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ABSTRACT

In this study an gttempt is made to determine the
turbidity removal efficiency of a model slow sand filter and
the practfesluse of the results obtained from the experimental
study was investigated. _

The first part of this study consists of the descrip~
tinn Of the filtration mechanism and the related theorie: .
hydraulics of filtration ,important factors effecting filter
psrformance , efficiency of slow sand filters and properties
of filter bed materials but only the model filter set~up and
experimental results were presented heré +In the experimental
part of the study emphasis is given to the effcct of sand depth
and influent water turbidity changes upon filtrate quality.

By changing thce depth of sand layer and effluent water turbidity
the experimental study was performed and after three different
runs the most suitable filter depth is found.At each sampling
time the corrusponding head loss relationships for the particular

bed is obtained,

EXPERIMENT:.I, STUDY
Objectives of the study .

The main objectives of the experimental work can be
summarized under the following items 3
1. Maximum turbidity removal by slow sand filters,
2. Eff. et of sand depth upon filtrate quality.
3. Effect of influent turbidity upon effluent quality.
4. Penetration of turbidity into the filter media and cleaning
condition at different depths of the filter.

5. Head ltss variation along the depth of the filter bed as

relatcd to time of overation .



Description of the experimental set up

Experimental study was performed by using a filter model
consisting of a box shaped filter with dimensions 60 x60 x165 cm.

The side walls of the filter is made of iron sheet plate and perspex.

The model filter had an overflow weir pa+t where flow control
is accomplished and the bottom drainage system.The drain system.
of the model filter consisted of a grid to support perforated bricks.
A uniform withdrawal of the clarified water was posrible Lty the use
of this simple system.i slope of 1:200 was given.to the filter bottom
for easy removal of t'e effluent.A valve and a graduated metal
cylinder was used for checking the effluent flow. ’

- Against shrinkage of vhedia and short circuitipg stepping -
* thefilter walls is provided by using additional three sheet
y-5es each of two milimeter Vthicknuss]

For head loss measurements two manometer tappingsAwere
provided , being at the Pott0#i gnd near the surface layer of the
media.Inside end of manometer tappings had a horizontal cﬁannel and .
copper wire threcading to allow sufficient water passage bdbut preven-
tod the entrance of fine materials.

Samples were drawn by stainless steel hypodermic tubing
from filter at different depths of the filter bed.For sampling,on
tre perspex walls,tappings were made by brass gland collars.

The biclogicial film formed upon sand surface was prevented
from destruction of direct water fall by an overflow weir placed
after a bai'in with dimensions of 30 x 60 x 60 cm.At .this inlet struc—

ture a levelling gage was put for precise control of théjnflow.



In the preparation of turbid water a container with
a mixer is utilized and this water is pumped to a constant
head tank before given to the filter,The constant head tank
and the filter inlet basin also were provided with two small

stirrers for the nomogenity of the prepared solution,

Preparation of media

In the preparation of the filter media sieve analysis
is made to find out the existing sand ani .ravel characteristics.
The effective sand size of 0,35 mm, 25d uniformity coefficient
of 1.8 were predeteormined values of the filter media.Sieve
sizes used for fine aggregate analysis were 4.76,2.38,1.19,
0.59,0.297,0,149 mm. and for coarse aggregate sicve sizes used
were 38.1,25.4,19.1,12.7,9.5,,4.76mh., After fifteen minutcs
shaking remdining material on each sieve was weighed and the

obtained results were siaown in the table,



Grain pgjgze analysis for fine and coarse

0w - aggregate

TABLE 1

Coarde aggregate

Sieve size Remxining on Cumulative Percentage Cumulative
(Inch) (mm) each sieve (gm) Weight (gm) of remain- % %
ing on each remain- Pass-~
sieve. A ing ing
11/2 38.1 275 27% 0.94 0.94 99.06
1 25. 4 C 4629 4904 15.80 16.74 83.26
3/4 19.1 10938 15842 37.39 54.13  45.87
1/2 12.7 10133 25975 34. 64 88.77 1:.2:
3/8 9.5 2690 28665 9.19 97.96 02
o4  4.76 487 25152 1.70 09.65 V3T
Passing
from No 4 sieve 100 29252
Sample weight : 29252

Fine aggrecgate

No 4 4.76 170 170 6. 56 6.96  93.44
No 8  2.38 618 788 23.86 30.42 69,5
No 16  1.19 694 1182 26.79 57.21  42.15
No 30  0.59 582 2064 22.47 79.68  20.32
No 50 0.297 370 2434 © 14.28 93.96  0F, 0
No 100 0.149 110 2544 4.24 98.20 01.80
Passing from

‘No 100 sieve 46 2590 |

‘Sample weight 2590

The aniformity coefficient is given with the relationship
d

v = 60 where d60 is the diameter of the grains by weight
d
10
at the 60 percent finer point and d is the effective size giving

10
the diimeter of grains by weight at the 10 percent finer.



The useful part of the stock sand is determined from
the frrmulas given by Fair and Geyer (1956 ) and computations

are shown in Tigures 1 t2 5 .

= P-P
Py= 2(py- )
P = P - 6.1P
4 1 3
P .= P, 4P
5 4 3
where
Pl = The percentage of stock sand that is smaller than
the desired effective size ( le)'
P2 = The percentage of stock sand that is qpr, T7v» tran
the desired d60 value,
P3 = Calculated percecniage of usuable stock sand.
P4 = The percentage that the stock sand is too fine.
P5 = The percentage that the stock sand is t0o coarse.
' The sieve analysis gave for P3= 0.280 ,P4 = 0,620 and
P5 = 0.342, The corresponding upper limit for sand is obtained

as 0.297 =xm and sand particles having a diameter greatcr than 1 mm
are not used as fine aggregate.

