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THE CLASSIFICATION OF SOUTH AFRICAN COALS
ACCORDING TO
INTERNATIONAIL CLASSIFICATION OF HARD COALS BY TYPE

Byg" WoH .Do Savage

The "International Classsification of Hard Coals by Type", pub-
lished by the United Nations-in 1956, consists of primary classi-
fication by volatile matter content up to 33% volatile matter(dry
ash free) and by calorific value (moist ash free) for coals with
higher volatile matter contents. The primary classes are further
subdivided according to caking and coking properties, parameters
being the swelling number or the Roga index, and the Gray-King
coke type or Audibert-Arnu dilatation.. "Where the ash content of
coal is too high to allow classification according to the present
systems, it must be reduced by laboratory float-and-sink method
(or any other appropriate means). The specific gravity selected
for flotation should allow a maximum yield of coal with 5 to 10%
of ash."®

Coal produced for sale in South Africa generally eontains
more than 10% ash. This report is based mainly on the data appea-
ring in Annexure B2(a) of the 1956 Annual Report of the Fuel Re~
search Board. Only three anthracite collieries listed therein
have coal with ash contents below 10%._ 0f the remaining collieries
about half have less than 15% ash in their products, about a quar-
ter 15 to 20% ash, and the rest more than 20% ésh.

To reduce the ash contents of South African coals to less
than 10% by float and sink methods - even on minus Imm, coal -

would in many cases involve discarding more than half of the

%
Quoted form Note (1) on pages 6 and 10 of " International Clas-

sification of Hard Coals by Type".
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actual coal substance. This would cause a considerabile concen=-
tration of bright components (mainly vitrain) at the expense of
dull coal which contains a very large proportion of inerts.
Such an alteration in the petrographic composition of the coal
would mean that the floated coal tested could have very different
properties from the coal as sold. For this reason some other
method of reducing the ash content of the coal would have to be
used. It has been showrl(1> that the ash contents of South Affi—
can coals can be reduced to low values by very fine grinding and
the addition of oil, the major portion of the mineral matter being
capable of removal by leaching with water without loss of coal
substance. This procedure involves much time, and no coals have
recently been subjected to this treatment. It has therefore been
decided to apply the methods of the International Classification to
the actual colliery products analysed.

The dry ash free volatile matter contents calculated from
the data in Annexure B2(a) have been used. These volatile matter
contents are tather higher than would have been obtained from the
same coals, if the ash content had been reduced without affecting
the coal substance. As, however, (as will be shewn later) the dis-
crepancies that occur in classifying our coals by volatile matter
are due to the relatively low volatile matter contents of soine
medium to low rank South African coals, the use of dry ash free
volatile matter contents of coals high in ash content will not cause
any increase in these discrepancies.

The dry ash free basis has not been used for calorific v:lues.
In order to approach the '"pure coal" values a simplified mineral
matter free basis has been used, with mineral matter taken as
being 1.08 times ash. The results given in Table 1 at the end of
the report are actually expressed on the dry, mineral matter free
basis as no determinations of moisture holding capacity according
to the prescribed methods have been done on South African coals.

CapaCitY/o s 08 &0
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Capacity moisture contents have been determined(z) by a different
method, and from these results it appears that the moisture hol-
ding capacity of South African coals is approximately 1.8 times
the air-dried moisturée content as normally determined in the In-
stitute's laboratories at Pretoria. = The moisture holding capa-
c¢ity values on the mineral matter free basis for all the collieries
listed in Annexure B2(a) have been e8timated, using the following
equation -

Mineral matter free capacity moistureZ =

1.8 Ho0 x 100

100 - 1.08 Ash’(i'gg"l_'_S gg%)

Where Ash and HQO are the percentages of ash and moisture on
the air dried coal.

These values have been incorporated in Table 1, as have the
moist mineral matter free calorific values derived from them. It
is pointed out that these figures cannot be regarded as accurate,
as a small change in the factor of 1.8 can make large differences
in the estimated eapacity moisture contents of the higher moisture
coals, and ;he formula given a2bove disregards any moisture which
may be associated with the mineral matter; this latter moisture
may be significant for the higher ash coals. It thus appears
likely that the capacity moisture values given will tend to be
high and the moist mineral matter free calorific valués correspon-
dingly 1low.

