G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




|—
|©

I

‘“l

28125
‘1\]2 2

e

i
2 [l e




<

Distr.
LIMITED

ID/WG.352/14
12 October 1981

ENGLISH

- United Nations Industrial Development Organization

International Experts Group Meeting
on Pulp and Paper Technology

Hanila, Philippires, 3 - 8 November 1380

THE PULPING OF MIXED TROPICAL HARDWOODS -

THE PHILIPPINE EXPIRIENCE *

by

P.M. Picornell»

hati.

* The views expreased in this paper are those of the author and do not
necessarily reflect the views of the secretariat of UNIDO. This document
hias teen reproduced without formal editing.

3

Executive Vice President - Planning, Paper Industries Corporation of the
Philippines (PICOP)

7.31=30712




As is well known, PICOP has been one of the pioneers in
this field, operating the first newsprint line in the world maxing this
product out of 1002 tropical hardwoods on a large commercial scale. What
is so special about using tropical hardwoods in the manufacture of paper?
Why has it taken so long to do s0? To understand this best, we have to
start with the long history of the manufacture of paper, which, together
with the invention of the written word, is one of the most important accom-
plishments of mankind,

From the earliest times, men have felt the need to communicate
by means of symbols and pictures depicting their trays of life, their
thoughts, and expressing their lamnguage. Today, we can still study the
life of prehistcric man through the drawings he has left us in many caves
in nugerous localities around the world. Later on, as we enter the his-
toric era, stone and bronze, as well as clay, palm leaves, the bark of
many trees, wood, shells and bones were used by man to frecribe his thoughts.
The study of writing, one of man's most importanc accomplishnents, is in
itself a fascinating field which unfortunately is beyond the scope of the
present paper, where we can only concentrate on one of the materials used
for this purpnse,

The need for a more practical and permanent way to record his thoughts
led man to lrok for materials which could be more or less permanent, and at
the same time more easil- handled and stored. Before the fortieth or fif-
tieth centuries before Christ, the Mesopotamians were already using ciay
tablets for writing. This was in itself au improvement, but rhe handling
¢f these tablets was still cumhersome. We do not kaow if they had also dis-
covered the use of vegetable materials or the bark of certain trees for this

purpose, but if they had, no samples have survived for us to see.
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8v 3,500 8. C. the Egvptians began te strip tne bark of the papyrus
reed which grows extensively along the banks of the river Nile, spread it
out, and by joining a number of strips form a2 sheet to write en. Later on,
they pounded this bark into a fibrous mass and formed a crude sheet for this
purpose and at last, man had a light material to write on which could be
easily transported and stored. Because of the peculiar characteristics
of the Egyptian climate, thousands of papyrus manuscripts have survived
to date and can be seen in leading museums around the world. Incidentally,
it was the reed papvrus, that gave paper the name it now carries in most
languages.

By the third century before Christ, another medium had been inveated
on which to inscribe information, namely, parchment. Parchment sheets were
produced from the skins of animals such as sheep, goats, and calves, by
removing the hair, and cleaning, stretching, and drving them, Parchmeat
was more expensive than papyrus and did not compete with it seriously un-
til the third or fourth centuries when this type of product appears to have
been lost, at least to European culture, and parchment bccame the most po-
pular material for writing in said continent until the 13th or l4th centu-
ries.

It is probable that the Incas, who, in the Andes range of South Ame-
rica, for many centuries before Christ had a civilization as developed as .
any in Asia and Europe at that time, used 3 vegécablz material taken from
some kind of palm to form a shevet somewhat like papvrus. This material
may have also been known to the Miyas in Mexico, but the evidence on this
is quite sketchy, and no samples have survivec.

It was in China, where the first sheets that may be called the fore-
runner of modern piper, appeared at about 200 B, C, These were made by
soaking short lengths of bamboo unctil these were soft and then beating
them into a pulp with scamps, The pulp was then placed in a vat and di-
luted with water, and sheets were formed by dipping a mcld concisting of
a shallow tray with 3 removabla si-ie and a bottom »f woven reeds into this

suspension, alliwinz it % ‘rain through the mold. aad the resulting sheete
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werc r-moved and dried by harm~ing in the sun. This is essentiallr the same

process used teday in making hand=made paper sheets.

