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FOREWORD 

The papers reproduced in this document were presented during a 1-day 
conference sponsored by the Department of Energy, and held in Oak Ridge, 
Tennessee on November 14, 1978. There were approximately 35 attendees. 

The purpose of the conference was to examine the current outlook for use of 
Chattanooga Shale as a source of uranium, to review the results and 
conclusions of the recently completed DOE contract study by Mountain States 
MinP.ri'll Enterprises~ Inc., and to identify follow-on studies, if any. 

The conference was followed by a field trip during which several rypical 
exposures of Chattanooga Shale were examined by participants. 

The agenda is reproduced herein and serves as a table.of content. 
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POSSIBLE ROLE OF SHALE IN URANIUM SUPPLY 

John A. Patterson 
Office of Uranium Resources and Enrichment 

U.S. Department of Energy 

The principal role of the Chattanooga Shale for a considerable period of time 
will be as a factor in our thinking about how we should develop nuclear energy 
systems. The question at this time is not when or how much uranium production 
there will be from the Chattanooga, but whether or not it is even a viable 
source of uranium. 

The giant of a resource that is the Chattanooga has been sleeping for 350 
million years. The giant is hard to ignore. Should we wake it and put it to 
work? We are not sure what it can do for us or how well we can handle it. Or 
would it be better to let it continue to sleep? We must know more about this 
giant - and the future - to decide. 

Analysis of ur.anium availability from currently known resources over the next 
25 to 50 years suggests that recourse to much higher-cost, low-grade resources 
such as the Chattanooga Shale may be necessary some time after the end'of the 
century. Analysts, therefore, require information on possible economics and 
availability of uranium from the shales. The need to update cost data and 
consider new mining and processing techniques and ~nvironmental concerns was 
an underlying reason for contracting with Mountain States Research and 
Development for a study on the Chattanooga. Their report has been helpful in 
claiifying economics and the state of the technology, and in identifying 
problem areas. This meeting is designed to further clarify the strengths and 
weaknesses of what's known today to assure that we are realistic in our 
appraisals and to identify additional actions we should consider with regard 
to shales. 

Making decisions and plans for. future energy supply increasingly requires a 
long-range vision, particularly about raw material resources, availability and 
economics. The long-range character of energy planning is particularly 
important for nuclear energy systems where the lead times are very long for 
developing and employing new technologies and the costs involved are high. 
Mont long-range energy plans, including nuclear, are inherently based on 
concepts - or misconceptions - of the magnitude and future availability of 
fuels. 

There has not been as much study of the extent and character of our natural 
fuel resources as is warranted considering their fundamental importance to 
sound energy planning. The critical role of uranium resources knowledge is 
now quite well understood. M~m¥ ?re eager to know once and for all the extent 
of U.S. uranium resources. On the other hand, it is very difficult- if not 
impocsible - to produce "final" resource estimates. 

The Department of Energy's National Uranium Resource Evaluation (NURE) program 
is seeking to significantly improve knowledge of U.S. uranium resources. This 
effort, which has been underway since 1974, is using a systematic approach to 
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develop the field data needed to assess geologic favorability for the 
occurrence of uranium which is the basis for resource appraisal. Such 
undertakings are expensive and require considerable time to do. The probable 
final cost of NURE will be several hundred million dollars. The first 
"comprehensive" estimates will not be available until the mid-1980s. The 
primary fo~us of the NURE program has been on the lower-cost resources, that 
is, those producible at a cost of $50 per pound U30s or less. However, 
higher-cost materials, principally in the range of $50-$100 per pound, are 
also being investigated. 

While there is reason for optimism that the NURE program will ultimately 
result in somewhat higher estimates of U.S. resources, there is no way to know 
the outcome of the program until the necessary work has been done. The 
purpose of the program is, after all, to assess what is now unknown. There 
is, however, some chance that there will be no significant addition to our 
present estimates of uranium resources or that there will be reductions to 
current estimates. 

The need for better knowledge of uranium resources for so~nd planning has been 
recogni~ed internationally. As an example~ the Nuclear Energy Agency (OECD) 
and the International Atomic Energy Agency are fostering a study similar to 
NURE, called the International Uranium Resource Evaluation Project (IUREP), 
seeking to assess world resources, particularly those in areas which have not 
been adequately investigated. 

In the final analysis, whether we use the Chattanooga Shale as a source of 
uranium will largely depend on the economic factors, but non-economic 
considerations will also have a role. It is clear 'that uranium from the 
Chattanooga will be much higher-cost than from conventional uranium resources. 
The question is - would the uranium and the energy to be produced have 
advantages over other options such as coal, recycling of uranium or plutonium, 
or development of improved converter r~actors or breeders. 

The considerations involved in the choices of nuclear options are complex and 
will be strongly influenced by proliferation, socio-economic, and 
environmental concerns. 

Nuclear energy options are currently the subject of intense study in the 
United States under the Nonproliferation Alternatives Systems Assessment 
Program (NASAP) and worldwide under the International Nuclear Fuel Cycle 
Evaluation Program (INFCE). These studies have reinforced our concern about 
long-term availability of uranium and are fostering hard thinking about the 
options available and their implications. Several participants in these 
studies are present at this meeting. It is a collateral goal of this meeting 
to clarify for these studies what could sensibly be expected from the shales. 

The principal attraction of the shales is that they contain enormous amounts 
of uranium. The problem is very low concentration of the uranium. The 
Chattanooga Shale contains in excess of 5 million tons of U308 (4.2 
million tons uranium) in rock with an average grade of 60 parts per million 
(ppm) uranium. At lower grades, to 45 ppm, there probably is over 10 million· 
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tons U308• The 5 million tons is a large resource; more than the 4.5 
million tons U308 total estimated U.S. resources at $50 per pound of 
U308 which includes ore reserves and the three classes of potential 
resources - probable, possible, and speculative. 

In contrast to the comparatively small and erratic nature of the uranium 
deposits in the sandstone formations of the Colorado Plateau, the Wyoming 
Basins, and the Texas Gulf Coastal Plain, which contain over 90 percent of our 
lower-cost resources, uranium in the shales is of remarkably uniform grade and 
thickness over hundreds of square miles. Thus, there is no problem of 
discovery and delineation of uranium in the shales. The trade off is the 
uncertainty about future availability of lower-cost supply and the related 
need for expensive and unpredictable exploration programs against the security 
of relying on a: known but much higher-cost uranium source. 

A factor we must keep in mind in thinking about resources is production 
c.apacity. Attainable levels of production capacity from known low-cost 
resources have limitations. Production may not be adequate to.meet some cases 
of projected annual demand. Analysis of attainable levels of production from 
United States $15 and $30 per pound of U308 ore reserves and probable 
potential resources suggests that levels of around 60,000 tons of U308 or 
51,000 tons of uranium per year may be attainable in the 1990s (See Figure 1). 
While further additions to production capacity may be achieved by use of 
possible or speculative resources, from resources with costs at $50 per pound 
or above, or from resources not yet known, it is not clear from analysis to 
date that resources as currently perceived can provide a substantial increase 
above the 51,000-tons-uranium-per-year level. 

There are difficulties in adding production from higher-cost ores as the lower 
grades involved require expansions to mining and milling rates both to 
compensate for the lower grades and to provide growth in production. There 
are limitations on production from possible and speculative .resources because 
of the long lead times for exploration and delineationr delaying availability 
of these resources. Thus to meet forecasted demands it may be necessary to 
augment production from low-cost resources by use of known resources such as 
the Chattanooga Shale. 

The adequacy of the 51,000-ton level of uranium production can be measured by 
comparison to forecast uranium requirements. A recent DOE forecast of nuclea~ 
growth and uranium requirements is also shown in Figure 1. The projection, 
based on a nuclear capacity in the year 2000 of 325 gigawatts (midcase) and 
assuming no recycle of uranium or plutonium and a 0.20 percent U235 tails 
assay, produces a requirement in the year 2000 for 68,000 tons U308 
(58,000 tons uranium). The range in estimates related to low nuclear capacity 
(256 GWe) and a high capacity (396 GWe) were 53,000 to 85,000 tons of U308 
(45,000 to 72,000 tons uranium) per year. Uranium requirements are projected 
to continue to grow beyond the year 2000 at a rate of 1,000 to 4,000 tons 
UJOH per y~ar (850 to 3/100 tone uranium). Thus, if tht;>sP prnjPr-ti nns nf 
demand and supply were to hold up, some incremental source would be needed 
around the end of the century. 
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What contribution can the Chattanooga Shale make towards filling these 
demands? The prototype plant analyzed by Mountain States would involve three 
mines with capacity of 36,000 tons of shale per day feeding one mill with a 
capacity of 100,000 tons of shale per day which would produce 1,150 tons of 
uranium per year. The production from one plant would be 2.3 percent of the 
51,000 tons uranium previously noted and 33 percent to over 100 percent of the 
annual growth in demands in 2000. While these mines and mill are large, they 
are comparable to mine and mill capacities used for other products. Such 
sized operations would require a sizable investment and require a large work 
force. The regional implications of such an operation could be far-reaching, 
especially if many such plants were built. 

The energy contribution from the one shale plant - considering uranium only -
would be significant.· If we assume that the uranium produced were used in 
pressurized water reactors of current design with no use of recycled uranium 
or plutonium and 0.20 percent U235 enrichment tails assay, the 1,150 tons of 
uranium produced could support some 7,000 megawatts of electrical generating 
capacity. This is a large amount of power. There are only nine utilities in 
the United States that have system capacities that large. The 7,000 megawatts 
would be sufficient to take care of the electrical energy needs of around 3 
million people. Thus an individual prototype plant could produce substantial 
amounts of energy using current technology. 

Improvements in how we use the uranium could change this picture. Since the 
shale-produced uranium will be higher cost, there are incentives to use it 
more efficiently than one might use $8 to $40 uranium. Such lower uranium 
prices have influenced concepts of past reactor and fuel cycle planning. 
Improved Light Water Reactor (LWR) designs currently under investigation could 
reduce uranium needs by 15 percent to 30 percent. Reduction of enrichment 
tails assays from the current level of 0.20 percent U235 to 0.10 percent or 
0.05% could also improve the efficiency of uranium use. Figure 2 shows fuel 
needs for a 1,000 megawatt pressurized water reactor. Annual uranium needs 
could be reduced from 167 tons required with current practice to 142 or 117 
tons by LWR improvement and t6 139 or 114 tons with lower enrichment tails 
assays. 

The generating capacity supported by a given uranium supply would also 
increase. Figure 3 shows the capacity supported by the 167 tons uranium per 
year. Some 18 percent to 43 pen:enL expanslun t:uulu Le obtained by LWR 
improvement and some 15 percent to 23 percent by reduction of tails assays. By 
combining these factors, 36 percent to 76 percent more generating capacity 
could be supported by the same uranium. Thus the 7,000 MWe supported by the 
100,000-ton-per-day shale plant could conceivably increase to 9,500 to 12,300 
MWe. 

Another way to put shale in perspective is to consider the amount required to 
be mined and processed to fuel one 1,000 megawatt reactor. Such an analysis 
would also be of interest if one considered the shale as a backup source of 
fuel for a planned LWR for which the shale could be thought of as the fuel of 
last resort. Assuming the pressurized water reactor with current technology 
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and using a uranium recovery rate of 60 percent, and the 55 ppm uranium aver
age shale grade, some 13,800 tons of shale per day would need to be processed 
to produce the 167 tons of u~anium needed each year to support the nuclear 
plant. See Figure 4. Improved reactor design could reduce this to 11,700 or 
9,700 tons of shale per day and with reduced tails assay to 8,300 or 7,900 
tons of shale per day. 

If the same 1,000 megawatts of electrical generating capacity were to be 
provided by a coal plant and 10,000 BTU's per pound quality coal were utilized 
at a heat rate of 9,500 BTU's per Kwhr, some 8,700 tons of coal would have to 
be burned per day. Thus the shale production levels, particularly with 
improved technology, are comparable to coal production rates. Any utilization 
of recycled uranium or plutonium or use of enrichment tails in advanced 
converter react6rs or breeders would, of course, provide additional energy 
from the uranium produced. 

Thus it appears that individual industrial-size shale operations can make a 
significant energy contribution. The question remains as to the economics of 
using such low-grade sources, including the costs of environmental protection 
actions required to produce an acceptable mining and milling operation. 

Economics of production of uranium from shale are complicat~d by the many 
by-product options and process uncertainties involved. Figure 5 illust~ates 
the projected prices of certain cases from the Mountain Sta.tes study. For 55 
ppm uranium-grade shale fed to the processing plant and with recovery of 
syncrude, valued at $20 per barrel, and the by-products sulfur, ammonia, 
vanadium, cobalt, nickel, molybdenum, and thorium credited at current prices, 
a low uranium price of $70 per pound of U)08 resulted. With no by-product 
recovery, the high uranium price of $206 per pound U308 resulted. Other 
alternatives shown in Figure 5 include recovery of syncrude at $14, sulfur, 
and ammonia and no metals at $173 per pound U308, and recovery of metals 
but no syncrude, ammonia and sulfur at $148. 

A 'related question that we must think about is to the level.to which uranium 
prices could go and still be of economic interest as a reactor fuel. Ceiling 
uranium prices for Light Water Reactor fuel will depend on the cost of 
electricity from other fuels, particularly coal, which will be the only fuel 
alternative in many areas for a long time. New technologies such as solar and 
geothermal energy would have to be considered as possible longer-range 
alternates. Break even uranium prices compared to coal would vary from less 
than the current $40-$45 per pound U308 in the areas close to low sulfur 
coal such as in the western states to around $80 in the southest and $74 in 
New England, areas remote from coal. 

The break even price between use of Light Water Reactors and new reactor 
systems such as breeders or utilization of recycled uranium ur plututiium at t:! 
currently under investiga~ion within the Department of Energy and in INFCE. 
Break even values between LWRs and breeders as low as $75 per pound have been 
developed for current LWRs or $90 for the 15 percent improved to as high as 
$300 per pound for the 30 percent improved technology LWRs. These values <ilso 
depend on the postulated cost for the breeder reactor. 
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Thus there are options in cases for the cost of production of uranium from 
shale and in the price ceilings of uranium of interest to use reactor fuel. 
The potent\al prices of production from shale ($70 to $206 per pound U30s) 
overlap the values of interest between LWRs and coal and between LWRs and 
breeder reactors ($75 to $300 per pound U3os). 

As is clear from Figure 5 and these break even prices, a key variable in 
determining ~conomics of shale will be the capability of producing other 
products. The promise of the 2.5 fold increase in oil yields from the 
hydrogenation technique and the potential for other chemical and metal 
products can significantly change the economics of uranium to be produced and 
the feasibility of the entire project. The values placed on these products -
and how the costs are allocated - will also be important. The prototype 
100,000-ton-per-day processing plant, to use the Mountain St~tes data again, 
could produce some 55,000 barrels of syncrude per day and also produce nickel, 
molybdenum and sulfur equal to 6 or 7 percent of recent United States 
production levels. It could add production of cobalt for which there is no 
United States production. More vanadium could be produced than the total 
United States current production. These co-products involve the construction 
of a much larger and more complex processing plant. Capital costs for the 
100,000-ton-per-day plant, including mine and mill, recovering uranium only 
are $1.05 billion compared to $2.3 billion if all the by-products noted are to 
be recovered. Thus the economic opportunities increase from by-product 
recovery but also the capital investment and economic risks increase. At the 
current state of the art of the hydrogenation technique and the processes 
required for recovery of the other chemicals and metals from shale, there is 
some uncertainty as to how successfully and economically these materials can 
be recovered. On the other hand, the potential recovery of other by-products 
such as alumina provides further possibilities. 

The Mountain States study base case assumes a mill feed grade of 55 parts per 
million uranium content. Past investigation of the shales suggests that there 
may be higher grade and thicker areas of sufficient size to support 
industrial-size operations which would lower production costs. In addition, 
some areas may be amenable to open pit mining or have siting advantages. The 
effect of utilizing an average shale grade of 85 parts per million uranium is 
shown in Figure 5. It can be seen that under the same assumptions as for the 
55 ppm shale, the lowest price estimate would decline-from $206 to $126 per 
pound of U30s. These are substantial price reductions and suggest that 
improved knowledge of the details of uranium grade distribution within shales 
has th~ potential of producing a large improvement in economics, at least for 
some portions of the shale. 

An additional important variable to note is the amount of uranium recovered 
from the shale in the processing plant. A value of 60 percent recovery was 
estimated by Mountain States. If technology improvement could increase 
this,the costs per pound would be improved. A recovery p~rcentage of 93 
percent for 55 ppm shale would produce as much uranium as 60 percent recovery 
from 85 ppm shale and similar economics. While high recoveries are difficult 
to obtain from low-grade ores, the incentive is large. 
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In summary, while we expect that any utilization of _the Chattanooga Sha.le is 
likely to .be many years, perhaps decades, away, current and ne~r-term concepts 
on the usefl)lness.of shales w:~ll have an impact on our energy planning, 
particularly.in the ~u~lear area. To meet projected demands, ~e must either 
find additional low-cost .resources or develop known low-grade high-~os·t. 
resources, such as the shales. Industrial-size shale operations can make a · 
significant addition to United States energy supplies. Important energy and 
industrial by-products can also be produced and their production will have a 
significant bearing on the,economics and feasibility of the operation. 
Current econom~c evaluations suggest thai uranium producible from shale could 
be of future economic interest as fuel for LWRs in comparison to coal in 
certain areas of the country and in competition to advanced reactor types, 
particularly. with improved LWRs and with lower enrichment tails assays·. If 
areas of shale with higher grade or better mining conditions were id~ntified 
or if recoveries could be increased, shales could have materiall~ better 
economics and be of interest at a much earlier date. While future role of 
shale is uncle~r, this ·gia?t of a resour~e ~ro~ides an additonal option to us 
in meeting energy and. other raw material. needs. We must study the problems 
related to shale production ca~efully if we are to plan wisely. 
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PRELIMINARY CORRELATION OF DEVONIAN BLACK SHALES IN THE APPALACHIAN BASIN 

Wallace de Witt, Jr., Roy C. Kepferle, John B. Roen, 
T~ure G. Wallace, and Mareta West 

A well-documented stratigraphy is an essential framework for the study to 
characterize the gas-productive Devonian shales of the Appalachian Basin and 
to appraise their hydrocarbon potential. 

The original stratigraphic nomenclature and correlation of black shales in the 
basin evolved from surface studies along the margins of the Appalachian Basin 
and along the Allegheny Front. In the 1950s Hass, using conodonts, zoned the 
Chattanooga Shale of Tennessee and correlated units in the Chattanooga with 
other named formations in Kentucky, New York, Ohio, and Virginia. Later 
Schwietering made the first regional subsurface correlations of the black 
shales in the northern part of the basin using gamma-ray logs •. Schwietering's 
study corroborated several of Hass' correlations in the northern half of the 
Appalachian Basin. 

Using mainly wire-line geophysical logs augmented locally with lithologic and 
paleontologic data from well cuttings, cores, and outcrops, we have 
demonstrated the equivalence of the Dowelltown Member, the lower unit of the 
Chattanooga Shale of Tennessee with the Rhinestreet Shale Member of the West 
Falls Formation of New York. Some beds of gray shale in the upper part of the 
Dowelltown appear to correlate with post Rhinestreet rocks in the West Falls 
or younger Java Formation of New York. 

The Pipe Creek black shale, a 5-to 20-foot black shale, at the base of the 
Java Formation has an unmistakable gamma-ray signature that extends from 
outcrops in western New York southwest 450 miles under cover to outcrops in 
the Greendale syncline of southwest Virginia and adjacent Tennessee. 

The basal part of the Gassaway Member of the Chattanooga, the upper member of 
the formation in Tennessee, is equivalent to the Huron Shale in Ohio and the 
Dunkirk Shale Member of the Perrysburg Formation and to younger post Dunkirk 
beds in the Arkwright Group in Chautauqua County, New York. 

The Three Lick bed of central Kentucky is .a distal projection of gray Chagrin 
Shale of northern Ohio. The upper part of the Gassaway Member, the part above 
the Three Lick bed, is the correlative of the Cleveland Member of the Ohio 
Shale in northeastern Kentucky and in Ohio. 

Correlation of older black shales in the Upper Devonian sequence - the 
Middlesex Shale Member of the Sonyea Formation, and the.Renwick Genesee Shale 
Members of the Genesee Formation in New York, the Burket Black Shale Member of 
the Harrell Shale in Pennsylvania, and the post-Maracellus part of the 
Millboro in Virginia - are not as yet well documented because inadequate 
subsurface control. Relatively scant data indicate that the Burket of 
Pennsylvania may be equivalent to the Renwick and Genesee of New York, 
although more definitive paleontology data are needed. Resolution of these 
problems await more good subsurface data from drill cores. 
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The Marcellus Shale of Middle Devonian ag~ is a well-recognized extensive 
black shale that overlies the Onondaga Limestone and its equivalents -
Needmore Shale or Huntersvil~e Chert - in much. of the eastern and central 
partsof the Appalachian Basin. Locally the black shale facies rises 
stratigraphically into young¢r stratigraphic units in the Hamilton Group; 
however, several extensives layers of limestone permit identification of these 
post-Harce~lus black.shales. 

Correla.tion of litho-stratigraphic units throughout the Appalachian Basin and 
the preparation of isopach maps of selected units are essential parts of the 
shale charact~rization study. These data combined with geochemical, 
structural, and geophysical information form the basis for producing an 
accurate resource appraisal of the Devonian gas shales. in the. Appalachian 
Basin. 
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FOREWORD 

The U.S. Department of Energy has an ongoing interest in all aspects of 
energy: its uses, sources, costs, and availability. Continuing depletion of 
higher grade U.S. reserves of uranium to supply escalating energy require
ments has provided the motivation to examine more closely other possible 
sources of uranium. One of these is the long-known Chattanooga Shale resource 
of large tonnage but low grade in the east-central United States. 

This investigation, executed to determine the technical, economic, and 
environmental feasibility of large-scale production of uranium from 
Chattanooga Shale, was. commissioned to the subcontractor, Mountain States 
Mineral Enterprises, Inc., through the primary contractor, Bendix Field 
Engineering Corporation, for the Department of Energy. It represents the 
fi.rst two phases of a contemplated four-phase program. 

~-~---~ 

The report consists of three volumes. The ~ prepared by Mountain States 
Research and Development, a division of Mountain States Mineral Enterprises, 
Inc., covers the engineering description, feasibility and economics of 
exploitation of the Chattanooga Shale. Cleveland-Cliffs Iron Company, Western c 
Division was commissioned by Mountain States to prepare the portion on 
underground mining and tailings backfill. Information for portions of the 
first volume dealing witfiiD11 retort processing from shale was furnished by 
the Institute of Gas Technology, Chicago. The second volume is devoted to the 
environmental and socioeconomic impacts of exploiting the Chattanooga Shale 
an~d by Toups Corporation of Orange, California as a subcontractor 
to Mountain States. ·the thira-voium~ains appendices including the 
complete underground mining-r;port. Annotated bibliographies consisting of 
cited references and other relevant literature are included in Volumes I and 
II. 

Portions pertaioing to Ranstad, Sweden were written by the principals of this 
report from published references, personal communications, and observations 
made by representatives of Mountains States and Toups on a visit to the 
Ranstad operation in November 1977. 

This study accomplishes the data compilation and analysis phase (Phas·e I) and\ · 
feasibility report phase (Phase II) of a program to determine the viability of \ _, 
Chattanooga· Sh~le AS a future source of uranium. 

Phase I requires the compilation and analysis of all available technical and 
environmental information pertinent to a study and evaluation of the 
feasibility of exploiting the Chattanooga or similar shales for uranium and 
possible by-products. Information gathered includes that relating to geology., 
resource estimation, mining methods, and processing in addition to the 
geography, demography, and environmental characteristics of the Chattanooga 
Shale region. 
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This information, together with that gained from a review of the Swedish 
Ranstad operation, is applied to a review and evaluation of current 
assessment, exploitation, and extraction technology applicable to, and impacts 
to be expected from, the large-scale prqduction of uranium fr'om Chattanooga 
Shale. Environmental and socioeconomic impediments to such an operation ar·e 
delineated from an examination of current and anticipated regulatory,. 
environmental, economic, and social aspects of exploitation. 

Phase II requires the preparation of comprehensive reports presenting the 
results of investigations carred out in Phase I. One portion of this report 
is devoted to the ~conomics and feasibility of recovering uranium and 
by-products from Chattanooga Shale based on current technology. A separate 
portion discusses the assessment and evaluation of the regulatory, 
environmental, and socioeconomic impacts resulting from large-scale 
exploitation of the Chattanooga Shale as a uranium source. 

The report includes comprehensive annotated bibliographies concerning geologic 
studies, mining practices, processing, euvlron1uental impact and other 
information based upon relevant studies carried out by governm~nt: agencies, 
universities, and private companies both in the U.S. and foreign countries 
(e.g., Sweden's Ranstad project). An annotated bibliography with i:efe:n::n~es 
applying.to geologic, mining, and processing aspects is included in Volume I 
and a similarbibliography of references relating to .environmental and 
socioeconomic considerations is included in Volume II. 

Since most previous reports including the Ranstad papers dealt in U, and not 
U308, this report deals. in U (uranium metal.) except where noted in 
parenthesis. The conversion factor from percent uranium (U) to uranium oxide 
(U308) is a division of the uranium (U) assay by 0.848. 

The question of economic feasibility addressed by this report is a complex 
problem influenced. by many factors, some readily quantifiable, others 
impossible at this.juncture to remove from the realm of the subjective. If 
the technologies of exploitation projected in this report are valid and the 
growth in world energy consumption persists, the economic feasibility of the 
resource may be closer in time than many observers would expect. Given 
today'sselling prices for oil of $14 per barrel and $42.50 per pound of 
U308·($50 per pound of U), the value of one ton of shale is about $10.55. 
The uranium value is $3.30 in a ton of shale "as-mined" at an average grade of 
55 ppm U and 60 percent processing recovery. Includ.ed also in this value ln a 
ton of shale is $7.25 for the oil recovered by a new process, hydroretot·tiug, 
to yield 21.7 gallons per ton rather than the indicated Fischer assay content 
of 8.7 gallons per ton. Above this, the process produces all the sulfur 
required for .leaching uranium, and a small amount of ammonia for sale. 

The environmental and socioeconomic effects, however, will be greater because 
of the scale of disturbance necessarily associated with mining and processing 
the large shale tonnages required for the resource to be of any real 
significance in uranium supply. These effects could be of such importance as 
to require perhaps a new concept of ownership, development, and use. 
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Presented in this report are descriptions of techniques for mining and 
processing appraised as being feasible now or in the near future after a 
period of trial and testing. The success of such technical innovation and 
development, along with the important influencing factors of world politics 
and economics, will determine the timing of initial production. 

