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Technology, Free State
Area distribution factor (at+B+y=1): - o JFF COEFFICIENT (dimensionless) :
Rural (o)) = | Urban () = | Lakes () = | | ferct + prca + 3
RURAL: Surface slope Mean Annual Precipitation (mm) Cs Main stream length (km) = T
Classification Slope Decimal <600 600 - 900 > 900 Height of most remote part above outlet (m) H
Marshes, pans <3% 0.01 0.03 0.05 Height of 0.10*Length (m) = | | Height of 0.85*Length (m) =
Level areas 3-10% 0.06 0.08 0.11 Slope of catchment (m/m) = S
Hilly areas 10-30% 0.12 0.16 0.20 S = [H/1000L]
Steep areas >30% 0.22 0.26 0.30 Mean slope (m/m) = Sm
Total: 1.00 Total: Sm = [Hosst, - Hosor] / 100040751
..Rough -1 1 R W, A
— T Paved areas = 0.02
RUR_:AL: .Penneablllty . Mean Annual Precipitation (mm) Cp Sparsc prass = 0.3 Moderate grass = 0.4 Do gy =5
Classification Decimal =690 600 - 200 > Time of concentration: surface flow (hour) = Tc
Very permeable (coarse sand) 0.03 0.04 0.05 Tc(surface) = 0.604*(r.L/S"*)** (surface)
Permeable (sand) 0.06 0.08 0.10 Time of concentration: canal flow (hour) = Te
Semi-permeable (clayey sand) 0.12 0.16 0.20 Tc(canal) = (0.87.L%/1000.Sm)"*** (canal)
Impermeable  (clay / rock) 0.21 0.26 0.30 Total time of concentration (hour) = Te
Total: 1.00 Total: Tc = Te(surface) + Te(canal)
RURAL: Vegetation Mean Annual Precipitation (mm) Cv Recurrence period (year) =
Classification Decimal < 600 600 - 900 > 900 Rainfall region  (Summer / Winter / Year round) =
Dense bush, plantation 0.03 0.04 0.05 Mean annual precipitation (mm) =
Light bush, farm lands 0.07 0.11 0.15 Rainfall depth (mm) =
Grass land 0.17 0.21 0.25
tati 0.26 0.28 0.30
ads Dl _ AVERAGE RAINFALL INTENSITY (mm/h) I:
- Total: 1.00 Total: [Rainfall depth / Tc]
%f; ' [ Cs+Cp+Cv = CL: | |
1= ¢ EFFECTIVE AREA OF CATCHMENT (km?) A:
\ £ < URBAN: Landuse classification Decimal Factor C2
=« Lawns, parks Sandy, level (<2%) 0.05-0.10
} :_ - Sandy, steep (>7%) 0.15-0.20 Recurrence period (year): 2 5 10 20 50 100
) en Heavy soil, level (<2%) 0.13-0.17 Adjustment factor: 0.75 0.80 0.85 0.90 0.95 1.00
=~ = Heavy soil, steep (>7%) 0.25-0.35
—,-:\ .R}_zsidenlial areas Houses 0.30-0.50 PEAK DISCHARGE (I'I'IJ."S) Q:
i Flats 0.50-0.70 [Q = 0.256*CIA* Adjustment factor]
Industrial areas Light 0.70-0.95 —
Heavy 0.50-0.80
Business areas Centre 0.60-0.90
Streets 0.70-0.95 Description of catchment: Notes:
Maximum flood 1.00
Total: 1.00 Total:
Date:
| LAKES (If lake contributes to run-off C3 = 1) C3: | |
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Area distribution factor (a+f+y=1):

Technology, Free State

Central University of

—-—.. JFF COEFFICIENT (dimensionless)

Rural (o) = 0.5 | Urban () = 0.5 | Lakes () = 0 I [o*C1 + B*C2 +4*C3]

- — Main stream length (km) = 2.8 .
RURJ.-"sL. .Surface slope : Mean Annual Precipitation (mm) Cs Height of most remote part above outlet (m) 50 H
Classification Slope Decimal <600 600 - 900 > 900 Height of 0.10* Length (m) — | 1395 | Height of 0.85* Length (m) = 1430
Marshes, pans <3% 0.01 0.03 0.05 Slope of catchment (m/m) = 0.018 )
Level areas 3-10% 1.00 0.08 0.11 0.06 S = [H/1000L)

