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American Metallurgical Coal Quality - A General Overview 

BY: John Goscinski 
Massey Coal Export 

Envi ronme nts For Coal Formation - A General Consensu s 

Coal i s a heterogeneous mixture of organically derived plant 
remain s which have undergone chemical and physical changes in 
respo nse to bielogie and geologic processes. Nearly all coal 
scie ntists agree that coal formed in depressed areas in the 
earth i n or near shallow water. To form coal, plant 
accumulation must exceed r e moval. The principal mechanism for 
r emova l is decay. Thus, the conditions for profuse plant growth 
and accurnulation does not result in coal formation unless the 
bi ochernica l environment into which the dead vegetable matter 
accumulate s restricts removal or decay. As the plant material 
is buried and compacted, the rising water level restricts the 
activity of aerobic organisms. With the absence of atmospheric 
oxyge n , anaerobic bacteria extract oxygen from the organic 
matter and the process of pe at formation and subsequent coal 
forrnation begins. The difference in the original vegetation 
combined with the relative extent of aerobic (oxidizing) and 
anaerobic (reducing) decay may be largely responsible for 
differences i n coal type or lithotypes. 

Most coal deposits were formed in Parolic environments that we re 
c onnected with the sea and transitiona l between marin e and 
fr eshwater. Parolic coal deposits usually contain a large 
numbe r of seams t e rminated by splitting and separate d by 
occurrences of marine s ed iments which r e flect their common 
association wi th coastal formations, marshes, coastal plains, 
deltas, lagoons and estuaries. Parolic coal deposits ha ve great 
l a t e r a l extent , are r e lative l y uniform in thickness, and often 
dis p lay pet r og raphic variations in the seam profile . The two 
common site s for major parolic coalfield forma tion a r e in the 
foredeeps and on the shelf marginal to cratons. Lirnnic 
environments a r e also sites of coal formation where plant 
remain s we r e depos i ted around the margins of lakes. Limnic 
e nv ironments are not di r ectly connected to the sea and when 
hydrologically c l o s e d can develop a t an y alt i tude . 

Ex t ensive c oa l deposition di d not b egin before th e Silur ian 
since the abundant plant population r equi red for coa l f o rma t ion 
was no t established ea rli e r. The amount and kinds of p lant s 
available for accumulation wa s partially determined by 
e vo lutiona r y changes and climatic c ond itio n s existing at the 
time but also b y the developmen t and distribution o f soil s and 
p l ant nutr i ents . Fo r instance , low moors which ha ve basic soils 
that commonly contain a greater variety of plant nutrients than 
high moors can support a more diverse and abundant vegetation. 
High moo r peats are often associated with low PH environments 
and form coals that contain lower ash, sulfur, hydrogen, and 
nitrogen levels and low alkali and calcium conte nts in the ash 
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f o r mi ng mineral s . Changes in groundwater ~o nd i t1ons and 
hu midity ca n cause low moors to chang e into hig h moors . Th e 
qrou ndwater l e vel affects both t he biological environmen t i n 
wh i~h plants grow and th e bi o ch e mical environme n t in whic h the 
d e ad v e getation accumulates. Variatio n s in the c e nt i meter r a ng e 
o f wat e r level in a swam p ca n also cause l ithot ype c hanges . 
Va r1 a tions in th e de c i me t er range cause late r al mig r ati on o f 
moor f o r c es and inorga nic detritus ma y cover t he peat in s o me 
are as and n o t in others, whil e seam splitting may b e gi n wi t h a 
small c y cle of transgression - immersion - r e gres s ion that halt s 
laterally at th e axi s o f splitting . Variations i n t he met e r 
r a nge i n fluence formation of o r lack of depositi o n of a who l e 
c oa l seam. Uneven subsidence a lone can influence t he wa t er 
tab l e l e vel and consequently the peat accumulati on i n localized 
areas o f a depo sitional basin. 

Co a l Formation i n Appalachia 

Tectonic Activity 
Coals from the Appalachian region of the Eastern United States 
account for the majo r ity of metallurgical prod uction ori g i na t in g 
f r om Amer i ca ' s vast coal r e serve base. They we r e f o rmed i n 
moi st tropica l coal swamps which we r e located s o u t h o f the 
pal e o equator during the Pen n s y lvanian Period o f Geologi c time . 
The s e swamps f ormed an e longate slightly depresse d we t land area 
tre nding NE - SW from New York sta te to Alabama a nd border e d on 
the we st b y coastal plains containing brackish wat e r s , and o n 
the e a st by l owland s which gradualiy graded into highl ands 
f urther e as t . According t o the "Col l ision model" propo s e d by 
Zi e gler , e t al (1979) the parent continent of the sou ther n 
hemisphere referred to as Gondwana rotated clockwise and 
collided wi th this slowly e merging northe rn hemis phe r e c o nt i nen t 
of Lau ra sia causing the forma tion o f highlands , s uc h as t h e 
Ap palachians east of the ma j or coa l forming regi on s. 

Climate Co nditions 
Du e to a c ombinatio n of emergen c e (retreat of the s e as ) a nd 
ba rri e r formation events (mo unta1n building) climat i c r o nd i ~ion s 
we r e mod ified. Climati c c ha n ges i n t e r ms of re l ati ve wetne s s 
controlled the amount, kind s , and d i s tri bution o f c oal - s wa mp 
vegetation, pe at accumulation a nd u lt ima t ely th e amoun t o f coa l 
forme d. 

Ac c o rdin g to Phillips a nd Pe p pers (1984), th e Penn syl vania n 
Per iod is divisible into fiv e interval s b a s ed on r e l ative 
we tness. Two dry periods , one in Low e r Midd l e Pennsylvan i a n 
(Morrowan-Desmoinesian) and the other in Middle Uppe r 
Penns y lvania n (Desmo i n e sia n-Missourian) s e parate th e thre e 
we tte r intervals into an Upper, Midd l e and Lower Series of 
coals . These periods of wetness a nd dryness for c o al form a t ion 
offer a means of grouping coal resources with similar o rigins . 
Each wet period was of a di ffer e nt ma gnitude but i n general, 
e ac h successive interval of coa l formation was drier than the 
preceding period, but some individual seams in th e succession 
we re form_ed in wetter swamps such as the Pittsburgh coal. 
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Vegetat i o n 
The vegeta ti o n of the Pennsy l vanian coal swamp s consisted of a 
relative l y smal l number of genera and species with long 
strat igraphic ranges . One or sometimes two commun ities 
dominated a peat swamp from which coal was forme d . Freq ue ntl y , 
t hes e communiti es we r e reoet itive and f o llo win g an ac c umulation 
o f clastic sediments the communities were reestab lished to 
ini ti a te the fo r ma tion of the nex t coal seam. · 

Lycopods , tree ferns and calamites all of which are a t least 
semi-aquati c/ semi-woody lower va scular plants without seasonal 
dor manc y d ominated wetland swamps wh ile pteridosperms, cordaites 
and conifers (gymnosperms) formed the principal forest 
vege tation of the lowlands and uplands. The former c on tributed 
propo r t i o nally very large amounts of r oot mate rial t o t he peat, 
wh ile the latter contributed more shoot and less roots, 
re su l ting in significant fus a in accumulations. Lycopods 
comple tel y dominated the Lower Pennsylvanian coal swamps in 
Appa lachia a nd root material was more abundan t . In the 
Lower -Mi ddle Penns y lvanian transition, there wa s a fluctuation 
i n the abundance of tree ferns, seed plants and s mal l herbaceous 
p lants. In the Mi ddle -Upper Pennsylvanian transition , lyco pod s 
characteristic of the earlier Appalachian coal swamps became 
ext inc t and tree f e rns were dominant in most of the last 
Pennsylvanian coa l swamps. Coal resources diminished with loss 
of l ycopod dominance at th e Lowe r-middl e Pennsylvanian boundar y 
and with l ycopod extinction during the Middle-Upper 
Pennsylvanian t ran si tion. 

Ge ne r al Geology - Its Relation t o Coal Qual ity 1 

I n gene r al , the Appalachian c oal s inc r ease i n ran k fr om north to 
south and we st to east . Generally, t he coa l s incre a se in age 
from north to south . The inference i s that older coals were 
bur i ed deeper and we r e subj ected to greater tempera ture s for 
l onger times . The s u lph ur generally inc r eases opposite t o 
rank . The sulphur increases from south t o north and from east 
to wes t. The sulphur is generally higher north of the 
Charles ton sandstone which is frequently considered th e dividing 
line betwe en t he nor thern h i g h sulphur and southern low s u lphur 
coa l s bas i ns . 

Grady (19 79 ) divided coa l seams of West Vi rgín ia into; l ower , 
middle, and uppe r groups base d on environmental 
interpretations. The lower exte nds from the Pocahontas No. 3 t o 
the Sewell seam while the middle is f r om the Gilbe rt to the 
Cedar Grove seam and t he uppe r is from both Uppe r and Midd l e 
Coa lburg to the Uppe r Waynesburg, Figures 1 - 3. Coals of the 
upper half of the Pennsylvanian Period exhibi t greater var iation 
i n maceral composition than those in the lower half . In 
g e neral , mineral matter is more abundant in the upper ha lf of 
the Penns y lvanian while inertinite anã exinite are higher in the 
l o wer half. 



