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1. Summary 

1.1 Overview 

This report discusses the environmental status of the Baikalsk Pulp and Paper dissolving kraft 
pulp mill located in Baikalsk, in the Siberian region of Russia. 

The mill is located on Lake Baikal, which is a unique body of water, being pristine, and 
containing one fifth of the wortd's fresh water. The mill has been in operation since the iate 
1960s, and was equipped since original startup with a waste treatment system that is still one of 
the best five in the wortd's pulp and paper industry. 

The special status of Lake Baikal has led to pressures to dose the mill. on the basis of improving 
the natural beauty of the area, to improve the possibility of the region being designated a Wortd 
Heritage Site, and to avoid any risk of presently unforseeable environmental damage becoming 
evident in tlie future. 

1.2 Conclusions 

The following condusions are based on information available at the condusion of the author's 
first mission to Baikalsk. They may be slightly modified when condusions of the other experts in 
the team become available. Such changes will be the subject of the report to be submitted after 
the pulp, effluent treatment and wood processing consultants have completed their investigation 
and presented their commentc::. 

1.2.1 Comparison of Baikalsk mill with world standards 

The mill effluent discharges, even as long ago as 1970, were as good as any pulp mill in the 
wortd prior to about 1989. Since then. approximately five mills in the world have 
environmentally comparable effluent quality. 

The atmospheric emissions from the mill are moderate by world standards. and there are no 
known negative effects beyond local odour and the unsi~hfly voluminous steam emission. 

1.2.2 Solid wastes 

Sludge from waste treatment has been incinerated in an environmentally sound manner for 
soll"e years. However, a combination of primary, biological and lignin sludge was stored in 
oasins at very low consistencv for the first several years of the mills operations. This storage, 
still quite liquid, is currently well contained, but the possibility of cieterioration, or natural disaster, 
releasing the sludge to the Lake exists, whether the mill contin•Jes to operate or not. If the mill 
does shut down. then contingency plans to deal with the sludge will be necessal'}'. 

Mill garbage is stored in sealed laridfills, and the leachate is monitored. There is no apparent 
environmental risk. 
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Mill ash is stored in sealed basins. Two old, unused basins are closer to the lake that would be 

considered acceptable today. The ash is stable, and has been revegetated. It is best to leave 
them untouched. If c;onsideration is given to removing the ash. then the possibility that the 
removal works would be more environmentally harmful than allowing the ash to remain should 
be the subject of a special study. 

1.2.3 Effects of mill operations on Lake Baikal 

The lake is large, exceptionally deep, and contains many endemic species, including the 
freshwater seal. 

There is no scientifically measurable damage to the iake's ecosystem due to the Baikalsk mill. 
and there are only quite miner measurable effects on the ecosystem. 

The conditions in and around the lake have been studied extensively since before construction 
of the mill, with the most intensive studies having taken place in the past 15 years. A number of 
international researchers have studied the lake conditions. as well as a variety of Russian 
researchers and regulatory personnel. 

We were unable to fin<i any indication of accumulation in fish or seals of the organochlorines 
normally associated with the discharges from bleached pulp manufacturing, such as the 
chloroguiacols. 2,3,7,8 TCDD or 2,3,7,8 TCOF, although such substances are frequently found in 
fish in receiving waters below conventional bleached chemical pulp mills. We believe that this is 
due to the advanced. and unconventional, effluent treatment system at the mill. which is 
discussed elsewhere in this report 

There is some accumulalion of the classic bleached pulp mill organochlorines in sediments 
within the range of a few hundred metres of the Baika:::>k mill's effluent discharge point 
(Passivirta 1993) Changes in the chemistry of bottom sediments and benthos are measurable in 
this area. However, the;e is still a healthy benthic population. 

The pollutants identified in water. fish and seals indude various forms of PCB, HCH and DDT, 
but none of the organochlorines normally associated with pulp bleaching operations. 

There is some forest damage at the 100 to 1150 metre elevations in mountainous close to the 
mill. This was recorded in the 1980s. when sulphur dioxide emissions were approximately 
double today's values. 

Otherwise. there are no detectable damage from the mills atmospheric emissions, either due to 
direct fallout. or to runoff from surrounding land. 

21March.1995 - 2 - Concll's1ons 
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1.2.4 Mill developments 

Since the early 1970s the mill has installed various improvements to the environmental 
protection systems. including sludge incineration. then improved high temperature incineration. 
optimization of polymer use in physical chemical treatment. reduction of effltJent flows. and 
optimization of the biological treatment sy~lems. This has led to a modest improvement in 
effluent characteristics. 

The mill has studied some technologies which would reduce the formation of pollutants, 
including extended cooking and oxygen de'ignification. Since the late 1980s cleaner technology 
for manufacturing bleached papergrade and dissolving pulps has been developed. This will 
make it possible to e;iminate the formation and discharge of chlorinated organic substances. and 
to reduce the discharges of unchlorinated substances to a small fraction of current values. It will 
be possible to eliminate effluent discharges completely within a few years. These are mentioned 
below. and will be the subject of more detailed reports by other UNIDO consultants. 

1.3 Recommendations 

The following recommendations are offered as suggestions to the other team members. and are 
intended to promote effective discussion of alternatives and the development of final 
conclusions by 1he team as a whole. 

1.3.1 Pulping and bleaching processes 

In view of the regulatory climate, and the current statu:;; of bleaching technology worldwide, the 
author considers that only possibility of the continued operation of the mill being approved by the 
Ministry for Environmental Protection is for it to be converted to Totally Chlorine Free (TCF)'. 
with maximum recycle of bleach plant filtrates to the mill's recovery boilers. 

Such a mod ticn would eliminate the effects of the effluent on the lake. 

Conversion to TCF operations will. in principle, allow the complete elimination of mill effluent 
discharge, but analysis of mill mass and energy balances will be required to determine whether it 
is IJe:ter to reduce the effluent discharge to very low values. or to eliminate it. 

' TCF is denned as bleaching pulp Without any use of chlonne compounds In the case of the Ba1kalsk mill. this would requlfe 
replacemenr of chlonne. sodium hypochlonte and chlonne <l•O~·de w1rh oxygen. ozone and hydrogen peroxide, or other 
chfonne free chemicals 

21 March. 1995 . 3. Recommendatoons 
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1.3.2 Waste treatment 

The present waste treatmen!s syslem performs better than virtually all waste treatment systems 
in pulp and paper mills in the world. It is unlikely that any upgrading is justified for 
environmental reasons, but there are scme opportunities to reduce operating costs. primarily by 
reducing the raw waste load, as discussed above. However, this comment is made prior to 
receiving the opinion of Dr. Huber. 

Dr. Huber is requested to define the changes in chemical consumption and effluent quality that 
can be expected when the untreated mill effluent characteristics are improved by modernization 
of the pulping and bleaching technologies. 