The soarse aggregate is also . - by making use of the
figure 1.

The specific gravity of sand particles are c‘ﬂputéd by‘}f
using dunsity bottles and the avcrage value of three meas ' rements
was 2.63 gm,/cm.3.

The avparent specific gravity of s nd based on wet
measuremcnts 5%') with & 39.8 percent voids is computed as 1.98 gm/

3
cm. from the £»11 swing forrula.



§=c -t (G- ¥ )

wt

Q
i

Real specific gravity of sand particles

+h
U

Porosity

f

¥

wt

Specific gravity »f water.

The fine aggregate is obtained by mixing equal amounts

of 0.297 ,0.59 ,1.19 mm sized grains but for the coarse aggregate
from the bottom to sand layer , particle sizes of 25.40 ,19.10¢
12.70 ,9.50 ;4.76 and 2.38 mm are used.

The prepared media was nlac-d into the filter after washing

and drying.

Preparation of Turbid Water
| The amount and character of suspended material whioh
is present in the water defines turbidity of this water.
Particle size of the dismersed material is an important parameter
for turbidity of a water.

Turbidity is »ften expemssed on the so called "silica
scale " and turbidity imported by “ne part per million of fuller 's
earth is taken as unity of tmrbidity.

In the preparation of turbidity standamds 5 gm. of local
Fuller's eaxth is added to 1 liter of distilled water so a stock
s2lution is ~btained. By diluting this standardized stock suspension
with distilled water turbidity standatds were prepared.

A calibration curve is drawn by measuring deflections of

different turbidity standards at sp.octrophotimcter which is
manufactured by Evans Electrnseclcnium LTD in Engkand ,under wave-

length 410 A°.

Joang
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Exveriments conductsd

During tho cxperiment filtration rate is taken as
0.159 gpm/sq-ft ani corresponds to a flow of 2.3 1t/min in the
experimental fil ter.This flow rate is maintained by a levelling
gase which had an ini+i~11 height 35.93 cm. and controlled by an
influert R%¢:lep inter.The height of water level above the weir
is calculated by using fo:muia (Water Mea'urement Manual,1953)

G = 3.33 H3/2 (L- 0.2 H )

where Q) = Discharge (cu—ft/sec)
L = Weir length (ft)
F = Height of water above weir (ft)
By trial and error the height of water above the weir
iz t:ken as H = 2.1 cm.

The uniformity of flow is closely checked by use of the
inlet und outlct controls. In the first week ;f the exper:mentation
a lower flow r-te,1.15 1t/min is given to the filter to form a good
bacteria rich laycr of schmutzdecke.

A constant head of 40 cm- water is provided over the top

. surtace of fiiter bed and destruction of the formed mud layer is . -~
prevented.

Experiments were conducted in two different media arrange~
ments., In the fir-t part a sand layer of 30 cm- and a gravel layer
of 30 om is used.Durirng the second and the third part »f the expe-~
riments sand layer depth was increased to 60 cm. |

The prepared turbid water consisted of a mixture of local
Faller's enarth and t:p water with a turbidity of 40 units (silica
ecale ) in the first and the second part of the experiments.In the
third part turbidity was 60 units.Daily filter runs took eight hours.
Drring the {irct and the second part of tho experimen; 1120 liters
and in the last part 1680 liters of turbid -ater were filtereds

In zoch filter run samples were drawn from different

layers of the wedisn for turbidity mes urements.During the first run

12




of the experime~tation samples were collected with one hour
intervals but in the second and the third runs samples w re
colledted with two hours intervals,

The head loss is also recorded by using a manometer
attachment.The filtration was continued until a filtrate tur-
bidity of 19.5 units was reached. This took about 3200 hours of
operaticn with a huoad loss of 8 cm.

After the Tirst part of experiments t“e unper layer
of the sani was discarded then the remaining sand layer is re-
moved and wagkéd throughly.The gravel layer is washed in place.
The new sand is mixed with the old one and put into the filter.
Attention was given to avoid the stratification of the newly
rlaced saind.

Second part of the experiments with 60 cm depth of
sand took srproximotely 280 hours of operation.This part of
experiments was completéd when effluent turbidity was 19.5 units.
At the begloauing ¢l lhe zecond part of the experiments initial
head loss ras 4 cms.and at the end of it final head loss was 24 cm$.

In the third run with 60 units influent turbidity and
60 cms. depth of sand,was comsleted when a filtrate turbidity
of 20.units was reached, Length of the run was 184 hours and tre
maximum hezd lossy obtained was 7.5 cms.

In trree rums of the experiment,temperature and pH values

of influent water wore reoorded at each sampling time.