582 

Hig h Vol Coa l Qua l ity (Tables 1 - 4, Figures 4 - 21 ) 

The Pit tsburgh seam is the most prolific, metal lurg ical 
p roducing hori zon in the minable s tratigraphi c seguence of 
southwest Pennsylvania. Most Pittsburgh seam product i on 
originates from large stee l company owned o r operated 
under ground mines situated in All egheny, Gre e ne , Washington , and 
Westmore land c o unties of southwest Pe nnsylvan i a. Pittsbu r gh 
seam coa ls a re generally moderate i n ash (6.5%) and h i gh in 
s ulphur (1.45%). Their accessibility to water transportation 
and p r ox imity t o the Pittsburgh Steel producing region have made 
them a major high volati l e blending component in many U. S . 
coki ng coal blends. Their e xceptio nal fluid (2700 0 + d dpms ), 
di l ating (18 5%) and contracting (-24%) properties for their rank 
( 0 . 87% mean max Ro) have a l so enhanced their use . Their l o w 
alka li (1. 6% K2 O) and inert content ( 20%) are also worthy o f 
mention . Pittsburgh seam coals have also been known t o produce 
mod e rately h i gh coking pressures 1 .4 - 1 . 5 PSI at 50 l bs/ f t3 
oven bulk density whe n ca rbonized in blends with 25% l o w 
vo la t ile coal. Thei r high by-pr oduct yield also made Pittsburgh 
seam coal more attrac t i ve for us e in coke production during the 
196 0 ' s and 7 0 ' s when h ydrocarbon s uppl i es we r e limited . 

The only othe r major high volatil e me tallurgical produci ng seam 
in southwest Pennsylvania is the Freeport. Th e Freeport s eam 
which is stratigraph i ca lly located below the Pi t tsburgh i s 
understandably higher in rank (0 . 95% Ro ). Like the Pittsburgh, 
the f reeport exhibits strong f luid ( 27 000+ ddpms) and di lating 
(1 79% ) characteristics and contains low i nert conten t (18% ). 
However, its higher f l oat ash (7. 5% ) lowe r sulfur ( 0 .9 0 %) a nd 
re la tive l y high alkali content (2.5% K2O) set it a pa r t trom the 
Pittsburgh . Sizable Freeport coal r eserves located in Southwest 
Penn s y lvania wi ll b e the next generation o f coa l t o be mi ned i n 
the area f o r me t a llurgical us e . 

The Freeport s eam possesses me tallurgical cha r acterist i cs over a 
wi de geog raphic area in Northern Appa lachia, extending f r om 
Southwest Pennsylvania, east into Central Pennsylvania and 
We s te rn Ma ry land where it gradually increases t o the r a nk of l ow 
vo l and sou t h i nto Northern Wes t Virgin i a where it inc r eases to 
the rank of borderl ine med ium vo l i n Preston Co untr and 
dec r eases back to high vol in Barbour and Upshur counties . The 
Kittanning seams just below the Freepor t a r e o f ten mined and 
prepared togethe r with the Free port i n Central Pennsylva ni a and 
No rthe rn West Virgínia. These Free po rt /Kittann i ng h i g h volatile 
product s originating in Barbour a nd Upshur c ounties West 
Virginia are compa rable in rank (0.9 3% Ro l and contain s im ilar 
ash (7.8%) and sulfur (0.90%) content t o the Freeport proã u ced 
in Southwe st Pe nnsylvan i a . Thei r f l uid (2 5000 d dpms ) and 
dil a ting (1 76 %) c hara c teri s ti cs are also s imila r . Low a l ka li 
a nd (1. 6% K2O ) and mode rately high ine rt content ( 28 %) ar e also 
dist i nguishing features o f the Freeport /Kittanning high vol 
production of northe rn We s t Virg ínia. 

Moving further south into West Virginia , two di stinct bo rder line 
high to medium volatile coa l groups (1.0 9 - 1.11% Ro) exist i n 
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Randolph , Webster, Fayet t e , Raleigh, and Wyomi ng counties of 
West Virgínia. One consists of Upper and Lower Sewell 
production only and is concentrated in Nicholas, Randolph and 
Webster counties, while the other is comprised of #2 Gas 
(Campbell Creek}, Powellton and Eagle seam production from 
Fa yette , Raleigh, and Wyoming counties, We st Virg ín i a . Bo th 
product groups are r e lative l y high in inert content 25 - 29% but 
t he #2 Gas/ Powellton /Eagl e production gro up exhibits 
exceptionally good fluid (26000 ddpms} and dilating (270 %} 
characteristics for its rank (1.09%}, whil e the Sewell 
product ion group exhibits only moderate fluidit y (1 2000 ddpms} 
and dilation (160%} for its rank (1.11% Ro} . Most of the inerts 
present in the coals represented by both these groups con s ist of 
fine g r a nular micrinite that is of less conse quence when 
assessi ng the detrimental effects that high inert content has on 
coking properties. In addition, fine granular inerts are 
commonly associated with ex inite or liptinite which can e nhance 
fluid properties. 

The product group comprised strictly of Upper and Lower Se we ll 
requires further comment because the quality of the Upper and 
Lower Sewel l seams are distinctly different. The Sewell B or 
Upper Sewell ·1s generally higher in ash, lower in s ulphur, 
higher in inert c ontent and considerably more fluid, dila ti ng 
and contract ing than the Sewell A or Lower Sewell. However, 
s ince the two s e ams are often mined or ble nded together as a 
sing l e product,the Sewell quality is fairl y represented h ere in. 
The r e lat i ve l y l o w K2O and Fe2O3 contents of the Sewel l seam 
prod ucts are also worth noting. 

High vola tile production from the Eagle and Peerl e ss s eams is 
concentrated in Ni c holas and Kanawha counti es West Vi r gínia . 
Both p r oduc t g roups typical ly c ontain moderate l y l o w ash ( 5 .4 -
6 . 0%} and sulfµr ( 0 . 85 - 0 .9 0%) contents and l ow P2O5 conten t 
( 0 . 1 - 0 . 2%) f o r Appalachi an coa l s . The fluidit y (2 5000 - 27000 
ddpms) a nd dilation (165 - 172%) of these product groups are 
s imila r to the typical va l ues r e ported for Northern West 
Virg ínia Freeport/ Kittanni ng produc ts. The most notabl e 
differe nce in quality between the Eagle/Peerless seam product i o n 
or i gi nating in Ni cholas versus Kanawha coun tie s i s in 
pe t rographics wi th the r a nk o f Nicholas coals ( 0 . 99 % Ro } being 
s lightly higher than those produced in Kana wh a ( 0 . 95% Ro} and 
the inert content of Nicholas coa l s (19%) being lower than thos e 
produced i ·n Kanawha ( 25%} . 

In genera l, there is a grad ual trend towards l o wer di l ation , 
fluidi ty and contrac tion for high vol coals when movi ng s o uth 
and we s t , from south central West Virgínia t o t he 
western -most-metal lurgical - producing counties of th e easte rn 
Kentucky coalfields. This trend is most evident when comparing 
h i gh vola til e coal quality of the Faye tte/Raleigh/Wyoming and 
Nich o las/Kanawha groups to high volatil e production, or i ginating 
from th e heart of southern West Virgínia in Boone, Logan, and 
Mingo counties . Products originating from these areas exhibit 
only fa ir rheological properties by American standards with 
typ ical fluidities r a nging from 17 - 20000 ddpms and dilation 
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fr o m 110 - 114%. Moving South from Boone through Logan and into 
Mingo County the rank of product gradua lly incre ases fr om 0 .9 2% 
to 0.98% Ro while the typical inert content decrease s from 29 to 
23% . Although sulphur content is typically lower for coa l s 
prod uced in Logan County (0.74% average), there is subs tantial 
production in Mingo County from the Pond Creek and Al ma s e am s 
whi c h has sulfur contents below 0 . 70%. Also wort h noti ng is th e 
typical l y low Fe2O3 (6%) content of Logan County production and 
l ow P2O5 content (0.15%) of production from Loga n and Mingo 
counties , West Virgínia. 

Moving further southwest into Pike County, Kentu c k y cok i ng 
properties deteriorate further with one exception; the coking 
pro perties of the Alma, Pond Creek, Elkhorn, and Williamson seam 
prod uction originating in the Southeast corner of Pike County is 
comparable to those products mined in Boone, Logan and Mingo 
counties. In fact, the typical quality is nearly identical to 
that produce d in Mingo County, West Virgínia that no further 
comment is necessary. 

