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PERSBERG FARM DAM 

HYDROLOGY REPORT 

19 JANUARY 2016 

EXECUTIVE SUMMARY 

The analysis indicates that the dam yield at the current volume with the proposed 90ha maize and 

40ha oats will not nearly be sufficient to meet the full irrigation demand. It is proposed to plant a 

smaller area of both maize and oats to reduce the risk of the dam running empty. In our opinion 

planting 30ha maize and 10 ha oats will result in an acceptable risk of the dam running empty. 

The present spillway capacity is inadequate. The eventual size will depend on the final selected full 

supply level and the safety categorization. As an interim measure we propose that the spillways be 

cut level as per attached drawing, each one at least 14m wide, minimum 1.2m deep. Tyres are used as 

the current rip rap. It is suggested to extend the tyres to the crest of the dam wall to accommodate 

wave action. The tyres would need to be anchored properly to avoid lifting up and moving. 

A dam with a capacity of just under 50 000m³ would still yield water at an acceptable risk with 30 ha 

maize and 10 ha oats, although the risk will be slightly higher of running empty. Obviously the 

owner can evaluate the feasibility of planting oats after the rainy season by evaluating the dam levels 

prior to planting each year. Should the volume be lower than 50 000 m
3
 the dam would not need to 

registered but a licence to store and use water will still be required.  

It was found that the increased capacity of the upstream Persberg Farm Dam will not negatively 

impact on the downstream dam, as the lower dam has its own significantly larger catchment and 

there is no water demand from the dam at present. 

Soil compaction tests indicate that the compaction on top is less than what is generally prescribed for 

earth dams. However, DCP tests indicate an increase of compaction with depth and it is estimated 

that the general required compaction has been achieved from approximately 2 m deep from the crest 

and deeper, where it is the most important.  

A slope stability analysis indicates that both the upstream and downstream slopes are safe, as the  

safety factors are above the required minimum.  

Due to the fairly high permeability of the embankment material and the absence of any vertical cut-

off drains, there may be some seepage on the downstream slope. It is recommended that a sand cut-

off filter/drain be cut into the downstream toe and a 110mm drainage pipe be placed at the bottom of 

the filter. This would allow seepage water to be collected safely in the filter and drained downstream 

of the dam.  

A dam break analysis indicates that in the event of a “Sunny day” dam break, with a full breach 

developing in 12 minutes, that the resulting flood water will overtop the road by approximately 

100mm. In the event that the breach develops over 18 minutes the resulting flood water will safely 

pass under the road through the culvert. In accordance to statistics there is a slight possibility that 

such a breach can develop in 12 minutes. It is debatable whether a flood over a very short time of 

100mm deep over the road will impose a serious enough risk to classify the dam as a Category II 

dam.   

Our recommendation would be to immediately make the recommended changes to the spillways etc. 

but that the Dam Safety Office of Department of Water Affairs is requested to categorize the dam at 

its present full supply level or recommend at what volume the dam would be acceptable from a safety 

risk perspective. Should the full supply level be dropped (without lowering the wall) to just less than 

50 000m³ a  “sunny day” dam break will pass safely under the road through the culvert.                                                                                                                                                                                                                                                                                                                                                                                                                 
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2. INTRODUCTION 

GFK Consulting Engineers were appointed by Mr. Erich Müller to undertake a Hydrology 

Assessment and a Safety Analysis of the dam on the farm Persberg, for development appraisal and 

dam/water use licencing purposes. 

3. GENERAL CLIMATOLOGICAL DATA. 

The site lies within quaternary catchment number V33B. 

Quaternary catchment details extracted from WR 2012 are as follows: 

Table 1: Quaternary Catchment Details 

 

 

Climatological data from rainfall station 335746W was used to determine the mean annual 

precipitation used for the analysis of 736mm. This station lies approximately 3 km south of the site. 

The monthly Symons Pan evaporation was obtained from station W2E004 and adjusted using the 

MAE of the quaternary catchment as published by the Water Research Commission (WRC). Station 

W2E004 is situated at Klipfontein dam just south of Vryheid. The A-Pan evaporation was 

determined from the SA Atlas isohyets at the site of the dam.  

