VA -telknile
A, CHALMERS

CHALMERS TEKNISKA HOGSKOLA
Institutionen for Vattenforsorjnings- och Avloppsteknik

| XAMENSARBETE / Diploma work

Optimization of the Chemical Treatment

at Xinkaihe Water Treatment Plant
A Minor Field Study in Tianjin, China

MARTIN LEIDENHED AND CHRISTIAN WIELAND
Examensarbete 1997:1






CHALMERS TEKNISKA HOGSKOLA

Institutionen for vattenforsorinings- och avioppsteknik
412 96 GOTEBORG

Tel 031 - 77210 00

Keywords: flocculation
jar test
China
MFS
water treatment

XAMENSARBETE / Diploma work

Optimization of the Chemical Treatment

at Xinkaihe Water Treatment Plant
A Minor Field Study

MARTIN LEIDENHED AND CHRISTIAN WIELAND
Examensarbete 1997:1






KUNGL
TEKNISKA
HOGSKOLAN

Royal Institute of Technology

CITEC

Preface

This study has been carried out within the framework of the Minor Field Studies
(MFS) Scholarship Programme, which is funded by the Swedish International
Development Cooperation Agency, Sida.

The MFS Scholarship Programme offers Swedish university students an
opportunity to carry out two months' field work in a Third World country on a
basis of a Master's dissertation or a similar in-depth study. These studies are
primarily conducted within areas that are important for development and in a
country supported by the Swedish programme for international development
assistance.

The main purpose of the MFS programme is to increase interest in developing
countries and to enhance Swedish university students' knowledge and
understanding of these countries and their problems. An MFS should provide
the student with initial experience of conditions in such a country. A further
purpose is to widen the Swedish personnel resources for recruitment into
international cooperation.

The Centre for International Technical and Educational Cooperation, CITEC, at
the Royal Institute of Technology, KTH, Stockholm, administers the MFS
programme for all faculties of engineering and natural sciences in Sweden.

Sigrun Santesson

Programme Officer

MFS Programme

Address Visiting address Telephone Fax Intemet

KTH Dr Kristinas vag 47C ~ Nat 08 790 60 00 Nat 08-2037 16 http:// www.kth.se
CITEC Stockholm int  +468790 6000 Int +468203716

100 44 Stockholm



TABLE OF CONTENTS

1. SUMMARY AND RECOMMENDATIONS .....ccoccceerneccccncccnarccneecessnancsssnsosnnans 1
2. ACKNOWLEDGMENTS ..cccooeiieescnsnennnsnscccrsssasnosccssrasosessnnnosssnssosesssssassssasssasesssns 3
3. BACKGROUND ...ccioiunienemiiccncniossosncssssasscosssssnsesscsssssssessssnsesssasasassssssansssssssasssses 4
3.1 ORIGIN OF THE PROJECT ....ccoiiiiiiiiiiiiiiiiititteee et eeeeiiiiiinieeeesesnenettesessssessnsnnnssnnaenaanns 4
3.2 GENERAL DESCRIPTION OF XINKAIHE WATER TREATMENT PLANT ...oovvveeiineeeeeennn.. 4
3.3 RESEARCH OBJECTIVES. . ctutetittiiiieeeeerrinneiieeeenesessnneesessunenessesssmmmnnsessmnsseemsssseeesennn 5
3.4 SCOPE OF THE PROJECT ...ccetiiiiiiiiitiieeaiiiiieteeeeseseessenniresssseesssissseseesessssenssnssnsssessenns 5
4. INTRODUCTION TO TREATMENT PROCESSES .......cccoreeerancccsaneccneennnee 7
4.1 COAGULATION PROGCESS ..tuuiiitiiieieeeetitieeerriiinteeitneessssnsnesesseennsessssensssssannessmmmmessees 7
4.2 COAGULATION ....ottiiiiiiiiiiiiieien ittt ettt eeteeeeeeeesesssssraraeaassssrsaasasesssnsassssssnenaeees 7
4.3 FLOCCULATION ...cuitiiiiiiieiiiteiieectteeeteenteeeessteeesssseensssaassessssaassssesasssssessssesnnses 8
4.3.1 Baffled Channel Flocculators - hydraulic mixing .............cccococveveveeievnnnannee. 9
4.3.2 Mechanical flocculators - mechanical MiXing................ccocoevveeeeveneeeiiienennnnn 10
4.4 SEDIMENTATION ...ouiiieieeeiieeeieeeeieeeseeeaieeseeannnnsssnsnsensssrsssssssssssnssssesessessesnmmnsmmsseee 12
4.4.1 Rectangular Horizontal Sedimentation Basins...............cccccoveeiveeeciiiuneiineenns 12
GA.2 TUDE SCILLETS ....evveeeeveiieeeeeeeeie et 14
4.5 DISINFECTION STEP ...ccovuuttteriiiieiiiieiiiieniieessitetesnseessnissesnsseesssessseesssesessssseesssseenns 14
4.5.1 Process AIEIRALIVES ...........cccoceeieiiiieiiiieiiiieee e e e et e eerrarea e e s e e e e e e anraeaaas 14
5. EXPERIMENTAL METHODS - THE JAR TEST PROCEDURE........ccccucc.. 16
5.1 EXPERIMENTAL DESIGN .. ..uuiiitiiiiiireeetiiiiierertirteeeetnenerersteseessssssnmnesesssnarssssnsessrssees 16
5.1.1 Coagulants and Natural Warters ............c...ccovevimeeiininnieeineiine e 16
5.1.2 Flocculation @qUIDMENL ....................uueeeemveuemrriunniieineeniiieeereraaeaseeeeesraerreraeens 16
5.2 EXPERIMENTAL PROCEDURES ....c.cuttitiiiitineeeinneetnneetreesniaererteeesssueesssnessnsssssnnsesens 17
5.2.1 FlocCulation exXperiments ..............cooecvuvveeeeieeeeeeeeeiiiiiee e eeeeiieeaeaeae e e e e e e 17
5.3 ANALYTICAL PARAMETERS ...cccciittiiiiiiiieiniiiteeeeeeiiteeeeraneeeeeessnseseesnaessenssnsseeessneens 18
53T TUFDIAILY ..ottt et e e e e e e enaras 18
S B2 DH oo et et e e s s e aereaeenanae 18
S 33 TEMPEFAIUTE..........ccoocuveiiiiiiieiiieeie et 19
5.3 4 ALURIRIUI . ......ovvvneieei et e e et ae e s e eaaeassneanbsnneae 19
I B I £ o PR PP PPPPPEET RSP 19
S0 COD ...ttt e e et 19
537 COLOF ittt e e e e e 20
6. JAR TEST EXPERIMENTS FOR MODELING FULL SCALE
OPERATION ....cccovccnconcossossossssossssssscsssssossossassacsossesnsassssssasssssssasssssassosssssssasssssssnaes 21
6.1 IMITATING THE ACTUAL TREATMENT PROCESS. ... itteiiiiteeiiieeriieeiieriierineansrosennenes 21
6.2 VARIATIONS IN RAW WATER QUALITY ...uiiviviieeirniinrerrniereernrnnseseresnaesessernssssennnsssnse 21
6.3 LOW DOSES OF COAGULANT CHEMICALS ....evvueitrerererriieserrnrnneeeseceereneeeenecenmmnnnncs 21
7. RESULTS FROM THE JAR TEST EXPERIMENTS. ....cccccoccceecencecsccensessaccsnes 22
7.1 ANALYTICAL PARAMETERS.....cccctitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiee e 22
700 SiZ€ OF RO FLOCS ..ot 22

742 TUPBDIAILY ..o 22



7.1.3 Residual Aluminum and ResSidual IFOn ...........cocooeeeeeeeeee e, 26

T A COD e e ettt e e 27
T d 5 COLOF e et e s re e e e e a—r et ———————— 27
T2 CHLORINE ..ottt ceeiieeeee ettt et et eeeeeeetaeseeeeeetaaaaaeseesaasnaassesnnaeeasasasesssseranessesesmns 27
7.3 DISCUSSION OF EXPERIMENTAL RESULTS 11iiuvriotttiereeeeeineeenseneseeesesseieseissssnssennns 28
T3 TUFDIAILY ...t e e e e e e e naannes 28
7.3.2 Residual Aluminum and ReSidUual IrOon ...........cccoovvvueeeeeeeeeeeeeeeeeeeeeeeeeieesanen, 28
T3 COD oot et ———— 29
TS COLOF e e e e et e e e e e e et et ee e e e s e e eaan 29

8. ECONOMICAL ASPECT OF THE TREATMENT PROCESS ...coueeeeeeeenenonee 30
9. DISCUSSION OF XINKATHE WATER TREATMENT PLANT ...ccooeeeeceensces 32
0.1 FLOCCULATION STEP IN PHASE TWO «..ciivuoiiiieteeeeeeeeeeeeeeeeeeneeeeresaesesssesnsnssssaneses 32
29.2 SEDIMENTATION STEP IN PHASE ONE ....teueeeeteeeeeeeeeeeeeeeeseeeasasesmeesenesssssaassnsaaees 32
9.3 DISINFECTION STEP IN BOTH PHASE ONE AND TWO .. o0uniiieieieeeeeeeeeeneenesesneessassneees 33
10. RECOMMIENDATIONS oiieeetennnenrescoosssoossssssosssmsansasnsnsssssseosssssonssssssnssssassasess 36
TO.T INTHE NEAR FUTURE ..euuietiiteieee ettt e e e eeeeeeeeeeae e s taaeeeaeaaaeeee e e eeeeeaaaaaanaeeas 36
TO.2 INTHELONG RUN Lottt eeiieeteeetaeetaeeeeneensesensanssssassessnssnnnesesnsssmennsesnnnneeees 36

11. LITERATURE / REFERENCES.....cccccceeeecinuieicvssecncensansasossosssssseoscossscssssassssese 37



LIST OF FIGURES

Figure 4:1

Figure 4:2
Figure 4:3

Figure 7:1

Figure 7:2

Figure 7:3

Figure 7:4

Figure 7:5

Figure 9:1
Figure 9:2

Figure 9:3

Figure C:1
Figure C:2
Figure C:3
Figure C:4
Figure C:5
Figure C:6
Figure C:7
Figure C:§

Figure C:9

Schematic diagram of a coagulation process in a water treatment

PLANT oot e e e 7
Different facilities for mechanical flocculation......eceeeeveeeeeevenneeennnnn, 10
Ideal sedimentation DaASIN. . ....iiieeeeee et eeeeeeteeerreieeeaeseetnesesaneeeeas 12

Turbidity without pH-adjustment, both Al- and Fe-based coagulants
are added using the same raw water at the dose 1.73 mg/l............... 31

Al-based coagulant at optimum pH, Fe-based coagulant without pH-
AAJUSEIMENIE. c..eieieiiiiie ettt s eebaer e et e e e e e ebteeseaerbaaeas 31

Turbidity without pH-adjustment, dose 0.69 mg Al/l and 1.38 mg
Turbidity at around optimum pH for various coagulants,
using the same raw water, dose 1.73 mg/l......cccccccovvveiiniinnnnannnnn. 33

Turbidity at around optimum pH for various coagulants,

usingthe same raw water, dose 1.04 mg/l......cccccoeeviiiiniiiiiinnniininnnn. 33
Functional separation in tube SEttler.........covvvveriniiiiiniinniinniinieens 31
Not functional separation in tube settler..........coocnviiiiiiiiiniin. 32

The distribution between Cl,, HCIO and ClO in percentage

at various PH oo 33
Effect of pH using ALG.....cccoooiiiviiiiiiiiiiiiiiiiiecce Cl1
Effect of dose and pH using PAX 10.....ccoooiiiiiiiiiiniiiiiiicieninen. Cl1
Effect of pH using PAX 16..cccooiviiiiiiiniiiiiiniei C2
Effect of dose and pH using PAX XL-1..cccooviiiiiiniiiniiiiiicennnn. C2
Effect of dose and pH using PAX XL-60.......cccccocnveeinniiniiininnen. C3
Effect of pH using PAX XL-61.....cccociviinnnini, C4
Effect of dose and pH using PIX 111...cccccovviiiiiininiiinniiinnnn. C4
Effect of dose and pH using PIX 115. ..o Cs

Effect of dose and pH using FECla......cc.ccoviiiiniiiiiinniiiniiiinnen, C5



Figure C:10

Figure C:11

Figure C:12

Figure C:13

Figure C:14

Figure C:15

Figure C:16

Figure C:17

Figure C:18

ALG; Turbidity at around optimum pH, dose 1.73 mg AI’*/l,
using different samples of TaW WateT........coevveviiiniiiiiiiiiie e C6

PAX 10; Turbidity at around optimum pH, dose 1.73 mg AI**/l,
using different samples of raw Water.......ccoovevveerviiniieniecinieeniennene C6

