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The small Pulp and Paper Mills using agriculture residue
form & large proportion of the paper making capacity in India.
These mills do not have chemical recovery system and as a resulﬁ,

—Yarge quantity of effluents are discharged into the drains and
cause  enoromus  amount  of adverse  environmental l1mpact.
Bio-oxidation forms the basis of treatment for these effluents.

The BOD exerted at different time intervals were measured
for different samples obtained from the agro based paper mills
effluents and observed that it follows the {first order
bio-oxidation kinetics.

Literature reveals £hat several effluents follow the first
order bio-oxidation kinetics and different methods were developed
to estimate the kinetic parameters (K, the reacﬁion rate constant
and L, the ultimate BOD). These methods were compared using BOD
data of Ingram and Orford (1953) and it was observed that the

- Reed & Therault (19831) was the best followed by method of moments
{1950) and‘ Weigand (1954) method. A similar trend was 5130
observed for agro-based small paper mills  effluent.
A non-linear least square optimizer (Marquardt method) was
utilized to estimate the parameters using three parameter
modified equation of Reed Therault. The similar results were
obtained in all cases. With this finding and present trend of
computer facilities, it 1s recommonded that the non-linear least
square optimzer will be the‘ best to wuse compared o0 hand

calculation in Reed Therault method.



studied in the temperature range 10-30°C, A break was observed in
the Arrhenius plot at about 20°C. The aptivation energy vwas 24.8
kJ/mole between 10-20°C and 80.5 kJ/mole between 20-30°C.

The effect of pH on the blo-oxidation of effluent was also
studied in the ©pH fange of 6.0 to 8.2 und it was observed that

activity of micro-orgranism was highest at near neutral pH.
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consumption of paper 1s said to be the ’Index of Civilisation® of
a country. Unfortunately, in India it is only 2.0 kg, one ot the
lowest in the world, while this figure stand at 276 kg in UBA,
195 kg 1in OSweden, 180 kg in Canada, 137 kg in UK and 134 kg in
Japan (Surendra Nath (1986)). |

Pulp and paper industry is highly capital, material and
energy intensive. It produces & large volume of gaseéus, liquid.
and solid wastes. Unfortunately as things stand, paper industry
has earned & »bad name &s & major polluting process industry.
In Indla, there are about 305 paper mills and 4 large newsprint
mille (above 150 TPD capacity) of these 251 mills belongs to -
small paﬁer mills category (upto 30 T?D capacity). Fifty two
percent of the total paper is produced by small and medium. paper
mills  (upto 60 TPD capacity). Most of the small paper mills use
agriculture residues, waste paper and other nonconventional raw
materials. About 200 small paper mills are based on waste
paper, 47 mills on cereal straws, 20 mills on bagasse and 8
mills are on pulp, while rest 30 mills use conventional raw
‘materials like hard wood, bamboo etc. (Rao (1988); DGTA Report -
(1888)).

The paper industry 1is facing a major problem due to the mon
avallability of sultable raw materials to meet the incréasing
~demand for paper and paper products. The forests.were the main
gources  of raw material  particularly for larger mills.

Onfortunately, the forest cover in India which was sbout 30% in



(buréndars Natn (19866)).

The forest are undoubtedly du.uded drastically over the last
30. years without compenzating afforestation. Ecological and
environmental imperatives indic&te the pulp and paper industry
should 1look for viable alternative raw materials, particularly
agriculture residues and waste paper, while agro ~ residue form
an annually replenishable source, recycled secondary fibres
(waste paper) could reduce the gtrain on primary fibre resources.

The government of India is also encouraging enterpreneurs
for setting up small mills based on agro-residues. The government
is providing fiscal incentives in form of reduced excise for
small capaclty wunits, tax exemptions on utilisation of bagasse

-beyond 756% in furnish.

Basically paper making is a processz where natural fibres are
geparated from raw material by use of chemicals and energy and
converted into sheet of paper. |

The Fibruos raw material contains lignin and fibres
(cellulose) and small amount of other materials such as
extractives etc. The fibres are seperated from fibrous raw
material with the help of chemicals in the pulping section. These
fibres after washing gives cleaner fibres and liquor containing
apent cooking chemicals, degraded lignin and other solid muterial
of the raw material. This liquor is called black liquor. The
washed pulp (slurry of fibres in water) is subjected to bleaching
action 1o give brighter pulp. The bleached pulp is 1mparted the

desirable properties in the stock preperation section by



& sheet of paper in & paper machine.

| In large paper mills the black liguor 1is utilised to
recover 1its chemicals and energy value, while in smill paper
mills chemicals are not recovered from the black liquor due to
high cost involved in its recovery system. | ‘

In general, the black liquor is drained off with the waste
water withéut any treatment and creates pollution.

It is ‘therefore, essential to treat the waste water from
the small paper mills. Bilological treaﬁment haveblong fq:med thé
basis of treatment of blodegradable organic materlals and is one
of the ches; st alternative too. Therefore, the underatandiué of
the bio~§x1dation kinetica oY biodegradablg organic materials
(waste) 13 of primary importance in understanding and designing

of effluent trestment processes.
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is shown in TABLE A ~ 1 in Appendix A. The capacity utilisation
was 82%. in 1874, 72.96 in 1978 wand now it is only 60%
(Rangan(1986)), The low capaclity utilisation &t present is
possibl& due. to raw material shortage, nonavailability of fuel,
seasonal shorpage of fresh water, frequent power cuts, strained
labour - management relationship, ypoor plant machinary
maintenance, obselete technology and short&ge of financial
resources for renovation, modernisation and reéonstruotion.

The total paper, board and newsprint demand will be 44,31
lakh +tons by twenty first century as compared to 28.67 lakh tons
in 1991. Subégﬁently 1o produce 44.31 Iakh tons of paper, the raw
material requifed is estimated to be 115.86 lakh tons (Jain
(1886)).

2.2 AGRICULTURE RESIDUE AND THEIR PROPERTIES
Most of paper mills below 30 TPD in India thrive only on
agriculture residuﬁé; like 1rice wand paddy straw, bagasse and
locally wvailable other agro -}reaidues. India ranks second in
the production ot rlce and whest straw, therefore plenty of raw
materi=l 1s a&vailavie fof paper manufecturing. In order to
understand the workihg pattern of small mills, it is nécessary to

know the characterstics of raw material used.
The chemical composition of common agriculture residues is
shown 1in TABLE A-2 of Appendix A, It is evident from the Table
that agricultufe residue contains almost equal amount of

cellnlose with additional advantage of lesser lignin content,



content results in good fibre bonding. It is also evident from
the TABLE A-2 that the average length of the fibre is in the
range of 0.8 mm - 1.6 mm which i3 less than the conventional raw

material.

2.3 PULPING PROCESSES

Boda procoss is the wmost common prooaﬁn used for pulping of
agriculture residue and ig discussed briefly:

NaOH 1is the principal cooking chemical in soda process.
Liquor (aqueous solution of NaOH ) and agro-residue are charged
to the digester with required ratio. Recycled black liquor from
the washer is also added to make up the desired liguor to raw
material ratio. The digestor 1s heated elther by direct or
indirect steaming to an elevated temperature in the range of 160 -
to 180 °c and held there untill the desired degree of cooking has
been achieved. About 90% of the lignin is usually removed in the
digester. In order to complete the cook in & reasonable time, =

small excess of chemical is usually used.

2.4 SOURCES AND CHARACTERISATION OF LIQUID EFFLUENTS
Figure 2.1 shows the generalised process flow diagram for
gwall pulp and paper mill using agriculture residues.vlt also
shows various possible waste water generation sources which
includes -
(a) vbl&ck liquoxr from digestor section, !
(b) wash water from washing section,

() bleaching section,



(e) paper machine and
(1) fresh water over flow.
The effluent from a paper wmill may be characterised
according to following scheme -

- suspended solids

- slowly blodegradable compounds

- easlly bilodegradable compounds

- toxic compounds

- PH changing compounds

- inorganic aalts -

The major part of ‘’suspended matter (S55)° in the mill
effiuents usually - consists of fibres >'only. Fibres are
deterimental because they tend to settle in the receiving water
in which fermentation may occur, this may cause oxygen depletion.

