
Parsons-Jurden Corporation 

: Anvil Mining Corp. Ltd. 
P.' O. Box 1000'" 
Faro, Yukon Territory 
Canada .," 

October 23, 1970 

H •• Tomini 

.; j~i~;( . .:;' P-J Job No. 3746-6 
Anvil Project 
Study of Fuels and Equipment for the Anvil Pro.1ec'.; 

"' 'D~~~ Mr.·.Jomini: 

.-- -. .. 
l)<1- ,-. "" 

, In, accordance ,with your telex of October 19, 1970, we are ap ending one 
copy.ofa study entitled "Study of Fuels and Equipment for lant Heating, 

,,,,::OrY~ng of Concentrates and Lime Calcining" for the Anvil Project. 
" ,," ~. ".~;.' "l"' , " 

,-,c .. '')- 'J.;:~~.".'~' ", 

.'~'We:would also like to advise that we have discussed the boi er brecehing 
~,ahd\insulation with Hr. A. R. Hehne, and wiso to offer the ollm7ir,~;: 

!- '>; ,.,.~~{}". ~~Y. ~ "\ " ~;. . . 
. . ., ~ 

"".}(I'1. The fabrication and installation of ·the boiler br 

,:~;1~;i~r,,:,' :::,.~~~: ~~ ~~: :~b~~n~::~~6~. Co. The insulation of samL' 
. ~ ;:j7<: 

.~; ~ ,,"{". 
\'~ ,Ii· 
"{!. '\ole are presently studying means of isolatinl! duct 

structures to eliminate transfer of heat from duc 
labo!.ator~floor. 

supports, 
steel to 

touch with you on the solution of this uroble in the near 

Very truly yo rs, 

PARSONS-JURDE CORPORA'I'ION 

" 

J I'· / /' . r '_ 

D. Van De Voo t 
Project Direc or 

• ,;t 

'v ;f~~):;:iA .. 'Meh~e;.;, , 
,;'~n:Ci~,Skl,..nker/W. White. 
/Ljr·,~·: ~ f~t\~;~; "'4 r:~fh·'r.:t\~ . .' '-;~,. :" ' ffnl'Jlnpprf. {}nnrfr'llrfnrt 
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This 3-':'udy. a.e"'C2r .. 11inC:3 tIle Yi:OS"'C 2conol11icul u\rcila:o].e tuel, t,y.pl.:'" : ... pla:--u~:' {:c~:l'Ging 

SyS'~2::1 unO. r.umlk:;'~ 0::.' boilers, and. t.~1(: wost finsncially m;t,:;.'acti c comb:,,::i:tion 
OJ.:' eq"uirJ:-ti2nt und fuel for I)lan·c heating, COnC2r.itl~a.te drying, an lin~c i' a~~~ini~g 
for a 5800 TPD Lead and Zinc Concentrator to oe 10ca"'Gec. ncar w1;- te;J.ors~' in the 
Y~on Territory, Canada. 

1. use coal for all fuel requL'.::::mcnts, ir .... _conj w'1ction i.,ri th nil' CO.; fired dryers. 

2. Use high teraperatu:ce hot water boilers and associated syste. for pj ,i~-'O'; hea-i;.­
ing purposes. 

3. Provide 3 high te~perature hot water ooilers, each with a c pacity of 50% 
peak plant heating req-uircJ.ents. 

The recomrr,endation in paragraph 1 is subject to confirmation fr r;l l\nVLJ. I~~ning 
Corporation that the ash contauination is Eicccptable to the Gme -eel' c,c;lcia2.c, 8.r.c 
that any associated penalties are not of significant magnitude. In the event the" 
t~e ash content is objectionable, We recoriliiler.d: 

la.' Use coal for t~1e f-Llcl r0quireIJ.er:.ts of T.he boilers and IL e kilr, , and Bunt;.c: 

01 t~ 
"A" fuel oil in direct fired concentrate o.ryers. 

SUlf.f/JA~Y OF CONCLUSIO;:~S 

1.. Coal is the most economical fuel and costs 50 'cents less pe mil:;'ic;~l 'ntu 
delivered at plant site than any other fuels considered pro. tical ~~,ir;:.'J.is 
plant • 

. 2. The capital cost of a hiGh temperat UTe hot w<~ter plan't heat n~'; sys:. dl isle:::; ~ 
than a steal'll plant heating sys-.:.em, but IT.ore than oil fired. ,arm ce:;' , heaten;. 

3. The capital cost of three high tt~mperat ure hot watel' boiler 
capaci ty 150% of peak need) is $6,000.00 more H,an tvo boil 
.capaci ty 160% of peak need). In the former case, the plant 
dized in the event that one boiler is not available and in 
loss of one boiler exposes the plant to i'.ceezing COBo.i tions 
2.winter months. 

'; ,~ 

, (C01TJ,:;' n\~d 
1's (cc;,lincd 
i [~ l~ot ." oo,))ar-
he IG:c.-:c:;.~ case, 
for ap-::c:~imatel~' 

4., The' scheme requiring the 10'west capital investment consists 0:: No. 2 fuel 
oil fired warm air heaters fOl' plant heating, and direct fi ed concentrate 
·dI"yers and lime kiln using Bunker "A" fuel oil. 

."The'lowest annual fuel cost is obtained by using coal for a 1 applications. 