PAX 16; Turbidity at around optimum pH, dose 1.73 mg A"/,
using different samples of Taw Water.......c.ocevivieiierirneiieinnenenneeene C7

PAX XL-1; Turbidity at around optimum pH, dose 1.73 mg AI’*/l,
using different samples of TaW Water..........cocooieveveerieenieeceieeeeee C7

PAX XL-60; Turbidity at around optimum pH, dose 1.73 mg AI’*/l,
using different samples of Taw Water..........cocvvieecieeeriiiecieieneniennnen. C8

PAX XL-61; Turbidity at around optimum pH, dose 1.73 mg AI**/l,
using different samples of TaW WateT......coueveveeeieerineinieeennenineene C8

PIX 111; Turbidity at around optimum pH, dose 1.73 mg AI’*/l,
using different samples of TaW WateT..........cocevveeevviivieiniiernnennnenn. C9

PIX 115; Turbidity at around optimum pH, dose 1.73 mg AI**/l,
using different samples of raw Water.......c.coocceeevieviiinieenicenieeee c9

tot

FeCl,; Turbidity at around optimum pH, dose 1.73 mg Fe™/l,
using different samples of TaW Water.......ocoviveerenieenienneeirneeeieene, C10



LIST OF TABLES

Table 3-1

Table 4-1

Table 5-1

Table 5-2

Table 7-1

Table 7-2

Table 7-3

Table 7-4

Table 8-1

Table 8-2

List of coagulant chemicals used..........coccuvimmimniinni, 6

Disinfection alternatives, advantages and disadvantages................... 14
Raw water quality of Luanhe River Sept.-Nov. 1996...................... 15
Color scale for different SOIUIONS.......ceverrvierienieneeininiinniieeniinneenn. 19
Optimum pH for each coagulant chemical.........ccccoecveviveeriiniirerenenn. 22

Residual Aluminum in pH-adjusted or unadjusted water,

dose 1.73 Mg AL Lc...ovveieeiceeeeeee e 25
Residual Iron in pH- or not pH-adjusted water,

dOSE 173 ME FE™/Lu.uiiviiiieiieieeeieieeeeeeeeet et eee e 26
Residual Chlorine, mean values (mg/1)......ccccoeevvieevnieeeeniveeeeeeeeenne. 26

Rough estimation of the Chinese market-price of coagulant
chemicals USEd......cooueeiiiiiiiiiiiiicicec e 29

Ranking of most economic coagulant from cheap to expensive and
actual price relative FECla.....ciiiiiiiiniiiiniiiiiiiienriniecenieceniee e 30

Table B1-B27 Sheets fOr floCCUlation-—tEStS . ccovveeeeteeereenennreeereeimmeenneereeserennnees B1-B27



1 BHHE

AR TSRS R R R U RCRER £ FE pH
WSy R, BARFRLRQEA XTI TAT AN FHFEREIR LFR
E£F19964 9 F 18 BE 19964 11 | 23 B 5 Rt g RAEAHRAF 6%
BRI R HHAT .

FATAKT ( XWTP ) BABRE KF Ll 230 2 B eyEA. XJ & AR
AAEE 100 Fahk, EBWERS&ZERF, THAY pHAE. :

EATH pHEREE 80 AL, BuLEAwEE. pH EXTHESR

FAREE, T UkZE HCIOZE CIOF £ E 4. HCIO L CIOCERZ, %
pH{E7 5.0 A& A £ EKS, B pHEF THESRNHLT. B, LRHF
GFEMEAT pHEY., ER, A TREFEAFHFAK HREHN, GHATHEY
pH A AT T R,
#3522 Kemira Kemi AB 4 Fiy X448 53 ( ALG, PAX10, PAXIS6,
PAX XL-1, PAX XL-60, PAX XL-61 ) fu ¥ fr4-4k £ %7 ( PIX 111, PIX 115 ) X
RPEEHMGELAT LN RS LBEANRTT bk, FHOE-- e85
REBEHTEARFRE., SERANGNATERIR R FH®RE, €48, 4
%, BER CODMa1E T L.

T8 % pH ﬁ%%’é@?ﬁf% R

2 fr A 89448 %ﬁﬁd o, A fEE R IT 8 R PAX XL-61, PAX XL-60,
PAX XL-1,PAX 10 7 4. i &L 5 PR E e F R4 Fo 2 PIX 111,

W ¥ pH Hak £ LB LER

éﬁ?ﬁ%@*%%%@%ﬁdéﬂ%ﬁ%%ﬂi%%é@% PAX X1-61, PAX 10 4, F 4.
FA AR R B P 280 i BB A SR S 89 & PIX 115,

e
EHER SEEEANLERERANORRE. 24REEF FHEL Kemira
Kemi AB 4 = o oAb 2 E 4R 4k 2 8] £ 7=ty 0T »fBR AT B9 5 800 e, pH K

M EHE TR, RA PAX XL-1 f2 PAX XL-61 R EELKH pH ﬁu&a‘?
B R,

LY
KT REFERIRE, FRF pH EABFEAH, #NER PAXXL-60.
‘Kﬁé%" %ﬁﬁﬂﬂtf?;’é ¥ pHEF, #EMEA PIX 115,






1. SUMMARY AND RECOMMENDATIONS

This research describes the effect of aluminum- and iron based coagulant additions
and optimization of coagulant conditions such as dose and pH. Furthermore the
research contains information about the hydraulic conditions and the disinfection step
at Xinkaihe Water Treatment Plant. The research was carried out as a Minor Field
Study in Tianjin, P.R.China in cooperation with Tianjin Waterworks Co. between
September 18th and November 23rd, 1996.

The Xinkaihe Water Treatment Plant (XWTP) receives raw water from Luanhe river,
situated 230 km north of Tianjin. The designed total plant flow is one million m® per
day and today an iron based coagulant is used without pH-adjustment.

The pH in raw water, normally around 8.0, affects the performance of the coagulant
chemicals. For the disinfection step, pH is also of great importance as to determine
whether HC1O or CIO" is dominant. HCIO, which is more effective than CIO, is
dominant at pH-values around 5.0 and the disinfection step would benefit from a pH-
adjustment. In this study pH adjustment was therefore applied. However, in order to
find the most suitable coagulant for XWTP, experiments using unadjusted water, as to
pH, were carried out.

Six aluminum based (ALG, PAX 10, PAX 16, PAX XL-1, PAX XL-60, PAX XL-61)
and two iron based coagulants (PIX 111, PIX 115) manufactured by Kemira Kemi
AB, Sweden were compared with one iron based coagulant manufactured by Beijing
Steel Company, P.R.China. An automated bench scale flocculator was used to
perform conventional laboratory Jar-tests. The performance of the coagulants were
compared in terms of final turbidity, residual aluminum or residual iron, color and
CODy, of the treated water.

Water without pH-adjustment, results from flocculation experiments

Among the aluminum based coagulants the best overall performance was seen with
PAX XL-61. PAX XL-60, PAX XL-1 and PAX 10 also worked well.

Among the iron based coagulants the best overall performance was seen with PIX
111.

Water with pH-adjustment, results from flocculation experiments

Among the aluminum based coagulants the best overall performance was seen with
PAX XL-60. PAX 10 also worked very well.

Among the iron based coagulants the best overall performance was seen with PIX
115.



Conclusion

In general the aluminum based coagulants performed better than the iron based
coagulants. Among the iron based coagulants the ones produced by Kemira Kemi AB,
Sweden performed better than the one produced by Beijing Steel Company, China.
For all of the coagulants the pH is essential for the performance. Only PAX XL-1 and
PAX XIL-61 did not need a lowered pH in order to obtain optimum performance.

Recommendation for the near future
In order to get the best return for the investment, when treating raw water without pH-
adjustment, the usage of PAX XL-60 is recommended.

Recommendation for the long run

In the long run the usage of PIX 115 is recommended along with a reconstruction of
the XWTP which would provide pH-adjustment.
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3. BACKGROUND

3.1 Origin of the project

In September 1995 the Department of Sanitary Engineering at Chalmers University of
Technology arranged a conference in Management of Urban Water Supply and
Wastewater Systems in Goteborg, Sweden. During this conference Mrs Jia Xia Zhen,
as a representative of Tianjin Waterworks Co., discussed problems at the water
treatment plants in Tianjin with the Department of Sanitary Engineering. Professor
Torsten Hedberg visited Tianjin in 1992 and was therefore familiar with the situation.
At the end of the conference we met with Mrs Jia and together with Professor Torsten
Hedberg a preliminary description of this project was set up to be carried out in
autumn of 1996 at the Xinkaihe water treatment plant in Tianjin, P.R.China.

3.2 General description of Xinkaihe water treatment plant

Tianjin Waterworks Co. supplies over four million people with daily water. Xinkaihe
is the largest of three major water treatment plants in Tianjin with a designed total
plant flow of one million m’ per day. The treatment process is divided into two
separate phases - the second phase was completed in 1996, while the first phase has
been used since 1986.

The raw water source is Luanhe River, located about 230 km north of Tianjin. All
three major water treatment plants in Tianjin use the same raw water source.

Luanhe River has a high quality water most of the year with high turbidity only in the
summer period. Stable and high water quality is normally prevailing in spring (March-
May) and autumn (September-November), with water temperatures around 20°C. In
winter the major problems are the low water temperature, causing ice formations on
the surface in the sedimentation tank, and also low turbidity which makes the
flocculation step more difficult, while in summer there is sometimes a problem with
algae's in the raw water.

pH in the raw water is normally around 8.0 and the alkalinity is high, 100-200 mg
HCOj;7/1. The content of organic matters, measured as CODyy,, is normally 2-4 mg/I
0,, however in summertime it can be above 5 mg/l O,.

The water treatment plant has got three reservoirs were raw water is stored. Iron salt
(FeCl,) is used as coagulant chemical and the flocculation step is designed with
hydraulic mixing. In phase one the separation step is carried out with so called tube
settlers, while the second phase has traditional horizontal sedimentation tanks. In the
final separation step there are twentyfour dual-media filters per phase. All filters are
rapid filters with anthracite and sand.



For both phases chlorine gas is used as disinfectant. In the first phase the chlorine gas
is dosed only in the distribution valve before flocculation, while in the second phase it
is dosed at three places; before flocculation, after sedimentation and after filtration.

A detailed description of the operation is to be found in Appendix A in the end of this
report.

3.3 Research objectives

One of the two primary goals was to optimize the chemical conditions of the
treatment. Eight Swedish coagulants were compared with the coagulant used today at
the treatment plant. The other goal was to evaluate the operation at Xinkaihe water
treatment plant as to the hydraulic conditions and the addition of disinfection
chemicals.

Specific objectives follow:

1. To compare the effects of various coagulant chemical additions as to turbidity,

organic matters, color and residual aluminum or iron of the treated water.

2. To determine the optimum pH values for each of the nine coagulants.

. To look into the treatment performance at Xinkaihe water treatment plant and to
study the complete process, with special attention paid to the flocculation step and
the separation step.

4. To examine the disinfection step as to the addition of chlorine and chlorine gas and

to measure total chlorine and free chlorine in the water leaving the factory.

2]

3.4 Scope of the project

The research was initiated by looking through the treatment operation at Xinkaihe
water plant. Flocculation and separation was studied more elaborately in order to
procure specific information necessary for the bench scale analysis. The quality data
from the raw water source together with the detention times for coagulation,
flocculation and separation were of great interest.

The knowledge about the operation was then the basis of the performance of the
laboratory experiments, aiming to imitate the actual operation but in a smaller scale.
In the bench scale experiments various chemical coagulants were compared in terms
of turbidity, organic matters and residual coagulant.

The research was now divided into two groups depending on whether pH-adjustment
was applied or not. Different doses were tested for each of the nine coagulants.
Throughout the experiments the iron based coagulant presently used at XWTP worked
as a frame of reference. Table 3-1 is a list of coagulants and doses that were studied
during this work.



Aluminum Based Density Al-content Dose
Coagulants (g/cm3) (%) (mg/l)

ALG 9.1 0.69, 1.04,1.73
PAX 10 1.19 4.8 0.69, 1.04, 1.73
PAX 16 1.33 8.0 1.04,1.73

PAX XL-1 1.23 5.0 0.69, 1.04, 1.73,2.76
PAX XL-60 1.30 7.0 0.69, 1.04, 1.73, 2.76
PAX XL-61 1.24 53 1.04,1.73

Iron Based Density Fe-content Dose
Coagulants (g/em’) (%) (mg/l)

PIX 111 1.40 13.7 1.04, 1.38,1.73,2.76
PIX 115 1.49 11.5 1.73

FeCl, 6.6 1.38, 1.76, 2.76, 3.45

Table 3-1 List of coagulant chemicals used

Once all nine coagulants had been investigated one at a time, comparative
experiments were carried out with a number of coagulants using the same sample of
raw water.

