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Thi s paper is based on a study and repor t by the Aust ralian Coal 

lndustry Research Laboratori es Limit ed (ACIRL ) by T.G . Calcott and 

0. C. Ro berts. The s upport f or the s t udy wa s provi ded unde r the 

Australian Government National Energy Res earch De vel opment and 

De mon stration Programme admini stered by the Department of Re sources and 

Ene rgy. 

INTRODUCTION 

Coal s and i r on ore s a re th e primary raw ma: er 1a ls of i ron mak in g after 

their conversion into coke and associated byp rod ucts and si nt er or 

pell ets respectivel y . ln the st udy, iron makin g operati ons a re ass umed 

t o conform to the schemati c presentation of Fi gure 1. This model 

permit s the as sumption t hat wharf coke i s fully used in th e iron ma kin g 

ope rations whereas if pe llets we re to be used inst ead of sint e r , some 

sep arate account of breeze and nuts being less effici entl y used wou ld be 

needed. 

Bl ast furnace cokes mus t pos sess physical and chemica 1 att r ibutes wi thin 

~é r t a i n l imits to enable effi ci ent and product i ve iron maki ng. These 

l i mit s vary from plant to plant. Coke size and strength limi ts are 

dóc tated by t he requirement to provide adequate permeabi li ty t o th e 

bl as t while support i ng the furnace burden. Th e prac t ice of blendin g ,, 
coals of different rank and ca king properties is empl oyed t o achi e ve th e 

desired physical properties in th e coke. The chemi cal rol e of th e coke 
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is to pro vi de adequate amounts of heàt, reducing gases and slag making 

components. Slag chemist ry is regulated to control the composition of 

the liquid hot metal. Thus, the principal chemical attribute of coke is 

its carbon content, and it follows that the coke yields of the component 

coals of a coking blend have a large influence on iron making economics. 

The properties of coals that dete rmin e coke chemistry also participate 

in det ermining the physical properties of blast furnace coke; but 

relat ions between the respective contributions are not simple. Hence, 

it has been difficult to arrive ata useful univalued appreciation of a 

coa l 's meri t for i ron-mak i ng. 

The study presents a revised theoretical treatment of a univalued 

measure (net carbon) of the chemical merit of coal, or coke, to iron 

making . Originally, "effective ca rbon " was proposed by Flint as an 

empirica l meas ure of this type. The te rm "net carbon " wa s introduced by 

Callcott to denote such a measure that wa s derived from a theoretical 

t reatment. 

BACKGROUNO 

The total carbon that enters a blast fu rnace per unit of e lemental iron, 

ca n be partitioned as in equation (1). 

CK = NC K + CA + CB + Cr + CS (!) 

where 

CK Carbon content of coke 

NCK Carbon for smeltin g proper, net carbon in coke 
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CA Carbon required for cok e ash t o be incorporat ed int o 

furnace slag 

CB Carbon used to dissociate moisture ln bl ast 

CF Carbon needed to decompose fluxes 

CS Carbon needed to eliminate coke sulphur 

(Units kg mol /kg mol Fe or %) 

Equati on (1) can be converted t o equation (l a). 

CK: NCK + CL (la) 

wh ere the carbon loss, CL, can be obt ained ei t her by emp iri ca l methods 

such as Flint or by theoreti cal analysis . 

Flint was the first to examine the magnitud e of th e carbon l o,s t e rms 

and , from a linear regression analysis of some bla st furna ce operating 

data, obtained s imple expressions for the in divi dual terms ln equation 

(1 ) . This approach has been wide ly accepted and appli ed l n the s teel 

indust ry but the expre ss ions have needed t o be revised i n l ine wi th 

ad vanc es ln blast f urnace practice. This empiri cal approach als o ha s 

th e inherent defi c i enci es of any regression-bas ed me t hod, viz. 

mult icollinear ity amo ng the proc es s variables, misspec ifi cat i on of the 

regres sion model, and stri ctly a limi t ed scope for appli cat ion of the 

model 's predictions to the range of the original dat a . 

l n prev i ou s work by Call cott and co-workers at the Centra l Res ea r ch 

Laboratories, Broken Hi l l Proprietary Co. Ltd . , semi-empiri ca l me thod s 

have been us ed to obtain an explicit expression for th e carbon loss. ln 

more recent work Cripps -Clark and others have developed a sophi s t i cated 

thermochemical model f or predi ction of the effects of cha nges i n burde n 
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and other operating conditions on the performance of specific furnaces. 

