


INTERIM REPORT ON PROPOSED KRAFT PULP MILLS
ON THE FRASER RIVER NEAR PRINCE GEORGE
WITH RECOMMENDATIONS FOR THE TREATMENT AND

DISPOSAL OF WASTES

THIS REPORT HAS BEEN PREPARED BY THE TECHNICAL STAFFS OF THE

DEPARTMENT OF FISHERIES OF CANADA AND THE INTERNATIONAL

PACIFIC SALMON FISHERIES COMMISSION IN COLLABORATION WITH THE

FISH AND GAME BRANCH, BRITISH COLUMBIA DEPARTMENT OF
RECREATION AND CONSERVATION .

VYancouver, B, C.

September, 1961.






Interim Report on Proposed Kraft Fulp Mills
on the Fraser River near Prince George
with Recommendations for the Treatment and

Digposal of Wastes

Basis of Report

During recent months several enquiries have been received by the Department
qf Fisheries of Canada with respect to the waste disposal aspects of pulp mille
under consideration in the vicinity of Frince George on the Fraser River.
Preliminary information indicates that the proposed pulp mills would produce
kraft pulp or_bleached.kraft pulp, with initial production capacities of 300 to 
400 tons per day and possible future axﬁansion of production to 500 tona per day
per mill., At the time of preparing this report, it is known that one mill proposes
to produce bleached kraft pulp, and so far as can be determined the others would
produce unbleached kraft. In view of the importance of the Fraser River systém in
the production of commercially valuable stocks of salmon and steelhead trout as
well as sport fish, it has been recognized that careful consideration must be given
to the possible effects of waate disposal from such mills on these Bfooks.

This report presents an evaluation of the fishery that could be affected,
together with assessment of the effects of pulp mill waste disposal and of practical
means of waste reduction or'treatﬁent.' The conclusions and recommendations set
forth the guiding principlés for requirements necessary for the protection of the
fishery. As will be evident from the text of the report, additional research is

required to fully evaluate the effect of pulp mill wastes on salmon and sport fish, .



and also on methods of eliminating sources of harmful wastes from pulp mill
effluent. It is not the purpose of this report to review all aspects of these
two phases of the problem, but use will be made of any data available which is

pertinent to the problems'being éxamined.

Ihe Salmon and Steelhead Trout Fishery of the Fraser River nggém

The Fraser Rivér system 18 one of the world's largest producers of salmon,
Five species of Pacific salmon are indigenous to the system as well as steslhead
trout and all these ﬁre utilized commercially. The Internagtional Pacific Salmon
Fisheries Commission is responsible under Treaty between Canada and the United
‘States for the protection, preservation, and extension of the sockeye and pink
' ~salmon stocks of the Frasef River system. During the period 1957-60 the
" commercial pack of Fraser River sockeye had an average annual value of $20,330,060
oﬁ the basis of the wholesale'prices for each year. Approximately forty per cent
of this pack was derived from sockeye runs which migrate up the river past Lilloocst
to spawhing grounds on the Chilko, Quesnel, Bowron, Stuart and Stéllako River
systems. The total pack of sockeye obtained during the period 1957-60 was almost
58 per cent of the total pack obtained during 1910-13'which is considered to
represent the historical potential of the river, The potential level of
production represented by the peried 1910-13 would have an average annual value
of 344,116,000 on the basis of 1960 wholesale prices, of whiéh 60 per cent would
be derivea from the runs migrating upstream past Lillooet. It is expected that
this potential can be achieved in relatively few cycles,

Pink salmon catches in recent cycles are not indicative of the production
possible. The 1959 pack had a value of $7,780;000, whereas the 1947 pack would
have a value of $19;200,000 and there is evidence that this run was only about
one-third of the potential size of catch when the runs are fully restored. Since

pink salmon runs occur only in odd numbered years on the Fraser River, the average



ennusal value would bglone-half the above values. PinleQJmon do not migrete up
the Fraser iver past Lillooet in &ny significant numbers. 1In 1957 there were
over 1 1/4 million spawners'in the Fraser i{iver below Hope end this area together
with the Thompson River systeuw represents the wain potentinl for expansion to the
originally established production. “hile no pink salnon would be in the inmediate
vicinity of the mills at Trince George, rossible effects of mill wastes on these
lower Fraser River populations must be considered.

The present wholesale value of the Freser River chinook (spring) sslmon pack is
approximate;y $3,000,000 annually, of which sbout 50 per cent is derived from
stocks which spawn upstream frow Lillooet prineipelly in the Chilko, Quesnel,
Stuert, and Nechako River systems and in the Fraser River ubove Frince George
and many of its tributaries in this arem, such as the kcGregor, Torpy, Morkill
and Bowrom lilvers. |

Coho salmon migrste up the'Frmser #iver as far ss Seton Creek st Lillooet,
but the major spawning grounds above Hope are in the Thompson River system. The
catch of this srecies has an aversge annual velue of at least %l,375,000; Chum
salmon spawn in tributaries downstream from Hope with a large population spawning
in the main stem of the Freser River. Neither of thése specims would be in the
vicinity of the pulp mills near Prince George, but as with pink salmon, considerstion
must be given to possible effects of the vulp mill wastes on these populations.
Steelhead trout migrate up the Freser River into the Chilko River system. Ling,
rainbow trout, sturgeon and whitefish contribute to the sport fishery in the
Fraser River near Prince George., The value of these species as'sport fish is
difficult to assess but as population incresses, the velue of these fish for sport
fishing 1s Bodnd to increase. The salmon migrating up the Fraser River are also
a - substantiel source of food for aprroximately 10,000 native Indians, who fish

for the salmon at many Jocations along the entire length of the Fraser River, up
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to Prince George, as well es on meny of its tributaries.

Each of the species of salmon and trout have different freshwater life
histories. These have been described in detail in other reports and will not be
repeated here. Table 1 pbeeents.a-aummary of the periods during which the
specles are present in the river system during various phases of their life

eycles, both at Prince George and ét Hopé;"

TABLE 1: Period of Occurrence of Salmon and Trout in the Fraser River,

(a) At Prince George

As Fry Yearling Migration Adult Migration
Sockeye Not present April 15 - June 20 July 5 ~ October 7
Chinook A1l months April 1 - July 20 July 1 - August 26

| (b) At Hope

Ag Fry Yearling Migration Adult Migration
Sockeye Not pre;ent April 15 - Juné 20 June 20 - October 26
Pink Mar.l-May 31  Not present Aug. 20 -~ October 6 .
Chinook All months April 1 - July 25 All months
Steelhead All monthe April 15 - July 15 January to December
Coho All months April 15 - June 30 August 15 -~ January 15
Chum Mar.l-June 30 Not present October 1 -~ January 15

