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ABSTRACT 

The results of a comprehensive survey of three aerated lagoons treating kraft 

mill effluents in Westen1 Canada are presented. Each lagoon is provided with 

surface mechanical aeration and has a residence time of five days. 

Long term operating data for each system is reported including summer and winter 

BOD removal efficiencies, aerator loadings, and oxygen transfer efficiencies. 

Consideration was given to start-up procedures, temperature losses through 

the lagoon, optimum nutrient additions, pH effects, quiescent zones, and sludge 

accumulations. A detailed investigation of the overall mixing conditions in an 

aerated lagoon was made using Fluorescent tracer techniques. Lagoon geometry 

was more important than aeration horsepower in determining the mixing 

characteristics. Mathematical mixing models were developed for each system 

and are useful both for aerated lagoon performance prediction and for aerated 

lagoon design. 





PROJECT: K401S GOVERNMENT OF CA...~ADA 

BIOLOGICAL TREATHENT STUDY OTTAWA ONTARIO 

DATE: SEPTEHBER 1972 

SUMMARY 

The results of a comprehensive survey of three S-day aerated lagoons ~reating 

unbleached, partially bleached, and bleached kraft mill effluents in Western 

Canada are presented. The mills are located at Hinton, Alberta; Port Alberni, 

British Columbia; and Kitimat, British Columbia. Aeration at each installation 

is provided by floating surface mechanical aerators. 

Tracer residence time distribution studies show that geometry has a signifi-

cant effect on the overall mixing behaviour in aerated lagoons and some data 

is presented to support a theoretically predicted effect of geometry on BOD 

removal. A partially mixed system, as found in larger length:width ratio 

lagoons, shows operational advantages over a totally mixed system, as 

characterized by lower length:width ratios. 

A BODS loading rate of between 2 and 2.S lbs per nameplate horsepower-hour is 

shown to be optimum. Lower loading rates produce a smaller removal of BODS 

per nameplate horsepower-hour, while maintaining a high BODS removal efficiency. 

However, at higher loadings, the BODS removal rate is larger but the percent 

BODS removal efficiency decreases. When dissolved oxygen is not a limiting 

factor, 7S percent of the BODS is removed in a 5-day aerated lagoon on a year-

round average. 

On the basis of a BOD 20 :BODS ratio of 1.7:1, the oxygen transfer efficiency 

of high speed mechanica.1 surface aerators was estiraated to be 2.8 Ibs oxygen 

per nameplate horsepmver-hour. 
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It is recommended that "tapereJ" aeration be used in larger L:W systems when 

spacing aerators. A correlation is developed relating the axial dispersion 

model parameters to lagoon geometrical parameters for this purpose. 

Provision of a quiescent settling zone at the end of the aerated lagoon is of 

benefit in reducing the suspended solids level in the effluent. Approximately 

0.3 days residence time is adequate to remove settleable solids. Quiescent 

residence times as large as 1.5 days are not as efficient because anaerobic 

conditions will result in re-suspension of settled material in such a large 

zone. 

Supplemental nutrients to raise the BODS:N:P ratio to 100:3.0:0.5 are required 

to promote efficient biological treatment of kraft mill effluents. 

Seeding is not required either for start-up or for recovery after a serious 

spill in aerated lagoons treating kraft mill wastes which include barking 

wastes. 

The heat losses in an aerated lagoon occur mainly through the surface. With 

influent temperatures of 36°e to 300 e, an ambient temperature range of 

+20 0 e to -200 e caused only a l6.S
oe drop in the mean lagoon temperature 

between summer and winter conditions. This corresponded to a 10 percent 

decrease in BODS removal efficiency. 

Influent pH variations between 7 and 11 have no detrimental effect on lagoon 

operation due to the mixing and neutralization capacity in a completely mixed 

lagoon. The partially mixed lagoons appear to tolerate shock pH variations 

between 5.8 and 10.0. 

Aerated lagoon operating data throulhout the duration of this study is reported 

and siEnificant sludge accumulations ,,,ere no ted ill a 1agoo'"[ that bad been in 

operation over four years. 

(viii) 



1. INTRODUCTION 

COVERt\THENT OF CANADA 
OTT AHA ONTARIO 

DATE: SEPTEMBER 1972 

This re.port, a comprehensive study of aerated lagoon performance, was 

prepared by T.W. BEAK Consultants Limited, Vancouver, British Columbia. 

The project was financed jOintly by the Department of Energy, Mines and 

Resources (now the Department of the Environment) of the Canadian Federal 

Government and by three pulp and paper mills whose treatment facilities 

were the object of the investigation. 

The three mills were 

1. North Western Pulp & Power Ltd., 
Hinton, Alberta. 
(NWP&P) 

2. MacMillan Bloedel Ltd., 
Alberni Pulp & Paper Division, 
Port Alberni, British Columbia. 
(ALPULP) 

3. Eurocan Pulp & Paper Company Ltd., 
Kitimat, British Columbia 
(EUROCAN) 

The Federal Goverrunent provided direct financial support while the 

mills together contributed an equivalent amouut in terms of manpOYlcr 

and the use of laboratory equipQcnt and supplies to perform the field-

work. 

The date; reportect her.e1.n ,,,ere coll('cteo from SFring 1970 to Fall 1971. 
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SCOPE 

The general objective of tlds \vork ,vas to investigate the performance 

of fllll scale aerated lagoons in the treatment of pulp and paper mill 

effluents. Specifically, the follO\Jing topics were considered : 

1. Determination of treatment efficiency as a function of operating 

variables such as 

BOD loading and aeration horsepower 

- temperature 

- nutrients 

- pH. 

2. Development of a mathematical model for each system that 

adequately describes the mixing conditions and permits reliable 

prediction of treatment efficiency. 

3. A comparative evaluation of the three systems with respect to 

- pond geometry 

- aerator spacing 

- provision of quiescent zones. 

4. Evaluation of mechanical surface aerator performance with 

respect to 

- oxygen transfer 

-. mixing. 

5. Determination of heat losses from aerated lagoons operating 

in cold climates. 

6. Determination of thc importance of the operating variables 

during the start-up phase of the treatfucnt system. 

7. Operating data for each system over an extended period of time. 

(K4015) -2-



3. CONCLUSIONS AND IIvlPLICATIONS FOR AERATED LAGOON DESIGN AND PERFORHANCE 

The following points summarize the findings of this study of aerated 

lagoon treatment of fully bleached (NWP&P), partially bleached (ALPULP), 

and unbleached (EUROCAN) kraft mill effluents in I-Jestern Canada. 

3.1 BOD Loading and Horsepower Requirements: 

For a particular system, the BODS removal efficiency generally de­

creases as the BODS loading per nameplate horsepower-hour increases. 

Neglecting mixing and temperature effects, when the loading rate was 

greater than about 4.0 lbs BODS/NPHP-hr, the removal efficiency was 

less than SO percent, but with a loading rate of less than about 4.0, 

the efficiency was between SO and 80 percent (see Figure 7). 

The BODS removal per NPHP-hr was essentially independent of the BODS 

loading rate above 2.2 Ibs BODS load/NPHP-hr. Belm-l this point, the 

BODS removal rate decreased linearly with decreasing BODS loading 

rate (see Figure 8). However, the percentage BODS removal decreased 

with increasing BODS loading rate (see Figure 7). This results in an 

optimum BODS loading rate of between 2 and 2.S Ibs/NPHP-hr. At ALPULP 

where dissolved oxygen was not limiting, the resulting average BODS 

removal efficiency was approximately 75 percent (year-round) whereas 

at Nt.JP&P an average removal efficiency of about 60 percent was ob­

served possibly due to a shortage of dissolved oxygen. The scatter in 

the data in Figures 7 and 8 may well be due to variations in lagoon 

temperatures, residence time, and mixing conditions. 

3.2 Temperature Effects_: 

Typically, mean ambient temperature varied approximately from +20oC 

to -20uC resulting in temperature drops across the lagoon from about 
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6
0

C in sunm!t!r and about l3.Soc in winter respectively. Temperatures 

of the lag00n infl uent h'cre about 36
0

C in summer and 300 e in winter. 

Wilen dissolved oxygen was not limiting, a 10 percent difference in 

BODS removal efficiency was observed between summer and winter con­

ditions corresponding to a lagoon temperature of 30
0 e and l6.Soe 

respectively (see Figure 9). For a dissolved oxygen limited situation, 

this difference was observed to be about 20 percent. 

3.3 Nutrient Additions: 

Without supplemental nutrient additions, the BODS removal eff:i.ciency 

in a S-day aerated lagoon treating kraft mill effluent can be 

expected to be less than 50 percent. A nutrient ratio of 100:3.0:0.5 

BODS:N:P (including nutrients already in the effluent) appears to be 

adequate for efficient biological treatment in a S-day aerated lagoon. 

These values were confirmed in batch studies carried out to determine 

optimum nutrient ratios for start-up. 

3.4 .ElLEffects: 

(K40lS) 

Bleach plant acid wastes were used to neutralize the aerated lagoon 

influent at NI']P&P and ALPULP. This practice was successful in 

maintaining the influent pH below 8.0 at NWP&P and 7.3 at ALPULP 

ninety-five percent of the time. At NI']P&P, influent pH values 

reached 10.0 only one percent of the time. The experience at EUROCAN 

has shown that pH control before biological treatment is not 

required for an unbleached kraft mill effluent. Successful operation 

of this well-mixed Jerated lagoon within a pH range of approximately 

7.5 to 9.0 was possible with influent pH variations from 7 to 11 

(five and ninctv-five percentile limits). 
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3.S !:1atllCinatical !'lodl:...lliI2Z..: 

This study has der::ons tra ted the usefulness of ma thema tical mixing 

models for investigatil\g oxygen transfer, BOD removal, BOD profiles, 

lagoon geometry, overall mixing characteristics, effect of aeration 

horsepow.er input, and optimization of aerator placement. Six 

hypothetical mathenlatical mixing models were fitted to the tracer 

data from each lagoon. These results shmv that for hand calculation 

of a predicted ROGS removal for each system, the unequal mixed tanks­

in-series model is very useful and relatively simple. Hmvever, the 

more complicated dispersion model may be used to predict the BODS 

profile along the lagoon. In both cases, first order BODS removal 

rates obtained from batch studies inoculated with adequate nutrients 

and seeded with sludge from the prototype system were used for the 

reaction rate constants in making the predictions. Actual field 

measurements on the prototype systems confirmed the value of combining 

batch rate data with mixing models derived from tracer residence time 

distributions. 

3.6 2.J2.!:.imum Lagoon Shape: 

Residence time distribution studies using fluorescent tracer 

techniques have indicated that geometry plays a very important part 

in determining the overall mixing behaviour in an aerated lagoon. 

The relatively square EUROCAN lagoon approached completely mixed 

behaviour. lIm,"ever, the other lagoons had a larger length:widtb 

ratio and, while not being true plug flow systems, did exhibit 

partially mixed behaviour. 

··5-· 



Assuming a first order BODS removal mechanism and if all other 

variables such as residence time, BODS loading, temperature, aeration 

horsepower, etc. are held constant, then theoretical mixing consider­

ations dictate that a partially mixed system will yield approximately 

a 7 percentage point better BODS removal than a completely mixed 

system (see Table 10). 

In fact, because of the large number of variables associated with waste 

treatment in this study, it was difficult to detect the difference. 

However, oxygen uptake rates in the ALPULP lagoon (L:W = 12.5:1) ranged 

from about 4.0 ppm/hr at the influent end to approximately zero a·t the 

effluent end of the lagoon, indicating that the immediate oxygen demand 

of the waste was satisfied. At EUROCAN (L:~.J = 1.2:J), oxygen uptake 

rates were more uniform throughout the lagoon (1.5 to 2.5 ppm/hr) 

indicating that all the short-term oxygen demand was not satisfied 

in the effluent. 

Furthermore, the residence time distribution studies show that about 

13.4 percent of the total waste flow at EUROCAN received biological 

treatment for a period of 24 hours or less. The corresponding value 

at ALPULP is 5.3 percent of the total flow. This becomes increasingly 

important when high BOD and/or toxicity removals are required. 

Therefore, a lagoon with a large length:width ratio should give better 

performance than one \v'hose 1ength:\\'idth ratio approaches unity, all 

else being the same. 

Hmiever, it should be noted that a balance must be struck between plug 

flow behaviour and the more practical consideration of the buffer 
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capacity for shock loads and self-seeding of lagoons. At the 

partially mixed ALPULP lagoon, shock loads had no significant 

10ng-terft1 detrimental effect on treatment efficiency. 

3.7 Aerator ~pacing: 

When locating aerators, it is of advantage to provide "tapered" 

aeration by spacing them closer at the head end of the lagoon than 

at the lower end. The designer can do this rationally by ca1cu1at-

ing the dimensionless dispersion number Q from equation 4 and using 
uL 

this to predict the BOD profile along the lagoon with equation 5-2 

in Appendix 5. The aerator spacing may then be weighted according 

to the BOD profile. 

3.8 Provision of Quiescent Zones: 

At ALPULP and EUROCAN, provision of a settling zone at the end of the 

aerated lagoon of approximately 0.3 days residence time removed 

nearly all of the settleable solids and about S to 10 percent of 

the suspended solids. AT N1VP&P, the large 1. S day quiescent zone 

only reduced the settleable solids concentration from about 60 ppm 

to about 40 ppm and the suspended solids by about 20 to 30 percent. 

The anaerobic activity in this large quiescent zone caused some 

re-suspension of the settled sludge, thereby affecting the quality 

of the treated effluent. 

3.9 Aerator Performance: 

A year-round 2.verage of 1. 87 lbs of BODS were removed per nameplate 

horsepO'.,ler-hour in the ALPULP lagoon while 1.4S Ibs BODS/NPHP-hr 

was removed at ;'i\·rPE,p (see Table 2 and Figure 8). Based on one 

pound of OXYf,en slJPplied per pound of BOD
20 

removed, the oxygen 
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transfer efficiency of lite ALP[]L]' surface aClators was esti-

mated to be 3.18 lbs 02/i-lPHP-hr. At NI'JP&P, it ,vas 2.47 lbs 

O/NPIIP-hr. It is estimated that 2.8 lbs O:/NPHi-'-hr would be 

the average transfer efficiency for these aerators. The EUROCAN 

data were not used in this analysis because below a BOD5 loading of 

2.2 lbs/NPHP-hr, a lower BODS removal rate is observed. 

Residence time distribution studies have shown that the overall 

mixing behaviour in an aerated lagoon is significantly more dependent 

upon the system geometry than upon the aeration horsepower input for 

the energy input range of 2.4 to 11.6 HP/106 US gallons. 

Radial velocity profiles about an aerator showed an outward flow at 

the surface beneath which was a null point and then an inward flow. 

The depth of the null point increased with distance from the aerator. 

These results support the NCASI (1971) studies which were published 

after this work was undertaken. At NWP&P it was found that the 50 HP 

high speed aerators can draw water from depths of 22 ft as evidenced 

by the lack of sludge accumulation immediately beneath the aerators. 

In this study there was no evidence to indicate what maximum depth 

can be employed for aerated lagoon design. 

3.10 Heat Losses: 

:K4015 ) 

Temperature drops across the aerated lagoons ranged from 6°C in 

sumner to l3.SoC in winter. When the system is well mixed 

(e.g. ElJROCAN) the entire lagoon is essentially at the outflm,' 

temperature whereas in a partially mixed system there is a linear 
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temperature profile along the lagoon. T:1c major heat-loss was 

through the lagoon surface bnd was correlated to the difference 

between ambient and mean lagoon temperature. The heat transfer 

coefficient, f, ~ckenfelder (196lD was calculated to be 

8.66 x 10- 6 USMGD/ft2 for ~.Jestern Canadian climatic conditions. 

No relationship between the heat transfer coefficient and the 

aeration horsepm;er input was evident in this. study possibly 

because higher aeration horsepower inputs produced a greater 

foam cover that acted as a better insulator against heat 

losses. 

3.11 Start-u..E.: 

Aerated lagoons treating kraft mill effluents require no seed 

inoculum when starting up or for recovery after a toxic spill. 

In the mills tested, which included the ylaste from debarking 

operations, the very high bacterial content thereby rendered 

the aerated lagoon system self-seeding. This study did not 

investigate mills without debarking operations. Oxygen uptake 

rates, a rapid method of determining the degree of biological 

activity, increased from 0.5 to 4.0 ppm 02/hr fo11m·ling the 

addition of nutrients during start-up of the ALPULP system. 

Correspondingly, the BODS re~oval efficiency also showed a 

marked increase following nutrient additions during the start-

up phase of operation. Successful start-up at ALPULP was 

achieved by filling the aerated lagoon with undiluted waste 

and then adding nutrients. At EUROCA:>l, \l7here the mill 



operation started concurrently with the aerated lagoon, the 

importance of installing a toxic spill basin and settling ponds 

ahead of the aerated lagoon, and the provision of adequate and 

separate supervision of the \.'aste treatment facilities were 

evident. 

3.12 Shock Loadin[: 

During the monitoring period, no shock loads were experienced 

of sufficient magnitude to significantly affect the long-term 

operation of any of the lagoons. 

3.13 Operating Data: 

(K40lS) 

Aerated lagoon operating data recorded during the course of this 

investigation are presented. Sludge accumulations are likely 

to occur in the vicinity of the influent line and in relatively 

unmixed regions between aerators and in corners. Approximately 

0.2 Ibs of solids were produced per pound of BODS removed in 

the NWP&P aerated lagoon. 
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4. !.ITERATURE Rr:VIEJ,..! 

4.1 General Cor.lJllents: 

The development of aeraLed lagoon design has loeically evolved from 

waste stabili~ation pond design. Natural surface reaeration and 

photosynthetic oxyge~ arc inadequate to meet the oxygen demanded by a 

highly loaded stabilization basin. Consequ~ntly, supplemental oxygen 

must be introduced by either diffused air or mechanical surface agitatiol 

in order to maintain desirable aerobic conditions. The first aerated 

lagoons were fairly shallow with depths similar to those of waste stabi­

lization ponds (4 to 6 ft) [McKinney & Edde (1961)]. Later designs 

have taken more advantage of the mixing capabilities of the aeration 

devices and depths of up to 22 feet have been used. 

Eckenfelder (1961) has stated that the mechanism of removal of organic 

waste matter in aerated lagoons of relatively low turbulence levels is 

by both aerobic action in the liquid and anaerobic decomposition of 

settled solids on the lagoon bottom. In lagoons with high turbulence 

levels, no significant sludge deposits can occur; all the solids will 

be in suspension, and the system is analagous to a dilute activated slud 

system. 

4.2 Aerated ~agoon Biokinetics: 

Commonly it has been assumed that the biological oxidation of organic 

matter i.n aerated lagoons can be represented mathematically by a first 

order rate express ion {Bartsch and Randall (1971 )J. However, Eckenfelder 

(1961) has suggested us~ of a retardant mechani&m, and O'Connor and 

Eckenfelder 0.960) state tl;at some effluents can best be fitted by a ZE 

order mechanism. Mar~is and Carri (1970) extended concepts previously 

developed for waste stabi]j~atjon lagoons [~arnis (1970)] to include 
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the benthal demand of settled solids in a first order removal kinetic 

mechanism. 

