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Summary

Sulfite pulps with permanganate numbers ranging from 6 to 15 were made from
three green-cut Engelmann spruce trees (Picea engelmannii) under conventional
pulping conditlons. The wood cooked like eastern spruce, and the pulps showed
normal variations with the degree of cooking. Increasing the maximum tempera-
ture, acid concentration, and pressure reduced the cooking time for a permanga-

nate number of 8.7 from 9.25 hours to 6.75 with a slight loss in yield.
The Engelmann spruce wood gave higher ylelds than a sample of white spruce

(Picea glauca) similarly cooked to equal bleachability. The strength of

the Engelmann spruce pulps was greater than that of pulps from this particular
sample of white spruce, but was not appreciably greater than that generally ob-
tained with white spruce.

Pulps from beetle-killed wood had approximately the same quality as those from
green-cut wood except for a moderately lower resistance to tearing. Compared
with & sample of spruce from Wisconsin, the insect-killed material gave a
slightly higher yield of pulp that was of comparable quality except that its
tear strength was 12 to 15 percent lower.

Introduction

In trials made by the Forest Service more than a quarter century ago, sulfite
pulps from Engelmann gpruce were shown to equal those from white spruce in
nearly every respect.~< Subsequent work, which is reported here, provides in-
formation on pulps that have been evaluated by more modern methods.

This species grows 1n the Rocky Mountains from Canada to Mexico. Because of the
long distance from markets and established pulping centers, comparatively little

Loriginal report published July 1942.
Maintained at Madison, Wis., in cooperation with the University of Wisconsin.
JWells, S. D. and Rue, J. D. U. S. Dept. Agric. Bull. 1485, 1927. Out of print.
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Engelmann spruce has been used by the paper industry. A small amount has been
used for sulfite pulping in the Northwest and substantial amounts have been
shipped to Wisconsin mills. '

A sharp increase in beetle infestation in recent years, which resulted in some
millions of cords of dead wood, has underlined the need for more intensive utili-
zation of this species. Since insect-killed trees may stand for as long as 20
years without serious deterioration, much of this material could be salvaged.

Included in this report are (l) the results of cooking green-cut wood over a
range of from 6 to 15 in permanganate number, (2) the results of using a
shortened cooking schedule, (3) a comparison of the Engelmann spruce pulp with
that made from white spruce under similar cooking conditions, and (4) a com-
parison of pulps made from insect-killed and green-cut woods.

Experimental

The sample of green-cut Engelmann spruce consisted of three trees, sawed to

Lk -foot lengths, furnished by the Northern Rocky Mountain Forest and Range Ex-
periment Station. Eleven bolts that were representative of the shipment were
reduced to standard 5/8-inch chips and screened for pulping. White spruce from
Michigan was similarly evaluated and pulped for comparison. -The beetle-killed
material consisted of a 150-pound composite sample of chips taken from 150
cords of wood intended for mill-scale pulping.

The three lots of chips, all of which were air dry, were cooked in a stainless
steel autoclave of about l-cubic-foot capacity, which was equipped for indirect
heating. The cooking liquor was prepared by absorbing sulfur dioxide gas in a
suspension of hydrated lime. After the digestion, the fibers were dispersed
with a motor-driven agitator and the pulp passed through a 1l2-cut screen.

The pulps were evaluated by test methods that approximated the contemporary
TAPPI standards; the green-cut wood was tested in 1941 and the beetle-killed
wood in 1949. Except for the use of the Schopper folding tester, the proce-
dures were very similar to those in use today.

Discussion of_Results

The Wood

Engelmann spruce is described as generally light in color, with the heartwood
only slightly darker than the sapwood and with a tinge of red.+= In weight it is
the lightest of the spruces, averaging 23 pounds per cubic foot air dry. The
fiber length is generally given as 3.0 millimeters.

