












































































































































































BOTSHABELO STORMW ATER QUALITY 

SAMPLING STATIONS Klein Modder River: UB, KMI , KM2 and DB 

Minimum, maximum and geometric mean of microbiological indicator organisms in river 

II RAINFALL WITHOUT SURFACE RUN-OFF II 
II FAECAL COLIFORMS FAECAL STREPTOCOCCI COLIPHAGES 

DATE II UB I KMI KM2 I DB un KMI KM2 DII un KMI KM2 DB 
17/011192 10 ,,. " 2" 
01f09192 730 """ 200 "60 12' .30 
1)/10192 ,,. 2430 """ 2"" 93' 1860 4" '16 '30 500 3700 700 
02111192 4700 ''''' 16' 4500 2060 JO " 23/11192 6IJ 140() 4331 3700 480 JIO 490 '" 1060 "'" 1100 800 
14112192 88,. J060 6B0 10150 48' 246 406 m '" "0 
28/12192 ,." 1667 10500 """ "0 4" 240 620 
011OlI93 "0 '" 3733 1833 197 400 18J 230 30 20() 
08/03/93 '" 2>00 l600 8467 210 '" ,OJ 670 "0 600 760 '60 
16103/9] 290 2300 "00 1967 110 '" 24l '" '''' '''' 10() 
)()I03l93 727 3067 1800 2>00 280 1400 1667 '" mo 900 lJO 
13104193 m 2033 J900 2JOO '" 1700 '" '" '" 1200 1633 lJOO 

No 10 12 , 12 10 12 • II , , 7 , 
Mm m 10 1800 16' 110 " '" 18J 60 " '''' " 
�M�~� "50 6560 10>00 10150 4>00 2060 1667 "'" 1060 2J60 370() "0() 

GM II 880 1310 "30 1480 400 411 402 "'" ,16 300 820 J20 

II RAINFALL WITH SURFACE RUN-OFF II 

TECHNIKO 
IIBrSTMT/fREE STATE 
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Cl RATIONAL METHOD 
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APPENDIXCI 

RATIONAL METHOD 
ecompiled from Rooseboom e/ al. (1986), Shaeffer e/ al. (1982) 
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Area distribution factor (a+[3+'i''''' I 

Rural (a) "" 1 Urban (13) Lakes 

RURAL: Surface slope Mean Annual Precioitation mm) C, 

Classification Slope Decimal < 600 600 - 900 > 900 

Marshes, pans <3% 0.0 1 0.03 0 .05 
Level areas 3-10% 0.06 0 .08 0 .11 
Hilly areas 10-30% 0.12 0. 16 0 .20 
Steep areas >30% 0.22 0.26 0.30 

Total: 1.00 Total, I I 
RURAL: Penneability Mean Annual Precipitation nun) Cp 

Classification Decimal < 600 600 - 900 > 900 

Very penneable (coarse sand) 0.03 0.04 0.05 
Pcnneable (sand) 0.06 0.08 0.10 
Semi-permeable (cla'y~y'sand) 0.12 0.16 0.20 
impenneable clay / rock 0.2 1 0.26 0.30 

Total: 1.00 Total: I I 
RURAL: Vegetation Mean Annual Precipitation {mm Cv 

Classification Decimal < 600 600 - 900 1 > 900 

Dense bush, plantation 0.03 0.04 0.05 
Light bush, farm lands 0.07 0.11 0 .15 
Grass land 0.17 0.2 1 0. 25 
No vegetation 0.26 0.28 0 .30 

~ Total: 1.00 Total, Ibl ~~~~ .... 
Cs + Cp + C v - Cl : II :i: r 

~, 

~ ~ URBAN: Landuse classification Decimal Factor I C2 I 
-; ~ Lawns, parks Sandy. level «2%) 0.05-0.10 I I 
m " Sandy, steep (>7%) 0. 15-0.20 
:; .. Heavy soil, level « 2% 0. 13-0.17 : I I 
~ ~ Heavy soil, steep (>7%) 0 .25-0 .35 I I 
::ri ~ ~esidential areas Houses 0.30-0.50 I I 