1.3.3 Atmospheric emissions 

Analyse the sources of the TRS, and consider action to reduce the total to well below 1 kg/ton 
pu:p. This is feasible, but costs will, of course, be a consideration. 

Estimate the change in use of coal that will result from the proposed process modifications, so 
that the change in emissions of sulphur dioxide can be predicted. A more energy effici~nt mill. 
using as much waste wood and pulping liquor as possible. as fuel. will reduce sulphur dioxide 
emissions. 

1.3.4 Mill products 

In view of the TCF technology being considered, and the conservative nature of the waste 
treatment system, there will be no significant difference in environmental impact of various 
graaes of kraft puip, whether unbleached. paper grade bleached kraft or dissolving grades. 

Likewise. there will be no significant difference in the environment effect of the mill's operations 
between operations on hardwood or softwood, provided that the production system installed does 
not cause overload of the mill's recovery boilers and their gas cleaning systems. There is no 
real possibility of overloading the effluent treatment system. 
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1.3.5 On site storage 

It is recommended that the technical and economic feasibility of recovering the sludge stored 
since the early 1970s 2nd incinerating it in the existing sludge incinerators be estabiished. 

1.3.6 Effluent discharge regulations 

It is recommended that the Ministry of Environmental Protection convert the mill discharge 
regulations to limit the mass flow of each substance of interest, instead of the current practice of 

defining regulations as concentrations of pollutant. 

1.3.7 Final report 

The final report of the group must first allow the Russian Ministry of Environmental Protection 
reach a decision on whether a reprofiled mill can continue to operate at Baikalsk. 

The conclusions of the expert group should also include a dear definition of the changes 

recommended to the mill in terms that will: 

Define the technical criteria sufficiently well for engineering of the ci1anges 

Provide means of verifying that the mill upgrade meets the intent of the 

recommendations 

Define the attainable characteristics of the effluent and atmospheric emission streams . 
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2. Introduction 

2.1 Background 

UNIDO retained the author, as well as five other specialists from outside Russia. and one 
Russian specialist. with expertise in forest industry technology and economics. to assess the 
environmental impact ot the mill operations on the ecosystems of Lake Baikal. 

The author visited Baikalsk from the 14th until the 22nd of February 1995. Mr. Jalkanen, pulping 
and bleaching specialist. and Mr. Salama, financial consultant. also visited the mill from the 14th 
of February, but both remained for longer periods to gather infonnation. There were on-going 
discussions amongst these three experts at Baikalsk, but neither Mr. Salama nor Mr. Jalkanen 
h;td fonned any conclusions at the time this report was written. 

The author has had no opportunity to discuss the project with the experts in waste treatment, 
wood processing or socio economic issues prior to writing this report. We have had extensive 
discussions with Dr. G1achev, but had not seen his analysis of Russian language literature 
relevant to the environmental aspects of the Baikalsk mill. 

This report is the first from the team. and is therefore z1•tJject to revision as other information 
becomes available, and the other experts form their cond..:sior,s. 

2.2 Lake Baikal 

Lake Baikal is recognized by ecologists worldwide as a unique body of welter. One of the basic 
assumptions of this report is that it is deserving of a high degree of protection from damage due 
to human activities. Many species in the lake are endemic. including the Baikal seal. Since the 
seal is at the top of the lake's food chain, it is a good indicator of the degree of bioaccumulation 
of chemicals introduced by man. 

There is an extensive body of literature on environmental studies on Lake Baikal. with a 
considerable pre.portion of investigations having been implemented by non-Russian 
organizations. including scientists from Finland. Japan. USA. the Netherlands and several other 
countries. Only a few references are presented herein. They have been ~.elected to include a 
wide variety of researchers from Russia, Scandinavia and North America, so that worlc!wide 
scientific opinion is considered. 

There is relatively little industrial activity in the Baikal basin, and several investigations have 
concluded that the principal source of man-made pollutants is long distarice airborne transport of 
organochlorines (e.g. Kucklick, 1994). 

We discussed the extensive investigations of the Lake with Dr. Beim, director of the Institute of 
Ecotoxicology in Baikalsk and Dr. Grachev on the Soviet Academy of Science. Siberian Branch. 
Limnological Institute in Irkutsk. They have be~n closely associate with environmental issues in 
the lake for many years. and are agreed that there is no scientifically measurable effect of the 
Baikalsk mill's discharges on the lake. 

~I March, 1995 .I). Bac~ground 
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Dr. Gratchev, and presumably others, ha..'e serious concerns about the aesthetic impact of the 
mill, due to odor and the physical appearance of the plant. 

Environmental studies of the lake have focused or. organochlorines, as has been common 
practice throughout the world. There has been no attention directed tC1ward unchlorinated 
organics from the pulp mill. Several recent Canadian and Scandinavian investigations (e.g. 
Folke, 1995, ca.-ey, 1994) have shown that, if organochlorine discharges are low (AOX under 
about 2 kg/ton), that unchlorinated organics are more environmentally significant2. Questions 
about fish reproduction. ai]e of sexual maturity and others have been raised, and it appears that 
the residual liquors from the unbleached part of kraft mills are a more significant factor than the 
organochlorines. The suggested ch2nges in mill process take this into account. and will result in 
recovery and incineration of at least 80%, and probably over 95% of the unchlorinated 
substances. 

2.3 Baikalsk mill 

The mill was built in the late 1960s, a'ld used the pulping 3nd bleaching technology that was 
normal at that time. Several grades of dissolving pulp are produced using the standard 
prehydrolysed kraft process, with conventional chlorine based bleaching The mill is described 
in detai! elsewhere, and the process is discussed herein only where necessary to clarify 
discussions of environmental effects. 

2.4 Local regulations 

The Russian Ministry of Environmental Protection (MEP), through a regional Committee of 
Environmental Protection, defines discharge rates. The environmental laws are based on needs 
of Lake Baikal, and consider the effects of all discharges. 

The regulations are expressed as the maximum allowable daily average concentrn:ion of various 
substances in the effluent (Refer also to the discussion on page 9). 

80050 is considered to be the ultimate BOD. 

The mill currently operates under "Temporary" effluent discharge limits. which are negotiated 
each year. The published "Absolute" limits for effluent discharges are an appropriate target for 
evalu::ition of technical alternatives for production of pulp on the mill site. However. our analysis 
indicates that the numbers are unattainable with even the best technology available in the world 
today. The only practical way of achieving such low discharges is probably to use the TCF 
technology discussed elsewhere in this report, and then recycle most of the effll!ent to the mill. 
In this case, it will be possible to comply with the absolute limits in terms of mass flow per hour 
<1isci;c;;ged, but probably not in term of concentration. until mill effluent flow is completely 
eliminated. 