The evaporation and rainfall indicated in Table 2.3 and 4 are as follows:  

Table 2: Evaporation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Alien

Vegetation

Gross (km²) Net (km²) Area (km²) Area (km²) Area (km²) Zone MAP (mm) (mm) Net (mcm)

V33B 407 407 0 1 0.09 V3D 736 1500 24.61

Rainfall S Pan MAR
Quaternary 

Catchment
Catchment Area Forestry Irrigation

Evaporation (mm) Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

Symons Pan 141 149 158 153 131 127 104 95 83 94 123 142 1500

A-Pan 164 166 194 187 157 146 125 108 94 104 140 159 1744
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Table 3: Monthly evaporation station for W2E004 adjusted for local Mean Annual Evaporation. 

 

 

 

Patched data 

 

 

 

 

 

 

 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec TOTAL

1985 169 158 139 130 93 93 97 142 139 151 182 149 1641

1986 153 48 149 104 101 95 104 140 155 155 152 177 1533

1987 184 162 141 114 129 91 113 122 104 129 127 170 1585

1988 167 156 140 123 101 90 100 126 126 140 153 147 1569

1989 155 102 141 106 92 78 102 144 170 166 138 169 1563

1990 167 146 134 110 92 94 95 119 140 143 193 163 1595

1991 151 131 113 137 106 78 102 142 143 151 170 173 1597

1992 169 174 150 135 134 113 107 141 161 198 185 192 1858

1993 189 118 129 119 110 89 105 124 150 131 152 165 1581

1994 154 139 138 101 94 107 106 120 158 156 168 188 1629

1995 194 173 138 113 89 84 112 144 168 152 152 160 1679

1996 147 126 126 103 68 95 82 119 201 165 171 194 1596

1997 169 155 106 116 90 104 87 135 129 129 152 146 1519

1998 154 144 142 105 119 102 96 126 150 140 147 162 1585

1999 176 147 152 126 102 94 101 127 130 127 147 123 1552

2000 110 94 106 79 70 59 88 108 140 110 117 140 1223

2001 152 111 126 82 80 70 73 110 129 118 118 140 1308

2002 159 111 129 102 94 69 89 82 116 140 145 136 1371

2003 153 132 148 103 86 54 82 128 114 164 134 174 1471

2004 130 107 84 87 80 68 69 101 111 153 162 153 1306

2005 138 122 118 85 93 84 87 113 146 136 155 156 1433

2006 124 112 97 85 89 64 93 105 118 132 132 179 1331

2007 168 164 137 97 107 75 108 125 149 109 135 147 1521

2008 128 145 122 85 71 57 96 123 144 145 142 161 1418

2009 137 110 112 94 81 70 76 105 118 112 114 153 1282

2010 125 130 128 84 100 70 75 116 167 139 137 158 1429

2011 153 131 127 105 95 78 94 123 142 141 149 158 1496

2012 153 131 127 104 95 87 94 123 142 141 149 139 1485

2013 128 119 102 102 102 97 83 139 148 138 163 115 1435

2014 147 135 110 92 92 98 95 118 173 125 126 145 1457

2015 148 129 120 99 98 82 89 122 120 141 149 158 1455

Average 153 131 127 104 95 83 94 123 142 141 149 158 1500
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Table 4: Monthly rainfall data for rainfall station 335746 

 

 

 

 

