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the Bite. The use rlf the pl a n t  was discontinued in the 

w i n t e r  m o n t h s  Ikvmuhc the family could not get sufficient 

wat e r 1

fl.2 Mafefe continuous flow pilot filter

The M a f e f e  district is situated in the North Eastern 

Drakensberg, v mi 100 ki. south-east of Pieteraburg. The 

p o p u l a t i o n  c o m p r i s e s  11 50 0 p e o p l e  living in 27 

v i l l a g e s .  The m i ning of asbestos, which commenced in 

the area around 1920 and continued until 1965, has had 

a wide ranging effe t on the area. Asbestos constitutes 

a m a j o r  environmental health hazard with some 80% of 

the p o p u l a t i o n  s u f f e r i n g  from s e r i o u s  r e s p i r a t o r y  

a i  1 merit s .

Thi removal of a s b e s t o s  from the water is important 

lei ause, a l t h o u g h  asbestos p o l l u t e d  w a t e r  does not 

ci nst ltuti a threat to h>-alth if it is drunk, it is a 

problem when used for wishing clothet When the clothes 

dry, f i b e r s  a r e  r e l e a s e d  into the a t m o s p h e r e  a nd 

lnha 1ed .

Th> t.. s» a p p r o p r i a t e  water treatment method for this 

area appears to !>»• slow sand filtration* The streams 

are fast running and catty a heavy silt load during the 

r a i n y  s e a s o n . P r e t r e a t m e n t  w i l l  t h e r e f o r e  be 

ri'- essary, using horizontal roughing filters. However, 

b e f o r e  full s t a l e  plant.*, c a n  be d e s i g n e d  it was 

considered necessary to test the methodology with the 

use of a pilot plant.

fi.2.1 1ntroductlon

f). 2 . 2 Resign
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The source of the water used o supply the plant is the 

v i l l a g e  reticulation system. This is supplied by an 

unlined earthen irrigation canal and the water is not 

trea t e d .  The pi l o t  f i l t e r  plant was designed on the 

same p r i n c i p l e  as the small scale home plants:- slow 

sand filtration with a 24 hour retention period. The 

f i l t e r  is p l u m b e d  d i r e c t l y  i n t o  t h e  u n t r e a t e d  

r e t i c u l a t i o n  s y s t e m  and is d e s i g n e d  on a continuous 

flov basis. The hydraulic control system is similar to 

the uma 11 scale plant but is governed by float valves. 

The ) liter supplies a separate clear-water reservoir.

The f i l t e r  was required to substantially reduce the 

b a c t e r i a  in the w a t e r , without the use of chemicals, 

a n d  t o  r e m o v e  a s b e s t o s  f ibers fr o m  the water. A 

f u r t h e r  r e q u i r e m e n t  was that the f ilter should be 

const rue ~d from locally available materials because it 

woul be too expensive to import materials to such a 

remote location. Unsieved river sand from the nearby 

O l i f a n t s  Ri v e r  was t herefore used. This sand has a 

high c o n c e n t r a t i o n  of asbestos. A further variation 

was the use of filter fabric to wrap the collection 

p i p e  b e c a u s e  it is r e l a t i v e l y  c h e a p  and easy to 

t r a n s p o r t  c o m p a r e d  to the al t e r n a t i v e  use of grided 

stone filter material.

Two types of amphibole asbestos are found in the area, 

crocodilite and amosit.e. Typically these fibers are 2- 

3 m i c r o n s  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 s u s p e n d e d  in the raw water would be 

removed. The results o f  the b a c t e r i a  and asbestos 

tests are recorded belou and reported fully in appendix 

R2.



The source of t he wat er used t o supply the plant is the 

v i l l a g e  reticulation system. This is supplied by an 

unlined earthen irrigation canal arid the water is not 

t r e a t e d .  The pilot filter plant was designed on the 

same p r i n c i p l e  as the small scale homt plants:- slow 

sand filtration with .1 24 hour retention ^er'o.i. The 

filter' is p l u m b t d  d i r e c t l y  i n t o  t h e  u n t r e a t e d  

r e t i c u l a t i o n  s y s t e m  and is d e s i g n e d  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 f i l t e r  was required to substantially reduce the 

b a c t e r i a  in the water, without the use of chemicals, 

a n d  t r e m o v e  a s b e s t o s  fibers from the water. A 

f u r t h e r  requirement v, (s that the filter s h ould be 

constructed frun locally available materials because it 

w o u l d  be too expensive to import materials to such a 

remote location. L'nsxeved river sand from the nearby 

O l i f a n t s  River w.is therefore used. This sand has a 

high co n c e n t r a t  ion of asbestos. A further variation 

wa ' the use of filter fabric to wrap the collection 

o i p e  b e c a u s e  it s r e l a t i v e l y  c h e a p  and easy to 

transport c o m p a r e d  to the al t e r n a t i v e  use of graded 

stone filter material.

