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INTIODUCTION 

The forests of Newfoundland are one of this provinces west 

valuable natural resources. The pp and paper industry ie the largest 

user of this natural resource and is essential to the economy of the province. 

Pulp and paper mills provide many Jobs and the satellite iniusries that 

ueveJ.op to serve the . 31.11:1 and people employad by the miiis provide many 

more jobs. however, the operation of a pulp and paper aili necessitates the 

production of waste materials, pollutants to be disposed of in the nearest 

waterway. These mill  wastes are harmful to fish life, another valuable 

	

natural resource of this proviaco. Let, Iler the demi 	he province and 

its people, the trio industries -- the pulp and paper inuustry and the fishery -- 

Twat co—exist. 

As employees of the Department of i'lskicricts and 'orestry ■Fisheries 

Service), we are aware o at least certain aspects of fish anu the fishery. 

however, we know very little about the pulp and paper iniustry, an industry 

with which the fishery gust co—exist in this provenee. In this report, the 

pulp and paper industry is studied in detail, hopefully, so that Fisheries 

employees reading this reeort will have a better understanding of this 

essential industry. The following topics are discussed in the eeport: 

(1) lianufacturing Process is the Pulp and Paper Industry 

(2) Pollution Properties of Pulp and Paper 	Wastes 

(3) Pulp and raper Aill Waste Oispoeal in the Raring 
Environment 

(4) Pulp and Paper Mill Waste Tre t nt 

(5) gulp and Paper Mill Pollution in eewlbundland 



THE MANWACTULING MSS 

A. Intrpeuction 

ood and all other for ,its of plant life are composed of 

fibres nown as cellulose and also the suaterials welch And these fibres 

toeeteer. ;eliee.ose accounts for about one ealf of the content of the 

wood. The r.!'i .ainder consists chiefly of a relatively small. quantity of 

hemi—celluloee, chemica.ily ;more akin to the sugar* than to pure cellulose; 

and a inner known as lignin, of welch ch has yet to be learnee 

concerning its cheed.cal behavior. 

The itanufacture of pulp and paper can bC divided into 

three basic operations: 1.,00d preparation, pulp making anti paper making. 

Debarking of the wood is cotaJon to all wood preparation operations 

regardless oil the pulping 1.itethod to be employed. uther ewu preparation 

alternatives are used as requirecie 

The purpose of the pulping operation is to reduce the 

vlooci to fibre. There are easically two :methods of reakirie wood pulp: 

oeceanieal and chemical. The first reduces the logs to fibres by pressing 

tee.e against large grindstones. The result is known as groundwood or 

pulp, in cheeical pulping, chippere convert the whole wood 

to chips, which are then cooked at high 'eemperature ane unuer pressure 

in a chemical liquor. The cooking operation dissolves virtually everything 

in the wood except the cellulose fibres (the chemical pulp). The yield 

of eheetical pulp is about one half of the weight of the original wood. 

The chemical pulpingtechniques =1st often employed are the kraft, sulfite 

and soda proce88013 



The fundamental phenomenon oi paperaaking 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 oy mixing the fibres 

with water, placing a layer of the mixture on a screen araining much 

of the water, and then removing the remaining water by pressure and heat. 

The fibres mat or felt and become a compact Enact. 

Yo ° kloceasing 

The actual process of paperlaing begins with the unioadinz 

of the wood from the various veiicles 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 cheAcals, and creates dirty pulp, 

it is usually removed from the pulpwood sticks before these are reduced 

to chips or :zround 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. 'lower consump:tion is high. De-

barking is also accomplished by the use of barking drums, i.e. large 

revolving steel drums. Jarking drums are constructed in sections 12 ft . 

or more in dialsAer and up to 221 ft. long. tioralty, two or three 

sections are used in tandem. The logs are fed into one end of the drum 

by conveyors and the debarkimv 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 r e adily collected and disposed of. The bark may be shreddeu, 

pressed to remove excess moisture and then 'Teed as fuel in the m111  boilers. 

Sark will, provide approximately 9000 ti.t.u. per lb. of dry weight. Upon 
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discharge from the barkers, the wood ie inspected and any unbarked or 

eartielly barked sticks are returned to the warring system. 

Logs for cheeical pulping are reduced to chips in order to 

obtain rapid and complete saturation oy to cooking liquors.  jasisally  8 

the chipper consists of a steel casing containing a large rotating  steel 

disk on which adjustable enives are eounted radially. Los are fed through 

a spout to impinge against the disk at an angle of about OF and are 

reduced to uniform-sized chips, 5/8 to 3/4 in. in a matter of seconds. 

The knives, themselves, are changed and reground every 8 to id hours 

aepending on the condition of the wood and the amount of foreign material 

it oontains. 

As teey co' from the chipper, chips contain up to 2% "fines" 

and eole oversized chips and slivers, fines include sawdust, fine bark 

and chips under 1/4 in. or in sone cases, 1/8 in. in length. aenerally,  

the larger particles are separated and reeoved for crushing or rechipping. 

Several different techniques are employed for the disposal of the fines. 

To separate accepta le chips from rejects and fines requires a screening 

system with two viorating trays eounted one over the other. The top tray 

has perforations  small  enough to pass acceptable chips and fines. The 

second tray, with  smaller  perforations, catches are retains the acceptable 

chips while allowing tines to sift through to a chute or to an unperforated 

tray below for disposal. eiter the chipping and screening operations, 

the chips ar ciclivered 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 



wood praration operation appears in huts 1 of this Afflarstax* 

C. full? ;::wH,4f4ct4re  

There are four comuon types of wood pwip to be considers& 

:tachanical pulps Sulfite pulp, sulfate pulp, and soda pulp. The firs% 

is prepared 	uz'sij.0octfunical walla s  the other three Dy chtfAma NUM. 

The 4iecnan.tcal pulp contains all of tne wood except the bark *ad that 

lost dur::_ng storage and transportation. Unemlcal pulp, however, is 

essentially puss cellulose the Am wanted ahO =stable iighin an4 the 

other honcellulobe covonents of the wood havin4 been dissolved away by 

the treatmeet. aOCOLOO Or Van, c3e.aicai. pulpe are rush taperio Lo 

•iochanical (or avbadwood pulp) for fine pliperAiking Aowcyer, mwin  ,‘ to 

the siecial idrocommiag required they are too eApensive for tle c:lesir .er 

eWsLes of paper, such as neweprint. 

(a) hechanical flap. This process involves no cheoieml troataont of 

uhe pulp whatsoever. The chief uoods elziployea are spruce and 4alsen, 

whicb are of theioft, coniferous species. Aftsr arrival at the sill, We 

wood LS SIAShOO silt deb ' d. It is then r,ady to be 	und. The lading 

operation teas place in water to remove the hest o. friction and to :lost 

the fi'ortS sue,. The grinding is at an scuts angle to toe length of tha, 

 41oCkS in order to furuish Iciager fibres oy tearing rather then by right—

angle cutting. 

rot sail tonnages, the utnree-pocKet" grinder is very wkiely 

. his coneista of a central inostono :lountto on a steel shaft and 

having throe cnasbers or pockets around its periphery. The top of each 

chamber is surounted by a hydraulic cylinber which operates a raa whose 

purpose is to forcs the olocks agaihet the revolving, usually artificial, 

stone. Muse stont41 are given a uita.r type of burr by properly dressing 



their ~tam. Coollimg and removal of the protest are effected by swans 

el a epray of *white water' which is returned to this kcAat bona later 

step in the Frocess. For larger tonnages, the Roberts and Great Martnern 

grinder, are popular, but for thelae inataliatione ot 200 daiiy tone 

or more, either the nyCrsuLic or chain...feed4r-4:tzars; type are kreferred. 

These consist of a lxrgy vertical, cylindrical chaf:3er tined to the top 

with lo ;10. ihe preaudre of the wood on t irvtone at toe bottom of 

• clamber is maintained by the weight or the weed in the wigaaine. 

the puli. and water cincture fro7..1 tne grinders I Urope d into 

a etock sewer below Lae tririndere and it i ,assed along to t40 &Wow acreen. 

Here, th4 largur 	 i5 retained and diecarded ag the sereth, oraile 

U he fine triat..,rial rails into the screQ-noe %took pit, from were it 1.6 

puipad to the fine screens. Tile files that, pass the SerlseAS are con- 

contrated in thickmenvrs to give comuarciai mechanical pulp. The oversized 

ilarticide from the fin m screens are trJated in refiners and then re turned 

to the sartmzus adaln. The wat4.r emsrflow from the thickom;re cntains a'eut 

15 to 20 percent of the orii;Inal fibres and it thy co-cnlied 4wnite iter 

ich is deed in 4rindi% and to aid flow in L litOCk Wiwar. AS Vie 

process dentinms to operate, it ia nect-aaary Lo add Ireet water to the 

veto& to holey down 1414.t temperature; thcrefom, sore of the white water 

must be reluoved. AtionT being sent to waste .*  this water ham the re.Naining 

fibres strainod £rva it. The fibre is returned to tae thickener,. 

The "energy rekiuiremente am all pechanical and consist chiefLy 

of power for grinding. The only chexical change occurring In mechanical 

pulp ib a alight hydration of tie cellulose by long contact with water. 

The uses of mecnanical pulp are fur the fo .Joet part restricted to 

the cneapsr grades of per and board where perwierici is not required. 



The eventual deterioration that occurs in paper made from mechanical pulp 

is due to chemical decomposition of the noncellulose portions of the 

%Val • in the ;Ilanuracture of newsprint, Cheep manila„ wall, tissue, amd 

certain wrari.inI papers, the mechanical pulp is usually !sized with a small 

amount of cilemical pulp. A flow diagram of the groundwood pulping process 

appears in Figure Mot the Amanita. 

(b) Chemical fulp. 

(1) Sulfate or Kraft Preeess. 

*Sulfate process* is perhaps a misnomer, or at least mis-

leading, as it might cause one to suspect that sultate rather than sulfide 

is used in the actual cooking. Lodium sulfate is, however, the whelp eharIcal 

in the sulfate process, and sodiwo. suiride is a product of the reouction 

of the sodium sulfate in the reeovery furnace, whure the Nakeup 

is added. 

The sulfate prooess can be summarised in the following 

atep•t 

1. Wood logs aru barked in debarkers and chipped in multikhife 
chippers. 

2. These chips are carried bi conveyor from the storage slice 
to the digesters, where the maximum amount of chips are fed 
into 44v top of the digester. Cooking liquor is added at 
this tims. The ratio of chips and liquor, along with 
concentratioh, moisture content, anu other variables, is 
carfuI1y controlled. 

• rho wood chips are cooked for the prescribed time under 
the proper te4mreture and pressure. Usual cooking time 
is from 2-4 hours at about 100 to 110 p.s.i. While the 
wood is cooking, turpentine end other volatile constituents 
distill and these are condensed for sale as bj-products. 

4. At the enu o the cook the pulp and liquor are "blown." into 
the blow tan. The pressurised steam im the dige$ter is the 
blow propellant, and it blows the digester clean, ready for 
another cook. The steam from the UOW 1E,  utilized to heat 
water far mill ass.• 
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In tt blow ten are the pulp and t black liquor 
can 	dng tns a want c c. 	anewisallis  &swell as 
Alvin and other solids extraeted tea the wood. 
The pulp and black liquor are diluted with dilute 
b14ck liquor and pugped through the diesknetters to 
the orown-stock wasAers, where tie liquor, containing 
tus solutde r. sic 	fro the cook, is washqa out of 
the pulp. 

6. The 4atined pulp 1 s Uonl ecreuntd rxl sent to the 
blesca pl ant or paper mall. A par 	of the black 
liquor 111,314 the washers is used as a diluent for the 
cooking liquor and wank stock. The reaainder 
is sun% to tne recovery unit of the pulp mill, where 
tries cookin, c , m_tisale are reclaimed. 

4,ecovary is in essential part of the sulfate presses. LI all the 

:spent cooking enemies/4 were smeared, the cost of the presser wind be 

pronibiLivu, and stream pollution would be sufficiently severe to promisee 

operation on inland waters. The recovery of the C ,emical and a% from the 

ulfate spent liquor is euourieed in the follow steps: 

1. The black Javier from the brown.. .stock washerescontaining 
about 16% solid*, is evaporated in multiple-effect 
evaporators to about 50% 001.4.4*. During evai_or4Lion, 
Hasp is se varated for sale as a by-produat. 

The liquor is ft.4rtner cDncentrated in a dime 	tact 
evkorator. The eolios content now will be a wut 65%. 

• The thick liquor is now uurneu in the roAmvery urnace. 
Again and other extracts fro the wood zimintain tvwuustion 
in the cooking onevAicals ibrm as a soult al. the oottom 
of the &mum. Sodium sulfate present in the liquor and 
that added as a makeup c:2e41cal is reduced to *odium 
sulfide. Host from Vlo furnace is utilised to produce 
superhated stsaA for   turbogenerators asAell 
as process steal. 

6melt from the recover' furnace is uissoivcd and 
liquor" ie for wed. This Noreen liquor" -contains a 
sodium sulfide, sodium sulfate, and sodium carbon& 

. Orem liquor is then causticised, sediwa caroJnate is 
converted to sodium hydroxide, sod naciu% precipitates 
out as calcium carbonate. 

Ca (t 	4a2C0 -wi>C;as 
	

+ alleUk 	(I) 



•• • (2) 

6. he csioium caraonate pr aipitate !brand as snown 
in wolation CO is burned in a large rotary kiln 
to reclai the ClaaVNIN 

cawth • 4..1J2  

7. 410iUMI wide /Or 	s shown in equation (2) is 
Slaked with wasn water or dilute liquor to furnish 
calcium hydreAide for causticizing green liquor, 
us in skoati•n (1)t 

Coo + 
	—' Lai (Oti)2 • 
	

(3) 

i?a.keup lime is added olthor as raw lime or as 
ca/ciam carbonate. 

• Sodlua hydroAide formed as shown in equation (1) is 
sent to the digester* as cooking liquor, taus Ion* 
pieties the rsoovery cycle. This *odium bye-maid* 
solution (*hito liquor") oleo contains the sodium 
suifide formed in the recovery lurnace. 

(2) sods Pulp. 

The manufacture of soda pulp is very similar to that of 

sulfate pulp, troth being alkaline proclaim*. The woods used are of the 

deciduous or ..iroadleaf variety. eopLar 	up the largest toDUWN and 

is also the easiest to hook. Other woods cnployeb include birenouple, 

chestnut, 4un, and basswood.. Owing to the tendency of broadleaf moods to 

sink, it is usually necessary to ship them by rail or truck to the 411 

rather than to float than In. The proparation of the wood tor cooking is 

similar to that described 0..eviouslp under Wood imeessing. 

The digesters art very similar to the digesters used in the 

sulfate process and are constucted of steel or wrought-iron plate, like-

wise unlined. The cooking time varies from 2 to 3 hr. at a pressure of 

110 lb. per sq. in. and 4 temperature of 344°F. The digesters are usbally 

blown to blow pits which have provisions for heat eichans to utilise the 

•team. llspap is sashed in an on tank with a false oottom constructed 

of heavy steel plate covered with a fine wire netting. The plat* is perforated 



with ' in. halos, 	e.L' spaced. The remaining operat ions are very 

ilar to Llose ue for prof:mooing sulfate pulp. 

The Lack lig 	from the soda pulp contains about 16 percent 

total solids atiCi 4.5 peroent total alkali. itiost of tne latter is sodium 

cam)onatlig, the rumainder being free souium nyuroxice. This liquor is 

concentrated by multiple-effect evaporation as in the sulfaLe procaa, 

arti 	to either stationary rummies or rotary driers. No wwitIng 

fumuce is usud ordinarily, the prout being a :-.41aCii,n containing 20 

to 25 percent free carbon. This ash is charged to a wive of leaching 

tanks equipped with false bottoms. 	to ash is leached countur-currvntly 

with water or weak alkali, tao msultin4 solution being fed to thu slaking 

tanks and the caroon waste discarded. 

ftecovered Li is add d to tile liquor in the sling tank and the 

slurry feu to tiw c*sLciing tanks, where asklecp sodium carbonate is 

adGed. the :action taking place is essentially: 

Ca W11)2  --;>2 	H + 1.40L3  

Iht: calcium carbonate s* 	Li fiLtered ot‘ 4116 tertt to we iisekiins. 

The filtrate is tau white liquor WWI in the dig:ustvrs. 

Since tne atiru* frovi uroadlea( weeds are sorter kil 00.) than 

those from coniferous woods used in tau saltate process 	to 3 am.) the 

rocuct of the boUia prpoWila is a pulp that maaes a weaJeor paper. TherefOra, 

it is generally me00 with miAturt,s of other pulps, serving to fill in the 

epees* between the longer fiems. fh* largest tonnage of the pulp unters 

into the mandfscture of boo s magazine and tissue papers. 

(3) Sulrite lip 

Os the basis of ctanUtr rcea,this process 	 nd 



niy to the sulfate procees. Although spruce is the w4o0 meet oosuonly 

emploled, apirz.clable quantitiee 0: hemlock anti balsam are oleo used. 

The mood is barked, cleaned, end shipped with the r.teniting chips oeteg 

anout 1/2 in. in length. It is then sc4Iveyeo to tare storage bins above 

teas digesters, pi parutory to bed soaked. 

The 

 

ode i.stry of VI* 'malt* digeetin of eeliclobic -vieterials 

vary c ,plieeted, anti the thermion/node nets 	inc lc‘ t.e 

very reliable. The eaternai energy required for tne process inciu1ee st4,am 

tcsr the preparation of the *poking liquor and 000kinA the pulp, 

tertioal energy for chipping the wood and pumping. 

The aore col4ANI sulfiteprowl** oonsiote of the digestion of the 

solution containing *slam hieuifite and ane;kcess of 

malt 	. the sulfite promo** involves two principal types of reactions, 

which are probahl4 concurrent: (1) the reaction of the lignin witn the 

oisafite an (2) the hodrelytio 'patting of tflo eeliulose -Berlin 

The heAiceliuloses are else kin:0404W to simpler co: au 	t rani tae 

extraneous wood sompononts anted ca. Since the diepostal of waste 

liquor (more then hair of the raw laterial entering the proem appears here 

as dissolved organic soiies) is a serious pollution problem, concerted 

attention nas 4 en turned to its dispobal or tatiiization. Substituting 

4a4neeium vain. for lime is briny ovaluatod cogvorci 

and neat rasavery are poosiul 	o,vallied u,y a saltation of the uis t  °sal 

robise of the waste liquor. boditta and skt4.-onia hew .ante aeen suostituted 

for °elides as a pulping base and are used in a limited newer of co - ,-oarcial 

plants. 	far, costly and complicated che4ical recover 4 limits their 

widez,pread Wt . The alcium-basad sulfite-r.ulping process will now be 

c iood. 

Two ca,_Vaozs of 	 1 ii ) 



of ...k n (di 	i 	t) 	€iciel,y use. The 

essential reasti.O. inveived in the preparation of the cooking liquor 

are quits simple. 

COM -3 (;ei 

The entire proosSO 
	

into the following unit operations and 

unit processes. 

1. Sulfur is salted in a tank ht d 
then fed to thi burner for oxidation. 

2. Any sulfur that is vaporised in the Ourner*tern s co scion 
chamber. Whirs it is oxidized to suitor dissids. ins amount 
of air in this operation is closely oontrollsd to prevent the 
formation of sulfur trioxide.. 

the sulfur dioxide obtained is ssolsd quickly in a horizontal, 
vertical, or pond cooler consisting ssolntisilY of • system 
of pipes surrounded by water. In all but the on systsai, the 
water is sprayed on the outside of the pipes. 

The next step in the process is the adsorption of the as in 
water, in tom presence of caleiux and aagnesius oompounds. 
This is acoomplishod in a series of two or aore aoeorption towers 
packed with liSmatomp. A fine spray of rater passes down through 
the tower system countercurrent to the sulfur dioxide gas, which 
is blown up through the tower. 