2 At Ba1kalsk. AOX C11scharges are currently under 1 kg/ton pulp. and normally abour O 5 kg/ton 
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The norm for mercury concentrations in the discharge is defined as being equal to the 
background level in the lake, and is 0.00048 mg/I 

The regulations are expressed as maximum allowable concentrations of a number of 
substances. as shown in Table 1. Note that the regulations are expressed in terms of 
concentration in mg/I. The table includes the autho(s calculations of the equivalent in mass flow 
(g/hour) and production based discharges (g/ton). 

Table 1 Effluent discharge regulations for the Baikalsk mill 
Parameter 

Suspended solids 
80Ds (Unfiltered) 
80Dso (Unfiltered) 
COD 
Lignin 
Furfural 
Volatile phenols 
Chloroform 
Soap 
Mercury 
Dimethyl sulphide 
Dimethyl disulphide 
Ammonia nitrogen 
Nitrate 
Chloride 
Sulphate 
Methanol 
Turpentine 
Extractable oil 
Al3 •• 

Hydrogen sulphide 
Total pnosphorus 
Phosphates 
Surfactants 
AOX 
Formaldehyde 
Nitrite 
pH 
Floating substances 
2.3.7,8 TCDD 

21 March. 1995 

Temporary 
mg/I 
4.00 
2.60 
12.00 
50.00 
10.00 
0.60 
0.01 
0.15 
3.00 
0.00048 
0.03 
0.04 
1.00 
2.00 
120. 
207. 
0.10 
0.124 
0.08 
0.08 
0.001 
0.19 

0.10 
1.13 
0.10 
0.001 
6.0 - 8.0 

Absolute regulations 
mg/I g/hour .g/ton 
0.8 6,975 289 

1.33 
4.9 
2. 
0.01 
0. 
0.1 
0.1 
0.00048 
0.03 
0.02 
0.04 
5. 
30. 
10. 
0.1 
0.11 
0.02 
0.04 
0.009 

0.04 
none 

absent 
6.0-8.0 

11,597 
42,724 
17.438 
87 
0 
872 
872 
4 
262 
174 
349 
43,596 
261,576 
87,192 
872 
959 
174 
349 
78 
0 
349 

0 
0 

0 
480 
1,769 
722 
4 
0 
36 
36 
0 
11 
7 
14 
1,805 
10,829 
3,610 
36 
40 
7 
1.; 
3 
0 
14 

absent absent 
non detect (at 1 ppt) 
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It is perhaps interesting to compare the regulatory limits for the Baikalsk mill with those currently 
proposed by the US Environmental Protection Agency for a similar mill. The EPA guidelines are 
expressed in kg/ton pulp, and it is not uncommon fer local regulations to be as low as 20% of 
these numbers, but there are no US regulations as stringent as those applicable to Baikalsk. 
EPA proposes the following: 

Table 2 US EPA proposed guidelines for bleached kraft mills 
TSS 17 ,000 g/tcr. 
BODS 8200 g/ton 
AOX 0,267 
Chlorofonn 5 g/ton 
COD 2:i000 g/ton (for papergrade kraft) 
2,3,7,8 TCDD Non detect at 10 PP'l 

The EPA is therefore more demanding than the Baikalsk regulations for chloroform, and, 
effectively, for 2,3,7,8 TCDD since their detection limit is lower. The EPA requirements for the 
major group parameters. BOD, TSS and COD are much less stringent than those for Baikalsk. 

2.5 Concentration basis of regulations 

The local regulations that apply to the mill effluent discharge, discussed above. are based on the 
concentration of various substances in the mill effluent, whereas the best accepted practice is to 
define maximum allowable discharges based on the mass of each substance. 

In the past. the use of concentration based standards at Baikalsk has been essentialiy equivalent 
to a mass discharge limitation, since the Baikalsk mill effluent flow has not varied substantially 
over the years. However. in view of the probability of major process changes to reduce the mill's 
discharges, it is recommended that the regulations be based on mass flows. 

The lake has no interest in the concentration of any pollutant in the discharge pipe {excc>pt for 
very local dilution, discussed below). The principal concern for a receiving water like Lake 
Baikal is the accumulation of persistent substances which may damage the ecosystem, perhaps 
in ways not yet understood. To minimize this risk, effluent limiting regulations should aim at 
minimizing absolute discharges, bf being based on m~ss flows. A practical starting point would 
be to simply convert today's standards to mass flows by simple m1..1ltiplication of the current flow 
by the specified concentrations. 

If the concentration basis for effluent criteria is retained, it is conceivable that an engineering 
analysis of a particular process modification could lead to selection of a process that would lead 
to the mill maintaining the currently high effluent flows. instead of a much lower flow with 
perhaps somewhat higher concentration of pollutants. 

The present effluent quaiity is such that local effects within a hundred meters of the discharge 
pipe are trivial. While it is theoretically conceivable that a substantial reduction in the mill 
effluent flow would raise the concentration of pollutants very close to the effluent pipe, we do not 

21March.1995 .9. Concentral1on ba!.ls of regulations 
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believe that this is a ~rious consideration. since the reductions in flow will. in practice. be 

accompanied by reductions in mass flows of pollutants d1schargP.d. 

2.6 Discharge taxes 

The mill is subject to taxes on pollutants discharged, including parameters where the mill 
complies with discharge limiting regulations. The taxes are based on the discharge rates of 
individual substances. The legal rates lead to taxes that would exceed the mill's total income. so 
in practice a tax is negotiated that is approximately 10% of the mill's profit. If discharges exceC'C 
the tempora:y regulations, then the tax actually charged is liable to be assessed at 20% of 

profits. 

The tax is heavily weighted against discharges of organochlorines. so that any measures taken 
to reduce or eliminate such substances have a significant effect on tax liabilities. In 1995, 
virtually all of the calculated tax liability is due to AOX. If a TCF process is installed, then the 
associated elimination of the AOX tax alone would lower the calculated tax to below 10% of the 
mill's profit, so there would be a real financial incentive to further reduce discharges of the taxed 

parameters. 

Payment of the discharge taxes is a substantial but not crippling cost to the mill. However. the 
fact that the amount paid is subject to negotiation is a potential liability. Reduction of discharges 
so that the tax liability is small would clearly be in the mil's interest. and is considered in the 

economic analysis. 

21 March. 1995 -10- Discharge laxes 
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3. Effluent Discharges 

The mill has had an advanced effluent treatment system since production commenced in the 
late 1960s_ The treatment system will be analyzed in detail by Or. Huber and the following 
comments are intended to assist in this analysis. as well as in developing a recommended plan 
for upgrading the mill to reduce effluent discharges_ 

3.1 Systt:m description 

Sewers are collected in two mixing/stabilization tanks prior to biological treatment There is no 
primary clarifier. or other removal of suspended solids prior to biological treatment 

3.1.1 Biological treatment 

There are two conventional activated sludge treatment (AST) systems in operation_ 

One AST treats the ·black· wastes. consisting of , .. a discharges from cooking, brownstock 
washing, woodroom and causticizing plant. The nominal feed flow is 60,000 m3/day and 
retention time is 2G hours_ It has 2 secondary clarifiers. each 24 m diameter. 