Wastes From Kraft Pulping Process
Since the detalls of the kraft pulping process are adequately described in the

literature, full description of the process will not be attempted in this report,

The kraft process is now the principal alkaline pulping process. It produces pulp



by treating wood chips with a solution of sodium sulphide and caustic soda to
separate the cellulose fibres from lignin in the wood. The ¢ellulose fibres arse
then separated from the cooking liquor which contains the dissolved lignin
together with the cooking'chemicals as well as a number of other materisls. As
much as possible of the cooking liquor is retained within the mill for recovery
of process chemicals. This proéedure is followed as a matter of economy, but it
also results in minimizing the pollution load in the waste waters discharged from
the mill. The separated cellulose fibres are washed and may then be formed into
unbleached kraft products, or kraft pulp bales for shipment or may be further

processed by bleaching for use in making bright kraft'pulp or paper products,

(a) Mater Requirements

Since the}Amount of water ﬁsed by a pulp mill is one of the factors which
influence the characteristics of the wastes discharged from the mill, it is of
value to consider the amounts of water required and means of reducing the water
requlrement,

Early texts on unbleached kraft pulp making indicate a maximum water
requirement of 115,000 U.S. gallons per ton of air dry pulp produced (1).
However in the interests of economy water use has been reduced considerably in
modern kraft mills. White water from machines, showers and condensers is
recirculated,; wesk black liquor is used for volume make up in the digesters and
dilution in the blow tank, and washings from the liquor room are used for smelt
.dissolving. 'These practices were reported in the literature to reduce the
freshwater requirements to 30,000 to 60,000 gallons per ton, with an average of
35,000 gallons per ton of pulp (2, 3, 4, 5, 6, 7). More recently (8) it has been
reported that the average water requirement for kraft pulping is 20,000 gallons
per ton, At ohe kraft pulp mill where management takes every possible precaution

to minimize the pollution load in the mill effluent, water requirements have been



reduced to about 17,000 gallons per ton including the hydraulic log barker,

Where bleached kraft pulp is to be produced, additional fresh water is
required, the amount being determined by the brightness of the product desired and
practice followed in re-ude of waters. In multistage bleaching employed on kraft
pulps about 10,000 gallons are required per ton of pulp for each stage. Hard
bleaching kraft pulps may requife as many as 6 or 7 stages, which would require
60,000 to 70,000 gallons per ton. However, again in the interest of water.
economy, a8 much a8 possible of this water is re-used in modern mills (9), and
the freshwater requirement is reduced to 20,000 to 40,000 gallons per ton, (8)

depending on the degree of bleaching required.

(b) Waste Sources and Characteristics

1. Water Treatment Wastes

Fresh water taken into the mill system may require treatment for removal of
suspended materials. The most common treatment is flocculation with alum and
settling, sometimes followed by filtration., The accumulated sludge and aluminum
hydroxide precipitate must be removed periodically from the treatment basin. The
precipitates formed are injurious to fish through clogging and corrosive action on
the gill tissues (10) and the disposal of the sludge to the Fraser River could
create a hazard to salmon migrating in the river, It is essential therefore that
this sludge be disposed of on plant property where it cannot be washed into the

river.

2. Hydraullc Log Barker Wastes

Hydraulic log barkers are commonly used for the removal of bark from pulp
logs, although ﬁechanical barkers are also used where suitable. Mechanical barkers -
are preferable in respect to reducing water requirement and reducing waste disposal‘

problems. Hydraulic barkers require up to 1800 gpm of water depending on type and



size, The waste waterg contain dirt and disintegrated bark-particles of various
sizes, and dissolved Qood solubles. It is common practice to recover a large
portion of the bark particles by coarse and fine screening, but even the effluent
from such screening may contain up to 0,2% solids by weight, depending on the
type of screening used. Continuous operation of a hydraulic Sarker at 1800 gpm
at 0,2% suspended solids content would represent a waste discharge of 216 tons of
suspended solids per day. The wasbe waters would also have a 5 day BOD of at
least 100 ppm. '

The disposal of these washes to the "raser River would present an additional
physical hazard to salmon due to clogging action éf the solids on the gills,
Accumulations of the waste on the river bed would élso result in release of
decomposition products such as hydrogen sulphide which are toxic to fish,

In an effort to conserve water, some mills have installed very fine mesh
final screening of barker effluent and recirculate the clarified water to the
barker, In one instance the fine screening is followed by settling in a lagoon,
from which the water is discharged to an adjacent stream. | | '

In the interest of water economy and waste disposal reduction, it is suggested
that at any hydraulic barker installation, consideration should be given to the
recirculation of clarified barker effluent. A suggested method of screening would
consist of coarse screening on a vibrating 3/4 inch mesh screen, followed by a 150
- mesh Sweco type screen.

The winimum requirement would consist of screening followed by settling to
produce an efflﬁent containing not more than 0.3 pounds of settleable solids .per
1000 gallons, If mechsnical log barkers are used the wastes should be burned or

otherwise dispdsed of on land.



3. Pulping and Bleaching Wastes
In a modern kraft pulp mill the loss of pulping chemicals can be kept to 5%

of the amount used in the digesters (9) or about 108 pounds expressed as sodium
sulphate per ton of pulp produced. In one mill this loss has been reduced to 80
pounds through in-plant practiges which will be described later. Table 2 gives
the breakdown of the source of iosées, ekprgased in pounds of sodium sulphate

per ton of pulp produced (9).

TABLE 2: Sourceg of Chemlical Loss From Kraft Pulp Mills

Recovery Furnace Stack 50% or 54 1lbs
Pulp Washing 35% or 38 1bs
Fibre 7% or 7 lbs
Other (Condensates) 84 or 9 1bs

The final pulp wash and the contaminated condensates are normally discarded,
and are the principal sources of pollution from the pulping operation. The

characteristics of the three sources of these wastos are approximately as followss

Evaporator Condensate 3200 gpt. 600 - 800 ppm BOD
Evaporator Hot Well 1800 gpt 100 ppm BOD
Final Pulp Wash 5000 gpt 400 - 600 ppm BOD

If unbleached kraft pulp is produced, there will be an additional effluent
of surplus white water from the Fourdrinier machine. In order to save water and
fibre, it is common practice to recover fibre from the machine waters in a éave-all
and to recirculate as much white water as possible. The effluent from this stage
is between 3500 and 5000 gpt with a BOD of 100 ppm. LEfficient save-alls can reduce

the fibre loss to 0.3 pounds or less per 1000 gallons.