For many centuriz;, the Chinese were the only manufacturers of paper,
although by 619 A, D, this process had spread to Xorea and Japan. Tha
Chinese -rought this process tc Western Asia during the eighth century A.D,,
during their military expeditions where the Arabs picked up the techniques
using linen rags at first, but latcr on going to cotton rags, filax and other
available fibrous vegetable material.

The Arabs brought the paper making process to Europe when they invaded
Sp2in and Sicily in the ninth and tenth centuries A, D. and by tte twelvth
century, paper making was firmly established in said continent., The earliest
known paper mills in Europe were located in Jativa in Spain in an area then

occupied by the Arabs., A contribution of the Arabs to our present nomen-

clature of paper is the word "ream” which ;ames from the Arab word "rizma
which is their term for five hundred.

The manufacture of paper went on in Europe in ruch the same way with
but small improvements for the next seven centuries, and this same technique
was tak~n to America in the seventeenth century. Cotton rags continued to
be the main raw material for the manufacture of paper, nut by the end of
the eightcenth century, the supply of rags was no longer able to keep up
with the demand for paper; this same increase in demandi, and the develop-
ments of the industrial revolution during the first half of the nineteenth
century paved the way for the mass production of paper in large quantities
at a cheaper cost. These factors also crnated many new uses for paper, as
it was now very much cheaper, among which we nave the use of peper in pack-
aring, resulting in the development of an extensive variety of paper con-
tainers. Thus, the use of paper expands beyond writing matevials {nto
fndustrial uses,

There is arn old saving that aecessitr is the mother »f inventinn, 30
that bv the middle of the 1%th century, procosises had bdeen worked o:t for
the separation of coliulose fihers from woad, the most abundant source of

chis fiher, bv heth chemical o4 mechanical means for paper makinz., At the
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same time the machines developed tc mass—produce paper a*~ high speeds be-
came faster and larger and their capacity increased beyond a’l imagination.
These developments, however, required a strong fiber which would matt well
and run smoothly over high=speed machines, and this started to limit the
type of wood which could be used in the production of paper.

I will not go into the detail of the characteristics of wood fibers
which make these desirable for papermaking nor the need to produce the
cheaper grades of paper in large volumes to keep costs ccwn becsuse as
peper makers, you are all well aware of these, All that I will say at

this t:me is that with the machinery and processes developed, the most sui-

‘table woods for papermaking during the first half of the twentieth century

were believed to be the conifers, mostly grown in temperate climates, be-
cause of their average fiber lengths which run ‘n the vicinity of :.5
millimeters and in some cages go up as high as 5 millimeters.

Studies were also made on the pulping characteristic of the broadleaf
(hardwood) species which erow in both temperace and tropical climates, but
the fibers from these have a very much shorter length than those of the
conifers, going from an average of just below one millimeter to about one
and one-hslf millimeters. Some of these species have been pulped for many
years, but these pulps were usually used as fillers in furnishes wirh a
large preponderance of long fiber pulp.

Now we come to the case of the Philippines, We know that before the
coming of the Spaniards in the 16th century, some Filipino communities
had the use of an alphabet and had written communications, writing on
palr leaves and bamboo strips, Unfortunately, no samples of these have
survived, berause the moist, hot climate and the prevalence of termites
were not conducive to the preservation of these materials.

We do not inow if paper in the form of hand sheets was ever produced
fn the Philippines during the Spanish occupation which !asted from 1565
t. 1399; che records of this perind do not sav anything abcut this, but
it conld have heen nossible a: the countrv had the materiais and could

nave had Thinese rechnical %now-now £o do 35, The facts are that righe
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through the first three decades of the twentieth century there was no pro—
duction of paper in the Philippines on an industrial scale. During the
riddle of the nine.een thirties, a very detailed studv was made by a group
of Fhilippine industrialists hesded by Don Andres Soriano on the possbility
of producing paper from bamboo but nothing materialized from it due to the
outbresk of the Second World War. In the meantime, in the late tnirties
the Compafiia General de Tabacos de Filipinas built one of the first pulp
and paper mills in the world using suzar cane bagasse &s the principal raw
material at Bsis, on the island of Negros, It was a small mill with a ca-
pacity of some 15 tons per day of bond paper; sctually, it wms supposed to
serve as a pilot plant for a similar but much largnr mill to be built by
this same company at Tarlac on the island of Luzon., Because of the begin-
ning of World War II, this mill did not start up until 1947, and the second
mill was never built for a number of reasons.