E-Betts, H. S. Engelmann Spruce, American Woods Series. U. S. Department of
Agriculture. 1941,
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" The average density of the green-cut wood used for the pulping experiments was
22.% pounds per cubic foot on a green volume, oven-dry-basis (table 1) The .
trees had grown rapidly and were fairly young. Because of the large dismeter
of the trees compared with typical pulpwood, & racked cord had an unusually
high wood volume of 96.7 cubic feet. This offset the low density and gave a
weight of dry peeled wood equal to a typical cord of white spruce. Because of
the lower density, however, a digester charge.of Engelmann spruce will contain
less wood than a charge of a denser species. The chemical analysis of the
green-cut Engelmann spruce showed lignin, Cross and Bevan cellulose, and
pentosan contents typical of spruce. The materials soluble in alcohol-
benzene and ether, on the other hand, were relatively small.

The physical and chemical characteristics of the green-cut wood were almost
identical with those of the white spruce used for comparison (table 1). This
particular lot of white spruce, however, had grown rapidly, was below average
in density, and contained a comparatively small amount of extractives.

Effect of Degree of Cooking

The green-cut wood was cooked in a series of digestions in which the time at
maximum temperature was varied from 3.5 to 6.5 hours and the total time from
7.5 to 10.5 hours. Details of the cooking conditions are given in table 2.
The effects of this variable on the properties of the pulp are given in tables
3 and 4. ' : '

Increasing the digestion time from 7.5 to 10.5 hours reduced the permanganate
number from 15 to 6.3. The relationship between cooking time and permanganate
number was almost linear. Pulp from wood cooked for the longest time contained
2.7 percentage points more total cellulose and 1 percentage point less lignin
than did the pulp cooked for the shortest time. The cellulose content in-
creased more or less linearly with time, whereas the lignin content showed
little change after 8.5 hours.

The overall decrease in total yield was 2.8 percent, but the rate of decrease
was less as the cooking was extended. Except for the shortest digestions, the
amount of screenings was very low. :

Variations in the strength of these pulps were moderate. The general trend was
toward lower strength with increasing digestion time, but several properties
showed a maximum. These were the tearing resistance at a freeness of 250
milliliters, the tensile strength (breaking length) at 600 milliliters, and
the Schopper folding endurance at both freeness values. :

Effect of a Shortened Cooking Schedule

After this cooking-degree series, digestions were made in triplicate in which '
the cooking cycle was shortened by increasing the maximum temperature, pressure,
and the concentration of free sulfur dioxide in the liquor charged. These
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modified cooking conditions are included in table 2 along with the basic
conditions used in the preceding series. The medium-bleaching pulp obtained
with the shortened cooking cycle is compared in tables 5 and 6 with pulp pre-
pared by the basic conditions. Comparison is made at equal bleachability by
interpolating the earlier data. The increase in temperature and amount of
sulfur dioxide caused a decrease in yield from 48.8 to LT7.4 percent. Neither
schedule gave a pulp that was consistently stronger, although the pulp cooked
under more drastic conditions contained slightly less pentosans and more cellu-
lose. The shorter schedule would increase the daily digester output consider-
ably, inasmuch as the cooking time is reduced from 9.25 to 6.75 hours.

Comparison of Engelmann with a
White Spruce Sulfite Pulp

A white spruce pulp was prepared,using the basic pulping conditions given in
table 2,to provide a comparison with the Engelmann spruce pulp. The results are
given in tables 7 and 8. Comparison was made possible at equal permanganate
number by interpolating the results of the first series of digestions in which
Engelmann spruce was used. The white spruce pulp was produced in 0.3 hour
shorter time, but it was inferior to the other in practically every respect.

The yield from white spruce was less, 48.2 compared with 48.9 percent, but the
difference was hardly significant. The two pulps did not differ greatly in
their chemical analyses although the white spruce showed a slightly greater con-
tent of alpha cellulose. The Engelmann spruce pulp was considered to have
characteristics normal for spruce pulps, whereas the white spruce pulp was be-
low average in strength.