The liquor leaving the towers contai.r a a certain 	mat of free 
sulfur dioxide, which is enhanced trwe tlao to tia4e ea the free 
sulfur dioxide vented frozi 	digastrs is bubbled throac,h it 
in the ursdladsing towert ,  that follows. The final liquor as 
charded to the digesters ib a solution of calcium and magnesium 
dioulfites, analysing scout 4.5 percent "total" sulfur diwids 
and aoout 3.5 percent "free" sulfur dioxide. The di ester is 
filled with chips and the said cooking liquor is pumed in at 
the bottom. The digesters are cylindrical steel ves5els with 

sopacity of frail to 23 tans of fibre end 3,000 to 51,000 
gal. of "acido. A special lining' of cemient, crushed vuarts, and 
acid-resisting brick is used to avoid the corrosive action of 
the cooking liquor. 

6. The digoster is heated with direct st aaw. In recent years, the 
ineustry nas turned to digesters with forcer outside sircuLation 
which heat the,  cooking liquor in an outside stainless-.Loa 
tube neater sex circuliile it through tile charge by MONIS of pumps. 
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This permits a better temperature distribution throegn the 
ehartp and prevents dilution of the liquor with the direct 
•team foraerli umed for rwating. ZOnditione of t pm* 
darvung on the natere of the wood, 'LA composition of the 
said, aod toe quantity of pulp chargeu. The preesure varies 
frou 70 to 160 lip. depending upon ...3C construction of the 
plant. The tie. and the temperature rang* from 10 to 11 
hr. and 105 to 1550C. (220 to 311°F) respectively. 

At the end of the 000king process, the di;ester is discharast 
by ulowing to a blewit (ii 	rouno Lank having a false 
bottom add equipped with means to walph the pulp with trash 
water). The o.oking liquor is not reveled. 

8. The pulp is pumped heath* pit to a serials of screens wflore 
Mote and large iampe of fibre are reclowd. 

9. the sccepted stock from the screens is sent to t riffiers 
(a *arias of long felt-Lined trouens equipped with woes ners 
every 6 ft.). ilhe fen:4ga Aatter in the pulp gradualij settles 
o ut. 

10. The r.lativoly pure pulp le eoseentrated in thlehentre which 
are cylindric's' fra4ee covered with SO.Aesh brooms wire. T:te 
water passes throu4n and the pulp is rotainoo on the ecreen. 

11. Vhe pulp is ant to the 7.-Aleacher, and free craorlm is intro-
owed. After the chlorine has t)een eAhaweted, tL.Ic of lime 
is added to neutralize the ese. 

12. fho stock As washA)d, trtiosened, a ant to the =wain* chest. 

13. 11/4 rival the sheet le ford into laps of about 35 percent .iry 
fibre content, and the laps are dried with steam-heated ro.Lls to 
a pros 	wraith is SO to 90 percent dry fibre. 

The Ailic-ofmlime system of prel.aring the ootiIrg liquor con-

al:tts of slaking burnt ling; oontalnim; a hill percentage of megasela with 

warm water to prece a susi ,waiion. A n144 pereenwe or Autiptesia is 

desirable because the %tiagnasiva auifites foxed are more soluble than the 

oarrespoming calcium compounds. The calciu.:4 c.mkounde tend to settle out 

nd clog the pipe•. This solution is treatee with sulfur diceeloe gaa to 

produce the coking liquor. 

sulfite pulp is a ni4km.grade type of pulp and serves for the 

usinufacture of soue of t t finest papers einracind the uono office Line. 



Al'Aost any Kind 
of wood, soft 
or hard. 

Aydrolysis of 
lignins to 
alcohols and 
amids; moms 
aareaptaaa 
formed. 

12.5% solution 
of IUSA, UaS 
and Na OJ . 

? 3 

analysis of 
solids. 58.6 

1, 27.1.% 
14.3); ! aa-CO . 4 3 Dissolving 

action due to 
NaCJI and Na,15. 

001  inactive 
anc rdpresente 
the equilibrium 
rtaidue botwe•n 
lima and ha200  in the formation 
of MON. 

farousrlust 
f good color 

and free of der- 
voroxy 

honolic co- 
a. 

4eactions 
occurring are 
ver 	mplox 
ard not yet 
fully uner-
tood. 

Th by weight 
SO of which 
4. % is car.bin,  
as sulfurous a 
and 2,5% as 
Ca(HSG.),.. 
Cooking ton o 
pulp requires 
225 to 300 lb. 
of sulfur and 
350 to 400 lb. 
of lit rock. 

Table I. 	comparison of 
	

es of chenical wood pulp. 

Colluiole raw 
matqrial. 

Prificipal re-
action in 
igoster. 

Compooition of 
cooking liquor. 

Limited to 
snort-Iibrod 
hardwoods 
because of 
low yields z:.nd 
pulp strength, 
e.g. poplar, 
biren omaple. 

Ayurolysis of 
ligrgne to al-
cohol.' and 
acids. 

12.5% solution
of haCh anu 
Na",  in tne 

3 , rat 	 to 15; 
dissolving 
action due solely 
to NaOH. 

(continued) 

It is used either alone or with some rag pulp to iae writing paper and 

,t1i4-grode book paper. A sivlified flow dia5rart of the sulfite mill 

operation appears in iiure 111 in the Appendix. 

A colxperison of t:w threetyp.A5 of dAdel pulping appears in 

the followiry table: 



Sulfate pulp ,Lfite :alp 

liasi 7-42 hr. 
Tavaraturos 
265-100°Y. 
Prefigure' 70.. 

• ad  IS. pre MN • 
in. 

Te4peraturs: 
33U-340pe. 
•rossures 9u-
105 1.4. psr ems. 
in. 

(aantinmsd) 

Breen color; 
•asilx oleasbade 
fibres wades? 
than krstt sa 
Ruth ts. 

(Table 

Sod/ hip-
droxidir re-
severed and 
rowed or in 
a ►id% ;roo ► s  
but make-up 
cAr4icai is 
lia-0.; 3  instead ,_ o ma",  . 

Chomieslo 
•xpeneies to 
diaeard; them. 
tom meet et 
pewees 
*meted to 
~mom of 
soothed 
000miaals 
incidontat rs 
*aver,/ of ham& 
through burning 
eirgeele matter 
diaeolied in toe 
liquor fro d the 
wood; crwr4cal 
]Deeds from 
spasm ars re-
plenished witb 
salt caks, 

Oilesistors. 1447. 
limas per" Via, 
aid tees can be 
made of mild 
steel or iron 
because ca: tie 
liquor does not 

oorrode 
the a. 

brown cc)1 
difticuit tea 

blcaon; strong 
fibres; re-
sistant to 
mechanieai 
rt,aamg., 

SO relief 
recovoraili 

liquor dissented 
after weed 
digestion aid 
pulp washing; 
little present 
salvage of 
cosicals but 
use of waste 
liquor ,Jeing 
estensively 
studied. 

kuAteria.i.s or 
construction, 

hap shame 
istios. 
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(240100  X 4, 41, .continued) 

pe o 	r:r005ss SuUsti pulp Pull' 	Soda 	.ulp 

T Strong -,r-- White graueol Usually 
?roducts . bag and 

wrapping; 
multiwall 

book paper, 
bread wrap, 
fruit tissue*  

blended with 
other pule 
book and 

degas  guadaNg sanitary flaosine 
papa", builoing 
paper; strong 
white paper* 
Erma bleached 
kratt; paper- 

tissue. grades,00sted 
papers, 
sanitary 
tissue. 

Words web as 
aged for car-
temes containers, 
milk oottles, 
and wrestled 
board. 

aohitng 

Wood pulp, r. ixdL.ao  of the presses ay *lien it is aide, must 

be bleuched it it is to be used in any of the finer varieties of light 

colored papers. Conversely, bleaching is oelco41 required for the lower 

grades of paper. As an example, consider neweprint mad* trom a combinatbsa 

©t t sulfite and 4round,woQd pulps. The suitite pulp does not require 

bleaching ano the ,,poL.nLiwood pulp is bleached only on rare occasions. 

Wood pulp ino wafter how cftrefeLLy medeoinu whether produced by 

We sulphite or the alkaline procesaua, Jays has associated with the 

eellubmse a portion of t;le lignin or incrustin4 eatt4r ordinarily present 

in the r Mrs an 	iilrin carri ■A with it certain colored booit,a of 

highly co4lex, chemical comosition. Tbz,se coloroo i'mpurities cannot be 

Iowa by any amount 04' wa_aini; or Locisanibia treationt. They are united 

in a chemical manner with tilt; fi'r' or colibiotAit aril a C'ic.A.0.56. 1 i_roCeSe 
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is necessary for their m 

in aduition to the ealerrid oaterials 	t s lr ordinarily 

in tie fibre, other dark colored et:betas.** 	precluded during 

of digesting the pulp, by the cheiliesa Ration of the acid 

liquids on the various cospie substances sontained in natural 

Bodo pulp should be wry therou4nly 	Were. tai,,;Aching or 

there will be great waste of chlorine due to the a nits of any residual 

black liquor for chlorine. Thorougoly embed and  end oreo mode pulp is 

beet bleached at about 12 percent cohsfstency -t a twiperature of about 

90•7. 

socoesafdl 01.4. 	practice in the p 

ire to thor uinly bleacq the pulp so as to turn out, a proo4 of 

white-WM ar ct purity, which will remain ithite inuefinitely, 

at t same tins, not to impair the strength and natural Aloperti 

the fibre, not to cause too .such enrinlage in weight are voilv44 snu not 

to have an excessive cons4sption of the bleaching agent. 

hatoralfy, as in any (Aber proems, it is U460 de 	to►  

labor eaployed in the ;meows to a mintlwa azs consequently, 

oohing was formerly carried out in siAple its provided with 

are e or 1..:155$ cruoe .k:ltators. at the prey ant time nuAgrous hi slhly efficient 

special forge of —iQaching equipment are on the 4ardet, all of which are 

deadened with the idea at asking the prOCOSS as 11111104 automatic as 

possiOlee 

essentially an eaioising reaction. .hi.a is soown 

,y arterials will became bleschou whrn si: ly i ft 

weather. All of the various chezioals WWQ 



bleTkching purposes are used with the idea of oAdizingth colored 

msturiais J3, of all these bleaching agents, the gost Opmmoft are 

certain of Lite oompounUs of chlorine. Chlorins, when orought in contact 

with water, releases the amen of the water and it is this freshly 

rulessed °Argon that won't: the decolorizing action on the fibre. 

X. racer nanu4cture  

The various 	,ven though fruguently vanufactu 

sheets, still lack those prop:Mies which are so umeireble is a finiahed 

Paper, such us proper surface, oi,acity, etren4th, and feel. Pulp stock 

is prep d for for -ation into paper tly two general ,roeesses: A:acing 

and rofinin&. :nen: is no sharp distinction betwuun 	e two %orations. 

Mills use cithoLl.  on o the other alone, Qr Jut tot r. 

The meet uneraiiy &Amid tape of oester consists of a WOOtuen 

or eetiii teak baying roan 	ends arid a parLitidis part way down the Addle, 

thus giving • channel around which thu pulp circulates cantinuously. Cr: 

one side is a roll, equipped with A.nivos or .s o  and directly oeLow this 

a alseplate oonaistind of stationery bars. In operhtien, the cieculating 

pulp is WNW oetwees the oars on the rzvolvine roll and th,1 stationary 

oars or the bodplate. The roll iwaoii 'Jay be raise or lo4creo to achieve 

the rcsults desired. 'Jwatin4 toe flexes LlaAes VIC; paper st4.onger, more 

ulnae:n:4 more oonse, Aore opaque, and less porous. it is in the aester 

that flair*, coloring agents, am sizing are ado 	since the :A:eters 

are °etch machines IMO 14/10 waxing lower grades efiapurs hi,ve done away 

with them entirely sad use only refiners. The standard practise in alar-ang 

the finer great), of paper, ho4evar, is to follow the beaters with the re-

finers, which are continuous mit:nines. 
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A etimdard refiner consists essentially c.f. a conical shoji, 

on te inside cf vl ion are *et ststionary hers imvolving inside the 

shell is a cores  also set tittle barc. It ic Lae action Detween these 

to seta of Oars that produces the desired effect on the pail). The 

iatter :liters the siall end of the cone and s  after being actk:d upon o/ 

the bars, passes out at the other end. 

Fillers  siztn, 	iorin ,laty De ,-- ed •ithr in 	ter, 

wtilch is usual practice s  in vic rcf.:ner or in both. The order in which 

taese materials ar.,  ad6s1 to the )eater Aay vary in different wills, 

zmt deneralii, 	ir 0II0we: (I) The various pulps are blended to give 

tno desirod density and uniforAity. (2) The filler is aduea with or just 

after the fibre. (3) 4fter sufficient :4cetine s  the site is kut in and 

mined thoroughly. (4) The color is added and distributed well throughout 

tle aa0. (5) The *We is introduced to produce oosguistion  and the desired 

westing of fibres. 

All paper* except  4.40soroent typec, i.e.  tissue  or blotting paper 

must have a filler added to t4 the prose of which  is  to occupy tut 

epees* between  the fibres, thus 4iving a saoother surface, a :ore brilliant 

whiteness's  increasing print;,Jility, and an improved opacity. Inc fillers 

are alueys  inornic auaLunces  and nag  be eitliktr naturally occA-ring 

materials, such  as tuic or certain  slays,  or la ufacturto 1,rodLxte such 

as  suitaoly precipitated calciuu cal-xonaL s  olanc fixe s  or  tit.,nium 

All are finely grounds 

bluing is added to per to iApart resistance to  penetration by 

liquids. Again, the ally papers not so treated  are  blottin7 and other 

shsoroent  memo  where penetration is desired. rise  slam air  either be 

added in the _mating dperation or appiled to the surface sitar the theA 



Is forNed. The proe as of engine or etoca Ling, i.e., aading sire 

in the beater, invoives the addition of the sizing agent s  omalating of 

either a soap made from the eaponifiGation of rosin with alkali Or avant 

etuulsioos  followed 4 precipitation of the ei%e itself with papermakeros 

&WA,*  Al2(5y3.18H2C. This treatment givAl gelatinuous film on the 

fibre s  which loses water of hydration and produces a hardened pertain. 

TUO sizing, on toe ether hend, is Serried out on the dried 

paper, or sufaces which iay or :flay oot hew bean prvioaely and pa tiY 

sized in the beating operation. The aatc,rial used for this treatment must 

4ons adheaive prowties„ the princii=e1 stotitenoes Aiin 	iimil glue, 

mxdified stereos, and w4eh aixes. The opration is carried out either 

on the parer—gaiting machine itself or in a separate c.zing press eLipleying 

air drying. The paper runs throu6h a oatn of the site waterial s  then 

through rolls that remove the (lacesa materia:4, and finally over drying rolls. 

This type of silting operation is used further to enhance the water resistance 

of the paper and especially to 	it Lake ink evenly without alurring, 

ve(1 after erasures. 

Another material that is adh ' 4  to the paper is co/0ring. 

Approaciaately 98 percent of all paper uroeaced has a certain a:iouut of 

coloring material added to it. Coloring, 11.1cc Siang, may be addod either 

in the beater or after the payer has been made, although about 95 percent 

is added in the Wr:wr meaner. However, surface coloring s  the latter 

a;t1i0d, uses less dos and ?squires the production of only VIW type Of 

paper, wnichmay be colored AMYsie leite'r as 15006011 0 

All types of dyes (acid, Willies directs saLfur) 6644 all tees 

of pigmente (both natural anci synthetic) are used as colorise-4' a4enee. 

The acid dos have no affinit)' for the cellulose flares saki :ut, therefore, 



be Wwd to them by means of , oreants. If the Faper is colored in the 

beater he alum that is added to j:r ipit.at to ize will Aso act 

es a ioroant for the dye. 

Surfese dyeing may be oarried out either in the paFermAking 

zachine or in a separate piece or eruipment. in either ease, the process 

consists in passing the paper VIroe0 tea dye bath, removing the WWWW9 

dye oy mans of press rolls, and drying. 

The machines ueet. for the ;Actual formation of t: paper sheA 

are of two general types% the fourdrinier =Amiga an the c,iir chine. 

The basil: prizelpleis of operation (as shown in Figure IV J are essentially 

the same Par both meshing*. The sheet iz formed on a travelling wire or 

a oYlimittr, dovehered unaer rollers, dried bi hated relie s  -.ao finished 

try calendar rolls. A %ore cooplete description of the operation of the 

two paper riiaohinet$ fellows. 

1. yoerdrinier  

The stook from the foregoing operations, containing approximately 

1/2 percent fibre, is first scent through mavens to the ha 	frem 

wnioh it flows tnrougl the sluice onto a aoving, endless, ororize—wire 

screen. The pulp fibres reAmtn on the screen while a gret protion of the 

water drains through. AD tie screen moves along, it has a sidel.dae shaking 

lotion which serves to orient some of the fibres and give better felting 

action and more strength to the sheet. While still on the ecreen, the 

,4er paling over suction 130209 to rerkove watnr and under a dandy roll which 

sa.yotne tde to of the set • Rubuer deckle •raps trove along tne aides 

of the careen at the ease *peed and thue serve to fora the wages of the 

paper. 

AIDA the wire, the pa.r is transtorred to the first fait 
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nlanket enion curries it through a series of prose rolls where mere 

water is removed and the paper given e watermark if Co desired. Leaving 

the first felt, the paper posses through steel wmolbin4 roils and ,is 

picked up by tie second felt which carries it through a series of drying 

ro4.1s ieieted internal 	ateai.. The uper eneers the rolls with a 

aeistwre c) 'ent of 60 to 70 percent water At ' ifolves them 90 to 94 

peeeent dry. fasihg mae be sprayed on the shce,t at this point, in wk4i 

MO it Aust pass through another exits of driing mile before entering 

the ealenuer etack which is a serice of aelooth heavy, steel rolls 

4iLtch impart the finel surface to the paper. The resulting product 

Iinished paper, is wuund on the mg. Thenoralous quantity of water 

used sakes it necessary to resirsulat,d as 11,4wI of it as iossible for 

eionoeles1 operation. 

The opt .ration of a Fourdrinier is a vero complicated preeedure. 

One of the maJor eroeitele is eaking suitable ailowance in Lim 'peed of 

the serious rolls for the Shrinkage of the paper as it dries. The 

operuting speeds of the adebines vary from 200 ft. per min. for the finer 

grades of paper. to 4100 ft. per !sin. for new.:4:rint. 

2. 

for the zieritliaettare of heavy paper, eardt)orie s  or nonunii4ra 

piper, the cylinder waistline is employed. le enabletv,erd similar Clo 

dissisilar lavers to 	unitoe. together into one he.‘g sheet. The 

cylinder eeenine has from Dour to owlown parallel vats into each of which 

sillier or disslzilar dilute paper stocks are,  carzed. 	wiro—ooliurW 

rotative ciiindor dips into eae4 vat. The paver etc 4.0 deposited on 

the ternin$ somen as the 'ester inside the eyiinoor 	reaoved. As the 

cylinder revolves farther, the paper stock reaches the to where the 



wc,:t liver coAk..fds into oonLact. with and adheres to a moving felt. The 

trviiin 	carrying the wet srie:t underneath, passes on urvAL:r a 

couch roil to press out some of t:io water. This felt and paper come 

iito bntact with the top of thfit next oylinhur iind pick up anothir layer 

of wet paper. Thus, a compoeite wet Finset or board is built up and 

paul.,eu throu4 press rolls and on to tits drying arIA Doothing 

such a coiposite nay huve tile outside layers of .good stock while the 

inside ones )43.4-  be of ::;:round-wood pulp. 
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5th hdition, Montreal, (1963). 