Callcott derived a simple "net carbon" in coal formula and has shown its 

usefulness in the evaluation of coals. 

A purpose of the study is to show how a simple, but conceptually correct 

thermochemical model of the blast furnace provides an expression for 

carbon loss which, through equation (1), enables the net carbon in coal 

to be calculated from the most frequently quoted measures of a coking 

coal 's quality; its ash , sulphur and volatile matter contents. 

THE CARBON LOSS EXPRESSION 

Th e thermochemical model of th e blast furnace is that des cribed by 

Peacey and Davenport. This model is based upon the pioneering analysis 

of Rist. The furnacr is considered as divided into two segments by it s 

chemic al and thermal rese rve zones at a t empe rature of 1200 K, as 

illustrated in Figure 2. 

Coke passes unaltered chemically through the top zone bec ause ca rbon i s 

not gasified in or above the chemical reserve zone. Coke gasifica t ion 

and combustion takes pla ce in th e lower segment s o t hat highly reduci ng 

gases pass the chemical reserve zone to the upper segment. Higher i ron 

oxides are redu ced by reducing gas es to wustite Fe o. 9470 by the time 

they descend into the chemical res e rve zon e . Reduction of wustit e and 

melting to carbon-rich liquid iron takes pla ce below the chemical 

reserve zone. 

Using the symbols and terminology of Peacey and Davenport all quantities 

are expressed as kgmol/kgmol Fe or kj/kgmol Fe. The stoichiometric 

oxygen balance for the bottom segment of the furnace is: 
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l.3nAC + 0.38 y n1 

Th e stoichiometric carbon balance for the furnace overall is : 

nAC + (C/Fe)m = nCC + x n, + nCaC03 

The enthalpy balance for the bottom segment of the furnac e is : 

where Dwrz is the enthalpy demand for the wustite redu ct ion zone, 

and EB is the enthalpy of the air blast. 

Incremental Effects of Coke Impurities 

Ash Consider an incremental increase õwtASH, in the amount of 

(2) 

( 3) 

( 4) 

ash in the coke which is charged to the bl ast furnace. This increment 

wi 11 requi re : -

0 an incremental increase in the amoun t of 1 imestone charged anCaC0
3

; 

an incrementa 1 i ncrease in the amount of slag formed awtslag; 

an incremental increase i n the amount of active carbon used in the 

bottom segment of the furnace to provide heat to decompose the 

limestone and smelt the ash ônAc ; 

an incremental increase in the amount of oxygen i n the bla st air 

needed to react with the extra carbon anoB; 

º an incremental increase in the amount of water vapour (b la st 

humidity) which enters as an "injectant" at t he t uye res anr ( x= O 

y=l z=l); 

and thereby an incremental increase in the amo unt of carbon which mu st 

be charged to the furna ce as coke, ª "cc· 
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These incremental changes are related through the mass ana ent ha lpy 

balance equations (2), (3) and (4) :-

6n08 + 2õnCaC0
3 

= 1.3 ónAC + (n.38 y-z) õn 1 (2a) 

(3a) 

(4a) 

Now assuming a typical value for blast humidity of 23 g/Nm3 ( 10 gr/scf) 

it follows that 

A typical blast temperature of 1400K is also assumed. Thus 

Es = 17000 kJ/kg mole D 

and the heat demand of the water vapour "injection" with the blast air is 

DJ = 240500 kJ/kg mole H20 

Heat demand for decomposition of l imestone i s given by the enthalpy 

change of the reaction 

CaC03 ~ CaO + C + 02 

ºcaco
3 

561000 kJ/kg mole caco3 

Heat demand per kilogram of sla g can take the repres entative value of 

+250 kJ per kg of slag. 

Finally, the incremental increa se in the amount of slag is related to the 

increment in CaC03 charged: 

56 ( 1 -. 1 ) 6nCaC0 3 
4>S - 4>A 



502 

where $5 and $A are the basicity rati os for the slag and co ke as h 

re spec tively. This relationshi p assumes that limestone is the only flu x 

added to smelt the coke ash . ln this anal ysis, the ad dit ion of a 

siliceous flu x to adjust the Si02/Alz03 ratio in the sla g i s ignored. 