SHALE STRATIGRAPHY 

The Chattanooga Shale formation is a massive, siliceous, pyritic black shale 
of Late Devonian Age lying unconformably on the Ordovician Leipers Limestone 
formation [Kehn 1955]. Its usual average thickness is somewhat over 30 feet 
(Figure I-9). It consists of two members: a lower member, the Dowelltown, 
and an upper member, the Gassaway. 

The Dowelltown member is 15 feet thick and carries small uranium values, 28 
ppm in the lower, or "A," unit of 6 feet. The upper, or "B," unit, of 9 feet, 
1~ u~ually 11 ppm, which is lean and does not warrant consideration in this 
study. The nominally 15 foot Gassaway member has a lower unit, "C," 7 feet 
thick overlain by the "D" unit, 2 to 4 feet thick, composed of mixed bands of 
claystone and black shale variable in uranium content. The top Gassaway unit, 
"E," usually but not always the best in uranium grade, is 5 to 12 feet thick. 
Overall in this area the Gassaway contains 60 ppm uranium. In some areas the 
"E" unit contains phosphate nodules in its uppermost foot. 

Presently it is believed that the Gassaway member of the Chattanooga Shale 
formation is the only strata of mineral significance. The uranium content of 
this member varies between 55 and 70 ppm. Its thickness measures between 5 
and 18 feet, but is mostly 14 to 16 feet. There appear to be general geologic 
trends of thinning and thickening from the average, but more information is 
needed in several areas to permit more reliable interpretation. 

The Maury formation, variously called shale or claystone, lies on top of the 
Gassaway member. It varies in thickness from 0.5 to 4 feet, sometimes 
contains phosphate nodules, and varies in uranium content--averaging perhaps 
14 ppm. 

CRITICAL FEASIBILITY CONSIDERATION 

There are a number of important aspects which warrant recognition in an 
evaluation for eventual exploitation of the shale. 

MINERAL OWNERSHIP 

It is beyond the scope of this report to deal with the basis of ownership of 
the shale since, as far as is known, no major portion of it is in the public 
domain. However, for the purposes of economic analysis, an estimate of $2.00 
per ton for land acquisition and royalties has been added to operational 
costs. This estimate is based upon the general type of land involved and its 
similarity with coal lands of roughly the same energy content. 
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STRATIGRAPHIC SECTION OF THE CHATTANOOGA SHALE 
IN: DEKALB COUNTY 

(adapted from Mutschler, et al. (1976]) 
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PRODUCTION VOLUME 

The exploitation of this resource, if possible at all, will have to be based 
upon large volume and maximum efficiency in order to produce at minimum cost. 
Patterns for this practice are present in the large, low-grade U.S. copper 
facilities, both open-pit and underground. 

A throughput shale tonnage of 100,000 tons per day in the beneficiation plant 
has been chosen as necessary and possible on a reliable daily basis with 
present equipment and best technology. 

MINING METHODS 

Surface Mining 

In the recovery of some minerals, open-pit methods in many cases permit 
exploitation of low-value or low-grade deposits because of the.economy of that 
form of mining. Open-pit methods would be an advantageous approach to mining 
the Chattanooga Shale if physical conditions of the resource were amenable to 
these methods. Unfortunately they are not. The ratio of overburden thickness 
to shale thickness is too great for open-pit mining of any areas except 
perhaps for contour stripping of relatively small tracts in the drainage 
valleys. There are favorable stripping areas for large tonnages in Kentucky, 
but the uranium content is only 10 to 40 ppm, with perhaps 15 to 40 gallons of 
oil per ton by hydroretorting [Robeck and Conant 1951; Institute of Gas 
Technology 1977]. 

A greater problem is the hardness and toughness of the overlying Fort Payne 
Limestone formation which varies in thickness up to 200 feet. Direct 
observation of recently acquired core material leads to the conclusion that 
moving (i.e., drilling, blasting, handling) this rock in large amounts would 
be far more expensive than underground mining. 

More detailed investigation might disclose small areas where the Fort Payne 
has weathered sufficiently to become soft enough to excavate. Perhaps such 
areas could be mined first to provide in-transit storage for slurried tailings 
enroute to eventual backfill underground. 

Underground Mining 

Using the DeKalb County area as the typical or model area, and given the 
stratigraphic mode of the ·uranium occurrence there, the ideal horizon for 
underground mining is of course the Gassaway member, nominal average 15 feet 
thick, 60 ppm uranium. 

The Fort Payne will provide an excellent mine roof [Brown 1949] and allow for 
a heading, or working place, width of 3i feet. This is of great importance in 
the design of a low cost, efficient mining plan. It is necessary to provide a 
safe and easily accessible working face not cluttered by roof supporting 
timbers. Ease of access is required with side and top clearance permitting 
the use and easy maneuverability of the largest workable drilling and mucking 
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equipment [East and Gardner 1964; Leach 1975]. 

The Maury presents a problem• Based upon the experience of the mining 
consul.ta,nts to this study and those who worked in the Sligo adit [Brown 1'949] 
the mining plan and cost_s :reflect mining the Maury along with the Gassaway 
even though the mining horizon is thereby increased to 16 feet in thickness 
and the uranium grade reduced to 55 ppm. To attempt to selectiveiy mine the 
Gassaway and Maury separately would impose an unacceptable economic penalty. 

In-Situ Minin·g . 

The question always exists as to the possibility for in-situ recovery of the 
mineral values to reduce mining costs and damage to the environment. The 
concept presented in this report for the recovery of both oil and uranium 
would require an extremely advanced in-situ techn()logy to first retort the 
shale underground in a hydrogen atmosphere and then dissolve the uranium fr·om 
the retorted shale with sulfuric acid. The present state ot technology does 
not suggest the development ef such capability in the near future. Further, 
it appears that in-situ oil recovery [Cook (974; Miller and Nichols 1973; 
Reynolds 1975; Rothman 1975] is best adapted to much thicker deposits than the 
16 foot Gassaway or even the 40 foot thick Chattanooga including the 
Dowelltown member. 

Present success with in-situ uranium recovery in Texas is due to the mode· of 
the mineral occurrence in permeable sandstone, greatly different from the 
dense fine-grained shale of the Chattanooga. 

MULTIPLE PRODUCT RECOVERY 

Previous writings on the fe~sibility of uranium production frdm the 
Chattanooga Shale have almost always alluded to the necessity for recovery of 
several products because of its low uranium grade [Mutschler, et al. 1976]. 
Recovery of the oil·as well ·as the uranium present in the shale-is-still 
considered a requirement. This is currently a much more realistic possibility 
because of recent successful research work carried out at the Institute of Gas 
Technology (IGT) [Institute of Gas Technology 1977] with primary interest in 
the use of Eastern shales as a source of oil. This work has shown that the 
Fischer Assay, a common measure of shale oil content, is not reliable for 
Eastern shales like the Chattanooga when they are hydroretorted. In fact, 
indications are that up to 2.5 times as much oil is.recoverable as determined 
by that assay; thus the Chattanooga in DeKalb County with a Fischer Assay of 
only 8.7 gallons of oil per ton of shale will in reality produce perhaps as 
much as 21.7 gallons per ton [Institute of Gas Technology 1977]. 

The lGT method involves a ·retorting operation carried out in a hydrogen 
atmosphere which produces also, in addition to the oil, sufficient hydrogen 
forthe reaction, sulfur, and significant amounts of ammonia. Additional 
sulfur f~om the shale is recovered in a later processing step prior to acid 
leaching. These two recoveries will provide more than enough sulfur to make 
all the sulfuric acid for leaching; as well as providing significant amounts 
of heat energy. 
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This then indicates the possibility of recovery, in addition to the uranium, 
of important amounts of oil and ammonia. Additional research could define the 
possibilities for recovery of metals, such as molybdenum, vanadium, and 
others. 

WASTE MANAGEMENT 

Process Wastes 

Wastewaters generated by mineral processing can be treated to remove residual 
organics. The high concentrations of inorganics preclude the discharge of 
wastewaters to the environment. The two options available for disposal of 
liquid wastes are: 1) concentration and evaporation to dryness, and 2) deep 
well injection. 

Tailings Wastes 

Transporation and disposal of an anticipated tailings production of 80,000 
tons/day constitute a key requirement of a successful operation. Tailings 
waste will consist of material that will have been retorted to extract oil, 
and ground and leached with sulfuric acid to extract uranium and possibly 
other metals. Its final state is expected to constitute a 50 percent 
shale/water slurry. 

The mine plan has been designed with the assumption that 70 percent of the 
tailings can be backfilled into the old mine workings leaving the remainder 
for disposal on the surface. It is recognized that this procedure is not 
currently in use to any significant extent in the mining of relatively 
flat-lying deposits, however, from an environmental standpoint it is 
considered necessary [Jankousky 1977]. 

Backfilling, as visualized, will be accomplished by a substantial competent 
system to distribute tailings slurry to the worked out areas after cessation 
of all production activities. The slurry will be pumped overland, down into 
the mines through boreholes, and into a distribution pipe grid to begin 
filling initially in the lowest area of the worked-out panels. This will 
function to deposit the greater volume of solids by taking advantage of the 
slight regional dip of the Gassaway. As the lower abandoned openings become 
filled and the solids settle, supernatant liquid wi11 be drained out through a 
pipe drain system and pumped for recovery back to the leaching circuit. 

As indicated, the tailings slurry will likely be extremely "soupy", a 
characteristic conducive to pumping for distribution through the tailings 
handling system but problematic to ultimate disposal. If the solids do not 
settle satisfactorily in the backfill, it will be necessary to find some 
method of inducing settling, perhaps an adaptation of the work of Sprute and 
Kelsh [1976a] on fine coal slurry. There are indications that technology 
involving the use of electrokinetic energy to densify such slurries is 
advancing to a point approaching functional reality [Sprute and Kelsh 1975 a, 
b; 1975 a, b; 1976 a, b]. 
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Another possibility described by Snyder, et al [1977] is the use of a 
proprietary additive which has been used in fine coal slurries to "produC'e a 
solidified ma'ss with dependable engineering properties." It is claimed that 
the resulting densified fines are impervious to leaching. Persistent research 
with a variety of minerals by suppliers of flocculants has resulted in the 
past in the discovery and use of new materials for this purpose with greatly 
improved technical results. 

It is important that tailings particles settle within a reasonable time. 
Without substantial water reclamation from the treatment circuit (tailings 
stream), it will be difficult to impound the resultant huge volumes of water 
and fines as a mixture either underground or on the surface. 

Even with tailings backfilled to the mine it will be necessary to dispose of 
at least 30 percent of the total tailings volume on the surface. On a weight 
basis, this will amount to over 20,000 tons or about 10 acre-feet/day. It 
appears from an engineering perspective that the most convenient disposal 
sites are large, normally dry valleys which over time could be compictcly 
filled, covered with topsoil, and reseeded to grasses or trees. The 
environmental implications of such a major landform and ecologic alteration 
~re many and will require detailed ~ita specific inveHtigatlou. 

Tailings, whether stored on the surface or underground, will be subject to 
leaching by rainfall and groundwater. This may represent the greatest threat 
posed by the contemplated uranium operation to the environment. No direct 
analysis of such tailings are available, but it is conjectured that process 
liquid adhering to the tailings particles and subsequently leached to strea~s 
or aquifers will be saturated with CaS04 (gypsum) by the use of lime and 
sulfuric acid in the uranium recovery process. It is assumed that minor 
amounts of unrecovered metals probably would be in the hydroxide form and 
hopefully inactive. This problem warrants further research. 

SUBSIDENCE 

Another reason for employment of underground backtilling is to ame11oraLe a 
surface subsidence problem should it occur. The mine openings and pillars 
have been designed to hold the overlying strata in place and allow no 
subsidence. However the space over the pillars of Gassaway Shale and the 
strbng Fort Payne Limestone roof will be occupied by the Maury Claystone. 
This formation is not regarded as predictable in strength as the other 
formations in the mining horizon [Brown 1949]. 

The mines are expected to be wet; the Maury over the pillars carrying greater 
unit weight pressure after removal of the shale may tend to squeeze out into 
mined-out rooms thus allowing some degree of surface subsidence, perhaps not 
great or even noticeable [Cochran 1971; Parker 1973]. The capability to 
emplace tailings in the mine openings with even a fair degree of compaction 
would tend to lessen surface subsidence by restraining the movement of the 
Maury and perhaps eventually even absorbing some of the downward pressure of 
the overlying strata should it occur. 
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RECOMMENDATIONS FOR FURTHER STUDY 

The work statement for this project categorizes Phase III, not included in 
this project, as the platform for recommendations. However there are several 
subjects which should be suggested for future work, only in generalities at 
this time, and with a more precise definition in the eventuality of a Phase 
III program. 

In the earlier times of the work of Kehn [1955], Stockdale and Klepser [1959], 
Hickman and Lynch [1967], and others, the principal objective was to find an 
area which combined all the prime aspects of uranium content, shale thickness, 
and other factors contributing to the best economy of exploitation [Gardner 
and McKinney 1954]. Mutschler, et al. [1976] addresses more consideration to 
environmental implications which in later years have assumed such critical 
importance. 

The DeKalb County area near Sligo and Smithville, necessarily selected as the 
focus of this report, is also the site of the Center Hill Reservoir, source of 
potable water for the area. In addition the reservoir has become a 
recreational area for fishing, camping, and water sports. The concept of 
establishing a large-scale mineral recovery operation near such a body of 
water raises complex environmental issues. 

It is suggested that a well-conceived program combining exploratory drilling 
with a regional environmental sensitivity overview study could perhaps 
disclose a geographic area of similar geology which would produce the same 
te.chnical results with fewer environmental issues. Conceivably, such an 
investigative program could disclose areas where strip mining might be 
feasible [Mutschler, et al. 1976]. 

Similar to the early work performed to determine proper working programs in 
Western oil shale [East and Gardner 1964; Marshall 1974; Obert and Merrill 
1958; Zambas 1972], consideration should be given to establishment of a pilot 
operation to test mining, beneficiation, and tailings handling technology, and 
to gain knowledge of the effects upon the environment of procedures, 
techniques, and practices proposed in this feasibility study. 

MINERAL CONTENT 

According to Swanson and Kehn [1955], the results of careful vertical and 
horizontal sampling at short intervals, and general regional comparisons make 
it apparent that changes in grade of uranium in the Gassaway are gradual, if 
any; they are not abrupt. · 

Phosphate in the Chattanooga is pr~~~ut in the nodules so common near the top 
of unit "E" ("Top Black") from DeKalb County northward. It is also present 
t.hroughout the rest of the section as apatite gr·ains. Averages in ten holes 
and four outcrops, evenly scattered along the Eastern Highland rim from Marion 
County, Kentucky to Birmingham, Alabama, show 16.65 feet of Gassaway running 
0.36 percent Pz05 [Mutschler, et al. 1976]. Unweighted results are 0.37 
pecent.PzOs (five samples from the Dowelltown suggest that Pz05 assays 
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might be somewhat lower than in the Gassaway). No correlation is apparen.t 
between grade of U and grade of P205 in the same samples. 

Assays of the narrow zone of phosphate nodules at the top of the "E" unit ,are 
not available, but one might expect it to be higher grade than 0.37 p·ercent. 
Determination of an exact average grade for P205 in the Top Black (and in 
the Maury) will be difficult because of the erratic dist-ribution of the 
phosphate nodules. 

The blackness of so'me units of the Chattanooga has resulted in its being 
called an "oil shale". The brownish cast of the blackness .has resulted in 
others calling it a "bituminous shale". Recovery of oil fr6m.34. samples of 
the Gassaway taken from Kentucky to Birmingham showed sevep gallons ·per ton 
over 16.65 feet as determined by Fischer assay [Mutschler,' et· al. 197.6]. 
There is no correspondence noted between the oil recoveries and the uranium 
assays from the same samples. Increased oil recovery by use of hydroretorti,ng 
is discussed elsewhere in this report. · · 

Iron sulfide (FeS2) is an important constituent of the Chattanooga, running 
from 5 to 15 percent [Hutschler, et al. 1976]. Stockdale and Klepser' [1959], 
quoting Bates and Strahl of Pennsylvania State University; show the f.ol)..owing 
list of minerals in a batch sample of Chattanooga: ' ,. · ' · ' · 

Quartz 22 Percent 
Feldspar 9 
Illite and Kaolinite 31 
Organic matter .22 
Pyrite and Marcasite 11 
Chlorite 2 
Iron oxides 2 
Tourmaline, Zircon, Apatite 1 

100 Percent 

This amount of iron sulfide would provide the acid needed for the le.achi.ng o.f 
uranium and possibly other by-products. 

Mutschler, et al. [1976] reports 0.08 percent V (0.14 p~rcent V20~) from 
61 assays of Gassaway from two drill holes. Perhaps half· of th,is vana~:lum 
will go into solution in an acid leach. The same investigators repor't ·thorium 
assays from seven holes through the Gassaway in Tennesse.e and one :in Al.abama~ 
The weighted average for 15.77 feet is 0.00088 percent Th, compared'with 
0. 0059 percent U from the same intervals. · · · ' · · 

These investigators make a comparison between the distribution of J2 elements 
in the Chattanooga and the average distribution of the same elements .in some 
other shales. Table Il-l presents a comparison between the Gassaway '(61 · 
samples from 2 holes) and these other shales with respect to a few of t~e 32 
elements. 

Following are the results of a mineralogical examination by t:tou:ntain S.t~,t?s of 
Chattanooga Shale cores taken from Overton County, Tennessee. For purposes of 

r •• • 1 1! · 
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the examination, cores were divided into three zones represented by the 
following members: 1) Maury - a greenish gray, laminated, shaly claystone; 
2) Gassaway - a brown-black, laminated, very fine-grained shale with pyrite 
concretions; 3) Dowelltown - a brown-black, laminated, very fine-grained shale 
with pyrite concretions. Three to four 2-inch core segments were selected 
randomly from each of these three members of the Chattanooga Shale. Three and 
two thin sections, respectively, were made from the Maury and the other two 
(Gassaway and Dowelltown) members. One polished section was prepared from one 
of the pyrite concretions of the Gassaway member. The thin and polished 
sections were thoroughly examined under transmitted and reflected light, 
respectively, by polarizing microscopes. The following mineralogical 
character was disclosed by the examination. 

Quartz appears to be the predominant mineral in all the observed samples, 
particularly in the Maury member. It occurs in fine to very fine Arains, 
most showing parallel orientation. The quartz is intimately associated with 
sericite, clay, bituminous material, gypsum, calcite, pyrite, hydrous iron 
oxides, etc. 

Sericite and clay are .a close second in frequency among the mineral components 
in the observed samples, particularly in the Maury member. They are present 
in very fine to fine flakes forming the interstices along with the bituminous 
material between the other minerals. 

Bituminous material is present in almost the same amount as sericite and clay,· 
particularly in the Gassaway and Dowelltown members. It is a dark to reddish
brown, opaque to translucent, compact filler without any sign of crystallinity 
(graininess). The bituminous material actually occurs as a cementing agent 
between the other grains. Since it is a compact, amorphous-looking mass, its 
grain size cannot be determined. 

Gypsum is a.frequent mineral component filling fractures, cracks, and 
inter-layer partings. It is fribrous and is a soft mineral of moderate grain 
size. Calcite is a minor mineral, which occasionally occurs in medium to 
large grains or grain aggregate. Pyrite is the most common opaque mineral in 
all the observed samples. It occurs in individual crystals (Maury) or grain 
aggregates (Gassaway, Dowelltown, and occasionally Maury). The pyrite is 
disseminated in the transparent mineral matrix. Some of the pyrite is altered 
to hydrous iroti oxlt.lt:!~:;, l!euce the brownish rust:y color of some parts of the 
shale or claystone. The individual crystals are of fine to medium size (5 to 
100 microns); the aggregate size may reach several thousand microns. Hydrous 
iron oxides occur as alteration products of the pyrite. 

Limited time, and the use of equipment restricted to the light microscope 
only, adversely influenced the identification of any uranium mineral 
components which may occur sparsely in the Chattanooga Shale. It seems that 
the.main source of radioactive emanation is the organic bituminous matter. 
Since this material is in an amorphous state, the determination of any 
discrete uranium-bearing compound may not be possible even by highly 
sophisticated methods of detection. 
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The rock types of the shale and claystone seem to be composed of well-sorted, 
densely packed mineral components which hardly would permit a free flow of 
leaching solutions. This may be possible along the partings (of the 
lamination) which provide only a lateral penetration with fairly limited 
surface area (depends upon the physical position of the layers in the beds). 
The presence of clay may also adversely influence the leaching process. 

TABLE II-1. DISTRIBUTION OF ELEMENTS, GASSAWAY vs. OTHER SHALES 

Element Top Black Upper Gray Middle Black Other Shales 

Mn 0.04 0.06 0.04 0.09 
Ca 0.08 2.3 0.2 2.21 
c 12.49 3.61 .13.?.8 
Ph 0.02 0.01 0.02 0.002 
v 0.08 0.07 0.09 u.o 1 
Zn 0.06 0.04 0.06 0.01 
Ni 0.06 0.04 U.Ub 0.007 
u 0.0087 0.0027 0.0058 0.0004 
Cu 0.02 0.02 "0.03 0 •. 005 
Mo 0.04 0.01 0.·02 0.0'003 
Mg 0.5 0.6 0.6 1.50 
K 4.8 2.6 3.9 2.66 

CHATTANOOGA SHALE RECOVERY PLANT 

Presented below is the description of a scheme of compatible integrated 
processes tor recovering t:he valuable JJLuuucts, 11amely synthetic crude oil, 
uranium, thorium, sulfur, and ammonia, from Chattanooga Shale. A flowsheet 
and materials balance for the proposed processes are presented in Figure lV-28 
and Table IV-21. 

GENERAL PROCESS DESCRIPTION 

Processing of the shale begins with an underground mine, where extraction and 
coarse crushing take place. Shale storage, stockpile reclamation; feeding, 
and fine crushing to one-fourth (1/4) inch are provided on the surface. 
Crushed shale is fed at the rate of 100,000 tons per day to a hydroretort 
simil~r tn the one developed by the Institute of Gas Technology (IGT) and 
described more fully earlier in this section. In the IGT process, shale is 
retorted under pressure with hydrogen (530 psig) at a maximum temperature of 
1350 °F. The volatile components are suitably processed to evolve a "syn·crude" 
(synthetic crude oil), hydrogen gas for recycling to the hydroretort, ammo~ia, 
and sulfur. All l1eat and power for the hydroretort process is develnpP.cf 
internally from the carbon in the shale. Retorted shale, still containing 
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about half its original sulfur and some residual carbon, is roasted. The gas 
from the roaster is cleaned and sent to a sulfuric acid plant which 
manufactures the acid that is required in the leaching operation. 

The calcines from the roaster, approximately 80,000 tons per day, are ground 
to 48-mesh in dry ball mills, slurried to SO percent solids, and leached by 
adding sulfuric acid. The leaching operation occurs in mechanical agitators 
with 6 hours retention time. Laboratory tests indicate that 60 percent of the 
uranium will dissolve, and that the sulfuric acid consumption is 200 pounds 
per ton of feed. The uranium-bearing solution is separated from leached 
solids by countercurrent decantation. Recovery of the uranium from solution 
is by solvent extraction with 6-benzylamino-3, 9-diethyltridecane (NBA), O.OS 
molar dissolved in kerosene. Uranium is stripped from the organic solvent 
with an aqueous sodium carbonate solution, which is then neutralized with 
sulfuric acid, heated, and treated with ammonia to precipitate ammonium 
diuranate. The diuranate is dewatered, calcined, and packaged for marke.t. 

The leaching plant tailings are neutralized with lime and are pumped at SO 
percent solids to the mine site where they are classified. The coarse 
fraction, about 70 percent by weight, is used for mine fill, and the fine 
fraction (about 30 percent) is transported to a storage pond. 

The integrated processing plant is designed to treat 100,000 short tons per 
day of Chattanooga Shale, and the estimated daily production is 49,900 barrels 
of synthetic crude oil, 6,700 pounds of uranium as yellow cake, 490 tons of 
NH3, and 1,600 long tons of sulfur. Also vanadium, molybdenum, cobalt, 
nickel, and thorium may be recovered. The mine is planned to operate 3SO days 
per work year, 20 shifts per week. The retorts and leaching plant will also 
operate 3SO days per year. 

Chemical analysis of products and plant feed materials are given in Table 
IV-22. 

DETAILED UNIT PROCESS DESCRIPTION 

Hydroretorting 

A detailed description of the hydroretorting process for converting eastern 
oil shale to syncrude has been condensed from a report by the Institute of Gas 
Technology and appears earlier in this section. 

Roasting 

In order to eliminate the sulfur from the hydroretorting residue, a roasting 
operation is included. This roasting is necessary for economy and safety in 
leaching. The gas from the roaster is scrubbed to removP. clost, which ie: 
routed to the leaching circuit. The gas is routed to the sulfuric acid plants 
where it joins, if necessary, S02 derived from incinerating H2S from the 
hyuroretort plant. Thus, the entire 8,000 tons per day of sulfuric acid 
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needed for leaching are provided internally, still leaving a surplus of 
marketable.elemental sulfur from the hydroretort section. Ten parallel 
roasting furnaces, each handling 8,000 tons per day of hydroretort residue, 
are estimated for the operation. 

Uranium Leaching and Recovery 

Roasted shale is prepared for sulfuric acid leaching by grinding the minus 
1/4-inch material to 48-mesh in dry, open circuit ball mills. As an optimum 
choice of equipment size, 15.5-foot diameter by 26-foot long open-circ~it 
mills have been selected, each equipped with a 3, 500 horsepow,er electric motor 
drive. Thus, ten parallel grinding and leaching circuits for co.n.venience and 
efficiency are indicated to handle the 80,000 tons of roasted feed per 24 
hours, or 8,000 tons per circuit. 

The ground teed is t:hen l:;lurried to 50 percent soli.d!'l with recycled lea,ching 
solution. Sulf,,~rir nr.id, 200 pounds of acid per ton of material t:reat.ed, is 
added to the slurry, and agiLalluu in stirred vee eels is. rnmmPnc.ed. 51~ huuu, 
total leaching contact for each of the 10 lines is provide~ in four 32-foot by 
32-foot agitators in series (125 horsepower each). Leached slurr-y procee.ds t:o 
a 5-stage countercurrent decantation sysl~ffi for separation of the urani,~
bearing solution from tailings. High-capacity thickeners., 50 feet in dia
meter, are selected. A suitable flocculating agent is added to each s·tage in 
amounts totalling 0.20 pound per ton. 