Flats 0.50-0.70 
Industrial areas Ids!!t 0.70-0.95 ' 

Heavy 0.50-0.80 
Business areas Centre 0.60-0.90 

Suburban 0.50-0.70 
Streets 0.70-0.95 
Maximum flood 1.00 

Total: 1.00 Total: 

LAKES (lfl ake contributes to run-olTC3 - 1) CJ : II 

Cdr 

Main stream length (km - L L 
Height of most remote part above outlet m) I H 

Height ofO. IO*Len.gth (m) ' 1 Height ofO.8S*Length I m) ' 
Slope of catchment (mlm) S 

S ~ [H11000Lj 
Mean slope (mlm) - Sm 

Sm "" [Ho.ssL - Ho.1OLl / I000*0.75L , .......................... ... ......... ..... ........................ g~~~.~~~.~~~.~~ !~~~. :-:-.. ...... .... .. ... ...... ........ .. ... ... .... ... ........ ..... 
Recommended values: Clean compacted soil = 0.1 Paved areas "" 0 .02 
Sparse grass "" 0.3 Moderate grass = 0.4 Dense grass "" 0.8 

T ime of concentration: surface flow (hour) -
Tc(surface) = O.604*(r.USO.S)O.467 

T ime of concentration: canal flow (hour) 
Tc(canal) ~ (0.87.L' /1000.Sm),·m 

Total t ime of concentration (hour) 
Tc = Tc(surface) + Tc(canal) 

Rainfall region 

AVERAGE RAINFALL INTENSITY (mmlh) 
Rainfall deDth / Tc 

Recurrence pcriod.(year} = 
(Sununer I Winter I Year round) -' 
Mean annual precipitation (mm) , 

Rainfall depth (nun) 

Tc 
(surface) 

Tc 
(canal) 

Tc 

I 

1, 'I 
1 EFFECTIVE AREA OF CATCH MENT (km') A, 11--::1 

Recurrence riod ear : 100 
Adjustment factor: 0.75 0 .80 0.85 0.95 1.00 

PEAK DISCHARGE (ml/s) Q, 
Q = 0.256*CIA* Adiustment factor 

RA TlONAL MET HOD 

Description of catchment: Notes: 

Date: 

---
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APPENDIXC2 

PEAK DISCHARGES: Sub-catchment 5, 6 and 8 
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Area distribution factor (a+i3+Y= 1 ): 

Rural (a) = 0.5 I Urban ( 0.5 Lakes (,v) = 0 
RUN-OFF COEFFICIENT (dimensionless) 

C'II 
0.386 

II r,,'CI + O'C2 + Y'C3] 

RURAL: Surface slope Mean Annual Precipitation mm C, 
Classification Slope Decimal <600 600 - 900 > 900 

Marshes, pans <3% 0.Q1 I 0.03 0.05 
Level areas 3-10% 1.00 0.08 0.11 0.06 
Hilly areas 10-30% 0.12 I 0.16 0.20 
Steep areas >30% 0.22 I 0.26 0.30 

Main stream length (km) - I 2.8 L 
Height of most remote part above outlet (m) 50 H 

Height ofO.lD*Length (m) I /395 Height ofO.85*Length (m) 1430 
Slope of catchment (m/m) 0.018 S 

S ~ [H/ IOOOL] 
Mean slope (m/m) - 0.018 Sm 

Sm = [Ho.m - HO.IOd / 1000*0.75L 
Total: 1.00 Total, I 0.06 .................... ............. ...... ~~~~~~.~.~?~X!!~!~~~ .. ............ ~:!. ............. ..... ......... ~ ......... 

