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ADVISORY SERVICE MISSION BY UNTDO TO 

CHANryARIA INDUSTRIES, NAIROBI, KENYA 

UNIDO CON~ULTANT - Thampoe Jeyasingam 

Objectives of Mission 

Study relevant documents related to the proposed paper mill 

project of CHANDARiA and comment in particular on matters 

related to pollution and rav materials availability for the 

project. 

Period of Mission 

October 6 1989 to October 22 1989. 

SU~ARY OF THIS REPORT 

This report is made up of CASE I and CASE 2-: 

CASE I evaluates the ~ite selec~ed by Chandaria in the 

upper TANA area. 

CASE 2 is the alternate site proposed by the UNIOO Con­

sultant in the lover TANA area. 

CASE 2 has to be recommended considering the limitations 

of CASE l on account of strav availability as well as 

environmP-ntal factors and the high cost of effluent 

treatment r~quircd to operate the mill ir1 this area. 

October lq, 1989 
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(Details are available under Appendix l) 

The site location selected for the proposed paper aill is SACAffA in the 

Upper Tana Region. 

Th~ rav .aterials selected for pulp production are non-vood fibre 

material mainly agricultural residues. 

The non-vood materials selected are: -

Rice strav, wheat straw, bagasse, papyrus, nyphia grass and·sisal 

leaves. 

In addition to non-vood fibre pulp, the aill has plans to use secondary 

fibre froa vaste paper and imported w~od-pulp. 

The grades of paper planned for production are both bleached and u·1bleached 

grades:-
Corrugating medi~. unbleached kr:ift grades for gumming tapes, naanill.1 

board, banks, offset duplicating, etc. 

The planned production capacity of the paper mill i~ ·.eo TPD* or 

2-'tOOO TPY** 

Th~ planned production capacity of the pulp mill is 50 TPD OT 15000 TPY. 

The planned production capacity for secondary fibre (waste paper) is 

24000 TPY. 

The pulping process chosen by CHANDARIA'S is ALKALINE PULPING 

SODA PROCESS with conventional chemical recovery system 

The bleaching sequence chosen is CEH (i.e. Chlorination, Caustic 

~xtraction and Hypochloride). 

The effluent handling proposed consists of:-

• Primary ~reatment for reduction of T.S.S. (Total Suspended Solids). 

• Serondary treatment in lagoons aeraled by mechanical aerations for 

reduction of BOD*** load. 

• Final polishing to redur.e fibre fines through u~e of sand f~lles 

• Disposal of cf fluent after treatment either by irrigation or 

into river. 

* TPD - Tons Per Duy 

** TPY - Ton~ P,?r Ycnr 
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SUMMARY OF CONCLUSIONS & RF.COMMENDATIONS 

MADE IN RESPECT OF SITE CHOSEN BY CHANDARIS 

CASE 1 - UPPER TANA PROJECT (SAGANA MILL) 

The availability of straw from the HWEA area is estimated 

by the Natural Irrigation Board as 43,740 tons from an 

area of 14,400 acres. This works out to about 3 tons of 

r!ce straw per acre which is a high figure for straw 

yield. 

According to internaticnal standards, the rice straw 

yield is somewhere between 0.5 to 0.8 tons per acre, per 

per harvest. 

Based on ~~ternational standards, the availability of 

strav from the MWEA area is therefore estimated to be 

between 7,200 and 11,520 bone dry tons per year. 

From the above estimated quantity of straw it is possible 

to make about 5,000 TPY of semi-chemical pulp,-~ and this 

vill be sufficient to produce about 40 TPY of corrugating 

medium and schrenz applying a mixed furnish of waste 

paper and imported pulp. 

If two rice harvests are made, the straw from the HWEA 

area would be sufficient to produce 80 TPD of corrugating 

medium and schrenz. 

It is not possible.to operate the SACAN~ mill to produce 

Chemical Pulp due to both:-

Non availability of straw of the required quantity. 

Environmental factors due to larger c9nccntration of 

chemicals. 

The cooking chemicals for the Sagana Hill should be 

restricted to the usage of Calcium Jlydruxidc and 

sium Hydroxide to produce Semi-Chemical Pulp 

chP.micals are not harmful to the environment 

effluent. 

Potas­

as these 

as mill 

Cont'd ... /4 
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The grades 

generally 

schrenz. 

that could be 

get restricted 

produced at Sagana Mill 

to corrugati~g medium 

will 

and 

The mill effluent should be largely disposed as irriga-

tion water. 

To further assist the farmers to use the mill effluent as 

irrigation water, the usage of Urea or Ammonium Sulphate 

as chemicals could be added to enrich the soil. 

Since the farmers ~ay not require vacer all the time for 

agricultural crops the development of fibre crops such as 

Hemp, Kenaf could be studied as possibilities. 

Hemp bast fibre is in great demand for the production of 

specialty grades of tissues. The woody fraction of hemp 

could be used for production of semi-chemical pulp. Kenaf 

is another possibility as a field crop for the applica­

tion and use of fibre similar to hemp. 

The possibility of discharging mill effluent into the 

river cannot be co~~letely ruled out. It can be either 

decided in favor or ruled out after a thorough 

determine the long term effects of discharging 

study to 

the mill 

effluent under the specific conditions stated above. 

These are:-

Usage of environmentally a~ceptable chemicals (i.e. 

Calcium Hydroxide and Potassium Hydroxide). 

Applying the semi-chemical pulp system requiring 

lesser dosage of chemicals. 

Extensive treatment of mill effluent for 

suspended solids and BOD. 

total 

Employment of ~odern techniques to filter out traces 

of total suspended solids and prevent sedimentation 

layer in the river. 

If the ~races of total suspanded solids could be removed 

the mill effluent could be discharged into the river. 

This requires:-

Laboratory studies 

Cont'd ... /5 
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Pilot Scale trials. 

Investigation into fi~tration techniques for removal 

of fine solids. 
Commercial applicatic~ and evaluation of perfocmance 

in similar situations elsevhere in the vorld and the 

success of such application. 

Based on the results of the studies specified above, a green 

light could be given for effluent disposal into the river as 

sedimentation of T.s.s. could affect aquatic life in the 

TANA RIVER. 

Based on 

location 

the limitations 
ot the proposed 

outlined above the pref erred 
mill tor Ch~ndaria vould bo tho 

lover TANA region as discussed in CASE 2 of this report. 

Cont'd ... /6 
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SUMMARY OF CONCLUSIO~S AND RECOHMF.NDATTONS BASED ON 

ALTERNATE SITE PROPOSED BY THE UNIDO CONSULTANT 

CASE 2 - LOWER TANA PROJECT 

(This is an alternate mill site to UPPER TANA mill site) 

The mill site proposed is a location somewhere around the 

CRESON area based on previous preliminary study made by the 

expert in 1985. (Refer Appendix 2) 

There are no proble~s related to effluent handling as the 

eff~uent after basic treatment could be discharged into 
the Indian Ocean. 

Strav is avail~ble to the mills from the Lower TANA 
development scheme. 

It is possible to make diversified grades of ~paper at 

this site b~t,h Industrial grades fur the packaging 

industry as well as Cultural grades such as Writing and 
Printing. 

Pulping process systems and chemical recovery can 

the well accepted systems in practice elsewhere 
world. 

be Of 

in the 

6 

Production capacity at this mill site need not be limited 

to 00 TPD*. This could even be expandca to_200 to 300 TPn. 

The market potential for finished paper and papex pro­

ducts is great as sea transport could be used to export 

to both African countries as well as Middle East 
countries. 

*TPD Tons Per Day 

Cont'd ... /7 
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The econoillic 

cheap paper 

advantages for this mill ~ite are 

converted 

cou!d be 

products 

resulting in a boost 

exchange earnihgs. 

imported, and 

of high valre 

to the KENYAN 

finished paper and 

could be exported 

economy and foreign 

{Example:- import OCC** and export corrugated containers, 

import vaste paper for deinking and export converted 

paper products for cultural application). 

7 

Since the first study for this mill site was in 1985, 

this study has to ~e up-dated and a site selected with a 

definite project in mind. It is therefore recommended a 

follov up study is mad~ taking into consideration the 

above factors for the proposed Lover TANA project sitP. 

***OCC Old Corrugated Container 

Cont'd ... /8 ... 
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COMMENTS AND ORSF.RVATIOHS RY UNTDO CONSUT.TANT 

ON SITE SELECTED BY CHANDARTAS 

CASE 1 - UPPER TANA PROJECT - SAGANA HILL 

Selection of Site 

The selected site is a good one fer building a mill in 

respect of water supply, power supply, market proximity, 

ruad network link up and other major considerations. 

However, the proposed Sagana Mill has dravbacks, since 

effluent handling requires extensive treatment. The 

possibility for the Sagana Mill would be to conduct 

extensive effluent tr~atment and then use it mainly for 

irrigation purposes. 

e 

Alternatively, the next cboice would be to select a site in 

the LOWER '!'ANA region in close proximity to the mouth of the 

river somewhere around the MALINDI/GRESF.N area where the 

effluent could be discharged into the Indian Ocean. Th.is is 

discussed as ChSE 2 of this report. 

The LOWER TANJ\ i·egj.on around the GRESEN area has abundant 

supply of rice straw, sufficient water for the mill, g~od 

port facilities from MOMBASA to MALINDI by barges and good 

potential for export of paper as well as paper products by 

sea to neighboring Africa and Middle East countries. 

However, it lacks the infrastructure of good roads for the 

time being. According to TANA Development Authority there 

are plans for development of the needed infrastructure at a 

future date. 

Rav Materials 

The raw materials selected by Chandarias for pulping are:-

- Wheat straw, rice straw, bagasse papyrus, nyphia grass and 

sisal leaves. Technologically, it is not so easy to design 

a ~roper pulping syst~m with diversified 

compromising, quality, effici~ncy as 

pollution abiltcmcnt 11tandards. 

materials 

well as 

Co11 t. • ,J • . • /"'J 

without 

meeting 
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For this purpose, pulping based on single material usage is 

recommended. The only raw material that is readily 

available within an economic distance from the mill is rice 

straw from the rice field region of MWEA. It is therefore 

recommended the SAGANA mill is based on rice straw for 

pulping. 

