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An integrated pulp and paper
mill, producing 100 M.T~of pa-
per per day, consumes as much
water as a city of 0.3 million po-
pulation. On an average, to make
a ton of paper of printing and
writing grades, nearly 60,000gal-
lons of fresh water is required.
When pulp is made from mecha-
nical grinding of wood, water re-
quirement is still higher. Such
a large amount of water, re-
quired in paper-making, creates
many witty problems to the in-
dustry. It has to ensure a con-
stant and uninterrupted supply
of required volume of water
round-the-clock, and throughout
the year. The quality of water
is to be rigorously maintained
in all seasons. Suspended impu-
rities. decayed organic matter,
slime. undesirable hardness, tur-
bidity due to mud and colouring
matter, and objectionable odours
are all such properties of natu-
ral waters, that should effective-
ly and economically be removed,
hefore it is made fit for supply
to a pulp and paper mill.

For bleached grades of printing
and writing papers, following
properties of fresh water are
desirable (1).

Water from subterranean sources
although clear in appearance and
free from suspended matter, con-
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Fresh Water and Effluents
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To make paper, water is as important a raw material as cellulose. Ins-
pite of Ihis universal truth, little attention is given 10 the tcel:nology of water
supply, its treatment and reconditioning of mill ejlluenis - for reuse in pulp
and paper making. In the present paper, authors have touched this new but
a very vilal subject. The extensive studies made on chemical and physical
characteristics of fresh water and effluent waters from different stages of
pulp and paper processing, reveal several salient features of the possibilities
of reuse of mill effluents in place of fresh water. Although these studies
were limited to a particular paper mill, this in no way undermines their
importance for pulp and paper technologists in general, because most of the
old mills more or less have similar working problems. This is more true
to mills situated in tropical countries. Even now, paper mills, having mar!'
sophisticated backwater reclamation and dosed flow systems, have to [ace
similar water problems, when they think of expansion.

Paper machines effluents possess better settlitvj properties and lower
contents of T.D.S., total hardness, permanent hardness, methyl orange al-
kalinity, sulphates and chlorides as compared to those from pulp mill.
Obviously reclamation of paper machines effluents by a suitable chemical
treatment is much easier and economical, than of the pulp mill effluents.
The entire paper machines effluent can be made fit to supplement or re-
place fresh water demand in certain process operations even with much
better advantages over fresh water. Pulp Mill effluents having high con-
tents of organic colouring matter, chlorides and hardness can be partially
reconditioned for use in brown-stock preparation, screening and washing:
and thereby fresh water can be partially replaced without any adverse
effect on the quality of product or the efficiency of a process.

There arc several novel fwd findings made by the authors. One of
these is the utilisation of effluent sludge from bleach-liquor preparation
system. This sludge contains [ree Cl as well as free Ca(OH)2' besides fine
lime mud. These ingredients of bleach sludge can be utilised: in treating
fresh uiater or back waters with chlorine as a disinfectant or slimicide; free
lime for partial removal of bicarbonate hardness and fine mud as an aid
to [loculation of turbidity. Another discovery made by them on the chemica!
activity of coal-cinder in removing carbonate, bicarbonate hardness and oily
matter from the mill effluent would prove highly beneficial in better utili-
sation of this waste product from boiler house. So far cinder has been
thrown out as an useless material and has no return value economically
Its use as a water conditioning agent would certainly add to the economy
of a mill.

Three water diagrams showing distribution balance of both fresh and
backwaters in different stages of pulp and paper making, give a vivid pic·
ture of the water balance for a fresh water flow of either 10 mgd. or 1.5
mgd. or 6 mgd. in an integrated pulp and paper mill producing 100 tons of
paper per day on its three paper machines of equal capacity, and having a
i ton/day ray. plant, a 15 ton/day electrolytic - caustic [Lant, a 10 Meqnurat!
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talns varying amounts of dis-
solved impurities; whereas sur-
face waters contain both sus-
pended and dissolved impurities.
During rainy season, surface wa-
ter gets highly turbid, and paper
mills using such water have to
spend considerable amount in
chemicals and equipment to pu-
rify it. Seasonal streams create
very severe problem of high tur-
bidity, when there is rain in
their catchment area. In some
cases, during heavy rains, water
from these streams contains as
high a turbidity as 75,000 ppm,
i.e. for every million gallons of
water, 335 tons of mud and sus-
pended solds have also to be
handled. These problems compel
a pulp and paper technologist to
find out ways and means to re-
duce fresh water demand and to
reclaim the mill effluents to make
them suitable for resuse in the
process.
Hereinbelow, a case study of an
integrated pulp and paper mills,
having its own power generation
plant and electrolytic caustic
soda plant, has been described
as an example how the problem
of water treatment and reuse of
effluents can be successfully
tackled. These findings are bas-
ed on the characteristics of water
supplied by a small seasonable