Substitution in the mass and enthalpy bal ance equations gives · -

ancc - 10.06772 11 + ___ _ 

4>S - 4>A 
+ 1.7787) ancaC 03 (5) 

Equation (5) relates the amount of extra 1 imestone an that is Caco 3 

required to flux an incremental increase in cok e ash awtASH t o the 

amount of extra coke carbon needed to meet the increased hea t demand in 

the bottom segment of the furnace. 

Now 

6nCaC03 ~ 1 4>S - M 6wt ASH 
56 q,S + l 

Thus, by substitution in equation (5) we have an explicit relation 

between the extra coke carbon needed for an increase in the amount of 

coke ash 

.,,_,, ,, ·-, 

awtcc • _!I [l.7787 + 0.06772 (1 + 
56 

l )] 4>S - 4> A awtASH (6) 
4>S - 4>A 4>A + l 
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For coke ash of Australian coals, the effective basicity ratio 

A = CaO + MgO is in the range 0.01 - O.OS. For modern 
Si02 +Al203 

hlast furnaces the slag basicity rati o 4>S = 1.2 approximately . For 

the remainder of this analysis 4>S = 1.2 and $A= 0.025 are 

assumed. Thus equation (6) becomes 

bWtcc = 0.468 ówt ASH (7) 

Sulphur An incremental increase in sulphur added to the furnace 

ll wts requires additional limestone to increase the sulphur capacity 

of the slag. Based on empi ri cal results Henderson found that 

This additional limestone req uires additional coke carbon for 

decomposition of the li mestone, slag formatio n etc., which may be 

calculated from equation (5 ) , thus 

bwtcc = 30 x 12 [l. 7787 + 0.06772 (1 + )J 1> wt 5 (8) 
100 4>S - 4>A 

For typical basicity ratio value s of 4>S 

becomes 

1.2, 4>A = 0.025, this 

bwtCC = 6.855 llwt 5 

This ana lys is ignores any external desulphurisation practice as a 

second order effect. 

NET CARBON FORH\JLAE 

Coke 

The foregoing theoretical analysis allows the carbon loss terms in 

equation (1) to be expressed as follows: 

from equation (7) 

from equation (9) 

CA + CB + CF = 0.468 ASH% 

CS = 6.855 S% 

(9) 
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Carbon content of the coke can be exp ressed, after Callcott, as 

CK = 97 - 0.97 ASH% (10) 

Thu s , net carbon in coke can be expressed by substitu ti ng in eq uation (1): 

NCK = 97 - 1.438 ASH% - 6.855 S% ( 11 ) 

Coal 

The objective is to express net carbon of coal in terms of coal analyses 

This requires appropriate expressions for coke yield %, ash% of coke, and 

total sulphur of coke. 

The net carbon in a coking coal can be treated as a conserved quantity 

and be defined by the relationship : 

NCC = Coke16beld % .NCK 

After Callcott, coke yield can be expressed 

Yield % = 95.1 - 0.75 vm (13) 

Ash can be treated as a conserved quantity in carbonisati on . Thus, 

Ash % coal 
Ash % coke 

Yield % 
100 

( 14 ) 

Sulphur is nota conserved quantity during carbonisation. The 

relationship between coke and coal sulphur, proposed by Blayden and Mott 

is : 

S% in coke 0.B2 s% in coal ( 15) 

Substitution of equations (11), (13), (14), and (15) in equation (12) 

gi ves 

NCC 93.22 - 0.728 vm - 1.438 J sh% - 5.40s% + 0.0422 vm.s'.t (16) 

. ·-.,,~· -, 
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It is apµarent from the foregoing that net carbon in coa ] can be used as 

a measur t of the chemical merit of a coking coal if it can be as sumed 

that, in any particular ironworks, coals are selected for the blend so 

that the proportion of the cok e make ("wharf coke" ) which is charged to 

the blast furnace as lumps ("skip coke") is a constant high figure. 

This condition is posited on the basis that coke fines , a l though used in 

sinte r , are of less val ue than lump coke. It is al so neces sary to 

assume that only marginal adjustments are made to a cok in g bl end ' s 

propo rtions and that the marginal change in coke rate due to a marginal 

change in net carbon of the blend has no effect on net operating costs 

of the blast furnace (excluding coke costs ) . ln eff ec t , opera t ions are 

considered to use the chea pes t ne t carbon sub j ect to meeting co ke 

physical quality specifi cat ion s. 