In the north central and northeast portions of Pike County, 
Kentucky the re is substa ntial production of marginal c oking high 
volatile coal which during periods of peak demand have eve n 
found a home with domestic steel producers . Thes e p roducts ar e 
very high in volatility (38%), low in rank (0.86% Ro l, and 
typically exhibit poor fluidity (1700 ddpm) and dila t i on 
(2 0%). Their poor s ole heated ove n contraction (-10%) limi t 
their u se in conve n tionally charge d coking coal blends t o 15 -
20 %. Howe ver, these coals have been used in much larger amo unts 
in preheated b lends. A ve ry simila r quality of poor o r ma rginal 
cokin g high volatile coal is also produced in the adja cent 
counties bordering on all sides of Pike County. Howe v e r, the 
sulphur content of these products is typically higher ( 1 . 0 2% 
ver s us 0 . 77 %) than the marg inal coking products ori g ina ti ng fr om 
Pike. Harlan County , which is located in the extreme Sou t heast 
par t of Ke ntucky and i s adjace nt to Lee and Wise count ies, 
Vir g ínia, supports prod uc tion o f fair coking high vo lati l e 
c oa l. Like the other marginal coking h igh vol productio n in 
Kentucky , the typical Harlan produc tion is also low in r ank 
(0. 8 7% Ro) and moderatel y high in ash conte nt (6.8%). Ho we v e r, 
the fluidity (7000 ddpms), dilation (70%), and contracti on 
(-14%) of the typical products produced i n Harlan County i s 
sign ificantly better andas such can be u s ed in grea t e r amounts 
in coking coal blends. With the current excess of c ok i ng coal 
supply in t he World today mos t of the Harlan Count y p r od uc tio n 
has moved away from the metallurgical market into t e Ut i l ity 
sector. This trend is like ly to continue in the foreseeable 
future because of the increasing emphasis being placed o n acid 
rain legislation and the effi c ient o peration of existing Utilit y 
generating capacity. 

In Virginia there are three primary high volatile qualities 
produced from Buchanan, Di c kenson and Russell and Wise counties, 
Virgínia. The typical rank (1.07% Ro) of the Buchanan and 
Dickenson county products is close to borderline high/medium 



whi le that of the typical Wise product is good co~ing high vol 
( 0 . 97% Ro) . Ali three qualities exhibit good typical fluidity 
(20000+ ddpms) and dilation (2 00%+) for their rank. The most 
noticeable difference in the Buchanan and Dickenson gualities is 
in thei r ash chemistry. Buchanan County coals, which are 
comprised primarily of Splashdam, Blair, Eagle, a nd Hagy seam 
production, are high in alkalis (2.5% K20, 0.9% Na20) wh ile 
Dickenson/Russell county coals, which originate from the 
Tiller/Jawbone series of seams, are high in calcium oxide (9%) 
and modera tely low in alkali especiall y K20 content (1.51%). 
The high calcium oxide in combination with a mode rately hig h 
iron ox i de content (11%) makes Dickenson/Russell county coals 
relatively l o w fusi on by metallurgica l standards. The low 
sulphur ( 0 . 67 %) and high inert content ( 29%) of typical 
Dickenson/Russell county quality is also a distinguishing 
feature as is the relatively low inert content (22%} and good 
contraction properties (-2 5% ) f o r Wise County production. 

Although there is some high and borderline high/medium volatile 
production from the Sewanee seam in Tennessee the extent of 
prod uction and recent redirection of sarne into the Utility 
ma rket makes a discus sion of this quality unnecessary . 

Alabama is still a substantial producer of high volatile coking 
c oal in southern Appa lachia. The lower typica l fluidity (1300 0 
ddpms} dilat ion (145%) and contraction (-1 7%) for the typical 
rank ( 0 . 97% Ro} of high vol coal produced in Alabama is 
attributed to the abundance of sur face mining activity or the 
shallow cover over deep mine production. The high iron (15%) 
a nd low inert content (19%) o f Ala bama coals make their 
r esultant coke carbons or chars more reactive than normal for 
their rank. 

Finally the high volatile coal produced in other locations i n 
North America range from marginal coking in Illinois, Oklahoma, 
Utah and Colorado to fair coking in New Mexico. These coa ls 
have been used effectively in c okemaki ng in the U.S. for many 
years dueto their proximity to the consuming locations. 
Western coals in Utah, Colorado and New Mexico have also been 
exported t o Pacific rim countries for their consumption in 
briquette ble nding or other advanced cokemaking technigues where 
poor or non -coking coals are being used in th e production of 
metallurgical coke. 

Medium Vol Quality (Table 5, Figures 22 - 27) 

Central Pennsylvania and Northern West Virgínia medium volatile 
coals are produced from the Freeport and Kittanning seams which 
typicall y contain inherently high ash (8.5%} and sulphur (0.94%) 
contents. The low inert content (20%) of these coals - contribute 
to their relatively high pressure (3.6 PSI) for their rank 
( 1. 22% Ro}. 

Typical Sewell and Fire Creek medium vol guality from Fayette 
and Greenbrier counties, West Virginia is low in ash (4.8%) and 
sulfur (0.80%) and moderate in fluidity (4000 ddpm) and dilation 
(153%} for its rank (1.29% Ro}. The P205 content of these coals 



like those p r od uced for the Gi lbe rt a nd Red As h seams i n 
McDowell a nd Wyoming counties i s re la tively high at 0 .7 1 . Th e 
Red Ash seam whic h is l ow ash (4%) a nd s ulfur (0 . 7%) is b lend e d 
with the Gilbert which is hi g h ash (9%) and sulfur (1 . 00% ) to 
produce a t ypica lly moderate ash (6. 80 %} and sulfur ( 0 . 90% ) 
medium volat ile product in Mc Dowel l a nd Wyomi ng c ounties, West 
Virg íni a . The high fluidity (1 0000 ddpm), dila tion ( 200% ) and 
good contraction (- 5 %) for t his rank of medium volatile coal 
(1 . 22% Ro ) make · i t an all purpose produc t for cokemaking . This 
product ' s low K2O content (1. 5%) is also noteworthy . 

The Bra d shaw, Horsepen and Poca 4 - 12 s e am production in 
McDowel l County, West Virginia typ i c a ll y is l ow sulfur ( 0 . 70%) , 
high in Fe 2O3 (12%) and CaO (4 .0% ) and l ow in P2O5 ( 0 . 2%) 
content . It a lso exhibits moderatel y l ow fl uidi t y ( 2500 ddpm ) 
bu t is exceptionally contracting (- 6% ) for i ts rank ( 1 . 32% Ro) . 
The high inert content (32%) he lps moderate it s pressure 
producing c haracteristics (2.4 PSI). This t ypical guality of 
medi um vol spills ove r into Buchanan, Virg ínia where the Jewell , 
Jawbone, Kennedy Raven and Tiller seams combine f o r a hig h Fe2 O3 
(13%) and cao (3.5%) in the ash. Inert content is once ag a i n 
mode r a t e ly high 28% and pressure is relatively low (2 . 5 PS I) f or 
th e rank (1.28% Ro). 

The Blue Creek medium vol o f Alabama is unigue for its 
relative ly low Fe2O3 {8%) high CaO (4.8% ) combi nation but more 
so for its low expanding (-8%) and pressure (2 .0 PSI) producing 
characteristics for its rank (1.3 0% Ro ). This products high 
moisture {9%), ash {8%), and relati ve ly low tota l a lkal i content 
in the ash is also noteworthy. 

The small amount of medium vol production outside of Appa l achia 
or iginates from the Stigler seam i n Oklahoma and th e Placita V, 
B and A seams in Colorado. The high Fe2O3 (25%), CaO (21 %), 
fluidity (11000 ddpms), dilation (212%) and low inert con t ent 
( 14 %) of the Oklahoma Stigler product is noteworthy. 

Low Vol Quality (Table 6, Figures 28 - 35) 

The Freeport and Kittanning s e a ms ar e t he major low vo l atile 
metall u rgical producing horizo ns i n Central Pennsylvan ia and 
Western Maryland . The major d ifference be tween t he typi cal 
product gualities from these two r egions is as f ollows . Typical 
Western Maryland production i s lower in ash (7.0% vs 8.2%) and 
higher in sulfur (1.1% vs 1.0%) than that originati ng from 
Central Pennsylvania. The fluidity (24 5 ddpms) dilati on ( 80%) 
and sole heated oven expa nsion (+13%) fo r Western Maryland 
production is considera bly highe r tha n that foun d f or c entral 
Pennsylvania products and high for th e rank of coal ( 1 . 60% Ro) 
produced. The exceptionally low inert conte n t (1 0%) of Mary l and 
low vols account for its strong rheological charac t e rist i cs . In 
contrast, high pressure gene rating capacity (14 PS I) is 
characteristic of Central Pennsylvania low vols. Mary l and l ow 
vols are believed to be less pressure prone than Central 
Per.itsylvania low vol s because of their high f lu id and dilati ng 
characteristics for their rank. Finally the high P2O5 content 
(0.7 - 0.9%) of both Central Pennsylvan ia and West e rn Mary land 
low vols is worthy of mention. 
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ln West Vi r g i nia low vol can be c ategor ized i nto four main 
categor i as as follows: Low Rank Beckley/ Sewell, High Rank 
Beck l e y , High Rank Sewell, and High Rank Pocahontas. Th e lowe r 
r an k varie t y (1 . 5 3% Ro) of Beckley and Sewell products are 
f a vored b y fu rnace coke makers and particularl y foundry coke 
make rs i n Western Europe because of thei r superior rheol ogical 
pr opert i es which typicall y include high fluidity (600 ddpm) 
dil ation (9 5%) and low expa n s ion (+6%) and·pressure ( 5 PSI) 
t e nd e nc i e s . Their low P2 05 content ( 0 . 2 %) is also wor thy of 
men t ion . 