13



Evaluation ofrthul ts

The first experimental run @
During the first week of filtration flow rate was very. -~ -
low yonly the mituration of filter wag'achieved and turbidity remo-
val was very limited.Obtained maximum removal of turbidity was 40
percent.
After formation of the SERTULZEALEUR layer effluent tur—
bidity was nearly 20 units.Removal efficiency'was 86.25 percent
after 44 hours working period.The maximum removal observed was 96.25 .
percent.Percent removal of turbidity versus operation time curve
tends down after 96 hours of o~eration fig.6. At the end of 132
hours working neriod nercent removal of turbidity dronrped to
86.25After that time turbidity removal dccreased with a slower
rate.The beginning turbid water conditions was attained in the
effluent at the end of 200 hours wofking period.
When the figure (7) for the first experihental run was
examined it is seen that minimum effluent turbidity was 1.5 units.
To have such a lower turbidity 80 hours filtration was required.This
maximum efficiency value continued for a period of 16 hours figure(?).
Variation of head loss with time is shown in figure (8),
The significant increase in head loss was seen after 96
hours of operstion.Nearly 75 percent of the head loss was developéd v
during the last 72 hoursi&ln tre first -0 hours of the filtration head
loss developmient was almost 8 to 10 percent of the maximum value.,
During the first and final days of the experimentation tur-~
bidity rehoval vas very low.Minimum turbiditv obtained below the schmate-~
decke layer was 5.5 units after 104 hours working period Maximum value of %H:rh
of turbidity was determined as 23.5 units at the beginning houes of

operation period. A similar trend was observed at other

14
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sampling depths .By examining the turbidity values of the fourth
sampling point a removal efficiency particular to the gravel
layer can be estimated,lfurbidity removal within the gravel '
layer changed from O to 6 units and most of the time an

average of 2 units removal was observed,

The se.01d experimental run :

The filter was operated at a very low rate for three
d ys at the start of experimentation as described in the
first run,

At the begining and at tne end ef the filtration
period 50 percent removal of turbidity was observed.After ok
" hours filter operation period,the removal efficiency reached
was 86,5 percent which corresponds to an effluent turbidity
of 5.5 units ,The maximum removal of turbidity was 96.25
percent and this value was attained between the 120 th. and
the 1¢': th, hours of operation,While filter was clogging a
decrease of percent removal of turbidity was observed.a
86.25 percent removal of turbidity was reached at the end
of 200 hours of operation,(Figure 9).Table (2) appendix,

The minimum filtrate wurbidity was 1.5 units and
the vilue was obtnined between 120 and 185 hours .Increasing
r~te of removal of turbidity was nearly equal to the declining
rote of turbidity removal fig.l0.The maximum turbidity was
19.5 units and this vilue was determined at the beginning
of the filtration period,Also a similar turbidity value was
observed at the end of the operation period.The filtrate
turbidity values equal or below to 5.5 units were obtained
frem samples which were collected between 64 th, and 232nd.
hours of cperation,

The he~d loss increased gradually from the beginning
of tic experimentation te 184 th,hcur and during tiae remaining
part of the filtratien = papid increasc was seen figure 11,The
turbidity removal at different depths eof the filter bed is
shown in figures(1l2-18).The minimum turbidity observed just
below the schmutzdecke was 9.5 units and this was maintained

between the 112 th,.,and 192 nd., hours

18
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of the operati-rn time.Trne sevimun vaiue of thia tarbidity was 23.5 m 0

obu rved during ihe first 8 hours and the last % <o

=}
=3
=
(34
w
jui]
Hnd
=
[N
-

12 hours of e filtration pefiod.

In v Fow samples ounly 4 units reowoval of turbidity in the
gravel layer wavdetoer minsdand in most of the time removal of tur-
bidity within the gravel layer chianged from O to 2 units.

The third experimentnl run ¢

After bz socond run of the filtration 2.% cm of the
upper sond layer ras remdved and the remaining sand was washed
in place and clesning of filter was comnleted. 'A three days of
ripening period war ured at a very small Tiltrntion rate.

The efTluent turbidiiy at the bhoginning of the expurimen~
tation wa. T units and the corresponding ranoval efficiency mas 55
percent.¥hen ¥ ltrate turbidity was 5.5 units tie turbidity remewul
as percent was 90.83 {ig(19).This value was obtained 5t the end cf the
112 hours working peciod.The maximum removal of turbidity was 94.16
percent with n 3,5 urit. of effluent turbidity.sfter 144 th.hour
of operation period z2fficiency of the rilter dcolined ravidly and
filtrate turbidities bLecame higher *han 5.% uniis,.20 units of
filtrate turbigii was observed at the ond o1 the 1&4 th. hour
working czeriod Tig .{20).The related percent romov -1 of turbidity
was 66,65, f£iz{19J.

In this pert of the experimental study Lears losses were
messured at each sampling point depth and six head loss versus ope-
ration time carves wers obtained fig.21.

The lowest curve in fisure (21)show the Lend loss change
with operation time at the depth of first sampling point.The rate of
increase of head leoss was very small and total change of it was 1.5 om.
At the second sampiing depth the head loss development was higher
than the firat one and ite value vaivied from 2 cm t0 4.1 cm.Tho gradual
increase of kead losses wore obcerved upio the fourth enrve and the

last two curves tendced upward rapidly.The mazirmum change of bhésd

1oss thorugh the v"r*ﬂus depths of the filter was ohscrved at the


http://fro.ii
http://rcnov.il
http://losr.es

last sampling derth and the difference between the final and the
initial head los: values was 5 cni .
After the first dnzy of the experimentztion 50 percent

removal of turbidity was cobtzined in the schmmtzdecke hal a mim
nimum turbidity of 16 units.This value was cbtain:zd hetween

the 86 th undl 96 th. hours ~f s>rerntion At Bhe end of the
operation time nbserved turkidity below the unper sandlayer w:s

29 units,

20
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CONCLUSTION

In the experimental part of this study by using a filter
set-up ,slow sand filtration performance was investigated as
related to the filter bed depth and influent water turbidity
changes.

