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INTRODUCTION

The foresis of Newfoundland are one of this provinces most
valuable natwal resources. The pulp amd paper imiusiry is the largest
user of this natwral resowece and is essential to the economy of the province.
Pulp and paper mills provide many Jobs and the satellite indusiries that
develop to serve the mills and people employed by the milis provide many
mwre jobs. However, the operation of e pulp and paper mill necessitates the
production of waste materials, pollutants to be disposed of in the mearest
waterway. These mill wastes are hamful to fish life, another valuable
natural resowrce of this rovace, Yet, fHor the good of the province and
its people, the two industries -~ the pJulp amd paper industry and the fishery =
must co-existe.

As employees of the Departient of Fisheries and Forestry (Fisheries
Service), we are aware of at leasu certain aspects of fish and the fishery.
However, we know very little about the pulp and paper industry, an industry
with which the fishery must co-exist in this province. In this report, the
pulp and paper industury is stwied in detail, hopefuliy, so that Fisheries
employees reading this report will have a better understanding of this
essential industry. The following topics are discussed in the report:

(1) Manufacturing Process in the Fulp ami Paper Indwstry
(2) Pollution Froperties of Pulp aml FPaper Hill Wastes

(3) Pulp and Paper #ill Waste Disposal in the Marine
Enviromment

(4) Pulp and Paper Mill Waste Treatment
(5) Pulp and Paper Mill Follution in Newfoundland
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THE MANUFACTUKING FROGCESS

A. Intreduction

Wood and all other forus of plant life are composed of
fibres known as cellulose and also the msterials which bind these fibres
logether., Cellulose accounts for abcut one helf of the content of the
wood, The remainder consists chiefly of a relatively small quantity of
henl-cellulose, chemically more akin to the sugars than to pure cellulose;
and a binder known as lignin, of which much has yet to be learned
concerning its chemical behavior.

The manufacture of pulp and paper can be divided into
three basic operations: wood preparation, pulp making and paper making.
Debarking of the wood is comson to all wood preparation operations
regardicss of the pulping method to be employed. Other wood preparation
alternatives are used as required.

The purpose of the pulping operation is to reduce the
wood to fibre. Therc are bLasically two methods of making wood pulps
mechanical and chemicale The first reduces the logs to fibres by pressing
them against large grindstones. The result is known as groundwood or
mechanical pulp. In chemical pulping, chippers convert the whole wood
to chips, which are then cooked at high temperature and under pressure
in a chemical liquor. The cooking operation dissolves virtually everything
in the wood except the cellulose fibres (the chemical pulp). The yield
of ehemical pulp is about one half of the weight of the original wood,.
The chemical pulping techniques most often employed are the kraft, sulfite
and soda processes,
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The fundamental phenomenon of papermaking is that cellulose
fibres, when wet and in contact with each other, will adhere one to the
other as the water is removed., Hence, paper is made by mixing the fibres
with water, placing a laysr of the mixture on a secreen, draining much
of the water, and then removing the remaining water by pressure and heat,
The fibres mat or felt and become a compact sheet.

B Yood Procsssing
The actual process of papermaking begins with the unloading
of the wood from the various vehicles used to deliver it to the mill
woodyard. Since bark, which occupies 12-25% of the volume of the new
wood, has little fibre value, consumes chemicals, and creates dirty pulp,
it is usually removed from the pulpwood sticks before these are reduced
to chips or ground into a pulp. Hydraulic barking, the stripping off
of the bark under high-pressure water jets is one debarking technique in
practice today. Water pressure up to 1500 p.s.i. readily removes the
bark from all species by impingement. Power consumption is high. De-
barking is also accomplished by the use of barking drums, i.e. large
revolving steel drums. Sarking drums are constructed in sections 12 ft.
or more in diameter and wp to 225 ft. long. bNormally, two or three
sections are used in tandem. The logs are fed into one end of the drum
by conveyors and the debarking action takes place as the logs tumble
and rub against each other and against the sides of the drum on their way
to the opposite end. The loosened bark drops out through spaces or slots
and is readily collected and disposed of. The bark may be shredded,
pressed Lo remove excess moisture and then used as fuel in the mill boilers,
Bark will provide approximately 9000 B,t.u, per lb, of dry weight, Upon
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discharge from the barkers, the wood is inspected and any unbarked or
partially barked sticks are returned to the barking system.

Logs for chemical pulping are reduced to chips in order to
obtain rapid and complete saturation by the cooking liquors. Basically,
the chipper consists of a steel casing containing a large rotating steel
disk on which adjustable knives are mounted radially. Logs are fed through
a spout to impinge against the disk at an apgle of about 45° and are
reduced to M‘torn-oisod chips, 5/8 to 3/4 in. in a matter of seconds.

The knives, themselves, are changed and reground every 8 to 10 hours
depending on the condition of the wood and the amount of foreign material
it contains,

As they come from the chipper, chips contain up to 2% "fines®
and some oversized chips and slivers. Fines include sawdust, fine bark
and chips under 1/4 in. or in some cases, 1/8 in. in length. Generally,
the larger particles are separated and removed for crushing or rechipping.
Several different techniques are employed for the disposal of the fines.

To separate acceptable chips from rejects and fines requires a screening
system with two vibrating trays mounted one over the other. The top tray
has perforations small enough to pass acceptable chips and fines. The
second tray, with smaller perforations, catches and retains the acceptable
chips while allowing fines to sift through to a chute or to an umperforated
tray below for disposal. After the chipping and sereening operations,

the chips are delivered first to storage bins and then to the digesters by
any one of several conveying systems., Chip storage is provided between

the wood-preparation system and the digesters to ensure a continuous supply
to the digesters and to provide surge capacity where large digesters are
loaded intermittently at rapid rates, A simplified flow diagram of the
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wood preparation operstion appesrs in Figure I of the Appendix.

Co Fulp Henufpcture

There are four comson Lypes of wood pulp %o be considersd:
meghanical pulp, sulflite pulp, suliate pulp, ww soda pulp. The first
is prepared by purely mechanical means, the other thres by cheaxlsal msans.
The sechanical pulp contains all of the wood exeept the bark and that
iost during storage snd transportation. C(hemical pulp, however, is
essentially pwre celluwlose, the .nwanled s wnstable lignin and the
vlher noncellulove couponents of the wood having been dissolved away by
the tregtuent. Secause of this, coesical pulps are much superior to
aschanical (or groundwood pulp) for fine pepermaking. However, owing to
the special processing required, they are too eipensive for Lhe cheaper
Srades of paper, such as newsprint.

(a) Mechsnical Pulp. This process involves no chemical treatment of
the pulp whatsoever. The c¢hiel woods employed are spruce and balsam,
whick are of the wft, conifercus species., After arrival st the mill, the
wood is slashed and dsbarked. It is then ready to be ground. The grinding
operation takes place in watsr to resove the heat of friction amxi to float
the [ibree sway. The gripding is at an acute angle to the length of the
blocks in order to furnish longer fibres by tearing rather then by right-
angle cutting, '

For suall tomnages, the "three-pocket" grinder is very widely
usad. This conszists of & central grindstons mounted on a steel shaft and
having three chasbers or pockets around ite periphery. The top of each
chamber is sursounted by & hydrrulic eylinuer which operates a ram whose
purpose 1s % iforce the bLlocks against the revolving, ususlly artificial,
stone. These stones are given a sultavle type of burr by properly dressing
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their surface. Cooling and removal of the product are effected by means
of a spray of “white water" which is returned to this point from a later
slep in the process. For larger tonnages, the loberts and (reat Forthern
grinders are popular, but for the large installations of 200 dally tons
or more, either the nydrauiic or chain~feed magazine type are preferred.
These consist of a lerge vertical, cyiindrical chamber filled to Rhe top
with logs. The presswre of the wood on the grindstone at tne botiom of
tae chamber is maintained Ly the weight of the wood in the magasine,

The pulp and water aixture [rom the grinders is dropped into
a stock sewer below the grinders and is passed along o the sliver secreen.
Here, the larger material is retained and discarded by the sercen, while
the fine material falls into the screvned stock pit, from where it is
pusped to the fine sereens. Tne fines that pass these screoens ere con-
centrated in thickeners to givo commercial mechsnical pulp. The oversiszed
particles from the fine screens are troated in refiners and then returned
tw the scrvens again. The water overflow from the thickensrs contains avout
15 to 20 percent of the original fibres and ie the so-called “white water"
wiich is wsed in grinding and t0 aid flow in Lhe stock sswer. As the
process continues to operate, it is necessary Lo add fresh water to the
system to keep down ihe temperature; thersfors, soms of the white water
uust be resoved. Sefore being sent to waste, thais water hae Lhe resaining
fibres strained from it. The {ibre is returned to the Lhickeners,

The "energy requiresenis” are all mechanical and consist chiefly
of power for grinding. 7The only cheaical change cecurring in mechanieal
pulp is a slignt hydration of the cellulose by long contact with water.

The uses of mschanical pulp are for the mosi pert restricted to
the cheaper grades of paper and board, where permanency is not required.
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The evenrtual deterioration that occurs in paper made from mechanical pulp
is due to chemical decomposition of the noncellulose portions of the
woods in the manufacture of newsprint, cheap manila, wall, tissue, and
certain wrapping papers, the mechenical pulp is usually mixed with a small
amount of chemical pulp. A flow diagram of the groundwood pulping process

appears in Figure 11 of the Appemiix,

(b) Chemdcal Pulp.
(1) Sulfate or Kraft Process.

"Sulfate process” is perhsps a nmisrower, or at least ds-
leeding, as it might cause one to suspect that sulfate rather than sulfide
is used in the actual cooking. Sodium sulfate is, however, the makeup chemical
in the sulfate process, and sodium sulfide is a product of the reduction
of the sodium sulfate in the recovery furnace, where the makeup cheamical
is added,

The sulfate process can be sumarized in the following

steps:

1, Vood logs are barked in debarkers and chipped in multiknife
chippers.

2. ‘ihese chips are carried by conveyor from the storage siios
to the digesters, where the maximum amount of chips are fed
into the top of the digester. Cooking liguor is added at
this time., The ratio of chips and liquor, along with
concentrastion, woisture content, and other variables, is
carecfully controlled,

3. The wood chips are cooked for the preseribed time under
the proper temperature and pressure, Usual cooking time
is from 2~ hours at about 100 to 110 p.s.i. While the
wood is cooking, turpentine and other volatile constituents
distill and these are condensed for sale as by-products,

Le AL the end of the cook the pulp and liquor are "blown" into
the blow tank. The pressurized steam in the digester is the
blow propellant, and it blows the digester clean, ready for
another cook. The steam from the blow is utilized to heat
water for mill use.
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5. In the blow tank are the pulp and the black iliguor

" eontaining the spent cocking ehesdecals, as well as

lignin and other solids exiracted from the wood.

The blaeck liguor sre diluted with dilute
black liquor and pusped through the de-inotiers to
the brownestock washers, where the liguor, containing
the soluble residue from the ook, is washed out of
the

pulpe

6. The washed pulp is tien screened i sent to the
bleach plant or paper mill. A porticn of the black
liguor from the washers is used as & diluent for the
cooidng liquor and blow~tank stock. The resainder
is sent to the recovery unit of the pulp =ilil, where
the ecoking enexicals are reclalmed,

Hecovery is an essential part oi the sulfate process. If all the
spent evoking chemicals were sewered, the cost of the process would be
proaibitive, and stream poliution would be sufficiently severs to preclude
operation on inland walers. The recovery of the ghemical and heat froaw the
sulfate spent liguor is sumsarised in the following steps:

1. 7The black liquor from the brown-stock washers,containing
about 16% solids, is rated in multiple-effect
evaporators to about 508 solids., ULuring evaporation,
s0ap is separated for sale as & by-produet.

2. The liquor is further concentrated in a dircvet-contact
evaorator. The solics content now will be about 65%.

3. The thiek liquor is now burned in the recovery furnace.
Lignin and other exiracts from the wood msintain combusticn,
and the cooking chesicals form as a smeli at the bottom
of the furnace, Sodium sullate present in the liquor and
that added a8 o sakeup cheulcal is reduced %o scdiua
sulfide, Heat from the fwnsece is utilized o produce
superheated stean for the aill's turbogenerators aswell
s process steamn.

he Smelt from the recovery furnace is dissolved, and "green
liguor® is forasd. This “green ilcuor' contains sainly
sodiun sulfide, sodium sulfate, and sodiwn cerbonate.

S5 fGreen liquor is then causticised, sodiua caroonate is
converted to sodium hydroxide, and caleium precipitates
out as calcium carvonate.

Ca (0), + Nay0u=>Cac0, | + 2Ha0H ..o Q)
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6. The caleiun carbvonate precipitate forumed a8 shown
in squation (1) is burned in a large rotary kiln
to reclaim the caleium

Gty —> Ga0 + W, T s (2)

7. Caleium oxide foraed ss shown in equation (2) is
slaked with wash water or dilute liguor % Dlurnish
caiciun hydroside for causticizing green liguor,
@8 in equatiom (1)

Gab + H0 —>Ca (CH)y ue (3)

Hakeup lime is added sither as raw liae or as
calelum carbonate.

8. Sodium hydroxide forwed as shown in equation (1) is
sent to the digesters as cooking liquor, thus com-
pleting the recovery e¢ycle. This godium hydroxide
solution (“wnite liguor®) alsc contains the sodium
sulfide formed in the recovery furnsce.

(2) Soda Pulp.

The manufscture of soda pulp is very siailar to that of
suifate pulp, both being alkaline processes. The woods used are of the
deciducus of broadieal variely. Foplar smakes wp the largest tonnage and
is also the easiest W cook. Other woods exployed inelude biren,amsple,
chestaut, gum, and basswood. OUwing to the tendeney of broadleafl woods to
sink, it is usually necessary to ship them by rail or truck to the =mill
rather than to float them in. The proparation of the wood for cooking is
similar to that describved previously under Yood Frocessing.

The digesters are very similar Lo the digesters used in the
sulfate process and are constiucted of steel or wrought-iron plate, ilke-
wise unlined. The cooking time varies from 2 to J hr. at & pressure of
110 ib. per sq. in. and a tesperature of 344°F. ‘The digesters are usually
blown to blow pits which have provisions for heat exchange to utilize the
stoame. Trepulp is washed in an open tank with a false Lottom constructed

of heavy steel plate covered with a fine wire netting. The plate is perforated
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with 1/2 in. holes, ciosely spaced. The ressining opsrations are very
similar to those used for processing sulfate pulp.

The black liquor from the soda pulp contains avout 16 perceat
total solids and 4.5 percent total alkali. Kost of the latter is sodium
carvonate, the remsinder bveing free sodium hydroxide. This liquor is
concentrated by sultiple-effect evaporation as in the sulfate process
and fed to either stationary furnasces or rotary driers. Mo saeliing
furnace is used ordinarily, the product being & bleck ash containing 20
to 25 percent free carven. 7This ash is charged to & series of leaching
tanks equipped with false bottoms. The ash is leached counter-cwrently
with water or weak alkali, the resulting solution being fed to the slaking
tanks and the cerbon waste discarded.