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

1920 101 142 165 89 173 79 11 14 0 0 0 67 841

1921 55 71 247 159 118 62 4 41 45 9 82 32 926

1922 126 167 136 91 97 13 5 0 11 9 12 0 666

1923 45 104 94 174 160 87 36 21 0 0 16 46 782

1924 70 129 137 159 141 80 53 6 1 9 0 65 850

1925 92 75 123 126 50 59 19 25 55 0 0 75 698

1926 137 150 128 97 181 86 2 0 0 18 20 22 839

1927 99 78 167 183 65 70 11 27 0 0 13 64 776

1928 72 26 58 60 66 163 21 4 37 28 15 102 651

1929 21 139 98 97 58 79 60 0 0 5 12 28 597

1930 40 22 193 119 59 37 8 0 0 7 0 0 485

1931 90 42 30 70 284 112 0 46 11 5 0 17 706

1932 14 99 140 78 108 55 24 0 0 32 0 2 552

1933 45 186 169 260 139 69 12 47 0 52 50 0 1029

1934 59 153 182 93 82 66 89 11 9 0 1 22 766

1935 18 52 155 143 150 121 5 112 3 1 0 27 785

1936 78 248 64 210 137 124 11 0 7 0 0 26 905

1937 27 35 288 128 124 22 7 0 74 67 8 24 804

1938 113 41 173 78 148 55 0 44 0 40 6 59 755

1939 37 207 239 102 66 73 0 15 64 0 0 79 882

1940 25 86 298 164 133 27 128 0 0 6 0 21 888

1941 17 62 98 205 137 81 20 21 19 0 27 57 745

1942 69 146 159 158 77 94 128 69 7 85 128 10 1131

1943 194 126 143 152 144 53 0 3 61 0 0 116 993

1944 78 48 96 107 61 185 11 15 0 0 0 6 606

1945 11 35 8 106 22 49 0 0 0 1 0 3 234

1946 130 129 40 36 85 70 28 0 42 0 4 33 597

1947 62 192 134 143 124 101 64 0 0 0 0 34 853

1948 122 156 147 188 198 116 96 1 9 4 0 41 1077

1949 82 135 148 72 36 95 43 29 0 0 21 9 670

1950 79 150 114 61 69 181 33 18 9 0 110 42 866

1951 76 6 151 218 40 55 41 11 4 46 6 3 656

1952 58 124 153 158 256 64 51 0 6 0 61 30 958

1953 24 123 55 73 148 138 27 61 14 2 0 54 720

1954 162 203 126 252 162 74 30 4 0 0 0 5 1016

1955 71 103 68 29 180 120 0 41 0 0 3 35 650

1956 45 209 272 127 56 41 87 0 12 77 38 158 1122

1957 114 54 31 114 52 44 126 0 0 0 0 20 555

1958 85 114 89 67 136 26 25 40 0 28 9 23 643

1967 68 139 172 119 31 91 12 14 0 0 50 18 711

1968 29 76 143 101 125 239 70 27 8 25 0 14 854

1969 123 30 152 141 144 49 19 0 4 14 121 82 878

1970 85 67 58 117 59 71 46 112 0 25 54 14 707

1971 157 101 172 167 113 107 20 53 12 10 17 3 929

1972 94 112 89 97 210 40 83 7 0 0 53 60 843

1973 9 122 30 191 17 53 55 6 24 0 21 5 532

1974 20 121 59 88 104 12 66 0 0 0 8 84 559

1975 14 80 110 105 116 88 14 48 0 1 0 18 593

1976 108 31 55 182 51 107 11 0 0 0 9 92 644

1977 99 50 118 332 84 65 0 0 0 0 0 64 813

Average 73 106 129 132 111 81 34 20 11 12 19 38 767
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4. YIELD ANALYSIS 

4.1. IRRIGATION REQUIREMENTS  

The total monthly and annual irrigation requirement was calculated using SAPWAT software. 

The initial proposal by the client was to plant 90 ha maize in October and 40 ha oats in April.  

The irrigation requirement where the monthly rainfall is included was done with SAPWAT. 

An analysis was also run assuming the worst case with no rain, for academic purposes. The 

results including rain is further used in the analysis. The results can also be found in the 

annexure.  

Crop  No rain analysis Including rain analysis 

Maize (90ha) 596 700 m³/a   171 900 m³/a 

Oats (40ha)  181 600 m³/a   111 600 m³/a 

Total  778 300 m³/a  283 500 m³/a 

The crop factors and monthly evapotranspiration per crop type were also determined by 

SAPWAT and are indicated below in Table 3 and Table 4 respectively. 

Table 3: Crop Factors 

 

Table 4: Evapotranspiration  

 

The monthly irrigation requirements are indicated in the table below. 

Table 6: Monthly gross irrigation requirements including rain (SAPWAT) 

 

The average irrigation requirements using simple formula results in irrigation requirements of 

approximately 15% more than indicated above. The SAPWAT software uses a daily water 

balance procedure and would therefore be much more accurate. The WRSM software uses the 

same crop factors with monthly rainfall figures over 84 years, but with average evaporation 

and average rainfall effectivity figures. The crop demands would thus be more in the WRSM 

analysis, but the actual amount supplied correlates well with SAPWAT  figures for a fair 

reliability of supply. For a high reliability of supply the WRSM analysis supply more irrigation 

water than indicated by SAPWAT and less for a low reliability of supply. 