Of t he three higher rank vari e ties the Sewell is typicall y 
lowes t i n ash (4 %) followed by Beckley ( 5 %) and Pocahontas 
( 6%) . Al t hough most of the Sewe ll c u rre n tly in produc t ion is 
typically lower i n sulfur ( 0 .70%) than mos t Pocahontas (0.77% ) 
r eserves there i s considerable qua nti ties of low sulfur 
Pocaho ntas for which sul fur l evels of 0 . 58 - 0 .65% are more 
characte ris t ic . Beckl ey s e am p roduc tion on the other hand 
rare l y falls below ( 0 . 70% ). 

Sewe ll produc tion is typicall y highest i n alkali a nd Pocahontas 
lowest. Sewe ll is highest in fluid ity (1 3 1 dd pm ) dilation ( 75%) 
and so l e heated oven expansion (+1 2%) and Pocahontas lowest with 
75 ddpms , 25% d ila tio n and 6 % expansion . Beck ley s ea m is 
typi ca lly more pres sure prone than Sewel l or Pocahon tas (1 3 vs 
11 and 10 PSI, r e spectively). Finally , Sewe ll is l owest i n rank 
(1. 60% Ro) and ine rt content (22%) Beckley inte r mediate (1.63% 
Ro and 24% inerts) and Pocahontas highest in rank ( 1 .64% Ro ) and 
iner t content (2 9%) . 

The t ypica l Pocahontas 3 and 4 qualit y produced in Buchanan and 
Tazwel l counties, Virgíni a is considerably lower in ash (4. 5% ) 
a nd inert content (22%) and higher in rank (1.68%) than its West 
Virgínia counterpart. The high rank and low inert content 
contributes to their h igh expansion (+16%) and pressure 
generating (14 PSI) propensity. Perhaps more uniqu e is the 
combination of high Fe2O3 (15%) and CaO (7.3%) content in the 
ash o f these products. Th e exceptionally low P2O5 content 
( 0 .1 %) f o r these coal s i s also notewo rth y . Be c aus e of its 
comparable and uniq ue a sh chemistry one product produced in 
McDo we l l , Wes t Virginia, was also groupe d with Virgi n i a 
Pocahontas production for e stablishing typical qual ity 
chara c teristics. 

The Blue Creek low vo l produced i n th e Warr i or Basin of Al abama 
i s typically high ash (8. 2 %) low sul fu r (0.6%), l ow rank ( 1.52 % 
Ro) and moderate in inert content (2 5% ). Its typica l high 
fluidity (500 ddpms) and dilation ( 73 %) non expanding tendency 
(-1%) and low pressure (4 PSI) producing capacity mak e the Blue 
Cree k a good base blend l ow volatile coal . The l ow i r on (6%) 
moderate ly high CaO ( 3 .4 %) combination and moderat e l y low alkali 
(1.8%) K2O , 0.5% Na20) for the low vol proàu ction c orre sponds to 
the Blue Creek medium vol quality which is also produced in the 
Warrior Basin of Alabama. The combined attribute s of the Blue 
Creek seam account for its ability to produce the lowest 
reactivity coke of any coal in North America. 
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Production of low volatil c coal in Arkansas and Okla homa has 
been limited by both geog raphic and q ua lit y cons tra : n~ s . The 
high Fe2 O3 {15%), CaO {7.2%), P2O5 {1 .0% ) a nd pressure ( 17 PS I) 
typical of production from this area has limited i t s u se in 
cokemaking . 

Conclusions 

From the foregoing discussions, it is clear that t he varietr o f 
U.S . coal qualities found in Appalachia clearl y emulate 
d iff e r e nt combinations of depositional enviro nments , plan t 
development, and climate conditions existing a t th e t i me o f 
their formation. A similar comparison of coal qualities can be 
made for the coal fields of the world and their similari tie s and 
differences explained in the context of the geologic and 
biologic processes prevalent at the time of thei r f o r mat i o n. 
For instance, there is considerable biological and 
paleontological evidence to suggest that during c a rboniferous 
time North America was joined to the Eurasian contine n t (Europe 
& Asia) while South America was joined to th e bottom o f the 
Southern Hemisphere with the Indian peninsula sandwiched be tween 
Africa and Australia {Gondwana). Fu r thermore, a colà, ne arly 
glacial, climate condition apparently e xisted at t his time in 
the Southern Hemisphere with a moist t ropical one dominating in 
the Northern Hemisphere. The petrographic , chemical, a nd 
rheological similarities of coals being produced today from the 
continents that comprised these hemispheres support these 
positions. Perhaps some day the geologist and the c oal 
technologist will devote the time neces sary to piece the entire 
puzzle together that has been locked away in geolog i c time for 
over 30 0 million years. 

References 

1. Typical quality and ranges presented in th is pa per represent 
a consolidation of data by geographic region for U. S . 
metallurgical products that have been in production over the 
past 30 years. 



Geologic Units 
cunka.rd Group 

1-bngahe la Group 

Cbnemaush Group 

Allegheny Formation 

5 89 

West Virginia Des=iption of Seams 

Seam Names 
Washington 

Waynesburg 
Uniontown 
Sewickley 
Redstone 
Pittsburgh 

Little Pittsburgh 
Little Clark.sburgh 
Elk Lick 
Ha.rlem 
Upper Bakerstawn 
Ba.Jr.e.rstown 
Brush Creek 
Mahoning 

Upper Freeport 
IDoler Freeport 
Upper Kittanning 
I.a.ler Kittanning 
Clarion, No. 5 Blcx:k 

FIGURE 1 

Product.ion Area & ~lity 

PA aro. MD 
High Med aro. IDw 
Northe.rn WV High 
(Ba.rbour, Upshur) 
aro. Med (Preston) 



Geoloqic Uni ts 
Kanawha Formation 

New River Fonration 

Pocahontas 

59( 

West Virgi nia Descripti on of 5P..all'S 

Seam Names 
Upper Mercer 
Stockton - I..ewiston 
Cbalburg 
Buffalo Creek 
Winifrede 
Chilton "A" 
Chilton 
Hernshaw 
Dingess 
Williarnson 
Cedar Grave 
IDwer Cedar Grave 
Alma 
Peerless 
campbell Creek 
~11 Ck (112 Gas) 
Powellton 
Matewan 
Eagle 
Bens Creek 
Little Eagle 
Cedar 
Lower War Eagle 
Glenall:rn 'funnel 
Gilbert 
Couglas 
IDwer D:luglas 

Iaeger 
castle 
Sewell "B" 
Sewell 
Welch 
Little Raleigh 
Beckley 
No. 9 Pocahontas 
No. 8 Pocahontas 

No. 7 Pocahontas 
No. 6 Pocahontas 
Xo. 5 Pocahontas 
No. 4 Pocahontas 
No. 3 Pocahontas 
No. 2 Pocahontas 

Proouction A:::ea & Olali t y 

Wes t Central & 
Southern WV, High 
(Ni cholas , Kanawha , 
Boone , Logan , Mingo ) 

Central ,r,; 
High & M<..-ocl 
(Nicholas , Randol ph , 
Webster, Fayette , 
Raleigh, Gree."IDr i er ) 
& Southern l•r,; ~led and 
Low (Raleigh , Wyaning , 
McDcMell ) 

FIGU RE 2 
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Virginia Descriotion of Seams 

Geologic Units 
Wise Formation 

Seam Names 
. High Splint 
Mo=is 
Pardee 
Wax 
Phillips 
Lo\ol splint 
Taggart 
Kirk 
Harlan/Up.Standiforà 
Cedar Grove 
I..ower St. 01arles 
Pinhook 
Kelly 
Imocrlen/Campbell Creek 
Clinb.ooà. 

Norton Formation 

Lee Formation 

Eagle 
Blair 
Lyons 
D:>rchester 

Norton 
Hagy 
Splashdam 
Upper Banner 
I..ower Banner 
Big Fork 
Kenna::ly 
Aily 
Raven 
Jawtx::me 
Tiller 

Upper Seal:oard 
Greasy Creek 
Middle Seal:oard 
I..ower Seal:oard 
Upper Horsepen 
Middle Horsepen 
"C" 
War Creek 
Lo\oler Horsepen 
Pocahontas 119 
Pocahontas 1/8 

Pocahontas Formation Pocahontas 117 
Pocahontas 1/6 
Pocahontas 115 
Pocahontas 1/4 
Pocahontas 1/3 
Pocahontas 112 
Pocahontas 111 

FIGURE 3 

Prcduction Area & Q.iality 

VA High (Wise ) 

VA High arrl Med 
(Buchanan, Dickenson, 
Russell, Tazwell) 

VA IDN ( Buchanan) 
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Allegheny, PA 
Greene, PA 

Ca.mty(s) / Washington, PA 
State(s) Westmoreland, PA 
Seams(s) Pittsburqh 

Volatile 37 36 - 38 
Ash 6. 5 5.5 - 7. 0 
Sulfur 1.45 1.3 - 1.6 
Fe2O3 14 11 - 17 
eao 2.4 1.7-3.4 PA K2O 1 .6 1. 0 -1. 8 
Na.2O 0 . 6 0.3 - 0 . 8 OH 
P2O5 0 . 5 0.3 - 0 . 7 
OOPM's 27000 17 - 28+(000 ) 
% Dilaticn 18:; 164 - 200 
ü::n/Exp -24 -1 3 - (-30) 
Pressure NA 
Ro 0. 87 0.83 - 0.91 
Inerts 20 18 - 23 