Hecovered iLime is added to Lhe liquor in the slaking tank and the
slwry fed to the causticising tanks, where make-up sodium carbonate is
added. The reaction taking place is essentially:

Na 0, + Ca (UH), —>2 HeOH + Cally

The calelum carvonate siwigs ie filtered off and sent to the limekiins.
The filtrate is the white liquor used in the digesters.

Since the fibres from broadleaf woods are shorter (1§ mm.) than
those from conifercus woods used in the sulfate process (2 to 3 mm.) the
product of the soda process 16 & pulp that makes & weaker paper. Therefore,
it is gensrally used with mixtures of other pulps, serving to fill in the
spaces Detwesn the longer fibres. The largest tonnage of the pulp enters
inte the manufscture of book magazine and tissue papers.

(3) Suifite Pulp

On the basis of quanlity produced, this process ranks second
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only to the sulfate process. Although spruce is the wood wost comeonly
suployed, appreciagble nuantities of hemloek and balsam are also used.
The wood is baried, cleaned, snd ehdpped with the rvsulting chips seing
about 1/2 in. in length. It is then conveyed to the storage bins avove
the digesiers, proparatory Lo being cooked.

The ehemistry of the sulfite digestion of eellulosiec materiais
is very cosplicated, and the therscdynasic data are incomplete and ot
very relisble. 7The external energy required f{or the process includes steam
for the preparation of the cooking liquor and cooking the pulp, and
mechenioal energy for ehipping the wood and pusping.

ihe more com-on sullite process consists of the digestion of the
wood in an aguweous solution containing ealcium bisulfite and an excess of
sulfur dioxide. The sulfite process involves two principsl types of reactions,
which are probably concurrent: (1) the reaction of the lignin with the
bisulfite, and (2) the hydrolytie splitting of the selliulose-lignin complex.
mommiMonnmantowrma. and the
extraneous wood compononts scted on. Since the disposal of waste
liquor (more than half of the raw weterial entering the process appears here
as dissolved organic solids) is & serious peliution problem, concerted
atiention has been twned to its disposal or utiliszation. Substituting
nagnesium oxide for lime is being evaluated comsercially because chesdical
and heat recovery are possible accompanied by a solution of the disposal
problien of the waste liquor. Sodiua and acvonia have aiso been substituted
for calcium as & pulping base and are used in a iisited nuuber of cousercial
piants. So far, costly and cosplicuted cheusical recovery limits thelr
widespread use., The calcium-based sulfite-pulping process will now be
described,

Two methods of preparing the cooidng licuor (towsr and sdlk of lime)
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and two methods of cooking (direet and indirect) are widely used. The

essential reactions involved in the preparation of the cooking liquor
are quite simple.

5+02__.>502

280, + B0 + Gtwj—-) Ca (3803)2 + 0o,

The entire process may be divided into the following unit operations and

unit processes.

L.

2.

3e

ive

Se

6.

Sulfur is melted in a tank heated by the rotary burner and
then fed to this burner for oxidation.

iny sulfur that is vaporised in the burner enters a combustion
chasber, where it is oxddised to sulfur dioxide. The amount

of air in this operation is closely controlled to prevent the
formation of sulfur trioxide.

ihe sulfur dloxide obtained is cooled guickly in a horizental,
vertical, or pond cooler consisting essentially of a system
of pipes swrounded by water. In all but the pond system, the
water is sprayed on the outside of the pipes.

The next step in the process is the absorption of the gas in
water, in the presence of calcium and wmagnesium compounds.

This is accomplished in a series of two or more absorpiion towers
packed with limestone. A fine spray of water passes down Lhrough
the towsr system countercurrent to the sulfur dioxide gas, which
is blown up through the tower.

The liquor leaving the towers contains a certain ssount of free
sulfuwr dioxide, which is enhanced frow tLime to lime as the free
sulfur dioxide vented from the digesters is bubbled through it
in the "reclaluing tower® that follows. The final liquor as
charged to the digesters is a solution of calcium and magnesium
bisulfites, anaiyuing about 4.5 percent "total"” sulifw diozide
and about 3.5 percent "free” sulfur dicxide. The digester is
filled with chips and the acid cooking liguor is pusped in at
the bottom. The digesters are cylindrical steel vessels with

& capacity of from 1 to 23 tons of fibre and 3,000 to 51,000
gal. of "acid". A special lining of ceweni, crushed guarts, and
acid-resisting brick is used %o avold the corrosive action of
the cooking liquor,

The digester is heated with direct steam. In recent years, the
industry has turned to digesters with forced outside circulation
which heat the cooking liquor in an outside stainless-steel

tube heater and circulate it through the charge by meens of pawps.
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This permits a better tesperature distribution through the
charge and prevents dilutdon of the liguor with the direct
stean forserly used for neating. Comiitions of the eook
depend on the natwre of the wood, tie composition of the
acid, and the quantity of pulp charged. The pressure varics
from 70 to 160 lb. depending upon the construction of the
piant. The tlme and the tesperalure range from 10 to 1l
hr. and 105 to 156°C. (220 to 3119F) respectively.

7« At the end of the cooking process, the digester is discharged
by bloving to a blow pit (s large, round tank having a false
bottom and equipped with means to wash the pulp with fresh
water). The cuoking liguor is mot recycled,

8. The pulp is pumped from the pit 0 a series of sereens waere
knots and large luwps of fibre are removed.

9., The accepled stoek from the sereens is sent to the rifflers
(& series of long feltelined troughs equipped with cross bars
aevery 6 ft.). The foreign matter in the pulp sradually settles
out.

10, The relatively pure pulp ie concentrated in thickeners which
ars eylimdirical frames covered with 80=aesh bronse wire. The
water passes through and the pulp is retained on the sereen.

1l. The pulp is sent to the slsacher, and free chlorine is intro-
duoced. After the chiorine has been exhausied, milk of line
is gdded to neutralize the mass.

12. The stock is washed, thickensd, and scnt to the machine chest.

13. Pulp from the chest is for=ed into laps of sbout 35 perceamt dry
fibre content, and the laps are dried with steam-heated roils to
a product widoh is 80 to 90 percent dry fibre.

The milk-of-lise systeam of preparing the cooking liquor con~
siets of slaking burnt iime containing & high percentage of sagnesia with
warm water to produce a suspension. A high perecentage of magnesia is
desirable because the magnesiun sullites forsed are more soluble than the
corresponding calcium compounds. The calelua compounds tend to sebile out
and clog the pipes. This solution is treated with sulflw dioxide gas to
produce the cooking liquor.

Suifite pulp is & high=-grade type of pulp ami serves for the

manufacture of some of thw finest papers embracing the bond office line.
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It is used either alone or with some reg pulp to make writing paper and

highe=grade book paper.

operation appears in Figure III.in the Appendix,
A comparison of the thres types of chemiecal pulping appears in

the following table:

A simplified flow diagram of the sulfite mill

Table 1. A comparison of three iypes of chemical wood pulp.

Type of process Sulfate pulp Sulfite pulp Seda pulp
Cellulosic raw Aluost any kind | Coniferousjust limited to
material. of wood, soft be of good color | short-fibered

or hard. and free of cer- | hardwoods
tain hydroxy vecause of
phenolic com-~ low yields and
pounds, pulp strength,
€.2. poplar,
m.m‘-
Frineipal re- Hydrolysis of Heactions Hydrolysis of
aetion in lignins to ocewring are dignins to al-
digester, aleonhols and very complex cohols and
acids; sowm and not yet acids,
aercaptans fully under-
formed. stood,.
Conposition of 12,5% solution 75 by weight 12.5% selution
cooking liquor. of wa, of which of HalH and
2390 :..35 is combined | Ma,Q0 in
Typi as sulfarous acuq 85 to 15;
analyeis of and 2.5% as dissolving
solids. 58.6% Ca(HS0, )0e sction dus solely
m, 27.1% Cooking T ten of | to NaGH.
s k.32 pulp requires
225 to 300 1b,
Di‘;uiviu of sulfwr and
action due to 350 to 400 1b,
NaCH xnd of lime rocke.
:a rapreunta

the equilibrium
rsaiﬂuo between

in the a:BuZn

of NaOH.

(eontinued )
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(Table I ... continued)

]
Type of process Sulfate pulp Sulfite pulp | Seda pulp
ditions. Te perature: speratures uret
3h0=355°F . 265=300°F . 330=340°%F
Fressure: 100~ | Fressure: 70 iressure: 90-
1235 1lb. per sq. 90 1lb. per sq. 105 1be. per sg.
in. in. in.
Chemical Chedcals too 80, relief dodiua hy-
retovery. expunsive to pi recovered; droxide re-
discard; there~ | licuor discarded covered and
fore, most of after wood reused a8 in
process is digestion and kraft process,
aevoted 0 pulp wasnings but make-up
recovery of little present chexdcal is
cooking salvage of n?co instead
chemicals with | chemieals but | of N&JSO, .
incidental re- use of wasie
vovery of heat liquor being
tarough burning | sxtensively
organic matier studied.
dissclved in the
lisuer from the
wood; cheuical
losses f{rom
aysten are re-
piendshod with
salt "b’
mzaa“.
Hateriais of Pigesters, pipe | Acld liguor Sane as kraft
construction. lines, pupe, requires digest- materials.
and tanks can be| er lining of
wade of mild acid-proofl
steel or iron brick; fittings
because Caustie | of chrome=
liquor does not | nickle steels
readily corrode | lead, and
theme DIONEG .
frown colorj
Pulp character- srown color; Dull white ~
istics, diffioult to | color; sasily | geoily Sesereds
fibres; re- fivres weaker sulfite.
sistant to than iraft,
m@chanical
refining.

(continued )
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(Table I ... continued)

Type of process | OSaulfate pulp Sulfite pulp Sede pulp
Typical paper Strong trown White grades; Usually
progucte. bag and book paper, blended with
wrappings broead wrap, other pulps)
multivwall fruit tissue, book and
bags, guwaing sanitary Egasine
paper, bullding | tissue. grades,coated
paper; surong papers,
white papers sanilary
from bleached tissue.
kraft; paper-
boards such as
used for carw
tons, contalners,
milk bottles,
ard corruzated
board.
D. Hlesching

Wood pulp, regardiess of Lhe process Ly which it is made, must
be bleached il It is to be used in any of the finer varieties of light
Conversely, bleaching is seldow required for the lower
grades of pepere. As an exsnple, consider newsprint made from a cowmbination

colored papers.

of the sulfite and groundwood pulps. The suifite pulp does not require
bleaching and the groundwood pulp is bleached only on rare occasions.

Wood pulp,no satter how careluily made,and whether produced by
the sulphite or the alkaline processes, slways has associated with the
celiulose a portion of the lignin or inerusting matisr ordinarily present
in the ruow fiore and this lignin carried with it certain colored ovedies of
highly complex chemical composition. These colored izpurities cannot be
rezoved by any asount of wavhing or wechanical treataent. They are united

in a chexdcal manner with the fiore or celiulose ard & cheaieal process



is necessary for their rewmoval.

In addition to the colorud materials that are ordinarily
present in the fibre, other dark colored substances are produced during
the process of digesting the pulp, by the chemical zotion of the aeid
or alkaline liquids on the various comples substences contained is natursl
wood .

Soda pulp should be very thoroughly washed beforse blsaching or
there will be great waste of calorine due to the affinity of any residual
black ligquor for chiorine. Thoroughly cooked and washed soda pulp is
best blegehed at eboul 12 percent consistency at a Lemperature of about
9°r.

The object of all successful blegching practice in the paper
industry is to thoreughly bleaeh the pulp 80 a8 to twrn out a product of
meXinum whiteness and purity, which will remain vhite indefinitely, and,
at the sase time, not to ilmpair the strenglh and natural propertics of
the fibre, not to cause two much shrinkage in weight and voluse, and not
to have an excessive consumption of the bicaching agent.

Haturally, a® in any other process, it is slso desirable to
reduce the labor employed in the process to a minisun and consecusntly,
whereas bleaching was forserly carried out in simple tanks provided with
sore or less crude agitators, at the preseant time nussrous highly efficient
specisl forus of bleasching equipment are on the warket, all of which are
designed with the idea of making the process as largely automatic as
possible.

Gleaching is essentially an oildising reaction. 7This is shown
by the fact that muny materials will become bleached when eisply left
exposed to the wind and weather. AlL of the various chemicals used for
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bleaching purposes are used with the ldea of oaddizing the colored
materieis and, of all these blesching agents, the wost comon are
certain of the compounds of chlorine. Chlorine, when brought in contact
with water, releases the oxygen of the water snd it is this freshly
relsased oxygen tnat eserts the decolorizing asction on the fibre,

¥. gaper Manufscture

The various pulps, oven though froquently smanufsctured in coarse
sheets, still lack tiwse properties which are so desirable in a finished
paper, such as proper surface, opacity, strength, and feel. Fulp stock
is prepared for for-ation into paper by two general processes: beating
end refining. There is no sharp distinction between these two operations.
Hills use elther one or the other alone, or both together.

The most generally used type ol Leater consists of a wooden
or wetal tank having rounded ends snd a partition part way down the mlddle,
thus giving a channel around which the pulp eirculates continuously. Um
one side is a roll, equipped with inives or vars, and directly below this
a bedplate consisting of ctationary bars. In operation, the circulating
pulp ie forced setween the bers on the rovelving roll and the stationsry
vars of the bedplates The roll itself may Le raised or lowered to achieve
the resulis desired. Deating the {ibres makes the paper stronger, =ore
unifora, more dense, =ore cpacue, and less porous. It is in Lhe beater
that fiilere, coloring agenis, and sizing sre added. Since the tealers
are bateh machines some mills msking lower grades of ppers have done away
with thes entirely and use only refiners. The standerd practice in aaking
the finer grades of paper, however, is to follow the Lealers with the re.
finers, which are continuwous sachines.
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A stapndard refiner consists essentially of a conical shell,
on the inside of whieh are set stationary barse., Rewolving inside the
shell ie & core, also set with bars. It is the action between thuse
two sets of bars that produces the desired effect on the pulp. The
latier snters the small end of the cone and, after being ascted wpon by
the bars, passes out at the other end.

Filler, sizing, and coloring may be added either in the beater,
which is usual practice, in the refiner or in both. The order in which
these materials are added to the beater mey vary in different mills,
but generally, is as follows: (1) The various pulpe are blernded w0 give
the desired density and uniforsity. (2) The filler is added with or just
after the f{ibre. (3) after sufficient Leating, the size is put in and
sixed thoroughly. (4) The color is added snd distributed well throughout
the mass. (5) The alua i# introduced Lo produce coagulation and the desired
eoating of fibres,

All papers except avsorvent types, i.e. tissue or blotting paper
wast have a filler added to them, the purpose of which is to occupy the
spaces between the liuvres, thus giving a suoother surface, a wmore Lrilliant
whiteness, increasing printesility; and an Lmproved opacity. The fillers
are always imorganic substances and may be elther naturally occurring
materialis, such as tale or certain clays, or sanufactured products such
as suitably precipitated calclua carconmate, blane fixe, or titenium dioxide.
AlL are finely sround.