Th . types of ampin bole asbestos are found in the area, 

c rocodil.ite and amosrte. Typically these fibers art- 2- 

3 m i c r o n s  in length. The assumption to be tested in 

the pi lot plant was that asbest os already present in 

the filter sand would be retained by the filter and 

that the fibers susp e n d e d  in the raw water would be 

r w .  -d. The results of the b a c t e r i  i and asbestos 

tests are recorded below and reported fully in appendix 

B2.
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The p'lot plant d e s i g n  is s u m m a r i z e d  In*low

Diameter 

Depth of tank 

Fi Iter rate 

Retention tine 

Filter voids 

Depth of stone 

Depth of Bupernatant

1.03 meter 

1.84 meter

350.00 mm/day 

24 hours

JO.00 %

0 . 0 0  mm

250.00 mni

Area .83 meter*2

Flow Rate .20 1 itre/min

Flow Rate 12.08 1 11 re/hour

Depth of sand 1 .32 meter

D a l 1y out put 289.93 litre

People @ 20 1/hear' 14

People 0 50 1 /head 6

Volume of Band 1 .09 m'3

Volume of 19mm stone 0 . 0 0 m" 3

Free board 273.33 mm

COSTS

Pipe work 95.00

Filter tank 304.00

Delivery 35.00

Sand 40.00

Stone 15.00

Tot a 1 48 9.00

G s t . 58.68

Filter total R 547 . 6 f

Storage tank 220 1 109.00

G u t . 13.08

Storage total R 122.08

GRAND TOTAI. R 669.76

5 6





------------------

- M.i fefe pilot filter

Raw Treated

F a e c a 1-Coliform 1 /100ml 1

Mea n 3 850 0.17

Maxlmum 8 500 1

Mini mum 700 0

Asbes*os Fiber ifpec 1

Mean 2 285 79 *

* Johannesburg tap water - j4

The ii suits indicate that tin filter reduce', asbestos 

to .1 Cept able levels, and all but eradicate* the f a e c a l  

colifoiTi ba teri.i. Further tests are being conducted 

to e s t a b l i s h  the o p t i m u m  flow rate for the f i l t e r  

without fonj remising t tie treated water quality. This 

will d e t e r m i n e  t hi' size required fur the full scale 

t r e a t m e n t  filters, Penet rat ion tests will a l s o  be 

c o n d u c t e d  a t  the s u r f a c e  of the filter to asses the 

entrapment process and the depth of penetration of the 

fi b e r s .

5ft

I



9 . CONCLUSIONS

T h e  c o n c l u s i o n s  w h i c h  ma y be d r a w n  from thi s  r e s e a r c h  

project are as follows.

* T h e  s m a l l  s c a l e  r u r a l  w a t e r  t r e a t m e n t  plant is an 

e f f e c t i v e ,  l o w  c o s t  m e t h o d  f o r  t r e a t i n g  w a t e r  f or 

individual families. Although only limited field testing of 

t h e  p l a n t  has bren c o n d u c t e d ,  the plant a p p e a r s  to be 

socially acceptable.

* The test results indicate very effective removal of faecal 

c o l i f o r m  bac t e r i a .  R e d u c t i o n s  of the order of 1 0 ^ were 

achieved. The treated w.it er was of a high quality with very 

low turbidity.

* The M a f e f e  field pilot plant results indicate that the 

method can be successfully used on a larger scale and on a 

continuous flnv. basis.

Further research needs to be done in the following areas:-

The micro-biological processes of slow sand filtration.

The e f f e c t s  of the d e p l e t i o n  of dissolved oxygen on 

bacteria reduction.

The e f f e c t i v e n e s s  of ultra slow sand filtration on a 

Vi 1 1 age sea 1e .

The economics cf USSF at larger scales.

The optimum flow rates of USSF.

