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Wagstewater from papermaking provides an jmportant environmental
chaIIe_n?e._ ImProved understandl_n? of industrial paper production through the set of
material inputs used and their interactions with the process itself may lead to the
ability to predict the change in wastewater Ioadm?s. It"should lead as well to the root
causés of wastewater load generation that should be managed in order to prevent
upsettm([} of the wastewater treatment system. The identifiCation and derivation of
thesl(z refationships between material supplied and wastewater load is the focus of this
work.

The mathematical multivariate technique COHSlStIﬂ? of factor analysis (FA)
and multiple reﬁresslon analysis (MRA) was used to develop a model that nat only
characterizes the interrelationships among the material mRut variables (puIPs,
chemicals, water, and electric power) bit also leads to te_?_redlctlon of the
relationships between wastewater generation and production conditions. The models
were developed based on measurable data obtained from a papermaking facility
durln? January, 2001 to September, 2002 for the three major classes of paper products
from the studg site Gﬁpsum face finer board, GF; Gypsum back liner board, GB; and
Duplex coated hoard, DP). _

It was found that the contaminants from the feed stock, poor control of
addition of chemicals and poor retention. of fines and filler, and too frequent change
over .of paper grade including scheduling of machine operations hefween paper
machine and wastepaper plant “contriute g,reatly to high wastewater loads, nam,eh{
suspended solids, fotal dissolved solids, hiological oxygen demand, and chemica
oxygen demand. Varigus. management responses for “wastewater control were
suQested hased on the findings from this model development.
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Academic year 2003 Advisor’s S|8nalume....( Mhtol



\

Acknowledgements

This dissertation would not be accomplished without contributions from many
people. First of all, the author would like to express her highest respect and deepest
thanks to her parents for giving not only her life with ultimate gentle warmth of love
and care but also her inspirations. Specifically, on the occasion of six anniversary of
her parents in 2003 and 2004, this is a very special gift for her parents’ birthday.

The author also would like to particularly express her sincerest thanks to her
advisor for providing guidance and valuable discussions in conducting this research
since the beginning and her co-advisors for invaluable comments and suggestions and
editing up to the last minute. Many thanks go to experts in related fields from the
Departments of Statistics and Mathematics, Chulalongkom University and the
Department of Pulp and Paper Technology, Asian Institute of Technology for their
kind supports regarding the detailed knowledge necessary for this work. Great
appreciation goes to all of the staff at the paper mill studied, especially the production
manager and the chiefs of staff of each production unit for their generous supports
through information and fruitful discussion throughout this study. Without their help,
this dissertation would never have become a reality.

Furthermore, much gratitude is due to the chairman and all the members of the
committee for providing their comment and to make this research more valuable, and
to all of the author’s former professors for providing the knowledge and wisdom.

Special thanks go to the International Postgraduate Program in Environmental
Management, National Research Center on Environmental and Hazardous Waste
Management (NRCEHWM), Chulalongkom University for providing an educational
scholarship and to the Department of Environmental Engineering, Rajamangala
Institute of Technology (RIT), Chiang Mai campus for allowing the author to study
for an advanced degree.

Sincere thanks also go to the Director of the NRCEHWM, the Director of the
study program, and all staff, in particular, the library officers, for their lovely support,
all students, and many friends both internal and external to the program for their
friendship and cheerfulness.

Lastly, the heart-whole thanks are due to all members of “Ban Chantaramon”;
the author’s beloved family for the waves of their love and understanding, and
encouraging her to break through any impediment and reach the final goal.