power generation system and a colony of 10,000 persons. Although in the
latter two cases of 7.5 mgd. and' 6 mgd. flows; substantial reduction in
fresh water supply has been suggested, yet the total water balance at each
stage of manufacturing process has been maintained same as that in the
case with 10 mgd. flow. This is something noteworthy. It would not only
give a new line of thought in understanding the specific needs of differenl
processes, so far the use of fresh water and reclamation of mill effluents are
concerned, but it would also prove extremely helpful in solving uiater scar-
city for development of paper industry in areas, where either waled is not
available in plenty or where due to scarcity of rains, water famine may
occur or when future expansion of a mill is at stake for water shortage.
It would also help in solving the problem of effluents treatment, and'· save
many paper mills from investing huge sums in treatment of their effluenLs
to overcome health and irrigation hazards as required under state laws.

rivulet, Peddavagu, a tributory
of the River Godavari, from
where the Sirpur Paper Mills
Ltd. takes its entire water sup-
ply. It is in spate whenever
there is a heavy rain in its catch-
ment area, which consists of
black cotton-soil and lime-stone
hills covered with dense forests.
On account of this, its water pos-
sesses high bicarbonate hardness
and equally high methyl orange
alkalinity. During rainy sea-
son, its turbidity ranges between
5000 ppm and 75,000 ppm and some-
times it shoots. upto even 90,000
ppm. In summers and dry sea-
son, when total flow in this
stream goes as low as 46 cusecs
as against 1,77,000 cusecs during

high floods, it becomes extreme-
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ly essential to reclaim mill efflu-
ents and use it to meet the wa-
ter shortage. This gives an ideal
case for study of reclaiming mill
effluents for reuse.

To meet aforesaid situation, follow-
ing investigations were made-

i) Chemical Characteristics of
fresh water, treated water,
turbine cooling water, efflu-
ents from pulp mill, paper
machines, electro-bleach plant,
and soda recovery were sepera-
tely studied to find out their
basis chemical differences.

ii) Action of mill wastes, like
cinder from boiler house,
bleach sludge from bleach
liquor clarifier and lime
sludge from soda recovery
plant, on effluents was studi-
ed to see if either of them
could give a useful reaction
in reconditioning any efflu-
ent; this study was under-
taken to utilise mill waste.

iii) Water distribution, both
fresh and back water from
process, in different process
operations, was studied, to
find out possible areas
wherein fresh water demand
could be supplemented or
complimented with virgin
backwater or reclaimed efflu-
ents from process. In this
category, three conditions of
water distribution were con-
sidered, viz.

a) when plenty of fresh wa-
ter to the extent of
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1,00,000 gallons per ton of
paper, is available.

b) when
fresh
paper

75,000 gallons
water per ton
is available, and

c) when only 60,000 gallons
of fresh water per ton of
paper would be available.

In all the three cases mentioned
above, the basic water require-
ment in different process opera-
tions has not been disturbed. It
has been kept at the same level
as in the case when 1,00,000 gal.
Ions of fresh water would be
available per ton of paper, so
that the quality of product would
not be affected.

Experiment.al- As mentioned
above, effluents from different
sections of the entire paper mills
(including power plant) were
analysed to know their average
chemical and physical charac-
teristics and variation limits.
These tests comprising of fresh
water, soda-lime softened water,
turbine cooling water, effluents
from paper machines house, efflu-
ents from pulp mill and from
bleach plant separately, have
been given in Table I.

Table gives the compara-
tive characteristics of water and
effluents from different sources
and process stages. A further
study was made to see the effect
of waste materials like cinder, and
other softening methods on che-
mical characteristics of effluents,
to find out if a suitably easy
and economical process could be
evolved to recondition mill efflu-
ents for reuse.

1. Use of coal-cinder = Cinder
is a waste product from boiler
house, and contains complex in-
organic compounds. Due to high-
ly porous structure and partially
fused surface, it forms an ideal
and cheap filtration media for
water and mill effluents. To
study its suilahil ity for such
purpose, fresh cinder from boiler
house was taken and crushed to

of
of

give !" mesh size grains. Crush-
ed cinder was washed free from
adhering dust and fines. Differ-
ent water samples were filtered
through this cinder bed, results
of which are given in Table No.2

It was found that thc cinder bed had
lost its activity slowly, in removing
bicarbonate and M-values of the trea-
ted samples (samples No.7, 8, 9, 10,
11, table II) as the total quantity of
water treated was increased.

II. Soda-Lime softening

Samples from both Paper Machine
drain and Pulp Mill drain, as descri-
bed in Table Ill, were softened by
cold soda lime process to find out
the approximate consumption of che
micals in softening them to various
degrees of total hardness.