Sising is added to paper to ispart resistence to penetration by
iiguids. Again, the only papers not so treated sre blotiing and other
absorbent papers, where penetretion is desired. The sizing say eoither be
added in the beating operation or applied to the surfece alter the sheet
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is formed. The process of engine or stock sizing, i.e., adding size

in the bester, invoives the addition of the sizing ageni, consisting of
either & soup made from the saponification of rosin with alkell or & wax
emulsion, followed by preecipitation of the size iteslf with papermaker's
alwa, un(aoh)s.mzc. This treatment gives a gelatinuous film on the
fibre, wihich loses water of hydration end produces a hardened suriface.

Tub sizing, on tihe other hand, is carried out on the dried
paper, or sufaces waich way or may not have been previously and pa Lly
sized in the beating operation. The material used for this treatwment must
have adhesive properties, the principal substences Leing enimal glue,
aodified starches, and wosh sizes. The operation is carried out either
on the paper-aaking machine itself or in a separste sizing press euploying
air drying. The paper runs through & bath of the size material, then
through rolls that remove the exesss material, and finally over drying relils.
This type of sizing operstion is used furiher Lo enhance the water resistance
of the paper and espscially to meke it take ink evenly without blurring,
even afler erasures.

Another materdal that is asdded to the paper is coloring.
Approxiaately 98 percent of all paper produced has a certain asownt of
coloring material added to it. Coloring, like sizing, may be added either
in the bealer or after the paper has been =ade, although aboul 95 percent
is added in the formor maoner. Howsver, surface ccloring, the latter
mothod, uses less dye and requires the production of only ome type of
paper, which may be colored any shade laler as needed.

ALl types of dyes (aeid, vasic, direct, sulfur) and sll types
of pigments (both natural amnd synthetic) are used as coloring agents.

The scid dyes have no affinity for the cellulose fibres and must, therefore,
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be fixed to them by means of mordants, If the paper is colored in the
beater, the alus that is added to precipitate the size will elso act
as a msordant for the dye.

furface dyeing may be parried out sither in the pepermaking
sachine or in & separaie plece of equipment. In either case, Lhe process
consiste in passing the peper through the dye balh, rewving the excess
dye by weans of press rolls, and drying.

The machines usec for the astual formation of the paper sheot
sre of two general types: the Fourdrinier meehine snd the cylinder machine.
The basie prineiples of opsration (ss shown in Figure IV) are essentially
the sase for both machines. The sheet is formed on a travelling wire or
a eylinder, dewatered under rollers, dried by heated rolls, and finished
by calendar rolls. A more complete deseription of the operation of the
two paper machines follows.

i. Fowdrinier Machine

The stock from the foregoing operations, containing approximately
1/2 pereent fibre, is first sont through screens te the hesd box, from
whdeh it flows through the slulce onto a moving, endless, oronge-wire
screen. The pulp fibres resain on the sereen wille a gre:st protion of the
water drains through. As tne screen moves along, it has a sidewise shaking
smotion which serves to orient some of the fibres and give better feiting
action and more strength to the sheet, While still on the screen, the
paper passes over suction boxes to remove waler and under a dandy rell wideh
smooths the top of the sheet . Rubber deckie straps travel alomg the sides

of the sereen at the same speed and thus serve to form the edges of the
papar.
From the wire, the paper is transferred to the first felt
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blanket which carries it through a sseries of press rolls, where more
water is removed and the paper given a wateraark if so desired. Leaving
the first felt, the paper passes through steel samoothing rells and is
picked up by the second felt which carries it through a series of drying
roils hested internal.y by steam. The paper enters the rolls with a
w:istare content of 60 to 70 percent waler and leaves thea 90 to 94
percent dry. OSising may be sprayed on the sheet at this point, in whih
cese it must pase through another series of drying rolls before entering
the calender stack which i® a series of swoth , heavy, steel rolls
which impart the finel surface to the paper. The resulting product,
finished paper, is wound on the reel. The erormous guantity of water
Mmkeaitnmmrwmﬁnau&ofitumutm
econvuical operation.

The operation of & Fowrdrinier is a very complicated procedure.
Une of the major problems is making sultable allowance in the speed of
the various rells for the shrinkage of the paper as it dries, The
operating speeds of the machines vary from 200 fi, per min., for the finer
grades of paper, to 1,700 ft. per min. for newsprint.

2. Cylipder Hachine
For the manulacture of heavy paper, curdboard, or nonuniform

paper, the eylinder machine is esployed, IL enables several similar ¢p
dissimilar layers to be united togetaer into one hesvy shwet, The
eylinder sachine has from fowr to soven parallel vats into each of whiech
sicilar or dissisdlar dilute paper stocks are charged. 4 wire-covered
rotating cyiinder dips into each vat. The paper stock is deposited on
the turning screen as the water inside the eylinder is removed. As the
eyiinder revolves farther, tho paper stock reaches the top where the
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wel layer comes into contact with and adheres to a moving felt. The
travelling felt carrying the wet shect underneath pesses on under a
couch roll to press out some of the water., This felt and paper come
into contact with the lop of the next eylinder and pick up amother lLayer
of wet paper. Thus, a composite wet sheet or board is built up and
puscdtmmpaurmlmdmtobhodrmuﬁmthmm.
Such a cowposite may have the outside layers of good stock while the
inside ones may be of ground-wood pulpe
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THE POLLUTION PRUPEHTILS OF PULP AND
PAPER MILL WASTLS

The total effluent from a pulp mill consists of liquid wastes
froam the various mill processes, washings from plant operations and
general plant sewage. It is largely fresh water contaminated in varying
degrees by dissolved and particulate wood products ae well as oy chemicals
lost froa the digestion and bleach processes. Table 1l indicates water
usage in the groundwood, kraft, soda and sullite zdlls,

Table Il. Average waste discharge per ton of paper product.

Product Waste, American gal.
Pulp mille

Gro undwood 5,000

Soda 85,000

Sulfate (kraft) 6l,, 000

Sulfite 60,000

Pulp =ill wastes say be classified into two basic categories,
as arising from (a) chesdeal digestion and (b) mechanicel pulping. A
seni-chenical pulp is also produced in seall quantities Ly light chesdcal
digestion followed by mechanical disintegration. The spent liquor from
chemical digestion contains the salts used in the "eooking" process, as
well as the organic materials binding the cellulose fibres in the wood
that have been dissolved during digestion. MNechardcal pulping consists
of the grinding of wood blocks on stone wheels in the presence of water,.
Effivent from this process contains only & small asount of dissolved
organic substances leached from the wood and a considerable amount of small

fibres.



Chesdeal digestion is further suo-divided into two basic
types: (1) acigic (sulfite) process, where a solution of sulphurous
acid combined with calcius, magresiun or other Lase is used ior cooking
the wood; and (2) alkaiine (sulphate) process where a solution consisting
malnly o{ sodiun hydroxide and sodiwa sulphide is used.

The chemdical characteristics of wastes are quite different
from one chesical process to another. There are a nusber of physical
propertics, however, which are generally comwon to st wastes from
all chemical pulping.

Some of the constituentis dissolved from wood give effluents
{rom chealcal processing of pulp certain swrface-active propertics. 1he
tendency to foam is & direct rosult of low surfsce tension of the effiuent,
Although foam itself is not especially harmful W organisams, it impairs
the aesthetic qualities of surfece waters., Its affinity for particulate
materdals in the effluent and other foreign matier on the water surface
contributes (o small eccumulations of uniesirable materials along the
shorese

Aside froa foasing characteristics, the rate with which water
can be re-oxygenated is dependent on the amount of surface-active material
present in the water. Large quantitdes of deterpgents are known to reduce
the rate and amount of oxygen uplake Ly sewage treatment plant efilusnts.
It is procable that the same effect prevalls in the uptake of oxygen by
waters containing large awounts of effluent irom chemical pulpinge

The density of effluent is variable from mill to mill and say
vary over a period of tise in the sase =«dll, depending on the amounts of

dissolved salts and organic materials which are wasted. In general, it
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is only slightly heavier than natural fresh water but considerably
lighter than sea water. The swriface aclive properties of pulp adll
effluents ensure than they will disperse rapidly if they are injected
into water having apjroxisately their density, Consequently, it can be
expected that the effluent will mix fresly with fresh water but will
tend to spread on the surface of sea water. Under the rormal condition
of stratifiecstion, with light water at ithe surface and denser waler below
in the coastal marine enviromment, the efflusni tends to mix only in the
upper brackish layer if it is discharged al the sea surface.
{a) Sulphite Pulp Kill Vastes

There is very little recovery practised in the sulphite process,
exoept in some of the modern mills where a recoveracie base (magnesium,
amonia, or sodium) is used. Sulfite waste liquor (8¢i) is an amber-
colored iluid rich in organic substances. It is noted mainly for its
oxygen=-gonsuning cualities. Can a population equivalent basis, the oxygen
consugption of eflluent from a 500-ton~per-day sulphite will may ve
equivalent to that of sewage from two aillion persons. The nigh
concentration of wood sugars in the SWi resulis in repic decomposition by
bacteria and, consequently, & high B.0.B. (biochesical oxygen desand),
There are nuserous other organic constituents, of which lignin is the most
significant, but they are genersliy =ore resistant to bacterial atiack,
These coupounds are couparatively non-toxie, except for perhaps methyl
aleohol, formic acid and furfural, which are present only in small con-
centrations.

Pepending on the grade of sulphite pulp produced and the digester
liguor base, the amount of wood substanee discharged as waste can vary from
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50 to 63 per cent of the raw material. When the spent chemlcals released
in the waste sre also taken into consideration, there is a total solids
discharge per ton of pulp (dry weight) which varies from about 3000 lb.
to 4000 lb.

Unused sulphwr dioxide, present in wastes in the form of
sulphurous acid, can be toxic to fish., It can be responsivle also for
the lowering of dissclved oxygen concentration in recelving waters by
its powers of chemical reduction, Suiphuwrous ascid may oce the prinecipal
contributor to the immediate oxygen desand (1.U0.0., which amounts to
approximately 10 per cent of the total S-day HeU.ie

Tables I1l and IV iliustrate the psrcentage composition of
the major components of the sulfite waste liquor and the composition of a
typical sulfite pulp plant waste respectively.

Table 1ll. HRelationship of major components of sulfite waste liguor.

Couponent % Total solids,
bonewdiry basis
idgnin 516
Sugars 16.9
Sulfur Jel5
Calecium bhe5

Table IV. Composition of & typical sulfite pulp-plant waste,

Component Digester liquor, Alow=-pit liguor,

7 ppa » Epa
Total solids 141,100 38,700
Volatile solids 101,000 34,000
Ash 16,100 4y 700
Caleium 3,990 1,550
Total sulfate 31,200 8,620
D, 20-day fady U0




(b) Eraft Pulp Hill Vastes

Recovery of the spent cooking solution ("black liquor®) from
the digestion operation is practised ae an integral part of the kraft
process, by which certain occomomics in heat and salt recovery are realiszed.
Hraft mill effluent (MME) usually consicts of washings from the various
screening axi bleaching processes thatl cannol be recirculated, dregs from
the caustielzing plant, condensates, floor drainage, other unusable rosidues
and sanitary sewage. Decause sodiun sulphide is used in the cocking liquor,
certain toxie suiphwe-containing corpounds emmrge with the black liguor.
Hydrogen sulphide and mercaptens are the most noteworthy cosponents of
this group, and they are generslly rosponsible for the notoriely of kraft
pulp mille in atswapherie pellution. In addition to the sulphur compounds,
L also contains tall oil, resin and fatly acid soaps derived from the
blagk liquor and usually separated in the recovery plant. Vvhile the
sulphides and mercaplans are quite unstavle and seldom ocour in dangerous
concentrations beyond the sewer outfell, the resin and fatty zcid scaps
are relatively stable and may be the major contributors o the toxicity of
kraft pulp aill wastes.

The S.0.0e of kralt =il effivent is cosparatively low, being
about one-tenth of that of the sulilwe waste liquor. However, in sany
instances, the J.U.le from a particular krait mill can cause consideravle
hars to the freshwater or smarine environments receiving the wastes., The
tendency Lo ignore the effects of B.0.0. loading from a wralt mill or write
off the LJl.0e as a minor problem in iraft mill poliution control should be
awided, The deep brown colowr often associsted with iraft aill effivent is
characteristic of Lhe form of lignin released by the kraft process. It does
not represent a particularly toxic condition ner cne of ndgh 3.0.D. but
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only the presence of a coloured material wiieh happens to be a fairly
sensiiive tracer for the waste. A typical analysis of a krait mill waste

appears in thue following table:
Table V. Characteristics of kraft mill wastes.

CUharacteristics Maxiam Hiniwus Average
pH ‘ G5 746 8.2
Total alkalinity, ppm 300 100 175
Fhenol alkalinity, ppm 50 0 10
Total solids, ppm 2000 800 1200
Volatile solids, % 75 60 65
Total suspended solids, ppm 300 75 150
Volatile solids, % 90 80 85
Wiy 5~day, ppm 350 100 175
Color, ppm 500 100 _50

(e) [leach Flant Yasles

Bleacn plant ¢ fluent is one of the less haraful componsnis of
pulp =41l sewage, There is, however, a certain awount of 35.,0.U, assoclated
with bleach efflueni which may be as high as that of NiE. The first
blesching stage in a kraft pulp mill consists of chlorination followed by
a cawstiec extraction, whercin the dark-coloured constiluents attached to
the fibres form chlorinated lignin and are removed by dissolving with sodium
hydroxide solution. Efiluent from this stage is not recirculated but wasted
to the sewer, MHost of the dark brown pollution characteristics of a full-
bleach kraft pulp aill originate from this operation, Fresence in the wastes
of residual caleium hypochlorite, e¢hlorine and chlorine dioxide used in the
other bleaching stages can actually benefit the oxidation processes acting
on the organic materials present in the mill wastes, It is usually recommended
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that bleach plant wastes be mixed with the other alll wastes before
release inte the sea, An added advantage in aduixbure of spent zine
hydrosulphite blsach scolution, whers bleaching of groundwood for newsprint
is practised using this chemical, is that foaming of the total milli
effluent can be apprecisbly reduced.

(d) Groundwood, Woodroom and Paper-machine Wastes

Wastes [rom seehanicel pulping and other non-chemical wood
processing operstions are harmiul %0 the sarine environsent, mainly by
virtue of the high concentrations of suspended particulste materials.
roundwood, produced by sechanical grinding is used maifly in the production
of newsprint, The addition of kraft or sulphite pulp provides longer f{ibres
to give the paper strength. Zome of the groundwood pulp is lost to the
sewer in various stages of processing and in the formation of paper. There
is a nominal 8.0.0¢ assoclated with groundwood wasies arising lrom decompos«
ition of raw organic constituenis leached Irom the wood. This is considered
only incidental when the groundwood =mill is part of a much larger chemical
pulp plante

Yoodroon operations, such as hydraulic or mechanical barking
and sawing, yield effiuvents that are somstimes rdghly discoloured from the
bark extracts and contain a great deal of particulate material in the form
of bark fragenis, inots, wood chips and slivers, Effivents from woodrooms
of most mills are at least coarse-serevnsd before being released, Howewver,
there are still large amounte of particulate materials settling out in fresh
waters a¢ well as in the sea adjacent te pulp mdlls, While dissolved chemical
constituents are mainly responsiole for the ascute effects of toxic and low=~
oxygen conditions, the accusulation of particulate materiales often leads to
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haraful long-term effecis. A typical analysis of wood preparation
wastes appears in the following table:

Table Vi. Typical analysis of wood preparation wastes.