The temperature dependence of the first order reaction rate constant 

(k), at temperature T, has been found to follow the relationship: 

kT k Q (T-20) 
20 

where Q is reported to range from 1.035 to 1.09 and k20 ranges from 

about 0.2 to 1.0 days-l for various waste [O'Connor & Eckenfelder 

(1960), Eckenfelder (1966), NCASI (1966), Carpenter et al. (1968), 

Marais & Capri (1970~. 

In a survey of several aerated lagoons [NCASI (1971)] overall design para­

meters for optimum BOD removal were found to be 2.0 lb BOD applied/HP/hr, 
5 

which resulted in an average of 1.75 lb BODS removed/HP/hr. In 

addition, Eckenfelder and Ford (1970) state that from 0.9 to 1.4 pounds 

oxygen are required for every pound of BODS removed. 

4.3 Aerated Lagoon Mixing: 

For design purposes, it has been assumed that all aerated lagoons behave 

like completely mixed reactors [Eckenfelder (1967), Mancini & Barnhart 

(1968)J. The standard design textbooks reiterate this assumption 

[ Eckenfelder (1966), Eckenfelder & Ford (1970)J. A study by the National 

Council of the Pulp and Paper Industry for Air and Stream Improvement 

[NCASI (l971)J reported concentrations of BODS and suspended solids 

throughout several lagoons end concluded that only those basins of 

relatively square geometry were, in fact, completely mixed. It was found 

thDt for horsepower mixing inputs greater than 8 HP/I06 US gallons and 

a lcngth:\orLdtil r2tio of less than /,:J., the lagoon \vould be relatively 

homogeneous in BODS and suspended solids content. 

(K4015) --12-



V0ry little work has been done on determining aerated lagoon mixing 

charClcteristics by means of th.e more fundamental residence time distri­

bution approach. O'Connor and Eckenfelder (1960) injected a tracer into 

an aerated lagoon of 2:1 length:,~idth ratio. Sparjers provided mixing and 

diffused aeration. Following a qualitative examination of the system's 

tracer response, COD and oxygen uptake rate profiles, they concluded that 

the system could be considered completely mixed. In a report prepared for 

Metropolitan Winnipeg [Burns et ale (1970)] on aerated lagoons treating 

municipal waste, a tracer test was attempted using fluorescein and Rhoda­

mine B tracers. Unreliable quantitative results were obtained due to 

photochemical decay and adsorption of tracer; however, a qualitative'ana­

lysis of the data indicated a "significant level of mixing ". Thirumurthi 

(1969) performed tracer tests in a lab scale vessel simulating an unmixed 

waste stabilization basin. The vessel exhibited neither ideal mixing nor 

ideal plug flow and the dispersion model was used to describe the mixing 

behavior of the system. 

4.4 Mechanical Aerator Performance: 

The mechanical aerator performs two basic functions - first, it must 

supply adequate oxygen to meet the requirements of the aerobic bioche­

mical oxidation mechanism, and second, it must provide sufficient mixing 

to promote contact between the untreated waste and' the suspended biomass 

in the lagoon. 

The NCASI study (1971) reported velocity profiles and zones of influence 

in the vicinity of mechanical aerators. It was found that significant 

radial velocities could be detected up to 100 feet from a 50 HP aerator 

and 175 feet from a 100 lIP unit. Furthermore, random background veloci­

ties beyond these radii were adequate to maintain a dissolved oxygen level 
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for an additional 50 to 100 feer. For aerators of relatively small 

size, it was found trlat a large number of small horsepower units (i.e., 

5 units x 10 HP each) provided a larger zone of influence than a small 

number of large horsepower units (i.e., 2 units x 25 HP each). However, 

the inverse was true for aerators greater than 25 HP each. The velocity 

measurements for one installation indicated that 100 HP aerators could 

circulate liquid from the bottom of an 18 foot deep lagoon. It was 

recommended that the aerators be placed to meet the oxygen demand of the 

system. For example, a uniform aerator spacing would be suitable for a 

completely mixed lagoon, whereas in a partially mixed system, more 

aeration capacity should be located nearer the incoming waste than 

near the lagoon outlet. 

Amberg et a1. (1971) also reported that t\VO 75 HP units were "more 

efficient mixing and aeration devices" than six 25 HP units. 

To maintain a uniform dissolved oxygen concentration, but still allow 

settleable solids deposition, suggested overall design parameters vary 

from 15 to 20 HP/l06 US gallons [Eckenfelder 
, 

(1966), Beychok (1971») 

down to 4 to 8 HP/J0
6 

US gallons[hckenfelder (1967), Gillespie (1970), 

NCASI (1971)]. The NCASI survey (1971) concluded that if the lagoon 

loading were less than 600 lbs BOD
5

/USMGD, only about 0.1 to 0.2 lbs 

suspended solids per pound of BODS removed would be produced and much of 

this would be in a non-settleable dispersed growth form. However, if the 

lagoon loading ,"erE' increased dbove 600 lbs BODS/USHGD, considerably more 

settleable solids ploduction vould occur per pound of BODS removed. To 

prevent the deposition of thesE' solids, they recornTilended using at least 

JlS) -14-



6 
14 liP/IO US gallons; otllerwis v , only enough horsepower sufficient to 

induce adequate oxygen transfer is necessary. 

Even so, Haynes (1968) still observed sludge deposits with power inputs 

of about 14 and 16 HP/l06 US gallons. Eckenfelder (1967) has stated that 

bottom scour velocities of 0.4 to 0.5 ft/sec are necessary to keep all so-

lids in suspension and that this would be roughly equivalent to 30 to 60 

6 HP/lO US gallons. 

4.S Solids Production and Deposition: 

Sludge deposits in an aerated lagoon are the result of carry-over and 

subsequent sedimentation of settleable solids from the primary treatment 

system and deposition of a portion of the biological solids produced during 

stabilization of the organic waste. 

Laing (1968) in observing a lagoon of 2.13 x 106 US gallons volume with 

a power input of approximately 8.S HP/10 6 US gallons noted that solids 

deposition was greatest at the mid-points between the aerators. The NCASI 

report (1971) stated that considerable sludge "'ill accumulate around the 

influent pipe and after that, settleable solids will be found in regions 

of limited mixing influence such as corners and the mid-points between 

aerators. 

In general, microbial solids production in aerated lagoons is in the order 

of 0.1 to 0.2 lb suspended solids per pound of BODS removed [O'Connor 

& Eckenfelder (1960), Amherg et a1. (1971)]. However, the Metropolitan 

Winnipeg study [Hurns et al. (1970») reported unexpec tedly high sludge 

yields typical of values co~npn Lo an activated sludge process (approxima-

tely 0.4 to 0.5 1b SS/lb BODS relJoved). The system's performance dete-

riorated in t.lu2 slIrr.mer and thi~: \1.:1~~ attributed to the build-up of sludge. 
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As mentioned previously, ~~arais and Capri (1970) have formulated an aera-

ted lagoon n~odel based on a completely mixed system but accounting for 

the benthic demand of the settled sludge. Inadequate available experi-

mental information necessitated that they guess appropriate values for 

their model parameters. A computer simulation study using this model 

clearly showed the effects of sludge deposits. In the cold seasons, 

the very temperature-sensitive anaerobic processes in the sludge deposits 

are slow and the continual deposition of solids increases the total 

volume of the settled sludge. During the warmer seasons the anaerobic 

decomposition rates greatly increase and the accumulated volume of 

settled sludge declines. A portion of the anaerobic byproducts enters 

solution thereby contributing an additional organic loading on the 

aerobic processes in the lagoon. 

For design purposes, Eckenfe1der and Ford (1970) suggest using a safety 

factor to account for this feedback of anaerobic products when calculating 

the load on the aerators. They recotlunended a factor of 1.2 for summer 

conditions and 1.05 for winter conditions. 

4.6 Nutrient Additions: 

Supplemental nutrient additions (nitrogen and phosphorus) are required if 

if the waste is deficient in these two substances particularly when lagoon 

residence times are less than 10 days [Gillespie (1970), NCASI (1971)] . 

Suggested dosage rates in the literature are usually close to that found 

to be optimum for the activated sludge process, that is 100:5:1 BODS:N:P 

i 1 LGillespie (1970), NCASI (1966) . However, some workers report their 

figures in terros of BOD_ rewovcd:N:P. These ratios are slightly 
:J 

different: for e::a11lple, 100:!1:1 bv Eckenfelder (1966) and 100:4.6:0.87 

by Haynes (1968). 

(K4015) --16--



4.7 Thermal Losses 

With such long residence U ;':c:.:~ ;n~d 1a.rge. surface areas, significant heat 

losses readily occur from aerated lagooIls when the liquid temperature dif-

fers from the ambient te.mperature. Eckenfelder (1961), (1966) has stated 

that the heat loss through the lagoon is proportional to the lagoon sur-

face area and the mean liquid-air temperature differential as follows: 

where T. ,.,. iniluent temperature 
1 

T = effluent temperature 
e 

Tm = mean lagoon temperature 

T = ambient air temperature 
a 

A = lagoon surface area (square feet) 

Q = waste flowrate (USMGD) 

and f = proportionality constant accounting for heat transfer 

coefficients, wind effects, humidity effects, surface 

area increases as a result of aeration, and other factors. 

ASsui11ing a completely mixed system, the proportionality constant, f, has 

been found to be 12 x 10-
6 

for the Central United States 

[Eckenfelder (1961)J. Presumably this value is an overall mean and no 

account of variations in foam cover is taken. 
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5. MILL AND l'REATHENT SYSl'E~l DESCRIPTIONS 

A brief description of the mill processes and \·!aste treatment systems 

follows. A more comprehensive outline of the waste treatment facilities 

at each mill appears in Appendix 1. 

5.1 NWP&P: 

The NWP&P mill, situated in Hinton, Alberta, on the Athabasca River, 

produces approximately 600 TPD of fully bleached kraft pulp utilizing 

a CEHDED six stage bleaching sequence. The wood furnish at NWP&P is 

approximately 60 percent spruce and 40 percent pine. It is hauled to 

the mill by land. 

The waste treatment system, completed in 1967, was designed to treat the 

total pulp mill and woodroom effluents except the bleach plant acid 

waste. It consists of primary clarification, nutrient additions, 

pH adjustment, and biological treatment in a 5-day aerated lagoon. 

An aerial photograph and a waste treatment system schematic are shown 

in Figures 1 and 4 respectively. 

5.2 ALPULP: 

(K40l5) 

The ALPULP mill, situated in Port Alberni, B.C., at the head of 

Alberni Inlet, is an integrated mill complex producing approximately 

900 tons per day (TPD) of kraft pulp and 1000 TPD of groundwood. About 

300 TPD of the kraft pulp is bleached utilizing a CEH sequence. The 

wood furnish at ALPULP is about 80 percent hemlock and balsam, 

10 percent fir, and 10 percent cedar. It is transported to the mill 

by \vater. 

The vmste treatlllcnt facili ties comprise collector sCHers, primary 

clarification and a 5-day retention aerated lagoon. Approximately 
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50 percent of the total mill waste flow receives treatment. This 

accounts for about 85 percent of the total volatile suspended solids 

and about 60 percent of the total BODS from the mill. Nutrients are 

added to the waste stream to promote efficient biological treatment. 

p~ aerial photograph and a waste treatment schematic are shown in 

Figures 2 and 5 respectively. 

5.3 EUROCAN: 

The EUROCAN mill, situated in Kitimat, B.C., on the Kitimat River, 

consists of an unbleached kraft mill producing linerboard, sack 

paper and pulp, and a sawmill. The mill, with a design production 

rate of 915 TPD of kraft pulp and 130,000 Mfbm/A of sawn lumber, 

was brought on-stream in early October, 1970. The wood furnish 

at EUROCAN is about 30 percent hemlock, 22 percent balsam, 30 percent 

lodgepole pine, 11 percent spruce and 7 percent miscellaneous. It is 

transported to the mill both by water and over land. 

The waste treatment facilities were designed to treat the total 

effluent from both the pulp mill and the wood mill. A clarifier, 

a spill basin, two solids settling ponds and a 5-day retention aerated 

lagoon are the principal components of the treatment process. Nutrients 

are also added to the waste stream. An aerial photograph and a waste 

treatment system schematic are shown in Figures 3 and 6 respectively. 

5.4 Required Effluent Standards: 

(K4015) 

The effluent quality standards presently specified by the provincial 

regulatory agencies for each of the mills are summarized in Table 1. 
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These figures J'cpresent the requirmnents for the total wastewater 

discharge from the mills, and differ due to the variations in the 

mills, the mill locations, and the watercourses into which the 

wastes are discharged. 
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6. DESCRIPTION AND EVALUATJO~ OF T[STJ~G PROCEDURES 

Most of the analyses tor the study were performed in the laboratory facilities 

of each participating mill. Hith the exception of some minor modifications, 

all analyses were conducted in accordance with the procedures given in the 

12th Edition of Standard Nethods for the Examination of Hater and Wastewater 

(1965). A description of any modification used is given in Appendix 2. 

Several test evaluations were performed to assess the validity and 

reproducibility of the testing procedures as used at each mill, and to ensure 

that the test results from each of the mills were comparable. These results 

are also reported in Appendix 2. 

The BODS determinations followed the Standard Methods (12th ed.) procedure 

with the exception of minor variations in seeding of the dilution water at 

each mill. 

Suspended solids were determined using the asbestos mat/Gooch crucible method 

at NWP&P. Quantitative filter paper (recommended by the Technical Section 

CPPA) was normally used for routine suspended solids analysis at ALPULP and 

EUROCAN. Glass fibre filters were also tried at NWP&P, ALPULP and EUROCAN. 

Dissolved oxygen was measured in BOD bottles with a YSI dissolved oxygen 

meter with a self-stirring probe. In situ measurements at the lagoon were 

made with an ElL Model 5420 meter with a submersible probe. Periodic 

calibration checks were performed using the Standard Winkler procedure. 

Oxygen uptake rate measurements (the rate at ",hich dissolved oxygen is 

depleted in a \-7aste sample) are described in Appendix 2. 

Determination of alpha values (tile ratio of the overall mass transfer 

coefficient of the wastp (kLa) to the overall mass transfer coefficient 
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of tap wBter) is also described in Appendix 2r 

Total and soluble organic carbon analyses V.'cre performed by the Department 

of the Environment in Calgary, Alberta. 
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7. STUDY EXECUTION 

To fulfill the objectives of this study, an extensive sampling and testing 

program was performed to dptermine the operating parameters and treatment 

characteristics at each of the lagoons. Six detailed system" characterization 

studies were conducted at ~~P&P, four at ALPULP and two at EUROCAN. 

Following a sufficient time to allow for the establishment of equilibrium 

conditions, each study took about 2 weeks to complete. The only variable 

changed during the studies was the aeration horsepower. 

The aerator configuration was set and operated for at least one week before 

testing was started. On day 1, the tracer study was begun by installing 

and calibrating the fluorometer, and injecting the tracer at the lagoon 

inlet. On day 2, cross-sectional profiles of the lagoon were taken at two 

locations and analyzed for temperature, dissolved oxygen (D.O.), pH, and 

suspended solids. The next day, longitudinal profiles of temperature, D.O., 

pH, suspended and total solids, BODS' COD, TOC, SOC, and oxygen uptake rate 

we~e measured. Batch treatment studies were set up in the laboratory during 

each study. 

During the second week the system monitoring program included aerator 

velocity profiles, nutrient analyses, evaluation of the testing methods 

and some further la~on sampling. Twenty-four hour composite samples of 

lagoon influent and effluent were analyze~ daily throughout the entire 

testing period at each mill. 

Details of the techniques used to sample the lagoon are outlined in 

Appendix 3. 

(K4015) -23-



8. TREATHENT EFFICIENCY AS A FUNCTION OF OPERATING VARIABLES 

8.1 Effect of BODS Lo~ding and Aeration Horsepower: 

The monthly aerator perfonnance, as measured by the amount of BODS 

removed per unit horsepower input is summarized for the three 

systems in Table 2. 

For a particular system, the percent BODS removal efficiency gene­

rally decreased as the BODS loading per horsepower-hour on the lagoon 

increased, as shown in Figure 7. Neglecting mixing and temperature 

effects for the moment, it is seen that when the loading rate was 

greater than about 4.0 lbs BODS/NPHP-hr, the removal efficiency was 

less than SO percent, but with a loading rate of less than about 

4.0 the removal was between SO to 80 percent. 

The BODS removal per nameplate horsepower-hour as a function of the 

BODS loading per NPHP-hr is illustrated in Figure 8 for the three 

systems. It is seen that the BODS removal rate was relatively 

independent of the loading rate above 2.2 lbs BODS load/NPHP-hr. 

Below this point, the BODS removal rate varied approximately 

linearly with the BODS loading rate. 

From an examination of Figures 7 and 8, it is evident that there is 

an optimum BOD loading rate of between 2 and 2.S lbs BODS/NPHP-hr. 

Comparing the results from NWP&P and ALPULP in Table 2, it is noted 

that the BODS loading rate was about the same but at NWP&P the 

removal efficiency was about 22.5 percent less per HP-hr input. 

This could be the result of several factors which could not be 
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evalua ted cas i 1y. Tbe :~I)P&P lagnon lweI been used for abou t four 

years and contained a layer of sludge deposits through most of the 

lagoon. BCC3tlSe the dissolved oxygen concentration \Vas zero through­

out the lagoon, soluble end products from the anaerobic decomposition 

of the bottom sludges could exert an oxygen demand which was not 

measurec;l by the reduction from influent to effluent BODS concentration 

This is further supported by Figure 8. In this system, the BODS 

removal rate Has somewhat lower at NHP&P than at ALPULP indicating 

an unmeasured source of BODS into t:he system .. Other less probable 

explanations could be that the aerators at NWP&P were smaller, 

50 vs 75 HP, and were an earlier design Welles aerator. The waste 

characteristics were different, although laboratory testing indicated 

that the "alpha value" of the wastes were approximately the same 

(0.75 to 0.80). 

8.2 Effect of Temperature: 

During the study period, . the normal seasonal temperature variations 

of the waste entering the aerated lagoons was from about 36°e to 

300 e for summer and winter conditions respectively. Seasonal ambient 

temperature variations ~"ere from about +200 e to -200 e. These con­

ditions resulted in mean lagoon temperatures of about 300 e in sumner 

and about 16.Soe in winter. 

The effects of temperature on the BODS removal have been documented 

for many biological waste lreament processes in laboratory studies. 

The maximum removal rate generally occurs around 37
o
e, which is 

the optimum temperature for fficsophylic'bacteria, and decreases both 

above and belo,] this temperature. In most systems operating in cold 

climates, temperature becomes a limiting parameter affecting the 
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system's tr0fUllcnt efficiency, yet little has been published dealing 

with the effects of temperature in full scale aerated lagoons. 

Generally for purposes of design, laboratory data have simply been 

extrapolated to the expected lagoon conditions. The typical winter 

operating performance for the three mills is summarized in Table 3. 