III. Use of Bleach Liquor clarifier
sludge

In a continuous bleach preparation
plant, sludge from the clarifier tank
is constantly' discharged to drain
This sludge contains both free limp
and free chlorine besides fine limp
mud. In one case, such sludge was
found to contain 3 to 5 gpl of avail-
able chlorine. Generally free chlor-
ine loss in sludge comes to 1-1.5%
of total chlorine intake. All the
three constituents of bleach sludge
can be usefully used in water clari-
fication, viz. free chlorine for dis-
infection of water, free lime for rc-
ducing bicarbonate hardness and fine
mud as a floculation aid. (2) In view
of this, trials were made to see the
effect of adding bleach sludge to tur-
bid fresh water, and also paper rna
chine house effluents. Results have
been given in Tables No.4, 51\ and
5B. In Table No.4, settling charac-
teristics of paper machine effluents
have been given, when it was allow-
ed to settle as such, and when flocu-
lation a.d like alum of sodium a:um:-
nate or bleach sludge was used.

OBSERVATIONS AND
DISCUSSIONS

r. Chemical Characteristics

An analysis of data given in Ta-
ble No.1 reveals wide difference
between the qualities of ef-
fluents from pulp mill and
paper machines. Content of
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chlorides Was highest in the
pulp mill effluents. Perma-
nent hardness was. also much
higher in pulp mill effluents
than compared to that of
paper machines. pH of pulp
mill effluents varied between
6.5 to 11, obviously due to
varying conditions of opera-
tion in different stages of
bleaching, extraction and
brown stock washing. As ob-
served invariably, in all the sam.
pies, a very conspicuous proper-
ty of pulp mill effluents was its
pale yellow to pale brown colo-
ur. This colour did not disapp-
ear on filtration or on soda-lirn-,
treatment. It got removed
when an oxidant like pofa-
ssium perrnanganate or bleach
sludge was added. Action of
chlorine (bleach sludge) was
slower and less pronounced
as compared to that of
KMn04• The latter created
floc, which accelerated set-
ling of floculating matter
present in the pulp mill efflu-
ent, giving better clarity.
Depending on the intensity of
colour and dissolved organ.c ma-
tter in the effluent, the KMnO,
would vary. In one case, it
was found that 1300 lbs, of
KMnO4 would be required to
completely decolourise 1 mil-
lion gallons of pulp mill com-
bined effluent.

2) Use of potassium perman-
ganate not only removed tho
colouring matter of the efflu-
ent watel', it also help-
ed in reducing the total dis-
solved solids content consi-
derably. In one case, T.D.S.
were reduced from 3100 ppm
to 320 ppm while in another
case from 2018 ppm to 1540
ppm. When the KMnO4 was
added in paper machine effl
ent, which was of course not
coloured but hasy in appear-
ance, it brought down the
T.D.S. content from 1148 ppm
to 56; ppm and the sample
under test became crystal
clear. Quantity of KMnOj

required in this case was
only 10 ppm or 100 lbs per
million gallon of effluent.
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3) Compared to paper ma-
chines effluents, pulp mill
effluents invariably contain-
ed much higher total hard-
ness, permanent hardness,
temporary hardness, methyl
orange alkalinity and total
chlorides (Table No. 1 test
samples nos. 1 to 12).

4) As compared to fresh water,
paper machines effluents con-
tained more of sulphates,
chlorides and permanent
hardness. Its settling proper-
ties were found to be excel-
lently quick settling, when
in most of the cases the su-
pernatent layer was crystal
clear (Table No.1, test sam-
ples nos. 13 to 29). Sulphates
content was higher than in
the pulp mills effluent, but
this varied from sample to
sample from 30 ppm to 380
ppm partly due to varying
alum consumption in stock
preparation and partly for
fluctuations in fresh water
valume used over paper ma-
chines and backwater system.

5) Except a few stray cases,
carbonates content in both
pulp mill effluents and paper
machine effluents was found
to be absent.

II. Softening Action
1) When cinder was used as a

filtration media for either of
the effluents, it was found to
possess remarkable chemical
activity in e rte c t t n a
the P & M values of filtered
water samples. Even tempo-
rary and permanent hardness
was also effected. No effect
was however found to be on
chlorides (Table No.2).
which remained unchanged
before and after filtration.

2) In case of paper machines
effluents, altration through
cinder bed helped in reduc-
ing the bicarbonates conside-
rably from 117 ppm. (Table
No.1, test sample No. 28)
to 14 ppm (Table No.2, Test
Sample No.7), when total
volume of paper machine

298

effluent filtered was four
times the volume of cinder
bed. Activity of cinder slow-
ly fell, as more effluent wa-
ter was passed through it,
which come to a stop when
nearly 15 volumes of water
was passed.

3) Cinder also appeared to have
some effect in reducing total
dissolved solids from the eff-
luents samples (Table No.1,
'Test Sample No.2 and Table
No.2, Test Sample No.7).