Characteristie Ppm

Total solids 1160
Suspended solids
Ash suspended solids
Dissolved solids
Ash dissolved solids

¥ £ 8 ¢ €

Wby S~day

Efflvent from pasper-machine operations has a characteristiec
milky appearance and is comsonly referred to as "white water® in the
pariance of Lhe pulp and paper trade. White water consists of a
suspension of fine flbres, essentially in colloidal form. In the
production of speeialty printing papers, where clay or other sising
asterials are used to give the paper gloss, the amwount of colloidal
material is often inereased, DUischarged into fresh water, such
effivents disporse by dilution without appreciable settling of
particulate, colloidal materials, The flocculating effect of sea
water tends o preeipitete the solid constituents when the wastes
ars relcased into the marine environment. Table VII illustrates g
typical analysis of white water wastes.
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Table VII. Analysis of white-water waste.
Characteristic Value or concentration
pH 740
Alkalinity, ppn c.ms e
Susperded solids, ppm 840
Fixed solids, % 1L.9
Volatile solids, # 88.1
Total solids, ppa 2180
Ash, % i19.3
Volatile total solids, # 80.7
Dissoived solids, % of total 6l.5
350U, ppm 100400

in the following table, a comparison is made between wastes

{from kraft, sulfite and groundwood mills. 7The data was obtained from a

survey conducted in Wisconsin in 1946,

Table VIii. Results of 1946 survey of wastes at Wisconsin pulp and
paper mills,
Solids,lb/ton of product 50D, 5=day

Type of | waste, - Tty | roruistion
paper or | gal/ton| Fixed | Volatile| Total | (3% ‘q“"“m
pulp mill product| suspended suspended soluale| Pfocuctiod Fersons/
Kraft 64,838 33.6 61.2 329.8 3.1 L51
pulp

Sulfite 50,470 3.7 37.6 | 2,13.8 2.0 2857
pulp
Groundwood] 2,302 0.15 1.2 7.0 Oeb 20
pulp
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FULP AND PAPER MLl WASTE DISPUSAL

The objective in effective waste disposal into any
environuent is dilution to low concentrations and dispersion away irom

the source of the wasie. In the sea, there are a nuwber of static factors
and dynasic forces wihiech deterwine the extent Lo whieh these desirable
poilution preventing processes can oceur.

The geography of a given coastal marine area provides the
confining horisontal Loundariss within which the dynazie processes can
act. The configuration of Lhe Lottom topography iumposes a vertical
limitaiion on these processes. The botlom contours can infiuence the
degree of twrbulent wmixing that ocowrs when a cwrrent ilows past.

Turbuient sdxing provides ihe dilution mechanism, wiereas
advection (ecurrents) provides for transport and dispersion of the wastes
irom the source of pollution. Iihree causes in the sea comtrioute toward
mixing and advection - tides, [reshwater runoff and wimis. The tide is
a festure of the sea which makes it different from the freshwater
environment. The rhythaic rise and fall of sea water provides mixing and
advection, the extent of which depends on the geography and topography of
the particular area. In chaimels comnecting large bodies of water, the
tides can ve very offective in mixing the wastes with the sca water,
vertically and horisontally, and then transporting theu out of the area.
ihe uagnitude of tidal mixing and trensport is dependent on the range of
the tide, other factors Leing equal.

Freshwater runoif renders an effect in the sea similar to
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that present in & river. f%he seaward flow of fresh water over the sea
wator provides a wvehiecle for transporting the wastes out of the area of
poliution toward the open sca. iy entraining sea water froa below, however,
this freshwater layer may, in fact, create a =much greater volume of water
for dilution and transport than that availavle from the eriginal rumoff.
To replace the sea water removed by entrainment in the Ifresh water, there
is a net flow of sea waler inward at intermediate depths.

Winds in the sea, as in lakes or streans, provide mixing
mainly in the upper layer, although the depth of this layer in the sea can
be quite large. They can alse effect transport of wastes in the surface
layer through wind-driven currents. The greatest adventage of wimdse as a
wxing and dispersing force can be gained in open coastal waters where a
strong wind blows offshore.

There are two types of effects of pulp mill wastes in terss
of time when they becowe apparent in the marine eavironment: A. Imcediate
and B. longtern. The L:mediate effects are those which are sanifested in
physical and chemical changes of the water im-ediately after receiving
wastes without the later consequences to the tottom, water and biotas A
full seasure of the imnediate efiects can be obtained as soon as the inflow
of will wastes and tihe water systea have reached an equilibrius. At that
tine, there is an equal asount of effluent being flushed out of the
receiving waters to that entering. This balancs shiits scasonally as the
factors, such as runoff and winds, deterwining the flushing characteristics
of the marine systeas change.

The long~tera effects are those which ecowr gradually as a
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result of changes in the ecological conditions incwred by accumilation
of certain undesirable materials. This is especially true of the effect
of deposition of particulate materials from mdll wastes on the botiom.
Fibres and other solid mill wastes blankel the bottoms of marine waters
and render thes unsuitable for development and growth of marine benthie
organisas. The populations of bottow-dwelling animals gradually shift
from the sensitive species W wore tolerant forms, axi as conditions
deteriorate further, even these forms may not be able to survive.

Ae lImonedizte Effects

1. Chemical changes - inasmuch as wost of the waste from pulp
wills is chemical in nature, there are importsnt effects which produce
cheaical alterations in the receiving waters.

(a)

of pulp mill waste is the reduction of dissolved oxygen concentrastion in

receiving walers. Iwo types of oxygen demande are isposed on the water by
WL = (1) "imsediate oxygen desand®, which is caused Ly the chemical
reactions between oxygen and reduced sulfur compounds, mainly sulfur dioxide;
{2) biochemical oxygen demand (H0D) due to the aerobie decouposition of
organic constituents in the receiving water. In ordinary S-day D
deterainstions, the IOD amounts to about 11% of the totsal oxygen demand.

(o)
alkaline Wraft digester wastee or acidic bleach plant wasies can produce

on - The introcvuction of highly

changes in the pH of receiving waters. an indirect effect of pulp mill wastes
on the pH of marine waters results from the shift of the bicarbonate - carbonate
balance by the liberation of carvon dioxide irom the decomposition of the

mll wastes, However, sea waler has a natural defense against large pH
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changes because of its high bulfering capacity arising out of the

. presence of weak svid salts, bicarvonates snd borates for example.

(e)
amounts of dissolved orgenic and inorganic substances, such as lignin,

sulfonates, calcium salls, and sulfur compounds from 5Wlj and caustic
sodium salts, lignin, mercaptans and resin acids [rom the krait mill
effluernt, are added to sea wabter in pulp wmill wasteas., This increases the
concentration of these constituents in sea water with possible toxie
effects on marine ormnim:.

2. [Physical changes - certain physical propefties of the sea
water receiving pulp mill wastes are changed as a result of the physical
nature of the wastes.

(a) Suspended materials - The suspended solids load of
the wasies may be carried in the receiving waters for some cistance but it
generally settles out into sludge banks near the owtfall. These settled
solids contribute mainly to the long-teru decay of the systems

(b) Golor - The brown effluent comtributes to the dis-
coloration of tne receiving waters. Secchi dise resding of 25 ft. in the
clear water of an inlet is reduced to less that 5 ft. near an outfall from
a sulfite pulp =mill. This has a considerable ecological significance in
that light penetration is reduced to 1/4 or 1/5 of normal depth, and
phytoplankton production suffers accordingly.

(¢) Temperature = A tewperature rise in receiving waters
can result, depending on the volue and temperature of effluent and that of
the receliving waters,

Other physical propertics undergo changes bul are probably
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less important. For example, surface tension of sea waler is lowered
by the SWL and much foasxing can occur under the action of wind stirring.

8. long-tera effects,
The bulld-up of materials, which setile out fiom pulp will wastes,

on the botlom of a marine systeam contributes o a change in bottom ecology.
In the inter-tidal zone, the exposed rocks and gravel are often plated

over with piteh~iike suvstances from mill wastes meking this usually-
productive region unsuitable for the settling of invertsbrate larvee.
Through thls adverse effect on the sessile fauna, the food of many fish

is eliminated or heavily reduced. Moreover, the reduction of dissolved
oxygen by decomposition of settled organic substances in the bottom material
and in the water adjscent to iU makes this sone entirely unsuitable for
bottom fish.

While & complele change of water in a marine system following
cessation of waste input might rapidly restore the original ecological
cordlitions in the water itself, it would probably take a much longer period
for the ecological balance Letween the bottom and the water to be restored.
long-tera efiects are difficult to assess over short periods. The error is
often made in making one or two surveys after a particular polluting source
is instituted and assuming that, if conditions are alright then, they will
not change thereafter. Honitoring of physical, chemicali, and biological
conditions should be carried out amually., Changes are very subtle and creep
up indidicusly.

Co A Coumparison of the

Effects of Disposal of Fulp
] | Water and in Seg :

o . st

The basie eflects of pulp mill pollution on the aguatic
environment are the sare in both fresh water and in the sea, namely:
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(1) disselved oxygen in the water is reduced to low
concentrations by the decosposition of organic substances in the waste;

(2) the toxic constituents of pulp =ill waste, particularly
those in kraft mill effluent, are imown to be harmful to fishy

(3) the particulats asterials present in pulp mill effluents
deposit on the botlom and modify the environment adversely for both

bottom invertebrates and for any types of bottom fish present.

The basic uifferences of the effect of pulp will pollution
on the two environsents stexm from the sall conmtent of sea water, Water
of higher saiindty has a higher density. Water of high salt concentration
settles to the bottom while fresh water floats at the surface, This
contributes Lo horizontal lasmination where there are layers of water inereasing
in salt concentration with depth. Uensity stratification reduces the
possibility of seasonal turnover of the water, Thus, exchange of bottom
water in stratified marine arcas is much slower than that in fresh waters,

The presence of weak acid salts in sea water, such as
carbonates, borates aml silicates, gives a higher bulfering capacity in the
marine environment than is avellable in fresh water. Strongly alkaline
or acidic wastes are rapidly brought to the siightly alkaline conditions
around & pH of 8, prevailing in sea water, as sixing end dilution in the
sea take place,.

Sea water acts as a strong electrolyte owing to the presence
of highly-ionized salis, mainly sodium chloride., Consequently, it is a
sood conductor for an electrie current, and this property is used in
applications of various instrusents, including devices for ssasuring salinity.
The eledtriealiy-charged ions in saline solutions can also serve a function
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in the reaction of sea water with natural end artifically-introduced
suspended materiais. Silte-laden fresh waters are colloidal suspensions

of very fine silice and clay particles., Vhen these negatively-charged
micelles of clay come into contact with positively-charged ions in sea
water, there is neutralization of charge and the particles coalesee, Thus,
flocculation of the silt brinss about the deposition of heavier-than-water
silt aggregates, In a similar way, although iittle is known quantitatively
about it, the fibres present in pulp =dll efiluent are precipitatad out

in the sea by the flocculating effect of sea water,

While salts in water contribute to its "hardness" and
prevent foaxdng of soaps and detergents, they appear to have little effect
as an anti-foax agent with pulp =dll efflusnt. Sea water, in fact, appears
to enhance the frothing action of some of the black-liquor constituents of
kralt mill eiflvent, The presence of sulphite wastes in the sea can be
identified many wiles from its source as a resuli of foam stirred up by
wind mdxinge

As a nutriente-rich source, sea waler provides an ldeal
mediwa in which pulp mill wastes can decompose under the action of bacteria.
Although terrestriasl bacteria are rapidly destroyed Ly the properties
which are unfavourable for their growth in tie sea, marine bacteria are
quite nunerous and act in & way similar to land micro-organisms towerd
destruction of organic matter. In contrast to [resh water, however, sea
wator does not actively support the growth of some of the unsightly slime
fungi.

The usually fertile conditions in coz:ial sea water provide
a favourable environment for plant and aniual life. Generally, the nusbers
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of species and individuals of a particular species are much greater

in the sea than in fresh water., However, there is the sawe delicate
balance of organisms within the biological community and within the

snvironsent both in the sea and in fresh water,

While the oceans cortain infinitely more water than lakes
and streams, the amount of waler available for dilution amd Jdispersion in
the sea may ve severely restricted by certain characteristics of the
marine environment. The matter of stratification has already been
mentioned with respect to the nearshore amarine environment, where there
is considerable influence from fresnwater runoff, Vater movements in the
sea are not always such that dispersion is invarisbly provided. There
are exposed coastal areas where wastes released into the szone tend to be
constrained in a narrow band along the coast because of onsiore winds and
alongshore currents. In contrast, there is a continuous flow of water in
a river toward its estuary so that a steady replacement of fresh water
occurs in the area of inmput of pollutant. Reseration econiributes to the
well=known phenomenon of self-purification in freshwater streams, Similar
processes occur in marine inlets where runoff contributes to a strong seaward
ilow at the surface, but reaeration is probably not as significant as in
turbulent rivers,

A comparison between the characteristics of the fresh-
water and marine environuents with respect to disposal of pulp mill wastes
appears in Table IX,
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Table IX, Comparison of the characteristics of the freshwater
and marine environments with respect to disposal of
pulp mill wastes,

Froperiy or Coastal Sea
process Fresh water water
Salt content Low High 2.0 to 3.5%

Horizontal Small Large
stratification

Vertical Low High

stability

Seasonal Ceours wsualldy in Seldom ocowrs if
overturn autumn, when supre there is fresh

Uissolved oxygen
replenishaent

Suffering
capacity

Flocculating
action

Sacteriacidal and
fungleidal action

Pilution and dis-
persion

face water reaches
temperature of 4°

€ and its maximun

density.

fieplacement of
botion water allows
a regular replenish-
aent of dissolved
QXyien.

low, unless weak-
acid salts present.

Foor, unless
floceulating
agents present.

Not generally
present.,

Currents, due to
gravitational
foree, provide
principal mixing
and transporting
medhanisn in
streams,

water at the sur-
face, because of
dominant sffect
of salinity on
density.

Usually remains
stratified with
bottom water
essentially stag-
nant and slow
replenishament of
dissolved oxyzen
therein,

High, due to car-
bonates, borates
anxi olher weakw
acid salts.

High, due to

presence of
strong electro-
lytes.

Mo Various
marine properties
and processes

lead to
destruction of
terrestrial
bacteria and fresh-
water fungi.

Tides, runcff and
winds generate

mizing and trans-
porting processes,

(eontinued )



Table IX. (continued)

Froperty or Coastal Sea
process fresh water water
Self-purification Turbuience, aseration Processes in the

Acuatic organisms

511t content and
jpresence of other
particulate materials.

Foauing properiies

and algal growth in
a stream usually lead
to self-puriiication
of the water.

bBepending on fertility
of water, amount of
aguatic life may be
low or quite high.

Varies from stream
to streaa.