The content of ’easily biodegfadable compounds’ i usually
nmeasured by the BOD test. A odnside&able part of raw material
dissolved in the pulping and bleaching processes is ensily
biodegradable. Examples of such compounds &are low molecular
hemicelluloses, methanol, mcetic acid, formic acid, sughr etc.

'Slowly biodegradable compounds’ in the mill effluent mainly
consists of high ﬁolecular substances of lignin or carbohydrate
origin. The samount of such compounds in a mill effluent can be
estimated by measuring of COD (Chemical Oxygen Demand) and
substracting +the BOD value from it. The lower the ratio BOD/COD

the higher 1is the <fraction of slowly biodegradable compounds.

Lignin and 1t5 derivatives are slowly blodegradable compounds.



agriculture residue alone, with purchased pulp and waste puper &

purchaged pulp are shown in the TABLE A - 3 of Appendix A.

2.5 MINIMAL NATIONAL STANDARD (MINAS)

The MINAS for small pulp and paper mill effluent have been
evolved after looking into practical difficulties, limitations
and economic impact on indUstry.‘ The Central Wster Pollution
Control Board has fixed MINAS- for small pulp and paper mill
effluents.

The tolerence limits are shown in the TABLE 2.1.

TABLE 2.1 : LIMITS FOR WASTE WATER DISCHARGED FROM SMALL PAPER

MILLS
81.No. Parameter ' Value
1. pH | 6 - I
2. S5(mg/1) | 100

3. ' BOD(mg/1) _ 50

The standard does not suggest a limit for color and COD as
no suitable economical technology 18 currently avallable for
their reduction. Meeting MINAS level for effluents discharge is a

major problem for small paper mills.
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dissolved oxygen(DO) present in the water._The dissolve oxygen
(DO) present in the effluent is utilised during their respiratory
and metabolic activities. Micro-organism while using dissolve

oxygen (DO) stablise the decomposable organic matter.

- Blochemical oxygen demand (BOD) of efflueﬂts i3 usually the
most important single criterian used +to expreSs pollutional
effect. BOD is a measure of reducing properties of effluent,
particularly of organic constituents. It 1is defined as “The
quantity of oxygen wutllised 1in the blochemical oxidation of

organic matter in a specified time and at a specified

temperature” (Gurnhem(19566)).

3.1 IMPORTANCE OF BOD

The BOD test have wide application in effluent treatment.
It 1is a principal test applied to sewage and industrial effluent
to determine the strength in terms of oxygen required for
stabilization. It is the only test that gives a measure of &mount}
of biologically oxidizable organic matter. BOD, is.therefmre, the
major criterion used in stream pollution control, where organic

loading must be restricted to maintain a desired oxygen level!

.3.2 STAGES AND PHASES IN BOD EXERTION

The decomposable organic material serve as & source of food
and energy for the microbial life present in the effluent. The
micro-organism oxidize the organic matters in using them as

their food for metabolic activities. The oxygen demand is exerted



carbonaceous BOD or flrst stage BOD.

The waste, gich in nitrogen such as treatment plant
effluents, the_c%}bonacecms; stage BOD is followed by a second
stage, called ni;rqgenous stage, in which nitrogenous compounds
are further Dbroken into simplier compounds by nitrifying
bacteria. The oxygen requirement for this stage is caused by a
specific group of Dbacteria which obtain their food and energy
from the oxidation of ammonia and nitrite ﬁitroaen.

Buswell et.al. (1950) concluded their studies that
nitrification does not occur until about eight days, by which
about 80 - 85 percent of the ultimate carbonaceous BOD is already
exerted. Many resemrchers including Couﬁéhain (1963), K&%@&n
(1965) and Wild et.al.(1971) also stressed the importance of
nitrification in case of effluents from treatment plants'and
concluded that the second stage BOD exertion may greatly increase
the vpltiméte BOD.

The group of bacteria which exert carbonaceous BOD 15 known

as heterotrophs and the optimum temperature for them ranges from

18 to 26°C. The nitrifying organism, nitrosomans and

‘n%trobector, which use inorganic nitrogendus products for their

metabolism are classed as autotrophic bactria and are saild to

have +thelr optimum temperature for growth in range 26 to 28°C.
The two stages of BOD exertion has been zhown in Figure 3.1.

Existence of diphasic BOD exertion was first reported by
Hoover et.al.(1953). Many researchers have further confirmed it.

In waste waters having low substrate concentration there is a
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uwpto the end of plateau i3 called the first phase.of BOD
exertion. The remaining part of the carbonaceous stage BOD, after
platean 1s called second phase. It has been observed that at the
platean, the departure between BOD exertion curve and first order
equation 1is ﬁaximum. |

When the bacteria 18 unaccustomed to the use of new
substrate or 1ts environment, the rate of BOD exertion is véry
small in the beginning, 1111 such time that thé bacteria get
acclimated +to the substrate and/or its environment. This part of
BOD exertion curve having slow rate of BOD progression is varily
called ’Zeroth or Lag Phase’ and the duration from the begining
of intrbduction of waste seed to the time when the BOD exertion
picks up at a significant increasing rate is called ’Lag time’.

Figure 3.3 shows such BOD exertion curve.

3.3 BOD KINETICS AND SOME FORMULATIONS
3.3.1 Firdt Degree Equations

Studies of Sreeter &nd Phelpa(192b) gave the following
goueral expression concering the course of blochemical oxidation
of organic matter - |

"The rate of Dbiochemical oxidation of organic matter 15
proportional to the remaining concentration of unoxidised
substance, measured in terms of oxlidiasibility.”

This postulation leads to the formation of following

equation fox oxygen consumed by a particular point of time t from

t =0

10



or dY/dt = K (L - Y)
where, Y is BOD exerted till time t, K is the proportionality

constant &and 1s also known as rate cohstant and L is ultimate

carbonaceous BOD. After integration we have :

Y = L{1-ouxp (-Kt)] 3.2
or Y = L[ 1-10%t) 3.3

Where, K'= K/2.303
Above eguation ig generally ¥nown as ’Monomolecular

formula’, Phelps model or first degree formula,

3.3.2 Second Degree and Multlorder Approach Equations
(]
Young and Clark (1866H) proposed the following'aecond degreas
equation for BOD exeretion kinetics,

(dY/dt) = K (L - YY)z - 3.4

with initial conditions, that Y = 0 at t = 0, the solution of
this differential equation is
L2 K t

Y = 3.6
1+ LKt |

Hewitt  et.al.(1979) while +trying to view BOD exertion
kinetics in multiorder approach, proposed the generalisation of
BOD kinetics as :

day - '
= K(L-Y)n ' 3.6

dt.
where, n 1s the degree of equation which on integration with
appropriaste initial conditions ylelds

Y=L [1-{1+4 (n- 1H)KL{n - 1) £}J1/Cn - 1) n # 1 ——— 3.7

11



limit as n - 1. A plot of Y/L vs. (KL(n - 1).t) is shown in
Figure 3.4. It is evident from the figure, that there is marked
difference between first and higher degree equations.

In this model, +the, authors found that there 1z the
tendency fof the mean square error to decreases as the reaction
order increases frém 1 to 4. 1However. reduced error was
nccompanied by &n approximate doubling of ultimate BOD. Ultimate
BOD values calculated &t the higher reaction order are
unrealistically higher (Hewlitt et.wul (1978)).

Failure of second and wultiorder equation of BOD exertion
to demqnstraﬁe their suﬁeriority over first order equation leads

to application of first order eguation.

3.4 EFFECT OF TEMPERATURE ON BOD EXERTION (Y)

No other ecological parameteor has been studied so widely
and in detail as the temperatufe»effect on BOD exertion. Gotaas
(1948), Bewtra et.al.(1965) and Zonani (1867, 1969) have studied
the effect of.temperature in detail on different types of waste
waters mnamely domestic sewage, treatment blant effluents and
river water samples. Some of their common observations of concern

are as follows.

3.4.1 Effect of Temperature on Ultimate BOD (L)
The ultimate BOD(L) is slightly affected, &as the
oxidizability of substrate lncremses with temperature.

Phelps (1925) gave the formulation for variation of

12



UV, LldU) as

L(T) = L{(20) [0.6 +«+ 0.02T]) 3.8
Gotaas (1948) noted following relation for -their
observations on sewage sémples.