 

 

 

Crop factors Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Maize 0.1 0.6 1.1 1.1 1.1 0 0 0 0 0 0 0

Oats 0 0 0 0 0 0 0.1 0.2 0.5 0.75 1 1.1

Evapotranspiration (mm) Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

Maize 74.4 115 147.2 129 110.7 85.2 0 0 0 0 0 0 663

Oats 33.6 0 0 0 0 0 43.8 73.6 59.3 64.1 81.8 98.8 454

Including Rainfall (mm) Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

Maize 14 17 57 48 32 23 0 0 0 0 0 0 191

Oats 0 0 0 0 0 0 35 35 17 39 82 71 279
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4.2. DAM YIELD ANALYSIS AND IRRIGATION AREA OPTIMIZATION 

The yield analysis of the dam was calculated using the WRSM 2000 model. The catchment of 

the upstream dam on the Persberg Farm as well as that of the downstream dam on the 

neighbouring dam was analysed.  This is done to determine whether the dam would be able to 

meet the required irrigation demands. Further the effect of the newly constructed upstream 

dam on the downstream neighbouring farm dam was also analysed. The following parameters 

were used for the analysis: 

Table 5: Catchment characteristics  

 

 

Table 6: Dam volume calculation at current FSL 

 

The volume of the dam was calculated using data from arIal surveyed points on a 30 x 30 m 

grid. To determine the total volume, excavated material used for the dam, estimated at 

15000m³ is included in the estimated volume of 85 777 m³.  

There is no irrigation demand from the smaller downstream dam and the catchment directly 

contributing to flow to the smaller downstream dam is significantly larger than for the upper 

dam under investigation. The runoff of this catchment would be more than adequate to provide 

the downstream dam with sufficient water to be always full, given the fact that there is no 

irrigation from the lower dam. In the event that irrigation will be done from this lower dam in 

future, the size will be the restricting factor, not the fact that some of the runoff from the two 

catchments combined will be held back in the upper dam.  

Table 10 indicates the probability of the dam running empty with various crop models. This is 

based on crop factors as determined by SAPWAT.  

Table 7: Probability of dam running empty at current volume 

 

 

Gross (km²) Net (km²) Area (km²) Area (km²) Area (km²) Area (km²) Volume (m³) Station MAP (mm)

Persberg Dam 

Catchment
3.5 3.5 0.27 0 0.9 0.062 85000 335746 733

Downstream 

Dam Catchment
6.3 6.3 0.5 0 0 0.047 40000 335746 733

Catchment Catchment Area Forestry Irrigation Farm Dams Rainfall
Alien 

Vegetation

AREA AT FSL 

mMSL

AREA      

(m²)

VOLUME 

(m³)

VOLUME 

(Mm³)

FSL 

DEPTH  

(m)

LOWEST CONTOUR 1511 8551 8701 0 2

CONTOUR ABOVE 1512 32078 32765 0 3

CONTOUR ABOVE 1513 61531 85777 0 4

Crops (ha)

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

90 Maize - 40 Oats 41 44 68 64 59 0 0 8 25 47 73 95

40 Maize - 20 Oats 24 24 54 48 39 0 0 0 9 24 33 51

30 Maize - 10 Oats 7 7 20 22 20 0 0 0 5 6 8 14

20 Maize - 20 Oats 15 11 15 16 14 0 0 0 5 11 18 28

20 Maize - 10 Oats 2 2 4 6 4 0 0 0 1 1 2 5

Probability of dam running empty (%)
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From the results above, it is suggested that planting 30 ha maize and 10 ha oats is an 

acceptable risk at the current volume of the dam or 20 ha maize and 20 ha oats. 

The dam full supply level could be lowered to a level of approximately 1512.3 m in order to 

reduce the volume to approximately 50 000 m³. The dam will then fall outside the requirement 

for categorization but a licence to use and store water will still be required.  

Table 8: Dam volume calculation at a reduced FSL 

 

Should the dam be reduced to a volume of just less than 50 000 m³ the optimum area to be 

irrigated would still be in the order of 30 ha maize and 10 ha oats but with a slightly higher 

probability of running dry.  