Availability of Rice Straw 

According to data given by NATIONAL IRRIGATION BOARD by 

their lett~r of Hay 26, 1989,+the availability of rice straw 

from the MWEA region is 43,740 tons from 14, 400 acres based 

on one crop per year. This ratio is high averaging about 3 

tons of straw per acre. Generally, the yield of straw from 

an area of 14,400 acres is about 7,200 to ll,520**TPY of 

*BD straw. Please refer to Table I for internationally 

accepted production of cereal straw per acre, per harvest of 

cereal cultivation. This vill be sufficient to produce 

5,000 TPY of semi-chemical pulp. Using this amount of 

semi-chemical pulp and applying a fiber furnish as given 

below about 12,000 TPY(***40 TPD)of corrugating medium and 

schrenz could be produced per year. 

40% Semi-Chemical straw pulp at 60% yield 

45% Waste paper 

15% Imported pulp (long fiber) 

The above quantity of straw will not be sufficient to 

produce chemical pulp with the mill located in the Upper 

Tana area. It should be, however, noted the above 

calculations are based on or.e crop per year; but if the 

farmers are encouraged to make two crops per year, the 

availability of straw in the Upper Tana area could get 

doubled and would be sufficient to make 24,000 TPY of 

corrugating medium and schrenz equavalPnt to 80 TPD. 

* BD Bone dry 

** TPY - Tons per year 

*** PD - Tons per day 

+ Refer to copy of letter 

under Appendix I 

Cont'd ... /10 

9 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
,,,,, 

10 

Given below is the table of estimated collectible straw 

BDHT per acre, per harvest bas~d on international standards. 

TABLE I 

!S~IHATED STRAW YIELD PER ACRE PER HARVEST 

1. Wheat Strav 

2. Rice Strav 

3. Barley Strav 

4. Oat Straw 

5. Rye Straw 

Strav Yield 

*BDHT 

0.9 to 1. 2 

0.5 to O.B 

0.5 to 0.6 

0.5 to 0.6 

1.0 to 1.4 

waste Paper supply ~ 

An 80 TPD paper mill using 45% Secondary fiber voui~ require 

about 45 TPD of waste paper at 80% yield. This will amount 

to 13,500 TPY of waste paper. Collecting this amount of 

waste paper within Kenya could be a problem. It will be 

th~refore necessary to supplement domestic supply of 

waste paper with imported OCC (Old Corrugated Container 

vaste). In comparison a 40 TPD paper mill using 45% waste 

paper will require about 6,750 TPY of waste paper. It may 

be possible to collect this amount of · ~ste paper within 

Kenya. 

*BDMT - Bone Dry Metric Ton 

Cont'd ... /11 ... 
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Pulping Technology 

The pulping technology chosen by Chandarias' is cheaical pulping based 

on Caustic Soda. As pointed out earlier. it is not possible to do 

chemical pulping at SAGANA. What could be recollllllended alternatively 

for the Sagana Hill would be Seai Cheaical pulping based on Calciua 

Hydroxide as the principal cooking chemical buffered with Potasium 

Hydroxide. Traditionally. Sodiua Hydroxide is used in place of Potasium 

Hydroxide because Sodiua Hydroxide is readily available and is relatively 

inexpensive. In the case of Sagana Kill. Potasiua Hydroxide is 

.reco1U1ended since it will be useful to the farmer on account of Potasium, 

since Sodium could leach.out the soil. To make it more useful as 

irrigation water the effluent could be further enriched with Urea or 

Ammonuim Salts. These details have to be worked in close co-operation 

with the agricultural department in Kenya. 

The other alternative for Sagana mill would be to go for oxygen pulping 

or Ammonia based pulping in place of Alkaline pulping. Unfortunately. 

these process are not still well developed for commerical application in 

developing countries. but could in course of time be a solution to mill 

sites such as the UPPER TANA that are restricted due to environmental 

factors. 

Bleaching 

The bleaching sequence chosen by CHANDARIA'S consists of CEH sequence 

(i.e. Chlorination/Caustic Extraction/Hypochlorite). 

Since chemical pulping is ruled out as a possibility for the UPPER TANA 

mill, there is no possibility to do bleaching at SACANA. 

Chemical Recovery System 

As pointed ahead, it is not possible to practice Chemical Pulping. 

In consequence the question of having a chemical recovery system 

therefore does not arise at present. 

~ont'.J ••• ,,/,12~··,, 
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PAPER MAKING TECHNOLOGY 
----•••••-----•••a•••=• 

Secondary Fibre Treataent 

To reduce the use of iaported long fibre pulp. th~ sec~ndary fibre 

treatment system should be equipped with a fibre fractionator with 

suitable refiners that could handle the two s~parate lines of short 

fibre and long fibre fractions. The pulper screening and cleaning 

system should also be carefully chosen to obtain the required.quality. 

Stock Preparation 

To handle a fibre furnish of:-

40% Semi-Chemi~al pulp from straw 

45% Secondary fibre from waste paper 

15% imported pulp (long fibre}. 

the refiners must be carefully selected taking into consideration the 

special fibre characteristics of straw pulp. ~ .. 

Paper Machine 

The paper machine needed to produce corrugating medium and schrenz 

from Semi-Chemical straw pulp could be less co~plicated with features 

suitable for both ease of operation and maintenance in a developing 

country. 

Special consideration should be given to the following:-

Drainage elements for the wire part taking into consideration 

the fibre characteristics of straw pulp. 

Press design with minimum open draws to reduce paper breaks. 

A very good felt cleani~g system. since felts get fouled up 

easily with straw pulp fines and poor quality waste paper. 

An efficient steam and condensate system based on cascading system. 

with the wet group of cylinders for individual steam temper~ture 

control. 

An efficient doctor cleaning Rystem specially for the wet and 

intermediate group of drying cylinders due to linting of fibres 

and pitch build up from the furniRh prescribed above. 
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Recycling of process vater 

It aust be reaeabered if less water is used for aill process, 

there is less water that has to be discharged as et.fluent and 

therefore less water for effluent treatment. For this reason a very 

efficient recycling of process water is recoaaended. As integrated 

pulp and paper aill operation has to be pref erred since paper aill 

water could be used in the pulp aill to th·:? aaxiaua exte:tt and 

this i~ particular is true for producing ~~•i cheaical pulp. 

To conserve and reduce the intake of f~esh water ~nd thereafter 

discharge as fibre loaded effluent, it is reco .. ended the following 

are adopted:-

An efficient Save All Systea to regain the fibre and fines and 

recycle thea for paper i;aaking. 

A closed white water circuit in the paper machine witl\,.show~rs 

on the paper machine capable for operation on white water. 

Effluent Treatment 

The pollutants found in the mill effluent of.an integr~ted p~lp and 

paper mill such as the SACANA mill would be less complicated if 

chemical pulping is ~ot practiced and would mainly con:iist of:-

Particles of fibre dust and straw fines from straw preparation section. 

Fibre fines, fibre particles and screen rejects during pulping 

and paper making process. 

These pol l'1tants require the following:·· 

Primary treatment in clarifiers to remove total suspended solids. 

Secondary treatment or Biological treatment by aeration in La1oons. 

Two Lagoons should be provided with one la~oon in operation and 

the second as standby unit to periodically scrape out and cl~an 

the sludge build up. 

A holding lacoon should be also provided to handle peak loads 

effluent flow, and to cake care of cml"rgancics during clarifier 

hrirnk .1.1wn!; <•r 1u1111p fn11ure~. 1'1ilM ~houlcl h:we r.uffictent volume 
I 1111 I 11 
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capacity to handle emergencies prescribed above and 

arrangements to re-process the effluent to meet the 

required standards for discharge. 

In the case of SAGANA, the effluent should be further 

enriched with Ammonium Salts or Urea and.used for irrigating 

rice fields or developing fibre crops such as Hemp. The 

long fibre from hemp has special characteristics to produce 

special high quality tissues such us cigarette tissues, 

teabag paper, air mail pape and other hard tissues. 

Please refer to Appendix 3 for additional information on 

current practices of effluent treatment in practice in some 

of the vell established paper mills in U.S.A. In addition, 

please refer to article on •water Quality Protection at 

Shasta Mill" vhere design features have been adopted to use 

30% of the total effluent for irrigation. Also sec 

information on effluent irrigation adopted at Boise . cascade 
~ 

Corp. mill in Salem, Oregon. 

UPPER TANA MILL LIMITATIONS 

To sum up the following are the limitations of Sagana Mill 

due to environmental factors:-

The mill effluent should be used mainly for irrigation. 

To make the mill effluent suitable for irrigation 

calcium based pulping should be made using Pot. Hydrox­

ide as buffer to produce semi-chemical pulp. 

The grades that could be made at Sagana Kill 

semi-chemical pulp would be corrugating 

R~hrP.n?.. 

becausP. of 

medium and 

Cont'd ... /15 ... 
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The possibility of discharging aill ~ffluent cannot be 

completely ruled out. It can be eitb~r decided in favor 

or ruled out, after a thorough study to determine the 

long term effects of discharging the mill effluent under 

the specific conditions stated above. 

These are:-
Usage of environmentally acceptable chemicals (i.e. 

Calcium Hydroxide and Potassium Hydroxide). 

Applying the seai-cheaical pulp system requiring 

lesser dosage of cheaicals. 
Extensive ~reatment of mill effluent for 

suspended solids and BOD. 

total 

Employment of modern techniques to filter out traces 

of total suspended solids and prevent sedimentation 

layer in the river. 
If the traces of total suspended solids could be removed 

the mill effluent could be discharged into the river. 