L(T) = L(20) {1 - 0.00066T]} 3.9

Bewtra et.at (1965) noted following relation for their

observations on two sewage samples

L(T)

(L(20).1.006¢T - 20) , 1.06; 12 ¢ T < 40 —— 3.10
L(T)

H

L(20){0.979 + 0.00645(T - 20)] ; 12 <T $ 40 — 3.11
Based on their experiencesqand observations, Bewtra(1866)
noted that the first stage oxygen demand represents indirectly a
more readlly oxidlzable type food material availlable to bacteria.
Although metabolic rate 1is Vslower at lower temperature, it is
expecﬁed that they will use up the food supply if sufficient time
is given. Therfore it seems logical that ultimate first stage BOD

, o
should not yﬁ&y greatly with temperature.

3.4.2 Effect. of Temperature on Reaction Rate Constant (K)
K is & function of temperature and its relationship is
given by Arrhenius experssion ags

K = A exp(-E/RT). 3.12

where, A 1s & constant .specific to reaction and E is
the activation energy.
The common E values for wasteltreatment processes ave in the
range of 8.4 k J/mole to 84 k J/mole (Eddy, 1880).
Differentiating the Eguation 3.12, we get
d(in K)/dT = E/ET2 3.13

13



InKi/K2 = E (T2 -T1)/R'T1 T2 e KR

where, Ki & K2 are rate constants at temperatures Ty & Ta.

The quantity E/RT1 Tz may be assumed to a constant and equal
1o C. The equation 3.14 can be rewrittien as :

In K2 /K1 = exp(C (T2-T1))

= H(T2-T) 3.14.

where, 0 1s temperature coefficient
Gotaas (1948) observed the effect of temperature on K. He found

the following values of 8 for corresponding range of temperuthre,

TABLE 3.1 : VALUES OF © FOR DIFFERENT TEMPERATURE RANGES

Temperature Range(°C) B
5 - 15 : 1.108
16 - 30 v - 1.041
30 — 40 : 0.9657

Sohroder(lQSA) while working on Mississppli river, found the

values of © which are given below -

TABLE 3.2 : VALUES OF 6 FOR DIFFERENT TEMPERATURE RANGES

Temperatuer Range (°C) 8
4 - 20 ' 1.135
20 - 30 1.066

3.5 EFFECT OF pH ON BOD EXERTION

The organism which accomplish the biochemical oxidation of

14



pH range rate of oxidation decresases (Chatter3i(186b)).
There 1s no appreciable change in ultimate BOD in the pH
range 6.2 to 7.2 but it definitely falls down in the pH range of

7.2 to 8.0 (Chatterji(1865)).
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The first order rate equation for BOD exertion describes the
oxygen consumption oy BOD as a function of time as follows :

Y

it

L (1 - exp(-Kt))

u

or Y L (1 - exp (-K’'t))

where, K = 2.30258 K’
There are various methods available for evaluating the

reaction rate constants, K (or K’) and ultimate BOD,L and has

been discussed below.
4.1. METHODS OF DETERMINATION OF REACTION RATE CONSTANT AND
ULTIMATE BOD
4.1.1 Thomas Method(1950)
This method 13 developed on the bagis of similarity of two
functions (1 - 10-¥X't) and 2.3K't(1 + 2.3/6 K't)-3.
(1-10-K"¢)

[1-{1-K’t Loge 10)+(K’t)%(Logel0)2/2!}

-(K't)3(1logel0)3 /3! +(K't)4(logel0)t /4t .. ..]

2.3 K’'t - (2.3K"t)2 /2 +(2.3K’t)? /6 -

2.3K't[1-(2.3K’t)/2+(2.3K't)2/6-(2. 3K’

2.3K't(1+2.3K't/6)-% = 2.3 K’'t [1 - 3x2.3K't/6 +3x4

1

3x4xb (2.3K°t/6)% ....]

]

2.3 Kt [1 - 2.3K't/2 +(2,3K't)2/6 -
(2.3K’t)8/21.6 ....]

15



LUTHLLILAL  @uU ULAL1SISuUe belWeen  lourtn  Terms 13 small. The
difference between fourth and onward terms have got a little
effect on the calculation. So the rate equation (1-10-%'t) can
be replaced by 2.3K’t(1+ 2.3K’t/6)-8,

Y

L (1-10-k'¢)

H

LT[ 2.3t (1+23K1t/6)8% ]

Rearranging the terms and taking cube root of both sides.

(t/¥)178 = 1/{2.3K’ L]t /8 +((2.3K”)278 f6xL} /3 )xt 4.3
This 18 & 1linear equation in (t/Y)llﬂlvs. t with slope
2.3K’2/B_/6xL1/8 and 1intercept (1/2.3K’L)1/% fyom which L =and K’

can be calculated.

4.1.2 Method of Moments (1850)
In this method data are fitted with a fiyst order curve that
"has its first two moments (zY ahd ztY) equal to those of the
experimental points. The equation expressing thiﬁ condition for a

garies «f Y in any specified time sequence in which 1 denotes the

numerical order of the sequence are for ths zeYo moments.

n ) n
zYi = ZL {1 - exp (-Kti)]
1i=0 1=0
(observed value)  (calculated value)
n
= (0+1)L - L Zexp(-Kti) e 8 4

i=0
Similarly, the first moments of +the observed and theoritical
values may be equated obtaining the following experssion
n

n
ZYiti = 2 Ltifl- exp (-Kti))]
1=0 i=0

16



Eliminating L by dividing 4.5 by 4.4.

n n

2Yi (n+l) - Zexp(-K:ti)

i=0 i=0

= 4.6

n n n

zZti Yy ati - Ztiexp(-Kti)

i=0 i=0 1=z0
From equation 4.4

n n :

ZY/L = n - Zexp (~Kti ) : Y. B |
i=1 i=1

Y

In equation (4.6) wund (4.7) the mnagnitude of right hand
member can be computed once and for all different values of K and
varying time sequence and can be plotted as shown in Figure 4.1.

Now compute the values of 2Y/2tY from given data. Enter
the &raph on ZY/ZtY scale with the value obtmined, extend a
horizontal 1ine to K scale to get values of K. Extend the same
vertical line to curve lebelled ZY/L and from this point follow
a vertical 1line to ZY/L scale to get 2Y/L from which value of L

T

can be obtained.

4.1.3 Rapid Ratio Method (1960)

J.P.Sheehy  (1960) described & method for solving the
monomolecular equation in which graphs are plotted in time va.
BODx /BODs (Figure 4.2 to 4.4). Now find out ratio of BODt /BODs
and enter the'graph with value on BOD;/BODs scale and with values
t on 1 scale. Now extend these lines vertically, mark the point

of intersection and get the value of K .

17



wesmanu L10LY )  COonslLoera  tnat Y 18 not equial to zero whan
time 18 zero. He presented an improved form of the monomolecular
formule in the following manner.

d (L -Y)

= K (L -Y)
dt

Integrating within the limits -

Y = Yo at t = 0
y =y at t = t
(L -Y)
= exp (- Kt)
(L ~Yo)
=10-K’'¢t
y = L (1 - 10-K'v) + Yo 10-K't 4.8

differentiation of equation 4.8 gives.

dy¥
— =2 K* (L - Yo) (1Ini0) 10-K'¢
dat
log (d¥Y/dt) = log [ K'(L-Yo) 1n 10 ] - XK't ——e— 4 G
A graph of log (4dY/dt) vs. t will be & straight line Bf
slope -K’.

Rearranging equation 4.6 .

Y = L - (L - Yo)x10-K't 4.10

£

& graph of Y wva. 10-K't uill be a straight line of slope
{L-Yo) and intercept L.

4.1.5 Method of Fujimoto (1964)

Fujimoto (1964) utilizes -the method of finite differences

for solving first order equation for first stage BOD as follows,



dt

where, Yv = BOD exerted in time t days

(L - Ye)
= exp (- Kt)
(L - Yo) |
= 10-X'¢
(L -Yr) = (L - Yo) 10~k ¢ ‘ '
Yo = (L-Yo) (1-10K't) + Yo ' 4.12
Ye +n = (L -Yo) (1 - 10-K°(t+h}) + Yo

vhere, h is time difference
=L - (L - Yv) 10-K't

Ye+n - 10-K'h Yv -~ [ (1 - 10-K'h) = @ 4.13

There exists a linear relationship between Yt and Yv+n. Plot
of Ye+n vs. Yt gives a straight ;ine with slope 10-K't and
intercept L (1 - 10-K't), GBo 1f duta are ﬁvailable, the parameter
L and K’ can be obtalned. The value of L can also be §btained

directly from the intersecting point of straight line and x = Y.