Part of the solution decanted from the first countercurrent thickener proceeds 
to a clarifying filter enroute to the solvent extraction ·step (the remainder 
of the decanted solution is recycled to the grinding unit). To provide mixing 
of the NBA kerosene organic extractant and subsequent of the barren aqueous 
acid solution (raffinate) from the uranium-loaded organic .phase, the appli
cation of a relatively newly developed electrostatically-accelerated mixer
settler device is planned. 

The orga.ni.c. is stripped of its uranium with a sodiwn carbonate solution and 
returned to the solvent extraction circuit. Uraniwn-bearing sodium carbonate 
solution is neutralized with sulfuric acid, heaced to expel carbon dioxide, 
and treated with ammonia to precipitate ammoniwn di-uranate. The precipitate 
is dewatered, calcined, and packaged for market. It is planned that the ura
nium solution from each pair of leaching circuits will be combined for solvent 
extraction, so that five mixer-settler and stripping units are required. In 
turn, the uranium-bearing sodium carbonate solution from all five S-X units 
will be combined for precipitation in a single product process. 

Talllug!:> Di!!posal 

The washed mill tailings leave the leaching plant in the funn ot a 50 ·pcrccrrl 
solids slurry. The stream will be treated with a slurried mixture of ground 
limestone to neutralize excess acidity and to precipitate soluble-elements 
such as iron and aluminwn. As much of the coarser fraction of the tailings.as 
possible will be returned underground for disposal ·and .to support mined areas. 
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TABLE IV-21. PROCESS PLANT MATERIALS BALANCE 

Stream Short Tons Per Da;t: Lb/Day 
Number Stream Label Solids Liquid Gas Total Uranium 

1 Plant Feed 100,000 0 0 100,000 10,000 
2 Retort Ash 81,236 0 0 81,236 11,000 
3 Total Syncrude 0 10,520 0 10,520 0 
4 H2 Plant Syncrude 

Feed 0 1,996 ·a 1,996 0 
5 Net Syncrude Produced 0 8,524 0 8,524 0 
6 Ammonia 0 0 491 491 0 
7 Hydrogen Sulfide 0 0 2,588 2,588 0 
8 Air to Roaster 0 0 51' 776 51,776 0 
9 Roaster Ash 78,669 0 0 78,669 11,000 

10 Scrubber Offgas 0 0 54,343 54,343 0 
11 H2S to Claus Process 0 0 1,628 1,628 0 
12 H2S to Burner 0 0 960 960 0 
13 Air to H2S Burner 0 0 7,159 7,159 0 
14 S02 Rich Gas to Acid 0 0 1,234 1,234 0 
15 S02 Rich Gas to Claus 0 0 6,885 6,885 0 
16 Sulfur Procut 0 2,297 0 2,297 0 
17 93% Acid to Leaching 0 8,459 0 8,459 0 
18 93% Acid to Precip. 0 20 0 20 0 
19 Leach Liquor Recycle 0 86,400 0 86,400 6,618 
20 Pregnant Soluction 0 86,400 0 86,400 6,618 
21 Leach Slurry 80,355 93,178 0 173,532 17,618 
22 Ill CCD Underflow 80,335 80,335 0 160,709 10,345 
23 112 CDC Overflow 0 159,978 0 159,978 5,962 
24 /14 CCD Underflow 80,355 80,354 0 160,709 4,800 
25 115 CCD Overflow 0 159,958 0 159,958 418 
26 Raffinat Recycle 0 86,397 0 86,397 18 
27 Fresh Water Wash 0 73,558 0 73,558 0 
28 115 CCD Underflow 80,335 80,354 0 160,709 4,400 
29 10% NA2C03 0 197 0 197 0 
JO Pn:!gnant Strip Sol. 0 200 0 200 6,600 
31 Precipitation Feed 0 212 0 212 6,600 
32 Ammonia 0 0 1 1 0 
33 Yellowcake Slurry 3 210 0 213 6,600 
34 Precipitation Liquor 0 208 0 208 0 
35 Uranium Product 4 0 0 4 6,600 
36 Limestone Slurry 8,000 8,000 0 16,000 0 
37 Tailings 88,335 88,562 0 176,917 4,400 
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Of the 80,000 tons of dry solids tailings per day about 70 per~ent or 56,000 
dry tons will be returned underground in the form of a SO percent solids slur
ry. The sand-slime separation will be accomplished in wet cyclones, ·fed with 
a 30 percent slurry (after dilution with recycled water). Cyc~one overflow of 
the fine portion at 13 percent solids will be thickened in high-~fficiency 
thickeners and then piped to a tailings storage area. All return water w~ll 
b~ pumped back to process plant storage for reuse. 

TABLE IV-22. MINERALOGICAL AND CHEMICAL ANALYSIS 
OF PLANT FEED AND PRODUCTS 

Organic C.:n:l:n:.11 
Aromatic Hydrocarbons 
Aliphatic Hydrocarbons 
Uranium 
Molybdenum 
Vandadium 
Sulfur 
Total Iron 
Kaolinite 
Illite 
Hyrlrngen 
Carbonate Carbon 
Nickel · 
Co halt 
Thorium 

Analysis · 
(percent wt) 

Retort: FP.ed 

11'..99 
0.46 

16.19 
o.ooss 
0.02 
0.076 
4.86 
4.91 
2.92 

22.22 
1.68 
0.69 
o.ps3 
0.023 
6.0010 

[a] Upgrading through weight loss of 20 percent. 
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0.0069 
0.025' 
0.'095 

q.14 
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0.029; 
0.0013 
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(a) Stream numbers (G)) refer to process plant material balance (see Table IV-21) 
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.. 

NET ENERGY YIELD 

FROM CHATTANOOGA SHALE 

The net energy yield from various ,constituents :of cthe 1Chatana9ga 
Shale has been calculated and is .presented in simplifi·e·d :form in 
Tables IV-23 through IV-26. VariGus necessary assumptiorts in .r-ega·rd 
to reactor cycles, type:s, and fuels are indicated in the :tables. 
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TABLE IV-23. GROSS ENERG.Y IN ONE TON, OF BITUMINOUS COAL COMPARED TO 
ONE TON· OF CHATTANOOGA SHALE (WITH URANIUM BURNED IN 
THE LWR WITH THROWAWAY CYCLE) 

Bituminous Coal 
Gross energy at 10,000 BTU [a] 
per pound 

Chattanooga Shale 
Cross energy from recoverable 
and fissionable portion of 
55 PPM U 

Energy from kerogen 

BTU kWh 

20,000,000 5,860 

34,000,000 9,962 

3 '987,000 1,168 

TOTAL 37,987,000 11,130 

[a] Source: Battelle Pacific Northwest Laboratories [1974] 

TABLF.: IV-24. NET ·ELECTRICAL ENERGY IN ONE TON OF BITUMINOUS COAL ·coMPARED TO 
NET ENERGY FROM FISSIONING RECOVERABLE URANIUM IN ONE TON OF 
CHATTANOOGA SHALE (WITH URANIUM BURNED IN THE LWR WITH THROWAWAY 
CYCLE) 

Bituminous Coal 

10,000 BTU per pound coal [a] 
36% power plant efficiency 

Chattanooga Shale 

LWR, throwaway cycle, energy 
from recoverable and fissionable 
portion of 55 ppm U 

kWh per Ton 

2' 110 

1 '17 8 

fa] Source: Battelle Pacific Northwest Laboratories [1974] 

. ' 
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TABLE IV-2S. NET ELECTRICAL ENERGY IN ONE TON OF BITUMINOUS COAL COMPARED TO 
NET URANIUM ENERGY PLUS OTHER SOURCES OF REALIZABLE ENERGY IN 
ONE TON OF CHATTANOOGA SHALE (IN THE LWR WITH RECYCLE OF 
PLUTONIUM) 

Bituminous Coal 

10,000 BUT per pound coal, 
36% power plant efficiency 

Chattanooga Shale 

Energy from recoverable · 
and fi!sionublc portion 
of 55 PPM U in LWR~ with 
nuclear fuel recycle; 
plus other realizable 
power 

Uiauluu1 
Thorium 
Syncrude raJ 
Ammonia [a] 
Sulfti.i' [a] 
·lhec. Power 

.. kWh per . Ton 

2,110 

1,850 

315 
19 
1R 

• .31. 
2,241 

[a] Electrical e~ergy equi~jlent fof pfbductib~ 6f these products 

TABLE IV~26. NET ELECTRICAL ENERGY IN ONE TON OF BITUMINOUS COAL COMPAR~U TO 
NET TOTAL ENERGY REALIZABLE THROUGH .BREEDE.R REACTOR CYCLE PLUS 
THERMAL SOURCES IN ONE T6N OF CHATTANOOGA SHALE 

Bituminous Coal 

10,000 BUT per pound coal; 
36~& power plant effici~?nry 

Ch<Ht:anooga Shall! 

All suun.:~:::'>; breeder 
~y~1n for uranium and 
thorium 
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Uraniliril 
Thorium 
Sync rude 
Ainmon:ta 
Sulfur 
PnwP.r' 

2,1 io 

185,000 
1~ 7uo ' '--

315 
'19 
18 
39_ 

198,091 



As shown, Chattanooga Shale contains greater gross energy than does a ton of 
good grade bituminous coal. The net energy from the recoverable and fission
able uranium in the shale, when burned in the current-technology light water 
reactors (LWR) with thr~waway cycle, is half that of the coal. In the LWR. 
withplutonium recycle and using other thermal energy in the shale, the yield 
is comparable to the coal. Using the breeder reactor cycle and the thermal 
energy, the total net energy in a ton of Chattanooga Shale is 94 times as 
great as that in a ton of bituminous coal. 

USE OF THORIUM IN ATOMIC ENERGY 

Thorium, a fertile isotope in itself, can result in a fissile isotope, 
u233 , upon suitable neutron bombardment in a breeder reactor. Thus, 
tfiorium is of potential usefulness in atomic energy to a degree only slightly 
inferior to U235 by the ratio of their respective atomic weights. Of 
course, neutronically it is slightly better than u

235 
in thermal neutron 

reactors. In general, the fissile isotopes are u
233

, U235 , Pu239 , 
a~d Pu241 , plus the transuran~um isotopes which have only short fialf 
l1.ves. 

Current studies suggest that present economics do not favor use of thorium as 
fuel, nor is it favored by the current attitude toward breeder reactors. How
ever, the potential energy of both natural uranium and thorium in the breeder 
reactor cycle compels attention, particularly in the context of restricted 
uranium supplies and availability. 

Of interest is the crossed progency fuel cycle system which uses both u238 and Th232 synergistically in pairs of reactors fueled by the fissile 
product of the opposite number of the pair, i.e., plutonium is used to enrich 
thorium, converting it to u233 , and the u233 is used inb the other 
reactor to enrich u

23 
to proauce more plutonium. The reactor pairing 

system involves cons1.~erable chemical separations and fuel processing. The 
crossed progeny system which offers the possibility of providing an excellent 
fuel for light water reactors, is at the same time more 
proliferation-resistant, and has the energy efficiency in regard to uranium 
utilization of a plutonium breeder reactor. 

References of interest on potential reactor cycles and use of thorium are 
lintcrl hriefly h~re and more fully lu Section VI: 

Battelle Pacific Northwest Laboratories. Some Alternatives to the Mixed 
Oxide Cycle. 

Chang et al. Alternative Fuel Cycle Options; Performance 
Characteristics and Impacts in Nuclear Power Growth Potential. 

Energy Research and Development Administration. Resources, Fuel and 
Cycle~, and Proliferation Aspecl~. 

Eschbach. Plutonium Value Analysis. 1964. 

Eschbach. Crossed Progency and Some Other Nonstandard Fuel Cycles. 
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Ma tzie and Rec. Assessment .of Tho.i-ium. Fuel Cy'cles :in l>resshrize'd 'wa:ter 
Reactors. 

Mitre Corporat1·on. Nuclear P'ower Issue's 'a:rtd. Ch:o:ices. 

Oak Ri"dge National ·Laboratory. .Assessment of. the .Thorium Fuel Cycl·e in 
Power :Reactors. 
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ECONOMIC EVALUATION 

Based upon the various aspects of recovery operations discussed in the prece
ding sections, and the· characteristics of the ore itself, the following an
alysis of the economic feasibility of large-scale production of uranium from 
Chattanooga Shale is presented. 

DEFINITIONS AND QUALIFICATIONS 

The economic.evaluation of processing Chattanooga Shale has been made for 
several different cases, with different assumptions regarding the product or 
group of products being recovered, and regarding whether the price is fixed at 
$42.50 per pound of u3oR ($50.12 per pound U) or other specified 
price,or allowed to seeR the price level needed to provide 20 percent or 15 
percent return on investment (R.O.I). The assumptions for each case are 
outlined as follows:· 

Case 1. Products recovered are syncrude, uranium, sulfur, ammonia, vanadium, 
cobalt, nickel, molybdenum, thorium, and electricity 

Subcase 1 - Raw shale containing 55 ppm U at $50.12 per pound U, $14 per bar
rel syncrude price, percent R.O.I. sought 

Subcase 2 - Raw shale containing 85 ppm U at $50.12 per pound U, $14 per bar
rel syncrude price, percent R.O.I. sought 

Subcase 3- Rawshale containing 55 ppm U, $14 per barrel syncrude price, 20 
percent R.O. I.·, uranium price sought 

Subcase 4 - Raw shale containing 55 ppm U, $14 per barrel syncrude price, 15 
percent R.O.I., uranium price sought 

Subcase 5 - Raw shale containing 55 ppm U, $20 per barrel sync rude price, 15 
percent R.O.I., uranium price sought 

Subcase 6 - Raw shale containing 55 ppm U, $20 per barrel syncrude price, 20 
percent R.O.I., uranium price sought 

Subcase 7 - Raw shale con.taining 85 ppm U, $20 per barrel syncrude price, 15 
percent R.O. I., uranium price sought 

Subcase 8 - Raw shale containing 85 ppm U, $20 per barrel syncrude price, 20 
percent R.O.I., uranium price sought 

r.Ase 2. The products recovered are syncrude, uranium, sulfur, ammonia, and 
electricity 

· Subcase 1 - Raw shale containing 55 ppm U at $50.12 per pound U, $14 per bar
rel syncrude price, percent R.O.I. s~ught 
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Subcase 2 - Raw shale containing 85 ppm .U at $50.12 per pound U, $14 per bar
rel syncrude price, percent R.O.I. sought 

Subcase 3 - Raw _sha·le containing 55 ppm U, $14 per barr-el syncrude _price, 20 
pe·rcent R.O.I., ~ranium price sought 

Subcase 4 - Raw shale containing 55 ·ppm U, $14 per barrel syncrud.e ,price, 15 
percent R.o.r., uranium price sought 

Subcase 5 - Raw shale contianing 55 ppm U, .$2.0 ·per ;barr.el ·syncrude ·price, 20 
percent R.O. I., uranium price .sought 

Subcase 6 - Raw shale c.ontaining 85 ppm U, $20 per bar-rel '-syncrud·e ·pr.ice, 15 
percent R.O. I., uranium price sought 

Subcase 7 - Raw shale containing 55 ;ppm u, '$2H"' l6 ·pl;!r .. pound ·U_, 2·0 per.cent 
R.o. I., pri...-:e <;Jf .syn(;r..ud·e soU;ght 

Subcase 8 - Raw sha'le con.ta1ning 55 ppm ·u, $50.12 per poup.d ,u., $20 ·per .barrel 
syncrude price percent R.O.I. sought 

Subcase 9 - Raw shale contain_ing '55 ppm .U, .$20 per ba.rrel .sync r-ude price, 2-0 
percent R.O. I., uranium price sou:ght 

Case 3. Only uranium is r.ecovered 

Subcase 1 - Raw shale containing 55 ppm :U, 20 :percent R.Q.·I., uranium price 
-sought 

Subcase 2 . ..,. Raw shale containing B5 ppm U, '20 percent R.;O.I., :uranium p.riG:e 
sought 

Subcase 3 - Raw shale containing 55 ppm U, 15 ·percent R.o. I._, uranium price 
sought 

Subcase 4 - Raw shale containing 85 ppm U, :15 percent ·R.o.··r., uranium price 
sought 

Subcase 5 - Raw shale containing :130 ppm U, 20 percent ·R.O. I., ·uranium price 
sought 

Subcase 6- Raw shale containing 45 ppm U, 20 percent R.O.I., uranium price 
sought 

Subcase 7 - Raw shale containing 55 ppm U, 70 percent U recovery instead of 
the 60 percent assumed in other subcases, 20 percent R.o .. I_., ura
nium price sought 

Subcase 8 - Raw shale containing 55 PPl!l ·u, '80 percent U recqver.y .instead of 
the 60 percent assumed in other subcases, 20 .percent R•O.I., ura~ 

nium price sought 

38 



Case 4. Only uranium and by-product metals are recovered 

Suhcase 1- Raw shale containing 55 ppm U, 15 percent R.O.I., uranium price 
sought 

Subcase 2- .Raw shale containing 55 ppm U, 20 percent R.O.I., uranium price 
sought 

A list of each case and subcase with the various assump~ions made is presented 
in Table V-1. 

Various other factors bearing upon the conomic analysis for each case are 
listed below: 

0 

0 

0 

0 

0 

The percent metal recoveries for this economic evaluation are: uranium 
- 60%, 70%, 80%; vanadium ~ 40%; cobalt - 60% nickel - 60% molybdenum -
60%; and thorium - 60%. 

In cases where waste heat is recovered in boilers and converted to 
electricity and process steam, additional capital has been provided 
for an expanded power plant, larger than the required for the syncrude 
unit. Suitable increased operating costs for the expanded power plant 
have also been included where appropriate. 

In the cases wherein co-products besides syncrude, uranium, ammonia, 
sulfur, and.electricity are assumed to be recovered, the solvent extra
ction and product recovery capital and operating cost estimates have 
been increased as d~emed necessary. 

The results of the computer analysis of the various cases defined above 
are presented, appearing at the end of this section. 

When only uranium is assumed to be recovered, the hydroretorting, 
roasting, acid plant, and expanded power plant capital and operating 
costs are eliminated. 

It is estimated that raw shale will respond to acid leaching with an 
acid consumption of 200 pounds ot H2su

6 
per ton. Sulturic 

acid, power, and fuels are purchasea when uranium is the only product. 

The following additional financial guidelines were used for computer program
ming: 

0 All computer printout cashflow in dollars x 106 

o. Federal income tax at 48 percent (plus 2 percent state tax) 

0 Depletion at 22 percent of sales, or 50 percent of net 

0 Investment tax credit at 10 percent applied to 80 percent of capital 

0 Net before depletion.= sales- operating costs- depreciation 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Depletion smaller of 1) 
2) 

depletion allowance* x gross• saVes 
50% net before depleti:on, 

*Syn.crude 15%; U, S, V, G, Ni, Mo, Th: 22%;: NH3, KWH~ 0%, 

Taxable income net before depletion• -.d~pletion: 

Normal tax = 48% taxable income 

Total tax credit = 10% of 80% of capita~ 

Annual tax credit limit = 25,0001 + SO%: (normal! tax. --25:;000);\ 

Minimum tax = 15% x (depletion - (normal tax.- tax aredft)•)'' 

Income taxes = normal taX: + minimum: tax.+ 2%. taxable: income·, 
(state· tax).\ 

Net income = taxable income + tax credit -·taxes· 

Gross cash flow = net income + deprecfatio_n. +. deple_tiqn 

Net cash flow = gross cash flow - capital' .... workfng:; capita·r 

Minimum tax on preference income per: r976 tax. l!aw.s~ 
[Dept. of Treasury, 1977 Tax Guide·,. Ch· •. 31' ,, p .•. 152·,, FS·:3 f 

Straight-line depreciation over· 1·2· years· 

Equity financing 

20-year mine life 

Working capital equal to 3 months: operatfng· expenses 

No salvage value 

BASIS AND METHODS FOR OPERATING'COST.'ESTIMATE! 

The operating cost estimates for the· processing· of Chattanooga· Shal:e a·re: tiased 
upon cost estimates provided by The Cleveland-Cliffs Iron Company·,. f'or min.ing 
of the shale; the Institute of Gas Technology, for hydroretorting the crushed 
shale; and Mountain States Research and Devel~pment~ f6r· uranium and' by-prod-· 
uct recovery. 

Cost estimates include process and mining flowsheets, des_ign•. criterla,. major, 
equipment prices, utilities requirements, personnel' needs·,. employee benefits, 
and costs of reagents and supplies. Personnel costs are base~i' upon·. a". canvas. 
of various operating plants in the general. ar.ea·. of the prop,osed~ slia:hL proces·:-· 
sing facility. Payroll burden is calculated as. a percentage~ of. the totar~ cost. 
of labor. Maintenance costs are also exp,ressed: a·!?:- a· percentage- o:f: the· total' 

40 



cost of labor. Maintenance costs are also expressed as a percentage of total 
capital investment. Operating supply costs are calculated from estimated 
actual consumption and 1978 market prices. In cases where the supplies are 
manufactured at the processing facility itself, the cost of manufacture is 
used. 

Kilowatt-hours are estimated from the total installed horsepower, with average 
load factors for the different types of equipment. The average cost of power 
purchased and generated internally is estimated at 2 cents per kilowatt-hour. 

BASIS FOR CAPITAL COST ESTIMATES 

The capital cost estimates included in this feasibility study are for proc
essing Chattanooga Shale in the four cases defined_ earlier, and are based upon 
the data, conditions, and assumptions discussed below. Accuracy of this cap
it31 coct otudy io cotimatcd to be within 30 percent. 

The estimates are based upon May, 1978, and no escalation allowances are 
included. A contingency allowance of 20 percent has been used and is con
sidered reasonable for feasibility estimates of· the magnitude of this project. 
Source of funds has not been identified in this study. The estimate is based 
upon flow diagrams, specifications of major equipment, and cost appraisals 
made by MSRD. 

The preparation of logic networks and schedules has n~t been attempted. For 
estimating purposes, it has been assumed that engineering, procurement, and 
construction of the uranium facilities will be completed by one contractor 
over a period of 52 months, the last 45 months including construction with an 
average manpower of approximately 1,550 craftsmen. Availability of skilled 
craftsmen for construction of the uranium facilities is assumed consistent 
with schedule requirements. 

Because of the Chattanooga Project requirements, much of the process equip
ment is of a !>iZe requiring custom manufacturing. Process equipment costs are 
based upon recent similar purchases and information provided by knowledgeable 
industry sources. 

Tutal capltal cost has been determined by applying a factor of 3.2~ to process 
equipment costs and adding allowance for tailings disposal. The factor ap
pears consistent with historical data for projects similar in type and mag
nitude. Allowance for tailings is based upon returning 70 percent of solids 
to the mine, and emplacing the remaining 30 percent of solids in a 1-year 
capacity tailings pond with annual expansion taken as an operating cost. 

Thi following additional assumptions and. inclusions are inherent in the cap
ital cost estimates: 

0 Location of the plant site in terrain consisting of low rolling hills 
and requiring a minimum of blasting and rock excavation 
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0 

0 

0 

Availiability of access roads to the project site suitable for person
riel and equipment transportati·on 

Base wage rates for ~onstruction crafts of $10.00 per hour 

Stabilized roads within the uranium facility are included in the es
timate 

POTENTIAL·ADDITIONAL PRODUCTS 

In addition to the products included in the outlined objectives of this study, 
a number of potentially important additional products merit serious study to 
determine the feasibility of their inclusion in the production process. These 
materials include thorium (10 ppm in the original shale), molybenum (1,200 
ppm), vanadium (760 ppm), nickel (530 ppm), cobalt (230 ppm), and alumina 
(variable, but maybe 10 percent A1203~ or greater), Mutschler et. al. 
[1976]. During acid leaching of the roasted shale, it is believed that sub
stantial amounts of all these metals will dissolve. Techniques such as solv
ent extraction, chemical processing, and electrowinning for selectively re·· 
covering such elements trom the leach liquors at'e <ilt'~ady known and should nut: 
add greatly to the capital and operating costs. Also, additional work on the 
recovery of alumina from leach liquors i's in progress. 

Based upon meager infor.mation on somewhat similar material and the assumption 
that 60 percent of the thorium, molybdenum, nickel, and cobalt, and 40 percent 
of the vanadium can be recovered from the roasted ore, the potential monetary 
contribution of these metals .at present metal prices to the economy of' .lhe 
process is indicated in Case 1-1 through 1-9 Qf the economic evaluation. 

The potential o.utlined in Case 1 suggests further study of the feasibility of 
recovering these products from the roasted shale. Although technology is 
already available for recovering the metals listed, detailed research and 
investigation would be required to determine optimum flowsheets and to provide 
firm recovery data. Furthermore, the market reaction to the offering of large 
amounts of low-consumption metals would also require thorough evaluation. 
Table V-2. is presented as a guide to the current use of potential co-product 
metals. 

The sulfur, carbon, and small amount of hydrogen present in the shale dis
charged from the hydroretort represent a large energy potenti~l that can 
strongly contribute to the overall process economy by acting as a substitute 
for fuel oil otherwise needed for process steam and power. By recovering 
surplus heat in the gases evolved from the roasting furnaces much of the fuel 
oil requirement for.the power steam boilers probably can be eliminated. Each 
ton of hydroretored shale contains a calculated 1.3 million BTU. Because of 
this heat in waste heat boilers at an estimated 70 percent efficiency should 
enable the release of an additional 15,500 barrels of syncrude oil per day for 
marketing. 
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TABLE V-2. RECENT PRODUCTION [a] OF U, V, Co, Ni, Mo, Th 

Metal . World u. s. 