The other AST system treats the other mill wastes (defined as the ftwhite• st1eaill in mill reports). 
including all roof drains and surface water runoff from the mill. and sanitary sewage_ It's nominal 
feed flow is 200,000 m3/day. and retention time is 3 hours. It has 5 secondary clarifiers. each 
40 m diameter. 

The treated etfluent flows from both systems are combined with the underflow from the sludge 

thickening operations for further treatment. 

3.1.2 Physical chemical treatment 

The combined efflu~nt is further processed by precipitation assisted by alum and polyacrylide 
polymer. This process is not conventionally used in the worldwide pulp and paper industry, 
because of rel2tively high co5ts. However, a few mills have comparable systams and the 

process is well proven. 

pH is controlled by sulphuric acid, and the alum and polymer are added before a set of 6 

flocculating clarifiers. each 54 metres diameter. 
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3.1.3 Sand filters 

Sand filters were installed at the time of mill construction. but are no currently used. since they 

die not further purify the effluent from the above mentioned physical chemical system. 

3.1.4 Polishing 

There are three polishing basins with 24 hours retention to allow any residual settleable solids to 

precipitate. The last basin is aerated to raise dissolved oxygen in tile effluent to about 7 mg/I. 

3.1.5 Discharge 

The effluent is discharged through two submerged diffusers approximately 150 metres offshore. 

at a depth of 40 metres. There was no visible effluent at the time of the visit. and others have 

confirmec! that the effluent discharge is never visible. 

3.1.6 Spill protection 

tn event of spills from the mill which would effect the biological treatment system, the effluent 
can be stored for up to 24 hours, and then discharged slowly to the treatment system. The 
supervisors report that this has rarely been required. and that the spill basin has never been 

completely filled. 

3.1.7 Sludge disposal 

All sludge from biological treatment and physical chemical treatment are thickened by floatation. 

centrifuge, and hot gas drying, and then incinerated in a pair of fluidized bed incinerators. 

Underflow from the dewatering stages is returned to the effluent treatment system. 

The sludge disposal system has a design capacity ~f 120 ton/day. but there are only 

approximately 40 ton/day sludge to process. so some of the equipment is on stand-by. 
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3.2 Effluent character is tics and impacts 

Average 1994 discharges are summarized in Table 3. 

Table 3 Characteristics of Baikalsk mill effluent in 1994 

Effluent flow m3 per day 156.775 156.775 
Effluent now m3 per ton 450 450 0 

mgn kg/dal git on glhour 

Suspended solids = 3 439 1,259 18.290 

BODS (Unfiltered) ".:l 
I - 298 855 12.4i1 

60050 (Unfiltered) 10.3 1,615 4,633 67,2~3 

COD 45. 7,055 20,240 293.954 
lignin 4.2 658 1.889 27.436 
Furfural 0.04 6.3 17.99 261 
Volatile phenols 0017 2.7 7.65 111 
ChlorofClnn 0.135 21.2 61 882 
Soap 1.68 263 756 10,974 
Mercury 0.00037 0.058 0.17 2 
Dimethyl sulphidP 0.026 4.1 11.69 170 
Dimethyl disulphide 0.062 9.7 27.89 405 
Ammonia nitrogen 0.3 47. 134.93 1,960 
Nitrate 0.56 87.8 251.88 3.658 
Chloride 107.5 16,853 48.351 702.223 
Sulphate 165.7 25.978 74.529 1.082.403 
Methanol 0.001 0.2 0.45 7 
Turpentine 0.07 11. 31.48 457 
Extractable oil 0.052 8.2 23.39 340 
Al3++ 0.06 9.4 26.99 392 
Hydrogen sulphide trace 0. 0 
Total phosphorus 0.007 1.1 3.15 46 
Phosphates 
Surfactants 0.05 7.8 22.49 327 
AOX 1.23 193 553 8.IJ35 
Formaldehyde 0.042 6.6 18.89 274 
Nitnte trace 0. 0 

3.2.1 Traditional pollutants 

The discharges of traditional pollutants are extremely low. primarily due to the conservative 

design and the effective operation of the effluent treatment system. 

3.2.2 Organochlorines 

The discharges of chloroform are well above the values attained by many modern mills. bul 

correspond with the current production technology where sodium hypochlNile bleach is used. 

The AOX discharge is approximately 0.5 kg/ton pulp. which is well below th~ value normally 

associated with the bleaching technology used at Baikalsk. It is widely accepted any value of 

AOX discharge below about 2 kg/ton pulp provides no indicalion of the toxicity of a mill effluent. 
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Dioxins are not measured frequently, so that there is no value shown ir. Table J_ Measurements 
in recent years have shown that discharges are non detedable to the level of 1 ppt_ This is a 
le~ sensitive level of detedion than is normal in Scandinavia and North America_ It is 
impossible to estimate the adual discharges of 2.3.7.8 TCOO without analysis_ Consideration of 
the mill process operations suggests formation of the quantities of 2.3. 7 ,8 TCOO that were 
common in most bleached kraft mills in the mid 1980s_ However. dioxins travel with suspended 
solids, so it is quite likely that they are beir.g removed and incinerated in the Baikalsk mill's 

unusually efficient effluent treatment system_ 

3.2.3 Nutrients 

The concentration of nutrients in Lake Baikal water is very low, and it is desirable to maintain this 
charaderistic_ The input of phosphorus to the lake from the mill is only 1.1 kg/day. which is 
trivial relative to natural contributions. so the mill can be considered as having no effect on the 
phosphorus balance of the lake_ In most parts of the world, phosphorus discharge 
concentrations of up to about 1 mg/1 are considered acceptable for sensitive waters. The 
Baikalsk mill discharge is only 0.007 mg/I phosphorus. 

The input of 4 7 kg/day of ammonia nitrogen is likewise trivial relative to the nutrient budget of 

the lake. 

3.2.4 Mercury 

There is some mercury in the wood entering the mill, but the principal source of mercury is 
contamination of the sodium hydroxide (caustic) purchased by the mill. Mill staff report that they 
purchase caustic from the lowest-mercury source available. The absolute discharge of 
0.00037 mg/I is below the reported background concentration in Lake Baikal. If the mill installs 
more modem pulping and bleaching systems. then the quantity of caustic purchased will drop 
substantially, so the mercury discharge will also. 

Meuleman et al (1993) studied mercury level in the water column and fish in Lake Baikal. They 

concluded that mercury concentrations are low. The samples taken near the Baikalsk mill 

showed that concentratons of total Hg. labile Hg and inorganic labile Hg in samples at two 
locations and four depths close to the Baikalsk mill were indistinguishable from the other 

eighteen sample points in the lake. 