~) Paper Machines effluents
could be softened by cold
soda lime method to any de-
sired hardness level. Nearly
1.44 M.T. of lime and 38.4 Kg.
of Soda Ash was required in
softening raw water to a
total hardness of 10 ppm.
(from 'an initial hardness of
204 ppm). (Table No.3, Test
Sample No.7) . Since per-
manent hardness in paper
machines effluents was inva-
riably high (table No.1, Test
Samples No. 11 and 29),
quantity of soda ash required
to soften these samples to
zero hardness would also be
quite appreciable.

5) After softening treatment,
paper machine-house effluent
water was crystal clear, co-
lourless 'and low in T.n.S.
content. (Table No.3, Test
Samples No.1 & 2). Foaming
tendency was very much less
than that of the parent sam-
ples. This was mostly due
to traces of detergents and
soaps present in the effluent.
Foaming tendency could be
overcome completely by re-
ducing the pH from 11 to 7
and below by means of acid
addition.
Chlorides and sulphates re-
mained more or less unchang-
ed after softening.

6) In removing nearly 244 ppm
of total hardness (from 340
ppm to 96 ppm) (test sam-
ple No.6, Table No.3) from
a paper machine effluent
sample, nearly 0.56 M.T. of

lime, 0.48 M.T. of soda ash
and 0:2 M.T. of sodium alu-
minate was required for
every million gallon of efflu-
ent treated. This would give
a softening cost of Rs. 610/-
per million gallon, when
costing is taken at Rs. 100/-
per ton lof lime, Rs. 500/- per
ton of soda ash and Rs.
1600/- per ton of sodium alu-
minate.

7) Langelier Index, which indi-
cates scaling tendencies of a
water sample, of turbine-
cooling pond water was found
to be around + 3.4 in one
case (Table No.1, Test Sam-
ple No. 37, 38 and 39). When
same samples were filtered
once through a cinder bed,
the Langelier Index came
down to + 3.3 (Table No.2,
Test Sample No. 14).

8) Paper Machines effluent sam-
ple after being softened by
cold soda lime process to a
moderate hardness of 96 ppm
(Table No.3, Test Sample
No.6) , showed a Langelier
Index of +2.8; whereas the
same sample on being filter-
ed once through cinder bed,
possessed the Langelier In-
dex of - 0.8 (Table No.2.
Item No.7).

III. MISCELLANEOUS OTHER
RECONDITIONING
TREATMENTS
1) Effluents from 'paper rna•..

chines and stock prepara-
tion house, possess good set-
tling properties as indicated
in Table No.4 when 70 per
cent of it got clarified in half
an hour. Keeping further
for 1 and 2 hours only im-
proved further clarity by 1.0
per cent.

2) Settling rate of paper ma-
chines .effluents could be
enhanced by addition of 50
ppm of alum (test sample

1\10. 2, Table No 4), when in
15 minutes the rate increas-
ed to 67 per cent as against
62 per cent of the original
effluent.
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3) Addition of bleach sludge
alone did not show much
improvement in settling ralc
(Table No.4, Test Sample
No.4), but it did not cause
any untoward effect in settling.

4) Sodium Aluminate showed
practically same effect as
that by alum alone and no
significant change was ob-
served (Table No.4, Test
Sample No.3).

5) Combination of bleach sludge
with alum or sodium alumi-
nate (Table No.4. Test Sam-
ples from 5 to 8), was found
quite palatable, and no un-
towar deffect was observed,
although both possess. differ-
ent pH characteristics.

6) A sample of river water,
having initial turbidity of
4000 ppm on keeping for 2,
4 and 6 hours produced a
clarified supernatent layer

of 1800 ppm, 1400 ppm and
400 ppm respectively (Table
No. 5 (a). Another sample
of same turbidity showed
slightly higher turbidity of
2200, 1400 and 500 ppm un-
der similar conditions (Table
No. 5b).

'7) When bleach sludge was ad-
ded to river water sample
(of 4000 ppm initial turbi-
dity), floculation characteris-
tics improved. In case of
Table 5 (a), an addition of
3 ppm of bleach sludge (as
avail. C12) improved the set-
tling characteristics by 25 to
40 per cent (Table No.5 (a),
Tests No.2, 7 and 12).

Addition of5 ppm of bleach
sludge (as avail. C12) showed
better floculating properties,
but further addition of 10
ppm of bleach sludge did not
show any further improve-
ment in settling.
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8) Stability of chlorine in water
for different periods of set-
tling was worth noting (Ta-
ble No. 5 (a) & (b). An
initial dose of 5 ppm of
chlorine would leave only
0.2 ppm free Cl2 after 4 hours
of hold-up and 0.3 ppm after
2 hours of hold-up.