This requires:-
Laboratory studies 

Pilot Scale trials 
Investigation into filtration techniques for removal 

of fine solids.-
Commercial application and evaluation of performance 

in similar situations elsewhere in the world and the 

success of such application. 

15 

Based on the results of the studies specified above, a green 

light could be given for effluent disposal into the river as 
sedimentation of T.s.s. could affect aquatic life in the 

TANA RIVER. 

Based on the li•itations outlined above the preferred 

location of the proposed aill for Chandaria would be the 

lover TANA region as discussed in CASE 2 of this report. 

Cont'd ••. /16 ..• 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
. 
I 
I 
I 
I 
I 

COMMENTS AND OB~ERVATIONS BY UNIDO CONSULTANT 

ON PROPOSED ALTERNATE SITE FOR CHANDARIA 

CASE 2 - LOWER TANA PROJECT 
aazs•··---••••----~ma=••••• 
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Under Case 2, the Lover TAHA location is being suggested as a possible 

alternative for the Upper TAHA Project since Upper TANA has limitations 

due to environaental factors. 

This reco11mendation to consider Lover TANA as a preferred alternative 

to Upper TANA is based on the previous study made by the writer in 1985. 

The details of this study are available as APPENDIX 2 of thi~ report. 

Advantages of Lower TANA project over Upper TANA project 

Possible to do cheaical pulping and make stronger grades of paper 

Possible to do bleaching and make bleached grades of paper 

Effiuent treatment need not be elaborate and design features 

cau be relatively staple, since this effluent could be discharged 

into the Indian Ocean if proper site is chos~n 

Possible to make grades of paper and converted products that could 

be exporteJ by sea to African countries as well as Kiddle East 

countries 

Possible to import cheap OCC (Old Corrugated Container Waste) 

as well as other grades of waste paper from overseas and make 

paper more econoaically, blended with in~igenous straw pulp 

Possible to enlarge the aill to a large complex with 2 or 3 paper 

machines of 200 to 300 TPD whereas the maximum paper char. co~ld 

be made in Upper TANA is liaited to 80 TPD becaus! of environmental 

factors. 

Site Location 

The site location reco ... nded is around the Carsen area with supply of 

straw from the rice field of Lover TANA region. Water supply from 
J 

River TANA with possible effluent discharge into the Indian Ocean afcer 

basic treatment. 

Cont'd • •/17 ••• 
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According to data obtained froa the Lower TANA Development Authority 

ther~ is sufficient rice straw available to the aills. In this 

connection the earlier preliainary study made by tbe writer has tu 

be up-daterl to assess the q~antity presently available from 

this region. On account of the TANA River development worlt 01uJ 

irrigation facilities to thi~ area, the avail~billty of straw in 

the region should be now aore than what vas specified in the writer's 

report of 1985. 

Waste Paper 

The waste paper f roa domestic sources for the aill would mainly 

come from the MOMBASA area. On account of close proximity to 

Mombasa and i>OSsible barge facilities to mill site, imported .wast.: 

paper of good quality can be obtained easily foe use at the mill. 

This will include OCC (Old Corrugated Containers) from which·very 

good quality of liner board and corrugating medium could be waJe •. 

It is also possible to make writing and printings with imported 

waste paper applying the new deinking technology. 

Th.: pulping technology that· could be considered for Lo\ler TANA offers 

m:lxilllum flexibility because of the possible safe dispoRal of the ail!. 

effluent directly into the Indian Ocean after some b"dic treatawnt. 

Since CHANDARIA's wane to produce wide range of grade~, there ~ould 

be two lines of pulp production :-

Semi Chemical Pulp production 

Chemical Pulp p=oduction 

Under Case 2 there is no need co use the morl? exp1m:;ive potasdum. 

hydroxide: as in the case of Uppi:r TAHA and the rulatively cheap 

CilU!itic itoda could be used for both Semi ChemiCill pulp proJuccion 

U:> w.:11 .ia ch•~111ical pulp production. To red11~~ co::t of production 

clie 11i.Jli.i: up ch1:1nical for pulpinc could be MACADI Slld;a A::h. 

, I II 
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Bleaching 

For making bleached grades the conventional C/E/H* systea could be 

followed or this could be up-dated vitb nev technologies to use 

D/02-NaOH/H**· The chlorine dioxide is nov pref~rred because of 

the dioxin probleas. The Oxygen-Extraction coabination is also 

nov a preferred step for the second stage vith the final third 

stage ending up vith Hypo. 

Cheai~al Recovery Syste• 

Since strav has a high silica content the chemical recovery systea 

should incorporate a desilicati~n system. Such a technology is 

currently available nov through pilot scale trials done by the 

CENTRAL RESEARCH INSTITUTE OF INDIA through a project sponsored 

by UNIDO. It is recoB1111ended such a desilication system is applied 

to the chemical recovery system to overcome the silica p.rob·I.i111. 

To reduce the cost of capital investment on a causticizing plant, 

it is possible to apply t\e DARS (Direct Alkali Recuvery System). 

A more detailed study vould be needed to determine che possible 

application of these nev technologies for Case 2. 

?APER MAXING TF.CHNOLOGY 
••••a•••~•••••aaaaaas•• 

Stock Preparation 

rn manufacture the diversified grades of paper which CHANDARIA's 

have in mind, the paper making technology requires a high degree of 

flexibility, since CHANDARIA's want to produce both Cultural grades 

of paper as vell as Industrial grades of paper. 

The details of hov the stock preparation should ba planned and made 

to function will have to be specified by a further detailed study. 

* C/F./H - Chlorine/Extraction/Hypo. 

** D/OrNaOll/H - Dioxide/Oxygen-Caustic F.xtraction/llypo. 
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T·aper Machine 

It is preferable to have two machines one to make 

Industrial grades such as Corrugating medium, Liner, Kraft 

grades of paper and a second machine to produce Cultural 

grades such as Writings and Printings. 

Here again the techno-economics of whether the 

should be a single machine for a product 
first step 

mix of both 
Industrial and Cultural grades or a two machines mill for 

the production of Cultural grades and Industrial grades 

separately vill have to be specified by a follow up study. 

EFFLUENT TREATMENT 

The effluent treatmant will comprise both primary treatment 

and secondary treatment before discharge of effluent into 

the Indian Ocean. 

Please refer to Appendix 3 for additional information on 

current practices of effluent treatment in practice in some 

of the well established paper mills in U.S.A. 

CONCLUSION BASED ON CASE 2 

Based on the limitations of CASE I, the Upper TANA mill 

site, the preferred location for the proposed mill would be 

the Lower TAN~ region discussed under CASE 2. 

Since the first study for this mill site was in 1985, 

this study has to be up-dated and a site selected with a 

definite project in mind. It is therefore recommended a 

follow up study is made taking into cousideration t'ne 

above factors for the proposed Lower TANA project site. 

Cont•J ... /20 ... 
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Documents studied by the ~per! 

1) Feasibility study of Paper Plant in Kenya 

July, 1985. P.R. Hahadevan, C.K. Joglekar. 

2) Import Application for Paper Kill - S~cond Hand Plant and 

Equipment with detailed appeal justifying the importation 

of s~cond Hand Plant : 

17th December, 1988. 

.-
Chandaria Industries Limited 

P.O. Box 30621, N~irobi. 

3) Paper Mill Project based on Agricultural Waste and Waste Paper 

January, 1985. Chandaria Industries Limited 

P.O. Box 30621, Nairobi. 

20 
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I 
I The following persons were contacted during the mission in 

I 
Kenya: 

I GOVERNMENT AGENCIES£ KENYA 

I Mr. Kihumba of the Ministry Of 

I 
Environment and Natural Resourc~s 

CHANDARIA INDUSTRIES 

I 
Mr. M. M. Chandaria 

I Mr. Danesh Chandaria 

Hr. Mahe!>h Chandaria 

I 
Mr. p. K. Seshadri 

Mr. Chari Joglegkar 

I UNIDO, KF.NYA 

I Mr. J. Kvant 

I UNIDO, vr·F.NNA 

I Hr. Bl ant 

Mr. Judt 

I 
I 
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II I I I I II I I I I I I II II II I I 11 I I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX I 

Extracts of Information and Data 

~ollected From Chandaria's Document 
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APPENDIX l 

October 15 1989. 

EXTRACTS OF INFORMATION AND DATA · 

COLLECTED FROM CHANDARIA'S DOCUMENTS 

SACANA PROJECT DATA 

(As per study done by CllANDARIAS) 

Capacity of Paper Kill 

Capacity of Pulp Kill (90/10 Basis) 

Capacity of Secondary Fibre Plant 

(i.e. Waste Paper) 

Crad~s of Paper to be made :- Kraft, 

UNITS 

Writing. 

TPY* 

TPY 

TPY 

Printing 

24.000 

15.000 

24.000 

and 

Cultural grades. 

Basis weight range. g/m2 

Speed range of Machine. MPH** 

Width of Machine (Trimmed) mm 

Raw Material selected for pulping :-

* TPY - Tons per Year 

** HPH - Meters per Minute 

60 to 300 

120 to 280 

2800 

Rice straw. _Wheat straw, Nyphia 

Crass, Papyrus, Bagasse. Sisal. 

./ .. 
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DETAILS OF SAGANA PROJECT (UPPER TAMA) 

The Mill is planned to be located at SACANA, which is 85 ICa. on the 

highway between Nairobi and Nyeri. The ~ill is to be located on a 

land of extent 70 acres bordering TAHA River. The aill has good 

facilities with water supply froa River TAHA and power supply fro• 

HYDLE Power Station which is li Km. froa the aill site. Transport 

facilities are excellent by good highway connection from Nairobi to 

Nyeri. 

.- . 
The mill is planned to produ:e 80 TPD* of paper working 300 days 

with an output of 24,000 TPY. 

Raw Material selected for SAC.AHA 

The raw material selected for pulping is non wood fibr~. The 

materials selected are :- Wheat straw, 

Nyphia grass, 

Rice straw, Bagasse, 

Sisal leaves etc. 