Table 9: Probability of dam running empty at a reduced dam volume (49 900m³) 

 

 

 

 

 

  

AREA AT FSL 

mMSL

AREA      

(m²)

VOLUME 

(m³)

FSL 

DEPTH  

(m)

LOWEST CONTOUR 1511.0 8551 8701 2

CONTOUR ABOVE 1512.0 32078 31765 3

CONTOUR ABOVE 1512.4 43000 49727 3

Crops (ha)

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

40 Maize - 20 Oats 39 27 52 46 35 0 0 1 8 21 45 84

30 Maize - 10 Oats 11 12 28 29 24 0 0 0 2 7 11 18

20 Maize - 10 Oats 8 5 9 12 11 0 0 0 2 4 5 12

Probability of dam running empty (%)
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5. FLOOD DETERMINATION 

The Persberg Dam catchment covers a total area of 3.5 km². The catchment area and slopes were 

determined using Civil Designer. Majority of the catchment is covered in grasslands. The proposed 

land to be cultivated as well as the light bush in the area was taken into account for the flood 

analysis.  

Flood magnitudes were calculated using 5 methods, namely the Rational, Alternative Rational, Unit 

Hydrograph, Standard Design Flood (SDF) and Empirical method. The Alternative Rational method 

should be the most accurate since it uses the most site specific values whereas the SDF, Unit 

Hydrograph and Empirical methods use regional input values. The latter three methods are used as a 

check for the Rational and Alternative Rational methods. The values for the Alternative Rational 

method are indicated in the table below. Refer to the annexures for more details. 

Main catchment characteristics are as indicated below in Table 10 (See other detail on calculation 

sheets). 

Table 10: Catchment Characteristics & Alternative Rational Floods 

Catchment Area (km²) 3.5 

Longest water course (km) 2.34 

Height difference 10-85% slope (m) 39.1 

Percentage rural (%) 100 

Percentage urban/industrial (%) 0 

1:5 Year flood (m³/s) 22.38 

1:10 Year flood (m³/s) 31.11 

1:20 Year flood (m³/s) 40.64 

1:50 Year flood (m³/s) 53.70 

1:100 Year flood (m³/s) 65.23 

1:200 Year flood (m³/s) 73.85 
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6. MAXIMUM CAPACITY AND DESIGN FLOODS 

The maximum discharge was calculated using the current triangular spillway shape with the total 

freeboard available being 1.2 m above FSL at the wing wall sides. Both the left and right wings were 

analysed as the slope differs on either side. The maximum capacities of the present spillways are as 

follows:  

Q (right)  = 25.08 m³/s 

Q (left)   = 23.20 m³/s 

Total  = 48.28 m³/s 

The present spillways will not be able to even accommodate the 1:50 year flood (See table below)  

The Recommended Design Flood (RDF) and the Safety Evaluation Flood (SEF) were also 

determined. The dam may be regarded as a small Category I dam (5m to 12m high). However due to 

the downstream road it may have a significant hazard rating, hence the Category II floods were also 

determined. According to DWA, the Category I dam RDF should be the 1:20 or 1:50 year flood and 

the SEF the 1:100 year flood. The Category II dam RDF should be the 1:100 year flood and the SEF 

the 1:200 year flood.  

The calculations on the maximum discharge and the design floods can be found in the annexure with 

results indicated in the table below. 

Table 11: Design floods 

 Category I Category II 

RDF 1:50 53.75 m³/s 1:100 65.23 m³/s 

SEF 1:100 65.23 m³/s 1:200 73.85 m³/s 

 

7. SPILLWAY 

Spillway design for the RDF should further allow for a dry freeboard over and above the flood height 

through the spillway. The calculation of the dry freeboard is shown in the table below. A total dry 

freeboard of 0.51 m is required to accommodate wave action. Tyres are used as the current riprap on 

the dam wall and the run-up factor was determined taking this into consideration. The tyres should be 

placed to the crest of the wall to accommodate wave action.  