Only one calorific value is given for each colliery. Dry
mineral matter free calorific values were calculated for each pro-
duct, and the average taken. This was done because the calorific
values were reported only to the nearest 0.1 1b/1b in Annexure B2(a)
and the second decimal place would have no significance at all for
the individual products.

Compared with normal European and American coals, South African
coals are generally sub-hydrous. Associated with the lower

hydrogen/e.ceooosooos
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hydrogen content one gets a reduction in volatile matter and calo-
rific value and reduction or complete absence of caking and coking
properties. The extent to which these changes occur is dependent
on the relative shortfall ef hydrogen. South African coals are
sub-hydrous due to their petrographic composition. In practically
all South African coals the inert opaque constitnuents are more
highlyconcentrated, and often very much more highly concentrated,
than in European coals. Of all the Transvaal and Orange Free
State collieries only those mining exclusively the C Seam of Ermelo
or the No, 5 Seam of Witbank approach the constitution of European
coals but the Natal coals in general are more nearly normal by
overseas standards. South African coal can be broadly described
in the lump as bright or dull, or somewhere between these two
types. Vitrain is the characteristic component of the bright
coal, clarain being of very minor importance, and the dull coal is
dull because of inerts and notl spores. In fact, in general exinite
is a relatively scarce component in South African coal. Selected
dull coals may be 1% lower in hydrogen and 10% lower in volatile
matter (d.a.f.) than selected bright coals from the same seam at
the same place. This difference can be illustrated to a certain
extent by the Witbank South Colliery: Originally only the lower
portion of the No. 2vSeam which contained a fairly high proportion
of bright coal, was extracted, whereas the upper portion of the
seam now mined is mainly dull. The dry ash free volatile matter
contents are 33.3% and 28,9% respectively and the moist mineral
matter free calorific values 14.49 and 14,11 1b/1lb. (assuming
capacity moistures of 5.2% for both coals).

South African coals that are mined today and that are likely
to be mined in the future, are found in the Ecca Series of the
Karroo System, which ®orresponds to the Permian or possibly late

Carboniferous,and are generally very nearly horizontally disposed.

The €081/ ¢sces
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The coal is not naturally very high in rank, with dry ash free
carbon contents not exceeding about 85%. Much coal, however
in some undeveloped fields and also in Natal has been affected to
a varying degree by ignequs intrusions, which have enhanced the
rank of the coal. A1l the anthracitic and low and medium volatile
coals of Natal have been matured by dolerite.-

The effects of igneous intrusions depend on various factors
such as distance, thickness and temperature at intrusion and some
Natal collieries mine coal of widely varying volatile matter éon—v
tent in different sections of the mine. The volatile matter con-
tent of the output.is thus an average, and can fluctuate up or
down . An illustration of the changes that can occur over a period
of nine months is given by the following dry ash free volatile
matter contents of composite average monthly samples from one Natal
colliery:-

June 1942 July . August fept. Qct. DNov. Dec. Jan. Feb 1943

24.3 23.% 22.5 20.5 20.6 18.2 15.3 ik.6 - 14%.0

Volatile matter contents (d.a.f.) of over 30% have been
attained both before and after this period. This colliery has
thus produced in a relatively short time coal varying in class
(I.5.0. classification) from the upﬁer 1imit of class 2 to class 5
Normal variations are not so wide, but many collieries which nor-
mally produce coal of class L4 can and do produce coal of class 3
at times.

In table 1 - at the end of the report - are given the dry
ash free volatile matter contents of the various grades from the
collieries reported in Annexure B2(a), the size of coal being in-
dicated by a suffix. A single dry "mineral matter" free calorific
value is given for each colliery, together with an estimated capa-
city moisture content, and the moist "mineral matter" free calo-

ri®ic value in the following column is calculated from the data in

the previous twe coldmns. '
he™ p ou © coldamn The c0als/ cecsoe
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The cosls are grouped according to origin under Natal, Wit-
bank-Middelburg, Ermelo, and Heldelberg and Orange Free State. In
each group the collieries are arranged by increasing volatile matter
up to 33% (i.e. class 5) and by decreasing moist calorific value
for higher volatile coals. The classification given in the last
column but one is in accordance with the International Classifi~
cation, and that in the last column is the class according to calo-
rific value of sub-hydrous relatively low rank cals. (d.a.f. car-
bon less than 85%) that have less than 33% volatile matter. No -
separate classification is given in this last column where the coal
would be listed as class 6, which is the case of several Witbank
collieries and of Utrecht colliery.