The end of World War II brought in a sharp increase in demand for pa-
per products in the Philippines and it soon became evident that there was
a2 need to establish a domestic pulp and paper industry. Ian 1949, Don Andres
So.{a-., ~.e .f the leading industrialists in the country and President of
Sar. 4i juel . wery, Inc. (now San Miguel Corporation) established the first
corrugater in the country to complement a modern glass container plant that
had been established the year before, and started a search for the raw ma-
terials necessary to establish the complementing pulp zrd paper industry.
Market studies were conducted which indicated that writing papers, newsprint
and containerboard were the types of paper with the fastest growing market.

It soon became evident that the raw materials that had been considered
before the war, bamboo and bagasse 23 well as abac+ (Manila Hemp) were not
available in sufficient quantities that could be economically gathered at
any one place *o feed the minimum size mill that could be considered for
the manufacture of mass—produced paper such as newsprint and containerboard.
Consequently, the only other alternative was wood, of which the Philiprines
had extensive resources. However, it turned out that most of the wood re-

jources in the 2hilippines congisted of hardwonods in trovical rain forests




with 4 very limited amount of sortwood corifers ccacentc:ed in the high-
lands of Nertherr Luzon and Zambales. Thus, the wood believed to be good
for pulp and paper was very limited in supply, and that which was readily
avail.ble, was not celieved to ba suitable for pulp and paper makiag,

The tropical rain forests in the Philiopines are heterogenous in na-
ture with a mulctiplicity of specie», most of them broadlesf hardwoods whict
make excellent raw naterials for the timber industry. Fortunat._ly, the pre-
dominant trees in these forests belong to the dipterocarp family which for
man sears has given us the Philippire hardwoods so well known around the
world. This family is in itself aslso heterogenous consisting of 7 gerera
and 52 species whose main differences as far as the timber trade is concermed
are weight, hardness and color which varies from pale yellow to red-brown.

Of these, the group with the best pulping characteristics is that communly
known as Philippine Mahogany consisting of 7 species; Besides these, there
are a variety of less important, softer, mostly second growth species, palms,
ferns and vines found in very twuch smaller proportions. The Agathis tree,
which is one of the very few conifer type trees found in a tropical rain
forest in the Philippines, is very rare, and is only found in very few areas.

As mentioned ecrlier, Don Andres Soriano believed that a pulp and paper
industry was needed in the Philippines, and that containerboard was one of
the papers that would grow most in demand.. As the tropicai rain forest was
essentially what wes availavle, he decided to work on the products from this
forest as a source of raw materials for his project: 25 he was confident that
man would find a way to use less desirable réw materials if these were avail-
able cheaply and in quantity,

In 1950 Don Andres Soriano obtained a timber concedsion in the Bislig
Bay area on the eastern coast of the island cf Mindanao and organized Bis-
1ig Bay Tumber Company, Inc., to operate it, Samples of the most important
woods in this crncessions were carefully collected and sent to the U, S,
Forest Products Laboratorw an Madison, Wisgconsin, U. S, A, with samples
of nther potential -»w materials such as 7enaf, rami: and nemp. The test-

ing of these materials ran ““rouzn 1 31 aed Surther tests were mada at the
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Institute of Paper Chemistry in Appleton, Wisconsin, at derty Laboratories
in Savanah, Georgia and at Bauer Brothers in Springfield, Ohio. These tests
indicated that nost of these woods were pulpatle and that some kinds of pa-
per could possibly be made from these. GScme samples of both newsprint and
containerboard were acrually made on a pilot plant scale and tested with
encouraging results.