vii

CONTENTS
Page
ABSTRACT (THAI o eosvvessmsssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssenns v
ABSTRACT (ENGLISH)...ovovrsvmssirnssisssssssssssssssssssssssssssssssssssssssssssssssssssns v
ACKNOWLEDGEMENTS ..coovvrsrmsssmsssssssssssssssmssssssssssssssssssssssssssssssnes Vi
CONTENTS coosvessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens vii
LIST OF TABLES ... Xi
LIST OF FIGURES .ccoorrsssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssens xv
GLOSSARY .vvcrssssesssissssssisssssssssssssissssssisssssssisssssssssssssssssssssssssssssssssssssns XIX
CHAPTER 1INTRODUCTION
L1 MOUIVALON.....ovvcvvvvssvsvesssssssnssssissssssssssssssssssssssssssssssssssssssssssssssses 1
12 ODJRCHIVE...cvvvesvssssssnssssssnssssssssssssssssssssssssssssmssssssssssssssssssssssssssns 2
L3 HYPONESIS...ovvvsvvvvreseivvmescsssnsssissssssmssssssnsssssssssssssssssssssssssssssssssssens 3
1.4 500D OFte STUY .vvvccevvvvoveivsrassvssssssssssssssssssssssssssssssssssssssssssssnns 3
15 MEthOUOIOGY. vvcvvvvvivvesvssssisssssnsssssssssssssssssssssssssssssssssssssssssssssssssssnes 4
1.6 The Expected Advantage of this RESBAICH..........vvevvessssssssssisssssssissen 8
CHAPTER 2 BACKGROUNDS AND LITERATURE REVIEW
2.1 BACKGIOUNGS......vcvcccversiisvnsscissssssssssssissssssnsssssssssssssssssssssssssssssssssens 9
2.1.1 Theory and Philosophy of Factor ANalYSIS........ccc.emvverseivvesssninnns 10
2.1.2 Theory and Philosophy of Multiple regression Analysis................. 15
2.1.3 DESIGN OF W OIK.....vvvvorvvessisnmmsssissssssssssessssssssnssssssssssssssssssssns 17
2.2 Literature on Paper PrOQUCHION.........ccccvvverssiivnessssssssssnsssssssssssessssnssns 18
2.2.1 Process 0f Paper PrOAUCHION.........cccccvvesivvesssnsssssssmsssssssissssssssninnes 18
2.2.2 Product of INAUSEIIAl PADET......cccccveseivrvmsissessmssssssnssssssssssssssnnss 20
2.2.3 RAW MAIIAIS...occovvcvvvvssssvvmssssvnssssssssssssssssssssssssssssssssssssssssssssenes 20
2.2.4 ULility CONSUMPLION.....vvvvvvevvvvessissesssissesssissssssssisssssssssssssssssssssns 22
2.2.5 Environmental Impact from Paper Production............vvvervsveessns 22
2.2.6 Model of Pulp Quality and Paper QUality..........ccceeveesssvnsssiinnn 23

2.2.7 Application of FA and MRA in Other Works........cccveemsvvesnssen 26



VIII

CONTENTS (Cont.)

Page
CHAPTER 3 RESEARCH METHODOLOGY
3.1 SHE SUTVEYING s 28
3.2 Data collection and Pre-analySiS.. s 28
3.3 Data Analysis and MOdeling s 30
3.3.1 FACEOT A NATY SIS s 30
3.3.2 Multiple Regression ANAIYSIS s 39
CHAPTER 4 SITE, DATA COLLECTION AND PRE-ANALYSIS
4.1 Site SUTVEYING e 53
4.2 Data collection and pre-analySiS. . ————,, 56
4.3 Characteristics of Original Data M atriX .., 62
CHAPTER 5 GYPSUM LINER BOARD RESULTS AND MODELING
5.1 Model I: FA INPUE M 00 €1t 67
5.1.1 COrelation M atriX i s 67
5.1.2 FACION M AT IX corrsivssininssmissssmsmssssessrssssssssmsssssossmssssssssssssssssssssssssssnnes 70
5.1.3 Rotation of Factor (O Ptional) .o 12
5.1.4 DeSCription 0f FACIOr s 12
5.1.4.1 FACLOr LOAUIN QS s 72
5.1.4.2 Physical Meaning 0f FaCLOrS . 74
5.1.5 FA Equation 0f GF and GB ..o 86
D.1.6 FACKOT SCOTES ovvrvrsmmrmsmmsmssmsmssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns 87
5.1.6.1 FACLOr SCOTES 0F G F oo 90
5.1.6.2 FACLOr SCOTES 0 TG B oo 99
5.1.7 Validation of INPULFA M 0081 99
5.2 Model 1l: MRA Predictive Environmental Model s 106
5.2.1 Data collection and preparation of predictor variable.....n 109
5.2.2 Model INVESTIGATION v I
5.2.3 MGl TESEING v s 114

5.2.4 Estimation of Model Parameters



CONTENTS (Cont.)