Uranium, short tons u
3
o

8 
24,176 (1974 [b] 14,940 ( 1977) 

Vanadium, short tons V 31,241 (1976) [c] 6,197 (1976) 

Cobalt, short tons Co 39,000 "( 1976) [d] 

Nickel, metric tons Ni 697,700 (1976) [d] 15,600'(1976) 

Molybdenum, thousand pounds 190,185 (1976) [d] 113,000 (1976) 

Thorium, short tons Th 1,014 (1973) [e] 

[a] References do not always agree on these production figures. 
[b] u.s. Bureau of Mines [1974] 

[ f] 

[c] 

[d] 

[d] 

[c] u.s. Bureau of Mines, Mineral Commodity Profile MCP-8, Dec. 1977 
[d] American Metal Market, Metal Statistics [1971] 
[e] u.s. Bureau of Mines [1975] 
[ f] GJ0-100 (78) 

CAPITAL COST SUMMARY 

TOTAL MINE CAPITAL 
BACKFILLING EQUIP • 

. TOTAL SYNCRUDE PLANT 
TOTAL URANIUM PLANT 

. BY-PRODUCT PLANT 
POWER PLANT EXPANS. 
ACID PLANT 
TAILINGS DISPOSAL 
TAILINGS DAM 
CONTINGENCY @ 20% 

TOTAL CAPITAL COST 

CASH FLOW ANALYSIS INPUT DATA 

TOTAL COST SUMMARY 
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$MM 

301.02 
54.56 

648.20 
394.40 
175.60 

35.00 
144.00 

52.20 
114.00 
383.79 

2,302.77 



OPERATING COST SUMMARY $MM/YR 

DIRECT OPERATING COSTS 
MINING, LAND, ROYALTY 168.70 
SYNCRUDE PLANT 44.61 
ROASTING SECTION 17.46 
GRINDING SECTION 8.29 
ACID PLANT . 16.70 
LEACHING SECTION 12.05 
S~X PROD SECTION 5.30 
AUXILLARY FAC. 4.81 
POWER SECTION 2.15 
TAILINGS DISPOSAL 20.22 
BY-PRODUCT SECTION 21.21 

TOTAL DIRECT COST 321.50 

INDIRECT COSTS 
LOCAL TAXES & INSURANCE 2.7% OF CAPITAL 62·.17 
GENERAL AND ADMINISTRATION 10% OF: DIRECT 32.15 

TOTAL INDIRECT COST 94.32 

' TOTAL OPERATING COST 415.83 

CAPITAL OUTLAY SCHEDULE 

YEAR -1 -2 -3 1 2 3-.J 

MOBILE EQUIPHENT 5.3 5.2 2.9 35.1 2.7 20.4 
MISCELLANEOUS .8 5 .6· 10.9 10.9 10.0 5.0 
MINE DEVELOPMENT 1.0 17.7 15.3 .o .o .o 

TOTAL MINE CAPITAL 7.1 28.5 29.1 53.2 12.7 25.4 
BACKFILLING EQUIP. .o .o 27.3 2i.3 .o .0 
TOTAL SYNCRUDE PLANT 129.6 259.J 259.J .o .o .o 

ROASTING PLANT 33.9 67.7 67.7 .o .o .J 
GRINDING PLANT 6.0 12.1 12.1 .0 .o .o 
LEACHING AND CCD 13.5 26.9 26.9 .o .o .o 
SOL. EXT. AND PROD 8.8 17.6 17.6 .o .o .o 
AUXILLARY FAC. 16.7 33.5 33.5 .o .o .o 

TOTAL URAN1UH PLANT 78.9 15/.8 1~ '· ~ .u .() .u 
BY-PRODUCT PLANT 35.1 70.2 70.2 .o .o .0 
POWER PLANT EXPANS. 7.0 14.0 14.0 .0 .o .o 
ACIO PT.ANT 28.8 57.6 57.6 .• 0 .o .o 
TAILINGS DISPOSAL 10.4 20.9 20.9 . 0. .o .o 
TAILINGS DAM .o • 0 < 5.7 5.7 5.7 5.7 

CONTINGENCY @ 20% 59.4 121.7 128.4 17.2 ·3.7 8.5 

TOTAL CAPITAL OUTLAY 356.4 730.0 770.2 103.5 22 .l 51.0 
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CAPITAL OUTLAY SCHEUDLE 

YEAR 6-8 9-11 12-14 15-17 18-20 

MOBILE EQUIPMENT 17.2 36.0 26.6 32.5 16.4 
MISCELLANEOUS 4.2 4.5 3.4 1. 9 2.2 
MINE OEVELOPHENT .o .o .o .o .o 

TOTAL MINE CAPITAL 21.4 40.5 30.0 34.5 18.6 
BACKFILLING EQUIP. .o .o .o .o .o 
TOTAL SYNCRUDE PLANT .o .o .o .o .o 

ROASTING PLANT .o .o .o .o .o 
GRINDING PLANT .o .o .o .o .o 
LEACHING AND CCD .o .o .0 .o .o 
SOL. EXT. AND PROD · ·• 0 .o .o .o .o 
AJJXILLARY FAC. .o .o .o .o .o 

TOTAl. IIRANTTJM PT .. ANT .n .n .o .o .o 
BY-PLWDUCT PLANT .o .o .o .o .o 
POWER PLANT EXPANS. .o .o .o .o .o 
ACID PLANT .o .o .o .o .o 
TAILINGS. DISPOSAL .o .o .o .o .o 
TAILINGS DAM 17.1 17.1 17.1 17.1 11.4 

CONTINGENCY @ 20% 7.7 11.5 9.4 10.3 6.0 

TOTAL CAPITAL OUTLAY 46.2 69.2 56.5 61.9 35.9 

ANNUAL DIRECT OPERATING COSTS 

OPERATING COST 
MINING COSTS AT $2.336/TON 
DACKPILLING C03T3 AT $0.404/TON 
LAND AND ROYALTY 

TOTAL DIRECT OPERATING COST 

MINING 

100000 TPD 
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$MM/YR 
81.760 
16.940 
70.000 

168.700 

TOTAL 

200.4 
66.6 
34.0 

301.0 
54.6 

648.2 
169.3 
30.2 
67.1 
43.9 
83.7 

39li,l.L 
175.6 
35.0 

144.0 
52.2 

114.0 

383.8 

2302.8 

$/TON 
2.336 

.404 
2.000 

4.820 



ANNUAL DIRECT OPERA~ING COSTS 

SYNCRUDE PLANT 

/ 100000 TPD 

LABOR 
OPERATING LABOR 
HAINTENANCE LABOR AT 1. 5% OF TPI, 
~UPERVISION 15% OF LABOR COST 
OVE.RHEAD 60% OF TOTAL LABOR COST 

MATERIALS 
OPERATING, 30% OF OPERATING LABOR 
HAINTENANCE 1.5% OF TPI 
WATER AT $0.10 PER 1000 GALLONS 
CATALYSTS AND CHEMICALS 

TOTAL DIRECT OPERATING COST. 

ANNUAL DIRECT OPERATING COSTS 

ROASTING SECTION 

80000 TPD 

TAR()R 

OrERATING LABOR 
. MAINTENANCE LABOR AT 1. 5% OF TPI 

SUPERVISION lJ% OF LABOR COST 
OVERHEAD 60% OF TOTAL LABOR COST 

HATERILS 
OPERATING, 30% OF OPERATING LABOR 
MAINTENANCE 1.5% OF TPI 
POWER 9 KWH/TON (40,000HP) 

TOTAL DIRECT OPERATING COST 

46 

$MM/YR $/TON 
3.490 .100 

11.668 • 333 . 
' 2.274 .065. 

·10.459 ~299 

1.047 .030 
11.668 .333 

.288 .008 
3.714 ; 106 . 

44.607 1. 274 

$MM/YR $/TON 
1. 760 .063 
3.047 .109 

• 721 .026 
3.317 .118 

.528 .019 
3.047' .109 
5.040 .180 

1 7. 46 1 .f>24 



ANNUAL DIRECT OPERATING COSTS 

GRINDING SECTION 

LABOR 
OPERATING LABOR 
MAINTENANCE LABOR AT 1.5% OF TPI 
SUPERVISION 15% OF LABOR COST 
OVERHEAD 60% OF TOTAL LABOR COST 

MATERIALS 

80000 TPD 

OPERATING, 30% OF OPERATING LABOR 
MAINTENANCE 1,5% OF TPI 
GRINDING BALLS 0.2 LBS/TON AT $.18/LB 
GRINDING LINERS 0.02 LBS/TON AT $.40/LB 
POWER 7.67 KWH/TON AT $0.02/KWH 

TOTAL DIRECT OPERATING COST 

ANNUAL DIRECT OPERATING COSTS 

SULFURIC ACID PLANT 

8000 TPD 

LABOR 
OPERATING LABOR· 
MAINTENANCE LABOR AT 1.5% OF TPI 
SUPERVISION 15% OF LABOR COST 
OVE~HEAD 60% OF TOTAL LABOR COST 

MATERIALS 
OPERATING, 30% OF OPERATING LABOR 
MAINTENANCE 1.5% .OF TPI 
FUEL 
REAGENTS 
MISCELLANEOUS 
POWER 130 KHH/TON AT $0 .02/KWH 
\~ATER 600 CAL/TON H2SOI1 AT $0.10/1000 GA 

TOTAL DIRECT OPERATING COST 

$MM/YR 
.590 
.544 
.170 
• 782 

.177 

.544 
1.008 

.224 
4.256 

8.294 

$MM/YR 
.530 

2.592 
.468 

2.154 

.159 
2.59 2 

.290 

.190 

.280 
7.280 

.168 

16.703 

$/TON 
.021 
.019 
.006 
.028 

.006 

.019 

.036 

.008 

.152 

.296 

$/TON 
.1f}9 
.926 
.167 
.769 

.057 

.926 

.104 

.068 

.,100 
2.600 

.060 

5.966 



ANNU.t\L DIRECT OPERATING COSTS 

LEACHING AND CCD SECTION 

LABOR 
OPERATING LABOR 
MAINTENANCE LABOR AT 1.5% OF TPI 
SUPERVISION 15% OF LABOR COST 
OVERHEAD 60% OF TOTAL COST 

MATERIALS 

80000 !PD 

OPERATING, 30% OF OPERATI~G LABOR 
MAINTENANCE 1.5% or TPI 
SULFURIC ACID 200LB/TON AT NO COST 

.F'LOCCULANT ~ 0.2 LB/TON 
POWER 6 390 KW 
WATER 240 OAL/TON AT 00.10/1000 

TOTAL DIRECr OPERAAI~G COST 

ANNUAL DIRECT OPERATING COSTS 

SOLVE.m' E;!(TRACTION AND PRODUCT SECTION 

00000 'l'l'il 

LABOR 
OPERATING LABOR 
HAINTENANCE LABOR AT 1. 5% OF TPI 
SUPERVISION 15% OF LABOR COST 
OVERHEAD 60% OF TOTAL LABOR COST 

MATERIALS 
OPERATING, 30% OF OPERATr'NG LABOR 
NAINTENANCE 1. 5% OF TPI 
SOLVENT LOSSES 
REAGENTS 
POWER 

TOTAL DIRECT OPERATING COST 

48 ' . 

$MM/YR $/TON 
.590 .021 

1.211 .043 
.270 .010 

. 1.24 3 .044 

.177 .006 
1.211 .043 

.000 .000 
5.600 .zoo 
1.074 .038 

.67 2 .02.1!' 

12.049 . .1,30 

$MM/YR $/TON 
.67 4 .C24 
.790 .028 
.220 .008 

1.010 .• 036 

.202 .007 

.790 .028 

.610 .022 

.506 .018 

.500 .018 

5.303 .189 
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ANNUAL DIRECT OPE~TING COSTS 

·AUXILIARY fAGILLITIES 

80000 TPD 

LABOR 
OPERATING LABOR 
HAINTENANCE LABOR AT 1. 5% OF TPI 
SUPERVISION ·15% OF LABOR COST 
OVERHEAD 60% OF TOTAL LABOR COST 

MATERIALS 
OPERATING, 30% OF OPERATING LABOR 
MAINTENANCE 1. 5% OF TPI 

TOTAL DIRECT·OPER.ATl~G ~ 

ANNUAL DIRECT ·oPERATING COSTS 

EXPANDED POWER GENERATIO~ SECTION 

LADOR 
OPERATING LABOR 
MAINTENANCE LABOR AT 1.5% OF fPl 
SUPERVISION 15% of LABOR COST 
OVERHEAD 60% OF TOTAL LABOR COST 

MATERIALS 
OPERATING, 30% OF OPERATING LABOR 
MAINTENANCE 1.5% OF TPI 

TOTAL DIRECT OPERATING COST 

162 MWH 

50 

$MM/YR 
.246 

1.507 
.26 3 

1.209 

.07 4 
1.507 

4. 805' 

~Hl1/Yn 
.168 
.63'0 
.120 
.551 

.050 

.630 

2.149 

, ...... ~- ~ .. 

$/TON 
.oo'9 
.054 
.009 
.043 

.003. 

.054 

.172 

~/HWH 
.006 
.023 
.004 
.020 

.002 

.023 

1.579 



ANNUAL DIRECT OPERATING COSTS 

TAILINGS DISPOSAL 

80000 TPD 

LABOR 
OPERATING LABOR 
HAINTENANCE LABOR AT 1. 5% OF TPI 
SUPERVISION 15% OF LABOR COST 
OVERHEAD 60% OF TOTAL LABOR COST 

MATERIALS 
OPERATING, 30% OF OPERATING LABOR 
HAINTENANCE 1. 5% OF TPI 
LIMESTONE - 2,800,000 T/YR AT $5/TON 
GRINDING BALLS 2 LB/T AT $0.18/LB 
MILL LINERS 0.2 LB/T AT $0.40/LB 
POWER 
WATER 

TOTAL DIRECT OPERATING COST 

ANNUAL DIRECT OPERATING COSTS 

BY-PRODUCT "PLANT 

80000 TPD 

LAB.OR 
OPERATING LABOR 
MAINtENANCE LABOR AT 1.5% OF TPI 
SUPERVISION 15% OF LABOR COST 
OVERHEAD GO% OF TOTAL LADOR COST 

MATERIALS 
OPERATING, 30% OF OPERATING LABOR 
MAINTENANCE 1.5% OF TPI 
SOLVE NT LOSSES 
REAGENTS 
POWER 

TUTAL IJIK~CT OPERATING COST 

51 

$MM/YR $/TON 
• 309 .011 
.940 .034 
.187 ~007 
.862 .031 

.09 3 .003 

.940 .034 
1 4. ()() () .100 
1.008 .036 

.224 .008 
1.510 .054 

.149 .005 

20.221 • 72 2 

$HM/YR $/TON 
2.696 .096 
3.161 .113 

.879 .031 
4 .Olll .1V1 

.809 .029 
3.161 .11) 
2.440 .087 
2.024 .072 
2.000 ·.o7l 

21.210 .758 .· 



CHATTANOOGA SHALE PROJECT 
. OEPART!1ENT OF ENERGY 

MSE JOB 557 . ., 

CASE 1-3 - 55 PPM URANIUM, SYNCRUDE $1.4/BBL, ROI 20 PERCENT 
BYPRODUCT METAL, CREDITS INCLU.DED 

PRODUCT SALES SUMMARY $MM/YR 
SYNCRUDE. · 55329 BL/DY @ 14.00 $/BBL 271.1 
UMNJ;:UM 2310000 LB/YR @221.23 $/LB 511.0 
SULFUR 2050 LT/PY @ 40.00 $/LT ~8.7 
AMMONIA. 490 ST/DY-@120.00 $/ST 20.6 
VANADIUM 21280000 LB/YR @ 4.91 $/LB 104.5 
COBALT · 8050000 LB/YR @ 8.54 $/LB 68.8 
NICKEL . 18550000 LB/YR @ 2.13 $/LB 39.5 
MOLYBDENUM 7000000 LB/YR @ 4.50 $/LB 31~5 
THORIUM 350000 LB/YR @ 2.00 $/LB ·• 7 
ELECTRICITY 162,000 K."W/HR ·@ .02 $/KWH . 27.2 

TOTAL SALES REVE~tJE. 1,103.6 

YEAR -1 -~ -3 1 2 10 20 TOTAC 

TOTAL SALES 0 0 0 1104 1104 1104 1104 22073 
TOTAL OPERATING COST 0 0 0 416 416 416 416 8317 

GROSS PROFIT 0 0 0 688 688 688 688 13756 

LESS DEPRECIATION 0 0 0 201 172 175 18 2262 
NET BEFORE DEPLETION 0 0 0 487 516 513 670 11494 
LESS DEPLETION 0 0 0 213 213 213 213 4266 

'l'AXAHLE lNCUME u u u 273 303 300 456 7228 

INVESTMENT TAX CRED. 0 0 0 66 73 ~ 0 184 
INCOME TAX 0 0 0 159 172 160 228 3765 

NET INCOME 0 0 0 180 203 140 228" 36ll7 

PLUS DEPRECIATION 0 0 0 201. 172 175 18 22(12 
PLUS DEPLETION 0 0 0 213 '213 213 213 4266 

' GROSS CASH FLOW 0 0 0 595 .. 588 529 460 10175 

WORKING CAPITAL 0 0 104 0 0 0 .,.140 p 
CAPITAL INVESTMENT 356 730 -770 103 22 15 3 2303 

NET CASH FLOW -356 -730 -874. 491 566 514 561 7873 

CUM. NET CASH FLOW -356 -1086 -1960 -1469 -903 3188 7873 

RETURN ON INVESTMENT 20.00 % 

PAYOUT PERIOD 3.72 YEARS 
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CHATTANOOGA SHALE PROJECT 
DEPARTMENT OF ENERGY 

MSE JOB 557 

CASE 1-3 - 55 PPM URANIUM, 60 PERCENT RECOVERY, ROI 20 PERCENT 
URANIUM PRODUCTION ONLY 

PRODUCT SALES SUMMARY $MM/YR 

URANIUM 2310000 LB/YR @271.18 $/LB 626.4 

TOTAL SALES REVENUE 626.4 

YEAR' -1 -2 -3 1 2 10 20 TOTAL 

TOTAL SALES 0 0 0 626 626 626 626 22073 
TOTAL OPERATING COST 0 0 0 375 375 375 375 . 8317 

GROSS PROFIT 0 0 0 252 252 252 252 13756 

LESS DEPRECIATION 0 0 0 96 67 70 20 2262 
NET BEFORE DEPLETION 0 0 0 156 185 182 232 11494 
LESS DEPLETION 0 0 0 78 92 91 116 4266 

TAXABLE INCOME 0 0 0 78 92 91 116 7228 

. INVESTMENT TAX CRED. 0 0 0 19 22 1 0 184 
INCOME TAX 0 0 0 48 57 53 67 3765 

NET INCOME 0 0 0 49 58 . 39 '49 3647 

PLUS DEPRECIATION 0 0 0 96 67 70 20 2262 
PLUS DEPLETION 0 0 0 78 92 91 116 4266 

GROSS CASH FLOW 0 0 0 222 217 200 185 10175 

WORKING CAPITAL 0 0 94. 0 0 0 -94 0 
CAPITAL INVESTMENT 101 219 260 105 23 16 3 2303 

NET CASH FLOW -101 -219 -354 118 194 184 275 7873 

CUM. NET CASH FLOW -101 -320 -674 -556 -363 1088 2889 

RETURN ON lNVES'l'MEN'l' 20.00 % 

PAYOUT PEI:UUU 3.88 YEARS 
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A MINE DESIGN FOR PRODUCING 100,000 TONS 
PER DAY OF URANIUM-BEARING CHATTANOOGA SHALE 

Homer L. Hoe 
The Cleveland-Cliffs Iron Company 

Western Division 
Rifle, Colorado · 

Chattanooga Shale, underlying some 40,000 square miles in the southeastern 
United States, is considered to be a potentially large, low-grade source of 
uranium. The area in and near Dekalb County, Tennessee, appears to be the 
most likely site for commercial development. This paper deals with the mine 
design, mining procedures, equipment requirements, and operating maintenance 
costs for an underground mining complex capable of producing 100,000 tons of 
Chattanooga Shale per day for delivery to a beneficiation process. 

Any mining study must begin with a thorough understanding of the formation to 
be mined. The Chattanooga Shale in the area of interest is about 30 feet 
thick and is composed of the Gassaway (upper) and the Dowelltown (lower) 
Members. The regional dip of the formation is nearly horizontal,. averaging 
aproximately -0.6 percent to the southeast. The shale beds are overlain by 
the Maury Formation, which in turn is overlain by the Fort Payne and Warsaw 
(limestone) Formations. Overburden thickness varies from about 100 in the 
west to approximately 600 feet in the east. 

In regard to the mining horizon, an examination of core from the Fort Payne, 
Maury, and Chattanooga Shale formations leads to several conclusions: (1) 
The Gassaway Member has a higher uranium (U308) content than the Dowell-
town Member. (2) The Maury Formation, although relatively competent, has 
very thin parting planes and is permeated throughout by soluble phosphate 
nodules. Therefore, the Maury would pose a continual roof control problem, as 
was discovered in an experimental 100-foot-long adit driven by the Bureau of 
Mines in 1949. (3) The Fort Payne Formation is a strong, cherty limestone 
having a well-defined contract with the Maury Formation, and, as such, would 
serve as a good mine roof. 

Consideration of these factors has resulted in the recommendation that the 
Maury Formation be miried along with the Gassaway Member, leaving the i''ort 
Payne Formation as the mine roof. Since the Gassaway Member averages 15 feet 
in thickness and the Maury Formation is approximately 1 foot thlck, a total 
mining height of 16 feet is contemplated. Conventional rock mechanics 
analyses, involving rock Btrength parameters, overburden thickness, and so 
forth, indicate a maximum room width of 32 feet. Based on observed and 
infe.rred (joint) patterns, a direction of N15 °W has been selected for 
orienting the main entries, thus ensuring their longterm stability. 

The mining complex will be required to produce 100,000 tons of shale per day. 
Three separate mines, each capable of producing up to 36,000 tons per day, 
will te established to meet process plant requirements. This system results 
in a maximum complex production capacity of 108,000 tons per day, a surplus of 
8 percent. The excess tonnage will be stockpiled on surface for use during 
those periods when mine output is less than full capacity. 
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A complex of three smaller mines has several advantages over a single, large 
mine producing the same total tonnage. With each mine contributing a portion' 
of daily requirements, total production is not dependent on any single system 
and problems temporarily affecting production in one mine do not drasti.c<~lly 
decrease complex output. The logistics of support activities and supervision 
are simplified by the reduced areal extent of smaller mines. The volume of 
air that must be circulated through the mine for adequate ventilation is 
appreciably decreased due to the lesser equipment requirements of smaller 
mines. 

Each of the three mines will be identical in layout, opera.tion, and prod•.tc
tion. Descriptions of mining procedures, equipment requirements, and other 
features are given for a single mine with the understanding that three such 
mines are necessary to meet production requirements. 

Each mine will be a separate entity with its own complement of machinery and 
workers. A manager of mines and a common engineering staff will serve the 
entire complex, but otherwise each mine will be a separate unit operating 
independently of the others. The mines are scheduled to work 20 shifts per 
week for 350 days each year. The 21st shift in each week will be devoted to 
maintenance. Each mine has been designed for a 20-year life. 

A typical room and pi-llar mining scheme has been selected a:s most feasible for 
the ore z-one under consideration; Such a system has the advantages of a 
relatively high resource recovery ratio, no ''lost" development tonnage since 
all development work is carried out in the ore zone, and a comparatively 
simple ventilation plan. 

For several· reasons, .the mine has been designed to advance down-dip. Such a 
plan allows for adit access to the mining zone, whereas a traditional up-dip 
advance from the lower p~rts of the orebody may necessitate the use of shafts 
and the hoisting of men, ·materials, and mined shale. The major considera
tions; however, arise from an examination of the feasibility of underground 
disposal of process plant tailings. For reasons to be discussed later, a 
down-dip advance will result in a more safe and efficient backfilling 
UiJt!Lalluu. 

Access to each mine will be gained through three surface adits. It has·been 
assumed that the adits will be located in an area where overburden is 100 feet 
thick. The adits will be driven downhill from the surface at a 10 percent 
grade for a .distance of 1,000 feet. At this point, the mini~g zone will have 
been rearihed.and the adits will flatten out to a -0.6 percent grade to follow 
the formational dip~ At their junction with the mining zone, this set of 
three adits will broaden into five main entries which will then run the entire 
length on mine. The adits and the main entries will measure 32 feet wide by 
16 feet high and will be separated by pillars 30 feet wide by 200 feet long. 
At the junction of the mining zone and the surface adits, the first set of 
panel access entries will be driven along the strike in both directions from 
the mains (Figure 1). Each set of panel access entries will consist of three 
drifts, each 32 feet wide by 16 feet high, separated by pillars 30 feet·wide 
by 152 feet long. 
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The entries will provide access to 18 m1n1ng panels, nine on either side of 
the main. entries •. The length of each wing of the mine will be 7,737 feet for 
a total mine width of just over 3 miles. 

Successive sets of panel entries will be developed from the main entries at 
intervals of 1,934 feet (the length of one panel and its associated barrier 
pillars and access e"ntries). In all, 12 rows of p·anels will be required for a 
total mine length of 4.6 miles. 

Panels will be developed only on the down-dip side of the panel access 
entries.. Panels will be nine rooms wide' and 29 crosscuts deep. Rooms and 
cross~titj ~ill b~ 32 feet wide by 16 feet high. Pillars within the panel will 
be 60 feet by is feet, the shorter dimen"sion being measured in the direction 
of drive. A typi~al panel will have int~rior dimension of ·1,628 feet long by 
768 feet wide. Panels will be Oound~d by 75-foot"'"thick barrier pillars on all 
sides (Figure 2)• Recovery ratio within the panels will be 73 percent while 
an overaLl irdne...:wide recovery ratio of 61 percent is anticipated. 

Bleed~r entries wiil Be driien around the periphery of the min~ to carry 
exhaust air to the ventilation shafts. Tlie entries will consist of two 
drifts, each 32 fe~t wide by lb feet tiigh, s~parated by 30-fuuL-pilldt6. 

Two veritilatidri shafts wHl be required to exhaust Imine air during the life of 
the mine. One shaft will service· each side of the mine and will be located at 
the intersection of the ole.eder entries and the first set of panel access 

·entries. Each shaft will be 20 feet in diameter, approximately 100 feet in 
depth, and concrete lined• Two 10-foot-diameter axial fans, rated at 400,000 
cfm each, will exhaust each shaft. 

A period of 2.2 years Is required to develop the mine to the point that full 
p-roduction can begin. During this time, the surface adits will be driven, the 
main entries will tie extended as far as the service area and the shop, 
warehouse, main sump, and mine offices will have been mined and equipped. In 
addition, the first set of panei access entries will have been developed to 
tHeir full length. A total of i1,291,000 tons of ore will be mined during 
this pericid arid stockpiled on the surface for proce~s plant start-up. 

Concurrent with this underground development, the ventilation shafts will be 
sunk, lined, and equipped. They will be ready for operation by the time the 
panPl a~~P.ss entries have been extended to intersect the shafts. 

Following the initial development, a 
bring the ciine into full productiori• 
recruiting and training of the large 
mine at full capacity. 

period of six months will be required to 
This additional time allows for the 

number of workers required to operate the 

Once full production rates have been achieved, it will require 0.55 years to 
compietely mine one panel. At any one time, a total of six panels will be 
producing at an average of 5,106 tons per day each. Mine expansion will be 
symmettical with three produCing panels on eitlier side of the main entries; 
It will require 1.65 years to completely mine on~ row of panels. 
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Each working panel is designed for unit operation. That is, machinery and 
production miners ~ill not shuttle between panels, but, instead, will be 
assigned to a particular panel throughout its operational life. 

Mine development will be in ongoing activity throughout the life of the mine. 
While production crews are mining in one row of panels, development crews will 
be opening panel access entries for the next row of panels. In addition, they 
will extend the main entries deeper into the orebody and will drive the 
bleeder entries to tie into the ventilation system. Total time required to 
completely develop a row of panels for production mining will be 1.65 years. 