T h e  s o c i a l  a c c e p t a n c e  of t h e  i n d i v i d u a l  f a m i l y  

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 techniques.
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6* 9?5 HL*H 1 b 'U  » M? BOO 1 1 190

* • • * • 1 14S-0
• • • • J 1 BOO

70 r ? HI W I 7 / 0 3 ' B ’  
! *
17/03  B

0800
OBOO
OBOO

T
T
T

2000
2 00 0

lb 7 0
1920

9 80

W*9

79 Ml 1 2 9 / 0 4 / 9 ? 2200
* • • • •
• • • •

75 9»i * Ml#¥ 2 4 ' l>4 U 2*0*; I t , .  4(
? r 9*** 2 5 / 0 4 / 9 ’ 2200 1 4 . *  3
79 *M7 ►4*M 2 6 / 0 4 / B 2200 M
• 1 29 0 4 /ft' 17. Bo
• * 941 2 9 / 0 4 '' 9 22U0

* • • • «
T*0 9 0 / 0 4 / 9  f 22UU

* • • • »
99 0 2 -'0 5 . 97 2200

• • • • -
9* *9? «*4 0 9 / 0 5 / 9 ? 2200 1 4 . bf 1
%t »nmt 0 4y0* ./9  * /«o»< 19. ?5

• • • • •
9 J 4iJl 1 9 / 0 5 / 9 ? 22 95 15. 10

• • •
**i 409 HUM! 1 5/0 5  »»? 2000 15 . 50

• * » ■ *
40* HI W9. 0 ? / 0 b / B ? 2290 M 20

9S 40  ’ HUfV 2 B /0 4 /B ? 2000 1 1 .0 0
• • • • ■
• • • • ■

101 404 Hum 0 1 / P 7 / B ? 20 90 1 0 .0 0
• • • • •
■ • • • •

109 4 10 NT #9 0 2 / C  V B ? 1 BOO 10. 50
• » • ■ ■

5  <. 2 i) 
•>* . *  > 
5 3 .5 0  
5  1 . B "

4 4 . V )

45.90

» 22 

. 22 

. 25 

. 91

. 25

. 35

?. «.■ 

7. 2i. 

7. 35

7. 74

7 .0 0

?.oo

« 4 .  40 . 91 7 .  7| 32 138
26 9 0  I

3 9 . 50 3 . bO 7 .6 5 19 140
2 7 2 1 0  s

4 4 . 20 . 24 7 .6 7 1
5

4 5 . 50 . 25 3

N L ' I I ■
C w j r t 4 J 4 ? 4 J 22 30 43 It

I B .  «>9 5 9 .0 2 . J  B 7 . 4» i 4.BC< 7 U  . 19 l b l . 8t
2 4 . OO 9 0 . OU 3 . 60 7 .9 0 3**. 00 B 4 0 0 .0 0 5 4 0 . Oi

w .n B . 20 9 2 .0 0 . 19 6 . B l .OO 1 0 .0 0 lO .O i
c . *. Bn t §  4-i . 52 . 32 b.tS3 1 ^ 0 4 .2 2 l i t  i

V»> | ■ • 1 4 ,4 . ' 2 3 B .33 . 2 ? . IO 7 2 . Ml 1 92b*J. *

■ .A M *  * 2 0 . 5 r- 6 2 . 08 . 32 7 .4 9 «. t  i on 4 .6 5 0 9 *
1 -S. *8 4 ? . fell .5 4 7 . 4t

t i  * * » '  * * 4 .6 1 15. OO - . 2 2 .0 3
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S «H Ll SC ML. 1 WMTt>
»• - w«t •• r • *vj 1 t •

1 «.•<*■ Sft*t 1 •

TkM M hLN'

t.O* •( ICH

Pi. ONI L 

D a t t

J . Mt>r

T i »•

*•*»

1 ••!»(:•. 
C.