The maximum turbidity removal in the slow sand filter
set -~ up was 96.25 % ,which indicrted a very high efficiency.
Betwecn the three experimental runs the best cleaning of the
raw water is achieved in the sccond run when the influent tur-
bidity was 40 units and the filter bed depth was 90 cms.The
turbidity revoval efficiency reduction was observed when the
raw 1 water turbidity was 60 units and the filter bed depth was
60 cms, Therforc it can be rccommended that the minimum sand depth
should be 6) cms and the turbidity of raw water must be equal »r
lower than 40 units for such filterc.,n order to increase the
efficiency of the filter in presence ~f high raw wrter turbidi-
ties some vretrcatment is required.The plain sedimentatirn ysto-
rage and if n.:cessary for algea removal micro-strnining combina-—
tion can be recommended. |

Llso by taking samples at different depths of +the filter
bed and mearuring the head losscs at the corresponding depihs . it
is detcrmined that the impurities in the infulenmt do nct. .penet-
rate into thc lower layers of the filter bed as being an advan -
tage of such slow sand filters.,.

Since in practice the sand layer depth preferably is around
one meter s< scveral times scraping of the upner sand surface
can be done .When the filter effluent turbidity passes beyond the
maXimum permissible limit of the drinking water standards (7S 266)

the upper sand layer should be scraped out.Experimental results

(TS 266) : Turkish Drinking Watzr Standards.
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indicates that this procedure can be repeated until the ramaiging
sand depth becomes 60 c¢cm for the comman turbidity ranges of -
raw watcf .it this time removed sand layer must be replaced

by fhe clecan and washed one.

"ﬁeh'the filter is continuously opersted ,according to
the s.cond experimental run's results, it will be working effi-
ciently for 12 or 13 days. If the filter sand_depth is faken
as 105 cms, at every-13 days by scraping of 2.5 cm of the
upper s nd layer ,washing and replacement-of the total filier
media will be necessary after seven or eight months of Gpere-
tion time. It is seen that the used wash water qi.ntity is lcss
if compared to pressure or rapid sand filters.Also it can be
easily econoiuvdsdfrom the eﬁberimentql stuay that ,when thre
raw water turbidity is less than 40 units, washing and replace-
ment interval >f sand will be longer than seven »r eight month: .
It can be rocommended that some pretreatment must be applied
to raw water if it's turbidity is high cr it  is the flood timc.

During the éxperimentation due to sun light t"erc was
-some .algac growth unon the sand surface énd on the side walls H7
the filter. “his éigéé"formation did not- produce én& ¢nlor or
odor in the cffluent water. Therefore it is proved that certain
amount of algae growth do not bring any deleterious effect at
.slow sand filtraﬁion process,

The gﬁthor éﬁééééts that for rural arcas and communitics
slow sand filtration isa very-convenientmmter treatment method.’
Because in most parte of the céantry filter bed materials ~re
availeble and less skillfull operation and less close supervision
are necded during operation thaﬁifor rnpid sand -filters. .ow labour
and land costs are being znother-ddvant-ge of slow sand filtor

aprlications for rural areas in thris country.
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The ddsign details of the slow sand filters are much less
criticnl then the other type of filters so the minimum skilled
surtervisicn is required during construction neriod.Also this
weascning surnaorts tne application of slow sand filters for small

communities,

36



ACKLOWYLLTDCG: + i HTS

This otudy hns be.n c¢horid out in the Envi-
ronment 1 dnciacering Department of WETU,

Sincore thanks ~arc ext.onded to Asst.Prof.Dr.
S.Ercl Ulug nl the laboratory oers nnel of the Dep~rt-

ment for toir cooporation during the exverimental woike.

37



LIST OF REFSRsNCES

Baylis,J.R,(1954), Wasning and Maintenance of Filters,
J . Am W?t,Wks.ARs.,46,l76.

Biolegical or Slow Sand Filtoers(1970).
Tech,Rep.Ser,Wld.Hltn , Org,

Cleasby,J.L,,Baumann, s, R, (1961).Sclection of Optimum Filtration
Rates for Sand Filters.
Progress Report,lIowa State University,ames,
Deb,a k. (1959) .Thecry of Sand Filtration,

Proc.am,50c,.Civ.sngrs,95,411,

air,G.M.Geyer,J,C,(1956) .Elements of water Supply and Waste
Water Disposal ,lst,.Zdn.,p.373,N.Y,,John

wWiley and Sons, .
Fox,D.M.,Cleasby,J.L,(1966) .Experimental Kvaluation cf 3and
Filtration Theory.Proc.Am,Soc.Civ.ingrs,92,61,
Huisman,L.(1972).Slow Sand Filtration 1,st.,Bdn.Delft Univérsity

of Tecnnclogy,Netherlands,
Ives,K.J.(1960).Raticnal De¢sign of Filters,
Proc¢,am.Soc.Civ.,ingrs.,16.189,
Ives,kh,J.5holji,I1.(1965).Research on Variables iaffecting

Filtration, Proc,.am.30c,Civ.Engrs,91,1.

Lewin,J,(1961) .Mechanization of Slow Sand and Secondary Filter

Bed Cleaning.J.Inst.Wat.Bngrs.15.15.