Hilly areas 10-30% 0.12 0.16 0.20 Mean slope (m/m) = 0.018 Sm
Steep areas >30% 0.22 0.26 0.30 Sm = [Hogst - Hoou] / 1000%0.75L
Total: 1.00 Total: 0.06 s seee e RO TIESS tent =
Recommended values: Clean compact
RURAL: Permeability Mean Annual Precipitation (mm) Cp Sparse grass =03 Moderate grass = 0.4
Classification Decimal < 600 600 - 900 > 900 Time of CGl’lCem.I‘aIlOI‘lb ?%r%ce flow (hour) = 1423 Ae
Te(surface) = 0.604*(r.L/S™)™ (surface)
Very permeable (coarse sand) 0.03 0.04 0.05 : — -
P ol ; 21 0.08 0.10 2006 Time of concentration: canal flow (hour) = 0.688 Te
cmEialy Gl i : ' : Te(canal) = (0.87.L%1000,8m)°** (canal)
Semi-permeable (clayey sand) 0.9 0.16 0.20 0.108 = e
I bl Tom 021 0% 030 Total time of concentration (hour) = 2111 Te
i - - - Tc = Te(surface) + Tc(canal)
Total: 1.00 Total: 0.114
- T Recurrence period (year) = /
RURAL: Vegctatmn : Mean Annual Precipitation (mm) Cv Rainfall region _(Summer / Winter / Year round) — y;
Classification Decimal < 600 600 - 900 > 900 Mean annual precipitation (mm) — 7
Dense bush, plantation 0.04 0.05 Rainfall depth (mm) = 21
Light bush, farm lands 0.11 0.15
Grass land 0.8 0.21 0.25 0.136
No vegetation 0.2 0.28 0.30 0.052 AVERAGE RAINFALL INTENSITY (mm/h) I 9.95
Total: 1.00 Total: 0.188 [Rainfall depth / Te]
| Cs+Cp+Cv=ct: [ 0362 | EFFECTIVE AREA OF CATCHMENT (km’) A: 556
URBAN: Landuse classification Decimal Factor C2
Lawns, parks Sandy, level (<2%) 0.30 0.05-0.10 0.10 0.03 Recurrence period (year): 5 10 20 50 100
Sandy, steep (>7%) 0.15-0.20 Adjustment factor: 0.80 0.85 0.90 0.95 1.00
Heavy soil, level (<2%) 0.13-0.17
H; il, st >7% 0.25-0.35 —
Residential szzssm R 0.55 0.30-0.50 0.50 0.275 FEAR TUSCHARGY, gacs) @ 410
e aTeas J el : d [Q = 0.256*CIA* Adjustment factor]
Flats 0.50-0.70 Al
Industrial areas Light 0.70-0.95
Heavy 0.50-0.80
Business areas Centre 0.60-0.90 RATIONAL METHOD
Suburban 0.10 0.50-0.70 0.70 0.07 Description of catchment: Notes:
Streets 0.05 0.70-0.95 0.70 0.035
Maximum flood 1.00 Sub-catchment 5
Total: | 1.00 Total: 0.410 Date;
December 1995
I LAKES (If lake contributes to run-off C3 = 1) C3: | [/ i
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Area distribution factor (otf+y=1): sxwia-IFF COEFFICIENT (dimensionless) C: 0412
Rural (o) = 0.4 | Urban @) - 0.6 [ Lakes () = 0 | | jorcisprez s o)
RURiAL: .Surface slope _ Mean Annual Precipitation (mm)> — Cs Main stream length (km) = E; I
Classification Slope - Decimal < 600 600 - 900 Height of most remote part above outlet (m) 315 H