9) When addition of bleach
sludge was supplemented
with alum, fioculation char-
acteristics of turbid fresh
water improved much. High-
est clarity of 10 ppm could
be achieved when 75 ppm of
alum and 4 ppm of bleach
sludge were allowed to act
for 6 hours (Table No.5 (a),
Test Sample No. 13). In an-
other case (Table No. 5 (b)
this could be achieved only
with 3 ppm of bleach sludge
mixed with 75 ppm of alum.

10) A fairly low turbidity of 30
ppm could be achieved with
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Fig. 1. Water diagram for 100 TID Integrated Pulp and Paper Mills. Flow
distribution and balance for 100,000 gallons fresh water supply per ton of paper.
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Fig. 2. Water diagram for 1007 TID Integrated Pulp & Paper Mills. Flow
distribution and balance for 75,000 gallons fresh water supply per ton of paper.
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distribution and balance for 60,000 gallons fresh water supply per ton paper.
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50 ppm of alum and 4 ppm
of bleach sludge in 6 hours
(Table No. 5 (a), Test Sam-
ple No. 13). In another set
of tests under similar con-
ditions turbidity of clarified
water was only 20 ppm (Ta-
ble No.5 (b), Test Sample
No. 11).

11) Complete settling, when cla-
rified layer of water posses-
sed only a turbidity of less
than 10 ppm was possible
on keeping for 10 hours, 8
hours and 6 hours with 25
ppm, 50 ppm and 75 ppm of
alum respectively, as against
26 hours when no alum was
added (Table No. 5 (a). In
the other set of trials (Table
No.5 (b), more or less simi-
lar observations were found.

12) In another set of tests, effect
of addition of bleach sludge
alone or mixed with alum
in clear fresh water (of tur-
bidity less than 10 ppm) was
studied (Table No.6). It
was found that with a set-
tling time of 4 hours, with
bleach sludge addition in con-
centration from 3 ppm to 10
ppm, clear water could be
obtained with or without ad-
dition of alum (Table No.6,
Test No. 6 to 9). Addition
of alum further improved
the clarity.

13) In case of clear water, an
initial dosing of 5 ppm of
free CI (as bleach sludge)
gave a residual free CI, of
0.3 ppm after 2 hours of
keeping and 0.1 ppm after 4
hours.

14) In case of a hold up time of
6 hours for settling, a 5 ppm
of bleach sludge gave 0.1
ppm of residual Cl. when
no alum was used (Table
No.6, Test No. 12) and 10
ppm addition gave 0.5 ppm
residual Cl. (Test No. 13).

IV. WATER DISTRIBUTION IN
PROCESS RECLAMATION

A self-contained integrated pulp
and paper mill producing 100

M.T. of bleached paper per day
on three paper machines each
of 35 M.T./day capacity, and
having a 5 M.T./day rag plant,
a 10 Megawatt power plant and
a 15 M.T./day electrolytic caus-
tic soda plant, would conswne
nearly 7000 gallons rf'l" minute
(or 10 million gallon per day)
of fresh water. This much of
fresh water supply would give a
liberal quantity to all process
stages including the workmen's
colony. By adopting judicious
control on wastage of fresh wa-
ter and improved reuse of back-
water, this consumption could
further be reduced to 5,150 gpm
(i.e. 7.5 mgdj or even to 4,250
gpm (i.e. 6 mgd). How this could
be achieved and in each case
what should be the balanced dis-
tribution of fresh water and
backwater in process, has been
described 'below and graphical
ly presented in the three diag-
rams (F:g. 1, 2 and 3).

1) In Fig. No.1, a tentative
flow of 7,000gpm or 10 mgd
of fresh water to different
process stages has been giv-
en, and also the. quantity of
backwater used in process
has been described. Seven-
teen areas have been men-
tioned, like the' colony, steam
and power generation. l\. B.
Plant, Soda Recovery Plant,
Pulp Mill comprising of chip,
per house, digester house,
brown stock washing and
screening, bleaching stock
preparation and paper ma-
chines, rag plant of 5 M.T.!
day capacity, water soften-
ing plant, fibre recovery and
effluent reclaimation units.
Distribution balance covers
a supply of 1,00,000gallons
of fresh water per ton of finish-
ed paper.