Libby, C.E., "Pulp and Paper Science and ?actin° locy, Vol. I Pulp", 
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4.1buy, 	"Pulp and Paper Science and Technology, Voi.II Paper", 
?c4-aw-11111, New York, (1962). 

Shieve, fi.N., "The Gisead.cal i rocas. lnuust.ritis"„ hearaw-iiiii s  New 
York, (1956). 

WithiLa, 	nod 	Pulp and Paper Masking - A Practical 'Croatia.", 
Reinitolot Publiseting Corporation, Now York, (191a). 



ritOF ill., OF PULP AND 

PAPi.it iJJ4. WASTL• 

The total effluent gross pulp mill consists 04' liquid warts 

from the various mill promisees wasiLings from plant eperationa ano 

general plant sewage. It is largely freer water contaminated in varying 

degrees by dissolved and particulatu wood products as well as by chemicals 

lost from the digest/on amd bleach i..rocessea. kable II indicates water 

usage in the groundwood, craft, soda and sulfite mills 

Table II. 	Average waste diseharge per ton of paper product. 

Prettiest Waste, American gal. 

Pulp mills 

Uroundwood 5,000 

soda 85,WO 

Sulfate (kraft) 64,000 

Sulfite 60,000 

Pulp mill wastes mey be classified into WO oasis eategoriosl 

 as arising from (a) cher -Adel digestion amd (b) mechanical pulping. A 

Le 4.-cheaical pulp is also produced in small quantities Uy 11 .41t chewical 

ei4estion foliowed by .  TJechanical di:,ihtegration. The spent liquor from 

che4ical digestion contains tae salts used in the "cooking" process, as 

well as the organic materials binding the cellulose fibres in the wood 

that nave been dissolved during digestion. Lechanicai pulping consists 

of the ,.. rinding of wood blocks on atone wneels in the presence of water. 

Effluent Eros this process obntains only a self aAount o aissolved 

organic substances leached from the wood and a considerable abount of small 

fibres. 
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Cheyaical olgestion is further sub-divided into two basic 

types: (I) aciuie (sulfite) process, there a solution of sulphurous 

acid ode,Uned with calcium, magnsaiwA or other 4inu is usod ior cooking 

t:te wood; and (2) alkaLins (sulphate) process wivxo a solution ctAnsisting 

if of sodium hydroxide and sodium sulphioe is used. 

The chsodzal eaaracteristies of wastes are oats differeat 

from one chwaioal process to another. There aro a nwtper of physical 

properties, however, which are generally coi,4on to most wastes from 

ali chemical pulping. 

So; of tae constituents issolvd from wood give •ffluent* 

from chemical processing of puip certain surface-active properties. the 

tendency to foaA is a direct result of low surface tension of tilts effluent. 

Although ioi iteelf is not especially harmful to organisms, it impairs 

the aesthetic qualities of  surface waters. its  affinity for particulate 

:qatt.vxials in the effluent and  other foreign  matter on the water surface 

contributes LID small eccumulatibns  of undesiraol ,  flaterials alone the 

snores. 

'Islet* from fosoing  characteristics,  Vie rate with  which water 

can ie re-oxygenated is aependent on the amount  of surface...active  material 

present in the watur. ioirge  quantities  of icter;entil  are  known to reduce 

the rate ana aaount 01 0.4ten  uptake  by ewage treatlent plant offluents. 

It is pro,pable t'ilat, the  sans effect  prevails in the uptake of  oxygen  by 

wasters  ccattaining large amounts  of  effluent  from c i.e. pulping. 

The  density of effluent  is variaaL*  rm . : -111 to Alli and 

vary over a period oi tilt in the 2sao All, depending on G;A: aioents of 

dissolved salts and  organi4 materials which aro  wastwa. in eneral, it 
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is only slightly heavier than net ui fresh wat,r but considerauly 

Lighter than sea water. The surface ective properties of pulp Aill 

effluents ensure than they will uisperse raiiely if they are injected 

into water having approxieately their uensity. ■;onsecueetly, Lt can be 

expectee that the efiluent will mix 111-y with fresh water out will 

tend to spread on the surface of sea water. enuer tae rAmmal oonJitiOn 

of stratification, with light water at Li* surtass and deneer water below 

in the ebaetal marine environment, thu effluant tends to 	only in the 

upper bratkish Layer it it is eischarged at the sea surface. 

(a) Selp;ite iulp Aill ',4stes 

There is wri little recovery practised in the sulphite process, 

except in 5(:30 of h.. vuern 	wilom  a  reeovelneole base (magnesium, 

weenie, or ',indium) is used.  Sulfite  waete liquor (VW is an ewer-

colored fluid rich in  organic substences.  it is mated a.n.Ly or its 

oxyeen-consuming qualities. (.n a population equivalent basis, the oajeen 

cone-mption of effluent from a 5W-ton-per-dad sulphite mill may LAI 

equivelent to that of image froe, two million persons. The tigh 

concentration of wood sugars in the SWa reuults in rapie uecomposition by 

Oacteria and, conseuently, a high d.0.14. (biocheacal oxygen demand). 

mere are nwerous other organic constituents, of wAich lignin is the most 

significant, out they are eeneraliy ore resistant to eactrial attack. 

Mbile cewpoenus are comearatively non-Lexic, except for perhaps methyl 

alcohol, for.nic acid end furfural, which are present only in email con-

centrations. 

Depeneing on the eraee of sulphite pulp produced and the digester 

liquor „tasty, the amount of wood mostanCe Gi:charjed as waste can vary from 



50 to 63 pee mot of the raw material. When the spent chemic4ils reiiaased 

in the waste are also taken into consideration, there is a total solids 

disehargs per ton of pulp (dry weight) which varies from about 3000 lb. 

to 40J0 J. 

Unused sulphur dioxide, present in wastes in the kari-71 of 

sulphurous acid, can ce toxic to fish. It can be responsible also for 

the lowering of dissolved oxygen concentration in receiving waters oy 

its powers of chwuicsl reduction. Sulphurous acid may os the principal 

contributor to the isosdiate °Amen demand (1 ,04h, watch amounts to 

approxilately 10 per cent of the total 5.414, 3.0.L4 

Tioies III and IV illustrate the pere•ntade composition of 

the major compAnents of the sulfite waste 41quor and the comp ltion of a 

typical sulfite pulp plant wa6te respectively. 

Table ILL. 	4elationship of :Itaior mgaponents of sulfite waste liquor. 

C;o:+onent 
.0.•••■■•■■•••■■■■••■ 

Total solids, 
40ne-o1r7 basis 

L1gnin 51.6 
Sudars 16.9 

Sulfur 9.15 

Galcium 4.5 

Table IV. Uomposition of a typical sulfite pulp-plant wasts. 

ikplponent itigester liquor, 
PIA 

 flow.pit liquor , 

PP' 

Total solids 111,100 38,700 

Volatile solids 101,000 34,000 

Ash 10,100 4,700 

Calsiul 3,990 1,550 

Total salfate 31,2UU 8,620 

dp, 2U-day 42,9(X) 



(b) Waft  Pulp Mill  waste 

cc: vary  of the spent aookiang  solu 	("black  liqua ► ) Oen 

the dieoetion ope ation  is  practised ae an integral per of the  kratt 

vrocces, by w:act certain toecniOgiics in r: gat and bait rucover o  ;Ass  reelised. 

Sraft mill ef:auunt (414,) usually const,te of assaings from Liu v , riOUS 

screening and  bleashing prove-sees that cannot 30 reciroulateU, dregs  from 

the caustieising  plant, cridensate floor  drainage,  other unusable r  sides* 

niter,' sewage. Because eediwk sulphide is used  in tno cooking  iiquar, 

ton ic  aulpher.sontaining ocopounde boor/s with  tne 

sulphide  and lercapthsi  are the asset set ewer 	coupements  of 

Pulp, and  they  and generally romponeible  for  the neteriety et kratt 

wills  in atmospheric pollution.  In  addition to  the sulphur oempeunds, 

At also  contains  tall  oil, r-ein  and fatty  acid soaps derived from the 

black liquor  and usually  separated  in the recovery  plant. While  the 

sulphides  and  lercaptene are  cults  unstable and seldom  occur in  dangerous 

eoneentrstions  beyond  the  sosiov4r outsell,  the resin and tatty acid soaps 

are  relatively stable and  may bo  the i:Ja,";or contributor a to tau toxicity et 

kraft pulp 	wastds. 

'he J•L.; • ol -:raft 	efficient is  comp 	 • .oing 

about  o 	'1 of giant of  the sulfite smote  liquor. brewer, in many 

instanese, the 	free a particular  krill  mill can cause  eansiocracle 

horn to the freshwater  or marine environments  receiving the  wastes. . The 

tandem, to ignore  the offecta of 	loading  free a  krart mill or writs 

eft  the  U.Ai 	as a Amor 03741.673 in :rail Yili pollution control should O. 

avoided.  The 	n colour or e:ra asaociateid with mktLi tifauent is 

cmareeteristic 	Wral of  lignin  released v y the raftprocess. it does 

not represent  a par ularly toxic condition nor m t 441 34000. but 



only the presence of a coloured 
	

Ach happens to be a raiz-iy 

sensitive tracer for th#, waste. k -„,:(pical analysis of a kraft mill waste 

Appears in tic followine, table: 

Tatae V. Quracteristics of ait 4.111 wastes. 

tbaracteristics 
---_—____ 

tiniwu A.Ve rao: 

1 
r  

(-- 
.4

 r4 
c
:  

0
.4

 	
130

  

PH 8.2 

Total alkalinity, pp m 175 
knenol alkalinity, ppm _1.) 

Total solids, ppm  

Volatile solids,  % I ft 65 

Total suspended solids, ppm 150 

Volatile solids,  % 85 

.73LL , 5-dal,  pp re 175 

Color, wit 25i. 

c ) 

	

ilant aste 

iaeach plant fluent is 	of the less harmful dompommts of 

pulp mill avowals. Dore is, howt:Ner, a certain *wit of a.v.1.4 ac .,ociated 

with biggish taint. *deb  may be as aidh as that, or AKE. The firA,  

bleaching stage in a brat pulp mill consists of c?,lorination followed by 

a caustic extracttor, wherein the dark-coloured oonstituents attacbed to 

the fibms fora chlorinated lignin and a.re reloved by dissolving with Sodium 

hydroxide solution. E1..Luznt iroll this stat e is not recirculated out wasted 

to the newer. Host or the dark acorn pollution characteristics of a full-

bleach krait pulp  mill originate  from. this operation. Presence in the waAcs 

of residual **lei= hypochlorits, chlorine and chlorine dio.xide used in the 

other bleaching stages can actually benefit the oxidation iroceases acting 

on the organic materials prescht in the iiifl  wastes. It is usu 	rcoAmenned 



ith L other 
	

belore 

- advantage in admixture of spent zinc 

S ts 	 whore bleaching of groundwood for n 

is prestised using t. 1 semmisall  is that IWVA, 	 total 0.111 

stasest eon be appresiabh, redwood. 

(4) (hood, WOodroom and ':'ape 

Wastes from AmeAinical u pir and otiter non-Otte .  al, wood 

°seam 'monitions are hartaul to tne ,arin4 environaent, La.Lxily 

us of the high concentnAions of suspended particulate ulaterials. 

wood, produesd by loch., ■1114:::1 	Ung is used mealy in the production 

of ne.:,-;:r.k.nt. The addition of kra 	sulphite pulp iroviuse longer ii::res 

the paper strength. Sono of thtJ grouncio. ,cd pap is lost to the 

sower in various stages at procesain4 and is the ornetion of pacer. There 

is a noAinal 	sssseiated with 	undwes4 wastes arising .:'re.-44 duct) .  s- 

ition of raw 	a t..:unstiti nts Ica 	serve ths wed. This is con 	rvd 

nly inciuental 	n the rouodwood mill is part of abash larspr chemical 

pulp plant. 

woodmen spersttsms, soft 	 sr asebsnieai barking 

wing, yield offl000te %hot ere aosetimes highi, discoloured _Oros the 

bark extracts :mod contain a great Seel of particulate material in the tom 

of bark fragments. 4SSAS, wood chips and slivers. inlemsts tree woodroo4a 

of Aost milli ate at least coarse-scree ned 'ore beihg released. flowerer, 

there arm still .lagstaun t o6 of partioula 	t lale settling out in fresh 

OSS.re OS sell as in the eea adjacent to 
	

dissolved chcAical 

sessiatessta are 	zvere,onsidie for 	acute effects of toxic and low- 

0/4M condittose, tibe a-mi.:II-anti,* of porkiimiLato materials often loads to 



harmful long-term effects. A sirs of wood prepsration 

Ira:4es appears in the following tales 

Tabie VI. Typical analysis of wood preparation wastes. 

Uharacteristic 

6atal solids /160 

liuspended solids 600 

Asa st.spenudd eolids 60 

Dissolved solids 560 

ash dissolved solids 240 

WO*  5■day .50 

14fluent frwr, pupa .:iachine optrations haa a characterietic 

ailhy appearance and is comohly referred to as "white water" In the 

parlance of the pulp and paper trade. '4, hit e :,,Ater consists of 

suspension of fine fibres, essentially In colloidal form. In the 

production of specialty printing papers, where clay or ot4er siSing 

4l3tr,rials are used to give the paper glees, the &sigma of colloidal 

material is often increased. Iiischarged into trash water, such 

effluents Lisp re 	dilution without appreciale seLtLing of 

particulet, oaIloidal materials. The flocculating efiect of sea 

water tenas to precipitate thu solid constituents when the wastes 

are released into the marine environment. Tale VII illustrates 0 

tnkisal asslysis of white water wastes.. 
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Table 	. Analysis of white—waLr waste. 

Qharacteri5tle ,.ailie or concentration 

refi 

—
 —

 —
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-
-
-
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.
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0
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N
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0
 t
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 0
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1
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4 e
l  
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Alkaiini -, ppm 

Suspended solids, ppm 

Fixed solid*, 

Volatile solids, % 

LIAILL solids, ppm 

Mn, % 

Volatile total solids, % 

Dissoived solids, A; of total 

LI, 	pp. 

in the roliowing table, a conparlson is made Jetmeen wastes 

frog craft, sulfite and groundwood mills. ahe uata wa ootaineu irofr, a 

survei conductsd in Wisoonsin in 1946. 

Viii. Uesults of 1946 surve" of wastes at "leaotizin pulp and 
paper mills. 

Type of 
paper or 
pulp r4U 

Waste, 
gal/ton 
product 

Solida , lb/ton of product e 
II 
ation 

v 	nt 

"rs°ctnsit°1  

Fixed 
suspende 

Volatile 
auspetidec 

Total 
soluble 

sap % 

MouctioS 

/Craft 
pulp 

Sulfite 
pulp 

roundwood 
pulp 

, 

64,838 ' 

50,47u 

2,302 

. 

33.6 

3.7 

0.15 

61.2 

37.6 

11.2 

329.8 

2413.8 

7.0 

3.1 

2.0 

0.6 

451 

2857 
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' 	 '13PtaSint. 

A. Forces A 0 

envxrsant is dilu 

the source of titer wanue• 

and dyslexic foliose weir* de 

ODn ntrations and disparates wow from 

tilers are a amber of static factors 

the extent to which these desirable 

pollution treventiag WOMMOMO can occur. 

The geography of a given coastal 

coati 	lorisontal boun:iarieu within which the processes can 

sat. 	onfiguration of tne .o tees temegrephy impose* a vertisai 

limitation on t-oso promisees. The bottom contour* can intim/lice the 

degree of turoulent mixing that Occurs wt,.cre U current Llowe pset. 

Ttirhuient Aixing provik4s Lhe dilution wecheniau4 mreas 

ocivestion (currents) provides or transport and dispersion of tilt wastes 

*ran the merge of pollution. isumo caubou in the sea aemtriuste toward 

milting and adveetten 	tides, freshwater runoff and winds. The tide is 

a feature of the sea which makes it different from t freshwater 

eivironesnt. Tho rhythmic rise and fail of sea water provides sizing and 

advert ion, the: extant of which depends on the geography and topography St 

the particular area. in clic:tele connecting large -.)odies of water, the 

tides can oe very tiffectivt., in 'AAA' the wastes with the sAt water, 

vertically and horizontally, mad then transporting the A  out of  the wee. 

The magnitude of tidal :Axing amd transfrort is dependent on the range of 

the tide, °tip; factors doing equal. 

Ater runoff renders an offset is tiro am siallar to 



that present is a stow. The 	 of 	water over the sea 

water provides a vehicle for trammpurting the wastes c t of the are* of 

pollution toward the open sca. Sty entraining sea water isrea bolow•  kommer 

this freshwater lager men in fact, create a omen greater volumlefumAer 

for dilution and transport than that available fez: the original runoff. 

1 replan, the sea water removuU by entrainment in the rresh water. there 

is a net flower sea water inmard at intermediate depths. 

Minds lathe seay as in lakes or streams, presidsradatiog 

in the sipper layer, although the depth of this layer in the sea can 

e large. They can also effect transport of wastes in the surlaos 

ugh windmdriven currents. the greatest cdvantage et ulnas as a 

eirv,:rsing iorce can be pined in open motel, meters where a 

strong wind blows offshore. 

A. 	4;20qX11.4a  

there are tee types of effects of F 	mill wastes in terms 

of tine when they become auparent in the merino enviromeents A. Ita.gediate 

and u. ...oh4ter:s. he immediate 'fagots are tho wt 	are asalfirsted in 

phrase/ arxi the teal chswes of the water inr-ediately after receiving 

wastes without the later consequences to the 4WWOM, water and biota. h 

fell gessoes of the immediate offsets eon be obtained as so cal es !lea inflow 

of 411 wastes 	tat3 water system have reached an equillbriug. At that 

time, thcre is an equal a_ount of effluent sing laughed OA of the 

reeeiving waters to that eut4ring4 this Misses shifts seasonally Qs the 

fasters, swab as runoff and winos. determining the flushiag aberset‘ristice 

of the marine system shams. 

The imegmterm 	 toss wtsic h oc ur leads 	as a 



rw suit tr t c ear9 des in the eselegies1 conditions incurred 640 accumulation 

of curtain umesireble materials. .nis is especially true of the effect 

of deposition of particulate materials from mill wastes on the bottom. 

Yibres anu other solid mill  wastes blanket the bottoms of :urine waters 

render the unsuitable for development and giurwth of marine benthic 

ism,. The populations of Mottos-dwelling animals ,7adually shift 

LAO San taw species to 0brio tolerant bras, sal 	conditions 

deteriorate furthr, even tn 	forms may not be able to survive. 

A. 	te Effects 

1. alleAcal blangm. inatmch as out of the waste fro pulp 

!Id 1 1s  i chemicaL in nature, there are impertant effects which produce 

cal alterations in the receiving vaterao 

(a) f4eseAMed essira liganc 	- The principal effect 

of i. 	 te is t t ruction of dissolved exy, en eencentration in 

receiving esters. No typos of oxyan detunds are imposed on tne water by 

SWL 	simmeolate 0Aygen dewando, icich is caused by the chsAical 

reactions between oAygen and reduced sulfur compounue, 	aulfur dioxide; 

(2) biocheiaical oxygen demand (sap) due to the aerobic decopoaition of 

ertr,8nic constituents in the 1. :eiving water. In ordinary 5-day Wki 

termination*, the IOD amount& to about 11% of the total oxygen demand. 

(b) HOUrogep-ion concept tion  The introuetion of hi,:;4-14 

t digester wa:Aes or acidic bleach plant wastes can pr 

c.linges in the pH of receiving watt:miff i+n indirect effect of pulp uiU wastes 

the pH of marina watera results from the shift of Use bicarbonate • carbonate 

balances by the liberation of carbon dioxide from the deewaposition of the 

mill wastes. However, sea water has a natural defense against large pH 



bang 	eeause  because of its high buffering capacity arising out of the 

pMeenee of weax acie salts, oicartoonates &fa borates for example. 