All estimates of advance rates, daily production levels, time requirements for 
preproduction development, panel mining, and so forth are derived from 
predictions of th~ time and manpower necessary to complete a basic mining 
cycle, or round. The typical mining cycle consists of five basic elements, 
each representing a separate function that must be performed sequentially in 
order to advance heading. These ·components, in order of occurrence, are: 

li Bla~thole drilling 

2. Explosives loading and blasting 

3;. Removal ·of the broken rock (mucking) 

4. Dislodging of any material loosened by 
the blast in the walls o~ roof (scaling) 

5·. Installation of roof bolts 

Otice a heading has been bolt~d, the cycle repeats itself with the drilling of 
the next round in that heading. 

All mine openings will. be 32 f·eet wide by 16 feet high, providing strict 
st~ndardization of minitig pra~tices r~gardless 6f the location of the heading 
being driven. Rounds are designed to advance headings 12 feet with each 
blast·. A ·to'tal of 430 tons of broken shale will be produced in each round. 

Twenty-eight blastholes, arranged in a typical V-cut pattern, will be drilled 
for each round (Figure 3h Blastho~les will be 2 inches in diameter and will 
be drilled to an average depth of 13.2 feet. 

The round w'ill be drilled by an ele-ctric-hydraulic drill jumbo. The jumbo 
willcarry two rotary-percussion hydraulic drills mounted on extendible beams 
capable of covering the entire face from a single setup. Electric power for 
the hydraulic system will be supplied by portable power centers located near 
the face. The jumbo will be mounted on a pneumatic-tired, articulated 
undercarriage equipped with a MSHA approved diesel engine for use in tramming 
between headings. 
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Following drilling, each blasthole will be loaded with a high strength primer, 
an electric blasting cap, and the principl·e blasting agent, AN-FO, a mixture 
of ammonium nitrate and fuel oil. AN-FO prills will be blown into the holes 
via a hand-held lance connected to a pressure vessel mounted on the explosives 
loader. The explosives loader will incorporate a diesel-powered under
carriage and will be equipped with a scissors-type elevating platform for 
charging the upper holes. Power for the air compressor and the elevating 
system will be supplied by the carrier engine. 

Blasting of the rounds will be carried out during shift changes. At these 
times, when the mine is cleared of virtually all personnel, all rounds charged 
during the previous shift will be detonated. 

The broken shale produced by each shale will be· handled initially by load
haul-dump (LHD) units. These highly-maneuverable mucking machines resemble 
low-profile front-end loaders and are especially designed for carrying loads 
over moderate haul distances. In appropriate applications 1 they are capable 
of doing the work of both a loader and a haul truck, thereby reducing overall 
equipment requirements. The LHU units will be equipped with 8-cubic-yard cap
acity buckets and, in this case, will carry approximately 7.6 tons per load. 

The LHD units will deliver the muck to semiportable feeder-breakers strategi
cally located in producing areas of the mine. These units will reduce the 
shale to -12 inch size and then feed it onto the mine conveyor belt system for 
transport to the surface. Each panel will be served by a separate feeder
breaker as will each individual development crew. As mining progresses, the 
feeder-breakers will be periodically advanced and the conveyor belts will be 
extended so as to hold LHD haulage distances to a maximum one-way distance of 
800 feet. 

All material will be carried from the mine on the main line conveyor located 
in the central adit and in the center drift of the main entries. This main 
line belt will collect ore from panel access cross belts serving each wing in 
production. Panel belts, located in the central drift of each panel, will 
carry broken shale from the feeder-breakers to the panel access cross belts 
(Figure 4). 

Following panel completion, the feeder-breaker and the panel belt will be 
removed for use in the next panel to be mined •. The panel access cross belts, 
originally installed by development crews during panel access entry mining, 
wi11 remain in service during the life ot an entire row of panels, and will 
then be reclaimed for use deeper in the mine. 

Upon completion of the mucking portion of the mining cycle, a mechanical 
scaling unit will be used to scale loose rock from the face, ribs, and roof, 
thus ensuring a safe working area. The scaling unit will be a specially 
modified backhoe equipped.with a ripper tooth for raking and prying weakened 
material from the mine walls and roof. 
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Roof bolting, the final step in the cycle, is designed to consolidate bedding 
planes·in the roof into a single "beam" whose thickness is equal to the length 
of the.bolts used. In these mines, 6-foot-long roof bolts will be installed 
on an approximate 5-foot grid pattern. Normally, 16 bolts per round will be 
required. 

The roof bolting jumbo will be fitted with a basket-type elevating platform on 
which two hydraulic drills will be mounted. The bolter will be similar to the 
face-drilling jumbo in that electric power for the hydraulic systems will be 
supplied by portable power centers near the face. It will also be equipped 
with a dtesel engine to be used for tramming between headings. 

In addition to production activities that make up the mining cycle, a large 
number of ancillary operations are required to support the mining effort. 
These would include such requirements as regular extension of electrical 
supply lines, conveyor belts and dewatering piping, repair and modification of 
the ventilation structures as required, maintenance of all mechanized 
equipment, and pro'curement and distribution of expendible mining supplies. 

Due to the fairly rapid advance rate, a full-time crew will be reqnirP.rl tn 
install and lengthen electrical supply lines throughout the mine. The same is 
true of the conveyor belts and the network of pipes used to move mine water to 
the main sump. The mine ventilation system as well, will require daily 
attention in order to provide adequate air flow to new working areas as they 
are opened. Full-time crews especially trained in a particular area of 
responsibility will be assigned to each of these functions. 

Achieving scheduled production will depend heavily on the availability of 
mechanized equipment. To that end, a large maintenance shop and parts 
warehouse will be provided underground. Equipment breakdowns will be 
initially inspected by a maintenance field foreman and, if possible, repairs 
will be made on the spot by a mobile maintenance crew. If major repairs are 
warranted, the equipment will be moved to the underground shop for service and 
a spare machine will be put to work in its place. 

All expendible supplies, such as drill bits and steel, roof bolts, piping, 
brattice material, and so forth, will be trucked into the mine and stored in 
the warehouse area. A full-time crew of truck drivers will distribute the 
supplies to their points of use. 

In addition to production aspects, three other systems in the mine deserve 
brief discussion. These are the mine drainage system, the mine ventilation 
system, and the backfilling system. 

In regard to water inflows, the lower portion of the Fort Payne Formation is 
expected to serve as a relatively impermeable barrier between the mine and the 
overlying more-permeable strata. The Fort Payne is limestone, however, and, 
as such, is subject to the formation of horizontal sheet-like openings and 
complex solution cavities which ha've the potential of high water yields in 
localized areas of the mine. As a result, the mine drainage system has been 
sized to handle an estimated water inflow rate- of 5,000 gpm. Ground water 
generally me~ts the standards for drinking water and it has been assumed that 
no chemical treatment will be necessary prior to stream discharge. 
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As stated earlier, m1n1ng will be down-dip. Consequently, there will be no 
natural drainage from the mine and all ground water inflow will have to be 
pumped from the lowest headings. A main sump located in the service area of 
the mine will collect water from every part of the mine for pumping to 
surface. Temporary auxiliary sumps located near active working areas will be 
used for localized collection of water and will be tied into a pumping network 
carrying water to the main sump. Water will be pumped from working headings 
to the auxiliary sumps by pumps mounted on the face equipment. 

The mine ventilation system will be similar to a typical coal mine 
installation in that brattices, stoppings, overcasts, and auxiliary fans will 
be used to control and direct airflow to the various working areas. In 
general, fresh air will be brought into the mine through the main entries, 
circulated through the working areas, and exhausted through the bleeder 
entries and ventilation shafts. Splits of fresh air for the service area and 
development work areas will be controlled by regulators, but the bulk of the 
<HI' will be required by t:he produt: Lluu t:n:!w~. 

Total ventilation requirements for the mine at full production will be 1.6 
million cfm. Since mining activity will be equally divided between each side 
of the mine, ventilation requirements will also be equal, and consequently, 
each exhaust shaft has been sized to handle 800,000 cfm. 

Each wing of working panels will require approximate~y 500,000 cfm. Two of 
the three panel access entries will carry fresh air into the wing whil~ the 
third drift, the conveyor entry, will carry exhaust air to the bleeder 
entries. Exhaust air from the working panels will be moved to the return air 
course via overcasts. 

In the mining panels, fresh air will be brought in through the two outer 
entries and exhausted through the central conveyor drift. Temporary brattices 
will direct fresh air to the last open crosscut before the mining faces where 
it will be swept toward the central drift by two auxiliary fans. Brattices 
will be constructed of muck and will be reclaimed upon panel completion. 

In addition to the mining procedures, the feasibility of hydraulic backfilling 
with process plant tailings has been considered. For operational and safety 
considerations during backfilling, the mine has been designed so that advance 
will.be in the down-dip direction. Since the panel entries will be on the 
upper end of each panel, the greatest hydrostatic head generated by the 
emplaced tailings will be exerted against the solid barrier pillars at the 
lower end of each panel and the potential for failure of the panel entry 
bulkheads is greatly reduced, In addition, by backfilling from the higher end 
of the panel, a greater volume of material can be placed in the panel, and 
with greater ease, since the material will tend to flow away from the panel 
entries. 

It has been assumed that 70 percent of the tailings 'produced by the process 
plant can be placed underground as backfilled material. The tailings will be 
delivered to each mine at a rate of approximately 3,900 gallons per minute 
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with a density of ·sa percent solids by weight. The incoming flow will be 
split and directed to two boreholes for transport to the mining zone. The 
boreholes will be drilled from surface to intersect the panel access entries 
for the row of panels currently being backfilled, one borehole for each side 
of the mine. A continuation of the borehole casing will carry the material 
from the borehole to the panels currently being backfilled. At any one time; 
backfilling activities will be ongoing in two panels on either side of the 
main entries. 

Panels will be filled by a system of roof-hung feeder and distribution lines. 
Distribution lines will run the entire length of the panel and will have 
discharge spigots installed at each crosscut. 

A system of horizontal underdrains and vertical perforated drains will be 
installed to remove excess water from tlie stowed tailings. All drain line·s 
will be wrapped with burlap to restrict the loss of fine material from the 
fill. Water will leave the panel through pipes set in holes bored through the 
rear barrier pillar and through the panel entry bulkheads. 

Timber bulkheads will be installed in each panel entry. The side of the 
bulkhead away from the backfill will be supported by mine-run rock to help 
withstand the hydrostatic head of the emplaced tailings. 

Each panel will be filled at a rate which will permit dtainage of excess 
water. ·The filling cycle will include periods of rionplacemerit to ensure 
maximum dewatering and therefore maximum fill density. All water drained from 
the fill will be collected and pumped back to the process plant for recycling. 

1t is estimated that a total of workforce of 2,901 workers will be required at 
all three of the mines. Table 1 details manpower needs. 

Table 1 
Mine Complex Manpower Requirements 

Mining Systems: 

Hourly Personnel 
Salaried Personnel 
Common Man~gerL'll · & 

Engineering Staff 

Subtotal 

Backfilling System; 

Total Personnel 

TOTAL MANPOWER 

OVERM~L TONS PER MANSHIFT 

66 

Requirements 
One MinP 

718 
78 

796 

160 

956 

Requirements 
MinP CnmplP.v. 

2,154 
234 

33 

2,421 

480. 

2,901 

50.1 



Capital costs for the project are estimated for a single mine and then tripled 
for the entire complex. Costs are expressed in December 1977 dollars. Over 
the projected 20-year life of the complex, each mine will require a capital 
investment of $100,336,000. The complex backfilling system is expected to 
require an additional $54,558,000 for a total capital expense of $355,566,000. 

Operating and maintenance costs, too, are expressed in December 1977 dollars 
and represent cost per ton mined. Mining costs per ton, broken down into 
contributions from the different mining and support functions, are presented 
in Table 2 below. Table 3, in addition to mining costs, details backfilling 
costs as well as the cost per ton of fully amortizing the. capital investment 
over the 20-year life of the project. The total mine cost, including 
production, backfilling, and capital amortization is $3.314 per ton mined. 

./ 

Table 2 
Mining Operating and Maintenance Costs 

(Dollars Per Ton Mined) 

Cost Center 

Drilling 
Charging & Blasting 
Mucking 
Scaling 
Roof Bolting 
Primary Crushing & Conveying (Year 10) 
Conveyor Installation 
Supply Haulage 
Mine Ventilation 
Power Supply 
Mine Dewatering 
Development (Incremental) 
Other Mine Expense 
Salaried Personnel 

Total Cost Per Ton 

Table 3 

Cost Per Ton 

$0.218 
0.238 
0.468 
0.046 
0.231 
0.290 
0.013 
0.109 
0.140 
0.039 
0.051 
0.067 
0.188 
0.238 

$2.336 

Total Operating and Maintenance Costs 

Mined 

l.nRt f.P.nter Cost Per Ton Mined 

Mining 
Backfilling 
Capital Amortization 

TOTAL 
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$2.336 
· o;484 

0.494 

$3.314 



STATUS OF TECHNOLOGY FOR PRODUCTION FROM SWEDISH ALUM SHALES 

Ake Andersson 

I have been asked to speak briefly on the subject "Swedish Shales and Status 
of Technology for Production". 

Before going into technical matters I would like to men'tion a few facts 
regarding Swedish energy policy ~Figure 1). 

Sweden is a fairly small country with about 8 million inhabitants. At the 
present time six commercial nuclear reactors are in operation. These power 
plants are producing electricity corresponding to about 23 percent of the 
Swedish demand. Another two reactors are ready to be put on stream and three 
c:il'l:! uelug IJu.il t. 

After the Swedish election in the fall of 1976, the nuclear issue caused the 
main difficulty to form a three-party coalition government with conservatives, 
center party, and liberals, the first non-socialist government in Sweden for 
44 years (Figure 2). A compromise was, however, reached between the anti
nuclear center party and the other two parties based on a new law, "The 
Nuclear Stipulation Law". The law stipulates that before permission is 
granted for initial fuel loading, the power reactor owner shall hold a 
reprocessing contract and also demonstrate how to handle and where to finally 
dispose of high level radioactive waste or, alternatively, how to handle and 
where to dispose of used nuclear fuel without previous reprocessing. 

It is evident that this law is looked upon differently by the political 
parties involved. When the issue of loading the two finished reactors was 
brought up this fall, the disagreement resulted in a government crisis. 

We are now having a minority liberal government with only about 10 percent 
backing. Next election will take place in September 1979. 

Looking back, we might state that i·f it had not been for the difference in 
opinion with regard to the use of nuclear power and the mining of urani~m ore 
in Sweden, we would today be ready to start construction of a 6 Mton per year 
uranium mill at Ranstad. Technology and uranium prices were right. The 
process which was considered has been presented in a paper at an IAEA-
conference in Washington in 1976. · 

However, under political pressure from the government exploitation plans were 
withdrawn and interest was focused on other components in the shale beside.s 
uranium. In view of future possible world market shortages of raw materials 
and the progressive interest attached to independence within the energy and 
mineral sectors, the Swedish alum shales could be regarded as a valuable 
mineral reserve. 

Black, bituminous alum shales are f,ound in many areas of Sweden (Figure 3). 
Among other constituents they contain organic matter, aluminum-, vanadium-, 
molybdenum-, nickel-, and potassium-bearing minerals in addition to uranium 
(Figure 4). 
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CONTENT OF ALUM SHALE 

URANIUM, G/TON 

ALUMINUM, % 

VANADIUM, % 

MOL Y.BDENUM, % 

NICKEL, % 

SULPHUR, % 
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MAGNESIUM, % 

ORGANICsX), % 

URANIUM, LB/TON 

ORGANICS, KCAL/KG 

BTU/LB · 

X) 
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The fossil fuel in the Swedish alum shales is looked upon as a potential 
national resource. Close to 50 billion (109) tons of_carbonacious material 
has been indicated. Through rapid development of new technology and a ~irect 
R&D effort, the future use of the organic content of the alum shales is 
considered possible. 

There are two areas of present major interest, the Ranstad and the Kvarntorp 
area. 

In·both areas work has been going on intermittently for the last 20-30 years. 
At Kvarntorp, gas, oil and petroleum products were produced during the Second 
World War. Operations continued until the mid sixties when low oil prices and 
increasing environmental demands forced the plant to close down. 

The Alum Shale at Ranstad holds an unique position. The character of the ore 
hody is well known and the uranium bearing horizon would give a higher product 
value than any other known Swedish shale (Figure 5). 

The orebody is large and the seam thickness suitable for underground mining 
(Figure 6). 

For the Ranstad ore a uranium extraction process has been developed which is 
considered commercial (Figure 7). 

Many new methods with the purpose of utilizing the heat value of the organic 
content and the different ore minerals in the shale are now being investigated 
and tested in laboratory and pilot scale. 

In a first approach (Figure 8), a fluidized bed furnace for roasting leach 
residue is added to the uranium extraction process for extraction of the 
energy content of pyrite and organic matter. Sulphuric acid that can be used 
as leach solution is also produced in the process. 

In a second approach (Figure 9), direc.t combustion ot the shale after ore 
preparation followed by strong sulfuric acid leaching of the ashes for metal 
recovery is being tested. The combustion can take place at different temper
atures and atmospheric conditions giving the ash varying leaching properties. 

Gasification of the shale yielding .producer gas is considered a more efficient 
way of making use of the organic content (Figure 10). The producer gas is 
easily converted to synthesis gas for·methanol productiuu. Methanol may play 
an important part in synthesis gas for methanol production. Methanol may play 
an important part .in the future. Many people in government and industry 
believe that methanol is going to he used as an additive to gasoline (15-20 
percent) for car engines and, some people consider it possible that methanol 
will replace gasoline, in urban areas at least, towards the end of the 
century. 

The gasification technique, as you know, is very complex and is going to 
require a long development .period. After gasification the ashes hav_e ·to be 
roasted to reduce the residue carbon content before leaching. 

Different types of acid and alkaline leaching, including pressure leaching, 
are being tested. 
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Conventional ore dressing methods are also being investigated but due to the 
extremely fine particle size of the shale, from 10 microns down to submicron 
sizes, this route does not seein technically and economically justified at this 
time. 

With the exception of the uranium extraction process, the new conceptions that 
are being discussed are metallurgically and technically complicated. With 
respect to new environmental demands and high quality working and oper~ting 
conditions, investment costs are going to become very high. No new process 
has yet been developed that can be operated commercially at today's prices. 

· M A d referred conference attendees to his (For additional informat1on r. n ersson 
p<~pPr "TTranium Recov~ry From Bituminous Shales at Ranstad" published by IAEA 
in Uranium Ore Processing, 1976 pages 171-177.) 
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INTRODUCTION 

Nationwid·e escalating energy requirements during recent years have 
prompted a broad reappraisal of known potential sources of energy fuels, 
among them uranium. Due to contin~ung depletion of higher grade U.S. 
reserves·of uranium, closer attention has been directed toward the 
possibilities offered by lower grade resources. One of these is the 
vast Chattanooga Shale resource in the east-central United States. 

In the course of examining the feasibility of exploiting this resource, 
preliminary investigations have been conducted pertaining to the engineer
ing, economic, and environmental aspects of such exploitation. Presented 
herein is a brief summary of the principal environmental implications of 
establishing a large-scale mining and processing operation to recover 
uranium and byproduct& from the Chattanooga Shale. 

The present status of the data defining shale uranium content in the 
Chattanooga Shale region has identified southeastern DeKalb County, 
Tennessee, as the logical target area for initial recovery operations. 
The evaluation of environmental impacts potentially associated with the 
contemplated recovery operation has proceeded according to this assumption. 
Once a more thorough knowledge of areal uranium distribution exists, 
several locations may emerge as equally attractive from a strict opera
tional and recovery standpoint, and quite possibly more attractive from 
an·environmental standpoint. · 

Although there are a great number of uncertainties in.the ultimate 
design of such a project, a preliminary environmental feasibility analysis 
must address itself to some fixed prototype project description that 
encompasses a realistic spectrum of potential impacts. The analysis 
discussed herein has been based upon a synthesis of "typical" project 
designs that utilize large raw shale ore throughputs, and site-specific 
parameters tailored to the constraints introduced by the physical char
acteristics of the shale environment. Pertinent design and impact 
assumptions for a mining and processing complex of the nature envisioned 
by this study are summarized for illustrative purposes as follows: 

0 Begin construction -- 1983, 

~, Maximum construction activity -- 1987 to 1988, 
0 

0 

0 

0 

0 

0 

0 

Commence production phase -- 1990, 

Project operational life -- 20 years, 

Total capital cost of operation -- $2.3 billion, 

Number of construction workers 4,000, 

Number of operations personnel 3,000, 

Mining method -- room and pillar, 

Mining depth - 100 to 500+ feet below surface, 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Underground area mined -- 750 acres per year (total acreage, 
approximately half of which remains unmined); 

Processing t~roughput -- 100,000 tons per day, 

Shale thickness -- 16 feet, 

Ore uranium content -- 55 ppm, 

Ore oil content -- 10 gallons per ton [Fischer Assay] (hydroretorting 
yield expected to equal up to 250 percent of assay value), 

~ning recovery efficiency -- 60 percent, 

Uranium recovery efficiency -- 60 percent, 

Uranium production -- 3+ tons per day, 

Oil recovery eff1 .. c:fen('y !""- l/2 h;~r.rf.1 p~r tnn nf Rhale, 

Number of processin~ plants -- 1, 

~~ta~ ~~~faoe area cov~~~d by fac~~~ty -- ~,000 ~~~es, 

Tailings surface disposal volume -- 4,000 ac~e-foot per year 
(assUming that available technology will permit reintroduction of 
70 percent of tailings b.ack into mine, leaving 30 percent to be 
stored on land). · · 

It has been estimat.ed that five production complexes s1:1ch as described 
above would be necessary to satisfy approximately 25 percent of the 
Nation's present .uranium demands. It is conceivable, therefore, that 
the Chattano.oga Shale region may .ultimately experience this level of 
development. However, since the impact of any one operation would be 
very similar to the impact of another, the study has concentrated upon 
identifying the. potential environmental impacts of one mining and 
processing c~mp~ex. 

Elements of the environment that have emerged as those most sensitive tu 
exploitation of the Chattanooga Shale resource are: 

0 

0 

0 

Water resources, 

Air. 

Socioeconomic structure. 

The nature and extent of the impacts which may be exerted upon these 
elements by Chattanooga Shale development is summarized below. 

WATER RESOURCES IMP ACTS 

Impacts of the comtemplated project upon water resources will be exerted 
by two major activities: 
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0 

0 

Shale Extraction, 

Shale Processing. 

SHALE EXTRACTION 

The plan of mine development and the extraction techniques employed 
during the mining operation will affect the nature of surrounding aquifers. 
Present indications are that ore removal is to advance down-dip and will 
include removal of the overlying Maury Formation which lacks the strength 
to be used as the mine roof. The bottom of the Fort Payne Limestone 
formation thus will be exposed to form the mine roof. Since this for
mation contains solution cavities and fractures, it is probable that the 
Fort Payne groundwater table will be lowered as water escapes from the 
formation into the mine. The possibility exists that the Fort Payne 
formation might be totally dewatered in extensively fractured areas 
overlying the mine. 

The principal source of groundwater used in the area is the Fort Payne 
formation, thus its dewatering could result in the loss of water wells. 
The significance of this potential loss is minimized by the fact that 
groundwater as a public water supply in the area is rapidly being replaced 
by community water supply systems which draw upon surface water. 

An approximation of the quantity of water in storage in the formations 
above the Chattanooga Shale can be derived by making certain assumptions 
as· follows: if 20 feet of saturation exist in the residuum with a 
porosity of 15 percent, and 100 feet of saturation exist in the Fort 
Payne formation with a porosity of 1 percent, the quantity of water 
contained in 1 acre over the mine would amount to 4 acre-feet, or 1.3 
million gallons. An approximation of the annual quantity of water that 
could infiltrate into the mine after initial dewatering through exten
sively fractured portions of the Fort Payne formation would be the water 
infiltrating below the root zone. This quantity could be on the order 
of 1 acre-foot per acre, or 3 million gallons per acre, per year. 

Since there will be no natural drainage from the mine, it will be 
necessary to pump all groundwater inflow from the lowest headings. The 
mine pumping system is to be designed to handle an average inflow of 
5,000 gallons per minute over the entire mine. 

SHALE PROCESSING 

Potential processing-related impacts exerted upon water resources by the 
project fall into two categories: 

0 

0 

Consumptive water demand, 

Process wastewater streams. 
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It is anticipated that make-up water requ"irements for :processing.of 'the 
shale will be on the order of 20 to 30 million gallons per day. ·nue to 
the relatively low output of wells drawing from the Fort Payne ;aquifer 
underlying the area, a.nd the absence of informat'ion suggesdng ·Signifi·
cant .alternative.groundwater supplies, indications are that surface 
waters offer the only realistic source of a supply -of ·this magn'itude. 
In the case of the DeKalb County area, Center Hill Reservoir ·could 
supply such a demand with minimal impact to its total·storage. 

The two major process sources of waste streams are hydroretoititfg :to 
recover shale oil and leaching to recover shale uranium. Within 'the 
scheme of the projected mining/processing operational plan, the ultimate 
destination of these wastes will be -either stream~ischarge, •or ·tailings 
storage in both disposal ponds and .backfilled mines. The recommended 
process train has not been piloted ·and no ·data exist regardin-g composit1on 

.of process streams. 1'he compositions of •the .process st·reams and the 
wastewaters generated are therefore projected from the va:st document'at'ion 
of existing pilot facilities for processing western·u;s. oil 'shale. It 
is recognized that the hydroretorting process will produce wastewat·ers 
of different compositions.than those produced by conventional retorting 
operations. However, it is probable •that the wastewater :streams 1produced 
by the different retorting processes will be similar. 

There is no direct information available regarding the ·composftioh·bf 
the leachates emanating from the neutralized tailings. The generiil 
nature of these waste streams can be projected from the 'composition 
documented for western U.S. shale oil tailings and the process wastes ·of 
the Ranstad Plant in Sweden, which does not retort ores :prior to uranium 
leaching. 

A schematic flowsheet of the anticipated major waste stream~generating 
operations is illustrated in Figure 1. For the purposes o'f preilminary 
evaluation it is assumed that other minor wastewaters such as domestic 
wastes, gas scrubber blow down, cooling tower blowdown, etc., can be 
treated and disposed with one or more of the major streams, and/or will 
not pose significant treatment/disposal problems. 

Re. tort Water 

The hydroretorting process produces a liquid waste stream whi.ch co·ntains 
large amounts of dissolved organics and inorganics. The composit'ion of 
the retort water is affected by the composition of the ore and the 
design and operational characteristics of the retort. 