4.1.6 Method of Bagchl and Chaudhary(19865)
In this method the technique used by Fujimoto is modified by

plotting Yv against the difference between Ye+h and Yt

v = Lo (10-K't) ' : mmsememneeees 1 4
Yv = Lo (1 - 10-K"t) i 4, 15
Ye+n = Lo {1 - 107K (t+h)] - e 4,16
vhere, Lo = Ultimate BOD at time t=0
Lt = Ultimate BOD at time t=t
Yt = BOD exerted at time t |

h tine différence

it
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Yt+h - Yt = Lox10-K"t (1 - 10-K'h)

Replacing Lox10-K't by [a

Yesh ~ Yr = Lt (1 - 10-X"h)
Yeah -~ Yo = (Lo - Ye)(1l -~ 10-K'h)
Ye+n ~ Yr yt
e + SN | 4.17
Lo(l - 10-K'h) Lo

Equation 4.17 is comperable to well known form of the

straight line equation described by .
X y !
+ = 1 4.18
a b

If v 1is plotted.against (Yt#h - Yt ) the intercept of the
straight line on the ordinate and the abscissa are represented by

b = Lo(l - 10-X"h) *

a = Lo | .

The graph can be plotted at different values of h. The
intercept on abscissa 1is independent of h and is equal to L,
while the intercept on the ordinate changeS accordingly to
equation (4.18). In this way average value of K can be obﬁained

giving better corelation with experimental values,

4.1.7 Method of Least Square by Reed and Therault (1931)

Reed and Therault (1931) developed a method of least squares
to find out values of K and L. He made following assumptions
vhile developed & formula.

(a) If all determinations had been made at any single time the

absolute error would have approximated anormal distribution,

20



degree of precision so that accidental errors in t are
negligebly small in relation to corresponding error in Y.
(¢) Proper allowance has been made for constant errors.
(d) The equation selecied to represent a glven process should

elther be 1in linear form or it should be vossible to place

it in linear form without disturbing condit;on (a) regarding

the distribution of error.

Let Y &and t are quantities obtained by direct observations
and these observatlons are represented by monomolecular formula
i =L (1 - exp (-Kta) | e WD K
where 'l' denotes that true wvalues of ¥, L, and © are being

considered.

Let  the residual constant errox in ¥ 1s q, and the
corresponding error in t is r. Where, q and r are small constant
errors. So above eqation takes the form

(Y- g =1L (1 - exp (- K (t -r)) e, 20
Wheré, ¢q and t refer to the actuml observations uncorrected for

constant errors.

Y =0 +q - Liexp(- K(t-r))

Y= (Lo + q)(1 - In/(la +q))exp[ -K(t-r)]

Y = [La+q)(1 - exp(K 8). exp{-K(t-r)})

¥ = L(l-exp(-K(t+w)) 7}

where, i /(L + q) = exp(K s)

s = 1/K In(Lx /L1 +q)
W = ~(r+s)
L = (L1+q)

21
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t may be accounted for by a shift w, in the time axis. It is to
be  borne in mind, therefore, that w in equation (4.21) xefer not
necessarily to a time errors but rather to the resultant effect
of all constant error on time. Now for the purpose of reducing
this expression to & linear form let it be assumed that an
anpprotimate value of K hus first been obtained by any convnlent
method 30 that the most probable value of K is given by relation
K=Ky + 2
Where, Ki is a trist value smnd Z 1g 8 relatively small number.
Let w be represented by the relation.
w=w +1
Where, w1 1s a first approximation to the value of w and i is a
-small constant. |
t+w=1t+w + 31 =11 +1
Equation 4.21 becomes
Y

L{l - exp(-kKa+Z)(ta+1)}

L1 - exp(-Kit1) exp(-Ki-Zt1)} — 4.22

[-(Ki + Zt1 )] 15 & small quantity.

exp - (Ki+Zta) = 1 - Ki - 7w

Equation 4.22 becomes ‘ _ !

Y =L {1 - {exp(-Kat1)Ix{l - Ki - Zt1 }]
Y = L{1 - exp{-Kta}}+LZ(t1 exp{-Kit1}]+LiK {exp{-Kt1}] 4 23
Y = afi1 + bfz + cfs 4,24
Where, a = L
b = LZ
C = LiK = Li(Ky + Z)
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12

1 exp(-Kiti)

fs exp(-Kit1)

13

For equation 4.21 the difference between an observed and a
calculated quantity is

r =Y - afi - bfz - cf2
and sum R of the squares of the residual error is

R = Z(Y - afa - bfz - cfy)e

By definition the most probable value of the constants a, b
and ¢ will be 5btained when R is minimum so grom caiculus, the

)

equations defining the condition are

6R
= Zf1Y - a¥fi1e - bZfa1f2 ~ cZfifs = 0Q 4.25

ba

6R ‘

= Zf2Y -aZfi1f2 - bZfz22 - cZf2fs = O 4.26

b

bR
: = Z2f3Y - aZfifs - bIfafs - cifes2 = O 4,27

Bc

Solving equations 4.25 tog4.27 algebrically we can find out

values of L, K and w.

4.1.8 Log Difference Method (1936)

The  author submits a rapld wand simple procedure for
approxinating the values of K and L. It rquires that the BOD be
observed at equal intervals of time.

To Find K’

If h equal & uniform interval of time then

Yt = L(1 - 10-K't) e L T4

23



5ubstracting 4.28 from 4.29 und vtaking log.

log d = {log L + log (1 - 10-K'h)] - K't 4,30
Where, 4 = yr+n - Yt |

here, [logh + log(l - 10-K'0h)7J 13 constant, since h iz uniform.

hence, log d = (¢ ~ K'1) . 4,31
This equation is a linear equation for which the value of K
may be found by least square procedure.

ZR2 = Z(c - K't - log d)2 4,32

For ZRZ to be minimum

bZRe 6R

bK bc

From equation 4,32

bZR2
— 2 2 Z(c - K't - log d) = O
6c
or ne - K'Zt - Zlog d = O - 4.33
26Re
= 0
zK

2Z (c-K't - 1logd) (-t) = 0

- ¢cZt + K'Zt2 + 21 log d = O 4,34

Eliminating c from equ. 4.33 and 4.44 by multiplying by t snd u
respectively and summing
.nK’EtZ + nZt log d - K’ (Zt)2 - ZtZlog d = O

z2tZlog d -~ nZt log d

K’ = 4.3%
nztz - (Zt)z

since n values of + are equally spaced, we may determine

(Zt) = (1 + 2+ 3 + ....... ) = n(n+i)/2



substituting thesge aquuntities in egquation 4.35 and simplifying.

K* = [6/n(n2-1)][(n+1)Zlog d - 22t log d] 4.36
To Find L
Applying least square in equation 4.28.
2RZ2 = [ZL(1-10-K't)-Y¢ iz

bZR2

= 22{L(1-10-K't)-Y¢ 1{1-10-K't ]} =0
6L ‘

LZ(1-10-k"t)2 - Z(1-10-K't)Yy = ©
Z(1 -10-K"t )Yy

L = 4.37
S(1 -10K" ¢ )z

Z(1 - 10-K"t)2 = - 2xT10K't + 10;3‘1't
for equal spacing of t
Z2(1-10-K"t)2 = [n-2%10-K' (10-nK' -1)/(10-K' -1) +
10-2K" (10-2nK’ -1) /10-2K’ ~-1) ]}
Substituting this value in equation 4.37
Z(1-10-X' )Yy
L =

n-2x107K' [(1-10-nK' ) /(1-10-K' )]+10- 2K' [1-10- 20K ) /(1-10-2K" 3}
' : ' 4.38

4.1.9 Marquardt Non Linear Optimisation Method

All fhe method described uptil now require the usge of graphv
(except Reed Therault method). Now a days PC’s and computer have
made ihe calculation very easy. Non linear optimisers ave
available which gives very accurate results. Marquard presented a
non linear optimiser in 1963. This optimiser is also used to

calculate the values of reaction rate parameters.