Considering first the Natal owmals there is not much fault
that can be found with the International classification. The
only discrepancy.is that Utrecht colliery is wrongly placed if
rank™ is the criterion. The coal is higher in moisture content
and lower in calorific value than either Durban Navigation or
Natal Coal Exploration coal. The carbon content is very similar
to that of Durban Navigation (about 85.5% d.m.n.f,) but the coal
is sub-hydroas with only 4.9% hydrogen. It is therefore con-
sidered that the coal 3s slightly lower in rank than Durban Navi-
gation and about equel to Natal Coal Exploration coal. No analy-
sis of coal from the Kilbarchan colliery is reported in Annexure
B2(a). This coal has a-d.a.f. volatile matter content of about
33.8%, estimated capacity moisture (m.m.f.) of 4.3% and moist
m.n.f. calorific value of about 14%.8 1b/1b, the coal thus being
placed in class 6. A new anthracitic colliery namely Impati
Anthracite, has recently opened up and it has a d.a.f. volatile mat-
ter content of about 8.6%, the coal therefore being in class 1.

Before discussing the remaining collieries it is as well To

KQuotation from International classification, page 5:- "The ex~-
pression "by type' means the distinction that is made between coals
in respect of their inherent properties as a whole. The differen-
ces between one type of coal and another are understood to be the
result of diffences in their degree of coalification in the na-
tural series, peat to anthracite.”
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give the limiting calorific values for the higher classes in evap-
orative units. They are as follows -

Limiting Calorific Value In

Cals/gm ib/1b
Class 6 74750 14,38
Class 7 7 4200 13.36
Class 8 6,100 P2
Class 9 5,700 10.58

Coal from the Witbank - Middelburg collieries is placed in
classes 5 to 7 (or according to calorific value to class 8). These
coals are practically all sub-hydrous and none of them exceeds 85%
carbon (d.mam.f.). It appears incorrect to place any of these coals
in class 5, in view of their relatively low rank. If the moist
calorific values ,(m.n.f.) in Table 1 are studied, it will be seen
that relatively few of them are high enough to place the coals in
class 6, and the highest value is 14.48 1b/1b, only 0.1 1b/1b above
the 1limit of the class. Further, no Witbank - Middelburg coals
can be considered as being higher in rank than any Natal coals lis-
ted in Table 1, though some may be cmsidered as equivalent to
Ballengeich and possibly Natal Coal Exploration coal.

As far as the individual coals are concerned, many cdlieries
show different classification for different size grades, In these
cases it is consistently the. larger coal that tends to be higher
in volatile matter and thus ba placed in class 6 or 7 while the
smalls tend to be placed in class 5, due to their having not more
than 33% volatile matter. Instances of striking differences in
volatile matter content above and below 33% are Waterpan and Klip-
portje with differences of more than 2%. These differences must
be mainly ascribed to selective breakage of certain petrographic
components to give different petrographic compositions in the size
grades, although relative r-ncentration of minerals such as carbc-

nates/eeeco.s
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nates in particular size grades may also GlEET, Navigation washed
coal and middlings give a striking illustration of the statement
already made about the effect of specific gravity separation cn
petrographic composition and thus on volatile matter. Although

the middlings had twice as much ash as the washed coal, the dry

ash free volatile matter was only 31.5% compared with 36.1% for the
washed coal. Durban Navigation middlings show a similar but less
marked effect.

If one considers the classification according to calorific
value in the last column of Table 1, it is apparent that most of
the class 5 collieries are listed as class 7, and two, namely New
Largo and Alpha Consolidated, are listed .as class 8. New Largo
only just falls within class 8, and slight error in the estimation
of capacity moisture could place this colliery in class 7, but.
Alpha Consolidated is probably a tTue class 8 coal according to
calorific value. No ultimate analyses of New Largo coal are
available, but two analyses of Alpha Consolidated nuts and peas
gave a dry '"mineral matter" free carbon content of only 82.2%,
showing that this coal is very badly misplaced by being classified

"as class 5.