Available average composition data for eastern and western ·shales indicate 
that the eastern shales yield almost 50 percent more water than their 
western counterparts. A water yield of 2.3 percent by weight produces 
5.5 gallono per ton of ore. A 100,000 ton per day facility woul:d 
generate in excess of 0.5 million gallons per day. This flowrate could 
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be greater if significant quantities of water are used in dust control 
operations preceeding retorting. 

The general composition of western shale retort waters collected as 
condensate from the off-gas stream includes large quantities of both 
volatile inorganic and organic species. Since the liquid phase does not 
generally come in direct contact with the shale residue, many soluble 
salts remain in the retorted shale. 

The waters characteristically exhibit a total solids concentration in 
the range of 20,000 to 30,000 mg/1 with significant amounts of ammonia, 
chloride, sulfate, and sodium (500 to 2,000 mg/1). The primary consti
tuent of the waters is the organics which result in extremely high COD 
values (10~000 to 20,000 mg/1). Such wastewaters are considered heavily 
contaminated and require significant treatment prior to discharge. 

The majority of trace metals will probably remain in the retorted shale. 
In recent studies using western shales and a nitrogen gas retort atmos
phere, it was found that only fluoride, boron, and copper could be 
detected in retort water at concentrations in the range of 0.2 to 0.5 mg/1. 
Chromium, cobalt, manganese, molybdenum, nickel, selenium, and zinc were 
found in the retort water at concentrations less than 0.1 mg/1. The 
composition of the retort water generated by the Chattanooga Shale 
process.will differ from that studied above because of the presence of a 
hydrogen retort atmosphere. Certain metals such as antimony and arsenic 
can form gaseous hydrides which would be present in the retort condensate. 

Significant amounts of sulfur occur in the eastern oil shales. The 
contemplated processing operations will convert the sulfur compounds to 
H2s and elemental sulfur which will be used to produce sulfuric acid for 
uranium leaching. It is possible that significant amounts of H2S could 
be present in the retort water. Available data indicates that the 
sulfate concentration in the retort water of conventionally retorted 
western shales ranges from 1,200 to 3,100 mg/1. The eastern ores contain 
approximately ten times the sulfur content of the western shales, thus 
it is probable that eastern shales would produce retort water sulfate 
concentrations several times the above levels. 

No projection is ventured at this time.regarding the occurrence of 
radioactive constituents in the retort water. Intensive laboratory and 
pilot scale demonstration studies are required for quantification of the 
nature of the retort water in this respect. 

The retor~ waters will contain significant quantities of several highly 
toxic substances which will neceAsitate significant treatment prior to 
release to the environment, or dilution and treatment with other waste 
streams. While the volume of retort water will be only approximately 
2 to 4 percent of the total water used in a 100,000 ton/day uranium 
shale processing plant, it contains a substantial portion of all contam
inants generated. 
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Leachates 

As illustrated in Figure 1, leachate can be generated both from .the 
backfilled mines and the tailings disposal ponds. The nature of the 
leachates and their volumes are dependent upon many site specific factors 
such as physical characteristics of the surrounding geologic formations, 
the waste tailings treatment process, and the chemical nature of percolat-. 
ing water. At present, discussion of the potential interaction of the 
leachates with the environment must be based upon results reported for 
projects similar to the one under consideration, since the proposed 
beneficiation process flow scheme for the latter has not been piloted. 

It is impossible to predict in more than a general fashion the volumes 
of leachate from either source because of th(t many unknown site sped.f:fc. 
factors involved. Conventional, unlined tailings disposal ponds with 
facilities for diversion of surface runoff will produce approximately 
0.6 to 1.2 gpm leachate per acre of tailings. This flowrate range ie 
based upon an assumed net surface infiltration rate of 12 to 24 inches 
per year. The majority of precipitation is assumed to be returned 
directly to the atmosphere via evapotranspiration. The hypothesized 
800 acres of tailings ponds produced during the 20-year life of a 100,000 ton 
per day complex will result in approximately 500 to 1,000 gpm of leachate. 
With a disposal pond depth of 100 feet and a porosity of 0.35, approxi
mately 17 to 35 years will be required for flushing a single pore volume 
from the waste tailings. Therefore, if it is assumed that 5 to 10 pore 
volumes must be flushed through the waste materials to leach out all 
objectionable substances, then unacceptable leachate will be produced 
for a period of 85 to 350 years. During this time it will be necessary 
to recycle wastewaters to mining operations in the area or to treat them 
by leachate treatment plants. 

The volume of leachate produced from the backfilled mines depends upon 
the following factors: 1) permeability and recharge of overburden;. 
2) permeability of backfilled tailings; 3) permeability of underlying 
formations; 4) effectiveness of underdrain system. The great depth of 
fractured overlying limestone makes it impossible to estimate the amount 
of water expected to percolate into the mined areas. Solution cavities· 
in the limestone can transport large quantities of water from great 
distances. The magnitude of the maximum mine infiltration will be 
determined during the room and pillar mining operations. · 

While the composition of the leachate is affected by many factors, it is 
most highly dependent upon the nature of the process to neutralize the 
acid-leached residue. ,The leached residue is highly acidic and contains 
many soluble species including toxic trace metals. The scheme presently 
contemplated for de-acidifying the ~esidue employs a lime neutralization 
process subsequent to acid leaching. Proper selection of lime dosage 
will result in neutral-to-slightly alkaline conditions occurring in the 
tailings disposal areas. 
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Studies by the Institute of Gas Technology indicate that approximately 
16 to 20 percent of· the organics originally present in the shale will 
remain in the spent shale. Organics will therefore represent approxi-

_mately 1 percent of the spent shale. If these organics are biodegradable 
directly or at the dilute levels occurring in leachate, anoxic or an~robic 
conditions should exist. It is possible, however, that the residual 
organics will be non-biodegradable and therefore will not remove the 
dissolved oxygen in any percolate. While this is improbable in view of 
the nature of waters percolating through the natural oil shale, it does 
suggest that laboratory studies are warranted to better define the 
nature of the leached, lime-treated residues. 

In addition to organics, the leachate will contain a spectrum of inorganics. 
The Ranstad tailings, for example, are composed primarily of silica, 
organic carbon, potassium, iron, aluminum, and sulfur. In general these 
substances do not cause environmental problems and do not exhibit toxicity. 
The toxic trace substances present, such as the mercury, lead, chromium, 
etc., while occurring at low levels, are capable of being solubilized 
and transported into the surrounding environment. 

The composition of the specific shale being processed affects the 
composition of the residual tailings. In view of the great variety of 
substances present in the Chattanooga Shale under consideration it is 
possible for many substances to be present in the spent shale. The 
solubility and transportability of spent shale constituents·depends upon 
the chemical environment established between the percolating water and 
the spent shale. · 

WASTEWATER MANAGEMENT 

The nature of the process wastewaters precludes their disposal into the 
surface water environment. Similarly, their salinities are great enough 
to adversely impact the quality of groundwaters in the region. These 
considerations along with the 1985 zero discharge requirement of the 
U.S. Environmental Protection Agency necessitate the utilization of zero 
discharge disposal techniques. Discharge of process wastewaters to 
tailings ponds would not meet zero discharge criteria since the regional 
precipitation exceeds evaporation. 

One possible zero discharge treatment scheme is illustrated in Figure 2. · 
All process wastewaters generated at the site can be treated by this 
scheme. The large concentration of organics present and the relatively 
~m~ll volume of the ~etort water favors its separate treatment or. pre
treatment. The presence of organics necessitates the use of an oxidation 
process such as ozonation, permanganate addition, or high t~mperature 
oxygenation. Oxidation should convert the majority of organics to 
carbon dioxide. The residual wastewater will be enriched in inorganics 
and will require demineralization prior to disposal. An in-depth study 
is necessary to determine if centralized treatment subsequent to oxidation 
is advantageous. 

-7-



' 

ZERO DISCHARGE TREATMENT SCHEME 
FOR ALL PROCESS WASTE STREAMS 

RETORT 
WATER 

COOLING 
TOWER 

+ SLOWDOWN 

PRETREATMENT 

! .. 

LOW TDS PERMEATE 

EVAPORATION 

-

EVAPORATION 

. 

LEACH 
CIRCUIT 
BLEED 

.. 

COLD 
LIME 

SOFTENING 

FILTRATION 

. -

REVERSE 
OSMOSIS 

r 

VAPOR COMPRESSION 
EVAPORATOR 

r---· --
FLUIDIZED-BED 
INCINERATOR 

. SOLID WASTE 

FIGURE 2 

URANIUM 
PRECIPITATION 

CIRCUIT 
BLEED 

C02 

H2S04 
SCALE INHIBITOR 

SPENT 
SHALE 

HATE 
ED 

LEAC 
BLE 



The lime softening indicated in the process scheme reduces the calcium 
concentration and prevents calcium sulfate scaling in the reverse osmosis 
(RO) unit. The RO brine is further concentrated by vapor compression . 
evaporation as currently practiced by the power industry. The final 
process is fluidized-bed incineration. The evaporated water and the RO 
permeate exhibit excellent quality and would be used to supply process 
water. 

The Knox Formation underlying the project area contains a brackish water 
aquifer at a depth of approximately 2500 feet. It is possible that 
process wastewaters or wastewater brines could be discharged into this 
saline aquifer without environmental degradation. The technical viability 
and general acceptability of deep well disposal of industrial process 
waters in Tennessee require further clarification. 

The management of tailings generated by uranium milling operations 
requires careful planning. Although the concentration of radioactivity 
in the tailings is low, control measures are necessary because of the 
large quantities involved and because of the long half-life of the 
parent radionuclides that are present. 

As described earlier, it is contemplated that the operation under considera
tion herein will be conducted such that the mine will enable hydraulic 
backfilling of tailings. It has been assumed that 70 percent of the 
tailings produced by the process plant can be placed underground as 
backfilled material. The remaining 30 percent of tailings will be 
placed on the surface in tailings disposal areas. 

Tailings management has been receiving increasing attention from federal 
and state agencies and from environmental interest groups. The thrust 
of this attention is upon requiring well-planned tailings management 
programs prior to creation of the tailings, with financial provisions to 
insure execution of the programs. The major concerns of the regulatory 
agencies are directed to radon release and isolation of the tailings 
from the human environment. Performance objectives for tailings manage
ment have been developed by the staff of the Nuclear Regulatory Commission 
(NRC). 

Based upon existing performance objectives for tailings management it 
seems clear that the NRC will require a sound mill tailings management 
program. Available information from the NRC suggests that disposal -
areas be located so that population exposures are reduced to the maximum 
extent reasonably achievable. 

The flow of leachate from the tailings ponds can be prevented or minimized, 
the need depending upon the potentifll environmental cnn,::eq1.1P11CE'~'~ nf 
escaped solutions. The impoundment area might be a natural basin, 
modified to be protected from natural forces such as flooding and excessive 
seepage. This would require fac.ilities to divert natural flows around 
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TABLE 1 TOTAL POLLUTANT EMISSIONS FROM 
100,000 ton/day SHALE HANDLING PROCEDURES 

Pollutants Emitted 
Source (lbs/day) 

TSP co NOx THC S02 

Blasting and Primary Crushing 540 

Secondary and Tertiary 
Crushing and Screening 1260 

Misc. Fugitive Sources 300 

Mobile sources in the mine neg. 340 1750 110 110 

Total 2100 340 1750 110 110 
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than replenishment water is available. Dewatering the tailings could 
lead to the·formation of sulphuric acid. Seepage through the floor will 
be reduced by leaving a layer of unmined shale throughout" the mine. 
Seepage upward through the ·roof -at·' the lower ends of panels would be 
more difficult to control if it was found impossible to maintain the 
water table at a level above the tailings. 

It is highly improbab).e ~hat complete integrity_ of synthetic or natural 
strata will be maintained for any period of time and it is reasonable ·.to 
assume that leachate-will enter. the limestone formation directly below 
the backfilled mines. Several techniques are available for adding 
chemicals to reduce the permeabilities of backfilled tailings. Such· 

. techniques are acceptable if adequate permeability reductions occur and 
if the results are long-term. 

Eutrophication of rivers and lakes is a potential problem if limiting 
nutrients generated in the mining operations enter surface waters d.irectly 
or via subsurface pathways. Surface waters are typically deficient in 
ni trosen, phosplun:ua, o.: ·but h. ·Though z~ro discharge requ~rements 
prohibit the direct input of nutrients to surface waters, the possibility 
does remain that tailings wastewater containing nutrients will flow from 
the backfilled mines and enter the surface water environment. The 
presence of large amounts of limestone in the study area precludes the 
subsurface transport of phosphate due to its precipitation and sorption. 
Nitrogen has a greater potential for being transported through the 
subsurface environment and being released into surface waters where 
eutrophication may result. Future in-depth environmental studies should 
identify the limiting nutrients in surface waters neighboring the project 
site to determine the potential for eutrophication. 

A_~R Qt!ALITY IMPACTS 

Atmospheric emissions associated with the shale recovery and processing . 
ope.ration will derive from three major sources: 

0 

0 

0 

Extraction and materials handling for uranium removal, 

Hydroretorting for oil removal, 

Secondary project-related activities. 

Since plants of the capacity and nature of that contemplated for the 
Chattanooga Shale are currently unknown, and engineering designs are no.t 
developed, it has been necessary to base projected emissions estimations 
upon •iscaling up" of much smaller system throughputs. Such linear 
scaling is of questionable accuracy where much larger systems are concerned, 
but must suffice at this point in time until pilot plant testing data 
are av:ailable. 
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ORE HANDLING EMISSIONS 

Ore handling emissions constitute all discharges to the atmosphere 
associated with extraction of the ore from the earth, processing the ore 
for uranium recovery, and disposal of spent shale wastes. The four main 
source categories of emissions which occur from the initial blasting to 
the delivery of suitably crushed shale to the hydroretorting facility, 
and its subsequent return from the acid leach for backfilling or surface 
disposal, are: 

0 

0 

0 

0 

Blasting and initial crushing for conveyor transport, 

Secondary crushing and sizing, 

Miscellaneous fugitive dust sources during materials 
handling, 

Heavy-duty vehicle combustion. 

Table 1 presents worst-case estimates of total projected emissions 
produced by each source category. 

Emissions generated within the mine by blasting and primary crushing 
will be carried out in the ventilation air produced by large exhaust 
fans •. Potential health dangers from the accumulation of H2s, methane, 
or radon gas will be minimized by the maintenance during maximum mining 
activity of a large ventilation volume, on the order of 3,000,000 cfm. 
Ambient .dust level in the mine will be maintained within federally
mandated industrial hygiene levels through the useof dust palliatives. 

Secondary crushing and sizing operations will be enclosed in a bag house 
which will control emissions at a minimum recovery efficiency of 99.7 
percent. Resulting emissions may be further considerably reduced·by 
wet, instead of dry, crushing of the ore; however, this usually creates 
materials handling problems. 

Fugitive dust sources include loose material exposed to the airstream in 
the conveyor system, above-ground disposal areas, unpaved roads at the 
various mine sites, material stockpiles, spillage, control equipment 
malfunctions, etc. Such emissions are very difficult to quantify because 
the exact layout, handling procedures, and emission ~actors are not well 
known. 

Atmospheric dispersion analysis of the estimated sum of all suspended 
particulates to be released from project dust3control equipment indicates 
an anticipated maximum contribution of 5 ~g/m occurring 5.5 km (~3 
wll~lil) uorth of the prototype plant site. The total susgended particulates 
(TSP) increase in Smithville is predicted to be 2.5 ~g/m • The maximum 
impact represents a contribution of about 8 percent of the Federal 
Ambient Air Quality Standards (AAQS) for particulates; the Smithville 
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total represents about 4 percent. Both cases are acceptable levels of 
impact since the area currently is an attainment area for particulate 
standards and the predicted impacts are not sufficient to cause violation 
of theae standards. 

Gaseous emissions will result from the operation of mobile machinery 
using internal combustion engines and will include oxides of nitrogen 
(NO ), carbon monoxide (CO), hydrocarbons, and sulfur dioxide (so2). 
Estimated mine concentration levels for these pollutants are well within 
industrial safety standards indicating that the assumed mine ventilation 
rate is more than adequate to control vehicular-related pollutant levels 
in the mine and the ventilation airstream. 

HYDRORETORTING EMISSIONS 

Since hydroretorting of shale for oil recovery requires combustion of 
fuel for associated operations, far greater pollution emissions will be 
associated with the heat treating and fractional distillation processes 
than with the shale ore mining itself. Emissions from the oil recovery 
operation will potentially be quite significant because of the high 
sulfur content of most Devonian and Mississippian shale deposits. While 
sulfur recovery in a sulfuric acid plant is desirable for use in leaching 
uranium from the ore, oxidation of sulfur to so2 or the formation of a2s 
both represent serious air quality concerns. 

Emissions from refining depend strongly upon the amount by hydrocarbon 
splitting (cracking). uniting (polymerization), or rearranging (reforming), 
that is required after the retorting step. Blending, treating, wastewater 
separation, and other operations all may contribute to the emissions of 
principally hydrocarbons and so2 , such that the refinery will potentially 
create the maximum air quality Impact of the project. 

Since the engineering d·esign for refinery operations has not proceeded 
beyond a conceptual framework of hydroretoring on a large scale, emissions 
characteristics are difficult to define. Used as a model herein is the 
emission module from the western oil shale recovery plants for the Green 
River formation in Colorado, Utah, and Wyoming for a 50,000 bpd plant. 
Assuming maximum allowable emissions for combustion of some of the low
BTU off-gases from the retorts and maximum allowable emissions from the 
acid plant which converts elemental sulfur to sulfuri~ acid for uranium 
leaching, a suitable emissions inventory for the proposed refinery 
operations can be derived. 

In the case of both major pollution sources, retort heating and the 
sulfuric acid plant, SO is the pollutant of greatest significance. 
Based upon total throug~put for the proposed facility, so2 emissions may 
be as high as 36 tons per day emitted from two major groups of stacks at 
about 60 meters above the ground. These values assume that 60 pounds of 
elemental sulfur per ton of shale are recovered and converted to H2so4 
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for leaching operations. Sulfur recovery from the process tail gas and 
pretreatment of the combustion gas to reduce its H2s concentration will 
be employed to keep the total plant so2 emissions at a minimum. · 

Analysis of the refinery plume so2 dispersi~n projects that the annual 
average so2 impact of slightly over 20 ~g/m , or 25 percent of the 
annual standard can be expected to oscur 3-4 km north of the plant site, 
with val~es in Smithville of 10 ~g/m • The one-hourly maximum of 
350 ~g/m 3which occurs at the plant boundary is much less than the 
1300 ~g/m three-hour AAQS s3condary standard, and even less than the 
24-hour standard of 365 ~g/m • It would appear that the SO plumes 
will not seriously impair regional maintenance of present AAQS if the 
baseline so2 standards are shown by measurement to be currently met. 
Althc11.1gh so

2 
will ultima.telv convert to sulfate, aerosol or sulfuric acid 

mist, and contribute to the overall sulfate problem in the eastern 
United States, its impact in the more immediate vicinity will be within 
allowable standards. 

Combustion of retort off-gases will result in the emission of various 
oxides of nitrogen for which only limited control or removal procedures 
are known. Although most of the "fresh" emissions are as nitric oxide 
(NO), the oxidation of NO in the atmosphere, particularly in conjunction 
with photochemical processes involving hydrocarbons, rapidly creates the 
more stable .and harmful pollutant, nitrogen dioxide (N02). Improvements 
in burner design, flue gas recirculation to limit excess oxygen, and 
other temperature control procedures in the burn zone may slightly 
reduce the level of nitrogen oxides emission but the inert nature of 
nitrogen renders it rather immune to treatment processes. 

Carbon monoxide and hydrocarbons are also potential species emitted from 
the refinery. Until processes are further defined, their exact emission 
rate cannot be determined. Although good engineering practices will 
keep these emissions at manageable levels, the role of hydrocarbons in 
the formation of oxidant is an important project consideration that will 
require further analysis in the future. 

SECONDARY EMISSIONS 

In addition to the specific point sources associated with contemplated 
mining and processing operations, a set of secondary emissions will 
arise both from the general growth of the area around the facility and 
the vehicular emissions resulting from the large construction and labor 
force required to sustain t"he project. The emisstons from the mobile 
sources can be roughly quantified, but the effects of satellite growth 
are impossible to project before a county dP.velopmantal master plan with 
attendant land use patterns is established. 
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·calculation .of project-related •emission~ .using available :population 
;projections and approximate :traffic :Pattern estimations :Produces ·.the 
.unique result that an ·almost four'""fold •increase in itraffic :between .the 
present :a:nd .1995 ·related to .the project .is .almost exactly1balanced •by:a 
concurrent reduction in vehicle emissions anticipated .dur.ing .that 1same 

'1time. The .net ~·change .is almost zero. ·Except 'for oxides ·o'f •.nitrogen 
(tailpipe 'improvements are not forecast to be:as dramatlc.as ~improvements 

:applying ~.to ·the :other :two species) , ;the total :county ~burden :of :vehicular 
1pollu·ta:nts :is not 'expected ·to ,be .much ·greater :ln :1995 :than :in '197,7, .e:ven 
:with •a project of ·the :magnitude anticipated"her.ein. :obviously, :more 
detalled tra'ffic ·analyses will :be necessary in :the fu.ture, ibut .based 
.upon present .rough projections, no :significant-air .quality<impact :from 
.traffic would .be ·anticipated as the :particular result of ;the .Chattanooga 
Shale:resource recovery :project. 

-SOCIOECONOMIC ::t.MPACTS 

'.The :major ·elements ·of :the !_s_oc_ioeconomic ~,~mvirQnment "wbir.h.i.'fi.il1 ~be 
·impacted .by .shale ·development 1ar.e: 

~o ~.Lan'd · .. us·e, 
0 .~Employment, 

•o .Income, 
o ·:Population, 

'
0 ;Housing, 

·o Community Services .and 'Public :Fad.li'tie·s, 
•o Quality o'f .L1'fe. 

The ·manner 'in ··which 'the :introd.uction ~o-f .a ~large-:scale :new :industry ·into ~a 
rural .area .affects the .human environment 'is very ~comp'lex. :Effec.ts >ran,ge 
:from :the direct ·and tangible, ·.to the indirect and .subtle. In .'fact, ,many 
1anticipated .effects can be expected ·to interact to .the extent :that~they 
may ~be v1ewed ·as causes rather than .direct .ef;fects of ;the ·:tntroduction 
:of '.the :new .development project. 

'The ;principal direct socioeconomic :impacts ;expec·tea Ito ·occur .. :ar.e :the 
:generation of ·employment opport.unities .:directly associated .with ·the 
·development of ·the ·project, .population ,growth ~ana ::l.ncome -changes fexpecteo 
.to :result from ·.these :·new j.obs, ~increases .in .the :local ~tax !base, ;ana 
·alterations ·to 'the .previous :land .uses :result-ing ifrom rthe :.physical.;existence 
·o"f ~.the project. .Al·l :other (changes .are ;Clerivitives .cif 'these 'direct 
:impacts. A ,proj.ect of such ~-large scale .and output 1Will ~foster •'dramatic 
:i!llpacts upon the· economy .and .social · chRrac.tE'ristic& ·o·f ~-its immeiiiatc .ana 
·.regional .env·irons which :may ;be 1expectea .to ·maintain ,s.igriHicance .throughout 
~and lafter !the l"ife of .the ;.project. 
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LAND USE 

The project will directly impact the allocation of land uses because of 
the project's ownership and utilization of land. Surface facilities 
(processing plant, mine entrance areas, conveyor belt route) will require 
approximately 10 square miles of land, not necessarily in one piece. 
Surface facilities will attract attention due to the height of mill 
structures. the presence of dust, and the sharp contrast of the facilities 
with the surrounding flat and rolling character of the agricultural 
landscape. 

Underground mining with a room and pillar system is expected to utilize 
about 750 acres (1.2 square miles)'per year. However, the 150 to 300-
foot depth below surface level of most activities minimizes noticeable 
land use changes on the surface. Uranium excavation may result in some 
subsidence which is not expected to materially affect surface land use. 
rhe only area that may be directly affected in terms of land use limit
ation is that which is located near the ventilation shafts. The emission 
of toxic gases such as radon and methane from these shafts could force 
the project to acquire this land to prevent harmful environmental impacts 
upon nearby agriculture, wildlife, and human welfare. A small portion 
of the mining operations may involve open pit mining where outcroppings 
are easily accessible at the surface. These mines could consume approxi
mately 50 acres per year and result in both visual impact and surficial 
land use changes that can eventually be mitigated through reclamation by 
revegetation or installation of ponds. 

The project will directly impact all land area needed to dispose of 
spent shale tailings and other wastes. Assuming that available technology 
will allow reintroduction of 70 percent of all tailings back into the 
mine, 30 percent will remain for surface storage. Approximately 4,000 
acre-feet per year. or 80,000 acre-feet over the 20 year life of the 
project. will require storage somewhere in the vicinity of the project, 
preferably within 5-to-10 miles of the processing plant. These wastes, 
if stored at an arbitrarily assumed depth of 100 feet, can be expected 
to cover an RTP.A roughly 800 ac~es (1 1/3 square miles) or greater in 
size. 

It is contemplated that the tailings could be stored in the eastern or 
northeastern portion of DeKalb County, which is characterized by steep 
slopes and ridges. The creation of ponds, spoils piles, and tailings 
impoundments will contrast sharply with existing topography, thereby 
altering slope configuration and the drainage pattern of the area. The 
tailings impoundment and associated facilities (retention dams and 
rainfall diversions) will be designed to prevent contamination of water 
resources. If the tailings can be eventually solidified, reclamation 
through revegetation would be achievable after a certain period of time. 

Indications are that a total of over 7,000 acres of agricultural and 
forest land will be removed for project-related purposes. This represents 
an approximate 5 percent reduction in the amount of land presently 
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committed to these uses in DeKalb County. Native wildlife will be 
evicted or extirpated by elimination of natural habitat. Depending upon 
the'specific locations of habitat removal, the possibility exists that 
rare and endangered species of plants or animals may be adversely affected. ·. 
Anticipated population growth associated with the project is expected to 
exert- indirect impacts upon land use in the form of demands for additional 
land for commercial, industrial, residential and public uses. The 
largest of these will be the residential demand, which is expected to 
approximate 5,000 acres. 

EMPLOYMENT 

It is estimated that construc~iQn of the project will requJ.rF.! !!!pproximately 
2,000 to 4,000 workers, commencing in 1983 and reaching a peak within 5 ' 
years, then gradually decreasing over the·last year. The same workers 
will not b~ ~mployed over the entire 7 ye.lil.rs, liince different trades. 
will be required at various stages of the project. · ; ···- -·-

Assuming that construction will extend over a 5-to-7 year period, the 
operating phase will begin in 1990. To maintain the mines operating 
continuously (7 days per week), 2,400 people will be employed 5 days p~r 
week. 