RATE PARAMETERS

Orford &nd Ingram (19563) have studied BOD for sewage, theiy
BOD data (Table B-1 of Appendix B) have been used to compare the
difierent aviilable methods.

The estimated values of K and L using different method are
listed in table B -~ 2 of Appendix B. It 1s evident from Table B-2
that there 13 wide variation in the estimated values of K and L
obtained by different methods. The probable reason of difference
4n K and L values obtained by diiferent methods is due to poor
adherence to kinetics of the oxidation of organic matter in the
effluent to first order.

Figure 2.1 to 2.4 show the calculated values of BOD along
with observed BOD with time. From these Figures, it is evident
that +the calculated wvalues obtained by Reed Therault method is
most close to the observed BOD followed by method of moments and
Weigand. The total absolute deviation of calculated values of BOD
from the obsevréd values are shown in Table B - 3 of Appendix B.
It is evident from the Table B - 3 that the method of Reed
Therault 18 the best method followed by method of moments and
Weigand. Similar observations were also observed by Marske

et.al.(1972) and Ludzack et.al. {(1953).
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India are based on agriculture residue and majority of them do

not, have sny effluent treastment facilities. Due to the economical
constrains, these mills were draining their effluent without any
treatment, resulting the heavy damage to the ecology. Such paper
mills were¢ recently characterised by Gq{i {1989). The present

study was an extension to find the oxidative behaviour of such a

paper mill.

5.1 PLANT INFORMATION

Mill produces 60--160 gsm range of unbleached. kraft paper and
useg non wood fibrous raw material such as rice and paddy straw,
bagusse, hesslan, and *Tanta’, the locally " avallable agdro
residue. The fibrous raw material tanta is availgble in plenty at
river banks of western UP: Tanta has proven its importance in
paper making as a raw material having qualities comparable to
those of straw and bagasse.

The paper mill have installed capacity of 3800 TPA and its
reported mill production for the year 1988-89 was 3420 Tons with

95% cmpacity utilisation.

5.2 PROCESS DESCRIPTION

_ The block diagram of the mill is shown in Figure 5.1. The
brief description of the different processing stages for the
manufscture of paper used in the mill are described below.
Raw Material Preparation

The raw material, Tanta, is cut into small pleces with the

holp of & grass entter and Lhon Laken 1o dlgestor rloor by o belt
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any treatment are walso taken to digestor floor by a belt
conveyor.
fulping and Washlng

The main purpose of pulping is to remove lignin assoclated
with fibres. The raw material 1s'conveyed to éhe digestor floor
and 1is manually fed into digestors. The raw material is cooked
chemically by sodium  hydroxide 1in rotary batch digestors with
direct steaﬁing facility. The cooking cycle and its conditions
are given in Tables 5.1 & 5.2 respectively. Formed sodium lignate
from +the pulp 1is washed in washer which consists of a rotating
washing drum. It is a batch operation and takes 3 to 4 hrs. for

complete washing. The consistency of pulp is maintained around 5

to 6%, using back water from paper machine and thickner filtrate

tank.

TABLE 6.1: DIGESTOR COOKING CYCLE

Operation . Time {hrs.)
- Loading Time 1.5

Steaming Time 0.6

Time to Temperature 1.5

Time at Temperature 2.25

Discharging Tinme 0.25

Total Time " 6.00

na



~ Variable Digestor
' 1 2
1. Digestor Capacity, ton OD 3.0 5.0
raw Material
2. Digestor Volume, md 28.0 40.0
3. Chemical Charge (%NaOH) 8-10 8-10
4. Concentration of Liquor,gpl 700.0 700.0
5. Volume of Liquor Charged 0.43 0.71
Per Cook, md |
6. Bath Ratio 1:3-3.5 1:3-3.%
7. Time to Temperature, hrs. 1.6 1.6
8. Time at Temperature, hrs. 2.25 2.25
9. Maxium Temperature,<°C ?-? 1560-160 160-160
10. Cooking Pressurer, kag/cme 6-6.5 6-6.5
11. Pulp Yield, %% 35 35

*washed screened unbleached

Stock Preparation

The washed pulp is taken to a beater and after sufficient

defibring for about 2 hrs. at 5 to 6% consistency is collected in
&

!.chest no.1 at about sanme consistency; From the chest, pulp is

drawn in a chest known as mixing chest where rosin and alum are

udded in 7 and 40 kRg. amount respectively per ton of finished

<

paper and are mixed properly to get a uniform stock for further

processing.

'Before addition +to the machine chest, pulp is refined in a



_ e —r——, = v rwa g av wUMDLADULVONLLCY Ul AD0oUl

0.5 to 1%. The accept of primary centricleaner is used as feed
stock for paper manufacturing, whereas primary rejects are
further cleaned 1in secondary centricleaner. The accept are

recycled to the inlet of primary centricleaner, where rejects are

drained off.

Paper Making

The accept from primary centricleaner at 0.5 to 1%
consistency 1is fed to the open type head box. About 99.5% water,

present in slurry in the hegd box 1s reduced to 7T-8% at the pope

reel.

Major portion of water is removed in wire part section. The
water recovered 1in this section is reused as dilution water for
the stock. Aﬁachine broke (torn papers) are collected in couch
pit, from where they are recycled back to machine chest by a
pump. The remaining portion of the water remoVed form sheet by
passing 1t through a large diameter (3.66 ﬁ) steaﬁ heated
cylindexr known as MG cylinder. Steam condensate from cylinder are
collected in a small tank and i3 mixed in feed to the boiler. The
paper from the dryer is wrapped on a pope ieel and with the help

of rewinder and cutter desired size of paper sheets are prepared.

5.3 EFFLUENT SAMPLING
The block diagram of the paper mill, Figure 5.1, shows the
different effluent streams of +the paper mill and different

sampling points are also indicated from where samples &are



mill section in the mill under study. These two streams meet in a
nearby  Nullah. The pulp mill section effluent stream is
contrbuted by a poucher washer, beater and hydrapulper. The paper
machine section stream includes over flows of paper machine,
centricleamners rejects, thickner tank overflow and fresh water
tank over flow and some water from boiler house. The following
points were taken into consideration for collecting the samples.
(1) The sample collected should be homogenous.
{2) Flow of the stream and its temperature should be measured.
The channel flow was measured by using Vv —‘notch weirs. The

following relationship (Garde(1983)) was used for calculatig the
flow rate. |

Q = (8/15)xCpxh5/2x(2g)%. Sxtant/2

where, Q@ - flow rate, md/sec

h

height of flow, m

g grvitational constant, m/sec?

8

angle of notch=90°
Cp - discharge coefficiént=0.58
Samples were collected for a day.(24hrs.) at an interval of
two hours from the points 1,2 & 3 as indicated in Figure 5.1.

The following parameter were evaluated for each sample

collected -
1. BOD
2. COD

3, pB



6. 011 & Grease
7. Total Kjuldhal Nitrogen

The wmethedology wsed for estimating these parmmeter were
adopted from prescribed Indian Standards (IS5 30256).

In order to  supress the exertion of second stage
(Nitrogenous) BOD, 4 to 6 ml/l methylene blue of 0.05%

concentration in dilution water was added (Young (1973)).
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Composite samples were collected six times to cover various
seasons of the year, All possible combination of a small mill to
incliude pulp mill, paper mill =nd total mill effluents were
tried. These samples were analysed according prescribed Indian
Standards. The results are reported in Appendix C.

Table C~1 to C-3 of Appendix-C shows variation in flow rate
and temperature of pulp mill, paper mill and total mill effluents
respectivély. All streams shows significant fluctation in
temperature and flow rate. The flow rate for'pulp mill effluvent
stream ranges 0;18 mé/hr. to 63 md/hr. and 15.6 to 62.04 md /hr.
for I and II samples respectively, it ranges from 5.88 to 13.92
md3/hr., and 1.26 to 12.9 m3,/hr. for I and II samples of paper
machine, while for I and 11 samples of total mill effluent the
range is 72.6 to 124.8 m3/hr. and 31.08 to 67.06 md/hr
respectively.