Soft-water streaa
or lake has marked
foaning properiies;
fosm forms when
surface-active agents
such as detergents
and sulphite pulp
wdll wastes, are
introduced in the
presence of tur-
bulence.

sea are generslly
less effective

than those in
fresh water for
elfecting self-
purification of
the water.

bense {lora and
fauna in marine
waters, sspec-
ially along the
coast, in
autrient-rich
sea waters,

Comparatively
low in lilt,
except at river
estuaries, rFrob-
ably higher con-
centration of
orzanie detrital
materials than
in fresh water.

Salinity generally
suppresses foaning
tendency ol scaps
and detergents.

digh concentrations

of sulfite waste
Jguor and kralt
mill effluent in
sea water cause

foanming as high

or higher than in
fn.h water.



The early concept in sea disposal of waste from & pulp mill was
that tae effluent should be maintained at the surifsce of the sea water
where it can benefit by maximun effects of seration and can be transported
seaward in the surface brackish layer. This was particularly euphasized
in inlet disposal where there is generally a strong inflow of fresh water
avallable for dilution amd seswsrd transport. Uisposers have often been
cautionsd not to discharge their wastes into the deep water where there
is an inward {low and serious accusulation of wastes can ocour.

dore recent tremnds have been toward waste disposal oy submarine
outfaile The proper design of a suomsrine outfall with a diffuser can
provide a substantial ampunt of Lusediste dilution as the sffluent discharges
at the bottoam and rises twbulenily tw the suriace., Desides reduction of
high local water poliution, this system of disposal has its aesthetic
values because the outflall is essentially concealed. When effluent leaves
the diffuser, it ilmwediately rises o the suriace with considerable turbulent
mixing, bepending on the elevation of the pipeline head tanks or the
pumping force provided, there may be a great deal of kinetic energy
associated with the Jeis of effluent discnarging from the diffuser, In
addition, there is Lhe energy [lrom ihe buwoyant force resulting from the
light effluent injected into dense sea water. If the water present at the
depth of the outfall has an adequate losding of dissolved oxygen, then
a suitable dilution water is provided which might not e available otherwise.

Une of the problems that must be guarded against in submarine
disposal is that so mueh cense sea water may be eniraimed with the effluent
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as it rises to the swrface that it will sink again below the surface

to depths, where it may acoumulate., Ideally, the maximusm ifumediate
dilution possible is desirable with the effluent-seawater mixture remaining
on the surfsce after it arrives thare., This mixture can then ve carried
away by the seaward flow of swrface water with [urther dilution enroute.
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PULP AND FAPER MILL WASTE TRUATHENT

Fulp and paper mill waste treatment is still in its early
stages, although a great deal of research amd =many pilot-plant
investigations have been carried out and reported on. Actual treataent
equipnment is instailled only after sxhaustive study of all cother
possibilities, since the cost of treatment is considered high in relation
to the cost of the product produced. In many instances, recovery of
vaiuable components of the waste has been the wost practicsal and economical
solution.

Recovery processes in t.m adll involve the use of "savealls®,
either in closed or partly closed systems. These savealls are installed
ot only as & waste-treatament sessure, but also as a conservation measure
to recover fibres and fillers. The main (ypes of savealls are based on
filtration, sedissntation, or flotation processes. Filtration devices
are usually some variation of a revolving, eyiindrical, perforated screen
or filter which resoves the suspended solids in the foram of a mat, which
is subsequently scraped off the drua and returned to the papermaking stock
system. Conical or other sedissntation tahks are slso often used to
separate the suspended matter irom the water-suspended solids mixture.

All the principles of sedimentation apply to these treatment units,

In flotation revovery units, the suspended fibre and other solids
are removed in the form of a mat {loating on the surface of the tank.

This is a very efficient method for soume types of fibres which have a
natural tendency to flocat, being buoyed up by minute bubbles of air dissolved
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in the fibrous waste. The air is usually forced inte the waste water
under a pressure of about 45 pounds per square inch, and roleased in an
open f{lotator tank under atmospheric pressure, or under & slight vacuum.
Reeovery efficiencies are often better than 95 per cent suspended solids
recovered. lecovery of the clarifier white water is acideved by re-
circuiating this water back into the beaters, head boxes, and showers.
Une difficulty encountered with recirculation of clarified white water
has been sline growths, ooth in the wdxtwre and on equipment. This
greatly reduces the paper smachine rates and lowers the value of the paper
produced. Chlorination, organic merouriais, and environmental controls
(pil and temperature) are used to control these growthe.

The sulfite pulp =mills use various methods of recovery. Equipment
has been developed in which the sulfite waste liquor can be burned to
produce enough steam to run the svaporator. (This process does not produce
a saleable by-product, but merely eliminates the waste problem).
Evaporation of the sulfite waste liquor produces a saleable uy-product,
and a fuel which can be burned without an additional outside fuel supply.
This evaporation produces a substance which can be used in wsking core
binder, insecticides and fungicides, linoleum cement, road binder, road-
bank stabilivzer, ceramic hardener, boiler compounds, synthetic vanillin,
and other useful by-products, However, the main problem assoclated with
these by-products has been the fact that the market cannot absorb more
than five to ten per cent of them, in this country. Since evaporation is
costly, due to the low imitial concentration of solids in the sulfite
waste liquor, and the boiler-scaling difficulties encountered, operation
of such a process is limited to mills close to the users of waste liquors.
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In addition to those by-products obtained by evaporating
sulfite waste liguor, there are other valusble by-products obtainable
by using other processes. The liquor may be fermented to produce
ethyl alcohol; about 40 liters of alcohol can be produced per ton of
dry solids. This process reduces the H0D of the liquor by utilising the
simple sugars alone. Acetone and butyl alcohol cen also be produced
from the waste, with an overell 50D reduction of about 82 per cent.
Howsver, in 1950, only one mill in the United States manufsctured ethyl
alcohol {rom suifite waste licuor. The drawback of this process is that
it costs more to manufacture aleohol from the sulfite waste liguor than
it does Lo use blucistrap molasses or ethylene as raw materials.

Another product of fermenting the liquor is yeast for cattle
feed. In 1948, a plant was bullt in Wisconsin to produce yeast fodder by
this method, and the plant acideved a 60 to 70 per cent HUD reduction.
Unfortunately, the market was found to be very limited, becsuse of
competition with Lrewers' yeast. Laboratory experiments have alsoc been
used to produce torula yeast for stock feed, with a resulting reduction
of 40 per cent in HU3 350 pounds of yeast are obltained from & ton of
waste solids,

Recovery is also practiced in kraft mills., The blaek liquor
(spent cooking liquor) is processed by evaporation and inmcineration, in
order %o recover chemicals, and to utilize the heating value of the
dissolved wood suiustances. During the recovery process, thw s with or
without added swlfwr, is added to replace the relatively small proportion
of c;mmimn lost in the various steps of the yrocess. Following these
additions and the incineration, the smelt is dissolved in water to form
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"green licuor®., The chemical compouncs in the green liquor are

converted to the desired cooking chesdeals by the addition of lims,
resuiting in the formmtion of “white liquor® and a2 lime mud consisting
chiefly of &003. The white liquor is retwrned to the pulping operation
as Lhe cooldng liquor, and the lime mud is caleined to form calcium oxide,
which is reused in converting other green liquor to white liquor. iy-
produet recovery of turpentine, resin, and fatty acids also aids in the
reducticn of strengith of kraitl waste-water effluents. Haximum recovery
of these uLy=-products may resultl in kraft effiuents in wahich chemical
toxicants are no longer a significant f{actor, insofar as stream pollution
is concerned. The turpentine is recovered f{rom the digester relief gases
wiieh also contain small guantities of (Cﬂ‘. )zs. dimethyl sulfide, methyl
mercaplan, and ketones. The black liguor also contains recoverable
quantities of sodiua salts, rosin, and fatty acids which separate on
concentration and cooking of the biack liquor. This msterial is called
“erude sulfate soap", and after it has been skimmed from the black liquor,
it is treated with acid to form tall oil. The resin and fatty acids are
further refined, and have 3 variety of applications in industry.

8. Suspended Solids Reduction

The susperdied matier present in pulp and peper mill wastes,
consists mainly of [fibre, fibre debris, and filling and coating materials
such as clays, caloeium carbonate, and titraniws dioxide. In wost mills
the bulk of these materials are captured (rom the machine waters by means
of savealls and are returned to the system for reuse. The efficiency of

these savealls depends upon the process euployed and the nature of the
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solids they are expected o retain. Under some conditions, highly
efficient devieces of this :ind can retaln a suificient guantity of the
suspended solide content of the eiffluents so that further removel is
not necessary. lHowever, in many other instances, further treatment is
necessary and the solids so collected are not suitatle for reuse but
must be disposed of. This is particularly true for mills that reclaim
the fibre from used paper, as only a part of such stock is reclaimable
by deinking processes. In these the fibre is freed of ink, filler,
sizing uaterials, and fivre fines, all of whiech are not reclaimable.

The wost common means for treating solide~bearing wastes in
the paper industry is eedimentation, although in some plants flotation
and filtration are used., Clreular mechanically cleaned clarifiers
predominate as the type of settling wnit employed, foliowed by reactor-
wype clarifiers, rectangular mechanically clesned basins, and conical
tanks without collector mschanisms, Some of these sars equipped with
influent deacrating devices to prevent floating fibre from accumulating
on the surface., Host of them have skimmers and some have integral
| mechanical flocculators. A few mills employ carth-embanked alternating
basins to remove suspended solids from their effluents. In instances
where a greater fraction of the total suspended solids sust be removed
than will settle noraally, coagulants such as alum, activated silica, and
polyelectrolytes are used to render the nonsetileable solids settleable.

In general, sedimentation without the addition of coagulants
resoves 70=80% of the total suspended solids from paper mill offluents.
inis percentage can be lower when highly efficient savealls are employed in
the mill or when dispersing agents are present, The percentage may ve
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nigher when sizing materials such as alum, which tend to coagulate the
solids, are used in the papersaking process., Coasgulants can produce a
total suspended solids reduction in excess of 90% when interfering
substances such as those contained in cooking liquors are absent.

Effluent quality produced from pasper maciine waters by plain sedizentation

generally ranges from 1 to 2 lb. per 1000 gal. amd, i{ coagulante are
employed, from § to 1 1lb, per 1000 gal. of effluent.

The underflow from clarifiers treating pulp and paper mill
effluents ranges in consistency from 2 to 12% solids depending on the
-pature of the solids seltled outl and the clarifier operation. It can be
generally stated that the greater the percentage of inert suspended malier
present, the thicker the underflow. However, the length, type, concentration,
and degree of hydration of fibre present in the waste treated can all
influence the density of the underflow. Some elfiuents, such as those
containing groundwood fines or highly hyurated fibre, produce very thin
underilows that are difficult to thicken and to remove froa the clarifier
in a concentration suitable for further dewatering and disposal. An active
researcn program is being carried on by the industry to find weans for
dewatering these sludges. In some instances, f{lotation is ewployed to
separate the more hydrous solids, since this process can generally produce
thicker slurries. inderflows of under 5% solids conceniration are
generally moved by positive displacement or centrifugal pumps, and thicker
fiows are handled by screw impeller pugps. JSecondary thickening is some-
times used where further dewatering prior to disposal is practised.
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Some papersill sludges such &8 deinking sludge can be
dewatered by vecuum filtration; others, such as most boardmill sludges,
are resistent to filuration. Recently, horizenial conveyor-type
centrifuges have come into use for dewstering some of the sore difficult
sludges, such as the sludge produced by clarification of fine papersill
and boardedli effivente, Vacuus filtration produces cakes varying between
20 and 30% solids at rates from 5 to 20 dry lb./sq. ft/hr. Horizontal
conveyor-type centrifugals ean produce cakes up to LOE solide at feed
rates as high &8 4000 gal/howr with a recovery of B5% of the feed solids.
In wost plants, conditioning agents are ot used, because wosil of the
comon ones are not efiective in prosoting dewatering. HNecently, there
has veen interest in the use of polyelectrolytes for this purposes
Drying beds sre used by some mills to dewater sludge. Some of these have
underdrains while others are simply ismpoundments in which water spparating
from the solids is decanted and netwural drying is aliowed to take place.
When the sludge becomes sufficiently dense, it is dug out mechanically
and transported to » disposal area. OSuch basins sre generelly built in-
multiple so that cleaned sections will be asvallable at all times.

Land disposal is alwost universally used for final disposition
of paper =ill slwiges. In some instances; the sludge is mixed with other
materisls for use as fill, If the concentration of nitrogenous sizing
saterials is low and the sludge is suificiently dry, this prectice does
not give rise to an odor problem. Haperiments with incineration and wet
combustion have indicated that, for sludges high in ash, these methods
are unsatisfactory and are excessive in cost because of the difficulty of
dewatering to a sufficiently high degres to support combusiion. Also,
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the quantity of siluwdge to be disposed of by many sdlls is too small
to justify the high eapital cost of incinerstion equipment and its

operation.

Stabilization BSasins

Stavdilization basins are the =ost widely used units for
biological oxidation at pulp and paper mills, lost of these are located
at mills where a large area of suitabie land is available and a high
ambient texperatwe is favorable to high sderobial metabolie rates. Two
types are presenily is use, the natursl reasration variety and the
mechanically asrated type. The natural reaeration basin is normally shallow
but can be irregular in depth. Its design is based essentially on an aire
exposed water surface, particularly when a high degree of D reduction is
required. To produce a 90% D reduction, the HD loading is maintained below
50 lb. per acre-ft. per day. It has been established that a reaeration
coefficient, kz' of 0.15 is suitable for basins with an average depth of 5 ft.
In some instances, because of natural terrain and the fact that either long
storage is available or a high percentage of XD reduction is not necessary,
deep stabilization basins have been constructed. OSome of these serve a
dual purpose, providing storage for discharge regulsation in proportion to
flow in the receiving stream.

Kechanically aerated basins have come into use in recent years
for the purpose of ralsing oxidation rates and hence s.ortening the storage
period required., Diffused air, low head recirculating pusps, and low dam
and riffle systems have been tried, but the most common aerstion device
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employed is the mechanical surface aerator. YWhen adecustely serated, an
oxidation rate of k = U.1 at 20° C and k = G.16 at 30°C is observed.

Under these conditions, about 75% 20D reduction can be expected in 4 days
detention and 90% in 7 deys. lLoadings can be carried as algh as 400 1b,
per acre~it. per day, and are deperdent on waste sirengbh and the degree

of asration applied. If the nutrient elements, nitrogen and phosphorus,
are in short supply in a specific waste, thess reductions may be diminished
somewhat, but it is doubtful thaet addition of these elements is justified
a8 it is with the activated sludge process,

Requiresents f{or successful design and operation together with
the advantages and disadvantages of stabilization basins can be sumarized
as follows. These vasing must receive a waste suvstantially free from
sellleable solids Lecause, if aliowed to accumulate, these liquefy on de-
composition and add to the 80D loading. For thie reason, it is often practical
to build a small entrance basin that can be cleaned periodically, between
the efiluent clarification system and the major stabilizing system, to
trap suspended matier overflowing the clarifier during periods of upset,
The stabilization basine themselves are best buiit in sitiple to prevent
short circuiting. At least two separaie basins should be used, or one or
more dividing walls provided if a single basin is employed. AllL dikes
should be built properly on the baeis of soll conditions and provided with
core walls whore necessery. Basins should be cleared of stumps, and the
bottom should be compascted or sealed if this appears necessary. Inlet and
outlet structures should ve designed to provide for varying the water level
for mosquito control. Otebilization Lasins have distinel advantages over
mechanieal oxidation systems in that they are not subject to process upset,
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can absorb variations in loading, require little attention, and involve little
operating cost. The greatest shortcomings are the high land muimt,
particularly with non-eerated basins, and the faet that color is not resoved
irom the ef{luent, Odor, from either aerated or non-aerated stabilization
basins, is no problea when kraft mill effluents are treated. However,

when certain other effluents such as oardmill wasies are treated, a high
degree of aeration must be provided to prevent formation of cdorous gases.