'Tn~ lowest combined capital and annual fuel operating cost s obta::_ncd by 
,;::the 'use of: 

2 fuel 'oil fired warm air heaters for plant heating and eli.rect, 
concentrate dryers and lime kiln using Bunker "All fuel oil, for 

t'f.",- : 

1 -
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, ,. 
the period between plant s~urL-up and 2 years afLer 

b.' No.2 fuel oil :tirea W2.:'"Jl a::'r Ilecl.t,:l'S for plant heatinG' L.ncl c.i:;:ect 
fired concentrate ':':-yel's a..'1d lim.;; ;;,:iln using coal, I2riod be-

" twecn, 2 yea.:.·s, ana 6 ye5.rs a:t-ce:c pl.:;.r.'t start-lAp. 

Coal fired higr:.. terr1i')cr&tUTc hot i"o:~er boilers for pl· r:c; and 
direct fired concentrate dryer;; and lirne kiln using 0&1 6 Yl'u.l'S 

. ai'ter pl,ant start-up ana thel'eai\;er. 

~t 

Tj:~..: c:;;.pi tal cost figures used Tllay not include all ec:.uipment and all dir,'ct 
labor costs. However, the cost differences are considered realistic m',ll 
therefore,v&lid for the purposes of this study. 

All cost fiirures are in Canadian d.ollars. 

FL8L: - SPECIFICATIOJ\"S A:!::J C03'rS 

The fuels consid.ered are: 

~jo. 2 Fuel oil 
Bur.ker "A" 
B t<;."lk e r " C " 
Coal 

Unit price delivered at jobsite, btu content., [md cost at jobsit pC' :,':'llion 
btu a:::-e stated in Appendix "AI." Typical ch[l.~'[l.c"Ceristics of No. 2 fuc<,_ oil 
B11."1.:,:er' "A", and Bunker "e" fuel oils are listi::Q. in Appendixl'J~2i1, and a,j eA.-­

tract frOill Wni tepass Yukon Railroad T'vlX dated August 23, 1967 co, cerni,- ~ ~~,:o­
n.J.'Dle practical limitation or usa{;e of Bur'::~er "e" fUel oil to 1 catiOLt clO.5e 
to tidewater accessible to ocean tan:-;:er is contained in Appendi· "A3". 

For the purposes of this study, Bunker "e" f\;,81 oil is not considered [tL,ther 
because of doubt.ful availu-oili ty at the jobsi'~e, possible usage l)roblcf,.S, and 
nominal price differential between Bunker "A" and Bunker "e" fue oils. 

Su..'Y.ples' of the coal under consideration were ,3ubmi tted to Babcoc & Hilcox 
Cor::pany for laboratory analysis for the Prelh1i •• ary FeasibiE ty ~t,udy c,"ted. 

" ApZ'il 26, 1966. A copy of the laboratory analysis, report on th laooru.tory 
findings, and transmittal letter arc contained in Appendix "A4". The report 
indicates that the coal docs not require upgrading by mechanical clean~LC, 
co.:) easily be burned with any type of conventional firing equipr.; "'nt, cn;l 

. should provide trouble-free ope::'ation in furnaces having heat releases rates 
which will avoid slagging of the low fusion temperature ash. 

FuELS - ANNUAL REQUIREMENTS AND COSTS 

The annual fuel requirements and fuel costs for: 

Plant beatinc; 
Concentrate drying 
Lime kiln 
Trucks '\/ 

2 -



) :<' 

',. 

,," 

?ire listed in Appendix "Bl" 

Peak fuel requirements in btu per hour for plant heating, and est' mated average 
fuel requirements for COi1centrate d:.-ying and calcining of the li ,in h·U per 
hour, are tabulated in Appendix ":32". 

~~, COST COMPARISONS 

;~.i A. PLAr."T HEATING 

., 
. ", 

,j'. ' 

',.'V' 

CaDi tal Cost 

Comparisons of capital cost are made in Appendix "Cl" to determi e: 

Number of boilers for plant heating 
Type of boilers and plant heatinG system 

The comparisons show: 

Case 1.' 

""': 

The capital cost of 3 boilers, each having a capacity 0 50~; p1i:nt pea.~ 
heating requirement, is approximately 2% higher than th- capital cost of 
2 boilers, each having a capacity of 755; plant peM hea i:1g rC'luirernent. 

, Case' 2. The capital cost of 3 high temperature hot water boiler and a;:;::;ociatcd 
heating system is 11% less than the capital cost of 3 s eam bo:iiers and 
associated heating system. 

The following recommendations are made: 

1., l' U3e 3 boilers, each having a capacity of '50% plant peak 
ments. 

2 •. , Use high temperature hot water boilers and heating syste 

GErJERAL 

l"equire-

The plant heating calculations do not provide any appreciable sa ety mo:;:,":;in be­
cause of the close relation3hip between freezing temperature and design D.r.1bient 
temperature of the principal buildings. 

The use of 2 - boilers, each having a capacity of 80% plant peak heatinh require­
ment will expose the plant to freezing conditions should one boi er nm; be available 
during,the two coldest months of the year. 