í'ICURE 4 
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Allegheny, PA 
Arrnstrong, PA 

Camty(s)/ Greene , PA 
State( s ) Washingtcn , PA 
Seams( s ! Freeport 

Volatile 35 34 - 37 
Ash 7.5 7 - 8 
SUlfur 0.90 0.7 - 1 . 0 
Fe203 8 4 - 12 
eao 2. 1 1.2 - 3.0 PA K20 2.5 2.0- 3.2 
Na20 0.7 0.5-1.1 OH P205 0.7 0.5 - 1 . 0 
CDPM's 27000 25 - 28+(000) 
, Dilaticn 179 150 - 196 
O:n/Exp -19 -16 - (-21) 
Pressure NA 
Ro 0.95 0.93 - 0.98 
Inerts 18 15 - 20 

F' IG Ll RE 5 



Camty(s) / 
State(s) 
Seams(s) 

Volatile 
Ash 
Sulfur 
Fe203 
CaO 
1<20 
Na20 
P205 
COFM's 
1 Dilatioo 
Q:n/Exp 
Pressure 
Ro 
Inerts ' 

Barl::x:,,u-, wv 
Upshur, WV 
Freeport 
Kittanning 

35 
7.8 
1.0 
10 
3 • 
1.6 
0 .4 
0.5 
25000 
176 
-25 
NA 
0.93 
28 

33 - 37 
6 - 9 
0.8 - 1 .3 
6 - 13 
1 . 9 - 4.9 
1 . 1- 2.3 
0.3 - 0.6 
0.15 - 0.8 
20 - 28+(000) 
80 - 300 
-16 - (-35) 

0.85 - 1.02 
18 - 37 

FI GURE 6 

PA 
OH 



Camty(s) / 
State(s) 
Seams(s) 

Volatile 
Ash 
SUlfur 
Fe203 
CaO 
K20 
Na20 
P205 
CDPM's 
1 Dilatioo 
Crrt/Exp 
Pressure 
Ro 
Inerts 
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N.1cnolas , ;,v 
Randolph , WV 
Webster 1 WI/ 
Upper Sewell 
ID,.,,er Sewell 

30 
6.8 
0 .76 
6 . 

2.3 
1 . 8 
0 . 7 
0 . 5 
12000 
160 
- 16 
NA 
1 • 11 
29 

29 - 31 
5.0 - 9. 5 
0 . 5 -1.1 
5 - 10 
1 . 6 - 3. 0 
1 . 1 - 2 . 7 
0.3 - 1. 4 
0 . 25 - 1. 5 
6 - 25 (000) 
125 - 220 
- 1 O - (-23) 

1 • 0 4 - 1 • 1 5 
20 - 40 

FI GURE 7 

PA 
OH 



Co.mty (s )/ 
state(s) 
Seams(s) 

Volatile 
Ash 
SUlfur 
Fe2O3 
CaO 
K20 
Na2O 
P20 
OOPM's 
, Dilatioo 
Cal/Fxp 
Pressure 
Ro 
Inert.s 

Fayette, wv 
Raleigh , WV 
Wyaning, wv 
#2 G3.s 
Campbells Creek 
Eagle 
Iawer War Eagle 
Peerless 
i:u..elltcn 

31 
5. 9 
0. 88 
9 
1 .4 
2.3 
0.6 
0 .3 
26000 
270 

-1 6 
NA 
1 . 09 
25 

28 . 5 - 33.5 
4.5 - 7 . 0 
o. 7 - 1.2 
5 - 20 
0 .7 - 3.0 
1.3 - 2.9 
0 .3 - 1. 1 
o. 1 - o. 7 
20 - 28+ (000) 
175 - 300+ 

- 4 - (-30) 

1 . 01 - 1. 19 
19 - 34 

_::,, 

PA 
OH 

F IGü IU: 8 



County(s)/ 
State(s) 
Seams(sl 

Volatile 
Ash 
SUlfur 
Fe203 
CaO 
K20 
Na20 
P205 
IDE'M' s 
1 011.aticn 
Cr:rl/Exp 
Pressure 
Ro 
Inerta 
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Nicholas, WV 
Ea.gle 
Peerless 

35 
5.4 
o.as 
7 
1. 7 
2.3' 
0.7 
0.2 
27000 
172 
-17 
NA 
0.99 
19 

34 - 35.5 
5.3 - 5.5 
o.a - o.9 
6 - 8 
1.4-1.9 
2.1 - 2.5 
0.6 - 0.9 
0.1 - 0.3 
25 - 28+(000) 
153 - 190 
-14 - (-20) 

0.97 - 1.00 
17 - 22 

F IGURE 9 

PA 
OH 
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O::x.mty ( s ) / Y .a.'lawha , wv 
State(s) #2 Gas, Eagle, 

Seams(s) Peerless 

Vol.atile 36 34 - 39 

Ash 6.0 5 - 7 

SUlfur 0.90 0.75-1.15 

Fe203 9 6 - 12 

cao 1 .5 0 . 9 - 2.3 

K20 2. 2" 1.8 - 2 . 5 

Na.20 0.7 0.5 - 1 .2 

P205 0 . 1 0 .07 - 0.13 PA 
OOPM's 25000 5 - 28+ (000) OH 
\ 011.atiCXl 165 50 - 250 

Cr:xt/Exp -20 -15 - (-27) 

Pressure NA 

Ro 0 . 95 0 . 87 - 1 . 02 

Inerts 25 21 - 27 

FIGURE 10 



Crunty(s) / 
State(s) 
Seams(s) 

Volatile 
Ash 
Sulfur 
Fe203 
CaO 
K20 
Na20 
P205 
rDPM's 
1 Dil.aticn 
O:n/Exp 
Pressure 
Ro 
Inerts 
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Boone, W\I 
C.edar Grova, o:»:othy 
~w, Winifrede 

36 
s.a 
0 .82 
6.5 
1.,5 
1 .9 
0.6 
0 .3 
17000 
112 
-1 8 
NA 
0 .92 
29 

34 - 39 
5 - 7 

º· 7 - 1 ·º 
4 - 10 
o.a - 2. 1 
1. 1 - 2. 1 
0.3 - 1.3 
o. 1 - 1 ·º 
1 - 28+(000) 
1 O - 205 
-11 - (-30) 

0 .84 - 1.02 
19 - 39 

FIGURE 11 

PA 
OH 
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Loqan 1 WV 
Co.mty(s)/ #2 Gas, Alma , 
state(s) Cedar Grove, 
Searns(s) Oúltt:n 1 Porrl Oc . 

Volatile 35.5 34 - 37.5 
Ash 6.0 5 - 9 
SUlfur 0.74 0.6 - 0.9 
Fe203 6 3 - 8 
CaO 2.0 0.7-2.9 
K20 2. 1 1.3 - 3.6 

PA Na20 0.7 0.4 - 1 ·º 
P205 0.14 0.03 - 0.3 OH IDFM's 20000 · 9 - 28+(000) 
' Dilatic:n 114 73 - 204 
Crn/Exp -19 -13 - (-27) 
Pressure NA 
Ro 0.95 0.91 - 1 ·ºº Inerts 28 20 - 35 

FIGURE 12 
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Cb.mty(s)/ 
State(s ) Mi.nqo, WV 
Seams(s) Alma , Pcrd O< . 

Volatile 35.5 35 - 36 
Ash 6.1 5 - 8 
Sulfur 0.84 0 . 6 - 1 . 2 
Fe2O3 8 6 - 10 
eao 1.4 1 .3 - 1.5 
K2O 2.4 2 . 2 - 2 . 6 
Na2O 0.7 0 .5 - 0 . 9 PA 
P205 0 .16 0.1 - 0.2 OH OOPM's 18000 15 - 23(000) 
, Dilaticn 11 0 103 - 170 
o:n/Exp -18 -17 - (-18) 
Pressure NA 
Ro 0 .98 0 . 96 - 0.99 
Inerts 23 19 - 25 

FIGURE 13 
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Camty(s)/ 
Pike 1 KY 
Alma, Elkhorn, 

St.ate(s) Pc:n1 ac., 
Seams(s) Williamscn 

Volatile 34 .5 33 - 37 
A.sh 6. 1 5.0 - 7.5 
SU.lfur 0.74 0.55 - 1.25 
Fe2O3 7 5 - 12 
CaO 1.J 1. 1 - 1.6 
1<20 2.2 2.1 - 2.6 PA Na2O 0.8 0.5 - 1.1 
P205 0.2 o.os - 0.5 OH 
IDFM's 20000 7 - 28(000) 
'Dilatiai 120 95 - 165 
Cr:n/Exp -21 -13 - (-35) 
Pressure NA 
Ro 0 .98 0.88 - 1.04 
Inerts 27 20 - 35 

FIGURE 14 



0::1.mty ( s) / 
State(s) 
Seams(s) 

Volatile 
Ash 
Sulfur 
Fe203 
cao 
1<20 
Na20 
P205 
OOPM's 
ts Dilaticn 
O:::n/Exp 
Pressure 
Ro 
Inerts 