Recommended values: Clean compacted soil = 0.1 Paved areas = 0.02 
Sparse grass = 0.3 Moderate grass = 0.4 Dens~ ass = 0.8 

Time of concentration: surface flow (hour) 1.423 To 
Tc(surfacc) = 0.604*(r.USo.S)O.467 (surface) 

Time of concentration: canal flow (hour) 0.688 To 
Tc(canal) -= (O.87 .L2/1000.Sm)o.38s (canal) 

Total, II 0.114 Total: l.UU 

Total time of concentration (hour) 

I 
2.111 

I 
To 

I Tc = Tc(surface) + Tc(canal) 

Cv 
Recurrenc~riod.(year) / 

Rainfall region (Summer I Winter I Ycar round) / 

Mean annual precipitation (mm) / 

Rainfall depth (mm) ~ I 21 I 

Total : Total, II 0.188 
I,ll 99~ 

C, + Cp + Cv - CI , II 0.362 I EFFECTIVE -,U~EA OF CATCHMENT (km') A, II 5.56 II 

URBAN: Landuse classification Decimal Factor C2 
Lawns, parks Sandy, level « 2%) 0.30 0.05-0 .10 0.10 0.03 Recurrence riod car : 100 

Sandy, steep 1>7%) 0. 15-0.20 Adiustment factor : 1.00 
Heavy soil, level <2%) 0.13-0.17 
Heavy soil, steep (>7%) 0.25-0.35 

Residential areas Houses 0.55 0.30-0.50 0.50 0.275 
Flats 0.50-0 .70 

PEAK DISCHARGE (ml/s) Q, II 4.10 
Q = O.256*CIA*Adiustment factor 

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 : L )~OQ Total: 0.410 Date: 
December J995 

LAKES (Iflake contributes to run-offC3 = 1) C3, II 0 
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Area distribution factor (a+B+v= I ): 

Rural (a) = 0.4 I Urban ~ 0.6 Lakes (y) = 0 

Total, II 0.076 

Total: Total, II 0.123 

Total: Total, I[ 0.215 

Cs + Cp + Cv - Cl: II 0.414 

URBAN: Landuse classification Decimal Factor CZ 
Lawns, parks Sandy, level «2%) 0.30 0,05-0.10 0.10 0.03 

Sandv, steep >7% 0.15-0.20 
Heavv soil, level <2%) 0.13-0.17 

, 
Heavv soil, steep (>7% 0.25·0.35 

Residential areas Houses 0.55 0.30-0.50 0.50 0.175 
Flats 0.50-0.70 

Industrial areas Ught 0.70-0.95 
Heavy 0.50-0.80 

Business areas Centre 0.60-0.90 
Suburban 0.05 0.50-0.70 0.70 0.035 

Streets 0.10 0.70-0.95 0.70 0.035 
Maximum flood 1.00 

Total: 1.00 Total: 0.415 

LAKES (If lake contributes t6' run-off C3 - I ) C3: II 0 

c, 'I 0.412 l 
Main stream length (km) - I 4.5 L 

Height of most remote part above outlet (m) I 215 H 
HeightofO.IO'Length(m) - I 1385 I Height ofO.85·Length (m) - 1460 

Slope of catchment (mIm) 0.048 S 
S ~ [HlIOOOLl 

Mean slope (mIm) 0.019 Sm 
Sm = rH085L - HOIOd I IOOO·O.75L 

.................................................................... ~~~~~~.~. ~~.~~~~~~ .. 0.3 r ............................. .... ............. ... ..... 
Recommended values: Clean compacted soil = 0.1 Paved areas = 0.02 
Sparse grass = 0.3 Moderate grass = 0.4 Dense g ass = 0.8 

Time of concentration: surface flow (hour) 1.412 Te 
Tc(surface) - 0.604·(r.USO,~)O.467 (surface) 

Time of concentration: canal flow (hour) 0.971 Te 
Tc(canal) = (O.87,L2/ IOOO.Sm)o.m (eanal) 

Total time of concentration (hour) 

I 
2.383 

I 
Te 

I Tc = Tc(surface) + Tc(canal) 