Progress Toward a Filterability Index Test (1959).Task Group
Report,J.eam.Wat Wks,nAss.51,1539,

Standard Metuods for the Examination of wWater and "astewater.(1965)
12.th,8dn, ,aPHii, Wi, WPCF,

wagner,i,G.,Lanoix,J,.N,(1959).Water Supply for Rural arcas

and Small vommunities ‘"0 ,Genevo,

38


http://Tech.Hep.Sor.Wld.Hltn.org
http://Civ.Engrs.91

APPENDIX



AA ¢e 1 ¢° 1T G ¢l G 4T G451 G° 41 A ATAN 0¢°§ 17

w41 T AR TS 611 G*¢T G*G1 G a1 G° 41 VAT AT 01°§ 2
T4L6T 0T 0%
#*41 AR A 611 G 61 661 G U1 A G861 ¢°61 06° ¥ 8
AFA G2 99 g ¢t ¢4t G641 A $°6T G 61 ¢°1e 06°# 9
AL G2°99 G°¢T G°ST G6°61 A §°561 661 G 12 06°1 4
A e2° 19 661 §°61 G661 RAPAI G°6T G*12 A 06° ¥ Z
. 1461°01°62
9°4LT ¢e* 19 G°61 AT ATAN G°61 S°61 G° 12 ¢°1e 09°% 8
3*41 qe2 19 6*41 IAVAY R G661 G°61 A T G 1e 08" ¥ 9
S Ge 9% AVA A 661 G661 G°6T ¢°1¢ 612 05°t #
8°41 G2°9g AA VA ¢°1e $°61 g 12 2 $° 12 0S¥ 2
1451°01°92
8°41 A (4 ¢ 61 661 G*1e 6°1e g°¢e G°¢e G*¢e 0S¥ 8
84T G2 18 S°61 S*61 G*61 ¢ 12 6°¢e G ¢e g°ze 0¢ ¥ 9
0°21 6z 16 Go6T 661 ¢ 12 612 ge¢e G°ge T 0¢ 4+ ¥
0°81 G2 14 G°5T €61 ¢°1e ¢ 12 ¢ ¢e G°g2 G°¢e 00°t 2
N o | | ) bl-g- ¢
vy AAibtates affftadn idf8lides g ol 3R

"0, resowed. £11pTQIAG 9 jutod ¢ autod # pm.ﬁog m mpwog .ym,mpm.wum,ﬁﬁ. ﬁprmwm Armv ,A.Hmv
ﬂﬂﬁ&iww Sutrdueg guttdueg  Furidu.gt > LTAneS Burpdeeg £70T-Dpen 1 QUL

,*due, 3usnIog AUeNTIIN ¥

T NNY¥ do&
 SATHONOT L2y FWIL-So0T L3N —ALIAIddnd ¢ d7 00

- ‘t‘!.

— -
7 . L. . 4



1°8 2°4T 62°98 G°G G4 G4 Gl §°6 G° 1T G°¢T 05° /4 8
I°8 T1°4T 42*$8 6°g G°¢ Gl G/ $°6 S 11 G°¢tT 0% ° 4 9
T°3 T1°4T 62°98 G°g G°( ¢4 Gl G°11 $°11 G°¢1 0¢°4 7
08 T°4T &2°98 G°G G4 Gl G°6 G 1t G°¢et G°¢t 024 2
TL6T°TT°9

0°8 241  Ge°18 Gl Gl S/ c*6 ¢ 1T cocT CoCT 06°9 g
0°8 2741 G2°18 G54 ¢ ) ) S°TT ¢l G 61 06°9 9
0°8 2°41 62°18 G/, G*L G°6 56 G611 §°G1 G°61 08°9 fr
0°8 2°41 G218 A G°d G°6 G*6 S°11 G°GT1 64T 06°9 2
W6t 11°¢

g8 %41 Ge°18 64 6°6 §°TT STt S 1T G°41 G°G1 o9 g
1°8 #°41 62°18 5 °6 G 1T G°¢T G°¢T G°aT G°S1 ot°9 9
1°8 41 42°18 G4 $°6 G°11 G°¢t G ¢t 6°G61 A 02°9 #
1°8 #°4T 4G2°94 6 G°6 11 GogT 6°¢1 661 St 02°9 2
L6111

T°2 G641 62°94 6°6 G° 11 G°¢t G°¢t §°¢t G°¢T G°4T 00°9 g
0°8 ¢°4T 42794 $°8 §°11 G°¢T G°¢1 G°¢t G°G1 G 4T 04°4 9
0°8 w1 62°9 $°6 G 11 G°¢1 G°¢T q°¢1 G a1 AT 04°6G 7
0°8 #°4LT G2 14 6°1. G°¢tT Ge¢etT 1 67¢T G°6T G°6T 641 04°G 2
TL6T°TT°T

1°8 #°4T  G2° 14 G 1T G° 1T G ¢T G°¢1 $°G1 ¢ 4T 64T oh°§ 8
"8 S°4T G2 T4 QI QTeT . Stel G4 Ny A WA Ot*S 9

3TUN un 2TUIN 1TUn 3TUN nﬂﬂﬁ
A . CrToTa e - L3 TPTQINg LaTpTqansg
. A3TPTQING A3TyTeans £370tqang L3 1pTqang = ; )
Do Tereudx A£3TTO.m; G AnTod m pwﬂom + 3uTtod z Muﬂom c p:Hoq H pmﬂom (uo) AMMwe
cdwsl ausaIe ™ QuONTSIT BUTiwuwd  JUTrduen  SUTTOLT LATT R SUTTAwES Jutrdueg s30TPEY

