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the site.

The use of the plant was discontinued in the

winter months because the family could not get sufficient

water!

Mafefe continuous flow pilot filter

(8

Introduction

The Mafefe district 1s situated in the North Eastern
Drakensberg, some 100 km south-east of Pietersburg. The
population comprises 11 500 people living in 27
villages. The mining of asbes*2s, which commenced in
the area around 1920 and continued until 1965, has had
a wide ranging effect on the area. Asbestos constitutes
a major environmental health hazard with some 80% of
the population suffering from serious respiratory

aillments.

The removal of asbestos from the water is important
because, although asbestos polluted water does not
constitute a threat to health i1f it is drunk, it is a
problem when used for washing clothes.. When the clothes

dry, fibers are released into the atmosphere and

inhaled.

Design

The most appropriate water treatment method for this
area appears to be slow sand filtration. The streams
are fast running and carry a heavy silt load during the
rainy season. Pretreatment will therefore be
necessary, using horizontal roughing filters. However,
before full scale plants can be designed it was
considered necessary to test the methodology with the

use of a pilot plant.
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The source of the water used to supply the plant is the
village reticulation system. This is supplied by an
unlined earthen irrigation canal and the water is not
treated. The pilot filter plant was designed on the
same principle as the small scale home plants:- slow
sand filtration with a 24 hour retention period. The
filter 1s plumbed directly into the untreated
reticulation system and is designed on a continuous
flow basis. The hydraulic control system is similar to
the small scale plant but is governed by float valves.

The filter supplies a separate clear-water reservoir.

The filter was required to substantially reduce the
bactevia i1n the water, without the use of chemicals,
and to remove asbestos fibers from the water. A
further requirement was that the filter should be
constructed from locally available materials because it
would be too expensive to import materials to such a
remote location. Unsieved river sand from the nearby
Clifants River was therefore used. This sand has a
high concentration of asbestos. A further variation
was the use of filter fabric to wrap the collection
ripe because it (s relatively cheap and easy to
transport compared to the alternative use of graded

stone filter material.

Two types of amphibole asbestos are found in the area,
crocodilite and amosite. Typically these fibers are 2~
3 microns in length. The assumption to be tested in
the pilot plant was that asbestos already present in
the filter sand would be retained by the filter and
that the fibers suspended in the raw water would be
remcyved, The results of the bacteria and asbestos
tests are recorded below and reported fully in appendix

B2,
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Diameter

Pepth of tank

Filter rate
Retention time
Filter voids

Depth of stone
Depth of supernatant

Area

Flow Rate
Flow Rate
Depth of sand

—— =

0.00
250.00

.83
.20
12.08
1.32

Daily output 289.93
Pecple @ 20 1/heac 14
People @ 50 1/head 6
Volume of sand 1,09
Volume of 19mm stone 0.00
Free board 273.33
COSTS

Pipe work 55.00
Filter tank 304.00
Delivery 35.00
Sand 40.00
Stone 15.00
Total 489.00
Gst. 58.68
Filter total R 547.68
Storage tank 220 1 109.00
Gst. 13.08
Storage total R 122.08
GRAND TOTAL R 669.76

56

The pilot plant design 1s summarized below -~

meter
meter
mm/day
hours

mm
mm

meter”2
litre/min
litre/hour
meter
litre

———— o —————————
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Results

Table 8.1 Fosults - Mafefe pilot filter

| 1 e " e e R R

} Raw Treated

Faecal-Coliform [,IOOml)J
Mean 3 850 0:17
Max 1mum 8 500 1
Minimum 700 0
Asbestos Fiber (fpcce) |

| Mean 2 285 | 79 *

{ | | —

* Johannesburg tap water - 14

The results indicate that the filter reduces asbestos
to acceptable levels, and all but eradicates the faecal
coliform bacteria. Further tests are being econducted
to establish the optimum flow rate for the filter
without compromising the treated water quality. This
will determine the size required for the full scale
treatment filters. Penetration tests will)l also be
conducted at the surface of the filter to asses the
entrapment process and the depth of penetration of the

fibers.
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CONCLUSIONS

The conclusions which may be drawn from this research

project are as follows.

* The small scale rural water treatment plant is an
effective, low cost method for treating water for
individual families. Although only limited field testing of
the plant has been conducted, the plant appears to be

socially acceptable,.