38 
6.7 

º· 77 
6 2., 
2. 3 
0 .7 
0.15 
1700 
20 
-1 O 
NA 
0 .86 
24 

6)2 

36 - 40 
6. 0 - 8 . 5 
0.6 - 1.15 
4 - 8 
1.3 - 3 . 0 
1.8 - 3 . 0 
0 .6 - 1. 0 
0 . 08 - 0.20 
600 - 4000 
-1 O - 55 
- 7 - ( -12) 

0 . 77 - 0.93 
19 - 36 

F I GURE 15 

PA 
OH 



r r") !, 

Floyd , Krx:lt t 
I.etcher, Martin 

O::unty ( s) / Perrv 1 KY 
State(s) Elkhom, Hazard 
Seams(s) Pari Creek 

Volatile 38 36 - 40 
Ash 6.6 4 - 10 
Sulfur 1 .02 0 . 7 - 1 .7 
Fe203 10 5 - 17 
CaO 2 .5 1 - 4. 7 PA 
K20 1 . 9 1 . 1 - 3. 0 OH Na.20 0 .7 0.4 - 1.0 
P205 0 .4 º· 1 - 1 . 4 
COFM's 1500 100 - 3500 
1 Dilaticn 28 -18 - +67 
O::n/Exp -1 0 -5 - ( - 14) 
Pressure NA 
Ro 0.84 0.74 - 0.93 
Inerts 26 19 - 35 

FIGURC 1 6 
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Co.mty ( 9 ) / 
Harlan , KY 
E, D, A, 

state(s) Ca.rby, Har lan, 
Seams(s) Hiqh Splint 

Volatile 37.5 35 - 39 
Ash 6. 8 4 - 8 
Sulfur 0.9 0.65 - 1.50 
Fe203 1 O , 4 - 17 
C!IO , . s 1 - 3 
K20 2. 1 1 . 3 - 3. 9 PA 
Na20 0.5 0. 3 - º· 7 OH P205 0 .4 0 . 1 - o. 7 
IDPM 's 7000 150 - 21 000 
'D1latial 70 30 - 125 
Oxl/Exp - 14 -1, - (-29) 
Pressure NA 
~ 0 .87 0 .80 - 0.91 
l'.nert5 23 16 - 32 

F I GURE 17 
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Buchanan, VA 

Ca.mty(s)/ Blair, Clintl«x:d 

Stat.e(!I) Eagle, Hagy 

Seams(sl splashdam 

Volatile 31 29 - 31 

1lsh 5.7 5.0 - 6.5 

SUlfur 0.87 0.80 - 0.95 

Fe203 10 7 - 16 

CaO 2:1 1 - 6 
K20 2.5 1 .6 - 3.6 PA 
~ 0.9 0.3 - 1.1 

P205 0.3 o. 1 - 0.5 OH 
OOPM'!I 21500 11 - 28+(000) 

1 Dilaticn 215 185 - 295 
crxi/Exp -21 -11 - (-29) 

Pressure NA 

llo 1.07 1.02 - 1. 11 
Inert.s 24 15 - 32 

F I GURE 18 
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Dickenson, VA 
Camty(s)/ Russell, VA 
State(s) Jawt:one, Kennedy, 
Seama(s) Raven 1 T1.ller 

Volatile 32 31.5 - 32.5 
Ash 5.9 5.5 - 6.5 
SUl.fur 0.67 0.60 - 0.75 
Fe203 11 10 - 12 
CaO ª· 6' 4 - 13 
I<20 1.5 1.1 - 1.8 PA Na20 o.a 0.7 - 0.9 
P205 0.14 0.06 - 0.25 OH 
C1:8's 22000 18 - 26 
1 Dilation 212 171 - 293 
O:xl/Exp -16 -15 - (-17) 
Pressure NA 
Ro 1 .07 1 .06 - 1.08 
Inarts 29 26 - 31 

F I GURE 19 
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Wi se VA 
Banner, Blai..r 

Camty(s)/ Clinb,,lccd, Dorchester, 
State(s) Irrtx::den, Lycns, 
Seams(s! Nortcn, Taqqart 

Volatile 34.5 33 - 36 
Ash 5,7 3.0 - 7.5 
SUlfur o.a, 0.6 - 1.0 
Fe203 10 4 - 16 
CaO 2 .2 1 .2 - 5.4 PA K20 2.3 1.2 - 3.5 
Na20 o.a 0 .2 - 1 .5 OH 
P205 0 .4 0.13- 1. 0 
OOPM's 23000 17 - 28+( 000) 
1 Dilaticn 190 150 - 250 
Ccn/Exp -25 -22 - (-35) 
Pressure NA 
Ro 0 . 97 0 . 93 - 1.01 
Inerts 22 16 - 27 

FIGURE 20 



Co.mty(s)/ 
State(s) 
Seams(s) 

Volatile 
Ash 
SU.lfur 
Fe203 
CaO 
K20 
Na20 
P205 
OOFM's 
' Dilatioo 
Cr::n/Elcp 
Pressure 
Ro 
Inerts 

60 9 

Bil:b, Olll.rnan, Jefferscn, 
Shel.by, 'I\lsCaloosa, Walter I AL 
Atkins, Alice, Black ac., Carter, 
Ololsen, Pratt, Nickel Plate 

34 
5.2 
0.99 
15 
3.à 
2.2 
0.7 
0.6 
13000 
145 
-17 
NA 
0.97 
19 

29 - 38 
2.5 - 10.5 
0.6 - 1 ·ª 
7 - 25 
0.9 - 10 
1.0 - 3.2 
o.3 - 1 .6 OH 
0.2 - 1 .4 
1500 - 28+(000) 
40 - 300 
- 2 - ( - 40) 

0.89 - 1. 16 
14 - 23 

FIGURE 21 

PA 
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Cambria, PA 
Cl.earfiel.d, PA 
Irrliana, PA 

Co.mty(s)/ Prestcn, w 
State(s) Freepart 
Seams(s ) Kittanru.m 

Volatile 26 24 - 28 
Ash 8 . 5 5 - 12 
SUlfur 0 . 94 o. 7 - 1 .2 
Fe203 9 5 - 11 PA CaO 1.8 ,.o - 3.2 
I<20 1.9 ,., - 2.4 OH 
Na20 0.4 0.2 - 1 .o 
P205 0.6 0.2 - ,., 
CDFM's 6400 200 - 15000 
1 DilatiCXl 170 54 - 280 
Cat/Exp -0.9 -7 - (+5) 
Pressure 3.6 1.4 - 5.1 
Ro 1. 22 1.13 - 1.35 
Inert.s 20 12 - 30 

F I GURE 22 



Camty(s)/ 
state(sl 
Seamsjsl 

Volatile 
Aah 
SUlfur 
Fe203 
cao 
JQO 
Na20 
P205 
tcl'M's 
• Dilatial 
Cal/Exp 
Pressure 
RD 
Inerts 

6 11 

Fayette, W 
Greenbrier, WV 
F1recreek 
Sewell 

25 
4.8 
0.80 
10 
2.8 
2.0 
o.a 
0.7 
4000 
153 
2.0 
3.8 
1 .29 
22 

21 - 29 
3.0 - 8.5 
0.6 - 1.3 
4 - 26 
1. 1 - 5. 7 
1. 1 - 3. 2 
0.4 - 1.0 
0.3 - 1 .5 
400 - 24000 
80 - 220 
-3 - (+5) 
2. 1 - 5.4 
1.18 - 1.44 
14 - 30 

FIGURE 23 

PA 
OH 



Cbmty(s)/ 
state(s) 
Semns(sl 

Volatile 
Ash 
SUlfur 
Fe203 
CaO 
K20 
Na.20 
P205 
IJ::l'M'11 
1 011.ation 
O:zt/Ex:p 
Pressure 
Ro 
Irerta 

6 1 2 

Mc:Dowell, WV 
wyanrng, wv 
Gil.bert 
Red Ash 

26.5 
6.8 
0.90 
11 
1.3 
1.5 
0.9 
0.7 
10000 
200 
-5 
2.5 
1.22 
27 

25 - 30 
4.0 - 8.5 
o.a - 1. 1 
6 - 16 
1.1 - 1.6 
1.1 - 2.4 
0.6 - 1.1 
o.4 - o.a 
5000 - 17000 
170 - 220 
-2.5 - (-8.5) 
2.0 - 3.0 
1 .09 - 1 .34 
22 - 28 

FIGURE 24 

PA 
OH 



613 

<hmty(s)/ McDcMell I WV 
State(s) Bradshaw, Horsepen 
Se!lms!s) Pcx:a 4 - 12 

VolaUle ,23.7 23 - 24.5 
Ash 5.7 4 - 8 
SUlfur o'.10 o.55 - o.ao 
Fe203 12 10 - 17 
CaO 4 1.9 - 6.3 
K20 1.8 1 .2 - 2. 1 
Na20 o.a 0.5 - 1.2 
P205 0.2 0.14 - 0.34 OH 
tol'M's 2500 1000 - 6000 
' Dilatial 185 120 - 220 
O::n/Exp -6 -4 - (-7) 
Pressure 2.4 1.6 - 3.1 
Ro 1.32 1.24 - 1.41 
Inerts 32 30 - 36 