(a) Acrease, 	 are 

iklaunts of dissolved organic and inorzwlie substaneee, such as lignin, 

sulfonates, Galatia salts, and sulfur compounds tram Wei and caustic 

6odival salts, li6min, aercaptans and rAlin acids from the krait mill 

effluent, are added to sea water in pulp mill wi ,e-tes. This increases the 

concentration 01 tnest constituents in sea water with possible toxic 
\./ 

fleets on ,;iarine organisms. 

2. Physieva chimps, -  (certain physical propeities of the sea 

water receiving pulp mill motes are shafted as a result of the physical 

nature of the wastes. 

(a) %amended datplaple  = The susiptvnded solids Goadof 

the wastes may be carried in the receiving waters for some eistance but it 

generally settles out into aludge banss near the outtalls These settled 

solids contribute mainly to the long-terl decay of the system. 

(b) jor - The brown effluent contributes to the dis-

coloration of the receiving waters. 5ecchi disc reading of 25 ft. in the 

clear water of an inlet is reduced to less that 5 ft. ntAr an outfall from 

a sulfite euip Aiil. 	is has a considerablu ecological significance in 

that light penetration is reduced to 1/4 or 1/5 of normal depth, and 

phytopiankton preduction suffers accordingly. 

Sereture - A temperature rise in receiving water, 

can result, depending on the voite:* and temperature of effluent and that of 

the reeeiving waters. 

Other physical properties undergo ehangew but are probably 



less important. For example, surface tension of ma water is lowered 

by the SVI. and much foaaing can occur under the action of wind stirrings 

a. Long-ter:a effects. 

The build-up of materiels, which mettle out from pulp mill wavtks, 

on t.ie bottom of a Aarir* ayatem contriutes UP a cane in bottom ecology. 

in the inter-tidal zone, the tiLkl(i rocks and gravel are often plated 

over with pichlike substances from ail]. wastes making this usaall.y-

yr(xiuctive rion uneuitable for Lhe settling of invertebrate larvae. 

Through this adveree effect on the sessile fauna, the food of many risk 

is eliminated or heavily reduced. i ,..ortover s, the rtddction of dissolved 

oxygen by tecomc ltion of :;ettie0 organic bubstanees in tle bottom material 

and in the water adjuce t to it 	this zone entirely unsuitable for 

bottoa 

While a complete cqange of water in a :lerine system following 

cessation of vs. ..e. input illit rapiaiy restore tae or iginal eolo4cal  

conditions in the water itself, it would probably take a much :longer period 

for the ecoloAcal balance detween the bottom ant the water to be rustored. 

bong-term ti,ects area difficult to asseos over snort periodos The error is 

often mass in making one or two surveys after a purtieular polluting source 

is instituted and assdAing tat, if conditions are alright than, they will 

not enenge therwater. i,ionitoring of physical, ebenicip and analogical 

conditions should be carried out anwally. Champs are very subtle ana creep 

up indidiously. 

A Comparison of tne Effects of Disposal of kulp 
hilX 14Ltss in /man ',40411r and in Sea  - 

ihe basic efZecto of pulp 	 pollution on the aquatic 

enviroment are the same in both fresh water and in the sea, namea4n 



(1) die.oived oxygen in the water is rectuced to low 

concentrations by the decokaposition of or;;anic substances in the waste; 

(2) the toxic constituents of pulp mill waste, particularly 

those in kraft mill effluent, are known to tKI,  harmful to fish; 

(3) the particulate Aaterials present in pulp -41 1  effluents 

deposit on the bottom and mnUfy the environment udverseXy for nth 

bottom invertebrates and for any types of bottom fish present. 

The basic difTeroaces of tho effect of pulp mill pollution 

on the two environAents stem from the salt content of sea water. Water 

of hither salinity nue a higher density. Voter of high salt concentration 

settles to the bottom while fresil water floats at the surfaee. This 

contributes to norlsontal lamination where there ere layers of water increasing 

in salt concentration with depth. Density stratification reduces the 

fosibi1itr of seasonal turnover of the water. Thus, exchang,e of .ottam 

water in stratified marim ureau is ouch slower than that in frsh waters, 

The prest;nce of weak acid salts in sea water, such as 

caroonates„ boratos and - ilicates, 4ves a higher buffering capicity in the 

4rArine environlunt than is awilicile in freer water. Strongly alkaline 

or acidic wastes are rapidly bro4ght to the slightly alkaline comitions 

around a pH of 8, prevailing in ea water, as mixing siya dilution in the 

ea take place. 

6ea water acts as a strong electrolyte owing to the presence 

of hiOly-ionized salts, wilnly sodiu91 Chloride, Oonsequently, it is a 

pod conductor Lor an electric current, and this property is used in 

applications of various instruounts, including devices for apasuring salinity. 

The •leetricaily-cargeo ions in saline solutions can also serve a Junction 



in tho reaction of sea water with natural and artifically-introduced 

suspended materials. :UV-laden fresh water; ara colloieal suspensions 

of very fine silica and clay particles. When these negative -cnarged 

micelleS of 
	come into contact with 4os1tively-crgeb ions in sea 

. Tator, there is neutralization of charge and the particles coalesce. Thus, 

flocculation of the silt drings about the deposition of heavier-than-water 

silt aggregates. In a similar way, althouilh little is '4nown quantitatively 

about it, the fibres present in pulp lin effluent are precipitated out 

in the s4a by the flocculating effect of sea water. 

btLe waits in water eontriute to its "hardness" and 

prevent fa in of soaps and detergents they appear to have little effect 

as an anti-foam agent with pulp mill effluent. Sea water, in fact, appears 

to enhance the frothing action of some of the' biaok-iliquor constituents of 

kralt mill effluent. The presence of sulphite wastes in the sea ow be 

identified liany wiles trsel its sodrce as a result of foam stirred up by 

wind 	ing. 

As a nutricat-rich source, sea 	er provides an ideal 

4iedidm in which puip mill wastes can devompose under the action of bacteria. 

Illthou41 terrestrial, bacteria are rapidly destroyed by the properties 

which are unfavourable for their growth in tde sea, marine bacteria nre 

quite numerous and act in a way similar to land micro-organisms towerd 

eestrction of organic mattor. In contrast to fresh water, however, sea 

Atter dos not actively support the growth or 'owe of Yet unsightly slime 

fungi. 

The usually fertile cosA.al bee re..,Lter provide 

a LAWuri.b. envl.ront, for plant and animal life. kleneraliy, the numbers 



of species and individuals of a partieiiEr species are much greater 

in the sea than in fresh water. HOWIMPOIN there is the same delicate 

Jaiance of organisms within the biological community and within the 

envronAent both in the sea nnti in frvsh water. 

While t .::m oceans contain infinitely :lore water than lakes 

ana trams, the amount of water available for dilution and dispersion in 

the sea Amy ue evors17 restricted by certain characteristics of vile 

.Aarlite environment. The matter of stratification has alma y been 

-Jeantioned with respect to the nearahore marine enviroment, where there 

is conaiderable influence from fmanwater runoff. rater movements in the 

Eea are not always such that dispersion ib invariably provided. There 

are exposed coasLal areaa where wastes released into the zone tend to be 

constrained in a narrow band along the coast because of one more winds ana 

alongshore eurients. in contrast, there is a continuous flow of wzAtQr in 

a river toward its estuary so that a steady replcent of fresh water 

occurs in the area of input of pollutant. eaeration contributes to the 

well-nown phenomenon of self-purification in frtshwater streams. Similar 

proceases occur in Jiarimv inlets where rano,(1 contribute to a strong seaward 

flaw at the surface, but reseration is probably not, as si4nificant as in 

turbulent rivrs. 

A. mparison between the c ractrist.ics of the irsh-

water and marine environments with respect to di otrj. of pulp mill wastes 

appears in Table IA. 



Table U. Onmparilzon of the characteristie* of td 4e freshwater 
and marine environment* with reopect to disposal of 
pulp   wastes, 

iroper4 or 
process 

Salt content 

Horizontal, 
stratification 

Vertical 
staJility 

Seasonal 
overturn 

Dissolved owen 
replenishownt 

Buffering 
capacity 

Flocculating 
action 

iacteriacidal and 
fungicidal action 

Dilution and 5 
persion 

ref,: :; 	.er 

Small 

Occur tatillay in 
autumn, when 4=0,  
fame water reactions 
temperature of 4° 

 C and its 41IXIMUm 
density. 

Replacement of 
bottout water allows 
a regular replenish-
alQnt of dissolved 
wrizen. 

Law, Islas. weak. 
acid salts present. 

l'oor, unless 
flocculating 
agents present. 

Not gtJlerali,Y 
present. 

Currents, due to 
gravitational 
force, provide 
principal. ALAI( 
and transporting 
AeChaniwil in 
strefula.  

Coastal Sea 
water 

High 2.0 to 1.5% 

rge 

Sel4ola OC—Ucii if 
there is fresh 
water at the sur-
face, boom/A. of 
dominant effect 
of salinity on 
density. 

Usually mains 
stratified with 
bottom' water 
essentially stag-
nant and slow 
repleniehmont of 
diseolved dAigen 
tnerein. 

high, due to car-
xnates, borates 
ano °the:: weak.— 
acid salts. 

High, dun to 
presense of 
strong electro-
lytes. 

High. Various 
Tilmrine properties 
and processes 
lead to 
destruction of 
terrestrial 
tmloteria and fresh-
water fungi,. 
Tide*, runoff and 
winds glomerate 
mixiMg and trans-
porting proassasso 

continued 



- L3 - 

(continuod) 

i-roperty or 
process 

Seltopurification 

Aquatic orgehite3s 

Silt content and 
prer3ence of other 
particulate i*t.riaA..  

Faaini ortiea 

.„1.(;zn viater 

Turbulence, aeration 
and algal rowth in 
a stream usually lead 
to self-purilacatien 
or the later. 

Depending on tertili 
or water, amount of 
aquatic life May be 
low or quite high. 

Vari ,A5 .crora 
to stxtaLa. 

Lioft-water streaa 
or 14ke 	4:t.ree4 
foaeing properties; 
Poem forms when 
surfees-sctive agents 
•uoh as detergents 
and sulphite pulp 
mill wastes, are 
introduced in the 
presence el tur-
bulence. 

ota eea 
water 

Processes in the 
sea are t-Nriera1.4 
less effective 
titan twee in 
truth moor for 
effecting self-
purification of 
the water. 

Dense flora and 
fauna in warine 
waters, espeo-
Jelly along the 
coat, in 
nutrient-rich 
sea waters. 

o aratively 
low in eilt„ 
except at river 
eetuaries. Frob-
sely higner oon-
centratien of 
orqinic detrital 
:trials than 
in fresh water. 

Salinitynerally 
seppreseee foolealng 
tendency of *asps 
and detergents. 
iiigh concentrations 
of sulfite waste 
liquor and await 
Jeill effluent in 
seawater cause 
reaming as high 
or higher than in 
fresh water. 
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the eari4 condept in sea disposal of waste irons a pulp will was 

that tie effluent should be aintaineb at the surface of the sea water 

where it can benefit by asniama effects of aeration and can be transported 

seaward in the surface brackish leper. This WO4 particularly eAphasised 

in inlet disposal 4ftere there is gdneralli a strong inflow of fresh water 

available for dilution and seaward transport. disposers have often been 

cautioned not to discharge their Willits into the deep water where there 

is an inward nos and serious accumulation of wastes can occur. 

Mort recent trends have been toward waste disposal oy subma ine 

<Rattail. The proper desin of a euhnerine outfall with a diffuser can 

provide a substantial amount or iwnediate dilution as the effluent discharges 

at the bottoe and rises turbulently to the suriace. 13esides reduction of 

high local water pollution, tnis systorA of disposal has its aesthetic 

becaLwe the outfall is essentially concealed. Alen effiuQnt leaves 

the diffuser, it lum4sdiately rises to the surle •iiU cieiuerie turbulent 

mixing. bepending on the elevation of the pipeline head tanks or the 

paving force provided, there mey be a great deal of kinetic owrgy 

associated with the jets of effluent discharging tram the diffuser. In 

addition, there is the energy from 	buoyant force rtAsulting from the 

light effluent injected into dense sea water. If tni water present at the 

depth of tease outfall has an adequate loading of dissolved ovgen, then 

a suitable dilution water is provided which might not '4 available otherwise. 

(one of the probIclas that suet be guarded against in sabmarine 

disposal is that so mucn 0,ense sea water Ay ee entrained with the effluent 



as it 
	

e surface that it will sink 	a below 

to depth., whore it :may 	 iaeoLly, for ussiinuA 4.4m4iate 

iution lAmeibls is desirable 1.-! the effluestmessuster mi ture reifiaisini 

on tak; zw44410111 after it arrives tIr o. This mixture sap then be c4rried 

sus, Or the OOMESPII now of Jurface water with funkier dilution enrouto. 

AbliegrOPhis 
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P1111 AXD 

Pulp and paper mill waste treateene is still in its earl, 

stems, aithoual a great deal of research and wally pilot—plant 

investigations have been carried out anu reported on. Actual treatmsat 

equipment is inetalied only after eAhaustive study of all other 

possibilities, since the cost of treatment is oonsidered high in relation 

to the oast of the product produced. In many instances, recovry of 

valuable covonents of the waste has been the most precticel and economical 

solution. 

A. hecovery kroc edmie 

ReCOW=Ti-  processes in the 1411 involve the use of °savealls" 

either in closed or partly closed ystems. These airmails are insteiled 

not only as a waeteetreatment measure, but rise as a censervetion asure 

to recover fibres and fillers. The main types of 58,1041,11e are based on 

filtration, sedimentation, or flotation promisee. Filtration devices 

are usually eowie veriation of a reVelving„ dylimdrieal, perforated screen 

or filter watch re,lovea the euependen souse in the for of a mat, which 

is subsequently scraped off the oriel and returned to the papemaking stock 

system. Conical or other eedieeneetion tanks are also often weed to 

separate the suspended matter £rozn the water—suspended solids mixture. 

All the principles of sedimenttion spply to these treatment units. 

in flotetion recovery ueits the suspended Xiive and other solids 

are removed, in the for of a feet floating on the surface of the tank. 

This is a very efficient method for some types of fibres which have a 

natural tendency to fie)at, being buoyed up by minute bubble of air dissolved 



- 47 - 

in the iiorous waste. The air is usually forced into the waste water 

unuer a pressure of aeout 45 pounds per square inch, and released in an 

open 4lotator tank under atmospheric pressor*, or under a slight vacuua. 

tasover efficiencies are often better than 95 per cent suspended solids 

recovered.. eecovery of the clarifier white water is ea:loved by re-

circto.ating this water back into the ,4:44terts, hreid boxes and shoeere. 

end difficulty encountered with reeircelation of clarified write water 

has been &LIAO grOWthe, ooth in the _ixtere and on equipment. This 

xreatly reduces the paper eachine rates and lowers the value of the paper 

prodeced. Chlorination, organic mercurials, and environeentel controls 

(pH and tem)erature) are used to control these ..Towths. 

The sulfite map mills uee various aethods of recovery. Equipment 

has been developed in which the sulfite waste liquor can be ourned to 

proCuce enough steam to run the evaporator. (This process roes not produce 

a saleable by-product, but sorely eliminates the waste pPetilms) 

Evaporation of tt& sulfite waste liquor produces • saleable ey-proeuct, 

and a fuel which can be burned without an additional outside fuel supply. 

This evaporation procuces a suoetance which can Oe used in making core 

binder, insecticides and fungicides, linoleum cement, road binder, road-

bank stabilizer, ceramic hardonor, boiler wmpounde, synthetic vans  4 n, 

anh other useful. by-products. However, the Aain ixouloA associated with 

these by-products has oson the feet that the markot cannot absorb more 

than five to ten per cent of them, in this country. Sines evaporation is 

costly, due to the low initial concentration of 001144 in the sulfite 

waste liquor, and the boiler-scaling diflicuitios encountered, operation 

of such a process is tit 	to iU.s close to the urs of waste li4Jors. 



In addition to those oy-products otained by evaporating 

sulfite waste Ilcuor s  there are otaer vaiusbio by-products obtalhable 

by veins other processes. The liquor rnay ae feanteek to Iroduce 

ethyl alcohol; about 40 liters of alcohol can be produced per ton of 

dry solids. This process reduces the 444r of the liquor by utiiiz 7 

imple sugars alone. Acetone and butyl alcohol can ales be krxiuced 

tram the waste, with an °venal. AV reduction of out a2 per cent. 

However, in 195U, only one mill in the United States manufactured othyl 

alcohol from s,:ifite Aiste liquor. The drawback of this process is that 

it costs core to manufacture alcohol fro a the sulfite waste liquor than 

it does to use blacetrap malaise* or ethylene as raw materials. 

Another product of fermenting the liquor is yeast for cattle 

feed. in 1948,• plant was built in 'A.sconsin to produce yeast fodder 

this uothod, and the plant acnieved a 60 to 70 per cent tiA reduction. 

Unfortunately, the market was round to ue very limited, because of 

competition with brewers' yeast. Laboratory expel-L.1*mA haw' also been 

used to produce torula yeast for stock ft a, with a resulting reduction 

of 40 per cent in AAA 350 pound's of yeast are obtained from ton of 

waste solids. 

Recovery is also practiced in kraft mills. The black liquor 

(sent cooking liquor) is processed by evapomtion and incineration, in 

order to recover chemical*, and to utilize the heating value of the 

ciissolved wood sus antes. Ourirw, the recovery pmcess, 14230 with or 

without added suliur, is au w replace the ralatively small proportion 

of misaiceis lost in the 1Vri0',,k8 6tcps of the ,rocess. Following these 

aaditions and the incineration, th 	wit is dissolved in water to fora 
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green liquor". The chemics1 oompounes in the green liquor are 

converted to the desired 000king cheoicale by the addition of lime, 

resulting in the formation of "vetita liquor" and a lime mud consisting 

chiefly of (;aCC
3

. The white 'liquor is reture' to the pulping operation 

as the moiling liquor, an the lime mud is calcined to form caleiun ooide, 

reacts is reused in converting other green liquor to white liquor. 4y—

product recovery of turpentine, revins  and fatty acids also aids in the 

reduction of strength of kraft wasteewater effluents. Maximum recovery 

of these oy roducts may result in kraft effluents in which cneoical 

tooicants are no longer a significant factor, insofar as stream pollution 

is concerned. The turpentine ie recovered from the digester relief gases 

woice also contain small qeantities of (CH
4 )

2

134 dimethyl sulfide, methyl 

mercaetan, and aatones. The bleak liquor also contains recoverable 

quantities of eodiura salts, rosin, and fatty acids which eeuarate on 

concentration and cooking of the biack liquor. This oaterial is called 

"crude sulfate woap", and after it has been soiemed from the black liquor, 

it is treated with acid to form tell oil. The resin an fatty cids are 

further retintad o  and have . variety of applications in industry. 

S. 5uapndest 	 Ston 

The suspended matter present in pulp and paper oill wastes, 

consists meanly of fibre, fibre debris, and filling anu mating materials 

such as elve s  caloium carbonate, and titraniuo dioxide. in most mills 

the bulk of these taateriklu ore. captured itom the oecnire waters by wmanb 

of *missile and are returned to the system for reuse. 'the efficiency of 

these save ails deoeols upon the process eoployed one toe nature of the 



solids they are expected to rntain. Under eome conditions, highly 

efficient devices of teie ,ind can retain a sufficient quantity of the 

suspended soled* content of the effluents so that further removal is 

not nomesesary. Holaillsra in ma4* other instences, further treatment is 

INSOOSairy and the wad* so collected are not euttaele for reuse but 

most be disposed of. This is perticelarly true tar eine eat reclaim 

the fibre from used paper, as only a part of suce stock ie reelaieable 

by eeinking promisees. In these the fibre is freed of ink, filler, 

sizing eateriels, and fibre fines, all of which are not reciaieable. 