The final combined effluent from a kraft pulp mill will have a pH between
7.5 and 11.5. Data for three mills (7, 11, 12) indicates a normal range between
8.5 and 10.0. The BOD of effluents from modern mills may be 30 pounds of oxygen
per ton of pulp (8), although BOD's as high as 60 pounds and as low as 15 pounds
have been reported depending on in-plant practice to reduce the loss of strong
wastes, Suspended sollds arelrepofted to be generally leass than 20 pounds per
ton and total solids 200 to 300 pounds per ton (8). |

Bleaching of kraft pulps is done by multistage treatments with chlorine,
caustic soda and hypochlorite with intermediate and final washes to remove the
solubilized impurities and a final treatment with dilute sulphurous acid.
Depending on the character of the pulp and the degree of bleaching desired ﬁhe
chlorination and caustic treatments may:be done twice, followed by one or more
stages of hypochlorite treatment. Normélly the only flow to sewer is from the
chlorinated pﬁlp washer and‘from the first caustic extraction, as these waters
contain from 60% -to 70% of the impurities. It is general practice to make as much
re-use of water as possible within the process, and in addition whiﬁe Waﬁer may be
used in the final hypochlorite stage (9). The effluent from the bleach plant _
operation will have a BOD of 10-3/ pounds of oxygen per ton of pulp (8, 9). The
pH of the effluent may vary between 2.7 and 8.0 depending on the resulting mixture
of the acid and alkaline wastes from the batch process (8, 13). The total solids
content ranges between 0,1% dnd 0.2% (8), which at 40,000 gpt water smounts to-
330 to 660 pounds per ton of pﬁlp,'aﬁd suspended solids amount to 15 to 25 pounds
per ton (8). The dissolved solids consist of chloride, sulfate, hydroxide and
carbonate salts of sodium and calcium, as well as'soluble forms of lignin,

Combininé,the alkaline pulping waste with the bleach plantvwéstes produces an -
effluent which would have a pH from 4.5 to 6,0 although a pH as low as 2,7 has been

observed (13). Where the combined mixture has a pH less than 6.0 sulphides and
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mercaptans will be absent and the effluent will have high clarity and stability
(13). The BOD of the combincd effluent is reported to be in the range from 40 to
55 pounds per ton of pulp produced (8). |

According to Sutermeister (14) kraft mill effluents may contain the following
compounds: sodium carbonate, sodium hydroxide, sodium sulphide, sodium sulphite,
sodium sulphate, sodium chloride, hydrogen sulphide, methyl mercaptan, and sodium
combined with resin and fatty acids (soaps). Van Horn, Anderson and Katz (11)
list the following additional components of kraft mill effluent: sodium
thiosulphate, formaldehyde, crude sulphate soap, sodium oleate, phytosterol, and
sodium abletate, Table 3 lists reported measurements of spme of the characteristic

components of the waste (7, 11, 12).

Effect of Wasﬁes on Salmon and Trout

The effects on salmon and trout of kraft pulp mill effluent must be considered
with respect to the dissolved oxygen demand, toxicity of chemical compounds, pH,

suspended solids content and temperature of the waste,

(a) Dissolved Oxygen

It 1s generally recognized that the dissolved oxygen concentration of rivers
aﬁd streams must be above a certain minimum level to maintain fish and other
aquatic 1ife and that the minimum level varies with different forms of life and
habitat. A number of experiments héve been conducted to determine the minimum
requirements of salmon, but these are limiting values and are not considered
representative of the requirements of salmon migrating hundreds of miles up or
down a river. Great physical exertion and physiological changes in maturing adult
salmon will un&oubtedly require wore than minimum dissolved oxygen content for
survival., Ellis (15) concluded that 5 ppm dissolved oxygen seems to be the lowest

value which may reasohably be expected to maintain a varied fish fauna when the



11

TABLE 3: Chemical Arizilysea of Main Sewer bffluent, nraft Pulp Mills

voncentration in PPM

Substance Fill liin, Fax. Average
Sulphides 1 0 88.4 he 46
2 0 be5 1,61
3 0 0.2 0.04
4 0 0.5 0.07
Mercaptans 1 0.6 15.8 2.74
2 3.4 5.5 hed5
3 1.2 £.6 3.46
4 3.4 5.8 4.29
NaOH 1 0 391.0 %P 2597
2 0 22,8 6.41
3 4.0 @35.3 3.1
NaOH + Nazs A 0 -36.0 16.51
Resin Acid 1 2.0 18.0 5.37
Soaps 2 3.0 5.0 - 3.67
3 0 2.0 k.2
4 1.6 18,0 466
pH: 1 7.6 10,6 8T
2 7.2 9.7 8.5%
3 8.75 11.3 10.0¢
4 7.6 9.95 9.16
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water temperature 1s 20°C or higher, and that cold watér fishes may require even
higher dissolved oxygen levels. Alderdice (34) has found that ét oxygén levels
below saturation value, the resistance times of young coho salmon to oxidized

kraft black liquor are stfongly depressed. These and other considerations lead

to the conclusion that the dissolved oxygen content of streams supporting the
higher formg of cold water fish'shéuld néﬁ,ba greatly reduced below natural levels,
but it is not possible on the basis of available knowledge to specify a generalized-
limit.

The dissolved oxygen content of the Fraser River at Prince George varied
between 9.3 and 12.9 ppm during one year of record (16). During this period the
oxygen content varied between 91% and 101.6% of saturation, indicating that there
was an existing oxygen demand in this portion of the Fréser River. Actual
‘measurements in April, 195/ determined the 5 day BOD to be 3.07 ppm at 20°C (17).
Table 4 preseﬁts egstimates of the dissolved oxygen content of the Fraser River at
Shelley (above Prince George) based on available data, .

The period of lowest oxygen concentration is during September, and ﬁhe period
of lowest totai oxygen content in the river is during April., A detailed analysis
of the Fraser River between Prince George and Pavilion using available data on
natural BOD and re-aeration rate (17) indicates that with pulp mille discharging
in the vicinity of Prince George, the maximum oxygen deficit will occur between 1
and 1.4 deys travel time downstream, which is in the vicinity of Quesnel. Table 5
summarizes the basic conditions for the calculations,

A geries of calculations showed that.a BOD loading of 13.5 ppm in excess of
the natural loading could be applied at Prince George without causing serious
depletion of dissolved oxygen in the river. This loading corresponds to 795,000
pounds per day of 5 day BbD, which at the average figure of 55 pounds BOD per

ton of bleached pulp produced, would correspond to a production of 14,500 tons



TABLE 4
Minimum Monthly Flows and Dissolved Oxygen
Fraser fiver at Shelley

Period 1950-59

Discharge Temp, °F. Cxygen Dissolved Oxygen pom Totals Uxygen Flow
cfs Max. hin, Saturation % at 950 millibars 1bs per day
Jan. 4120 33 33 9% 12.7 282,000
Feb. 4000 33 33 35 12.8 273,000
Mar, 3850 33 33 95 12.8 263,000
Apr. 3950 48 33 95 1044 - 12.8 218,000 - 270,000
bay 3000 51 40 100 10.5 - iz2.2 508,000 = 593,000
June 37600 54, 45 100 10.1 - 11.4 2,060,000 - 2,310,000
July 25500 64 50 101.6 9.1 - 10.7 1,235,000 - 1,455,000
Aug, 15100 64 49 100 9.0 - 10.7 730,000 - 876,000
Sept. 7570 58 42 91 8.7 - 10.6 350,000 - 427,000
Cet. 6070 48 41 92 10.0 - 11.0 324,000 - 356,000
Nov. 3840 38 33 92 11,5 - 12,4 236,000 - 254,000
Dec. 3480 33 232,000