FIGURE 25 



Cmnty(s)/ 
State(s) 
Seams(s) 

Volatile 
Ash 
Sulfur 
Fe20J 
CaO 
K20-
Na20 
P205 
OOPM's 
1 Dilaticn 
Cr:xl/Exp 
Pressure 
Ro 
Inerts 

6 14 

Buchanan, VA 
Jewell, Jawbone, 
Kennedy, Ravel 
Tiller 

25 
6 
o.ao 
13 
3.5 
1.7 
0.5 
0.5 
7500 
180 
1 .o 
2.5 
1.28 
28 

21 - 28 
5 - 7 
0.65 - 0.95 
10 - 15 
2.3 - 4.8 
1 .2 - 2.5 
0.3 - 0.6 
0 . 3 - 0.9 
200 - 18000 
60 - 235 
-5 - (+6) 
2.2 - 2.8 
1.11 - 1 .44 
19 - 31 

F I GURE 2fi 

PA 
OH 



6 15 

Cbunty(s)/ 
state(s) 'I\lscaloosa, AL 
Seams(s) Blue a:-eek 

Volatile 24 
Ash 8.7 
SUlfur o.ao 
Fe203 8 
CaO 4.8 
IC20 1 . 7 PA Na.20 0 . 4 
P205 0 . 4 
I:::OR4' s 1900 
1 Dilaticn 185 
o:n/Exp -8 
Pressure 2 
Ro 1.30 
Inerta 24 

F IG URE 2 7 



61 6 

C3rnbria, PA 
Clearfield, PA 
Huntin;Jt,al, PA · 
Lya::ming, PA 

0:onty(s)/ Sanerset I PA 
State(s) Freeport 
Seams(s) Kittaruúrxl 

Volatile 19.S 16 - 24 
Ash 8 . 2 6 - 12 
Sulfur 1 .01 0.70 - 1.40 PA 
Fe203 9 8 - 10 OH cao 2.0 1.3 - 2.9 
K20 1.8 1 . 2 - 3. 1 
Na20 0.4 º· 1 - o.a 
P205 0.9 0.4 - 2 .0 
IDPM's 8 9 19 - 1690 
'Dilatial 26 2 - 125 
Cr::n/'Exp +9 +4 - ( +21) 
Pressure +14 4 - 26 
Ro 1 .57 1. 40 - 1. 79 
Inerts 20 14 - 29 

FI::;URE 28 



Cnmty(s)/ 
Statefs) 
Seams(s) 

Volatila 
Ash 
Sulfur 
Fe203 
CaO 
K20 
Na20 
P205 
IDE'f4's 
1 Dilation 
O:rl/Exp 
Pressure 
Rc 
Inerts 

6 1 7 

Garrett, MD 
Freeport 

19.4 
7.0 
1. 1 
10 
2.3 
1.6 
0.4 
0.7 
245 
80 
+14 
NA 
1 .60 
10 

17 - 20.5 
66 - 7.6 
0.9 - 1.2 
8 - 11 
1.7 - 2.8 
1 .o - 2.0 
o. 1 - o. 7 
0.5 - 0.9 
100 - 400 
60 - 100 
+10 - (+20) 

1. 53 - 1. 70 
8 - 12 

FIGURE 29 

PA 
OH 



0::ainty ( s ) / 
State(s) 
Seams(s) 

Volatile 
Ash 
Sulfur 
Fe203 
CaO 
K20 
~20 
P205 
OOPM's 
'Dilatiai 
Cr:n/Exp 
Pressure -
~ 
Inerts 

618 

Fayette, W 
~11, W 
Raleigh, W 
Wyaning. w 
Beckley 
Se.iell 

21.5 
4.5 
0.70 
12 
1 .4 
2.5 
0.9 
0.2 
600 
95 
6 
5 
1.53 
23 

20.5 - 22.0 
3 - 7 
o.ss - o.ao 
8 - 15 
0.9 - 2.2 
2.0 - 3.4 
0.6 - 1 .2 
o.os - 0.5 
200 - 1000 
70 - 120 
-2 - (+12) 
2.5 - 10.5 
1 .48 - 1.56 
19 - 27 

FIGURC 30 

PA 
OH 



619 

Cwnty(s)/ Raleigh, WV 
St.ate(s) wyaning. wv 
Seams(sl Beckley 

Volatile 19 18.5 - 19.5 
1latl 5 4.5 - 5. 5 
SUlfur 0.77 o.75 - o.as 
Fe2o3 7 5 - 8 
CIIO 1 . 9 1.9-2.3 
K20 2.4 1.9 - 2.8 

.Na.20 0 .9 0.5 - 1 .2 
P205 0.4 0.3 - 0.6 OH 
IDFH's 80 35 - 145 
' Dilaticn 32 17 - 65 
Con/Exp 11 +9 - (+13) 
Pressure 13 12 - 14 
Ro 1 . 63 1.60 -1.65 
Inerts 24 20 - 26 

FI GURE 31 



Co.mty(s)/ 
State(sl 
Se!lms(sl 

Volatile 
Ash 
SUlfur 
Fe203 
CaO 
1<20 
Na20 
P205 
COE'M's 
1 011.aticn 
Cal/Exp 
Pressure 
Ro 
Inerts 

620 

M:::I:oolel.l , WV 
WyCJ!lirn,WV 
Se--ell 

19 
4 
0.7 
10 
1.7 
2.6 
o.a 
0.3 
131 
73 
12 
11 
1 .60 
22 

18.0 - 20.5 
3.5 - 5.0 
0.65 - 0.75 
7 - 13 
1. 1 - 2.9 
2. 1 - 3.1 
0.5 - 1.1 
o. 1 - º· 4 
60 - 400 
50 - 115 
+7 - (+15) 
10 - 12 
1.57-1.64 
18 - 27 

FIGURE 3 2 

PA 
OH 



621 

Coonty(s)/ McD::ll,/e 11, WV 
State(!I) ~,wv 
Seams!sl Pêx::ã.L4/5/6 

Volatile 18.0 16.0 - 20.0 
Ash 6.0 4.o - a.o 
SUlfur o. 77 0.50 - 1.20 
Fe203 10 8 - 14 
CaO 2. 1 1 .1 - 4.3 
K20 1 .6 o.a - 2.a PA Na20 0.7 0.3 - 1.1 
P205 0.4 o. 12 - o. 7 OH 
IDPH's 75 2 - 205 
1 Dilation 29 15 - 65 
Cal/E>cp 6 +1 - (+13) 
Pressure 10 4 - 16 
Ro 1.64 1 .54 - 1. 72 
Inert!I 29 22 - 38 

FIGURE 33 



Camty(s) / 
st.ate(s) 
Searns(s) 

Volatile 
Ash 
SUlfur 
Fe203 
CaO 
K20 
Na20 
P205 
COE'M's 
' Dilatial 
o:n/Exp 
Pressure 
Ro 
Irert., 

6 22 

Mcil:Jwell, WV 
Buchanan, VA 
Tazwell, VA 
Poca 3/4 

18.4 
4.5 
0.74 
15 
7.3 
1 . 4 
1.2 
0.1 
59 
30 
16 
14 
1.68 
22 

16.0 - 20.0 
4.0 - 5.0 
0.50 - 1 ·ºº 
10 - 18 
5 - 10 
0 .5 - 1.7 
o.a - 1 .5 
0.02 - 0.17 
5 - 191 
9 - 72 
+6 - (+21) 
12 - 16 
1 . 58 - 1 .82 
19 - 34 

FIGURE 3 4 

PA 
OH 



O:xmty ( s) / 
State(s) 
Seams(s) 

Volatile 
Ash 
SUlfur 
Fe203 
CaO 
1<20 
N320 
P205 
DOEM' s 
1 D11.aticn 
O:n/Exp 
Pressura 
Ro 
Ine.rts 

623 

Tuscaloosa ,AL 
Blue Q:-eelc 

20 
8.2 
0.6 
6 
3.9 
1.8 
0.5 
0.6 
soo 
73 
-1 
4 
1 .52 
25 

19 - 21 
7.9 - 8.5 
0.55 - 0.65 
5 - 7 
2.8 - 5.5 
1.6 - 2.2 
0.4 - 0.7 
o.4 - o.a OH 
150 - 1900 
40 - 120 
-0.9 - (-1.0) 
3.0 - 5.0 
1.47-1.57 
22 - 29 

FI GURE 35 

PA 



hnerican High Vol Cl:>Bl Olality Olaracteristics 

Allegheny , PA Allegheny, PA Nicholas, W Fayette, W 
Greene, PA Armstrong, PA aaroour, w Rardolph, W Raleigh, W 
llashingtoo, PA Greene, PA lll:!!!hur I W Webster 1 W WYani!)9, w Nicholas, 'HV lwlawha 1 ',IV 

<nmtr!sl1 statel•I tlestlft:>relard1 Pr. liashi!)9too1 PA Freeport Upper & 12 Gas, Eagle, Fagle, 112 Gas, Eagle, 
Saamsl•I f!ttsburclh Free~rt !ti ttann!!!J lDler Sewell JiQMlltoo Peerless Peerless 

Volatile Matta-, dry 37 35 35 30 31 35 36 
A.o;h, dry 6,5 7.5 7.8 6.8 5.9 5.4 6.0 
Sulfur, dry 1 .45 0.90 