The coals from Erﬁelo 1isted in Table 1 give no difficulty.
They are all derived from the C seam. he Spitskop colliery
has recently started production and also mines the C Seam. Average
data on seven samples of various grades gave 39 6% d.a.f. volatile
matter, 7.57mineral matter free capacity moisture (estimated),
and 13.58 1b/1b moist m.m.f. calorific value, placing Spitskop
in class 7 below Union colliery. No data for Satmar colliery
are given in Table 1. The coal mined comes from the B seam.and
is inferior and dull. This coal has a relatively low d.a.f. vola-
tile matter content (30.9% on three samples) placing it in class 5
The capacity moisture content (m.m.f.) is estimated at 8% and the
moist mineral matter free calorific value at 13.15 1b/1b, which

would place it in class 8. The dry "mineral matter" free carbon
content/ec..
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content is about 82.8%, indicating that the latter classification
is more reasonable.

The coal from Heidelberg and the Orange Free State 1s the
lowest rank coal mined in South Africa, dry mineral matter free
carbon contents of the former being just over 80% and the latter
less than 80%. Nevertheless coal from three of these collieries
is listed according to the Tnternational Classificaton as belonging
to class 5, due to the low volatile matter content of these coals.
All these coals would be listed as class 8 or 9 (Bertha No. 2, which
may well be in class 8, due to the uncertainty of the capacity
moisture figure) according to calorific value, which is more rea-
sonable. No analyses of product samples from Sigma colliery are
available, but a composite face sample over the whole of the No. 2
seam had a d.a.f. volatile matter content of 32.6%, placing the
coal in class 5s the estimated mun.f. capacity moisture was 17.5%
and the corresponding moist m.n.f. calorific value was 11.06 1b/1b
which would place the coal in class 9.

To illustrate just how far the petrographic constitution of the
coal can reduce the volatile matter content of low rank coals, the
analysis of the bottom 79" of the No. 1 seam from a borehole in the

Heilbron district of the Orange Free State is given as follows:-

Cal.Val. H20 Ash Vol.Mat. Fix. Carb.
ib/ib. % % it %
8.68 6.8 27o)+ 18'3 . )_{-7'5

Using the methods applied in deriving the data in Table 1,
the volatile matter content (d.a.f.) is 27.8%, placing the coal in
class 43 the estimated m.m.f. capacity moisture is 17.0% and the
moist mun.f. calorific value is 11.33 1b/1lb, which would place the
coal just within the lower limits of class 0. This coal almost
certainly has a carbon content (d.mum.f.) of less than 80%, making
it entirely out of place in class k.

It is not intended to discuss the subdivision of the classes

into groups/secoseccse
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into groups and subgroups in any detail, partly due to lack of data.
In general it may be stated thet most South African coals fall into
the 00 to 11 subsidiary classification, thus falling into statis-
ticalgroups I, II, III and VII of the International classification.
All Orange Free State and Heidelberg coals are 00, and all other
Transvaal coals vary from 00 to 11, except for three collieries,
namely Navigation Blesbok and Springbok (Ko. 5 Seam), which pro-
duce blend coking coal which normally falls into the 22 category.

In Natal coals in classes 1, 2 and 3, and also in the lower volatile
portion of class 4 are likely to fall within the 00 to 11 groups.
The highest category of any Natal coals at present mined is pro-
bably 33. It has already been shown in how far the volatile
matter content of Natal coal can vary, and the caking and coking
properties tend to follow this volatile matter variation, so that

it is in any case not easy to classify correctly the output of some
Natal collieries.

SUMMARY AND CONCIUSIONS .

South African coal is well classified according to its origin
in the various coalfields. In Natal, anthracite and low, medium
and high volatile bituminous coals are distinguished. In the other
coalfields the distinction is mainly on quality (within a par-
ticular field) with a tendency in the Witbank coalfield for the
lower quality coals to be of somewhat lower rank., The Interngtio~
nal Classification is not applicable to many of the lower rank
South African coals. This is due to the fact that, because of
their petrographic constitution, South African coals are mainly
sub-hydrous, and thus abnormally low in volatile matter content,
compared with coals of equivalent rank from Europe and North
America. The strict application of the International Classifi-
cation leads to many anomalies, which can be very well ilustrated
by the case of Bertha No. 2 Colliery. Here nuts are placed in
class 5 and the mixed smalls and crushed coal in class 9, although

the various/ececvees
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the various grades of this coal are almost exactly the same in

their general properties. By modifying the International Clas-
sification to allowfor the classification of class 5 coals accor-
ding to calorific value a reasonable classificatioﬁ could be obtained
It is suggested that this could be done, for example for Bertha

No. 2 Colliery, by classifying the grades as follows:-

Nuts 200
Mixed smalls 5/9 00
Crushed coal 5/9 00

It is felt that a distinction should also be drawn between a
normal class 5 coal and a South African class 5/6 coal, by intro-
during a lower limiting calorific value for class 5, which on the
moist mineral matter free (or ash free if ash content is less
than 10%) basis may be of the order of 14.7 to 15.0 1b/1b (%900

to 8,100 calories/gm).