Trickling Filters

Hany attempts have been made to apply trieckling filters to the
treatment of pulp and paper mill wastes. Ixperizents have indicated that
filters using stone nmedia are costly and are not satisfactory for general
application in that they cannot provide & high degree of purification at
high loading rates and they are subject to clogging with fibre. In 1965,
stone trickling filters were in use in only two small mills in Canada and
the UsSede

Plastic media have been employed in trickling filters providing
partiel purification of pulp mill efflusnis (40-60% HOD reduction) since
they largely eliminste the media~clogging problem and can be operated at
nigh hydraulic loadings. Uy 1965, two large installations were put into
operation st two American kraft mills. There is also interest in filters
using these media for pretreatuent and cooling of hot effluents, pricr to
the application of other methode of oxidation.

Ferformance tests with the plastic media indicated that, at
lozdings of 100-800 1b./1000 cu. ft., the HOD reduction averaged avout 45%
and rexained constant lrrespective of losding when treating unbleached
kraft mill effluent having an initial 50D between 250 and 4LOU mg/liter.
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Removals es high as 370 lb. of HD/l0C0 cu.it. were observed at
hydraulic loadings of 175 mgd/acre. An example of the relationship
of 500 lomding to reduction is shown in Table i.

Table 4. BOD loading versus UD reduction, for plastic wmedia trickling

filters.
Applied 50U Keroved BOD
(10./1000 cu.ft. of media/day) (16./1000 cu.ft, of media/day)

200 100
300 130
500 175
500 220
600 270
700 310
800 370

From these data, the ability of the filter to remove a large
quantity of 0D at high spplication rates is obvious., Henece, it appears
that the future application of such filteres lies in the area of "roughing®
treatment and waste precooling. The operating cost is somewhal lower than
that for activated slwige treatment since less power is generaily required
for waste recycle than for seration. Nutrient addition is necessary for
good Lfilter periormance.

Activated Sludge Treatzent

In 1948, experimentstion was started to determine if the activated
sludge process could be applied for reducing the H0D of kraft wmill effluents.
Laboratory trials indlcated that these effluents could be oxidized to a
high degree by the process if good internal mill control of waste strength
and alkalinity was practised and nutrients in the form of amwonia and
phosphates were added. 7Two exhaustive pilot plant studies dealing with
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unbleached and bleached kraft effluent followed. The conciusions arrived
at were similar to the lsboratory f{indings. Shortly thereafter, a large
unit was bullt at one American pulp mill where the process worked
successfully, producing 0D reductions of 80-90% and about a 30% color reduc-
tion. Rioassay tests indicated thet the effluent produced was not toxde
to fish life. Oxidation rates in exeess of 100 1lb. of HD/1000 cu.ft. of
asrator capacity could be obtalned due to the relatively high temperature
of the effivents and thes avalisbility of wood hydrolysis products present
in the waste as microbial food.

Following the adaptation of this process to kraft eflluents,
piiot studies with other wastes from the production of pulp and paper pro-
duets were comducted by the industry. These included paperbvoard, roofing
felt, neutral sulfite pulping, and deinking effluents. These wastes
could also be oxldized to a high degree. As of 1965, 12 full-scale plants
have been put into oporation at mills. S5ix of these treatl kraft effluent,
4 boardmill, 1 deinking, and 1 roofing felt waste, amounting to a total of
over 100 mgd. Another L0=-20 mgd. is treated in municipal activated sludge
plants in cosbination with sanitary sewage.

Two modifications of the basic sctivated sludge {lowsheetl are in
use. In the contact stabilizstion system, seration peridds esploysd for
the mdxed liquor are shorter than normal amd the return sludge is aerated
for a substantial period. It is claimed that cepital cost can be somewhat
reduced by this modification and that & reservoir of active sludge is
maintained against possible dasage to the mixed liguor sludge by shock
loads. The other modification is the so-called "dynamie” system in which

aeration, sludge separation, and sludge return are ineorporated in a single
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unit. This arrangesent prowotes improved conaitions, since the rotuarn
siudge does not have Lo be pumped amd is returned in fresh condition
to the waste undergolng lresctaent. LHecause there is a greater degree
of sensitivity inherent to this arrangemen’ than 0 the conventional
process, hydraulic design capacity, particularly of the setiling sections
of such units, should be conservative.

The activated slwdige process is generally applied vhere
sufficient and suitable land is not avallable for stabilization basins
and where the degree of oxidation of the waste needs to be high. The
waste to be treated must be free fro: suinersl acidity or caustie alkalinity,
the temperature should preferably be below 1.10”&, and the wvolaille suspended
solids content should average no higher than 1 1b/1000 gal. Requiremente
for added nutrient are generally somewhat less than the theoretical
optimum of 1 mg/liter of nitrogen to 20 mg/liter of D and 1 mg/liter of
phosphorus to 60 mg/liter of 0D, because of the presence of traces of
these elements in wost effluents.

Although suceessful in treating sost pulp and paper alll effluents
and combinations thereof, the sctivated sludge process has some serious
shorteomings. The capital cost is high, ranging froa $80,000 to $100,000
per mgd.of capacity (inm 1965) depending on size, and exclusive of pre=-
treataent for reduction of the suspended solids content of the waste,
Hemoval of color, widle generally measurable, is not effected to a high
degree when treating pulping and bleaching wastes. The waste activated
sludge produced cospacts poorly amd is extremely resistant to dewatering;
hence, it presents a difficult disposal provlem. At present, it is vacuum
filtered where a large quantity of primary sludge is avaiiable to abeerb it.
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In other cases, it is disposed of on the land logether wiih fly ash.
Another shortcoming to the use of this process is that wastes having
a 0D approaching 3000 mg/liter camnot be treated because of the
oxygen exchange limitation: There is also the fact thet its sensitivity
W surges in waste load requires careful control and {requently considerable
in-mill sewer rearrangemont for the process to operate satisfactorily.
Experimental work now in progress indicates that partial pretreatment in a
roughing filter containing plastic media may do much to stabilize the
process reaction to surges in loading. ‘xperimental evidence has also
been obtained indicating that treatment of a fraction of the totsal effluent
by this process, followed by rccombination with the resaining waste flow,
stimulates further oxidation of the total waste in stabilization basins
and thus shortens the storage period required for a given degree of
oxidation.

& recent survey of the pulp and paper industry in the U.S.A,
revealed that 26 milles are experimenting with or are practicing effluent
disposal by irrigation or soil seepage. OSeventeen of these are full-scale
operations, of which 9 are spray units, 1 is {lood irrigation, and the
remainder are either seepage ponds or diteh-type irrigation. The majority
of the systems are seasonal operations tailored to cope with low stream
flow condiitions occurring during the warm weather peried. The exceptions
are one spray system and two seepage basins which are operated the year
round. The recent tremd has been toward the disposal of weak wastes by
irrigstion, rather than the disposal of strong wastes by soil seepage. All
of the 6 most recent full-scale instaliations are designed for irrigation,
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5 being by spray appliecation and the remaining 1 by ridge-and-furrow
distribution. BSeveral factors have contributed to this trend toward
aceepting the principles of irrigation in contrast to depending upon
seepage through porous solls. Foremost is the general scarcity of soils
suitable for high rate seepage installations szt most mills, Unless an
extremely porous soil is avallable, the land reguirement bocomes large
and the distribution problem serious and costly. Vegetation, by
incressing soil porosity and evaporating considerable water through
transpiration, reduces greatly the land area requirement,

Like all methods of effluent disposal, irrigation has both
advantages and disadvantages, AL best, land requirements are high, since
for most soils LO~50 acres are required per mgd, of effluent, This,
however, is of no disadvantage for certain mills located in agricultural
areas where the elfluent is used to supplement existing irrigation water..
The limitetion does restrict use of irrigation either to relatively small
mills or for disposal of specific effluwents of relatively low volume,

BOD loading generally must be maintained below 200 1b. per acre per day

to maintain the scil in aerobic condition. The pH should not be below

6.0 or above 9.0, and the sodium adserption ratio should be less than

8,0. There is no evidenee that the disposition of salt~bearing effluents
from pulp and paper making operations differs substantially frem irrigation
with water of like salt content.

Isolated cases of groundwater contamination have oceurred in
areas where pulping liquers were applied te the soil, In all known cases
the soll was highly porous sand, allowing rapid transit of effluent to
the water table and ereating & high concentration of effluent in a
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localized area. Since the potential for groundwater contauinstion

does exist when highly colored effluents are applied to the soll,
individual site evaluation for soil type, dirsction of groundwater
movement, and location of existing wells must be made. It does not
appear, from pressnt knowledge, thet problems of groundwater contasination
are likely to oceur in land dispossl operations related to irrigetion on
moderate and heavy textured soils employing effivents other than pulping
liguors. With pulping liquors, hydraulic loadings are lisited ard the
dilution afforded upon reaching the groundwater table is substantially
greater than the dilution that occurs in highe-rate percolation through
porous soil.

As many mills are located on streams which exhibit a well
defined low flow pattern of short duration, the effluent dispcsal
problem is ssasonal. Except for soue streams in the Hocky Mountain area
fed by melting snow, thie low-flow period coincides with ceasonal demands
for irrigation water and is generally of short duration. Hence, tiere is
a potential for talloring a waste disposal prograa either to the increased
demands for irrigation water during this period or to dispesal on the land
when evaporation and evspotrsnspiration rates are greatest.

Although well suited to reasonably level land and waram weather
application, irrigation disposal exhibits sowe disadvantages in hilly
terrain or where effluent treatment is required the year round in
freesing ciimates. In hiliy terrain, the potential for rupgoff at high
hydraulic loadings exists, which may increase the land requirements; and
freezing tesperatures may include excessive ice bulldup in the sprayed
arca or other problems attendant with handling liquids in lines that are
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teken out of operation during periods of freesing temperatures.

The operating cost of land disposal coumpares favorably
with other methods of secondary treataent and may represent a sub-
stantial saving in capitel investaent., Added savantages over other
methods are that 900 reduction way approach 100% and performance is
uni form. The pumping cost for spray irrigation systems is generally less
than the power requirement of blological treatment processes,

Land disposal does not have Lhe potential of wholesale
application as & treatment method in the industry. In some instances,
however, it does offer an economically attractive means of solving some of
the waste disposal problexss of the industry where small waste volumes are
involved. The land requirements for dsposal of the total mill effluent
from pulp mills are great emough that integralion of waste disposal with
a productive agricultural program is indicated.
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FULF AND PAPER MILL POLLUTION IN NEVFOUID LAND

The fnal section of this report conteins a detailed discuseion
of the sxisting poilution problems at the two operating Newfoundlend mills,
Frice MNewloundland Limdted, Grand Falls, and fowaters Newfoundland Limited,
Corner Hrook. It also contalns a sumamry of all available information
@ neerning twe proposed mille, Jawvelin Fulp and Paper Company Limited, to be
located in Stephenville and Newfoundland Fulp and Chendcal Company Limited,
to ke loecated in Come~by-Charnce. In caamining the pellution situstion
asscclated with each existing mill, the following topics are discuseed in
deteil:

(1) Water Supply and Water Use

(2) The ranufacturing Frocess

(3) Hill vastes

() vaste Treatcent Faeilitles

(5) Effiuent Anczlysis

(6) Effects of ¥ill Wastes on the Recelving Waters

Similar topics are also discussed regarding the Lo proposed
mills at Stephenville and Uome~by-Chance. However, it should be noted that the
information concerning the proposed milis is based on precictions supplied by
the individual mills, when these mills were in the preliminary design stage,
Also included are the writer's commerts concerning the probable validity of
the data provided by the wills, Future corresponience irom the mills concerned
may lead to signd ficant changes in the design data presented in this report.
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HUMATERS WEWFOURDLAND LI (TED

dntreduction

Sowaters Hewfoundiand idmited pulp and paper mill, located in the
ity of Cormer frook, began production in 1925. At the present tLime, the
will produces approximately 1,100 tons of newsprint per day: This newsprint
is made from a 31 aixture of groundwod to sulfite pulp. Consequently, the
daily preduction of groundwood and suliite pulp approximates 825 tons and 275
tons respectively. In September 1968, the mill changed over from a calcium
to a sodium base sulfite process, The sodium base process inereased pulp
yvield to 52-54% of the wood processed from the 48% yleld obtained with the
caleium base process. Mo other significant ppocess changes have occwrred during
the perivd from Septeuwber 1968 to April 1970.

Process water for mill operations is obtained irom the Corner Srook
River and amo.nts to approximately 36.5 miliion U.S5. gallons per day, This
water is screened for the removal of coarse susponded solids and ehlorinated
for siime control prior to its use within the plant. Water required for
drinking and sanitary purposes is supplicd by the city of Corner [rook. A
breakdown of the water requiresent for various plant operations appeare in
Table il,

Table XI. Water required for wvarious mill operations, Howalers.

v
i

Mill Uperation Water Requiresent (m.g.d.)
Wood processing 7.0

Uroundwood mill 1.75
Paper will 95
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The manufacturing processes employed by Howaters are typical
of those found in newsprint manufactuwring throughout the industry. A
deseription of sulfite and growxiwod pulping an! of wood processing and paper
mill operetions was presented in Part I of this report and will rot be repeated
here, However, it should be noted that bleaching of the groundwood pulp is
used when recuired. The bleaching agent comsonly used is sine hydrosulfite,
Kidl Vastes

wWastes from the various «ill operations are discharged to the Humber
Arm via three main sewers, namely, the suliite mill sewer, the west sewer,
arnd the east sewer, as shown in Figure V. ALl wastes [rom the wood processing
operation and approximstely 52% of the white water wastes originating in
groundwood mill ardl paper nill make up the total fiow in the west sewsr, The
east sower is used to discharge the remaining 48% of the white water wastes
from the groundwood mill and paper mill. The average daily discharge of each
of the wuste streams is presented in Table XII,

Table X1, Approximate discharge voluse of the wuste streams, bowaters,

waste Strean Stream No. Dischurge (m.g.d.)
Sulfite mill sewer 18.25
West sewer, wiite water 5.85
West sewer, wood processing 700

West sewer, total wastes 12.85

540

Wi P W N

Bast sewer




FIGURE 5. Overall layout, Bowaters Newfoundland Limited,
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No actual external waste treatment facilities as such are empioyed
at the Bowalers m 1l although a burk recovery systes put inte operation in
1965 grestly reduces the amount of suspended solids wasted from the wood
processing operation. In the bark recovery systeam, screens are used to remove
the bark from the waste stream. The bark then passes through a drier amd
shredder before enturing the boiler room where it is burned to produce heat
energy. The bark recovery system is actually a profitable operation to
dowaters, as the valus of heat energy obt:dined by burning the bark is greater
than the cost of operating and maintaining the recovery system.