Tg p»
R/T

CuniJuct . 
•S/A

lu r b i d .  
N l i '

pH f -C o l i  
/100ml

TF-C
/ml

2 302 MO«t 1 / llv b i. 2200 16.00 fc 5B.60 15. IK) 7 . 14 39 .*400 1060000
3 *04 H -*/ 2 / i i/ e . , IB . 50 00 .4 0 6 .5 0 7. 15 21000 372000U
5 105 h o h i 3/12/00 1B45 23.00 ► 52 .2 0 10. no 7 .0 5 950000 6700000
7 ao.’ N • 4 / liV O c 1 7.*> 23. 50 ► #»t*.oo 1 3. OO 7 .6 0 2400000 3 1 OO' h m »
9 x w hohi 5/12/Bi. 174». 25 .00 f* 59.5CJ 9 .5 0 620000 104000
11 31 1 k .*i* ft/1 2/H*- 1800 23 .50 f 61 .0 0 4. OO 3/000 10300'
19 313 HOHi 7/ 12/Ml 21 JO 13.00 If 21 .20 2 0 .0 0 102000 24400
15 315 HOHI 0/l*/H*. 1 BOO 21.00 ► 16. OO 2 0 .0 0 4000 700*.'
1? 31 ' HliHt * '12/0* 20 22.00 ft 74 .0 0 i. 32000 460000
19 31* MOHl lO  ' 1 2/Hft )H 20 .00 ft BO. OO 5. HO 230000 1330000
21 321 •• ' I 1/ 12/Bt 2020 Id . 00 ft BO. Qi i 6 . BO 740000 201000
21 323 HO*l 12 /12* It* 20 *0 21.00 ft 74.041 7 .2 0 1970000 840! H iu25 325 N> vM» 13/12/H* 2030 22.00 ft 7ft,. OO 5 . l>0 130000 1 361 iOO
2? «. NOHt 14/12/06/ is 23.00 ft 73 .00 4 .6 0 74000 162000
2* ■ 15/12. im 2045 22.00 ft 74.00 4. BO 52000 2041 jOO
BA . .1 •• 1 <*/ 1 2/M* 1 B4< • 1 ?.0O ft 6. 50 32. no 200000 147000
35 333 IB 1 2/H* 2IIXI 21 .00 ft 00 .00 • i 54000 42000
I f 3J*. ’ IS  ' 12/H* 2100 19.00 ft 1 1 . OO 35. OO 170000 225000
40 333* MOMI 20/ 12 /»*• 2100 21 .00 ft Bt>.0O 4. 10 47000
42 339 MOW 21/1 2/H* 21(10 21.00 *9 .0 0 4. 10 35000 42000
4* 341 W  •** 22/1 2/H* . 1 2 2 .50 9ft. OO 4 .4 0 61000 37000
4*. 345 Ml #9 2 4 /I 2/H* 2000 1 f . 50 ft 50 .0 0 5 .0 0 33000 15000
4M 352 Ml *M 30/01/07 21 30 20.00 77 .00 3 .4 0 70000 57000
50 S M Ml*1f 01/02/07 20 JO 20.50 ft b2.0O 4 .5 0 70000 ■
52 *5/ >. •. 04/02/H ’ 2100 20. 70 ft 41 .40 ft. 70 II 2BOOOO 440000
54 3*‘*i HHN . *• 2100 23.20 ft 59 .0 0 5. 30 0 .0 9 340000 looonoo
5«> J* 1 M< *-1 Ofc/(U /B ’ 2100 21. 70 ft 59. 20 3 .9 0 6. 07 120000 215000
SM 3**4 MOW Ob  (j .  /a? 2000 22. ftO ft 105.20 9. 70 7 .0 S 170000 330000
ftO 3«>* Ml#«f 2100 21.20 ft 70. 20 4 .5 0 7 .9 3 31000 20000
fl»2 Mv#H 13'U.VM ? 2100 23.90 ft 73.00 4 .4 0 0. 14 20000 17000

*5 372 Ml »9 2ft'02 /07 1910 22 .20 ft 03. 90 9 .0 0 8 . 30 lOOOOO 140OOu
6* J « MUTM 1ft/03/B 7 BOO ft

ft* B ’ft H0M( 1 7/03/07 OH- Hi ft 55000
• • • • ft 17000

3*» Mum 30/03/1)7 oeoo ft 150000
• • • K 60000
• • • " • B BOOOO

72 31*’ Mk#M 23/04/6/ 2200 ft 4 .5 0 lOOOO

?4 3M. ML*H ^4/04/1* • 2200 I ft ft o ft 47. 40 4 . JO ' . •> 3000
7ft *•1 ML** •• 2.MIO 1 * . 10 ft 47 .00 3 .5 0 • 50LI
70 MM Hi 2«» '0 4  M 2.MX. IB . 20 ft 4t . 30 ft. 10 7. 12 24000
•0 3m* Ml *9 2H/04/0^ IB . 30 ft 5 7 .90 3 .5 0 7 .0 2 1 100
02 9 * u »4>1t 29/04 2200 ft 2800