The number of indirect jobs resulting from direct project employment 
will be considerable in both the ~mmediate and regional project environs. 
The locational distribution of these indirect jobs will be determined 
primarily by where direct project workers choose to live. Increased 
demand for goods and services, increased wages, and increased capital in 
circulation may inflate the local economy. Howev~~, the proximity of 
several major urban areas should prevent the creation of a ''boom" economy .. 
Impacts are expected to be spread out over an intermediate rE!,g:f.n~ d~!er
min~d by the commuting radius of approximately 65 miles. 

Indirect employment resulting from the construction phase is expected to 
reach 6,400 jobs within the entire commuting region, thus total new 
employment during this phase will be approximately 10,400. Tnd:frect 
employment during the operations phase will be approximately 5,120, 
therefore on estimated total of 8,320 new jobs in the entire intermediate 
region will be generated from the operations phase. 

While direct employment will stabilize during the opera-tions phase, 
indirect employment opportunities will increase because of other -industries 
and employers taking advantage of the locational factors developed in 
the vicinity of the project. The relatively undeveloped economy of the 
project area will become more sophisticated and complex as the population· 
growth.attributed to new employment opportunities renders development 
both economical and necessary. The proximity of distribution/regional 
service centers such as Nashville and Chattanooga will, however, limit 
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the type and number of indirect employment opportunities available in 
the local economy. These cities will continue to attract the major 
wholesale activities of the ·intermediate market area. Since it is 
projected that the project will purchase equipment and materials on a 
national level rather than regionally, corresponding employment gains in· 
the regional cities will be negligible. 

INCOME 

The size of the direct labor force required for the construction and 
operation of the contemplated project indicates that a considerable 
increase in personal income can be expected in the project vicinity as a 
result. Income estimates for a future population are always made with 
some uncertainty because of inflation, demand/supply of labor, and 
fluctuations of the economy. Nonetheless, an approximation can be made 
of the impact the project is expected to exert upon purchasing power in 
the area. 

Roughly $2.3 billion (1978 dollars),will be required to establish one 
recovery complex, including the construction of one processing/refinery 
plant, development and equipping of three mines to feed this plant, and 
provision of ancillary components such as land, dams, power lines, 
taxes, and royalties. The only portion of these capital expenses to be 
siphoned into the project vicinity are taxes, royalties, and wages and 
salaries of construction workers, since most equipment and materials 
will be purchased at the national level. The major economic impact of 
the project upon the area will therefore occur in the form of job oppor
tunities and increased income. 

It is estimated that a maximum $7.4 billion in construction wages will 
be paid annually during peak construction periods for the project. Lack 
of data concerning average incomes of indirect employees precludes 
quantification of the indirect and, therefore, total impact upon personal 
iricome in the area. 

Increased economic opportunity in the intermediate and especially tha 
local region will enable training or retraining of much of the unemployed 
labor force in the area. In the short run, new skills and training will 
serve to increase the standard of living and the health and welfare of 
the general population. Moreover, in the long run, the region may 
become characterized by a specialized economy with a skilled technically
oriented labor force. This type of labor force may attract more durable 
(versus non-durable) goods industries to tht! att!a which will aid in 
growth and diversification of the economy. 
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The source structure of personal income in the area will be altered as a 
result of the project. The emerging trend of wages and salaries as the 
major source of personal income in the 1960's will continue, while farm 
income will decline as a percentage of total personal income. 

While per capita and median household incomes cannot be determined, it 
is possible to generally project related impacts. Due to the high 
direct project salaries, both the per capita and median family incomes 
for the project vicinity should rise significantly, increasing to levels 
above the state average. Although the increase in personal income 
resulting either directly or indirectly from the project will affect 
positively the vast majority of area residents, not all people will 
benefit. The growing retirement population will be affected by the 
inflated cost of living stemming from a higher average disposable income 
and subsequent increases in buying power. The population segment e:x:ist:l:ng 
on a fixed income will experience a relative decrease in their buying 
power. 

Property income will increase numerically and as a percentage of total 
personal income sources because of higher land values associated with a 
growing area, the proximity to the project, and insufficient supply to 
meet demands for land. Also the uranium royalties from the mining 
operations will add to the increases in this source of personal income. 

Personal income to be generated from direct operational mining employment 
is estimated at $62.4 million annually. In addition, income generated 
by growth of indire_ct jobs will further raise total personal income. 
Median household income will increase far beyond previous levels because 
ot higher per capita income and the greater percentage of job opportunities. 
The business community of the immediate vicinity may not experience 
maximum possible benefits from the increased income, because people may 
travel to larger trade centers such as Nashville to make their purchases. 

Taxes paid by the project may lower the overall tax rate and the actual 
taxes paid by the rest of the county. Even though the tax rate may 
decrease, the total tax revenues can increase to a level necessary to 
satisfy the new requirements for public services and utilities. Hence, 
higher tax revenues will be received from the project rather than levied 
against the general prosperity of the population. This will have the 
effect of allowing a larger percent of personal income to flow into the 
economy than would be possible if the project did not exist. 

FOPULATION 

An additional 1,400 construction workers and 2,240 indirect employees 
are expected to locate in the county during the construction phase of 
the project. Assuming an average household size of 3.0 this will add 
10,920 people to the projected 1986 (peak of construction phase) population 
of 12,000, resulting in a total population of 22,920. 
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The extended length of the construction phase plus the proximity of 
Nashville and other population centers offers DeKalb County a certain 
lag period during which housing and infrastructure expansions needed to 
assimilate the new population and develop a viable social and economic 
base can be accomplished. Based upon the assumption that the county 
will prepare itself for the greater growth rate anticipated during the 
operations phase, it is projected that 1,600 direct and 2,S60 indirect 
employees will locate in the county during this phase. In addition, it 
is expected that approximately 560 project construction workers that 
previously moved into DeKalb with their families will remain there 
during the operations phase. Assuming ·an average household size of 3.0 
adds 14,160 people to the 12,000 people projected to live in the county 
without the project. 

Thus DeKalb's population is expected to increase from 11,151 in 1970, to 
22,920 in 1986, and to 26,760 in 1993. 

A change in the composition of the population can be expected as employ
ment opportunities induce a working age population to stay in DeKalb 
County or in-migrate from other areas. The greatest increases are 
expected to occur in the younger, productive age groups, which will 
reverse the present trend toward an aging population. Such a reversal 
of age structure will have a tendency to spiral as natural increases 
among the new population take the place of declining increases in in
migration once the operations phase is underway. The present pattern of 
low-median education and outward migration of the younger, more educated 
population of DeKalb County will be drastically altered due to·the 
educational level of the in-migrating labor force. Perhaps 20 percent 
of direct employees will possess undergraduate college degrees, and 80 
percent will have high school or technical school degrees. This better 
educated public will provide a more attractive labor force for other 
industries-and businesses, increase income levels, and require a more 
varied sociocultural environment in which to live. 

The total population of the regional area is not expected to increase 
significantly beyond existing projections without the project due to the 
existing labor pool available within a 65 mile radius. This labor pool, 
which should adequately supply projected employment requirements, will 
increase the immediate project area population through intra-regional 
migration. 

HOUSING 

Direct and indirect employment from the project is expected to generate 
an estimated demand for 3,640 new housing units in DeKalb County during 
the construction phase, and an additional 1,080 units during the operations 
phase. Considering that the projected unmet housing needs by the beginning 
of construction will have reached approximately 1,550 units in the 
county, it is apparent that a major deterent to population g;owth will 
be available housing. In order to satisfy the housing demand, it will 
be necessary to build an average of 576 units each year between 1977 and 
198.6 (peak of construction) and an additiotUtl 270 units per year between 
1986 and 1990, for operating employees. 
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The chronic shortage of housing during the beginning of the construction 
phase will stimulate a housing construction boom since hundreds of new 
homes will be necessary to satisfy the growing demand. At an average of 
$38,000 per new single family home, it is expected that a total of 
approximately $238,000,000 will be spent on permanent housing for the 
operational level of employment and related growth. New trailer parks, 
multi-family residences, and apartment complexes will be essential. 

In spite of the housing shortage in DeKalb and surrounding counties, the 
potential for greatly improved housing conditions exists for the expanded 
population. The increased employment and associated monetary income 
will provide the population with the means to construct new housing. 
Since the conditions necessary for development of new single and multi
family homes are more prevalent in DeKalb than any of the nearby counties, 
the probability of extensive development there is greater. Almost 98 
percent of the municipal land in DeKalb County soon will be served by 
water and sewer lines and there are over 5,000 vacant plotted lots 
presently available for development. Since the project may substantially 
modify the existing character of the underground aquifer which supplies 
private wells, water lines to mitigate the impact of mining upon the 
well water supply will be required. 

COMMUNITY SERVICES AND PUBLIC FACILITIES 

Population increases associated with the project will stimulate rapid 
increases in demand for power, water, and sewage services, police and 
fire protection, and education, health, recreational, and transportation 
facilities. Over the short term, taxes will lag behind the need for 
expansion of facilities and services such that certain inadequacies will 
likely prevail over a period of time. Because of the construction and 
financing period necessary for completion of the project, taxes over the 
long term will increase funds available for expansion or improvement. 
These greater tax revenues resulting from both the project itself and 
local economic prosperity will assist DeKalb County in providing the 
public services and facilities needed to satisfy increasing demands made 
by the growing population. In addition to fulfilling the needs of 
project-associated growth, thee~ new municipal funds will raise standards 
of service to the entire county population. 

QUALITY OF LIFE 

The rural character of the project vicinity can be described as a link 
between central Tennessee and Appalachia. Many of its inhabitants have 
chosen to live here because of the physical b&~ty, peace and qui~t, 
clean air, simple life, low crime rate, small town friendliness and of 
living. The attraction of these qualities is reflected by the types of 
people that have moved into the area over the past 15 years. While the 
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young have been leaving to search for employment, the elderly have been 
returning to an area characterized by the "quality of life" in which 
thay wish to retire. Also, many young and middle aged famil.ies have 
been migr~ting to the area from the northeast and other urban areas to 
escape the urban environment and "return to the land." 

In spite of the local commitment to preserve the rural character of 
DeKalb County, the need for new employment opportunities to stimulate 
the economy and halt population decline is apparent to the majority of 
the area's residents. This is reflected in the political turnover of 
the early 1970's when an aggressive but' controlled growth policy was 
intiated. However, another illustration of the attitudes of residents 
towards alteration of their physical environment is the decision to make 
Center Hill Lake a day use area with pristine shores and limited periphery 
development. 

The introduction of a large scale uranium shale project will produce 
conflicting results in the area as regards the present quality of life. 
The project will exert the positive effect of stimulating the economy 
and population growth, which in turn can negatively alter the quality of 
life, as it relates to such variables as air and water quality, noise, 
cost of living, crime rate, aesthetics, sociocultural factors, community 
characteristics, provision of services, and pace of life. Population 
increase will change the character of the region into one that is more 
densely populated, less personal, congested, and faster-paced. Corres
ponding to increased personal income levels, the population can expect 
to acquire a better standard of living, even if the cost of living 
increases. Consequently, the population will be able to afford new 
housing, cars, and other luxury items that demand energy and/or discha~ge 
pollutants into the environment. 
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SUMMARY 

Until recently, many shales were considered unsatisfactory feed

stocks b~r:ause of their relatively low oil yields in the Fischer Assay test 

:111d i.n conventional thermal retorting. In many instances - most notably 

in the case of Devonian marine shales of the eastern United States -

F i sc:l1er Assay oil yields, per unit weight percent of organic shale 

r:<Jillcn L, have been less than half of those obtained from the more familiar 

IJ•JL lvss :tbundant Eocene lacustrine shales of the Green River area of 

C:11l or:1d(), Utah and Wyoming. This strongly suggests that yield differences 

;lr~ r~lated to the chemistry of the specific kerogen being retorted, and in 

p:1 rL i.cular to its hydrogen content. IGT work has shown that elemental 

ilydr()gcn can react with kerogen to enhance the yield of shale oil and hydro

carbon gases obtained by retorting. This work led to the HYTORTr.M.concept 

* lor the production of syncrude and gas. 

Utilizing Eastern U.S. Devonian oil shale feedstocks, organic carbon 

recoveries as high as 90% have been achieved in thermobalance tests, and 

;_Is high as 85% in bench-scale tests; this compares with a conversion level 

o[ only about 35% using eastern shale feedstocks and conventional retorting. 

Preliminary economic analyses indicate that HYTORT can produce 

syncr.ude from low-grade eastern Devonian shales competitively with TOSCO and 

1>;1 raho processing of higher-grade Colorado shales. 

* T.M. HYTORT process-- IGT offers HYTORT research and development, engineering, technical 
and educational servi·ces relating to the HYTORT process. 

i 
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Experimental work is described here which has led to the development 

of the HYTORT process, commercial process concepts are di.scussed, and pro·'· 

jected economics of SNG and syncrude production from previous·ly subcommercial 

grade shales are presented. Results of a recent IGT survP.y o~ the nation's 

resources of Devonian shales are presented. All work in this development 

was performed at the Institute of Gas Technology (IGT) in Chicago, U.S.A., 

under sponsorship of the Gas Research Institute (GRI) and its predecessor

sponsor, the American Gas Association (A.G.A.). 
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BACKGROUND AND INTRODUCTION 

This paper describes the experimental and resource survey work~hat 

h 1 d h d 1 f h T.M. * d • • 1 as e to t e eve opment o t e HYTORT process , ~scusses commerc~a 

process concepts, and presents projected economics of SNG and syncrude 

production with the HYTORT concept utilizing what have formerly been graded 

as subcommercial oil shales. 

Working under the sponsorship of the Gas Research Institute (GRI) 

and. (earlier) the American Gas Associalluu (A.G.A.), rocoarchers At the 

Institute of Gas Technology (IGT) have developed the new HYTORT process 

which provides means for the efficient conversion of all types of oil shales 

to SNG and/ or synthetic crude ·oil. The HYTORT process can produce yields up 

to 2~U% of Fischer A~say wi~h certain oil shAl~s. 

* l.M HYTORT ·process - IGT offers,HYTORT research and development, engineering, technical 
~nd educational services relating to the HYTORT process. 
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Until recently, many shales were considered unsatisfactory feedstocks 

because of their relatively low oil yields in the Fischer Assay test and in 

conventional thermal retorting.. In many instances, most notably in the case 

of Devonian marine shales of the eastern United States, Fischer Assay oil 

yields, per unit weight percent of organic carbon content, have been less 

than half of those obtained from the more familiar but less abundant Eocene 

lacustrine shales of the Green River area of Colorado, Utah, and Wyoming. 

This strongly suggests that yield differences are related to the chemistry 

of the specific kerogen being retorted, and in particular to its hydrogen 
1 content. IGT work has shown that elemental hydrogen can react with kerogen 

to enhance the yield of shale oil and hydrocarbon gases obtained by retorting. 

This work led to the development of the HYTORT process concept, as descrihpil 

below. •. 

ln 1959, research on the direct hydrogenation of western (Colorado) 

oil shale was begun at IGT under sponsorship of the A.G.A. on behalf of the 

gas industry. In early work
2

, which was di.r.ected primarily toward the produc-

tion of SNG, process feasibility was demonstrated using ·cocurrent gas-shale con

tacting with rapid shale heatup. Process economics were· favorable. However, sha I<.! 

organic carbon conversions were generally only about 80%, with about 65% conver

sion to gas and 15% conversion to light aromatics - pri.nd p;llly benzene. 

In 1972, a new study was begun under A.G.A. sponsorship to test an improved 

process concept, termed HYTORT, suitable .f;or production nf SNG or syncrude. Labor·· 

alory thermobalance tests showed that, by slow heating of Colorado shale in hydro

gen, more than 95% of the organic carbon could be converted to useful products. 

By contrast, conventional retorting processes only recover 75% to 80% of 

the organic matter as useful products. These results were confirmP.cl in 

bench-scale tests using a 4-inch inside-diameter reactor with shale feed 

rates of about 100 lb/hr. By varying process conditions, it was possible 

to vary the gas:liquid product ratio over a wide range. 

Tests were also conducted with eastern Devonian shales in both the thermo

balance and the 4-inch bench-scale unit. Organic carbon recoveries as high 

as 90% were achieved in the thermobalance tests and as high as 85% in the 

bench-scale tests. This indicated that the HYTORT process is particularly 

suitable· for eastern shales because conventional retorting can convert only 

about· 35% of the .organic carbon in such·.shales to u.seful products. 
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Both the thermobalance and the bench-scale units are electrically heated 

to maintain reaction temperatures. This led to uncertainty about the reaction 

paths in adiabatic equipment. 'ln July 1976 a 1 ton/hr process developmenl 

unit (PDU) was put into operation to observe heat-balance effects on a large 

scale. Results from this unit on both Colorado and eastern Devonian shales 

have agreed satisfactorily with smaller-scale test results. 

The HYTORT process require~ that large tonnages of solid material be con

t:inuously fed and discharged from a pressure vessel. In an effort to improve 

upon conventional techniques (dry, Lurgi-type lockhoppers ami pumped slurry 

feeders), IGT is developing a liquid-sealed lockhopper which requires only 

a fraction of the power needed for dry lockhoppers and can cycle in a fraction 

of the time. Tests on this system at the 1 ton/hr scale have been very 

successful. 

An extensive survey of Devonian shale resources was conducted, in

volving more than 200 samples from almost 100 locations in the Eastern 

United States, to ~etermine the extent of the nation's resources of 

Devonian shale. IGT estimates that 423 billion barrels of oil could be 

recovered by HYTORT processing of surface-minable Devonian· shales in the 

Eastern region of the United States. 

Preliminary economic analyses prepared jointly by IGT and Dames & Moore 

have shown that the HYTORT process can produce syncrude from low-grade eastern 

Devonian shales competitively with TOSCO and Paraho processing of higher-grade 

Colorado shales. This has considerably extended the resource base of oil shales 

in the United States and can be expected to have a similar impact throughout 

the world where oil shales formerly considered subcommercial are widely available. 
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DEVONIAN SHALE RESOURCES 

A literature search conducted early in 1977 revealed that, despite the attention 

devoted to Eastern Devonian shales as stratigraphic markers and as a potential.source of 

tight natural gas, no systematic, basin-wide survey of the kerogen content of Devonian 

shales had been conducted. 

IGT has therefore conducted a survey program to define specifically the extent of 

Eastern oil shale resources and to determine their suitability as hydroretorting 

feedstocks. This program involved discussion with appropriate state geological survey 

personnel and other consultants and field sampling of shales. Results of the survey have 

been summarized in a 150-page report, published in October 1977, entitlerl "A Survey of 

the Major nPvonian Oil Shale Re~u1.w . ..:~s ln the Bastern U1;1ited States." The survey 

included preparation of resource estimates for the areas covered, as well as a 

consideration o£ the relationships between IGT data and published geochemical 

information. The most significant conclusions are discussed below. 

During middle and late Devonian and earliest Mississippian times (330 to 360 

million years ago) much of the Eastern United States was covered by a shallow inland 

mar-ine sea- the Chattanooga Sea. The extent of the sea inferred from geological 

studies is shown in Figure 1. Several major rivers flowed into this shallow sea (maximum 

estimated depth of a few hundred feet) from the monnt<\inous Ea&tern land mass. The 

prevailing stagnant conditions and luxuriant algae and kelp growth probably led to the 

deposition of organic-rich black shales throughout the basin. Along the Eastern edge of 

the sea, the organic-rich material was substantially diluted with river-borne sediments 

(clastics) leading to relatively lower concentrations of hydrocarbon-rich material in very 

thick rock formations . 

. Post-depositional erosion has removed the Devonian Ct:!diments from much of the 

at-ea once covered by the Chattanooga Sea; the extent of the deposit r·emaining is shown 

in Figure 2. The U.S. Geological Survey estimates the total "known resources" of 

Devonian oil shale in the Eastern United States at 400 billion barrels ~nd th~ "probnhlr

extensions of known resources" at an additional 2600 billion barrels. 

These estimates are based on Fischer Assay test results. Experimental work at 

IGT has shown that oil yields of up to 250% of the Fischer Assay P.:.timates can be 

obtained by processing Eastern shales in hydrogen at controlled heating rates. Thus, the 

dctual amount of the oil contained in known resources of Eastern Devonian oil shales 

alone could be as high as 1000 billion barrels. 
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Tertiary deposits 
Green River Formation 
in Colorado, Utah, and 
Wyomtng; Monterey 
Formation, California; 
middle iertiary deposits 
in Montana. Black areas 
are known high-qrade deposits 

Mesozoic deposits 
Marine shale in Alaska 

Permian deposits 
Phosphoria Formation, 
Montana 

Devonian and Mississippian 
deposits (USGS Resource 
estimates made for 
hachured areas only). 
Boundary dashed where 
concealed or where 
location Is undertain. 

Figure 2. PRINCIPAL REPORTED OIL SHALE DEPOSITS OF THE UNITED STATES 
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However, not all of this resource is of sufficiently high quality or situated close 

enough to the surface to be accessible to aboveground pr.ocessing. IGT's survey program, 

which included obtaining 242 rock samples from 94 locations in 7 states, was designed to 

,.stimat'~ thP. magnitude of the resource accessible to aboveground application of the 

HYTOH.T Process. The results of the survey, which are summarized in Table 1, indicate 

that there are good commercial possibilities in Ohio, Kentucky, Tennessee, and Indiana. 

Files of stratigraphic information on each sampling location were assembled for 

use in the compilation of resource estimates ... Approximate estimates of the extent of 

the resources of Devonian oil shale in the Appalachian, lllinois, and Michigan Basin areas 

that could be recovered by surface mining ·and aboveground hydroretorting have been 

prepared. These resources are situated along certain parts of the outcrop and subcrop 

areas of the black shales, mostly ~outh of the limit of the Wisconsin glacial drift. Figure 

3 shows the extent of the outcrop of the Devonian black shales in the Appalachian, 

Illinois, and Michigan Basin areas, where the shale could be recovered by surface mining. 

ln order to be included in the estimate of recoverable resources, a resource had to 

•n·~·~t the following criteria: 

1. Organic carbon content in excess of 10 weight percent 

2. Overburden thickness less than 200 feet 

3. Stripping ratio less than 2.5:1.0 

4. Rock unit thickness of 10 feet or more. 

These criteria, which are based on coal industry practice modified to reflect the fact 

that the heating value of black shale is about one-quarter that of bituminous coal, 

provide a conservative estimate of recoverable resources. In estimating resources, 

conversion of measured organic carbon contents and Fischer Assay data to hydroretorting 

oil yields is based on tests run in a 100 lb/hr pilot unit on shale from Western Kentucky, 

anrl on thermohalance tests with Devonian shales from various locations. A strip-mining 

recovery efficiency of 90% of the black shale in place is assumed throughout. Oil yield 

figures are net yields based on an integrated hydroretorting plant with no external fuel or 

H2 required. 

A summary of known recoverable resources in the three-basin area is shown in 

Table 2. About 423 billion barrels of oil are estimated to be recoverable by aboveground 

hydroretorting, of which 45% is in Kentucky, and 98% is' in the states of Kentucky, Ohio, 

Tennessee, and Indiana. Resource estimates for Alabama indicate order of magnitude 

only.; those for the other states are estimated to lie within 50% of the correct figure. Oil 
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Figure 3. DEVONIAN OIL SHALE RESOURCES RECOVERABLE BY IGT 
HYTORT PROCESS 
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yield per acre averages over 100,000 barrels, with yields in Ohio averaging over 200,000 

barrels per acre. A typical coi:nmerciai plant producing SO;OOO barreis per day of oil for 
f , ' ' 0 "', 

0 
... ~ , 

0 

~ ., f ,.. L 't 

20 years would require about 3000 acres or 5 square miles of land based on three-basin 

average yields. There are sufficient known recoverable resources for over 1000 sucn 

plants. 
• ~ ... • • . • • ,. . • • t .. .. 

Table 2. ESTIMATED RESOURCES OF SHALE OIL RECOVERABLE BY ABOVEGROUND 
HYDRORETORTING IN THE APPALACHIAN; ri...LINOIS, AND MICHIGAN BASIN AREAS 

State .. 

Ohio 

KP.ntucky 

Tennessee 

Indiana 

Michigan 

Alabama 

Total or Average 

Total Area 
Suitable for 

Surface Mining, 
mi 2 

980 .. • ., 
. ?.65·o 

i540 

600 

160 

3'oo 
62·30 

Resources Recoverable 
by Aboveground 

. ~·. Hydroretorting 
109 bbl bbl/acre 

i40 

190 

44 

40 

5 

4 

4•23 

222,000 

112,000 

44,000 
' . . 
104;000 

49,ooa 
·~ , . ~ 

21-,· 0 00 

io6;ooo 
- 1,. - )' kJO"\r ..... • - - - • ~ .. .. • .. ~ -~. {: .j. •· ~ ~ 

Viewed in the context of SNG production,· the resource has a potential for 

supplying about 2300 quads (1015 Btu) of SN<i ''ThiS is hie same order of magnitude as 
estimates of the total u.~. resot.irces of,naturai gas~ excluding gec;>pressured gas. 
Devonian shale can make a great contribution to our eriergy supply situation if we fuity· 

develop its potential. · 

·' 
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THE HYTORT PROCESS CONCEPT 

The HYTORT process concept is based on direct, non-catalytic hydro-

genation of kerogen at high pressures and controlled heat-up rates. Thermobalance 

tests have shown that kerogen in Color~do shale will react with 250 psig 

hydrogen at temperatures of 700 to 900°F over time periods of 10 to 30 minutes. 

Incorporation of a "pre-soak" period, during which hydrogen can alter the 

structure of the kerogen at temperatures below those required for actual 

retorting, improves oil yields by 10 to 25% with Colorado shales .. In the 

case of Devonian shales of the eastern U.S., a higher hydrogen partial pressure 

is required but heatup rate is less critical. With these shales, yields of 

up to 2.5 times Fischer Assay have been achieved. 

The primary advantages of the HYTORT process concept are: 

• Higher Yields of Useful Product~ 

The IITTORT process can increase product yields up to 30% when 
operating on Colorado shales and 150% with Devonian shales of 
the Eastern U.S. 

• Better Quality Raw Shale Oil 

Because of the hydrogenation reactions occurring in the retort, 
raw shale oil produced by the HYTORT Process typically is 5° to 
10° API lighter and contains 30% less sulfur than oil produced 
by thermal retorting. 

• {1-~j..}-i~_L_~?.- Ma~_e Shale _QJ.-.1:~::-~~~ 

By adjusting shale residence time, reaction temperature, and 
H2/shale ratio in the retort, kerogen can be converted primarily 
to shale oil or primarily to hydrocarbon gases. 