* The test results indicate very effective removal of faecal
coliform bacteria. Reductions of the order of 104 were
achieved. The treated water was of a high quality with very

low turbidity.

* The Mafefe field pilot plant results indicate that the
method can be successfully used on a larger scale and on a

continuous flow basis.,
Further research needs to be done in the following areas:-

The micro-biclogical processes of slow sand filtration.

The effects of the depletion of dissolved oxygen on
bacteria reduction.

The effectiveness of ultra slow sand filtration on a
village scale.

The economics of USSF at larger scales.
The optimum flow rates of USSF.

The social acceptance of the individual family
treatment philosophy.

The results serve to indicate that there are many possible
useful applications and variations to established methods of

SSF in Southern African rural water supply technigues.
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Treated water results

Tcen Sangle Locat ior Date Tiow Temp. Teie Cornduct. Turbaid. pH F-Lali TPL NORMAL
c. R/ mS/m NTU /100m1 /ml TPC
1712786 2200 20,50 3 - A%, 80 .30 ?.03 140
HOME 2712760 21.%0 Al 89.80 .23 6.61 460
HOME 3752766 1949 21.%0 1 67,50 . 34 .08 1000
HOME 4/ 12780 1 Bu, 70 <32 ?.64 U0
HOME  S/12780 2100 23.00 1 65,80 23 560
HOME  &/712780 1800 23.%0 1 67. %0 E ac.0
HOME Trras e 2200 184 00 ¥ 60, 20 29 140 14
HOME a8s12760 1700 19.5%0 1 “1.00 - P 290 250
HOME 9712760 20 FAAN T a0, 00 +353 32000 540 &40
oM 10712780 Fal 1?2.%0 A\ EITNTA] -5 | N 170
MHOME 37312798 2059 1%.%¢ i L7.00 « 3 &0 [N
HOME 127127680 2030 19.00 T 62,00 23 200 200
O™ 13712700 2030 .00 Al V&, 00 s0 S0
HOME 14127 19 £3.00 i 54,00 140 140
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99 b L] MO 2100 20. 60 1 7?.5% 500 8400
s EI HOME 2100 21.10 1 ?.7% 1000 B8e0
s’ I HOME 2000 <1.90 Y 7.74 |00 ‘
59 £ O 2100 19,80 1 7.90 280 4
(3 E s MO 270278 2100 20. 00 1 7.7 10
(3] v MO L0782 2000 22.60 1 7.80 970 H
L L] e isuese 2048 22.20 T ?.33 190
" - . p Y 160 ‘
3% MORE 2802787 190 23,2 7 &8, 60 29 ?.5? 13%0 5
L T O 1e/Us/u? BOC 1 1190 i
» « . s . | 1420 t
- . y " 1 1800 :
0 ”’? O 12/08/8 RTT 1 2000 1670 [}
WRE 12086 e 1 2000 1220 !
HORE 1 P/08080 OB T 960 l
e M W W 0a/e LQ00 1 a9 1
. . - . ¥
» - _ 1 O S
. FOp) MNE  FA/DaH 220 16, A 1 53, 2 7.42 Fl g
»” e HORE I8 /04/ 8 2200 16, - 1 52, N ?.26 2 [
”» L o oy Pra s ] P 16. 1 ] S3. % 7.3% (8}
L2 My O 48/ 0arn? ol 17.80 1 S1.00 V.74 S 3
L L2 ) MO avoare’ ol Y . ¥
- . - . ' 2
. e HOME B0/ LAce 2e0u 1 2
. . - ' 1
. e O Q2/70% w” &N Y 2 Y
. . . . v 3
Lo e e ) O¥os w> L0 14, % Y S0, %0 22 V.84 A
. e VoM Qa/0%sw 22K (] 1 1 3
- . . . Y 1 \
v -l L) L/0% e 4438 1%.10 1 “aa, S0 Eh) 7. 3 138
" y 3 Y ot 94 i
- -« O 1870597 SO0 1S, % \ 9. %0 3.60 7.65 19 190
. < ® r - 210
» - N O ORI B FFE 8.20 Y aa. 24 ?.67 1
. . - . y ™
bl «OUr UM «B/08 w7 SO 11,00 Al -% . 50 5 3
. . » - . 3
. : : . , }
e -« WOME  OL/07 /87 2090 10. 00 ' aq, 50 25 ?.00 o
. » . . - ¥ 2 »
. ‘ T 2
109 o o QesCr/8? 1B 10, % -« 35 7.00 i
- . . . 1 1
f i
JTE - L1 LY
enarit “y “r “ly 22 A a3 i
e 16.¢9 9.0, . 30 7. 4. 8t ?16.19 161, B
2, O 90, 0L 3.60 7.90 32.00 8400.00 840. 0
[ 32 . ( 19 6.8 .00 10. 00 10,0
sta Ce T 15, a4 S e 33 6,53 1304.22 I8P
Ve e e Lo, 4, Q30,33 14 7.8l 13265, 2
Susaer Mew 20, 5¢ 6. 18 « 82 Keduction 4, 650%y |
Wirter Mews 13,78 47,860 -1
Litterw v w 6.8 15, 00 -
-
¢ - " .
’
p .
= 4
-
|
b e e il el .. -