33 93 12.5

£t
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TABLE 5: Conditions for the Calculation of Uxygen Deplétion

Date

Sept. 30, 1951 April 15, 1957
Flow Prince George to Wuesnel, CFS 11,050 | 7,870
Temp, °F 51 | 33
Initial Oxygen deficit, ppm ~0.95 | 0.65
Kl (deoxygenation constant) 0.097 0.0625
K2 (reasration constant) 0.85 - 0.55
Initial dissolved oxygen, ppm 9.5 12.7

per day. This production is neérly ten times the capacity of the mille being
proposed, and it is not considered that the proposed pulp mills alone would
cause any serious depletion of dissolved oxygen in the Fraser River,

It is possible that disposal of the pulp mill wastes without diffusion into
the main stream of the IFraser Liiver could cause local depletions of oxygen. Pulp
mill effluents can be completely devoid'éf oxygen (7), and the diacharée of about
32 efs from a 350 ton bleached kraft mill without diffuesion could create a band of
low oxygen concentration in the river for coﬁsiderable distance downstream from
the mill. Such a band of low oxygen concentration could be fatal to fish,

Even diffusion intolthe entire crogs-section of the river could lower the |
dissolved oxygen as much as 0,2 ppm, Therefore, diffusion of the effluent into

the river is a necessary requirement.

(b) Toxicity
The effluénts from kraft pulp mille and from bleaching plants contain materials
which are known to be toxic to fish. Bioassay tests on the toxicity of many of the

individual materials have been reported in the literature (11, 12). Hydrogen
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sulphide, methyl mercaptan, sodium thiosulphate, crudelsulphatg soap, fatty and
resin acld soaps, sodium oleate, sodium abietate, phytosterol and sodium
sulphydrate are among the more toxic materiels, with minimum lethal concentrations
in 120 hour tests of 5 ppﬁ or less. These tests do not necessarily represent the
toxicity of the total kraft effluent, but they do serve to indicate some of the
materisls that should be removed from the effluent if possible, in order to reduce
toxicity. Inplant practices to remove these materials from the effluent can be of
significant value in reducing the toxicity‘of the effluent.

Bloassay tests have also been conducted using whole pulp mill effluent., Many
of these tests have been conducted in sea water and are not strictly applicable to
fresh water media. These tests also have the common deficiency of using mortality
in a selected time period as the measure of toxicitf. However, the data are
widely referred to as guides for establishing toxic concentrations of pulp mill’
effluents and it is felt that brief discussion of them is wérranted.

Dimick and Haydu (12) ~onducted tests with coho salmon in running fresh water
over a period of 5 weeks and found no mortalities at a dilution of kraft.mill'
effluent of 1:26. ‘They did observe that some fish were distressed at times but

‘later apparently recovered. I'rom this observation it.may be concluded that a 13120
dilution was close to the critical concentration and that dilutions of this
magnitude would be far from adequate fér salmon which have to migrate hundreds of
miles up and down a river, |

Alderdice and Brett (18) conducted tests with sockeye using full bleached

" kraft effluent in sea water in enclosed aquaria. The experimental results showed
~a 776 mortality in the test period of 17 days at a dilution of 1:20 and no
mortality.at a.leO dilution. Here again it must be concluded that dilution
greater than 1:20 would be required to protect salmon migrating long distances in

a rivér,_and the only safe conclusion from the data would be that a 1:50 dilution
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is required. Bret?t (I9) has stated that even a 1:40 dilution of bleached kraft
of fluent may be inadequate for the location he was considering.

The Washington State Department of Fisheries (13) has reported on an extensive
series of tests of both kraft and bleached kraft pulp effluents in running sea
wafer and fresh water using juvenile coho and chinook salmon. Most of the tests
were conducted in sea water and'exﬁended over a period of 30 days. From the
published data on these tests it is concluded that a dilution of 1:50 of bleached
kraft effluent and 1:100 of unbleached kraft pulp effluent and 1:40 of bleach
plant wastes alone would be necessary jgst to ensure that no immediate mortalities
would occur in a 30 day exposure, These tests were oonducted»withbkraft mill
effluent that was stored up to 3 to 4 days during the course of the tests,

Fujiya (20) has reported on a histo-pathological study of kraft mill effluents
on Sparug macrocephalug, and found thatlconcentrations of 10 ppm COD (Chemical
Oxygen Demand) of kraft mill effluent in sea water were histo-pathologically
harmful, with only a 12 to 24 hour exposure. This concentration of pulp mill }
effluent corresponded to a dilution of 1:30 to 1:80 for the mill studied: It is
possible that 1f the exposure time was increased to two or three weeks, the same
results may have occurred at much lower concentrations of mill effluent.'

Alltof'the bioassays reported on Pacific salmon have used juvenile salmon as
the test fish. It is generally believed that the young selmon are more sensitive
to toxic materials than mature salmon, However no tests havevbeen made on' salmon
eggs or on alevin or fry, As prévibuély_mentioned, there dre large pink salmon.
spawning grounde in the Fraser River below Hope. The eggs and alevin and fry in
these spawning grounds would be exposed to water carrying the pulp mill wastes fbr
a period of uplto six months. While the concentration of the wasyes in the Fraser
River at this point may be about one-quarter of the concentration at Prince George

at minimum flows, and the wastes may have lost some of their toxielty while
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travelling down the river, the possibility exists thatlthe wastes may still be
harmful to these early life stages of the salmon. At present there 1s no basis
for evaluation of this aspect of toxicity of the wastes, and specific
recommendations cannot be made until evidence is available,

As previously noted, the results of bioassays conducted in salt water are not
strictly applicable to fresh watar, Investigations by Alderdice (32) have‘shown
that, at temperatures and dissolved oxygen levels having minimal influence on
resistance, the median resistence time of coho smolts to weak oxidized kraft black
liquor was optimal at a salinity of 11.3 /oo (parts per thousand). When salinity
wag increased to 22.5 ©/oo the resistance time was reduced to 40% of the optimal
value, and vhen fresh water was used (zero salinity) the resistance time was
reduced to 6 to 7% of the optimal value. At'presentrthere is not sufficient data
available to interpret the results of various bioassays in salt water in terms of
toxicities in>fresh water, but it is indicsted that toxicities in fresh water
could be several times ﬁhose in salt water, Alderdice (34) has also found that
water temperature and dissolved oxygen level have a very significant efféct on
toxicity of kraft black liquor, and that the resistance of.coho salmon was greatly
reduced when oxygen levels were less than saturation.