Some glaring points of distribu-
tion of water in this scheme are
as follows:-

a) 700 gpm of fresh water is
given to workmen colony
(Area No.2), comprising of
10,000 inhabitants for their
domestic and gardening pur-
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poses. In tropical countries,
a supply of 100 gallons of
water per man per day is
quite a liberal quantity and
would be sufficient to amply
meet the growing demand of
future.

bl To slock prcparation aud
paper machines (area no. 8)
consisting of 3 machines each
of 35 M.T./day capacity, 1500
gpm of fresh water is given.
This would give 21,600 gal-
lons fresh water per ton of
paper for 100tons of finished
paper per day, as make up
out of a total intake of 3100
gpm of water in the system.
In this water balance, nearly
1600 gpm of effluents is al-
lowed to go to drain unre,
covered. Out of 1500 gpm
going to fibre recovery sys-
tem (area no. 9) as back
water, only 1000 gpm has
been recovered to be recy-
cled back in the process.

c) To pulp mill (Areas No. 10,
11, 12, 13 and 17) total fresh
water supply given is 3,400
gpm (or nearly 47,000 gal-
lons of fresh water per ton
of pulp) as against a total
inflow of 4,025gpm (or near-
ly 59,000gallons per ton of
pulp). This gives practically
84 per cent of the total water
handled in pulp making in
the form of fresh water.

d) 600 gpm (or 0.8 mgd) of
fresh water has been allotted
to power plant and boiler
house (Areas 3, 4, 5, 6 & 7)
8S makeup to boilers and
turbogenerators cooling sys-
tem.

e) To Soda recovery unit (Areas
No. 14 & 15), handling near-
ly 50,000kg. of soda alkali/
day, 600 gpm of fresh water
is allotted to meet the de-
mand of causticization, re-
covery boiler make up and eva-
porators cooling of both soda
recovery and electrolytic
caustic soda plant.

f) In this water balance,
fresh water supply to

since
each
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section has been allotted in
plenty, no recovery of back-
water or effluents has been
provided, except the back-
water that is recycled in the
process in normal course.

2. a) In Figure No.2, the water
balance for same production
capacity has been given with
a total fresh water supply
of 5150gpm or 7.5 mgd only.
In this case, although fresh
water supply has been re-
duced by 25 per cent, the' in-
dividual fresh water con-
sumption in paper machines
and stock preparation, brown
stock washing and screening
and power plant has been
kept at the same level as in
the;jlrevious case.

b) The reduction by 1850 gpm
of fresh water has been ach-
ieved by reducing fresh wa-
ter supply to bleachery
(Area No. 10) by 1000 gpm
(from 1700gpm to 700 gpm),
to power plant (Area No.3,
4, 5, 6 and 7) by 350 gpm
(from 600 gpm to 250 gpm)
to Rag Plant (Area No. 11)
by 200 gpm (from 400 gpm
to 200 gpm) ; and cutting
down 300 gpm supply to
area No. 15 spray ponds alto-
gether.

c) As given in above paragraph,
the reduced fresh water
supply to bleachery, power
plants and rag plants has
been supplemented with the
reclaimed water from paper
machines effluent treatment
plant (Area No. 18), which
will be suitably softened by
soda-lime process.

d) Elimination of 300 gpm of
fresh water to area No. 15
has been replaced by back-
water from pulp mill fibre
recovery unit (Area No. 12).
which can be used as cool-
ing water for evaporators.

e) A noteworthy arrangement
in this water diagram (figure
No.2) is the provision of a
Treatment plant (Area No.
13) for paper machines ef-
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fluent. This plant may con-
sist of a preliminary stage
of filtration through cinder
bed, and a secondary stage
of softening treatment by
soda lime method to produce
partially softened and clari-
fied water appraoching to
the quality of fresh water.
Such a reclaimed effluent
will be suitable for safe use
in turbine cooling and pulp
bleachery. By this way, 2000
gpm of effluent can be made
suitable for reuse in place
of fresh water, without brin-
ging any adverse effect in
any process operation or the
quality of product. The cost
of softening of 2200 gpm of
paper machines effluent to
95 ppm total hardness level
will come to around Rs.
1000/- per day or 31 5 P. per
1000gallons.

3. a) In figure No.3, a water bal-
ance diagram with only 4250
gpm of fresh water intake
has been described, thereby
cutting down the fresh wa-
ter supply to only 60000gal-
lons per ton of paper. For
the type of paper mill des-
cribed in this paper, a fresh
water consumption of 60000
gallons per ton of paper is
an ideal figure. Again, as in
previous case, the total water
supply, to different areas ot
the mills has been kept same
as in Figure No. 1.

b) The fresh water cut by 2750
gpm (from 7000 gpm to 4250
gpm) has been achieved by
supplementing fresh water
demand with 2000gpm of re-
claimed effluent from paper
machines (Area No. 18) as
suggested in Figuer No.2,
and the additional quantity
of 9000 gpm from reclaimed
pulp mill effluents (Area No.
19). In the latter case, the
reclaimed pulp mill effluent
would be used exclusively in
brown stock washing and
screening, where initial pale
or pale brown colour of the
effluent will not affect the
quality of pulp.

c) Reclaimation of pulp miU
effluent may involve filtra-
tion through cinder bed and
treatment with a suitable
oxidant like bleach sludge
or potassium permanganate
or some other more effective
but economical, chemical so that
the reclaimed water is crystal
clear and devoid of any
harmful properties.

d) In this diagram, another
special feature is the provi-
sion of Area No. 20, a com-
mon drain sump for pulp
mill effluents. Such a sump
could be used for diverting
all pulp mill drain to it
through a fibre recovery dec-
ker. This would help in total
recovery of all sorts of cook-
ed, uncooked and semi cook-
ed fibre present in drains of
chipper house and pulp mill.