Table 12: Dry freeboard calculation 
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The spillway is sized according to the RDF and SEF for both a Category I and Category II dam. The 

following spillway lengths were calculated considering wave action during a flood: 

 

Table 13: Spillway lengths required for the spillways cut level 

 

The spillway widths indicated above assumes the full supply level will remain as is, with only the 

existing spillways cut level into the side slope with lengths as indicated. If the FSL is dropped to 

reduce the size of the dam to less than 50 000m³, the required spillway length will reduce 

significantly.  

8. DAM BUILDING MATERIAL TEST RESULTS 

Troxler (nuclear density instrument) and DCP (Dynamic Cone Penetrometer) compaction tests were 

conducted at five locations across the dam wall. From the results obtained it can be concluded that 

the compaction over the first meter does not meet the general required compaction of 95% of 

Maximum Proctor density. An average compaction of 86% is achieved, with only one location 

exceeding the requirement at 98.3%. However, the compaction increases with an increase in depth of 

the dam wall and is higher at the bottom. By extrapolating the DCP results with increased depths to 

the compaction achieved at the top, it can be estimated that the required compaction is met at 

approximately 2m from the dam crest and exceeded towards the bottom where it counts most.  The 

DCP results are indicated below. 

FETCH 396.03 m

WIND SPEED OVER LAND 28 m/s

WIND SPEED RATIO 1.07

WIND SPEED OVER WATER 29.96

Cd 0.002149

X 2014 Dimensionless

Ux 1.39 Dimensionless

H 1.85 Dimensionless

Hs 0.36 Wave height (m)

SLOPE 1: (3) 2.2

W50 6 kg

D50 0.14 m

THICKESS RIPRAP REQUIRED 0.28 m

RUNUP FACTOR 1.4

RUNUP =DRY FREEBOARD 0.51 m Vertical

Flood Flood

Left Wing Right Wing Left Wing Right Wing

RDF 1:50 25 25 1:100 31 30

SEF 1:100 6 6 1:200 8 8

Length (m) Length (m)

Category I Category II



14 
 

 

DYNAMIC CONE PENETROMETER - RESULT SHEET

Client Erich Muller

Project Persberg dam

Location Helpmekaar

Operator Soilco

Date

Job #

Lab #

Site # Helpmekaar Site # Helpmekaar Site # Helpmekaar

Location DCP1 Location DCP2 Location DCP3

VicRoads Test Method  402.01 - Estimated California Bearing Ratio Using Dynamic Cone Penetrometer Tests
This method covers the calculation of the estimated California Bearing Ratio (CBR) of cohesive soils from the penetration results obtained

using the dynamic cone penetrometer described in AS 1289.6.3.2
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DYNAMIC CONE PENETROMETER - RESULT SHEET

Client Erich Muller

Project Persberg dam

Location Helpmekaar

Operator Soilco

Date

Job #

Lab #

Site # Helpmekaar Site # Helpmekaar Site # NA

Location DCP4 Location DCP5 Location NA

VicRoads Test Method  402.01 - Estimated California Bearing Ratio Using Dynamic Cone Penetrometer Tests
This method covers the calculation of the estimated California Bearing Ratio (CBR) of cohesive soils from the penetration results obtained

using the dynamic cone penetrometer described in AS 1289.6.3.2
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Pit 1 and Pit 2 (as indicated in the annexure) indicate the results for the natural foundation and 

embankment respectively.  The following results were obtained: 

Table 14: Soil Parameters  

 Natural Ground (foundation) (Pit 1) Embankment (Pit 2) 

Permeability (cm/sec) 9.306 x 10
-8

 1.083 x 10
-5

 

Unified Soil Classification CL OH or MH 

Cohesion (kPa) 27 21 

Friction angle ( º ) 22 27 

 

The permeability was tested at a compacted density of 95% of Maximum Proctor density. The results 

as indicated above may not be a true reflection as the actual in-situ compaction measured is lower 

than 95% at the top of the dam wall but most likely higher at the bottom where it counts most. Higher 

compacted materials may have a lower permeability due to excess voids removed. The permeability 

of the embankment may be higher at the top due to insufficient compaction. The foundation 

permeability is lower than that of the embankment making the embankment material suitable for 

construction. 

Cohesion and friction were obtained from consolidated drained shear box tests. The laboratory 

results can be found in the annexure.  