The temperature effects on the BODS removal for the five-day lagoons 

studied have been summarized in Figure 9. The data points shown are 

the average of five consecutive daily composite samples. 

The effects of the mean lagoon temperature were more pronounced in the 

NWr&p lagoon. In the range of 20 to 300 C, the BODS removal efficiency 

was increased about 16 percentage points at NWP&P, while the increase 

was only about 10 percentage points at ALPULP and EUROCAN. The 

increased temperature sensitivity and lower BODS removal efficiency 

at NlvP&P could be the rcsul t of oxygen deficiency. The. NWP&P lagoon 

was "overloaded" in terms of oxygen transfer capacity and the treat­

ment was limited by the lack of any residual dissolved oxygen 

concentration in parts of the lagoon. The other two systems operated 

with a residual D.O. of from about 2 ppm at ALPULP to as great as 

6 ppm at EUROCAN. Also shown in Figure 9 are the results of labo­

ratory batch treatment studies. 

It should be noted that the trends seen in Figure 9 are general 

indicators of temperature dependence only. At this stage of the 

data analYSiS, no consideration was given to variations in BODS 

removal with respect to differences in the overall mixing character­

istics of each lagoon or to fluctuations in the BODS loading on the 

lagoons. 
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8.3 Effect of Nutri.ents: 

The quantity of nitrogen and phosphorous nutrients contained in 

the three kraft mill wastes was inadequate to maintain efficient 

biological. treatment. Therefore, nitrogen and phosphorus were 

added to promote the rapid microbial synthesis which must occur 

for successful waste treatment in an aerated lagoon. 

Nutrient Additions at m~P&P 

Measured nitrogen and phosphorous concentrations in the waste 

streams at m~P&P are given in Table 4. The phosphorous concen-

trations are presented as ppm total orthophosphate (P0
4
). Chemical 

additions during the period June through October 1970 averaged 

475 pounds/day of urea and 275 pounds/day of mono-ammonium phos-

phate (250 pounds of nitrogen/day and 58 pounds of phosphorus/day 

The average measured levels of 7.3 ppm nitrogen and 1.4 ppm phos-

phorus prior to October 1970 were equivalent to a total BODS:N:P 

ratio of 100:4.3:0.8. The BODS removal efficiency during the June 

through October period averaged about 60 percent. 

On 10 October 1970 the addition o"f mono-ammonium phosphate was 

stopped. Durin g the follmving period, November 1970 to July 1971 

the measured nutrien~ concentrations averaged 4.6 ppm nitrogen ar 

1.0 ppm total phosphorus (as P04) equivalent to a nutrient ratio 

of 100:3.2:0.7. The average BODS removal efficiency remained 

constant at about 60 p~rcent; the reduced nutrient levels 

had no noticeahle effect on the treatment efficiency. 

In lI1id-JuJ y 1971 tbe adeli ti on of bott, chemical nutrients 
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\Vas stopped and the trealrr:ent efficiency subsequently decreased about 

15 percent. Thus it if; apparent that additional nitrogen and 

phosphorus was required for efficient BOD
5 

renloval in the aerated 

lagoon. 

The measurcd concentration entering the aerated lagoon averaged 

considerably greater than the aPlounts added because some nutrients 

were contained in the sanitary waste flows of both the mill and the 

Town of Hinton which are also treated in the NWP&P lagoon. Before 

October 1970 the mill waste contained approximately 50 percent of the 

required nitrogen and phosphorus, the town sewer 20 to 25 percent 

and the additions of urea and ammonium phosphate supplied about 30 

percent. The main nutricnt sources within the mill included the 

wood room effluent and caustic wash liquor for nitrogen and phos-

phorus from the boiler water treatment and the lime kiln scrubber 

waste water. 

The total Kjedahl nitrogen concentration exhibited a 20% increase 

while the total phosphorous concentration decreased slightly 

through the aerated lagoon. The nitrogen increase is likely due to 

denitrification processes occurring in the quiescent zone of the 

aerated lagoon. 

Nutrient Additions at ALPULP: 

Nutrient concentrations and additions for the ALPULP lagoon are shown 

in Table 5. The injtial chemical addition rates averaged 100:3.2:0.8. 

The average BOl)~ removal efficiency during this period was about 
J 

75 percent. 
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The addi tions of urea and amr:lOniUIlt phospha te were reduced in June 

1971 to nutrient addition ratio of 100:1.8:0.25. No detrimental 

effects on the biological treatment process were evident. In fact, the 

BODS removal effici.ency increased to an average 82 percent during 

August and September 1971. It is probable that the increased 

efficiency was due to the increased lagoon temperature \olhich averaged 

32
0

C, an increase of 8°C from that recorded during the initial period. 

The measured nitrogen and phosphorous concentrations averaged 7.4 ppm 

and 3.1 ppm as P04 respectively from June through September, 

equivalent to an overall BODS:N:P ratio of approximately 100:2.9:0.4. 

The BODS removal \vas about l~8, 000 pounds/day or 1. 95 pounds BODs/HP-hr. 

The measured nutrient concentrations indicate that the mill wastes 

contain the equivalent of approximately 35 to 50 pounds/day of 

phosphorus and 300-400 pounds/day of nitrogen, about 20 percent of the 

total nutrients supplied to the aerated lagoon. Both the nitrogen and 

the phosphorous levels decreased through the lagoon. 

Nutrient Additions at EUROCAN: 

The addition of nitrogen and phosphorus was irregular at EUROCA.t~ due 

to mechanical problems and sporadic operation of the mill during this 

start-up period. The addition ratio averaged 100:3.9:1.0 (Table 6) 

during the initial operating period, November 1970 through April 1971, 

and the average measured concentrations of nitrogen and phosphorus 

\vere 4.5 ppm Nand 2.14 pplll (as P0
4

) respectively. Thus the mill 

wastes contained approximately 100 pounds/day of nitrogen and about 

40 pounds/day of phospLorus. 
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When mO;10-arrrrnoniuf:; phospha to addi tions were s topped during May through 

September 1971, the BODS removal efficiency decreased to approximately 

72 percent. However, the BODS loading to the lagoon was sporadic and 

below normal, averaging about 1.35 lbs BODS/HP-hr. The nitrogen and 

phosphorous concentrations decreased slightly through the lagoon. 

General 

The operation of both the ALPULP and NWP&P aerated lagoon indicates 

that during summer operation efficient biological treatment of kraft 

mill effluent can be achieved with a BOD
5

:N:P nutrient ratio of 

approximately 100:3.0:0.5. The nutrients contained in the raw kraft 

mill waste averaged about 20 to 50 percent of the total nitrogen and 

phosphorous requirements. At NWP&P an additional 25 percent of the 

required nutrients was contained in the domestic sewer from the Town 

of Hinton. 

8.4 Effect of pH 

The l,mportance of pH control of biological oxidation processes is well 

described in the literature, ~rhich recommends a pH of 6 to 8 for 

optimum BOD reduction when treating pulp and paper mill wastes. 

Influent and effluent pH probability ranges for each of the systems 

are shown in Table 7 for 5 and 95 percent probability, and Figure 10 

for all probabilities. 

The pH at m~P&P is controlled by two automatic controllers in series. 

The waste pH is adjusted to about 7.5 before the primary clarifier and 

is further trimmed to 7.0 before entering the lagoon. Bleach plant 
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acid \,,1asles are use(l for pH central and there is provision for using 

sulphuric acid during periods ~\,ben the bleach plant is inoperative. 

In the aerated lagoon the pH \vas \vi thin the recorrnnended range over 

95 percent cf the time. Only one percent of the time did the influent 

pH reach 10. O. This stlOck loading did not appear to affect the lagoon 

operation. 

At ALPULP, the pH of the selected waste streams receiving biological 

treatment was consistent and did not require neutralization to 

maintain the desired pH in the aerated lagoon. The waste pH was 

generally lower than the other systems and changed only slightly 

during the biological oxidation process. 

The mill effluent pH at EUROCAN was subject to wide variation during 

the mill start-up period. However, the biological processes in the 

aerated lagoon buffered the high influent pH. The influent pH 

exceeded 8.0 over 95 percent of the time but the lagoon pH exceeded 

8.0, the recommended upper limit for normal aerated lagoon operation, 

about 50 percent of the time. The BODS removal efficiency of the 

lagoon was not significantly affected by the high pH and consistently 

averaged about 75 percent. However, the BODS loading rate was not as 

great as for the other lagoons, being approximately 1.3 lbs BODS/HP-hr, 

and a high level of dissolved oxygen (3 to 6 ppm) was maintained 

throughout the lagoon. 
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9. HATIlEHATICf.L l·lODELLING 

9.1 Introduction: 

An aerated lagoon system is basically a partially mixed reactor and as 

such, its perfoH.1ance is dependent upon two general subsystems - the 

hydraulic mixing conditions, and the kinetic behaviour of the reaction 

occurring in the lagoon. Mathematical models defining each subsystem 

can be combined in order to formulate an overall model for the system. 

Independent information on the mixing behaviour of the reactor may be 

obtained from tracer studies. In this work, the determination of the 

system residence time distribution was selected as the most convenient 

means of obtaining mixing information. This is readily done by injecting 

an instantaneous impulse of tracer solution into the process input stream 

and continuously monitoring the tracer concentration in the output 

stream. The residence time distribution is indicative of how long each 

particle in the output stream has remained in the system. 

(1962) offers a more detailed discussion of this topic. 

Levenspiel 

Specification of the reaction kinetic model and determination of the 

kinetic rate constant(s) provide the information necessary to combine 

with the mi.xing model and make overall reactor performance predictions. 

9.2 Experimental Techniques : 

Rhodamine-WT was selected as the inert tracer to use in the residence 

time distribution studies. A discussion of the tracer evaluation, 

tracer input injection and output monitoring points, the monitoring 

equipment, and fluorometer calibrations appears in Appendix 4. 
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9.3 !:!.?:thcnwtica~ixi_n.:g Hodels 

Six hypothetical models, traditionally popular in the Chemical Engineer­

ing litErature, were used to characterize the mixing behaviour of each 

aerated lagoon. The models are: the axial dispersion model, the 

equal tanks-in-series model, dIe unequal tanks-in-series model, and 

the backflow-cell model. Commonly, it has been assumed that aerated 

lagoons are either ideal plug flow or ideal completely mixed systems. 

Thus, for comparative purposes, these two simple models were fitted 

to each system as well. 

An illustrative schematic of each model appears in Figure 11. The 

ideal plug flow tubular reactor (PFTR) is a completely non-mixed 

model wherein the fluid proceeds in piston-like flow down the length 

of the vessel. The ideal completely mixed model (CSTR) is a completely 

mixed model wherein the concentrations of all species at all points in 

the reactor are equal and are the same as the effluent concentrations. 

The axial dispersion model is a PFTR with a longitudinal diffusion 

mechanism superimposed upon the piston-like flow. The remaining 

three models represent series combinations of CSTR's useful for 

describing partially mixed behaviour. A complete mathematical 

description of each model appears in Appendix 5. 

9.4 Data Analysis and Results: 

Details of the mathematical and statistical techniques used to fit the 

mixing models may be found in Appendix 5. The best model parameter 

estimates are in Table 8. Plots showing typical experimental residence 

time distributions (black dots) and the fitted models (plotted lines) 

are shown in Figures 12 through 17, Figures 18 through 21, and 

(K40l5) -33-



and Figures 22 and 23 for Nf;P&P, ALPULP and EUROe1u~ respectively. The 

legend appearing im~lediately ahead of these figures provides a guide 

to distinguish betwt,en the plotted mixing model residence time 

distributions. 

9.S Discussion of Model-Fitting Results: 

(K40lS) 

Examination of the residual sum of squares values in Table 8 indicates 

that the dispersion model and the unequal eSTR's-in-series model were, 

in general, the better fits to the data. However, for runs A-2 and A-3, 

the backflow-cell model, although not as good as the unequal 

eSTR's-in-series model, was a somewhat better fit than the dispersion 

model. In all cases, the equal eSTR's-in-series model was the poorest 

fit. 

To test the validity of the models, the predicted BODS conversion was 

compared to the measured conversion calculated from BODS data averaged 

Over the course of a tracer run. A first order biokinetic rate 

mechanism \oJas used in the models and the rate constant was determined 

from batch data following the procedure outlined in Appendix 2. These 

comparisons are reported only for those runs in which the aerator 

horsepower input was sufficient to maintain a measurable dissolved 

oxygen concentration in the lagoon. Table 9 presents the measured 

as well as the predicted dimensionless BODS removal ratios for each 

of the four partially-mixed models used. For comparative purposes, 

those conversions predicted for a single eSTR and a single PFTR of 

similar residence times are also tabulated. It is seen that in general, 

the "best" model for each run is a good predictor of the aerated 

lagoon's performance. As expected the ideal eSTR, the ideal PFTR and 

the equal eSTers-in-series model are the poorest predictors. 
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Table 9 implies that either the axial dispersion model, the unequal 

CSTR's-in-series model, or the backflow-cell model is likely to be 

useful in making accurate perfoDllance predictions. For rapid 

calculation, it is recommended that the unequal CSTR's-in-series 

model be used. The dimensionless output concentration for this model 

is given in Appendix 5. 

However, the axial dispersion model is useful for obtaining a BODS 

concentration profile along the lagoon. Wehner and Wilhelm (1956) 

have derived an expression for the profile and it is also given in 

Appendix 5. It is reconunended that this expression be used whenever 

a BODS profile is required for proper placement of aerators in a tapered 

aeration configuration. As the dispersion model is particularly useful 

for this purpose, a further investigation of its behaviour seemed 

warranted. 

9.6 Prediction of Aerated Lagoon Overall Mixing Characteristics 

(K4015) 

In an attempt to elucidate a relationship between the mixing levels 

and the operating and design variables in an aerated lagoon, various 

correlations were sought between D, ~, flowrate, horsepower, volume, 
uL 

lagoon dimensions, and residence time. In using the axial dispersion 

model to describe overall mixing effects in activated sludge aeration 

tanks, Murphy (1971) has proposed a correlation between the dispersion 

coefficient, D, the cross-sectional area of the vessel Ax, and the unit 

mixing energy input. This correlation is plotted in Figure 24 along 

with the corresponding results from this study. It may be assumed 

that over the rather narrow spectrum of unit energy inputs employed 

in this study (0.02 to 0.10 HP/I03 cu ft), no dependence of D/Ax on 
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the unit energy input was found. Likewise, a plot of the dispersion 

coefficient versus the cross-sectioned. area as shown in Figure 25 

also showed no reasonable correlation. 

Consequently, it was assumed that the dispersion coefficient, D, was 

equal to a constant, K, for the system studied: 

D ::: K (1) 

Noting that u ::: Lh, the dimensionless dispersion number may then 

be written for these systems as 

D 
uL 

(2) 

A plot of !?...... versus T /L2 appears in Figure 26. The proportionality 
uL 

constant K is equal to 3.10 x 104 when T is expressed in hours and 

L in feet. From Figure 26, it is evident that a significant trend 

exists between aerated lagoon geometry, as specified by T/L2, and 

the overall mixing behaviour, as characterized by the dimensionless 

dispersion number D/uL. 

It is of interest to pursue the interpretation of the quotient T /L2. 

Noting that T ::: (Volume) , this quotient may be eXPdnded for 
(Flowrate) 

rectangular aerated lagoons to be : 

or D 
uL 

(Length) (Width) (Depth) 
(FIO\vrate) (Length) 2 

A 
x 

QL 

= 

\-lhere Q '" flo,vrate through the lagoon (ft 3/hr) 

and A = cross-sectional area (ft 2). x 
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9.7 Prediction of B0D~ i'ro[i.],cs : ---------,-,,--------.)-------
In order to evaluate the use of the dispersion model to predict the 

BODS profile along an aerated lagoon, actual field measurements of the 

BODS profile taken during each tracer run were compared to that profile 

predicted by the disper-sion model. Only those runs in which the 

aeration horsepower input was adequate to produce a measurable dissolved 

oxygen concentration throughout the lagoon were selected for this 

comparison. For the NWP&P runs, only the aeration section was 

considered. 

Equation 5-2 in Appendix S was used to calculate the predicted BODS 

profile. The first order BODS removal rate constant was determined 

according to the procedure outlined in Appendix 2. The temperature 

dependence of this rate constant is illustrated in Figure 27. The 

residence time (, ) was estimated by dividing the aerated lagoon 

volume by the flowrate averaged over the duration of the run, and the 

dimensionless dispersion number (D/uL) was taken from Figure 26. 

The various measured and predicted profiles appear in Figures 28 through 

33. The experimentally measured data were averaged over the course of 

a run ,(>2 weeks). Although scatter is apparent in some of the runs, 

it is evident that the dispersion model in conjunction with batch 

reactor data can provide a reasonable estimate of the BODS profile 

along an aerated lagocn. Much of the scatter can be attributed to the 

unavoidable fact that the flo,rrate and influent BODS concentrations 

exhiliitcd their normal daily fluctuati(lIlS during the course of each 

run. 
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10. AERATED LAGOON GEO~D':TRY 

10.1 Length:Width_Ratios~ 

Having selected the aerated lagoon residence time, the design engineer 

generally bases the shape of the aerated lagoon on economic 

considerations of construction costs. These are usually determined 

by local topographic conditions. However, as illustrated in the 

following discussion, the aerated lagoon process performance is 

dependent not only upon the overall residence time but also on the 

lagoon geometry. 

Assuming a first order BOD removal mechanism and if all other variables 

such as residence time, BOD loading, effluent characteristics, 

temperature, aeration horsepower etc. are held constant, then 

theoretical considerations [Levenspiel (1962)] dictate that a plug 

flow system will yield a more efficient percent BOD removal than a 

completely mixed system. The results of the tracer tests reported 

previously have shown that a relatively square lagoon approaches 

completely mixed behaviour v.'hereas a system ,-lith a large L:W ratio, 

although not ideally plug flow, nevertheless is only partially mixed. 

Consider the two geometrical extremes studied in this report : 

EUROCAN (L:W = 1.2:1) and ALPULP (L:W = 12.5:1). The unequal 

CSTR's-in-series mixing model was used to make a comparison between 

these two systems because the simplicity of its functional form makes 

it amenable to hand calculations. 

The parameters [or the mixing models were averaged over those listed 

in Table 8 for each tracer run of the respecLive system and these were 

normalized such that the total residence time for each model was 

5.00 days. A reaction rate constant of 0.350 days-l was assumed. 
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Table 10 ShOHS the results ot this comparison. From Table 10 it is 

evident that the different mixing conditions between the long narrow 

p~PULP lagoon and the relatively square EUROCAN lagoon result in a 

7.0 percentage point difference in predicted treatment efficiency in 

favour of the long narrow system. The difference between the NWP&P 

and EUROCAN predicted efficiencies was 5.2 percentage points. 

Conversely it may be shown that the relatively square lagoon would 

require about 34.5 percent more residence time than the long narrow 

system to achieve the same treatment efficiency. 