Ine Husber Ars
Uf prime isportance to this Uepartwent is the effect of mill wastes

on the fish iife of the Humber Arm. Freliminary swveys of the Husber Arm
were conducted by biologist Mascaluk in October 1968 and October 1969. A
mrief sumary of Mr. Hascaluk's findings will be presented at this time. Water
sausples, collected from various locations in the Humber Arm were analysed
for salinity, temperatwre, dissolved oxygen, pH, biochemical oxygen demand,
turbidity and sulfite waste liquor. OSedisent samples were collocted at
verious points using & wodified Petersen dredge. The swrvey rovealed that
large deposite of decomposing wood, bark snd fibre existed in certain areas
of the Humber Arm. In the swrface water layer, dissolved oxygen saturation
values were found to be lowest in the area of the mill and increased as the
distance from the mill inereased. Al no time during thds survey were the
Usie values obliined below the 5.0 ppm eritical to fish life. For more
deteiled information of the Humber Arm survey, Hr. Hascaluk's report should
be consuliod.



Lifivent Anslysis fro:ran

Eight-how composite effluent ssmgplos of the various Howaters' sewers
were collected periodically betwesn CUctober 1968 and April 1970. The samples
were collected by lowaters' persomnel and shipped to the Departuent (St.john's
lahoratory) for anaslysis. The samples wore analysed for pH, Ueele, suspended
solids and total soliids. A summtion of the results of the chemical analyses
for the mill sewers appears in Table XIIX, while the complete data for the
various sewers appears in Tables XIV to XVIII,

Table Xlll. Average ¢ neentration and loadings of waste contaminants in
Bowaters sewer 1968-1970.

. Pl BJOJD. Suspended Solids Total Solids
Sower Year | range ppm. tons/day | ppme ‘ tons/day Epp-. tons/day
Sulfite MALL (1968 | 3.6-k.6 | 837 | 624 | 10h | 77 k2% | 320.5
vest (total (1968  6.2-7.0 | 202 10.6 499 | 264 671 | 3hel
wastes )

Fast 1968 | 6.1-7.0 | 257 5.7 W35 97 813 | 18,0
Sulfite Nill[1969 | 3.8-4.5 | 536  40.0 72 S

vest (total 1969  6.5-7.0 A5  1l.2 429 224

wastes)

East 1969 6ub=7.0 | 259 5.7 5 7.6

charge tons/| j: 5649 354

day é | ; f

Sulfite WAL 1970 | A.00-4.82 827 .7 105 7.8 4980 IT.S
West (total 1970  6.20-7.05 266  13.9 695  36.3 109 56.9

wastes) ., , : | ‘ |
sast 190 6.37-6.98 A2 kT 21 5.3 6A 138
Total Dis~- ' . | |




Table XIXX. (continued)

BeUolle Suspended SolidJ Total Soliids

pH
Sewer Year Range prm. |bons/day | ppm.|tons/day | ppm.|tons/day
Sulfite | Average | 3.6-4.82 | 749 | 56.0 7| 7.2 638 | 6.0
Hill 1968~

1970
Heat " 6020"7.05 229 12.0 556 2901 a8 '05.5
(tetal
wastes )
M " 6.1’7.0 ZLO 503 338 705 717 1509
Total
Discharas 73.3 b3.8 1O o
tons/day
Selimnt Foint
(1) During the early years of operating the wmill, most of the logs

supplied to the mill were fioated down the Humber River and across the Humber
Arm to the will site., During the transporting operastion, many logs escaped and
eventually sank in the Husber River and Husber Arm. These logs contgibute a
large amount to the bottom deposits in the Humber Ara. In recent years, most
logzs have been transported to the mill by truck, and by rail, thus minimizing
but not eli.inating the deposition of logs in the Humber Arm.

(2) Un several occasions, the writer observed the bark recovery system
at fowaters in operation. It was found that the system, when cperating, is
very efficient. However, due to mechsniecal problems, this system is shut down
a considerable amount of the time. Also the detection of a piece of metal in
the eonveyor belit used to carry the bark to the dryer rewersing and re-

depositing the bark in the sewer and eventually in the Humber Arm.
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fable XIV. Sulfite mill sewsr analysis, Howaters, 1968-1970.

Bl Suspended dolids Total Solids

Date Year pH Prptie Ppie Fpiie
Uct.9 1968 he5 90 5200
Oct.ds hel3 1140 116 L813
Oet .22 3.6 830 165 4923
Uot.29 ko0 880 60 3595
Nove 5 he3 1010 96 5543
Hov.l2 held 1060 80 5163
Hov.1l9 3.9 637 105 L835
Hov.26 4.0 94 2802
bec, 3 bob 633 78 3508
Dee,l0 be3 T0hL 2z 3690
vec,.l? he2 697 LB Je3
Jan.l5 1969 3.9 © 570 W7

Jan.i6 a5 L85 53

Jan.l? 3.8 619 66

Jan.21 he3 537 102

Feb, 6 A 608 a5

Feb.18 Loy 503 71

Har. & 40 27 81

Jan.13 1970 b5 647 33.0 5612.0
Jan.20 bhe58 690 126.0 4986,0
dan,.27 L.60 695 k0 3854.0
Feb. 3 bk 720 100.0 L&5k O
Feb.10 466 560 Jol 3998.0
Feb,17 o TL 75.0 L652,0
Feb. 2l ko82 760 5440 Li02.0
Mar..3 ko35 67.0 4590.0
Mar .10 LebU 770 55.0 £178.0
Har.17 he30 1330 419.0 7040.0

Hare.2h 4.00 1270 b o0 70LE.0
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Table XV. Vest sewer, white water analysis, bowaters, 1968-1970.

Helele Suspended Solids Total Solids

bate Year pi ppm. ppm. Prue
Uetbe9 1968 6.7 4,0 580
Uet.l5 6.9 i53 388 513
Oet.22 6.6 186 708 925
Uct.29 6.7 228 478 625
Hov. 5 6.7 2yl 793 1130
tlov.12 6.9 00 278 480
Nov.19 65 i 685 835
Hov.26 6.5 588 Thls
Dec. 3 6.6 122 478 620
beec.10 6.9 137 760 965
Uee.l7 6.9 123 625 a1e
Janil$ 1969 6.6 a7 536

Jan.16 6.6 132 200

Jan.l7 6.7 175 L7

Jan.21 6.9 100 360

Feb, 6 6e5 226 Lé2

Feb,18 6.9 179 32

Mar. 4 6.7 199 349

Jan.d3 1970 6.85 155 549 898
Jan.20 6.76 17 528 U0
Jan.27 6.95 185 W69 7
Fab. 3 6.65 185 L70 792
Febl10 70k 134 L57 Tha
Feb,17 7435 439 686
Feb.2 7.32 122 288 636
Har. 3 6.83 72 L82
Har.10 6.95 27 223 4L52
Har.17 6.43 209 i92 117
Har.2h bk 206 L0k 982
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Table iVI. West sewsr, wood processing analysie, Howaters, 19681970,

B40s  Suspended Soidds Total Solids

Date Year pH PP ppie PP
Oete 9 1968 6.6 590 680
Uet.l5 6.1 A48 880 1258
Uet.22 6.6 288 700 1083
et 29 6.2 211 L65 783
Hov. 5 6.3 396 ii138 1328
Bovel2 6.2 s 4,98 875
Hovel9 6.1 205 600 813
love26 6.3 255 33
Dec. 3 6.8 125 160 300
bee.l0 6.6 193 380 5L
Dec.d? 6.5 209 938 1040
Jan.l5 1969 6oy 250 502

Jan.lé 6.8 32 568

Jan.l7 6.2 298 €12

Jan.21 68 276 kl2

Febe. 6 6.8 180 616

Feb,.18 6.7 31 865

Kar. b 6.6 168 256

daneli3 1970 6.80 233 595 980
Jan.20 6.52 30 777 1194
Jan.27 6460 373 1519 1760
Febe 3 6450 L03 639 2
Feb.10 6.80 660 Shads 998
Feb.17 6496 io8l, 1304
Febedy 6.T7 310 64,8 937
Hare 3 6.62 308 672
Har 10 6435 358 585 1308
Har 17 5470 385 3 1296
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Table XV1il. West sewer, Lotal wastes analysis, dowaiers, 1968-1970.

Belialie Suspended Solids Total Solids

bate Year pH Ppite Ppide ppme
Oat. 9 1968 6.6 350 520
Oet.d5 6oy 208 573 718
Got.22 6.5 178 765 898
et .29 6.5 238 393 635
Nov. 5 6.7 247 665 885
lovel2 6.6 270 478 560
biovl 19 6.5 i7m 593 763
love.26 6.2 268 Lh5
Dec. 3 6.8 172 503 €95
bec.10 6.7 177 453 620
Dec.l? 7.0 154 L4.8 638
Jan.ls 1969 6.6 270 54,9

Jan.1é 6.7 237 308

Jan.l7 7.0 243 327

Jan.21 65 182 398

Febe 6 6.8 194 LYA

Feb.18 6.8 208 603

Mar. 4 6.7 171 368

dJan.l3 1970 7.05 165.0 420.0 972.0
Jan.20 673 267.0 583.0 884 .0
Jan .27 £.70 378.0 1118.0 1440.0
Fobe 3 6.70 263.0 L85.0 950.0
Feb A0 7.02 177.0 L0 738.0
Feb 17 6490 78L.0 1134.0
Feb 24 £.85 258.0 737.0 1032.0
Mar. 3 é.48 620,0 638.0
Mar .10 €.20 358.0 1134.0 1715.0
Mar.17 €.51 295.0 738.0 1154 .0

Har .24, €o62 23L.0 588.0 1332.0
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Table IVIII. Hast sewer analysis, jowaters, 1968-1970.

B.0.D. Suspended Solids Total Solids

Date Year pH Ppu. PP PPie
Uet. 9 1968 7.0 260 580
Uet.l5 6.b 240 Th8 1035
Oet.22 6.6 265 275 668
Oete29 Geb 299 655 1018
Nov. 5 7.0 283 285 578
Nove.l2 6.7 220 270 555
lov.l9 6.8 255 390 925
Nove26 6.1 593 873
bDeec. 3 6.7 267 505 1115
bee.10 6.7 243 430 825
Dec.17 6.8 237 370 765
dan.15 1969 6.6 265 351

Jan.16 Gols 286 330

Jan.l7 66 33 439

Jan.21 7.0 184, 279

Feb. € 6.8 168 278

Feb.18 6eb 308 3l

Har. & 6.8 272 L2k

dan.l3 1970 6.98 L6 206,0 624.,0
dane,20 £.70 235 250.,0 69440
Jllhz’ 6089 118 1“.0 blh.o
Febe 3 6.56 218 161.0 526.0
Feb,10 6.82 265 378.0 858,0
Feb.17 6.85 125.0 368.0
Feb 2 6480 169 525.0 884,.0
bar. 3 126.0 Ll o0
Mar.10 6465 a7 145.0 578.0
Mar.l7 6.60 m 284 .0 869.0

Har 2, 6.37 211 216,0 58800
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(3) The sampling program revealed that the average suspended solids
concentration in the wood processing sewer is 633 ppm. This indicates that,
despite the bark recovery systes, approximatel, 18 tons/day of bark are being
discharged into Humber Arm. It should be noted that the 18 tons/day figure
is definitely a minisam, a8 a large amount of the bark being discharged is
too big in size to fit into a sample bottle. The actual bark discharge

could quite casily be twice the amount measured during the sawpling prograa.
(u) Howaters are presently in the proeess of converting frow sodium
base sulfite pulping to & new high yield sodium base sulfite pulping process,
it is expected that the new process will be rsady for operation by Sepbember
1970. High yield sulfite pulping is extremsly economical {rom Howaters point
of view and from this Departrent's stamipoint, this process chenge should bring
about a significant reduction in the poliutants discharged to Humber Arm via
the sulfite mill sewer, A significant reduction in total solids and H.U.b.
is empected when this new process is put inte operstion. However, the eatent
of the total solids amd 3.0.D0, reduction cannot be estimated at this tise,

A comporison of the characteristics of the two sulfite pulping processes appears
in Taole XIX,

(5) Should external waste treatment facilities of any kind be required
at the Sowaters pulp ami paper mill, the construction of such faecilities
would be limited by the small ares of land available in the vicinity of the
mill. There is,however,adequate land available for the construction of
primary treatment faciiitles.

(6) The measwred suspended soiids discharge, 43.8 tons/day, is

approximtely L% of production,
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{7) Howaters recently allotted $500,000.00 te be spent on polliuticn

contros over the next {ive years.

Tabie XiX, Characteristics of sodium base sulfite pulping and high yield
sodiun base sulfite pulping.

High yield sollium base
sulfite pulping.

Regular sodium base
suifite pulping.

Fulp

Fulp yield
production

Digestion time

Uigestion
tepporature

rodliution

Lowar quality,adequate
for newsprint

70% of wood processed

Fart of lignins present
in wood are
ated in the fibre

produced

Yo cellulose breakdown

6 hours

10" lower than for
regular sodiws base
sulfite pulping

iwss waste materials
produced; therefore,
less waste discharge
to receiving watars

High quality pulp

50=55% of wood processed

ALl lignins are broken
down and become & parto

of the SWL and sre then
discharged to the receiving
waters

Some of the eellulose is
broken down and dis~
coarged to the receiving
waters with the Sil,

7% hours
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Through the sampling progrem, it has been determined that the
Bowaters pulp and paper mill are discherging 73.3 tons/day of 5.0.U., 43.8
tons/day suspended solids and 407.4 wns/day total solids. The change from
sodiwn base sulfite pulping %o high yield sodium bsse sulfite pulping will
bring about a significant reduction in the total so.ids amd #.U... discharge.
Prelininary surveys of the Humber Ara have indicsted that the susperded solids
rather than the S.0.0. in the wastes may be the major proilem, Uissolived
oXygen measurements in the Humber Arm have shown that the dissolved oxygen
present is adequate Lo mainiain normal fish life. However, slwdge deposits
consisting of bark and fibre in the Humber Arm have undoubtedly destroyed
botton fauna.