•4 .?92 ML0* 30/04/**/ 2200 ft ft 200

•ft 3-#4 M u m 02 /0 5 /07 2200 ft 3400

60 3“* HOT* 03/ OB/07 15. 70 ft BO. 20 2. 0C 7 . ft*
%u 04 *05 B,* 2201 1ft. 20 ft 1200

• • * * ft 1
•2 <%JU NOW 13/05 B? 22 3* tft. ftO ft 35*. 90 42.00 0. 30 2ft000

64 4U. MOW IB/OS/17 21* H. 15.90 ft 47. 40 4 10 7. 45 2900 166000

«ft 4D4 Ml#* 07/06/0? 22 B. 40 ft 43. ftO 2 .0 0 7 .0 0 IftOO
• * ft 2011

% 4Qi MOTH. 20-'Oft/07 2000 10.50 ft 43. 10 5. 10 1 1300

too 406 MOHl 0 1 / 0 ^ 8 ? 20*<. 11.50 ft 43. 50 io .o n 7 .0 0 1500
• * • * ft 1200

102 410 NOW 0 2 '07/B 7 ICKiO 12.00 ft 3ft. OO 22 .00 7 .0 0

S * * lt TftlHTMl *T *iH NT L J.
e CO

Count 43 42 43 2 1 53 3.
**«»• IS . 29 V#. ft0 9. 40 7 .6 2 109130.1* 734r< 31 . 2?
w «. 25 .00 1 U'j . 20 4*'. 00 0. 30 240000U.00 0700000.00
H»r> « .  40 ft. 50 2 .0 0 7 .0 0 200.00 7000-OO
S*d 0 « » . 3 .73 22.01 9.21 . 44 43B751.ft4 1052610.72V*r » #r.< » 13.93 4H4. 23 0-J 03 .2 0

2 ) .  05 ft.4. ftl 9.61 7. 75 2.7573 *3»S 7.528710**
W»r t w « . « « ’ 14. ?5 4* . 4M 9. 15 7. 47 5.735294*3 N.H.
D 1 * * »• »nc » ft. 30 19. 13 . 4ft .29 4.BO7B90*1

*,



— • W '*

1 '
✓

//

4
. *»

\

'W* .
Appendix A . 4 Normal Treated Water Fesultfi

M l  ! . » » * •  1 M « (  to'

h» f:

11 S I t
N ii* »  •>

L ix a t  I u n  U « t  w T I *>k T • « ( . -.
C . B 1

I  o n d u e 1 .
ntS / m

t u r b i d .
N T O

p H F C I t
/ 1 OOm 1

F - C o l i  
/  10 0 « . 1

7 3 381 HCtflt 2 3  0 4  H • 2200 T . 2 5 1 3 0 0 1 1
• • » • • 1 2 5 0 0
• • • •• T 0 24001 •

75 n o n e ."4  l .*4 2  2UO l b .  4 0 T •jit. 2 0 .2 2 7 .  4 2 2 1 1 0 0
7 7 • n o n t *o 4 / b 2201* 1 8 . 4 0 T 5 2 .  SO . 2 2 7 . 2 b 2 2 8 0 ) •
7 * H I '" HI **t 2 8 / 0 4  H .* 2 2 0 0 l h .  10 T 5 3 . 5 0 .2 5 7 . 3 5 0 b?C<< •
•  1 n » ^ .. - , 2M 0 4 'H 2 2 0 0 i ? . n o 1 51 . 8 0 . 31 ? .  7* 5 H 4 0 o
■  J **S 0 4 / W 2 2 0 0 1 2

* ■ • T 2 1 2 0 0
•f* mi m i 3 0 '0 4 / 8 7 2 2 0 0 T 2 bO(

- • •• 1 1 2 8 0 0 0
•  7 **#• MOHt 0 2 / 0 5 / 8 7 2200 T 2 2 * »0 i'

« • T 1 1 bO t i
f * 7 M l** 0 3 / 0 5 / 8 7 2 2 0 0 1 4 .  (.0 T 5 0 . 5 0 . 2 2 7 . 8 4 2 0 H