Page
5.2.5 Evaluation and Interpretation 0f the M 00 el 116
5.2.6 Predictive Equation of Wastewater L 0ad s 118
5.2.7 Validation of the Predictive Mode Lo 121
CHAPTER ¢ DUPLEX COATED BOARD RESULTS AND MODELING
6.1 Model I FA INPUE M OGELosrmnsmssmsmsssmsssmssssssssmssssssssssssssssssssssssssses 141
6.1.1 COrrelation M atriX s s 141
6.1.2 Factor Matrix and Description 0f FACLOT . 147
6. 1.2.1 FACOT LOAUINYS mmmimrimmmsrmmmmsmmssmssssssssssssmssssssssssssssssssssssssssssssssssssssons 150
6.1.2.2 Physical Meaning 0f FACOrS s 158
6.1.3 FA EQUALION coivrssmsrissnssssmsssssssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssins 171
0.1.4 FACLOT SCOTES cmmmmsivmsrmsissmsmsmsssssisssmssssssssssssissssssssssssssssssssssssssssssssssssssssssssssses 17
6. 141 Factor SCOres 0fDP 450 s 177
6.1.4.2 Factor SCOreS 0fDP 400 s 184
6.1.4.3 Factor SCOres 0f DP 350 s 193
6. 1.4.4 Factor SCOresS 0FDP 310 i 200
6.1.4.5 Factor SCOres 0f DP 270 .o 209
6.1.5 Validation 0f FA INPUE M ORI 216
6.2 Model II: MRA Predictive Environmental M od el .. 220
6.2.1 Data preparation and reduction of predictor variable.....mn 220
6.2.2 MOARl INVESTIGALION oot rvrmsersssssssssssssssssssmssssssssssssssssssssssssssssssssssssssees 221
6.2.3 MOURI TESTING vrvrrrrmrmsrmsssmsssmsmmssssmsssssssssssssssssssssssssssssssssssssssssssssssssssssses 224
6.2.4 Estimation 0f Model Parameters. s 226
6.2.5 Evaluation and Interpretation of the M odel i 228
6.2.6 Predictive Equation of Wastewater LOad ..o 229
6.2.6.1 Predictive model of Wastewater Load for DP 450 e 231
6.2.6.2 Predictive model of Wastewater Load for DP 400 s 235
6.2.6.3 Predictive model of Wastewater Load for DP 350 . 239
o.2.6.4 Predictive model of Wastewater Load for DP 310 . 243
s.2.6.5 Predictive model of Wastewater Load for DP 270 .rsrrsinn 247

6.2.7 Validation 0f Predictive M 0T e .o esresssssssssssssssssssssssneees 253



CONTENTS (Cont.)

Page
CHAPTER 7 MANAGEMENT APPLICATIONS
7.1 Management Applicationfor Industrial PAPEr ... 265
7.2 58 L080 CONION s 267
7.3 TDS L0AA CONIOLoimiiienssnsssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 269
T4 COD & BOD L02US CONEIOL. oo 270
CHAPTER 8 CONCLUSION AND RECOMMENDATION
A O30 1 1V 0N 271
8.2 RECOMMENUATION oot 213
REFERENCES......c st 276
APPENDICES...c.c ittt 280



31
41
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17
5.18

Xl

LIST OF TABLES

Page
ANOVA Table for Linear RegreSSiON s 42
The Number of Input Data Collected and USed ... 56
Total Input Variables of Industrial Paper for Building Model L. 59
Percentage Valid 0f Removed Variable s, 60
Output Variables of Industrial Paper for Building Model I 60
Total Input Variables for Model Validation ... 61
Characteristics of Input Variable of Gypsum Linear Board......mmmmmmmmmmms 63
Characteristics of Input Variable of Duplex Linear Board ... 64
Wastewater Characteristics 0f Al Industrial Papers....mmmmmmmmmmmmn, 65
Wastewater Load of Gypsum Linear Board Production ..., 65
W astewater L0AA 0 D P o 66
Correlation Matrix of Material INPUL 0F G F ..o 68
Correlation Matrix of Material INPUL 0F G B ... 68
Total Variance Explained Obtained from Extractionof GF and GB ..o 69

Total Variance Explained Obtained from Un-rotated andRotated Factor........ 70

Factor Matrix of Factor Loading 0f G F .o 73
Factor Matrix of Factor Loading 0f GB i 73
Type of Wastepaper in the LaYer 0f GF .. 18
Material FA Input Models of Gypsum Linear BOArd ... 86
Type of Wastepaper in the LAYer 0T G B .. 83
Cases of highly magnitude 0f FifOr GF .o 90
Cases of highly magnitude of F2for GF .. 93
Cases of highly magnitude 0f FsfOr GF s 95
Cases of highly magnitude 0f FATOr GF ..o 97
Name of Significant Factors 0 GF . 98
Cases of highly magnitude 0f Fafor G B . 100
Cases of highly magnitude 0f F2f0r G B .o 102
Cases of highly magnitude 0f FsfOrG B .o 103