• !i_igher Throughp~t 

Because a high-pressure reactor is used (typically 100 to 500 
psig) very high shale throughputs of 2000 to 3000 lb/ft2-hr can 
be employed compared to 300 to 400 lb/ft2-hr typical of thermal 
retorting processes. 

• ~oderate Hydr~gen Co~s~!~o~ 

Shale oils produced by conventional retorting must be upgraded by 
catalytic hydrotreating and hydrocracking before use. When operating 
on the same shale and producing 3yncrude of comparable quality, 
hydrogen requirements per bbl of product oil for the HYTORT 
Process are comparable to those for conventional retorti'ng, despite 
the higher overall oil yield of the HYTORT Process. 

• Favorable Economics-

The HYTORT Process can produce syncrude from low-grade eastern _ 
Devonian shales competitively with TOSCO and Paraho processing of 
Colorado shales, 
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HYTORT EXPERIMENTAL PROGRAM 

The HYTORT Pro·cess has been tested at t.hr.ee scales of operation: Thermo

balance (15-gram batch samples), Bench-Scale Uni.t (100 lb/hr flow rate), 

and Process Dev~l6pment Unit (1 to~/hr ~diabatic flow r~actor). Agreement 

between experimental results obtained at these scales has been good. 

Thermobalance Tests 

The importance of heatup rate and hydrogen partial pressure can easily 

be seen in the results of thermobalance tests. 

Operation· of the high-pressure thermobalance, which has been described 

in detail ear'lier3 , is shown schematically in Figure 4. A small sample, 

weighing from 2 to 3 grams up to about 15 grams and contained in a wire 

basket, is suspended by a chain from an electrical weight t~ansducer. ThP

sample can be lowered into a furnace, where it is exposed to reactant gases 

at high pressure, .at will. It is possible to recover shale oil in a 

cold sand-trap filter at the base of the unit, as shown in Figure 5. The 

thermobalance therefore can provide some indication of relative oil yields, 

as well as of the kinetics of overall kerogen conversion. 

Early work in tht! thermobalan~e was devoted primarily to the study of 

western (Colorado) shales. Results with a typical Colorado shale are 

presented in Figure 6. This work shows the effects of the primary variables 

uf hydrogen partial pressure and shale heat-up rate on organic carbon con

version. Organic carbon conversion levels above 95% can be achieved at 10° 

to 20°F per minute heatup rates and hydrogen partial pressures above 300 

psig. Compared to the 78% recovery obtained in an inert gas atmosphere (a 

thermobalance simulation of the F:i):;cher Assay test), this represents more 

than 20% improvement in shale oil and in bydrocarbon g::~s yiPlns. A detailed 

discussion of thermobalance test results obtained with Western shales is 

availabl~ in an earlier p~blication~ 

Recently, thermobalance work has concentrated on studying shales from 

the eastern U.S. Samples _of these shales have been obtained from a number of 

e;1stcrn st<1tcs. An analysis of a typical easr-c~rn sh::~le (New Alh~1ny, fr:om 

Clar-k County, Indiana) is compared with that of a typical western (Colorado) 

shale i.n Table 3. Although the organic carbon contents of these two shales are 

12 

INSTITUTE . 0 F G A S T E C H N 0 L 0 G. Y 



HEATED 
ZONE 

INSTITUTE 

/ 

- l 
-~ 

INERT 
GAS 

~""'-''"' 

' 

v 

1 
1.. 

I 

l, 
;I -- PRODUCT 

GAS 

- t-SAM 
BAS 

PLE 
KET 

..... 

REACTANT 
GAS 

Figure 4. THERMOBALANCE REACTOR 

13 

0 F G A S T E C H N 0 L 0 G Y 



----------, 
r---------------------------~t_JF~£ TAA~~A I 

HOU'StHG I 

F"[[O 
CAS 

MAn rrrn 
S~T[W 

P - PM:Ss- liAGC 
BPIO-BACI(·Pfi{S$1« A[Gu..AfOR 
BC - BRIDGE C~UIT 
Yl- VARtA8L[ TAAHSI"OAII[A 
• -&Wllll[ l[R 

TC- l[W'£AATUA£ CONTRO..LEA 
PAR· PRESSUA£ R£0UCNi AEGU...ATOA 
OTW • 0RY T(ST M[T(A 

N S T T U T E 

: n I'OO(A SI.I'P\.Y 

I Y. 
[L[Y&TOA sYSlf.M '---~------

~------ ---- -L-~,.-J 

I 
I 
I 
I 
I 

l r---- ----r 
I 

TW[lV( · 
POINt 
f(MP(ATVR{ 

Al\:.U.O.(Jt" I 
I 
! 
I 
I I 

- = =-- J••-- -OC-{/1):---fO'l VI. 
141 'Hlltuo- I '-' 
COUPlES 
----4 TC _r,:;., 

I r-Q--®--0vr 
I I 
I I 
I· I 

~£~~E.-: ;J~ J 

TO 
ff2)~T--

Rf.aR!rR 

1110111.[ CA.AT 

FLOW DIAGRAM FOR THERMOBALANCE UNIT 

14 

0 F G A S T E C H N 0 L 0 G Y 



100 

HYDROGEN PRESSURE , psig 

95 

'it 
>-=" 
0::: 90 w 
> 

~ 
i 85 

o-
~ 

0500 0100 
~ 200 v 20 

.,......._ (I ~ • ' 

A.... 

~ 
~ 

~-o- I~ r---.. ' r---:::: ~--
.......... ... 

~-- ==--- -- =--v uv 
__ ......; 

v 

u 
~ 
z 

~ 80 

INERT GAS ATMOSPHERE 

75 

70. 
0 10 20 30 40 50 60 70 

NOMINAL HEAT-UP RATE, °F/min 
(Final temperature: 1300°F) 

Figure 6. ORGANIC CARBON RECOVERY WJ.TH WESTERN SHALE IN HYDROGEN 

15 

INSTITUTE 0 F G A S T E C H N 0 L 0 G Y 



Table 3. COMPOSITIONS OF EASrERN 
AND WESTERN. SHALES 

Ultimate Analysi~, wt %·(dry basis) 
Organic Carbon 
Hydi:ogen 
Sulfur 
Carbon Dioxide 
Ash 

Fischer Assay Analysi~ 
Oil Yield, wt % 
Water Yield, wt % 
Loss+ Gas, wt% 
Assay, gal/ton 

Eastern 
(Devonian) 

13.7 
1.6 
4.7 
0.5 

78.3 

4.6 
2.3 
2.4 

10.3 

West~rn 

(Eocene) 

13.6 
2.1 
0.5 

15.9 
66.8 

11,4 
1.6 
2.6 

29.8 

comparable, the yield of oil plus gas by conventional retorting (as ·indicated . 

by the Fischer Assay) is much lower for the eastern shale. This is probably 

due to the lower hydrogen/car.bon ratio, qf the eastern shale as well as to 

str.u~tuial differences ~t these two types of shale. By proper treatment. 

in hydrogen, almost as great a fraction of the organic carbon can be re·

covered from the eastern shale as is recovered from western shale (see 

Ftgure 7). However, the effect of hydrogen partial pressure is more 

pronounced for the eastern Devonian shales. 

Bench-Scale Tests 

A flow diagram of the bench-scale unit is shown in Figure 8. The tihit 

consists primarily of a hydrogasification reactor wi..th aliililociotcd equipment 

for feeding oil shale and hydrogen and measuring their flow rates and for 

collecting and measuring the quantities of residual shale, liquid products, 

and product gas. Simple controls were used a) to maintain reactor temperatures 

at the d~sired yalues, b) to maintain feed rates at constant values, c) to 

maintain constant reactor pressures,and d) to collect representative samples 

uf the feed and product gases. 

The reactor consists of k cold-pressure shell, with a 24-inch-ID 

and about 23 feet long, containing an Incoloy 800 internal reactor tube 
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(/1-inch ips, Schedule 40) which is heated by a seven-zone electric heater. 

I~:;H:il i.ndlvldually c.:ontrolled zone is 31 inches long and has an ID of about 7 

inches. The reactor pressure and the bed-pressure drop are record~d con

!inuously as are the rea~tor temperatures. 

An extensive testing. progr.am has beP.n conducted on a 25 gal/ton Fischer 

Assay Colorado shale obtained from the U.S. Bureau of Mines at Rifle, 

Colorado. Results of typical tests in this unit are shown in Table 4. Further 
4•· ; . 

details have been presented earlier. The three shales tested had organic 

c.:arbon contents ranging from 10.6 to 14.5 wt % carbon and all produced oil 

yields above 20 gal/ton. In the case of the two eastern shales, this is more 

than double the Fischer Assay oil yields. Runs selected for Table 2 all pro-· 

duced relatively high oil yields; Colorado shale data illustrating the effect 

of temperature on oil:gas ratios are shown in Figure 9. In the 1200°F to 

1400°F temperature range, it is possible to go from an 80:15 oil:gas ratio to a 

J0:65 ratio; This provides sufficient flexibility to design either for 100% 

syncrude or 100% SNG, with hydrogen produced from the gas or oil, respectively. 

Process Development Unit (PDU) Tests 

Figure lOis a schematic diagram of the 1 ton/hr (nominal shale feeding 

capacity) PDU. The basic shale conversion system consists of a feed hopper, 

first stage .reactor (preheater/prehydrogenator), second ~tage reactor 

(hydrogasifier/hydroretort) and residue receiver. Hefore each test, the feed 

hopper is charged with sufficient shale for an entire test. Each reactor 

st?ge is provided with its own hydrogen stream, each of which is preheated 

in a splitflow fired heater, The shale feed rate from the feed hopper is 

set at a constant rate. Screw feeders are used to transfer shale from stage 

to stage. The speeds of revolution of the numbers 2 and 3 screws are 

controlled automatically at rates sufficient to keep the bed levels in 

stages 1 and 2 constant. Nuclear-type gauges are used to sense bed level, 

and the output signals from these gauges are sent to the bed-level controllers 

which control the screw speeds. Bed levels can be held constant to within 

a few·inches during normal steady-state operation. 

Each reactor is 36 inches in diameter and is internally insulated to 

minimize heat losses and to provide essentially adiabatic conditions. The 

reaction zone in each reactor is contained withi.n a tapered stainless steel 
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Table 4. BENCH-SCALE TEST RESULTS COMPARING WESTERN 
AND EASTERN (KENTUCKY) SHALES AS HYDRORETORTING FEEDSTOCKS 

Shale Type ~estern 

State Colorado 

Reactor Pre~sure, psig 503 

Average Shale Temperature, °F 1265 

Maximum Reaction Zone Temperature, °F 1394 

Shale Space Velocity, lb/cu ft-hr 65 

Hydrogen/Shale Ratio, SCF/lb 10.3 

Feed Shale Organic Carbon Content, wt % 10.6 

Organic Carbon Conversion, % 
To Gaseous Hydrocarbons 15 
T.:. Liquid Ilyu.L:u~.;d..LLuu::; 82 
To Spent Shale Carbon 7 

Totals 104 

Chemical Hz Consumptionb, SCF/ton 3491 

Net Product Gas Yield,c 106 Btu/ton 1.43 

Product Oil Yield,a gal/ton 25.9 

Oil Properties 
Carbon/Hydrogen Weight Ratio 
Sulfur Content, wt % 
Nitrogen Content, wt % 
APT r.r.<~vity 

Pour Point, °F 

ASTM Distillation, °F 
IBP 
10% 
30% 
.507~ 

70% 
EP 

Distillation Recovery, % 

Adjusted to give 100% carbon balance. 

b Based on forced H2 balance. 

7.3 
0.5 
1. 7-

2'1 .o 
n.d. 

270 
390 
570 
670 
740 
760 

88,.8 

--Eastern Devoniarr---
Kentucky Kentucky 
(Sunbury) (New Albany) 

508 507 

1180 1288 

1250 1483 

94 82 

11.3 14.9 

14.5 13.6 

16 28 
57H ~1 

27 16· --
100 95 

2590 4333 

1.07 2.31 

25.1 21.8 

8.3 8.9 
1.8 1.6 
1.6 1.9 

19.0 13.0 
-35 u.u. 

188 154 
270 250 
4JO 470 
528 52.0' 
666 700 
68.1 750 

87.5 78.3 

c Excluding unconsumed hydrogen; based on higher heating values 
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tube averaging about 12 inches in diameter (the diameter at the bottom is 

l.argcr). Shale-bed heights up to 10 feet can be used. The two reaction zones 

are in separate vessels to allow completely individual control of each zone 

and to provide better measurement and control of shale and gas flows to and 

from each reaction zone. The stage 1 reactor of the PDU is equivalent to the 

shale preheat·zone in the connnercial reactor.configuration. The stage 2 

reactor is then equivalent to the hydroretorting zone. Because the bottom 

zone of the conunercial reactor is simply a heat transfer zone, it was not 

included in the PDU. 

The raw product gas from each stage first passes through a cyclone 

separator to remove dust and heavy liquid droplets. These gas streams are 

cooled by a direct liquid quench. Because the quench liquid is recirculated 

continuously, it must be cooled. Therefore, each quench liquid stream, 

containing oils and water, is cooled in two separate water-cooled heat 

exchangers. Because liquids are formed continuously, the quench liquid is 

drained as required during operation. Product liquids are measured by 

weighing and are sampled for analysis. Product gases, after cooling arid 

removal of liquids, are measured by positive-displacement meters. Gas 

compositions and densities are monitored continuously during tests. Residue 

shale is weighed after each test and is sampled for analysis. A separate 

"spot" sample of the residue shale is also taken during runs. 

The PDU has been in operation since June 1976, primarily on Colorado 

shales under gas-production conditions. The current objectives of the 

PDU test program are twofold. First, it is necessary to verify the results 

obtained in small-scale non-adiabatic continuous equipment (the 4-inch 

diameter bench-scale unit) and in the laboratory thermobalance. A second 

objective of this test program is to provide data o.btained in large-scale 

equipment for design of large-scale plants and for preparation of process 

flow sheets for process economic studies. 

The results obtained thus far are comparable with the earlier bench

scale test results. 5 In fact, organic carbon conversions in the PDU have 

beeri somewhat higher than those achieved in the bench-scale tests. A 

comparison of the effects of feed shale space velocity on organic carbon 

conversion with Colorado shale, as measured in the PDU and in the bench-scale 
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unit, Js given in Figur~ lL In addition, the PDU has been operated 

sat.isfactorily at feed-shale mass velocities (shale-feed r~te per unit 

cross-sectional area of reaction zone) more than ~hree times tho~e achievable 

in conventional gas~combustion retorting •. ~e maximum mass velocity achieved 

thus far in the PDU is 1500 lb/hr-ft2 , whereas in .g~s-combustion retorting 
. ' 2 

the upper limit of satisfactory operability ~as been about 500 lb/hr-ft . 

Bench-scale data indicate that higher mass velocities in the 2000 to 
2 . 

3000 lb/hr-ft should be achievable. 

The PDU has also been operated satisfactorily on eastern Devonian 

shales under gas-producing conditions, but analytical work on the products 

obtained is still in progress. 

Liquid-Sealed Lockhopper Tests 

The objective of this work is to design, build, and ope~ate a. bench

scale test unit for feeding raw shale to (and discharging spent shale from) 
' . 

reactors at elevated pressures. The design of this unit is based on a !~quid~ 

sealed solids lockhopper concept.6 This device is useful in oil shale 

processing and should be applicable to other solid-fuel conversion pro<:esses .. 

A 1 ton/hr capacity test unit has been su~cessfully opcra~cd on oil 

shale at pressures up to 1000 psig. The unit is shown in Figurel2. it 

consists of a low-pressure feed hopper, an intermediate vessel or lock~ 

hopper containing a liquid, two valves- one at each end of the lockhopper, 

a s·crew feeder, a pump to maintain .the liquid level in the system, and a 

water reservoir. In operation, the lower ball valve is closed; and, once 

the pressure in the lockhopper is released, the upper valve is opened and 

crushed shale is dropped into the lockhopper which contains liquid. · TJ:le 

shale displaces some of the liquid into the overflow vessel/water reservo~r. 

The top valve is then closed and the lockhopper is brought to pressure by 

pumping liquid into it. Next, the bottom valve is opened and the crushe~ 

shale drops into the screw feeder which conveys the shale in_to the re<ictor. 

Once the lockhopper is empty o.f solids, the bottom val'!e is again closed_ 

and the cycle is repeated. To achieve continuous feed in a commercial 

operation, ·.two or more feed systems could be used in tandem. 

By substituting a small pump for the large gas compress<?rs needec;l 

with conventional dry lockhopper systems, .the IGT design can operate . 

24 

INSTITUTE 0 F G A S T E C H N 0 L 0 G Y 



I 
! 

100 
4-INCH 
BENCH-
SCALE . POU 
TESTS TESTS 

~-

• 0 RESIDUE SHALE BY z WEIGHT MEASUREMENT 0 95 u; • 6 RESIDUE SHALE BY 0:: 
w ASH BALANCE 
> z 
0 
u 
z 
0 
CD 
0:: 90 
<t 
u 
u 
z 
<t • (.!) 
a:: 
0 • w 85 ...J 
<t 
I 
(/) 

100 150 200 250 

FEED SHALE SPACE VELOCITY, lb/cu ft-hr 

Figure ll.. EFFECT OF FEED SHALE SPACE VELOCITY ON ORGANIC CARBON 
CONVERSION IN PDU AND BENCH-SCALE TESTS ON CULO.L<AlJO SHALES 

25 
INSTITUTE 0 F G A S T E C H N 0 L 0 G Y 



- -~---- -- -- -----

WATER 
nr~cn'.Qin 

GAS 
SUPPLY 

Figure. 12 • NOVEL SOLIDS FEED SYSTEM 

...... ; ;_:-- t •• .._; 
, . '-.. .I~ 

26 

N S T T U T E 0 F G -A S T E ~ H N 0 L 0 G Y 



using a fraction of the power needed for conventional designs. In addition, 

gas losses are minimized and the high-pressure valves seal against liquid 

rather than gas. Because the cycle time depends o~ the terminal v~locity of 

shale particles in water r~ther than on gas-compressor capacity, the 

throughput of a given hopper size is several times that obtainable in 

conventional systems. 

The test unit shown in Figurel2 has been operated at design capacity 

with cycle times as low as six minutes. ·This type of lockhopper system will 

probably be. used for both feed and discharge operation in the commercial 

HYTORT Process. 
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PROCESS DESIGN 

Based on the encouraging results obtained thus far in .laboratory and 

bench-scale tests, IGT has prepared preliminary process·designs for 

aboveground manufacture of oil and SNG. Figure 13 shows a simpl·ified 

block-flow diagram of a plant producing low-sulfur low-nitrogen synthetic 

oil from eastern shale. The hydrogen required for hydroretorting and shale 

oil catalytic hydrotreating is made by §team-reformine thP .prnr.h1ct hydro

carbon gas. A plant producing SNG is shown schematically in Figure 14. 

In this ·case, hydrogen is manufactured partly from the shale o{l produced 

in the hydroretorting operation, and partly from recycle product gas. 

Ihesc designR wPrP h~sPrl nn th~ r~~ultE of bench ocnle and lALurdluty 

work on Devonian New Albany shale from Kentucky containing 13.6 weight 

percent organic carbon and having a Fischer Asf?a.y oil yield of 10 gal/~ton .. 

This is representative of an "average" Devonian shale; there are richer 

shale units in some areas. 

Other process configurations are also possible. For example, ·in an 

area where coal is available, the hydrogen could be produced from coal by 

partial oxidation, and the total shale product, of hydrocarbon gas and 

liquid, could be marketed. It may also be feasible to recover the heat.ing 

value of unconverted kerogen in the spent shale by combustion or gasifica

tion. Choices between these process alternatives will ultimately be made 

on the basis of economics and efficiency. 

As part of the GRI oil shale program, continuing process de.sign work 

is being carried out to establish operating conditions for the next stage 

of pilot plant, and for future commercial operations. This work is c.losely 

coordinated with the experimental program at all levels. 
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I'ROCESS ECONOMICS 

The economics an·d technology of mining eastern oil shale have been 

reviewed for IGT by Dames & Moore, a well-known international mining, 

engineering and environmental consulting firm. Their analysis shows that 

a truck-and-shovel opencut operation·with overburden handled by draglines 

would be the most economical.mining technique. Dames & Hoore has prepareu 

three cost estimates based on conditions in Ohio, Kentucky and Tennessee. 

Conditions in Indiana should be similar to those in Kentucky. 

The results of these cost estimates are shown in Table 5, The initial 

Dames & Moore estimate of mine labor requirements for a single mine 

suggests that more than 400 men and an annual payroll of over $8 million 

would be required at the scale shown in Table 3. The area of the mine 

would be between 3000 and 5000 acres; that is, 5 to 8 square miles for 

a 25-ycar mine life. The dimensions might be 1 mile X .) mi.Le.s, or 3 miles X 

3 miles, depending upon local site considerations. 
I 

Hydroretorting process conditions can be adjusted to produce either 

gas or oil. Therefore, separate preliminary estimates of the cost of 

producing SNG and of producing synthetic oil from eastern shales have been 

made. The cost of synthetic oil is estimated to be about $18.30/bbl for a 

plant producing 46,200 barFels per day of a sulfur-free, low-nitrogen, 

30°API product. Over 75% of the product oil is in the diesel-fuel or 

jet-fuel boiling ranee. 

Table 5. COST IN SELECTED STATES FOR SURFACE MINING 
OF EASTERN OIL SHALE 

Location K'"ntuclt:z: Tonntillij;llli Oh·i n 
a 6 32.8 25.2 44.1 Mine Capacity , 10 tons/yr 

Direct Mine Operating Cost,c $/ton 1.60 1. 90 1. 75 

Total 
b 6 

Mine Investment, 10 $ 146 175 230 

Shale Price Based on FPC Method, 
12% DCF, 100% equity, $/ton 2.73 3.65 3.06 

a The mine capacities shown are approximately enough for 50,000 bbl/day 
of product oil in each state. Costs show mid-1977 dollars. 

b 
Excluding working capital, interest during construction, and start-up 
cost. 

c Excluding UMW Pension Fund contributions. 
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Table 6 gives investment and operating costs for a syncrude plant 

processing 92,610 tons of shale per stream day. The oi 1 cost -is 'Qased on 
* a investor-type financing at.lOO% equity with 12% DCF return and 15% 

depletion allowance. If 25% of total investment is finanted by debt ~t 

9% interest, the product oil price is reduced to $15.60/barrel. 

Table· 6. PRELIMINARY INVESTMENT AND OPERATING COSTS 
FOR THE PRODUCTION OF SYNTHETIC OIL BY 

THE IGT HYDRORETORTING PROCESS 
Financial Basis: Private investor-type financing; 20-year plant life, 

16-yr. sum-of-years-digits depreciation; 90% stream 
factor; 100% eq~ity financing; 12% DCF- return on equity; 
15% depletion allowance; mid-1977 dollars. 

* 

* Shale Feed, tQn~/stream rl~y 

Plant Output, 
Billion Btu/stream day 
Barrels/stream day 

Total Capital Tnuo;!<:tTJI4mt, $ m!ilion 

Net Operating Cost, $ million/year 

To tal Annual Revenue, $ mill ion 

Average Selling Prl~~ 
Dollars/barrel 
Dollars/million Btu 

'J2,Gl0_ 

269 
46,200 

910 

130 

' 278 

18.30 
3.14 

Bas~u on a $2.73 per ton delivered shale cost (see Table 5). The 
sensitivity of oil price is about $2.10 per barrel for every 
dollar per ton change in shale cost. 

The cost of synthetic pipelinP. e~s ts estimated to be about $2.96 per 

million Btu for a plant producing approximately 250 billion Btu/day of SNG 

(heating value of 987 Btu/SCF). Table 7 gives investment and operating 

costs for a plant processing 97,860 ton::; nf shfllQ p1.u ctrcam day. Utility

type accounting procedures were use.d to estimate SNG costs. 

When costs for production of low-nitrogen synr.rude from western 

shale using the most highly developed aboveground processes are placed 

on the same financial basis used in Table 6, the HYTORT process using 

eastern l)evonian shale is shown to he competitive. Table 8 shows thaL there 

is about $1/hbl difference between HYTORT processing of Devonian shale and 

aboveground processing of western shales. This difference is within the 

limits of accuracy of the c6st estimates used, so the conclusion to be 

drawn from Table R is that rnsts are very similar. 

* Discounted Cash Flow analysis 
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Table 7. PRELIMINARY INVESTMENT AND OPERATING COSTS FOR THE 
PRODUCTION OF SNG BY THE IGT HYDRORETORTING PROCESS 

* 

Financial Basis: Utility-type financing; 75/25 debt/equity ratio; 
15% return on rate base; 9% interest on debt; 48% 
Federal income tax; 20-yr. straight-line depreciation·; 
90% stream factor; mid-1977 dollars. 

* Shale Feed, tons/stream day 

Plant Output, billion Btu/stream day 

Total Capital Investment, $ million 

Net Operating Cost, $ million/year 

Tot;)l Annual Revenue, $ million 

Average Selling Price, dollars/million Btu 

97,860 

250 

990 

123.8 

243 

2.96 

Ba>;tod un a shale cost of $2.30 per ton delivery. The sensitivity 
of gas price is about 40~/million Btu for every dollar per ton 
change in shale cost. 

Table 8. COST COMPARISON OF IGT, TOSCQ, AND PARAHO PROC~SSES 

I N S T 

Synthetic Oil 
Process Shale Type Price 1 $/bbl 

TGT Eastern 18.30 

Tosco a 
Western 19.35 

Parahob Western 19.44 

Basis: Mt~-1977 dollars; 48 1000 bbl/stream day capacity; 100% equity 
financing; 15% depletion allowance; no investment tax credit; 
12% return on investment. 

a 

b 

Based on costs presented in "Shale Oil Production Costs and the Need 
for Incentives for Pioneer Plant Construction," by J. A. Whitcombe, 
R. G. Vawter, and J.F. Nutter, presented at the ACS Symposium on the 
Commercialization of Synthetic Fuels, ·Feb. 1-3, 1976, Colorado·Springs, 
C:olorado. 

Based on costs p~esented in "Commercial Evaluation of an Oil Shale 
Industry Ba:Jcd on Pu~·aho Procellli," by H. Pforzheimer, and S. Z. Kunch;jl, 
presenteu as ACS National Meeting, New Orleans, La., March 24, 1977. 
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CONCLUSIONS 

The success of the HYTORT process with low-grade oil shales has 

considerably broadened' the oit. shale r~sourc.e base of the United SLates. 

It is expected that other sh~les thro~ghout the w6rld will prove particularly 

suited to the HYTORT process concept. 
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