Recurrence period (year) - / 
Rainfall region (Summer I Winter / Year round) / 

Mean annual precipitation (mm) / 

Rainfall depth (mm) - I 21 I 

AVERAGE RAINFALL INTENSITY (mmIh) 
Rainfall depth I T c 

I, 'I 8.81 1 
EFFECTIVE AREA OF CATCHMENT (km') A, II 8.10 

PEAK DISCHARGE (nl/s) Q, 5.65 
Q = 0.256·CIA· Adiustment factor 

RATIONAL METHOD 

Description of catchment: Notes: 

Sub-catchment 6 
Date: 

December 1995 
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Area distribution factor (0.+[3+)'= 1): 

Rural (0.) = 0.4 I Urban ([3) = 0.6 Lakes (1) = 0 

Total: L-"":';;::!""-...J Total, II 0.084 

Cp 

Total: I.VV Total, I[ 0.Il9 

Total: Total, II 0.188 J 

Cs+Cp+Cv - Cl: II 0.391 

URBAN: Landusc 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 

Heavy soil, level «2%) 0.13-0.17 
Heavy soil, steep (>7%) 0.25-0.35 

Residential areas Houses 0.45 0.30-0.50 0.50 0.225 
Flats 0.50-0.70 

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 

Streets 0.10 0.70-0.95 0.90 0.090 
Maximum flood 1.00 

Total: 1.00 Total: 0.520 

LAKES (If lake contributes to run-off C3 - I) C3: II 0 

c, II 0.468 

Main stream length (kru) - I 4.2 L 
Height of most remote part above outlet (m) I 162 H 

Height ofO.lO*Length (m) - I 1390 I Height ofO.85*Lcngth (m) - 1440 
Slope of catclunent (rnlm) - 0.032 S 

S ~ rHlIOOOL] 
Mean slope (rnlm) 0.016 Sm 

Sm = fRO.IISL - H O,IOLl I 1000*0.75L 
Roughness coefficient 0.3 r 

"R~'~~~~~d~d'~~i~~s':'" ............. ···ci~~~·~~·~p~~i·~d·~~ii·~·o'.'i"·" ... ·· .. · .. · .. ··Pav~d .. ~e·~~·~·o·.(ii· .. · .. ··· 

Sparse grass = 0.3 Moderate grass = 0.4 Dense gJ ass = 0.8 
Time of concentration: surface flow (hour) - 1.435 Tc 

Tc(surface) = 0.604*(r.USo.')0467 (surface) 
Time of concentration: canal flow (hour) 0.984 Tc 

Tc(canal) = (0.87.L2/ IOOO.Sm)o,m (canal) 

Total time of concentration (hour) - I 2.419 

I 
Tc 

I 
Tc = Tc(surface) + Tc(canal) 

Recurrence period (year) I 
Rainfall region (Summer I Winter I Year round) I 

Mean annual precipitation (mm) I 
Rainfall depth (mm) I 2J I 

AVERAGE RAINFALL INTENSITY (nunIh) 
Rainfall depth I Tc 

I,ll 86~ 

I EFFECrIVE';'REA OF CATCHMENT (Ian') A, II 7.33 II 
Recurrence period (vear): 2 5 10 20 50 100 

Adiustment factor: 0.80 0.85 0.90 0.95 LOO 

PEAK DISCHARGE (Ollis) Q, 5.72 
Q = 0.256*CIA*Ad;ustment factor 

RATIONAL METHOD 
Description of catclunent: Notes: 

Sub-catchment 8 
Date: 

December 1995 
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I PLATES I 
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Sub-catchment 5 
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Sub-catchment 6 
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Sub-catchment 8 
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Figure 2: Topography and layout of developed Botshabelo . 
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MOImER RIVER-~ 

KLF,IN '''WOllER ----+LJ 
RIVF.H 
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Figure 3: Hydrological network and layout of Botshabelo sanitation system. 
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tnfttlralion . 