-



WWW”‘" Ty S o

'
. l & /
¢ B ;’I
. "
e :
e ,L..,— 2
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SAMLL SCALE WRTER TREARITMLNT PLANT
Raw water results

[ten Semp e Locetion Cate
Numtie

2 300 HOME
3 304 HOME 27127806
S s HOME  3/12/7006
? 0? MOME a4/10/700
L 309 HOME S/12/80
1 an HOME  &/10780
13 33 HOME  P7120780
15 s MOME B2/
1?7 anr HOME 9712780
19 ne HOME 107127 6%
<1 a2 HOME 1171276
23 s MO 12712 6¢
a* L ] HOME 13712/
a7 an oM 14712764
o 32e MOME 15712700
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. - . e
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SMRLL SCALE WATER TREMTHMENT PLANT

Conrt

Fear

e

Mur

Stad Dev.

Var serce
Susamer =
Hirter mear
Difference

N\

L.J. HMbrans

Time Temp .

2200

16845
1?30
1748
1RO0
4130
1800
<0
18
2020
2040
2030
149
UV E
1t
L1100
J100
<100
L1100
2100
2000
2130
2030
2100
L1100
SO0
2000
o0

2100

1910 £4.20
LG

(&L

Pt 16N
2K 172,10
S 18,20
2208 18, 30
2200

dL

<

1%.70
16. 20

16, 60
2000 1%, 90
200¢) 10.%0
2030 11.%0

1800 14.00

g Sy P R ——
Type Conduct. Turbid, P fF-Cola TFC
w7 mS/m NTU /100m1 /ml
L3 S6.60 15.00 ?.14 393400 1060000
* 60, 40 6. 50 7.1% 21000 3720000
" 52.20 16,00 ?.0% 950000 8700000
L3 6e, 00 13.00 7.60 2400000 F1006G0
" 89.50 9.50 620000 104000
* 61.00 a4, .00 37000 103000
= 21.20 20.00 102000 244001
» 16.00 28.00 4000 2000
L3 74.00 20 32000 <60000
L3 B0, DO S. 60 230000 1330000
® B0, 00 740000 201000
3 74,00 1970000 840000
. ?6.00 130000 136000
[ ?H.00 4000 162000
l- 74,00 52000 2040010
* €. 50 200000 147000
. 80, 00 $4000 42000
- 11.00 120000 225000
L Be . 00 47000 109000
L 69,00 39000 42000
., § 9¢. 00 61000 37000
" 58, 00 %.00 33000 15000
L 77.00 3.40 20000 $?000
. 62.00 <. %0 78000 116000
» aj .« 6.70 7.M 280000 440000
» 59.80 S.30 6.09 340000 1000000
B 59.20 4. 90 6.07 120000 215000
L 105, 20 9.70 7.89 170000 330000
- 78,20 -, 50 7.93 31000 28000
= fa.80 -, 40 B.14 20000 17000
* 63,90 9.00 8. 30 100000 1498000
-
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- 17000
L) 150000
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, ar an 4,20 ?.24 30L0
~ ar, 0 3. 5¢ 7.20 So0
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- 6200
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- &00
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L a3, 60 «.00 7.88 1600
" 200
* 45,10 $.10 11300
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" 1200
- . 0 22.00 7.00
< o
. 43 1 S3 3.
$9. 60 9, 40 7.6 18%130. 19 ?P34531.2%
10%. 20 4.2.00 . 30 2400000.00 B8P00000. 00
6. 50 2.00 7.00 <00. 00 2000 . Gu
22.01 9.21 A4 436751.64 1652610.72
aBa. 25 84.83 « 20
64, 6] 9.6) 7.7 2,.75733%e5 7.528710e%
a5, a4 9.15 7.47 5,73%5294e3 N.A,
19.13 .96 29 4, B8076506¢)
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Appendix A.4