(oVUTLLOV) ¢ TIVL



4ol 6°9T G2 16 g°¢ g°¢ G°¢ G*q gl ¢*6 G° 1T 06°4 8
mun m“wH - G216 G°¢ Gg°¢ G°g GG G4 $°6 G°11 06°L 9
46 6731 526 6¢ g ¢ ¢°s 57 G°s 56 ¢ 1T 06°2 ¥
84 ©"9T1 a2 16 ¢°¢ q°¢ g°sg 6°4 Gl ¢°6 G611 06°4 2
46T 1101
6°L 0°UT G216 Ge¢ 1= $s 6g 54 $°6 g 1t 06°L 8
624 T:4T 62116 ¢ 56" 55 g% 56 %6 g1t 0s°d 9
6% 0°41 G216 6°¢ G*4 144 G°s G*6 66 G611 A r
0*8 0%.1 G2*16 Gg*¢ §°6 Gg*s G*¢ §*6 %6 G 11 044 2
B 773 8 4 2
0°8 0°4T a2 16 q°¢ g4 q°4 Gge g 6*6 G* 1T S°1t 04l 8
o8 04T  62°16 S5¢ G (4] 214 ¢ 6 G 11 S T1 09°4 9
0°8 24T G216 G°¢ ™ [l 66 443 G* 11 S 11 09°4 1
0°8 2°4T G2 16 G°¢ ¢*q 6°q G4 5°6 G° 1T G ¢t 09°4 2
W6T T8
1°8 241 G216 ¢°¢ Al G G4 G°6 ¢ 11 G <1 09°¢, 8
1°8 2°4T 62*93 G4 24 ¢4 G4 6°6 S 1t G°g1 064 9
1°8 241 6298 g°g G°G G4 Gl 6°6 S°TT G°¢1 05°4 Y
2°8 2741 G2°98 G°q G4 g g 2 66 S°1t G °¢T 0574 16 Z
T - e - (3vun) (31TT)  _(3Tum)  (3TUR) ..mpﬂqurfh (atun) T «< L
o - Ay pTaing £4TpTdang
£3TPTQang £3TPTAING " favd RaTn aELe il Pl : W) (I
Do Temowex K£ATpTqany o~qutid’ ¢ jqurtod pwrmmmw pmﬂwmwwwﬂ wmdwmwmw,. mwﬂwmﬂﬂqmm mmoaﬂcmmm Awswa

pd ‘O quooreg - quenrrszg -CFLEVS- Juirduey Suridweg” Sutidueg
(enutiuod) g TVl




674 T4t $2°96 61 1 52 G°¢ 2 G4 S°b 06°01 8
6°4 274t $2°96 ¢ 1 G2 G2 ¢*; G°G G4 ¢°6 ot° 0T 9
8% 2741 GS°96 G°1 G2 G*2 G°¢ G°g 5L 66 00°0T t
8°l  2°4T G296 G 1 g*e G°¢ G ¢ G°s g4 ¢°6 06°6 2
TL6T°1T1°9T
8% T°4T $2°96 G°1 g2 G°¢ G°¢ 6°G G* 4 G°6 0G°6 8
4°¢ 0741 GlL°e6 g2 G°¢ G°¢ G*g G*q G*4 G°6 05°6 9
4°h 0°LT TAETS g°2 G°¢ G°¢ 6*q §°4 64 $°6 0% 6 t
Ll 0°4T 6216 G ¢ G*g G ¢ G*3 G°g G4 G°6 00°6 r4
FLo1 1T 61
AT AT A G2* 16 G°¢ g°¢ g°q GG g4 G*6 G*6 06°8 8
Ll 2%l ¢e2° 16 §¢¢ G°¢ g°q g*g g4 6 ¢ 1T 06°8 9
8L 2°41 G216 G ¢ G°¢ . 5*6 6°q G*/, 6 G 11 08°8 4
8¢ 2Ll G216 g°¢ ¢ G°q ¢*q G*4, G 1t G 1T 056°8 2
TLOT T #T

6°6  T°4T G2 16 G°¢ G*g G*g G*3 6 G 1T 6" 11 02°8 8
6°4 1741 G2°16 a*¢ g°g G°q G4 G*6 G 1T G 11 0T°8 9
6°¢  0°4T ¢e2*98 G*q G°g 6°q G4 G*6 1T ¢t 00°8 tr
A LA | .°¢6 G2 G°¢ G ¢ G°q Gl 6 G611 00°8 c
TLST°TT°¢T

3Tun quz 3Tun | 3TUn 3Tun 3TUN 3Tun .