The supply of Rice straw to the mills would be from adjoining Rice 

Fields of Mwea, irrigated by the River Tana. The data in respect 

of Rice cultivation in Hvea are as per information obtained from the 

National Irrigation Board which is given below. 

. / .. 
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l) Total area under cultivation - 14 .400 Acres 

2) Nuab~r of Crops per year • 1 (One) 

3) Rice (Paddy) yield per acre (average) .a 2.02 Tons 

4) Total rice (Paddy) production in the 

Scheme .. 2.02 x 14.400 • 29.160 Tons 

5) As=ouaing a Straw: Paddy grains ratio 

of l.S:l on dry weight basis then 

total weight of straw produced in 

scheme • 29.160 Tons x 1.5 • 43.740 Tons 
•••••=•a.ca.a 

It is planned to collect and use bagasse availabl~ in Kisumu area for 

the project. 

Sisal 

Sisal leaves have been consider~d as a possibility for the production 

of long fibre pulp to r~place imported long fibre wood pulp. 

Waste Paper is planned to be collected and supplied from the princi~al 

cities of Kenya mostly from Nairobi and Mombasa. It is estimated 

15,000 Tons of domestic waste paper would be available for the project. 

. / .. 
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Water Supply f~r SAGAHA 

The water supply for Sagana vill be froa River Tana which is a 

perennial river vith a catchllent area of 3673 ICa2 before the 

site point. The characteristics of water flow on th~ River Tana 

are as per details given belov. 

Max. flov. 

Av. Max Flow. 

Av. Mean Flow. 

564 a 3 /Sec 

324 a 3 /Sec 

58 a 3 /Sec 

18 a 3 /Sec Normal Av. Flow. 

Min. Flow. 7.5 a 3 /Sec (Ba~ed on 40 years re~ords) .-

Steam to be generated using rice husk and liquid fuel for firing the 

boilers. 

Power will be obtained from Hydle Power Station located about li Km. 

from the proposed site. The capacity of this power p.lant is 13.5 MW. 

Personnel 

It is estimated the mill could provide direct employment to 150 and 

indirect employment to 400 persons. 

. / .. 
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THE KILL PROCESSING SYSTEM 

The paper aill vill have a capacity of 24.000 TPY and the pulp aill 

a capacity of 15.000 TPY and the secondary fibre unit a capacity of 

24.000 TPY. 

1!~_!8terial Pre2aration 

Straw cutters to be used for chopping strav. 

Pulping to be based on caustic soda process. 
.. 

!!e~!!e~~~sht~IL!~!~~~ 

Rotary drua filters to be used for Brown Stock washing. 

!!!!~!!:8 

C E H s~quence (i.e. Chlorination. Caustic Extraction and Hypo) 

~!!!~!!-~!~e!!!l..!l!!!! 

Convertional recovery systea normally applicable for Alkalene 

pulping is planned to be applied. 

Stock Preparation: 

The Stock preparation is designed to treat a fibre furnish of 

70% short !ibre from straw and 30% long fibre from imported wood pulp. 

. /. ' 
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!!eer Ka~ 

A Second Hand Fourdrinier Paper Machine built by VOITll around 1950's 

but some of the original coaponer.ts have been replaced to iaprove 

operation and quality. 

Tri• width. 

Speed range. 

Basis weight range. 

Average production. 

2800 -· 

280 KPH* (Haxiaml) 

45-300 g/a2 

60-80 TPD 

Vire Part - Fourdrinier table, run out type wire fraae. 
, 

Press Part - 3 Presses (lst and 2nd straight and 3rd Press r;versing). 

lst Press Venta Nip, 2nd Pr~ss Venta Nip, 3rd Pres~ Plain. 

6 

Dryer Part - 4 groups with a total of 24 cylinders and of diameter 2500mm. 

Size Press - Available 

Calender Sing:.e Nip (Kuster) 

Service Facilities 

Steam Generation 

conventional type of package boiler with pressure suitable for the 

digesters and paper machine. 

Electric Power 

Conventional power supply and distributio~ system with step down 

transformer to lover the HT Voltage from 66 KV for mill use. 

./ .. 
" *H.l!H , ,.., Huter11 per,,,Hour. 
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Vater Supply 

Vater treataent plant to handle the high turbidity cf the water is 

considered to be applied. 

Effluent Handlil!J 

The effluent characteristics usin~ waste paper and iaported wood pulp 

as raw 11aterials with a fibre furnish of 65% waste paper and 35% 

iaported wood pulp is expected to be as follows :-

1) PH 6.5 to 6.8 

2) B.O.D. Pitt 30 to 50 
.-

3) Suspended solids PPM 50 to 300 

4) Total dissolved solids PPM 200 to 400 

S) Colour Pale Milky White 

6) Ketalic Ion None 

The effluent characteristice using straw pulp, waste paper and 

imported wood pulp with a fibre furnish of 40% straw pulp, 40% 

waste paper and 20% imported wood pulp is expected as follows :-

Phase 2 

1) PH 7.2 to 7.5 

2) B.O.D. PPM 100 - 180 

3) Suspended solids PPM 100 - 500 

4) Total diss~lved solids PPM 400 - 800 

5) Col~ur Pde Brown 

6) Hetalic Ion None 

. . . 
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PROPOSED EFFLUENT TREATMENT 

For fibre furnish using (65% waste paper and 35% imported pulp under 

Phase 1) the treatment syste• considered are as follows :-

Priaary treatment by using sedt.entation tank to reduce TSS* 

Secondary treatment in lagoons using both natural and forced 

aeration to reduce the BOD l~ad. 

Polishing of effluent using sand beds to reaove traces of 

suspend~d solids. 

Use of vater after treatment for irrigation of about 200 acres 

of land. .• 

For fibre furnish using 40% straw pulp, 40% waste paper and 20% 

iaported wood pulp the treatment system considered are a~ follows :-

Mixing of pulp and paper aill effluent to form a combined 

effluent in order to .obtain PH range close to them. 

Primary treatment to reduce TSS from +300 PPM to (100 to 150) 

PPM using lst step clarifier. 

Primary treatment to further reduce TSS using 2nd step clarifier. 

Secondary treatment (lat step) for BOD reduction of load using 

lagoons and then deliver water for irrigation. 

Secondary treatment (2nd step) by using mechanical aeration to 

conform to the accepted range of BOD. 

Polishing of effluent using sand filter beds prior to discharge 

to rlver. 

8 
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NATIONAL IRRIGATION 

QJ./t:/b8 

Hr. l'. K. Sesla.:1Jri, 

~ llOAP 
Y.U. a...1. Je.>11 
NAIROlll. 

Croup General Manager, 
l:han·l~trJa Industries Ltd., 
1•.u. llux JUull, 
N,\ll:OlH. 
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BOARD 

ld .. ...,_: IMlllt;Alll)llii 

le:...-- : llJ)'t• \S U-.J 

26th Hay, 1989 

!:..? ;1,·k1h)Wl,•d1~c i·•·ceipt oi your- Lctt,~r Cll./1't:!)J;1/5/]'i'J of 11/'j/89 
••II I 11,• ;1 lo·.•\"•' ·;uh j '-'•'. t. 

~!\! ;.-i:;h tu C•Hil.inu lhc r·i .... :-~uJucliun :;t;1l ::.• i•:!; !11 , • .,, !f::..-;1 lrri::ation 
!ich.:1o1c ttJ be as Ccll\•Ws: -· 

1) Totttl 01rea under culclvatiun 
2) Nu1111Jer of crops per y.:ar -· 
J) Ric~ (paJdy) yield per acre (avcracc) • 
l,) 'l\1tal rh:.: (paddy) pro•hh:t lon Ln the 

schcm.: "' 2.U:! x ll1,!1lJU 
~>) Assuui!n1~ a straw: p.:iJ,ly grains 

.-.irlo &>I 1.5:1 on dq• wci1~ht ~asis 
ll1t•11 r.1~.11'\i,·l.-ht of :;Lr.11o1 1•r.1duc1.•d 
i 11 sd1&!mo.: '- :!'J, 160t :: I • ) .. 

J '•, :iuu .u. 1 L·:• 

J ll..'lh:' 
2.02l 

29, Lf,IJL 

Thi? straw: p;uldy grains r;1tiu, however, vari.:N tu su11u: ''?.C1:11t c.Jcpt:1u.l111i; 
''" I.hi: v&arl.:t le~ &r&>wn bul lhc total a111Uuut uf straw 11rud11cl•J lt.i 
unlik.:ly to ~e less than JO,OUOHT. 

llow-.:vl!r, the rice straw is the property of the r lee f11rmi:r~ ;and w&: 

aJvb;-.: th;it Y•'u co1A1Dunicatc wlr:h them directly (tltro111~h Llu:ir­
Cuol'crntiv&: Sl.l.::lcty) to asct:rtain their willi11c11css to sci l the 
:araw. It b r•us:>ible th;1t H you oCi~rt!LI n ~u.od price· incentive, 
'}.11'\' 111avl~~Ti"li11 1 : c .. , ~;..:.!_l_._1_h_l~·-"'-r.r~1':'· At [ltc· 111oni••111, li1t• 110.11·11 

11 .. 111.•;'.•"lll&'lll l"lh'••U1.1r,.::; Liii" 1.11111 .. ·1:• tu ,,,,,. ... ;111 "'''· 1.h ... •.11.111 111 Liii.!' 

liclJ ;111J hun1 .it toJ <'.1.Jllt1·u1 Jl:aia:>&:s, pi:st:,,; •ind w~~ds :1:> w.:ll as 
to return c1.·rtui11 plane n11rrie11ts to the soil. 
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APPENDIX 2 

Report on the F~asibility 

of 

Producing Corrugating Medium 

(Fluting Paper) 

From Straw in Kenya 

January 1985 
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REPORT ON THE FEASIBILIT~ 
OF 

PRODUCING CO!' .. Rt.1GATING MEDIUM 

FROM STRAti IN XENYA 

SUMMARY 

,. 