PRETORIA,
6th Aucsust. 19957.

NOTE:
The mineral matter content used in calculating dry mineral

matter free carbon contents is the same as for calorific values,
namely ash times 1.08. The carbon contents quoted are mostly
taken from a Confidential Technical Memorandum of the Institute,
being No. 5. of the year 19%55.

References:

i, Vogel J.C., and Quass F.W. Jnl. Chem. Metal. Mining Soc.
3, Africa. Volume 41 page 262.

2, Sevenster P.G. Idem Vol. 53 page 163.



1

$Jang-eed Qd

*s019q0D D ¢squN seH NOH ‘squnil TTewe ng ‘sany oSxeT NI ¢Te00 3utxon Do *SSUTTPPTH W ‘TBOO peysey
‘IJgng @ ‘eed 4 ‘an N ‘punoy ¥ -:SMOTTOJ S& PejcoTpUl o TBOD JO S opeld oyg -

$sTTewS DPOXTH SHW

*A*D Aq
SS®ID

ssax ——
96°HT
42 GT
0L HT
AR
HG* ST
09° 4T
gh*ST
42 6T
TG 6T
06°* 6T
GT* 6T
06° 6T
Oh® ST
ge* 4T
CH' 6T

(w*d)

- NN NN+ FF F T F 0 oW

ss®TD dT/dT

‘*JTww ASTOoW
PO1BWTLST DOYRWILSH

80°4T

9°h
T°+H
0" ¢
$*h
0" ¢
0* ¢
9*c
T°€

i
SF

e e @ a
M N N N om0 A

-

- N m o A Oy O
-

..>.to &Omm ag.mo
*ITwruw

HE* ST
09°ST
+H.° 6T
6€° 6T
84T
2091
20°9T
6" 6T
¢hb° 41
46° 6T
€0°9T
L4° 6T
T0*9T
89° ST
0g° 4T
H6° 6T
99°4T

*qT/°at
.>UUO.HDE¢ .DHOQ

att9f  d9°*9f

SHO*TE
SW.*ée @42
SWe*/lz  dg*se

SHg *-H2
SHO*92 @*92
SWG*Te ag¢e

SW6* 02
SW.°QT d6°02
Qm .l_ln

%ILQTH €

23TTCA @04 Use Aaqg

P T Y

Shi® 9t
NV ANAY
008° 9F
ar*i¢
dé6*+e
de*&e
ace e
de +e
astee
d/*ze
a6 oe
do® 0g
ao* 2t
do*TT

do® ot

'€

d9° ¢
NO* A€
W6 €¢
d9o*® ot
N* 62
Neg* G2
dg® &e
N9* €2
d6° G2
Ng*¢e
Ne* Oe
No*6T
d4° 11
dz* ot
dag* ot
d1°* 0T

e

NO*® 6¢€ YyoTe3ueT TR
get6€  cxXg TeoD TejeN
Hh* GE *ABY UBQJINQG
N *62 *qyoedaf
He*9e » 10q " FRTIAWED
Y6*+He —3BId oTaSeome|
NO* G2 *ABN TeBaeN
.t ce oUR(OTH
Ho*ece BQOUS J,
W €2 s TyRAUg
HO*T¢ *weoqg TeaeN
Ho*® Ce utndurng
NQ*TT *eIyjuy eydry
Ng*° 0T *uowwy T®BIEN

NG* OT *BIyjUy UOAJIBUIR)