CONCLUSIONS

Although the present studies
were limited to investigating
chemical and physical character-
istics of water used and effluents
discharged from different stages
of processing pulp, paper, bleach
liquor and steam in a particular
integrated pulp and paper mill,
employing Kraft process, it gives
us a fair idea how best the eff-
luent can be reclaimed for reuse
as such or as a substitute for
fresh water.
Almost all paper mills having
basically similar set up, face the
water problem very much akin
to what is described here in this
paper. These findings reveal cer-
tain basic difference in the char-
acteristics of effluent fromvari-
ous process stages and can be
summarised briefly as below.

1) Effluents, from stock prepara-
tion and paper machines
house possess excellent set-
tling properties. Their other
chemical properties like
chlorides content, total hard-
ness, permanent hardness
and total dissolved solids
(T.n.S.) are much lower than
those present in pulp mill
effluents. Besides this, there
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is no colouring matter pre-
sent in paper machines efflu-
ent except when deep dyed
and pigmented paper is made,
which is invariably found in
the pulp mill effluents due
to presence of soluble lignin
compounds, and to remove
the same, use of an oxidant
is necessary.

2) Settling properties of paper
machines effluents can be
improved by adding a flocu-
lation aid like alum or so-
dium aluminate in suitable
amount.

3) Coal cinder, which is a waste
product from boiler house
was found to possess excel-
lent property of removing
permanent and temporary
hardness from paper ma-
chines effluents while filter-
ing through its bed. This act,
ivity of cinder was found to
be limited only. It could re-
move nearly 23 per cent of
total hardness and 16-17
per cent of bicarbonate hard-
ness when 6 volumes of wa-
ter was filtered through its
bed. Beyond 6 volumes, the
activity of cinder gradually
fell till it came to a halt
after filtering 15 volumes of
effluents.

This property of cinder could
be advantageously used with
a view to utilise a waste pro-
duct on one hand and to re-
duce treating chemicals de-
mand on the other, when pa-
per .machines effluent is to
be reclaimed to supplement
fresh water demand in a
mill.

4) Cinder worked very well in
filtering paper machines
effluents to crystal clear fil-
trate, and in this process all
grease and lubricating oils
present in effluents, also got
removed by being absorbed
in porous cinder particles.
Thus the use of cinder would
give triple advantage, first

as filter media, secondly as
an aid in partial softening of
water and thirdly as a means
to remove grease and oils
present in effluents.

5) Since paper machines efflu-
ents have better settling pro-
perties and possess much
lower bicarbonate and per-
manent hardness compared
to those in pulp mill efflu-
ents, the former can,be more
economically softened by
conventional soda-lime pro-
cess to any desired hardness
level, and make it suitable
to substitute fresh water in
certain processes like its use
in turbine - condenser cool-
ing, in bleach preparation
and in brown stock washing.

d) Pulp Mill effluents contain
organic colouring compounds
and a suitable oxidant is re-
quired to remove such co-
loured organic matter. For
this purpose, potassium per-
manganate in slightly acidic
medium (pH 5-6), was found to
work very effectively. Po-
tassium Permanganate not
only removed the colouring
matter, but also helped con-
siderably in reducing the
T.D.S. content which got set-
tled in the form of floc crea-
ted by KMnO•.

Use of bleach sludge as an
oxidant was found effective,
but its action was slow. It
was found to take 8 to 12
hrs. to remove all colouring
matter at room temperature.

7) A pulp mill effluent, reclaim-
ed by KMn04 oxidation awl
filtration through cinder bed.
still possesses high content of
hardness, T.D.S. and chlori-
des. After softening with soda
lime, although hardness and
T.D.S. could be suitably re-
duced, the chlorides contents
were not reduced. As such,
even after softening, pulp mill
effluents cannot be used to
replace or supplement fresh
water demand in process. In
view of the above, the pulp
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mill effluents need the treat-
ment of only oxidation for
discolouration and filtration
to remove all suspended
solids, after which the treat-
ed and clarified water can be
used safely as cooling water
in Soda Recovery evapora-
tors and in brown stock wash-
ing and screening system.

8) Bleach sludge, which is an-
other waste product from
bleach preparation plant, can
be usefully employed as a
source of chlorine and lime
in fresh water treatment pro-
cess. Free chlorine present in
sludge would give sufficient
chlorine dosing in fresh water
to kill algae, slime and bac-
terial infection; while the free
Ca (OH)2 would reduce bic-
arbonate hardness. Fine mud
present in sludge would help
in improving floculation rate
of raw turbid water. Thus
triple advantage of using
bleach sludge could be achi-
eved in bringing economy in
water treatment process.