Cases of highly magnitude 0f FATOr G B ..o 105



5.19
5.20
5.21
5.22
5.23

5.24
5.25
5.26
5.27
5.28
5.29
5.30
5.31
5.32
5.33
5.34
5.35
5.36
5.37
5.38
5.39
5.40
6.1

6.2

6.3

6.4

6.5

6.7

Xli

LIST OF TABLES (Cont.)

Page
Name of Significant Factors 0f GB s 105
Correlation Matrix of Material Input of GF from Validation ... 106
Correlation Matrix of Material Input of GB from Validation ... 107
Validating Results of Factor Scores Model of Gypsum Linear Board............ 108
Outlier of Error between Wastewater load and Factors Occurred in
Model BUilding for GF and G B ... 110
Example of Basic Equation for $5 1020 0TG F ..o 112
Result of Model Investigation for Basic Equation 0f GF ..rrmmssnnsssnsnns 113
Result of Model Investigation for Basic EQUAtion 0f G B .....rmnmnsnssiinns 114
Result of Model Testing for Basic EQUAtion 0f GF ... 115
Result of Model Testing for Basic EQUation 0f GB s 116
Result of Estimation of Model Parameters in Predictiveequation of GF ........ 117

Result of Estimation of Model Parameters in Predictive equation of GB ....118

Result of Evaluation of the Modelin Predictive equation of GF e 119
Result of Evaluation of the Modelin Predictive equation 0f G B . 120
Predictive Environmental Model for Wastewater of Gypsum liner board .... 121
Unusual Cases 0 FZ5S L OB s 123
Unusual Cases 0f ZTDS LOAU s 125
Unusual Cases 0fZCOD L0 s 127
Unusual Cases 0f ZBOD L 08U i 129
Root cause and effect relating wastewater generated 0f G F .o 130
Root cause and effect relating wastewater generated 0f GB v 134

Validity of predictive model for wastewater from Gypsum liner board.... 135

Correlation Matrix of Material INPUt 0T DP 450 v 142
Correlation Matrix of Material Input 0f DP 400 .o 143
Correlation Matrix of Material Input 0f DP 350 v 144
Correlation Matrix of Material Input 0f DP 310 s 145
Correlation Matrix of Material INpUt 0T DP 270 oo 146
Eigenvalue and Communality values 0f all DPS s 148

Total Variance Explained obtained from Un-rotated and Rotated Matrixes ..149



6.8

6.9

6.10
6.11
6.12
6.13
6.14
6.15
6.16
6.17
6.18
6.19
6.20
6.21
6.22
6.23
6.24
6.25
6.26
6.27
6.28
6.29
6.30
6.31
6.32
6.33
6.34
6.35
6.36
6.37

xiii

LIST OF TABLES (Cont.)

Page
Factor Loadings 0f DP 450 ProdUuCtion . 151
Factor LoadingS 0f DP 400 Production .. 152
Factor Loadings 0f DP 350 ProdUCTION vvvuvmmmmsmsmmssmsssssssssssssssssssssssssssssssssnes 153
Factor Loadings 0f DP 310 ProdUCTION s 154
Factor Loadings 0f DP 270 ProduCtiON .o 155
Type of Wastepaper in the 1aYer 0f D P S 159
Composition 0fDP N €ACH TAY LT v 163
FA INPUE M OTET 0F DP 450 oo 172
FA INpUEMOAEl 0T DP 400 oot 173
FA INPUE M OTET 0T DP 350 oo 174
FA INpUt MOdel 0T DP 310 i 175
FA INpUt MOdel 0F DP 270 i 176
Cases of highly magnitude for FI 0F DP 450 s 178
Cases of highly magnitude for F2 0f DP 450 ... 179
Cases of highly magnitude for F30f DP 450 s 181
Cases of highly magnitude for FA 0T DP 450 ... 182
Cases of highly magnitude for Fs 0T DP 450 .o 183
Name of Significance FActors 0F DP 450 s 184
Cases of highly magnitude for Fi 0f DP 400 ... 185
Cases of highly magnitude for F2 0fDP 400 s 186
Cases of highly magnitude for F30f DP 400 ... 188
Cases of highly magnitude for F4 0T DP 400 ... 189
Cases of highly magnitude for F5 0fDP 400 190
Cases of highly magnitude for Fs 0f DP 400 .. 192
Name of Significance FAcCtors 0f DP 400 .o 192
Cases of highly magnitude for Fi 0f DP 350 . 194
Cases of highly magnitude for F2 0 DP 350 s 195
Cases of highly magnitude for F3 0T DP 350 s 196
Cases of highly magnitude for Fa 0f DP 350 s 198