- The structural costs connected with the controlling of movement f the H.T.H.W. 
, : and steam boiler piping systems are not included in this study. 

em-mINED CAPITAL A..~D FUEL COST ' 

Comparisons of combined capital cost and annual fuel cost are rna e in Appendix "C2" 
for: 

... Warm air heaters fired with No. 2 fuel oil. 
High temperature hot water boilers with Dunlcer "A" fuel oil 

. High temperature hot water boilers fired with coal. 

3 -
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. Tne comparisons show: 

'Ham air heatcl.~3 require the lowest capital investment. 
The lowest corrected annu~l fuel cost is obtaine~ by using coa 
Tne co:nbincd capital and fuel cost of a coal fired RfHH plant 
equalizes with the No. 2 fuel oil fired warill air heaters after 
eluding ~ine capital cost, or 8.7 years, including mine capita 
bot~ cases saves $135,000 per annum thereal~er. 

B. CO:1ICEiITRATE DRYING 

Combined Capital and Fuel Cost 

fuel. 
eati:l.(: ::>vstem 
6.Lf y,,:~:'::~;" cx­
cost ~ du.:l in 

Comparisons of capital cost and annual fuel cost are made in Appen ix "Dl" for: 

Concentrs.te dryers fired directly .,ith };o. 5 fuel oil 
Concentrate dryers fired directly with cos.l 
Concentrate dryers fUrnished with steam from coal fired facilit·es. 

The comparisons show: 

Capital cost of steam tube dryers is $385,000 greater tha..'1 fo dryers fired 
directly with coal. 

2. Annual fuel cost for ste~ tube dryers is $90,000 more than fo direccly fired 
, dryers using coal. 

3. The capital cost difference of steam tube dryers cannot be re 
savings when compared with dryers direct fired with coal, und 
when' compared with dryers, direct fired with Bunker itA" fuel 
is extended to 16.2 years in the event that the full burden 0 

is charged to the concentrate drying operation. 

ASH 

ained b:r fuel 
akes (\ .. 'T yco.rs 

'X,' ,;,s period 
Uline c:::I}!itnl c,,:::;,~, 

Appendix "Dl" shows the percentage of ash by weigh.t in the concen rates, assunung 
100% of the ash reports to the concentrates, to be: 

Lead 0.52% 
Zinc 0.64% 

In practice, the percentages will vary with the type of coal firi g used ,md design 
of corubu.stion chamber. Tae use of a spreader stoker using coal s . ta.bly sized, to­
gether with a tl'aveling grate fo::.- cor.tinuous removal of ash will ffect (', major re-· 
duction in ash carry over and associated carbon fines. 

The following recommendations are made: 

1. Use concentrate ~-yers fired directly with coal, providing th 
the ash are acceptable to the sffielter schedule without paymen 
any significant magnitude. 

constituents of 
of B rcnalty of 

lAo Use concentrate dryers fired directly with Bunker "A" fuel oi should the con­
ditions of paragraph 1 not be satisfied. 

- 4 -
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GBi'r~RAL 

The capital cost of the indirect fired dryers is based on "the use f stcc'l tube 
dryers furnished with 120 psig satur<:..";;eci. steam fl."om a H.T.II.H. to team C;',Chi'l'lGer. 

/' 

A coal fired 25 x 100 btu per hour H.T.H.W. boiler, identical to t c pIon·, r.cating 
boilers, is a.dequate for this service, and perrrd. ts u;:;;e of the pIa l.o heo:t,:LflC; stand­
by boiler. The capital cost of the n.T.H.W. boiler and heat exch nr;cr i .. :'~; st.eam 
genel'ator is less than the cost of a stesm boiler and identical standby ',~,L-, 

C. LIME CA1CINIfJG 

Co::::";:)ineCi Capital and Fuel Ccst 

Comparison of capitol. cost unCi c..."1nual fuel cost are made in Appen ix "El'l for: 

Lime kiln fired 'vith coal 
Lime kiln fired wi"th Bur..ker "A" fuel oil 

T"ne comparison shows that the coal fired lime kiln costs $98,000 ,ore tl1[n for 
a lime kiln fired with Bunker "A" oil, and that the capital cost iffercr,ce is 
regained in less than one year by fuel savings of $101,000 per an urn. 

The following recommendation is made: 

1. Use a coal fired lime kiln. 

COlvIPOSITE COST COMPARISONS 

Combined Capital and Fuel Cost 

The capital cost and annual fuel cost of various combinations of 
fuels for plant heating, concentrate drying and lime calcining ar 

. Appendices "Fl" and "F2". 

quipmc;'~; [In.d 
tabw,'::'0d in 

, Scheme Fuel Plant Heating . Concentrate Dryer L::;;,e Kiln 

General System Fuel Firing method Fuel 
, ~; 

'I Oil c" HTHH Bunker "A" Direct No. 5 
i,}I' Oil Warm air No. 2 fuel " " 

oil 
, III Coal HTHW Coal " Coal 

IV . Coal " " Indirect " 
V Oil & Coal " " Direct 

::vr " " Warm air No. 2 fuel oil " Coal 
VII " " " ." " " Bunke 

The lowest capital cost is for Scheme II, and the lowest annual fuel 
·using Scheme III. 

, 
Tne combined capital and fuel costs are shown graphicc.J.J.y in Appendi 

. the above schemes for a period of 12 years. It was assumed nothing 
e>..'tending the period of consideration to the plant life of 17 years. 