Beetle-Killed Engelmann Spruce

The cooking conditions used for the beetle-killed Engelmann spruce differed
slightly from those used in cooking the green-cut wood by the basic conditions
shown in table 2, but insufficiently to greatly affect the pulp. Table 9 shows
that the yields were practically identical at equal bleachabilities (permanga-
nate numbers), although the dead-felled trees gave a larger amount of screenings.

While the pulps from insect-killed wood had lower bursting and tearing strength
at a freeness of 600 milliliters, the difference in quality was much reduced
with further processing (table 10). The data are insufficient to be conclusive,
but there is no indication that the value of Engelmann spruce wood is seriously
lowered when it comes from a sound but dead and dried-out tree.

When another laboratory compared pulp produced from this lot of insect-killed
material with an equivalent pulp made from a shipment of Wisconsin grown spruce,
the yield was 1 to 2 percent higher from the western wood. The initial bursting
strength was about 15 percent higher for Engelmann spruce, but the tearing
resistance was lower by an equal percentage. After these pulps were processed
to a freeness of 40O milliliters, the differences in bursting strength were
negligible but the differences in tearing resistance had narrowed only slightly.
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Teble l.--Physical and chemical characteristics of Englemann and white

spruce wood

Characteristics

o B B S G R T - -

Physical properties:
Density (oven-dry weight per green
volume).........pounds per cubic foot
Growth rate.ceeeeeseese.rings per inch

Age..o-oocoloootthcu.Oloc.uucotayears:

Diometereeecescesccescecccscseseeasinches

HeartwooQ.eeeceeseccecacasseasspercent:

Chemical analysis:
Lignine.eecesssiocnsesssessssneespereent

Cross and Bevan cellulose......percent:

Alpha cellulose on Cross
and. Bevan-.ll’lll.lIl.l.'l....percent

HolocelluloSEeeoeseeasesesneseepeETCEN?

Alpha cellulose on
holocelluloSEeecessaseesessesspeErCENt

Total pentoSanSecsccessssscesss.PErCENL:

Solubility in:
AlcohOl-beNnzenticscecseeessspercent
Btherceceseevsonssisiseisessopercent
1 percent NaOH.eeeeovoeoeeseeopercent
Hot waterecececsssceceaesssespPercent

ASNesieeossssoasosanassasesesesspercent

% Engelmann spruce -+ White spruce

'—--—-—-mhﬂuﬁ-nnm—-—----- --dﬂ------—-----

: o o S o o & e e 0 e

se ee oo

: 22.3% s 204 21.1
: 15.3 : 25.6 1.2
68 : 150 : 55
: 8.9 t 1l.6 8 7.6
54.3 R I e
; - 28.3 ; 27.3 ; 28.3
' 59.5 ORI e o Y
: ha.7 bie k3.2
: - : 68.6 -
; - ; 45.0 ; -
13.5 $ e 12.3
; 1.5 ; 2T ; 2.0
: .6 : 1.3 1.0
: 8.8 ¢ 11,4 8.8
: 1.7 : 2.5 ¢ 2.0
: .15 : S 8 o3

lGreen cut wood.

—Average of two shipments of green-cut and two shipments of beetle-killed wood
from areas ranging from Oregon to Utah (Shipments 2466, 2659, 3030, 3049).