It should be emphasized that these predictions are hypothetical and 

do not account for the many other differences between the two systems; 

however, consideration of oxygen uptake rates in the two lagoons tends 

to support this theory. At ALPULP, the oxygen uptake rate in the 

lagoon varied from 4.0 ppm/hr at the head to zero near the end of the 

lagoon indicating that the oxygen demand of the waste was satisfied. 

However, at EUROCAN, oxygen uptake rates were more uniform throughout 

the lagoon varying from about 1.5 to 2.5 depending upon the BOD 

loading to the system. This suggests that the oxygen demand of the 

treated effluent at EUROCk~ was not totally satisfied. 

Furthermore, a fundamental consideration of the residence time 

distribution for each system also supports this theory. By definition, 

the area under a residence time distribution curve from time zero 

to time L is equal to that fraction of the outflow stream that 

has spent time T or less in the system. Taking tracer runs H-5, A-3, 

and E-l as being typical for each system, approximately 7.7 percent, 

5.3 percent and 13.4 percent of the outflow stream has received 

biological trentrnent in the aerated lagoon for a period of 24 hours 
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or less. Tlu.::rc fore, ont: J:ld)i expect [l higher fraction of partially 

treated effJucllt from tite EUROCt,,~ l:lEoOn than from the ALPUl.P sys-

tern, all other factors being the same. This becomes increasingly 

important when high BOD and/or toxicity removals are required. 

In practice, consideration must be given to self-seeding and shock-

load buffer capacity. Very large L:W ratio systems, which approach 

plug flow behaviour, will be more sensitive to these effects than 

smaller L:W ratio systems, which approach completely mixed beha-

viour, and the optimum design must account for these factors. 

Therefore, the final shape of an aerated lagoon should reflect 

consideration given not only to economical construction costs, but 

also to mixing conditions and to anticipated sh'ock loading. 

10.2 Aerator Spacing: 

(K4015) 

From equation 4 it is evident that the dimensionless dispersion 

number is a function of the geometrical configuration of the 

aerated lagoon and the liquid throughput rate. 

This is of considerable importance to the design engineer. Knowing 

geometry and anticipated flmolrate for a proposed aerated lagoon, 

Figure 26 may be used to predict the dispersion number. With this 

information, the BOD concentration profile along the lagoon may be 

calculated using equation 5-2 in Appendix 5 and the aerators may be 

positioned accordingly to satisfy the local biochemical oxygen 

demand of the lagoon contents. This enables the designer to follow 

a rational procedure when spacing the aerator's to provide for 

tapered aeration. In general, the result will be more closely 

spaced aerators near the inlet of the lagoon for relatively large 

length :\vidth ratio sys tcms ar,d a more uniform spacing for 

relat.ively square aerateo lrtLoons. 
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10.3 ~iescent Zones : 

(K!~OI5) 

Each of the installations studied had a quiescent zone preceding the 

outlet of the lagoon wllcre any remaining settleable material in the 

waste could settle prier to discharge from the lagoon. 

At NHP&P, a portion of the U-shaped lagoon was not aerated, creating 

a quiescent zone of appToximately 1.5 days residence time. The treated 

waste flowed from the aerated zone directly into the quiescent zone 

around the end of the centre berm separating the two regions. The 

decrease in suspended solids concentration through the quiescent 

settling zone averaged 20 to 30 percent at a mean final effluent 

concentration of 75 ppm. Sludge depths through the settling zone 

averaged one to two feet. The lagoon has been operating continuously 

since 1967. The BODS of the waste also decreased noticeably in the 

quiescent zone; total BODS concentrations decreased approximately 

9 percent (equivalent to 12 ppm). The accumulated sludge layer in 

the settling zone was anaerobic as evidenced by the release of gas 

bubbles aCId occasionally by odours from the lagoon (although odour 

was not a major problem). 

Settleable solids concentrations increased from about 20 ppm in 

the influent waste to about 60 ppm through the NvlP&P aerated lagoon, 

but showed only a slight decrease through the quiescent zone to about 

40 ppm. Anaerobic conditions in the 1.5 day quiescent zane Gaused 

re-suspension of settled matter thereby impairing the quality of the 

final effluent. 

The aerators at ALPULP were more widely spaced in the latter half of the 

lagoon to provide quiescent areas for the removal of any remaining 
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(K4015) 

settleable material. Through the quiescent area, about 300 feet in 

length before the outlet of the lagoon, there was no noticeable 

change in suspended solids concentration, and the BODS decrease 

was less than 5 percent. The residence time of this quiescent area 

was approximately 0.3 days. 

At ALPULP, settleable solids concentrations increased from 15 ppm 

in the influent waste to about 20 ppm in the lagoon. At the end of 

the quiescent zone, settleable solids concentrations in the final 

effluent ranged from 0 to 5 ppm. 

At EUROCAN, a wooden dyke about 450 feet in length, created a 

quiescent zone immediately before the outlet weir from the aerated 

lagoon. The residence time of this zone was also about 0.3 days. 

The concentration of suspended solids decreased about 10 percent 

(5 ppm) through this zone, and the total and soluble BODS concen­

tration decrease averaged 5 ppm. Normally, the level of suspended 

solids in the EUROCAN aerated lagoon was lower than in the other two 

systems as the waste was clarified and then settled in an 8-hour 

retention settling pond immediately before entering the lagoon. 

Settleable solids concentrations in the EUROCM~ lagoon averaged 

30 ppm. However, during the testing period when the settleable 

solids were being investigated, the settling ponds before the lagoon 

became nearly full and significant settleable solids quantities 

overflmJed into the aerated lagoon increasing the concentration to 

about 80 ppm in the lagoon. Following the quiescent zone, the 

settleable solids in the final effluent varied from about 

o to 5 ppm. 
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11. AERATOR PERFORHANCE 

In an aerated lagoon the two main functions of an aerator are to transfer 

oxygen into the waste for the biological oxidation processes, and to 

provide turbulent mixing required for dispersion of the dissolved oxygen 

and for contacting the reactants. 

11.1 Oxygen Transfer: 

The amount and rate of oxygen transfer in an aerated lagoon is affected 

by many factors, among which are the BOD loading, the temperature, the 

dissolved oxygen concentration, the so-called "alpha value" of the 

waste, and the rate of biological activity in the lagoon. 

The ultimate BOD reduction (defIned as BOD 20 ) through the ALPULP lagoon 

averaged 1.7 times the BODS reduction while the COD to BODS ratio 

average 1.5. The oxygen transfer efficiency of the surface aerators, 

based on one pound of oxygen required to remove one pound of BOD
20

, was 

1.87 x 1.7 a 3.18 lbs 02transferred/NPHP-hr. The average D.O. 

level maintained in the lagoon effluent was 3.5 ppm. This value compares 

favourably with the design 02 transfer efficiency of 3.2 lbs 02/NPHP-hr 

based on test data and using constants derived in bench scale tests. 

It is possible that a significant fraction of the BOD entering a newly 

commissioned lagoon such as ALPULP is removed by sedimentation of 

incompletely oxidized material and accumulates as sludge on the bottom. 

Ia the case of an old lagoon, such as NWP&P, it is likely that 

a fraction of this sludge will exert an oxygen demand on the system due 

to anaerobic decomposition Hithin the sludge. It can be anticipated, 
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therefore, th,:n: the Inllf,-term removal \vill be intermediate between the 

ALPULP and NT,.lP&P resul [8 shown in Figure 8. 

Using a similar BOD 20 :BOD 5 ratio as that used to predict the ALPULP 

oxygen transfer efficiency, the value for NWP&P will be 1.45 x 1.7 = 

2.47 lbs oxygen/NPHP-hr. It is possible that the actual oxygen transfer 

efficiency is intermediate between these two values - that is, 2.8 lbs 

oxygen/NPHP-hr. 

11.2 Aerator Mixing: 

The mixing characteristics of an aerator in a lagoon can be evaluated 

by several parameters. The parameter of HP input per unit volume has 

been used to measure turbulence with suggested values of ~ to 25 

6 
HP/IO us gallons to maintain a uniform D.O. throughout the lagoon 

6 
and values as large as 50 to 100 HP/lO US gallons to maintain a 

uniform suspended solids level. Data from this study and recent 

literature publications indicate that this parameter is not a valid 

measure of the degree of mixing when used to compare different systems. 

6 
The aeration power inputs were 8 to 10 HP/IO US gallons in the three 

lagoons, yet the variations in D.O. and suspended solids levels were 

considerable. The mixing is a function of the geometry of the lagoon, 

the spacing and placement of the aerators and the pumping characteristics 

of the aerators. 

The relatively square EUROCAN lagoon approximated a completely mixed 

system; the standard deviatjon of the D.O. concentration throughout 

the lagoon was approximately ± 4 percent. Suspended solids averaged 

70 ppm \vith Cl stalldard deviation of ± 15 percent. The aerator HP input 

of 10 HP/I0
6 

US gallons, distributed evenly through the lagoon at a 

spacing of about 300 feet (3 feet/UP), ?rovi<lf'c1 a uniform level of 
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turbulence throughout the lagoon. 

The ALPULP and NWP&P lagoons were plug-£lmv type \vith length to width 

ratios of approximately 12.5:1 and 7:1 respectively. Non-conservative 

variables such as BODS and temperature decreased through the length of 

the lagoon; the temperature decrease was linear while the BODS showed a 

non-linear profile which was dependent on other system variables. 

6 
At NWP&P, with an aerator HP input of about 8 HP/lO US gallons, the 

variation in suspended solids concentration throughout the aerated 

section of the lagoon was ~ 20 percent at an average level of 150 ppm. 

The aerators, spaced at about 125 feet (2.5 feet/HP) between centres 

maintained a relatively uniform concentration of suspended solids 

except in the immediate inlet area and in the corners of the rectangular 

lagoon. The cross-sectional profiles showed a suspended solids 

variation of about 6 percent across the width of the lagoon and about 

the same variation with depth to twenty feet. 

The aerator spacing in the ALPULP lagoon was somewhat greater than at 

NWP&P. Near the inlet the centre spacing \vas about 175 feet and this 

increased to about 300 feet on the outlet side of the lagoon. The 

6 
tapered aeration provided a mixing energy input of 12 HP/IO US gallons 

6 
at the head end of the lagoon and approximately 6 HP/IO US gallons in 

the final section. The level of suspended solids was noticeably greater 

near the inlet and the variation through the lagoon was about t25 to 

~30 percent at a mean concentration of 90 ppm. 

The dissolved oxygen concentration generally incr.eased through the 

ALPULP lagoon. Near the inlet where the BODS concentration was the 
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highest, the oxygen uptake rates were 31sb maximum and the D.O. was less 

than 0.1 ppm. Through the second half of the lagoon the oxygen uptake 

rates decreased and the D.O. concentration increased to an average 

concentration of 2 to 3 ppm or more in the treated effluent. The cross­

sectional profiles showed a variation in suspended solids levels of 

approximately 20 percent and a D.O. variation of about 10 percent. 

In general, the concentration of settleable and suspended solids in the 

waste entering the aerated lagoons varied widely depending on conditions 

in the mill, the operation of the primary clarifier, and at EUROCAN, the 

operation of the settling ,ponds before the lagoon. As a result, the 

suspended solids levels in the aerated lagoons were largely dependent 

both on the solids concentration in the influent waste and on the 

aeration horsepower level. The dependency of settleable solids on the 

aeration horsepower level is shown in Figure 34. 

Settleable solids concentrations in both the lagoon influent and the 

lagoon contents are listed in Table 11. At the higher aerator power 

levels a differential exists between the settleable solids levels in the 

influent and the average concentration through the lagoons. 

11.3 Velocity Profiles: 

Velocity profiles were measured about various aerators to determine the 

local mixing patterns. The magnitude and direction of the fluid velocity 

were measured at various distances and depths using a Decca current meter. 

The details of the experimental procedure are given in Appendix 2 . 

The results of the velocity studies are shoun graphically in Figure 35 

to 38. 
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The recorded magnitude and direction of the horizontal fluid flow were 

used to resolve the velocity vector into components along a radial line 

from the aerator centre. By this procedure, the effect of vortex flow 

was eliminated and only the resultant inward and outward flow considered. 

Generally, the flow was outward near the surface diminished to zero and 

then became inward at greater depths. Because the vertical flow component 

is not reported here, no attempt to estimate aerator pumpage rates was made. 

Although the use of radially resolved horizontal velocities does not 

completely describe the flow and mixing patterns of an aerator, it does, 

however, provide a good indication of the net fluid flow around the 

aerator. 

The most obvious feature of the velocity profiles is the cross-over 

point from horizontal flow away from the aerator to flow toward the 

aerator. This is observed in all the profiles except the 75 HP high 

speed aerator at 100 feet, which was taken about 75 feet from the lagoon 

bank and hence, possibly influenced by side-wall effects. With this 

exception, the profiles can be considered to represent aerator influence 

only and hence would be approximately symmetrical around the aerator. The 

depth of the cross-over point increases with distance from the aerator, 

for both the high and 1m., speed aerators. At 25 feet from the aerator 

centre the change-over occurred in the top 3 feet while at the 50 foot 

location, the change-over occurred at about 6 feet depth. 

The maximum flm., velOCity occurred at, or close to, the surface in 

all cases. The high speed aerators appear to produce a higher 

surface velocity than the 1m., speed aerators. It is evident that at 

100 feet, the aerators still have a significant influence on thE:: flow 

in the lagoon. 

(K40l5) --47-



These results compare favourably with the findings of the National 

Council [NCASI (1971)J in their study of the mixing characteristics 

i.n aerated stabilization basins. 
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12. HEAT LOSSES 

During the study period, the extreme temperatures of the waste entering 

the aerated lagoons ranged from 3Soe to lSoe, whereas the effluent 

temperature extremes varied from 3loe to lODe. The temperature decrease 

through the three five-day aerated lagoons (influent minus effluent 

temperature) is shown in Figure 39 plotted against the ambient air 

temperature. A greater decrease in waste temperatur~ is associated 

with lower ambient air temperature. The maximum observed temperature 

o loss through the five-day lagoons was about 16 e at an ambient 

temperature of minus 300 e (minus 220 F). The data are average values 

taken over a four~day period and are quite scattered due to the numerous 

factors affecting heat losses that are not accounted for, which include 

such variables as wind velocity, relative humidity, solar radiation, 

foam cover over the lagoon, and the surface area increase due to aerator 

turbulence. 

Figure 40 indicates that the temperature decrease is more closely related 

to the difference between the mean lagoon temperature and ambient air 

temperature. The liquid temperature within an aerated lagoon will depend 

upon the rate at which heat is lost and the extent of mixing that exists. 

The mixing regime is dependent upon the lagoon geometry and on the aerator 

horsepower. At NWP&P and ALPULP, which have a large length:width ratio, 

there is a linear temperature decrease through the five-day lagoon, while 

at EUROeAN, where the length :wid'th ratio is approximately l. 2: 1, the 

aerated lagoon is well mixed with a uniform temperature profile throughout. 
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If the heat loss is mainly through the lagoon surface, the heat loss 

will be proportional to the air liquid temperature differential and 

the surface area: 

(T. - T) Q = 
~ e (5) 

where Ti influent temperature 

Te = effluent temperature 

Tm = mean lagoon temperature 

Ta = ambient air temperature 

A = lagoon surface area in square feet 

Q waste flow rate in million gallons (US) per day and 

f proportionality factor or overall heat transfer coefficient. 

This relationship was used by Eckenfelder (1966) to estimate the heat loss 

from aerated lagoons and is quite useful for design purposes. 

Because the temperature decrease through the large length:width ratio 

lagoons is approximately linear, the mean lagoon temperature (Tm) can 

be calculated as the arithmetic mean between the waste temperature at 

the inlet of the lagoon (T i ) and the lagoon effluent temperature (Te). 

In the well mixed lagoon, the mean lagoon temperature (Tm) is the same 

as the effluent temperature eTe). 

In Figure 41, the heat loss per unit surface area is plotted against the 

air-lagoon temperature difference. From equation (5), the slope of the 

least squares straight line is the proportionality factor I1fl1. This slope 

was calculated to be 8.66 x 10- 6 , with a correlation coefficient of 

0.757. In comparison, Eckenfelder has recommended the value of 12 x 10- 6 

for the central United States. 
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This relationship assumes that the nliJjor beat loss is through the surface 

of the lagoon. The temperature near the surface of the lagoons was 

generally about 1.0 to 1.SoC less than the waste temperature at a depth 

of ten feet, supporting the postulate that most of the heat loss occurs 

at the surfqce by radiation and convection to the atmosphere. An 

approximate calculation indicated that the heat loss to the ground was 

small and would account for only 5 to 10 percent of the total loss from 

the lagoon. 

It has been postulated that the intensity of agitation of the lagoon 

surface could have significant effects on the heat loss from an aerated 

lagoon. In Figure 42, the overall heat transfer coefficient "f" for the 

three lagoons is plotted against the total aerator horsepower input. The 

aeration horsepower levels range from 3 to 10 HP/10 6 US gallons. No 

definable correlation between the aeration horsepower and the overall 

heat transfer coefficient of the five-day lagoons is evident. One 

possible explanation is that the mixing action of the aerators tends to 

generate a stable foam which blankets the lagoon. As the number of 

aerators increases the foam cover is greater and the insulating effect 

of the foam reduces the heat losses from the surface and balances the 

additional heat lost as the waste is dispersed into the air by the 

aerators. 
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13. )NITIAL STP~{T-UP Qf ~l~l~rREglJ'JENI.3YSTEl1S AT ALPULP AND EUROCAN 

13.1 Estahlishing Biol?l>...ical Activity: 

To determine if biological seeding would be required for the 

start-up of the aerated lagoon at AJ-,PULF, a series of treatability 

studies T.vas per formed by ALPULP personnel during the design stage 

of the effluent treatment facilities. Representative composite 

samples of the mill waste to be treated were collected and divided 

into one-litre batches in the laboratory. Ten percent settled seed 

material was added to each batch reactor. The seed employed 

consisted of those liquids that possibly could be added to the 

lagoon should they prove beneficial; these included waste from a 

domestic sewage treatment lagoon, river water from a point below the 

existing mill outfall, surface water from a long pond, and river 

water trapped in the lagoon before the mill waste was added. 

Nutrients nitrogen and phosphorous were added to each composite 

sample in the ratio of approximately 100:2.S:0.8 for BODS:N:P. 

The batches were aerated at a room temperature for five days with 

daily sampling for biochemical oxygen demand (BODS). These results 

are shown in Figure 43. 

The BODS reduction curves are very similar for all of the seeded 

batch reactors. The unseeded batch required a longer period than the 

seeded batches to develop sufficient bacteria for rapid BODS 

reduction, but after five days aeration the same degree of treatment 

was achieved. It was concluded that no additional bacterial seed 

was required to achieve a high degree of HODS removal after five 

days of aeration in the batch systems. 
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To test if the results at ALPULP \vcre also typical for an unbleached 

kraft waste, a similar laboratocy study was performed using the total 

effluent from the EUROCAN unbleached kraft mill. The seed materials 

used included: effluent from a domestic sewage treatment lagoon, 

settled sludge from the EUROCAN aerated lagoon and treated effluent 

from the aerated lagoon. The results obtained, shown in Figure 44, 

indicate a similar phenomenon. There was somewhat less BODS removed 

during the first three days of aeration but after five days aeration 

the reduction in BODS was approximately the same for all of the 

seeded and unseeded batches. 