MINISTRY OF COMM2RCE 

AND INDUSTRY 

'.~ INDUSTRIES DEPARTMENT 

JANUARY 2ND, 1985 

This Report presents the results of a Study 

of using stra~ to produce corrugating medium and 
INNER Line Board for corrugated board manufacture. 

It is concluded about 15,000 TPY of corrugating 
medium and Inner Liner Board ~ould be produced using 

the straw from the Lower TAtlA BASIN l\fea. 

The total capit~l investment needed .,;.~uld be 

KShs.193,505,000 (exclusive of working capital). The 
Return on investment is estimated.at 29.4\. 

It is recommended that serious consideration is 

given to implement the project and a further study is 
:::-cconuncnded in close collaboration with the Lower 'r.l\NA 

River Authority. 
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r.!::-Ol~T ON THE FEASIBILI'i'Y 

01" 

?~ODUCISG CORRUGATING MEDIUM . 
FROM STR1.W IN KENYA 

INTRODUCTION 

MINISTRY OP COMMEf<CE 

"AND INDUSTRY 

JANUARY 2NO, 1985 

Kenya currently has 5 paper ~ills operating with a 
cot.al installed capacity of 85,600 TPY of paper and paper 

bo~rd. The afore-mentioned S mills have plans to expand to 
125,400 TPY within the next 2 to 3 years~ 

The indigenous pulping capacity is only 58,000 tons 

of chemical pulp and 8,000 tons of mechanical pulp per year 

~t PANAFRICJ\N PAPER MILLS, ~'EBUYE. Therefore, the other 4 

=ills depend mostly on waste paper fer their fibre require­

:.:.:n.t s. The supply of raw material for the PANJ\FR!CAN PAPER 

XILLS is based on PINE AND CYPRESS from 11 Man-made plar.t:.ttioos11
• 

'i'!~crc will be a further demand on this source of supply when 

ct.e proposed MAOHU PAPER MILLS at 'l'IIIKA goes into production. 

"l'hi!; mill at 'l'HIKA will require wood to produce abo1.lt VJ,000 

??Y cf chemical pulp. / 

It is f c~red Kenya is heading towards a shortage of 
wee~ anJ in particuJar for domestic fuel requirements both 

i•1 the fonr. of firewood and wood charcoal. It is, the1e fore 
felt ~t thi~ ~taga further planning of pulp and paper mills 

b!~:ed on uood does not look promising with only 20~ of the 

land area available in Ken.a both for agriculture as well as 
forestry. On the other hand Ke~ya needs more paper. The 
d~mand for papar during the last 5 years has been g,;owing at 

che rat~ of si. It is expected the future growth will be 

around G to 7'1, with a high demand for cultural grades of 

p~p~r on uccount of the growth in school going population. 

The Industrial Promotion division of the Industries 
D~p~rtrnent and the UNIDO Divinion in Na.irobi sensing this 
proLle.rn, initiatod the need for a study to look in~o the 

.. 
~· 



aspect or U!;ing non woocl ma teriills for p..ilp and P·"'fr.:?r 

n~nafe.cture. •ro conduct this stucly a pulp and Ek"lpcr 

m:pc?~t was requested from the UNIDO head quarters in 

Vienna and the writer arrived oa tlovem~r the -.9th for a 

3 months' assignr·~:-.t in t-:airobi. 

The following reports therefore covers the 

investigations and study related to the use of non­

woody raw materials for the production of pulp and p:lper 

and is made up into 5 parts. 

PART I 

PJ\R'.r II 

PART III 

PJ\R'l' r.: 

PART v 

Dcvelop.~ent of the Pulp and 

Paper Industry in Kenya 

~ Report on th~ Feasibility of 

Producing Pine Paper from Bagasse 

A Report on the ·eeasibility of 

Producing Hard Tissues From Sisal: 

Waste 

1\ Report on the Fensibijity of 

Producing Corrugating Mcd.ium 

From Straw 

A Report on the l"e~slbility of 

Producing Hand Made Paper from 

Cotton Waste. 

~· 
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Additional Information on Effluent 

(Reference Materials) 
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How Federal Effluent Guidelines ~..s-­
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Banilne monltorli.~ teport. lndinct 
, dischargers are required to submit · 
· buellne monitoring reports elthu to 

the POTW (If It bu an . appro.ied 
pretreatment programl or to the 

· appropriate EPA regional director. A 
baseline mamtorlng report Is the first 

. report that an Indirect discharger must 
Ille following promulgation of an 
applicable standard. This report must 

· lndude:. 
· • flow measurements of procecs 

wutewaten and any wat ~r · 
discharged Into the POTW 

• The reM&lts ol a sampling and 
analysis program that Identifies the 
nature and concentrallon of all 
regula1ed pollutants In the discharge. 
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· take 6 samples within a two-week 
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· within a two-week period 

• A statement, revlewoitd by a 
' representative of the facility and 
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. standards . 

If additional measures are 
: necessary to meet the pretreatment 
i standards, a compliance . schedule, 
. Indicating the dates when Increments· 
; of progress will be made towards. 

achieving compliance with the 
stoindards must also be sut:.mltted . 

Additional Information or 
clarlfieatlon of specifle requirements 
can be obtained by contacting: Mr. 
Rick Brandes, Permits Division (EN· 
336), Envlronmenlal Protection 
Agency, 401 M Strut SW, 
Washlngron, DC 204GO, 202/426-
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ater-quali 

O. A. Narum and D. J. Moeller 

purchuecl by our company. Two yean 
laur. the new owner announced a mill 
expullion, includin1 inaiall1ttion or a 
new papur machine plu. an upa:radina: 
oC lhe orisinal machine. By I.hi• ti111&1, 
me position o( w ll&tle re1ulacory 
•&ency had been stien&thened by the 
1912 amendmenu co the Federal Water 
Pollution Control Act, and I.he Shula 

For over 12 yean, the Sbaata mill. DeAr 
AndeNOD, Calif., has had co operate 
under 110me oC I.he mew atrina:ent wa&.sr· 
qu.ali1y retula1iona of any inua:rak«i 
pulp and pap.r mill in '11e Unis.cd 
Statea. One oC I.he reuona for the arin­
gent n1ulations ii I.he fac11hat the mill 
diilchal'I•• co I.he Sacramenco River. one 
of 1he more produCtive natura!Jiiawn­
il}it grouncb for aalmonoid •1Wca.:11 01 
fi11h.., 

The mill was constructed by 
Kimbtrl~lark in 196-1, and ii included 
• T5'ko d•u•·:r.•14.:a .ortwood krar, 
mi~J"'M'l to day P•s miacliii\e 
for tbg pmJug1jgo Q( CU!~ priotin( 

• mill had nuived the rll'llt NPDES Per­
mi' in SIC 26..ln Occober 1974. the ori.:· 
inal permiL wu rcviltld to accommodaUt 
lhe prupoted mill expanaion. Some oC 
the pruvilliona ara ahown in Tabl• I, 
wil.hcomparable Rpr• balltd on EPA'• 
lat .. , cricaria. 

P!J!!!L. Rccos:nizin1 that th• upper 
rcacha of I.ha river r.quirtd 11n unusual 
c1.t1r•• or pro&ection. mod.srn w..-. 
1rvaunenL faciliti••· includin& th• 
contaewJabilization melhod oC bioloiri· 
c11I aecondary trciltment, were provided 
U ). llec&UM of I.he lllronf emphui• on 
riah toxicic.y control, lhe '"ill hiul '° ct.­
vulop continuou.-flow bioa11111l._!!l!!.ia:_ 
anent anT uchnlqiiff,lnCluiling llOme 
"C.:11l11 l!~IT~~ ~~ 1110.!!..~wU QO du.¥!1. 
"{2).The ori11nal wa.u trcatment and 
emuent quality 1r.onicorin1 1ymma 
prvvcd to "" cap.ibl• or m&!tlin1 th• 
•V11r·increMin1 d.inancb or th• re1-
ul11tory aironcy for th• n.xt 10 yHn, bul 

.. Mt witlwut frequent difficuhi111. 
In J11nu11ry 19'12, th• Sha.ta mill WAI 

Q. A. NllfUM 11111 D. J. M1t.Ue1, Stt1ipion Pfl/W 
Co .. S..n frMtC~. Cilol. !HUM. 

BaMCI on ita own and o&her induatry 
nper&.nce. it wu eviden' Lo the com· 
pany 1ha1 tba lOlal 1~ndt:d aoli.tf' 
tTS.CJ! reauirement coul not be me~ by 
convention1al!rimaft and bioloa:&e•I 
!iAnduey '"'' men• ctJjMjp;r;u;;u:. 
I.riv at low and jntcrm1d1utJ:...riuIJ!~ 
rat.1. To learn more about~ c1&plure, 
a »and-lilt.er pilot plant w1t1 obtained. 
AC1er contiderable nperimunll&tion, it 
wa1 concluded Iha' thi1 proctN waa not 

. a 1111tiJac&ory anawer to lh• ..ver• TSS 
dilcharJe limit, at lea1t for I.he Shaata 
mill. 

1"1,manatelr~n alternative ba•d on 
r.bc use of ru1lx treated IMICIN\darj 
cm .. ,.,, Cor the iai••11jii)T·e;~~run~ 
hu<I b•rn d1•vrlnpr:J Ba:ny(j&jDL.!-:!'..."I 
corlic• tl11djc1 kY •b·· Ngtjpnal Count:il 
(or Air 11 nd Srreom lm1,1cpvrn11m1 1:11 

TiJp~; I Nt1-t11~ber 19~7, Vol. Bp,, ~o. 1,1 , 

:. .-

PRIMARY TREATMENT 

To ... ure the 1uccesa of the emu•nt 
irriiration pruject and 1.o accommoJar.. 
the: i1icr11w.cd w1111ttrwater now frum aan 
expanded mill. tha oriarinal primary 
Wallte &.ri,:atmitnt (acilitiH W&!re up-
1raded. Al.o, tha ori&:inal activated· 
!lludir• secondary 1y11t11m wa1 replac&!d 
with a n&1w, low-r11te biolo .. rical 11ylilc:m. 