| It must bé.concluded from these tests that there is(insufficient information
concerning the relationship between prolonged exposure, temperature, oxygen
concentration and salinity and the toxicity of kraft mill effluent. It is certain
that the undiluted wastes are extremely toxic to juvenile salmon, There is no
information available concerning the effect of kraft mill effluent on adult salmon
which would have to migrste hundreds of miléa in the diluted effluent during a
period of reldtively high wate% vemperatures, or concerning its effect on salmon
eggs and alevin which would be exposed for long pericds during low flow when the

diluted waste would bé at its maximum concentration., On the basis of the available
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evidence, it is indicated that dilution ratios of 1:100 of kraft mill effluent angd
l:SQ of bleached kraft mill effluent in the Fraser Hiver at Prince George may be
inadequate to protect the fishery and that dilution ratios of several times these
amounts may be necessary.

In considering disposal of toxic wastes to the Fraser River system, it must
be born in mind that ultimately there may be many sources of wastes, including
pulb mills, and that the combined wastes may be more toxic to fish than the
individual wgstes. It has been the policy‘therefore to require that the
concentration of individual waste effluents be lowered to non-toxic levels prior
to dilution and dispdsal in the river, and treatment to achieve this requirement
has been generally possible and practicable. The large volume of effluent from
pulp mills and the complexity and low concentration of the dissolved materials
make it more difficult to achiéve this requirement, However, much can be done éo
reduce the quéntities of toxic materials reaching the effluent,vand such measures
have been found to be both practical and economical, Following is a summary of
in-plant practices that should be followed to reduce the amount of toxic.matefiala
in the effluent. These practices will also reduce the quantity of fresh water

required in the mill,

(1) Blow and relief condensates are reported to be the richest in BOD and.
odor of any portion of kraft pulp effluent, with ffom 15 to 20 pounds of
BOD per ton of pulp. It has been found (21) that these condensates can
be used for make-up in the causticizing system, replacing all fresh water
previously used in this system, and such practice should be adopted.,

(2) Turpentine should be recovered from the tép relief and blow condensates,
This may be sold if suiﬁable, or may be burned in the recovery furnace
‘to obtain its heat value. The water effluent should be passed through a

Bergstrom tower for removal of volatile sulphides and mercaptans.

v
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(3) A1l spills in the digester, blow and wash rooms should be collected and
returned to the black liquor system so that the chemicals may be recovered.

(4) Demister entrainment pads should be installed in the multiple effect
evaporators to redugé the carry-over of chemicals to the condensate. This
practice also reduces the BOD of the condensate (21), |

(5) Evaporator condensates, as well as héving a high BOD, contain hydrogen
sulphide and methyl mercaptan. Reports from one mill indicate a range in

concentration of 26,6 to 51.8 ppm of sulphides and 11.6 to 20.5 ppm of

mercaptans (7). Bergstrom towers have been successfully employed to remove

a large percentage of these materials and should be provided. It has also
been found that the remaining géses in the effluent from the Bergstrom
tower and the effluent from the condenser hot well have caused odor problems
in the receiving water, Study of this has shown that chlorination of these
effluenté sufficient to oxidize the rémaining sulphur compounds has.reduced

this problem and it ls recommended that this practice be adopted. In this

regard, the amount of chlorine added should be controlled so that cﬁlorine
will not be substituted into the hydroéarbons (21).

(6) Resin soaps should be separated from the black liquor during the multiple
effect evaporation and be disposed of by burning in the recovery furnace.

(7) Countercurrent washing should be employed in the pulp washers, and the
water from the first washer should be used for dilution of stock in the
blow tank and be recirculated until it contains sufficient concentration
of chemicals to be discharged to black liquor storage for evaporation,
The final weak wash should be recirculated for stock dilution and 1f
possible be used instead of fresh water in the preceeding countercurrent
vaphes, Screenings rejected before and after the countercurrent washers

should be disposed of on land or be burned,
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(8) Weak wash waters from the lime mud washer in the causticizing plant should
be used for smelt dissolving.

(9) All dumpe and spille in the evaporator, boiler and liquor make-up areas
should be collected in a sump from which the liquid may be lost by
evaporation or peréolation into the ground. The“sqmp.should be constructed

po that collected sludge can be readily removed for disposal on land.

Even with the adoption of the foregoing practices, the effluent still contains |
lethal concentrations of materials known to be toxic. The concentration of some of
these materials in the final efflﬁent from kraft pulping may be from 2 to 20 ppm
of resin acids, 3 to 6 ppm of mercaptans‘and 0 to 0,5 ppm of sulphides. At one
mill where these in-plant practices are carefully conducted, the river which
receives the mill wastes has a hoticeable odor of sulphur compounds and the bed
of the river downstream from the mill outfall is covered with a thin layer of
elimes, These two problems of slimes and odors are reported to have been greatly
reduced‘by the foregoing in-plant practices (21) but they have not been completaly
eliminated,

It is not known to what extent the foregoing in-plant practices are followed
at fhe various mills from which effluent samples have been obtained for the
bioassays previously referred to. At present there is no rational basis for
relating these practices to effluent toxicity. The avaiiable evidence indicatep
that where these procedures are followed a dilution ratio of about 1:200 of
unbl.eached kfaft effluent may be adequate for survival of juvenile salmon, trout
and aquatic invertebrateé, although this is by no means conclusive. Assuminé that
a dilution of 1:200 would be satisfactory for é mill at Prince George, then on the
basis of a minimum flow of 3480 cfs above Prince George and 5330 cfs below Prince
George, it is estimated that the effluent from a production_of 560 tpd of kraft

pulp above Prince George and an additional 300 tpd below Prince George could be
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allowed without exceeding this dilution ratio. In the.event that combinations

of bleached and unblsached kraft pulp mills are established, then on the basis

of the indicated relative toxicities of the effluents and the average effluent
volumes from the two types of mills, one ton per day of bleached kraft pulp will
be considered to bée the equivalent of 1} tons per day of unbleached kraft pulp.
Thus the total production of 860 tpd of kraft pulp calculated above would be the
equivalent of about 570 tpd of bleached kraft pulp., This amount of production

is only slightly more than the one bleached kraft mill being considered. Since it
is possible that two or more mills of this same approximate size may be located in
the area, it is evident that the in-plant practices previously detailed would not
be adequate to protect the fishery and that further reduction in toxicity would be
necessary,

One method being tested for further eliminagtion of BOD and toxic materials is
spray irrigation of evaporator condensates on land (21). If suitable land is
available this procedure could be adopted at Prince George at least from May to
September. OSince these wastes normally have a temperature in excesé of iOO°F
it is possible that spraying or flood irrigation might be continued through the
winter period, if the ground could be kept from freezing. This could only be
| defermined by actual test.