NE* 0T BIUIUY TBIRN

£dG%/  °BIUIY SUOSHOBYL
TVIVN

"1 : TISTTTOD

+PIE0Y Uodleo8on [J0d Ul 40 4d00ei] Teluuy 9GhT oul JO (€)ed odlxouuy uo peseq

WISAg [BUOLJBUIO]U] oUg 03 SULDLIOOOE &

B e e

HIEV 4

0D UEOLIIV UFNoG JO UOLIBOLILSSELD AdEWLId



- 13 =

4 0c *HT G* 6 €0° 4T @*et dRh°CE  NA°EE  HO'HE *ABN *TAL

(6d)4 +H2 "HT AR 20" 41 de°tt d4*et NR*EE€  HG*HE UT®3UOJo0M],

4 (L9)6 2 +HI 296 I Gl SWR*2E Ng'2€ U9*EE  oTepsepATD MeN

% GEHT 1°9 82" ST SW.*4E  NA*LE soqseTd

(69 8e HI €4 81" ST WG"TE OMI®9E uotae3TARy

(@9 ST H'H AR ag*ef¢ dI°€E NR"EE  HI*HE epISuUse Iy

2 (4dN) ¢ 26 ET A LG HT SWg*TIEL @6*0f  dg*'€t M sE ofqa0ddT Ty

L (La)g 9T HT 43¢ 86°HT as*T€ d9°TE€  N9°€€  WA°€f uedronem

(9u) 6 Ch T [ TT 4T SWO*2E  NR°2E  HG6° €€ Noq3upads

[4 SHHT A AR a9*1¢ de*2f€  NgteE  ¥h°cet UT93UOJUIO0Y

4 (LS 60°HT e T6°+HI SW9'TIE Ng'Tf  MI°€€ UOTATY

[ OR°HT 6°H HI*GT SWA*TE  NO*TE  u6°2€  2JTad svhqg Uep

S gH HT G°k 91" 4T @2t dE€°IE  Mr°T1E€  un'e€ seI8noq

4 4 28°¢T 9°9 03 *+HT SHe*TE d9°TE d6°TIE Nx*2E  DOE€*T€ whqTn+MOO0aSTIAR]

8 S LO°ET ALe 2eHT SWO*2E  Q&*TE dax"1I€ Ne*TI€ *suo) eydry

3 S +HE*TT é*g QG°HT SHG*TE NST*TE NI9*T€ 031eT MoN

/ ¢ ge° HI "G 60° 6T ads*of Ng*0f  ue*1Ieg UOT3BUOIOD

S CheHT G H TT*S6T ag*of dé*0t  NR"TE ¥ TIC nepue]

/ e GEHT 6°+ 60° 6T aQz*6e dEtéz  N6*62  MG'IE SUBINOATOM

2 S LT HT G 86°HT SWI*62  NO*62  ¥y°Of *o3uooyds MeN

4 [ (DL AN 88 HT SW6* g2 yanog NueqiTm
* DINGTHAAIN =~ MUVALIIM

*A*0 Aq  sS®ID qT/AT  °A°D %0°H *dep  *qT/*qr *q * °€ iZ o s KISTTLOD

SS8®TD *I'wWwrw ASTOowW °*Jewruw  *ApA*D*Iruwrw(d %J9998K STT3BIOA 984J Us® LiIQg