9) Bleach sludge, although alka-
line due to free Ca(OH)2' it
is compatible with 'alum or
sodium aluminate in clarifi-
cation or turbid raw water.
It could even be used in
treating paper machine back-
water to kill slime growth in
backwater system.

10) Water distribution, reuse of
backwater, effluents generat-
ed from each stage, and the
quantity of fresh water re-
quired as makeup in differ-
ent stages of process opera-
tion of a pulp and paper mih,
were all drawn in diagrama-
tic representation, as ShOWl.
in the three water diagrams
figures I, 2 & 3. These dia-
grams present a flow balance
of both fresh water and efflu·
ent in all major sections of
an integrated pulp and paper
mill producing 100 M.T./day
or paper including the supply
of fresh water to workmen's
colony.
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a) In figure No.1, water dis-
tribution and balance has
been given when fresh
water supply is available
at the rate of 7000 gpm or
1,00,000 gallons per ton of
paper. In this case, no re-
clatmation of effluents is
necessary, except the re-
use of backwater in pro-
cess which is normally
made. Plenty of fresh
water has been made avail-
able to all sections to
maintain quality of pro-
duct at its best.

b) In the second case, lig.
no. 2, although fresh water
supply was reduced from
7000 gpm to 5150 gpm, i.e.
@ 75,000 gallons per ton
of paper, the water bal-
ance in all the sections has
been maintained same.
and at no stage fresh water
supply has been cut or
reduced. The reduction by
1850 gpm of fresh water
has been made up by re-
claiming 2000 gpm of
paper machine effluent by
a combined cinder bed
filtration and soda lime
softening process. Out of
the 200Ugpm of reclaimed
water, 1700 gpm has been
diverted to pulp bleachery
to replace 1500 gpm of fresh
water there and 200 gpm in
rag plant. Since the 2000gpm
of reclaimed water would go
to these plants via turbine
cooling system, it will at-
tain certain temperature.
Higher temperature and
lower hardness in this
water would certainly
prove more beneficial in
:mproving the quality of
washed pulp both in rag
plant and bleach plant.
Cost of" reclaimation of
2200 gpm of paper mach-
ine effluents to a moderate
hardness of 9'6 ppm may
come to around Rs. 1000
per day or :11.5 paise pel
1000 gallons. This water
will have comparatively

lesser scale forming tend-
encies as indicated by its
lower Langelier Index of
+ 2.9, and it will also
give better performance in
washing of pulp during
bleaching because its cal-
cium content will be with-
in ideal limits.

Thus it is possible to bring
about a 25 per cent .reduc-
tion in fresh water supply,
from 7000 gpm to 5150 gpm
without reducing the de-
mand of initial fresh
water or' near to fresh
water recovered from
paper machine effluents, in
various processes of mak-
ing pulp, paper, steam,
bleach and soda recovery
for 100 tons paper /day.
It should be noted that so
far economy in cost is con-
cerned, it may not be pos-
sible to bring about sub-
stantial reduction in total
cost of water supply, since
the cost of recovery 2200
gpm of backwater comes
to nearly same as that of
generating 1850 gpm of raw
water from river.

c) In another case, figure
no. 3, water distribution
to different process stages
for same production and
capacity, has been given
for a fresh water intake of
only 4250 gpm (as 'against
7000 gpm in first case).
This reduction by 40 per
cent in fresh water supply
has been made up with
the recovery of 2000 gpm
of reclaimed paper mach-
ines effluents (as in Fig.
No.2) and installing a
Pulp mill effluents treat-
ment plant (Area No. 19).
Treatment of pulp mill
effluents 'at this stage will
be only with using a suit-
able oxidising agent (Ilke
bleach sludge Or potassium
perrnanganate) to remove
organic colouring matter
from the effluents and
subsequently to filter it

through cinder bed to re-
move suspended solids
from it. So obtained clari-
fied water can be reclaim-
ed to the extent of 900
gpm for reuse in Washing,
screening and similar jobs
in brown pulp preparation
plant of a pulp mill. Total
water balance in circula-
tion has been somewhat
it was shown in Fig. No. 1.

Another important feature
in this proposal (Fig. No
3) is the provision of a
common drain sump (Area
No. 20) for all pulp mill
effluents including the
chipper house. Since there
is always some sort of
raw or cooked fibre and
tines from chipper house,
screening section and
washing system all of this
can be recovered from the
common sump by install-
ing suitable deckers over
it. Thus whatever raw or
cooked fibre goes to drain
in pulp mill can be recov-
ered and utilised in mak-
ing mill boards.
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