Thy most Do:a:on mean, Air treating soli-eearing wastes in 

the paper industry is eedieentation, although in 50MC plants flotation 

and filtration are used. Circular mechanically cleened clarifiers 

predominate us tee typo of settling unit employed, foleowed by reactor-

type clarifiers, rectanguear neceanically cleened basin, and conical 

tanks without collector macs 	Some of these ere equipped with 

Influent deaerating devices to prevent floating fibre from accueelating 

on the surface. Most of them have skins and some have integral 

mechanical flocculators. A few mills employ eartheembanked alternating 

beldam to remove sueeeeded solids fro  e  their effluents. in instances 

where a greater erection of the total suspended solids suet je reeoved 

teen will settle noreally, co -- ants each as alum, activate silica, and 

eoiyelectrelytes are used to reneer the sonsettleable solids settleable. 

In eeneral„ sedieentation eiteout the addition of coagulants 

reeoves 7e-de of Lee Weal euspended eoiids from pnper mill effluents. 

iris percentage can see lower when highly efficient menials are employee in 

the eili or when filsp,:rsing agents are present. The percentage au 00 



higher ween sizing materials such as alue, which tone to coagulate the 

solids, are used in the peeereaking procees. Coagulante can produce a 

total suepended &aids reduction in C440n8 of W% when interfering 

substances such as those contained in cooking liquors are absent. 

Stfluent quality produced from paper macbine waters by plain sedimentation 

generally rangers from 1 to 2 lb. per 1000 gai. ano, if coagulants are 

employed, from 4 to I le. per 1000 gal. of effluent. 

C. 	.. - e eeseosal Tt.!enniques  

The uneerflow from clarieriers treetine pulp and paper mill 

effluents raeges in oonsietency from 2 to 12% solids depending on the 

- nature of the selids settled out and the clarifier operation. It can be 

generally stated that t 	ater the wrcentage of inert suspended meter 

present, the thicker tee entice- flow. However, the length, type, concentration, 

ana degree of hydration of fibre prevent in the waste treatec can all 

influence the dennity of the unkjerflow. Some effluents, such as tiloatt 

containing groundwood fines or ilighly hyOrated fibre, produce very thin 

underflows that are difficult to thicken an to remove from the clarifier 

in a concentration suitable for further dewatering and disposal. An active 

researca program is being carried on by the iedustre to find Mem* tor 

dewatering these sludges. In some Inatome*, flotation is employed to 

seearate the more hydrous solids, since this process can oonerally produce 

thicker slurries. Unberflows of under 5% solids concent.-ation are 

generally eoved by positive displacement or centrifugal peeps, and thicker 

flows are „handled by screw trIpeiler peeps. Seconeary thickening is SOMb-

timos used where further &watering prior to eisposal is practised. 



ba p4sriii siuu 	uch tsi tieinkin s 	o.n e 

cgwat.ersd by va cuwY tLtr tiara; cthrt, ar ah as east 	dni1i hid s, 

hre X't8iLJ2L, to Lii ration. : ctntLy, borint.ai convej'or-t'ps 

cent.tifus iav, coat into usi for dt.rtng eocurr of the sore difficult 

siw.s, its  as the si E e prsdussd b7 slarificattot% of £'inc pad er~+~i31 

and boardrd.0 efflient F, Vac:  nn filtration jrouc s caM.. varying ;yet n 

20 ai1 30% solids at rites fro't 5 to 20 'ity ib./si. xt/Lr. orizonta1 

csnoyor—t.yp. sent ri$u&irs C&ifl zo0uce cakes ttp to 40% solid u at t.sd 

rates a. L1Ot as 4Q00 ► ./hour with a r.sowry of 85% of the teed solids. 

.o-t Lnth, coKitLonin &gents are st mid, hec*ua. st at the 

cot on nes <are not et active in protin uewat.ring. lDacstlf, there 

haø *n inter5t in the uee of polyei.ect.roijt.. b  this prpos.o 

Iyin bids area use by soe iiUe to d.water aiuuge. :minis at thus Nave 

u Bert rine while others ar's r3i14 iOujinth in .hich watt 

Lroa th solids is t.ecntec an± natural drying is aliowel to take ice. 

the u.w1e beuma sufficiently fienett, it is drtd out 	anic.0 

traneport.4 to disposal area. 5uch basins irs geensrally built in 

i,tiie so that cleantQ et3 oat will e Q.raai lable at all tiis. 

Land disposal is ii._ oat uaiverea.LLy rise for final dtsositioa 

or paper iil slttd 	In swr inetanca, the slt rd  is a4.xsd with oU*sr 

t.riJs for zure U fill. If tht concexitrt.io t nits_ flOU$ sizinj 

atriaLa is low ao4 the abdis is .wfici ntiy dry, this pre ctice doss 

rt dive rise to as idor pibl. 	riaant.s with inciner a= tion and wit 

CO: b us t4.on has irisstod tiat, for slLd$ss high in ash, thus. athods 

art. asatistsctorij aril ara .zc.sa*., in cost becsiiae of t. ditticulty of 

tlewatoring to a msXticisot1 M doeo to e.jort ezust ion. Also, 
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the quantity-  of . Lug. to be disosed of by bee,y 	 is too small 

to justify the high capital cost or incineration equipmunt and its 

operation. 

4eduction. 1,4ethoda 

Stabilization Basins 

StaAlisation basins are the most widely used units for 

biological oxidation at pulp anu paper mills. ibst of thuse are located 

at mills where a large area of tunable land is available am, a nigh 

ambient temperauurs is favorable to 11444ro,uu.mAabolic rates. 

types aru presently is use, the natural roaeration variety and the 

mechanically aerated type. The natural mueration basin is nom 

out can be irregular in depth. Its design is ba 	essentially on an air— 

Imposed water surf4co l  particularly when a hid degree of J14) reduction is 

required. TO prod, -e a 	reduction, the BUD loading is maintained Oelow 

50 lb. per acre—It. per day. It has oen established that a reaeration 

coefficient, k2, of U.J.5 is suitale for basins with an avarage depth of 5 ft. 

In some instances, because el:natural terrain and the fact that either long 

storage is available or a high percentage of JDO reduction is net necessary, 

deep stabilization basins have been constructed. Seas of the serve a 

dual purpose, providing storage for discharge regulation in proportion to 

flow in uw receiving stream. 

Nmehanisallp aerated basins have come into usu in recent years 

nór tho purpose of raising oxidation rates and hence e ,ortaliing the storage 

period required. Diffusen air, Low head recirculatin4 pumps, and low dm 

and riffle systems have been tried, but the wost common aeration device 



ev.loyed is the mochavical surface aerator. When ade , ,uately aerated, an 

oxidation rate of k 0.1 at 20°  t and k al 0.16 at 30PC is observed. 

Under these conditions, about 75 4D) reduction can be expected in 4 dale 

detention and 90% ix 7 days. Loadins can be carried as nigh as 4W le. 

per acre—it. per day, and are depundent on waste strength and the degree 

of aeration applid. if the nutrient elements, nitrogen and phosphorus /  

u' in short supply in a 4ecifie waste, these reductions may be diminished 

sowewhat, but it is eeubtful that addition of these *laments is justified 

as it is with t activated alud40 proems. 

Requirement* for successful design and operation together with 

the aUvantages and disadvantages of stabilization easins can be sumumrised 

• follows. 'away ,:a.aina must receive a waste substantially free from 

setj.eabit sol/Us because, if allowed to accwilulate, these Liquefy on do-

coAposition and add to the Ma; loaditc. For tbis reason, it is often practical 

to build a small entrance basin that can be cleaned periodicalii, between 

the a:anent clarification system and the major stabiliang v1t4% W 

trap suspehde6 matter overflowing the clarifier during period* of upset. 

The sabilization basins themselves & -y best i..t in multiple to prevent 

short circuiting. At least two separate basins tbould bo wed, or one or 

Aore dividing walls provided if a single basin is employed. All dikes 

tlo„.1Jd be built properly on the basis of soil conditions and provided with 

core wale where neceesary. aasina should be OleialAi Oi stumps, and the 

bottom should be cogpactod or sealed if this appears necessary. Inlet and 

outlet structures showe. be desiched to provide for varying ths water level 

for ;Aoscuito control. btabilization basins have distinct advantages over 

Itt:ehre4cal oxidation systems in that they are not subject to process upset, 
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can absorb variations in loading, require litAle attention, and involve little 

operating, cost. The greatest shortcoming* are tae high land requirelent, 

particularly with non-oersted basins, and the fact that cabor is not reLaved 

iron the efliuent. Odor, from  either ssrateu or nonaaeratee staailization 

basina, la no prool when kraft mill effluents are treated. aoaever, 

when certain other effluenta such as ceardaill Wik2tO arc treated, hiah 

dcamve Of aeration auat oe provided to prevent £oration of odorous gases. 

Trickling Filters 

i-Aari4f attelpts have betn macAt to gpala trickling filters to the 

treatment of pulp and paper mill waste,. Experiments  have indicated that 

filters using stone  media  arc costly and  are  not satisfactory for aeneral 

application in that they cannot provide  $  hiah Oagret'- of purification at 

aigh loading rates and they are suaject to clogging with fibre. In 1965, 

stone trickling filters ware in use in onla two small mills in aanada and 

the 1.1.5.A. 

klastic 	have been  employed in trickling filters providing 

partial purification of pulp mill  erfitu;nts (4)4-0% laaD reaaction) since 

taey largely eliaanate the mediaatloggina problem and can ae operatad at 

Aga hydraulic loadinas. 4 1965, two  largo  inetallations were put into 

°aeration at two American krait mills. There ii also interest in filters 

asina tacae Ascii& for pretreatment and cooling of hot effluents, prior to 

the application of other r toUs of oxidation 

FerfOrmance tests with the plastic ledla indicated that, at 

loadings of 100.000 lb./1000 Cu. ft., the Jai) reaution avaraged out 45'); 

and roaained constant irrespective of loading when treating unbleached 

krart mili erfluent havin en initial XX) between 250 and 400 ma/liter. 



u ;ih a6 37o k.u. of J441k.oW 	wtre ouserveu at 

hydraniic loadins of 175 
	

acre. An ciample of tile rtniip 

oS BOD loading to reduction is shown in ieele I. 

Tablo 4. BUD loathing versus Jail reduction, for plastic .deoia trickling 
filters. 

Applied :)ee 
(lo ./10u0 c. t. of ltdiallayi 	I 

0.1111.10M11■01,0, 

RdWVALIS 

 

Semoved 
1060 cu ,ft. of ma 

206 100 

300 1,0 

400 17, 

$00 22D 

600 270 

700 310 

800 370 

ro; these data, the aeility of the filter to remove a large 

quantity of JO) at hign application rates is oevious. hence, it appears 

that the future application oi such filters iies in L area of "roughing" 

treatment and waste precooling. 	eperatins odut is souleWhat lower than 

that for activated sludge treatment since 1055 power is generally required 

for waste recycle than for aeration. Nutrient addition is necesary for 

good filter performance. 

Activated Sludge Treatment 

In 1948, experimentationstarted to deternine it the activated 

sludge process could be applied for rednaing the KW of kraft mill effluents. 

Laboratory trials indicated that these effluents could be 041AliZe4 to a 

high aegree oy the process if good internal mili control of waste strength 

and alkalinity was practised and nutrients in the for of VammallAll and 

phosphates were added. Two exha tive pilot plant studies dealing with 
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uneleaehed and eleached waft 	unL followed. 	o oonciusions arrived 

et eeie: eimiler to the laborat,ery XinaingS• Shortly thereafter, a large 

unit was built at one American pulp mill where the process worked 

seccesefUlly, producing BOO reductions or 80-9U% and aoout a 3U% color reduc-

tion. Steamy taste indicated that the effluent produced was not toxic 

to fish life. taivation rates in excess of 100 lb. of tO4)/leek cu.11. of 

aerator capacity could ae oetained cue to the relatively high temeerature 

of tree effluents an the availability of wood hydrolysis prodects present 

in the waste as Aerobia]. food. 

followin„; the adeptation ol t ac procesa to eraft effi. nts, 

pilot studies with other wastes from the proeuction oL pulp and per ixo-

tAucLe were conducted by the industry. Thole included paperboard, roofing 

felt, neutral sulfite pulpilv, Eifel deinkieg effluents. These waste* 

eeuld also 46 o.eluieue to a niklft degree. As of 1965, 12 full-ecal• plants 

heve 4041111 put into operation at mills. oix of these treat Kraft effleent, 

4 boardeill, I deinking, and I roofing felt waste, aelounting to t total of 

over 100 med. Another 1U-20 Lep. is treated in municipal activate() elueo 

plants in co,bination with sanitary sewage. 

Two modificatione of the basic activated sludge £Lowsheet are in 

use. In the contact stabilieation eyetcle aeration purled, eeployed for 

the miles,: liquor are shorter been norfaal and the rcturn sleep is aerated 

for a suinituntial pvriod. It is ciaimed that capita cost can be somewhat 

peewee 5y 

 

is modification ane that a ruLervoir of active sludge is 

maintained against possiole ealage to the tai 	liquor sludge by stock 

loads. The other modification is the eeeealled utlyn&;..i.c" c'stet in wh.l.k.h 

aeration, Gluey separation, and sled:" return are incorporated in a single 
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unit.. This arrangenant pro:rates 	e  • nditions, since the rtAurn 

acesnot have to de ;limped and ib returrwd in 1.1-410 condition 

to the waste unuergoine Lreatoent. SOCaUSe ‘here is a grater degree 

at senaltivity inherent to this arrangement than to the conventionai 

process, hyUraulic u n caiacity, particularly of the settling sections 

of such unite, should be conservative. 

The 

 

activated sludge probs* is generally applied where 

aufficiont and suitable land is not available for stabilisation basins 

and were the degree of oxidation of the waste needs to be high. The 

waste to 	treated must oe free fro Anima acidity or caustic 

temperature should preferably be below 110% 2  no the volatile suspended 

eolide content squid average no higher than I lo/1000 gal. Requirements 

for aud A nutrient are generally somewhat less than the theoretical 

optimum of 1 cJiit.r of nitrogen to 20 mg/liter of JUD and I mg/liter of 

phosphorus to 60 Miter ef JUD, because of the presence of traces of 

the eicnents in most effluents. 

Altrs001 successia4_ in treating wost pulp amu paper mill effluents 

awedoo&uinatiorts thereo4 the activnt ,A1 sludge process has acmeserious 

shortcolings. The capital cost is high, ranging from V8ii3 O00 to $100,000 

per mgd.of capaeity (in 1965) depending on size, ,nd eAclusive of pre-

treatment for reuuction of the suspended 'wiles content of the waste. 

hemoval of co/or, wail* generally ileasurable, is not effected to a high 

degree w4en trei.ting pulping art dleuchin .  wates. The waste tetiVateia 

sludge produced compacts ; oorly and is extremely resistant to &oystering; 

hence, it presents a difficult disposal pr/e. At present, it is vacuum 

filtered where a Lsrge quantity of primary sludge is available to adeerb it. 



41111. SIO 

In other oases, it is disposed of on the land together with fly ash. 

Anothcr shortcoming to the use of this process is that wastes boring 

• WI) approaching 3000 ndliter cannot be treated because of the 

ovgen exchane lL4tation. Them is also the tact that its sensitivity 

to surges in waste load requires curefui control and frequently considerable 

in-mill *ewer rearrangetl.;nt for the process to operate satisfactorily. 

Eb4:orillental work now in progress indicates that partial pretreatment in a 

rouning filter containing p.letic Aedia may do much to stabilize the 

process reaction to surges in lohOing. ...xperimental evidence has also 

been obtained indicating that treatlent of a fraction of the total effluent 

by this process, followeo by recombination with the rsinaining wate flow, 

stimulates Itu-tiier oAidation o i' the total watt in etaoiliuLtion basins 

and thus shortens the storage period required for 	ven degree of 

oxidation. 

• , le 

  

A recent survey of 
	 r -  paer industry in the U.S.A. 

rewalsd that 26 ails are e24,eriamenti with or are praoticing effluent 

dispose/ by irrigation or soil seepage. illowantoon of these are full—ccele 

oprations, of which 9 are spray units, 1 is resod irrigation, ane the 

remainder are either seepage ponds or ditch-type irrigation. The majority 

of the systems are seasonal operations tailored to cope with low stress 

flow conditions occurring during the wars weather period. The exoeptions 

are one slim/ system she two seepage basins which are operated the year 

nJund. The recent trend has been toward the disposal of weak wastes by 

ifrition, rather titan the disposal of strong wastes by soil seepage. All 

• tle 6 prat recent full—ecale installations are designed :Or irrigation, 



5 being by spray appliemtion and the remainine 1 by ridge-and-furrow 

distribution. Several factors have contributed to this trend toward 

accepting the principles of irritation in contrast to depending upon 

seepage through porous soils. Foremost is the ,srleral scarcity of soils 

suitable for high rate seepae installations at most mills. Unless an 

extremely porous soil is available, the land requirement aecomes large 

and the distribution problem serious an6: costly. Veaatation, by 

increasing soil porosity and evaporating coggaiderable water through 

tranapiration4  reduces greatly the land area requirement. 

Like 	methods of effluent disposal, 	ation r. both 

advantages and disadvantages. At beet, lann requirements are high, eines 

Sir most soils 40-50 acres are required per agd. of effluent. This, 

however, is of no disadvantaoi or eartain mills leeeted in agricultural 

areas where the effluent is used to supplement existing irrigation water.. 

The limitation does restrict use of irrigation either to relatively small 

mills or for disposal of specific efflments of relatively low volume. 

SOD loading generally must be maintained below 200 lb. per acre per day 

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

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

3.0. There is no evidence that the disposition of salt-bes.rin,• effluents 

from rulT ,  and paper makW of , erations differs eubstantially from irrigation 

with water of like salt content. 

Isolated cases of groundwater contamination have occurred in 

areas where pulping liquors were appliee to the soil. In all krgown cases 

the soil mos highly porous sand, allowin rapid transit of effluent to 

the water table and creating a high concentration of effluent in a 
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iocaiized area. Since the potential fur groundwater containation 

does exist when highly colored effluents are apialed to the 5011, 

site evaluation for soil type 	ction of groundwater 

eavement and location of eAsting wells must be usdo. It does not 

zkpear, fro present knowledge, that problems of :q.oundwater contleldnation 

arcs likely to occur in land disposal operations related to irrigation on 

oderato and heavy textured soils employing effluents other than pulping 

liquors. With pulping liquors, hydraulic loadings are lifited and the 

dilution afforded upon reaching the ;roundwater table is substantially 

rater tue.n the dilution that occurs in high-rate percoiation through 

porous 60L. 

As any mills re located on streams which eXhibit a well 

Oefint,d low flow pattern of short duration, the effluent disposal 

problem is seasonal. ,.x..cept for some etroams in the itocky hountain area 

fed by melting snow, this low-flow period coincides with seamonal domande 

for irrigation water and is generally of Boort duration. Hence, Us re is 

a potential for tailoring a waste disposal program either to tile increased 

demands for irrigation water during this period or to eisosal on the land 

when evaporation and evapotranspiration rates are greatest. 

AltiloLigh well suited to reasonably level land ana warm weather 

application, irrigation disposal exhibits some disadvantaes in hilly 

terrain or where effluent treatment is required the year round in 

freezing elimates. in hilly terrain, the petentia.:. fcx runoff at high 

hydraulic loadings exists, which may increase the lard requirementej and 

freezing temperatures may include excessive ice buildup in the sprayed 

aura or other probles attndant with handling liquids in lines that are 



taken out of operation during periodu of friin tiaturt8. 

rile operating cost of lane. dispotal cLelpares favorably 

with other aothode of secorelary treatment and ray repreeent a sub-

s tantial baying in capital investAent. Added advantages over other 

methods are that 30D reduction way approach 1= and perforwtume is 

uniform. The pumping cost for spray irrigation systems is generally lees 

than the patter requirement of aiological treatment prooesses. 