Report No. 1408




Table 2.--Conditions used in the sulfite pulping of green-cut Engelmann

spruce
Tooking conditions : Basic : Shorter
: teconditions ¢ cycle

B B e o SO S TR T S G W b B e e G S e S e W S W S W e B B B S e - -

Cooking liquor:
Total sulfur d10X1d€..eeeeseessssscsvssoassssspercent: 6.5
Combined sulfur dioxid€escescceccccacceosscespercent: 1.25
Liquor CHAPEed. sciereviasiotosassis ahevsisnsaecasoss § !

eesgallons per 100 pounds of moisture-~free wood: 56.6

un
A\
L ]

W

Temperature schedule: ‘ s
Time t0 110% Cuvsevoosonboscsiviosiosnsnsesessasc NOUrSS 2 2
Time 8t 110% CivvivesvscsoccsonconsioseieisssseshoUrss 0 0
Time from 110° C. 1O MAXiMUM.ecooeosccocssssses NOUTSE 2 P -
Time at meximum temperature..cesececeesceccessshourst’3.5 to 6.5: 2.75
Total time.--..............--........‘...........hOurs:7.5 to 1005: 6-75
| : >
| Maximum temperature..cececececcesossscosacccscsscasae. Cot 135 1145
Maximum PreSSUrE.ssecsssesseesses .pOUNds per square inch: 85 t 90

.
.

e

Report No. 1408




' : T : 71°9 $0°LL s L2691 ¢ 0°CT . 6° t 206 P 0G°L :ogGne
G 6° P66 v 6°LL t ogtH6 o9t 9°0T : 2° Po6°gh tGL'g togttORE
A 6° i ¢'9 t o w6L v 9°G6 : gt ¢ ¢°L : 4] P of°gh : 00°0T : SH-QLe
o¢*o ¢ 9°0 . 6°6G : G6L t w66 9°0 ¢ ¢°9 : ¢°0 P 0°gh ¢ 0G°OT ¢ “qq
QU2dI3g ¢ QUSOIDJ ¢ QUSIISJ :3JUSDIDJ:QUSIISJ :3USDIDJ ! QUS2I3J :3US2I5J i SINOH :
: SuUszZuUsq w~ : eydry ¢ TB3OL ¢ : : : e "
J9U3q : -TOYOOTY * e ———— -——— . . H : .
———— S ————— tsuesoquad: 9soTnTTo : : : : : :
ut A3TTIANTOS ! Teqo] :ueasg puB SSOID: UTUITT: . : . .
|||||||||||||||||||||||||||| e ————————— Jaqunu : . PTeTL & SwWr3 ¢ sIsqunu
sdmnd JO STSATBUEB TEOTWSYD 1oeURSURILIS : SBUTUSSIOG : pPaUSSIOS : BUTN00) tU0T3Sa31(Q

. SOWT] JUTINOO0D QUaISIITP
y3ThA poure3qo sdind sonxds uuBWTLSUY 4NO-USaI8 JO STSATRUB TBOTWAYD pue SPISTX--"¢ STIBL

Report No. 1408




*saydut Of £q Gz “s3esys 006 JO smwmw

*194899 JUIpTOJ

HQQQOQUWN

" SS3USSLJ PIBPUBLS UBTDPEUBD:

G :ooT toogt ilyt 10gof6 oG9 i LS Gen 6Lt ¢ geTi gUT i 0T i gGwig
9¢ €T Lg° .mmp. n.otﬂmmommﬁ.m <98 026 uh om.ﬁm 7T T g6° eH-one
¢¢ TT Hg° W.QL. mowoﬁ moomﬁm CTh 082 9 : mo.ﬂm gL* alL: Zh-9¢c¢
we : TT : 28°0 : 99°0 09649 : osH‘q 02% : 022 : gL°0 : & 1 : 26°0 8°0 “qq

m m M m NSMmh Jad m NSan Iad m

S9INUTK : 00 12d *xn ¢ SI918 g SpTOJ oTqnog qT 424 *apH : punod aad squtog:

omm...aa oom”.dp omm”.as oomm *Tm omm”.as oowm--ud.u.mmm” *T® om@ omm”.as ooww-uas-mmmm T momm
-wu.ww%wm-m {30 qsowsaL 79130 qeseUeeLs 4% 30 19sousaaz 40 igo gESUSRIF 3% : Jo qesoused ge : axequnn

smT] Sutqeag LyTsusqg 13U SuTlyealq izdoueinpus BUTPTOL:U38uails Sulaesg :yrBuails SuTqsang:uoTqss8Iq