The}flow variation in the pulp mill effluent stream could be
due to the batch operation such as pulp washinéh beating etc. For
paper machine effluents streams, the flow variation could mainly
be due to the presence of over flow streams from thickner
filterate and fresh water +tanks. Besides this, some variation
could occur due +to paper break down or basis weight change. The
total mill stream comprises of pulp mill and paper mill streams,
80 variation are obvious,.

At the time of digestor blowing the temperature of pulp mill
effluent stream 1is maximum and it goes down as washing proceeds,
resulting the variation in the temperature of pulp mill effluent

stream. The possible reason for variation in the temperature of

1
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The effect of ambient temperature on effluent stream is not
expected as sampling locations are near to the effluent

generation sources,
The characterstics of effluent discharged from pulp mill,

paper mill and total mill effluent are shown in Table C-4 to (-6

of Appendix C.

®

The pH of pulp mill effluent is of the order of 9.6, while
that of paper mill effluent 1t is of the order of 6.4. The total
-mill effluent pH is close to 7.0,

The COD loads. for T and Il samples of pulp mill stream is
4800 and 4400 mg/l, for paper mill stream 420 & 380 mg/l and for
total will streams 3200 & 3600 mg/l respectively. Total Kjaldhal
Nitrogen 1s found to be nil in all the cases. 011 & grease are
aulso measured and shown in Table C-4 to C~6 of Appendix € and are
1034, 740, 80, 74, 842, 348 mg/l for I and 11 samples of pulp

mill, paper mill =nd total mill effluent stresmms respectively.

6.1 BOD EXERTION WITH TIME

Table C-7 to C-9 of Appendix C shows the BOD exertion with
time for‘all the three stieams. Figures 4.1 to 4.3 indicates that
BOD exertion with +time curve 18 nearly a first order equation
curve. The BOD rate equation parameters are calculated from
various methods using these values wnd are shown in Table C-10 of
Appendix €. The total absolute deviation of the calculated yalues
of BOD from the observed values of BOD are shown in Table C-11 of

Appendix C. It 1is evident from Table C 11 that the method

24



£ e wwa o SagillliCanutly lniIluencs
the the values of parameters. The probable reason of difference
in réaction rate constant, K, and ultimate BOD, L, values
obtained by different methods are that the BOD exertion curve
with time is not excatly the first order equation curve.

It i3 &also evident from the Table C-11 that Reed Therault
method gives minimam total absolute deviation 'followed by
Marquardt method and the method of moments. The reason, that the
Reed Therault method gives best results, they introduces a third
parameter in the rate equation. This third parameter includes the
error introduced in the meamsurement of BOD exertion and time, The
introduction of +third parameter in BOD rate equation increases
the accuracy in the parameter estimaiions. ‘

Parameters were recalculated using modified Reed Therault
eguation. Non 1linear least square optimizey, Marquardt method,
was employed. Table C-12 of Appendix C shows the comparison of
parameters obtained by Reed Therault method and Marquardt method
using modified rate equation. From the Table, it is evident that
values of vrate constant, K, and ultimate BOD, L, are excatly
equal in both the cases. The total absolute deviation is 324.1
and 326.2 for Reed Therault and Marquardt methods respectivel&.

Reed Therault method and Marquardt methods are same while
Reed Therault linearize the function and applied the linear least
square to estiamte the parameters and at the same time the method
employs the hand calculations while using non linear least square
optimizer (Marquardt method) the desk top PC’s can be used which

are now commonly  avallable., With this comparison all other

€
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for different samples Marquardt method 1s being employed.
6.2 Effect of Temperature on BOD Kxertion

Tehperature is most sensitive parameter in an ecological
systoem uand honce 'L has bLeoen  studled lh doet.alls by many
researchers (Gotaas (1948), Bewira et.al (1965), Zonanl (1867,
1969)). |

Two grab szmples of total mill effluent were collected for
- measuerment of BOD. One sample was used to measure the BOD in
temperature range of 20-30 °C and second sample in the range of
10-20 °C. Table C-13A and C-13B the observed BOD values for
temperatuye 20, 25, 30 °C and 10, 16, 20°C respectively. Table
C-14 shows the values of rate constant, K, and ultimate BOD, L,
at each of above mentioned temperaturesﬂ‘lt is evident from the
Table C-14 that the values of rate constant, K, &nd ultimate BOD,
L; increases as temperatures but incresse in uvwltimate BOD, L, is
no§ significantly high.

The dincrease in the value of rate constant, K, could be due
to increase in the activity of bacteria. The activity of ﬁacteria
reaches to a optimum at temperatﬁre 35°C.

The Arrehinus temperature dependency 1s shown in Figure 4.4.
It 18 evident from the Figﬁre 4.4 that there i3 & bremk in the
activation energy curve ét 20°C. Similar observation was also
observed for other liquid waste (Schroder(1964)).

The values of activation energy, E, and temperature
coefficient, 8, for differeﬁt temperature ranges are shown in

Table C-15 of Appendix C. The values of temperaiure cofficient,
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e weem a.vw imopuCLlVELlY. The
activation  energy, E, are 80.5 kJ/mole and 24.8 kJ/mole for
temperature ranges 20-30°C and 10-20°C respectively. These
activation energies for +the bio-oxidation of agriculture based
pulp and paper industries effluent also fall within the range of

liquid waste (Eddy(19880)).

6.3,Effect of pH

The pH values of effluent shows 1its acidic or alkaline
nature. This is an important factor for biochemical oxidation.

Table C-16 of Appendix C zhows the observed BOD values at
different pH from a grab sample of total mill effluent stream. It
is evident from the Table C-16 that the the BOD raﬂge remaln same
for pH 6.6 to 7.8 while a drastic decrease in the BOD value
beyond this ﬁH range,

Table C-17 shows the values of rate constant, K, and
ultimate BOD, L, calculated at different pH. It is evident from
the Table C-17 that values for K and L are loﬁ at pH 6.0 &and
8.2 and & marginal difference for the pH range from 6.8 to 7.8,
Thig behaviour indicates that the bacteria are most active at

near neutral pH.



CONCLUSIONS AND RECOMMONDATIONS

7.1 Conclusions

7.2 Recommondations



The present study was divided into two major sections : One
was to compare the different method avallable to estimate the
first order kinetic model for the effluent bio-oxidation and the
second study was the kinetic study for the agriculture based
amall paper mills eftfliuvents.

In the comparison studies the BOD data for sewage system was
taken and the avallable elght methods were compared bused on the
total absolute deviation for +the observed BOD values. Keed
Therault method which 1s based on linear least square method was
come out Lo be the best method followed by method of moments and
Welgand method. |

In the kinetic studies, for different samples obtained from
the agro-based paper mill effluent. BOD exerted at different time
intervals were measured and it was observed that the second phase
(Nitrogenous phase) BOD exertion was negligible.

The BOD exerted with time followed the first order kinetic
equation. The kinetic model parameters, rate constant, K, and
ultimate BOD, [, were estimated by all the eight methods also,
Reed Therault method was the best. A non-linear least aquare
methéd {(Marquardt method) was also applied and results were
similar to Reed Therault method.

Temperature and pB  parameter were alsp.studied t6 see the
variation in the BOD exertion. A break in the Arrhenius plot was
obaserved at about 20°C. The activation energy were within the

range of liquid waste. The activity of the bacteria were maximum

neay neutral.
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6.

The followling recommondations are made.

The mill must segregate the pulp mill section effluent and

treat seperately. .

More reuserch wa;k iz required to find out stability of
chemical recovery system.

For designing the effluent treatment plant, 1t desired to
know the effect of temperature variation excatly
i.e. wactivation energy of BOD kinetics. Therefore, further
study 1s recommended to study the effect of temperature. A
wideyr range of temperature 1s requested.

The effect of pH should studied for wide range.

A further study c&n be recommonded to study and compare
different order kinetics for ﬂﬁcur%éy - of designing the
effluent treatment plant.

It 18 recommonded to carryy out study the effect of toxlicants
e.4. mercury, cadmium, cyanide etc. on BOD exertion.