It has been reported (28) that removal of 67 to 76 per cent of the BOD from
bieached kraft and neutral sulphite‘semi-chemical pulp mill effluent, has resulted
in substanti;l recovery of sensitive bottom organisms in the feceiving water,
While in this instance the recovery of thess organisms may have been primarily
~agsoclated with the return of adequate dissolved oxygen levels, nevertheless,
siﬁce these oréanisms have been fcund to have the same approximate sensitivity as
fish to the toxic components of kraft mill effluent, it is also possible that some

reduction in toxicity‘of the waste occurred as a result of the treatment, Data on
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the relationship bstween BOD removal and the toxicity of kraft mill effluent to

sqlmpn ;Emgéﬁwgzgi}gplal From the nature of viological treatment it is to be
expected thal some reduction in toxicity would accompany BOD reduction. ilowever,
not all the dissolved materials in pulp mill effluent are readily oxidized bj

short period biological treatment. This isshown by reported results of activated
sludge treatment (33) where BODvreductions of 78 to 90% were obtained but COD
reductions were only 38 to 64%. It has not yet been established which components
of black liquor are the principal causes of toxicity nor is it possible to
differentiate between BOD and GOD as possible indicators of relative toxicity of
pulp mill effluent. Reductions in BOD necessarily result in reductions in COD,
although the reductions need not be proportional.

It has already been determined that oxygen depletion in the Fraser River wouid
not present a problem for the magnitude of pulp production under consideration,‘but
this does not necessarily preclude treatment for BOD or COD reduction if it can be
done economically and at the same time achieve reduction in toxicity. The more
elaborate forms of treatment for BOD reduction such as biofiltration and.actiQated
sludge are expehsive and difficult to operate on pulp mill wastes, The cost of such
facilities to treat only the strong BOD wastes might %e as much as $500,000 for a
400 tpd mill and would add about 2 per cent to the capital cost of the mill,

"~ Considerable experience has been obtained in the Southern United States with the
operation of retention lagoons for suspended solids and BOD removal. Retention in
shallow ponds for 20 days achieved up to 85% reduction in BOD (29), Aeration has
also been found to reduce considerably the retention time required for removal of
BOD in storage lagoons (30). BOD removals of 64 to 93 per cent have been observed
in a period of 4 days retention at temperature of 20 to 40°C. Experience with
sewage lagoons under ice cover up to 26 inches thick (31) has sbownrthat BOD

removals of 70 to 96 per cent can be achleved under these conditions, although the
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lagoons become snaerobic. Anserobic conditions result.in the formation of
sulphides which could possibly nullify previous treatment for removal of sulphides.
Aeration of the lagoon would prevent anserobic conditions under ice cover, and
there appears to be no reason why such lagoons could not be successfully operated
under ice and snow cover. Aerated lagoons represent a. form of treatment
intermediete between activated éluﬂge end'}agoons.' They require more space than
activated sludge plents, but may be less expensive to construct depending én
availability of land and suitability of topography.

It has been observed during the conduct of bioassays (13) that storage of
pulp mill effluent samples for a period of 5 to 8 days resulted in very substantial
loss of hydrogen sulphide and methyl mercapten from the samples. As will be
discussed lster, it has also been observed thst retention of unbleached kraft pulp
mill effluent resulted in a decrease of pH which ranged from 0.05 to 0.2 pH points'
per day of stbrage. It is considered therefore that a lagoon which will retain the
whole mill effluent, other than those components which it has been specified can
be discharged without further treatment, for a period of at léast 5Idayshwould be
én assential part of the pulp mill waste trestment fecilities. In additiom to
allowing stabilization of the effluent, the lagoon would serve to even out
fluctuations in effluent quantity end characteristics; and could also be operated
as an aserated lagoon for reduction of BOD end COD, On the basis of available
evidence regarding toxicity and the probability of several pulp mills being
established in the vicinity of Prince George, it is considered that such treatment
to remove at least 70% of BOD and 50% or more of COD should be provided. It is also
congidered essential that the effluent to bhe discharged to the Fraser River should be
‘diffused into the entire cross section of the river in order to avoid possible

localized toxic conditions in the river.
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(c) Suspended Solids

The detrimentel effects of disyosel of suspended wcod and fibre 8o0lids to the
Fraser ilver have already been discussed. Most rulp wills practice conservation of
wood fibre throuch the use of save-alls and recirculation of white water. Normelly
white water from the Fourdrinier wire is passed through & Sveen-Federson save-all
or equivalent for the recovery of fibre. The fibre is returned to stock make-up
and as much as possible of the water is recirculeted. All dumps and spills in the
machine end stock rooms should either Le returned to stock or passed through the
save-all, An efficient save-all should reduce the fihre content of white water to
0.3 pounds per 1000 gallons. Under these conditions surplus white water may be
discarded to the mill outfall without further treatment.

The remaining sources of suspended solids; other then from the causticising
plant, are the final pulp washer and thé bleach plant. As previously noted the
amount of susbended solids will normelly renge from 25 to 45 pounds per ton of
pulp. At 400 tpd production this amounts to 10,000 to 13,000 pounds of solids per
day. Up to 90% or more of these suspended solids can be removed inva laéoon
providing 20 hours retention or in clarifiers with shorter detention (P2). Such a
lagoon or clarifier should be provided for removal of suspended solids in the
effluent prior to treatment in the retention lagoon. The pulping end bleaching
wastes should be combined prior to entering the settling lagoon and if necessary
the pH should also be edjusted at this point to permit settling or retention of any

precipitates that are formed.

(d) o

It is considered thst to avoid harm to fish, weste effluents should have a
pH averaging between 7.0 and 8.0 and in extremes not, more than 8.5 or less than
6.7 prior to discherge to the Fraser River. This is a standerd requirement

applied by the Depurtment to &ll industriel wastes, arrived at on the besis of
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available evidence (23). Discherge of acid or alkaliné wastes could ultimately
alter the pH of the river significantly, perticularly alkaline westes vhich would
not be buffered by the river water. It is considered that such a situation must
be avoided, and therefore all waste discherges must meet the foregoing requirement.

As previously noted, the pH of kraft pulring effluent may renge from 7.5 to
11.5 and combined bleached kraft pilp effluent from 4.5 to 6.0. In the case of
bleached kraft effluents, because of the stability of the materials producing the
acidity, it may be necessary to control the pH of the effluent by the addition of
lime or ceustic soda or other suitable cliemical.