, , 
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Fuel 

Oil No. 5 Oil 
" 

Coal 
It 

"A" " 
" 

"A" It 

ost is obtained by 

"F3" r'Jr each of 
uld be Gained by 



" , 

" . Tt.e... graphical representation perIJitn the schemes p:i.~oviding minimu.ll. orubinc( c8.}li tal 
and fuel costs to be readily identified, as follows: 

" 

, .~ 

Write-off period Scheme 

2 years VI 

6.4 years III 

Tae follo.ring recomr:lendation is made: 

. "1. Use Schene III, consisting of H. T .H. W. boi-l-ers, direct fired d ers und Hme 
. kiln, all using coal fuel. 

GENERflL 

., ;-~, 1" 

No differences in unit costs of coal have been used for the various total L\~',m':'8.1 

requirements. It would be assumed that use of coal for all fuel re uircrr,0;1~,:~ can 
be expected to reo.uce the unit cost 0'1: coal at the plant site and t e:reb:r I il~(; more 
financially attractive the use of this fuel. 

COlvlI'-IENTS REGARDING USE OF COAL FROM OTHER 
MINING OPERATIONS HI THE YUKON TERRITORY 

During the course of developing the fuel study, ~jr. Thurmond of Anv 1 Hinin;,; Corp., 
Ltd. madeRMPCo. aware of the fact that two (2) nine operations (Un ted KenG lIill 
and Cassiar-Asbestos) located 1;:), the Yukon Territory haC. originally fueled ',,;:cir 
operations with coal, but subsequen~ly changed over to oil.At his r quest, fj,;PCo. 
contacted representatives of both mine operations to determine thei reaS0:'f3 :~'or 

the changeover in regard to their effect upon our study. 

Following is a brief summary of the reasons concerned with 
part of each operation: 

A. United K2no Hill 
General Manager. 

located at Elsa, Yukon Territory - Contact d Mr. h Stonel', 

The mine operation is approximately 180 miles northeast 0 the Ce.'<n:o.cks 
coal depos it or roughly 80 miles further east than the An il OpCJ L"'~" ).0)).. 

The Carmacks coal deposit was under ownership of the Yuko Coal Cl'.~ a 
joint subsidiary of United Keno Hill and Con-sol. 

The problems concerned with their use of coal as a fuel f r plant; heat­
ing and concentrate drying were as follows: 

1. Primitive coal handling facilities for unloading and 
such as use of wheelbarrows, laborers, etc. 

2. Use of concentrate trucks to backhaul coal involved e ensive delays 
during coal unloading operations. 

3. Coal fired boilers were anti~uated with high ineffici ncy and required 
, extensive. and costly overhauls to upgrade. 

- 6 -
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4. Cont:::-ol of coal fecu to boi lers and. dryers was ci.i ffic ' t to maintain 
and involved high labo:c cost.s. 

5. High dust content of coal created hu;nan relations pro wi ",;, ',;own-
si te personnel locat-ed adj acent to rr.inesi te during co 1 hancil"~;.:.e; oper­
ations. 

,. 
o. 
~ ... " 

Carmacks mine operation 1;.tilized Inciian labor, lack 0 which ;,resenteci 
a problem during tlle trapping season. 

T:'1e decision to chanGeover to oil :fuel provid.ed galL, [lS well 
as reducing labor aad lr,wla.'1 relaflon problems. The c st of C, rclopu-.C 

'an adequate coal ha;,cilin~ operation, t~pgradiD~'; the cO'l fire-c. DClilers 
and installing adequa"ce control equipment greatly exc eded th" cost 0:;:' 

installing autOmated fuel oil fired. facilities. 

Installation of the oil facilities reduced their ha;ld in~ pn1,)lcms; 
eliminated much of their labor costs and provided fIe. ioilit,y of con­
centrate truck operatioas through the use of b~lly ta ks for ,);lc;;:haul-

'. ing oil. 'A representative figure quoted by Xl'. S-conCJ- as i'kc'ic[,:;ing 
the economy gained, reflected a heatir'G cost for the r.onth of <)3.:1UaT'J, 
1967 using oil of $13000 as compareu to the ii10nth of J ar,uar:r, lq66 

',' using coal of $22000. The val1;.e gai:1ed however canno'- be o.~~;~·i~)Utcd 
to oil only, but also reflects the larGe saving gair.e thro'L::" less 

"~,, labol" and maintenance requirements. 
Cd ~s Iil.-r' 

B. Cassiar-Asbestos - located at V6:ts-on--l;@.ke, British Columbi - Con-::.ac~cd Mr. 
A. C. Beguin, General Superintendent. 

This mine operation is located approximately 350miles so theast of the 
Carmacks coal deposit, and approximately 200 miles east f \'Thitchoj:-;c;c. 

, ~The difference in costs required to obtain coal or oil f 
tions was almost negligible when compared to the prices uo-::;ed '(;') Ill~'til. 

'The economies to be Gained in their decision to changeov 
not so much based upon cost of fuel savings, but rather n maint ;';~L'nce, 
labor and handling savinGs. Transportation of coal to t' e ;ninc.;',:,xc 1'D.tion 
was by way of product hauling trucks and involved a doub In 
addition, the use of the trucks for coml;J.on haula~~c led t contc:,~l_!lCl.tion 

of product shipments from the coal characteristics. 