Beim and Grosheva (1993) poini out that no increased Hg accumulation by aquatic organisms 
and bottom sed1ll'ents in the area of the Baikalsk mill effluent discharge was found. Aquatic 
organisms grown dunng one month in the effluents medium did not accumulate Hg in 
comparison with the control animals They attributed the absence of effects of Hg to the 
efficiency of the mill's unconventional physical chemical treatment system. 
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3.2.5 COD 

The CUffent COO discharge of 20 kg/ ton pulp is low by world standards. and is indicative of low 
discharges of pulping residuals (black liquor). The latter have been recently associated with sub
lethal toxic effects on fish in Scandinavia. Canada and the USA. It is doubtful whether any 
effects would be seen in Lake Baikal, due to the low discharge value and high dilution in the 

lake. 

3.2.6 Effects of effluent on lake 

There have been many investigations of the conditions in Lake Baikal. Some focused on the 

mill, to determine whether it was effecting the lake. while others looked at the lake as a whole. 
and only considered the mill incidentally. The general conclusion is that there are some effects. 
but no damage, to the lake that can be attr!buted to the mill operations. 

Fa!kr.er (1991) investigated the geochemistry of Lake Baikal and concluded that the lake is well 
mixed. They found no indication that the Baikalsk mill has caused any accumulation of any 
sodium. caicium. potassium. chloride or sulphate (all of which are present in relatively high 
concentrations in the mill effluent). 

Hayashi (1993a) concluded that despite human developments at the north and south ends cf the 
lake, and anthropogenic activities on the largest tributary (Selenga River). it is not possible to 

discern any water pollutio~ by analysis of the main hydro-chemic.ll parameters. They also 
concluded that variations in benthic seciirnents were explainable only by natural geochemi<:<>I 

variability. They recommended on-going monitoring to detect any deterioration in the lake due 
anthropologic or natural causes. 

Hayashi (1993b) investigated the bottom sediments in the Lake Baikal, primarily to determine 
that changes over the period 1961 to 1993. They concluded that the expected accumulation of 

sedime11ts in the canyons of the lake bottom did not exist. except for a minor amount in a spot 

0.3 km immediately surrounding the outfall. The mill commenced discharges in 1966, 
discharging approximately 10 mg/I suspended solids. This has been decreased progressively to 

the current le·.tel of approximately 3 mg/I. 

Hayashi concluded that there was no difference between heavy metals content of bottom 
sedimPnts around the mill effluent di!>charge from sediments elsewhere in Lake Baikal. They 

also shewed that there has been no increase in the fraction of organic carbon in bottom 

sediments since the mill commenced discharging effluent. 

They determined the concentrations of ligno-humic acids (LHA) in bottom sediments and 

concluded that for samples taken around the mill effluent outfall. this was somewhat lower or 
equal to values elsewhere in the lake. They noted that the N content of the LHA (2.5% to 4%) 

was typical of natural lignin. and differed from the N co'ltent of the lignin in the pulp mill P.ffluent. 

Hayashi noted that background concentrations of total organic chlorine (TOCI) in Lake Baikal 

sediments vary from 0.02% to 0.05%. whereas in an area of 20 km2 around the mill effluent 
outfall they found TOCI concentrations from 0.05% to 0.17%. This does not give any i;idication 

of the toxicity, if any. of these organochlorines 
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This is a dear indication that the mill effluent has some effect on the sediment but few. if any 

scientists would consider it the TOCI measured to be damaging. They will probably all be 

mineralized if TOCI discharge is eliminated. 

Passavirta (1993) showed lower organochlorine concentrations in bottom sediments at the 

Baikalsk mill effluent discharge than at the outfalls of all three Finnish mills studied. They did 

not discuss organochlorine emissions rates. but it is well known that prior to 1988. the discharges 

from Finnish bleached kraft mills were typically 4 to 8 kg/ton pulp and that large quantities of 

settleable solids were discharges prior to the installation of treatment works in the 1980s. In 

contrast. Baikalsk effluent has always been treated to the unusually pure condition indicated in 

Table 3 on page 13. Baik~lsk organochlorines have probably been relatively low molecular 

weight and relatively readily biodegradable. 

Organochlorine accumulation in sediments in Lake Baikal was determined by Maatela (1990). 

They found concentrations of organochlorines ranging from 440 micro g/I within a few metres of 

the outfall to 25 micro g/I at 300 metres east to background (<20 micro g/I) at 300 metres west 

and 3.5 km east. 

3.3 Risks of environmental accidents 

J.3.1 Chemical leaks 

The risk of chemical leaks in p:.:lp mills must always be evaluated. The principal hazards are 

black liquor. sulphate soap and fuel oil. 

In all cases. the distance from the lake is such that a direct spill to the lake is not a real risk. but 

discharge via the mill sewer system must be considered. All rainwater a.id other surface waters 

are collected and routed to the mill effluent treatment system. avoiding one of the comm0n 

causes of contamination of receiving waters in many other mills. 

The effluent treatment system is protected from spills in two ways: 

Firstly, departments containing black liquor and soap have recovery systems so that any 

large spills can be recovered. 

Secondly, there is a storage basing with capacity for 24 hours capacity to which the mill 

effluent can be diverted in the event of an uncontrollable spill of black liquor or other 

substance. This allows the problem to be corrected. or the mill shut down if rapid 

correction is not possible. Mill staff report that the ~;>ill basin has been used on several 

occasions. but that it has nev{:r been filled to capacity. 

S!)illed liquor cannot be recovered, but is discharged to the treatment system at a rate 

appropriate to the capacity of the biological and physical chemical treatment system to process 

it. 

As mentioned elsewhere. the treatment system is generously dimensioned, which provides both 

resilience and the capacity to process unusually large loads. 
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3.3.2 Oil storage 

The oil storage tanks are dyked, and presuming adequate annual inspections are earned out, 

and the system is maintained. there is no risk of spills. 

The quantity of oil stored on site should always be the minimum necessary for safe and reliable 

operation of tt1e mill. 

3.3.3 Tall oil and turpentine 

Tall oil and tuq;entine are recovered from the pulping process. The tanks are protected. and 
presuming adequate annual inspections are carried out, and the system is maintained. there is 

no risk of spills. 

The quantity of these products stored on site should always be the minimum necessary. 

3.3.4 Earthquakes 

Lake Ba!kal is in an earthquake zone, and the mill buildings are designed accordingly. However. 
as recent events in Kobe in Japan have demonstrated it is impossible to be certain that there will 
be no ruptures of tanks, pipes etc. during an earthquake, so the environmental consequences 

must be considered. 

Th£. following issues are important: 

Sludge storage (discussed on page 23) 

Turpentine and tall oil storage 
Black liquor 
Fuel oil 
Ash storagf> (discussed on page 24). 