- £3TPTQINL3TPTAING £3TPTQINg
, £21PTqINg £3TPTQINnyL3TPT :

- oromer K3TPTAING 9 qutod - g 10T0d 4 3ur0d JE durod ¢ suted T 3utod mwo - Jaq
mgl.ms«& Mzoonmm jueniyyg 3ulldueg Jurydmeg JUTTIWSS UFICURS JuTTiwes  Surrdus  SSOT pesy  euty

(onutiuoo) 2 ITEVL



T°8 0%41 ¢2° 96 G 1 G°1 G2 ¢z G°¢ Gl G°6 7 TIT 8
1°8 0%4T1 G2* 96 S 1 G 1 G2 g2 G°¢ ¢4 G°6 w11 9
178 0°4T1 G2 %6 G 1 G*1 G2 G2 G°¢ _y G*6 #°TT 4
T°8 0°41 G296 ¢ 1 G°1 g2 g*2 g*¢ @/ G°6 71T bt
TL6T°TT 42

0°8 T°41 $2° 9% ST g1 g2 ¢*2 G°g gl $6 #° 11 8
0°8 141 62°9%6 ¢ 1 Ge1 g2 G*a G°¢ M.m 6 #°1T 9
0°8 0°41 G2*96 G 1 G°1 g2 G2 G*¢ ‘L €6 #°11 4
84 0°41 62°96 ¢*1 Gt g*2 g®2 g*g 54 $°6 2°11 2
TL6T°TI 1S

8%l 0°4T  $2°96 g 61 gz G 2 Gog 1Y) 6 2* 1T g
6°L T1°4T G2°96 61 G*1 G2 Gee G*¢ G4 G*6 21t 9
6L T°4T 62°96 6 1 61 G2 G2 q°¢ G4 S*6 00°*1T 4
0’8 T°4T 4296 G°1 Gt g2 Gz G*g G4 6 00°TT b4
T46T°TT02

6L 14T Q2 96 1 g 1 G2 gez g < g4 66 00°TT 8
6% T[4t 62 g6 g1 g°1 G2 G2 <44 o\ 66 00°TT 9
674 1°41 G296 G°1 G°1 G2 G2 Gq g/, G5 00°11 4
6°4 1°4T Ge2* 96 61 ¢°1 g2 g°¢ g AN ¢°6 0601 Z
TE6T 1IN T

3TUn jtTun aTUn 1Tun 3TUN 2TUN 1Tun
5 ‘ L4TpTyang £31o7Tqany £3Totqany A3TpTqang A3TpTgang hpdvﬂohﬁp : .
g q TeAomex £3TpTqansg 9 autod ¢ uSHL + quTod ¢ autod 2 autod T jutod wo Iy
H

sduay quedIeg JUONTIFY  JUTTAWRY QHM&E: Suttdmeg  Sutidweg Suttdueg Suridweg SSOTPesy  owTy

(oMUTIUOD) 2 TTAVI



TAﬁﬁE 2 (contirus)

p. pH

g

nt Percent T

turbidity removal
unit

Sampling Efflue
urbidity
unit

point 6

4
v

Ling

AN
il -
point 5
unit

turbidity

i)

.oy [N
habid U2
t
o

g Serplire

t 4
Gi

urbi
unit

_poi:
+—
(V3

unit

Sanplin
point 3
turbidity

unit

unit

point 1 point 2
turbidity turbidity

adloss Sampling Sampling

cm

Time He
hr

——

23411.1971

9.5 7.5 5.5 2.5 2.5 1.5 1.5 9€¢.25  17.0 8.1

11.4

TaYTaNToN
~

U\U}U\
(TaYVAN TN

nun

. °
(oaTeaT o))

NN
¥ o o
44~
~ et~

SURYeX1o]

24.11,1971

maununman

~

wmannn
o L] ° °
NN

LIS TRNTANT AN
NNV

I
° L ] L4
NN

nmninany
°o e 83 b
o OO0

NFO®D

27.11.1971

16,9 8,1

96.25

1.5

1.5

(58

7.5 5.5 2.5

9.5

11.7

araQy

U\U\U}
e~~~

U’\U\U\
NN'-(

winun
e e 9
NN

wmnwn
P o 0

NN N

(IpNTaYTpN
) ]

28.11.1971

IaVIaNTaNTaN
Ny

U\U\U\U\
N(\JN(\J

U\U\U\U\
N\N\N\N\

U\U\U\U}
° & o
nunvnn

U\Lf\l.f\l.(\
BL\BL\

(SN E0 SUANTAN
e B o o
[ealeaTYeaYe N

(@R VN TaViaN
IR

Ny
et

NF OO

29.11.1971

©
AL\

mn
QU o

maun

L o

R R

nmn
(SRR TN

NN
(TaNa

N

o

o
°



¢°8 9°91 6293 56 5L G4 G°6 G°6 G°¢t 6°41 74T 8
€°8 9°91T G215 G*¢ G°¢ G°¢ 66 $°6 G 1T G*G1 1°41 9
¢°8 4°91 5216 G°¢ G4 66 G°6 G°6 S°TT G°¢t 6°91 7
¢*8 4791 AR LS 4 G4 G4 G°6 ¢*6 6 11 G ¢TI ¢*91 c
CLBT 1°%

#*8 4°9T 4216 G°¢ S 54 %4 5°6 G°11 G°¢1 T°91 8
#°8 4°9T 42°16 4 G°G Gl G4 §'6 6 e 11 8°G1 9
#°8 4°9T  62°98 G*q g°g A S G*6 66 6* 1t 7°61 W
#°8 4°9T 42°98 G*g G°g g4 G4 6°6 G*6 G 1T ¢*s1 e
26T 1Y

0°@ §°91 6¢2°*98 G*s g4 G°4 G4 ¢°6 %6 G* 1t 641 8
84 §°9T &2 16 G°¢ G°g G/ gL 66 6 QT 641 S
8°4 9T &2°16 G°¢ $°G ‘M G4 G4 G*6 67Tt G 41 L
0°8 #°9T 42°16 Q¢ 6§ 5°q §°l G4 $*6 ¢ 11 G*HT c
2L6T 1 ¢