pelBWLISY DOYRUTISH

(*P3uo)) T widva



= 14 -

QO o O <O

6 (6N)§

g8 (g0o)s

I

(4@l
L
L
(6d)4

*A*D Aq  sseTD qT/Al
*J*wrw 3STom

peqBu[lST DOIBULISH

§S®BTD

gE 1T
6 TT
o' TI
08°1T
9T° 1T
G0°2t
90°2T

GeET
68° €1
86° €T
+HO* KT

9¢€° ¢l
69°¢1
H*ET
TI°HT

2 6T
[AFAN
1°gT
8 ST
6°gT
0°¢€T
AL

9°8
9
99
0*9

oN O W\ OO
. @
" O O~ D

“A*n %0%H *dep
.‘H. EUE

60°HT
18°¢T
26°ET
20°HT
69°¢tT
48°tl
Tg°*¢T

T9 {1
+H8 1T
Vi
16 HT

6 H1
08" HT
94° KT
66°HT

*qQT/* at

O>CO'1HC.CH1._HHOQ

SHE *Ht
SHe* 9¢

(T®0D PoUSNID)Q* 9L
(T®OD P2USNID)(0®EE

SHe* 1¢

Ne“*9¢
NE*LE
SH9* /¢
N9*® 4t
S 2¢

NoO*2t

e gt
05, WA
N6° 9t
06° 9%
NT° €€

UT©3UO0JISTA
£33eg

U3 ION {00IqTe0D
T *ON ®y3Ied

2 °ON euyzIed

SH*2t ygnog °pry8urads
09° 6 uygaoN * prISutradg

*HIVIS HHYd HDHNVHO ANV DudHdTHIIEH

as*6¢  do* 0y

SWE*AE  dT®AE  d6°lt
ag* st de"9t

SWIL ° Ok

(67700 R (A 39

d6*et
gg*ee  ditec

om -._A om

Ne *6€
NE* Q€
Ne * 9t
NO* TH

N6* €€
ST Q¢
N HE
No* €€

'c

HO0*6¢€
0° gt
gg ot
e 6€

Hg*Ht
NE* Qe
"6° Gt
e

onaeTTed
uotun
pe1ePTTOSUOD
PTOTISIBH
OTanas

*YUBq3TM UY3nos
Tepuey

*SUO) HUBQITM
XTUue oyd

DANITIAAIN - YMNVELIM

°T

%I999€W ©TT3BTOA ©81J US® Aag

(*P3uo)) T FIdVd

AISTILOD



NPIUNYP % 96 12 Do 0 B 2IoUdsoune sun suep UONUII 3P NeI [ © JuLpuodsariod
upIuny ‘8/jeoy ua sa1pudd op 3dwaxd ‘apruny ynpoid op Inanipdns snbygiiofed sroanod 5

AN % 02-91<< " qzee
AN % 91-PI< " rZEE ()
% 0] 12 ¢ a13u3

9SuIdWIod $AIPUID U INJUSY SUN,P UOQIRYD UT WNWIXBW JUSWIPUSL 3] IdINSse
® QIJIUBW 3D ASIOYD 2139 ©IAdP 2Indnod ap 9suap v “(Fudoidde juswaireny
2111E N0} NO) $IsuIP Sunanbi] ¥ne juswanel) Jed ‘aiioivioqe] ne ‘9INPT a3
J10P SOIPUID U INJUI} 23190 *apoyigw e] 9p sadoutrd $9] UO[AS 3INI2AY2 HOS UOIILd
-gISse[d es anb Inod 23499 don 3se UOQIBYD NP SAIPUID U INAUd B[ 9nbs107 (1) — "HION

3/1eoy (Anpruny 9, 96 D o0f) SISLq 991J—YSe “ISIOW U0 2NjeA SYLIO[BD SSOID)

“gse Jo %

WA % 02-91 < * " qz€e
WA %I <

[ 0} § Y3IM [BOD JO PIOIA WNUIIXEW ®

MOT[E P[NOYS UOIIEION JO] PIIOs[as Allarid og1oads ayj, “(suesw arerrdosddr 1ayjo

Aue 10) poylew Yuis-pur-jeoy £10jwioqe| Aq

PaoNpaX 2q 1SN 31 ‘Sws)sAs 1uasaxd

Cezee (1)