The quantities of turpentine, tall oil and fuel stored are relatively small, so that we do not believe 
that a single incident which would lead to contamination of the groundwater. and ultimately some 

leakage to the lake would be significant relative to the total effect of a major earthquake on Lake 
Baikal. However, there is no rational way of evaluating this risk. It would perhaps be relevant to 
compare the quantities of oil stored in the total Baikal basin relative to the quan!ity stored in the 

mill. Obviously the latter would be only a small proportion. 

3.3.5 Effluent system failure 

Complete failure of the effluent system will occur if electrical power is lost. In this case, the 

eHluent would be diverted to the spill basin and the mill shut down. Some partially treated 

effluent could flow by gravity to the final treatment basins. but would not be discharged to the 

lake. 

Presuming reasonable care and attention. we do no consider this to be a significant risk. 
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3.3.6 Personnel 

The attitude and training of the personnel, and the level of support and attention paid to 
environmental protection by mill staff are as important as the physical equipment and technology 
installed, in controlling effluent ctiaracteristics_ The personnel are particular1y important with 

respect to avoidance of environmental accidents_ 

The author has had occasion to inspect or actively work in over a hundred pulp and paper mills 
in all continents except Australia_ The evidence of management commitment and staff support 
for the eavironmental protection measures in the Saikalsk mill is equal to the best few mills 
known to the author. This was ev~1ent in discussions with staff. the extensive testing of 
effluents, and the ongoing improvements in ihe environmental protedion systems that have 

been undertaken over the 30 years of mill operation. 
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4. Atmospheric Emissions 

The atmospheric emissions from the mill have been measured for many years. Recent annual 
summary data are presented in Table 4, and are discussed below. 

Table 4 Annual atmospheric emissions 
1990 1991 1992 1993 1994 

Particulate ( 90% fmm coal) 7857 8361 5497 4005 3661 
Sulphur dioxide 2301 2306 2305 3623 2960 
Carbon dioxide 1109 937 665 695 812 
Nitrogen oxides 2062 1356 3556 3220 2551 
Hydrogen sulphide 592 S60 200 158 110 
Methyl rnercaptan 141 121 70 67 67 
Dimethyl sulphide 40 38 13-l 139 161 
Dimethyl disulphide 37 39 15 106 128 
Chlorine 3.10 3.10 3.10 3.10 3.10 
Chlorine dioxide 6.30 5.70 10.00 5.80 4.20 
Turpentine vapour 37.10 104.60 46.40 46.40 46.40 
Total emissions. tons/year 14184 13630 12502 12067 10503 
All data expressed in tons per year. 

The data from Table 4 are also presented in tr .ms of discharges per unit production in Table 5. 

Table 5 Production based atmospheric discharges 
1990 1991 1992 1993 1S94 

Mill production 147,453 138,073 148,383 122,804 120,253 
Particulate( 90% by coal) 53.2a5 60,551 37,046 32,613 30,442 
Sulphur dioxide 15,603 16,698 15,532 29,502 24,617 
Carbon dioxide 7,521 6,787 4,480 5,657 6,748 
Nitrogen oxides 13,981 9,820 23,968 26,221 21.214 

Hydrogen sulphide 4,016 2,604 1,347 1,283 916 
Methyl mercaptan 956 876 472 542 556 
Dimethyl sulphide 269 277 902 1,135 1,336 
Dimethyl disulphide 249 282 104 861 1,066 
Total reduced sulphur 5,490 4,038 2,825 3,821 3,875 

Chlorine 21 22 21 25 26 
Chlorine dioxide 4~ 41 67 47 35 
Tua?entine vaE!our 252 758 313 378 386 
Data are e><pressed in g/lon pulp, e><cept for mill production which 1s in tonstyear. 

The foregoing data were supplied by the mill staff. and correspond quite CIO$ely with 
indepenotnt measurements by the Russian Service of Hydrology and Meteorology. 

The discharge rates are quite low relative to normal practice when the mill was built. and reflect 
the installation of 196011970 state of the art emission cont~ol. In all cases. technology exists to 
reduce discharges to a small fraction of their current rates. although in most cases the costs of 
retrofitting modern technology would be significant. The environmental significance of each 
discharge is discussed below. 
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4.1 Significance 

In contrast to the situatic;n with effluent discharges. there has been rel~tively little infonnation 
published on the effects of the atmospheric emissions. presumably because thP.y are not of 
widespread concern. Pavlov et al conducted an evaluation of the influence on r.till emissions on 
the area. The document is undated, but the rates of atmospheric discharge quoted in 
correspond with those shown in Table 4 for the 1985 to 1987 period. Mill discharges have been 

reduced substantially since then as shown in Table 4. 

4.1.1 Particulate emissions 

Particulate deposits from the mill are dete~ed over an arec:s of approximately 50 sq. km around 
the mill (equivalent to a radius of approximately 4 km) according to Pavlov. He noted no effects 

of such deposits. and we would expect none. 

A report by the Russian Service of Hydrology and Meteorology shows that the level of 

suspenl~ .:d particulate in Baikalsk averaged 0.2 mg/m
3 

in 1985/86, and it has presumably 
dropped since. This is rather tower thar. in the other 12 locations tested, but is above the levels 
generally considered as desirable in Canada, where 0.070 mg/m

3 
is the air quality objective. 

It wculd appear a ptiori that the ambient particulate concentration is excessive in the Baikalsk 
region, but this is not consistent with the geographical location. or our observation during our site 

visit. There m:ly tie differences betwee11 sampling or analytical procedures. There was r.ot 

sufficient time in the project to investigate tt,is is5ue. 

Our conclusion is that there is some measurable effect of the mill on local particLalate and 
dustfall levels. but no indication that they are damaging, or above the l(.vels nonnal in inhabited 

areas. 

4.1.2 Sulphur dioxide 

Thr mill discharges shown in Table 4 and Table 5 are typical for a modem pulp mill. 

The annual average ambient sulphur dioxide concentrations in Baikalsk is repo~ ted to !:>e 
0.05 mg/m3, which is below the level consider']d as maximum acceptable by most standards. It 

is also somewhat below the values re.:iorted for other parts of the Lake Baikal region by the 
Russian Service of Hydrology and Meteorology. One can conclude that the sulphur dioxicie 

discharged by the mill is insignificant. 
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4.1.3 Odour 

The characteristic odour of kraft pulp mills is due to emissions of a mixture of reduce sulphur 
gases, of which the principal ones are t.ydrogen sulphide, methyl mercaptan. dimethyl sulphide 
and dimethyl disulphide. These are g~nerally known collectively as Total Reduced Sulphur 
(TRS). These are formed in the pulping process. and are emitted from various points in the 

process. They are u·1related to bleaching. 