1°8 #°9T 42°16 G°¢ 5°§ ‘A G°G %4 56 S° 11 L¢T B
T°8 +°91 4216 Q¢ 5°g G°6G G4 G4 G°6 G°11 6°¢t 9

31UN aTUN 3TUNn JTun 1TUn 3TUN JTun
9 £3TpTqIny £4TPTQINg A3T1prqany £3TpTaang £31pTqang £3TpTqany
o TeA0WsI A3TPTQAng 9 autod ¢ autod + jutod ¢ autod 2 jutod 1 autod o |
Hd cdwsj juedasy jusnyyyy Jurydweg IJurtdmes Juriduegy Jurpdueg Jurpduweg  Burrdueg ssoTpeey  owty

(onuT3uod) 2 ATAVEL



G°6t

18 99T $2°T4 G TT 5tet S ¢T St 61 G461 022 9
0°8 9°91 4214 S 11 S°¢1 §°¢t GGt 6°6T1 §°61 G4t 0°ee t
0°8 §°91 &2°T4 $°11 G°¢1 G ¢t §°¢T §°61 G°S1 a1 612 2
24L6T° T 1T
T°8 4°9T 42°94 $°6 S°11 S°TT G°¢T G°¢T G§°GT G°GT §* 12 8
1°8 4°9T 62794 66 5°6 G° 1T S5°¢T G§°¢T G 6T G°G1 #°12 9
28 L°9T &e2°18 g°4 5°6 $°6 ¢ 11 §°¢1 G°a1 6§61 0°12 L
1°8 4°9T 6218 g4 S§°6 S*6 S°1T G el 661 G461 8°02 Z
cloT 10T
'8 $T9T 4218 G4 ¢ 56 S*IT 57 eT 64T A S AN 8
'8 $'9T 4298 GG G4 56 ¢'TT S°¢T 74T g*¢1 6°61 9
28 G°9T1 42°98 G°6 5L $°6 61t el 6°41 Gt a1 G°61 %
g*8 G°9T G2°98 G°G G°4 5°6 G 11 G° 1t §°¢t G*at °61 4
2LET 14
'8 9791  62'98 g*g S 56 ¢'TT  §°TT  $°¢T GrST 8*8T 8
1°8 G6°9T 42°98 g°q S S°6 56 S 1T G¢t ¢ a7 681 9
2°8 G°9T &2°98 $°g §°4 5°4 5°6 ¢ 1T G°¢t 66T % '8T 4
g'8 G°91 42 98 G*q G4 S*L 66 STt G ¢t 661 AYAY Z
24617 1°9
~{ 3Tun) ( 3TuN) 3TUn) (3Tun) ( 3TUR) ( 3TUn) (3TUn)

£3TpTaang £3TpTqandf4Tprqany £3Tprqany £3Tprqany £3TpTqany .
.oo 8Aowax A3TPTQana g autod o qutod 4 gutrod ¢ autod 2 autod T autod oo I
yd °duws] Jjueoaag juaniiyeE  Juiidwezy Jur:idusy Surtdueg mgﬂHQSGm dunidueg JurTdueg SSOTPESH oW,

(enutquod) 2 FTIVL



T°8 9°91 &2°19% 661 $°6T G°6T §°1e 512 g*¢z G°¢2 0*+e 3
1°8 9°91 42°14 *5T S°6T ‘6T §°12 G 12 g*¢e g¢e 0*te 9
0*8 9°'9T G2°1$ $°6T G°6T §°61 G°61 ¢°12 §* 12 Gge¢e ¢ Ui
0°8 §°9T G218 66T G 6T G°61 $°12 §°T12 §°1e Ge¢e ¢l 2
26T 1781
6°4  9°9T Ge2°14 G°61 66T - 6t61 G°6T ¢ 12 KA ¥ Gge¢e o~¢e 8
0°8 9°91 &2°14 G 6T G°6T G 6T G°6T g 18 ¢ 18 gz 0°¢e 9
0°8 9°9T G279¢ A G4t AN G°61 6°61 12 ¢ 12 0°¢e ™
0°8 9°91 G2°9¢ A G°UT GLT S'UT G°61 $°61 $° 12 6°ee g
2LOT T LT
0°8 69T 42°19 661 G*61 G°eT  G%T VA A A 922 8
2’8 G°91T G2°19 61 G°a1 G°ST G°SaT G4t G°at G LT - 922 9
2’8 4°9T &2°99 G°¢1 S ¢l G°¢1 G°GT ST g1 I ATAT 522 t
I°8 4°9T 42°99 G°¢1 G ¢1 G°¢1 g°qT G*G1 §°4t1 QLT g*2e 2
. L6t 121
I°8 9°91 &2°1l G 11 G°¢r . G°¢T A | ¢ 41 G*q1 ¢°61 0°ce 8
(3Tun) (3tun) (3Tun)  (3TuUn) xh 3TUn)  (3TUn) ( 3Tum)

£3TpTqany A3Tptrqany A£3TpTqany A4TpTqang £3TPTqing £3TpIqLng

-9 Teaowsx £L3TPpTQang 9 gutod G autod 4 gutod ¢ autod 2 jutod 1 autod uo !

Hd .msom JuadaeJ juoniyyy Sutiducg Jurrdwes Burrduvg Sutpduwey Jurrdueg Suttduweg sSSOTprey  awrg

(euutjuod) g FILVY