2y} 01 BUIPICOOE UONBOYISSE[D MO[]2 01 YSIY 003 ST [20D JO JUSJUOD YSE 3Y) QI (1) — "ZLON

(A" 3P %o £ € 2P s0|d 1uRUSILED SUOQIRYD) anbYLIOjE2 J104n0d 3P Sngwwsed 18d no (AW 2P %€ € §,nbsSn[ {UBUAUOD SHOGIBYD) SA{I1B]OA SIQNEW 3P SOIPUL,| $.dE, P SIPURLIANIP) — (IN'A %E( 240qe saowesed SY1I0[ed 4 pus “N'A %¢Eg 01 dn 93 AjhRIoA A PRUILLIAAD)
- SASSVID
o/ = vt 00 = H = ] = H _ _ (59Jpusd 9p 1dwIXs pruny INpoid) _
6 o 08 - Ty 6 19 . MOON i 0SL L 0SL L< p— = = . == . L <+— ,anbyliofed sjoanod np InJwesed
8 % 05 -.S€ © 8 00L§<| 0019<<| 007 L< e anmiad s asse e op
L % t¥ - £¢ i — ! CET d = . ° yraorEs uoneunuIAp 2p
g asselD) Wlp-g€ " 9 sse|D) 0l —16°9 - (sa1puas 9p 1dwaxnd 595 unpoid) _ andumeied
Sura £e<C £e< ge< €E< €€ —8T<|8T—0T<{0T—¥I< pI-0I<|$9<] €<} ¢-0 |« SUIEION SINEW | o e
-5 (SINE[OA SAIMTW) AW | :JO IUINLOD I W JNILJOA ol —g< (‘3e'p) sonEw SMEBOA l—r
dipur] tosaua juo syide-rd Jyeunxoidde ue saey sasse}d  |— e = — et o
$ISSE[D $9] ‘UONEdIPULP N1t ¥ BUIMO[|O) Y1 ‘UONIEDIPUY UE Sy 6 8 L 9 S t 8 4 I 0 _T. 8SSEP) B[ 3P oN -— 13qunu SSE|)
T ~
sed juessijowes 3s N | S H{. //ﬂ////// AN Z,
v Burusyjos-uoN 006 008 00L 009 00§ 0oy 00¢ 002 @ Jomﬂ /,MN//, N $-0 % —0 0
=
()= e
" JUIWIINIS UOTIdDBRNUOC)D) N mu 4// .7 /4.//1
a4 I itse11005 118 i _ 119 11s 1337 G e % N
_ / 0T -§< =l 1
D-3 0> (A ] CIL 219 (443 (414 @l N
- WIWINIS WONILNUOD / |
a-4 e /// 128 LN 1Z$ 74 ~ 143
o
_ Al
OFE 0> [44] (442 9 (443 wy e Sy -0T< =% 4
O - 1D 0§ —0< /// €8 £TL _ £79 £Z§ X4 4 1143
D-3 (1 // 7e8 | TEL i 769 433 (434
\ @
A N A% 314
O -1D 0§ —0< / N £EL ££9 £Es
@I Sy< << €
= —-0s<
80-¢D o1 —0$ / / / N v s =
< < X £9 3
80 ov1 / s £
_ X Ly
| “jueysnod soanod I satuadosd Suryos 3asnaid ne
Bury-AeD ressy anbinywoelp ressy sqade,p PUILIATEP ‘>AN0IS-SNOS 9] FNbIPUL JIYTYD SWRSION T AQ PAUIARP ‘dnoi3-qns SY) SEBXIPUT 2un8Yy pHY) YL €30y 1pu] Juswayuod np 2d1pu]
Bupy-Aesn . 1spworeq 3dnoi3-snos jueunnigse soanod 3 ‘sarjaadoid Bupyes 4q LI nien IqINU BUr|[3MS-3[qIINID adnoig
side,p UIAIAPP *2dnOi8 31 SNbIpUl SIPIYD SWRAXNIP T  PIUNUINGP ‘[BOI Jo dNOIS IY) SNBDPUl 2INBY PUODIS Y] : : np oN
CAW %€€ 9p snjd 1ueuajuod suoqieyd) anbyiiofes 110A Jequiny
(x109> ne) adnosd-snos _ dnoi3-qng -nod np asnweled Jed no (AW 2P %€f e.nbsnl jueus ‘WA %EE 2r0qe sdwesed syuoged Aq pue WA %Ef (xto4> ne) adnoi3 np dnoicy
NP UOHEBUINNIAPP 2P JnJweie | -U0d SUOQIEYD) ‘A'JA SJIpUL,| Sude.p UILLINIP 'I55E)D 01 dn JUANUOD JANIBW INEICA £Q PIUIWINIP ‘[ROD ) LICERE U IICAS S DS PR AN VIS,
red dnois-qns aa; v _ ®] onbIpul |2ULOIIUBAUOD 2IQWOU P 2IYIYd JAWaId 3T JO SSBjD Y $INEJIPUI ISQWINU 3POJ Y3 JO In3Y 151y YL dno1d aa v
(uey${0d> noanod (sanizadozd Bujod {(wueunn(38e yjoanod (soniadaid Furyed
SUERIE.P 5301012219P) (SRR STINNOIINIANOCD STYGNON — SHYATWAN FAOD S\ sHd% pIRuID) daipautinaizp)
SIdNOUD-SNOS — SdNOUI-4NS SIdNOYD — S4INOUD

(sa1puad op ydwaxs ‘apruny uofrIueyds Ins 3)/1e0) 00, 'S © Jndtpdns
sa[mnoy sap anbysyels JUSWDLLOIN)

:q anbyriofes y1oanod un,p suoqrey))

(ed&y Lq sTBOD pIeH JO

(siseq 901-yse “Is?
s[802 piBy

7 nvaev] UOTRBOTJIISSETD. TRUOIFBUISQUT WOIJ UeYe])

Jo 3urdnoad jeonsners
7 d1av]

@ i

U0 8%/1e0Y 0QL‘S I9A0 an[eA OYLIO[ED SSOI3 YIM S[BOD)