The mill odour oontrol s~'1em is quite compreher.sive, but does not include all of the best 

tE'chnology available. On a subjective level, the author, and Messrs. Jalkanen and Sakala '111 of 

whom have visited many pulp mills) felt that the mill odour in the Baikalsk area was very low 

during their visit. 

The mill emission data shown in Table 5 demonstrates that almost 4 kg TRS are emitted per ton 
kraft pulp produced. This is well above ti1e normal discharge from a modem kraft mill, and the 

relatively low odour impact of the mill is probably due to the use of high stacks for all discharges. 

These gases have quite a short half-life. so that there is no environmental reason not to disperse 
them. 

The most recent re·1iew of the issue of potential health effects of TRS emissions from pulp mills 

was by Tatum (1995). She conducted an extensive review of available literature, induding 3.J 

epidemiological studies of populations exposed to low concentrations of reduced sulphur gases, 
including several populations living around pulp mills. She concluded that there is no evidence 

of relationship between exposure to TRS gases and disease. but that there are reports of people 

complaining about subjective annoyance due to these gases. 

The odour is scientifically insignificant, but unpleasant in the immediate vicinity of the mill_ Any 
judgment of it is one of aesthetic values. 

4.1.4 Health 

There are no known adverse health effects attributable to the mill atmospheric emissions. 

4.1.5 Aesthetics 

It t:as beer suggested the mill be closed due to the physical appearance of the stack emissions. 

There i~ no doubt that they are not beautiful, but there is no practical way of reducing their 

visibility. 

Many North American mills take measures to explain to the public that the visible discharges are 
essentially all water vapor, which assists somewhat in reducing complaints by the public and the 
press. 

The visibility is scientifically insignificant, and any judgment of it is one of aesthetic values. 
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4.2 Risks of environmental accidents 

Atmospheric pollution accidents in pulp mills are rare. because they contain few substances or 

equipment liable to cause such events. 

4.2.1 Chlorine gas 

The greatest risk is probably failure of a liquid chlorine storage tank or rail car. Liquid chlorine is 
delivered in tank cars. which are immediately unloaded to a 150 ton capacity storage tank. 

Except for some very recent installations which include building enclosures and high dispersion 
stacks, the precautions against leaks are preventative in nature in virtually all mills wor1dwide. 
The Baikalsk mill appears to be using acceptable standards. on the basis of our visit. 

Historically, the Baikalsk mill, in common with the pulp industry wor1dwide, has a good track 
record in this respect. Whatever reprofiling is undertaken will probably result in the complete 

elimination of chlorine use in the mill. 

The elimination of the risk of chlorine leaks is one reason (in addition to reduction to 
organochlorine formation and reduction in operating costs) for the mill to consider elimination of 

chlorine bleaching. 

4.2.2 Other gases 

Failure of a chlorine dioxide tank will cause some gas discharge. but this is more of an issue of 
safety in the workplace than environmental protection or public health. because the quantity of 

gas released is relatively small. 
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5. Solid wastes and groundwater 

5.1 Mill garbage 

Solid waste is stored in landfills, and covered with vegetation when full. Prior to 1984. the solid 

waste disposal basins were lined with day. Since then. basins are lined with a plastic film with 
SOOmm day on each side. Groundwater seepage is checked by well points. and no leakage has 
been found. 

We do not consider that this is an environmental problem. 

5.2 Effluent treatment sludge 

For the first several years of mill operation. effluent treatment sludge were stored at 
approximately 0.5% consistency in basins. with a total capacity of approximately 5,000,000 m3

. 

This sludge is still in the basins. at distances ranging from 4 km to 8 km from the lake shore. 
Rainwater accumulation is pumped to the mill effluent treatment system during summer months. 
There are no indications of leaching from the sludge basins, and any effe-::ts can be expected to 
be very local. Experience around the workf has shown that leakage from such basins is limited 
to the first few years of their life, because the natural filtering action of the soil combined with 
anaerobic activity leads to development of an impermeable layer. 

For several years fellowing the mill commissioning in 1966. sludJe was stored in 10 day lined 
basins. There is no measurable leakage, and the basins are considered stable. Any runoff flows 
to a natural creek that passes through the mill's effluer.t treatment installation. without being 
connected to it hydraulically. The quality of water in the creek is monitored. and equipment is 

installed to pulp the water to the waste treatment process in the event of it being contaminated. 
The runoff does not contain any measurable quantities of lignin or other organics (Private 

communication, Dr. A Beim. Institute of Ecotoxicology, Baikalsk). 

Beim (199x} showed that the lignin sludge was not mutagenic, and was unable to detect 
chlorodioxins and chlorofurans {detection limit was 100 ppq}. More sensitive methods would 
probably detect some dioxins and furans since it can be expected that the mill generated simi;ar 
quantities of these substances to the many other bleached kraft mills around the world using 
similar technology. Dioxins tend to travel with the suspended solids in mill effluents. In view of 
the extremely effective removal of suspended solids from the mill effluent. it seems probable 
that the dioxin and furans that were produced, during the ear1y years of the mill's operation. are 
mostly in the sludge. Decomposition is extremely slow in the dark conditions in a sludge storage 

basin or pile. The only way of eliminating the dioxins is to incinerate the sludge. 

The dioxins remain attached to the suspended solids. and the basins are very watertight. so the 
risk of dioxins being found in leakage is slight. 

The only signifir,ant environmental risk is of a failure of one or more of the sludge basins. 
combined with such a heavy flow that the effluent treatment system could not process the 
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discharge_ This mu9 be considered remote in view of the length of time the basins ha-,,t! 
existed_ Continuing monitoring of th(; condition of the basins. induding an annual inspection 

would be prudent 

The only way of eliminating the risk of a natural disaster, such as an earthquake. causing the 
discharge of the cor.:ents of these basins is to incinerate the sludge_ it is probably feasible to 
return the liquid fradion of the basin contents to the mill sludge incineration system over a period 

of several years. but the costs must be weighed against the benefits_ If the mill is dosed down. 
then the sludge incir.eration system could. in principle, be kept open to destroy these materials_ 
Some of the sludge is probably sufficiently stabilized that it is best left in the basins. after the 
liquid ands semiliquid material has been removed_ It is recommended that the costs and 
technical feasibility of doing so be evaluated 

5.3 Ash 

Boiler ash has been stored in lined basins on site since the mill commenced operations_ Two 

basins are dose to the lake shore. These have not been used for several years. and are now 
revegetated. The ash is relatively dry, similar to soil in consistency, and there is no leachate. 
While these basins are dose to the lake. n would probably cause more environmental damage to 
attempt to remove the ash than to leave it in place. There is little or no environmental benefit in 
moving it. 

The retaining dykes should be maintained. and inspected annually. 

5.4 Groundwater 

Precautions have been taken to proted the lake from groundwater seepage from the industrial 

area. which includes mill-site and some surrounding small enterprises. The land all slopes 

gently toward lake. Some groundwater contamination is collected in wells downhill of mill, and 
pumped back to the mill effluent treatment system. The main contaminant is black liquor. 