In the end of the research at Xinkaihe water treatment plant a more circumstantial
examination was carried out on the technical process. Constructional drawings were
studied and the theoretically designed plant was compared with the actual
performance. Finally, free and total chlorine was measured in the water leaving the
factory, as well as at one point along the distribution net.



4. INTRODUCTION TO TREATMENT PROCESSES

Many impurities in water and wastewater are present as colloidal solids which will not
settle. Their removal can be achieved by promoting agglomeration of such particles by
coagulation and flocculation with the use of a coagulant followed by sedimentation. In
this introduction the unit processes coagulation, flocculation, sedimentation and
disinfection are explained in general.

4.1 Coagulation process

A coagulation process has two separate and distinct components or steps. First,
particles in the water must be treated chemically to make them unstable. This involves
the addition of one or more chemicals in rapid mixing tanks where vigorous mixing
takes place for a short time, normally one minute or less. Second, these destabilized
particles must be brought into contact with each other so that aggregation can occur.
This is done by gentle stirring of the water in flocculation tanks. A schematic flow
diagram of a coagulant process is shown in Figure (Sanks 1978).
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Figure 4:1  Schematic diagram of a coagulation process in a water treatment plant

4.2 Coagulation

Coagulation consists of adding, into the water, a product which can discharge the
generally electro-negative colloids, present in water, and give rise to a precipitate.



This product is called a chemical coagulant. With low concentrations of colloids, a
coagulant is added to produce bulky floc particles which enmesh the colloidal solids.

The coagulant is a metal salt, which reacts with alkalinity in the water to produce an
insoluble metal hydroxide floc, which incorporates the colloidal particles. This fine
precipitate is then flocculated to produce settleable solids.

Chemicals added to bring about or assist in destabilizing suspended particles includes
salt of hydrolyzing metal ions such as aluminum sulfate and ferric chloride,
polyelectrolytes, activated silica and various clays.

In many countries aluminum sulfate is the most used coagulant for water treatment,
although there are some concerns about health hazards from aluminum residuals from
its use. The manufactures claim that when the value of residual aluminum is as low as
0.05 mg/1 there is no reason to worry about any health consequences (Tebbutt 1992).

Iron based coagulants such as ferric sulfate and ferric chloride are now again
becoming popular because of the, probably unjustified, public concern about
aluminum in water. Iron salts are cheaper than aluminum salts but unless precipitation
is complete residual iron in solution can be troublesome, particularly due to its
corrosive properties in the distribution system.

A first surmise of requisite coagulant dose for water treatment can be calculated using
formula 4.1 compiled for Swedish waters on empirical basis. According to the
formula the dose of trivalent metal ions are calculated, i.e. AP** and Fe**. Color and
turbidity are representing the raw water quality (Compendium (1996), Department of
Sanitary Engineering Chalmers University of Technology).

[Me®*] = (Color (mg P/l) + Turbidity (NTU) + 50) " 10™ mmol/l ~ (4.1)

With very low concentrations of colloidal matter floc formation is difficult and
coagulant aids may be required. A coagulant aid, activated silica for example, may
improve the possibility of collisions between particles. Added before the coagulant in
treating low turbidity waters, activated silica can provide additional targets for
flocculation permitting a reduction in coagulant dose. Added after the coagulant,
activated silica can help to bind small flocs together into larger and denser aggregates
(Sanks 1978).

4.3 Flocculation

Flocculation is an important part of the process used in many water treatment
processes. The sedimentation step and the filtration step works more effective when
the size of the particles in the water is increased. If the size of the particles in the raw
water is too small to be removed by separation, increasing the size can be achieved by
aggregation. This aggregation process is known as coagulation and flocculation.



The efficiency of the flocculation is affected by the probability of two particles
colliding with each other as well as the ability of these particles to adhere after they
were brought together by collision (Pieterse and Cloot 1996).

In the flocculation the volume of the water is mixed by hydraulic or mechanical
mixing devices in order to improve the possibility of a collision between particles,
which increases the size of the aggregate. It is important that the mixing energy is
enough so that the particles collide, but not too high because then the flocs can not
adhere.

In the flocculation tank, differences in velocity gradients occurs from point to point

which entails particles, suspended in the water, to have different velocities, and hence

can come into contact. A mean velocity gradient (G) can be determined, preliminary
“depending on the power input into the water.

As mentioned above velocity gradients are inducted by mechanical or hydraulic
mixing. Hydraulic mixing is accomplished using baffled flocculation tanks that can be
horizontal or vertical. Typical mechanical mixing installations, which nowadays are
more common, use horizontal rotation paddles mounted either perpendicular to or
along the axis of flow.

At Xinkaihe water treatment plant a baffled channel flocculator is used for both first
and second phase and this flocculation design is accordingly described in detail in
Chapter 4.3.1. Mechanical flocculators are discussed in detail in Chapter 4.3.2.

4.3.1 Baffled Channel Flocculators - hydraulic mixing

Baffled channel flocculators provide plug-flow mixing conditions and are an effective
flocculation system. Baffled channel flocculators have some disadvantages, such as
inflexible mixing and large head loss across the basin. Still they are capable of
producing good floc, without any serious flow short circuiting, if the plant flow rate is
fairly constant.

A
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Figure 4:2  Horisontal and vertical baffles



Since tapered mixing is effective in forming large settleable flocs, the baffles should
be properly arranged, to reduce the mixing intensity and floc shearing force in the
latter stages of the tank. For a construction with hydraulic mixing the recommended
water velocity should decrease from 0.65 m/s to 0.25m/s (Compendium (1996),
Department of Sanitary Engineering Chalmers University of Technology). Because of
inflow variations within a single day good mixing in the entire flow range may be
difficult.

For baffled channel flocculation, the arrangement of the baffles can be computed
based on an average velocity gradient (G value) of 20 or 30 sec”! using the following
formula 4.2 (Montgomery, Consulting Engineers, Inc. 1985):

g-h-p
G=_[2—T 4.2
o (4.2)

where g is the gravity constant [9.8 m/secz], h is the head loss [m], p is the mass
density [1000 kg/m3], t is the retention time [sec] and p is the absolute viscosity
[10” kg/m, sec at 20°C].

The head loss in a baffles mixing channel from turbulence and friction on the insides
of the channel can be calculated using formula 4.3 (Montgomery, Consulting
Engineers, Inc. 1985):

Ly?

h=
C’R

(4.3)

where L is the length of the mixing channel, v is a mean flow velocity, C is the Chezy
coefficient and R is the hydraulic radius.

4.3.2 Mechanical flocculators - mechanical mixing

Two basic types of mechanical flocculators are frequently used in water treatment
facilities designed with horizontal rotating paddles mounted either perpendicular to or
along the axis of flow. In Figure different facilities for mechanical flocculation are
shown (Compendium (1996), Department of Sanitary Engineering Chalmers
University of Technology). During the latter decades, vertical-shaft flocculators have
reached a dominant position.

The rotating blades are turning relatively slow but sufficiently fast to prevent the
deposition of sediment on the tank bottom. Mechanical flocculators provide more
control over the process than the hydraulic flocculators but require more maintenance.
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Figure 4:2  Different facilities for mechanical flocculation

Representative velocity gradient for horizontal-shaft paddle flocculator and vertical-
shaft, high energy flocculator designs are 30 and 80 sec” respectively. Preferably, a
decreasing velocity gradient should be used in order to obtain maximum size of the
flocs. This requires three to six flocculation tanks with an abatement of the mixing
velocity. For mechanical flocculation the G value can be calculated with the following
formula 4.4 (O'Melia 1990):

G = (4.4)

where mean velocity gradient [sec'l]
power input per volume unit [g/ms3 = W/m3]

absolute viscosity [g/ms = Ns/mz]

*gq =[S

W can be calculated in different ways depending on the performance of the power
input. If paddles are designed mounted perpendicular to the axis of flow formula 4.5
can be used (O'Melia 1990).

C
W=~2LVE(27:)3-0L2-n3-ZA ) @4.5)

pi i

constant depending on the shape of the paddles

where Cp =

p = density [g/m3]
\Y%

o

I

volume [mB]

constant depending on the movement of the paddles in
relation to the water

n number of revolutions [sec™]

A = area of one paddle [m® ]

radius of the paddle [m]

-
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Cp has been determined on experimental basis. If the paddle has a cylindrical shape
Cp = 1.2 can be used, and Cp, = 2.0 for flat modeling. o is difficult to calculate and if
measurements are not available the constant must be estimated. o is often stated to
0.6 - 0.75.

4.4 Sedimentation

Many of the impurities in water and wastewater occur as suspended matter, which
remains in suspension in flowing liquids, but which will move vertically under the
influence of gravity in quiescent conditions. Usually the particles are denser than the
surrounding liquid so that sedimentation takes place. In the treatment of potable water,
sedimentation is a common unit operation step used after coagulation-flocculation and
ahead of filtration.

Sedimentation units have a dual role; the removal of settleable solids and the
concentration of the removed solids into a smaller volume of sludge. The choice of
design depends a great deal on the size of the plant throughput. The main types of
sedimentation tanks are:

e long rectangular basins with or without sludge scrapes
e small square (or round) hopper-bottomed tanks
e tube settlers or lamella separators

At Xinkaihe water treatment plant tube settlers are used in the first phase while
rectangular horizontal sedimentation basins with sludge scrapes are used in the second
phase.

4.4.1 Rectangular Horizontal Sedimentation Basins

The behavior of a horizontal sedimentation tank, operating on a continuous flow basis
with a discrete suspension of particles, can be examined by reference to an ideal
sedimentation basin (Figure 4:3) which assumes:

1. Quiescent conditions in the settling zone.

2. Uniform flow across the settling zone.

3. Uniform solids concentration as flow enters settling zone.
4. Solids entering the sludge zone are not resuspended.

12
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Figure 4:3  Ideal sedimentation basin (Tebbutt 1992)

Consider a discrete particle with a settling velocity v, which just enters the sludge
zone at the end of the tank. This particle falls through a depth A, in the retention time

h

vy =2t 4.6)
0

But since
o Volume(V") 47
°" Flow [ unit time(Q) “.7)
_ ho Q _ ho ) Q
vo=—p = A (4.8)

where A = surface area of sedimentation tank

Finally, the settling velocity of the particle, v, can be calculated as:
Vo= (4.9)

This shows that the surface overflow rate ((J/4) is of great significance for the settling
performance. If a particle with the settling velocity v;, entering the basin at the
surface, reaches the sludge zone before the outlet zone, all other particles with the
same settling velocity, entering the tank at a distance from the surface, will also settle.
Le. if the condition v, = ((/4) is accomplished all particles with a settling velocity > v,
will settle before the outlet zone (Tebbutt 1992).
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4.4.2 Tube Settlers

In the mid-1960s, rapid rate settling devices made of plastic were introduced to the
water market. These devices, called tube settlers, were of great interest in order to
increase the flow rate through existing structures and reduce the detention time for the
sedimentation step.

There are several configurations of tube shapes and sizes. The most common variety
of settling tube is the upflow tube, shown in Figure 9:1, which can be placed in a
conventional rectangular horizontal sedimentation basin. A typical commercial form
is a system of square tubes inclined at 60° to the horizontal. In most applications the
water flows upward and the sludge flows counter to the water (Sanks 1978).

Because time is shortened when tube settlers are used, velocities increase, creating a
danger of hydraulic disturbance which can interfere with settling. The ideal
distribution system is a baffle wall between the flocculator and the tube settlers,
providing a stilling zone to decrease the velocity of the water. For a functional
separation the same water flow should pass through each tube.

4.5 Disinfection step

Disinfection is a method where an essential reduction of microorganisms (bacteria's
and virus), injurious to one's health, can be achieved.

The small size of microorganisms means that complete removal of them from water
by processes such as coagulation and filtration can not be guaranteed. Because of the
public health significance of water-borne microorganisms, it is essential to ensure the
elimination of potentially harmful microorganisms from potable water, by the use of a
suitable disinfection process.

4.5.1 Process Alternatives

Alternative disinfection systems available for the disinfection step are numerous.
Generally, they can be divided into two groups:

1. chemical agents
2. non chemical agents

Chemical agents include an array of compounds with oxidation potential including
chlorine, chlorine dioxide and ozone. Non chemical, or energy-related, means of
disinfection include ultraviolet (UV) radiation.

In Table 4-1 (Compendium (1996), Department of Sanitary Engineering Chalmers
University of Technology), a comparison between some of the most common
disinfectants are shown.
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Efficiency

Operation

Distribution system

Chlorine

+ Excellent as HCIO
- Efficiency decreases
with increasing in pH

+ Reliable

+ Cheap

+ Long experience
- Accident hazard

+ Residual in distribution
system
- Increasing corrosion

Chlorine Dioxide

+ Excellent

+ Reliable

+ Relatively cheap

+ Advantageous to
flocculation

- Maximized dose

+ Residual in distribution
system

- Increasing corrosion

- Difficulties in analyzing

15

Ozone + Excellent + Simple operation + Decreasing corrosion
without chemicals - No residual in distribu-
+ Advantageous to tion system
flocculation
- Expensive
uv + Good + Reliable - No residual in distribu-
+ Simple operation tion system
without chemicals
+ Relatively cheap
- Only clear water can
be treated
Table 4-1 Disinfection alternatives, advantages and disadvantages



5. EXPERIMENTAL METHODS - THE JAR TEST PROCEDURE

This chapter describes the experimental approach and procedures used in the research
studies at Xinkaihe water treatment plant.