Marshes, pans = 0.01 0.03 0.0 Height of 0.10*Length (m)= | 7385 | Height of 0.85*Length (m) — 1460
Le.vel areas 3-10% 0.90 0.08 0.11 0.054 Slope of catchment (m/m) 0.048 S
Hllly areas 10-30% 0.16 0.20 g = [HflOUOL]
Steep areas >30% 0.10 0.26 0.30 0.022 Mean slope (m/m) = 0.019 Sm
Total: 1.00 Total: 0.076 Sm = [Hogse - Hoyor] / 1000*0.75L
AR ... ..o Lol ] W .. MOV NN S,
RURAL: Permeability Mean Annual Precipitation (mm) Cp Recommended values: Clean compacted soil = 0.1 Paved areas = 0.02
Classification Decimal <600 | 600 -900 =900 Spapegrass=0.3 Modsrate gruns—01 Dense grass = 0.8
ety peritizable (ooatie sand) 0.03 004 0.05 Time of concentratlonbgltl;%ce flow (hour) = 1.412 Tc
Te(surface) = 0.604*(r.L/S™") (surface)
Permeable (sand) 0.10 0.08 0.10 0.006 : -
- Time of concentration: canal flow (hour) = 0.971 Te
Semi-permeable (clayey sand) 0.80 0.16 0.20 0.096 _ 2 0.385
Tc(canal) = (0.87.L.5/1000.8m) (canal)
Impermeable (clay / rock) 0.10 0.26 0.30 0.021 : :
. Total time of concentration (hour) = 2.383 Te
Total: 1.00 Total: 0.123 Tc = Te(surface) + Te(canal)
RUR;IAL: .Vegetation : Mean Annual Precipitation (mm) Cv Recurrence period (year) — y
Classification : Decimal =600 600 - 500 Z900 Rainfall region  (Summer / Winter / Year round) = /
Dense bush, plantation 0.03 0.04 0.05 Mean annual precipitation (mm) = 7
Light bush, farm lands 7 0.11 0.15 : —
Rainfall depth e 21
Grass land 050 021 025 0.085 2ot depth (oen)
No vegetation 0.50 0.28 0.30 0.130
Total: 1.00 Total: 0.215 AVERAGE RAINFALL INTENSITY (mm/h) I 8.81
[Rainfall depth / Tc]
| Cs+Cp+Cv=Cl: || 0414 |
EFFECTIVE AREA OF CATCHMENT (kam?) A: 8.10
URBAN: Landuse classification Decimal Factor C2
Lawns, parks Sandy, level (<2%) 0.30 0:05-0.10 0.10 0.03
Sandy, steep (>7%) 0.15-0.20 Recurrence period (year): 5 10 20 50 100
Heavy soil, level (<2%) 0.13-0.17 Adjustment factor: 0.80 0.85 0.90 0.95 1.00
Heavy soil, steep (>7%) 0.25-0.35
Residential arcas Houses 0.55 0.30-0.50 0.50 0.275 =
T 5 0070 PEAK DISCHARGE (m’/s) Q: 5.65 ”
e = 0.256*CIA* Adjustment fact:
Industrial areas Light 0.70-0.95 [ S
Heavy 0.50-0.80
Business areas Centre 0.60-0.90
Suburban 0.05 0.50-0.70 0.70 0.035 RATIONAL METHOD
Streets 0.10 0.70-0.95 0.70 0.035 Description of catchment: Notes:
Maximum flood 1.00
Total: | 1.00 Total: 0.415 Sub-catchment 6
Date:
- D ber 1995
| LAKES (If lake contributes to run-off C3 = 1) €3z |[ ] !i SR
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Central University of