Because oi these encouraging resulls, a puln ard paper laboratory was

established by San Miguel Brewery in 1952 and a research program was initiated

to continie the work done at these institutions +nd systematically catalogue
the pulping chiracteristics of all of these potential raw materials, At the
same time, “he first of a number of studies to look into the economic fea-
sibility of establishing 3 pulp and paper industry in tue Bislig Bay area
was made by Mr, W, D. Hisey of Sanéy Hill Iron and Brass Works, Ohio, U.S.A.

In accordance with the policy of Don Andres Soriano to get good tech-
nological know-how to support his projects, he got International Paper Com-
paay to join San Miguel in this project, and in 1952 he organized Paper
Industries Corporation of the Philippines (then called Bislig Industries,
Inc.) as the vehicle to carry it out. This company also obtained a pulp-
wood and timber concession just north of that of Bislig Bay Lumber Company,
inc. It is interesting to note that both conceu.sions were obtained from the
Government by public bidding, and that these companies were the only bid-
ders, as there was little interest in the timber industry in those early
davs.

After carefully going over the results of all the research work done
to date, in 1954 International Paper decided to send a team of experts to
the Bislig area to examine its suitability 3s a site for a2 pulp and paper
industry. This team consisted of five men, each one of them a specialisc
in his own field, rovering those of pulp and paper making, enerzy gzeneration,
water supply, markecting and forestry,

Ia the meantime., the sulp and r~aper (adustry had Seen learning how
to use a grewiss neodnartion ~f shorz {iber sulp in it3 furnishes, princi-

aally Because 2 z2r shr2 cwant [ar caner vas bezinning to nutodace the

|




~

-3 -

supply of conifers. This, of courss, gave the possibility of eventually
us g tropical nardwoeds 3 very big boos-.

The laboratory and pilot plant studies had identified the different
specizs in the Bislig timber stands that could be pulped, but the problem
that came up was that none 7 the individual species could be said to re-
present a predominant one within these, and it would be impractical to
go into an extensive segre-acion of species. Consequently, to get any
volume at all, w» would have to pulp mixtures of species and this became
the next problem to tackle. Furthermore, while data on the pulpability
of mixtures of such species had been obtained in a laboratory, aand to some
nxtent in a pilot plant scale, nobody ever had really used such mixtures
for the full-scale manufacture of paper, and cne of the things that was
recommended by the International Paper team was that a sample of these
woods, large enough to run tests under actual mill conditions, be seant to
the United States “o be converted into paper which in turn would be tested
where ultimate tests are made - in the marketplace,

Two shipments totalling 1,000 cords of wood were prepared and shipped
to the United States in 1957 and manufactured into both containerboard and
newsprint in two of International Paper's pulp and paper mills, and part of
the paper made was brought back to the Phjlippines where it was actually
used on a commercial basis, the rest of it being s_milarly tested in the
United States. The preparation of this shipment was very carefully con-
trolled, as it had to represent, as closely as possible, the pulpable species
in the timber stands of the Biglig area in the p—oportions these exist in
the forest. At about the same time, the forestry consulting firm of Mason,
Briuce and Girard was commissioned to make a detailed evaluation of both
timber concessions, to establish the present volume and distribution of
species within these as well as their future potential,

These studies, and the actual mill tests established that certain grades
of paper could %e made by using predatermined mixtures of tropical hardwnods
irrm the 2islig area under certain conditions, and that there was enough tim-

her in the .cea to sustain 3 cormercial pulp and paper operation. The [ield
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now appeared clear to start on this project but another thirteen years

were to go by uatil this mill actually started up. At this point, it will
be proper to remember the people who did the initial work to enable Don
Andres Soriano to establish this industry, the first of its kind in the
tropics. We had Messrs. Raoul E. Kahn and Luis H. Lim of San Miguel Brewe-
ty who supervised the original laboratory studies and preliminary techaical
and economic work. Messrs, Simeon de Jusus and Narcisc Pamatmat who did
mosc of the actual testing at the San Miguel Pulp and Paper Laboratory and
Messrs., Ramon Olbes and Felix Chinte who were most active on the forestry
side of the project. I consider myself fortunate to have t:-. able to work
with them from the very early stages cf this project.

