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Pulp & Paper

O
nce a busy, thriving gateway
to the goldfields, Quesnel,
BC, has long since been
transformed by the “green

gold” of the forest and by tourism.
Nowadays forest industry accounts for
a large share of the employment in the
area.

West Fraser Timbers Company, a
leading forest products company in
Western Canada, operates a high-yield
Bleached-Chemi-Thermo-Mechanical
Pulp (BCTMP) mill, Quesnel River
Pulp (QRP), in this small town (pop.
10,500), located at the junction of the
Quesnel and Fraser Rivers in the interi-
or of British Columbia. The mill was
built in 1981 and was one of the first
BCTMP mills in North America. 

The BCTMP process uses chemical
impregnation, steam and mechanical
energy to free the fibers from the wood.
The resulting pulp is then bleached
with hydrogen peroxide. The effluent
from a BCTMP mill is high in organic
matter, measured as COD and BOD5.
As a matter of fact, on a concentration
basis, the COD and BOD5 are among
the highest in the pulp and paper indus-
try. 

From 1988 to 2005 the effluent
treatment system at QRP consisted of
an anaerobic treatment plant for some
mill wastewater streams and an activat-
ed sludge plant for the anaerobically
treated wastewater, plus other mill
streams not suitable for anaerobic treat-
ment.

Over the years, production capacity
increases and pulp grade changes put a
growing strain on the effluent treatment
system, particularly the anaerobic unit,

to the point that the effluent treatment
system dictated the production grade
schedule and capacity. Obviously not a
good situation in a market-driven envi-
ronment. Operational problems includ-
ed poor tolerance to hydrogen peroxide
and sulfur in the anaerobic stage, poor
sludge in the activated sludge basins
and final clarifier upsets. The mainte-
nance and operating costs of the anaer-
obic treatment plant were very high. 

These factors and the insufficient
treatment capacity for current and
future production grades and rates
prompted the mill to look for solutions.
Two upgrade alternatives were consid-
ered: a) increased activated sludge plant
volume, or b) conversion to a BAS
process.

The Biofilm Activated Sludge
(BAS) biological process is a combina-
tion of a biofilm stage, as a pretreat-
ment step, followed by an activated
sludge stage. The biofilm stage is the
Kaldnes Moving Bed™ Biofilm
Reactor (MBBR) technology developed
by AnoxKaldnes that also developed
the BAS process. 

Following a tour of several BAS
installations in Sweden, a six month
pilot plant trial at site and a detailed
analysis of cost and operational factors,
QRP decided to convert the existing
treatment plant to a BAS plant. The
pilot plant trial had proved that the pro-
posed treatment process could handle
soluble COD loads up to 140 tpd, an
increase of 30 tpd, and have expansion
capacity to 170 tpd by minor modifica-
tions. The quality of the activated
sludge in the pilot plant was very good,
a major problem with the old system,

and the sludge yield was projected to be
25-40% lower than before.

Construction started in 2004 and the
new system was commissioned in
March, 2005. The new BAS treatment
plant consists of two 3000 m3 MBBR
tanks in series, giving a hydraulic reten-
tion time of 8.7 hours at average design
flow, followed by the previously exist-
ing activated sludge plant (HRT 3.2
days). The anaerobic stage was decom-
missioned and the reactor tanks con-
verted to evaporative cooling basins.

The MBBR tanks contain plastic
carrier media that move freely in the
tanks. Microorganisms colonize the
media and form a resilient biofilm that
together with dispersed bacteria con-
sume about 40% of the incoming solu-
ble COD. Aeration for mixing and for
the oxygen demand of the microorgan-
isms is provided through a coarse bub-
ble aeration grid at the bottom of the
MBBR tanks. Excess biofilm is
sloughed off and is carried out with the
MBBR effluent while a screen retains
the plastic carrier media in the reactor
tanks. The partially treated effluent
continues to the activated sludge stage. 

A unique characteristic of the two
stage BAS process is that the microor-
ganism populations in the two stages
are different. The biofilm stage
removes much of the easily degradable
material and generates a substantial
amount of dispersed (non-flocforming)
bacteria. The activated sludge stage in
turn promotes the growth of organisms
that can utilize what is left in the efflu-
ent from the MBBRs as a food source.
This means that the activated sludge
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will contain a large amount of higher
life-forms (ciliates, rotifers, etc.) that
live largely on dispersed bacteria. That
is the reason for the overall low sludge
production. Filament formation in the
activated sludge is discouraged because
the filament forming organisms lack
the food source that they normally
require and they are unable to compete
in the biofilm stage. 