Surfar-..e detention = sheet of water 

Ovetl;md flow 

Surface run · ('Iff Soil moisture r _ ~ 
__________________ 3_~'T1~e~IOl~~ ____ _ _ _ -1 _ --,,-=_,-:::=_-=-=1 

WiJter tnble -
Ground-wate'f flow ~ SfrearTI channel 

Basin Precipitation 

I 
Overland flow Infiltration 

I 
I 

Interflow Groundwater flow 

I 
I 

I 
Rapid interflow Delayed interflow 

- _1'-__ • 
Surface run-off Subsurface run-off 

I~----~----~I I~_~ 
I 

Stormffow (Quickflow) Baseflow 

I 1 

Storm water run-off 

Figure 4a: Run-off in a natural catchment. 
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1/ / 1/ / /1 ;1 

Basin Precipitation 

r-_______ ..I-I - - -
I 

Overland flow 

1 
Interflow 

Infiltration 
I 

~ ____ _ L _____ I 

I 

Groundwater flow 
1 

Rapid interflow 
I 

Delayed interflow 
I _____ L_ - , 

I 

Surface run-off Subsurface run-off 
I I 

I- --- ~ -----I 
Stormflow (Quicldlow) Baseflow 

I~ __ --.- - - - - -
Stormwater run-off 

Figure 4b: Run-off cycle in a Developed uriuln catchment. 
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140r-----------------------------------------------------------, 

JAN FEB MRC APR MAY JUN JUL AUG SEP OCT NOV DEC 

Months 

Average rainfall. Thaba Nchu. 1923 - 1995 Average rainfall: Botshabelo. 1936 - 1989 

Figure 5: Monthly rainfall trend of study area. 
0]-0 T ~. 
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O.O.-~--~-----------------------------------------------------, 

0.2 

Dry light brown soft to f 1'1 silty -'v 

Slightly mOist dark brown to black fml1 to sllft shattered silty fay with 
some ferricrete nodules 

Slightly mOist dark yellow olive Ii m to sllff clayey SI/I' or silty ;/a, with 
occasional siltstone fragments 

O.B ... . "- - -- "'-'-

Weathered siltstone with some sand 

1,1 ~----~~------------------------------------------------------~ 

Figu re 6: Diagram of an average soil profile of Southern Botsha belo. 
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Figure 7: Vearly population growth rate, Botshabelo 1979 - 2000. 
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FAECAL COLIFORMS 

2500000r-------------------------------------------------------, 
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.!!! 1 000 000 
c:: 
<II 
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500000 -------------------
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Catchment 5 (pit) 
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Catchment 6 (bucket) Catchment 8 (waterbome) 

Figure 9: Mean levels offaecal coliforms in storm water 
run-off in three sub-catchments. 
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FAECAL STREPTOCOCCI 

1000000r-------------------------------------------------------~ 

800000 -- - ---- - -- - - ---- -- - ---- - --- - ------------ - ~----

600000 ------------ - ------

400000 - ----------- ~-- - ----

200000 -- - ----- - --- -- -----
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Catchment 6 (bucket) 

MRC AUG 

Catchment 8 (waterborne) 

Figure 10: Mean levels offaecal streptococci in stormwatcr 
run-off in three sub-catchments. 
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COLI PHAGES 

200000,-------------------------------------------------------, 

150000 -- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

100000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

50000 ----------------- --------------

NOV DEC JAN FEB I\1RC AUG 

Catchment 5 (pit) 

Months 

Catchment 6 (bucket) Catchment 8 (waterhome) 

Figure 11: Mean levels of coJiphages in stormwater 
run-off in three sub-catchments. 
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FAECAL COLI FORMS 

120000,-------------------------------------------------------, 
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Dry weather 

Points in riverbed 

Ramfall without run-off Ramfall with run-off 

Figure 12: Mean levels of faecal coliforms in the Klein Modder Rh'cr. 
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FAECAL STREPTOCOCCI 

30000r-------------------------------------------------------, 
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Figure 13: Mean levels of faecal streptococci in the Klein Modder River. 
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COLI PHAGES 
14000~----------------------------------------------------~ 
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Figure 14: Mean levels of coliphages in the Klein Modder I{iver. 
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