§1897 JI99Bsq moxJ sdrnd sonids UUBHTLFUN qNO~US9I3 JO .y33usaig--°4 STqBL

Report No. 1408




f° : 9 t2¢ o218 LG g : L°g t .6 P69 ¢t 06 PGl GHRT G679
#°0 : 60 ¢ T'9 + G'gL i o@gH6: 90 L8 Po¢0 ¢ Grgh ot G G626t GCT i 0679
: : : : : : : : : Your ¢ : :
J : H 5 : : : : : wmmmwm : : :
. : : s : S : H 5 ¢ Jod. % : :
qUS0IDJ: FUSIIDJ :QUS0IDJ :}USDIDJ :FUSIISJ :FUSDIDJ 1QUSDI9J: JUSDIISJ: SPUNOJ ¢ SANOH : *D , 3US2I3J
. suszuaq: : eudTy ¢ TBIOL ¢ : : : : : : H
JI9UQ}H :-TOUOOTy: SUBS it===== ————————-— - e : 8 : : . :
mm—————————— -=i-ojuad : asoTnTTe? H : . : < : 5 ¢ proe
uTl A3TTTANTOS : TB1OT :UBASg PUB SSOI): UTUSIT: e e . : .t sJanje ut
e e e —mmmmea= Joqunu ¢ s8Bur ¢ proTL g ¢ omwry -J2dwme3:  20S
sdTnd Jo STsATeRUB TROTWSUD $29BUBSUBMLIS $ = USSI0Q i PAUSSIDG : 2INSSOIJ tTUTHOO) WNWIXB: TBIOT

aT24d
I93I0US

STUOTYTP
-u0d OTseg

SUOT3TPUO)

oonads uuewTaSuq qno-usax8 Jo sdind 931Imns Jo sorzaadoad pue PTeTA UO aWIj SUTHOOD PIUSIIOUS JO powMMMWL.m STqel

Report No. 1408




"s2UOUT Off £q Gz €s329US 00§ JO Wedys
*SSSU9aI] PIBPUBAS UBTPRUB)S

e 2 LTt lgT ot L9t t 029°g : 0829t gLt ot 02°T : 00°T : 00°T : 3042
H 8 g 3 s : : s s : Ia3I0Ug
e ToeT P Gg'0 * OL*0 : 000‘g : 0GL‘9 ¢ TR0 : 02°T : 60°T : ¢6°0 : SUOT] TP
: 5 : ) H H e : : : -uo0d OT1seg
. . . =Wwesl Iad ) Mmmmn Iod :
: 4 3 A : :
S9QNUTH . *20 Jod ‘IH 4 SI999| : °qT xad *an. ipunod Jod sjuUTOg
‘Tw OS2  *TW 009 :°TW 0Gg :°TW 009 :*Tw 0CZ :'TW 009 :°TW 0GZ :°Tm 009 :°T®m 0GZ :°Tm 009 it

JO JSseusaly 48 , JO $5S0ULAIT jE

JO =SS8USBIT 3B ,JO =SSSUSIIJ 4B . JO =—=SSOUSBIJ 1B
T : T : T
smTq Suraeeg . E.Hmnmq uﬂpwgmeQHmenm

y33usags Buraeay, .U3susags Surgsang

SUOT3TPUO)

S31897 J99®SQ WOXIJ aonIds
uuemTssuy ano-usaxd jo sdrnd 93TITnS JO ssnTeA Y3BUSI4S UO SmWT] SUTNO0D PSUSIIOUS JO 30913¥--"9 STqB]