5.1 Experimental design

In this section the components used in conducting the flocculation experiments are
described.

5.1.1 Coagulants and Natural Waters

The nine coagulants used in the experiments are listed in Table 3-1. All of the
coagulants were stored as liquids except ALG which was in form of granules. Six
aluminum based (ALG, PAX 10, PAX 16, PAX XL-1, PAX XL-60, PAX XL-61) and
two iron based coagulants (PIX 111, PIX 115) manufactured by Kemira Kemi AB,
Sweden were compared with one iron based coagulant manufactured by Beijing Steel
Company, P.R.China.

The natural raw water came from Luanhe River, a high quality water supply, most of
the year, with algae problems and high turbidity in the summer. Table 5-1 shows the
average quality values of the raw water during the time of experiments.

Quality parameter Average value

pH 8.1

Turbidity (NTU) 6.9

Color 10to 15

COD mg/1 O, 2.6

Temperature (°C) 174 (Max.: 22.6 in Sept., Min.: 12.1 in Nov.)
[HCO;] (mg/) 156

Table 5-1 Raw water quality of Luanhe River Sept.-Nov. 1996
5.1.2 Flocculation equipment

Flocculation experiments were conducted using a bench scale automated Kemira
flocculator system designed and produced by Kemira Kemi AB. The bench scale
system consisted of six 1 liter Plexiglas jars and six vertical paddles operated by a
control unit.
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5.2 Experimental procedures

This section describes the experimental procedures used during work at the Xinkaihe
water treatment plant.

5.2.1 Flocculation experiments - Jar tests

Water samples were collected from a raw water tap at the XWTP in a 7 liter plastic
container. Most experiments were performed immediately after the collection and all
experiments were done within 5 hours.

The water quality was measured for all raw waters which included measuring
turbidity, pH, color, temperature and CODyj,.

[HCO;] was measured in order to calculate preliminary pH-value for certain acid
adjustments.

One liter of the raw water was added to each of the six jars. The proper amount of acid
(0.1 M H,SO,) needed to obtain the desired pH after coagulant addition was then
added to the water and mixed with fast rotation speed during 3 minutes. In order to
decide the proper amount of acid, numerical analysis using a computer were
performed. The first formula used for this was:

10‘!’1'1 :10-PK” [L_ZC_%]. (51)
[#Co, ]
where pH = The desired flocculation pH
pKa = 6.4 at 20°C
[HCOyT] = Hydrogencarbonate concentration, mol/]
[H,CO;) = Carbonic acid, mol/l

From formula 5.1 [H,CO;] was calculated. From the formula (5.2), [H,SO,] was then
calculated.

([#,c0, 1+ 3[Me* 1+ 2[H,50,])

10777 = 1077
(zco, T+ 3[me* ]-2[H,50,])

(5.2)

3+ . : . :
where [Me™ '] = The iron or aluminum ions at various doses

After the acid was added and mixed, a coagulant of the desired dose was added. The
mixing condition was 5 minutes at 350 rpm followed by 15 minutes at 20 rpm and 10
minutes at 10 rpm. Every five minutes the size of the flocs was estimated.

As for the size of the floc, the mixing speed 20 rpm prevented optimum performance
for some of the coagulants. Slow mixing at 10 rpm was therefore used to maximise
flocsize without sedimentation occuring.



Mixing conditions with 5 minutes at 350 rpm, followed by 25 minutes at 20 rpm was
also used in order to imitate the hydraulic conditions of the full scale treatment plant
as closely as possible.

The recommended G-value for the slow mixing step, the flocculation step, at XWTP
was 15s™. With a mixing speed at 20 rpm and a water temperature of 15°C a G-value
of 13s™ was obtained for the Jar-test. Formula 4.4 and 4.5 were used to calculate the

G-value.

After the flocculation step a settling period (sedimentation) of 40 minutes was used
for most of the experiments. This period could have been reduced in some cases but
was kept to 40 minutes to make sure that this part of the process would not effect the
results. A shorter settling period of 10 minutes was used for some of the comparative
experiments where different coagulants were added to the same raw water.

After the settling period samples of approximately 100 ml was gently withdrawn from
3 ¢cm below the water surface which prevented getting sludge, formed on the surface
of the water, into the sample bottle. The samples were used for measuring pH and
turbidity.

For measuring color, residual aluminum or iron and COD,4, 200 ml samples were
filtered with Munktell filterpaper, quality 3. Before filtration the filter papers were
washed with 50 ml distillated water and 50 ml of the samples in order to clean them
from loose fibers which could affect the results.

Aluminum analysis were performed on the aluminum-based coagulants while iron
analysis were performed on iron-based coagulants.

5.3 Analythical parameters

This section describes the chemical analyses used during work at the Xinkaihe water
treatment plant.

5.3.1 Turbidity

A Hach Model 43900 ratio/XR turbidimeter was used to measure turbidity. Before
each measurement, the instrument was calibrated, and the glass tubes containing the
sample were cleaned with silicone oil produced by Hach CO. Turbidity was measured
after approximately 10 seconds, as an average value of the values displayed.

5.3.2 pH

A pH-meter type PHS-2, with range pH 0-14 and accuracy pH 0.02 made by Shanghai
2nd Analytical Instruments Factory China was used to measure pH. The meter was
calibrated daily and pH was measured after the reading had stabilized.
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5.3.3 Temperature

The temperature of the water was measured with a temperature-meter SWL 1-1,
model 88 after the reaction tank, before sedimentation, at a depth of two meters.

5.3.4 Aluminum

The Aluminum-method from SKTF Vattenundersdkningar (1952) was used to
measure dissolved aluminum:

The samples were filtered through Munktell filterpaper, quality 3, before the dissolved
aluminum was measured.

- Seven 50 ml distillated water samples mixed with known quantities (0-1.0 mg/1) of an
aluminum standard solution was used as a reference measuring dissolved aluminum. 2
- ml buffer-solution (Acetate buffer) was added both to the samples with known content
of aluminum and to the samples with filtered water. The samples were mixed well and
1 ml Aluminon was added in each sample and mixed carefully.

After 15 minutes a color-comparison was made between the filtered samples and the
samples with known content of aluminum.

5.3.5 Iron

Following method was used to measure dissolved iron:

4 ml HCI (1:1, density = 1.19 g/cm3, concentration = 36%), was added to a 50 ml
sample. The sample was mixed and 1 ml HONH;CI ( concentration = 10%) was added
and mixed.

In order to improve the boiling conditions two small glassballs with a diameter of
approximately 4 mm were added. The sample was heated up and boiled until 20-30 ml
remained and was then cooled to room temperature and poured into a glass tube.

2 ml Phemanthroline, C,,HsN,*H,0 (Concentration = 0.1%) was added together with
10 ml HAc+NH,Ac (700 ml HAc + 250 g NH4Ac +150 ml H,O). Pure water was
added until the sample contained 50 ml. After mixing the sample rest for 10-15
minutes.

The sample was then poured into a glass-container (1cm*1cm*4cm) and put into a
Fen Guang Du Ji colorimeter, model 721 made in Shanghai at no 3 analysis
instrument factory. Light with a wavelength of 510 nm was used and the residual iron
was measured after the reading had stabilized.

53.6 COD

The method described in this section was used to measure CODyy,,.

5 ml H,SO, (1:3) and 10 ml KMnO, (0.0625 M) was added to a 50 ml sample.
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In order to improve the boiling conditions two small glassballs with a diameter of
approximately 4 mm were added. The sample was heated up to 80-100°C during 10
minutes and then 10 ml H,C,0,4 (0.0250 M) was added while the sample was still hot.
After mixing KMnO, was added until the sample switched color from clear white to
purple.The amount KMnO, needed was measured in ml which corresponded to the
CODy,, in mg/l.

5.3.7 Color

The method described in this section was used to prepare seven color standards which
then were used as a reference when measuring the treated, filtrated water samples.

To 50 ml water 1.246 g K,PtCl, (500 mg Pt), 1.00g CoCl,*6H,0 (250 mg Co) and
100 ml HCl (density = 1.19 g/cm3, concentration = 36%) was added.

After mixing H,O was added until the sample contained 1000 ml.

From this solution seven samples containing 0, 1, 2, 3, 4, 5, 6 and 8 ml were
withdrawn and 100 ml purewater was added until the sample contained 100 ml.
The following table was created:

Solution [ml] 0 1 2 3 4 5 6 8

H,0 [ml] 100 99 98 97 96 95 94 92

Color [mg Pt/l] 0 5 10 15 20 25 30 40

Table 5-2 Color scale for different solutions
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6. JARTEST EXPERIMENTS FOR MODELING FULL
SCALE OPERATION

6.1 Imitating the actual treatment process

Bench scale experiments were performed, in order to compare the effect of different
coagulant chemicals. To get reliable results it is important that the experiments imitate
the actual operation at the plant. In the research an automated bench scale flocculator
was used with mechanical mixing during both the coagulation and the flocculation
step. At Xinkaihe water treatment plant mechanical mixing is only used in the

~ coagulation step, while in the flocculation step hydraulic mixing is carried out in a
baffled channel. The difference will make each result impossible to directly convert
into the actual operation. The various coagulants can only be compared relatively to
each other.

6.2 Variations in raw water quality

In the beginning of each experiment raw water was taken from a tap at the treatment
plant connected with the Luanhe river. The raw water quality had variations from day
to day regarding turbidity, CODyy,, color, pH and alkalinity. The most reliable results
are therefore those from the comparative experiments with a number of coagulant
chemicals using the same sample of raw water. The results of these experiments can
be seen in Appendix B18-19, B22-23, B24, B25-26 and B27 or in Figure 7.19 to 7.23.

6.3 Low doses of coagulant chemicals

The raw water quality was high during the time of the year when this project was
carried out. Therefore small doses of coagulant chemicals were used. The small
variation in the raw water quality was advantageous when making comparative
experiments.
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7. RESULTS FROM THE JAR TEST EXPERIMENTS

7.1 Analytical parameters

The results of the analytical parameters were collected in tables in Appendix B. Some
of the most interesting results were then transformed into graphs and charts. This
section describes the results of the investigations showing the effects of different
coagulants at various doses and pH's.

The criteria's used for determining applicable dose and successful sedimentation were
the Chinese requirements for water leaving the treatment plant. The requirements
concern water which is fully treated. In the bench scale experiments the turbidity is
measured before filtration. Therefore the criteria, as to residual turbidity, is in a sense
set too strict.

Chinese requirements for water leaving the treatment plant

1) Residual turbidity less than 1 NTU
2) Residual iron less than 0.2 mg/1

3) Residual aluminum less than 0.2 mg/l
4) COD less than 2.0 mg/1 O,

5) Color less than 5

7.1.1 Size of the flocs

The most rapid growing of flocs, after adding the coagulant, was seen with PAX XL-
60 and PAX XL-61 followed by PAX 10, PAX XL-1 and FeCl,.

7.1.2 Turbidity

In Appendix C, Figures C:1-9 present data on the effect of adding the coagulants in
different doses at different pH. The data shows that the performances of the
coagulants are depending on the pH. In general the iron based coagulants need a lower
pH than the aluminum based coagulants, in order to get optimum performance.

Table 7.1 shows the optimum pH for each coagulant, based on evaluation of the
results from the turbidity experiments.
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Aluminum-based  Optimum pH Iron-based  Optimum pH
Coagulant Coagulant

ALG 6.2-6.5 PIX 111 5.3-5.5
PAX 10 6.3-6.7 PIX 115 5.2-5.5
PAX 16 6.3-6.7 FeCly 5.3-5.5
PAX XL-1 7.9

PAX XL-60 6.7-6.9

PAX XL-61 7.9

Table 7-1 Optimum pH for each coagulant chemical

In Appendix C, Figures C:10-18 present data on turbidity with the dose 1.73 mg AI**/I
or 1.73 mg Fe'®Yl at either optimum pH or at unadjusted raw water. The data shows
that low turbidity is achieved, with the same coagulant and the same dose, using
different samples of raw water.

Water without pH-adjustment

Experiments using unadjusted water, as to pH, were carried out in order to find the
most suitable coagulant for Xinkaihe Water Treatment Plant today.