NET CARBON AS AN EXPLANATORY VARIABLE FOR COKING COAL PRICES 

Ca ll cott evaluated a net carbon model of Jap anese coal prices i n 1966 i n 

t erms of net carbon and of t he i ndependen t paramet er s (VM %, as h 1 , ) 

separat e ly. His s t udy found net carbon t o be linea rl y corre la t ed with 

pri ce FOB and ca king i ndi ces to ha ve non-signi f i cant linear regression 

coefficients . 

The pr ices of cok ing coals imported by J apan ha ve been the subject of 

lat e r linear regre ssion analysis by Pearson , Ki ttredge and Si verts on , 

and Miyaz u et al. Nane of thei r pr ice mod el s included net carbon of 

coal as an explicit parameter of t he model, alth ough all model s included 

one or more of the variables whi ch determin e net carbon ; ash 1, sulphur 

1 and volatile matter %. The natures of their models are summari sed in 

Table l. 
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Es se ntia l ly, their models have been constructed with a "black- box " 

attitude to the cokemaking/ironmaking processes, that approach being to 

examine the statistical significance of every conceivable determining 

parameter. Only those parameters which were statistically significant 

were included in the models. The only parameters whi ch the models have 

in common are the mean maximum reflectance of vitrinite R0 max and ash 

%, although several of the variables not in common correlate with each 

other. 

A price model which is based upon an analysis of th e costs incurred in 

cokemaking and iron makin g processes and of the market value of the 

products of these processes should be more accurate. However such a 

model is based upon information proprietary t o the steelmakers and very 

little information appears in the literature. Outlines of break-even 

pr i ce models ha ve been given by Brown and Bennett. 

He re we examine the hypothesis that net carbon NCC defined by equation 

( 16), is effect i ve ly a prima ry determi nant of coa l pri ce. From the 

fo regoing theorectical analysis it can be appreciated that net carbon in 

coai reflects the relative value of a coal with respect to the thermal 

and chemical requirements of the blast furnace process. It does not 

account either for the value, if any, of by-products produ ced from th e 

volatile matter of the coai or for the contribution of a coal to the 

strength of the coke, and therefore will not be a complet e descriptor of 

the merit of a coking coai. 
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Ca king properties, which in f luence coke strength, should not affect the 

penal t ies accruing to ironmaking costs as a result of ash and sulphur in 

the coal. Penalties for increasing ash and sulphur should be in the ratio 

of their coefficents in the net carbon formula, equation (16). 

Coking Coal Price Hodel 

A price model in terms of the contract coa l qua l ity spec ifications could 

be in form : 

where NCC 

Price =ao+ ªl NCC + ª2 TM' + 03 CP 

net carbon in coal, % db 

TM' as shipped total moisture*, % db 

CP caking property, such as crucible swelling number 

*TM' 100 TM where TM As shipped Total Moisture, % wet coal 

100-TM 

The coefficients ª l and a3 are expected t o be positive and 02 

negative. 

Net carbon (dry basis ) , Specification total rnoisture (dry basis ) and 

caking property {CSN) for some Australian U.S. and Canadian coking coals 

are detailed in Table' s 2 and 3. 

C0NCLUSI0N 

It has been shown how a rigorous thermochemical analysis of the blast 

furnace anda minimurn of assumptions as to slag and ash composition, 

allows the derivation of a sirnple formula for the net carbon in coal. 

Net carbon can be calculated from the results of an analysis for ash, 

sulphur and volatile matter contents of the coal using the equation (16). 
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The reader may wish to alter some of the simplifying assumptions in 

order to achieve closer correspondence with his application. Net carbon 

is proposed as a convenient measure of the chemical merit of a coking 

coal which should be useful provided cognisance of the basis of the 

formula is maintained. 

Net carbon appears to be a significant explanatory variable of the price 

of a coking coal. Together wi t h a caking index such as crucible 

swelling number and total moisture, net carbon explains some of the 

variation in prices between coals over recent periods. Thi s report has 

not set out to provide a comprehensive study of coal market price 

formation and the price model presented here is not claimed to be 

definitive but rather is presented to illustrate the usefulnes s of the 

net carbon concept. 