A non-linear least square wmethod should be eﬁployed in

estimating the kinetic parameters.
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A-1 Installed Capacity of Pulp and Paper Mills in India
A-2 Composition Various Raw Materials

A-3 Characterstics of Waste Water from small Mills



- - -~y

Category Capacity Range No.of Annual Insialled Capacity
Units {Lakh Tong)

1. Above 20,000 30 14.573

2. 10,000 to 20,000 24 3.971

3. 5,000 to 10,000 87 T.286

4. 2,000 to 5,000 107 3.617

5. Below 2,000 57 0.875
305, 30. 332

News Print Mills 4 3.275

Production During 1988

Effective Cuapacity

% DGTA Report Feb 24,1989

40

17.20 Lakh Tons

22.42 Lakh Tons



51. Repources Ash Legnin Pentogens Cellunlose Average

No. % % % % Length
(mm)
1. Rice Straw 14~20 12-14 2325 4649 1.5
2. Wheat Straw 6-7 . 16-17 27-28 52-54 1.5
3. Bugaasse 24 19-21 3032 5962 1.7
4. Jute Sticks 1-2 18-20 34--36 62-65 . 0.8
6. Bamboo 13 24-29 16--18 6063 2.7
6. Hard Wood 1-2 23-30 1926 54-61 1.28
7. Soft Wood 1-2 2634 T-14 §3-62 3.0

X  Hassan Ibraham (1977) and Rao (1986)



31. Prticulars Agro residue Agro residue Waste paper

No. based + furchased + Purchased
' pulp basead pulp bused

1. Volume,ms /T 2502 170 107
2. pH 6 - 8.5 6 - 8.5 T -T.7
3. 5.5.(mg/1) 615 585 542

(Kg/T) 1656 99.5 58
4. BODs

(mg/1) 6938 520 187

(Kg/T) 176 88.4 20
5. .COD (mg/1) 2940 1650 ‘654

(Kg/T) 741 280 70
6. Q}épin

(mg/1) 563 -- -

(Kg/T) 142 ok -

¥ Comorehensive Document

REERI (198%5)

for Small Pulp

and Paper Indﬁstry,



B 1 Data of Orford and Ingram for Sewage

B 27 Estimated Values of K and L from Different Methods
B3 Total Absolute Deviation of Calculated Values of BOD

exertion from Obsered Values



Time,t(days) BOD(mg/1)

1 45
2 65. 4
3 80
4 91.6
5 100
6 108.5
7 114
8 119
9 123
10 124
11 129
12 133
13 136
14 137
16 139
18 140
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51, Mothods K
No. : (day-1) (mg/1)
1. Thomas 0.253 132.7
(Thomas (1950)
2. Moments 0.288 136
(Moore et.al (1950)
3. Rapid Ratio 0.281 129
(Sheehy (1860))
4. Weigand 0.230 137
(Weigand(1954))
5. Fujimoto : 0.235 133.3
(Fujimoto(1964))
6. Bagchi Chaudhary 0.239 138
(Bagehi et.al. (1965))
7. HReed Therault 0.207 142.4
(Keed et.al. (1931))
6. Log Diffrence 0.219 146 .4

(Fair (1936))
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UVUDORILE VALURLD

81.No. Methods Total Absolute deviation

1. Thomnas 98.79
(Thomas (1350)

2. Moments ' 58.8
(Moore et.al (1950)

3. Rapid Ratio 85.74
(Sheehy(1860))

4. Weilgand 693.3
(Welgand(1964))

5. Fujimoto 96.89
(Fujimoto(1964))

6. Bagchi Chaudhary 103.90

(Bagchi et.al. (1965))

7. Reed Therault 16.56
(Reed et.al. (1831))

8. Log Diffrence TT7.89
(Falr (1936))




APPENDIX C

Variation in flow rate and Temperature of Pulp Mill Effluent

Qo Q
[

2 Variation in flow rate and Temperature of Paper Mill Effluent
3. Variation in flow rate and Temperature of Total Mill Effiuent
4 Characterstics of Pulp Mill Effluent |
5 Characterstics of Paper Mill Effluent
68 Characterstics of Total Mill Effluent
Yariation of BOD of Pulp Mill Effluent With Time
8 Variation of BOD of Paper Mill Effiuvent With Time
9 Variation of BOD of Total Mill Effluent With Time

10 Values of K and L obtained from Different Methods

a a a a a a a a o
~3

11 Total Absolute Deviation of Calculated Values of Y from

''''' — Obsered Value

12 Comparison of Reed Therault and Margquardt Method with Three

O -

Parameter Model
13 Effect of Temperaﬁure on BOD Exertion
14 Values of K and L at Different Temperature
Values of £ and 8 for Different Temperature Ranges

16 Effect of pH on BOD Exertion

Q QO G Q G
-
(4]

17 values of K and L at Different pH



. MILL ERFLORNT T

51.0 Time Sample 1 Sample IT
No.j :

Flow Rate Tempsrature |Flow Rate Temperature

(m3 /hr.) (°C) {(md /hr.) (°C)
1 8 pm 6.18 22 19.68 27
2 10 pm 63.00 38 35.16 32
3 12 pm 33.00 - 28 58.74 36
4 2 am 42.60 29 52.32 34
5 4 am 42.60 32 45.00 29
6 6 am 0.90 29 42.90 23
7 8 am 12.00 27 62.04 35
8 10 am 3.00 25 38.28 24
9 12 am 15.60 27.56 26.76 29
10 | 2 pm 58. 80 30.5 15.60 25
11 4 pm 46.88 28 45.00 28
12 6 pm 30.00 34 35.16 31

Average Value 30.00 29.34 39.72 29.42




S1.] Time Sample 1 Sample 11
ne: Flow Rute | Tomporaturoe |[Flow Rute | Temporature|
(m$ /min) (“C) (m3 /min) (°C)
1 { 7 pm 10.38 25 6.06 22
2 9 pm 6.54 27T 8.00 27
3 11 pm 13.92 24 b.28 25
4 | 1 am 9.24 29 1.26 29
5 | 3 am 9.78 24 6.30 31
6 5 am 11.28 23.b 4.20 23.6
71 7 am 5.88 30 6.54 28
8 9 am 7.68 26 8.46 27
9| 11em | 6.30 24.5 11.58 34
10 1 pm 8.46 27 | 9.00 33
11 3 pm 10.38 23.5 4.20 22
12 5 pm 12.24 30 12.90 25
Avorage Valuo 9.36 26.1 7.08 27.21
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51 Time Total Mill Effluent Sample
i It
No. -
Flow kate | Temperature [Flow Rate | Temperature
(m8 /hr.) (°C) (m3 /hr.) (°C)
1 8 pm 72.60 22 27.78 26
& 10 pm 124.80 28 b7.06 24
3 12 pm 82.80 27.5 34.66 29
4 2 am 88.20 27 47.82 36
5 4 am 93.60 29 31.08 32
6| 6 am 77. 40 29 32.82 25
7 8 am - 72.60 29.5 53.10 32
8 | 10 am 72.60 24.5 40.87 34
9 12 am 88.20_ 28.5 38.94 29
10 2 pm 118.20 29 36.42 25
11 4 pm 105.00 26 44 .28 31
12 6 pm 93.60 28 39.60 28
Average Value 80.60 27.25 40.32 29.256

43




S1.No. Particulars Sample 1

sample 11
1. pH Range 9.6 ¢+ 0.2 9.4 £ 0.2
2. Temperature Range (°C)
Ambient 10 - 22 14 - 28
Effluent 22 - 38 23 ~ 36
3.  Total Solids (mg/1) 7948 6480
4. Total Buspended Solids (mg/l) 52986 4380
5. Total Dissolvsd Solids (mg/l) 2650 2090
6. Volautlle Suspended Sollds(mg/l) 3246 4364
7. Fixed Suspended Solids (mg/l) 20562 2026
8. VYolatile Dissolved Solids (mg/1) 1534 | 1146
9.  Fixed Dissolved Solids (mg/l) 1116 944
10. Total Kjaldhal N2 (mg/l) Nil Nil
11. 0il and Grease (mg/l) 1034 . 740

12. COD (mg/l) 4800 4400
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51.No. Particulars Sample I Sample 11

1. pH Range 6.4 £ 0.2 6.5 £ 0.2
2. Temperature Range (°C)

Ambient : 11 - 24 14 - 28

Effluent 23.6 - 30 22 - 34
3. Total Solids (mg/l) 1420 1360
4, Total Duspondod Bollds (myg/lL) 606 622
5. Total Diséolvsdgsolids (mg/1) 814 768
6. Volatile Suspenﬁed Solida(mg/1) 392 412
1. Fixed Suspended Solids (mg/l) 214 : 210
8. Volatile Dissolved Solids (mg/l) 304 ' 428
9. Fixed Dizsolved Solids (mg/1) 510 330
10. ‘Tot&l Kjaldhal Nz (mg/1l) Nil - Nil
11. 0il and Gremse (mg/l) 80 T4
12. COD (mg/l) 420 - 380

245 L8

contral Liprary fnivorer” 07 ROUTRE?