Figure 7:1 and 7:2 present data comparing different coagulants added at the same
dose, 1.73 mg AP*/L. Figure 7:2 includes ALG and PAX 16 at optimum pH because
those two coagulants gave unsatisfying results for unadjusted water. To make a fair
comparison between the different coagulants each figure is based on a specific raw
water.

1.4

1.2
1

0.8

0.6

0.4

02 I
0 A

pH=7.68 pH=7.86 pH=779 pH=791 pH=776 pH=7.62
PAX 10 PAXXL-1 PAXXL-60 PAX XL-61 PIX115 FeCl

Turbidity

pH, Coagulant

Figure 7:1 Turbidity without pH-adjustment, both Al- and Fe-based coagulants
are added using the same sample of raw water at the dose 1.73 mg
AP/l or 1.73 mg Fe"'/l
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Figure 7:2  Fe-based coagulants compared with PAX XL-1 and PAX XL-60 for
unadjusted water. ALG and PAX 16 were added at optimum pH. All
coagulants were added at the dose 1.73 mg AP/l or 1.73 mg Fe''/l
and raw water was taken from the same water sample.

The results in Figure 7:1 and Figure 7:2 shows that, among the aluminum based

coagulants, the best performance is seen with PAX XL-61. PAX XL-60, PAX XI-1
and PAX 10 also works well. Furthermore the best performance among the iron based
coagulants is seen with PIX 111.

Figure 7:3 presents data comparing the aluminum based coagulants at the dose 0.69
mg AI**/1 with the iron based coagulants at the dose 1.38 mg Fe'/l.
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Figure 7:3  Turbidity without pH-adjustment, dose 0.69 mg AP*/1 and 1.38 mg
Fe'/l
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The data in Figure 7:3 indicates that the aluminum based coagulants perform well at a
lower dose than the iron based coagulants. All of the nine coagulants, except FeCls,
manage to get the turbidity before filtration below the Chinese requirement of
turbidity after filtration, which is 1 NTU. The optimum coagulant dose is varying
from day to day but is usually about 1.04 mg AP (except for ALG), 1.04 mg Fe'/1

for the Swedish, iron-based coagulants and 1.73 mg Fe'®/1 for the Chinese, iron-based
coagulant.

Water with pH-adjustment

The pH in raw water affects the performance of the coagulant. Adjustment of the pH
was therefore applied in order to find the optimum treatment condition for each
coagulant.

Figure 7:4 presents data comparing the aluminum based coagulants at optimum pH, at
the dose 1.73 mg AI**/1, with the iron based coagulants, at the dose 1.73 mg FeY/.

In Figure 7:5 the dose is 1.04 mg AI’*/I for the aluminum based coagulants and 1.04
mg Fe'°/1 for the iron based coagulants.
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Figure 7:4  Turbidity at around optimum pH for various coagulants using the
same raw water, dose 1.73 mg AP/l or 1.73 mg Fe'/l
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Figure 7:5  Turbidity at around optimum pH 3for various coagulants using the
same raw water, dose 1.04 mgAI’"/l

The data in Figure 7:4 shows that among the aluminum based coagulants the best
performance is seen with PAX XL-60. PAX 10 also works very well.

Among the iron based coagulants the best performance is seen with PIX 115.

In Figure 7:5 relatively poor performance is seen using ALG at the doses 1.04 mg
AP*"/L. Further details can be found in Appendix B, page B12 and B27.

7.1.3 Residual Aluminum and Residual Iron

When using aluminum based coagulants, pH-adjustment is needed in order to get low
residual aluminum in the treated water. This is showed in Table 7-2, which compares
residual aluminum in pH- and not pH-adjusted water. The coagulants have been added
using the same dose but different waters.

Aluminum Based Residual Aluminum, Residual Aluminum,

Coagulants without pH-adjustment with pH-adjustment
(mg/l) (mg/l)

ALG 0.15 0.05

PAX 10 0.15 0.05

PAX 16 0.175 <0.05

PAX XL-1 0.1

PAX XL-60 0.15 <0.05

PAX XL-61 <0.05

Table 7-2 Residual Aluminum in pH-adjusted or unadjusted water, dose 1.73 mg
AP/l
All of the coagulants pass the Chinese requirement of 0.2 mg residual aluminum/I1.
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Table 7-3 present residual iron after using an iron based coagulant in pH- and not pH-
adjusted water. The data shows that pH-adjustment does not have a positive effect in
order to get lower residual iron.

Iron Based Residual Iron, Residual Iron,

Coagulants without pH-adjustment with pH-adjustment
(mg/) (meg/l)

PIX 111 0.07 0.125

PIX 115 0.10 0.10

FeCl4 0.175 0.85

Table 7-3 Residual Iron in pH- or not pH-adjusted water, dose 1.73 mg Fe'/

All of the coagulants pass the Chinese requirement of 0.2 mg residual Iron/l.

7.14 COD

All of the coagulants, which improve the performance as to turbidity by pH-
adjustment, except FeCls , also improve the performance as to COD by pH-
adjustment.

7.1.5 Color

All of the coagulants performs satisfying, with or without pH-adjustment, as to the
color of the treated water.

7.2 Chlorine

Chlorine was measured as free residuals and total residuals. Water samples were taken
from a tap located immediately after the completed treatment process and from
another tap at Water Hotel located along the distribution net. Free residual chlorine
(C10’, HCIO, Cl,, ClO,) and combined residual chlorine (NH2Cl, NHCl,, NHCl,;)
together are equivalent to total residuals. The results in Table 7-4 are mean values
from a number of experiments.

Total residual Free residual Combined residual
At the treatment plant 1.6-1.7 0.6-0.7 1.0

At Water Hotel 0.5-0.8 0.3-0.5 0.2-0.3

Table 7-4 Residual Chlorine, mean values (mg/l)
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When the reaction time for combined residuals are comparatively slow, they have an
advantage for the distribution net, where a long-term acting disinfection is desirably.
Free residuals are much more effective and are therefore wanted during the treatment
process.

7.3 Discussion of Experimental Results

One of the aims was to determine the optimum pH for each of the nine coagulants.
Table 7-1, showing optimum pH for each coagulant chemical, is mostly based upon
the results from the turbidity experiments due to lack of trustworthy data of the other
parameters. The optimum pH is slightly different for each one of the analytical
parameters which has not fully been taken into consideration determining the
optimum pH for each coagulant.

7.3.1 Turbidity

Among the analytical parameters turbidity gave the most reliable results as to the
determination of optimum pH and optimum dose. The turbidity was measured on
water after sedimentation, before filtration. Measuring the turbidity before filtration
indicated whether the coagulant worked well or not more clearly than if measuring the
turbidity after filtration.

The fact that all of the coagulants, except FeCl,, gave a turbidity of the treated water
before filtration (not using optimum pH) below the Chinese requirement, implicates a
good performance among the coagulants produced in Sweden. FeCl, probably also
performs good enough to pass the requirements, since the requirements do not concern
water before filtration.

The iron based coagulant FeCl;, will not be used in a future process at XWTP where a
pH-adjustment can be carried out. Therefore FeCl; is not presented in a comparative
Figure 7:4. Nevertheless the performance of the coagulant, as to turbidity, is improved
by pH-adjustment.

7.3.2 Residual Aluminum and Residual Iron

The order of precedence among the aluminum based coagulants, as to minimize
residual aluminum in the treated water, can not be established. Further experiments
have to be performed in order to determine this since the results, showed in Appendix
B, page B24 and B25, point in different directions - in Appendix B25 PAX XIL.-60
performs better than the other coagulants but in B24 it performs poorer than the other
coagulants.

Among the iron based coagulants pH-adjustment did not have a positive effect in
order to get low residual iron. FeCls, the coagulant produced in China, showed bad
results at optimum pH as to turbidity. One theory is that the coagulant contains both
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Fe** and Fe’*. Turbidity only indicates whether there is Fe’* in the treated water or
not. Therefore a high value of residual iron is possible even when the turbidity is low.

7.3.3 COD

Some of the results from the COD-measurements are misleading. For an example, it is
hard to believe that COD of the treated water should be higher than COD in the not
treated raw water when using PIX 111 without pH-adjustment (Appendix B, page
B13). If the filter-papers are not pre-washed properly before filtration of the samples,
the results can be effected and have to be looked upon with some skepticism.

Even though the method can not be fully trusted, as to determine the exact COD of the
filtrated water, it is still useful since a relative comparation of the results gives the
order of precedence among the coagulants.

7.3.4 Color

Since the raw water had a rather low color value, never above 15, it is difficult to
determine whether some of the coagulants performed better than others. Comparing
the results from the color-test, the main deviation is little: from five to zero.
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8. ECONOMICAL ASPECT OF THE TREATMENT PROCESS

Looking at the wide price range for different coagulants, one realize that making a
proper choice of coagulant includes not only the treatment performance of the
coagulant but also the cost of using it. In order to determine the cost, the dose needed
to get acceptable treatment has to be determined for each of the coagulants. Generally
the dose of 1.73 mg Fe/l was needed for the iron based coagulants whereas the dose of
1.04 mg Al/l was needed for the aluminum based coagulants.

Comparing USD/ton of the coagulant, the aluminum based coagulants are more
expensive than the iron based coagulants. Table 8-1 is a list of the coagulants used and
a rough estimate of their market-price in China.

Coagulant Price (USD/ton)
PAX XL-61 525

PAX XL-1 455

PAX XL-60 455

PAX 16 350

PAX 10 350

ALG 210-255
PIX 111 150-180
PIX 115 150-180
FeCl4 50

Table 8-1 Rough estimation of the Chinese market-price of coagulant chemicals
used

A fair comparison between the prices of the coagulants has to take the doses of the
coagulants used into consideration. To simplify, a high concentration and a high
specific weight of the coagulant involves using a small dose of the coagulant. The
comparison between the different coagulants is based on the amount of metal ions
(Alyr or Fe'”") added. Table 8-2 presents the actual ranking among the coagulants, as
to the cheapest price. The concentrations and the specific weights of the coagulants
has been taken into consideration and the doses are as follow:

1.73 mg Fe'™'/1 for FeCl,

1.35 mg Fe'®/1 for PIX 111 and PIX 115
1.04 mg A"/l for the aluminum based coagulants
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Ranking Price index Turbidity index
5. FeCly 1.0 5.3
2.PIX 111 1.0 4.2
3.PIX 115 1.1 3.8
4. PAX 16 3.1 2.5
5. PAX XL~-60 5.0 1.1
6.PAX 10 6.4 1.4
7. PAX XL-1 7.5 1.1
8. PAX XL-61 8.0 1.0
“Table §-2 Ranking of most economic coagulant considering expenses and
performances
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9. DISCUSSION OF XINKAIHE WATER TREATMENT PLANT

9.1 Flocculation step in phase two

At Xinkaihe water treatment plant mechanical mixing is used in the coagulation step
while hydraulic mixing is used in the flocculation step. The hydraulic mixing is
designed for a total plant flow of half a million m® per day. The inflow from the
distribution valve is not regulated which causes a variation of the water flow. This
leads to lack of control over this part of the treatment process which can cause quality
problems in the water. Since the total capacity is not fully used there is a difference
between the designed and the actual flocculation time and energy input. A fluctuating
energy input, caused by the varying water flow, involves a varying floc-building
intensity.

9.2 Sedimentation step in phase one

The sedimentation step for phase one is designed with a kind of lamella units called
tube settlers, with cross sections shaped as a hexagon. The schematic design is shown
in Figure 9:1. For a functional separation an equal water flow should pass through
each tube.

Owing to their weight, flocs will slide down on the inside surface of the tubes. The
water going on to filtration then contains less particles. It is of vital importance

that all tubes are utilized.

Figure 9:1  Functional separation in tube settler

Research work carried out indicates that the use of tube settlers can result in
sedimentation problems. Investigations in Swedish water treatment plants show that
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the water-flow sometimes only passes through the last few tubes, resulting in a -
reaction flow on the top of the tubes. This course of events is shown in Figure 9:2.

Figure 9:2  Not functional separation in tube settler

Thick sludge can create a powerful impulse which increases the circulation in the tube
settler leading to a reduced performance.

9.3 Disinfection step in both phase one and two

At Xinkaihe water treatment plant chlorine and chlorine gas is used as a disinfectant
in both phases. Chlorine (and its compounds) is widely used for the disinfection of
water because:

It is readily available as gas, liquid or powder.

It is cheap.

It is easy to apply due to relatively high solubility (7000 mg/l)

It leaves a residual in solution which while not harmful to man provides protection
in the distribution system.

5. It is very toxic to most microorganisms, stopping metabolic activities.

Ll .

In phase two chlorine is dosed on three places; at the distribution valve, after
sedimentation and after filtration. Total residual chlorine is measured and when the
water reaches the clear water tank 1.2-1.4 mg/l is wanted. Free chlorine residuals
(C107, HCIO, Cl,, Cl0,) and combined chlorine residuals (NH,Cl, NHCI,, NHCl;)
together are equivalent to total residual chlorine.