The chianreai co &he: primiary •1st.em 
includ11d: 

• Addition of an excamal OocculalOr 
for the exi.iinr No. 1, 25.0-m-diiun. 
plain :11edimenllltion cliarili&:r 

• Conver»ion ofthe old -&2.7-m·di11m. 
HC:ondary claririer 1.o a rim-drive, No. 2 
primary unit with int•irral nocculalOr 

• Pipinir chan1•• to provide unu11ual 
Oeaibility in operation and to incr1111»11 
,h. .rr.ctiven... or the preprimary 
wa1t11 •tor•K• and blendin1t ll1aain1 

•Addition or a new, 2.4-l·ni·diiom. by 
3.GG·m·f11C11 btllt-type viacuum fih&1r for 
dc:w:.akrinK the 1luJire from the two 

I II 11 137 
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1 1--l _______ , 
I IR•pi;inl : 
, vc•1mcn1 , 

1----------! 

I 
primary clarifh!n. The amall1tr orii.rinal 

E
.L became a undby 1iludi:e lilLa:r. 

liChi:matic of the entire upgraded 
em i11 •hown in !o'if. l. Some uperat­

ing d .. 1. (or Lhe primary 1y:i1tem ar1t 

l wn in 'l'l&ble II. So (ar, the mill h1&:1 
round cconon1ic juatifacation (or the 
o( co11i:ulanlll &o improve TSS cap-

l
lur!~:.ut thi• is .ubj"t to continu;al 

urin1p~e &~i.!.~~ns for its k!Y· 

~rmiu:1\ie mill 11i:ro:o:d to prcv&int 
11torm-11ewer w11Wl'Niilthe m11nufac-- -----,- ---

I
r o«U C[!lm r~ 

nur~itche1;.~_!...lh.:!r':.'!-C.'!.Ui.m.£, 
uch wiitiiJ• ro"~Jlir.9.Uh.J.b• 

rinney 111iem li!.l!•r dir11tc:tly ur 
Lhrough a 1r.or111e bai;in. 

l
lie-priiiia7ilniiitli1~1tum is vi• 
in Fir. 2 just beyond the chip 1tor-
11rea. In the ri1ht bac:k1round are 

the 1ucondary trc1at1nent b1ulin1. The 

l uent-irri111ted fi1tlJ1 are idH>11t 5 krn 
ond the.11, adjoinin1 the s.&cramontc. 
11r. 

I
CONDARY TREATMENT • 

Whilll! tho oriirinal contact• 
11biliZ;&tion v11r1iun of the activatsd 

ah1d11~ pruce ... _r:q91,1>ve4.1!'-~!.t.!!.'!~~ 

11h11 lJOD~and m.!'.L~.'t'!.ii.i!h..!1:1!.i'i11 
11J.~r~ 1 .!'.inial_:~S.·b.11ri•J_1>v.~r. .~ wid• 
1i:c. ~'urth11rmor1t, 051'1r16'ini: eo•'• 

w1:r11 burd11n..om11. 11.thvr thun enl11r1:11 

la 
'" I I I I 

5ccGncUfy 

tn:..ut••'"' 
IAS81 

~----->-, ______ .._,,. 
( ' To riwr · 70s. 

0 
0 

0 
0 

Sl&o,: 0 0 C Aon.1lOIS 

PC I 

VKuum 
lillCI 

0 

0 0 

0 

0 

0 

0 

Ag. 1. Thtee siages ol wastewater 1rea11111n1. 

Table I. Comparison of Federal 
ind Susa Effluent OualitY 

Scancwds for lh• Shau Mill 

Apprwcimale 
EPA 

1uideliM,. 

1816 
1816 
1816 

31'18 
31'18 
3178 

NP DES 
P'rmil 

961 (<142)C 
1507 (142-283) 
20-13 (283-'192) 

96'1 (<1421 
1689 (142-283) 
2-IOG (283-792) 

... ,.... lal•&I IHwlop•nl Puc11111•n1, 
Pl'CTCA, £1''\ 4 .. 1>/1·1•/IA'Jll, T11lal• I, p. 4, 
O.c. 1916. JO.Dar av•r11p.. •aw,,,M,.1 
W•••• RuWI ....... ,..,. HW.S.111 ...... as 1!12 
1111 /MC. 

this facility, it wu decided to replace It 
with a low-ra&e, .. ra&ed 1~ilization 
ba11in 1y.iem. A 'WO-llllll• •111tem with· 
ouL a aeeundary clariraer Wllll deli1nllld. 
It wa1 bvlievad th11t thi1 would achieve 
Lh• ne.idtlCI hiirh 8001 removal whh 
minimum TSS r•1iduad i11 the linul 
e1nu.,nt. These exp.ictation. have bu ... n 
rcllli:wd,and the anill haa alllO benefit•d 
from the oth11r known advantalH of 
luw·rate tr&111tmenc 111&•m1, 1ueh u 

lrriplion • 3or. 
400;,cres 

.-

Table II. Primary Oi1rifi1tr D.lia 

Clllri{i1tr 

J 2 

Diameter, m 25.0 4:!. '1 
Theoretical detent, ...... 2.6 4.5 
Drive Axial Rim 
Net rise rate, 

m/day 'l9.9 23.7 
Ts.s 11nto:rin11 

k1/dar" 20,000 13,400 
~capture,'lt 110 67 
Wlilte Willer 

d~tribution, • 
voluan•" 

1'11porr mill 115 15 
Pulp mill 15 85 
S&orm .. w•r 90 10 

.. f1M1Mu·llll. "1,.0:111•1 '"''''" fro111 .,,..,_. 
•-••rin1 •r•••m1. 

low•r operacinf co.ti and mor• con11is-
1tnt t-ffiuent quality. 

Thu d•11i1n criuria lor the 11teondury 
tr••tmi:nt 11y1&"m ar• 11hown in T11bl11 
Ill, and typical opur11dnir d11ta aru 
•hown in Table IV. 1'tMt No. l ba•in i• 
r1tc:t11n1ular, with 'wo ruw1u(1a.1r11t4h, 
1ymm11tric111ly pl;acttd. 1'h• multivlu· 
oriric:i:d inlvt pipe i11 on the b"'wrn, 
midw11y bc:tw-.n thu aeraturll un thu 
lunirur dim1tn11ion. 1'hu b1111i11 ha11 D 
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Tallie Ill. Desi.- Criteria for 
Sec:ond<try Treatment Sy11am 

&.in 

I 2 

Sudace area, ha 1.6" 10.9'1 
OperaUn1 

.3:3& 3.20 dePUl, m 
TheoreUcal 

dn.11l (Lime-
&o-rill ), hr 2-1 144 

Aeraton 
Number 6 9 
Type SurfllCe FloaUnir 
Drive Gear Direct 

(c:onic:al (propeller) 
Lurbine) 

Ra&cd waUap 
(each), kW 

H 22.4 

BOD, lnRuenl, 
15,900 k1/d;ay 

DOD, removal, 1ro >90 
Hui•: Uoll• lh• primlllJ aml II•• .. c1H1da1J 

W:.tl• lr•alm•nl lr•l•m• W•r• d•li ... •d rot 
•ul1Ua1UillllJ IJlllll•r lwd• lhan wcr• ac1uallJ 
npfli•11od duri11s II•• fin• 16 mon1h1 of 
npt'ra11uo1. hi aolilitlun, lh• Nu. 2 a•ral•d 
ll•hiliulioll batin wn ownh•d lu prnwiJ• 111 
l•••I IS0,000 1n 

1 ur 11ura11" for lh• ranch 

irri•ation ''''"'"· 

Tappi I Novemt"r 19n Vol. 60, No. 11 

Table IV. Operaling Data for 
Seconduy Treatment System 

(Anragn) 

lnRow, m• /day 
Waua1• uUlizad, 

kW 
BOD, 

In, ml/liLer 
Out. ml/liLer 
Remcwal, q/day 

TSS 
In, ml/liLer 
Out, ml/liLer 
Out, k1/day 

' 2 
45,100 45,lPO 

335 112 

184 76 
76 11 

4,8GO 2,925 

204 206 
206 30 

9,270 1,3!.0 

1in1le1t0lnt, overflow-type ditehars• 
atructun. The No. 2 baain i1 alll\Oli& 
aquare, with two toWI or aerators across 
the inlet third. The inlet and outlut 
1tructur111 are 1ubrner11d, with flow• 
balanted multiple orilic:n. 

FISH TOXICITY REQUIREMENT 

The Caliromla re1ulatory aeenc:i•• 

usually prescribe a riah tosicily 5'an· 
dard baa.od on mua dischara:e rale to the 
receiving waler, i.e., c:onc:enlralion x 
daily volume discharged. .f~or _lh.e 
Sha.ta mill, auuming that no e;?!JltllL 
wiaa d1sc:~~chu-11l'1fQljj1 51 diu:d. 
would"ln'i:ft'ecl ra;~uire 9~.!.nlof a 
ai.ir.i9A'C!td:t"pif_glUCJim m a.ntixwrul' 
Ji~t-33'f riYft.J!!\\.\UJl&Lli4_ 
hr exWSiire m·:·H·onti11uuus-Oo111 bioas-

~ 
or the 38 teat.a done in lhe pu!il 10 

monlha, lhe mill reportt show an :aver­
llKe • ur 9 . l!I s11rv1va 1n .,. 
e uenl roncentration. Wilh lhe diver• 
Ilion or. purtion or the ~mU'CntiOlnnd. 
the actual mau rate or toaic:ant.a dill­
chareiid to lhe river durinl{ that peric.cl 
avi:raited only 2n or Lhot allowed in 
t'1e NPDES permit. 