Other points concerned with their decision consisted of 
"labor supply available at the coal mine during trapping 
,ishine; reserves of the coal deposit; availability of spa 
or changeout the coal firing equipment; problems 'l-ri th co 

. firing points; and labor and equipment required 

, Summarizing the above, it would appear the only COllli"TIent 
bearing on our s~udy or recommendations would be the pos 

"arising from an inadequate labor supply to operate the c 
::-iproblem could be overcome by providing sufficient storus 

mine or the mill, to override the period encompassing th 

- 7 -
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Ho. 2 Fuel Oil 

t., 1\ !.:., " 
"'\. ' , 
~'.~ '>" ~ 

, , 
. 'HOTE: .. 
""'-; 

. " 

COST OF FUZLS 

Unit Price 
,Jt Jobsi te 

$0.240 / gal. 
$0 .185 /gal. 
$0.1681£;1).l. 

$1l.25/ton 

B.T.U. Content 

161,500/ gal. 
178,800/2al. 
183,100/ gal. 
. 11,500/1b. 

t .' 1. Gallons are Imperial gallons. 
t 

, 2.; Tons are Short tons (2,000 lbs.) 
"J,," 

No. 2 fuel oil unit price based on 
2. million gallons per year consumption. 

APpl~;mi.X "AI " 

Cdst/l06 B.'I'.U . 

$1.48 
$1.04 
$0.92 
$0.49 

.. 
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'1>.. P. 1. Gravity 

,/Viscosity 8.t 122°F SSF 

" ,II 

Flc.~h point 

B. S. r.nl F. % 
<-

Sulph'C..:: % 

Ash 

Se:dir;itmt by extraction % 

C2.r00!l rC3::'due % 

" " " imp. gallon 

NOTE: 

") ? 
C . ...J, 

SPECIFICATIOli3 
,----~ 

Britizh~ fIL1cri can Oil Co.' , , 

diesel fu~l 

::;ol?r heat 

38.0 

150 

a 

0 

0.38 

0.01 

172.500 

, 
BlL"lkcr "A" 

Stancl2.rd lirht 
, fuel oil 

230 

0.1 
, \ 

0 

0.0) 

119.29G 

Bunke r "A II 

StarlC1.:,l"(l. li2;llt 
fuel oil 

Ex R:i,C!1r:O:lcl 
Calif. 

Ih.o 

33 

110 

. 0.2 

-2Q 

0.90 

B1..Ul'::er '\;" 

Ex: St2.r~(ard 

OiJCo.,c 

171 

:?G 

0,L;-

0.6 

O '; .-

'" , 
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1'".com wr-.itepass YUlwn Railroad T"\v,,( ds.ted August 23, 1967 to Parsons 
Co:rporation, New York, Att. Mr. Van De Voon: 

. AS 'INFORHATION FOR YOU-IT HAS BEEN FOmm II~PHACTICAL TO H&WLE THIS 

HEAVY BLACK OIL IN S;'iALL 'I';'::~KS ?OR ROAD OR RAIL DELIVERY TO Il~TE.tlIOH 

YUKON OR ALASKA. NONE OF TIE OIL CmlPAlUES OPERATING IN YUKOiJ OR ALASKA 

.,. PRESK~TLY' DELI;vEnY BlJNKER C 70 INTE.~IOR POINTS. I KiWIV' OF ONLY '1'\':0 

INDUSTRIAL INSTALLATIONS IN ALASKA WriICH USI!; BU1~KER C OR EQUIVALEi~'I' A.iW 

BOTH ARE LOCATED ON TIDE HATER A.:.'ID TAKE DELI\liRY DIRECTLY AIm IN LARGE ,-': .' 

" 

t",' 

" ~) .. 
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?orsons-J~~denCorp. 
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SOiLeR DIV1S!ON 

DIS T R'I C TOr r , C ~ 

161 EAST "2nd sIREn 
NEW YORK 17, N. Y. 

February 7, 1966 

(,Ulf ;'DDRESS ' 

'. 0 v l f; 0 X C ~ 

"tL~·rHONc 

MURRAY ,',I" 7·6700 

Nr. I.loS. Uuberu'1auer 

Re: Coal hnalYBo~ 
Yukon Terr1tory Co~l 
Our Referenco ,- LS~3590 

.. Atyach\'!d hereto you will ::tind four (4).coples of a re:;ortby 
our ~1r. A.:? Duzy FUel Spcclo1ist p dated" Febru03ry 4, 1960. 
ii'his reportic; ba.sed 0:1 t:'lG analyticc.l \;iork dO:1~ by o~i.' ;.1.:"; •. : .. :;8 
,FUels La.borotory on the s:li:lpleE of' cO::.l.lc for'.'w.rdcd U3 by 
i·iT. 1.1.0.' Ul"a.,t o.nd' ide •• t::'fied in liiiJ letter of Decc;:;obel' 2,) >' .. ,~5. 

You ~ill no';;~ ,fj.4 o-::l thl0 re-;?ort that the coal D..;Jpeo. .... s to be <,~"j 
", C::cell::mt one" fOT providinG stecm Jl end the o:11y rcquirGwcn';; 
\:1o~ld b~ t;l1o.ti 'tn.,; l,)o11~:· fu::no.cc shculd be adequately olz«, 

, topTevcnt alo..'!Gin,3 \:1i'~h the low ter:.:peratu~:·e fusin.s ch8.r&c:'j'~st1c8 
o~·thc .:l.cl"l. ':I::r you ha.vc c.ny questiona in connect1on ,,;$..th t '" c, 
:r~,POl't plco.ee, ;Let ua k.10'iJ. 