51.Ho. FParticulars sample 1 Sample 11

1. pH Range | 7.0 £ 0.2 7.0 £ 0.2
2. Temperature Range (°C)

Ambient 10 - 22 , 11 - 24

Eftluent 22 - 29 24 - 36
3. Tolal Solids (mg/L) 6AT6 b948
4. Tolal Buopedod bl lds (mes 1) SO0 Lo
b. Total Disaolvsd Bolids (mg/l) 3370 3078
6. Volutlle Suspendod Sollds(mg/1) 1646 | 1648
7. . Fixed Suspended Solids (mg/l) 1368 _ 1322
8. Volatile Dissolved Solids (mg/l) 1858 1208
9. Fixed Digsolved 5o6lids (mg/)) ibi2 ‘ 1870
10. Total Kjaldhal Nz (mg/l) Nil ' - N1l
11. Oil and Grease (mg/l) 842 . 348
12. COD (mg/l) 3200 3500
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S1. Time BOD (mg/1)
No. (days) ,
I Sample IT szample
1. 1 590 £60
2. 2 1030 870
3. 3 1320 1260
4, 4 15660 1420
5. 5 1660 1640
6. 6 1760 1620
7. 3 1360 1710
8. 9 1900 1730
9. 10 1920 1760
10. 12 1930 1770
11. 16 1960 1780




T e e s s o saAw ASAASSS BuAT & AIVZILLT S PV L AR 1 ALY

S1. Time BOD (mg/l)
No. (days) '

1 Sample "~ 11 Sample

1 1 1534) 60

2 2 130 106

3 3 176 160

4 4 200 170

5 ) 220 190

6 6 235 206

7 8 255 225

8. 9 260 235

9. 10 270 240

10. 12 276 245
11. 156 280 2560




S1. Time : BOD (mg/l)
No. ' (days)

I Sample | IT Sample
1. 1 420 | 500
2, | 2 , 760 | 860
3. 3 1000 1110
4. 4 1120 1310

5 5 1260 | 1420
6. 6 1350 15610
7 8 1450 1590
8. 9 1480 1650
9. 10 | 1610 1670
10. 12 1540 1700
11, 15 1660 1720




Effluents Samples

ol. Methods
No . Pulp Mill Papor Mill Total Mill
1 11 I 11 1 13
1. | Thomas Method K 10.329 10.272 10.290 10.249]0.272 10.302
L 12166.4124983.31307.4 {276.811764.5{1928.1
2. Method of K }10.378 10.389 }10.297 {0.265/0.320 {0.348
Moments
L 11963.811789.51280.9 {265.4{1668.6{1717.8
3. {Ruapid Ratio K }10.387 10.403 10.300 {0.27610.326 10.366
Method
L 11892.711785.11286.8 1264.9115665.9811687.8
4, |Method of K 10.387 [0.401 {0.242 {10.27410.352 10.334
{Weigand
L 11950 1780 290 268 1640 1720
5. {Method of K |0.368 |0.405 {0.322 |0.249 0.322 {0.350
Fajimoto
L }2015 1770 306.9 {251 1681.8]1694.9
6. |Bagchli and K 10.391 10.405 10.380 10.26010.341 |0.362
Chaudhary
Method L 119656 17498 272 256 1580 1716
7. {Method of Leamst(K {0.394 {0.410 (0.327 }0.283]0.332 {0.350
Square by Reed
& Therault L, 1953.811781.812749.0 1253.611563.41172%.7
8. (Log Difference {K [0.600 [0.592 [0.403 [0.339]0.553 {0.589
LoVistd. 6l yvT774.01 267,08 123781 1438.21 100813
9. {Marguardt K 10.375 {0.394 |0.306 |0.276]0.325 |0.348
Method ,
L 119862.111788 281.6 1254.4115667.3}1723.2

Values of K are in days-1

¢r
o

and L are in mg/l




Effluents Samples )
o1, Methods Total
No. Pulp Miil Paper Mill { Total Mill 1,
I 11 I [T I 11
1. }Thomas Method }1154.6{4064.8}179.21108.8|868.2 {1102.1 7477.7
2. |Method of .
Moments 117.1 184.0 135.9 125.0 }101.3 191.4 467.17
3. |Rapid Ratio :
Method 525.3 199.6 44.9 119.8 1143.7 1203.9 1037.2
4, {Method of _ '
Welgand 137.5 181.6 116.7117.9 ZQZ.B 187.2 {762.7
5. |Method of
Fujimoto 402.7 1130.1 §12563.61101,11130.2 {214.6 11232.3
6. |Bagchi and
Chaudhary 221.1 11341 1104.6{135.7 1284.2 1142.¢ 922.1
Method ’ '
7. {Method oflLeast 1
' Saquare by Reed|{80.2 53.7 30.1:118.0 {76.7 65.4 1324.1
& Therault SRS S
¢. JLog Difference}1208.51974.1 192.3 {122.7111380.4 1208.&'4736.8
9. | Marquardt 107.3 70.7 129.2 19.6 83.9 70.6f 381.2 |
Method 1 -

Hhe




Hood -

Therault

Marquardt Method
Sample :
K L Total K L Total
Absolute Absolute
Deviation Deviation
Pulp Mill {0.394[1953.7| 80.2 0.393|1853.7| 80.3
Sample 1 '
Pulp #111 |0.41 {1781.8] 53.7 0.41 |1781.8} 656.7
Sample 111
Paper Mill{ 0.33{279 30. 1 0.3271279 " | 30.2
Sample I
Paper Mi1110.283]1263.6 18.0 0.2831253.6 18
Sample 11
Total M11110.33211663.4f 76.7 0.33211663.41 76.7
Gample 1 -
Total Mi11{0.35 {1721.7{ 65.4 0.35 {1721.7{ 66.3
bample II}
Total 324.1 326.2
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I TEMPERATURE 2 20

Time BOD (mg/l) at

(Duys)
20 °C - 26 °C 30 °C
1 580 , 420 1340
2 1000 1420 ‘ 1790
3 1290 1690 1960
. | 1490 | 1840 2010
5 1640 1920 12026

TABLE C-138 EFFECT OF TEMPERATURKE ON BOD

I TEMPERATURE < 20

Time .BOD (mg/1l) at
(Days) : ,
10 °C 16 °C 20 °C

1 330 420 . 630
2 620 760 1900
3 840 1000 1160
4 1020 1180 1330
5 1150 1310 1460 -




I TEMPERATURK 2 20°C

Parameter Tempetature (°C )
20 °C 26 °C 30 °C
K 0.356 0.607 1.06
L 1972.5 2016.17 2037.9
I TEMPERATURE < 20°C
Parameter Tempatature (°C )
10 °C 15 °C 20 °C
K 0.256 0.319 0.366
L 1616.5 1653 1736

TABLE C-15: VALUES OF E AND G-AT DIFFERENT TEMPERATURE RANGES

Temperature 9 E

Range (°C) J/mole
> 20 1.1156 80506.8
s 20 1.037 24833 .14




Time BOD st pH
(days)
6.0 6.6 7.0 7.8 8.2
1 320 560 580 . BT0 390
2 580 960 1000 970 690
3 780 1250 1290 1270 810
4 930 1460 1490 1480 1080
5 1050 1600 1640 15320 1210
TABLE C-17: VALUES OF K AND L AT DIFFERENT pH
ParameteL i
6.0 6.6 7.0 7.8 8.2
K 0.265 0.337 0.356 0.336 0. 280
(day-1) o
L 1435.8 19686, 4 1972.6 1994 .1 ‘1eo4i7
(mg/1) o

60
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