NOHENCLATURE 

ash % 

ASH % 

CA 

CB 

CK 

CF 

cs 

NCK 

NCC 

s 'J', 

s % 

vm'J', 

A 

s 

0
caC03 

D1 

0s 1 ag 

Dwrz 

509 

'J', ash in the coal, dry basis (d.b.) 

'J', ash in the coke. d.b. 

'J', carbon in coke t o melt ash, d.b. 

'J', carbon in coke to dissociate moisture in the blast, d.b. 

'J', carbon content of coke, d .b. 

'J', carbon in coke to decompose limestone flux requirement 
of coke ash, d.b. 

'X, carbon in coke to eliminate sulphur in coké, d.b. 

'X, net carbon in coke, d.b. 

'X, net carbon i n coal, d.b. 

'X, sulphur in coal, d .b. 

'J', sulphur i n coke, d.b. 

'X, volatile matter in coal, d . b. 

coke ash basicity ratio, CaO + MgO % 

Si02 + Al 203 X 

slag basicity ratio 

enthalpy demand for decomposing charged Caco3 to CaO, C and o
2 

at the thermal rese rve temperature (ext ra heat demand dueto 

charging CaC03 rather than CaO) 
kJ (kg mole of CaC03)-l 

enthalpy demand for decomposing 1 mole of tuyere injectant 
at its in jection t empe rature to form i t s component elements 
at the thermal rese rve temperature 

kJ (kg mole of inj ecta ntJ-1 

enthalpy demand for heating slag oxides and forming 1 kg of 

liquid slag. 
kJ (kg of slagJ-1 

total heat demand for wustite reduction zone 
kJ mole of product Fe J- 1 
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NOMENCLATURE contd. 

Es 

e 
Fe 
nAc 

ncc 

n J 

X ,y ,z 

wtASH 

™ 
TM' 

CSN 

M.F. 

S.E.E. 

blast enthalpy kJ (kg mole of OJ-1 

mole rat i os in the prod uct hot metal 

kg mole (kg mol e FeJ-1 
active carbon taking par t in heting or reduction 
rea ctions kg mole e (kg mole Fe J-1 

input carbon as cok e 

charged CaC03 kg mole Ca C03 

kg mole C (k g mole FeJ - 1 

(kg mol e Fe ) -1 

oxygen supplied in blast air kg mole O (kg mole Fe J-1 

mol es of tuyere injectant per mole of produ ct Fe 

kg mole (kg mol e Fe )- 1 

stoichiometry of the in jectant, represented by Cx (Hz )yOz 

mas s of slag produced 

ma ss of ca r bon as coke 

kg (kg mol e Fe) -1 

kg ( kg mol e Fe J-1 

mas s of coke ash charged with coke 

kç (kg mol e Fe J-1 

% total moisture in as-shipped coal, mo is t basis 

% total moi stu re in as-shi pped coal, dry bas i s 

cruci bl e swelling number 

mean max imum reflectance of vit rini te 

maximum fluidity 

coefficient of multi pl e determinati on, a measu re of the 

proportion of th e total variati on i n the dependent variable 

exp lained by t he regression mod el. 

standard errar of estimate, the square root of the estimate 
of the variance of the dependent variable, a measure of how 

far a gi ve n observation on the dependent va ri able could be 

from the predicted value. 
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FIGURE 1 - SCHEMATIC OF THE CO KE-OVEN/BLAST FURNACE IRONMAKING PROCESS 
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FIGURE 2 - CONCEPTUAL DIVI SION OF THE BLAST FURNACE INTO UPPER AND LOWER SEGMENTS 
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EVALUATION AND SELECTIDN OF COKING COALS 

TABLE l 

PR!CE MODELS OF COKING COALS IMPORTED TO JAPAN 

Ca 11 cott Pearson Kittredge and Miyazu et al 
Sivertson 

Year of Data 1966 1978 1977 1979 

Source of Coals Austral ia USA USA Not specified 
USA Canada Canada 

Austral ia USSR 
South Africa Austral ia 

South Afri ca 

Statistical ly Net CSN R0 max R0 max 
Si gnificant Carbon R0 max CSN React i ves % 

