWAF Directorate : Civil Engineering 

• BKS (Pty) Ltd 

• Knight Piesold (Pty) Ltd 

The comments, as well as Aurecon’s response, are attached to the report as 

Appendix F .  The response has been divided as follows: 

• Incorporated in the report as amendments 

• Rejected as noted in response 

• Listed for action during detailed design in Section 8 of report 

The response follows the same numbering system as used in the comments. 

F3.2 DWA DIRECTORATE : CIVIL ENGINEERING 

E) : RAISING OF TZANEEN DAM : DRAFT REPORT 

• Par 4.3    Retained text as is 

• Par 6.1    Detailed design  

F3.3 BKS (PTY) LTD 

The BKS comments were made on the Technical Study Main Report.  The response 

below addresses those comments that coincide with text in this report. 

F3.3.1 Background 

• Justification of 3 m raising Added note wrt expropriation levels 

F3.3.2 Flood Hydrology 

• Second paragraph  Retained text as is 

F3.3.3 Hydroplus Fusegates 

• Second paragraph  Amended text 
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F3.3.4 Labyrinth Spillway 

• Second paragraph  Amended text 

F3.3.5 Impact of Raised NOC 

• Fourth paragraph  Amended text 

• Fifth paragraph   Amended text 

F3.4 KNIGHT PIESOLD (PTY) LTD 

F3.4.1 Specific Comments 

F3.4.2 General 

• Stability of embankment Detailed design 

• Raising heights   Limited by bridges 

F3.4.3 Executive Summary 

• Previous study   Added reference 

• Steel gates   Disagree – high maintenance and lack of skills 

• Third para   Corrected text 

F3.4.4 Section 2 – Principal Details of Tzaneen Dam  

• Principal details   Retained text as is 

F3.4.5 Section 3 – Flood Hydrology 

• Designation of RI  Corrected text 

• RDD/RDF terminology  Disagree – RDD refers to unrouted flood peaks 

RDF refers to routed flood hydrograph peaks 

• SED/SEF terminology  Disagree – SED refers to unrouted flood peaks - 

SEF refers to routed flood hydrograph peaks –  

defined as compromise between PMF and RMF 

approaches – see Section 3.2 

• Appendix A3.2 - floods  Added note re routing for labyrinth option 

• Appendix A4.2   Corrected 1 in 100 year RI flood peak 

• Appendix A4.2   Added water levels 



GGrroooott  LLeettaabbaa  RRiivveerr  WWaatteerr  DDeevveellooppmmeenntt  PPrroojjeecctt  ((GGLLeeWWaaPP))  F3-3 

 

  
Technical Study Module : Preliminary Design of the Raising of Tzaneen Dam : Volume 7 May 2010 

F3.4.6 Section 5 – Hydroplus Fusegates 

• 5.1 Description   Added number of fusegates 

F3.4.7 Section 6 – Labyrinth Spillway 

• 6.2 Impact of raised NOC Detailed design 

• 6.3.2 Loadings   Amended text 

• Table 6.3 Stability analysis To be checked during detailed design 

F3.4.8 Section 8 – Conclusions and Recommendations 

• Steel gates   Disagree 

 