•  I ►*** 0 4 . 0 5 .  8  7 2 2 0 0 1 3 . 7 5 T 1 1 l M
* * • T 1 1 5 0 0

* 7 4D*> H u m 0 ? / 0 b ' '8 : ’ 2 2  30 8 .  20 1 4-1 . 2 0 . 2 4 7 .£ .7 1 1 2 0 0
» • t 5

w « U 7 u rin e 2 8  'Cib « 7 2001 1 1 .0 0 T 4 5 .  5 0 . 2 5 3

1 3
101 4 0 * HltHC 0 1 / 0 7 / 0 7 2 0  JO 1 0 . 0 0 T •44. 5 0 .2 5 7 . 0 0 0

• • • T 2
• « 1 2

1 0 3 4 1 0 m i * * 02/07/87 1 8 0 0 1 0 .5 0 1
T
T

4 5 . 9 0 . 3 5 7 . 0 0 1
1
1

C (K ^*t l o «* 10 8 2 t U
% • » I 3 . 4 m 4 * .  0 4 . 2 6 7 . 41 1 . 8 3 7*

1 7 . 8 0 5  3 . 5 0 . 3 5 7.8*4 5 . 0 0 2 8 0 0 0 .  O'
K . r* 8  . 2 0 * -i  2 0 . 2 2 7 . 0 0 . o n 2 0 0 . O o
b i d  C*» ■ 3 .  1*. 3 .7 1 .0 4 . 30 1 .2 4 7 8 5 0 .0 *
V * ' t * r «  • 9 .  L'4 1 3 . 78 .0 0 .0 * 1 .5 5

k * d u c  1 1o n w i n t » r 3 . 3 4 5 8 # 3
o  • # r  • 1 1 1 . 1 5  7 0 * 5



• .

• Jfc

/

i

V

SLc •

Appendix A . 5 Dissolved Oxygen Results

D i l i  U*<J (J<y-jw  

F I * i>•• 1 1 1
o « t *

P rt ,r  1 . •«

H our 10 H o»r 
12 »H

«* H ou r 
fc / l/ 8 ?

12 H ou r 24 Hour 
f  / 1 / b

0 *p th a
V*w » .  50 6 .5 0 6., 56
S o p a * N a t 3 7* 3. 75 6 ..56 9 .7 5 9 . 75

SO. OO ? . « 3.,2? .6 0 . 15
IOIJ.OO 2 .9 1 35 . 90 .7 5
• .6 0 ? 11 70 .6 0 .0 0
K K ) .  OC .OO .Cl*. ,oo .OO .0 0
«oo.ciO . 1 4 .0 0 00 .0 0 .0 0
501). u o . 4*. .OO OO .OO .OO

I "

j. <*.

7 \
■





Appendix B.l Lpkhema F j  e 1 d Test Results

u f »• 1 d  tM *  
1 •

N o « * ’
L o c a l io n 0 « t v T t •*«» T#<*( .

c.

Ti^p*
» ' T

C o n d u c t . 
*>S/m

T u r b i d .
NTU

pH F -C c .l i 
/ 1 OOi*1

TPC
/ m l

JCM too k**« »9 /|?/B t. 10*20 3 0. 50 T 46. OO 2 . 7 0 o 9000>
io-» 101 I 1 */ 12/Bfc 1 Of >20 30. 50 k 2 2 .0 0 3 . 40 6000 6 3000
10^ 102 23/ 12/B*. 1 4t"> I 5 1?. OO W 2 5 .0 0 6 . 40 lOOO 1500
i • 109 2 i/ 12 W6 I  4>> 1 5 17. OU T 3 5 .0 0 1 . 70 1300
toe 104 t » u ' . « « a B »/ 8 7 fi> 1 2 .0 0 9 .0 0 3000 112000 *
ICW IQ * t ■  |/V7 T 3 8 . 00 1 . 70 o 1030
1 IO IO ? L a*.'.*** 2 9 / 1/B? * 2 6 .0 0 6 .5 0 1 1000 i 190000
111 toe I 2**/ 1/B7 T 2 4 .0 0 7 .2 0 0 3C’00>

$

/

k



Appendix n.2 M.ifeft- fn-ld t es.t rpsults

SUPU L S C R IF  W H 1ER T R fR T M E N T  P L R N T  L . J .  R b ro r r .s  
M f l-w f©  F i « l d  P i l o t  P l * n t

nmp 1 e> L o c a t i o n  D a t »  T im ©  T a m p . T y p a  C o n d u c t .  T u r b i d .  p H  F - C o l  i
N u m b e r  C .  P / T  m S/m N T U  / 1 0 0 m l