Kenulte
Locatron

Late

MOME 2370478

HOME
HOME
HOME
HOME
HOME

HOME

HOME
PO
HOME
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24
s
2

«
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L

o?
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o1

U

Od/0
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‘O
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g BT
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0N /ud

[T )

onrer

4% T8

47t b

OB

Normal Treated Water R

Time

L2000

LU
2200
2200
400
2200

2200
2200

&S00

P

Pl

200
<00

1800

Tomg.
G

16. 490
16, 40
16.10
17,60

0

AN
620
3. 1"
.69

Tipe
(]

A b o o A ol -

Conduct .
mism

S1.80

S0, 50

a4, 20

“%, 50

44, 50

4%.90

esults

Turbad,
NTU

.25

22

-
e

.25
L4l

Keduction

(=] F-Cola
Z1l0ml
1
<
[#]
v.a2 2
7.26 2
?.85 o0
.74 -]
<
2
2
1
2
1
7.684
1
1
7.67 1
s
3
1
A
7.00 o
2
<
7.00 1
1
1
L] 26
7.4q1 1.63
7.84 S. 00
7.00 .00
+ 30 1.24
09 1.5%
winter 3, 39%6.
crerall  1.15%70e%

Kauw
F=~Cola
Z100m1

00
SO0
24000
1100
2800
6200
EL NS

1200
600
26000
2900
1600
200
11300
1500
1200

1
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Appendix ALVS Dissolved Oxygen Results
Disolved Uxygen Profiles
Elapsed time 172 hour 10 houwr a4 hour 12 hour 24 hour
Gate L3/12766 24710 W &71/87 /87 e
Depths
Rau 6,50 &. 56 :
Supertat 2.7% 6. 56 3.7% 3.7 3
S0. 00 2,58 3.2% 80 .18 !
100, 0O [ .39 .90 .75 Y
200. 00 &0 .70 .60 .00 !
300 . o 00 .00 .00 .00
“00. 00 1a .00 .00 .00 "
S00. 00 a .00 .00 00 -
'
} S
3
v
-
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Appendix B.l Lekhema Field Test Results
»
3
Lektena Field Plant 2
Ttem Sanmple Locetion Dete Time Temp. Tupe Conduct. Turbid. PH F-Col1 TPC 4
N st Numbe: C. ®T nS/m NTU /100m1 /ml "
104 100 Lekhema 19/712/85 10020 30. S0 % 4% . 00 2.70 o 3000> -
10% 101 Lekhema 19/12/786 10n20 30. 50 ® 22.00 3.40 6000 83000 ¥
108 102 Lektema 23/12/86 14n1S 17.00 - 25.00 6,40 1000 1500
107 103 Lekheoma 23/12/86 14115 17.00 L 35.00 1.70 1000 1300
108 10< Lekhems e/1/87 ® 12.00 9.00 3000 112000
109 105 Lekhens 8/1/787 Y 36. 00 1.70 o 1030
110 107 Lekhems 29/1/67 L 26.00 €.50 11000 1190000
11 108 Lekhema 29/1/87 : 24.00 7.20 o 3000> ;
&1
; 2
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SMALL SCALE WATER TREATMENT

Appendix B.2

Mafefe Fireld Pilot Plant

Cample
Number

38
1218}
28]
9

91
9.
93
24
9%

~
'

9u

100
10]

102
103
104
105
10e

102

Location

Matelfe
Mafefe
Mafefe
Mafefe
Mafefe
Mafefe
Mafefe
Matefe
Mafefe
Matefe
Mafefe
Mafetfe
Martefe
Mafefe
Mafefe
Mafefe
Matefe
Mafefe
Mafefe
Mafefe
Mafefe
Mafefe
Maftefe
Matefe
Mafefe
Matefe
Matelfe
Mafefe
Mafefe
Mafefe
Mafefe
Mafefe
Mafefe
Mafefe
Mafefe

Uriles= otherwise stated the filter

Flow rate
Flow rate
Flow rate

TNTC = Too

Mafefe
PLANT

Date Time
S/12/788 10M30
S/12/788 10K30
S/12788 10K 30
5712788 10130
S/12/788 16130
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