Cases of highly magnitude for Fs 0f DP 350 .o 199



6.38
6.39
6.40
6.41
6.42
6.43
6.44
6.45
6.46
6.47
6.48
6.49
6.50
6.51
6.52
6.53
6.54

6.55
6.56
6.57
6.58
6.59
6.60
6.61
6.62
6.63
6.64
6.65

XIV

LIST OF TABLES (Cont.)

Page
Name of Significance Factors 0f DP 350 . 200
Cases of highly magnitude for Fi 0f DP 310 s 201
Cases of highly magnitude for F2 0f DP 310 cmmmmmrmmmsmmsmmsssssssssssssssnsnens 202
Cases of highly magnitude for Fs 0f DP 310 s 204
Cases of highly magnitude for Fa 0f DP 310 s 205
Cases of highly magnitude for Fs 0f DP 310 .o 206
Cases of highly magnitude for FO 0f DP 310 s 208
Name of Significance FActors 0f DP 310 .o 208
Cases of highly magnitude for Fi 0fDP 270 s 210
Cases of highly magnitude for F2 0fDP 270 s 211
Cases ofhighly magnitude for Fs 0f DP 270 s 212
Cases of highly magnitude for F40f DP 270 s 214
Cases of highly magnitude for Fs 0f DP 270 s 215
Name of Significance Factors 0fDP 270 s 216
Validation Results of FA Input Model for Fl= Fs s 217
Validation Results of FA Input Model for F6: F 1ommmmmmmmmmmmmmmmmmmmmmmmssin, 218
Outlier of Error between Wastewater Load and Factor Occurred in
Model BUIAING fOr @ll DP S.smssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssns 220
Result of Model Investigation for Basic Equation of DP 450, 400 and350...222
Result of Model Investigation for Basic Equation of DP 310 and 270 ... 223
Result of Model Testing for Basic Equation of DP 450, 400 and 350 225
Result of Model Testing for Basic Equation 0f DP 310 and 270 ... 226

Result of Estimation of Model Parameters in Predictive equation of DPs........227
Result of Evaluation of the Model in Predictive equation 0of DPs
Predictive Environmental Model for Wastewater of Duplex coated board.....230
Root cause and effect relating wastewater generated of DP 450 and 400
Root cause and effect relating wastewater generated of DP 350 and 310......252
Root cause and effect relating wastewater generated 0f DP 270 s 253
Validity of predictive Model for wastewater from Duplex coated board



11
2.1
2.2
2.3
24
2.5
2.6
2.1
2.8
2.9
3.1
3.2
3.3
3.4
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
5.15

LIST OF FIGRUES

Page
Schematic Diagram 0f Methodol0gY . ———————. 8
A set of Variables Reduced int0 FACTOTS. s 10
Plot Diagram of Ten Variable on the TW0 FACTOTS.mmmmrmmmmmsmmsmsmsmnns 12
A MOUEI OF MRA s 16
Frame work of FA and MRA Models for Industrial Papermaking ... 17
Flow Diagram of Industrial Paper ProduCtion .. 19
Discharge of Pollutants from a Paper Mill... s 23
Common Factor Diagram of Pulp QUAlILY s 24
Common Factor Diagram ofPaper QUAlILY s, 24
Common Factor Diagram of FUrNish BIENGING .o, 25
Input and OQutput variables from Papermaking ProCess. . 29
Factor Analysis Procedure for Gypsum Liner Board Production ... 32
Multiple Repression Analysis Procedure for Industrial Paper Production ... 43
DIagram 0F B OXP IOt s 48
Grouping of correlation between two variables for GF .., 69
Grouping of correlation between two variables for GB ... 69
Scree Plot 0T EIgenvalue fOr GF s 11
Scree Plot 0F Eigenvalue fOr GB . 11
Diagram of Common Factors Obtained Through in FA and G F ... 14
Stage of Paper Forming in the Wet End O perationS...mmmmmmmmmmmmmmmn 7
Factor Scores 0f GF; a) Fi and b) Fz s 87
Factor SCOTes 0f GF; €) FIANA 0) Fa s 88
Factor Scores 0f GB; a) FI, b) Fz, ¢) Fs and d) F tommmmmmssmsmmsnn 89
Important Variables in Fi 0f GF ProdUCTION . 91
Important Variables in 12 0F GF ProduCtion s 94
Important Variables in F-, 0f GF ProdUCTION s 96
Important Variables in Fa 0f GF ProdUCTION s 98
Important Variables in Fi 0f GB ProduCTiON v 99