As this paper only deals with PICOP's experience in using mixed tre-
pical hardwoods, I'll not go into the political, economic, transportation,
and engineering problems which were met and had to be solved, nor the number
of confirmatory laboratory and pilot plant tests and forest timber cruises
that had to be made to satisfy all the parties that participated in this
project, after it was established that mixed tropical hardwoods could be
used as a raw material for the pulp and pr.er industry. These are more
appropriately the subject of a study on the problems to be considered in
establishing basic industry in a developing country. It is enough to say
that these were solved one by one, and the PICOP mill finally started up
during the second half of 1971. Don Andres Soriano did not live to see
this event as he died on the 30th of December, 1964, and his sons, Jcse
M. Soriano and Andres Soriano, Jr., took over the overall direction of
the project, Mention must also be made of Messrs, Alfredo Villa Abrille
and Gabriel Formoso and their staff who very efficiently supervised the
design and construction of the mill, and Messrs, Latimore Foster, Patrick
Scheu and George Low of International Paper Company who actively partici-
pated .in the design, construction and start-up of the mill.

The <ICOP mill was originally designed to produce 200 metric tons of
newsprint and 180 netric tons of containerboard a day on two paper machines.

T> do this, bsth mechanical and kraft pulping facilities were included as
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well as a three-stage kraft bleach plant., Because oY its remote location,

it had to be completely seif-sufficient to generate its own steam and elec-
trical energy and its own caustic soda and chlorine requirements, aand it had
to have such other facilities as extensive repair and machine shops, housing,
a hospital, schools, ship loading installations, and many others, most of
which do not have to be provided by similar mills in the more developed coun-
tries.

As mentioned earlier, the species commonly known as Philippine Mahogany
are of great value for the production of sawn lumber and plywood, and their
value 8s such is considerahiy higher than their value as pulpwood, Only
those parts of the trees which could not go into the manufacture of these
products could te economically used for the manufacture of pulp and paper,
these consisting of the waste generated in the manufacture of the zbove
mentioned products, and much of the logging waste that used to be left in
the forests as unsuited for the above., On the one hand, this increased the
utilization of .he timber in thé forests substantially and also gave value
to manufacturing wastes which previously_had no value at all, but it also
created new problems in the harvesting and handling of mucl. larger volumes
of wood of sizes which had not been handled in the past., It required the
felling, handling, and debarking of logs ranging in diameter from some 10
inches (25 cm.) to some 5 feet (198 cm.) and in length from 39 inches (1 me-
ter) to 40 feet (12 meters). We also had to provide the facilities to clas-
sify the wood to be pulped, and the wood to be used for other timber pro-
ducts had to be further classified into logs to be exported as such, those
to be made into veneers and plvwood, ind those to be sawn into lumber. Thus,
we had to build elaborate wood handling and classifying facilities of orti-
gina: design which has been modified and expanded a number of times on the
basis of experience.

The decision to make both newsprint and kraft containerhoard were
nased on market considerations, but this resulted in that we had to make
thro~ different kinds of pulp, a bleached zroundwood pulp and a bleached
«raft pulop far newsprinc, ana an unbleacned «rafet pulp for linerbemard and

corrnzatiaeg medinm,  Laterar-roe and silot olant z..sts had Indicated shar as
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expected, in the case of groundwood pulp, the lighter color wood bleached
easier than the darker colored wood, and consequently, from the very be-
ginning, we Jccided to segregate the lighter color wood which was used for
groundwood pulp,  rom the darker color wood, which was used for kraft pulp.
The dividing line, completely arbitrary at first, has been shifted a num-
ber of times as we gained the necessary experience,

The mill's start-up was not easy. The translaticn of laboratory and
pilot plant results to full=scale operations, particularly with inexperien-
ced personnel brought many unexpected problems. We were trying to do two
things which had never been done before - make a satisfactory newsprint
sheez out of 100% unknown short fiber, and make a satisfactory linerboard
sheet also out of unknown short ibers with a minimum of purchased expen-
sive long fiber. In the cese of corrugating medium, which already had been
made with a 100% short fiber furnish, cther problems came up where least
expected. Some of these problems were solved using techniques from deve-
loped countries, but as they too had no experience with these particular
fibers, we had to solve most of our problems ourselves, working out our own
technijues, which was time—consuming and expensive. dAs some problems were
solved, others came up, but little by little, these were also solved, and
today PICOP has the distinction of being the first pulp and pzper mill in
the world to produca newsprint out of 100% short fibered mixed tropical
woods, Typical specifications of the papers produced today at PICOP are
attached to this study.