5 5/1 2/013 1 O h  30 2 4 .0 0  T 2 9 .  3 0 8 .  5 5 o
6 M a F © f 0 5 /  12/8fct lO h S O 2 4 .5 0  R 21 .9 0 8 .  5 5 5 7 0 0
7 M a f . f e 8 / 1 2 / 8 8 1 O h  31.1 2 4 .5 0  R 21 . 9 0 8 .  5 5 T N T C
e M a f . f e 5 / 1 2 / 0 8 1 0 h 3 0 2 4 .5 0  R 21 . 9 0 8 .  5 5 T N T C
19 M a f . f e 5 / 1 2 / B H lf.h311 T 1
2 3 M a f  « - f  e f c / 1 2 / 811 0 9 h 0 () T 0
2 * M a f f r f » * / i i ' / e o 0 9 h 0 0 7 0 0
2 5 M a f a f * 6 / 1 2 / 8 B 0 9 h 0 0 R T N T C
30 M a f e 2 0 / 1 2 / B f 1 Fit ,30 3 1 .5 0  T 0
31 M a f * f v 2 0 / 1 2 / 8 t ' 1 8 h 3 0 2 9 .0 0  R 70 0
3 2 M a ^ a fe iO /  1 2 / 8 1 1 8 h 3 0 2 9 .0 0  R 6 5 0 0
3*> M a f© f « 2 1 / 1 2 /8 1 0 9 h 0 0 2 7 .5 0  T 2 8 . 00 8 . 5 0 0
3t M a F ® f« 2 1 / 1 2 / B C 09>,00 2 7 .5 0  7 2 0 . 0 0 8 . 5 0 0
3 ? M a f a f e 2 1 / l 2 / e t J 0 9 h 0 0 2 9 .9 0  R 3 0 . 7 0 8 .  5 3 6 3 0 0
38 M a f a f e 2 1 /1 2 /B fc 0 9 h 0 0 2 9 .9 0  R 3 0 .  7 0 8 . 5 3 1 2 0 0
81 M af a f © 9 / 0 3 / 8 ') 1 7 h 4 5 2 1 .0 0  R 2 4 0 0
e s Ma* a f  » 9 / 0 3 / 8 * 1 7 h 4 5 2 2 .0 0  T 0
9 0 M aF © f « 9 / 0 3 / 8 9 1 7h4V, 22.0C1 T 0
91 M aF «pf 9 9 / 0 3 / 8 9 1 ? t,4 V 2 2 .0 0  T 0
9 2 M a f » f a 1 0 / 0 3 / 8 9 lO t .  15 2 1 .0 0  R 3 5 0 0
9 3 M a f a f s 10/0 3 /8 '-* 1 O h  15 2 1 .0 0  T 0
W Ma* a f  a 1 0 / 0 3 / 8  :< 1 O h  15 2 1 .0 0  T 0
VS f i a f  *-F » 1 0 / 0 3 /8 '* 1 C it. 1 • 2 1 .0 0  T 0
9* M a f a f e 1 0 / 0 3 / 8 9 lt .t - ,4 ' 2 1 . 0 0  P 2 7 0 0
9 ’ Ma* «,< t .0 / 0 3 / 8 '- ! 1F .h4 r., 2 2 .0 0  T t 0
9 0 H a f a f 6 1 0 / 0 3 / 8 ? 1 6 h 4 5 2 2 .0 0  T N C 0
9 9 Ma* a i  a 1 0 / 0 3 / 0 9 ie .t-,4 1:, 2 2 .0 0  T t 0

lO O H a f » ( a 1 1 / 0 3 / 8 9 8 h  30 2 2 .0 0  R 3 0 0 0
1 0 1 M a * ® f« 1 1 / 0 3 / 8 9 8 h 3 0 2 1 .0 0  T C 1
1 0 2 M a ^ a fe 1 1 / 0 3 / 8 9 6 h 3 0 2 1 .0 0  T k k C 4
1 0  1 M a fa * a 1 1 / 0 3 / 8 9 8 t,3 U 2 1 .0 0  T C 4
104 M a f « 1 1 / 0 3 / 8 9 15 h 0 0 2 3 .0 0  R 2 0 0 0
105 M » F * F « 1 1 / 0 3 / 8 9 15 h 0 0 2 3 .0 0  T C 3
lot M aF » 1 1 /0 3 /8 '* 15 h O O 2 3 .0 0  T MMX C 2