Land disvoeal dots not have the potential of wholesale 

application ae e treatment method in the induatry. In 4000 instances, 

hdever, it does offer an oconomicOly attractive ;wens of solving tome of 

the waste disposal praleAs of the industry where small waste volumes are 

involved. The land requirement fartlapocal of the total mill effluent 

Pram pulp mills are great enough that integration of waste disposal with 

a productive lericultural program is indicated. 

ib ography t 

urnham, Ca., "InuatriaJ. .fistewater Control - A ries 
of Aonographe Vole2", Academic knots, New lorks 
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Nemerow, 	"Theories and fract a of Industrial Waste 
TreatAent", Addisonesley knolishing Company Inc., Reading. 
Has:3achusetts, (1963). 
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Ui4 ANti PM- 11 MILI. 

The Anal section of this ri:port caltaina a detailed discussion 

of th‘ _.istirtr, pollution probiews at the two operating Ale foundlassi 

Price 54014 tourillanti Limited, -'*rarict Fai, arn tiowaters NewfounciLand Limited, 

Corner irook. It also contains a sualhu of all available information 

concerning two iroposed LLLic, Javtlin tulp and leper Cowpany United, to be 

locative* in ;thknviiie ar4 tlewfoundiano u41 and Ueical Coapany 

to be located in 	thar.cs. in t 	i rig the pollution t it uat lc n 

asocciated 4th each i6tin ill, the folloqi g to..cn are diucuatEd in 

detail! 

Water Supply and Water Use 

The Manufacturing Proeees 

N111 Waite

Waste Tr*nUAnt lecilitla 

Effluent Anal),  at 

ifects of kill ,,;alstees on the hecoivirg ''aters 

Similar topics are also disused 4l-ing the to prop 

mills at Stephenville and Colue-by-Olance, However, it aiioulsi be noted that he 

iniOrmation concerning the proposed mills is based on prceictions supplied by 

the individ ual mille t  when these mills were in the preliminary assign stage. 

Also included are the ,,iriter 'a coiz rs concerning the probable val.idity of 

the data provided by the mill*. Future correspormence iron the mills concerned 

aay lead to i;t LLcant ions thanes in the desi4n data preeent-ed in this report. 
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introduotioq  

eowaters  Newfoundland eimited pulp and paper mil+, located in tho 

of Corner ereok,  began  production in 1925. At the preeent time,  the 

mill producee eeprokiraebely 1,1UU tens or nowsprint per day.  This  newsprint 

le mac:. fru a 3,1 :lexture of greenceood to  sulfite  ptap.  Gonsequently, the 

daily proeuetioo of ereeinuwood ane eultiee pulp approeimates  825  tone end 275 

tens respectivoiy. In  Septeuteer  1968, the Olt ceangee over from  a  calcium 

to a  sodium  babe au.Lfito proosoa. The aouium ease process inceeseed pulp 

yield to 5254% of the wood procensoo ..roi th 48% yield obtained with the 

calcium base process. No other  signifieant  process changes have occumeed curing 

the period from  6epteober  1968 to April  1970. 

ik,t!r :Av. 4y a.:x1 wetbr use   

eees water  or  mill  oporetions  is obtain fres the  Corner drook 

hivyr and 4/ rite to  approximately  36.5 million U.S.  gallons per  day. This 

water is screened for tho removal of coarse suspended solids  and  onlorineted 

for 	control  prior to its use  within the plant. Water  required  for 

erieking 6114 shaitary  planless* is  auppli 	the city of Corner i3rook. 

breakdown of the water requirent  for various plant opratiurii appears in 

Table  I. 

Table Al. Wat 	 o 
	

iU  operations, ilowaters• 



The tiipufactur 	iToces  

The mahuiacturimi process*, employed by 3:waters are tyrieal 

of those found in newsprint %finufacturing throuiehout Ltu in ustry. A 

description or Vlailie ana grounthood pulping asil of wood processing an* pai,or 

will operetiolU3 was presented in Part i o. this rek .rt and will mt be rep;ated 

here. However, it should be noted Vast b4eacning of the groundwood pulp is 

uses when reciiired. The elsaching agent conion1y used 10 urn hydrosil-rite, 

' astes 

astes irc the various 411 operations are discharged to the number 

Nrw via three wain sower, namely, tate sul,it, will sdwer, the west sewer, 

an the witit sewer, as shown in figure V. AIL wastes 1.11. the flood processing 

operation  and  approximitely 52% of the white water qat;tes originating in 

groundwood mill and paper &ill mice up the total flow in the west sewer. The 

east  sewer  i* used to discharge the rorialretho 48% of the white water wastes 

from the  groundwood  mill  and paper will. The average us.:eil discharge of sash 

of the  waste stream  is preaented in Table Kll. 

TableAI'. Approximate discharge volume of the waste strea,ss, oowaters. 

Waste struaza Straw No. (4.g.d•) 

lfite h1J.i sewer 1 18.25 

at.;wr, ,,,tate water 2 5.d5 

mt sewer, wood processing 3 7.00 

est sewer, total wastes 4 12.85 

I:4)1A scrwx 5 5.40 

.11.0...1...1••••••■•• 



SEWER WEST 
SEWER 
(total 

V wastes) 

CORNER 
BROOK 
RIVER 

SULFITE MILL SEWER 

WEST SEWER 
w I e wa er 

SULFITE MILL 

GROUNDWUOD MILL 

WOOD 
PROCESSING 
MILL 

WEST 
SEWER  

	/mNtoscslin:) 

FIGURE 5. Overall layout, Bowaters Newfoundland Limited, Corner Brook. 

HUMBER ARM 



LaagAg;:i1Sellitmattlent eaciiitics  

'Ao actual external waste trentment facilities as such are emtloyed 

at the Howsters rail although a bark recovery system pt into operation in 

l965 greatly reduces the amount of euspendeo solids waste(' .rot the wood 

processing operation. In the oars. recovery system, soreena are used to meow 

the bark from the wste stream. The bark then patae through a drier and 

shm..daer bo4ore entring t4e toiier room where it is turned to produce heat 

enerAy. The bark re- ory system is ac(AJaily a profitable operation to 

cwators, ft6 the vsime of twat ener:o• oht-ined by burning the bark is greater 

tnan the cost of operating and maintainingthe recovery system. 

The jiggitsrjEs 

Of prime importance to this Departwent is the effect of mill wastes 

on the fish life of the Humber Arm. kreliminary surveys of the Humber Are 

were conducted by biologist Rascal* in October 1960 and October 1969. A 

grief summary of t,a.. kascalukss findings will e preaented A this time. 'i,dter 

saz41as, collected from various locations in the dumber Am ware analysed 

for nft/inity„ temperature, dissolved oxygen, phi, oiochevdcal akygtin 'demand, 

turbidity and StafiL0 waste liquor. Ziediudent omgvlas were collucted at 

various points using a obdiried flAersendred . The survey mvealed that 

large deposits of decomposing h0000, park and fibre existed in certain areas 

of the Weber Am. In the surface water layer, cIssolved oxroon saturation 

values wore found to be lust in the area oi tno hiii and increased as the 

t,41.S$LanCe &Uri the mill increased. At no time during tAis survey were the 

• V8.1099 Obtaillad below the 5.0 ppm critical to fish life. For sore 

oetklied infomation of the iiumber Arm survey, Mr. I4U*aJuacls report should 

be consulted. 



a oV al4 
• tons 

6uspended 5o11d0 Total lids 

pin. tons/day 'ppm. Vi.ns/day 

11111.6.11,111111.10.11.IMPSINIMNIM.0.011.r.- 

dower 

Sulfite M111 

west (total 
waste's) 

Fast 

Total die-
chores tuns 
day 

PH 
ra 

6.2-7.0 

1968 	6.1-7.0 

	

40.0 	72 	5.4 

	

11.2 	429 	22.4 
Sulfite 1111111969 

west (total 1969 
wastes) 

East 	1969 5.7 	345 	7.6 

Total die- i 
coarse tun/ 
alAY 

3.8-4.5 

	

6.5-7.0 	215 

	

6.4-7.0 	259 

56.9 	 35.4 

Year 

1968 

1968 

42% 7.7 104 62.4 

34.1 lu.6 	499 	26.1 	671 

9.7 435 5.7 
0■■•■•••••••.. 

43.5 78.7 

837 i 
202 

257 

320. 5 

81.3 	1.8.0 

372.c 

SIMILLIELY11 

hilht-hcur cotkmJsito effluent samples of tha various Apwaters' sowers 

were collected 1.eriodioally between October 1968 and 	1970. Tho smapies 

were collected by itematera ,  personnel. and sikipped to the JepartAent (bt.Junn's 

tor 	£x' analysis. Thal Ompploa were analyzed for pH, JO''Cle*, SUfVeLiCted 

solida and total solids. A sumwation or the results of the mmal analyses 

for Vie miLL sewrs App6ars in Table III, whilc tufa oomplets data for the 

various sewers appears in Tatalts 4IV to AVIII. 

Table XIII. Avers,' dmentration and loadings or ws6te sestaninants in 
donstors sewer 1968-1970. 

Sulfite 
	

197u 	4.0J-4.82 827 	61.7 	105 	7.8 	498t 	371.5 

West (total 1970 	6.20-7.05 266 	13.9 	695 	36.3 	i090 	56.9 
wastes) 

East 	1970 	6.37-6.98 212 	4.7 	237 	5.3 	621 	13.8 

Total Die- 
charge tons! 
44i 

8u.3 	 49.4 	442.2 



Table 	• 	wild) 

Sewer 'fear 1 	.e 

C.O.D. u 	;ended ::• bites Total 6°1.16 

i13/day W*. tuna/day :.p, ;• 	. tons/da: 

uverail 
Sulfitn 
Mill 

ANN3rese 
1968.. 

3.6-4.82 749 56.0 97 7.2 4 ' , 346.0 

1970 

West .1 6.20-7.05 229 12.0 556 29.1 8ka 45.5 
:total 
wastes) 

4.i.st 6.1-7.0 240 5,3 338 7.5 1 15.9 

lot4k1 
rge 

t< na/day 

73.3 43.8 407.4 

— — 

attligat 1-0inta, 

(1) L;itring the early years of operating the will, most of talQ qa 

suppiieu to the mill were floated clown the Humber Ii.4..vor and across the !lumber 

krtil to the sill situ. During the tray 	operation, ariany 1013 tIscuptitt 1.ect 

eventually sank in the iltr,t) 1 .',iver and bur ant. These loge contribute a 

large mount to the •ottas deposits in the Hurter Ana. In recer ,t yoars, mat 

ko.74a hnve Lx.len tra):aparted to the mill by truck, wu by rail, thus tantalizing 

out not eli-inating the dei  •or,ition of logs in tne tiultiber arm. 

(2) On avvral occasions, t:w viritor o: -..serve.d tato warx rccovory system 

at aowaters in or,  ration. it wa a s founu that the by stem, when o versting, ie 

very erticient. nowevr, due to aectninichl :robletui, this 13ystes.) in but down 

a ou:'ettiereale aunt of the time. Aino thu detection or a piece or i -pAal in 

the osnveyor bolt used to carry the oar it to the dryer reeereing and re-

depoeitirk: trw bar it in the sewer and eventually it the nueluer Prfa. 
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tvr /Liz. bib, 	.0 t:k rs , 

Date Tear PH 

iz: tdspono.00 

140 . 

ad 

oot.9 1966 4.5 90 5200 

Oct.15 4.3 U.:Lk; 1/6 4813 

Oet.22 3.6 84, 165 4923 

Oct.29 4.0 88u 60  

Nov. 5 4.3 1010 98 5543 

Nov.12 4.1 1060 80 5163 

Nov.19 3.9 65/ 105 4835 

N,v.26 4.0 94 2802 

iec. 3 4.6 633 78 3508 

Dao.10 4.3 7lX 202 300 

0ao.17 4.2 697 48 :3183 

Jan.15 1969 3.9 '  570 47 

301.16 4.5 485 53 

Jan.17 3.8 619 66 

Jan.21 4.3 537 102 

Feb. 6 4.3 608 H5 

Feb.18 4.4 50.3 71 

Hare 4 4.0 427 81. 

Jan.13 1970 4.45 647 33.0 5612.0 

Jan.20 4.58 69u 126.0 4986.0 

Lian.27 4.60 695 94.0 3854.0 

Feb • 3 4.47 720 100.0 4454.0 

eb .10 4.66 560 34.0 3998..) 

reb.17 4.71 75.0 4652.0 

Peb.24 4.82 760 54.0 4402.0 

Mar. i,3 4.35 67.0 4590.0 

14a1'.10 4.40 770 55.0 4178.0 

i-kor.17 4.30 1330 419.0 7040.0 

i -..ar.24 4.00 li/U 94.0 7016.0 



Table ION Avila sex, wttitt 	tr JO 	trs, 1968-1970. 

Date Tear pi pp*. 

Suspended &II 

PPR. 

Total solias 

uot..9 196. 6.7 440 580 

Oct.15 6.9 153 388 573 

tict.22 6.6 al) 743 925 

Oct.29 6.7 228 478 625 

Nov. 5 6.7 244 793 11)U 

Nov.12 6.9 2u0 278 480 

Nov.19 6.5 177 685 835 

ov.46 6.5 588 744 

Imo. 3 6.6 122 478 620 

Dec.10 6.9 137 760 965 

oec.17 6.9 123 625 J18 

1%9 Jand..15 

 

6.6 217 536 

Jan.16 6.6 132 200 

Jan.17 6.7 175 407 

Jan.21 6.9 100 360 
eeb. 6 t i,5 46 462 

iOb.I8 6.9 179 321 

klikr. 4 6.7 199 349 

Jan.13 1970 6.85 155 549 898 

Jan.20 6.76 174 528 940 

Jan.27 6.95 185 469 774 

Fob. 3 6.65 185 470 792 

keb.10 7.(4 134 457 742 

rubel'? r.35 439 686 

7eb.24 7.32 122 288 6.36 

Mar. 3 6.83 72 482 

Nar.10 6.95 127 223 452 

Nora" 6.43 209 192 1117 

Mar.24 6.46 206 404 982 
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Table AVI. rat • 	kod airyeir2 	aza&yiis, *waters, 1968-1970. 

AMMINIMMINIMIlk 

Date Year PH 

3.0.P. 

ppm. 

Suspended SeAds 

MI6 

Total Solids 

PP46 

Oct. 9 1968 6.6 490 680 

Uct.15 6.1 2411 880 1258 

Uct.22 6.6 288 700 1083 

Uct.29 6.2 211 465 783 

Wov. 5 6.3 3% 1138 1328 

Nov.12 6.2 315 490 875 

6.1 245 600 813 

4ov.46 6.3 255 313 
Dec. 3 6.8 125 160 300 

6.6 193 380 548 
1,ec.17 6.5 A39 938 1(40 

Jan.15 1969 6.4 250 502 

Jan.16 6.8 342 568 

Jan.17 6.2 298 612 

an .21 6.8 276 412 

Fz.b. 6 6.8 1.80 616 

feb.18 6.7 341 865 

tar. 4 6.6 168 256 

Jan.13 197U 6.80 233 595 98u 

Jan.20 6.52 340 777 1194 

Jan.27 6.60 373 1519 1.760 

Feb. 3 6.50 403 639 1 L2  

Yeb.10 6.80 66.1 544 998 

6.96 1086 13J4 

6.77 310 648 937 

1ar• 3 6.62 308 672 

6.35 358 585 1308 

5.70 'as 713 1296 

4ar .26 6.42 754 



Tar 	Vii. WO-St swir, 1.0,84.1  wastes enuareis. dometers,  1968-1970. 

Date leer PH 

3.0.0. 

AP** 

Suspended 80110 

MI6 

Total  Bolide 

P1,4. 

Oct. 9 1968 6.6 3,0 520 

Oct.15 6.4 206 573 718 

Oct.22 6.5 178 898 

oct.29 6.5 238 393 635 

Wov. 5 6.7 247 665 885 

wov.12 6.6 270 478 560 

Wov.19 6.5 177 593 763 

6.2 268 445 

Dee. 3 6.8 172 503 695 

Loc.10 6.7 177 453 620 

Dec.17 7.0 154 448 638 

Jsn.15 1969 6.6 270 549 

Jan.16 6.7 237 308 

Jen.17 7.0 243 327 

Jan.21 6.5 182 398 

6 6.8 194 449 

Feb.18 6.8 208 603 

Mar. 4 6.7 171 368 

Jan.13 1970 7.05 165.0 420.0 972.0 

Jan.20 6.73 267.0 583.0 884.0 

Jan.27 6.70 378.0 1118.0 1440.0 

lubs 3 6.70 263.0 485.0 950.0 

Vet .10 7.0:r 177.0 441.0 738.0 

keb.17 6.90 7al.0 1134.0 

Ft 	.24 6.85 258.0 737,0 1032.0 

tar. 3 6.4e 620.0 638.0 

tar.10 6.20 358.0 1134.0 1715.0 

1r .17 6.51 295.0 738.0 1154.0 

Har.24 6.62 231. 588.0 1332.0 
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Table s o  A:mature, 1968-1970. 

Oato fear 

:Arspendea :,c1..ica 

tiVA. 

Total 

PP44. 

Oct. 9 1968 7.0 260 580 

0et.15 6.4 240 748 1035 

Uct.22 6.6 265 275 668 

C,'ct.29 6.6 299 655 1018 

Nov. 5 7.0 283 285 578 

Nov./2 6.7 22U 270 555 

%ov.19 6.8 255 390 925 

Nov.26 6.1 593 873 

Lec. 3 6.7 267 505 1115 

tel 243 430 925 

tmc.17 6.8 237 37U 765 

Jan.15 1969 6.6 265 351 

Jan.16 6.4 286 330 

Jan.17 6.6 331 439 

Jan.21 7.0 184 279 

;et). 	6 6.8 168 276 

Feb.18 6.6 306 311 

4 6.8 272 424 

Jaci.13 1970 6.99 146 206.0 624.0 

Jan.20 6.70 235 250.0 694.0 

Jan.27 6.89 118 196.0 414.0 

Fob. 3 6.56 218 161.0 526.0 

Feb.I0 6.82 265 376.0 858.0 

Feb.17 6.85 125.0 368.0 

Feb.24 6.80 169 525.0 884.0 

tiM. 3 126.0 424.0 

mar.10 6.65 271. 145.0 578.0 

nr.17 6.60 277 284.0 869.0 

mar.24 6.37 211 216.0 588.0 

olids 
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(3) The sampiing iX0i9Ni4a ro&iaiod tha te av,srage uuslend tid oi s 

ooncentration in the wooa processing se ,er is 633 ppm. This indicates that, 

despite the bark recovery system, approAiListol„ 18 tuniAliw of bark ar ieiri  sing 

discharzed into Hlaaber Arm. It should be notod that the 14 tons/day figure 

is definite14,  a minianaa, as a largo amount of the,  bark Wing discharged is 

too big in size to fit into a sample eottle. The actual bark discharge 

couid (pate easily be twice the aiLio.:nt measuree during the sans 	roGram. 

(4) 4owaters are prudently in the process of =Inverting frol, sodium 

bass sulfite pla-Ting to a now high Auld soillias bass sullite paring omoess. 

It is expected that the new process will be reedy fur operation by ,IttpPember 

1970. High yield sulfite puipin is extremely economical from 3:mature point 

o. view and from this Dep;:rt,imt's stanapoint, this process chvnge should bring 

about a significant reduction in the pollutants discharged to Humber Arm via 

the sulfite mill sewer. A significntt reduction in total solid 	d 

is eni cxtud when this new process is .14t into operation. ilover, the •lAtent 

o the total solids and 3.U.D. reduction cannot be estimated at tAis tiLo. 