Report No. 1408




f° : 0T+ 0°9 T C6L r ogtHe Lt : 6°0T : f° Togtgh ¢ f°g ¢ oonads 93TUM
w0 : 6°0 : c'9 P0'gL v ogH6 r Lo 6°0T : ¢°0 Po6tgw v L'g ¢ -20nxds
5 5 : H : H . H : s uuewTo3uy
qUOOJI9J ¢ JUSIISJ § JUSIISJ }USDISJ:3USIIDJ :qUS0Idd : QU90I9J :3US92I8J ¢ SJNOH
: Bsuszusq . sydry ¢ TB3OL ¢ : : : H :
IsU3g ¢ -TOUOOTY : ety it aln : : : . : :
||||||||||||| ~---=---isugsojuad:  3SOTNTTeD : : : : : g
aT A3TITTANTOS : Tel05 ‘ueASg PuUB SSOID:UTUITT : : : :
|||||||||||||||||||||||||||||||||||||||||||||||||||||| T Jequnu : ! pTeTd ¢ smwry
sdmnd Jo sTsATeue TeOTWSY) :912URSUBMLIZ] : SBUTUSSIOG ; PAUSSIDS ; SUTHO0): WoxF dTng
sonads 231TYM PUB UUBWTLZUY qNd-U2aI8 woxJ opew sdind 93TJTNMS JO uosTIedmop--°) STUBL

Report No. 1408




*saydutT Off £q ¢z “s31s3ys 00¢ JO Emomm
*SSoUSaIJ PIBPUBLS UBIDPBUB)-

T

6
9

S

¢

®e oo o0 e as

SoNUTK

Jo =

SW

sausaIl 9®
Sutqeag

6L° N

Lg°0 gl o

ee oe oo oo us

s se e se eo e se se ee

]
o
n\
V]
H
o
(@]
O

mo Ammmzomwm pm"

0gL¢¢

012l 69"+ TOT ¢ 9Lt i oLt
066‘g + 002°L ¢ ¢g°0 : Te'T ¢ CT'T : L6°0
m Swesx I1sd m swesx xad
SI998| : ‘gT J1od ‘D punod aad squtog

*TW OGZ :°TW 009 :"TW 062 :°TW 009 :°TW 0GZ :°TW 009
JO =SS9UaaIJ 3B ¢ JO =SS2Us8dIT 3B : JO Ammwzmwhw 1e

prmmﬁ Sutieaag uﬂpmnwhpm Sutaeay,

®s ee 06 4% ee e% os ws as

yy8usaqs Surasang:

sonads o3TuMm

aonads
uuRwWTSSuUY

Katsusqg

§1597 J29B2q WOIJ

sdtnd 23TJTnS JO sonTeA U35UsIlS--°Q STABL

Report No. 1408




.Hunﬁﬁn mpmqmmamﬂnmm uUO pasSeQ SanTeA vamﬂomhmPQHd

O.mj : O.de : C g . ¢ TC uPﬁmo.Hmm..............................................UH&H% dmd Tejog,
mw : mm . mw : el :yout axenbs hm&.m@E.DOnH..............................mhdmmmh&Eﬂﬁﬁuﬁmz
mmuﬁ .u WMH 0 Om'ﬂ H Omnﬂ u.U o-co-o-o--.u-.-ooo-no-c-.o-..-u-.ou.a.oo@.HﬂPﬁ.H@QnﬂHQP Eﬁﬂaﬂuﬂmz

Homl . N.N.I. : T°TT . .:.m nw.H.DO.Q.-....-..-...-...................................MEHP Tel0g,

T k¥ .