I~'so for as the UGe of thio fuel for metallurgical purpoac3 t 

, \:1oUld you be kind enouGh to adv1se U;J wnether you 'tl113h to /'Q)''I13,ll''d 

: ",< sD,t:rP~cg,for, further tClS".;S., ' .. 

" 



C~{?~:S.S.:: :'::N:~ C~.:~~ 
X8ar Car~aC%S, Y~~an 78~;~~0rv. C~~~~q 

,'t~nis ~··)7)Jl·C :'5 dividea into t'.{O r',cl:i..r. s!:;c"l.ions ir; 01'(';' ~(. 
~~eo.r:1 coal and. :-nGtc..lltlrgic(=J.:' coP~: ~~~;:~ce. :~\~; .J. ... ~ ) •. ",\:~\)~ •. r,~, 

.~:.:~;~·'.·::~'·]en supp.l1cd pertaini~J~ to rr.8·~~""Oc. o'!" So.i~,~lling th(~ r;ii':~,~ :"",,~ .... 
... "",,~.'" .I..~ .. '- ..... ~Y"\::,1 m· ....... "r"I..-,L"o:J -r':"l L"o:~"':'~.,~··",,('I' CO~'''''8",,",-i'S " ", 

• \.":',J~.lL. t)r ., .. e.(;'.C1d.i.!c.: .... S .... J. .. ~..I.t;.l rt:::, L..I."~ J.. .I.. ..... lj •. J... .. ..i.l,::.J Ioid. Aiv L ~ 

'.' ,i.:, ;':'.~ .. ; upcr. <;ho as surr.ption tn8 Sf.wp 1::. :;'6 wen,oel s used rC}Jrc ;;':-
;<;,:;·j;-~.<.:..;·-mj.n':ldcoa :.. 

" ~ ~ ',; .. 
: '."',' 

. , (;'~e coa~ ran~( is high volatile B bituF.ir.o'J,s. This i::-, ;):~:;. \'., 
.. ~~ R~arage 36 per cent volatile ffiatter conten~ (minern:-~~~~c~-rr~0, 
<:~'Y; ':);.sis) and 13,700 :Stu/lb (r.,ineral-matter-:':l.'ee, I.,oi:c;t ,;:.;J)' 