1 ·ºº o. 76 0,88 o.as 0.90 
Fe20J 14 8 10 6 9 1 9 
0,0 2.4 2.1 3,0 2.J 1.4 1. 7 1,5 
lt20 1,6 2.5 1 .6 1.8 2.3 2.3 2.2 
Na20 0,6 o. 1 0,4 o. 7 0.6 o. 7 0.7 
P205 0,5 0.1 o.s o.s 0.3 0.2 o. 1 
ll>FM 27000 27000 25000 12000 26000 27000 25000 OI 

• Dilatlm 185 179 176 160 270 172 165 ~ 
• 0:lntnctim (52102) -24 -19 -25 -16 -16 -17 -20 
PnsNre, PSI (50-51) ........... ._, 0,87 0,95 0,93 1. 11 1,09 º·" º·" tials-t.a 20 18 28 29 25 19 25 

TABLI!: l 



MKtam llidl 'M Ó;al oautv OmçbtrUtJçt 

l'loyd, lnott 

~•w Pike1 JtY Letàlar, Mllrt1n llllrlan1 g 
lloone1 W ÍGÜ, Alma, Alma, Elkhom ~~ Penv1 IQ' E, D, A, 

0:Qltylll1 at.at.al•I Oadar ~. DÍxÕthy Oadar GraYe, M1Mo1 wv l'0nd O<., Elkhom,ííãiãíd Darby, Harlm, 
1!!!!!!1111 llamshaw I Winifret\a Olilton1 Ford O<, AlJna I l'0nd Ot1 Williamson Pen! Ot1 l'0nd Oc. Hi!lh §211.nt 

Volatile Mlltt.ar, 6ry 36 35.S 35.S 34.S 38 38 37.5 
Ash, cb:y 5.8 6,0 6.1 6.1 6.7 6.6 6.8 
SUlfur, 6ry 0.82 0,74 0.84 0, 74 0.77 1 .02 CT.90 
Fe203 1 6 8 1 6 10 10 
CaO 1.5 2.0 1.4 1.3 2. 1 2.5 1 .s 
1(2() 1.9 2.1 2.4 2.2 2.3 1.9 2. 1 
Na20 0.6 0.7 0.7 o.a 0.7 0.7 0.5 
P20S 0.3 0.14 0.16 0.2 0.15 0.4 0.4 
IDPM 17000 20000 18000 20000 1700 1500 7000 
1 Dilaticn 112 114 110 120 20 2 70 .. 
' O:lntncticn 152102) . -18 -19 -18 -21 -10 -10 -14 N 

"' Pressure, PSI 150-51) 
'Mean MaX Rr:) 0.92 0.95 0.98 0.98 0.86 0.84 0.87 
Total InerU 29 28 23 27 24 26 23 

TABLB 2 



1'm8rlaln High Vol 0.1 Olality Oiaract.eriatiol 

Wise Vi!Sinia 
ax:hanan,VA Dickenson, VA Banner, Blair, Bibb, 0111-1, Jeffenon, 

0:u1ty!•l1 statel•I 
Blâir, Clinbiêõd, Russell, w.. Clint:-.ood, D:lrchester, She!!l!/:1 'l\19oalooea, Walter I l!!:t 
Elgle, Hagy Jawbone, Kennedy, Inmlen, Lyons , Atltins, Alioe, Black Ot., a.rt.er, 

Searal•I ~lash:lam Raven, Tiller Norton , Ta99art Ch>lsen1 Pratt1 Nickel Plate 

Volatile Mlltter, dry 31 31.5 34 . 5 34 
Ash, dry 5. 7 5.9 5. 7 5.2 
Sulfur, dry 0.87 0.67 0,81 0.99 
Fe20l 10 11 10 15 
cao 2 . 1 9.0 2.2 3.0 
K20 2.5 1. 5 2.3 2.2 
Na2O 0.9 o.e o.e 0 . 7 
P20 0.3 0.14 0 . 4 0 . 6 
OOl'H 21500 22000 23000 13000 OI ... 
\ Dilatl.m 215 212 190 145 OI 

' O:lntract.im -21 -16 -25 -17 
Pressure, PSI (50-511 
'Mean MaX 1.07 1.07 0.97 0.97 
Total Inerta 24 29 22 19 

TABLE 3 



Olunty(1) 1 Stabl(1) 

Yolatile Matter, dry 
Ash, dry 
SUlfur, dry 
IDPM 
'Mean ~ Ro 
Total Inerta 

~ 

37 
6.5 
1. 1 
25 
0.68 
16 

utah 
Otlahana Hig!J Vol !J._B 

37 40 
5.5 5.0 
0.6 o.e 
125 40 
0.84 º· 75 
15 17 

TABLB 4 

utah 
Hig!J Yol w._c ~ Nl!IW Maia> 

41 39 37 
e.5 6.8 7.5 
0.6 0.6 0.5 
1 32 15000 
0.53 0.74 0.84 
34 19 23 



1tNrialn Madi111 ~l 0:al Qality Olaracter1st:ic 

a..b:ia,PA 
Cl.earlield, ~ 
Wiana, PA fayette, w Md'.bwall, W ax:hanan, VA Ollntral 
Prestai, W Greeibrier I W ltYOni!!!J, w lt:n:lwell1 W Jewell, Ja~, 0lntnl O:>lorado 

Olun!:Xl•l, §!:!t.!l•l Freeport Fuecreek Gilbert Bradshaw, Honepen Kennedy, Ra~ 'l\_,.Joou1 l!!, ~ Placita 
Seam{11! K1 tt:anninq Sewell Roo Ash Fl'.lCa 4 - 12 Tiller iiiua Cl:eelt Stigler ~ 

Volatile Matter, dry 26 25 26,5 23 ,7 25 24 28 (25-31) 28 (23-31) 
Ash, dry 8.5 4.8 6.8 5. 7 6.0 8,7 5,8 7,6 
Sulfur, dry 0.94 0.80 0,90 o. 70 o.ao ' 0,80 1.00 0.60 
Fe203 9 10 11 12 13 8 25 8 
eao 1.8 2. 8 1,3 4,0 3, 5 4,8 21 5, 4 
K20 1. 9 2,0 1,5 1.8 1. 7 1.7 o.e o.e 
Na20 0.4 0,8 0,9 0.8 0,5 0,4 1,0 2,8 
P205 0.6 º· 7 º· 7 

0,2 0,5 0,4 o. 7 0.9 
OOPM 6400 4000 10000 2500 7500 1900 11000 8000 OI 
\ Dllatioo 170 153 200 185 180 185 212 200 ... 
1 Exp/0:...t (52102) -1 2 -5 -6 1 -8 NA -3 

CD 

Pressure, PSI (50-51) 3.6 3,8 2,5 2.4 2,5 2, 0 NA 2,0 
1 Mean MaX Ro 1.22 1.29 1,22 1.32 1, 28 1,30 1,19 1,19 
Tota l Inerta 20 22 27 32 28 24 14 18 

TABLE S 



JIJMriaan I.ow Yol 9i!!! ~i!;x ~ 

a.tiria,M 
Clearfield, M P'ayette, tN 
lb1Ungtcn, PA ~11,WV Arlcarwu 
Lyoan1ng, PA Raleigh, WV tHlclllllll, W ·Otlahcrlll 
Sanerset, PA Wvoni!!9' wv Raleigh, wv ~ll, WV ~1,W lklchanan, VA Hartshoma 

0:u1tYl•l1 st.atel1I Freeport Glllrrett' li) Beckley WVoni!!) 1 WV W\lani!!J' tN ~,w Tazwell1 VA 'l\l•CIIJ!!l!!I, Si Paris 
1!!!!!!!!1•1 Kittami!!9 ft9ac,rt Sewell llecltle):'. Sewell Poca 3 •z5z-,, Poca lZ4 Blua~ Olarlest:m 

Volatile Mltter, dry 19.5 19,4 21 . 5 19 19 18 18.4 20 19 
Ash, dry 8.2 7,0 4.5 5.0 4.0 6. 0 4.5 8,2 5,6 
SUlfur, dry 1.00 1. 10 º· 70 º· 77 º· 70 º· 77 º· 74 0, 60 0.86 
Fe203 9 10 12 7 10 10 15 6 15 
CaO 2.0 2.3 1.4 1. 9 1.7 2.1 7.3 3, 9 7.2 
K20 1,8 1,6 2.5 2.4 2.6 1.6 1.4 1.a 1.6 
Na20 0.4 0,4 0.9 0.9 o.e º· 7 1.2 0.5 1 .s 
P205 0.9 º· 7 0. 2 0.4 0.3 0.4 º· 1 0,6 1.0 
IDFM 89 245 600 80 131 75 59 500 65 
1 DilaUcn 26 80 95 32 73 29 30 73 15 °' N 
1 EKpan• ial ( 52102) 9 13 6 11 12 6 16 -1 6 Ili 
PresSUA, PSI (50-51) 14 NA 5 13 11 10 14 4 17 
• Hean Max Ro 1,57 1.60 1.53 1.63 1,60 1, 64 1.68 1,52 1,66 
Total Inart• 20 10 23 24 22 29 22 25 22 

TABL!l 6 