A compc,rison of the characteristics of the tlAu sulfite puling proce6des 

in Taole 

(5) Should u.Aurnal waste treatment facilities of any kind be required 

at the tiousters pulp and usper mill, the construction of such facilities 

Wwid tar limit by the wail areii of land ovallsble in the vicinity of the 

mill. Time iss however v adoodate land available ter the construction of 

primary treatment faciiities. 

(6) The measured suajnti i ' soiids eischarge, 43.3 tons/day, is 

approxinrtely 4% of production. 
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(7) 
	

aters recently a.tiotted -5UO,OUO. 	Oe spent ,W1, p011Ution 

Gomm_ over the neAt aye years. 

Table 	. l;haracteristics of soditzu t.aato sulfite pulping ma nigtl yield 
sodiUte ,iese sulfite put t  Lag. 

Slab yield sodium oilue 
sulfite 

WNW' qtalltj o aourwate 
for ne4K.rint 

7W of 'wood processes 

art o.L J.14kina prvaent 
in ir.cod are incortor-
atud in the fibre 
iTOCtuced 

No cellulose breakdown 

6 hours 

10 IAPPer than for 
regular sodim, base 
sulfite pulping 

lass waste mat,rials 
produced; therefore, 
leas waste aiseharge 
to reetiving waters 

Pulp 

i tap yield 
production 

Lignin 

Cellulose 

Digestion time 

Disestion 
temperature 

tokIution 

hogular sodium base 
3at.titate pulping. 

.ligh ouality pulp 

50-55i of - -you procett.ed 

Ali liar-Line are eroken 
down and beCOs a werto 
of the Li'44 and arto then 
discharged to the receiving 
waters 

oue of the cellulose is 
Ltroken clown and die- 
a. srged to the receiving 
waters ,rith the 

7,4,e hours 
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:a r 	Lp4  	 

Through the einpli ng prolra: .-1 0  it. frtfa 	do.4f-rmin,9d that the 

HowAtors pulp and paper mill aro die 	73.3 tons/uay of  o 	i4i., 43.3 

tons/day wispended solids and 407.4 trans/day total eolits. The change frota 

wain ease sulfite pulping to high yioid cviur base fittIfite 

bri.e about a igni.ttcant reduction in the to1 o_ALie arit 	Sischarge. 

Preliminary aurv...ias oi' t.ht: Humber Ara have intiicAed that the a 

rather than the 	.t) • in the wastes IlUky be the i.iajor 	 As solved 

osyden DIrietailrewryi s in the Huaber Arm have s lawn that the dissolved oxygen 

rement is adequate to maintain noroal fish lire. osevr, sludge deposits 

consietin of bark arxi fibre in the Humber Arm have undeuotedly destroyed 

otter.3 fauna. 

it is remore:atmdect that a Oetailid survey or this thoner Arm be 

iten to 1..11..,,rraine the i ,:'isguitutie of the i.:bl_Lution pro Lea. lionitoring 

sLariTra iil sewr /soli-owing the chameover to the nigh yield pulping 

process wiLl inctici,te the roduetion in yollutiun resulting from this process 

change. This Department must keep in clone contest with liowaters in order 

to Laaintain this interest that jowaters have rucently siown in their pollution 

problem*. Finilly, this i)opartment should begin negotiations with ;Jo:gaiters 

.-eith the prima objective being a reduction in the sanded so:Lies ire6ently 

'oeisa; dischi,rged to dumber Arm. 
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i rice tiewfourailanl Limited pulp nnd paper min, locuted in th town 

of(.and hjis, was put into operation in 1909. At the present ti, the 

mil/ produces approximately 900 tons of newsprint per day. This newsprint is 

made frous a 3:1 fixtureof !roundwood to sulfite pulp. Consequently, 675 tons 

of groundwood pulp and 225 tons of sulfite pulp are produced daily. In 1966, 

the mill charmed iron calcium base to sodium base sulfite pulping. ince 

that tine, no other significant process changes have occurred. 

Lx' 	tit attr Use 

ixocess water for mill operation* ib outaineti front theloits 

ktver and acJounts to approximately 79.2 t.,:nlion u.: . gallons per aay. This 

wut r ir screened for the removal of coarse suspended solids prior to its 

use within the mill. Water required for drinking and sanitary purpobes is 

supplied by the town of Jrand rails. 	breakdown of the wat,x requirement for 

various plant operations appears in Table 2.A. 

Table ia. Water required for wriows mill operations, i:ice i4ewfoundiand 
Limited. 

111 (ptratior 

------------ 

Water kequire , :;ont  

oodroom 

Lite mill 

4.oundwood mill and paper  
tAill  

7.2 

57.6 
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The manufacturing processes emiloyed ey i rice are typical of 

those found in newsprint manufacturing throughout the industry. A 

(Luse irtion of sulfite and nrOurV,',W00(4 pulping anti of woou processing and 

paper mill operAions WAS presented in fart I of this report ai will not be 

repeateu here. dowewr, it should be noted that bleaching of the groundweoo 

ulp is used wnen reejuired. the bleaching agent commonly us:Al is zinc 

hydrosolfits. 

U.1 Wastes  

Waotes fr0;4 the various mill operat.,one ;re discharged untreated to 

the Laploits River auwnstreau from the mill water intake Line. four main 

sewers, namely, the north sewer, the south sewer, woodroom sewer and No. 3 

:314chuma sewer are uboU for wa Le disposal (Figure 6). 	wastes irora.  the 

sulfite mill are discharged to the ill its Kiver via the north sewer. The 

eouth sewer is used for the eieiveal or groundwood 	waten end appro.eimately 

50% of the paper oil]. wastes. The remaining paper mill wastes are discharged 

W the iAploits hiver via the t-o. 3 machine sewer. All woodroom wastes are 

discharged to the e.xpioits diver via the woodroom sewer • The average wall 

discharge of each of the write streams is presented in Table XXI. 

Table all. overage daily discharge of waste strea, irice Newfoun6land Ltd. 

' dote jtrewe !Axoneto. el.echar4e Out. 	.0. 

ieortn sewer 1 57.6 

:mouth sewer 2 10.1 

0. 3 machine sewer 3 4.) 

0. ,t,row, etT4er 4 7.2 



Figure 6. Overall layout, Price Newfoundland Limited, Grand Falls. 
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At present, no aeteal eeeernal west treatment fecieitius ere 

eelioyed at the erice mill,although bare nemevere is practiced. In the bark 

reeeveei system, screens are used to remove the bark Iron the waste etreae. 

The bet* then passes teroueh a drier ana shredder before entering the boiler 

where it tu uurnee to produce heat enurey. The bark recovery systee employed 

at erica is  oth old end inefficient. 

/440110 Lyojwpu  

Twenty—four hour coucoeite samples of the various 'Tice sewers were 

coleacted porieuiealey between eaky 19b9 And April 1970. The samples were 

collected by :trice personnel w* shIpped to the eepartment (St. John's laboratory) 

epegeenlysis. The sae:elms ware analyzed gar ph, 	suspeedee soliee and 

total uoliee, A eumeation o the resaitsct the cheeicel eeelyses for the mill 

sowers appears in Table XXlI, while the coil:lete data 4ur tiau v rious sewers 

appears in Tables XXIII to XXVI. 

its ,1940 Apar are the ASY of melolle 

Untreated wastes from the irice mill are discherged to the eeploits 

River at a point 17.1 miles upetreaw of the Jae of exploitu. The evile wastes 

nave 4 a.o.1). loauing of 86.3 tons/day. eence, the dissolved won values in 

the eploits eiver have been a prixare concern of this ,iwartmanto On many 

occasions during the past sex years, surveys oere conducted to doterLine the 

diaao1ved oveen concentrations in the river at various loceteons eownetreas of 

the mill. (*sally speaking, these servoys r:vtaAod that the uivuolved oeygal 

content of the river, even in leiri swum months hue, in the last, been adeqmete 



Table XXII. Average xnoentrt.i,n and iii.ns of ww4te contaminants 
In }rice sewers 1969 and 1970 and ovcrali awrage 1969-1970. 

. ,ewer 'I. 	aJ. 
I., 
 ramp 

Total Solids 

14. Lons/dajr lxi lt tonz/daj ir tuna/day 

North 

south 

No. 3 
macbine 

Woodrow. 

Total di 
cba rge 
Lons/day 

1969 

196 

1969 

.1969 

3.4-4.4 

5.9-6.4 

(;.‘,...' 	. 	, 

5.2-6.3 

28(1 

99 

234. 

i36 

65.9 

4.1 

4.1 

4.0 

 162 

! 	2U9 

697 

532 

3B.1 

8.6 

12.3 

15.6 

2130 

3 

1C (4 

iI 

500.6 

15.7 

17.7 

----- 

554.8 78.1 74.6 

North 

South 

No. 3 
rJechlne 

voodroom 

Total di9 
charge 
ton:4:14y 

1970 

1 	' 

1flO 

1910 

3.40-4.1 	36.5 

5.74-6.4 	10 

6.02-6.3 	24 
1 

5.1 	.1L 	16 

81.1 

4.2 

4.3 

4.8 

158 

255 

4481 

313 

37.1 

10.5 

7.9 

9.2 

19 

4 

'6 

4Y 

453.8 

16.4 

13.5 

14.5 

94.4 64.7 498.2 

orth 

t)Outh 

do. 3 
mchina 

Woodrow' 

ggli  di 
tAls,:ay 

.77 	
a  

r4
 

3.4-4.4 	31 

5.74-6.4 	-v 

t .u-t , . 5 	23 

.10-6.3 	5 

73. 

.2 

4.2 

4.4 

1(0 

2)2 

573 

423 

37.6 

9.6 

1U.1 

12.4 

.4) 

477.2 

16.1 

15.6 

17.7 

eiL.1 69.7 526.6 

.■*■••••••••••••••■••• 
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Thb1 	X1111. Aorth euw r znAl Fries tierwroundia 	1969-1970. 

Date luar PH PPIs• 

:1;uokozided t,:loltlis Total Solids 

PP*0 

to,y 6 

13 

vay 20 

Say 27 

pt. 19 

pt. 28 

Japt. 30 

1 

‘,ct.22 

L,ct. 29 

.0v. 5 

vv. 12 

ec. 9 

Lice, 16 

Jan. 27 

Fob. 3 

Fab. 10 

lab. 17 

Eeb. 24 

lia'. 3 

17 

F. 	J.+  

1969 

1970 

3.8 

3.6 

3.7 

3.4 

4.1 

4.4 

3.4 

4.2 

4.4 

4.3 

3.8 

3.8 

3.7 

3.8 

4.10 

3.40 

3.65 

3.85 

3.95 

3.42 

4.05 

3.86 

220 

.;17 

;-249 

288 

217 

195 

287 

397 

264 

265 

233 

383 

309 

298 

46? 

196 

370 

295 

392 

396 

367 

277 

121 

211 

136 

455 

47 

178 

115 

49 

197 

110 

171.0 

552.0 

127.0 

120,0 

80.0 

132.0 

121.0 

112.0 

5.0 

1974 

1738 

2182 

3454 

1554 

3130 

1656 

1868 

2032 

1712 

2658.0 

1718.0 

2076.0 

2076.0 

1906.0 

1724.0 

1884.0 

1707.0 

1630.0 



• ,c>tith 	:obleer 	hLyis, rice Hewfoundland„ 1969-.1970. 

Isar PH 

. 	.U. 

p 

`otoso.aiduci 	Lids 

'Pa 

Total 	OS 

pp 

,hy 6 2.969 6.0 112 

y A3 6.1 2.07 

“111 2u 6.4 74 

.4* 27 6.0 131 

Agipt.19 5.9 72 213 394 

Sept.28 5.9 98 134 280 

bept.30 6.3 2.2.2 183 406 

tict. 1 6.2 106 170 310 

Oct. 22 6.0 10 48 242 

tict• 29 5.9 50 114 236 

pv. 5 5.9 58 47 234 

t;ov. 12 5.9 188 766 986 

00c. 9 6.1 92 167 340 

oec. 16 6.2 95 249 400 

Jun. 27 1970 5.74 89 227.0 344.0 

OA). 3 6.20 83 58.0 <38.0 

ieb. 10 6.40 214 1221.0 1350.0 

Fob. 17 6.20 260.0 392.0 

Fob. 24 (.20 132 277.0 482.0 

bar. 3 5.A4 110 96.0 211.0 

ilar. 10 6.38 68 58.0 207.0 

Har. 17 6.24 82 82.0 260.0 

41r. 24 .23 43 14.0 118.0 



Table ki.V. 

1111•••■■■••■■•■■•■•11111 1, 

No. 3 zcA1ine sewer, rice  Newt() and, 1969-4970 

B.U.O. Suspended Solids Total Solids 

jArit pH Ic- r p  m. PP61. Pitga ,  

May 13 1969 6.2 146 

May  20 6.5 252 

Aay 27 6.0 245 

Sept.19 6.0 328 862 1356 

Sept.28 21 6.1 

 

512 798 

nept.30 6.4 217 632 1054 

Oct. 1 6.4 196 511 664 

Oct. 22 6.5 224 451 696 

et. 29 6.5 174 1174 144U 

Nov. 12 6.2 222 512 852 

,A9c. 9 6.0 243 950 1102 

kie. 16 6.3 357 670 11)2  

Jan. 27 1970 6.05 229 414.0 734.0 

lab. 3 6.22 196 .1,9.0 608.0 

Feb. 10 6.24 286 885.0 1256.0 

ieb. 17 6.15 782.0 968.0 

Feb. 24 6.35 273 318.0 720.0 

Aar. 3 6.11 227 288.0 592.0 

Mar. 10 6.30 293 558.0 914.0 

Mar. 17 6.33 242 272.0 642.0 

har. 24 6.02 .,?. -0() 188.0 470.0 



Tsai 11111. 1,..ioodrocia w t, }rice hie vifoundiand , 1969-1970. 

Ditto Year PH ppM. 

:Aitspunded Solids 

PPEA. 

Total 0011os 

pp r. 

Ma y 2C 

ilEky.  27 

t3pt. 19 

Lt.q.:t• 	30 

t,)ct. 	1 

k)ct. 22 

(.., ct. 	29 

by. 5 

liov. 12 

i.;iec. 	9 

ctet. 16 

Jaii. 	27 

3 

10 

A4). 17 

24 

r. 3 

'4A... 10 

1969 

1970 

6.0 

6.2 

6.3 

5.8 

5.2 

5.9 

5.6 

5.6 

5.5 

5.6 

5.7 

5.22 

5.60 

5.10 

6.10 

5.35 

5.40 

5.81 

138 

152 

186 

155 

147 

136 

92 

93 

114 

114 

166 

240 

158 

216 

157 

152 

67 

479 

481 

459 

400 

678 

424 

710 

874 

284 

660.0 

252.0 

521.0 

5d.0 

ii8.0 

455.0 

125.0 

608 

656 

898 

478 

810 

612 

874 

979 

508 

800.0 

464.0 

600.0 

330.0 

434.0 

540.0 

289.0 
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to maintain fish life (i.e. a dieeolved oxyeen content greater than 5 ppm.). 

In 1969, the lowest recorded dissolved oxygen value was 3.05 ppm. The large 

diletion capacitor and the turbuiert flow in the iikploits River are the mein 

reasons that adequate dissolved okyaen concentratione in the river have been 

maintained despite such a lnrge 	loading. From June to Nevenber of 1969, 

the exploits River flows ranged from 2420 c.f.e. to 873U c.f.. with the 

average rfow being feeroximately 5220 ca.s. ':'Iten the exploits aim' flow is 

5000 c.1. - ., a 40-fold dilution of mill wa.-,to$ to unpolluted river water is 

provided. The tureulent flaw cov.won in the eNJioite elver beim, Grand 'tells 

aesiste the river in ite re-aeration process ana therefore also contributes 

to maintaining dissolved oxyeen ooncentrationaereeter than 5 ppm. The large 

dilation and the turbulent flow provided by the 44loite River have, in the 

past, prevented a critical dissolved oxygen situation fee= atising. 

The diversion of the headwat(xis or the exploits River Dor the !Ay-

D*Espoir poeer development ia presently underway. This diveraion, when 

comeleted, will wring ihout e 20% reduction in the eleaoits ;Aver flow and 

therefore, a 20% reduction in is dilution eapecity. 'ibis reduction in flow, 

upled with a further flow reuuction resulting from a cry summer, will un-

doubtedly lead to critical disuolved oxyeen concentretiona in the river, 

borveys of 4tploits diver and the eay of it:xploits have indicated that 

the bulk of the 69.7 tons/day litiapenied solids diacherged by the will are 

doroaited in the Aey of ii4xploits rather than the 14ploits River. 

aampling hae indicA414 that a at of bark and fiber covers a large area of the 

Ay of ,14,3loita in thew vicinity of the confluence of the eXploits eiver and 

the Jay of exploits. The bark and fiber deposited have undoubtedly destroyed 

a groat deal of the bottom fauna in this pert of the bey. euring warm eummer 



southe r  Hats of bark and fiber hk.ve wise to the surface of the bay, causing 

problems fOr fishermen itvrkIng in the area. in the pat, the diesoived (wpm 

concentration has not been a problem in the oay of xploits. 

LallatLjajtio 

0.) 	zulfite waste liquor 	proo uceei In the sulfite mill dige:,tion 

process, has two botrimental effects on the receiving waters. First, 

hhe a Large oxygen denand and et:cowl-1y, it. is direct4 toAic to fish at 

0.;ncentratione; g'eftter than 5W ppa. in the past, the lxrge dilution cl.:acity 

of the L.,.xploits 'River has mane adequate ,:issolved oxygen concentrations and 

cx,ncentratlona below 5W pone in the river passable. 

(2) uombinmd 	Lowing of the menicipal wastes ire the towns of 

rani fella, Winaeor and Bishop's Falls i3 approximateiy 1/30 of the i. 

10Panz of the Frio., sill. 

(3) The *.luitiling program revealed that he average susptmded sollus 

conount,r:lion in the iilocdrocwi sewer is W. ppa. This iri,..dcitte that ciescite 

the bark recovery irsteat, apprerclAately 17.7 tonsAtay of bark are being dis-

chargod to the &plaits aver. It should be mtbet that the 17.7 tone/dajr figure 

is definitely a Mini MM. as a larip amo unt of the bark being discharged is too 

large to fit into to sample ixAtle arxi can therefore not be wasbred. The bulk 

of the reArla Ing 69.7 tons/tiv of suspended solids discharged is fiber. 

(4) The masurod Ouspenucci uolids discharge, 69.7 tons/Wimple approximabaky 

7.74 of proauotion. 

(5) Shoula mate troattlont faciliti:43 of any kind ee rired at the Price 

AM, the oonaLrustion of such feeleities i4Cs tad be iiv,ited uy the small area 

of Let available in the vicinity of the relilt • 



(6) The dam on lied Indian Lake and ..11.Lei ..town is using used to control 

the flow in the La - lofts .Iiivt-Jr. ::;pring runoff waters WV prtially contained 

are discharged during suer months to maintain river flows of at least 5000 

c.f.*. during this critical period. It appears that when the exi:Floits River 

flow is 5000 c.f.*. or 7.iore, the dilution provided iq the river prevents a 

earioue dissolved cowers rirohltsa from occurring. The diversion of the twead• 

waters of the );.,. :Wits Elver will rx::an this Dei.artmeni: can no longer depend on 

- the 50W e.t.a. Liow necesaary for taiutitm. 

(7) bepartraent plans and proaently ureerway for developing the 

Rivwdr into Newfoureiand 't oat imortant Atlantic salmon river. 