I'~l;.t}': Goal is thus si~i-la-~ in ran.l{ 1.:9 tr .. a.~ frora SOTi18 of t;,~: .. ,.~~·:4.cr 
~~~% seams in western KGntucky, Illi~ois and :ndiana. A~~~!~8S 
Q;a:1 samples appear in tnB attached compila~ion. 

, .". ' 

STEAM COAL 

,''':;I..~. '';''::'en:oderate ash content of 12 to 16 per cent, 10'''; SU:~~'~r 
':'cont(:":1t of the coal and the ash characteristics preclude C\,:y 
s. c9n~ideration of upgrading the coal by mechanical cleanin~. 
, ,,1-'"; " ~ • 

0.\\ 

-~ •. 1 :~ dry mining conditions prevail, the only preparation 
fa6ilities reouired will be crushing" dustproofing an~/or ~rcc%u-
p~~od:~'ing for transport, and conveying and storage fac:;'lj"~::",~ . .,, 
If.,Q11stproofing or freezeproofing is reouired it is reco;c ... , :11(,80 
~~&~ :ight oil treatment be used.in accordance with accep~8~ 
~r.o,ged.ures •. 

" ~:o::. ~ -:ure Con ten t 

. '", 

~The equilibrium moist~re content of this coal is quite :O~) 
ranging from 3.8 to 4.6 p~r cent; this is the inherent or ~GC 
·~9isture of the coal • 

~lr drying the coal to one to three per cen~ moisture ~onte~~ 
'? is .. readily attained; this is the residual moisture. 

Su:fur CO;1tent 
. ~ .. "'.'; 

. The sulfur content of the coal is very low ranging from 
only 0.3 to 0.4 per cent on a dry basis. The low lev81 of ~his 
impurity is also indicated by the low iron oxide content 0; ~ne . 

• > ash~ '"'., 

~atter and Hvdrogen CO;1tent 

. The volatile and hydrogen contents of the qoal appear to be 
low for coal of this rank. The dry, ash-free values are ~~out 

,. 37 and 5 per,. cent, respectively. One might consider tr.es~: l~O 

, . ........ -. -.-r·~ .-~ ........ -, .. , .. ~ .. -.-, .. -.- .. --... _._---_._- ···n· ___ ·· ______ ~_. ____ . __ ._ 



, . 
-"" -

'It 10 per cent lower than anticipated (40 and,5.5). 
I 

;his'coal has a lignite type ash, that is, the CaO pl~;G M~O 
iC()~:/::-.t exceeds, the l020"') CO:1tent. There is, h01 . .Jever, ii 

;n.df~ciGr.t amount of acld.:Lc const:''Cuents in \:;ne a;:;h, as ~_r,Ci(;;;.to(~ 
; ~~. the low fUsion tempe~ature rangin~ from 2170 to 2290F. 

I • 

,;';-;8 tem,8r'<:.turo sp~ead betHe_en the reducing nnd oxici~,;',L".:-: 
i'usi ti 11 ty points is sma 11 because or:' the 'low iron oxide! con con t. 

'Atoll Viscos;i, ty 

, .,.; "~I The calculatedvi'scosity of' the coal ash-slag is also J.O'"J. 

,';'?he250 pOise viscosity occurs at, temperatures ranging f~o~ 219C: 
; "'0' 2'" ')0;;" ; '; ". . . ~ , ~ ~~ ~. 
, ; ",t.J.. > < • 

'.>,~~"\, , 
~ 7he basic.constituents are composed mainly of lime,and 

.·~magnesiumoxide. The dolomite ratio; 
~... , ' 

( Ca 0 + M F" 0 -::--) _l=O,-:"O:--::-_-::--,-=_~~ 
Fe203 + CaO T MgO + Na20 .T K20 

is also high, ranging from 70 to 80, comparable to a typical 
lignite type ash. This ash-slaG would be expected to Dt:l d "short': 
slag, Le. ·the fluid temperature ra'nge of the slag will be s;;,allt-
,~o~pared with a non-lignite type ash having the' same 250 poise 

'.v.i sco.sity - tempera ture l'ange. 
~ ~. . 

., . 
esh ?Qu1lng Qhnracteristics' . 

This coal ash m~y be considered.as a low fouling type. 7he 
::troublesome constituents that indicate potential ash fouling are 
" ,tne j Na 20, K20 and chlorine content • These troublesome cor.sti tue:1~S 
,areall'qUite low. . .'.:' •. 

~'~:·Cr;i.ncaM.l;\. ty 'and Abrasiveness 
. .. 

. '. The grindabili ty values of 58 to' 80 are somewhat high~r 'L.han·· 
0:-. expected for. coal Q:t this raul\:. ,Considering the low su~. " conto-.:lt 

.; and the amount and type of ash, this coal should be rela '~i ve 1y.;: . ,",' 
';.' non-ubru.,ivo. . 

~." \ '.,. :". 

. ',I '< ..'1'1:0 coc.l is i{eakly agglomerating 'a s evidenced by the low 
_ ;'froo c::olling' index. It should be a relatively free burning coal 

. <:.nnd u lsQ haY,e '.good 1eni tion' qha:racteri,st1cs. 
,l,t ~. ': • /~ ~ , " •• 

" T ... ·~~· coal properly sized should be enti'rely. sui tabla for 
£ir~na in und9rfood, ovorfeed or. spreader sto~er typo oquipmGnt • 

.... ~ ~v ,t;' I I, • • 

" ";};"C~rQ' Bho~l~ 'be .Usod in furnace design' for selecting he&. t 

..... - ........... -----.. - ------_._",---
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FU1~L 

AN1WAL QUANTITIES &. COSTS 

• {'I' 

££9l.. Oil 
Tons §. Gallons i 

Boilers , 9,020 101,000. 1,090,000 202,000. 
" 

H.T~H.W.,Boi1ers , 8,400 94,200. 1,010,000 1m,OOO. 

',Wa,rm Air Heaters 1,120,000 269,000. 

~ Concentrate DElers: 

< 
10,800. 121,000. 1,390,000 257,000. Direct Fired, i 

• Steam Tube 18,700 • 211,000. -
-:j.: .. "1 " , , Lime Kiln 8,100 91,000. 1,040,000 192,000. 

t '.i 

.. 

TRUCKS 770,000 185,000. 

See Appendix "B2" for grade of oil. 

".-.... 
• 
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4.' 

HEATING 

Steam Boilers" 

'H.T.H.W. Boilers 

Warm Air Heaters , " 

Steam Tube 
-{ 

<'. Lime Kiln: 