Parameters or ash % M.F. Organi e lnert s % 

(o= .D5) ash % ash 'l: log (M.F.) 
vm 'l: s % ash % 

TM 'l: s ::: 
Factors for : 
Transport 
Productivity 
Contract Term 

No of Co al s 57 30 36 51 
S.E.E. 4.4 3.26 
R2 .80 .91 . 856 



TABLE 2 - AUSTRALIAN COKING COALS 

l'ROX !l-1\TE /\1.lJ.YS !S (A.D S.\SJS) ffiTAI. 1 

T(n,lL SU.P!IJR rET Cl'JlOCN (O.B.) TOTAi. 1-0JSTUlE (D.o,) 1 
(()Aj_ IJWO MJlSiUtE MJISlU>.f AS/1 \'O.A TI LE Vi\ TTER (,\.D) FSI 1 

t % t % : t i i 

tffi.liCH Pl\'lK 8.0 0.9 g,5 17 .2 0.65 S-9 63.71 8.70 1 

Sft/W l 8.0 I.O 9.3 19. 5 0. 55 8--9 62.00 8.70 

P[N( llMIS a.o 1.0 9.3 21.0 O.S5 8--9 61.74 8. 70 

tfRM•VI O<EEK 8.0 1.2 8.5 21.1) 0.70 8--9 62 .18 8.70 

R!VERS! ll: a.o 1.4 9. IJ 23.9 0.57 7.5 59 .74 8.70 

00'.'o'NELI.A 8.0 1.0 8.0 Zc .• 5 0.:0 B 60.65 8.70 

01.~Y Olfff; 8.0 1.2 8.IJ 29.5 0.00 8-9 :ó .113 8,70 

mrn:m e.o 2. 0 e.o 32 .0 0.65 8-9 55.(6 IJ,/0 

CUWGJ a.o 1. 5 7.1) 22 .0 0.52 7 64. )7 8. 7J 

PUOJ-1.\Tf.!c 0, (1 ?, \) 7.U Zl . íl 0. ,0 6 59 .é,~ 3.70 

M.lJ'.-1 o o 2.ü P. ') 23.(J o.is :; :8.IG tl . 7ll 

liSTCUri- 7.0 J. fJ ~,}j 2'l . ~ 0. :>J 5-7 E\ . t. l 7.53 

íf.lMUl 7.0 1.2 e. ~J 27 .5 o.,:o 6 :8 .~ 7 .5) 

WCQJ/ll!E 8.0 2.5 7.5 31 .5 0 .45 6-7 54.r,l 8.70 

:nuu 7 .o 3.2 8,5 31 .5 O.fll 5 50.IJô 7.53 



TABLE 3 - CANADIAN, U.S. ANO PO LI SH COKING COAL S 

PllOXll-1\TE A'W.YSIS (A.D &'\SIS) TDTAL 

rom. SU.PH..ll lfl OOWl (D.B.) TDTAL H'.JISTlRE (0.8. ) 

C()l\l IRA/O IOISME mlSTWE I\SH \Q.JITILE M,mu (A.D) FSI 

% % % % % % % 

S-O<Y R!VER 6.0 1.0 7 .o 18.0 0.50 7-9 67 .40 6.38 

IWJ·ER 8.0 l.O 9.5 22 .0 0.40 6-8 61.47 8.70 

FOlD!IG 8.0 1.0 9.5 22.5 0.45 5-7 ffl.89 8.70 

ílJlD!r-G H. V. 8.0 1.5 G.5 ll.O 0.60 6-8 S9.02 8.70 

IH'CO 5.0 2.0 3.0 35.5 1.20 6-8 57 .68 5.26 

BEATR ICE 5.0 1.0 4.8 18.0 o."ro S-9 69.78 5.26 

rtW RIVER 5.0 1.0 5. 7 18.0 0.75 S-9 68 . ll 5:26 

l'OOJNSQ'l l'lHLLIPS 6.0 LO 6.2 24.5 0.75 S-9 62.87 6.38 

PJTTST(?l M. V. 6.0 !.O 5.5 2'J. 5 0.75 S-9 60.32 6.38 

PWl!.ESS 6.0 2.0 6.3 32.0 0.75 7-9 57 .12 6.38 

C()l\l MlJlfTAIN 5.0 2.0 6.0 33 .0 O.'O 7-9 56.25 5.26 

FIRST 11\JA 8.0 2.0 7.3 28.5 0.67 8 58 .56 8.70 