HIGH·ASH WASTEWATER 
Since oneohhe mill'• poapermachina 

mak.1coaled1rndn and lhe olh•r uac:t 
baae·llheul fillers, the raw wc1tewater 
contain• • hi1th perce11ta1• or fin•· 
porLicle-1i:&e aah. The pulp mill also con· 
tribute• coarMir calcium carbonate 11UI· 
id1, IO that l~.e inllu!'!Ll!»lh!J?.r,i'!!1.!L. 
!.l.arif'.iin ran lb. •a "i11h 'IS HOCf mmmal. 
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Eveii when polymen are used to im· 
proYe primary aluda:c Jcwatering, w 
1iltrratc from the belt filter ill rich in uh. 
This flltr1&te ia returned LO thlt clarifaen, 
argnavatinar the TSS problo:m. 

One l'dult ol thi• cimdition is a pri· 
mary emucnt h&vinr a rdalively hirh 
level ol TSS, lnOlllly fiae-panicle uh, 
with a pH in tlw ranre o'1-9.5. 

In the MCDndary treatment buina, it 
appean that IOl1hr Of the ClllCiUl1l C&r• 
bun.U ia aolubiliud. In the No. 1 baain, 
thi• is allDClllt balane&.-d by th.e renera­
tion ol new biomasa, so that the TSS :4 
the innlldnt and .muent are equal tTa· 
bl• IV>. With the biodeeriulation ol the 
colloidal oriraanic matkr that had hltlp.d 
to keep the alb particle• in 1mpen.ion, "'°" or the rhidual mineral matter 
precipitata in the No. 2 b1a.in ., a very 
don .. 1ludare. Thi• ii beinr monitored in 
anticipation or crventual hydraulic: 
dr11dirin1 (probably in tu 1u1nmer ol 
l!t79J. Whil• the final TSS baa b.en u 
low u 12 ml(lli&er, tu lonr·unn aver· 
•&is i• about 30 marllit.:r and i• exp.icted 
to incrtue 1lowly with time. 

Ov•rall BOO. removal (about 94~) ia 
wxc•ll•nt, with th. final .muent well 
b.rlvw th• NPOES r.quiramvnt. While 
th• final TSS i1 currently about u low 
1111 ona could expvct from 11 biolOjfical 

·-. lr1t11tment proceu, thi• gill dOd not 
n.-d th• unu1u1'1ly 1trinic1nt permit 
r~-quirrment. A. pr11Yio&111ly indical.d, 
1hi1 WH anticipated, and cuinpli11nc11 
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baa been achieved b1 uaiac up to 4B ol DOC be riar Crom the point wheR coolinr 
the aecondary eftluent to irrifate croe- towen or chemical uutmenl:I will be 
~ required. 

PROCESS-WATER CONSERVATION · USE OF SECONDARY EFFLUENT 

While aome desrte ofintemal PrQCal 
water and coolillf water recyclinr bu 
been atandard practiu within the pulp 
and paper indUAry for aever.J cLicadcs 
c.n, one oi a.he -many penniu iaued to 
the Shula mill in 19'74 called for 11till 
ireaur elfon. One re&IOn for thi• ia t~ 
f!Sllh•t thc mill ~tain~ i_c.. fn:th wate! 
from kYan ~s;:•llll, all in thi .amtt 
aqu er, a e al ~lanninr,commi,i: 
11100 wanliid wunot' -djifil)1f wyue 
wpu!d DO' be j.upan'izcd by the in• 
crea:!!!!2!aeer prodw:ti@n. 

The mill wat.r conHrvation prosrana 
waa baa.cl IROl&ly on traditional con· 
cepu, and tb. detail• are beyond the 
11COpi1 orthia pap1tr. Sina it ia unr•alil­
lic, if"°' lmpracUcal, to compar• wai.r 
uaa1• amon1 difl'erent mill•, even"thoae 
makin1 1i1nilar producu, the beg way 
to expr.u the re•uh.a or a conaervatiun 
•«ort i1 to r•la&e current (•after") uaar• 
to that ol an earlier pariod l"beforc") (or 
th• 61.lma mill; in thia c ... , "bcfor•" r•· 
fer1 to calendar Y•ar 1969. 'fhi1 com· 
periMin ahow• tha' tot11l r ... rvuir 
m11keup haa dec:reaaad by 43... m3/ 

mirtric ton ol product, or about 33'.,, 
Whii• opportunitit• (or funher con11.,r· 
v11tion are beinir explored, th• 1nill may 

The company already owned suitable 
cropland wit.h .. .a200·m bound;ary 11loni: 
th.e Siaeramento River. About 16:? h;a 
<iOO acrea.J._.ji.Jhi• lana-~=hTi~ 
Jl!nnubilitx ~liicn-·woiilfilrow 
r!°~!l!!w..!.!.!!'!.nijif. the .muent pm;. 
late to the riverbed. fnltiiir construction 
fWi:an in Apnf 1"!>'15, with °ib°';iiio-Yini: o( 
about 335,000 ma of earth lo produce the 
pr.iciac alupc. ari4.(~_!~uiro:~Jor 
n~- i~riJ?.ti!ft.:!i!'aL s_t9p:.L,rjl.a.u:c:d 
frull' 0.2 Lo O.W•, ilep.ndinic upon th• 
l.il)i:th-_-ailll::.s>Qeil'.'1C::11rthc borders-or 
ch«ka and aoil ch11rac:terlaii..:.;. ·- ··· ·--

-J.lore..&an-6000 · ii\Or Q;iicritc cylin­
d•r pipe, ranlfin1 in diameter from '76 
c1n down to 30 cm, war• buried. About 
470 11u1.0matic irrigatiun valvea want 
ina,alled, aac:h C8Jlo1l..le of d.liv•rinar up 
to 4.5 m3/min. 'fhll,. valv11• 1.r.11 of 
pulyol•lin con11tructiun, with the open· 
ini: and clo:tini: action contr.-lllld by aJ. 
mi•ion o( !ow•pre-uura 11ir to I rubb&:r 
bll&Cld•r in11id11 th• valve dom1t. Si1t .. n 
valve tim.in ar• 1111Ud un lhr114r irri111· 
tion muin•. 'M1e tim•r111 luave 11 pon• ur 
v1mt11, wuch port activ11ling froni unu to 
fuur irriar11ti1111 v11lvv• in 11 proi:r111nmvd 
k.'Clucnc.. Al\irr eac:h timer h111 cyclo:d 
lhru11irh it• 11 poru, 11n i:!.,0:1ric:al 11igm1I 
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~di I• the nul timer. which m&:f be 

I 
,•.I• • so clown the main. In Klual 

ice. the now from each irritation 
Jin ii limited to aooul 2 m:lfniin. and 

l(Olianall1 requires lhat two or 
limcn be enercizecl llimulta­

~ 
Oata (U ba7): 8300 kcJba 

• Wheat (as pain): 4400 k&1ba 
Field con (aa cninl: 7600 ltr/ba 
eu.~x. wheat and teed onions are 

...,,. 
'°'" 15 to 40\i of the ellluent dis-

'• claarced fo:.m the pneumatically 

~~wn. and aome tilled but un­
plaftiecfli;r..-.,. also receiwinc the 
b'eated emUCDL Fielcl corn will be 
planled arain thili year, and hay cro,. 
are beinc eoaaidend. ' eperated 1m., ... lion walwea ewamually 

la aonhom Calilonaia. 1871 waa an 
UllCOIDllMlllly clrJ year0 with naeneira 
droppinc to all-time IGw lewela. Aa a re­
sult. Sacramento Riwer now. durinc. 
mosl of the Jut quart.er were below 142 
m:lfaec l6000 fWaec>. requirinc lhe 
Shaata lllill diacbaqe to meet the most 
llrinpnt cenditioa pn9Clibcd in ita 
NPDES pennii lTable D. lluriq thw 
90-d!l.JI!~ pyl 1.45 "inllliOnlir 
~~ mill~_n..U__!L ellluent were 

I rHc~ ~ l11wer e1ul o( the fieldl: 
when al .. conveyed in earthen dilctlld 
to a coauaoa •mum flow sump.• A 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

pump with au&omalic level canlrol recy­
cles all surface nan-olT o( diluent and 
natural rainfall back to lhe croplands 
Yia a •return flow main.• al.o equipped 
wilh automatic YalveL 

Tbe emuent-irricaled fielcLI. indud­
iq the locatiGA oflhe mains uul ntuna 
now aJ'l&em. are ahown in Fie. 3. The 
project. al:;o included more than 50 Lai 
wella. nol lhoY.'11 in Fig. 3. lO monilOr 
croundwater composition and move­
nwnt. 

Paaup of the eflluenl throuch the 
IOil re1DOYe1 lhe residual BOO. and n-
1Htially all of the COD. 1ncludanr the 
color bodies. Since 110me of the sodium 
ions ~p_lhr dllurn"t ar.e u_c_lylJlC\l!l..Jrilh 
calciu!ft and magnesium in the loll. 
chl.oijd~_io.!!...i_a uiiCCI as-lh.DDliii:"i!l 
lracer.i.P_L)i'-1~rs:--

Of the 430 ha enclosed bJ lhe dashed 
line t•'ic. 3). aboul 162 were initially 
pr~red lo receive lhe fully lrealed 
m!ll eflluenL lThis ia the shaded i&l'ea. 
w1lh raeld1 lellered c through R.) 

lrri1alion main No. 1 is about 2800 m 
long and .erwa eight fields. Main No. 20 

aboul 1-100 m long, servea lhree or more 
fielda. The ~turn now main, about 2000 
m lon1, recycln lhe emuenl and normal 
rainfall run-off• from all fielda. 

This modem Oood irrigation system 
can be operato!d on a fully aulomatic 
balis or with any desired de1ree or 
manual control. ln..Q!c~R!~..r.1'7!...1'•• 
ra~l\.r.e~c:j!.Wlwa.l.®a.~ 
eITTuent. or aboul 40'AI of the normal 
nUwJ;~iiaarx rrc~ 
menl ba1ina. 