Todav, nine vears after the PICOP mill was started up, PICOP is pro-
ducing newsprint, linerboard and corrugating medium meeting accepted inter-

national standard specifications out of tropical nardwoods at machine speeds

aoproaching those used in developed countries using softwoods Ior these tvpes

of pcapers. The nuse of mixed tropical hardwcods for the manufacture >f pulp
ané paper nds Deen established., Hew techniques continue to be developed
and apolied., Chip zgroundwood hias glven way to thermomechanical groundwnod
and is ziviog wav to c¢heni-mechanical croundwood ia procucing mechanical

pulp, and ew ¥raft pul-iag ara Sleaching techniques using aikes aardwoods

]
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have been worked out to give an improved prcduct, and more remains to be
done. A whole new field, that of fast—growing plantation trees in the
tropics tailored to produce the types of pulp required by the market, is
being eyed with great interest. The use of tropical hardwoods in the mass

production of pulp and paper has become a reality.

—
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PAPER INDUSTRIES CORPORATION OF THE PHILIPPINES

NEWSPRINT

METRIC SPECIFICATIONS

PRNOPERTIES
1. Basis Weight, GSM
Maximum
Alm
Minimum
2, Caliper, microns (or mm x 100)
Maximum
Aim
Minimum
3. Mullen, Kgs/cm?
Minimum
4, Densometer, Sacs/100 cc air
Aim
5. Moisture, %
Maximum
Aim
Minimum
6. Tear, Gms
Minimum CD
7. Smoothness, Secs.
Minimum Top

8. Brightress, % G. E.

Maximum Top
Miaimum

9, Water Drop, Secs.
Aim Top

10. Tensile, Kgs/15 mm

Aim MD
CcD
Minimum MD
CD

94
91
89

0.42

30

1.52
0.71
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PAPER INDUSTRIES CORPORATION OF TdE PHILIPPINES

KRAFT LINERBOAPD SPECIFICATIONS-STANDARD GRADES

GRADE 26#
(G./5q.M.) (127)
1. Basis Weight,
1bs. /MSF

Maximum 27.3

Target 2€.0

Minimum 246.7
2. Mullen, psi

Target -

Minimum 60
3. I isture, %

Maximum 7.0

Minimum 5.0
4, Cobb Size g./sq.m.

(2-min.)

FS Maximum 40

WS Maximum 60
5. Smoothness, sec. FS

Maximum 12

Target 9
6. Luminous Reflectance, %

Maximum 31

Target 29

Minimum 27

7.0

40

31
29
27

90
85

7.0

40

31
29
27

428
(205)

105
100

7.0

40

O

31
29
27

478

(229) -

7.0

40

—
(YU 8 ]

31
29
27

64#
(312)

67.2
64.0
60.8

135
125

~Same-

31
29
27

63#
(331)

31
29
27
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PAPER INDUSTRIES CORPORATION OF THE PHILIPPINES

CORRUGATING MEDIUM SPECIFICATIONS-STANDARD GRADES

. GRADE 23# 248 26# jo#
. (G./5q.M.) (112) Q7). @Q27)  (187)

1. Basis Weight, 1bs,/MSF

Max{ioum 26,2 25.2 27.3 31.5
Target 23.0 24.0 26.6 30.0
Minimum 21.8 22.8 24.7 28.5

2. Concors, lbs. (1llot)

Target 56 64
Minimum 38 38 52 60

3. Ring Crush, 1bs.
Target CD
4, Vater Drop, sec.

Max{mum 300 300 - 300 500
Minioum 109 100 100 100

5. Moisture, 2

Meximum 7.0 7.0 7.0 7.
Minimem 5.0 5

oo