9. SEEPAGE LINE AND SLOPE STABLILTY 

The phreatic surface as shown in Figure 1 below was determined using a permeability of 9.306 x 10-

8 cm/sec for the natural ground and 1.083 x 10-5 cm/sec for the embankment. Due to the fairly high 

permeability of the homogeneous embankment there may be some seepage on the downstream toe. A 

sand filter could be cut into the toe where the seepage water is expected to exit the embankment. A 

110 mm drainage pipe can be placed at the bottom of the filter to allow the water to drain. See 

attached drawings for details.  
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Figure 1: Phreatic surface and seepage through dam wall 

 

            

 

Using the above phreatic surface the slope stability of the dam was analysed to determine if it would 

be stable during operation. The soil unit weight and saturated unit weights as indicated in Table 15 

were obtained from the soil parameters of the two test pits.  

Table 15: Unit weights of soil used for slope analysis 

 Natural Ground Embankment 

Bulk unit weight  17.4 16.3 

Saturated unit weight 17.8 21.7 

 

The slope stability was analysed at full supply level and the minimum factors of safety (FOS) were 

determined using the Slope Stability software. Provision was made to accommodate seismic action at 

0.1g. The critical section of the dam wall was analysed where the following slopes were measured: 

 Upstream slope: 1:2.48 

 Downstream slope: 1:1.66 

 

The following minimum Factors Of Safety (FOS) were obtained: 

 Upstream slope FOS: 1.92 

 Downstream slope FOS: 1.63 
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According to The U.S. Army Corps of Engineers (2003), the long term downstream factor of safety 

should not be lower than 1.5. The FOS as calculated in the analysis is 1.63 which is sufficient and 

should not pose any significant problems. Similarly the minimum upstream slope safety factor is 1.5 

The upstream calculated FOS is 1.92 which is significant larger than the required minimum of 1.5. 

Both FOS are above 1.3 which is the minimum after construction. 

Relatively high safety factors are observed for the steep slopes. This may be due to the high friction 

angles in the embankment as well as the foundation material. The upstream slope FOS is higher than 

the downstream slope FOS due to the steep downstream slope of 1:1.66. 

The list of calculated factors of safety as well as the graphical representation of the slip circles can be 

found in the annexure. 

10. DAM BREAK ANALYSIS 

A dam break analysis was simulated on HEC-RAS to determine the effect a possible dam break 

would have on the downstream road. The dam break was analysed with an estimated final bottom 

width of 3 m and side slopes of 1:0.7 on either side over a development time period of 1 hour. 

 

Table 16: Dam Break Results Summary  

Event Flood Effect on downstream road 

Dam break at 

Present FSL 

Without flood (Sunny 

day dam break) 

Flood water will flood the road by approximately 

100mm deep. 

Dam break at FSL 

for 49 900m³ dam 

Without flood (Sunny 

day dam break) 

Flood water will pass safely under the road through 

the culvert. 

Flood without dam 

break 

1:20 Insignificant.  

The culvert size is sufficient to accommodate a 1:20 

flood.  

Flood without dam 

break 

1:50 Significant. 

Flood causes water to flow over the road with a 

depth of approximately 0.5m. 

 

The risk of a potential dam break in conjunction with the 1:20 or 1:50 year flood is deemed 

negligible as the probability of the two events happening simultaneously is nearly impossible as the 

wall is likely to only break when overtopped during floods. Due to the spillways being sized 

according to the design floods the dam should be able to accommodate a 1:50 year flood, hence the 

probability of the dam overtopping is low. In the nearly impossible event of a dam break during a 

1:20 or 1:50 year flood, the water would flow over the road at a depth of approximately 0.6 and 0.9m 

respectively. It can thus be argued that a dam break will increase the risk of flooding the road in the 

event it occurs during a 1:20 year flood, but the probability is so low that it can be ignored. In the 

event of a 1:50 year flood the road will be overtopped anyway and will pose a serious risk. With a 

simultaneous dam break, the risk will not necessarily be significantly more. It can also be argued that 

in the event that the water level in the dam is low, that it will attenuate a 1:50 year flood which will 

make the risk of flood water overtopping the road less.   
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Figure 2 below indicates the maximum rise in water level in the culvert due the dam break without  a 

flood for a dam with FSL for a 49 900m³dam. There is sufficient space between the maximum water 

level and the top of the culvert hence the road should not sustain any damage. The results regarding 

the floods can be seen in the annexure.  