Reaction when chlorine dissolves in the water in the absence of ammonia is shown

below.
Cl, + 2 H,0 & H" + CI' + HCIO
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Hypochlorous acid, HCIO, hydrolyzes to chlorite ion, CIO":
HCIO < H' + CIO
As a disinfectant hypochlorous acid HCIO is more effective than the chlorite ion C1O".

The pH value in the water determines whether HC1O or CIO is dominant and pH is
therefore of great importance for the disinfection step. See Figure 9:3.

100 % 0%

80 20
Chlorine 60 Chlorine
present as present as
HCIO ClL, or CIO”

40 60

20 80

0 100

pH 1 2 3 4 5 6 7 8 9 10

-

Figure 9:3  The distribution between Cl,, HCIO and CIO" in percentage at
various pH

At Xinkaihe water treatment plant pH-adjustment is not applied and the high pH value
around 8.0 in the raw water is maintained throughout the complete process.

In Figure 9:3 it is shown in what way the high pH value will effect the disinfection,
considering that HCIO is a more effective disinfectant than CIO".

Before the clear water tank free residuals are dominant; they are a much more
effective disinfectant than combined residuals. For a given kill with constant residual
the combined form requires a hundred times the contact time required by the free
residual. Alternatively, for a constant contact time the combined residual
concentration must be twenty-five times the free residual concentration to give the
desired kill.

Owing to a relatively slow reaction time, combined residuals have an advantage for
the distribution net where a long-term acting disinfection is desirably. By adding
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ammonia to the water in the clear water tank free residuals can react and turn into
combined residuals:

NH," +HCIO < NH,CI+H,0 +H" (monochloramine)
NH,CI + HCIO < NHCI, + H,O (dichloramine)
NHCI, + HCIO < NCI; + H,O (nitrogen trichloride)

The attainment of the correct dose of chlorine is important since too low a dose will
give a false sense of security and too high a dose will give a chlorine taste of the
water. Furthermore, too high, a dose can be harmful to man by the by-products such
as THM's that are formed. The required dose can only be determined experimentally
and must be controlled to respond to fluctuating water quality.
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10. RECOMMENDATIONS

This chapter deals with recommendations to improve the treatment process at the
Xinkaihe Water Treatment Plant. The recommendations are based upon costs involved
using different coagulants, the results of the experiments described in this report and
local conditions at the XWTP in terms of available equipment and education of the
employees.

10.1 In the near future

Today the Xinkaihe Water Treatment Plant does not use pH-adjustment in the
treatment process. Since the proper equipment is missing and the employees have
little experience in dealing with pH-adjustment, the usage of a coagulant suitable for
not pH-adjusted waters is recommended.

Bench Scale Laboratory Experiments gave best results for PAX XL-61, but in order to
get the best return from the investment, the usage of PAX XL.-60 is recommended.
Compared to Chinese requirements as to final turbidity, residual aluminum, color and
CODy, of the treated water, PAX 10 worked very well.

10.2 In the long run

The low cost coagulant, PIX 115 (iron sulfate), need pH-adjustment for optimum
performance. In the long run the usage of this coagulant is recommended since its
performance is more than satisfying, and much better than the coagulant used at the
XWTP today. According to Figure 9:3, the disinfection step would also benefit from a
pH-adjustment. Therefore a reconstruction which would provide pH-adjustment at the
XWTP is to prefer.
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APPENDIX A

FIRST AND SECOND PHASE OF XINKAIHE WATER
TREATMENT PLANT Al-A2



APPENDIX A
Data of the designed First Phase of the Xin Kaihe Water Treatment plant

Schematic picture of the process:
Rawwater:[l]: El::> E]:> :> E:» @3 [‘_/'j3 E

1. Distribution Well
size = 20x8x8.6 m’
retention time: 4 min

2. Mechanical Mixer (propeller mixer)
size = 2.2x2.2x4.4 m
propeller: D = 1.6 m, n =29 rpm
mixing time: 54 sec

3. Mechanical Reaction Tank
size = 3.3x3.3x4.3 m3, reaction time: 4 min
propeller mixer: n = 8 rpm

4. Baffled reaction tank
size = 15.4x12x5 m3, reaction time: 16 min
inlet speed = 0.4 m/s
outlet speed = 0.18 m/s

5. Sedimentation Tank
upward speed of the water passing inclined tube settlers = 3.14 mm/s
retention time = 30 min
inclined tube settler: D = 35 mm

6. Dual Media Filter

size = 10x8.4x3.55m’

running period: 8-16 h

filter speed = 14 m/h

media expansion rate = 40 %
backwash time = 5 min

washed water quantity = 360 m’

7. Treated Water reservoar -Clear Water Tank
size = 42x42x4.2 m’

8. Supply Water Pump Station
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Data of the designed Second Phase of the Xin Kaihe Water Treatment Plant

Schematic picture of the process:
Raw water =[T] = [2] = [3]= [4]= [5_"':3 @3 [z:]

1. Distribution Well
size = 21x6.5x8.9 m>
retention time: 4 min

2. Mechanical Mixer (Axial flow impeller)
size = 3.0x3.0x3.5 m
mixing time: 13 sec

3. Baffled reaction tank
size = 30.4x30.4x4.8 m3, reaction time: 36 min
inlet speed = 0.5 m/s
outlet speed = 0.17 m/s

4. Horizontal Sedimentation Tank
retention time =2 h
size = 90x30.4x4.6m”
horzontal velosity = 12.5 mm/s

5. Dual Media Filter
size = 14.8x8x3.65m’
running period: 12-24 h
filter speed = 8 m/h

media expansion rate = 40 %
backwash time = 5 min

6. Treated Water reservoar -Clear Water Tank
size = 42x34x4.2 m>

7. Supply Water Pump Station

A2






APPENDIX B

SHEETS FOR FLOCCULATION-TEST B1-B27



L4

Sheet for flocculation-test

Date:

Sept 27 1996 (a.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP Fe™ | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/D) | (mg/M)| 0.IM [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color |COD
(ml) [5) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min {20 min |25 min |30 min (mg/D) (mg/l)
1 FeCl; 1.73 0 2 3 4 4 5 5 8 155 0.175 5
2 FeCl, 1.73 4 1 2 3 3 4 7 1.64 5
3 FeCl, 1.73 6 1 2 2 3 4 4 6.6 1.52 5to 10
4 FeCl, 1.73 10 1 2 2 2 3 4 57 1.05 0.85 <5
5 FeCl; 1.73 14 0 0 0 0 1 i 3.3 4.4 5
6 FeCl; 345 0 3 4 4 5 6 6 7.55 1.45 10to 15
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) © (mg/l)
8.57 7.4 10to 15 3 22 134.2
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Sheet for flocculation-test

Date:

Sept 28 1996 (a.m.)
The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP** | Fe* | H,SO, |0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/) | (mg/M ) 0.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color |COD
(ml) [5) Big flocs 2mm 6) Very big flocs 3-4 mm (NTU) Al Fe
S min 10 min |15 min |20 min |25 min |30 min (mg/) (mg/l)
1 FeCl, 2.76 0 1 4 4 4 4 4 7.76 1.54 0.23 10 2.1
2 FeCl; 2.76 10 0 3 4 4 4 4 6.18 0.72 0.18 <5 1.65
3 FeCl; 2.76 12 1 4 5 5 5 5 5.42 0.39 2.45 <5 0.95
4 FeCl; 2.76 14 0 1 1 2 2 2 3.74 4.47
5 FeCl; 1.04 0 0 2 3 3 3 3 8.14 33
6 FeCl 1.04 12 0 1 2 2 2 2 5,76 4
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) © (mg/l)
8.4 4.4 15t020F 2.9 22.6 161
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Sheet for flocculation-test

Date:

Sept 28 1996 (p.m.)
The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP Fe™ | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l) | (mg/l)| 0.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color |COD
(ml) 5) Big flocs 2mm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min {20 min |25 min |30 min (mg/l) (mg/l)
1 FeCl; 2.76 12.3 1 3 4 5 5 5 5.64 0.652 5 1.2
2 FeCl, 1.73 12.5 1 2 2" 3 3 3 5.64 1.25 <5
3 FeCl; 1.73 12.2 1 1 I 2 2 2 5.95 1.83 5
4 FeCl; 1.73 11.2 1 1 2 2 2 2 6.14 1.94 10
5 FeCl, 345 1 115 1 3 3 4 4 5 5.82 0.4 <5 1
6
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (©) | (mg/h)
8.32 43 15 2.7 22.6




¥4

Sheet for flocculation-test

Date:

Oct 3 1996 (a.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP Fe® | H,SO, |0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/) | (mg/)] 0.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color |COD
(ml) |5) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
S min 10 min |15 min |20 min |25 min |30 min (mg/T) (mg/l)
1 PAX XL-60] 1.04 0 1 2 4 5 6 6 7.9 0.51 0.2-0.15 <5 1.9
2 PAX XL-60f 1.04 1 1 2 4 5 6 7.48 0.452 <5
3 PAX XL-60] 1.04 2 1 3 4 5 6 6 7.18 0.57 <5
4 PAX XL-60f 1.04 4 1 2 3 4 5 5 6.82 0.327 <0.05 <5 2
5 PAX XL-60] 1.04 7 1 2 3 3 4 4 6.44 0.355 5
6 PAX XL-60f 1.04 10 1 2 3 4 4 5.75 0.33 <5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity § Color | COD | Temp. | [HCO;]
(NTU) (©) | (mgh)
7.94 7.85 10to 15§ 24 19.6 146.4
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Sheet for flocculation-test

Date:

Oct 4 1996 (a.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP Fe™ | H,SO, 10) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l)y | (mg/)| 0.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color |COD
(ml) [5) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min {20 min |25 min |30 min (mg/l) (mg/l)
1 PAX XL-60] 1.73 0 2 3 4 4 4" 5 7.78 0.118 0.15 <5 | 1L77
2 PAX XL-60] 1.73 1 2 3 4 4 5 5 7.5 0.228 <5
3 PAX XL-60) 1.73 3 2 4 4 4" 5 5 7.02 0.146 <5 | 1.53
4 PAX XL-60] 1.73 6 2 3 4 4 4" 5 6.53 0.117 <0.05 <5 1143
5 PAX XL-60f 1.73 8 2 3 4 4 4" 5 6.12 0.11 <5
6 PAX XL-60) 1.73 10 2 3 4 4 5 5 5.66 0.13 <5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) © | (mgn
7.95 8.85 15 2.3 19.6 134.2
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Sheet for flocculation-test

Date:

Oct 8 1996 (a.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP Fe™ | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l) | (mg/D] 0.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color [COD
(ml) [5) Big flocs 2mm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min {15 min |20 min {25 min |30 min (mg/h) (mg/l)
1 PAX XL-60] 2.76 0 2 3 3" 3" 5 5 7.72 0.175 | 0.1-0.05 <5 117
2 PAX XL-60] 2.76 1 2 3 3" 3" 4 4 7.42 0.18 <5
3 PAX XL-60] 2.76 2 2 3 3" 3" 4 4 7.12 0.18 <0.05 <5 | 135
4 PAX XL-60} 2.76 5 2 3 3 3 3* 3* 6.72 0.39 <5
5 PAX XL-60f 2.76 8 2 3 3 3 3* 3" 6.33 0.175 <5
6 PAX XL-60] 2.76 10 2 3 3 3 3" 3" 5.72 0.432 <5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (C) | (mg/h)
8.07 9.12 10 2.5 17.8 136.4
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Sheet for flocculation-test

Date:

Oct 8 1996 (p.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP** | Fe™ | H,SO, |0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l) | (mg/M{ 0.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color {COD
(ml) |5) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
S min 10 min |15 min |20 min |25 min |30 min (mg/h) (mg/l)
1 PIX 111 1.73 0 1 2 3 4 5 6 7.9 0.814 0.07 <5 2
2 PIX 111 1.73 2 1 2 3 4 6 6 7.35 0.96 <5
3 PIX 111 1.73 5 1 2 3 4 5 6 6.77 1.149 5to 10
4 PIX 111 1.73 8 1 2 3 4 5 6 6.32 0.824 <5
5 PIX 111 1.73 10 1 2 3* 4" 6 6 5.74 0.532 0.125 5
6 PIX 111 1.73 | 105 1 2 3" 4" 6 6 5.6 0.464 <5 135
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (©) | (mgh)
7.94 7.6 10 2.5 17.8 136.6
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Sheet for flocculation-test

Date:

Oct 9 1996 (a.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP Fe' | H,SO, |0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/M) | (mg/M| 0.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color |COD
(ml) 5) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min |20 min |25 min {30 min (mg/l) (mg/l)
1 PIX 111 1.04 0 1 2 3* 4 4 4 7.85 1.73 <5
2 PIX 111 1.04 2 1 2 3 4 4 4 7.3 2.33 5
3 PIX 111 1.04 5 1 2 2 3 3 3 6.75 3.1 5to 10
4 PIX 111 1.04 8 1 2 2 2 2 2 6.32 4.1 510 10
5 PIX 111 1.04 10 1 2 3 3 4 5 5.52 1.88 10
6 PIX 111 1.04 10.5 1 2 3 3 4 5 4.98 1.57 <5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (€) | (mgh
8.04 7.5 >10 23 17.8 136.6




69

Sheet for flocculation-test

Date:

Oct 9 1996 (p.m.)
The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
API** | Fe* | H,SO, |0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l) | (mg/M)§ 0.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color [COD
(ml) [5) Big flocs 2mm 6) Very big flocs 3-4 mm (NTU) Al Fe
S min 10 min |15 min |20 min |25 min {30 min (mg/l) (mg/l)
1 PIX 111 2.76 0 1 3" 4 4 5 5 7.68 0.364 0.1 <5 1.15
2 PIX 111 2.76 2 1 4 4 4 5 5 7.28 0.453 <5
3 PIX 111 2.76 6 1 4 4 4 5 5 6.64 0.321 5
4 PIX 111 2.76 9 1 4 4" 5 5 5 6.1 0.225 <5
5 PIX 111 2.76 10.5 2 4" 4* 5 6 6 5.52 0.34 0.06 <5 1.85
6 PIX 111 276 | 11.5 1 4 4 4" 5" 5" 4.42 0.23 <5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) ©) | (mgh
8.02 6.8 >10 2.55 17.4 142.7




oLd

Sheet for flocculation-test

Date:

Oct 10 1996 (a.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP Fe | H,SO, |0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/M) | (mg/)] 0.1M 3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color COD
(ml) [5) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min |20 min |25 min |30 min (mg/l) (mg/h)
i PAX XL-1 1.73 0 1 3 3 4 4" 5 8.08 0.34 0.1 <5 1.7
2 PAXXL-1}| 1.73 1 1 2" 3 3" 4 4 7.68 0.46 0.06 <5 |17
3 PAX XL-1} 1.73 2 1 2 2" 3 3 4 7.34 0.41 <5
4 PAX XL-1 1.73 5 1 2 2 3 3 3 6.88 0.5 <5
5 PAX XL-1| 1.73 8 1 1 2 2" 2" 2" 6.48 1.26 5
6 PAX XL-1 1.73 10 1 1 1 2 2 2 5.86 1.47 5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) ©) (mg/l)
8.46 6.93 >15 3.25




g

Sheet for flocculation-test

Date:

Oct 10 1996 (p.m.)
The sample was taken from: Luanhe River

Jar number | Coagulant Deose pH-adj. Coagulation pH-value Analyses
AP Fe' | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l) | (mg/h)}; 0.1M [3) Small floes 0.5 mm 4) Flocs Imm Turbidity Residual Color [COD
(ml) 15) Big flocs 2mm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min |20 min |25 min |30 min (mg/h (mg/l)
1 PAX XL-1] 2.76 0 2 3 3" 3" 4 4 8 0.22 <0.05 <5 | 1.8
2 PAX XL-1§ 2.76 1 2 2" 3 3 3" 4 7.62 0.35 0.15 <5
3 PAXXL-1§ 2.76 3 1 2 3 3 3 3" 7.12 0.345 <5
4 PAX XL-1 2.76 6 1 2 2 3 3 3" 6.71 0.75 <5 1.5
5 PAX XL-1| 2.76 9 i 2 2 3 3 3" 6.04 0.845 5
6 PAXXL-1}| 2.76 10.5 1 1 1 2 2 2 5.58 1.56 5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) © (mg/h)
8.57 5.7 >15 33




cid

Sheet for flocculation-test

Date:

Oct 14 1996 (a.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP | Fe'™ | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l) | (mg/l)] 0.IM |3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color [COD
(ml) 15) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min |20 min |25 min |30 min (mg/l) (mg/l)
1 PAX XL-1 1.04 0 1 2 3 3 4 4 8.08 039 10.1t00.05 <5
2 PAX XL-1 1.04 4 1 2 2 2 3 4 7.48 0.65 <5
3 PAX XL-1 1.04 8 1 1 2 2 2" 3 6.86 0.74 <5
4 PAX XL-1 1.04 11.5 0 0 1 1 1 2 6.18 2.25 <5
5 FeCl; 2.76 11.5 1 3 4" 5 6 6 5.76 0.16 1.33 <5 10.65
6 FeCl; 2.76 12.1 1 4 4 4 5 5 4.92 0.21 1.33 <5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (©) | (mgn
8.1 5 5tol10 | 2.9 18 1574




eld

Sheet for flocculation-test

Date:

Oct 14 1996 (p.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP** | Fe* | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/) | (mg/)] 0.1M |3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color [COD
(ml) |5) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min |20 min {25 min |30 min (mg/l) (mg/l)
1 PAX XL-1 1.04 0 1 2 3 4 4 4 8.03 029 10.1t00.05 <5 2.1
2 FeCl, 1.73 0 1 2" 3 4 4 5" 7.85 0.89 0.175 <5 2
3 FeCl, 173 | 122 1 3 3 4 4" 5 5.94 0.385 <5
4 FeCl; 1.73 12.5 1 3 3 4 4 5 5.83 0.35 0.87 <5 1.4
5 PIX 111 1.73 0 1 2" 3 4 4 5 7.98 0.49 0.065 <5 1295
6 PIX 111 1.73 | 124 1 3 3" 4 4" 5 5.86 0.37 0.18 <5 |14
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (©) | (mgh
8.04 4.6 5to10 | 2.65 18 161




vid

Sheet for flocculation-test

Date:

Oct 15 1996 (a.m.)
The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP Fe' | H,SO, |0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/) | (mg/MH)§ 0.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color |COD
(ml) [5) Big flocs 2mm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min {20 min |25 min |30 min (mg/l) (mg/l)
1 PAX 10 1.73 0 1 3 4 4 5 5" 7.75 0.18 0.15 <5 1.3
2 PAX 10 1.73 4 1 3 4 4 5 5 7.1 0.2 <5
3 PAX 10 | 173 8 1 3 3 3" 4 5 6.45 0.26 <0.05 <5
4 PAX 10 1.73 10 1 2" 3 3" 4 4" 6.22 0.19 0.05 <5 | 18
5 PAX 10 1.73 11.5 1 2 3 3 4 4 5.85 0.36 <5
6 PAX 10 1.73 13 1 2 3 3 3" 4 531 0.34 <5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (o) (mg/l)
8.02 4.8 10to 157 2.8 18 163.48




sid

Sheet for flocculation-test

Date:

Oct 15 1996 (p.m.)
The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP Fe'* | H,S0, |0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/M) | (mg/MDH| 0.1IM [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual [Color {COD
(ml) [5) Big flocs 2mm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min {20 min |25 min |30 min (mg/T) (mg/l)
1 PAX 10 1.04 0 1 2 3 4 4 5 7.7 0.37 0.15 <5 1.7
2 PAX 10 1.04 4 1 2 3 4 4 5 6.97 0.35 <5
3 PAX 10 1.04 7 1 2 3 3’ 4 4 6.52 0.29 <0.05 <5 |15
4 PAX 10 1.04 9 1 2 3 3 4 4 6.36 0.46 <0.05 <5 14
5 PAX 10 1.04 11 1 2 3 3 3 4 5.95 0.51 <5
6 PAX 10 1.04 12.5 1 1" 2 3 3 3 5.52 0.69 <5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) © | (mg
7.8 52 10to IS} 2.6 18 161.04




91d

Sheet for flocculation-test

Date:

Oct 16 1996 (a.m.)
The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP Fe™™ | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l) {(mg/{ 0.1M [3) Small flocs 0.5 mm 4) Flocs imm Turbidity Residual Color COD
(ml) }5) Big floes 2mm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min (20 min {25 min |30 min (mg/l) (mg/)
1 PAX 16 1.73 0 1 2" 3 3" 4" 5 8.03 0.75 [0.2t00.15 5 2.3
2 PAX16 | 1.73 6 1 2" 3 3| 4 5 7.23 0.46 <5
3 PAX 16 1.73 11 1 2" 3 3" 4 4 6.51 0.42 <0.05 <5 | 145
4 PAX 16 1.73 13 1 2 3 3 4 4" 6.38 0.5 <5
5 PAX 16 1.73 15.5 1 2 2" 3 4 4 5.96 1.27 5
6 PAX 16 1.73 16.8 1 1 2 2" 3 3" 5.54 2.06 5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (© | (mg/h
8,08 5.7 10to 15] 3.3 17.7 2159




Lid

Sheet for flocculation-test

Date:

Oct 16 1996 (p.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP | Fe | H,SO, |0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l)y | (mg/M| 0.1IM [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color [COD
(ml) [5) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
Smin |10 min {15 min |20 min |25 min |30 min (mg/l) (mg/T)
1 ALG 1.73 0 1 2 2" 3 4" 4" 7.97 1.35 0.15 5
2 ALG 1.73 7 1 2" 3 4 5 6 7 0.88 <5
3 ALG 1.73 10 1 3 4 4 5 6 6.67 0.64 <5
4 ALG 1.73 12 1 3 3" 4 5 5 6.6 0.62 0.05 <5 1.8
5 ALG 1.73 13.5 1 3 3" 4 5 5" 6.27 0.73 <5
6 ALG 1.73 16.2 1 3 3 3" 4 5 6.04 0.98 <5
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) ©) (mg/l)
8.28 6.2 10to 157 4.2 17.7 2233




81d

Sheet for flocculation-test

Date:

Oct 28 1996 (a.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP | Fe* | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/) | (mg/D)] 0.1M [3) Smali flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color {COD
(ml) [5) Big flocs 2mm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min {20 min 125 min |30 min {(mg/l) (mg/l)
1 ALG 1.73 8.3 1 3 3 4 4" 5 6.73 0.16 <0.05 <5 1.3
2 PAX 16 1.73 7 1 3 3 4 4" 5 6.97 0.17 <5 |12
3 PAX 10 1.73 7.5 1 3 3" 4 5 5" 6.76 0.2 <0.05 <5
4 PAX 10 1.73 0 1 3 4 4 5 6 7.77 0.12 0.1 <5 2
5 PAX XL-60y 1.73 6 1 3 4 4 5 5 7 0.06 <0.05 <5 1.5
6 PIX 111 1.73 115 1 2" 3 3" 5 6 5.42 035 0.11 <5 125
Rotationvelocity (rpm) 350 20 20 10 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (©) | (mgh
8.13 6.1 10to15] 22 14.8 146.4




61d

Sheet for flocculation-test

Date:

Oct 28 1996 (p.m.)
The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP* | Fe* | H,SO, 10) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/D) | (mg/M)| 0.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color |JCOD
(ml) 15) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min {20 min |25 min |30 min (mg/l) (mg/l)
1 FeCl, 1.73 0 1 3 4 4" 4" 4 6.73 0.96 0.3 <5 |11
2 PIX 111 1.73 0 1 2" 4 4 4 4 6.97 0.6 0.125 <5 1.7
3 PAX XL-60} 1.73 0 1 4 4" 4" 4" 4" 6.76 0.09 [0.05t00.1 <5 | 15
4 PAX XL-1 1.73 0 1 3" 4 4 4 4 7.77 0.32 0.05 <5 1.3
5 ALG 1.73 9 1 3 3 3 3 3 7 065 | <0.05 <5 |11
6 PAX 16 1.73 8 i 3 3 3 3 3 5.42 0.53 <0.05 <5 1.2
Rotationvelocity (rpm) 350 20 20 20 20 20
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (€) | (mgh)
8.1 9.6 10to15] 2.2 14.8 144




0zd

Sheet for flocculation-test

Date:

Oct 30 1996 (a.m.)
The sample was taken from: Luanhe River

Dose

Jar number | Coagulant pH-adj. Coagulation pH-value Analyses
AP** | Fe | H,SO, {0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/) | (mg/M)| 0.IM 3) Small floes 0.5 mm 4) Flocs Iimm Turbidity Residual Color |COD
(ml) [5) Big flocs Zmm 6) Very big flocs 3-4 mm (NTU) Al . Fe
5 min 10 min |15 min |20 min |25 min |30 min (mg/l) (mg/l)
1 PIX 115 1.73 0 2 3 4 4 4" 7.84 1.11 0.1 <5 2
2 PIX 115 1.73 3 2 3 4 4 4" 7.24 1.21 <5
3 PIX 115 1.73 6 2 3 4 4 4" 6.78 1.3 <5
4 PIX 115 1.73 9 2 3 4 4 4" 6.25 0.34 <5
5 PIX 115 1.73 11 2 3" 4" 4" 6 6 5.7 0.46 <5
6 PIX 115 173 | 117 2 3" 4" 4" 6 6 5.16 0.36 0.1 <5 |11
Rotationvelocity (rpm) 350 20 20 20 20 20
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) © (mg/)
8.12 7.3 5t010 | 2.25 14.2 148.84