In the case of a mill producing unbleached kraft pulp, it is pdssible that
some reduction in pH could be obtaihed by lagooning the waste, Measurements made
by the Washington State Department of Fisheries while conducting bloassays with
kraft effluent showed reductions of pH of stored samples ranging from 0.05 to 0.2
pH points per day of storege (24). This is mnother factor in favor of a retention
lagoon. While the reduction actually obtained may not be sufficient to lower the
effluent pH ﬁo the acceptable limit, it may nevertheless allow considaratle saving

in chemicel cost.

(e) ZEffluent Temperature

The temperature of the combined westes from pulp mills is reported to be
between 65 and 80°F, although the temperature of some of the components oflthe
waste may be as high as 150°F, If the effluent is adequately diffused into the
river, the temperasture rise of the river during critical warn water perlods would
be negligible. At minimum flows the temperature rise from the total production
proposed might be as wuch as 1.4°F but this is not considered to be of great
significance during the winter months as there are no salmon spawning grounds on
the Fréser River in the immediete vicinity of Prince George and this increase in.

temperature will be rapidly dissipated to the atmosphere.



(f) Sphserotilus
‘The Introduction of pulr mill effluents into rivers has bren olserved to cause

the growth of Sphaerotilus on the rivar Led. Thase "slimes" mey accumulste to
considernble depth on the river bed, therchby smotherins g Luon syawning beds,
Large mats of it may become detachad from the river bed and floet downstream. In
some locations this hes created a pretlem for commercial net fishermen (25, 26).

The growth of Sphaerotilus is considered to be associrted with the disposal
of wastes which yprovide & supply of the neéessary nutrients. Growth rete csnnot
necessarily be correlated to the FOD of the wastes (27). It hus leen found
experimentelly thet Sphaerotilus will grow in kraft ypulp mill effluent conteining
2 prm or more of kraft black liquor, snd that growl!l is not inhilited by the
presence of bleach plent wastes (?5).

It is belioved that the black liquor concentration in the Fraser River at |
Prince George will be less that 2 ppw #t mininum river flow if the mill effluent
is diluted in the river st 8 ratio of 1:100 or more. Cbservetions on the Jolumbia
River indieste that Sphserotilus doss not grow in the river adjacenﬁ to kraft'pulp
mills which operete chemical recovery systems. However, it has also been observed
- (26) that growth of Sphaerotilug occurs even at 1:500 dilution of bLleached kraft
mill waste. Observations reported in the literature (25,.26) indicate that the
growth of Sphaerotilus is limited te & distence of 4 to 15 miles downstream from
the mill source. During periods of high water ltempersture the extent of infestution
hes been observed to be greatly reduced (?6). Growth ceases et temperstures lower
than 40 to 45°F. The grestest e#tent of infestttion occurred between temperaturas
above this to about 67°F end declined repidly above this temperature.

There are‘no important salmon spswning grounds in fhe Fraser River immedisetely -
downstream from Frince Georgs in the ares thst would be most affected by growth of
Spheerotilus. The principal s&élmon spawning érounds in the main Fraser Rivér

downstresm from Prince George are located below Hope. It is considered to be
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unlikely that the effluent from the proposed mills will promote growth of
Sphaerotilus in the Fraser River below Hops, elthough this can only be determined
by actual observetion after the mills sre In operation. At the present time there
are no known succéssful ﬁeans of preventing the growth permanently, althongh it

has been delayed by intermittent discharge of the westes (26).

(g) Water Inteke Screens

Fresh water intakes in the Fraser or Nechako Rivers should be suitebly screened
to prevent salmon fry snd smolts from being druwn into the water system. Standard

specifications for the necessary screening are given in Appendix A.

Conclusiong snd Recommendetions

The major hazard to the Fraser River fishery that would be crested by kraft
pulp nills in the vicinity of Prince Georpge is tﬁa toxicity of the effluent to
salmon. On the basis of available data on'toxicity it is concluded that the
untreated effluent {rom even one kraft pulp mill of the size being considered
could result in concentrstions of toxic 'materials in the Froser Rivér at“Prince
George which would approasch the tolerance limit of salmon. It must be stressed
that‘the toxicity date on which this conclusion is based are not considered to be
completely adequate, and it is possible that even these concentrations may be
harmful., Until sdditionsl data arée aveilable on the toxicity of the effluents to
salmon throughout their freshwater life cycle, the conclusions reached in this
report regarding toxicity must necessarily be considered as being only tentative
end subject to change.

It is coencluded that in order to safeguard the salmon fishery of the Fraser
River, the diéposal of wastes frdm pulp mills in the vicinity of Prince George, or
at any other location on the river gystem must be very cautiously considered. It
is known that the quantity of toxic materials discharged from a kraft pulp mill can

‘be very considerably reduced by the in-plant procedures outlined in this report.
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Spray or flood irrigation offers prospect as s means of further reducing the
quantity of toxic meterials discharged. Treatment of mill effluent for BOD and
COD reduction may aiso be used as a means of reducing effluvent toxicity. The totel
produotion of kraft pulp that could be undertsken without hazerd to the'fishery
wouid depend largely on the success of measures employed to reduce effluent toxicity.
It 18 therefore rocommended that any. pulp mill to be located on the Fraaer_River
near Prince George should undertske to investigate the feasibil£ty of means of
reducing the toxicity of the effluent in addition to those specifiod 15 this report,
and should implement such qdditional messures as are found to be practicsl.

On the basis of the evidence prese&ted in this report, it is reoomﬁendod that
the following provisions be made at anyikraft pulp mill on the Fraser Hiver nesr
Prince George, in order to protect tho fishery. All facilities required by these

recommendations shall be subject to approval oy the Nepartment of Fisheries of

Canade before>the facilities are bu;lt.

1. Water intskes in the Fraser or Necheko Rivers should be screened to exclude
galmon fry and migrants in acoordance with the standard specification
detsiled in Appendix A.

- 2, Sludge from the raw water trestment should be disposed of on land where it

| cannot be washed into the Fraser Hiver.

" 3. The effluent from hydraulic log barkers should be clarified and zecirculated,
or otherwise should be clarified by suitable means to produce an effluvent
containing not more than 0.3 pounds of settleable solids per 1000 gallons.
Clarified effluent mey be discharged without further treatment.

4e The following in-plant practices should be followed to reduce the amount
of toxic materisls in the effluentt
(a) Blow and relief condensates should be used for make-up in the

causticizing system.
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(b) Turpentine should be recovered from the top relief and blow
condensates for disposal, and the water effluent from the
turpentine decanter should be passed through a Bergstrom tower
- for removal of volatile sulphides and mercaptans.