Area distribution factor (otf+y=1): . suir-OFF COEFFICIENT (dimensionless) C: 0.468
Rural (o) = 6.4 | Urban (B) = 0.6 | Lakes (v) = @ | I [a*C1 + B*C2 + y*C3]
RURAL: Surface slope Mean Annual Precipitation (mm) Cs Fieeut stivaie Tatigihs fin) = 72 T
Classification Slope Decimal < 600 600 - 900 > 900 Height of most remote part above outlet (m) 1;52 o
Marshes, pans <3% 0.01 0.03 0.05 Height of 0.10*Length (m)= | 7390 | Height of 0.85*Length (m) = 1440
Level areas 3-10% 0.80 0.08 0.11 0.048 Slope of catchment (m/m) = 0.032 8
Hilly areas 10-30% 0.08 0.16 0.20 0.010 S = [H/1000L] .
Steep areas >30% 012 0.26 0.30 0.026 Mean slope (m/m) = 0.016 Sm
Total: 1.00 Total: 0.084 Sm= {HO.SSL - Ho,m;_] /1000*0.75L
oo ROUGHMESS coefficient = | 0.3 ) N, S—
RURAL: Permeability Mean Annual Precipitation (mm) Cp Recommended values: Clean compacted soil = 0.1 Paved areas = 0.02
Classification Decimal <600 | 600 -900 =900 Bpacsegrass=(.3 —— ‘t"k’t‘_im“" e 0:3 - - 432“'“5" Erass= O;’i
ime of concentration: surface flow (hour) = 4
Very permeable _(coarse sand) 0.03 0.04 0.05 To{surface) - 0.604%(s LIS+ (hour) i [f‘;ce)
0.08 0.10 . - -
Pem}eable (sand) jih Lol Time of concentration: canal flow (hour) = 0.984 Tc
Semi-permeable (clayey sand) 0.85 0.16 0.20 0.102 Te(canal) = (0.87.1L3/1000,5m)>*** (canal)
I bl lay / rock 0.05 0.26 0.30 0.011 e -
ol U i (Eayak) T . Total time of concentration (hour) = 2,419 Te
Total: 1.00 Total: 0.119 Tc = Te(surface) + Tc{canal)
RURAL: Vegetation Mean Annual Precipitation (mm) Cv Recurrence period (year) = 7
Classification Decimal = 600 600 - 990 =900 Rainfall region  (Summer / Winter / Year round) = /
Dense bush, plantation 0.03 0.04 0.05 Mean annual precipitation (mm) = ¥
Light bush, farm lands 0.07 0.11 0.15 : —
Grass land 0.80 0.21 0.25 0.136 Rainfall depth (mm) 21
No vegetation 0.20 0.28 0.30 0.052 —
Total: 1.00 Total: 0.188 AV].!‘,RAGE RAINFALL INTENSITY (mm/h) I: 8.68
[Rainfall depth / T¢]
| Cs+Cp+Cv=Ct: | 0391 |
EFFECTIVE AREA OF CATCHMENT (kmz) Al 7.33
URBAN: Landuse classification Decimal Factor C2
Lawns, parks Sandy, level (<2%) 0.25 0.05-0.10 0.10 0.025
Sandy, steep (>7%) 0.15-0.20 Recurrence period (year): 5 10 20 50 100
Heavy soil, level (<2%) 0.13-0.17 Adjustment factor: 0.80 0.85 0.90 0.95 1.00
Heavy soil, steep (>7%) 0.25-0.35
Residential areas Houses 0.45 0.30-0.50 0.50 0.225 PEAK DISCHARGE (ml."s) o 572
: Flats 45040790 [Q = 0.256*CIA* Adjustment factor]
Industrial areas Light 0.70-0.95 —
Heavy 0.50-0.80
Business areas Centre 0.20 0.60-0.90 0.90 0.180
Suburban 0.50-0.70 RATIONAL METHOD
Streets 010 0.70-0.95 0.90 0.090 Description of catchment: Notes:
Maximum flood 1.00
Total: 1.00 Total: 0.520 Sueb-catchment 8
Date:
December 1995
| LAKES (If lake contributes to run-off C3 = 1) C3: | 0 i
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Figure 2: Topography and layout of developed Botshabelo.
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Figure 3: Hydrological network and layout of Botshabelo sanitation system.
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Surface delention = sheet of water
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Perched water teble ~ V™
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Stormwatler run-off

Figure 4a: Run-off in a natural catchment.
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Figure 4b: Run-off cycle in a Developed urban catchment.
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Figure 5: Monthly rainfall trend of study area.
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Dry light brown soft to firm silty clay

Slightly moist dark brown to black firm to stiff shattered silty clay with
some ferricrete nodules

Slightly moist dark yellow olive firm to stiff clayey silis or silty clays with
occasional siltstone fragmenis

Weathered silistone with some sand

Figure 6: Diagram of an average soil profile of Southern Botshabelo.
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Figure 7: Yearly population growth rate, Botshabelo 1979 - 2000.
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Figure 9: Mean levels of faecal coliforms in stormwater

run-off in three sub-catchments.
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Figure 10: Mean levels of faecal streptococci in stormwater

run-off in three sub-catchments.
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Figure 11: Mean levels of coliphages in stormwater
run-off in three sub-catchments.
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Figure 12: Mean levels of faecal coliforms in the Klein Modder River.
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Figure 13: Mean levels of faecal streptococci in the Klein Modder River.
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Figure 14: Mean levels of coliphages in the Klein Modder River.
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