·To-iilfow-nc1tibility in the irrigation 
schedul~. the No. 2 aerated ilabilization 
ba•in wa1 oversized lo provide up &o 
150,000 m' ol effiuent 1tor11£e. 

EXPERIENCE WITH CROPS 

~~-. ~_)a~~~~pfe: p;ana fir lhl._ purpoM. TlUi II IJie equi'Y• 
alcnt oC0.89-1 m (35 in.) o(rainf'all uul 
oc:cufr!d ~urine a peri;gd ybcn HIDP­
i!'NIPID'lpn totaled Im than l U ~m 
(4.5 in.). IL i• unlikely that aueh mndi­
&.iona coUld L. tolera&ed for an iftdermiu 
period. 

In lhe fint 13 montha o( opi?ralion. 
the fields received a total of 3.9 million 
m' ol emuen&.. Sonae mila now llhow a 
•!.!lht def'aciencyo( calcium and mar· 
nnium. ~csult OfaCJiijifaam,ii\CDr 
lodnimlro~muent. Thi1 will be 
~rr~f!d_\>J'. the additiol!'.J!!.D.11]~'!!..!!. 
.d~_ti"nlilk ... J_i~ne. Since nor1.hem 
California ia haYins iu ~cl conaecu· 
live dry winter, the mill ia planning to 
enlarse the emuenl-imaaled field• .. 
one of tl\e llep• il can take in copins 
with the anticipated low river Oowa in 
the comin& fall and winter. 

Thecom,P..l!nJconaii~l'll illeflluent ir­
rigaliOoDni;cJa mm;Wte succes:i al· 
t~h not 10methin1 that coulil be 
praclaced everywhere. IC •• belfeV.?4 
tlial, under proper manafement, 1ny 
er~ normal~ 1ruwn in tho: area w1lli 
frc11h·w1Lcr 1mm'"'lilft~l1riliil>e 1rown 
With ill treated emuent. 
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crop yicld11 werl! 1uti11facLory: 
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0-Roc 
P~lyacrylate 
D1spersants 

for 
viscosity control 
and stabilization 

in 
Pigment Slurries 
Coating Colors 

Features: .• ~ 
• prevents viscosity 

buil.d-up with time 
• provides thermal 

stability 
• minimizes blade 

scratching 
• compatible with 

inorganic addi­
tives for auxiliary 
use 

• stable over wide 
PH range 

• 11on-polluting 

for acldltlonal lnf0tmadon conlllCt 
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DIVISION 
....,_. co.HMJMNll MA13NA 

P.O. Box 33387 
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_ Effluent)irrlgatlon. Boise Cascade Corporation's pulp and paper ml/I In Salem, Ore., 
~ully raised a 4-acre experimental crop Irrigated with biologically treated was.tewa· 
ter. The crop grew on an island in the ~Vil/amette River across from the mill. The mill gained 

- permission from the Department of Environmental Quality to irrigate a section of the island 
- property aS a plan to reduce waste entering the river during last summer's drought. BC 

e."pects to harvest the crop next spring and sell the allalfa to local /armers. 
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TABLE 66: LEVELS OF WATER POLLUTION ABATEMENT PERFORMANCE PROMULGATED OR UNDER 

. CONSIDERATION BY EPA 

BPCTCA limit1tlon1 BATEA limlt1tlon1 
••• (Report Lenl 11). • • • · ·• • • • • • • (Report Level IV) • • • • • • • • . . 

BOD (lb/T) TSS ClbfT) . BOD (lbfT) · TSS (lbfT) • Coror . . • .New Source P1rform1nce ~t1nd.,d1 •• 
· •• Limit • ~ •• Limit • • : • • Limit. • •. . • Limit •• · • ·• (lbfT) • • . . BOD (lbfT) TSS (lb!T) Color (lbfT) 

. Subc.ltegory• MM•• Mo•- MM MD MM MD . MM MD MM MD MM MD MM MD MM MD 
Unbluched kr1ft 5.6 11.2 12.0 .. 24.0 · 2.7 · ·~· 5.4 3.7 7.4 20 30 · 3.1 6.2 · 7.5 15.0 20 30 
Bluched kr1ft1 ::· 9.0 18.7 . 21.2; 50.0 , . 3.2 · ·· 6.6 · 5.4· 12.5 202 338 · -.. · 3.2 8.8 ·. 5.4 . 12.5 
Soda -. ~~ _. - . 14.2 29.4 38.0: 90.0 .... _ .. 4.4 .· 9.0 6.7 15.7 . 202 336... : . 4.4. 9.0: . 6.7 . 15.7 -... ...... -. Sulfite·._,~ __ ::._~·- .36.5 53.9 .-37.9. 64.0 ·~.;r.·1.0 . . 10.4:·5.8 -·.:e.e.:~-~.~::.'-~: .. .;::: .... :~-~:::·7.0 :10.4··· 5.8 .'9.a 
Dissolvingsulfite··: ~. :·s3.0 · 78.0 ·37.9;· 64.0 .· •.• 10.4~ :~15.4 -.,··::-.,.:. -~ ··->----· 10.4 ,15.4··~:- ·.: - ·:·~-.: ---···· · 
SodiumblsedNSSC · ~ 8.7 17.4 11.0., 22.0·.-~ ':; 4.5 · - 9.0 5.0. 10.0 75"remov1I " ·5.2 · 10.4 7.7: 15.4 · · -· .. -
Ammoni1 blsed NSSC ·-:-A 8.0 .16.0 "'10.0 .. 20.0 · :.:.. :-; 6.4 ." : 12.8 · 5.2·_.. 10.4 · 75" remov1I- .. .. : · 7.5 . 15.0 . · 7.5 · 15.0 · -· .;. ·-

. Kraft-NSSC ~- :? -~:··:: 8.o. 16.0 .· 12.5 · · 25.0 ;·:: ":· 3.2 :· ~· 6.4·~· 4.2 ·; .:.·8.4. ·· 25.0 ._.3~.6 ·- . · 3.8 · 7.&·. 8.0 :~ 1s.o:-. ,-. 25 . 37.5 
Groundwood .. ~: ~ : 8.2 14.9 :.. 14.2 . · 38.9 · .; 2.8. · 5.0. 3.3 . 9.2 .·. - ·. . .- • · : ·: ". 2.8 . 5.o· . 3.3 . .- 9.2 · - · · 
0 · k' ,. · ., :· ·--109 210· 260 .., .. o ~-·:so·- .... 96 ee 11s· --- · · .· ........ so.: ea· ·ea ·115 ·. ; · 11n 1ng -. . · .. -- . . . • . • • ..,.., . ~: • _:. . . • • ·• ·.'."" :. .. , . , • . • . · • _,. • : ', • .• 

· P1ptrbolrd from.- ':. ;: · : ,_-::; · · :... . :. : · :.·· .:~- .~'. ...-"', :::. _.., .- · :. ·. ..~: ·; · ··• : .... ~ • ·- . • ; .. ·: : v · · ··· • 
~"w•stepaptr -· ·: . · 3.o .· .-·6.0 ·:· 5.0 , 10.0 -..: .:. f.3 ~ ·.': 2.a· 1.6 .3.2. - - .. • · ·~1.5. ;:. 3:o .. ···4.0 ·:· e.o· ·- :· · ·. - · 

' .,, 
&. 

i· Nonin1egr1tedfine::,' :. 6.8 .. 11.2 ·~ 9.4·:21.4 ~~--~··1.2·: .... 2.0 1.9 -.3.3 .-. - "·.;.~ · · · ~1.2 ":2.0·: 1.9 .: 3.3· - _.:.: :.:· 
Nonintegr1tedtissU.~-..:.a.0_.,13.0_.'-'7.4·.1s.e ::.:"".1.s:~"..;·3.0 3.2 7.3 ... - ;.-.-: .. ~ :·:1.9,'.' 3.0: 3.2 7.3 .. -'..: .-.. :·. l 
Nonintegr1ted co1rse-· 6.8 11.4 · . 8.0. 18.0 · · ·. 2.3 ·· 3.9 1.7 3.9 · .- - · : · 2.3 · 3.9 · 1.7 ·· 3.9 · - :· ·: ·..; -.· ·-:- · · ii!: 

_ ·-~F;;:_~~:~c:~!~~";.~.~~- :· .. : · ~~- :_ ,_,. ~ ::~.,:~-:.·-:::_·~::~ > -·.~~-1:~.~:<: . ·::~ .. :.~:._:·:~. :;·::. :: .. "-.)-.:~_-:-.·:~1<~.~ .. '· > I 
2 F~rllJ.~~i~~:!'::~·-.. ~· 7.? __ .~3:~ .. ~-9. ... : ·:-: o-::. -.. >::~· -~:5~>~ ~:7._~ o_ :: ... :.o __ ::--';· /· :· . ·. :: .;.:·~ ·:: •. 2.~ ·~. ~~~~-.:-~-: .. :·~. ~. ~-: -;-:~· ~::.:~ .-: ·~: . 

~'C:' ,,~:;: :~ --·-1X[~~~!~_; ', B~ ;~:;- -·~ ~-'~ 'O :~_~;; ~:~;~ 4:7 ~'._o _,~:;·a:,~-; "-:;; ~:-:·.'.~,X2~._,], ;7; ~~ :-~ ~ ~ ,.~- ~~.~ ; r ; .. ~ ~~'--
groundwood mills.· -- · · .·. -. .. ·'·" · - •· · ·- . ·- ;... ..... .. · - · ..• 
deduct: · · 4.1 7.4 0 0 · ." 1.4 2.5 0 0 . - - · - 1.4 2.5 '. · 0 0 -

· •pH for 111 sube1tegoriH sh1ll 0be within the. range of 6.0 10 9.0. 
••MM is MA30CD. . . : . · · ... · . . 

••:Mo;, mu1.imum div~ ·- - · · ,_. · ·--:: ·.- ·· -:-. ~~ _{·. ·:.. 

Source:· Reference (6) :· · ..,. 
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Haps and Drawings 
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