As these tests seemed to indicate additional seed was not required, 

total bacterial plate counts were performed to establish some 

relative measure of the bacterial content in the mill effluents. 

Results for both ALPULP and EUROCAN indicated a total bacterial 

count of approximately 106 per 100 millilitres 6f sample for the 

waste from the mill; tests on the effluent leaving the treatment 

lagoons indicated much bacterial growth, approximately 109 bacteria 

per 100 millilitres present. For both of these mills, woodroom 

waste from hydraulic barkers was part of the total flow and therefore 

some of the bacteria may have originated from this waste. 

For both ALPULP and EUROCAN a successful start-up of the biological 

treatment facilities occurred without an external source of 

microorganisms. There was sufficient lagoon capacity at each 

installation to provide at least five days detention. This appears 

import2nt for "self start-up", by the batch studies. The presence 

of suitable bacteria or microorganisms in the mill effluent is of 
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double significance: first, it would appeBr unnecessary to 

expend time and money to provide extra seed for a five day 

treatment system; second, the system will re-seed itself in the 

event of a pulp process spill that could temporarily destroy the 

microorganisms present. 

13.2 Effect of Nutrients: 

(K40lS) 

To determine the effects of additional nutrients and to establish 

the optimum addition ratios for treating a particular pulp and paper 

waste, laboratory scale batch studies were conducted by ALPULP 

personnel. For various nutrient ratios, typical levels of BODS 

removal achieved through five days aeration are shown in Figure 4S. 

With no additional nutrients the BODS removal was slight even after 

five days. As the amounts of nitrogen and phosphorous added were 

increased, there was a corresponding increase in the treatment 

efficiency to approximately 84 percent with a nutrient ratio of 

100:2.S:0.8 after five days aeration. 

During the actual start-up of each full-scale system, nutrient 

additions were found to be essential in establishing rapid biological 

activity. At each mill, although treating different types of waste, 

the BODS removal through the aerated lagoons increased rapidly after 

the commencement of nitrogen and phosphorous additions. The results 

of the daily BODS tests during the start-up of the treatment systems 

at ALPULP and EUROCAN are shown in Figures 46 and 47 respectively. 

At ALPULP the aerated lagoon y,'as filled with the mill waste and the 

aerators were installed and tested during the ensuing three weeks. 

During this time, the treatment achieved throughout the lagoon was 

in the order of 30 percent with little or no dissolved oxygen. 

present. 
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With 12 of the 14 aerators illstalled and commencement of nutrient 

addition, the BODS removal through the lagoon increased very rapidly~ 

reaching 80 percent removal about one week after the addition of 

nutrients began. Nutrients were in the form of mono-ammonium 

phosphate and urea with a ratio of 100:2.5:0.8 for BODS:N:P. 

It is noted that two of the groundwood washers were not yet. connected 

at this time and therefore the waste load was only 80 percent of the 

designed loading. 

At EUROCAN a similar monitoring program was performed during start-up 

with the aerated lagoon treating the total effluent from the 

unbleached kraft mill. With the new mill there was a wide variation 

in the mill effluent BOD, although the same trends were present. 

With no nutrients, BOD removal was approximately 30 percent while 

soon after the addition of nutrients the BOD removal steadily 

increased to an average reduction of 80 percent. Phosphorous was 

added continuously in the form of mono-ammonium phosphate and nitrogen 

was added continuously in the form of anhydrous ammonia. 

At both installations nutrients were not a limiting parameter as 

measurable soluble concentrations in excess of one ppm were available 

in the waste after treatment. 

13.3 Oxygen Reguirements: 

(K4015) 

An 8.dditional requirement for effective aerobic biological treatment 

is dissolved oxygen. At ALPULP the lagoon was filled with effluent 

before thc aerators were started; thus, there was a period of 

approximately 20 days .7ith no mechanical aeration during which time 

mill waste flowed through the treatment lagoon. ~easurements durihg 

this period sholVcd there \Vas no detectable dissolved oxygen in the 
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waste. \fu~n the aerators were started, the level of dissolved 

oxygen in the lagoon effluent increased to about 20 percent of 

saturation. No significant adverse effect on establishing aerobic 

activity in the lagoon when the aerators were started was noted 

although the lagoons were without oxygen for a 20-day period. As 

soon as nutrients were added aerobic biological activity increased 

rapidly decreasing the dissolved oxygen concentration to zero 

throughout the lagoon. As treatment progressed the dissolved oxygen 

gradually increased. 

The relative biological activity was determined by measuring the 

oxygen uptake rate. Relatively low uptake rates in the order of 

0.5 ppm oxygen per hour were found until the nutrients were added, 

following which the rates increased to about 4 ppm oxygen per hour. 

Upon stabilization of treatment, a gradient was established through 

the system with uptake rates of approximately 4 ppm oxygen per hour 

near the inlet decreasing to practically zero at the outlet. This 

indicated that the system was meeting the biological demand of the 

waste. 

At EUROCAN, the oxygen requirement during initial start-up was far 

less than the design level as the waste load from the mill was very 

low. For the first two months of start-up, the dissolved oxygen 

level in the treatment lagoon ranged from 50 to 90 percent of 

saturation. After the addition of nutrients, biological activity 

reduced the BODS by approximately 80 percent as shown on Figure 47. 

Oxygen uptake rates prior to nutrient addition averaged approximately 

0.5 ppm oxygen per hour and following nutrient addition, they 

averaged 1.5 ppm/hr. Rates as high as 2.0 ppm oxygen per hour 

were obtained during higher BOD load fluctuations. 
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The routine usc 01 JisfolvLd oxygen levels and oxygen uptake rates 

is considered very lIselul for the d3ily operation of a treatment 

system. Fluctuations in dissolved oxygen indicate the fluctuations 

in waste load on the systCQ. When this is coupled with the oxygen 

uptake rate, the relative degree of waste stability and demand for 

oxygen upon the receiving "later is known. An example of how the BOD, 

dissolved oxygcn and oxygen uptake rate varied through the ALPULP 

lagoon is illustrated in Figure 48. The dissolved oxygen 

concentration decreases near the outlet as the aerators are spaced 

further apart. By monitoring particular locations, shifts in 

treatment conditions can be detected which would be used-as a 

signal for more detailed investigation. The advantage of dissolved 

oxygen and oxygen uptake rate measurements over BOD measurement 

as a control technique is the relatively short elapsed time interval 

between the actual sampling and the calculation of the result. 
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14.1 Q_v('~) 1 SYS t:-,~per for.:.~l~'::"'?..!.. 

The aerated 10800n operating data recorded during the study period 

are summarized in Figures 49, 50 and 51, , .. hich show chronological 

plots of the untreated and treated effluent variables. The points 

plotted are five day aVerages of daily samples. Frequency distri­

bution plots of the same variables are shown on arith~atic probabi­

lity paper in Figures 6-1 to 6-15 in Appendix 6. The probability 

plotted is the percentage of all measurements equal to or less than 

the stated value of the measured variable. A summary of the un­

treated and treated mill waste characteristics is shown in Table 12 

which presents the waste characteristics of the 50 and 90 

percentile (equal to or less than) levels. 

14.2 Waste Effluent Characteristics: 

(K4015 ) 

The average waste characteristics were similar for the ALPULP and 

NWP&P mill while the EUROCAN waste was considerably different due 

to the variable mill operation during its initial start-up 

period. Ninety percent of the ti.me the BODS and suspended solids 

of the NWP&P and ALPULr vlastes were less than or equal to about 

360 ppm and 120 to 150 ppm respectively. At the 50 percent 

probability level there was little difference between the lagoon 

influent and treated effluent suspended solids concentrations. 

A comparison of total and filtered waste analys~s is shown in 

Table 13. The difference l-"et,veen the total and filtered was 

generally greater in the untreated ,,,aste which contained higher 

concentrations of suspeuded solids. 
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The BODS' eOD and TOe data, expressed as ratios, are presented in 

Table 14. The ratios were considerably different at each mill and 

the raw data showed much variation even between samples gathered at 

the same mill. The BODS results at EUROCAN were consistently lower 

than those at the other mills thereby causing the COD/BODS' 

TOe/BODS' and BOD20 /BODS ratios to be consistently higher. As a 

check, some EUROCAN samples were analysed for BODS at the NWP&P 

lab but the same results were noted. At NWP&P, both the COD and 

TOC concentrations were somewhat higher than at the other two mills. 

In general, it was noted that the various oxygen demand ratios 

increased somewhat through the lagoon. 

14.3 Sludge Accumulations: 

K40l5) 

Depth soundings were taken at NWP&P to determine the levels and 

regions of sludge build-up through the lagoon. There was 

considerable sediment accumulation in the immediate vicinity of the 

influent line. Sludge depths in this area were as great as 8 to 10 

feet. Some settled solids build-ups were also found where mixing 

was limited: between the aerators, in corners and along the sloped 

sides of the lagoon. These localized sludge deposits varied in 

depth, but were usually less than three feet. There was also a 

sludge layer less than one foot deep covering most of the bottom of 

the lagoon, except in the immediate proximity of the aerators. The 

lagoon at NWP&P had been in operation for about four years and the 

bottom deposits had not been removed during this time. 

In the ALPULP and EUROCAN lagoons, bottom deposits were negligible 

because the systems bad been in operation for less than one year at 
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the time of this study. There was, however, some build-up of 

solids in the vicinity of the lagoon influent line at ALPULP. 

There was no solids build--up in the EUROC!ll"l' lagoon, because 

essentially no settleable solids entered the lagoon except for the 

infrequent occasions when the settling pond ahead of the lagoon was 

full. 

Generally it was not possible to determine the bacterial solids 

build-up as a function of BOD reduction in the lagoons. However, 

at W~P&P, there was a net increase of suspended solids concentration 

through the aerated lagoon (aeration section only) of about 2S ppm. 

If it is assumed that this increase is due to the production of 

biological solids, then about 0.2 pound of bacterial solids are 

produced per pound of BODS removed. 
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16. NOMENCLATURE 

A Lagoon Surface Area 

BOD Biochemical Oyxgen Demand 

CEH Chlorination, Alkaline Extraction, Hypochlori­
nation Blea~hing Sequence 

CEHDED Same as Above pius Chlorine Dioxide, Alkaline 
Extraction, Chlorine Dioxide Sequence 

COD Chemical Oxygen Demand 

CSTR Continuous Stirred Tank Reactor 

D Dispersion Coefficient 

D.O. Dissolved Oxygen 

f Proportionality Constant for Heat Transfer 
through Surface of Lagoons 

HP Horsepower 

K Constant in Mixing Correlations 

k 

L 

L:W 

NPHP 

PFTR 

First Order BODS Removal Rate Constant (base e) 

Length of Lagoon 

Length:Width Ratio 

Nameplate Horsepower 

Plug Flow Tubular Reactor 

Q Flowrate 

SS Suspended Solids 

SOC Soluble Organic Carbon 

T Ambient Temperature 
a 

Te Lagoon Effluent Temperature 

Ti Lagoon Influent Temperature 

Tm Mean Lagoon Temperature 

TOC Total Organic Carbon 

TPD Tons per Day 

u 

x 

Axial Velocity 

Length Variable 

e Temperature Dependence Coefficient for First 
Order Rate Constant 

T Residence Time 
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TABLE 1 

EFFLUENT QUALITY STANDARDS 

Parameter ALPULP EUROCAN NWP&P 

BOD5 125 ppm average 80 ppm average 240 ppm summer 
145 ppm winter 

pH range 4.0 to 11.0 6.5 to 8.5 

0 0 
Temperature <: 125 F <: 125 F 

Suspended Solids 165 ppm average 85 ppm average 

Total Solids 1100 ppm average 

Settleable Solids <: 2.5 ml/l 

Zinc <: 25 ppm 
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Date 

NWP&P 
1970 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1971 
Jan. 
Feb. 
March 
April 
May 
July 

* 
Aug. -!~* 
Sept. -!~·k 
Average 

ALPULP --1971 
Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sept. 

Average 

EUROCAN 
1971 
Jan. 
Feb. 
April 
May 
June 
July 
Aug. 
Sept. 

Average 

* 

BODS 
Load 

Ibs/NPHP-hr 

2.63 
3.02 
2.46 
3.55 
2.86 
2.32 

I 3.08 
2.34 

3.02 
2.65 
3.18 
2.27 
1.34 
2.68 
7.50 
2.36 
2.43 
2.46 

2.68 
2.65 
2.24 
2.87 
3.79 
2.22 
2.40 
2.59 
2.34 

2.50 

2.28 
1.31 
1. 27 
0.87 
0.98 
1.04 
1.82 
1.11 

1. 21 

TABLE 2 

AERATION LAGOON PERFORMANCE 

BOD5 
Removal 

lbs /NPHP-hr 

1.80 
1. 78 
1.54 
1.63 
1. 59 
1.54 
1.35 
1.15 

1. 56 
1.48 
1. 76 
1.46 
1.03 
1.67 
2.70 
1.31 
1. 50 
1.45 

1. 90 
1.85 
1.61 
1.82 
2.16 
1. 66 
2.01 
2.16 
1. 98 

1.87 

1. 31 
1.01 
0.50 
0.60 
0.80 
0.86 
1. 35 
0.76 

0.85 

Mean 
Lagoon 

Temperature 
°c 

30 
32 
32 
32 
27.5 
25 
21 
20 

20 
22.5 
22 
25 
27.5 
30 
32 
32 
27.5 

22 
23 
24 
24 
29 
29 
32 
34 
32 

17 
19 
20 
22.5 
26 
28 
27 
25 

Mean Aeration 
Nameplate 

Horsepower 
NPHP 

650 
650 
750 
510 
685 
700 
620 
720 

500 
600 
575 
750 
835 
690 
250 
630 
800 

850 
930 

1010 
1000 

690 
1025 
1025 
1025 
1025 

350 
500 
600 
800 
800 
800 
800 
700 

Percent 
BOD5 

Removal 

68.6 
59.0 
62.4 
45.9 
55.6 
66.2 
43.8 
49.0 

51.7 
55.9 
55.2 
64.2 
77 .0 
62.3 
35.9 
55.3 
61. 9 
58.4% 

70.9 
70.0 
72.0 
63.6 
56.9 
75.0 
83.6 
84.1 
84.6 

75.5% 

57.5 
77 .0 
71.0 
67.0 
81. 5 
82.8 
74.4 
68.4 

75.6% 

* Unusually low aeration liP and therefore not included in averages. 
-!d< No nutrient additions and therefore not included in averages. 



Location 

NWP&P 

ALPULP 

EUROCAN 
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TABLE 3 

TYPICAL WINfER OPERATING PERFORMANCE 

°c Temperature 
Influent Effluent Ambient 

27 13 - 10 

27 17 o 

25 16 S 

BODS 
Removal 

Efficiency 

4S% 

70% 

70% 



TABLE 4 

NUTRIENT CONCENTRATIONS - NWP&P 

LAGOON INFLUENT LAGOON EFFLUENT 
Nitrogen-PEmN Phosphate-Epm P04- Nitrogen-EEmN PhosEhate-EEm POIj Percent 

Total Total BODS 
Date Sohb1e Susp. Kje1dah1 Soluble Susp. Poly Total Soluble Susp. Kje1dah1 Soluble Susp. Poly Total Removal 

1970 
June 5.21 l.77 6.98 0.88 0.33 0.25 l. 21 5.91 4.09 10.0 0.86 0.31 0.29 l.17 59.0 
July 8.57 l.35 9.92 0.95 0.28 0.11 l. 23 7.07 3.83 10.9 0.64 0.34 0.15 0.97 62. !+ 

Aug. 2 . .54 l. 98 4.52 l. 20 0.31 0.10 l. 51 3.18 3.74 6.92 0.95 0.48 0.30 l.42 45.9 
Sept 5.74 l. 28 0.27 0.19 l. 55 5.66 7.37 13.0 0.46 0.91 0.15 l.37 55.6 
OC t. 6 . L~6 1. 26 7.72 0.77 0.46 0.10 1. 23 4.74 2.13 6.87 0.63 0.38 0.05 1.01 66.2 

lwg. 5. /0 1. 59 7.29 1.02 0.33 0.15 1.35 5.31 4.23 9.54 0.71 0.48 0.19 1.10 58.0 

i-lov. 2.51 l. 55 4.16 0.54 0.26 0.04 0.80 2.55 2.64 5.19 0.51 0.18 0.08 0.69 43.8 
Dec. 1.42 2.97 4.39 0.40 0.23 0.12 0.63 1.81 2.46 4.27 0.54 0.13 0.04 0.67 49.0 

1971 
Ja:1. 3.18 l.45 4.63 1.09 0.09 1.18 1.83 3.17 5.00 0.78 0.33 1.11 51.7 
Feb. 3.08 1. 62 4.70 0.63 0.31 0.98 1.91 3.51 5.42 0.73 0.27 1.10 55.9 
;·;arch 3.55 1. 55 5.10 0.82 0.26 1.08 2.09 2.85 4.94 0.90 0.28 1.~8 55.2 
l\pri1 3.69 1.63 5.32 o . 6Lr. 0.46 1.10 2.58 3.42 6.00 0.80 0.24 1.04 64.2 
Yt3.y 3.54 l.66 5.20 0.83 0.39 1. 21 2.36 2.33 4.69 0.85 0.27 1.12 77 .0 
June 3.22 1.04 4.26 0.71 0.47 0.00 l.18 2.56 l. 67 4.23 0.84 0.22 0.20 1.06 
July 2.73 0.84 3.57 0.72 0.30 0.12 1.02 2.21 3.18 5.39 0.65 0.21 0.26 0.86 62.3 

Avg. 2.99 1. 60 4.59 0.71 0.31 0.06 1.02 2.21 2.80 5.01 0.73 0.24 0.23 0.97 57.4 

Aug. l.80 2.01 3.81 2.80 2.84 5.64 35.9 

Note: - Supplemental nutrient addition ratio: May 1970 to 10 October, 1970 100: 1.0:0.3 
(reported as BOD

5
:N:P) 10 October, 1970 to July 1971 100:1.1:0.0 

17 July, 1971 to date No additional nutrients added 

(I<N)l5) ..... continued on next page 



Note: 
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TABLE 4 (Contd.) 

1~TRIENT CONCENTRATIONS - NWP&P 

Actual Nutrient addition ratio: 
(reported as BODS:N:P) 

May 1970 to 10 October, 1970 
10 October, 1970 to July 1971 

100:4.3:0.8 
100:3.2:0.7 

BODS removal efficiencies may not necessarily agree with those listed in Table 2. 
The efficiencies reported in this table correspond to periods when the nutrient 
concentrations listed here were measured. 