 

Figure 2: Effect of dam break without a flood on downstream culvert 

The effect of the dam break as far as 7.8 km downstream was analysed. A large cliff is found 

approximately 6 km downstream of the dam. The flow conditions downstream of this cliff were 

analysed separately as there are no obstructions. A flow rate was determined from HEC-RAS just 

upstream of the cliff which was then used to calculate the flow depth of the water in the river 

channel. A normal flow depth of 0.6 m was calculated indicating the water would flow in the river 

channel and not cause any significant damage should the Persberg Farm Dam break. Figure 3 below 

indicates the critical flow depth as well as the normal flow depth. 
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Figure 3: Flow depth in river downstream of cliff 
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12. ANNEXURES 

12.1. YIELD ANALYSIS 

DOWNSTREAM DAM STORAGE 
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PERSBERG DAM STORAGE OVER THE FULL RECORD PERIOD – 90 HA MAIZE AND 40 

HA OATS 

 

 

PERSBERG DAM STORAGE OVER 1 YEAR – 90 HA MAIZE AND 40 HA OATS 

 

 

 



23 
 

ANNUAL HYDROGRAPH OF RESERVOIR TO MAIZE IRRIGATION (90 HA) 

 

 

MONTHLY HYDROGRAPH OF RESERVOIR TO MAIZE IRRIGATION (90 HA) 
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ANNUAL HYDROGRAPH OF RESERVOIR TO OATS IRRIGATION (40 HA) 

 

 

 

MONTHLY HYDROGRAPH OF RESERVOIR TO OATS IRRIGATION (40 HA) 
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PERSBERG DAM STORAGE OVER THE FULL RECORD PERIOD - 30 HA MAIZE AND        

10 HA OATS 

 

 

 

PERSBERGDAM STORAGE OVER 1 YEAR - 30 HA MAIZE AND 10 HA OATS 
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ANNUAL HYDROGRAPH OF RESERVOIR TO MAIZE IRRIGATION (30 HA) 

 

 

 

MONTHLY HYDROGRAPH OF RESERVOIR TO MAIZE IRRIGATION (30 HA) 
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ANNUAL HYDROGRAPH OF RESERVOIR TO OATS IRRIGATION (10 HA) 

 

 

MONTHLY HYDROGRAPH OF RESERVOIR TO OATS IRRIGATION (10 HA) 
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12.2. FLOOD CALCULATIONS 
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12.3. MAXIMUM DISCHARGE CALCULATIONS 

LEFT WING 
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RIGHT WING 
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12.4. IRRIGATION REQUIREMENTS 

NO RAINFALL 

 

INCLUDING RAINFALL 
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12.5. SLOPE STABILITY  

UPSTREAM 
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DOWNSTREAM 
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12.6. SOIL TEST RESULTS 
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DYNAMIC CONE PENETROMETER - RESULT SHEET

Client Erich Muller

Project Persberg dam

Location Helpmekaar

Operator Soilco

Date

Job #

Lab #

Site # Helpmekaar Site # Helpmekaar Site # NA

Location DCP4 Location DCP5 Location NA

   

Note: The Allowable Bearing Capacity data applies to cohesive soils only and is based on bearing capacity factor

Nc = 5 and FOS = 5   Approximate Cu = 0.8 x allowable bearing capacity.
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DYNAMIC CONE PENETROMETER - RESULT SHEET

Client Erich Muller

Project Persberg dam

Location Helpmekaar

Operator Soilco

Date

Job #

Lab #

Site # Helpmekaar Site # Helpmekaar Site # Helpmekaar

Location DCP1 Location DCP2 Location DCP3

   

Note: The Allowable Bearing Capacity data applies to cohesive soils only and is based on bearing capacity factor

Nc = 5 and FOS = 5   Approximate Cu = 0.8 x allowable bearing capacity.
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12.7.  DAM BREAK ANALYSIS 

DAM BREACH for dam under 50 000m³ 
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DAM BREACH CROSS SECTION DATA AT MAXIMUM WATER SURFACE ELEVATION 

 

 

1:20 YEAR FLOOD  
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1:50 YEAR FLOOD  
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RIVER CHANNEL DOWNSTREAM OF CLIFF 
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