Important Variables in L2 0Ff GF ProduCtion s 101



Y

LIST OF FIGRUES (Cont.)

Page
5.16 Important Variables in Fs 0f GF Production...mmrsssssnsinsns 103
5 .17 Important Variables in Fa of GF Production....... 104
5.18 Relationship between zss Load of GF and Fiand Fa ... 122
5.19 Relationship between ZTDS Load of GF and FI, Fz and Fa s 124
5.20 Relationship betweenZCOD Load of GF and Fzand Fs s 126
5.21 Relationship betweenZBOD Load 0f GF and F2and Fs . 128
5.22 Relationship betweenzss Load 0f GB and F2and Fa .o 130
5.23 Relationship betweenZTDS Load of GB and Fi and Fa s 131
5.24 Relationship betweenZCOD Load 0f GB and Fi and Fz . 132
5.25 Relationship betweenZBOD Load 0f GB and F1and F2....mmmmmmmmmmnn 133
5.26 Result of Calculation for ss and TDS Loads 0f Total GF .. 137
5.27 Result of Calculation for COD and BOD Loads of Total GF ... 138
5.28 Result of Calculation for ss and TDS Loads of Total G B .. 139
5.29 Result of Calculation for COD and BOD Loads of Total G B ... 140
«.1 Common factors of DP 450 and DP 4000btained through FA . 156
6.2 Common factors of DP 350 and DP 310obtained through FA e 157
6.3 Common factors of DP 270 obtained through FA s 158
6.4  Factor SCores 0fDP 450 fOr F i 177
6.5 Factor SCores 0fDP 450 fOF Faummmmmssissmsssmsssssmssssssmsssssssssssi 179
6.5 FACtor SCOres 0fDP 450 fOF Faummmmsimmmmmmsmmmsssmsssssssssssssssnn 180
6.7  Factor SCores 0fDP 450 fOr Fu s, 181
6.5 FACtOr SCOreS 0fDP 450 fOF Fs s 183
6.9  Factor SCores 0fDP 400 fOr F i, 184
6.10 Factor Scores 0fDP 400 fOF Faummmmmmssssmmssssmssssssssssssssssssssssssses 186
6.11 Factor Scores 0f DP 400 fOF Faummmmmmmsssmsssmsssssssssssssssssssssssse 187
6.12 Factor Scores 0fDP 400 fOF Fa s, 188
6.13 Factor SCores 0f DP 400 fOF Fs s 190
6.14 Factor SCores 0f DP 400 fOF Fo s, 191
6.15 Factor Scores 0fDP 350 FOF F i 193



6.16
6.17
6.18
6.19
6.20
6.21
6.22
6.23
6.24
6.25
6.26
6.27
6.28
6.29
6.30
6.31
6.32
6.33
6.34
6.35
6.36
6.37
6.38
6.39
6.40
6.41
6.42
6.43
6.44

xvil

LIST OF FIGRUES (Cont.)