(e) All spills in the digester, blow and wash rooms should be
collected and returned io the black liquor system for recovery
of chemicalsg,

(d) Demister entrainment pads should be instslled in the multiple
effect black liquor evaporators to reduce carry-over of chemicals
to the condensate,

(&) livaporator condensates should be treated in a Bergstrom tower for
removal of sulphides and mercaptans and the effluent from the
Bergstrom tower and from the evaporator hot well should be
chlorinated sufficiently to oxidizé the remaining sulphur compounds.

(£) Resin.sdaps.should be separated from the black liquor during the
multiple effect evaporation and be disposed of by burning in thep
recovery furnaca.

(g) Countercurrent washing should be employed in the pulp washers, and the

| water from the first washer should be used for dilution of stock in the
bloy tank and be recirculated until it cbntains sufficient concentration
of chemicals to be discharged to black liquor storage for evaporation.
The final weak wash ghould be recirculated for stock dilution and if
possible be used instead of fresh water in the proceeding countercurrent
washes, Screenings rejected before and'aftér the countercurrent
waaheré should be disposed of on land or be burned. |

"(h) Weak wash waters from the lime mud washer in the causticizing plant

should be used for smellt dissolving.
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(1) All dumps and spills in the evaporator, boiler and liquor make-up
areas should be collected in a sump from which the liquid may be
lost by evaporation or percolation into the ground. The sump should
be constructed 56 that collected sludge can be readily removed for
disposal on land,

5. White water from the Fourdriniér machine should be passed ﬁhrough a aave-ail
for recovery of fibre and the clarified white water should be recirculated as
much ag pogsible. Surplus white water should contain not more than 0.3 pounds
of settleable solids per 1000 galiona and, undef these conditions, ﬁay be
disposed of without further treatment. All dumps and.spills in the machine
and stock rooms'ahould either be returned to stogk or passed through the
save-all, '

6. Emergency dieohargee.of digesters should be retained within the mill system
for reoovéry of chemicals and reméval of wood chips or fibra. Under no
circumstances should such discharge be made directly to the mill effluent
BeWer, .I '

7. Sewers carrying high BOD wastes should be congtructed so that these wastes
6an be diverted for separate treatment or disposél if feasible methods are
developed. ’ »

8, A settling lagoon should be provided to receive the mill wastes and retain
them for at least 20 hours for removal of suspended solids. The sewers from
‘the kraft pulping operation and from bleaching operation should be kept
separate up to the effluent settling lagoon, where they should be mixed prior
to discha:ge'to the lagoon. If necessary, the pH of the waste discharge should
be adjusted at this point to produce an effluent with a pH averaging between

7.0 and 8.0 and in extremes not more than 8.5 or less than 6,7,
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10.
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The effluent from this lagoon should then flow to ﬁ second larger retention
lagoon. This second lagoon shell provide at least five .days retention. It
should be baffled to prevent short circuiting of flow and should be constructed
8o that accumulations of scum on the surface, and accumulations of sludge on
the bottom can be readily removed for disposal on land., This lagoon should
be provided with sultable aeration déﬁiqes to prevent anaerobic conditions
under icercover. ‘Reduction of BOD and COD may also be accomplished in this
lagoon, or other additional facilities. Suitable aeration devices should be
provided~to supply sufficient oxygen and mixing of contents of the lagoon, or
othgr facility, to achieve the maximum practicable reduction of BOD and COD,
If required, the necessary nutrients should be added té promdte reduction of
BOD and COD, It is recommended that this treatment should achieve at least
70 per cent reductibn of BOD and 50 per cent or greater reduction in COD,

The 5 dayiretention lagoon is considered to be the minimum necessary for this
treatment and would be subject to revision based on actual operating
experience in reduction of toxicity of the effluent. | | |

The effluent from the retention lagoon should be discharged to the receiving

water through a submerged diffuser which will rapidly dilute the effluent into

the river. It will be necessary that such diffusers be constructed in a manner

which will intercept the flow of the river across its entire cross section.
A pystem of mdnitoring for chemical loss and measurement of pH and flow should

be incorporated in the mill design. The following instrumentatidﬁ is suggested

 as a minimum requirement consistent with determination of flows of the various

sources of effluent and determination of sources of chemical loss g0 that

corrective action can be taken,

- (a) pH of effluent from final lagoon
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{b) Flow of bleached and unbleached sewers prior té discharge to settling
lagoon
(c) Flow of final pulp wash overflow, overflow from save-all and
- contaminated condﬁnsate
(d) Conductivity meters should be placed in suitable locations to measure
the conductivity of thelfollowing wastes; evaporator condensates,
Bergstrom tower eftluent, blow condensate, relief condensate, final
pulp waéh overflow, the chlorinated pulp wash water and first bleach
alkali extraction effluent.
Detalled chemical. analyses should be;curried out in the effluent for a period
of two to three months after start~u§-of the plant and on the basia.of this
data a system of regular sampling should be instituted to check the effluent
for concentrations of materials deaiénated by the Department. A rggular
sampling ﬁrogram should élso be instituted from the start to check the
efficiency of BOD and COD removal., The results should be made available

to the Department of Fisheries at regular intervals.

Finally, it is emphasized that this report has been prepared to consider
apecificallj the fishery problems associated with the construction of kraft pulp
mills in the immediate vieinity of Prince George, discharging their effluént into
the Fraser River, and that the conclusions and recommendations would not necessarily
apply for mills in other 1ocations'in the Fraser River system. The reportbhaa not
congidered tﬁe additional effects of pulp mill effluent from other areas in the
Fraser River systém, nor the synergistic or additive effects of other Boufce§ of
pollntion'that'méy now exist or may exist in tﬁe future. These effects could
bacome significﬁnt and it is possible, therefore, that the conclusions reached in
this report may have to be modified in the future to require additional treatment

of the effluent from the pulp mills considered in this report,



APPENDIX A

Suggestions for a stationary type screen at water intakesg

to prevent losses to juvenile salmon and trout

l. Acceptable screening shall consist of two soreens at least two
inches apart. ¥

2. The outer screen shall have not less than two meshes per inch.
(Suggested sizes - 3 mesh, .072 diameter wire)
or - 2 mesh, .105 " ")

3. The inner screen shall have not less than eight meshes per
inch. (Suggested size - 8 mesh, .028 diameter wire)

4o The openings in the inner scrsen shall be not more than
0.10 inches square.

50 The open aress of the outer screen shall be not less than the
open area of the inner screen.

6. An area of 10 square fest of screen shall be provided for each

cubic foot per second (375 Imperial gallons per minute) of water

diverted.

7. Screen panels or fremes shall be suitably mounted with openings
around the panels not larger than 0,10 inches,

8, The screen shall be easily accessible for cleaning and shall
be cleared of debris at regular intervals,

Screens with the above specifications are applicable to
relatively small diversions including pump intakes.  Large
diversions usually present difficult cleaning problems and will
generally require special consideration, perhaps involving a self-
cleaning type screen,

33
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