Homl o N-P . Hom b4 :om um'H.DOQo-an.uo.c-ot-oo-‘oo-..'-..-u.@.Hj,P.W.H@@E@P .E..D.Sﬁ.vﬁ.mg P.m m.sﬂ_H_

o'zl : 02l : go-z i o'z IEINOT ** s e eee e e e e et e teittte ittt unTXEm 07 *) ,OTT WOIJ SWTL
O " O n O'N " OnN "whzogoﬁ'O...l‘l'l..llt.....l.l.'t.-&O...nI'l‘IOIOOOO OOHH P.m msunﬁ_H

0°z . 0°z . 0z : o'z ISINOY " v rereerecnteicectttitttttisnitetatetcteen OTT 0] SWLTL

: e H H :oTnpsyds sanjeasdusy,
9°9¢ : 9°9¢ H rARae S 266 poom evagF-aangstom Jo spunod QOT Jod SUOTTBI®**°** °polaeyd JonbTT
mNoH 12 mmc._” H ON.H . ON.H nP.Q@U.H@Q....-o-o~':o-oo--c.-.-no-..--o.@.@ﬂvﬁo.ﬁ.@ .H.D.ng .Um.CHHQ.S.OU

Omom s Omcm g @O.m H mw.m HPQWU-HQAM.-....-v---‘-.-o.--o-o-.--vo.ou..o.@.@.ﬁxOH.@ .HS.HHle ._.-nmPO_H_

. e 5 . tIONbTT SuIy0o0)
0°0T : #1°Q8T : 0°0T : H°gT :
JO °oN o3eueduemiad : JO o) oaeueuemrad
e poom : 3e POOM DPITTTH s
Jno-usaad woxy dmg : =-9T392q woaJ dmng SUOTATPUOD JUTIVNOOD

eonids uuewTasuy Jnd-usaId pus PSTTIN-9T392( WOXJF sdTnd o93IJINS oYUl JO UCSIIBAWON-=-*6 aTqeL

Report No. 1408




*soydul Of £q Gz ‘s3s°ys 006 JO EMmmm

*uoTyeTodrsjut £q AT93BINDOE POJBRWILISS 3¢ 30U PTNOD sBUTUSIIS °PTSTA amuoaw

*SSouUdaI] PIBPURLS qdﬁ@MQmom

*B'lep @mpmao@HmPcHﬂ

8°0
046 g

60°T

Z
8°8H
0°0T

‘T® 0GZ :°Tm 009 :°TW 042 :°TW 009 :

0 ee 60 60 90 er 00 00 o° o s es e e o 60 ae

0L*0 980 89°0
00T L m 0026 m 00&¢L m
02T m gL" w et w
6 iCrT PooT
S
o i g
0°0T w 18T W 79T m

ss e

JO sssausaig 9®
FPoon ANo-ussI3

moxy ding

98°0 m fL*0 m ¢6°0 m oL°0
000¢g m 00L‘9 m 0016 m 00¢°¢).
LL* m QT m ¢L: m L0°T
€l m 0g* m 221 m 06*
21 2'T 'y L
"Ly w T°Lly m Ly m Ly
0°0T m 0°0T m 79T m #°9T

llllllllllllllll e it
.

Jo =ssousa1y ge

Poos PITTTH-=T3==q
moxl ding

*0D .H@n.H tsw‘-oo-o-.onnon..ooco-.--%uv.ﬁmgwg
w.Hmpm.E-o.-oo--o-uo--.o.gn«.mqmﬂ m.ﬁHﬂMm.mm-Hm

~mesl JI9d °qT Jod ‘w8 ***20uRlSISSI JUTIRI],

=

meax xad *qp Jad °s3dec yjdusags JFurgsang

=t

qusdgadrceccccreccc-dnd psussids JO PTSIX

tau-.oct.u.oo.tttnn..nuchwﬂ.gg mpﬂﬁamqwemm

#0900 00 00 w4 90 @8 #° ce o 09 80 0 G v 8o ee e oo

yy8usaas .
pue ucijdraossep dmg

00 e ee

sonxds uuewTaZUY POTTIN-ST199Q PuUB JNO-USaI8 WOIJ SA[nd 93IJI[NS JO uostaedmod--°*QT 9TABL

quodIads e er ettt g3uUTUSRIOG

Report No. 1408




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15