Izd

Sheet for flocculation-test

Date:

Oct 30 1996 (p.m.)
The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP** | Fe™ | H,SO, |0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l) | (mg/H} 0.1IM §3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color JCOD
(mb) |5) Big flocs 2mm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min |20 min |25 min (30 min (mg/D) (mg/l)
1 PAX XL-61] 1.73 0 1 2" 3 3" 4 4" 7.98 0.14 <0.05 <5 | 18
2 PAX XL-61] 1.73 3 1 2 2 3 4 4 7.24 0.26 <5
3 PAX XL-61) 1.73 6 1 2 2 2" 3 4 6.74 0.39 <5
4 PAX XL-61] 1.73 7.2 1 2 2 2" 3 4 6.61 0.6 <5
5 PAX XL-61} 1.73 10 1 2 2 2" 3 4 6.12 0.39 <5
6 PAX XL-61] 1.73 11.5 1 2 2 2" 3" 4" 5.5 0.52 <5
Rotationvelocity (rpm) 350 20 20 20 10 10
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) © (mg/l)
8.11 7 S5tol0} 2.4 14.2 146.4




ccd

Sheet for flocculation-test

Date:

Oct 31 1996 (a.m.)
The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP | Fe* | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l) | (mg/M; 0.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color |COD
(ml) [5) Big flocs Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min (15 min |20 min |25 min |30 min (mg/l) (mg/l)
1 ALG 1.73 9 1 3 3 3 3 3" 6.34 0.37 <0.05" <5 1.15
2 PAX 10 1.73 7.5 1 3 3" 4 4 4 6.56 0.17 <0.05 <5 |13
3 PIX 115 1.73 11.7 1 3 4 4 4 4 5.5 0.205 0.11 <5 1.15
4 PAX XL-60f 1.73 7 1 3" 4 4 4 4 6.62 0.11 | <0.05° <5 1.2
5 PAX 16 1.73 7.5 1 3 3 3 3 3" 6.63 0.365 <0.05 <5 | 11
6 PIX 111 173 | 115 1 3 4 4" 4" 4" 5.54 0.23 0.11 <5 § 11
Rotationvelocity (rpm) 350 20 20 20 20 20
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (©) | (mg/h
8.05 6.8 10to 15 2.2 13.8 148.8




ccd

Sheet for flocculation-test

Date:

Oct 31 1996 (p.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP | Fe | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l) | (mg/H)| 06.1M [3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color [COD
(ml) [5) Big flocs 2mm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min |20 min |25 min (30 min (mg/h) (mg/l)
1 PAX XL-1 1.73 0 1 3 4 4 4 4 7.94 0.14 0.05" <5 1.4
2 PAX XL-60{ 1.73 0 1 3 4 4" 4 4 7.87 0.17 0.1 <5 | 18
3 FeCl3 1.73 0 1 3 3" 4 4 4 7.76 1.12 0.27 <5 1.6
4 PAX XL-61] 1.73 0 1 3 3" 4 4 4 7.98 0.2 0.05 <5 1.65
5 PIX 115 1.73 0 1 2 3 4 4 4 7.91 0.7 0.075 <5 1.7
6 PAX 10 1.73 0 1 3" 4 4" 5 5 7.78 0.14 0.05" <5 |15
Rotationvelocity (rpm) 350 20 20 20 20 20
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (€) | (mgh
8.07 6.7 10to15¢ 2.2 13.8 148.8




vzd

Sheet for flocculation-test

Date:

Nov 1 1996

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP** | Fe | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/D) | (mg/M)| 0.1IM |3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color [COD
(ml) }5) Big flocs 2mm 6) Very big floes 3-4 mm (NTU) Al Fe
5 min 10 min |15 min |20 min |25 min |30 min (mg/l) (mg/h
1 PAX XL-1 1.73 0 1 3 37 4 4 4 7.86 0.13 0.05" <5 1.65
2 PAX XL-60§ 1.73 0 1 3" 4 4 5 5 7.79 0.16 0.1t00.05" <5 1.6
3 PAX XL-61} 1.73 0 1 3" 4 4 4 4 7.91 0.1 0.05 <5 1.45
4 FeCly 1.73 0 1 2" 3 & 4" 4 7.62 1.24 0.375 <5 | 185
5 PIX 115 1.73 0 1 2 3 4 4 4 7.76 0.68 0.165 <5 1195
6 PAX10 | 173 0 1 3 4 4" 5 5 7.68 0.14 | 0.1t00.05 <5 |17
Reotationvelocity (rpm) 350 20 20 20 20 20
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (©) | (mgh
8.08 6.8 10to 15§ 24




gzd

Sheet for flocculation-test

Date:

Nov 5 1996 (a.m.)
The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
A" | Fe* | H,SO, |0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/l) | (mg/M){ 0.1M [3) Small flocs 0.5 mm 4) Flocs 1mm Turbidity Residual Color [COD
(ml) [5) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min |20 min |25 min |30 min (mg/l) (mg/h)
1 PAX 16 1.04 7.5 I 2 2" 2" 2" 2" 6.6 0.5 <0.05 <5 |14
2 PAX XL-61] 1.04 0 I 2" 3 3" 3" 3" 8.04 0.2 <0.05" <5 |12
3 PAX XL-1 1.04 0 1 3 3" 4 4 4 8.02 0.16 0.05 <5 1.5
4 PAX XL-60] 1.04 7.2 1 3 4 4 4 4 6.68 0.18 <0.05 <5 1.35
5 PAX 10 1.04 72 1 3 e 4 4 3 6.58 0.26 <0.05 <5 14
6 ALG 1.04 9.2 1 2 2" 3 3 3 6.28 0.64 0.05" <5 1.5
Rotationvelocity (rpm) 350 20 20 20 20 20
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]
(NTU) (C) | (mgh)
8.14 7.8 5to 10 2 150.1




9zd

Sheet for flocculation-test

Date:

Nov 5 1996 (p.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
I Fe | H,SO, [0) No floc 1) Unclear 2) Cloudy Filtrated water
(mg/D) {(mg/M)| 0.1M [3) Small flocs 0.5 mm 4) Floes Imm Turbidity Residual Color |COD
(ml) |5) Big flocs 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min 20 min {25 min |30 min (mg/t) (mg/h)
1 PAX XL-61] 1.04 0 I 2" 3 3 3 3 8.08 0.26
2 PAX XL-60] 1.04 0 1 3 4 4 4 5 7.96 0.23
3 ALG 1.04 9.2 1 2 27 3 3 3 6.31 0.61
4 FeCl, 1.73 0 1 3 4 4 4 4 7.77 1.03
5 PIX 111 1.73 0 1 2" 3* 4 4 4 7.83 0.51
6 PAX 10 1.04 0 1 3 4 4" 4 4" 7.91 0.29
Rotationvelocity (rpm) 350 20 20 20 20 20
Raw water-analyse
pH-value | Turbidity | Color }| COD | Temp. | [HCO;]
(NTU) © (mg/l)
8.13 7.8 5to 10 2 150.1




Lzd

Sheet for flocculation-test

Date:

Nov 6 1996 (a.m.)

The sample was taken from: Luanhe River

Jar number | Coagulant Dose pH-adj. Coagulation pH-value Analyses
AP | Fe* | H,SO, [0) No flec 1) Unclear 2) Cloudy Filtrated water
(mg/hy | (mg/D} 0.1M }3) Small flocs 0.5 mm 4) Flocs Imm Turbidity Residual Color |COD
(ml) [5) Big floes 2Zmm 6) Very big flocs 3-4 mm (NTU) Al Fe
5 min 10 min |15 min |20 min |25 min |30 min (mg/l) (mg/l)
1 PAX XL-1] 0.69 0 1 2 2" 3 3 3 8.1 0.62
2 PAX XL-60] 0.69 0 1 2" 3" 4 4 4 8.1 0.47
3 PAX10 | 0.69 0 1 2" 3" 4 4" 4 8.04 0.6
4 ALG 0.69 9.2 I 1 1 1 1" 1" 6.03 6.1
5 FeCls 1.38 0 1 2" 3" 4 4 4" 7.84 1.2
6 PIX 111 1.38 0 1 2" 3 3" 4 4" 7.94 0.83
Rotationvelocity (rpm) 350 20 20 20 20 20
Raw water-analyse
pH-value | Turbidity | Color | COD | Temp. | [HCO;]]
(NTU) ©) (mg/l)
8.14 6.7 10to 15§ 2.1 12.1 149.5




APPENDIX C

COAGULANTS IN DIFFERENT DOSES AT DIFFERENT pH C1-C9



Figure C:1-9 present data on the effect of adding the coagulants in different doses at
different pH. The data shows that the performances of the coagulants are depending
on the pH. The iron based coagulants need a lower pH than the aluminum based

coagulants, in order to get optimum performance.

_g 1.73mg A13+/x[

Turbidity

pH

Figure C:1  Effect of pH using ALG

As shown in Figure C:1, ALG get the lowest turbidity at a pH around 6.5.

—a 1.04mg A3+
—a— 1.73mg A3+

Turbidity

5 55 6 6.5 7 7.5 8
pH

Figure C:2  Effect of dose and pH using PAX 10

The results in Figure C:2 indicates that PAX 10 works well within a wide range of

pH-values.

Cl
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Turbidity

55 6 6.5 7 7.5 8 8.5
pH

Figure C:3  Effect of pH using PAX 16

The results in Figure C:3 suggest that the best performance of PAX 16 is seen with
pH around 6.5 to 7.3.

2 —e— 276 mg Al3+/1
% —a— 173 mg A3+
= —gg— 1.04mg AI3+/1

pH

Figure C:4  Effect of dose and pH using PAX XL-1

As shown in Figure C:4 PAX XL-1 performs best at a high pH. Therefore the addition
of acid to the raw water was not needed in order to get optimum pH.
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—o— 276 mg AI3+/1
s 1.73 mg Al3+/]
—g— 1.04mg A3+

Turbidity
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Figure C:5  Effect of dose and pH using PAX XL-60

The results in Figure C:5 indicates that PAX XL-60 performs well at low doses and at
a wide range of pH-values.

g —o— 1.73mg AI3+1 [

Turbidity

pH

Figure C:6  Effect of pH using PAX XL-61
Figure C:6 shows that PAX X1.-61 performs well at a wide range of pH-values and

best at a high pH. Addition of acid, in order to get optimum pH of the raw water, was
not needed using PAX XL-61.
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_@— 1.73 mg Fetot/] |
—a— 2.76 mg Fetot /1

Turbidity

Figure C:7  Effect of dose and pH using PIX 111

As shown in Figure C:7 the best performance with PIX 111 is seen using a high dose.
The optimum pH seem to be around 5.5.

i —a— 1.73mg Fetot/1|
i

Turbidity

5 55 6 6.5 7 7.5 8
pH

Figure C:8  Effect of dose and pH using PIX 115

As shown in Figure C:8, PIX 115 need a low pH for optimum performance.
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—g— 1.73 mg Fetot/l
—e— 2.76 mg Fetot/l

Turbidity

Figure C:9  Effect of dose and pH using FeCl,

The results in Figure C:9 shows that a low pH is needed in order to get optimum
performance using FeCl;.

Figure C:10-18 presents data on turbidity with the dose 1.73 mg AP /lor 1.73 mg
Fe''/1 at either optimum pH or at unadjusted raw water. The data shows that low
turbidity is achieved, with the same coagulant and the same dose, using different

samples of raw water.
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Figure C:10 ALG; Turbidity at around optimum pH, dose 1.73 mg AP using
different samples of raw water
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Figure C:11  PAX 10; Turbidity at around optimum pH, dose 1.73 mg AP/, using
different samples of raw water
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Figure C:12 PAX 16; Turbidity at around optimum pH, dose 1.73 mg AP/l using
different samples of raw water
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Figure C:13  PAX XL-1; Turbidity at around optimum pH, dose 1.73 mg A"/,
using different samples of raw water
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Figure C:14 PAX XL-60; Turbidity at around optimum pH, dose 1.73 mg AP/
using different samples of raw water
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Figure C:15 PAX XL-61; Turbidity at around optimum pH, dose 1.73 mg AI’*/],
using different samples of raw water

Turbidity

Figure C:16 PIX 111; Turbidity at around optimum pH, dose 1.73 mg AP/ using
different samples of raw water
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Figure C:17 PIX 115, Turbidity at around optimum pH, dose 1.73 mg AP/ using
different samples of raw water

Turbidity

tot

Figure C:18 FeCl;; Turbidity at around optimum pH, dose 1.73 mg Fe™/l, using
different samples of raw water

The scale is different in Figure C:18, compared to Figure C:10-17, because of the
great difference in residual turbidity in the treated water.
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