It is recomsended that a detalled survey of the Humber Arm be
wrle riaken Lo determine the sagnitude of the poliution provlem. HNonitoring
of Uhe suliite mill sewor following the changeover to the high yield pulping
process will indicste the reduction in pollution resulting from this process
change, This Department must keep in clove contact with bowaters in order
to mmintain the interest that lowaters have recently shown in their poilution
probiems. Finally, this Departisent should begin negotiations with ‘owaters
with the prime objective being a reduetion in the suspended solids presently
beinyg discharged to Humber Arm,
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PRICGE MEWFUUNULARD LIMITED

introdugtior

Frice NHewfoundiand Limited pulp =nd paper miil, located in the town
of trand Falis, was put into operation in 1909. At the present time, the
mili produces approximately 900 tons of newsprint per day. %This rewsprint is
made from & 3tl mixture of growndwood to sulfite pulp. Consequently, 675 tons
of groundwood pulp and 225 tons of sulfite pulp sre produced daily. In 1966,
the aill changed irom calcium base to sodiwa base sulfite pulping. o ince

that time, no other significant process changes have occurred,

Frocess water for mill operations is obtained from the Laploits
iiiver and amounts to approximately 79.2 million U.S, galloms per day. This
walor is sereened for the removael of coarse suspended solids prior to its
use within the mill. Water required for drinking and sanitary purposes is
suppiied by the town of Urand Falis. A breakdown of the water requirement for
various plant operstions appears in Table XX,

Table iX. Water required for various mill operations, Frice Newfoundland

limited,
¥ill Cperation Water Requirement (m.g.d.)
Hoodroom 7e2
Suilite mill 57.6
Groundwood mill and paper ok
mill




The_Hapufscturing Process
The manufaeturing processes employed by Frice are typieal of
those found in newsprint manufacturing throughout the industry. A
desceription of sulfite and groundwood pulping and of wood processing and
paper mill operations was presented in Fert I of this report and will not be
repeated here., However, it should be noted that bleaching of the groundwood
pulp is used when required. The bleaching agent commoniy used is sine
hydrosulfite.
fdil vastes
Wastes from the various mill operations sre discharged untreated to
the kxpioits River downstream from the mill water intake line, Four main
sewers, namely, the north sewer, the south sewer, woodroom sewer and Mo, 3
machine sewer arc used for waste disposal (Figure 6). AlL wastes from the
sulfite mill are discharged to Lhe Exploits River via the north sewer. The
south sewer is used for the disposal of groundwood milil waetes amd approximately
50% of the paper mill wastes. The remaining peper miil wastes are discharged
to the kxploits Hiver via the lo. 3 machine sewer. All woodroom wastes are
discharged to the Lhxploits iiver via the woodroom sewsr. The average daily

discharge of cach of the waste streams is presented in Table XXl

Table XXI., Average daily discharge of waste streams, Frice Newfoundliand Litd.

Vaste Stream Streas Noe Discharge (m.g.d.)
Horth sewer 1 57.6
South sewcr 10.1

2
Ho. 3 machine sewer 3 he3
A

Yoodroom sewer 7.2




Figure 6. Overall layout, Price Newfoundland Limited.,v Grand Falls.
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AL prosent, no actual extarnal waste treslment faciiities are
esployed at the Frice mill,although bark recovery is practiced. In the bark
recevery systom, screens are used to resove the bark from the waste stream.
The bark then passes through a drier amd shredder before entering the boiler
where it is burned to produce heat energy. The bark recovery system employed
at Price is both old and inef{icient.

Twenty-four howr composite samples of the various Frice sewers were
colliected pericdically between Hay 1969 and April 190, The samples were
collected by Price personnel and shipped to the Department (St. John's laboratory)
for snalysis. 7The samples were analyzed for pH, 3.0.0., susperded solids and
total solids, A sumsation of the resultsof the chemical analyses for the mill
sewers appears in Table Aill, while the complete data for the various sewers

appeare in Tables XXIII to XXVI,

Untrested wastes from the Frice mill are dischsrged to the ixploits
River at a point 17.1 miles upstream of the Bay of Expleits., The willi wastes
have a 3.0.0. loading of 86.3 tons/day. Hence, Lhe dissolved oxysen values in
the .xploits Hiver have been a prisary concern of this Department. On many
oceasions during the past six years, surveys were conducted to determine the
dissolved oxygen concentrations in the river at various locations downstream of
the mill., Generally speaking, these surveys revealed that the dissolved oxygen

content of the river, even in warm swmuer months has, in the past, been adequate
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Table XAIl. Average concentration and loadings of waste contaminants
in Price sewers 1969 and 1970 and overall average 1969-1970.
Boliabd e Susperdied Loikis Total Solids
pH
Sewer fear | range ppal. tons/day ppmy tons/da} ppm{ tons/day
Horth 1969 | 3ubmbok :mo’ 65.9 | 162] 38.1 | 23 500.6
No. 3 1969 | 6.0=6.5 23] Lel | 697] 12.3 | 1004 17.7
machine
Woodroom | 1969 | 5.2+6.3 136 Lo | 532] 15.6 714* 20.8
Total disf
ohar 78.1 Thob 554 48
ons/day
North 1970 | 3.40-h1g 3 81.1'| 158] 37.1 mj 453.8
South 1970 | S5.7u=6.40 10 Le2 | 2551 10.5 iy 164
Wo. 3 1970 | 6.02-6.3% 2ubl L3 | Wk8] 7.9 76  13.5
machine
Voot roon 1970 | 5.10-6.1( 165 Lo | A3 9.2 L% 1k.5
Total dispk
e Gl ody 6447 §L98.2
tonsfday
dorth | VST s | omy 73.5| 160l 376 | 203 w7na2
1969-
1970
South " 5¢7h=6k |  LUN he2 | 232 9.6 392  16.1
Ho. 3 " 60645 239 Le2 | 573 10.1 888  15.6
meehine
oodroom " 5.10-6.3] 151 bob | 423 124 604  17.7
tonayday
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Table XXIII. Horth sewor analysis, Frice Newlfoundiard, 1969-1970.

BeUolie SW Solids Total Selids

Date lear pH Ppie Prime Ppie
Hay 6 1969 3.8 220

Hay 13 3.6 317

Hay 20 3.7 249

Hay 27 ek 288

Septe 19 hel 217 iz 1974
Sept. 28 Lely 195 211 1738
Sept. 30 Jaks 287 136 2182
Uete 1 ko2 397 455 3454
vet, 22 boly 264, L7 1554
Gete 29 Lel 265 178 3130
Nove 5 3.8 233 115 1656
lov. 12 3.8 383 L9 1868
bec, 9 3.7 309 197 2032
bec. 16 3.8 298 110 1712
Jane, 27 1970 LelO L67 171.0 2658,0
Feb, 3 340 196 552.0 1718.,0
Febe 10 3.65 370 127.0 2076.0
Feb. 17 3.85 120,0 2076.0
Febe 24 3.95 295 80,0 1906.0
Mare. 3 3b2 392 132.0 1724,0
Hare. 10 405 396 21,0 1884.0
Mar. 17 386 367 112,0 1707.0

Hare 24 4el0 277 5.0 16300
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Teble AXIV. BSouth sewer analysis, !I'rice Newfoundland, 1969-1970.

Beiele Duspended Solids Total Solids

vate Year pH Ppite Ppite ppme.
May 6 1969 6.0 ii2

May 13 6ol 107

May 20 Goly Th

Hay 27 6.0 131

tepted9 59 72 23 39
Sept .28 5.9 98 134 280
Septe 30 6e3 112 183 406
Get, 1 62 106 170 310
Uet. 22 6.0 1e9 L8 242
Uet. 29 5¢9 50 11k 236
Hov. 5 5¢9 58 47 23k
lov. 12 5.9 188 766 986
Deces 9 6ol 92 167 340
vec. 16 6e2 95 249 400
Jan. 27 1970 5.7 89 227.0 ks o0
Febe 3 6.20 83 58.0 238.0
Febe 10 SRV PATN 1221.0 1350.0
Feb, 17 6.20 260.0 392.0
Febe 24 6420 132 277.0 482.0
Har. 3 5e e 110 96.0 211.0
Hare. 10 6.38 68 58,0 207.0
Hare 17 6.2 82 82.0 260.0

Har. 24 6.23 43 4.0 118.0
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Table JXV. No. 3 mechine sewer, Frice Newfoundland, 1969-1970

BeUeble Suspended Solids Tetal Solids

Date Year pH Ppite Ppie Ppae
Hay 13 1569 642 146

May 20 6e5 252

Hay 27 640 A5

Sept.l9 6.0 328 862 1356
Sept.28 6l 201 512 798
Sept.30 bols 27 632 1054
Uet, 1 6ols 196 511 66l
Uet, 22 6.5 22 &51 696
Uct. 29 6e5 17 1174 L0
lov. 12 6.2 222 512 852
Uec. 9 6.0 243 950 1102
bee. 16 6a3 357 670 1112
Jane 27 1970 6.05 229 Llih O 734.0
Feb. 3 6e22 196 349.0 608,0
Feb. 10 6424 286 885.0 125640
Feb. 17 6.15 782.0 968.0
Feb. 24 6.35 273 318.0 720,0
Har. 3 budl 227 288.0 592.0
Har. 10 6430 293 558.0 91440
Mar. 17 6.33 242 272.0 642.0
Har. 24 6.02 206 188.0 47040
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Table AiVi. VYoodroom sewer, Frice Newfoundland, 1969-1970.

Bolle Suspended Solids Total Solids

Uste Year pH ppie Ppuae Ppi.
Hay 20 1969 6.0 138

Hay 27 6.2 152

tepte 19 6.3 186 K79 608
Sept. 30 5.8 155 481 656
Uet. 1 5e2 17 459 898
Oet. 22 549 136 LU0 478
Uet. 29 566 92 678 810
dove 5 5e6 5 Ll 612
fov. 12 5¢5 1, 710 874
Dec. 9 5.6 114 874 979
lee. 16 5e7 166 28, 508
Jan. 27 1970 5e22 20 660.0 800,0
Febe 3 5460 158 252.0 464 .0
Feb. 10 5010 216 521.0 600.0
Febe 17 6e10 58.0 3300
Febe 24 535 157 118.0 434.0
Har. 3 540 i52 455.0 540.0

Har. 10 5.8 &7 125.0 289.0




to maintain fish life (i.e. a dissolved oxygen content greater than 5 ppm.).
In 1969, the lowest recorded dissolved oxygen value was 5.05 ppm. The large
dilution capacity ami the turbulemt flow in the ixploits River are the main
reasons that adequate dissolved oxyien concentrations in the river have been
medntained despite such a large B.L.0. loading. From June to November of 1969,
the ixploits River flows ranged from 2420 c.f.8. to 8730 c.{.5. with the
average flow being spproximately 5220 c.f.s. ‘hen the Exploits Hiver flow is
5000 cefess, a 4O-fold dilution of mill wastes to unpolluted river water is
provided. The twriulemt flow comuon in the ixploits Hiver below Grand Falls
iuintn the river in its re-acrstion process and therefore also contributes
0 madntaining dissolved oxygen concentratioms grester than 5 ppm. The large
dilution and the turbulemt flow provided by the iaploits River have, in the
past, preverted a critical dissolved oxygen situation {rom akising.

The diversion of the headwaters of the lxploits River for the Bay
D'Espoir power development is presently underway. This diversion, when
completed, will bring about a 20% reduction in the ixploits Hiver fiow and
therefore, a 20% reduction in its dilution capacity. This reduction in flow,
coupled with a further [low reduction resulting from a dry susmer, will un-
doubtedly lead to critical dissolved oxysen concentrations in the river,

Surveys of ixploits Hiver and the Say of Exploits have indicated that
the bulk of the 69.7 tons/day suspernded solids dischuarged by the mill are
deposited in the Hay of Japloits rather than the Expleits River. GSediment
saupling has indicated that a mat of bark and fiber cowers a large area of the
Say of ixploits in the vieinity of the coniluence of the Exploits Hiver and
the day of .xploits. The bark and fiber deposited have undoubtedly destroyed
a great deal of the bottom fauna in this part of the bay. During warm sumser
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months, nats of bark and fiber have come to the surface of the bay, causing
problems for [ishermen working in the area. In the past, the dissolved oxygen
concentration has not been & problem in the Bay of ixploits,.

Salient Folnts

(L) Sulfite waste liguor (8.Y...) preduced in the sulfite mill digestion
process, has two detrimental effects on the receiving waters. First, 5. ...
has a large oxygen demand and secondly, it is directly toxic to fish at
concentrations greater than 500 ppm. In the past, the large dilution espacity
of the Lxploits Kiver has made adequate (issolved oxygen concenlrations and
Setels concentrations below 500 ppm. in the river possible.

(2) The combined 3.0.i. loading of the municipal westes irom the towns of
Grand Falls, Windsor and Bishop's Falls is approximstely 1/30 of the 5.0.0.
losding of the Frice mill.

(3) The sampling prograam revealed thai the average suspended solids
concentration in the wodroom sewer is 604 ppm. This indlestes that despite
the bark recovery system, approximately 17.7 tons/day of bark are being dis-
charged to the ixploits River. It should be noted that the 17.7 tons/day figure
ies definitely a nininmue, a8 a large amount of the bark being discharged is too
large to fit into a sample bottle and can therefore not be weaswed. The bulk
of the renaining 69.7 tons/day of suspended solids discharged is fiber,

() The measured suspended solids discharge, 69.7 tons/day,is spproximately
7.7% of production.

(5) Should waste treatment facilities of any kind be reguired at the Price
mill, the consiruction of such facilities would be liuited by the small area
of land available in the vieinity of the mill.
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{6) The dam on Hed Indisn Lake and Millertown is being used to control
the flow in the Ixploite River. Spring runoff waters are partially contained
amd discharged during sumer months to maintain river flows of at least 5000
C.fe8, during this eritical peried. It appears that when the xploits River
ilow is 5000 c.f.e. or more, the dilution provided by the river prevents a
serious dissolved oxygen jroblem {rom occurring. The diversion of the head-
waters of the ifsploits River will mean this Departmeni can no longer depend on
the 5000 cef.s. {low necessary for dilution.

(7) vepartment plans are presently underway for developing the Exploits
Hiver into Newfoundiand's most important Atlantic salmon river,

Through the sampling program, it was determined that irice arc
discharging 86.3 tons/day 5.0.0., 69.7 tons/day susponded solids amd 526.6 tons/
day total sclids. It can be expected that these waste loadings will be
paintained for some tiwe Lo come,as no definite process changes are planned.
Surveys of the Ixploits Hiver have indicated that dissolved oxygen ccncentrations
in the river even during warm swuxer months, have, in the past, been adequate
to maintain fish life. The diverasion of the headwaters of the Exploits Hiver
for the Bay D'ispoir power development is presently underway. As a result of
this diversion, a 20% reduction in the ixploiis River flow is expected folliowing
completion of the project. With this 20% reduction in the dilution capacity
of the river, critical dissvlved oXygen concenirations will oceur in the river
during hot summer months. The bulk of the suspended solids discharged by the

mill are being deposited in the Hay of :xploits. The bark and fiber deposited



in the bay have undoubtedly destroyed botloa fauna in the area of the bay
near the point shere the lxploits Hiver and Hay of lapioits meet., Ourveys
have .ndicated that dissolved oxygen is rot a serious problem in the Hay of
Explcits,

It is recommended thal the surveys of the lxploits Kiver and Bay
of Exploits be continued. In order Lo be aware of future mill process changes
that may sifect the polliution ditwstion at the mill, this Department must
keep in ciose contact with miil personnel. If{lwnt sampling and analysis
- shoulé be continuwed periodically in order to measwe any changes in effiuent
guality. Finally, and most iuportant, this Uepartaent swst continue
negotiations with Price Newfoundiend Lisdted with the uitimate goal being a
gignificant reduction in the 3.0.U. and suspended solids discharge by the mill.
Without solvi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>