Nutrient control aspects in a biofilm
activated sludge process are a very
interesting topic. Normally pulp and
paper mill effluents are deficient in the
essential nutrients, nitrogen and phos-
phorus, so these nutrients have to be
added. However, if they are added in the
conventionally used BOD:N:P “rule of
thumb” ratio, or even a ratio that satis-
fies the need in the biofilm
stage, one may be sur-
prised to see higher residu-
als than expected in the
final effluent. This is
because nutrients taken up
by bacteria in the biofilm
stage are released when
the bacteria are consumed
in the activated sludge
stage.

The solution, if nutrient
release is a concern, is to
operate the MBBR stage
at strict nutrient limitation.
This is perhaps counter-
intuitive because everyone
knows that nutrient defi-
ciency causes polysaccha-
ride slime formation and
sludge that is impossible
to separate. However, polysaccharides
are excellent food for the microorgan-
isms in the activated sludge stage and
this slime is completely consumed. The
nutrients that are released satisfy the
needs of the organisms in the second
stage. The formation of the polysaccha-
ride slime in the biofilm stage and the
subsequent consumption of the slime in
the second stage drives the overall
sludge production even lower. The result
is a very low net sludge yield and a low
nutrient residual. Nutrient addition
matches the net sludge yield.

The commissioning of the new treat-
ment process at QRP was carefully
planned so as not to interrupt mill pro-
duction or effluent treatment. The solu-
ble COD removal remained at > 80%
(BOD5 reduction ~ 99%) through the
decommissioning of the anaerobic
stage and the start-up of the MBBR
stage. During the commissioning phase

the activated sludge plant successfully
treated the entire effluent for two
months at an upper load limit of 110
tpd of soluble COD imposed on the
mill. This later gave the mill a good
comparison between the activated
sludge, the anaerobic/activated sludge
and the BAS system. Within two days a
biofilm was visible on the carrier media
and the system capacity increased
immediately to the design level. 

Despite large load fluctuations (sol-
uble COD 61 – 151 tpd) the process has
remained stable. The TSS discharges
from the final dissolved air flotation
clarifier have decreased and the sludge
quality has improved dramatically. The
sludge volume index (SVI) decreased
from 300 ml/g prior to start-up to 70

ml/g within two weeks after start-up.
Microscopic examination also showed
a marked improvement in the activated
sludge floc. 

Sludge production started to drop
very soon after start-up and continued
to drop to 0.17 kg TSS/kg soluble COD
removed. This is to be compared to 0.28
kg TSS/kg soluble COD removed prior
to start-up. Pilot plant work had indicat-
ed that further nutrient control could
reduce the yield further toward 0.11 kg
TSS/kg soluble COD removed. In fact,
the mill has continued to optimize
(reduce) nutrient addition and the latest
figures suggest a solids yield of 0.15 kg
TSS/kg soluble COD removed. 

Ammonia residuals must be main-
tained at low levels due to monthly rain-
bow trout toxicity tests. This has been a
major reason driving the reduction in
nutrient addition and the need to match
the nutrient addition to the organic load.

To reduce the cost of effluent treat-
ment while meeting discharge require-
ments is always a high priority. Cost
analyses during the preliminary engi-
neering and pilot plant phases had indi-
cated that there would be a cost savings
following the conversion to the BAS
process. Following start-up, QRP was
able to compare the actual cost of treat-
ment between the old anaerobic/aerobic
plant, activated sludge alone and the
new BAS process on an equal footing. 

The anaerobic/activated sludge
process could treat about 110 tpd solu-
ble COD at a cost of $8.30/air dried
metric ton (admt) pulp. During the con-
struction phase, QRP operated the acti-
vated sludge plant alone at 110 tpd sol-
uble COD (they managed to optimize

operation to allow this)
at a cost of $7.92/admt
of pulp. The savings
were attributed to elimi-
nation of caustic for pH
control in the anaerobic
reactor even though the
overall sludge yield
increased with resulting
cost increases in sludge
dewatering and disposal.
The start-up of the BAS
process brought the
treatment capacity up to
140 tpd soluble COD
but the treatment cost
dropped to $6.11/admt
of pulp. 

QRP foresees further
reductions in costs
through power con-

sumption optimization and by further
limiting nutrient addition.

QRP’s assessment after a year and a
half of operating experience is that the
biofilm activated sludge process has
outperformed the old anaerobic/activat-
ed sludge and the pure activated sludge
processes in many ways. Operation has
been simplified, process control is bet-
ter and treatment capacity is higher.
Tolerance to changes in load due to
grade changes and shutdowns is very
good. Final clarifier upsets have been
eliminated and the TSS discharges have
been reduced. Sludge production is
much lower and overall treatment costs
are 25% lower.

Jon Sointio is with AnoxKaldnes Inc.
Anna Rankin and Mike van Aert are

with Quesnel River Pulp 
Contact: jmb@anoxkaldnes.com

Pulp & Paper

Close-up of the tank media.