Page
Factor SCores 0fDP 350 fOF Fa v 194
Factor Scores 0f DP 350 fOF Fs s 196
Factor SCores 0f DP 350 fOF Fhummmmsmsssssssssssssssssssssssssssssssssinnn 197
Factor SCores 0fDP 350 fOF Fs o s 198
Factor SCOres 0fDP 310 fOF F i 200
Factor SCores 0f DP 310 fOF Fa s 202
Factor SCores 0f DP 310 fOF Fs s 203
Factor SCOres 0fDP 310 fOF Fu s 204
Factor SCores 0T DP 310 fOF F s s 206
Factor SCores 0fDP 310 fOF FOummmmmmmmmssssssssssssssssssssssssss s 207
Factor SCores 0fDP 270 fOF Fiumsimmsmmmmsssmsssssmssssssmssssssssssssssssssssrnns 209
Factor SCores 0fDP 270 fOr Fa i s 210
Factor SCores 0fDP 270 TOI F3.mmmimmmmmmmmsmssmssssssmssssssmsssssssssssinsnn 212
Factor SCOres 0fDP 270 TOr Fa s 213
Factor SCOres 0fDP 270 fOF FSummmmmmmmmmmimmmmmmmsssssssssssssssssssss s 214
Relationship between zss Load of DP 450 and F2 and F4 ... 231
Relationship between ZTDS Load 0f DP 450 and Fi s 232
Relationship between ZCOD Load 0fDP 450 and Fs....mmmsnmmmssnmsmssnnns 233
Relationship between ZBOD load 0f DP 450 and Fs .o 234
Relationship between zss Load 0f DP 400 and F i, 235
Relationship between ZTDS Load of DP 400 and Fé.....mmmsnsnssnsn 236
Relationship between ZCOD Load of DP 400 and F2 and FO...mmmermmmmmmmnnns 2317
Relationship between ZBOD Load of DP 400 and F2 and Fe s 238
Relationship between zss Load of DP 350 and FI, F2 and F6...mmrmmmmsrnnnn 239
Relationship between ZTDS Load of DP 350 and Fi,F2, F4, andFS....m. 240
Relationship between ZCOD Load 0f DP 350 and Fé...mmmsnmsmmsmsmsmssnnns 241
Relationship between ZBOD Load 0f DP 350 and Fu . 242
Relationship between zss Load of DP 310 and F2,Fs and Fs .. 243

Relationship between ZTDS Load of DP 310 and F5 andF 0. 244



it

LIST OF FIGRUES (Cont.)

Page
s 45 Relationship between ZCOD Load of DP 310 and Fz andFa ... 245
6.46 Relationship between ZBOD Load of DP 310 and Fz andFa . 246
6.47 Relationship between zss Load of DP 270 and Fiand Fz .o 247
6.48 Relationship between ZTDS Load of DP 270 and Fl, F2 F., and Fs... 248
6.49 Relationship between ZCOD Load 0f DP 270 and Fi.mmsmmmmssnsisssnn 249
6.50 Relationship between ZBOD Load 0f DP 270 and F i 250
6.51 Result of Calculation for SS and TDS Loads of Total DP 450..vvvivvveennen 255
6.52 Result of Calculation for COD and BOD Loads of Total DP 450 ... 256
6.53 Result of Calculation for ss and TDS Loads of Total DP 400 ..rrrrminnn 257
6.54 Result of Calculation for COD and BOD Loads of Total DP 400 ... 258
6.55 Result of Calculation for ss and TDS Loads of Total DP 350 ..rmrmmrrnen 259
6.56 Result of Calculation for COD and BOD Loads of Total DP 350 ... 260
6.57 Result of Calculation for ss and TDS Loads of Total DP 310 .rrmmminnn 261
6.58 Result of Calculation for COD and BOD Loads of Total DP 310 . 262
6.59 Result of Calculation for ss and TDS Loads of Total DP 310........c.c.......... 263
6.60 Result of Calculation for COD and BOD Loads of Total DP 310 .. 264
7.1 Schematic of wastewater load generation and its management....... 266



GLOSSARY

Main Abbreviations and Terms

A| - A5, and Ag
N g
GP

GF

GB

DP

SS

TDS
BOD
CoD

FA

MRA
kW Tir/adt

Wet end operations

Stock

Furnish

Broke

W hite water

WWTP
ww
FL

Various Types of Wastepaper

Types of Virgin Pulp

Gypsum liner board production

Gypsum face liner board

Gypsum back liner board

Duplex coated bhoard production

Suspended Solids

Total Dissolved Solids

Biological Oxygen Demand

Chemical Oxygen Demand

Factor Analysis

Multiple Regression Analysis

Unit of energy consumption of paper

in terms of air dry metric ton

The first part of paper machine is the operation
in the wet state where paper is formed.

The mixture of pulp slurry consists of pulp
fillers, various papermaking materials, and water.
The combination of all of the material used to
make paper is in the wet end operations.

The out-of-specification of paper, sheet or web
breaks, and paper trimmings are often reused in
the paper mill.

The water contains fines, fiber, chemicals, and
water that is used in papermaking through the
re-circulated white water system.

Wastewater Treatment Plant

Wastewater

Fiber loss
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