TABLE 5 

NUTRIEt-;T ADDITIONS AG'D CONCENTR.r\TIONS - ALPULP 

LAGOON INFLUENT LAGOON EFFLUENT 

Nutrient 
Addition Total Total Total Total Percent 
Ratio Nitrogen Phosphate Nitrogen Phosphate BODS 

Date BOD5:N:P ppm N ppm P04 ppm N ppm P04, Removal ---

Dec. 100:3.0:0.8 7.0 8.8 2.8 4.5 78 

1971 

Jan. 100:2.8:0.8 4.9 5.6 1.9 2.9 71 
Feb. 100:3.2:0.8 4.0 3.0 2.0 3.1 70 
March 100:3.4:0.8 72 
April 100:3.0:0.7 5.7 5.7 3.0 5.1 64 
May 100:3.7:0.9 7.6 5.2 2.8 4.4 57 

Avg. 100:3.2:0.8 4.8 5.7 2.5 4.0 69 

June 100:3.0:0.3 7.5 5.9 1.3 3.0 76 
July 100:1.9:0.3 4:6 2.5 0.8 3.1 83 
Aug. 100:1.7:0.2 7.9 3.1 4.7 2.5 84 
Sept. 100:1.5:0.2 9.8 3.7 3.1 1.9 85 

Avg. 100:1.8:0.25 7.4 3.1 2.9 2.5 82 



TABLE 6 

NUTRIENT ADDlTIONS AND CONCENTRATIONS - EUROCAN 

LAGOON INFLUENT LAGOON EFFLUENT 
Nutrient 
Addition Nitrogen Total Nitrogen Total Percent 

Ratio ppm N Phosphate ppm N Phosphate BODS 
Date BODSN:P Total N03 ppm P04 Total N03 ppm P04 Removal 

1970 

Nov. 100:3.4:0.8 85 
Dec. 100:3.5:0.9 78 

1971 

Jan. 100:4.2:1.0 2.5 3.0 80 
Feb. 100:0.5:1.0 3.2 1.7 2.8 1.0 77 
Mar. 100:3.9:1.0 5.8 0.7 1.2 2.7 0.7 0.7 70 
Apr. 100: 5.0: L 1 0.7 2.5 0.5 0.6 72 

Avg. 100:3.9:1.0 4.5 0.7 2.0 2.8 0.6 1.6 79 

May 100:4.1:0.0 0.9 1.4 0.5 0.8 65 
June 100:3.5:0.0 4.2 1.2 1.0 4.0 0.8 0.6 78 
July~100:3.0:0.0 3.7 0.6 1.0 4.0 0.4 0.4 78 
Sept:l00:0.0:0.0 0.5 1.0 0.5 0.5 68 

Avg. 100:2.9:0.0 4.0 0.9 1.1 4.0 0.5 0.6 74 

* September not included in Average. 
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TABLE 7 

5 AND 95 PERCENT PROBABILITY LIMITS FOR pH 

NWP&P ALPULP EUROCAN 

Influent 6.8 to 8.0 5.6 to 7.3 8.2 to 10.8 

Effluent 7.3 to 8.1 6.1 to 6.8 7.3 to 9.1 



TABlE 8 ----
Sl.INMARY OF FITI'I\D MODELS 

r
- I i II Ca1C 'J from Calc'd from EquafcS'fK'" s-in-Seric~ Unequal CSTR s-in-Series -----, 

} I.. Fl.·rst ,'IAma.nt Dispersion Model ;·lodel Model Backflow-Cell }lodcl l I Run, p. p. I" lowratl~ __ Volume v , . 

. IInout I \-F:owrate under RTO-T ~~T-~'-D-~-~--~i~T~~#~o7f~----~T~1~~T~2-~~T~3~~~-~-*'~~~~--%-~~~---~I 
, If t i(US",gd) (ilrli) (hrs) (hrs) , tiT RSS (hrs) Tanks RSS hrs) (hrs) (hrs) RSS (hrs) (USmgd) RSS I 
~I--;:"Il'-O 98.0 i 103.0 102.1 0.498 2.".10:: 28.' 3 L69dO:: 1 70 .4 13.8 13.8 3.88XI0~: II 33.8 9.52 6.44XIO~: I 
111-2 I 650 I 18.2 91.6 83.2 I' 88.6 0.742 8.08xl0 24,1+ 3 2.94xl0 68.2 8.8 8.8 1.21x10 30.6 17.7 2.27>:10 I 

: I I -2 -1 -2 I I _7 i 
I
, !!-3 I 800 I 18.8 88.7 81.0 86.8 1.28 1.09x10 23.5' 3 5.81x10 75.1 5.9 4.5 1.20x10 31.6 30.4 2.6!.xlO , 

, I -3 -1 -2 -" I 1 'i-i, I 450 16,1~ I 102.0 99.0 106.1 0.494 4.82xl0 ; 29.8 3 1.06xl0 69.6 15.2 15.2 1.23x10 34.2 7.55 2.49x10" 

! 1]-5 'I 30°1 17\5 I 95.3 97.8 11 103 . 7 0.721 4.94::10~: 28.2 3 2.31X10~: 79.0 11.0 10.2 2.42X10~: I 35.7 16.7 ! 8.~h;~0~: I 

~~_6}'Ji lS.1 L. 92.1 I 97.7 ,104.3 0.895 1.31x10 28.1 3 3.18x10 81.9 14.0 4.50 9.30xl0-.:Jj 36.8 22.1 i l,)'':':''JO • 

1

0.395 3. 90x10 -3 r 54.11==3=f=3=.=0=5X=1=0==-=2~·lf-1'1=1=1=.4=4==3=2=.=3=F3=2=.=3==t1=6=.=20=X=1=0=-~J r:;;7i -5. 32 ~::lO--~--=' 
I 2 -3 I -3 I 

180.0 10.623 8.43x10-
3 

55.8 3 8.05xl0- 1131.0 45.8 9.44 2.29xl0 I 67.2 13.9 3.5,):<10 I 
! A-3; 8251 23.21 134.0 173.0 1188.4 0.447 1.22xl0-

2 
53.7 3 3.75Xl0-21~17.0 29.9 30.0 14.25Xl0-3! 60.5 8.84 6. I!.:,) 0-

3 ! 

I I I I I -2 1.05xl0- 1 59.4 -2 ii I -~ 1 
: .. ~\~.4._f==J-~~:?,-;_.2~.;l..=i==_=.==1=1=O~:?=-l=i==_=1~1=~= .. :=0"". = .=I=_~~2=:==4=k_?=';;.3:.;:?,.:1+=4=.9=_9=.~,=1=0~.i~0·l 3 _ 19.2 19.2 7.87xlO ._.l..2:.:2.-=_4.71 9.':icl<'; ~ 
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TABLE 9 

COMPARISON OF PREDICTED AND MEASURED CO NVERS IONS 

P R E D I C TED CON V E R S I 0 N S 
Rate 

Run Temp. Constant Neasured Ideal Ideal Dispersion Equal Unequal Backfl m .. J -Ce 11 
1\0. ~~ (h~.)-l Conversions CSTR PFTR Model CSTR's CSTR's Model --

l{ -1 32.0 0.0126 0.62 0.55 0.71 0.59 0.60 0.62 0.60 

;'-1 -2 32.0 0.Ol26 0.57 0.54 0.69 0.58 0.55 0.56 0.55 

H-3 33.0 0.0130 0.66 0.54 0.69 0.58 0.55 0.56 0.56 

H-6 20.6 0.0092 0.53 0.46 0.57 0.49 0.50 0.52 0.51 

i\ -1 20.0 0.01l0 0.76 0.66 0.86 0.76 0.75 0.75 0.75 

Z -1 30.0 0.0146 0.75 0.69 0.88 0.70 0.84 0.70 0.80 

(1(4015) 



TABLE 10 

HYPOTHETICAL COMPARISON OF TREATMEl\1T EFFICIENCIES 

!-----.------"r-.---------r------------------------,-------------------,-----------------,!--------------------~ 

j A0rated I L:W No. of Mixed Vessels Residence Time Dimensionless ?ut1 Predicted EOD S I 
I 

L.'l:=;oon i Ratio in Series in the of Each Vessel put Concentration Removal Efficiency \ 
\ Mixing Model 

! I ~ = W ~ 1 ] I fl'l - £ 1 x 100% 
I ' Co i=l 11 + kT . Co ./ 
! ___________ ~----------~------------------------r-------(D-a-y-S-) __ ------+--------.----___ i __ -+-____________________ ~ 

7.0: 1 3 

T 1 = 3.90 

T2 = 0.55 0.296 70.4% 

I 1 

! 'c': 1.'&1' I 
\ \ 
I I 

T3 = 0.55 i I 
I,----------~-----~----------------_r------------~----------_+---------------I I 

! 
I 

1 

I 
I ALPULP 
i 

I 
I 

I 

I 

EUROCAN 

(K40l5) 

Tl = 3.29 

12.5:1 3 0.278 72.2% 

T3 = 0.85 

Tl = 4.80 
1. 2: 1 2 0.348 65.2% 

T2 = 0.20 



NWP&P 

EUROCAN 

ALPULP 

(K401S) 

TABLE 11 

SOME SETTLEABLE SOLIDS Cm~CENTRATIONS IN THE AERATED LAGOONS 

Power Level 
6 

HP/10 US gallons 

8.5 

7.7 

7.7 

4.8 

8.0 

2.7 

Influent 
Concentration 

ppm 

23 

o 

40 

40 

15 

20 

Concentration 
in Lagoon 

ppm 

58 

24 

68 

32 

19 

6 

Difference 

35 

24 

28 

4 



TABLE 12 

PROBABILITY OF RAW AND TREATED WASTE CHARACTERISTICS 

1 
i N"..JP&P ALPULP EUROCAN I 

I Variable 
:;;;50% f90% 650% ~90% ~50% ~90% i 

i 

I I Inf. EfL Inf. EfL Inf. Eff. Inf. Eff. Inf. Eff. In£. Eff. I 

I 
! --
I 1 i 

BODS - ppm 280 115 370 165 285 65 350 105 115 40 190 55 
\ 

I 70 65 * ;t~ I s.s. - ppm 75 150 120 63 120 88 225 20 :>500 65 I I 
I Temp. - °c 32 23 37 29 26 18 34 24 28 18 33 24 I 
I I 
I 7.3 7.7 7.8 8.0 I I pH 6.5 6.4 6.7 6.9 9.5 8.0 10.5 8.7 
i I 

I 
Flow - USMGD 18.0 20.0 23.0 27.4 16.0 18.0 

I 

* These high values are due to the fact that the settling ponds ahead of the lagoon were filled 

and not operating effectively for a considerable percentage of the time. 

(K4015) 



TABLE 13 

TOTAL AND FILTERED HASTE CHARACTERISTICS 

RATIO OF TOTAL/FILTERED CONCENTRATIONS 
BODS COD TOC 

In£. Eff. Inf. Eff. In£. Ef£' 

~'WP&P 1.15 1.06 1.12 1.05 1. 28 1.06 

ALPULP 1.11 1.07 - - 1.60 1.40 

EUROCAN 1. 20 1.13 1. 25 1.10 1. 21 1.15 
-- -- -- -- -- ---

Average 1.15 1.09 1.19 1.08 - -
-- -- -- -- -- --

TABLE 14 

OXYGEN DE~~ND RATIOS 

-
COD/BODS TOC/BODS COD/TOC BOD20/BOD S 

In£. Eff. In£. Eff. In£. Eff. Inf. Eff. 

i','I.JP&P 4.00 6.67 1. 67 2.00 2.86 3.33 - -

ALPULP 1. 67 2.86 0.77 1.43 1. 67 1.82 1.7 1.9 

EUROCAN 7.14 10.00 3.33 5.00 2.00 2.50 3.45 5.00 

'-. -----. 

(K4015) 



Figures 



FIGURE 1 

Aerial Photograph of NWP&P Aerated Lagoon 



FIGURE 2 

Aerial Photograph of ALPULP Aerated Lagoon 



FIGURE 3 

Aerial Photograph of EUROCAN Aerated Lagoon 
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APPENDIX 1 

WASTE TREATt-1ENT SYSTEH DESCRIPTIONS 

NWP&P 

The waste treatment facilities at the ~~P&P mill in Hinton, Alberta, were 

designed to treat the total pulp mill and woodroom effluents, except for the 

bleach plant acid wastes. In addition to the mill waste, municipal sewage 

from the town of HINTON is also treated in the aerated lagoon. 

The waste streams to receive biological treatment are clarified in a 200 

foot diameter primary clarifier. Portions of the bleach plant acid waste 

are used for pH control. Prior to clarification the pH is trimmed to 7.5 

and immediately before the aerated lagoon the pH is adjusted by an automatic 

controller to 7.0. 

The U-shaped aerated lagoon is divided into two sections; an aeration zone 

and a quiescent zone. The aerated section, with a surface area of approxi· 

mately 10 acres and an operating depth of about 21 feet provides a retention 

time of three and one-half days at the average waste flow rate of 18 USMGD 

Fourteen, 50-horsepower Welles, floating, high speed mechanical aerators, 

spaced throughout the aerated section provide aeration and mixing. The 

quiescent section of the lagoon has a surface area of about 10 acres and an 

average depth of about 6 feet providing a retention time of about one and 

one-half days. The treated waste combines witll the untreated acid waste and 

is discharged into the Athabasca River through a submerged diffuser. 

The nutrients, nitrogen ~nd phosphorous are added to the clarified waste in 

the form of urea (4G-O-O) and fi:QIlO",,;'lr'l(\uiul1l pbospk"Le Ol-LIS-O) by two dry 

chemical feeders. 



The untreated \,rastc is scE':Jplcd by a tim.:!' operated pU1C1p and the treated 

waste [rom the L.1goon is sampled by <1 chain an'2 huckc'~ type san~pler. The 

waste flowrate is measured by a \"ei.r 2t the lagoon outlet. 

ALPULP 

The waste water treatment facilities at ALPULP are designed to process wastes 

with high solids and BODS content in a system consisting of collector sewers, 

a clarifier for sedimentation, and an aerated lagoon for biological oxidation. 

The effluents receiving treatm2nt cOG1prise about 50 per cent of the total waste 

flow and contain about 85 per cent of the total volatile suspended solids and 

about 60 per cent of the total BODS from the mill. 

The average flo\·, rates of the main \"a5te streams treated are shown in Table 1-1. 

Waste streams that do not receive biological treatment, including streams 

from the kraft bleach plant, recausticizing, paper machines and chemical 

recovery areas, are combined with the treated effluent before discharge to 

Alberni Inlet. 

TABLE 1-1 \vASTES RECEIVING BIOLOGICAL TREATHENT (ALPULP) 

Stream 

Stone groundwood grinders and screens 
Stone groundwood bleach 
Refiner groundwood bleach 
Kraft caustic exrraction washer 
No.3 and 4 paper machine 
Paper machine and refiner groundwocd 
Woodmill 

Average flow to Aerated L2g00D 

(KL,OlS, App.l) -2-

Average Flow 
(USGPM) 

800 
3,000 

800 
1,200 
4,500 
3,000 

2.,. 000 

16,300 (23 USHGD) 



The mill effluents for treatDlcnt, except those from the wood mills, are 

combined and flo\y by gravity to a pwnpir..g station ,·,hich lifts the effluent 

to the 200 foot diameter primary clarifier. The woodmill wastes are clarified 

in an 80 foot diameter clarifier and pumped to the primary clarifier overflow. 

The combined effluents then flow by gravity to the aerated lagoon. 

The nutrients, nitrogen and phosphorus, in the forms of urea (46-0-0) and 

mono-ammonium phosphate (11-48-0) are introduced to the effluent at the primary 

clarifier overflow. These are separately metered into small solution tanks 

and dissolved in water before entering the system. 

The aerated lagoon has a surface area of approximately 35 acres and an 

operating depth of about 13.5 feet, with a mean residence time of 5.5 days. 

Thirteen 75-horsepower Welles, floating, high speed, mechanical aerators and 

one 50-horsepower Lightnin, floating, low speed, mechanical aerator are spaced 

throughout the lagoon to provide aeration and mixing. At the lagoon inlet 

the aerators are relatively closely spaced in order to disperse the influent 

rapidly and to supply oxygen to satisfy the higher demand of the waste there, 

whereas the aerators near the outlet of the lagoon are more widely spaced 

because the oxygen demand of the waste is less in that region. The wider 

spacing also provides quiescent zones for sedimentation of any settleable 

material before the waste is discharged from the lagoon. 

Waste flow rates are monitored throughout the system. Flows of the contribu­

tory streams are measured by Parshall flumes in the mill, and the total com­

bined flow to the 200 fool diameter clarifier is recorded by a magnetic flow 

meter. The ,wed mill clarifier overflow is measur:ed in a Parshall flume. 

Chain and bucket type samplers are used to sample the aerated lagoon influent 

and effluenc continuously. ~l~my of the in-mill se,vcrs are also sampled on a 

continuous basis at the Parshall flumes. 

(K~015, App.l) -3-



EUROCAN 

The treatment facilities at EUROCAN are designed to treat the total effluent 

from the pulp mill and woodmill. Two sewers, a general mill sewer and a 

toxic sewer carry the effluents to the biological treatment system. Waste 

streams likely to have a high solids but low chemical content, which include 

sewers from the \voodroom, washing and screening area, paper machine, and stock 

preparation areas, are collected in a general sewer and settled in a 100 foot 

diameter primary clarifier. 

Effluents likely to have a high chemical content, including wastes from the 

digester area, water treatment, chemical recovery and recausticizing areas 

of the mill are collected in a toxic sewer which bypasses the primary clarifier. 

In the event of an upset or chemical spill in the mill, the toxic sewer flow 

is automatically diverted to a spill basin. 

During normal operation, the toxic and general sewers combine and flow by 

gravity to one of two settling ponds. The settling ponds, which have a 

retention of about eight hours, are used alternately to facilitate solids 

removal. 

The settling pond effluent overflows into the aerated lagoon, which has a 

surface area of approximately 23 acres, an operating depth of 13.5 feet, and 

a retention time of five days at the average waste flow rate of 20 USMGD. 

Nine, 100 HP Simon-Carves, floating, low speed, mechanical aerators spaced 

evenly throughout the lagoon provide aeration and mixing. A wooden dike, 

about 150 feet from the side of the lagoon, creates a quiescent zone before 

the outlet where any settleable lllatel:ial is removed. The treated effluent 

then overflows a Cipolelti Weir and flows by gravity to a submerged diffuser 

in the Kitimat River. 

(K40l5, App.l) -4-



phosphate (11-48-0), are added to the combined effluent before the settling 

ponds. Both are added directly as aqueous solutions. The ammonium phosphate 

is metered by a solids feeder into a dissolving tank and the anhydrous ammonia 

is vaporized and metered, as gaseous a~monia, through a water ejector. 

Extensive instrumentation provides for efficient operation of the effluent 

system. Operation of the spill basin is automatically controlled by the 

conductivity and pH measurements. The pH and waste flowrate into the settling 

pond are recorded continuously with visual readout in the central control room. 

In case of spills, there are high conductivity alarms on many of the in-mill 

sewers. 

Effluent flowrates are recorded in Parshall flumes through the mill. The 

combined waste flow is measured by a Pitot tube before the settling pond and 

by a level recorder before the Cipoletti weir at the aeration lagoon outlet. 

The in-mill sewers are sampled by flow-proportional, pneumatic samplers on 

a continuous 24 hour basis. The aerated lagoon influent and effluent are 

sampled continuously by automatic, bucket type composite samplers. 