FUEL R£QUI~:;']'1'2N''rS-:06 B. T. U. /ER. 

Coal Oil 

78.3 73.2 

72.7 68.1 

68.1 

" , , 

30.0 30.0 

50.0 

22.5 

JL. 

, ."It 

PEAK 

(BuJ:11.:er "A") 

(Bunker "A") 

(No. 2 

AVERAGE 

(Bunker "Il") 

(Bunker "A") 

(Bunker "A") 

Fldsh:from high pressure condensate used in heating system. 

Ste~ & H.T.H.W.'distribution in galleries. Losses considered negligible. 
,:?',' 

Warm air heaters, (80% efficiency). 

6 
Plant heating based on total plant requirements (54.5 x 10 B. T. U ./Hr. ) • 

Boiler efficiency - 75% coal, 80% oil 

6. ' ~team system, flash los ses - 7%. 
't,.,!f '. '. j '1 

" 

"',1. Lime kiln requirements based on 10 pounds of free lime per ton ore feed, 
50%. free lime in limestone, and 9-million B.T.U./Ton limestone. 

,1 
','y:" 
... \ 

. ./. 



PLAXT I-I~j .. '.rI}IG 

Case '1 - N1Ll:ber of Boilers 

2 boilers 

H.T.H.W.' 25,000 Motu ?er hr. 

40,000 " " , " $527,000 

. Steam. 30,000 Mbtu per hr. 

, -" 

\:- . ,~ 

45 000 II "{ . 
" II 

2 - Type of Plu.nt Heating System 

Three Boilers "i, . 

Distribution System 
' . . ' 
'Piping - installed 

Air heater units 

(labor not included) 
Total, 

544,000 

H.T.H.W. 

$533,000 

64,300 

210 ,000 .~ 

$807,300 

, .. 

Total Cost 

3 boilers 

$533,000 

Type of Syste;;;, 

Steam 

$554,000 

52,000 

352,400 

~911,600 



c'-., ) ---

Case 3 Comparison of Combineci Co.pi t8.l and Annual Fuel Cost 

Heating System Cr..pitaJ. Cost Annual Fuel Cost 

Warm air heaters $412,000 $269,000 /' 

2. H.T.H.W. 892,000- 227,000 * 

3... ,H.T.H. vI. 1,280,000 134 ,200 i~ 
,\ ' 

3.** H.,T.R.W. 1,580,000 *"N 134,200 <c. 

,., 

Fue::. 

( eoaJ'; 

In the ";:;able below, the combined capital and fuel cost of the system. in column A 
equalizes with the system in co1urr~ B after the years stated, and subsequently sav~s 
annually the dollars listed. 

Column B 

1 

2 

1 

2 

3** 1 

No. of years 

11.4 

4.1 

6.4 

7.4 

8.7 

Annual saving 

$ 42,000 

93,000 

135,000 

93,000 

135,000 

Th~ above values are shown in graphic form on attached appendix "C3". 

* Includes $40,000 annual cost ot boiler room operators. 

** Includes 100% min~.c~pital cost. 

,'>I,' , 
; '} ~1-'. 

, - \ c:.... ... _, 
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COi'TCEl'TTRATE DRYIKG 

C.:1pital c.nd An::u:::.l F'L21 Costs 

L Type of Q.:rJer Fuel Capital Cost 

.Direct fired B~er "A" $430.000 

'2. " " Coal 490.000 

:2* II " Coal 790.000* 
!:f. 

,3; , Stes.;n Tube Co~l 675.000 

-.3* ,II . II Coal 1,175.000 

Ash Cont~~nation 

Dryers firedcurectly with coal - figures are per d:cy"er 
. ',," , 

Ash content in' coal 15% by weight 

.J Lead Zinc 

Btu, per/hr. 12 x 106 14 x 106 

Co~ tons per/hr. 0.52 0.61 

Concentrate tons 
per/hr. 15.0 14.3 

Ash in concentrate 0.52% 0.64% 

" * Includes total mne capital cost of $300.000 

" 

, ... 

Annual 
Fuel Cost 

$257.000 

121.000 

121.000 

211.000 

211.000 

'. 
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.' ' 

.' Scheme I -, Fuel Oil , 

Fuel 

H. T.lI. 'Ii. pla.'1t heating :Zunker 

':1,-

Direct fired dryers " 
Lime Kiln " 

Sche~e II - luel Oil 

,'# " Warm air heaters No. 2 

Direct fired dryers Bunker 

Lime Kiln " 

Scheme III - Coal 

H.T.H.W. plant heating Coal 

."'" Direct fired dryers " 

Lime kiln " 
, Coal mine 

Scheme "loV - Coal" 

H.T.H.W. plant heating Coal 
'J 

Steam tube dryers , " 

Lime l;iln " 
Coal mine 

" 

I ~,..-

"A" 

fuel oil 

"A" 

" 

Capital Cost 

~S92.000 

430.000 

267.000 
1,509.000 

$412.000 

430.000 

267.000 
1,109.000 

$1,280.000 

490.000 

30G.000 
2,435.000 

$1.280.000 

8'(5.000 

365.000 

300.000 
2,820.000 

, -~ 

,Annual 
Fuel Cost 

$227.000 * 
257.000 

192.000 
676.000 

269.000 

257.000 

::'92.000 
718.000 

'$134.200 * 

121.000 

91.000 

$134,200 * 

211.000 

91.000 

-------
436.200 

" 
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PLANT EEATH!G. CONCEKTEAr:~Z DRLL,v 1,i,:D LIME CALCINING (CQ,lt I d. ) 

Scheme V - Fuel oil c.nd coal 

.. ' ,1. T.il. W. 'plant neating 

Direct fired dryers 

'. Lime Kiln 

Coal mine 

Scheme VI- Fuel Oil and coal , 

":'0, "'~".1 Warm ai~ heaters 
,,} 

",' '''\ 

Direct fired dryers 

~ Lime kiln' 

Coal mine 
. , 

SchemeVII- Fuel Oil ana. coal 

, ",',' 
Warm air heaters 

, "" Direct fired dryers 

,'"" Lime kiln 

.... 'Coal. mine 

Coal 

Bunker "A" 

Coal 

$1,280.000 

430.000 

365.000 

]00.000 
2,375.000 

No. 2 fuel oil $ 412.000 

Coal 490.000 

" 365.000 

300.000 
1,56'";7.000 

No. 2 fuel oil $ 412.000 

Bunker "A" 430.000 

Coal' 365.000 

300.000 
1,507.000 

cost for boiler room operating engineers. 

".;,,\ 

, ... 

$134.200 .. 

257·000 

91.000 

482.200 

$269.000 

121.000 

91.000 

481.000 

$269.000 

257.000 

91.000 

617.000 
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