1 0 ? M a*a*w 1 1 / 0 3 / 8 * 15 h 0 0 2 3 .0 0  T t 5

U r, 1 « - -  o t h a r u i s a  s t a t * i i  t h a t i l t h )  ♦ 1 d u  r a t a w a s  m a i n t a i n e d  a t 0 . 1 5  1 / m in

0 t l o u  r a t  0 = 0 .€  6 7  1 / s
M M F l o w  r a t a = 2 . 0  1 / s

MM* F 1 o u  r  a t  w = 5 . 0  1 / s

T N T C  = T o o  N u m e ro u s  T o  C o u n t

f
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T a b le  1 M i c r o b io lo g i c a l  and  b io lo g ica l  q uali fy
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. t ,

■<*

OrQ«n>»m U « '« G u 'd f ' ne v * iu « R«"*arfc *

1 N f l ic r o b t o lo q -c i l  q u a l it y

/  P -p e t f  t o p p l e s

A  1 h r t t r d  + » t t >  e w n n q  th *  d u t ' ^ ' ^  o n  i* !f fm

t,*er.,il num b*» 100 ml 0 l u * b - 1 N TU  fo» d iV ^ e r

num ber to o  w l
lio n  *,ith c hlorin# pH p ie 'e 'B h 'y

CO' •o*m O'0*r*'S,T'< 0
• * 0  fM n rn *  »#v(Ju*' 0 2 

O S m f l M ff  fp 'irm  ng 30m>n 
u»rn (m in im um ) contort

A  . ' " r r ' r  * * * ' r  t  ' r '•q t h t  d u t 't t 'o f ' o r  n 1’te m

• »«•, f O 'i 'O '* ! rv<mh** 100 ml 0
f r  i v m (v g « n .«m i n u rT't’*' 100 ml 0 in 0# M^p'*** e»am .n »<i

thiouo* »u! year -  in the can*
o ' lf i '9* <uP(’ * \ w*#* tu#iC«enf

fi-p  ei.im.neci

coM o»m  ©»OIMV»m* f lu ^  b*< 100 ml 3 •n o rc «< o n * l i jm p t f  but no» 
•n c o n fe r  j t  »e  sample*

4 .? W\#f,v ,n  ff** I t S l f m

ht>  * f • •o'’’ '* n u m t* . 100 ml 0
coM o»m  0*0*' %"*» n u m b#‘ 100 m 0 n *>’; o ’ *aT>p'M e « .v  *'*ii 

|b> >.iQ*n it y^.»f in the e*'-* 
o ' i<vq* iupp'>es su,*'C»'M 
w w p ’f^  *re f«#mif>ed

c o ll«©»'*' 0»g*r'» m « numtj** 100 ml 3 in an O "  .tv p "a l sample but not 
in cons*1 uti*e w n p ’M

6 t ^ r  n rf l * * f# '. u p r ' ‘f t

*.»er#' c o l,*o»'T'% numb#* 1 00 m> 0
e<y o»8* '' »m » num be- 100 m> 10 $ bo o H  n o ’ or.cu» 'epeaied'v ■<

O C ru »'e ^ce  i»  frequent $ rrj ,f *>» 

ni* iry p iO ie<!'On c a n rg l be in

p*o%ed B n a'femAt-v* tcu 'ce  
m us* b** lou^cl i* p o w b ie

C ( f n n i ’n g  * « re '

1 » K  *' r*umb#» H  fT I 0 <ou c«* s ^ o u M b«* *>ee b o m » ’
C C n n m  nation

r ^ i  »o im  o*o*r ***** nu-»'b»*f 100 ml 0

0  t m t r g e n c , **/ei s u p p lie s

numb*-* 100 ml 0 a lvn # 1 p. b f  to b O 1' ^ a ’e* incas*
f i i/ w b f 100 ml 0 o ' *«i ' i»e to " ’err g ndeii^e va 'oe i

Fn»**o*'»u\M no O' jifl*'

II H iolo<j<( • q u * M v
r,ff •r./o.i ip<tiboqe*'.r i no g i ' H ' f ' f  va'w* *r*
f^ ir^ -n th *  lp » th rq » -n  ) no O' , r1#» ne v i iu e  «.el
b .  i“ i iv n q no q, ’r,r  vi>lu»’

4 »)<!«•» pi h e n )

f
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