(K4015, App.l) -5-
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The BODS analysis procedure followed closely the method outlined 

in the 12th Edition of Standa~d Methods. 

At each mill an acclimatized seed was cultured continuously in the 

laboratory by aerating and feeding a waste sample with small daily 

increments of the mill waste. Each day the seed was settled for 

about one hour and approximately 4 litres was siphoned off, part 

of which was used as the seed material. 

Dilution water, containing 0.5 percent seed at NWP&P and 1.0 per-

cent seed at ALPULP and EUROCAN, was made daily. Seed correction 

and dilution water control samples were prepared with each set of 

analyses. Sufficient dilutions of each sample were incubated so 

that the recorded result was the average of at least two readings 

in the required dissolved oxygen depletion range. 

Dissolved oxygen (D.O.) measurements were made using a membrane 

electrode and rr:eter, \vhich \'las s tandardi.zed immediately before 

readings were taken. The D.O. meter was calibrated periodically 

using the Winkler method. 



In Table 2-1 the results of reproducibility testing are 

summarized for the three mills. 

TABLE 2-1 REPRODUCIBILITY OF BODS TESTS 

NWP&P EUROCAN ALPULP 
Sample Mean ppm + s ppm Mean ppm + S ppm Mean ppm + s ppr 

Lagoon Influent-Total 312 22.9 145 28.1 279 24.6 
Lagoon Influent-Filtered 283 19.4 112 16.3 256 22.7 

Lagoon Effluent-Total 132 11.4 38 6.8 107 11.8 
Lagoon Effluent-Filtered 124 8.9 35 7.1 98 10.9 

Glucose-Glutamic Acid Stand.202 5.8 199 13.4 218 12.3 

The mean standard deviation (± s) is an average value of the standard deviations 

calculated for triplicate and duplicate samples over the period of detailed 

testing at each mill. 

(2) Suspended Solids 

At NWP&P, suspended matter concentrations were determined by 

filtration through an asbestos mat in a Gooch crucible as outlined 

in the 12th Edition of Standard Methods. A 50 ml sample was used. 

The standard deviation (s) of the test at NWP&P was t12.5 ppm 

at a mean suspended solids concentration of 105 ppm. 

Because the Gooch crucible method required a rather long period for 

filtration and because of the large standard deviation of the results, 

this method was not used at the other two mills. At ALPULP and 

EUROCAN glass fiber filters with a sample size of at least 200 m1 

were employed. A comparison between tlle Gooch method and the 

glass fiber [iltE'rs showed similar results. The standard deviation 

(s) of the suspended solids test at ALPULP and EUROCAN was .i 7.4 

ppm at a ~can suspended solids concentration of 104 ppm. 
(K4015), App. 2) -2-



At ALPULP a quantitative filter paper was normally used for routine 

suspended solids analyses (as recommended by the Technical Section 

CPPA). A comparison between the glass fiber filters and the quanti­

tative filter papers showed that the glass fiber filter media 

produced .substantially higher results. For the untreated waste 

the suspended matter concentration averaged 18 percent greater, 

while for the treated effluent from the five-day aerated lagoon, 

the concentration of suspended matter averaged 55 percent higher 

using the glass fiber filters. A summary of these test results 

is presented in Table 2-2. 

(3) Oxygen Uptake Rate 

The oxygen uptake rate, a measure of how quickly the dissolved 

oxygen in a waste sample is depleted, was used to estimate the 

state of biological activity in the waste. At NWP&P a sample 

was aerated for thirty minutes, following which the dissolved 

oxygen concentration was continuously recorded until the deplet­

ion was at least three to four ppm. The uptake rate was reported 

as ppm oxygen depleted per hour. 

This procedure was modified at the other two mills to allow a 

more rapid method of determining the oxygen uptake rate. The 

waste sample was shaken in a large bottle for about one minute 

immediately after sampling. The sample, which had a D.O. con­

centration of 4 to 5 ppm Mas then transferred to a standard 

BOD bottle and the dissolved oxygen concentration was recorded 

over a sufficient length of time to allow a D.O. depletion of 

at least 2 ppm, usually about 15 to 20 minutes. During the 

( 4 0 15, Ap P . 2) -3-



TABLE 2- 2 SUSPENDED SOLIDS DETERNINATION USING THO FILTER MEDIA 

Aer a t ion LC'.goon Influent Aeration Lagoon Effluent 

934-AH* No. 40-1:-.': Difference 934-AH* No. 40~""* Difference 
(ppm) (ppm) (%) (ppm) (ppm) (%) 

65 53 20.4 32 8 120.0 
80 63 23.8 20 2 163.7 
89 62 35.8 15 10 40.0 
64 52 20.7 21 13 47.0 
68 64 6.3 22 9 83.8 
68 50 30.5 27 25 7.7 
86 75 13.7 21 10 71.0 
54 35 42.2 37 20 59.6 
91 72 23.4 48 31 43.0 
77 59 26.5 55 34 48.3 
77 63 20.0 185 144 25.0 
86 55 43.9 65 48 30.1 

100 96 4.1 64 44 37.0 
95 83 13.5 66 50 27.6 

138 120 14.0 64 37 53.5 
172 168 2.4 71 45 44.8 
190 184 3.2 78 34 78.6 

60 43 33.0 88 63 33.1 
226 204 10.2 86 58 38.9 
117 117 0 
110 96 13.6 

99 92 8.7 
139 110 23.3 
128 102 22.6 
109 88 21.3 
178 171 4.0 
102 100 2.0 

106 92 17.9% 56 36 55.4% 

---

* Reeve klge] glass fiLer filter No. 934-AH 

*~': Whatman No. ljO filter papel 

(K4015, A.pp. 2) -4-



test, the samples ";-!cre pJ.Llced in a temperature controlled bath 

maintained at the ,,,aste temperature at the time of sampling. 

Approximately S minutes elapsed between the actual sampling time 

and the time of sealing the BOD bottle at the start of the test. 

(4) Alpha Value 

The alpha value determinations were conducted in the laboratory 

according to the procedure recommended by Eckenfelder and Ford 

(1970). A sample of waste was placed in a four gallon container 

equipped with a constant speed agitator. The liquid was de­

oxygenated either by purging the system with nitrogen or by 

chemical oxidation using sodium sulfite. The rate of re-aeration 

of the sample was then measured by a D.O. probe while the sample 

was aerated either by a diffused air bubbler or by a surface 

agitator. Samples of normal tap water were run after each waste 

sample. 

The reproducibility of the alpha value test was extremely poor, 

thus only a minimum of testing was performed to establish a 

relative comparison between the three mill wastes. 

(S) First Order BODS Removal Rate 

The BOD5 removal rate was determined from batch tests in the labor­

atory under simulated prototype conditions. A four gallon sample 

of mill effluent was inoculated with acclimatized seed and appro­

priate quantities of nutrients. It was then aerated by means of 

a sintered glsHs diffuser for S days. Frequent samples were taken 

for BODS analysis. 

(K40lS, App. 2) -5-



The seed material was obtained by taking a sample of aerated 

lagoon contents and allowing it to settle in a container for one 

hour. Following this the supernatant was decanted and 1000 ml of 

the remaining "sludge" was used as the seed inoculum. 

The temperature dependence of the reaction rate could be determined 

by placing the batch reactor in a water bath pre-set at any 

desired temperature. 

(6) velocity Measurements with Decca Current Meter 

The velocity magnitudes are determined by a freely rotating impeller 

equipped with a magnetic counter, on the impeller shaft. It is 

capable of an accuracy of ± 5 percent over a range of 0.0656 to 

3.0 feet/second. To determine the direction of flow, the current 

meter was allowed to rotate freely until a large vertical vane 

attached to the back of the meter, aligned itself with the direction 

of flow. The direction of flow was recorded with respect to the 

radial line from the sample point to the aerator shaft. 

The sensor of the current meter was attached to a long handle and 

lowered from the stern of a rowboat to a specific depth. The boat 

was secured to one of the three aerator anchor cables at distances 

measured from the aerator shaft which were marked on the cable. 

Velocity magnitudes and directions were recorded from 2 inches below 

the surface, at 1 foot depth intervals, to the lagoon bottom. During 

some of the testing, dissolved oxygen concentrations at various depths 

were measured. Amperages drawn by the aerators were recorded and the 

actual drawn horsepower of the aerators determined. 

(K40l5, App. 2) -6-
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At NWP&P, lagoon sampling was performed using a remotely controlled raft. 

The raft was floated to the desired location and the sample bucket, a 

standard D.O. and BOD sampler as described in the 12th Edition of Standard 

Methods, was lowered to a predetermined depth. After sampling the bucket 

was raised and the raft pulled to shore. Dissolved oxygen and temperature 

readings were recorded immediately and the remaining sample was transferred 

to a polyethylene container. 

One of the cross-sectional profiles at NWP&P was taken using a permanent, 

steel cable clothesline across the lagoon. A two-litre D.O. and BOD sampler 

was transported on the clothesline, lowered to collect the sample and 

retrieved along the clothesline. 

At ALPULP, the cross-sectional profiles were taken using a clothesline 

sampler similar to the one at NWP&P. The longitudinal profiles were taken 

from a rowboat. D.O. and temperature readings were recorded in situ and the 

oxygen uptake rate determinations were performed at the lagoon immediately 

after sampling. Lagoon sarr.pling at EUROCAN Has performed using a boat in 

the same manner as at ALPULP. 



TAlILE 4-1 

TRACER H1PUT AND OUTPUT LOCATIONS 

PROJECT TRACER INPUT LOCATION T~~CER OUTPUT LOCATION I 
NWP&P At open Manhole just before At end of aeration zone as flow 

pond inlet proceeds into the quiescent 
settling zone. 

ALPULP In primary clarifier overflow. Beside primary clarifier where 
36" dia. pipe discharges to an 
open ditch and flows to Somass 
River. 

EUROCAN Tracer poured into overflow Immediately ahead of Cipoletti 
weir separating settling pond weirs in effluent overflow 
and lagoon. structure. 

(K40l5, App. 4) -2-
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Following a comparative evaluation of several alternatives, rhodamine-HT was 

selected as the inert tracer. Its conservative properties were verified in 

batch laboratory tests by aerating an aliquot of the lagoon contents containing 

approximately 50 ppb tracer. The test was performed in an open container 

exposed to sunlight over a period of 4 to 6 weeks. No significant degradation 

of the tracer was detected. 

For each experimental run, about 100 to 140 lbs. (3 to 4 containers) of 20% 

rhodamine-WT solution (Dupont) was used. This was adequate to yield a peak 

effluent concentration of approximately 50 ppb, well above the background 

fluorescent level. The location of the tracer input injection and output 

monitoring points for each treatment system is listed in Table 4-1. 

The monitoring equipment, common to all tracer runs, consisted of a G.K. Turner 

Model 111 fluorometer fitted with a continuous-flow sampling door. A tele-

thermometer was used to monitor the effluent stream temperature. The 

fluorescence and temperature levels were continuously recorded on a dual 

channel strip-chart recorder. An effluent sampling pump, connected to the 

discharge side of the fluorometer sampling door, maintained a continuous 

sampling flow of approximately 10 gpm. 

Calibration of the fluorometer was performed using effluent samples containing 

a knowG. trac:er concentration. Fluorescence is temperature dependent, and 

therefore the calibrations were made over a temperature range varying from 

20 to 35°C. In addition, periodic spot calibrations were performed throughout 

an experimental run to check for instrument drift. 



TABLE 4-1 

TRACER INPUT AND OUTPUT LOCATIONS 

PROJECT TRACER INPUT LOCATION TRACER OUTPUT LOCATION I 
NWP&P At open Manhole just before At end of aeration zone as flow 

pond inlet proceeds into the quiescent 
settling zone. 

ALPULP In primary clarifier overflow. Beside primary clarifier where 
36" dia. pipe discharges to an 
open ditch and flows to Somass 
River. 

EUROCAN Tracer poured into overflow Immediately ahead of Cipoletti 
weir separar.ing settling pond weirs in effluent overflow 
and lagoon. structure. 

(K40l5, App. 4) -2-
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MATHEMATICAL NODELLING 

TABLE 5-1 THE IDEAL PLUG FLOH Al'JD IDEAL COMPLETELY MIXED HODELS 

-----------------r-------------------------------------------------------, 

THE PLUG 
FLOW MODEL 

RESIDENCE TIME 
DISTRIBUTION 

TRANSFER 
FUNCTION 

THE COHPLETELY 
MIXED HODEL 

RESIDENCE TnfE 
DISTRIBlTION 

Q 

~ 
- -

I 

- -- V ----.... .. - -- -
residence time = T = V/Q 

E(t) = E(t) :.: O(t-T) 

where 0 signifies the Dirac-Delta function or unit 

impulse function. 

G(s)= exp (-T s) 

o ~=-f1--· ----. C.:
J 

----. 

V 

residence time = T = V/Q 

E(t) = l exp(- ~) 
T 1: 

-------_._---------------------_._----------------------+ 

TRANSFL!~ 

FUNCTIO: 
... 

G'es) = ___ ~ __ _ 

1 + 1 S 



TABLE 5-2 THE AXIAL DISPERSIO~ MODEL (CLOSED/CLOSED BOUNDARY CONDITIONS) 

THE 
MODEL 

RESIDENCE 

TIME 

DISTRIBUTION 

I 

~I - -- _. - -.. - -.--. -
L = length of vessel 
u = avg. fluid velocity in vessel 
D = axial dispersion coefficient 
Pe= Pec1et number = uL/D 

.. 

E(t) = Pe exp [pe (2 - t)l i~kSin (2 k) ] [-4 A~ 
4 4 1=1 2 Pe 2 Pe exp 

"k + - + - Pe 4 4 

~ ( 4 ,,~ [ ~k sin (~"k) ]expf-4"~ t Jl~ 
k= 1 l Pe "k + Pe + Pe [pe 

4 4 

where "k are the positive non-trivial roots of the 

transcedenta1 equation 

" Pe tan (2" ) = 
2( ,,2 _ ~e ) 

These may be obtained by defining 8 =" n 2n:-1 

and y = "2 where the 8 and yare n n n n 

the positive roots of the transcedenta1 equations: 

Pe 
tan 8= 4S and 

Pe 
cot y = - -;;;: 

I 1 L ___________________________________________ • 
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TABLE 5-3 ----

r------,-------.-.. --.----------.. -------~---------------, 

THE 
MODEL 

RESIDENCE 

TIME 

DISTRIBUTION 

TRANSFER 
FUNCTION 

(K4015, App.5) 

, 
1 2 N-l N 

Q :::: flmvrate VT = total volume = N V 

individual vessel residence time = T = V/Q 

overall mean residence time NT 

E(t) = 
NN [~lN-l 

exp 

(N-l)! 

N 

G(s) :::: 

[ 

1 1 
-1-+-.-s I 

-3-



TABLE 5-4 THE 'yNEQUAJ~ TANKS - IN - SERIES HODEL 

r--------~------------------ _~~ _____ . ___ ._. ____________ _t 

THE 
MODEL 

TRANSFER 
FUNCTION 

RESIDENCE 
TIME 
DISTRIBUTION 

(K4015, App.5) 

1 2 N-l N 

-t'~=r=ci=1 ,--1'1-- t-f-~-I tt~ -I .. '1-' --4'1 ' . , . - (~.'<.1 - C_.~ 
C_"',J 

-- --
Q = flowrate 

V 
T= total volume 

N 

=~ 
i=l 

V. = volume of i,th vessel 
1 

V. 
1 

't = overall mean residence time = VT/Q 

'd ' f' ,th 1 V /Q T = reSl ence tlme 0 1 vesse = , 
'i 1 

N 
G(S) = -

IT 
i=l 

This may be obtained by Inverse Laplace Transformation 

of the Model transfer function. Its functional form will 

be dependent upon the value of N and whether or not 

two or more of the hypothetical vessels in the model 

have equal residence times. 

-4-



TABLE 5-5 THE BACKFLO\~ CELL i'iOJ)EL 

,._---------...,----------_._'--._-- "' .. '-. -.. -.-~------------.,.----------

THE 
HODEL 

RESIDENCE 
TIME 
DISTRIBUTION 

TRANSFER 

FUNCTION 

1 2 N-1 N 

I 
.-

~! 
-

Q = net forward f10wrate 

q = backf10wrate 

T = individual vessel residence time = V/Q 

TT = total residence time = NT 

Define ex: = ·V1 + % 

1 20: N+1 ~ [(_1)i+1 2 
exp(si t)] E( t) = - ~n-L!-

T (ex: 2_1) (l-N ts ) 
i 

where '¥. are the roots of the transcedental equation: 1. 
. 

-1 
'¥ i (N+l) + 2 tan 

in = 
ex:-cos,¥ . 

_I 

[ sin" i 

II + 

_ 1. 

1 2(1-0: cOS\jl .) I 
1. J and S.= - -

1. T 

G(s) = (>:2-1) a: N 

whereA.= 20: 

ex: 2 

N 
'-.-t 

. ,::, 1 
1. = 

1. ----~-------

(0: 2 _1)2 

- 1 

(_l)i+l . 2 . S1.n \jI 1. 
(1 - NT Si)' 

. 

'-------_ .. -'------_._-_._. __ . -------------.--------------.-
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RESIDENCE THIE DISTRnmTION DATA i'2~:\"LYSIS Ai'1'D RESULTS 

For each tracer run, concentration and te~perature data were recorded 

continuously for about 10 days (250jrs.) thereby covering 2 to 2.5 

pond residence times. Generally, this ,vas adequate to recover better 

than 80% of the tracer added to the input stream. For purposes of data 

analysis, the remainder of the residence time distribution was obtained 

by plotting the available tail portion ( :"_150 hrs.) on semi logarithmic paper 

and linearily extrapolating to essentially zero tracer concentration. 

This occurred at approximately 500 hours. 

The residence time distribution data was transcribed to computer cards 

for hourly intervals up to about 150 hrs. and then for 10 hourly 

intervals on the tail portion of the curve. Each complete curve was then 

numerically Fouy;_er transformed fro~ the time into the frequency domain 

and the transformed data was re-plotted to determine the complexity 

of the system. The mixing models were fitted in the frequency domain 

by a non-linear least squares parameter estimation routine using the 

rigorous statistical criterion recommended by Clements (1969). The 

procedures used for transforming the data and fitting the models have been 

described in detail by Wilson (1971). 

Having fitted each mixing model to each transformed residence time 

distribution, the best model for a given run was selected as that one 

having the least residual sum of squares of the deviations between the 

experimentally observed and the. predicted model responses. A numerical 

search routine (Rosenbrock (1960» ~vas used to minimize this statistic. 

(K401s, App.s) -6-



The dimensionless uutput reactant concentration for the unequal CSTR's -in-

series model undergoing o. first order reaction is 

BODS/out n r 
1T I 1 (S-1) 
i 1 1 + kT i 

BODS/in 

-1 
where k is the first order rate const-ant (base e hours ) 

and T. is the residence time of the i,th vessel in series 
1 

(hours). 