". 8 81 	CO 	tiO116 

Throu th*: sem. 	ir 0 4)13, it was determined that rice are 

olaWr 	g 36.3 tona/daty 	69.7 tons/day SU iSporximi solids are 526.6 tons/ 

day total solids. it can be e.xpectee. that these wante loadings will be 

mintained for some tiles to come oas no definite process changes are planned. 

urveys of the Exploits kiver have indicated that i Li solved oxygen cencen,rations 

in the river even during f.-Larm sr mentho l, have, ..n the past o  been adequate 

to iseintan fish life. The diversion of the headwaters of the Ai:al:plaits :Aver 

for the 13ay DI iiepoir ow.r doveIoi -mnt is pre &ler ti,y underway. As a result of 

this diversion, a at,i red tiC tion in the 4ioi.s River flow is expected foL.owing 

cotipietion of the project. Ilith this 2() "Auction in the dilution cavacity 

of the rivvr o  critical disiloived oxygen concentrations will. occur in the river 

during hot a Maier months. The bulk of the stair. era ed soliUs discharged by the 

mill are being eposited in the 3ay of --xploits. The bark and fiber deposited 



in the by have undoubtedly desti-oyed bottom /auna in thm. area of the uay 

near tht joint there the !=.,xploits :Aver and ..94 of 	oits met. urveys 

have indicateh that dissolved oxygen is not a ;:erious iroblem in the ;my of 

Eagabits. 

It, is reooncondeu that, the survoys of the Lxploits elver and Jay 

of kxploita be continued. In order Lo be awa e of future will ).rocess cb&nges 

that, may affect the pollution dr.t,a,Lion at the mill, this ue,a14,:a-nt Laust 

Keep in dime contact with miil personnel. Lffluent sawpiing an analysis 

should be continued periodically in order to WiliabUre any changes in effluent 

quality. Finally, and most 1.41ortant, this Department it continue 

neebtiaticels with Price Newfbundlanu 441 lted with the ultimate goal oeing a 

aighificant reduction in the 	anU suspended ODAAUS dischare,e ay the mill. 

.2ithout solving the Irice mill pollution poolem, the development of the 

cALS tiver into one of Aewfoul ianu's most iwortant atlantic salbon rivers 

would not be feasible. 
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Nc;wfolAndland iblp and tier cal Company Limited proposeto 

nutruct and op ate an industrial compleA at Come-by-Chance, Niefounuland, 

at the north end of i'lacentia jay. This lidustrial 	A is to consist 

initially of a 600 ton/dsy newsprint. mill; 100,000 urrels/day oil refinery; 

and a 10(X) tons/day anhydrous a::onia plant. An expansion of the pulp and 

paper 	from 64,A) tons/day to 900 tons/darts tweeted by i975. LAtiaLlY, 

the 600 tons oi newsprint per day will be proctuoed from 450 tone/day of 

yound-wood pulp and 150 tons/day of sulfite pulp. 4.be soli= has suifite 

process is to be employed at this Ui and a 60% yield of sulfite pulp is 

eN)ected, based on the dry weight of wood used in sulfite pulping. 

littar :Amply and W. 

emeh water is to e supplied to tit industriai coepiu from the 

tooe-by -Chance river watershed. it has been estimated that initially, the 

mil/ will require 12,000,000 kollowing expansion, 151 000,000 

.,.;J.g.p.d. will be required. Five million will uc required for 

tne remainder of Lac industrial Compiling. Taole illusrates the estited 

initial wat,Ir requivoatent /or U vriowtiAlartlantis 4th' t,he  • 

TAU . ator requirements within the mil-L s  Newfoundlnd Atli+ and 
L;hemical Comrany 

A3i,  i 	artent Water ii•e(4oirk;lt 	- 	• 	• 

Wood preparation 500 
Mechanical pulp and newsprint 
manufacture 5700 

Sulfite pulp 1000 

Steafil 	1,4,AAnt 100 



Apt  Waste'  

The volume  of wastes  eisch7Irgue from each departuent in the mill 

Is e6sentiaIly the  same  as the water  requirement  for that department. 

Newfoundland  Pulp and Gnelical  Uompamr Limited,  in corsponiCience to tuts 

Deptertrznt o  provided predictions of waste dtectiE,rge atutractristice lb!' 

each mill operation. These predictions wiii now us prosenteo: 

Co:3position of Procoes :eirluont 

I. 	f reparation 

a. Suspended Solids 

It is posed to pass the wood preparation '1epartnt 

over screens or drainers. idi efi. iusnt oontaining WOU ppm. of o,ric and 

wood fines is  anticipates'. 

jissolvad olids 

The pickup of dissolved solids ox wator used in the wIaod prewation 

plantill  be amtniika1. 

Co  joi)ops 

The 	of this  effluent iz oa u&d  by the  tx:rk 	wood fines 

in s,.spettsion. '1,41ch 1;0 WW1 Or 81361 at ..er its considered to  have  a  .s.0.1). 

o  apIxost. a  tely  1.5 los. 

2. Mechanical Vu/p and .wsprint n,anuzacturc 

i. Usaspencied .3o.Lide 

A fibre loss of  1% et the  amount of pulp prok.uceci is conservative 

for these operations i a rodent 	and 0913111tittitus  ttso greater part, of 

the s USpdrsdel:t 	 ;he 	11%s84  .- 



b. Dissolved Solids 

Negilgible quantities of ackoitives aru used in groundwood and 

newsprint manufacture. Conseouuntiy, t1e only idssolvod meteoial in the 

effluent is small amounts of soluble wood components. 

C. 

1“ain„ toe o.o. is caused by fine or 	oer in ouspension, 

in this case pulp fibre, ono aunts to approximately 1,5 lbs. of 

per pound ot such fibre in the offluent. 

3. Sulfite iOlp hanufacture 

a. Suspended Solids 

Softw000 sulfite pulp te.0o long-fibered is much lees reaully lost 

torough the wire cosn of washers sang tickeners Loan ~ urxlwo©d pulp. A 

loss of of 	of the suitite pulp production is anticipited. 

b. Uissolved Solids 

The pulp is expected to be producers in approlostely 60% yield 

fro the wood, on tne dry oasis. The wmunt. of woody material dissolved, ilus 

cooking cO6calo utilized, is estimated to be 2000 lbs. pur ton of pulp 

produced. This will all appear in the effluent. 

O. a.o.o. 

A Boo.D. of 50) los. per ton of sulfite pulp in the sulfite plant 

effluent is expected, based on thu experience (II other Alio utilizing tie 

pulping process. 

4. Steam Plant 

a. uspended Solids 

It is tatimatert Oat suspendeO solids in tlz te plant effluent 

will consist of 150 lbs. per day from .oiler oloAlown and $000 lbs. per 



Table XXVIII. Estimated waste loadings for process effluents, WeAbundlan1 Pulp and Gheical Co.Ltu. 

Dep ar 	nt 
Flow 
USgpm pH 

Temp. 
°F .  

Sus :,ended 
Solids 

ppci. 	i.bs/clay 

Dissolved 
Solids 

ppm. 	lis/uc 
3 .0 ..1.)• 

,pm. 	lusAtay 

TZood preparation 

Mecnanical pulp and 
newsprint manufacture 

500  

5700 

6 

6 

100 

100 

5000 

190 

30,000 

13,000 

	

7500 	45,000 

	

280 	19,500 

Asulphite pulp 
manufacture 1800 6 80 37 800 14,900 324,000 3,700 81,000 

Steam plant. 100 9 60 3260 3,950 250 	300 
...1■11/1•••••■■■ 

TOTALS 8100 

SIIMIN*NaINNOIN.•••• 

47,750 324,300 145, 500 

Overall ppm 490 3,300 1,480 



day fro the boiler fly—ash colic 5. 

b. Dissolved okids 

The wator for the mill is eApected to be pure isnough, and the 

boiler pres,sure low eno:Agn tnat int:xnal water treatment will be sufficient. 

tonsequently, there will .:+e nu waWr trostmont eitwr in clarifiers or 

softening plants with rcsultant side or backwash effluents. The only 

_is:solved smt,riai eApected to be tenured frtva the boiler plant will 'JO in 

olowdown. Three hurered pounds of dissolved solids pr day is estimated. 

C • 

The boiler plant effluent is expected to have 	• 

Table contains a taoulation of the proses* effluent properties 

based on the foregoing. The constituents of the effluent are shown in parts 

cr million urA pounds per day. in addition, estimated Of values and 

te4eratures are given. The overall will vf,luent is eatioaston to aunt 

to 810U6.'0.g.p..;.4. and to cAltain 49t) ppm. sus;forided solids, 33UD ppA. 

dissolved solids and i480 ppm. 	It is plumed that sanitary wastes 

will 	handled in a separate system or systems. 	significant atarvint 

of dissolved soiids, suspended solids, or ).0.0. t expected in the ofiluent 

from this system.. 

compacts 

The key pollution parameters to 4s considered am suspended solidi 

and 4.04. The L;ospany predicts that with no waste treatl-it,;in overall 

dischwe of approximately 73 tuns of 4.4).1d. and 24 tons of suspended solids 

per day from the pulp and paper gill will result.-  -ased on exferience 

with the operations and waste disc4rges at 141ce newiohndland uimited and 
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Aowatere liewfoundland 1A ;laiteci and a literature review, it is the writerle 

oiAllien that the J.O.D. and suspended solids predictions are definitely 

"masonaole" out each could ouit& asi.y e a .q1uon as 15% higher than 

t3d acthal 	and sus+:enued solids uisc4arge that will yeeur during 

; 11D4LIC tion. 

Ire 	,for #ia1:C)34 9..if rroce95 .i44t4ent 

arawrItaxAland l'ulp and Chord.c4.1. CA'xiatany Lialited 

proposed to dispose of their wa8t& by i:,asein1 th 	ntr,,att .x4 through a 

1,.ffuser pipe to Placentia day. ith an exua initial dilution, they 

Oeiieved that there would be no oL;jectionable solids, RCCIAAULI tient  water 

discoloration or oaygen deficiency. They estimated that a 493-fold initial 

dilation of .aast4,a with sea water was requirA and that this initial 

dilution coupled with a furtrwr dilution of the wastes due to tidal ccesisenta 

xi currQ:Its in elacentia Jay, adequate protection of 1 1antia Bay waters 

and 74arine life would :le provided. The 493-fold initial dilution was to oe 

provided by t properly designed underwat ,:r ciffuser system. 

Since 1967, the time at which this proposal 14 /03 submitted, 

overnisent requirements for pollution control haw increased considerably. 

The discharge of untreated wastes to salt water s, onco readily accepted, Walt 

re longer a satisfactory means of waste dispoffai. Recontly„ this iA$ptiri.raent 

informed We ci'oundland tuip and at ca.L o any i.ialted -Lb t their 

preliminary r Fowl for waster diupo5a1 x)I.Lixt tiot be edequatb,  and that waste 

'treatment to tat specified Qtailient aVaularue wutasi oe required. he 

Amotjit and type of waste treatment required *nu the i'iliktnt etandaros to be 

met have not as yet tx.:ten determined.. 



?reiird.naLi rdiu till Lilluent otarardi  

Prior WI prdsanting the pulp 1:411. effluent standards prepared ray 

the eriter,for Aewfoureliand fulp and CoIC:ACfil t;ci l aoy .eiiited, two points 

should he uwcie clear. first, the et—xtarte detirminexi arc preliLinary and 

require additional work and cendiy, trio EStn(18,11116 provide an ug per iiit 

for the soodnt of suspended solide 
	

that thin Delz-rtqlent soould 

permit the t;ompany to icnrje. 

Suspended Solidi Discherge: tAoindard — Loss not to e:Aveed 1% of production 
(i.e. 6 tons/day) 

ihe suepended soli( (dark, fiere and wood) loss iCr ti 	i.La uat 

not e.4ceed 1% of prodaction (approximately 6 tons per day). 	loern pulp mills 

with m, external waete ikreatiaent show euspended soilds losses of soot 2% 

of production. LI.th  an extreely tidy operation, this 2suspended solids 

loss can .0 even eomewoat lower. Additional treatment facilities (e.g. 

settling poruel or tau) can ering selout a further reouction in suspended 

lid to meet toe rue/aired 1% suspended solids loss. Also, the presence of 

a settling ponceor c.aek will provide additional ineurance against unusually 

nign loses during periods of spills end other plant sueefenctions. 'bete 

streams from the groundeood xell, palter mill, and wood preparation operations 

all coneain n considersole euiikont of suspeneed &slide stz should therefore 

ue given primary treatment. Irimary treatment (maid also remove the inert 

suspended solids (2 tons/day) from the steam plant effluent. The elite 

digtetr diacharge containing the 1:1. 	noted not e eiven primary trAt4ient 

oecause of its low suspended solids concentration. 



- 95 - 

Lasebarget tuiiarU - 15 tons/day discharged 

Far the u3.11.1.41 :All, the unLre; td effluent eontaine 400-6(X) 

lbs. of .40.P. per ton of sulfite fulp. The ti, ,,,:fotimiland 	and Cilezd.cal 

aotripany plant is designed to produce 15t) tons/day sulfite pulp. The 

resulting 8.6.1. loading in th fA.tirit can oe *Aped -Led to ';.e netween 30 

and 45 tons/day. lip 	t - ulp and ale..idol Company predict the :a„r•d• 

discharge to ue P4.4roxii4ttely 4 tone/div for the •uiAte 	opet'ation 

atone. Wood processing, groundumod puiping, and plprnaxing may be eApectod 

to produce en additional 	loading of ueturoen 10 and 15 tons/day• The 

total J.(4.i:Ja. lor.ding of the pulp d.11 may ue e..-,pected to z.,e betweon 

Lons/day. Froperly designed and operated Halo , ical or wooled/try tntatiment 

units (e.g. oxidation pomp) if employed will x-educe the 34./.1). loading to 

tae mquired 1, tons/day. 

Sulfite 'Waste 1.14tic.ir:  6tandard Lew than NO PPle• in  offiuunt 

The sulfite waste liquor concentration in the effluent say hot 

exceed 500 ppl. This figure can 14.5 wall be easily-  attained by dilution of 

sulfite adll wtes with other 	waste strImas. ::eeoridary treatatent i, 

if provided„ will furtfur re,iuce the - 	concentration. 

Cot.c,ia.v.ions ar 	riartti(1118  

lit 

 

Us FX)itits, it is impossible to draw any definite e,)nolusions 

as to thd effect of the LJJ. effluent on the T;q:rine Lite oX 4iacont1 ay, 

as a grei4t deal of euet,ntiai. info:liastion is still i ■ (e.g. the pans 

for the design of the new at)  • the r suic.s of tidal movements and current 

E,tudics in Placentia lay, etc.). It is recomlendeci, therefore, that 

.etween t is bepariint arii the Coreptely are rcstassd in the near 
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future. Hopefully, as a reault of these negotiations, an adequate waste 

(.leposal system, ant which will VtidACIII 1,04.1111.iun to the point whortJ it wi.ti 

be Wireless to earths life, c/r) oe agreed i. A ilurvey to deter lino the 

water quality and biolo of Placentia .3ay.  in the t,:osee-43y—tHance area 

coductoa i.rior t LI mill ping into production will. irovide valuable 

oack47ound data for future reference. 
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glAit 
	

A14 W  

Int,rdw tiQn 

Javelin Pulp and traper Co4,pany Limited propose to conatruat and 

opiate a pulp suet paper will at 6tei.henvills, Newfoundland, on the north 

shore of St. Oeorge's they. The Kraft pulping process will e as,ploye4 at 

the mill in order to produce linerboard ht the rate 0): 1000 tone pur day 

initially. . A future ompanstion of the hill is alp-tinted. The unoleaehod 

Kraft promos, wU be eiplod although bleaching nag be aided as part of 

thsepansion pro,lram. 

'4ater Si& 4yid and W , ter 140  

It has on proposed that water for the ii.L. ue outa/nuu frou 

Harry's Alver. Initially, 45,000,000 4,,g.p.d. will oe ruouired uy the mill 

(i.e. 25,000 	gallons per ton or product). A breakdown of watv.r 

rezwireuente for the various op4,rations within the mill is not availaulu at 

this time. 

Wastea  

The vuluns of wa4tes discharged from ths mill is est,ohtially the 

soma as the water ruquirullent for the *Ali. Javelin Pulp and Paper Qomphny 

Lieited, in correepondacoe to this DaparlWerld,, provided predictions of waste 

loadings for various pollutants in their effluent. fhess predictions will 

be prcsented. 

44u.b. in Laluent 

It is cApocted %hat tne 	in tee efiluent will amount to 3U 
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to 40 Lbs. per ton of p 	 30,UU0 to 40,00U lbs. of 4.t).1). discharged 

d 

(2) 0issolvt4 

The total dissolved solids dic 	ec is e.Apected to oquel 180 

lbs./ton or prrocluat (i.e. 180,000 lbs. of dissolved eo.idsdisciv:srgou 

(3) wpended oiids 

The total El t/spencloci solids discharged ii expected to i e 

approxiiasteir 20 lbs. t.011 o..crodue t ti.e. 20,CM Los. of suspended solids 

discharged daily). 

(4) Toxicity 

The gore toxic 3onnt,s of kraft sill wastes are: 

(a) sulfate soaps 

(b) norcap tens 

(o) sulfides 

The noratans  arka suicides are .11.ite unstable and eeldom occur 

indarn,erous zAncentrations beyond the sewer outfall. The soaps are 

relatively stable 	 the .ajor contributors to Us e toAleity of !craft 

pulp (i111  wastes. 

The values, oota4led from 	 i'ulp and paper Co44eny Ualited 

and presented in this section or the report, are within the range of values 

reported in the litelature for waste discharge fret.' an unbleached Kraft 

row 
	or J mottos ,4.i'lupnt kiAniveal 

A  general  nescrifAion of the  effluent systins proposed  in  1967 by 

Javelin  Pulp and Paper i..opany Limited is  as  follows: 

(a) 	Sanitary wastes arc to be treated in a. p c 	 nt 
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plant or sevtic tank system, 

(b) 	Hill sewurs are to  be  divined into three sections: 

CO Fresh  Water lines, collting only uncontaminetod water 

such as  roof drains,  yard Storm sewers,  std. Thos ischarged 

directly  to the  harbour. 

(2) Neutral  fibre sewer line, colledt:1,n4 wastes wilco contain 

pulp  solids  out little dissolved caemical contair,ination. l'his wiU. 4/e 

taken to tett moasurt.ng and sagvling Control house, wheru the effloe t will 

oe continually monitored for quality and cuantity. 

(3) Alkaline  sewer line, collecting all other wastes which ty 

nave chemical contamination. This will ,a; taken to tiv. .ktasAring and 

control house, where the of LLuait will 4 amtinualiy monitored 

for quality and uantit,y. 

(c) 	After the control house, the neutral and alkaline  was  Les are to  be 

mixed in a single iii and discharged to  sea  by an unoerwator difibser pipe. 

A study oz the coastal tides and curents  will  Do necessary to dutixtaJwa the 

proper longth oL ipe and location to achieve satisfactory disporsion. 

(d) 	The sdatem will be laid out so that claAfication for solids 

removal and secondary treatment for 	. rotoovai can oe udued in the rut,ure. 

tic)  L $ 

ZW:ore any conclusions can be brought forward concerning the 

possible  effects of the mill wasLa on thu marine lifs of A. lttorgela Day, 

mere information  must bo oe,ained concerning  mill  .ocessos and tidal and 

current novamonta  in St. Utorgo's bay. The a °ye  proposals  for waste els, °sal 

were  made by Javelin in 1967. The col,:pany at that time assumed that dil—tion 



was an ade ,  uate elution to their future pollution pro.iiew. In /WU * 

 dilution cannot be considered as an acceptable solution to this pollution 

probieta. inerefore, it I. reco,a clued that t is 	rtnt r au 

negotiations wit.) Javviin hap and Paper do it any ,..iteited leading to the 

construction of an aueqUatd waste disposal syst.ita for the sill. Effluent 

stendar,e must also be seteOlkEted. A survey to determine the water 

quality and oiology of St. tieortk.'s day in Lne otepkienviLle urea c ,n,,ucted 

prior to the Mil going into production wiLLt.rovide 	 nackground 

data for future reference. 
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