Approximately 100 m3/h of groundwater is recovered year round at a concentration simiiar to 

that of treated effluent. 

This is a much more conservative approach to groundwater than is normally taken in a pulp mill. 
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6. Mill Development 

The following suggestions are offered for consideration by the pulp processing and economical 

experts. 

Any process changes to be recommended should be on a logical path towards complete 

elimination of process effluent in the future. as the technology for complete mill process dosure 

is developed. This appro4ch is being taken by several of the more technically advanced pulp 

and paper companies. and essentially consists of cooking io low kappa numbers. improving 
brownstock washing, eliminating chlorine. while always inaeasing the proportion of total material 

removed from the wood that is recovered and burned. usually in the mill's chemical recovery 

boiler. 

6.1 Organochlorine discharges 

While there is no scientific rationale for completely eliminating organochlorines. there are 

reasons to reduce discharges su~tantially. The economic incentive of avoiding taxes on 

organochlorines may justify conversion to Totally Chlorine Free (TCF) operation_ Complete 

elimination of the use of chlorine compounds is desired by most of the environmental pressure 

groups, whether in Russia or elsewhere. Some customers of pulp, particular1y in Germany_ 

demand TCF pulp_ 

There are nsks associated with converting the mill to a TCF process to the extent that there are 

not yet any TCF dissolving kraft pulp mills in operation in the wor1d. However. there is one 

dissolving sulphite operation at Lenzing. and a TCF dissolving kraft mill is under construction by 

Klabin in South America. If it is decided to convert the Baikal mill to TCF operation. then some 

laboratory investigations would be required to confirm feasibility and define the process 

parameters. 

The process changes that are effective in reducing organochlorine discharges can also reduce 

the discharges ot unchlorinated organics substantially, and these subjects should be considered 

in tandem. 

6.2 COD 

COD is not itself a direct indicator if mill effluent toxicity. but is a useful indicator of the degree of 

mill process dosure. 

As shown by Folke (1995) it is desirable to reduce mill effluent COD if the sub-lethal toxic effects 

are to be minimized. This requires the maximum rec1cle of pulping residues from washing. and 

bleaching. and from spills of black liquor. 
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6.3 Effluent flow 

The mill effluent flow. by itself. has no environmental significance. Local regulations currently 
encourage high effluent flow, since they are based on concentrations of various substances in 
the effluent. 

However. reducing the effluent flow will generally redm-:e discharges of pollutants. since the 
treatment system tends to o..,erate at a limiting concentration. Reducing effluent flows will have 
little effect on the costs of operating the biological treatment systems. since the latter depend on 
BOD load, but will reduce the cost of operating the physical chemical treatment system 
substantially. 

If a TCF process is installed, it will be possible to replace much. but not all, of the water used in 
the mill with treated effluent. so that the net flow discharged could be reduced by at least 75%, 
without further new technology being required. Engineering analysis may demonstrate the 
feasibility of reducing effluent flow to a small fradion of today's value, or of eliminating effluent 
discharges completely. 

6.4 Recommended process changes 

It is recommended that the following process changes be evaluated by the other experts 
involved in this study. All rrocesses reduce the cost of operating the mill. by reducing chemical 
consumption. and replacing relatively expensive chemicals (hypo and chlorine dioxide) with 
relatively inexpensive oxygen and ozone. However, the capital costs are significant and must. 
of course. be evaluated. 

Much of the caustic currently purchased would be replaced by oxidized white liquor. thus 
reducing costs and reducing \he import of mercury to the mill along with the caustic. 

6.4.1 Extended cooking 

Extended delignification to kappa numbers about half the traditional values has become a well 
established technology over the past five years. It would allow recovery of almost half the black 
liquor organics that are currently discharged. The low kappa numbers attained are a prerequisite 
for successful implementation of ozone delignification. 

6.4.2 Brownstock washing and screening 

It is essential that the brownstock knotting, washing and screening system operate without any 
effluent discharge if the benefits of the other process improvements are to be realized. It is also 
well known that the pulp must be adequately washed (to a COD carryover of under 10 kg/ton) if 
the subsequent oxygen delignification stage is to produce high quality pulp. 

The use of an open washing stage to minimize organochiorine formation is not recommended. 
since it causes discharge of toxic, unchlorinated organics. 
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6.,.3 Oxygen delignification 

Oxygen delignification is widelv pradiced. and is a key element of any effedive adion to 
improve the mill effluent charadE:ristics. 

'-'-' Ozone delignification 

The pulp should be further delignified by ozone prior to caustic extradion. This removes metals 
effedively. and allows recovery of the subsequent extradion stage effluent. 

Presently proven technology allows recovery of most of the filtrates. but a purge flow for metals 
is currently required. This discharge will contain the same metals from the wood as are 
presently discharged from the Baikalsk mill. 

The best ozone delignification system, with resped to the environment, that is currently 
operating is provided by Sunds, and has been operating at Franklin, Virginia, USA for two years. 
The sequence is OAZ. Eop D, using high3 consistency oxygen and ozone stagP.s. The key 
environmental fador at this mill is that the fittrates from the 0. Zand Eop stages are recyded to 
the milrs recovery system .. Three further high consistency ozone systems have been ordered. 
(In Scandinavia. USA and South Africa) and are under construdion at the time of writing. All 
have been ordered by technically sophisticated companies after careful examination of the 
Franklin system. demonstrating that the process can now be considered as proven technology. 

There are about 10 other ozone delignification systems operating in kraft mills. all using medium 
consistency ozone stages. None recover the filtrates effedively, anhough they have plans to do 
so. Difficutties with the heat and hydraulic balance make recovery of the filtrates more 
problematic than in high consistency systems. and it remains to be seen whether it can be 
acccmplished economically. At present. medium consistency ozone systems are less expensive 
than high consistency systems, but it may be more expensive if additional equipment is required 
so that the filtrates are to be recyded. 

6.4.5 Elimination of effluent 

When chlorine has been eliminated. and the bleach filtrate recyded to the recovery system. as 
discussed above, the quantities of chlorides. sulphates and sodium in the effluent will be very 

low, corresponding approximately the quantities arriving with the wood, and some minor losses 

of pulping liquors. It will be possible to recycle most of the treated effluent to the mill. to replace 
fresh water. 

In principle, it will be possible to eliminate all effluent. but detailed mass and energy balances 

will be required to establish this. Some fresh water will be required, but this can possible be 
balanced by natural evaporation from the process. which may well include a cooling tower. If 
effluent cannot be avoided, then the volume will be sufficiently low to consider spray irrigation. 
with some storage during the winter months . 

3 In this contf')(f "high" imp/fes • conS1stency over 30%. wh.te "medium· refers to o~rilflflg consisrenaes around 15% 
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