The dimensionless reactant concentration profile along a vessel as defined by 

the axial dispersion model is given by HEHNER and WILHELM (l9S6)as: 

2 exp (uL z) 

D 2 
i (1+A) exp [i ~L (l-z)-(l-N exp i ;;" (z-l) n 

2 (l+A) exp (~ uL) 
2 D 

2 (I-A) exp (-A uL) 
2n (S-2) 

where A ='Vl + 4k TCD/uL) 

D/uL dimensionless dispersion number 

D axial dispersion coefficient 
2 

(ft /hour) 

u mean axial velocity (ft /hour) 

L axial length (ft) 

and z dimensionless axial distance x/L 

(K401S, App.S) -7-
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PROJECT K40l5 
BIOLOGICAL TREATHENT STUDY 

TOXICITY STUDIES 
ADDENDUH TO ORIGINAL REPORT 

INTRODUCTION 

GOVERNH.lWT OF CANADA 
OT1'A"7A ONTAnO 

DATE: 28 HAY 1973 

The biological treatment study of three kraft mill aerated lagoons was com-

pleted and a report submitted to the Department of the Environment during 

1972. This report ,,'as published by Environment Canada, Inland Waters 

Directorate, Water Quality Branch. 

After the laboratory investigations and fieldwork for this study were under-

way, the importance of effluent toxicity in the light of the new Federal 

Government pulp and paper effluent regulations became apparent. Consequently, 

the fieldwork was extended and tcxicity testing of the effluents of each kraft 

mill involved in the study was performed. This addendum to the originel 

report presents the results of these toxicity studies. 

A.l)STRACT 

Bioassay tests were conducted on pulp and paper mill effluents from three 

kraft mills in western Canada. Toxicity was measured, using the 96 hour 

median tolerance limit (TLm 96) test, on both untreated mill \,astewaters and 

on the effluents after they had received five-day biological treatment in 

aerated lagoons. 

It was not possible to establish definite relationships between the waste-

water toxicity and other variables such as BODS' COD, dissolved solids, etc. 

Also, no relationship was found between BODS removal (treatment efficiency) 

and toxicity reduction in the five-day aerated lagoons. However, a definite 

at'ld similar relationship ,.,as found to exist between toxicity and both the 

zinc and resin acid soap concentrations.in the effluents. 



MILL AND TREAT~ffiNT SYSTEM DESCRIPTIONS 

NORTH WESTERN PULP & POhTER LTD. (l\T\-.TP&P) 

The ffivP&P mill, situated in Hinton, Alberta, on the Athabasca River, produces 

approximately 600 TPD of fully bleached kraft pulp utilizing a CEHDED six 

stage bleaching sequence. The wood furnish at ffi~&P is approximately 60 

percent spruce and 40 percent pine, hauled to the mill by land. 

The waste treatment system, completed in 1967, was designed to treat the 

total pulp mill and woodroom effluents except the bleach plant acid waste. It 

consists of primary clarification, nutrient additions, pH adjustment, and 

biological treatment in a five-day aerated lagoon. 

~~CMILLAN BLOEDEL LTD., ALBERNI PULP & PAPER DIV. (ALPULP) 

The ALPULP mill, situated in Port Alberni, B.C., at the head of Alberni Inlet, 

is an integrated mill complex producing approximately 900 tons per day (TPD) 

of kraft pulp and 1000 TPD of groundwood. About 300 TPD of the kraft pulp is 

bleached utilizing a CEH sequence. The wood furnish at ALPULP is about 

80 percent hemlock and balsam, 10 percent fir, and 10 percent cedar. Zinc 

hypochlorite was used for groundwood brightening. 

The waste treatment facilities comprise collector sewers, primary clarification 

and a five-day retention aerated lagoon. Approximately 50 percent of the 

total mill waste flow receives treatment. The groundwood mill effluents, the 

first stage caustic extraction liquor from the bleach plant and the woodroom 

effluent are treated. This accounts for about 85 percent of the total vola­

tile suspended solids and about 60 percent of the total BOD5 from the mill. 

Nutrients are added to the waste stream to promote efficient biological 

treatment. 

- 2 -



EUROCAN PULP & PAPER COMPANY LTD. (EUROCAN) 

The EUROCAN mill, situated in Kitimat, B.C., on the Kitimat River, consists 

of an unbleached kraft mill producing 1inerboard, sack paper and pulp, and a 

sa~ni11. The mill, with a design production rate of 915 TPD of kraft pulp 

and 130,000 Hfbm/ A of sm·;rn 1ur.J.ber, "laS brought on-s tream in early October, 

1970. The "lOod furnish at EUROCAN is about 30 percent hemlock, 22 percent 

balsam, 30 percent lodgepole pine, 11 percent spruce and 7 percent miscell­

aneous. It is transported to the mill both by water and land. 

The waste treatment facilities were designed to treat the total effluent from 

both the pulp mill and the wood mill. A clarifier, an emergency spill basin, 

tandem settling ponds and a five-day retention aerated lagoon are the principal 

components of the treatment process. Nutrients are also adLed to the waste 

stream. 

TOXICITY STl~IES 

Toxicity of a waste,·mter sample may be expressed in several ways. One 

common method is to define it in terms of the 96 hour median tolerance limit 

(TLm 96). This is defined as the percent of wastewater in water solution 

that will .resu1t in 50 percent survival (or 50 percent mortality) of the test 

fish after 96 hours. The 96 hour TLm test method was selected because it 

provides a direct means of comparing the toxicity of various effluent samples. 

The toxicity tests reported here were all batch or static studies carried 

out in accordance with the procedures recommended in Standard Methods (1971). 

Fresh effluent samples were obtained by the mill personnel and shipped directly 

to the testing laboratories. }10st of the samples arrived at the laboratory 

within 24 hours of sampling. Biological and chemical testing was performed 

at the mills following Standard Methods (1971) procedures. 

- 3 -



The complete test results for the TLm 96 for the three mill wastewaters are 

presented in Tables 1 to 5. A condensed listing of the results, along with 

the zinc and resin aci.d soap concentrations are shown in Table 6. 

Alpulp Results 

The average TLm 96 of the ALPULP combined effluent (treated and untreated 

wastewater streams) was 68 percent, with a low value of 41 percent and a 

high value of no mortality at 100 percent effluent concentration. The ALPULP 

combined wastewaters comply with the British Columbia provincial Level A, 

toxicity standard for marine water discharge, which requires a 50 percent 

survival after 96 hours in a 45 percent effluent solution in water. The 

Test No.5 combined effluent sample, Table 5, was non-toxic at 100 percent 

concentration while the Test No.4 sample, Table 4, showed only a 5 percent 

mortality at 75 percent concentration. Both of these samples had lower 

resin acid soap and zinc concentrations, averaging 3.2 and 2.9 respectively, 

than the other combined waste samples. 

The resin acid soap levels were generally low in all of the ALPULP waste 

streams, ranging from 1.1 ppm to 3.5 ppm. The effluents treated in the 

aerated lagoon contained less than 1.6 ppm of resin acid soaps. The untreated 

effluents which included the kraft mill streams also contained low resin acid 

soap levels because of the dilution by the groundwood and other process streams. 

The zinc levels in the mill waste streams originated from the groundwood 

brightening process where zinc hypochlorite was used. The groundwood mill 

effluents contained in excess of 30 ppm zinc, while the zinc concentration 

in the effluent streams receiving biological treatme~t averaged 24 ppm. The 

zinc concentration was reduced approximately 60 percent to 10 ppm in the 

five-day aeration lagoon, probably due to reduction and precipitation of the 

zinc complexes in the lagQOn. 
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Through the ALPULP five-day lagoon, the vlasteHater toxicity Has redu~ed from 

5.4 percent TLm 96 in the influent, to 23 percent TLm 96 in the treated 

effluent. This reduction is someHhat 10Her than might be expected after five­

day biological treatment achieving greater than 80 percent BODS removal, but 

is probably due to the relatively high (10 ppm) zinc concentration in the 

treated effluent. 

The combined treated and untreated Hastes, which contained lower levels of 

zinc, were much less toxic with an average TLm 96 of approximately 70 percent. 

Eurocan Results 

The treated effluent from the EUROCAN aerated lagoon was consistently non­

toxic at 100 percent concentration. The untreated mill Hastewater showed 

a 96 hour median tolerance limit of 18 to 68 percent, the lower value occuring 

during severe upset conditions in the mill which resulted in the loss of 

black liquor to the sewers. The mill wastewater was less concentrated than 

that normally expected because the kraft pulp production during the testing 

period was about 40 to 50 percent of design capacity of the mill. 

The BODS of the mill effluent averaged 140 ppm which was r~duced to about 

25 ppm after primary and secondary treatment. The concentration of resin 

acids in the waste was low, averaging 3.0 ppm in the untreated waste and 

2.0 ppm in the biologically treated effluent. 

mlP&p Results 

The TLm 96 of the combined effluent streams from the NWP&P bleached kraft 

pulp mill averaged 26 percent, ranging from 42 to 13.5 percent. The untreated 

mill wastewater streams that receive biological treatment in the five-day 

retention aerated lagoon had a TLm 96 of 13.5 percent. The effluent toxicity 

was reduced to 26 percent TLm 96 after treatment in the lagoon. The residual 
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toxicity in the lagoon effluent appeared to be of the same magnitude as that 

of the untreated bleach plant acid effluent, although in some of the tests 

there was a slight reduction in toxicity when these two streams were cOlubined. 

The resin acid soap concentration in the ~~{P&P effluent averaged 28.S ppm 

considerably higher than at the other two mills, probably due to the different 

wood furnish used by 1'fu'P&P. The resin acid soap levels were reduced approx­

imately 60 percent through the aerated lagoon, averaging 11.6 ppm in the 

treated effluent. 

TOXICITY RELATIONSHIP TO HASTE CONSTITUENTS 

It was not possible to establish definite relationships between the wastewater 

toxicity and other variables such as BODS' COD, dissolved solids, etc. The 

pulp and paper mill effluents, both treated and untreated, used in this study, 

indicated that there was no relationship between toxicity and BODS' COD, etc., 

nor was there a relationship between biological treatment efficiency (BODS 

removal) and toxicity reduction in the aerated lagoons. 

However, a general relationship was found between toxicity of the effluents 

and both the zinc concentrations (for the Alpulp wastes) and the resin acid 

soap levels. This relationship is shown in Figure 1. The effluent TLm 96 

toxicity values show a similar relationship to both the zinc and resin acid 

soap concentrations in the treated and untreated \.,rastewaters. 

Comparison of toxicity of lagoon influent and effluent at EUROCAN and NWP&P 

with resin acid soap concentrations, indicates that these are only partially 

responsible for toxicity. At EUROCAN, the influent with only 3 ppm resin 

acid soaps was toxic (TLm 96, 18-68%), and this toxicity was entirely removed 

in the lagoon although resin acid soaps fell to 2 ppm. In ffiiP&P the resin 

acid soaps fell from an average of 28 ppm to 11.6 ppm through the aerated 
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lagoon and TLm 96 changed from 13.5 percent to 26 percent. This would suggest 

that the toxicity at EUROCAN may be due to a biodegradable material other than 

resin acid soaps, whereas the remaining non-biodegraded resin acid soaps at 

NWP&P cause the residual toxicity. 



RESULTS OF TOXICITY BIOASSAY TESTS 

TABLE 1 - TOXICITY TEST NO.1 

NWP&P 

Sample 

Lagoon Influent 
Lagoon Effluent 
Combined Effluent 

ALPULP 

Parameter 

Threshold of Toxicity 
96 hour TLm 
BOD

5 
total/filtered-ppm 

COD total/filtered-ppm 
pH at mill/as received 
Suspended Solids - ppm 

pH 

7.0 
7.0 
3.6 

Total Solids - ppm 
Temperature (at mill) - °c 
Dissolved Oxygen (at mill) -

ppm 
Zinc - ppm 

EUROCAN 

Parameter 

Threshold of Toxicity 
96 hour TLm 
BOD

5 
total/filtered - ppm 

COD total/filtered - ppm 
pH at mill/as received 
Suspended Solids - ppm 
Total Solids - ppm 

Threshold 

Lagoon 
Influent 

3.2% 
5.6% 
334/329 
527/477 
7.0/6.6 
35 
707 
33 

4.1 

toxicity 

10% 
10% 
10% 

Lagoon Influent 

32% 
68% 
178/172 
298/249 
10.1/9.8 
48 
412 

Temperature (at mill) - °c 
Dissolved Oxygen (at mill) - ppm 

30 
2.4 

of 
96 hour TLm 

13.5% 
13.5% 
24.0% 

Lagoon Combined 
Effluent Effluent 

10% 32% 
29% 53% 
79/82 125/125 
204/194 338/199 
6.8/6.7 7.0/7.1 
44 206 
438 729 
32 30 

2.7 3.3 
2.15 

Lagoon Effluent 

100% 
nontoxic at 100% 

26/17 
189/151 
7.7/7.5 
62 
476 
28 
1.0 



NI.JP&P 

Sample 

Lagoon Influent 
Lagoon Effluent 
Combined Effluent 

ALPULP 

Parameter 

Threshold of Toxicity 
96 hour TLm 
BODS total/filtered - ppm 
COD total/filtered - ppm 
pH at mill/as received 
Suspended solids - ppm 
Total solids - ppm 
Dissolved oxygen (at mill) 

ppm 
Zinc - ppm 

EUROCAN 

Sample 

Lagoon Influent 
Lagoon Effluent 

TABLE 2 - TOXICITY TEST NO.2 

Threshold of 
Toxicity 

10% 
10% 

Lagoon 
Influent 

3.2% 
5.9% 
331/294 
495/412 
6.8/ 
30 
712 

4.1 
21.0 

96 hour TLm 

13 .5% 
18.0% 
24· .0% 

Lagoon 
Effluent 

0% 
40% 
54/48 
236/217 
6.7/ 
25 
515 

4.9 
9.2 

.P.!! 

11.2 
7.2 

Threshold of 
Toxicity 

10% 
100% 

Resin 
Acid 
Soap 

28.0 
15.6 
9.3 

Combined 
Effluent 

10% 
41% 
107/92 
481/439 
6.0/ 
235 
746 

4.6 
5.24 

96 hour TLm 

18% 
non-toxic at 100% 



TABLE 3 - TOXICITY TEST NO.3 

MadlillanBloedel - Alberni Pulp and Paper Division 

Parameter 

Threshold of Toxicity 

96 hour TLm 

BOD5 total/filtered - ppm 

COD total/filtered - ppm 

pH at mill/as received 

Suspended solids - ppm 

Total solids - ppm 

Temperature (at mill) - °c 

Dissolved oxygen (at mill) -
ppm 

Zinc - ppm 

Lagoon 
Influent 

1% 

4.2% 

354/344 

825/480 

6.8/6.9 

262 

954 

35.6 

1.4 

31.0 

Lagoon 
Effluent 

14% 

29/28 

188/166 

7.0/6.9 

19 

452 

23.3 

5.6 

15.0 

Note: Aerated lagoon was being by-passed at time of sampling, 
thus lagoon influent saTIple is unclarified (high solids) 
and lagoon effluent has received greater treatment than 
normally. 

Combined 
Effluent 

32% 

64% 

206/176 

484/314 

9.9/10.0 

185 

1029 

32.2 

0.6 

8.0 



TABLE 4 - TOXICITY TEST NO.4 

NV,rP&P 

Parameter 

Threshold of toxicity 

96 hour TLm 

pH as received 

Acid resin soaps - ppm 

BODS - ppm 

Zinc - ppm 

ALPULP 

Threshold of toxicity 

96 hour TLm 

BODS total/filtered - ppm 

COD total/filtered - ppm 

pH at mill/as received 

Suspended solids - ppm 

Total solids - ppm 

Temperature (at mill) - °c 

Dissolved oxygen (at mill) -
ppm 

Zinc - ppm 

Acid resin soaps - ppm 

EUROCAN 

96 hour TLm 

Lagoon 
Influent 

10% 

13.5% 

7.1 

26 

472 

0.04 

1.0% 

4.6% 

343/334 

573/519 

6.8/6.9 

38 

779 

37 

2.4 

24.8 

1.1 

5% mortality 
at 100% cone. 

Lagoon 
Effluent 

18% 

37% 

7,.2 

9.8 

175 

0.24 

7.5% 

16% 

28/24 

234/183 

6.7/6.7 

32 

532 

25 

2.5 

14.6 

1.2 

non-toxic at 
100% 

Combined 
Effluent 

18% 

42% 

4.7 

10.5 

0.17 

56% 

5% mortality 
at 75% cone. 

124/107 

345/289 

7.4/7.4 

189 

822 

27 

3.8 

2.6 

2.9 



TABLE 5 - TOXICITY TEST NO.5 

NWP&P 

Parameter 

Threshold of toxicity 

96 hour TLm 

Zinc - ppm 

Resin Acid Soap - ppm 

pH 

ALPULP 

Threshold of toxicity 

96 hour TLm 

BOD
5 

total/filtered - ppm 

COD total/filtered - ppm 

pH at mill/as received 

Suspended Solids - ppm 

Total Solids - ppm 

Temperature (at mill) - °c 

Dissolved oxygen (at mill) -
ppm 

Zinc - ppm 

Resin Acid Soap - ppm 

Lagoon 
Influent 

3.2% 

13% 

0.10 

31.5 

7.4 

3.2% 

6.8% 

345/335 

6.8/6.9 

7 

749 

36 

2.1 

18.1 

1.6 

Lagoon 
Effluent 

18% 

35% 

0.05 

9.3 

7.3 

10% 

14% 

45/42 

209/205 

6.7/6.8 

5 

499 

24 

2.8 

8.4 

1.1 

Combined 
Effluent 

10% 

13.5% 

0.06 

3.1 

2.7 

100% 

100% 

120/125 

368/252 

8.6/8.8 

182 

903 

29 

2.4 

3.2 

3.5 



TABLE 6 - Silll}1ARY OF TOXICITY BIOASSAY RESULTS 

Test LAGOON IKFLUENT LAGOON EFFLUENT COHBINED EFFLUENT 

Zinc RAS TLm96 Zinc RAS TLm96 Zinc RAS TLm96 
~ ~ % ~ ppm % ~ ppm % 

NWP&P 

1 13.5 l3.5 24 

2 28.0 l3.5 15.6 18 9.3 24 

3 0.04 26.0 l3.5 0.24 9.8 37 0.17 10.5 42 

4 0.10 31.5 13 0.05 9.3 35 0.06 3.1 13.5 

AVERAGE 0.07 28.5 l3.5 0.15 1l.6 26 0.12 7.3 26 

ALPULP 

1 5.6 2.2 29 53 

2 21.0 5.9 9.2 40 5.3 41 

3 31.0 4.2 15.0 14 8.0 64 

4 24.8 1.1 4.6 14.6 1.2 16 2.6 2.9 (80) 

5 18.1 1.6 6.8 8.4 1.1 14 3.2 3.5 100 

AVERAGE 24.0 1.4 5.4 9.9 1.2 23 4.8 3.2 68 

EUROCAN 

1 68 100 

2 18 100 

3 - non-toxic 100 
at 32% 
conc. 

AVERAGE 3.0 2.0 100 
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